o ’AT\/I NOCYCLCBUTENE—S 4- DI ONES AS SMOOTH MUSCLE RELAXANTS B2bs-S Tos
fBackground’ of Invention 5 The present invention relates to
ovel 1, 2-diam no derivatives of cycl obutene 3- 4- di ones havi ng

phar macol ogi cal activity, to a process for their preparation, to

phar maceuti cal conpositions containing them and to their use for the

preparation of nmedi canents for the- flr-eat mnent of disorders associ at ed
wi th snooth muscle contraction; 10 via potassium channel nodul ati on. Such
di sorders include, but are not limted to: urinary incontinence,

hypertensi on, asthma, pre
congestive heart failure, &8¢ LA LW :
Stenp et al. disclose a class of am no subst i tut ed cycl obut enedi one

derivatives of chromans descrgbﬁd as E&ﬁ g gl ood pressure |owering
activity and 15 bronchodi | at ory ' 379-A2. Several series
of 1-am no- 2- phenyl al kyl am no-cycl obut ene- 3, 4-di ones are reported as.
H 2 receptor antagrmé | ah.

Sever al rtesf)at ed 1-am %Ie &QIP vee%%?(n a}%ﬁ{) m%“ bdiérgl %eﬁ?%@\ergss °§F éagP‘gtg osed
by Nohara et ¥tt-dipresUmving BhrACeipgicalyzotivitry to 2 process fpn éhedy Rrepetasionofo
variously su d:ﬁuﬁé&@cﬂl co?n@sﬁfﬂn@%ﬁﬁéﬁh@@bﬂe@rﬂ%a t4- tﬂéx@ﬂﬁé in the trédtfhent of
described in he foll ow n uhl.i cati Tjetze et Chem Ber.. 1991

124, 1215; ety 2ssostateqd withysgiog awe eﬂ%mctm@1VIazP°fﬁ%umefﬂ%&th et
al ., Chem Bemoddl8iidn. Such dikdfier2molde gt diewseliatited!|to; drirdy GrcoAtinenc€hem

iggﬁengllgl% Egﬁyf%ﬁgmeflﬁ aI am h?r@t}xatﬁ*ebla{) 4 n.erﬂéebﬁg bﬁﬁ'gf %ndromfh %suvec%erf%tounds
of the pr esenﬁaﬂmwmmagnmacm@n Yasoulan discaBpuse et al . conpound in that

Stemp et al. disclose a class of amino substituted cyclobutenedione derivatives

of chromans described as having blood pressure lowering activity and

15 bronchodilatory activity in EP-426379-A2. Several series of l-amino-2-

phenylalkylamino-cyclobutene-3,4-diones are reporied as H-2 receptor antagonists by

Algieri et al. in US Patent 4,390,701, Several related 1-amino-2-phenoxyalkylamino
derivatives are disclosed by Nohara et al. in US Patent 4,673,747.

20 The syntheses of variously substituted 1,2-diamino-cyclobutene-3,4-diones
are described in the following publications: Tietze et al., Chem Ber. 1991, 124, 1215;
Tietze et al., Bioconjugate Chem. 1991, 2, 148; Ehrhardt et al., Chem. Ber. 1977,
110, 2506, and Neuse et al., Liebigs Ann. Chem. 1973, 619. For example, Neuse et al.
discloses 1-phenylamino-2-dimethylamino-cyclobut-1-ene-3,4-dione. The

25 compounds of the present invention differ from the Neuse et al. compound in that
they are substituted on the phenylamino group and they are useful as smooth muscle
relaxants.

Description of The Invention

30
Accordingly, the present invention discloses compounds represented by the
formula (I):
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they are substituted on the phenylam no group and they are useful as snooth

nmuscl e rel axants. Description of The
| iyenti on 30 Accordi ngly, the present invention discloses
conpounds represented by the formula (1):
- 2 - [err] wher ei n:
Rlerr] and Rl err] are, independent from eacB-other, hydrogen, C[err]
st rai ght chain alkyl, Cerr] branched alkyl , or Cerr]
cyclic or bicyclic 5 al kyl ; Ais selected
fromthe group consisting of:

Q O

N/
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wherein:
R] and R are, independent from each other, hydrogen, C1-10 straight
chain alkyl, C1.10 branched alkyl , or C3-10 cyclic or bicyclic
S atkyl;
A is selected from the group consisting of:
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wher ei n: R3 is hydrogen, (Jerr] alkyl, Cerr]

perfluoroal kyl, C[err] al koxy, derr]

per fl uoroal koxy, am no, Cerr] alkylam no,

Clerr] dialkylamno, C[err] alkylsul fonam do, alkyl - 5

car boxam do containing 2 to 7 carbon atons,3-

nitro, cyano, carboxyl; or, Ais a substituted phenyl group

of the following formula: [err] wher ei n:

Rlerr] and Rerr], irﬁdependent fromeach other, are selected fromthe
wherein:

R3is hydrogen, Ci.g alkyl, C1-¢ perfluoroalkyl, Cj1.¢ alkoxy,
C1-¢ perfluoroalkoxy, amino, Cji.-¢ alkylamino,
C2-12 dialkylamino, C1.¢ alkylsulfonamido, alkyl-
5 carboxamido containing 2 to 7 carbon atoms,
nitro, cyano, carboxyl;
or, A is a substituted phenyl! group of the following formula:

10
wherein:
R4 and R5s, independent from each other, are selected from the
following: cyano, nitro, amino, C1-6 alkyl,
C1.-¢ perfluoroalkyl, Ci-¢ alkoxy, C1-6 perfluoroalkoxy,

15 amino, C1-¢ alkylamino, C2.-12 dialkylamino, sulfamyl,
Cj.-6 alkylsulfonamido, Cg-12 arylsulfonamido,
alkylcarboxamido containing 2 to 7 carbon atoms,
arylcarboxamido containing 7 to 13 carbon atoms,

C1-6 alkylsulfonyl, C1-g perfluoroalkylsulfonyl,

20 Cg-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1-imidazolyl,
carboxyl or hydrogen, with the proviso that R4 and R§
cannot be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof.

25 ) A preferred aspect of this invention includes compounds of formula (¥)
wherein:

R1 and R2 are as stated above;
A is selected from the following:
30



f.ol | owi ng: cyano, nitro, amno, (err]alkyl,

Cerr] perfluoroalkyl, C[err] al koxy, (ferr] perfluoroal koxy, 15
amno, Cerr] alkylamno, Cerr] dialkylamno, sulfanyl,

C err] al kyl sul fonam do, C[err] aryl sul fonam do,

al kyl car boxam do containing 2 to 7 carbon atons,

aryl carboxam do containing 7 to 13 carbon gtons,

Cerr] alkylsulfonyl, Cerr] perfluoroal kyl sul fonyl, 20

Cerr] arylsulfonyl, chloro, brono, fluoro, iodo, 1-im dazolyl,
carboxyl or hydrogen, with the proviso that R err] and R err]

cannot be hydrogen sinmultanegugl y; or a pharmaceutically acceptable

salt thereof. 25 preferred aSpéct of this i nvg{nt i on includes

conpounds of formula (1) Z erein: y //3 Rlerr] and

Rlerr] are as stated abovgé-\- ] R~ Aiq\l‘éelect d fromthe
. X 3 . A -

follow ng: 30 N \/N }'\.{ N ‘é [err]
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wherein:
R3 is as stated above;
5 or, Ais a substituted phenyl group of the following formula:
N a'sd
Z i
R
N
Rs
wherein:
10 R4 and Rs, independent from each other, are selected from the

following: cyano, nitro, amino, chloro, bromo, flucro, iodo, 1-
imidazolyl,. carboxyl or hydrogen, with the proviso that R4 and
) R5 cannot be hydrogen simultaneously;
or a pharmaceutically acceptable salt thereof.
15
The most preferred aspect of this invention includes compounds of formula
(I) wherein:
R1 and R} are as stated above;
A is selected from the following:
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wher ei n: Rlerr] is as stated above; 5 or, Ais a
substituted phenyl group of the following fornmula: [err]

wherein: 10 Rlerr] and R err], independent from each other,
are selected fromthe foll owi ng: cyano, nitro, am no,
chl oro, brono, fluoro, iodo, 1- I m dazol yl, car boxyl
or hydrogen, with the proviso that R err} Jnd R err]
cannot be hydrogen sinultaneously; or a pharmaceutically acceptable

salt thereof.

Ra
= Z 7 Z -
Rs S l Ry~ }\1 N‘ A l
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7 | x N l X
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wherein:
5 R3 is as stated above;

or, A is a substituted pheny! group of the following formula:

10  wherein:
R4 and R5, independent from each other, are selected from the
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1-
imidazolyl, carboxyl or hydrogen, with the proviso that R4 and
Rjs cannot both be hydrogen simultaneously;
15  or a pharmaceutically acceptable salt thereof.

It is understood that the definition of the compounds of formula (I), when Rj,

R2, R3, R4. or R5 contain asymmetric carbons, encompass all possible stereoisomers

and mixtures thereof which possess the activity discussed below. In particular, it

20 encompasses racemic modifications and any optical isomers which possess the
indicated activity. Optical isomers may be obtained in pure form by standard
separation techniques. The compounds of this invention, throughout this
specification, are equivalently name as 3,4-diones or 1,2-diones. The
pharmaceutically acceptable salts of the basic compounds of this invention are those
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15" The nost preferred aspect of this invention includes conpounds

of formul a (1) wherein: Rlerr] and R err] are as stated
above; Ais selected fromthe foll ow ng:

- 5- Jerr] wherein: 5 Rlerr] is as
stated above,; or, Ais a substituted phenyl group of the follow ng
formul a: -6-

derived from such organic and inorganic acids as: lactic, citric, acetic, tartaric,

succinic, maleic, malonic, hydrochloric, hydrobromic, phosphoric, nitric, sulfuric,

methanesulfonic, and similarly known acceptable acids. Where R3, R4, or RS is a

carboxyl group, salts of the compounds of this invention may be formed with bases
5  such as alkali metals (Na, K, Li} or the alkaline earth metals (Ca or Mg).

The present invention also provides a process for the preparation of a
compound of formula (I). More particularly, the compounds of formula (I) may be
prepared by reacting a compound of formula (IIa):

10

N~

(a)

wherein X is a leaving group, for example, methoxy, ethoxy, isopropoxy, halogen or
15 a similar leaving group and A; is A, as defined hereinbefore or a group of atoms
convertible thereto, with a compound of formula (IV):

Ra1

Rz qv)

20
wherein R,; and RaZ are R; and R,, respectively, as defined hereinbefore or a group

of atoms convertible thereto and, where appropriate, converting A into A or
converting R, ; into R; or converting R, into R, and, where desired, converting a
compound having formula (I) into a pharmaceutically acceptable salt thereof or
25 converting a salt of a compound having formula (I) into a compound having formula

M.



[err] 10 wherein: Rlerr] and Rlerr], independent
fromeach other, are selected fromthe fol | ow ng:
cyano, nitro, amno, chloro, brono, fluoro, iodo, 1-

I m dazol yl, carboxyl or hydrogen, with the proviso that R err] and

Rl err] cannot both be hydrogen sinultaneous]y; 15 or a pharmaceutically
accept abl e salt thereof. I't i3 understood that the definition
of the compounds of fornmula (1), when Rerr], Rlerr], Rerr], Rerr]
or Rlerr] contain asynmretric carbons, enconpass all possi bl e stereoi soners
and, M Xt ures, Lo eotndblboRAsS ApAnk oAt MidYmdl HUIBHAB Wackbn of &
particular, it 20 enconpasses racemc m)d I"'cat’1 ons a opt 1 cal

i somers whi ch eppapound hawiag (I): | ndi cated activity. Optical isomers may be

obtained in pure form by standard sepgy ati on techni ques. The
conpounds of this invention, througﬂ (ﬂ@s specification, are

equi valently nane as 3, 4-di ones or 12-di ones. The phar maceutical |y
acceptabl e salts of the basic corrpoun- s=&f this invention are those

"6 X

5  where X is as defined above with a compound having the formuta (IIT):

AITTNH;  qp)

wherein A is as defined above.
10
The reactions mentioned above may be carried out in a solvent such as
methanol or ethanol at elevated temperatures.

As mentioned previously, the compounds of formula (I) and their

15  pharmaceutically acceptable salts have been found to relax smooth muscle. They are

therefore useful in the treatment of disorders associated with smooth muscle

contraction, disorders involving excessive smooth muscle contraction of the urinary

tract (such as incontinence), or of the gastro-intestinal tract (such as irritable bowel

syndrome), asthma, and hair loss. Furthermore, the compounds of formula (I) are

20  active as potassium channel activators which render them useful for treatment of

peripheral vascular disease, hypertension, congestive heart failure, stroke, anxiety,
cerebral anoxia and other neurodegenerative disorders.

The present invention accordingly provides a pharmaceutical composition
25  which comprises a compound of this invention in combination or association with a
pharmaceutically acceptable carrier. In particular, the present invention provides a
pharmaceutical composition which comprises an effective amount of a compound of

this invention and a pharmaceutically acceptable carrier.



dérived from such organic and inorganic acids as: lactic, citric, acetic,

tartaric, succinic, maleic, malonic, hydrochloric, hydrobromc,
phosphoric, nitric, sulfuric, met hanesul fonic, and simlarly known
acceptabl e acids. Wiere Rerr], Rerr], or Rerr] is a car boxyl

group, salts of the conpounds of this invegtion- may be formed with bases 5
such as alkali netals (Na, K, Li) or the aPRaline earth netals (Ca or M).
The present invention also provides a process for the preparation of a
conmpound of forrmula (I). Mre particularly, the conpounds of formula (1)

ey be  preparp, MeukERgll e BrOung Ay 8 shOGAAibldton 1 Bonever
et hoxy, i sopr dhexymayhhe @g@mecb for) gther gaslesriof admr@awatm é@roemmmiet m[rempqah S

A, as defined gaﬁﬁﬁisﬂgﬁg,pfogpg{m@s QFRHRg Kbl ¥ailure.  CONvertible thereto,
wi th a conpound of fornula (1V):

[err] 20 wherein R err] and Rlerr] are Rerr] and Rerr],
respectiveby, as delni oridr hersbraineéarststericyaof) admfnistration, it is preferred that a

composition of the invention is in the form of a unit dose. Suitable unit dose forms
include tablets, capsules and powders in sachets or vials. Such unit dose forms may
contain from 0.1 to 100 mg of a compound of the invention and preferably from 2 to
50 mg. Still further preferred unit dosage forms contain 5 to 25 mg of a compound of

10  the present invention. The compounds of the present invention can be administered
orally at a dose range of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1
to 10 mg/kg. Such compositions may be administered from I to 6 times a day, more
usually from 1 to 4 times a day. '

15 The compositions of the invention may be formulated with conventional
excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring
agent and the like. They are formulated in conventional manner, for example, in a
manner similar to that used for known antihypertensive agents, diuretics and -
blocking agents.

20

The present invention further provides a compound of the invention for use as
an active therapeutic substance. Compounds of formula (I) are of particular use in the
induction of smooth muscle relaxation.

25 The present invention further provides a method of treating smooth muscle
disorders in mammals including man, which comprises administering to the afflicted
mammal an effective amount of a compound or a pharmaceutical composition of the
invention.

30 The following examples are presented to illustrate rather than limit the
methods for production of representative compounds of the invention.

This Sheet Has Been Reﬂ
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of* atons convertible thereto and, where appropriate, converting A1l into A

or converting Rlerr] into R err] or converting Rlerr] into Rerr]
and, where desired, converting a conmpound having formula (1) into a
pharmaceutically acceptable salt thereof or 25 converting a salt of a
conmpound having formula (1) into a conpound having formnul a (r).

