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ADENOSINEA, RECEPTOR ANTAGONISTS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 60/207,143, filed May 26, 2000. 

BACKGROUND 

The present invention relates to substituted 5-amino-pyra 
Zolo-4.3-e-1,2,4-triazolo 1.5-cpyrimidine adenosine A 
receptor antagonists, the use of said compounds in the treat 
ment of central nervous system diseases, in particular Parkin 
son's disease, and to pharmaceutical compositions compris 
ing said compounds. The invention also relates to a process 
for preparing 5-amino-2-(Substituted)pyrazolo 4.3-e-1,2,4- 
triazolo-1,5-cpyrimidines, intermediates useful in prepar 
ing the claimed compounds. 

Adenosine is known to be an endogenous modulator of a 
number of physiological functions. At the cardiovascular sys 
tem level, adenosine is a strong vasodilator and a cardiac 
depressor. On the central nervous system, adenosine induces 
sedative, anxiolytic and antiepileptic effects. On the respira 
tory system, adenosine induces bronchoconstriction. At the 
kidney level, it exerts a biphasic action, inducing vasocon 
striction at low concentrations and vasodilation at high doses. 
Adenosine acts as a lipolysis inhibitor on fat cells and as an 
antiaggregant on platelets. 

Adenosine action is mediated by the interaction with dif 
ferent membrane specific receptors which belong to the fam 
ily of receptors coupled with G proteins. Biochemical and 
pharmacological studies, together with advances in molecu 
lar biology, have allowed the identification of at least four 
Subtypes of adenosine receptors: A1, A2, A2, and As. A and 
As are high-affinity, inhibiting the activity of the enzyme 
adenylate cyclase, and A and A, are low-affinity, stimu 
lating the activity of the same enzyme. Analogs of adenosine 
able to interact as antagonists with the A, A, A, and As 
receptors have also been identified. 

Selective antagonists for the A receptor are of pharma 
cological interest because of their reduced level of side 
affects. In the central nervous system, A antagonists can 
have antidepressant properties and stimulate cognitive func 
tions. Moreover, data has shown that A receptors are present 
in high density in the basal ganglia, known to be important in 
the control of movement. Hence, Aantagonists can improve 
motor impairment due to neurodegenerative diseases such as 
Parkinson's disease, senile dementia as in Alzheimer's dis 
ease, and psychoses of organic origin. 
Some xanthine-related compounds have been found to be 

A receptor selective antagonists, and Xanthine and non-Xan 
thine compounds have been found to have high A affinity 
with varying degrees of A vs. A selectivity. Triazolo-pyri 
midine adenosine A receptor antagonists with different Sub 
stitution at the 7-position have been disclosed previously, for 
example in WO95/01356; U.S. Pat. No. 5,565,460; WO 
97/05138; and WO 98/52568. 

2 
SUMMARY OF THE INVENTION 

The present invention relates to compounds having the 
5 structural formula I 

10 1. 

Z-Y-X-N 

15 

or a pharmaceutically acceptable salt thereof, wherein 
R is R'-furanyl, R'-pyridyl, R'-pyridyl N-oxide, R'-ox 

20 azolyl, R'-phenyl, R'-pyrrolyl or C-C cycloalkenyl: 
X is C-C alkylene or —C(O)CH : 
Y is N(R)CHCHN(R) OCHCHN(R) , 
O— —S , —CHS , —(CH2). NH-, or 

25 

(CH2) / "' 
30 Yet, R4 

and 

Z is R-phenyl, R-phenyl(C-C)alkyl, R-heteroaryl, 
35 diphenylmethyl, R C(O) , R SO. , R OC(O) , 

R7 N(R) C(O) , R7 N(R) C(S) , 

40 

HN N-, 

45 Y 
O 

phenyl-CH(OH)—, or phenyl-C(=NOR) ; or when Qis 
50 

-C-, 

55 H 

Z is also phenylamino or pyridylamino; or 
Z and Y together are 

60 

R AF 
YC N 

\ ( ) . Y-/ 
N 
H 
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R-heteroaryl, R C(O)– or R SO - R is preferably 
H. halogen, alkyl, alkoxy, hydroxyalkoxy or alkoxyalkoxy. 
R is preferably R-phenyl. 

Another aspect of the invention is a pharmaceutical com 
position comprising a therapeutically effective amount of a 
compound of formula I in a pharmaceutically acceptable 
carrier. 

Yet another aspect of the invention is a method of treating 
central nervous system diseases such as depression, cognitive 
diseases and neurodegenerative diseases such as Parkinson's 
disease, senile dementia or psychoses of organic origin, and 
stroke, comprising administering a compound of formula I to 
a mammal in need of such treatment. In particular, the inven 
tion is drawn to the method of treating Parkinson's disease 
comprising administering a compound of formula Ito a mam 
mal in need of Such treatment. 

Another aspect of the invention is a process for preparing 
5-amino-2-(R-substituted)-pyrazolo 4.3-e-1,2,4-triazolo 
1,5-cpyrimidines of formula II, which are intermediates 
useful in the preparation of compounds of formula I. The 
process of preparing compounds of formula II II 

wherein R is as defined above, comprises 
(1) treating 2-amino-4,6-dihydroxypyrimidine 

NH2 

s --> 
with POCl in dimethylformamide (DMF) to obtain 2-amino 
4,6-dichloropyrimidine-5-carboxaldehyde 

VI 

VII 

C 

CHO 

(2) treating carboxaldehyde VII with a hydrazide of the 
formula HN NH CO) R, wherein R is defined above, 
to obtain 

VIII 
NH2 

s O 
----, H. H. 

CHO 

10 
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6 
(3) treating the intermediate of formula VII with hydrazine 

hydrate to form a pyrazolo ring, thus obtaining the interme 
diate of formula IX 

IX 
NH2 

O 

S l 

(4) forming the. desired compound of formula II by dehy 
drative rearrangement. 
A preferred aspect of the process is the dehydrative rear 

rangement of the intermediate of formula IX to obtain the 
5-amino-2-(R-substituted)-pyrazolo 4.3-e-1,2,4-triazolo.1, 
5-cpyrimidine of formula II. Preferred embodiments of the 
process use 2-furoic hydrazide or 2-thienoylhydrazide in step 
2, thus preparing compounds of formula II wherein R is 
2-furyl or 2-thienyl. 

Another aspect of the invention is a process for preparing 
7-bromoalkyl-5-amino-2-(R-substituted)-pyrazolo 4.3-e-1, 
2,4-triazolo-1,5-cpyrimidines of formula IIIa, which are 
intermediates useful in the preparation of compounds of for 
mula I. The process of preparing compounds of formula IIIa 

IIIa 

Br-(CH)-N 

wherein R is as defined above, comprises 
(1) treating a chloride of formula VIII 

VIII 
NH2 

s O 
C 2 ---, 

H. H. 

CHO 

with a hydroxyalkyl hydrazine of the formula IIO (CH), 
NHNH2, wherein r is 2-6, to obtain 

X 
NH2 

O 

N l 
HO-(CH)-N NH-NH R 

Y= 
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(2) cyclizing the intermediate of formula X by dehydrative 
rearrangement to obtain the tricyclic intermediate of formula 
XI 

XI 
NH2 

(3) converting the hydroxy compound of formula XI to the 
bromide of formula IIIa. 

Still another aspect of the invention is a method of treating 
Parkinson's disease with a combination of a compound of 
formula I and one or more agents known to be useful in the 
treatment of Parkinson's disease, for example dopamine; a 
dopaminergic agonist; an inhibitor of monoamine oxidase, 
type B (MAO-B); a DOPA decarboxylase inhibitor (DCI); or 
a catechol-O-methyltransferase (COMT) inhibitor. 

Also claimed is a pharmaceutical composition comprising 
a compound of formula I and one or more agents known to be 
useful in the treatment of Parkinson's in a pharmaceutically 
acceptable carrier. 

DETAILED DESCRIPTION 

As used herein, the term alkyl includes straight or branched 
chains. Alkylene, referring to a divalent alkyl group, similarly 
refers to straight or branched chains. Cycloalkylene refers to 
a divalent cycloalkyl group. Cycloalkenyl refers to a C-C, 
cycloalkyl ring comprising one double bond. 

Heteroaryl means a single ring, bicyclic or benzofused 
heteroaromatic group of 5 to 10 atoms comprised of 2 to 9 
carbon atoms and 1 to 4 heteroatoms independently selected 
from the group consisting of N, O and S. provided that the 
rings do not include adjacent oxygen and/or Sulfur atoms. 
N-oxides of the ring nitrogens are also included. Examples of 
single-ring heteroaryl groups are pyridyl, oxazolyl, isox 
azolyl, oxadiazolyl, furanyl, pyrrolyl, thienyl, imidazolyl, 
pyrazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, 
pyrazinyl, pyrimidyl, pyridazinyl and triazolyl. Examples of 
bicyclic heteroaryl groups are naphthyridyl (e.g., 1, 5 or 1.7). 
imidazopyridyl, pyrido2.3imidazolyl pyridopyrimidinyl 
and 7-azaindolyl. Examples of benzo-fused heteroaryl 
groups are indolyl, quinolyl, isoquinolyl, phthalazinyl, ben 
Zothienyl (i.e., thionaphthenyl), benzimidazolyl, benzofura 

10 

15 

25 

30 

35 

40 

45 

8 
nyl, benzoxazolyland benzofurazanyl. All positional isomers 
are contemplated, e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl. 
R-substituted heteroaryl refers to such groups wherein sub 
stitutable ring carbon atoms have a Substituent as defined 
above. 

Certain compounds of the invention may exist in different 
Stereoisomeric forms (e.g., enantiomers, diastereoisomers 
and atropisomers). The invention contemplates all Such ste 
reoisomers both in pure form and in mixture, including race 
mic mixtures. 

Certain compounds will be acidic in nature, e.g. those 
compounds which possess a carboxyl or phenolic hydroxyl 
group. These compounds may form pharmaceutically accept 
able salts. Examples of such salts may include Sodium, potas 
sium, calcium, aluminum, gold and silver salts. Also contem 
plated are salts formed with pharmaceutically acceptable 
amines Such as ammonia, alkylamines, hydroxyalkylamines, 
N-methylglucamine and the like. 

Certain basic compounds also form pharmaceutically 
acceptable salts, e.g., acid addition salts. For example, 
pyrido-nitrogenatoms may form salts with strong acid, while 
compounds having basic Substituents such as amino groups 
also form salts with weaker acids. Examples of suitable acids 
for salt formation are hydrochloric, Sulfuric, phosphoric, ace 
tic, citric, oxalic, malonic, Salicylic, malic, fumaric, succinic, 
ascorbic, maleic, methanesulfonic and other mineral and car 
boxylic acids well known to those skilled in the art. The salts 
are prepared by contacting the free base form with a sufficient 
amount of the desired acid to produce a salt in the conven 
tional manner. The free base forms may be regenerated by 
treating the salt with a suitable dilute aqueous base Solution 
such as dilute aqueous NaOH, potassium carbonate, ammo 
nia and sodium bicarbonate. The free base forms differ from 
their respective salt forms somewhat in certain physical prop 
erties, such as solubility in polar solvents, but the acid and 
base salts are otherwise equivalent to their respective free 
base forms for purposes of the invention. 

All Such acid and base salts are intended to be pharmaceu 
tically acceptable salts within the scope of the invention and 
all acid and base salts are considered equivalent to the free 
forms of the corresponding compounds for purposes of the 
invention. 
Compounds of formula I can be prepared by known meth 

ods from starting materials either known in the art or prepared 
by methods known in the art; see, for example, WO95/01356 
and J. Med. Chem., 39 (1996) 1164-1171. 

Preferably, the compounds of formula I are prepared by the 
methods shown in the following reaction schemes. In Scheme 
1, alkylation of a 5-amino-pyrazolo 4.3-c-1,2,4-triazolol, 
5-cpyrimidine of formula II is used to prepare compounds of 
formula I: 

Scheme 1 

NH NH2 

2 1. 
sess- alkylation N 21 NN 

y R TsO(CH2)2OTs )-R 
S 

N1's or R'(CH2)2-gBr 2 N N 
N (R20 = Cl, Br) R4'-(CH)--N 

HN s \- 
V N 

II 

Z-Y-X- Air 
R2 = OTs, Cl, Br 
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-continued 
NH2 NH2 NH2 

1. N als N 1. N N-1 N N- 21 e 

N -)- -- 2 )- I)- 

Starting materials of formula II can be reacted with an alkyl as NaH in an inert solvent such as DMF to obtain a mixture of 
diol ditosylate and a base such as NaH in an inert solvent such a 7-substituted compound of formula I and the corresponding 
as dimethylformamide (DMF), or with a chloro-bromo- or 8-substituted compound. 

