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IMIOAZOLYL«ALKENOIO ACIDS

The present invention relates to new ;mldazolyl alkenmc acids - which are anglotansm ] receptor
antagonists and ‘are useful in regulating hypertension induced or exacerbated by angiotensin I, and in the
treatment of congestive heari fallure, renal failure, and glaucoma. This invention also ralates to pharmaceut:-
cal compositions containin these compounds and methods for using these compounds as antagonists of
angiotensin ll, as antihypertensive agents and as agents for treaﬂng oongesuve heart failure, renal failure,
and glaucoma, - .

BACKGROUND OF THE INVENTION

“The class of peptlde prossor hotmone known as angiotensin ig responsmla for a vasopressor action that
is implicated in the etiology of hypertension in man. Inappropriate.activity of the renin-angiotensin systoms
appears o be a key element in essential hypertension, congestive heart fallure and in some forms of renal
disease. In addition to a direc! action on arteries and arterioles, angiotensin 1 (All}, being one of the most

.potent endogenous vasoconstrictors known, exerts stimulation on the release of aldosterone from the

adrenal cortex. Therefore, the renm-anglotensm system, by virtue of its participation in the control of renal

sodium handling, plays an important role in cardwvascuiar hemeostasis.
Interruption of the renin-angiotensin system wilh converting enzyme inhibitors, such as captopril, has

proved 1o be clinically useful in the treatment of hypertension and congestive heart failure (Abrams. WB., et

. al., (1884), Federation Proc., 43, 1314). The most diract approach towards inhibition of the tenin-angiotensin

syster would block the action of All at the receptor. Compelling evidence suggesls that Alf also contributes -
to renal vasoconstriction and sodium tetention that is characteristic of a number of disorders such as heart- -
failure, cirthosis and complications of pregnancy (Hollenberg, N. K. (1984), J. Carcdiovas. Pharmacol., 6, -
$176). I’ addnuon. recent animal studies suggest that inhibition of the renm-anglotensm systern may’ be -
beneficial in haling or slowing the prbgresslon of chronic renal feilure_ (Anderson, S., et al., (1985), Ji Olm e
invest., 76. 612) A|so. & recent patent application (South African Patam Appl:cauon No. 87/01,653) “claims
that All"a “anlagonists ara useful as agants for reductng and. co mg elevated mtraocular pressure S
espec:ally glaucoma; in mammals. " > S
The compounds of this invention. inhibit, block and antagomze the actuon ol tho hormone AII. and are. '

-theretore useful in’ regulating and moderatmg anguotensm induced’ hypensnslon. congestive. heart failure, U
_renal failure and ‘other disorders attributed to the actions of All. When compounds of this invention are -

administerad to marmals, the elevated blood prossure dug to All is reduced and othet manifestations

- basoed on All intercesscon are mmltmzed and conlrolled Compounds o{ lhls mvenuon are also expected to g y
 exhibit diuretic aétivity. e

Recognrﬂon of the lmportance of blocking and mh:bdlng the actions of All has stimulaled other eﬁons to -
synthesize antagonisis - of All. The following referonces have dlsclosed imidazole - der(vahvas whlch are
describad as havmg Aﬂ blocking actmty and useful as hypotansive agents, - :

“Furgkawa ‘et al. U.S. Patant 4,340, 598 disclosos lmidazol-s-ylacetic acids ‘and lmldazol-s-yl propanouc
acids. Specifically; the discloser includes 1 be: zyI-2~n-bulyl-$-chloroimidamle4-acehc acid and 1-benzyl
phenyl-s-chloro:m:dazoie-4-propanonc acid.

_Furvkawa, ot al., ‘U.$. Patent 4,356,040 d:sclosas substututed imldazole-s-aceuc actd derivalives A
compwnd spac:ﬁcally disclosed is 1~(2-chlorobenzyl)-z-n-butyt-4~chloroimIdazola-s-acauc acid

- Carini et al. in EP. 263,31 disclose cartain. lmidazolylpropenolc ‘acids. Two' intarmedlates describad in
this patent _are ethy!. 3—[1-(4mrt(obenzyl)-a-bulyl-4-chIoroimldaml-s-yllpropanoate and elhyt 3{2-biryi:4
chloro-l (4~aminobenzyl)|m|dazor-5-yllpropenoate : - :

" Also, _Warelng, in' PCT/EP 86/00297 disc!osas as *intarmedta certain mldazolyipropanoat co
pounds On y 62 ormula (CX)'- is ethyl ‘ (-4-ﬂuorophenyl)-4 propyl. :phényls .

. DESGRIPTION OF THE INVENTI

The compounds of the present invention tna:t are blockers of 'nn'giplensi'ni' Il.:__tecéptoré"ére represanted
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by the following Formula (1):

CHyR! Re
R CR=CT . -
™R
Rz.x._<\ I | . | -
Ra

m which:

R' is phenyl, biphenyl, naphthyl, or adamanty!methyl which are unsubstituted or subsmuted by one to throo
substifuants selected from CI, Br, F, 1, Ci~Cualkyl, nitro, CO:R7?, totrazbl-5-yl, C|~Ccalkoxy. hydroxy.- SC,-
anikyl SOaNHR’ NHSOzR’ 803H CONFVRT CN 80201-005“(}4 or C,.anu. wherein n is 1-3; .

R? Is C2-Cioalkyl, Co-Croslkenyl, Ca-Coslkynyl, C3—scycloalkyl, or {CHz)o~sphany! unsubstituted or substi-
tuted by ane to three substituents selected from Ci-Ce alkyl, nitro, Cl, Br, F, {, hydroxy, C\-C4a|k0xy
NR?87, CO-R?, CN, or CONR7R?;

Xis a single bond, 8, or O;

R3 is hydrogen, CI, Br, F, I, CHO, hydroxymethyl, COOR’ CONR7R?, NOz, or CoFgpes, wheram nis 1-3;

" R* and R® are independently hydrogen, Ci-Cealkyl, thienyl-Y-, furyl-Y-, pyrazolyl-Y-, imidazolyl-Y-, pyrrolyl-
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Y-, iriazolyl-Y~, oxazofyl-Y-, isoxazolyl-Y=, thiazolyl-Y-, pyridyl-Y-, or tetrazolyl-Y- except that R* and R? are
not both selected from hydrogen and C.+Cgalkyl and sach heterocyclic ring ‘is unsubstituted or subst:tuted
by Ci-Caplkyl, C1-Cealkoxy, Cl, Br, F, I, NRTR?, COzR?, 80:NHR?, §03zH, or CONRR;

Y Is & single bond, G, 8, or C-Cealkyl which is straight or branched or aptionally substituted by phonyl or
benzyl, wherain each of the aryl groups is unsubstntuted or ‘substituted by ha|o. NO;, OF:. CVCLR“(y' Cq-
Cealkoxy. CN, or COR’;

RS is -2-COOR?® or -Z-CONRR;

Z is & single bond, vinyl, -CHz+0-CH:-, methylane optionally substituted by Ci-Cialkyl, one or two benzyl -

- groups. thienylmethyt, or furyimethyl, or ~C{O)NHCHRS., wherein R? is H, Ci-Cialkyl, phenyl, benzyl,

thlenylmethyl, or furyimethyl; . _
sach R? Independently is hydrogen, Ci-Cealkyl, or (CHz)nphenyl, wherein m is 0-4; and
RE is hydrogen, c--ccalkyl or 2-d|(c|-c;alkyl)-amino-Z-oxoethyl or & pharmaceutically scceptable salt
theraof. .
Preferably, oné of R* and RS is hydrogen or Ci-Csalkyl. -
Preforred compounds of thls invention are represented by Foreida (l) when;
R! is phenyl unsubstituted or substituted by one to three substituents selected from ch(oro fluoto,

.mﬂuoromethyt nitro, methyl, methaxy, hydroxy. sulfonamido. carboxy, carbo-C:-G:a!koxy. carbamoyl

cyano, or fetrazol-5-yl;

X is & single bond;

R is Ca-Cqalkyl,

R? is hydrogen, chioro, fiuoro, or tnﬂuoromethyl' ;
R* is hydrogen or C1-Caalkyi; ' L
RS is thisnylmethyl, furyimethyl, imldazolylmethyl or pyridyimethyl each of which ls opﬂonally subsmuted )
by mathyl or methoxy; and _

‘RS is COOH, COOC -2alkyl, or CONH2; or a pharmacsutically acceptable salt thereof

The E isomers (irans stersochemistry of the carboxy and lmldazole groups) are ganeraﬂy more active

~and thus, are proferred over the Z isomers (cis).

As used herein, the termis alkyl, alkenyl, alikoxy and alkyny! mean carbon chains which are btanched or
unbranched with the length of the chain determined by the descriptot precedmg fhe term.

Particular compounds of the invention include, but are not limited to, the following:
(E)-3-{2-n-butyl-1 {(2-chlomphenyl)methyl}-1 H-imidazol-6-yl}-2-(2-thienyl)methyl-2-propenoic acid,

 (E)-3-{2-n-butyl-1 -{(2-chlorophenyl)mathyl}- tH-imidazol-§-yi}-2-(2-furylimethyl-2-propenaic acid,

(E}3-{2-n-butyl-1~{(2-chlorophenylimethyl}-1H-imidazol-5-yl}-2-(4:pytidylimethyi-2-propencic acid, -
{E)-3-f2-0-butyl-1-{(2-chlorophenylimethyl}-1H-imidazol-5-yl)-2-(3-thienylmethyi-2-propencic scid,
{E)-8-{2-n-butyl-1+{(2-chiorophenylimethyl}-1H-imidazol-5-yi}-2-(5-mathyt-2-thienyl)methyl-2-propenoic acid,
(Ey-3-{2-n-butyl-1-{(2-chiorophenylimethyl)-1H-imidazol-5-yl}-2-{(4-imidazolyl)methyl-2-propenole acid,
(El-3-{2-n-butyl-1-{(4-carboxyphenyl)methyl}-1H-imidazol-5-yl]-2-{2-thienylimethy!-2-propenoic acid.

_(Ey3-{2-n-butyl-1~ {(2-mtrophanyl)methyl}-‘l H-lmnd&l:ol-ﬁ-yl]-a-(a-thlenyt)methyl-z-propenolc acld,
(E)-3-{2-n-buty|-1-{(2-cyanophenyl)methy1}-1 H-lmidazo! 5-yl]~2-(2-th:enyl)methyl-e-propanoac acid,
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(E)-3-{2-n-butyl-1-{{4-methoxy-3-methylphenylimethyl}-1H-imidazol-5-yl}-2-(2-thienyl)methyi-2-propenoic
acid,

(E)-3-[2-n-butyl-1-{(2-chiorophenyl)methyl}- 1 H-imidazol-5-yl}-2-(§-methoxy-2-thienyl)methyt-2-propenoic
acid,

(E)-3-{2-n-butyl-1-{(2.3-dichlorophenyl)methyl}-1H-imidazol-5-yl}-2-(2-thienyl)msthyl-2-propenoic acid,
(E)-3-[2-n-butyl-1~ {(4-ca(boxy-2-chl0r0phcmyl)melhyl} -{H-imidazol-5-yl)-2-(2-thienyl)methyl-2-propenoic
acid,

(E)-3- [2-n-butyl-f-{(4-carboxy-a-chlorophenyl)methyl}-1H-imidazol—s-yl]-z-(Z-thienyl)melhy(-z-propenmc
acid, |

(E)-3-[2-n-hexyl-1- {4-carboxyphenyl)methyl} -1H-imidazol-5-yl]-2-(2-thienyl)methyl-2-propenoic acid,
(E)-3-{2-n-butyl-1 -{{4-carbomathoxyphenyl)methyi}-tH-imidazol-5-yi}-2- (2-thisnylymethyl-2-propenoic  acid,
and :

(€)-3-(2-n-butyi-1- {(EvtnﬂuorOmethylphenyl)methyl}-1H-nmldazol-5-yl]-2-(2-lh|enyl)mathyl-Z-propenom acid:

.or a pharmaceutically acceptable salt thereof,

The invention also relates to pharmaceutical compositions comprising & pharmaceutical carner and an
effective amount of a compound of Formula {1).
~ Also included in the present invention are methods for antagonizing angiotensin i receptors which
comprises administering to a subjoct in need thereof an effective amount of a compound of Formula (1).
Methods of producing antihypertensive sctivity and methods of treating congestive hoeart failure, glaucoma
and ranal faiture by administering these compounds are also included in this invention.

