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(57) ABSTRACT 
The present invention provides a novel compound having a 
Superior calcium antagonism, in particular, a neuron-selec 
tive calcium antagonism. Namely, it provides a compound 
represented by the following formula, a salt thereof or a 
hydrate of them. 

(I) 

CN 

In the formula, Ar indicates an optionally substituted 5- to 
14-membered aromatic ring etc.; the ring A indicates any 
one ring selected from a piperazine, a homopiperazine, a 
piperidine and the like; the ring B indicates an optionally 
Substituted Ca hydrocarbon ring etc., E indicates a single 
bond, a group represented by the formula —CO—, etc.; X 
indicates a single bond, an oxygen atom etc.; R' indicates a 
hydrogen atom, a halogen atom, a hydroxyl group etc.; and 
D', D. W' and W are the same as or different from each 
other and each represents a single bond or an optionally 
Substituted C. alkylene chain. 
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NITROGEN-CONTAINING CYCLIC COMPOUND 
AND PHARMACEUTICAL COMPOSITION 

CONTAINING THE COMPOUND 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional of co-pending U.S. 
application Ser. No. 10/855,357 filed on May 28, 2004, 
which is a Divisional of U.S. application Ser. No. 10/169, 
837 filed Jul. 10, 2002, and for which priority is claimed 
under 35 U.S.C. S 120; U.S. application Ser. No. 10/169,837 
is the National Phase of International Application No. PCT/ 
JP01/00288 having an international filing date of Jan. 18, 
2001, which claims priority of Application No. 2000-12176 
filed in Japan on Jan. 20, 2000 under 35 U.S.C. S 119; the 
entire contents of all above are hereby incorporated by 
reference. 

TECHNICAL FIELD 

0002 The present invention relates to a novel compound 
useful as a calcium antagonist, a salt thereof, a hydrate of 
them, a production process thereof, and a pharmaceutical 
composition thereof, and specifically relates to a neuron 
selective calcium antagonist, in particular a novel compound 
having a P/O-type calcium channel and/or an N-type cal 
cium channel inhibiting activity, etc. 

PRIOR ART 

0003) In Japan, the number of patients with cerebral 
apoplexy is about 1.4 million or more per year, and the 
medical expenses therefor are estimated to be about two 
billion yen. Cerebral apoplexy is the second cause of death 
next to malignant tumor and is the biggest cause for bed 
ridden man often Suffering from severe secondary diseases. 
A key to the treatment of cerebral apoplexy is to deal with 
the acute stage, and the treatment at the acute stage influ 
ences the life and function prognosis of the patient and 
significantly influences secondary diseases. 
0004 For the purpose of improving blood stream, several 
drugs such as oZagrel sodium (thromboxane synthase inhibi 
tor), argatroban (anti-thrombin agent) as an agent for treat 
ment of chronic arterial occlusion, t-PA (alteplase: tissue 
plasminogen activator which should be used within 3 hours 
after the onset) as thrombolytic agent etc. are now approved 
of, or in off lavel use. However, the therapy according to a 
conventional medicine is the complicate procedures as 
described in (1) to (6), and cautious judgment by a specialist 
on the basis of enough knowledge and experience has been 
required. Namely, (1) in the case of thrombus-type cerebral 
infarction, respiratory control, blood pressure control and 
blood transfusion control are first conducted. (2) Blood gas 
and blood pressure are periodically measured. (3) At the 
acute stage, reactive high blood pressure is observed, but if 
complications in the heart and kidney are not observed, 
treatment for decreasing blood pressure is not conducted. (4) 
Then, in the early-acute stage case with no low absorption 
range observed in CT, the thrombus-lytic agent “urokinase” 
is used. (5) In the case where these agents are not applicable 
or in the case where 24 hours or more has elapsed after the 
onset, 'oZagrel sodium is administered. Or “argatroban' is 
administered. However, argatroban is not applicable to 
lacuna infarction. (6) To prevent the development of cerebral 
edema, “glycerin' or “mannitol’ is administered at a suitable 
dosage. 
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0005 Further, the therapeutic effects of the drugs used 
heretofore are not satisfactory and further there is the danger 
that bleeding is often accompanied by their pharmacological 
effect. Accordingly, there is the problem that it is difficult for 
those except of skilled medical specialists to use these drugs. 
0006. On the other hand, the following literatures 
describe that compounds having an inhibitory action on N 
type or P/O type calcium channels can serve as an agent for 
inhibiting the death of neural cells or for protecting cerebral 
neural cells, an agent for treating or improving nervous 
diseases, an agent for treating or improving acute ischemic 
stroke, head trauma, death of neural cells, Alzheimer dis 
ease, cerebral circulatory metabolism disturbance, cerebral 
function disturbance or pain, an anti-spasm agent, an agent 
for treating or improving Schizophrenia and an agent for 
preventing, treating or improving migraine, epilepsy, 
maniac-depressive psychosis, neural degenerative diseases 
(Parkinson disease, Alzheimer disease, amyotrophic lateral 
Sclerosis, Huntington disease), cerebral ischemia, epilepsy, 
head trauma, AIDS dementia complications, edema, anxiety 
disorder (generalized anxiety disorder) and diabetic neur 
opathy, and as an agent for preventing, treating or improving 
edema, anxiety disorder, Schizophrenia, diabetic neuropathy 
and migraine. 
0007 (1) Acute ischemia stroke: Annj. Rev. Physiol., 52 
543-559, 1990. 

0008 (2) Head trauma: SCRIP No. 2203, 24, 1997. 
0009 (3) Ischemia death of cerebral neural cells: 
Advances in Pharmacology, 22, 271-297, 1991. 

0010 (4) Alzheimer disease: Trends in Neuroscience, 16, 
409, 1993. 

0011 (5) Cerebral circulatory metabolism disturbance: 
Nichiyakurishi, 85, 323-328, 1985. 

0012 (6) Cerebral function disturbance: Acta Neurol. 
Scand..., 78:2, 14-200, 1998. 

0013 (7) Analgesic: Drug of the Future, 23(2), 152-160, 
1998. 

0014 (8) Cerebral ischemia, migraine, epilepsy, maniac 
depressive psychosis: Casopis Lekau Ceskych. 130(22 
23), 625-630, 1991. 

00.15 (9) Neural degenerative diseases (Parkinson dis 
ease, Alzheimer disease, amyotrophic lateral Sclerosis, 
Huntington disease), cerebral ischemia, epilepsy, head 
trauma, and AIDS dementia complications: Revista de 
Neurologia., 24(134), 1199-1209, 1996. 

0016 (10) Edema: Brain Research, 776, 140-145, 1997. 
0017 (11) Anxiety disorder (generalized anxiety disor 
der), Schizophrenia: Jyunkanseigyo (Circulation Control), 
14 (2), 139-145, 1993. 

0018 (12) Diabetic neuropathy: Shinkeinaika (Neuro 
logical Medicine), 50, 423-428, 1999. 

0.019 (13) Migraine: Neurology, 50(4), 1105-1110, 1998. 

DISCLOSURE OF THE INVENTION 

0020. In light of this, the present inventors have inten 
sively studied for investigating a preparation which has a 
superior effect of treatment and amelioration for cerebral 
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acute ischemic stroke for which no useful preparation is not 
found and has high safety which does not cause bloodshed 
tendency, focusing on a neuron-selective, potential-depen 
dent calcium channel antagonist which directly effects on 
neural cell and inhibits the progression of infarction nidus. 
As a result, the present inventors have succeeded in synthe 
sizing a novel nitrogen-containing compound which is rep 
resented by the formula (I), a salt thereof and a hydrate 
thereof, and further surprisingly have found that these com 
pounds, a salt thereof or a hydrate thereof have the Superior 
Suppression action of neural cell death and protective action 
of cerebral neuron based on the P/O type or N-type calcium 
channel antagonism, that cell infarction property and toxic 
ity are remarkably reduced in comparison with a conven 
tional calcium antagonist and that the compound and the like 
are Superior in safety, and have completed the present 
invention. 

(I) 

0021. In the formula, Ar is (1) a C- aromatic hydro 
carbon cyclic group which may be substituted, (2) a 5- to 
14-membered aromatic heterocyclic group which may be 
substituted, (3) a C- alkyl group Substituted with a C 
aromatic hydrocarbon cyclic group which may be substi 
tuted or (4) a C- alkyl group Substituted with a 5- to 
14-membered aromatic heterocyclic group which may be 
Substituted; the ring A indicates a piperazine ring, homopip 
erazine ring, piperidine ring, homopiperidine ring, pyrroli 
dine ring or diazabicyclo2.2.1]heptane ring which may be 
Substituted, respectively; the ring B indicates (1) a C 
hydrocarbon ring which may be substituted or (2) a 5- to 
14-membered heterocyclic ring which may be substituted; E 
indicates (1) a single bond, a group represented by the 
formula (2) —CO— or (3) —CH(OH)—: X indicates (1) a 
single bond, (2) an oxygen atom, (3) a Sulfur atom, (4) a C 
alkylene chain which may be substituted, a group repre 
sented by (5) the formula - NR (wherein R indicates a 
hydrogen atom, or a C- alkyl group, a Css cycloalkyl 
group, a lower acyl group or a C- alkylsulfonyl group 
which may be substituted), (6) —CO—, (7) —COO ... (8) 
–OOC , (9) –CONR - (wherein Rindicates a hydro 
gen atom or a C- alkyl group which may be substituted), 
(10) - NRCO (wherein R' indicates a hydrogen atom or 
a C- alkyl group which may be substituted), (11)—SO—, 
(12) - SO, , (13) - SONR - (wherein R indicates a 
hydrogen atom or a C- alkyl group which may be substi 
tuted), (14) - NRSO (wherein R indicates a hydrogen 
atom or a C- alkyl group which may be substituted), (15) 
—SONR7 (wherein R7 indicates a hydrogen atom or a 
C. alkyl group which may be substituted), (16) ls RRSO, (wherein R indicates a hydrogen atom or a 
C. alkyl group which may be substituted), (17) >C=N 
OR (wherein R’ indicates a hydrogen atom or a C, alkyl 
group which may be substituted), (18) - NR' W-O- 
(wherein R' indicates a hydrogen atom or a C- alkyl 
group, a Cascycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted; and W. 
indicates a C- alkylene group which may be substituted), 
(19) - NH CO. NH (20) - NH CS NH , (21) 
—C(=NR')NR' (wherein R'' and Rare the same as 
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or different from each other and each indicates a hydrogen 
atom, nitrile group, a C, alkyl group, a Coalkenyl group, 
a C-8 cycloalkyl group or a Css cycloalkenyl group), (22) 
NHC(=NH) - , (23) - O CO-S (24) S CO 

O (25) - OCOO (26) NHCOO (27) 
—OCONH (28) —CO(CH), O (wherein m indicates 
0 or an integer of 1 to 6), (29) –CHOH- or (30) 
—CHOH(CH), O— (wherein n indicates 0 or an integer of 
1 to 6); R' indicates (1) a hydrogen atom, (2) a halogen 
atom, (3) hydroxyl group, (4) a C- alkyl group which may 
be substituted with one or more groups selected from 
hydroxyl group, a halogen atom and nitrile group, (5) a C 
alkenyl group which may be substituted with one or more 
groups selected from hydroxyl group, a halogen atom and 
nitrile group, (6) a C- alkynyl group which may be Sub 
stituted with one or more groups selected from hydroxyl 
group, a halogen atom and nitrile group, (7) a Cas 
cycloalkyl group which may be substituted with one or more 
groups selected from hydroxyl group, a halogen atom and 
nitrile group, (9) a C- alkoxy-C alkyl group, (10) an 
amino-C, alkyl group in which the nitrogen may be substi 
tuted, (f1) a group represented by the formula 
- N(R')R’ (wherein R' and R'' are the same as or 
different from each other and each indicates a hydrogen 
atom or a C- alkyl group), (12) an aralkyl group, (13) 
morpholinyl group, (14) thiomorpholinyl group, (15) pip 
eridyl group, (16) a pyrrolidinyl group or (17) a piperazinyl 
group; and D', D. W' and W are the same as or different 
from each other and each indicates (1) a single bond or (2) 
a C- alkylene chain which may be substituted, 
0022 provided that, in the above definition, 1-4-cyano 
5-methyl-4-(2-cyano-5-thienyl)hexyl-4-2-(4-fluorophe 
noxy)ethylpiperazine: 1-4-cyano-5-methyl-4-(2-cyano-5- 
thienyl)hexyl)-4-2-(3-fluorophenoxy)ethylpiperazine; and 
1-4-cyano-5-methyl-4-(2-thienyl)hexyl)-4-2-(3-fluo 
rophenoxy)ethylpiperazine are excluded. 
0023 Namely, the first aspect of the present invention is 
1) a compound represented by the above formula (I), a salt 
thereof or a hydrate of them, and further, 2) in the above 
mentioned 1), Ar may be a C- aromatic hydrocarbon ring 
or 5- to 14-membered aromatic heterocyclic ring, which may 
be substituted, 3) in the above-mentioned 1), Ar may be a 
thiophene ring or benzene ring, which may be substituted, 4) 
in the above 1), Ar may be a Caromatic hydrocarbon ring 
or 5- to 14-membered aromatic heterocyclic ring, which may 
be substituted with any one or more groups selected from 
nitrile group and a halogen atom, 5) in the above-mentioned 
1), Ar may be a thiophene ring or a benzene ring which may 
be substituted with any one or more groups selected from 
nitrile group and a halogen atom, respectively, 6) in the 
above-mentioned 1), the ring A may be piperazine ring, 
homopiperazine ring or piperidine ring, 7) in the above 
mentioned 1), the ring A may be a piperazine ring, 8) in the 
above-mentioned 1), the ring A may be a piperazine ring, a 
homopiperazine ring or a piperidine ring which may be 
Substituted with any one or more groups selected from 
hydroxyl group, a halogen atom, cyano group, a C- alkyl 
group which may be substituted, a C- alkenyl group which 
may be substituted, a C- alkynyl group which may be 
Substituted, a C- alkoxy group which may be substituted, 
a C- alkenyloxy group which may be substituted, a C 
alkylcarbonyl group which may be substituted, a C- alk 
enylcarbonyl group which may be substituted, a C- alkoxy 
carbonyl group which may be substituted and a C- alk 
enyloxycarbonyl group which may be substituted, 9) in the 
above-mentioned 1), the ring B may be a C- aromatic 
hydrocarbon ring or a 5- to 14-membered aromatic hetero 
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cyclic ring which may be substituted, respectively, 10) in the 
above-mentioned 1), the ring B may be a benzene, a 
thiophene, a pyridine, a 1,4-benzodioxane, an indole, a 
benzothiazole, a benzoxazole, a benzimidazole, a 2-keto-1- 
benzimidazole, a thiazole, an oxazole, an isoxazole, a 1.2, 
4-oxadiazole, an indanone, a benzofuran, a quinoline, a 
1,2,3,4-tetrahydroquinoline, a naphthalene or a 1.2.3,4-tet 
rahydronaphthalene which may be substituted, respectively, 
11) in the above-mentioned 1), the ring B may be a Caro 
matic hydrocarbon ring or a 5- to 14-membered aromatic 
heterocyclic ring which may be substituted with any one or 
more groups selected from a halogen atom, nitrile group, a 
C. alkyl group, a lower acyl group, a C- alkylsulfonyl 
group and an aralkyl group, respectively, 12) in the above 
mentioned 1), D' and D may be the same as or different 
from each other and each may be (1) a single bond or (2) a 
C. alkylene chain which may be substituted with any one 
or more groups selected from hydroxyl group, a halogen 
atom, nitrile group, a C- alkyl group, a C2-alkenyl group 
and a C- alkoxy group, 13) in the above-mentioned 1), E 
may be a single bond, 14) in the above-mentioned D' and D 
may be a C- alkylene chain; and E may be a single bond, 
15) in the above-mentioned 1), the partial structure-D'-E-D 
- may be a C alkylene group. 16) in the above-mentioned 
1), W and W may be the same as or different from each 
other and each may be (1) a single bond or (2) a C 
alkylene chain which may be substituted with any one or 
more groups selected from hydroxyl group, a halogen atom, 
nitrile group, a C- alkyOXy group and a C- alkenyloxy 
group, 17) in the above-mentioned 1), W may be (1) a 
single bond or (2) a C- alkylene chain which may be 
Substituted with any one or more groups selected from (i) 
nitrile group, (ii) a C- alkyl group which may be substi 
tuted with any one or more groups selected from a C 
alkoxy group and a C2-alkenyloxy group and (iii) a C2 
alkenyl group; and W may be a single bond, 18) in the 
above-mentioned 1), W and W may be the same as or 
different from each other and each may be a C- alkylene 
chain Substituted with any one or more groups selected from 
a C alkyl group and a C- alkenyl group, and further the 
above-mentioned C. alkyl group and/or Coalkenyl group 
may be bound together to form a ring or the above-men 
tioned C. alkyl group or C- alkenyl group is bound to the 
ring B or X to form a ring, 19) in the above-mentioned 1), 
X may be (1) a single bond, (2) oxygen atom, a group 
represented by (3) the formula - NR (wherein R indi 
cates a hydrogen atom, or a C- alkyl group, a Cas 
cycloalkyl group, a lower acyl group or a C- alkylsulfonyl 
group which may be substituted), (4) —NR' W. O— 
(wherein R' indicates a hydrogen atom, or a C- alkyl 
group, a Cas cycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted; and W is a 
C. alkylene group which may be substituted) or (5) 
—NH SO. , 20) in the above-mentioned 1), X may be 
(1) oxygen atom, a group represented by (2) the formula 
—NR— (wherein R indicates a hydrogen atom, or a C 
alkyl group, a C-8 cycloalkyl group, a lower acyl group or 
a C alkylsulfonyl group which may be substituted) or (3) 
—NH SO. , 21) in the above-mentioned 1), the partial 
structure - W X W° may be a C alkylene group 
which may be substituted, 22) in the above-mentioned 1), 
W may be a C- alkylene chain which may be substituted; 
Wis a single bond; and X may be oxygen or a group 
represented by the formula - NR (wherein R has the 
same meaning as the above-mentioned definition), 23) in the 
above-mentioned 22), the substituent of W may be any one 
or more groups selected from (1) nitrile group, (2) a C 
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alkyl group which may be substituted with a C- alkyoxy 
group or a C- alkenyloxy group and (3) a C2-alkenyl 
group; and R may be a C- alkyl group which may be 
substituted, 24) in the above-mentioned 1), R' may be a C 
alkyl group, 25) in the above-mentioned 1), R' may be 
methyl group, ethyl group, n-propyl group or isopropyl 
group, 26) the compound in the above-mentioned 1) may be 
a compound represented by the formula: 

(II) 

R1 (R14), 
/ \ 4y 

". --cis- -et-o-C) \-/ Sn 
S CN 

in the formula, R' has the same meaning as in the above 
definition; R' and R'' are the same as or different from each 
other and each indicates (1) a hydrogen atom, (2) a halogen 
atom, (3) hydroxyl group, (4) mercapto group, (5) a C 
alkyl group which may be substituted with any one or more 
groups selected from hydroxyl group and a halogen atom, 
(6) a C- alkoxy group which may be substituted with any 
one or more groups selected from hydroxyl group, a halogen 
atom and a C- alkoxycarbonyl group, (7) a nitro group, (8) 
an amino group which may be substituted, (9) cyano group, 
(10) carboxyl group, (11) a C- alkoxycarbonyl group, (12) 
a C thioalkoxy group, (13) a C alkylsulfonyl group, 
(14) a lower acyl group, (15) a C- aromatic hydrocarbon 
cyclic group which may be substituted, (16) a 5- to 14-mem 
bered aromatic heterocyclic group which may be optionally 
Substituted, (17) an aryloxy group or (18) an aralkyloxy 
group, or (19) R's themselves or R's themselves may be 
bound together to form (i) an aliphatic ring which may be 
substituted, (ii) a heterocyclic ring which may be substituted 
or (iii) an alkylenedioxy group; n indicates 0 or an integer of 
1 to 3. p indicates an integer of 1 to 6; q indicates an integer 
of 1 to 6; and r indicates o or an integer of 1 to 5, 
0024 provided that, in the above definition, 1-4-cyano 
5-methyl-4-(2-cyano-5-thienyl)hexyl-4-2-(4-fluorophe 
noxy)ethylpiperazine: 1-4-cyano-5-methyl-4-(2-cyano-5- 
thienyl)hexyl)-4-2-(3-fluorophenoxy)ethylpiperazine; and 
1-4-cyano-5-methyl-4-(2-thienyl)hexyl)-4-2-(3-fluo 
rophenoxy)ethylpiperazine are excluded and 27) the com 
pound in the above-mentioned 1) may be a compound 
represented by the formula: 

S CN 

in the formula, RandR have the same meanings as defined 
above; R' and R'' are the same as or different from each 
other and each indicates (1) a hydrogen atom, (2) a halogen 
atom, (3) hydroxyl group, (4) mercapto group, (5) a C 
alkyl group which may be substituted with any one or more 
groups selected from hydroxyl group and a halogen atom, 
(6) a C- alkoxy group which may be substituted with any 
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one or more groups selected from hydroxyl group, a halogen 
atom and a C- alkoxycarbonyl group, (7) nitro group, (8) 
an amino group which may be substituted, (9) cyano group, 
(10) carboxyl group, (11) a C- alkoxycarbonyl group, (12) 
a C thioalkoxy group, (13) a C- alkylsulfonyl group, 
(14) a lower acyl group, (15) a C- aromatic hydrocarbon 
cyclic group which may be substituted, (16) a 5-to 14-mem 
bered aromatic heterocyclic group which may be substi 
tuted, (17) an aryloxy group or (18) an aralkyloxy group, or 
(19) R's themselves or R's themselves may be bound 
together to form (i) an aliphatic ring which may be substi 
tuted, (ii) a heterocyclic ring which may be substituted or 
(iii) an alkylenedioxy group; n indicates 0 or an integer of 1 
to 3. p indicates an integer of 1 to 6: q indicates an integer 
of 1 to 6; r indicates 0 or an integer of 1 to 5, and 28) in the 
above-mentioned 1), the compound may be any one selected 
from 

0.025 4-(4-cyano-5-methyl-4-phenyl)hexyl-N-(4-fluo 
rophenyl)-N'-(2-methylpropyl)-1 (2H)-pyrazinecarboxy 
imidamide; 

0026 1-isopropyl-4-4-(1-isobutyl-1H-benzodimida 
Zol-2-yl)piperazino-1-phenylbutyl cyanide; 

0027 1-4-cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
4-2-(3-cyanophenoxy)ethylpiperazine; 

0028 1-4-cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(3- 
cyanophenoxy)ethylpiperazine; 

0029. 1-4-cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
4-3-(5-cyano-2-thienyl)propylpiperazine; 

0030. 1-4-cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(3- 
cyanophenoxy)ethylpiperazine: 1-4-cyano-5-methyl-4- 
4-(2-cyano)-thienylhexyl)-4-2-(3-cyanophenoxy 
)ethylpiperazine; 

0031 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zoxazolyl)aminopiperidine; 

0032) 1-4-cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3S)-3-N-(2-cyanoethyl)-N-benzylaminolpyrrolidine: 

0033 1-4-cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3R)-3-N-(2-cyanoethyl)-N-benzylaminolpyrrolidine: 

0034 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(ben 
Zothiazolylpiperazine; 

0035) 1-(4-cyano-5-methyl-4-phenyl)hexyl-4-2-(6- 
methoxy)benzothiazolylpiperazine; 

0036) 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zoxazolylpiperazine; 

0037 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2- 
quinolinylpiperazine; 

0038 4-4-(1-methyl-1H-benzodimidazol-2-yl)-1,4-di 
azepan-1-yl)-1-isopropyl-1-phenylbutyl cyanide; 

0.039 4-4-(1-ethyl-1H-benzodimidazol-2-yl)-1,4-diaz 
epan-1-yl)-1-isopropyl-1-phenylbutyl cyanide; ethyl 

0040 4-(4-cyano-5-methyl-4-phenylhexyl)-1-2-(4-fluo 
rophenoxy)ethyl)-2-piperazinecarboxylate: 

0041 1-(2-oxo-1,2-dihydro-3-quinolyl)methyl-4-(4- 
cyano-5-methyl-4-phenyl)hexylpiperidine: 
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0042 4-(4-cyano-5-methyl-4-phenyl)hexyl)-1-(2- 
(methanesulfonylamino)phenyl)methylpiperazine; 

0043 4-(4-cyano-5-methyl-4-phenyl)hexyl)-1-(2- 
(methanesulfonylamino)phenyl)methylpiperidine; 

0044) (S)-3-phenyl-2-amino-propanoic acid 
0045 {1-4-cyano-5-methyl-5-(2-thionyl)hexyl 
piperazinyl)amide: 

0046) 4-4-(4-phenylpiperidinyl)piperidinyl)-1-isopro 
pyl-1-phenylbutyl cyanide; 

0047 4-4-(4-cyano-4-phenylpiperidinyl)piperidinyl)-1- 
isopropyl-1-phenylbutyl cyanide; and 

0048 4-4-(4-benzylpiperidinyl)piperidinyl)-1-isopro 
pyl-1-phenylbutyl cyanide. 

0049 Further, the second characteristic of the present 
invention is 29) a pharmaceutical composition containing 
the compound represented by the formula: 

(I) 

(in the formula, Ar is (1) a C- aromatic hydrocarbon 
cyclic group which may be substituted, (2) a 5- to 14-mem 
bered aromatic heterocyclic group which may be substi 
tuted, (3) a C- alkyl group substituted with a Caromatic 
hydrocarbon cyclic group which may be substituted or (4) a 
C. alkyl group Substituted with a 5- to 14-membered 
aromatic heterocyclic group which may be substituted; the 
ring A indicates a piperazine ring, a homopiperazine ring, a 
piperidine ring, a homopiperidine ring, a pyrrolidine ring, a 
diazabicyclo2.2.1]heptane ring which may be substituted, 
respectively; the ring B indicates (1) a Ca hydrocarbon 
ring which may be substituted or (2) a 5- to 14-membered 
heterocyclic ring which may be substituted; E indicates (1) 
a single bond, a group represented by (2) the formula 
—CO— or (3) —CH(OH)—: X indicates (1) a single bond, 
(2) oxygen atom, (3) sulfur atom, (4) a C- alkylene chain 
which may be substituted, a group represented by (5) the 
formula - NR (wherein R indicates a hydrogenatom, or 
a C- alkyl group, a C-8 cycloalkyl group, a lower acyl 
group or a C- alkylsulfonyl group which may be substi 
tuted.), (6) - CO . (7) COO , (8) —OOC , (9) 
—CONR - (wherein R indicates a hydrogen atom or a 
C, alkyl group which maybe substituted), (10) NRCO 
(wherein R' indicates a hydrogen atom or a C- alkyl group 
which may be substituted), (11) - SO (12) —SO , 
(13) - SONR (wherein R indicates a hydrogen atom or 
a C- alkyl group which may be substituted), (14) 
NRSO (wherein R indicates a hydrogen atom or a 

C, alkyl group which may be substituted), (15) 
- SONR7 (wherein R7 indicates a hydrogen atom or a 
C. alkyl group which may be substituted), (16) I-6 

- NRSO (wherein R indicates a hydrogen atom or a 
C, alkyl group which may be substituted), (17) >C=N 
OR (wherein R indicates a hydrogen atom or a C- alkyl 
group which may be substituted), (18) —NR' W. O— 
(wherein R' indicates a hydrogen atom, or a C- alkyl 
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group, a Cas cycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted; and W. 
indicates a C- alkylene group which may be substituted), 
(19) - NH CO. NH (20) - NH CS NH , (21) 
—C(=NR')NR' (wherein R'' and Rare the same as 
or different from each other and each indicates a hydrogen 
atom, nitrile group, a C- alkyl group, a C2-alkenyl group. 
a C-8 cycloalkyl group or a C-8 cycloalkenyl group), (22) 
NHC(=NH) , (23) - O CO-S (24) - S CO 

O (25) - OCOO (26) NHCOO. , (27) 
—OCONH , (28) —CO(CH), O— (wherein m indicates 
0 or an integer of 1 to 6), (29) –CHOH- or (30) 
—CHOH(CH), O (wherein n indicates 0 or an integer of 
1 to 6.); R'indicates (1) a hydrogen atom, (2) a halogen 
atom, (3) hydroxyl group, (4) a C- alkyl group which may 
be substituted with one or more groups selected from 
hydroxyl group, a halogen atom and nitrile group, (5) a C 
alkenyl group which may be substituted with one or more 
groups selected from hydroxyl group, a halogen atom and 
nitrile group, (6) a C- alkynyl group which may be Sub 
stituted with one or more groups selected from hydroxyl 
group, a halogen atom and nitrile group, (7) a Cas 
cycloalkyl group which may be substituted with one or more 
groups selected from hydroxyl group, a halogen atom and 
nitrile group, (9) a C- alkoxy-C alkyl group, (10) an 
amino-C, alkyl group in which the nitrogen atom may be 
substituted, (11) a group represented by the formula 
- N(R')R’ (wherein R'' and R'' are the same as or 
different from each other and each indicates a hydrogen 
atom or a C- alkyl group), (12) an aralkyl group, (13) 
morpholinyl group, (14) thiomorpholinyl group, (15) pip 
eridyl group, (16) pyrrolidinyl group or (17) piperazinyl 
group; and D', D. W' and Ware the same as or different 
from each other and each indicates (1) a single bond or (2) 
a C- alkylene chain which may be substituted, 
0050 provided that, in the above definition, 1-4-cyano 
5-methyl-4-(2-cyano-5-thienyl)hexyl-4-2-(4-fluorophe 
noxy)ethylpiperazine: 1-4-cyano-5-methyl-4-(2-cyano-5- 
thienyl)hexyl-4-2-(3-fluorophenoxy)ethylpiperazine; and 
1-4-cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(3-fluo 
rophenoxy)ethylpiperazine are excluded), a salt thereof or 
a hydrate of them, and further, 30) the composition in the 
above-mentioned 29) may be a calcium antagonist, 31) the 
composition in the above-mentioned 29) may be a neuron 
selective calcium antagonist, 32) the composition in the 
above-mentioned 29) may be a P/O-type calcium channel 
and/or an N-type calcium channel inhibitor, 33) the compo 
sition in the above-mentioned 29) may be an agent for 
treating, preventing or improving a disease against which 
the inhibitory action of at least one of P/O-type calcium 
channel and N-type calcium channel is efficacious, 34) the 
composition in the above-mentioned 29) may be an agent for 
inhibiting the death of neural cell or for protecting cerebral 
neural cells, 35) the composition in the above-mentioned 29) 
may be an agent for treating, preventing or improving neural 
disease, 36) the neural disease in the above-mentioned 35) 
may be acute ischemic stroke, cerebral apoplexy, cerebral 
infarction, head trauma, cerebral neural cell death, Alzhe 
imer disease, Parkinson disease, amyotrophic lateral Sclero 
sis, Huntington disease, cerebral circulatory metabolism 
disturbance, cerebral function disturbance, pain, spasm, 
Schizophrenia, migraine, epilepsy, manic-depression, neural 
degenerative diseases, cerebral ischemia, AIDS dementia 
complications, edema, anxiety disorder, diabetic neuropathy, 
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cerebral vascular dementia and multiple sclerosis and 37) 
the composition in the above-mentioned 29) may be an 
analgesic. 
0051. The present invention provides a method for pre 
venting, treating or improving a disease against which a 
calcium antagonism is effective, a disease against which a 
neuron-selective calcium antagonism is effective or a dis 
ease against which a P/O-type calcium channel inhibitory 
action and/or an N-type calcium channel inhibitory action is 
effective, by administering a pharmacologically effective 
amount of the compound represetend by the above formula 
(I), a salt thereof or a hydrate of them to a patient. 
0052 The present invention provides a method for pre 
venting, treating or improving neural disease or pain. 
0053. Further, the present invention provides use of the 
compound represented by the above formula (I), a salt 
thereof or a hydrate of them for producing a calcium 
antagonist, a neuron-selective calcium antagonist, a P/O- 
type calcium channel and/or an N-type calcium channel 
inhibitor, an agent for treating, preventing or improving a 
disease against which a P/O-type calcium channel and/or an 
N-type calcium channel inhibitory action is efficacious, an 
agent for inhibiting the death of neural cells or for protecting 
cerebral neural cells. 

0054 Additionally, the present invention provides use of 
the compound represented by the above formula (I), a salt 
thereof or a hydrate of them for producing an agent for 
treating, preventing or improving neural diseases or an 
analgesic. 

0055. The neural disease is any one of disease selected 
from acute ischemic stroke, cerebral apoplexy, cerebral 
infarction, head trauma, cerebral neural cell death, Alzhe 
imer's disease, Parkinson's disease, amyotrophic lateral 
Sclerosis, Huntington's disease, cerebral circulation meta 
bolic affection, cerebral dysfunction, pain, spasm, schizo 
phrenia, migraine, epilepsy, manic-depression, neural 
degenerative diseases, cerebral ischemia, AIDS dementia 
complications, edema, anxiety disorder, diabetic neuropathy, 
cerebral vascular dementia and multiple Sclerosis. 
0056. The meanings of the symbols, terms and the like 
described in the specification of the present application are 
illustrated below, and the present invention is illustrated in 
detail. 

0057 The structural formula of a compound happens to 
represent a fixed isomer for convenience in the specification 
of the present application, but the present invention includes 
all of geometrical isomers which occur in the structure of the 
compound, optical isomers based on an asymmetric carbon, 
Stereo-isomers, the isomers of tautomers and the like, and a 
mixture of the isomer. The present invention is not limited 
to the indication of the formulae for convenience, and may 
be one of the isomers and a mixture thereof. Accordingly, in 
the compounds of the present invention, there may exist an 
optically active body and a racemic body which have an 
asymmetric carbon atom in the molecule, but they are not 
limited in the present invention, and both of them are 
included therein. Further, crystal polymorphism happens to 
exist, but is not similarly limited, and the crystal form may 
be either single or a mixture of crystal forms and may be a 
hydrate in addition to an anhydride. A so-called metabolite 
which occurs due to decomposition of the compounds 
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according to the present invention in vivo is also included in 
the scope of claim for patent of the present invention. 
0058. The term “and/or” in the specification of the 
present application is used for the meanings which contain 
both the case of “and” and the case of “or'. Accordingly, for 
example, “A and/or B includes both the case of “A and B’ 
and the case of “A or B, and indicates that it may be either 
of the cases. 

0059) The “neural disease” in the specification of the 
present application mainly indicates acute ischemic stroke, 
cerebral apoplexy, cerebral infarction, head trauma, cerebral 
neural cell death, Alzheimer's disease, Parkinson's disease, 
amyotrophic lateral Sclerosis, Huntington's disease, cerebral 
circulation metabolic affection, cerebral dysfunction, pain, 
spasm, Schizophrenia, migraine, epilepsy, manic-depression, 
neural degenerative diseases, cerebral ischemia, AIDS 
dementia complications, edema, anxiety disorder, diabetic 
neuropathy, cerebral vascular dementia and multiple Sclero 
S1S. 

0060. The “analgesic’ in the specification of the present 
application means a medicine which mitigates or removes 
pain by changing the perception of stimulation of a nocice 
ptor without causing narcoticism and unconsciousness. 
0061 The “halogenatom' used in the specification of the 
present application means atoms such as fluorine atom, 
chlorine atom, bromine atom and iodine atom, preferably 
fluorine atom, chlorine atom and bromine atom, and more 
preferably fluorine atom and chlorine atom. 
0062) The “C. alkyl group' used in the specification of 
the present application means an alkyl group having 1 to 6 
carbon atoms, and the preferable examples thereof include 
linear or branched alkyl groups such as methyl group, ethyl 
group, n-propyl group, isopropyl group, n-butyl group. 
isobutyl group, sec-butyl group, tert-butyl group, n-pentyl 
group, 1,1-dimethylpropyl group, 1,2-dimethylpropyl 
group, 2,2-dimethylpropyl group, 1-ethylpropyl group, 
2-ethylpropyl group, n-hexyl group, 1-methyl-2-ethylpropyl 
group, 1-ethyl-2-methylpropyl group, 1,1,2-trimethylpropyl 
group, 1-propylpropyl group, 1-methylbutyl group, 2-meth 
ylbutyl group, 1,1-dimethylbutyl group, 1,2-dimethylbutyl 
group, 2,2-dimethylbutyl group, 1,3-dimethylbutyl group, 
2,3-dimethylbutyl group, 2-ethylbutyl group, 2-methylpen 
tyl group and 3-methylpentyl group. 
0063. The “C. alkenyl group' used in the specification 
of the present application means an alkenyl group having 2 
to 6 carbon atoms, and is preferably a linear or branched 
alkenyl group Such as vinyl group, allyl group, 1-propenyl 
group, 2-propenyl group, isopropenyl group, 2-methyl-l- 
propenyl group, 3-methyl-1-propenyl group, 2-methyl-2- 
propenyl group, 3-methyl-2-propenyl group, 1-butenyl 
group, 2-butenyl group, 3-butenyl group, 1-pentenyl group, 
1-hexenyl group, 1.3-hexanedienyl group and 1.6-hexane 
dienyl group. 
0064. The “C. alkynyl group' used in the specification 
of the present application means an alkynyl group having 2 
to 6 carbon atoms, and is preferably a linear or branched 
alkynyl group Such as ethynyl group, 1-propynyl group, 
2-propynyl group, 1-butynyl group, 2-butynyl group, 3-bu 
tynyl group, 3-methyl-1-propynyl group, 1-ethynyl-2-pro 
pynyl group, 2-methyl-3-propynyl group, 1-pentynyl group, 
1-hexynyl group, 1.3-hexanediynyl group and 1.6-hex 
anediynyl group. 
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0065. The “C. alkoxy group' used in the specification 
of the present application means a "Ce alkyloxy group” in 
which an oxygen atom is bonded with a group having the 
same meaning as the C- alkyl group in the fore-mentioned 
definition, and the preferable examples thereof include 
methoxy group, ethoxy group, n-propoxy group, isopropoxy 
group, sec-propoxy group, n-butoxy group, isobutoxy 
group, sec-butoxy group, tert-butoxy group, n-pentyloxy 
group, isopentyloxy group, sec-pentyloxy group, n-hexoxy 
group, isohexoxy group, 1,1-dimethylpropyloxy group, 1,2- 
dimethylpropoxy group, 2,2-dimethylpropyloxy group, 
2-ethylpropoxy group, 1-methyl-2-ethylpropoxy group, 
1-ethyl-2-methylpropoxy group, 1,1,2-trimethylpropoxy 
group, 1,1-dimethylbutoxy group, 1,2-dimethylbutoxy 
group, 2,2-dimethylbutoxy group, 2,3-dimethylbutyloxy 
group, 1,3-dimethylbutyloxy group, 2-ethylbutoxy group, 
1,3-dimethylbutoxy group, 2-methylpentoxy group, 3-me 
thylpentoxy group, hexyloxy group etc. 

0.066 The “C. alkenyloxy group' used in the specifi 
cation of the present application means a group in which 
oxygen atom is bound to a group having the same meaning 
as the “C. alkenyloxy group' defined above, and the 
preferable examples thereof include vinyloxy group, ally 
loxy group, 1-propenyloxy group, 2-propenyloxy group, 
isopropenyloxy group, 2-methyl-1-propenyloxy group, 
3-methyl-1-propenyloxy group, 2-methyl-2-propenyloxy 
group, 3-methyl-2-propenyloxy group, 1-butenyloxy group, 
2-butenyloxy group, 3-butenyloxy group, 1-pentenyloxy 
group, 1-hexenyloxy group, 1.3-hexanedienyloxy group, 
1.6-hexanedienyloxy group etc. 

0067. The “Cs cycloalkyl group' used in the specifica 
tion of the present application means a cycloalkyl group in 
which the ring is formed by 3 to 8 carbon atoms, and the 
preferable group includes cyclopropyl group, cyclobutyl 
group, cyclopentyl group, cyclohexyl group, cycloheptyl 
group, cyclooctyl group etc. Further, the "Cs cycloalkane' 
used in the specification of the present application means a 
ring corresponding to the above-mentioned Cls cycloalkyl 
group. 

0068 The “Cs cycloalkenyl group' used in the speci 
fication of the present application means a Cs cycloalkenyl 
group in which a ring is formed by 3 to 8 carbon atoms, and 
the examples thereof include a group represented by the 
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0069. The “aromatic cyclic group' used in the specifica 
tion of the present application is a term meaning a C 
aromatic hydrocarbon cyclic group or a 5- to 14-membered 
aromatic heterocyclic group. (1) Examples of the above 
mentioned “Cea aromatic hydrocarbon cyclic group' 
include mono-cyclic, di-cyclic or tri-cyclic Cea aromatic 
hydrocarbon groups such as phenyl group, indenyl group, 
1-naphthyl group, 2-naphthyl group, aZulenyl group, hep 
thalenyl group, biphenyl group, indathenyl group, acenaph 
thyl group, fluorenyl group, phenalenyl group, phenanthre 
nyl group, anthracenyl group, cyclopentacyclooctenyl 
group, benzocyclooctenyl group, and the like. 
0070 (2) Examples of the “5- to 14-membered aromatic 
heterocyclic group' include a mono-cyclic, di-cyclic or 
tri-cyclic 5- to 14-membered aromatic heterocyclic ring 
which contains any one or more of hetero atoms selected 
from nitrogen atom, Sulfur atom and oxygen atom, and for 
example: 
0071 (i) aromatic heterocyclic rings containing nitrogen 
Such as pyrrolyl group, pyridyl group, pyridazinyl group, 
pyrimidinyl group, pyrazinyl group, triazolyl group, tetra 
Zolyl group, benzotriazolyl group, pyrazolyl group, imida 
Zolyl group, benzimidazolyl group, indolyl group, isoindolyl 
group, indolizinyl group, purinyl group, indazolyl group, 
quinolyl group, isoquinolyl group, quinolizyl group. 
phthalazyl group, naphthylidinyl group, quinoxalyl group, 
quinazolinyl group, cinnolinyl group, pteridinyl group, imi 
dazotriazinyl group, pyrazinopyridazinyl group, acridinyl 
group, phenanthridinyl group, carbazolyl group, carbazoli 
nyl group, perimidinyl group, phenanthrolinyl group, 
phenacinyl group, imidazopyridinyl group, imidazopyrim 
idinyl group and pyrazolopyridinyl group; 
0072 (ii) aromatic heterocyclic rings containing sulfur 
Such as thienyl group and benzothienyl group; 
0073 (iii) aromatic heterocyclic rings containing oxygen 
Such as furyl group, pyranyl group, cyclopentapyranyl 
group, benzofuranyl group and isobenzofuranyl group; and 
0074 (iv) aromatic heterocyclic rings containing 2 or 
more different kinds of hetero atoms selected from nitrogen 
atom, Sulfur atom and oxygenatom, Such as thiazolyl group, 
isothiazolyl group, benzothiazolyl group, benzthiadiazolyl 
group, phenothiazinyl group, isoxazolyl group, furazanyl 
group, phenoxazinyl group, oxazolyl group, benzoxazolyl 
group, oxadiazolyl group, pyrazolooxazolyl group, imida 
Zothiazolyl group, thienofuranyl group, furopyrrolyl group, 
pyridoxazinyl group may be proposed. 
0075 The "Ca hydrocarbon ring used in the specifi 
cation of the present application means a C-scycloalkane, a 
Cs cycloalkene or a C- aromatic hydrocarbon ring, and 
the meanings of these rings refer to the same meaning as a 
C-8 cycloalkane, a C-8 cycloalkene and a C-14 aromatic 
hydrocarbon ring defined above. 
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0076) The “5- to 14-membered heterocyclic ring used in 
the specification of the present application means a 5- to 
14-membered heterocyclic ring containing any one or more 
of hetero atoms selected from nitrogen atom, Sulfur atom 
and oxygen atom, and an aromatic heterocyclic ring and a 
non-aromatic heterocyclic ring are included in the ring. 
Here, (1) the above-mentioned “5- to 14-membered aro 
matic heterocyclic ring have the same meaning as a5-to 
14-membered aromatic heterocyclic ring defined above. 
Further, (2) the preferable ring as the “5- to 14-membered 
non-aromatic heterocyclic ring includes 5- to 14-membered 
non-aromatic heterocyclic rings such as pyrrolidine ring, 
pyrroline ring, piperidine ring, piperazine ring, imidazoline 
ring, pyrazolidine ring, imidazolidine ring, morpholine ring, 
tetrahydrofuran ring, tetrahydropyran ring, aziridine ring, 
oxirane ring, oxathiorane ring, pyridone ring etc., and con 
densed rings such as phthalimide ring, Succinimide ring etc. 
0077. The “hydrocarbon group used in the specification 
of the present application specifically means a C- alkyl 
group, a C2-6 alkenyl group, a C- alkynyl group, a Cas 
cycloalkyl, a Cas cycloalkenyl group or a C-14 aromatic 
hydrocarbon cyclic group, and the respective meanings are 
the same as defined above. 

Meaning of Ar 
0078. In the compound represented by the above formula 
(I) according to the present invention, Ar indicates (1) a 
Caromatic hydrocarbon cyclic group which may be sub 
stituted, (2) a 5- to 14-membered aromatic heterocyclic 
group which may be substituted, (3) a C- alkyl group 
Substituted with a C- aromatic hydrocarbon cyclic group 
which may be substituted or (4) a C- alkyl group substi 
tuted with a 5- to 14-membered aromatic heterocyclic group 
which may be substituted. 
0079 Examples of the above-mentioned “C. aromatic 
hydrocarbon cyclic group' preferably include phenyl group, 
pentalenyl group, indenyl group, naphthyl group, 1,2,3,4- 
tetrahydronaphthyl group, aZulenyl group, hepthalenyl 
group, benzocyclooctenyl group, tetranyl group, phenan 
threnyl group etc., and more preferably phenyl group, naph 
thyl group etc. 
0080) Further, the preferable examples of the “5- to 
14-membered aromatic heterocyclic group' include pyrrolyl 
group, pyridyl group, pyridaZinyl group, pyrimidinyl group, 
pyrazinyl group, triazolyl group, tetrazolyl group, benzot 
riazolyl group, pyrazolyl group, imidazolyl group, benzimi 
dazolyl group, indolyl group, isoindolyl group, indolizinyl 
group, purinyl group, indazolyl group, quinolyl group, iso 
quinolyl group, quinolizyl group, phthalazyl group, naph 
thylidinyl group, quinoxalyl group, quinazolinyl group, cin 
nolinyl group, pteridinyl group, imidazotriazinyl group, 
pyrazinopyridazinyl group, acridinyl group, phenanthridinyl 
group, carbazolyl group, carbazolinyl group, perimidinyl 
group, phenanthrolinyl group, phenacinyl group, imida 
Zopyridinyl group, imidazopyrimidinyl group, pyrazolopy 
ridinyl group, thienyl group, benzothienyl group, furyl 
group, pyranyl group, cyclopentapyranyl group, benzofura 
nyl group, isobenzofuranyl group, thiazolyl group, isothia 
Zolyl group, benzothiazolyl group, benzthiadiazolyl group, 
phenothiazinyl group, isoxazolyl group, furazanyl group, 
phenoxazinyl group, oxazolyl group, benzoxazolyl group, 
oxadiazolyl group, pyrazolooxazolyl group, imidazothiaz 
olyl group, thienofuranyl group, phlopyrrolyl group, pyri 
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doxazinyl group etc., more preferably thienyl group, pyridyl 
group etc., and further preferably thienyl group. 