To prepare compounds of formula I wherein Y is piperazi 
nyl and Z is R C(O) , R SO. , R OC(O) , 
R7 N(R)-C(O)– or R7 N(R) C(S)- a compound 

20 of formula I wherein Z. Y is 4-t-butoxycarbonyl-1-piperazi 
nyl is deprotected, for example by reaction with an acid Such 
as HC1. The resultant free piperazinyl compound, IV, is 

dibromo-alkyl compound under similar conditions, to obtain 
the alkyl-substituted intermediate of formula II. The com 
pound of formula III is then reacted with an amine of the 
formula Z Y—H in an inert solvent such as DMF at an 
elevated temperature to obtain a compound of formula Ia, i.e., 
a compound of formula I wherein X is alkylene. treated according to procedures well known in the art to 

Alternatively, staring materials of formula II can be reacted obtain the desired compounds. The following Scheme 2 sum 
with a compound of formula Z Y X-Cl and a base such marizes Such procedures: 

Scheme 2 

NH2 

1 N N 

O X-R 
l ? v S s 

R6 N N-(CH-y 
R6COCI \ / N2 

NH2 y Ib 
1. NH2 N21NN-N 1. 

21 N RSOCI 
X-R - A - N NN v V N N R R 

HN N-(CH2)2-6-N S N1's 
V 1N N N2 R6 || YN N-(CH2)2-6-N 

O V / \- 
Ic N 

ROCOCI Ic 

s 7 NCO NH2 

NH2 N 1. N- N 
O N 

S ry rul/ \ N -)- 
\ / N 

\ / Y= Id 
If NH2 

O try, 
RN l / \ N1's 

N N N- (CH-N 
\ / N2 

Ie 
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Another method for preparing compounds of formula I is 
shown in Scheme 3: 

NH2 

1. N h Z-Y-X-Cl 
N 

HN C Z-Y-X-N 

\- V 
N 

V 

N N1 y 
R dehydrative 

S. N N rearrangement 

In this procedure, chloropyrazolo-pyrimidine V is reacted 
with a compound of formula Z Y—X-Cl in a manner 
similar to the alkylation procedure of Scheme 1, and the 
resultant intermediate is reacted with a hydrazide of formula 
H.N. NH C(O)—R (or with hydrazine hydrate, followed 
by a compound of formula Cl—C(O)—R). The resultant 
hydrazide undergoes dehydrative rearrangement, e.g., by 
treatment with N.O-bis-(trimethylsilyl)acetamide (BSA) or a 
combination of BSA and hexamethyldisilazane (HMDS) and 
at elevated temperatures. 

Starting materials are known or can be prepared by pro 
cesses known in the art. However, compounds of formula II 
are preferably prepared by the novel process disclosed above 
and described in further detail here. 

In the first step of the process, 2-amino-4,6-dihydroxypy 
rimidine (VI) is converted to the corresponding 4,6-dichloro 
5-carboxaldehyde by treatment with POCl or SOCl in DMF 
as described in Helv. Chim. Acta, 69 (1986), 1602-1613. The 
reaction is carried out at an elevated temperature, preferably 
about 100° C., for 2 to 8 hours, preferably about 5 hours. 

In the second step, 2-amino-4,6-dichloropyrimidine-5-car 
boxaldehyde (VII) is treated with a hydrazide of the formula 
H.N. NH C(O)—R, wherein R is as defined above, to 
obtain the compound of formula VIII; the compound of for 
mula VI and the hydrazide are used in a molar ratio of 
approximately 1:1, with a slight excess of the hydrazide being 
preferred. The reaction is carried out at room temperature or 
up to about 80°C. in a solvent such as CHCN or DMF. The 
reaction time is about 16 hours (e.g., overnight). 

In the third step, the compound of formula VIII is heated at 
60-100° C. with 1-5 equivalents of hydrazine hydrate in a 
solvent such as CHCN or DMF for 1-24 hours to obtain the 
compound of formula IX. 

In the last step, the compound of formula IX undergoes 
dehydrative rearrangement by treatment with a mixture of 
HMDS and BSA or with BSA alone. The reaction is carried 

30 
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12 
out at elevated temperatures, preferably about 120° C., for 
about 16 hours (e.g., overnight) 

After each step of the process, the crude material is purified 
by conventional methods, e.g., extraction and/or recrystalli 
Zation. 

Compared to previously published methods for preparing 
the intermediate of formula II, this method proceeds in fewer 
steps, under milder reaction conditions and with much higher 
yield. 
The compounds of formulas V and VII are known (Helv. 

Chim. Acta, 69 (1986), 1602-1613). 
Another method for preparing compounds of formula I is 

illustrated in the following Scheme 4. 

Scheme 4 

HO-(CH2)-NHNH VIII - Y - 
NH2 

O 

N l 
HO-(CH2)-N NH-NH R 

\- N 

X 

NH2 

N N21 NN- N 
X-R 

BSA S. 
X - is N N 

HO-(CH2)-N 
\- N 

XI 
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-continued to 100° C. to furnish derivative X. This is subjected to dehy 
NH2 drative cyclization, similarly to IX, such as with BSA, to 

N als N-N provide tricyclic XI. Tricyclic XI is then converted to bromide 
XI Pe. S. X-R -- I 5 IIIa with PBr, at elevated temperature from 80°C. to 150° C. 

Br-(CH2)-N N N for 1 to 24 hours. Intermediate XI can also be converted into 
\- the tosylate analogous to IIIa by toluenesulfonyl chloride and 
N IIIa base. Bromide IIIa is converted to compounds of formula I as 

10 described above for III. 
Chloride VIII is treated with a hydroxyalkyl-hydrazine in Another method for preparing compounds of formula I is 

an inert Solvent Such as ethanol attemperatures from ambient illustrated in the following Scheme 5: 

Scheme 5 

NH2 

HNNHCOOR 
XIV 

V -- R-(CH2)2-6-N -e- R’-(CH)--N 
V V 

HNNHCOR 
XVIII 

Z-Y-H V 

XVI 
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In analogy to Scheme 1, chloride V is converted into alky 
lated compound XII, and this is further reacted with carbazate 
XIV, where R' is preferably t-butyl or benzyl, to obtain deriva 
tive XIII. A solvent such as DMF may be employed at a 
temperature of 60-120°C. This is then reacted as in Scheme 
1 to furnish XV. The R' group is next removed, such as 
removal of a t-butyl group with HCl or TFA, furnishing 
hydrazine XVI. Acylation of XVI furnishes XVII, which is 
subjected to dehydrative cyclization as described above to 
provide desired Ia. Alternatively, XII may be reacted with a 
hydrazide XVIII to obtain XIX, which can be converted to 
XVII analogously to preparation of XV. 

Using the above procedures, the following compounds 
were prepared. 

Preparation 1 

5 

10 

15 

16 
partition the residue between EtOAc and water. Dry the 
organic layer over MgSO, remove the solvent, and recrys 
tallize the residue from CHCN to give the desired compound 
VIII. Mass spectrum: MH+=282. 

Step 3: Add hydrazine hydrate (75 mg, 1.5 mmol) to a hot 
CHCN solution of the product of Step 2 (0.14g, 0.5 mmol). 
Reflux 1 h. Cool to RT and collect the yellow product IX. 
Mass spectrum: MH---260. 

Step 4: Heat the product of Step 3 (5.4g, 0.021 mol) in a 
mixture of hexamethyl-disilazine (100 ml) and N.O-bis(tri 
methylsilyl)acetamide (35 ml) at 120° C. overnight. Remove 

NH2 

ses - N. O 

N SY ( ) 
HN 

\= IIa 
O 

NH2 NH2 O NH2 

ul H.N-N 1. NN POCl, DMF NN \ / NN O 
--e- He 

Step 1 Step 2 O 
HO OH C C C N-N 

CHO CHO 

VI VII VIII Step 3 

N2H4 

NH2 NH2 

ls N- N O dehydrative O 
N rearrangement O 

-e- 

S s \ f Step 4 

\- N 
IX 

IIa 

Step 1: Stir POCl (84 ml, 0.9 mol) and chill to 5-10° C. 
while adding DMF (17.8 ml, 0.23 mol) drop-wise. Allow the 
mixture to warm to room temperature (RT) and add 2-amino 
4,6-dihydroxypyrimidine VI (14 g., 0.11 mol) portion-wise. 
Heat at 100° C. for 5h. Strip off excess POCl under vacuum, 
pour the residue into ice water, and stir overnight. Collect 
solids by filtration and recrystallize the dried material from a 
filtered ethyl acetate (EtOAc) solution to give the aldehyde, 
VII, m.p. 230° (dec). Mass spectrum: M+=192. PMR 
(DMSO): 8 8.6(8, 2H): & 10.1(s.1H). 

Step 2: Stir a mixture of the product of Step 1 (0.38 g, 2 
mmol) and 2-furoic hydrazide (0.31 g, 2.5 mmol) in CHCN 
(50 ml) containing N,N-diisopropylethylamine (0.44 ml, 2.5 
mmol) overnight at RT. Solvent strip the reaction mixture, and 

50 

55 

60 

65 

volatiles under vacuum and slurry the residue in hot water to 
give a solid precipitate. Recrystallize from 80% aqueous ace 
tic acid to give the title compound. 

M.P.D300° C. Mass spectrum: MH+=242. 
Preparation 2 
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HN 
V 
N2 

NH2 

TV N1SN \ f 
V 
N 

ere 

Combine the product of Preparation 1 (6.0 g, 25 mmol), 
ethylene glycol ditosylate (11.1 g, 30 mmol), and NaH (60% 
in oil, 1.19 g, 30 mmol) in dry DMF (30 ml). Stirunder N for 
24 h and filter to obtain the title compound as a cream solid 
(PMR in DMSO: 84.47+4.51 triplets, 8.03 s). Isolate addi 
tional material by chromatography of the filtrate. 

Preparation 3 

In a similar manner to Preparation 1, but employing 
2-thienoylhydrazide, prepare the title compound as a yellow 
solid, mass spectrum: MH---258. 

Preparation 4 

N N1 \ S 

to \ S SY ( ) 
N 

\- N 

In a similar manner to Preparation 2, but using the product 
of Preparation3, prepare the title compound as a yellow solid, 
PMR (DMSO) & 4.49+4.54 triplets, 8.05 s. 

Preparation 5 

Arylpiperazines 

1-(2,4-Difluorophenyl)piperazine is prepared from 2,4-di 
fluorobromobenzcine. To the bromide (8.0 g, 41.4 mmol), 
piperazine (21.4g, 249 mmol), sodium t-butoxide (5.6 g. 58 
mmol) and BINAP (1.55g, 2.5 mmol) in toluene (20 ml), add 
Pd(dba) (0.477 g., 0.83 mmol). Heat the mixture at 110° C. 
under N for 20 h. Allow to cool and extract with 1N HC1. 
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18 
Basify the extract with NaOH to pH=10, extract with CHCl, 
dry and concentrate to obtain the title compound as a brown 
oil. 

In a similar fashion, prepare the following arylpiperazines 
(Me is methyl): 

()- U. 

C N 

Me N NH 

O 

/ \ 
N NH 

MeO N 
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-continued 

FCO N NH ( \ / 
F 

MeO N NH 

\ / 
-OMe 

O N NH 

Mov O 

\-o-K)-O \ / 

O / \ 
Me i-K)-O 

N=\ y \ 
\ / V /" 

1-(5-Ethyl-2-pyrimidinyl)piperazine is prepared from 
2-chloro-5-ethylpyrimidine. Heat the chloride (2.0 g, 14 
mmol) and piperazine (3.0 g, 35 mmol) in EtOH (70 ml) at 
90° C. for 2 h in a sealed vessel. Concentrate and partition 
between CHC1 and 2N NaOH. Dry the organic with MgSO 
and concentrate. Chromatograph the crude product on silica 
(CH2Cl CH-OH) to obtain the piperazine as a yellow oil. 
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22 
In a similar fashion, prepare the following piperazines 

from the appropriate chloride: 

1-(4-Cyano-2-fluorophenyl)piperazine is prepared from 
3,4-difluorobenzonitrile. Heat the nitrile (2.0 g, 14.4 mmol), 
piperazine (6.2g, 72 mmol) and KCO (2.4g, 17 mmol) in 
toluene (10 ml) at reflux for 22 h. Allow to cool, and extract 
with 1N HC1. Basify with NaOH to pH=10. Extract with 
CHC1 and wash with water and then brine. Dry the organic 
with MgSO and concentrate to give the piperazine as a white 
solid. 

