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I nvention relates to (S)-(-)-4-(3-cyanophenyl) - 2-

trifluoromethyl-4,6,7, 8-tetrahydro-5(I#)quinolone (the conmpound), the use
of the conpound in the treatnent of urinary incontinence in manmmals
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activity are nov quite well established. Thus, as described on

Chapter 14.1 of the medicinal chemistry text book, Comprehensive

Medicinal Chemistry, Volume 3, Edited by John C. Emmett and published

by Pergamon Press in 1990, the compounds possess a 1,4-dihydropyridine

ring having, optimally, an aryl group at the 4-position and ester '

groups at the 3- and 5-positions. Removing the ester groups or

replacing them with ai:étyl or cyano groups is associated with a

reduction in activity. Generally, the compounds have methyl groups at

the 2- and 6-positions. : ' o _

| -Grinshteins et al, Khim. Geterotsikl. Soedin. (6), 1118-20,

1967 disclose the compounds 3-cyano-é4-phenyl-2,7,7-trimethyl-4,6,7,8-

tetrahydro-5(1H)-quinolone and 3-'ethanoy1-4-phenyl-2 » 7y 7-trimethy-

1-4,6,7,8-tetrahydro-5(1H)~-quinolone. Vitolinya gg al, Khim.-Farm.

zh., 15(1), 39-42, 1981 discloses an investigation of the effect of

several 4,"6,7',8-tetrah}ydro-'5(1H)-quinolones having an ester or cyano

group at the 3-position on the cardiovascular system and on intestinal

smooth muscle. 3-Cyano-4-phenyl-2,7, 7-trimethyl-4,6,7,8-tetrahydro-

5(1H)~quinolone is reported to possess hypotensive properties and to

be capable of blocking the spasmogenic effect of both acetylcholine
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uncontrolled or unstable bladder contractions. Hence,. the compound

may be useful for the treatment of . -urge incontinence, vhich includes

for example detrusor instability, uhich may result from cystitis, _

urethritis, tunors, stones, diverticuli or outflow obstruction; and,

detrusor hyperreflexia, which may result from stroke, dementia,

parkinsons, suprasacral spinalcord injury or suprasacral spinalcord

disease. _

It has also unexpectedly been found that the compound
is a potassium channel opener. It is known that by functioning to
open potassium channels, potassium channel opening compounds can
thereby function to relax smooth muscle. Uhile not wishing to be
bound by theory, it is accordingly believed that the ‘compound

" functions by opening potassium channels in bladder cells and thereby
relax bladder smooth muscle tissue, thus preventing or ameliorating
uncontrolled bladder contractions which can cause urinary
incontinence. Nurse D. A., Restorick J.M., and nundy A.R., British
Journal of Urology, (1991), 68, 27-31 discloses that cromakalim, vhich
is well knoun as a potassium channel opene:,_has been found to be
effective in a preliminary clinical trial for the tteatment of urinary
incontinence. - o '
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processes knovn in the chemical arts for the production of
structurally analogous compounds. Such processes for the manufacture
of (8)-(-)=-4-(3-cyanophenyl) -2-tri£1ﬁoromethy1-4 +6,7,8-tetrahydro-
5(1H)quinolone are provided as further features of the invention and
are illustrated by the following procedures. Such a process can be
effected, generally, by decarboxylation of a corresponding
(8)-(-)-form carboxylic acid of formula II. _

The decarboxylation reaction can conveniently be carried out
at an elevated temheratu're for example in the range of from 50°C to
250°C, preferably, in the rangé of from 190°C to 220°C without an acid
catalyst, especially 130°C to 185°C (for example, using a heating
mantle) and preferably, in the range of from. 90°C to 120°C with an
acid catalyst. The non-acid catélyzed' decarboxylation reaction can be
carried out as-a neat melt, or in an inert solvent of appropriate
boiling point such as diphenyl ether or N-methyl-pyrrolidin-z-6ne. A
preferred solvent is N-methylpyrtolidin-2-one. Suitable solvents for
the acid catalyzed deéarboxylation include alcohols, for example,
methanol or ethanol; dimethylsulfoxide; aromﬁiic hydrocarbons such as
toluene; ethers, such as for example 1,2-dimethoxyethane or diglyme;
and N-methylpyrrolidin-2-one. Concentrated 'sulphuric acid, phosphoric
acid, hydroct_xlor'ic acid, hyrdrobromic acid, hydriodic acid, strong '
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by procedures vhich are selected from standard organic chemical
techniques, techniques which are analogous to the synthesis of known,
structurally similar compounds, or techniques which are analogous to
the above described procedure or the procedures described in the _
. examples. ' :
An intermediate of formula II can be prepared as shown in
Scheme I, by reacting an acetoacetic ester of formula III or
hemiacetals thereof, in which ORa is an alcohol residue, vhich forms
an ester that can be cleaved under mild basic conditions, such as for
example a 2-cyanoethoxy ester, with 3-cyanobenza1dehyde and
1 3-cyclohexanedione to give an alcohol of formula IVa. . Dehydration
of the alcohol yields an ester of'formula_IV, vhich can be saponified
to give an acid of formula II :
'An intermediate of formula II can alternatively be prepared .
as shown in Scheme II, by reacting an acetoacetic ester of formula III
or hemicacetals thereof in vhich ORa is an alcohol residue, vhich _
forms an ester that can easily be cleaved by acid, such as for example .
an isobornyl ester, with 3—cyanobenza1dehyde and 1,3-cyclohexanedione
to give an alcohol of formula IVa
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hemiacetal of 2-cyanoethyl 4,4,b-trifiuoroacetoacetate by ester
interchange of 3-hydroxypropionitrile and ethyl | |
4,4,4-trifluoroacetoacetate.

The processes for ptepatation of the compound of formula I
and the intermediates therefor comprise further aspects provided by
the present invention.

Phatmaceutically acceptable salts may be obtained using
standard procedures well known in the art, for example by reacting the
compound with a suitable acid or base affording a phy51olog1cally
acceptable counterion.

Vhen used to treat urinary incontinence, the compound is
generally administered as an appropriate pharmaceutical composition
vhich comprises the compound together vith a pharmaceutically
acceptable diluent or carrier, the composition being adapted for the
particular route of administration chosen. Such compositions are
provided as a feature of the 1nvention. : _

According to another aspect, therefore, the invention
provides a pharmaceutical composition, which comprises the compound or.
a pharmaceutically acceptable'sait thereof, as defined hereinabove,
and a pharmaceutically acceptable'diiuent or carrier.



To further m nim se decarboxylation, the tenperature of the reaction
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3- hydroxypropionitrile and ethyl 4,4, 4-trifluoroacetoacetate.
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or suspeminanysidcontimencai it aapatienty Treatmentocan 3180 be prophylactic

or prospective by administering the compound in anticipation’ that

urinary incontinence may develop, for example in a patient who has

suffered from incontinence in the past. o :

According to a further aspect, the invention provides the
use of the compound in the manufacture of a medicament for the
treatment of urinary incontinence. :

Because the compound functions to open cell potassium
channels, it may also be useful as a therapeutic agent in the
treatment of other conditions or diseases in vhich the action of a
therapeutic agent vhich opens potassium channels is desired or is
known to provide amelioration. Such conditions or diseases include
hypertension, asthma, peripheral vascular disease, right heart
failure, congestive heart failure,_angina,'ischemic heart_disease,
cerebrovascular disease,'glaucoma,'renal cholic,'disorders associated
vith kidney stones, irritable bowel syndrome, male pattern baldness,
premature labor, and peptic ulcers. '

The dose of the compound vhich is administered will
necessarily be varied according to principles well known in the art
taking account of the route of administration, the severity of the
incontinence condition, and the size and age of the patient. In
general the compound will be administered to a varm blooded animal



~intravesicul ar, subcutaneous or intramuscular injection or infusion; or in
the formof a patch for transdernal adm nistration. The
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potassium channels, 1t may al so useful as a therapeutic agent in the
t r eat mentcoBPORGhERn bsnemradpinissered wish orher therapeutie %PFW}'&PF"&“

t her apeutdgentd) Rt/ o medicaments Rhd6aTe UMOLC hadRllly i facdRpdtiblleor is  known
to provi q:?‘ aneilg'borat lon. Such conditions or diseases Include

hypert ens §h fhma, peripheral vascul ar disease, right heart failure,
congestive heart The lagtinnsaof)ithe, compotmdrias &ecsmobthiimsabe relaxantebr ovascul ar

disease. Jlefdlf Qi (RIGDetEO dgent HAOLAC tReltmt! 6f Pinany LN ki dney stones,
I n ba

irritable bowel syndrone, nma patter ness, .premature | abor, and
pepti c uli¥epatinence through ity acgben tefopenepetansdumFhapnels ad adnini stered
wil N&fypefpdliak ¥z ¢h¥ AembLartC OEHtAHL 11 Rhé H1aBEES déBhisokNéliWdthn the art

s T WA O R BT X 37 AR N
the conpabedone ldestribadrfallovinged The eompbumibéxhdbtibes aniIGy, of 4.2
PCT/ GBQS/nRQ%&?ol\QP ﬁ?’:ﬂ@%vc "Icso" is a well understood term and meahz )

the concentration of test cbmpodnd'which causes a 50% decrease in the

in yitro contraction of the bladder tissue described in the following

test. ' ' _

Male albino Hartley guinea pigs (450-5003) are sacrificed by

carbon dioxide induced asphyxiation and quickly exsanguinated. The
lower abdominal cavity is opened and the urinary bladder isolated.
The bladder is cleaned of surrounding connective and adipose tissue,
and the portion above the ureterallorifices is removed and washed in
Krebs-Henseleit buffer solution of the follovihg composition (in mM):

} NaCl 118.0, KC1 4.7, HgSOa 1.2, mzro,. 1.2, (:a(:l2 2.5, NaHCO3 25.0 and
d-glucose 11.1. The solution is warmed to 37°C and gassed with 95% 0,
and 5% CO,. With vigorous bubbling, the solution should have a pH
value close to 7.4. ' ' _

* The dome of the vashed bladder is cut off and disda:ded; the
remaining bladder is placed on a gauze in a Petri:dish containing the
buffer solution. A mid-ventral 1ongitudinél cut is made with scissors
to open the bladder. The strips cut from the dome and the base edge
are discarded. The'remaining detrusor mid-section is cut into two
horizontal strips vith an approximate width of 2.0 mm. These two .
s;rips are further bisected at the mid-dorsal sebtion, creating four



(such as man) so that an effective dose is received, generally a daily
dose .of above 0.005, for exanple in the range of about 0.01 to about 10
ng/ kg Wysmsght Pr eferably the conpound is adm ni st ®CFGRISAIM in this,
- dose range. - - It will be apparent to those skilled in the art that
the conpound can be co-administered with other therapeutic or :prophylactic
‘agents and/or nedicanments that are nd -nedically inconpatible therewith. -~
"~ The actions of ‘the conmpound as a snmooth nuscle rel axant useful as a '

t her apeyek gy 3¢ePimiflQF &ﬁenu&at mt:hoéuqf, #itlsY coritaSAH tHoRB Nde shirapdgh its
action to open potassiumch 3’%3 s and hyperpol arize the nenbrane potenti al

in the tYIeaEI'{:PéTPEF&iPB&Rf &he def1scl e can be shown usi ng suitably designed
in vitro tests, Miekvesends ef each dadividosl s‘mﬁbowengiedrlre zglpssind exhibits

an 1 C50 o o ar r I der st ood
term and prﬁ%ﬁsm‘{n n?é’gﬁ? r@#g EE{ t&ns&sr 41 a\%\g "%ﬁggaét}gg a 50%
decr easeespedtiively,nwith ko0 chlack chraided shlk mltbt'adder ti ssue described in

the followng UAY ¢r sducers are M%hﬁe@tleh' £6 pbiygraph (cREss Fiﬂoﬂél (450 5009)
are sacrificed by a’t) .

