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(57) Abstract

The compounds of formula
(I) wherein Ry and Rz are,
independently, hydrogen, straight
chain alkyl, branched chain alkyl,
cycloalkyl, bicycloalkyl or aralkyl,
wherein the aromatic moiety of the
aralkyl group may be optionally
substituted with one to three
straight chain alkyl, halogen, nitro,
cyano, alkoxy, alkoxycarbonyl,
trifluoromethyl or triflucromethoxy
groups; Ra is hydrogen, formyl,
alkanoyl, alkenoyl, alkylsulfonyl,
aroyl, arylalkenoyl, arylsulfonyl,
arylalkanoyl or arylalkylsulfonyl;
A is selected from the
consisting of (a), (b), (c), (d) and
(¢) wherein n is O or 1; R4, R5 and
R¢ are, independently, cyano, nitro,
amino, alkyl, perfluoroalkyl, alkoxy,
perfluoroalkoxy, alkylamino, dialky-
lamino, sulfamyl, alkylsulfonamido,
-arylsulfonamido, alkylcarboxamido,
arylcarboxamido, alkanoyl,
alkylsulfonyl, perflucroalkylsulfonyl,
arylsulfonyl, chloro, bromo, fluoro,
iodo, 1-imidazoiyl, carboxyl or
hydrogen; or a pharmaceutically
acceptable salt thereof, relax smooth
muscles,
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WD 97/ 48682 -
PCT/ US97/ 09744 _ -2-
Thé synt heses of variously substituted 1, 2-di am no-cycl obut ene- 3, 4-di ones

are described_j ¥ foll owi ng publications: Tietze et al., W 1991,
124, 1215; ‘dong# e et al ., Bioconjugate Chem 1991, 2, 148; ?’%g‘r'dt et

al., Chem Ber. 1977, 110, 2506, and Neuse et al., Liebigs Ann. Chem
1973, 619. 5 : Description of The Invention

In accordance with the present invention, there is provided a group of
conmpounds represented by the formula (1): 10 [err] wher ei n:
15 R i BIG ' 1 ] |
of I to 10 CoEfROEYCLHMATVLARRBYIAATA IVveS U EREEOBHNE FRhoREFS FRIA,
carbon atons, cycloal kyl of 3 to 8 carbon atons,

bi cycl oal kyl of 4 to 10 carbon atons or aral kyl of 7 to

20 carbon atons, wherein the aromatic noiety of the aral kyl group

may be optionally substituted with one to three straight chain al kyl of 20
1 to 10 carbon atons, branched chain alkyl of 1 to 10 carbon atons,

hal ogen, nitro, cyano, al koxy of 1%@;@&%&3@, al koxycar bonyl
of 2 to 7 carbon atons, trifluoronethyl or trifluoromnmethoxy groups;
R3 is hydroSen, fornyl, al kanoyl of 2 to 7 carbon atons, al kenoyl of 3 to 7
25 c&h¢)present twventian|rizlates ¢ eyl heterbeyrlylwettylaminpoderiyatives of ar oyl
of 7 to 12 cyclobutene 3-4-dionesCBAVIRS) pRhrtiiBologich] 8tkaROYS aOproless For thGaAr bon
atons, aryl sul foanla’Of 6 . . .. . .
preparation, to pharmaceutical compositions containing them and to their use in the
treatment of disorders associated with smooth muscie contraction via potassium
10  channel modulation. Such disorders include, but are not limited to: urinary
incontinence, asthma, premature labor, irritable bowel syndrome, congestive heart
failure, angina, cerebral vascular disease and hypertension.

Stemp et al. (EP-426379) disclose a class of amino substituted
15 cyclobutenedione derivatives of chromans described as having blood pressure
lowering activity and bronchodilatory activity. Takeno et al. report a series of
diaminocyclobuten-3,4-diones in Public Patent Disclosure Bulletin No. 6-92915. Our
own efforts in this area have been disclosed in the following US Patents: 5,464,867;
5,466,712; 5,403,853; 5,403,854; 5,397,790 and 5,401,753. Several series of 1-
20 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,
Additionally, several related 1-amino-2-pyridyloxyalkylamino derivatives are
disclosed by Nohara et al. in EP-177016. The compounds of Nohara et al. are

25 reported as H-2 receptor antagonists.

A 4-pyridinylmethylamino derivative of cyclobutendione was disclosed by
Chandrakumar et al. in US Patent 5,354,746 10 possess analgesic activity. The
compounds of the Chandrakumar series require the presence of a tricyclic

30 dibenzoxazepine moiety. A 3-pyridinylmethylamino derivative of cyclobutendione
was disclosed by Ife in EP-112704 and was reported to be an H-2 antagonist. The
compounds of the Ife series require the presence of an N’-pyridyl-diamino moiety.



to 12 carbon atons, aryl al kanoyl of 8 to 12 carbon atoms or aryl al kyl -

sul fonyl of 7 to 12 carbon atons; WO 97/ 48682

PCT/ US97/ 09744 -3 -
Ais selected fromthe group consisting of:

[err] 5 WO9748682,,hh0r gjpy; nis 0 or PCTUSYIN9M4 —

R4, Rerr] and R6 are, independently, cyano, nitro, amno, alkyl of 1 to 6
carbon atons, perfluoroalkyl of 1 to 6 carbon atons, al koxy, of

1 to 6 carbon atons, perfluoroal koxy of 1 to 6 carbon atons, 10

al kylam no of 1 to 6 carbon atons, dialkylamno of 2 to 12

carbon atons, sulfanyl, alkylsulfonamdg of 1 to 6 carbon

atonms, arylsulfonam do of 6 to 12 carborf-at ons, al kyl -

carboxam do of 2 to 7 carbon atons, arylcarboxam do of 7 to

13 carbon atons, . - 15 .
sul fonyl of 1 to ‘g“é g’?ﬁ%ﬁ“ﬁ%’%?}%‘@é@,’r %ﬁ%ﬁ%&%@ﬁ@ﬂl%gﬁm% eng-3.¢;diones
6 carbon at offE deseribed n the fallowing publigations: Tietzg gt aly Ghsm Ben) 1998, 124, 1215;
brono, fl uor TDietzecr @l., Biocohjugate |Chem. ¢991) 2x ¥48;0Ehthuflt @0 &1, Chem. Ber01979,
phar maceut i caig ¥s@G6; ARl Nelle®t S2/Lieti S°A L Chem. 1973, 619.

5
Description of The i
In accordance with the present invention, there is provided a group of
compounds represented by the formula (I):
10
O
N_/
R
AAl}l | ,}' 1
wherein:
15 R1 and R2 are, independently, hydrogen, straight chain alky! of 1 to 10 carbon

atoms, branched chain alkyl of 3 to 10 carbon atoms, cycloalkyl of 3 to
8 carbon atoms, bicycloalkyl of 4 to 10 carbon atoms or aralkyl of 7 1o
20 carbon atoms, wherein the aromatic moiety of the aralkyl group
may be optionally substituted with one to three straight chain alkyl of

20 1 to 10 carbon atoms, branched chain alkyl of 1 to 10 carbon atoms,
halogen, nitro, cyano, alkoxy of 1 to 6 carbon atoms, alkoxycarbonyl
of 2 to 7 carbon atoms, trifluoromethyl or trifluoromethoxy groups;

R3 is hydrogen, formyl, alkanoyl of 2 to 7 carbon atoms, alkenoyl of 3 to 7

25 carbon atoms, alkylsulfonyl of 1 to 7 carbon atoms, aroyl of 7 to 12
carbon atoms, arylalkenoyl of 9 to 20 carbon atoms, arylsulfonyl of 6
to 12 carbon atoms, arylalkanoyl of 8 to 12 carbon atoms or arylalkyl-
sulfonyl of 7 to 12 carbon atoms;



20 : A preferred aspect of this invention includes conpounds of

formula (1) wher ei n: Rlerr] and R2 are as stated above;
R3"i s hydrogen; WO 97/ 48682

PCT/ US97/ 097 : - 4-

Ais select eéé?r”c#na%e f ol | owi ng: [err] 5 PCT/USYIO744
wherein R4, R err] and R6 are as defined above; or a pharmaceutically
acceptabl e salt thereof. Preferred values of R err] and R2
are, independently, hydrogen, nethyl, ethyl, n- or iso-propyl, n-,

I so, sec- OT tert-butyl, straight or branched chain pentyl, or 10
phenyl al kyl in which the alkyl is nethquqﬁ_or ethyl ene and in which the
phenyl noi ety may be optionally substituted with one to three
substituents selected from met hyl, ethyl, fluorine, chlorine, brom ne,
nitro, cyano, methoAys sedédieddyom the grovprdokisistigarcar bonyl , et hoxyoxycar bonyl ,
trifluoronmethyl and trifluoronethoxy. 15 R3 is preferably hydrogen.
Preferably n is O.

ANS SAAN ° AN,
/k“ /LN/(O)n )\N
ReT R ] Ry
& N £, 4 |
7~~~ o 7 K‘/Q)
Rs O g Re
Rs
__ N\
& I
Rs
5 wherein:
nisOorl;

R4, Rs and Rg are, independently, cyano, nitro, amino, alkyl of 1 to 6

carbon atoms, perfluoroalkyl of 1 to 6 carbon atoms, alkoxy, of
1 to 6 carbon atoms, perfluoroalkoxy of 1 to 6 carbon atoms,

10 alkylamino of 1 to 6 carbon atoms, dialkylamino of 2 to 12
carbon atoms, sulfamyl, alkylsulfonamido of 1 to 6 carbon
atoms, arylsulfonamido of 6 to 12 carbon atoms, alkyl-
carboxamido of 2 to 7 carbon atoms, arylcarboxamido of 7 to
13 carbon atoms, alkanoyl of 2 to 6 carbon atoms, alkyl-

15 sulfonyl of 1 to 6 carbon atoms, perfluoroalkylsulfonyl of 1 to
6 carbon atoms, arylsulfonyl of 6 to 12 carbon atoms, chloro,
bromo, fluoro, iodo, 1-imidazolyl, carboxyl or hydrogen;

or a pharmaceutically acceptable salt thereof.

20 A preferred aspect of this invention includes compounds of formula (I)
wherein:
R} and R are as stated above;
R3 is hydrogen;



Preferred values of R4, R err] and R6 are, independently, hydrogen, cyano,
‘nitro, - am no, nethyl, nethoxy, chloro, brono, fluoro, iodo,
trifluoronethyl, trifluoromethoxy or carboxyl. 20

Conmpounds of fo a (1) of particular interest are: -(] .1 _
_di met hyl pr 89 %o) 4-[ (pyri di n-4-yl met hyl ) - ani no] - cycl o%&i”-‘?%%‘l“ 1%-
di one or a pharmaceutically acceptable salt thereof;

3-(1,1-dimethyl propyl am no) - 4-[ pyri di n- 3-yl net hyl ) am no] cycl obut - 3-ene- 1

, 2-di one 25 or a pharmaceutically acceptable salt thereof; WO
97/ 48682 '

PCT/ US97/ 09744 - 4. - 5-
3-(1, 1-di met hyl propyl am no) -4-[ (pyri di n-é-yl met hyl ) am no] - cycl obut - 3- ene-

1, 2-di one or a pharmaceutically acceptable salt thereof;

3-tert-butyl am no-Alis[selerted Sofir e FolloRMkp: | ) am no] - cycl obut - 3-ene-1, 2-di one or
a phar maceutically acceptable salt thereof; 5

3-tert-butylam no-4-[ (pyriding3-yl met hyl Jam no] - cycl QQut - 3-ene- 1, 2-di one or

a pharmaceutically acceptlabl e salt thereof;
3-tert-butyl am no-4-[ (pyridi yl met hy 1 No] - cyc -3-ene- 1 ,2-dione
or a phar maceuti cal | gacceft abl € t Rhereq;

3- (i sopropyl - et hyl - am no) - Mo pfri di n-4-}§§l,n¥t hyl )-4; ! -cycl obut - 3- ene-
1, 2-di one 10 or a pharmacBgti cal | y adeptabl e saR; t hereof ;

3 [ (5-nitro-benzofuran-2-yl nmethyl)-amno-4-(1

, 2, 2-trimet hyl propyl am no) - cycl obut - 3- ene-1, 2-di one or a
pharmaceutically acceptable salt thereof;
3-(1,1-dimethyl-propyl am no)-4-[(5-nitLQ-be

8f ur an- 2-yl met hyl ) - am no] - cycl

obut - 3- ene-1, 2-di one or a pﬁar g y acceptable salt thereof;
15 1

3-tert-butyl am no-4-[(5-nitro-benzof LR/ - 2-9I met hyl ) - am no] - cycl obut - 3- ene-
1, 2-di one or a pharmaceuti cal I y accept abl e salt thereof;

2-[[2-(I,1-di nethyl - propyl am no 4- di oxo- cI obut- |-enyl am no]-nethyl) -

benzof ur afk- 5- car boni t r iWhereis R, M&@Gtaﬁé ofl abeveept abl e salt thereof;

2- [[3, 4- dIO % L Hélﬂ no) cyclobut- 1
- enyl am nol - rretaﬁ’h%n&e l;'g&tegégt’ur an-b5-carbonitrile or a pharmaceutically

acceptabl e salt thereof;
2-[(2-tert-butyl arﬂmknﬁ ﬂaldtsmf&mpdme independently, rhydrogen,hmedhyb ethyhf ur-an- 5-
carbonitrile e I
2-[[2-(1,1-di o ﬂsyﬁng‘wi tE g{, S 4’?‘%{?n5&§§§%9§ﬁ8§ %&a‘cﬂ“n%ﬁﬁ%‘fmil Yl ami no] -
10  phenylalkyl in whlch the alkyl is methylene or ethylene and i m which the pheny
moiety may be optionally substituted with one to three substituents selected from
methyl, ethyl, fluorine, chlorine, bromine, nitro, cyano, methoxy, ethoxy,
methoxyoxycarbonyl, ethoxyoxycarbonyl, triflucromethyl and trifluoromethoxy.

15 R3 is preferably hydrogen. Preferably nis 0.

Preferred values of R4, R5 and R¢ are, independently, hydrogen, cyano, nitro,

amino, methyl, methoxy, chloro, bromo, fluoro, iodo, trifluoromethyl,
trifluoromethoxy or carboxyl.