In a similar fashion, prepare the following piperazines 
from the appropriate fluoride (Et is ethyl): 

- - NH - - NH \ / \ / 

-()- NH 2 \ / 

=N / \ 
M N NH \ / 

F 

F 

NC 

box-O- NH 
HNO -()- NH \ / 

reaction in H2O, 100°/18 h 

1-(4-(2-Methoxyethoxy)phenyl)piperazine is prepared 
from 4-(4-hydroxy-phenyl)-1-acetylpiperazine. To NaH 
(60% in mineral oil, 0.79g. 20 mmol) in DMF (25 ml) add the 
phenol (3.0g, 13.6 mmol), followed by 2-bromoethyl methyl 
ether (2.27 g. 16.3 mmol). Stir at RT 18 h, concentrate, and 
partition between EtOAc and 5% citric acid. Wash the organic 
with 1N NaOH, then brine. Dry over MgSO, and concentrate 
to obtain the alkylated product as a white solid. Heat this 
material (2.2g, 7.9 mmol) in 6NHCl (30 ml) at reflux for 1 h. 
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Allow to cool and basify to pH=10 with NaOH. Extract with 
CHCl and wash with water and then brine. Dry the organic 
with MgSO and concentrate to give the piperazine as a yel 
low oil. 

In a similar fashion (except basic hydrolysis is employed 
for the cyclopropyl-methyl ether) prepare the following pip 
erazines: 

- NMe2 

O N NH 

\ / 

-()-O \ / 

"/\ 

'-O-O- \ / 
/ CF 

-O-O- \ / 

/ Y. 

'-O-O- OMe \ / 

OH \ / 

-O-O- \ / 

-O-O- O \ / 

Y-O-O- \ / 
chloroacetone, 
K2CO3 as base 
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24 
-continued 

(Y-()-O 
NMe2 

4-(2-Methylaminoethoxy) fluorobenzene is prepared from 
4-(2-bromo-ethoxy)-fluorobenzene. Combine the bromide 
(10g, 4.6 mmol) in CH-OH (5 ml) with CH-NH in CH-OH 
(2M, 46 ml, 92 mmol) in a sealed vessel. Heat at 60° C. for 18 
h, concentrate, and partition between EtOAc and sat, 
NaHCO. Wash the organic with brine, dry with MgSO4, and 
concentrate to obtain the amine as a yellow oil. 

N-methyl-2-(4-(2-methoxyethoxy)phenoxy)ethylamine 
was prepared in two steps. Combine 4-(2-methoxyethoxy) 
phenol (1.68 g, 10.0 mmol), 1,2-dibromoethane (16.9 g, 90 
mmol), and KCO (2.76 g. 20 mmol) in CHCN (20 ml) and 
DMF (10 ml). Heat at reflux 22 h, allow to cool, filter, and 
partition between ether (EtO) and 1N NaOH. Wash with 
brine, dry over MgSO, and concentrate to provide the bro 
moethyl ether as beige solid. Combine this (0.97g, 3.5 mmol) 
with 2MCHNH2/CH-OH (35 ml). Heatin a sealed tube (65° 
C., 18 h), concentrate, and partition between EtO and 1N 
NaHCO. Wash with brine, dry MgSO4, and concentrate to 
provide the amine as an orange oil. 

1-Phenyl-2-piperazinone is prepared from 4-benzyloxy 
carbonyl-1-phenyl-2-piperazinone. Combine this material 
(1.61 g, 5.2 mmol) with 10% Pd/C (0.4 g) in EtOH (50 ml) and 
1N HCl (6 ml). Hydrogenate at 45 psi for 2 h and filter. 
Concentrate and chromatograph the residue on silica (eluting 
with CHCl:CH-OH:NH-OH) to obtain the piperazinone as 
a cream Solid. 

Preparation 6 

1. N Step 1 O NHNH2 
N1 NN O Ho1N1 

NH 
C 21a1 

H 

CHO 

NH2 N 
O ses O Step 2 

BSA 
-3- 
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-continued 

Step 3 
PBr 

Prep. 6 

Step 1: Dissolve the product of Preparation 1, Step 2 (0.56 
g, 2.0 mmol) in hot CHCN (200 ml). Add 2-hydroxyethyl 
hydrazine (0.51 g, 6.0 mmol). Heat at reflux 2 hand concen 
trate. Treat with 25 ml water and stir to give a solid. Collect 
and dry to give the alcohol, MS: m/e=304 (M+1). 

Step 2: Heat the product of Step 1 (0.10 g, 0.33 mmol) in 
BSA (10 ml) for 4 hat 115° C. Concentrate in vacuo and warm 
with aqueous CHOH. Collect and dry to give the cyclization 
product, MS: m/e=286 (M+1). 

Step 3: Combine the product of Step 2 (0.285 g, 1.0 mmol) 
and PBr (2.0 ml, 21 mmol). Heat at 145° C. for 2 h, cool, and 
pour onto ice. Filter and dry the solid. Recrystallize from 
CHOH to obtain the title compound, MS: m/e=348+350 
(M+1). 

Preparation 7 

HOOC Cy F 
O 

Combine 5-bromo-2-furoic acid (0.50 g. 2.6 mmol) and 
NaHCO (0.44g, 5.2 mmol) in hexane (6 ml) and water (5.2 
ml). Add Selectfluor R (0.98 g, 2.8 mmol) and stir 2 h. Sepa 
rate the hexane layer and dry over MgSO to provide a solu 
tion of 2-bromo-5-fluorofuran. Dilute with THF (6 ml) and 
cool to -78°C. Add 2.5Mn-BuLi/hexane (4.2 ml, 11 mmol). 
Stir 10 min., add excess dry ice, and stir 1 h additional. Treat 
with 1N HCl, extract with CHCl, and dry over MgSO. 
Concentrate and dry to obtain the title compound as a white 
solid, PMR (CDC1,) 86.70+7.28. 

EXAMPLE1 

F 1. 
/ \ N1)NN -o 1-()-O- Jul-2 () 

W 
N2 

Combine the tosylate of Preparation 2 (0.55g, 1.25 mmol) 
and 1-(2,4-difluorophenyl)piperazine (0.50 g, 2.5 mmol) in 
DMF (7 ml) and heat at 80° C. for 20 h. Concentrate and 
purify by flash column chromatography (CHC1, CH-OH 
NH) to obtain the title compound as a cream Solid, mass 
spectrum m/e=466 (M--H). 
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26 
In similar fashion, prepare the following compounds: 

Ex 

ple 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-9 

1-10 

1-11 

C 

FC 

FC 

MS, 
M + 1 

430 

498, 
500, 
502 

498 

444 

431 

460 

448 

404 

520 

498 



Ex 

ple 

1-12 

1-13 

1-14 

1-15 

1-16 

1-17 

1-18 

1-19 

1-2O 

1-21 

27 
-continued 

FC 

C N 

C N 

C N 

Boc-N N 

CH3 

MS, 
IM+ 1 

532, 
534 

478, 
480 

494, 
496 

444 

478, 
480 

464, 
466 

432 

468 

431 

472 
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Ex 

ple 

1-22 

1-23 

1-24 

1-2S 

1-26 

1-27 

1-28 

1-29 

1-31 

28 
-continued 

S 
\- N S. 

N 

N 

to K-O- \ / 
OCH 

al-C-O- \ / 

\ / 

H co-O- N \ / 

NC N N 

\ / 
CF3 

y \ \- 
\ / \ / 

f / \ C-O- 
N 

C 

/ \ 
\ / \ / 

-3-O- \ / 

MS, 
M + 1 

SO8 
510 

490 

490 

445 

460 

455 

533, 
535 

437 

481 

498, 
500, 
502 







Ex 

ple 

1-67 

1-68 

1-69 

1-70 

1-71 

1-72 

1-73 

1-74 

33 
-continued 

HCO 

F CH3 

F N N 

NC N N 

US RE44,205 E 

MS, 
M + 1 

478 

534 

480 

496 

496 

491 

578 
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Ex 

ple 

1-75 

1-76 

1-77 

1-78 

1-79 

1-80 

1-81 

34 
-continued 

S- O 
T\ , C Y ( ) 

\- N 

Z. Y 

F F 

F N 

F F 

MS, 
M + 1 
me 

520 

522 

560 

500 

508 

532 

540 



Ex 

ple 

1-82 

1-83 

1-84 

1-85 

1-86 

1-87 

1-88 

1-89 

Z 

35 
-continued 

S 
\ . N X ( ) 

\ 
N2 

- - - 
K-O- \ / 

HCO O 

F N N 

\ / 
OCH CH 

O N N 

\ / 
OCH 

O N N 

\ / 
NC 

OCH CF 

( H, i. 
O N N 
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MS, 
IM+ 1 
me 

468 

490 

572 

522 

518 

529 

574 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

Ex 

ple 

1-90 

1-91 

1-92 

1-93 

1-94 

1-95 

1-96 

1-97 

Z 

36 
-continued 

S 
\ . N X ( ) 

V 
N2 

O-O- \ / 

- C \ / 

( / \ s \ / 
FC 

OCH CN 

(-)-O- 
OCH 

-O-O- \ / 

( OCH 
O N N 

OCH 

CH 

-()- - 

MS, 
M + 1 
me 

572 

528 

572 

529 

522 

S48 

S48 

437 
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-continued -continued 

NH NH 

N N- O 5 S- O 

TV /s Y ( ) T\ C SY ( ) 
Y= \- 

10 N 

Ex- MS, Ex- MS, 
8- IM+ 1 al- M + 1) 
ple Z Y— me ple Z- Y - me 

15 

1-98 /-ch 518 1-107 471 

N N- 2O H3C 

\ / O 

1-99 COOCH2CH3 532 1-108 457 

( / \ 25 
O N N 

\ / N 
1-100 COOH 504 O 

30 ( y \ 1-109 401 
O 

NH 

1-101 OCH 518 
35 1-110 440 

N N 

\ N 
-( )-O- \ / 40 

1-102 Cl 479, 1-111 485 
501 

N- 45 N N 

HO "sk 
1-103 401 O 

1-112 429 
N- 50 

N 
NC 

1-104 454 

55 N 

1-113 499 

1-105 507, 60 
Br N- 509 

N 

1-106 443 HN 

N- 65 

O 

N 
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NH2 NH2 

Y= Y= 
10 

Ex- MS, Ex- MS, 
8- IM+ 1 8- M + 1 
ple Z. Y— me ple Z. Y— me 

1-144 441 1-133 / / 493 15 

MeO O O – 
Me 

1-134 / \ 530 2O 
O O N N 

V M 1-145 457 

1-13S OS 507 
/ \ M. v. 

Me O N N- 25 
\ / N 

O 1-136 487 O 

) 1-146 N 431 
M A M 30 N N e O N N- \ / 

\ / \ / 
1-147 407 

1-137 531 (y HIN 
O 1 35 

Me O N N 

1-138 / \ 487 40 
EtOOC N N 
-()– V A EXAMPLE 2 

1-139 V / \ 531 

-()- N- 45 NH 

NMe2 \ / Ol 1. -N 
1-140 / \ 494 r N21 NN N O 

isos-()-( – 50 N-- S's \ / N 
V 
N2 

1-141 419 

Step 1: 
55 

NH2 MeO 

1-142 461, Br as- O 
/ 463 60 N C N- \ f 

N1sN 
N 

1-143 O 459 Y= 

COX)- a O Combine the product of Preparation 1 (0.60g, 2.5 mmol), 
1,3-dibromopropane (0.60 g, 3.0 mmol), and NaH (60% in 
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oil, 0.119 g, 3.0 mmol) in dry DMF (9 ml). Stir under N for 
2 h, concentrate and flash chromatograph to obtain the title 
compound as a solid (PMR in CDC1+CDOD: 82.43 quint. 
3.38+4.51 triplets, 8.09s), as well as 8-substituted isomer. 
Step 2: 
Combine the product of Step 1 (0.050 g, 0.14 mmol) and 

1-phenylpiperazine (0.045 g, 0.28 mmol) in DMF (2 ml) and 
heat at 80°C. for 4 h. Concentrate and purify by flash column 
chromatography (CHC1, CH-OH--NH) to obtain the title 
compound as a cream Solid, mass spectrum m/e–443 (M+H). 