- 7 - The conpounds having-fPornula (11a) may be prepared by
reaction of a conmpound having (I1):

[err] 5 where X is as defined above with a conpound having the

fornula (111): Alerr]-NHerr]

(111) wherein Alerr] is as defik¥amplede 10

Step 1) Preparation of 3-(pyridin-4-ylamino)-4-ethoxy-cyclobut-3-ene-1,2-
dione

To a solution of 3,4-diethoxy-3-cyclobutene-1,2-dione (5.00g, 29.4 mmol) in

10  absolute ethanol (100 mL) was added a suspension of 4-aminopyridine (2.77g, 29.4

mmol) in ethanol (50 mL). The reaction mixture was refluxed for 4 hours then

concentrated to give crude product. Chromatography (EtOAc) afforded 0.632 g
(10%) of a white solid: mp 120-125 °C.

15 Step2) Preparation of 3-(pyridin-4-ylamino)-4-(1,2,2-trimethyl-
propylamino)-cyclobut-3-ene-1,2-dione

To the above squarate (0.332 g, 1.52 mmol) in acetonitrile (30 mL) was
added 2-amino-3,3-dimethylbutane (0.200 ml, 1.52 mmol). A precipitate formed
20  while stirring overnight. The crude reaction mixture was vacuum filtered and the
precipitate was dried in vacuo to yield 0.328 g (79%) of a pale yellow solid: mp 255-
257 °C; 'H NMR (DMSO-dg): & 9.80 (s, 1H), 8.42 (dd, 2H), 7.72 (d, 1H), 7.45 (dd,
2H), 3.96-4.00 (m, 1H), 1.18 (s, 3H), 0.91 (s, 9H). IR (KBr): 3200, 1800, 1675, 1600
cm-1; MS (m/z) 274 (MH*).
25 .
Elemental analysis for C;sHigN302
Calc'd: C, 65.91; H, 7.01; N, 15.37
Found: C, 65.91; H, 6.96; N, 15.22



-

The  reacti ons mentioned above may be carried out in a solvent such as

nmet hanol or ethanol at el evated tenperatures. As nenti oned
previously, the conpounds of forrmula (1) and their 15 pharmaceutical ly
acceptabl e salts have been found to relax snooth nuscle. They are
therefore useful in the treatnent of disorders associated with snooth
nmuscl e contraction, disorders invol-vilhg excessive snooth nuscle
contraction of the urinary tract (such as incontinence), or of the
gastro-intestinal tract (such as irritable bowel syndrone), asthma,
and hair loss. Furthernore, the conpounds of fornula (I) are 20 active as
pot assi um channel activators which ren useful for treatnent of
peri pheral vascul ar di sease, hypertension, congestive heart failure,

stroke, anxiety, ebr al i ng _at her, neurod neratiyv

di sorders. mwmi&m.@% - g@&?&&@m a
phar maceuti cal conposition 25  which gmesh2idieme a conpound of this

i nvention kn conbi nation or association with a pharmaceutically

acceptable carrier. In particular, the present invention provides a

phar maceut i cal conpd®ithe predupt of Exampls 1.s4ep 4K0.387 gcl-5% @l imaceinitile (30
compound of  ml}) WAk addéy en)lex8 - athorofdaiB (OUBD GAL, V.52 eaReN. A reeipitateer -
- 8 - .The CO”BOSI{%bon are prefer abl_%ﬁgdggt ed for g.r?éth
adnmi ni strat i orforTR Nekilg,stiming Sverpight,  the reaction mixpge (s VIEHUp Hbedi‘g e
adm ni st r at i orpredipitate wagydtied inpacenteyiald 0.350g (81%) of a pale yellow solid: mp 268-
10 270°C (dec); 'H NMR (DMSO-dg): & 9.70 (s, 1H), 8.40 (d, 2H), 7.74 (d, 1H), 742
{(d, 2H), 3.90-3.95 (m, 1H), 2.23-2.31 (m, 2H), 1.78-1.84 (m, 1H), 1.09-1.54 (m, 7H).
IR (KBr): 3200, 1795, 1670, 1600 cm-1; MS (m/z) 283 (M*).

15 Elemental analysis for CigH17N302
Calc'd: C, 67.83; H, 6.05; N, 14.83
Found: C, 67.48; H, 6.03; N, 14.66

20

Step 1) Preparation of 3-(pyridin-3-ylamino)-4-ethoxy-cyclobut-3-ene-1,2-
25 dione

To a solution of 3,4-diethoxy-3-cyclobutene-1,2-dione (5.00g, 29.4 mmol) in

absolute ethanol (100mL) was added a suspension of 3-aminopyridine (2.77g, 29.4

mmol) in ethanol (50 mL). The mixture was heated at reflux for 18 hours, then

30 concentrated. Chromatography (4:1 EtOAc/hexane) afforded 3.15 g (49%) of a white
solid: mp 140-145°C.

Step 2) Preparation of 3-(pyridin-3-ylamino)-4-(1,2,2-trimethyl-
propylamino)-cyclobut-3-ene-1,2-dione
35 '
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admi ni stration for patients suffering fromheart failure. 5 In
order to obtain consistency of admnistration, it is preferred that a
gonposition of the invention is in the formof a unit dose. Suitable unit

dose forns i nclude tabl ets, capsul es and powders in sachets or vials.
Such unit dose forns may contain fromO0.1 to 100 ng of a conpound of
the invention and preferably from2 to - 11- 50 ng. Still further preferred

unit dosage fornms contain 5 to 25 ng of a conmpound of 10 the present
i nvention. The conpounds of the present invention can be adm nistered

orally at a dose range of about 0.01 to 100 ng/kg or preferably at a dose
range of 0.1 Tp ghergbog sgyprate (B A28 8nhel mmeihin %?“B@%@ﬁim#)s‘f’%?wcflrom

% ht 0 6 ti mets_ z»adﬁu?ai;ﬂﬁaﬁnethylbugans t(erbubth]g msg iinﬁ%dl)d t imtpﬁeoﬁapitm f?:niéwlhﬂe
e conpositions. o e.i,nvention ormuyl ated wi conyentj on
exci pi ents.  SUETRSOYETRiBN e, 106, Sipde KeasTion, Titfutky s, varOpfih Aiiered, and the
| ubri cant, a preeipitatengas dried in ygeutt toguield 1027 § (66%) dfreewhiae solid mp24R-2459%C)
convent i ongl , I | i N ALl d
£A f‘Ey'NPmter ISORKR Fa7 (418, 8.58 o[ PAEO8 ?f’f’hj‘f 7.06(, 18, 38

f or known “ant nsive agents,
agents. 20  (m, 1H), 3.96-4.6¢empHds drk8 (sn3idhi0- Bnls 1 Rk (BBoY 3389, ’aﬁo&)ﬂé&snd
of the inventigm i, WES(BLE) 273 (M+RN active therapeutic substance.

Compounds of fornmula (1) are of particular use in the i nducti on of

smoot h nuscl e rel axati on. The present invention further

provi des a usBlehmntdl bealpsieforGisHpgN1D, a nmedi canent for treating snooth

nmuscl e digprders i & d+0 s N - Whi ch invol ves

adm ni stelr%?ng to tﬁ%@%i@tdeldﬁﬁg% ’g?fg%ffective anount of a conpound or

a phar maceut | Eeunds d3$889% Hof-95t Ny 8224 nvent i on. The

foll o ng exanples are presented to illustrate rather than [imt the

nmet hods for production of represeEt atl\l/e conpounds of the invention.
15

3-ene-1.2-dione

To the product from Example 3, Step 1 (0.180 g, 0.825 mmol) in acetonitrile
(100 mL) was added isopropylamine (20 mL, 235 mmol). The reaction was stirred at
20 room temperature overnight, then concentrated. Trituration with ethylacetate/di-
ethylether afforded 0.135 g (71%) of a white solid: mp 258-260 °C; !H NMR
(DMSO-dg): 8 9.62 (brs, 1H), 8.55 (s, 1H), 8.22 (d, 1H), 7.94 (br d, 1H), 7.73 (br s,
1H), 7.36 (dd, 1H), 4.20 (br m, 1H), 1.25 (d, 6H). IR (KBr): 3200, 1800, 1660,

1610 cm-1; MS (m/z) 231(M+),

25 )
Elemental analysis for C12H13N3092
Calc'd: C, 62.32: H, 5.66; N, 18.17
Found: C, 62.86; H, 5.79; N, 18.53
30 xample

To the product from Example 3, Step 1 (0.330 g, 1.51 mmol) in acetonitrile
35 (200 mL) was introduced to a stream of dimethylamine gas (15 minutes). The



- ) Exampl e 1
3-(Pyridin-4-ylam no)-4-(1.2.2-trinmethyl-propyl am no) -

.cycl obut-3-ene- 1.2-dione 5 Step 1) Preparati on of
3-(pyridin-4-yl am no) - 4- et hoxy- cycl obut - 3- ene-1, 2-

di one To a solution of 3,4- dlethoxy 3-cycl obut ene- 1, 2- di one
(5.00g, 29.4 mmol) in 10 absolute ethanoﬂ (100 mL) was added a suspension
of 4-am nopyridine (2.77g, 29.4 mol) in ethanol (50 nmL). The
reaction m xture was refluxed for 4 hours then concentrated to give

White Solid: AFUIBGE 8tk waS imeddsgght Al Foop sonpetivgs synoentated, and
3-(pyridin-4- jnhtarated)‘)vrtndichloiorﬁemandrhethyllemcrnoafford 0.278g (85%) of an white solid:

I I
Cuarate (o 338 B335 ?”‘e“‘?ﬂ“*“n%’gce@%% ek di s SPUBB 20 A,
2- ami no- 3, 3- d7@t(ﬁy1ﬁhfif§\%d‘é,df§0(§1{rﬂ< 1 . 1590,4685) 1608 ‘EfflécMﬁ (b2 DtMEN 20

while stirging overnight. The crude reaction m xture was vacuumfiltered

and t he Elemental analysis for C11H;1N302

Calc'd: C,60.82; H,5.10; N, 19.34
Found: C, 60.71; H, 5.07; N, 19.46

10

To the product from Example 3, Step 1 (0.330 g, 1.51 mmol)} in acetonitrile
15 (200 mL) was introduced to a stream of ammonia gas until solution became turbid.
The resultant mixture was stirred overnight at room'temperature. The precipitate was
vacuum filtered and dried to afford 0.266g (93%) of a white solid: mp 297 °C(dec);
1H NMR (DMSO-dg): s 8.56 (s, 1H), 8.22 (d, 1H), 7.92 (d, 1H), 7.37 (m, 1H). IR
(XBr): 3200, 1800, 1670, 1625 cm-1; MS (m/z) 189 (M+).
20
Elemental analysis for CoH7N302
Calc'd: C, 57.14; H, 3.73; N, 22.21
Found: C, 57.18; H, 3.69; N, 22.10

25

The product from Example 3, Step 1 (2.60 g, 11.9 mmol) was dissolved in
30  tert-butylamine (50 mL). The solution was refluxed for three hours, cooled, and
concentrated in vacuo. Trituration with diethylether afforded 1.05 g (36%) of a white
solid: mp 250-252 °C; 'HNMR (DMSO-dg): & 8.57 (s, 1H), 8.23 (d, 1H), 7.96 (d,
1H), 7.37 (m, 1H) 1.43 (s,9H). IR (KBr): 1790, 1685, 1600 cm"!; MS (m/z) 245
(M+).
35



p?éci f)itaté was dried in vacuo to yield 0.328 g (79% of a pale yellow

solid: np 255- 257 C, [err]H NWR (DVMsO-d[err]): [err] 9.80 (s, 1H),
8.42 (dd, 2H), 7.72 (d, 1H), 7.45 (dd, 2H), 3.96-4.00 (m 1H), 1.18
(s, 3H, 0.91 (s, 9H). IR (KBr): 3200, 1800, 1675, 1600 cnferr]; M
(mz) 274 (M#). 25 El emrental analysis for Clerr]Herr]Nerr]Jerr]
Calc'd: C, 65.91; H 7.01; N, 15.37 - 13- Found: C, 65.91; H, 6.96;
N, 15.22 - 10 -

Exanpl e 2

(Exo0)-3-(bicyclo[ 2.2, 1] hept-2-yl am nqg)-4-(pyridin-4-ylam no)-cycl obut - 3-
ene- 1. 2-di one Elgmentalarlaly31sfordﬁl 2pr oduct of Exanple 1, Step 1 (0.332
g, 1.52 nmmol) in ac@alyd:L.Cjé%64;30 6.16; N, 17113 was added ()

exo- 2- am nonor bor na ). 18 , ) l),. A precipitate forms
while stirring over%ﬁﬂﬁg@.éq%e&@iq‘%mgure was vacuum filtered and the

precipitate was dried in vacuo to yield 0.350g (81% of a pale yellow

solid: np 268- 10 270[ err] C (dec); | i (DMSO-d[err]): [err] 9.70
(s, 1H), 8.40 (d, 2H), 7.74 (d, 1H, 7. (d, 2H), 3.90-3.95 (m 1H),
2.23-2.31 (m 2H), 1.78-1.84 (m 1H), 1.09-1.54 (m 7H). IR (KBr):
3200, 1795, 1670, 1600 crherect-hubdiafimdt-@8uiahi-5-viamino)-cvclobut-
3-ene-1.2-dione
10 Stepl) Preparation of 3-(isoquinolin-5-ylamino)-4-ethoxy-

cyclobut-3-ene-1,2-dione

To a solution of 3,4-diethoxy-3-cyclobutene-1,2-dione (5.00g, 29.4 mmol) in

absolute ethanol (100 mL) was added a suspension of S-aminoisoquinoline (4.24g,

15 29.4 mmol) in ethanol (50 mL). The mixture was peatcd to reflux overnight and then
filtered to yield 2.30 g (29%) of solid: mp 182(dec) °C.

Step 2) Preparation of 3-Tert-butylamino-4-(isoquinolin-5-
ylamino)-cyclobut-3-ene-1,2-dione one-eighth hydrate
20
The above squarate (0.300 g, 1.12 mmol) was dissolved in tert-butylamine
(50 ml.) and reftuxed for three hours. The mixture was cooled, concentrated, and
triturated with diethylether to afford 0.120 g (39%) of the title compound as a white
solid, one-eighth hydrate: mp 268-270 °C(dec); 'H NMR (DMSO-dg): 5 9.75 (s,
25 1H),9.35 (s, 1H), 8.62 (d, 1H), 8.19 (s, 1H), 8.01 (d, 1H), 7.88 (d, 1H), 7.80 (4, 1H),
7.68 (t, 1H), 1.47 (s, 9H). IR (KBr): 3200, 1785, 1670, 1600 cm-1; MS (m/z) 295
(M*).

Elemental analysis for C;7H17N302 « 0.125 (H20)
30 Calc'd: .C, 68.61; H, 5.84; N, 14.12
Found: C, 68.08; H, 5.78; N, 13.75



15~“Eierrental analysis for CJerr]Herr]Nerr]Jerr] Cal c' d:

C, 67.83; H 6.05; N, 14.83 Found: C, 67.48; H 6.03; N

14: 66 Exanpl e 3 20

3- (Pyridin-3-ylam no)-4-(1.2.2-trinethyl-propyl am no) -

cycl obut - 3-ene- 1. 2-di one Step 1) Preparati on of

3- (pyri di n- 3-yl am no) - 4- et hoxy- cycl obut - 3= dffe- 1, 2- 25 .

di one To a solution of 3,4-diethoxy-3-cycl obutene-1, 2-di one
(5.00g, 29.4 mml) in absol ute et hanol (100nL) was added a suspension

of 3-am nopyridine (2.77g, 29.4 | ) _in,ethanol (50 nL). The m xture
was heated at reflux for 18 hours, theMncentrat ed. Chronmat ogr aphy

(4:1 Et OAc/ hexane) afforded 3.15 g (49% of a white solid: np 140-145
C Step 2) :

3-(pyridin-3-ylam no) - yI=
pr opyl am no) - cycl obut - 3- ene- 1 ,2-dione 35

5 A suspension of the the product from Example 8, Step 1 (0.190 g, 0.700
mmol) in ethanol (3.5 mL) was saturated with ammonig, capped, and heated to 45°C
for three hours. The mixture was cooled, concentrated, and triturated with

diethylether . Crude product was recrystallized from dimethylformamide/water to
give 0.129 g (77%) of the title compound as a pale yellow solid, one-eighth hydrate:

10 mp 215°C; 'H NMR (DMSO-dg): 5 9.87 (s, 1H), 9.34 (s, 1H), 8.60 (d, 1H), 7.40-
8.60 (broad signal, NH2), 8.02 (d, 1H), 7.86 (d, 1H), 7.77 (d, 1H), 7.68 (t, 1H). IR
(KBr): 3200, 1800, 1690, 1650 cm-1; MS (m/z) 240(MH*).