0081. When Aris the “C. aromatic hydrocarbon cyclic 
group optionally substituted” or the “5- to 14-membered 
aromatic heterocyclic group optionally substituted”. 
examples of the “substituent include (i) hydroxyl group, (ii) 
a halogen atom (for example, fluorine atom, chlorine atom, 
bromine atom and an iodine atom), (iii) nitrile group, (iv) a 
C. alkyl group (preferably, methyl group, ethyl group, 
n-propyl group, isopropyl group, n-butyl group, isobutyl 
group, sec-butyl group, tert-butyl group, n-pentyl group, 
1,1-dimethylpropyl group, 1,2-dimethylpropyl group, 2.2- 
dimethylpropyl group, 1-ethylpropyl group, 2-ethylpropyl 
group, n-hexyl group, 1-methyl-2-ethylpropyl group, 
1-ethyl-2-methylpropyl group, 1,1,2-trimethylpropyl group, 
1-propylpropyl group, 1-methylbutyl group, 2-methylbutyl 
group, 1,1-dimethylbutyl group, 1,2-dimethylbutyl group, 
2,2-dimethylbutyl group, 1,3-dimethylbutyl group, 2,3-dim 
ethylbutyl group, 2-ethylbutyl group, 2-methylpentyl group, 
3-methylpentyl group etc.), (v) a C- alkenyl group (pref 
erably, vinyl group, allyl group, 1-propenyl group, 2-prope 
nyl group, isopropenyl group, 2-methyl-1-propenyl group, 
3-methyl-1-propenyl group, 2-methyl-2-propenyl group, 
3-methyl-2-propenyl group, 1-butenyl group, 2-butenyl 
group, 3-butenyl group, 1-pentenyl group, 1-hexenyl group, 
1.3-hexanedienyl group, 1.6-hexanedienyl group etc.). (vi) a 
C- alkynyl group (preferably, ethynyl group, 1-propynyl 
group, 2-propynyl group, 1-butynyl group, 2-butynyl group, 
3-butynyl group, 3-methyl-1-propynyl group, 1-ethynyl-2- 
propynyl group, 2-methyl-3-propynyl group, 1-pentynyl 
group, 1-hexynyl group, 1.3-hexanediynyl group, 1.6-hex 
anediynyl group etc.), (vii) a C- alkoxy group (preferably, 
methoxy group, ethoxy group, n-propoxy group, isopropoxy 
group, sec-propoxy group, n-butoxy group, isobutoxy 
group, sec-butoxy group, tert-butoxy group, n-pentyloxy 
group, isopentyloxy group, sec-pentyloxy group, n-hexoxy 
group, isohexoxy group, 1,1-dimethylpropyloxy group, 1,2- 
dimethylpropoxy group, 2,2-dimethylpropyloxy group, 
2-ethylpropoxy group, 1-methyl-2-ethylpropoxy group, 
1-ethyl-2-methylpropoxy group, 1,1,2-trimethylpropoxy 
group, 1,1-dimethylbutoxy group, 1,2-dimethylbutoxy 
group, 2,2-dimethylbutoxy group, 2,3-dimethylbutyloxy 
group, 1,3-dimethylbutyloxy group, 2-ethylbutoxy group, 
1,3-dimethylbutoxy group, 2-methylpentoxy group, 3-me 
thylpentoxy group, hexyloxy group etc.), (viii) C. alky 
lthio group (preferably, methylthio group, ethylthio group, 
n-propylthio group, isopropylthio group, n-butylthio group, 
isobutylthio group, sec-butylthio group, tert-butylthio 
group, n-pentylthio group, 1,1-dimethylpropylthio group, 
1.2-dimethylpropylthio group, 2,2-dimethylpropylthio 
group, 1-ethylpropylthio group, 2-ethylpropylthio group, 
n-hexylthio group, 1-methyl-2-ethylpropylthio group, 
1-ethyl-2-methylpropylthio group, 1,1,2-trimethylpropy 
lthio group, 1-propylpropylthio group, 1-methylbutylthio 
group, 2-methylbutylthio group, 1,1-dimethylbutylthio 
group, 1,2-dimethylbutylthio group, 2,2-dimethylbutylthio 
group, 1,3-dimethylbutylthio group, 2,3-dimethylbutylthio 
group, 2-ethylbutylthio group, 2-methylpentylthio group, 
3-methylpentylthio group etc.), (ix) a C- alkoxycarbonyl 
group, (x) a hydroxyl C alkyl group, (xi) a halogenated 
C, alkyl group, (xii) a hydroxyimino C-alkyl group, (xiii) 
nitro group, (xiv) an amino group in which the nitrogenatom 
may be substituted, (XV) a carbamoyl group in which the 
nitrogen atom may be substituted, (Xvi) a sulfamoyl group in 
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which the nitrogen atom may be substituted, (xvii) a lower 
acyl group, (XViii) an aromatic acyl group, (XiX) a C 
alkylsulfonyl group such as methylsulfonyl group, etc., and 
the “substitutent” is preferably (a) hydroxyl group, (b) a 
halogen atom, (c) nitrile group, (d) a C- alkyl group, (e) a 
C. alkylsulfonyl group, (f) a C- alkoxy group, (g) a C 
alkylthio group etc., and, more preferably, nitrile group or a 
halogen atom (for example, fluorine atom etc.). 

0082 Further, examples of the more preferable “C. 
aromatic hydrocarbon cyclic group which may be substi 
tuted” or “5- to 14-membered aromatic heterocyclic group 
which may be substituted in the definition of Ar include a 
thiophene, a pyridine, a benzene or a naphthalene ring which 
may be substituted with any one or more groups selected 
from a halogen atom and cyano group. The most preferable 
example includes a thiophene ring which may be substituted 
with any one or more groups selected from a halogen atom 
and cyano group, and namely, a ring represented by the 
formula: 

wherein R', RandR'' are the same as or different from 
each other, and each indicates a hydrogen atom, a halogen 
atom or cyano group. 

0083. In the compound represented by the above formula 
(I) according to the present invention, when Ar is the “C. 
alkyl group Substituted with a C- aromatic hydrocarbon 
cyclic group which may be substituted” or the “C. alkyl 
group substituted with 5- to 14-membered aromatic hetero 
cyclic group which may be substituted, the “Cea aromatic 
hydrocarbon cyclic group which may be substituted” or the 
“5- to 14-membered aromatic heterocyclic group which may 
be substituted” has the same meaning as the C- aromatic 
hydrocarbon cyclic group which may be substituted or the 5 
to 14-membered aromatic heterocyclic group which may be 
substituted in the above-mentioned definition, respectively. 
The C- alkyl group Substituted with those groups means a 
C. alkyl group Substituted with such groups. Here, pref 
erable examples of the “C. alkyl group” include methyl 
group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, isobutyl group, sec-butyl group, tert-butyl group, 
n-pentyl group, 1,1-dimethylpropyl group, 1,2-dimethylpro 
pyl group, 2,2-dimethylpropyl group, 1-ethylpropyl group, 
2-ethylpropyl group, n-hexyl group, 1-methyl-2-ethylpropyl 
group, 1-ethyl-2-methylpropyl group, 1,1,2-trimethylpropyl 
group, 1-propylpropyl group, 1-methylbutyl group, 2-meth 
ylbutyl group, 1,1-dimethylbutyl group, 1,2-dimethylbutyl 
group, 2,2-dimethylbutyl group, 1,3-dimethylbutyl group, 
2,3-dimethylbutyl group, 2-ethylbutyl group, 2-methylpen 
tyl group, 3-methylpentyl group etc. Preferable examples of 
the "Ce alkyl group Substituted with an aromatic group 
which may be substituted include a benzyl group, a phen 
ethyl group, a phenylpropyl group, a naphthylmethyl group, 
a naphthylethyl group, a naphthylpropyl group, a pyridyl 
methyl group, a pyrazinylmethyl group, a pyrimidinylm 
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ethyl group, a pyrrolylmethyl group, an imidazolylmethyl 
group, a pyrazolylmethyl group, a quinolylmethyl group, an 
isoquinolylmethyl group, furfuryl group, thienylmethyl 
group, thiazolylmethyl group etc., which maybe optionally 
Substituted respectively with one ore more groups selected 
from nitrile group, a halogen atom (for example, fluorine 
atom, chlorine atom, bromine atom, iodine atom etc.) etc. 
0084 Further, preferable examples of the “C. alkoxy 
carbonyl group' in the definition of Ar include methoxycar 
bonyl group, ethoxycarbonyl group, n-propoxycarbonyl 
group, isopropoxycarbonyl group, sec-propoxycarbonyl 
group, n-butoxycarbonyl group, isobutoxycarbonyl group, 
sec-butoxycarbonylcarbonyl group, tert-butoxycarbonylcar 
bonyl group, n-pentoxycarbonyl group, isopentoxycarbonyl 
group, sec-pentoxycarbonyl group, tert-pentoxycarbonyl 
group, n-hexoxycarbonyl group, isohexoxycarbonyl group, 
1.2-dimethylpropoxycarbonyl group, 2-ethylpropoxycarbo 
nyl group, a 1-methyl-2-ethylpropoxycarbonyl group, 
1-ethyl-2-ethylpropoxycarbonyl group, 1,1,2-trimethylpro 
poxycarbonyl group, 1,1-dimethylbutoxycarbonyl group, 
2,2-dimethylbutoxycarbonyl group, 2-ethylbutoxycarbonyl 
group, 1,3-dimethylbutoxycarbonyl group, 2-methylpen 
toxycarbonyl group, 3-methylpentoxycarbonyl group etc. 

0085 Preferable examples of the above-mentioned 
“hydroxy C. alkyl group' include linear or branched 
hydroxy C. alkyl groups such as hydroxymethyl group, 
1-hydroxyethyl group, 2-hydroxyethyl group, 3-hydroxy-n- 
propyl group, hydroxy-isopropyl group, hydroxy-sec-propyl 
group, hydroxy-n-butyl group, hydroxy-isobutyl group, 
hydroxy-sec-butyl group, hydroxy-tert-butyl group, 
hydroxy-n-pentyl group, hydroxy-iso-pentyl group, 
hydroxy-n-hexyl group and hydroxy-iso-hexyl group. 
0.086 The above-mentioned "halogenated C. alkyl 
group” means a group in which one or more of the same or 
different halogen atoms are bound to the “C. alkyl group' 
having the same meaning as the C alkyl group defined 
above, and preferable examples thereof include fluorom 
ethyl group, difluoromethyl group, trifluoromethyl group, 
chloromethyl group, 1-fluoroethyl group, 2-fluoroethyl 
group, 1,1-difluoroethyl group, 1,2-difluoroethyl group, 2.2- 
difluoroethyl group, 2.2.2-trifluoroethyl group etc. 

0087. The above-mentioned “hydroxyimino Calkyl 
C, alkyl group” means a group in which hydroxyimino 
group is bound to a group having the same meaning as the 
C. alkyl group defined above. 
0088. The “amino group in which a nitrogenatom may be 
optionally Substituted” means an amino group which is 
represented by the formula - N(R') R' (wherein R' 
and Rare the same as or different from each other and each 
indicates (1) a hydrogen atom, (2) a C- alkyl group, a C2 
alkenyl group or a C- alkynyl group which may be sub 
stituted respectively with one or more groups selected from 
a halogenatom, a C-8 cycloalkyl group, a C-8 cycloalkenyl 
group and a C- alkoxy group, (3) a Cas cycloalkyl group 
or a C-s cycloalkenyl group which may be substituted with 
a halogen atom, (4) a carbonyl group Substituted with any 
one of groups selected from a C- alkyl group, a C2 
alkenyl group, a C- alkynyl group, a C-s cycloalkyl group. 
a C-8 cycloalkenyl group, a C- alkoxy group, a C-14 
aromatic hydrocarbon cyclic group, a 5- to 14-membered 
aromatic heterocyclic group and a 5- to 14-membered non 
aromatic heterocyclic group which may be substituted with 
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a halogen atom, respectively, (5) a carbamoyl group Substi 
tuted with any one of groups selected from a C- alkyl 
group, C2-6 alkenyl group, a C2-6 alkynyl group, a C-14 
aromatic hydrocarbon cyclic group and a 5- to 14-membered 
aromatic heterocyclic group or (6) a Sulfonyl group Substi 
tuted with any one of groups selected from a C- alkyl 
group, a Coalkenyl group, a C-2 alkynyl group, or (7) R' 
and R' may be bound together to form a 3- to 10-membered 
non-aromatic heterocyclic group containing the nitrogen 
atom to which they are bound, and the heterocyclic group 
may be substituted with one or more of groups selected from 
hydroxyl group, a halogen atom, a C- alkoxy group etc.). 

0089 Examples of the preferable amino group include 
unsubstituted amino group, methylamino group, dimethy 
lamino group, ethylamino group, diethylamino group, meth 
ylethylamino group, acetamide (CHCONH-) group, pro 
pionamide grOup, methanesulfonamide grOup, 
ethanesulfonamide group, pyrrolidinyl group, pyrazolinyl 
group, piperidinyl group, piperazinyl group, 4-morpholinyl 
group, 4-thiomorpholinyl etc. The more preferable examples 
of the “amino group which may be substituted include an 
amino group which may be substituted with one or two 
groups selected from a C- alkyl group, a C- alkenyl 
group, a C2-alkynyl group, a C-8 cycloalkyl group and a 
Cs cycloalkenyl group. 

0090 The above-mentioned “carbamoyl group in which 
the nitrogen atom may be substituted” means a carbamoyl 
group in which the nitrogen atom may be substituted with a 
group selected from a C- alkyl group, a C2-alkenyl group. 
a C- alkynyl group, a C-s cycloalkyl group and a Cs 
cycloalkenyl group. Further, the carbamoyl group naturally 
includes a case in which the nitrogen atom of the carbamoyl 
group is a portion of a cyclic amine. The preferable 
examples of the “carbamoyl group in which the nitrogen 
atom may be substituted includes unsubstituted carbamoyl 
group, N-methylcarbamoyl group, N,N-dimethylcarbamoyl 
group, N-ethylcarbamoyl group, N,N-diethylcarbamoyl 
group, N-methyl-N-ethylcarbamoyl group, 1-pyrrolidinyl 
carbonyl group, 1-pyrazolinylcarbonyl group, 1-piperidyl 
carbonyl group, 1-piperazinylcarbonyl group, 4-morpholi 
nylcarbonyl group, 4-thiomorpholinylcarbonyl group etc. 

0.091 The above-mentioned “sulfamoyl group in which 
the nitrogen atom may be substituted” means a Sulfamoyl 
group in which the nitrogen atom may be optionally Sub 
stituted with a group selected from a C- alkyl group, a C 
alkenyl group, a C2-alkynyl group, a Css cycloalkyl group. 
a C-s cycloalkenyl group etc. Further, the Sulfamoyl group 
naturally includes a case in which the nitrogen atom of the 
Sulfamoyl group is a portion of a cyclic amine. The prefer 
able examples of the "Sulfamoyl group in which the nitrogen 
atom may be substituted include unsubstituted sulfamoyl 
group (—SONH), N-methylsulfamoyl group 
( SONHCH), N,N-dimethylsulfamoyl group 
(—SONHCCH)), N-ethylsulfamoyl group 
( SONHCHs), N,N-diethylsulfamoyl group 
(—SONH(CH)), N-methyl-N-ethylsulfamoyl group 
(—SON(CH)CHs), 1-pyrrolidinylsulfonyl group, 1-pyra 
Zolinylsulfonyl group, 1-piperidylsulfonyl group, 1-piper 
azinylsulfonyl group, 4-morpholinylsulfonyl group, 4-thio 
morpholinylsulfonyl group etc. 

0092. The above-mentioned “lower acyl group” means a 
linear or branched acyl group derived from a fatty acid 
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having 1 to 6 carbons, and the preferable examples of the 
group include formyl group, acetyl group, propionyl group, 
butyryl group, isobutyryl group, Valeryl group, isovaleryl 
group, pivaloyl group, hexanoyl group etc. 

Meaning of the Ring A 

0093. In the compound represented by the above formula 
(I) according to the present invention, the ring A indicates 
any one ring selected from piperazine ring, homopiperazine 
ring, piperidine ring, homopiperidine ring, pyrrolidine ring 
and diazabicyclo2.2.1]heptane ring. Examples of the ring A 
preferably include a piperazine ring, a homopiperazine ring, 
a piperidine ring, a homopiperidine ring, a pyrrolidine ring, 
more preferably a piperidine ring, a piperazine ring, and 
further more preferably a piperazine ring. When the ring A 
is piperazine ring, piperidine ring, pyrrolidine ring or diaz 
abicyclo2.2.1]heptane ring, an aspect represented by the 
formula: 

--O----O-v- 
--O----- 

2 

N 

Nw 

is listed as the preferable aspect in which the bonding chains 
D° and W are bound to the ring A, and as more preferable 
one, listed is the formula: 

-- N-WI \ / 

Meaning of Ring B 

0094. In the compound represented by the above formula 
(I) according to the present invention, the ring B indicates 
(1) a Ca hydrocarbon ring which may be substituted, or 
(2) a 5- to 14-membered heterocyclic ring which may be 
substituted. 

0095 (1) The "Ca hydrocarbon ring in the definition 
of the ring B means a C-s cycloalkane, a C-s cycloalkene 
or a C- aromatic hydrocarbon ring. When the ring B is “a 
Cs cycloalkane', examples of the ring preferably include 
3- to 8-membered cycloalkanes such as cyclopropane, 
cyclobutane, cyclopentane, cyclohexane, cycloheptane etc., 
and more preferably cyclopropane, cyclobutane, cyclopen 
tane, cyclohexane etc. When the ring B is “a Css cycloalk 
ene', examples of the ring preferable include 3- to 8-mem 
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bered cycloalkenes Such as cyclopropene, cyclobutene, 
cyclopentene, cyclohexene and cycloheptene, and further, a 
non-aromatic unsaturated hydrocarbon ring in which a car 
bon-carbon double bond in an aromatic hydrocarbon ring is 
partially Saturated. Cyclopropene, cyclobutene, cyclopen 
tene, cyclohexene etc. are more preferred. When the ring B 
is a “Cea aromatic hydrocarbon ring, the ring preferably 
includes benzene ring, pentalene ring, indene ring, naphtha 
lene ring, 1.2.3,4-tetrahydronaphthalene ring, aZulene ring, 
heptalene ring, benzocyclooctene ring, phenanthrene ring 
etc., and the condensed ring of a Cs cycloalkane with an 
aromatic hydrocarbon ring and the condensed ring of a 
C-scycloalkene with an aromatic hydrocarbon ring are also 
included in the “C. aromatic hydrocarbon ring'. 
0096) (2) The “5- to 14-membered heterocyclic ring in 
the definition of the ring B indicates a 5- to 14-membered 
non-aromatic heterocyclic ring or a 5- to 14-membered 
aromatic heterocyclic ring. When the ring B is the “5- to 
14-membered non-aromatic heterocyclic ring, the ring 
preferably includes pyrrolidine ring, pyrroline ring, pipera 
Zine ring, imidazoline ring, pyrazolidine ring, imidazolidine 
ring, morpholine ring, tetrahydropyran ring, aziridine ring, 
oxirane ring, phthalimide ring, Succinimide ring etc. When 
the ring B is a “5- to 14-membered aromatic heterocyclic 
ring, the preferable ring includes pyrrole ring, pyridine 
ring, pyridazine ring, pyrimidine ring, pyrazine ring, pyra 
Zole ring, imidazole ring, indole ring, isoindolyl ring, 
indolizine ring, purine ring, indazole ring, quinoline ring, 
isoquinoline ring, quinolizine ring, phthalazine ring, naph 
thylidine ring, quinoxaline ring, quinazoline ring, benzimi 
dazole ring, cinnoline ring, pteridine ring, imidazotriazine 
ring, pyrazinopyridazine ring, acridine ring, phenanthridine 
ring, carbazole ring, carbazoline ring, perimidine ring, 
phenanthroline ring, phenacine ring, thiophene ring, ben 
Zothiophene ring, furan ring, pyran ring, cyclopentapyran 
ring, benzofuran ring, isobenzofuran ring, thiazole ring, 
isothiazole ring, benzthiazole ring, benzthiadiazole ring, 
phenothiazine ring, isoxazole ring, furazane ring, phenox 
azine ring, pyrazolooxazole ring, imidazothiazole ring, 
thienofuran ring, furopyrrole ring, pyridoxazine ring, 1,4- 
benzodioxane ring, benzoxazole ring, 2-keto-1-imidazole 
ring, oxazole ring, 1,2,4-oxadiazole ring, indanone ring, 
1,2,3,4-tetrahydroquinoline ring etc. 
0097 Examples of the “substituent” in the “Ca hydro 
carbon ring which may be substituted' or the “5- to 14-mem 
bered heterocyclic ring which may be substituted in the 
ring B include one or more groups selected from (1) 
hydroxyl group, (2) a halogen atom (for example, fluorine 
atom, chlorine atom, bromine atom, iodine atom etc.), (3) 
nitrile group, (4) a C- alkyl group which may be substi 
tuted (for example, a C- alkyl group which may be sub 
stituted with one or more groups selected from hydroxyl 
group, a halogen atom, nitrile group, hydroxyimino group 
etc.), (5) a C- alkenyl group which may be substituted (for 
example, a C- alkenyl group which may be substituted 
with one or more groups selected from hydroxyl group, a 
halogen atom, nitrile group, hydroxyimino group etc.), (6) a 
Calkoxy group which may be substituted (for example, a 
C. alkenyl group which may be substituted with one or 
more groups selected from hydroxyl group, a halogen atom, 
nitrile group, hydroxyimino group etc.), (7) a C- alkylthio 
group which may be substituted, (8) a C- alkoxycarbonyl 
group, (9) nitro group, (10) an amino group in which the 
nitrogen atom may be substituted, (11) a carbamoyl group in 
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which the nitrogen atom may be substituted, (12) a Sulfa 
moyl group in which the nitrogen atom may be substituted, 
(13) a lower acyl group, (14) an aromatic acyl group, (15) a 
C. alkylsulfonyl group (for example, methylsulfonyl 
group, ethylsulfonyl group etc.), (16) a C- aromatic 
hydrocarbon cyclic group, (17) a 5- to 14-membered aro 
matic heterocyclic group, and (18) an aralkyl group (for 
example, benzyl group, phenethyl group etc.), and it is 
preferably (i) hydroxyl group, (ii) a halogen atom (for 
example, fluorine atom, chlorine atom, bromine atom etc.), 
(iii) nitrile group. (iv) a C- alkyl group (for example, 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group, tert-butyl group etc.), (v) a 
Caromatic hydrocarbon cyclic group, (vi) a 5- to 14-mem 
bered aromatic heterocyclic group, etc., and more prefer 
ably, nitrile group, fluorine atom, chlorine atom etc. 
0098. The most preferable aspect of the ring B is a C 
aromatic hydrocarbon ring or a 5- to 14-membered aromatic 
heterocyclic ring which may be substituted, respectively. 
Specific examples include a benzene ring, a thiophene ring, 
a pyridine ring, a 1,4-benzodioxane ring, an indole ring, a 
benzothiazole ring, a benzoxazole ring, a benzimidazole 
ring, a 2-keto-1-imidazole ring, a thiazole ring, a oxazole 
ring, an isoxazole ring, a 1,2,4-oxadiazole ring, an indanone 
ring, a benzofurane ring, a quinoline ring, a 1.2.3,4-tetrahy 
droquinoline ring, a naphthalene ring, a 1,2,3,4-tetrahy 
dronaphthalene ring etc., which may be substituted with one 
or more groups selected from nitrile group, a halogen atom 
(for example, fluorine atom, chlorine atom, bromine atom 
etc.), a C- aromatic hydrocarbon cyclic group (for 
example, phenyl group, naphthyl group etc.), a 5- to 
14-membered aromatic heterocyclic group (for example, 
pyridyl group, thienyl group, furyl group etc.), a C- alkyl 
group (for example, methyl group, ethyl group, n-propyl 
group, isopropyl group, isobutyl group etc.), a lower acyl 
group and a C alkylsulfonyl group (for example, methyl 
Sulfonyl group, ethylsulfonyl group etc.), respectively. 
Meaning of E 
0099. In the compound represented by the above formula 
(I) according to the present invention, the bonding chain E 
indicates a single bond, a group represented by the formula 
—CO— or —CH(OH)—. The most preferable aspect in E 
is a single bond. 
Meaning of X 
0100. In the compound represented by the above formula 
(I) according to the present invention, the bonding chain X 
indicates (1) a single bond, (2) oxygenatom, (3) Sulfur atom, 
(4) a C- alkylene chain which may be substituted, a group 
represented by (5) the formula - NR (wherein R indi 
cates a hydrogen atom, or a C- alkyl group, a Cas 
cycloalkyl group, a lower acyl group or a Calkylsulfonyl 
group which may be substituted), (6) - CO . (7) 
COO. , (8) —OOC , (9) – CONR - (wherein R 

indicates a hydrogen atom or a C- alkyl group which may 
be substituted), (10) - NRCO (wherein R* indicates a 
hydrogen atom, or a C- alkyl group which may be option 
ally substituted), (11) —SO (12) —SO (13) 
—SONR— (wherein R indicates a hydrogen atom, or a 
Calkyl group which may be substituted), (14) NRSO 
(wherein Rindicates a hydrogen atom, or a C- alkyl group 
which may be substituted), (15) - SONR7 (wherein R7 
indicates a hydrogen atom, or a C- alkyl group which may 
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be substituted), (16) - NRSO, (wherein R indicates a 
hydrogen atom, or a C- alkyl group which may be substi 
tuted), (17) >C=N OR (wherein R indicates a hydrogen 
atom, or a C- alkyl group which may be substituted), (18) 
-NR' W. O— (wherein R' indicates a hydrogen 
atom, or a C- alkyl group, a C-s cycloalkyl group, a lower 
acyl group or a C- alkylsulfonyl group which may be 
substituted; and W indicates a C- alkylene group which 
may be substituted), (19) - NH CO. NH-, (20) 
NH CS NH-, (21) C(=NR')NR' (wherein 

R and Rare the same as or different from each other and 
indicates a hydrogen atom, nitrile group, a C- alkyl group, 
a C- alkenyl group, a C-s cycloalkyl group or a Cs 
cycloalkenyl group), (22) —NHC(=NH) , (23) 
O CO. S. , (24) - S CO-O-, (25) - OCOO , 

(26) NHCOO , (27) OCONH (28) 
—CO(CH)O (wherein m indicates 0 or an integer of 1 
to 6), (29) —CHOH-, or (30) –CHOH(CH), O 
(wherein n indicates 0 or an integer of 1 to 6). 
0101 When X is the “C. alkylene chain which may be 
substituted, the “C. alkylene chain' indicates a chain 
derived from a linear or branched C. alkane, and the 
examples thereof include methylene, ethylene, ethylidene, 
trimethylene, isopropylidene, propylene, tetramethylene, 
1.2-butylene, 1,3-butylene, 2,3-butylene, isobutylene etc. 
0102) In the definition of X, the most preferable examples 
of the “C. alkyl group which may be substituted” indicated 
by R to R' include a C- alkyl group (for example, methyl 
group, ethyl group, n-propyl group, isopropyl group etc.) 
which may be substituted with one or more groups selected 
from hydroxyl group, a halogen atom (for example, fluorine 
atom, chlorine atom, bromine atom, iodine atom etc.), nitrile 
group, nitro group, a C- alkoxy group (for example, 
methoxy group, ethoxy group, n-propoxy group, isopropoxy 
group etc.), etc. 
0103) In the definition of X, the preferable examples of 
the “Css cycloalkyl group” indicated by RandR' includes 
cyclopropanyl group, cyclobutanyl group, cyclopentanyl 
group, cyclohexanyl group, cycloheptanyl group etc., and 
the group is more preferably cyclopropanyl group, cyclobu 
tanyl group, cyclopentanyl group, cyclohexanyl group etc. 
0104. In the definition of X, the preferable examples of 
the “lower acyl group” indicated by Rand R' include 
formyl group, acetyl group, propionyl group, butyryl group, 
isobutyryl group, Valeryl group, isovaleryl group, pivaloyl 
group, hexanoyl group etc. 
0105. In the definition of X, the preferable examples of 
the “C, alkylsulfonyl group” indicated by R and R' 
include methylsulfonyl group, ethylsulfonyl group, n-pro 
pylsulfonyl group, isopropylsulfonyl group, sec-propylsul 
fonyl group, n-butylsulfonyl group, isobutylsulfonyl group, 
sec-butylsulfonyl group, tert-butylsulfonyl group, n-pentyl 
Sulfonyl group, isopentylsulfonyl group, sec-pentylsulfonyl 
group, tert-pentylsulfonyl group, n-hexylsulfonyl group, 
isohexylsulfonyl group, 1,2-dimethylpropylsulfonyl group, 
2-ethylpropylsulfonyl group, 1-methyl-2-ethylpropylsulfo 
nyl group, 1-ethyl-2-methylpropylsulfonyl group, 1,1,2-tri 
methylpropylsulfonyl group, 1,1-dimethylbutylsulfonyl 
group, 2,2-dimethylbutylsulfonyl group, 2-ethylbutylsulfo 
nyl group, 1,3-dimethylbutylsulfonyl group, 2-methylpen 
tylsulfonyl group, 3-methylpentylsulfonyl group etc. 
0106. In the definition of X, R' and Rare the same as 
or different from each other and each indicates a hydrogen 
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atom, nitrile group, a C- alkyl group, a C2-alkenyl group. 
a Cs cycloalkyl group or a Cs cycloalkylene group. The 
preferable groups of both of them are the same as or different 
from each other and each means a hydrogen atom, nitrile 
group, methyl group, ethyl group, n-propyl group, isopropyl 
group, cyclopropyl group, cyclopentyl group, cyclohexyl 
group etc. It is more preferable that R' is nitrile group, ethyl 
group, n-propyl group, isopropyl group or cyclohexyl group. 
and R' is a hydrogen atom. Further, the most preferable 
aspect of the formula - C(=NR')NR' is a chain rep 
resented by the formula - C(=NCN)NH-. 
0.107 The meanings of the respective groups listed in the 
definition of X are described above. (1) The preferable 
aspect of X is a single bond, oxygen atom, Sulfur atom, a 
C, alkylene chain which may be substituted, a group rep 
resented by the formula - NR (where in R indicates a 
hydrogen atom, or a C- alkyl group, a Cas cycloalkyl 
group, a lower acyl group or a C- alkylsulfonyl group 
which may be substituted), -CO-, -NR' W-O- 
(wherein R' indicates a hydrogen atom, or a C- alkyl 
group, a Cas cycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted; and W. 
indicates a C- alkylene group which maybe substituted) 
and —NH SO . (2) The more preferable aspect is oxy 
gen atom, a C- alkylene chain which may be substituted, 
a group represented by the formula - NR (wherein R 
indicates a hydrogen atom, or a C- alkyl group, a Cs 
cycloalkyl group, a lower acyl group or a C- alkylsulfonyl 
group which may be substituted), —CO , NR' W - 
O— (wherein R' indicates a hydrogen atom, or a C- alkyl 
group, a Cas cycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted; and W. 
indicates a C- alkylene group which may be substituted) 
and NH SO - (3) The further more preferable aspect 
is oxygen atom, a C- alkylene chain which may be Sub 
stituted, a group represented by the formula - NR— 
(wherein Rindicates a hydrogenatom, or a C- alkyl group, 
a C-8 cycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted), —CO—, 
and NH SO - (4) The most preferable aspect is oxy 
gen atom or a group represented by the formula - NR— 
(wherein R indicates a hydrogen atom, or a C- alkyl 
group, a Cas cycloalkyl group, a lower acyl group or a C 
alkylsulfonyl group which may be substituted). 

Meaning of R' 
0108). The group represented by R' in the above formula 

(I) indicates (1) a hydrogen atom, (2) a halogen atom, (3) 
hydroxyl group, (4) a C- alkyl group which may be 
substituted with one or more groups selected from hydroxyl 
group, a halogen atom and nitrile group, (5) a C- alkenyl 
group which may be substituted with one or more groups 
selected from hydroxyl group, a halogen atom and nitrile 
group, (6) a C- alkynyl group which may be substituted 
with one or more groups selected from hydroxyl group, a 
halogen atom and nitrile group, (7) a Cls cycloalkyl group 
which may be substituted with one or more groups selected 
from hydroxyl group, a halogen atom and nitrile group, (9) 
a C- alkoxy-C alkyl group, (10) an amino-Cl alkyl 
group in which the nitrogen atom may be substituted, (11) 
the formula - N(R')R’ (wherein R'' and R'' are the 
same as or different from each other and each indicates a 
hydrogen atom or a C- alkyl group), (12) an aralkyl group, 
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(13) morpholinyl group, (14) thiomorpholinyl group, (15) 
piperidyl group, (16) pyrrolidinyl group or (17) piperazinyl 
group. 

0109 The preferable atom as the above-mentioned “halo 
gen atom' includes fluorine atom, chlorine atom and bro 
mine atom, and more preferably includes fluorine atom and 
chlorine atom. 

0110. The “C. alkyl group” in R" preferably includes 
methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group, sec-butyl group tert-butyl 
group etc., more preferably methyl group, ethyl group, 
n-propyl group and isopropyl group, further preferably 
n-propyl group and isopropyl group, and most preferably 
isopropyl group. 
0111) The “Calkenyl group” in R" preferably includes 
vinyl group, allyl group, 1-propenyl group, isopropenyl 
group, 1-buten-1-yl group, 1-buten-2-yl group, 1-buten-3-yl 
group, 2-buten-1-yl group, 2-buten-2-yl group etc., and 
more preferably vinyl group, allyl group, isopropenyl group 
etc. 

0112 The preferable examples of the “C. alkynyl p p 2-6 yny 
group” in R' include ethynyl group, 1-propynyl group, 
2-propynyl group, butynyl group, pentynyl group, hexynyl 
group etc. 

0113. The preferable examples of the “Cs cycloalkyl 
group” in R' include cyclopropanyl group, cyclobutanyl 
group, cyclopentanyl group, cyclohexanyl group etc. 
0114. The preferable examples of the “C. alkoxy-C 
alkyl group” in R' indicate a C- alkyl group substituted 
with a group having the same meaning as the C- alkoxy 
group defined above, and the preferable group includes 
methoxymethyl group, ethoxymethyl group, 1-methoxy 
ethyl group, 2-methoxyethyl group, 1-ethoxyethyl group, 
2-methoxy-n-propyl group, 3-methoxy-n-propyl group, 
2-(n-propoxy)ethyl group etc. 
0115 The preferable examples as the “C. alkyl group 
substituted with nitrile group” in R' includes cyanomethyl 
group, 2-cyanoethyl group, 3-cyano-n-propyl group, 2-cy 
ano-isopropyl group, 2-cyano-n-butyl group, 2-cyano-sec 
butyl group, 2-cyano-tert-butyl group, 2-cyano-n-pentyl 
group, 3-cyano-n-hexyl group etc. 
0116. The preferable examples as the “amino-Cl alkyl 
group in which the nitrogen atom may be substituted” in R' 
includes aminomethyl group, methylaminomethyl group, 
dimethylaminomethyl group, ethylaminomethyl group, 
diethylaminomethyl group, methylethylaminomethyl group, 
acetamidomethyl group, pyrrolidinylmethyl group, 2-pyra 
Zolinylethyl group, 1-piperidylethyl group, piperazinylm 
ethyl group etc. 
0117 The preferable examples as the “aralkyl group” in 
R" includes benzyl group, phenethyl group, phenylpropyl 
group, naphthylmethyl group, naphthylethyl group, naphth 
ylpropyl group etc. 

0118. The meanings of the respective groups listed in the 
definition of R are described above, and the preferable 
aspect of R' includes a hydrogen atom, a halogen atom, 
hydroxyl group, a C- alkyl group, a C2-alkenyl group, a 
C2- alkynyl group, a Cascycloalkyl group, a hydroxyl 
Coalkyl group, a C-calkoxy-C alkyl group, a cyano-Co 
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alkyl group and a C- alkyl group Substituted with a halogen 
atom. The more preferable aspect thereof includes a halogen 
atom, hydroxyl group, a C- alkyl group, a C2-galkenyl 
group and a C-alkynyl group, and the further preferable 
aspect includes a C- alkyl group (particularly, methyl 
group, ethyl group, n-propyl group, isopropyl group). Mean 
ings of D', D. W. and W In the compound represented by 
the above formula (I) according to the present invention, D', 
D. W. and Ware the same as or different from each other 
and each respectively indicates (1) a single bond or (2) an 
optionally substituted C. alkylene chain. 
0119) The preferable aspect of the “C. alkylene chain' 
in the above-mentioned “C. alkylene chain which may be 
substituted includes methylene chain, ethylene chain, eth 
ylidene chain, trimethylene chain, isoproylidene chain, pro 
pylene chain, tetramethylene chain, 1.2-butylene chain, 1.3- 
butylene chain, 2.3-butylene chain, isobutylene chain etc. 
0120) Further, a chain being asymmetric in left and right 

is included in these C alkylene chains, but in this case, the 
binding direction is not limited, and both of the binding 
directions are also included in the "Ce alkylene chain'. 
0121 The preferable aspect of the “substituent” in the 
above-mentioned "Ce alkylene chain which may be Sub 
stituted includes (i) a hydroxy group, (ii) a halogen atom 
(for example, fluorine atom, chlorine atom, bromine atom, 
iodine atom etc.), (iii) nitrile group, (iv) a C- alkyl group 
(for example, methyl group, ethyl group, n-propyl group, 
isopropyl group, n-butyl group, tert-butyl group etc.), (v) a 
C- alkenyl group (for example, vinyl group, allyl group, 
1-propenyl group, 2-propenyl group, isopropenyl group, 
2-methyl-1-propenyl group, 3-methyl-1-propenyl group, 
2-methyl-2-propenyl group etc.). (vi) a C- alkoxy group 
(for example, methoxy group, ethoxy group, n-propoxy 
group, isopropoxy group, n-butoxy group, tert-butoxy group 
etc.), etc. 
0122 Further, when the “substituent” is a C- alkyl 
group and/or a C- alkenyl group, these Substituents can be 
bound together to form a 5- to 14-membered ring, and in the 
case of W' and W, these substituents can be bonded with 
the ring B or X to form a 5- to 14-membered ring. 
0123. As the preferable aspect, D', D. W. and Ware the 
same as or different from each other and each include (1) a 
single bond or (2) a methylene chain, ethylene chain, 
ethylidene chain, trimethylene chain, isopropylidene chain, 
propylene chain, tetramethylene chain, 1.2-butylene chain, 
1,3-butylene chain, 2,3-butylene chain, isobutylene chain 
etc., which may be substituted respectively with one or more 
groups selected from hydroxyl group, a halogen atom and 
nitrile group. 
0.124. The respective meanings of E, X, D', D. W. and 
Ware described above. Here, the preferable aspect of the 
partial sturucture -D'-E-D’- includes ethylene chain 
(—CH2—CH2—), ethylidene chain (-CH(CH)—), trim 
ethylene chain (-(CH2) ), isopropylidene chain 
(—CH(CH) ), propylene chain (-CH(CH)CH ), tet 
ramethylene chain (-(CH2) ), 1.2-butylene chain 
(—CH(CHs)CH ), 1,3-butylene chain 
(—CH(CH)CHCH ), 2,3-butylene chain 
(-CH(CH)CH(CH) ), isobutylene chain 
(—CH(CH)-CH ) etc. The more preferable aspect 
includes trimethylene chain (-(CH2) ), isopropylidene 
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chain (—CH(CH) ). propylene chain 
(—CH(CH)CH2—), tetramethylene chain (-(CH2) ). 
1.2-butylene chain ( CH(CHs)CH2—) etc., and the fur 
ther preferable aspect includes tetramethylene chain 
(—(CH) ) etc. Further, the preferable aspect of the 
partial structure - W X W° includes a single bond, a 
chain represented by the formula —CH2—CH2—O—, 
CH, CH2 NR , -(CH2)4-O- or -(CH2), 

NR . 

0125 The aspects of the compound represented by the 
above formula (I) according to the present invention are not 
specifically limited, and those skilled in the art can freely 
combine the groups listed in the above definitions concern 
ing each of Ar, the ring A, the ring B, E, X, R", D', D. W.' 
and W, and carry out all compounds within the scope. The 
more preferable aspects among them include the case where 
Ar is an optionally substituted 5- to 14-membered aromatic 
heterocyclic group; the ring A is piperazine ring, piperidine 
ring or pyrrolidine ring; and the ring B is a C- aromatic 
hydrocarbon group or 5- to 14-membered aromatic hetero 
cyclic group which may be substituted; E is a single bond; 
and X is a single bond, oxygen atom, an optionally Substi 
tuted C. alkylene group or a group represented by the 
formula - NR (wherein R has the same meaning as 
defined above). As the further preferable aspect, a compound 
represented by the formula: 

(II) 

(R14), R1 
13 M V 2A 

(R s A- (-CH-N S-cr-06C O cy \ / N 
S. CN 

(III) 

(R14), 
R1 R2 A. 

( ing A--(CH3)-N -cis-- 
&9). \ / N 

(wherein the respective symbols in the formulae have the 
same meanings as defined above), a salt thereof or a hydrate 
of them. 

0126 Compounds obtained in Examples described later 
are naturally included in the preferable aspects of the com 
pound according to the present invention, and typical com 
pounds are mentioned below. 
0127 4-(4-Cyano-5-methyl-4-phenyl)hexyl-N-(4-fluo 
rophenyl)-N'-(2-methylpropyl)-1 (2H)-pyrazinecarboxy 
imidamide; 

0128 1-isopropyl-4-4-(1-isobutyl-1N-benzodimida 
Zol-2-yl)piperazino-1-phenylbutyl cyanide; 

0129. 1-4-cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
4-2-(3-cyanophenoxy)ethylpiperazine; 

0130 1-4-cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(3- 
cyanophenoxy)ethylpiperazine; 

0131 1-4-cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
4-3-(5-cyano-2-thienyl)propylpiperazine; 

0132) 1-4-cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(3- 
cyanophenoxy)ethylpiperazine; 
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0.133 1-4-cyano-5-methyl-4-4-(2-cyano)thienyl 
hexyl)-4-2-(3-cyanophenoxy)ethylpiperazine; 

0.134 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zoxazolyl)aminopiperidine: 

0.135). 1-4-cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3S)-3-N-(2-cyanoethyl)-N-benzylaminolpyrrolidine: 

0.136 1-4-cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3R)-3-N-(2-cyanoethyl)-N-benzylaminolpyrrolidine: 

0.137 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(ben 
Zothiazolyl)piperazine; 

0.138 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-2-(6- 
methoxy)benzothiazolylpiperazine; 

0.139 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zoxazolylpiperazine; 

0140 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2- 
quinolinylpiperazine; 

0.141 4-4-(1-methyl-1H-benzodimidazol-2-yl)-1,4-di 
azepan-1-yl)-1-isopropyl-1-phenylbutyl cyanide; 

0.142 4-4-(1-ethyl-1H-benzodimidazol-2-yl)-1,4-diaz 
epan-1-yl)-1-isopropyl-1-phenylbutyl cyanide; ethyl 

0.143 4-(4-cyano-5-methyl-4-phenylhexyl)-1-2-(4-fluo 
rophenoxy)ethyl)-2-piperazinecarboxylate; 

0.144 1-(2-oxo-1,2-dihydro-3-quinolyl)methyl)-4-(4- 
cyano-5-methyl-4-phenyl)hexylpiperidine: 

0145 4-(4-cyano-5-methyl-4-phenyl)hexyl)-1-(2- 
methanesulfonylaminophenyl)methylpiperazine; 

0146) 4-(4-cyano-5-methyl-4-phenyl)hexyl)-1-(2- 
methanesulfonylaminophenyl)methylpiperidine: 

0147 (S)-3-phenyl-2-aminopropanoic acid{1-4-cyano 
5-methyl-5-(2-thionyl)hexylpiperazinyl)amide: 

0.148 4-4-(4-phenylpiperidinyl)piperidinyl)-1-isopro 
pyl-1-phenylbutyl cyanide; 

0.149 4-4-(4-cyano-4-phenylpiperidinyl)piperidinyl)-1- 
isopropyl-1-phenylbutyl cyanide; and 

0.150) 4-4- (4-benzylpiperidinyl)piperidinyl)-1-isopro 
pyl-1-phenylbutyl cyanide. 

0151. The compound represented by the above formula 
(I) according to the present invention, a salt thereof or a 
hydrate of them can be produced by known production 
processes or processess according to the processes. As the 
known production processes, for example, a production 
process described in JP-A 2000-169462 (a production pro 
cess described in paragraphs “0054” to “0065"in the Pub 
lication), and production processes described in JP-A 2000 
12207, 2000-12208 and 2000-12209 are listed. 
0152. Further, the raw material compound in the produc 
tion of the compound (I) may form a salt or a hydrate, and 
is not specifically limited so far as it does not inhibit the 
reaction. When the compound (I) according to the present 
invention is obtained as a free body, it can be converted to 
a salt which the above compound (I) may form, according to 
a conventional process. When the compound according to 
the present invention is prepared as a free body, it can be 
converted to a salt according to a conventional process. 
Various isomers (for example, geometrical isomer, optical 
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isomers based on an asymmetric carbon, Stereo-isomers, the 
isomers of tautomers and the like) which are obtained for the 
compound (I) according to the present invention can be 
purified and isolated by conventional separation procedures 
(for example, recrystallization, a diastereomer salt method, 
an enzyme division method, various chromatography and 
the like). 
0153. The “salt” in the specification of the present appli 
cation is not specifically limited so far as it forms a salt with 
the compound according to the present invention and is 
pharmacologically accepted, and is preferably a salt of 
hydrogen halide acid (for example, hydrofluoride, hydro 
chloride, hydrobromide, hydroiodide and the like), a salt of 
an inorganic acid (for example, Sulfate, nitrate, perchlorate, 
phosphate, carbonate, bicarbonate and the like), a salt of an 
organocarboxylic acid (for example, a salt of acetic acid, a 
salt of trifluoroacetic acid, a salt of oxalic acid, a salt of 
maleic acid, a salt of tartaric acid, a salt of fumaric acid, a 
salt of citric acid, and the like), a salt of an organosulfonic 
acid (for example, methanesulfonate, trifluoromethane 
Sulfonate, ethanesulfonate, benzenesulfonate, toluene 
Sulfonate, camphorsulfonate, and the like), a salt of an amino 
acid (for example, a salt of aspartic acid, a salt of glutamic 
acid, and the like), a quaternary ammonium salt, an alkali 
metal salt (for example, sodium salt, potassium salt and the 
like), an alkali earth metal salt (for example, magnesium 
salt, calcium salt and the like), and the like. Hydrochloride, 
a salt of oxalic acid, a salt of trifluoroacetic acid, and the like 
are more preferable. 
0154) The compound represented by the fore-mentioned 
formula (I) or a salt thereof, or a hydrate thereof can be 
formulated by an ordinary method, and preferable prepara 
tions include tablets, powders, granules, parvules, coated 
tablets, capsules, syrups, troches, inhalants, Suppositorium, 
injections, paste medicines, eye ointments, eye drops, nasal 
drops, eardrops, poultices, lotions and the like. For prepa 
rations, excipients, binders, disintegrants, lubricants, colo 
rants, and flavoring agents which are conventionally used, if 
necessary, stabilizers, emulsifiers, absorption accelerators, 
Surfactants, pH regulators, antiseptics, antioxidants and the 
like can be used. Ingredients which are conventionally used 
for the raw materials of pharmaceutical preparations can be 
formulated by a normal method. As these ingredients, for 
example, there are listed animal and vegetable oils such as 
Soybean flexure, tallow and synthetic glyceride; hydrocar 
bons such as liquid paraffin, squalane and solid paraffin; 
ester oils such as octyldodecyl myristate and isopropyl 
myristate; higher alcohols such as cetostearyl alcohol and 
behenic alcohol; silicone resins; silicone oils; Surfactants 
Such as polyoxyethylene fatty acid ester, Sorbitan fatty acid 
ester, glycerin fatty acid ester, polyoxyethylene Sorbitan 
fatty acid ester, polyoxyethylene-hardened castor oil and 
polyoxyethylene-polyoxypropylene block copolymer; 
water-soluble polymers such as hydroxy ethyl cellulose, 
polyacrylic acid, carboxyvinyl polymer, polyethylene gly 
col, poly(vinyl pyrrolidone) and methyl cellulose; lower 
alcohol Such as ethanol and isopropanol; polyvalent alcohols 
Such as glycerin, propylene glycol, dipropylene glycol and 
Sorbitol; Sugars such as glucose and dextrose; inorganic 
powders such as silicic anhydride, aluminum magnesium 
silicate and aluminum silicate; purified water and the like. 
Specifically, as excipients used are: lactose, corn starch, 
white Sugar, dextrose, mannitol, Sorbit, crystal cellulose, 
silicon dioxide and the like; as binders used are: polyvinyl 
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alcohol, polyvinyl ether, methyl cellulose, ethyl cellulose, 
gumarabic, gumtragacanth, gelatin, shellac, hydroxypropyl 
cellulose, hydroxypropylmethyl cellulose, polyvinyl pyr 
rolidone, polypropylene glycol-polyoxyethylene block 
copolymer, meglumine, calcium citrate, dextrin, pectin and 
the like; as disintegrants used are: starch, agar, gelatin 
powder, crystalline cellulose, calcium carbonate, sodium 
bicarbonate, calcium citrate, dextrin, pectin, carboxymethyl 
cellulose calcium and the like; as lubricants used are: 
magnesium Stearate, talc, polyethylene glycol, silica, hard 
ened vegetable oil and the like; as colorants used is: any 
colorant which is approved to be added to pharmaceuticals; 
as flavoring agents used are: cocoa powder, menthol, aroma 
powder, peppermint oil, borneol, cinnamon powder and the 
like; as antioxidants used are: ascorbic acid, C-tocopherol 
and the like which are approved to be added to pharmaceu 
ticals. 