di oxi de 1 .nduced as at | on ck
exsangui/§it é@iChﬂfecaimFe‘hﬂﬁof’nWéF“ @ang; the Féx%éﬁl I é‘?fﬂglﬁ%gl fox i nar y
: bljadder lltiﬁ@AﬁTt?ObithTMdhh:BOKEB ard oLseegredhspf murarmlagllelgccﬂmaem ive ang (‘j
adi pose tissu rthon above the ure es is renoved and
vvasﬁed oHeP %éﬁ?‘%@ng’é?"efg tﬂ?h?'gap ofift | Mitgf % oﬁdd%gg conposi tion (in
m) :  NABkthdéno Miked 5000, smsqm]zsﬂinz sshsi[euruqilhq Biowiindow DatayCl [ err]
2.5, Na t@ﬂ% S to
37[err] (@Q{l?&g‘%‘gg Wlt 9?5 5)\ J‘é‘n 5 errsidit%lh oﬂ\#ggir%%us
bubbl i ngﬁt%vseh @0 TRH-SRBPAtdD a pH value close to 7.4. The

domi‘I of the Washmi Béﬁdﬁﬁfpétii‘iﬁsltonoﬁﬁe Egtltdsﬂlz%aaitbedecﬁ:}’e? ik @0amhi ng bl adder
is place auze.in.a ri contai pin i on.

i d- vent 5?“? gﬁéﬁ aas r%“t!fff o5 e‘iﬂﬂébﬁtleh 80?‘59%?%%35%# gl%l adder

The strigramsut Daring the fodbaviagdss e élhmén caimdlibwation pexiathdthe The

[ emai ni oGt 44SHangh ACHG el sdiBtfod 42 19 %bZMeRban W@ W th an

appr oxi mat e W I ps are further i sected at the
m d- dor $he tensiewpdjustas,i hf nesessary, to 2 grams prior to vashing.

After the equilibration period, a priming dose of 15mM KCl (total
concentration in the bath) is applied. The tissue is vashed after 10
min and vashed twice more at 15 min intervals vith tension adjusted to
2 grams before each washing ' :
Uhen the tissue relaxes to a steady state after the final
wvashing, 15 mi KCl is again applied. Once the myogenic activity of
the tissue reaches ‘a steady state, the baseline data are ‘acquired
through the Biovindows Data Acquisition System by averaging 5 min of
the myogenic:data'samplediat 32'Hz. 'Once the baseline is acquired,
the experimental compound is dosed in a:cumulative manner in half log
unit increments. The contact time for each dose is 10 min with the
final 5 min being the period of time that the dose reponse data are
required. If 30 uM of the test compound does not abolished. the:
detrusor mechanical activity, then 30 uM cromakalim, a putative
potassium channel opener, is dosed to establish a maximum response.
The effect of the compound at each dose is expressed as % of the
maximum inhibitory response, which is further normalized with respect

C

to the corresponding effect of the compound vehicle control. The
normalized response is then used to derive the IC50 of the relaxant
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- 8- strip of simlar dinmensions. Each strip thus contains both dorsal
and ventral portions of the bl adder. © ., The tmmgg ?
indi vi JNE0 9538388, are tied to a glass support rod-and a POPEED I spl acenent

transducer (Grass nodel FRO3), respectively, with 4-0 black braided silk
suture. The transducers areqconnected to a pol ygraph (Grass _
nodel 7E), which is calibrated at 5 n%//cm and the calibration checked for
linearity with weights of 5 and 0.5 granms. The analog el ectrical output

si gnal s facgviteohdiheqeomprund éihGP‘g!ﬂl't the rppjicatipn nfaMarquasd (frent Mcro

5000 si grifnl pReazefedrativey ehtve FStithgSteMinigEwy voah dscahi@alid Sition Software,
which is und e M.crosoft OS/2 operating systemw th an

er t
| BM corrpa‘{‘ﬁsﬁl'%espff‘se #ndt 18! The detrusor strips on the glass rod are
secured in 20 nl Thd abilityasfthancompolmdved bpexequtdsshnntuhaundm ia prel oad

ber oq, errugdt, Bliuh atc1ffed By Alaedlt Mnopbch8elP o £ Rlbhg S 10"
i nt er val ,Yitrefesthe ThisHeganddin witye test Aeceimiday to the ogeadescyibest to

washi ng. abbbé &Fith h&gﬁﬂ&“dol Eis”édeoﬁréb%"rhefhn @nd'dafh N qd@sfrieh. 157K KA (total
concentrafion i nt‘tﬁﬁ)ig ng %gl S a The tissue  i's washed after. 10 mn

and washetP¥BWie '@r?ﬁ? Dokpdy, fBhisnserpndstesy the 2 grans
bef ore eawhntraziibmmf the detrusor Wﬁﬂpst Seringspriming | andesfier chet eady state

after th e c nmyogeni c
act.i vi tyeeéI}l w@hutmg hg&rdeégh%%& Eﬁ%@t“;?q%# cFIBglsg]mge&é(;l‘at a are
acquired (mﬁab@gncemamwncwmbwz)a A&@lﬁtamednt&ﬁbemrbyha\BSagﬂ ng 5 mn

of the rwaema.cdﬁﬁrsafm' ﬁ@kxﬁkcﬁ?séﬁum%ﬁe HeRSu S51 td}e- k@lh %?&kffed .
t he exper| nt al .co I's dosed I n cumul ative manner I uni t
i'ncr ement“:,a hi‘%ﬂr?tiétcii“ﬁ heen GF“@J@H RERLe Perpitiian Wﬂl‘l‘*t% fi naI 5 mn

[bel n]g Mt hfecqlelmdnod theneel1Baind lthe didvelspien as'sdf dﬁﬁﬁ: géﬂsidnequﬂﬁeﬁ I | 30
err o] t u t he .detryso chani ca
activity,™8 E\E%J 38 I&?ﬂﬁ’ﬂ @P%ﬂ%?él Vﬁ‘fth g%d"ﬁ??\?«?paﬁﬁi&gmm gh’g‘ﬁnel opener,
i s dosed thereby aised $io establish rtheomaximue resjiorsectih adiisofesthe conpound. at
each dose is exprgﬁﬁ .41 45 1%3 & ctl':gﬁ'ne ibéﬂé%'ﬁ*ﬂeb;é{ﬁr Xg?%éponse which is
e ndi n : _

further normalize r espect correspo ct of -the
conpound RASRAipip eco"rﬁrﬁﬁpmeﬂ@'d H’B?#?&F'He%i‘eré@mﬁgefq axtandnreduce the deri ve

the I erwﬂogéﬁid be:fv&ltjiwfguinea pig detrusor strips in both tests by
virtue of their blocking action on calcium channels. However, all of
the aforementioned calcium channel_blocke:s are more potent in the
second test when 80 mM KCl is used, than in the first test where 15 mi
KCl is used. In contrast, while the ﬁutativé potassium channel opener.
cromakalim has a potent relaxant activity in the first test vith an
IC., in the range of 0.6 to 0.9 uM, it demonstrates insignificant
relaxant activity in the second test at concentrations as high as
30 uM. Thus, the profile of a higher relaxant activity in the first
test than in the second of compounds according to the invention
indicates that the compounds are functioning as potassium channel
openers. The compound exhibits an ICSO of 41.1 uMf in the second test.

The ability pf the compound to act as a potassium channel
opener on bladder tissue may be further demonstrated by a standard
test vhich measures the effect of test compounds on the rate of efflux
of rubidium (86Rb) or potéssium (AZK) from the tissue.

It wvill be further appteciated by those skilled in the art
that the efficacy of the compound can be demonstrated by standard
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9- activity of the conpound through the application of Marquardt's

nonl i NG 5}2§§8§at ive curve fitting technique to a st andal’d'rlcﬂwmﬁesponse
functi on. - The ability of the conpound to open potassi um channel s
in detrusor snmooth nuscle can be further denonstrated by a second in

vitro test. This second in vitro t-ec30 4s simlar to the one descri bed
“above with regard to tissue preparation and data acquisition. However, the

foll ow t |4 | t e staffahact i on of
t he det F%sg?g% %Pibsdﬁir.lf‘enQ%ﬁ%n%ggaﬁd&ésgwgﬁe@ﬁkﬁ;iﬁ g'r:at | og riod is

achi evedtesits Whdch ean; H%t"é&ﬁ Tor aSCRTHRIRGE 3 (TRFCaFONPS Afr 8¢F38 #:t he
bath). /adudeicaldy, HEnsiteetidonpbend ieshildtsi selevtitany afrt ehe ttiaddéx gh KC

t | at i b | t t | b d d
o Lo PSSR AR Bt ML AR S o e
toni c tension. THale Vistasi vats €400t-ab0§ gibate shuj:hm:i.tecBGOﬂ‘[ err] M of
papaver lﬂhemgm fbmbutal ! rlepeb*d‘s?&ht Qaf"srtﬂgldb'ﬁhm{dﬁ P@i‘oﬂ“&ﬂd gapoONse in

this te ci.um channe ockers |1 ke nlf%glplne

ni modi puﬁr@ntumdaam 13 tb&nae%#apaﬁhaveﬁraedaxﬂVédwwiems iR PRPddtLe the
nyogeni GeAthé \WKiN. OfFod Watetidicathbtierisatiof| rihas1éft bﬂidti’desiter?y:.s virtue of

their blockin ctlon cal ci umcg15 s’J' r, all

af or enerﬁ’ﬁl’Bﬁ%‘g gél%lsﬂ FERFRAL BPLY é? ngigiofy, eﬁﬁof’é‘?ﬂseﬁ 'f%e second test
when 80 fikiskéd wish us ey, lidbeairienHChsollutixn teselahahe deéssedd BB is used. In
contrast u [ has a

pot ent realtgggénx? gi?i U‘%ﬁth ﬁ?%?ﬁﬁéti%qgipmcﬁepﬁ%f’dﬁﬁ Pﬁkt e range of
0.6 to Oinko[ the pRFeTN saeﬁhéﬁs%ﬁsatée regideshin; thensortig| a5cknt WM& ivity in the
second tﬁ?sftaﬁtexﬁoat:%éré‘dtwf& 15 &rdpictizedad ehé ]nl!beTquche teekpr-ofile of . a

hi gh t t th d f d
ceor di e (st apary gabod REatalY ahEBeat a3t o iR SEFEE oC. onr g s
pot assi Ltraohbmhtiumeﬂm bladdﬂreiscexposedj thxdughi 4 smidbineChbdoniingl 41.1 uMin
the secopgd %I A trocar is pJJL%daBHoh&ﬁ( éi’lfe ammEWQHMet bt 1986m

pot assi um ¢
from the upper end of the incision and then tunneled. subcutaneously to

emerge through the skin at the back of the neck . A saline-filled.
catheter is passed through the trocar. A small opening in the bladder
dome is created with an Accu-Temp cautery The catheter is placed
into the bladder and secured with a 6-0 silk ligature The catheter
is flushed with saline and patency is noted. The external end of the
catheter is heat-sealed to prevent urine leakage The abdominal
muscles and the skin are sutured Both catheters are ‘threaded through
a stainless steel anchor button (Instech), vhich is then sutured to
the subcutaneous muscle'at'the:point of_exteriorization. The skin is

‘sutured closed over the'button. The animals are alloved'to recover
from anesthesia. | |

24 - 48 hours after surgery, each rat is placed in a
metabolism cage and connected via the anchor button to an Instech
spring tether and swivel system to protect the catheters from damage
‘and to allow the animal free movement in the cage. The carotid-
catheter is connected to a Gould PZBXL pressure. transducer for blood
pressure measurement. ~ The bladder catheter is connected to a pump for
saline infusion and to a pressure transducer by_means of PE50 tubing



opener on bl adder tissue may be further denonstrated by a standard test
whi ch neasures the effect of test-conpounds. on the rate of efflux of

rubi dium ([err]Rb) or potassium ([err]K) fromthe tissu 1845 It .
Vi |1 beW appreci ated by those skilled in the art PERSE¥PELc (i cacy
of the conpound can be denorstrated by standard % WO 95/ 28388

- PCT/ GB95/ 00845 : ' =11 - ' - 10 - assays in"vivo.