Elemental analysis for C13HgN302 « 0.125 (H20)
15 Calc'd: C, 64.66; H, 3.86; N, 17.40
Found: C, 64.10; H, 3.74; N, 16.99

Example 10
20
cyclobut-3-ene-1.2-dione
Step 1) Preparation of 3-(quinolin-8-ylamino)-4-ethoxy-cyclobut-3-ene-
1,2-dione
25

To a solution of 8-aminoquinoline (1.00 g, 6.94 mmol) in ethanol (20 mL)
was added 3,4-diethoxy-3-cyclobutene-1,2-dione (1.03 mL, 6.94 mmol) and the
resulting mixture was heated to reflux for 24 hours. The mixture was cooled, diluted
with ethanol, and filtered. The crude product was triturated with chloroformy/hexanes,

30 then purified by chromatography (EtOAc/hexane) to give 1.31 g (70%) of product:
1H NMR (DMSO-dg) 6 9.75 (br m, 1 H), 8.86 (dd, 1 H), 8.26 (br m, 1H), 8.20 (dd,
1H), 7.57 (m, 2H), 7.53 (dd, 1H), 4.95 (q, 2H), 1.59 (¢, 3H).

Step 2) Preparation of 3-(quinclin-8-ylamino)-4-(1,2,2-trimethylpropylamino)-
35 cyclobut-3-ene-1,2-dione



«

TO 't he above squarate (0.328 g, 1.50 mol) in acetonitrile (30 nL) was

added 2-am no- 3, 3-di net hyl butane (0.200 nL, 1.52 nmol). A precipitate
fornms while stirring overnight. The crude reaction m xture was vacuum
filtered and the precipitate was dried in vacuo to yield 0.27 g (66%
of a white solid: np 243-245C, 5 [err]H.NVR (DVSO-d[err]): [err] 9.67
(s, 1H), 8.58 (d, 1H),7.98 (d, 1H), 7.66 (8; 1H), 7.38 (m 1H),
3.96-4.00 (m 1H), 1.18 (s, 3H), 0.95 (s, 9H); IR (KBr): 3200, 1800, 1665,
1600 cnferr]. M5 (mz) 273 (IW). El emental anal ysis for
Cerr]Herr]Nerr]derr] 10 Calc'd: C, 65.91; H 7.01; N, 15.37

Found: C, 65.92; H 6.95; N, 15.24
Exanpl e 4 15 To the above squarate (0.300 g, 1.12 mmol) in ethanol (§-mL) was added 2-

3- (2- Met hyl et Hyind3, 8 Qimémy il (P?S YHET Q) fafibE) R the resulting mixture was

3-ene-1, 2-di qne o . Jo the product fyrom Examl e St
(0.180 g, 0.g¥BteRAAP QPV&BES‘BnﬁWHS with exaﬂq&l@m{ g‘ﬁ?‘“&&@&ﬁ@ §4 8 (&l ot
i sopropyl &m rey€¢lRSw sblid:28p 2403245, IHNMR ADMSO-dga $ 1945 (s tHR8.2D(dd; aBiy

empen e i e P £l QoS BAEd e L] 0 PR SRR O

NVR ( DNE2H €, 8H)] JR (KBryr 3280, 896Q,5i796, 167@)cm-3; BES (ra/z) 323 (MH 22 (d, 1H),
7.94 (br d, 1H), 7.73 (br s, 1H), 7.36 (dd, 1H), 4.20 (br m 1H),
.25 (d 60 glR (1 32000 3000

10 Cale’d: C, 70.56; H, 6.54; N, 12.99
Found: C, 70.38; H, 6.51; N, 12.94

Example 11

15 3-Methylaming-4-(quinolin-§-ylamino}-¢cvclobut-
3-ene-1.2-dione

To the product from Example 10, Step 1 (0.64 g, 2.38 mmol) was added
ethanolic methylamine (8.03 M, 13 mL) and the mixture was stirred at 25 °C for 6
20  hours. Diethyl ether was added, and the resulting solid was filtered and washed with
additional ether. Chromatography (EtOAc/hexanes) followed by trituration with
dimethylsulfoxide/water afforded 0.398 g (66%) of product as a yellow solid: mp
236-237°C; 1H NMR (DMSO-dg) & 10.32 (s, 1H), 8.95 (dd, 1H), 8.63 (m, 1H), 8.40
(dd, 1H), 8.26 (d, 1H), 7.68-7.54 (m, 3H), 3.27 (d, 3H). IR (KBr) 3200, 1795, 1610

25  cm-l; MS (m/z) 253 (M), 155 (100%).

Elemental analysis for C14H]1N302
Calc’d: C, 66.39; H, 4.38; N, 16.59
Found: C, 66.13; H, 4.43; N, 16.48
30



1610 cnferr]; M5 (mz) 231(M). 25 El emental anal ysis for

Cerr]Herr]Nerr]Jerr] Calc'd: C, 62.32; H 5.66; N, 18.17
Found: C, 62.86; H 5.79; N, 18.53 30
Exampl e 5

3- Di et hyl am no- 4- (pyri di n- 3-yl am no) - cycl gbut - 3- ene- 1, 2- di one

To the product from Exanple 3, Step 1 (OT§§0 g, 1.51 mol) in acetonitrile
35 (200 nmL) was introduced to a stream of dinethylam ne gas (15 m nutes).
The - 12 -

resultant solution was stirred overni Mm tenperature, concentrated,
and triturated with dichl oronet ylether to afford 0.278g
(85% of an white solid: rrp235 237[err]C [err]H Nl\/R(Dl\/BOd[err]):
[err] 9.50 (s, 1H), 8.¥&ni _ 2. vid g ) ofe.$9.-digne 1H) , 7. 32
(dd, 1H). IR (KBr): 1790, 5

El enental analysis for C[err] H[err] N err] Qerr] Cal c'd: C
60.82; H, %.10; N, Abymodia gas was bubbled through a slurry of the product from Example 10,

Step 1 (0.640 g, 2.38 mmol) in ethanol (13 mL) at -35 °C. After 6 hours, the mixture
was diluted with diethylether and filtered. Chromatography (EtOAc/hexanes)
followed by trituration with dimethylsulfoxide/water afforded 0.342 g (60%) of
product as a yellow solid, quarter hydrate: mp 263°C (dec); 1H NMR (DMSO-dg) &

10 10.35 (s, 1H), 8.95 (dd, 1H), 8.45 (br s, 2H), 8.40 (dd, 1H), 8.28 (dd, 1H), 7.66-7.55
(m, 3H). IR (KBr) 3260, 1800 cm-1; MS (m/z) 239 (M+), 211, 183, 155, 129
(100%).

Elemental analysis for C{3HgN302 » 0.25 (H20)
15 Calc’d: C,64.06;H,3.72; N, 17.24
Found: C, 63.28; H, 3.85; N, 16.99

20

Step 1) Preparation of 3-(Quinolin-3-ylamino)-4- ethoxy-cyclobut-3-ene-
1,2-dione
25 .

To a solution of 3-aminoquinoline (2.12 g, 14.69 mmol) in ethanol (60 mL)
was added 3,4-diethoxy-3-cyclobutene-1,2-dione (2.50 g, 14.69 mmol) and the
resulting mixture was heated to reflux for 24 hours. The mixture was cooled, filtered,
and the product was washed with diethylether and dried in vacuo to give 3.14 g (80%)

30  of yellow solid which was used without purification: 1H NMR (DMSO-dg) & 11.14
(s, 1H), 8.92 (dd, 1H), 8.20 (dd, 1H), 7.90 {m, 2H), 7.63 (m, 2H).

Step 2) Preparation of 3-(Quinolin-3-ylamino)-4-(1,2,2-trimethyl-
propylamino)-cyclobut-3-ene-1,2-dione
35



Found: C, 60.71; H, 5.07; N, 19.46 10

Exanpl e 6

3- Am no- 4- (pyri di n- 3-yl am no) - cycl obut - 3-ene- 1, 2- di one To
the product from Exanple 3, Step 1 (0.330 g, 1.51 nmol) in acetonitrile 15
(200 m) was introduced to a stream of ammpnia gas until solution becane

t ur bi d. The resultant mixture was sti?rred overnight at room
tenperature. The precipitate was vacuum filtered and dried to afford
0.266g (93% of a white solid: np 297 [err] C(dec); [err]H NWR

(precyalert): Lertdo SRl tthe 385412 b %éau%vﬂmr%s@aw@eﬁ%o

El enent al analapsns-3{bdinitkylbirtahe (0]18] mi; IJdenmiol) and the resulting Grikmrel wa€,
o7. 14 H 3. 7§eattht 2£50°C overnight. The precipﬁé’cyg}éiﬁﬁeﬁeg dhed Wit i&Bytehler, 204 10

25
3- Ter t - but y| afiried im vagprtp @ffierdz0. 90:&1683@4051»@06@1:%4&%11@1@15@11@ inah842-246°C;
The producs f lpINRERIPMEGEd6)SS ep9dl(s( PHER %(dlﬂHP 8m}svﬂﬁ 703 %8| 1epg7.8p 30

and " Condanai L5 280 400 G gl oSy bl Kbpnafiat ¢

1.05 g (36% ab6d, We5) K50 cm-1; MSI (oyiz) B4 QAA+R52 [err]C, [err]H NMR

(Dl\/BOd[err]) [err] 8.57 (s, 1H), 8.23 (d, 1H), 7.96 (d, 1H), 7.37
(m 1H 1.43 (s 9H. IR (KB'): 1790 1635, 1600 cnierr]; MB (mz) 245
(M+) . 35 emental analysis for C1gH21N30

10 Calc’d: C, 70.57; H, 6.55; N, 12.99

Found: C,70.97; H, 6.41; N, 13.04

15

To the product from Example 13, Step 1 (0.30 g, 1.12 mmol) in ethanol (8
mlL) was added tert-butylamine (0.35 mL, 3.36 mmol) and the resulting mixture was
heated at 60° C overnight. The mixture was concentrated, and the residue was
20  dissolved in ethylacetate. Addition of hexanes induced precipitation of product which
was filtered and triturated with diethylether/hexanes. Filtration and drying afforded
0.28 g (85%) of the title compound as a yellow solid, three -quarter hydrate: mp 257-
260°C; 1H NMR (DMSO-dg) d 10.00 (br d, 1H), 8.9 (d, 1H), 8.4 (m, 1H), 8.02 (d,
1H), 7.96 (br d, 1H), 7.86 (dd, 1H), 7.66-7.54 (m, 2H), 1.45 (s, 9H). IR (KBr) 3400,

25 3200, 2980, 1785, 1680 cm-1; MS (m/z) 296 (MH?).

Elemental analysis for C17H17N302 « 0.75 (H20)
Calc’d: C, 66.11; H, 6.04; N, 13.61
Found: C, 66.08; H, 5.86; N, 13.36
30



L4

- .13 - El emental analysis for Clerr]Herr]Nerr]Jerr]

Calc'd: C, 63.66; H 6.16; N, 17.13 Found: C, 63.28; H

6. 22; N, 17.07 5 Exampl e 8
3-Tert - butyl am no- 4- (i soqui nol i n-5-yl am no) - cycl obut -

3-ene-1, 2-di one 10 Step 1) Preparation of

3- (i soqui nol i n-5-yl am no) - 4- et hoxy- - 18- cycl obut - 3-ene- 1
, 2-di one To a sol ution of

3, 4-di et hoxy- 3-cycl obut ene- 1, 2-di one (5.00g, 29.4 mol) in absol ute
et hanol (100 nlL) was added a suspensioa of a-gginoisoquinoline (4.249, 15
29.4 mmol) in ethanol (50 nL). The m x heated to refl ux overnight

and t hen filtered to yield 2.30 g (29% of solid: np 182(dec) C.

To the product from Example 13, Step 1 (0.30 g, 1.12 mmol) in ethanol (7

mL) was added tert-amylamine (0.39 mL, 3.35 mmol). After 48 hours of stirring at

45°C, an additional aliquot of amine (0.39 mL) was added. After 3 hours, the

mixture was concentrated and the residue was triturated with hexane/diethylether to

10 give 0.328 g (95%) of product as an off white solid, three-quarter hydrate: mp 234-

236°C; 1 H NMR (DMSQ-d6) & 10.04 (br s, 1H), 8.9 (d, 1H), 8.4 (d, 1H), 7.95 (4,

1H), 7.86, (m, 2H), 7.6 (m, 2H), 1.78 (q, 2H), 1.40 (s, 6H), 0.89 (1, 3H). IR (KBr)
3370, 3240, 2960, 1785, 1680 cm-1; MS (m/z) 309 (M™).

15 Elemental analysis for C{gH19N302 « 0.75 (H20)
Cale’d: C, 66.96; H, 6.40; N, 13.01
Found: C, 67.11; H, 6.26; N, 13.05

20
cvclobut-3-ene-1.2-digne
Step 1) Preparation of 3-(6-Methoxy-quinolin-8-ylamino)-4--ethoxy-

25 cyclobut-3-ene-1,2-dione

In a procedure identical to Example 10, Step 1, 8-amino-6-methoxyquinoline

(2.00 g, 11.48 mmol) was reacted with 3,4-diethoxy-3-cyclobutene-1,2-dione (1.70

mL, 11.48 mmol) to give 0.99 g (29%) of product: 1 NMR (DMSO-dg) & 10.21 (s,

30 1H), 8.75 (dd, 1H), 8.29 (dd, 1H), 7.61 (m, 2H), 7.17 (d, 1H), 4.76 (q, 2H), 3.90 (s,
3H), 1.40 (t, 3H).

Step 2) Preparation of 3-(6-Methoxy-quinolin-8-ylamino)-4--(1,2,2-trimethyl-
propylamino)-cyclobut-3-ene-1,2-dione
35



Step 2) Preparation of 3-Tert-butyl am no-4-(isoquinolin-5-

yl am no) - cycl obut - 3- ene-1,.2- di one one-ei ghth hydrate 20 The
above squarate (0.300 g, 1.12 mol) was dissolved in tert-butyl am ne

(50 nmL) and refluxed for three hours. The m xture was cool ed, concentrat ed,
and triturated with diethylether to afford 0.120 g (39% of the title
conpound as a white solid, one-eight H9hydrate: np 268-270
[err]C(dec); [err]H NVMR (DMSO-d[err]): [err] 9.75 (s, 25 1H), 9.35 (s,
1H, 8.62 (d, 1H, 8.19 (s, 1H, 8.01 (d, 1H, 7.88 (d, 1H, 7.80 (d, 1H),
7.68 (t, 1H, 1.47 I : 7 600, [ ¥ ~c VB
(mz) 205 §M+§ns a p%@cdurcgpérﬁgér’# g? %g%gp&;;‘lﬁg%fegrlf tﬁ’e aE;Lov% sqﬁga?e {0]‘25 g
C err] H err] N @839 ajmeol) and @rathing-313-gimethybuam) (BB mL, 1.01 mmol) ®atereacted ©,

?8-121; H, 5. 845iv&o.2h% EA %) of title compound a8 4R Sef-(hitd 18 mprh432458¢; N1 NMR’ S

3. Ai no- 4- (1 sSRVSOHE)B 1043 (r) 1D, 875G 30, 864 0 TS (G410, 813 (4, o
suspensi onSof 1HE 756 (dd, AE)EY.02r@MEXa0Dl enS1HKES ¢, $5), 1980 ¢, 311)7094 (s,
21;?3 . i ?; et hangl (5 &ihs4065238!2658! BB, AERILEs3(@pged. and heated to
Elemental analysis for CooH23N303
Calc’d: C, 67.96; H, 6.55; N, 11.88
10 Found: C, 67.72; H, 6.56; N, 11.74

15 cyclobut-3-ene-1.2-dione

The product from Example 16, Step 1 (0.25 g, 0.839 mmol) was added 10 8 N
ethanolic methylamine (7 mL). The resulting mixture was stirred for 4 hours and
filtered. The solid was recrystallized from dimethylsulfoxide/water to give 0.12 g

20  (50%) of product as a yellow solid: mp >275°C; 1H NMR (DMSO-dg) § 10.29 (brs,
1H), 8.75 (dd, 1H), 8.68 (br q, 1H), 8.27 (dd, 1H), 8.10 (d, 1H), 7.55 (m, 1H), 7.00 (d,
1H), 3.88 (s, 3H), 3.26 (d, 3H). IR (KBr) 3240, 1795 cm-1; MS (my/z) 283 (M*), 185
(100%).