0.155 For example, (1) oral preparations are made as 
powders, fine granules, granules, tablets, coated tablets, 
capsules etc. according to a conventional method after 
adding the compound according to the present invention, a 
salt thereof or a hydrate of them, fillers, and further, if 
necessary, binders, disintegrants, lubricants, colorants, fla 
Voring agents etc. (2) In case of tablets and granules, Sugar 
coating and gelatin coating and additionally, if necessary, 
appropriate coating are allowed to be carried out. (3) In case 
of syrups, preparations for injection, eye drops and the like, 
pH regulators, resolving aids, isotonizing agents and the 
like, and if necessary, dissolution assistants, stabilizers, 
buffers, Suspending agents, antioxidants and the like are 
added and formulated according to a conventional method. 
In case of the preparations, a freeze-dry product can be also 
made, and injections can be administered in vein, Subcutis 
and a muscle. Preferable examples of the Suspending agent 
include methyl cellulose, polysorbate 80, hydroxyethyl cel 
lulose, gum arabic, tragacanth powder, carboxymethyl cel 
lulose sodium, polyoxyethylene Sorbitan monolaurate and 
the like; preferable examples of the resolving aids include 
polyoxyethylene hardened castor oil, polysorbate 80, nico 
tinamide, polyoxyethylene Sorbitan monolaurate and the 
like; preferable examples of the stabilizer include sodium 
sulfite, meta sodium sulfite, diethyl ether and the like: 
Preferable examples in the preservative include methyl 
p-oxybenzoate, ethyl p-oxybenzoate, Sorbic acid, phenol, 
cresol, chlorocresol and the like. (4) Further, in the case of 
external preparations, the preparation process is not specifi 
cally limited, and the external preparations can be produced 
by a conventional method. As the raw material of a base drug 
used, various raw materials which are conventionally used 
for pharmaceuticals, quasi drug, cosmetics and the like can 
be used. For example, raw materials such as animal and 
vegetable oils, a mineral oil, an ester oil, waxes, higher 
alcohols, fatty acids, a silicone oil, a surfactant, phosphati 
des, alcohols, polyvalent alcohols, water-soluble polymers, 
clay minerals, purified water and the like are listed. Accord 
ing to requirement, a pH regulator, an antioxidant, a chelat 
ing agent, antiseptic and fungicide, a coloring agent, flavors 
and the like can be added. Further, if necessary, ingredients 
having differential derivation action, blood flow accelerator, 
antibacterial, antiphlogistine, cell activator, vitamins, amino 
acids, a humectant, keratolysis medicine and the like can be 
formulated. The dose of the pharmaceuticals according to 
the present invention is different depending on the extent of 
symptom, age, sexuality, body weight, administration form, 
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modality of salt, the difference of sensitiveness for medicine, 
the specific modality of affection, but in the case of an adult, 
for oral administration, approximately 30 g to 1000 mg per 
day in general, preferably 100 ug to 500 mg, and more 
preferably 100 ug to 100 mg of the pharmaceutical is 
administered at one time or several times. For injection 
administration, approximately 1 to 3000 ug/kg in general, 
and preferably 3 to 1000 ug/kg of the pharmaceutical is 
administered at one time or several times. 

0156 The compound represented by the above formula 
(I) according to the present invention, a salt thereof or a 
hydrate of them is useful as a calcium antagonist and 
specifically, a neuron-selective calcium antagonist. The 
compound according to the present invention has a novel 
compound having a P/O-type calcium channel and an 
N-type calcium channel inhibiting activity, and is useful as 
an agent for treating or preventing a disease against which 
a P/O-type calcium channel inhibitory action and an N-type 
calcium channel inhibitory action are effective. Further, the 
compound represented by the above formula (I) according to 
the present invention, a salt thereof or a hydrate of them has 
a remarkably low extent of cell affection in comparison with 
a conventional antagonist, and is a safe calcium antagonist 
whose toxicity is reduced. Accordingly, the compound 
according to the present invention, a salt thereof or a hydrate 
of them is useful as a neural cell death depressor, a cerebral 
neural cell demulcent, an agent for treating or preventing 
neural disease and an analgesic. In particular, it is useful as 
an agent for treating, preventing or improving acute 
ischemic stroke, cerebral apoplexy, cerebral infarction, head 
trauma, cerebral neural cell death, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral Sclerosis, Hunting 
ton's disease, cerebral circulation metabolic affection, cere 
bral dysfunction, pain, spasm, Schizophrenia, migraine, epi 
lepsy, manic-depression, neural degenerative diseases, 
cerebral ischemia, AIDS dementia complications, edema, 
anxiety disorder, diabetic neuropathy, cerebral vascular 
dementia, multiple Sclerosis etc. 

BRIEF DESCRIPTION OF DRAWINGS 

0157 FIG. 1 shows a HPLC chart in Reference Example 
97. 

0158 FIG. 2 shows a HPLC chart in Reference 
Examples 100 and 101, the spectrum of No. 1 in the drawing 
shows a spectrum in Reference Example 100 and the spec 
trum of No. 2 shows a spectrum in Reference Example 101, 
respectively. 

0159 FIG.3 shows a HPLC chart in Reference Example 
103. 

EXAMPLES 

0160 Examples are shown below as the best modes for 
carrying out the present invention, but those Reference 
Examples. Examples (further, a pharmacologically accept 
able salt thereof or a hydrate of them, and the pharmaceu 
tical containing thereof) and Test Examples are only illus 
trative, and the compound according to the present invention 
is not limited to specific examples below at any case. Those 
skilled in the art can add various variations to not only 
Examples shown below, but also the Scope of Claim for 
Patent in the specification of the present application to carry 
out the present invention to a maximum extent, and Such 
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variations are included in the Scope of Claim for Patent in 
the specification of the present application. 

0161 Further, the symbol “Z” used in Reference 
Examples or Examples below means benzyloxycarbonyl 
group, and “HPLC' means high performance liquid chro 
matography, respectively. 

Reference Example 1 

2-(4-Cyano-5-methyl-4-phenyl)hexyl-5-benzyl-2, 
5-diazabicyclo2.2.1]heptane 

0162 The title compound was obtained as a pale brown 
oil in accordance with the method described in Example 15 
(15%). 

0163) 1H-NMR (400 MHz, CDC13)d0,78 (d. J=6.8 Hz, 
3H), 1.04-1.16 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.45-1.57 
(m. 1H), 1.64 (dd, J=9.6 Hz, J=33.6 Hz, 2H), 1.94 (dt, J=4.4 
Hz, J-12.4 Hz, 1H), 2.07-2.23 (m, 2H), 2.30-2.38 (m. 1H), 
2.50-2.71 (m, 5H), 3.19 (d. J=14 Hz, 2H), 3.66 (q, J=14 Hz, 
2H), 7.19-7.40 (m. 10H).out the present invention, but those 
Reference Examples, Examples (further, a pharmacologi 
cally acceptable salt thereof or a hydrate of them, and the 
pharmaceutical containing thereof) and Test Examples are 
only illustrative, and the compound according to the present 
invention is not limited to specific examples below at any 
case. Those skilled in the art can add various variations to 
not only Examples shown below, but also the Scope of 
Claim for Patent in the specification of the present applica 
tion to carry out the present invention to a maximum extent, 
and such variations are included in the Scope of Claim for 
Patent in the specification of the present application. 

0164. Further, the symbol “Z” used in Reference 
Examples or Examples below means benzyloxycarbonyl 
group, and “HPLC' means high performance liquid chro 
matography, respectively. 

Reference Example 1 

2-(4-Cyano-5-methyl-4-phenyl)hexyl-5-benzyl-2, 
5-diazabicyclo2.2.1]heptane 

0165) 

CN 

0166 The title compound was obtained as a pale brown 
oil in accordance with the method described in Example 15 
(15%). 

0167 H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.04-1.16 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.45-1.57 
(m. 1H), 1.64 (dd, J=9.6 Hz, J=33.6 Hz, 2H), 1.94 (dt, J=4.4 
Hz, J-12.4 Hz, 1H), 2.07-2.23 (m, 2H), 2.30-2.38 (m. 1H), 
2.50-2.71 (m, 5H), 3.19 (d. J=14 Hz, 2H), 3.66 (q, J=14 Hz, 
2H), 7.19-7.40 (m. 10H). 
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Reference Example 2 

3-Methyl-2-(2-naphthyl)butyronitrile 

0168) 

O CN 
0169. 3.00 g (17.9mmol) of 2-naphthylacetonitrile was 
dissolved in 10 ml of dimethyl sulfoxide, and 2.43 g (19.7 
mmol) of 2-bromopropane, 330mg (0.90 mmol, cat) of 
tetra-n-butylammonium iodide and 10 ml of 50% potassium 
hydroxide were successively added thereto. After comple 
tion of the reaction, brine was added, and the mixture was 
extracted with ether. The organic layer was washed with 
brine, dried over magnesium Sulfate and evaporated, to give 
a crude product. The crude product was subjected to 150 g 
of silica gel (ethyl acetate:hexane=1:10), to give 2.42 g (11.6 
mmol. 64.6%) of the title compound as a yellow oil. 
0170 'H-NMR (400 MHz, CDC1) & 1.07 (d. J=6.8 Hz, 
3H), 1.11 (d. J=6.8 Hz, 3H), 2.10-2.30 (m, 1H), 3.84 (d. 
J=3.84 Hz, 1H), 7.38 (dd, J=1.8 Hz, 8.6 Hz, 1H), 7.48-7.55 
(m. 2H), 7.79-7.88 (m, 4H) 

Reference Example 3 

4-Cyano-5-methyl-4-(2-naphthyl)hexanol 

0171 

0172 1.00 g (4.78 mmol) of 3-methyl-2-(2-naphthyl)bu 
tyronitrile was dissolved in 20 ml of dimethylformamide, 
191 mg (4.78 mmol. 60% by weight) of sodium hydride was 
added thereto, and the mixture was heated. After 30 minutes, 
it was cooled to a room temperature, 0.93 ml (4.00 mmol) 
of (3-bromopropoxy)-tert-butyldimethylsilane was added 
thereto. After completion of the reaction, brine was added 
thereto, and the mixture was extracted with ethyl acetate. 
The organic layer was washed with brine, dried over mag 
nesium sulfate and evaporated, to give a crude product. The 
crude product was subjected to 50 g of silica gel (ethyl 
acetate:hexane=1:18), to give 1.40 g of a mixture of the 
objective product, a raw material and an impurity. The 
mixture was used for the following reaction without purifi 
cation. Namely, 1.40 g of the abve-mentioned crude 4-cy 
ano-5-methyl-5-(2-naphthyl)hexanoxy-tert-butyldimethyl 
silane was dissolved in 20 ml of tetrahydrofuran, and 5 ml 
(5 mmol) of tetraammonium fluoride was added thereto. 
After completion of the reaction, brine was added thereto, 

OH 
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and the mixture was extracted with ethyl acetate. The 
organic layer was washed with an aqueous Saturated ammo 
nium chloride and brine, dried over magnesium sulfate and 
evaporated, to give a crude product. The crude product was 
subjected to 50 g of silica gel (ethyl acetate:hexane=1:4), to 
give 590 mg (2.21 mmol. 46.2%, 2 steps) of the title 
compound as a yellow oil. 

0173 'H-NMR (400 MHz, CDC1,) & 0.80 (d. J=6.8 Hz, 
3H), 1.10-130 (m. 1H), 1.27 (d. J=6.8 Hz, 3H), 1.57-1.69 
(m. 1H), 2.02-2.12 (m. 1H), 2.20-2.37 (m, 2H), 3.58 (t, J=6.2 
Hz, 2H), 7.38 (dd, J=2.0 Hz, 8.4 Hz, 1H), 7.48-7.56 (m, 2H), 
7.84-7.91 (m, 3H), 7.95 (brd-s, 1H) 

Reference Example 4 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-3-tert-bu 
toxycarbonylaminopyrrolidine 

NHBoc 
N 

0174) 

CN 

0.175 2.76 g (8.44 mmol) of 4-cyano-5-methyl-4-phenyl 
hexyl iodide was dissolved in 50.0 ml of acetonitrile, 1.29 
ml (9.28 mmol) of triethylamine and 1.88 g (10.1 mmol) of 
3-tert-butoxycarbonylaminopyrrolidine were added thereto, 
and the mixture was heated to 60°C. After completion of the 
reaction, the mixture was partitioned between ethyl acetate 
and brine. The organic layer was dried over magnesium 
Sulfate, and then evaporated, to give a crude product. The 
crude product was subjected to 50 g of Cromatorex NH 
silica gel (ethyl acetate:hexane=2:1), to give 2.97 g (7.76 
mmol, 91.3%) of the title compound as a pale yellow syrup. 
0176) "H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.8 Hz, 
3H), 1.21 (d. J=6.8 Hz, 3H), 1.05-1.25 (m. 1H), 1.43 (s, 9H), 
1.50-1.65 (m, 2H), 1.88-2.00 (m. 1H), 2.00-2.28 (m, 4H), 
2.28-2.60 (m, 4H), 2.65-2.70 (m, 1H), 405-4.20 (brd-s, 1H), 
4.82-4.95 (brd-s, 1H), 7.26-7.59 (m, 5H) 

Reference Example 5 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-3-aminopyr 
rolidine 

NH2 
N 

0177) 

CN 

0.178 2.36 g (6.12 mmol) of 1-(4-cyano-5-methyl-4- 
phenyl)hexyl)-3-tert-butoxycarbonylaminopyrrolidine was 
dissolved in a mixed solution of 5 ml of tetrahydrofuran and 
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10 ml of methanol, and a 4N hydrogen chloride-ethyl acetate 
solution was added thereto. After completion of the reaction, 
the mixture was adjusted to basic with a 2N aqueous sodium 
hydroxide, and extracted with chloroform. The organic layer 
was dried over magnesium sulfate, and then evaporated, to 
give 1.66 g (5.82 mmol. 95.1%, an orange syrup) of a crude 
product. 

0179 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.4, 3H), 
1.20 (d. J=6.8, 3H), 1.08-1.24 (m, 1H), 1.42-1.62 (m, 2H), 
1.84-2.00 (m, 3H), 2.08-2.28 (m, 4H), 2.32-2.48 (m, 3H), 
2.58-2.67 (m, 2H), 3.42-3.51 (m, 1H), 7.26-7.40 (m, 5H) 

Reference Example 6 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-3-N-(2- 
cyanoethyl)aminolpyrrolidine 

0180 

CN 

O 
CN 

0181 700 mg (2.45 mmol) of 1-(4-cyano-5-methyl-4- 
phenyl)hexyl-3-aminopyrrolidine was dissolved in 15 ml of 
methanol, 0.19 ml (2.85 mmol) of acrylonitrile was added 
thereto, and the mixture was heated under reflux. After 
completion of the reaction, the mixture was evaporated, to 
give a crude product. The crude product was subjected to 20 
g of Cromatorex NH silica gel (ethyl acetate 100%), to give 
775 mg (2.29 mmol. 93.5%) of the title compound as an 
Orange Syrup. 

0182 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.07-124 (m, 1H), 1.20 (d. J=6.4 Hz, 3H), 1.08-1.24 
(m. 1H), 1.46-1.62 (m. 2H), 1.86-1.96 (m. 1H), 2.04-2.24 
(m, 4H), 2.28–2.46 (m, 4H), 2.46-2.62 (m. 2H), 2.49 (t, J–6.8 
Hz, 2H), 2.85 (t, J=6.8 Hz, 2H), 3.22-3.30 (m. 1H), 7.26 
7.40 (m, 5H) 

Reference Example 7 

3-Fluorophenoxyacetaldehyde 

0183) 

OEt 

r 
OEt 
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0.184 2.00 g (17.8 mmol) of m-fluorophenol was dis 
solved in 50 ml of dimethylformamide, 785 mg (19.6 mmol. 
60% by weight, mineral) of sodium hydride and 3.21 ml 
(21.3 mmol) of bromoacetaldehydediethylacetal were suc 
cessively added thereto, and the mixture was heated to 60° 
C. After completion of the reaction, brine was added thereto 
and the mixture was extracted with ethyl acetate. The 
organic layer was washed with brine, dried over magnesium 
Sulfate and then evaporated, to give a crude product. The 
crude product was subjected to 105 g of Cromatorex NH 
silica gel (ethyl acetate:hexane=1:40), to give 3.17 g (13.9 
mmol. 78.1%) of the title compound as a yellow oil. 

0185. H-NMR (400 MHz, CDC1) & 1.25 (t, J=7.0 Hz, 
6H), 3.55-3.82 (m, 4H), 3.99 (d. J=5.0 Hz, 2H), 4.82 (t, 
J=5.0 Hz, 1H), 6.61-6.72 (m, 3H), 7.17-7.25 (m, 1H) 

0186 1.68 g (7.38 mmol) of the above acetal was dis 
solved in 30 ml of acetone and 20 mL of a 2.5N hydrochloric 
acid, and the mixture was heated. After completion of the 
reaction, the mixture was extracted with ethyl acetate. The 
organic layer was washed with brine, dried over magnesium 
sulfate and then evaporated, to give 800 mg of a crude 
product which contains the objective compound below. The 
crude product was Subjected to the above-mentioned reac 
tion without purification. 

O CHO 

Reference Example 8 

1-Benzyl-3-N-(2-cyanoethyl)aminolpyrrolidine 

0187) 

Ouo 
0188 4.00 g (22.7 mmol) of 1-benzyl-3-aminopyrroli 
dine was dissolved in 70 ml of methanol, 1.49 ml (22.7 
mmol) of acrylonitrile was added thereto, and the mixture 
was heated to 70° C. After completion of the reaction, the 
reaction solution was evaporated, and the resulting crude 
product was subjected to 100 g of Cromatorex NH silica gel 
(ethyl acetate 100%), to give 4.60 g (20.1 mmol, 88.4%) of 
the title compound as a yellow oil. 

0189 H-NMR (400 MHz, CDC1) & 1.54-1.66 (m, 1H), 
2.1.0-2.22 (m, 1H), 2.40-2.60 (m, 2H), 2.49 (t, J=6.8 Hz, 
2H), 2.67-2.78 (m, 2H), 2.86 (t, J=6.8 Hz, 2H), 3.30-3.38 
(m. 1H), 3.57-3.73 (m, 2H), 7.22-7.36 (m, 5H) 
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Reference Example 9 

1-Benzyl-3-N-(2-cyanoethyl)-N-2-(4- 
cyanophenoxy)ethylaminolpyrrolidine 

0190. 

0191 2.03 g (8.87 mmol) of 1-benzyl-3-(N-(2-cyanoet 
hyl)amino)pyrrolidine was dissolved in 50 ml of dichloro 
ethane, and 1.30 g (8.06 mmol) of 4-cyanophenoxyacetal 
dehyde separately synthesized, 1.02 ml (17.7 mmol) of 
acetic acid and 2.56 g (12.1 mmol) of Sodium triacetoxy 
borohydride were successively added thereto. After comple 
tion of the reaction, the mixture was adjusted to basic with 
a 2N aqueous sodium hydroxide, and extracted with ethyl 
acetate. The organic layer was washed with brine, dried over 
magnesium Sulfate and evaporated, to give a crude product. 
The crude product was subjected to 250 g of Cromatorex NH 
silica gel (ethyl acetate:hexane=2:3), to give 2.39 g (6.38 
mmol. 79.2%) of the title compound as a yellow syrup. 
0192 'H-NMR (400 MHz, CDC1) & 1.70- 1.84 (m, 1H), 
2.03-2.14 (m, 1H), 2.40-2.54 (m. 1H), 2.47 (t, J=6.8 Hz, 
2H), 2.55-2.68 (m, 2H), 2.76-2.88 (m, 1H), 2.91-3.09 (m, 
4H), 3.48-3.68 (m, 2H), 3.64-3.74 (m, 1H), 4.03 (t, J=5.6 
Hz, 2H), 6.9 (t, J=9.2 Hz, 2H), 7.24-7.40 (m, 5H), 7.57 (t, 
J=9.2 Hz, 2H) 

Reference Example 10 

3-(N-(2-Cyanoethyl)-N-2-(4- 
cyanophenoxy)ethylaminolpyrrolidine 

0193) 

CN 

/-/ CO-O- 
0194 1-Benzyl-3-(N-(2-cyanoethyl)-N-(2-(4- 
cyanophenoxy)ethylamino)pyrrolidine was dissolved in 
dichloroethane, AceC1 (0.84 ml, 7.66 mmol) was added 
thereto, and the mixture was heated under reflux. After about 
one hour, AceC1 (0.12 ml) was added thereto, and the 
mixture was continued to be heated. After completion of the 
reaction, the mixture was evaporated. To the residue was 
added 30 ml of methanol was added thereto, followed by 
heating under reflux. After one hour, the reaction Solution 
was evaporated. The residue was extracted with 2N hydro 
chloric acid, washed with ether, and then adjusted to pH 
11-12 with a 2N aqueous sodium hydroxide. The mixture 
was extracted with ethyl acetate, dried over magnesium 
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Sulfate evaporated, to give a crude product. The crude 
product was subjected to 50 g of Cromatorex NH silica gel 
(ethyl acetate:methanol=1:0-3:1), to give 1.12 g (3.93 mmol. 
61.6%) of the title compound as a yellow oil. 
0.195 H-NMR (400 MHz, CDC1) & 1.64-1.76 (m, 1H), 
1.94-2.06 (m. 1H), 2.52 (t, J=6.8 Hz, 2H), 2.56-2.70 (m, 
2H), 2.77-2.86 (m, 1H), 2.91-3.20 (m, 5H), 3.36-3.51 (m, 
1H), 4.08 (t, J=5.6 Hz, 2H), 6.96 (t, J=9.2 Hz, 2H), 7.60 (t, 
J=9.2 Hz, 2H) 

Reference Example 11 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(methoxy 
carbonyl)methylpiperazine 

0196) 

?N-N 
NC NN- COOMe 

0.197 1.00 g (3.50 mmol) of 1-(4-cyano-5-methyl-4- 
phenyl)hexylpiperazine and 0.54 ml (3.85 mmol) of tri 
ethylamine were dissolved in 25 ml of tetrahydrofuran. 
Under ice-cooling, 0.35 ml (3.85 mmol) of methyl bromoac 
etate was added dropwise thereinto. After completion of the 
reaction, brine was added, and the mixture was extracted 
with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give a 
crude product. The crude product was subjected to 50 g of 
Cromatorex NH silica gel (ethyl acetate:hexane=1:2), to 
give 1.22 g (3.41 mmol, 97.5%) of the title compound as an 
orange oil. 

0198 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.20 (m. 1H), 1.20 (d. J=6.4 Hz, 3H), 1.48-1.64 
(m. 1H), 1.84-1.93 (m, 1H), 2.06-2.18 (m, 2H), 2.24-2.31 
(m. 2H), 2.31-2.46 (m, 4H), 2.46-2.60 (m, 4H), 3.19 (s. 2H), 
3.71 (s, 3H), 7.24-7.39 (m, 5H) 

Reference Example 12 

3-Fluorobenzamideoxime 

0.199) 

NH2 

F n N 

OH 

0200. To 200 ml of an ethanol solution of 10.0 g (82.6 
mmol) of 3-fluorobenzcyanide were added 8.61 g (124 
mmol) of hydroxylamine hydrochloride and 22.8 g (165 
mmol) of potassium carbonate, followed by heating under 
reflux. After completion of the reaction, the mixture evapo 
rated. To the residue was added brine, and the mixture was 
extracted with ethyl acetate. The organic layer was washed 



US 2006/0084658 A1 

with brine, dried over magnesium sulfate and evaporated, to 
give a crude product. The crude product was subjected to 
100 g of silica gel (ethyl acetate:hexane=1:2-1:4), to give 
8.00 g (51.9 mmol, 62.8%) of the title compound as a yellow 
solid. 

0201 'H-NMR (400 MHz, CDC1,) & 4.75-485 (m. 2H), 
7.09-7.59 (m, 4H) 

Reference Example 13 

N-Z-4-Piperidineethanol 

0202) 

HN ZN 

OH OH 

0203 4.70 g (36.4 mmol) of 4-piperidineethanol and 10.0 
g (72.8 mmol) of potassium carbonate were dissolved in 
ether (50 ml) and water (50 ml). Under ice-cooling, ZCl 
(4.44 ml, 25.0 mmol) was dissolved in 30 ml of ether, and 
the solution was added dropwise thereinto. The physical 
property of the resulting title compound is described below. 
After completion of the reaction, brine was added and the 
mixture was extracted with ether. The organic layer was 
washed with brine and an aqueous saturated ammonium 
chloride, dried over magensium Sulfate and evaporated, to 
give a crude product. The crude product was subjected to 
100 g of silica gel (ethyl acetate:hexane=1:2), to give 5.48 
g (20.8 mmol, 57.2%) of the title compound as a colorless 
oil. 

0204 'H-NMR (400 MHz, CDC1) & 1.05-1.25 (m, 2H), 
1.40-1.75 (m, 5H), 2.70-2.85 (m, 2H), 3.71 (t, J=6.59 Hz, 
2H), 4.10-4.25 (m, 2H), 5.12 (s. 2H), 7.28-7.39 (m, 5H) 

Reference Example 14 

1-Benzyloxycarbonyl-4-2-(4-fluorophenoxy)ethyl 
piperidine 

0205) 

ZN 

OH 

0206 2.00g (7.60 mmol) of N-Z-4-piperidineethanol, 
1.70g (15.2 mmol) of 4-fluorophenol and 2.39 g (9.12 
mmol) of triphenylphosphine were dissolved in 50 ml of 
tetrahydrofuran, and the mixture was ice-cooled. After 10 
minutes, 1.44 ml (9.12 mmol) of diethylazocarboxylate was 
added dropwise thereinto, and then the mixture was stirred 
at room temperature. After completion of the reaction, brine 
was added and the mixture was extracted with ethyl acetate. 
The organic layer was washed with brine, dried over mag 
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nesium Sulfate and evaporated, to give a crude product. The 
crude product was subjected to 100 g of silica gel (ethylac 
etate:hexane=1:3), to give 2.19 g (6.12 mmol. 80.6%) of the 
title compound as a colorless oil. 
0207 'H-NMR (400 MHz, CDC1) & 1.10-1.30 (m, 2H), 
1.65-1.80 (m, 5H), 2.70-2.90 (m, 2H), 3.96 (t, J=6.0 HZ, 
2H), 4.10-4.28 (m, 2H), 5.13 (s. 2H), 6.79-6.84 (m, 2H), 
6.93-6.99 (m, 2H), 7.28-7.38 (m, 5H) 

Reference Example 15 

4-2-(4-Fluorophenoxy)ethylpiperidine 

0208 

0209 2.19 g (6.12 mmol) of 1-benzyloxycarbonyl-4-2- 
(4-fluorophenoxy)ethylpiperidine was dissolved in 40 ml of 
methanol, 300 mg of 10% palladium-carbon was added, and 
replacement with hydrogen was carried out. After comple 
tion of the reaction, the mixture was filtered, and the filtrate 
was evaporated, to give a crude product. The crude product 
was subjected to 50 g of Cromatorex NH silica gel (ethyl 
acetate:hexane=1:3-ethyl acetate:methanol=6:1), to give 
1.30 g (5.82 mmol. 95.1%) of the title compound as a yellow 
oil. 

0210 'H-NMR (400 MHz, CDC1) & 1.10-1.23 (m, 2H), 
1.60- 1.77 (m, 5H), 2.59 (dt, J=2.4 Hz, 12.2 Hz, 2H), 3.96 (t, 
J=6.0 HZ, 2H), 4.10-4.28 (m, 2H), 5.13 (s. 2H), 6.79-6.85 
(m. 2H), 6.92-6.99 (m, 2H) 

Reference Example 16 

1-Benzyl-4-hydroxypropyl-1,2,5,6-tetrahydropyridine 

0211 

BIN 

0212 5.00 g (36.4 mmol) of 3-pyridinepropanol was 
dissolved in 150 ml of acetonitrile, 4.55 ml (38.3 mmol) of 
benzylbromide was added, and the mixture was heated at 
70° C. After 2 hours, heating was stopped, and the mixture 
was evaporated. Then, the residue was dissolved in 100 ml 
of methanol, and the mixture was cooled to 0°C. 4.12 g (109 
mmol) of sodium borohydride was added thereto. After 
completion of the reaction, 50 ml of water was added 
thereto, and the mixture was evaporated. Then, the residue 
was partitioned between ethyl acetate and brine. After drying 
the organic layer over magnesium sulfate, the mixture was 
evaporated, to give a crude product. The crude product was 
subjected to 150 g of Cromatorex NH silica gel (ethyl 
acetate:hexane=1:6-1:1), to give 6.48 g (28.0 mmol. 77.0%) 
of the title compound as a yellow oil. 
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0213 'H-NMR (400 MHz, CDC1) & 1.65-1.74 (m, 2H), 
2.02-2.13 (m, 4H), 2.55 (t, J=6.0 Hz, 2H), 2.93-2.98 (m, 
2H), 3.57 (s. 2H), 3.64 (t, J=6.4 Hz, 2H), 5.38–5.42 (m. 1H), 
7.22-7.37 (m, 5H) 

Reference Example 17 

1-Benzyl-4-hydroxypropylpiperidine 

0214) 

OH 

BN 

0215 6.48 g of 1-benzyl-4-hydroxypropyl-1,2,5,6-tet 
rahydropyridine was dissolved in 60 ml of methanol, 88 mg 
of PtC) was added, and atmosphere was replaced with 
hydrogen. After completion of the reaction, the mixture was 
filtered, and the filtrate was evaporated, to give 4.50 g (19.3 
mmol. 68.9%) of the title compound as a yellow oil. 

0216) ' 
0217 H-NMR (400 MHz, CDC1,) & 1.16-1.33 (m, 5H), 
133-141 (brd-s, 1H), 1.53-1.74 (m, 4H), 1.87-198 (m, 2H), 
2.83-2.90 (m, 2H), 3.48 (s. 2H), 3.62 (t, J=6.4 Hz, 2H), 
7.16-7.27 (m, 5H) 

Reference Example 18 

1-Benzyl-4-methanesulfonyloxypropylpiperidine 

0218) 

OMS 

BN 

0219 2.58 g (11.1 mmol) of 1-benzyl-4-hydroxypropy 
lpiperidine and 3.26 ml (23.4 mmol) of triethylamine were 
dissolved in 50 ml of tetrahydrofuran, and 1.67 ml (21.6 
mmol) of methanesulfonyl chloride was added dropwise. 
After completion of the reaction, the mixture was partitioned 
between ethyl acetate and brine. The organic layer was dried 
over magnesium sulfate, and then evaporated, to give a 
crude product. The crude product was subjected to 50 g of 
Cromatorex NH silica gel (ethyl acetate:hexane=1:1), to 
give 2.90 g (9.31 mmol. 83.9%) the title compound as a 
yellow oil. The physico-chemical data of the target com 
pound was as indicated below. 

0220 H-NMR (400 MHz, CDC1) & 1.18-1.37 (m, 5H), 
1.58-1.68 (m, 2H), 1.71-1.80 (m, 2H), 1.88-1.97 (m, 2H), 
2.84-2.90 (m, 2H), 3.00 (s, 3H), 3.48 (s. 2H), 4.21 (t, J=6.8 
Hz, 2H), 7.13-7.32 (m, 5H) 
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Reference Example 19 

4-(4-Cyano-5-methyl-4-phenyl)hexylpiperidine 

0221) 

NH 

CN 

0222 2.43 g (6.49 mmol) of 1-benzyl-4-(4-cyano-5- 
methyl-4-phenyl)hexylpiperidine was dissolved in 30 ml of 
1,2-dichloroethane, 0.85 ml (7.79 mmol) of AceC1 was 
added thereto, and the mixture was heated under reflux. 
After 45 minutes, the mixture was evaporated. Then, 30 ml 
of methanol was added thereto, and the mixture was heated 
under reflux again. After completion of the reaction, the 
mixture was evaporated, extracted with water and washed 
with ether. The resulting aqueous layer was adjusted to 
basic, and then the mixture was partitioned between ethyl 
acetate and brine. The organic layer was dried over magne 
sium sulfate, and then evaporated, to give 1.62 g (5.69 
mmol, 87.7%) a yellow crude product. The physico-chemi 
cal data of the title compound was as indicated below. 
0223) H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 0.86-1.04 (m, 3H), 1.07-128 (m, 3H), 1.19 (d. J=6.4 
Hz, 3H), 1.29-144 (m, 1H), 1.48-1.58 (m, 2H), 1.74-1.85 
(m. 1H), 2.04-2.14 (m. 2H), 2.49 (dt, J=2.4 Hz, 12.0 Hz, 
2H), 2.95-3.02 (m, 2H), 7.26-7.40 (m, 5H) 

Reference Example 20 

3-Cyano-3-(2-thienyl)propanol 

0224 
CN 

S 

HO \ f 

0225. Under a nitrogen atmosphere, sodium borohydride 
(650 mg) was added in an ice bath to a DMF solution (25 ml) 
of thiophene-2-acetonitrile (1 g) and (3-bromopropoxy)-tert 
butyldimethylsilane (2.06 g). After 20 minutes, the organic 
layer was separated by adding an aqueous saturated ammo 
nium chloride and ethyl acetate were added thereto. The 
resulting organic layer was washed with water and brine, 
and dried over anhydrous magnesium sulfate. After filtering 
off the drying agent, the mixture was evaporated. The 
resulting residue was dissolved in acetonitrile (20 mL), a 1 
M tetrabutylammonium fluoride/tetrahydrofuran solution 
(9.7 ml) was added thereto, and the mixture was stirred at a 
room temperature. After 18 hours, the organic layer was 
separated by adding water and ethyl acetate. The resulting 
organic layer was rinsed with water and brine, and dried over 
magnesium sulfate. After filtering off the drying agent, the 
mixture was evaporated. The resulting residue was purified 
by silica gel column chromatography (hexane:ethyl acetate 
system), to give the title compound as a red oil (637 mg, 
43%). 
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0226) "H-NMR(400 MHz, CDC1) & 2.08-2.16 (m, 1H), 
3.08 (t, J=7.0 Hz, 2H), 3.75 (t, J=7.0 Hz, 2H), 4.15-4.20 (m, 
1H), 7.14 (dd, J=3.8 Hz, 4.8 Hz, 1H), 7.65 (dd, J=0.8 Hz, 4.8 
HZ, 1H), 7.75 (dd, J=0.8 Hz, 3.8 Hz, 1H). 

Reference Example 21 

2-(3-Cyano-3-phenyl)propyl-1,3-dioxolane 

0227 
CN 

O 

C 
0228 Under a nitrogen atmosphere, sodium amide (1.11 
g) was added to a tetrahydrofuran solution (25 ml) of 
phenylacetonitrile (3 g). After 30 minutes, a tetrahydrofuran 
solution (25 ml) of 2-(2-bromoethyl)-1,3-dioxolane (4.64 g) 
was added to the reaction solution through a dropping 
funnel. After stirring 2 hours, an aqueous saturated ammo 
nium chloride and ethyl acetate were added thereto, to 
separate the organic layer. The resulting organic layer was 
washed with water and brine, and dried over anhydrous 
magnesium sulfate. After filtering off the drying agent, the 
mixture was evaporated. The resulting residue was purified 
by silica gel column chromatography (hexane:ethyl acetate 
system), to give the title compound (3.47 g. 62%). 
0229) 'H-NMR (400 MHz, CDC1) & 1.75-1.90 (m, 2H), 
1.95-2.10 (m, 2H), 3.80-4.00 (m, 5H), 4.91 (t, J=4.4 Hz, 
1H), 7.30-7.42 (m, 5H). 

Reference Example 22 

Ethyl 4-methyl-3-phenylpentanoate 

0230) 

O 

1)- 

0231. Under a nitrogen atmosphere, ethyl trimethylsilyl 
ethylacetate (5.19 g) was added at -78°C. to a solution of 
a lithium diisopropylamide/tetrahydrofuran solution (1.5M, 
21.6 mL) added to tetrahydrofuran solution (100 mL). After 
20 minutes, a tetrahydrofuran solution (10 ml) of isobuty 
rophenone (4.0 g) was added thereto, and the temperature of 
the mixture was naturally returned to room temperature. 
After stirring 18 hours, sodium bisulfate monohydrate (0.6g) 
was added and the mixture was stirred. Further, after 10 
minutes, the organic layer was separated by adding a 0.2N 
hydrochloric acid solution (250 mL) and ethyl acetate (200 
mL) thereto. The resulting organic layer was washed with 
water and brine, and dried over anhydrous magnesium 
Sulfate. After filtering off the drying agent, the mixture was 
evaporated. 756 Mg among the resulting crude product (7.9 
g) was dissolved in methanol (5 mL), a catalytic amount of 
10% palladium carbon (9.5 mg) was added, and the mixture 
was stirred under hydrogen atmosphere. After 4 hours, the 
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catalyst was filtered off, and the filtrate was concentrated. 
The resulting residue was purified by silica gel column 
chromatography (hexane: ethyl acetate system), to give the 
title compound as a colorless oil (350 mg). 
0232 'H-NMR (400 MHz, CDC1,) & 0.75 (d. J=6. 4 Hz, 
3H), 0.95 (d. J=6. 8 Hz, 3H), 1.06 (t, J=7.2 Hz, 3H), 
1.80-190 (m, 1H), 2.58 (dd, J=10 Hz, 15.2 Hz, 1H), 2.77 
(dd, J=5.6 Hz, 15.2 Hz, 1H), 2.84-2.91 (m, 1H), 7.12-7.29 
(m, 5H). 

Reference Example 23 

4-Methyl-3-phenylpentanol 

0233) 

HO 

0234 Under a nitrogen atmosphere, ethyl 4-methylpen 
tanoate (350 mg) was dissolved intetrahydrofuran (10 mL) 
at -78° C., a lithium aluminum hydride/tetrahydrofuran 
solution (1.0 M, 1.58 mL) was added, and the mixture was 
stirred. While the temperature of the mixture was naturally 
returned to room temperature, the mixture was stirred, and 
after 1.5 hours, water (0.05 mL), a 2N aqueous sodium 
hydroxide (0.05 mL) and water (0.15 mL) were successively 
added thereto, and the mixture was stirred. Further, diethyl 
ether was added thereto, and then the resulting insoluble 
matters were filtered off and the filtrate was evaporated. The 
resulting residue was purified by silica gel column chroma 
tography (hexane:ethyl acetate system), to give the title 
compound as a colorless oil (257 mg, 42%: 2 steps). 
0235 H-NMR (400 MHz, CDC1) & 0.73 (d. J=6.8 Hz, 
3H), 0.97 (d. J=6. 4 Hz, 3H), 1.78-1.88 (m, 2H), 2.04-2.14 
(m. 1H), 2.36-2.46 (m, 1H), 3.34-3.54 (m, 2H), 7.20-7.16 
(m. 2H), 7.17-7.22 (m, 1H), 7.25-7.31 (m, 2H). 

Reference Example 24 

4-Methyl-3-phenylpentanoic acid 

0236 

HO 

0237 Under a nitrogen atmosphere, sodium hydride 
(60%, 1.2 g) was added at 0°C. to a tetrahydrofuran solution 
(30 mL) of tert-butyldiethylphosphonoacetate (4.9 g). After 
10 minutes, the temperature of the mixture was naturally 
returned to room temperature, and the mixture was stirred. 
After 1 hour, a tetrahydrofuran solution (10 mL) of isobu 
tyrophenone (4.0 g) was added. After stirring for 13 hours, 
the organic layer was separated by adding water and ethyl 
acetate thereto. The resulting organic layer was washed with 
water and brine, and dried over anhydrous magnesium 
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Sulfate. After filtering off the drying agent, the mixture was 
evaporated. 5.48 gamong the resulting crude product (6.1 g) 
was dissolved in methanol (30 mL), a catalytic amount of 
10% palladium carbon (250mg) was added, and the mixture 
was reacted under pressuring by hydrogen (3.9 kg/cm). 
After 1.3 hours, the catalyst was filtered off, and then the 
filtrate was concentrated. The resulting residue was purified 
by silica gel column chromatography (hexane:ethyl acetate 
system). The resulting product (3.0 g) was dissolved in 
acetone (50 mL) and 5N hydrochloric acid (20 mL), and the 
mixture was stirred for 3 hours under reflux conditions. The 
Solution was evaporated, to give the title compound as a 
reddish yellow oil (1.96 g. 58%: 3 steps). 

0238 H-NMR (400 MHz, CDC1) & 0.75 (d. J=6.8 Hz, 
3H), 0.94 (d. J=6.8 Hz, 3H), 1.80-1.91 (m. 1H), 2.62 (dd. 
J=10.0 Hz, 15.6 Hz, 1H), 2.80 (dd, J-5.6 Hz, 15.6 Hz, 1H), 
2.82–2.91 (m. 1H), 7.11-7.16 (m, 2H), 7.13-7.22 (m, 1H), 
723-729 (m, 2H). 

Reference Example 25 

N-Methyl-N-methoxy-4-methyl-3-phenylpentaneamide 

0239) 

0240 Under a nitrogen atmosphere, a dimethylforma 
mide Solution of diethyl cyanophosphonate (1.97 g) and 
triethylamine (1.63 mL) was added to a tetrahydrofuran 
solution (24 mL) of 4-methyl-3-phenyl-pentanoic acid (1.96 
g), N.O-dimethylhydroxyamine hydrochloride (1.18 g) and 
triethylamine (1.63 mL) at 0°C. After 19 hours, the organic 
layer was separated by adding diethyl ether and an aqueous 
saturated ammonium chloride thereto. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium Sulfate. After filtering off the drying 
agent, the mixture was evaporated. The resulting residue 
was purified by silica gel column chromatography (hexane 
:ethyl acetate system), to give the title compound (1.13 g, 
47%). 
0241 H-NMR (400 MHz, CDC1) & 0.76 (d. J=6.6 Hz, 
3H), 0.97 (d. J=6.6 Hz, 3H), 1.84-1.96 (m, 1H), 2.74-2.86 
(m. 2H), 2.97-3. 05 (m. 1H), 3.06 (s, 3H), 3.57 (s, 3H), 
7.15-7.21 (m, 3H), 7.24-7.29 (m, 2H). 

Reference Example 26 

5-Methyl-4-phenylpentanal 

0242 
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0243 Under a nitrogen atmosphere, N-methyl-N-meth 
oxy-4-methyl-3-phenyl-pentaneamide (215 mg) was dis 
solved in tetrahydrofuran (9.1 mL) at -78° C., and a 
disobutylaluminumhydride/toluene solution (1.5 M, 1.2 
mL) was added. After one hour, methanol (3 mL) was added 
to the reaction system, the temperature of the mixture was 
returned to room temperature after termination of foaming, 
and the mixture was continuously stirred. The organic layer 
was separated by adding diethyl ether, water and a 1N 
aqueous hydrochloric acid thereto. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium sulfate. After filtering off the drying 
agent, the mixture was evaporated, to give the title com 
pound as a colorless oil (200 mg). The resulting compound 
was used for the next reaction without purification. 

0244 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.6 Hz, 
3H), 0.95 (d. J=6.8 Hz, 3H), 1.82-1.92 (m, 1H), 2.70-2.84 
(m. 2H), 2.90-2.98 (m, 1H), 7.13-7.32 (m, 5H), 9.59-9.61 
(m. 1H). 

Reference Example 27 

5-Methyl-4-phenylhexanal 

0245) 

0246 Under a nitrogen atmosphere, a n-butyllithium/ 
tetrahydrofuran solution (1.53 M, 1.2 mL) was added to a 
tetrahydrofuran solution of (methoxymethyl)triphenylphos 
phoniumchloride (627 mg) at -78° C., and then the tem 
perature of the mixture was raised to 0°C. After 20 minutes, 
the outer temperature was lowered to -78° C., and then 
4-methyl-3-phenyl-pentanal (200 mg) was added thereto 
together with tetrahydrofuran (4 mL). After 45 minutes, the 
temperature of the mixture was returned to room tempera 
ture, and the mixture was further stirred for 20 minutes. The 
organic layer was separated by adding diethyl ether and an 
aqueous saturated ammonium chloride thereto. The resulting 
organic layer was washed with water and brine, and dried 
over anhydrous magnesium Sulfate. After filtering off the 
drying agent, the mixture was evaporated, to give the title 
compound as a colorless oil (200 mg). The resulting com 
pound was dissolved in isopropanol (2 mL)/water(2 mL), 
p-toluenesulfonic acid (6 mg) was added thereto, and then 
the reaction was carried out for 8.5 hours under refluxing. 
The organic layer was separated by adding diethyl ether and 
an aqueous saturated ammonium chloride thereto. The 
resulting organic layer was washed with water and brine, 
and dried over anhydrous magnesium sulfate. After filtering 
off the drying agent, the mixture was evaporated. The 
residue was purified by NH silica gel column chromatog 
raphy (hexane:ethyl acetate system), to give the title com 
pound as a colorless oil (103 mg, 59%, 3 steps). 

0247 'H-NMR (400 MHz, CDC1) & 0.72 (d. J=6.8 Hz, 
3H), 0.99 (d. J=6.6 Hz, 3H), 1.76-1.90 (m, 2H), 2.12-2.28 
(m, 4H), 7.07-7.10 (m, 2H), 7.18-7.22 (m, 1H), 7.26-7.35 
(m. 2H), 9.63-9.65 (m, 1H). 
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Reference Example 28 

1-(2-Vinyl-2-(4-fluorophenoxy)ethylpiperazine 

0248) 

0249. The title compound was synthesized in accordance 
with the method of Example 104 described in JP-A 
11-206862. 

0250) 'H-NMR (400 MHz, CDC1) & 2.50-2.60 (m, 4H), 
2.59 (dd, J=4.0 Hz, 13.6 Hz, 1H), 2.77 (dd, J=7.5 Hz, 13.6 
HZ, 1H), 2.86-2.90 (m, 4H), 4.70-4.76 (m, 1H), 5.22 (brd, 
J=10.6 Hz, 1H), 5.27 (brd, J=17.2 Hz, 1H), 5.87 (ddd, J=5.7 
HZ, 10.6 Hz, 17.2 Hz, 1H), 6.82-6.89 (m, 2H), 6.89-6.97 (m, 
2H). 