The following is a description of such a standard test, which can be used
to ascertajn if a test conpound.is.actjve and, . additionall if a test
compound®®k B #74aY EEAPELEE| gyt"fp&Pa‘H?é h?];’&ﬁgrﬁﬂ‘vft‘r?&gfc- °§n¥% iﬁnt 3

car di ovaplatedrumietetites cagee forl axdne cuxply measurement. Mal e Wstar rats (400
- 500 g) are ane l.Z€ ' 50 -”?ct]& | ¢l each rat, the
-abdom nal re ion%ﬁ?#ﬁe&e\%égﬁe%%ﬁ%%hﬁ- eang%t*?ig eneg aved and '
povi doneinwrepueed,sbutppoi Epid expelled)okand trapsvesical isaling AufusipRation, the
left car piigdm@/miayyid %eFu@&BQS&itYmﬂadatﬁfﬂ_ﬂ howt the 8éxpeeindn€dl | ncision.

.The expo&$ﬂ€§£ea I, S flushed with-a 2%/ gcalne FCI sol ution %o rel ax the
vessel . tions, dRhlond RTeFFURE PeAFTOTERS s IRFTATESICAL PESSHER AP

appr oxi matixeyodtpitcare recdrdeton eitheryasGrasikaPolygsagh prraGodhdl i n the :
aortic a ' en f e | tertQnl he nape
of the noefpoo deirpidy Shfess ol shlifygGisnFloden £ ot Hirafl afibed Ne T

bl adder the adpturdtion pagtern hecamesrpansistenty (eRRTOX: HSoag?P Bimi )l i Ak

abdoni nathis pBentSi @Mbasal 1evetads eficlk dxperineRtal Parhheted IO Febadegusc! e
fromthe u he and then tunnel e

-about 1 c er. end of t i nci sio

subcut ané'g‘hﬁ‘? rars agg@ it’ﬁ?’iﬁﬁ'g&”t‘?félsﬁq?gattr}{%épmpﬁe PP Qeck. A

sal i ne-f conpatind (dat HeA5%r PEG 4p0S< gdline oelpitleheind concentrationgnsuchopeni ng in
t he bl ad | r | AC CU-ms elsy eter is
pl aced |£ntt ghgﬁvﬁwéa&ge?%&ggg \éﬂé’tggr'g%g@?t h %‘Snggg# kofl F%eaigglrﬁ%&ﬁhghe

cat het er on gxperimenhali parametensiare foddowed dfeayfive howrsiafter: external end of
the cahlin@criatibgat -seal ed to prevent urine | eakage. The abdom nal

Ctainlese Stecl FRRREMEBER] SRERILAS Ok RPL diS. NTFvBh S CEoRur od (o Che
subcut aneentraguidtiscand albe heartitratés @irecexpressed iasnthe hban IKEIEMS

(Standard Error of Measures) % change from basal level, with each

animal serving as its own control. MAP is'expressed as mean + S.E.M

mn Hg change from basal level. - |

The compound according to the invention is active in the
above described tests being active and selective for the bladder
without significant cardiovascular effects, when dosed orally, for
example, at 3 mg/kg in the above in vivo screen. '

} The invention will now be illustrated by the following
" non-limiting examples in vwhich, unless stated otherwise:

(1) températures are given in dggfees Celsius (°C);
operations were carried out at room or ambient temperature, that is,
at a temperature in the range of 18-25 °C;

(1i) organic solutions vere dried over anhydrous magnesium
sulfate; evaporation of solvent vas dar:ied out using a rotary
evaporator under reducéd pressure (600;4000 pascals; 4.5-30 mm Hg)
wvith a bath temperature of up to 60 °C;

(i1i) chromatography means ’‘flash chromatography; reversed
phase chromatography means flash chromatography over octadecylsilane
(ODS) coated support having a particle diameter of 32-74 u, known as



sutured closed over the button. The aninmals are allowed to recover from
anest hesi a. 24 - 48 hours after surgery, each rat is placed in
a  nmetphelhsgs cage and connected via the anchor button roT/GEpSiopsssech )
spring tether and swivel systemto protect the catheters from damage and -
to allow the animal free novenent in the cage. The carotid catheter is-
connected to a Gould P23XL pressure d2ansducer for blood pressure

measur enent. The bl adder catheter is connected to a punp for sal i ne

| nf uSi ormpRRE-4020DS Pr(REE W32 746200 CEAA" BEUMaAEEHER1 €41, ER Iy bm,g usa); VO
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and a 4-1 Hyﬁﬁc%?’“at%’?aﬂ d34Fhyas sarnied \uenon, s&d?‘?’eéﬂ E®% i s pl aced
"~ under the cage fpiviurineenatgl)t theasurseebireactions was follléwedabg are

\Qe;)grfgaﬁﬁr aan¥F§£ﬁ@hd\?ﬁn%§ Sﬁoihv& ng qﬁgstra%:i%g Sﬁ‘igfn but no fluid

. ransvesr cal ne in i's begun and
“continued t hrougf®ut me}eingxpadntacane uncarrectedyand j (dep) d@digﬂ‘t@gsure heart

rate, 'Wc%ﬁo%'iﬁfdn-pm%ﬂﬁi@goiws' BEveAUh R ehBES dbREEHeiCEoPRAEI t her a
Grass Pont%g h or a A ﬁ%‘? recordi ng system The animal s are

al | owned IP'EFrP&F% (B§; fescrifeds pelymorph ﬂé’f FeSHL G dBoHRAENS| st ent
(appr ox.of4haterdAlsrivith . differént nemn.tpoiatbaaﬁhode\peépafatmm experi ment al

bt opr et e dosel o uflopkRliekR arkih bR ' Sloxin, e Tbl, 277 °F
concent reaghegis Emanchdmhespeotm is 1 m/kg body weight. The effects of
t he conpounds o&,gspe;idiagtﬂe E?vie?l”f& riil@étﬁ:a’;:i’# g\qﬁgt gr%d)‘gt hours after

adm ni strati on. i ment-al resu e I nterval

bet ween REERSRATALY jthese a‘ﬂ’&cﬁlw h%é’bea-'F‘!ﬁdeBY d’riéiﬁé’d:r BEQSB$Sas the nean [err]
S.E.M deSekdpmhent; prepirationdamré &%})e%eahﬁﬂ%rérlﬁ!ﬁebﬂéﬁlwak whireu-t h each

oL SerVNg Shedsy RiiaCEeS om Y 43 SXRREEER 9% Rty 1 1Y,
i's act|\ﬁ9r|majphediagnostic protons, given in parts per million (ppm)
relative to tetramethylsilane (THS) as an internal standard,
determined at 300 MHz using perdeuterio dimethyl sulfoxide (DHSO-d6)
as solvent; conventional abbreviations for signal shape are used;
coupling constants (J) are given in Hz; Ar designates an aromatic -
proton vhen such an assignment is made; L
(ix) chemical symbols have their usual meanings; SI units
and symbols are used, , _ ,
' (%) reduced pressures are given as absolute pressures in
pascals (Pa); elevated pressures are given as gauge pressures in bars;
(xi) solvent ratios are given in volume:volume (v/v) terms;
and - _ _ _
(xii) mass spectra (HS) vere run with an electron energy of
70 electron volts in the'chenical ionization (CI) mode using a direct
_ exposure'probe; vhere indicated ionization was effected by electron
impact (EI) or fast atom bonbardment (FAB); values for m/z are given;
generally, only ions which indicate the parent mass are reported.



above described tests being active and selective for the bladder without
significant cardiovascul ar effects, when dosed orally, for exanple, at 3

ng/ kg in the above in vivo screen. ' The invent| f(}gﬁe%%!h 82£W be

i'T1 ustrwoR$/28388t he following non-limting exanples in 1, 1882s stated
ot herw se: (i) .tenperatures are given:in degrees Celsius
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nucl ea][ migme&dicn ru_isbruauhlge étieiyhedanet prdvided the _'ﬁir_le (eomppund/i el ds aL e
gi ven for, . S i.Qn an re _1a96£ €S K@k} 10S | ch,may be
obt ai ned (t?y“%#’l ?gg*]ta%p? %@égg s°§é§e"i'l’03%n’t",g T egg?'at %oﬁ@q\@\gﬂ'}'eg%at ed if
nore mat éfydl Ra2lrHbdhbi (med2H, CHy), 2.53-Z.64i (1, 2BhdH,0i Ver®8(dMRHdata is in
‘the formgls, dedsd,acial Usss1 (@) 191 $Us.9HA0RRG! '€ 5BLLISA Pm, SHYCLY),N parts per
mllion (7opn) rel ative to tetranmethylsilane (TM5) as an Internal standard,
: _ .61-7.66 (m, 2H, Ar), 9.42 (s, 1H, NH); MS: m/z=319(ﬂ+1); o o

[alp??+-606.8° (c = 0.665, methanol). Analysis for C,,H,FiN,0:

Calculated: C, 64.14; H, 4.12; N, 8.80; Found: C, 64.07; H, 4.24; N,

8.78.

19r-m analyéis of this material in the presence'of the

chiral shift reagent (R)-(~)-1-(9-anthryl)-2,2,2-trifluorcethanol-d,,
(CDCl3 at -30°C) showed the (S)-(-)-enantiomer to be. present in
approximately 99% ee. '

The intermediate (S)-(-)-4-(3~-cyanophenyl)- _
2-trifluoromethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic
acid was prepared as follows.

a. (:)-Isobdrnyl'4,4,4-trif1uoroacetoaCetate.
‘A stirred mixture of ethyl 4,4,4-trifluoroacetoacetate
(160.28g 870 mmol) and (2)-isoborneol (86.81g 563 mmol) was stirred
at 130°C (bath temperature) for 18 hours under'a 4 ihch Vigreaux
column vhich allowed ethanol to distill off. The bath temperature vas
~ then increased to 150°C to distill the residual ethanol; a total of 29
mL (88X of theory) was collected. The remaining mixture was then



Ideterm' ned at 300 MHz using perdeuterio dimethyl sulfoxide (DIVBOd[er'r]) _
as solvent; conventional abbreviations for signal shape are used; coupling
consta% ,;% 358" € given in Hz; Ar designates an arorratlcl:cpcnpsmamen such .

