
(19) United States 
US 20120232095A1 

(12) Patent Application Publication (10) Pub. No.: US 2012/0232095 A1 
TSUKAMOTO et al. (43) Pub. Date: Sep. 13, 2012 

(54) BENZOFURANDERIVATIVES 

(76) Inventors: Tetsuya TSUKAMOTO, Osaka 
(JP): Takeshi WAKABAYASHI, 
Guilderland, NY (US); Taichi 
OHRA, Osaka (JP) 

(21) Appl. No.: 13/479,955 

(22) Filed: May 24, 2012 

Related U.S. Application Data 

(62) Division of application No. 127659.447, filed on Mar. 
9, 2010. 

(30) Foreign Application Priority Data 

Mar. 10, 2009 (JP) ................................... 2009-56719 

Publication Classification 

(51) Int. Cl. 
A6 IK 3/496 (2006.01) 
A6IP 25/24 (2006.01) 
A6IP 25/22 (2006.01) 
A6IP 25/8 (2006.01) 
A6IP 25/00 (2006.01) 
A6IP 9/00 (2006.01) 
A6IP 25/6 (2006.01) 
A6IP 25/4 (2006.01) 
A6IP 9/10 (2006.01) 
A6IP3/10 (2006.01) 
A6IP 9/12 (2006.01) 
CO7D 405/ (2006.01) 
A6IP 25/28 (2006.01) 

(52) U.S. Cl. .................................... 514/254.11:544/376 
(57) ABSTRACT 

The present invention provides a compound represented by 
the following formula (I): 

(I) 

wherein: 
Ring A represents an optionally substituted piperazine 

ring, an optionally Substituted morpholine ring, or an 
optionally Substituted homopiperazine ring; 

R and R are the same or different from each other, and 
represent a hydrogen atom or optionally Substituted 
lower alkyl: 

R and Ra are the same or different from each other, and 
represent a hydrogen atom or halogenated or non-halo 
genated lower alkyl; 

Rs to R, are the same or different from each other, and 
represent a hydrogen atom, hydroxy, optionally substi 
tuted lower alkyl, optionally substituted lower alkenyl, 
optionally substituted lower alkoxy, optionally substi 
tuted cycloalkyl, optionally Substituted aryl, an option 
ally Substituted aromatic heterocyclic ring, optionally 
Substituted amino, or acyl; and 

represents a single bond or double bond, or a salt thereof. 
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BENZOFURANDERVATIVES 

TECHNICAL FIELD 

0001. The present invention relates to the benzofuran 
derivatives and a pharmaceutical agent containing the same. 
More specifically, the present invention relates to the com 
pound having excellent pharmacological activities such as a 
neurotrophic factor activity-enhancing activity, a glucose 
metabolism improving activity, a neuronal cell death inhibit 
ing activity, a neurogenesis stimulating activity, a neuronal 
regeneration stimulating activity, a glucose metabolism 
improving activity, beta (B)-amyloid inhibiting activity, tau 
and phosphorylated tau inhibiting activity, a cognitive func 
tion improving activity and the like, which is effective as 
prophylactic and therapeutic agents for central nervous sys 
tem disorders and the like. 

BACKGROUND ART 

0002 Neurodegenerative disorders are progressive disor 
ders to cause destructive damages such as the nerve cell death. 
As principal neurodegenerative disorders, there have been 
known central nervous system disorders such as Alzheimer's 
disease, Parkinson's disease, amyotrophic lateral sclerosis 
(ALS), Huntington's disease and the like, and peripheral neu 
ropathies represented by diabetic neuropathy. Many of them 
relate to aging and, in fact, the onset increases with aging, 
whereas there are also some cases in which the onset begins 
even at a middle age and further at a younger age. 
0003. As a result of studies on the structure and function of 
brains, the roles of neurotransmitters and neurotrophic factors 
and so on have been gradually elucidated, but many parts of 
the causes of neurodegenerative disease are still unknown. 
For Parkinson's disease, its relationship with a specific neu 
rotransmitter, namely dopamine, has been clarified, whereby 
L-DOPA that is the precursor of dopamine has been used as a 
drug for reducing the nerve symptoms and for recovering the 
function. However, L-DOPA does not suppress the progress 
of neurodegeneration, and the effect of L-DOPA is gradually 
lost with a progress of the disease condition, namely the 
degeneration and loss of dopaminergic neurons. Also, Alzhe 
imer's disease is a disorder that is caused by the degeneration 
and loss of a variety of nerve cells such as acetylcholinergic 
neuronal cells, monoamine type neuronal cells, and the like, 
and causes deposit of senile plaque or change in neurofibrils. 
As for the drugs therefor, cholinesterase inhibitors or meman 
tine, which is an antagonist for NMDA, have been marketed. 
Nevertheless, like L-DOPA for Parkinson's disease, they are 
still symptomatic therapy to improve the nerve symptoms 
temporarily. In this regard, drugs that can protect neuronal 
cells from the toxicity of the factors causing cell death includ 
ing Alzheimer's disease or Parkinson's disease and can 
inhibit progress of neurodegenerative disorders have not been 
reported. 
0004 Furthermore, it is considered that the cell death in 
neurodegenerative disorders is caused by the toxicity of the 
factors that are intrinsic to the respective diseases and, for 
example, in Alzheimer's disease, the endogenous B-amyloid 
is considered to be a factor to cause the cell death. B-Amyloid 
is a protein constituting the senile plaque, which is a neuro 
pathological characteristic to be seen in brain of a patient 
suffering from Alzheimer's disease, and is composed of 40 to 
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43 amino acids. It has been found that the addition of this 
B-amyloid to a primary culture system of hippocampus nerve 
cell causes nerve cell death see, Non-Patent Document No. 
land, also, it has been shown that the coagulation off-amy 
loid is indispensable for the expression of its toxicity and the 
like see, Non-Patent Document Nos. 2 and 3. For toxicity 
expression mechanism of B-amyloid, it has been believed that 
1) B-amyloid forms an ion channel to allow an influx of 
calcium ions, 2) B-amyloid accelerates generation of free 
radicals, 3) f-amyloid activates tau protein kinase I (TPK-I)/ 
glycogen synthase kinase 3beta (GSK-3B) and promotes the 
phosphorylation of tau, 4) B-amyloid activates the microglia, 
from which the neurotoxin is secreted, and the like. Recently, 
it has been elucidated that neurotrophic factors such as IGF-1 
(insulin-like growth factor), NGF (nerve growth factor), 
BDNF (brain derived neurotrophic factor), GDNF (glial cell 
line derived neurotrophic factor) and the like inhibit the apo 
ptosis of nerve cells caused by B-amyloid and cell death 
(apoptosis) is caused by dysfunction of nutritional factor 
signal cascade see, Non-Patent Document No. 4. With 
respect to them, it has been reported that IGF-1 (insulin-like 
growth factor 1) signal phosphorylates Akt, also referred to as 
protein kinase B (PKB), via phosphatidylinositol-3-kinase 
(PI3 kinase: PI3K), and the activated Akt phosphorylates a 
substrate like Bad or glycogen synthase kinase 3b (GSK-3B) 
and the like to inhibit neuronal cell death. As a mechanism 

therefor, it becomes evident that inhibition of GSK-3B based 
on activation of PI-3 kinase is involved see. Non-Patent 
Document Nos. 5 to 7. When PI-3 kinase is inhibited by 
B-amyloid and TPK-1/GSK-3? is activated, pyruvate dehy 
drogenase (PDH) is inhibited, thereby affecting the synthetic 
reaction system of acetylcholine to lower the content of ace 
tylcholine. This is in agreement with an observation that the 
content of acetylcholine is lowered in the brain of a patient 
suffering from Alzheimer's disease. On the contrary, it is 
expected that the activation of PI-3-kinase can accomplish not 
only the prevention of nerve cell death but also an increase in 
the content of acetylcholine in brain, thereby improving the 
nerve symptoms. In addition, it is expected that inhibition of 
TPK-I/GSK-3? can increase the intracerebral glucose utili 
zation, which is lowered in Alzheimer's disease see, Non 
Patent Document Nos. 7 and 8. Further, correlation between 
glucose metabolism in brain and cognitive function in brain 
was also reported see. Non-Patent Document No. 9 and it is 
expected that improving the glucose metabolism in brain may 
also improve the cognitive function of the brain. 
0005. As a compound useful for the prophylaxis or treat 
ment of central nervous system disorders or brain disorders, 
benzofuran compounds are publicly known (for example, see 
Patent Document Nos. 1 to 7). Further, it is also publicly 
known that some kinds of benzofuran compounds have an 
activity of promoting growth and differentiation of neuronal 
progenitor cells (for example, see Patent Document Nos. 2 
and 4). 
0006 Still further, it is also publicly known that the ben 
Zofuran compounds have medical use other than the use for 
central nervous system disorders (for example, see Patent 
Document Nos. 8 and 9 and Non-Patent Document No. 10). 
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0007. Non-Patent Document No. 10 discloses the follow 
ing compound: 

0008 Specifications of respective Patent Documents 
should be referred for the definitions of the following com 
pounds disclosed in Patent Document Nos. 10-16. Patent 
Document No. 10 discloses the following compound: 

O 

a3 

G N () 
0009 Patent Document No. 11 discloses the following 
compound: 

(I) 
O 

A 

N -N 

Six NX 
R2 

0010 Patent Document No. 12 discloses the following 
compound: 

NH2 

R3 R2 sess 
X-R R. H. 

Z-N N-C-C-N 

) ( | | \- H. H. N 

R4 R5 

0011 Patent Document No. 13 discloses the following 
compound: 

(LA) 
R3 X 

5 --- 
R1 CF 
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-continued 
(IB) 

0012 Patent Document No. 14 discloses the following 
compound: 

R3 R2 

4 R5 

-N Z-N N – 
H 

R 

0013 Patent Document No. 15 discloses the following 
compound: 

0014 Patent Document No. 16 discloses the following 
compound: 

Ind-Q-N Z-R 

(0015 Patent Document No. 17 discloses the following 
compound: 
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SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

0044) Object of the present invention is to provide the 
novel benzofuran derivatives having excellent pharmacologi 
cal activities such as neuron protecting activity, neurogenesis 
stimulating activity, nerve regeneration stimulating activity, 
cognitive function improving activity and the like, and also 
low toxicity and high transition to central nervous system. 

Means for Solving the Problems 

0045. The present inventors diligently made researches to 
solve the above-described problems, and found that a benzo 
furan derivative represented by formula (I) has excellent neu 
roprotective activity, neurogenesis (nerve regeneration) 
stimulating activity and cognitive function improving activity 
and further has low phototoxicity and high transition to the 
central nervous system. Thus, the present invention was 
achieved. 
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0046) 
1 A compound represented by the following Formula (I): 

That is, the present invention relates to: 

(I) 

wherein: 

0047 Ring. A represents an optionally substituted pipera 
Zine ring, an optionally substituted morpholine ring, or an 
optionally substituted homopiperazine ring; 
0048 RandR are the same or different from each other, 
and representahydrogenatom or optionally Substituted lower 
alkyl: 
0049 R and Rare the same or different from each other, 
and represent a hydrogen atom or halogenated or non-halo 
genated lower alkyl; 
0050 Rs to R, are the same or different from each other, 
and represent a hydrogen atom, a halogen atom, hydroxy, 
optionally substituted lower alkyl, optionally substituted 
lower alkenyl, optionally substituted lower alkoxy, optionally 
Substituted aliphatic cyclic hydrocarbon group, optionally 
Substituted aryl, an optionally Substituted heterocyclic ring, 
optionally substituted amino, or acyl; and 

represents a single bond or double bond, 
wherein: 

0051 R, and Rs do not exist when carbon atoms respec 
tively adjacent to R and R form a double bond, and there is 
no case where all of R to R, are hydrogen atoms; and 
0.052 R and R may form a ring together with an adjacent 
carbon atom; or a salt thereof, with the proviso that: 
0053 (a) the compound where at least one of R to R, is a 
substituent represented by the formula: 

Ral 

-N-N- 
Ras 

wherein: 

0054 R represents a hydroxy, oran amino which may be 
substituted with C alkyl; 
0055 R represents carbonyl or an optionally substituted 
methylene, 
0056 
clic ring: 
0057 R represents a bond, or a methylene which may be 
Substituted with a substituent selected from Cs alkyl, Css 
arylalkyl, and Cs spirocycloalkyl, and 
0.058 

R represents an optionally substituted heterocy 

Rs represents a hydrogen atom or a Substituent; 
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0059 (b) the compound where at least one of Rs and R is 
a substituent represented by the formula: 

wherein: 

0060 X represents a sulfur atom or an oxygen atom; 
0061 R, represents a substituent; and 
0062 R represents a hydrogenatom, a halogen atom, or 
a nitrogen-containing Saturated heterocyclic ring; 
0063 (c) the compound where the partial structural for 
mula: 

A Os 
of Formula (I) is the formula: 

R N 

Sny NN H 
N H 

CN- /N SN f I NN A 
H * N 

HN R2 \Y s 

wherein: 

0064 R and R are the same or different from each 
other, and represent a Substituent; 
0065 Ring. A represents a piperazine ring which may be 
substituted with a substituent selected from alkyland alkoxy 
alkyl: 
0066 (d) the compound where the ring A represents 
homopiperazine ring, and 

represents a double bond; 
0067 
mula: 

A Os 

(e) the compound where the partial structural for 
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of Formula (I) is the formula: 

wherein: 

I0068 R, to Rs are the same or different from each other, 
and represent a hydrogen atom or a substituent, and 

represents a double bond; 
0069 (f) the compound where the partial structural for 
mula: 

O N 
of the Formula (I) is the formula: 

NS 

wherein: 
0070 R represents C alkylene; 
0071 R represents an optionally substituted indole-3-yl: 
0072 (g) the following compounds: 
0073 N-4-({Cyclohexyl 3-methyl-5-morpholino-1- 
benzofuran-2-yl)methylamino)phenylcarbonyl-N-me 
thyl-3-alanine, 

0074 3-Methyl-5-morpholino-1-benzofuran-2-yl) 
methanol, 

0075 Cyclohexyl 3-methyl-5-morpholino-1-benzofu 
ran-2-yl)methanol, 

0076 N-4-({Cyclohexyl 3-methyl-5-morpholino-1- 
benzofuran-2-yl)methylamino)phenylcarbonyl-N-me 
thyl-f-alanine ethyl ester, 

0077 2-4-(6-Amino-2,3-dihydro-1-benzofuran-5-yl) 
piperazin-1-yl)acetamide, 

0078 1-2-(Methoxymethyl)-2,3-dihydro-1-benzofuran 
5-yl)piperazine, 

0079 1-6-Fluoro-2-(methoxymethyl)-2,3-dihydro-1- 
benzofuran-5-yl)piperazine, 

0080 6-Fluoro-5-(piperazin-1-yl)-2,3-dihydro-1-benzo 
furan-2-yl)methanol, 

I0081 5-(piperazin-1-yl)-2,3-dihydro-1-benzofuran-2- 
yl)methanol, and 

I0082 (h) 4-(2,3-dihydro-2,3,4,7-tetramethyl-5-benzo 
furanyl)morpholine are excluded hereinbelow, sometimes 
abbreviated as Compound (I); 
2 The compound according to item 1, wherein: 
I0083 Rs to R, are the same or different from each other, 
and represent a hydrogen atom, a hydroxy, optionally Substi 
tuted lower alkyl, optionally substituted lower alkenyl, 
optionally substituted lower alkoxy, optionally substituted 
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cycloalkyl, optionally Substituted aryl, an optionally Substi 
tuted aromatic heterocyclic ring, optionally substituted 
amino, or acyl: 
3 The compound according to item 1 or 2, wherein the 
partial structural formula: 

O N 
of Formula (I) is any one of the following formulae: 

HC Rs NN NN 

--- B N N 
Rs N. N 

Rs NN 
O B 

B3 
4 

N N -N-N. N 
wherein: 
0084 Rs is optionally substituted aryl or an optionally 
Substituted aromatic heterocyclic ring; 
0085 Ring B is a further optionally substituted pipera 
Zine ring: 
I0086 Ring B is a further optionally substituted pipera 
Zine ring: 
I0087 Ring B is a further optionally substituted morpho 
line ring; and 
I0088 Ring B is a further optionally substituted homopip 
erazine ring: 
4 The compound according to item 3, wherein the partial 
structural formula: 

O N 
of Formula (I) is any one of the following formulae: 

N H3CN r 
--> N 

R N 

r N -N- N Rs 

s 

N 
N or N 

wherein: 
I0089 R is: 
0090 (1) Caryl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
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halogen atom, a hydroxy, amino, and C alkylamino; (iv) 
C. alkylthio; (V) Ce alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
O 

0091 (2) a 5- to 10-membered aromatic heterocyclic ring 
containing 1 to 4 heteroatoms selected from a nitrogen atom, 
a Sulfur atom, and an oxygenatom, other than a carbon atom, 
and which may be substituted with 1 to 3 substituents selected 
from a halogen atom, C alkyl, C. alkoxy, and phenyl 
which may be substituted with Calkoxy; 
4a The compound according to item 4, wherein Rs is: 
0092 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio. (V) C. alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
O 

0093 (2) pyridyl, pyrimidinyl, thiadiazolyl, thiazolyl, 
pyrazolyl, isoxazolyl, imidazolyl, or pyrazolopyrimidinyl 
which may be substituted with 1 to 3 substituents selected 
from a halogen atom, Ce alkyl, Ce alkoxy, and phenyl 
which may be substituted with Calkoxy; 
4b. The compound according to item 4, wherein the partial 
structural formula: 

O NS 
of Formula (I) is the following formula: 

N 
N 

wherein: 

(0094) Rs is: 
(0095 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio. (V) C. alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
0096 (2) pyridyl which may be substituted with 1 to 3 C, 
alkoxy groups: 
(0097 (3) pyrimidinyl which may be substituted with 1 to 
3 substituents selected from phenyl which may be substituted 
with Calkoxy, and a halogen atom; 
0.098 (4) thiadiazolyl which may be substituted with a 
phenyl: 
0099 (5) thiazolyl; 
0100 (6) pyrazolyl which may be substituted with 1 to 2 
C- alkyl groups; 
0101 (7) isoxazolyl: 
0102 (8) imidazolyl which may be substituted with 1 to 2 
C- alkyl groups; or 
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0103 (9) pyrazolopyrimidinyl which may be substituted 
with 1 to 2C alkyl groups; 
5. The compound according to item 3, wherein the partial 
structural formula: 

O N 
of Formula (I) is the following formula: 

N 

wherein: 
0104 Rs is a phenyl which may be substituted with 1 to 3 
substituents selected from: 
0105 (1) a halogen atom; 
0106 (2) C. alkoxy which may be substituted with a 
halogen atom; 
0107 (3) Calkyl which may be substituted with a sub 
stituent selected from a halogen atom, a hydroxy, amino, and 
diCo alkylamino; 
0108 (4) Calkylthio; 
0109 (5) Calkylsulfonyl: 
0110 (6) cyano; 
0111 (7) carbamoyl: 
0112 (8) C alkylsulfinyl; and 
0113 (9) C- alkylcarbonyl: 
6. The compound according to item 3, wherein the partial 
structural formula: 

O N 
of Formula (I) is the following formula: 

N 
N 

wherein: 
0114 Rs is a phenyl which is substituted with 1 to 3 C, 
alkoxy; 
0115 7. The compound according to any one of items 1 
to 6, wherein: 

represents a single bond; 
7a. The compound according to any one of items 1 to 7. 
wherein R represents an optionally substituted C. alkyl: 
8. The compound according to any one of items 1 to 7. 
wherein: 
0116 R is a hydrogen atom or C. alkyl which may be 
substituted with a hydroxy: 
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0117 R is: 
0118 (1) a hydrogen atom, or 
0119 (2) C. alkyl which may be substituted with a sub 
stituent selected from a hydroxy, amino, di-C alkylamino, 
(C. alkyl)(benzyl)amino, mono-Calkylamino, di-benzy 
lamino, Calkyl-carbonylamino, formyloxy, C alkylsul 
fonyloxy, cyano, carboxy, mono-Co alkyl-carbamoyl, C. 
alkoxy which may be substituted with a substituent selected 
from Calkoxy and phenyl, C. alkylthio, Calkylsulfo 
nyl, morpholino, thiomorpholine 1,1-dioxidothiomorpho 
line, pyrazolyl, imidazolyl Substituted with Ce alkyl, pyrro 
lidinyl, piperidyl substituted with oxo or hydroxy, and 1,4- 
dioxa-8-azaspiro4.5 deca-8-yl; or 
I0120 R and R form a cyclopentane ring or a tetrahydro 
pyran ring together with an adjacent carbon atom; 
9. The compound according to any one of items 1 to 8. 
wherein: 

I0121 R is C alkyl; and 
0.122 R is a hydrogen atom, or C. alkyl which may be 
substituted with a hydroxy: 
10 The compound according to any one of items 1 to 9. 
wherein: 

(0123 
0.124 
11 The compound according to any one of items 1 to 10. 
wherein: 

0.125 R and R are a hydrogen atom; 
12 The compound according to any one of items 1 to 11. 
wherein: 

0.126 Rs is a hydrogen atom, optionally substituted C 
alkyl, optionally Substituted C- alkenyl, optionally Substi 
tuted C. cycloalkyl, optionally Substituted Caryl, or a 5 
to 6-membered aromatic heterocyclic ring which may be 
Substituted, and contains 1 to 4 heteroatoms selected from a 
nitrogen atom and an oxygenatom other than a carbon atom; 
0127 R is a hydrogen atom, optionally substituted C 
alkyl, optionally substituted Caryl, a 5- to 6-membered 
aromatic heterocyclic ring which may be substituted, and 
contains 1 to 4 heteroatoms selected from a nitrogenatom and 
an oxygen atom other than a carbon atom, or a halogenatom, 
and 

I0128 R, is a hydrogen atom, hydroxy, optionally substi 
tuted C. alkyl, optionally Substituted C. alkoxy, or C. 
alkylcarbonyl: 
13 The compound according to any one of items 1 to 12. 
wherein: 
0.129 Rs is a hydrogenatom, C-alkyl, Calkenyl, C. 
cycloalkyl, phenyl Substituted with diCo alkylamino, or 
furyl; 
0.130 R is a hydrogenatom, Calkyl, phenyl substituted 
with Ce alkyl, pyridyl, or a halogen atom; and 
I0131 R, is a hydrogen atom, hydroxy, C alkyl which 
may be substituted with a hydroxy, Calkoxy which may be 
Substituted with Ce alkoxy, or Ce alkylcarbonyl: 
14 The compound according to any one of items 1 to 13. 
wherein: 

R is a hydrogen atom or C. alkyl; and 
R is a hydrogen atom; 

I0132 Rs is C alkyl: 
0.133 R is C alkyl; and 
0.134 R is C alkyl or C. alkoxy; 
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15 The compound according to item 3, wherein the partial 
structural formula: 

O NS 
of Formula (I) is any one of the following formulae: 

C Rs 
NN NN 

N N 
8 N N 

O 
B3 

R N 

1) N N 
-N- N or N 

wherein: 
I0135 Rs is optionally substituted aryl or an optionally 
Substituted aromatic heterocyclic ring; 

3 

R s 

0.136 Ring B is a further optionally substituted pipera 
Zine ring: 
0.137 Ring B is a further optionally substituted pipera 
Zine ring: 
0138 Ring B is a further optionally substituted morpho 
line ring; 
I0139 Ring B is a further optionally substituted homopip 
erazine ring: 

is a single bond; 
0140 Rs is a hydrogen atom, optionally substituted C 
alkyl, optionally substituted C- alkenyl, optionally substi 
tuted C. cycloalkyl, optionally Substituted C. aryl, 
optionally substituted 5- to 6-membered aromatic heterocy 
clic ring containing 1 to 4 heteroatoms selected from a nitro 
gen atom and an oxygen atom other than a carbon atom; 
0141 R is a hydrogen atom, optionally substituted C. 
alkyl, optionally Substituted Caryl, optionally Substituted 
aromatic heterocyclic ring, or a halogen atom; and 
0142 R is a hydrogen atom, hydroxy, optionally substi 
tuted C. alkyl, optionally Substituted C. alkoxy, or C. 
alkylcarbonyl: 
16. The compound according to item 3, wherein the partial 
structural formula: 

A Os 
of Formula (I) is any one of the following formulae: 

"is- s^ 
N Nu -- N N 
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-continued 
R r sy N 

wherein: 
0.143 Rs is: 
0144 (1) Caryl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diC alkylamino; (iv) 
C. alkylthio; (V) Ce alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl (viii) C alkylsulfinyl; and (ix) C alkylcarbonyl: 
O 

0145 (2) a 5- to 10-membered aromatic heterocyclic ring 
containing 1 to 4 hetero atoms selected from a nitrogenatom, 
a Sulfur atom, and an oxygenatom, other than a carbon atom, 
and which may be substituted with 1 to 3 substituents selected 
from a halogen atom, Ce alkyl, Ce alkoxy, and phenyl 
which may be substituted with C alkoxy; 

is a single bond; 
014.6 R is a hydrogen atom or C. alkyl which may be 
substituted with a hydroxy: 
10147 R is: 
0148 (1) a hydrogen atom; or 
I0149 (2) C. alkyl which may be substituted with a sub 
stituent selected from a hydroxy, amino, di-C alkylamino, 
(C. alkyl)(benzyl)amino, mono-Co alkylamino, di-benzy 
lamino, Calkyl-carbonylamino, formyloxy, C alkylsul 
fonyloxy, cyano, carboxy, mono-Co alkyl-carbamoyl, C. 
alkoxy which may be substituted with a substituent selected 
from Calkoxy and phenyl, Ce alkylthio, Ce alkylsulfo 
nyl, morpholino. 1,1-dioxidothiomorpholine, pyrazolyl, imi 
dazolyl substituted with C alkyl, pyrrolidinyl, piperidinyl 
Substituted with oXo or hydroxy, and 1,4-dioxa-8-azaspiro4. 
5 deca-8-yl; or 
0150 R and R form a cyclopentane ring or a tetrahydro 
pyran ring together with an adjacent carbon atom; 
0151 R is a hydrogen atom or Ce alkyl; and 
0152 R is a hydrogen atom; 
0153 Rs is a hydrogenatom, C-alkyl, Calkenyl, C. 
cycloalkyl, phenyl Substituted with diCo alkylamino, or 
furyl; 
0154 R is a hydrogenatom, C-alkyl, phenyl Substituted 
with C alkyl, pyridyl, or a halogen atom, and 
0155 R, is a hydrogen atom, hydroxy, C alkyl which 
may be substituted with a hydroxy, Calkoxy which may be 
Substituted with Calkoxy, or C. alkylcarbonyl: 
16a The compound according to item 16, wherein Rs is: 
0156 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio. (V) C. alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
O 

0157 (2) pyrimidinyl, thiadiazolyl, thiazolyl, pyrazolyl, 
isoxazolylor imidazolyl which may be substituted with 1 to 3 
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Substituents selected from a halogen atom, C alkyl, C. 
alkoxy, and phenyl which may be substituted with C. 
alkoxy; 
16b. The compound according to item 16, wherein the 

partial structural formula: 

A Os 
of Formula (I) is the following formula: 

N 
N 

wherein: 
0158 Rs is: 
0159 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio. (V) C. alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
(0160 (2) pyridyl which may be substituted with 1 to 3 C, 
alkoxy groups: 
0161 (3) pyrimidinyl which may be substituted with 1 to 
3 substituents selected from phenyl which may be substituted 
with Calkoxy, and a halogen atom; 
0162 (4) thiadiazolyl which may be substituted with a 
phenyl: 
(0163 (5) thiazolyl: 
0164 (6) pyrazolyl which may be substituted with 1 to 2 
C. alkyl groups: 
(0165 (7) isoxazolyl; or 
0166 (8) imidazolyl which may be substituted with 1 to 2 
C. alkyl groups: 
17. The compound according to item 16, wherein the par 

tial structural formula: 

A Os 
of Formula (I) is the following formula: 

N 

wherein: 
(0167 Rs is a phenyl which may be substituted with 1 to 3 
substituents selected from: 
0168 (1) a halogen atom; 
0169 (2) C. alkoxy which may be substituted with a 
halogen atom; 
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0170 (3)C alkyl which may be substituted with a sub 
stituent selected from a halogen atom, a hydroxy, amino, and 
diCo alkylamino; 
(0171 (4) C alkylthio; 
(0172 (5) Clalkylsulfonyl: 
(0173 (6) cyano; 
(0174 (7) carbamoyl: 
0.175 (8) Calkylsulfinyl; and 
0176 (9) C- alkylcarbonyl: 
18. The compound according to item 3, wherein the partial 
structural formula: 

A Os 
of Formula (I) is the following formula: 

N 
N 

wherein: 
(0177 Rs is a phenyl which is substituted with 1 to 3 C, 
alkoxy; 

is a single bond; 
(0178 R is Calkyl: 
(0179 R is a hydrogen atom, or C alkyl which may be 
substituted with a hydroxy: 
0180 R and R are a hydrogen atom; 
0181 Rs is C alkyl: 
0182 R is C alkyl; and 
0183 R, is C alkyl or C. alkoxy; 
19 1-(4-Methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine or a salt thereof; 
20 1-(4-Methoxyphenyl)-4-(2R)-2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine or a salt thereof; 
21 1-(4-Methoxyphenyl)-4-(2S)-2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine or a salt thereof; 
22 1-(4-Methoxyphenyl)-4-(7-methoxy-2,2,4,6-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine or a salt 
thereof; 
23 1-(4-Ethoxyphenyl)-4-(7-methoxy-2,2,4,6-tetramethyl 
2,3-dihydro-1-benzofuran-5-yl)piperazine or a salt thereof; 
24 (-)-5-[4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methanol or a 
salt thereof 
25 (+)-5-[4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methanol or a 
salt thereof 
26 A prodrug of the compound according to any one of 
items 1 to 25 
27 A pharmaceutical composition comprising the com 
pound according to any one of items 1 to 25 or a prodrug 
thereof; 
28. The pharmaceutical composition according to item 27. 
which is an IGF-1 signal modulator or protein kinase B acti 
Vator, 
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29. The pharmaceutical composition according to item 27. 
which is a prophylactic or therapeutic agent for central ner 
Vous system diseases; 
30 The pharmaceutical composition according to item 27. 
which is a prophylactic or therapeutic agent for Alzheimer's 
disease; 
30a The pharmaceutical composition according to item 
27, which is a prophylactic or therapeutic agent for Parkin 
son's disease, amyotrophic lateral Sclerosis, Huntington's 
disease, depression, anxiety disorder, manic-depressive dis 
ease, Schizophrenia, posttraumatic stress disorder, cerebral 
infarction, cerebral stroke, diabetes or hypertension; 
30b. The pharmaceutical composition according to item 27 
which is a quality-of-life improving agent for heart failure 
after myocardial infarction, a quality-of-life improving agent 
for use after cerebral infarction, a blood glucose reducing 
agent, an insulin resistance improving agent or a blood trig 
lyceride reducing agent; 
31 A method for preventing or treating central nervous 
system diseases, which comprises administering an effective 
amount of the pharmaceutical composition according to item 
27 to a mammal; 
32A method for preventing or treating Alzheimer's disease, 
which comprises administering an effective amount of the 
pharmaceutical composition according to item 27 to a mam 
mal; 
33 Use of the compound according to any one of items 1 
to 25 or a prodrug thereof for producing a prophylactic or 
therapeutic agent for central nervous system diseases; and 
34 Use of the compound according to any one of items 1 
to 25 or a prodrug thereof for producing a prophylactic or 
therapeutic agent for Alzheimer's disease. 
Further, the present invention relates to: 
1 A compound represented by the following formula (I): 

(I) 

wherein: 

0184 Ring. A represents an optionally substituted pipera 
Zine ring, an optionally substituted morpholine ring, or an 
optionally substituted homopiperazine ring; 
0185. RandR are the same or different from each other, 
and representahydrogenatom or optionally Substituted lower 
alkyl: 
0186 RandR are the same or different from each other, 
and represent a hydrogen atom or halogenated or non-halo 
genated lower alkyl; 
0187 Rs to R, are the same or different from each other, 
and represent a hydrogen atom, hydroxy, optionally Substi 
tuted lower alkyl, optionally substituted lower alkenyl, 
optionally substituted lower alkoxy, optionally substituted 
cycloalkyl, optionally Substituted aryl, an optionally Substi 
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tuted aromatic heterocyclic ring, optionally substituted 
amino, or acyl; and 

represents a single bond or double bond, 
wherein: 
0188 R and R. do not exist when carbon atoms respec 
tively adjacent to RandR form a double bond, and not all of 
R to R, are hydrogenatom; and 
0189 RandR may form a ring together with an adjacent 
carbon atom (excluding 4-(2,3-dihydro-2,3,4,7-tetramethyl 
5-benzofuranyl morpholine) and 6-chloro-4-4-2,3-dihy 
dro-5-(4-morpholinyl)-7-benzofuranyl-2-hydroxy-4-me 
thyl-2-(trifluoromethyl)pentyl-thieno3.2-bipyridine-7 
(4H)-one), or a salt thereof; 
2" The compound according to item I1", wherein the partial 
structural formula of formula (I): 

A Os 
is any one of the following formulae: 

HC R 
3 NN n 

N N 
Rs N N 

R 

1) n 
ul- B Rs N 

4 

O N 

\ 

wherein: 
(0190 Rs is optionally substituted aryl or an optionally 
Substituted aromatic heterocyclic ring; 
(0191 Ring B is a further optionally substituted pipera 
Zine ring: 
(0192 Ring B is a further optionally substituted pipera 
Zine ring: 
(0193 Ring B is a further optionally substituted morpho 
line ring; and 
(0194 Ring B is a further optionally substituted homopip 
erazine ring: 
3' A prodrug of the compound according to item 1: 
4"A pharmaceutical composition comprising the compound 
according to item 1" or a prodrug thereof; 
5' The pharmaceutical composition according to item 4". 
which is an IGF-1 signal modulator or protein kinase B acti 
Vator, 
5a"The pharmaceutical composition according to item 4". 
which is an agent for stimulating growth and differentiation 
of stem cells, an agent for stimulating growth and differen 
tiation of neural precursor cells, an agent for stimulating 
neurogenesis, or an agent for stimulating nerve regeneration; 
6' The pharmaceutical composition according to item 4". 
which is a prophylactic or therapeutic agent for central ner 
Vous system diseases; 
6a"The pharmaceutical composition according to item 4". 
which is a prophylactic or therapeutic agent for neurodegen 
erative disease, neuropsychiatric disease, mild cognition dis 
order, mild memory disorder, cerebral vascular disorder, 
cerebrovascular dementia, ischemic disease or cerebral 
ischemic disease; 
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7" The pharmaceutical composition according to item 4". 
which is a prophylactic or therapeutic agent for Alzheimer's 
disease; 
7a"The pharmaceutical composition according to item 4". 
which is a prophylactic or therapeutic agent for Parkinson's 
disease, amyotrophic lateral Sclerosis, Huntington's disease, 
depression, anxiety disorder, manic-depressive disease, 
Schizophrenia, posttraumatic stress disorder, cerebral infarc 
tion, cerebral stroke, diabetes or hypertension; 
7b'The pharmaceutical composition according to item 4". 
which is a quality-of-life improving agent for heart failure 
after myocardial infarction, a quality-of-life improving agent 
for use after cerebral infarction, a blood glucose reducing 
agent, an insulin resistance improving agent or a blood trig 
lyceride reducing agent; 
8" A method for preventing or treating central nervous sys 
tem diseases, which comprises administering an effective 
amount of the pharmaceutical composition according to item 
4' to a mammal; 
9" A method for preventing or treating Alzheimer's disease, 
which comprises administering an effective amount of the 
pharmaceutical composition according to item 4 to a mam 
mal; 
10"Use of the compound according to item 1 or a prodrug 
thereof for producing a prophylactic or therapeutic agent for 
central nervous system diseases; and 
11"Use of the compound according to item 1 or a prodrug 
thereof for producing a prophylactic or therapeutic agent for 
Alzheimer's disease. 

ADVANTAGEOUSEFFECTS OF THE 
INVENTION 

0.195 The compound of the present invention, a salt 
thereof or a prodrug thereof has excellent neurogenesis pro 
moting activity and nerve cell regeneration promoting activ 
ity, and further has low phototoxicity and high ability to 
transfer to the central nervous system. Therefore, for 
example, it is useful as an IGF-1 signal modulator, protein 
kinase B activator, and prophylactic or therapeutic agent for 
central nervous system diseases (e.g., Alzheimer's disease). 

MODE FOR CARRYING OUT THE INVENTION 

0196. Hereinbelow, definition of the substituents that are 
comprised in Compound (I) is explained. 
(0197). As for the “lower alkyl in the “lower alkyl which 
may be substituted' (i.e., "optionally substituted lower 
alkyl)that is indicated by R. R. and Rs to R-7, C-alkyl (for 
example: methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like) and the like 
are included. 

(0198 As for the “substituent” in the “lower alkyl which 
may be substituted”. (1) a halogen atom (for example, fluo 
rine, chlorine, bromine, iodine and the like), (2) C. alky 
lenedioxy (for example, methylenedioxy, ethylenedioxy and 
the like), (3) nitro, (4) cyano, (5) C. alkyl which may be 
halogenated (for example, methyl, ethyl, propyl, isopropyl. 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl and the like 
which may have 1 to 5 (preferably 1 to 3) fluorine, chlorine, 
bromine and iodine), (6) Calkenyl which may be haloge 
nated (for example, vinyl, propenyl, isopropenyl, 2-buten-1- 
y1, 4-penten-1-yl, 5-hexen-1-yl and the like which may have 
1 to 5 (preferably 1 to 3) fluorine, chlorine, bromine and 
iodine), (7) carboxy-C alkenyl (for example, 2-carboxy 
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ethenyl, 2-carboxy-2-methylethenyl and the like), (8) C 
alkynyl which may be halogenated (for example, 2-butyn-1- 
y1, 4-pentyn-1-yl, 5-hexyn-1-yl and the like which may have 
1 to 5 (preferably 1 to 3) fluorine, chlorine, bromine and 
iodine), (9) Cls cycloalkyl which may be halogenated (for 
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl and the like which may have 1 to 5 
(preferably 1 to 3) fluorine, chlorine, bromine and iodine), 
(10) Caryl (for example, phenyl, 1-naphthyl 2-naphthyl, 
2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 2-anthryl and the 
like), (11) Cls alkoxy which may be halogenated (for 
example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, Sec-butoxy, tert-butoxy, pentoxy, hexyloxy and the 
like which may have 1 to 5 (preferably 1 to 3) fluorine, 
chlorine, bromine and iodine), (12) Ce alkoxy-carbonyl 
Calkoxy (for example, ethoxycarbonylmethyloxy and the 
like), (13) hydroxy, (14) Caryloxy (for example, pheny 
loxy, 1-naphthyloxy, 2-naphthyloxy and the like), (15) C 
aralkyloxy (for example, benzyloxy, phenethyloxy and the 
like), (16) mercapto, (17) C. alkylthio which may be halo 
genated (for example, methylthio, ethylthio, propylthio, iso 
propylthio, butylthio, isobutylthio, sec-butylthio, tert-bu 
tylthio, pentylthio, hexylthio and the like which may have 1 to 
5 (preferably 1 to 3) fluorine, chlorine, bromine and iodine), 
(18) Carylthio (for example, phenylthio. 1-naphthylthio. 
2-naphthylthio and the like), (19) C7 aralkylthio (for 
example, benzylthio, phenethylthio and the like), (20) amino 
which may be substituted with a substituent (for example: 
methyl, ethyl, benzyl and the like), (21) mono-Cl alky 
lamino (for example, methylamino, ethylamino and the like), 
(22) mono-Cola arylamino (for example, phenylamino, 
1-naphthylamino, 2-naphthylamino and the like), (23) 
di-C alkylamino (for example, dimethylamino, diethy 
lamino, ethylmethylamino and the like), (24) di-Cary 
lamino (for example, diphenylamino and the like), (25) 
formyl. (26) carboxy, (27) C. alkyl-carbonyl (for example, 
acetyl, propionyl and the like), (28) Cs cycloalkyl-carbonyl 
(for example, cyclopropylcarbonyl, cyclopentylcarbonyl, 
cyclohexylcarbonyl, cycloheptylcarbonyl, cyclooctylcarbo 
nyl and the like), (29) C- alkoxy-carbonyl (for example, 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, tert 
butoxycarbonyl and the like), (30) Caryl-carbonyl (for 
example, benzoyl, 1-naphthoyl 2-naphthoyl and the like), 
(31) C7 aralkyl-carbonyl (for example, phenylacetyl, 
3-phenylpropionyl and the like), (32) Caryloxy-carbonyl 
(for example, phenoxycarbonyl and the like), (33) Cz 
aralkyloxy-carbonyl (for example, benzyloxycarbonyl, phen 
ethyloxycarbonyl and the like), (34) 5- or 6-membered het 
erocyclic carbonyl (for example, nicotinoyl, isonicotinoyl, 
thenoyl, furoyl, morpholinocarbonyl, thiomorpholinocarbo 
nyl, piperazin-1-ylcarbonyl, pyrrolidin-1-ylcarbonyl and the 
like), (35) carbamoyl, (36) mono-Cl alkyl-carbamoyl (for 
example, methylcarbamoyl, ethylcarbamoyl and the like), 
(37) di-C alkyl-carbamoyl (for example, dimethylcarbam 
oyl, diethylcarbamoyl, ethylmethylcarbamoyl and the like), 
(38) mono-Cola aryl-carbamoyl (for example, phenylcar 
bamoyl, 1-naphthylcarbamoyl 2-naphthylcarbamoyland the 
like), (39) 5- or 6-membered heterocyclic carbamoyl (for 
example, 2-pyridylcarbamoyl, 3-pyridylcarbamoyl, 4-py 
ridylcarbamoyl, 2-thienylcarbamoyl, 3-thienylcarbamoyl 
and the like), (40) C. alkylsulfonyl (for example, methyl 
Sulfonyl, ethylsulfonyl and the like), (41) Carylsulfonyl 
(for example, phenylsulfonyl, 1-naphthylsulfonyl, 2-naphth 
ylsulfonyl and the like), (42) formylamino, (43)C alkyl 
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carbonylamino (for example, acetylamino and the like), (44) 
Caryl-carbonylamino (for example, benzoylamino, naph 
thoylamino and the like), (45) Calkoxy-carbonylamino 
(for example, methoxycarbonylamino, ethoxycarbony 
lamino, propoxycarbonylamino, butoxycarbonylamino and 
the like), (46) C. alkylsulfonylamino (for example, methyl 
Sulfonylamino, ethylsulfonylamino and the like), (47) C. 
arylsulfonylamino (for example, phenylsulfonylamino, 
2-naphthylsulfonylamino. 1-naphthylsulfonylamino and the 
like), (48) Calkyl-carbonyloxy (for example, acetoxy, pro 
pionyloxy and the like), (49) C-1 aryl-carbonyloxy (for 
example, benzoyloxy, naphthylcarbonyloxy and the like), 
(50) Calkoxy-carbonyloxy (for example, methoxycarbo 
nyloxy, ethoxycarbonyloxy, propoxycarbonyloxy, butoxy 
carbonyloxy and the like), (51) mono-Cl alkyl-carbamoy 
loxy (for example, methylcarbamoyloxy, ethylcarbamoyloxy 
and the like), (52) di-C alkyl-carbamoyloxy (for example, 
dimethylcarbamoyloxy, diethylcarbamoyloxy and the like), 
(53) mono Caryl-carbamoyloxy (for example, phenylcar 
bamoyloxy, naphthylcarbamoyloxy and the like), (54) nico 
tinoyloxy, (55) 5- to 7-membered saturated cyclic amino (for 
example: piperidino, pyrrolidinyl and the like which may be 
substituted with a substituent (for example: methyl, ethyl, 
benzyl and the like)), (56)5- to 10-membered aromatic het 
erocyclic group (for example, 2-thienyl, 3-thienyl, 2-pyridyl, 
3-pyridyl, 4-pyridyl 2-quinolyl, 3-quinolyl, 4-quinolyl, 
5-quinolyl, 8-quinolyl, 1-isoquinolyl, 3-isoquinolyl, 4-iso 
quinolyl, 5-isoquinolyl, 1-indolyl, 2-indolyl, 3-indolyl, 
2-benzothiazolyl, 2-benzob thienyl, 3-benzob thienyl, 
2-benzobfuranyl, 3-benzobfuranyl and the like), (57) 
sulfo, (58) morpholino, (59) thiomorpholino which may have 
an oxygen added thereto, (60) pyrazolyl which may be sub 
stituted with a substituent (for example: methyl, ethyl, benzyl 
and the like), (61) imidazolyl which may be substituted with 
a substituent (for example: methyl, ethyl, benzyl and the like), 
(62) monospirobicycle which may be substituted with a sub 
stituent (for example: methyl, ethyl, benzyl and the like), and 
the like are included. There can be 1 to 5, preferably 1 to 3 
substituents at a substitutable position, and when there are 
two or more Substituents, each Substituent can be the same or 
different from each other. 

(0199 Preferably, the above-described substituent is (1) a 
halogen atom (for example, fluorine, chlorine, bromine, 
iodine and the like), (2) C. alkylenedioxy (for example, 
methylenedioxy, ethylenedioxy and the like), (3) nitro, (4) 
cyano, (5) Calkyl which may behalogenated (for example, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, hexyl and the like which may have 1 to 5 
(preferably 1 to 3) fluorine, chlorine, bromine and iodine), (6) 
Calkenyl which may be halogenated (for example, vinyl, 
propenyl, isopropenyl, 2-buten-1-yl 4-penten-1-yl, 5-hexen 
1-yl and the like which may have 1 to 5 (preferably 1 to 3) 
fluorine, chlorine, bromine and iodine), (7) carboxy-C alk 
enyl (for example, 2-carboxyethenyl, 2-carboxy-2-methyl 
ethenyl and the like), or (8) C. alkynyl which may be halo 
genated (for example, 2-butyn-1-yl 4-pentyn-1-yl, 5-hexyn 
1-yl and the like which may have 1 to 5 (preferably 1 to 3) 
fluorine, chlorine, bromine and iodine). 
0200. As for the “lower alkyl which may be halogenated 
that is indicated by R and R. C. alkyl (for example, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, hexyl and the like) which may be substi 
tuted with 1 to 5 (preferably 1 to 3) halogen atoms (for 
example, fluorine, chlorine, bromine and iodine and the like) 
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are included. As a specific example thereof, methyl, chlorom 
ethyl, difluoromethyl, trichloromethyl, trifluoromethyl, 
ethyl, 2-bromoethyl, 2.2.2-trifluoroethyl, pentafluoroethyl, 
propyl. 3,3,3-trifluoropropyl, isopropyl, butyl, 4.4.4-trifluo 
robutyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neo 
pentyl, 5.5.5-trifluoropentyl, hexyl, 6,6,6-trifluorohexyl and 
the like can be mentioned. 
0201 As for the “lower alkenyl' in the “lower alkenyl 
which may be substituted” that is indicated by Rs to R. C. 
alkenyl (for example: vinyl, allyl, isopropenyl, butenyl, 
isobutenyl, sec-butenyland the like) and the like are included, 
for example. 
0202 As a specific example of the “substituent in the 
“lower alkenyl which may be substituted, those that are the 
same as the “substituent in the “lower alkyl which may be 
substituted” described above can be mentioned, and there can 
be 1 to 5, preferably 1 to 3 substituents at a substitutable 
position. 
(0203 As for the “lower alkoxy” in the “lower alkoxy 
which may be substituted that is indicated by Rs to R7, C 
alkoxy are included. Specifically, methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, isobutoxy, Sec-butoxy, pentyloxy, hexy 
loxy and the like are included. 
0204 As a specific example of the “substituent in the 
“lower alkoxy which may be substituted, those that are the 
same as the “substituent in the “lower alkyl which may be 
substituted” described above can be mentioned, and there can 
be 1 to 5, preferably 1 to 3 substituents at a substitutable 
position. 
0205 Examples of the “aliphatic cyclic hydrocarbon 
group' in the “aliphatic cyclic hydrocarbon group which may 
be substituted” represented by Rs to R, include Cs 
cycloalkyl (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, cycloheptyl, and cyclooctyl), Css cycloalkenyl (e.g., 
cyclopropenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, 
and 2.4-cycloheptadienyl), and Co cycloalkynyl (e.g., 
cyclopropynyl, cyclobutynyl, cyclopentynyl, cyclohexynyl, 
cycloheptynyl, and cyclooctynyl). 
(0206. Examples of the “substituent” of the “aliphatic 
cyclic hydrocarbon group which may be substituted include 
those similar to the “substituent of the above-described 
“lower alkyl which may be substituted, and there can be 1 to 
5, preferably 1 to 3 substituents at a substitutable position. 
0207. As for the “cycloalkyl in the “cycloalkyl which 
may be substituted” that is indicated by Rs to R-7, Cls 
cycloalkyl (for example: cyclopropyl, cyclobutyl, cyclopen 
tyl, cyclohexyl, cycloheptyl, cyclooctyl and the like) and the 
like can be mentioned. 
0208. As a specific example of the “substituent in the 
“cycloalkyl which may be substituted, those that are the 
same as the “substituent in the “lower alkyl which may be 
substituted” described above can be mentioned, and there can 
be 1 to 5, preferably 1 to 3 substituents at a substitutable 
position. 
(0209. As for the “aryl” in the “aryl which may be substi 
tuted that is indicated by Rs to R-7, Co aryl, preferably 
C. aryl can be mentioned, for example. As a specific 
example thereof, phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 2.3-xylyl, 
2,4-xylyl, 2.5-xylyl. 2,6-Xylyl, 3,4-xylyl, 3.5-xylyl, 2,3,4- 
trimethylphenyl, 2,3,5-trimethylphenyl, 2.3,6-trimethylphe 
nyl, 2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,3,4,5- 
tetramethylphenyl, 2,3,4,6-tetramethylphenyl, 2,3,5,6- 
tetramethylphenyl, pentamethylphenyl, ethylphenyl, 
n-propylphenyl, isopropylphenyl. n-butylphenyl, Sec-bu 
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tylphenyl, tert-butylphenyl, n-pentylphenyl, neopentylphe 
nyl, n-hexylphenyl, n-octylphenyl, n-decylphenyl, n-dode 
cylphenyl, n-tetradecylphenyl, naphthyl, anthryl, anthracenyl 
and the like can be mentioned. Phenyl is particularly pre 
ferred. 
0210. As for the “substituent” in the “aryl which may be 
substituted’, those that are the same as the “substituent in the 
“lower alkyl which may be substituted” described above can 
be mentioned, and there can be 1 to 5, preferably 1 to 3 
Substituents at a Substitutable position. 
0211 Examples of the "heterocyclic ring in the "hetero 
cyclic ring which may be substituted” represented by Rs to R, 
include an aromatic heterocyclic group and a non-aromatic 
heterocyclic group. As for the above-described “aromatic 
heterocyclic group' and the 'aromatic heterocyclic' group in 
the “aromatic heterocycle which may be substituted that is 
indicated by Rs to R-7, a 5- to 14-membered, preferably 5- to 
10-membered aromatic heterocyclic group which comprises, 
in addition to carbon atom, at least one hetero atom (for 
example 1 to 4) selected from nitrogen atom, Sulfur atom and 
oxygen atom can be mentioned, for example. 
0212. As a specific example thereof, a 5- to 6-membered 
monocyclic aromatic heterocyclic group Such as furyl, thie 
nyl, pyrrolyl, oxazolyl, isooxazolyl, thiazolyl, isothiazolyl, 
imidazolyl, 1-methyl-1H-imidazolyl pyrazolyl, 1-methyl 
1H-pyrazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1.3,4- 
oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 
1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, 
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl and the 
like, and a 8- to 12-membered fused polycyclic aromatic 
heterocyclic group Such as pyrazolopyrimidinyl, benzofura 
nyl, isobenzofuranyl, benzobthienyl, indolyl, isoindolyl, 
1H-indazolyl, benzimidazolyl, benzoxazolyl, 1,2-benzisoox 
azolyl, benzothiazolyl, benzopyranyl, 1,2-benzoisothiazolyl, 
1H-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl, 
quinazolinyl, quinoxalinyl, phthalazinyl, naphthyridinyl, 
purinyl, pteridinyl, C-carbolinyl, B-carbolinyl, Y-carbolinyl, 
acridinyl, phenoxazinyl, phenothiazinyl, phenazinyl, phe 
noxathiinyl, thianthrenyl, phenanthridinyl, phenanthrolinyl, 
indolizinyl, pyrrolo 1,2-bipyridaZinyl, pyrazolo 1.5-apy 
ridyl, imidazol-2-alpyridyl, imidazo 1.5-alpyridyl, imidazo 
1.2-bipyridaZinyl, imidazol-2-alpyrimidinyl, 1,2,4-tria 
Zolo4.3-alpyridyl, 1,2,4-triazolo 4.3-bipyridazinyl and the 
like are used. Of these, furyl and pyridyl are particularly 
preferred. 
0213. As for the “substituent in the “aromatic heterocycle 
which may be substituted, those that are the same as the 
“substituent in the “alkyl which may be substituted 
described above can be mentioned, and there can be 1 to 5, 
preferably 1 to 3 substituents at a substitutable position. 
0214. As for the above-described “non-aromatic hetero 
cyclic group', a 5- to 14-membered, preferably 5- to 10-mem 
bered non-aromatic heterocyclic group which comprises, in 
addition to carbonatom, at least one hetero atom (for example 
1 to 4) selected from nitrogen atom, Sulfur atom and oxygen 
atom can be mentioned, for example. Examples thereof 
include a 4- to 7-membered (preferably 5- or 6-membered) 
monocyclic non-aromatic heterocyclic group containing 1 to 
4 hetero atoms selected from an oxygen atom, a Sulfur atom 
(the Sulfur atom may be oxidized) and a nitrogen atom as 
ring-constituting atoms other than a carbon atom, and a con 
densed non-aromatic heterocyclic group. Examples of the 
condensed non-aromatic heterocyclic group include a group 
formed by condensation of the 4- to 7-membered monocyclic 
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non-aromatic heterocyclic group and 1 or 2 rings selected 
from a 5- or 6-membered aromatic or non-aromatic hetero 
cyclic ring containing 1 or 2 nitrogen atoms (e.g., pyrrole, 
imidazole, pyrazole, pyrazine, pyridine and pyrimidine), a 
5-membered aromatic or non-aromatic heterocyclic ring con 
taining a Sulfur atom (e.g., thiophene) and a benzene ring. 
0215 Specific examples thereof include: monocyclic non 
aromatic heterocyclic group Such as pyrrolidinyl (e.g., 1-pyr 
rolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl), piperidinyl (e.g., 
piperidino. 2-piperidinyl, 3-piperidinyl, 4-piperidinyl), 
homopiperidinyl (e.g., homopiperidino, 2-homopiperidinyl, 
3-homopiperidinyl, 4-homopiperidinyl), tetrahydropyridyl 
(e.g., 1.2.3,6-tetrahydropyrid-1-yl), dihydropyridyl (e.g., 
2,3-dihydropyrid-4-yl), morpholinyl (e.g., morpholino, 
2-morpholinyl), thiomorpholinyl (e.g., thiomorpholino), 1,1- 
dioxidethiomorpholinyl (e.g., 1,1-dioxidethiomorpholino), 
piperazinyl (e.g., 1-piperazinyl, 2-piperazinyl), hexamethyl 
eneiminyl (e.g., 1-hexamethyleneiminyl), oxazolidinyl (e.g., 
2-oxazolidinyl), thiazolidinyl (e.g., 3-thiazolidinyl, 2-thiazo 
lidinyl), imidazolidinyl (e.g., 2-imidazolidinyl, 3-imidazo 
lidinyl), oxazolinyl (e.g., 2-oxazolinyl), thiazolinyl (e.g., 
2-thiazolinyl), imidazolinyl (e.g., 2-imidazolinyl, 3-imida 
Zolinyl), dioxolyl (e.g., 1,3-dioxol-4-yl), dioxolanyl (e.g., 
1,3-dioxolan-4-yl), dihydrooxadiazolyl (e.g., 4.5-dihydro-1, 
2,4-oxadiazol-3-yl), pyranyl (e.g., 2-pyranyl, 4-pyranyl), tet 
rahydropyranyl (e.g., 2-tetrahydropyranyl, 3-tetrahydropyra 
nyl, 4-tetrahydropyranyl), thiopyranyl (e.g., 4-thiopyranyl), 
tetrahydrothiopyranyl (e.g., 2-tetrahydrothiopyranyl, 3-tet 
rahydrothiopyranyl, 4-tetrahydrothiopyranyl), 1-oxidetet 
rahydrothiopyranyl (e.g., 1-oxidetetrahydrothiopyrane-4-yl), 
1,1-dioxidetetrahydrothiopyranyl (e.g., 1,1-dioxidetetrahy 
drothiopyrane-4-yl), tetrahydrofuryl (e.g., tetrahydrofuran 
3-yl, tetrahydrofuran-2-yl), pyrazolidinyl (e.g., 1-pyrazolidi 
nyl, 3-pyrazolidinyl), pyrazolinyl (e.g., 1-pyrazolinyl), 
tetrahydropyrimidinyl (e.g., 1-tetrahydropyrimidinyl), dihy 
drotriazolyl(e.g., 2,3-dihydro-1H-1,2,3-triazol-1-yl), tet 
rahydrotriazolyl (e.g., 2,3,4,5-tetrahydro-1H-1,2,3-triazol-1- 
yl), dihydrooxadiazolyl (e.g., 4.5-dihydro-1,2,4-oxadiazol 
3-yl), thiadinyl (e.g., 1,4-thiadine-2-yl), 1,1- 
dioxidothiazinanyl (e.g., 1,1-dioxide-1,2-thiazinan-2-yl), 
dihydropyridazinyl (e.g., 1,6-dihydropyridazin-3-yl), tet 
rahydropyridazinyl (e.g., 1,4,5,6-tetrahydropyridazin-3-yl), 
dihydrothioxazinyl(e.g., 2,3-dihydro-1,4,-thioxazin-3-yl), 
and dihydrothiazinyl (e.g., 3,4-dihydro-2H-1,4-thiazin-5-yl); 
and condensed non-aromatic heterocyclic group Such as 
dihydroindolyl (e.g., 2,3-dihydro-1H-indol-1-yl), dihy 
droisoindolyl (e.g., 2,3-dihydro-1H-isoindol-1-yl, 1,3-dihy 
dro-2H-isoindol-2-yl), dihydrobenzofuranyl (e.g., 2,3-dihy 
dro-1-benzofuran-5-yl), dihydrobenzodioxynyl (e.g., 2.3- 
dihydro-1,4-benzodioxynyl), dihydrobenzodioxepinyl (e.g., 
3,4-dihydro-2H-1,5-benzodioxepin-7-yl)chromenyl (e.g., 
4H-chromene-2-yl, 2H-chromene-3-yl, 2H-chromen-7-yl), 
dihydroquinolinyl (e.g., 1,2-dihydroquinolin-4-yl, 3,4-dihy 
droquinolin-1 (2H)-yl), tetrahydroquinolinyl (e.g., 1.2.3,4- 
tetrahydroquinolin-4-yl), dihydroisoquinolinyl (e.g., 1,2-di 
hydroisoquinolin-4-yl), tetrahydroisoquinolinyl (e.g., 1.2.3, 
4-tetrahydroisoquinolin-4-yl, 1.2.3,4-tetrahydroisoquinolin 
2-yl), dihydrophthalazinyl (e.g., 3,4-dihydrophthalazin-1-yl, 
1,4-dihydrophthalazin-4-yl), tetrahydrobenzoazepinyl (e.g., 
2,3,4,5-tetrahydro-1H-benzocazepin-1-yl), benzodioxolyl 
(e.g., 1,3-benzodioxol-5-yl), and benzothiazine (e.g., 3,4-di 
hydro-2H-1,4-benzothiazin-2-yl). 
0216. As for the “substituent” in the case where the above 
described “non-aromatic heterocyclic ring has a Substituent, 
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those that are the same as the “substituent in the “alkyl which 
may be substituted” described above can be mentioned, and 
there can be 1 to 5, preferably 1 to 3 substituents at a substi 
tutable position. As for the “amino which may be substituted 
that is indicated by Rs to R-7, amino, mono-Cl alkylamino 
(for example: methylamino, ethylamino and the like), mono 
C. arylamino (for example: phenylamino. 1-naphthy 
lamino, 2-naphthylamino and the like), di-C alkylamino 
(for example: dimethylamino, diethylamino and the like), 
di-C arylamino (for example: diphenylamino and the 
like), acylamino and the like can be mentioned. As an 
example of the acylamino, formylamino, Calkyl-carbony 
lamino (for example, acetylamino and the like), Caryl 
carbonylamino (for example, phenylcarbonylamino, naphth 
ylcarbonylamino and the like), C alkoxy-carbonylamino 
(for example, methoxycarbonylamino, ethoxycarbony 
lamino, propoxycarbonylamino, butoxycarbonylamino and 
the like), C alkylsulfonylamino (for example, methylsul 
fonylamino, ethylsulfonylamino and the like), C-arylsul 
fonylamino (for example, phenylsulfonylamino, 2-naphthyl 
Sulfonylamino. 1-naphthylsulfonylamino and the like) and 
the like can be mentioned. 

0217. As for the “substituent in the “amino which may be 
substituted’, those that are the same as the “substituent in the 
“alkyl which may be substituted” described above can be 
mentioned, and there can be 1 to 2 substituents at a Substitut 
able position. 
0218. As for the “acyl” that is indicated by Rs to R, 
formyl, carboxy, carbamoyl, C. alkyl-carbonyl (for 
example, acetyl, propionyl and the like), C. cycloalkyl 
carbonyl (for example, cyclopropylcarbonyl, cyclopentylcar 
bonyl, cyclohexylcarbonyl and the like), C alkoxy-carbo 
nyl (for example, methoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, tert-butoxycarbonyl and the like), Ca 
aryl-carbonyl (for example, benzoyl, 1-naphthoyl 2-naph 
thoyl and the like), C. aralkyl-carbonyl (for example, phe 
nylacetyl, phenylpropionyl and the like), Caryloxy-car 
bonyl (for example, phenoxycarbonyl and the like), C 
aralkyloxy-carbonyl (for example, benzyloxycarbonyl, phen 
ethyloxycarbonyl and the like), 5- or 6-membered heterocy 
clic carbonyl (for example, nicotinoyl, isonicotinoyl, 
2-thenoyl, 3-thenoyl 2-furoyl, 3-furoyl, morpholinocarbo 
nyl, thiomorpholinocarbonyl, piperidinocarbonyl, 1-pyrro 
lidinylcarbonyl and the like), mono-Cl alkyl-carbamoyl 
(for example, methylcarbamoyl, ethylcarbamoyl and the 
like), di-C alkyl-carbamoyl (for example, dimethylcar 
bamoyl, diethylcarbamoyl ethylmethylcarbamoyl and the 
like), C-aryl-carbamoyl (for example, phenylcarbamoyl, 
1-naphthylcarbamoyl 2-naphthylcarbamoyl and the like), 
thiocarbamoyl, 5- or 6-membered heterocyclic carbamoyl 
(for example, 2-pyridylcarbamoyl, 3-pyridylcarbamoyl, 
4-pyridylcarbamoyl, 2-thienylcarbamoyl, 3-thienylcarbam 
oyland the like), C alkylsulfonyl (for example, methylsul 
fonyl, ethylsulfonyl and the like), C arylsulfonyl (for 
example, phenylsulfonyl, 1-naphthylsulfonyl, 2-naphthylsul 
fonyl and the like), C alkylsulfinyl (for example, methyl 
Sulfinyl, ethylsulfinyl and the like), C arylsulfinyl (for 
example, phenylsulfinyl, 1-naphthylsulfinyl, 2-naphthylsulfi 
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nyl and the like) and the like can be mentioned, for example. 
Of these, acetyl and propionyl are particularly preferred. 
0219. In Formula (I), 

represents a single bond or a double bond. A single bond is 
preferable for ........ 
in Formula (I), where R and R. do not exist when carbon 
atoms respectively adjacent to RandR form a double bond, 
and there is no case where all of R to R, are hydrogenatoms. 
R and R may form a ring together with an adjacent carbon 
atOn 
0220. As for R, a hydrogen atom, or optionally substi 
tuted C. alkyl (C. alkyl is more preferable) is preferable. 
Among others, a hydrogenatom; methyl, ethyl, n-propyl, and 
isopropyl which may be substituted with a Substituent (e.g., 
hydroxy, halogen (e.g., chlorine, fluorine), aryl, aromatic het 
erocyclic ring, and the like) are preferable. 
0221. In another embodiment, R is preferably optionally 
Substituted Calkyl, more preferably Ce alkyl which may 
be substituted with a hydroxy, and further more preferably R 
is C alkyl. 
0222. In still another embodiment, R is preferably a 
hydrogenatom, or C. alkyl which may be substituted with a 
hydroxy, and more preferably C. alkyl. 
0223 Preferably, R is a hydrogen atom, optionally sub 
stituted Calkyl (more preferably C- alkyl); and among 
others a hydrogen atom; methyl; methyl, ethyl, and the like 
which may be substituted with a substituent e.g., amino 
which may be substituted with a substituent (e.g., methyl, 
ethyl, benzyl and the like); morpholino; thiomorpholino (e.g., 
1,1-dioxidothiomorpholine); pyrazolyl: 2-methyl-1H-imida 
Zolyl: 1,4-dioxa-8-azaspiro4.5 decane; pyrrolidinyl; dim 
ethyltetrahydrofuranyl: methylthio; piperidine and the like 
are preferable. 
0224. In another embodiment, R is preferably 
0225 (1) a hydrogen atom, or 
0226 (2) C. alkyl which may be substituted with a sub 
stituent selected from a hydroxy, amino, di-C alkylamino, 
(C. alkyl)(benzyl)amino, mono-Calkylamino, di-benzy 
lamino, Calkyl-carbonylamino, formyloxy, C alkylsul 
fonyloxy, cyano, carboxy, mono-Cl alkyl-carbamoyl, C. 
alkoxy which may be substituted with a substituent selected 
from Calkoxy and phenyl, C. alkylthio, Calkylsulfo 
nyl, morpholino. 1,1-dioxidothiomorpholine, pyrazolyl, imi 
dazolyl substituted with C alkyl, pyrrolidinyl, piperidyl 
Substituted with an OXO or hydroxy, and 1,4-dioxa-8-azaspiro 
4.5 deca-8-yl; and more preferably, a hydrogenatom, or C. 
alkyl which may be substituted with a hydroxy. 
0227 Further, R and R may form an optionally substi 
tuted 3- to 8-membered (more preferably 3- to 5-membered) 
homocyclic or heterocyclic ring together with an adjacent 
carbon atom. Among others, a homocyclic or heterocyclic 
ring Such as cyclopropyl, cyclobutyl, cyclopentyl, pyranyl. 
piperidyl, and the like are preferable. 
0228. In another embodiment, the “optionally substituted 
3- to 8-membered homocyclic or heterocyclic ring is pref 
erably a cyclopentane ring or a tetrahydropyran ring. 
0229 R is preferably a hydrogen atom, C-alkyl (more 
preferably C alkyl) which may be halogenated. Among 
others, a hydrogen atom, methyl, ethyl, n-propyl, isopropyl. 
tert-butyl, and the like are preferable. 
0230. In another embodiment, R is preferably a hydrogen 
atom, or C. alkyl, and more preferably a hydrogenatom. Ra 
is preferably a hydrogen atom, C alkyl (more preferably 
C. alkyl) which may be halogenated. Among others, a 
hydrogen atom, methyl, ethyl, and the like are preferable. 
0231. In another embodiment, R is preferably a hydrogen 
atOm. 
0232 R is preferably a hydrogenatom, optionally substi 
tuted C. alkyl (more preferably C- alkyl), optionally Sub 
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stituted Coalkenyl (more preferably Calkenyl), option 
ally substituted cycloalkyl, optionally substituted aryl, 
optionally Substituted aromatic heterocyclic ring, optionally 
Substituted amino, acyl, and the like. Among others, a hydro 
gen atom, methyl, ethyl, n-propyl, isopropyl, isopropenyl, 
vinyl, cyclopropyl, phenyl which may be substituted with a 
Substituent (e.g., amino), furyl, pyridyl, and the like are pref 
erable. 