Similarly prepare the following compounds: 

2-y 
o N 
Example Z. MS, IM + 1 mile 

2-2 478,480 

C 

2-3 474 

H3CO 

EXAMPLE 3 

The compound of Example 1-2 was also prepared by the 
following procedure: 
Combine the product of Preparation 1 (0.15g, 0.62 mmol), 

1-phenyl-4-(2-chloroethyl)piperazine (0.17 g. 0.75 mmol), 
and NaH (60% in oil, 0.035 g, 0.87 mmol) in dry DMF (7 ml). 
Stir under N for 48 h, add additional chloride (0.03 g) and 
NaH (0.005 g) and stir another 72 h. Concentrate and purify 
by flash column chromatography (CHC1, CH-OH--NH) to 
obtain the title compound as a cream Solid, mass spectrum 
m/e 429 (M+H). 
The compound of Example 1-3 is similarly prepared, as are 

the following compounds: 

Example Z. Y X- MS, mi?e 

3-1 (HC)3C-O 454 

X- / 

44 
-continued 

-N- 

St. Z-Y-X-N 

\- 
10 N 

Example Z—Y X- MS, mi?e 

3-2 

15 / \ - 444 N N 

\ / 
3-3 429 

25 EXAMPLE 4 

30 NH2 
F 

CH --- O 
F N N S. 

Kl's \ / 35 Y= 

Step 1: 

40 

45 

F 

F N NH -> 

F 

CH3 

-C- N \ / o 
Combine 1-(2,4-difluorophenyl)piperazine (1.5 g, 7.6 

mmol), ethyl 2-bromopropionate (1.65 g, 9.1 mmol) and 
DIPEA (1.1 g, 8.3 mmol) in DMF (8 ml). Stir 4h, concentrate, 
and partition between Et2O and water. Wash with brine, dry 
(MgSO), and concentrate to obtain the ester as a yellow oil, 
NMR (CDC1) consistent. 
Step 2: 

60 

50 

/ v H, 
F N N -e- 

65 
\ / COOCHCH 
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-continued 

-C-O-C. 
To the product of Step 1 (2.15g, 7.2 mmol) in THF (10 ml), 

add LiAlH4 (1.0 M in THF, 4.4 ml, 4.4 mmol) dropwise. Heat 
at 60° C. 1 h, add water (0.16ml), 15% NaOH (0.16 ml), and 
then water (0.49 ml). Filter and concentrate to obtain the 
alcohol as a yellow oil, NMR (CDC1) consistent. 

Step 3: 

-C-O-(- 
-( )-O-(i. 

To the product of Step 2 (0.90 g, 3.5 mmol) in CHCl (10 
ml) at 5°C., add SOC1 (0.38 ml, 5.3 mmol). Allow to warm 
and stir 16 h. Concentrate and partition between CHCl and 
1N NaOH, wash with water, dry (MgSO) and concentrate to 
obtain the crude product as a yellow oil. 

Step 4: Combine the product of Preparation 1 (0.20 g, 0.83 
mmol), the product of Step 3 (0.34g, 1.2 mmol) and NaH 
(60% in oil, 0.040 g, 1.0 mmol) in dry DMF (5 ml). Heat at 
60° C. for 24 h. add additional chloride (0.15 g) and NaH 
(0.02 g), and heat another 4 h. Concentrate and purify by flash 
column chromatography (CHC1, CHOH+NH) to obtain 
the title compound as a yellow solid, mass spectrum m/e 479 
(M+H). 

Similarly, prepare the following: 

1.- / V CHs N1,N1 v -o 
c-( )-( )--- O W 

N2 
Ex. 4-2:MS, mi?e = 478,480 

EXAMPLE 5 

Using the procedure of Example 1. Substituting the tosylate 
of Preparation 4 for the tosylate of Preparation 2, prepare the 
following compounds: 
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46 
-continued 

V era. 
N 

Ex. Z. MS, IM + 1 mile 

S-2 (). 520 
O 

S-3 C. F 538 
O 

EXAMPLE 6 

HCO 

/ \ sy- O 

W 
N2 

Step 1: To a solution of the product of Example 3-1 (4.17 g. 
9.2 mmol) in CHCl (500 ml), add anhydrous HCl (120 ml of 
4.0 M dioxane solution) and stir 2 h. Concentrate to dryness 
under vacuum and take up the residue in water. Make alkaline 
with aqueous NaOH and collect the precipitated de-protected 
product. Mass spectrum: MH---354. 

Step 2: Stira mixture of the product of Step 1 (71 mg, 0.2 
mmol) and 4-methoxy-benzoyl chloride (51 mg, 0.3 mmol) in 
dry DMF (10 ml) containing N,N-diisopropyl-ethylamine 
(52 mg, 0.4 mmol) for 6 hat RT. Pour the solution into water 
and collect the precipitated title compound. Mass spectrum: 
MH-=488. 

In a similar fashion, prepare the following: 

/ \ es- O 
v / \ . N SY ( ) 

V 
N2 

Example Z— MS, IM + 1 mile 

6-2 O 

O 
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-continued 

\ 
N 

Example Z - 

6-3 

H3C 

O 

6-4 FC 

O 

FC 

6-5 W \ 
S 

O 

6-6 HC 

H3C 

H3C O 

6-7 

O 

6-8 N 

O 

6-9 

H3C 

O 

6-10 

H3C 

H3C O 

HC 

6-11 HC H3C CH3 

Hic)—o 
H3C )-\ O 

US RE44,205 E 

MS, IM + 1 mile 

396 

594 

464 

438 

464 

459 

472 

452 

539 
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48 
-continued 

Y= 
Example Z— MS, IM + 1 mile 

6-12 532 

O 

H3CO 

HCO 

6-13 SO8 

F 

O 

F 

6-14 551 

DNulls H3C O O 

6-15 439 

(H3C)N O 

6-16 492 

C 

O 

EXAMPLE 7 

NH2 

NH als N O c-()- / \ N N X ( ) 
S. 

CY \ / \'s W 
Na 

To a solution of the product of Example 6, Step 1 (53 mg, 
0.15 mmol) in NMP (10 ml) add 4-chlorophenylisocyanate 
(25.3 mg 0.165 mmol) at RT. Stir overnight, add an addi 
tional 25.3 mg of the isocyanate, and stir 1 h to complete 
conversion of all starting material. Pour into water and collect 
the precipitated title compound. Mass spectrum: MH---507. 

In a similar fashion, prepare the following from the appro 
priate isocyanate, isothiocyanate or carbamoyl chloride: 
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10 

7-3 451 

N 
2O 

O 

7-4 453 

HN 

HC O 25 

H3C CH3 

7-5 491 
H 

F N 30 

& ) O 
7-6 509 35 

H 
F N 

O 

40 

F 

7-7 467 

O N 45 

- O 

50 
EXAMPLE 8 

55 
F 

NH2 

F 1s 
/ \ N1)NN -o 

OS-N N Nu. O a \ / \- N 
N2 

Slurry the product of Example 6, Step 1 (53 mg, 0.15 65 
mmol) in dry DMF (20 ml) containing triethylamine (77 mg, 
0.76 mmol); add 2,4-difluorobenzenesulfonyl chloride (37 ul, 

50 
0.225 mmol). Stir at RT 2 days. Pour into water and collect the 
precipitated title compound. Mass spectrum: M+=529. 

In a similar fashion, prepare the following: 

/ \ 's- O 7-O-- Jul? O 
\ 
N2 

Example Z— MS, IM + 1 mile 

8-2 C 561,563, 565 

O 
M 
v 
O 

C 

8-3 O 529 
M 

H3C v 
O 

8-4 O 571,573 
M 

Br v 
O 

8-5 F 511 

O 
M 
S 
V 
O 

8-6 H3CO 554 

O 

HCO S 

O 

8-7 O 524 
M 

H3CO v 
O 

8-8 HC O 446 V / 
V \,, 

EXAMPLE 9 

an N to-C-y, NY IN X (, 
Sa s 

CY \ / N N 
Na 

Add 4-methoxyphenyl chloroformate (56 mg, 0.3 mmol) 
to a slurry of the product of Example 6, Step 1 (71 mg, 0.2 
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mmol) in warm DMF (25 ml) containing triethylamine (101 
mg, 1.0 mmol). Stir the mixture overnight at RT. Concentrate 
the solution to /3 its volume and pour into water. Collect the 
precipitate, wash with water, and dry in vacuo. Recrystallize 
from CH-OH/CHCl to give the title compound. Mass spec 
trum: MH---504. 

EXAMPLE 10 

--- 
S. 

F 

CH, CH3 O y 3 N 

1-( S-C-C-O W 
N 

Step 1: Combine 1-bromo-2,4-difluorobenzene (1.00 g, 
5.18 mmol), N,N'-dimethyl-ethylenediamine (2.74 g. 31.1 
mmol), NaO-t-Bu (0.70 g, 7.2 mmol), Pd(dba), (0.060 g, 0.10 
mmol) and (+)-BINAP (0.19 g, 0.31 mmol) in toluene (10 
ml). Heat at 110° for 18 h, allow to cool, and extract with 1N 
HC1. Basify the aqueous solution with NaOH and extract with 
CHC1. Dry, concentrate, and purify by PLC to give N-(2,4- 
difluoro-phenyl)-N,N-dimethylethylenediamine. 

Step 2: Combine the product of Preparation 2 (0.100 g, 
0.23 mmol) with the product of Step 1 (0.091 g, 0.46 mmol) 
in DMF (2 ml). Heat at 80° for 90 h, allow to cool, concen 
trate, and purify by column chromatography to obtain the title 
compound as an oil, mass spec m/e 467. 

EXAMPLE 11 

The compound of Example 1-2 was also prepared by the 
following procedure. 

Step 1: 

10 

15 

25 

30 

35 

40 

45 

F / \ 's- S -C-O- C () 
F V 

F \ / \ . 

52 
To a solution of the product of Preparation 1, Step 1 (768 

mg, 4 mmol) in DMF (20 ml) add N,N-diisopropylethy 
lamine (0.88 ml, 5 mmol), followed by hydrazine hydrate (0.2 
ml. 4.1 mmol). The Solution warms and a solid precipitates 
which gradually dissolves over 1 h. After stirring 3 h, con 
centrate the solution under vacuum to about /3 its Volume, 
and pour into water. Collect the precipitate and recrystallize it 
from CH-OH to give the chloropyrazolopyrimidine. Mass 
spectrum: MH+=170. 

Step 2: 

()-O \ / \ . 
To a stirred solution of 1-phenylpiperazine (6.5 g. 40 

mmol) and 50% aqueous chloroacetaldehyde (6.4 ml. 48 
mmol) in CHCl (125 ml) at 5-10° C. add, portionwise, 
Na(OAc)BH (12.72 g. 60 mmol). When foaming ceases, 
allow the mixture to warm to RT and stir for 3 h. Dilute with 
CHCl (100 ml), and shake with 1Naq NaOH to bring pH 
above 8. Wash organic layer with water and brine, dry over 
MgSO, and solvent strip. Chromatograph on silica and elute 
with 1% CH-OH/CHCl to give the title compound. Mass 
spectrum: MH---225. 

Step 3: 

C 

To a slurry of 60% NaH (0.14g, 3.5 mmol) in DMF (30 ml) 
at ice bath temperature add, portionwise, the product of Step 
1 (0.51 g, 3 mmol). When gas evolution ceases, add the 
product of Step 2. Stir the resulting mixture at RT overnight. 
Filter off dark red insoluble matter, and concentrate the fil 
trate to dryness under vacuum. Triturate the gummy residue 
with CH-OH to give the title compound as a light yellow 
solid. Mass spectrum: MH---358. 
The product of Step 3 was treated as described in Prepara 

tion 1, Steps 2 and 4, to obtain the compound of Example 1-2. 