The compounds of this invention are prepared by procedures described herein and fllustrated by the
oxamples. Reagents, protecting groups and functionality on the.irnidazole and other fragments of the
molecule must be consistent with the proposed chemical transtormations. Steps in the synthesis must be
compatible with the functionat groups and the protecting groups on the imidazole and other parts of the
molecule.

The starting materials, 2-R2X-imidazole, are known to the art {(J. Org. Chem. 45:4038, 1980) Or are
synthesized by known procedures. For example, imidazole is converied to 2-n-butylimidazole by reacting
imidazote with triethylorthoformate and p-toluenesutionic acid to-give 1-diethoxyorthoamide Imidazole énd
then treating with n-butyl fithium to give the 2-lithium derivative of the orthoamtde and alkylatin with n-butyt
iodide in a sultable solvent, such as tetrahydroluran (THF). .

* The following procedure is useful for the preparation of compounds of Formula () particulady where R'
is 2-chlorophenyt, R? is n-butyl, R? is hyorogen, chioro, or CFy, R* is hydrogen. R® is as descnbed in
Formula {f), RS is COOR? and R is hydrogen, methyl. or ethyl.

The 1-R'CHz-group is incorporated onto the 2-R2X-imidazole by known procedures, for exampie, by
reaction with an R'-CH; halide, mesylate or acetate. such as 2-chlorobenzyl bromide, in a suitable solvent,
such as dimethylformamide (DMF), in the presence of a suitable acid acceptor. such ag sodium alkylate,
potaSSlum or sodlum carbonate, or a metal hydridoe, preferably sodium hydride at a reaction temperature of
26" C to 100" C, preferably 50° C. The resulting 1-R'CH»-2-R?X imidazole is hydroxymethylated in the 5-
position, for example, by reacting with formaldohyde in the presence of sodium acetate in aceltc acid to
provide the 1-R'CHa-2-R2X-5-hydroxymethylimidazole intermediates.

Altarnatively, the 1-R'CH2-2-R2-5-hydroxymethylimidazole intermediates are prepared by reacting an
imido - ether, R2-C(=NH)-O-alkyl, such as valeramidine methyl ether, with dihydroxyacetone in liquid
ammonia under pressure to ive 2-R2-5-hydroxymethylimidazole. This intermediate is reacled with acelic
anhydride to give 1-acetyl-S-acetoxymethyl-2-R2-imidazole. The diacetate intermediate is N-alkylated, for
example. using 2-chlorobenzyl trflate and the resulting 1-R'CH;-2-R2-5-acetoxymethylimidazole is treated
with aqueous base, such as 10% Ssodium hydroxide solutlon. to give the 1-R'CH,-2-R%5-
hydroxymethylimidazole intermediate.

Alternatively, the 2-R'S-imidazole compounds are prepared by the following procedure. Benzylamines,
substituted by. one o three substituents selocted from halo, Cr-satkyl, Ci-salkoxy, CN. NO, CFs,
CO2Ci~galkyl, SCy-salkyl, or SO2Ci-salkyl, are alkylated with a Ci-galkyl chloroacetate, for example
methyl chloroacetate, In the presence of a base, such_ as tristhylamine, in a suitable solvent, such as
dimethylformamide. The resulting alkyiaminoalkyl ester compounds are N-formulated with formic acid in the
prasence of a suitable solvent, such as xylenes, followed by Cs-formulation of the carbon alpha to both the
amino and the ester groups. Reaction of this intermediate with acidic thiocyanate, preforably potassium
thiocyante, in an Inert organic solvent. such as C:-.alkyl alcohol produces 1-RCHz-2-mercapto-S-aikanoate
ester imidazole compounds, The free thio group of the ester imidazole is reacted with a halo-R™
compound, wherein R is Ci-ioalkyl, Cs-1oalkenyl, Ca-Croatkynyl, Ca-Cecycloalkyl or an optionally
substituted (CHz)o-gPh, preferably propyl bromlde. in the presence of a suitable base, such as sodium

-
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carbonate, In an appropriate sblvent such as ethyl acetate. The esler is reduced 1o the: hydrox-
ymethylimidazole intermediate by reduction with a suitable reagent, preferably dnsobutvl sluminum hydride,
in an appropnate solvent, such as tetrahygdrofuran, at a tempeérature of ~78"C to 25 C. preferably at less

‘than -10" C.

- The hydroxymethy! group oI the herelnbafore prepared intermediate is oxidized to an aldehyde by
treatment with a suvitable reagent, such as anhydrous chromic acid-silica gel in tetrahydrofuran or,
preferably, with activated manganese dioxide, in a sultable solvent such as benzene or foluene, or
prelerably mefhylene chloride, at a temperature of 25" C to 140" C, preforably at 26° C. The 1-R'CH;-2-
R2X-iridazol-5-carboxaldehydes are reacted with an appropriate phosphonate, such as those listed in Table
i (Examples 2-5). The phosphonates are preparsd, for example, from frialkyl phosphonoacetates by
alkyiation with an appropriate halide, mesylate or acetate in the presence of a suitable base, such as
sodium hydride, m a suitable solvent, preferably glyme at a reaction itemperature of 25°G 10 110°C,
prefarably at 85° G, to prdvide, for example, the phosphonates listed in Table L The reaction of the .
imidazol-5-carboxaldehydes with the phosphonates is performed In the presence of a suitable base, such as
a molal alkoxide, lithium hydride or preferably sodium hydride, in a suitable solvent, such as ethanol, '
methanol, ether, duoxana. tetrahydrofuran, or preforably glyme, at a reaction temperature of 10°Cto 50°C.
pralerably at 25°C, to provide & varlable mixture of trans and ¢is. e.g.. (E) and (Z), 1-R'CHy-2-R2X-5-
CH = (R )-{COO0-alkyl)-imidazoles. These isomers are readily separated by chromatography over silica gel
in suitable solvent systems, preferably hexane in ethyl acetate mixtures. The esters are hydrolyzed to the
acids, 1-R'-CHp-2-R?X-6-CH = C(R®)COOH-imidazoles, using bases, such as potassium hydroxide, lithium -
hydroxide or sodium hydroxide, in a sullable solvent systemn, suth as, for example, aqueous alcohols or
diglyme. The trans and cis structures of the acids are readily determined by NMR by tha NOE protocol, as
woll as by the biologlcal activities since, generally, the trans (E) Isomeric acids are the more potent isomers.

Allernatively, the 1-R'CHz-2-R*X-Imidazol-5-carboxaldohydes are prepared by the foliowing procedure.
Starting 2-R2X-imidazol-5-carboxaldshydes are reacted with an N-alkylating protecting reagent, such as
chioromethyl pivalate (POM-CI), in the presenca of & base, such as potassmm carbonate. in’ & suitablg

-solvant, such as dimethylformamide, a1 a temperatura of 20" C to 50" C. preferably at 25°C, to give N-

alkylation {(¢.g., POM-derivation) on the least hindered nitrogen atom of the imidazole nucisus. The 1-
R'CHa-group is incorporatod onto the imidazole by N-alkylation of the above prepared sldehyde with a
halomethylbenzens compounds, such as methyl 4-bromomethyl-3-chlorobenzoate, at a temperature of
80" C to 125°C, preferably at 100° C. The protecting group on the 3-nitrogen of the imidazole ring is
removed by base hydrolysis, for example using a biphasic mixture of ethyl acetate and aqueous sodium
carbonats, to'give 1-R'CHy-2-R?X-imidazole-S-carboxaldehyde compounds. The Formula (1) oompounds can
be prepared from these 5-carboxaldehyde compounds by the methods described above.

Compounds of Formuta (1), wherein R is COORE, R!, R?, RS, R* and R® are as described in Formula
(), and R? is H, methyl or ethyl, are also prepared by the following procedurs.

The 2-R2X-imidazole starting materials are roacted with trlmethyls'lylethoxymethyl(SEM) chioride to give
1={trinethyisityethoxymethyl-2-R2imidazole. The reaction is carded out, for- example, in the presence of
sodium hydride in & solvent such as dimethyltornamide. The S-tributyltin derivalives are prepared by
lithiation with, for example. butyllithium in a suitable solvent, preferably diethyl ether, followed by troatment
of the lithio (mudazole derivative with & tributyltin halide, preferably tri-N-butyltin chioride, at 10°C 1035 C,
proferably at 25° C. The 1-SEM-2-R2-5-ributyltinimidazole is coupled with an a«,A-unsaturated acid ester

. having a feaving ‘group on the B-position, such as a halide or trifluoromethanesulionyloxy group, for

example, BrCR* = G(R®XCOOalkyl), in the presonce of a phosphine figand, such as bis(diphenylphosphino)-
propane, or triphenylphosphine and a palladium () compound, or preferably tetrakis(tnphenylphosphmo)—
pauadlum(O). with or without a base, such as tributylamine, at a tompeyature of 50" C 1o 150" C, preferably

‘at 120" C. Both the (E) and (2) olefinic isomers are prepared by this procedure. and the isomeric esters are

readily separated by chromatography over silica gel. The 1-SEM group from the (E) and (Z} isomers is
hydrolyzed with acid, for example. aqueous hydrochloric, in a suitable alcoholic solvent, such as methanol
or ethanol, and the 1-unsubstituted imidazole deriviatives are converted to the 1-t-butoxycarbonyl (i-BOC)
Imidazoles with di--butyl dicarbonate (Hoppe-Seyler's Z. Physiol. Ghem., (1878), 357, 1661). The {-80C
esters are alkylated and hydrolyzed with, for example, 2-chiorobenzyiQ-trifiate in the pr presence of a suitable
base, preferably diisopropylethylamine. in & suitable solvent, preferably methylene chioride, o afford the 1-
(2-chlorophenyl)methylimidazole derivatives (esters). The (E) and (Z) isomers are hydrolyzed to the (E) and
(Z) acids by the method described above,

Compounds of Formula (I) are also prepared by the following procedure. The 1 R'Cszz-sz-nm;dazole‘
5-carboxaldehydes, prepared as described above, are reacied with a substituted half-acid, half-gster
dorivative of & malonate, such as ethyl 2‘carboxy*3-(Z-thtenyl)propaonate in the presence of a base, such as
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- pipetidine, in a suitable solvent, such a's loluéné. at a temperaturs of 80° C to 110" C. preferably at 100" C.

The resulting 1-R‘CH,-2-R2X-5-CH = C(R®)COOalkylimidazoles are hydrolyzed to the corresponding For-
mula () acid compounds by alkaline hydrolysis as described above.

Compounds of Formula (I) in which R' § 2-chlorophenyl, R? is n-butyl, R is H, C1, or CFz. R* ig methyt,
RS is as described in Formuia (1), R® is COOR® and other parameters are as described above are prepared
as follows. The 1-R'CH,-2-R2X-imidazol-S-carboxaldehydes, prepared as described above. are converted to
the corresponding alcohols with an organo-metallic derivative or Grignard reagent, preferably methyl lithium,
in a suitable solvent, such as tetrahydrofuran. The alcohol is oxidized, for example, using manganese
dioxide to give the kelone. The olefinic esters are prepared from the ketone by reaction with appropriate
phosphonates to give the (E) and/or {2} isomers which are readily separated. The acids are prepared from
the esters by alkaling hydrolysis as described above.

Compounds of Formula (1).in which R? is H, Cl, CH.OH, or CF; are prepared as follows. The 1-R"- CHz-
2-A?X-imidazol-5-carboxaldehydes are treated with the lithium derivative of a substituted ethyl or methyl
estor. These lithio derivatives are prepared from the reaction of lithium diisopropylamide in & suitable
solveni, preferably tetrahydrofuran, with an acid ester, such as ROOC-CH.-Y-{2-thienyf), fo generato the a-
fithio derivatives at <78 C lo -10°C, preferably at -78" C, which are then treated wilh the imidazol-s
carboxaldehyde. The intermediate g-hydroxy group of the imidazole ester is converied to a mesylate or an
acetate and the (mesylate, or preferably the acetate, is heated in & suutable solvent, such as toluene with
one 1o two equivalonts of 1,8-diazobicyclo[5.4.0Jundec-7-ene. at 50 to 1107 C. preferably at 80° C, to afford
ester compounds of Formula (I} such as 3~(imidazol-5-yl)-2- (2-thienyl)methyl-2-propenoic acid ésters. The
(E) isomer is the predominate oleflmc isomer. The acids are prepared from the esters by the method
dascribed above. .