0233. In another embodiment, Rs is preferably a hydrogen 
atom, optionally Substituted C. alkyl, optionally Substituted 
Calkenyl, optionally substituted C. cycloalkyl, option 
ally substituted Caryl, or a 5- to 6-membered aromatic 
heterocyclic ring which may be substituted, and contains 1 to 
4 heteroatoms selected from a nitrogen atom and an oxygen 
atom other than a carbon atom. 

0234. As for the "Caryl', a phenyl is preferable. As for 
the “a 5- to 6-membered aromatic heterocyclic ring which 
contains 1 to 4 heteroatoms selected from a nitrogenatom and 
an oxygen atom other than a carbon atom', a furyl is prefer 
able. 

0235 Rs is more preferably a hydrogen atom, C alkyl, 
C. alkenyl, C. cycloalkyl, phenyl which is substituted 
with diCo alkylamino, or furyl. C. alkyl is particularly 
preferable. 
0236 R is preferably a hydrogenatom, optionally substi 
tuted C. alkyl (preferably C- alkyl), optionally substituted 
Calkenyl (more preferably Calkenyl), optionally sub 
stituted cycloalkyl, optionally substituted aryl, optionally 
Substituted aromatic heterocyclic ring, optionally Substituted 
amino, acyl, and the like. Among others, a hydrogen atom, 
methyl, ethyl, phenyl which may be substituted with a sub 
stituent (e.g., methyl), 4-tolyl 4-methoxyphenyl, pyridyl, 
and the like are preferable. 
0237. In another embodiment, R is preferably a hydrogen 
atom, optionally substituted Calkyl, optionally substituted 
Caryl, optionally Substituted 5- to 6-membered aromatic 
heterocyclic ring containing 1 to 4 heteroatoms selected from 
a nitrogenatom and an oxygenatom other thana carbonatom, 
or a halogen atom. 
0238. As for the “Caryl', phenyl is preferable. As for 
the '5- to 6-membered aromatic heterocyclic ring containing 
1 to 4 heteroatoms selected from a nitrogen atom and an 
oxygenatom other than a carbonatom, pyridyl is preferable. 
0239 R is more preferably a hydrogen atom, C alkyl, 
phenyl Substituted with Ce alkyl, pyridyl, or a halogenatom. 
C. alkyl is particularly preferable. 
0240 R, is preferably a hydrogen atom, hydroxy, option 
ally substituted C. alkyl (more preferably C- alkyl). 
optionally substituted C. alkoxy (more preferably C 
alkoxy), or optionally Substituted acyl. Among others, a 
hydrogenatom, a hydroxy, methyl, ethyl, n-propyl, isopropyl. 
1-hydroxyethyl, methoxy, ethoxy, isopropyloxy, acetyl, pro 
pionyl, and the like are preferable. 
0241. In another embodiment, R, is preferably a hydrogen 
atom, hydroxy, Ce alkyl which may be substituted, C. 
alkoxy which may be substituted, or C. alkylcarbonyl. 
0242 More preferably, R, is a hydrogen atom, a hydroxy, 
C. alkyl which may be substituted with a hydroxy, C. 
alkoxy which may be substituted with Ce alkoxy, or C. 
alkylcarbonyl. 
0243 
able. 

C. alkyl and C alkoxy are particularly prefer 
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0244 Ring. A represents an optionally Substituted pipera 
Zine ring, an optionally substituted morpholine ring, or an 
optionally substituted homopiperazine ring. 
0245. As for the substituent in the “optionally substituted 
piperazine ring”, “optionally Substituted morpholine ring. 
and "optionally Substituted homopiperazine ring indicated 
by ring A, those that are the same as the “substituent in the 
“lower alkyl which may be substituted” described above are 
included, and there can be 1 to 5 (preferably 1 to 3) substitu 
ents at a Substitutable position. 
0246. As for ring A, the “optionally substituted piperazine 
ring is preferably: 

in the formula, 
0247 Rs is aryl which may be substituted or aromatic 
heterocycle which may be substituted; 
0248 ring B is a piperazine ring which may be further 
substituted or 

Rs NN 

N 
in the formula, 
0249 Rs is aryl which may be substituted or aromatic 
heterocycle which may be substituted; 
(0250 ring B is a piperazine ring which may be further 
substituted. 
0251. In addition, as for ring A, the “optionally substituted 
morpholine ring is preferably: 

in the formula, 
0252 Rs is aryl which may be substituted or aromatic 
heterocycle which may be substituted; 
0253 ring B is a morpholine ring which may be further 
substituted. 
0254. In addition, as for ring A, the “optionally substituted 
homopiperazine ring is preferably: 

R8 NN 

N 
in the formula, 
0255 Rs is aryl which may be substituted or aromatic 
heterocycle which may be substituted; 
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0256 ring B is a homopiperazine ring which may be 
further substituted. 
0257 The “aryl which may be substituted (or optionally 
substituted aryl)” indicated by Rs, those that are the same as 
the “optionally substituted aryl' in Rs to R, are included. 
0258. The “optionally substituted aromatic heterocyclic 
ring indicated by Rs, those that are the same as the “option 
ally Substituted aromatic heterocyclic ring in Rs to R7. 
0259 Rs is preferably optionally substituted phenyl, an 
optionally Substituted nitrogen-containing aromatic hetero 
cyclic ring, an optionally Substituted Sulfur-containing aro 
matic heterocyclic ring, and the like. Among others, phenyl 
which has C. alkoxy (more preferably C- alkoxy), C 
alkylsulfanyl, Ce alkylsulfinyl, Ce alkylsulfonyl, alkyla 
mide and/or a halogen as a Substituent, phenyl or 4-tolyl 
which has C. alkyl (more preferably C- alkyl) as a sub 
stituent, a 5- to 10-membered (more preferably 5- to 7-mem 
bered) nitrogen-containing aromatic heterocyclic group 
which may be substituted, a 5- to 10-membered (more pref 
erably 5- to 7-membered) sulfur-containing aromatic hetero 
cyclic group which may be substituted and the like are pref 
erable. In particular, phenyl which may be substituted with a 
substituent (for example, methyl which may be substituted 
with a substituent (for example, fluorine), ethyl which may be 
substituted with a substituent (for example, hydroxy), isopro 
pyl, cyano, dimethylamino, methoxy which may be substi 
tuted with a substituent (for example, fluorine, chlorine), 
ethoxy, fluorine, chlorine, bromine, methylsulfanyl, methyl 
Sulfinyl, methylsulfonyl, dimethylaminomethyl, aminom 
ethyl, acetnyl and the like), pyridyl which may be substituted 
with a substituent (for example, methoxy), benzamide, 2.3- 
dihydro-1,4-benzodioxin, 4-phenyltriazolyl, thiazolyl, thiaz 
ole, thiadiazole which may be substituted with a substituent 
(for example, phenyl), pyrimidyl which may be substituted 
with a Substituent (for example, chlorine, phenyl which may 
be substituted with a substituent (for example, methoxy)), 
pyrazol-4-yl which may be substituted with a substituent (for 
example, methyl) and the like are preferable. 
0260. As for the “substituent in the “5- to 10-membered 
(more preferably 5-to 7-membered) nitrogen-containing aro 
matic heterocyclic group which may be substituted” or “5- to 
10-membered (more preferably 5- to 7-membered) sulfur 
containing aromatic heterocyclic group which may be substi 
tuted, those that are the same as the “substituent in the 
“alkyl which may be substituted” described above are 
included, and there can be 1 to 5, preferably 1 to 3 substituents 
at a substitutable position. 
0261. In another embodiment, the aryl or the two substitu 
ents on the aromatic heterocyclic ring in Rs may bind to each 
other and form a condensed ring which may be substituted, 
together with the aryl or the aromatic heterocyclic ring. As for 
the “condensed ring which may be substituted’, 2,3-dihydro 
1,4-benzodioxin ring, 2.3-dihydrobenzofuran ring which 
may be substituted with a Substituent (e.g., C alkyl Such as 
a methyl), 1,3-benzodioxol ring which may be substituted 
with a Substituent (e.g., a halogen atom such as fluorine) and 
the like are included. 

0262. As for the “substituent” in ring B, ring B, ring B. 
and ring B, those that are the same as the “substituent in the 
“lower alkyl which may be substituted” described above are 
included, and there can be 1 to 5, preferably 1 to 3 substituents 
at a substitutable position. 
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0263 
mula: 

A Os 
of Formula (I) is preferably any one of the following formu 
lae: 

In another embodiment, the partial structural for 

Cl Ol 
3 

8 

wherein: 
0264 Rs is: 
0265 (1) Caryl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and C alkylamino; (iv) 
C. alkylthio; (V) Ce alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
O 

0266 (2) a 5- to 10-membered aromatic heterocyclic ring 
containing 1 to 4 heteroatoms selected from a nitrogen atom, 
a Sulfur atom, and an oxygenatom, other than a carbon atom, 
and which may be substituted with 1 to 3 substituents selected 
from a halogen atom, C alkyl, C. alkoxy, and phenyl 
which may be substituted with Calkoxy. 
0267 As for "Caryl” in Rs above, phenyl is preferable. 
As for the “5- to 10-membered aromatic heterocyclic ring 
containing 1 to 4 heteroatoms selected from a nitrogen atom, 
a Sulfur atom, and an oxygenatom, other than a carbonatom’ 
in Rs above, pyridyl, pyrimidinyl, thiadiazolyl, thiazolyl, 
pyrazolyl, isoxazolyl, imidazolyl, or pyrazolopyrimidinyl are 
preferable. 
0268. The partial structural formula: 

A Os 
of Formula (I) is more preferably the following formula: 

N 
N 

wherein: 
0269 Rs is: 
(0270 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
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halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio; (V) Ce alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
0271 (2) pyridyl which may be substituted with 1 to 3 C, 
alkoxy groups: 
0272 (3) pyrimidinyl which may be substituted with 1 to 
3 substituents selected from phenyl which may be substituted 
with Calkoxy, and a halogen atom; 
0273 (4) thiadiazolyl which may be substituted with a 
phenyl: 
(0274 (5) thiazolyl: 
0275 (6) pyrazolyl which may be substituted with 1 to 2 
C. alkyl groups: 
(0276 (7) isoxazolyl: 
(0277 (8) imidazolyl which may be substituted with 1 to 2 
C. alkyl groups; or 
0278 (9) pyrazolopyrimidinyl which may be substituted 
with 1 to 2C-alkyl groups; and further more preferably, the 
following formula: 

N 

wherein: 

0279 Rs is a phenyl which may be substituted with 1 to 3 
substituents selected from: 

0280 (1) a halogen atom; 
0281 (2) C. alkoxy which may be substituted with a 
halogen atom; 
0282 (3)C alkyl which may be substituted with a sub 
stituent selected from a halogen atom, a hydroxy, amino, and 
diC alkylamino; 
(0283 (4) C alkylthio; 
0284 (5) Calkylsulfonyl: 
0285 (6) cyano; 
0286 (7) carbamoyl: 
0287 (8) Calkylsulfinyl; and 
0288 (9) C- alkylcarbonyl. 
0289 Particularly preferably, the partial structural for 
mula: 

A Os 
of Formula (I) is the following formula: 

N 

wherein: 

0290 
alkoxy. 

Rs is a phenyl which is substituted with 1 to 3 C, 
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0291. As for Compound (I), ring A is preferably any one of 
the following formulae: 

R 

n 1N B2 
N 
N 

B4 

N 

H3C NN 

--- N Rs N, 

O 

--- N Rs N O 

wherein: 

0292 Rs is phenyl having Ce alkoxy and/or a halogenas 
a substituent, phenyl having C alkyl as a substituent, 5- to 
10-membered nitrogen-containing aromatic heterocyclic 
group which may be substituted, 5- to 10-membered sulfur 
containing aromatic heterocyclic group which may be substi 
tuted and the like; 
0293 ring B is a piperazine ring which may be further 
substituted; 
0294 ring B is a piperazine ring which may be further 
substituted; 
0295 ring B is a morpholine ring which may be further 
substituted; 
0296 ring B is a homopiperazine ring which may be 
further substituted, 
0297 R is a hydrogen atom, or C alkyl which may be 
substituted, 
0298 R is a hydrogen atom, or C. alkyl which may be 
Substituted, or, R and R together with adjacent carbon atom 
may form 3- to 8-membered homocycle or heterocycle which 
may be substituted, 
0299 R is a hydrogen atom, or C alkyl which may be 
halogenated, 
0300 R is a hydrogen atom, or C. alkyl which may be 
halogenated, 
0301 Rs is a hydrogen atom, C alkyl which may be 
Substituted, Ce alkenyl which may be substituted, 
cycloalkyl which may be substituted, aryl which may be 
substituted, aromatic heterocycle which may be substituted, 
amino which may be substituted, or acyl, 
0302 R is a hydrogen atom, C alkyl which may be 
Substituted, Ce alkenyl which may be substituted, 
cycloalkyl which may be substituted, aryl which may be 
substituted, aromatic heterocycle which may be substituted, 
amino which may be substituted, or acyl, 
0303 R, is a hydrogen atom, hydroxy, C alkyl which 
may be substituted, Calkoxy which may be substituted, or 
acyl which may be substituted. 
0304 Among them, those in which 
(0305 ring A is 
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-continued 
Rs 
N 

O N 

N 
Rs N or N 

in the formula, 
0306 Rs is phenyl having C- alkoxy and/or a halogenas 
a substituent, phenyl having C- alkyl as a substituent, 5- to 
7-membered nitrogen-containing aromatic heterocyclic 
group which may be substituted, 5- to 7-membered sulfur 
containing aromatic heterocyclic group which may be substi 
tuted and the like: 
0307 ring B is a piperazine ring which may be further 
substituted; 
0308 ring B is a piperazine ring which may be further 
substituted; 
0309 ring B is a morpholine ring which may be further 
substituted; 
0310 ring B is a homopiperazine ring which may be 
further substituted. 
0311 R is a hydrogen atom, or C. alkyl which may be 
substituted, 
0312 R is a hydrogen atom, or C. alkyl which may be 
Substituted, or, RandR together with adjacent carbonatom 
may form 3- to 5-membered homocycle or heterocycle which 
may be substituted, 
0313 R is a hydrogen atom, or C. alkyl which may be 
halogenated, 
0314 R is a hydrogen atom, or C. alkyl which may be 
halogenated, 
0315 Rs is a hydrogen atom, C alkyl which may be 
Substituted, C. alkenyl which may be substituted, 
cycloalkyl which may be substituted, aryl which may be 
substituted, aromatic heterocycle which may be substituted, 
amino which may be substituted, or acyl, 
0316 R is a hydrogen atom, C alkyl which may be 
Substituted, C. alkenyl which may be substituted, 
cycloalkyl which may be substituted, aryl which may be 
substituted, aromatic heterocycle which may be substituted, 
amino which may be substituted, or acyl, 
0317 R, is a hydrogen atom, hydroxy, C alkyl which 
may be substituted, Calkoxy which may be substituted, or 
acyl which may be substituted, 
0318 are preferable. 
0319 Among them, those in which 
0320 ring A is 

HC R 
3 n N 8 n N 

N N 
Rs N, N, 

Rs N 
O N O ..) N 

Rs N or N 
N 
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in the formula, 
0321 Rs is phenyl which may be substituted with a sub 
stituent (for example, methyl which may be substituted with 
a substituent (for example, fluorine), ethyl which may be 
substituted with a substituent (for example, hydroxy), isopro 
pyl, cyano, dimethylamino, methoxy which may be substi 
tuted with a substituent (for example, fluorine, chlorine), 
ethoxy, fluorine, chlorine, bromine, methylsulfanyl, methyl 
Sulfinyl, methylsulfonyl, dimethylaminomethyl, aminom 
ethyl, acetnyl and the like), benzamide, 2,3-dihydro-1,4-ben 
Zodioxin, 4-phenyltriazolyl, thiazolyl which may be 
substituted with a substituent (for example, phenyl), thiazole, 
pyrimidyl which may be substituted with a substituent (for 
example, chlorine, phenyl which may be substituted with a 
Substituent (for example, methoxy)), pyrazol-4-yl which may 
be substituted with a substituent (for example, methyl) and 
the like: 
0322 ring B is a piperazine ring which may be further 
substituted; 
0323 ring B is a piperazine ring which may be further 
substituted; 
0324 ring B is a morpholine ring which may be further 
substituted; 
0325 ring B is a homopiperazine ring which may be 
further substituted. 
0326 R is a hydrogen atom, or methyl which may be 
substituted with a substituent (for example, hydroxy), ethyl, 
0327 R is a hydrogenatom, methyl, or methyl which may 
be substituted with a substituent (for example, methoxy, 
amino which may be substituted with a substituent (for 
example: methyl, benzyl and the like), methylsulfanyl, meth 
ylsulfonyl, morpholino, thiomorpholino (for example: 1,1- 
dioxido thiomorpholine), pyrazolyl, 2-methyl-1H-imida 
Zolyl, 1,4-dioxa-8-azaspiro4.5 decane, pyrrolidinyl, 
dimethyltetrahydrofuranyl, methylthio, piperidino and the 
like), ethyl, 
0328 or R and R together with adjacent carbon atom 
form cyclopropyl, cyclobutyl, cyclopentyl, pyranyl or pip 
eridinyl, 
0329 R is a hydrogenatom, methyl, ethyl, n-propyl, iso 
propyl, or tert-butyl, 
0330 R is a hydrogen atom, methyl, ethyl, 
0331 Rs is a hydrogen atom, methyl, ethyl, n-propyl, iso 
propyl, isopropenyl, vinyl, cyclopropyl, phenyl which may be 
substituted with a substituent (for example, amino), furyl, or 
pyridyl, 
0332 R is a hydrogen atom, methyl, phenyl which may 
be substituted with a substituent (for example, methyl), 
4-tolyl, 4-methoxyphenyl, or pyridyl, 
0333) R, is a hydrogen atom, hydroxy, methyl, ethyl, 
n-propyl, isopropyl, 1-hydroxyethyl, methoxy, ethoxy, iso 
propyloxy, acetyl, or propionyl, 
0334) are preferable. 
0335 Among them, in particular, those in which 
0336 ring A is 

HC 

in the formula, 
0337 Rs is phenyl which is substituted with 1 to 2 meth 
OXy groups, 
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0338 R and R are methyl, 
0339 R and R are a hydrogen atom, 
0340 Rs to R, are methyl, 
(0341 are preferable. 
0342. Or, those in which 
0343 ring A is 

R 
n 

N N N 
in the formula, 
0344 Rs is phenyl which may be substituted with a sub 
stituent (methyl which may be substituted with fluorine, ethyl 
which may be substituted with hydroxy, isopropyl, cyano, 
dimethylamino, methoxy which may be substituted with 
fluorine or chlorine, ethoxy, fluorine, chlorine, bromine, 
methylsulfanyl, methylsulfinyl, methylsulfonyl, dimethy 
laminomethyl, aminomethyl, acetnyl), pyridyl which may be 
substituted with methoxy, benzamide, 2,3-dihydro-1,4-ben 
Zodioxine, triazolyl which may be substituted with phenyl 
(for example, 4-phenyltriazolyl), thiazolyl, thiazole, thiadia 
Zole which may be substituted with phenyl, pyrimidyl which 
may be substituted with a substituent (for example, chlorine, 
phenyl which may be substituted with a substituent (for 
example, methoxy)), or pyrazol-4-yl which may be substi 
tuted with methyl), 
(0345 R is a hydrogen atom, methyl which may be sub 
stituted with hydroxy, or ethyl, 
0346 R is a hydrogen atom, or methyl which may be 
Substituted with a Substituent (methoxy, amino, amino which 
is substituted with methyl or ethyl, amino which is substituted 
with benzyl, methylsulfanyl, methylsulfonyl, morpholino, 
thiomorpholino, pyrazolyl, 2-methyl-1H-imidazolyl, 1,4-di 
oxa-8-azaspiro4.5 decane, pyrrolidinyl, dimethyltetrahy 
drofuranyl, piperidino, or methylthio), 
0347 or, R and R together with adjacent carbon atom 
form cyclopentyl or pyranyl, 
0348 R is a hydrogen atom, methyl or tert-butyl, 
0349 R is a hydrogen atom, 
0350 Rs is a hydrogen atom, methyl, ethyl, isopropyl, 
isopropenyl, vinyl, cyclopropyl, phenyl, dimethylaminophe 
nyl or furyl, 
0351 R is a hydrogen atom, methyl, 4-tolyl or pyridyl, 
0352 R is a hydrogenatom, hydroxy, methyl, 1-hydroxy 
ethyl, methoxy, ethoxy, isopropyloxy, or acetyl, 
0353 are preferable. 
0354. Or, those in which 
0355 ring A is 

in the formula, 
0356 Rs is phenyl which may be substituted with meth 
oxy, or benzyl. 
0357 R and Rare methyl, 
0358 R and R are a hydrogen atom, 
0359 Rs and R are a hydrogen atom or methyl, 
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0360 R, is methyl 
0361) are preferred. 
0362. Or, those in which 
0363 ring A is 

Rs N 
N 

N N 
N 

in the formula, 
0364 Rs is phenyl which may be substituted with meth 
OXy. 
0365 R and R are methyl and the like, 
0366 R and Ra are a hydrogen atom, 
0367 Rs to R, are methyl and the like 
0368 are preferred. 
0369. In another embodiment, Compound (I) is preferably 
the following compound: Compound (I-1), Compound (I-2), 
Compound (I-3), Compound (I-4), Compound (I-5), or Com 
pound (I-6). 
0370 Compound I-1 
0371 Compound (I), wherein 
0372 R is a hydrogen atom or C. alkyl which may be 
substituted with a hydroxy: 
0373) R, is: 
0374 (1) a hydrogen atom, or 
0375 (2) C. alkyl which may be substituted with a sub 
stituent selected from a hydroxy, amino, di-C alkylamino, 
(C. alkyl)(benzyl)amino, mono-Calkylamino, di-benzy 
lamino, Calkyl-carbonylamino, formyloxy, C alkylsul 
fonyloxy, cyano, carboxy, mono-Cl alkyl-carbamoyl, C. 
alkoxy which may be substituted with a substituent selected 
from Calkoxy and phenyl, C. alkylthio, Calkylsulfo 
nyl, morpholino. 1,1-dioxidothiomorpholine, pyrazolyl, imi 
dazolyl substituted with C alkyl, pyrrolidinyl, piperidyl 
Substituted with an OXO or hydroxy, and 1,4-dioxa-8-azaspiro 
4.5 deca-8-yl; or 
0376 R and R form a cyclopentane ring or a tetrahydro 
pyran ring together with an adjacent carbon atom. 
0377 As for Compound (I-1), those in which 
0378 R is C alkyl; and 
0379 R is a hydrogen atom, or C. alkyl which may be 
substituted with a hydroxy are particularly preferable. 
Among others, R and R2 are preferably C. alkyl, and par 
ticularly methyl. 
(0380 Compound (I-2) 
0381 Compound (I), wherein 
0382 R is a hydrogen atom or Ce alkyl; and 
0383 R is a hydrogen atom. 
0384 As for Compound (I-2), those in which R and R. 
are a hydrogen atom are preferable. 
(0385 Compound (I-3) 
0386 Compound (I), wherein 
0387 Rs is a hydrogen atom, optionally substituted C. 
alkyl, optionally substituted C- alkenyl, optionally substi 
tuted C. cycloalkyl, optionally Substituted Caryl, or a 5 
to 6-membered aromatic heterocyclic ring which may be 
Substituted, and contains 1 to 4 heteroatoms selected from a 
nitrogen atom and an oxygenatom other than a carbon atom; 
0388 R is a hydrogen atom, optionally substituted C. 
alkyl, optionally Substituted Caryl, a 5- to 6-membered 
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aromatic heterocyclic ring which may be substituted, and 
contains 1 to 4 heteroatoms selected from a nitrogenatom and 
an oxygen atom other than a carbon atom, or a halogenatom, 
and 
0389 R, is a hydrogen atom, hydroxy, optionally substi 
tuted C. alkyl, optionally Substituted C. alkoxy, or C. 
alkylcarbonyl. 
0390. As for the “Caryl', phenyl is preferable. As for 
the “5- to 6-membered aromatic heterocyclic ring which con 
tains 1 to 4 heteroatoms selected from a nitrogenatom and an 
oxygenatom other than a carbon atom', furyland pyridyl are 
preferable. A furyl is preferable for the aromatic heterocyclic 
ring in Rs, and a pyridyl is preferable for the aromatic het 
erocyclic ring in R. 
0391 As for Compound (I-3), those in which 
0392 Rs is a hydrogenatom, C-alkyl, Calkenyl, C. 
cycloalkyl, phenyl Substituted with diCo alkylamino, or 
furyl; 
0393 R is a hydrogenatom, Calkyl, phenyl substituted 
with C alkyl, pyridyl, or a halogen atom; and 
0394 R, is a hydrogen atom, hydroxy, C alkyl which 
may be substituted with a hydroxy, Calkoxy which may be 
Substituted with Calkoxy, or C. alkylcarbonyl are more 
preferable; and those in which 
0395 R is C alkyl: 
0396 R is C alkyl; and 
0397 R is C, alkyl or C. alkoxy are further more 
preferable. 
0398 Compound (I-4) 
0399 Compound (I), wherein the partial structural for 
mula: 

A Os 
of Formula (I) is any one of the following formulae: 

HC 
3 NN 

-N- N Rs N 

O 

-N- N Rs N O 

R 
8a. N 

N N s 
Rs 

n N 

N N 
wherein: 
(0400 Rs is optionally substituted aryl or an optionally 
Substituted aromatic heterocyclic ring; 
04.01 Ring B is a further optionally substituted pipera 
Zine ring: 
0402 Ring B is a further optionally substituted pipera 
Zine ring: 
0403 Ring B is a further optionally substituted morpho 
line ring; 
0404 Ring B is a further optionally substituted homopip 
erazine ring: 

is a single bond; 
04.05 Rs is a hydrogen atom, optionally substituted C. 
alkyl, optionally Substituted Coalkenyl, optionally Substi 
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tuted C. cycloalkyl, optionally Substituted C. aryl, 
optionally substituted 5- to 6-membered aromatic heterocy 
clic ring containing 1 to 4 heteroatoms selected from a nitro 
gen atom and an oxygen atom other than a carbon atom; 
0406 R is a hydrogen atom, optionally substituted C 
alkyl, optionally Substituted Caryl, optionally Substituted 
5- or 6-membered aromatic heterocyclic ring containing 1 to 
4 heteroatoms selected from a nitrogen atom and an oxygen 
atom other than a carbon atom, or a halogen atom; and 
04.07 R, is a hydrogen atom, hydroxy, optionally substi 
tuted C. alkyl, optionally Substituted C. alkoxy, or C. 
alkylcarbonyl. 
(0408 Compound (I-5) 
04.09 Compound (I), wherein the partial structural for 
mula: 

A Os 
of Formula (I) is any one of the following formulae: 

HC R 

3 r s^ 
-N- N Nu Rs N. N 

r sy 
N -- N or N 

wherein: 

0410 Rs is: 
0411 (1) Caryl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio; (V) Ce alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
O 

0412 (2) a 5- to 10-membered aromatic heterocyclic ring 
containing 1 to 4 hetero atoms selected from a nitrogenatom, 
a Sulfur atom, and an oxygenatom, other than a carbon atom, 
and which may be substituted with 1 to 3 substituents selected 
from a halogen atom, Ce alkyl, Ce alkoxy, and phenyl 
which may be substituted with C alkoxy; 

is a single bond; 
0413 R is a hydrogen atom or C. alkyl which may be 
substituted with a hydroxy: 
0414 R is: 
0415 (1) a hydrogen atom; or 
0416 (2) C. alkyl which may be substituted with a sub 
stituent selected from a hydroxy, amino, di-C alkylamino, 
(C. alkyl)(benzyl)amino, mono-Co alkylamino, di-benzy 
lamino, Calkyl-carbonylamino, formyloxy, C alkylsul 
fonyloxy, cyano, carboxy, mono-Co alkyl-carbamoyl, C. 
alkoxy which may be substituted with a substituent selected 
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from Calkoxy and phenyl, Ce alkylthio, Calkylsulfo 
nyl, morpholino. 1,1-dioxidothiomorpholine, pyrazolyl, imi 
dazolyl substituted with C alkyl, pyrrolidinyl, piperidinyl 
Substituted with an OXO or hydroxy, and 1,4-dioxa-8-azaspiro 
4.5 deca-8-yl; or 
0417 R and R form a cyclopentane ring or a tetrahydro 
pyran ring together with an adjacent carbon atom; 
0418 R is a hydrogen atom or Ce alkyl; and 
0419 R is a hydrogen atom; 
0420 Rs is a hydrogenatom, C-alkyl, Calkenyl, C. 
cycloalkyl, phenyl substituted with diC alkylamino, or 
furyl; 
0421 R is a hydrogenatom, Calkyl, phenyl substituted 
with Ce alkyl, pyridyl, or a halogen atom, and 
0422 R is a hydrogen atom, hydroxy, Ce alkyl which 
may be substituted with a hydroxy, Calkoxy which may be 
Substituted with Calkoxy, or Ce alkylcarbonyl. 
0423 R is preferably: 
0424 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diC alkylamino; (iv) 
C. alkylthio; (V) Ce alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl: (viii) C alkylsulfinyl; and (ix) C alkylcarbonyl: 
O 

0425 (2) pyrimidinyl, thiadiazolyl, thiazolyl, pyrazolyl, 
isoxazolyl, imidazolyl, or pyrazolopyrimidinyl which may be 
substituted with 1 to 3 substituents selected from a halogen 
atom, C alkyl, Calkoxy, and phenyl which may be sub 
stituted with Calkoxy. 
0426. As for Compound (I-5), the partial structural for 
mula: 

Os 
of Formula (I) is preferably the following formula: 

N 
N 

wherein: 
0427 Rs is: 
0428 (1) phenyl which may be substituted with 1 to 3 
Substituents selected from (i) a halogenatom; (ii) Calkoxy 
which may be substituted with a halogenatom; (iii) Calkyl 
which may be substituted with a substituent selected from a 
halogen atom, a hydroxy, amino, and diCo alkylamino; (iv) 
C. alkylthio. (V) C. alkylsulfonyl: (vi) cyano; (vii) car 
bamoyl; (viii) C. alkylsulfinyl; and (ix) C. alkylcarbonyl: 
0429 (2) pyridyl which may be substituted with 1 to 3 C, 
alkoxy groups: 
0430 (3) pyrimidinyl which may be substituted with 1 to 
3 substituents selected from phenyl which may be substituted 
with Calkoxy, and a halogen atom; 
0431 (4) thiadiazolyl which may be substituted with a 
phenyl: 
0432 (5) thiazolyl: 
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0433 (6) pyrazolyl which may be substituted with 1 to 2 
C- alkyl groups; 
0434 (7) isoxazolyl; 
0435 (8) imidazolyl which may be substituted with 1 to 2 
C- alkyl groups; or 
0436 (9) pyrazolopyrimidinyl which may be substituted 
with 1 to 2C alkyl groups. 
0437. The partial structural formula: 

Os 
of Formula (I) is more preferably the following formula: 

NS 

wherein: 
0438 Rs is a phenyl which may be substituted with 1 to 3 
substituents selected from: 
0439 (1) a halogen atom; 
0440 (2) C alkoxy which may be substituted with a 
halogen atom; 
0441 (3)C alkyl which may be substituted with a sub 
stituent selected from a halogen atom, a hydroxy, amino, and 
diCo alkylamino; 
0442 (4) C alkylthio; 
0443 (5) Calkylsulfonyl: 
0444 (6) cyano; 
0445 (7) carbamoyl: 
0446 (8) Calkylsulfinyl; and 
0447 (9) C- alkylcarbonyl. 
0448 Compound (I-6) 
0449 Compound (I), wherein the partial structural for 
mula: 

Os 
of Formula (I) is the following formula: 

N 
N 

wherein: 
0450 Rs is a phenyl which is substituted with 1 to 3 C, 
alkoxy; 

is a single bond; 
0451 R is C alkyl: 
0452 R is a hydrogen atom, or C. alkyl which may be 
substituted with a hydroxy: 
0453 R. and R are a hydrogen atom; 
0454 Rs is Calkyl: 
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0455 R is C alkyl; and 
0456 R, is C alkyl or C. alkoxy. 
0457. As for Compound (I-6), R and R are preferably 
C. alkyl, particularly methyl. 
0458 As a more specific example of Compound (I), the 
compounds described in the following Example 1 to Example 
144 or salts thereofare preferable. Particularly preferable are 
the following compounds: 
0459 1-(4-Methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2, 
3-dihydro-1-benzofuran-5-yl)piperazine or a salt thereof; 

0460 1-(4-Methoxyphenyl)-4-(2R)-2,4,6,7-tetramethyl 
2,3-dihydro-1-benzofuran-5-yl)piperazine or a salt 
thereof 

0461) 1-(4-Methoxyphenyl)-4-(2S)-2,4,6,7-tetramethyl 
2,3-dihydro-1-benzofuran-5-yl)piperazine or a salt 
thereof 

0462 1-(4-Methoxyphenyl)-4-(7-methoxy-2,2,4,6-tet 
ramethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine or a 
salt thereof; 

0463 1-(4-Ethoxyphenyl)-4-(7-methoxy-2,2,4,6-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine or a salt 
thereof 

0464 (-)-5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6, 
7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methanol 
or a salt thereof, and 

0465 (+)-5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6, 
7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methanol 
or a salt thereof. 

0466 Hereinbelow, the method of producing Compound 
(I) will be described. Further, all of the Compounds (Ia), (Ib), 
(Ic), (Id). (Ie), (7) and (7a) described below are included in 
Compound (I). Compound (I) can be produced by using a 
general organic synthesis method or in view of other well 
known synthesis method (for example: pamphlet of 
WO2004/016576). Each symbol for the compounds that are 
described in brief drawings of reaction scheme has the same 
meaning as defined in the above. The compounds described in 
the reaction scheme include Salt form of the compounds, and 
as an example of the salt, those that are the same as the salt of 
Compound (I) can be also mentioned. 

Reaction scheme 1: 

0467. In Reaction scheme 1, L is a leaving group, and 
other symbols are as defined in the above. 
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0468 According to Reaction scheme 1, compound (2) is 
reacted with the 4- to 8-membered cyclic amino compound 
(3) represented by the following formula: 

NH 

(in the formula, ring A is as defined in the above), in the 
presence of a base, if desired, to produce Compound (I). If 
necessary, a catalyst Such as copper, copper salt and the like 
can be used. In addition, in view of the method described in 
Chemistry Letters 1983, 927-928 pages, a catalyst such as 
palladium or nickel and the like and a ligand (for example, 
phosphine, pyridines and the like) can be used. 
0469 As for the “substituent which may be included (in 
ring B) in addition to L of Compound (2), those that are the 
same as the “substituent which may be further included in 
ring B of Compound (I) are used in the same number. 
0470 Compound (3) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0471. The amount of compound (3) to be used is about 0.5 
to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (2). 
0472. As an example of the “leaving group' that is indi 
cated by L, a halogen atom (for example, fluorine, chlorine, 
bromine, iodine and the like), C alkylsulfonyloxy which 
may be halogenated (for example, methanesulfonyloxy, trif 
luoromethanesulfonyloxy, trichloromethanesulfonyloxy and 
the like), Co arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 
0473. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0474 As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, tributylamine, N-ethyldiisopropy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like are included, for example. 
0475. The amount of the base to be used is about 0.8 to 
about 10 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (2). 
0476. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
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preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, and a mixed solvent thereof, and the like. 
0477 As for the copper catalyst, copper, halogenated cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 
0478. The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (2). 
0479. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 
0480. The amount of the phosphine to be used is about 
0.001 to about 10 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (2). The amount of 
the palladium catalyst to be used is about 0.0001 to about 5.0 
moles, preferably about 0.01 to about 0.5 moles compared to 
1 mole of the compound (2): 
0481 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 

Reaction scheme 2 

5 R4 R3 L-E- 
HN 

0482. In Reaction scheme 2, L' and L represent the same 
or different leaving group, E represents an atomic group 
which constitutes ring A except the nitrogen atom bonded to 
ring B of Compound (I), and other symbols are as defined in 
the above. 
0483 According to Reaction scheme 2, compound (4) is 
reacted with compound (5) represented by the following for 
mula: 

22 
Sep. 13, 2012 

0484 in the presence of a base, if desired, to produce 
Compound (I). 
0485. As for the “substituent which may be further 
included in ring B for compound (4), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (I) are used in the same number. 
0486 Compound (5) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0487. As an example of the “leaving group' that is indi 
cated by L' and Lif, hydroxy, a halogen atom (for example, 
fluorine, chlorine, bromine, iodine and the like), Cs alkyl 
Sulfonyloxy (for example, methanesulfonyloxy, ethanesulfo 
nyloxy, trichloromethanesulfonyloxy and the like) which 
may behalogenated, Co arylsulfonyloxy which may have a 
substituent and the like can be mentioned. 
0488. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents selected from Calkyl (for example, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, pentyl, hexyl and the like), C alkoxy (for 
example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro, and the like can be mentioned. Specifically, benzene 
Sulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluenesulfony 
loxy and the like can be mentioned. 
0489. The amount of compound (5) to be used is about 0.8 
to about 5.0 moles, preferably about 1.0 to about 2.0 moles 
compared to 1 mole of the compound (4). 
0490. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, tributylamine, cyclohexyldimethy 
lamine, 4-dimethylaminopyridine, N,N-dimethylaniline, 
N-methylpiperidine, N-methylpyrrolidine, N-methylmor 
pholine and the like, alkali metal hydrides such as sodium 
hydride, potassium hydride and the like, metal amides such as 
Sodium amide, lithium diisopropylamide, lithium hexameth 
yldisilaZide and the like, metal alkoxides such as Sodium 
methoxide, Sodium ethoxide, potassium tert-butoxide and the 
like, and the like are included, for example. 
0491. The amount of the base to be used is about 0.5 to 
about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (4). Further, if desired, 
the reaction can be carried out in the co-presence of quater 
nary ammonium salts or metal iodides with the base. 
0492. As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0493 As an example of the “metal iodide', sodium iodide, 
potassium iodide and the like can be mentioned, for example. 
0494 The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 3.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (4). 
0495. The amount of the metal iodide to be used is about 
0.1 to about 3.0 moles, preferably about 0.5 to about 1.0 mole 
compared to 1 mole of the compound (4). 
0496. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
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like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane and the like, amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide and the like, halogenated hydrocar 
bons such as dichloromethane, chloroform, carbon tetrachlo 
ride, 1,2-dichloroethane and the like, nitriles Such as aceto 
nitrile, propionitrile and the like, sulfoxides such as dimethyl 
sulfoxide and the like, and a mixed solvent thereof, and the 
like. 
0497 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 3 hours to about 24 hours. Reac 
tion temperature is generally about -20 to about 200° C. 
preferably about 20 to about 150° C. 

Reaction scheme 3 

R5 

G O N 
2 R Reduction 
-e- 

R1 
R6 O 

R7 

(6) 
R5 G N 

R2 

R6 O R 

R7 

(Ia) 

0498. In Reaction scheme 3, the symbols are as defined in 
the above. 
0499 Compound (Ia) is produced by reducing compound 
(6) with a reducing agent according to Reaction scheme 3. 
(0500. As for the “substituent which may be further 
included in ring B for compound (6), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (Ia) are used in the same number. 
0501. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 
0502. The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (6). 
0503. The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (6). 
0504. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
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1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, and a mixed solvent thereof, and the like. 
0505 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 120° C. 

Reaction scheme 4 

5 

G R R4 
N 

Y-R Hydrogenation 
-- 

R6 O 

R7 

(7) 

G N 
R1 

R6 O 

R7 

(Ib) 

0506. In Reaction scheme 4, the symbols are as defined in 
the above. Compound (Ib) is produced according to contact 
hydrogenation reaction of compound (7) in the presence of 
various catalysts under hydrogen atmosphere according to 
Reaction scheme 4. 

(0507 As for the “substituent which may be further 
included in ring B for compound (7), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (Ib) are used in the same number. 
0508 As for the catalyst to be used, platinum oxide, acti 
vated carbon that is added with platinum, activated carbon 
that is added with palladium, nickel, copper-chrome oxide, 
rhodium, cobalt, ruthenium and the like are used. The amount 
of the catalyst to be used is about 5 to about 1000% by weight, 
preferably about 5 to about 1000% by weight compared to 
compound (7). 
0509. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, water, or a mixed solvent 
thereof, and the like. 
0510 Reaction time is generally about 30 minutes to about 
48 hours, preferably about 30 minutes to about 24 hours. 
Reaction temperature is generally about 0 to about 120°C., 
preferably about 20 to about 80° C. 
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Reaction scheme 5 

R5 3 

N 
2 Reductive 
R deoxylation 
-e- 

RI 
R6 O 

R7 

(8) 

G H 
N 

R2 

R1 
R6 O 

R7 

(Ic) 

0511. In Reaction scheme 5, the symbols are as defined in 
the above. 
0512 Compound (Ic) is produced according to reductive 
deoxylation of compound (8) by using a reducing agent 
according to Reaction scheme 5. 
0513. As for the “substituent which may be further 
included in ring B for compound (8), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (Ic) are used in the same number. 
0514. As for the reductive deoxylation, a hydrogenation 
method known perse, a method using organosilicon reagent 
(alkylsilane reagent and the like) and the like are included. 
0515 Compound (Ic) can be produced by reacting com 
pound (8) with a metal catalyst under hydrogen atmosphere 
according to the hydrogenation method. If desired, an appro 
priate acid catalyst can be added. 
0516. As for the “metal catalyst’. Raney nickel, platinum 
oxide, metal palladium, activated carbon that is added with 
palladium, and the like are used. The amount of each “metal 
catalyst” to be used is about 1 to about 1000% by weight, 
preferably about 5 to about 20% by weight compared to 
compound (8). 
0517. As for the “acid catalyst', organic acids such as 
formic acid, acetic acid, trifluoroacetic acid, p-toluene Sul 
fonic acid and the like, mineral acids such as Sulfuric acid, 
hydrochloric acid, hydrobromic acid and the like are used. 
The amount of the each “acid catalyst” to be used is about 0.1 
to excess moles compared to 1 mole of the compound (8). 
0518. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, organic acids Such as acetic 
acid and the like, water, or a mixed solvent thereof, and the 
like. Hydrogen pressure is generally about 1 to about 100 atm, 
preferably about 1 to about 5 atm. Reaction time is generally 
about 30 minutes to about 48 hours, preferably about 1 to 24 
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hours. Reaction temperature is generally about 0 to about 
120° C., preferably about 20 to about 80° C. 
0519 Regarding the method of using an organosilylating 
reagent (alkylsilane reagent), Compound (Ic) can be pro 
duced by reacting compound (8) with the alkylsilane reagent 
and acid. 
0520 Examples of the alkylsilane reagent include trieth 
ylsilane, phenyldimethylsilane and the like. The amount of 
the “alkylsilane reagent” to be used is about 0.8 to about 20 
moles, preferably about 1 to about 10 moles compared to 1 
mole of the compound (8). 
0521. As for the acid, organic acids such as trifluoroacetic 
acid and the like are used. The amount of the acids to be used 
is about 0.1 to excess moles compared to 1 mole of the 
compound (8). 
0522. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by ethers 
Such as diethyl ether, tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane and the like, hydrocarbons such as benzene, 
toluene, cyclohexane, hexane and the like, organic acids Such 
as acetic acid, trifluoroacetic acid and the like, or a mixed 
solvent thereof, and the like. 

Reaction scheme 6 

9 8 R5 R R 
A 

N 
2 
R Hydrogenation 
He 

R. R8 R G H 
N 

R7 

(Id) 

(0523) In Reaction scheme 6, Rand Rare a hydrogen, or 
lower alkyl group which may be substituted, and other sym 
bols are as defined in the above. 
0524 Compound (Id) is produced according to contact 
hydrogenation reaction of compound (9) in the presence of 
various catalysts under hydrogen atmosphere according to 
Reaction scheme 6. 

0525. As for the “substituent which may be further 
included in ring B for compound (9), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (Id) are used in the same number. 
0526. As for the catalyst to be used, platinum oxide, acti 
vated carbon that is added with platinum, activated carbon 
that is added with palladium, nickel, copper-chrome oxide, 
rhodium, cobalt, ruthenium and the like are used. The amount 
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of the catalyst to be used is about 5 to about 1000% by weight, 
preferably about 5 to about 1000% by weight compared to 
compound (9). 
0527. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, water and the like or a mixed 
solvent thereof, and the like. 
0528 Reaction time is generally about 30 minutes to about 
48 hours, preferably about 30 minutes to about 24 hours. 
Reaction temperature is generally about 0 to about 120° C. 
preferably about 20 to about 80° C. 

Reaction scheme 7 

(Ie) 

0529. In Reaction scheme 7, L is a leaving group, R' is a 
benzene ring or a heteroaryl ring which may be substituted, 
and other symbols areas defined in the above. 
0530. According to Reaction scheme 7, compound (10) is 
reacted with benzene and the heterocyclic derivative (11) that 
is represented by the following formula: 

in the presence of a base, if desired, to give Compound (Ie). If 
necessary, a catalyst Such as copper, copper salt and the like 
can be used. In addition, in view of the method described in 
Chemistry Letters 1983, 927-928 pages, a catalyst such as 
palladium or nickel and the like and a ligand (for example, 
phosphine, pyridines and the like) can be used. 
0531. As for the “substituent which may be further 
included in ring B of compound (10), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (Ie) are used in the same number. 
0532 Compound (11) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0533. The amount of compound (11) to be used is about 
0.5 to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (10). 
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0534. As an example of the “leaving group' that is indi 
cated by L, a halogen atom (for example, fluorine, chlorine, 
bromine, iodine and the like), Cs alkylsulfonyloxy which 
may be halogenated (for example, methanesulfonyloxy, trif 
luoromethanesulfonyloxy, trichloromethanesulfonyloxy and 
the like), Co arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 

0535. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0536. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like are included, for example. 
0537. The amount of the base to be used is about 0.8 to 
about 10.0 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (10). 
0538. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, and a mixed solvent thereof, and the like. 
0539. As for the copper catalyst, copper, halogentaed cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 

0540. The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (10). 
0541. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 

0542. The amount of the phosphine to be used is about 
0.001 to about 10.0 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (10). 
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0543. The amount of the palladium catalyst to be used is 
about 0.0001 to about 5.0 moles, preferably about 0.01 to 
about 0.5 moles compared to 1 mole of the compound (10). 
0544 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 

Reaction scheme 8 

(Ie) 

(0545. In Reaction scheme 8, L' and L, which are the same 
or different from each other, are a leaving group, R' is a 
benzene ring or a heteroaryl ring which may be substituted, 
E' and E are an atomic group constituting ring A' except the 
two nitrogenatoms in Compound (Ie), and other symbols are 
as defined in the above. 
0546 According to Reaction scheme 8, compound (12) is 
reacted with compound (13) that is represented by the follow 
ing formula in the presence of a base, if desired, to give 
Compound (Ie). 

R.NH, 

(0547. As for the “substituent which may be further 
included in ring B of compound (12), those that are the same 
as the “substituent which may be further included in ring B 
of Compound (Ie) are used in the same number. 
0548 Compound (13) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0549. As an example of the “leaving group' that is indi 
cated by L' and Lif, hydroxy, a halogen atom (for example, 
fluorine, chlorine, bromine, iodine and the like), Cs alkyl 
Sulfonyloxy which may be halogenated (for example, meth 
anesulfonyloxy, ethanesulfonyloxy, trichloromethanesulfo 
nyloxy and the like), Co arylsulfonyloxy which may have a 
substituent and the like can be mentioned. 
0550. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
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nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0551. The amount of compound (13) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (12). 
0552. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
Pyridine, lutidine and the like, tertiary amines such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, potassium tert-butoxide and the like, and the like 
are included, for example. 
0553. The amount of the base to be used is about 0.5 to 
about 10.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (12). Further, if desired, 
the reaction can be carried out in the co-presence of quater 
nary ammonium salts or metal iodides with the base. 
0554. As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0555 As an example of the “metal iodide', sodium iodide, 
potassium iodide and the like can be mentioned, for example. 
0556. The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 3.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (12). 
0557. The amount of the metal iodide to be used is about 
0.1 to about 3.0 moles, preferably about 0.5 to about 1.0 mole 
compared to 1 mole of the compound (12). 
0558. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane and the like, amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide and the like, halogenated hydrocar 
bons such as dichloromethane, chloroform, carbon tetrachlo 
ride, 1,2-dichloroethane and the like, nitriles Such as aceto 
nitrile, propionitrile and the like, sulfoxides such as dimethyl 
sulfoxide and the like, and a mixed solvent thereof, and the 
like. 

0559 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 3 hours to about 24 hours. Reac 
tion temperature is generally about -20 to about 200° C. 
preferably about 20 to about 150° C. 
0560. Further, the substituents of R',R,R,R,R,R,R7 
of Compound (I) of the present invention that is represented 
by the following formula and the substituent which binds to 
the atoms constituting ring A except the nitrogen atom 
bonded to ring B: 
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(I) 

can be converted to others based on a general organic reac 
tion, for example, a reduction reaction, an oxidation reaction, 
a Substitution reaction, an alkylation reaction, a hydrolysis 
reaction, an addition reaction using an alkyl lithium reagent 
or Grignard reagent, an aldol reaction, a coupling reaction 
using palladium catalyst, like a Suzuki coupling reaction and 
Buchwald amination reaction, a dehydrating condensation 
reaction like esterification, amidation and the like, a reductive 
alkylation reaction and the like. 
0561. The product can be isolated from the reaction mix 
ture according to a method generally known in the art, and can 
be easily purified by common means for separation (for 
example, recrystallization, distillation, chromatography and 
the like). 
0562 Compound (2) is produced according to the meth 
ods known perse, for example the method described in JP-A 
No. 5-140142, or other methods that are similar to them. 
0563. Further, compound (2a), which is included in com 
pound (2), is also produced according to the method 
described in the following Reaction scheme. 
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0564. In Reaction scheme 12, the group indicated by 
—CO-Q is carboxylic acid or reactive derivatives thereof, L is 
a leaving group, X is a halogenatom, and other symbols areas 
defined in the above. 
0565 Compound (16) is produced by reacting compound 
(14) and compound (15) in the presence of a base, if desired. 
0566 Compound (14) and Compound (15) can be easily 
obtained as a commercial product, and also can be produced 
according to a method known perse. 
0567 As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methanesulfonyloxy, ethanesulfonyloxy and 
the like), Co arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 

0568. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, Sec-butoxy, pentyloxy, hexyloxy and the like), 
halogen (for example, chloro, bromo, iodo and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, p-toluenesulfonyloxy, p-bromobenze 
nesulfonyloxy, m-nitrobenzenesulfonyloxy and the like can 
be mentioned. 

0569. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, potassium tert-butoxide and the like, and the like 
can be mentioned, for example. 
0570. The amount of compound (15) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 3.0 
moles compared to 1 mole of the compound (14). 
0571. The amount of the base to be used is about 0.8 to 
about 5.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (14). Further, if desired, 
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the reaction can be carried out in the co-presence of quater 
nary ammonium salts with the base. 
0572. As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0573 The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 2.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (14). 
0574. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, ketones Such as acetone, methylethyl ketone 
and the like, and a mixed solvent thereof, and the like. 
0575 Reaction time is generally about 30 minutes to about 
96 hours, preferably about 1 hour to about 72 hours. Reaction 
temperature is generally about 0 to about 120° C., preferably 
about 0 to about 60° C. 
0576. Instead of the reaction above, Mitsunobu reaction 
can also be employed Synthesis, 1981, 1 to 27 pages. 
0577 For the reaction, compound (14) and compound (15) 
in which L is OH are reacted in the presence ofazodicarboxy 
lates (for example, diethylazodicarboxylate and the like) and 
phosphines (for example, triphenyl phosphine, tributyl phos 
phine and the like). 
0578. The amount of compound (15) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 3.0 
moles compared to 1 mole of the compound (14). The amount 
of the “azodicarboxylates' and the “phosphines' to be used is 
about 0.8 to about 5.0 moles, preferably about 1.0 to about 3.0 
moles, respectively, compared to 1 mole of the compound 
(14). 
0579. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, and a mixed solvent thereof, and the like. 
0580 Reaction time is generally about 5 minutes to about 
48 hours, preferably about 30 minutes to about 24 hours. 
Reaction temperature is generally about -20 to about 200°C., 
preferably about 0 to about 100° C. 
0581. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0582 Compound (17) is produced by subjecting com 
pound (16) to a cyclization reaction which is known in the art 
perse. 
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0583. As for the cyclization reaction, it is carried out by 
using acid. 
0584 For the reaction, Q is preferably hydroxy, halogen 
and the like. According to the reaction, compound (16) is 
reacted with acid to obtain compound (17), as desired. 
0585. As for the “acid'. Lewis acids such as aluminum 
chloride, iron chloride, tin chloride (IV), titanium tetrachlo 
ride, borontrifluoride diethyl ether and the like, mineral acids 
Such as polyphosphoric acid, Sulfuric acid and the like, and 
organic acids such as trifluoroacetic acid, methanesulfonic 
acid, p-toluenesulfonic acid, trifluoromethanesulfonic acid 
and the like are used. 
0586. The amount of the “acid' to be used is a catalytic 
amount to excess amount, preferably about 0.8 to about 10 
moles compared to 1 mole of the compound (16). 
0587. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by carbon 
disulfide, nitroalkanes such as nitromethane and the like, 
nitroaryls such as nitrobenzene and the like, halogenated 
carbons such as dichloromethane, 1,2-dichloroethane, 1.2- 
dichlorobenzene and the like, organic acids such as acetic 
acid, trifluoroacetic acid and the like, acid anhydrides such as 
acetic anhydride, trifluoroacetic anhydride and the like or a 
mixed solvent thereof, and the like. 
0588 Reaction time is generally about 10 minutes to about 
96 hours, preferably about 10 minutes to about 12 hours. 
Reaction temperature is generally about -70 to about 200°C., 
preferably about -40 to about 150° C. 
0589. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0590 Compound (18) is produced by reacting compound 
(17) with a halogenating reagent. 
0591. As for the “halogenating reagent', chlorine, bro 
mine, iodine, imides such as N-chlorosuccinic imide, N-bro 
mosuccinic imide and the like, halogen adducts such as ben 
Zyltrimethylammonium tribromide and the like are used. The 
amount of the halogenating reagent to be used is about 0.8 to 
about 5.0 moles, preferably about 1.0 to about 2.0 moles 
compared to 1 mole of the compound (17). 
0592. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, diiso 
propyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane 
and the like, alcohols such as methanol, ethanol, propanol and 
the like, hydrocarbons such as benzene, toluene, cyclohex 
ane, hexane and the like, amides such as N,N-dimethylfor 
mamide, N,N-dimethylacetamide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, nitriles such as 
acetonitrile, propionitrile and the like, Sulfoxides such as 
dimethyl Sulfoxide and the like, organic acids such as acetic 
acid, propionic acid and the like, nitroalkanes Such as 
nitromethane and the like, aromatic amines such as pyridine, 
lutidine, quinoline and the like, or a mixed solvent thereof, 
and the like. 
0593. The reaction is carried out in the presence of base, 
Lewis acid or iron, if desired. 
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0594 As for the “base', basic salts such as sodium car 
bonate, calcium carbonate, cesium carbonate, Sodium hydro 
gen carbonate, sodium acetate, potassium acetate and the like, 
aromatic amines Such as pyridine, lutidine and the like, ter 
tiary amines Such as triethylamine, tripropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, can 
be mentioned, for example. The amount of the base to be used 
is about 0.8 to about 10 moles compared to 1 mole of the 
compound (17). 
0595. As for the “Lewis acid, iron chloride, aluminum 
chloride, borontrifluoride and the like can be mentioned. The 
amount of the Lewis acid to be used is about 0.01 to about 5 
moles compared to 1 mole of the compound (17). 
0596. The amount of the “iron to be used is about 0.01 to 
about 5 moles compared to 1 mole of the compound (17). 
0597 Reaction temperature is generally about -50 to 
about 150° C., preferably about -20 to about 100° C. Reac 
tion time is generally about 5 minutes to about 24 hours, 
preferably about 10 minutes to about 12 hours. 
0598 Compound (2a) is produced by reducing compound 
(18) with a reducing agent. 
0599. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 

0600 The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (18). 
0601 The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (18). 
0602. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, and a mixed solvent thereof, and the like. 
0603 Reaction time is generally about 10 minutes to about 
72 hours, preferably about 30 minutes to about 24 hours. 
Reaction temperature is generally about -20 to about 200°C., 
preferably about 20 to about 120° C. 
0604 Further, when a halogen atom is substituted at the 
para-position of the hydroxy group of compound (14), com 
pound (2a) can be produced without performing the haloge 
nation. 

0605. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
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0606 Further, compound (2b), which is included in com 
pound (2), is also produced according to the method 
described in the following Reaction scheme. 
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0607. In Reaction scheme 10, L is a leaving group, X is a 
halogen atom, R'' is a hydrogen atom or a group that is 
obtained by removing one methylene from R, and other 
symbols are as defined in the above. 
0608 Compound (20) is produced by reacting compound 
(14) and compound (19) in the presence of a base, if desired. 
0609 Compound (14) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0610 Compound (19) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0611. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0612. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
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have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0613. The amount of compound (19) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (14). 
0614. As for the “base', inorganic bases including alkali 
metal hydroxides such as sodium hydroxide, potassium 
hydroxide and the like, alkali metal alkoxides such as sodium 
methoxide, Sodium ethoxide, potassium tert-butoxide and the 
like, alkali metal hydrides such as Sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, basic salts such as potassium hydrogen carbonate, 
Sodium carbonate, potassium carbonate, Sodium acetate and 
the like can be mentioned, for example. 
0615. The amount of the base to be used is about 0.5 to 
about 5.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (14). 
0616. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent is preferably 
exemplified by alcohols such as methanol, ethanol, propanol 
and the like, hydrocarbons such as cyclohexane, hexane, ben 
Zene, toluene, Xylene and the like, ethers such as tetrahydro 
furan, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether and the like, amides such as N.N- 
dimethylformamide, N,N-dimethylacetamide, 
hexamethylphosphoric triamide and the like, sulfoxides such 
as dimethylsulfoxide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1,2-dichloroethane and the like, water or a mixed solvent 
thereof, and the like. 
0617 Reaction time is generally about 10 minutes to about 
8 hours, preferably about 30 minutes to about 3 hours. Reac 
tion temperature is generally about 0 to about 120°C., pref 
erably about 25 to about 100° C. 
0618. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0619 Compound (21) is produced by Claisen rearrange 
ment of compound (20). 
0620. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by alcohols 
Such as methanol, ethanol, propanol and the like, hydrocar 
bons such as cyclohexane, hexane, benzene, toluene, Xylene, 
mesitylene and the like, organic acids such as formic acid, 
acetic acid and the like, ethers such as tetrahydrofuran, diox 
ane, 1,2-dimethoxyethane, diethyl ether, diisopropyl ether 
and the like, anilines such as N,N-dimethylaniline, N,N-di 
ethylaniline and the like, halogenated hydrocarbons such as 
dichloromethane, chloroform, carbon tetrachloride, 1,2- 
dichloroethane and the like or a mixed solvent thereof, and the 
like. 
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0621. Further, if desired, the reaction can be carried out by 
using an acid catalyst. 
0622. As for the acid catalyst, Lewis acids such as alumi 
num chloride, borontrifluoride and the like are used. 
0623 The amount of the acid catalyst to be used is, in case 
of Lewis acid, generally about 0.1 to about 20 moles, prefer 
ably about 0.1 to about 5.0 moles compared to 1 mole of the 
compound (20). 
0624 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 1 to about 6 hours. Reaction tem 
perature is generally about -70 to about 300° C., preferably 
about 150 to about 250° C. 

0625. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0626 Compound (22) is produced by the ring closure of 
compound (21) using an acid catalyst. As for the acid catalyst, 
mineral acids Such as hydrochloric acid, hydrobromic acid 
Sulfuric acid and the like, Sulfonic acids such as p-toluene 
Sulfonic acid, camphor Sulfonic acid and the like, Lewis acids 
such as aluminum chloride, borontrifluoride and the like are 
used. 

0627 The amount of the acid catalyst to be used is gener 
ally about 0.8 to about 100 moles, preferably about 10 to 
about 50 moles compared to 1 mole of the compound (21) for 
the mineral acids. The amount of the acid catalyst to be used 
is generally about 0.01 to about 20 moles, preferably about 
0.05 to about 5 moles compared to 1 mole of the compound 
(21) for the sulfonic acids, for example. 
0628. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent is not particularly limited as far as the reaction 
proceeds. However, when mineral acids are used, it is prefer 
ably a mixture solvent of water and an organic solvent includ 
ing alcohols such as methanol, ethanol, propanol and the like, 
saturated hydrocarbons such as cyclohexane, hexane and the 
like, aromatic hydrocarbons such as benzene, toluene, Xylene 
and the like, ethers such as tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethyl ether, diisopropyl ether and the 
like, amides such as N,N-dimethylformamide, N,N-dimethy 
lacetamide, hexamethylphosphoric triamide and the like, Sul 
foxides such as dimethyl sulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, or water. 
0629 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 30 minutes to about 6 hours. Reac 
tion temperature is generally about -78 to about 200° C. 
preferably about -20 to about 150° C. 
0630. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0631 Compound (2b) is produced by reacting compound 
(22) with a halogenating reagent. 
0632. As for the “halogenating reagent', chlorine, bro 
mine, iodine, imides such as N-chlorosuccinic imide, N-bro 
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mosuccinic imide and the like, halogen adducts such as ben 
Zyltrimethylammonium tribromide and the like are used. The 
amount of the halogenating reagent to be used is about 0.8 to 
about 5.0 moles, preferably about 1.0 to about 2.0 moles 
compared to 1 mole of the compound (22). 
0633 It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, diiso 
propyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane 
and the like, alcohols such as methanol, ethanol, propanol and 
the like, hydrocarbons such as benzene, toluene, cyclohex 
ane, hexane and the like, amides such as N,N-dimethylfor 
mamide, N,N-dimethylacetamide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, nitriles such as 
acetonitrile, propionitrile and the like, Sulfoxides such as 
dimethyl Sulfoxide and the like, organic acids such as acetic 
acid, propionic acid and the like, nitroalkanes Such as 
nitromethane and the like, aromatic amines Such as pyridine, 
lutidine, quinoline and the like, or a mixed solvent thereof, 
and the like. 

0634. The reaction is carried out in the presence of a base, 
Lewis acid or iron, if desired. 
0635. As for the “base', basic salts such as sodium car 
bonate, calcium carbonate, cesium carbonate, sodium hydro 
gen carbonate, sodium acetate, potassium acetate and the like, 
aromatic amines Such as pyridine, lutidine and the like, ter 
tiary amines Such as triethylamine, tripropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like can 
be mentioned, for example. The amount of the base to be used 
is about 0.8 to about 10 moles compared to 1 mole of the 
compound (22). 
0636. As for the “Lewis acid', iron chloride, aluminum 
chloride, borontrifluoride and the like can be mentioned. The 
amount of the Lewis acid to be used is about 0.01 to about 5 
moles compared to 1 mole of the compound (22). 
0637. The amount of the “iron to be used is about 0.01 to 
about 5 moles compared to 1 mole of the compound (22). 
0638 Reaction temperature is generally about -50 to 
about 150° C., preferably about -20 to about 100° C. Reac 
tion time is generally about 5 minutes to about 24 hours, 
preferably about 10 minutes to about 12 hours. 
0639 Further, when a halogen atom is substituted at the 
para-position of the hydroxy group of compound (14), com 
pound (2b) can be produced without performing the haloge 
nation. 