25 Elemental analysis for C15H13N303

Calc’d: C, 63.59; H, 4.62; N, 14.83
Found: C, 63.30; H, 4.58; N, 14.70

30

To a solution of 3,4-diethoxy-3-cyclobutene-1,2-dione (5.00g, 29.4 mmol) in
35  absolute ethanol (100 mL) was added a suspension of 6-aminoquinoline (4.24 g, 29.4



e

for three hours. The mixture was cool ed, concentrated, and triturated with
di ethyl ether . Crude product was recrystallized from

di met hyl f or mam de/ water to give 0.129 g (77% of the title conpound
as a pale yellow solid, one-eighth hydrate: 10 np 215[err]C, [err] H NWR
(DVMsO-d[err]): [err] 9.87 (s, 1H), 9.34 (s, 1H), 8.60 (d, 1H), 7.40-

8.60 (broad signal, NH), 8.02 (d, 1H), ?.g@'(d, 1H, 7.77 (d, IH, 7.68
(t, 1H. IR (KBr): 3200, 1800, 1690, 1650 cnierr]; M5 (mz) 240( MH).
El emental analysis for Clerr]Herr]Nerr]Jerr] [err] 0.125 (Herr]O 15
ﬁ?l (1: ij:ggC, 64'r§1%b1)l_11h c%ha%%l (% mﬂ 41910 mixture was heated'i?@%&ré%ﬁ@%?% 6'&1 s 4
3- (Qui nol i n- 8-apdavdcnumn- Alt¢red 20 2ffiord Getid g | (8470 of |camdenpioduct (mp: 185-187, dec)
cycl obut - 3- enggt: R i : : s Pr '

3- (qui nol i n- 82}?13%1‘7%3_?&%1 o ﬁg%/f@?f’géﬁx{ic%pog he?ﬂ?&?&d& ?3@6 g 11.2 mmol) was

1, 2- di one 25 dissolved in tert-bpgylaming (40 @k ofThe- sokytinsgwrs sifluxed for duee howsgy
nol ) i n e5harebled?@ndrbdncentrated WFhea@siale was n:gﬁtallized twice from ethanol then

3, 4- di et hoxy- 3-.cycl obutepe: 1. 2-di one (1.0 94 .mmol ) and t he
Cesult i ng m xRS el hde Rt e D58 TR pEF Gu° fmboitiasaugetiow
cool ed, dijl ut edlid, one—ql:cn?nbhhpdrbanahp 284e236 ?(I;einﬂdet‘(é)MSOdis)pBoﬁeﬁt(s,vm,'
triturated w n y o
( Et OAc/ hexaneﬁ%ﬁ??@g’ gﬁ?ﬁ&g‘??g% @’191 ?r" 2?3(:(?’?{}&)’ 17’%( ’e%ﬁ?ﬁ%’fﬁﬁ%%
(DVBO-d[ err]) (medH), b4T 6, 0H). IR (KBrYy 1780866546101 MS (a92)(295 (M*H).1H), 8. 20
(dd, 101H), 7.57 (m 2H), 7.53 (dd, 1H), 4.95 (g, 2H), 1.59 (t, 3H).
Step 2 Prepar atj on. of
> Chuthol | n- BEJFBRRRARRS o CoHiNaGi 3 GRPar no) - 35
cycl obut - 3-ene- 1, 2- ¢akiie C, 68.10; H, 5.88; N, 14.01

Found: C, 67.63; H,5.92; N, 13.96

15
3-ene-1.2-dione
20 To a solution of 3,4-diethoxy-3-cyclobutene-1,2-dione (4.51g, 26.5 mmol) in

absolute ethanol (100 ml) was added a suspension of 6-aminoindazole (3.53g, 29.4
mmpol) in ethanol (50 mL). The mixture was refluxed for 18 hours, cooled, and
vacuum filtered to afford 3.60 g (53%) of crude product which was used without
further purification. An aliquot (2.00 g, 7.77 mmol) was dissolved in tert-butylamine
25 (50 mL) and the resulting mixture was refluxed for three hours, cooled, and
concentrated. The crude product was recrystallized from ethanol/water to give 0.45 g
(19%) of the title compound as a white solid, dihydrate: mp 183-185 °C; 1H NMR
(DMSO-dg): § 13.00 (s, 1H), 9.74 (s, 1H), 7.97 (s, 1H), 7.92 (s, 1H), 7.88 (s, 1H),
7.70 (d, 1H), 7.05 (d, 1H), 1.44 (s, 9H). IR (KBr): 3200, 1790, 1655, 1600 cm1; MS
30 (m/z) 284 (MH).

Elemental analysis for C3sH;gN4O2 « 2 (H20)
Calc'd: C,56.24; H, 6.29; N, 17.49
Found: C, 56.06; H, 6.29; N, 17.43
35



*

-7 15- To the above squarate (0.300 g, 1.12 nmol) in

et hanol (5 nlL) was added 2- am no- 3, 3-di net hyl butane (0.18 nL, 1.34
4Amol) and the resulting m xture was heated at 45 C overnight, diluted
wi th hexanes, and filtered to give 0.294 g (81% of 5 a yellowsolid: np
244-245; [err]H NVR (DVMSO-d[err]) [err] 1Q.45 (s, 1H), 8.97 (dd, 1H),

8.62 (d, 1H), 8.41 (dd, 1H), 8.29 (dd, 11—|§2,1‘7.6 (m 3H, 4.10 (m 1H), 1.21

(d, 3H, 0.94 (s, 9H). IR (KBr): 3280, 2960, 1790, 1670 cnferr]; M5
(mz) 323 (MH). El emrental analysis for Clerr]Herr]Nerr]Jerr] 10
Calc'd: C, 70.56; H, 6.54; N, 12.99 Found: C, 70.38; H, 6.51;
N, 12.94 Example 20 Exanple 11 15

3- Met hyl am no- 4- (qui nol i n- 8-yl am no) - cycl obut -

3-ene-1. 2-di one MMLL%T%M- % 0, Step 1 (0.64
g, 2.38 mol) was added '(la - ( .vfgsll%/% 13 nmL) and the
mxture was stirred at 25 C for 6 20 3=en€dl ethyl ether was added, and
the result§y ng solid was filtered and washed with addi ti onal ether.

Gi et hy | Sul T oxi el AR EROEREPIRA e Bon- So(demyetr LAt We 204 arpefiin
solid: np absolute ethanol (100 mL) was added a suspension of S-aminoisoguinoline (4.24 g,
29.4 mmol) in ethanol (50 mL). The mixture was heated at reflux for 18 hours,
cooled, and vacuum filtered to afford 2.30 g (29%) of crude product {mp: 182, dec)
10  which was used without further purification. To an aliquot (0.335 g, 1.25 mmol) of
the squarate in ethanol (1.5 mL) was added 33% methylamine in ethanol (1.4 mL).
The mixture was heated to 40°C for 15 minutes, cooled, and concentrated.
Trituration with diethylether afforded crude product which was crystallized from a
minimal amount of methanol to give 0.149 g (47%) of an pale yellow solid: mp 245-
15 250 °C(dec); 'H NMR (DMSO-dg): § 9.79 (s, 1H), 9.33 (s, 1H), 8.60 d, 1H), 7.99
(d, 1H), 7.86 (d, 1H), 7.76 (br d, 1H), 7.66 (t, 1H), 7.76 (br s, 1H). IR (KBr): 3200,
1800, 1680, 1605 cm-1; MS (nyz) 253 (M+).

Elemental analysis for Cj4H;1N30,
20 Calc'd: C, 66.40; H, 4.38; N, 16.59
Found: C, 66.06; H, 4.35; N, 16.32

25
cvclobut-1-envlaminol-benzonitrile
Step 1) Preparation of 4-(3,4-Dioxo-2-ethoxy-cyclobut-1-enylamino)-
benzonitrile
30

4-Aminobenzonitrile (3.47g, 29.4 mmol) was added to a solution of 3,4-
diethoxy-3-cyclobutene-1,2-dione (5.00g, 29.4 mmol) in absolute ethanol (100 mL).
The mixture was heated at reflux overnight. The mixture was cooled, and the
resulting yellow precipitate was collected by vacuum filtration. Yield: 2.60 g (37%):

35 mp 218-222°C.
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236-237C, [err]H NVR (DVMSO-d[err]) [err] 10.32 (s, 1H), 8.95 (dd, 1H), 8.63
(m 1H), 8.40 (dd, 1H), 8.26 (d, 1H), 7.68-7.54 (m 3H), 3.27 (d,
3H). IR (KBr) 3200, 1795, 1610 25 <cnferr]; M5 (mz) 253 (M+), 155 (100% .
El emrental analysis for Clerr]Herr]Nerr]Jerr] Calc'd: C
66.39; H 4.38; N, 16.59 Found: C, 66.13; H 4.43; N, 16.48 30
- 16 - -22- Exanple 12
. 3- Ami no- 4- (qui nol i n- 8-yl am no) - cycl obut - 3- ene- 1. 2-di one 5 Anmoni a
gas was bubbl ed through a slurry of the product from Exanple 10, Step
1 (0.640 g, 2.38 mmol ) in ethanol (13 nL) at -35 [err]C. After 6 hours, the
m xture was diluted with diethylether and filtered. Chronmatography

(Et OAc/ hexanes$tep2)  f oPtepwEiobyf 443, ﬂ@x@ké@ﬁlﬂlﬁﬂtﬁ?ﬁbﬁbﬂdﬂi@l de/ wat er

afforded 0.342 g (60/() of ) 1,8 duct | | ow solid, quarter hydrate:

nmp 263[err] C (dec); [errf YH0%e (%@%&1 ]e%”]z ﬁ, fr] 10 10.35 (s, 1H), 8.95

(dd, 1H), 8.45 (br s, 8.40 (dd, 1H), 8.28 (dd, 1H), 7.66-7.55

(m 3H. IR (KBr) 32?&:1:4&%%%%&1 (10 F13) man®) WMdetoritdte (256 mELyPRas 129
added 2-amino-3,3-dimethylbutane (0.600 mL, 4.48 mmol). A precipitate forms
while stirring overnight. The crude reaction mixture is vacuum filtered. The solid is
triturated with diethylether to afford 0.620 g (50%) of product as a yellow solid: mp
241-243°C; 1H NMR (DMSO-dg): & 9.89 (s, 1H), 7.78 (d, 2H), 7.72 (d, 1H), 7.60

10 (d, 2H), 3.95-4.00 (m, 1H), 1.18 (d, 3H), 0.91 (s, 9H). IR (KBr): 3200, 1790, 1660,

1600 cm-1; MS (myz) 297 (M),

Elemental analysis for C;7H;9N307
Calc'd: C, 68.67; H, 6.44; N, 14.13
15 Found: C, 68.63; H, 6.15; N, 14.30

20 1-enylaminol-benzonitrile

To the product of Example 21, Step 1 (0.368 g, 1.52 mmol) in acetonitrile (30

mL) was added (+)exo-2-aminonorbornane (0.180 mL, 1.52 mmol). A precipitate

forms while stirring overnight. The crude reaction mixture was vacuum filtered and

25  triturated with diethylether to afford 0.370 g (79%) of a yellow solid: mp 288-290°C

; 1H NMR (DMSO-dg): § 9.79 (s, 1H), 7.78 (d, 2H), 7.76 (m, 1H), 7.58 (d, 2H),

3.90-3.98 (m, 1H), 2.22-2.34 (m, 2H), 1.76-1.86 (m, 1H), 1.08-1.56 (m, 7H). IR
(KBr): 2220, 1790, 1650, 1600 cm-1; MS (m/z) 307 (M¥).

30 Elemental analysis for C;gH;7N302
Calc'd: C,70.34; H, 5.57; N, 13.67
Found: C,70.17; H, 5.50; N, 13.96



(10099 . '
(Herr]O 15

El enrental analysis for Clerr]Herr]Nerr]Jerr] [err] 0.25
Calc'd: C, 64.06; H 3.72; N, 17.24 Found:

C, 63.28; H 3.85 N, 16.99
Exanple 13 20
3-(Quinolin-3-ylamno)-4-(1.2.2-trimethyl afropyl am no) - cycl obut -

3-ene-1. 2-di one Step 1) Pr epar

3on of

3- (Qui nol i n- 3-yl am no) - 4- et hoxy- cycl obut - 3- ene-

1, 2-di one 25

To a solution of 3-am noquinoline (2.12 g, 14.69

mml ) in ethanol (60 nli) was add;g ! 23
3, 4-di et hoxy- 3-cycl obut ene- 1, 2-di one ( 4.69 mmol ) and the

resulting m xture was heated to reflux for 24 hours ~The mi xture was

cool ed, filtered,
dried in vacuo to gi ve 3.
w thout purification: [err]H A

8.92 (dd, &H),

ol dty! et her and
was used

i ] PN Z€ K g ; - . (S, 1H),
8.20 (dd, 1H) 790(m 2H) 7.63 (m 2H). Step 2)

ot opyl arm 1n6) -yl o sufr-of sulfhalihide 13728, 506 wERo tn ethanol (10 mL) was

10

15

20

25

30

35

added 3,4-diethoxy-3-cyclobutene-1,2-dione (2.43 g, 14.3 mmol). The reaction was
heated at reflux overnight, cooled, and a yellow precipitate was collected by vacuum
filtration. Yield: 2.60 g (98%): mp 210-212°C.

To the above squarate (0.750 g, 2.84 mmol) in ethanol (10 mL) was added 2-
amino-3,3-dimethylbutane (0.380 mL, 2.84 mmol). The mixture was heated to reflux
overnight then concentrated. The residue was dissolved in acetone/ethylacetate (1:1)
and filtered through a plug of silica gel to afford 0.200 g (20%) of the title compound
as a white solid, hemi-hydrate: mp 233-235°C; 'H NMR (DMSO-dg): & 9.87 (s,
1H), 7.79 (4, 2H), 7.75 (4, 1H), 7.58 (d, 2H), 7.25 (S, 2H), 4.00 (m, 1H), 1.18 (4, 3H),
0.92 (s, 9H). IR (KBr): 1790, 1670, 1600 cm-1; MS (m/z) 351 (M.