Compounds of formula (I) of particular interest are:
3-(1,1-dimethylpropylamino)-4-[(pyridin-4-ylmethyl)-amino}-cyclobut-3-ene-1,2-
dione or a pharmaceutically acceptable salt thereof;
3-(1,1-dimethylpropylamino)-4-Ipyridin-3-ylmethyl)amino]cyclobut-3-ene-1,2-dione

25 or a pharmaceutically acceptable salt thereof;



met hyl ) - benzof uran-5-carbonitrile or a pharmaceutically accept abl'e salt
t hereof; 25
3- [(pyr| di n-4-yl net hyl )-am no] -4-(1, 2, 2-tri nmet hyl - propyl am no) -cycl obut - 3-e

ne- 1, 2- | or a pharmaceutically acceptable salt t . _
2- [[2-(1,1 v&?rgreh yl - propyl am no) - 3, 4- di oxo-cycl obut-1 M’&%’Wm

- enyl am no] - net hyl ) - 3- chl or o- benzof uran-5-carbonitrile or a
pharmaceutically acceptable salt thereof. 30 It is understood

that the definition of the conmpounds of fornula (I) when Rlerr],
Rlerr], R3, R4, Rlerr] or R6 contain asymetric chiral centers, enconpasses

al | possi bl e stereoi soners and m xtyres thereof which possess the
activity discussed below. In particlliar, it enconpasses racemic
nodi fications and any optical isonmers which possess the indicated

act t tixdll .3-ene-
act '4\§ |68¥ Opt ix@l1-Bissmisropyiamine)-appytamd- yﬂxeﬂwl)ﬁmixm-'%y&b’but ascgrl%/lOZg-glgﬁp

- 6- st an&é?@hmﬁcﬂ%a‘tc%ﬁ?tf t'ﬁ]%@cr&? enant i oner speC| fic synthesis.
It is under st Gotgrtthwtylamino-4kpyridimé-vimetbyDamivelgysiobus3-end-1.2rdjmearki ne for ns

of conpounds  @hafmiicBtically hacepﬁﬂesakmeﬁgfrpounds of this invent | on,
throughout th| Lficati 4-di ones or
1, 2-di ones® THE® %ﬁ’éﬂf&%t&'é‘&"@%?fft‘@'"iéf'gﬁtbgﬁwﬂgla‘%ﬁ@%w '?fel 5&’%‘?“&"5“ conpounds
of this i nvenwhmmlémaﬂbwcmblcﬂidthemﬁt such organi ¢ and inorgani c acids
as: lactic, C'Stl%hﬁbutﬁﬁﬁﬁxb%[(ﬁﬁ{di@ﬂyﬁnetﬁ}l‘iﬁﬁlﬁb cﬁﬁbte'.’of e- Bl dR5He Or a

hydrochlorlc robrom c n|t uric,
net hanesul fonlg 8‘"&“ pegepty b‘Eﬁ‘ﬂhﬁﬂ&e eptabl e aci ds. Where R4, R5 or

R6 contains a 3c@mbmpyl mgﬂwhmumhﬁt[@yuﬁmt-%ylmmy@mm& oyfcldbhi-3-ene-1,2-dioreNt i on

may be forloedombhuhﬁs&mcmw&ceﬁaﬁémtme@fta'S (Na, K, Li) or the alkaline
10 earth net resent. invention al so provides

a process for 'ﬁ%“ﬁo' F%%‘é‘r? ~Ymethy l)'am'BB'g&@r?dmﬂteﬂfy inP)-cyaiphuls 3-
particul arly, entrd.2cdiomoonaghanhaceatioally acceptablewsit thereof; prepared by reacti ng
a conpound of 3f-@rlnaihﬁth(yi Hopyfhﬁnno)—#[(S—nm'o—benzofuran-2 -ylmethyl)- amm?]-&clobuﬁ} :
Lerr] g -d10ne or a hamlxgc%uncall g&\” tggle%l?llﬂgreo or “exanple, methoxy,
et hoxy, i sopr SB‘E) v P Yy accep ;
3-tert-butylamino-4-[(5-nitro-benzofuran-2-ylmethyl)-amino]-cyclobut-3-ene-1,2-dione
or a pharmaceutically acceptable salt thereof;
2-{[2-(1,1-dimethyl-propylamino)-3,4-dioxo-cyclobut-1-enylamino] -methyl}
benzofuran-5-carbonitrile or a pharmaceutically acceptable salt thereof;
2-{[3,4-dioxo-2-(1,2,2-trimethyl-propylamino)-cyclobut- 1-enylamino}-methy! } -

20  benzofuran-5-carbonitrile or a pharmaceutically acceptable salt thereof;
2-[(2-tert-butylamino-3,4-dioxo-cyclobut- 1-enylamino)-methyl]-benzofuran-5-
carbonitrile or a pharmaceutically acceptable salt thereof;
2-{[2-(1,1-dimethyl-2-phenyl-ethylamino)-3,4-dioxo-cyclobut-1-enylamino]-
methyl }-benzofuran-5-carbonitrile or a pharmaceutically acceptable salt thereof;

25  3-[(pyridin-4-ylmethyl)-amino]-4-(1,2,2-trimethyl-propylamino)-cyclobut-3-ene-1,2-
dione or a pharmaceutically acceptable salt thereof;
2-{[2-(1,1-dimethyl-propylamino)-3,4-dioxo-cyclobut-1-enylamino]-methyl }-3-
chloro-benzofuran-5-carbonitrile or a pharmaceutically acceptable salt thereof.

30 It is understood that the definition of the compounds of formula (I), when Ry,
R2, R3, R4, R5 or R contain asymmetric chiral centers, encompasses all possible
stereoisomers and mixtures thereof which possess the activity discussed below. In
particular, it encompasses racemic modifications and any optical isomers which
possess the indicated activity. Optical isomers may be obtained in pure form by



but oxy, hal ogen or a simlar |eavi ng group with a conpound of formula

(rrr):s Rai [err] wherei n Ral
and Ra[err] are R err] and R2, respectively, as defined hereinbefore or
group of atons convertible thereto. The subsequent in rrgyol7 e rray
then be al | BRSPS react with a conpound of formula ( %f m?‘;e
wherein Alerr] is A as defined hereinbefore or a group of atons convertl bl e
thereto. The reactions mentioned above nay be carried out in a solvent
such as acetonitrile, WD 97/ 48682

PCT/ US97/ 09744 -7-

nmet hanol , et hanol, tetrahydrofuran or dipxane at el evated or anbi ent _
t enper at ur es. Furthernore, the order of reaction nay be reversed, that
i's, a compound of formula (1m may be aIIovved to react initially with
a conpound ofh @i dbmrdtol hechhlifies or enaftithied cgﬂaﬁgleeﬁ'.émemg dign be

allowed to react W th a u ScCrj
her ei nbef or e 1§ ZAVGRLRN ?‘Pf@"’g’gﬁ &Aﬂgsﬁﬁ“ﬁfpﬁﬁ géquo{n& of formula ¢ (. e
conmpounds of componrids of this inmentioncthroughaut this epetificationy areqeaivaislpnamdd s ar e

SOt MuSC! § 4 AYARE St 3 illeh 1T pitkaBOl Al WO GARNIE Yeaed U B HQid.  They

are usef the tr at ment ers associ a

snoot h rru§c| @TB"“’IS’&Hf thiginvention grehpsedesived, fram suchorganie and ipergapisacids rruscl e
contraction a$:ladie, citricpaceyic, tartaric, supcinic|, sabdic, amlonﬁnhydmﬁﬂm)mydlﬁbroﬁﬁc,t he

gastro-int ES@ Bihotié,iiric{ SifibicAhelhahdsh AbH i&awﬁlnz y, knoW W GtRbe 283412 2N

hair | t
Channel st | SR 0 1 s SORRPL A T Sy #aﬁesgem%o&r@éaiis' o

hypert ensi on inveatigemay be forardtwitiobdses sach a$ alkkle metal@Nak, K, Lssrahe dkalmgoxi a
and ot herl&%anﬂ'ﬁﬁ&%@%?ﬁﬁt i ve disorders.

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 (1I):

/\;’(

X

15

(n

wherein X is a suitable leaving group, for example, methoxy, ethoxy, isopropoxy,
butoxy, halogen or a similar leaving group with a compound of formula (I1I):

,Ra1

HN

~

R
20 _ 2 am

wherein Ra1 and Ry2 are R1 and R?2, respectively, as deﬁned hereinbefore or a group

of atoms convertible thereto. The subsequent intermediate may then be allowed to
react with a compound of formula (IV):

25 A| —CHzNHg (IV)

wherein Aj is A as defined hereinbefore or a group of atoms convertible thereto, The

reactions mentioned above may be carried out in a solvent such as acetonitrile,



The preéent I nvention accordingly provides a pharmaceutical conposition
whi ch conprises a conpound of this invention in conbination or association
wi'th a pharmaceutically acceptable carrier. In particular, the

present inveptl ovi des a 20 phar maceut i cal corrpositiongjé,ﬂi ] -
conpri ses an%‘*’?@g&ave anount of a conpound of this if ?f’@ﬁ"énd a
phar maceutical ly acceptable carrier. The conpositions are
preferably adapted for oral adm nistration. However, t hey may be
adapted for other nodes of admi nistration, for exanple, parenteral 25

adm nistration for patients suffering fromheart failure. In
order to obtain consistency of admnistration, it is preferred that a
conposition of the invention is in the fofmof a unit dose. Suitable unit
dose forns i nclude tabl ets, capsul es and powders in sachets or vials.

Such uni t dosandtRdddE, dififiof Retrah§@dkhA of 8RR ab ededvarkdbr FphbRint f’enﬁﬁm&wd of
the.i nvention r“% tg,rbefif‘abllg% f{om 2 to 50 ﬁg LStill fur F preferred
unit dosage ff CTEY- 4P O%ier 8t Zaction may be rexerseh gt i 2 compoupd,g fﬂ"@g’ént

i nvention. ThdIld ango be@dlowkd tth geant daigially  witte at Gompoond df Forrouta (6}, e The

orally at a dGQgBseqdéHd $ntm _ r dose
Cange of 0.1 el \A%hgg;nz ég%wumm&et%hac%ﬁwmgf@hn@na |

PCT/ US97/ 057 4 411]) as described hereinbefore, to give the compounds of formula (I). . 8-

to 10 ng/ kg. Such conpositions may be adninistered from1l to 6 tinmes a day,

mor € usual I'y e @hdpiithdd of FiRBIaATEM their %hamaceutically az%ta%mﬂ hee! ONS
5 excl prLents, such

of the invention b rmul ated W th convent1 onal .

as a filler, é"’&f’&aﬁl"é‘gf éfolﬁﬁﬂ“%\b&ﬁf'?“‘ag HF%BB‘F?S"H“ICSB?W"& afivatigns Theyopmen g

agent and t he thérkfore Tisefpl an ahé greatment edf disordersvassodiaed| witlaisamoth hiuscle

exanpl e, 10 @ contractiBR WiSdrders mJoWin%&cEi@e sitRoth Inﬂgclé(%gmc@tm ampﬁﬁﬁ;ﬁgs' ve
l.ockin e

agents, diuretics, a d [err]: agent s .. resent
i nvention fur ttﬁﬁ?(sﬂ&b@% lﬁgg‘ltﬂ‘cﬂwﬁgdﬁ%ga antestinal fract (such as iigablgbowel 5
acti ve phar nacgadrome), asthma land haie loss. cFurthsshenecthe cénpqumds ofsfonhulh @D e, aas( | )

are of P olasitmehatifed acfivdthis, |UEHIE FdrQfeafthert ’B?BEﬁpchagcﬁﬁj E&E& on.
The present invention further ovi des a nethod of "treati ng snoo miscl e
15  di sorderg'yP?fthHaF‘énﬁcﬁ‘é‘feﬂé"raﬁ’g 16> SHpifce AnKighy, crebel anoniaaed othesg ¢ o

t he affl i dfed neurodegenerative disorders.

The present invention accordingly provides a pharmaceutical composition

which comprises a compound of this invention in combination or association with a

pharmaceutically acceptable carrier. In particular, the present invention provides a

20 pharmaceutical composition which comprises an effective amount of a compound of
this invention and a pharmaceutically acceptable carrier.

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

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

30  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
the present invention. The cdmpounds 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



manmal an effective anount of a conpound or a pharmaceutical conposition of
t he . i nvention. The foll owi ng exanpl es are presented to
illustrate rather than limt the 20 nmet hods for production of
Eﬁg;gfgnaatlve coqggunds of the invention. PCTIUSOTI09748  —
3-(1, 1- D net hyl pr oyl am no) - 4- [(pyr|d|n4 yl met hyl ) -am nol - 25
cycl obut - 3-ene- 1. 2-di one A sol ution of
3, 4-di but oxycycl obut - 3- ene- 1, 2-di one (4.526 g, 20 nmol) and
1, 1-di met hyl propyl am ne (1.743 g, 20 nmmol) in tetrahydrofuran (20 nlL) was
stirred at roomtenperature for 19&5 hours. The sol vent was renoved
and the residue was 30 chr omat ogr aphed (‘gravi ty, chl orof orm hexane) on
neutral, activity Ill silica (150 g). The white solid isolated from
the appropri aioel(ﬁlnﬁﬁc?e%u&%oxﬁ &ib'ﬁ&?da ibg RAmidiREed BUA P10l Primes auia)]él'nr\(ﬁ'e‘1 105
g (86% of a h oduct 5[err]C (softens 55.5[err]C), One
gram of USUAYS Eﬂﬁ%ﬂ“’ %@crystalllzed twice from hexane to provide
0.794 g of 3-butoxy-4-

(1,1-dimethylpr ODVWMM% 4%5%%%0& shiyf bO Bomftards Wiin' Eonv@heidhiat P

56-57[err] C
PCT/ U[Sg 7/ ](@7 4excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring

(softens 55' Ggen} aiid {hel 1R TheyBee fifinulatedSinGdnventiofial 4fanhtNPorexampld;lin a

rot omers : 1k 26 (M
br, 6] ), 0. glﬁ?nncr s |_blxllﬁlrrto iy ugc‘d) for]kn@Zm(dth%ertc%i%Ie: aéir;% tﬁqﬂ%ggﬁlﬁ% g o (
cnjerr]; M (h’P‘z‘lP"QBGF"(-"I\/[ err]) 5 A sol ution of the above

3- but oxy-4- (1, 1- di met hyl pr opyl am no) - cycl obut - 3- ene-1, 2-dione (1.197

9. (50 MTRY) and 4yiROE N il 4 oo of e invlibp A QL VT a0

(10 nL) was stirre room

freed of sol v@nvctyﬁwhemacwsqahwet GraReticisubstance.d Campenngs of ffgnnu&at%maﬁd
dried to parfitalst whe irl the Iughied ofasnivoftf meseld laxdtioar yst al | i zation (tw ce)
of the crude product from 10 nethanol gave 0.832 g (61% of
3-(1,1-dirrethy|pro_8?lllamno- l pyridin-4- .

yl met hyl ) - ani no] cy &h&Birsens inysation Surthe Reovides 2 Meihed of BEgingfooghmuscle
258. 0- 2591%C 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.