- an assignient ‘1s made; _ (ix) chem cal synbols have their usual ,
meani ngs; SI units and synbol s are used; (x) -reduced pressures
are given as absolute pressures in ﬁé§ta|s (Pa) el evat ed pressures are o
gi ven as gauge pressures in bars; (xi) solvent ratios are given

in vol unfraceianaeed \dtv)edtmedmresem:e to yield (+)-¢.sobo)myhss spectra (M5) were

run Wt A0y SLAC ARG 2% ShERILED 311t B i £ 2

i oni zatidn’ expos I'ndi cat ed

i oni zat |Q!'r'r9ﬁh@ éf Taxas emmoycmlgdi rg2- 1n1ﬁa(ﬂn, (IEEX) ‘B"ryf@!azt) al oprbebfoar dment
(FAB); val,uss, fcﬁr 843 GUQZQ(é/eBike&eES’fﬂchgé Qnhys isangn Waig hochsli cat e the
' _gacq_/eggg;%gsa%_’eem L}:n? CH) 11.97 (s, eno£ 2f.orm OH). . - 13 - Exarrpl e 1.
(S)-(-)-4-(3-Cyanophenyl) - 2- trlfluoronethyl 4, 6 7,8-

Eg; r ?hglqir? ( g( é;baﬂ%henyq%ﬁgﬁ 1 f}ﬁanoghenyl)'b? %H@o@oﬁgﬂa' 20 of

met hyl - EJW@XQ*Y.L-MO@-@;%%ﬂhéxﬁaﬁyqumhmqqnéﬂﬂioafibsﬁybqwlam-d (3. 93g,

10.85 nmol ) in l\hr&w&d@mm{fedw 4)0gototfipl) Was placed in a preheated
oi | bath at 210%& C or 20 m-nut-es. The coaqled reactjon mxture was then

pour ed i4riedviFt 66?&")“%??('1’%5(??‘&&%%218\/\”%1 i 1 13 -cEEphexanadipne 1o
conbi neokaath'grzaexa o1 5, mcmsﬁﬁidbwdee(w.tm V2828, mmol)) | eahd MySO err] ),

Chr onat GERARHIA RePERSK T4, A8 TTR6CH sty 4%&?&%?%& L 58 demed, on in
et hyl etfiear # honzse Bfven del!otdle02mﬂeein:lmpedlr&iﬁf@anmenn%Lésﬁa white

5 a' ! gH oy b%-h%%ﬁé‘d:hg aN'VEh 2511)8&161119&?&1%;2&? éﬂi&%&&d,) the Zidtefre?> (M
[ewran] t):.oncentrated in vacno. Chromatography (eluent ethyl

acetate/hexane 7:3) provided (%)- isobornyi 4-(3-cyanophenyl)- _
-trifluoromethyl- -hydroxy-S-oxo-l 2,3, 4,5,6,7 8-octahydroquinoline-
3-carboxy1ate 923 (63%) as a vhite_solid, mp 209-213°C dec; NMR: _
0.63-0.73 (m, 9H, CH3); 0.86-1.64 (m, 7H, CHZ' Cﬂ){ 1.84-1.88 (m, 2H,
CHz), 2.03-2.07 (m, 2H, CHZ), 2.34-2.63 (m, 2H, CHZ) 2.64-2.72 (m,
14, CH), 3.92-3.96 (d, 1H, CH), 4.10-4.16 (m, 1H, CH), 7.22-7.25 (d,
1H, OH), 7.39-7.45 (m, ZH,'Ar), 7~49 (s, 1H, Ar), 7.57-7.61 (m, 1H,
Ar), 8.11-8.13 (d, 1H, Ar); MS: m/2=517(M+1). Analysis for
CogHa FoN,0,: Calculated: C; 65.10; H; 6.05; N; 5.42; Found: C;

31°3 :
64.93; H; 6.05; N; 5.22.

c. 4-(3- Cyanophenyl)42-trifiuoromethyl-s-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylic acid.

A stirred mixture of (#)-isobornyl 4-(3-cyanopheny1)
-2-trifluoromethyl-z-hydroxy-S-oxo-1 2,3,4,5,6,7,8-octahydroquinoline
-3-carboxy1ate (8.5g 16.5 mmol), p—toluenesulfonic acid (1.05 g 5.5
mmol) and toluene (170 mL) was refluxed for 3 hours. The reaction _
mixture consisted of an 1nsolub1e gum which contained the desired acid
and toluene solution. To prevent decarboxylation, only enough heat
vas applied to the reaction mixture to obtain a mild reflux. After
removal of solvent, the residue was partitioned between ethyl acetate



J.5.3 Hz, CH), 5.61 (d, 1H, J=5.3Hz, CH), 7.50-7.54 (m 2H, Ar),
7.61-7.66 (m 2H, Ar), 9.42 (s, 1H NH); Ms: nlz= 319(N%1);
[err]Derr]=-606.8[err] (c = 0.665, nmethanol). AnaIyS|s :

err] Hve9siEIs8rr [N err] O Cal cul ated: C, 64. 147 :H, 4. 15"9[&"9%‘."!?6? Found:
C, 64.07, H 4.24, N, 8.78. [err]F NMR anal ysis of this
material in the presence_of t he Cﬁiift.Shift r eagent
(R-(-)-1-(9-anthryl)-2,2,2-trifluoroethanol-d  (CDCl{err] at -30[err]Q
showed the (S)-(-)-enantioner to be present in “approxi mately 99% ee. -
‘The i nt eramddvates . ( Fbe( ethyl- getape washeashed. vith water, separated and

2- 111 T UQip i ded! tﬁw&& éaéuf“ada &qne&@xdaﬁmlbmﬂbaﬁa& capeoxylic  acid

was prepared as fo errlq-lso Ori%%
4,4, 4- truﬂﬁb?%&&@?’d‘&éei%’é@“ bicarbonate e xacks WRLE GoPxEdiAR ¥t 6Bhy|
4,4, 4- trlu‘altuo&meeﬁmeeiﬁdehyd:(otﬁrhraagaci&?@asnauu)ed alrdpiser m}t)ill siibor neol

(30819 TR baliteablly Bhatc?’ mCBALE HIRRE ALY et or 12
of f. The dndt the enqmr é.anee waasdriedhdiiltexeds aandi cpocmpmdr e vaguditn i | | t he
resi.dual gﬁ%ﬂi‘%‘?en@v to‘ﬁf]‘lguﬂf 21‘%11::\1/{@&1&?%%@%4&9%& chBoriae/néaahed. The

remai ni n
PCT/ GB95/¥igdded the carboxylic acid (1.8g, 31%) as an off-whige solid, agf‘?onat ed at

reduced piatesidlevksd Meﬁtitaa) by WHROAnEY klc A silfcd gel | Uaonanchaletinte as a
R
di ket o fcﬁes!:ﬂ-l[@r ahd chaimursa_ed(m ﬂﬁ-paﬁCﬁi) of5 E3emple, lenol form CH) 11.97
(s, enol formOH). _
The ethyi acetate layer was dried, and evaporated, to obtain

impure (t)-isobornyl 4-(3-cjanopheny1)-2-tri£luoromethyl-5-oxoﬁ

1,4,5,6,7,8-hexahydroquino11ne-34carbbxylate, vhich was identical to a

previously prepared and characterized sample; white solid; mp

179-180°C; NMR: 0.61-0.72(m, 9H;ICH3), 1.00-2f6 (m, 138, CH,, CH),

4.45~4.57 (m, 1H, CH), 4.88-4.92 (d, 1H, CH), 7.46-7.55 (m, 3H,

Ar), 7.65-7.69 (m, 1H, Ar), 9.70-9.71 (d, 1H, NH). MS(CI, CH,): 517

(H+;). Analysis for c28 29F3 20 Calculated: C; 67.46; H; 5.86;

N; 5.62; Found: C; 67.29; H; 5.99; N; 5.71.

The recovered (t)-isobornyl 4-(3-cyahopheny1)-2-trif1uoro—
| methyl-S-oxoal,4,5,6,7,8-hexahydt6quinbline-3-carboxy1ate vas
subjected to conditions similar to those described in Example l.c. to
yield an additional 1.1g of 4-(3fcyanopheny1)42-tri£1uoromethy1¥5-
oxo-l,4,5,6,7,8-hexahydroquinoline-3QCafboxylic acid, for a total
yield of 2.9g (49%). o o |

d. o S-(-)-u?ﬁethylbenzyiamine (S)-(-)-kQ(3-cyanoph§nyl)-2-

trifluoromethyl-S-oxoTI,4,5,6;7,8-hexahydroquinoline-3-carboxylic acid
salt. " | '

To a stirred solution of racemic 2 trifluoromethyl-a-
(3-cyanophenyl)- 5-o0x0-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic
acid (28.2g, 77.84 mmol) in n-butanol (211 mL) vas added toluene
(1000 mL) followed by a solution of S-(-)-a-methylbenzylamine (9. 4g,



b. : ()-1sobornyl 4-(3-cyanophenyl)-2-trifluoronethyl-
hydr oxy- 5- oxo 1,2,3,4,5,6,7, 8- octahydrqu|noI|ne 3- carboxylate
A stl rrﬁ re of ()-i sobornyl 4,4,4-trifluoroacet oguaeBys/00$8. 69 282. 8..
3 cyc ohexanedi one (31.7g 282.8 mml), 3-cyanobenzal dehyde (37.1
g 282 8 nnDI) and anmmoni um acetate (54.4g 706.3 mol ) in ethanol (2070
m.) was refluxed for 4 hours. Afterléenoval of precipitated :
9- (3-cyanophenyl )-3,4,6, 7,9, 10-hexahydro-1, 8-(2H, 5H) -acri di nedi one by

filtrat 'ﬁnaatnmslf | g E@i\f'eneV\?ﬁscﬂﬂFenkfﬁtregta&BiH@%to ambmr:orrat ogr aphy
(eluent: ethyl . acetate/hexane 7: %? BFOVIded g% |sobg.ﬂ¥
4- ( 3- Cympmm overnight, the resulting precipitate was iltered, and
;2:, tri LI Wi{sﬁéiﬁtvgih -tolhesy @mu éth?x(htheﬁ £, §151(63(i) §ﬁfgl[:zaﬂmdeosancnol i ne-
car boxyl at e
0. 63-0. vfn‘ie°§¥?“é§\?€/$ {3"%1‘%%3!“(##%% 854[2‘1’ féat]d% BE 0T ss (m
2H, CHmixEegde uneilo3he. alt(dﬂssﬁlweﬂ@mwi}‘lyd the saltyag3a (Umltelﬂoltﬂ-l[ err]) _
2.64-2. 74 6{19), &ﬂ ns aﬁd%rﬁs%l %EllikLHat ~1154c101fqul§ wele 1H CH),

7.22-7. 2 1H, Ar) 7.57-7.061
(i 210 1480130°6 NBa. 1 361138 (A A3y W) 1 73 Mmm B @it 5 or
q err ] Hxneilsr (d,NpRy rd §1 12 49- mhcm,atznﬂ cu2§3, - 833808.4) (6, 05; N, 5.42;

"~ Found
4 (3. Cy AVERIRERpPIEsy. rtar) b, dkracHe las Bheodee B, €8y, g 691 (s, 16,
hexahydraigui rell6+i-68- (m.rbﬂxy'ln)c URi dm/z-363(l!+1), [0Apst180.68 (u=LiQt% of
- b r@%lg
(?2 'I[f?f %(gy%“r?gtﬁl .r(%a EWS o;g)nli‘& cgc}B'S 8"?1”8"‘ ctarh dro ui nol'i ne
- 3- car b&g ﬁ%"ﬁ%;‘ég"lé%"hﬂ)ﬁ) H,0Q5. t Galsasbated:r of c,53a§?|d 116 @339 5.5 mmol )

and tol ygne. 42} 7Poulld: V&S 68066;UNEE.18F N hogg.s. The reaction mxture
consi sted of an insoluble gumwhich contained the desired acid and tol uene

solution. To prevent decarboxylation, only enough heat was applied to the
reaction m xtur erum:hebtanparimmatﬂuneﬂémstrath‘aiethau chewmakimim sol vent, the

residue é@ﬂg%%ﬁ%dgg?gg ﬁg%ﬂlﬂJHLn ¥h6hid Be 75°C to prevent

PCT/ GB95/ 0
. decarboxylation and that agitation should not be applied during

recrystallisation othervise enantiomeric enhancement is poor.

e. (8)-(-)-4-(3-Cyanophenyl)-2-trifluoromethyl-5-oxo-
1,4,5;6,7,8-hexahydroquinoline-3-carbokyiic acid.

To a cooled (ice bath) stitred'slurfy of
S-(-)-a-methylbenzylamine (S)-(-)-4-(3-cyanophenyl)-2-
trifluoromethyl-s-oxo-l;4,5,6,7,8-hekahydrbquinaline-3-earboxylic acid

. salt (7.5g, 15.5 mmol) in vater (150 mL) was added concentrated
hydrochloric acid dropﬁiSe until the mixture was strongly acidic. The
mixture vas extracted twice ﬁith'ethyl ether;_and_the combined ether
layer vas dried, filtered and the solvent removed to yield a yellow
foam. Trituration with dichloromethane returned 4.9g (88%) of the
carboxylic acid as a pale yellow solid; mp 206-208‘0, NMR: 1.74-1.95
(m, 2H, CH,), 2.18- 2.32 (m, 2H, _cnz), 2.54-2.73 (m, 2H, CH,), 4.92
(s, 1H, CH), 7.47-7.52 (m, 3H, Ar), 7.64-7.68 (m, 1H, Ar), 9.60 (s,
1H, NH), 13.07(s, 1H, COOH); MS: m/z=363(M+l). .