EXAMPLE 12 

ere 

C 
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-continued 
NH2 

F 

O / \ Na NN 
C S F N N N 

\ / \ . N-NH 
\ | \- 

N 

NH2 

F 1. 
/ \ N21 NN O 

dehydrative 
F N N S rearrangement 

V / \ f So Ex. 12 

2O 
Step 1: To NaH (60% in oil, 142 mg, 3.5 mmol) in DMF (15 

ml) add the chloride of Example 11, Step 1 (500 mg, 2.9 
mmol). Add to this 1-(2-chloroethyl)-4-(2,4-difluorophenyl) 
piperazine (846 mg, 3.5 mmol). Stir at RT 90 hand concen 
trate. Chromatograph to obtain the desired compound as a 
white solid. PMR in DMSO: 82.57 (4H, s), 2.76 (2H, t), 2.85 
(4H, s), 4.30 (2H, t), 7.0 (2H, m), 7.15 (1H, dxt), 7.26 (2H, s), 
7.97(1H, s). 

Step 2: Treat the chloride of Step 1 (37 mg, 0.095 mmol) in 
DMF (95 ml) with hydrazine hydrate (9.2 ul, 0.19 mmol). 
After 4 h, concentrate and chromatograph on PLC to obtain 
the hydrazine as a brown oil. Mass spectrum: MH+-390. 

Step 3: Treat the hydrazine from Step 2 (18 mg, 0.047 
mmol) in DMF (2 ml) with thiophene-2-carbonyl chloride 
(5.2 ul, 0.047 mmol) and DIPEA (12.2 ul, 0.07 mmol). After 
4 h, concentrate and chromatograph on PLC to obtain the 
hydrazide as a yellow oil. Mass spectrum: MH---500. 

Step 4: Heat the hydrazide from Step 3 (13 mg 0.026 
mmol) in N.O-bis(trimethyl-silyl)acetamide (1 ml) for 2 hat 

-e- 
Step 1 

25 

30 

35 

100° C. Concentrate and chromatograph on PLC to obtain the 
title compound as a white solid. Mass spectrum: MH---482. 
The 1-(2-chloroethyl)-4-(2,4-difluorophenyl)piperazine 

employed in this sequence is prepared in two steps. Add 
chloroacetyl chloride (1.76 ml, 22.1 mmol) and N-methyl 
morpholine (2.65 ml, 24.1 mmol) to 1-(2,4-difluorophenyl) 
piperazine (3.98 g. 20.1 mmol) in CHCl (15 ml) at 0°C. Stir 
at RT 1 h, concentrate, partition EtOAc-water, dry, and con 
centrate to obtain the amideas a brown oil. To a 0°C. solution 
of this (4.71 g, 17.1 mmol) in THF (25 ml) add dropwise 
BHOCHS/THF (2M, 12.8 ml, 25.6 mmol). Stir at RT over 
night, quench with CH-OH, concentrate, and partition with 
CH2Cl2-water. Dry and concentrate the organic layer. Treat 
the crude product a second time with BHOCHS/THF and 
work up as above to provide the chloroethylpiperazine as a 
brown oil. 

EXAMPLE 13 
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-continued 

F 1s F 1. 
N21 NN HCI y N21 NN Boc 

F N N \ N NH2 Step 4 F N N N h 
\ / \-y N \ / \s N1 

era. V 
Step 5 N N2 

(y 
r 

V 

NH2 

F 1. O W \ -e- BSA Ex. 13 
/ \ N21 NN O Br Step 6 

F N N \ N NH Y \ / \-N N 
N2 

Step 1: To NaH (2.14 g. 60% in oil, 53 mmol) in DMF (20 
ml), add the product of Example 11, Step 1 (7.55g, 45 mmol). 
Add 1-bromo-2-chloroethane (14.8 ml, 178 mmol). Stir 1.5h 30 F l 
and concentrate. Chromatograph to give the dichloride as a / \ N21 NN- \ 
white solid. F N N \ N1's N 

Step 2: In the product of Step 1 (3.7g, 16 mmol) in DMF 35 N 
(20 ml) add 1-butyl carbazate (2.53 g, 19 mmole). Heat at 80° N2 
C. for 18 h and concentrate. Chromatograph to obtain the Example R MS me 
carbazate as a while Solid. 40 13-2 Me 480 

Step 3: To the product of Step 2 (3.16 g, 9.6 mmol) and KI 
(1.6 g., 9.6 mmol) in DMF (25 ml) add 1-(2,4-difluorophenyl) W \ 
piperazine (3.82 g, 19 mmol). Heat at 90° C. for 68 h and 
concentrate. Chromatograph to obtain the piperazine as a 45 13-3 / \ 500, 502 
brown solid. 

Step 4: Dissolve the product of Step 3 (3.38 g. 6.9 mmol) in 
1:1 CH-OH CHC1 (50 ml). Add 4M HCl in dioxane (20 

O 

O 

50 13-4 465 
ml). Stir 16 hand add aq. NH to pH 11-12. Concentrate and (y 

N 
H 

?y 
chromatograph to obtain the hydrazine as a yellow solid. 

Step 5: Combine the product of Step 4 (0.120 g, 0.31 
mmol) with 5-bromo-2-furoic acid (0.071 g, 0.37 mmol) and 55 
HOBt.HO (0.050 g., 0.37 mmol) in DMF (6 ml). Add EDC1 
(0.071 g, 0.37 mmol) and stir 1 h. Concentrate and chromato- Me 
graph to obtain the hydrazide as a yellow solid. 13-6 Br 544, 546 

60 
Step 6: Dissolve the product of Step 5 (0.163 g, 0.28 mmol) W \ 

in N.O-bis(trimethylsilyl)acetamide (6 ml). Heat at 120° C. 
O 

13-5 479 

for 16 h and pour into CH-OH. Concentrate and chromato 
graph to obtain the title product as an off-white solid: MS m/e 
544+546 (M+1). 65 13-7 466 

Similarly prepare compounds of the following structure, 
wherein R is as defined in the table: 
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F S- 5 

- S- N X-R F V / N /s-SN 
\- N 

Example R MS me 

13-8 F 512 

F 

13-9 476 

13-10 / \ 484 - Cy 
O 

EXAMPLE 1.4 

---, - -( ) ()- CX ( ) V /\ ^-SN 
W 
N2. 

Treat the product of Example 13, Step 4 (0.080 g, 0.20 
mmol) with nicotinoyl chloride hydrochloride (0.044g, 0.25 
mmol) and diisopropylethylamine (0.086 ml, 0.49 mmol) in 
DMF (4 ml). Stir 2 h, concentrate and chromatograph to 
obtain the hydrazide as a white solid. 

Treat this material with BSA as in Example 13, Step 6 to 
obtain the title compound as a white solid: MS m/e 477 
(M+1). 

Similarly prepare compounds of the following structure, 
wherein R is as defined in the table: 

NH2 
F 

N 2 N 
X-R F N N S. \ / N1SN 

N 

Y= 
Example R MS, mi?e 

14-2 511 

10 
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-continued 

NH2 
F 

N21 N 
N N R 

N1's \ / \ . N 
\- N 

Example R MS, mi?e 

14-3 F 494 

EXAMPLE 1.5 

NH 
OMe ( sess-, 

O N N N \ | C 

\ / \ N S- K ) w 
Na 

Step 1: To the product of Example 13, Step 2 (3.54g, 10.8 
mmol) and KI (1.79 g, 10.8 mmol) in DMF (35 ml) add 
1-(4-(2-methoxyethoxy)phenyl)piperazine (5.1 g, 22 mmol). 
Heat at 90° C. for 90 hand concentrate. Chromatograph to 
obtain the piperazine as a brown Solid. 

Step 2: Treat the product of Step 1 with HCl as in Example 
13, Step 4, to obtain the hydrazine as a yellow solid. 

Step 3: Treat the product of Step 2 with 5-chloro-2-furoic 
acid as in Example 13, Step 5, to obtain the hydrazide as a 
yellow solid. 

Step 4: Treat the product of Step 3 with BSA as in Example 
13, Step 6. Chromatograph to obtain the title compound as a 
white solid, MS m/e 538+540 (M+1). 

Similarly prepare compounds of the following structure, 
wherein R is as defined in the table: 

--- 
N -C-C-C- 

OMe 

Example R MS, mi?e 

15-2 582,584 

–C– 
O 

15-3 F 532 
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-continued Similarly prepare the methoxime, a white solid, MS: 
m/e=501 (M+1): 

NH2 

OMe 1. 
2 -N 5 

/- N N y R Ex. 17-2 
O N N 

\ y \ ^-SN J 
N Y2 Mo-y / \ Na X (, 10 ) ( ) s 

E Me \ / \'s xample R MS, mi?e w 
Na 

15-4 F 550 

15 
EXAMPLE 1.8 

F 

15-5 522 NH 
2O 2 ( ) - 1.- O 21 N. O 
/ \ N N \ 

15-6 W \ 518 N1's N \ f 
NR N ( ) 25 \- 

O CH N 

EXAMPLE 16 30 n-( ) ()-lon, 
OH NF 

Step 1 

O / \ MSC 
X-CH, NH 35 Step 2 
O l NR OH 

N21NN-N O / \ 
8-O-O. X ( ) S. 

\ / \ N S. N 40 NF OMS 
w 

N2 / Step 3 
Ex. 18 

Combine the product of Example 1-83 (0.080 g, 0.16 
mmol) with AcO (0.028 ml, 0.28 mmol) and 4-dimethylami 
nopyridine (0.004 g., 0.03 mmol) in DMF (5 ml). Stir 4 h, Step 1: To a solution of 4-bromophenethyl alcohol (0.600 
concentrate, and chromatograph to obtain the acetate ester as g, 2.98 mmol) and 3-pyridinylboronic acid (0.734 g, 5.97 
a white solid, MS: m?e=532 (M+1). mmol) in toluene (35 ml) and EtOH (9 ml), add a solution of 

KCO (0.8826 g, 5.97 mmol) in HO (16 ml) and tetrakis 
(triphenyl-phosphine)palladium(0) (0.172 g, 0.149 mmol). 
Heat in a sealed tube 18 h at 120° C. and cool. Extract with 
EtOAc, wash with brine, dry (KCO) and concentrate. Chro 
matograph on silica (30-50% EtOAc/hexanes) to obtain the 

45 

EXAMPLE 17 50 

NH2 biaryl alcohol. 
als N 55 Step 2: To the product of Step 1 (0.540 g, 2.71 mmol) in 

HO-y / v N X (, CHCl (15 ml) at 0° C. add mesyl chloride (0.35 ml, 3.52 
N N n1's N \ / mmol) and EtN (0.57 ml, 4.00 mmol). Stir 2.5 h and extract 

Me N rea with CHC1. Dry (NaSO) and concentrate to obtain the 
N mesylate. 

60 
Step 3: Add the product of Preparation 4 (0.347 g, 1.44 

Combine the product of Example 1-21 (0.100 g, 0.21 mmol) to the mesylate of Step 2 (0.480g, 1.73 mmol) in DMF 
mmol) with HNHOHOHCl 0.029 g, 0.42 mmol) in 95% (4.5 ml), followed by NaH (60%. in oil, 0.082g, 4.04 mmol). 
EtOH (9 ml). Add 10 drops conc. HCl, heat at reflux 5h, add Stir 18 h and extract with EtOAc. Wash with HO dry 
DMF (1.5 ml), heat 18 h, allow to cool, and filter to obtain the 65 (K.CO) and concentrate. Purify by PTLC (5% CH-OH/ 
oxime as a white solid, MS: m/e=487 (M+1). Chromatograph CHCl, developed twice) to obtain the title compound as a 
the mother liquor to obtain additional product. white solid, MS: 423 (M+1). 
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By the above method, prepare the following (Example 18-8 
from commercial biphenylethanol): 

NH 

1 Na N1 \ O 
Z-Y \ f \ ^n X ( ) N 

\- 
N 

Example Z Y— MS, mi?e 

18-2 468 

MeS ( ) ( ) 
18-3 452 

vo-K) ()- 
18-4 466 

18-5 SO6 

FCO ( ) ( ) 
18-6 453 

MeO 

\ / 

B-()- OH 

Step 5 
e Ex. 19 

15 

25 

30 

TBS-C ( ) - A As Br 
Step 1 

OTBS 

62 
-continued 

NH2 

es- O 
Z-Y \ f \ ^ X ( ) N 

Y= 
Example Z Y— MS, mi?e 

18-7 o 423 

18-8 ( ) ( ) 422 
18-9 o 423 

EXAMPLE19 

's- O 

-- O \- 

Step 2 ( )-( ) 
TBAF 
Step 3 

MscL / \ 
Step 4 

OMS 
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Step 1: Combine 4-bromophenethyl alcohol (3.00 g, 14.9 
mmol), triethylamine (2.68 ml, 19.2 mmol), dimethylami 
nopyridine (0.180 g, 1.47 mmol) and t-butyidimethylsilyl 
chloride (2.45 g, 16.3 mmol) in CHCl (75 ml). Stir 1 h, wash 
with HO, dry (KCO), and concentrate. Chromatograph on 
silica (hexanes) to obtain the silyl ether. 