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

25 «3- -di

A solution of 3,4-dibutoxycyclobut-3-ene-1,2-dione (4.526 g, 20 mmol) and
1,1-dimethylpropylamine (1.743 g, 20 mmol) in tetrahydrofuran (20 mL) was stirred
at room temperature for 19.5 hours. The solvent was removed and the residue was

30 chromatographed (gravity, chloroform-hexane) on neutral, activity III silica (150 g).
The white solid isolated from the appropriate eluates was recrystallized from hexane to
give 4.105 g (86%) of a white product: mp 56.5-57.5°C (softens 55.5°C), One gram
of this material was recrystallized twice from hexane to provide 0.794 g of 3-butoxy-4-
(1,1-dimethylpropylamino)-cyclobut-3-ene-1,2-dione as a white solid: mp 56-57°C



dec (softens 257.5C); [err]H NMR (DVSO-d6):[err] 8.56 (m 2H), 7.86 (m br,

1H), 7.46 (s, br, 1H, 7.32 (m 2H), 4.77 (d, 2H), 1.67 (q, 2H, 1.32
(s, 6H), 0.83 (t 3H). IR (KBr): 3270, 1790, 1650 cnierr]; M (nlz)
273 (I\/[err]) El emental Analysis for (Jerr]H err] N30 -
Cal cd: 8"‘13’1'”‘"?#’ 7.01; N, 15.37 Found: %‘ég"’g%”“’?f“
6.88; N, 15 12 20 Exarrpl e 2

3-(1, 1- D et hyl propyl am no) - 4-[ pyri di n- 3-yl met hyl ) am nol -

cycl obut - 3-ene-1, 2-di one 25 Tetrahydrofuran (10 ni),

3- but oxy-4-(1, 1- di net hyl propyl am no) cycl obut - 3- ene-1, 2-dione (1.197
g, 5.0 mol, as prepared in Exanple I), ang_3-am nonethyl - pyri di ne

(0.541 g) were stirred together at roomtefiperature for 24 hours. The
reaction nmass was freed of solvent and the residue was triturated with

Two. rocrystal | Oums AT IF AR EMSO Bl 565 X a€ (PRI fif B 885,
(65% of 3- (1, Xmdbrm2Hy).6F Gaybir AH)N 059 4m, 2H), 1.26 (m, br, 6H), 091 (¢, 3H), 0.78 (¢, 3H).

[ pyridin-3-yl rqutle)gargﬁg ] £290) Pﬁ@bkﬂ?‘ﬂ?(n% 2@%13 as a white solid: np
263. 5- sof tens’ 260. 0C); [err (DMSO-d6): [err] 8.57 (m
1H), 8.52 (m 1H), 780 (m br,. 1H), 7.76 (m 1H), 7.41 (m 1H), 7.39
(s, br, 1H) 5 4. 72 (& sGudion of Gie 4hpvc2—§outoxy-4 ~-(1,13diB@thyiprogiamind)-8Lclobut-33H) .

{MF; 5(95/523 s 822301@&7199-:116‘:.@5?1 P9 & 74.0 fRolyakd 4-ehthoaddifkdibgidihe (0.541 g) in
PCT/ US97/ 09744 tetrahydrofuran (10 mL) was stirred at room temperature for 23 hours. The mixgure

El enment al Anal wedsSfréedr of Godvent kide the| iel§id@e was triturated with @adtlryl: etherGndGdsiedtp H,

Exgrlrp I s 315 37 provide 1.154 g of a P Sblid. l&cr@@alﬂz%ﬂoh‘(tvﬁceg%f thb créde Bfdduct from

3- (1, 1- Di méOnyIPeeHorlnBats - %832 8 1 (64M. of y 3 Ingimpipiprepylamino)-4-|(pyridin-4-

ylmethyl)-amino]cyclobut-3-ene-1,2-dione as a white compound: mp 258.0-259.5°C
dec (softens 257.5°C); 'H NMR (DMSO-dq): & 8.56 (m, 2H), 7.86 (m, br, 1H), 7.46 (s,
br, 1H), 7.32 (m, 2H), 4.77 (d, 2H), 1.67 (q, 2H), 1.32 (s, 6H), 0.83 (t, 3H). IR (KBr)
3270, 1790, 1650 cm™; MS (m/z) 273 (M").

15
Elemental Analysis for C;sH;9N30;
Calcd: C, 65.91; H, 7.01; N, 15.37
Found: C,65.55;H, 6.88; N, 15.12
20 Example 2
25 Tetrahydrofuran (10 mL), 3-butoxy-4-(1,1-dimethylpropylamino)cyclobut-3-

ene-1,2-dione (1.197 g, 5.0 mmol, as prepared in Example 1), and 3-aminomethyl-
pyridine (0.541 g) were stirred together at room temperature for 24 hours. The
reaction mass was freed of solvent and the residue was triturated with diethyl ether and
dried to afford 1.228 g of a cream-colored solid. Two recrystallizations of this
30 material from methanol provided 0.887 g (65%) of 3-(1,1-dimethylpropylamino)-4-
[pyridin-3-ylmethyl)amino]cyclobut-3-ene-1,2-dione as a white solid: mp 263.5-
264.5° C (softens 260.0°C); 'H NMR (DMSO-dg): 8 8.57 (m, 1H), 8.52 (m, 1H), 7.80
(m, br, 1H), 7.76 (m, 1H), 7.41 (m, 1H), 7.39 (s, br, 1H), 4.72 (d, 2H), 1.66 (q, 2H),
1.30 (s, 6h), 0.82 (t, 3H). IR (KBr): 3230, 1790, 1650 cm™; MS (m/z): 274 (M+H)",



cycl obut - 3-ene-1. 2-di one 10 A sol ution of

3- but oxy-4- (1, 1- di net hyl propyl am no) - cycl obut - 3-ene- 1, 2-di one (0.622
g, 2.6 mmol, as prepared in Exanple 1) and 2-am nonet hyl pyridine (0.281 g,
2.6 mol ) i ydrofuran (5 nL) was stirred at roomte for
hours. 9'ﬁiermva of solvent, trituration of the re5|dueﬂ%H¢§%Hé?hl

et her and dryi ng gave 0.656 15 g white solid. Recrystallization (tmﬁce)
of the crude product fromacetonitrile afforded 0.447 g (63% of
3-(1, 1-di met hyl propyl am no) - 4-[ (pyri di n- 2-yl met hyl ) am no] -
cyclobut-3-ene-1,2-dione as a white solid: np 192.0-192.5 C (softens

188.5[err]); [err]H NI\/R(DIVISOd[errlJ)) [err] 8.58 (m 1H), 8.00 (m
br, 1H), 7.82 (m 1H), 7.58 (s, br, 1H), 7.37 (m 1H, 7.33 (m 1H),
4.85 (d, 2H), 1.67 (q, 2H), 131(s 6H), 0.83 (t, 3H). IR 20 (KBr):
3210, 1790, 1660 cnferr]; M5 (mz): 273 (IMW). El emental Anal ysis for
C[err]H[err] | cd: C, 65.91; H 7.01; N, 15.37
Found: g%gfg{ai hnalgs1§£or q\‘lsﬂ'fg"' B 25

Exanpl e 4 Calcd:  C,65.91;H,7.01; N, 15.37

3-tert-Butyl am no;.-(gmh( py@ gsgylﬂyj ggatl\hxg_)_;gm nol -

cycl obut - 3-ene-1, 2-di one In a procedure simlar to that
descri bed?in Exarrple 1ut|I|2|ngthe appropriate starting materials,

3-tert-butylam no-4-[(pyridin-4-yl retEgampleno] - cycl obut - 3- ene-
1,2-dione was prepared as a white solid: np 271.0-271.5[err]C (softens at

269.5[err] C). (11D Sr 48982 ) & [ oyridin-2-vimethyhamino]
PCT/ US97/ 09744 ={l.1- - =4 L - 11 -

Exanpl e 5 =3-
3-tert-Bygyl am no 4-[ (pyridin-3-yl rrethyl)am noI
cvcyl obut - 3- ene- rocedure simlar_to that

described in Exanﬁi SBP‘H'WBPFI?‘%EF%“& Hel- Q’HI?F}B’}BWP@EI '"°)'°y°l°b“t'3'°"°’l 2-dione
(0.622 g, 2.6 mmol, as prepared in Example 1) and 2-aminomethylpyridine (0.281 g,

2.6 mmol) in tetrahydrofuran (5 mL) was stirred at room temperature for 22 hours.

Removal of solvent, trituration of the residue with diethyl ether and drying gave 0.656 -
15 g white solid. Recrystallization (twice) of the crude product from acetonitrile afforded

- 0.447 g (63%) of 3-(1,1-dimethylpropylamino)-4-[(pyridin-2-ylmethyl)amino}-

cyclobut-3-ene-1,2-dione as a white solid: mp 192.0-192.5° C (softens 188.5°); 1

NMR (DMSO-d,): 8 8.58 (m, 1H), 8.00 (m, br, 1H), 7.82 (m, 1H), 7.58 (s, br, 1H),

7.37 (m, 1H), 7.33 (m, 1H), 4.85 (d, 2H), 1.67 (q, 2H), 1.31 (s, 6H), 0.83 (t, 3H). IR
20 (KBr): 3210, 1790, 1660 cm™; MS (m/z): 273 (M").

Elemental Analysis for CysH;yN30,
Calcd: C, 6591; H,7.01; N, 15.37
Found: C,65.78;H,6.94; N, 15.48

30
' In a procedure similar to that described in Example 1 utilizing the appropriate
starting materials, 3-tert-butylamino-4-[(pyridin-4-ylmethyl)amino]l-cyclobut-3-ene-
1,2-dione was prepared as a white solid: mp 271.0-271.5°C (softens at 269.5°C).



starting materials,
3-tert-butylam no-4-[ (pyridin-3-yl net hyl)am no] - cycl obut - 3- ene-
1, 2-dione was prepared as a white solid: nmp 296.0[err]C dec. (softens at

290.5 O). 10 Exanpe _
3-tert-Butyl anP 54%81(pyr| di n- 2-yl net hyl ) am nol - pcrmss‘l/w‘m :
cycl obut - 3-ene-1, 2-dione 15 In a procedure simlar to that
described in Exanple 1 utilizing the appropriate starting materials,

3-tert-butyl am no-4-[ (pyridin-2-yl net hyl)am no] -cycl obut - 3- ene-
1,2-dione was prepared as a white solid: np 236.0-236.5[err]C dec. (softens
at 233.5[err] Q). ETH Exanple 7 20
3-(Isopropy|-nethy|-anino)-4-[(pyridin-4-bﬁnethyl)-anino]-
cycl obut - 3-ene-1, 2-di one In a procedure simlar to that
described in Exanple 1 utilizing the a!@ﬁﬁ?&ﬂite 25 starting materials,
3-(isopropy|-nethy| am no)-4-[ (pyridin-4-yl'nethyl)-am no] -

cycl obut - 3-ene-1, 2-di one was prepared as a mhlte SO|Id nm

214.5-215. O[err]C dec. WO
97/ 48682 :

PCT/ US97/ 09744 ' -12-
Exanpl e 8

3-[(5-Ni tro-benzof dnarptﬁeoﬁhmsirhglar)tedmdmdbc(d]mﬁxﬁmplel lrmilizyigahomirqmm)
cycl obut - 3- ene, - . g,
e o mmli“aﬁ% ls,%tclgrb#glannnﬂ Wmamﬁg&ﬁy e” b@g%c
acet one oxi me 1e 59 def“"s’tgﬁrorp% f‘?ﬂﬁ

O[err]C, 4-nitrof|uorobenzene (10 00 M, 94.6 nmmol) was |ntroduced Vi a
syringe angythe resul ting mxtureWrred for 1 hour. Brine (400
m.) was added and the resulting 10 precipitate was col |l ected by
filtration. The product was washed with wat er and dried in

15 In a procedure similar to that described in Example 1 utilizing the appropriate
starting materials, 3-tert-butylamino-4-{(pyridin-2-ylmethyl)amino]-cyclobut-3-ene-
1,2-dione was prepared as a white solid: mp 236.0-236.5°C dec. (softens at 233.5°C).