The intermediate &- (34cyano§henyl )-2-trifluoromethyl-5-
~ oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic acid described at.



- 15 - and water. The ethyl acetate was washed with water, separated
and extracted twice with saturated agueous sodi um bi carbonate. The
stirred conbi ned sodi um bi carbonate extracts were cool ed #ﬂ &&g bat h
and conw@ns28388d hydrochl oric acid was added dropwi.se unf G@ﬁg Yol ution
was strongly acidic. The mixture was extracted w th ether and the ether
l-ayer was dried, filtered, and concenizated I n vacuo to give a yell ow

- oily gum Trituration Wit h met hyl ene chl’ori de/ hexane yi el ded t he
carboxylic acid (1.8g 31% as an off-white solid.” The mat eri al was

i dent i calExggpiavik- m&atllaeltemqi@al:géqe prepaTsdrAsnAPRATIPEE incBxagpde of-m
~containing a few drops of acetlc aC|d) to the mat eri al descri bed and
characte zed in sy ethyl acet ate

| ayer vva “dri ed, %Y%BY%H ia‘f?fr%b?% Reyanoshiyl, 4(3'111?5%

4- ( 3- cyaruphea‘qelt)'e&-trlfl uor onet hyl - 5- oxo-

1,4.5.6, 7 8 hexahy ioauly g A8t 63 4000 AhrofBolobee |67 885 10

|
E;gyllgg[sézﬂoﬂtemmhydmwgpm@ﬂi%(7d{8e|l99 pmol) 026 TR IO orr]
23 7. 65 1), 10010 ot dmidg (4 st’éf&imgﬁﬁ 3El?
(M+1) . Aﬂi § ch% r‘}ﬁfﬂflelr Pfg{ eh‘é Wé‘??‘}’cﬁsekz*#’]mf ‘3‘4‘%& C
67.46; H fx‘icB:Eqnated\l atSatuidsphextiedprégsutd. 2The Hraotfh distillidg at
Th'? h{/?cgvzg%ggié S@b?{@/% 4’%%/-' ﬁ%ﬁﬁ%?%é&%ﬁ'cg |!f°|x eg'ywsa% lmlsubj ected
to condi tafothe S-pydnsethyl txm:ba;eaabmﬁ BeQVanne%ane’&tciﬂmroagﬂtyr d an
addi ti Onaicei:aée wa&@mar@%em Jan&1: )Lsri'sf 'mr ?ﬁﬁflhxl 9.43-2.65

oxo-1,4,5 8 exa ydrqu|no - car acid3'for a total yield
of 2.9g ((4‘90/(3z 2.76¢2.99 (m, &) . ? Qé‘r3r'?2 I\h!‘t»hw)beﬂz’ﬁ'éni%é“" 1H)
(S)-(-)-4%.G3-cy53anepheny!s. 93 (s, 1H, OH).
trifluoronethyl-5-o0x0-1,4,5,6,7, 8- hexahydrqu|noI|ne 3-carboxylic aC|d
salt. To a stlrred solutlon of racemc 2-trifluoronethyl-
(3-cyanophenyl ) - S-waoe_;lw;lS’o-Gﬁ?-pﬁmmatwblheqtﬁirﬁuomeshﬁaﬂblwqrbkz- aci d
(28.29, 7 -ro%-mohgz. 0617 taua é&h& &ﬁ%ﬁfﬂ&gl uene (1000 ni)
follomed y a sol'u f -net benzylam ne (9. 4q,
stirred mixture of the material from Example 1.f. along
vith 3-cyanobenzaldehyde (7.34g 56 mmol), 1,3-cyclohexanedione (6.83g
56 mmol) and ammonium acetate (13.10g 170 mmol) in ethanol (400 mL)
vas stirred at reflux for 10 hours. The cooled solution was filtered
to remove precipitated 9-(3-cyanophenyl)-3,4,6,7,9,10
-hexahydro41,8-(23,5H)-acridinédione. The filtrate was evapqrated to
dryness and the residue chromatographed (eluent methylene chloride,
) 1:1 ethyl acetate/methylene chloride and ethyl acetate) to yield 4.14
g of 2-cyanoethy1 4—(3—cyanopheny1)-2—trifluoromethy1 2-hydroxy- -0X0-
1,2,3,4,5,6,7 8-octahydroquinoline-3-carboxylate, NMR: 1.86-1.90
(m, 2H, CHZ)'1.94-2.18 (m, 2H, CH,) 2.31-2.38 (m, 1H, aliphatic)
2.50-2.72 (m, 3H, aliphatic) 2.82 (d, 1H, aliphatic, J=11.9) 3.35
(br.s, 1H, aliphatic) 3.94-4;02?(m, ZH,'Aliphatic) 7.37-7.59 (m, 5H,
Ar, OH) 8.16 (s, 1H, NH); MS: m/z=434(M+1).

h. 2-Cyanoethyl 4-(3-cyanopheny1) Z-trifluoromethyl-s-oxo--
1,4,5,6,7,8-hexahydroquinoline-3-carboxylate.

A mixture of 2-cyanoethyl 4-(3-cyanophenyl)-2
~-trifluoromethyl-2-hydroxy-5-oxo0-1,2,3,4,5,6,7,8-octahydroquinoline-3



WD 95/ 28388 . _
PCT/ GB95/ 00845 : - 16 - 77.84 mol) in
tol uengud dsiseage-) . After standing at anbient tenperatupeTmBIsnesght, the
resulting precipitate was filtered, and washed with toluene and et hyl

ether to yield 32 g of a white salt_ Five recrystallizations from

tol uene/ n-butanol (3:1), heating the18nxture until the salt dissolves,
provided the salt as a white solid (7.77g); np softens and turns gl asslike

g[-l 112- 115&:%?& ylatel (4luug 90l innol])‘}8 J@Qh&ié&x@foﬂmcidl 851k 32 gn]d;:l?"'

rr err
2. Elg 2] Zsi“‘ll rﬁ°§'ﬂ—'fe mﬁ)"“ 5416:5.;; fﬁ“" E‘k‘éﬁ %gaééﬂr%‘? wat er) 4.24-4.26
(g, 1H, dpfardtirs fer)2 hodr<l fTis rizkt;t:.oﬁl—i)ixtui‘el&hiclﬁ(lo(\m 2R, oﬂrd)irlé Sl\)/ri ]
m z- 363 [.er Yee
[efr] F- (ﬁgl)and[cgé{xe% illgaoef\ ?H ]coSfedlaQ %o fgfgfll: rr“] Nflélrm‘r:%ta'err] 1. 0y
[ er r ] H ehiomereBraphy H[Oél“l"} @ontaéavlem%)s t siticasgelo; mgXpere wRs 7. 42;
gound t ﬁtshgat&ﬁ thél coluki® wibh a’ l@@tle e%:la};le acetalte FL‘:’flh@:stgnt gi!ﬂl?;d;[ﬁ?g%atshgnl g

enonst r at.e Xi
be 75[er?ﬁ‘1€1’t6"€rté§;€ﬁ€t ‘Eﬂagg n&i‘gﬂga‘ﬁa Etﬂi‘ﬂ:ga‘iﬁ?'@'it?‘@ﬁrsﬁﬁ}ﬂﬂ dnot be
appl i ed the ester asca )yalbod-losatgeoeoudwzmﬁge,emm ix?pmns-qsa?ﬂaﬁu;enent i's

i r 0XO0-

goer 6, u}ﬂ% hexalhy%iélg)aal( ll)dl ?!Fl(e%gqéa;}ggbe‘?%é) g"c’ éﬁ dﬂu? £.50- £IyJ‘I‘ ? % cool ed
(ice bat?ﬂ- §Hy )y r @d8% (&5 r%H,oﬁﬂz)S-(' 95-[492?](mne231ymfhzyl-%n(lse 1H, CH) :

(S)-(-)- 7“(7%%%99@“? 27, 65 7. 57 (m, 1H, Ar)

i hyd f 3 i d
AR YT A b B TR S b %?”%gﬁ%néﬁwé e e

hydr ochl 3u88s ®cild. 12;0Peamiz UCY i60. 63 HYi X180s eN@sestrongly acidic. The

m xture was extracted twice with ethyl éther, and the conbi ned ether .layer
-was dried, filtered and the sol vent renpved to yield a yellow foam
Trituratdon wit h 4d( 16y anaphenyicnd - tedfdnoxsmethyly 56 G841 , 615,652, 8-

hexahydroquinoline-3-carboxylic acid.

To a cooled (ice bath) stirred slurry of 2—tyanoethyl
.2-trifluoromethy1-4-(3-cyanophenyl) S-oxo-l 4,5,6,7,8-
hexahydroquinoline-3-carboxylate (2 803 6.74 mmol) in .
1,2-dimethoxyethane (8.5 mL) wvas added dropvise over a 10 minute

_ .period a pre-cooled solution of sodium hydroxide (0 80g 20.0 mmol) in
vater {6.5 mL). A dark brown solution was obtained as starting ester
dissolved. . After stirring at room temperature for 2 hours the '
yellowish-brown solution vas diluted with vater (16 mL), returned to
the ice bath and stirred as “the mixture vas treated vith concentrated
hydrochloric acid (2 mL) A brown oil precipitated vhich upon
stirring solidified to a cream colored solid. The solid vas filtered
and washed with cold vater. The material vas dried at 50°/0.1 torr
overnight to give the tarboxylic acid (2.33g, 95%); mp 209-211°C dec.
vith gas evolution; NMR: 1.75-1.88 (m, 1H, CH,) 1.89-1.95 (m, 1H,
CH,) 2.18-2.32 (m, 2H, CH,) 2.54-2.73 (m, 2H, CH,) 4.92 (s, 1H, CH)
7.47-7.54 (m, 3H, Ar) ; 7.65-7.67 (m, 1H, Ar) 9.62 (s, 1H, NH) 13.10

(s, 1H, CO,H); MS: m/2=363(M+1). Analysis for C1gHy 3F4N,05:
Calculated: C, 59.67; H, 3.62; N,.7.73; Found: C, 59.53; H, 3.84; N,
7.69. '



carboxylic acid as a pale yellow Solid; np 206- 208[err]C, NVR 1.74-1.95
(m 2H, CHerr]), 2.18-2.32 (m 2H, CHerr]), 2.54-2.73 (m 2H, CHerr]),

4.92 (s, 1H CH), 7.47-7.52 (m 3H, Ar), 7.64-7.68 (m_1H _Ar). 9.60 (s,
TH NH) ,wogsmm(s 1H, COOH): MS: i z=363( MFl). PCT/GBIG{){845

i nt er nedi at e 4-(3-cyanophenyl )-2-trifl uoronet hyI

oxo-1, 4,5, 6, 7, 8- hexahydr oqui nol i ne- 3- i&rboxyllc aC|d descri bed at

PCT/ GB95/ 00845 - ‘WD 95/ 28388 - 17 -

Exanple 1.c. can alternatlvely be prepared as descrl bed in Exanpl e 6.

f. Exampley 3ot S~ héﬂ(&t@taapphﬂlyg)Mnb&ﬂwpmeth!lﬁlhtﬁa?ﬂuoro-

acet oacet@e@ahydro-5(1H)-quiftolldnd.Ur € of ethyl 4,4, 4-trifluoroacetoacetate (30.
m. 205 . mmol ) "and 3- hydroxypropionitrile (7.11g 100 mol ) was stirred at
150[err]C (bath tenperature) for 18 hours under a 4 jnch Vigreaux colum

whi ch  althevwprbdutbas® Examplei §tuals| pfpared foh &elatiger Ntale Xdsu£61M@s: t hen
fractionated at atnospheric pressure. The fraction distilling at 222-228
[err]C (11.71g) was determ ned to contain approxi mtely 50 nol e% of the
2- cyanoet hyl heni Acsstizred fsoRutipnnoft(§)+ (0 -4- (3tcyahophenpbl-dt-o- acetate by

2"\/566120'9 ga&ma%ﬁ&egh-mo\c& /5 N!'\Lﬁ a(-ﬂﬂyévﬁ%iﬁm 1&41&3-8“@5%11? %e;id) ,
5.96 (s, #n}’i}i)l_%g 4 mgol) in N-mg thylnysseidin-2-one ( n}aZSmll:'; vas heated (m2H

4- ( 3- cyansapliély |(he2eding ﬁnﬂepmhyﬁo liiihwérsoxu mo"cI (internal
Siirred mbEpResE FRSRRIFFAR A chot rinplalptl Rt adgspopal 20
3- cyanobewinatesshy The (cBoBed) résction| dixthrs wascpairedainmt vater( (1¥BgL) 56 ol )
and amm%”k?ﬁpatc@&? thride 1A%h Tty Rekatd! e&‘ﬂé%b{;fﬁo efldacts vere
washed twice with water, dried (MgSO 3 filtered and the solvent
removed to yield an off-vhite solid. Chromatography (eluent:
methylene chloride/ei:hyl acetate 85:15) and recrystallisation from
acetonitrile provided the title compound (32.85g, 74%) as a vhite

'solid which was identical to the product of Example 1.