Step 2: To the compound of Step 1 (0.300 g, 0.95 mmol) in 
dry toluene (15 ml) add 2-(tri-butylstannyl)pyridine (1.05 g, 
2.86 mmol) and tetrakis(triphenylphosphine)-palladium 
(0.11g, 0.095 mmol). Flush with N and heat 16 hat 120° C. 
Cool, filter through Celite, and wash with NHCl, brine and 
then water. Dry (KCOs) and concentrate. Chromatograph on 
silica (3-5% EtOAc/hexanes) to obtain the biaryl, MS 314 
(M+1). 

Step 3: Combine the biary1 of Step 2 (0.180 g, 0.57 mmol) 
and TBAF (1.0 M in THF, 1.7 ml) in THF (5.7 ml). Stir 2 h, 
wash with saturated NHCl, and extract with EtOAc. Wash 
with HO several times, dry (KCO) and concentrate to 
obtain the alcohol. Steps 4 and 5: Conduct as in Example 18, 
Steps 2 and 3, to obtain the title compound as a white solid, 
MS: 423 (M+1). 

Similarly prepare the following compounds: 

N ass- O 
/ \ N ( N-Sy \ / 
RN N 

\- N 
Ex. 19-2, MS: 424 (M+1) 

NH2 

N s \ f 
N 

\- N 

Ex. 19-3, MS: 423 (M+1) 

EXAMPLE 20 

- O 
V re 

To the product of Example 18 (0.055 g, 0.13 mmol) in 
CHC1 (1.5 ml) at -78° C. add m-CPBA (0.050 g., 0.29 
mmol). Allow to warm, stir 5 h, and wash successively with 
sat. NaSO, 5% K2CO, and H2O. Dry (Na2SO) and con 
centrate. Purify by PTLC (10% CH-OH/CHC1,) to obtain 
the title compound, MS: 439 (M+1). 

Similarly, oxidize the product of Example 18-2 at 0°C. or 
RT to produce the sulfoxide, MS: 484 (M+1), or the sulfone, 
MS: 500 (M+1). 
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Ex. 20-2 

NH2 

M an N O 

s \ / N 
w 
Na 

Ex. 20-3 

EXAMPLE 21 

Me 

Me 

21 -N O N N N 
S \ As-S/ \ | N 

\- N 

Combine the product of Preparation 6 (0.104 g, 0.30 
mmol), 4-methyl-benzenethiol (0.075 g, 0.60 mmol), and 
KCO (0.091 g, 0.66 mmol) in DMF (20 ml). Heat at 80°C. 
for 5 hand concentrate. Partition between EtOAc and water, 
wash with brine, dry over MgSO and concentrate. Recrys 
tallize from CH-OH to obtain the title compound, MS: 
m/e=392 (M+1). 

Similarly prepare the following compounds: 

Y= 
Example Z. MS, mi?e 

21-2 408 

OMe 

21-3 C 426,428 
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-continued 

S- O 5 

--- O C \- 

Example Z. MS, mi?e 

21-4 Me 394 

N 

& / 

21-5 –K) 379 

EXAMPLE 22 

MeO 

MeO 

Combine the product of Preparation 6 (0.11g, 0.25 mmol), 
3,4-dimethoxy-phenol (0.154 g, 1.0 mmol), and KCO, 
(0.138g, 1.0 mmol) in DMF (5 ml). Heat at 90° C. for 48 hand 
concentrate. Partition between EtOAc and water, wash with 1 
N NaOH and then brine, dry over MgSO and concentrate. 
Chromatograph on silica (1.5% CH-OH/CHCl) to obtain 
the title compound, MS: m/e 422 (M+1). 

MeO 

NH2 

Cryo 
TV S1's N \ f 

V 
N2 

N 

Step 1 

10 

15 

25 

30 

35 
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45 

sess O 

-O--- O \ 

OX). 
-e- 

66 
Similarly prepare the following compound, MS: m/e=454 

(M+1). 

Ex. 22-2 

Me 

2 -N O N N N 

N 
V ere 
N 

EXAMPLE 23 

NH2 
MeO 

MeO O S. - - - - O Y2 

Step 1: To NaH (60% in oil, 1.32g, 33 mmol) in DMF (25 
ml) at 5° C. add dropwise, with stirring, 3,4-dimethoxyphenol 
(4.77 g. 30 mmol). After 0.5 h, add 1,5-dibromo-pentane 
(20.7g, 90 mmol). Stir 2 hand concentrate. Chromatograph 
on silica (CHCl) to obtain the monobromide, MS: m/e=303 
(M+1). 

Step 2: To NaH (60% in oil, 0.044g, 1.1 mmol) in DMF (25 
ml) at 5° C. add the product of Preparation 1 (0.241 g, 1.1 
mmol). After 0.5 h, add the compound from Step 1. Allow to 
warm, stir 18 h, and concentrate. Partition between EtOAc 
and water, wash with 1N NaOH and then brine, dry over 
MgSO4, and concentrate. Chromatograph on silica (2% 
CHOH/CHCl) and recrystallize the appropriate fraction 
from CHCN to obtain the title compound, MS: m/e=464 
(M+1). 

EXAMPLE 24 

rate 

O - O 

CX) -- O \- 
HCI 

Step 2 
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-continued 
NH2 

Ex. 24-MNE o N \ f 
Step 3 N1's N \ . 

Step 1: Combine 1,4-dioxa-8-azaspiro(4,5)decane (0.48 -continued 
ml, 3.8 mmol) with the product of Preparation 2 (0.66 g, 1.5 
mmol) in DMF (10 ml). Heat at 90° C. for 16h, allow to cool, 
filter and wash with CH-OH to give off-white solid, MS: m/e 
411 (M+1). 

Step 2: Heat the product of Step 1 (0.476 g, 1.16 mmol) in 
acetone (10 ml) and 5% HCl (10 ml) at 100° C. for 16h. Cool, 
neutralize with sat. NaHCO, and extract with 10% CH-OH 
in CH2Cl2. Dry (MgSO4), concentrate and chromatograph on 
silica with CH-OH CHCl to obtain the ketone as a white 
powder, MS: m/e367 (M+1). 

Step 3: Combine the product of Step 2 (0.050 g., 0.13 
mmol) with O-methylhydroxyl-amine hydrochloride (0.033 
g, 0.39 mmol) in pyridine (3 ml). Stir for 16 hand concentrate. 
Partition between NaHCO, (sat.) and 5% CH-OH in CHC1. 
Dry (MgSO4), concentrate and chromatograph on silica with 
5% CH-OH CHCl to obtain the title compound as a white 
solid, MS: m/e396 (M+1). 

Similarly prepare the following compounds: 

NH2 

RIl-O -- O 
V N 
NR N V -n-Sy \ / 

N 
\- N 

Example R11 MS, mi?e 

24-2 —CH2CH3 410 
24-3 —CH2CH2CH 424 
24-4 - CHCHCH 422 
24-5 —C(CH3)3 438 
24-3 —CHs 458 
24-4 —CH2C6H5 472 

EXAMPLE 25 

NH2 

\o ls O 

-O--- O 

"Y-O-c. 
HNOH 
Step 1 

Mo Br 
-- 

Step 2 
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Mo O 
V 
N N-Cbz 

H 
Step 3 

Mo O 
Ex. 25 -- V 

Step 4 S-O- 

Step 1: Combine benzyl 4-oxo-1-piperidinecarboxylate 
(10g, 4.3 mmol) with HNOH.HCl (0.89 g, 13 mmol) in 
pyridine (5 ml). Stir 16 hand concentrate. Partition between 
NaHCO (sat.) and EtOAc, dry (MgSO) and concentrate to 
give the oXime. 

Step 2: Combine the product of Step 1 (0.44g, 1.8 mmol) 
with 2-bromoethyl methyl ether (0.20 ml, 2.2 mmol) and NaH 
(0.10g, 2.7 mmol) in DMF (8 ml). Stir 16 hand concentrate. 
Partition between NHCl (sat.) and ether, dry (MgSO), and 
concentrate. Chromatograph the residue on silica with 20% 
EtOAc-hexane to obtain the alkylated oxime. 

Step 3: Stir the product of Step 2 (0.45 g, 1.47 mmol) over 
5% Pd/C (0.045g) in EtOAc (25 ml) under H for 6 h. Filter 
and concentrate to obtain the amine. 

Step 4: Treat the amine of Step 3 with the product of 
Preparation 2 as in Example 24, Step 1, to obtain the title 
compound as a white solid, MS: m/e 440 (M-1). 

EXAMPLE 26 

- O 

-O-L O Y2 

Add sodium triacetoxyborohydride (0.083 g, 0.39 mmol) 
to a mixture of the product of Example 24, Step 2 (0.050 g, 
0.13 mmol), aniline (0.035 ml, 0.39 mmol), and AcOH(0.045 
ml, 0.78 mmol) in dichloroethane (3 ml). Stir 16 hand parti 
tion between NaHCO, (sat.) and 5% CH-OH in CHC1. Dry 
(MgSO) and concentrate. Chromatograph (5% CH-OH 
CHCl) to obtain the title compound as a white solid, MS: 
m/e 444 (M+1). 
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In similar fashion, prepare the following compound, MS: 
m/e 445 (M-1). 

EX. 26-2 

N21 NN \ / N. O 

-O-L- O 10 \- 

15 HO N \ 
EXAMPLE 27 

Ex. 27 
Step 4 

Step 1: Combine 4-bromophenol (3.46g, 20.0 mmol) with 
2-bromoethyl methyl ether (2.82 ml, 30.0 mmol) and KCO 
(8.30 g. 60.0 mmol) in acetone (50 ml). Heat at reflux 16 h, 
cool, filter, and concentrate. Chromatograph on silica with 
5% EtOAc/hexane to give the ether as a clear oil. To this ether 
(2.73 g, 11.8 mmol) in dry THF (50 ml) at -78°C. addin-BuLi 
(1.6M in hexane, 7.4 ml, 11.8 mmol). Stir for 10 min. and add 
a solution of benzyl 4-oxo-1-piperidinecarboxylate (2.5 g. 
10.7 mmol) in dry THF (5 ml). Stir for 2 hand allow to warm. 
Partition between sat. NHCl and EtOAc, dry (MgSO) and 
concentrate. Chromatograph on silica with EtOAC/hexane 
(20:80, then 40:60) to obtain the alcohol. 

Step 2: To a solution of the product of Step 1 (0.386 g, 1.0 
mmol) and triethylsilane (0.80 ml, 5.0 mmol) in dry CHC1. 
(10 ml) at -78° C. add trifluoroacetic acid (0.38 ml, 5.0 
mmol). Allow to warm over 2 h and partition between sat. 
NaHCO and CHCl2. Dry (MgSO) and concentrate. Chro 
matograph on silica with 20% EtOAc/hexane to obtain the 
reduction product, MS: m/e 370 (M-1). 

Step 3: Stir the product of Step 2 (0.300 g, 0.758 mmol) 
over 5% Pd/C (0.030 g) in EtOAc (5 ml) and CH-OH (5 ml) 
under H for 2 h. Filter and concentrate to obtain the amine. 

5 

45 

50 

55 

60 

65 

70 
Step 4: Treat the amine of Step 3 with the product of 

Preparation 2 as in Example 24, Step 1, to obtain the title 
compound as a white solid, MS: m/e 503 (M-1). 