20

In a procedure similar to that described in Example 1 utilizing the appropriate

25  starting materials, 3-(isopropyl-methyl-amino)-4-[(pyridin-4-ylmethyl)-amino]-

cyclobut-3-ene-1,2-dione was prepared as a white solid: mp 214.5-215.0°C dec.
(softens at 211.5°C).



vacuo to atford 18 g (100% of white solid: [err]H NVR (DVBO-d6): 8 8.20
(d, 2H), 7.25 (d, 2H), 2.06 (s 3H), 2.11 (s, 3H. The
above oxi me adduct (10.39 g, 53.56 mMvl) was heated in saturated ethanolic
15 HA (200 M@&zrefl ux. After 3 hours, the reaction m XpWpdaR,400. ed
and concent r X .&d to 1/4 volune. Water was added and the preC| pitated
cyclization product was collected by filtration to afford 9.0 g (95%
of 2-nethyl-5-nitrobenzofuran: [err]H NVR (DMSO-d[err]): [err] 8.39
(d, 1H), 8.15 (dd, 1H), 7.45 (d, 1H), 6.49 (s, 1H), 2.48 (s, 3H). 20

To a stirring solution of the above benzofuran (5.00 g, 28.25 mmol) and
benzoyl peroxide (0.68 g, 2.83 mml_)lzi_n carbon tetrachloride (200 nm.)
was added 1, 3-di brono- 5, 5-di et hyl hydantoin (4.04 g, 14.12 mol). The
m xture was irradiated with a 200 watt |l anp while stirring for 1 hour,
cool ed and partitioned between dichl or gREinbR®:/ Wat er . The organic
phase was washed with water (2 x 100 nL) and brine (2 x 100 nL), dried 25
(MyS™4), decol orized (charcoal) and concentrat ed i n vacuo to afford 7.12 g
of crude i1z : < - Hami

afforded 4.38 g (61°/c) of 2- Mﬁﬂfro benzofuran as an
off-white oI|d [err]H NVR (CDC [err]): [err .49 (d, 1H), 8.25
(dd, 1H), 7.58 (d, 1H), 6.91 (s, 1H), 4.59 (s, 2H). 30 A m xture

of the above 2-br orfeasispénsionnftNayb&G¥log. 809 113.650mgl) i dinrhyifoirpamide (400
ﬁ% ?)SS{N;? pht hﬁ,)s ﬁoge vak, aﬁ@g%gq{c%n@%xiﬁ@mﬂ ndﬂg?/.g?lgwmér é:ﬂn;l.é lrorgx hdbr Qi
temperature. The 561'9%‘?}{“%? @Q i, 94 W“%)h&’ﬁ%}ﬁ‘“’ﬁh‘é?dt% s¥%‘!ﬁe(ﬂ5‘9 s
partitioned batswmg mixtyle wmseﬂmted fandl hbu. nBrincT#O0amighwas added and pikaresulting
washed wi tffy O.ptRiSieal wak BARCRE v Sltration. %ew.fch%s Whitkg with WarePaddldried in

o 9 6@,3?;3337 4 cuo 10 afford 18 g (100%) of white solid: 'H NMR (DMSO-dg): 8 8.20 (d, 28), 7.25

dried (MySq er(d]3HRRO6COBAR A IS8t 0 afford an of f-white solid. The crude

product was triturated with cold ethyl acetate/diethyl ether/hexane
to afford 1.47 g ( ddu asa ite solJjd: rr]H
NVR (DI\/BO dlerr]): zﬁ@r"?’?"@’%@“@ﬂ&%mi% % o) pps héed in s‘?‘“@é"d(‘%\' Ltfﬁ
7.75 (d, , HCD(200 smL)2t¥eflux5 After 3 hours, the readtiog miumwphcdmwdl and dencrdulated

(1.45 g, iﬁ%ﬁﬁ%m twatel @os Mded ahd e tated cycﬂi’dﬂi%ﬂ’p?o&@t 355 ¢Btkcted
il

refluxing et h ‘&“ %ﬁ;ﬁbﬁé {és?@”r%:qﬁ%éfgm &%“%qu i lﬁ?ﬁ\‘?‘epﬁsg’ﬁ’ﬂ) t he

Oferr]C and a
solid was 0 8.39(d, 1H), 8.15 (dd, 1H), 7.45 (d 1H), 6.49 (s, 1H), 2.48 (s, 3H).

20 To a stirring solution of the above benzofuran (5.00 g, 28.25 mmol) and benzoyl
peroxide (0.68 g, 2.83 mmol) in carbon tetrachloride (200 mL) was added 1,3-dibromo-
5,5-dimethylhydantoin (4.04 g, 14.12 mmol). The mixture was irradiated with a 200 watt
lamp while stirring for 1 hour, cooled and partitioned between dichloromethane/water.
The organic phase was washed with water (2 x 100 mL) and brine (2 x 100 mL), dried

25 (MgS0Oy), decolorized (charcoal), and concentrated in vacuo to afford 7.12 g of crude
product. Recrystallization from ethyl acetate/hexane afforded 4.38 g (61%) of 2-
bromomethyl-5-nitro-benzofuran as an off-white solid: 'H NMR (CDCl,): 9 8.49 (d,
1H), 8.25 (dd, 1H), 7.58 (d, 1H), 6.91 (s, 1H), 4.59 (s, 2H).

30 A mixture of the above 2-bromomethyl-5-nitrobenzofuran (1.57 g, 6.13 mmol),
potassium phthalimide (1.70 g, 9.19 mmol), and 18-crown-6 (0.161 g, 0.61 mmol) was
stirred in acetonitrile (15 mL) overnight at room temperature. The solvent was removed
by vacuum, and the residue was partitioned between ethyl acetate and brine. The organic
phase was washed with 0.1N sodium hydroxide (2 x 50 mL) then brine (2 x 50 mL),



washed with 6N HCO and water. The filtrate was basified wth potassium
carbonate and 10 then extracted wth ethyl acetate. The organi c phase was
dried (MgSO4) and concentrated to afford 0.74 g (86% of

2- met hyl am no- 5-ni trobenzofuran as a light yellow solid: [err N
(DVBO- d[ er r ] WOP¥BF82 g 55 (d, 1H), 8.11 (dd, IH, 7.72 (d, USR5 ~
1H), 3.84 (s, 2H), 2.00 (brs, 2H. 15 To the

2- met hyl am no-5-ni trobenzofuran (0.74 g, 3.85 mmol) stirring in
tetrahydrofuran (15 nL) at O[err]C was added

3, 4-di but oxy- 3-cycl obut ene- 1, 2-di one (1.25 m., 5.78 mmol) via
syringe. The m xture was stirred for 5 hoyrs at roomtenperature and
was then concentrated in vacuo. The residue was crystallized from ethyl
acetat e/ di ethyl ether/hexanes to-afford 0.83 g of adduct as an off-white

lid. A | .ot
Total yiel d  Ja5s QAgSCFnd forlfted %5 afral i R i ToAAT THE ch ppbdilf vy

1H rot aneri c) rigrged ‘H“h rojd °é')'k@°f'&¥f/d‘§ﬁ)’l °§h°gl9°’(3@° terptford 1.47 g7 (Hifb) §f
1H), ? 88 and ptl;tlﬁﬁmjdh dnlducnasﬁhvhxleabhﬂréﬂlNMR (DMSO{ds): 3855 (dl 1H), 8.1% (dBHH),
1.30 (m

3- But oxy- 4- [(§°%’§9l32ﬁ'%% ura?sé)oy(?%)hyl) am no] - cycl obut - 3- ene-

1, 2-di one 3 (0.250 g, 0.727 nmmol) was dissolved in an ethanolic
sol ution of R(+)-2-Ta8iabovelphthalimide adduct®1.4y gh 48R AmOD) W ArelikedCwith AjdrazindO

). Th t

ma?r;hydr gf lTr a&{ﬁ{aﬁ @%ﬁrﬂfﬁ%y aﬂ?%%r%‘“@%ﬁf g 8#3 rsgt% ?ﬁf‘d'%?" ‘%Tsrﬁ’gﬂlgfi
ani ne 0°6andrasidifiod écongdHEDatecP Rk Wh&mrt@wgs filtersdeand tthe solid wmor
48 hours at r Ph@Dwith GNIHCBAHd Water] MEhd WlRicORRIHAGNE] Wikt potaSsim Tafbohatt ark

\(’\"72(% 1: %L ?B)e t Imsf%eéxg%t?f giig g\@?a%?t%ge t’)l‘élﬁ ?&ﬁﬁg’hgi}l&ﬂ%r&qﬂgﬁf%d ang cgnccgu-ﬂed
am noj - 4- (1, 2,10 affprd Q7 g| g % pf armm))la@m%bmob@zeﬁ@amasza tightrysllowpsolid: 'H

300[err] C [erNMR (RMISO-dg): & §.551HD,)8.11 @d 1HR7G2 ({.AH)]1685 (s31R), 3(84ds, 2H)) |
7.88 (d and m @d—&m 5}6';5 (br d, 1H), 7.06 (s, : WO 97/ 48682
PCT/ US97/ 09743 e - 14-

1H), 4.98 (m 2H), 3.92 (m IH, 1.10 (d, 3H), 0.86 (s, 9H. IR (KBr):
3180, 2950,151800, To theS30nethPhthife-baritrbbenydfurad 1D.737¢, 8/85) mmol) stirrin
El (73 (r)re n}\lal 1?”2}1\,/ hydro?urat(ljk% ﬁ%‘% %gb‘;(]l %ggedsﬁ&dﬁutcg(ysfggycﬁ?%uiefcgl -glone%gl 2&'
. 5.78 mmol) via syringe. The mixture was stirred for 5 hours at room temperature
and was then concentrated in vacuo. The residue was crystallized from ethyl
acetate/diethyl ether/hexanes to afford 0.83 g of adduct as an off-white solid. A second
20 crop (0.17 g) was isolated from the mother liquor. Total yield: 75%. 'H NMR (DMSO-
dg): 89.40 and 9.20 (2 br m, 1H rotameric), 8.60 (d, 1H), 8.20 (dd, 1H), 7.80 (d, 1H),
7.04 (s, 1H), 4.88 and 4.67 (2 br m, 2H, rotameric), 4.60 (t, 2H), 1.67 (m, 2H), 1.30 (m,
2H), 0.85 (m, 3H).

25 3-Butoxy-4-{(5-nitro-benzofuran-2-ylmethyl)-amino}-cyclobut-3-ene- 1,2-dione
(0.250 g, 0.727 mmol) was dissolved in an ethanolic solution of R(+)-2-amino-3,3-
dimethylbutane (0.167 N, 6.0 mL, 1.00 mmol). The mixture was diluted with ethanol (1
mL) and tetrahydrofuran (1 mL). After 3 hours, an additional 6.0 mL of ethanolic amine
(1.00 mmol) was added and the mixture was allowed to stir for 48 hours at room

30 temperature. The heterogencous mixture was diluted with 1:1 diethylether/ethyl aceate
and filtered to afford 0.20 g (74%) of (R) isomer of 3-[(S-nitro-benzofuran-2-ylmethyl)-
amino)-4-(1,2,2-trimethylpropylamino)-cyclobut-3-ene-1,2-dione: mp > 300°C; 'H NMR
(DMSO-dg): o 8.61 (d, 1H), 8.21 (dd, 1H), 7.88 (d and m, 2H), 7.35 (br d, 1H), 7.06 (s,



Exampl e 9 10

3-(1. 1-Di net hyl - propyl am no) -4-[ (5-ni tro-benzof uran-2-yl net hyl ) - am nol -
cycl obut - 3-ene-1, 2-di one To

3- but oxy- 4 é; ni t robenzof uran- 2-yl net hyl ) - am no] - cycl obut - 3- ene- 1, 2- di one
(0.25 g, T8t ), as prepared in Exanple 8, in ethanoIP?Hmﬁﬂﬁgmas added
tert- 15 anylan1ne (0.53 nm., 4.54 mmol ). The reaction was stirred at
70[err]C for 18 hours and then at roomtenperature for 48 hours. The
preci pitated product was filtered and washed with ethyl acetate,

di ethyl ether, and petroleumether to afford 0.22 g (85% of 3-(1, 1-

di met hyl - propyl am no) - 4-[ (5-ni tro- benzof uran- 2-yl net hyl ) - am no] - cycl obut - 3-
ene-1, 2- di one as an off-white sofi4: np 283.5-287.5 [err]C (dec);
[err]H NVR (DVMSO-d6): [err] 8.61 (d, 20 1H), 8.18 (dd, 1H), 7.96 (br t,

(o 21, (dgjéw”éﬁty ity 35 . 10 b Com I suf 28#?%9 o

(m z) 71 ¥MOnent al Anal ysis for
C[err]H[err]NBQerr] 25 Cal cd: C, 60.50; H 5.36; N, 11.76

Found: Bé}lnal Hna@m}?br d\léﬂ N és

Exanpl e IO

3-tert-Bullyl am noCaled:( 5- & 6F-%:30 54k M Ah3D- yI net hyl ) - ani no] -

cycl obut - 3- ene- 1, Boudidlonec, 60.52; H, 5.50; N, 11.2p

3- but oxy-4-[ (5- ni t r o- benzof ur an- 2-y| met hyl ) am no] - cycl obut - 3- ene- 1, 2- di one
(0.25 g, 0.727 mmol ), as prepared in Exanple 8, in ethanol (5 nmL) was added
tert- ' WD 97/ 48682 Example 9

PCT/ US97/ 09744 - - 15-
but yl am (0.5 | ' at 7OC for 18
hour s anﬁ? ik hyll-aminol-

To 3-butoxy-4-[(5-nitrobenzofuran-2-ylmethyl)-amino}-cyclobut-3-ene-1,2-dione
(0.25 g, 0.727 mmol), as prepared in Example 8, in ethanol (5 mL) was added tert-
15 amylamine (0.53 mL, 4.54 mmol). The reaction was stirred at 70°C for 18 hours and
then at room temperature for 48 hours. The precipitated product was filtered and washed
- with ethyl acetate, diethyl ether, and petroleum ether to afford 0.22 g (85%) of 3-(1,1-

dimethyl-propylamino)-4-[ (5-nitro-benzofuran-2-ylmethyl)-amino]-cyclobut-3-ene-1,2-
dione as an off-white solid: mp 283.5-287.5 °C (dec); 'H NMR (DMSO-dg): & 8.61 (d,
20 1H), 8.18 (dd, 1H), 7.96 (br t, 1H), 7.81 (d, 1H), 7.46 (br s, 1H), 7.07 (s, 1H), 4.99 (d,
2H), 1.66 (q, 2H), 1.30 (s, 6H), 0.82 (t, 3H). IR (KBr): 3220, 2950, 1800 cm™'; MS (mvz)

357 (M").

Elemental Analysis for C,gH;gN3Os

25 Calcd: C, 60.50; H, 5.36; N, 11.76
Found: C,59.31;H,5.15;N,11.53

30

To 3-butoxy-4-[(S-nitro-benzofuran-2-ylmethyl)amino]-cyclobut-3-ene-1,2-dione
(0.25 g, 0.727 mmol), as prepared in Example 8, in ethanol (5 mL) was added tert-



then at roomtenperature for 48 hours. Wrkup in a manner i dentical to
Exanple 9 afforded 0.20 g (80% of
3-tert-butylam no-4-[(5-nitro-benzofuran-2-yl nethyl)-am no] -

cycl obut - 3- erwg;.”&ggy one as an off-white solid: np > 300 [erf;sﬁs?{"g;,rd(H NWR

(DVBO- db) : 61 (d, IH), 8.20 (dd, 1H), 7.91 (br t

1H), 7.59 (br s, 1H), 7.07 (s, 1H), 4.98 (d, 2H), 1.36 (s, 9H). IR
(KBr): 3220, 2930, 1800, 1675 cnierr]; M5 (mz) 344.3 [ MEH] [ err]

El emental Analysis for Cerr]Herr]N3Jerr] 10 Cal cd: C, 59.47; H,
4.99; N, 12.24 Found: C, 58.86; Hm4.78; N, 11.88

Example 11 15 BT
2-{[2-(1, 1- D et hyl yl - propyl am no) - 3, 4-di oxo cycl obut - 1- enyl am no] - nmet hyl } -
benzof uran-5-carbonitrile Acetone oxime (6.34 g, 86.64 nmol)

was adfled_ Ito du aﬁﬁaiogm 4, 485\mBY). The rdapibil Wes £t&ﬁedaa:80% %lsrseﬁ@ireand
m neral Ol

: 90 82 | t hyl f
Sl arrre Tt pons eipoEe kot 45 bowd, Wényop 34 Hihiget e 9§ Exigpie’s”
mixture was wafosded: 025[( %) qfsmbmasmmrmmm(omame ygmemnamman
was add QY clobih-3-Bife-1,23drie Qs amdff—Whﬁc weiRd: Shp 5300 °at 1 NVIR] BMSO-dlP 5

m nut es an e r e[mpe e. I’Stll’ |ng
over ni ght, th @@eéﬁﬂ%@%%#@mé% @@9%?1(5 mga%u(ﬁ’h %Ogo

resul ting whi t48%(d:@Hi .36 &s, 0. dBI (Kdrh:c 3226, 2980.t 1800 b6VS as’; Mﬁdﬂﬂé@B%& h
wat er, and drirgf ﬂvacuo Yield: 13.97 g (98 %9: [err]H NWVR ( DMBO

de) : [err] 7'} c} 7.76 (d, 2H), 2.04 (s, 3H), 2.00 (s, 3H).