Compounds of Formula {I), wherein R! is 2-chlorophonyl, R2 is n-butyl. R is H, Ci, CF3, or CHzOH, R*
is H. R® is heterocyclic or a substituted heterocyclic group as described in Formula {1 and RS is COOH,
may be prepared by heating 1-R'CH,-2-R2X-imidazol-5-carboxaldshydes at 50° C to 180" C, preferably at

140° G, with an appropriate substituled haterocyclic acetic acid and with acefic anhydride and polassium

carbonate fo provide unsaturated acids of Formula (f), such as 3[2-n-butyl-1-(2-chlorophonylimethyl-1H-
imidazol-5-yl}-2-R3-2-propenoic acid. The trans oleflinic acid is the principal product. .

"Compounds of Formula (I} in which R® is 2-COOR?® where Z is an optionally substituted methylene
group are prepared by reducing the trans or (E) isomers of 3-(imidazol-5-yl}-2-propencic acid esters
(prepared as described above) with an appropriate hydride reagent, praferably diisobutylaluminum hydride,
in a suitable solvent, such as tetrahydrofuran to provide theé unsaturated alcohol compounds. These
compounds are reacted with ethyl chloroformate, for example, with a base, preferably tristhylamine, in a
suitablo solvent, such as tetrahydrofucan, to give 5-EtQOCOCH;CR® = CRé-imidazofes which are reacted
with carbon monoxide in the presence of a phosphme ligand, preferably mphonylphosphme wnh palladium
{1y acetale in & suitable solvent, preferably ietrahydrofuran, at a temperaturs of 25° G to 100° C, preferably
at 40° C, to give the 6-EtOOCCH,CR® = CR*+imidazoles. The corresponding acids are prepared from these
athyl osters by base hydrolysis as described above.

Compounds of Formula (I} in which Z is -CH,COORE having addifional substitution on the carbon « to
the carboxylate group gre prepared by converting 5-EtOOCHCR® = CH¢-imidazoles 1b the lithium derivative
of the esler with a fithiumn dialkylamide, proferably lithium diisopropylamide, and then treating with an
alkylating agent, such s methy! halide, benzyl bromide, or heterocyclic methyl haiide, to provide the mono-
alkylated product compounds or the dialkylated product compounds. The acid compounds are prepared
from the estors by base hydrolysis.

Compounds of Formula (1) in which R‘ is Z-COOR' where Z is -CHa-O-CHz- are prepared from

_ unsaturated aicohol compounds, which had baen obtained by the reduction of tho Formula (1) propenoic

" acid estars. The alcohol is reacted with an appropriate hydride eagent. such as sodium hydride, in &

65

suitable solvent, such as glyme, followed by reaction with an alkylating roagent, such as methyl

. bromoacetate, to give the 5-MeOOCCH,-0-CH, CR® = CR*-imidazoles, The correspandmg acids ara pre-

pared from these esters by base hydrolysis as described above.

Gompounds of Formula (1) in which R® is Z-COOR® where Z is -C(O)NHCHR° are prepared from the
Formula {J) propencic acid compounds These acids are reacted with an appropriately substituied amino
acid, such as glycine methyl ester hydrochloride or phenylalamne ‘methyl ester hydrochloride, in the

' prasence of an amide-forming reagent, such as N-hydroxysuccinimide and dicyclohexyicarbodiimide, in the

presence of ‘a base. for example tristhylamine, m a suilable solvent, such as -telrahydrofuran, at &
tempearature of 20°C to 50°C, preforably at 36°C. The 5-0‘-.alkyIOOGGHR*NHG(0) CH2CR® = CR4-
imidazoles are converted to thelr corresponding acids by base hydrolysis as described above. :

Compounds of Formula (I} in which the R! substituent is substituted by hydroxy are formed from
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qurnula i) compounds in which the &' group is substrtuled by Ci-Cialkoxy using an ether-cleamng
reagent, such as boron tribromide or hydrobromic acid.

Compounds of Formula (I} in which the R' substituent is substituled by catboxy are formed from

Formula {}) cmpounds in which the R' group is substituted by CO»Ci-Csalkyl using basic hydrolysis, such
as aqueous sodium or potassium hydro)ude in methanol or gthanol, or using acidic hydrolysis, such as
aquecus hydrochloric acld.
- Compounds of Formula (1) in which the R' subsmuent is substitutod by a tetrazol-6-yl group are
prepared from the correponding carbioxy compounds. For example, Formula () acid compounds-are reacted
with 2 halogenating agent, such as thiony! chleride, in & suilable solvent, for example benzene, to give the
corresponding acid halide compounds. The acid halides are then converted to primary amide ¢compounds in
a reaclion with concentrated ammonia. Subseguent dehydration of the amides with oxalyl
chioride/dimethylformamide in acetonitrile/dimethylformamide ylelds the nitrile compounds, which are the
immediate precursors 1o the Formula () totrazole compounds. Tetrazole formation is accomplished by
reacting the nitriles with azide, praferably aluminum azide prepared in situ by the reaction of sodium azide
with aluminum chioride in & suitable solvent, for example tetrahydrofuran. The Formula {l) compounds in
which R¢ is -Z-CO2H are prepared from these Formula ] tetrazole ester compounds by basic hydrolysls as
described above.

Pharmaceutically acceplable acid addition salts of compounds of Formula (r) are formed with appro-

'pnate orgamc or inorganic acids by methods known in the art, For example, the base is reacled with a

suitable inorganic or organic acid in an aqueous mrsclble solvent such as elhanol with isolation of the salt
by removing the solvent or in an aqueous immiscible solvent when the acid is soluble thersin, such as ethy
ether or chloroform, with the desired salt separsting directly or isolaled by removing the solvent.
Ropresentative examples of suitable acids are maleic, fumaric, benzoic, ascorbic, pamoic, succinic, |
bismethylenesalicylic, methanasulfonie, sthanedisulfonic, acelic, propionic, tartaric, salicylic, citric, gluconic,
aspartic, stearic, palmille, itaconic, glycolic, p-ammobenzmc glutamie, benzenesultomc hydrachloric,
hydrobromic, sulfuric, cyclohexylsulfamic, phosphoric and nitric acids.

Pharmacautically acceptable base addition salte of compounds of Formula {1) in which R® is H are
prepared by known methods from organic and inorganic bases, including nontoxic alkali metal and alkaline
earth bagses,. for exampls, calcium, lithium, sodium, and potassium hydroxide; ammonium hydroxide, and
hontoxic organic bases, such as triethylamine, butylamine, piperazine, and (tnhydroxymethyl)methylamrne

Angiotensin || antagonist activity of the compounds of Formula () is assessed by in vitro and in vivo

' methods In vitro antagonist activity is determined by’ the ability of the compounds fo Tompete with ige

grotensm fi for binding to vascular. anglotensm N -raceptors and by their ability to antagonize the
contractile response to angiotensin I in the- isolated rabbit aorta. In vivo activity is evaluated by the efficacy
of the comipounds to inhibit the pressor response to exogenous angletensin Il in consclous rats and to lower

_ _blood pressure in & rnt model of renin dependent hypertenslon

Binding
e T

The radrohgand bmdmg assay is a modrfcatron of a method previously descrrbed in detarl (Gunther &
al, Cm: Res, 47:278, 1980). A particular fraction from rat mesenteric arteries is moubated in Tris butfer with
80 PM of "Sl-angiotensin i with or without anglotensln It antagonists for 1 hour al 25° C. The incubation is

terminated by rapid filiration and raceptor bound ‘zsl-angiotensm It trapped on tho filter is quantitatod with a

gamma counter, The potency of angiotensln i “antagonists 'Is expressed as the ICso which is the
concentration of antagonist needad to displace. §0% of the total specifically bound angiotensin i. Exemplary
ol the ICso of compounds of the' inventron (E lsomers) is about 0.1 nM fo. about 100u.M )

_ Aorta

" The ability of the compounds 1o antagonlze angrotensm It induced vasoconstrsctron is exammed in the -

- rabbit ‘aorta. Ring segments are cut from the rabbit thoracic aorta and suspended In organ baths contammg -

physiological sall solution. The ring segments are mounted over melal supports and attached to force’
displacerent transducers which are connected toa recorder Cumulative concentrauon rfasponse curves to
angiotensin H are pertormed in the absence of antagonist or followmg a 30-minute - incubstion with

antagonist. Antagomst drsassocrarron constants (Ko) are calcuisted by the dose ratio method using the mean - |
effective concentrations. Exemplary of the Ka of compounds of the invention (€ tsemers) is abeut 0.1 aMto .
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Inhibition of pressor response to angiotensin Il in conscious rats

Rats are preparod with indwelling femoral arterial and venous cathelers and a stomach tube (Gellai ot
al.. Kidney Int. 15:418, 1978). Two to three days following surgeéry the rats are placed In a restrainer and
blood pressure is continuously monitored from the arterial catheter with a pressure transducer and recorded
on a polygraph. The change in mean arterial pressure in response 1o intravenous injections of 260 mgfkg
angiotensin Il Is compared at various time points prior 1o and following the administration of the compounds
intravenously or orally at doses of 0.1 to 300 mg/Kg. The dose of compound needed to produce 50%
inhibition of the control response to angiotensin Il (ICso) is used to estimate the potoncy of the compounds.
The ICse of (E)3-[2-n-butyl-1-{(2-chloraphenylmethyl}-1H- lmidazol -5-yl}-2- (2-lh|enyl)methyl-z-propenmc
acid is 3.60 mg/kg Lv. and 44.00 mgkg orally.

Antihypertonsive activity

The antihyperlensive activity of the compounds is measurad by their ability to reduce mean arterial
pressure in conscious rats made renin-dependent hypertensive by ligation of the left renal artery (Cangiano
et al., J. Pharmecol. Exp. Ther. 208:310, 1978). Renal artery ligated rats are propared with indwelling
catheters as described above, Seven to eight days following renal artery ligation, the time at which plasma
renin levels are highest, the conscious rats are placed in restralners and mean arterial pressure is
continuously recorded prior to and following the administration of the compounds intravenously or orally.
The dose of compound needed o reduce mean arierial pressure by 30 ram Hg {ICs0) is used as an
ostimate of potency. The [Cap of (E)-3-[2-n-butyl-1-{(2-chlorophenyl)methyl}- -1H-imidazol-5-yl}-2 (2-th|enyl)-
methyl-2-propenoic acid is 1.80 mg/kg i.v. and 8.0 mg/kg orally.

The intraocular pressure lowering effscts employad in this invention may be measured by the
procedure described by Watkins, et al,, J. Ocular Pharmacol., 1 (2):161-168 (1985).

The compounds of Formuta (I} are incorporaied Info convenient dosage forms, such as injectable
preparations, or for orally active compounds, capsules or tablets. Solid or liquid pharmaceutical carriers are
employed. Solid carriers include starch, lactose,-calcium sulfats dihydrate, terra alba, sucrose, talc, gelatin,
agar, pectin, acacia, magnesium. stearate, and stearic acid. Liqui¢ carriers intlude syrup, peanut oil, olive
olt, saline, and water. Similarly, the carrier or diluent may Include any prolonged release material, such as
glyceryl monostearate or glyceryl distearats, alone or with a wax. The amount-of solid carrier varies widely
but, preferably, will be from about 25 mg to about 1 g per dosage unit. When a liquid carrier is used, the
preparation will be in the form of a syrup, efixir, emuision, soft gelatin capsule, stenle mjectabla liguid, such -
as an ampoule, Or an aqueoUs or nongqueous liquid suspension.

For topical ophthalmolgic administration, the pharmaceutical compos«uans adapted mc!ude solutions,
suspensions, ointments, and solid inserts. Typical pharmaceutically acceplatle carriers are, for example,
wator, mixiures of water and water-miscible soivents such as lower alkanols or vegetabie oils, and water
soluble ophthalmolegically acceptablo nonstoxic polymers, for example, celiulose derivatives such as mothyl
colluiose. The pharmaceutical preparalion may also contain non-loxic auxiliary substances such as emul-
sifying, preserving, wetting, and bodying agents, &s for example, polyethylene glyzols: ‘antibacterial
components such as quarternary ammonium compounds; buffering ingrodients, such ag alkali metal
chloride; antioxidants, such as sodium metablsuﬂnte and other conventmnal mgradnents. SUCh as sorbitan
monolaurate.