Reference Example 29 

4-Bromo-2-thiophenecarboaldehyde dimethylacetal 

0251) 
Br 

S 
OMe 

OMe 

0252 (90%) 4-Bromo-2-thiophenecarboaldehyde (10.0 
g) was dissolved in methanol (50 ml), and an ion-exchange 
resin, Amberlite IR120B (5 g) was added thereto. After 
heating under reflux for 10 hours, the mixture was cooled as 
it was to room temperature, and the ion-exchange resin was 
filtered off. The filtrate was evaporated, and the resulting 
residue was purified by (NH) silica gel column chromatog 
raphy (hexane), to give the title compound as a pale yellow 
oil (8.93 g, 72%). 
0253) 'H-NMR (400 MHz, CDC1) & 3.36 (s, 6H), 5.59 
(d. J=0.8 Hz, 1H), 7.00 (dd, J=0.8 Hz, J=1.6 Hz, 1H), 7.20 
(d. J=1.6 Hz, 1H). 

Reference Example 30 

3-Cyano-5-thiophenecarboaldehyde 

0254) 
NC 

W \ 
S CHO 

Method 1) 
0255 4-Bromo-2-thiophenecarboaldehyde dimethylac 
etal (6.82 g) was dissolved in DMF (50 ml), and copper 
cyanide (4.29 g) was added thereto. After heating under 
reflux for 3 hours, the mixture was cooled as it was to room 
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temperature and ethyl acetate was added thereto. The mix 
ture was washed with an aqueous ammonia, water, 0.1N 
aqueous hydrochloric acid and brine, dried over anhydrous 
magnesium sulfate and then evaporated, to give an oil. The 
residue was dissolved in an 80% aqueous acetic acid (100 
ml), and the mixture was stirred at 0°C. for one hour. The 
mixture was washed with brine. After cooling as it was to 
room temperature, ethyl acetate was added thereto. The 
mixture was washed with an aqueous Saturated Sodium 
bicarbonate and brine, dried over anhydrous magnesium 
Sulfate and then evaporated. The resulting residue was 
purified by silica gel column chromatography (hexane/ethyl 
acetate system), and then recrystallized from ethyl acetate 
hexane, to give the title compound as pale yellowish white 
crystals (2.44 g. 62%). 

Method 2) 
0256 4-Bromo-2-thiophenecarboaldehyde (5.00 g) was 
dissolved in DMF (40 ml), and copper cyanide (3.52 g) was 
added thereto. After heating under reflux for 3 hours, the 
mixture was cooled as it was to room temperature and ethyl 
acetate was added thereto. The mixture was washed with an 
aqueous ammonia, water, 0.1N aqueous hydrochloric acid 
and further brine, dried over anhydrous magnesium sulfate 
and then evaporated. The resulting residue was purified by 
silica gel column chromatography (hexane/ethyl acetate 
system), and then recrystallized from ethyl acetate-hexane, 
to give the title compound as pale yellowish white crystals 
(2.30 g, 71%). 
0257 The physico-chemical data of the title compound 
was as indicated below. 

0258 H-NMR (400 MHz, CDC1,) & 7.94 (d. J=1.2 Hz, 
1H), 8.27 (d. J=1.2 Hz, 1H), 9.95 (d. J=1.2 Hz, 1H). 

Reference Example 31 

3-Cyano-5-(1-hydroxy-2-methylpropyl)thiophene 

0259 
NC 

( ) on 
S 

0260 3-Cyano-5-thiophenecarboaldehyde (2.00 g) was 
dissolved in anhydrous ether (100 ml) and anhydrous tet 
rahydrofuran (THF) (20 ml), and an ether solution (10.9 ml) 
of (2.0 M) isopropylmagnesium chloride was added thereto. 
After stirring at 0°C. for 2 hours, ethyl acetate was added 
thereto. The mixture was washed with an aqueous saturated 
ammonium chloride and further brine, dried over anhydrous 
magnesium Sulfate and then evaporated. The resulting resi 
due was purified by silica gel column chromatography 
(hexane/ethyl acetate system), to give the title compound as 
a pale yellow oil (1.25 g, 47%). 

0261 H-NMR (400 MHz, CDC1) & 0.91 (d. J=6.8 Hz, 
3H), 1.00 (d. J=6.8 Hz, 3H), 1.99 (sext, J=6.8 Hz, 1H), 2.42 
(d. J=4 Hz, 1H), 4.68 (dd, J=4 Hz, J=6 Hz, 1H), 7.08-7.10 
(m. 1H), 7.85 (d. J=1.6 Hz, 1H). 
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Reference Example 32 

3-Cyano-5-(1-oxo-2-methylpropyl)thiophene 

0262) 

NC 

0263. Oxalyl chloride (0.70 ml) was dissolved in meth 
ylene chloride (10 ml), and then the mixture was cooled to 
-60 to -50° C. Dimethyl sulfoxide (0.57 ml) was added 
thereto, and the mixture was stirred for 2 minutes. Further, 
a methylene chloride solution (6 ml) of 3-cyano-5-(1-hy 
droxy-2-methylpropyl)thiophene (1.21 g) was added thereto 
at -60 to -50° C., and the mixture was stirred for 15 
minutes. Then, triethylamine (4.65 ml) was added, and the 
temperature of the mixture was raised to a room tempera 
ture. Ethyl acetate was added, and the mixture was washed 
with water and further brine, dried over anhydrous magne 
sium Sulfate and then evaporated. The resulting residue was 
recrystallized from ethanol, to give the title compound as 
pale yellowish white crystals (0.59 g). Further, the filtrate 
was purified by silica gel column chromatography (hexane/ 
ethyl acetate system), to give the title compound (0.41 g, 
total yield: 1.00 g, 84%). 

0264. H-NMR (400 MHz, CDC1) & 1.27 (d. J=6.8 Hz, 
6H), 3.36 (qui, J–6.8 Hz, 1H), 7.86 (d. J=1.2 Hz, 1H), 8.18 
(d. J=0.8 Hz, 1H). 

Reference Example 33 

1-Cyano-1-(3-cyano-5-thienyl)-2-methylpropyl 
diethylphosphate 

0265 

NC 

/ \ OP(O)(OEt) 
S 

CN 

0266 3-Cyano-5-(1-oxo-2-methylpropyl)thiophene 
(0.90 g) was dissolved in THF (50 ml), and a DMF solution 
(30.1 ml) of (0.5 M) lithium cyanide and (90%) diethylcy 
anophosphonate (2.29 ml) were added thereto. After stirring 
at room temperature for 30 minutes, ethyl acetate and 
hexane were added thereto. The mixture was washed with 
water and further brine, dried over anhydrous magnesium 
Sulfate and then evaporated. The resulting residue was 
purified by silica gel column chromatography (hexane/ethyl 
acetate system), to give the title compound as a pale yellow 
oil (1.72 g, quantitatively). 
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0267 'H-NMR (400 MHz, CDC1) & 0.96 (d. J=6.8 Hz, 
3H), 1.27-1.34 (m, 9H), 2.49 (qui, J–6.8 Hz, 1H), 4.00-4.21 
(m, 4H), 7.56 (d. J=1.2 Hz, 1H), 8.04 (d. J=1.6 Hz, 1H). 

Reference Example 34 

3-Cyano-5-(1-cyano-2-methylpropyl)thiophene 

0268) 

NC 

0269. 1-Cyano-1-(3-cyano-5-thienyl)-2-methylpropyl 
diethylphosphate (45 mg) was dissolved in ethyl acetate (5 
ml), (10%) palladium-carbon (20mg) was added, and hydro 
genation was carried out at room temperature and a normal 
pressure for 2 hours. The catalyst was filtered off, and the 
filtrate was evaporated. The resulting residue was purified by 
preparative thin layer silica gel column chromatography 
(hexane/ethyl acetate system), to give the title compound as 
a pale yellow oil (22 mg, 88%). 

0270) H-NMR (400 MHz, CDC1,) & 1.09 (d. J=6.8 Hz, 
3H), 1.14 (d. J=6.8 Hz, 3H), 2.20 (sext, J=6.8 Hz, 1H), 3.96 
(d. J=6.8 Hz, 1H), 7.26 (s, 1H), 7.91 (d. J=1.6 Hz, 1H). 

Reference Example 35 

Ethyl 
4-cyano-4-(3-cyano-5-thienyl)-5-methylhexanate 

0271) 

NC 

W \ N COOEt 

0272 Potassium tert-butoxide (35 mg) was suspended in 
DMF (5 ml), and a DMF solution (5 ml) of 3-cyano-5-(1- 
cyano-2-methylpropylthiophene (0.60g) was added thereto. 
After stirring at room temperature for 3.5 hours, ethyl 
acetate was added. The mixture was washed with an aqueous 
saturated ammonium chloride and further brine, dried over 
anhydrous magnesium Sulfate and then evaporated. The 
resulting residue was purified by silica gel column chroma 
tography (hexane/ethyl acetate system), to give the title 
compound as a pale yellow oil (0.55 g. 60%). 

0273 'H-NMR (400 MHz, CDC1) & 0.94 (d. J=6.8 Hz, 
3H), 1.23 (d. J=6.8 Hz, 3H), 1.24 (t, J=6.8 Hz, 3H), 
2.04-2.15 (m, 3H), 2.45-2.60 (m, 2H), 4.04-4.17 (m, 2H), 
7.30 (d. J=1.2 Hz, 1H), 7.93 (d. J= 1.6 Hz, 1H). 
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Reference Example 36 

4-Cyano-4-(3-cyano-5-thienyl)-5-methylhexanol 

0274) 
NC 

W \ N 
OH 

0275 Ethyl 4-cyano-4-(3-cyano-5-thienyl)-5-methylhex 
anate (0.55 g) was dissolved in THF (10 ml), lithium 
borohydride (46 mg) was added, and the mixture was heated 
under reflux for 1.5 hours. After cooling as it was to room 
temperature, 1N aqueous hydrochloric acid and water were 
added at 0° C., and the mixture was extracted with ethyl 
acetate. The mixture was further washed with brine, dried 
over anhydrous magnesium sulfate and then evaporated. The 
resulting residue was purified by silica gel column chroma 
tography (hexane/ethyl acetate system), to give the title 
compound pale as a yellow oil (1.25 g, 47%). Further, the 
catalyst was filtered off, and the filtrate was evaporated. The 
resulting residue was purified by preparative thin layer silica 
gel column chromatography (hexane/ethyl acetate system), 
to give the title compound as a pale yellow oil (0.39 g, 83%). 
0276) "H-NMR (400 MHz, CDC1,) & 0.93 (d. J–6.8 Hz, 
3H), 1.21 (d. J=6.8 Hz, 3H), 1.19-141 (m, 1H), 1.45-1.70 
(m. 1H), 1.65-1.77 (m, 1H), 1.88 (dt, J=4 Hz, J=13.2 Hz, 
1H), 2.09 (qui, J–6.8 Hz, 1H), 2.30 (dt, J=4 Hz, J=12.4 Hz, 
1H), 3.66 (t, J=6.4 Hz, 2H), 7.30 (d. J=1.2 Hz, 1H), 7.92 (s, 
1H). 

Reference Example 37 

N-(2-Cyanoethyl)-N-(2-iodoethyl)aniline 

0277 
CN 

0278 2.00 g (10.5 mmol) of N-(2-cyanoethyl)-N-(2-hy 
droxyethyl)aniline was dissolved in 60.0 ml of acetonitrile, 
and2.20 ml (15.8 mmol) of triethylamine and 0.90 ml (11.6 
mmol) of mesyl chloride were successively added thereto. 
After completion of the reaction, brine was added thereto, 
and the objective product was extracted with ether. The 
organic layer was washed with brine, and then dried over 
anhydrous magnesium Sulfate. The solvent was evaporated, 
to give a crude product. The crude product was dissolved in 
acetone, and 12.0 g (80.1 mmol) of sodium iodide was 
added. After completion of the reaction, brine was added 
thereto, and the objective product was extracted with ethyl 
acetate. The organic layer was washed with brine, and then 
dried over anhydrous magnesium sulfate. The solvent was 
evaporated, to give a crude product. The crude product was 
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subjected to silica gel (eluted with ethyl acetate:hexane= 
1:3), to give 2.78 g (9.26 mmol. 88.2%) of the title com 
pound as a yellow syrup. 
0279 H-NMR (400 MHz, CDC1) & 2.62 (t, J=7.0 Hz, 
2H), 3.26 (t, J=8.0 Hz, 2H), 3.71-3.81 (m, 4H), 6.66-6.72 
(m. 2H), 6.81-6.86 (m, 1H), 7.25-7.32 (m, 2H) 

Reference Example 38 

1-2-N-(2-Cyanoethyl)anilinoethylpiperazine 
0280 

CN 

cr HN 

0281 2.78 g (9.26 mmol) of the above-mentioned iodide 
was dissolved in 50.0 ml of acetonitrile, and 2.5 g (13.4 
mmol) of 1-tert-butoxycarbonylpiperazine and 1.29 ml (13.4 
mmol) of triethylamine were successively added, and the 
mixture was heated to 60° C. After completion of the 
reaction, brine was added thereto, and the objective product 
was extracted with ethyl acetate. The organic layer was 
washed with brine, and then dried over anhydrous magne 
sium Sulfate. The solvent was evaporated, to give a crude 
product. The crude product was dissolved in 40 ml of 
methanol, and 30 ml of a 4N hydrogen chloride-ethyl acetate 
solution was added. After completion of the reaction, water 
and 10 ml of 5N HCl were added, and the mixture was 
washed with ethyl acetate. Then the aqueous layer was 
adjusted to pH 11 with a 5Naqueous sodium hydroxide, and 
then the objective product was extracted with ethyl acetate. 
The organic layer was dried over anhydrous magnesium 
sulfate and the solvent was evaporated, to give 1.81 g (7.01 
mmol. 75.7%) of the title compound as a yellow syrup, as a 
crude product. 
0282 'H-NMR (400 MHz, CDC1) & 2.00-2.10 (brd-s, 
1H), 2.45-2.58 (m, 4H), 2.54 (t, J=6.8 Hz, 2H), 2.69 (t, J=7.2 
Hz, 2H), 2.92 (t, J=5.0 Hz, 4H), 3.51 (t, J=6.8 Hz, 2H), 3.71 
(t, J=7.2 Hz, 2H), 6.65-6.72 (m, 2H), 6.73-6.79 (m. 1H), 
7.22-729 (m, 2H) 

Reference Example 39 

3-(1,3-Dioxolan-2-yl)thiophene 

0283) 

O 
0284 20.3 g (181 mmol) of 3-thiophenealdehyde, 50ml 
of ethylene glycol and 2.00 g (7.96 mmol) of PPTS were 
dissolved in 230 ml of toluene, and dehydration was carried 
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out using Dean-stark. After completion of the reaction, the 
mixture was extracted with ethyl acetate. The extract was 
washed with brine, and then dried over anhydrous magne 
sium Sulfate. The solvent was evaporated, to give a crude 
product. The crude product was subjected to silica gel (ethyl 
acetate:hexane=1:10), to give 12.1 g (77.3 mmol. 86.7%) of 
the title compound as a yellow oil. 
0285) H-NMR (400 MHz, CDC1) & 3.97-4.15 (m, 4H), 
5.91 (s. 2H), 7.16 (ddd, J=0.4 Hz, 1.2 Hz, 5.2 Hz, 1H), 7.32 
(dd, J=2.8 Hz, 5.2 Hz, 1H), 7.42 (ddd, J=0.4 Hz, 1.2 Hz, 2.8 
HZ, 1H) 

Reference Example 40 

3-(1,3-Dioxolan-2-yl)-2-thiophenecarboaldehyde 

0286) 
S 

/ CHO 

O 
0287 5.00 g (32.0 mmol) of 3-(1,3-dioxolan-2-yl)th 
iophene was dissolved in 100 ml of THF. 24.5 ml (1.5 mol/l) 
of n-butyllithium was added dropwise thereinto. After stir 
ring for 0.5 hour, the mixture was cooled to -70° C., 3.10 ml 
(40.0 mmol) of DMF was added, and then the mixture was 
transferred to an ice bath. After stirring for about 2 hours, an 
aqueous Saturated ammonium chloride was added, and the 
mixture was extracted with ethyl acetate. The extract was 
washed with brine, and then dried over anhydrous magne 
sium Sulfate. The solvent was evaporated, to give a crude 
product. The crude product was Subjected to silica gel 
(ethylacetate:hexane=1:2), to give 3.68 g (20.0 mmol. 
62.4%) of the title compound as a yellow oil. 
0288 H-NMR (400 MHz, CDC1,) & 3.97-4.15 (m, 4H), 
5.91 (s. 2H), 7.16 (ddd, J=0.4 Hz, 1.2 Hz, 5.2 Hz, 1H), 7.32 
(dd, J=2.8 Hz, 5.2 Hz, 1H), 7.42 (ddd, J=0.4 Hz, 1.2 Hz, 2.8 
HZ, 1H) 

Reference Example 41 

3-(1,3-Dioxolan-2-yl)-2-thiopheneacetonitrile 

0289) 
S 

CN 

O 
0290 20 ml of a THF solution of 4.49 g (40.0 mmol) of 
potassium tert-butoxide was cooled to -45 to -30°C., and 
20 ml of a THF solution of 3.90 g (20.0 mmol) of TOSmic 
and 20 ml of a THF solution of 3.68 g (20.0 mmol) of 
3-(1,3-dioxolan-2-yl)-2-thiophenecarboaldehyde were suc 
cessively added thereto. After 40 minutes, 60 ml of methanol 
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was added at -15° C. After heating under reflux for 15 
minutes, an aqueous Saturated ammonium chloride was 
added, and the mixture was extracted with ethyl acetate. The 
extract was washed with brine, and then dried over anhy 
drous magnesium sulfate. The solvent was evaporated, to 
give a crude product. The crude product was subjected to 
Cromatorex NH silica gel (ethyl acetate:hexane=1:4), to 
give 1.43 g (7.32 mmol. 36.6%) of the title compound as a 
yellow oil. 
0291 'H-NMR (400 MHz, CDC1) & 4.00-4.15 (m, 4H), 
4.04 (s. 2H), 5.91 (s, 1H), 7.06 (d. J=5.6 Hz, 2H), 7.21 (d. 
J=5.6 Hz, 2H) 

Reference Example 42 

2-3-(1,3-Dioxolan-2-yl)-2-thienyl-4-methylbuty 
ronitrile 

0292) 

CN 

O 
0293 1.43 g (7.32 mmol) of 3-(1,3-dioxolan-2-yl)-2- 
thiopheneacetonitrile was dissolved in 2 ml of dimethyl 
sulfoxide, and 1.08 g (8.78 mmol) of 2-bromopropane, 100 
mg (cat) of tetra-n-butylammonium iodide and 3 ml of 50% 
potassium hydroxide were successively added. After 25 
minutes, 300 mg of 2-bromopropane, further after 50 min 
utes, 1 ml of 50% potassium hydroxide and 2 ml of DMSO 
were added. After completion of the reaction, brine was 
added, and the mixture was extracted with ethyl acetate. The 
organic layer was washed with brine, dried over anhydrous 
magnesium sulfate and evaporated, to obtain a crude prod 
uct. The crude product was subjected to 100 g of silica gel 
(ethyl acetate:hexane=1:8), to give 853 mg (3.59 mmol. 
49.1%) of the title compound as a yellow oil. 
0294 'H-NMR (400 MHz, CDC1) & 1.03 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.4 Hz, 3H), 2.17-2.27 (m, 1H), 3.97-4.13 
(m, 4H), 4.31 (d. J=8.0 Hz, 1H), 7.06 (d. J=5.2 Hz, 2H), 7.24 
(d. J=5.2 Hz, 2H) 

Reference Example 43 

2-(3-Formyl-2-thienyl)-4-methylbutyronitrile 

0295) 

CHO 

CN 

0296 2.16 g (9.10 mmol) of 2-3-(1,3-dioxolan-2-yl)-2- 
thienyl-4-methylbutyronitrile was dissolved in 40 ml of 
acetone, 115 ml of 5N HCl was added, and the mixture was 
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heated at 70° C. for 3 minutes. After completion of the 
reaction, brine was added, and the mixture was extracted 
with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give a 
crude product. The crude product was subjected to 75 g of 
silica gel (ethyl acetate:hexane=1:2), to give 1.66 g (8.58 
mmol. 94.3%) of the title compound as a brown oil. 
0297) 'H-NMR (400 MHz, CDC1) & 1.12 (d. J=6.8 Hz, 
3H), 1.14 (d. J=6.8 Hz, 3H), 2.18-2.29 (m, 1H), 4.97 (d. 
J=6.4 Hz, 1H), 7.34 (d. J=5.2 Hz, 2H), 7.44 (d. J=5.2 Hz, 
2H), 10.01 (s, 1H) 

Reference Example 44 

2-(3-Cyano-2-thienyl)-4-methylbutyronitrile 

0298) 

CN 

CN 

0299) 1.66 g (8.58 mmol) of 2-(3-formyl-2-thienyl)-4- 
methylbutyronitrile was dissolved in 40 ml of ethanol, 10 ml 
of an aqueous solution containing 894 mg (12.9 mmol) of 
hydroxylamine hydrochloride and 1.41 g (17.2 mmol) of 
Sodium acetate was added thereto, and then the mixture was 
heated at 80° C. After completion of the reaction, brine was 
added, and the objective product was extracted with ethyl 
acetate. The organic layer was washed with brine, and then 
dried over anhydrous magnesium sulfate. The solvent was 
evaporated, to give a crude oxime. The oxime was dissolved 
in 50 ml of dimethylformamide, and 5.56 g (34.3 mmol) of 
carbodiimidazole was added. Then, the mixture was heated 
at 60° C., and further after 50 minutes, 2.40 ml (17.2 ml) of 
triethylamine was added thereto. After completion of the 
reaction, brine was added under cooling, and the objective 
product was extracted with ethyl acetate. The organic layer 
was washed with brine, and then dried over anhydrous 
magnesium sulfate. The solvent was evaporated, to give a 
crude product. The crude product was subjected to silica gel 
(eluted with ethyl acetate:hexane=1:9), to give 1.07 mg 
(5.47 mmol, 63.7%) of the title compound as an orange oil. 
0300 "H-NMR(400 MHz, CDC1) & 1.10 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.8 Hz, 3H), 2.27-2.38 (m, 1H), 4.20 (d. 
J=7.2 Hz, 1H), 7.22 (d. J=5.6 Hz, 2H), 7.40 (d. J=5.6 Hz, 
2H) 

Reference Example 45 

Ethyl 
4-cyano-5-methyl-4-(3-cyano-2-thienyl)hexanolate 

0301) 

CN COOEt 

CN 
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0302) 1.07 g (5.47 mmol) of 2-(3-cyano-2-thienyl)-4- 
methylbutyronitrile and 0.71 ml (6.56 mmol) of ethyl acry 
late were dissolved in 30 ml of tetrahydrofuran. 123 mg 
(1.09 mmol, cat.) of potassium tert-butoxide was added little 
by little to the solution at room temperature. After comple 
tion of the reaction, brine, an aqueous saturated ammonium 
chloride and 2N HCl were successively added, and the 
objective product was extracted with ethyl acetate. The 
organic layer was successively washed with brine and brine, 
and then dried over anhydrous magnesium sulfate. The 
Solvent was evaporated, to give a crude product. The crude 
product was Subjected to silica gel (eluted with ethyl acetate 
:hexane=1:9), to give 904 mg (3.11 mmol, 56.9%) of the title 
compound as a yellow oil. 
0303) H-NMR (400 MHz, CDC1,) & 0.94 (d. J=6.8 Hz, 
3H), 1.24 (t, J=7.2 Hz, 3H), 1.29 (d. J=6.4 Hz, 3H), 
2.04-2.26 (m. 1H), 2.46-2.74 (m, 4H), 4.07-4.16 (m. 2H), 
7.29 (d. J=5.3 Hz, 2H), 7.31 (d. J=5.3 Hz, 2H) 

Reference Example 46 

4-Cyano-5-methyl-4-(3-cyano-2-thienyl)hexanol 

0304 

CN OH 

CN 

0305 500 mg (1.72 mmol) of ethyl 4-cyano-5-methyl-4- 
(3-cyano-2-thienyl)hexanolate was dissolved in 10 ml of 
THF, 37.5 mg (1.72 mmol) of lithium borohydride was 
added, and the mixture was heated under reflux. After one 
hour 20 minutes, heating was stopped, and 2N HCl was 
added under ice-cooling. The mixture was extracted with 
ethyl acetate, and the extract was successively washed with 
brine and water, and then dried over anhydrous magnesium 
sulfate. The solvent was evaporated, to obtain a crude 
product. The crude product was Subjected to silica gel 
(eluted with ethyl acetate:hexane=35:65), to give 244 mg 
(0.98 mmol, 57.1%) of the title compound as a colorless oil. 
0306 H-NMR (400 MHz, CDC1) & 0.94 (d. J=6.4 Hz, 
3H), 1.26 (d. J=6.8 Hz, 3H), 1.24-1.39 (m, 1H), 1.68-1.82 
(m. 1H), 2.28–2.48 (m, 2H), 2.59-2.70 ( m, 1H), 3.64-3.72 
(m. 2H), 7.28-7.29 (m, 2H) 

Reference Example 47 

4-Cyano-5-methyl-4-(3-cyano-2-thienyl)hexyl 
iodide 

0307 

CN I 

CN 

0308 244 mg (0.98 mmol) of 4-cyano-5-methyl-4-(3- 
cyano-2-thienyl)hexanol was dissolved in 10 ml of aceto 
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nitrile and 0.16ml (1.18mmol) of triethylamine, and 83.6 ul 
(1.08 mmol) of mesyl chloride was added thereto. After 
about 5 minutes, 1.47 g (9.80 mmol) of sodium iodide was 
added. After completion of the reaction, brine and ethyl 
acetate were added, and the ethyl acetate layer was washed 
with an aqueous sodium thiosulfate aqueous solution and 
brine, dried over anhydrous magnesium Sulfate and evapo 
rated, to give a crude product. The crude product was 
subjected to silica gel (eluted at ethyl acetate:hexane=1:10), 
to give 334 mg (0.93 mmol. 95.1%) of the title compound 
as a yellow oil. 
0309 "H-NMR (400 MHz, CDC1) & 0.93 (d. J=6.8 Hz, 
3H), 1.27 (d. J=6.8 Hz, 3H), 1.49-1.62 (m, 1H), 1.98-2.10 
(m. 1H), 2.27-2.36 (m, 1H), 2.42-2.52 (m. 1H), 2.60-2.71 
(m. 1H), 3.12-3.22 (m, 2H), 7.29-7.31 (m, 2H) 

Reference Example 48 

4-Cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
iodide 

0310 

NC 
S CN 

I 

0311 1.05 g (4.23 mmol) of 4-cyano-5-methyl-4-(5-cy 
ano-2-thienyl)hexanol was dissolved in 40 ml of acetonitrile 
and 0.80 ml (5.71 mmol) of triethylamine. 0.39 ml (5.07 
mmol) of mesyl chloride was added thereto. After about 10 
minutes, 6.34 g (42.3 mmol) of Sodium iodide was added. 
After completion of the reaction, brine and ethyl acetate 
were added. The ethyl acetate layer was washed with an 
aqueous Sodium thiosulfate and brine, dried over magne 
sium Sulfate and evaporated, to give a crude product. The 
crude product was subjected to silica gel (eluted with ethyl 
acetate:hexane=1:2), to give 1.39 g (3.88 mmol, 91.7%) of 
the title compound as a yellow oil. 
0312) 'H-NMR (400 MHz, CDC1) & 0.93 (d. J=6.8 Hz, 
3H), 1.27 (d. J=6.8 Hz, 3H), 1.49-1.62 (m, 1H), 1.98-2.10 
(m. 1H), 2.27-2.36 (m, 1H), 2.42-2.52 (m. 1H), 2.60-2.71 
(m. 1H), 3.12-3.22 (m, 2H), 7.29-7.31 (m, 2H) 

Reference Example 49 

Methyl 3-(5-bromo-2-thienyl)propanonate 

0313) 
Br S 

COOMe 

0314 3.50 g (20.6 mmol) of methyl 3-(2-thienyl)pro 
panonate which was synthesized according to the method 
described in J. Med. Chem., 1992, 35(21), 3870. was dis 
solved in 20 ml of DMF, 3.85 g (21.6 mmol) of NBS 
dissolved in 10 ml of DMF was added thereto, and the 
mixture was heated at 80°C. After 2 hours, brine was added, 
and the mixture was extracted with ether. The organic layer 
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was washed with brine, dried over magnesium sulfate and 
evaporated, to give a crude product. The crude product was 
Subjected to silica gel (ethyl acetate:hexane=1:9), to give 
4.62 g (18.6 mmol, 90.1%) of the title compound as a pale 
yellow oil. 
0315) 'H-NMR (400 MHz, CDC1) & 2.65 (t, J=7.4 Hz, 
2H), 3.08 (t, J=7.4 Hz, 2H), 3.69 (s.3H), 6.58 (d. J=3.6 Hz, 
1H), 6.85 (d. J=3.6 Hz, 1H) 

Reference Example 50 

Methyl 3-(5-cyano-2-thienyl)propanonate 

0316) 

S 

O) v COOMe 

0317 4.62 g (18.6 mmol) of methyl 3-(5-bromo-2-thie 
nyl)propanonate, 1.75 g (14.9 mmol) of Zn(CN) and 516 
mg (0.93 mmol) of DPPF were suspended in a solution of 
100 ml of DMF and 1 ml of water, then 341 mg (0.37 mmol) 
of PdBa was added, and the mixture was heated at 120° C. 
After 2 hours, the mixture was cooled as it was and extracted 
with ether. The organic layer was washed with brine and and 
2N HCl, dried over magnesium sulfate and evaporated, to 
give a crude product. The crude product was subjected to 
silica gel (ethyl acetate:hexane=1:9), to give 2.96 g (18.6 
mmol. 100%) of the title compound as a green oil. 
0318 H-NMR (400 MHz, CDC1) & 2.71 (t, J=7.4 Hz, 
2H), 3.19 (t, J=7.4 Hz, 2H), 3.71 (s, 3H), 6.85 (d. J=3.6 Hz, 
1H), 7.46 (d. J=3.6 Hz, 1H) 

NC 

Reference Example 51 

3-(2-Thienyl)propanol 

0319) 

OH 

0320) 1.32 g (7.75 mmol) of methyl 3-(2-thienyl)pro 
panonate was dissolved in 50 ml of THF. After cooling to 
-20° C., 6.00 ml of LiAlH4 (1.0 M solution) was added. 
After completion of the reaction, the mixture was quenched 
using water and 5N NaOH, and filtered through Celite. The 
filtrate was concentrated, and the resulting crude product 
was subjected to silica gel (ethyl acetate:hexane=1:1), to 
give 1.05 g (7.38 mmol. 95.2%) of the title compound as a 
colorless oil. 

0321) H-NMR (400 MHz, CDC1) & 1.29 (t, J=6.0 Hz, 
1H), 1.90-2.00 (m, 2H), 2.95 (t, J=7.6 Hz, 2H), 3.72 (q, 
J=6.0 Hz, 2H), 6.80-6.83 (m, 1H), 6.91-6.94 (m. 1H), 
7.11-7.14 (m, 1H) 
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Reference Example 52 

3-(5-Cyano-2-thienyl)propanol 

0322 

NC S 

OH 

0323 2.96 g (18.6 mmol) of methyl 3-(5-cyano-2-thie 
nyl)propanoate was dissolved in 100 ml of THF, 450 mg 
(18.6 mmol) of lithium borohydride was added, and the 
mixture was heated under reflux. After one hour, heating was 
stopped and 2N HCl was added under ice-cooling. The 
mixture was extracted with ethyl acetate, and the extract was 
successively washed with brine and water, and then dried 
over anhydrous magnesium sulfate. The solvent was evapo 
rated, to give a crude product. The crude product was 
Subjected to silica gel (eluted at ethyl acetate:hexane= 
25:75to50:50), to give 1.37 g (8.19 mmol, 44.0%) of the title 
compound as a green oil. 

0324 'H-NMR (400 MHz, CDC1) & 1.32-1.37 (m, 1H), 
1.90-2.00 (m, 2H), 2.99 (t, J=7.6 Hz, 2H), 3.68-3.76 (m, 
2H), 6.84 (d. J=3.6 Hz, 1H), 7.47 (d. J=3.6 Hz, 1H) 

Reference Example 53 

tert-Butyl 
4-3-(2-thienyl)propyl)-1-piperazinecarboxylate 

0325) 

S 

( ). 
0326 1.05 g (7.38 mmol) of 3-(2-thienyl)propanol was 
dissolved in 60 ml of acetonitrile, and 2.58 ml (18.5 mmol) 
of triethylamine and 0.63 ml (8.12 mmol) of mesyl chloride 
were added to the solution. After 25 minutes, 2.07 g (11.1 
mmol) of tert-butyl 1-piperadinecarboxylate, 3.32 g (22.7 
mmol) of sodium iodide and 6 ml of water were added, and 
the mixture was heated to 60° C. After completion of the 
reaction, brine was added, and the objective product was 
extracted with ethyl acetate. The organic layer was washed 
with brine, and then dried on anhydrous magnesium sulfate. 
The solvent was evaporated, to give a crude product. The 
crude product was subjected to Cromatorex NH silica gel 
(eluted at ethyl acetate:hexane=2:8), to give 1.94 g (6.25 
mmol. 84.7%) of the title compound as a pale yellow oil. 

0327) H-NMR (400 MHz, CDC1) & 1.46 (s, 9H), 1.83 
1.91 (m, 2H), 2.35-2.42 ( m, 2H), 2.87 (t, J=7.6 Hz, 2H), 
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3.40-3.46 (m, 4H), 6.77-6.80 (m. 1H), 6.91 (dd, J=3.2 Hz, 
5.2 Hz, 1H), 7.11 (dd, J=1.2 Hz, 5.2 Hz, 1H) 

Reference Example 54 

tert-Butyl 4-3-(5-cyano-2-thienyl)propyl-1-pipera 
Zinecarboxylate 

0328 

NC S 

( ) NBoc 

0329. The title compound was synthesized in accordance 
with the method for producing tert-butyl 4-3-(2-thienyl 
)propyl)-1-piperazinecarboxylate in Reference Example 53 
(yield: 74.2%). 

0330 "H-NMR (400 MHz, CDC1) & 1.46 (s, 9H), 1.83 
1.91 (m, 2H), 2.34-2.41 (m, 6H), 2.91 (t, J=7.6 Hz, 2H), 
3.41-3.46 (m, 4H), 6.81 (d. J=4.0 Hz, 1H), 7.46 (d. J=4.0 Hz, 
1H) 

Reference Example 55 

1-3-(2-Thienyl)propylpiperazine 

0331) 

S 

( ) NH 

0332 1.94 g (6.25 mmol) of tert-butyl 4-3-(2-thienyl 
)propyl)-1-piperazinecarboxylate was dissolved in 20 ml of 
methanol, and 15 ml of a 4N hydrogen chloride-ethyl acetate 
solution was added. After completion of the reaction, the 
mixture was evaporated. The residue was adjusted to pH 11 
with a 2N aqueous sodium hydroxide, then the objective 
product was extracted with chloroform and dried over 
anhydrous magnesium sulfate. The solvent was evaporated, 
to give 1.23 g (5.85 mmol. 93.6%) of the title compound as 
a yellow oil, as a crude product. 

0333 H-NMR (400 MHz, CDC1) & 1.84-1.92 (m, 2H), 
2.35-2.48 (m, 6H), 2.83-2.93 (m, 6H), 6.77-6.80 (m, 1H), 
6.91 (dd, J=3.2 Hz, 5.2 Hz, 1H), 7.11 (dd, J=1.2 Hz, 5.2 Hz, 
1H) 
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Reference Example 56 

1-3-(5-Cyano-2-thienyl)propylpiperazine 

0334 

NC S 

( ) 
0335 The title compound was synthesized in accordance 
with the method for producing 1-3-(2-thienyl)propylpip 
erazine in Reference Example 55 (yield: 96.0%). 
0336 H-NMR (400 MHz, CDC1,) & 1.83-1.91 (m. 2H), 
2.33-2.44 (m, 6H), 2.87-2.94 (m, 6H), 6.81 (d. J=4.0 Hz, 
1H), 7.46 (d. J=4.0 Hz, 1H) 

Reference Example 57 

2-(Chloromethyl)benzoxazole 
0337 The title compound was produced in accordance 
with the method described in STNTHETIC COMMUNI 
CATION 19 (16) 2921-2924 (1989) (yield:quantitative). 
0338 H-NMR (400 MHz, CDC1) & 4.77 (s. 2H), 7.34 
7.43 (m, 2H), 7.54-7.58 (m, 1H), 7.73-7.77 (m, 1H) 

Reference Example 58 

Benzyl 
4-(2-benzoxazoyl)methyl-1-piperazinecarboxylate 

0339 

0340 2.00 g (11.9 mmol) of 2-(chloromethyl)benzox 
azole was dissolved in 50 ml of acetonitrile, 1.66 ml (11.9 
mmol) of triethylamine and 3.15 g (14.3 mmol) of benzyl 
1-piprezinecarboxylate were added thereto, and the mixture 
was stirred at 80° C. After 2 hours, the reaction solution was 
concentrated, brine was added thereto, and the objective 
product was extracted with ethyl acetate. The organic layer 
was washed with brine, and then dried on anhydrous mag 
nesium sulfate. The solvent was evaporated, to give a crude 
product. The crude product was subjected to Cromatorex 
NH silica gel (ethyl acetate:hexane=25:75), to give 3.57 g 
(10.2 mmol. 85.7%) of the title compound as a yellow syrup. 
0341 'H-NMR (400 MHz, CDC1) & 2.56-2.68 (brd-s, 
4H), 3.56-3.62 (m, 4H), 3.89 (s. 2H), 5.12 (s. 2H), 7.28-7.37 
(m, 7H), 7.52-7.55 (m, 1H), 7.70-7.74 (m, 1H) 
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Reference Example 59 

1-(2-Benzoxazoyl)methylpiperazine 
0342 

0343 3.57 g (10.2 mmol) of benzyl 4-(2-benzoxazoyl 
)methyl-1-piperazinecarboxylate was dissolved in 50 ml of 
methanol, and 400 mg of 10% Pd C was added. After 
replacing the atmosphere with hydrogen, the mixture was 
stirred. After completion of the reaction, the reaction solu 
tion was filtered and evaporated, to give 2.15 g (9.89 mmol. 
97.0%) of the title compound asa yellow oil, as a crude 
product. 

0344) 'H-NMR (400 MHz, CDC1,) & 2.56-2.66 ( m, 4H), 
2.93-2.98 (m, 4H), 3.87 (s. 2H), 7.31-7.36 (m, 2H), 7.51 
7.56 (m. 1H), 7.69-7.74 (m, 1H) 

Reference Example 60 

2-(Chloromethyl)-5-cyanobenzoxazole 
0345) 

O 

2 \ 
NC N C 

0346) The title compound was synthesized in accordance 
with the method described in STNTHETIC COMMUNI 
CATION 19 (16) 2921-2924 (1989) (yield: 79.8%). 
0347 'H-NMR (400 MHz, CDC1) & 4.78 (s. 2H), 7.66 
7.73 (m, 2H), 8.08-8.10 (m, 1H) 

Reference Example 61 

Benzyl 4-(2-(5-cyanobenzoxazoyl)methyl)-1- 
piperazinecarboxylate 

0348 

- - - ) 
0349 The title compound was synthesized in accordance 
with the method for the production of benzyl 4-(2-benzox 
aZoyl)methyl-1-piperazinecarboxylate in Reference 
Example 58 (yield: 85.6%). 
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0350) 'H-NMR (400 MHz, CDC1) & 2.57-2.70 (brd-s, 
4H), 3.56-3.63 (m, 4H), 3.92 (s. 2H), 5.13 (s. 2H), 7.30-7.38 
(m, 5H), 7.62-7.68 (m, 2H), 8.04-8.05 (m, 1H) 

Reference Example 62 

1-(2-(5-Cyanobenzoxazoyl)methylpiperazine 

0351) 

r 
0352. The title compound was synthesized in accordance 
with the method described in Reference Example 59 (yield: 
58.0%). 

0353 'H-NMR (400 MHz, CDC1) & 2.59-2.66 ( m, 4H), 
2.93-3.00 (m, 4H), 3.90 (s. 2H), 7.62-7.67 (m, 2H), 8.03 
8.05 ( m, 1H) 

Reference Example 63 

Ethyl 4-cyano-5-methyl-4-(3-thienyl)hexanoate 

0354) 

0355 3-Methyl-2-(3-thienyl)butanenitrile (6.23 g) 
obtained using 3-thienylacetonitrile as a starting material in 
accordance with the method of Example 114 described in 
JP-A 11-206862 and ethyl acrylate (4.53 g) were dissolved 
in dimethylformamide (15 ml), and added at a room tem 
perature to a solution of potassium tert-butoxide (423 mg) in 
dimethylformamide solution (60 ml). After stirring 5 hours 
as it was, the organic layer was separated by adding an 
aqueous Saturated ammonium chloride and diethyl ether 
thereto. The resulting organic layer was washed with water 
and brine, and dried over anhydrous magnesium sulfate. The 
drying agent was filtered off, and then the filtrate was 
evaporated. The residue was purified by silica gel column 
chromatography (hexane/ethyl acetate system), to give the 
title compound as a yellow oil (6.66 g. 67%). 

0356) "H-NMR (400 MHz, CDC1) & 0.85 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.8 Hz, 3H), 1.22 (t, J=7.2 Hz, 3H), 
2.00-2.18 (m, 3H), 2.38-2.50 (m, 2H), 4.02-4.14 (m, 2H), 
6.94 (dd, J=1.4 Hz, 5.0 Hz, 1H), 7.29 (dd, J=1.4 Hz, 2.8 Hz, 
1H), 7.37 (dd, J-2.9 Hz, 5.0 Hz, 1H). 
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Reference Example 64 

4-Cyano-5-methyl-4-(3-thienyl)hexanol 

0357) 

W GN 

0358) A tetrahydrofuran solution (35 ml) in which ethyl 
4-cyano-5-methyl-4-(3-thienyl)hexanoate (6.66 g) was dis 
solved was added dropwise to a tetrahydrofuran solution (50 
ml) of lithium aluminum hydride (686 mg). After stirring for 
2 hours, 2N aqueous NaOH and water were added to treat 
the mixture, and the resulting precipitates were filtered. The 
resulting filtrate was evaporated, and the residue was puri 
fied by Silica gel column chromatography (ethyl acetate/ 
hexane system), to give the title compound as a yellow oil 
(5.30 g, 95%). 
0359 'H-NMR (400 MHz, CDC1) & 0.85 (d. J=6.8 Hz, 
3H), 1.17 (d. J=6.6 Hz, 3H), 1.18-1.22 (m, 1H), 1.22-1.36 
(m. 1H), 1.56-1.72 (m, 1H), 1.90 (ddd, J=4.6 Hz, 12.1 Hz, 
13.4 Hz, 1H), 2.04-2.12 (m, 1H), 2.14-1.22 (m. 1H), 3.58 
3.65 (m, 2H), 6.95 (dd, J=1.5 Hz, 5.1 Hz, 1H), 7.28 (dd. 
J=1.5 Hz, 3.0 Hz, 1H), 7.35 (dd, J-3.0 Hz, 5.1 Hz, 1H). 

Reference Example 65 

1-Iodo-4-cyano-5-methyl-4-(3-thienyl)hexane 
0360) 

0361 Under nitrogen atmosphere, methanesulfonyl chlo 
ride (0.20 ml) was added to an acetonitrile solution (9.0 ml) 
of 4-cyano-5-methyl-4-(3-thienyl)hexanol (400 mg) and tri 
ethylamine (0.75 ml) at a room temperature, and the mixture 
was stirred. After 2 hours, water and ethyl acetate were 
added, to separate the organic layer. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium sulfate. After filtering off the drying 
agent, the filtrate was evaporated. The resulting residue was 
dissolved in acetone (18 ml), sodium iodide (2.68 g) was 
added, and the mixture was stirred at 40°C. for 2 hours. The 
organic layer was separated by adding water and ethyl 
acetate thereto. The resulting organic layer was washed with 
water and brine, and dried over anhydrous magnesium 
sulfate. After filtering off the drying agent, the filtrate was 
evaporated, to give the title compound as a yellow oil (670 
mg). 

0362 'H-NMR (400 MHz, CDC1,) & 0.85 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.6 Hz, 3H), 1.46-1.60 (m, 1H), 1.86-2.00 
(m. 1H), 2.02-2.20 (m, 2H), 3.05-3.20 (m, 2H), 6.95 (dd. 
J=1.2 Hz, 5.2 Hz, 1H), 7.28 (dd, J=1.2 Hz, 2.8 Hz, 1H), 7.37 
(dd, J=2.8 Hz, 5.2 Hz, 1H). 
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Reference Example 66 
Ethyl 4-cyano-5-methyl-4-4-(2-cyano)thienylhex 

anoate 

0363) 

NC N 1N 

0364 Under a nitrogen atmosphere, ethyl 4-cyano-5- 
methyl-4-(3-thienyl)hexanoate (1.8 g) was dissolved in dim 
ethylformamide (7 mL), a solution of N-bromosuccinimide 
(1.33 g)/dimethylformamide (7 mL) was added dropwise 
thereinto at room temperature over 30 minutes. After stirring 
at 50° C. for 4.5 hours, the organic layer was separated by 
adding water and diethyl ether thereto. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium Sulfate. After filtering off the drying 
agent, the filtrate was evaporated, to give ethyl 4-cyano-5- 
methyl-4-4-(2-bromo)thienylhexanoate (2.42 g) as a yel 
low oil. The resulting bromo compound (2.42 g) was dis 
Solved in a solution in which Zinc cyanide (637 mg) and 
1,1'-bis(diphenylphosphino)ferrocene (188 mg) were dis 
solved in a mixed solution of dimethylformamide (17 mL)/ 
water (0.17 mL) under a nitrogen atmosphere. Palladium 
dibenzilideneacetone complex (124 mg) was added thereto. 
After replacing the atmosphere with nitrogen three times, the 
mixture was stirred at 120° C. for 5 hours. The organic layer 
was separated by adding water, diethyl ether and an aqueous 
ammonia water thereto. The resulting organic layer was 
washed with water and brine, and dried over anhydrous 
magnesium sulfate. After filtering off the drying agent, the 
filtrate was evaporated. The residue was purified by silica 
gel column chromatography (hexane:ethyl acetate system), 
to give the title compound as a yellow oil (338 mg, 17%, 2 
steps). (Reference literature: P. E. Maligres et al., “Tetrahe 
dron 40 (1999) 8193-8195”) 
0365 H-NMR (400 MHz, CDC1,) & 0.86 (d. J=6.8 Hz, 
3H), 1.20 (d. J=6.4 Hz, 3H), 1.23 (t, J=7.2 Hz, 3H), 
1.95-2.15 (m, 3H), 2.40-2.53 (m, 2H), 4.04-4.14 (m, 2H), 
7.48 (d. J=1.6 Hz, 1H), 7.58 (d. J=1.6 Hz, 1H). 

Reference Example 67 
4-Cyano-5-methyl-4-(2-cyano-4-thienyl)hexanol 

0366) 

NC OH 

0367 The title compound was obtained as a yellow oil in 
accordance with the above-mentioned LiBH reduction 
method (30%). 
0368 H-NMR (400 MHz, CDC1) & 0.86 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.20-1.33 (m, 1H), 1.60- 1.72 
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(m. 1H), 1.86-1.96 (m, 1H), 2.00-2.12 (m. 1H), 2.16-2.26 
(m. 1H), 3.60-3.68 (m, 2H), 7.48 (d. J=1.6 Hz, 1H), 7.57 (d. 
J=1.6 Hz, 1H). 

Reference Example 68 

1-Iodo-4-cyano-5-methyl-4-4-(2-cyano)thienyl 
hexane 

0369) 

0370. The title compound was synthesized as a yellow oil 
in accordance with the methods described in Reference 
Examples 63, 64 and 65 (91%). 