To the product of the roceedl ng paragraph (13.97 g, 80.28 mml) was added
et hanol i ¢ hydrﬂkxmmllAﬁah@iSd'O(G MN3Ps The mi xture was heated at reflux for

4 hours. 3@ The reagld on @isoi4s £, 496: 0@ Ad and concentrated to 1/3 the
vol unme. The reacti ed with water, resulting in the
I nst ant aneous forn&?’f’% ofc“'g%)ﬁs%'f'I %’?@é‘?&lt te. The precipitate was
collected by filtration, washed with water, and dried i n vacuo. The
crude product was purified by HPLC (1Exsmpglhne/ ethyl acetate).

Yi el d: 7269(58% [err]H NI\/R(CDCI[err]) [err]? 79(d [err]H) 7. 47
(dd, 1H), 18.43 hélans! 3-di¢kod -Be WO

97/ 48682 - N
PCT/ US97/ 09744

Acetone oxime (6.34 g, 86.64 mmol) was added to a suspension of sodium

hydride (as a 80% dispersion in mineral oil; 2.72 g, 90.82 mmol) in N, N-

20 dimethylformamide (400 mL) at 0°C. The frothy suspension was stirred for 1 hour
as the mixture was warmed to 25°C. p-Fluorobenzonitrile (10.00 g, 82.51 mmol) was
added and the reaction mixture was stirred at 0°C for 15 minutes and then allowed to
warm to room temperature. After stirring overnight, the reaction mixture was poured

into brine (300 mL). The resulting white precipitate was collected by filtration,

25 washed with water, and dried in vacuo. Yield: 13.97 g (98 %): 1H NMR (DMSO-
de): 87.78 (d, 2H), 7.76 (d, 2H), 2.04 (s, 3H), 2.00 (s, 3H).

To the product of the proceeding paragraph (13.97 g, 80.28 mmol) was added
ethanolic hydrochloric acid (400 mL). The mixture was heated at reflux for 4 hours.
30 The reaction mixture was cooled and concentrated to 1/3 the volume. The reaction
mixture was diluted with water, resulting in the instantaneous formation of a
precipitate. The precipitate was collected by filtration, washed with water, and dried
in vacuo. The crude product was purified by HPLC (10:1, hexane/ ethyl acetate). .
Yield: 7.26 g (58 %): 1H NMR (CDCl3): § 7.79 (d, 1H), 7.47 (dd, 1H), 7.43 (d, 1H),
35 6.44 (s, 1H), 2.47 (s, 3H).



-16- To a solution of the product of the proceeding
paragraph (3.00 g, 19.08 nmol) i n carbon tetrachloride (80 nmL) was
added benzoyl peroxide (0.46 g, 1.91 mmol) and 1, 3-dibrono-5,

5-di nmet hyl h (2.73 g, 9..54 mmol ). The reaction m xture was

i rradiated ﬁ?@ﬁ%ngbo watt lanp for 1 hour. The reaction rn%ﬁﬂﬁ#@"%ﬁ!‘cooled
and partitioned between ethyl acetate and sodi um bi carbonate. The
organi c | ayer was dried over magnesiumsulfate, treated with Norite
(activated carbon), filtered and concentrated to a solid. The crude
product was recrystallized fromethyl acetate/ hexane. Yield: 2.40 g
(59 %: [err]H NVR (DVBSO-d6): [err] 8.4§ﬁé}i IH), 8.25 (dd, 1H), 10 7.58
(d, 1H), 6.91 (s, 1H), 4.59 (s, 2H). To a solution of the
product of the proceedi ng paragraph (2.63 g, 10.27 nmmol) in
acetonitrile (30 nL.) was added potassiun1phthalinide (2.85 g, 15.41 mol)

feaction m xture ks Puliondt ik oo T e ppsredine Permerapi s Qe [ wimol 1 i oned
bet ween et hy|in gatbpn tatraghigride (88enl) was addvdjbemmdmcmnleyo 46 g1 £81 pinhal) andf or ned.

The preci pi t at, 8-dibyontos, |5Qﬁﬁﬁdnyih‘ydidtéxh r(@fn 219.54 mmaD. Vﬁ:}hﬁﬂn\% H?xaqk%i}y'

B e s o u S B0 S R5G 48T gl The et bt Wi oo md
concent r at ed partitioned dbetween fethyl dcamtalné rso&mtmhcarbomné | The Yrgahit layerSWasy (76

%: [err]H 2Qined Wlulfagb %'c;l%d t ®7(a(?t%vaée@ca%), f?ltFZed §4d, 1H),

7.74 (d, 1H), &g a sol ution
of the producf"f’"‘f)'?m'ta 19 2 39lid i tau?"#éf"?ﬁ’(ﬁ | acetate/ |

et hanol (20 rheyangasYiglds2408,(§9 3149 (d.THY, &fzst(dd.dmas
heated 230 t op.58fd| w1), 61 (;, 15{)“05!5& zﬁfne react [ on m xture was cooled to
O[err]C and acidified wt concentrated hydrochloric acid to pH of 1.
The m xture was filtered and the filter cake was washed with 6N
hydrochl ori ¢ aci d Terdsolition oﬁ/ﬂtce;n'odu‘fmftmpmcwmg\mgmhi(z 624, 10.27 mmol)t h
potass! um caiik adibudb BriHL) Ik il doShilV AL © 85TRA00RRICH pRase vas
dried over mal gnesi urgt(@ fatlgm tre tel{jr&vrmth concentrated to
afford an of f SHITIPE YS! , F‘T'af‘PPW‘(’B\)% d6) :

[err] 8. 15 ( d:onqqn)rptevl in 3aupd, The 1esiduciwhs pa?txfime(l@ptw ethyl 82tate ardd-Hrine3. 85
5 f]e Z_rzcegdﬂ-%nﬁ liﬁmﬁdm?éa l% a preclzuate formed Th-ECercxﬁﬂté'WaQ @ol‘?éctédl'\? o @E&Pﬁ ; ?‘;5
m.) a/as added%jgif{ 3’%‘ Pgtﬁ %fd n?‘m %amc(ﬂ’@se( ya S;Lf!’aéh with 0.1 R VO
97/ 48682 sodium hydroxlde (2x50 mL) and then brine (2x50 mL). The solution was
PCT/ US97/ 097 44ncentrated in vacuo to afford another batch of solid. Yield: 2.50 g (76 %): 1H

20 NMR (DMSO-d¢): 3 8.18 (d, 1H), 7.91 (m, 4H), 7.77 (dd, 1H), 7.74 (d, 1H), 7.07 (d,

1H), 5.00 (s, 2H).

To a solution of the product of the proceeding paragraph (2.50 g, 7.74 mmol)

in ethanol (20 mL) was added hydrazine-hydrate (0.66 mL). The mixture was heated

25 to reflux for 1.5 hours. The reaction mixture was cooled to 0°C and acidified with
concentrated hydrochloric acid to pH of 1. The mixture was filtered and the filter

cake was washed with 6N hydrochloric acid and then water. The filtrate was basified

with potassium carbonate and extracted with ethyl acetate. The organic phase was
dried over magnesium sulfate, treated with Norite®, and concentrated to afford an off

30 white solid. Yield: 0.85 g (62 %): 1H NMR (DMSO-dg): 6 8.17 (d, 1H), 7.78 (dd,

1H), 7.74 (d, 1H), 6.82 (s, 1H), 3.85 (s, 2H), 2.10 (br s, 2H).

To a solution of the product of the proceeding paragraph (0.84 g, 4.40 mmol)
in tetrahydrofuran (15 mL) was added 3,4-diethoxy-3-cyclobutene-1,2-dione (1.13 g,



- 17 - 6.60 mmol) at O[err]C The reaction m xture was warned to
roomtenperature and stirred for 4 hours. The reaction m xture was
contentrated in vacuo and the crude product was triturated with ethyl
acetate/ diet 4/ hexane to yield an off white sol lid
was filtered ?r?g (ﬁ?ﬁgd to yield the desired product. Yield: i@u@w
%: [err]HNWR (DVBO-d6): 8 9.41 and 9.21 (br m 1H, rotaners), 8.22 (d,
1H), 7.81 (dd, 1H), 7.00 (s, 1H), 4.88 and 4.68 (2 br m 2H,
rotamers), 4.65 (t, 2H), 1.39 (m 3H). To a sol ution of
t he product of the proceedi ng paragraph (0.25 g, 0.79 nmmol) 10 in ethanol
(17 nL) was added tert-amyl amne (0.21 g,y#2. 37 mmol). The reaction

m xture was heated at 70[err]C and allowed to stir overnight. The solid
whi ch had formed was filtered and washed with ethyl acetate, diethyl
et her, and hexaf60 mmal) an0OWC. The réactibn gnikrdiwad wazmed to room temqierature and

{[2- (4, 1-di net r%k’reﬁg&pzt’hgﬁpﬂn?he ?enén&“ %Rmﬁxﬁés%#&nu%ﬁeﬁgyl Gio " 9d the prude.,

met hyl ) - benzof ura car itrife as
[err]C 1H 15 RRAuct Bestitgrsed with pthykacetatef diethyljether/ . hgsan(etts: yicll§ an Bffothited,
1H), 7.74 (dd, sbiil, TRe $d¥id(was filtered and kitied f Q61d (Fe debirdd préd&l Yibid: 405 Ogé? 667

gﬁ{ er2rHi '%/B%?m( 337Mﬁ(ﬁ)34§(§-ds§’®911| B.d( ébar:]n 1 rorifierd), $3%u 1)) 7.8150°

Cerr]Herr] N3 1H), 5 23, 1H), 4.88 @él%ﬁfﬂ(z bf o, mwo@mersm 4 65 632H)\,1.30(m6.
Found: C, 66.3h), H 5.32; N, 12.37.

Exanple 12 25

2-{[ 3, 4-Di ox02- (1, 2,2-trinethyl -propyl am no) - cycl obut -1 -enyl am no] - net hyl } -
benzof ur an- 5- car bonl'liorﬂ solution of the product of thig preceeding piragrapt (Q.Zﬁeg,mmjmntol)of

pg(rj agr altOE ao: N ifDe@ARGIE(1T ImL) Fad Bdld tert-afh lamme mllg) 2137 Bkl ﬁn he(lt%ﬂét)onwas 50
a e e anol i .
nm_., 1.58 nmol %&ﬁ{ 2’fagarnc %t %9‘# ﬁ?‘i‘ a&gge«#]gaftgaov(ﬁm%[ Qpﬁ @l%ﬂﬁcWad
allowed to sti r° terednd washadawisthethyl agetatef diethikbthensantl ihle xane dol atford
washed with  0.18 g:(m%) ome[t[m(E1-ddnah}lyﬂromdiﬁihoym@:&m&%@ﬁbmmenﬁﬁhing] was

g”(Fg anyacuwﬁ;ﬁ %gg’f“‘ ?ﬁﬁ%m the |s§16<ﬂemp%11 1732 °C; 1H
1-enyl ami n bbb (‘H )97534 (EnlH), 7.78(dd.d ol #8 (s, np

>300; [err]H 1H), 6.96 (s, 1H), 4.97 (d, 2H), 1.67 (g, 2H), 1.29 (s, 6H), 0.83 (t, 3H). IR (KBr):
3230, 2950, 2220, 1800 cm"1; MS (nyz) 337 (MH).

Elemental analysis for C19H19N303
20 Calc'd: C,67.64; H, 5.68; N, 12.46.
Found: C,66.87;H, 5.32; N, 12.37.

To a solution of the product of paragraph 6 in Example 11 ( 0.250g, 0.79

mmol) in ethanol (ZmL) was added ethanolic (R)-2-amino-3,3-dimethylbutane (0.166

30 N in EtOH, 9.50 mL, 1.58 mmol ). The reaction mixture was heated at 70°C and
allowed to stir overnight. The solid which had formed was filtered and washed with

ethyl acetate, diethyl ether, and hexane. The solid was dried in vacuo t00.22 g
(79%) of the (1R) isomer of 2-{[3,4-dioxo-2-(1,2,2-trimethyl-propylamino)-cyclobut-
1-enylamino]-methyl}-benzofuran-5-carbonitrile as an off white solid: mp >300; 1H



WD 97/ 48682

PCT/ US97/ 09744 - 18-
NVR (DMSO-d6): [err] 8. 18 (d, 1H), 7.80 (dd, 1H), 7.74 (dd, 1H), 7. 31 (br
d, 1H), 6.95 4.96 (m 2H), 3.91 (br m 1H), 111é

0.81 (s, I—l)”oq"ﬁ'@%Br) 3170, 2950, 2250, 1850, 1650 PoEMS wa-*r]
(mz) 351 (MH). 5 Elenental analysis for (Jerr]H err] N303

Cal c' d: C, 68.36; H 6.02; N, 11.96. Found: C, 68.00; H,
5.83; N, 12.00. Exanmpl e 13 10

2-[(2-tert-Butyl am no- 3, 4- di oxo-cycl obut -1 - enyl am no} - net hyl ] -

benzof uran-5-carbonitrile ‘Iéo a solution of the product of
paragraph 6 in Exanple 11 (0.250 g, O. 794815 ol ) in ethanol (17 nlL) was
added tert-butyl amne (0.17g, 2.37 nmmol). The reaction m'xture was

heated at 70 n o] LI overni The sol i

formed was 1 NVEH VSO o o8 Cthn "R 200 7ol e 731 ), 68
ge?«(agei t b(ﬂ'hﬂ)$0.|96qmi"aﬂ)d3913(brlrﬂ ME;1a14a, 3Hp 08135, and IR d&dBet 0158, 9 of
- -tert- .