Elemental analysis for CjgHp1N304S - 1/2 H20
Calc'd: C, 53.32; H,6.15; N, 11.66
Found: C,52.89; H,581I; N, 1142

enyvlaminol-3-ethyl-benzonitrile

Step 1) Preparation of 4-(2-ethoxy-3,4-dioxo-cyclobut-1-enylamino)-
' 3-ethylbenzonitrile

4-Amino-3-ethylbenzonitrile (0.86 g, 5.88 mmol) and 3,4-diethoxy-3-
cyclobutene-1,2-dione (1.0 g, 5.88 mmol) in acetonitrile (2 mL) was heated in an oil
bath at 110°C for 21 h. 3,4-diethoxy-3-cyclobutene-1,2-dione (0.5 g, 2.9 mmol) was
added to the reaction mixture and the temperature of the oil bath increased to 150°C.
After 48 h the reaction mixture was cooled to room temperature, then diluted with



Y. H
- 17- To the above squarate (0.30 g, 1.12 nmol) in et hanol

(8 nm.) was added 2- am no- 3, 3-di net hyl butane (0.18 nL, 1.34 mmol) and
.tthe resulting m xture was heated at 50[err] C overnight. The
precipitate was filtered, washed with diethyl ether, and dried in

vacuo to afford 0.30 g (83°/c) of product anl light tan solid: np 242-246C,
5 [err]H NVMR (DVMBO-d6) [err] 9.93 (s, I% 8.90 (d, 1H), 8.38 (br s, 1H),
7.97 (d, 1H), 7.84 (dd, 1H), 7.75-7.55 (m 2H), 4.00 (m 1H), 1.20
(d, 3H, 0.94 (s, 9H). IR (KBr) 3160, 2960, 1795, 1650 cnferr]; M
(rﬂz) 324 (MHg I f ] 10
Calc' d: C 70 @yl aﬁtatg agg fﬁﬁ? 'Irgg?i(f’tl‘éfé'wsas cBﬁce%Efeﬁ aﬁhﬁgk%ﬁég]s% UgL

N, 13.04 taken up in ethyl acetate (5 mL) and sonicated. Filtration g 5(314%) aofp hght
3-Tert - but yl abfown dol{djuitHONMR DM SOHdRR) SCY0I56 kbt s,3tH)) @70, @r diovBapping

| 32323333%@%5@?2@#3&95@?9@ 4308 Rt 7 e A 3?5?235 &

m xture was 3H). heated at 60[err] C overnight. The m xture was
concentrated, and the residue was 20 dissolved in ethylacetate. Addition
of hexanes i nduced precipitation of product which was filtered and

triturated wi Stepddet hyl et(ﬁmhﬂéﬁégloxﬁzl -tls 22 témednkiprepylaminodcyelpbrtdl -

0.28 g (85% of the titl ey %ggypgle 1-Bedd®hipy solid, three -quarter
hydrate: np 257- 260 err|H I\/R(DI\/SOd[err]) d 10.00 (br d, 1H),

8.9 (d, 1H), 8.4 (m 1H), 802(d 1H), 7.96 (br d, 1H), 786(dd,
1H), 7.66KY. _54 (m 42 ethdx¥8,4tSioxSdyclobR- QJéByl)arrBM-e%l b%xtﬂ%@l 28 &5,
é?g? ; fm[ g: H N?S%Enﬂi%oé)y%%glw %oggl)(h?,g b Sy 15 ropy l%gl%lley (5' 3Smmol) in ethanol

L) were stirred at room temperature for 24 h. The resulting yellow solution was
concentrated to a yellow oil, which was dissolved in acetonitrile (20 mL) and stirred

'1

at room temperature. The resulting yellow solid was filtered and rinsed with ethyl

15  acetate to yield 0.79 g (52%) of an off-white solid: mp 235-237°C; [o}¥ = + §8.20°
(DMSO, c¢ 0.0072): TH NMR (DMSO-dg): 8 8.04 (br s, 1H), 8.04 (d, 1H), 7.69-
7.57 (m, 3H), 4.05 (m, 1H), 2.71 (q, 2H), 1.27-1.16 (overlapping doublet and triplet,
6H), 0.91 (s, 9H). IR (KBr): 3278, 2959, 2222, 1793, 1674, 1598, 1576, 1522 cm-1;
MS (my/z) 325 (M),

20
Elemental analysis for CjgH23N302
Calc'd: C,70.13; H, 7.12; N, 1291
Found: C,69.82; H,7.17; N, 12.99
25 Example 25
30 step 1) Preparation of 4-(2-ethoxy-3,4-dioxo-cyclobut-1-enylamino)-

3-methoxybenzonitrile

To a cooled solution of 3-methoxybenzonitrile (10 g, 75 mmol) in acetic
anhydride (150 ml) was added 70% nitric acid (60 mL) at a rate that kept the reaction
35 mixture below 50°C. After 1 h the reaction mixture was poured onto ice (400 cc) and



1 . 3

Galc'd: C, 66.11: H 6.04;: N, 13.61 Found: C, 66.08; H, 5.86:

N, 13.36 30 - 18 -
Exanpl e 15

3- (Qui nol i n-3-yl am no) - 4- (1. 1- di net hyl - pr opyl am no) - cycl obut -
3-ene-1.2-dione 5 To the product from Exanple 13, Step 1
(0.30 g, 1.12 mmol) in ethanol (7 mLy” was added tert-anylam ne (0.39
m., 3.35 nmol). After 48 hours of stirring at 45[err] C, an additional
aliquot of amne (0.39 nL) was added. After 3 hours, the m xture was

give 0.328 g ( hr ee- quart er rate:
np 234- ap$ 4m W@e)ur{def rqdugerl presguse agd chrgmategraphyywithiy) |
?- 20( dé 1H) Tetfgl a{cénate/hexancslgblzé 2.69- 8@0%)16f 33k thoxy-8- xﬁﬁ@bcglbﬂmtrﬂe T8 %RZFD
creri]: B {HENSQUT B 04 aH Epa o 10 ?éﬂg%fﬁi%f?s 3. S Renory
Cerr]H er 5] N[mtroﬂ:éﬂzenm]ile [(2s6rg, 18.6bmoD[veasrshi§Pended in ethanol(100 €dl)and added to
ExGargrgl eH11 66 40, n%ktuilegopg% platinum on carbA: &BG mé’i 1n6§h£njdl (ﬂso &L%G’Th'él regc%ronS
mixture was stirred under a hydrogen gas atmosphere. After 24 h the reaction was
filtered, concentrated, and chromatographed (ethyl acetate/hexanes, 25/75) to yield
1.3 g (60%) of 4-amino-3-methoxybenzonitrile: 'H NMR (DMSO-dg): 8 7.1 (m,
10 2H), 6.65 (d, 1H), 5.77 (brs, 2H), 3.79 (s, 3H). 4-Amino-3-methoxybenzonitrile (1.3
g, 8.77 mmol) and 3,4-diethoxy-3-cyclobutene-1,2-dione (1.5 g, 8.82 mmol) in
ethanol (50 mL) was heated in an oil bath at 110-115°C for 3 days. The reaction
mixture was filtered hot, and the filtrate was reduced to half its volume. Filtration
-gave 0.58 g (24%) of a yellow solid: mp 159-161°C; !H NMR (DMSO-dg): &
15 10.42 (brs, 1H), 7.54 (d, 1H), 7.44 (dd, 1H), 7.39 (d, 1H), 4.70 (q, 2H), 3.86 (s, 3H),
1.36 (t, 3H). IR (KBr): 3413, 3026, 2650, 2576, 2439, 1719, 1630, 1548 cm-1; MS
(m/z) 272 (M+).

concentr at ed @g?ﬁ&ﬁ &rﬁ‘ﬁ' giéﬁr‘ a}éﬁﬁtct r'i‘ﬁ&%tﬁ&ﬁgcc‘f\it& Wﬁﬁ?%@%ﬁh‘é‘& *M{he&zfa‘z%f].y g 10

Elemental analysis for C14H;2N204 - 0.2 H,O
20 Calc'd: C, 60.95; H, 4.53; N, 10.15
Found: C, 60.96; H, 4.32; N, 10.23

Step 2) (+)-(R)-4-[3,4-Dioxo-2-(1,2,2-trimethyl-propylamino)-
cyclobut-1-enylamino]-3-methoxy-benzonitrile
25 .
4-(2-ethoxy-3,4-dioxo-cyclobut-1-enylamino)-3-methoxy-benzonitrile (0.58 g,

2.1 mmol) and a solution of (R)-1,2,2-trimethylpropylamine (4.2 mmol) in ethanol
(21 mL) were stirred at room temperature for 24 h. The reaction mixture was filtered,
and the filtrate was concentrated to a foam, which was dissolved in acetonitrile (10

30 mlL). Upon standing at room temperature fluffy pale yellow needles formed. This
was filtered and rinsed sparingly with acetonitrile to yield 0.46 g (67%) of a pale
yellow needles: mp 273-277°C (dec); [0]3 = + 62.86° (DMSO, ¢ 0.010); THNMR
(DMSO-dg): & 9.49 (br s, 1H), 8.31 (d, 1H), 7.99 (d, 1H), 7.50 (d, 1H), 7.43 (dd,
1H), 4.03 (m, 1H), 3.97 (s, 3H), 1.18 (d, 3H), 0.90 (s, 9H). MS (myz) 327 (MH).

35



20
3-(6- Met hoxy-qui nolin-8-ylam no)-4-(1.2.2-trinethyl-propyl am no) -

<ycl obut - 3- ene- 1. 2-di one Step 1) Preparati on of
3-(6-thhoxy-quinoIin-8-y|anino)-4--ethoxy 25

cycl obut - 3-ene- 1, 2-di one a procedure identical to
Exanpl e 10, Step 1 8- am no- 6- nethoxqu|no I ne (2.00 g, 11.48 muol)
was reacted with 3, 4-di et hoxy-3-cycl obut ene-1, 2-di one (1.70 m., 11.48

mmol) to give 0.99 g (29% of product: [err]H NVR (DMSO-d[err]) [err] 10.21
(s, 30 1H), ﬁexﬁEntéMaly&iﬂ)for@ig}Bz;I\@% 1H), 7.61 (m 2H), 7.17 (d, 1H),

4.76 (g, 2H), 3.90 t1 Step 2)
Preparat!on of 3-( 0{ ‘,ho VGﬁﬁé Si;%?gno) 4--(1,2,2-trinmethyl -
u
I

propyl am no) - cycl ob
- 19 - n a procedure identical to Exanple 10, Step 2, the

above squaPate (0. Shegmooth musglegeloxinguictivignaf thepempougds ofithisinvontion wae

(0.13 m, 1. 0%kspaBRéNed¥R hEcdr@Ret %ﬂthtééandard %hﬂinuse&iczﬁy gcaﬁféwteﬁfprédeahﬁs in
conpound as an off-whjte solid; ag? [err]C [err]

(DVBO- d[ err]) TPRFIontaye samppynds. °W58 78 (dd, 1H), 8.64 (d, 1H), 8.28
(dd, 1H), 8.13 (d,

Sprague-Dawley rats (150-200 g) are rendered unconscious by COj

10 asphyxiation and then euthanized by cervical dislocation. The bladder is removed into

warm (37 deg.C) physiological salt solution (PSS) of the following composition

(mM): NaCl, 118.4; KCl, 4.7; CaCl,, 2.5; MgS04, 4.7; H20, 1.2; NaHCO3, 24.9;

KH,POy, 1.2; glucose, 11.1; EDTA, 0.023; gassed with 95% O3; 2/5% COy; pH 7.4.

The bladder is opened and then cut into strips 1-2 mm in width and 7-10 mm in

15  length. The strips are subsequently suspended in a 10 mL tissue bath under an initial

resting tension of 1.5 g. The strips are held in place, by two surgical clips one of which

is attached to a fixed hook while the other is attached to an isometric force transducer.

The preparations, which usually exhibit small spontaneous contractions, are allowed

to recover for a period of 1 hour prior to a challenge with 0.1 uM carbachol. The

20  carbachol is then washed out and the tissue allowed to relax to its resting level of

activity. Following one further 30 minute period of recovery, an additional 15 mM

KCl are introduced into the tissue bath. This increase in KCI concentration results in a

large increase in the amplitude of spontaneous contractions (and initiation of

contractions in previously quiescent strips) superimposed upon a small increase in

25 basal tone. Following stabilization of this enhanced level of contractile activity,

incremental increases in the concentration of test compound or vehicle are introduced

into the tissue bath. Contractile activity is measured for each compound or vehicle
concentration during the last minute of a 30 minute challenge.

30 The isometric force developed by the bladder strips is measured using a
concentration required to elicit 50% inhibition of pre-drug contractile activity (ICsp
concentration) is calculated from this concentration-response curve. The maximum
percentage inhibition of contractile activity evoked by a test compound is also
recorded for concentrations of test compound less than or equal to 30 uM.

35
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5. "1H), 7.56 (dd, 1H), 7.02 (d, 1H), 4.11 (m 1H), 3.88 (s, 3H), 1.20 (d,

3H), 0.94 (s, 9H). IR (KBr) 3400, 3220, 2950, 1780 cmjerr]; M5 (m2z)
353 (WH). El emental analysis for (JerrJ]Herr]Nerr]Jerr]

Calc'd: C 67.96; H, 6.55; N, 11.88 10 Found: C, 67.72; H, 6.56;
N, 11.74 Exanpl e 17

3-(6- Met hoxy- qui nol i n- 8-yl am no) - 4- net hvt &disno- 15

cycl obut - 3-ene- 1. 2-di one The product from Exanple 16, Step
1 (0.25 g, 0.839 mml) was added to 8 N et hanolic nethylamne (7 ni).

vas reorystall i zod TARBSER R0 BB bl MTAE, give 0 107 20 (5099 of

product as a yell ow SO|Id np >275[err]C, [err]H NVR (DMSO-d[err]) [err]

10.29 ( br s, 1H), 8.75 (dd, 1H) ,XTabled (br g, 1H), 8.27 (dd, 1H),
8.10 (d, 1H), 7.55 (m 1H), 700(d 1H), 3.88 (s, 3H), 3.26 (d, 3H).
| R (KBr) 3240, 1795 crjertl: . 10009 . 25

FHHLIO)
/]

El emrental dnalysis fo : "-‘ ) gie i ,
63.59; H 4.62; N, 14.83 Found C, 63.30; H 4.58; N, 14 70

Exanmpl e 18 30
3-Tert-butyl am no- g {n(fuf’ﬁgl i n-6 yf am nol)cﬁgycl obu tInlubmon of Force

3-ene- 1, 2- di one animds a_sol ution of  {%)at (x) uM

3, 4-di et hoxy- 3-cycl obut ene- 1, 2-di one (5. OOg, 29.4 mol ) in
Example 1 6 1.36 uM -
Example 2 2 15.85 uM -
Example 3 3 1.95 uM -
Example 6 2 - 31% (30 pM)
Example 7 2 2.8 uM -
Example 8 4 1.84 uyM -
Example 9 4 - 43% (30 UMD
Example 10 4 8.0 uM ' -
Example 14 4 - 51% (30 uM)
Example 19 4 6.34 uM -
Example 21 2 0.52 uyM -
Example 24 2 0.021 uM
Example 2§ 2 0.29 uyM

Hence, the compounds of this invention have a pronounced effect on smooth
muscle contractility and are useful in the treatment of urinary incontinence, irritable
10  bladder and bowel disease, asthma, hypertension, stroke, and similar diseases as
mentioned above, which are amenable to treatment with potassium channel activating
compounds by administration, orally, parenterally, or by aspiration to a patient in

need thereof.
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E%‘ZSLszéla‘lg’),solzgfée1 ethanol (100 nL) was added a suspension of 61ﬂmnﬂmﬂ“mmm§ml

mml) in ethanol (50 nmL). The mi xture was heated at reflux for 18 hours
cool ed, and vacuumfiltered to afford 6.64 g (84% of crude product
(nmp: 185-187, dec) whi ch was used without further purification. An
aliquot (3.00 g, 11.2 nmmol) was di sséBved in tert-butyl anmine (50 ni).
The solution was refluxed for three hours, 5 cool ed, and concentr at ed.
The residue was recrystallized tw ce fron1ethano| t hen triturated

with diethylether ,t.o give.1l.059 (31 %9 of the title conmpound as a pale

yel l ow - Mter hydrate: np 234-236 C, [err]H NMR
(DMSO-d[err]): [err] 9.92 (s, 1H), 8.76 (d, 1H), 8.24 (d, 1H), 8.01
(d, 1H), 7.98 (s, 1H), 7.97 (d, 1H), 7.88 (d, 1H), 7.48 (m 1H), 1.45
(s, 9H. IR (KBr): 1780, 1665, 1610 cn{err] M5 (mz) 295 (MwH). 10