0371 'H-NMR (400 MHz, CDC1,) & 0.86 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.8 Hz, 3H), 1.20-1.30 (m, 1H), 1.40-1.55 
(m. 1H), 1.90-2.00 (m, 1H), 2.00-2.12 (m. 1H), 2.16-2.26 
(m. 1H), 3.06-3.17 (m, 1H), 3.17-3.23 (m, 1H), 7.48 (d. 
J=1.6 Hz, 1H), 7.57 (d. J= 1.6 Hz, 1H). 

Reference Example 69 

2-(2-Cyano-4-fluorophenoxy)ethylpiperazine 

0372) 

NC F 

in N-- O O 

0373 Under nitrogen atmosphere, potassium tert-butox 
ide (869 mg) was added to a tetrahydrofuran solution (10 ml) 
of benzyl 4-(2-hydroxyethyl)-1-piperazinecarboxylate (1.86 
g) in an ice bath. After stirring for one hour, the reaction 
system was transferred to a dry ice-methanol bath, and after 
10 minutes, a 2,5-difluorobenzonitrile (1.09 g)/tetrahydro 
furan solution (5 ml) was added thereto. After stirring for 2 
hours while the temperature of the reaction system was 
naturally returned to a room temperature, an aqueous satu 
rated ammonium chloride and diethyl ether were added 
thereto, to separate the organic layer. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium sulfate. After filtering off the drying 
agent, the filtrate was evaporated. The residue was purified 
by silica gel column chromatography (hexane:ethyl acetate 
system), to give a colorless oil as an intermediate (1.10 g, 
46%). The intermediate (1.10 g) was dissolved in methanol 
(10 mL), 10% palladium carbon (100 mg) was added, and 
the mixture was stirred at room temperature under hydrogen 
atmosphere. After 1.5 hours, the reaction catalyst was fil 
tered through Celite, and the filtrate was evaporated. The 
resulting title compound (647 mg, 80%) obtained was used 
for the next reaction as it was. 
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0374 Free body; 
0375 H-NMR (400 MHz, CDC1) & 2.55-2.63 (m, 4H), 
2.87 (t, J=5.7 Hz, 2H), 2.89-2.92 (m, 4H), 4.19 (t, J=5.7 Hz, 
2H), 6.93 (dd, J=4 Hz, 8.8 Hz, 1H), 7.21-7.29 (m, 2H). 

Reference Example 70 

4-Cyano-5-methyl-4-4-(2,5-dibromo)thienylhex 
anol 

0376) 
Br 

Br OH 

0377 Under nitrogen atmosphere, 4-cyano-5-methyl-4- 
(3-thienyl)hexanol (500 mg) was dissolved in dimethylfor 
mamide (5 mL), and N-bromosuccinimide (1.0 g) was added 
thereto at room temperature. After stirring at 100° C. for one 
hour, water and diethyl ether were added thereto, to separate 
the organic layer. The resulting organic layer was washed 
with water and brine, and dried over anhydrous magnesium 
sulfate. After filtering off the drying agent, the filtrate was 
evaporated. The resulting residue was purified by Silica gel 
column chromatography (hexane:ethyl acetate system), to 
give the title compound as a yellow oil (670 mg, 78%). 
0378 H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.31-1.44 (m, 1H), 1.60- 1.74 
(m. 1H), 2.08 (ddd, J=4.3 Hz, 12.1 Hz, 13.6 Hz, 1H), 2.43 
(ddd, J=4.6 Hz, 12.3 Hz, 13.6 Hz, 1H), 2.59 (sept, J=6.8 Hz, 
1H), 7.05 (s, 1H). 

Reference Example 71 

2-(4-Methylsulfonylphenoxy)ethylpiperazine 

0379) 

\/ 
HN N Olu O. 

0380 Under a nitrogen atmosphere, 4-(methylthio)phe 
nol (4.2 g) and bromoethanol (5.6 g) were dissolved in 
dimethylformamide solution (60 ml), potassium carbonate 
(12.4 g) was added, and the mixture was heating under 
stirring at 100° C. After 3 hours, the mixture was cooled to 
room temperature, then the organic layer was separated by 
adding diethyl ether and water thereto. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium Sulfate. After filtering off the drying 
agent, the mixture was evaporated. The residue was purified 
by silica gel column chromatography (hexane/ethyl acetate 
system), to give (4-methylthiophenoxy) ethanol (3.55 g, 
64%) as white crystals. The product (1.0 g) was dissolved in 
dichloromethane (50 ml), the mixture was cooled on a 
methanol-dry ice bath, methachloroperbenzoic acid (3.6 g) 
was added, and the mixture was stirred. After cooling 
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naturally to room temperature over 2 hours, a 1N aqueous 
sodium bicarbonate and 1N NaSO were added. After 
stirring, the mixture was extracted with dichloromethane, 
and dried over anhydrous magnesium sulfate. After filtering 
off the drying agent, the mixture was evaporated. The 
residue was dissolved in acetonitrile (18 ml), triethylamine 
(2.3 ml) and methanesulfonyl chloride (0.5 ml) were added, 
and the mixture was stirred at room temperature. After 1.5 
hours, Sodium iodide (4.9 g) and tert-butyl-1-piperazinecar 
boxylate (1.2 g) were added, and the mixture was heated 
under stirring at 60° C. After stirring for 4.5 hours, the 
organic layer was separated by adding ethyl acetate and 
water. The resulting organic layer was washed with water 
and brine, and dried over anhydrous magnesium sulfate. 
After filtering the drying agent, the mixture was evaporated. 
The residue was purified by silica gel column chromatog 
raphy (hexane/ethyl acetate system), to give tert-butyl-2-(4- 
methylthiophenoxy)ethyl-1-piperazinecarboxylate (1.15 g) 
as white crystals. The product (1.15 g) was dissolved in 
methanol (10 ml), and the solution was added to a 4N 
hydrochloric acid-ethyl acetate solution (30 ml) in an ice 
bath. After stirring at room temperature overnight, the 
resulting white crystals were collected by filtration and 
washed with diethyl ether. A 1N aqueous sodium hydroxide 
and dichloromethane were added to the crystals, to separate 
the organic layer. The resulting organic layer was evapo 
rated, to give the title compound as a yellow oil (820 mg. 
53%; 3 steps). 
0381 H-NMR (400 MHz, CDC1,) & 2.52-2.60 (m, 4H), 
2.83 (t, J=5.8 Hz, 2H), 2.93 (brt, J=4.8 Hz, 4H), 3.03 (s.3H), 
4.18 (t, J=5.8 Hz, 2H), 7.03 (brd, J=9.0 Hz, 2H), 7.86 (brd, 
J=9.0 Hz, 2H). 

Reference Example 72 

2-(3-Acetylphenoxy)ethylpiperazine 

0382) 

C-Cl 
0383 Under a nitrogen atmosphere, 3-hydroxyacetophe 
none (4.1 g) and brominated ethanol (5.6 g) were dissolved 
in dimethylformamide solution (60 ml), and potassium 
carbonate (12.4 g) was added, and the mixture was heated 
under stirring at 100° C. After 3 hours, the mixture was 
cooled to room temperature, and the organic layer was 
separated by adding water and diethyl ether thereto. The 
resulting organic layer was washed with water and brine, 
and dried over anhydrous magnesium sulfate. After filtering 
off the drying agent, the mixture was evaporated. The 
residue was purified by silica gel column chromatography 
(hexane/ethyl acetate system), to give (3-acetylphenoxy) 
ethanol (3.28 g. 61%) as white crystals. The product (977 
mg) was dissolved in acetonitrile (18 ml), triethylamine (2.3 
ml) and methanesulfonyl chloride (0.5 ml) were added, and 
the mixture was stirred at room temperature. After 1.5 hours, 
Sodium iodide (4.9 g) and tert-butyl-1-piperazinecarboxy 
late (1.2 g) were added, and the mixture was heated under 
stirring at 60° C. After stirring for 4.5 hours, the organic 
layer was separated by adding water and ethyl acetate 
thereto. The resulting organic layer was washed with water 
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and brine, and dried over anhydrous magnesium sulfate. 
After filtering off the drying agent, the mixture was evapo 
rated. The residue was purified by silica gel column chro 
matography (hexane/ethyl acetate system), to give tert 
butyl-2-(3-acetylphenoxy)ethyl-1-piperazinecarboxylate 
(1.33 g) as a yellow oil. The product (1.33 g) was dissolved 
in methanol (10 ml), and the solution was added to a 4N 
hydrochloric acid-ethyl acetate solution (30 ml). The mix 
ture was stirred at a room temperature overnight, the result 
ing white crystals were collected by filtration and washed 
with diethyl ether. The organic layer was separated by 
adding a 1N aqueous sodium hydroxide and dichlo 
romethane to the crystals. The resulting organic layer was 
evaporated, to give the title compound (830 mg, 62%; 2 
steps) as a yellow oil. 

0384 'H-NMR (400 MHz, CDC1,) & 2.52-2.60 (m, 4H), 
2.60 (s.3H), 2.82 (t, J=5.8 Hz, 2H), 2.93 (brt, J=4.9 Hz, 4H), 
4.16 (t, J=5.8 Hz, 2H), 7.12 (ddd, J=1.1 Hz, 2.6 Hz, 8.2 Hz, 
1H), 7.34-7.40 (m. 1H), 7.50 (dd, J=1.5 Hz, 2.6 Hz, 1H), 
7.54 (ddd, J=1.1 Hz, 1.5 Hz, 7.5 Hz, 1H). 

Reference Example 73 

1-4-Cyano-5-methyl-4-(2-thienyl)hexylpiperazine 

0385) 

W \ N 

O NH 
0386 tert-Butyl-1-piperazinecarboxylate (540 mg) was 
added to an acetonitrile Solution (11 ml) of 1-iodo-4-cyano 
5-methyl-4-(2-thienyl)hexane (744 mg) and triethylamine 
(0.93 ml) synthesized according to Example 84, and the 
mixture was stirred at 50° C. for 5 hours under nitrogen 
atmosphere. The reaction Solution was evaporated, and then 
the resulting crude product was purified by silica gel column 
chromatography (hexane/ethyl acetate system), to give a 
colorless oil (705 mg, 81%). The resulting product (705 mg) 
was dissolved in methanol (5 ml), a 4N hydrochloric acid 
ethyl acetate solution (15 ml) was added, and the mixture 
was stirred for 10 hours. Diethyl ether and ethyl acetate were 
added, and the mixture was stirred in an ice bath. The 
resulting hydrochloride of the title compound was collected 
by filtration (white crystals, 490 mg, 75%). The hydrochlo 
ride of the title compound obtained was extracted with 
dichloromethane and an aqueous saturated Sodium bicar 
bonate, to be converted into a free body, and it was used for 
the next reaction. 

0387 Hydrochloride: 

0388 H NMR (400 MHz, DMSO-d) & 0.82 (d. J=6.8 
Hz, 3H), 1.10 (d. J=6.6 Hz, 3H), 1.30-1.55 (m, 1H), 1.60 
1.83 (m, 1H), 1.83-2.00 (m. 1H), 2.22-2.30 (m, 2H), 3.00 
3.80 (m, 10H), 7.07 (dd, J=5.1 Hz, 3.5 Hz, 1H), 7.11 (dd, 
J=3.5 Hz, 1.3 Hz, 1H), 7.59 (dd, J=5.1 Hz, 1.3 Hz, 1H), 
9.30-9.70 (m, 2H). 

0389 ESI-MS (m/e): 292 (M+H). 
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Reference Example 74 

1-3-Cyano-4-methyl-3-(2-thienyl)pentylpiperazine 

0390) 

0391 The title compound was synthesized in accordance 
with the production method of Reference Example 73. 
0392 Free body: 
0393) 'H NMR (400 MHz, CDC1,) & 0.91 (d. J=6.6 Hz, 
3H), 1.19 (d. J=6.8 Hz, 3H), 1.50-1.60 (m, 1H), 1.88-1.98 
(m. 1H), 2.20-2.18 (m, 2H), 2.28-2.52 (m, 6H), 2.83-2.90 
(m, 4H), 6.94-6.98 (m, 1H), 7.10-7.13 (m. 1H), 7.25-7.30 
(m. 1H). 

Reference Example 75 

4-(1,4-Diazepan-1-yl)-1-isopropyl-1-phenylbutyl 
cyanide 

0394) 

0395. The title compound was synthesized from tert 
butyl-1-homopiperazinecarboxylate in accordance with Ref 
erence Example 73. 
0396 Free body: 
0397) 'H NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.02-1.20 (m. 1H), 1.20 (d. J=6.6 Hz, 3H), 1.44-1.62 
(m. 1H), 1.64-1.74 (m, 2H), 1.85-1.95 ( m, 1H), 2.06-2.20 
(m. 2H), 2.36-2.48 (m, 2H), 2.50-2.59 (m, 4H), 2.80-2.86 
(m. 2H), 2.89 (t, J=6.1 Hz, 2H), 7.25-7.34 (m. 1H), 7.36 
7.40 (m, 4H). 

Reference Example 76 

1-(Vinylsulfonyl)piperidine 

0398 

0399 H NMR (400 MHz, CDC1,) & 1.47-1.60 (m, 2H), 
1.60- 1.70 (m, 4H), 3.07-3.18 (m, 4H), 5.99 (d. J=9.9 Hz, 
1H), 6.20 (d. J=16.7 Hz, 1H), 6.41 (dd, J=16.7 Hz, 9.9 Hz, 
1H). 
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Reference Example 77 

1,2,3,4-Tetrahydro-1-quinolinyl vinylsulfone 

04.00 

4\s-N 
MV 
O O 

0401 "H NMR (400 MHz, CDC1) & 1.95-2.05 (m, 2H), 
2.81 (t, J=6.8 Hz, 2H), 3.75-3.85 (m, 2H), 5.91 (d. J=10.4 
HZ, 1H), 6.23 (d. J=16.4 Hz, 1H), 6.46 (dd, J=16.4 Hz, 10.4 
HZ, 1H), 7.00-7.20 (m3H), 7.65 (d. J=8.4 Hz, 1H). 

Reference Example 78 

5-(2,5-Dihydro-1H-1-pyrrolyl)-2-isopropyl-5-oxo-2- 
(2-thienyl)pentanenitrile 

0402 

0403. Under nitrogen atmosphere, diethyl cyanophos 
phonate (618 mg) was added to a tetrahydrofuran Solution 
(15 ml) of 3-pyrroline (262 mg) and 4-cyano-4-(2-thienyl)- 
5-methylhexanoic acid (692 mg) at room temperature, and 
the mixture was stirred overnight. After the reaction solution 
was evaporated, the crude product was purified by silica gel 
column chromatography (hexane/ethyl acetate system), to 
give the title compound as a yellow oil (440 mg). 
0404 H NMR (400 MHz, CDC1) & 0.92 (d. J=6.8 Hz, 
3H), 1.22 (d. J=6.6 Hz, 3H), 2.00-2.30 (m, 3H), 2.40-0.60 
(m. 2H), 4.00-4.30 (m, 4H), 5.70-5.80 (m. 1H), 5.80-5.90 
(m. 1H), 6.87-7.00 (m 1H), 7.15 (m, 1H), 7.23-7.26 (m. 1H). 
0405. In the physico-chemical data of the following com 
pounds, the values obtained when NMR was measured for 
a free body and ESI-MS was measured for a hydrochloride. 
Further, the hydrochloride was produced in accordance with 
the method described in JP-A 11-206862. 

Reference Example 79 

1-4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3R)-3-tert-butoxycarbonylaminopyrrolidine 

0406) 

NC S CN 

\ / OH 
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-continued 

NC S CN 

CS NHBoc 
04.07 867 mg (3.49 mmol) of 4-cyano-4-(5-cyano-2- 
thienyl)-5-methylhexanol was dissolved in 20 ml of aceto 
nitrile. 0.58 ml (1.20 eq) of triethylamine and 0.30 ml (1.10 
eq) of mesyl chloride were added thereto. After 10 minutes, 
brine was added, and the objective product was extracted 
with ethyl acetate. The organic layer was washed with brine, 
and then dried over anhydrous magnesium sulfate. The 
Solvent was evaporated, to give a crude product. The product 
was dissolved in 30 ml of acetonitrile, 1.57 g (3.00 eq) of 
sodium iodine, 0.54ml (1.10 eq) of triethylamine and 845 
mg (4.54 mmol) of (3R)-3-tert-butoxycarbonylaminopyrro 
lidine were added, and the mixture was heated at 60° C. 
After completion of the reaction, brine was added, and the 
objective product was extracted with ethyl acetate. The 
organic layer was washed with brine, and then dried over 
anhydrous magnesium sulfate. The solvent was evaporated, 
to give a crude product. The crude product was Subjected to 
100 g of Cromatorex NH silica gel (ethyl acetate:hexane=25 
to 35% of ethyl acetate), to give 1.34 g (3.21 mmol, 92.0%) 
of the title compound as a yellow oil. The physico-chemical 
data of the compound was as below. 
0408. 'H-NMR (400 MHz, CDC1,) & 0.92 (d. J=6.4 Hz, 
3H), 1.21 (d. J=6.8 Hz, 3H), 1.17-1.30 (m. 1H), 1.44 (s, 9H), 
1.50-1.70 (m, 1H), 1.72-1.84 (m. 1H), 2.00-2.12 (m. 1H), 
2.15-2.30 (m, 3H), 2.31-2.49 (m, 4H), 2.49-2.55 (m, 1H), 
2.62-2.75 (m. 1H), 4.07-4.20 (m, 1H), 4.70-4.82 (brd-s, 1H), 
7.15 (d. J=3.6 Hz, 1H), 7.52 (d. J=3.6 Hz, 1H) 

Reference Example 80 
1-4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 

(3R)-3-aminopipyrrolidine 
04.09 

NC S CN 

CS N 
NHBoc 

NC S CN 

CS NH2 
0410 1-4-Cyano-4-(5-cyano-2-thienyl)-5-methyl 
hexyl)-(3R)-3-tert-butoxycarbonylaminopyrrolidine (1.34 
g=3.2.1 mmol) obtained in Reference Example 79 was 
dissolved in 10 ml of methanol, and 10 ml of a 4N hydro 
chloric acid-ethyl acetate Solution was added. After comple 
tion of the reaction, the mixture was adjusted to basic with 
a 5N sodium hydroxide, and extracted with chloroform. The 
organic layer was dried over magnesium sulfate, and then 
evaporated, to give 998 mg (3.15 mmol. 99.5%, a red oil) of 
a crude product. The physico-chemical data of the com 
pound was as below. 
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0411 H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.8 Hz, 
3H), 1.21 (d. J=6.4 Hz, 3H), 1.18-1.32 (m, 1H), 1.39-1.71 
(m. 2H), 1.75-1.85 (m, 1H), 2.01-2.19 (m, 2H), 2.19-2.29 
(m. 2H), 2.32-2.41 (m. 2H), 2.42-2.51 (m. 1H), 2.57-2.66 
(m. 2H), 3.45-3.52 (m. 1H), 7.15 (d. J=3.6 Hz, 1H), 7.52 (d. 
J=3.6 Hz, 1H) 

Reference Example 81 

Production of 1-4-cyano-4-(5-cyano-2-thienyl)-5- 
methylhexyl)-(3R)-3-N-(2-cyanoethyl)aminolpyrro 

lidine 

0412 

rocco. H 

0413 998 mg (3.15 mmol) of 1-4-Cyano-4-(5-cyano-2- 
thienyl)-5-methylhexyl)-(3R)-3-aminopipyrrolidine 
obtained in Reference Example 80 was dissolved in 25 ml of 
methanol, 0.26 ml (3.94 mmol) of acrylonitrile was added, 
and the reaction solution was heated under reflux. After 
completion of the reaction, the mixture was evaporated, to 
give a crude product. The crude product was subjected to 50 
g of Cromatorex NH silica gel (100% of ethyl acetate), to 
give 1.01 g (2.73 mmol. 86.7%) of the title compound as an 
orange oil. The physico-chemical data of the compound was 
as below. 

0414 'H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.4 Hz, 
3H), 1.21 (d. J=6.4 Hz, 3H), 1.20-1.31 (m, 1H), 1.48-1.71 
(m. 2H), 1.76-1.86 (m, 1H), 2.02-2.15 (m, 2H), 2.18-2.29 
(m. 1H), 2.30-2.39 (m, 3H), 2.43-2.56 (m, 4H), 2.56-2.64 
(m. 1H), 2.86 (t, J=6.4 Hz, 2H), 3.25-3.33 (m. 1H), 7.16 (d. 
J=4.0 Hz, 1H), 7.52 (d. J=4.0 Hz, 1H) 

Reference Example 82 

1-4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
piperazine 

0415) 

Her 

-NNBoc 
Nu 

roleu 
role 
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-continued 

NC S CN 

Nu 
0416) 1-4-cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
4-(tert-butoxycarbonyl)piperazine was synthesized from 
4-cyano-4-(5-cyano-2-thienyl)-5-methylhexyl iodide and 
tert-butyl 1-piperazinecarboxylate in accordance with the 
production method of Example 77. The title compound was 
obtained by carrying out the deprotection of a Boc group in 
accordance with the production method of Reference 
Example 79. The physico-chemical data of the compound 
was as below. 

0417 'H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.4 Hz, 
3H), 1.21 (d. J=6.8 Hz, 3H), 1.20-1.32 (m, 1H), 1.59-1.83 
(m. 2H), 2.01-2.11-1.80 (m, 1H), 2.17-2.40 (m, 7H), 2.80 
2.92 (m, 4H), 7.15 (d. J=4.0 Hz, 1H), 7.51 (d. J=4.0 Hz, 1H) 

Reference Example 83 

1-4-Cyano-5-methyl-4-(4-fluorophenyl)hexylpip 
erazine 

0418) 

0419. The title compound was synthesized in accordance 
with Reference Example 73. 

0420 Free body: 

0421 'H NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.08-1.17 (m. 1H), 1.19 (d. J=6.6 Hz, 3H), 1.52-1.62 
(m. 1H), 1.81-1.89 (m, 1H), 2.04-2.18 (m, 2H), 2.22-2.29 
(m, 6H), 2.83-2.87 (im, 4H), 7.04-7.08 (m, 2H), 7.32-7.36 
(m. 2H). 

Reference Example 84 

1-4-Cyano-5-methyl-4-(3-fluorophenyl)hexylpip 
erazine 

0422 
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0440 Methyl 4-fluorophenylacetate (10.0 g) was dis 
solved in tetrahydrofuran (150 ml), and 60% sodium hydride 
(5.95 g) was added under ice-cooling. After stirring for 10 
minutes under ice cooling, 1,5-dibromopentane (11.3 ml) 
was added dropwise thereinto over one hour. After stirring 
at room temperature overnight, ice-water was added thereto, 
and the mixture was extracted with ethyl acetate. The extract 
was washed with brine, dried over anhydrous magnesium 
sulfate and evaporated. The resulting residue was purified by 
silica gel column chromatography (n-hexane/ethyl acetate 
system), to give 7.37 g (53%) of an oil. 
0441 The above-mentioned oil (7.37 g) was dissolved in 
tetrahydrofuran (100 ml), and a diethyl ether solution (18.7 
ml) of 1.0M lithium aluminum hydride was added dropwise 
thereinto at -50 to -40°C. After stirring at this temperature 
for 20 minutes, water, a 5N aqueous sodium hydroxide and 
further water were added under ice-cooling. The insoluble 
matters were filtered off through Celite, and the filtrate was 
evaporated. The resulting residue was purified by Silica gel 
column chromatography (n-hexane/ethyl acetate system), to 
give 3.43 g (53%) of an oil. 
0442. Oxalyl chloride (1.05 ml) was dissolved in meth 
ylene chloride (25 ml), and a methylene chloride solution (5 
ml) of dimethyl sulfoxide (0.85 ml) was added dropwise at 
-60 to -50° C. After stirring for 2 minutes, a methylene 
chloride solution (10 ml) of the above-mentioned oil (2.08 
g) was added dropwise therinto within 5 minutes. After 
stirring for 15 minutes at this temperature, triethylamine 
(6.96 ml) was added. After stirring for 5 minutes, the 
temperature was raised to room temperature. The mixture 
was washed with water and brine, dried over anhydrous 
magnesium sulfate and evaporated, to give 1.91 g (93%) of 
an oil. 

0443 60% Sodiumhydride (0.55 g) was suspended in 
tetrahydrofuran (10 ml), and triethylphosphonoacetate (2.73 
ml) in tetrahydrofuran (5 ml) was added dropwise thereinto 
under ice-cooling. After stirring for 15 minutes under ice 
cooling, a tetrahydrofuran solution (15 ml) of the above 
mentioned oil (1.89 g) was added dropwise thereinto. After 
stirring for 15 minutes at this temperature, the mixture was 
further stirred at room temperature for one hour. An aqueous 
saturated ammonium chloride was added thereto and the 
mixture was extracted with ethyl acetate. The extract was 
washed with brine, dried over anhydrous magnesium Sulfate 
and evaporated. The resulting residue was purified by silica 
gel column chromatography (n-hexane/ethyl acetate sys 
tem), to give 2.07 g (82%) of an oil. 

0444 The above-mentioned oil (1.02 g) was dissolved in 
ethanol (20 ml), 10% palladium-carbon (0.2 g) was added, 
and hydrogenation was carried out at room temperature 
under a normal pressure for 30 minutes. After filtering off 
the catalyst, the filtration was evaporated. The resulting 
residue was purified by silica gel column chromatography 
(n-hexane/ethyl acetate system), to give 0.97g (94%) of an 
oil. 

0445. The above-mentioned oil (9.03 g) was dissolved in 
ethanol (50 ml), and a 2N aqueous sodium hydroxide (50 
ml) was added. After heating under reflux for 2 hours, the 
mixture was cooled to room temperature, and evaporated. 
The resulting residue was suspended in ethyl acetate, and the 
mixture was adjusted to pH 2 with 5N hydrochloric acid. 
After drying over anhydrous magnesium sulfate, the mixture 
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was evaporated. The resulting residue was recrystallized 
from ethyl acetate/n-hexane, to give 6.45 g (79%) of white 
crystals. 

0446 1-Benzylpiperazine (2.82 g) was dissolved in N.N- 
dimethylformamide (40 ml), and the above-mentioned crys 
tals (4.00 g) and 1-hydroxybenzotriazole (2.16 g) were 
added. Under ice-cooling, a N,N-dimethylformamide solu 
tion (30 ml) of 1,3-dicyclohexylcarbodiimide (3.63 g) was 
added dropwise thereinto. After stirring at room temperature 
overnight, the insoluble matters were filtered off, and the 
filtrate was extracted with ethyl acetate and 1N hydrochloric 
acid. The extract was washed with a 2N aqueous sodium 
hydroxide and brine, dried over anhydrous magnesium 
sulfate and evaporated. The resulting residue was purified by 
silica gel column chromatography (n-hexane/ethyl acetate 
system), to give 6.23 g (95%) of the title compound as an oil. 

0447 'NMR (400 MHz, CDC1) & 1.29-1.50 (m, 4H), 
1.50-1.63 (m, 4H), 1.80-1.94 (m, 4H), 1.99-2.07 (m, 2H), 
2.27 (t, J=4.8 Hz, 2H), 2.34 (t, J=4.8 Hz, 2H), 3.10 (t, J=4.8 
Hz, 2H), 3.47 (s 2H), 3.54 (t, J=4.8 Hz, 2H), 6.96-7.02 (m, 
2H), 7.22-7.34 (m, 7H). 

0448 ESI-Mass: 409 (MH"). 

Reference Example 90 

1-Benzyl-4-3-1-(4-fluorophenyl)cyclohexylpro 
pylpiperazine 

0449) 

F 

-> N 

0450 1-Benzyl-4-3-1-(4-fluorophenyl)cyclohexyl)-1- 
oxopropylpiperazine (5.90 g) was dissolved in tetrahydro 
furan (100 ml), and 80% lithium aluminumhydride (1.03 g) 
was added thereto under ice-cooling. After heating under 
reflux for 1.5 hours, the mixture was cooled as it was to room 
temperature. Under ice-cooling, water, a 1N aqueous sodium 
hydroxide and further water were added thereto, and the 
insoluble matters were filtered off. The filtrate was evapo 
rated, and the resulting residue was recrystallized from 
ethanol, to give 4.48 g (79%) of the title compound as white 
crystals. 

0451 'H-NMR (400 MHz, CDC1) & 1.06-1.15 (m, 2H), 
1.28-1.58 (m, 12H), 1.98-2.06 ( m, 2H), 2.14 (t, J=8 Hz, 2H), 
2.20-2.54 (m, 8H), 3.47 (s 2H), 6.93-7.00 ( m, 2H), 7.20 
7.32 (m, 7H). 

04.52 ESI-Mass: 395 (MH"). 
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Reference Example 91 

4-3-1-(4-Fluorophenyl)cyclohexylpropylpiperazine 

0453 

F 

- N- NH 
0454 1-Benzyl-4-3-1-(4-fluorophenyl)cyclohexylpro 
pylpiperazine (4.00 g) was dissolved in methanol (100 ml), 
and 20% palladium hydroxide-carbon (0.4 g) was added, 
and hydrogenation was carried out at room temperature 
under a normal pressure for 6 hours. After filtering off the 
catalyst, the filtrate was evaporated, to give 3.09 g of the title 
compound as an oil (quantitative). 

0455 H-NMR (400 MHz, CDC1,) & 1.07-1.17 (m. 2H), 
1.28-1.60 (m. 10H), 1.75 (bs, 1H), 1.99-2.07 (m, 2H), 2.12 
(t, J=8 Hz, 2H), 2.25 (bs, 4H), 2.82 (t, J=4.8 Hz, 2H), 
6.94-7.01 (m, 2H), 7.21-7.27 (m, 2H). 

04.56 ESI-Mass: 305 (MH"). 

Reference Example 92 

Ethyl 4-(4-cyano-5-methyl-4-phenylhexyl)-2-pipera 
Zinecarboxylate 

0457) 

CN 

NH 

COEt 

C 
04.58 Ethyl 1-benzyl-4-(4-cyano-5-methyl-4-phenyl 
hexyl)-2-piperazinecarboxylate (857 mg) was dissolved in 
ethanol (15 ml), and 770 mg of 10% Pd C was added. After 
replacing the atmosphere with hydrogen, the mixture was 
stirred. After completion of the reaction, the solution was 
evaporated, to give 639 mg (93%) of the title compound as 
a crude product. 

0459 Free body: 

0460 "H NMR (400 MHz, CDC1) & 0.77 (d. J=6.6 Hz, 
3H), 1.08-1.16 (m, 1H), 1.20 (d. J=6.6 Hz, 3H), 1.22-1.29 
(m, 3H), 1.53-1.64 (m, 1H), 1.86-1.95 (m. 1H), 2.05-2.33 
(m, 6H), 2.41-2.49 (m. 1H), 2.74-2.83 (m, 2H), 2.97-3.04 ( 
m, 1H), 3.47-3.52 (m, 1H), 4.14-4.21 (m, 2H), 7.26-7.31 (m, 
1H), 7.34-7.39(m, 4H). 
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Reference Example 93 

Ethyl 
4-2-(4-fluorophenoxy)ethyl)-2-piperazinecarboxylate 

0461) 
COEt 

/ K. Her 
\ \--()– 

COEt 

0462 Ethyl 1-benzyl-4-2-(4-fluorophenoxy)ethyl-2- 
piperazinecarboxylate (977 mg) synthesized in accordance 
with Example 241 described later was dissolved in ethanol 
(15 ml), and 210 mg of 10% Pd C was added. After 
replacing the atmosphere with hydrogen, the mixture was 
stirred. After completion of the reaction, the solution was 
evaporated, to give 752 mg (100%) of the title compound as 
a crude product. 
0463 Free body: 
0464) "H NMR (400 MHz, CDC1) & 1.24-128 (m, 3H), 
2.33-2.34 (m. 1H), 2.48-2.50 (m, 1H), 2.72-2.91 (m, 4H), 
3.04-3.10 (m, 2H), 3.56-3.59 (m, 1H), 4.04-4.08 (m, 2H), 
4.16-4.22 (m, 2H), 6.82-6.86 (m, 2H), 6.94-6.99 (m, 2H). 
0465 Among the production intermediates for producing 
the compound according to the present invention, optically 
active intermediates can be produced in accordance with 
known production methods or methods according to them, 
and additionally, for example, can be produced according to 
the following methods. 

Reference Example 94 

3-Methyl-2-(2-thienyl)butanenitrile 

0466) 

O) - O 
0467 47.6 g (0.39 mol) of 2-thiopheneacetonitrile and 
57.0 g (0.46 mol) of 2-bromopropane were dissolved in 100 
ml of DMSO, and a 50% KOH adueous solution was added 
dropwise to the solution. After completion of the reaction, 
water was added, and the mixture was extracted with tolu 
ene. After washing with brine and an aqueous Saturated 
ammonium chloride, the mixture was dried over magnesium 
Sulfate and evaporated, to give a crude product. The crude 
product was subjected to distillation under a reduced pres 
sure (2 to 3 mmHg: 132 to 137 deg), to give 46.4 g (0.28 
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mol, 72.7%) of the title compound as a colorless oil. The 
physico-chemical data of the compound was as below. 

0468 H-NMR (400 MHz, CDC1) & 1.08 (d. J=6.8 Hz, 
3H), 1.12 (d. J=6.8 Hz, 3H), 2.14-2.24 (m, 1H), 3.95 (d. 
J=6.0 Hz, 1H), 6.99 (dd, J=4.0 Hz, 5.20 Hz, 1H), 7.05 
7.08(m. 1H), 7.27(dd, J=1.2 Hz, 5.2 Hz, 1H) 

Reference Example 95 

Ethyl 4-cyano-5-methyl-4-(2-thienyl)hexanolate 

0469 

S S 

CN 

COOEt 

0470) 1.49 g (13.3 mmol, cat.) of potassium tert-butoxide 
was dissolved in 120 ml of DMF, and a mixed solution of 
43.9 g (0.27 mol) of 3-methyl-2-(2-thienyl)butanenitrile and 
30.2 ml (0.28 mol) of ethyl acrylate was added little by little 
to the Solution at room temperature. (when a raw material 
remains, ethyl acrylate and potassium tert-butoxide were 
additionally added.) It was exothermically continued during 
the addition. After completion of the reaction, 100 ml of 
brine and 200 ml of an aqueous Saturated ammonium 
chloride were successively added, and the objective product 
was extracted with 500 ml of hexane. The organic layer was 
washed with 400 ml of brine, and dried over anhydrous 
magnesium sulfate. The solvent was evaporated, to give 67.0 
g of a crude product of an ester(ethyl 4-cyano-5-methyl-4- 
(2-thienyl)hexanolate) as a yellow oil. The physico-chemi 
cal data of the compound was as below. 

0471 'H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.8 Hz, 
3H), 1.22 (d. J=7.1 Hz, 3H), 1.23 (t, J=7.1 Hz, 3H), 
2.01-2.19 (m, 3H), 2.41-2.58 (m, 2H), 4.01-4.15 (m, 2H), 
6.96 (dd, J=3.6 Hz, 5.1 Hz1H), 7.12 (dd, J=1.2 Hz, 3.6 Hz, 
1H), 7.29 (dd, J=1.2 Hz, 5.1 Hz, 1H) 

Reference Example 96 

Cyclohexylamine salt of 
dl-4-cyano-4-(2-thienyl)-5-methylhexanoic acid 

0472) 

S 

7 CN -3- 

COOEt 

S 

/ CN Ho 

COOH 
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-continued 

S 

/ CN 

COOH NH2 

0473 67.0 g of the above-mentioned ester obtained in 
Referential Example 95 was dissolved in 500 ml of tetrahy 
drofuran, 200 ml of 5N NaOH and 50 ml of ethanol were 
added to the solution, and the mixture was stirred. After 
completion of the reaction, the solution was evaporated. The 
aqueous layer containing the objective product was washed 
4 times with 200 ml of toluene. Then, 320 ml of 5N HCl was 
added thereto, to adjust pH to 1-2, and the objective product 
was extracted with 750 ml of toluene. The organic layer was 
washed with brine, and then dried over anhydrous magne 
sium sulfate. The solvent was evaporated, to give 55.6 g. 
(yellow oil) as a crude carboxylic acid. The carboxylic acid 
was dissolved in 150 ml of toluene, and 22.5 g (0.23 mol) 
of cyclohexylamine was added. The resulting white crystals 
were collected by filtration, to give 55.6 g (0.17 mol) of the 
title compound. The physico-chemical data of the compound 
was as below. 

0474 'H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.8 Hz, 
3H), 1.20 (d. J=6.4 Hz, 3H), 1.20-1.40 (m, 6H), 1.57-1.67 
(m. 1H), 1.72-1.81 (m, 2H), 1.92-2.11 (m, 5H), 2.30-2.42 
(m. 1H), 2.44-2.54 (m, 1H), 2.85-2.96 (m, 1H), 6.95 (dd. 
J=3.2 Hz, 5.2 Hz1H), 7.11 (dd, J=1.2 Hz, 3.2 Hz, 1H), 
7.25-728 (m, 1H) 

Reference Example 97 

Ethylamine salt of 4-cyano-4-(2-thienyl)-5-methyl 
hexanoic acid. (S)-1-(4-methylphenyl) 

0475) 

S --- 

/ CN 

COOH NH2 

S 

/ CN --- 

COOH 

HN 

CN / . 
COOH 

0476 55 g (0.16 mol) of cyclohexylamine salt of dl-4- 
cyano-4-(2-thienyl)-5-methylhexanoic acid was suspended 
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in 100 ml of 5N HCl and 50 ml of water, and the mixture was 
extracted with 300 ml of toluene. The extract was washed 
with 2N HCl and brine, and dried over anhydrous magne 
sium sulfate. The solvent was evaporated, to give 38.7 g 
crude carboxylic acid. 38.7 g of the crude d1-4-cyano-4-(2- 
thienyl)-5-methylhexanoic acid was dissolved in 120 ml of 
toluene. 18.8 g (0.14 mol, 0.85 eq) of (S)-1-(4-methylphe 
nyl)ethylamine/40 ml of toluene was added to the solution 
containing this carboxylic acid. To the mixture was added 
the crystals (6 mg) of the title compound previously pre 
pared, and the mixture was cooled as it was. The resulting 
diastereomer salt (Salt 1) was collected by filtration. The 
Salt 1 was dissolved by heating in 250 ml of toluene, and the 
mixture was cooled as it was to room temperature under 
stirring. The resulting diastereomer salt (Salt 2: optical 
purity of 90.5% ee) was collected by filtration, to give 21.3 
g(57.2 mmol, 35.1%) (optical purity of 90.5% ee) of the title 
compound. 

Example 2 

0477 d1-4-Cyano-4-(2-thienyl)-5-methylhexanoic acid 
(96.6 mmol) was converted into a salt in accordance with the 
above-mentioned dividing method and crystallized, and then 
recrystallization was repeated twice, to give 14.5 g (38.9 
mmol. 40.3%) (optical purity of 95% ee.<) of the title 
compound. The physico-chemical data of the compound was 
as below. Further, the condition for HPLC analysis was 
shown below, and the analysis data (HPLC chart) were 
shown in FIG. 1. 

0478 H-NMR (400 MHz, CDC1,) & 0.91 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.4 Hz, 3H), 1.42 (d. J=6.8 Hz, 3H), 
1.95-2.11 (m, 3H), 2.33 (s, 3H), 2.30-2.50 (m, 2H), 3.74 
(brd-s, 3H), 6.95 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.10 (dd, J=1.2 
Hz, 3.6 Hz, 1H), 7.14 (d. J=8.4 Hz, 2H), 7.21 (d. J=8.4 Hz, 
2H), 7.25-7.29 (m, 1H) 
Condition for HPLC Analysis: 
0479 Column: Daicel Chemical 
CHIRALCEL OJ, 4.6x250 mm 

0480 Mobile phase: 20% (B), p 

0481 (A) Mixed solution of n-hexane/trifluoroacetic acid 
(1000:1) 
0482 (B) Mixed solution of n-hexanefisopropanol/trif 
luoroacetic acid (500:500:1) 
0483 Flow rate: 0.5 ml/min. 
0484) Detector: UV 231 nm 
0485) Retention time: 15.5 min. 

Industries, Ltd., 

Reference Example 98 

4-Cyano-4-(2-thienyl)-5-methylhexanoic acid. (S)-1- 
phenylethylamine salt 

0486) 

S 

/ CN 

COOH 
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-continued 
HN 

/ : CN 

COOH 

0487. Optically active 4-cyano-4-(2-thienyl)-5-methyl 
hexanoic acid.(S)-1-phenylethylamine salt (107.7 g., 39%) 
(white crystals, optical purity of 96.9% ee) could be 
obtained also by using (S)-1-phenylethylamine (67.4 g) and 
toluene (990 ml) to d1-4-cyano-4-(2-thienyl)-5-methylhex 
anoic acid (168.8 g) in accordance with the method of 
Reference Example 97. The physico-chemical data of the 
compound was as below. 
0488 H-NMR (400 MHz, CDOD) 8 0.94 (d. J=7 Hz, 
3H), 1.23 (d. J=7 Hz, 3H,), 1.65 (d. J=7 Hz, 3H), 2.02 (ddd, 
J=15 Hz, 12 Hz, 4 Hz, 1H), 2.14 (ddd, J=14 Hz, 12 Hz, 4 Hz, 
1H), 2.18 (qq, J=7 Hz, 7 Hz, 1H), 2.33 (ddd, J=15 Hz, 12 Hz, 
4 Hz, 1H), 2.52 (ddd, J-14 Hz, 12 Hz, 4 Hz, 1H), 4.44 (q. 
J=7 Hz, 1H), 7.04 (dd, J=5 Hz, 3 Hz, 1H), 7.14 (dd, J=3 Hz, 
1 Hz, 1H), 7.44 (dd, J=5 HZ, 1 Hz, 1H), 7.40-7.50 (m, 5H). 
0489 EI-Mass(m/z): 135, 177, 195, 273 (Mt) 
0490 Melting point: 136-144° C. 
0491 Condition for HPLC analysis: 
0492 Column: Daicel Chemical Industries Ltd., (Tokyo) 
CHIRALCEL OJ, 

0493 Mobile phase: 10% (B), 
0494 (A) n-hexane/trifluoroacetic acid (1000:1) 
0495 (B) 
(500:500:1) 
0496 Flow rate: 0.5 ml/min. 
0497) Detector: UV 231 nm 
0498 Retention time: 26.2 min. 

n-hexane/2-propanol/trifluoroacetic acid 

Reference Example 99 

4-Cyano-4-(2-thienyl)-5-methylhexanoic acid.(R)-1- 
phenylethylamine salt 

0499) 

S 

/ CN He 

COOH 

S 

Z : CN 

COOH 
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0500 The title compound was obtained as white crystals 
using (R)-1-phenylethylamine and dl-4-cyano-4-(2-thienyl)- 
5-methylhexanoic acid in accordance with the method of 
Reference Example 98. 
0501 Melting point: 136-144° C. 
0502 Condition of HPLC Analysis: 
0503 Column: Daicel Chemical Industries Ltd., (Tokyo) 
CHIRALCEL OJ, 
0504 Mobile phase: 10% (B), 
0505 (A) n-hexane/trifluoroacetic acid (1000:1) 
0506 (B) 
(500:500:1) 
0507 Flow rate: 0.5 ml/min. 
0508) Detector: UV 231 nm 
05.09 Retention time: 19.9 min. 

n-hexane/2-propanol/trifluoroacetic acid 

Reference Example 100 

4-Cyano-4-(3-thienyl)-5-methylhexanoic acid. (S)-1- 
(4-methylphenyl)ethylamine Salt 

0510) 

S N CN 
S. 

COOH 
HN 

COOH 

0511. 5.6 g (optical purity of 86.7% ee) of the title 
compound was obtained as white crystals from dl-4-cyano 
4-(3-thienyl)-5-methylhexanoic acid (11.4 g) and (S)-1-(4- 
methylphenyl)ethylamine (5.45 g) synthesized in accor 
dance with Reference Examples 96 and 97. The physico 
chemical data of the compound was as below. Further, the 
condition for HPLC analysis was shown below, and the 
analysis data (HPLC chart) were shown in FIG. 2. 
0512 Free body: 4-Cyano-4-(3-thienyl)-5-methylhex 
anoic acid; 
0513) H-NMR (400 MHz, CDC13) & 0.85 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.6 Hz, 3H), 2.02-2.18 (m, 3H), 2.38-2.58 
(m. 2H), 6.94 (dd, J=3.1 Hz, 1.5 Hz, 1H), 7.30 (dd, J=3.1 Hz, 
1.5 Hz, 1H), 7.38 (dd, J=5.1 Hz, 3.1 Hz, 1H). 
0514 Salt: 4-Cyano-4-(3-thienyl)-5-methylhexanoic 
acid. (S)-1-(4-methylphenyl)ethylamine salt 

0515) 'H-NMR (400 MHz, CDC13) & 0.83 (d. J=6.8 Hz, 
3H), 1.15 (d. J=6.6 Hz, 3H), 1.42 (d. J=6.6 Hz, 3H), 
1.80-2.10 (m, 3H), 2.27-2.42 (m, 2H), 2.33 (s, 3H), 4.14 (q, 
J=6.8 Hz, 1H), 6.91 (dd, J=5.1 Hz, 1.5 Hz, 1H), 7.13 (brd, 
J=8.0 Hz, 2H), 7.20 (brd, J=8.0 Hz, 2H). 7.24 (dd, J=3.1 Hz, 
1.5 Hz, 1H), 7.33 (dd, J=5.1 Hz, 3.1 Hz, 1H). 
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0516 Melting point: 140-143° C. 

0517 Condition of HPLC Analysis: 

0518 Column: Daicel Chemical Industries Ltd., (Tokyo) 
CHIRALCEL OJ, 

0519 Mobile phase: Hexane:IPA:TFA (900: 100:1) 

0520 Flow rate: 0.5 ml/min. 

0521) Detector: UV 235 nm. 

0522) Retention time: 15.7 min. 

Reference Example 101 

Optically active 
4-cyano-4-(3-thienyl)-5-methylhexanoic acid 

0523 
HN 

COOH 

COOH 

0524. The free body of the title compound (3.94 g) was 
obtained by treating 4-cyano-4-(3-thienyl)-5-methylhex 
anoic acid. (S)-1-(4-methylphenyl)ethylamine salt (5.6 g) 
with an aqueous hydrochloric acid, in accordance with the 
method of Reference Example 97, to produce the title free 
compound (3.94 g). The physico-chemical data of the com 
pound was as below. Further, the condition of HPLC analy 
sis are shown below, and the analysis data (HPLC chart) are 
shown in FIG. 2. 

0525 H-NMR (400 MHz, CDC13) & 0.85 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.6 Hz, 3H), 2.02-2.18 (m, 3H), 2.38-2.58 
(m. 2H), 6.94 (dd, J=3.1 Hz, 1.5 Hz, 1H), 7.30 (dd, J=3.1 Hz, 
1.5 Hz, 1H), 7.38 (dd, J=5.1 Hz, 3.1 Hz, 1H). 

Reference Example 102 

4-Cyano-4-(3-thienyl)-5-methylhexanoic acid.(R)-1- 
(4-methylphenyl)ethylamine Salt 

0526) 

S N CN 
S. 

COOH 
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-continued 

COOH 

0527 The title compound (35%, optical purity of 88.5% 
ee) was obtained as white crystals using (R)-1-(4-meth 
ylphenyl)ethylamine and d1-4-cyano-4-(3-thienyl)-5-meth 
ylhexanoic acid, in accordance with the production method 
of Referential Example 97. 
0528 Melting point: 140-143° C. 
0529 Condition of HPLC Analysis: 
0530 Column: Daicel Chemical Industries Ltd., (Tokyo) 
CHIRALCEL OJ, 
0531) Mobile phase: Hexane:IPA:TFA (900: 100:1) 
0532 Flow rate: 0.5 ml/min. 
0533) 
0534) Detector: UV 235 nm. 
0535 Retention time: 12.8 min. 