0640 The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0641 Further, compound (2c), which is included in com 
pound (2), is also produced according to the method 
described in the following Reaction scheme. 
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(0642. In Reaction scheme 11, Land L'area leaving group, 
X is a halogenatom, R' is a hydrogen atom or a group that is 
obtained by removing one methylene from R. and other 
symbols are as defined in the above. 
0643 Compound (20a) is produced by reacting compound 
(14a) and compound (19) in the presence of a base, if desired. 
0644 As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
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chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 

0645. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0646. As an example of the “leaving group' that is indi 
cated by L', hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 

(0647. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0648 Compound (14a) can be easily obtained as a com 
mercial product, and also can be produced according to a 
method known perse. 
0649 Compound (19) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0650. The amount of compound (19) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (14a). 
0651. As for the “base', inorganic bases including alkali 
metal hydroxides such as sodium hydroxide, potassium 
hydroxide and the like, alkali metal alcoholates such as 
Sodium methoxide, sodium ethoxide, potassium tert-butox 
ide and the like, alkali metal hydrides such as sodium hydride, 
potassium hydride and the like, metal amides such as sodium 
amide, lithium diisopropylamide, lithium hexamethyldisi 
lazide and the like, basic salts such as potassium hydrogen 
carbonate, sodium carbonate, potassium carbonate, sodium 
acetate and the like can be mentioned. 

0652 The amount of the base to be used is about 0.5 to 
about 5.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (14a). 
0653. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent is preferably 
exemplified by alcohols such as methanol, ethanol, propanol 
and the like, hydrocarbons such as cyclohexane, hexane, ben 
Zene, toluene, Xylene and the like, ethers such as tetrahydro 
furan, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether and the like, amides such as N.N- 
dimethylformamide, N,N-dimethylacetamide, 
hexamethylphosphoric triamide and the like, sulfoxides such 
as dimethylsulfoxide and the like, halogenated hydrocarbons 
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Such as dichloromethane, chloroform, carbon tetrachloride, 
1,2-dichloroethane and the like, water, or a mixed solvent 
thereof, and the like. 
0654 Reaction time is generally about 10 minutes to about 
8 hours, preferably about 30 minutes to about 3 hours. Reac 
tion temperature is generally about 0 to about 120°C., pref 
erably about 25 to about 100° C. 
0655 The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0656 Compound (21a) is produced by Claisen rearrange 
ment of compound (20a). 
0657. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by alcohols 
Such as methanol, ethanol, propanol and the like, hydrocar 
bons such as cyclohexane, hexane, benzene, toluene, Xylene, 
mesitylene and the like, organic acids such as formic acid, 
acetic acid and the like, ethers such as tetrahydrofuran, diox 
ane, 1,2-dimethoxyethane, diethyl ether, diisopropyl ether 
and the like, anilines such as N,N-dimethylaniline, N,N-di 
ethylaniline and the like, halogenated hydrocarbons such as 
dichloromethane, chloroform, carbon tetrachloride, 1,2- 
dichloroethane and the like or a mixed solvent thereof, and the 
like. 
0658. Further, if desired, the reaction can be carried out by 
using an acid catalyst. 
0659. As for the acid catalyst, Lewis acids such as alumi 
num chloride, borontrifluoride and the like can be mentioned. 
0660. The amount of the acid catalyst to be used is gener 
ally about 0.1 to about 20 moles, preferably about 0.1 to about 
5.0 moles compared to 1 mole of the compound (20a), in case 
of Lewis acid, for example. 
0661 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 1 to about 6 hours. Reaction tem 
perature is generally about -70 to about 300° C., preferably 
about 150 to about 250° C. 
0662. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0663 Compound (22a) is produced by the ring closure of 
compound (21a) using an acid catalyst. As for the acid cata 
lyst, mineral acids such as hydrochloric acid, hydrobromic 
acid, Sulfuric acid and the like, Sulfonic acids such as p-tolu 
enesulfonic acid, camphor Sulfonic acid and the like, and 
Lewis acids such as aluminum chloride, borontrifluoride and 
the like are used. 
0664. The amount of the acid catalyst to be used is gener 
ally about 0.8 to about 100 moles, preferably about 10 to 
about 50 moles compared to 1 mole of the compound (21a) 
for the mineral acid, for example. The amount of the acid 
catalyst to be used is generally about 0.01 to about 20 moles, 
preferably about 0.05 to about 5 moles compared to 1 mole of 
the compound (21a) for the Sulfonic acids, for example. 
0665. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent is not particularly limited as far as the reaction 
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proceeds. However, when mineral acids are used, it is prefer 
ably a mixture solvent of water and an organic solvent includ 
ing alcohols such as methanol, ethanol, propanol and the like, 
saturated hydrocarbons such as cyclohexane, hexane and the 
like, aromatic hydrocarbons such as benzene, toluene, Xylene 
and the like, ethers such as tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethyl ether, diisopropyl ether and the 
like, amides such as N,N-dimethylformamide, N,N-dimethy 
lacetamide, hexamethylphosphoric triamide and the like, Sul 
foxides such as dimethyl sulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, or water. 
0666 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 30 minutes to about 6 hours. Reac 
tion temperature is generally about -78 to about 200° C. 
preferably about -20 to about 150° C. 
0667 The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0668 Compound (22b) can be produced by reacting com 
pound (22a) with compound (23) or compound (24) in a 
Solvent under basic condition, in the presence of a transition 
metal catalyst. 
0669 Compound (23) and compound (24) can be easily 
obtained as a commercial product, and also can be produced 
according to a method known perse. 
0670. The amount of compound (23) or compound (24) to 
be used is about 0.5 to about 10 moles, preferably about 0.9 to 
about 3 moles compared to 1 mole of the compound (22a). 
0671. As for the “base', carbonate salts of alkali metal or 
alkaline earth metal (for example, Sodium carbonate, potas 
sium carbonate and the like), hydrogen carbonate salts of 
alkali metal or alkaline earth metal (for example, sodium 
hydrogen carbonate, potassium hydrogen carbonate and the 
like), hydroxides of alkali metal or alkaline earth metal (for 
example, sodium hydroxide, potassium hydroxide and the 
like), triethylamine, 4-dimethylaminopyridine, N-ethyldiiso 
propylamine, triethylenediamine, 4-methylmorpholine and 
the like are used, for example. 
0672. As for the “transition metal catalyst, palladium 
catalyst for example, tetrakis(triphenyl phosphine) palla 
dium, 1,1-bis(diphenylphosphino) ferrocene dichloropalla 
dium, dichlorobis(triphenylphosphine)palladium and the 
like and the like can be mentioned. The amount of transition 
metal catalyst to be used is about 0.001 to about 3 moles, 
preferably about 0.02 to about 0.2 moles compared to 1 mole 
of the compound (22a). 
0673. As a Solvent, by ethers such as diethyl ether, diiso 
propyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane 
and the like, alcohols such as methanol, ethanol, propanol and 
the like, hydrocarbons such as benzene, toluene, carbon dis 
ulfide, cyclohexane, hexane and the like, amides such as 
N,N-dimethylformamide, N,N-dimethylacetamide and the 
like, halogenated hydrocarbons such as dichloromethane, 
chloroform, carbon tetrachloride, 1,2-dichloroethane and the 
like, nitriles such as acetonitrile, propionitrile and the like, 
sulfoxides such as dimethylsulfoxide and the like, water or a 
mixed solvent thereof, and the like are used. 
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0674 Reaction temperature is generally 0 to 250°C., pref 
erably 50 to 150° C. Reaction time is generally about 5 
minutes to about 48 hours, preferably about 30 minutes to 
about 24 hours. 
0675. The reaction time of this reaction can be shortened 
by using a microwave reaction apparatus, etc. 
0676. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0677 Compound (2c) is produced by reacting compound 
(22b) and a halogenating reagent. 
0678. As for the “halogenating reagent', chlorine, bro 
mine, iodine, imides such as N-chlorosuccinic imide, N-bro 
mosuccinic imide and the like, halogen adducts such as ben 
Zyltrimethylammonium tribromide and the like are used. The 
amount of the halogenating reagent to be used is about 0.8 to 
about 5.0 moles, preferably about 1.0 to about 2.0 moles 
compared to 1 mole of the compound (22b). 
0679. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, diiso 
propyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane 
and the like, alcohols such as methanol, ethanol, propanol and 
the like, hydrocarbons such as benzene, toluene, cyclohex 
ane, hexane and the like, amides such as N,N-dimethylfor 
mamide, N,N-dimethylacetamide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, nitriles such as 
acetonitrile, propionitrile and the like, Sulfoxides such as 
dimethyl Sulfoxide and the like, organic acids such as acetic 
acid, propionic acid and the like, nitroalkanes Such as 
nitromethane and the like, aromatic amines such as pyridine, 
lutidine, quinoline and the like, or a mixed solvent thereof, 
and the like. 
0680 The reaction is carried out in the presence of base, 
Lewis acid or iron, if desired. 
0681. As for the “base', basic salts such as sodium car 
bonate, calcium carbonate, cesium carbonate, Sodium hydro 
gen carbonate, sodium acetate, potassium acetate and the like, 
aromatic amines Such as pyridine, lutidine and the like, ter 
tiary amines Such as triethylamine, tripropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, can 
be mentioned, for example. The amount of the base to be used 
is about 0.8 to about 10 moles compared to 1 mole of the 
compound (22b). 
0682. As for the “Lewis acid', iron chloride, aluminum 
chloride, borontrifluoride and the like can be mentioned. The 
amount of the Lewis acid to be used is about 0.01 to about 5 
moles compared to 1 mole of the compound (22b). 
0683. The amount of the “iron to be used is about 0.01 to 
about 5 moles compared to 1 mole of the compound (22b). 
0684 Reaction temperature is generally about -50 to 
about 150° C., preferably about -20 to about 100° C. Reac 
tion time is generally about 5 minutes to about 24 hours, 
preferably about 10 minutes to about 12 hours. 
0685. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
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generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0686 Compound (4) is produced according to methods 
known perse, or a method similar to them. 
0687 Compound (4a), that is included in compound (4), 
can be also produced according to the method described in the 
following Reaction scheme. 
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halogen (for example, chloro, bromo, iodine and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, p-toluenesulfonyloxy, p-bromobenze 
nesulfonyloxy, m-nitrobenzenesulfonyloxy and the like can 
be mentioned. 
0694. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
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0688. In Reaction scheme 12, the group indicated by pyridine, lutidine and the like, tertiary amines Such as triethy 
—CO-Q is carboxylic acid or reactive derivatives thereof, Pis 
a protecting group of an amino group, L is a leaving group. 
and other symbols areas defined in the above. 
0689 Compound (26) is produced by reacting compound 
(25) and compound (15) in the presence of a base, if desired. 
0690 Compound (25) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse and the methods similar to them. 
0691 Compound (15) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0692. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methanesulfonyloxy, ethanesulfonyloxy and 
the like), Co arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 
0693. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, Sec-butoxy, pentyloxy, hexyloxy and the like), 

lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, potassium tert-butoxide and the like, and the like 
can be mentioned, for example. 
0695. The amount of compound (15) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 3.0 
moles compared to 1 mole of the compound (25). 
0696. The amount of the base to be used is about 0.8 to 
about 5.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (25). Further, if desired, 
the reaction can be carried out in the co-presence of quater 
nary ammonium salts with the base. 
0697 As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0698. The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 2.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (25). 
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0699. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, ketones such as acetone, methyl ethyl ketone 
and the like, or a mixed solvent thereof, and the like. 
0700 Reaction time is generally about 30 minutes to about 
96 hours, preferably about 1 hour to about 72 hours. Reaction 
temperature is generally about 0 to about 120° C., preferably 
about 0 to about 60° C. 
0701 Instead of the reaction above, Mitsunobu reaction 
Synthesis, 1981, 1 to 27 pages can be employed. 
0702 For the reaction, compound (25) and compound (15) 
in which L is OH are reacted in the presence of azodicarboxy 
lates (for example, diethylazodicarboxylate and the like) and 
phosphines (for example, triphenyl phosphine, tributyl phos 
phine and the like). 
0703. The amount of compound (15) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 3.0 
moles compared to 1 mole of the compound (25). 
0704. The amount of the “azodicarboxylates' and the 
“phosphines' to be used is about 0.8 to about 5.0 moles, 
preferably about 1.0 to about 3.0 moles, respectively, com 
pared to 1 mole of the compound (25). 
0705. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0706 Reaction time is generally about 5 minutes to about 
48 hours, preferably about 30 minutes to about 24 hours. 
Reaction temperature is generally about -20 to about 200°C., 
preferably about 0 to about 100° C. 
0707. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0708 Compound (27) is produced by subjecting com 
pound (26) to a cyclization reaction which is known perse in 
the art. 
0709 As for the cyclization reaction, it is carried out by 
using acid. 
0710 For the reaction, Q is preferably hydroxy, halogen 
and the like. According to the reaction, compound (26) is 
reacted with acid to obtain compound (27) as desired. 
0711. As for the “acid'. Lewis acids such as aluminum 
chloride, iron chloride, tin chloride (IV), titanium tetrachlo 
ride, borontrifluoride diethyl ether and the like, mineral acids 
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Such as polyphosphoric acid, Sulfuric acid and the like, and 
organic acids such as trifluoroacetic acid, methanesulfonic 
acid, p-toluenesulfonic acid, trifluoromethanesulfonic acid 
and the like are used. 
0712. The amount of the “acid' to be used is a catalytic 
amount to excess amount, preferably about 0.8 to about 5 
moles compared to 1 mole of the compound (26). 
0713. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by carbon 
disulfide, nitroalkanes such as nitromethane and the like, 
nitroaryls such as nitrobenzene and the like, halogenated 
hydrocarbons such as dichloromethane, 1,2-dichloroethane, 
1.2-dichlorobenzene and the like, organic acids such as acetic 
acid, trifluoroacetic acid and the like, acid anhydrides such as 
acetic anhydride, trifluoroacetic anhydride and the like or a 
mixed solvent thereof, and the like. 
0714 Reaction time is generally about 10 minutes to about 
96 hours, preferably about 10 minutes to about 12 hours. 
Reaction temperature is generally about -70 to about 200°C., 
preferably about -40 to about 150° C. 
0715. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0716 Compound (28) is produced by reducing compound 
(27) with a reducing agent. 
0717. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 

0718 The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (27). 
0719. The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (27). 
0720. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0721 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 120° C. 
0722. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
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common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0723 Compound (4a) is produced by removing the pro 
tecting group of compound (28). 
0724. As for the method of removing protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 
0725. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0726 Compound (29) is produced by removing the pro 
tecting group of compound (27). 
0727. As for the method of removing protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 
0728. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0729 Compound (4a) is also produced by reducing com 
pound (29) with a reducing agent. 
0730. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
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ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 
0731. The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (29). 
0732. The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (29). 
0733. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0734 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 120° C. 
0735. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0736 Compound (4b), that is included in compound (4), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 13 
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0737. In Reaction scheme 13, L is a leaving group, P is a 
protecting group of an amino group, and other symbols are as 
defined in the above. 
0738 Compound (27) is produced by reacting compound 
(18a) and compound (30) in the presence of a base, if desired. 
If necessary, a catalyst Such as copper, copper salt and the like 
can be used. In addition, in view of the method described in 
Chemistry Letters 1983, 927-928 pages, a catalyst such as 
palladium or nickel and the like and a ligand (for example, 
phosphine, pyridines and the like) can be used. 
0739 Compound (30) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0740 The amount of compound (30) to be used is about 
0.5 to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (18a). 
0741. As an example of the “leaving group' that is indi 
cated by L, a halogen atom (for example, fluorine, chlorine, 
bromine, iodine and the like), C alkylsulfonyloxy which 
may be halogenated (for example, methanesulfonyloxy, trif 
luoromethanesulfonyloxy, trichloromethanesulfonyloxy and 
the like), Cso arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 

0742. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0743. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like can be mentioned, for example. 
0744. The amount of the base to be used is about 0.8 to 
about 10 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (18a). 
0745. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
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0746. As for the copper catalyst, copper, halogentaed cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 
0747 The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (18a). 
0748. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 
0749. The amount of the phosphine to be used is about 
0.001 to about 10 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (18a). The amount 
of the palladium catalyst to be used is about 0.0001 to about 
5.0 moles, preferably about 0.01 to about 0.5 moles compared 
to 1 mole of the compound (18a). 
0750 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 
0751. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0752 Compound (28) is produced by reducing compound 
(27) with a reducing agent. 
0753. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 

0754. The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (27). 
0755. The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (27). 
0756. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0757. Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 120° C. 
0758. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be separated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
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common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0759 Compound (4b) is produced by removing the pro 
tecting group of compound (28). 
0760. As for the method of removing protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 
0761 The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0762 Compound (29) is produced by removing the pro 
tecting group of compound (27). 
0763. As for the method of removing the protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 
0764. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0765 Compound (4b) is produced by reducing compound 
(29) with a reducing agent. 
0766. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 
0767 The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (29). 
0768. The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (29). 
0769. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0770 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 120° C. 
0771. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
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generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0772 Compound (4b), that is included in compound (4), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 14 
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0773. In Reaction scheme 14, L is a leaving group, P is a 
protecting group of an amino group, and other symbols are as 
defined in the above. 
0774 Compound (28) is produced by reacting compound 
(2d) and compound (30) in the presence of a base, if desired. 
If necessary, a catalyst Such as copper, copper salt and the like 
can be used. In addition, in view of the method described in 
Chemistry Letters 1983, 927-928 pages, a catalyst such as 
palladium or nickel and the like and a ligand (for example, 
phosphine, pyridines and the like) can be used. 
0775 Compound (30) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0776 The amount of compound (30) to be used is about 
0.5 to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (2d). 
0777. As an example of the “leaving group' that is indi 
cated by L, a halogen atom (for example, fluorine, chlorine, 
bromine, iodine and the like), C alkylsulfonyloxy which 
may be halogenated (for example, methanesulfonyloxy, trif 
luoromethanesulfonyloxy, trichloromethanesulfonyloxy and 
the like), Cso arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 
0778. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0779. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
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hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like can be mentioned, for example. 
0780. The amount of the base to be used is about 0.8 to 
about 10 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (2d). 
0781. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0782. As for the copper catalyst, copper, halogentaed cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 
0783 The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (2d). 
0784. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 
0785. The amount of the phosphine to be used is about 
0.001 to about 10 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (2d). The amount 
of the palladium catalyst to be used is about 0.0001 to about 
5.0 moles, preferably about 0.01 to about 0.5 moles compared 
to 1 mole of the compound (2d). 
0786 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 
0787. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0788 Compound (4b) is produced by removing the pro 
tecting group of compound (28). 
0789. As for the method of removing protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 
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0790. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0791) Further, compound (4c), which is included in com 
pound (4), is also produced according to the method 
described in the following Reaction scheme. 

Reaction scheme 15 
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0792. In Reaction scheme 15, L is a leaving group, P is a 
protecting group of an amino group, R'' is a hydrogen atom 
or a group that is obtained by removing one methylene from 
R, and other symbols are as defined in the above. 
0793 Compound (31) is produced by reacting compound 
(25) and compound (19) in the presence of a base, if desired. 
0794. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
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0795. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0796 Compound (25) can be easily obtained as a commer 
cial product, and also can be produced according to methods 
known perse and the methods similar to them. 
0797 Compound (19) can be easily obtained as a commer 
cial product, and also can be produced according to methods 
known perse. 
0798. The amount of compound (19) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (25). 
0799. As for the “base', inorganic bases including alkali 
metal hydroxides such as sodium hydroxide, potassium 
hydroxide and the like, alkali metal alcoholates such as 
Sodium methoxide, sodium ethoxide, potassium tert-butox 
ide and the like, alkali metal hydrides such as sodium hydride, 
potassium hydride and the like, metal amides such as sodium 
amide, lithium diisopropylamide, lithium hexamethyldisi 
lazide and the like, basic salts such as potassium hydrogen 
carbonate, sodium carbonate, potassium carbonate, sodium 
acetate and the like can be mentioned. 
0800. The amount of the base to be used is about 0.5 to 
about 5.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (25). 
0801. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent is preferably 
exemplified by alcohols such as methanol, ethanol, propanol 
and the like, hydrocarbons such as cyclohexane, hexane, ben 
Zene, toluene, Xylene and the like, ethers such as tetrahydro 
furan, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether and the like, amides such as N.N- 
dimethylformamide, N,N-dimethylacetamide, 
hexamethylphosphoric triamide and the like, sulfoxides such 
as dimethylsulfoxide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1,2-dichloroethane and the like, water, or a mixed solvent 
thereof, and the like. 
0802 Reaction time is generally about 10 minutes to about 
8 hours, preferably about 30 minutes to about 3 hours. Reac 
tion temperature is generally about 0 to about 120°C., pref 
erably about 25 to about 100° C. 
0803. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0804 Compound (32) is produced by Claisen rearrange 
ment of compound (31). 
0805. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by alcohols 
Such as methanol, ethanol, propanol and the like, hydrocar 
bons such as cyclohexane, hexane, benzene, toluene, Xylene, 
mesitylene and the like, organic acids such as formic acid, 
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acetic acid and the like, ethers such as tetrahydrofuran, diox 
ane, 1,2-dimethoxyethane, diethyl ether, diisopropyl ether 
and the like, anilines such as N,N-dimethylaniline, N,N-di 
ethylaniline and the like, halogenated hydrocarbons such as 
dichloromethane, chloroform, carbon tetrachloride, 1,2- 
dichloroethane and the like or a mixed solvent thereof. 

0806. Further, if desired, the reaction can be carried out by 
using an acid catalyst. 
0807. As for the acid catalyst, Lewis acids such as alumi 
num chloride, borontrifluoride and the like can be used. 
0808. The amount of the acid catalyst to be used is gener 
ally about 0.1 to about 20 moles, preferably about 0.1 to about 
5.0 moles compared to 1 mole of the compound (20), when 
Lewis acid is used, for example. 
0809 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 1 to about 6 hours. Reaction tem 
perature is generally about -70 to about 300° C., preferably 
about 150 to about 250° C. 

0810. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known own in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0811 Compound (33) is produced by the ring closure of 
compound (32) using an acid catalyst. As for the acid catalyst, 
mineral acids such as hydrochloric acid, hydrobromic acid, 
Sulfuric acid and the like, Sulfonic acids such as p-toluene 
Sulfonic acid, camphor Sulfonic acid and the like, and Lewis 
acids such as aluminum chloride, boron trifluoride and the 
like are used. 

0812. The amount of the acid catalyst to be used is gener 
ally about 0.8 to about 100 moles, preferably about 10 to 
about 50 moles compared to 1 mole of the compound (32) for 
the mineral acid. The amount of the acid catalyst to be used is 
generally about 0.01 to about 20 moles, preferably about 0.05 
to about 5 moles compared to 1 mole of the compound (32) 
for the sulfonic acid, for example. 
0813. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent is not particularly limited as far as the reaction 
proceeds. However, when mineral acids are used, it is prefer 
ably a mixture solvent of water and an organic solvent includ 
ing alcohols such as methanol, ethanol, propanol and the like, 
saturated hydrocarbons such as cyclohexane, hexane and the 
like, aromatic hydrocarbons such as benzene, toluene, Xylene 
and the like, ethers such as tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethyl ether, diisopropyl ether and the 
like, amides such as N,N-dimethylformamide, N,N-dimethy 
lacetamide, hexamethylphosphoric triamide and the like, Sul 
foxides such as dimethylsulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, or water. 
0814 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 30 minutes to about 6 hours. Reac 
tion temperature is generally about -78 to about 200° C. 
preferably about -20 to about 150° C. 
0815. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
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0816 Compound (4c) is produced by removing the pro 
tecting group of compound (33). 
0817. As for the method of removing protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 

0818. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0819 Compound (6) is produced according to the meth 
ods known per se in the art, or methods that are similar to 
them. 
0820 Compound (6a), that is included in compound (6), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 16 

L 
R2 (3) 
-es 

O R 

(18) 

G O N 
R2 

R1 
O 

(6a) 

0821. In Reaction scheme 16, L is a leaving group, and 
other symbols are as defined in the above. 
0822 Compound (3) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0823 Compound (6a) is produced by reacting compound 
(18) and compound (3) in the presence of a base, if desired. If 
necessary, a catalyst Such as copper, copper salt and the like 
can be used. In addition, in view of the method described in 
Chemistry Letters 1983, 927-928 pages, a catalyst such as 
palladium or nickel and the like and a ligand (for example, 
phosphine, pyridines and the like) can be used. 
0824. The amount of compound (3) to be used is about 0.5 

to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (18). 
0825. As an example of the “leaving group' that is indi 
cated by L, a halogen atom (for example, fluorine, chlorine, 
bromine, iodine and the like), C alkylsulfonyloxy which 
may be halogenated (for example, methanesulfonyloxy, trif 
luoromethanesulfonyloxy, trichloromethanesulfonyloxy and 
the like), Cso arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 
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0826. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0827. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like can be mentioned, for example. 
0828 The amount of the base to be used is about 0.8 to 
about 10 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (18). 
0829. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0830. As for the copper catalyst, copper, halogentaed cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 
0831. The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (18). 
0832. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 
0833. The amount of the phosphine to be used is about 
0.001 to about 10 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (18). 
0834. The amount of the palladium catalyst to be used is 
about 0.0001 to about 5.0 moles, preferably about 0.01 to 
about 0.5 moles compared to 1 mole of the compound (18). 
0835 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 
0836. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
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be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0837 Compound (6b), that is included in compound (6), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 17 

R12 

R3-Si-L 

(18b) 

Acid or fluoride ion 

(36) 

(6b) 

0838. In Reaction scheme 17, L and L are the same or 
different leaving group, R', R' and R'' are a lower alkyl 
group or a phenyl group, and other symbols are as defined in 
the above. 
0839 Compound (35) is produced by reacting compound 
(18b) and compound (34) in the presence of a base, if desired. 
0840. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0841. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
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sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0842. As an example of the “leaving group' that is indi 
cated by L', hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Carylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0843. As an example of the "Carylsulfonyloxy which 
may have a substituent, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0844 Compound (34) can be easily obtained as a commer 
cial product, and also can be produced according to a method 
known perse. 
0845. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines such as triethy 
lamine, ethylisopropylamine, tripropylamine, N-ethyldiiso 
propylamine, tributylamine, cyclohexyldimethylamine, 
4-dimethylaminopyridine, N,N-dimethylaniline, N-meth 
ylpiperidine, N-methylpyrrolidine, N-methylmorpholine and 
the like, alkali metal hydrides such as sodium hydride, potas 
sium hydride and the like, metal amides such as sodium 
amide, lithium diisopropylamide, lithium hexamethyldisi 
lazide and the like, metal alkoxides such as sodium methox 
ide, sodium ethoxide, potassium tert-butoxide and the like, 
and the like can be mentioned, for example. 
0846. The amount of compound (34) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 3.0 
moles compared to 1 mole of the compound (18b). 
0847 The amount of the base to be used is about 0.8 to 
about 5.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (18b). 
0848. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent is preferably 
exemplified by alcohols such as methanol, ethanol, propanol 
and the like, hydrocarbons such as cyclohexane, hexane, ben 
Zene, toluene, Xylene and the like, ethers such as tetrahydro 
furan, dioxane, 1,2-dimethoxyethane, diethyl ether, diisopro 
pyl ether and the like, amides such as N.N- 
dimethylformamide, N,N-dimethylacetamide, 
hexamethylphosphoric triamide and the like, sulfoxides such 
as dimethylsulfoxide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1,2-dichloroethane and the like, water, or a mixed solvent 
thereof, and the like. 
0849 Reaction time is generally about 10 minutes to about 
8 hours, preferably about 30 minutes to about 3 hours. Reac 
tion temperature is generally about -70 to about 100° C. 
preferably about -20 to about 50° C. 
0850. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
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be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0851 Compound (36) is produced by reacting compound 
(35) and compound (3) that is represented by the following 
formula: 

NH 

0852 in the presence of a base, if desired. If necessary, a 
catalyst Such as copper, copper salt and the like can be used. 
In addition, in view of the method described in Chemistry 
Letters 1983, 927-928 pages, a catalyst such as palladium or 
nickel and the like and a ligand (for example, phosphine, 
pyridines and the like) can be used. 
0853 Compound (3) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0854. The amount of compound (3) to be used is about 0.5 

to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (35). 
0855. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines such as 
pyridine, lutidine and the like, tertiary amines such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like can be mentioned, for example. 
0856. The amount of the base to be used is about 0.8 to 
about 10 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (35). 
0857. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0858. As for the copper catalyst, copper, halogentaed cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 
0859. The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (35). 
0860. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
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the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 
0861. The amount of the phosphine to be used is about 
0.001 to about 10 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (35). The amount 
of the palladium catalyst to be used is about 0.0001 to about 
5.0 moles, preferably about 0.01 to about 0.5 moles compared 
to 1 mole of the compound (35). 
0862 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 
0863. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be separated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0864 Compound (6b) is produced by reacting compound 
(36) with acid or a fluoride ion. 
0865. As for the “acid', organic acids such as formic acid, 
acetic acid, trifluoroacetic acid, methanesulfonic acid, p-tolu 
ene Sulfonic acid, camphor Sulfonic acid, trifluoromethane 
Sulfonic acid and the like, mineral acids such as hydrochloric 
acid, Sulfuric acid, hydrobromic acid and the like, and Lewis 
acids such as Zinc chloride, aluminum chloride, and the like 
can be mentioned. 
0866 The amount of the acid to be used is generally about 
0.8 to about 100 moles, preferably about 10 to about 50 moles 
compared to 1 mole of the compound (36) for the mineral 
acids. The amount of the acid to be used is generally about 
0.01 to about 20 moles, preferably about 0.05 to about 5 
moles compared to 1 mole of the compound (36) for the 
sulfonic acids, for example. The amount of the acid to be used 
is generally about 0.1 to about 20 moles, preferably about 0.1 
to about 5.0 moles compared to 1 mole of the compound (36) 
for the Lewis acids, for example. 
0867 Reaction time is generally about 5 minutes to about 
24 hours, preferably about 30 minutes to about 6 hours. Reac 
tion temperature is generally about -70 to about 200° C. 
preferably about 0 to about 50° C. 
0868. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent is not particularly limited as far as the reaction 
proceeds. However, when mineral acids are used, it is prefer 
ably a mixture solvent of water and an organic solvent includ 
ing alcohols such as methanol, ethanol, propanol and the like, 
saturated hydrocarbons such as cyclohexane, hexane and the 
like, aromatic hydrocarbons such as benzene, toluene, Xylene 
and the like, ethers such as tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethyl ether, diisopropyl ether and the 
like, amides such as N,N-dimethylformamide, N,N-dimethy 
lacetamide, hexamethylphosphoric triamide and the like, Sul 
foxides such as dimethyl sulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, or water. 
0869. As for the source of the “fluoride ion’, ammonium 
fluorides such as tributylammonium fluoride and the like, 
silicate fluorides such as tris(dimethylamino) sulfonium dif 
luorotrimethyl silicate and the like, metal fluorides such as 
Sodium fluoride, potassium fluoride and the like can be men 
tioned. 
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0870. The amount of the fluoride ion source to be used is 
generally about 0.8 to about 20 moles, preferably about 1 to 
about 5 moles compared to 1 mole of the compound (36) for 
the ammonium fluorides. The amount of the fluoride ion 
source to be used is generally about 0.8 to about 20 moles, 
preferably about 1 to about 10 moles compared to 1 mole of 
the compound (36) for the silicate fluorides, and about 1 to 
about 30 moles, preferably about 1 to about 10 moles com 
pared to 1 mole of the compound (36) for the metal fluorides, 
for example. 
0871 Reaction time is generally about 5 minutes to about 
24 hours, preferably about 30 minutes to about 6 hours. Reac 
tion temperature is generally about -70 to about 200° C. 
preferably about 0 to about 80° C. 
0872. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent is not particularly limited as far as the reaction 
proceeds. However, when mineral acids are used, it is prefer 
ably a mixture solvent of water and an organic solvent includ 
ing alcohols such as methanol, ethanol, propanol and the like, 
saturated hydrocarbons such as cyclohexane, hexane and the 
like, aromatic hydrocarbons such as benzene, toluene, Xylene 
and the like, ethers such as tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethyl ether, diisopropyl ether and the 
like, amides such as N,N-dimethylformamide, N,N-dimethy 
lacetamide, hexamethylphosphoric triamide and the like, Sul 
foxides such as dimethyl sulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, or water. 
0873. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0874 Compound (7) is produced according to the meth 
ods known per se in the art, or methods that are similar to 
them. 

0875 Compound (7a), that is included in compound (7), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 18 

G O N 

(6b) 

H Reduction 

(7a) 

0876. In Reaction scheme 18, the symbols areas defined in 
the above. 
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0877 Compound (7a) is produced by reducing compound 
(6b) with a reducing agent. 
0878. As for the “reducing agent’, metal hydrides such as 
sodium borohydride, lithium aluminum hydride, sodium bis 
(2-methoxyethoxy)aluminum hydride, borane tetrahydrofu 
ran complex, aluminum diisobutyl hydride and the like are 
used. If desired, Lewis acids such as titanium tetrachloride or 
aluminum chloride and the like can be added. 

0879 The amount of the reducing agent to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (6b). 
0880. The amount of the Lewis acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (6b). 
0881. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0882 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 120° C. 
0883. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0884 Compound (8) is produced according to the meth 
ods known per se in the art, or methods that are similar to 
them. 

0885 Compound (8a), that is included in compound (8), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 19 
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0886. In Reaction scheme 19, M is a metal, and other 
symbols are as defined in the above. 
0887 Organometallic compound (37), which is repre 
sented by the following formula, can be easily obtained as a 
commercial product, and also can be produced according to 
the methods known perse, for example the method described 
in Lecture's on Experimental Science, edited by The Chemi 
cal Society of Japan, 4" ed. Vol. 25, published by Maruzen 
Company, Ltd. 

0888. According to Reaction scheme 19, compound (8a) 
can be obtained by reacting compound (6a) with organome 
tallic compound (37). 
0889. As for organometallic compound (37), a Grignard 
reagent or organo lithium reagent is preferred. 
0890. The amount of compound (37) to be used is about 
0.8 to about 30 moles, preferably about 1.0 to about 20 moles 
compared to 1 mole of the compound (6a). 
0891. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by alcohols 
Such as methanol, ethanol, propanol and the like, hydrocar 
bons such as hexane, cyclohexane, benzene, toluene, Xylene 
and the like, ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
amides such as N,N-dimethylformamide, N,N-dimethylac 
etamide, hexamethylphosphoric triamide and the like, Sulfox 
ides such as dimethyl Sulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like or a mixed sol 
vent thereof, and the like. 
0892 Reaction time is generally about 10 minutes to about 
24 hours, preferably about 30 minutes to about 12 hours. 
Reaction temperature is generally about -100 to about 120° 
C., preferably about -80 to about 60° C. 
0893. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0894 Compound (9) is produced according to the meth 
ods known per se in the art, or methods that are similar to 
them. 

0895 Compound (9a), that is included in compound (9), 
can be also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 20 

S 
G O R9 N 

(38) 
Ho 

O 

(6a) 
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-continued 
R8 R9 

G H N Acid 
-- 

O 

(39) 
R8 R9 

G N 
O 

(9a) 

(0896. In Reaction scheme 20, Rand Rarea hydrogen or 
a lower alkyl group which may be substituted, M is metal, and 
other symbols are as defined in the above. 
0897 Organometallic compound (38), which is repre 
sented by the following formula, can be easily obtained as a 
commercial product, and also can be produced according to 
the methods known perse, for example the method described 
in Lectures on Experimental Science, edited by The Chemical 
Society of Japan, 4" ed. Vol. 25, published by Maruzen Com 
pany, Ltd. 

R M 

N. 
0898. According to Reaction scheme 20, compound (39) 
can be obtained by reacting compound (6a) with organome 
tallic compound (38). 
0899. As for organometallic compound (38), a Grignard 
reagent or organo lithium reagent is preferred. 
0900. The amount of compound (38) to be used is about 
0.8 to about 30 moles, preferably about 1.0 to about 20 moles 
compared to 1 mole of the compound (6a). 
0901. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent, though being not particularly limited as far as 
the reaction proceeds, is preferably exemplified by alcohols 
Such as methanol, ethanol, propanol and the like, hydrocar 
bons such as hexane, cyclohexane, benzene, toluene, Xylene 
and the like, ethers such as diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, 1,2-dimethoxyethane, and the like, 
amides such as N,N-dimethylformamide, N,N-dimethylac 
etamide, hexamethylphosphoric triamide and the like, Sulfox 
ides such as dimethyl Sulfoxide and the like, halogenated 
carbons such as dichloromethane, chloroform, carbon tetra 
chloride, 1,2-dichloroethane and the like or a mixed solvent 
thereof. 
0902 Reaction time is generally about 10 minutes to about 
24 hours, preferably about 30 minutes to about 12 hours. 
Reaction temperature is generally about -100 to about 120° 
C., preferably about -80 to about 60° C. 
0903. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
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be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0904 Compound (9a) is produced by dehydration of com 
pound (39) by using acid. 
0905. As for the “acid', organic acids such as formic acid, 
acetic acid, trifluoroacetic acid, methanesulfonic acid, p-tolu 
enesulfonic acid, camphor Sulfonic acid, trifluoromethane 
Sulfonic acid and the like, mineral acids such as hydrochloric 
acid, Sulfuric acid, hydrobromic acid and the like, and Lewis 
acids Such as Zinc chloride, aluminum chloride and the like 
can be mentioned. 
0906. The amount of the acid to be used is generally about 
0.8 to about 100 moles, preferably about 10 to about 50 moles 
compared to 1 mole of the compound (39) for the mineral 
acids. The amount of the acid to be used is generally about 
0.01 to about 20 moles, preferably about 0.05 to about 5 
moles compared to 1 mole of the compound (39) for the 
sulfonic acids, for example. The amount of the acids to be 
used is generally about 0.1 to about 20 moles, preferably 
about 0.1 to about 5.0 moles compared to 1 mole of the 
compound (39) for the Lewis acids, for example. 
0907 Reaction time is generally about 30 minutes to about 
24 hours, preferably about 1 to about 6 hours. Reaction tem 
perature is generally about -70 to about 300° C., preferably 
about 20 to about 200° C. 
0908. It is advantageous to carry out the reaction by not 
using any solvent or by using a solvent inert to the reaction. 
Such a solvent is not particularly limited as far as the reaction 
proceeds. However, when mineral acids are used, it is prefer 
ably a mixture solvent of water and an organic solvent includ 
ing alcohols such as methanol, ethanol, propanol and the like, 
saturated hydrocarbons such as cyclohexane, hexane and the 
like, aromatic hydrocarbons such as benzene, toluene, Xylene 
and the like, ethers such as tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethyl ether, diisopropyl ether and the 
like, amides such as N,N-dimethylformamide, N,N-dimethy 
lacetamide, hexamethylphosphoric triamide and the like, Sul 
foxides such as dimethyl sulfoxide and the like, halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon 
tetrachloride, 1,2-dichloroethane and the like, or water. 
0909. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0910 Compound (10) is produced according to the meth 
ods known per se in the art, or methods that are similar to 
them. 
0911 Compound (10a), that is included in compound 
(10), can be also produced according to the method described 
in the following Reaction scheme. 

Reaction scheme 21 

(2a) 
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-continued 

Deprotection 

(41) 

(10a) 

0912. In Reaction scheme 21, L is a leaving group, P is a 
protecting group, and other symbols are as defined in the 
above. 
0913 Compound (41) is produced by reacting compound 
(2a) and compound (40), that is expressed as the following 
formula according to Reaction scheme 22, in the presence of 
a base, if desired. If necessary, a catalyst Such as copper, 
copper salt and the like can be used. In addition, in view of the 
method described in Chemistry Letters 1983, 927-928 pages, 
a catalyst Such as palladium or nickel and the like and a ligand 
(for example, phosphine, pyridines and the like) can be used. 

0914 Compound (40) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0915. The amount of compound (40) to be used is about 
0.5 to about 10 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (2a). 
0916. As an example of the “leaving group' that is indi 
cated by L, a halogen atom (for example, fluorine, chlorine, 
bromine, iodine and the like), C alkylsulfonyloxy which 
may be halogenated (for example, methanesulfonyloxy, trif 
luoromethanesulfonyloxy, trichloromethanesulfonyloxy and 
the like), Cso arylsulfonyloxy which may have a substituent 
and the like can be mentioned. 
0917. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
(0918. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
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dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, sodium tert-butoxide, potassium tert-butoxide and 
the like, and the like can be mentioned, for example. 
0919. The amount of the base to be used is about 0.8 to 
about 10 moles, preferably about 1.0 to about 5.0 moles 
compared to 1 mole of the compound (2a). 
0920. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
0921 AS for the copper catalyst, copper, halogentaed cop 
per (CuI, CuBr, CuCl and the like), copper oxide (CuO) and 
the like are used. 
0922. The amount of copper catalyst to be used is about 
0.1 to about 10 moles, preferably about 0.5 to about 2.0 moles 
compared to 1 mole of the compound (18). 
0923. As for the ligand, phosphines are preferable. Tri 
alkyl phosphine, triaryl phosphine, trialkoxy phosphine and 
the like are used. As for the palladium catalyst, palladium 
acetate, palladium chloride, tetrakis(triphenyl phosphine) 
palladium, bis(dibenzylideneacetone)palladium and the like 
can be used. 
0924. The amount of the phosphine to be used is about 
0.001 to about 10 moles, preferably about 0.01 to about 1.0 
mole compared to 1 mole of the compound (2a). The amount 
of the palladium catalyst to be used is about 0.0001 to about 
5.0 moles, preferably about 0.01 to about 0.5 moles compared 
to 1 mole of the compound (2a). 
0925 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 1 hour to about 48 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 0 to about 150° C. 
0926 The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0927 Compound (10a) is produced by removing the pro 
tecting group of compound (41). 
0928. As for the method of removing protecting group, 
methods known per se in the art or the methods similar to 
them are used. For example, a method of treating with acid, 
base, UV light, hydrazine, phenyl hydrazine, sodium N-me 
thyldithiocarbamate, tetrabutyl ammonium fluoride, palla 
dium acetate and the like or a reduction reaction is used. 
0929. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 

47 
Sep. 13, 2012 

common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0930 Compound (12) is produced according to the meth 
ods known per se in the art, or methods that are similar to 
them. 
0931 Further, compound (12a), which is included in com 
pound (12), is also produced according to the method 
described in the following Reaction scheme. 

Reaction scheme 22 

L-E-L 

(42) 
He 

(43) 

(12a) 

0932. In Reaction scheme 22, L., L' and L, which are the 
same or different from each other, area leaving group, E' and 
E are an atomic group constituting ring A' except the two 
nitrogen atoms in Compound (Ie), that is included in the 
compounds of the present invention, and other symbols areas 
defined in the above. 
0933 According to Reaction scheme 22, compound (4a) 

is reacted with compound (42) that is represented by the 
following formula in the presence of a base, if desired, to give 
Compound (43). 

0934 Compound (42) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0935. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Carylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0936. As an example of the "Carylsulfonyloxy which 
may have a substituent, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
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benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0937. As an example of the “leaving group' that is indi 
cated by L', hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0938. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0939 L and L' can be the same or different from each 
other. However, they are preferably different from each other. 
0940. The amount of compound (42) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (4a). 
0941. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, potassium tert-butoxide and the like, and the like 
can be mentioned, for example. 
0942. The amount of the base to be used is about 0.5 to 
about 10.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (4a). Further, if desired, 
the reaction can be carried out in the co-presence of quater 
nary ammonium salts or metal iodides with the base. 
0943. As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0944. As an example of the “metal iodide', sodium iodide, 
potassium iodide and the like can be mentioned, for example. 
0945. The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 3.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (4a). 
0946. The amount of the metal iodide to be used is about 
0.1 to about 3.0 moles, preferably about 0.5 to about 1.0 mole 
compared to 1 mole of the compound (4a). 
0947. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propariol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane and the like, amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide and the like, halogenated hydrocar 
bons such as dichloromethane, chloroform, carbon tetrachlo 
ride, 1,2-dichloroethane and the like, nitriles Such as aceto 

48 
Sep. 13, 2012 

nitrile, propionitrile and the like, sulfoxides such as dimethyl 
sulfoxide and the like, or a mixed solvent thereof, and the like. 
0948 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 3 hours to about 24 hours. Reac 
tion temperature is generally about -20 to about 200° C. 
preferably about 20 to about 150° C. 
0949. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0950 Compound (43) is reacted with compound (44) that 

is represented by the following formula in the presence of a 
base, if desired, to give Compound (12a). 

0951 Compound (44) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0952. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Carylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0953. As an example of the "Carylsulfonyloxy which 
may have a substituent, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0954. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Co arylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0955. As an example of the "Carylsulfonyloxy which 
may have a substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0956 L and L’ can be the same or different from each 
other. However, they are preferably different from each other. 
0957. The amount of compound (44) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (43). 
0958. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
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N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, potassium tert-butoxide and the like, and the like 
can be mentioned, for example. 
0959. The amount of the base to be used is about 0.5 to 
about 10.0 moles, preferably about 1.0 to about 3.0 moles 
compared to 1 mole of the compound (43). Further, if desired, 
the reaction can be carried out in the co-presence of quater 
nary ammonium salts or metal iodides with the base. 
0960. As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0961. As an example of the “metal iodide', sodium iodide, 
potassium iodide and the like can be mentioned, for example. 
0962. The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 3.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (43). 
0963. The amount of the metal iodide to be used is about 
0.1 to about 3.0 moles, preferably about 0.5 to about 1.0 mole 
compared to 1 mole of the compound (43). 
0964. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane and the like, amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide and the like, halogenated hydrocar 
bons such as dichloromethane, chloroform, carbon tetrachlo 
ride, 1,2-dichloroethane and the like, nitriles Such as aceto 
nitrile, propionitrile and the like, sulfoxides such as dimethyl 
sulfoxide and the like, or a mixed solvent thereof, and the like. 
0965 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 3 hours to about 24 hours. Reac 
tion temperature is generally about -20 to about 200° C. 
preferably about 20 to about 150° C. 
0966. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0967. When, L' is identical to L, and E' is identical to E. 
compound (4a) is reacted with compound (42) (compound 
(44)) that is represented by the following formula in the 
presence of a base, if desired, to give Compound (12a). 

0968 Compound (42) (=compound (44)) can be easily 
obtained as a commercial product, and also can be produced 
according to the methods known perse. 
0969. As an example of the “leaving group' that is indi 
cated by L. hydroxy, a halogen atom (for example, fluorine, 
chlorine, bromine, iodine and the like), Calkylsulfonyloxy 
(for example, methylsulfonyloxy, ethylsulfonyloxy and the 
like), Carylsulfonyloxy which may have a substituent and 
the like can be mentioned. 
0970. As an example of the "Carylsulfonyloxy which 
may have a Substituent’, Co arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
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example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0971. As an example of the “leaving group' that is indi 
cated by L'(-L), hydroxy, a halogen atom (for example, 
fluorine, chlorine, bromine, iodine and the like), C alkyl 
sulfonyloxy (for example, methylsulfonyloxy, ethylsulfony 
loxy and the like), Co arylsulfonyloxy which may have a 
substituent and the like can be mentioned. 
0972. As an example of the "Carylsulfonyloxy which 
may have a substituent”, C''' arylsulfonyloxy which may 
have 1 to 3 substituents that are selected from C alkyl (for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like), Calkoxy 
(for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, 
isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the like) and 
nitro and the like can be mentioned. As a specific example, 
benzenesulfonyloxy, m-nitrobenzenesulfonyloxy, p-toluene 
Sulfonyloxy and the like can be mentioned. 
0973 L and L' (=L) can be the same or different from 
each other. However, they are preferably different from each 
other. 
0974. The amount of compound (42) (=compound (44)) to 
be used is about 1.5 to about 10.0 moles, preferably about 2.0 
to about 4.0 moles compared to 1 mole of the compound (4a). 
0975. As for the “base', basic salts such as sodium car 
bonate, potassium carbonate, cesium carbonate, sodium 
hydrogen carbonate and the like, aromatic amines Such as 
pyridine, lutidine and the like, tertiary amines Such as triethy 
lamine, tripropylamine, N-ethyldiisopropylamine, tributy 
lamine, cyclohexyldimethylamine, 4-dimethylaminopyri 
dine, N,N-dimethylaniline, N-methylpiperidine, 
N-methylpyrrolidine, N-methylmorpholine and the like, 
alkali metal hydrides such as sodium hydride, potassium 
hydride and the like, metal amides such as Sodium amide, 
lithium diisopropylamide, lithium hexamethyldisilazide and 
the like, metal alkoxides such as Sodium methoxide, sodium 
ethoxide, potassium tert-butoxide and the like, and the like 
can be mentioned, for example. 
0976. The amount of the base to be used is about 1 to about 
20.0 moles, preferably about 2.0 to about 6.0 moles compared 
to 1 mole of the compound (4a). Further, if desired, the 
reaction can be carried out in the co-presence of quaternary 
ammonium salts or metal iodides with the base. 
0977 As an example of the “quaternary ammonium salts', 
tetrabutyl ammonium iodide and the like can be mentioned, 
for example. 
0978. As an example of the “metal iodides', sodium 
iodide, potassium iodide and the like can be mentioned, for 
example. 
0979 The amount of the quaternary ammonium salts to be 
used is about 0.1 to about 3.0 moles, preferably about 0.5 to 
about 1.0 mole compared to 1 mole of the compound (4a). 
0980. The amount of the metal iodide to be used is about 
0.1 to about 3.0 moles, preferably about 0.5 to about 1.0 mole 
compared to 1 mole of the compound (4a). 
0981. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
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nol, propanol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane and the like, amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide and the like, halogenated hydrocar 
bons such as dichloromethane, chloroform, carbon tetrachlo 
ride, 1,2-dichloroethane and the like, nitriles Such as aceto 
nitrile, propionitrile and the like, sulfoxides such as dimethyl 
sulfoxide and the like, or a mixed solvent thereof, and the like. 
0982 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 3 hours to about 24 hours. Reac 
tion temperature is generally about -20 to about 200° C. 
preferably about 20 to about 150° C. 
0983. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
0984 Compound (4a), which is included in compound (4), 

is also produced according to the method described in the 
following Reaction scheme. 

Reaction scheme 23 

RI 

R2 1. 
(45) 
He 

OH 

(14) 
Rl5NH 

(46) 
R2 Nitrous acids 
-e- 

RI Diazo coupling reaction 
O 

(22b) 
R15 N N a 

N21 R2 Reduction 
Hoss 

R1 
O 

(47) 
HN 

R2 

R1 
O 

(4a) 

0985. In Reaction scheme 23, R' is a Co aryl group 
which may have 1 to 3 substituents that are selected from C. 
alkyl (for example, methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, hexyl and the like), C. 
alkoxy (for example, methoxy, ethoxy, propoxy, isopropoxy, 
butoxy, isobutoxy, sec-butoxy, pentyloxy, hexyloxy and the 
like), halogen and nitro, and other symbols are as defined in 
the above. 
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0986 According to Reaction scheme 23, compound (14) 
is reacted with compound (45) that is represented by the 
following formula in the presence of an acid, if desired, to 
give Compound (22b). 

1. R2 CHO 

0987 Compound (14) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0988 Compound (45) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0989. The amount of compound (45) to be used is about 
0.8 to about 5.0 moles, preferably about 1.0 to about 2.0 
moles compared to 1 mole of the compound (14). 
0990. As for the “acid', organic acids such as formic acid, 
acetic acid, trifluoroacetic acid, methanesulfonic acid, p-tolu 
ene Sulfonic acid, camphor Sulfonic acid, trifluoromethane 
Sulfonic acid and the like, mineral acids such as hydrochloric 
acid, Sulfuric acid, hydrobromic acid and the like, and Lewis 
acids such as Zinc chloride, aluminum chloride, titanium tet 
rachloride and the like can be mentioned. 

0991. The amount of the acid to be used is generally about 
0.1 to about 100 moles, preferably about 0.2 to about 50 
moles compared to 1 mole of the compound (14) for the 
mineral acids. The amount of the acid to be used is generally 
about 0.01 to about 20 moles, preferably about 0.05 to about 
5 moles compared to 1 mole of the compound (14) for the 
organic acids, for example. The amount of the acids to be used 
is generally about 0.1 to about 20 moles, preferably about 0.1 
to about 5.0 moles compared to 1 mole of the compound (39) 
for the Lewis acids, for example. 
0992. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane, heptane and the like, amides such as N,N-dimethyl 
formamide, N,N-dimethylacetamide and the like, haloge 
nated hydrocarbons such as dichloromethane, chloroform, 
carbon tetrachloride, 1,2-dichloroethane and the like, nitriles 
Such as acetonitrile, propionitrile and the like, Sulfoxides Such 
as dimethylsulfoxide and the like, or a mixed solvent thereof, 
and the like. 

0993 Reaction time is generally about 10 minutes to about 
72 hours, preferably about 1 hour to about 24 hours. Reaction 
temperature is generally about -20 to about 200° C., prefer 
ably about 20 to about 150° C. 
0994 The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
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0995 Diazonium salt, which is prepared from Compound 
(46) represented by the following formula and nitrous acids in 
an acid solution, is reacted with Compound (22b) to give 
Compound (47). 

0996 Compound (46) can be easily obtained as a commer 
cial product, and also can be produced according to the meth 
ods known perse. 
0997. The amount of compound (46) to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (22b). 
0998 As the “nitrous acids”, nitrous acid, sodium nitrite, 
potassium nitrite, ethyl nitrite, amyl nitrite, isoamyl nitrite, 
etc. can be used. 

0999 The amount of the nitrous acids to be used is about 
0.8 to about 10.0 moles, preferably about 1.0 to about 5.0 
moles compared to 1 mole of the compound (22b). 
1000 Examples of the “acid' include hydrochloric acid 
and hydrobromic acid. The amount of the acid to be used is 
about 1 to about 1000 moles compared to 1 mole of the 
compound (22b). 
1001. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by water, alcohols such as methanol, 
ethanol, propanol, butanol and the like, ethers such as diethyl 
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 
like, hydrocarbons such as benzene, toluene, cyclohexane, 
hexane and the like, amides such as N,N-dimethylformamide, 
N,N-dimethylacetamide and the like, halogenated hydrocar 
bons such as dichloromethane, chloroform, carbon tetrachlo 
ride, 1,2-dichloroethane and the like, nitriles Such as aceto 
nitrile, propionitrile and the like, sulfoxides such as dimethyl 
Sulfoxide and the like, organic acids such as acetic acid, 
trifluoroacetic acid and the like, or a mixed solvent thereof, 
and the like. 

1002 Reaction time is generally about 30 minutes to about 
72 hours, preferably about 3 hours to about 24 hours. Reac 
tion temperature is generally about -20 to about 200° C. 
preferably about 20 to about 150° C. 
1003. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
1004 Compound (47) is subjected to catalytic reduction 
under hydrogen atmosphere using a metal catalyst to give 
Compound (4a). If desired, a suitable acid may be added 
thereto. 
1005 As the “metal catalyst, Raney nickel, platinum 
oxide, metal palladium, palladium-carrying activated carbon, 
etc. can be used. 

1006. The amount of the “metal catalyst” to be used is 
generally about 1 to about 1000 wt %, preferably about 5 to 
about 20 wt % with respect to the compound (47). 
1007 As the “acid', organic acids such as formic acid, 
acetic acid, trifluoroacetic acid and p-toluenesulfonic acid, 
mineral acids Such as Sulfuric acid, hydrochloric acid and 
hydrobromic acid, etc. can be used. The amount of the “acid 
catalyst” to be used is about 0.1 to an excess amount com 
pared to 1 mole of the compound (47). 
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1008. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by alcohols such as methanol, etha 
nol, propanol and the like, ethers such as diethyl ether, tet 
rahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, organic acids Such as acetic 
acid and the like, water, or a mixed solvent thereof, and the 
like. Hydrogen pressure is generally about 1 to about 100 atm, 
preferably about 1 to about 5 atm. 
1009 Reaction time is generally about 30 minutes to about 
48 hours, preferably about 1 hour to about 24 hours. Reaction 
temperature is generally about 0 to about 120° C., preferably 
about 20 to about 80° C. 

1010 Compound (4a) can also be produced by reducing 
Compound (47) with a reducing agent. 
1011. As for the “reducing agent, sodium hydrosulfite, or 
metal hydrides such as sodium borohydride, lithium alumi 
num hydride, Sodium bis(2-methoxyethoxy)aluminum 
hydride, borane tetrahydrofuran complex, aluminum diisobu 
tyl hydride and the like, or metals such as iron, Zinc, tin 
dichloride and the like, etc. are used. 
1012 The amount of the “sodium hydrosulfite' to be used 

is about 0.8 to about 10.0 moles, preferably about 1.0 to about 
5.0 moles compared to 1 mole of the compound (47). 
1013 The amount of the “metal hydrides' to be used is 
about 0.8 to about 10.0 moles, preferably about 1.0 to about 
5.0 moles compared to 1 mole of the compound (47). 
1014 The amount of the “metals” to be used is generally 
about 0.8 to about 20 moles, preferably about 1.0 to about 10 
moles compared to 1 mole of the compound (47). If desired, 
an acid may be added thereto. 
1015 Examples of the “acid' include organic acids such 
as formic acid and acetic acid, mineral acids such as hydro 
chloric acid and hydrobromic acid, etc. The amount of the 
acid to be used is generally about 1 to about 1000 moles 
compared to 1 mole of the compound (47). 
1016. It is advantageous to carry out the reaction by using 
a solvent inert to the reaction. Such a solvent, though being 
not particularly limited as far as the reaction proceeds, is 
preferably exemplified by water, alcohols such as methanol, 
ethanol, propanol and the like, ethers such as diethyl ether, 
tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the like, 
hydrocarbons such as benzene, toluene, cyclohexane, hexane 
and the like, amides such as N,N-dimethylformamide, N.N- 
dimethylacetamide and the like, halogenated hydrocarbons 
Such as dichloromethane, chloroform, carbon tetrachloride, 
1.2-dichloroethane and the like, nitriles Such as acetonitrile, 
propionitrile and the like, sulfoxides such as dimethylsulfox 
ide and the like, or a mixed solvent thereof, and the like. 
1017 Reaction time is generally about 10 minutes to about 
72 hours, preferably about 30 minutes to about 24 hours. 
Reaction temperature is generally about -20 to about 200°C., 
preferably about 20 to about 120° C. 
1018. The product can be used for the next reaction as a 
reaction solution as it is or as a crude product. However, it can 
be isolated from the reaction mixture according to a method 
generally known in the art, and can be easily purified by 
common means for separation (for example, recrystalliza 
tion, distillation, chromatography and the like). 
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1019 Compound (I) produced by such method can be 
isolated and purified by a typical separation means Such as 
recrystallization, distillation, chromatography, etc. 
1020 When Compound (I) contains an optical isomer, a 
Stereoisomer, a regioisomer or a rotation isomer, these are 
also encompassed in compound (I) and can be obtained as a 
single product according to synthesis and separation methods 
known perse (for example, concentration, Solvent extraction, 
column chromatography, recrystallization, etc.). For 
example, when Compound (I) has an optical isomer, the opti 
cal isomer resolved from this compound is also encompassed 
in compound (I). 
1021. The optical isomer can be produced by a method 
known per se. To be specific, an optically active synthetic 
intermediate is used, or the final racemate is subjected to 
optical resolution according to a conventional method to give 
an optical isomer. 
1022. The method of optical resolution may be a method 
known perse, Such as a fractional recrystallization method, a 
chiral column method, a diastereomer method, etc. 
1023 1) Fractional Recrystallization Method 
1024. A method wherein a salt of a racemate with an 
optically active compound (e.g., (+)-mandelic acid, (-)-man 
delic acid, (+)-tartaric acid, (-)-tartaric acid, (+)-1-phenethy 
lamine, (-)-1-phenethylamine, cinchonine, (-)-cinchoni 
dine, brucine, etc.) is formed, which is separated by a 
fractional recrystallization method, and if desired, a free opti 
cal isomer is obtained by a neutralization step. 
1025 2) Chiral Column Method 
1026. A method wherein a racemate or a salt thereof is 
applied to a column for separation of an optical isomer (a 
chiral column) to allow separation. In the case of a liquid 
chromatography, for example, a mixture of the optical iso 
mers is added to a chiral column such as ENANTIO-OVM 
(manufactured by Tosoh Corporation), CHIRAL series 
(manufactured by Daicel Chemical Industries, Ltd.) and the 
like, and developed with water, various buffers (for example, 
phosphate buffer, etc.) and organic solvents (for example, 
ethanol, methanol, isopropanol, acetonitrile, trifluoroacetic 
acid, diethylamine, etc.) solely or in mixture to separate the 
optical isomer. In the case of a gas chromatography, for 
example, a chiral column such as CP-Chirasil-DeX CB 
(manufactured by GL Sciences Inc.) and the like is used to 
allow separation. 
1027 3) Diastereomer Method 
1028. A method wherein a racemic mixture is prepared 
into a diastereomeric mixture by chemical reaction with an 
optically active reagent, which is formed into a single Sub 
stance by a typical separation means (for example, a frac 
tional recrystallization, a chromatography method, etc.) and 
the like, and is subjected to a chemical treatment such as 
hydrolysis reaction and the like to separate an optically active 
reagent moiety, whereby an optical isomer is obtained. For 
example, when Compound (I) contains hydroxy, or primary 
or secondary amino in the molecule, the compound and an 
optically active organic acid (for example, MTPAC.-meth 
oxy-O-(trifluoromethyl)phenylacetic acid, (-)-menthoxy 
acetic acid, etc.) and the like are subjected to condensation 
reaction to give diastereomers in the ester form or in the amide 
form, respectively. When Compound (I) has a carboxylic acid 
group, this compound and an optically active amine or an 
alcohol reagent are subjected to condensation reaction to give 
diastereomers in the amide form or in the ester form, respec 
tively. The separated diastereomer is converted to an optical 
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isomer of the original compound by applying it to acid 
hydrolysis or basic hydrolysis. 
1029 Compound (I) may be in the form of a crystal. 
1030 The crystal of Compound (I) can be produced by 
crystallization of Compound (I) according to a crystallization 
method known perse. 
1031 Herein, examples of the crystallization method 
include a method of crystallization from a solution, a method 
of crystallization from vapor, a method of crystallization from 
the melts and the like. 
1032 The “crystallization method from a solution” may 
be typically a method of shifting a non-saturated State to 
Supersaturated State by varying factors involved in Solubility 
of compounds (solvent composition, pH, temperature, ionic 
strength, redox state, etc.) or the amount of solvent. To be 
specific, for example, a concentration method, a slow cooling 
method, a reaction method (a diffusion method, an electroly 
sis method), a hydrothermal growth method, a flux method 
and the like can be mentioned. Examples of the solvent to be 
used include aromatic hydrocarbons (for example, benzene, 
toluene, Xylene, etc.), halogenated hydrocarbons (for 
example, dichloromethane, chloroform, etc.), Saturated 
hydrocarbons (for example, hexane, heptane, cyclohexane, 
etc.), ethers (for example, diethyl ether, diisopropyl ether, 
tetrahydrofuran, dioxane, etc.), nitriles (for example, aceto 
nitrile, etc.), ketones (for example, acetone, etc.), Sulfoxides 
(for example, dimethyl sulfoxide, etc.), acid amides (for 
example, N,N-dimethylformamide, etc.), esters (for example, 
ethyl acetate, etc.), alcohols (for example, methanol, ethanol, 
isopropyl alcohol, etc.), water and the like. These solvents are 
used alone or in a combination of two or more at a Suitable 
ratio (e.g., 1:1 to 1:100 (a Volume ratio)). Depending on 
necessity, seed crystals can be also used. 
1033. The “crystallization method from vapor may be, 
for example, a vaporization method (a sealed tube method, a 
gas stream method), a gas phase reaction method, a chemical 
transportation method and the like. 
1034 The “crystallization method from the melts' may, 
be, for example, a normal freezing method (a Czockralski 
method, a temperature gradient method and a Bridgman 
method, etc.), a Zone melting method (a Zone leveling method 
and a floating Zone method, etc.), a special growth method (a 
VLS method and a liquid phase epitaxy method, etc.) and the 
like. 
1035 Preferable examples of the crystallization method 
include a method of dissolving Compound (I) in a Suitable 
Solvent (e.g., alcohols such as methanol, ethanol, etc., etc.) at 
a temperature of 20 to 120° C., and cooling the resulting 
Solution to a temperature not higher than the temperature of 
dissolution (e.g., 0 to 50° C., preferably 0 to 20°C.) and the 
like. 
1036. The thus obtained crystals of the present invention 
can be isolated, for example, by filtration and the like. 
1037. As a method for the interpretation of obtained crys 

tals, crystal interpretation based on powder X-ray diffraction 
is a method that is generally used. In addition, as a method for 
determining the bearing of crystals, a mechanical method or 
an optical method and the like can be also mentioned. 
1038 Crystals of the Compound (I) that are obtained from 
the preparation method described above (hereinbelow, abbre 
viated as the “crystals of the present invention') have high 
purity, high quality, low hygroscopic property and very excel 
lent stability and do not deteriorate even when they are stored 
for a long period of time under general condition. In addition, 
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also having excellent biological properties (for example, 
pharmacokinetics in a living body (absorption, distribution, 
metabolism, excretion), drug efficacy expression, etc.), they 
are extremely useful as a medicament. 
1039 The crystal of Compound (I) can be a pharmaceuti 
cally acceptable co-crystal or a co-crystal salt. The term "co 
crystal as used herein means a crystalline material composed 
of two or more unique solids at room temperature, each of 
which has distinctive physical characteristics Such as struc 
ture, melting point, and heats of fusion, hygroscopicity, Solu 
bility, and stability. A co-crystal or a co-crystal salt can be 
obtained according to a per se known co-crystallization 
method. 
1040. In the present specification, the specific rotation (IC. 
) means, for example, a specific rotation measured using a 

polarimeter (JASCO, P-1030 polarimeter (No. AP-2)) and the 
like. 
1041. In the present specification, the melting point means 
that measured using, for example, melting-point apparatus 
(Stanford Research Systems, Inc., OptiMelt), a micro melting 
point apparatus (Yanako, MP-500VD) or a DSC (differential 
scanning calorimetry) device (SEIKO, EXSTAR6000) and 
the like. 
1042 Prodrug 
1043. The prodrug of Compound (I) indicates a compound 
which can convert into Compound (I) under the physiological 
condition in the living body, i.e., by a reaction with an 
enzyme, a gastric acid, or the like, specifically, a compound 
which can convert into Compound (I) by enzymatic oxida 
tion, reduction, hydrolysis, etc., and a compound which can 
convert into Compound (I) by hydrolysis with gastric acid, 
etc. The prodrug of Compound (I) includes a compound 
wherein an amino group of Compound (I) is modified with 
acyl, alkyl or phosphoric acid (e.g., a compound wherein an 
amino group of Compound (I) is modified with eicosanoyl, 
alanyl, pentylaminocarbonyl, (5-methyl-2-oxo-1,3-diox 
olen-4-yl)methoxycarbonyl, tetrahydrofuryl, pyrrolidylm 
ethyl, pivaloyloxymethyl or tert-butyl, etc.); a compound 
wherein a hydroxy group of Compound (I) is modified with 
acyl, alkyl, phosphoric acid or boric acid (e.g., a compound 
wherein a hydroxy group of Compound (I) is modified with 
acetyl, palmitoyl, propanoyl, pivaloyl. Succinyl, fumaryl, ala 
nyl or dimethylaminomethylcarbonyl, etc.); a compound 
wherein a carboxy group of Compound (I) is modified to ester 
or amide (e.g., a compound wherein a carboxyl group of 
Compound (I) is modified to ethyl ester, phenyl ester, car 
boxymethyl ester, dimethylaminomethyl ester, pivaloy 
loxymethyl ester, ethoxycarbonyloxyethyl ester, phthalidyl 
ester, (5-methyl-2-oxo-1,3-dioxolen-4-yl)methyl ester, 
cyclohexyloxycarbonylethyl ester or methylamide, etc.); and 
the like. These compounds can be produced from Compound 
(I) by a method known perse. 
1044. In addition, the prodrug of Compound (I) may be a 
compound, which is converted into Compound (I) under the 
physiological conditions, as described in “Pharmaceutical 
Research and Development, Vol. 7 (Molecular Design), pp. 
163-198 (1990), published by Hirokawa Publishing Co. 