3, 4-di oxo-cy?lbgénanﬁsqolgr?o‘l 6|’?10’nlc569r?g{ Wf(??@l?g} Wa% 5-carbonitrile as a
light pink 20 solid: np 298.8-300.3 [err]C, [err]H NVR (DVBO-d6): [err]
8.18 (d, 3H) Eleinéiftal@halysibfor ChoBb1N303 (dd, 1H), 7.74 (dd, 1H), 7.57 (s,

1H), 6.95 (s, 1 6 5 IR KBr): 3300,
25?30 2210, (isooH) fé@d’g 1&‘%@%&% 31?{,5151%92) 323 (MH). (KEr) El erent al

anal ysis for C[ererh@d;rr]ngﬁzH,S% N, 12.00. Cal c¢' d: C, 66.86; H, 5.30; N,
13. 00 Found: C, 65.64; H 4.93; N, 12.57
Example 14 30

2-{[2- (1, 1- Di met hyl - 2- pheny! - et hyl amER8YREL §i ox0- cycl obut - | - enyl ani nol -

met hyl } - 3@nzof ur an- 5- carbonitrile To a solution of the
product of paragraplyhtdri BeiAnmt.- 3.4 Yocevdiobit-T-antihiin ‘ in ethanol
(20 nmL) was added al pha, al pha- _ A . .19

To a solution of the product of paragraph 6 in Example 11 (0.250 g, 0.79

15 mmol ) in ethanol (17 mL) was added tert-butyl amine (0.17g, 2.37 mmol). The

reaction mixture was heated at 70°C and allowed to stir overnight. The solid which

had formed was filtered and washed with ethyl acetate, diethy] ether, and hexane.

The solid was dried in vacuo to yield afford 0.12 g (51%) of 2-[(2-tert-butylamino-

3,4-dioxo-cyclobut-l-enylamiho)—methyl]—benzofuran-S—carbonitrile as a light pink

20 solid: mp 298.8-300.3 °C; 1H NMR (DMSO-d¢): & 8.18 (d, 1H), 7.96 (t. 1H), 7.81

(dd, 1H), 7.74 (dd, 1H), 7.57 (s, 1H), 6.95 (s, 1H), 4.96 (d, 2H), 1.35 (s, 9H). IR
(KBr): 3300, 2950, 2210, 1800, 1660, 1525 cm-1; MS (m/z) 323 (M+).

Elemental analysis for C1gH17N303
25 Calc'd: C, 66.86; H, 5.30; N, 13.00
Found: C,65.64;H,4.93; N, 12.57

30

To a solution of the product of paragraph 6 in Example 11 (0.23g, 0.73 mmol)
in ethanol (20 mL) was added alpha, alpha-dimethylphenethylamine (0.33g, 2.19



WD 97/ 48682
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m:). The reaction m xture was heated at 70[err]C and allowed to stir

overni ght. The solid which had fornmed was filtered and_washed wth '
ethyl acet atWOHM%8%y| ether, and hexane. The solid waBCHPFREMA vacuo
to afford 0.11 g (41% of 2- {[2-(1,] -Di nethyl-

2- phenyl - et hyl am no) - 3, 4- di oxo- cycl obut - | - enyl am no] - net hyl ) - benzof ur an- 5-
5 carbonitrile as an off white solid: np 233.4-235.2[err]C; [err]H NWR
(DMBO-d6): [err] 8.20 (d, 1H), 7.89 (t, 1H), 7.81 (dd, 1H), 7.74 (dd,
1H), 7.36 (s, 1H, 7.23 (m 3H), 7.06 (d 2H), 6.94 (s, 1H), 4.97 (d,
2H), 2.98 (s, 2H), 1.31 (s, 6H). IR(KBFS‘?'SSOO, 3000, 2200, 1800,
1660, 1590 cnjerr]; M5 (mz) 399 (M). 10 Elenental analysis for

C24H err] N303uyy). The reaction nfiRtufe ¥as heated 2t 20°C andaliowe s :

Found: G 77 ﬁkrc%: ?‘6,3&%,“ 19”33ca an épmm’?wm%t The
Exanple 15 1 5solid which had formed was filtered and washed with ethyl acetate, diethy! ether, and
3-[ (Pyridi n- 4hesanet Tye solidrwas diied in(Viacila 16 affordtOitd| g (@1 %) wf 24({23(1) I-Dimethyl-

cycl obut - 3 €N-phe i fitnine):3 4-dioxo-cycloblit-EnyHrAfiGE Ryt b tirah 3. L A1
G b o s OB T eV 64581 =

3-[(pyridi -
cycl obut - 3- engd, 1H),27-80 @nEHN2.81 (idd; 1H),]I74@d ALHN T .86 (s AH), .23, 288, Ro&&3. 0C
dec. (Sofr), &6 & 1817,14.57 €d,"2H) 2.98 (s, 2H), 1.31 (s, 6H). IR (KBr): 3300, 3000,

Exanpl e 16 25
2-{[2- (1, 1- Di %305J800, 1668, 1598 5r8)L: MSA2I98- M4 obut - 1- enyl ani nol - net hyl } - 3-
chl or o- benzof uranb-carbonitril e The benzof uran adduct

prepared @ Eﬁmhm&hlyﬁ%ﬁgﬁﬁﬁhbﬁgﬂ?s used to 30 synthesize
S-car

3-chl oro- 2- met hyl benzof ur an- onitrile (Cross, P. E ; Dickinson, R
P.: Pary, M J.: Replasi|, G#237#. 3#EN. ¢he?n | 1086, 29, 1643-1650). Yiel d:
23 % [ err] H Fodad( CDQ, FE.28;|H, 5.2 N, 10381 (d, 1H), 7.55 (dd, 1H), 7.47
(dd, 1H), 2.49 (s, 3H.

3- Chl or o- 2- br ononet hyl - benzof uran-5-carbonitrile was prepared in a manner
35 simlar to 2-brononethyl -benzof ur onitrile synthesized in
Exanpl e 115 '

In a procedure similar to that described in Example 1 utilizihg the appropriate

20  starting materials, 3-[(pyridin-4-ylmethyl)-amino}-4-(1,2,2-trimethyl-propylamino)-

cyclobut-3-ene-1,2-dione was prepared as a white solid: mp 282.5-283.0°C dec.
(softens at 271.5°C).

25

The benzofuran adduct prepared in Example 11, paragraph 2 was used to
30 synthesize 3-chloro-2-methylbenzofuran-5-carbonitrile (Cross, P. E.; Dickinson,'R.

P.; Parry, M. J.; Randall, M. J. J. Med. Chem., 1986, 29, 1643-1650). Yield: 23 %:
1H NMR (CDCl3): 37.81 (d, 1H), 7.55 (dd, 1H), 7.47 (dd, 1H), 2.49 (s, 3H).

3-Chloro-2-bromomethyl-benzofuran-5-carbonitrile was prepared in a manner
35 similar to 2-bromomethyl-benzofuran-5-carbonitrile synthesized in Example 11,
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paragraph 3. Yield: 53% [err]H NVR (DVMSO-d6): [err] 8.24 (d, 1H), 7.93 (d,

2H), 4.94 s, 2H). The product fromthe proceeding

par agr aph \M!@W&’é@t ed with potassium 5 pthalanide in a n"ef%’i‘é?”’g?"ﬁ?la‘r' to
Exanpl e 11, paragraph 4 to yield the pthalimde adduct. Yield: 72% 1H
NVR (DMSO-d6): 8 8.18 (d, 1H), 7.89 (m 6H), 5.03 (s, 2H) .

3- Chl or o- 2- et hyl am no- benzof uran-5-carbonitrile was prepared in a nanner
10 simlar to Exanple 11, paragraph 5. Yield:63% [err]H NVR (DVSO d6):
[err] 8.18 (d 1H), 7.81 (dd, 2H),_3.85 (s, 2H), 3.21 (br s, 2H).

The above am no compound was reacted vi 30+ 3, 4-di but oxy- 3-cycl obut ene-
1,2-dione in a manner simlar to Exanple 11, paragraph 6. Yield: 75% 1H

NVR 15 (DVSO-d6): 8 9,40 an H & rs),.8.21.(d, 1H, 7.91
(dd, 2H), 4.wﬁph3-aﬁwlﬁ.%%§*§%é\%¥ﬁ°&®fén&‘ga’s 1%6718%(‘1,’2991)4,'941. 63 (m
2H), 1.35 (ng, 2. 0.87 (m 3H). To a solution of the

product of the proceeding paragraph (0.14 g, 0.37 mmol) 20 in ethanol (12

m.) was addedtert-anmyl amine (0.065 g, 0.74 mmol). The reaction
m xture was heat étheaprodoctromcthe | preseeding (pasagraplf was réacted Wwith potdssismnhi ch

2;’;‘3 L g;;ﬁgg ptmaxafgmiiﬁ lal thiin@F siidr WA lé"’y,hpﬁ'ﬁ&%h ale@pﬁicﬁhecahﬁim&e gt her,
solid. Yiel &"ch.‘li’l"éﬁf AN ﬁp”ﬂﬁ@ﬂ@dgﬂé Fdal . fiEhy f&@ ‘THW%{\%O d6) :
8 8.22 (d, 2#), 7.93 (t, 1H), 7.90 (d, 1H), 7.87 (dd, 1H), 25 7.40 (s,
1H), 5.05 (d, 2H), 1.66 (g, 2H), 1.29 (s, 6H), 0.80 (t, 3H). IR (KBr):

3230, 2950, 80 - 371 .

El enent al_ anal ys,ﬁéﬁgrwér@q%ﬁ%@ﬂqe@i@{xﬁ : lé’ftf' e(MseprréJa}ed namaet: d:

C. 61. 380 H similggio Bxample Bb paragraph 5. Yield:odfe : *HANMR (DMSQ-dr): 58.18.6d 11
1H), 7.81 (dd, 2H), 3.85 (s, 2H), 3.21 (br s, 2H). |

The above amino compound was reacted with 3,4-dibutoxy-3-cyclobutene-
1,2-dione in a manner similar to Example 11, paragraph 6.  Yield: 75%: 1H NMR
15 (DMSO-dg): 8 9.40 and 9.18 (br m, 1H, rotamers), 8.21 (d, 1H), 7.91 (dd, 2H), 4.98
and 4.75 (2 br m, 2H, rotamers), 4.61 (t, 2H), 1.63 (m, 2H), 1.35 (m, 2H), 0.87 (m,
3H).

To a solution of the product of the proceeding paragraph (0.14 g, 0.37 mmol)

20 in ethanol (12 mL) was addedtert-amyl amine (0.065 g, 0.74 mmol). The reaction

mixture was heated at 70°C and allowed to stir for 13 h. The solid which had formed

was filtered and washed with ethyl acetate, diethyl ether, and hexane. the solid was

~dried in vacuo to yield a light orange solid. Yield: 0.11 g (74 %): mp 257.3-258.1

*C; |H NMR (DMSO-dg): 5 8.22 (d, 1H), 7.93 (¢, 1H), 7.90 (d, 1H), 7.87 (dd, 1H),

25 7.40 (s, 1H), 5.05 (d, 2H), 1.66 (g, 2H), 1.29 (s, 6H), 0.80 (t, 3H). IR (KBr): 3230,
2950, 2220, 1800 cm~1; MS (m/z) 371 (M*).

Elemental analysis for CjoH]18Cli N303

Calc'd: C,61.38;H,4.88; N, 11.30
30 Found: C,60.75H, 4.81; N, 11.11
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The snmoot h nmuscl e relaxing activity of the conpounds of this invention was

est abl i shed | n %Va%?q%dance with standard pharmaceutically acggg}(ﬁgm;ﬁat

pr ocedur es representative conpounds as foll ows:

Sprague-Dawl ey rats (150-200 g) are rendered unconsci ous by CO2

asphyxi ati on and then euthani zed by cervical dislocation. The bl adder is
removed into warm (37 deg. C) physiological salt solution (PSS) of the
foll ow ng conposition (mM): NaCl, 118.4; KO, 4.7; CaC[err], 2.5;
MSH, 4.7, Herr]O 1.2; NaHCO3, 24.9; KH2PO4, 1.2; glucose, 11.1;
EDTA, 0.023; gassed with 95% Qerr]; 2/ 50%100[ err]; pH7.4. 10 The bl adder
i s opened and then cut into strips 1-2 mmin width and 7-10 mnmin

length. The strips ﬁé%nﬁﬁ@ﬁﬁﬁﬂé%la&m@ééﬁ@it}d@ﬂhé BorBpchind&Tbf ﬁlisﬁﬁb@:ﬁ'&ﬂ%under
an initial 9 ensmon Qf 1. The St”@ls are %ﬁ ace by
two surgical (?Fﬁab’é @ggcordance Mﬁh(ﬂ‘P'%Q&al’}{%?@Buf YACFERE t°ﬁb5‘|9° ¥%e t he
other is attauhdﬂepmsmtlvsoompaundsixﬁoﬂews transducer. The preparati ons,
whi ch usual |y exhi bit smal | spontaneous contractions, 15 are allowed to

f h i hal | 1 uM
o oaehol 5The’ cn Sapye Daviey i, Sst 206 & "B epire LaboascipoheC08 r el ax
toits r easphymgnbemd thefi eutbariizedtby cefvidal dislocaioa. Ther blindder E(iemwedﬁmbl od of
rTﬁfgvie[] y 2252 . »&%: e C) ykmsgvédfghu %ﬁubﬂt(r:@@bpspﬁm fol16win3 é:ﬁ:vgﬂﬁmﬁat Eé
anpl i tude of éﬁ’@@f ‘ugfé r#ﬁg 4t0i|joq'f‘9% ﬁﬁﬁ#@?’aﬁ ?}#cgolgf 18&?{; f“a%t i ons
i n previously KilgRye &2 ghicosept). 1. EIPEA] 025 gassehwith @5%n@4:12/5% €1Qz pH 1.4
basal tongg F%UMM& %&g%deaaﬂa g Qk 4D sﬁnep%nbanﬁmnlwm ,quag@&%t' le

activity, i ncrenen I nCreases in oncentr at on ¢onpound
or vehicl e ar dengh-ribg §Ering are subsequeptly suspendedsin pol(hmifissusdhath uader pw indtialj v t y

i s measur ed f eéstingabnstanTpH U50k. The\sttipsCdre held in placenipetis airgmﬂl clipsiong dfhe
last mnute Of lﬁfg %Wto@ﬂ“ﬁ&ﬁ wl%ﬁ the othcr 1s attachchaean 1§&HEIN 'fgrcgor ce

devel oped by the strips IS _neasure ng a oncentration
required to elfassduceindhe rPFﬁW‘P%“G‘F hp‘Fséalbf wlk}bﬂ?ﬂh&qn@ewqomwqu err]
concent r atlison)ar@allowed emreovart forl af pevivdtdfl 5 hoamnprddit ood ichallenhgs MWahse.1aaMve.