Reference Example 103 

4-Cyano-4-(2-thienyl)-5-methylhexanoic acid.(R)-1- 
(4-methylphenyl)ethylamine Salt 

0536) 

S 

/ CN He 

COOH 

S 

/ : CN 

COOH 

0537) The title compound was produced using (R)-1-(4- 
methylphenyl)ethylamine and dl-4-cyano-4-(2-thienyl)-5- 
methylhexanoic acid, in accordance with the production 
method of Reference Example 97. The condition of HPLC 
analysis are shown below, and the analysis data (HPLC 
chart) are shown in FIG. 3. 
0538 Condition of HPLC Analysis: 
0539 Column: Daicel Chemical 
CHIRALCEL OJ, 4.6x250 mm 
0540 Mobile phase: 20% (B), p 

Industries, Ltd., 
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0541 (A) Mixed solution of n-hexane/trifluoroacetic acid 
(1000:1) 
0542 (B) Mixed solution of n-hexanefisopropanol/trif 
luoroacetic acid (500:500:1) 
0543 Flow rate: 0.5 ml/min. 
0544) Detector: UV 231 nm 
0545) Retention time: 12.8 min. 

Reference Example 104 

4-Cyano-4-(2-thienyl)-5-methylhexanol (optically 
active compound) 

0546) 

HN 

S 

/ CN --- 

COOH 

carboxylic acid A 

C - - 
COOH 

S 

: 

COOMe 

S 

y - CN 
OH 

alcohol A 

0547 4-Cyano-4-(2-thienyl)-5-methylhexanoic acid. (S)- 
1-(4-methylphenyl)ethylamine salt obtained from Reference 
Example 97 was returned to its carboxylic acid free form in 
accordance with Reference Example 97.8.31 g (35.0 mmol) 
of this form was dissolved in 140 ml of tetrahydrofuran, 3 
drops of N,N-dimethylformamide were added by Pasteur 
pipette, and the mixture was ice-cooled. To the reaction 
solution was added dropwise 3.5 ml (40.3 mmol) of oxalyl 
chloride, followed by warming to room temperature and 
stirring for 1.5 hours. After evaporating the reaction solvent, 
80 ml of tetrahydrofuran was added and the solution was 
ice-cooled again. 75 ml of methanol and 6.10 ml (43.8 
mmol) of triethylamine were added thereto, and the solution 
was stirred while warming to room temperature. After 
completion of the reaction, the solution was extracted with 
ethyl acetate. The extract was washed with an aqueous 
saturated sodium bicarbonate and brine, and dried over 

  

  



US 2006/0084658 A1 

magnesium Sulfate. The solvent was evaporated, and the 
resulting crude product obtained was crudely purified by 
silica gel column chromatography (hexane/ethyl acetate 
system), to give 8.00 g (31.8 mmol, 90.9%) of methyl ester. 
8.00 g (31.8 mmol, 90.9%) of the ester was dissolved in 50 
ml of tetrahydrofuran. The solution was added dropwise into 
a THF suspension of 845 mg (22.3 mmol) of lithium 
aluminum hydride cooled to the outer temperature of -50 to 
-40° C., followed by heating to the outer temperature of 
-20°C. over 0.5 hour. After completion of the reaction, the 
solution was cooled again, 0.9 ml of water, 0.9 ml of 5N 
NaOH and 2.70 ml of water were successively added, and 
then filtered through Celite. Then, the filtrate was evapo 
rated, and the resulting crude product was purified by silica 
gel column chromatography (n-hexane/ethyl acetate sys 
tem), to give 6.60 g (29.6 mmol. 93.1%) of the title 
compound as a colorless oil. The physico-chemical data of 
the compound was as below. 
0548 Carboxylic acid A. 
0549] 'H-NMR (400 MHz, CDC1) & 0.93 (d. J=6.8 Hz, 
3H), 1.21 (d. J=6.4 Hz, 3H), 2.01-2.23 (m, 3H), 2.47-2.58 
(m. 2H), 6.97 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.12 (dd, J=1.2 Hz, 
3.6 Hz, 1H), 7.29 (dd, J=1.2 Hz, 5.2 Hz, 1H) 
0550 Methyl ester obtained from carboxylic acid A: 
0551 H-NMR (400 MHz, CDC1,) & 0.92 (d. J=6.8 Hz, 
3H), 1.22 (d. J=6.4 Hz, 3H), 2.03-2.20 (m, 3H), 2.43-2.58 
(m. 2H), 3.64 (s.3H), 6.96 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.12 
(dd, J=1.2 Hz, 3.6 Hz, 1H), 7.29 (dd, J=1.2 Hz, 5.2 Hz, 1H) 
0552 Alcohol A: 
0553 'H-NMR(400 MHz, CDC1) & 0.92 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.8 Hz, 3H), 1.33-1.46 (m, 1H), 1.65-1.77 
(m. 1H), 1.80-190 (m, 1H), 2.08 (sept, J=6.8 Hz, 1H), 2.27 
(ddd, J=4.4 Hz, 12.0 Hz, 13.2 Hz, 1H), 3.63 (brd-s, 2H), 6.96 
(dd, J=3.6 Hz, 5.2 Hz, 1H), 7.11-7.14 (m. 1H), 7.27 (dd. 
J=1.2 Hz, 5.2 Hz, 1H) 

Reference Example 105 

4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexanol 
(optically active compound) 

0554 

S 

/ : CN Her 

OH 

alcohol A 

Br S 

/ : CN He 

OH 
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-continued 

NC S 

/ : CN 

OH 
alcohol B 

0555 Bromination reaction and successively cyanation 
reaction were carried out using the alcohol A obtained in 
Reference Example 104, as a starting material in accordance 
with Example 80. Namely, optically active 4-cyano-4-(5- 
bromo-2-thienyl)-5-methylhexanol was synthesized by the 
bromination reaction, and the cyanation reaction was carried 
out without purifying it, to give the title compound at a yield 
of 77.9%. The physico-chemical data of the compound was 
as below. 

0556) "H-NMR (400 MHz, CDC1) & 0.94 (d. J=6.59 Hz, 
3H), 1.22 (d. J=6.78 Hz, 3H), 1.28-142 (m. 1H), 1.66-1.78 
(m. 1H), 1.83-1.93 (m, 1H), 2.03-2.16 (m, 1H), 2.32 (ddd, 
J=440 Hz, 12.4 Hz, 13.2 Hz, 1H), 3.58-3.74 (m, 2H), 7.16 
(d. J=3.60 Hz, 1H), 7.52 (d. J=3.60 Hz, 1H) 

Example 1 

1-4-Cyano-5-methyl-4-phenyl)hexyl)-4-2-(3- 
acetylphenoxy)ethylpiperazine 

0557) 

CN 

0558) (d. J=6.8 Hz, 3H), 1.48-1.60 (m. 1H), 1.87 (dt, 
J=4.4 Hz, J=12 Hz, 1H), 2.07-2.17 (m, 2H), 2.27 (t, J=7.2 
Hz, 2H), 2.38 (bs, 4H), 2.52 (bs, 4H), 3.66 (s. 2H), 6.57 (s, 
1H), 7.17-7.30 (m, 3H), 7.32-7.37 (m, 4H), 7.44-7.53 (m, 
2H). 
0559) Hydrochloride: 

0560 ESI-Mass: 416 (MH) 
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Example 8 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(1,2,3,4- 
tetrahydro-2-naphthoyl)piperazine 

0585) 

CN 

-> N 
O 

0586 1-(4-Cyano-5-methyl-4-phenyl)hexylpiperazine 
(150 mg) was dissolved in N,N-dimethylformamide (5 ml). 
To the mixture were added 1-hydroxybenzotriazole (71 mg) 
and 1,2,3,4-tetrahydro-2-naphthenoic acid (93 mg), fol 
lowed by further adding a N,N-dimethylformamide solution 
(2 ml) of dicyclohexylcarbodiimide (120 mg). After stirring 
overnight at room temperature, the insoluble matters were 
filtered off and ethyl acetate was added to the filtrate. A small 
amount of 1N hydrochloric acid was added and the mixture 
was stirred. Then, the mixture was washed with an aqueous 
saturated sodium carbonate and further with brine, dried 
over anhydrous magnesium sulfate, and then evaporated. 
The resulting residue was purified by (NH) silica gel column 
chromatography (n-hexane/ethyl acetate system), to give the 
title compound as a pale yellow oil (220 mg, 94%). Further, 
the hydrochloride of the free body (the title compound) was 
obtained in a conventional method. 

0587 Free body: 
0588 H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.8 Hz, 
3H), 1.04-1.20 (m, 1H), 1.21 (d. J=6.8 Hz, 3H), 1.50-1.63 
(m. 1H), 1.86-2.04 (m, 3H), 2.09-2.23 (m, 2H), 2.24-2.36 
(m, 6H), 2.75-2.94 (m, 4H), 3.03-3.12 (m, 1H), 3.49 (t, J=4.8 
Hz, 2H), 3.56-3.68 (m, 2H), 7.06-7.13 (m, 4H), 7.27-7.40 
(m, 5H). 
0589) Hydrochloride: 

0590 ESI-Mass: 444 (MH) 

Example 9 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(1,2,3,4- 
tetrahydro-2-naphthyl)methylpiperazine 

0591) 

CN 

O 
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0592. In tetrahydrofuran (5 ml) was dissolved 1-4-cy 
ano-5-methyl-4-phenylhexyl)-4-(1,2,3,4-tetrahydro-2- 
naphthoyl)piperazine (150 mg), followed by adding 1.0 M 
borane/tetrahydrofuran complex (1.35 ml) under ice-cool 
ing. After stirring at room temperature for 5 hours, the 
mixture was evaporated. Methanol (5 ml) and 2N hydro 
chloric acid (5 ml) were added to the residue, followed by 
stirring at 80° C. for one hour. After cooling as it was to 
room temperature, the mixture was evaporated. Ethyl acetate 
was added thereto, and the mixture was washed with an 
aqueous saturated sodium carbonate and further brine, dried 
over anhydrous magnesium Sulfate, and then evaporated. 
The resulting residue was purified by preparative thin layer 
silica gel column chromatography (methylene chloride/ 
methanol), to give the title compound as a pale yellow oil 
(72 mg, 50%). Further, the hydrochloride of the free body 
(the title compound) was obtained in a conventional method. 

0593. Free body: 

0594 'H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.04-1.20 (m, 2H), 1.20 (d. J=6.8 Hz, 3H), 1.29-1.43 
(m. 2H), 1.51-1.63 (m, 2H), 1.65-1.73 (m, 1H), 1.90 (dt, 
J=4.4 Hz, J=12 Hz, 1H), 1.90-2.00 (m, 4H), 2.08-2.19 (m, 
2H), 2.25-2.48 (m, 7H), 2.77-2.92 (m, 3H), 7.04-7.10 (m, 
4H), 7.26-7.48 (m, 5H). 
0595) Hydrochloride: 

0596) ESI-Mass: 430 (MH) 

Example 10 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-2-(1,4- 
benzodioxanoylpiperazine 

0597) 

CN 

0598. The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 8 (86%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 

0599 Free body: 

0600 'H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.8 Hz, 
3H), 1.08-1.20 (m. 1H), 1.21 (d. J=6.8 Hz, 3H), 1.51-1.63 
(m. 1H), 1.92 (dt, J=4.4 Hz, J=12 Hz, 1H), 2.09-2.23 (m, 
2H), 2.25-2.40 (m, 6H), 3.49-3.57 (m, 2H), 3.63-3.76 (m, 
2H), 4.30 (dd, J=8 Hz, J=12 Hz, 1H), 4.46 (dd, J=2.8 Hz, 
J=12 Hz, 1H), 4.79 (dd, J=2.8 Hz, J=8 Hz, 1H), 6.83-6.91 
(m, 4H), 7.27-7.40 (m, 5H). 
0601 Hydrochloride: 

0602 ESI-Mass: 448 (MH) 
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Example 11 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-2-(1,4- 
benzodioxany 1) methylpiperazine 

0603) 

CN 
O 

0604 The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 9 (56%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0605 Free body: 

0606) "H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.16-1.20 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.50-1.62 
(m. 1H), 1.89 (dt, J=4.4 Hz, J= 12.8 Hz, 1H), 2.08-2.19 (m, 
2H), 2.24-2.34 (m, 2H), 2.36 (bs, 4H), 2.52 (bs, 4H), 2.61 
(ddd, J=5.6 Hz, J=13.2 Hz, J=40.4 Hz, 2H), 3.96 (dd, J=7.6 
Hz, J-11.6 Hz, 1H), 4.24-4.31 (m, 2H), 6.79-6.89 (m, 4H), 
7.26-7.39 (m, 5H). 
0607 Hydrochloride: 

0608 ESI-Mass: 434 (MH) 

Example 12 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(1-methyl 
2-indoloyl)piperazine 

0609) 

CN 

0610 The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 8 (82%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0611 Free body: 

0612) 'H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.08-1.20 (m, 1H), 1.21 (d. J=6.8 Hz, 3H), 1.50-1.62 
(m. 1H), 1.87-197 (m, 1H), 2.08-2.22 (m, 2H), 2.28-2.38 
(m, 6H), 3.72 (bs, 4H), 3.81 (s, 3H), 6.56 (s, 1H), 7.10-7.16 
(m. 1H), 7.25-7.39 (m, 7H), 7.61 (d. J=8 Hz, 1H). 
0613 Hydrochloride: 

0614 ESI-Mass: 443 (MH) 
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Example 13 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(1-me 
thyl-2-indolyl)methylpiperazine 

0615 

CN 

0616) The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 9 (40%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0.617 Free body: 
0618 H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.06-1.20 (m. 1H), 1.19 (d. J=6.8 Hz, 3H), 1.49-1.62 
(m. 1H), 1.89 (dt, J=4.4 Hz, J=12 Hz, 1H), 2.07-2.17 (m, 
2H), 2.21-2.37 (m, 6H), 2.44 (bs, 4H), 3.60 (s. 2H), 3.76 (s, 
3H), 6.34 (s, 1H), 7.07 (t, J=8 Hz, 1H), 7.18 (t, J=8 Hz, 1H), 
7.25-7.38 (m, 6H), 7.54 (d. J=8 Hz, 1H). 
0619) Hydrochloride: 
0620 ESI-Mass: 429 (MH) 

Example 14 

2-(4-Cyano-5-methyl-4-phenyl)hexyl-5-2-(4-fluo 
rophenoxy)ethyl-2,5-diazabicyclo2.2.1]heptane 

0621) 

CN 
F Or, Nn-1a O 

0622. In methanol (5 ml) was dissolved 2-(4-cyano-5- 
methyl-4-phenyl)hexyl-5-benzyl-2,5-diazabicyclo2.2.1 
heptane (37 mg). To the mixture was added 20% palladium 
hydroxide-carbon (10 mg), followed by subjecting to hydro 
genation at room temperature under normal pressure for 8 
hours. After the catalyst was filtered off, the filtrate was 
evaporated, to give the residue as a pale yellow oil (29 mg) 
In N,N-dimethylformamide (3 ml) was dissolved the resi 
due, followed by adding a N,N-dimethylformamide solution 
(2 ml) of triethylamine (0.027 ml) and 2-(4-fluorophenoxy 
)ethyl bromide (25 mg). After stirring at 50° C. overnight, 
the solution was left to be cooled to room temperature. Ethyl 
acetate was added thereto, and the mixture was washed with 
water and further brine. After drying over anhydrous mag 
nesium sulfate, it was evaporated. The resulting residue was 
purified by preparative thin layer silica gel column chroma 
tography (methylene chloride/methanol), to give the title 
compound as a pale yellow oil (20 mg, 48%). Further, the 
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hydrochloride of the free body (the title compound) was 
obtained in a conventional method. 

0623 Free body: 

0624 'H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.06-1.20 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.45-1.57 
(m. 1H), 1.66-1.73 (m, 2H), 1.95 (dt, J=4.4 Hz, J=12 Hz, 
1H), 2.11 (qui, J–6.8 Hz, 1H), 2.14-2.23 (m. 1H), 2.32-2.40 
(m. 1H), 2.51-2.61 (m. 2H), 2.63-2.81 (m, 3H), 2.91 (dqui, 
J=6 Hz, J=40.4 Hz, 2H), 3.21 (s, 1H), 3.36 (s, 1H), 3.94-4.03 
(m. 2H), 6.79-6.85 (m, 2H), 6.92-7.00 (m, 2H), 7.26-7.40 
(m, 5H). 
0625 Hydrochloride: 

0626. ESI-Mass: 436 (MH) 

Example 15 

8-(4-Cyano-5-methyl-4-phenyl)hexyl)-1-phenyl-1, 
3.8-triazaspiro4.5decan-4-one 

0627) 

CN 
O 

N 

NH 

\-/ 

0628. In acetonitrile (6 ml) was dissolved 4-cyano-5- 
methyl-4-phenylhexanol (120 mg), followed by adding tri 
ethylamine (0.23 ml) and mesyl chloride (0.051 ml) at room 
temperature. After stirring at room temperature for one hour, 
an acetonitrile solution (3 ml) of 1-phenyl-1,3,8-triazaspiro 
4.5decan-4-one (140mg) was added thereto. After heating 
under reflux for 2.5 hours, the solution was left to be cooled 
to room temperature. Ethyl acetate was added thereto, and 
the mixture was washed with water and further brine. After 
drying over anhydrous magnesium Sulfate, it was evapo 
rated. The resulting residue was purified by preparative thin 
layer silica gel column chromatography (hexane/ethyl 
acetate system), to give the title compound as a pale yellow 
oil (61 mg, 26%). Further, the hydrochloride of the free body 
(the title compound) was obtained in a conventional method. 
0629 Free body: 

0630) "H-NMR (400 MHz, CDC1) & 0.79 (d. J=6.4 Hz, 
3H), 1.22 (d. J=6.4 Hz, 3H), 1.26 (t, J=7.2 Hz, 2H), 
1.55-1.73 (m, 3H), 1.94-2.05 (m. 1H), 2.08-2.25 (m, 2H), 
2.38-2.52 (m, 2H), 2.60-2.90 (m, 6H), 4.72 (s. 2H), 6.85 (t, 
J=7.2 Hz, 1H), 6.90 (d. J=8 Hz, 2H), 7.24-7.31 (m, 2H), 
7.33-7.41 (m, 4H), 7.62 (bs, 1H). 
0631 Hydrochloride: 

0632) ESI-Mass: 431 (MH) 
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Example 16 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-keto-1- 
benzimidazolinyl)piperidine 

0633) 

CN 

0634. The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (23%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0635 Free body: 
0636) H-NMR (400 MHz, CDC1) & 0.79 (d. J=6.8 Hz, 
3H), 1.11-1.34 (m, 2H), 1.23 (d. J=6.8 Hz, 3H), 1.55-1.67 
(m. 1H), 1.73-1.82 (m, 2H), 1.90-2.05 (m, 2H), 2.08-2.23 
(m, 3H), 2.30-2.52 (m, 4H), 2.88-3.02 (m, 2H), 4.28-4.38 
(m. 1H), 7.00-7.07 (m, 2H), 7.09-7.13 (m, 1H), 7.22-7.32( 
m, 2H), 7.33-7.43 ( m, 4H), 10.12-10.30 (m. 1H). 
0637 Hydrochloride: 
0638 ESI-Mass: 417 (MH) 

Example 17 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zoxazolyl)aminopiperidine 

0639) 

Croo 
0.640. The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (30%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0641 Free body: 
0642) 'H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.08-1.19 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.47-1.62 
(m, 3H), 1.75-1.83 (m. 1H), 1.89 (dt, J=4.4 Hz, J=13.6 Hz, 
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1H), 2.00 (bt, J=12.4 Hz, 1H), 2.04-2.20 (m, 4H), 2.25-2.31 
(m. 2H), 2.72 (bt, J=11.6 Hz, 2H), 3.69-3.80 (m. 1H), 
4.92-5.02 (m. 1H), 6.99-7.05 (m, 1H), 7.13-7.17 (m, 1H), 
7.20-7.25 (m, 1H), 7.25-7.32 ( m, 1H), 7.33-7.40 (m, 5H). 
0643 Hydrochloride: 
0644 ESI-Mass: 417 (MH) 

Example 18 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zothiazolyl)aminopiperidine 

0645) 

Croo 
0646) The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (52%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0647 Free body: 
0648 H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.8 Hz, 
3H), 1.06-1.20 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.46-1.62 
(m, 3H), 1.77 (bs, 1H), 1.85-1.94 (m, 1H), 1.96-2.05 (m, 
1H), 2.05-2.18 (m, 4H), 2.25-2.32 (m, 2H), 2.70 (bt, J= 12.4 
Hz, 2H), 3.56-3.66 (m. 1H), 5.24 (bd, J=6.8 Hz, 1H), 
7.04-7.09 (m. 1H), 7.25-7.32 (m, 2H), 7.33-7.39 (m, 4H), 
7.50-7.58 (m, 2H). 
0649) Hydrochloride: 
0650 ESI-Mass: 433 (MH) 

Example 19 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zothiazolyl)(methyl)aminopiperidine 

0651) 

0652 The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (30%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
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0653 Free body: 

0654) 'H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.8 Hz, 
3H), 1.08-1.20 (m. 1H), 1.21 (d. J=6.8 Hz, 3H), 1.51-1.64 
(m. 1H), 1.74-2.20 (m, 9H), 2.30 (t, J=7.2 Hz, 2H), 2.82 
2.93 (m, 2H), 3.05 (s.3H), 3.94-405 (m. 1H), 7.01-7.06 (m, 
1H), 7.24-7.33 (m, 2H), 7.34-7.40 (m, 4H), 7.51-7.59 (m, 
2H). 
0655 Hydrochloride: 

0656) ESI-Mass: 447 (MH) 

Example 20 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-ben 
Zothiazolyl)(2-propyl)aminopiperidine 

0657) 

Croc 
-N 

0.658. In N,N-dimethylformamide (3 ml) was dissolved 
1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(2-benzothiaz 
olyl)aminopiperidine (50 mg) synthesized in Example 18, 
followed by adding 60% sodium hydride (7 mg). After 
stirring at 50° C. for one hour, 2-bromopropane (0.012 ml) 
was added. After further stirring at 50° C. overnight, 2-bro 
mopropane (0.012 ml) was additionally added. After further 
stirring at 50° C. for 6 hours, 60% sodium hydride (7 mg) 
was additionally added. After further stirring at 50° C. 
overnight, the solution was left to be cooled to room 
temperature. Ethyl acetate was added, and the mixture was 
washed with water and further brine. After drying over 
anhydrous magnesium sulfate, it was evaporated. The result 
ing residue was purified by (NH) silica gel column chroma 
tography (hexane/ethyl acetate system), to give the title 
compound as a pale yellow oil (31 mg, 57%). Further, the 
hydrochloride of the free body (the title compound) was 
obtained in a conventional method. 

0659 Free body: 

0660 "H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.4 Hz, 
3H), 1.08-1.20 (m. 1H), 1.20 (d. J=6.4 Hz, 3H), 1.50 (d. 
J=6.8 Hz, 6H), 1.69-2.34 (m. 13H), 2.63-2.74 (m, 2H), 
2.81-2.90 (m. 1H), 6.86-6.91 (m, 1H), 6.96-7.02 (m, 1H), 
7.11-7.16 ( m, 1H), 7.25-7.32 (m, 2H), 7.33-7.41 (m, 4H). 
0661 Hydrochloride: 

0662) ESI-Mass: 475 (MH) 
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Example 21 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(1-me 
thyl-2-benzimidazolyl)aminopiperidine 

0663) 
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Example 23 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(5,6- 
dimethoxy-1-indanon)-2-yl)methylpiperidine 

0675) 

roo Crosy 
0664) The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (12%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0665 Free body: 

0666 'H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.06-1.20 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.42-1.61 
(m,3H), 1.84-193 (m. 1H), 1.98-2.20 (m, 6H), 2.27 (t, J=7.2 
Hz, 2H), 2.69-2.76 (m, 2H), 3.45 (s.3H), 3.86-4.01 (m, 2H), 
7.01-7.12 (m, 3H), 7.26-7.31 (m, 1H), 7.33-7.39 (m, 4H), 
7.45 (d. J=7.6 Hz, 1H). 
0667 Hydrochloride: 

0668 ESI-Mass: 430 (MH) 

Example 22 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-1-(2- 
propyl)-2-benzimidazolylaminopiperidine 

0670 The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (54%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0671 Free body: 
0672) 'H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.08-1.20 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.40-1.55 
(m, 3H), 1.57 (d. J=6.8 Hz, 6H), 1.85-1.93 (m, 2H), 2.02 
2.20 (m, 5H), 2.28 (t, J=7.2 Hz, 2H), 2.67-2.75 (m, 2H), 
3.85-4.00 (m, 2H), 4.33 (qui, J–6.8 Hz, 1H), 6.97-7.10 (m, 
2H), 7.20-7.32 (m, 2H), 7.34-7.39 (m, 4H), 7.46-7.48 (m, 
1H). 
0673 Hydrochloride: 

0674) ESI-Mass: 458 (MH) 

0676 The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 15 (30%). 
Further, the hydrochloride of the free body (the title com 
pound) was obtained in a conventional method. 
0677 Free body: 
0678 H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 1.08-1.36 (m, 4H), 1.20 (d. J=6.8 Hz, 3H), 1.38-1.95 
(m, 8H), 2.08-2.18 (m, 2H), 2.18-2.32 (m, 2H), 2.65-2.83 
(m, 4H), 3.22 (dd, J=8 Hz, J=17.6 Hz, 1H), 3.90 (s.3H), 3.96 
(s, 3H), 6.86 (s, 1H), 7.16 (s, 1H), 7.26-7.41 (m, 5H). 
0679) Hydrochloride: 
0680 ESI-Mass: 489 (MH) 

Example 24 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-2-(4- 
fluorophenoxy)ethyl(2-cyanoethyl)aminopiperidine 

0681) 

CN 

Ol 
0682. The title compound was obtained as a pale yellow 
oil (21%) in accordance with the method of Example 35 
described later. Further, the hydrochloride of the free body 
(the title compound) was obtained in a conventional method. 
0683) H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.06-1.18 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.42-1.61 
(m, 3H), 1.66-1.80 (m, 3H), 1.83-1.92 (m, 2H), 2.08-2.17 
(m. 2H), 2.19-2.32 (m, 2H), 2.43-2.53 (m, 1H), 2.44 (t, J=6.8 
Hz, 2H), 2.78–2.94 (m, 6H), 3.92 (t, J=6 Hz, 2H), 6.79-6.85 
(m. 2H), 6.94-7.00 (m, 2H), 7.27-7.39 (m, 5H). 
0684) Hydrochloride: 
0685 ESI-Mass: 491 (MH) 
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Example 25 

1-4-Cyano-5-methyl-4-(2-naphthyl)hexyl)-4-2-(4- 
fluorophenoxy)ethylpiperazine 

0686) 

0687 In acetonitrile (5 ml) was dissolved 310 mg (1.16 
mmol) of 4-cyano-5-methyl-4-(2-naphthyl)hexanol, fol 
lowed by adding 190 uL (1.36 mmol) of triethylamine and 
105ul (1.36 mmol) of mesyl chloride. After completion of 
mesylation, 1.11 g (7.38 mmol) of sodium iodide, 255 mg 
(1.85 mmol) of potassium carbonate, 414 mg (1.85 mmol) of 
1-2-(4-fluorophenoxy)ethylpiperazine, 5 ml of dimethyl 
formamide and 1 ml of water were added thereto, followed 
by heating to 60° C. After completion of the reaction, brine 
was added thereto and the objective product was extracted 
with ethyl acetate. The organic layer was washed with brine, 
and then dried over anhydrous magnesium sulfate. The 
Solvent was evaporated, to give a crude product. The crude 
product was subjected to (NH) silica gel (eluted with ethyl 
acetate/hexane=2/3), to give 384 mg (0.81 mmol. 69.9%) of 
the title compound as a yellow syrup. 

0688. 'H-NMR (400 MHz, CDC1) & 0.79 (d. J=6.8 Hz, 
3H), 1.05-1.15 (m. 1H), 1.26 (d. J=6.8 Hz, 3H), 1.50-1.65 
(m. 1H), 1.93-2.05 (m. 1H), 2.18-2.60 (m, 12H), 2.75 (t, 
J=5.8 Hz, 1H), 4.02 (t, J=5.8 Hz, 2H), 6.78-6.83 (m, 2H), 
6.91-6.97 (m, 2H), 7.36 (dd, J=2.0 Hz, 8.8 Hz, 1H), 7.48 
7.54 (m, 2H), 7.81-7.88 (m, 3H), 7.94 (brd-s, 1H) 
0689 ESI-Mass: 474 (M+H") 

Example 26 

1-4-Cyano-5-methyl-4-(1-naphthyl)hexyl)-4-2-(4- 
fluorophenoxy)ethylpiperazine 

0690) 

r^- N F 
CN 

0691 The title compound was obtained as a colorless oil 
in accordance with the method of Example 25 (yield: 
57.8%). 
0692 'H-NMR (400 MHz, CDC1) & 0.70-0.90 (m, 3H), 
0.95-1.10 (m. 1H), 1.20-1.40 (m, 4H), 1.50-1.65 (m, 1H), 
1.93-2.05 (m. 1H), 2.10-2.56 (m, 10H), 2.56-2.70 (m, 1H), 
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2.73 (t, J=5.8 Hz, 1H), 2.90-3.00 (m. 1H), 4.01 (t, J=5.8 Hz, 
2H), 6.78-6.83 (m, 2H), 6.91-6.97 (m, 2H), 7.40-7.50 (m, 
3H), 7.78-7.92 (m, 3H), 8.22-8.31 (brd-s, 1H) 
0693) ESI-Mass: 474 (M+H") 

Example 27 

1-4-Cyano-5-methyl-4-(2-pyridyl)hexyl-4-2-(4- 
fluorophenoxy)ethylpiperazine 

0694 

1n 19 r N N F 
CN 

2N 

0695) 4-Cyano-5-methyl-4-(2-pyridyl)hexanol synthe 
sized in accordance with the method of Example 25 was 
oxidized by SO-pyridine, which is a conventional method. 
The resulting crude aldehyde compound was Subjected to 
reductive amination reaction in accordance with the method 
of Example 42 which is described later, to synthesize the 
title compound as a colorless oil (yield: 69.1%). 

0696) "H-NMR (400 MHz, CDC1) & 0.74 (d. J=6.8 Hz, 
3H), 0.90-1.10 (m. 1H), 1.20 (d. J=6.4 Hz, 3H), 1.24-1.30 
(m. 1H), 1.53-1.66 (m, 1H), 2.03-2.23 (m, 2H), 2.24-2.74 
(m. 10H), 2.81 (t, J=5.4 Hz, 2H), 4.06 t, J=5.4 Hz, 2H), 
6.79-6.85 (m, 2H), 6.92-6.98 (m, 2H), 7.21 (ddd, J=1.2 Hz, 
4.8 Hz, 8.0 Hz, 1H), 7.57 (dt, J=1.2 Hz, 8.0 Hz, 1H), 7.69 
(dt, J=2.0 Hz, 8.0 Hz, 1H), 8.58-8.62 (m. 1H) 
0697 ESI-Mass: 425 (M+H") 

Example 28 

1-4-Cyano-5-methyl-4-(4-pyridyl)hexyl-4-2-(4- 
fluorophenoxy)ethylpiperazine 

0.698) 

1 
--O F 

CN 

Na2 

0699 The title compound was obtained as a yellow oil in 
accordance with the method of Example 25 (yield: 70%). 

0700 'H-NMR (400 MHz, CDC1) & 0.79 (d. J=6.8 Hz, 
3H), 1.00-1.20 (m. 1H), 1.22 (d. J=6.4 Hz, 3H), 1.50-1.64 
(m. 1H), 1.85-2.00 (m, 1H), 2.08-2.25 (m, 2H), 2.26-2.75 
(m. 10H), 2.82 (t, J=5.4 Hz, 2H), 4.07 (t, J=5.4 Hz, 2H), 
6.79-6.85 (m, 2H), 6.92-6.98 (m, 2H), 7.31 (dd, J= 1.6 Hz, 
4.4 Hz, 2H), 8.63 (dd, J=1.6 Hz, 4.4 Hz, 2H) 
0701 ESI-Mass: 425 (M+H") 
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Example 29 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-phenylpip 
erazine 

0702) 

?\, 
NC Nu 

0703. In acetonitrile (2 ml) was dissolved 100 mg (0.30 
mmol) of 4-cyano-5-methyl-5-phenylhexyl iodide. To the 
mixture were added 55 mg (0.36 mmol) of potassium 
carbonate and 60 mg (0.36 mmol) of phenylpiperazine, 
followed by heating to 60° C. After completion of the 
reaction, the solution was partitioned with ethyl acetate and 
brine. The organic layer was dried over magnesium sulfate, 
and then evaporated, to give a crude product. The crude 
product was subjected to 20 g of Chromatorex NH silica gel 
(ethyl acetate/hexane=1/5), to give 137 mg (quantitative) of 
the title compound as a colorless syrup. The physico 
chemical data of the title compound was as below. 

0704. H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.4 Hz, 
3H), 1.08-1.26 (m, 1H), 1.21 (d. J=6.8 Hz, 3H), 1.52-1.66 
(m. 1H), 1.88-1.98 (m, 1H), 2.08-2.23 (m, 2H), 2.28-2.37 
(m. 2H), 2.42-2.52 (m, 4H), 3.10-3.20 (m, 4H), 6.82-6.86 ( 
m, 1H), 6.88-6.92 (m, 2H), 7.22-7.32 (m, 4H), 7.34-7.40 (m, 
3H) 

07.05 ESI-Mass; 362 (M+H") 

Example 30 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-phenyl 
ethyl)piperazine 

0706) 

0707. The title compound was synthesized by using 1-(2- 
phenylethyl)piperazine in accordance with the method of 
Example 29 (yield: 100%: a colorless oil). 

0708 H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.4 Hz, 
3H), 1.08-1.20 ( m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.50-1.63 
(m. 1H), 1.84-193 (m, 1H), 2.07-2.19 (m, 2H), 2.24-2.60 
(m. 12H), 2.74-2.82 (m, 2H), 7.16-7.21 (m, 3H), 7.24-7.31 
(m, 3H), 7.35-7.38 (m, 4H) 

07.09 ESI-Mass: 390 (M+H") 
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Example 31 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(3-phenyl 
propyl)piperazine 

0710) 

7\-N-O 
0711. The title compound was synthesized by using 1-(3- 
phenylpropyl)piperazine in accordance with the method of 
Example 29 (yield: 100%: a colorless oil). 
0712) 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.04-1.20 (m. 1H), 1.20 (d. J=6.4 Hz, 3H), 1.50-1.62 
(m. 1H), 1.74-1.92 (m, 3H), 2.06-2.18 ( m, 2H), 2.20-2.50 
(m. 12H), 2.61 (t, J=7.6 Hz, 2H), 7.14-7.19 (m, 3H), 
723-7.31 (m, 3H), 7.34-7.37 (m, 4H) 
07.13 ESI-Mass: 404 (M+H") 

Example 32 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-3-N-(2- 
cyanoethyl)-N-2-(3-fluorophenoxy)ethylamino 

pyrrolidine 

0714) 

// 
C-C \- - 
0715. In dichloromethane (7 ml) was dissolved 250 mg 
(0.74 mmol) of 1-(4-cyano-5-methyl-4-phenyl)hexyl)-3- 
N-(2-cyanoethyl)aminolpyrrolidine, followed by succes 
sively adding 171 mg (1.11 mmol) of 3-fluorophenoxyac 
etaldehyde separately synthesized, 0.08 ml (1.48 mmol) of 
acetic acid and 235 mg (1.11 mmol) of Sodium triacetoxy 
borohydride. After completion of the reaction, the solution 
was adjusted to basic with a 2N sodium hydroxide, and 
extracted with ethyl acetate. The organic layer was washed 
with brine, dried over magnesium sulfate, and evaporated, to 
give a crude product. The crude product was subjected to 25 
g of Chromatorex NH silica gel (ethyl acetate/hexane=1/3), 
to give 290 mg (0.61 mmol. 82.2%) of the title compound 
as a colorless syrup. 
0716) 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.25 (m, H), 1.20 (d. J=6.8 Hz, 3H), 1.47-1.80 (m, 
2H), 1.85-2.28 (m, 4H), 2.29-2.70 (m, 6H), 2.48 (t, J=6.8 
Hz, 2H), 2.90-3.25 (m, 4H), 3.40-3.55 (m, 1H), 3.98 (t, 
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J=5.6 Hz, 2H), 6.56-6.62 (m, 1H), 6.63-6.90 (m, 3H), 
7.18-7.25 (m, 1H), 7.26-7.40 (m, 5H) 
07.17 ESI-Mass: 477 (M+H") 

Example 33 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-3-N-(2- 
cyanoethyl)-N-(2-(3-cyanophenoxy)ethylamino 

pyrrolidine 

0718) 

7. / 
C-C, 
0719. In dichloromethane (7 ml) was dissolved 250 mg 
(0.74 mmol) of 1-(4-cyano-5-methyl-4-phenyl)hexyl)-3- 
N-(2-cyanoethyl)aminolpyrrolidine, followed by succes 
sively adding 179 mg (1.11 mmol) of 3-cyanophenoxyac 
etaldehyde separately synthesized in the same manner as in 
the production of 3-fluorophenoxyacetaldehyde, 0.08 ml 
(1.48 mmol) of acetic acid and 235 mg (1.11 mmol) of 
sodium triacetoxyborohydride. After completion of the reac 
tion, the solution was adjusted to basic with a 2N sodium 
hydroxide and extracted with ethyl acetate. The organic 
layer was washed with brine, dried over magnesium Sulfate 
and evaporated, to give a crude product. The crude product 
was subjected to 25 g of Cromatorex NH silica gel (ethyl 
acetate/hexane=1/3), to give 318 mg (0.66 mmol, 88.9%) of 
the title compound as a colorless syrup. 
0720 H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.25 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.47-1.80 
(m. 2H), 1.85-2.28 (m, 4H), 2.29-2.72 (m, 6H), 2.48 (t, J=6.8 
Hz, 2H), 2.90-3.05 (m, 4H), 3.42-3.55 (m, 1H), 4.01 (t, 
J=5.6 Hz, 2H), 7.11-7.15 (m, 2H), 7.23-7.40 (m, 7H) 
0721 ESI-Mass: 484 (M+H") 

Example 34 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-3-N-(2- 
cyanoethyl)-N-(2-(2-cyanophenoxy)ethylamino 

pyrrolidine 

0722) 

/ C-C 
NC 
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0723. In dichloromethane (7 ml) was dissolved 263 mg 
(0.78 mmol) of 1-(4-cyano-5-methyl-4-phenyl)hexyl)-3- 
N-(2-cyanoethyl)aminolpyrrolidine, followed by succes 
sively adding 251 mg (1.56 mmol) of 3-cyanophenoxyac 
etaldehyde separately synthesized, 0.09 ml (1.56 mmol) of 
acetic acid and 247 mg (1.17 mmol) of Sodium triacetoxy 
borohydride. After completion of the reaction, the solution 
was adjusted to basic with a 2N sodium hydroxide, and 
extracted with ethyl acetate. The organic layer was washed 
with brine, dried over magnesium sulfate and evaporated, to 
give a crude product. The crude product was subjected to 25 
g of Cromatorex NH silica gel (ethyl acetate/hexane=1/3), to 
give 311 mg (0.64 mmol. 82.4%) of the title compound as 
a yellow syrup. 

0724 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.25 (m. 1H), 1.19 (d. J=6.4 Hz, 3H), 1.45-1.80 
(m. 2H), 1.85-2.16 (m, 3H), 2.16-2.70 (m, 7H), 2.54 (t, J=6.8 
Hz, 2H), 2.90-3.12 (m, 4H), 3.45-3.60 (m. 1H), 4.11 (t, J=6.8 
Hz, 2H), 6.40-7.04 (m, 2H), 7.26-7.40 (m, 5H), 7.50-7.58 
(m. 2H) 
0725) ESI-Mass: 484 (M+H") 

Example 35 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-3-N-(2- 
cyanoethyl)-N-(2-(4-cyanophenoxy)ethylamino 

pyrrolidine 

0726) 

// 
C-C, 
0727. In acetonitrile (5.00 ml) was dissolved 217 mg 
(1.00 mmol) of 4-cyano-5-methyl-5-phenylhexylhexanol, 
followed by cooling to 0°C. To the mixture were added 320 
ul (2.30 eq) of triethylamine and 85 ul (1.10 eq) of mesyl 
chloride, followed by heating to room temperature. After 15 
minutes, 450 mg (3.00 eq) of sodium iodide and 370 mg 
(1.30 mmol) of 3-N-(2-cyanoethyl)-N-(2-(4- 
cyanophenoxy)ethylaminolpyrrolidine were added, and the 
mixture was heated to 60° C. After completion of the 
reaction, brine was added and the objective product was 
extracted with ethyl acetate. The organic layer was washed 
with brine, and then dried over anhydrous magnesium 
Sulfate. The solvent was evaporated, to give a crude product. 
The crude product was subjected to 37 g of Cromatorex NH 
silica gel (ethyl acetate/hexane=1/1), to give 316 mg (0.65 
mmol. 65%) of the title compound as a yellow syrup. 
0728 H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.10-1.25 (m. 1H), 1.19 (d. J=6.4 Hz, 3H), 1.48-1.63 
(m. 1H), 1.65-1.77 (m, 1H), 1.78-1.97 (m. 1H), 1.98-2.17 
(m. 2H), 2.19-2.30 (m. 1H), 2.30-2.73 (m, 6H), 2.48 (t, J=6.8 
Hz, 2H), 2.90-3.07 (m, 4H), 3.43-3.56 (m, 1H), 4.04 (t, 
J=5.8 Hz, 2H), 6.94 (d. J=9.2 Hz, 2H), 7.27-7.34 (m, 1H), 
7.34-7.40 (m, 4H), 7.59 (d. J=9.2 Hz, 2H) 
0729) ESI-Mass: 484 (M+H") 
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Example 36 

1-((4-Cyano-5-methyl-4-(2-thienyl))hexyl-3-N-(2- 
cyanoethyl)-N-(2-(4-cyanophenoxy)ethylamino 

pyrrolidine 

0730) 

// O c- Y-K- 
0731. The title compound was synthesized by using 4-cy 
ano-5-methyl-5-(2-thienyl)hexanol in accordance with the 
method of Example 35 (yield: 38%; a pale yellow syrup). 

0732 'H-NMR (400 MHz, CDC1,) & 0.90 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.4 Hz, 3H), 1.25-1.40 (m, 1H), 1.55-1.85 
(m. 2H), 1.98-2.12 (m, 3H), 2.18-2.78 (m, 7H), 2.48 (t, J=6.8 
Hz, 2H), 2.90-3.10 (m, 4H), 3.44-3.58 (m, 1H), 4.05 (t, 
J=5.6 Hz, 2H), 6.92-6.98 (m, 3H), 7.10-7.13 (m. 1H), 
7.25-7.29 (m, 1H), 7.59 (d. J=8.8 Hz, 2H) 

0733 ESI-Mass: 490 (M+H") 

Example 37 

1-(4-Cyano-5-methyl-4-(2-thienyl))hexyl)-3-N-(2- 
cyanoethyl)-N-(2-(3-cyanophenoxy)ethylamino 

pyrrolidine 

0734) 

/ C-C 
0735. The title compound was synthesized by using 4-cy 
ano-5-methyl-5-(2-thienyl)hexanol and 3-cyanophenoxyac 
etaldehyde in accordance with the method of Example 35 
(yield: 98%; a pale yellow syrup). 

CN 

0736) H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.4 Hz, 
3H), 1.18 (d. J=6.4 Hz, 3H), 1.28-145 (m, 1H), 1.58-1.90 
(m. 2H), 2.00-2.15 (m, 3H), 2.20-2.31 (m. 1H), 2.32-2.80 
(m, 6H), 2.49 (t, J=6.8 Hz, 2H), 2.90-3.08 (m, 4H), 3.47 
3.62 (m. 1H), 4.02 (t, J=5.6 Hz, 2H), 6.96 (dd, J=5.2 Hz, 3.6 
HZ, 1H), 7.11-7.16 (m, 3H), 7.24-7.29 (m, 2H), 7.38 (dd. 
J=7.8 Hz, 9.0 Hz, 1H) 

0737 ESI-Mass: 490 (M+H") 
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Example 38 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(6-phe 
nylpyridine-3-yl)methylpiperazine 

0738) 

CN 

0739 (6-Phenylpyridin-3-yl)methanol (185 mg, 1.00 
mmol) and triethylamine 0.29 ml were dissolved in 5 ml of 
acetonitrile, and 85.1 ul (1.10 mmol) of methanesulfonyl 
chloride was added dropwise thereinto. After confirming the 
extinction of a raw material by thin layer chromatography, 
340 mg (1.19 mmol) of 1-(4-cyano-5-methyl-4-phenyl 
)hexylpiperazine was added to the reaction solution at room 
temperature, and successively 899 mg of sodium iodide, 5 
ml of dimethylformamide and 1 ml of water were added. 
Then, the mixture was heated to 80°C. After completion of 
the reaction, brine was added and the mixture was extracted 
with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give a 
crude product. The crude product was subjected to 50 g of 
Cromatorex NH silica gel (ethyl acetate/hexane=1/2), to 
give 300 mg (0.66 mmol. 66.3%) of the title compound as 
a yellow oil. 

0740) "H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.06-1.26 (m. 1H), 1.20 (d. J=6.4 Hz, 3H), 1.48-1.64 
(m. 1H), 1.84-1.97 (m, 1H), 2.06-2.22 (m, 2H), 2.23-2.60 
(m. 10H), 3.54 (s. 2H), 7.24-7.32 (m, 1H), 7.32-7.43 (m, 
5H), 7.43-7.50 (m, 2H), 7.66-7.74 (m, 2H), 7.95-7.99 (m, 
2H), 8.58 (brd-s, 1H) 
0741. ESI-Mass: 453 (M+H") 

Example 39 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(5-phe 
nylisoxazo-3-yl)methylpiperazine 

0743 (5-Phenylisoxazol-3-yl)methanol (61.3 mg, 0.35 
mmol) and triethylamine 0.10 ml were dissolved in 3 ml of 
acetonitrile, followed by adding dropwise 27.1 ul (0.35 
mmol) of methanesulfonyl chloride thereinto. After confirm 
ing the extinction of a raw material by thin layer chroma 
tography, 100 mg (0.35 mmol) of 1-(4-cyano-5-methyl-4- 
phenyl)hexylpiperazine was added to the reaction solution 
at room temperature, and Successively 262 mg of Sodium 
iodide and 2 ml of dimethylformamide were added. Then, 
the mixture was heated to 70° C. After completion of the 
reaction, brine was added and the mixture was extracted 

0742) 
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with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give a 
crude product. The crude product was subjected to 15 g of 
Cromatorex NH silica gel (ethyl acetate/hexane=2/3), to 
give 45 mg (0.10 mmol. 29.0%) of the title compound as a 
yellow syrup. 