Salt 
1045 Compound (I) and prodrug thereof may form a salt. 
As for the salt of the compound, it is not specifically limited 
unless it inhibits the reaction. A salt of the compound 
includes, for example, a salt with inorganic base, an ammo 
nium salt, a salt with an organic base, a salt with an inorganic 
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acid, a salt with an organic acid, a salt with an amino acid, etc. 
Suitable examples of the salt with inorganic base include an 
alkali metal salt such as a sodium salt, a potassium salt, etc., 
an alkaline earth metal salt such as a calcium salt, a magne 
sium salt, and an aluminum salt and an ammonium salt, etc. 
Suitable examples of the salts with an organic base include 
salts with trimethylamine, triethylamine, pyridine, picoline, 
2.6-lutidine, ethanolamine, diethanolamine, triethanolamine, 
cyclohexylamine, dicyclohexylamine, N,N'-dibenzylethyl 
enediamine, etc. Suitable examples of the salts with an inor 
ganic acid include salts with hydrochloric acid, hydrobromic 
acid, nitric acid, Sulfuric acid, phosphoric acid, etc. Suitable 
examples of the salts with an organic acid include salts with 
formic acid, acetic acid, trifluoroacetic acid, phthalic acid, 
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric 
acid, Succinic acid, malic acid, methanesulfonic acid, benze 
nesulfonic acid, p-toluenesulfonic acid, etc. 
1046 Suitable examples of the salts with a basic amino 
acid include Salts with arginine, lysine, ornithine, etc. Suit 
able examples of the salts with an acidic amino acid include 
salts with aspartic acid and glutamic acid, etc. 
1047 Among these, pharmaceutically acceptable salts are 
preferred. For example, if the compound has an acidic func 
tional group therein, preferred are inorganic salts such as an 
alkali metal salt (e.g., Sodium salt, potassium salt, etc.), an 
alkaline earth metal salt (e.g., calcium salt, magnesium salt, 
barium salt, etc.), an ammonium salt, etc. If the compound has 
a basic functional group, preferred are salts with an inorganic 
acid such as hydrobromic acid, nitric acid, Sulfuric acid, phos 
phoric acid, etc., or salts with an organic acid such as acetic 
acid, phthalic acid, fumaric acid, oxalic acid, tartaric acid, 
maleic acid, citric acid, Succinic acid, methanesulfonic acid, 
p-toluenesulfonic acid, etc. 
1048 Compound (I) may be either a hydrate or a non 
hydrate. Examples of the hydrates include 0.5 hydrate, 1 
hydrate, 1.5 hydrate and 2 hydrate, etc. 
1049 Compound (I) may be either a solvate or as a non 
Solvate. 
1050. Further, when R in Compound (I) is a branched 
alkyl which may be substituted or a cycloalkyl which may be 
Substituted, the compound may have a resonance structure. 
1051 When Compound (I) is obtained as a mixture of 
optically active Substances (i.e., racemate), it can be resolved 
into the desired (R) form or (S) form according to the means 
for optical resolution that is known in the pertinent art. 
1052 Compound (I) may be labeled with an isotope (e.g., 
H, C, S, etc.). Compound (I) may also be a deuterated 
compound. 
1053. Therapeutic Use 
1054 Compound (I) of the present invention, salt thereof 
or prodrug thereof (hereinbelow, abbreviated as “Compound 
(I)) has an excellent neuron protecting activity, a neurogen 
esis stimulating activity, a neuronal regeneration stimulating 
activity, a cognitive function improving activity and the like. 
Further, Compound (I') is safe as having low toxicity, in 
particular low light toxicity, and is useful as a medicament 
because it has high transition to central nervous system. 
Accordingly, as a pharmaceutical agent, Compound (I) can 
be administered to mammals (e.g., mouse, rat, hamster, rab 
bit, cat, dog, cow, sheep, monkey, human etc.) as it is or as 
pharmaceutical composition wherein Compound (I) is mixed 
with pharmaceutically acceptable carriers, etc. 
1055 Compound (I') is useful as an agent for controlling 
IGF-1 signal, an agent for stimulating growth and differen 



US 2012/0232095 A1 

tiation of stem cells, an agent for stimulating growth and 
differentiation of neural precursor cells, an agent for activat 
ing protein kinase B, an agent for stimulating neurogenesis or 
an agent for Stimulating neuron regeneration. The compound 
of the present invention is particularly useful as agent for 
controlling IGF-1 signal. 
1056 Further, Compound (I') is useful for the prophylaxis 
or treatment of the disorders described below, for example. 
1057 Central Nervous System Disorders 
1058 (1) Neuropsychiatric disorders (e.g., depression, 
anxiety, manic depression, Schizophrenia, anxiety neurosis, 
obsessive-compulsive neurosis, hyperactivity, etc.), 
1059 (2) Neurodegenerative disorders (e.g., Alzheimer's 
disease, Parkinson's disease, amyotrophic lateral Sclerosis, 
Huntington's disease, spinocerebral degeneration, multiple 
sclerosis (MS), Pick disease), 
1060 (3) Memory disorders (e.g., senile dementia, mild 
cognitive disorder, mild memory disorder) 
1061 (4) Cerebrovascular disorders (e.g., cerebral infarc 

tion, stroke, cerebrovascular dementia) 
1062 (5) Head trauma, spinal cord injury 
1063 (6) Ischemic disorders (e.g., angina pectoris, myo 
cardial infarction, etc.) 
1064 (7) Cerebral ischemic disorders (e.g., cerebral inf 
arction, etc.) 
1065 (8) Metabolic disorders (e.g., diabetes, hyperten 
Sion, etc.) 
1066 (9) Peripheral neuronal disorders (e.g., diabetic neu 
ronal disorder, urinary tract and bladder dysfunction disor 
der) 
1067 (10) Circulatory system disorders (e.g., arterioscle 

rosis) 
1068 Compound (I) is particularly useful as an agent for 
the prophylaxis or treatment of neurodegenerative disorders, 
more specifically, Alzheimer's disease. 
1069. Further, Compound (I) can be used, as it is or as a 
mixture with a pharmaceutically acceptable carrier, etc., as an 
agent for improving quality of life in heart failure after myo 
cardial infarction, an agent for improving quality of life after 
cerebral infarction, an agent for lowering blood Sugar, an 
agent for improving insulin resistance, or as an agent for 
lowering triglyceride in blood. 
1070 Still further, as an agent for stimulating growth and 
differentiation of stem cells, iPS cell, and/or neural precursor 
cells, the compound of the present invention is effective, for 
example, for neuronal degenerative disorders (e.g., Alzhe 
imer's disease, Parkinson's disease, amyotrophic lateral scle 
rosis (ALS), Huntington's disease, spinocerebral degenera 
tion, etc.), neuropsychiatric disorders (e.g., Schizophrenia, 
etc.), head trauma, spinal cord injury, cerebrovascular disor 
ders, cerebrovascular dementia, etc., and it is used as an agent 
for the prophylaxis and treatment of these central nervous 
system disorders. 
1071 Preparation 
1072. When Compound (I') is used as a pharmaceutical 
agent for the above described disorders, it can be adminis 
tered, as it is or as a mixture with a pharmaceutically accept 
able carrier, orally or parenterally (e.g., intravenous, intra 
muscular, Subcutaneous, intraorgan, intranasal, intradermal, 
instillation, intracerebral, intrarectal, intravaginal, intraperi 
toneal, directly to lesion) in the form of tablets (inclusive of 
Sugar coated tablet, film coated tablet, Sublingual tablet, 
orally disintegrable tablet, and buccal), pills, powders, gran 
ules, capsules (inclusive of Soft capsule, and microcapsule). 

54 
Sep. 13, 2012 

troches, syrups, liquid dosage forms, emulsions, controlled 
release preparations (e.g., quick-release preparation, Sus 
tained-release preparation, Sustained-release microcapsule). 
aerosols, films (e.g., orally disintegrable film, adhesive film 
for application to oral-cavity mucosa), injections (e.g., Sub 
cutaneous injection, intravenous injection, intramuscular 
injection, intraperitoneal injection), drop, percutaneous 
absorbent, ointment, lotion, patch, Suppositories (e.g., rectal 
Suppository, vaginal Suppository), pellets, transnasal prepa 
rations, pulmonary preparations (inhalant), eye drops and the 
like. 
For the production of Such pharmaceutical preparations, for 
example, each of the items in General Rules for Preparations 
in the Japanese Pharmacopoeia, can be made reference to. 
1073. In addition, the pharmaceutical preparations of the 
present invention may be formulated into a Sustained release 
preparation containing active ingredients and biodegradable 
polymer compounds. The Sustained release preparation can 
be produced according to the method described in JP-A No. 
9-263545. 
1074. In the pharmaceutical preparations of the present 
invention, the content of Compound (I) varies depending on 
the administration method, the carrier, the forms of the prepa 
rations, etc., but is generally in the order of 0.01 to 100% by 
weight, preferably 0.1 to 50% by weight, more preferably 0.5 
to 20% by weight, in the amount of Compound (I) relative to 
the total weight of the preparation. 
1075. As a pharmaceutically acceptable carrier, various 
organic or inorganic carrier substances conventionally used 
as preparation materials can be used. For example, an excipi 
ent, a lubricant, a binder and a disintegrant for Solid prepara 
tions; a solvent, a Solubilizing agent, a Suspending agent, an 
tonicity agent, a buffer agent and a Soothing agent for liquid 
preparations and the like are used. If necessary, preparation 
additives such as a preservative, an antioxidant, a colorant, a 
Sweetening agent and the like can be used. 
1076 Preferable examples of the excipient include lac 
tose, Sucrose, D-mannitol, starch, crystalline cellulose, light 
anhydrous silicic acid and the like. 
1077 Preferable examples of the lubricant include mag 
nesium Stearate, calcium Stearate, talc, colloidal silica and the 
like. 
1078 Preferable examples of the binder include crystal 
line cellulose, Sucrose, D-mannitol, dextrin, hydroxypropyl 
cellulose, hydroxypropylmethylcellulose, polyvinylpyrroli 
done and the like. 
1079 Preferable examples of the disintegrant include 
starch, carboxymethylcellulose, calcium carboxymethylcel 
lulose, croScarmellose Sodium, Sodium carboxymethyl starch 
and the like. 
1080 Preferable examples of the solvent include injection 
Solvent, alcohol, propylene glycol, macrogol, Sesame oil, 
corn oil and the like. 
1081 Preferable examples of the solubilizing agent 
include polyethylene glycol, propylene glycol, D-mannitol, 
benzyl benzoate, ethanol, trisaminomethane, a hydrophilic 
Surface active agent Such as Tween (registered trademark) 80, 
cyclodextrin (for example, Cl-, 3- or Y-cyclodextrin or 2-hy 
droxypropyl-3-cyclodextrin or methyl-3-cyclodextrin and 
the like), cholesterol, triethanolamine, Sodium carbonate, 
sodium citrate and the like. Preferable examples of the sus 
pending agent include Surface active agents such as Stearyl 
triethanolamine, sodium lauryl Sulfate, lauryl aminopropi 
onic acid, lecithin, benzalkonium chloride, benzethonium 
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chloride, glyceryl monostearate and the like; hydrophilic 
polymers such as polyvinyl alcohol, polyvinylpyrrolidone, 
Sodium carboxymethylcellulose, methylcellulose, 
hydroxymethylcellulose, hydroxyethylcellulose, hydrox 
ypropylcellulose and the like; and the like. 
1082 Preferable examples of the tonicity agent include 
Sodium chloride, glycerin, D-mannitol and the like. 
1083 Preferable examples of the buffer agent include 

buffers such as phosphate, acetate, carbonate, citrate and the 
like. 
1084 Preferable examples of the soothing agent include 
benzyl alcohol and the like. 
1085 Preferable examples of the preservative include 
paraoxybenzoates, chlorobutanol, benzyl alcohol, phenethyl 
alcohol, dehydroacetic acid, Sorbic acid and the like. 
1086 Preferable examples of the antioxidant include 

sulfite salt, ascorbic acid and the like. 
1087. A pharmaceutical composition can be produced 
according to a conventional method by adding the compound 
of the present invention generally in a proportion of 0.1 to 
95% (w/w) relative to the total amount of the preparation, 
though Subject to change depending on the preparation form, 
administration method, carrier and the like. 
1088 Concomitant Drugs 
1089 Compound (I) can be used as a pharmaceutical 
agent with other pharmaceutical preparations. 
1090. As for the drugs that can be concomitantly used with 
Compound (I) (hereinbelow, abbreviated as “concomitant 
drugs), the followings can be exemplified. 
1091 (1) Agent for the Prophylaxis or Treatment of Cen 

tral Nervous System Disorders 
1092. Therapeutic agent for depression, therapeutic agent 
for anxiety (e.g., benzodiazepine Such as chlordiazepoxide, 
diazepam, potassium cloraZepate, lorazepam, clonazepam, 
alprazolam, etc.), mood stabilizer (e.g., lithium carbonate, 
etc.), 5-HT2 antagonists (e.g., nefazodone, etc.). 5-HT1A 
agonists (e.g., tandospirone, buspirone, gepiron, etc.), CRF 
antagonist (e.g., Pexacerfont, etc.), B3 agonists (e.g., Amibe 
gron, etc.), melatonine agonists (e.g., ramelteon, ago 
melatine, etc.), O2 antagonists (e.g., mirtazapine, setiptiline, 
etc.), NK2 antagonists (e.g., Saredutant, etc.), GRantagonists 
(e.g., Mifepristone, etc.), NK-1 antagonists (e.g., Casopitant, 
Orvepitant, etc.), therapeutic agent for Schizophrenia (e.g., 
chlorpromazine, haloperidol, Sulpiride, clozapine, aripipra 
Zole, quetiapine, olanzapine, risperidone, etc.), acetylcholine 
esterase inhibitor (e.g., donepezil, rivastigmine, galantamine, 
Zanapezil, etc.), NMDA antagonists (e.g., memantine, etc.), 
inhibitor for production, secretion, accumulation, coagula 
tion and/or deposit of Bamyloid protein B secretase inhibitor, 
Y secretase inhibitor (e.g., LY-450139, E-2012, E-2212), B 
amyloid protein coagulation inhibitor (e.g., PTI-00703, 
ALZHEMED (NC-531), PPI-368 (JP-B No. 11-5.14333), 
PPI-558 (JP-B No. 2001-500852), SKF-74652 (Biochem. J. 
(1999), 340(1), 283-289)), B amyloid vaccine, B amyloid 
antibody (e.g., AAB-001), B amyloid degrading enzyme, 
etc., an agent for restoring brain function (e.g., aniracetam, 
nicergoline, etc.), therapeutic agent for Parkinson's disease 
e.g., dopamine receptoragonists (e.g., L-DOPA, bromocrip 
tine, pergolide, talipexole, pramipexole, cabergoline, aman 
tadine, etc.), COMT inhibitor (e.g., entacapone, etc.), thera 
peutic agent for attention deficit hyperactivity disorder (e.g., 
modafinil, etc.), therapeutic agent for amyotrophic lateral 
Sclerosis (e.g., riluzole, neurotrophic factor, etc.), therapeutic 
agent for insomnia (e.g., etizolam, Zopiclone, triazolam, 

Sep. 13, 2012 

Zolpidem, indiplon, etc.), therapeutic agent for hypersomnia 
(e.g., modafinil, etc.), therapeutic agent for cerebrovascular 
disorders (edaravone, tRA, etc.), anti-cytokine agent (TNF 
inhibiting agent, MAP kinase inhibiting agent, etc.), steroid 
drugs (e.g., dexamethasone, hexestrol, cortisone acetate, 
etc.), and the like. 
1093 (2) Agent for the Prophylaxis or Treatment of Uri 
nary Incontinence 
1094. Adrenaline all receptor agonist (e.g., ephedrine 
hydrochloride, midodrine hydrochloride etc.), adrenaline f32 
receptor agonist (e.g., Clenbuterol, etc.), norepinephrine 
uptake inhibitory Substance, norepinephrine and serotonin 
uptake inhibitory Substance (e.g., dulloxetine etc.), tricyclic 
antidepressant (e.g., imipramine hydrochloride etc.), anticho 
linergic drug or Smooth muscle stimulant (e.g., oxybutynin 
hydrochloride, propiverine hydrochloride, celimeverine 
hydrochloride etc.), female sex hormone drug (e.g., binding 
type estrogen (premarin), estriol etc.) and the like. 
1095 (3) Agent for Treating Diabetes 
1096 Insulin preparations e.g., animal insulin prepara 
tions extracted from the bovine or Swine pancreas; human 
insulin preparations synthesized by a genetic engineering 
technique using Escherichia coli or a yeast; insulin Zinc; 
protamine Zinc insulin; a fragment or a derivative of insulin 
(e.g., INS-1, etc.), insulin sensitizers (e.g., pioglitaZone 
hydrochloride, troglitaZone, rosiglitaZone or its maleate, JT T 
501, MCC-555, YM-440, GI-262570, KRP-297, FK-614, 
CS-011, etc.), C-glucosidase inhibitors (e.g., Voglibose, acar 
bose, miglitol, emiglitate, etc.), biguanides (e.g., phenformin, 
metformin, buformin, etc.), Sulfonylureas (e.g., tolbutamide, 
glibenclamide, gliclazide, chlorpropamide, tolaZamide, 
acetohexamide, glyclopyramide, glimepiride, etc.) and other 
insulin secretagogues (e.g., repaglinide, Senaglinide, 
mitiglinide or its calcium salt hydrate, GLP-1, nateglinide, 
etc.), dipeptidylpeptidase IV inhibitors (e.g., Vildagliptin, 
sitagliptin, saxagliptin, alogliptin, NVP-DPP-728, PT-100, 
P32/98, etc.), B3 agonists (e.g., CL-316243, SR-58611-A, 
UL-TG-307, AJ-9677, AZ40140, etc.), amylin agonists (e.g., 
pramlintide, etc.), phosphotyrosine phosphatase inhibitors 
(e.g., Vanadic acid, etc.), gluconeogenesis inhibitors (e.g., 
glycogen phosphorylase inhibitors, glucose-6-phosphatase 
inhibitors, glucagon antagonists, etc.), glucokinase activating 
agent, SGLT (sodium-glucose cotransporter) inhibitors (e.g., 
T-1095, etc.) and the like. 
1097 (4) Agent for Treating Diabetic Complications 
1098 Aldose reductase inhibitors (e.g., tolrestat, epalr 

estat, Zenarestat, Zopolrestat, fidarestat (SNK-860), minalr 
estat (ARI-509), CT-112, etc.), neurotrophic factors (e.g., 
NGF, NT-3, etc.), AGE inhibitors (e.g., ALT-945, pimage 
dine, pyratoxathine, N-phenacylthiazolium bromide (ALT 
766), EXO-226, etc.), active oxygen Scavengers (e.g., thioctic 
acid, etc.), cerebral vasodilators (e.g., tiapride, etc.) and the 
like. 
1099 (5) Antihyperlipidemic Agent 
1100 Statin compounds which inhibit cholesterol synthe 
sis (e.g., pravastatin, simvastatin, lovastatin, atorvastatin, flu 
vastatin, cerivastatin or salt thereof (e.g., sodium salt, etc.), 
etc.), squalene synthethase inhibitors or fibrate compounds 
having triglyceride lowering action (e.g., beZafibrate, clofi 
brate, simfibrate, clinofibrate, etc.) and the like. 
1101 (6) Hypotensive Agent 
1102 Angiotensin converting enzyme inhibitors (e.g., 
captopril, enalapril, delapril, etc.), angiotensin II antagonists 
(e.g., losartan, candesartan cilexetil, etc.), calcium antago 
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nists (e.g., manidipine, nifedipine, amlodipine, efonidipine, 
nicardipine, etc.), clonidine, and the like. 
1103 (7) Antiobesity Agent 
1104 Antiobesity drugs acting on the central nervous sys 
tem (e.g., dexfenfluramine, fenfluramine, phentermine, 
Sibutramine, anifepramone, dexamphetamine, mazindol, phe 
nylpropanolamine, clobenzorex, etc.), pancreatic lipase 
inhibitors (e.g., orlistat, etc.), B3 agonists (e.g., CL-316243, 
SR-58611-A, UL-TG-307, AJ-9677, AZ40140, etc.), anorec 
tic peptides (e.g., leptin, CNTF (Ciliary Neurotrophic Fac 
tor), etc.), cholecystokinin agonists (e.g., lintitript, FPL 
15849, etc.), and the like. 
1105 (8) Diuretic Agent 
1106 Xanthine derivatives (e.g., theobromine sodium 
salicylate, theobromine calcium salicylate, etc.), thiazide 
preparations (e.g., ethiazide, cyclopenthiazide, trichlormethi 
azide, hydrochlorothiazide, hydroflumethiazide, benzylhy 
drochlorothiazide, penflutizide, polythiazide, methyclothiaz 
ide, etc.), antialdosterone preparations (e.g., spironolactone, 
triamterene, etc.), carbonic anhydrase inhibitors (e.g., aceta 
Zolamide, etc.), chlorobenzenesulfonamide preparations 
(e.g., chlorthalidone, mefruside, indapamide, etc.), 
aZosemide, isosorbide, ethacrynic acid, piretanide, bumet 
anide, furosemide, etc. 
1107 (9) Chemotherapeutic Agent 
1108 Alkylating agents (e.g., cyclophosphamide, ifosfa 
mide, etc.), metabolic antagonists (e.g., methotrexate, 5-fluo 
rouracil, etc.), antitumor antibiotics (e.g., mitomycin, adria 
mycin, etc.), plant-derived antitumor agents (e.g., Vincristine, 
vindesine, taxol, etc.), cisplatin, carboplatin, etoposide, etc. 
Among these, 5-fluorouracil derivatives such as Furtulon or 
Neo-Furtulon, and the like. 
1109 (10) Immunotherapeutic Agent 
1110 Microorganism- or bacterium-derived components 

(e.g., muramyldipeptide derivatives, Picilbanil, etc.), polysac 
charides having immunopotentiating activity (e.g., lentinan, 
Schizophyllan, krestin, etc.), cytokines which can be obtained 
by a genetic engineering method (e.g., interferons, interleu 
kins (IL), etc.), colony stimulating factors (e.g., granulocyte 
colony stimulating factor, erythropoietin, etc.) and the like. 
Among these, IL-1, IL-2, IL-12, and the like. 
1111 (11) Therapeutic Agent Recognized to Ameliorate 
Cachexia in Animal Models or Clinical Practice 
1112 Progesterone derivatives (e.g., megestrol acetate) 
Journal of Clinical Oncology, Vol. 12, pp. 213-225, 1994, 
metoclopramide pharmaceuticals, tetrahydrocannabinol 
pharmaceuticals (the above references are applied to both), 
lipid metabolism improving agents (e.g., eicosapentanoic 
acid) British Journal of Cancer, Vol. 68, pp. 314-318, 1993. 
growth hormones, IGF-1, and antibodies against the 
cachexia-inducing factors such as TNF-C., LIF, IL-6 and 
oncostatin M, and the like. 
1113 (12) Antiinflammatory Agent 
1114 Steroids (e.g., dexamethasone, etc.), sodium hyalu 
ronate, cyclooxygenase inhibitors (e.g., indomethacin, keto 
profen, loxoprofen, meloxicam, ampiroXicam, celecoxib, 
rofecoxib, etc.) and the like. 
1115 (13) Others 
1116 Glycosylation inhibitors (e.g., ALT-711, etc.), nerve 
regeneration promoting drugs (e.g., Y-128, VX853, prosap 
tide, etc.), drugs acting on the central nervous system (e.g., 
antidepressants such as desipramine, amitriptyline, imi 
pramine, fluoxetine, paroxetine, doxepin, etc.), antiepilepti 
cum (e.g., lamotrigine, carbamazepine), antiarrhythmic 
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drugs (e.g., mexiletine), acetylcholine receptor ligands (e.g., 
ABT-594), endothelin receptor antagonists (e.g., ABT-627), 
monoamine uptake inhibitors (e.g., tramadol), indoleamine 
uptake inhibitors (e.g., fluoxetine, paroxetine), narcotic anal 
gesics (e.g., morphine), Y-aminobutyric acid (GABA) recep 
toragonists (e.g., gabapentin), GABA uptake inhibitors (e.g., 
tiagabine), C.2 receptor agonists (e.g., clonidine), local anal 
gesics (e.g., capsaicin), protein kinase C inhibitors (e.g., 
LY-333531), antianxiety drugs (e.g., benzodiazepines), phos 
phodiesterase inhibitors (e.g., sildenafil), dopamine receptor 
agonists (e.g., apomorphine), dopamine receptor antagonists 
(e.g., haloperidol), serotonin receptor agonists (e.g., tan 
doSpirone citrate, Sumatryptan), serotonin receptor antago 
nists (e.g., cyproheptadine hydrochloride, ondansetron), 
serotonin uptake inhibitors (e.g., fluvoxamine maleate, flu 
oxetine, paroxetine), hypnotics (e.g., triazolam, Zolpidem), 
anticholinergic agents, C.1 receptor blocking agents (e.g., 
tamsulosin, silodosin, naftopidil), muscle relaxants (e.g., 
baclofen, etc.), potassium channel openers (e.g., nicorandil), 
calcium channel blocking agents (e.g., nifedipine), agents for 
preventing or treating Alzheimer's disease (e.g., donepezil, 
rivastigmine, galanthamine), agents for treating Parkinson's 
disease (e.g., L-DOPA), agents for preventing or treating 
multiple Sclerosis (e.g., interferon B-1C), histamine H1 recep 
tor inhibitors (e.g., promethazine hydrochloride), proton 
pump inhibitors (e.g., lanSoprazole, omeprazole), antithrom 
botic agents (e.g., aspirin, cilostazol), NK-2 receptor antago 
nists, agents for treating HIV infection (saquinavir, Zidovu 
dine, lamivudine, nevirapine), agents for treating chronic 
obstructive pulmonary diseases (salmeterol, thiotropium bro 
mide, cilomilast), and the like. 
1117 Anticholinergic agents include, for example, atro 
pine, Scopolamine, homatropine, tropicamide, cyclopento 
late, butylscopolamine bromide, propantheline bromide, 
methylbenactyzium bromide, mepenzolate bromide, flavox 
ate, pirenzepine, ipratropium bromide, trihexyphenidyl, oxy 
butynin, propiverine, darifenacin, tolterodine, temiverine, 
trospium chloride or a salt thereof (e.g., atropine Sulfate, 
Scopolamine hydrogen bromide, homatropine hydrogen bro 
mide, cyclopentolate hydrochloride, flavoxate hydrochloride, 
pirenzepine hydrochloride, trihexyphenidyl hydrochloride, 
oxybutynin hydrochloride, tolterodine tartrate, etc.). Among 
these, oxybutynin, propiverine, darifenacin, tolterodine, 
temiverine, trospium chloride or a salt thereof (e.g., oxybu 
tynin hydrochloride, tolterodine tartrate, etc.) are preferable. 
In addition, acetylcholinesterase inhibitors (e.g., distigmine, 
etc.) and the like can be also used. 
1118 NK-2 receptor antagonists include, for example, a 
piperidine derivative such as GR159897, GR149861, 
SR48968 (saredutant), SR 144190, YM35375, YM38336, 
ZD7944, L-743986, MDL105212A, ZD6021, 
MDL105172A, SCH205528, SCH62373, R-113281, etc., a 
perhydroisoindole derivative such as RPR-1061.45, etc., a 
quinoline derivative such as SB-414240, etc., a pyrrolopyri 
midine derivative such as ZM-253270, etc., a pseudopeptide 
derivative such as MEN11420 (nepadutant), SCH217048, 
L-659877, PD-147714 (CAM-2291), MEN10376, S16474, 
etc., and others such as GR100.679, DNK333, GR94800, 
UK-224671, MEN10376, MEN10627, or a salt thereof, and 
the like. 

1119 For concomitant use of the agent of the present 
invention, the administration time of Compound (I) and the 
concomitant drug is not restricted, and Compound (I) or 
pharmaceutical composition thereof and the concomitant 
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drug or pharmaceutical composition thereof can be adminis 
tered to an administration Subject simultaneously, or may be 
administered at different times. The dosage of the concomi 
tant drug may be determined according to the dose clinically 
set, and can be appropriately selected depending on the 
administration Subject, administration route, disease, combi 
nation and the like. 

Examples of the administration mode of the combined 
administration are not specifically limited if Compound (I) 
and the concomitant drug are combined at the time of admin 
istration. Examples of the administration mode include the 
following: 
1120 (1) administration of a single preparation obtained 
by simultaneously formulating Compound (I) orpharmaceu 
tical composition thereof and the concomitant drug, 
1121 (2) simultaneous administration of two kinds of 
preparations, i.e., Compound (I) or pharmaceutical prepara 
tion thereof and the concomitant drug or pharmaceutical 
preparation thereof, which have been separately formulated, 
by the same administration route, 
1122 (3) administration of two kinds of preparations, i.e., 
Compound (I) or pharmaceutical preparation thereof and the 
concomitant drug or pharmaceutical preparation thereof, 
which have been separately formulated, by the same admin 
istration route at a time interval, 
1123 (4) simultaneous administration of two kinds of 
preparations, i.e., Compound (I) or pharmaceutical prepara 
tion thereof and the concomitant drug or pharmaceutical 
preparation thereof, which have been separately formulated, 
by different administration routes, 
1124 (5) administration of two kinds of preparations, i.e., 
Compound (I) or pharmaceutical preparation thereof and the 
concomitant drug or pharmaceutical preparation thereof, 
which have been separately formulated, by different admin 
istration routes at a time interval (e.g., administration in the 
order of Compound (I) or pharmaceutical preparation 
thereof the concomitant drug or pharmaceutical preparation 
thereof, or vice versa) and the like. 
1125. In the combination agent of the present invention, 
the mixing ratio between Compound (I) and the concomitant 
drug can be appropriately selected depending on the admin 
istration Subject, administration route, disease, and the like. 
1126 For example, content of Compound (I') in the com 
bination agent of the present invention varies depending on 
the form of preparation. However, it is generally about 0.01 to 
100% by weight, preferably about 0.1 to 50% by weight, and 
more preferably about 0.5 to 20% by weight relative to the 
total preparation. 
1127 Content of the concomitant drugs in the combina 

tion agent of the present invention varies depending on the 
form of preparation. However, it is generally about 0.01 to 
100% by weight, preferably about 0.1 to 50% by weight, and 
more preferably about 0.5 to 20% by weight relative to the 
total preparation. 
1128 Content of the additives including carriers and the 

like in the combination agent of the present invention varies 
depending on the form of preparation. However, it is gener 
ally about 1 to 99.99% by weight, and preferably about 10 to 
90% by weight relative to the total preparation. 
1129 Further, for a case in which Compound (I) and the 
concomitant drugs are formulated separately, they can be 
used in the same amount as described in the above. 
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1130 Administration Method 
1131. For the administration of Compound (I) as a phar 
maceutical agent to mammals like a human, etc., the admin 
istration method generally include oral administration by 
using a tablet, a capsule (including Soft capsule, micro cap 
Sule), powder, a granule and the like or parenteral adminis 
tration including an injection product, a Suppository, a pellet 
and the like. "Parenteral administration includes administra 
tion to proximal region Such as intravenous, intramuscular, 
Subcutaneous, into the organ, intranasal, intradermal, by ocu 
lar instillation, intracerebral, intrarectal, intraluminal and 
intraperitoneal administration and the like, or administration 
directly to the lesion. 
1132. The dosage of Compound (I) varies depending on 
the administration route, symptoms, age of a patient, etc. For 
example, when it is administered orally as a therapeutic agent 
for Alzheimer's disease to a patient suffering from Alzhe 
imer's disease (body weight of 40 to 80 kg), it can be admin 
istered at a dose of 0.1 to 200 mg/kg body weight per day, 
preferably 1 to 100 mg/kg body weight per day, more prefer 
ably 1 to 50 mg/kg body weight per day. This dosage can be 
administered once a day or in two or three divided portions a 
day. 
1133 When the pharmaceutical agent comprising Com 
pound (I) is a Sustained release preparation, the dosage of 
Compound (I) is set so as to achieve release of 1 to 100 mg of 
Compound (I) from the administered preparation for a week 
when it is applied via parenteral administration, for example. 
1134. The dosage of the concomitant drug can be set at any 
value unless side effects are problematical. The daily dosage 
of the concomitant drug varies depending on the severity of 
the symptom, age, sex, body weight, sensitivity difference of 
the Subject, administration time, interval, and nature, prepa 
ration type, kind of the pharmaceutical preparation, kind of 
effective ingredient, and the like, and not particularly 
restricted, and the amount of a drug is, in the case of oral 
administration for example, usually from about 0.001 to 2000 
mg, preferably from about 0.01 to 500 mg, further preferably 
from about 0.1 to 100 mg, per 1 kg (body weight) of a 
mammal and this is usually administered in one to four 
divided portions a day. 
1135 When the concomitant drugs are administered, it 
may be permissible that Compound (I) and the concomitant 
drugs are administered simultaneously. However, it is also 
possible that Compound (I) is administered after the admin 
istration of the concomitant drugs. Alternatively, the con 
comitant drugs can be administered after Compound (I) is 
administered. When administered at a time interval, the inter 
Val varies depending on the effective ingredient to be admin 
istered, preparation form and administration method, and for 
example, when the concomitant drugs are administered first, 
a method in which Compound (I') is administered within time 
range of from 1 minute to 3 days, preferably from 10 minutes 
to 1 day, more preferably from 15 minutes to 1 hour after 
administration of the concomitant drug is exemplified. When 
Compound (I') is administered first, a method in which the 
concomitant drugs are administered within time range of 
from 1 minute to 1 day, preferably from 10 minutes to 6 hours, 
more preferably from 15 minutes to 1 hour after administra 
tion of Compound (I) is exemplified. 

EXAMPLES 

Reference Example 1 
1,2,5-trimethyl-3-(2-methylprop-2-en-1-yl)oxy 

benzene 

1136 3-bromo-2-methylpropene (29.8 g. 221 mmol) was 
added to a mixture of DMF (130 mL) containing 2,3,5-trim 
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ethylphenol (25.0 g, 184 mmol) and potassium carbonate 
(50.9 g, 368 mmol), and the resulting mixture was stirred at 
80° C. for 15 hours. After cooled to room temperature, the 
reaction Solution was distributed using ethyl acetate and 
water. The organic layer was washed with Saturated Saline, 
and then dried using anhydrous magnesium sulfate. The Sol 
vent was removed under reduced pressure, and the obtained 
residue was purified by silica gel column chromatography 
(hexane-ethyl acetate 50:1 to 9:1) to give 33.6 g of the title 
compound (yield: 96%) as an oily product. 
1137 'H-NMR (CDC1): 81.84 (3H, s), 2.14 (3H, s), 2.23 
(3H, s), 2.27 (3H, s), 4.39 (2H, s), 4.94-4.99 (1H, m), 5.09 
5.14 (1H, m), 6.52 (1H, s), 6.61 (1H, s). 

Reference Example 2 
2,3,5-trimethyl-6-(2-methylprop-2-en-1-yl)phenol 

1138 A mixture of 1,2,5-trimethyl-3-(2-methylprop-2- 
en-1-yl)oxybenzene (33.6 g., 177 mmol) synthesized in Ref 
erence Example 1 and N,N-diethylaniline (100 mL) was 
stirred under argon atmosphere at 220 to 23.0°C. for 11 hours. 
After cooled to room temperature, the reaction solution was 
distributed using ethyl acetate and 1N hydrochloric acid. The 
organic layer was washed with 1N hydrochloric acid and 
saturated Saline, and then dried using anhydrous magnesium 
sulfate. The solvent was removed under reduced pressure, and 
the obtained residue was purified by silica gel column chro 
matography (hexane-ethyl acetate 40:1 to 9:1) to give 28.6 g. 
of the title compound (yield: 85%) as an oily product. 
1139 'H-NMR (CDC1): 81.77 (3H, s), 2.13 (3H, s), 2.22 
(6H, s), 3.35 (2H, s), 4.70-4.75 (1H, s), 4.84-4.89 (1H, m), 
5.07 (1H, s), 6.61 (1H, s). 

Reference Example 3 
2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 

1140. A mixture of 2,3,5-trimethyl-6-(2-methylprop-2- 
en-1-yl)phenol (13.0g, 68.3 mmol) synthesized in Reference 
Example 2, p-toluenesulfonic acid monohydrate (1.30 g. 6.83 
mmol) and toluene (130 mL) was stirred under heated reflux 
for 1.5 hours. After cooled to room temperature, the reaction 
solution was distributed by addition of 1N sodium hydroxide 
aqueous Solution. The organic layer was washed with 1N 
Sodium hydroxide aqueous solution and Saturated Saline, and 
then dried using anhydrous magnesium sulfate. The Solvent 
was removed under reduced pressure, and the obtained resi 
due was purified by basic silica gel chromatography (hexane 
ethyl acetate 49:1 to 24:1) to give 11.1 g of the title compound 
(yield: 85%). 
1141 'H-NMR (CDC1): 81.46 (6H, s), 2.07 (3H, s), 2.14 
(3H, s), 2.19 (3H, s), 2.90 (2H, s), 6.48 (1H, s). 

Reference Example 4 

5-bromo-2,2,4,6,7-pentamethyl-2,3-dihydro-1-ben 
Zofuran 

1142 N-bromosuccinimide (12.5 g. 70.0 mmol) was 
added to a solution of acetonitrile (165 mL) containing 2.2, 
4,6,7-pentamethyl-2,3-dihydro-1-benzofuran (11.1 g, 58.3 
mmol) synthesized in Reference Example 3 under ice-cool 
ing condition, and the mixture was warmed to room tempera 
ture. After stirring for 5 hours, water was added to the reaction 
solution. The generated precipitate was collected by filtration 
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and washed with a mixture of acetonitrile/water (1/2). The 
solid was dried to give 13.5g of the title compound (yield: 
86%). 
1143 H-NMR (CDC1): 81.46 (6H, s), 2.15 (3H, s), 2.25 
(3H, s), 2.34 (3H, s), 2.97 (2H, s), 6.48 (1H, s). 

Reference Example 5 

1-bromo-3-(2-methylprop-2-en-1-yl)oxybenzene 

1144. The title compound as an oily product was obtained 
in the same manner as described for Reference Example 1 
using 3-bromophenol (19.8 g. 114 mmol) and 3-bromo-2- 
methylpropene (18.5 g. 137 mmol). The yield was 100%. 
1145 'H-NMR (CDC1): 81.82 (3H, s), 4.41 (2H, s), 4.97 
5.02 (1H, m), 5.06-5.11 (1H, m), 6.82-6.88 (1H, m), 7.04-7. 
20 (3H, m). 

Reference Example 6 

5-bromo-2-(2-methylprop-2-en-1-yl)phenol 

1146 5.46 g of the title compound was synthesized in the 
same manner as described for Reference Example 2 using 
1-bromo-3-(2-methylprop-2-en-1-yl)oxybenzene (26.0 g, 
114 mmol) synthesized in Reference Example 5 (yield: 21%). 
1147 'H-NMR (CDC1): 81.73 (3H, s), 3.33 (2H, s), 4.84 
4.87 (1H, m), 4.92-496 (1H, m), 5.28 (1H, s), 6.92-6.97 (1H, 
m), 6.98-7.04 (2H, m). 

Reference Example 7 

6-bromo-2,2-dimethyl-2,3-dihydro-1-benzofuran 

1148, 5.18 g of the title compound was synthesized in the 
same manner as described for Reference Example 3 using 
1-bromo-3-(2-methylprop-2-en-1-yl)oxybenzene (5.46 g. 
24.0 mmol) synthesized in Reference Example 6 (yield: 
95%). 
1149 'H-NMR (CDC1): 81.46 (6H, s), 2.94 (2H, s), 6.87 
(d. 1H, J=1.5 Hz), 6.90-7.00 (2H, m). 

Reference Example 8 

2,2-dimethyl-6-(4-methylphenyl)-2,3-dihydro-1- 
benzofuran 

1150. 4-methylphenylboric acid (1.35 g, 9.91 mmol), tet 
rakis(triphenylphosphine)palladium (382 mg, 0.331 mmol), 
an aqueous solution of 2N Sodium carbonate (4.5 mL) and 
ethanol (83 mL) were sequentially added to a solution of 
dimethoxyethane (9 mL) containing 6-bromo-2,2-dimethyl 
2,3-dihydro-1-benzofuran (1.50 g. 6.61 mmol) synthesized in 
Reference Example 7, and the mixture was stirred under 
microwave irradiation at 150° C. for 10 minutes. After cooled 
to room temperature, water was added to the reaction solu 
tion, and extraction was performed using ethyl acetate. The 
extract was washed with Saturated Sodium hydrogencarbon 
ate and Saturated Saline, and then dried using anhydrous mag 
nesium sulfate. The solvent was removed under reduced pres 
Sure, and the obtained residue was purified by silica gel 
column chromatography (hexane-ethyl acetate 99:1 to 93/7) 
to give 880 mg of the title compound (yield: 56%). 
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1151 H-NMR (CDC1): 81.50 (6H, s), 2.38 (3H, s), 3.04 
(2H, s), 6.94 (1H, d, J=1.5 Hz), 7.03 (1H, dd, J=1.5, 7.5 Hz), 
7.14-7.25 (3H, m), 742-748 (2H, m). 

Reference Example 9 
5-bromo-2,2-dimethyl-6-(4-methylphenyl)-2,3-dihy 

dro-1-benzofuran 

1152 510 mg of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
2,2-dimethyl-6-(4-methylphenyl)-2,3-dihydro-1-benzofuran 
(400 mg, 1.68 mmol) synthesized in Reference Example 8 
(yield: 96%). 
1153 'H-NMR (CDC1): 81.50 (6H, s), 2.40 (3H, s), 3.03 
(2H, s), 6.69 (1H, s), 7.17-7.41 (5H, m). 

Reference Example 10 
3-(2,2-dimethyl-2,3-dihydro-1-benzofuran-6-yl)pyri 

dine 

1154 490 mg of the title compound as an oily product was 
obtained in the same manner as described for Reference 
Example 8 using 6-bromo-2,2-dimethyl-2,3-dihydro-1-ben 
Zofuran (680 mg, 2.99 mmol) synthesized in Reference 
Example 7 and 3-pyridineboronic acid (551 mg, 4.49 mmol) 
(yield: 73%). 
1155 'H-NMR (CDC1): 81.52 (6H, s), 3.06(2H, s), 6.94 
(1H, d, J=1.5 Hz), 7.03 (1H, dd, J=1.5, 7.8 Hz), 7.20-7.25 
(1H, m), 7.30-7.37 (1H, m), 7.80-7.86 (1H, m), 8.56 (1H, dd, 
J–4.8 Hz), 8.81 (1H, dd, J=0.9, 2.4 Hz). 

Reference Example 11 
3-(5-bromo-2,2-dimethyl-2,3-dihydro-1-benzofuran 

6-yl)pyridine 

1156. 160 mg of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
3-(2,2-dimethyl-2,3-dihydro-1-benzofuran-6-yl)pyridine 
(489 mg, 2.17 mmol) synthesized in Reference Example 10 
(yield: 24%). 
1157 H-NMR (CDC1): 81.51 (6H, s), 3.06 (2H, s), 6.94 
(1H, d, J=1.5 Hz), 7.03 (1H, dd, J=1.5, 7.8 Hz), 7.20-7.25 
(1H, m), 7.30-7.37 (1H, m), 7.80-7.86 (1H, m), 8.56 (1H, dd, 
J–4.8 Hz), 8.81 (1H, dd, J=0.9, 2.4 Hz). 

Reference Example 12 
1,2-dimethyl-3-(2-methylprop-2-en-1-yl)oxyben 

Zee 

1158 49.5g of the title compound as an oily product was 
obtained in the same manner as described for Reference 
Example 1 using 2,3-dimethylphenol (36.0g, 295 mmol) and 
3-bromo-2-methylpropene (47.7g, 354 mmol) (yield: 95%). 
1159 'H-NMR (CDC1): 81.82-1.87 (3H, m), 2.19 (3H, 
s), 2.27 (3H, s), 4.41 (2H, brs), 4.95-5.00 (1H, m), 5.09-5.14 
(1H, m), 6.69 (1H, d, J=8.1 Hz), 6.77 (1H, d, J–7.5 Hz), 7.03 
(1H, dd, J=7.5, 8.1 Hz, 1H). 

Reference Example 13 
2,3-dimethyl-6-(2-methylprop-2-en-1-yl)phenol 

1160 52.0 g of the title compound (containing solvent) as 
an oily product was obtained in the same manner as described 
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for Reference Example 2 using 1,2-dimethyl-3-(2-methyl 
prop-2-en-1-yl)oxybenzene (49.5g, 281 mmol) synthesized 
in Reference Example 12. 
1161 'H-NMR (CDC1): 81.73 (3H, s), 2.15 (3H, s), 2.25 
(3H, s), 3.35 (2H, brs), 4.87-4.96 (2H, m), 5.23 (1H, s), 6.69 
(1H, d, J=7.8 Hz), 6.82 (1H, d, J=7.8 Hz). 

Reference Example 14 
2.2,6,7-tetramethyl-2,3-dihydro-1-benzofuran 

1162. 24.0 g of the title compound was synthesized in the 
same manner as described for Reference Example 3 using 
2,3-dimethyl-6-(2-methylprop-2-en-1-yl)phenol (containing 
solvent, 52 g) synthesized in Reference Example 13 (2-step 
yield: 48%). 
1163 H-NMR (CDC1): 81.46 (6H, s), 2.11 (3H, s), 2.22 
(3H, s), 2.98 (2H, s), 6.58-6.66 (1H, m), 6.81-6.89 (1H, m). 

Reference Example 15 
5-bromo-2,2,6,7-tetramethyl-2,3-dihydro-1-benzofu 

al 

1164 2.34 g of the title compound was obtained in the 
same manner as described for Reference Example 4 using 
2.2,6,7-tetramethyl-2,3-dihydro-1-benzofuran (1.91 g, 10.8 
mmol) synthesized in Reference Example 14 (yield: 85%). 
1165 Melting point: 66-69° C. (methanol) 
1166 'H-NMR (CDC1): 81.45 (6H, s), 2.16 (3H, s), 2.30 
(3H, s), 2.97 (2H, s), 7.16 (1H, m). 

Reference Example 16 
2-(2,3-dimethylphenoxy)-2-methylpropanoic acid 

1167 Sodium hydroxide (82.0g, 2.05 mol) was added to 
a solution of methyl ethyl ketone (400 mL) containing 2.3- 
dimethylphenol (50.0 g, 410 mmol), and the mixture was 
stirred at 50° C. for 1 hour. After that, a solution of methyl 
ethyl ketone (200 mL) containing 2-bromo-2-methylpropi 
onic acid (103 g. 615 mmol) was added thereto, and the 
mixture was stirred at 50° C. for 4 hours. After cooled to room 
temperature, the reaction solution was distributed by adding 
water and diethyl ether. 6N hydrochloric acid was added to 
the aqueous layer to be acidic, and then extraction was per 
formed using ethyl acetate. The extract was washed with 
saturated Saline, and then dried using anhydrous magnesium 
sulfate. The solvent was removed under reduced pressure, and 
the obtained residue was purified by silica gel chromatogra 
phy (hexane-ethyl acetate 95:5 to 50/50) to give 38.3 g of the 
title compound (yield: 45%). 
1168 H-NMR (CDC1): 81.60 (6H, s), 2.17 (3H, s), 2.27 
(3H, s), 6.71 (1H, d, J=7.8 Hz), 6.86 (1H, d, J=7.8 Hz), 6.99 
(1H, t, J=7.8 Hz). 

Reference Example 17 
2.2,6,7-tetramethyl-1-benzofuran-3 (2H)-one 

1169 Oxalyldichloride (21 mL, 221 mmol) and DMF (3 
drops) were sequentially added to a solution of THF (300 mL) 
containing 2-(2,3-dimethylphenoxy)-2-methylpropanoic 
acid (38.3 g 184 mmol) synthesized in Reference Example 
16 under ice-cooling condition, and the mixture was warmed 
to room temperature and stirred for 1 hour. The reaction 
Solution was concentrated under reduced pressure, and then 
the residue was dissolved in methylene chloride (250 mL). To 
this solution, aluminium chloride (36.2 g. 276 mmol) was 
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added at -78° C., and the mixture was warmed to room 
temperature and stirred for 15 hours. The reaction solution 
was concentrated under reduced pressure, and then water was 
added to the residue and extraction was performed using ethyl 
acetate. The extract was washed with Saturated Saline, and 
then dried using anhydrous magnesium sulfate. The Solvent 
was removed under reduced pressure, and the obtained resi 
due was purified by silica gel chromatography (hexane-ethyl 
acetate 95:5 to 5/1) to give 26.4 g of the title compound (yield: 
75%). 
1170 'H-NMR (CDC1): 81.46 (6H, s), 2.21 (3H, s), 2.35 
(3H, s), 6.87 (1H, d, J=7.8 Hz), 7.40 (1H, d, J–7.8 Hz). 

Reference Example 18 
5-bromo-2,2,6,7-tetramethyl-1-benzofuran-3 (2H)- 

O 

1171 Bromine (10.0 mL, 195 mmol) was added to a solu 
tion of acetic acid (150 mL) containing 2.2,6,7-tetramethyl 
1-benzofuran-3 (2H)-one (26.4g, 139 mmol) synthesized in 
Reference Example 17, and the mixture was stirred at room 
temperature for 3 hours. After that, the reaction solution was 
poured into 5% aqueous Solution of sodium sulfite. The gen 
erated crystals were collected by filtration, and recrystallized 
from methanol to give 32.8 g of the title compound (yield: 
88%). 
1172 'H-NMR (CDC1): 81.45 (6H, s), 2.29 (3H, s), 2.44 
(3H, s), 7.71 (1H, s). 

Reference Example 19 
5-(benzylamino)-2.2,6,7-tetramethyl-1-benzofuran-3 

(2H)-one 
1173 Sodium t-butoxide (13.9 g, 145 mmol) was added to 
a mixture of toluene (100 mL) containing 5-bromo-2,2,6,7- 
tetramethyl-1-benzofuran-3(2H)-one (12.8 g., 48.2 mmol) 
synthesized in Reference Example 18, benzylamine (15.5 g. 
145 mmol), palladium acetate (541 mg, 2.41 mmol) and 
BINAP (4.50 g, 7.23 mmol), and the mixture was stirred 
under heated reflux for 20 hours. After cooled to room tem 
perature, water was added to the reaction solution, and extrac 
tion was performed using ethyl acetate. The organic layer was 
washed with Saturated Saline, and then dried using anhydrous 
magnesium sulfate. The solvent was removed under reduced 
pressure, and the obtained residue was purified by Silica gel 
chromatography (hexane-ethyl acetate 100:0 to 50:50) to give 
9.48g of the title compound (yield: 67%). 
1174 'H-NMR (CDC1): 81.43 (6H, s), 2.19 (3H, s), 2.26 
(3H, s), 3.67 (1H, s), 4.32 (2H, s), 6.69 (1H, s), 7.24-7.42 (5H, 
m). 

Reference Example 20 
5-amino-2,2,6,7-tetramethyl-1-benzofuran-3(2H)- 

O 

1175 5% palladium carbon (50% water content, 9.50 g) 
was added to a mixed solution of tetrahydrofuran (100 mL) 
and methanol (100 mL) containing 5-(benzylamino)-2.2,6,7- 
tetramethyl-1-benzofuran-3(2H)-one (9.48 g. 32.1 mmol) 
synthesized in Reference Example 19, and the mixture was 
stirred under hydrogen atmosphere at room temperature for 
22 hours. Palladium carbon was removed by filtration, and 
then the solvent was removed under reduced pressure to give 
6.59 g of the title compound (yield: 100%). 
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1176 'H-NMR (CDC1): 81.43 (6H, s), 2.19 (3H, s), 2.24 
(3H, s), 3.49 (2H, brs), 6.79 (1H, s). 

Reference Example 21 
5-amino-4-bromo-2.2,6,7-tetramethyl-1-benzofuran 

3(2H)-one 
1177 Tetrabutylammonium tribromide (31.0 g, 64.2 
mmol) was added to a tetrahydrofuran solution (200 mL) 
containing 5-amino-2,2,6,7-tetramethyl-1-benzofuran-3 
(2H)-one (6.59 g, 32.1 mmol) synthesized in Reference 
Example 20 at 0°C., and the mixture was stirred at 0°C. for 
2 hours. To the mixture, a saturated Sodium Sulfite aqueous 
Solution was added, and extraction was performed using ethyl 
acetate. The extract was dried using anhydrous magnesium 
sulfate. After that, the solvent was removed under reduced 
pressure, and the obtained residue was purified by Silica gel 
column chromatography (hexane-ethyl acetate 98:2 to 85:15) 
to give 6.60 g of the title compound (yield: 72%). 
1178 H-NMR (CDC1): 81.44 (6H, s), 2.21 (3H, s), 2.25 
(3H, s), 3.97 (2H, brs). 

Reference Example 22 
5-amino-4-ethenyl-2.2,6,7-tetramethyl-1-benzofu 

ran-3 (2H)-one 
1179 2-ethenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolan 
(3.79 g, 24.6 mmol), tetrakistriphenyl phosphine palladium 
(605 mg, 0.523 mmol), sodium carbonate (1.36 g, 12.8 
mmol), water (8 mL) and ethanol (5 mL) were added to a 
solution of DME (14 mL) containing 5-amino-4-bromo-2.2, 
6,7-tetramethyl-1-benzofuran-3 (2H)-one (2.00 g, 7.04 
mmol) synthesized in Reference Example 21, and the mixture 
was stirred under argon atmosphere at 100° C. for 45 hours. 
After cooled to room temperature, water was added to the 
mixture, and extraction was performed using ethyl acetate. It 
was dried using anhydrous magnesium Sulfate. After that, the 
Solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate: 98:2 to 85:15) to give 1.47g 
of the title compound (yield: 91%). 
1180 H-NMR (CDC1): 81.42 (6H, s), 2.21 (3H, s), 2.24 
(3H, s), 3.88 (2H, brs), 5.65-5.77 (2H, m), 727-7.40 (1H, m). 

Reference Example 23 
4-ethenyl-5-4-(4-methoxyphenyl)piperazin-1-yl)-2, 

2,6,7-tetramethyl-1-benzofuran-3 (2H)-one 
1181 N,N-bis(2-bromoethyl)-4-methoxyaniline (2.45 g, 
7.63 mmol) and sodium hydrogencarbonate (1.25 g, 1.40 
mmol) were added to a solution of DMF (36 mL) containing 
5-amino-4-ethenyl-2.2,6,7-tetramethyl-1-benzofuran-3 
(2H)-one (1.47 g. 6.36 mmol) synthesized in Reference 
Example 22, and the mixture was stirred at 120° C. for 16 
hours. After cooled to room temperature, water was added to 
the mixture, and extraction was performed using ethyl 
acetate. It was dried using anhydrous magnesium sulfate. 
After that, the solvent was removed under reduced pressure, 
and the obtained residue was purified by silica gel column 
chromatography (hexane-ethyl acetate: 100:0 to 90:10) to 
give 217 mg of the title compound (yield: 8%). 
1182 Melting point: 147-148°C. (methanol-hexane) 
1183 H-NMR (CDC1): 81.42 (6H, s), 2.22 (3H, s), 2.37 
(3H, s), 2.98-3.41 (8H, m), 3.78 (3H, s), 5.64 (1H, dd, J=11.7, 
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1.8 Hz), 5.78 (1H, dd, J=17.7, 1.8 Hz), 6.86 (2H, d, J=9.3 Hz), 
6.96 (2H, d, J=9.3 Hz), 7.06 (1H, dd, J=17.7, 11.7 Hz). 

Reference Example 24 
4-ethyl-5-4-(4-methoxyphenyl)piperazin-1-yl)-2.2, 

6,7-tetramethyl-1-benzofuran-3 (2H)-one 

1184 5% palladium carbon (50% water content, 100 mg) 
was added to a solution of ethanol (5 mL) containing 4-ethe 
nyl-5-4-(4-methoxyphenyl)piperazin-1-yl)-2.2,6,7-tetram 
ethyl-1-benzofuran-3 (2H)-one (100 mg, 0.246 mmol) syn 
thesized in Reference Example 23, and the mixture was 
stirred under hydrogen atmosphere at room temperature for 
20 hours. Palladium carbon was removed by filtration, and 
then the solvent was removed under reduced pressure. The 
obtained residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate 100:0 to 95:5) to give 36.7 mg 
of the title compound (yield: 36%). 
Melting point: 133-134°C. (hexane) 
1185 H-NMR (CDC1): 81.18 (3H, t, J=7.5 Hz), 1.43 
(6H, s), 2.18 (3H, s), 2.35 (3H, s), 3.04-3.38 (10H, m), 3.79 
(3H, s), 6.87 (2H, d, J=9.0 Hz), 6.97 (2H, d, J=9.0 Hz). 

Reference Example 25 
5-amino-4-cyclopropyl-2.2,6,7-tetramethyl-1-benzo 

furan-3 (2H)-one 
1186 809 mg of the title compound was synthesized in the 
same manner as described for Reference Example 22 using 
5-amino-4-bromo-2,2,6,7-tetramethyl-1-benzofuran-3(21 
1)-one (1.50 mg, 5.28 mmol) synthesized in Reference 
Example 21 and cyclopropylboronic acid (2.28 g, 26.5 mmol) 
(yield: 62%). 
1187 'H-NMR (CDC1): 80.45-0.65 (2H, m), 1.00-120 
(m. 2H), 1.60- 1.75 (1H, m), 1.41 (6H, s), 2.19 (3H, s), 2.22 
(3H, s), 3.89 (2H, brs). 

Reference Example 26 
4-cyclopropyl-5-4-(4-methoxyphenyl)piperazin-1- 
yl)-2.2,6,7-tetramethyl-1-benzofuran-3(2H)-one 

1188 124 mg of the title compound was synthesized in the 
same manner as described for Reference Example 23 using 
5-amino-4-cyclopropyl-2.2,6,7-tetramethyl-1-benzofuran-3 
(2H)-one (810 mg, 3.30 mmol) synthesized in Reference 
Example 25 (yield: 9%). 
1189 Melting point: 143-144° C. (hexane) 
1190 'H-NMR (CDC1): 80.67-0.76 (2H, m), 1.03-1.13 
(2H, m), 1.42 (6H, s), 1.95-2.06 (1H, m), 2.18 (3H, s), 2.35 
(3H, s), 2.95-3.23 (4H, m), 3.25-3.40 (2H, m), 3.50-3.66 (2H, 
m), 3.79 (3H, s), 6.87 (2H, d, J=9.0 Hz), 6.97 (2H, d, J=9.0 
Hz). 

Reference Example 27 
5-amino-2,2,6,7-tetramethyl-4-(1-methylethenyl)-1- 

benzofuran-3(2H)-one 
1191 1.37 g of the title compound was synthesized in the 
same manner as described for Reference Example 22 using 
5-amino-4-bromo-2,2,6,7-tetramethyl-1-benzofuran-3(2H)- 
one (1.50 g, 5.28 mmol) synthesized in Reference Example 
21 and 4.4.5.5-tetramethyl-2-(1-methylethenyl)-1,3,2-diox 
aborolan (5.00g, 29.8 mmol) (yield: 100%). 
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1192 'H-NMR (CDC1): 81.41 (6H, s), 2.07 (3H, s), 2.21 
(3H, s), 2.24 (3H, s), 3.67 (2H, bris), 4.98-5.03 (1H, m), 
5.43-5.48 (1H, m). 

Reference Example 28 
4-cyclopropyl-5-4-(4-methoxyphenyl)piperazin-1- 
yl)-2.2,6,7-tetramethyl-1-benzofuran-3(2H)-one 

1193 267 mg of the title compound was synthesized in the 
same manner as described for Reference Example 23 using 
5-amino-2,2,6,7-tetramethyl-4-(1-methylethenyl)-1-benzo 
furan-3 (2H)-one (1.47 g, 5.30 mmol) synthesized in Refer 
ence Example 27 (yield: 12%). 
1194 Melting point: 176-178°C. (methanol-hexane) 
1195 H-NMR (CDC1): 81.42 (6H, s), 2.16 (3H, s), 2.22 
(3H, s), 2.37 (3H, s), 2.85-3.65 (8H, m), 3.78 (3H, s), 4.85 
(1H, s), 5.30 (1H, s), 6.86 (2H, d, J=9.0 Hz), 6.94 (2H, d, 
J=9.0 Hz). 

Reference Example 29 
5-4-(4-methoxyphenyl)piperazin-1-yl)-2.2,6,7-tet 
ramethyl-4-(1-methylethyl)-1-benzofuran-3(2H)-one 

1196 Toluene (5 mL) and chlorotris(triphenyl phosphine) 
rhodium (1) (60 mol%) were added to a solution of methanol 
(5 mL) containing 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
2.2,6,7-tetramethyl-4-(1-methylethyl)-1-benzofuran-3 (2H)- 
one (130 mg, 0.309 mmol) synthesized in Reference Example 
28, and the mixture was stirred under hydrogen atmosphere at 
room temperature for 40 hours. Water was added to the mix 
ture, and extraction was performed using ethyl acetate. It was 
dried using anhydrous magnesium sulfate. After that, the 
Solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate 100:0 to 90:10) to give 97.0 
mg of the title compound (yield: 74%). 
1197 Melting point: 152-153° C. (hexane) 
1198 H-NMR (CDC1): 81.38 (6H, d, J–7.2 Hz), 1.42 
(6H, s), 2.18 (3H, s), 2.37 (3H, s), 2.95-3.40 (8H, m), 3.70 
3.85 (4H, m), 6.87 (2H, d, J=9.3 Hz), 6.98 (2H, d, J=9.3 Hz). 

Reference Example 30 
5-amino-4-4-(dimethylamino)phenyl-2.2,6,7-tet 

ramethyl-1-benzofuran-3(2H)-one 

1199 5.39 g of the title compound was obtained in the 
same manner as described for Reference Example 22 using 
5-amino-4-bromo-2,2,6,7-tetramethyl-1-benzofuran-3 (2H)- 
one (6.19 g, 21.8 mmol) synthesized in Reference Example 
21 and 4-(dimethylamino)phenylboric acid (5.40 g, 32.7 
mmol) (yield: 76%). 
1200I 'H-NMR (CDC1): 81.39 (6H, s), 2.23 (3H, s), 2.28 
(3H, s), 3.00 (6H, s), 3.53 (2H, brs), 6.79-6.86 (2H, m), 
7.19-7.26 (2H, m). 

Reference Example 31 
4-4-(dimethylamino)phenyl-5-4-(4-methoxyphe 
nyl)piperazin-1-yl)-2.2,6,7-tetramethyl-1-benzofu 

ran-3 (2H)-one 
1201 1.50 g of the title compound was obtained in the 
same manner as described for Reference Example 23 using 
5-amino-4-4-(dimethylamino)phenyl-2.2,6,7-tetramethyl 
1-benzofuran-3 (2H)-one (5.39 g, 16.6 mmol) synthesized in 
Reference Example 30 (yield: 23%). 
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1202 'H-NMR (CDC1): 81.39 (6H, s), 2.26 (3H, s), 2.41 
(3H, s), 2.71-3.17 (14H, m), 3.75 (3H, s), 6.71-6.89 (6H, m), 
7.05-7.16 (2H, m). 