Additionally, suitable ophthalmic: vehucles may be used as carrier medla for the present purpose
including conventional phosphate buffer vehicle systems,

The pharmaceutical preparation may also be in the form of a sohd insert. Fcor example. one may use a
sohd water soluble polymer as the carrier for the medicament. Sofid water msoluble lnserls suth as those
'preparad from ethylene vinyl acetate copofymer. may also be utilized.

The pharmaceutical preparations are made following conventional tachnlques ot a pharmaceutical
chemist involving mixing, granulating, and compressing, when nacessary, for tablet forms, or mixing, filling
and dissolvirig the ingredients, as appropriate, to give the desired oral, paranteral, or topical products. '

Doses of the compounds of Formula (1) in a pharmaceutical -dosage unit as described above will bo an
sfficacious, nontoxic quantity selected from the range of .01 - 200 mgrkg of active compound, preferably 1 -
100 mg/kg. The selacted dose is adrinistered to a human patient in need of -angiotensin 1f- receptor

P
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antagonism ifrom 1-8 times dail;f orally, rectally, topically, by injectlen, or continuously by infusion. Oral
dosage units for human acministration preferably contain from 1 1o 500 mg of active compound. Preferably,
lower dosages are used for parenteral administration, Oral administration, at higher dosages. however, also
can ba used when safe and convenient for the patient. Topical formulations contain the active compound in
an amount selected from 0.0001 to 0.1 (wiv%), preferably from 0.0001 fo 0.01. As a topical dosage unit -
fofm, an amount of active compound from between 50 ng to 0.05 mg, preferably 60 ng to 5 uyg. is applied
to the human eye.

" The method of this invention of antagonizing angiotensin Il receptors in mammals. mcludmg humans,
comnprises administering to a subject in nead of such antagonism an effective amount of & compound of
Formula (1) The method of this invention of producing antihyperiensive activity and the method of treating
congestive heart failure, glaucoma, and renal failure comprise administering a compound of Formula {htoa
subject in need thereot an-effective amount to produce said activity.

Contamplated equivalents of Formula () compounds are compounds otherwise corresponmng thereto
wherein substituents have been added to any of the unsubstituted positions of the Formula (I) compounids
provided such compounds have the pharmaceutical utility of Formula (1) compounds.

The following examples illustrate preparation of compounds and pharmaceutical compaesitions of this
invention, The examples are not mtended to limit the scope of this invention as dafined herginabove and as
claimed below.

Example 1

(E)—a-te-n-Butyi-1-{(2—chloropﬁenyl)?nethyl}‘-iH_-imldazo!-s-yl]-Q-(Z-thieny()rhethylvz-propenoic Acid

(i) 2-n-butyl-1~(2-chlorophenyl)methyl-1H-imidazole

Imidazole was converied to the 1-d»eth0xyorthoamnde derivallve by the mathod ol Curtis and Brown, J.
Org. Chom {1980). 45, 20. imidazole (12.8 g, 0.19 mol) and 118.4 g (0.8 mol) of tnethylorthoformate were
reacted in the presence of 1 g of p-loluenesutionic acid to give 20.6 (81%), bp 66+70° C (0.1 mm) of 1-
dlethoxyorihoamlde imidazole. This product (24.0 g, 0.14 mol) was digsolved In dry tetrahydrofuran (250
mL) cooled to 40" C and n-bulyl fithium (0.14 mol, 56.4 mL of 2.5 M in hexane) was addod at -40° C to

- -35 C. Atler 15 minutes n-butyl iodide (31.1 g. 0.169 mol) was added at -40" C, and the reaction was .

40

45

5%

stirred overnight at ambient temperature. The reaction was partitioned between ether and 0.3 N hydrochloric
acid, and the organic layer was repeatedly extracted with dilute tydrochioric acid. The combinad aqueous

_exiracts were neutralized with sodium bicarbonate solution, extracted with methylene chioride. driod over

magnasium sulfate and concentrated, A ﬂash distnllatmn on a Kugseirohe apparatus provlded 14.8 g (85%) of
2-n-butylimidazole, .

2-n-Butylimidazole (8.7 ¢, 0.078 mol) was dissolved in methanol (50 mL) and addad dropwise to a
solution of sodium methoxide (from sodium - hydride (2.31 g, 0.0934 mel) in methanol (250 mL)). After one
hour the solution was evaporated to dryness, and the sodium salt was taken up in dry dimethylformamide

© {15 mL) and 2-chlorobenzy! bromide (16.3 g, 0.079 mol) was added. The mixiure was heated at §0° C for

17 hours under argon, poured onto ice water and the product was extracted into ethyl acetate. The extract -
was washed, dried. and concentrated to give 18.5 g of crude product which was chromatographed over
silica gel with 2:1 ethyl acetate/hexane to provide 11.9 g (B1%) of 2-n-butyl-1-(2-chlorophenylimethyl-1H-
imidazole as an oil. Thin layer chromamgraphy on s'llca gel with &1 ethy! ac@tatalhexana gave an R value

' OfOSQ

an '2-n-butyl-1_-(2-chlomph§nyl)methyi?S-hydroxymethyl-1H-imidazole :

Mesthod 1

wAtat———— e
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A mixture ot 2-n-butyl—1~(2-qh|orophenyl)méthyl-lH-imidazole (95.5 9, 0.384 mol) 37% tormaldehyde
(500 mL), sodium acetate (80 g) and acetic acid (Bu mL) was heated to reflux for 40 hours under argon. The
reaction was concentrated in vacuo, and the residue was stirred with 500 mi of 20% . sodium hydroxide
solution for 4 hours, difuted with water and extracted with methylena chigride. The extract was washed,
driod, and concentrated. Tho crude product (117 g) was flash chromatographed over 800 g of silica gel with .
a gradient of ethyl acetate to 10% of methano in ethyl acetats to give 8.3 g.of starting material, 24.5 g of a -
midure of starling matorial and. product, and 44 g (41%) of 2-n-butyt~1-(2-chlorophenyl)-methyi-5-
hydroxymethyl-1H-imidazole: mp 86-88° C ' {from ethyl acetate). Further elulion provided the bis {4.5-
hydroxymathy!) derivative; mp 138-140" C (from ethyl acetate).

Method :'2_

A mixture of valeramidine methyl ether hydrochioride (250 g, 1.66 mol) and dihydroxyacetone {150 g,
0.83 mof) dissolved in liquid ammonia was allowsd lo stand overnight at room tomperature in a pressurs
vessel, and then heated al 65" C for 4 hours at 375 psi. The ammonia was allowed to evaporals, and the
residue was dissolved in methanot (3L). The resulting siurry was refluxsd with added acetonitrite (1L). The
solution was decantad from the solid ammonium chioride while hot. This procedure was repe_ated. and the
combined acetonitrile extracts were treated with- charcoal, filtered hot and the filtrate was concentrated in
vacuum 1o give thé dark oil, 2-n-butyl-5-hydroxymethylimidazole (253 g. 1.63 mol, 88%).

This crude alcohol (253 g) was treated with acetic anhydride (400 mL) at 16" C and then was allowed
1o warm fo ambient tamperature with stirring. and then stirred an additions! 19 hours. The acetic anhydride -
was evaporated at reduced pressure, the residue taken up in methylene chloride, and the organic phase
was washed with 5% sodium bicarbonate soldtion and water. The extract was dried over sodium sulfate and
concentrated to give 323 g (83%) of 1-acetyl-4-acetoxymethyl-2-n-butylimidazole. '

This diacetate was N-alkylated by the following procedurs. To a solution of triflic anhydride (120 mt,
0.71 mol) in methylene chlodde (200 mi) at 78" C undet érgon was added a solution of diisopropyl
sthylaming (128 ml, 0.73 mol) and 2-chlorobenzyl aicohol (104 g, 0.72 mol) in methylene chioride (350 mL)
over a period of 20 minutes. After being stirred an additional 20 minutes at 78" C. this solution was then
treated with 1-acetyl-d-acetoxymethyl-2-n-butylimidazole (146 g, 0.61 mol) dissolved in methylens chioride
(300 mL) over a 20-minute interval. The mixture was then stirred at ambient temperature for 18 hours and
the solvents .were evaporated, Tho residual 2-n-butyl-5-acetoxymethyl-1-(2-chlorophenylimethyt-1H-im-
idazole was used without purification for the hydrolysis of the acetate group. -

A solufion of ¢rude 2-n-butyl-5-acetoxymethy!-1-(2-chiorophenylmethyl-1H-imidazols (250 g) in metha-

" not (200 mi) was trested with 10% sodium hydroxide solution (700 mL) and the mixture was heated on a

steam bath for 4 hours, After cooling, methylene chioride was added, the organic phase was soparated,
washed with water, dried and concentrated. The residue was dissolved in ether, cooled, and seeded 10 give
the crude product. Recrystaftfization from ethy! acetate gave 176 g of 2-n-butyl-1+(2-chlorophenyl)maethyl-5-
hydroxymethyl-tH-imidazole; mp 138-140° C. This matorial was identical in all respocts to the product
prepared by Method 1. .

G 2—n-butyl-1-(z-cmoropher_'\yc)methy«-1H-imiaazol-s-carb-oxaidehydo

A solution of 2-n-buty!-1-(2-chlorophanylimethyl-5-hydroxymethyl-1 H-imidazole (5.4 g. 0.0194 mofl) in
tolupne {25 mL) was added to a suspension of activaled manganese dioxide (27 g} in methylene chioride
(325'ml}. The suspension was stirred at room temperaturs for 17 hours. The solids were fillered and the
filtrate concentrated and flash chromatographed over silica gel with 6:4 hexane/ethyl acetats to afford 4.16 g
{78%) of 2-n-butyi-1 ~{2-chiorophenylimethyi-1H-imidazol-5-carboxaldehyde, as an oit, NMR and IR were
consistent with the structure. ' } ' : :

{iv) (E)-3-[2~n-buty|~1-{(z-chlorophe_nyl)methyl'}-1ﬁ-imidazol-s-yl}-2-(2-thienyl)methyl-z-propenoic acid

Mathod A '
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(a) trimethyl 3-{(2-thisnyl)-2-phosphonopropionate

To & solution of 2-thicphenemethanol (2.28 g. 0.02 mol) in carbon tetrachloride (25 mL) was added
triphenylphosphine (6.81 g, 0.026 mol), and the solution was refluxed for 3 hours. The cooled reaction
mixture was diluted with hexane (60 mL). chilled and filtered. The concentrated filtrale (4.6 g) was flash -
chromatographed over silica gel with 7:3 hexanelethyl acetale to provide 2-chlommethylthuophene (1.62 g,

'57%) as an oit.