Example 3 _ _ _
The intermediate (:)-isobornyl 4,4,4-trifluoroacetoacetate

- (of Example la) was prepared on a larger scale as follows:

A stirred ﬁiiture of ethyl 4,4,4-trif1uo:oacetoacetate (2.75Kg, 14.91
moles) and (i)-isoborneol (1.53Kg, 9.93 moles) vas stirred at 105°C

) (internal thermometer) for 20 hours under a distillation head vhich
alloved ethanol to distill off. The temperature was then increased
gradually over 10 hours to 155°C to distill the residual ethanol; a
total of 650 mL (114% of theory) was collected. The remaining mixture
was then fractionated at reduced pressure to yield (+)-isobornyl.
4,4,4-trifluoroacetoacetate as a colorless oil (2.21Kg 76%) which was
identical to the product of Example la.

Example 4

The intermediate (+)-isobornyl 4-(3-cyanophenyl)-2-
trifluoromethyl-z-hydroxy-5¥oxo- 1,2,3,4,5,6,7,8-octahydroquinoline-
3-carboxylate (of Example lb) was prepared on a larger scale as



was stirred at reflux for 10 hours. The cool ed solution was filtered to
renove precipitated 9-(3- cyanophenyl)-3,4,6,7,9,10

- hexahywp@sAsags (2H, SH) - acri di nedi one. The filtrate was eRCIIGBYS0B84S O
dryness and the residue chronmatographed (el uent nethylene chloride, 1.1
et hyl acetate/nethylene chloride and ethyl acetate) to yield 4.14 g of
2- cyanoet hyl 4- (3-cyanophenyl ) - 2-t r1 20uor onmet hyl - 2- hydr oxy- 5- oxo-

1, 2,3,4,5,6, 7, 8- oct ahydr oqui nol i ne- 3- carboxyl ate; NVR 1.86-1.90 (m 2H,
CH err]) £d119ds 2. A8stifFrediixEriebl] i#)-scbbxfyBa,4m- 1K al i phatic)

2.50-2.72. 3H, I h t H, | i_phat 3.35
(br.s, 1%3{;?%%?@}; t%%zl‘%-éﬁ itﬂ(‘ les)) ?’plﬁat'-?ill)&e’?“!éi?“ 9 (m 5H,
Ar, C]—l) 632067(9 S&H;olbln), 3N6yanﬁ:enth’idéwdb) (375.0 §.2.86 moled) angoet hyl
4-( 3-

1 s b AR apedice! (33105 O3 Hetel) WiPephanol (15.0 L) vas refluyed .
2. cyanoef‘ﬁyﬂ hpuq:g. Cﬁgm@gw ixgure wvas filtered to remove

-trifl 1 -.P.al a I i ne-3
" |95/ ggy-gg%fwbpﬂeﬂm@ms%,@@o hexahytra- £, 80 3H O) Mid@ﬂéaila%é” I S 00845

- 18 - The Eiltrate uas.conentratedota half volume,iBcYALHGL f dnEATet CEOR 0. 61g 3. 2
mol )  cfhdesitedeprndiéOWasigoddested iby' £1lteation! hﬁtﬁ vdBhal w?-tlp%ﬁﬂyd f 3 Sl arkk .

t C Xt ure i ch consisted of dar oi |
DB o (el (3T e SIS [ KL aRh i Srpalily VerbOPcRFRsR £
chr omat c@cuphwndotme%iﬂ#atrﬂmgamﬂgvm ethyk athet andhfiltezedite vas
washed Qfrobide QoeéHHi\dV\éitﬁ af |ﬁr‘b%ﬁ I?Qf‘ﬁ’ |0(§ g 9&? #’tdoﬂﬂ At h et hyl

et her and trjturation e resu 7)}/lelded th e |

‘ester adiatelial Bis d'lsﬁﬁd'é"‘g‘ﬂ'l"F (f“(?‘?ﬂ@“ﬁfﬁ%“nwp '148"‘&1?1"55 [PélF
;1. 79-by. eRrdmarogidphf{edueny: eehﬂpaaeea%emxaabi 73 €8 rplrbvi’deSO 74 (rn

T G O epbeia o Aanbleshi) e s rigodoaptutlia-Rrro L 11051

VB: m 2438(M857, B-Wmhydrmﬁnoliﬁpehqab@wl]aﬁe aas ]aN[rh—:l.lte] £4lddr | :

9ca|8SCJU| at\ﬂ&ch vas @&ntgcaf'to tﬁ@ﬁreﬂre&-chlgxadﬁ Unﬁ; C 60.63; H 3.80; N,

ample 5
Preparation of 4-(3- Cyanophenyl)-2-trif1uoromethy1 5-o0x0-1,4,5, 6 7,8-
hexahydroquinoline-3-carboxylic acid (of Example ic) ‘on a larger scale
wvas carried out as follows:

A stirred mixture of (+) isobornyl 4-(3-cyanophenyl)- _
-trifluoromethyl-Z-hydroxy-s-oxo-1 2,3,4,5,6,7,8-octahydroquinoline-
3-carboxylate (800.0g 1.55 moles), p-toluenesulfonic acid (148.0g,
0.78 moles) and glacial acetic acid (7.5L) was heated (heating mantle)
over 1 hour 15 minutes to 100°C. The mixture vas maintained at a
temperature of 102-104°C for 6 hours, at vhieh peint'TLC (silica_'
gel-ethyi'acetate/hexane 6: 4) indieted that the reattion wvas complete.
To minimise decarboxylation, only enough heat was applied to the
reaction mixture so as to maintain the temperature at a maximum of
104°C. After removal of solvent, the residue was partitioned between
- ethyl acetate and water. The ethyl acetate was vashed with water,
separated and extracted three times with saturated ~aqueous sodium
bicarbonate. The stirred combined sodium bicarbonate extracts were
cooled in an ice bath and concentrated hydroehlptic acid vas added



. 4- (3- Cyanophenyl )-2-trifluoronet hyl -5-o0xo0-1, 4,5, 6, 7, 8-
~hexahydr oqui nol i ne- 3-car boxylic aci d:: Co To a cool ed (ice bath)
stirred slurry of 2-cyanoet hyl B : - ,
2-trif|MO95REBHy| - 4- (3- cyanophenyl ) - 5-oxo-1, 4, 5, 6, 7, 8- PCT/GBISI00845

hexahydr oqui nol i ne- 3- car boxyl ate (2.80g 6.74 mol) in 1, 2- di met hoxyet hane
(-8.5 nL) was added dropw se over a lozfn'_nute period a pre-cool ed solution
of sodi um hydroxide (0.80g 20.0 mol )™ Iin -water.-(6.5 nL). A dark brown _
sol ution was obtained as Starting ester di ssol ved, After stirring at room
t enper at @xap¥ise yntid the salutiopHasoRFEongly Atdiel uthe MIXENTQ VBBt ed wit h

' ;Nat e{ g 16;t£ri=3oteaehltthneehy30euhﬁtrgad'cﬁlae hwmbiﬁaaeﬁizidctedoaﬁ dhgedm Xt :Jre was
reat e on nt.ral e ro ori,.C acCl . . ro Ol
precipit Egoa?%i gﬁt&b a“%t‘i°¥‘FF‘PFd“§8‘|E R RACE %% &%r%é’ﬂ?‘?ﬁ S8 Sol i d,
The sol i Orimasatibn ariehl methylbneachlodidefhexand yiekdedr the Tazbomtldci adidwas
dried at . t : ' t [ t | i | 2. 330,
o 2 RN Pa) A & 14 NCRIBNLpdal Mg R TDAY {gerpttal (2 320
CH err]) by1Npand gic( fgilica gelCr| ki¥ methano} gnpchlorpferm qontainipg|a
2.54- 2. TFelNropkl ofCabetic] Acid) 23 dhe mdtdriblldescribbd dndthbfactdlizdd )

7.65-7.67 1H A 9.6 " 1H- N 13506 e ) s
m z=363( W(lgefb’,&ﬁgﬁ- Qslréf fE@fP“é"x(eir] H) (s Cderr]H

Herr]Flerr]NJerr]O[err]: . Calcul ated:
C, 59.67; H 3.62; N .7.73; Found: * C, 59.53; H 3.84; N, 7.69. VO
95/ 28388 _ ' ' ; 5/ 00845
2719 - Exanpl e D FETL agetpteslayer was dried (885040, EAeEEd Nr-4,6,7 8-

t et r ahy dreJaggratpd i Natumeto obtFir igpurkidt) of- (Bxeyagophenylds prepared on a
| 'arger scalerfRubfineMPi-4,6,7,8-tetrahydrfo-Si( LH)-Qdislonbi QY0g) as a waxy

(S) (=)~ Z}l—i_&gfz CQSE&P Egﬂq.) _'lzfl_xis material is hereafter referred to as the _
| Racemate. - ' '

Example 6 .

The intermediate (S)-(-)44-(3-cyanopheny1)-2-trif1uoro-
methyl-5- oxo-1;4,5,6,7,8-héxahydroquinoline-3-carboxylic acid (of
Example le) was prepared on a larger scale as follows:
| To a cooled (ice bath) stirred slurry of
S-(-)-a-methylbenzylamine (S)-(-)-4-(3-cyanophenyl)-2-trifluoro-
methyl-5-o0%o-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic acid salt
(68.0g, 140.6 mmol) in water (700 mL) was added concentrated _

) hydrochloric acid dropwise until the mixture was strongly'acidic. The
mixture was extracted four times with ethyl ethei, and the combined
extracts dried (ugso4), filtered and the solvent removed to yield a
yellov foam (50.6g, 99%). Trituration with methylene chloride/hexane -
provided a pure sample of the carboxylic acid as a pale yellow solid
which was identical to the product of Example le.

- Example 7

The title compound (S)-(-)~-4-(3-Cyanophenyl)-2-trifluoro-
methyl-4,6,7,8-tetrahydro-5(1H)-quinolone was isolated from purified
Racemate by preparative chiral chromatography. '



trifluoromethyl-5-oxo-1, 4,5, 6,7, 8 hexahydr oqui nol i ne- 3- car boxyl'i ¢ aci d

- (50.5g; 139.4 mml) in N-nethyl pyrrolidin-2-one (325n.) was heated rapidly

. (heati rkgggglgéskf) over 20 mnutes to 180[err] C (internal pdprchdogdser). then.
[

mai nt ai hat- tenperature for an additonal 20 'mnutes. The cool ed
reaction m xture was poured into water (1200nL) and extracted twice with .
ethyl acetate. The conbi ned extractsagere washed twice with water, dried
(HgSg err]), filtered and the solvent renoved to yield an . off- vvhite sol i d.