EXAMPLE 28 

-N 

- N 
\- N 

NH2 

\ \'s SY ( ) 
N2 

MeO 

\- HO 
O -( ) \O HCbz 

MeO 

O -( )-O N-Cbz 
/, Step 3 

EtSiH 
Her 
Step 2 

O -()-O 

Treat the product of Example 1-145 (0.020 g, 0.044 mmol) 
in EtOH (0.5 ml) at 0°C. with sodium borohydride (0.005g, 
0.13 mmol) and with an equal amount again after 0.75h. After 
another 0.75 h, partition between CHCl and sat. NHC1. 
Dry (NaSO) and concentrate. Purify by PTLC (10% 
CHOH/CHCl) to obtain the title compound as a white 
solid, MS: 459 (M+1). 

EXAMPLE 29 

N --- O M \- 
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Treat the product of Example 1-145 (0.020g, 0.044 mmol) 
in pyridine (0.5 ml) with methoxyamine hydrochloride 
(0.011 g, 0.13 mmol). Stir 16 h and concentrate. Partition 
between CHC1 and sat. NaHCO. Dry (Na2SO) and con 
centrate. Purify by PTLC (5% CH-OH/CHC1,) to obtain the 
title compound as a white solid, MS: 486 (M+1). 

Similarly, prepare the oXime 29-2 as two separated geo 
metric isomers, each a white solid, MS: 472 (M-1). 

Ex. 29-2 

l -N 

CIX ( ) N \ s \ || N N 
A. V 

HO N2 

Because of their adenosine A receptor antagonist activity, 
compounds of the present invention are useful in the treat 
ment of depression, cognitive function diseases and neurode 
generative diseases such as Parkinson's disease, senile 
dementia as in Alzheimer's disease, and psychoses of organic 
origin. In particular, the compounds of the present invention 
can improve motor-impairment due to neurodegenerative dis 
eases such as Parkinson's disease. 
The other agents known to be useful in the treatment of 

Parkinson's disease which can be administered in combina 
tion with the compounds of formula I include: L-DOPA: 
dopaminergic agonists Such as quinpirole, ropinirole, prami 
pexole, pergolide and bromocriptine: MAO-B inhibitors such 
as deprenyl and selegiline; DOPA decarboxylase inhibitors 
such as carbidopa and benserazide; and COMT inhibitors 
Such as tolcapone and entacapone. One to three other agents 
can be used in combination with the compounds of formula I, 
preferably one. 
The pharmacological activity of the compounds of the 

invention was determined by the following invitro and in vivo 
assays to measure A receptor activity. 
Human Adenosine A, and A Receptor Competition Binding 
Assay Protocol 
Membrane sources: 
A: Human A, Adenosine Receptor membranes, Catalog 

#RB-HA2a, Receptor Biology, Inc., Beltsville, Md. Dilute to 
17 ug/100 ul in membrane dilution buffer (see below). 
Assay Buffers: 
Membrane dilution buffer: Dulbecco's Phosphate Buff 

ered Saline (Gibco/BRL)+10 mM MgCl. 
Compound Dilution Buffer: Dulbecco's Phosphate Buff 

ered Saline (Gibco/BRL)+10 mMMgCl, supplemented with 
1.6 mg/ml methyl cellulose and 16% DMSO. Prepared fresh 
daily. 
Ligands: 
A: 3H-SCH 58261, custom synthesis, Amersham Phar 

macia Biotech, Piscataway, N.J. Stock is prepared at 1 nM in 
membrane dilution buffer. Final assay concentration is 0.5 
nM. 
A: [3H]-DPCPX, AmershamPharmacia Biotech, Piscat 

away, N.J. Stock is prepared at 2 nM in membrane dilution 
buffer. Final assay concentration is 1 nM. 
Non-specific Binding: 
A: To determine non-specific binding, add 100 nM CGS 

15923 (RBI, Natick, Mass.). Working stock is prepared at 400 
nM in compound dilution buffer. 
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A: To determine non-specific binding, add 100LLMNECA 

(RBI, Natick, Mass). Working stock is prepared at 400 uM in 
compound dilution buffer. 
Compound Dilution: 

Prepare 1 mM stock solutions of compounds in 100% 
DMSO. Dilute in compound dilution buffer. Test at 10 con 
centrations ranging from 3 uM to 30 pM. Prepare working 
Solutions at 4x final concentration in compound dilution 
buffer. 
Assay procedure: 

Perform assays in deep well 96 well plates. Total assay 
volume is 200 ul. Add 50 ul compound dilution buffer (total 
ligand binding) or 50 ul CGS 15923 working solution (A 
non-specific binding) or 50 ul NECA working solution (A 
non-specific binding) or 50 ul of drug working solution. Add 
50 ul ligand stock (3H-SCH 58261 for A, 3H]-DPCPX 
for A). Add 100 ul of diluted membranes containing the 
appropriate receptor. Mix. Incubate at room temperature for 
90 minutes. Harvest using a Brandel cell harvester onto Pack 
ard GF/B filterplates. Add 45ul Microscint20 (Packard), and 
count using the Packard TopCount Microscintillation 
Counter. Determine ICso values by fitting the displacement 
curves using an iterative curve fitting program (Excel). Deter 
mine Ki values using the Cheng-Prusoff equation. 
Haloperidol-induced catalepsy in the rat 
Male Sprague-Dawley rats (Charles River, Calco, Italy) 

weighing 175-200 g are used. The cataleptic state is induced 
by the Subcutaneous administration of the dopamine receptor 
antagonist haloperidol (1 mg/kg, Sc), 90 min before testing 
the animals on the vertical grid test. this test, the rats are 
placed on the wire mesh cover of a 25x43 plexiglass cage 
placed at an angle of about 70 degrees with the bench table. 
The rat is placed on the grid with all four legs abducted and 
extended ("frog posture'). The use of such an unnatural pos 
ture is essential for the specificity of this test for catalepsy. 
The time span from placement of the paws until the first 
complete removal of one paw (decent latency) is measured 
maximally for 120 sec. 
The selective A2 adenosine antagonists under evaluation 

are administered orally at doses ranging between 0.03 and 3 
mg/kg, 1 and 4 h before scoring the animals. 

In separate experiments, the anticataleptic effects of the 
reference compound, L-DOPA (25, 50 and 100 mg/kg, ip), 
were determined. 
6-OHDA Lesion of the Middle Forebrain Bundle in Rats 

Adult male Sprague-Dowley rats (Charles River, Calco, 
Como, Italy), weighing 275-300 g, are used in all experi 
ments. The rats are housed in groups of 4 per cage, with free 
access to food and water, under controlled temperature and 12 
hour light/dark cycle. The day before the surgery the rats are 
fasted over night with water ad libitum. 

Unilateral 6-hydroxydopamine (6-OHDA) lesion of the 
middle forebrain bundle is performed according to the 
method described by Ungerstedt et al. (Brain Research, 1971, 
6-OHDA and Cathecolamine Neurons, North Holland, 
Amsterdam, 101-127), with minor changes. Briefly, the ani 
mals are anaesthetized with chloral hydrate (400 mg/kg, ip) 
and treated with desipramine (10 mpk, ip) 30 min prior to 
6-OHDA injection in order to block the uptake of the toxin by 
the noradrenergic terminals. Then, the animals are placed in a 
stereotaxic frame. The skin over the skull is reflected and the 
Stereotaxic coordinates (-2.2 posterior from bregma (AP), 
+1.5 lateral from bregma (ML), 7.8 ventral from dura (DV) 
are taken, according to the atlas of Pellegrino etal (Pellegrino 
L. J., Pellegrino A. S. and Cushman A.J., A Stereotaxic Atlas 
of the Rat Brain, 1979, New York: Plenum Press). Aburr hole 
is then placed in the skull over the lesion site and a needle, 
attached to a Hamilton syringe, is lowered into the left MFB. 
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Then 8 Jug 6-OHDA-HCl is dissolved in 4 Jul of saline with 
0.05% ascorbic acid as antioxidant, and infused at the con 
stant flow rate of 1 Jul/1 min using an infusion pump. The 
needle is withdrawn after additional 5 min and the surgical 
wound is closed and the animals left to recover for 2 weeks. 
Two weeks after the lesion the rats are administered with 

L-DOPA (50 mg/kg, ip) plus Benserazide (25 mg/kg, ip) and 
selected on the basis of the number of full contralateral turns 
quantified in the 2 h testing period by automated rotameters 
(priming test). Any rat not showing at least 200 complete 
turns/2 h is not included in the study. 

Selected rats receive the test drug 3 days after the priming 
test (maximal dopamine receptor SuperSensitivity). The new 
receptor antagonists are administered orally at dose levels 
ranging between 0.1 and 3 mg/kg at different time points (i.e., 
1, 6, 12 h) before the injection of a subthreshold dose of 
L-DOPA (4 mpk, ip) plus benserazide (4 mpk, ip) and the 
evaluation of turning behavior. 

Using the above test procedures, the following results were 
obtained for preferred and/or representative compounds of 
the invention. 

Results of the binding assay on compounds of the invention 
showed A. Ki vaules of 0.3 to 57 nM, with preferred com 
pounds showing Ki values between 0.3 and 5.0 nM. 

Selectivity is determined by dividing Ki for A1 receptor by 
Ki for A2a receptor. Preferred compounds of the invention 
have a selectivity ranging from about 100 to about 2000. 

Preferred compounds showed a 50-75% decrease in 
descent latency when tested orally at 1 mg/kg for anti-cata 
leptic activity in rats. 

In the 6-OHDA lesion test, rats dosed orally with 1 mg/kg 
of the preferred compounds performed 170-440 turns in the 
two-hour assay period. 

In the haloperidol-induced catalepsy test, a combination of 
Sub-threshold amount of a compound of formula I and a 
sub-threshold amount of L-DOPA showed a significant inhi 
bition of the catalepsy, indicating a synergistic effect. In the 
6-OHDAlesion test, test animals administered a combination 
of a compound of formula I and a sub-threshold amount of 
L-DOPA demonstrated significantly higher contralateral 
turning. 

For preparing pharmaceutical compositions from the com 
pounds described by this invention, inert, pharmaceutically 
acceptable carriers can be either solid or liquid. Solid form 
preparations include powders, tablets, dispersible granules, 
capsules, cachets and Suppositories. The powders and tablets 
may be comprised of from about 5 to about 70 percent active 
ingredient. Suitable solid carriers are known in the art, e.g. 
magnesium carbonate, magnesium Stearate, talc, Sugar, lac 
tose. Tablets, powders, cachets and capsules can be used as 
Solid dosage forms suitable for oral administration. 

For preparing Suppositories, a low melting wax Such as a 
mixture offatty acid glycerides or cocoa butter is first melted, 
and the active ingredient is dispersed homogeneously therein 
as by stirring. The molten homogeneous mixture is then 
poured into convenient sized molds, allowed to cool and 
thereby solidify. 

Liquid form preparations include solutions, Suspensions 
and emulsions. As an example may be mentioned water or 
water-propylene glycol solutions for parenteral injection. 

Liquid form preparations may also include Solutions for 
intranasal administration. 

Aerosol preparations suitable for inhalation may include 
Solutions and Solids in powder form, which may be in com 
bination with a pharmaceutically acceptable carrier, such as 
an inert compressed gas. 
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Also included are solid form preparations which are 

intended to be converted, shortly before use, to liquid form 
preparations for either oral or parenteral administration. Such 
liquid forms include Solutions, Suspensions and emulsions. 
The compounds of the invention may also be deliverable 

transdermally. The transdermal compositions can take the 
form of creams, lotions, aerosols and/or emulsions and can be 
included in a transdermal patch of the matrix or reservoir type 
as are conventional in the art for this purpose. 