Reference Example 32 
5-amino-4-furan-3-yl-2.2,6,7-tetramethyl-1-benzofu 

ran-3 (2H)-one 
1203) 1.16 g of the title compound was synthesized in the 
same manner as described for Reference Example 22 using 
5-amino-4-bromo-2,2,6,7-tetramethyl-1-benzofuran-3(2H)- 
one (1.72 g. 6.05 mmol) synthesized in Reference Example 
21 and furan-3-boric acid (1.02 g, 9.08 mmol) (yield: 71%). 
1204 'H-NMR (CDC1): 81.40 (6H, s), 2.23 (3H, s), 2.27 
(3H, s), 3.67 (2H, brs), 6.56(1H, dd, J=0.6, 2.1 Hz), 7.57 (1H, 
dd, J=1.5, 2.1 Hz), 7.62 (1H, dd, J=1.5, 2.1 Hz). 

Reference Example 33 
4-furan-3-yl-5-4-(4-methoxyphenyl)piperazin-1-yl)- 

2.2,6,7-tetramethyl-1-benzofuran-3 (2H)-one 
1205 530 mg of the title compound was synthesized in the 
same manner as described for Reference Example 23 using 
5-amino-4-furan-3-yl-2.2,6,7-tetramethyl-1-benzofuran-3 
(2H)-one (1.08 g, 3.98 mmol) synthesized in Reference 
Example 32 (yield: 30%). 
1206 H-NMR (CDC1): 81.41 (6H, s), 2.26 (3H, s), 2.40 
(3H, s), 2.83-3.05 (6H, m), 3.09-3.21 (2H, m), 3.77 (3H, s), 
6.46 (1H, dd, J=0.9, 1.8 Hz), 6.78-6.92 (4H, m), 7.44 (1H, dd, 
J=0.9, 1.5 Hz), 7.52 (1H, dd, J=1.5, 1.8 Hz). 

Reference Example 34 
2-methyl-2-(2,3,5-trimethylphenoxy)propanoic acid 

1207 145g of the title compound was synthesized in the 
same manner as described for Reference Example 16 using 
2,3,5-trimethylphenol (138 g, 1.01 mol) (yield: 64%). 
1208. 'H-NMR (CDC1): 81.59 (6H, s), 2.12 (3H, s), 2.23 
(3H, s), 2.24 (3H, s), 6.54 (1H, s), 6.72 (1H, s). 

Reference Example 35 
2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one 

1209 Polyphosphoric acid (1.5 kg) was added to 2-me 
thyl-2-(2,3,5-trimethylphenoxy)propanoic acid (226 g, 1.02 
mol) synthesized in Reference Example 34, and the mixture 
was stirred at 70° C. After reaction for 2 hours, the resulting 
mixture was poured into iced water and extracted using ethyl 
acetate. The extract was washed with 0.5N sodium hydroxide 
aqueous Solution and saturated Saline, and dried using anhy 
drous magnesium sulfate. The solvent was removed under 
reduced pressure. Methanol was added to the residue, and the 
generated crystals were collected by filtration to give 164 g of 
the title compound (yield: 79%). 
1210 'H-NMR (CDC1): 81.44 (6H, s), 2.16 (3H, s), 2.30 
(3H, s), 2.51 (3H, s), 6.63 (1H, s). 

Reference Example 36 
5-bromo-2,2,4,6,7-pentamethyl-1-benzofuran-3 (2H)- 

O 

1211 Bromine (12.3 mL. 241 mmol) was added dropwise 
to a solution of acetic acid (400 mL) containing 2,2,4,6,7- 
pentamethyl-1-benzofuran-3(2H)-one (40.9 g, 200 mmol) 
synthesized in Reference Example 35, and then it was stirred 
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at room temperature. After stirring for 1 hour, the reaction 
Solution was poured into 5% aqueous solution of Sodium 
sulfite. The generated crystals were collected by filtration, 
and recrystallized from methanol to give 47.4 g of the title 
compound (yield: 84%). 
1212 'H-NMR (CDC1): 81.44 (6H, s), 2.26 (3H, s), 2.47 
(3H, s), 2.66 (3H, s). 

Reference Example 37 
2,2,4,6,7-pentamethyl-5-4-(4-methylphenyl)piper 

azin-1-yl)-1-benzofuran-3 (2H)-one 
1213 970 mg of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
5-bromo-2,2,4,6,7-pentamethyl-1-benzofuran-3 (2H)-one 
(2.00 g, 7.06 mmol) synthesized in Reference Example 36 
and 1-(4-methylphenyl)piperazine (2.49 g, 14.1 mmol) 
(yield: 36%). 
1214 'H-NMR (CDC1): 81.43 (6H, s), 2.18 (3H, s), 2.29 
(3H, s), 2.35 (3H, s), 2.60 (3H, s), 3.07-3.21 (4H, m), 3.25 
3.42 (4H, m), 6.87-6.95 (2H, m), 7.06-7.14 (2H, m). 

Reference Example 38 
5-3-(4-methoxyphenyl)-4-methylpiperazin-1-yl)-2, 

2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one 
1215 2.41 g of the title compound was synthesized as a 
diastereomer mixture (3:2) in the same manner as described 
for Reference Example 19 using 5-bromo-2,2,4,6,7-pentam 
ethyl-1-benzofuran-3 (2H)-one (2.27 g, 8.02 mmol) synthe 
sized in Reference Example 36 and 2-(4-methoxyphenyl)-1- 
methylpiperazine (3.31 g, 16.0, mmol) (yield: 74%). 
1216) 'H-NMR (CDC1): 81.30-1.49 (6H, m), 2.07-2.14 
(4.2H, m), 2.18 (1.8H, s), 2.26 (1.2H, s), 2.41 (1.8H, s), 
2.44-2.60 (2.8H, m), 2.63 (1.2H, s), 2.67-2.89 (2H, m), 2.91 
3.01 (1H, m), 3.03-3.17 (1H, m), 3.21-3.43 (1H, m), 3.52-3. 
73 (1H, m), 3.80 (3H, s), 6.81-6.91 (2H, m), 7.22-7.34 (2H, 
m). 

Reference Example 39 
5-3-(3,4-dimethoxyphenyl)-4-methylpiperazin-1- 
yl)-2,2,4,6,7-pentamethyl-1-benzofuran-3 (2H)-one 

1217 794 mg of the title compound was obtained as a 
diastereomer mixture (3:2) in the same manner as described 
for Reference Example 19 using 5-bromo-2,2,4,6,7-pentam 
ethyl-1-benzofuran-3 (2H)-one (991 mg, 3.50 mmol) synthe 
sized in Reference Example 36 and 2-(3,4-dimethoxyphe 
nyl)-1-methylpiperazine (1.65 g, 7.00 mmol) (yield: 52%). 
1218 H-NMR (CDC1): 81.35-148 (6H, m), 2.13 (4.2H, 
m), 2.18 (1.8H, s), 2.27 (1.2H, s), 2.42 (1.8H, s), 2.46-2.61 
(4.2H, m), 2.70-2.89 (2H, m), 2.93-3.02 (1H, m), 3.04-3.16 
(1H, m), 3.24-3.44 (1H, m), 3.53-3.73 (1H, m), 3.87 (3H, s), 
3.91 (3H, s), 6.77-6.84 (1H, m), 6.85-6.97 (2H, m). 

Reference Example 40 
5-2-(4-methoxyphenyl)morpholine-4-yl)-2,2,4,6,7- 

pentamethyl-1-benzofuran-3(2H)-one 
1219 621 mg of the title compound was obtained as a 
diastereomer mixture (3:2) in the same manner as described 
for Reference Example 19 using 5-bromo-2,2,4,6,7-pentam 
ethyl-1-benzofuran-3 (2H)-one (708 mg, 2.50 mmol) synthe 
sized in Reference Example 36 and 2-(4-methoxyphenyl) 
morpholine (966 mg, 5.00 mmol) (yield: 63%). 
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1220 H-NMR (CDC1): 81.34-1.48 (6H, m), 2.14 (1.2H, 
s), 2.20 (1.8H, s), 2.26 (1.2H, s), 2.45 (1.8H, s), 2.56 (1.8H, s), 
2.63-2.76 (2.2H, m) 2.79-2.96 (1H, m), 3.25-3.45 (1H, m), 
3.45-3.67 (1H, m), 3.80 (3H, s), 3.89-4.13 (2H, m), 4.57-4.68 
(1H, m), 6.81-6.93 (2H, m), 7.27-7.35 (2H, m). 

Reference Example 41 
5-(2-benzylmorpholine-4-yl)-2,2,4,6,7-pentamethyl 

1-benzofuran-3 (2H)-one 
1221 748 mg of the title compound was obtained as a 
diastereomer mixture (3:2) in the same manner as described 
for Reference Example 19 using 5-bromo-2,2,4,6,7-pentam 
ethyl-1-benzofuran-3 (2H)-one (708 mg, 2.50 mmol) synthe 
sized in Reference Example 36 and 2-benzylmorpholine 
(1.22g, 5.01 mmol) (yield: 79%). 
1222 'H-NMR (CDC1): 81.35-1.48 (6H, m), 2.08-2.19 
(3H, m), 2.24-2.33 (3H, m), 2.51 (1.2H, s), 2.57 (1.8H, s), 
2.60-2.73 (3H, m), 2.89-3.01 (1H, m), 3.06–3.26 (1H, m), 
3.36-3.56 (1H, m), 3.71-3.99 (3H, m), 7.14-7.33 (5H, m). 

Reference Example 42 
5-4-(4-methoxyphenyl)piperazin-1-yl)-2,2,4,6,7- 

pentamethyl-1-benzofuran-3 (2H)-one 
1223 16.1 g of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
5-bromo-2,2,4,6,7-pentamethyl-1-benzofuran-3 (2H)-one 
(19.0 g. 67.1 mmol) synthesized in Reference Example 36 
and 1-(4-methoxyphenyl)piperazine (38.7 g, 201 mmol) 
(yield: 61%). 
1224 'H-NMR (CDC1): 81.43 (6H, s), 2.18 (3H, s), 2.35 
(3H, s), 2.61 (3H, s), 3.04-3.29 (6H, m), 3.31-3.42 (2H, m), 
3.79 (3H, s), 6.83-6.91 (2H, m), 6.93-7.01 (2H, m). 

Reference Example 43 
(2,3,5-trimethylphenoxy)acetic acid 

1225 28.7 g of the title compound was obtained in the 
same manner as described for Reference Example 16 using 
2,3,5-trimethylphenol (25.0 g, 184 mmol) (yield: 84%). 
1226) "H-NMR (CDC1): 82.16 (3H, s), 2.24 (3H, s), 2.27 
(3H, s), 4.66 (2H, s), 6.45 (1H, s), 6.69 (1H, s). 

Reference Example 44 
4,6,7-trimethyl-1-benzofuran-3(2H)-one 

1227 20.7 g of the title compound was obtained in the 
same manner as described for Reference Example 17 using 
(2,3,5-trimethylphenoxy)acetic acid (28.7g, 148 mmol) syn 
thesized in Reference Example 43 (yield: 79%). 
1228 'H-NMR (CDC1): 82.17 (3H, s), 2.30 (3H, s), 2.52 
(3H, s), 4.58 (2H, s), 6.64 (1H, s). 

Reference Example 45 
5-bromo-4,6,7-trimethyl-1-benzofuran-3(2H)-one 

1229 N-bromosuccinimide (27.1 g, 152mmol) was added 
to a solution of methylene chloride (200 mL) containing 
4,6,7-trimethyl-1-benzofuran-3 (2H)-one (20.7g, 117 mmol) 
synthesized in Reference Example 44, and the mixture was 
stirred at room temperature for 24 hours. After that, the sol 
vent was removed under reduced pressure, and water was 
added to the residue. The generated crystals were collected by 
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filtration, and recrystallized from ethyl acetate to give 24.0 g 
of the title compound (yield: 80%). 
1230 H-NMR (CDC1): 82.27 (3H, s), 2.47 (3H, s), 2.67 
(3H, s), 4.61 (2H, s). 

Reference Example 46 
5-bromo-4,6,7-trimethyl-2',3',5',6'-tetrahydro-3H 

spirol-benzofuran-2,4'-pyran-3-one 

1231 Potassium tert-butoxide (2.63 g, 23.5 mmol) was 
added to a solution of THF (60 mL) containing 5-bromo-46, 
7-trimethyl-1-benzofuran-3(2H)-one (2.00 g, 7.83 mmol) 
synthesized in Reference Example 45 and bis(2-bromoethyl) 
ether (2.72 g, 11.7 mmol), and the mixture was stirred at room 
temperature. After stirring for 15 hours, the reaction solution 
was poured into a saturated ammonium chloride aqueous 
Solution and extracted using ethyl acetate. The extract was 
washed with Saturated Saline, and dried using anhydrous 
magnesium sulfate. The solvent was removed under reduced 
pressure, and the obtained residue was purified by Silica gel 
column chromatography (hexane-ethyl acetate 98.2 to 92:8) 
to give 200 mg of the title compound (yield: 8%). 
1232 'H-NMR (CDC1): 81.44-1.55 (2H, m), 2.02-2.18 
(2H, m), 2.30 (3H, s), 2.48 (3H, s), 2.66 (3H, s), 3.80-3.94 
(2H, m), 3.99-4.10 (2H, m). 

Reference Example 47 
5-4-(4-methoxyphenyl)piperazin-1-yl)-4,6,7-trim 
ethyl-2',3',5',6'-tetrahydro-3H-spiro1-benzofuran-2, 

4'-pyran-3-one 
1233 100 mg of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
5-bromo-4,6,7-trimethyl-2',3',5',6'-tetrahydro-3H-spiro 1 
benzofuran-2,4'-pyran-3-one (240 mg. 0.738 mmol) synthe 
sized in Reference Example 46 and 1-(4-methoxyphenyl) 
piperazine (426 mg, 2.21 mmol) (yield: 31%). 
1234 'H-NMR (CDC1): 81.43-1.53 (2H, m), 2.02-2.18 
(2H, m), 2.22 (3H, s), 2.37 (3H, s), 2.61 (3H, s), 3.04-3.42 
(8H, m), 3.79 (3H, s), 3.82-3.94 (2H, m), 3.99-4.09 (2H, m), 
6.83-6.91 (2H, m), 6.93-7.01 (2H, m). 

Reference Example 48 
5-bromo-4,6,7-trimethyl-3H-spiro 1-benzofuran-2, 

1'-cyclopentane-3-one 
1235 430 mg of the title compound was synthesized in the 
same manner as described for Reference Example 45 using 
5-bromo-4,6,7-trimethyl-1-benzofuran-3(2H)-one (1.00 g, 
3.92 mmol) synthesized in Reference Example 45 and 1,4- 
dibromobutane (1.27 g, 5.88 mmol) (yield: 35%): 
1236 'H-NMR (CDC1): 81.81-2.14 (8H, m), 2.25 (3H, 

s), 2.46 (3H, s), 2.67 (3H, s). 

Reference Example 49 
5-4-(4-methoxyphenyl)piperazin-1-yl)-4,6,7-trim 
ethyl-3H-spiro 1-benzofuran-2,1'-cyclopentane-3- 

O 

1237 180 mg of the title compound was obtained in the 
same manner as described for Reference Example 19 using 
5-bromo-4,6,7-trimethyl-3H-spiro 1-benzofuran-2,1'-cyclo 
pentane-3-one (400 mg, 1.29 mmol) synthesized in Refer 
ence Example 48 and 1-(4-methoxyphenyl)piperazine (652 
mg, 3.39 mmol) (yield: 33%). 



US 2012/0232095 A1 

1238 H-NMR (CDC1): 81.81-2.11 (8H, m), 2.17 (3H, 
s), 2.35 (3H, s), 2.62 (3H, s), 3.04-3.42 (8H, m), 3.79 (3H, s), 
6.83-6.91 (2H, m), 6.93-7.01 (2H, m). 

Reference Example 50 
1,2,5-trimethyl-3-(prop-2-en-1-yloxy)benzene 

1239 61.7 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 1 using 2,3,5-trimethylphenol (50.0 g, 368 mmol) 
and allyl bromide (38.1 mL) (yield: 95%). 
1240) "H-NMR (CDC1): 82.13 (3H, s), 2.23 (3H, s), 2:27 
(3H, s), 4.48-4.52 (2H, m), 5.21-5.30 (1H, m), 5.38–5.47 (1H, 
m), 6.00-6.15 (1H, m), 6.53 (1H, s), 6.61 (1H, s). 

Reference Example 51 
2,3,5-trimethyl-6-prop-2-en-1-ylphenol 

1241 52.0 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 2 using 1,2,5-trimethyl-3-(prop-2-en-1-yloxy)ben 
Zene (61.7g, 351 mmol) synthesized in Reference Example 
50 (yield: 84%). 
1242 'H-NMR (CDC1): 82.14 (3H, s), 2.23 (3H, s), 2.24 
(3H, s), 3.41 (2H, dt, J=5.8, 1.6 Hz), 4.86 (1H, s), 5.03-5.14 
(2H, m), 5.89-6.05 (1H, m), 6.63 (1H, s). 

Reference Example 52 
2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran 

1243 Concentrated hydrochloric acid (130 mL) was 
added to a solution of ethanol (520 mL) containing 2,3,5- 
trimethyl-6-prop-2-en-1-ylphenol (52.0 g, 295 mmol) syn 
thesized in Reference Example 51, and the mixture was 
heated to reflux for 16 hours. The reaction solution was neu 
tralized with a sodium hydrogencarbonate aqueous solution, 
and then the mixture was extracted using ethyl acetate. The 
organic layer was washed with Saturated Saline, and then 
dried using anhydrous magnesium sulfate. The solvent was 
removed under reduced pressure, and the obtained residue 
was purified by silica gel column chromatography (hexane 
ethyl acetate 95:5) to give 35.7 g of the title compound as an 
oily product (yield: 69%). 
1244. H-NMR (CDC1): 81.49 (3H, d, J=6.3 Hz), 2.11 
(3H, s), 2.18 (3H, s), 2.22 (31-1, s), 2.71 (1H, dd, J=15.1, 7.7 
Hz), 3.22 (1H, dd, J=15.1, 8.8 Hz), 4.85-5.00 (1H, m), 6.50 
(1H, s). 

Reference Example 53 
5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofu 

al 

1245 43.4 g of the title compound was obtained in the 
same manner as described for Reference Example 4 using 
2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran (35.7 g. 203 
mmol) synthesized in Reference Example 52 (yield: 84%). 
1246 H-NMR (CDC1): 81.47 (3H, d, J=6.3 Hz), 2.17 
(3H, s), 2.28 (3H, s), 2.35 (3H, s), 2.77 (1H, dd, J=15.1, 7.7 
HZ), 3.28 (1H, dd, J=15.1, 8.8 Hz), 4.84-4.97 (1H, m). 

Reference Example 54 
(2R)-5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1- 

benzofuran and (2S)-5-bromo-2,4,6,7-tetramethyl-2, 
3-dihydro-1-benzofuran 

1247 5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-benzo 
furan (13.5 g) obtained in Reference Example 53 was frac 
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tionated using high-performance liquid chromatography 
(column: CHIRALCELOD manufactured by Daicel Chemi 
cal Industries, Ltd., mobile phase: hexane). The fraction solu 
tion comprising an optically-active Substance having a 
shorter retention time was concentrated to give 5.76 g of 
(R)-form as a solid (>99.9% ee. Specific optical rotation 
Ol' +14.6° (c=0.52, chloroform)). Further, the fraction 
Solution comprising an optically-active Substance having a 
longer retention time was concentrated to give 6.55 g of 
(S)-form as a solid (>99.9% ee. Specific optical rotation 
C.'--16.5° (c=0.52, chloroform)). 

Reference Example 55 
tert-butyl 4-(2,4,6,7-tetramethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)piperazine-1-carboxylate 

1248 16.1 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 19 using 5-bromo-2,4,6,7-tetramethyl-2,3-dihydro 
1-benzofuran (20.0 g, 78.4 mmol) synthesized in Reference 
Example 53 and tert-butyl piperazine-1-carboxylate (43.7g, 
235 mmol) (yield: 57%). 
1249 'H-NMR (CDC1): 81.46 (3H, d, J=6.4 Hz), 1.49 
(9H, s), 2.08 (3H, s), 2.16 (3H, s), 2.19 (3H, s), 2.69 (1H, dd, 
J=15.1, 7.9 Hz), 2.94-3.09 (4H, m), 3.20 (1H, dd, J=15.1, 8.7 
HZ), 3.40-3.61 (4H, m), 4.81-4.94 (1H, m). 

Reference Example 56 
1-(2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-5- 
yl)piperazine tert-butyl 4-(2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine-1-carboxylate 

(16.1 g, 44.7 mmol) synthesized in Reference 
Example 55 was added to an ethyl acetate solution 
containing 2N hydrogen chloride, and the mixture 
was stirred at 50° C. for 3 hours. The reaction solu 

tion was poured into an aqueous solution of 2N 
Sodium hydroxide, and the mixture was extracted 
using ethyl acetate. The extract was washed with 

saturated Saline, and dried using anhydrous Sodium 
sulfate. After that, the solvent was removed under 

reduced pressure, and the obtained residue was puri 
fied by basic silica gel column chromatography 

(ethyl acetate-methanol 90:10) to give 11.3 g of the 
title compound as an oily product (yield: 97%). 

1250 'H-NMR (CDC1): 81.46 (3H, d, J=6.4 Hz), 2.08 
(3H, s), 2.19 (3H, s), 2.22 (3H, s), 2.69 (1H, dd, J=15.1, 8.0 
Hz), 2.91-3.12 (8H, m), 3.20 (1H, dd, J=15.1, 8.7 Hz), 4.80 
4.94 (1H, m). 

Reference Example 57 
tert-butyl 4-(2,2,4,6,7-pentamethyl-3-oxo-2,3-dihy 
dro-1-benzofuran-5-yl)piperazine-1-carboxylate 

1251 Sodium t-butoxide (13.45 g, 140 mmol) was added 
to a mixture of toluene (300 mL) containing 4-(2,2,4,6,7- 
pentamethyl-3-oxo-2,3-dihydro-1-benzofuran-5-yl)pipera 
zine (28.32g, 100 mmol) synthesized in Reference Example 
36,N-Boc-piperazine (22.35 g, 120 mmol), palladium acetate 
(448 mg, 2 mmol) and BINAP (3.74 g. 6 mmol) at room 
temperature, and the mixture was heated to reflux under argon 
atmosphere. After a reaction for 16 hours, it was cooled to 
room temperature and diluted with ethyl acetate. The organic 
layer was washed with Saturated saline, and then dried using 
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anhydrous sodium sulfate. The solvent was removed under 
reduced pressure. The residue was purified by silica gel chro 
matography (hexane-ethyl acetate 9:1 to 4:1), and recrystal 
lized from hexane to give 20.5g of the title compound (yield: 
53%). 
1252 'H-NMR (CDC1): 81.42 (6H, s), 1.49 (9H, s), 2.17 
(3H, s), 2.31 (3H, s), 2.55 (3H, s), 2.91-2.99 (2H, m), 3.07 
3.16 (2H, m), 3.33-3.42 (2H, m), 3.62-3.71 (2H, m). 

Reference Example 58 
2,2,4,6,7-pentamethyl-5-piperazin-1-yl-1-benzofu 

ran-3 (2H)-one 
1253) 10.32 g of the title compound was synthesized in the 
same manner as described for Reference Example 56 using 
tert-butyl 4-(2,2,4,6,7-pentamethyl-3-oxo-2,3-dihydro-1- 
benzofuran-5-yl)piperazine-1-carboxylate (19.43 g, 50 
mmol) synthesized in Reference Example 57 (yield: 72%). 
1254 'H-NMR (CDC1): 81.42 (6H, s), 2.17 (3H, s), 2.34 
(3H, s), 2.58 (3H, s), 2.89-3.02 (6H, m), 3.08-3.21 (2H, m). 

Reference Example 59 
5-4-(4-methoxy-3-methylphenyl)piperazin-1-yl)-2, 

2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one 

1255 Sodium t-butoxide (999 mg, 10.4 mmol) was added 
to a mixture of toluene (18 mL) containing 2,2,4,6,7-pentam 
ethyl-5-piperazin-1-yl-1-benzofuran-3(2H)-one (1.00 g, 
3.47 mmol) synthesized in Reference Example 58,4-bromo 
2-methylanisole (2.09 g, 10.4 mmol), palladium acetate (39 
mg, 0.174 mmol) and BINAP (325 mg, 0.522 mmol), and the 
mixture was stirred under heated reflux for 15 hours. After 
cooled to room temperature, the reaction Solution was diluted 
with water and extracted using ethyl acetate. The organic 
layer was washed with Saturated saline, and then dried using 
anhydrous magnesium sulfate. The solvent was removed 
under reduced pressure, and the obtained residue was purified 
by silica gel chromatography (hexane-ethyl acetate 95:5 to 
85:15). Crystallization was performed using ethyl acetate 
hexane to give 320 mg of the title compound (yield: 23%). 
1256 Melting point: 129-131° C. 
1257 'H-NMR (CDC1): 81.43 (6H, s), 2.18 (3H, s), 2.22 
(3H, s), 2.35 (3H, s), 2.61 (3H, s), 3.02-3.42 (8H, m), 3.80 
(3H, s), 6.74-6.84 (2H, m), 6.85-6.89 (1H, m). 

Reference Example 60 
tert-butyl 4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 

benzofuran-5-yl)piperazine-1-carboxylate 
1258 4.88 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 57 using 5-bromo-2,2,4,6,7-pentamethyl-2,3-dihy 
dro-1-benzofuran (9.42 g, 35 mmol) synthesized in Refer 
ence Example 4 and tert-butyl piperazine-1-carboxylate 
(7.82g, 42 mmol) (yield: 37%). 
1259 'H-NMR (CDC1): 81.46 (6H, s), 1.48-1.52 (9H, 
m), 2.07 (3H, s), 2.14 (3H, s), 2.20 (3H, s), 2.90 (2H, s), 
2.93-3.12 (4H, m), 3.39-3.50 (2H, m), 3.50-3.62 (2H, m). 

Reference Example 61 
1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 

5-yl)piperazine 
1260 0.85g of the title compound was obtained in the 
same manner as described for Reference Example 56 using 
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tert-butyl 4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofu 
ran-5-yl)piperazine-1-carboxylate (4.87 g. 13.0 mmol) syn 
thesized in Reference Example 60 (yield: 24%). 
1261 H-NMR (DMSO-d6): 81.36 (6H, s), 1.94 (3H, s), 
2.09 (3H, s), 2.11 (3H, s), 2.85 (2 H, s), 2.89-3.12 (8H, m), 
6.25-7.61 (1H, m). 

Reference Example 62 

tert-butyl 4-(2,2,4,6,7-pentamethyl-3-oxo-2,3-dihy 
dro-1-benzofuran-5-yl)-1,4-diazepane-1-carboxylate 

1262 tert-butyl 1,4-diazepane-1-carboxylate (2.50 g. 12.5 
mmol), palladium acetate (70.0 mg, 0.312 mmol), BINAP 
(579 mg, 0.901 mmol) and sodium tert-butoxide (1.79g. 18.6 
mmol) were added to a solution of toluene (20 mL) containing 
5-bromo-2,2,4,6,7-pentamethyl-1-benzofuran-3 (2H)-one 
(1.77 g. 6.25 mmol) synthesized in Reference Example 36, 
and the mixture was heated to reflux under argon atmosphere 
for 29 hours. After cooled to room temperature, the mixture 
was diluted with water and extracted using ethyl acetate. It 
was dried using anhydrous magnesium Sulfate. After that, the 
Solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel column chroma 
tography (hexane-ethylacetate: 100:0 to 95:5) to give 340 mg 
of the title compound (yield: 14%). 
1263 'H-NMR (CDC1): 81.42 (6H, s), 1.49 (9H, d, J=4.2 
Hz), 1.70-190 (2H, m), 2.16 (3H, s), 2.29 (3H, s), 2.52 (3H, 
s), 3.05-3.25 (4H, m), 3.40-3.75 (4H, m). 

Reference Example 63 

5-(1,4-diazepan-1-yl)-2,2,4,6,7-pentamethyl-1-ben 
zofuran-3 (2H)-one 

1264 456 mg of the title compound was synthesized in the 
same manner as described for Reference Example 56 using 
tert-butyl 4-(2,2,4,6,7-pentamethyl-3-oxo-2,3-dihydro-1- 
benzofuran-5-yl)-1,4-diazepane-1-carboxylate (600 mg. 
1.54 mmol) synthesized in Reference Example 62 (yield: 
100%). 
1265. H-NMR (CDC1): 81.42 (6H, s), 1.80-192 (2H, 
m), 2.17 (3H, s), 2.55 (3H, s), 2.95-3.30 (8H, m), 3.78 (3H, s). 

Reference Example 64 

5-4-(4-methoxyphenyl)-1,4-diazepan-1-yl)-2.2.4.6. 
7-pentamethyl-1-benzofuran-3 (2H)-one 

1266 Bis(tri-tert-butylphosphine)palladium (20.0 mg. 
0.0387 mmol) and sodium tert-butoxide (500 mg, 5.16 mmol) 
were added to a solution of o-Xylene (20 mL) containing 
5-(1,4-diazepan-1-yl)-2,2,4,6,7-pentamethyl-1-benzofuran 
3(2H)-one synthesized in Reference Example 63, and the 
mixture was stirred under argon atmosphere at 120°C. for 12 
hours. After cooled to room temperature, the mixture was 
diluted with water and extracted using ethyl acetate. It was 
dried using anhydrous magnesium sulfate. After that, the 
Solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate 100:0 to 90:10) to give 240 
mg of the title compound (yield: 45%). 
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1267 'H-NMR (CDC1): 81.41 (6H, s), 1.85-2.01 (2H, 
m), 2.13 (3H, s), 2.17 (3H, s), 2.45 (3H, s), 3.00-3.30 (4H, m), 
3.56-3.75 (4H, m), 3.77 (3H, s), 6.72 (2H, d, J=9.3 Hz), 6.84 
(2H, d, J=9.3 Hz). 

Reference Example 65 

2-bromo-3,5-dimethylphenol 

1268 N-bromosuccinimide (178 g, 1.00 mmol) was 
slowly added to a solution of toluene (1.0 L) containing 
3,5-dimethylphenol (122g, 1.00 mol) under ice-cooling con 
dition, and then the mixture was warmed to room temperature 
and stirred for 2 hours. The mixture was concentrated under 
reduced pressure, and then the residue was suspended in 
hexane (400 mL) to remove insolubles by filtration. The 
filtrate was concentrated, and the obtained residue was puri 
fied by silica gel column chromatography (hexane-ethyl 
acetate 9:1) to give 61.6 g of the title compound (yield: 31%). 
1269 "H-NMR (CDC1): 82.23 (3H, s), 2.34 (3H, s), 5.51 
(1H, s), 6.60-6.64 (1H, m), 6.66-6.69 (1H, m). 

Reference Example 66 

2-(2-bromo-3,5-dimethylphenoxy)-2-methylpro 
panoic acid 

1270) 8.10 g of the title compound was synthesized in the 
same manner as described for Reference Example 16 using 
2-bromo-3,5-dimethylphenol (7.61 g, 37.8 mmol) synthe 
sized in Reference Example 65 (yield: 75%). 
1271 'H-NMR (CDC1): 81.64 (6H, s), 2.27 (3H, s), 2.39 
(3H, s), 6.73 (1H, s), 6.85 (1H, s). 

Reference Example 67 

7-bromo-2,2,4,6-tetramethyl-1-benzofuran-3 (2H)- 
O 

1272 2.57 g of the title compound was synthesized in the 
same manner as described for Reference Example 17 using 
2-(2-bromo-3,5-dimethylphenoxy)-2-methylpropanoic acid 
(4.00 g, 13.9 mmol) synthesized in Reference Example 66 
(yield: 69%). 
1273 'H-NMR (CDC1): 81.49 (6H, s), 2.45 (3H, s), 2.51 
(3H, s), 6.74 (1H, s). 

Reference Example 68 

7-methoxy-2,2,4,6-tetramethyl-1-benzofuran-3(2H)- 
O 

1274. A mixture of 7-bromo-2,2,4,6-tetramethyl-1-ben 
Zofuran-3 (2H)-one (2.90 g, 10.8 mmol) synthesized in Ref 
erence Example 67, copper bromide (1.86 g. 13.0 mmol) and 
28% sodium methoxide/methanol solution (60 mL) was 
stirred under heated reflux for 15 hours. After cooled to room 
temperature, the reaction solution was poured into water and 
extracted using ethyl acetate. The extract was washed with 
saturated Saline, and dried using anhydrous magnesium Sul 
fate. After that, the solvent was removed under reduced pres 
Sure. The residue was purified by Silica gel column chroma 
tography (hexane-ethyl acetate 99:1 to 94:6) to give 1.18 g of 
the title compound (yield: 50%). 
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1275 H-NMR (CDC1): 81.47 (6H, s), 2.30 (3H, s), 2.49 
(3H, s), 3.92 (3H, s), 6.60 (1H, s). 

Reference Example 69 
7-hydroxy-2,2,4,6-tetramethyl-1-benzofuran-3(2H)- 

O 

1276. A mixture of 7-methoxy-2,2,4,6-tetramethyl-1- 
benzofuran-3(2H)-one (1.10 g, 4.99 mmol) synthesized in 
Reference Example 68, 4.8% hydrobromic acid (20 mL) and 
acetic acid (4 mL) was stirred at 100° C. for 15 hours. The 
reaction Solution was poured into cold Saturated Sodium 
bicarbonate water in ice bath and extracted using ethyl 
acetate. The extract was washed with Saturated saline, and 
dried using anhydrous magnesium Sulfate, followed by con 
centration under reduced pressure. The obtained residue was 
purified by silica gel column chromatography (hexane-ethyl 
acetate 95:5 to 80/20) to give 980 mg of the title compound 
(yield: 95%). 
1277 'H-NMR (CDC1): 81.46 (6H, s), 2.30 (3H, s), 2.47 
(3H, s), 4.88 (1H, s), 6.58 (1H, s). 

Reference Example 70 
7-(methoxymethoxy)-2,2,4,6-tetramethyl-1-benzofu 

ran-3 (2H)-one 
1278 Potassium carbonate (1.23g, 8.92 mmol) and chlo 
romethylmethylether (539 mg, 6.69 mmol) were sequentially 
added to a suspension of DMF (20 mL) containing 7-hy 
droxy-2,2,4,6-tetramethyl-1-benzofuran-3(2H)-one (920 
mg, 4.46 mmol) synthesized in Reference Example 69 at 0° 
C. The reaction solution was warmed to room temperature 
and stirred for 15 hours. The resulting mixture was poured 
into saturated Sodium bicarbonate water, and extraction was 
performed using ethyl acetate. The extract was washed with 
saturated Saline, and dried using anhydrous magnesium Sul 
fate, followed by concentration under reduced pressure. The 
residue was purified by silica gel chromatography (hexane 
ethyl acetate 95:5 to 85/15) to give 920 mg of the title com 
pound (yield: 82%). 
1279 H-NMR (CDC1): 81.45 (6H, s), 2.34 (3H, s), 2.49 
(3H, s), 3.58 (3H, s), 5.21 (2H, s), 6.62 (1H, brs). 

Reference Example 71 
5-bromo-7-(methoxymethoxy)-2,2,4,6-tetramethyl 

1-benzofuran-3 (2H)-one 
1280 990 mg of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
7-(methoxymethoxy)-2,2,4,6-tetramethyl-1-benzofuran-3 
(2H)-one (920 mg, 3.68 mmol) synthesized in Reference 
Example 70 (yield: 82%). 
1281 H-NMR (CDC1): 81.46 (6H, s), 2.49 (3H, s), 2.64 
(3H, s), 3.58 (3H, s), 5.22 (2H, s). 

Reference Example 72 
7-(methoxymethoxy)-5-4-(4-methoxyphenyl)piper 
azin-1-yl)-2,2,4,6-tetramethyl-1-benzofuran-3(2H)- 

O 

1282 800 mg of the title compound was obtained in the 
same manner as described for Reference Example 19 using 
5-bromo-7-(methoxymethoxy)-2,2,4,6-tetramethyl-1-ben 
Zofuran-3(2H)-one (990 mg, 3.01 mmol) synthesized in Ref 
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erence Example 71 and 1-(4-methoxyphenyl)piperazine 
(1.73 g, 9.02 mmol) (yield: 60%). 
1283 H-NMR (CDC1): 81.45 (6H, s), 2.39 (3H, s), 2.58 
(3H, s), 3.03-3.28 (6H, m), 3.29-3.42 (2H, m), 3.60 (3H, s), 
3.79 (3H, s), 5.20 (2H, s), 6.82-6.91 (2H, m), 6.92-7.01 (2H, 
m). 

Reference Example 73 
7-hydroxy-5-4-(4-methoxyphenyl)piperazin-1-yl)-2, 

2,4,6-tetramethyl-1-benzofuran-3 (2H)-one 

1284 Concentrated hydrochloric acid (0.1 mL) was added 
to a solution of ethanol (16 mL) containing 7-(meth 
oxymethoxy)-5-4-(4-methoxyphenyl)piperazin-1-yl)-2.2.4. 
6-tetramethyl-1-benzofuran-3 (2H)-one (800 mg, 1.82 mmol) 
synthesized in Reference Example 72 and the mixture was 
stirred under heated reflux for 24 hours. After that, concen 
trated hydrochloric acid (0.1 mL) was further added thereto, 
and the mixture was stirred under heated reflux for 24 hours. 
The reaction Solution was cooled to room temperature and 
poured into Saturated Sodium bicarbonate water, and extrac 
tion was performed using ethyl acetate. The extract was 
washed with Saturated Saline, and dried using anhydrous 
magnesium sulfate, followed by concentration under reduced 
pressure. The residue was crystallized using ethyl acetate and 
hexane to give 630 mg of the title compound (yield: 87%). 
1285 H-NMR (CDC1): 81.45 (6H, s), 2.35 (3H, s), 2.55 
(3H, s), 3.02-3.42 (8H, m), 3.79 (3H, s), 4.97 (1H, s), 6.82 
6.90 (2H, m), 6.92-7.01 (2H, m). 

Reference Example 74 
7-ethoxy-5-4-(4-methoxyphenyl)piperazin-1-yl)-2, 

2,4,6-tetramethyl-1-benzofuran-3 (2H)-one 

1286 Ethyl iodide (88 mg, 0.567 mmol) was added to a 
suspension of DMF (4 mL) containing 7-hydroxy-5-4-(4- 
methoxyphenyl)piperazin-1-yl)-2,2,4,6-tetramethyl-1-ben 
Zofuran-3 (2H)-one (150 mg, 0.378 mmol) synthesized in 
Reference Example 73 and potassium carbonate (104 mg. 
0.756 mmol) at 0°C. The reaction solution was warmed to 
room temperature and stirred for 15 hours. The resulting 
mixture was poured into water and extraction was performed 
using ethyl acetate. The extract was washed with Saturated 
saline, and dried using anhydrous magnesium sulfate, fol 
lowed by concentration under reduced pressure. The residue 
was purified by silica gel chromatography (hexane-ethyl 
acetate 95:5 to 80/20), and recrystallized from ethyl acetate 
and hexane to give 70 mg of the title compound (yield: 44%). 
1287 Melting point: 109-112°C. 
1288. 'H-NMR (CDC1): 81.39 (3H, t, J=7.2 Hz), 1.45 
(6H, s), 2.35 (3H, s), 2.58 (3H, s), 3.03-3.39 (8H, m), 3.79 
(3H, s), 4.13 (2H, q, J=7.2 Hz), 6.80-6.90 (2H, m), 6.91-7.01 
(2H, m). 

Reference Example 75 

5-bromo-7-methoxy-2,2,4,6-tetramethyl-1-benzofu 
ran-3 (2H)-one 

1289) 190 mg of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
7-methoxy-2,2,4,6-tetramethyl-1-benzofuran-3(2H)-one 
(200 mg 0.908 mmol) synthesized in Reference Example 68 
(yield: 70%). 
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1290 H-NMR (CDC1): 81.47 (6H, s), 2.44 (3H, s), 2.63 
(3H, s), 3.92 (3H, s). 

Reference Example 76 
7-methoxy-5-4-(4-methoxyphenyl)piperazin-1-yl)- 

2.2.4.6-tetramethyl-1-benzofuran-3 (2H)-one 
1291 90 mg of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
5-bromo-7-methoxy-2,2,4,6-tetramethyl-1-benzofuran-3 
(2H)-one (190 mg, 0.635 mmol) synthesized in Reference 
Example 75 and 1-(4-methoxyphenyl)piperazine (366 mg, 
1.91 mmol) (yield: 35%). 
1292 Melting point: 125-127°C. (ethyl acetate-hexane) 
1293 'H-NMR (CDC1): 81.46 (6H, s), 2.35 (3H, s), 2.58 
(3H, s), 3.03-3.41 (8H, m), 3.79 (3H, s), 3.91 (3H, s), 6.81 
6.90 (2H, m), 6.91-7.00 (2H, m). 

Reference Example 77 
2-bromo-1,5-dimethyl-3-(prop-2-en-1-yloxy)ben 

Zee 

1294 40.4 g of the title compound was obtained in the 
same manner as described for Reference Example 1 using 
2-bromo-3,5-dimethylphenol (35.0 g, 174 mmol) synthe 
sized in Reference Example 65 and allyl bromide (18.1 mL, 
209 mmol) (yield: 96%). 
1295 H-NMR (CDC1): 82.27 (3H, s), 2.37 (3H, s), 4.57 
(2H, dt, J–4.9, 1.7 Hz), 5.26-5.33 (1H, m), 5.45-5.54 (1H, m), 
6.00-6.14 (1H, m), 6.53-6.57 (1H, m), 6.67-6.71 (1H, m). 

Reference Example 78 
2-bromo-3,5-dimethyl-6-prop-2-en-1-ylphenol 

1296 24.4 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 2 using 2-bromo-1,5-dimethyl-3-(prop-2-en-1- 
yloxy)benzene (40.4g, 168 mmol) synthesized in Reference 
Example 77 (yield: 60%). 
1297 'H-NMR (CDC1): 82.23 (3H, s), 2.34 (3H, s), 3.45 
(2H, dt, J=6.0, 1.6 Hz), 4.92-5.04 (2H, m), 5.64 (1H, s), 
5.86-6.00 (1H, m), 6.67 (1H, s). 

Reference Example 79 
7-bromo-2,4,6-trimethyl-2,3-dihydro-1-benzofuran 

1298 22.8g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 52 using 2-bromo-3,5-dimethyl-6-prop-2-en-1- 
ylphenol (24.1 g, 100 mmol) synthesized in Reference 
Example 78 (yield: 95%). 
|1299) 'H-NMR (CDC1): 81.52 (3H, d, J=6.3 Hz), 2.16 
(3H, s), 2.33 (3H, s), 2.79 (1H, dd, J=15.3, 7.6 Hz), 3.31 (1H, 
dd, J=15.3, 8.8 Hz), 4.96-5.10 (1H, m), 6.56 (1H, s). 

Reference Example 80 
7-methoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofu 

al 

1300. A mixture of 7-bromo-2,4,6-trimethyl-2,3-dihydro 
1-benzofuran (10.0 g, 41.5 mmol) synthesized in Reference 
Example 79, copper iodide (I) (7.88 g., 41.5 mmol), 28% 
sodium methoxide/methanol solution (41.5 mL) and DMF 
(20.7 mL) was stirred at 120° C. for 2 hours. After cooled,3N 
hydrochloric acid was added to the reaction solution to be 
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neutralized, and it was diluted with ethyl acetate. Insolubles 
were removed by Celite filtration, and the obtained filtrate 
was washed with water and Saturated Saline. The organic 
layer was dried using magnesium Sulfate, and then the solvent 
was removed under reduced pressure. The obtained residue 
was purified by silica gel column chromatography (hexane 
ethyl acetate 94:6) to give 5.5 g of the title compound as an 
oily product (yield: 69%). 
1301 'H-NMR (CDC1): 81.48 (3H, d, J=6.0 Hz), 2.14 
(3H, s), 2.20 (3H, s), 2.68 (1H, dd, J=15.2, 7.5 Hz), 3.20 (1H, 
dd, J=15.2,9.0Hz), 3.83 (3H, s), 4.91-5.03 (1H, m), 6.45 (1H, 
S). 

Reference Example 81 
7-ethoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofuran 

1302 4.74 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 80 using 7-bromo-2,4,6-trimethyl-2,3-dihydro-1- 
benzofuran (7.23 g, 30.0 mmol) synthesized in Reference 
Example 79 and 28% sodium ethoxide/ethanol solution (30 
mL) (yield: 77%). 
1303 "H-NMR (CDC1): 81.33 (3H, t, J=7.2 Hz), 1.46 
(3H, d. J=6.0 Hz), 2.14 (3H, s), 2.20 (3H, s), 2.67 (1H, dd, 
J=15.3, 7.3 Hz), 3.19 (1H, dd, J=15.3, 8.7 Hz), 4.07 (2H, q, 
J–7.2 Hz), 4.88-5.03 (1H, m), 6.45 (1H, s). 

Reference Example 82 
2,4,6-trimethyl-7-(1-methylethoxy)-2,3-dihydro-1- 

benzofuran 

1304 1.38g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 80 using 7-bromo-2,4,6-trimethyl-2,3-dihydro-1- 
benzofuran (2.41 g, 10.0 mmol) synthesized in Reference 
Example 79 and 1.67M sodium isopropoxide/isopropanol 
solution (30 mL) (yield: 63%). 
1305 H-NMR (CDC1): 81.28 (3H, d, J=6.2 Hz), 1.29 
(3H, d, J=6.2 Hz), 1.47 (3H, d, J=6.3 Hz), 2.15 (3H, s), 2.20 
(3H, s), 2.68 (1H, dd, J=15.0, 7.1 Hz), 3.20 (1H, dd, J=15.0, 
8.8 Hz), 4.50 (1H, spt, J–6.2 Hz), 4.87-5.02 (1H, m), 6.45 
(1H, s). 

Reference Example 83 
5-bromo-7-methoxy-2,4,6-trimethyl-2,3-dihydro-1- 

benzofuran 

1306 6.2 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 4 using 7-methoxy-2,4,6-trimethyl-2,3-dihydro-1- 
benzofuran (5.50 g, 28.6 mmol) synthesized in Reference 
Example 80 (yield: 80%). 
1307 'H-NMR (CDC1): 81.48 (3H, d, J=6.4 Hz), 2.24 
(3H, s), 2.32 (3H, s), 2.76 (1H, dd, J=15.3, 7.4 Hz), 3.28 (1H, 
dd, J=15.3, 8.9 Hz), 3.82 (3H, s), 4.91-5.04 (1H, m). 

Reference Example 84 
5-bromo-7-ethoxy-2,4,6-trimethyl-2,3-dihydro-1- 

benzofuran 

1308 6.1 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 4 using 7-ethoxy-2,4,6-trimethyl-2,3-dihydro-1- 
benzofuran (4.70 g. 22.8 mmol) synthesized in Reference 
Example 81 (yield: 94%). 
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1309 'H-NMR (CDC1): 81.34 (3H, t, J=7.1 Hz), 1.46 
(3H, d. J=6.4 Hz), 2.24 (3H, s), 2.32 (3H, s), 2.75 (1H, dd, 
J=15.3, 7.3 Hz), 3.27 (1H, dd, J=15.3, 8.9 Hz), 4.05 (2H, q, 
J=7.1 Hz), 4.88-5.03 (1H, m). 

Reference Example 85 

5-bromo-2,4,6-trimethyl-7-(1-methylethoxy)-2,3- 
dihydro-1-benzofuran 

1310 1.52 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 4 using 2,4,6-trimethyl-7-(1-methylethoxy)-2,3-di 
hydro-1-benzofuran (1.20 g, 5.45 mmol) synthesized in Ref 
erence Example 82 (yield: 93%). 
|1311 H-NMR (CDC1): 81.26 (3H, d, J=6.3 Hz), 1.27 
(3H, d, J=6.3 Hz), 1.45 (3H, d, J=6.4 Hz), 2.24 (3H, s), 2.31 
(3H, s), 2.75 (1H, dd, J=15.3, 7.3 Hz), 3.26 (1H, dd, J=15.3, 
8.9 Hz), 4.48 (1H, spt, J=6.3 Hz), 4.87-5.00 (1H, m). 

Reference Example 86 

tert-butyl 4-(7-methoxy-2,4,6-trimethyl-2,3-dihydro 
1-benzofuran-5-yl)piperazine-1-carboxylate 

1312. 3.26 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 19 using 5-bromo-7-methoxy-2,4,6-trimethyl-2,3- 
dihydro-1-benzofuran (3.0 g, 11.1 mmol) synthesized in Ref 
erence Example 83 and tert-butyl piperazine-1-carboxylate 
(4.11 g, 22.1 mmol) (yield: 78%). 
1313 'H-NMR (CDC1): 81.45-1.50 (12H, m), 2.14 (3H, 
s), 2.20 (3H, s), 2.69 (1H, dd, J=15.3, 7.7 Hz), 2.98-3.05 (4H, 
m), 3.20 (1H, dd, J=15.3, 8.9 Hz), 3.42-3.57 (4H, m), 3.81 
(3H, s), 4.88-5.01 (1H, m). 

Reference Example 87 

tert-butyl 4-(7-ethoxy-2,4,6-trimethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine-1-carboxylate 

1314 3.86 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 19 using 5-bromo-7-ethoxy-2,4,6-trimethyl-2,3-di 
hydro-1-benzofuran (4.0 g, 14.0 mmol) synthesized in Ref 
erence Example 84 and tert-butyl piperazine-1-carboxylate 
(5.21 g, 28.0 mmol) (yield: 71%). 
1315) 'H-NMR (CDC1): 81.33 (3H, t, J–7.0 Hz), 1.46 
(3H, d. J=6.0Hz), 1.49 (9H, s), 2.14 (3H, s), 2.19 (3H, s), 2.68 
(1H, dd, J=15.2, 7.5 Hz), 2.96-3.07 (4H, m), 3.19 (1H, dd, 
J=15.2, 8.9 Hz), 3.42-3.58 (4H, m), 4.04 (2H, q, J–7.0 Hz), 
4.85-4.99 (1H, m). 

Reference Example 88 

1-(7-methoxy-2,4,6-trimethyl-2,3-dihydro-1-benzo 
furan-5-yl)piperazine 

1316 2.35 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 56 using tert-butyl 4-(7-methoxy-2,4,6-trimethyl-2, 
3-dihydro-1-benzofuran-5-yl)piperazine-1-carboxylate 
(3.26 g, 8.67 mmol) synthesized in Reference Example 86 
(yield: 98%). 
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1317 H-NMR (CDC1): 81.48 (3H, d, J=6.0 Hz), 2.17 
(3H, s), 2.23 (3H, s), 2.69(1H, dd, J=15.2, 7.7 Hz), 2.88-3.10 
(8H, m), 3.20(1H, dd, J=15.2,9.0Hz), 3.81 (3H, s), 4.88-5.00 
(1H, m). 

Reference Example 89 
1-(7-ethoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofu 

ran-5-yl)piperazine 

1318 2.8g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 56 using tert-butyl 4-(7-ethoxy-2,4,6-trimethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine-1-carboxy late (3.80 
g, 9.74 mmol) synthesized in Reference Example 87 (yield: 
100%). 
1319 'H-NMR (CDC1): 81.34 (3H, t, J=6.9 Hz), 1.46 
(3H, d. J=6.4 Hz), 2.17 (3H, s), 2.22 (3H, s), 2.68 (1H, dd, 
J=15.1, 7.5 Hz), 2.91-3.08 (8H, m), 3.19 (1H, dd, J=15.1, 8.7 
Hz), 4.04 (2H, q, J=6.9 Hz), 4.85-4.99 (1H, m). 

Reference Example 90 
2-bromo-1,5-dimethyl-3-(2-methylprop-2-en-1-yl) 

oxybenzene 

1320 43.4 g of the title compound was synthesized in the 
same manner as described for Reference Example 1 using 
2-bromo-3,5-dimethylphenol (35.6 g. 176 mmol) synthe 
sized in Reference Example 65 (yield: 97%). 
1321 'H-NMR (CDC1): 81.86 (3H, s), 2.27 (3H, s), 2.37 
(3H, s), 4.46 (2H, s), 4.98-5.02 (1H, m), 5.15-5.20 (1H, m), 
6.50-6.57 (1H, m), 6.65-6.72 (1H, m). 

Reference Example 91 
2-bromo-3,5-dimethyl-6-(2-methylprop-2-en-1-yl) 

phenol 

1322 38.1 g of the title compound was synthesized in the 
same manner as described for Reference Example 2 using 
2-bromo-1,5-dimethyl-3-(2-methylprop-2-en-1-yl)oxy 
benzene (43.4 g. 170 mmol) synthesized in Reference 
Example 90 (yield: 88%). 
1323 'H-NMR (CDC1): 81.96 (3H, s), 2.12 (3H, s), 2.32 
(3H, s), 2.99 (2H, s), 5.56-5.67 (1H, m), 5.90-6.01 (1H, m), 
6.55 (1H, s). 

Reference Example 92 
7-bromo-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofu 

al 

1324, 26.0 g of the title compound was synthesized in the 
same manner as described for Reference Example 52 using 
2-bromo-3,5-dimethyl-6-(2-methylprop-2-en-1-yl)phenol 
(38.1 g, 149 mmol) synthesized in Reference Example 91 
(yield: 68%). 
1325 H-NMR (CDC1): 81.52 (6H, s), 2.13 (3H, s), 2.31 
(3H, s), 2.98 (2H, s), 6.55 (1H, s). 

Reference Example 93 
7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzo 

furan 

1326 10.3 g of the title compound was synthesized in the 
same manner as described for Reference Example 80 using 
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7-bromo-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran 
(15.0 g, 58.8 mmol) synthesized in Reference Example 92 
(yield: 85%). 
1327 Further, by using 2-methoxy-3,5-dimethylphenol 
(7.60 g, 41.7 mmol), synthesis was also performed according 
to the following method. That is, to a solution of n-heptane 
(76 mL) containing 2-methoxy-3,5-dimethylphenol (7.60 g, 
41.7 mmol) and isobutyl aldehyde (5.71 mL, 62.6 mmol), 
trifluoromethanesulfonic acid (1.85 mL, 20.9 mmol) was 
added dropwise, and the mixture was stirred at 55° C. for 2.5 
hours. After cooled to room temperature, the reaction Solution 
was washed with water and dried using anhydrous magne 
sium sulfate, and then the solvent was removed under reduced 
pressure. The obtained residue was purified by basic silica gel 
chromatography (hexane-ethyl acetate 100:0) and silica gel 
chromatography (hexane-ethyl acetate 100:0-95:5) to give 
8.70 g of the title compound (yield 100%). 
1328 H-NMR (CDC1): 81.49 (6H, s), 2.12 (3H, s), 2.20 
(3H, s), 2.89 (2H, s), 3.82 (3H, s), 6.44 (1H, s). 

Reference Example 94 
5-bromo-7-methoxy-2,2,4,6-tetramethyl-2,3-dihy 

dro-1-benzofuran 

1329 13.8g of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran 
(10.3 g, 50.0 mmol) synthesized in Reference Example 93 
(yield: 97%). 
1330 H-NMR (CDC1): 81.50 (6H, s), 2.23 (3H, s), 2.32 
(3H, s), 2.76 (2H, s), 3.80 (3H, s). 

Reference Example 95 
tert-butyl 4-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine-1-carboxylate 

1331 3.97g of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
5-bromo-7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1- 
benzofuran (3.74 g. 13.1 mmol) synthesized in Reference 
Example 94 and tert-butyl piperazine-1-carboxylate (4.88 g. 
26.2 mmol) (yield: 78%). 
1332 'H-NMR (CDC1): 81.49 (15H, s), 2.12 (3H, s), 
2.20 (3H, s), 2.89 (2H, s), 2.95-3.07 (4H, m), 3.40-3.57 (4H, 
m), 3.80 (3H, s). 

Reference Example 96 
1-(7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1- 

benzofuran-5-yl)piperazine 
1333 2.48g of the title compound was synthesized in the 
same manner as described for Reference Example 56 using 
tert-butyl 4-(7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine-1-carboxylate (3.97 g. 10.2 
mmol) synthesized in Reference Example 95 (yield: 84%). 
1334 'H-NMR (CDC1): 81.49 (6H, s), 2.15 (3H, s), 2.22 
(3H, s), 2.89 (2H, s), 2.90-2.97 (4H, m), 3.00-3.10 (4H, m), 
3.80 (3H, s). 

Reference Example 97 
7-ethoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofu 

al 

1335 4.05 g of the title compound was synthesized in the 
same manner as described for Reference Example 80 using 
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7-bromo-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran 
(5.00 g, 19.6 mmol) synthesized in Reference Example 92 
and 20% sodium ethoxide/ethanol solution (yield: 94%). 
1336 'H-NMR (CDC1): 81.32 (3H, t, J=7.2 Hz), 1.48 
(6H, s), 2.12 (3H, s), 2.19 (3H, s), 2.89 (2H, s), 4.07 (2H, q, 
J–7.2 Hz), 6.44 (1H, s). 

Reference Example 98 
5-bromo-7-ethoxy-2,2,4,6-tetramethyl-2,3-dihydro 

1-benzofuran 

1337 5.38g of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
7-ethoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran 
(4.05 g, 18.4 mmol) synthesized in Reference Example 97 
(yield: 98%). 
1338 H-NMR (CDC1): 81.32 (3H, t, J=6.9 Hz), 1.48 
(6H, s), 2.23 (3H, s), 2.32 (3H, s), 2.95 (2H, s), 4.05 (2H, q, 
J=6.9 Hz). 

Reference Example 99 
5-2-(4-methoxyphenyl)morpholine-4-yl)-2.2,6,7- 

tetramethyl-1-benzofuran-3(2H)-one 
1339. By using 5-bromo-2,2,6,7-tetramethyl-1-benzofu 
ran-3 (2H)-one (488 mg, 1.72 mmol) synthesized in Refer 
ence Example 18 and 2-(4-methoxyphenyl)morpholine (500 
mg, 2.59 mmol), the reaction was carried out in the same 
manner as Reference Example 59 to synthesize 224 mg of the 
title compound (yield 34%). 
1340 H-NMR (CDC1): 81.44 (3H, s), 1.45 (3H, s), 2.23 
(3H, s), 2.39 (3H, s), 2.77 (1H, dd, J=11.7, 10.2 Hz), 2.83-2. 
94 (2H, m), 2.95-3.16 (1H, m), 3.80 (3H, s), 3.93-4.06 (1H, 
m), 4.07-4.18 (1H, m), 4.66 (1H, dd, J–10.2, 2.4 Hz), 6.88 
(2H, d, J=8.7 Hz), 7.19 (1H, s), 7.32 (2H, d, J=8.7 Hz). 

Reference Example 100 
1,4-dimethyl-2-(2-methylprop-2-en-1-yl)oxyben 

Zee 

1341 35.3 g of the title compound was synthesized in the 
same manner as described for Reference Example 1 using 
2,5-dimethylphenol (25.0g, 205 mmol) (yield: 100%). 
1342 'H-NMR (CDC1): 81.85 (3H, s), 2.21 (3H, s), 2.31 
(3H, s), 4.41 (2H, s), 4.98 (1H, s), 5.12 (1H, s), 6.63 (1H, s), 
6.67 (1H, d, J=7.5 Hz), 7.02 (1H, d, J=7.5 Hz). 

Reference Example 101 
3,6-dimethyl-2-(2-methylprop-2-en-1-yl)phenol 

1343. 35.3 g of the title compound was synthesized in the 
same manner as described for Reference Example 2 using 
1,4-dimethyl-2-(2-methylprop-2-en-1-yl)oxybenzene 
(35.3 g 205 mmol) synthesized in Reference Example 100 
(yield: 100%). 
1344. H-NMR (CDC1): 81.79 (3H, s), 2.01 (3H, s), 2.25 
(3H, s), 3.38 (2H, s), 4.65-4.70 (1H, m), 4.84-4.88 (1H, s), 
5.02(1H, s), 5.12(1H, s), 6.68 (1H, d, J=8.4 Hz), 6.91 (1H, d, 
J=8.2 Hz). 

Reference Example 102 
2,2,4,7-tetramethyl-2,3-dihydro-1-benzofuran 

1345 24.3 g of the title compound was synthesized in the 
same manner as described for Reference Example 52 using 
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3,6-dimethyl-2-(2-methylprop-2-en-1-yl)phenol (35.3 g, 205 
mmol) synthesized in Reference Example 101 (yield: 69%). 
1346 'H-NMR (CDC1): 81.47 (6H, s), 2.15 (3H, s), 2.17 
(3H, s), 2.92 (2H, s), 6.55 (1H, d, J–7.5 Hz), 6.84 (1H, d, 
J=7.5 Hz). 

Reference Example 103 
5-bromo-2,2,4,7-tetramethyl-2,3-dihydro-1-benzofu 

al 

1347 2.56 g of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
2.2.4.7-tetramethyl-2,3-dihydro-1-benzofuran (2.00 g, 11.3 
mmol) synthesized in Reference Example 102 (yield: 89%). 
1348 H-NMR (CDC1): 81.47 (6H, s), 2.12 (3H, s), 2.21 
(3H, s), 2.95 (2H, s), 7.11 (1H, s). 

Reference Example 104 
3-tert-butyl-5-4-(4-methoxyphenyl)piperazin-1-yl)- 
2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-3- 

ol 

1349. A pentane solution (2.00 mL, 3.08 mmol) contain 
ing 1.54Mt-butyllithium was added dropwise to a solution of 
THF (4 mL) containing 5-4-(4-methoxyphenyl)piperazin-1- 
yl)-2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one (800 
mg, 2.03 mmol) synthesized in Reference Example 42 under 
argon atmosphere at -70° C. or lower, and then the mixture 
was warmed to 0°C. The reaction solution was stirred under 
ice-cooling condition for 30 minutes, and then water was 
added thereto and extraction was performed using ethyl 
acetate. The organic layer was washed with water and Satu 
rated Saline, and then dried using anhydrous Sodium Sulfate. It 
was concentrated under reduced pressure. The obtained resi 
due was purified by basic silica gel column chromatography 
(hexane-ethyl acetate 100:0 to 8:1) and silica gel column 
chromatography (hexane-ethyl acetate 100:0 to 8:1), and 
after that, crystallization was performed using hexane to give 
300 mg of the title compound (yield: 33%). 
1350 Melting point: 113 to 115° C. 
1351 'H-NMR (CDC1,) 8: 1.03 (9H, s), 1.25 (3H, s), 1.69 
(3H, s), 1.79 (1H, s), 2.03 (3H, s), 2.23 (3H, s), 2.36 (3H, s), 
3.00-3.42 (8H, m), 3.78 (3H, s), 6.86 (2H, d, J=9.2 Hz), 6.97 
(2H, d, J=9.2 Hz). 

Reference Example 105 
5-4-(4-methoxyphenyl)piperazin-1-yl)-2.2.3,4,6,7- 

hexamethyl-2,3-dihydro-1-benzofuran-3-ol 
1352. A diethylether solution (5.60 mL, 6.38 mmol) con 
taining 1.14M methyl lithium was added dropwise to a solu 
tion of tetrahydrofuran (20 mL) containing 5-4-(4-methox 
yphenyl)piperazin-1-yl)-2,2,4,6,7-pentamethyl-1- 
benzofuran-3(2H)-one (2.00 g, 5.06 mmol) synthesized in 
Reference Example 42 under ice-cooling condition, and the 
mixture was stirred for 10 minutes. Water was added to the 
reaction solution, and extraction was performed using ethyl 
acetate. The organic layer was washed with water and Satu 
rated saline, and then dried using anhydrous Sodium sulfate. 
The solvent was removed under reduced pressure, and the 
obtained residue was crystallized using hexane to give 2.00 g 
of the title compound (yield: 96%). 
1353 Melting point: 139 to 141° C. 
1354 'H-NMR (CDC1) 8: 1.31 (3H, s), 1.41 (3H, s), 1.56 
(3H, s), 1.70 (1H, s), 2.08 (3H, s), 2.24 (3H, s), 2.43 (3H, s), 
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3.00-3.40 (8H, m), 3.78 (3H, s), 6.86 (2H, d, J=9.2 Hz), 6.97 
(2H, d, J=9.2 Hz). 

Reference Example 106 

1-(4-methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-3- 
methylidene-2,3-dihydro-1-benzofuran-5-yl)pipera 

Zine 

1355 10% hydrochloric acid (5 mL) was added to a sus 
pension of acetonitrile (15 mL) containing 5-4-(4-methox 
yphenyl)piperazin-1-yl)-2,2,3,4,6,7-hexamethyl-2,3-dihy 
dro-1-benzofuran-3-ol (1.70 g. 4.14 mmol) obtained in 
Reference Example 105, and the mixture was stirred at room 
temperature for 6 hours. The reaction solution was concen 
trated under reduced pressure, and after that, 10% potassium 
carbonate aqueous solution was added to the residue so that 
the aqueous layer became alkaline. Then, extraction was per 
formed using ethyl acetate. The organic layer was washed 
with water and Saturated Saline, and then dried using anhy 
drous sodium sulfate. The solvent was removed under 
reduced pressure, and the obtained residue was crystallized 
using ethanol to give 1.50 g of the title compound (yield: 
92%) 
1356 Melting point: 134 to 136° C. 
1357 'H-NMR (CDC1) 8: 1.46 (6H, s), 2.12 (3H, s), 2.29 
(3H, s), 2.45 (3H, s), 3.04-3.42 (8H, m), 3.79 (3H, s), 4.82 
(1H, s), 5.32 (1H, s), 6.86 (2H, d, J=9.5 Hz), 6.98 (2H, d, 
J=9.5 Hz). 

Reference Example 107 

(5-bromo-4,6,7-trimethyl-1-benzofuran-3-yl)oxy 
(tert-butyl)dimethylsilane 

1358 Triethylamine (2.15 g, 21.2 mmol) and tert-bu 
tyldimethylsilyl trifluoromethanesulfonate (4.68 g. 17.7 
mmol) were sequentially added to a solution of toluene (100 
mL) containing 5-bromo-4,6,7-trimethyl-1-benzofuran-3 
(2H)-one (3.00 g, 11.8 mmol) synthesized in Reference 
Example 45, and the mixture was stirred at room temperature 
for 1 hour. The resulting mixture was poured into saturated 
Sodium bicarbonate water, and extraction was performed 
using ethyl acetate. The extract was washed with Saturated 
saline, and dried using anhydrous magnesium sulfate, fol 
lowed by concentration under reduced pressure. The residue 
was purified by silica gel chromatography (hexane-ethyl 
acetate 99:1 to 94/6) to give 4.14 g of the title compound 
(yield: 95%). 
1359 'H-NMR (CDC1): 80.25 (6H, s), 1.03 (9H, s), 2.42 
(3H, s), 2.47 (3H, s), 2.70 (3H, s), 7.20 (1H, s). 