El enental analysis for C[err]H[err]N[err]qerr] [err] 0.25 (Herr]O

Calc'd: C, 58.10; H 5.88; N 14.01 Found: C, 67.63; H, b5.92;
N, 13.96 15 Exanpl e 19

3- Tert - but yl ani no- 48(°AmRoNad ohtheformulas no) - cycl obut -

3-ene-1.2-dione 20 To a s@ution

3, 4-di et hoxy- 3-cycl obut ene- 1, 2-di one (4Ng14g &6. 5 mmol) in

A _—
N A
P
H R :
2 )
wherein:
10
R and R2 are, independent from each other, hydrogen, Cj-]10 straight
chain atkyl, C1-10 branched alkyl , or C3.1Q cyclic or bicyclic
alkyl;
A is is selected from the group consisting of:
15
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A ¥

absol ute ethanol (100 nmL) was added a suspension of 6-am noumm"mllﬁuﬂmm
29. 4 nmml ) in ethanol (50 nL). The m xture was refl ux

cool ed, and vacuum filtered to afford 3.60 g (53% of &Erude ‘prddudt *
whi ch was used w t hout further purification. An aliquot (2.00 g, 7.77
mmol ) was dissolved in tert-butylamne 25 (50 nmL) and the resulting

m xture was refluxed for three hours, cool 8; and concentrated. The

crude product was recrystallized from et hanol / wat er to give 0.45 g
(19% of the title conpound as a white solid, dihydrate: np 183-185 C;

[err]H NMR (DMsO-d[err]): [err] 13.00 (s, 1H), 9.74 (s, 1H, 7.97 (s,
1H), 7.92 (s, 1H), 7.88 (s, 0 (d, 1H).~v‘7 05 (d, wAk), 1.44 (s,
9H). IR (KBr): 3200, 1790, 16 5 1600 cnjlerr]; M5 3 (mz) 284 (W).
El emental analysis for (er rr] N er err] [ﬁ 2(H er
Cal'c'd: C, 56.24; H 628 1. 49 Ry Foufd: Gr,56. 0f: H 6. 29;
N, 17.43 35 ~N \ - 21 -
Exanpl e 20
3- (I'soqui nol i n-5-yl am no) - 4- met hyI am no- cycl obut -
3-ene-1,2-dione 5 e a solution
3, 4-di et hoxy- 3-cycl obuteng\l e (5.0 in / oI ute
et hanol (100 nL) was adde SI on o 5- r\ soqw no J\nel
R
N | \R = | N </N //l3
H S
A
R
N NN AN
‘ l ~ Rs } —iRs
™ Z x> S Nao Z
AN AN WS wnr
NN AN Z NS
L SR JRs N 3 Rs
= Z Na A X
P2 " o4
wherein:
R3is hydrogen, Ci-g alkyl, C1-g perfluoroalkyl, C1-6 alkoxy,
5 " Ci-6 perfluoroalkoxy, amino, C1-6 alkylamino,

Cz-12 dialkylamino, C1.6 alkylsulfonamido,
alkylcarboxamido containing 2 to 7 carbon atoms,
nitro, cyano, carboxyl;
or, A is a substituted phenyl group of the following formula:
10



L]
L]

29.4 mml) in ethanol (50 mL). The mixture was heated at ref lmﬂ mﬂ IJI"I"'
hour s, cool ed, and vacuumfiltered-to afford 2.30 g (

product (np: 182, dec) 10 which was used wi thout further purl fichtibn.®

an aliquot (0.335 g, 1.25 mml) of the squarate in ethanol (1.5 rrL)
was added 33% net hyl am ne in ethanol (1.4 ni). The m xture was heated
to 40[err]C for 15 m nutes, cool ed, and Cofitentrat ed. Trituration

wi th diethyl ether afforded crude product which was crystallized froma

m ni mal anmount of nethanol to give 0.149 g (47% of an pale yellow solid:
np 245- 15 250 [err]C (dec); [err]H NVR (DMSO-d[err]): [err] 9.79 (s, 1H),
9.33 (s, 1H), 8.60 (d, 1H, 7.99 ™1H), 7.86 (d, 1H), 7.76 (br d,
1H, 7.66 (t, 1H, 7.76 (br s, 1H. IR (K ): 3200, 1800, 1680, 1605
cnerr]; M5 (mz) 253 (M+). : El elEnt anal ysis for
Cerr]Herr]Nerr]derr] 20 I0)0R4C, 66.40; H 4.38;, N, 16.59
Found: C, 66.06; H 4.35; N, 16.32 R

Exanple 21 25 s

4-13, 4-Di ox0-2-(1, 2, 2-trimet hyl - propyl am no) -

cycobut - 1- enyl am nol - benzonitrile Step 1) Preparati on of

4- (3, 4- Di oxo- 2- et h®gredic| obut - 1- enyl ami no) -

benzonitrile 30. R %Amsl@hﬁpzmunt flohfeatB othéf) are’@lettediiom theas

added to sol ution of 3, 4- hoxy- 3- cycl. obut enex one (5.00g,
29. 4 mmol )65 in absolute ethanol (1 61? 5ng cya"&/’f"ﬂ%o Wué éﬂ‘gylheat ed at

refl ux over ni ght. The m xt ure was Qjog pefluoeratklh@)-6 alkoxyesul ting yel | ow
grlgnglz'E at e] gas col | ected by vacun, gblaxtffu%{'da%xy érﬁing C% éigkﬂaﬁﬁyo/‘): 35 np
- err]C
C2-12 dialkylamino, sulfamyl,
C1-6 alkylsulfonamido, Cg-12 arylsulfonamido,

10 alkylcarboxamido containing 2 to 7 carbon atoms,
arylcarboxamido containing 7 to 13 carbon atoms,
C1-6 alkylsulfonyl, Ci.g perfluoroalkylsulfonyl,
Cg-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1-

imidazolyl, carboxyl or hydrogen, with the proviso that
15 R4 and R5 cannot be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof.

-2-

20 A compound of Claim 1 in which A is selected from the following:
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T3, 0D oo 2- (1,25 i met hy] <o oyl o) Illlllll llllllllllllllll |l IIII
C

| obut - 1-enyl am no] - benzonitrile 5 To the abdve®sduartat é
00 g, 4.13 mol) in acetonitrile (250 nL) was added

2- am no- 3, 3-di net hyl butane (0.600 nL, 4.48 mml). A precipitate forns
while stirring overnight. The crude reactidn mixture is vacuumfiltered.

4-
€y
(1.

The solid is triturated with diethylether to afford 0.620 g (50% of
product as a yellow solid: np 241-243C;, [err]H NVR (DVBO-d[err]):
[err] 9.89 (s, 1H), 7.78 (d, 2H) 7 72 (d, 1H), 7.60 10 (d, 2H), 3.95-4.00
(m 1H), 1.18 (d, 3H), 0.91 ¢ IR(KBL.), 3200, 1790, 1660 1600
cnerr]; M5 (mz) 297 (M+). El errent anal ysi s for
C[err]H[err]N[err]Qerr] . C 68 / 44 N, 14.13
15 Found: C, 68. 683"'1'1 . 15; N 30

Exanpl e 22 0) - 4[2( No[221]N

hept - 2-yl ami no) - 3, 4- di oxo- cycl obut - 20

1- enyl am no] - benzonitrile
N I ‘/\3 N l X
NN s 8

or, A is a substituted phenyl group of the followin g'formula:

wherein:
R4 and R3, independent from each other, are selected from the
10 following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1-imidazolyl,. carboxyl or
hydrogen, with the proviso that R4 and R5 cannot be hydrogen simultaneously;
or a pharmaceutically acceptable salt thereof.

15 -3-

A compound of Claim 1 in which A is selected from the following:

“’ﬁﬁ‘ii“ni’iilﬂiri“li‘ﬁn




To t hé ;;roduct of Exanple 21, Step 1 (0.368 g, 1.52 mmol) in
(30. m.) was added ()exo-2-am nonorbornane (0.180 n_, 1. mm" im*\ lm”",

precipitate forms while stirring overnight. The crude reacC

m xture was vacuumfiltered and 25 triturated with diethylether to afford
0.370 g (79% of a yellow solid: np 288-290C ; [err]H NWR
(DVMsO-d[err]): [err] 9.79 (s, 1H), 7.78 (d, 2H), 7.76 (m 1H), 7.58 (d,

2 3.90-3.98 (m 1H), 2.22-2.34 (m 2H), 1.76-1.86 (m 1H),
1.08-1.56 (m 7H). IR (KBr): 2220, 1790, 1650, 1600 cnferr]; M5 (mz)
307 (M+). 30 Elermental analysis for (errterr]Nerr](Jerr]

Calc'd: C, 70.34; H 5.57; N 13.67 Found: CR40.17; H 5.50;
N, 13.96 r | ‘)\I Z - 23 -
Exanpl e 23

4[34Dox02(122trlﬁé§ -propylaWN:yclobu‘tN X :

1- enyl am no] - benzenesul f onant'de To &slurry Gf

sul fanilamde (1.72 g, 10.0 mmol) |nmet hanol (10 W was added

3, 4-di et hoxy- 3-cycl obut ene- 1, 2- d| one{(2.43 g, .3tmol ). The reaction was
heated at reflux overnight, ipitate was col |l ected
by vacuum filtration.

% Irrp/:lp@3212 [err]C. 10

wherein:
R4 and Rs, independent from each other, are selected from the

10  following: cyano, nitro, amino, chloro, bromo, fluoro, icdo, 1-imidazolyl,. carboxyl or
hydrogen, with the proviso that R4 and R5 cannot both be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof.

-

15 4

3-Alkylamino-4-[(substituted phenyl)amino}-cyclobut-3-ene-1,2-dione in
which said alkyl group contains 1 to 6 carbon atoms and the phenyl group is

substituted by 1 or 2 cyano, nitro, amino, halo or carboxyl group.
20
-5-

A compound of Claim 1 which is:

“ﬁﬁ?iﬁ ii‘iilﬂul uﬂin



Fo'the above squarate (0.750 g, 2.84 mmol) in ethanol (10 mmm&migﬁl
am no- 3, 3-di net hyl butane (0.380 nL, 2.84 mmol). The m xtur

Fefl ux overni ght then concentrated. The residue was dissol ved in
“acetone/ et hyl acetate (1:1) and filtered through a plug of silica gel
to afford 0.200 g (20% of the title conpound 15 as a white solid,

hem -hydrate: np 233-235C, [err]H NYR (DMSO-d[err]): [err] 9.87 (s,

1H, 7.79 (d, 2H, 7.75 (d, 1H, 7.58 (d, 2H), 7.25 (s, 2H, 4.00 (m 1H),
1.18 (d, 3H), 0.92 (s, 9H. IR (KBr): 1790, 1670, 1600 cnjerr]; M5
(mz) 351 (M+). El emental analysis for Clerr]Herr]Nerr]Jerr]S
[err] 13-gpyritiin-A6/lamino)-4-(1,2,2-Cahethyl:prépylanindReydiobifi-3kéne- N2-didnef 6

Found: C, 52.89; H, 5.81; N, 11.42

Example 24 25

(+) - ( Rxem)ﬁa(bmyplqﬁ& 3-13hept-2y1amine)-Aepyrydingr Ypminokicyelpbatyd-eadrl2- 1 -

enylanhﬂgk -et hyl -benzonitrile Step 1) Preparati on of

4- ( 2- et hoxy- 3, 4-di oxo-cycl obut- 1 -enyl am no) -

3-e3hyl benzonitrile 30 4- Ani no- 3- et hyl benzonitrile (0.86 g,

5. 88 mMInipyrigiads- §1aﬁn@b)e4-tm<zﬁmezhyl-propgsaﬁhﬁtbnﬂyemuﬂ-s%n@1gmamﬁué 0g 5.88
nmml ) in acetonitrile (2 was heated in an oil bath at 110C for 21
h. 3, 4-di et hoxy- 3- cyclobutene 1,2-dione (0.5 g, 2.9 nmol) was added

to the 3F(éanethphthyi[amiuo)a41@§didiM-)tlanine)(ayuiotmtaf-crtehm{diidnebat h increased to
150C. 35 After 48 h the reaction m xture was cooled to room tenperature,

then diluted with
10  3-dimethylamino-4-(pyridin-3-ylamino)-cyclobut-3-ene-1,2-dione;

3-amino-4-(pyridin-3-ylamino)-cyclobut-3-ene-1,2-dione; or

3-tert-butylamino-4-(pyridin-3-ylamino)-cyclobut-3-ene-1,2-dione.
15
-6-

A compound of Claim 1 which is:

20  3-tert-butylamino-4-(isoquinolin-5-ylamino)-cyclobui-3-ene-1,2-dione;

3-amino-4-(isoquinolin-5-ylamino)-cyclobut-3-ene-1,2-dione;
3-(quinolin-8-ylamino)-4-(1,2,2-trimethyl-propylamino)-cyclobut-3-ene-1,2-dione;
25 .
3-methylamino-4-(quinolin-8-ylamino)-cyclobut-3-ene-1,2-dione;
3-amino-4-(quinolin-8-ylamino)-cyclobut-3-ene-1,2-dione;
30 3-(quinolin-3-ylamino)-4-(1,2,2-trimethyl-propylamino)-cyclobut-3-ene-1,2-dione;

3-tert-butylamino-4-(quinolin-3-ylamino)-cyclobut-3-ene-1,2-dione;

3—(quinolin—§-y1amino)-4~(1 ,1-dimethyl-propylamino)-cyclobut-3-ene-1,2-dione;
35
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-.24 - ethyl acetate and filtered. The filtrate vvas“ﬂmmumm“l
and the resulting solid was taken up in ethyl acetate

sonicated. Filtration gave 0.54 g (34% of a light brown §

[err]H NVR (DVSO-d[err]): [err] 10.56 (br s, 1H), 7.70 (br s overlappl ng a
doublet at [err] 7.69, 2H), 7.30 (d, 1H), 4.71 (q, 2H), 2.74 (q, 2H), 1.37
(t, 3H, 1.15 (t, 5 3H). Step 2)34-

(+)-(R-4-[3, 4-Di oxo-2-(1, 2, 2- trlrrethyl pr opyl am no) - cycl obut - 1-

enyl am no] - 3- et hyl - benzonltrlle

4 66 %??y;ﬁ’ﬁﬁéﬁ%ﬁ%ﬁ%ﬁ??r{r&;ly@%‘%o%ﬂ‘@%?’ GRS PSR- U

et hanol 12&diotg; were stirred at roomtenperature for 24 h. The
resulting yell ow sol ution was concentrated to a yell ow oil, which was
di ssolved in acetonitrile (20 nL) and_stirred roomterrperature

The resul ting %61%&%1-61@%Smlam@p};d-taﬁbylﬂmﬁmcwbph3@pﬁ9; 2-digne;acet at e
to yield 0.9 g (52% of an off-white solid: np 235-237[err]C, [err] =+

S 1M B 04 (Ferkppyamige--(auindlin S Fanfge 05/1530%%%9 Ll ok 571 (o oty

1.27-1.16 (overl apping doublet and triplet, , 0.91 (s, 9H). IR
KB 3278, 2 7 VB
Em;g 325 (N»)g%g‘Bq‘?’ﬁg‘?“ -spfatinot o rﬁedﬁgllégg?os ng&% ?11?&% }\I[ err]err]
Calc'd: C 70.13; H 7. 12 N, 12.91 Found: C, 69.82; H 7.17;
N, 12.99 gp 7. Exanpl e 25

A compound of Claim 1 which is:

3-tert-butylamino-4-(1H-indazol-6-ylamino)-cyclobut-3-ene-1,2-dione;

15
(ex0)-4-[2-(bicyclo[2.2. 1]hept-2~y1amino)—3,4—diox'o—cyclobut- I-enylamino]-
benzonitrile; or

4-[3,4-dioxo-2-(1,2,2-trimethyl-propylamino)-cyclobut-1-enylamino]-
20  benzenesulfonamide.