0744) 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.06-1.26 (m, 1H), 1.20 (d. J=6.4 Hz, 3H), 1.48-1.64 
(m. 1H), 1.86-1.98 (m, 1H), 2.06-2.20 (m, 2H), 2.25-2.70 
(m. 10H), 3.63 (s. 2H), 6.54 (s, 1H), 7.24-7.32 (m. 1H), 
7.32-7.39 (m, 4H), 7.39-7.49 (m, 3H), 7.74-7.79 (m, 2H) 
0745 ESI-Mass: 443 (M+H") 

Example 40 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-phe 
nylthiazo-4-yl)methylpiperazine 

OC-K) 
0747 (2-Phenylthiazol-4-yl)methanol (66.9 mg, 0.35 
mmol) and 0.10 ml of triethylamine were dissolved in 3 ml 
of acetonitrile, and 27.1 ul (0.35 mmol) of methanesulfonyl 
chloride was added dropwise thereinto. After confirming the 
extinction of a raw material by thin layer chromatography, 
100 mg (0.35 mmol) of 1-(4-cyano-5-methyl-4-phenyl 
)hexylpiperazine was added to the reaction solution at room 
temperature. Further, 262 mg of sodium iodide, 2 ml of 
dimethylformamide and 2 ml of acetonitrile were added 
thereto, followed by heating to 70° C. After completion of 
the reaction, brine was added thereto and the mixture was 
extracted with ethyl acetate. The organic layer was washed 
with brine, dried over magnesium sulfate and evaporated, to 
give a crude product. The crude product was subjected to 15 
g of Cromatorex NH silica gel (ethyl acetate/hexane=1/2), to 
give 63 mg (0.14 mmol. 40.0%) of the title compound as a 
colorless syrup. 
0748 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.25 (m, 1H), 1.20 (d. J=6.4 Hz, 3H), 1.48-1.64 
(m. 1H), 1.82-1.98 (m, 1H), 2.05-2.22 (m, 2H), 2.23-2.80 
(m. 10H), 3.74 (s. 2H), 7.13 (s, 1H), 7.25-7.32 (m. 1H), 
7.32-7.39 (m, 4H), 7.39-7.45 (m, 3H), 7.91-7.95 (m, 2H) 
0749 ESI-Mass: 459(M+H") 

0746) 

CN 

Example 41 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-pheny 
loxazo-4-yl)methylpiperazine 

OC-K) 
0750) 

CN 
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0751 (2-Phenyloxazol-4-yl) methanol (61.3 mg, 0.35 
mmol) and 0.10 ml of triethylamine were dissolved in 3 ml 
of acetonitrile, and 27.1 ul (0.35 mmol) of methanesulfonyl 
chloride was added dropwise thereinto. After confirming the 
extinction of a raw material by thin layer chromatography, 
100 mg (0.35 mmol) of 1-(4-cyano-5-methyl-4-phenyl 
)hexylpiperazine was added to the reaction solution at room 
temperature. Further, 262 mg of sodium iodide and 2 ml of 
dimethylformamide were added thereto, followed by heating 
to 70° C. After completion of the reaction, brine was added 
thereto and the mixture was extracted with ethyl acetate. The 
organic layer was washed with brine, dried over magnesium 
Sulfate and evaporated, to give a crude product. The crude 
product was subjected to 15 g of Cromatorex NH silica gel 
(ethyl acetate/hexane=2/3), to give 41 mg (0.09 mmol. 
26.5%) of the title compound as a colorless syrup. 
0752 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.07-124 (m. 1H), 1.19 (d. J=6.8 Hz, 3H), 1.49-1.64 
(m. 1H), 1.84-1.96 (m, 1H), 2.06-2.20 (m, 2H), 2.26-2.74 
(m. 10H), 3.54 (s. 2H), 7.24-7.32 (m, 1H), 7.32-7.39 (m, 
4H), 741-7.46 (m, 3H), 7.58 (s, 1H), 8.01-8.06 (m, 2H) 
0753) ESI-Mass: 443 (M+H") 
0754 Further, in the above-mentioned Examples, (6-phe 
nylpyridin-3-yl)methanol and (5-phenylisoxazol-3-yl 
)methanol are synthesized in accordance with the method 
described in Med. Chem. 1998, 41, 2390-2410, (2-pheny 
loxazol-4-yl)methanol was synthesized in accordance with 
the method described in Org. Chem. 1996, 61, 6496-6497, 
and (2-phenylthiazol-4-yl)methanol was synthesized in 
accordance with the method described in Bull. Chem. Soc. 
Jpn. 71, 1391-1396 (1998). 

Example 42 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-2-(4-phe 
nyl-2-oxo-3-oxazolidinyl)ethylpiperazine 

0755) 

NC Nu 

0756) 5 ml of 2-(4-phenyl-2-oxo-3-oxazolidinyl)acetal 
dehyde dimethylacetal was dissolved in 5 ml of acetone and 
6 mL of 2.5N hydrochloric acid, and the mixture was heated. 
After completion of the reaction, the mixture was extracted 
with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give 300 
mg of a crude product of 2-(4-phenyl-2-oxo-3-oxazolidiny 
l)acetaldehyde. The crude product was used for the follow 
ing reaction without purification. Namely, 2-(4-phenyl-2- 
oxo-3-oxazolidinyl)acetaldehyde was dissolved in 5 ml of 
dichloroethane, and 300 mg (1.46 mmol) of the above 
mentioned 2-(4-phenyl-2-oxo-3-oxazolidinyl)acetaldehyde, 
0.11 ml (2.00 mmol) of acetic acid and 318 mg (1.50 mmol) 
of sodium triacetoxyborohydride were successively added. 
After completion of the reaction, the solution was adjusted 
to basic with a 2N sodium hydroxide, and extracted with 
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ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give a 
crude product. The crude product was subjected to 50 g of 
Cromatorex NH silica gel (ethyl acetate/hexane=1/1), to 
give 477 mg (0.94 mmol. 94.2%) of the title compound as 
a colorless syrup. 

0757 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.08-1.22 (m, 1H), 1.20 (d. J=6.4 Hz, 3H), 1.48-1.63 
(m. 1H), 1.85-1.96 (m, 1H), 2.06-2.18 (m, 2H), 2.20-2.52 
(m. 12H), 2.84 (dt, J=6.4 Hz, 14.4 Hz, 1H), 3.57 (dt, J=6.4 
HZ, 14.4 Hz, 1H), 4.05 (dd, J=7.6 Hz, 8.8 Hz, 1H), 4.61 (t, 
J=8.8 Hz, 1H), 4.90-4.98 (m, 1H), 7.25-7.32 (m, 2H), 
7.34-7.43 (m, 8H) 

0758 ESI-Mass: 475 (M+H") 

Example 43 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(3-phe 
nyl-2-oxo-5-oxazolidinyl)methylpiperazine 

0759) 

Ori-Onco sk 
O 

0760 5-(Hydroxymethyl)-3-phenyl-2-oxooxazolidine 
was synthesized in accordance with the method described in 
J. Med. Chem. 989 673-1681. The 5-(hydroxymethyl)-3- 
phenyl-2-oxooxazolidine (193 mg, 1.00 mmol) and 0.29 ml 
of triethylamine were dissolved in 5 ml of acetonitrile, 
followed by adding dropwise 85.1 ul (1.10 mmol) of meth 
anesulfonyl chloride thereinto. After confirming the extinc 
tion of a raw material by thin layer chromatography, 340 mg 
(1.19 mmol) of 1-(4-cyano-5-methyl-4-phenyl)hexylpip 
erazine was added to the reaction solution at a room tem 
perature, and successively 899 mg of sodium iodide, 5 ml of 
dimethylformamide and 1 ml of water were added. Then, the 
mixture was heated to 60° C. After completion of the 
reaction, brine was added and the mixture was extracted 
with ethyl acetate. The organic layer was washed with brine, 
dried over magnesium sulfate and evaporated, to give a 
crude product. The crude product was subjected to 50 g of 
Cromatorex NH silica gel (ethyl acetate/hexane=1/1), to 
give 110 mg (0.24 mmol. 23.9%) of the title compound as 
a yellow oil. 

0761) 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.10-1.25 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.50-1.65 
(m. 1H), 1.86-2.03 (m, 1H), 2.05-2.22 (m, 2H), 2.22-2.80 
(m. 12H), 3.75-3.82 (m, 1H), 4.06 (t, J=8.8 Hz, 1H), 
4.70-4.80 (m. 1H), 7.11-7.16 (m, 1H), 7.27-7.33 (m, 1H), 
7.33-7.40 (m, 6), 7.51-7.56 (m, 2H) 

0762. ESI-Mass: 461 (M+H") 
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Example 44 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(5-phe 
nyl-1,2,4-oxadiazol-3-yl)methylpiperazine 

0763) 
N 

r^ N 
su NNo. 

CN 

0764) In tetrahydrofuran (3 ml) were dissolved 95.3 Mg 
(0.70 mmol) of benzamidoxime and molecular sieve 4A 
(400 mg). To the mixture were added 32 mg (0.8 mmol) of 
sodium hydride and further 20 mg were added, followed by 
heating to 60° C. After 10 minutes, 3 ml of tetrahydrofuran 
solution of 500 mg (1.40 mmol) of 1-(4-cyano-5-methyl 
4-phenyl)hexyl)-4-(methoxycarbonyl)methylpiperazine 
was added thereto, followed by heating under reflux. After 
completion of the reaction, brine was added and the mixture 
was extracted with ethyl acetate. The organic layer was 
washed with brine, dried over magnesium sulfate and evapo 
rated, to give a crude product. The crude product was 
Subjected to preparative chromatography (ethyl acetate: 
10%) and further subjected to 25 g of Cromatorex NH silica 
gel (ethyl acetate/hexane=3:5), to give 127 mg (0.29 mmol. 
40.9%) of the title compound as a colorless oil. 
0765) 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.4 Hz, 
3H), 1.04-1.20 (m. 1H), 1.19 (d. J=6.4 Hz, 3H), 1.45-1.60 
(m. 1H), 1.80-1.92 (m, 1H), 2.05-2.18 (m, 2H), 2.22-2.31 
(m. 2H), 2.31-2.50 (m, 4H), 2.55-2.70 (m, 4H), 3.90 (s. 2H), 
4.06 (t, J=8.8 Hz, 1H), 4.70-4.80 (m, 1H), 7.25-7.32 (m, 
1H), 7.33-7.37 (m, 4H), 7.45-7.51 (m, 3H), 8.06-8.10 (m, 
2H) 
0766 ESI-MS; 444 (M+H") 

Example 45 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(5-(3- 
fluorophenyl)-1,2,4-oxadiazol-3-yl)methylpipera 

Zine 

0767 

CN 

0768. The title compound was synthesized by using 
3-fluorobenzamidoxime in accordance with the method for 
producing 1-(4-cyano-5-methyl-4-phenyl)hexyl)-4-(5- 
phenyl-1,2,4-oxadiazol-3-yl)methylpiperazine in Example 
44 (yield; 26%: apale yellow syrup). 

0769 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.06-1.22 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.50-1.62 
(m. 1H), 1.83-1.96 (m, 1H), 2.05-2.20 (m, 2H), 2.20-2.54 
(m, 6H), 2.55-2.76 (m, 4H), 3.90 (s. 2H), 4.06 (t, J=8.8H 
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1H), 4.70-4.80 (m. 1H), 7.17-7.25 (m. 1H), 7.25-7.32 (m, 
1H), 7.32-7.38 (m, 4H), 7.42-7.48 (m. 1H), 7.77-7.82 (m, 
1H), 7.86-7.90 (m, 1H) 
0770 ESI-MS: 462(M+H") 

Example 46 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(2-(4- 
fluorophenoxy)ethylpiperidine 

0771) 

CN 

0772. In acetonitrile (2 ml) was dissolved 100 mg (0.30 
mmol) of 4-cyano-5-methyl-4-phenylhexyl iodide. To the 
mixture were added 55 mg (0.36 mmol) of sodium carbonate 
and 80 mg (0.36 mmol) of 4-(2-(4-fluorophenoxy)ethyl)pi 
peridine, followed by heating to 60° C. After completion of 
the reaction, the mixture was partitioned between ethyl 
acetate and brine. The organic layer was dried over magne 
sium Sulfate and then evaporated, to give a crude product. 
The crude product was subjected to 40 g of Cromatorex NH 
silica gel (ethyl acetate/hexane=1:5), to give 120 mg (0.28 
mmol. 94.7%) of the title compound as a colorless syrup. 
The physico-chemical data of the title compound was as 
below. 

0773) 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-124 (m, 1H), 1.20 (d. J=6.8 Hz, 3H), 1.22-1.32 
(m. 2H), 1.42-1.80 (m, 7H), 1.81-1.92 (m, 2H), 2.07-2.18 
(m. 2H), 2.20-2.28 (m, 2H), 2.70-2.80 (m, 2H), 3.93 (t, J=6.8 
Hz, 2H), 6.78-6.83 (m, 2H), 6.92-6.98 (m, 2H), 7.25-7.38 
(m, 5H) 
0774) ESI-MS; 423(M+H") 

Example 47 

1-Benzyl-4-(4-cyano-5-methyl-4-phenyl)hexyl 
piperidine 

0775) 

C-CO 
0776. In DMF (70 ml) was dissolved 2.39 g (15.0 mmol) 
of 3-methyl-2-phenylpentanenitrile. To the mixture was 
added 600 mg (60% by weight, 15.0 mmol) of sodium 
hydride, followed by heating to 60° C. After 30 minutes, the 
reaction solution was returned to room temperature, 2.90 g 
(9.31 mmol) of 1-benzyl-4-methanesulfonyloxypropylpip 
eridine dissolved in 10 ml of DMF was added, and the 
mixture was heated again. After completion of the reaction, 
the mixture was partitioned between ethyl acetate and brine. 
The organic layer was dried over magnesium Sulfate, and 
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then evaporated, to give a crude product. The crude product 
was subjected to 100 g of silica gel (ethyl acetate/hexane= 
1/100 to 1/O), to give 2.57 g (6.86 mmol. 73.7%) of the title 
compound as a yellow oil. 
0777 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 0.85–0.98 (m, 1H), 1.06-1.26 (m, 6H), 1.18 (d. J=6.4 
Hz, 3H), 1.30-1.44 (m, 1H), 1.44-1.56 (m, 2H), 1.74-1.90 
(m,3H), 2.03-2.15 (m, 2H), 2.76-2.86 (m, 2H), 3.44 (5, 2H), 
7.20-7.38 (m, 10H) 

Example 48 

1-(2-(4-Fluorophenoxy)ethyl-4-(4-cyano-5-me 
thyl-4-phenyl)hexylpiperidine 

0778) 

1-9 

CN 

0779). In acetonitrile (5 ml) was dissolved 200 mg (0.70 
mmol) of 4-(4-cyano-5-methyl-4-phenyl)hexylpiperidine. 
To the mixture were added 69 mg (0.50 mmol) of potassium 
carbonate and 110 mg (0.50 mmol) of 4-fluorophenoxyethyl 
bromide, followed by heating to 60° C. After completion of 
the reaction, the mixture was partitioned between ethyl 
acetate and brine. The organic layer was dried over magne 
sium Sulfate, and then evaporated, to give a crude product. 
The crude product was subjected to 40 g of Cromatorex NH 
silica gel (ethyl acetate/hexane=1/7), to give 160 mg (0.38 
mmol. 76.0%) of the title compound as a colorless syrup. 
The physico-chemical data of the compound was as below. 
0780) "H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 0.85–0.98 (m, 1H), 1.1.0-1.3 (m, 5H), 1.19 (d. J=6.8 Hz, 
3H), 1.30-1.43 (m, 1H), 1.50-1.66 (m, 2H), 1.74-1.85 (m, 
1H), 1.92-2.03 (m, 2H), 2.05-2.14 (m, 2H), 2.72 (t, J=6.0 
Hz, 2H), 2.88-2.95 (m, 2H), 4.03 (t, J=6.0 Hz, 2H), 6.79 
6.84 (m, 2H), 6.92-6.98 (m, 2H), 7.26-7.38 (m, 5H) 
0781) ESI-MS; 423 (M+H") 

Example 49 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-3-cyano 
3-(2-thienyl)propylpiperazine 

0782) 

CN 

C-- 
0783 The free body of the title compound was obtained 
as a yellow oil from 3-cyano-3-(2-thienyl)propanol (114 
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mg) and 1-(4-cyano-5-methyl-4-phenyl)hexylpipera 
zine(90 mg) (refer to Formula 86 shown in JP-A 10-280103) 
(63 mg, 22%). 
0784 Free body: 
0785 H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.20 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.50-1.73 
(m. 2H), 1.82-1.95 (m, 2H), 1.95-2.08 (m, 2H), 2.08-2.18 
(m. 2H), 2.20-2.45 (m, 10H), 4.10-4.15 (m. 1H), 6.90-6.99 
(m. 1H), 7.04-7.06 (m, 1H), 7.26-7.30 (m, 1H), 7.35-7.40 
(m, 5H). 
0786 Further, 63 mg of the above-mentioned free body 
(the title compound) was treated in a conventional method, 
to give 60 mg of the hydrochloride. 
0787 Hydrochloride: 
0788 ESI-Mass: 449 (MH) 

Example 50 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(4-cyano 
4-(4-fluorophenyl)butyl)piperazine 

0789) 

CN 

N O CN 
F 

0790) 2-(3-Cyano-3-phenyl)propyl-1,3-dioxolane (1.77 
g) was dissolved in a solution of 2N HCl (15 mL) and 
tetrahydrofuran (15 mL). After stirring at room temperature 
for 13 hours, 2N NaOH (15 mL) and ethyl acetate were 
added thereto, to separate the organic layer. The resulting 
organic layer was washed with water and brine, and dried 
over anhydrous magnesium Sulfate. After filtering off the 
drying agent, the mixture was evaporated. 99 mg among the 
residue obtained (5-oxo-2-phenylpropanenitrile), 1-(4-cy 
ano-5-methyl-4-phenyl)hexylpiperazine (99 mg) and acetic 
acid (0.1 mL) were dissolved in dichloromethane (3.5 mL), 
and sodium triacetoxyborohydride (147 mg) was added. 
After stirring at room temperature for 18 hours 30 minutes, 
the mixture was neutralized by adding an aqueous saturated 
sodium bicarbonate thereto, and then extracted with dichlo 
romethane. The resulting organic layer was dried over 
anhydrous magnesium Sulfate. After filtering off the drying 
agent, the mixture was evaporated. The resulting residue 
was purified by NH silica gel column chromatography 
(hexane/ethyl acetate system), to give the title compound 
(136 mg, 88%: yield was calculated based on 1-(4-cyano 
5-methyl-4-phenyl)hexylpiperazine). 

0791) H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.04-1.19 (m. 1H), 1.19 (d. J=6.8 Hz, 3H), 1.50-1.70 
(m, 3H), 1.80-2.00 (m, 3H), 2.08-2.20 (m, 2H), 2.20-2.45 
(m. 12H), 3.80-3.88 (m, 1H), 7.25-7.40 (m, 9H). 
0792 Further, 136 mg of the above-mentioned free body 
(the title compound) was treated according to a conventional 
method, to give 141 mg of the hydrochloride. 
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0793) Hydrochloride: 

0794 ESI-Mass: 461 (MH) 

Example 51 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-4-hy 
droxime-4-(4-fluorophenyl)butylpiperazine 

0795) 

CN 

0796 An acetonitrile solution (10 mL) in which 1-(4- 
cyano-5-methyl-4-phenyl)hexylpiperazine (100 mg). 
4-chloro-4'-fluorobutyrophenone (91 mg) and triethylamine 
(0.1 mL) were dissolved was stirred under a reflux condi 
tion. After 6 hours, the reaction solution was cooled to a 
room temperature, the organic layer was seprated by adding 
water and ethyl acetate. The resulting organic layer was 
washed with water and brine, and dried over anhydrous 
magnesium sulfate. After filtering off the drying agent, the 
filtrate was evaporated. The resulting residue was purified 
with silica gel column chromatography (methanol/ethyl 
acetate system), to give 1-(4-cyano-5-methyl-4-phenyl 
)hexyl-4-4-(4-fluorophenyl)butane-1-onlpiperazine as a 
precursor (56 mg). 27 mg among the product was dissolved 
in ethanol (2 mL), and hydroxyammonium chloride (8.3 mg) 
and Sodium acetate (9.8 mg) were added, and the mixture 
was stirred under a reflux condition. After 2 hours, the 
Solution was cooled to a room temperature, and the organic 
layer was separated by adding water and ethyl acetate. The 
resulting organic layer was washed with water and brine, 
and dried over anhydrous magnesium sulfate. After filtering 
off the drying agent, the filtrate was evaporated. The result 
ing residue was purified by Silica gel column chromatogra 
phy (methanol/ethyl acetate system), to give the title com 
pound as a colorless oil (17 mg). 

0797) 'H-NMR (400 MHz, CDC1,) & 0.76 (d. J=6.8 Hz, 
3H), 1.06-1.20 (m. 1H), 1.18 (d. J=6.8 Hz, 3H), 1.50-1.62 
(m. 1H), 1.75-1.82 (m, 2H), 1.82-1.92 (m. 1H), 2.05-2.20 
(m. 2H), 2.22-2.55 (m, 12H), 2.72-2.78 (m, 2H), 6.99-7.05 
(m. 2H), 7.25-7.30 (m, 1H), 7.31-7.36 (m, 4H), 7.58-7.62 
(m. 2H). 

0798. Further, 17 mg of the above-mentioned free body 
(the title compound) was treated in a conventional method, 
to give 14 mg the hydrochloride. 

0799) Hydrochloride: 

0800 ESI-Mass: 465 (MH) 
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Example 52 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(4-methyl 
3-phenylpentane)piperazine 

0801) 

CN 

O 
0802. The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 49 (85 mg. 
60%). 
0803 Free body: 
0804) 'H-NMR (400 MHz, CDC1) & 0.71 (d. J=6.6 Hz, 
3H), 0.76 (d. J=6.8 Hz, 3H), 0.92 (d. J=6.8 Hz, 3H), 
1.03-1.16 (m, 2H), 1.18 (d. J=6.8 Hz, 3H), 1.4.6-1.60 (m, 
3H), 1.70-2.16 (m, 6H), 2.18-2.42 (m, 10H), 707-7.13 (m, 
2H), 7.14-7.18 (m, 1H), 7.20-7.32 (m, 4H), 7.33-7.36 (m, 
4H). 
0805) Further, the hydrochloride (80 mg) of the title 
compound was obtained by treating the free body in a 
similar method as in Example 1. 
0806) Hydrochloride: 
0807 ESI-Mass: 446 (MH) 

Example 53 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(4-methyl 
3-phenyl-hexane)piperazine 

0808) 

CN 

O 
0809. The title compound was obtained in accordance 
with the method of Example 1 described in JP-A 11-206862 
(150 mg, yield: 94%). 
0810 Free body: 
0811 H-NMR (400 MHz, CDC1) & 0.69 (d. J=6.86 Hz, 
3H), 0.76 (d. J=6.8 Hz, 3H), 0.92 (d. J=6.6 Hz, 3H), 
1.03-1.16 (m, 2H), 1.19 (d. J=6.6 Hz, 3H), 1.18-1.28 (m, 
2H), 1.65-1.90 (m, 4H), 2.05-2.14 (m, 3H), 2.14-2.44 (m, 
1OH), 707-7.13 (m, 2H), 7.14-7.18 (m. 1H), 720-7.32 (m, 
3H), 7.33-7.36 (m, 4H). 
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0812. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 

0813 Hydrochloride: 

0814 ESI-Mass: 460 (MH) 

Example 54 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-2-(4-fluo 
rophenoxy)buty-3-ylpiperazine 

0815) 

CN 

0816. The title compound was obtained as a pale yellow 
oil (183 mg, 38%) in accordance with the method of 
Example 104 described in JP-A 11-206862. 

0817) Free body: 

0818 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.04-1.19 (in, 1H), 1.19 (d. J=6.6 Hz, 3H), 1.50-1.64 
(m. 1H), 1.82-1.92 (m, 1H), 2.06-2.18 (m, 2H), 2.22-2.28 
(m. 2H), 2.28–2.40 (m, 4H), 2.48-2.64 (m, 5H), 2.75 (dd. 
J=7.7 Hz, 13.4 Hz, 1H), 4.65-4.73 (m. 1H), 5.20 (d. J=10.6 
HZ, 1H), 5.25 (d. J=17.4 Hz, 1H), 5.85 (ddd, J=5.8 Hz, 10.6 
HZ, 17.4 Hz, 1H), 6.81-6.88 (m, 2H), 6.88-6.97 (m, 2H), 
7.25-7.31 (m, 1H), 7.32-7.40 (m, 4H). 
0819. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 

0820 Hydrochloride: 

0821 ESI-Mass: 450 (MH) 

Example 55 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-3-ally 
loxy-2-(4-fluorophenoxy)propylpiperazine 

0822) 

CN r 

CuCC 
0823. The title compound was obtained as a colorless oil 
(67 mg, 62%) in accordance with the method of Example 
104 described in JP-A 11-206862. 
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0824 Free body: 

0825 H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.18 (m, 1H), 1.19 (d. J=6.4 Hz, 3H), 1.48-1.66 
(m. 1H), 1.87 (dt, J=4.4 Hz, 12.4 Hz, 1H), 2.06-2.18 (m, 
2H), 2.22-2.40 (m, 6H), 2.44-2.54 (m. 1H), 2.68-2.74 (m, 
2H), 2.93-3.00 (m, 1H), 3.95-3.98 (m, 2H), 4.06 (d. J=5.2 
Hz, 2H), 5.16 (brd, J=10.4 Hz, 1H), 5.24 (dd, J=1.6 Hz, 17.2 
HZ, 1H), 5.81-5.92 (m, 1H), 6.80-6.97 (m, 4H), 7.24-7.33 
(m. 1H), 7.34-7.39 (m, 4H). 

0826 Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 

0827) Hydrochloride: 

0828 ESI-Mass: 494 (MH) 

Example 56 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-3-(n-pro 
panoxy)-2-(4-fluorophenoxy)propylpiperazine 

0829) 

CN r 

CuOC 
0830. In hydrogen atmosphere, 1-(4-cyano-5-methyl-4- 
phenyl)hexyl)-4-3-arloxy-2-(4-fluorophenoxy)propylpip 
erazine (85mg) was dissolved in ethanol (3.5 mL) at room 
temperature. To the mixture was added 10% palladium 
carbon (10 mg), followed by stirring. After 3 hours 20 
minutes, palladium-carbon was separated by filtration, and 
then the filtrate was evaporated. The resulting residue was 
purified by NH silica gel column chromatography (hexane/ 
ethyl acetate system), to give the title compound (34 mg. 
40%). 

0831 Free body: 

0832 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.6 Hz, 
3H), 0.88 (dt, J=2.7 Hz, 7.2 Hz, 3H), 1.05-1.20 (m, 1H), 1.19 
(d. J=6.6 Hz, 3H), 1.50-1.60 (m, 4H), 1.82-1.92 (m. 1H), 
2.05-2.20 (m, 3H), 2.20-2.60 (m, 9H), 2.66-2.78 (m, 2H), 
3.31-3.41 (m, 2H), 3.61 (d. J=5.5 Hz, 1H), 4.06 (d. J=5.1 Hz, 
1H), 6.81-6.98 (m, 4H), 7.25-7.32 (m. 1H), 7.32-7.40 (m, 
4H). 

0833. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 

0834) Hydrochloride: 

0835 ESI-Mass: 496 (MH) 
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Example 57 

1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-3-hydoxy 
2-(4-fluorophenoxy)propylpiperazine 

0836) 

Croucc 
0837. In tetrahydrofuran (5 ml) was dissolved 1-(4- 
cyano-5-methyl-4-phenyl)hexyl-4-3-allyloxy-2-(4-fluo 
rophenoxy)propylpiperazine (125 mg), followed by adding 
Sodium borohydride (14.4 mg) and then iodine (64 mg)/ 
tetrahydrofuran (2 mL). After stirring for one hour, the 
organic layer was separated by adding ethyl acetate and 
water. The resulting organic layer was washed with water 
and brine, and dried over anhydrous magnesium sulfate. 
After filtering off the drying agent, the filtrate was evapo 
rated. The residue was purified by NH silica gel column 
chromatography (hexane/ethyl acetate system), to give the 
title compound as a pale yellow oil (70 mg, 61%). The 
hydrochloride was obtained by treating the free body (the 
title compound) in a similar method as in Example 1. 
0838 Hydrochloride: 
0839 ESI-Mass: 436 (MH) 

Example 58 
1-(4-Cyano-5-methyl-4-phenyl)hexyl-4-2-(1.2.3, 

4-tetrahydroquinolyl)ethylpiperazine 

C-C 
0841. The title compound was obtained from 1,2,3,4- 
tetrahydroquinoline in accordance with the method of 
Example 89 described in JP-A 11-206862 (34%). 
0842) Free body: 
0843 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.20 (m. 1H), 1.20 (d. J=6.8 Hz, 3H), 1.50-1.66 
(m. 1H), 1.85-1.98 (m, 2H), 2.05-2.20 (m, 2H), 2.24-2.56 
(m. 11H), 2.73 (brt, J=6.4 Hz, 2H), 3.29 (brt, J=5.6 Hz, 3H), 
3.36-3.41 (m, 2H), 3.39 (brt, J=7.8 Hz, 2H), 3.45-3.52 (m, 
2H), 6.52-6.59(m, 2H), 6.90-6.94 (m, 1H), 7.00-7.15 (m, 
1H), 7.26-7.32 (m, 1H), 7.34-7.38 (m, 4H). 
0844. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 
0845) Hydrochloride: 
0846. ESI-Mass: 445 (MH) 

0840 
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Example 59 

4-(4-Cyano-5-methyl-4-phenyl)hexyl-N-(4-fluo 
rophenyl)-N'-(2-methylpropyl)-1 (2H)-pyrazinecar 

boxyimidamide 

0847) 

P--- O N-N- 
U 

0848 Under a nitrogen atmosphere, to a solution of 
1-(fluorophenyl)-3-isobutylurea (300 mg), triphenylphos 
phine (561 mg) and triethylamine (0.3 mL) added in dichlo 
romethane (10 ml) were added a solution of carbon tetra 
bromide (948 mg) dissolved in dichloromethane (4 ml). 
After 45 minutes, the reaction solution was cooled to room 
temperature, and the organic layer was separated by adding 
water and dichloromethane thereto. The resulting organic 
layer was washed with water and brine, and dried over 
anhydrous magnesium Sulfate. After filtering off the drying 
agent, the filtrate was evaporated. The resulting residue was 
immediately purified by NH silica gel column chromatog 
raphy (hexane/ethyl acetate system), to give a colorless oily 
carbodiimide as an intermediate. The carbodiimide and 
1-(4-cyano-5-methyl-4-phenyl)hexylpiperazine (100 mg) 
were dissolved in 2-propanol (10 mL), followed by stirring 
under a reflux condition. After 2 hours, the solvent was 
evaporated, and the resulting residue was purified by NH 
silica gel column chromatography (hexane/ethyl acetate 
system), to give the title compound as a colorless Solid (174 
mg, 25%, 2 steps). 

0849 Free body: 

0850) 'H-NMR (400 MHz, CDC1,) & 0.77 (d. J=6.8 Hz, 
3H), 0.88-0.91 (m, 6H), 1.05-1.18 (m, 1H), 1.20 (d. J=6.8 
Hz, 3H), 1.50-1.65 (m, 2H), 1.67-1.80 (m, 2H), 1.88-1.98 
(m. 1H), 2.06-2.20 (m, 2H), 2.22-2.36 (m, 4H), 2.79 (brd, 
J=6.8 Hz, 1H), 3.05 (dd, J=6.0 Hz, 6.8 Hz, 1H), 3.14-3.20 
(m. 1H), 4.82-4.91 (m, 1H), 6.52-6.58 (m. 1H), 6.72-6.78 
(m. 1H), 6.91-7.04 (m, 3H), 7.22-7.31 (m, 4H), 7.35-7.38 
(m, 3H). 

0851. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 

0852. Hydrochloride: 

0853 ESI-Mass: 478 (MH) 
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Example 60 

4-(4-Cyano-5-methyl-4-phenyl)hexyl-N-(4-fluo 
robenzyl)-N'-(2-methylpropyl)-1 (2H)-pyrazinecar 

boxyimidamide 

CuO N-( 
0855. The title compound was obtained as a colorless oil 
in accordance with the method of Example 59 (62%). 
0856 Free body: 
0857 "H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 0.80-0.88 (m, 6H), 1.05-1.18 (m, 1H), 1.20 (d. J=6.4 
Hz, 3H), 1.43-1.60 (m, 1H), 1.84-1.95 (m. 1H), 2.05-2.20 
(m. 2H), 2.25-2.40 (m, 6H), 2.87-2.95 (m, 2H), 3.22-3.38 
(m, 4H), 3.49 (s. 2H), 4.35-4.45 (m, 2H), 7.02-7.09 (m, 2H), 
7.27-7.34 (m, 3H), 7.34-7.41 (m, 4H). 
0858. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 
0859) Hydrochloride: 
0860) ESI-Mass: 492 (MH) 

0854) 

CN 

Example 61 

4-(4-Cyano-5-methyl-4-phenyl) hexyl-N,N'-dicy 
clohexylpyrazinecarboxyimidamide 

0861) 

N 

0862 The title compound was obtained as a colorless oil 
in accordance with the method of Example 59 (62%). 
0863 Free body: 
0864 'H-NMR (400 MHz, CDC1,) & 0.78 (d. J=6.8 Hz, 
3H), 1.04-1.46 (m, 9H), 1.21 (d. J=6.8 Hz, 3H), 1.46-1.74 
(m, 6H), 1.74-1.86 (m, 6H), 1.86-1.18 (m, 2H), 2.07-2.22 
(m. 2H), 2.24-2.40 (m, 6H), 3.05-3.16 (m, 2H), 3.23-3.32 
(m, 4H), 3.41-3.52 (m, 1H), 7.28-7.34 (m. 1H), 7.35-7.42 
(m, 4H). 
0865. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 
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0866) Hydrochloride: 
0867 ESI-Mass: 492 (MH) 

Example 62 

N-Cyano-4-(4-cyano-5-methyl-4-phenyl) hexyl)-N'- 
((4-fluorophenoxy)ethylpyrazinecarboxyimidamide 

0868) 

CN 

0869. In nitrogen atmosphere. N-cyano-N'-ethyl(4-fluo 
rophenoxy)-O-phenylisourea (168 mg) and 1-(4-cyano-5- 
methyl-4-phenyl)hexylpiperazine (100 mg) were dissolved 
in 2-propanol (5 mL), followed by stirring under reflux. 
After 24 hours, the solvent was evaporated, and the resulting 
residue was purified by NH silica gel column chromatog 
raphy (hexane/ethyl acetate system), to give the title com 
pound as a colorless solid (98 mg, 71%). 
0870 Free body: 
0871 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.6 Hz, 
3H), 1.08 (d. J=6.6 Hz, 3H), 1.20-1.34 (m, 1H), 1.50-1.70 
(m. 1H), 1.92 (ddd, J=4.9 Hz, 11.6 Hz, 13.6 Hz, 1H), 
2.05-2.23 (m, 2H), 2.24-2.38 (m, 6H), 3.43-3.50 (m, 2H), 
3.78-3.82 (m, 2H), 4.04-4.09 (m, 2H), 5.00-5.05 (m, 1H), 
6.80-6.85 (m, 2H), 6.92-7.01 (m, 2H), 7.27-7.32 (m. 1H), 
7.34-7.39 (m, 4H). 
0872 Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 
0873. Hydrochloride: 
0874) ESI-Mass: 491 (MH) 

Example 63 

(2-Thienyl)-(4-cyano-5-methyl-4-phenyl)hexylpip 
erazinomethaneimine 

0875) 

CN 

NH 
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0876 The title compound was obtained as a colorless oil 
in accordance with the method of Example 62 (62%). 

0877 Free body: 

0878 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.05-1.20 (m. 1H), 1.20 (d. J=6.6 Hz, 3H), 1.50-1.64 
(m. 1H), 1.88-2.08 (m, 1H), 2.08-2.22 (m, 2H), 2.28-2.38 
(m, 6H), 3.32-3.44 (m, 4H), 7.00 (dd, J=3.6 Hz, 5.2 Hz, 1H), 
7.14 (dd, J=1.2 Hz, 3.6 Hz, 1H), 7.26-7.32 (m. 1H), 7.34 (dd. 
J=1.2 Hz, 5.2 Hz, 1H), 7.35-7.39 (m, 4H). 

0879 The hydrochloride of the title compound was 
obtained by treating the free body in a similar method as in 
Example 1. 

0880 Hydrochloride: 

0881. ESI-Mass; 345 (MH) 

Example 64 

1-Isopropyl-4-4-isobutyl-1H-benzodimidazol-2- 
yl)piperazino-1-phenylbutyl cyanide 

0882) 

CN 

0883 2-Chloro-1-isobutyl-1H-benzodimidazole (4 g) 
and 1-(4-cyano-5-methyl-4-hexylpiperazine (5 g) were 
dissolved in tetrahydrofuran (10 mL), followed by stirring 
on an oil bath at 150° C. for 6 hours in an open system. The 
reaction product was purified by NH silica gel (ethyl acetate/ 
hexane system), to give the title compound as a brown oil 
(6.8 g. 85%). 

0884 Free body: 

0885 H-NMR (400 MHz, CDC1) & 0.78 (d. J=6.8 Hz, 
3H), 0.83 (d. J=6.8 Hz, 3H), 0.84 (d. J=6.4 Hz, 3H), 
1.20-1.35 (m, 1H), 1.21 (d. J=6.8 Hz, 3H), 1.52-1.67 (m, 
1H), 1.95-2.07 (m. 1H), 2.08-2.23 (m. 1H), 2.23-2.43 (m, 
4H), 2.43-2.50 (m, 4H), 3.21-3.25 (m, 4H), 3.80 (d. J=7.6 
Hz, 2H), 7.08-7.64 (m, 9H) 

0886. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a similar method as in 
Example 1. 

0887 Hydrochloride: 

0888 ESI-Mass: 458 (MH) 
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Example 65 

Bis-1,4-(4-cyano-5-methyl-4-phenyl)hexylpipera 
Zine 

0889) 

CN 

r N 
NC 

0890. In nitrogen atmosphere, thionyl chloride (4 mL) 
was added to (4-cyano-5-methyl-4-phenyl)hexanol (2.33 g) 
under ice cooling, followed by heating under stirring under 
reflux condition. After 2 hours, the mixture was evaporated. 
Then, the resulting residue was purified by silica gel column 
chromatography (hexane/ethyl acetate system), to give 
(4-cyano-5-methyl-4-phenyl)hexyl chloride (2.35 g, 93%) 
as a yellow oil. The resulting chloride (454 mg), (4-cyano 
5-methyl-4-phenyl)hexylpiperazine (166 mg) and sodium 
iodide (289 mg) were dissolved in acetonitrile (5 mL), 
followed by stirring under a reflux condition. After 2 hours, 
the mixture was cooled to a room temperature, and the 
organic layer was separated by adding ethyl acetate and 
water thereto. The resulting organic layer was washed with 
water and brine, and dried over anhydrous magnesium 
sulfate. After the drying agent was filtered off, the mixture 
was evaporated. The residue was purified by NH silica gel 
column chromatography (hexane/ethyl acetate), to give the 
title compound as a pale yellow oil (213 mg, 23%). 
0891 Free body: 
0892 'H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
6H), 1.02-1.16 (m, 2H), 1.19 (d. J=6.8 Hz, 6H), 1.46-1.60 
(m. 2H), 1.80-192 (m, 2H), 2.40-2.17 (m, 4H), 2.17-2.36 
(m. 12H), 723-7.31 (m, 2H), 7.33-7.37 (m, 8H). 
0893. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in the same manner as in 
Example 1. 
0894) Hydrochloride: 
0895 ESI-Mass; 485 (MH) 

Example 66 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-(3-cyano 
4-methyl-3-phenyl)pentylpiperazine 

0896) 

CN 

N 
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0897. The title compound was obtained as a pale yellow 
oil in accordance with the method of Example 65 (yield: 
52%). 
0898 H-NMR (400 MHz, CDC1) & 0.76 (d. J=6.8 Hz, 
3H), 0.765 (d. J=6.4 Hz, 3H), 1.00- 1.18 (m. 1H), 1.18 (d. 
J=6.4 Hz, 3H), 1.19 (d. J=6.8 Hz, 3H), 1.44-1.60 (m, 1H), 
1.80-2.00 (m, 4H), 2.00-2.18 (m, 4H), 2.18-2.44 (m. 10H), 
7.26-7.32 (m, 2H), 7.33-7.40 (m, 8H). 
0899 Further, the hydrochloride of the title compound 
was obtained by treating the free body (the title compound) 
in the same manner as in Example 1. 
0900 Hydrochloride: 
0901) ESI-Mass: 471 (MH) 

Example 67 

1-(4-Cyano-5-methyl-4-phenyl)hexyl)-4-2-(1,2'- 
methylenedioxyphenyl)ethylpiperidine 

0902) 

CN 

0903. The title compound was obtained in accordance 
with the method of Example 49 (yield: 51%). 
0904 Free body: 
0905 H-NMR (400 MHz, CDC1) & 0.77 (d. J=6.8 Hz, 
3H), 1.1.0-1. 30 (m, 3H), 1.20 (d. J=6.4 Hz, 3H), 1.48-1.76 
(m, 7H), 1.80-1.94 (m, 2H), 2.06-2.18 (m, 2H), 2.18-2.28 
(m. 2H), 2.53-2.60 (m, 2H), 2.70-2.80 (m, 2H), 5.92 (s. 2H), 
6.82-6.70 (m, 2H), 6.70-6.78 (m, 1H), 7.26-7.40 (m, 5H). 
0906. Further, the hydrochloride was obtained by treating 
the free body (the title compound) in the same method as in 
Example 1. 
0907 Hydrochloride: 
0908 ESI-Mass: 433 (MH) 

Example 68 

1-(4-Cyano-4-(3-cyano-5-thienyl)-5-methylhexyl 
4-2-(4-cyanophenoxy)ethylpiperazine 

0909) 
NC 

W \ (N CN 

S ^ N-- O O 

0910. In acetonitrile (5 ml) was dissolved 4-cyano-4-(3- 
cyano-5-thienyl)-5-methylhexanol (0.13 g). To the mixture 
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were added triethylamine (0.21 ml) and mesyl chloride 
(0.048 ml), followed by stirring at room temperature for one 
hour. Water was added thereto, and the mixture was 
extracted with ethyl acetate and further washed with brine. 
After drying over anhydrous magnesium sulfate, the mixture 
was evaporated, to give a pale yellow oil. The resulting oil 
was dissolved in DMF (2 ml), followed by adding a DMF 
solution (4 ml) of 1-2-(4-cyanophenoxy)ethylpiperazine 
(0.14g), triethylamine (0.21 ml) and sodium iodide (0.15 g). 
After stirring at 60° C. overnight, ethyl acetate was added 
thereto, and the mixture was washed with water and further 
brine. After drying over an hydrous magnesium sulfate, the 
Solvent was evaporated, and the resulting residue was puri 
fied by NH silica gel column chromatography (hexane/ethyl 
acetate system), to give the title compound as a pale yellow 
oil (0.09 g, 33%). 
0911 Free body: 

0912) 'H-NMR (400 MHz, CDC1) & 0.92 d, J=6.8 Hz, 
3H), 1.20 (d. J=6.8 Hz, 3H), 1.21-1.31 (m, 1H), 1.60- 1.73 
(m. 1H), 1.77 (dt, J=4 Hz, J=13.2 Hz, 1H), 2.06 (qui, J–6.8 
HZ, 1H), 2.20 (dt, J=4 Hz, J=13.2 Hz, 1H), 2.33 (t, J=7.6 Hz, 
2H), 2.42 (bs, 4H), 2.58 (bs, 4H), 2.82 (t, J=5.6 Hz, 2H), 
4.13 (t, J=5.6 Hz, 2H), 6.95 (d. J=8.8 Hz, 2H), 7.28 (d. J=1.2 
HZ, 1H), 7.58 (d. J=8.8 Hz, 2H), 7.90 (d. J=1.2 Hz, 1H). 
0913. Further, the hydrochloride was obtained by treating 
the above free body (the title compound) in a conventional 
method. 

0914) Hydrochloride: 

0915) ESI-Mass: 462 (MH) 

Example 69 

1-(4-Cyano-4-(3-cyano-5-thienyl)-5-methylhexyl 
4-2-(3-cyanophenoxy)ethylpiperazine 

0916) 

NC 

W \ (N 

OCCuO 
0917. The title compound was obtained as a pale yellow 
oil (0.15 g, 58%) from 4-cyano-4-(3-cyano-5-thienyl)-5- 
methylhexanol and 1-2-(3-cyanophenoxy)ethylpiperazine 
in the same manner as in Example 68. 
0918) Free body: 

0919) H-NMR (400 MHz, CDC1,) & 0.93 (d. J=6.8 Hz, 
3H), 1.21 (d. J=6.8 Hz, 3H), 1.22-1.32 (m, 1H), 1.60- 1.73 
(m. 1H), 1.79 (dt, J=4 Hz, J=12.4 Hz, 1H), 2.07 (qui, J–6.8 
HZ, 1H), 2.21 (dt, J=4 Hz, J=12.4 Hz, 1H), 2.34 (t, J=7.2 Hz, 
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2H), 2.43 (bs, 4H), 2.59 (bs, 4H), 2.82 (t, J=5.6 Hz, 2H), 4.11 
(t, J=5.6 Hz, 2H), 7.12-7.40 (m, 5H), 7.91 (s, 1H). 

0920) Further, the hydrochloride was obtained by treating 
the free body (the title compound) in a conventional method. 

0921 Hydrochloride: 

0922 ESI-Mass: 462 (MH) 

Example 70 

1-(4-Cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
4-2-(3-cyanophenoxy)ethylpiperazine 

0923) 

O CN 

r^- N s 

N CN 
S 

NC 

0924. In acetonitrile (10.0 ml) was dissolved 400 mg 
(1.61 mmol) of 4-cyano-5-methyl-4-(5-cyano-2-thienyl 
)hexanol, followed by cooling to 0°C. To the mixture were 
added 0.26 ml (1.85 mmol) of triethylamine and 0.14 ml 
(1.77 mmol) of mesyl chloride, followed by heating to room 
temperature. After 20 minutes, ether and brine were added 
thereto. The ether layer was washed with an aqueous satu 
rated sodium bicarbonate and dried over anhydrous magne 
sium Sulfate. The solvent was evaporated, to give a crude 
product. The half amount (ca.0.1 mmol) of the crude mesyl 
compound was dissolved in 8.00 ml of dimethylformamide. 
To the mixture were added 724 mg (4.83 mmol) of sodium 
iodide, 111 mg (0.81 mmol) of potassium carbonate and 243 
mg (1.05 mmol) of 1-2-(3-cyanophenoxy)ethylpiperazine, 
followed by heating to 60° C. After completion of the 
reaction, brine was added thereto, and the objective product 
was extracted with ethyl acetate. The organic layer was 
washed with brine, and then dried over anhydrous magne 
sium Sulfate. The solvent was evaporated, to give a crude 
product. The crude product was subjected to Cromatorex 
NH silica gel (eluted with ethyl acetate/hexane=1/1), to give 
289 mg (0.63 mmol. 77.3%) of the title compound as a 
yellow syrup. 

0925 H-NMR (400 MHz, CDC1) & 0.92 (d. J=6.80 Hz, 
3H), 1.21 (d. J=6.40 Hz, 3H), 1.20-1.38 (m. 1H), 1.60- 1.86 
(m. 2H), 2.01-2.12 (m, 1H), 2.18-2.30 (m. 1H), 2.30-2.75 
(m. 10H), 2.80-2.90 (m, 2H), 4.08-4.18 (m, 2H), 7.11-7.18 
(m, 3H), 7.23-7.28 (m, 1H), 7.34-7.40 (m, 1H), 7.52 (d. 
J=3.60 Hz, 1H) 

0926 ESI-Mass: 462 (MH) 
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Example 82 

1-4-Cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl)-4- 
(2-benzoxazoyl)methylpiperazine 

0971) 

NC S CN of 
\ / ) W 

N 

O 

2 

0972. In acetonitrile (3 ml) was dissolved 200 mg (0.56 
mmol) of 4-cyano-5-methyl-4-(5-cyano-2-thienyl)hexyl 
iodide. To the mixture were added 78.0 ul (0.56 mmol) of 
triethylamine and 146 mg (0.67 mmol) of 1-(2-benzox 
azoyl)methylpiperazine, followed by stirring at 55°C. After 
14 hours, the reaction Solution was concentrated, and the 
residue was subjected to Cromatorex NH silica gel (ethyl 
acetate/hexane=1/2), to give 237 mg (0.53 mmol. 94.6%) of 
the title compound as a yellow syrup. 