The maxi Iﬂfvsﬂ%lgﬁ rfﬁ{&ﬁﬂ?chbf‘i} d;hgﬁ #v%hcﬂfougg C&ésh@aﬁ&%d"i&%laﬁ"ﬁ?‘i&d by a

t est conpound SO I ecor concen ratlons ound
| ess than or &efiag levst abagtivity, Fallowing a further 30 minypegiod of mcpgerasfantﬂﬁsi%loeqludy
are shown i n T&hhM KCl are introduced into the tissue bath. This increase in KCl concentration

results in a large increase in the amplitude of spontancous contractions (and initiation

20 of contractions in previously quiescent strips) superimposed upon a small increase in
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.

The isometric force developed by the bladder strips is measured using a
concentration required to elicit 50% inhibition of pre-drug contractile activity (ICsg
concentration) and is calculated from this concentration-response curve. The
maximum percentage inhibition of contractile activity evoked by a test compound is

30 alsorecorded for concentrations of test compound less than or equal to 30 uM.

The results of this study are shown in Table I.
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Tabl e | 5 I nhibition of Contractions in |Isol ated Rat
Bl adder Striy Conmpound n err]
[err]M Wo 9748682 Example 1 4 Bgr&ssw&*)a%
. Exampl e 2 5 1.25 0.39 Exanple 3
4 1.25 0. 34 Exanpl e 4 6
3.0 0.2 Exanpl e 5 4 2.63 0.22
Exampl e 6 4 11.45 4.3 Exampl e 7
4 *1=27.3 7% ) Exanpl e 8 4
**C=8.5 1.4% Exa%%l'e 9 3 *1=22.2 7.4%
Exanpl e 10 4 *1=11.5 3. 2% Exampl e 11
4 1. 560. 16 Exampl e 12 2
3.75 1.44 2 *I=5.5 4%
Exanpl e 13 3 *1=19. 948. 5% Ladlel Exanpl e 14 2
*1=31.9 6.4%
5 Inhibition of Contractions in Isolated Rat Bladder Strips

Compound n ICso uM

Example 1 4 0.42 £0.06

Example 2 5 1.25+0.39

Example 3 4 1251+0.34

Example 4 6 3.0+02

Example 5 4 263+0.22

Example 6 4 1145143

Example 7 4 *[=27.3+7%

Example 8 4 **C=8.5+1.4%

Example 9 3 *[=2221+7.4%

Example 10 4 *1=115%+3.2%

Example 11 4 1.56+0.16

Example 12 2 375t 144

2 *[=5.5+ 4%

Example 13 3 *1=19.94 £ 8.5%

Example 14 2 *[=31.9+6.4%

Example 15 4 245099

Example 16 2 1.3+0.63

* Percent inhibition at 30 uM
10 ** Percent contraction at 30 uM



Exanpl e 15 4 2. 450. 99 | Exanple |6

2 ; 1. 30.63 * Percent |nh|b|t|on at 30 [err]M
10 ** Percent contraction at 30 [err]M WO

97/ 48682

PCT/ US97/ 097 97148682 PCTIUSYT09744 3.

In addition, we tested the ability of the conpound of Exanple 1, as
representative of the other compounds of this invention, to inhibit the

hyperactivity of hypertrophi ed bl adder (detrussor) snooth muscle in
conscious female rats with hypertrophi ed bl adders and thereby

al l'eviate urinary incontinence according,to the 5 prot ocol described by
Mal mgrem et al., J. Urol. 142:1134, 198923~ Fenal e

Sprague-Dawl ey rats, ranging in weight from 190-210g are used. Up to 25
ani mal s are prepar %1 aﬂﬁﬁﬂ)&t '&?tcsﬁ@cdt ftle %ﬁl{F}J quﬁ‘é‘fcoﬂnﬁom@@?%xamb@@rlt riaphy

4-8 ani mal s are use

di ssol ved in P’EG’SEOGH%Ef ‘Hﬁlﬁ'ihﬁﬁ' W@B&W thiz inveption, Mg@“d?eugypem‘m\'lty of
i ntraveneous! \hypértdphied Wiaidef (detrissdr) smboth moscle iy censclfngabl fatdwiths are

d t d
fgmmstere Tﬁ‘wﬁﬁf’&s’ blddBérf sl Wencty dbi ey %“’r?%ﬁ“e% dbordihe o B8 .
i nci si on t Ae protocol deseribed by Malmgremiet al. ofy Hralxosldd4alv§%a | |gature of 4-0

silk is tied around the proxr mal urethra in the presence of a
stai nl ess steel c
The rod is then re%ﬁ{%’]& Qq%&?#m raRéxﬂgH\C\%exgh 210 areu&ﬁ bgﬁ%?“p

s g sur
stapl es and ea@hnalamrw%eactrweo@éw& ﬁP‘t@Rﬁc“bP@:P\aﬁ‘?% hypegtrophy4-SAntmlLE
are al | onwed 2Qgre ustl pervestks to devel op sufficient bladder hypertrophy. After
si x weeks,..the ligature is renmoved under halothane anest hesia and a
cat het er (llQE 60) with a cuff is placed in he. done of the bl adder and
secured with a pur Sontonndspre disselued mr%ﬁ%ap%a%rdmlglsmd by gasHifsavas Mder

t Ee SEH” andl Gfifr@FdnesusiE Gn Vel 6 50RFKE. NForrpritharybstéenirig arrx]eurug: lare
In order to 2SamnRsaal e AR 9nE UMb PP Bt of M S TP TT PO 4
bicillin CGR (150000 uni ts/rat).

15 The animals are anesthetized with halothane. Through a midline incision the
bladder and urethra are exposed and a ligature of 4-0 silk is tied around the proximal
urethra in the presence of a stainless steel rod (1 mm diameter) to produce a partial
occlusion. The rod is then removed. The abdominal region is closed using surgical
staples and each rat receives 150,000 units of bicillin C-R. The animals are allowed

20  six weeks to develop sufficient bladder hypertrophy. After six weeks, the ligature is
removed under halothane anesthesia and a catheter (PE 60) with a cuff is placed in
the dome of the bladder and secured with a purse string suture. The catheter is
tunneled under the skin and exteriorized through an opening in the back of the neck.
The abdominal incision is sutured and the free end of the catheter sealed. In order to

25 prevent infections the rats receive an injection of bicillin C-R (150000 units/rat).
Two days later the animals are used in cystometrical evaluations. The animals are
placed in the metabolic cages and the catheter is attached (using a “T" connector) to a
Statham pressure transducer (Model P23Db) and to a Harvard infusion pump. A
plastic beaker attached to a force displacement transducer (Grass FTO3) is placed

30 under the rat's cage to collect and record urine volume. Animals are allowed 15-30
minutes to rest before the saline infusion (20 ml/hr for 20 minutes) is started for the
first cystometry period. Two hours after the first cystometry period, the rats are
dosed with the vehicle or the test compound and one hour later a second cystomerry is

performed.



Two days | ater the animals are used in cystonetrical evaluations. The

ani mal s. are placed in the netabolic cages and the catheter is
attached (using a "T" connector) to a St at ham pressure transducer
(Model P23Db) and to a Harvard infusion punp. A pl asti c beaker

attached to WOPYBIR §j spl acement transducer (Grass FTOB) i FGHEEN74 —
under the rat's cage to collect and record urine volune. Aninmals are

al l owed 15-30 mnutes to rest before the saline infusion (20 m/hr for
20 mnutes) is started for the first cystonetry period. Two hours
after the first cystonetry period, the rats are dosed with the vehicle
or the test conpound and one hour |ater % second cystonetry is

per f or ned. WD 97/ 48682 -24-

PCT/ US97/ 09744 - -24 -

The foll ow ng urodynam c vari abl es are recorded: Basal
bl adder pr essur e sThefontial Bty e I iablls GRS aB:

during cystonetry hreshol d pressure = bl adder
pressure i mredi ately prior to
mcturition 10 Writi vol une expelled
M cturitiqgn pressure Basal kmg?ré’ssu% duri ﬁ%lég#sggﬁd&rpmss r2

Spont aneods activity maan anpl i tude of évramynstomew
pressure fluctuations during

filling 15 Presenry, R{) sults: The mean val ue
of each variable is cal cg{sat eg ore and a"}dt rcssum'mmcfdmwly

admi ni stration. For each conpound the char@'@smﬁlﬂﬁwoﬂarl abl es neasured
are conpared to the val ues obtai ned before treat ment and expressed as 20

per cent illﬁhi bition. TheM?c%rﬁxoﬁ %lu% .0 subj e’&tu expelgcdway anal ysi s of
Micturition pressure = peak pressure during voiding
Spontaneous activity = mean amplitude of bladder
pressure fluctuations during
s | filling
Preéentation of results:

The mean value of each variable is calculated before and after compound
administration. For each compound the changes in the variables measured
are compared to the values obtained before treatment and expressed as

20 ' percent inhibition. The data are also subjected to 2-way analysis of
variance to determine significant (p<0.05) changes in the variable
measured.

The results of this study are shown in Table II

25
Table Il

Inhibition of Spontaneous Contractions In Vivo

30 Compound # of animal ose mi: . % Red
Example ! - 3 10 -84

* percent reduction in the total number of spontaneous contractions in the
hypertrophied rat bladder model



vari ance to determ ne significant (p<0.05) changes in the variabl e

measur ed. The results of this study are shown in Table Il 25

Table 11 I nhi bition of Spontaneous Contractions In
Vi vo 30 d # of aninmals dose ny/ kg % Red
(F)* g%gl%‘?%kgl 3 )60 reRrsinoras

-84 * percent reduction in the total nunber of spontaneous
contractions in the hypertrophi ed rat bl adder nodel WO
97/ 48682 :

PCT/ US97/ 09744 -25 -

Hence, the conpounds of this invention h_az\se_ a pronounced effect on snooth
muscle contractility and are useful in the treatnment of urinary
i ncontinence, irritable bl adder and bowel disease, asthmg,

hypertension, strofRnct dnfpounds 6f thiB3MRMNLIGS have a ProGuncaPErfb el Smothhii Ch
are anmenabl e to treatnen .m%%ﬂgﬁota§fi ﬁ? nnelggctlvalln . 5 ca unds
by adni ni st r atfBAc GPERGHALY Y 'I'-';ﬂ‘ré ﬁ{ﬂ?"% gT ALy, iBRoHgence, i in
need t her eof . bladder and bowglQligcase as8ima, hypertension, stroke, and similar diseases as
PCT/ US97/ 097 44nentioned above, which are amenable to treatment with potassium channel activating
5 compounds by administration, orally, parenterally, or by aspiration to a patient in
need thereof.



-26 - CLAI M5 (1) A conpound of the fornula: 5

[err] . wher ei n: Rl err] and R2 are, independently,

hydr ogen, straight chain alkyl of 1 to 10 carbon 10 atom;
branched chain %I of 3 to 10 carbon atons, cycl oal kyl of to

carbon at ons, V8 Z’%%’%al kyl of 4 to 10 carbon atons or aral kchrélgss»yosp@ 207
carbon atons, wherein the aromatic noiety of the aral kyl group may be
optionally substituted with one to three straight chain alkyl of 1 to 10

car bon atons, branched chain alkyl of 1 to 10 carbon atons,
hal ogen, nitro, cyano, 15 al koxy of | to 6 carbon atons,

al koxycarbonyl of 2 to 7 carbon atons, trifluoronethyl or
trifluoromethoxy groups; R3 is hyd?%gen formyl, al kanoyl of 2 to 7
carbon atons, al kenoyl of 3 to 7 carbon : atons, al kyl sul fonyl

of 1 to 7 carbon atons, aroyl of 7 to 12 carbon atons, 20

aryl al kenoyl mzo carbon atons, arylsulfonyl of 6 to 12 carbon atons,
aryl al kanoyl 12 carbon atons or aryl al kyl sul fonyl of 7 to 12 carbon
at ons; Ais selected fromthe group consisting of: 25 WO

97/ 48682 m A compound of the formula: PCT/ US97/ 09744
5
(@]
N~
AAI}| ’}"R1
wherein:

R1 and R2 are, independently, hydrogen, straight chain alkyl of 1 to 10 carbon

10 atoms, branched chain alkyl of 3 to 10 carbon atoms, cycloalkyl of 3 to 8
carbon atoms, bicycloalkyl of 4 to 10 carbon atoms or aralkyl of 7 to 20
carbon atoms, wherein the aromatic moiety of the aralkyl group may be
optionally substituted with one to three straight chain alkyl of 1 to 10 carbon
atoms, branched chain alkyl of 1 to 10 carbon atoms, halogen, nitro, cyano,

15 alkoxy of 1 to 6 carbon atoms, alkoxycarbonyl of 2 to 7 carbon atoms,
trifluoromethyl or trifluoromethoxy groups;

R3 is hydrogen, formyl, alkanoyl of 2 to 7 carbon atoms, alkenoyl of 3 to 7 carbon
atoms, alkylsulfonyl of 1 to 7 carbon atoms, aroyl of 7 to 12 carbon atoms,
20 arylalkenoyl of 9 to 20 carbon atoms, arylsulfonyl of 6 to 12 carbon atoms,
arylalkanoyl of 8 to 12 carbon atoms or arylalkylsulfonyl of 7 to 12 carbon
atoms;

A is selected from the group consisting of:

* [ L M S *



-27 - [err] wher ei n: 5 nis 0or 1
R4, Rlerr] and R6 are, independently, cyano, nitro, amno, alkyl of 1 to 6

carbon atons, perfluoroalkyl of 1 to 6 carbon atons,
al koxy, of 1 t‘p?E,, pon atons, perfl uoroalgeqypkofNords t @ 6
carbon atons, alkylamno of | to 6 10 carbon atons,

di al kylam no of 2 to 12 carbon atons, sulfanyl,

al kyl sul fonam do of 1 to 6 carbon atons, arylsulfonamdo of 6 to 12
carbon atons, al kyl carboxam do of 2 to 7 carbon atons,

aryl carboxam do of 7 to 13 carbon atons, al kanoyl of 2 to 6 carbon

atons, alkylsulfonyl of 1 to 6 carbon atomg,_ perfluoroal kyl sul fonyl of 15
1 to 6 carbon atons, arylsulfonyl of 6 to 12 carbon atons, chloro,

brono, fluoro, iodo, |-imdazolyl, carboxyl or hydrogen; or a
pharmaceutically acceptabl e sakt thereginv 97/ 48682 «wa
PCT/ US97/ 09744 /l\
N 2 T Y
R R —
'VVN\ o ﬂ;‘ ' Aé '\7%/"
Re
7
R4%2
7~ (o)
Rs
wherein:
5 nisOorl

R4, R5 and Rg are, independently, cyano, nitro, amino, alkyl of 1 to 6 carbon

atoms, perfluoroalkyl of 1 to 6 carbon atoms, alkoxy, of 1 to 6 carbon

atoms, perfluoroalkoxy of 1 to 6 carbon atoms, alkylamino of 1 to 6
10 carbon aioms, dialkylamino of 2 to 12 carbon atoms, sulfamyl,

| alkylsulfonamido of 1 to 6 carbon atoms, arylsulfonamido of 6 to 12

carbon atoms, alkylcarboxamido of 2 to 7 carbon atoms,

arylcarboxamido of 7 to 13 carbon atoms, alkanoy! of 2 to 6 carbon

atoms, alkylsulfonyl of 1 to 6 carbon atoms, perfluoroalkylsulfonyl of
15 1 to 6 carbon atoms, arylsulfonyl of 6 to 12 carbon atoms, chloro,

bromo, fluoro, iodo, 1-imidazolyl, carboxyl or hydrogen;

or a pharmaceutically acceptable salt thereof.