A sugpension of sodiurn hydride (0. 271 g 113 mmol) in dry glyme {40 mL) under argon was treated -
dropwise with trimethyl phosphonoacetate (1.87 g, 10.3 mmol) in glyme (S mL). The resulting mixture was
stirred at room temperature for 1.5 hours. Then 2-chloromethyithiophene (1.5 g, 11.3 mmel) was added, and
the mixture was stirred &t 65° C for 18 hours. The reaction was partitioned befween water and ethyl acetate,
and the organic layer was washed with water and brine, dried with anhydrous magnesium sultato and
concentrated to 1.8 g of an oil. This was chromatographed over silica gel 4:1 ethylacetatahexane to afford
800 mg (28%) of trimetiyy] 3+(2-thienyl)-2-phosphonopropionate. ' ‘

(b) methyl (E)-3-{2-n-butyl-1-{(2-chlorophenylimethyl}- { H-imidazoi-5-yl-2-(2-thisnyl)methyl-2-propencate

To a suspension of sodium hydride (69 mg, 2.87 mmol} in glyme (5 mL) was added dropwise & solution
of trimethyf 3-(2-thienyl)-2-phosphonoproplonate in glyms (3 mL) under an atomsphete of argon. When the
gas evolution had subsided, the mixture was heated to 50" C for 15 minutes. A solution of 2:n<butyl1-(2-
chlorophenylmethyl-1H-imidazol-5-carboxaldehyde (0.53 g, '1.92 mmol) in glyme (3 mL) was added, and
the mixture was stirred at 6§0-65° C for § hours, The cooled reaction was partitioned between water and
ethyl acetate, and the organic layer was washed with water, dried, concenirated and Hash chromatographed
over silica gel to give 336 mg (41%}) of methyl (E)-3-{2-n-butyl-1- {(2-chlorophenylymethyl}-1H-imidazol-5-yif-
2-{2thienyl)methyl-2-propencate as an oil whose NMR was entitely consustent with the trans or E form of
the olefin

{©) (E}3-{2-n-butyl-1-{(2-chlorophenylimeathyl}-1 _H-imidazol-s-yl}'-z-(z-thieﬁYl)metrwl-a-propenoic acid

A solution of methyl {E)-3-[2-n-bulyl-1-{{2-chlorophenyljmethyi}-1H-imidazol-5-yl}-2+(2-thienylmethyi-2-
propenoate {336 mg, 0.783 mmol} in ethanof (10 mL) was treated with 10% sodium hydroxido solution (4
L), and the solution was stirred for 8 hours at 26" C. The pH was adjusted to & and a solid precipitated.
The mixture was diluted with water, cooled and filtered to provide 309 mg of solid. A crystallization from
othyl acelale gave 195 mg (60%) ol (E) 3-[2-n-buty!— -[(2-chlorophanyl)rnalhyI]-1H-tmtdazol-s yl}-2-(2-
th«enyl)methyl-z-propenmc acid; mp 177:179° c

Mothod B

(a) methyl 3-[2-n-butyl-1-{(z-chlorophenyl)methyl}-1 H~imidézol-s-ylj-s-hydrdxy-2-(z-thienyi)methylpropanoata '

To a solution of diisopropylamine (1.86 g, 0.0184 mol) in dry tetrahydrofuran (40 mL) held at -78'C
under argon was added n-buty! lithium (7.3 mt, 0. 0183 mol of 2.5 M in toluong), and the mixture was stirred
for $0 minutes. Then, melhyl 3- (2-lh|enyl)pr0panoate (283 g. 0.0166 mol) in tetrahydroluran (2 mL) was
added, and the mixture was stirred for 30 minutes at 78" C. A solution of 2-n-butyl- 1-1(2vchlor0pheny1) :
methyl-1 H-nmldazol-5-carboxaldehyde (3 g, 0.0111 mal) in tetrahydrofuran (4 mlL) was added, and the.
rosulting mixture was stirred at -78° C for 30 ‘minutes. The reaction was partitioned between saturated

“ammonium chloride solution and ethet, the organic extract was washed with bring, dried over anhydrous

magnesium sulfate and concentrated to 6.67 g of crude product. This was flash chromatographed over 70 g
of silica gel with 4:1 ethyl acetate/hexane to provide 4.03 g (81%) of methy! 3+ [2-n-butyl-1 -{2-chlorophenyl)
methyl-1H-|mldazol-S-y1] -3- hvdroxv-'z-(2-thiernyl)mothylpropanoate
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{b} methyi 3-acetoxy-3—[2-n-butyl-1—(2-_chlor'opheny‘l)methyl—1 H-imidazol-5-yl}-2-{2-thienyl)-mathylpropanoate

A solution of methyl 3-[2-n-butyl-1-{2-chlorophenyhmethyl-1 H4midazol—5-yl}-3.-hydrOxy-z-(Q-thienyi)-
methylpropancate {403 g, 8.02 mmol) in methylena chioride (100 mL) was lreated with 4-
dimethylaminopyridine (0.386g. 3.16 mmol). Then acetic anhydride (8.5 mL, 8.02 mmol) was added
dropwise 1o the stirred mixture. The mixture was stirred for 18 hours, water (35 ml) was added, the mixture
was stirred lor 1 hour and then diluted with ether and saturated sodium bicarbonate solution, The ether
layer was washed with brine, dried with anhydrous magnes:um sulfate and evaporated to give the litle 3-
acetoxy derivative as an oil (4.37 g, 98%).

(c) methyl (E)-3-{2-n-butyl-1-{{2-chlorophenyl)methyi}-1 H~imidazol-S-yl](a-thianyl)methyl-2-propenoate

A mixture of methyl 3-acetoxy-3-(2-n-bulyl-1-(2-chlorophenyl)mathyl-1H-imidazol-5-yl)-2-(2-thienyl)-
methylpropanoate (4.36 g, 8.92 mmol) in dry toluene {80 mL) was treated with 1 S-diazabicyclo[5,4.0lundec-
7-ene. (DBU) (3.2 mL, 21.4 mmol), and the resulting solution was heatsd at 80" C under argon for 3 hours,
The soivent was evaporated, the residue trilurated with ether and activated charcoal was added. After
iltrdtion, the fillrale was concentrated o 6.20 g of an oil that was chromatographed over silica ge! with
65:36 hexane/ethyl acetate to give 2.89 g (76%) of methyl (E)-3-{2-n-butyl-1-{(2-chlorophenylmethyl}-1H-
imidazol-5-yl}-2-(2-thienyl)methyl-2-propenoate whose NMRA and TLC (50% ethyl acelate in hexane on silica
gel) were identical to the product prepared by Method A.

“(d) (E)-3-[2-n-butyl-1 -{(2-ch|orophenyl)methyl}—1 H-Imidazbl-S-yl]-.?.-(2-thiehyI)mathyl-z-propanoic acid

. Basic hydrolysis of ihis ester (2.88 g, 6.71 mmol) according to Method A (il) gave 2.59.g (93%) of (E)-
3- [2vn-butyl-1 <{(2-chiorophanylimethyl}- 1 H-imidazol-5-yl}- 2-(2-th:enyl)methyl-a-pmpenmc acid; mp 175
177° C that was identical 1o the product from Method A.

: Exathples 25

In Table | are listed other examples of alkencic acids prepared from 2-n-butyl-1:(2-chlorophenylimethyt-
" 1H-imidazol-S-¢carboxaldehyde by the methods described in Example 1 (Msthod A). The reagents and
~ products are shown in Tablo [
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(E and Z)-é-[Z-n-Bulyl-l-{(2-chloro§heny| methyl'}-.iH-imidazol;s-y1I-2v(S-methyl_—2-furyl)melhyl-2-propenoic Acid
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To a suspension of sodium hydride (0.02 mol) in glyme (30 mL} is added dropwise under argon
trimethyl 3-(5-methy!-2-furyi)-2-phosphonopropionate {(0.02 mol). Alter one hour at ambient temperature, 2-
n-butyt-1-(2-chlorophenyl)methyl-t H-imidazol-5-carboxaldehyde (0.0137 mol) is added, and the mixture is
stirrod st 40° C for one hour. The reaction is quenched with ice water, the product extracted into ether and
solvent evaporated.to give methyl (E)-3-[2-n-butyl-1-{(2-chiorophenyl)methyl}- 1H-imidazol-5-y1]-2-(5-methyl-
2-furyl)methyl-2-propencate. The (E} ester i3 d|ssolved in ethanol (4 mL) and 10% sodium hydroxide
solution (0.5 mt) is added. The solution is stirred at 25° C under argon for 17 hours, 10% hydrochlonc acid
solution is addod to pH 3.5 and the solid is filtered, washed with water. and dried at 40" C in vacuum to
give E-3-{2-n-butyl-1-{(2-chloropheayl)methyl}- 1 H-imidazol-&-yi}-2-(6-methyl-2-furyl)methyl-2-propenoic
acid. . :

Method B

(i) 2-n-butyi-1-{trimethylsilyhethoxymethylimidazole

Hexane-washed 80% sodium hydride {1.45 g, 0.0483 mol) in dimethyliormamide (80 mL) under argon
was ftreated with a solution of 2-n-bulylimidazole (6545 g, 0.0438 mol) in dimethylformamide (14 mlL)
dropwise al 25°C and the reaction was stirred an additional hour. Then 2-(trimethylsilyl)ethoxymethyl
chioride {SEM-Ci) (7.68 g, 0.0481 mol) was added, the mixture was stirred for 18 hours at ambient
ternperature and then partitioned betwéen ice water and ethy! acetate. The washed, dried. concentrated
organic solution was chromatographed over silica gel with 1:1 hexane in ethy! acetate 10 yisld 10.8 g (96%)
of 2-n-butyl-1-(trimethylisliyt)ethoxymethylimidazole.

(if) 2 n-butyl—s-tributi(ltin-l -(trimethylsilyfjethoxymethylimidazole

A solution of 2-n-butyl-1-SEM imidazole (prepared above) (6.37 g, 0.025 mol) in ethyl ether (125 mL).
was trogted dropwise with n-butyl lithium (0.0265 mol, 10:2 mL of 2.5 M in hexane) under argon al room
temperature. After being stirred for an additional 45 minutes, tributyltin chloride (8.83 ¢. 7.4 mL, 0.026 mol)
was added dropwise. The suspension was stirred overnight, saturated ammonium chlorido sofution was
added and the ether layor was separated, washed with brine, dried over sodium sulfate, concentrated and
fiash chromatographed over silica gel with 3:1 hoxane/ethyl acetate 1o provide 11.3 @ (83%) of 2-n‘butyl-5-
tributyltin-1- (tnmothylsniyl)ethoxymelhyhm:dazole

4diii) ethyl {E and Z)-3-[2-n-bufyl-1- {(lrmethylsﬂyl)elhoxymothyI} 1H—:m:dazol -5-yi]-2-(5-methyk-2-turymethyl-2-

45

" 80

55

propenoaie

To a solution of n—butyl-s-lributymn-i-(triméthylsiIyl)ethOxymathylimidazole {0.0208 mol) in m-xylens

{160 mL) is added ethyl 3-bromo-2-(§-mothyl-2-furylimethyi-2-propenoate (0.0233 mol). foliowed by totrakis-

{triphenyiphosphing)paliadium(g) (0. 418 mmol}. The reaction mixture is heated at 120" C for 18 hours undar
argon. The cooled mixture is washed with wator, 10% ammonium hydroxide solution and brine. The solution
is treated with charcoal and sodium sulfate, fillered, concentrated and chromatographed over silica gel with
9:1 hoxane in ethyl acetale to give ethyl (2)-3-[2- n-butyh {(trimethylsilyl)ethoxymethyi}- 1H-imidazol-5-yl}-2-
(5 me(hyl-2-fury1)methyl-2-propenoate

(iv) sthyl (E and Z)—3-{3-'n-butyl-1-t-butoxycarbonyl-1 H~imidazol-s-yl]-2-(s-methyl-z-mryl)methyl-2-pr6penoate

A solution ethyl (E)-3-{2-n-butyl-1 {(trnmethylsllyl)ethoxyme(hyl} 1H-xmsdazo|-5—yl)—2 {5-methyl-2-furyl)-
methyl-2-proponosate (1.24 g. 3.52 nmol} in ethano! (10 mL) is. heated at 60" C for 3.6 hours with 5 N
hydrochloric acid solution (20 mL). The cooled reaction is basitied with 10% sodium hydroxide solution,
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* extracted with ethyl acetate, washed with water, dried and concentrated. The residue is dissolved In
methanol (15 mi), trethylamine (1.5 mL, 10.6 mmol), and di-tert-butyldicarbonate (2.3 g. 10.56 mmot) are
added and the mix{ure is slirred for 18 hours al ambient temperature. The mixiure is concentrated in vacuo
and chromatographed over silica gel with 4:1 hoxane/ethy! acetaie io give ethyl (2)-3-[2-n-buty)-1--

5 butoxycarbonyl- tH-imidazol-5-yl}-2-(5-methyl-2-furyl)methyl-2-propenoate as an oil. The (E)-isomer was
prepared by the same procedure described for the (Z)-isomer.