-8-

A compound of Claim 1 which is 4-[3,4-dioxo-2-(1,2,2-trimethyl-
25 propylamino)-cyclobut-1-enylamino}-benzonitrile.

9-

A compound of Claim 1 which is (+)-(R)-4-[3,4-Dioxo-2-(1,2,2-
30 trimethyl-propylamino)-cyclobut-1-enylamino}-3-ethyl-benzonitrile.

~-10-

A compound of Claim 1 which is (+)-(R)-4-[3,4-Dioxo-2-(1,2,2-trimethyl-
35 propylamino)-cyclobut-1-enylamino]-3-methoxy-benzonitrile.

This Sheet Has Been Reﬂi ced
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G (R34 Proxa-2 (1.2 2 e mec iy -propytam no)- eyl o I LA
«4- (2- et hoxy- 3, 4- di oxo- cycl obut - 1- enyl am no) - * . Lomos o=

3- et hoxybenzonitrile To a cool ed sol ution of
3- et hoxybenzonitrile (10 g, 75 mml) i n_[a.,' etic anhydride (150 m)
was added 70%nitric acid (60 nmL) at a raté that kept the reaction 35

m xture bel ow 50[err]C After 1 h the reaction m xture was poured onto ice
(400 cc) and - 25 -
extracted with ethyl acetate. The ethyl acetate |ayer was washed with

wat er, and dried (Na2SO4). Concentration under reduced pressure and
chromat ography with et hyl acet at e/ rd%anes gave 2.69 g (20% of
3-n'ethoxy-4-nitrobenzonitriIe [err]H NI\/R (DVMsO-d[err]): [err] 8.04

o obenzoni tr i 1e Pomistiod s tehiciad dhe Bavele Srecithe ssiobfh mischs Fopmritions

added to 3 wh'whmonupﬁses adminMstering, ionally enparentérally,(t@50patight inneed llzaredf, £ 150

m.). The reac d@b e was stirred under a hydrogen gas
at nosphere. # ufgtﬁth ﬁergctl on was filtered, concentrated, and
chromat ographed (et hyl acet at e/ hexanes, 25/75) to yiel d 1.3 ¢ (60%

of 4-am no-3-rrethoxybenzonitriIe:%rr]H}W(DlVBOd[err]) [err] 7.1 (m
74

\

@

10 wherein: .
R1 and R2 are, independent from each other, hydrogen, C1-1( straight
chain alkyl, C1-10 branched alkyl , or C3.10 cyclic or bicyclic
atkyl;
A is is selected from the group consisting of:
15

This Sheet Has Been Reﬂla

AR




A .

" 2 : 1 .77 (br 2 7 :
L SR G
3,~4-d| et hoxy- 3-cycl obut ene-1, 2-dione (1.5 g, 8.82 muol) in ¢ ethahol® *
(50 nL) was heated in an oil bath at 110-115C for 3 days. The reaction
m xture was filtered hot, and the fiItratepglas reduced to half its vol une.

Filtration gave 0.58 g (24% of a ye w solid: np 159-161[err]C,
[err]H NVMR (DVMSO-d[err]): [err] 15 10.42 (br s, 1H), 7.54 (d, 1H), 7.44
(dd, 1H), 7.39 (d, 1H), 4.70 (g, 2H), 3.86 (s, 3H), 1.36 (t, 3H). IR
(KBr): 3413, 3026, 2650, 2576, 2439, 1719, 1630, 1548 cnferr]; M5

(mz) 272 (M). El e al anal ysfvs~ f or C[ew-]rH[err]N[ew]CIerr]
[err] 0.2 Herr]O 20 Calc'd: CJ 60.95; H, ]4.53; N, 1

Found: C, 60.96; H, 4.32;.NZ 103 23 Z NSt ep 2;)@/

(+)-(R) - 4[34D|oxoz(1R \Zt |rretByT"pr yl ani Rs\/ﬁl

cycl obut- 1 -enyl am no] - 3- metMoxy benzo e 25 X

4- (2- et hoxy- 3, 4- di oxo-cycl obut - 1- enyl am no) - 3- net hoxbeenzonltrl le (0.58 g,
2.1 mol) and a solution of (R-1.2,2-trinmethylpropy amne (4.2 mml) in
et hanol (21 m.) were %t room for

reaction mxture was filt , and t éflltrlte vvas d to a
f oam which was di ssol ved "Rl (trile 3at
roomtenperature fluffy pal g yellow ?}eedl estormsdqﬁ Th|§‘t.. filtered

and rinsed sparingly with acetonitrile to yield
yel | ow needl es: np 273-277] rr]C(dec); [err]
0.010); [err]H NWR

g (67% of a pale

1H, 7.99 (d, 1H), 7.50 (d 48 (dd,
(s, 3H, 1.18 (d, 3H), 0.9 . Ms (mW
ST
R
/N l \/\3 A
A P N
PP VvV
AN N AN
l -—HS -l_R N '—'R3
N Z Na A 3 XN
VNS
wherein:
R3 is hydrogen, C1.¢ alkyl, C1.6 perfluoroalkyl, C1-6 alkoxy,
5 C1-6 perfluoroalkoxy, amino, Ci.6 alkylamino,

C2-12 dialkylamino, C1.6 alkylsulfonamido,
alkylcarboxamido containing 2 to 7 carbon atoms,
nitro, cyano, carboxyl;

or, A is a substituted phenyl group of the following formula
10
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N 12. 61 5 The smooth nuscle relaxing activity of* t fie

of this invention was est abli shed in accordance with standard
pharmaceutically accepted test procedures in representative conpounds
as follows: Sprague- Dawl ey- gats (150-200 g) are rendered
unconscious by COJerr] 10 asphyxi ati on and then eut hani zed by cervi cal

di sl ocation. The bl adder is renoved into warm (37 deg. C

physi ol ogi cal salt solution (PSS) of the follow ng conposition

NaCl, 118.4; KA, 4.7, Cal[err], 2.5, Mgsdferr], 4.7, Herr]O 1.2
NaHCO err], 24.9; KHferr]PJ err], 1.R; glucose, 11.1; EDTA, 0.023;
gassed with 95% Jerr]; 2/5% CJerr]; p The bl adder i s opened
and then cut into strips 1-2 mmin w dt ane(—R—lO mmin 15 |ength. The
strips are subsequently suspended in a 1 ti ssue bath under an initial
resting tension of 1.5 g. The strips are helBgin place by two surgical
clips one of which is attached to a fixed hook while the other is
attached to an isonetric force transducer. The preparations, V\:hi ch
usual Iy exhi bit smaywhersig@nt aneous cont ractions, are allowed

recover for a period of 1 ho Il enge, with O. rba hoI
The 20 carbachol is then U}é‘ﬁgﬁ‘i §?‘Rf“fq?‘f§ gﬁf@ °§‘F1 ﬁ&&#&%gﬁ
its restind | evel of acti vi t@ollowmg ayany nitre afmima, €296 8kyhi nut e perl od

of recovery, an additional 15 mM dorddl li@ r into the tissue
bath. This increase in KC concentr%ltélpon roersuﬁ ﬁr?aﬂ ’ | arge i ncrease

in the anplitude of spontaneous coﬁl-léé?f’fﬁh&ﬁ@a”f%damm% iGi-p @ikydgmino,
contractions in previously qU| escegs. 1§tdﬁdlmim§f¢p@mffmgsed upon a smal |

of contractiie activity, i ncyeoHOAoRt s & e RO HBERE  at i on
of test cdg@pound or vehicle are i m1k3admeth;do conthining 2 €7 tdrbonigtohnt h.
Contractile activity is measured forlcgl_f}\J arﬁﬁ%ggtg%lggr oep_;’ &Jﬂ_gon atoms,

Cj1-6 alkylsulfonyl, C1-¢ perfluoroalkylsulfonyl,

Ce-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1-

imidazolyl, carboxyl or hydrogen, with the proviso
15 that R4 and R5 cannot be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof.

-12-
20 The method of Claim 10 in which the smooth muscle adversely contracting
causes urinary incontinence.
-13-
25 : The method of Claim 10 in which the smooth muscle adversely contracting

causes irritable bowel syndrome.

“ﬁiiiiiﬂi‘i‘ilﬂili“ 1




cd’n?:er?tration during the last mnute of a 30 mnute challe IIE
The isometric force devel oped by the bladder strips is meagmmm m‘u“mmm
goncentration required to elicit 50% i nhibition of pre-drug *cortré&ct St

activity (I1derr] concentration) is calculated fromthis
concentration-response curve. The maxi mum per cent age inhibition of
contractile activity evoked by a test corpiund is al so recorded for
concentrations of test conpound | ess than or equal to 30 [err]M 35

- 27 - The results of this study are shown in Table |
Tabl e | 5 I nhibition of Contractions in |Isol ated Rat

Bl adder Stri ps Conpound 4 of I C[err]

I nhibition of Force aninals

( % at (x) [err]M mﬁ ghgmacﬂuﬂcabcoml%)smm ?gxpgxgmlg éarclpfrwpund as élam?ed[lg one

Exarrpl e 3 of Claims 1 to 8 inkogtdbifiation]dvl association with a pharmaceutically acceptable
5 carrier.

-15-

A process for preparation of a compound as claimed in Claim 1, which
10  comprises reaction of a compound having the formula (ITa):

0 0
N\
s
N X
H (lla)

where A1 is A, as defined in Claim 1, or a group of atoms convertible thereto, and X
15 isaleaving group; with a compound having the formula (IV):

,Ra1
HN_
Rz qv)
wherein Ra1 and Rg?2 are, respectively, R1 and R2, as defined in Claim 1, or a group
20 of atoms convertible thereto and, where appropriate, converting A} into A or
converting Ra1 and R} or converting Ra?2 into R2 and, where desired, converting a
compound having formula (I) into a pharmaceutically acceptable salt thereof or
converting a salt of a compound having formula (I) into a compound having formula
@.
25
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Exarrple 6 2 - 31% (30 [err]M

Exanpl e 7 2 2.8 [err]M - Exanpl e 8
4° 1.84 [err]M - Exanpl e 9 4 -
43% (30 [err] M Exanpl e 10 4 8.0 [err]M
Exanpl e 14 4 - gl%(SO [err] M
Exanpl e 19 4 6.34 [err]M =~ 39- . Exanpl e 21
2 0.52 [err] M - Exanpl e 24 2
0.021 [err] M Exampl e 25 2 0.29 [err] M
Hence, the conpounds of this inven{ig ¥ i nced effect on snooth
muscl e contractility and are usefdf of urinary
i ncontinence, irritable 10 bl adder and bowel disease, asthmg,
hypertension, strokghe &ifipsundiof de MrRERSES as menti oned above, which
are anenable to treatnment” wth potassi um channel activating conpounds
by adm nistration, orally, parenterally, or by aspiration to a patient in
need t hereof. 0] 8] - 28 - CLAI V5:

N/

A — R4
AN
o
H R
5 2 @
wherein:

R1 and R2 are, independent from each other, hydrogen, C1-10 straight
10 chain alkyl, C1-10 branched.alkyl , or C3-10 cyclic or bicyclic
alkyl;
A is is selected from the group consisting of:

This Sheet Has Been Reﬂlaced
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A conpound of the fornul a: [err]
wher ei n: Rlerr] and Rlerr] are, independent from each other,
hydrogen, Clerr] straight chain alkyl, Cerr] branched
alkyl, or Cferr] cyclic or bicyclic al kyl ;

Ais is selected fromthe group consi stlngwdf
- 29 - [err]
A4 wAar s A
R / | R /‘\" NJ\P /kN
3l T Ra1—
'§ 3'\/N \.\J 3'\J
R3
Rs
q // /4 Z '71' 7 N
N, l N, | [ 2g,
N X N7 XA A F
H s H Ry
NS
R
N N N N~FA7 3
| SRe I SR ¢ |
H S
NN
R
N A N o 7 x
| . 7R3 | —Rs
X F N A Na e
AN T IV wArn
2 Y Z N
' _Ra J—'R3 N TR3
x e Na A N
S

wherein:

R3 is hydrogen, C1.¢ alkyl, Cj.6 perfluoroalkyl, C1-¢ alkoxy,

5 C1.6 perfluoroalkoxy, amino, Ci.-¢ alkylamino,
C2-12 dialkylamino, Cj.¢ alkylsulfonamido,
alkylcarboxamido containing 2 to 7 carbon atoms,
nitro, cyano, carboxyl;

10

or, A is a substituted phenyl group of the following formula:

This Sheet Has Been R«
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\Ahereln Rlerr] is hydrogen, Clerr] alkyl, Cerr]
ger fluoroal kyl, Clerr] al koxy, 5 Cerr] perfluoroal koxy,
i no, (err] al kyl am no, Cerr] dialkylamno, (err]
al kyl sul f onam do, al kyl car boxam do containing 2 to 7
car bon atons, nitrg, _cyano, carboxyl;

LV 4 ad

Z ¥

R
XX
Rs
wherein:

R4 and Rs5, independent from each other, are selected from the
5 following: cyano, nitro, amino, C1-6 alkyl,
C1-¢ perfluoroalkyl, Cj.6 alkoxy,
C]-6 perfluoroalkoxy, amino, C]-6 alkylamino,
C2-12 dialkylamino, sulfamyl,
C1-6 alkylsulfonamido, Cg-12 arylsulfonamido,
10 alkylcarboxamido containing 2 to 7 carbon atoms,
arylcarboxamido containing 7 to 13 carbon atoms,
C1-6 alkylsulfonyl, C]-6 perfluoroalkylsulfonyl,
Cg-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1-
imidazolyl, carboxy! or hydrogen, with the proviso that
15 R4 and R5 cannot be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof, are smooth muscle relaxants.
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. . . qlolp5 2P03
or, Ais a substituted phenyl group of the followi ng fornula: 10
- 30 - [err] - wher ei n: R err] and
Rl err], ikndependent from each other, are selected fromthe
foll owi ng: cyano, nitro, amno, Cerr] alkyl,
Cerr] perfluoroal kyl, C[err] alkoxy, Jerr]
per fl uoroal koxy, am no, Cerr] alkylam no,
C err] dial kyl am no, sulfanyl, - 39- derr]

al kyl sul fonam do, (err] aryﬁw

al kyl car boxani do cont ai ni ng m%————‘ ~DIONES
aryl carboxam do containing 7 to 13, carbo t QOB
Clerr]al kyl sul fonyl, Jerr] perf|m¢¢§%&$w
Cerr] arylsulfonyl, chloro, brono, fluoro, iodo, 1-

i m dazolyl, car box%‘%ﬁﬁé‘%’%@“ﬁ%ﬂ%&%ﬂ@# he proviso that

Rlerr] and R err] mul t aneousl y;

Q O
N\
A —_—
\ A
I
H R
5 2 M
wherein:

R1 and R2 are, independent from each other, hydrogen, C1-10 straight
10 chain alkyl, C1-10 branched.alkyl, or C3-10 cyclic or bicyclic

atkyl;
A is is selected from the group consisting of:

e

3
it i o e s e e AR



or a phar maceutical |l y acceptable salt thereof. 2. A conpoutrdupfes
Caimlin which Ais selected fromthe foll ow ng:
- 31 - [err]

-1-

DIAMINOCYCLOBUTENE-3, 4-DIONES AS SMOOTH MUSCLE RELAXANTS

Background of Invention

The present invention relates to novel 1,2-diamino derivatives of cyclobutene 3-
4-diones having pharmacological activity, to a process for their preparation, to
pharmaceutical compositions containing them, and to their use for the preparation of
medicaments for the treatment of disorders associated with smooth muscle contraction;

10 via potassium channel modulation. Such disorders include, but are not limited to:
urinary incontinence, hypertension, asthma, premature labour, irritable bowel syndrome
congestive heart failure, angina, and cerebral vascular disease,

3

Stemp et al. disclose a class of amino substituted cyclobutenedione derivatives

of chromans described as having blood pressure lowering activity and

15 bronchodilatory activity in EP-426379-A2. Several series of 1-amino-2-

phenylalkylamino-cyclobutene-3,4-diones are reported as H-2 receptor antagonists by

Algieri et al. in US Patent 4,390,701, Several related 1-amino-2-phenoxyalkylamino
derivatives are disclosed by Nohara et al. in US Patent 4,673,747.