[T,



-28 - (2) A conpound of Claim1lin which R3 is hydrogen and A is

selected fromthe fol | ow ng: [err] or a
pharmaceutically acceptable salt thereof. 5 (3) A conpound of O aim
1 or 2 in which err] and R2 are, independently, hydrogen. net hyl,
ethyl, n- oWO9%#8682 opyl, n-, iso, sec- or tert-butyl, stral ﬁﬁp 5744

branched chain pentyl, or phenylal kyl in which the alkyl is nethylene or

et hyl ene and in which the phenyl noiety is optionally substituted with
one to three substituents 10 selected fromnethyl, ethyl, fluorine,
chlorine, bromne, nitro, cyano, nethoxy, et hoxy, nethoxyoxycarbonyl,
et hoxyoxycar bonyl, trifluoronethyl and trifluoronethoxy. (4) A

conmpound of Claiml1, 2 or 3 in which R428R[ err] and R6 are, independently,
15 hydrogen, cyano, nitro, am no, nethyl, methoxy, chloro, brono, fluoro,

i odo, {2yl | URTipbiiid of Claint | SHOWRIEE ﬁQ%Hyﬂgeﬁ%ﬁ@Wkelectcd fromed) A

conpound accordl ng to any of the preceding clains which is selected from

20 following:

3-(1, 1- di met hyl propyl am no) - 4- [ ( pYfM di n- 4- yl hyl ) - am n8f€ycl obut - 3- ene- 1,

2-di one or a pharmaceuti cal | yiaccept abl alt there

3-(1,1-dinet hyl propyl am no) - 4- I 4) n- 3-yl et hgl ) am O'Kyc obut - 3-ene- 1
, 2-di one or a pharmaceuti ccep a e Nalt t of 3- (1 1

d| met hyl propyl am no) -4-[ (pyri di Ry yl met hyI no] cycl -3-ene-1,2- 25

di one or a pharmaceutically accept abl e salt thereof;

or a pharmaceutically acceptable salt thereof.

(3) A compound of Claim 1 or 2 in which R1 and R2 are, independently,
hydrogen, methyl, ethyl, n- or iso-propyl, n-, iso, sec- or tert-butyl, straight or
branched éhain pentyl, or phenylalkyl in which the alkyl is methylene or ethylene and
in which the phenyl moiety is optionally substituted with one to three substituents

10  selected from methyl, ethyl, fluorine, chlorine, bromine, nitro, cyano, methoxy,
ethoxy, methoxyoxycarbonyl, ethoxyoxycarbonyl, trifluoromethyl and
trifluoromethoxy. '

(4) A compound of Claim 1, 2 or 3 in which R4, R5 and Rg are, independently,

15  hydrogen, cyano, nitro, amino, methyl, methoxy, chloro, bromo, fluoro, iodo,
trifluoromethyl, trifluoromethoxy or carboxyl.

(5) A compound according to any of the preceding claims which is selected from :

20  3-(1,1-dimethylpropylamino)-4-{(pyridin-4-ylmethyl)-amino]cyclobut-3-ene-1,2-dione
or a pharmaceutically acceptable salt thereof;
3-(1,1-dimethylpropylamino)-4-[pyridin-3-ylmethyl)amino]cyclobut-3-ene- 1,2-dione
or a pharmaceutically acceptable salt thereof;
3-(1,1-dimethylpropylamino)-4-[(pyridin-2-ylmethyl)amino]-cyclobut-3-ene-1,2-

25 dione or a pharmaceutically acceptable salt thereof;
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3-tert-butyl am no-4-[ (pyridin-4-yl net hyl)am nol -cycl obut -3-ene- 1 ,2-dione

or a ph | cally acceptable salt thereof; - -
3-tert-butyl aﬁ&ﬁg?’w{ pyri di n-3-yl net hyl )am no] - cycl obut - 3- en‘c’a‘i‘q’:’sf:”awaﬁe or

a phar maceutically acceptable salt thereof; 5
3-tert-butyl am no-4-[ (pyridin-2-yl methyl)am no]-cycl obut - 3-ene-1, 2-di one or
a pharmaceutically acceptable salt thereof;

3- (1 sopropyl -nmet hyl -am no) -4-[ (pyridi n-4-yl net hyl ) -am no] - cycl obut - 3- ene-

1, 2- di one or a pharmaceutically accep abl e salt thereof;
3-[(5-nitro-benzofuran-2-yl net hyl)-am no- Z-%l, 2,2-trinmethyl propyl am no)-cyc
| obut - 10 3-ene-1, 2-di one or a pharnaceutically acceptable salt thereof;

3-(1,1 3-tert-butylamino-4-[(pyridin-4-ylmethyl)amino}-cyclobut-3-ene-1,2-dion¢ or a

-di met hyl - propyl am no) -.4-T (5-ni tro- pe zofyuran- -yl met hyl ) -am no] - cycl obut -
3- ene- 1, 2- di onePYF™AC Hﬁ”rl%m%ifa‘laﬁﬁ%épt abl e salt thereof;

3-tert - but yl ani Sertbitylming-4-dipysdinX-yimethyDayinod-chslbbut-Srdned] 2-dipnd atait - 3- ene-
1, 2- di Ongy PnaduBbAly REPHNICAlNerésiCePt abl e salt thereof; 15  2-
[[2-(1, 1-di t@- opy! ami na) - 3, 4-di 0xq- cycl obut- 1 -enyl am no]-nethyl)-
benzof ur an- 5 ca ﬁgﬁf"f&%@"%f?&?yﬁﬁﬁﬂ%&y mjna)-cyclebut3-a5ed . 2 diope e r eof ;

2- {[ 3, 4- di oxo- ghafrhaceRtiallyracoaptdbld salitlepedfan no) - cycl obut - 1 _

enyl am nol - Met §\isdpropyl-methASAERSH-Rfiyridifi AYANLMY ) abdind} cyBloB R GRELH! ' ca! 1Y

acceptable salt ; .

2-[ (2-t er t - but yHigns pp Rhazmnageytically pegeptable.salt thegaokni no) - net hyl ] - benzof ur an- 5-
20 carboni t r i 34¢(Senitre-bpiaf uran-2yimethyl) amies 441,20} EmethlyIprapytansind)-cyclobut-  2-
{[2- (1, 1-di it hylea21 PRGON 6r§t%ﬂ99anigéﬁé %?ﬁlpﬂlﬁeﬂ?“t -1-enyl am no] -

nmet hyl ) - benzof ug an- 5- cayboni t ceutically acceptable salt
t her eof : @?{,E-M?tgympvm@phﬁ%ig%ﬁp— T;ojmeer—ylmethyl)-ammo]—cyclobut-
, 2, 2-trimet hyl - penpyRadiomojr-aphaintdoentically aceeptible salt thereof,di one or a :
pharmaceutical | y. _&ﬁgﬁﬁm e o Be N\ aminn ]l A ana.l 9.
{[2-(1, 1- di met hyf@f)ro Y tnc® %’Zﬁ.'&f’%ﬁ*ﬁ.@%@'ﬁ?ﬂ%ﬁ)@? gminel eyclobuti3-enci iy - 3.
chl or o- benzof ur #iRVsorAPhsFRAGEH ‘I’@YGF“&‘“H%FP%QMH cally acceptable salt
t her eof . 15 2-({Br(1,1-difneuiidprapytaniing)ed,4-divxpeyclobur -agtaniins]-ieth@ ) conpound
of formula (I) Y ' ' o gt 1
phar maceuti cal I?‘é?:}f{a%t%g%é&ggﬁ?bt %r eo?écgﬁ,éc?ﬂgqgcﬁina%%ﬁglrt gn%f:%&t ically
accept abl e car r FéB3-¢ioreril,2.2-mmethyl-propylaming)-¢yclobut 1 epylamingheetyll he
adver se ef f ect sbenzofaranci-barborsitrileorcapliarmadentieatly acceptablefsalt thepeafipr i ses _
adm ni stering, 9yaleY H3tyI ARG £Eidkd-Lycldtht-3-dflahiit)-mdthyEEch=bARNSET . 2
20 carbonitrile or a pharmaceutically acceptable salt thereof;
2-{[2-(1,1-dimethyl-2-phenyl-ethylamino)-3.4-dioxo-cyclobut-1-enylamino]-
methyl)-benzofuran-5-carbonitrileor a pharmaceutically acceptable salt thereof;
3-[(pyridin-4-ylmethyl)-amino}-4-(1,2,2-trimethyl-propylamino)-cyclobut-3-ene-1,2-
dione or a pharmaceutically acceptable salt thereof;
25  2-{[2-(1,1-dimethy]-propylamino)-3,4-dioxo-cyclobut- 1 -enylamino}-methyl }-3-
chloro-benzofuran-5-carbonitrile or a pharmaceutically acceptable salt thereof.

(6) A pharmaceutical composition comprising a compound of formula (I) as
defined in any of claims 1 to 5 or a pharmaceutically acceptable salt thereof and a
30 pharmaceutically acceptable carrier therefor.

(7 A method for reducing the adverse effects of smooth muscle contractions
which comprises administering, orally or parenterally, to a patient in need thereof, a
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conpound of formula (1) or a pharmaceutically acceptable salt thereof, as
defined in y of clainms 1 to 5. (8) The method of Caim7 in
whi ch the sm%?ﬁ» cle adversely contracting 5 causes uriRfYs9709744 —
I nconti nence. (9) The method of daim7 in which the snooth nuscle
adversely contracting causes irritable bowel syndrone. 10 (10) A

conpound of forrmula (I) or a pharmaceutically acceptable salt thereof, as
defined in any of clains 1 to 5 for use as an active pharnmaceutical or

t herapeutic subst ance. (11) A compound of fornula (I) or a
phar maceutically acceptable salt thereof; Qs 15 defined in any of clains
1 to 5 for use in reducing the adverse effects of snooth nuscl e

contractions. compound éﬁiorﬁuﬁqm%wJcﬂﬁémgaacéeh}ab?ecﬁﬂrtﬂlérg& %sgq%ngcii pitin

whi ch the snpoth l;u]scl e. adverse contracti ng causes urt
i nconti nence. BYOfcRIMYIWS.A corpound of formula (1) according to claim 11
i n which the snmooth nuscle adversely contracting causes urinary

I ncont i nence. fOr rakion of coppound of
fornula (1) or®, 25“,&]‘?)5%]!25(?1%@?1%{%‘2?? %&8@@%3@8&2‘ rggﬁcfe i“ﬁ'&’fs& f COTacting ned
in any of ¢ aiS#8ses ufigary incemtipgnce. conprises reacting a conpound of
formula (11): '
(90  The method of Claim 7 in which the smooth muscle adversely contracting
causes irritable bowel syndrome.

10 (10) A compound of formula (I) or a pharmaceutically acceptable salt thereof, as
defined in any of claims 1 to 5 for use as an active pharmaceutical or therapeutic
substance.

(11) A compound of formula (I) or a pharmaceutically acceptable salt thereof, as
15  defined in any of claims 1 to 5 for use in reducing the adverse effects of smooth
~ muscle contractions.

(12) A compound of formula (I) according to claim 11 in which the smooth muscle
adversely contracting causes urinary incontinence.

20
(13) A compound of formula (I) according to claim 11 in which the smooth muscle
adversely contracting causes urinary incontinence.

(14) Process for the preparation of a compound of formula (I) or a
25 pharmaceutically acceptable salt thereof as defined in any of claims 1 to 5, which
comprises reacting a compound of formula (II):

o) o

X @

wherein X is a suitable leaving group, with a compound of formula (III) :
30

[
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[err] wherein X is a suitable |eavi ng group, with a conpound of

formula (111): 30 WD 97/ 48682

PCT/ US97/ 09744 -31 - [err]
wherein Ra[errgqandsdgplerr] are Rlerr] and R2 respectively, aﬁﬁ# _
above or a group of atons convertible thereto, and reactih OB duct
thereof with the conmpound of 5 fornula (IV): [err] wherein Alerr]

is A as hereinbefore defined or a group of atons convertible thereto to 10
gi ve the compound of forrmula (I), and, optionally converting to a
pharmaceutically acceptable salt thereof; or alternately, reacting the
conpound of formula (11) as hereinbefng_defined with the conpound of
formula (1V) as hereinbefore defined and then reacting the product
thereof with the conpound of fornmula (111) as herei nbefore defined to
gi ve the compound of formula (I), and optiqgally converting to a 15
phar maceutical |y acceptable salt thereoiﬂuz al
\
Raz

(m

wherein R3] and Rp2 are R] and R respectively, as defined above or a group of

atoms convertible thereto, and reacting the product thereof with the compound of
5 formula @V):

A1 —CHzNHz (IV)

wherein Aj is A as hereinbefore defined or a group of atoms convertible thereto to

10  give the compound of formula (I), and, optionally converting to a pharmaceutically
acceptable salt thereof; or alternately, reacting the compound of formula (I1) as
hereinbefore defined with the compound of formula (TV) as hereinbefore defined and
then reacting the product thereof with the compound of formula (I11) as hereinbefore
defined to give the compound of formula (I), and optionally converting to a

15  pharmaceutically acceptable salt thereof.
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