Reference Example 108 

1-(3-tert-butyl (dimethyl)silyloxy-4,6,7-trim 
ethyl-1-benzofuran-5-yl)-4-(4-methoxyphenyl)pip 

erazine 

1360 600 mg of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
(5-bromo-4,6,7-trimethyl-1-benzofuran-3-yl)oxy(tert-bu 
tyl)dimethylsilane (980 mg, 2.65 mmol) synthesized in Ref 
erence Example 107 (yield: 47%). 
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1361 H-NMR (CDC1): 80.24 (6H, s), 1.02 (9H, s), 2.33 
(3H, s), 2.35 (3H, s), 2.64 (3H, s), 3.06-3.44 (8H, m), 3.79 
(3H, s), 6.81-6.91 (2H, m), 6.92-7.02 (2H, m), 7.16 (1H, s). 

Reference Example 109 
5-4-(4-methoxyphenyl)piperazin-1-yl)-4,6,7-trim 

ethyl-1-benzofuran-3(2H)-one 

1362) 1N hydrochloric acid (5 mL) was added to a solution 
of THF (25 mL) containing 1-(3-tert-butyl (dimethyl)silyl 
oxy-4,6,7-trimethyl-1-benzofuran-5-yl)-4-(4-methoxyphe 
nyl)piperazine (560 mg, 1.16 mmol) synthesized in Refer 
ence Example 108, and the mixture was stirred at room 
temperature for 1 hour. The resulting mixture was diluted 
with saturated sodium bicarbonate water. THF in the reaction 
mixture was removed under reduced pressure, and the residue 
was extracted using ethyl acetate. The extract was washed 
with Saturated Saline, and dried using anhydrous magnesium 
sulfate, followed by concentration under reduced pressure. 
The residue was purified by silica gel chromatography (hex 
ane-ethyl acetate 95:5 to 85/15) to give 310 mg of the title 
compound (yield: 73%). 
1363 'H-NMR (CDC1): 82.19 (3H, s), 2.36 (3H, s), 2.62 
(3H, s), 3.03-3.42 (8H, m), 3.79 (3H, s), 4.56 (2H, s), 6.81 
6.91 (2H, m), 6.92-7.02 (2H, m). 

Reference Example 110 
2-(2,3,5-trimethylphenoxy)propanoic acid 

1364) 49.6 g of the title compound was obtained in the 
same manner as described for Reference Example 16 using 
2,3,5-trimethylphenol (36.2g, 266 mmol) (yield: 90%). 
1365 H-NMR (CDC1): 81.64 (3H, t, J=6.6 Hz), 2.15 
(3H, s), 2.23 (3H, s), 2.25 (3H, s), 4.75 (1H, q, J=6.6Hz), 6.44 
(1H, s), 6.67 (1H, s). 

Reference Example 111 
2,4,6,7-tetramethyl-1-benzofuran-3 (2H)-one 

1366 30.5g of the title compound was obtained in the 
same manner as described for Reference Example 17 using 
2-(2,3,5-trimethylphenoxy)propanoic acid (49.5 g, 238 
mmol) synthesized in Reference Example 110 (yield: 68%). 
1367 'H-NMR (CDC1): 81.50 (3H, d, J–7.2 Hz), 2.17 
(3H, s), 2.30 (3H, s), 2.51 (3H, s), 4.57 (1H, q, J–7.2 Hz), 6.63 
(1H, s). 

Reference Example 112 
5-bromo-2,4,6,7-tetramethyl-1-benzofuran-3 (2H)- 

O 

1368 32.3 g of the title compound was obtained in the 
same manner as described for Reference Example 45 using 
2,4,6,7-tetramethyl-1-benzofuran-3 (2H)-one (28.4 g. 149 
mmol) synthesized in Reference Example 111 (yield: 81%). 
1369 'H-NMR (CDC1): 81.51 (3H, d, J=6.9 Hz), 2.27 
(3H, s), 2.47 (3H, s), 2.66 (3H, s), 4.66 (1H, q, J=6.9 Hz). 

Reference Example 113 
(5-bromo-2,4,6,7-tetramethyl-1-benzofuran-3-yl) 

oxy(triethyl)silane 

1370 12.0 g of the title compound was obtained in the 
same manner as described for Reference Example 107 using 
5-bromo-2,4,6,7-tetramethyl-1-benzofuran-3 (2H)-one (10.0 
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g, 37.2 mmol) synthesized in Reference Example 112 and 
triethylsilyl trifluoromethanesulfonate (14.8 g. 55.8 mmol) 
(yield: 84%). 
1371 'H-NMR (CDC1): 80.73-0.82 (6H, m), 0.93-1.03 
(9H, m), 2.34 (3H, s), 2.39 (3H, s), 2.44 (3H, s), 2.64 (3H, s). 

Reference Example 114 
1-(4-methoxyphenyl)-4-(2,4,6,7-tetramethyl-3-(tri 

ethylsilyl)oxy-1-benzofuran-5-yl)piperazine 
1372 810 mg of the title compound was obtained in the 
same manner as described for Reference Example 19 using 
(5-bromo-2,4,6,7-tetramethyl-1-benzofuran-3-yl)oxy(tri 
ethyl)silane (2.00 g, 5.22 mmol) synthesized in Reference 
Example 113 (yield: 31%). 
1373 'H-NMR (CDC1): 80.71-0.84 (6H, m), 0.93-1.05 
(9H, m), 2.32 (3H, s), 2.33 (3H, s), 2.34 (3H, s), 2.58 (3H, s), 
3.09-3.40 (8H, m), 3.79 (3H, s), 6.82-6.91 (2H, m), 6.94-7.03 
(2H, m). 

Reference Example 115 
5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7-tet 

ramethyl-1-benzofuran-3 (2H)-one 
1374 910 mg of the title compound was synthesized in the 
same manner as described for Reference Example 109 using 
1-(4-methoxyphenyl)-4-(2,4,6,7-tetramethyl-3-(triethylsi 
lyl)oxy-1-benzofuran-5-yl)piperazine (1.38 g, 2.79 mmol) 
synthesized in Reference Example 114 (yield: 86%). 
1375 H-NMR (CDC1): 81.50 (3H, d, J–7.2 Hz), 2.19 
(3H, s), 2.36 (3H, s), 2.61 (3H, s), 3.05-3.41 (8H, m), 3.79 
(3H, s), 4.55 (2H, q, J=7.2 Hz), 6.81-6.90 (2H, m), 6.92-7.01 
(2H, m). 

Reference Example 116 
2-ethyl-5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4, 

6,7-tetramethyl-1-benzofuran-3 (2H)-one 

1376 Potassium tert-butoxide (74 mg. 0.473 mmol) was 
added to a mixture of THF (2 mL) containing 2-ethyl-5-4- 
(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetramethyl-1- 
benzofuran-3(2H)-one (150 mg, 0.394 mmol) synthesized in 
Reference Example 115 and iodoethane (74 mg. 0.473 
mmol), and the mixture was stirred at room temperature for 1 
hour. After that, the reaction Solution was poured into a satu 
rated ammonium chloride aqueous solution, and extraction 
was performed using ethyl acetate. The extract was washed 
with Saturated Saline, and dried using anhydrous magnesium 
sulfate, followed by concentration under reduced pressure. 
The residue was purified by silica gel chromatography (hex 
ane-ethyl acetate 96/4 to 87/13) to give 60 mg of the title 
compound (yield: 37%). 
1377 'H-NMR (CDC1): 80.83 (3H, t, J=7.2 Hz), 1.38 
(3H, s), 1.75-191 (2H, m), 2.19 (3H, s), 2.35 (3H, s), 2.60 
(3H, s), 3.03-3.43 (8H, m), 3.79 (3H, s), 6.82-6.91 (2H, m), 
6.93-7.01 (2H, m). 

Reference Example 117 
2-(3,5-dimethylphenoxy)-2-methylpropanoic acid 

1378. A crudely purified product of the title compound 
(25.5 g) was obtained in the same manner as described for 
Reference Example 16 using 3,5-dimethylphenol (12.3 g, 
100 mmol). 
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1379 'H-NMR (CDC1): 81.59 (6H, s), 2.27 (6H, s), 6.56 
(2H, s), 6.72 (1H, s). 

Reference Example 118 

2.2.4.6-tetramethyl-1-benzofuran-3 (2H)-one 

1380 1 1.8g of the title compound was obtained in the 
same manner as described for Reference Example 35 using 
the crudely purified product of 2-(3,5-dimethylphenoxy)-2- 
methylpropanoic acid (25.5 g) synthesized in Reference 
Example 117 (2-step yield: 62%). 
1381 H-NMR (CDC1): 81.43 (6H, s), 2.37 (3H, s), 2.55 
(3H, s), 6.63 (1H, s), 6.67 (1H, s). 

Reference Example 119 

5-bromo-2,2,4,6-tetramethyl-1-benzofuran-3 (2H)- 
O 

1382 Bromine (8.7 mL, 169 mmol) was added to a mix 
ture of acetonitrile (200 mL) containing 2,2,4,6-tetramethyl 
1-benzofuran-3 (2H)-one (30.7 g. 161 mmol) synthesized in 
Reference Example 118 and sodium acetate (14.5 g, 177 
mmol), and the mixture was stirred at room temperature for 2 
hours. After that, the reaction solution was poured into 5% 
Sodium Sulfite aqueous solution, and extraction was per 
formed using ethyl acetate. The extract was washed with 
water and Saturated Saline, and dried using anhydrous mag 
nesium sulfate. After that, the solvent was removed under 
reduced pressure. The residue was purified by silica gel chro 
matography (hexane-ethyl acetate 50: 1-9/1), and crystalliza 
tion was performed using methanol to give 26.2 g of the title 
compound (yield: 61%). 
1383 'H-NMR (CDC1): 81.44 (6H, s), 2.48 (3H, s), 2.68 
(3H, s), 6.84 (1H, s). 

Reference Example 120 

5-bromo-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofu 
al 

1384 Lithium aluminium hydride (2.33 mg, 61.5 mmol) 
was added to a suspension of THF (70 mL) containing alu 
minium chloride (8.20 g. 6.15 mmol) under ice-cooling con 
dition, and the mixture was stirred for 15 minutes. After that, 
a solution of THF (30 mL) containing 5-bromo-2,2,4,6-tet 
ramethyl-1-benzofuran-3 (2H)-one (6.63 g, 24.6 mmol) syn 
thesized in Reference Example 119 was added thereto, and 
the mixture was stirred under heated reflux for 2.5 hours. The 
reaction Solution was iced, and after that, water was added 
dropwise thereto. 0.5N sodium hydroxide aqueous solution 
was further added thereto, and the mixture was stirred at room 
temperature for 10 minutes. Insolubles were removed by 
filtration. The filtrate was subjected to extraction using a 
mixed solvent of ethyl acetate-diethyl ether (1:1). The extract 
was washed with Saturated Saline, and then dried using anhy 
drous magnesium sulfate. The solvent was removed under 
reduced pressure, and the obtained residue was purified by 
silica gel chromatography (hexane-ethyl acetate 9:1). Crys 
tallization was performed using methanol-ethyl acetate to 
give 5.29 g of the title compound (yield: 84%). 
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1385 H-NMR (CDC1): 81.46 (6H, s), 2.27 (3H, s), 2.35 
(3H, s), 2.95 (2H, s), 6.51 (1H, s). 

Reference Example 121 
1-(5-bromo-2,2,4,6-tetramethyl-2,3-dihydro-1-ben 

zofuran-7-yl)ethanone 

1386 Aluminium chloride (3.56 g. 26.7 mmol) was added 
to a mixture of chlorobenzene (40 mL) containing 5-bromo 
2.2.4.6-tetramethyl-2,3-dihydro-1-benzofuran (4.55 g, 17.8 
mmol) synthesized in Reference Example 120 and acetyl 
chloride (4.20 g, 53.4 mmol) at -40°C., and the mixture was 
stirred at the same temperature. After stirring for 1 hour, the 
reaction solution was poured into water, and extraction was 
performed using ethyl acetate. The extract was washed with 
saturated Sodium bicarbonate water and Saturated Saline, and 
dried using anhydrous magnesium sulfate. After that, the 
solvent was removed under reduced pressure. The residue 
was purified by silica gel chromatography (hexane-ethyl 
acetate 99:1-95/5) to give 440 mg of the title compound 
(yield: 8%). 
1387 'H-NMR (CDC1): 81.48 (6H, s), 2.29 (3H, s), 2.38 
(3H, s), 2.53 (3H, s), 2.97 (2H, s). 

Reference Example 122 
(2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl) 

methanol 

1388 70% m-chloroperbenzoic acid (1.95 g, 7.89 mmol) 
was added to a solution of toluene (18 mL) containing 2.3.5- 
trimethyl-6-(2-methylprop-2-en-1-yl)phenol (1.00 g, 5.26 
mmol) synthesized in Reference Example 2, and the mixture 
was stirred at room temperature for 15 hours. The resulting 
mixture was poured into water, and extraction was performed 
using ethyl acetate. The extract was washed with 5% sodium 
Sulfite aqueous solution, Saturated Sodium bicarbonate water 
and Saturated Saline, and dried using anhydrous magnesium 
sulfate. After that, concentration was performed under 
reduced pressure, and the residue was dissolved in toluene 
(10 mL). To this solution, trifluoroacetic acid (0.2 mL) was 
added, and the mixture was stirred at room temperature for 1 
hour. After that, the reaction solution was poured into Satu 
rated sodium bicarbonate water, and extraction was per 
formed using ethyl acetate. The extract was washed with 
saturated Saline, and dried using anhydrous magnesium Sul 
fate, followed by concentration under reduced pressure. The 
residue was purified by silica gel chromatography (hexane 
ethyl acetate 95:5-85/15) to give 420 mg of the title com 
pound (yield: 39%). 
1389 'H-NMR (CDC1): 81.44 (3H, s), 1.88 (1H, dd, 
J=6.6, 7.2 Hz), 2.08 (3H, s), 2.15 (3H, s), 2.20 (3H, s), 2.80 
(1H, d, J=15.3 Hz), 3.13 (1H, d, J=15.3 Hz), 3.61 (1H, dd, 
J=7.2, 11.7 Hz), 3.67 (1H, dd, J=6.6, 11.7 Hz), 6.51 (1H, s). 

Reference Example 123 

(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-benzo 
furan-2-yl)methanol 

1390) 720 mg of the title compound was synthesized in the 
same manner as described for Reference Example 4 using 
(2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl)metha 
nol (860 mg. 0.908 mmol) synthesized in Reference Example 
122 (yield: 61%). 

73 
Sep. 13, 2012 

1391 H-NMR (CDC1): 81.43 (3H, s), 1.84 (1H, dd, 
J=6.0, 7.2 Hz), 2.16 (3H, s), 2.27 (3H, s), 2.34 (3H, s), 2.86 
(1H, d. J=15.6 Hz), 3.22 (1H, d, J=15.6 Hz), 3.60 (1H, dd, 
J=7.2, 11.7 Hz), 3.68 (1H, dd, J=6.0, 11.7 Hz). 

Reference Example 124 

2-(methoxymethyl)-2,4,6,7-tetramethyl-2,3-dihydro 
1-benzofuran 

1392 60% sodium hydride (60 mg, 1.46 mmol) was added 
to a solution of THF (3 mL) containing (2,4,6,7-tetramethyl 
2,3-dihydro-1-benzofuran-2-yl)methanol (200 mg. 0.970 
mmol) synthesized in Reference Example 122 under ice 
cooling condition, and the mixture was stirred at 0°C. for 20 
minutes. After that, methyl iodide (413 mg, 2.19 mmol) was 
added thereto, and the mixture was warmed to room tempera 
ture, followed by stirring for 15 hours. The reaction solution 
was poured into a saturated ammonium chloride aqueous 
Solution, and extraction was performed using ethyl acetate. 
The extract was washed with Saturated Saline, and dried using 
anhydrous magnesium sulfate, followed by concentration 
under reduced pressure. The residue was purified by silica gel 
chromatography (hexane-ethyl acetate 98:2-92:8) to give 140 
mg of the title compound (yield: 66%). 
1393) 'H-NMR (CDC1): 81.40 (3H, s), 2.18 (3H, s), 2.22 
(3H, s), 2.34 (3H, s), 2.92 (1H, d, J=15.3 Hz), 3.20 (1H, d, 
J=15.3 Hz), 4.34 (2H, s), 6.20-6.24 (1H, m), 7.45-749 (2H, 

Reference Example 125 

5-bromo-2-(methoxymethyl)-2,4,6,7-tetramethyl-2, 
3-dihydro-1-benzofuran 

1394 120 mg of the title compound was obtained in the 
same manner as described for Reference Example 4 using 
2-(methoxymethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran (140 mg. 0.635 mmol) synthesized in Reference 
Example 124 (yield: 63%). 
1395 H-NMR (CDC1): 81.45 (3H, s), 2.15 (3H, s), 2.26 
(3H, s), 2.33 (3H, s), 2.84 (1H, d, J=15.6 Hz), 3.19 (1H, d, 
J=15.6 Hz), 3.41 (3H, s), 3.44 (2H, s). 

Reference Example 126 

2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran 

1396 Calcium carbonate (1.37 g. 13.7 mmol) and benzyl 
trimethylammonium dichloroiodate (4.04 g, 11.6 mmol) 
were sequentially added to a solution of toluene (20 mL)/ 
methanol (10 mL) containing 2,3,5-trimethyl-6-(2-methyl 
prop-2-en-1-yl)phenol (1.00 g, 5.26 mmol) synthesized in 
Reference Example 2 under ice-cooling condition, and the 
mixture was stirred at 0° C. for 30 minutes. After that, the 
reaction solution was concentrated under reduced pressure, 
and water and ethyl acetate were added to the residue to 
separate an organic layer. The organic layer was washed with 
10% sodium sulfite aqueous solution and saturated Saline, and 
dried using anhydrous magnesium Sulfate, followed by con 
centration under reduced pressure. The residue was purified 
by silica gel chromatography (hexane-ethyl acetate 100:0-95: 
5) to give 3.05 g of the title compound (yield: 92%). 
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1397 "H-NMR (CDC1): 81.66 (3H, s), 2.07 (3H, s), 2.16 
(3H, s), 2.20 (3H, s), 2.95 (1H, d, J=15.6 Hz), 3.20 (1H, d, 
J=15.6 Hz), 3.40 (1H, d, J=10.2 Hz), 3.43 (1H, J=10.2 Hz), 
6.51 (1H, s). 

Reference Example 127 

2-(2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2- 
yl)methyl)-1H-isoindole-1,3(2H)-dione 

1398 Potassium phthalimide (702 mg, 3.79 mmol) was 
added to a solution of DMF (10 mL) containing 2-(iodom 
ethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran (1.00 
g, 3.16 mmol) synthesized in Reference Example 126, and the 
mixture was stirred at 140° C. for 15 hours. After that, the 
reaction Solution was cooled to room temperature, and water 
and ethyl acetate were added thereto to separate an organic 
layer. The organic layer was washed with water and Saturated 
saline, and dried using anhydrous magnesium sulfate, fol 
lowed by concentration under reduced pressure. The residue 
was purified by silica gel chromatography (hexane-ethyl 
acetate 95:5-75:25) to give 730 mg of the title compound 
(yield: 69%) 
1399 H-NMR (CDC1): 81.54 (3H, s), 2.03 (3H, s), 2.10 
(3H, s), 2.11 (3H, s), 2.89 (1H, d, J=15.6 Hz), 3.24 (1H, d, 
J=15.6 Hz), 3.89 (1H, d, J=14.1 Hz), 3.95 (1H, d, J=14.1 Hz), 
6.36 (1H, s), 7.64-7.73 (2H, m), 7.76-7.87 (2H, m). 

Reference Example 128 

2-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
zofuran-2-yl)methyl)-1H-isoindole-1,3(2H)-dione 

1400 530 mg of the title compound was obtained in the 
same manner as described for Reference Example 4 using 
2-(2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl)me 
thyl)-1H-isoindole-1,3(2H)-dione (730 mg, 2.18 mmol) syn 
thesized in Reference Example 127 (yield: 59%). 
1401 H-NMR (CDC1): 81.55 (3H, s), 2.10 (3H, s), 2.22 
(3H, s), 2.23 (3H, s), 2.97 (1H, d, J=15.6 Hz), 3.31 (1H, d, 
J=15.6 Hz), 3.88 (1H, d, J=13.8 Hz), 3.93 (1H, d, J=13.8 Hz), 
7.65-7.74 (2H, m), 7.75-7.85 (2H, m). 

Reference Example 129 

1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran-2-yl)methanamine 

1402 Hydrazine monohydrate (87 mg, 1.73 mmol) was 
added to a solution of ethanol (13 mL) containing 2-(5- 
bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl) 
methyl)-1H-isoindole-1,3(2H)-dione (530 mg, 1.28 mmol) 
synthesized in Reference Example 129, and the mixture was 
stirred under heated reflux for 3 hours. The reaction solution 
was cooled to room temperature, and 6N hydrochloric acid 
(10 mL) was added thereto, followed by stirring under heated 
reflux for 1 hour. The reaction solution was cooled to room 
temperature, and then 1 NSodium hydroxide aqueous Solution 
was added thereto to become weakly basic, followed by 
extraction using diisopropyl ether. The organic layer was 
washed with Saturated Saline, and dried using anhydrous 
magnesium sulfate, followed by concentration under reduced 
pressure. The residue was purified by basic silica gel chro 
matography (hexane-ethyl acetate 80:20-0:100) to give 250 
mg of the title compound (yield: 69%). 
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1403 'H-NMR (CDC1): 81.31 (2H, brs), 1.42 (3H, s), 
2.16 (3H, s), 2.27 (3H, s), 2.34 (3H, s), 2.81 (1H, d, J=13.5 
Hz), 2.877 (1H, d, J=15.6 Hz), 2.881 (1H, d, J=13.5 Hz), 3.13 
(1H, d, J=15.6 Hz). 

Reference Example 130 
1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 

Zofuran-2-yl)-N,N-dimethylmethanamine 

1404 37% formalin aqueous solution (0.5 mL) was added 
to a solution of methanol (6 mL) containing 1-(5-bromo-2,4, 
6,7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl)metha 
namine (250 mg. 0.880 mmol) synthesized in Reference 
Example 129, acetic acid (140 mg, 2.33 mmol) and sodium 
cyanoborohydride (98 mg, 1.56 mol) under ice-cooling con 
dition. The mixture was warmed to room temperature and 
stirred for 15 hours. Ethyl acetate and saturated sodium bicar 
bonate water were added to the reaction solution to separate 
an organic layer. The organic layer was washed with Saturated 
saline, and dried using anhydrous magnesium sulfate, fol 
lowed by concentration under reduced pressure. The residue 
was purified by basic silica gel chromatography (hexane 
ethyl acetate 97:3-88:12) to give 220 mg of the title com 
pound (yield: 80%). 
1405 H-NMR (CDC1): 81.42 (3H, s), 2.13 (3H, s), 2.26 
(3H, s), 2.32 (6H, s), 2.33 (3H, s), 2.50 (2H, s), 2.84 (1H, d, 
J=15.6 Hz), 3.19 (1H, d, J=15.6 Hz). 

Reference Example 131 

N-methyl-1-phenyl-N-(2,4,6,7-tetramethyl-2,3-di 
hydro-1-benzofuran-2-yl)methylmethanamine 

1406 N-methylbenzylamine (766 mg, 3.16 mmol) and 
potassium carbonate (1.09 g, 7.90 mmol) were added to a 
solution of DMA (5 mL) containing 2-(iodomethyl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran (1.00 g, 3.16 mmol) 
synthesized in Reference Example 126, and the mixture was 
stirred under heated reflux for 4 hours. The reaction solution 
was cooled to room temperature, and water and ethyl acetate 
were added thereto to separate an organic layer. The organic 
layer was washed with water and Saturated Saline, and dried 
using anhydrous magnesium Sulfate, followed by concentra 
tion under reduced pressure. The residue was purified by 
silica gel chromatography (hexane-ethyl acetate 99:1-93:7) 
to give 730 mg of the title compound (yield: 75%). 
1407 'H-NMR (CDC1): 81.44 (3H, s), 2.04 (3H, s), 2.14 
(3H, s), 2.18 (3H, s), 2.32 (3H, s), 2.59 (1H, d, J–13.8 Hz), 
2.63 (1H, d, J=13.8 Hz), 2.75 (1H, d, J=15.3 Hz), 3.07 (1H, d, 
J=15.3 Hz), 3.54 (1H, d, J=13.5 Hz), 3.68 (1H, d, J=13.5 Hz), 
6.47 (1H, s), 7.17-7.33 (5H, m). 

Reference Example 132 

N-benzyl-1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-2-yl)-N-methylmethanamine 

1408 380 mg of the title compound was obtained in the 
same manner as described for Reference Example 4 using 
N-methyl-1-phenyl-N-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-2-yl)methylmethanamine (730 mg, 2.36 mmol) 
synthesized in Reference Example 131 (yield: 41%). 
1409 H-NMR (CDC1): 81.42 (3H, s), 2.11 (3H, s), 2.26 
(3H, s), 2.30 (3H, s), 2.32 (3H, s), 2.58 (1H, d, J–13.8 Hz), 
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2.63 (1H, d, J=13.8 Hz), 2.80 (1H, d, J=15.3 Hz), 3.17 (1H, d, 
J=15.3 Hz), 3.56 (1H, d, J=13.5 Hz), 3.63 (1H, d, J=13.5 Hz), 
7.17-7.33 (5H, m). 

Reference Example 133 
5-bromo-2-(iodomethyl)-2,4,6,7-tetramethyl-2,3- 

dihydro-1-benzofuran 

1410 2.01 g of the title compound was obtained in the 
same manner as described for Reference Example 4 using 
2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofu 
ran (2.00 g. 6.33 mmol) synthesized in Reference Example 
126 (yield: 80%). 
1411 H-NMR (CDC1): 81.66 (3H, s), 2.15 (3H, s), 2.27 
(3H, s), 2.35 (3H, s), 3.02 (1H, d, J=15.6 Hz), 3.27 (1H, d, 
J=15.6 Hz), 3.42 (2H, s). 

Reference Example 134 
5-bromo-2,4,6,7-tetramethyl-2-(methylsulfanyl) 

methyl-2,3-dihydro-1-benzofuran 

1412 Sodium thiomethoxide (213 mg, 3.03 mmol) was 
added to a solution of DMA (3 mL) containing 5-bromo-2- 
(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran 
(270 mg. 0.683 mmol) synthesized in Reference Example 
133, and the mixture was stirred at 140° C. for 4 hours. The 
reaction Solution was cooled to room temperature, and water 
and ethyl acetate were added thereto to separate an organic 
layer. The organic layer was washed with Saturated saline, and 
dried using anhydrous magnesium Sulfate, followed by con 
centration under reduced pressure. The residue was purified 
by silica gel chromatography (hexane-ethyl acetate 100:0-90: 
10) to give 130 mg of the title compound (yield: 68%). 
1413 'H-NMR (CDC1): 81.53 (3H, s), 2.14 (3H, s), 2.19 
(3H, s), 2.27 (3H, s), 2.34 (3H, s), 2.79 (1H, d, J–13.8 Hz), 
2.83 (1H, d, J=13.8 Hz), 2.94 (1H, d, J=15.6Hz), 3.26 (1H, d, 
J=15.6 Hz). 

Reference Example 135 
N,N-dibenzyl-1-(5-bromo-2,4,6,7-tetramethyl-2,3- 

dihydro-1-benzofuran-2-yl)methanamine 

1414) 330 mg of the title compound was obtained in the 
same manner as described for Reference Example 131 using 
5-bromo-2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran (2.00 g. 6.33 mmol) synthesized in Reference 
Example 133 and dibenzylamine (750 mg, 3.81 mmol) (yield: 
56%). 
1415) 'H-NMR (CDC1): 81.66 (3H, s), 2.15 (3H, s), 2.27 
(3H, s), 2.35 (3H, s), 3.02 (1H, d, J=15.6 Hz), 3.27 (1H, d, 
J=15.6 Hz), 3.42 (2H, s). 

Reference Example 136 

4-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran-2-yl)methylmorpholine 

1416 220 mg of the title compound was obtained in the 
same manner as described for Reference Example 131 using 
5-bromo-2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran (270 mg. 0.683 mmol) synthesized in Reference 
Example 133 and morpholine (298 mg, 3.42 mmol) (yield: 
91%). 
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1417 'H-NMR (CDC1): 81.42 (3H, s), 2.11 (3H, s), 2.27 
(3H, s), 2.34 (3H, s), 2.46-2.69 (6H, m), 2.84 (1H, d, J=15.3 
Hz), 3.19 (1H, d, J=15.3 Hz), 3.59-3.72 (4H, m). 

Reference Example 137 

1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran-2-yl)methylpiperidine 

1418 Piperidine (323 mg, 3.80 mmol) and potassium car 
bonate (525 mg, 3.80 mmol) were added to a solution of 
DMA (3 mL) containing 5-bromo-2-(iodomethyl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran (300 mg 0.759 
mmol) synthesized in Reference Example 133, and the mix 
ture was stirred under microwave irradiation at 150° C. for 10 
minutes. The reaction solution was cooled to room tempera 
ture, and water and ethyl acetate were added thereto to sepa 
rate an organic layer. The organic layer was washed with 
water and Saturated Saline, and dried using anhydrous mag 
nesium sulfate, followed by concentration under reduced 
pressure. The residue was purified by silica gel chromatog 
raphy (hexane-ethyl acetate 95:5-85:15) to give 170 mg of the 
title compound (yield: 64%). 
1419 'H-NMR (CDC1): 81.31-144 (5H, m), 1.45-1.56 
(4H, m), 2.12 (3H, s), 2.26 (3H, s), 2.34 (3H, s), 2.39-2.61 
(6H, m), 2.82 (1H, d, J=15.0 Hz), 3.17 (1H, d, J=15.0 Hz). 

Reference Example 138 

4-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran-2-yl)methylthiomorpholine 1,1-dioxide 

1420 180 mg of the title compound was obtained in the 
same manner as described for Reference Example 131 using 
5-bromo-2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran (500 mg, 1.27 mmol) synthesized in Reference 
Example 133 and thiomorpholine 1,1-dioxide (516 mg, 3.82 
mmol) (yield: 35%). 
1421 'H-NMR (CDC1): 81.43 (3H, s), 2.11 (3H, s), 2.27 
(3H, s), 2.34 (3H, s), 2.69 (1H, d, J=14.4 Hz), 2.74 (1H, d, 
J=14.4 Hz), 2.82-3.30 (10H, m). 

Reference Example 139 

1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
zofuran-2-yl)methyl)-1H-pyrazole 

1422 60% sodium hydride (91 mg, 2.27 mmol) was added 
to a solution of DMF (2 mL) containing pyrazole (155 mg. 
2.27 mmol) under ice-cooling condition, and the mixture was 
stirred at 0°C. for 20 minutes. After that, a solution of DMF 
(1.5 mL) containing 5-bromo-2-(iodomethyl)-2,4,6,7-tet 
ramethyl-2,3-dihydro-1-benzofuran (300 mg, 0.759 mmol) 
synthesized in Reference Example 133 was added thereto, 
and the mixture was stirred at 100° C. for 4 hours and at 120° 
C. for 2 hours. After cooled to room temperature, the reaction 
Solution was distributed using a saturated ammonium chlo 
ride aqueous Solution and ethyl acetate. The organic layer was 
washed with Saturated Saline, and dried using anhydrous 
magnesium sulfate, followed by concentration under reduced 
pressure. The residue was purified by silica gel chromatog 
raphy (hexane-ethyl acetate 95:5-85:15) to give 185 mg of the 
title compound (yield: 71%). 



US 2012/0232095 A1 

1423 'H-NMR (CDC1): 81.40 (3H, s), 2.18 (3H, s), 2.22 
(3H, s), 2.34 (3H, s), 2.92 (1H, d, J=15.3 Hz), 3.20 (1H, d, 
J=15.3 Hz), 4.34 (2H, s), 6.20-6.24 (1H, m), 7.45-749 (2H, 
m). 

Reference Example 140 
1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 

zofuran-2-yl)methyl-2-methyl-1H-imidazole 

1424 120 mg of the title compound was obtained in the 
same manner as described for Reference Example 139 using 
5-bromo-2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran (300 mg. 0.759 mmol) synthesized in Reference 
Example 133 and 2-methylimidazole (186 mg, 2.27 mmol) 
(yield: 45%). 
1425 H-NMR (CDC1): 81.40 (3H, s), 2.17 (3H, s), 2.25 
(3H, s), 2.35 (3H, s), 2.40 (3H, s), 2.98 (1H, d, J–16.2 Hz), 
3.04 (1H, d, J=16.2 Hz), 3.96 (1H, d, J=14.7 Hz), 4.07 (1H, d, 
J=14.7 Hz), 6.89-6.95 (2H, s). 

Reference Example 141 
8-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran-2-yl)methyl-1,4-dioxa-8-azaspiro4.5de 

CaC 

1426 1,4-dioxa-8-azaspiro4.5 decane (725 mg, 5.06 
mmol) and potassium carbonate (699 mg, 5.06 mmol) were 
added to a solution of DMA (3 mL) containing 5-bromo-2- 
(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran 
(400 mg, 1.01 mmol) synthesized in Reference Example 133, 
and the mixture was stirred under microwave irradiation at 
200° C. for 10 minutes. The reaction solution was cooled to 
room temperature, and water and ethyl acetate were added 
thereto to separate an organic layer. The organic layer was 
washed with water and saturated Saline, and dried using anhy 
drous magnesium Sulfate, followed by concentration under 
reduced pressure. The residue was purified by silica gel chro 
matography (hexane-ethyl acetate 95:5-80:20) to give 310 
mg of the title compound (yield: 75%). 
1427 H-NMR (CDC1): 81.42 (3H, s), 1.63-1.73 (4H, 
m), 2.12 (3H, s), 2.26 (3H, s), 2.33 (3H, s), 2.53-2.77 (6H, m), 
2.83 (1H, d, J=15.3 Hz), 3.17 (1H, d, J=15.3 Hz), 3.93 (4H, s). 

Reference Example 142 
1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 

Zofuran-2-yl)methylpyrrolidine 

1428 270 mg of the title compound was obtained in the 
same manner as described for Reference Example 141 using 
5-bromo-2-(iodomethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran (400 mg, 1.01 mmol) synthesized in Reference 
Example 133 and pyrrolidine (359 mg, 5.05 mmol) (yield: 
79%). 
1429 "H-NMR (CDC1): 81.45 (3H, s), 1.67-1.80 (4H, 
m), 2.15 (3H, s), 2.27 (3H, s), 2.35 (3H, s), 2.46-2.74 (6H, m), 
2.85 (1H, d, J=15.3 Hz), 3.24 (1H, d, J=15.3 Hz). 

Reference Example 143 
N-benzyl-2,2,4,6,7-pentamethyl-2,3-dihydro-1-ben 

Zofuran-5-amine 

1430 13.3 g of the title compound was synthesized in the 
same manner as described for Reference Example 19 using 
5-bromo-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 
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(26.9 g, 0.10 mol) synthesized in Reference Example 4 and 
benzylamine (21.8 mL, 0.20 mol) (yield: 45%). 
1431 H-NMR (CDC1): 81.46 (6H, s), 2.12 (3H, s), 2.14 
(3H, s), 2.23 (3H, s), 2.88 (1H, brs), 2.93 (2H, s), 3.93 (2H, s), 
7.25-7.47 (5H, m). 

Reference Example 144 

2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5- 
amine 

1432 9.0 g of the title compound was synthesized in the 
same manner as described for Reference Example 20 using 
N-benzyl-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 
5-amine (13.0 g, 44.1 mmol) synthesized in Reference 
Example 143 (yield: 100%). 
1433 'H-NMR (CDC1): 81.44 (6H, s), 2.00-2.11 (6H, 
m), 2.12 (3H, s), 2.93 (2H, s), 3.22 (2H, brs). 

Reference Example 145 

2,2'-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofu 
ran-5-yl)iminoldiethanol 

1434 2.2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 
5-amine (6.15 g. 30.0 mmol) synthesized in Reference 
Example 144 was dissolved in 2-chloroethanol (40.5 mL). 
N-ethyldiisopropylamine (15.6 mL. 90 mmol) and potassium 
iodide (4.98 g. 30.0 mmol) were added thereto, and the mix 
ture was stirred at 120° C. for 3 hours. The reaction solution 
was cooled and then diluted with ethyl acetate, and the mix 
ture was washed with water and saturated Saline. The organic 
layer was dried using sodium sulfate, and after that, the Sol 
vent was removed under reduce pressure. The obtained resi 
due was purified by silica gel column chromatography (hex 
ane-ethyl acetate 30:70) to give 6.94 g of the title compound 
(yield: 79%). 
1435 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.20 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.14-3.27 (4H, m), 3.46 
3.63 (4H, m), 3.86 (2H, brs). 

Reference Example 146 

N,N-bis(2-chloroethyl)-2,2,4,6,7-pentamethyl-2,3- 
dihydro-1-benzofuran-5-amine 

1436 Methanesulfonyl chloride (6.4 mL, 81.9 mmol) was 
slowly added to a solution of pyridine (60 mL) containing 
2,2'-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5- 
yl)iminoldiethanol (6.0g, 20.5 mmol) synthesized in Refer 
ence Example 145 under ice-cooling condition. The mixture 
was warmed to room temperature and stirred for 16 hours. A 
Sodium hydrogencarbonate aqueous solution was added to 
the reaction solution, and after that, extraction was performed 
using ethyl acetate. The organic layer was washed with 3N 
hydrochloric acid, sodium hydrogencarbonate aqueous solu 
tion and Saturated saline, and dried using sodium Sulfate. The 
Solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate 9:1) to give 5.1 g of the title 
compound as an oily product (yield: 81%). 
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1437 'H-NMR (CDC1): 81.48 (6H, s), 2.08 (3H, s), 2.16 
(3H, s), 2.20 (3H, s), 2.91 (2H, s), 3.33-3.55 (8H, m). 

Reference Example 147 
1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 

5-yl)piperazine hydrochloride 

1438. The mother liquor after crystallization obtained in 
Reference Example 61 was concentrated, and the residue was 
treated with 2N hydrogen chloride-ethyl acetate solution to 
give 2.52 g of the title compound as amorphous powder 
(yield: 62.3%). 
1439 H-NMR (DMSO-d6): 81.36 (6H, s), 2.10 (3H, s), 
2.11 (3H, s), 2.86 (2H, s), 3.02-3.27 (8H, m), 9.14 (2H, brs). 

Reference Example 148 
N-benzyl-2,2,4,7-tetramethyl-2,3-dihydro-1-benzo 

furan-5-amine 

1440 28.6 g of the title compound was obtained as an 
amorphous solid in the same manner as described for Refer 
ence Example 19 using 5-bromo-2,2,4,7-tetramethyl-2,3-di 
hydro-1-benzofuran (26.0 g, 102 mmol) synthesized in Ref 
erence Example 103 and benzylamine (16.4g, 153 mmol) 
(yield: 100%). 
1441 'H-NMR (CDC1): 81.46 (6H, s), 2.01 (3H, s), 2.14 
(3H, s), 2.93 (2H, s), 3.36 (1H, s), 4.27 (2H, s), 6.31 (1H, s), 
7.25-7.45 (5H, m). 

Reference Example 149 
2,2,4,7-tetramethyl-2,3-dihydro-1-benzofuran-5- 

amine 

1442) 19.0 g of the title compound was obtained as an 
amorphous solid in the same manner as described for Refer 
ence Example 20 using N-benzyl-2,2,4,7-tetramethyl-2,3-di 
hydro-1-benzofuran-5-amine (28.6 g. 102 mmol) synthe 
sized in Reference Example 148 (yield: 97%). 
1443 'H-NMR (CDC1): 81.45 (6H, s), 2.02 (3H, s), 2.10 
(3H, s), 2.91 (2H, s), 6.34 (1H, s). 

Reference Example 150 
6-bromo-2,2,4,7-tetramethyl-2,3-dihydro-1-benzofu 

ran-5-amine 

1444 1.14 g of the title compound was obtained as an 
amorphous solid in the same manner as described for Refer 
ence Example 4 using 2.2.4.7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-amine (2.00 g, 10.5 mmol) synthesized in Ref 
erence Example 149 (yield: 40%). 
1445 H-NMR (CDC1): 81.44 (6H, s), 2.08 (3H, s), 2.21 
(3H, s), 2.90 (2H, s), 3.58-4.00 (2H, m). 

Reference Example 151 

2,2'-(6-bromo-2,2,4,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)iminoldiethanol 

1446 970 mg of the title compound was obtained as an 
amorphous solid in the same manner as described for Refer 
ence Example 145 using 6-bromo-2,2,4,7-tetramethyl-2,3- 
dihydro-1-benzofuran-5-amine (1.14 g, 4.22 mmol) synthe 
sized in Reference Example 150 (yield: 64%). 
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1447 'H-NMR (CDC1): 81.47 (6H, s), 2.22 (3H, s), 2.24 
(3H, s), 2.88 (2H, s), 3.01 (2H, s), 3.15-3.38 (4H, m), 3.55 
3.70 (4H, m). 

Reference Example 152 
6-bromo-N,N-bis(2-chloroethyl)-2,2,4,7-tetramethyl 

2,3-dihydro-1-benzofuran-5-amine 

1448 492 mg of the title compound was obtained as an 
oily product in the same manner as described for Reference 
Example 146 using 2,2'-(6-bromo-2,2,4,7-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)iminoldiethanol (970 mg, 2.71 
mmol) synthesized in Reference Example 151 (yield: 46%). 
1449 'H-NMR (CDC1): 81.47 (6H, s), 2.21 (6H, s), 2.87 
(2H, s), 3.26-3.59 (8H, m). 

Reference Example 153 
1-chloro-2-methyl-3-(2-methylprop-2-en-1-yl)oxy 

benzene 

1450 3-bromo-2-methylpropene (8.5 mL, 84.2 mmol) 
was added to a mixture of DMF (200 mL) containing 
3-chloro-2-methylphenol (10.0g, 70.1 mmol) and potassium 
carbonate (19.4g, 140 mmol), and the mixture was stirred at 
room temperature for 15 hours. The reaction solution was 
distributed using ethyl acetate and water, and the organic 
layer was washed with water and Saturated Saline, and then 
dried using anhydrous magnesium sulfate. The solvent was 
removed under reduced pressure, and the obtained residue 
was purified by silica gel column chromatography (hexane 
ethyl acetate 10:1) to give 13.7 g of the title compound as an 
amorphous solid (yield: 99%). 
1451 'H-NMR (CDC1): 81.84 (3H, s), 2.31 (3H, s), 4.42 
(2H, s), 4.97-5.02 (1H, m) 5.08-5.12 (1H, m), 6.72 (1H, dd, 
J=0.8, 8.0 Hz), 6.97 (1H, dd, J=0.8, 8.0 Hz), 7.05 (1H, t, J=8.0 
Hz). 

Reference Example 154 
3-chloro-2-methyl-6-(2-methylprop-2-en-1-yl)phe 

nol 

1452. A solution of N,N-diethylaniline (12.1 mL) contain 
ing 1-chloro-2-methyl-3-(2-methylprop-2-en-1-yl)oxy 
benzene (3.00 mg, 15.3 mmol) synthesized in Reference 
Example 153 was reacted under microwave irradiation at 
220°C. for 20 minutes. After cooled to room temperature, the 
reaction solution was diluted with ethyl acetate, and washed 
serially with 1N hydrochloric acid, saturated sodium bicar 
bonate water and Saturated Saline. It was dried using anhy 
drous magnesium sulfate, and the solvent was removed under 
reduced pressure. After that, the obtained residue was purified 
by silica gel column chromatography (hexane-ethyl acetate 
10:1) to give 2.89 g of the title compound as a yellow solid 
(yield: 96%). 
1453 'H-NMR (CDC1): 81.72 (3H, s), 2.28 (3H, s), 3.34 
(2H, s), 4.89-4.93 (1H, m), 4.95-4:99 (1H, m), 5.42 (1H, s), 
6.86 (1H, d. J=8.0 Hz), 6.91 (1H, d, J–8.4 Hz). 

Reference Example 155 
2.2,7-trimethyl-2,3-dihydro-1-benzofuran 

1454 7.89 g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
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Example 3 using 3-chloro-2-methyl-6-(2-methylprop-2-en 
1-yl)phenol (10.0 g, 50.8 mmol) synthesized in Reference 
Example 154 (yield: 79%). 
1455 'H-NMR (CDC1): 81.46 (6H, s), 2.21 (3H, s), 2.97 
(2H, s), 6.81 (1H, d, J=8.0 Hz), 6.87 (1H, d, J–7.6 Hz). 

Reference Example 156 
2.2,7-trimethyl-6-(4-methylphenyl)-2,3-dihydro-1- 

benzofuran 

1456 Tripotassium phosphate (28.1 g, 132 mmol) was 
added to a solution of toluene (200 mL) containing 2.2.7- 
trimethyl-2,3-dihydro-1-benzofuran (10.0 g, 5.08 mmol) 
synthesized in Reference Example 155, bis(triphenylphos 
phine)nickel (II) dichloride (0.998 g, 1.53 mmol), triph 
enylphosphine (0.800 g, 3.05 mmol) and 4-methylphenyl 
borate (8.99 g, 66.1 mmol), and the mixture was stirred under 
heated reflux for 2 hours. After cooled to room temperature, 
the reaction solution was filtered using Celite. Water was 
added to the obtained filtrate, and it was subjected to extrac 
tion using ethyl acetate. The extract was dried using anhy 
drous magnesium sulfate, and the solvent was removed under 
reduced pressure. After that, the obtained residue was purified 
by silica gel column chromatography (hexane-ethyl acetate 
20:1) to give 12.1 g of the title compound as a brown solid 
(yield: 94%). 'H-NMR (CDC1): 81.51 (6H, s), 2.11 (3H, s), 
2.39 (3H, s), 3.06 (2H, s), 6.73 (1H, d, J–7.2 Hz), 7.00 (1H, d, 
J=7.2 Hz), 7.19-7.23 (4H, m). 

Reference Example 157 
5-bromo-2,2,7-trimethyl-6-(4-methylphenyl)-2,3- 

dihydro-1-benzofuran 
1457 8.25g of the title compound was obtained as an oily 
product in the same manner as described for Reference 
Example 4 using 2.2,7-trimethyl-6-(4-methylphenyl)-2,3-di 
hydro-1-benzofuran (10.0 g, 30.9 mmol) synthesized in Ref 
erence Example 156 and N-bromosuccinimide (10.6 g. 59.4 
mmol) (yield: 63%). 
1458 H-NMR (CDC1): 81.50 (6H, s), 1.92 (3H, s), 2.41 
(3H, s), 3.05 (2H, s), 7.06 (21-1, d. J=8.0 Hz), 7.23-7.26 (3H, 
m). 

Reference Example 158 
2-(benzyloxy)methyl-2,4,6,7-tetramethyl-2,3-dihy 

dro-1-benzofuran 

1459 740 mg of the title compound was obtained as an 
oily product in the same manner as described for Reference 
Example 124 using (2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
Zofuran-2-yl)methanol (730 mg, 3.54 mmol) synthesized in 
Reference Example 122 and benzyl bromide (908 mg, 5.31 
mmol) (yield: 71%). 
1460 'H-NMR (CDC1): 81.49 (3H, s), 2.08 (3H, s), 2.14 
(3H; s), 2.19 (3H, s), 2.79 (1H, d, J=15.6 Hz), 3.12 (1H, d, 
J=15.6 Hz), 3.50 (1H, d, J=9.9 Hz), 3.53 (1H, d, J=9.9 Hz), 
4.57 (1H, d. J–12.3 Hz), 4.63 (1H, d, J=12.3 Hz), 6.48 (1H, s), 
7.21-7.39 (5H, m). 

Reference Example 159 
2-(benzyloxy)methyl-5-bromo-2,4,6,7-tetramethyl 

2,3-dihydro-1-benzofuran 
1461 520 mg of the title compound was obtained as an 
oily product in the same manner as described for Reference 
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Example 4 using 2-(benzyloxy)methyl-2,4,6,7-tetram 
ethyl-2,3-dihydro-1-benzofuran (740 mg, 2.50 mmol) syn 
thesized in Reference Example 158 and N-bromosuccinimide 
(488 mg, 2.75 mmol) (yield: 55%). 
1462 'H-NMR (CDC1): 81.47 (3H, s), 2.15 (3H, s), 2.25 
(3H, s), 2.34 (3H, s), 2.86 (1H, d, J=15.3 Hz), 3.21 (1H, d, 
J=15.3 Hz), 3.51 (2H, s), 4.57 (1H, d, J=12.3 Hz), 4.62 (1H, 
d, J=12.3 Hz), 7.23-7.40 (5H, m). 

Reference Example 160 
4-bromo-2,3,5-trimethylphenol 

1463. 15.1 g of the title compound was obtained as a white 
solid in the same manner as described for Reference Example 
4 using 2,3,5-trimethylphenol (10.0g, 73.4 mmol) and N-bro 
mosuccinimide (13.7g, 77.1 mmol) (yield: 96%). 
1464 'H-NMR (CDC1): 82.20 (3H, s), 2.33 (3H, s), 2.39 
(3H, s), 4.62 (1H, s), 6.58 (1H, s). 

Reference Example 161 
2-bromo-1,3,4-trimethyl-5-(2-methylprop-2-en-1- 

yl)oxybenzene 

1465. 18.3 g of the title compound was obtained as an 
amorphous solid in the same manner as described for Refer 
ence Example 1 using 4-bromo-2,3,5-trimethylphenol (15.1 
g, 70.2 mmol) synthesized in Reference Example 160 and 
3-chloro-2-methylpropene (10.3 mL, 105 mmol) (yield: 
97%). 
1466 H-NMR (CDC1): 81.84 (3H, s), 2.23 (3H, s), 2.38 
(3H, s), 2.40 (3H, s), 4.38 (2H, s), 4.93-5.02 (1H, m), 5.07 
5.15 (1H, m), 6.62 (1H, s). 

Reference Example 162 
4-bromo-2,3,5-trimethyl-6-(2-methylprop-2-en-1-yl) 

phenol 

1467 1.81 g of the title compound was obtained as an 
amorphous solid in the same manner as described for Refer 
ence Example 2 using 2-bromo-1,3,4-trimethyl-5-(2-meth 
ylprop-2-en-1-yl)oxybenzene (5.00 g, 18.6 mmol) synthe 
sized in Reference Example 161 (yield: 36%). 
1468 H-NMR (CDC1): 81.79 (3H, s), 2.22 (3H, s), 2.39 
(3H, s), 2.41 (3H, s), 3.42 (2H, s), 4.61-4.67 (1H, m), 4.84 
4.90 (1H, m), 4.98 (1H, s). 

Reference Example 163 
5-bromo-2-(methoxymethoxy)methyl-2,4,6,7-tet 

ramethyl-2,3-dihydro-1-benzofuran 
1469. Ethyldiisopropylamine (1.26 g, 9.74 mmol) and 
chloromethylmethylether (627 mg, 7.79 mmol) were serially 
added to a solution of THF (15 mL) containing (5-bromo-2, 
4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methanol 
(1.85g. 6.49 mmol) synthesized in Reference Example 123 
under ice-cooling condition, and the mixture was warmed to 
room temperature and stirred for 15 hours. Ethyldiisopropy 
lamine (1.26 g, 9.74 mmol) and chloromethylmethylether 
(523 mg, 6.49 mmol) were further added serially to the reac 
tion solution under ice-cooling condition, and the mixture 
was warmed to room temperature and stirred for 15 hours. 
The reaction solution was poured into Saturated Sodium bicar 
bonate water, and THF was removed under reduced pressure, 
followed by extraction using ethyl acetate. The extract was 
washed with Saturated Saline and dried using anhydrous mag 
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nesium sulfate. After that, the solvent was removed under 
reduced pressure. The obtained residue was purified by silica 
gel column chromatography (hexane-ethyl acetate 96:4-80: 
20) to give 1.62 g of the title compound as an oily product 
(yield: 76%). 
1470 'H-NMR (CDC1): 81.47 (3H, s), 2.15 (3H, s), 2.26 
(3H, s), 2.34 (3H, s), 2.87 (1H, d, J=15.6 Hz), 3.20 (1H, d, 
J=15.6 Hz), 3.56 (3H, s), 3.59 (2H, s), 4.64 (1H, d. J=6.3 Hz), 
4.67 (1H, d, J=6.3 Hz). 

Reference Example 164 
7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzo 

furan-5-amine hydrochloride 

1471. A solution of water (100 mL) containing sodium 
nitrite (61.8 g. 895 mmol) was added dropwise to a suspen 
sion of 6N hydrochloric acid (1.74 L) containing p-nitroa 
niline (129 g, 933 mmol) under ice-cooling condition, with 
the inner temperature thereof being maintained at 10° C. or 
lower. The reaction solution was stirred under ice-cooling 
condition for 1 hour, and after that, a solution of acetic acid 
(1.74 L) containing 7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran (crude, calculated as 746 mmol) synthe 
sized in Reference Example 93 was added dropwise thereto. 
The obtained mixture was stirred at 45° C. for 4 hours. After 
cooled to room temperature, the precipitated Solid was col 
lected by filtration, and it was washed with 50% acetic acid 
aqueous solution (500 mL), water (500 mL) and cold metha 
nol (500 mL) to give 1-(7-methoxy-2,2,4,6-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)-2-(4-nitrophenyl)diazene as wet 
crystal. Sodium hydrosulfite (519 g, 2.98 mol) was added to a 
suspension of methanol (1.74 L)/water (580 mL) containing 
the obtained wet crystal (calculated as 746 mmol), and the 
mixture was refluxed for 2 hours. After cooled to room tem 
perature, the precipitate was filtered. Saturated saline was 
added to the filtrate, and extraction was performed using ethyl 
acetate (1.5 L, 1 L). The organic layer was washed with 
saturated Saline (1 L) and dried using anhydrous magnesium 
Sulfate, and the solvent was removed under reduced pressure. 
The residue was purified by silica gel column chromatogra 
phy (hexane-ethyl acetate 85:15-70:30). The obtained crude 
product was dissolved in ethyl acetate (1.74 L), and 4N 
hydrochloric acid/ethyl acetate (100 mL) was added thereto 
for conversion into hydrochloride salt. The obtained white 
solid was collected by filtration, and it was washed with ethyl 
acetate to give 87.7 g of the title compound as a white solid 
(yield: 46%). 
1472 H-NMR (DMSO-d): & 1.43 (6H, s), 2.18 (3H, s), 
2.19 (3H, s), 2.96 (2H, s), 3.72 (3H, s), 9.66 (3H, brs). 

Example 1 
1-(2,4-Dimethoxyphenyl)-4-(2,2,4,6,7-pentamethyl 

2,3-dihydro-1-benzofuran-5-yl)piperazine 

1473. To the toluene (10 mL) mixture solution of 
5-bromo-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 
(400 mg, 1.49 mmol) synthesized in Reference example 4.1- 
(2,4-dimethoxyphenyl)piperazine (495 mg, 2.23 mmol), pal 
ladium acetate (17 mg, 0.0745 mmol) and BINAP (139 mg, 
0.224 mmol), sodium t-butoxide (286 mg, 2.98 mmol) was 
added and stirred for 15 hours under reflux. After cooling to 
room temperature, water was added to the reaction solution, 
and extracted with ethyl acetate. The organic layer was 
washed with Saturated brine and dried over anhydrous mag 
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nesium sulfate. The solvent was removed by distillation under 
reduced pressure. The residue was purified by silica gel chro 
matography (hexane-ethyl acetate 95:5-85:15) and crystal 
lized from ethyl acetate-hexane to obtain the title compound 
340 mg (yield 56%). Melting point was 154 to 156° C. 
1474 'H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.21 
(3H, s), 2.26 (3H, s), 2.91 (2H, s), 2.97-3.14 (4H, m), 3.15 
3.36 (4H, m), 3.79 (3H, s), 3.86 (3H, s), 6.44 (1H, dd, J=2.7, 
8.7 Hz), 6.50 (1H, d, J=2.7 Hz), 6.93 (1H, d, J=8.7 Hz). 

Example 2 
1-2.2-Dimethyl-6-(4-methylphenyl)-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methoxyphenyl)piperazine 

1475. By using 5-bromo-2,2-dimethyl-6-(4-methylphe 
nyl)-2,3-dihydro-1-benzofuran (250 mg. 0.788 mmol) syn 
thesized in Reference example 9 and 1-(4-methoxyphenyl) 
piperazine (455 mg, 2.36 mmol), the reaction was carried out 
in the same manner as Example 1 to synthesize the title 
compound 55 mg (yield 16%). Melting point was 187 to 190° 
C. (ethyl acetate-hexane). 
1476 'H-NMR (CDC1): 81.50 (611, s), 2.35 (3H, s), 
2.86-3.00 (8H, m), 3.04 (2H, s), 3.76 (3H, s), 6.68 (1H, s), 
6.78-6.91 (4H, m), 6.94 (1H, s), 7.12-7.19 (2H, m), 7.48-7.54 
(2H, m). 

Example 3 
1-(2,2-Dimethyl-6-pyridin-3-yl-2,3-dihydro-1-ben 

Zofuran-5-yl)-4-(4-methoxyphenyl)piperazine 
1477. By using 3-(5-bromo-2,2-dimethyl-2,3-dihydro-1- 
benzofuran-6-yl)pyridine (160 mg. 0.526 mmol) synthesized 
in Reference example 11 and 1-(4-methoxyphenyl)pipera 
zine (303 mg, 1.58 mmol), the reaction was carried out in the 
same manner as Example 1 to synthesize the title compound 
100 mg (yield 46%). Melting point was 177 to 180° C. (ethyl 
acetate-hexane). 
1478 H-NMR (CDC1): 81.50 (6H, s), 2.35 (3H, s), 2.86 
3.00 (8H, m), 3.04 (2H, s), 3.7.6 (3H, s), 6.68 (1H, s), 6.78 
6.91 (4H, m), 6.94 (1H, s), 7.12-7.19 (2H, m), 7.48-7.54 (2H, 
m). 

Example 4 
1-(4-Methoxyphenyl)-4-(2.2,6,7-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 
1479. By using 5-bromo-2,2,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran (300 mg, 1.18 mmol) synthesized in Ref 
erence example 15 and 1-(4-methoxyphenyl)piperazine (678 
mg, 3.53 mmol), the reaction was carried out in the same 
manner as Example 1 to obtain the title compound 250 mg 
(yield 58%). Melting point was 180 to 182°C. (ethyl acetate 
hexane). 
1480 'H-NMR (CDC1): 81.46 (6H, s), 2.13 (3H, s), 2.23 
(3H, s), 2.90-3.35 (10H, m), 3.78 (3H, s), 6.78-6.90 (3H, m), 
6.91-7.00 (2H, m). 

Example 5 
4-5-4-(4-Methoxyphenyl)piperazin-1-yl)-2.2,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-4-yl-N,N- 

dimethylaniline 

1481 To the THF (15 mL) suspension of lithium alumi 
num hydride (342 mg, 9.00 mmol), aluminum chloride (1.20 
g, 9.00 mmol) was added under ice cooling, and then the 
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mixture was stirred for 10 minutes and added with the THF 
(25 mL) solution of 4-4-(dimethylamino)phenyl-5-4-(4- 
methoxyphenyl)piperazin-1-yl)-2.2,6,7-tetramethyl-1-ben 
Zofuran-3 (2H)-one (1.50 g, 3.00 mmol) synthesized in Ref 
erence example 31, followed by further stirring for 2.5 hours 
under reflux. After cooling the mixture Solution on ice, water 
was added dropwise thereto and 0.5 N aqueous solution of 
sodium hydroxide was further added. The mixture was stirred 
for 10 minutes at room temperature. Undissolved residues 
were removed by filtration. The filtrate was extracted with the 
mixture solvent of ethyl acetate-ether (1:1). After washing 
with the saturated brine, the extract solution was dried over 
anhydrous magnesium Sulfate. The solvent was removed by 
distillation under reduced pressure. The resulting residue was 
purified by silica gel chromatography (hexane-ethyl acetate 
96:4-85:15) and crystallized from ethyl acetate and hexane to 
obtain the title compound 1.01 g (yield 69%). Melting point 
was 177 to 179°C. (ethyl acetate-hexane). 
1482 H-NMR (CDC1): 81.41 (6H, s), 2.16 (3H, s), 2.29 
(3H, s), 2.68–2.90 (61-1, m), 2.91-3.10 (10H, m), 3.75 (3H, s), 
6.68-6.88 (6H, m), 7.03-7.13 (2H, m). 

Example 6 
1-(4-Furan-3-yl-2.2,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methoxyphenyl)piperazine 

1483. By using 4-furan-3-yl-5-4-(4-methoxyphenyl)pip 
erazin-1-yl)-2.2,6,7-tetramethyl-1-benzofuran-3 (2H)-one 
(460 mg, 1.03 mmol) synthesized in Reference example 33, 
the reaction was carried out in the same manner as Example 5 
to obtain the title compound 250 mg (yield 56%). Melting 
point was 192 to 195°C. (ethyl acetate-hexane). 
1484 H-NMR (CDC1): 81.41 (6H, s), 2.26 (3H, s), 2.40 
(3H, s), 2.83-3.05 (6H, m), 3.09-3.21 (2H, m), 3.77 (3H, s), 
6.46 (1H, dd, J=0.9, 1.8 Hz), 6.78-6.92 (4H, m), 7.44 (1H, dd, 
J=0.9, 1.5 Hz), 7.52 (1H, dd, J=1.5, 1.8 Hz). 

Example 7 
1-(4-Cyclopropyl-2.2,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methoxyphenyl)piperazine 

1485. By using 4-cyclopropyl-5-4-(4-methoxyphenyl) 
piperazin-1-yl)-2.2,6,7-tetramethyl-1-benzofuran-3 (2H)- 
one (80.0 mg 0.190 mmol) synthesized in Reference 
example 26, the reaction was carried out in the same manner 
as Example 5 to synthesize the title compound 49.6 mg (yield 
64%). Melting point was 121 to 122°C. (hexane). 
1486 'H-NMR (CDC1): 80.60-0.70 (2H, m), 0.84-0.94 
(2H; m), 1.44 (6H, s), 1.83-1.98 (1H, m), 2.09 (3H, s), 2.24 
(3H, s), 3.03 (2H, s), 3.06-3.31 (6H, m), 3.38-3.53 (21-1, m), 
3.78 (3H, s), 6.86 (2H, d, J=9.0 Hz), 6.97 (2H, d, J=9.0 Hz). 

Example 8 
1-(4-Ethenyl-2.2,6,7-tetramethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)-4-(4-methoxyphenyl)piperazine 

1487. By using 4-ethenyl-5-4-(4-methoxyphenyl)piper 
azin-1-yl)-2.2,6,7-tetramethyl-1-benzofuran-3(2H)-one 
(70.0 mg, 0.172 mmol) synthesized in Reference example 23, 
the reaction was carried out in the same manner as Example 5 
to synthesize the title compound 49.4 mg (yield 73%). Melt 
ing point was 135 to 136°C. (hexane). 
1488 H-NMR (CDC1): 81.46 (6H, s), 2.12 (3H, s), 2.24 
(3H, s), 3.06 (2H, s), 3.11-3.18 (4H, m), 3.21-3.30 (4H, m), 

Sep. 13, 2012 

3.78 (3H, s), 5.24-5.37 (2H, m), 6.86 (2H, d, J=9.0 Hz), 6.97 
(2H, d, J=9.0 Hz), 7.05-7.17 (1H, m). 

Example 9 

1-(4-Ethyl-2.2,6,7-tetramethyl-2,3-dihydro-1-benzo 
furan-5-yl)-4-(4-methoxyphenyl)piperazine 

1489 By using 4-ethyl-5-4-(4-methoxyphenyl)piper 
azin-1-yl)-2.2,6,7-tetramethyl-1-benzofuran-3(2H)-one 
(72.1 mg, 0.176 mmol) synthesized in Reference example 24, 
the reaction was carried out in the same manner as Example 5 
to synthesize the title compound 34.4 mg (yield 50%). Melt 
ing point was 150 to 151° C. (methanol-hexane). 
1490 'H-NMR (CDC1): 81.11 (3H, t, J=7.8 Hz), 1.46 
(6H, s), 2.08 (3H, s), 2.24 (3H, s), 2.61 (2H, q, J=7.8 Hz), 2.95 
(2H, s), 3.00-3.17 (4H, m), 3.20-3.30 (2H, m), 3.34-3.45 (2H, 
m), 3.79 (3H, s), 6.86 (2H, d, J=9.0 Hz), 6.97 (2H, d, J=9.0 
Hz). 

Example 10 

1-(4-Methoxyphenyl)-4-2.2,6,7-tetramethyl-4-(1- 
methylethenyl)-2,3-dihydro-1-benzofuran-5-yl)pip 

erazine 

1491 By using 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
2.2,6,7-tetramethyl-4-(1-methylethenyl)-1-benzofuran-3 
(2H)-one (60.0 mg, 0.142 mmol) synthesized in Reference 
example 28, the reaction was carried out in the same manner 
as Example 5 to synthesize the title compound 20.0 mg (yield 
35%). Melting point was 174 to 175°C. (methanol-hexane). 
1492 'H-NMR (CDC1): 81.45 (6H, s), 2.03 (3H, s), 2.11 
(3H, s), 2.24 (3H, s), 2.88 (2H, s), 3.05-3.12 (4H, m), 3.19 
3.26 (4H, m), 3.78 (3H, s), 4.77 (1H, s), 5.13 (1H, s), 6.85 (2H, 
d, J=9.0 Hz), 6.94 (2H, d, J=9.0 Hz). 