20 The syntheses of variously substituted 1,2-diamino-cyclobutene-3,4-diones
are described in the following publications: Tietze et al., Chem Ber. 1991, 124, 1215;
Tietze et al., Bioconjugate Chem. 1991, 2, 148; Ehrhardt et al., Chem. Ber. 1977,
110, 2506, and Neuse et al., Liebigs Ann. Chem. 1973, 619. For example, Neuse et al.
discloses 1-phenylamino-2-dimethylamino-cyclobut-1-ene-3,4-dione. The

25  compounds of the present invention differ from the Neuse et al. compound in that
they are substituted on the phenylamino group and they are useful as smooth muscle

relaxants.

scription of The Inventi

30
Accordingly, the present invention discloses compounds represented by the
formula (I): et e+ e s e oo
| A e TG T |
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*or, Ais a substituted phenyl group of the following fornula: [err]

wher ei n: Rlerr] and R err], independent fromeach other, are
selected fromthe follow ng: cyano, nitro, am no, chloro, brono, fluoro,

i odo, 1-im dazolyl, carboxyl or hydrogen, with the proviso that R err] and
R err] cannot be hydrogen simultaneously,; or a pharmaceutically

accept abl e salt thereof. 3. A cohpy§o’und of Caiml in which Ais
selected fromthe foll ow ng: - 32 -

The compositions are preferably adapted for oral administration, However,
they may be adapted for other modes of administration, for example, parenteral
administration for patients suffering from heart failure,

5 In order to obtain consistency of administration, it is preferred that a
composition of the invention is in the form of a unit dose. Suitable unit dose forms
include tablets, capsules and powders in sachets or vials. Such unit dose forms may
contain from 0.1 to 100 mg of a compound of the invention and preferably from 2 to
50 mg. Still further preferred unit dosage forms contain 5 to 25 mg of a compound of

10  the present invention. The compounds of the present invention can be administered
orally at a dose range of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1
to 10 mg/kg. Such compositions may be administered from 1 to 6 times a day, more
usually from 1 10 4 times a day.

15 The compositions of the invention may be formulated with conventional
excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring
agent and the like. They are formulated in conventional manner, for example, in 2
manner similar to that used for known antihypertensive agents, diuretics and J-
blocking agents.

20

The present invention further provides a compound of the invention for use as
an active therapeutic substance. Compounds of formula (I} are of particular use in the
induction of smooth muscle relaxation.

The present invention further provides a use for the preparation of a medicament
for treating smooth muscle disorders in mammals including man, which involves
administering to the afflicted mammal an effective amount of a compound or a

pharmaceutical composition of the invention.

The following examples are presented to illustrate rather than limit the methods
for production of representative compounds of the invention.
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¢ [err] :
forml a: [err]
from each ot her,

chl oro, brono, fluoro, iodo, 1-im dazolyl, carboxyl or hydrogen, with the

or, Ais a substituted phenyl group ﬂmlﬁ j mw
wher ei n: Rlerr] and R[ erlijus .

are selected fromthe follow ng: cyano, nitro, am no,

proviso that R err] and R err] cannot boég be hydrogen simultaneously;
a pharmaceutically acceptable salt thereff’

CLAIMS:

L.

A compound of the formula:

0 O
A%
A\ /R1
N N
I I
H R,

8]
wherein:

R} and R2 are, independent from each other, hydrogen, C1-10 straight
chain alkyl, C1.10 branched alkyl , or C3.10 cyclic or bicyclic
alkyl;

A is is selected from the group consisting of:

REPLACEMENT SHEET
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® 4, 3- Al kyl ami no-4-[ (substituted phenyl)am no]-cycl obut HHMHM"B"W | n
whi ch said al kyl group contains 1 to 6 carbon atons and t " ms
substituted by 1 or 2 cyano, nitro, am no, halo or car boxyT grodp. * s '+
5. A conpound of Claim1 which is:

- 33 -

3-(pyridin-4-ylam no)-4-(1, 2, 2-trinethyl -3Br‘opyl am no) - cycl obut-3-ene- 1

, 2-di one; :

(exo0)-3-(bicyclo[2.2.1] hept-2-yl am no) -4- (pyridin-4-yl am no) - cycl obut - 3- ene

- 1,2- dione; 3-(pyridin-3-ylamno)-4-( 1
, 2, 2-trimethyl -propyl am no) - cycl obut - 3- - 1 ,2-dione;
3- (2- net hyl et hyl am no) - 4- (pyri di n- 3-yl anf no) (cycl obut - 3-ene-1 , 2-di one;
)
TR
~ e
Rs

wherein;
R4 and R§, independent from each other, are selected from the
following: cyano, nitro, amino, C{-¢ alkyl,
C1-6 perfluoroalkyl, Cj.6 alkoxy,
C1-6 perfluoroalkoxy, amino, C}.6 alkylamino,
C2-12 dialkylamino, suifamyl,
C1-6 alkylsulfonamido, Cg-12 arylsulfonamido,
alkylcarboxamido containing 2 to 7 carbon atoms,
arylcarboxamido containing 7 to 13 carbon atoms,
C1-6 alkylsulfonyl, C1-¢ perfluoroalkylsulfonyl,
Ce-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1-
imidazolyl, carboxyl or hydrogen, with the proviso that
R4 and R5 cannot be hydrogen simultaneously;
or a pharmaceutically acceptable salt thereof.

2. A compound of Claim 1 in which A is selected from the following:

REPLACEMENTY =HEET
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¢ 3-di et hyl. am no- 4- (pyri di n- 3-yl am no) - cycl obut - 3-ene- 1, 2-
3-am no-4- (pyridin-3-yl am no) -cycl obut - 3-ene- 1, 2- di one; orﬁmmmlullln "Il””"l
3-tert-butyl am no-4- (pyridin-3-yl am no) -cycl obut - 3-ene-1 ,2*dibnes " § 6*
A conpound of Claim1 which is:
3-tert-butyl am no4- (i soqui nolin-5-yl am'_ngi -cycl obut - 3-ene- 1, 2- di one;
3-am no-4- (i soqui nolin-5-yl am no) - cycl obut - 3-ene- 1, 2-di one;
3-(quinolin-8-ylamno)-4-( 1 ,2,2-trinmethyl-propylam no)-cycl obut-3-ene- 1
, 2- di one; 3- et hyl am no- 4- (qui nol i n- 8-yl am no) - cycl obut - 3-ene- 1, 2-di one;
3-am no-4- (qui nolin-8-ylam no)-cycl obut -3-ene- 1 , 2-dione;
3-(quinolin-3-ylamno)-4-( 12, 2-trinmet hyh~ propyl am no) - cycl obut - 3-ene- 1
, 2-dione; 3-tert-butylan ngk4-(quinolin-3ylamno)-cycl ogbfRy 3-ene-

1, 2- di one; 3-(quino|in-RB- am no) - 4- ( /2 4 //[
, 1- di et hyl - pr opyl am no) | dput - 3- epg~—1, 4t di oneN
%N RN NN
K $
NN
AN N P P g N
|l —Rs l 3 | —SRs
NN F NaNeZ ° Ny S
"LL‘
SN [VaVaVo
R
/N I \/\3 /N I A
NN s

wherein:
R4 and R35, independent from each other, are selected from the

following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1-imidazolyl, carboxyl or
hydrogen, with the proviso that R4 and R5 cannot be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof.

3. A compound of Claim 1 in which A is selected from the following:

REPLAGEMENT SHEET
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" 275 tri mot hyl - propyl amino) - cycl obut 3. ene. 1, 2-di one IIIIIIIl Il I|||| llIII Il IIII

3- (6- et hoxy- qui nol i n- 8-yl am no) - 4- et hyl am no- cyclobut 3-efie-“1%2Mi 8
3-tert-butyl am no-4- (qui nolin-6-yl am no) - cycl obut - 3- ene- 1, 2- dlone or

3- (i soqui nol i n-5-yl am no) - 4- met hyl am no: ggcl obut - 3-ene- 1 , 2-di one. 7.
A conmpound of Claim1l which is: 3-tert-butyl am no-4-(

1H i ndazol - 6- yl am no) - cycl obut - 3-ene-1 , 2-di one;

(exo)-4-[2-(bicyclo[2.2.1] hept-2-yl am no) - 3, 4- di oxo-cycl obut - 1- enyl am no] -
benzonitrile; or

4-[ 3, 4-di oxo-2-(1, 2, 2- trlnﬁvﬁyl propylan1 0) -cycl obut - 1- eqxlan1no]

benzenesul f onam de. V% //

/l\ /N S
N ;Rs ]/"“93

wherein:

R4 and Rs, independent from each other, are selected from the
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1-imidazolyl, carboxyl or
hydrogen, with the proviso that R4 and R5 cannot both be hydrogen simultaneously;

or a pharmaceutically acceptable salt thereof.

4, 3-Alkylamino-4-[(substituted phenyl)amino]-cyclobut-3-ene-1,2-dione in
which said alkyl group contains 1 to 6 carbon atoms and the phenyl group is
substituted by 1 or 2 cyano, nitro, amino, halo or carboxyl group.

REPLACEMENT THEET

5. A compound of Claim I which is:
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e 8. A conpound of Caim1 which is 4-[3,4-dioxo-2-(1,2,2
propyl am no) - cycl obut- 1 -enyl am no]-benzonitrile. 9. ““Mﬂm“mu)m{
Claiml whichis (+)-(R-4-[3,4-Dioxo-2-(1,2,2-trimethyl- * ¢ t # s =
propyl am no) - cycl obut- 1 -enyl am no] - 3-ethyl -benzonitrile. 10. A
conpound of daim1l which is (+)-(R)-4-[g} 4-D oxo-2-(1,2,2-trinethyl-
propyl am no) - cycl obut - 1-enyl am no] - 3- net hoxy-benzonitrile.
- 35 - 11. A pharmaceuti cal conposition conprising a
conpound as clained in any one of Clainms 1 to 10 in conbination or

associ ati on ichftidinANARRRGTYL(1 220 -tim@FIeRbaRkMino)-cyclob®-EhL 2-dione;

(ex0)-3-(bicyclo[2.2.1]hept-2-ylamino)-4-(pyridin-4-ylamino)-cyclobut-3-ene-1,2-
dione;

3-(pyridin-3-ylamino)-4-(1,2,2-trimethyl-propylamino)-cyclobut-3-ene-1,2-dione;
3—(2-met.hylethy1amino)~4-(pyridin-3-y1amino)(cyclobut-3—ene-1,2-dione;
3-dimethylamino-4-(pyridin-3-ylamino)-cyclobut-3-ene-1,2-dione;
3-amino-4-(pyridin-3-ylamino)-cyclobut-3-ene-1,2-dione; or

3-tert-butylamino-4-(pyridin-3-ylamino)-cyclobut-3-ene-1,2-dione.

6. A compound of Claim 1 which is:
: REPLACEMENT SHEET
3-tert-butylamino-4-(isoquinolin-5-ylamino)-cyclobut-3-ene-1,2-dione; | """ ST
21 JAN 1999
3-amino-4-(isoquinolin-S-ylamino)-cyclobut-3-ene-1,2-dione; e

3-{quinolin-8-ylamino)-4-(1,2,2-trimethyl-propylamino)-cyclobut-3-ene-1,2-dione;
3-methylamino-4-(quinolin-8-ylamino)-cyclobut-3-ene-1,2-dione;
3-amino-4-(quinolin-8-ylamino)-cyclobut-3-ene-1,2-dione;
3-(quinolin-3-ylamino)-4-(1 ,2,2~trimethyl—pr§pylamino)—cyclobut~3-ene- 1,2-dione;
3-tert-butylamino-4-(quinolin-3-ylamino)-cyclobut-3-ene-1,2-dione;

3-(quinolin-3-ylamino)-4-(1,1-dimethyl-propylamino)-cyclobut-3-ene-1,2-dione;



L 12, A process for preparation of a conpound as cl ai med | ’Iﬂwl l“"\ﬁm lm
conprises reaction of a conmpound having the fornula (l1a):
where Alerr] is A as defined in Claiml, or a group of at oms ‘conveltibl &

thereto, and X is a leaving group; with a conpound having the formul a
(1v): - 34 [err] wher ein
Rlerr] and R err] are, respectively, R[e|3r] and Rlerr], as defined in Caim
1, or a group of atoms convertible thereto and, where appropriate,
converting Alerr] into A or converting Rlerr] and Rerr] or
converting Il NLo e A

conpound has’l{’ gé E-‘%ecgllrlcsn‘;'{yl %@@!ﬁ%ﬂﬁgeﬁgf 2’&252%1%# alar%%@é% Eg‘fﬁbm?ﬁnthereof
or conlléfdidmag a salt of a conpound having formula (lI) into a conpound
havi ng fornul a (r).

3-{6-methoxy-quinolin-8-ylamino)-4-methylamino-cyclobut-3-ene-1,2-dione;
3-tert-butylamino-4-(quinolin-6-ylamino)-cyclobut-3-ene-1,2-dione; or

3-(isoquinolin-5-ylamino)-4-methylamino-cyclobut-3-ene-1,2-dione.

7. A compound of Claim 1 which is:
3-tert-butylamino-4-(1H-indazol-6-ylamino)-cyclobut-3-ene-1,2-dione;

(ex0)-4-[2-(bicyclo[2.2.1]hept-2-ylamino)-3,4-dioxo-cyclobut-1-enylamino]-
benzonitrile; or

4-[3,4-dioxo-2-(1,2,2-trimethyl-propylamino)-cyclobut-1-enylamino]}-

benzenesulfonamide. REPLAGEMENT SH E:E T

2 1 JAN 1999 ‘g

8. A compound of Claim 1 which is 4-[3,4-dioxo-2-(1,2,2-trimethyl-
propylamino)-cyclobut-1-enylamino}-benzonitrile.

9. A compound of Claim 1 which is (+)-(R)-4-[3,4-Dioxo-2-(1,2,2-trimethyl-
propylamino)-cyclobut-1-enylamino]-3-ethyl-benzonitrile.

10. A compound of Claim 1 which is (+)-(R)-4-[3,4-Dioxo-2-(1,2,2-trimethyl-
propylamino)-cyclobut- 1-enylamino]-3-methoxy-benzonitrile.



. - 36 -

as 8 pharmaceut| cal 14 “lee of a compound as ol a n”‘édlmﬂlltm!&ﬂ!ﬂﬂﬁsﬁlllll
r * '

Clains 1 to 10 to prepare a nedicanent for the treatment of disbr
associated with snmooth nuscle contracti on.

- 35-

11. A pharmaceutical composition comprising a compound as claimed in any one
of Claims 1 to 10 in combination or association with a pharmaceutically acceptable
carrier.

12. A process for 'preparation of a compound as claimed in Claim 1, which
comprises reaction of a compound having the formula (Ia):

O 0]
N/
A1\ —
l?l X
H (IIa)

where Aj is A, as defined in Claim 1, or a group of atoms convertible thereto, and X
is a leaving group; with a compound having the formula (IV):

Ra1

Ra2 1v)

wherein Ra] and Ry? are, respectively, R] and R2, as defined in Claim 1, or a group
of atoms convertible thereto and, where appropriate, converting A} into A or
converting Rat and R1 or converting Ra2 into R2 and, where desired, converting a
compound having formula (I) into a pharmaceutically acceptable salt thereof or
converting a salt of a compound having formula (I) into a compound having formula
(. REPLACEMENT SHEET
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13. A compound as claimed in any one of Claims 1 to 10 for use as a

pharmaceutical.

14.  Use of a compound as claimed in any one of Claims 1 to 10 to prepare a
medicament for the treatment of disorders associated with smooth muscle contraction.
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