Chr omat ogr aph nt,: h pe chlori eet etaje 8 :
recryst algl-i ga%/i éﬁ%ﬁoﬁecﬁ%ﬁ-??ﬁ 3 B'F%ﬁﬁqdéo?‘i gd 5Top &9“%10 32 85g,
' 749%  as batghi runs isdlagediasctescxsbedidmt Exanple o5 tas purdfiext bpf Exarrpl e 1. .

Exanpl e chromatography (eldént: riﬁ&!gg?é’rgtc Qiﬁh??ﬁ%nﬂetue 85

4,4, 4-triflu roacetoacetate aredlon a | arger
scal e as"‘f‘l’.ﬂi ¢ purified Racemate BPn@&M" iy vas mgparated as described

4,4, 4- t rbélovor GeecvearyCef ahes (ateblil dbfimkl thidMhesdalapekiElciBeROREO!
(1. 53Kg,n°q:§ {Tgs%?) ‘was stirred at 105[err]C (internal thernoneter) for
20 hours B 'stillation head which al l owed ethanol to distill off.

The tenperature Reeparativei chitadseiromagogmiphy|of cherputffieduRacematdS5[err]C
to distijdgqgt 5§§|&gﬂe@§,ﬁ§rgﬁl &IML%%R% 3§?| ona% 1%‘{ 8, theory) was

col | ected T € renmml ni ng m xture reduced

pr essur e(Am3195e SUPRQTEy JOX5P GMyoplyent: bexpne/ Qtihaﬂpljcﬁﬁehi:)et oﬂ!ﬁatsammlﬂas a
c oI or | essxorkl so(latfdeﬁaE @%pMdCBy Vﬁitian@eaiésm’viﬁf the@¢oRpSHHCin Of Exanple

4 (3 cy a%ﬁﬁ@ﬁy Hsexb diluting the sofuéi%}newrtirg ngza%e e OE Ofrigzll. solvent
trifl uorcompositiiof- équlvdeytStmxhaﬁ df She dlpént’ wids ahabyell.oqThenEindle- -

3- b . WO
3.car DOXui& cofitererati® of the"BEodk BBRIIHn Prolubdd UL RgHAAS -
Each chtomatographic run was conducted by injecting 500 mL of the

stock solution and eluting with a flow rate of 200 ml/minute. The
(S)-(-)-enantiomer (title compound) was the first peak to elute from
the column, the (+)-enantiomer eluting second. Evaporation of the-
‘eluate in vacuo. recovered the (S)-(f)-enantiomer (281.0g, 99.7% ee,
98.6% chemical purity) as an q££+vhite solid. Recrystallisation from
acetonitrile (1000 mL) provided 261.7g of the title compound as a
vhite crystalline solid, identical in every respect td the material
prepared as described Example 1.

Example 8. The following 'illulétrate representative pharmaceutical
dosage forms containing thg compound, (hereafter referred to as

"compound X"), for therapeutic or prophylactic use in humans:

(a) 'rablet.

. mg/tablet
Compound X...ccccenueeedecccscncncnccacccnsss 50.0
Hannitol, USP..eeeeeeaineeennnesnneensnnansnns 223.75.
Croscarmellose SOQiUM....eeeeeeeennneneonanss 6.0
Maize 'starch.........'...;..................'.. : 15.0
Hydroxypropylmethylcellulose (HPHC), USP...... 2.25

Magnesium stearat€.......ceecv.. ceseccsscnnca ' 3.0



- 20 - follows: A stirred m xture of ()-isobornyl 4,4, 4- _
trifluoroacetoacetate. (830.6g 2.86 noles), 1,3-cyclohexanedione (320.7g
2.86 nol es), -3-cyanobenzal dehyde (375.0 g 2.86 noles), and ammoni um
acet at ew(g#sksses 7. 15 nol es) in ethanol (15.0 L) was ref| BETEBIFRIBE hoyrs.
The cool-ed m xture was filtered to renove 9-(3-cyanophenyl)-3,4,6,7,9, 10
-hexahydro-1, 8- (2H, 5H) - acri di nedi one. _._The filtrate was concentrated to
hal f volunme in vacuo. A first crop” 6 desired product was col |l ected by
filtration and washed with ethyl ether (657.0g, 44.5%. The filtrates and
washes were concentrated in vacuo, and the residue triturated with ethyl
ether and filtere vi de a second crop of product (225.0g, 15.29%.
- Thi s conbi ned na?%;r:%F@v%s used without further purification. A sanple
was purified by chromatography (eluent: ethyl acetate/hexane 7:3) to

provi de dompbssd @t NYJ. .4: (I-.Ccyanapbenyl): 2-.tcif) uoronet hyl - 2- hydr payo 5- oxo-

1,2,3,4,3.6,.7.8-0 hydr oqui nol i ne- 3-carboxyl ate as a white soli i ch

was idenﬁa@m‘t&j ﬁ#g"pr‘e‘ﬁar'étj"i'h'E')(ain'e"I'bT' Exanpl e 5 Preﬁg?’a{vron of
4- ( 3- Cyartrplcanplell@se sodiwmnrk onst.hyl «5+0x0-.1,44 5, 6, 7, 8- 15.0 '
hexahydr | | Nes 3- boxylic acid (of Exanple 1c) on a |arger le was-
carried ou% g%%?f%vré% .'"s't'i'F?]e)°d m xt ure of ()-isoggsranyl

4- ( 3-cyanophenyl ) - - '
2-trifiuoromet hyl rRe hbv@ eorinIteods Raf Ko Sbbaihed- By (cahveliraandinol i ne-
3-car boxyl ate 800.%89%1(1.155 Eml ‘?%7 §£-t0| ueneiul foni g aci 148.0g, 0.78

nol es) arRFOGPEHeR| ¥ Q¥TL Ap the7Phqtpagentical arg- F rﬂﬁyege over 1
hour 15 néntetis coatdd bycconiventikinel means| cfovasxamplet v peoviale a coaebmer at ur e
of 102-10Q r I t ich point TLC (silica gel-ethyl

acet at e/ hﬁg%ﬁ%&? ?cnalgg%g&t?ﬁ'aatt&?he reaction was conplete. To mnimse
decar boxyl ati on, only enough heat was applied to the reaction mxture so
as to maintain the tenperature at a nmaxi rumof 104[err]C  After renoval
"of solvent, the residue was partitioned between ethyl acetate and water.
The ethyl acetate was washed with water, separated and extracted three
times with saturated agueous sodi um bicarbonate. The stirred conbi ned

sodi um bi carbonate extracts were cooled in an ice bath and concentrat ed
hydrochl oric acid was added -



PCT/ GB95/ 00845 . - 21 - dropw se until the
solution was strongly acidic. The mixture was extracted with ethyl ether

. and t hewoospesssd extracts were dried (MgSQ err]), filter BCT/GRISI00845
concentrated in vacuo to give a yellow foam Trituration w th nethyl ene

chl ori de/ hexane yi el ded the carboxyligc aci.d (289.0g, 51.5% as a |light
yellom/solld The material was.identiZ%r by NWVR and tlc¢ (silica gel - 10% °
met hanol in chloroformcontaining a few drops of acetic acid) to the
mat eri al described and characteri-zed in sub-part i. of Exanple 1. : '
The ethyl acetate layer was dried gﬁggééﬁrr]), filtered and evaporated in .
vacuo, to obtain |npure () 4-(3-cy '
-2-trifluoronethyl-4,6,7, 8-tetrahydro-5(1H)- qU|noIone (490g) as a waxy

i ght yellow solid. ThIS material is hereafter referred to as the Racemate.
Exanpl e 6 The |nterned|ate (S {-)-4-(3-cyanophenyl)-2-trifluoro-
met hyl -5- oxo-1, 4,5, 6,7, 8-hexahydrge ne- 3-carboxylic acid (of Exanple

| e) was prepared on a Iarger scal ol ows: To a cooled (ice
baﬂn sUrredstwy of S%-)- i '

nethyl 5 oxo-1,4,5,6,7, 8- hex. 7TonQat™Nol i ne- 3- carboxyllc aci d salt (68. 0g,
140.6 nmol ) in water (700-nL) I concentrated hydrochloric acid
dropwi se until the m xture w acidic. The m xture was extracted
four times with ethyl ether, nffged extracts dried (HgSg err]),
filtered and the sol vent rennved to:yleld a yell ow foam (50.6g, 99%.
Trituration with nethylene chloride/ hexane prOV|ded a pyre sanpl e of the
carboxylic acid as a pale ye||OM/SO|Id :

I1



whi ch was identical to the product of Exanple |le. Exanple 7 The
title conpound (S)-(-)-4-(3-Cyanophenyl)-2-trifluoro-

nmet hyl - 4 -t etrahydro-5(1H) - qui nol one was isolated frompurified
Racenatevg?/z%r&é%gr ative chiral chromatography. PCT/GB95/0084S

PCT/ GB95/ 00845 WO 09/ 28388 ' - 22 -

Crude Racemate (2.95Kg - mmterial pooled from6 equal sizgd batch Tuns
“isolated as described in Exanple 5 was purified by chrongatography- (el uent:
. nmethylene chloride/ethyl acetate 85:15) to_ provide purifjed Racemate
(580.8g) which was ‘separated as desc2¢hens Ipe| ow, Recovery of this
material during this initial purification was not optim sed.

Preparative chiral chromatography of the purified Racemate (580.8g) was
carried out on a CH RALPACK[err]AD[err] (trademark) columm (Anyl ose
support, 10X50 cm eluent: hexane/ethanol 85:15). The sanplpe stock

sol ution was prepaoed by gnitially dissolvi ngyt he conpound jn - et hanol ,
then diluting the §ol utiq Wi th hexangZumht a final sol ve conposi tion
equi valent to t?ajwﬂigent wa ed. The fi#al

concentrati ofFpf the 3fock SvloRa on pr eed was 6g/1iter N\
chromat ogr aphi ¢ run wgg conducted by injketing 500 nL of the
solution and eluting.wth a flow rate of “®H0 m /minute. The _
(S)-(-)-enantiomer (title conmpound) was the first peak to elute from the
colum, the (+)-enantioner eluting secqgnd. Evaporation of the eluate in
vacuo recovered the (S)-(-)-enantioner |(281.0g, 99. 7% ee, 98.6% chem cal
purity) as an off-white solid. Recrystdllisation from acetonitrile (1000
m.) provided 261.7g of the title conpoypd as a white crystalline solid,
identical in every respect to the material prepared as descri bed Exanple
1. - : . :
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Exanmpl e 8. The followng illustrate representative pharnmaceutica
dosage forms containing the conpound, (hereafter referred to as *"conpound

X"), gggapeutlc or prophylactic use in humans: PCT/GB95/008452) Tabl et
ng/table? npound X....... ... . _

50.0 Mannitol, USP ................ : A

223.75 . Croscarnellose sodium..... 26 -

6.0, Nhlze StaArCh .ot S
15 0 Fydroxypropylnethylcellulose (HPNC) Ush. .....
2.25 . Magnesium-stearate ....... ... ... ... ...

3.0 WO 95/ 28388 - Scheme I1 =

PCT/ GB95/ 00845 - 23 - : (b)
Capsul e Compound X........ ........... P
. 10.0 Mannitol, USP....................... e

488. 5 Croscarnnllose eodlun1 ....... COCONe

15.0  Magnesi um stearafjje .......,..1. . N ...
1.5 he e formf at may be obttai ne
procedur es Cfgl | kno in theﬂhharnace- cal art. _

CHO

Iva

11



enteric coated by convent i onal means, for exanple to provide a coating

cel l ul ose acetate phthal ate. WO 95/ 28388

- PCT/ GB95/ 00845 . - 24 - -
For mul awo0 9528388 [ e,l’é']rlGB95/00845 VO
95/ 28388
PCT/ GB95/ 00845 - 25

il L FE i

CLAINS

1. (S)-(-)-2-tri£lnoromethyl-6-(3-cyanopheny1)-4,6,7,8-
tetrahydro-S(IH)-quinolong and pharmaceutically acceptable salts
thereof. '

2. Pharmaceutical composition comﬁrising the_qompound as defined in
claim 1 or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier.