Example 11 

1-(4-Methoxyphenyl)-4-2.2,6,7-tetramethyl-4-(1- 
methylethyl)-2,3-dihydro-1-benzofuran-5-yl)pipera 

Zine 

1493. By using 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
2.2,6,7-tetramethyl-4-(1-methylethyl)-1-benzofuran-3 (2H)- 
one (60.0 mg, 0.142 mmol) synthesized in Reference 
example 29, the reaction was carried out in the same manner 
as Example 5 to synthesize the title compound 27.0 mg (yield 
47%). Melting point was 192 to 194°C. (hexane). 
1494 'H-NMR (CDC1): 81.22 (6H, d, J=5.7 Hz), 1.45 
(6H, s), 2.08 (3H, s), 2.25 (3H, s), 3.04-3.25 (8H, m), 3.26 
3.40 (2H, m), 3.58-3.76 (2H, m), 3.79 (3H, s), 6.86 (2H, d, 
J=9.0 Hz), 6.97 (2H, d, J=9.0 Hz). 

Example 12 

1-(4-Methylphenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine 

1495 By using 2,2,4,6,7-pentamethyl-5-4-(4-meth 
ylphenyl)piperazin-1-yl)-1-benzofuran-3(2H)-one (870 mg. 
2.29 mmol) synthesized in Reference example 37, the reac 
tion was carried out in the same manner as Example 5 to 
synthesize the title compound 100 mg (yield 12%). Melting 
point was 152 to 155° C. (ethyl acetate-hexane). 
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1496 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.28 (3H, s), 2.91 (2H, s), 3.11-3.34 (8H, 
m), 6.86-6.95 (2H, m), 7.04-7.13 (2H, m). 

Example 13 
2-(4-Methoxyphenyl)-1-methyl-4-(2,2,4,6,7-pentam 

ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 
1497. By using 5-3-(4-methoxyphenyl)-4-methylpiper 
azin-1-yl)-2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one 
(200 mg, 0.490 mmol) synthesized in Reference example 36, 
the reaction was carried out in the same manner as Example 5 
to obtain the title compound 184 mg (yield 94%) as a diaste 
reomeric mixture (3:2). 
1498 'H-NMR (CDC1): 81.36-1.51 (6H, m), 2.02 (1.2H, 

s), 2.05-2.19 (7.8H, m), 2.22 (1.2H, s), 2.31 (1.8H, s), 2.43 
2.59 (1H, m), 2.71-3.00 (5H, m), 3.04-3.17 (1H, m), 3.24-3. 
37 (1H, m), 3.53-3.67 (1H, m), 3.79 (3H, s), 6.77-6.91 (2H, 
m), 7.19-7.38 (2H, m). 

Example 14 
2-(3,4-Dimethoxyphenyl)-1-methyl-4-(2,2,4,6,7- 

pentamethyl-2,3-dihydro-1-benzofuran-5-yl)pipera 
Zine 

1499. By using 5-3-(3,4-dimethoxyphenyl)-4-meth 
ylpiperazin-1-yl)-2,2,4,6,7-pentamethyl-1-benzofuran-3 
(2H)-one (215 mg, 0.490 mmol) synthesized in Reference 
example 39, the reaction was carried out in the same manner 
as Example 5 to obtain the title compound 195 mg (yield 
92%) as a diastereomeric mixture (3:2). 
1500I 'H-NMR (CDC1): 81.38-1.50 (6H, m), 2.02 (1.2H, 
s), 2.06-2.18 (7.8H, m), 2.23 (1.2H, s), 2.31 (1.8H, s), 2.45 
2.59 (1H, m), 2.72-3.01 (5H, m), 3.03-3.13 (1H, m), 3.25-3. 
37 (1H, m), 3.51-3.68 (1H, m), 3.86 (3H, s), 3.90 (3H, s), 
6.75-6.85 (1H, m), 6.85-6.96 (2H, m). 

Example 15 
2-(4-Methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 

dihydro-1-benzofuran-5-yl)morpholine 
1501 By using 5-2-(4-methoxyphenyl)morpholin-4-yl)- 
2,2,4,6,7-pentamethyl-1-benzofuran-3 (2H)-one (150 mg. 
0.380 mmol) synthesized in Reference example 40, the reac 
tion was carried out in the same manner as Example 5 to 
obtain the title compound 137 mg (yield 93%) as a diastereo 
meric mixture (3:2). 
1502 'H-NMR (CDC1): 81.36-1.51 (6H, m), 2.04 (1.2H, 
s), 2.07-2.21 (4.8H, m), 2.25 (1.8H, s), 2.34 (1.8H, s), 2.67 
2.81 (1H, m), 2.82-2.98 (3H, m), 3.23-3.37 (1H, m), 3.42-3. 
59 (1H, m), 3.79 (3H, s), 3.87-4.12 (2H, m), 4.55-4.66 (1H, 
m), 6.79-6.96 (2H, m), 7.28-7.35 (2H, m). 

Example 16 
2-Benzyl-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 

benzofuran-5-yl)morpholine 
1503. By using 5-(2-benzylmorpholin-4-yl)-2,2,4,6,7- 
pentamethyl-1-benzofuran-3(2H)-one (150 mg, 0.395 mmol) 
synthesized in Reference example 41, the reaction was car 
ried out in the same manner as Example 5 to obtain the title 
compound 97.1 mg (yield 67%) as a diastereomeric mixture 
(3:2). 
1504 'H-NMR (CDC1): 81.39-148 (6H, m), 2.01-2.07 
(3H, m), 2.09 (1.8H, s), 2.14-2.21 (4.2H, m), 2.59-2.77 (3H, 
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m), 2.82-2.99 (3H, m), 3.06-3.18 (1H, m), 3.34-3.53 (1H, m), 
3.72-3.98 (3H, m), 7.15-7.31 (5H, m). 

Example 17 
1-(4-Methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 

1505. By using 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one (2.00 g, 5.07 
mmol) synthesized in Reference example 42, the reaction was 
carried out in the same manner as Example 5 to synthesize the 
title compound 1.60 g (yield 83%). 
1506 That is, to the THF (20 mL) suspension of lithium 
aluminum hydride (577 mg, 15.2 mmol), aluminum chloride 
(2.03 g, 15.2 mmol) was added underice cooling, and then the 
mixture was stirred for 10 minutes and added with the THF 
(25 mL) solution of 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-on (2.00 g, 5.07 
mmol), and the mixture was stirred for 2 hours under reflux. 
After cooling the reaction solution on ice, water and 0.5 N 
aqueous solution of Sodium hydroxide were serially added 
thereto. The mixture was stirred for 1 hour at room tempera 
ture, and then extraction was performed using ethyl acetate. 
The extract was washed with saturated saline and dried over 
anhydrous magnesium sulfate. After that, the solvent was 
removed by distillation under reduced pressure. The resulting 
residue was purified by silica gel chromatography (hexane 
ethyl acetate 90:10-75:25) and crystallized from ethyl acetate 
and hexane to obtain the title compound 1.60 g as a colorless 
crystal (yield 83%). Melting point was 152 to 155° C. 
1507. In addition, synthesis was also performed according 
to the below-described method using 5-bromo-2,2,4,6,7-pen 
tamethyl-2,3-dihydro-1-benzofuran (344.1 g, 1.28 mol) syn 
thesized in Reference Example 4 and 1-(4-methoxyphenyl) 
piperazine (164 g. 853 mmol). That is, 1-(4-methoxyphenyl) 
piperazine (51.5g, 268 mmol), palladium acetate (3.01 g, 
13.4 mmol), BINAP (12.5g, 20.1 mmol) and sodium tert 
butoxide (38.6 g. 402 mmol) were added to a solution of 
toluene (775 mL) containing 5-bromo-2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran (108 g. 402 mmol), and the 
mixture was heated to reflux under argon atmosphere for 7 
hours. After cooled to room temperature, water (775 mL) was 
added to the reaction solution for distribution. The organic 
layer was washed with saturated saline (515 mL) and dried 
using anhydrous magnesium sulfate, and after that, the Sol 
vent was removed under reduced pressure. The obtained resi 
due was purified by basic silica gel column chromatography 
(hexane-ethyl acetate 98:2) and then silica gel column chro 
matography (hexane-ethyl acetate 100:0-94:6) to give a 
crudely purified product of the title compound as a yellow 
solid (68.0 g). Similarly, a crudely purified product of the title 
compound (136.6 g) was obtained from 5-bromo-2,2,4,6,7- 
pentamethyl-2,3-dihydro-1-benzofuran (213 g, 791 mmol) 
and 1-(4-methoxyphenyl)piperazine (101.5 g, 528 mmol). 
The obtained crudely purified products were put together and 
Suspended in ethanol (2.3 L). This suspension was stirred at 
65° C. for 30 minutes. After cooled to room temperature, it 
was further stirred for 1 hour, and crystals were collected by 
filtration to give a crude crystal of the title compound (181 g). 
Similarly, a crude crystal of the title compound was obtained 
from 5-bromo-2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzo 
furan (23.1 g, 85.8 mmol) and 1-(4-methoxyphenyl)pipera 
zine (11.0 g, 57.2 mmol). The obtained crude crystals were 
put together and recrystallized from acetone (2.82 L)/water 
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(94.0 mL) to give 176 g of the title compound as a colorless 
crystal (yield: 54%). Melting point was 152 to 155° C. 
1508 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.06-334 (8H, m), 3.78 
(3H, s), 6.81-6.90 (2H, m), 6.92-7.01 (2H, m). 

Example 18 
1-(4-Methoxyphenyl)-4-(4,6,7-trimethyl-2',3',5',6'- 
tetrahydro-3H-spiro 1-benzofuran-2,4'-pyran-5-yl) 

piperazine 
1509. By using 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
4,6,7-trimethyl-2',3',5',6'-tetrahydro-3H-spiro 1-benzofu 
ran-2,4'-pyran-3-one (125 mg, 0.286 mmol) synthesized in 
Reference example 47, the reaction was carried out in the 
same manner as Example 5 to synthesize the title compound 
60 mg (yield 50%). Melting point was 153 to 155° C. (ethyl 
acetate-hexane). 
1510 'H-NMR (CDC1): 81.74-197 (4H, m), 2.11 (3H, 
m), 2.21 (3H, s), 2.24 (3H, s), 2.92 (2H, s), 3.07-3.33 (8H, m), 
3.71-3.82 (5H, m), 3.88-3.99 (2H, m), 6.82-6.90 (2H, m), 
6.92-7.00 (2H, m). 

Example 19 
1-(4-Methoxyphenyl)-4-(4,6,7-trimethyl-3H-spiro 1 

benzofuran-2,1'-cyclopentan-5-yl)piperazine 
1511. By using 5-4-(4-methoxyphenyl)piperazin-1-yl)- 
4,6,7-trimethyl-3H-spiro 1-benzofuran-2,1'-cyclopentan-3- 
one (180 mg, 0.428 mmol) synthesized in Reference example 
49, the reaction was carried out in the same manner as 
Example 5 to obtain the title compound 120 mg (yield 69%). 
Melting point was 137 to 139° C. (ethyl acetate-hexane). 
1512) 'H-NMR (CDC1): 81.62-1.80 (4H, m), 1.81-1.96 
(2H, m), 2.01-2.13 (5H, m), 2.20 (3H, s), 2.24 (3H, s), 3.06 
(2H, s), 3.07-3.34 (8H, m), 3.78 (3H, s), 6.82-6.90 (2H, m), 
6.92-7.00 (2H, m). 

Example 20 
1-(4-Methoxyphenyl)-4-2,4,6,7-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 
1513. By using 5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran (4.02 g, 15.8 mmol) synthesized in Refer 
ence example 53 and 1-(4-methoxyphenyl)piperazine (6.08 
g, 31.6 mmol), the reaction was carried out in the same 
manner as Example 1 to obtain the title compound 2.25 g 
(yield 39%). 
1514 'H-NMR (CDC1): 81.47 (3H, d, J=6.1 Hz), 2.10 
(3H, s), 2.22 (3H, s), 2.24 (3H, s), 2.71 (1H, dd, J=15.1, 7.6 
HZ), 3.09-3.33 (9H, m), 3.78 (3H, s), 4.82-4.95 (1H, m), 
6.83-6.89 (2H, m), 6.93-7.00 (2H, m). 

Example 21 
1-(4-Methoxyphenyl)-4-(2R)-2,4,6,7-tetramethyl-2, 

3-dihydro-1-benzofuran-5-yl)piperazine 

1515) To the toluene (10 mL) solution of (2R)-5-bromo 
2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran (800 mg, 3.14 
mmol) obtained in Reference example 54, 1-(4-methoxyphe 
nyl)piperazine (1.81 g, 9.41 mmol), palladium acetate (35 
mg, 0.157 mmol), BINAP (293 mg, 0.471 mmol) and sodium 
tert-butoxide (602 mg, 6.27 mmol) were added and irradiated 
with microwave. The mixture was stirred for 15 minutes at 
160° C. To the mixture solution, water was added and 
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extracted with ethyl acetate. The extract solution was washed 
with Saturated brine and dried over anhydrous magnesium 
sulfate. The solvent was removed by distillation under 
reduced pressure. The resulting residue was purified by silica 
gel column chromatography (hexane-ethyl acetate 85:15). 
The resulting solids were recrystallized from hexane-ethyl 
acetate to obtain the title compound 354 mg (yield 31%). 
Melting point was 127 to 128°C. (hexane-ethyl acetate). 
Ol' +13.1° (c=0.51, chloroform). 

Example 22 
1-(4-Methoxyphenyl)-4-(2S)-2,4,6,7-tetramethyl-2, 

3-dihydro-1-benzofuran-5-yl)piperazine 
1516 By using (2S)-5-bromo-2,4,6,7-tetramethyl-2,3-di 
hydro-1-benzofuran (800 mg, 3.14 mmol) obtained in Refer 
ence example 54 and 1-(4-methoxyphenyl)piperazine (1.81 
g, 9.41 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 652 
mg (yield 57%). Melting point was 127 to 128°C. (hexane 
ethyl acetate). C.’’=-13.6° (c=0.51, chloroform). 

Example 23 
1-(4-Methoxy-3-methylphenyl)-4-(2,4,6,7-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1517. To the toluene (3.1 mL) solution of 1-(2,4,6,7-tet 
ramethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine (400 
mg, 1.54 mmol) synthesized in Reference example 56, 
4-bromo-1-methoxy-2-methylbenzene (464 mg, 2.31 mmol), 
palladium acetate (17 mg, 0.077 mmol), BINAP (143 mg, 
0.231 mmol) and sodium tert-butoxide (296 mg, 3.08 mmol) 
were added and irradiated with microwave. The mixture was 
reacted for 15 minutes at 150° C. To the mixture solution, 
water was added and extracted with ethyl acetate. The extract 
solution was washed with saturated brine and dried over 
anhydrous magnesium sulfate. The solvent was removed by 
distillation under reduced pressure. The resulting residue was 
purified by silica gel column chromatography (hexane-ethyl 
acetate 85:15). The resulting solid was recrystallized from 
ethanol to obtain the title compound 114 mg (yield 19%). 
Melting point was 141 to 142°C. (ethanol). 
1518 H-NMR (CDC1): 81.47 (3H, d, J=6.4 Hz), 2.10 
(3H, s), 2.22 (6H, s), 2.24 (3H, s), 2.71 (1H, dd, J=15.1, 7.9 
HZ), 3.07-3.33 (9H, m), 3.80 (3H, s), 4.82-4.95 (1H, m), 
6.75-6.89 (3H, m). 

Example 24 
1-(4-Fluorophenyl)-4-(2,4,6,7-tetramethyl-2,3-dihy 

dro-1-benzofuran-5-yl)piperazine 
1519. By using 1-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (400 mg, 1.54 mmol) synthe 
sized in Reference example 56 and 1-fluoro-4-iodobenzene 
(1.54 g. 6.92 mmol), the reaction was carried out in the same 
manner as Example 23 to synthesize the title compound 119 
mg (yield 16%). Melting point was 137 to 138°C. (ethanol). 
1520 H-NMR (CDC1): 81.47 (3H, d, J=6.0 Hz), 2.10 
(3H, s), 2.21 (3H, s), 2.24 (3H, s), 2.71 (1H, dd, J=15.4, 7.9 
HZ), 3.08-3.35 (9H, m), 4.82-4.95 (1H, m), 6.89-7.05 (4H, m) 

Example 25 
1-(4-Methylphenyl)-4-(2,4,6,7-tetramethyl-2,3-dihy 

dro-1-benzofuran-5-yl)piperazine 
1521. By using 1-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (700 mg, 2.69 mmol) synthe 
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sized in Reference example 56 and 4-iodotoluene (1.76 g. 
8.08 mmol), the reaction was carried out in the same manner 
as Example 23 to synthesize the title compound 310 mg (yield 
33%). Melting point was 150 to 151° C. (ethanol). 
1522 H-NMR (CDC1): 81.47 (3H, d, J=6.0 Hz), 2.10 
(3H, s), 2.21 (3H, s), 2.24 (3H, s), 2.28 (3H, s), 2.71 (1H, dd, 
J=15.1, 7.9 Hz), 3.09-3.35 (9H, m), 482-4.95 (1H, m), 6.88 
6.95 (2H, m), 707-7.13 (2H, m). 

Example 26 

1-(4-Bromophenyl)-4-(2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazine 

1523. By using 1-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (2.60 g, 10.0 mmol) synthesized 
in Reference example 56 and 1,4-dibromobenzene (7.08 g. 30 
mmol), the reaction was carried out in the same manner as 
Example 23 to synthesize the title compound 2.3 g (yield 
55%). Melting point was 202 to 204° C. (hexane-ethyl 
acetate). 
1524 'H-NMR (CDC1): 81.47 (3H, d, J=6.4 Hz), 2.10 
(3H, s), 2.20 (3H, s), 2.23 (3H, s), 2.71 (1H, dd, J=15.3, 7.7 
HZ), 3.10-3.36 (9H, m), 4.80-4.96 (1H, m), 6.77-6.92 (2H, 
m), 7.29-7.41 (2H, m). 

Example 27 

1-4-(Methylsulfanyl)phenyl)-4-(2,4,6,7-tetramethyl 
2,3-dihydro-1-benzofuran-5-yl)piperazine 

1525 By using 1-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (130 mg. 0.50 mmol) synthe 
sized in Reference example 56 and 4-bromothioanisole (203 
mg, 1.0 mmol), the reaction was carried out in the same 
manner as Example 23 to obtain the title compound 78 mg 
(yield 41%). 
1526 'H-NMR (CDC1): 81.47 (3H, d, J=6.4 Hz), 2.10 
(3H, s), 2.20 (3H, s), 2.23 (3H, s), 2.45 (3H, s), 2.70 (1H, dd, 
J=15.3, 7.8 Hz), 3.14-3.33 (9H, m), 4.82-4.95 (1H, m), 6.89 
6.96 (2H, m), 7.23-7.30 (2H, m). 

Example 28 

1-4-(Methylsulfonyl)phenyl)-4-(2,4,6,7-tetramethyl 
2,3-dihydro-1-benzofuran-5-yl)piperazine 

1527 To the mixture solution of ethyl acetate-DMF (1:1, 
2.0 mL) of 1-4-(methylsulfanyl)phenyl)-4-(2,4,6,7-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine (60 mg. 
0.157 mmol) synthesized in Example 27, m-chloroperben 
Zoic acid (70%, 85 mg) was added under ice cooling, fol 
lowed by stirring for 1 hour. The mixture solution was diluted 
with ethyl acetate, and then washed with aqueous solution of 
Sodium hydrogen carbonate, aqueous solution of sodium 
thiosulfate, and Saturated brine. The organic layer was dried 
over anhydrous magnesium sulfate. The solvent was removed 
by distillation under reduced pressure. The resulting residue 
was crystallized from ethanol to obtain the title compound 24 
mg (yield 37%). Melting point was 228 to 233°C. (ethanol). 
1528 H-NMR (CDC1): 81.47 (3H, d, J=6.4 Hz), 2.10 
(3H, s), 2.19 (3H, s), 2.23 (3H, s), 2.71 (1H, dd, J=15.1, 7.9 
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HZ), 3.02 (3H, s), 3.15-3.55 (9H, m), 4.83-4.95 (1H, m), 
6.95-7.02 (2H, m), 7.75-7.82 (2H, m). 

Example 29 

4-4-(2,4,6,7-Tetramethyl-2,3-dihydro-1-benzofuran 
5-yl)piperazin-1-ylbenzonitrile 

1529. By using 1-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (130 mg. 0.50 mmol) synthe 
sized in Reference example 56 and 4-bromobenzonitrile (182 
mg, 1.0 mmol), the reaction was carried out in the same 
manner as Example 23 to obtain the title compound 71 mg 
(yield 39%). 
1530) "H-NMR (CDC1): 81.47 (3H, d, J=6.0 Hz), 2.10 
(3H, s), 2.19 (3H, s), 2.22 (3H, s), 2.70 (1H, dd, J=15.3, 7.7 
HZ), 3.11-3.52 (9H, m), 4.81-4.96 (1H, m), 6.86-6.96 (2H, 
m), 7.46-7.56 (2H, m). 

Example 30 

4-4-(2,4,6,7-Tetramethyl-2,3-dihydro-1-benzofuran 
5-yl)piperazin-1-ylbenzamide 

1531. The mixture of 4-4-(2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazin-1-ylbenzonitrile (70 mg. 
0.194 mmol) synthesized in Reference example 29 and potas 
sium hydroxide (33 mg, 0.582 mmol) was stirred in tert 
butanol (2.0 mL) at 80° C. for 20 hours. After adding water, 
solids obtained were filtered and washed with ethanol to 
obtain the title compound 35 mg (yield 48%). Melting point 
was 240 to 245° C. (ethanol). 
1532 'H-NMR (CDC1): 81.47 (3H, d, J=6.0 Hz), 2.10 
(3H, s), 2.20 (3H, s), 2.23 (3H, s), 2.71 (1H, dd, J=15.1, 7.9 
HZ), 3.12-3.50 (9H, m), 4.81-4.96 (1H, m), 5.69 (2H, brs), 
6.90-6.99 (2H, m), 7.71-7.78 (2H, m). 

Example 31 

1-(4-Methoxy-3-methylphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1533. By using 5-4-(4-methoxy-3-methylphenyl)piper 
azin-1-yl)-2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one 
(220 mg, 0.538 mmol) synthesized in Reference example 58, 
the reaction was carried out in the same manner as Example 5 
to obtain the title compound 80 mg (yield 38%). Melting 
point was 137 to 141° C. (ethyl acetate-hexane). 
1534 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.22 (3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.05-3.34 (8H, 
m), 3.80 (3H, s), 6.74-6.84 (2H, m), 6.85-6.89 (1H, m). 

Example 32 

1-(3-Fluoro-4-methoxyphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1535. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (311 mg, 1.0 mmol) synthesized 
in Reference example 61 and 4-bromo-2-fluoroanisole (0.194 
mL, 1.5 mmol), the reaction was carried out in the same 
manner as Example 23 to synthesize the title compound 145 
mg (yield 36%). Melting point was 161 to 163°C. (hexane). 
1536 H-NMR (CDC1): 81.47 (6H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.08-3.33 (8H, m), 3.86 
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(3H, s), 6.67 (1H, ddd, J=8.9, 2.8, 1.2 Hz), 6.78 (1H, dd, 
J=14.0, 2.7 Hz), 6.86-6.96 (1H, m). 

Example 33 

1-(4-Chloro-3-methylphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1537. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (274 mg, 1.00 mmol) synthe 
sized in Reference example 61 and 4-bromo-1-chloro-2-me 
thylbenzene (308 mg, 1.50 mmol), the reaction was carried 
out in the same manner as Example 23 to obtain the title 
compound 60 mg (yield 15%). Melting point was 168 to 171° 
C. (ethyl acetate-hexane). 
1538 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.18 
(3H, s), 2.23 (3H, s), 2.34 (3H, s), 2.91 (2H, s), 3.11-3.33 (8H, 
m), 6.75 (2H, dd, J=3.0, 8.7 Hz), 6.85 (1H, d, J-3.0 Hz), 7.21 
(1H, d, J=8.7 Hz). 

Example 34 

1-(4-Chlorophenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine 

1539. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (274 mg, 1.00 mmol) synthe 
sized in Reference example 61 and 1-bromo-4-chloroben 
Zene (287 mg, 1.50 mmol), the reaction was carried out in the 
same manner as Example 23 to obtain the title compound 100 
mg (yield 26%). Melting point was 226 to 229° C. (ethyl 
acetate-hexane). 
1540) "H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.18 
(3H, s), 2.23 (3H, s), 2.91 (2H, s), 3.11-3.33 (8H, m), 6.85 
6.94 (2H, m), 7.17-7.25 (2H, m). 

Example 35 

1-(4-Fluoro-3-methylphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1541. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (311 mg, 1.0 mmol) synthesized 
in Reference example 61 and 5-bromo-2-fluorotoluene 
(0.191 mL, 1.5 mmol), the reaction was carried out in the 
same manner as Example 23 to synthesize the title compound 
231 mg (yield 60%). Melting point was 143 to 145° C. (hex 
ane). 
1542 'H-NMR (CDC1): 81.47 (6H, s), 2.09 (3H, s), 2.20 
(3H, s), 2.24 (3H, s), 2.26 (3H, d, J=1.9 Hz), 2.92 (2H, s), 
3.06-3.35 (8H, m), 6.71-6.85 (2H, m), 6.86-6.96 (1H, m). 

Example 36 

1-(3-Chloro-4-methylphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1543. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine hydrochloric acid salt (311 mg, 
1.00 mmol) synthesized in Reference example 147 and 
4-bromo-2-chloro-1-methylbenzene (308 mg, 1.50 mmol), 
the reaction was carried out in the same manner as Example 
23 to obtain the title compound 213 mg (yield 58%). Melting 
point was 146 to 148°C. (hexane). 
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1544 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.18 
(3H, s), 2.23 (3H, s), 2.29 (3H, s), 2.91 (2H, s), 3.11-3.33 (8H, 
m), 6.79 (1H, dd, J=8.4, 2.7 Hz), 6.97 (1H, d, J-2.7 Hz), 7.10 
(1H, d, J=8.4 Hz). 

Example 37 
1-(3,4-Dimethoxyphenyl)-4-(2,2,4,6,7-pentamethyl 

2,3-dihydro-1-benzofuran-5-yl)piperazine 

1545. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine hydrochloric acid salt (311 mg, 
1.00 mmol) synthesized in Reference example 147 and 
4-bromo-1,2-dimethoxybenzene (326 mg, 1.50 mmol), the 
reaction was carried out in the same manner as Example 23 to 
synthesize the title compound 131 mg (yield 32%). Melting 
point was 135 to 137° C. (hexane). 
1546) "H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.20 
(3H, s), 2.25 (3H, s), 2.91 (2H, s), 3.10-3.34 (8H, m), 3.85 
(3H, s), 3.89 (3H, s), 6.52 (1H, dd, J=8.7, 2.4 Hz), 6.65 (1H, 
d, J=2.4 Hz), 6.81 (1H, d, J=8.7 Hz). 

Example 38 
1-(4-Fluoro-3-methoxyphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1547. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine hydrochloric acid salt (311 mg, 
1.00 mmol) synthesized in Reference example 147 and 
4-bromo-1-fluoro-2-methoxybenzene (308 mg, 1.50 mmol), 
the reaction was carried out in the same manner as Example 
23 to synthesize the title compound 212 mg (yield 53%). 
Melting point was 152 to 155° C. (hexane). 
1548 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.10-3.37 (8H, m), 3.89 
(3H, s), 6.48 (1H, dt, J=8.7, 3.3 Hz), 6.63 (1H, dd, J=7.2, 3.3 
Hz), 6.98 (1H, dd, J=8.7, 7.7 Hz). 

Example 39 
1-(4-Ethylphenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 

1549. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (210 mg. 0.765 mmol) synthe 
sized in Reference example 61 and 1-bromo-4-ethylbenzene 
(212 mg, 1.15 mmol), the reaction was carried out in the same 
manner as Example 23 to synthesize the title compound 110 
mg (yield 38%). Melting point was 152 to 155° C. (hexane). 
1550) 'H-NMR (CDC1): 81.22 (3H, t, J=7.8 Hz), 1.46 
(6H, s), 2.08 (3H, s), 2.19 (3H, s), 2.24 (3H, s), 2.59 (2H, q, 
J=7.8 Hz), 2.91 (2H, s), 3.11-3.35 (8H, m), 6.93 (2H, d, J=8.7 
Hz), 7.12 (2H, d, J=8.7 Hz). 

Example 40 
1-(6-Methoxypyridin-3-yl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1551. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (210 mg. 0.765 mmol) synthe 
sized in Reference example 61 and 5-bromo-2-methoxypyri 
dine (216 mg, 1.15 mmol), the reaction was carried out in the 
same manner as Example 23 to synthesize the title compound 
109 mg (yield 37%). Melting point was 178 to 180° C. (hex 
ane). 
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1552 'H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.05-3.35 (8H, m), 3.91 
(3H, s), 6.70 (1H, d, J=9.0 Hz), 7.35 (1H, dd, J=9.0, 3.0 Hz), 
7.85 (1H, d, J=3.0 Hz). 

Example 41 

1-(4-Fluorophenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine 

1553. By using 5-bromo-2,2,4,6,7-pentamethyl-2,3-dihy 
dro-1-benzofuran (269 mg 0.999 mmol) synthesized in Ref 
erence example 4 and 1-(4-fluorophenyl)piperazine (541 mg, 
3.00 mmol), the reaction was carried out in the same manner 
as Example 21 to synthesize the title compound 100 mg (yield 
27%). Melting point was 175 to 177° C. (hexane). 
1554 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.10-3.36 (8H, m), 6.88 
7.03 (4H, m). 

Example 42 

1-(4-Chloro-3-methoxyphenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1555. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (274 mg, 1.00 mmol) synthe 
sized in Reference example 61 and 4-bromo-1-chloro-2- 
methoxybenzene (332 mg, 1.50 mmol), the reaction was 
carried out in the same manner as Example 23 to obtain the 
title compound 100 mg (yield 24%). Melting point was 168 to 
171°C. (ethyl acetate-hexane). 
1556 'H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.24 (31-1, s), 2.91 (2H, s), 3.12-3.34 (8H, m), 3.90 
(3H, s), 6.51 (1H, dd, J=2.4, 8.7 Hz), 6.57 (1H, d, J-2.4 Hz), 
7.22 (1H, d, J=8.7 Hz). 

Example 43 

1-(3,4-Dimethylphenyl)-4-(2,2,4,6,7-pentamethyl-2, 
3-dihydro-1-benzofuran-5-yl)piperazine 

1557 By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (274 mg, 1.00 mmol) synthe 
sized in Reference example 61 and 4-bromo-1,2-dimethyl 
benzene (278 mg, 1.50 mmol), the reaction was carried out in 
the same manner as Example 23 to obtain the title compound 
70 mg (yield 18%). Melting point was 137 to 139° C. (ethyl 
acetate-hexane). 
1558 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.20 (3H, s), 2.237 (3H, s), 2.243 (3H, s), 2.91 (2H, s), 
3.11-3.33 (8H, m), 6.75 (1H, dd, J-2.7, 8.4 Hz), 6.82 (1H, d, 
J=2.7 Hz), 7.21 (1H, d, J=8.4 Hz). 

Example 44 

1-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-benzofuran 
5-yl)-4-4-(trifluoromethoxy)phenylpiperazine 

1559. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (311 mg, 1.0 mmol) synthesized 
in Reference example 61 and 1-bromo-4-(trifluoromethoxy) 
benzene (0.223 mL, 1.5 mmol), the reaction was carried out in 
the same manner as Example 1 to synthesize the title com 
pound 221 mg (yield 51%). Melting point was 216 to 219°C. 
(hexane). 
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1560 H-NMR (CDC1): 81.44-1.50 (6H, m), 2.09 (3H, 
s), 2.19 (3H, s), 2.24 (3H, s), 2.92 (2H, s), 3.16-3.34 (8H, m), 
6.91-6.99 (2H, m), 7.08-7.16 (2H, m). 

Example 45 
1-(4-Methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 

dihydro-1-benzofuran-5-yl)-1,4-diazepane 
1561. By using 5-4-(4-methoxyphenyl)-1,4-diazepan-1- 
yl)-2,2,4,6,7-pentamethyl-1-benzofuran-3(2H)-one synthe 
sized in Reference example 64, the reaction was carried out in 
the same manner as Example 5 to synthesize the title com 
pound 246 mg (yield 100%). Melting point was 105 to 107 
C. (methanol). 
1562 'H-NMR (CDC1): 81.44 (6H, s), 1.86-199 (2H, 
m), 2.03 (3H, s), 2.18 (3H, s), 2.05 (3H, s), 2.09 (3H, s), 2.87 
(2H, s), 3.05-3.30 (2H, m), 3.55-3.72 (4H, m), 3.77 (3H, s), 
6.71 (2H, d, J=9.3 Hz), 6.83 (2H, d, J=9.3 Hz). 

Example 46 
1-(7-Ethoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)-4-(4-methoxyphenyl)piperazine 
1563. By using 7-ethoxy-5-4-(4-methoxyphenyl)piper 
azin-1-yl)-2,2,4,6-tetramethyl-1-benzofuran-3(2H)-one (90 
mg, 0.212 mmol) synthesized in Reference example 74, the 
reaction was carried out in the same manner as Example 5 to 
synthesize the title compound 50 mg (yield 57%). Melting 
point was 151 to 153°C. (ethyl acetate-hexane). 
1564 'H-NMR (CDC1): 81.33 (3H, t, J=7.2 Hz), 1.48 
(6H, s), 2.17 (3H, s), 2.24 (3H, s), 2.89 (2H, s), 3.09-3.18 (4H, 
m), 3.20-3.29 (4H, m), 3.78 (3H, s), 4.03 (2H, q, J=7.2 Hz), 
6.82-6.90 (2H, m), 6.92-7.00 (2H, m). 

Example 47 
1-(4-Methoxyphenyl)-4-(7-methoxy-2,2,4,6-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1565. By using 7-methoxy-5-4-(4-methoxyphenyl)pip 
erazin-1-yl)-2,2,4,6-tetramethyl-1-benzofuran-3 (2H)-one 
(110 mg, 0.268 mmol) synthesized in Reference example 76, 
the reaction was carried out in the same manner as Example 5 
to synthesize the title compound 60 mg (yield 56%). Melting 
point was 161 to 163°C. (ethyl acetate-hexane). That is, to the 
THF (2.0 mL) suspension of lithium aluminum hydride (31 
mg, 0.804 mmol), aluminum chloride (107 mg, 0.804 mmol) 
was added under ice cooling, and then the mixture was stirred 
for 10 minutes and added with the THF (3.0 mL) solution of 
7-methoxy-5-4-(4-methoxyphenyl)piperazin-1-yl)-2.2.4.6- 
tetramethyl-1-benzofuran-3(2H)-one (110 mg, 0.268 mmol), 
followed by further stirring for 2 hours under reflux. After 
cooling the mixture solution on ice, water and 0.5 Naqueous 
Solution of sodium hydroxide was serially added, and extrac 
tion was performed using the mixture solvent of ethylacetate 
diethyl ether (1:1). After washing with the saturated brine, the 
extract solution was dried over anhydrous magnesium sulfate. 
The solvent was removed by distillation under reduced pres 
Sure. The resulting residue was purified by silica gel chroma 
tography (hexane-ethyl acetate 96:4-85:15) and crystallized 
from ethyl acetate and hexane to obtain the title compound 60 
mg (yield 56%). Melting point was 161 to 163°C. In addition, 
synthesis was also performed according to the below-de 
scribed method using 7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-amine hydrochloride (155.2 g. 602 
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mmol) synthesized in Reference Example 164 and N,N-bis 
(2-chloroethyl)-4-methoxyaniline (164 g. 662 mmol). That 
is, a suspension of NMP (1.40 L)-water (155 mL) containing 
7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran 
5-amine hydrochloride (155.2g, 602 mmol), N,N-bis(2-chlo 
roethyl)-4-methoxyaniline (164 g. 662 mmol), potassium 
carbonate (250 g, 1.81 mol), and sodium iodide (135 g, 903 
mmol) was stirred at 90° C. for 8 hours. After cooled to room 
temperature, water (2.80 L) was added to the mixture with the 
inner temperature thereof being maintained at 45 to 50° C. 
After cooled to room temperature, the precipitated solid was 
collected by filtration and washed with water. The obtained 
wet crystals were Suspended in ethanol, and it was stirred 
overnight. After cooled in ice bath, the solid was collected by 
filtration and washed with a mixture of ethanol-water (90-10) 
to give a crudely purified product of the title compound as a 
solid (148.4 g). Similarly, a crudely purified product (165.1 g) 
was obtained from 7-methoxy-2,2,4,6-tetramethyl-2,3-dihy 
dro-1-benzofuran-5-amine hydrochloride (165. 1 g, 640 
mmol), and the crudely purified products were put together 
and dissolved in toluene (2.5 L) to be subjected to Celite 
filtration, thereby removing insolubles. The solvent was 
removed under reduced pressure, and the obtained residue 
was crystallized from acetonitrile (3.0 L)-water (600 mL) to 
obtain a crude crystal (277.8 g). The obtained crude crystals 
were recrystallized from acetone (2.7 L)-water (1.35 L) to 
give 268.9 g of the title compound as a white crystal (yield 
55%). Melting point was 163° C. 
1566) "H-NMR (CDC1): 81.49 (6H, s), 2.17 (3H, s), 2.25 
(3H, s), 2.91 (2H, s), 3.08-3.32 (8H, m), 3.78 (3H, s), 3.81 
(3H, s), 6.82-6.90 (2H, m), 6.92-7.00 (2H, m). 

Example 48 

1-(4-Methoxyphenyl)-4-(7-methoxy-2,4,6-trimethyl 
2,3-dihydro-1-benzofuran-5-yl)piperazine 

1567 By using 5-bromo-7-methoxy-2,4,6-trimethyl-2,3- 
dihydro-1-benzofuran (542 mg, 2.0 mmol) synthesized in 
Reference example 83 and 1-(4-methoxyphenyl)piperazine 
(768 mg. 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 420 
mg (yield 55%). Melting point was 109 to 111° C. (ethanol 
water). 
1568 H-NMR (CDC1): 81.48 (3H, d, J=6.4 Hz), 2.19 
(3H, s), 2.25 (3H, s), 2.70 (1H, dd, J=15.3, 7.7 Hz), 3.08-3.32 
(9H, m), 3.78 (3H, s), 3.82 (3H, s), 4.88-5.02 (1H, m), 6.82 
6.90 (2H, m), 6.92-7.01 (2H, m). 

Example 49 

1-(7-Methoxy-2,4,6-trimethyl-2,3-dihydro-1-benzo 
furan-5-yl)-4-(4-methylphenyl)piperazine 

1569. By using 5-bromo-7-methoxy-2,4,6-trimethyl-2,3- 
dihydro-1-benzofuran (542 mg, 2.0 mmol) synthesized in 
Reference example 83 and 1-(4-methylphenyl)piperazine 
(704 mg. 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 306 
mg (yield 42%). Melting point was 82 to 84° C. (ethanol 
water). 
1570 H-NMR (CDC1): 81.48 (3H, d, J=6.4 Hz), 2.19 
(3H, s), 2.24 (3H, s), 2.28 (3H, s), 2.70 (1H, dd, J=15.1, 7.5 
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HZ), 3.13–3.30 (9H, m), 3.82 (3H, s), 4.88-5.02 (1H, m), 
6.87-6.94 (2H, m), 7.05-7.13 (2H, m). 

Example 50 
1-(7-Ethoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofu 

ran-5-yl)-4-(4-methoxyphenyl)piperazine 

1571. By using 5-bromo-7-ethoxy-2,4,6-trimethyl-2,3-di 
hydro-1-benzofuran (570 mg, 2.0 mmol) synthesized in Ref 
erence example 84 and 1-(4-methoxyphenyl)piperazine (768 
mg, 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 385 
mg (yield 48%). Melting point was 106 to 108°C. (ethanol 
water). 
1572 'H-NMR (CDC1): 81.34 (3H, t, J=7.2 Hz), 1.47 
(3H, d. J=6.4 Hz), 2.19 (3H, s), 2.24 (3H, s), 2.69 (1H, dd, 
J=15.3, 7.7 Hz), 3.10-3.29 (9H, m), 3.78 (3H, s), 4.05 (2H, q, 
J=7.2 Hz), 4.86-5.00 (1H, m), 6.82-6.89 (2H, m), 6.93-7.00 
(2H, m). 

Example 51 
1-(4-Fluorophenyl)-4-(7-methoxy-2,4,6-trimethyl-2, 

3-dihydro-1-benzofuran-5-yl)piperazine 

1573 By using 5-bromo-7-methoxy-2,4,6-trimethyl-2,3- 
dihydro-1-benzofuran (542 mg, 2.0 mmol) synthesized in 
Reference example 83 and 1-(4-fluorophenyl)piperazine 
(720 mg. 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 417 
mg (yield 56%). Melting point was 114 to 116°C. (ethanol 
water). 
1574 H-NMR (CDC1): 81.49 (3H, d, J=6.4 Hz), 2.19 
(3H, s), 2.24 (3H, s), 2.70 (1H, dd, J=15.1, 7.5 Hz), 3.13-3.30 
(9H, m), 3.82 (3H, s), 4.88-5.02 (1H, m), 6.90-7.03 (4H, m). 

Example 52 
1-(3-Methoxyphenyl)-4-(7-methoxy-2,4,6-trimethyl 

2,3-dihydro-1-benzofuran-5-yl)piperazine 

1575. By using 5-bromo-7-methoxy-2,4,6-trimethyl-2,3- 
dihydro-1-benzofuran (542 mg, 2.0 mmol) synthesized in 
Reference example 83 and 1-(3-methoxyphenyl)piperazine 
(768 mg, 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to obtain the title compound 340 mg 
(yield 44%) as an oily Substance. 
1576) "H-NMR (CDC1): 81.48 (3H, d, J=6.4 Hz), 2.18 
(3H, s), 2.24 (3H, s), 2.70 (1H, dd, J=15.3, 7.7 Hz), 3.15-3.32 
(9H, m), 3.80 (3H, s), 3.82 (3H, s), 4.88-5.02 (1H, m), 6.39 
6.64 (3H, m), 7.19 (1H, t, J–8.1 Hz). 

Example 53 
1-(7-Ethoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofu 

ran-5-yl)-4-(4-methylphenyl)piperazine 

1577. By using 5-bromo-7-ethoxy-2,4,6-trimethyl-2,3-di 
hydro-1-benzofuran (570 mg, 2.0 mmol) synthesized in Ref 
erence example 84 and 1-(4-methylphenyl)piperazine (704 
mg, 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 327 
mg (yield 43%). Melting point was 96 to 98° C. (ethanol 
water). 
1578 H-NMR (CDC1): 81.34 (3H, t, J=6.9 Hz), 1.47 
(3H, d. J=6.4 Hz), 2.18 (3H, s), 2.24 (3H, s), 2.28 (3H, s), 2.69 
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(1H, dd, J=15.1, 7.5 Hz), 3.13-3.32 (9H, m), 4.05 (2H, q, 
J=6.9 Hz), 4.86-5.01 (1H, m), 6.87-6.94 (2H, m), 7.05-7:13 
(2H, m). 

Example 54 
1-(7-Ethoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofu 

ran-5-yl)-4-(4-fluorophenyl)piperazine 
1579. By using 5-bromo-7-ethoxy-2,4,6-trimethyl-2,3-di 
hydro-1-benzofuran (570 mg, 2.0 mmol) synthesized in Ref 
erence example 84 and 1-(4-fluorophenyl)piperazine (720 
mg, 4.0 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesize the title compound 467 
mg (yield 61%). Melting point was 136 to 138°C. (ethanol 
water). 
1580 'H-NMR (CDC1): 81.34 (3H, t, J=6.9 Hz), 1.47 
(3H, d. J=6.0 Hz), 2.18 (3H, s), 2.24 (3H, s), 2.69 (1H, dd, 
J=15.1, 7.5 Hz), 3.13-3.29 (9H, m), 4.05 (2H, q, J=6.9 Hz), 
4.87-5.00 (1H, m), 6.90-7.02 (4H, m). 

Example 55 
1-(4-Methoxyphenyl)-4-2,4,6-trimethyl-7-(1-meth 
ylethoxy)-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1581. By using 5-bromo-2,4,6-trimethyl-7-(1-methyl 
ethoxy)-2,3-dihydro-1-benzofuran (598 mg, 2.0 mmol) syn 
thesized in Reference example 85 and 1-(4-methoxyphenyl) 
piperazine (768 mg, 4.0 mmol), the was carried out in the 
same manner as Example 21 to synthesize the title compound 
276 mg (yield 34%). Melting point was 110 to 112°C. (etha 
nol-water). 
1582 H-NMR (CDC1): 81.27 (3H, d, J=6.1 Hz), 1.27 
(3H, d, J=6.1 Hz), 1.45 (3H, d, J=6.4 Hz), 2.18 (3H, s), 2.22 
(3H, s), 2.68 (1H, dd, J=15.1, 7.6 Hz), 3.07-3.33 (9H, m), 3.78 
(3H, s), 4.46 (1H, spt, J=6.1 Hz), 4.85-4.98 (1H, m), 6.82-6. 
89 (21-1, m), 6.93-7.00 (2H, m). 

Example 56 
1-(4-Ethoxyphenyl)-4-(7-methoxy-2,4,6-trimethyl-2, 

3-dihydro-1-benzofuran-5-yl)piperazine 
1583. By using 1-(7-methoxy-2,4,6-trimethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazine (552 mg, 2.0 mmol) syn 
thesized in Reference example 88 and 1-bromo-4-ethoxyben 
Zene (804 mg. 4.0 mmol), the reaction was carried out in the 
same manner as Example 23 to synthesize the title compound 
265 mg (yield 33%). Melting point was 117 to 119°C. (etha 
nol-water). 
1584 H-NMR (CDC1): 81.39 (3H, t, J=7.0 Hz), 1.49 
(3H, d. J=6.4 Hz), 2.19 (3H, s), 2.24 (3H, s), 2.70 (1H, dd, 
J=15.1, 7.5 Hz), 3.10-3.30 (9H, m), 3.82 (3H, s), 4.00 (2H, q, 
J–7.0 Hz), 4.89-5.02 (1H, m), 6.82-6.89 (2H, m), 6.91-6.98 
(2H, m). 

Example 57 
1-(4-Methoxy-3-methylphenyl)-4-(7-methoxy-2,4,6- 
trimethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1585. By using 1-(7-methoxy-2,4,6-trimethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazine (552 mg, 2.0 mmol) syn 
thesized in Reference example 88 and 4-bromo-1-methoxy 
2-methylbenzene (804 mg. 4.0 mmol), the reaction was 
carried out in the same manner as Example 23 to synthesize 
the title compound 323 mg (yield 41%). Melting point was 94 
to 96° C. (ethanol-water). 
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1586 H-NMR (CDC1): 81.48 (3H, d, J=6.0 Hz), 2.19 
(3H, s), 2.22 (3H, s), 2.25 (3H, s), 2.70 (1H, dd, J=15.1, 7.5 
Hz), 3.08-3.32 (9H, m), 3.80 (3H, s), 3.82 (3H, s), 4.89-5.02 
(1H, m), 6.74-6.89 (3H, m). 

Example 58 
1-(7-Methoxy-2,4,6-trimethyl-2,3-dihydro-1-benzo 
furan-5-yl)-4-4-(trifluoromethyl)phenylpiperazine 

1587. By using 1-(7-methoxy-2,4,6-trimethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazine (552 mg, 2.0 mmol) syn 
thesized in Reference example 88 and 1-bromo-4-(trifluo 
romethyl)benzene (900 mg. 4.0 mmol), the reaction was 
carried out in the same manner as Example 23 to synthesize 
the title compound 463 mg (yield 55%). Melting point was 
142 to 145° C. (ethanol-water). 
1588. 'H-NMR (CDC1): 81.49 (3H, d, J=6.0 Hz), 2.18 
(3H, s), 2.24 (3H, s), 2.70 (1H, dd, J=15.3, 7.7 Hz), 3.16-3.41 
(9H, m), 3.83 (3H, s), 4.89-5.03 (1H, m), 6.93-7.02 (2H, m), 
747-7.54 (2H, m). 

Example 59 
1-(3-Fluoro-4-methoxyphenyl)-4-(7-methoxy-2,4,6- 
trimethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1589. By using 1-(7-methoxy-2,4,6-trimethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazine (552 mg, 2.0 mmol) syn 
thesized in Reference example 88 and 4-bromo-2-fluoro-1- 
methoxybenzene (720 mg. 4.0 mmol), the reaction was 
carried out in the same manner as Example 23 to synthesize 
the title compound 309 mg (yield 39%). Melting point was 
120 to 122°C. (ethanol-water). 
1590 H-NMR (CDC1): 81.48 (3H, d, J=6.4 Hz), 2.18 
(3H, s), 2.24 (3H, s), 2.70 (1H, dd, J=15.1, 7.5 Hz), 3.09-3.29 
(9H, m), 3.82 (3H, s), 3.85 (3H, s), 4.88-5.03 (1H, m), 6.64 
6.70 (1H, m), 6.78 (1H, dd, J=14.1, 2.8 Hz), 6.90 (1H, t, J=9.2 
Hz). 

Example 60 
1-(7-Ethoxy-2,4,6-trimethyl-2,3-dihydro-1-benzofu 
ran-5-yl)-4-(4-methoxy-3-methylphenyl)piperazine 

1591. By using 1-(7-ethoxy-2,4,6-trimethyl-2,3-dihydro 
1-benzofuran-5-yl)piperazine (580 mg, 2.0 mmol) synthe 
sized in Reference example 88 and 4-bromo-1-methoxy-2- 
methylbenzene (804 mg. 4.0 mmol), the reaction was carried 
out in the same manner as Example 23 to synthesize the title 
compound 375 mg (yield 46%). Melting point was 80 to 83° 
C. (ethanol-water). 
1592 'H-NMR (CDC1): 81.34 (3H, t, J=7.2 Hz), 1.47 
(3H, d. J=6.4 Hz), 2.19 (3H, s), 2.22 (3H, s), 2.24 (3H, s), 2.69 
(1H, dd, J=15.1, 7.5 Hz), 3.08-3.29 (9H, m), 3.80 (3H, s), 4.05 
(2H, q, J–7.2 Hz), 4.86-5.00 (1H, m), 6.73-6.90 (3H, m). 

Example 61 
1-(4-Ethoxyphenyl)-4-(7-ethoxy-2,4,6-trimethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 
1593. By using 1-(7-ethoxy-2,4,6-trimethyl-2,3-dihydro 
1-benzofuran-5-yl)piperazine (580 mg, 2.0 mmol) synthe 
sized in Reference example 89 and 1-bromo-4-ethoxyben 
Zene (804 mg. 4.0 mmol), the reaction was carried out in the 
same manner as Example 23 to synthesize the title compound 
532 mg (yield 65%). Melting point was 121 to 122°C. (etha 
nol-water). 
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1594 'H-NMR (CDC1): 81.34 (3H, t, J=7.0 Hz), 1.39 
(3H, t, J–7.0 Hz), 1.47 (3H, d. J=6.4 Hz), 2.19 (3H, s), 2.24 
(311, s), 2.69 (1H, dd, J=15.1, 7.5 Hz), 3.08-3.30 (9H, m), 
3.95-4.10 (4H, m), 4.86-5.00 (1H, m), 6.81-6.99 (4H, m). 

Example 62 
1-(7-Methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methylphenyl)piperazine 

1595. By using 5-bromo-7-methoxy-2,2,4,6-tetramethyl 
2,3-dihydro-1-benzofuran (1.80g, 6.31 mmol) synthesized in 
Reference example 94 and 1-(4-methylphenyl)piperazine 
(2.22 g, 12.6 mmol), the reaction was carried out in the same 
manner as Example 1 to synthesize the title compound 1.32g 
(yield 55%). Melting point was 150 to 152°C. (hexane-ethyl 
acetate). H-NMR (CDC1): 81.49 (6H, s), 2.17 (3H, s), 2.24 
(3H, s), 2.28 (3H, s), 2.90 (2H, s), 3.12-3.28 (8H, m), 3.81 
(3H, s), 6.90 (2H, d, J=8.4 Hz), 7.09 (2H, d, J=8.4 Hz). 

Example 63 
1-(4-Fluorophenyl)-4-(7-methoxy-2,2,4,6-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1596. By using 5-bromo-7-methoxy-2,2,4,6-tetramethyl 
2,3-dihydro-1-benzofuran (600 mg, 2.10 mmol) synthesized 
in Reference example 94 and 1-(4-fluorophenyl)piperazine 
(757 mg, 4.20 mmol), the reaction was carried out in the same 
manner as Example 1 to synthesize the title compound 397 
mg (yield 49%). Melting point was 137 to 139° C. (hexane 
ethyl acetate). 
1597 'H-NMR (CDC1): 81.49 (6H, s), 2.17 (3H, s), 2.24 
(3H, s), 2.94 (2H, s), 3.10-3.30 (8H, m), 3.81 (3H, s), 6.88 
7.05 (4H, m). 

Example 64 
1-(4-Ethylphenyl)-4-(7-methoxy-2,2,4,6-tetramethyl 

2,3-dihydro-1-benzofuran-5-yl)piperazine 
1598. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (400 mg, 1.38 mmol) 
synthesized in Reference example 96 and 1-bromo-4-ethyl 
benzene (383 mg: 2.07 mmol), the reaction was carried out in 
the same manner as Reference example 59 to synthesize the 
title compound 133 mg (yield 25%). Melting point was 157 to 
160° C. (hexane-ethyl acetate). 
1599) 'H-NMR (CDC1): 81.22 (3H, t, J–7.5 Hz), 1.49 
(6H, s), 2.17 (3H, s), 2.24 (3H, s), 2.59 (2H, q, J=7.5Hz), 2.91 
(2H, s), 3.15-3.30 (8H, m), 3.81 (3H, s), 6.93 (2H, d, J=8.7 
Hz), 7.12 (2H, d, J=8.7 Hz). 

Example 65 
1-(4-Ethoxyphenyl)-4-(7-methoxy-2,2,4,6-tetram 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1600. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (400 mg, 1.38 mmol) 
synthesized in Reference example 96 and 1-bromo-4-ethoxy 
benzene (416 mg, 2.07 mmol), the reaction was carried out in 
the same manner as Reference example 59 to synthesize the 
title compound 123 mg (yield 22%). That is, sodium t-butox 
ide (398 mg, 4.14 mmol) was added to a mixture of toluene 
(30 mL) containing 1-(7-methoxy-2,2,4,6-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine (400 mg, 1.38 mmol), 
1-bromo-4-ethoxybenzene (416 mg, 2.07 mmol), palladium 
acetate (15 mg, 0.069 mmol) and BINAP (129 mg, 0.207 
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mmol), and the mixture was stirred under argon atmosphere 
and under heated reflux for 12 hours. After cooled to room 
temperature, Saturated Saline was added to the reaction solu 
tion, and extraction was performed using ethyl acetate. The 
organic layer was dried using anhydrous magnesium sulfate. 
The solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel chromatography 
(hexane-ethyl acetate 100:0-80:20). Crystallization was per 
formed using ethyl acetate-hexane to give 123 mg of the title 
compound as a colorless crystal (yield: 22%). Melting point 
was 152 to 154° C. 

1601 H-NMR (CDC1): 81.39 (3H, t, J=7.2 Hz), 1.49 
(6H, s), 2.17 (3H, s), 2.24 (3H, s), 2.90 (2H, s), 3.06-3.30 (8H, 
m), 3.81 (3H, s), 4.00 (2H, q, J–7.2 Hz), 6.85 (2H, d, J=9.0 
Hz), 6.95 (2H, d, J=9.0 Hz). 

Example 66 

1-(7-Methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-4-(trifluoromethoxy)phenyl 

piperazine 

1602. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (436 mg, 1.50 mmol) 
synthesized in Reference example 96 and 1-bromo-4-(trifluo 
romethoxy)benzene (542 mg, 2.25 mmol), the reaction was 
carried out in the same manner as Reference example 59 to 
synthesize the title compound 160 mg (yield 16%). Melting 
point was 162 to 164° C. (hexane). 
1603 H-NMR (CDC1): 81.50 (6H, s), 2.16 (3H, s), 2.24 
(3H, s), 2.91 (2H, s), 3.20-3.28 (8H, m), 3.81 (3H, s), 6.94 
(2H, d, J=9.0 Hz), 7.12 (2H, d, J=9.0 Hz). 

Example 67 

1-4-(Difluoromethoxy)phenyl)-4-(7-methoxy-2,2,4, 
6-tetramethyl-2,3-dihydro-1-benzofuran-5-yl)pipera 

Zine 

1604. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (436 mg, 1.50 mmol) 
synthesized in Reference example 96 and 1-bromo-4-(difluo 
romethoxy)benzene (524 mg, 2.25 mmol), the reaction was 
carried out in the same manner as Reference example 59 to 
synthesize the title compound 12.9 mg (yield 1%). Melting 
point was 151 to 152°C. (hexane). 
1605 H-NMR (CDC1): 81.50 (6H, s), 2.16 (3H, s), 2.24 
(3H, s), 2.91 (2H, s), 3.17-3.28 (8H, m), 3.81 (3H, s), 6.43 
(1H, s), 6.95 (2H, d, J=9.0 Hz), 7.06 (2H, d, J=9.0 Hz). 

Example 68 

1-(7-Methoxy-2,2,4,6-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-4-(trifluoromethyl)phenylpip 

erazine 

1606. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (436 mg, 1.50 mmol) 
synthesized in Reference example 96 and 1-bromo-4-(trifluo 
romethyl)benzene (506 mg, 2.25 mmol), the reaction was 
carried out in the same manner as Reference example 59 to 
synthesize the title compound 389 mg (yield 40%). Melting 
point was 186 to 187°C. (hexane). 
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1607 H-NMR (CDC1): 81.50 (6H, s), 2.16 (3H, s), 2.24 
(3H, s), 2.91 (2H, s), 3.16-3.43 (8H, m), 3.81 (3H, s), 6.97 
(2H, d, J=8.7 Hz), 7.49 (2H, d, J=8.7 Hz). 

Example 69 
1-(2,3-Dihydro-1,4-benzodioxin-6-yl)-4-(7-meth 

oxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran-5- 
yl)piperazine 

1608. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (436 mg, 1.50 mmol) 
synthesized in Reference example 96 and 6-bromo-2,3-dihy 
dro-1,4-benzodioxine (484 mg, 2.25 mmol), the reaction was 
carried out in the same manner as Reference example 59 to 
synthesize the title compound 143 mg (yield 15%). Melting 
point was 167 to 168°C. (hexane). 
1609 'H-NMR (CDC1): 81.49 (6H, s), 2.16 (3H, s), 2.24 
(3H, s), 2.90 (2H, s), 3.08-3.28 (8H, m), 3.80 (3H, s), 4.17 
4.28 (4H, m), 6.49-6.57 (2H, m), 6.75-6.83 (1H, m). 

Example 70 
1-(7-Ethoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)-4-(4-methylphenyl)piperazine 
1610. By using 5-bromo-7-ethoxy-2,2,4,6-tetramethyl-2, 
3-dihydro-1-benzofuran (500 mg, 1.67 mmol) synthesized in 
Reference example 98 and 1-(4-methylphenyl)piperazine 
(589 mg, 3.34 mmol), the reaction was carried out in the same 
manner as Example 1 to synthesize the title compound 149 
mg (yield 23%). Melting point was 152 to 155° C. (hexane). 
1611 H-NMR (CDC1): 81.33 (3H, t, J=6.9 Hz), 1.48 
(6H, s), 2.16 (3H, s), 2.24 (3H, s), 2.28 (3H, s), 2.89 (2H, s), 
3.10-3.30 (8H, m), 4.04 (2H, q, J=6.9 Hz), 6.90 (2H, d. J–8.7 
Hz), 7.09 (2H, d, J=8.7 Hz). 

Example 71 
1-(7-Ethoxy-2,2,4,6-tetramethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)-4-(4-fluorophenyl)piperazine 
1612. By using 5-bromo-7-ethoxy-2,2,4,6-tetramethyl-2, 
3-dihydro-1-benzofuran (600 mg, 2.01 mmol) synthesized in 
Reference example 98 and 1-(4-fluorophenyl)piperazine 
(723 mg, 4.01 mmol), the reaction was carried out in the same 
manner as Example 1 to synthesize the title compound 327 
mg (yield 41%). Melting point was 163 to 165° C. (hexane 
ethyl acetate). 
1613 H-NMR (CDC1): 81.33 (3H, t, J=7.2 Hz), 1.48 
(6H, s), 2.16 (3H, s), 2.24 (3H, s), 2.89 (2H, s), 3.10-3.30 (8H, 
m), 4.05 (2H, q, J–7.2 Hz), 6.85-7.05 (4H, m). 

Example 72 
2,2,4,6-Tetramethyl-5-4-(4-methylphenyl)piperazin 

1-yl)-2,3-dihydro-1-benzofuran-7-ol 
1614 To 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-dihydro 
1-benzofuran-5-yl)-4-(4-methylphenyl)piperazine (444 mg. 
1.18 mmol) synthesized in Example 62, acetic acid (7 mL) 
and 48% aqueous solution of hydrobromic acid (7 ml) were 
added, followed by stirring at 100° C. for 12 hours. After 
cooling to room temperature, aqueous solution of Saturated 
Sodium hydrogen carbonate was added to the mixture solu 
tion, and then the mixture solution was extracted with ethyl 
acetate. The extract solution was dried over anhydrous mag 
nesium sulfate. The solvent was removed by distillation under 
reduced pressure. The resulting residue was purified by silica 
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gel column chromatography (hexane-ethyl acetate 100:0-90: 
10) and the resulting solids were recrystallized from hexane 
ethyl acetate to obtain the title compound 71.0 mg (yield 
16%). Melting point was 185 to 189° C. 
1615) 'H-NMR (CDC1): 81.48 (6H, s), 2.15 (3H, s), 2.24 
(3H, s), 2.28 (3H, s), 2.94 (2H, s), 3.12-3.35 (8H, m), 4.64 
(1H, brs), 6.91 (2H, d, J=8.7 Hz), 7.09 (2H, d, J=8.7 Hz). 

Example 73 
2-(4-Methoxyphenyl)-4-(2.2,6,7-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)morpholine 
1616. By using 5-2-(4-methoxyphenyl)morpholin-4-yl)- 
2.2,6,7-tetramethyl-1-benzofuran-3 (2H)-one (200 mg, 0.524 
mmol) synthesized in Reference example 99, the reaction was 
carried out in the same manner as Example 5 to synthesize the 
title compound 96.1 mg (yield 50%). 
1617 'H-NMR (CDC1): 81.43 (3H, s), 1.45 (3H, s), 2.12 
(3H, s), 2.26 (3H, s), 2.76 (1H, dd, J=11.7, 9.9 Hz), 2.81-2.90 
(2H, m), 2.90-3.04 (3H, m), 3.80 (3H, s), 3.94-4.04 (1H, m), 
4.05-4.13 (1H, m), 4.66 (1H, dd, J=10.2.2.4 Hz), 6.76(1H, s), 
6.88 (2H, d, J=8.7 Hz), 7.32 (2H, d, J=8.7 Hz). 

Example 74 
1-(4-Methoxyphenyl)-4-(2,2,4,7-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 
1618. By using 5-bromo-2,2,4,7-tetramethyl-2,3-dihy 
dro-1-benzofuran (510 mg, 2.00 mmol) synthesized in Ref 
erence example 103 and 1-(4-methoxyphenyl)piperazine 
(769 mg, 4.00 mmol), the reaction was carried out in the same 
manner as Example 1 to synthesize the title compound 540 
mg (yield 74%). Melting point was 174 to 175°C. (hexane 
ethyl acetate). 
1619 'H-NMR (CDC1): 81.47 (6H, s), 2.16 (6H, s), 2.92 
(2H, s), 3.05 (4H, m), 3.13–3.27 (4H, m), 3.78 (3H, s), 6.71 
(1H, s), 6.86 (2H, d, J=9.0 Hz), 6.96 (2H, d, J=8.7 Hz). 

Example 75 
2-(4-Methoxyphenyl)-4-(2,2,4,7-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)morpholine 
1620. By using 5-bromo-2,2,4,7-tetramethyl-2,3-dihy 
dro-1-benzofuran (510 mg, 2.00 mmol) synthesized in Ref 
erence example 103 and 2-(4-methoxyphenyl)morpholine 
(773 mg, 4.00 mmol), the reaction was carried out in the same 
manner as Example 1 to synthesize the title compound 412 
mg (yield 56%). Melting point was 107 to 108°C. (metha 
nol). 
1621 'H-NMR (CDC1): 81.45 (3H, s), 1.47 (3H, s), 2.13 
(3H, s), 2.18 (3H, s), 2.72-2.81 (1H, m), 2.84-2.95 (4H, m), 
2.96-3.05 (1H, m), 3.80 (3H, s), 3.91-4.04 (1H, m), 406-4.15 
(1H, m), 4.58-4.70 (1H, m), 6.64 (1H, s), 6.88 (2H, d, J=8.7 
Hz), 7.33 (2H, d, J=8.7 Hz). 