(v} othyl (E and, Z)-3- [2- -butyl-1- {(2-chloropheny|)methyi} ~1H-imidazol-5- yl]-2-(5-mathy1'2-furyi)-methyl-2 pro-
10 penoate

To a stirred solution of trifiuoromethanesulfonic anhydridé (387 mg, 1.37 mmol) in methylene chioride (1

mL) held at -75° C under argon is added a solution of 2-chiorobenzyl aicohol (196 mg, 1,37 mmol} and

15 dnsopropylethylamme {177 mg, 1.37 mmol) in methylene chloride (4 mi). After stirring for 20 minutes at

-75° C, a solution of ethyl (Z)-3-{2-n-butyl-1 “t-butoxycarbonyt-1H-imidazol-6-y!}-2-(5-methyl- 2-furylimethyl-2-

propencats in methylene chioride (2 mL) is added dropwise over 10 minutes and the mixture was stirrec

overnight at 25° C. A solution of §% sodium bicarbonate solution is added with stirring and the layers are

separaled, washed and dried. The reaction mixture is evaporated to dryness, the residue triturated with 1:1

20 hexane/ethy! acetato, the solid filtered off and the filtrate is concentrated and chromatographed over silica

gel with 7:3 hexane/elhyl acetalo 10 provide the title compound. The title (E)-isomer is prepared by tho
same procedurs described for the (£) isomer.

25{vi) (Z_)-S-[2-n-butyl-1 ~{(2-chiorophonyl)methyl}-1H-imidazol-5-yl}-2-(5-methyl-2-furyl)methyl-2-propenoic acid

The title cb_grn'pounds are prepared by basic hydralysis of the corresponding ethyl esters according 10
the procedure described in Example 6, Me_thOd' A

a0
Example _7_’
95 " - . _ oo .
. (E}-3-[2-n-Butyl-1-{(2-chlorophenyl}methyl}-1 H-imidazol-6-y!)-2«(3-thienyl)mothyl-2-butenoic Acid
a0 o L) 2-n-butyl-1 -(2-chlorop'hényl)nhethyl-s-(u'-hydros_ty)e_thy.i-1 H-imidazole

A solution of 2-n-bistyl-1- (2—chlorophenyl)methyl—1H mdazol-carboxaldehyde (Example 1(iii}) (1.1 9.
3.97 mmol) was dissolved in dry” totrahydrofuran {15 mL), cooled to -78° C under argon and a solution of

45 methyl lithium (3.64 mi of 1.2 M in diethyl ether, 4.57 mmo!) was added dropwise. The mixiure was stirred
for 1.5 hours, quenched with ammonium chloride solution, warmed to ambient temperature and exiracted
with ethy! acetate. The washed, dried, concentrated product was flashed chromatographed over silica go!
with ethyl acetate to provide 107 g (92%) of 2-n-butyl-1- (2-chlorophenyl)methyl-5 (a-hydroxy)athyl «1H-
m1dazole

50

(it) [2-n-butyi1 -{(Z-chlo;bphen'yl) methy1}~1H-imidazo!-s?yl]rﬁefhyl ketone

55 A mixture of 2-n-butyl-1- (2-chlorophenyl)methylvs-{u-hydroxy)ethyl-1H imndazole (1 07 g. 3.65 mmol).
. activated manganese dioxide (B g) and toluene (75 mL) was heated at 80 to 100° C under a slight vacuum
with a Doan Stark water separator for 17 hours. The inorganics were filtered, the concentrated filtrate was
applied to a flash silica ge! column and the product was eluted with 3.7 hexanelethyl acetale to give 0.628 g

Y
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{69%) of [Z-n-t?utyH-{(Z-chlorophenyl)methyl}-1H-Imidazol-S-yl]methyl kelona.

{iii) methyl (E)-3-[2-n-buty-1 v{(2-chlorophenyl)meth&(l}-1 H-lmid_azol-s-ylj-z-(a-lhienyl)methyl-2-butenoate

. To absolute sthanol (3 mL) is added freshly cut sodium (85 mg). Then trimethyl 3-(3-thienyl)-2-
phosphonopropionate (2.16 mmol) and [2-n-butyi-1-{(2-chiorophenyl)meihyl}-1H-imidazole-5-ylimethyl ke-
tono (0.628 g, 2.16 memnol) are added and the mixture is stirred at 70° C for 17 hours. The reaction is
concentrated, partitioned between sthyl acetate and water, and the organic layer was washed with wator,
dried, concentrated and chromatographed to afford the titte compound.

-(iv) (E)-3-{2-n-butyl-1-{(2-chlorophenyl)methy!}-1H-imidazol-56-yl}-2-(3-thienyl)methyi-2-butenoic acid

The title compound is prepared according to Example 1 {Method A Jii) by using methyi (E)-3-[2-n-butyl-
1-{{2-chlorophenyl)-methyl}-1H-imidazol-5- -yi}-2-(3-thisnyl)methyl-2-butenoate in place of methy! (E)-3-[2-n-
butyl-1-{(2-chlorophenyl)methyi}- lH-lmldazol-S-yl] 2 (2-thleny!)methyl 2-proponoate

Example §

{E)-3-[2-n-Butyl-1-{(2-chloro-B-fluorophenyl)methyi}-1 H-imldaz'ol-5~yl];2-(2-thianyl);meihyl-a-propenoic Acid

(i) 2-n-butyl-1 -(_2-chloro-e-fluorophenyl)methyl- i H-'imidazole'

.

A solution of 2-n‘butylnm|dazole (3.75 g; 0.03 moi)'m dry dimethylformamide (4 ml} was addad to
sodium hydride (0.85 g) in dimethylformamide (18 mL). Afler the gas evolution subswled the mixture was

stirred one hour under argon and 2-chloro-6-fluorobenzylchloride (5.5. Q. 0.031 mel) in dimethylformamido
(7 mL) was added to produce an exotherm. The mixlure was stirred for 17 hours at ambient temperature,

diluted with ice water and extracted with ethyl acetate. The washed, dried, concentrated organic layer
provided 7.63 (94%) of the title compound whose NMR was consistent with the structure. This material was

" used without further purification.
40 : .

{ii) 2-n-butyl-1-(2-0hloro-B-ﬂudrophenyl)methyi-1 H-irr;idazol-5-carboxald.ehyde

fluorophenyl)methyl-1H-lmtdaz_,ole and proportl_onal amounts of _other reagents was ‘obtained 28 g of 2-n-
butyi-1-{2-chioro-6-fluorophenylimethyl-5- hydroxvmethyl-lH-lmndazole affer chromatography over silica gel

‘with 3% of methanol in methylene chloride; mp 1061 08° C (from ethyl acetate). This material was oxidized

with manganese dioxide and worked up as descnbed above o give 0.88 g (63%) of 2-n-butyl-2-(2-chloro-6-
iluctrophenyl)melhyl-iH-am«dazol 5-carboxaldehyde. mp 88-90 C (from othyl acelale)

(iii)(E)-3-[2-n-buty_!-1-_.{(2-chIoro.e-ﬂuofoph'a__nyl)methyl}-' 1 _H_-imidéqu-s-yl_]-24{2-thienyl)fnethyl;é-propénoic acid

- 86

The proéedure of Example 1, Method A is used. 2-n-Butyl-1- (2-chlbro-6-!|uorobhenyl)-methyl-lH-

' |madazo!e-s-carboxa!dehyde. trimethyl 3-(2-thienyl)-2-phosphonopropionato, sodium hydtide and glyme are

held at 80 C for 1 hour {0 give, after chromatography over sllica gal with 50% of hexane in ethyl acetate,
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methyl (E}-{2-n-butyl-1-{{2-chloro-6-fluorophenylimethyi}- 1 H-imidazol-5-yl}-2-(2-ihienyl)methyi-2-propenoate
and corresponding cis or (Z)-isomer. The (E)-isomer is hydrolyzed to afford (E)-3-[2-n-butyl~1-{(2-chloro-6-
fluorophonylmethyl}-1H-imidazol-5-yl]-2~(2-thienyhmethyl-2-propencic acid.

s
Example 8
0 - {E)-3-(2-n-Butyl-1-{{2-chlorophenyl)methy!}-1 H-imidazol—S-yl]-2-.(2-thienyl)-2-bropenoic Acid

A mixture of 2-n-butyl-1- (2-¢hl0rophenyl)methyl -1H-imidazol-5-carboxaldehyde (2 mmol), 2- tl'uonylacetac

ac:d (2.3 mmol), potassium carbonate (0.91 mmol), and acelic anhydride (1 ml) is heated gradually fo

15 140°C and held at this temperatuce for 8 hours. The cooled reaction is diluted with water and the soli¢ is
soparated, triturated several times with sther, and the solid is crystalitzed to give the title compound.

.Example 19.

20
(€)-3-[2-n-Butyl-1-{(2-chioropheny()msthyl}-1 H-im'tdazol-5-yl]'2-(2~luryl)-2-propenoic Acid
25
This compound is prepared accordmg to Example g, uslng 2-furylacetic acid in place ot 2-thienylacetic
acid.
ap . Example 11
({E)-3-[2-n-Butyl-1 —{(2-chl0ro_phenyl)methyl}-1 H-lmidazol-s-yI}—2-(2-thib_nyl)methyl-z-heptenoic Acid '
(i) Ethyl S-triflvoromethanesulionyloxy-2-heptencate
qa0

" Ethyi 3-ketoheplanoate (2.07 g, 12 mmol) was dissolved in dimethy!formamide {60 mil} under argon and
sodium hydride (357 mg, 14.4 mmol) was added.. After 30 minutes &t room temporature the solid N-
phenyltrifiuoromethanssutionamide (Tetra Loelters, (1983), 24, 679) (4.97 g. 13.8 mmol) was added. The
_ reaction was slirred for 2 hours, diluted wilh ether/water and the usual workup gave after chromatography
45  with 5:95 etherhexane 3.45 g (94%) of ethyl s-mfluoromethanesultonyloxy-z-heptenoate

(i) sthyl (E)-3-{2-n-butyl-1-{(trimethylsityl)ethoxymethyl}-1 H-imidazqr‘s-yly2~(2-thieny|)memw-z-heptenoata

A solution of 2-n-butyl-5-tributyltin-1-{trimethylsilylethoxymethy! imidazole (Example 6, Method B(ii)
(3.63 mmol} and ethyl 3-tnﬂuoromethanesulfonyloxy-z-(z thlenyl)mothyl—2-hoptanoate (362 mmol) in. -
“totrahydrofuran (5 mL) is added to & mixture of lithium chloride (11.1 mmol) ‘and . telrakis- .
~ {triphenyiphosphine)palladium(0) (0.078 mmol) in tetrahydrofuran {10 mL). The reaction is heated to reflux -
55 under argon for 5 hours, cooled, diluted with ether and the ether layer is washed with water, 10%

ammonium hydroxide solution and brine. The exiract is- dried with sadium sulfate and concentrated. The

product is chromatographed over smca gel with a gradient of hexane in ethyl acetate 1o give the title
compound. L. . : ’

-
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(it} ethy} (E)-3-{2-n-butyt-1 -{(2-chlc»r0phenyl)methyl}-1 H-imidazol-5-yi]2-(2-thisnyl)methyi-2-heptenoate

The procedure of Example 6, Method Bfiv.v) a:s followed using ethyl (E)-3-[2-n-butyl-1-{{trimethylsilyl)-
ethoxymethyl}-1H-imidazol-5-yl}-2-(2-thienyl)methyl-2-heptencate in in place of ethyl (E)-3-(2-n-butyl-1-
{(trimothylsilyl)sthoxymethy!}- 1 H-imidazol- S-yI] -2-(5-methyl-2-furylimethyl-2-heptanoate to give the titfe

_ compound

{iv) (E)}3-[2-n-butyl-1-{(2-chioropheny!)methyl}-1 H-imidaz'ol-s-yu-z-(z-t'hienyl)melhyl-z-heptenoic acid

The ethyl ester, prepared above, is dissolved in ethanol and 10% sodium hydroxide solution is added.
An additional 1 ml of base is added incrementally over several hours and the mixture is stirred overnight at
room temperature. The cooled reaction was acidified (o pH 5§ with dilute hydrochloric acid solution,
exiracted with methylene chioride and the resulting resm!ue is tnturaled with ether/hexane to provide the title -
compound.

Examplo 12

(E}-3-[2-n-Butyl-1-{(2-chlorophenylmethyi}-1 H—iniidazbi-s-yl]-4-(3-thienyl)-2-butenoic 'Acid

(i) Ethy! 4-{3-thienyl)-3-trifluoromethanesulfonyioxy-2-butenoate

This compound was prepared according to Example 11(i) using ethyi 4-(3 thlenyl)-3-ketobulanoate in

place of ethyl 3-kelohaptanoate.