3. Process for the preparation of (S)-(-)-Z-ttiflubromethyl-é-
(3-cyanophenyl)-4,6,7,8-tetrahydro-5(IH)quinolone comprising
deca:boxylation of (S)~(-)~-2-trifluoromethyl-4-(3-cyano-
phenyl)-5-oxo0-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic acid.

4, Process according to claim 3 vherein the decarboxylation is
carried out at a temperature in the range of from 190°C to
220°C. '

5. Process according to claim 3 vherein the decarboxylation is
carried out in an-inert solvent of appropriate boiling point.

6. Process according to claim 5 wherein the inert solvent is
N-methylpyrrolidin-2-one.

7. Process according to claim 3 wherein the décarhoxylation is
carried out in the presence of an acid catalyst.

8. Process according to claim 7 wherein the decarboxylation is
carried out at a temperature in the range of from 90°C to 120°C.

9. Process according to claim 7 wherein the acid catalyst is
concentrated sulphuric acid or p-toluenesulphonic acid.

of
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defined in m1l or gharnaceutlca acce ta l e salt thereof

and a qfﬁé’r'mgl'ﬁ"é’aﬁ Farcied,pup i the pepsense efsolgent 3
Process for tdeeeq:lredpﬂtcmt umaoms(Sdmetaynulfdﬁuuprﬁm{M 4-

in
Gocar boxyl at 134 Pé}sg SEhGALY B Wb e -2 ey '
phenyl) - 5- oxo- 1 4 5,6,7, 8- hexahydrqu|noI|ne 3- carboxyllc aC|d
11. Process for the prepa;ation of 4-(3-cyanopheny1)-2-
trifiuoromethyl-S-oxo-l 4,5,6,7,8-hexahydroquinoline-3-
carboxylic acid comprising reacting (+)-isobornyl 4-
(3-cyanopheny1)-2-tr1f1uoromethyl-2-hydroxy-S-oxo-
1,2,3,4,5,6,7 8-octahydroquinoline-3-carhoxylate in the presence
of p-toluenesulfonic acid and a substantially anhydrous solvent.

12. Process according to claim 11 vherein the solvent is glacial
acetic acid.

- 13.  Process according to claim 11 or 12 wherein the reaction is
| carried out at a temperature of 100-104°C.

1l4. Process according to claim 13 wherein the reaction is carried
out at a temperature of 102-104°C. ' '

15. Process for the preparation of (S)-(-)- 2-trif1uoromethyl-4-
(3-cyanopheny1) 4,6,7 8-tetrahydro-5(lﬂ)quznolone vhich
comprises the steps of:

(1) reacting an acetoacetic ester of formula III or a

hemiacetal thereof:

)(i\/okt’na |

III.



4. Process accor ding to claim3 wherein the decarboxylation is
carried out at a tenperature in the range of from190[err]C to

220[err] C 5. Process according to claim3 wherein Eg.& o

decar boY¥Q Y2838 | s carried out in an inert sol venf appr ogrl ate

boi i ng point. 6. Process according to cl al m5 wherein the 1 nert "
solvent is N-net hyl pyrrolidi nz 2ggone. ) Proc —&
claim3 wherein the decar boxyl ation is carrl ed out mnﬂmlmﬁwmm, !

of an acid catalyst. roceiq according to clai:m 7 wter &i nut
decar boxyl ation is .iB which QBg, 15 A Blgohod zesi@ueeWithre in the range of
from90[err] C to 128feyanbbenzaldelrde and Q¢B<cycdoeatiedipnects gvna Wherein

the acid catal yst i Q ted sul phurl c acid or

p-t ol uenesul phonic igmpc?und of 16 %&555%8388

PCT/ GB95/ 00845 -28 - 10.  Process
~according to claim7 wherein acid catal decar boxyl ation is
carried out in the presence of sol very sel ected from al cohol s,
di met hyl sul f oxi de, aromatic hr bons, ethers, and

N- et hyl pyrrolidi n-2-one. 11. org t he preparation of

4- ( 3- cyanophenyl) - 2-
trifluoronethyl-5-o0x0-1,4,5,6,7,

o . IVa

and

(ii) alternately: .
dehydrating the compound of formula IVa to a compound of
formula IV:

: IV
) and saponifying the compound of formula IV to give an acid
of formula II,



carboxylic acid conprising reacting ()-1isobornyl 4-
(3-cyanophenyl)-2-trifl uoromet hyl - 2- hydr oxy- 5- oxo-

1, 2, 3, 4y&eassssd- oCct ahydr oqui nol i ne- 3-carboxylate in 'themmmms of ,
p- toluenesulfonlc acid and a substantially anhydrous sol vent. 12.

Process according to claim 1l wherein the solvent is glacial acetic
acid. . ng to c13nr1l or 12 wherein the reactionis °
' carrled outluillﬂﬂg ﬁr ﬂ" of 100- 104[err]C 14.  Process according to
' m 13 wWhersein the seacti*on is carried out at a tenperature of
102 104[err]C 15. Proocess for the inParatlon of

(S)-(-)-2-trifluoronethyl - @
- I

( 3- cyanophenyl ) - 4, 6, 7, 8-t et rahydr Funianone ﬁhich ' conpri ses

the steps of: (1) react n gcetoacetic ester of fornula Il or
a L - hem acetal theregf: [err] WO

95/ 28388 ' OH PCT/ GB95/-00845

- 29 - “in wh il an al cohol residue, with

3-cyanobenzal dehyde and 1, 3-&

v‘c e§a »
conpound of fornula I Va:

dlgne to give a
[err]

-H

' _ _ II

or, subjecting the compound of formula IVa to acid

catalysed dehydration and hydrolysis to give an acid of

formula II;

(1ii) resolving the compound of formula II by recrystallisation _
as the S-{- )-a-methylbenzylamine salt from solvent, and

(iv) decarboxylating the resolved compound of formula II.

16. Process for preparation according to claim 15 vherein ORa is an
alcohol residue which forms an ester that can be cleaved under,
mild basic conditionms.

17.  Process according to claim 16 wherein Ra is 2-cyanoethyl.

18. Process for preparation according to claim 15 vherein ORa forms
an ester that can be cleaved under acidic conditions.

19. Process according to claim 18 wherein Ra is iso-bornyl.
20. Process for the p?eparation of isobornyl 4,4,4-trifluoro-
acetoacetate comprising ester interchange of isoborneol and

ethyl 4,4,4-tri£1ﬁoroacetoacetate under distillation conditions.

21.  Process for the preparation of 2-cyanoethyl hemiacetal of
2-cyanoethyl 4,4,4-trifluoroacetoacetate comprising ester



and (1i1) alternately: . dehydrating the conmpound of

formula I'Va to a conpound of “formula |V:
[err] _ and saponi fyi ng the conpound of flormula IV to give
an aci dwo 95/28388 of formula I1, _PCT/GB95/00845

PCT/ GB95/ 00845 30- o Ferrt

“31- | ANER O
N * c L L] S *

interchange of 3-hydroxypropionitrile and ethyl
4,4,4-trifluoroacetoacetate under distillation conditions.

22. Method for the treatment of urinary incontinence, comprising
administering to a mammal in need of such treatment an effective
amount of the compound or a pharmaceutically acceptable salt
thereof. '

23. Use of the compound in the manufacture of a medicament for the
treatment of urinary incontinence.
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(S)-(-)-ll-(3-cyanophenyl)-2-mﬂuoromethyl—4\,678-tetmhydro-5(ll-l)qumolone as a potassium channel opener, useful for treating
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I nt erchange of -3-hydroxypropionitrile and ethyl :
4,4, 4-trifluoroacetoacetate under distillation conditions.

for the treatnment of urinary incontinence,

to a manmmmual

~of wurinary incontinence.
G aim 24: A pharnaceuti cal

~conpri sing

in need of such treatment an effective
conpound or a pharnaceutlcally acceptabl e salt-
of the compound in the nanufacture of .a nedlcanent for the
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22.  Met hod
adm ni stering
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23. Use
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conposi tion accordlng to elther one of claim1
or 2 when used for treatnment of asthma. : .
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CI ai m 25: A pharnmaceutical . conposition according to either one of claim1l
<2 when used for treatment of urinary incontinence. Claim26: A

phar maceut i cal conposition, produced_a:i‘zcgrdi ng to the process in any one of

clains 3 to 21, of ast hma. Caim?27: A

phar maceutical ¢ nﬂEBMGEMENTpsHEﬁTc d according to the process_in any ane of

clains 3 to 21, ment of urinary incontinence. Caim
28: Use of a congoynd claiml or 2 in't st hma.
Claim29: Use of ﬁﬁﬁgd@l@g iing to claim1 or lﬂlmmﬂﬂmumuﬂﬁt of
urinary incontin .- : e of a compound, pro8uced "accor di ng to
the process of a one of clalms 3jto 21, in the treatnent of asthma.
Claim31l: Use of . ted according to the process of any one
of claims 3 to 21, in the treatnent of urinary incontinence. Caim32: A
phar maceut i nmp 0 C r f cl when
Gsed Tor trEarHER apainiedialbothildigd 2ty BUInG o & Hla s 2, "3

t her apeut i cwheyewsed figriteatragne abagyyeassi um channel s. Claim33: A
pharmaceutical conposition, produced according to the process in any one of
clainms 3 to 21, when used for a treatment of a condition or disease which

i s amel i or afl@in BY AtPharmgseytical cogwasition aeqerdipe te elthr a0 iof Flaim drfes <.

when used for treatment of urinary incontinence.

_ Claim 26: A pharmaceutical composition, produced according to the process in any

one of claims 3 to 21, when used for treatment of asthma.

Claim 27: A pharmaceutical composition, produced according to the process in any

one of claims 3 to 21, when used for treatment of urinary incontinence.
Claim 28: Use of a compound according to claim 1 or 2 in the treatment of asthma.

Claim 29: Use of a compound according to claim 1 or 2 in the treatment of urinary

incontinence.

Claim 30: Use of a compound, produced according to the process of any one of

claims 3 to 21, in the treatment of asthma.

Claim 31: Use of a compound, produced according to the process of any one of

claims 3 to 21, in the treatment of urinary incontinence.

Claim 32;: A pharmaceutical composition according to either one of claims 1 or 2
when used for treatment of a condition or disease which is ameliorated by a

therapeutic agent which opens potassium channels.

Claim 33: . A pharmaceutical composition, produced according to the process in any
one of claims 3 to 21, when used for a treatment of a condition or disease which is

ameliorated by a therapeutic agent which opens potassium channels.



33-
or *33 wherein

Gl aim 34 A pharnaceutical conposition according to claim 32

said condition or disease is any one of hypertension, asthma,

peripheral vasg ht heart failure, congestive heart failure,
angi na, |§chen MACEMEN‘BSHEH cer ebri¥ascul ar drseaHI—aucmm,_f_enal

cholic, disordgr tth ki dney stones, bowel syndrone,
mal e pattern bhl : _ re | abor, and pepti c mmiir’m”"""ﬂ””m

|

Claim 34: A pharmaceutical composition according to claim 32 or 33 wherein said
condition or disease is any one of hypertension, asthma, peripheral vascular disease,
right heart failure, congestive heart failure, angina, ischemic heart diseases,
cerebrovascular disease, glaucoma, renal cholic, disorders associated with kidney

stones, irritable bowel syndrome, male pattern baldness, premature labor, and peptic
ulcers.