Example 76 
1-(3-Tert-butyl-2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methoxyphenyl)piperazine 

1622. To trifluoroacetic acid (4 mL), 3-tert-butyl-5-4-(4- 
methoxyphenyl)piperazin-1-yl)-2,2,4,6,7-pentamethyl-2,3- 
dihydro-1-benzofuran-3-ol (400 mg. 0.883 mmol) obtained 
in Reference example 104 was added under ice cooling. After 
adding triethylsilane (0.6 mL, 3.76 mmol) thereto, the tem 
perature was raised to room temperature. The reaction solu 
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tion was stirred for 15 minutes at room temperature and 
concentrated under reduced pressure. To the residue, 2M 
aqueous solution of potassium carbonate was added to alka 
lify the aqueous layer, followed by extraction with ethyl 
acetate. The organic layer was washed with water and Satu 
rated brine and dried over anhydrous sodium sulfate. After the 
concentration under reduced pressure, the resulting residue 
was purified by thin layer silica gel column chromatography 
(hexane:ethyl acetate=10:1) and crystallized from ethanol to 
obtain the title compound 120 mg (yield 31%). Melting point 
was 144 to 146° C. 
1623 H-NMR (CDC1) 8: 0.94 (9H, s), 1.17 (3H, s), 1.73 
(3H, s), 2.07 (3H, s), 2.21 (3H, s), 2.24 (3H, s), 2.53 (1H, s), 
3.02-3.44 (8H, m), 3.79 (3H, s), 6.86 (2H, d, J=9.2 Hz), 6.98 
(2H, d, J=9.2 Hz). 

Example 77 
1-(2,2,3,4,6,7-Hexamethyl-2,3-dihydro-1-benzofu 

ran-5-yl)-4-(4-methoxyphenyl)piperazine 

1624. To the ethyl acetate (5 mL) suspension of 1-(4- 
methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-3-methyliene-2, 
3-dihydro-1-benzofuran-5-yl)piperazine (400 mg, 1.02 
mmol) obtained in Reference example 106, 10%-hydrogen 
chloride/methanol solution (5 mL) was added and the mixture 
was concentrated under reduced pressure. The residue was 
dissolved in methanol (20 mL), added with 10%-palladium 
carbon (comprising 50% moisture, 100 mg), and then stirred 
at room temperature for 6 hours under 4 to 5 atm of hydrogen. 
The catalyst was removed by filtration and the filtrate was 
concentrated under reduced pressure. To the residue, 10% 
aqueous solution of potassium carbonate was added to alka 
lify the aqueous layer, followed by extraction with ethyl 
acetate. The organic layer was washed with water and Satu 
rated brine and dried over anhydrous sodium sulfate. After the 
concentration under reduced pressure, the resulting residue 
was crystallized from ethanol to obtain the title compound 
340 mg (yield 85%). Melting point was 141 to 143° C. 
1625 H-NMR (CDC1) 8: 1.12 (3H, d, J=7.0 Hz), 1.31 
(3H, s), 1.43 (3H, s), 2.08 (3H, s), 2.23 (3H, s), 2.26 (3H, s), 
2.96 (1H, q, J–7.0 Hz), 3.04-3.38 (8H, m), 3.78 (3H, s), 6.86 
(2H, d, J=9.2 Hz), 6.98 (2H, d, J=9.2 Hz). 

Example 78 
1-(4-Methoxyphenyl)-4-(4,6,7-trimethyl-2,3-dihy 

dro-1-benzofuran-5-yl)piperazine 

1626 To the THF (2 ml) solution of lithium aluminum 
hydride (68 mg, 1.80 mmol), aluminum chloride (240 mg. 
1.80 mmol) was added under ice cooling. After stirring for 10 
minutes at 0°C., THF (4 ml) solution of 5-4-(4-methoxyphe 
nyl)piperazin-1-yl)-4,6,7-trimethyl-1-benzofuran-3 (2H)- 
one (220 mg. 0.600 mmol) synthesized in Reference example 
109 was added. The mixture was stirred for 3 hours under 
reflux. After cooling to room temperature, water was added to 
the reaction solution, and 0.5 Naqueous solution of sodium 
hydroxide was further added to the reaction solution. The 
mixture was stirred for 30 minutes at room temperature and 
extracted with ethyl acetate-diethyl ether (1/1) mixture sol 
vent. The extract solution was washed with saturated brine, 
dried over anhydrous magnesium sulfate, and then concen 
trated under reduced pressure. The residue was dissolved in 
ethyl acetate (20 ml), added with 10%-palladium carbon 
(comprising 50% moisture, 200 mg), and then the mixture 
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was stirred at 60°C. for 15 hours under hydrogen atmosphere. 
After cooling to room temperature, palladium carbon was 
removed by filtration and the filtrate was concentrated under 
reduced pressure. The residue was purified by silica gel chro 
matography (hexane-ethyl acetate 95:5-80/20) to obtain the 
title compound 35 mg (yield 17%). 
1627 H-NMR (CDC1): 82.10 (3H, s), 2.25 (6H, s), 3.05 
3.35 (10H, m), 3.78 (3H, s), 4.54 (2H, t, J=8.7 Hz), 6.82-6.91 
(2H, m), 6.92-7.01 (2H, m). 

Example 79 

1-(2-Ethyl-2,4,6,7-tetramethyl-2,3-dihydro-1-benzo 
furan-5-yl)-4-(4-methoxyphenyl)piperazine 

1628 By using 2-ethyl-5-4-(4-methoxyphenyl)piper 
azin-1-yl)-2,4,6,7-tetramethyl-1-benzofuran-3(2H)-one 
(120 mg, 0.294 mmol) synthesized in Reference example 
116, the reaction was carried out in the same manner as 
Example 5 to obtain the title compound 50 mg (yield 43%). 
Melting point was 106 to 110° C. (ethyl acetate-hexane). 
1629 H-NMR (CDC1): 80.96 (3H, t, J=7.2 Hz), 1.40 
(3H, s), 1.66-1.81 (2H, m), 2.09 (3H, s), 2.20 (3H, s), 2.24 
(3H, s), 2.80 (1H, d, J=15.3 Hz), 2.95 (1H, d, J=15.3 Hz), 
3.07-3.34 (8H, m), 3.78 (3H, s), 6.81-6.91 (2H, m), 6.92-7.02 
(2H, m). 

Example 80 

1-5-4-(4-Methoxyphenyl)piperazin-1-yl)-2.2.4.6- 
tetramethyl-2,3-dihydro-1-benzofuran-7-yl)ethanone 

1630. By using 1-(5-bromo-2,2,4,6-tetramethyl-2,3-dihy 
dro-1-benzofuran-7-yl)ethanone (440 mg, 1.48 mmol) syn 
thesized in Reference example 121, the reaction was carried 
out in the same manner as Example 1 to obtain the title 
compound 100 mg (yield 17%). Melting point was 156 to 
159° C. (ethyl acetate-hexane). 
1631 'H-NMR (CDC1): 81.48 (6H, s), 2.22 (3H, s), 2.30 
(3H, s), 2.54 (3H, s), 2.89 (2H, s), 3.07-3.30 (8H, m), 3.78 
(3H, s), 6.82-6.90 (2H, m), 6.92-7.00 (2H, m). 

Example 81 

1-5-4-(4-Methoxyphenyl)piperazin-1-yl)-2.2.4.6- 
tetramethyl-2,3-dihydro-1-benzofuran-7-yl)ethanol 

1632) To the THF (1.5 ml)/methanol (1.5 ml) mixture 
solution of 1-(5-4-(4-methoxyphenyl)piperazin-1-yl)-2,2,4, 
6-tetramethyl-2,3-dihydro-1-benzofuran-7-yl)ethanone 
(120 mg, 0.294 mmol) synthesized in Example 80, sodium 
borohydride (133 mg, 3.52 mmol) was added and the mixture 
was stirred for 3 hours at room temperature. After diluting the 
reaction solution with water, THF and methanol in the reac 
tion solution was removed by distillation under reduced pres 
sure. The residue was extracted with ethyl acetate. The extract 
solution was washed with saturated brine, dried over anhy 
drous magnesium sulfate, and then solvent was removed by 
distillation under reduced pressure. The residue was purified 
by silica gel chromatography (hexane-ethyl acetate 99:1-80/ 
20) and crystallized from ethyl acetate-hexane to obtain the 
title compound 60 mg (yield 50%). Melting point was 183 to 
1860 C. 

1633 H-NMR (CDC1): 81.48 (3H, d, J=6.6 Hz), 1.49 
(3H, s), 1.50 (3H, s), 2.20 (3H, s), 2.27 (3H, s), 2.88 (2H, s), 



US 2012/0232095 A1 

3.03-3.38 (8H, m), 3.78 (3H, s), 3.80 (1H, d, J=11.1 Hz), 
4.89-5.03 (1H, m), 6.82-6.90 (2H, m), 6.92-7.00 (2H, m). 

Example 82 

2-Chloro-4-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazin-1-ylpyrimidine 

Example 83 

4-Chloro-2-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazin-1-ylpyrimidine 

1634 To the DMF (10 mL) solution of 1-(2,2,4,6,7-pen 
tamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine (1.92 g, 
7.00 mmol) synthesized in Reference example 61,2,4-dichlo 
ropyrimidine (1.04 g, 7.00 mmol) and triethylamine (1.07 
mL, 7.70 mmol) were added and the mixture was stirred at 
room temperature for 1 hour. To the mixture solution, water 
was added. The extraction was carried out by using ethyl 
acetate, and the extract was dried over anhydrous magnesium 
sulfate. Then, the solvent was removed by distillation under 
reduced pressure. The resulting residue was purified by silica 
gel column chromatography (hexane-ethyl acetate 95:5-85: 
15) to obtain 2-chloro-4-4-(2,2,4,6,7-pentamethyl-2,3-dihy 
dro-1-benzofuran-5-yl)piperazin-1-ylpyrimidine 1.68 g 
(ethyl acetate/hexane-4:1. Rf 0.1, yield 62%) and 4-chloro 
2-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5- 
yl)piperazin-1-ylpyrimidine 100 mg (ethyl acetate/hex 
ane=4:1. Rf-0.5, yield 4%). 

2-Chloro-4-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazin-1-ylpyrimidine 

1635 
hexane). 
1636 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.15 
(3H, s), 2.21 (3H, s), 2.90 (3H, s), 3.05-3.25 (4H, m), 3.60 
3.97 (4H, m), 6.42 (1H, d, J=6.3 Hz), 8.04 (1H, d, J=6.3 Hz). 

Melting point was 192 to 193° C. (ethyl acetate 

4-Chloro-2-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazin-1-ylpyrimidine 

1637 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.16 
(3H, s), 2.22 (3H, s), 2.90 (3H, s), 3.05-3.22 (4H, m), 3.78 
3.90 (2H, m), 3.95-4.05 (2H, m), 6.49 (1H, d, J=5.1 Hz), 8.16 
(1H, d, J=5.1 Hz). 

Example 84 

2-(4-Methoxyphenyl)-4-4-(2,2,4,6,7-pentamethyl-2, 
3-dihydro-1-benzofuran-5-yl)piperazin-1-ylpyrimi 

dine 

1638. By using 2-chloro-4-4-(2,2,4,6,7-pentamethyl-2, 
3-dihydro-1-benzofuran-5-yl)piperazin-1-ylpyrimidine 
(200 mg, 0.517 mmol) synthesized in Example 82 and 
(4-methoxyphenyl)borate (157 mg, 1.03 mmol), the reaction 
was carried out in the same manner as Reference example 22 
to synthesis the title compound 54.9 mg (yield 12%). Melting 
point was 240 to 242°C. (ethyl acetate-hexane). 
1639 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.17 
(3H, s), 2.23 (3H, s), 2.91 (3H, s), 3.10-3.30 (4H, m), 3.70 
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4.00 (7H, m), 6.41 (1H, d, J=6.0 Hz), 6.97 (2H, d, J=9.0 Hz), 
8.29 (1H, d, J=6.0 Hz), 8.36 (2H, d, J=9.0 Hz). 

Example 85 
4-(4-Methoxyphenyl)-2-[4-(2,2,4,6,7-pentamethy 
1-2,3-dihydro-1-benzofuran-5-yl)piperazin-1-yl) 

pyrimidine 

1640. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (100 mg 0.258 mmol) synthe 
sized in Example 83 and (4-methoxyphenyl)borate (78.4 mg. 
0.516 mmol), the reaction was carried out in the same manner 
as Reference example 22 to obtain the title compound 47.9 
mg (yield 40%). Melting point was 156 to 159° C. (ethyl 
acetate-hexane). 
1641 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.18 
(3H, s), 2.24 (3H, s), 2.91 (3H, s), 3.07-3.30 (4H, m), 3.80 
4.00(5H, m), 4.40-4.20 (2H, m), 6.88 (1H, d, J=5.1 Hz), 6.98 
(2H, d, J=8.7 Hz), 8.05 (2H, d, J=8.7 Hz), 8.34 (1H, d, J=5.1 
Hz). 

Example 86 
1-(2,4,6,7-Tetramethyl-2,3-dihydro-1-benzofuran-5- 

yl)-4-(1,3,4-thiadiazol-2-yl)piperazine 

1642 By using 1-(2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (130 mg. 0.50 mmol) synthe 
sized in Reference example 56 and 2-bromo-1,3,4-thiadiaz 
ole (165 mg, 1.0 mmol), the reaction was carried out in the 
same manner as Example 23 to synthesis the title compound 
24 mg (yield 14%). Melting point was 203 to 205°C. (hex 
ane-ethyl acetate). 
1643 'H-NMR (CDC1): 81.46 (3H, d, J=6.0 Hz), 2.09 
(3H, s), 2.18 (3H, s), 2.22 (3H, s), 2.70 (1H, dd, J=15.1, 7.9 
HZ), 3.12-3.31 (5H, m), 3.60-3.76 (4H, m), 4.82-4.96 (1H, 
m), 8.47 (1H, s). 

Example 87 
1-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-benzofuran 
5-yl)-4-(3-phenyl-1,2,4-thiadiazol-5-yl)piperazine 

1644. By using 5-bromo-2,2,4,6,7-pentamethyl-2,3-dihy 
dro-1-benzofuran (269 mg 0.999 mmol) synthesized in Ref 
erence example 4 and 1-(3-phenyl-1,2,4-thiadiazol-5-yl)pip 
erazine 2 hydrochloric acid salt (640 mg, 2.00 mmol), the 
reaction was carried out in the same manner as Example 21 to 
synthesis the title compound 50.4 mg (yield 12%). Melting 
point was 204 to 205°C. (hexane-acetone). 
1645 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.17 
(3H, s), 2.23 (3H, s), 2.91 (2H, s), 3.15-3.34 (4H, m), 3.60 
3.80 (4H, m), 7.37-7.50 (3H, m), 8.15-8.25 (2H, m). 

Example 88 
1-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-benzofuran 

5-yl)-4-(1,3-thiazol-2-yl)piperazine 

1646 By using 5-bromo-2,2,4,6,7-pentamethyl-2,3-dihy 
dro-1-benzofuran (404 mg, 1.50 mmol) synthesized in Ref 
erence example 4 and 1-(1,3-thiazol-2-yl)piperazine (508 
mg, 3.00 mmol), the reaction was carried out in the same 
manner as Example 21 to synthesis the title compound 196 
mg (yield 36%). Melting point was 150 to 151° C. (hexane 
ethyl acetate). 
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1647 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.16 
(3H, s), 2.22 (3H, s), 2.90 (2H, s), 3.10-3.30 (4H, m), 3.50 
3.70 (4H, m), 6.88-703 (4H, m), 6.58 (1H, d, J=3.6 Hz), 7.22 
(1H, d, J=3.6 Hz). 

Example 89 
1-4-(Methylsulfanyl)phenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1648. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (1.37 g, 5.0 mmol) synthesized 
in Reference example 61 and 4-bromothioanisole (1.52g, 7.5 
mmol), the reaction was carried out in the same manner as 
Example 23 to synthesize the title compound 1.2 g (yield 
60%). Melting point was 211 to 213°C. (ethanol). 
1649 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.18 
(3H, s), 2.23 (3H, s), 2.45 (3H, s 2.91 (2H, s), 3.15-3.33 (8H, 
m), 6.89-6.97 (2H, m), 7.23-7.31 (2H, m). 

Example 90 
4-4-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-benzofu 

ran-5-yl)piperazin-1-yl)benzonitrile 
1650. By using 1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazine (2.74g. 10.0 mmol) synthesized 
in Reference example 61 and 4-bromobenzonitrile (2.73 g, 15 
mmol), the reaction was carried out in the same manner as 
Example 23 to synthesis the title compound 700 mg (yield 
19%). Melting point was 255 to 257°C. (ethanol). 
1651 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.17 
(3H, s), 2.22 (3H, s), 2.91 (2H, s), 3.14-3.51 (8H, m), 6.87 
6.95 (2H, m), 7.46-7.55 (2H, m). 

Example 91 
1-4-(Methylsulfinyl)phenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1652 To the THF/ethyl acetate (1:1, 6.0 mL) solution of 
1-4-(methylsulfanyl)phenyl)-4-(2,2,4,6,7-pentamethyl-2,3- 
dihydro-1-benzofuran-5-yl)piperazine (200 mg. 0.50 mmol) 
synthesized in Example 89, m-chloroperbenzoic acid (70%, 
124 mg. 0.50 mmol) was added under ice cooling, followed 
by stirring for 2 hours. The reaction solution was added with 
an aqueous solution of sodium hydrogen carbonate, and 
extracted with ethyl acetate. The organic layer was washed 
with saturated brine, and then dried over sodium sulfate. The 
solvent was removed by distillation under reduced pressure. 
The resulting residue was purified by silica gel column chro 
matography (ethyl acetate) and the resulting solids were 
recrystallized from hexane-THF to obtain the title compound 
94 mg (yield 46%). Melting point was 223 to 227°C. (hex 
ane-THF). 
1653 'H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.18 
(3H, s), 2.23 (3H, s), 2.71 (3H, s), 2.91 (2H, s), 3.14-3.47 (8H, 
m), 7.02-7.08 (2H, m), 7.52-7.59 (2H, m). 

Example 92 
1-4-(Methylsulfonyl)phenyl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1654. By using 1-4-(methylsulfinyl)phenyl)-4-(2,2,4,6, 
7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 
(200 mg, 0.50 mmol) synthesized in Example 91 and 70% 
m-chloroperbenzoic acid (272 mg, 1.1 mmol), the reaction 
was carried out in the same manner as Example 91 to synthe 
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sis the title compound 67 mg (yield 31%). Melting point was 
256 to 260° C. (hexane-THF). 
1655 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.17 
(3H, s), 2.22 (3H, s), 2.91 (2H, s), 3.02 (3H, s), 3.15-3.55 (8H, 
m), 6.94-7.02 (2H, m), 7.75-7.82 (2H, m). 

Example 93 
1-4-4-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-ben 
Zofuran-5-yl)piperazin-1-yl)phenyl)methaneamine 

1656. To the THF (5.0 mL) solution of 4-4-(2,2,4,6,7- 
pentamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazin-1-yl) 
benzonitrile (180 mg, 0.479 mmol) synthesized in Example 
90, lithium aluminum hydride (91 mg, 2.39 mmol) was 
slowly added under ice cooling, followed by stirring for 1.5 
hours. To the reaction solution, sodium sulfate 10 hydrate 
(500 mg) was added. The temperature was raised to room 
temperature and the mixture was stirred for 16 hours. Undis 
solved residues were removed by filtration and the filtrate was 
concentrated under reduced pressure. To the resulting resi 
due, hexane was added. The resulting solids were filtered to 
obtain the title compound 120 mg (yield 66%). Melting point 
was 156 to 158°C. (hexane-THF). 
1657 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.15-3.33 (8H, m), 3.79 
(2H, s), 6.93-7.00 (2H, m), 7.19-7.24 (2H, m). 

Example 94 
N,N-Dimethyl-1-(4-4-(2,2,4,6,7-pentamethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazin-1-yl) 
phenyl)methaneamine 

1658. To the THF (2.0 mL) solution of 1-4-4-(2,2,4,6,7- 
pentamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazin-1-yl) 
phenyl)methaneamine (23 mg, 0.061 mmol) synthesized in 
Example 93.37% aqueous solution of formaldehyde (49 mg, 
0.61 mmol) and acetic acid (0.010 mL, 0.18 mmol), sodium 
triacetoxyborohydride (65 mg 0.31 mmol) was added under 
ice cooling. The temperature was raised to room temperature 
and the mixture was stirred for 16 hours. The reaction solution 
was added with water, and extracted with ethyl acetate. The 
organic layer was washed with water and Saturated brine and 
dried over sodium sulfate. The solvent was removed by dis 
tillation under reduced pressure. The resulting residue was 
purified by basic silica gel column chromatography (hexane 
ethyl acetate 80:20) to obtain the title compound 12 mg (yield 
48%). Melting point was 134 to 138° C. (hexane-ethyl 
acetate). 
1659 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.19 
(3H, s), 2.23 (6H, s), 2.24 (3H, s), 2.91 (2H, s), 3.16-3.34 (8H, 
m), 3.35 (2H, s), 6.91-6.98 (2H, m), 7.17-7.24 (2H, m). 

Example 95 

1-4-4-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-ben 
Zofuran-5-yl)piperazin-1-yl)phenylethanone 

1660. To the THF (2.0 mL) solution of 4-4-(2,2,4,6,7- 
pentamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazin-1-yl) 
benzonitrile (75 mg 0.20 mmol) synthesized in Example 90. 
1.6 M-methyl lithium/diethyl ether solution (0.25 mL, 0.40 
mmol) was slowly added under ice cooling, followed by 
stirring for 2 hours. 1.6 M-Methyl lithium/diethyl ether solu 
tion (1.0 mL, 1.6 mmol) was again added and stirred for 1 
hour. The reaction solution was added with water, and 
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extracted with ethyl acetate. The organic layer was washed 
with saturated brine and dried over sodium sulfate. The sol 
vent was removed by distillation under reduced pressure. The 
resulting residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate 70:30) to obtain the title com 
pound 39 mg (yield 50%). Melting point was 192 to 196° C. 
(hexane-ethyl acetate). 
1661 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.17 
(3H, s), 2.23 (3H, s), 2.53 (3H, s), 2.91 (2H, s), 3.23 (8H, s), 
6.88-6.96 (2H, m), 7.85-7.93 (2H, m). 

Example 96 
1-4-4-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)piperazin-1-yl)phenylethanol 
1662. To the methanol (1.0 mL) solution of 1-4-4-(2.2, 
4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl)piper 
azin-1-yl)phenylethanone (39 mg, 0.10 mmol) synthesized 
in Example 95, sodium borohydride (11 mg, 0.30 mmol) was 
added under ice cooling. The mixture was stirred for 2 hours. 
The reaction solution was added with water, and extracted 
with ethyl acetate. The organic layer was washed with Satu 
rated brine and dried over sodium sulfate. The solvent was 
removed by distillation under reduced pressure. The resulting 
residue was crystallized from hexane to obtain the title com 
pound 24 mg (yield 60%). Melting point was 133 to 136°C. 
(hexane-ethyl acetate). 
1663 'H-NMR (CDC1): 81.46 (6H, s), 1.49 (3H, d, J=6.4 
Hz), 2.08 (3H, s), 2.19 (3H, s), 2.24 (3H, s), 2.91 (2H, s), 
3.15-3.37 (8H, m), 4.85 (1H, q, J=6.4 Hz), 6.93-7.01 (2H, m), 
7.26-7.34 (2H, m). 

Example 97 
1664) {5-4-(4-Methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methanol 
1665. By using (5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-2-yl)methanol (330 mg, 1.16 mmol) syn 
thesized in Reference example 123, the reaction was carried 
out in the same manner as Example 1 to obtain the title 
compound 100 mg (yield 22%). That is, to the toluene (6.0 
mL) mixture solution of (5-bromo-2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-2-yl)methanol (330 mg, 1.16 mmol), 
1-(4-methoxyphenyl)piperazine (667 mg, 3.47 mmol), palla 
dium acetate (13 mg, 0.058 mmol) and BINAP (108 mg, 
0.174 mmol), sodium t-butoxide (334 mg., 3.47 mmol) was 
added and stirred for 15 hours under reflux. After cooling to 
room temperature, water was added to the reaction solution, 
and extracted with ethyl acetate. The organic layer was 
washed with Saturated brine and dried over anhydrous mag 
nesium sulfate. The solvent was removed by distillation under 
reduced pressure. The residue was purified by silica gel chro 
matography (hexane-ethyl acetate 95:5-70:30) and crystal 
lized from ethyl acetate-hexane to obtain the title compound 
100 mg as a colorless crystal (yield 22%). Melting point was 
145 to 148 C. 
1666 'H-NMR (CDC1): 81.44 (3H, s), 1.87 (1H, dd, 
J=6.3, 6.9 Hz), 2.09 (3H, s), 2.21 (3H, s), 2.24 (3H, s), 2.81 
(1H, d, J=15.3 Hz), 3.06-334 (9H, m), 3.61 (1H, dd, J=6.9, 
11.7 Hz), 3.67 (1H, dd, J=6.3, 11.7 Hz), 3.78 (3H, s), 6.82-6. 
91 (2H, m), 6.92-7.01 (2H, m). 

Example 98 
(2,4,6,7-Tetramethyl-5-4-4-(1-methylethyl)phenyl 

piperazin-1-yl)-2,3-dihydro-1-benzofuran-2-yl) 
methanol 

1667 By using (5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-2-yl)methanol (330 mg, 1.16 mmol) syn 
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thesized in Reference example 123 and 1-(4-isopropylphe 
nyl)piperazine (774 mg., 3.78 mmol), the reaction was carried 
out in the same manner as Example 1 to obtain the title 
compound 30 mg (yield 6%). Melting point was 160 to 163 
C. (ethyl acetate-hexane). 
1668 H-NMR (CDC1): 81.23 (6H, d, J=6.6 Hz), 1.44 
(3H, s), 1.87 (1H, dd, J=6.3, 7.2 Hz), 2.09 (3H, s), 2.20 (3H, 
s), 2.23 (3H, s), 2.76-2.92 (2H, m), 3.08-3.33 (9H, m), 3.61 
(1H, dd, J=7.2, 11.7 Hz), 3.66 (1H, dd, J=6.3, 11.7 Hz), 
6.90-6.98 (2H, m), 701-7.09 (2H, m). 

Example 99 
{2,4,6,7-Tetramethyl-5-4-(4-methylphenyl)piper 

azin-1-yl)-2,3-dihydro-1-benzofuran-2-yl)methanol 
1669. By using (5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-2-yl)methanol (360 mg, 1.16 mmol) syn 
thesized in Reference example 123 and 1-(4-methylphenyl) 
piperazine (668 mg, 3.79 mmol), the reaction was carried out 
in the same manner as Example 1 to obtain the title compound 
30 mg (yield 6%). Melting point was 152 to 155° C. (ethyl 
acetate-hexane). 
1670 'H-NMR (CDC1): 81.43 (3H, s), 1.87 (1H, dd, 
J=6.3, 7.2 Hz), 2.09 (3H, s), 2.20 (3H, s), 2.24 (3H, s), 2.28 
(3H, s), 2.81 (1H, d, J=15.0 Hz), 3.08-3.35 (9H, m), 3.61 (1H, 
dd, J=7.2, 11.7 Hz), 3.66 (1H, dd, J=6.3, 11.7 Hz), 6.87-6.95 
(2H, m), 7.05-7.13 (2H, m). 

Example 100 
1-(2,4-Dimethoxyphenyl)-4-(2,4,6,7-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)piperazine 
1671. By using 5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran (480 mg, 1.88 mmol) synthesized in Ref 
erence example 53 and 1-(2,4-dimethoxyphenyl)piperazine 
(627 mg, 2.82 mmol), the reaction was carried out in the same 
manner as Example 1 to obtain the title compound 400 mg 
(yield 54%). Melting point was 142 to 144°C. (ethyl acetate 
hexane). 
1672 'H-NMR (CDC1): 81.46 (3H, d, J=6.3 Hz), 2.10 
(3H, s), 2.24 (3H, s), 2.26 (3H, s), 2.71 (1H, dd, J=7.8, 15.0 
Hz), 2.97-3.37 (9H, m), 3.79 (3H, s), 3.86 (3H, s), 4.81-4.96 
(1H, m), 6.44 (1H, dd, J=2.7, 8.4 Hz), 6.50 (1H, d, J=2.7 Hz), 
6.93 (1H, d. J=8.4 Hz). 

Example 101 
1-2-(Methoxymethyl)-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-5-yl)-4-(4-methoxyphenyl)pipera 

zine hydrochloric acid salt 
1673 By using 1-(5-bromo-2,4,6,7-tetramethyl-2,3-di 
hydro-1-benzofuran-2-yl)methyl)-1H-pyrazole (120 mg. 
0.401 mmol) synthesized in Reference example 125, the reac 
tion was carried out in the same manner as Example 1 to give 
1-2-(methoxymethyl)-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methoxyphenyl)piperazine 64 mg 
(yield 39%). The resultant was dissolved in ethyl acetate (3 
ml), added with 4N hydrochloric acid-ethyl acetate solution 
(0.5 ml), and the solvent was removed by distillation under 
reduced pressure. The residue was crystallized from ethyl 
acetate and hexane to obtain the title compound 70 mg (yield 
39%). 
1674 H-NMR (DMSO-d): 81.34 (3H, s), 1.98 (3H, s), 
2.20 (3H, s), 2.21 (3H, s), 2.77 (1H, d, J=15.6 Hz), 3.06 (1H, 
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d, J–15.6 Hz), 3.31 (3H, s), 3.34-3.74 (10H, m), 3.80 (3H, s), 
7.02-7.14 (2H, m), 7.55-7.95 (2H, m), 12.80 (1H, brs). 

Example 102 
1-5-4-(4-Methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl-N,N- 

dimethylmethaneamine 
1675. By using 1-(5-bromo-2,4,6,7-tetramethyl-2,3-dihy 
dro-1-benzofuran-2-yl)-N,N-dimethylmethaneamine (220 
mg, 0.705 mmol) synthesized in Reference example 130, the 
reaction was carried out in the same manner as Example 1 to 
obtain the title compound 100 mg (yield 33%). Melting point 
was 145 to 148°C. (ethyl acetate-hexane). 
1676) "H-NMR (CDC1): 81.44 (3H, s), 2.07 (3H, s), 2.20 
(3H, s), 2.23 (3H, s), 2.34 (6H, s), 2.51 (2H, s), 2.80 (1H, d, 
J=15.0 Hz), 3.01-3.34 (9H, m), 3.78 (3H, s), 6.81-6.90 (2H, 
m), 6.92-7.01 (2H, m). 

Example 103 
N-Benzyl-1-(5-4-(4-methoxyphenyl)piperazin-1- 
yl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2- 

yl)-N-methylmethaneamine 
1677. By using N-benzyl-1-(5-bromo-2,4,6,7-tetram 
ethyl-2,3-dihydro-1-benzofuran-2-yl)-N-methylmetha 
neamine (360 mg. 0.927 mmol) synthesized in Reference 
example 132, the reaction was carried out in the same manner 
as Example 1 to obtain the title compound 270 mg (yield 
58%). 
1678 H-NMR (CDC1): 81.44 (3H, s), 2.04 (3H, s), 2.20 
(3H, s), 2.22 (3H, s), 2.31 (3H, s), 2.61 (2H, s), 2.77 (1H, d, 
J=15.3 Hz), 3.02-3.36 (9H, m), 3.55 (1H, d, J=13.2 Hz), 3.67 
(1H, d. J=13.2 Hz), 3.78 (3H, s), 6.82-6.91 (2H, m), 6.92-7.01 
(2H, m), 7.16-7.33 (5H, m). 

Example 104 
1-5-4-(4-Methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)-N-me 

thylmethaneamine 
1679. To the ethyl acetate (6 mL) solution of N-benzyl-1- 
{5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetram 
ethyl-2,3-dihydro-1-benzofuran-2-yl)-N-methylmetha 
neamine (190 mg, 0.380 mmol) synthesized in Example 103. 
10%-palladium carbon (comprising 50% moisture, 70 mg) 
was added, and then the mixture was stirred at room tempera 
ture for 15 hours under hydrogen atmosphere. The reaction 
mixture was filtered to remove the palladium carbon, and the 
filtrate was concentrated under reduced pressure. The residue 
was purified by basic silica gel chromatography (hexane 
ethyl acetate 95:5-50:50), and recrystallized from ethyl 
acetate-hexane to obtain the title compound 50 mg (yield 
32%). Melting point was 107 to 113°C. (ethyl acetate-hex 
ane). 
1680 'H-NMR (CDC1): 81.27 (1H, brs), 1.45 (3H, s), 
2.08 (3H, s), 2.19 (3H, s), 2.23 (3H, s), 2.48 (3H, s), 2.73 (1H, 
d, J=12.0 Hz), 2.79 (1H, d, J=12.0 Hz), 2.80 (1H, d, J=15.3 
HZ), 3.04-3.34 (9H, m), 3.78 (3H, s), 6.81-6.90 (2H, m), 
6.92-7.01 (2H, m). 

Example 105 
1-(4-Methoxyphenyl)-4-(2,4,6,7-tetramethyl-2-[(me 
thylsulfanyl)methyl-2,3-dihydro-1-benzofuran-5- 

yl)piperazine 
1681. By using 5-bromo-2,4,6,7-tetramethyl-2-(methyl 
sulfanyl)methyl-2,3-dihydro-1-benzofuran (130 mg. 0.412 
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mmol) synthesized in Reference example 134, the reaction 
was carried out in the same manner as Example 1 to obtain the 
title compound 60 mg (yield 34%). 
1682 'H-NMR (CDC1): 81.53 (3H, s), 2.07 (3H, s), 2.21 
(6H, s), 2.24 (3H, s), 2.79 (1H, d, J=13.8 Hz), 2.84 (1H, d, 
J=13.8 Hz), 2.89 (1H, d, J=15.3 Hz), 3.05-3.35 (9H, m), 3.78 
(3H, s), 6.81-6.90 (2H, m), 6.92-7.01 (2H, m). 

Example 106 

1-(4-Methoxyphenyl)-4-(2,4,6,7-tetramethyl-2-[(me 
thylsulfonyl)methyl-2,3-dihydro-1-benzofuran-5- 

yl)piperazine 

1683) To the toluene (4 ml) solution of 1-(4-methoxyphe 
nyl)-4-(2,4,6,7-tetramethyl-2-(methylsulfanyl)methyl-2, 
3-dihydro-1-benzofuran-5-yl)piperazine (50 mg, 0.117 
mmol) synthesized in Example 105, m-chloroperbenzoic 
acid (70%, 87 mg, 0.352 mmol) was added under ice cooling, 
followed by stirring for 15 hours after warming to room 
temperature. The reaction solution was added with saturated 
Sodium bicarbonate solution and ethyl acetate to separate the 
organic layer. The organic layer was washed with 10% aque 
ous sodium sulfite solution and saturated brine and dried over 
anhydrous magnesium sulfate. After concentration under 
reduced pressure, the residue was purified by silica gel chro 
matography (hexane-ethyl acetate 94:6-60:40) to obtain the 
title compound 5 mg (yield 9%). 
1684 'H-NMR (CDC1): 81.71 (3H, s), 2.07 (3H, s), 2.21 
(3H, s), 2.24 (3H, s), 2.95-3.56 (15H, m), 3.79 (3H, s), 6.83 
6.91 (2H, m), 6.93-7.01 (2H, m). 

Example 107 

N,N-Dibenzyl-1-(5-4-(4-methoxyphenyl)piperazin 
1-yl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran 

2-yl)methaneamine 

1685. By using N,N-dibenzyl-1-(5-bromo-2,4,6,7-tet 
ramethyl-2,3-dihydro-1-benzofuran-2-yl)methaneamine 
(330 mg, 0.711 mmol) synthesized in Reference example 
135, the reaction was carried out in the same manner as 
Example 1 to obtain the title compound 210 mg (yield 51%). 
Melting point was 168 to 170° C. (ethyl acetate-hexane). 
1686 'H-NMR (CDC1): 81.37 (3H, s), 1.97 (3H, s), 2.18 
(3H, s), 2.19 (3H, s), 2.59-2.71 (3H, m), 2.84 (1H, d, J=15.0 
Hz), 3.07-3.40 (8H, m), 3.58 (2H, d, J=13.5 Hz), 3.71 (2H, d, 
J=13.5 Hz), 3.79 (3H, s), 6.82-6.91 (2H, m), 6.93-7.02 (2H, 
m), 7.15-7.32 (10H, m). 

Example 108 

1-5-4-(4-Methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2- 

yl)methaneamine 

1687. By using N,N-dibenzyl-1-(5-4-(4-methoxyphe 
nyl)piperazin-1-yl)-2,4,6,7-tetramethyl-2,3-dihydro-1-ben 
zofuran-2-yl)methaneamine (220 mg, 0.382 mmol) synthe 
sized in Example 107, the reaction was carried out in the same 
manner as Example 104 to obtain the title compound 40 mg 
(yield 26%). Melting point was 134 to 137° C. (ethyl acetate 
hexane). 
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mmol) synthesized in Reference example 142, the reaction 
was carried out in the same manner as Example 21 to obtain 
the title compound 60 mg (yield 17%). Melting point was 129 
to 132°C. (ethyl acetate-hexane). 
1704 'H-NMR (CDC1): 81.46 (3H, s), 1.66-1.80 (4H, 
m), 2.07 (3H, s), 2.20 (3H, s), 2.23 (3H, s), 2.49-2.75 (6H, m), 
2.80 (1H, d, J=15.5 Hz), 3.03-3.34 (9H, m), 3.78 (3H, s), 
6.81-6.91 (2H, m), 6.92-7.01 (2H, m). 

Example 117 
1-(2,2,4,6,7-Pentamethyl-2,3-dihydro-1-benzofuran 
5-yl)-4-(1,3,5-trimethyl-1H-pyrazole-4-yl)piperazine 

1705 To 1-methyl-2-pyrrolidone (5.0 mL) solution of 
N,N-bis(2-chloroethyl)-2,2,4,6,7-pentamethyl-2,3-dihydro 
1-benzofuran-5-mine (660 mg, 2.0 mmol) synthesized in 
Reference example 146, 1,3,5-trimethyl-1H-pyrazole-4- 
amine (300 mg, 2.4 mmol), sodium hydrogen carbonate (400 
mg, 4.8 mmol) and sodium iodide (300 mg, 2.0 mmol) were 
added, and stirred at 120° C. for 16 hours. The reaction 
solution was diluted with ethyl acetate, washed with water 
and saturated brine, and dried over sodium sulfate. The sol 
vent was removed by distillation under reduced pressure, and 
the resulting residue was purified by silica gel column chro 
matography (hexane-ethyl acetate 9:1). The resulting Solids 
were recrystallized from ethanol-water to obtain the title 
compound 320 mg (yield 42%). Melting point was 162 to 
164°C. (ethanol-water). 
1706 H-NMR (CDC1): 81.46 (6H, s), 2.09 (3H, s), 2.22 
(3H, s), 2.22 (3H, s), 2.27 (3H, s), 2.30 (3H, s), 2.92 (2H, s), 
2.95-3.22 (8H, m), 3.67 (3H, s). 

Example 118 
1-(2,2-difluoro-1,3-benzodioxole-5-yl)-4-(7-meth 

oxy-2,2,4,6-tetramethyl-2,3-dihydro-1-benzofuran-5- 
yl)piperazine 

1707. By using 1-(7-methoxy-2,2,4,6-tetramethyl-2,3-di 
hydro-1-benzofuran-5-yl)piperazine (436 mg, 1.50 mmol) 
synthesized in Reference Example 96 and 5-bromo-2,2-dif 
luoro-1,3-benzodioxole (614 mg, 2.25 mmol), the reaction 
was carried out in the same manner as Reference Example 59 
to synthesize 321 mg of the title compound (yield 48%). 
Melting point was 149 to 151° C. (hexane). 
1708 H-NMR (CDC1): 81.50 (6H, s), 2.16 (3H, s), 2.24 
(3H, s), 2.91 (2H, s), 3.10-3.30 (8H, m), 3.81 (3H, s), 6.63 
(1H, dd, J=9.3, 3.0 Hz), 6.75 (1H, d, J-3.0 Hz), 6.94 (1H, d, 
J=9.3 Hz). 

Example 119 
1-7-(2-methoxyethoxy)-2,2,4,6-tetramethyl-2,3- 

dihydro-1-benzofuran-5-yl)-4-(4-methylphenyl)pip 
erazine 

1709. To a solution of DMF (5 mL) containing 2.2.4.6- 
tetramethyl-5-4-(4-methylphenyl)piperazin-1-yl)-2,3-dihy 
dro-1-benzofuran-7-ol (200 mg. 0.546 mmol) synthesized in 
Example 72, 1-bromo-2-methoxyethane (382 mg, 2.75 
mmol) and potassium carbonate (380 mg, 2.75 mmol) were 
added, and the mixture was stirred at 100° C. for 24 hours. 
After cooled to room temperature, water was added to the 
mixture, and extraction was performed using ethyl acetate. 
The extract was dried using anhydrous magnesium Sulfate, 
and the solvent was removed under reduced pressure. The 
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obtained residue was purified by silica gel column chroma 
tography (hexane-ethyl acetate 100:0-90:10) to obtain 33.5 
mg of the title compound (yield 14%). Melting point was 118 
to 120° C. (hexane). 
1710 'H-NMR (CDC1): 81.47 (6H, s), 2.16 (3H, s), 2.25 
(3H, s), 2.28 (3H, s), 2.89 (2H, s), 3.15-3.31 (8H, m), 3.43 
(3H, s), 3.61-3.72 (2H, m), 4.12-4.19 (2H, m), 6.90 (2H, d, 
J=8.5 Hz), 7.09 (2H, d, J–8.7 Hz). 

Example 120 
1-(6-bromo-2,2,4,7-tetramethyl-2,3-dihydro-1-ben 

Zofuran-5-yl)-4-(4-methoxyphenyl)piperazine 
1711. By using 6-bromo-N,N-bis(2-chloroethyl)-2,2,4,7- 
tetramethyl-2,3-dihydro-1-benzofuran-5-amine (492 mg, 
1.25 mmol) synthesized in Reference Example 152 and 
4-methoxyaniline (185 mg, 1.50 mmol), the reaction was 
carried out in the same manner as Example 117 to synthesize 
138 mg of the title compound (yield 25%). Melting point was 
180 to 181° C. (hexane). 
1712 H-NMR (CDC1): 81.46 (6H, s), 2.21 (6H, s), 2.88 
(2H, s), 3.03-3.17 (4H, m), 3.21-3.34 (2H, m), 3.47-3.61 (2H, 
m), 3.78 (3H, s), 6.85 (2H, d, J=9.0 Hz), 6.97 (2H, d, J=9.0 
Hz). 

Example 121 
1,4-bis(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzo 

furan-5-yl)piperazine 

1713 To a solution of toluene (2.0 mL) containing 2.2.4, 
6.7-pentamethyl-2,3-dihydro-1-benzofuran-5-amine (410 
mg, 2.0 mmol) synthesized in Reference Example 144, 1.2- 
dibromoethane (1.72 mL, 20 mmol), benzyl triethyl ammo 
nium chloride (56 mg, 0.20 mmol) and 8N sodium hydroxide 
aqueous solution (2 mL) were added, and the mixture was 
stirred at 100° C. for 16 hours. The organic layer was washed 
with Saturated saline and then dried using sodium Sulfate. The 
Solvent was removed under reduced pressure, and the 
obtained solid was recrystallized from hexane-ethyl acetate 
to give 150 mg of the title compound (yield 32%). Melting 
point was 256 to 260° C. (hexane-ethyl acetate). 
1714 'H-NMR (CDC1): 81.47 (12H, s), 2.10 (6H, s), 
2.24 (6H, s), 2.29 (3H, s), 2.30 (3H, s), 2.92 (4H, s), 3.02-3.28 
(8H, m). 

Example 122 
1-isoxazol-3-yl-4-(2,2,4,6,7-pentamethyl-2,3-dihy 

dro-1-benzofuran-5-yl)piperazine 
1715. By using N,N-bis(2-chloroethyl)-2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-amine (165 mg, 0.50 
mmol) synthesized in Reference Example 146 and isoxazol 
3-amine (0.044 mL, 0.60 mmol), the reaction was carried out 
in the same manner as Example 117 to obtain 15 mg of the 
title compound as a colorless solid (yield 9%). 
1716) 'H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.17 
(3H, s), 2.22 (3H, s), 2.90 (2H, s), 3.11-3.46 (8H, m), 6.01 
(1H, d, J=1.9 Hz), 8.13 (1H, d, J=1.9 Hz). 

Example 123 
2-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofu 

ran-5-yl)piperazine-1-ylpyrimidine 

1717 To a solution of DMSO (12 mL) containing 1-(2.2, 
4,6,7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl)pipera 
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zine (1.1 g, 4.00 mmol) synthesized in Reference Example 
61, 2-bromopyrimidine (954 mg. 6.0 mmol) and diisopropy 
lethylamine (2.09 mL) were added, and the mixture was 
stirred at 120° C. for 2 hours. The reaction solution was 
diluted with ethyl acetate, and washed with water and satu 
rated Saline. The organic layer was dried using magnesium 
sulfate. The solvent was removed under reduced pressure, and 
the obtained residue was purified by silica gel column chro 
matography (hexane-ethyl acetate 9:1). The obtained solid 
was recrystallized from ethanol-water to obtain 600 mg of the 
title compound (yield 42%). Melting point was 145 to 147°C. 
(ethanol-water). 
1718 H-NMR (CDC1): 81.46 (6H, s), 2.08 (3H, s), 2.17 
(3H, s), 2.23 (3H, s), 2.90 (2H, s), 3.06-3.22 (4H, m), 3.79 
4.06 (4H, m), 6.47 (1H, t, J–4.8 Hz), 8.32 (2H, d, J–4.8 Hz). 

Example 124 
1-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran 

5-yl)-4-(1H-pyrazole-3-yl)piperazine 

1719. By using N,N-bis(2-chloroethyl)-2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-amine (165 mg, 0.50 
mmol) synthesized in Reference Example 146 and 1H-pyra 
Zole-5-amine (59 mg, 0.60 mmol), the reaction was carried 
out in the same manner as Example 117 to obtain 23 mg of the 
title compound as a colorless solid (yield 12%). 
1720 H-NMR (CDC1): 81.47 (6H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.14-3.40 (8H, m), 5.80 
(1H, d, J-2.4 Hz), 7.42 (1H, d, J-2.4 Hz). 

Example 125 
1-(1-methyl-1H-imidazole-2-yl)-4-(2,2,4,6,7-pen 

tamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1721. By using N,N-bis(2-chloroethyl)-2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-amine (330 mg, 1.0 
mmol) synthesized in Reference Example 146 and 1-methyl 
1H-imidazole-2-amine (146 mg, 1.5 mmol), the reaction was 
carried out in the same manner as Example 117 to obtain 184 
mg of the title compound as an oily product (yield 52%). 
1722 'H-NMR (CDC1): 81.43 (6H, s), 1.82 (3H, s), 1.87 
(3H, s), 2.02 (3H, s), 2.84 (2H, s), 3.29-3.46 (4H, m), 3.58 
3.72 (5H, m), 4.29 (2H, t, J=6.3 Hz), 6.61 (1H, d, J–2.5 Hz), 
6.70 (1H, d, J=2.5 Hz), 7.62 (4H, brs). 

Example 126 

5-methyl-7-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1- 
benzofuran-5-yl)piperazin-1-ylpyrazolo 1.5-alpyri 

midine 

1723. To a solution of THF (2 mL) containing 1-(2,2,4,6, 
7-pentamethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 
(274 mg, 1.0 mmol) synthesized in Reference Example 61, 
7-chloro-5-methylpyrazolo 1.5-alpyrimidine (200 mg, 1.2 
mmol) and diisopropylethylamine (0.42 mL) were added, and 
the mixture was heated to reflux for 2 hours. After addition of 
piperazine (42 mg, 0.50 mmol) thereto, the mixture was fur 
ther heated to reflux for 1 hour. The reaction solution was 
diluted with ethyl acetate, and washed with water and satu 
rated Saline. The organic layer was dried using magnesium 
sulfate. The solvent was removed under reduced pressure, and 
the obtained residue was purified by silica gel column chro 
matography (hexane-ethyl acetate 7:3). The obtained solid 
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was recrystallized from ethanol-water to obtain 140 mg of the 
title compound (yield 35%). Melting point was 180 to 182°C. 
(ethanol-water). 
1724 'H-NMR (CDC1): 81.47 (6H, s), 2.10 (3H, s), 2.22 
(3H, s), 2.27 (3H, s), 2.55 (3H, s), 2.92 (2H, s), 3.25-3.44 (4H, 
m), 3.66-3.91 (4H, m), 6.06 (1H, s), 6.47 (1H, d, J=2.2 Hz), 
8.02 (1H, d. J=2.2 Hz). 

Example 127 

1-(1-methyl-1H-pyrazole-3-yl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1725 By using N,N-bis(2-chloroethyl)-2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-amine (660 mg, 2.0 
mmol) synthesized in Reference Example 146 and 1-methyl 
1H-pyrazole-3-amine (291 mg, 3.0 mmol), the reaction was 
carried out in the same manner as Example 117 to obtain 341 
mg of the title compound as a colorless solid (yield 48%). 
Melting point was 147 to 149° C. (ethanol-water). 
1726 'H-NMR (CDC1): 81.47 (6H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.24 (3H, s), 2.91 (2H, s), 3.13-3.38 (8H, m), 3.78 
(3H, s), 5.69 (1H, d, J-2.4 Hz), 7.18 (1H, d, J=2.4 Hz). 

Example 128 

1-(1-methyl-1H-pyrazole-5-yl)-4-(2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-yl)piperazine 

1727. By using N,N-bis(2-chloroethyl)-2,2,4,6,7-pentam 
ethyl-2,3-dihydro-1-benzofuran-5-amine (660 mg, 2.0 
mmol) synthesized in Reference Example 146 and 1-methyl 
1H-pyrazole-5-amine (233 mg, 2.4 mmol), the reaction was 
carried out in the same manner as Example 117 to obtain 26 
mg of the title compound as a colorless Solid (yield 4%). 
Melting point was 126 to 128°C. (ethanol-water). 
1728 H-NMR (CDC1): 81.48 (6H, s), 2.10 (3H, s), 2.22 
(3H, s), 2.26 (3H, s), 2.93 (2H, s), 2.97-3.03 (4H, m), 3.14 
3.31 (4H, m), 3.78 (3H, s), 5.86 (1H, d, J=1.9 Hz), 7.40 (1H, 
d, J=1.9 Hz). 

Example 129 

1-2.2,7-trimethyl-6-(4-methylphenyl)-2,3-dihydro 
1-benzofuran-5-yl)-4-(4-methylphenyl)piperazine 

1729 To a solution of toluene (10 mL) containing 
5-bromo-2,2,7-trimethyl-6-(4-methylphenyl)-2,3-dihydro 
1-benzofuran (300 mg. 0.910 mmol) synthesized in Refer 
ence Example 157, 1-(4-methylphenyl)piperazine (160 mg. 
0.910 mmol), Tris(dibenzylideneacetone)dipalladium (O) 
(24.9 mg, 0.027 mmol) and Xantphos (47.2 mg, 0.082 mmol), 
sodium tert-butoxide (131 mg, 1.36 mmol) was added, and 
the mixture was stirred under heated reflux for 15 hours. After 
cooled to room temperature, the reaction solution was Sub 
jected to Celite filtration. Water was added to the filtration, 
and extraction was performed using ethyl acetate. The extract 
was dried using anhydrous magnesium sulfate, and the Sol 
vent was removed under reduced pressure. After that, the 
residue was purified by silica gel chromatography (hexane 
ethyl acetate 10:1), and it was crystallized from acetonitrile to 
obtain 12.0 mg of the title compound as a white solid (yield 
3%). 
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1730 H-NMR (CDC1): 81.50 (6H, s), 1.95 (3H, s), 2.24 
(3H, s), 2.35 (3H, s), 2.80-2.90 (8H, m), 3.05 (2H, s), 6.77 
(2H, d, J=8.8 Hz), 6.83 (1H, brs), 7.03 (2H, d, J=8.0 Hz), 
7.10-7.20 (4H, m). 

Example 130 

1-2.2,7-trimethyl-6-(4-methylphenyl)-2,3-dihydro 
1-benzofuran-5-yl-4-phenylpiperazine 

1731. By using 5-bromo-2,2,7-trimethyl-6-(4-methylphe 
nyl)-2,3-dihydro-1-benzofuran (150 mg, 1.49 mmol) synthe 
sized in Reference Example 157 and 1-phenylpiperazine 
(73.5 mg, 2.23 mmol), the reaction was carried out in the 
same manner as Example 129 to obtain 20 mg of the title 
compound as a colorless Solid (yield 11%). 
1732 'H-NMR (CDC1): 81.50 (6H, s), 1.91 (3H, s), 2.40 
(3H, s), 3.06 (2H, s), 3.15-3.30 (8H, m), 6.94 (1H, brs), 7.12 
(2H, d, J=8.0 Hz), 7.21 (2H, d, J=8.0 Hz), 7.26-7.50 (5H, m). 

Example 131 

1-2.2,7-trimethyl-6-(4-methylphenyl)-2,3-dihydro 
1-benzofuran-5-yl)-4-(4-fluorophenyl)piperazine 

1733. By using 5-bromo-2,2,7-trimethyl-6-(4-methylphe 
nyl)-2,3-dihydro-1-benzofuran (150 mg, 1.49 mmol) synthe 
sized in Reference Example 157 and 1-(4-fluorophenyl)pip 
erazine (82.0 mg 0.450 mmol), the reaction was carried out in 
the same manner as Example 129 to obtain 300 mg of the title 
compound as a colorless solid (yield 15%). 
1734) 'H-NMR (CDC1): 81.50 (6H, s), 1.95 (3H, s), 2.36 
(3H, s), 2.78–2.90 (8H, m), 3.05 (2H, s), 6.77-6.81 (2H, m), 
6.83 (1H, brs), 6.92 (2H, t, J=8.6 Hz), 7.05-7.25 (4H, m). 

Example 132 

1-(5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methyl) 

piperidine-4-one 

1735 To a solution of ethyl acetate (2.0 mL) containing 
8-((5-4-(4-Methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetram 
ethyl-2,3-dihydro-1-benzofuran-2-yl)methyl)-1,4-dioxa-8- 
azaspiro4.5 decane (55 mg 0.105 mmol) synthesized in 
Example 115, a solution of 4N hydrochloric acid-ethyl 
acetate (2.0 mL) was added, and the mixture was stirred at 
room temperature for 5 hours and at 50° C. for 2 hours. After 
that, 6N hydrochloric acid was (1.0 mL) was added thereto, 
and the mixture was further stirred at 70° C. for 2 hours. After 
cooled to room temperature, the reaction Solution was poured 
into saturated Sodium bicarbonate water, and extraction was 
performed using ethyl acetate. The extract was washed Satu 
rated Saline, and then dried using anhydrous magnesium Sul 
fate. The solvent was removed under reduced pressure, and 
the obtained residue was purified by silica gel chromatogra 
phy (hexane-ethyl acetate 95:5-72:28) and crystallized from 
ethyl acetate-hexane to give 25 mg of the title compound 
(yield 50%). Melting point was 123 to 127°C. 
1736 H-NMR (CDC1) 8: 1.49 (3H, s), 2.06 (3H, s), 2.21 
(3H, s), 2.24 (3H, s), 2.31-2.49 (4H, m), 2.65 (1H, d, J=13.8 
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Hz), 2.72 (1H, d, J=13.8 Hz), 2.80-3.35 (14H, m), 3.78 (3H, 
s), 6.81-6.90 (2H, m), 6.92-7.01 (2H, m). 

Example 133 
1-(5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methyl) 

piperidine-4-ol 

1737 To a solution of ethanol (2.0 mL) containing 1-(5- 
4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetramethyl-2, 
3-dihydro-1-benzofuran-2-yl)methyl)piperidine-4-one (30 
mg, 0.0628 mmol) synthesized in Example 132, sodium 
boron hydride (10 mg, 0.264 mmol) was added, and the 
mixture was stirred at room temperature for 1 hour. After that, 
the reaction solution was concentrated under reduced pres 
Sure, and the residue was distributed using ethyl acetate and 
water. The organic layer was washed with water and Saturated 
saline, and then dried using anhydrous magnesium sulfate. 
The solvent was removed under reduced pressure, and the 
obtained residue was purified by silica gel chromatography 
(hexane-ethyl acetate 65:35-0:100) and crystallized from 
ethyl acetate-hexane to give 15 mg of the title compound 
(yield 50%). Melting point was 139 to 143° C. 
1738 H-NMR (CDC1) 8: 1.44 (3H, s), 1.46-1.67 (2H, 
m), 1.77-1.90 (2H, m), 2.06(3H, s), 2.20 (3H, s), 2.23 (3H, s), 
2.24-2.42 (2H, m), 2.50 (1H, d. J=13.8 Hz), 2.57 (1H, d, 
J=13.8 Hz), 2.74-2.85 (2H, m), 2.94-3.71 (1H, m), 3.78 (3H, 
s), 6.81-6.90 (2H, m), 6.92-7.01 (2H, m). 

Example 134 
1-2-(benzyloxy)methyl-2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-5-yl)-4-(4-methoxyphenyl) 

piperazine 
1739. By using 2-(benzyloxy)methyl-5-bromo-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran (690 mg, 1.84 mmol) 
synthesized in Reference Example 159 and 1-(4-methox 
yphenyl)piperazine (707 mg, 3.68 mmol), the reaction was 
carried out in the same manner as Example 1 to synthesize 
580 mg of the title compound (yield 65%). An oily product. 
1740 'H-NMR (CDC1): 81.49 (3H, s), 2.09 (3H, s), 2.19 
(3H, s), 2.23 (3H, s), 2.81 (1H, d, J=15.6 Hz), 3.05-3.35 (9H, 
m), 3.52 (2H, s), 3.78 (3H, s), 4.58 (1H, d, J–12.3 Hz), 4.64 
(1H, d. J=12.3 Hz), 6.81-6.91 (2H, m), 6.92-7.02 (2H, m), 
723-7.39 (5H, m). 

Example 135 
{5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 

tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methyl 
formate 

1741) To a solution of ethanol (7.0 mL) containing 1-2- 
(benzyloxy)methyl-2,4,6,7-tetramethyl-2,3-dihydro-1- 
benzofuran-5-yl)-4-(4-methoxyphenyl)piperazine (30 mg. 
0.0628 mmol) synthesized in Example 134, 10% palladium 
carbon (500 mg) and formic acid (7.0 mL) were serially 
added, and the mixture was stirred at 100° C. for 15 hours. 
After cooled to room temperature, palladium carbon was 
removed by filtration, and the solvent was removed under 
reduced pressure. The obtained residue was purified by silica 
gel column chromatography (hexane-ethyl acetate 97:3-80: 
20) and crystallized from ethyl acetate-hexane to obtain 290 
mg of the title compound (yield: 49%). Melting point was 120 
to 124° C. 
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1742 'H-NMR (CDC1) 8: 1.43 (3H, s), 2.09 (3H, s), 2.21 
(3H, s), 2.24 (3H, s), 2.80 (1H, d, J=15.3 Hz), 3.07-3.33 (9H, 
m), 3.60 (1H, d, J=11.7 Hz), 3.66 (1H, d, J=11.7 Hz), 3.78 
(3H, s), 6.81-6.91 (1H, m), 6.92-7.02 (1H, m). 

Example 136 
1-2-(methoxymethoxy)methyl-2,4,6,7-tetram 

ethyl-2,3-dihydro-1-benzofuran-5-yl)-4-(4-methox 
yphenyl)piperazine 

1743. By using 5-bromo-2-(methoxymethoxy)methyl 
2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran (1.62 g, 4.92 
mmol) synthesized in Reference Example 163 and 1-(4- 
methoxyphenyl)piperazine (1.89 g, 9.84 mmol), the reaction 
was carried out in the same manner as Example 1 to synthe 
size 1.03 g of the title compound (yield 48%). Melting point 
was 111 to 114° C. 

1744 'H-NMR (CDC1): 81.48 (3H, s), 2.08 (3H, s), 2.20 
(3H, s), 2.23 (3H, s), 2.82 (1H, d, J=15.9 Hz), 3.04-3.35 (9H, 
m), 3.37 (3H, s), 3.57 (1H, d, J=9.9 Hz), 3.61 (1H, d, J=9.9 
HZ), 3.78 (3H, s), 4.68 (1H, s), 6.81-6.90 (2H, m), 6.92-7.01 
(2H, m). 

Example 137 

N-((5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methyl) 

acetamide 

1745. To a solution of THF (2.0 mL) containing 1-5-4- 
(4-Methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-2-yl)methaneamine (110 mg, 0.278 
mmol) synthesized in Example 108, triethylamine (42 mg, 
0.417 mmol) and acetylchloride (26 mg, 0.337 mmol) were 
serially added under ice-cooling condition, and the mixture 
was stirred at 0°C. for 30 minutes. The reaction solution was 
diluted with water, and THF was removed under reduced 
pressure, followed by extraction using ethyl acetate. The 
extract was washed with Saturated Saline and dried using 
anhydrous magnesium sulfate. After that, the solvent was 
removed under reduced pressure. The obtained residue was 
purified by silica gel chromatography (hexane-ethyl acetate 
7:3-3:7) and crystallized from ethyl acetate-hexane to obtain 
90 mg of the title compound (yield 74%). Melting point was 
146 to 152 C. 

1746) "H-NMR (CDC1,) 8: 1.41 (3H, s), 2.00(3H, s), 2.09 
(3H, s), 2.19 (3H, s), 2.25 (3H, s), 2.83 (1H, d, J–15.3 Hz), 
2.99 (1H, d, J=15.3 Hz), 3.05-3.34 (8H, m), 3.49 (1H, dd, 
J=5.7, 13.8 Hz), 3.58 (1H, dd, J=6.0, 13.8 Hz), 3.78 (3H, s), 
5.76 (1H, dd, J=5.7, 6.0 Hz), 6.82-6.91 (2H, m), 6.92-7.01 
(2H, m). 

Example 138 

N-((5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methyl) 

butanamide 

1747. By using 1-5-4-(4-Methoxyphenyl)piperazin-1- 
yl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2- 
yl)methaneamine (110 mg, 0.278 mmol) synthesized in 
Example 108 and butyryl chloride (32 mg, 0.304 mmol), the 
reaction was carried out in the same manner as Example 137 
to synthesize 80 mg of the title compound (yield 68%). Melt 
ing point was 140 to 142°C. 
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1748 H-NMR (CDC1): 80.90 (3H, t, J=7.2 Hz), 1.42 
(3H, s), 1.53-1.68 (2H, m), 2.05-2.21 (8H, m), 2.24 (3H, s), 
2.84 (1H, d, J=15.6 Hz), 2.99 (1H, d, J=15.6 Hz), 3.06-3.34 
(8H, m), 3.48 (1H, dd, J=5.7, 13.8 Hz), 3.60 (1H, dd, J=6.3, 
13.8 Hz), 3.78 (3H, s), 5.71 (1H, dd, J=5.7, 6.3 Hz), 6.82-6.91 
(2H, m), 6.92-7.01 (2H, m). 

Example 139 
1749 5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)methyl meth 
anesulfonate 
1750. To a solution of THF (2.0 mL) containing 5-4-(4- 
Methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetramethyl-2,3-di 
hydro-1-benzofuran-2-yl)methanol (200 mg, 0.504 mmol) 
synthesized in Example 97, triethylamine (102 mg, 1.01 
mmol) and methanesulfonyl chloride (87 mg, 0.756 mmol) 
were serially added under ice-cooling condition, and the mix 
ture was warmed to room temperature and stirred for 15 
hours. The reaction solution was diluted with water, and 
extraction was performed using ethyl acetate. The extract was 
washed with Saturated Saline and dried using anhydrous mag 
nesium sulfate. After that, the solvent was removed under 
reduced pressure. The obtained residue was purified by silica 
gel chromatography (hexane-ethyl acetate 95:5-75:25) to 
give 220 mg of the title compound (yield: 92%). An amor 
phous Solid. 
1751 H-NMR (CDC1) 8: 1.52 (3H, s), 2.06 (3H, s), 2.20 
(3H, s), 2.23 (3H, s), 2.89 (1H, d, J=15.3 Hz), 3.04 (3H, s), 
3.07-3.33 (9H, m), 3.78 (3H, s), 4.22(1H, d, J=10.8 Hz), 4.27 
(1H, d, J=10.8 Hz), 6.82-6.91 (2H, m), 6.92-7.01 (2H, m). 

Example 140 
{5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 

tetramethyl-2,3-dihydro-1-benzofuran-2- 
yl)acetonitrile 

1752. A suspension of DMSO (2.2 mL) containing 5-4- 
(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7-tetramethyl-2,3- 
dihydro-1-benzofuran-2-yl)methyl methanesulfonate (190 
mg, 0.400 mmol) synthesized in Example 139, potassium 
cyanide (130 mg, 2.00 mmol) and potassium iodide (66 mg, 
0.400 mmol) was stirred at 140°C. for 15 hours. After cooled 
to room temperature, the reaction solution was distributed 
using water and ethyl acetate, and the organic layer was 
washed with water and Saturated Saline, and then dried using 
anhydrous magnesium sulfate. The solvent was removed 
under reduced pressure, and the obtained residue was purified 
by silica gel chromatography (hexane-ethyl acetate 96:4-82: 
18) and crystallized from ethyl acetate-hexane to give 80 mg 
of the title compound (yield: 49%). Melting point was 161 to 
163o C. 
1753 'H-NMR (CDC1) 8: 1.66 (3H, s), 2.08 (3H, s), 2.21 
(3H, s), 2.21 (3H, s), 2.24 (3H, s), 2.69 (1H, d, J–16.5 Hz), 
2.75 (1H, d, J=16.5 Hz), 3.02 (1H, d, J=15.9 Hz), 3.07-3.33 
(9H, m), 3.78 (3H, s), 6.82-6.91 (2H, m), 6.92-7.01 (2H, m). 

Example 141 
{5-4-(4-methoxyphenyl)piperazin-1-yl)-2,4,6,7- 
tetramethyl-2,3-dihydro-1-benzofuran-2-yl)acetic 

acid 

1754. A mixture of 5-4-(4-methoxyphenyl)piperazin-1- 
yl)-2,4,6,7-tetramethyl-2,3-dihydro-1-benzofuran-2- 
yl)acetonitrile (260 mg. 0.641 mmol) synthesized in 






































