(if) ethyl (E)-S'-[Zn-butidvi -{{trimethyls_iiyl)ethoxymethyl}- 1H-imidazol-5-yl}-4-(3-thienyl)-2-butenoate

To a solution of 2-n-butyl-1 -SEM-amldazole {Example 6. Method B(i)) (5.32 mmol) in elhyl ether (16 ml)
is added. n-buty! lithium in hexane (6.5 mmol) at a slow rate. After an additional hour of stirring at 26" C. a

‘solution of zine ehlaride in ether (6.5 mbL of 1.0 M_) is added followed by tetrahydrofuran (15 mL). Alter an
* additional 756 minutes of stirring, the zin¢ chlorida imidazole adduct solution is transferred under argon to a

solution of ethyl 4-(3-thienyl)-3-trifluoromsthanesulfonyloxybutencate (641 mmol) and  tefrakis-

(tﬂphanylphosphme)pallamum(O) (317 mg) in tetrahydrofuran (30 ml). The reaction mixture is stirred at
25° C for 20 hours and worked up as in- Example 12(ii) to provide ethyl. (E)- 3—[2-n-butyl-1 {tnmethyls-!yl)
ethoxy-methyl)- 1H-|m|dazol-5-yll-4 (3-th|enyl)-2 butenoale '

_(iﬂ) ethy! (E}-3-[2-n-butyl-1 -{(2~chlorophonyl)methyl}41 H-imidazo!-S-yl]-4-(3-th1enyl)-z-bulanaéte

The fitle compound is prepared according to lha procedure of F.xample 6, Mathod B(av. v) using ethyl
(E)-3-[2-n-butyl-1-{{trimathylsilyhethoxymethyl}-1H-imidazol-6-yl]-4-(3-thienyl)-2-butenoaté in place of ethyl
{E)-3-[2-n-butyt-1- {(tﬂmethylsﬂyl)ethoxymethyl} 1H-(mudazoi-5-v|]-2-(5-methy!-2-1uryl)methyl 2-propenoate.
The tltle compound is an oil.

(iv) (E}-3-{2-n-butyl-1~{(2-chiorophenylimethyl}-1H-imidazol-5-yl}4-(3-thienyl)-2-butenoic acid
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The above ethyl ester (520 mg) is dlsso!ved in ethand! ($ mL) and § N hydrochloric acid solution (40
mL). and the solution is slowly heated at 100" C with evaporalion of the alcohol. After being heated at
100'C for 6 hours, the reaction is cooled and the white precipitate is collected, air-drisd, and then triturated
with etherfnethanol to afford (E)-3-[2-n-butyi-1- {(2-cniorophenyl}methyi}-1H- |mudazol-5-yl] 4- (3-th|enyl) ~g-

8 buteno:c acid hydrochloride.

Example _1_§

10

(E)-4-[2-n-Butyl-1-{(z-ch'lorophenyl)methyl}é1 H imidazol 5-y'l]-3-(S-methyl-2—furyl)methyl-a-butenoic Acid

15 . - - . _
_ {i} {E)-3-[2-n-butyl-1-{(2-chiorophenyi)methy!}- 1 H-imidazol-5-yl)-2-(6-methyl-2-furyl)methyl-2-propenol

A solution of methyt (E)-3-{2-n-butyl-1~{(2-chlorophenylmethyi}-1H-imidazol-5-yi}-2-(S-methyh-2-furyl)-
20 methyl-2-propenoate (Example 6, Method A) (1.5 mmol) in dry tetrahydrofuran (10 mL) heid at -78" C under
“argon is treated dropwise with a solution of diisobutyl aiuminum hydride in toluens (3.30 mmol, 2.2 mL of
1.5 M). The mixture is allowod to warm to ambient temperature and ‘stirred an additional 17 hours. Excess
raducing agent is quenched with methanol and water, dilute acetic acid and methylene chloride are added,
and the organic layer is washed with sodium bicarbonate solution, dried and concentrated to give the title
25 compound

(i) ethy! (E}-3-[2-n-butyl-1-{(2- chlorophenyl)methyl} -1H-imidazo!-5-yl}- 2-(5-methyl 2-furylymethyl-2-propenyl car-
bonate

-30

To a solution of {E)-3-[2-n-butyl-1 ~{(2-chlorophonyl)methyl} -{1H-imidazol-5-yl]-2-(5-methyl- 2-turyl)methyi-
2-propenol (6.86 mmol) in methylene chioride {20 mL) and triethylamine (12.4 mmol) cooled 10 0" C under
argon is added dropwise ethyl chloroformate (1.34 g, 1.18 ml, 12 mmoi). The reaction is then stirred .at

36 ambient temperature overnight. Ethyl acetate is addad, the precipitate filtered and the concentrated filtrate -

) is flash chromatographed over silica gel with 37 ho_xane_/ethyl acetato to provide the title compound.

(iii) ethyl (E)-4-[2-n~butyl-1 {(2-chlorophenyl)methyi} 1H-lmrdazolar5-yl] 3-(5-me\hyI-2-iuryl)methy%-s-butenoate

a0

A solution of ethyl (E)—3~[2vn-butyl-1 -{(2-chlbr0phenyi)methyl}-1H-imidaiol—ﬁ-yl]-a-(s-methy!-z-furyl)~'
methyl-2-propenyl carbonate (3.77 mmol) in tetrahydrofuran (12 mL) under an atmosphere of carbon

monoxide is: trealed with triphonylphosphine {0.188 mmol) and palladium diacetate and the mixture is

45 heated at 40" C for 2-1/2 hours. The conceniraied reaction mixture is applied 1o a flash column of silica gel
-and eluted with 1:1 hoxane/ethyl acetate 10 aﬂord [he title compound.

iv) _(E)-‘4-[2-n-butyi-1 -{(2-chlorophenylimethyl}-1 H--imidazo‘l-s-yl]}fa-(s-methy|-2-fusfyI)m‘elhyl-s-butenoic acid

The oompound is propared according to the prOcedure of Example 1, Method Aliii) usmg the above |

_ ropared ethyl ester in place of ethyl (E)-3-{2-n-butyl-1~ {(z-chiorophenyl)melhyl} 1H-wmdaz0| S-yI] -2-(2-
thisnyymethyl- 2-propenoale .

-

Example 14 '

P
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{E)-4-{2-n-Bulyl-{- {(2-chlorophenyl)me!hy!} 1H-imidazol-5 -yl]-2-methyi- and -2 2-d|me!hyl-3 (2~thzenyl)methyl—3-

5

" 10

5

butenoic Acid

(i} othyl (E)-4-{2-n-butyl- 1-{(2-chlorophenyl)methy!}-1H-imidazol-5-yi}-2-methyl-3-(2-thienyljmethyl-3-butenoate

Lithium diisopropylamide (0.85 mmol, 1 M in tetrahydroluran) is cooled to -78" under argon and a
soluion of ethyl  (E)}4-{2-n-butyl-1-{(2-chlorophenylymetfiyl}-1 H-imidazol-5-yl}-3-(2-thienylimethyl)-3-
butenoate (0.709 mmol), prepared as in Example 13 using methyl (E} 3-{2-n-butyl-1-{{2-chiorophenyi)-
methyl]- 1 H-imidazol-5-yl}-2-(2-thisnyl)methyl-2-propenoale {(Example 1), in tetrahydrofuran (6 mL) is added.
Atter 10 minutas methyl iodide (0.71 mmol) is added. The mixture is then sfirrad at room temperature
overnight, diluted with 10% ammonium chloride and extracted with ethyi acetate. The dried, concentrated
product is chromatographed over sllica get with 8:4 hexanelethy! acetate to give the title compound.

(it (E)-4-[2-n-l_:utyl-1 -{(2-chlorophenyl)methyl}-1H-imidazol-8-y(]-2-methyl-3-(2-thienyiimethyl-3-butencic acid

20

25

A solution of the above prepared athyl ester in ethanol i heated to reflux with 10% sodium hydroxide
solution for 2 hours. The ethanol Is evaporated, water is added and the aqueous layer is extracted with
other. The water layer is acidified to pH 1 with dilute hydrochloric acid solution, extracted with ethyl acetate,
dried and concentrated to a solid. Trituration with ether provides the hydmchlonde salt of the fitle
¢ompotnd,

(il (E)-4-[2-n—bulyl;1-{(Zthlorophanyl)methyl}d H-imIdazoI-S—yl]-a.2-diméthyl-3-(2-thienyl)methy|~3-bulenbic acid

30

36

This compound is prepared according to the procedure of Example t4(ii) using two equwalems of
methyl iodide.

Examplle 18

{E)-4- [2-n~Buty| -1-{(2- chlorophenyumethyl} 1 H-imidazol-5-yi}- 2-(2-th|anyl)methyi-3 (z-thlanyl)methyl-s-butenouc

40

45

50

58

Accd

This .compound i¢ prepared according to the procedure of _-Example 14(il) using loss than one
equivalent of 2-chloromethylthiophene in place of methyl iodide.

Examp!e' _1_§

(E)-4;{2-n13uty(-1 -{(2-chlorophenyl)methyl}-1 H-lmidézoFS-yl]-z-benzyl-3-(2-thienyl)methyl-3-bulenoic Acid

This compound Is prepared according to Example 14(.ii) but using less than one equivalent of benzy!
bromide at higher solvent dilution.

“Example 17
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(€ .E)-5-{2-n-Butyl-1-{{2-chlorophenyl)methyl}-1 H-imidazol-5-yl}-4-(2-thienyl)methyl-2.4-pentadiencic Acid

{i) (E)-3-{2-n-bulyl-1-{(2-_chlorophenyl)methyl}-1H-imidazoi-5-yl]—2—(2—t_hienyI)methyI-Z-propenol -

10 . _
To a solution of methyl (E)-3-[2-n-butyl-1-{(2-chicrophenyl)methyl}-1 H-imidazol-5-y1}-2-(2-thianyl)
methyl-2-propencate, preparad in Example 1, ((2.60 g. 6.06' mmol) in 35 mL of tetrshydrofuran at-78"C
under argon was added a solution of diisobutylaluminum hydride (1.6 M, 8.9 mL, 13.3 mmol). After the
addition was complete, the reaction mixture was allowed to warm 10 room temperature, with stirring being
15 continued for one hour. The reaction was worked up by the slow addition of methanol, followed by the
addition of glacial acetic acid, then four drops of 10% aqueous hydrochloric acid solution. Water (10 mi) -
was added and the reaction mixture was stirred at room temperature overnight. The product was exiracted
with ethyl acetate (3x75 mL) after 40 mL of water had been added t the mixture. The combined exiracls
were dtied with anhydrous magnesium sulfate and the solvents were removed in vacuo. The residue was
20 triturated with diethyl other. The resulting solid was filtered to give 1.72 g (71%) of product; mp 114-1 15°C.

{il) (E)-3-[2-n-butyl-1-{(2-Chiorophenyl)methyl-1H-imidazol-5-y{}-2+(2-thienylimethyl-2-propionaldehydo

25 . o

To a suspension of 8.0 g of manganese dioxide in 80 mL of benzene was added (E}-3-{2-n-butyl-1-{(2-

chioro phenylimethyl}-1H-imidazol-6-yl}-2-(2-thienyl)methyl-2-propenol (1.81 g, 4.02 mmol). The reaction

was slirred vigorously for 0.5 hours. The solids were filtered and washed with ethyl acetate. The filtrate was

_ concentrated 1o near-dryness and then the residuc was triturated with hexane. The resulling solid was
30 filtered to give 0.668 g of product; mp 163.5-164.8" C. , ' '

The filter cake was heated with ethyl acetato for 10 minutes and the solids were filtered. The filtrate was

cooled in ice/water and tho resulling solid was filtered to give 0.712 g of additional product; mp 163.5-
164.5" C. R R _

35 . - -

(iil) ethyt (E.E)5-{2-n-butyl-1-{(2-chlorophenylmethyi)-1 H-imidazol-5-yl}-4-(2-thienyl)methyi-2,4-pentadiencate

To a suspension of (E)-3-[2-n-butyl.-1-_{(2-chlorophar'\yl)methyl-‘!H-imidazoi-s—yl1—2—(2-thian'yl)methyl-z-
«0 propionaldehyde in 8 mL of toluene was added {(carbsthoxymsthytitriphenylphosphorane. The reaction was
heated overnight a 40" C. After cooling to room temperature, the solids were filtered 10 give 0.181 mg of
crude product. Chromatography on silica get eluting with hexane/ethyl acelate (8:4) gave 0.2345 g (50%) of

the title compound as an oil. o , :

45 : : S . .
(iv} (E,E)-6-[2-n-Dutyi-1 -{(2-chlorophenyl)m_ethyl}- 1H-imidazol-5-yl}-4-(2:thienyl)methyl-2 4-pentadiencic acid

The title compound was preparsd according lo the procedure of Example 1 (v}, Melhod A(c) using tho

so above prepared ethyl ester; hydrochloric acid sali, mp 181-192.6° C.- ' ' _
Alternately, the sodium salt of the acid is isolated directly from thé reaction mixture, prior to
neutralization. The ¢crude basic reaction solulion is applied to a reverse-phase flash column equilibrated with
water. The inorganics are washod from the column with water (3 void volumes) and.then the product is
eluted with & 50:50 mixture of acetonitrite in water. The acetonitrilo is reraoved in vacuo and then the

55 desired sodium salt is obtained after lyophilization.