0973) H-NMR (400 MHz, CDC1,) & 0.91 (d. J=6.8 Hz, 
3H), 1.20 (d. J=6.8 Hz, 3H), 1.20-1.30 (m. 1H), 1.59-1.70 
(m. 1H), 1.70- 1.80 (m, 1H), 2.00-2.09 (m. 1H), 2.15-2.25 
(m. 1H), 2.33 (t, J=7.2 Hz, 2H), 2.37-2.52 (m, 4H), 2.57 
2.72 (m, 4H), 3.87 (s. 2H), 7.14 (d. J=4.0 Hz, 1H), 7.30-7.36 
(m. 2H), 7.50 (d. J=4.0 Hz, 1H), 7.51-7.55 (m, 1H), 7.68 
7.73 (m, 1H) 
0974 ESI-Mass: 448 (M+H") 

Example 83 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl)-4-(2-(5- 
cyanobenzoxazoyl)methylpiperazine 

0975) 

S CN C 
\ / ) W O 

N2 

CN 
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0976. The title compound was synthesized in accordance 
with the production method described in Example 82 (yield: 
89.3%). 

0977 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.4 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.22-1.36 (m, 1H), 1.56-1.70 
(m. 1H), 1.71-1.80 (m, 1H), 2.00-2.09 (m. 1H), 2.10-2.19 
(m. 1H), 2.29-2.36 (m, 2H), 2.36-2.52 (m, 4H), 2.56-2.71 
(m, 4H), 3.89 (s. 2H), 6.93 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.10 
(dd, J=1.2 Hz, 3.6 Hz, 1H), 7.25 (dd, J=1.2 Hz, 5.2 Hz, 1H), 
7.60-7.66 (m, 2H), 8.02-8.04 (m, 1H) 

0978) ESI-MS; 448 (M+H") 

Example 84 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(3- 
fluorophenoxy)ethylpiperazine 

0979) 

S 
CN 

N -> 
N-- O F 

0980. In nitrogen atmosphere, 1-2-(4-fluorophenoxy 
)ethylpiperazine (50 mg) synthesized in accordance with 
the method described in Production Example 1 in JP-A 
11-206862 was added to an acetonitrile solution (3 ml) of 
1-iodo-4-cyano-5-methyl-4-(3-thienyl)hexane (50 mg) and 
triethylamine (0.06 ml) at room temperature. After stirring at 
50° C. for 4 hours, the solvent was evaporated, and the 
resulting residue was purified by Cromatorex NH silica gel 
column chromatography (hexane/ethyl acetate system), to 
give the title compound as a yellow oil (62 mg, 96%). 

0981 Free body: 

0982) 'H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.8 Hz, 
3H), 1.16 (d. J=6.6 Hz, 3H), 1.55-1.65 (m, 1H), 1.74-1.84 
(m. 1H), 2.02-2.12 (m, 2H), 2.29 (t, J=7.2 Hz, 2H), 2.30 
2.47 (m, 4H), 2.47-2.65 (m, 4H), 2.79 (t, J=6.0 Hz, 2H), 4.07 
(t, J=6.0 Hz, 2H), 6.58-6.70 (m, 3H), 6.92 (dd, J=1.5 Hz, 5.0 
HZ, 1H), 7.17-7.24 (m. 1H), 7.26-7.28 (m, 1H), 7.33 (dd. 
J-3.0 Hz, 5.0 Hz, 1H). 

0983. Further, 62 mg of the above-mentioned free body 
(the title compound) was dissolved in methanol, followed by 
adding an excessive 4N hydrochloric acid/ethyl acetate 
Solution thereto. After stirring, the mixture was evaporated. 
After water was added to the resulting residue, the aqueous 
Solution was frozen by being immersed in a dry ice-metha 
nol bath. The solvent was removed by freeze-dry process 
over day and night, to give the hydrochloride of the title 
compound (white amorphous, 62 mg). 

0984) Hydrochloride: 

0985 ESI-Mass: 430 (MH) 
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Example 85 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(3- 
cyanophenoxy)ethylpiperazine 

0986) 

0987. The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (85%). 

0988 Free body: 

0989) H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.8 Hz, 
3H), 1.16 (d. J=6.6 Hz, 3H), 1.15-1.30 (m, 1H), 1.54-1.66 
(m. 1H), 1.75-1.85 (m, 1H), 2.02-2.15 (m, 2H), 2.25-2.33 
(m. 2H), 2.33-2.48 (m, 4H), 2.48-2.65 (m, 4H), 2.80 (t, J=5.7 
Hz, 2H), 4.10 (t, J=5.7 Hz, 2H), 6.93 (dd, J=1.3 Hz, 5.1 Hz, 
1H), 7.10-7.30 (m, 2H), 7.20-7.26 (m. 1H), 7.26-7.28 (m, 
1H), 7.32-7.39 (m, 2H). 
0990) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
0991 Hydrochloride: 

0992) ESI-Mass: 437 (MH) 

Example 86 

1-4-Cyano-5-methyl-4-4-(2-cyano)thienylhexyl 
4-2-(3-fluorophenoxy)ethylpiperazine 

0993) 

0994 The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (76%). 
0995 Free body: 

0996) "H-NMR (400 MHz, CDC1) & 0.84 (d. J=6.8 Hz, 
3H), 1.01-102 (m. 1H), 1.17 (d. J=6.6 Hz, 3H), 1.50-1.70 
(m. 1H), 1.75-1.85 (m, 1H), 2.00-2.08 (m. 1H), 2.08-2.18 
(m. 1H), 2.27-2.33 (m, 2H), 2.33-2.48 (m, 4H), 2.48-2.66 
(m, 4H), 2.80 (t, J=5.8 Hz, 2H), 4.07 (t, J=5.8 Hz, 2H), 
6.59-6.70 (m, 3H), 7.17-7.25 (m, 1H), 7.46 (d. J= 1.6 Hz, 
1H), 7.56 (d. J=1.6 Hz, 1H). 
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0997 Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
0998 ESI-Mass; 455 (MH) 

Example 87 

1-4-Cyano-5-methyl-4-4-(2-cyano)-thienylhexyl 
4-2-(3-cyanophenoxy)ethylpiperazine 

0999) 

1000 The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (78%). 
1001 Free body: 
1002 'H-NMR (400 MHz, CDC1) & 0.84 (d. J=6.8 Hz, 
3H), 1.01-102 (m. 1H), 1.17 (d. J=6.6 Hz, 3H), 1.50-1.65 
(m. 1H), 1.75-1.85 (m, 1H), 2.00-2.09 (m. 1H), 2.09-2.18 
(m. 1H), 2.27-2.33 (m, 2H), 2.33-2.48 (m, 4H), 2.48-2.66 
(m, 4H), 2.81 (t, J=5.8 Hz, 2H), 4.10 (t, J=5.8 Hz, 2H), 
7.12-7.16 (m, 2H), 7.23-7.28 (m, 1H), 7.36 (dt, J=0.8 Hz, 7.8 
HZ, 1H), 7.46 (d. J=1.6 Hz, 1H), 7.56 (d. J= 1.6 Hz, 1H). 
1003. Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1004 ESI-Mass: 462 (MH) 

Example 88 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(2- 
cyano-4-fluorophenoxy)ethylpiperazine 

1005) 

W \ N 

1006. The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (72%). 
1007 Free body: 
1008) H-NMR (400 MHz, CDC1,) & 0.90 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.6 Hz, 3H), 1.22-1.38 (m, 1H), 1.52-1.70 
(m. 1H), 1.73-1.83 (m, 1H), 2.00-2.11 (m. 1H), 2.11-2.20 
(m. 1H), 2.27-2.33 (m, 2H), 2.33-2.51 (m, 4H), 2.51-2.70 
(m, 4H), 2.86 (t, J=5.8 Hz, 2H), 4.17 (t, J=5.8 Hz, 2H), 
6.89-6.97 (m, 2H), 7.09-7.12 (m, 1H), 720-7.30 (m, 2H). 
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1009 Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1010 ESI-Mass; 455 (MH) 

Example 89 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(2- 
cyano-4-fluorophenoxy)ethylpiperazine 

1011 

1012 The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (72%). 
1013 Free body: 
1014) 'H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.8 Hz, 
3H), 1.16 (d. J=6.6 Hz, 3H), 1.16-1.20 (m, 1H), 1.50-1.66 
(m. 1H), 1.76-1.86 (m, 1H), 2.01-2.13 (m, 2H), 2.24-2.33 
(m. H), 2.33-2.51 (m, 4H), 2.51-2.70 (m, 4H), 2.87 (t, J=5.8 
Hz, 2H), 4.17 (t, J=5.8 Hz, 2H), 6.89-6.97 (m, 2H), 7.20 
7.30 (m, 3H), 7.33-7.38 (m, 1H). 
1015 Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1016 ESI-Mass; 455 (MH) 

Example 90 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(4- 
cyano-2-fluorophenoxy)ethylpiperazine 

1017 

N F CN 

CuO 
W \ GN 

S 

1018. The title compound was obtained as a colorless oil 
in a similar method as in Example 84 (64%), by using 
2-(4-cyano-2-fluorophenoxy)ethylpiperazine synthesized 
in the same manner as in Reference Example 69 as a raw 
material. 

1019 Free body: 
1020 H-NMR (400 MHz, CDC1,) & 0.90 (d. J=6.6 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.22-1.38 (m, 1H), 1.52-1.70 
(m. 1H), 1.72-1.82 (m, 1H), 2.00-2.10 (m. 1H), 2.11-2.20 
(m. 1H), 2.27-2.33 (m, 2H), 2.33-2.51 (m, 4H), 2.51-2.70 
(m, 4H), 2.85 (t, J=5.8 Hz, 2H), 4.20 (t, J=5.8 Hz, 2H), 6.94 
(dd, J=3.7 Hz, 5.2 Hz, 1H), 7.00 (t, J=8.2 Hz, 1H), 7.10 (dd. 
J=1.3 Hz, 3.7 Hz, 1H), 7.24-7.27 (m. 1H), 7.35 (dd, J=1.9 
HZ, 10.4 Hz, 1H), 7.38-7.42 (m. 1H). 
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1021. The hydrochloride of the target compound was 
obtained by treating the free body in the similar manner as 
in Example 84. 

1022) ESI-Mass; 455 (MH) 

Example 91 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(4- 
cyano-2-fluorophenoxy)ethylpiperazine 

1023) 

Yrcur 
1024. The title compound was obtained as a colorless oil 
according to a similar method as in Example 84 (64%), by 
using 2-(4-cyano-2-fluorophenoxy)ethylpiperazine synthe 
sized in accordance with Reference Example 69 as a raw 
material, 

1025) Free body: 

1026 'H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.8 Hz, 
3H), 1.16 (d. J=6.8 Hz, 3H), 1.22-1.38 (m, 1H), 1.52-1.70 
(m. 1H), 1.74-1.84 (m, 1H), 2.00-2.13 (m, 2H), 2.25-2.33 
(m. 2H), 2.33-2.49 (m, 4H), 2.49-2.68 (m, 4H), 2.85 (t, J=5.8 
Hz, 2H), 4.20 (t, J=5.8 Hz, 2H), 6.92 (dd, J=1.5 Hz, 5.1 Hz, 
1H), 7.00 (t, J=8.4 Hz, 1H), 7.25-7.28 (m, 1H), 7.32-7.37 
(m. 2H), 7.40 (ddd, J=1.3 Hz, 1.8 Hz, 8.4 Hz, 1H). 
1027) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 

1028) ESI-Mass; 455 (MH) 

Example 92 

1-4-Cyano-5-methyl-4-(2,5-dibromo)-3-thienyl 
hexyl)-4-2-(3-cyanophenoxy)ethylpiperazine 

1029) 
Br 

1030 The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (78%). 

1031 Free body: 

1032 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.6 Hz, 
3H), 1.17 (d. J=6.8 Hz, 3H), 1.22-1.38 (m, 1H), 1.52-1.70 
(m. 1H), 1.82-2.02 (m, 1H), 2.30-2.53 (m, 8H), 2.53-2.68 
(m, 4H), 2.81 t, J=5.8 Hz, 2H), 4.10 (t, J=5.8 Hz, 2H), 7.04 
(s, 1H), 7.11-7.20 (m, 2H), 7.22-7.29 (m. 1H), 7.34-7.39 (m, 
1H). 
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1033) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1034) ESI-Mass; 593, 595,597 (MH) 

Example 93 

1-4-Cyano-5-methyl-4-(2-bromo-5-cyano-3-thie 
nyl)hexyl)-4-2-(3-cyanophenoxy)ethylpiperazine 

1035) 
Br 

W GN 
NC N N C-O, 
1036) In a nitrogen atmosphere, 1-4-cyano-5-methyl-4- 
(2,5-dibromo)-3-thienylhexyl)-4-2-(3-cyanophenoxy 
)ethylpiperazine (145 mg) was dissolved in a mixed solvent 
of dimethylformamide (10 mL)/water (0.1 mL) of Zinc 
cyanide (57.3 mg) and 1,1'-bis(diphenylphosphino)fer 
rocene (13.5 mg). Palladium-dibenzylidene acetone com 
plex (8.9 mg) was added thereto, the atmosphere of the 
mixture was replaced 3 times with nitrogen, and then the 
solution was stirred at 120° C. for 4 hours. Water, diethyl 
ether and an aqueous ammonia were added thereto, to 
separate the organic layer. The resulting organic layer was 
washed with water and brine, dried over anhydrous magne 
sium sulfate. After filtering off the drying agent, the filtrate 
was evaporated, and the residue was purified by LC-MS 
(ODS column; acetonitrile/water system), to give the title 
compound as a yellow oil (8 mg, 6.7%). 
1037) Free body: 
1038 H-NMR (400 MHz, CDC1) & 0.89 (d. J=6.6 Hz, 
3H), 1.19 (d. J=6.6 Hz, 3H), 1.19-1.25 (m, 1H), 1.53-1.68 
(m. 1H), 2.00-2.10 (m. 1H), 2.30-2.70 (m, 12H), 2.83 (t, 
J=5.7 Hz, 2H), 4.11 (t, J=5.7 Hz, 2H), 7.11-7.17 (m, 2H), 
7.22-7.27 (m, 1H), 7.34-7.39 (m. 1H), 7.55 (s, 1H). 
1039. Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1040 ESI-Mass; 540, 542 (MH) 

Example 94 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(4- 
methyltiophenoxy)ethylpiperazine 

Olu Ol 
1042. The title compound was obtained as a colorless oil 

in accordance with Example 45 described in JP-A 
11-206862 (64%). 

1041 
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1043 Free body: 
1044) 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.22-1.38 (m. 1H), 1.55-1.70 
(m. 1H), 1.71-1.82 (m, 1H), 2.02-2.10 (m. 1H), 2.11-2.21 
(m. 1H), 2.27-2.35 (m, 2H), 2.35-2.50 (m, 4H), 2.44 (s.3H), 
2.50-2.65 (m, 4H), 2.78 (t, J=5.9 Hz, 2H), 4.07 (t, J=5.9 Hz, 
2H), 6.84 (brd, J=8.8 Hz, 2H), 6.94 (dd, J=3.7 Hz, 4.9 Hz, 
1H), 7.11 (brd, J-3.7 Hz, 1H), 7.22-7.29 (m, 3H). 
1045. Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1046 ESI-Mass: 456 (MH) 

Example 95 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(4- 
methylsulfonylphenoxy)ethylpiperazine 

1047 

W \ GN W 
S -> N 

N-N- 
1048. The title compound was obatined as a colorless oil 
in accordance with the production method described in 
Example 84 (85%). 
1049 Free body: 
1050) 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.6 Hz, 3H), 1.22-1.38 (m, 1H), 1.55-1.71 
(m. 1H), 1.71-1.82 (m, 1H), 2.02-2.10 (m. 1H), 2.11-2.21 
(m. 1H), 2.27-2.35 (m, 2H), 2.35-2.50 (m, 4H), 2.50-2.65 
(m, 4H), 2.83 (t, J=5.8 Hz, 2H), 3.03 (s, 3H), 4.16 (t, J=5.8 
Hz, 2H), 6.84 (brd, J=8.8 Hz, 2H), 6.94 (dd, J=3.7 Hz, 4.9 
HZ, 1H), 7.11 (brd, J-3.7 Hz, 1H), 7.22-7.29 (m, 3H). 
1051) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1052 ESI-Mass: 490 (MH) 

Example 96 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(3- 
acetylphenoxy)ethylpiperazine 

1053) 

W \ GN 

r N-1- O 

1054 The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (72%). 
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1055 Free body: 
1056 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.6 Hz, 3H), 1.22-1.38 (m. 1H), 1.55 
1.71(m. 1H), 1.71-1.82 (m. 1H), 2.02-2.10 (m, 1H), 2.11 
2.21 (m, 1H), 2.28-2.35(m, 2H), 2.35-2.50(m, 4H), 2.50 
2.65 (m, 4H), 2.59 (s.3H), 2.82 (t, J=5.8 Hz, 2H), 4.14 (t, 
J=5.8 Hz, 2H), 6.94 (dd, J-3.5 Hz, 4.9 Hz, 1H), 7.09-7.13 
(m. 2H), 7.24-7.28 (m. 1H), 7.36 (t, J=7.9 HZ, 1H), 7.47 
7.50 (m, 1H), 7.54 (brd, J=7.9 Hz, 1H). 
1057) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1058 ESI-Mass: 454 (MH) 

Example 97 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(3- 
acetylphenoxy)ethylpiperazine 

1059 

1060 The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (60%). 
1061 Free body: 
1062 H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.6 Hz, 
3H), 1.16 (d. J=6.8 Hz, 3H), 1.16-1.30 (m, 1H), 1.50-1.68 
(m. 1H), 1.75-1.84 (m, 1H), 2.02-2.13 (m, 2H), 2.25-2.35 
(m. 2H), 2.35-2.47 (m, 4H), 2.47-2.68 (m, 4H), 2.59 (s.3H), 
2.81 (t, J=5.9 Hz, 2H), 4.14 (t, J=5.9 Hz, 2H), 6.92 (dd, J=1.4 
Hz, 4.9 Hz, 1H), 7.09-7.13 (m, 1H), 7.25-728 (m, 1H), 
7.32-7.38 (m, 2H), 747-7.50 (m. 1H), 7.51-7.56 (m, 1H). 
1063). Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1064 ESI-Mass: 454 (MH) 

Example 98 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(4- 
cyanophenoxy)ethylpiperazine 

1065 

Yrcur 
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1066. The title compound was obtained as a colorless oil 
in accordance with the production method described in 
Example 84 (55%). 

1067 Free body: 

1068 H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.8 Hz, 
3H), 1.16 (d. J=6.8 Hz, 3H), 1.16-1.30 (m, 1H), 1.50-1.68 
(m. 1H), 1.72-1.84 (m, 1H), 2.02-2.12 (m, 2H), 2.25-2.35 
(m. 2H), 2.35-2.45 (m, 4H), 2.45-2.65 (m, 4H), 2.81 (t, J=5.8 
Hz, 2H), 4.12 (t, J=5.8 Hz, 2H), 6.90-6.97 (m, 3H), 7.23 
7.32 (m. 1H), 7.32-7.36 (m, 1H), 7.57 (d. J=8.6 Hz, 2H). 
1069). Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 

1070 ESI-Mass: 437 (MH) 

Example 99 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(4- 
methylthiophenoxy)ethylpiperazine 

1071) 
S 

\ GN S 

rouors 
1072 The title compound was obtained as a colorless oil 
in accordance with Example 45 described in JP-A 
11-206862 (59%). 

1073 H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.6 Hz, 
3H), 1.16 (d. J=6.8 Hz, 3H), 1.16-1.30 (m, 1H), 1.50-1.68 
(m. 1H), 1.72-1.84 (m, 1H), 2.02-2.12 (m, 2H), 2.25-2.35 
(m. 2H), 2.35-2.48 (m, 4H), 2.44 (s.3H), 2.48-2.65 (m, 4H), 
2.78 (t, J=5.9 Hz, 2H), 4.06 (t, J=5.9 Hz, 2H), 6.84 (brd, 
J=6.6 Hz, 2H), 6.92 (dd, J=1.5 Hz, 5.1 Hz, 1H), 7.22-7.28 
(m, 3H), 7.33 (dd, J=3.0 Hz, 5.1 Hz, 1H). 
1074) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 

1075 ESI-Mass: 456 (MH) 

Example 100 

1-4-Cyano-5-methyl-4-(3-thienyl)hexyl-4-2-(4- 
methylsulfonylphenoxy)ethylpiperazine 

1076) 
S 

S. \ (N ~ Y N Clus-O 
1077. The title compound was obtatined as a colorless oil 
in accordance with the production method described in 
Example 84 (56%). 
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1078 Free body: 
1079 'H-NMR (400 MHz, CDC1) & 0.83 (d. J=6.6 Hz, 
3H), 1.16 (d. J=6.8 Hz, 3H), 1.16-1.30 (m, 1H), 1.50-1.68 
(m. 1H), 1.74-1.84 (m, 1H), 2.02-2.12 (m, 2H), 2.25-2.35 
(m. 2H), 2.35-2.48 (m, 4H), 2.48-2.65 (m, 4H), 2.82 (t, J=5.9 
Hz, 2H), 3.03 (s.3H), 4.16 (t, J=5.9 Hz, 2H), 6.92 (dd, J=1.5 
HZ, 5.1 Hz, 1H), 7.02 (brd, J=8.8 Hz, 2H), 7.24-7.29 (m, 
1H), 7.33 (dd, J-3.0 Hz, 5.1 Hz, 1H), 7.86 (brd, J=8.8 Hz, 
2H). 
1080 Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1081) ESI-Mass: 490 (MH) 

Example 101 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-(3- 
bromophenoxy)ethylpiperazine 

O-O. 
1083. The title compound was obtained as a colorless oil 

in accordance with the production method described in 
Example 84 (87%). 
1084 Free body: 
1085) H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.6 Hz, 
3H), 1.18 (d. J=6.6 Hz, 3H), 1.20-1.40 (m, 1H), 1.55-1.70 
(m. 1H), 1.72-1.82 (m, 1H), 2.00-2.10 (m, 2H), 2.10-2.22 
(m. 2H), 2.25-2.35 (m, 2H), 2.35-2.50 (m, 4H), 2.50-2.65 
(m, 4H), 2.78 (t, J=5.8 Hz, 2H), 4.06 (t, J=5.8 Hz, 2H), 
6.80-6.85 (m. 1H), 6.94 (brdd, J=3.5 Hz, 5.0 Hz, 1H), 
7.04-7.15 (m, 4H), 7.24-7.28 (m, 1H). 
1086) Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 

1087 ESI-Mass: 490, 492 (MH) 

1082) 

W \ N 

Example 102 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl)-4-(2-phe 
noxyethyl)piperazine 

Clu-O 
1089. The title compound was obtained as a colorless oil 

in accordance with the production method described in 
Example 84 (97%). 

1088) 

W \ N 
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1090 Free body: 
1091 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.6 Hz, 
3H), 1.18 (d. J=6.6 Hz, 3H), 1.20-1.40 (m, 1H), 1.55-1.70 
(m. 1H), 1.72-1.82 (m, 1H), 2.00-2.10 (m, 2H), 2.10-2.22 
(m. 2H), 2.25-2.35 (m, 2H), 2.35-2.50 (m, 4H), 2.50-2.65 
(m, 4H), 2.80 (t, J=5.8 Hz, 2H), 4.09 (t, J=5.8 Hz, 2H), 
6.87-6.97 (m, 4H), 7.08-7.12 (m, 1H), 723-7.30 (m, 2H). 
1092 Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1093) ESI-Mass: 412 (MH) 

Example 103 

1-4-Cyano-5-methyl-4-(2-bromo-5-thienyl)hexyl 
4-2-(3-cyanophenoxy)ethylpiperazine 

1094) 

W \ CN CN 

O-O 
1095. By using 4-cyano-5-methyl-4-(2-bromo-5-thie 
nyl)hexyloxy-tert-butyldimethylsilane (700 mg) which was 
obtained in Example 114-5) described in JP-A 11-206862, 
4-cyano-5-methyl-4-(2-bromo-5-thienyl)hexanol (371 mg, 
80%) was synthesized as a yellow oil in accordance with 
Example 114-8) described in JP-A 11-206862. From 105 mg 
of the resulting compound and 96 mg of 2-(3-cyanophe 
noxy)ethylpiperazine, the title compound was synthesized as 
a colorless oil in accordance with the production method 
described in Example 84 (138 mg, 62%). 
1096 Free body: 
1097 H-NMR (400 MHz, CDC1,) & 0.93 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.20-1.40 (m, 1H), 1.55-1.70 
(m. 1H), 1.90-2.05 (m, 1H), 2.05-2.20 (m, 2H), 2.30-2.38 
(m. 2H), 2.38-2.50 (m, 4H), 2.50-2.65 (m, 4H), 2.81 (t, J=5.8 
Hz, 2H), 4.10 (t, J=5.8 Hz, 2H), 6.90 (dd, J=3.8 Hz, 8.6 Hz, 
2H), 7.10-7.17 (m, 2H), 7.22-7.30 (m, 1H), 7.33-7.40 (m, 
1H). 
1098. Further, the hydrochloride of the free body (the title 
compound) was obtained in accordance with the method 
described in Example 84. 
1099 ESI-Mass; 515, 517 (MH) 

Example 104 
1-4-Cyano-4-(3-cyano-5-thienyl)-5-methylhexyl)-4- 

2-(4-methylsulfonylphenoxy)ethylpiperazine 
1100 
NC 

W \ N 
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1167 Free body: 

1168 Rf=0.4 (developing solvent; ethyl acetate:hexane= 
2:1, Fuji 

1169 Silysia Chemical Ltd., NHTLC) 
1170) Hydrochloride: 

1171 ESI-MS (m/e); 469 (M+H) 

Example 119 

4-4-(4-Benzylpiperidinyl)-piperidinyl-1-isopropyl 
1-phenylbutyl cyanide 

1172 

1173 Free body: 

1174. Rf=0.5 (developing solvent; ethyl acetate:hexane= 
2:1, Fuji 

1175 Silysia Chemical Ltd., NHTLC) 
1176) Hydrochloride: 

1177 ESI-MS (m/e); 458 (M+H) 

Example 120 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl)-4-(2-N- 
(1.2.3,4-tetrahydro-1-quinolinyl)sulfamoyl 

ethylpiperazine 

1178) 

W \ N c 
1179 The title compound was synthesized in accordance 
with the method of Example 63 or 67 described in JP-A 
11-206862, or according to those methods. 

1180 Trifluoroacetate: 

1181 ESI-MS (m/e); 515 (M+H) 
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Example 121 

1-3-Cyano-4-methyl-5-(2-thienyl)pentyl)-4-2-N- 
(1,2,3,4-tetrahydro-1-quinolinyl)sulfamoyl 

ethylpiperazine 
1182 

W \ N Or 

1183. The title compound was synthesized in accordance 
with the method of Example 63 or 67 described in JP-A 
11-206862, or according to the methods. 
1184 Trifluoroacetate: 
1185 ESI-MS (m/e); 501 (M+H) 

Example 122 

1-4-Cyano-5-methyl-4-(2-thienyl)hexyl-4-2-N- 
(piperidinyl)sulfamoylethylpiperazine 

1186 

1187. The title compound was synthesized in accordance 
with the method of Example 63 or 67 described in JP-A 
11-206862, or according to the methods. 
1188 Hydrochloride: 
1189 ESI-MS (m/e); 467 (M+H) 

Example 123 

Bis-1,4-(3-cyano-4-methyl-3-phenyl)pentylpipera 
Zine 

1190) 

N 

1191 3-Methyl-2-(2-oxoethyl)-2-phenylbutanenitrile 
(100 mg) and anhydrous piperazine (22 mg) were dissolved 
in methylene chloride (5 ml). To the mixture were added 
acetic acid (0.085 ml) and sodium triacetoxyborohydride 
(158 mg), followed by stirring overnight at room tempera 
ture. The organic layer was separated by adding an aqueous 
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saturated Sodium bicarbonate and methylene chloride, and it 
was washed with water, dried over anhydrous magnesium 
sulfate and evaporated. The resulting residue was purified by 
Chromatorex NH silica gel column chromatography (hex 
ane/ethyl acetate system), to give the title compound as a 
colorless oil (81 mg, 71%). The hydrochloride (89 mg) of 
the title compound was obtained by treating the free body in 
a conventional method. 

1192 Free body: 
1193) 'H NMR (400 MHz, CDC1) & 0.76 (d. J=6.8 Hz, 
6H), 1.10-1.20 (m, 2H), 1.19 (d. J=6.8 Hz, 6H), 1.50-1.60 
(m. 2H), 1.90-2.15 (m, 6H), 2.00-2.45 (m, 8H), 7.25-7.42 
(m. 10H). 
1194) Hydrochloride: 
1195 ESI-MS (m/e); 457 (M+H) 
1196. The title compounds of Examples 124 to 126 were 
synthesized in accordance with the method of Example 123. 

Example 124 

Bis-1,4-(3-cyano-4-methyl-3-phenyl)pentylho 
mopiperazine 

1197) 

N 

1198 Hydrochloride: 
1199 ESI-MS (m/e); 471 (M+H) 

Example 125 

Bis-1,4-(3-cyano-4-methyl-3-phenyl)hexylho 
mopiperazine 

1200 

1201) Hydrochloride: 
1202) ESI-MS (m/e); 499 (M+H) 

79 
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Example 126 

Bis-1,4-(3-cyano-4-methyl-3-(2-thienyl)pentyl) 
piperazine 

1203) 

W \ N O &N \ / 

1204) Hydrochloride: 

1205 ESI-MS (m/e); 469 (M+H) 

Example 127 

(S)-3-Phenyl-2-aminopropanic acid {1-(4-cyano-5- 
methyl-4-phenyl)hexylpiperazinyl)amide 

1206) 

CN 

1207 After dissolving 1-(4-cyano-5-methyl-4-phenyl 
)hexylpiperazine (14 mg) and N-(tert-butoxycarbonyl)-L- 
phenylalanine (10 mg) in methylene chloride (0.5 ml), 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (10 mg) 
and triethylamine (0.015 ml) were added thereto, and the 
mixture was stirred overnight at room temperature. After the 
Solution was purified by silica gel column chromatography 
(diethyl ether), the solvent was removed by blowing of 
nitrogen. After dissolving the resulting residue in methylene 
chloride (0.4 ml), trifluoroacetic acid (0.2 ml) was added 
thereto and the mixture was stirred at room temperature for 
9 hours. The reaction solvent was removed by standing the 
mixture as it was at 35° C. by blowing of nitrogen overnight, 
to give the hydrochloride (21 mg, 91%) of the title com 
pound. 

1208 Hydrochloride: 

1209 ESI-MS (m/e); 433 (M+H) 

1210. The title compounds of Examples 128 and 129 
were synthesized in accordance with the method of Example 
127. 
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Example 128 

(S)-3-Phenyl-2-aminopropanic acid {1-(4-cyano-5- 
methyl-5-(2-thionyl)hexylpiperazinyl)amide 

1211) 

W \ N 

1212 Hydrochloride: 
1213) ESI-MS (m/e); 439 (M+H) 

Example 129 

(S)-3-Phenyl-2-amino-propanic acid {1-(3-cyano 
4-methyl-4-(2-thionyl)hexylpiperazinyl)amide 

1214) 

W \ N 

1215) Hydrochloride: 
1216 ESI-MS (m/e); 425 (M+H) 

Example 130 

5-3-(Benzylamino)-4-hydroxytetrahydro-1H-1-pyr 
rolyl)-2-isopropyl-5-oxo-2-(2-thienyl)pentane nitrile 

1217) 
OH 

N 

1218 Under a nitrogen atmosphere, 5-(2,5-dihydro-1H 
1-pyrrolyl)-2-isopropyl-5-oxo-2-(2-thienyl)pentanenitrile 
(260 mg) was dissolved in a mixed solvent of dimethyl 
sulfoxide (2 ml) and water (0.1 ml) at room temperature. To 
the mixture was added N-bromosuccinimide (177 mg), 
followed by stirring overnight. The reaction solution was 
partitioned between ethyl acetate and water, and the result 
ing organic layer was dried over anhydrous magnesium 
sulfate and then evaporated. The residue was purified by 
silica gel column chromatography (ethyl acetate/hexane 
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system), to give a colorless oily intermediate (140 mg). The 
intermediate (20 mg) was dissolved in tetrahydrofuran (0.05 
ml), a 1N aqueous sodium hydroxide (0.06 ml) was added, 
and the mixture was stirred at room temperature. After 
stirring for 45 minutes, a benzylamine (11 mg)/tetrahydro 
furan solution (0.05 ml) was added thereto, and the mixture 
was stirred at 70° C. overnight. There action solution was 
cooled to room temperature and partitioned between ethyl 
acetate and water. The resulting organic layer was dried over 
anhydrous magnesium Sulfate and then evaporated. The 
residue was purified by Cromatorex NH silica gel column 
chromatography (ethyl acetate/hexane system), to give the 
title compound as a colorless oil (20 mg). 

1219) Hydrochloride: 

1220 ESI-MS (m/e); 412 (M+H) 

1221. The title compounds of Examples 131 to 136 were 
synthesized in accordance with the method of Example 130. 

Example 131 

5-3-(N-Methylbenzylamino)-4-hydroxytetrahydro 
1H-1-pyrrolyl)-2-isopropyl-5-oxo-2-(2-thienyl)pen 

tane nitrile 

1222 

OH 

1223 Hydrochloride: 

1224) ESI-MS (m/e); 426 (M+H) 

Example 132 

5-3-(2-Thienylethylamino)-4-hydroxytetrahydro 
1H-1-pyrrolyl)-2-isopropyl-5-oxo-2-(2-thienyl)pen 

tane nitrile 

1225) 
OH 

N 

1226 Hydrochloride: 

1227 ESI-MS (m/e); 432 (M+H) 
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tion, the reaction solution was adjusted to basic with a 5N 
sodium hydroxide and extracted with ethyl acetate. The 
organic layer was washed with brine, dried over magnesium 
Sulfate and evaporated, to give a crude product. The crude 
product was subjected to 25 g of Cromatorex NH silica gel 
(ethyl acetate:hexane=25% of ethyl acetate), to give 220 mg 
(0.48 mmol. 59.1%) of the title compound as a colorless 
syrup. The physico-chemical data of the compound was as 
below. 

1389) H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.4 Hz, 
3H), 1.19 (d. J=6.4 Hz, 3H), 1.16-1.29 (m, 1H), 1.54-1.66 
(m. 1H), 1.70- 1.84 (m, 2H), 1.91-2.08 (m, 2H), 2.17-2.37 
(m, 5H), 2.38-2.51 (m, 2H), 2.51-2.58 (m. 1H), 2.61-2.68 
(m. 1H), 2.78–2.94 (m, 2H), 3.40-3.50 (m, 1H), 3.60 (d. J= 14 
HZ, 1H), 3.71 (d. J=14Hz, 1H), 7.13 (d. J=3.6 Hz, 1H), 
7.32-7.39 (m, 5H), 7.50 (d. J=3.6 Hz, 1H) 
1390. Further, the diastereomer of the title compound of 
Example 173 is synthesized in accordance with the produc 
tion method of the above-mentioned Example 173 from 
4-cyano-4-(5-cyano-2-thienyl)-5-methylhexanol (hereinaf 
ter, referred to as “alcohol b”) synthesized in accordance 
with Reference Examples 104 and 105 from 4-cyano-4-(2- 
thienyl)-5-methylhexanoic acid obtained from Reference 
Example 103, and (3R)-3-tert-butoxycarbonylaminopyrro 
lidine. Similarly, the mirror isomer of the title compound of 
Example 173 is synthesized in accordance with the produc 
tion method of the above-mentioned Example 173 from the 
alcohol b and (3S)-3-tert-butoxycarbonylaminopyrrolidine. 

Example 174 

1-4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3R)-3-N-(2-cyanoethyl)-N-(2-thienylmethy 

l)aminolpyrrolidine 

1391) 

1392 The title compound was synthesized in accordance 
with the production method of Example 173 from 1-4- 
cyano-4-(5-cyano-2-thienyl)-5-methylhexyl-(3R)-3-N-(2- 
cyanoethyl) aminolpyrrolidine obtained from Reference 
Example 81 and 2-thiophenecarboxyaldehyde. The physico 
chemical data of the compound was as below. 

1393) Yield: 46.7% 
1394 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.4 Hz, 3H), 1.16-1.29(m, 1H), 1.54-1.67(m, 
1H), 1.67-1.84(m, 2H), 1.95-2.09(m, 2H), 2.17-2.35 (m,3H), 
2.35-2.56(m.5H), 2.61-2.70(m. 1H), 2.80-2.96(m, 2H), 
3.44-3.54(m, 1H), 3.84(d. J=15.0 Hz, 1H), 3.92(d. J=15.0 
HZ, 1H), 6.92-7.04 (m, 2H), 7.13 (d. J=4.0 Hz, 1H), 7.23 
7.31 (m, 1H), 7.51 (d. J=4.0 Hz, 1H) 
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Example 175 

1-4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3S)-3-N-(2-cyanoethyl)-N-benzylaminolpyrroli 

dine 

1395) 

NC S CN 
CN 

N y/Y 

1396 The title compound could be synthesized in accor 
dance with the following two methods (synthetic methods A 
and B). 
1397) Synthetic Method A 

(1) (3S)-3-N-(2-Cyanoethyl)-N-benzylaminolpyrro 
lidine 

1398) 

BocN ). 
NH2 

CN 

BocN 't N 
H 

C N 

/N/ Her 
BocN “in N 

CN 

in N 

1399 (3S)-3-N-(2-Cyanoethyl)-N-benzylamino)-1- 
(tert-butoxy carbonyl)pyrrolidine was synthesized in accor 
dance with the production methods of Reference Example 
81 and Example 173 from (3S)-3-amino-1-(tert-butoxycar 
bonyl)pyrrolidine. The title compound was obtained by 
de-protecting the Boc group in accordance with Reference 
Example 80 (yield; 78.2%, (3 steps)) The physico-chemical 
data of the compound was as below. The physico-chemical 
data of (3S)-3-N-(2-cyanoethyl)-N-benzylamino-1-(tert 
butoxycarbonyl)pyrrolidine 

1400 'H-NMR (400 MHz, CDC1) & 1.46 (s, 9H), 1.77 
1.95(m. 1H), 1.98-2.12 (m. 1H), 2.32 (t, J=6.8 Hz, 2H), 2.87 
(t, J=6.8 Hz, 2H), 3.10-3.78 (m, 7H), 7.27-7.39 (m, 5H) 



US 2006/0084658 A1 

1401 The physico-chemical data of (3S)-3-N-(2-cyano 
ethyl)-N-benzylaminolpyrrolidine 

1402) H-NMR (400 MHz, CDC1) & 1.66-1.78(m, 1H), 
1.88-2.02 (m. 1H), 2.31 (t, J=6.8 Hz, 2H), 2.78–2.95 (m, 
4H), 3.02-3.12 (m, 2H), 3.32-3.41 (m, 1H), 2.87 (t, J=6.8 
Hz, 2H), 3.64 (d. J=14Hz, 1H), 3.71 (d. J=14Hz, 1H), 
7.27-7.38 (m, 5H) 
1403) (2) 

1-4-Cyano-4-(5-cyano-2-thienyl)-5-methylhexyl 
(3S)-3-N-(2-cyanoethyl)-N-benzylaminolpyrroli 

dine 

1404 Optically active body, 4-cyano-4-(5-cyano-2-thie 
nyl)-5-methylhexyl iodide (iodide C (optically active body)) 
was synthesized from the alcohol B in accordance with 
Example 77 (1). The title compound was synthesized in 
accordance with Example 77(2) from the iodide C and 
(3S)-3-N-(2-cyanoethyl)-N-benzylaminolpyrrolidine 
which was obtained in (1). The physico-chemical data of the 
compound was as below. 
1405) Yield; 90.6%. 
1406 ESI-MS: 460 (M+H)" 
1407 H-NMR (400 MHz, CDC1,) & 0.91 (d. J=6.8 Hz, 
3H), 1.19 (d. J=6.8 Hz, 3H), 1.16-1.30 (m, 1H), 1.56-1.68 
(m. 1H), 1.70- 1.81 (m, 2H), 1.93-2.10 (m, 2H), 2.21-2.44 
(m, 7H), 2.57-2.67 (m. 2H), 2.80-2.95 (m. 2H), 3.39-3.48 
(m. 1H), 3.62 (d. J=14 Hz, 1H), 3.69 (d. J=14 Hz, 1H), 7.15 
(d. J=4.0 Hz, 1H), 7.23-7.37 (m, 5H), 7.52 (d. J=4.0 Hz, 1H) 
1408 Synthetic Method B 
1409. The title compound was synthesized in accordance 
with the production of Example 173 from the above-men 
tioned iodide C (or the alcohol B) and (3S)-3-tert-butoxy 
carbonylaminopyrrolidine. 

Example 176 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl)-(3S)-3-N- 
(2-cyanoethyl)-N-benzylaminolpyrrolidine 

1410 

S CN 
CN 

N y/Y 

1411 Optically active body, 4-cyano-4-(2-thienyl)-5-me 
thylhexyl iodide (iodide D (optically active body)) was 
synthesized from the alcohol A in accordance with Example 
77(1). The title compound was synthesized in accordance 
with Example 75 from the iodide D and (3S)-3-N-(2- 
cyanoethyl)-N-benzylaminolpyrrolidine of “Synthetic 
method A (1) (1) of Example 175. The physico-chemical 
data of the title compound was as below. Yield: 97%. 
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1412) 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.8 Hz, 
3H), 1.17 (d. J=6.4 Hz, 3H), 1.20-1.35 (m, 1H), 1.55-1.68 
(m. 1H), 1.69-1.82 (m, 2H), 1.92-2.10 (m, 2H), 2.17-2.43 
(m, 7H), 2.54-2.66 (m, 2H), 2.87 (t, J=6.8 Hz, 2H), 3.37 
3.46 (m, 1H), 3.62 (d. J=14 Hz, 1H), 3.68 (d. J=14 Hz, 1H), 
6.95 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.15 (dd, J=1.2 Hz, 3.6 Hz, 
1H), 7.23-7.39 (m, 6H), 

Example 177 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl)-(3S)-3-N- 
(2-cyanoethyl)-N-(3-cyanobenzyl)aminolpyrrolidine 

1413) 

S CN 

f ) /N/CN 
N in N CN 

1414. The title compound was synthesized in accordance 
with Example 75 from the iodide D and (3S)-3-N-(2- 
cyanoethyl)-N-(3-cyanobenzyl)aminolpyrrolidine synthe 
sized in accordance with the production method of “Syn 
thetic method A (1) of Example 175. The physico-chemical 
data of the compound was as below. 
1415 Yield: 82%. 
1416) 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.4 Hz, 
3H), 1.16 (d. J=6.8 Hz, 3H), 1.22-1.34 (m, 1H), 1.54-1.67 
(m. 1H), 1.67-1.80 (m, 2H), 1.93-2.09 (m, 2H), 2.16-2.27 
(m. 2H), 2.27-2.43 (m, 5H), 2.59-2.72 (m, 2H), 2.88 (t, J=6.8 
Hz, 2H), 3.34-3.43 (m. 1H), 3.68 (d. J=15 Hz, 1H), 3.74 (d. 
J=15 Hz, 1H), 6.96 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.11 (dd. 
J=1.2 Hz, 3.6 Hz, 1H), 7.27 (dd, J=1.2 Hz, 5.2 Hz, 1H), 
7.41-7.48 (m, 1H), 7.54-7.58 (m, 1H), 7.62-7.66 (m, 2H) 

Example 178 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl-4-3- 
methoxy-(2R)-2-(2-pyridyloxy)-propylpiperazine 

1417 

1418. The title compound was synthesized in accordance 
with Example 75 from the iodide D and 1-3-methoxy 
(2R)-2-(2-pyridyloxy)-propylpiperazine. The physico 
chemical data of the target compound obtained is indicated 
below. The values of the physical properties of the title 
compound obtained are indelicated below. 
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1457. The title compound was synthesized in accordance 
with Example 75 from 4-cyano-4-(2-thienyl)-5-methylhexyl 
iodide and 1-2-(6-fluoromethyl-2-pyridyloxy)ethylpipera 
Zine. The physico-chemical data of the compound was as 
below. 

1458. The values of the physical properties of the target 
compound obtained are indicated below. 

1459 ESI-MS; 445 (M+H)" 

Example 192 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl-4-2-(6- 
bromo-2-pyridyloxy)ethylpiperazine 

1460) 

S. Br 

1461 The title compound was synthesized in accordance 
with Example 75 from 4-cyano-4-(2-thienyl)-5-methylhexyl 
iodide and 1-2-(6-bromo-2-pyridyloxy)ethylpiperazine. 
The physico-chemical data of the compound was as below. 

1462 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.4 Hz, 
3H), 1.18 (d. J=6.4 Hz, 3H), 1.22-1.38 (m, 1H), 1.58-1.70 
(m. 1H), 1.71-1.82 (m, 1H), 2.00-2.10 (m. 1H), 2.10-2.20 
(m. 1H), 2.25-2.65 (m. 10H), 2.76 (t, J=6.0 Hz, 2H), 4.42 (t, 
J=6.0 Hz, 2H), 6.69 (d. J=8.0 Hz, 1H), 6.94 (dd, J=3.6 Hz, 
5.2 Hz, 1H), 7.04 (d. J=8.0 Hz, 1H), 7.11 (dd, J= 1.6 Hz, 3.6 
HZ, 1H), 7.24-7.28 (m. 1H), 7.40 (t, J=8.0 Hz, 1H) 

Example 193 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl-4-2-(6- 
fluoro-2-pyridyloxy)ethylpiperazine 

1463 

1464. The title compound was synthesized in accordance 
with Example 75 from 4-cyano-4-(2-thienyl)-5-methylhexyl 
iodide and 1-2-(6-fluoro-2-pyridyloxy)ethylpiperazine. 
The physico-chemical data of the compound was as below. 

1465) ESI-MS: 431 (M+H)" 
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Example 194 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl-4-2-(2- 
pyridyloxy)ethylpiperazine 

1466) 

1467 The title compound was synthesized in accordance 
with Example 75 from 4-cyano-4-(2-thienyl)-5-methylhexyl 
iodide and 1-2-(2-pyridyloxy)ethylpiperazine. The 
physico-chemical data of the compound was as below. 
1468 ESI-MS; 413 (M+H)" 

Example 195 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl-4-2-(6- 
methyl-2-pyridyloxy)ethylpiperazine 

1469) 

1470 The title compound was synthesized in accordance 
with Example 75 from 4-cyano-4-(2-thienyl)-5-methylhexyl 
iodide and 1-2-(6-methyl-2-pyridyloxy)ethylpiperazine. 
The physico-chemical data of the compound was as below. 
1471 'H-NMR (400 MHz, CDC1) & 0.90 (d. J=6.8 Hz, 
3H), 1.18 (d. J=6.8 Hz, 3H), 1.22-1.38 (m, 1H), 1.58-1.70 
(m. 1H), 1.71-1.82 (m, 1H), 2.00-2.10 (m. 1H), 2.10-2.21 
(m. 1H), 2.27-2.70 (m, 10H), 2.42 (s.3H), 2.77 (t, J=6.0 Hz, 
2H), 4.41 (t, J=6.0 Hz, 2H), 6.51-6.55 (m. 1H), 6.67-6.72 
(m. 1H), 6.94 (dd, J=3.6 Hz, 5.2 Hz, 1H), 7.11 (dd, J=1.6 Hz, 
3.6 Hz, 1H), 7.25 (dd, J=1.6 Hz, 5.2 Hz, 1H), 7.43 (dd, J=7.2 
Hz, 8.4 Hz, 1H) 

Example 196 

1-4-Cyano-4-(2-thienyl)-5-methylhexyl-4-2-(6- 
cyano-2-pyridyloxy)ethylpiperazine 

1472) 








