Preferably the compound is administered orally. 
Preferably, the pharmaceutical preparation is in unit dos 

age form. In Such form, the preparation is Subdivided into unit 
doses containing appropriate quantities of the active compo 
nent, e.g., an effective amount to achieve the desired purpose. 
The quantity of active compound of formula I in a unit dose 

of preparation may be varied or adjusted from about 0.1 mg to 
1000 mg, more preferably from about 1 mg to 300 mg. 
according to the particular application. 
The actual dosage employed may be varied depending 

upon the requirements of the patient and the severity of the 
condition being treated. Determination of the proper dosage 
for a particular situation is within the skill of the art. Gener 
ally, treatment is initiated with Smaller dosages which are less 
than the optimum dose of the compound. Thereafter, the 
dosage is increased by Small increments until the optimum 
effect under the circumstances is reached. For convenience, 
the total daily dosage may be divided and administered in 
portions during the day if desired. 
The amount and frequency of administration of the com 

pounds of the invention and the pharmaceutically acceptable 
salts thereof will be regulated according to the judgment of 
the attending clinician considering Such factors as age, con 
dition and size of the patient as well as severity of the Symp 
toms being treated. A typical recommended dosage regimen 
for compounds of formula I is oral administration of from 10 
mg to 2000 mg/day preferably 10 to 1000 mg/day, in two to 
four divided doses to provide relief from central nervous 
system diseases such as Parkinson's disease. The compounds 
are non-toxic when administered within this dosage range. 
The doses and dosage regimen of the dopaminergic agents 

will be determined by the attending clinician in view of the 
approved doses and dosage regimen in the package insert, 
taking into consideration the age, sex and condition of the 
patient and the severity of the disease. It is expected that when 
the combination of a compound of formula I and a dopamin 
ergic agent is administered, lower doses of the components 
will be effective compared to the doses of the components 
administered as monotherapy. 
The following are examples of pharmaceutical dosage 

forms which contain a compound of the invention. Those 
skilled in the art will recognize that dosage forms can be 
modified to contain both a compound of formula I and a 
dopaminergic agent. 
The scope of the invention in its pharmaceutical composi 

tion aspect is not to be limited by the examples provided. 

No. Ingredients mg tablet mg tablet 

1. Active compound 1OO 500 
Lactose USP 122 113 

3. Corn Starch, Food Grade, as a 30 40 
10% paste in Purified Water 
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-continued X is C-C alkylene or —C(O)CH : 
Y is N(R)CHCHN(R) , OCHCHN(R) , 

No. Ingredients mg tablet mg tablet O S , —CHS , —(CH). NH-, or 

Corn Starch, Food Grade 45 40 5 
5. Magnesium Stearate 3 7 (CH2) 

c/ V Total 300 700 o N 
SS Yet? R4 

10 

Method of Manufacture and 
Z is R-phenyl, R-phenyl(C-C)alkyl, R-heteroaryl, 

diphenylmethyl, R C(O) , R SO. , R OC Mix Item Nos. 1 and 2 in a suitable mixer for 10-15 min 
15 (O) , R7 N(R) C(O) , R7 N(R) C(S) , utes. Granulate the mixture with Item No. 3. Mill the damp 

granules through a coarse screen (e.g., '4", 0.63 cm) if nec 
essary. Dry the damp granules. Screen the dried granules if 
necessary and mix with Item No. 4 and mix for 10-15 min 
utes. Add Item No. 5 and mix for 1-3 minutes. Compress the 
mixture to appropriate size and weigh on a Suitable tablet 
machine. HN N-, 

25 O 
No. Ingredient mg/capsule mg/capsule 

1. Active compound 1OO 500 phenyl-CH(OH)—, or phenyl-C(=NOR) ; or when 
2. Lactose USP 106 123 Q is 
3. Corn Starch, Food Grade 40 70 
4. Magnesium Stearate NF 7 7 

30 

Total 253 700 

-- s 
H 

Method of Manufacture 35 

Z is also phenylamino or pyridylamino; or 
Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15 

minutes. Add Item No. 4 and mix for 1-3 minutes. Fill the 
mixture into Suitable two-piece hard gelatin capsules on a 
Suitable encapsulating machine. R /F 

While the present invention has been described in conjunc- YC N 
tion with the specific embodiments set forth above, many \ / N 
alternatives, modifications and variations thereof will be N- s 
apparent to those of ordinary skill in the art. All such alterna- 45 N 
tives, modifications and variations are intended to fall within 
the spirit and scope of the present invention. 

We claim: 
50 

1. A compound having the structural formula N 
N-: N-: 

HN 

NH2 O 

1. 2N-N s R1ON N - , N N 

X-R \ A 
N N S. O 

Z-Y-X-N 21 
V 60 R10-- N-: 
N S O 

RQ N 

or a pharmaceutically acceptable salt thereof, wherein ( \ M 
R is R-furanyl, R'-thienyl, R'-pyridyl, R'-pyridyl N-ox- 65 -*()- AN- N 

ide, R'-oxazolyl, R'-phenyl, R'-pyrrolyl or C-C, 
cycloalkenyl: 

Z and Y together are 

40 
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-continued 

{ } R/=Vy / 

RC 

R" is 1 to 3 substituents independently selected from 
hydrogen, C-C-alkyl, -CF, halogen, —NO, 
NR'R''. C-C alkoxy, C-C alkylthio, C-C alkyl 

Sulfinyl, and C-C alkylsulfonyl: 
R and Rare independently selected from the group con 

sisting of hydrogen and C-C alkyl; 
m and n are independently 2-3; 

or an N-oxide thereof, 

R" is 1-2 substituents independently selected from the 
group consisting of hydrogen and C-Calkyl, or two R' 
Substituents on the same carbon can form =O; 

R is 1 to 5 substituents independently selected from the 
group consisting of hydrogen, halogen, C-C alkyl, 
hydroxy, C-C alkoxy, —CN, di-((C-C)alkyl)amino, 
—CF, —OCF acetyl. —NO, hydroxy(C-C) 
alkoxy, (C-C)-alkoxy(C-C)alkoxy, di-((C-C)- 
alkoxy)(C-C)alkoxy, (C-C)-alkoxy(C-C)alkoxy 
(C-C)-alkoxy, carboxy(C-C)-alkoxy, (C-C)- 
alkoxycarbonyl(C-C)alkoxy, (C-C)cycloalkyl (C- 
C.)alkoxy, di-((C-C)alkyl)amino(C-C)alkoxy, 
morpholinyl, (C-C)alkyl-SO-, (C-C)alkyl-SO - 
(C-C)alkoxy, tetrahydropyranyloxy, (C-C)alkylcar 
bonyl(C-C)-alkoxy, (C-C)-alkoxycarbonyl, (C-C) 
alkylcarbonyloxy(C-C)-alkoxy, —SONH2, phenoxy, 

Y. 
O 

(C1-C5 alkyl), CH: 
- 2 - CENOR O 

or adjacent R. Substituents together are -O-CH2— 
O— —O—CHCH-O-, -O-CF O- or 
—O—CFCF O- and form a ring with the carbon 
atoms to which they are attached; 
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R is (C-C)alkyl, R-phenyl, R-phenyl(C-C)alkyl, 

thienyl, pyridyl, (C-C)-cycloalkyl, (C-C)alkyl-OC 
(O)-NH-(C-C)alkyl-, di-((C-C)alkyl)aminomethyl, 

Cs 
N s 

cours 
R’ is (C-C)alkyl, R-phenyl or R-phenyl(C-C)alkyl: 
R is hydrogen or C-C alkyl; or R and R together are 
-(CH2), A-(CH2), wherein p and q are indepen 
dently 2 or 3 and A is a bond, —CH2—, —S—or—O—, 
and form a ring with the nitrogen to which they are 
attached; 

R is 1-2 groups independently selected from hydrogen, 
C-C alkyl, hydroxy, C-C alkoxy, halogen, —CF and 
(C-C)alkoxy(C-C)alkoxy; 

R" is 1 to 5 substituents independently selected from the 
group consisting of hydrogen, halogen, C-C alkyl, 
hydroxy, C-C, alkoxy, –CN, —NH2, 
C-Calkylamino, di-((C-C)alkyl)amino. —CF, 
—OCF and —S(O) (C-C)alkyl: 

R'' is H.C-C alkyl, phenyl, benzyl, C-C alkenyl, C-C, 
alkoxy(C-C)alkyl, di-((C-C)alkyl)amino(C-C) 
alkyl, pyrrolidinyl (C-C)alkyl or piperidino(C-C) 
alkyl: 

R" is Hor C-C alkyl; and 
R" is (C-C)alkyl-C(O)- or (C-C)alkyl-SO : 

wherein heteroaryl is a single ring or benzofused heteroaro 
matic group, or an N-oxide thereof, of 5 to 10 atoms com 
prised of 2 to 9 carbon atoms and 1 to 4 heteroatoms inde 
pendently selected from the group consisting of N, O and S. 
provided that the rings do not include adjacent oxygenatoms, 
adjacent Sulfur atoms, or adjacent oxygen and Sulfur atoms. 

2. A compound of claim 1 wherein R is R'-furanyl. 
3. A compound of claim 1 wherein X is C-C alkylene. 
4. A compound of claim 1 wherein Y is 

(CH2) 

-Q N- . 
X Yet? R4 

5. A compound of claim 4 wherein Q is 

Or -CH-. 

6. A compound of claim 5 wherein mand n are each 2, and 
R is H. 

7. A compound of claim 1 wherein Zis R-phenyl, R-het 
eroaryl, R C(O) or R SO-. 

8. A compound of claim 7 wherein R is H, halogen, C-C, 
alkyl, C-C alkoxy, hydroxy(C-C)alkoxy or (C-C) 
alkoxy(C-C)alkoxy, or R is R-phenyl. 
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9. A compound of claim 1 wherein R is R'-furanyl, X is 
C-C alkylene, Y is 

Of -CH 

m and n are each 2, R is H. Z is R-phenyl, R-heteroaryl, 
R C(O)— or R SO. , R is H, halogen, C-C alkyl, 
C-C alkoxy, hydroxy(C-C)alkoxy or (C-C)alkoxy (C- 
C.)alkoxy, and R is R-phenyl. 

10. A compound of claim 1 selected from the group con 
sisting of compounds of the formula 

-- N- N -)- 
N 

1-- N 
V 
N2 

wherein R and Z Y are as defined in the following table: 

F O 

- O - O F V / 

()-O- () 
F N N 

\ / 
( ) 

( , / O 
( - O 
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-continued 

\R O f 
H3CO 

F 

C N N 

\ / 
OCH F 

O N N 

\ / 
F 

11. A compound of claim 1 wherein Z is R-heteroaryland 
heteroaryl is selected from the group consisting of pyridyl, 
oxazolyl, isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, thienyl, 
imidazolyl pyrazolyl, tetrazolyl, thiazolyl, isothiazolyl, thia 
diazolyl pyrazinyl, pyrimidyl, pyridazinyl, triazolyl, indolyl, 
quinolyl, isoquinolyl, phthalazinyl, benzothienyl, benzimi 
dazolyl, benzofuranyl, benzoxazolyl and benzofurazanyl, or 
an N-oxide thereof. 

12. A compound of claim 11 wherein heteroaryl is selected 
from the group consisting of pyridyl, pyridyl N-oxide, thiaz 
olyl pyrazinyl, pyrimidyl, quinolyl and benzimidazolyl. 

13. The compound having the structure 

NH 

N-N () ()- Co-o 
O \ /\ss \ | 
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14. A pharmaceutical composition comprising a therapeu- 19. The method of claim 15 wherein said compound, or 
tically effective amount of a compound of claim 1 in a phar- pharmaceutically acceptable salt thereof, is a compound hav 
maceutically acceptable carrier. ing the structure. 

15. A method of treating central nervous system diseases or 
stroke, comprising administering an effective amount of a 5 NH 
compound of formula I claim I, or a pharmaceutically OCH als 
acceptable salt thereof, to a mammal in need of Such treat- ( 
ment. O 

2 - N. O 
/ \ Nr 'N r \ 
N / \ As-S/ \ / 16. A method of claim 15 for treating depression, cognitive 10 N W 

diseases and neurodegenerative diseases. N 
17. A method of claim 16 for treating Parkinson's disease, 

senile dementia or psychoses of organic origin. or a pharmaceutically acceptable salt thereof. 
20. The method of claim 19 wherein said central nervous 

system disease is Parkinson's disease, senile dementia, or 
psychoses of organic Origin. 

21. A pharmaceutically acceptable salt of a compound 
having the structure. 

18. A pharmaceutical composition of claim 14 wherein 
said compound has the structure. 

2O 

NH NH2 
OCH OCH 

( N N fly-o ( / \, Cy-o ()--- O - - - - - O ere N a 

or a pharmaceutically acceptable salt thereof. k . . . . 