" . Example 18
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{E)-3-{2-n-Butyl-1 -{(2-chiorophenyl)methyl}-1 H-imidazol-6-yl}-2-(2-thienyl)methyl-2-propenoic acid, 2-(N,N-
Disthylamino)-2-oxoethyl Ester

A sblution of (E)-3-[2-n-buty-l-1-{(2-chlor0phenyl)mathyl}-1H-imidazol-5-yl]-2-(2-thienyl)rriethyl-2-pro-
penoic acid (Example 1) (8 mmol) in dry dimethylformamide (10 mb) was treated with 2-chloro-N,N-
diethylacetamide (6.561 mmol) followed- by powdersd potassium carbonats. This mixture was heated at

70" C for 7 hours, diluted with water and exiracted with ethyl acetate. The water-washed, dried, con-

centrated product solidifies and after trituration with etherhexang affords the titio ester; mp 139-140° C.

Example 19

(E)-3-{2-n-Butyl-1-{(2-chlorophenyl)methyl-4-hydraxymethyl}-1 H-imidazol-5-yli]-2-(2-thienyl)methyl-2-propencic

25

30

35

(i) 2—n-butyl-1-(2-chlorophenyl)mothyl~4~(1-butyl-dimethylsilyloxy)methyl-1 H-imidazol-5-carboxaldehyde

A solution of 2-n-butyl-1-(2-ch|orophenyl)methyl-4.5-bis(hydroxy)methyl-1 H-imidazole (Exampie 1{i}}
{310 mg, 1 mmol) in methylene chioride (5 mL) was treated with 4-dimethylaminopyriding (5.2 mgh
triethylamine (1.5 mmot) and t-butyl dimethylsilyl ¢hioride (182 mg, 1.24 mmol). The mixture was stirred at
25" C for 20 hours, diluled with water and the organic layer was washed well with waler, dried, concentrated
and chromalographed over silica gel with an ethy! acetate/methanol gradiont to afford 127 mg (24%) of the
bis (4.5-t-butyldimethyisityl} ether and 252 mg (69%) of 2-n-butyl- 1-(2-chlorophenyl)methyl-4-t-butyl-
dimethysilyloxymethyl-5-hydroxymethyl-1H-imidazole: This monoether (252 mg) was oxidized to the 5-
carboxaldehyde using manganese dioxide as described in Example 1(iil) to provide 170 mg of 2-n-butyl-1-
(2-chlorophenylimethyl-4-(t-butyldimethylsityloxy)methyl-1 H-imidazol-5-carboxaldehyde as an oil.

(i) ethyt (E)-s-[e-n—butyl-i-{(2-ch|oropnenynmethy|1-4-(t-‘b_utyldimethylsuyloxy)methy:}-1 H-imidazol-5-yl}-2-(2-

a0

45

50

5§

lhianvl)methyl-z-propenoate

in tetrahydrofuran (80 mL) is added n-butyl lithium (15.5 mmol in hexane) and at -78" C under argon is
then added diisopropylamine (2.4 mL, 17.1 mmol). Methyl 3-(2-thienyl)propancate {15.3 mmol} is added
neat over 56 minutes, and the mixture was stirred an additional 30 minutos at 78" C. A solution of 2-n-
butyl-1-(2~ch|oropheny1msthyl-Mt-butyldimemylsuyloxy)"methyl-1H-irr'\idaan-SAcarboxaldehyde (10.2 mmol)
in tetrahydrofuran {10 mL) is added via cannula. and the rgaction' mixture is stirred for 15 minutes. The
reaction is partitioned beiween saturated ammonium chioride and ether, and the ether layer is washed with
water, dried and concentrated 10 give crude product. This is chromatographed over silica gel with 20-50%
of ethyl acetate in hexane to afford a mixture of isomeri¢ f-hydroxyester products. A solution of this mixiure
{8.54 mraol) in‘methylene chloride (100 mL) is treated with 4-dimethylaminopyridine (3 mmol) followed by
acelic anhydride (84 mmol), and the solution is stimed at room lemparatura for & hours. The reaction is '
poured into water, stirred for 20 minutes and the product is extracted into ether, The ether exiracts are
washed with dilute hydrochloric acid solution, water, sodium bicarbonate solution and brine. The dried,
concentrated mixture of S-acetoxyester products is used directly in the efimination reaction. To a solution of
the g-aceloxyester proguct (4.5 mmol} in toluens (80 mL) is added of 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU) (10.9 mmol), and the mixiure is heated at 90° ¢ for 24 hours. The reaction is concentrated to 10 mL.
diluted with ethor and flash filtered through 2 14 x 3 om plus of sifice gel with ether rinses to afford the
crude olefinic produci, Chromatography over silica gel with an ethyl acetate In hexane gradient gives .
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homogeneous othyl {E)-3-[2-n-butyl-1- {(z—chlorophonyl)methyl] -4-1- butyldsmothylsﬂyloxymethyl} -1H-
imidazol-6-yl}-2-(2-thieny)methyl- 2-propenoate The elimination of the acetate with DBU produces predomi-
nantly the trans (E) isomer.

5 : L
{iii) (E)-3-[2-n-butyl-1-{{2-chlorophenyl)methyl-4-hydroxymethyl}-1H-imidazol-6-yl}-2-(2-thienyl)methyl-2-pro-
penoic acid * '

10 A solution of ethyl (E)-3-[2-n-butyl-1-{(2-chlorophenyl)-4- -t-butyldimethylsilyloxymethyl}-1H-imidazol-5- -
' yl}-2-(2-thisnyl)methyl-2-propencate (0.287 mmol} in absolule ethanol (3 mL) is treated portuonw:se at 6 hour
intervals with 10% sodium hydroxide solution (3 x 1 mL). After bemg stirred overnight at 25" C, the resction
is heated to 50" C for 4 hours, then concentrated in vacuo.” The residual product is taken up in water,
acidified to pH 5-6 and extracted with methylens chloride. The isolated, dried, concentrated product is

15 ilurated with methanol/ether to provide the litle compound. '

Example 20

20

(E)-3-[2-n-8utyl-1 ~{{2-chiorophenyl)methyl}-1H-im idazpl-5-yl}-2-(i-pyridyl)methyl-z-propenoic Acid

126 S -
_ (i) methy| 3-{2-n-butyl-1-(2-chiorophenyl)methyi-1H-imigdazol-5-yl}-3-hydroxy-2-(4-pyridyl)methylpropanoate

To a solution of diisopropylamine (3.58 mL, 26.6 mmol) in dry tetrahydrofuran (50 mL) held at 78" C
30 under argon was added n-buty! lithium (10.2 mL, 25.6 mmol of 2.5 M in toluene), and the mixture was
stirred for 10 minutes. Then, methyl 3-(4-pyridylipropanoate (4.22 g, 25.6 mmol) {prepared by reaction of 4-
pyridine carboxaldehyde with trimethy! phosphonoacetale in the presence of sodium hydride in ethylene
glycol dimethyl ether, followed by catalytic hydrogenation of the double bond with 10% palladium on
carbon al 3 atmosphere of hydrogen in an ethyl acetate solution (88%) to provide tho saturated ester) was
25 added in tetrahydrofuran (40 mL) and this mixture was stirred for 30 minutes at -78" C. A solution of 2-n-
butyl-1-(2-chlorophenyl)methyl- 1 H-imidazol-6-carboxaldehyde (5 9 g, 21.3 mmol) in teteahydrofuran (10 mL)
was added and sfirring was continued for 30 minutes at 78" C. The reaction was partitioned betwsen
saturated ammonium chioride solution and ether, the organic extract was washed with brine, dried. over
magnesium sulfate, concentrated and flash chromatographed over silica gel with 5% methanol in ethyl
40 acetate lo provide 3.32 g (30%) of methyl 3-{2-n-butyl-1 (2-chlorophenyl)methyl-1H-umtdazol 5-yl])-3-
hydroxy-2-{4-pyridy)mothylpropanoate. TLC on silica gel with 5% methanol in ethyl acetate showed &
homogenous product with an R of 0.78.

45 {if) methyl S-écetoxy-3-[2-nit§utyl-1 -(_2-0h|orophenyl)methyl-1 H-imidazol-5-yl}-2-(4-pyridylipropancate

A solution of methyl 3-[2-n-butyl-1-(2-chioropheny!methy!-1 H-imidazol-5-yl]-3-hydroxy-2-(4-pyridyl)-
methyl-propanoate (3.32 g, 7.5 mmol) methyleno chloride (50 mL), 4-dimethylaminopyridine (150 mg, 1.3
50 mmol) and acetic anhydride (7.1 mi, 76 mmol) was stirred at ambient temperature for 18 hours. Water (5
mL) was added, the mixiure was stirced for 2 hours and then diluted with methylene chloride and 6%
sodium bicarbonate solution. The organic phase was washed with 5% sodium bicarbonate solution and
brine, dried and concentrated to give 4 g of the crude title compound. TLC on silica gel with 5% methanol
ethyl acetate showed essentially one spot material with an Ry of 0.86. No startmg material was detected.

g5 This material was not purified further. :

(it methyi (E)-3-[2-n-butyl-1-{(2-chlorophenyljmeathyt}-1 H-imidazo_l-s-yl]-2-(4-pyridyl)mathyl-2-propenoa’(o
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A mixture of methyl 3-acetoxy-3-[2-n-butyl-1-(2-chlorophenyl)methyl-1H-imidazol-5-yl]-2-(4-pyridyl)-
propenoate (7.5 mmol}, toluene (50 mL) and 1.8-diazabicycio(5.4.0}-undac-7-gne (DBU) (3.4 mL, 22.5 mmol)
was hoated at 80" C for 18 hours under argon. The cooled mixture was diluted with ether, and washad with
brine, dried and concentrated to 3.1 g (97%) of the title compound. NMR showed that the trans or £ isomer
was the primary product. -

{iv) (E)-S-[2-n-butyl-1~{(2-chlorophenyl)_methyl}-t H-imida_zo!-s-frl]-za(d-pyridyl)-methyl-z-propenoic acid

-A solution of melhyt (E)-3<[2-n-butyl-1-{(2-chlorophenyl) mathyl} -1H-imidazol-5-yl)-2-(4- pyridylimethyl-
2-propenoats (3.1 ¢, 7.3 mmol}) in ethanol (16 mL) was treated with- 10% sodium hydroxide solution and tho
mixture was stirred for 18 hours at 25° C. The solution was concentrated in vacuum, water was added, the
pH was adjusted 1o 6.5 and the resulting solid was filtered, washed with waler and crystallized from

.methanolether to afford 0.48 g of (E) 3-[2-n—butyl-1 {(2-chlorophenylymgthy!}- 1H-imidazol-5-yi}-2-(4-

pyridylimethyl-2-propencic acid; mp 178-182° C (d).
Examples 21-26

In Table il are listed other examples of alkenoic acids prepared by the methods described in Example
20 (i-iv). The starting materials and products are shown in Table (.
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Exémble 27

By the procadure of Example 20 {i-iv) usihg in pléce of methyl 3-(4-pyridyl)p'r6péndate. the following:

methyl 3-(4-thiazolyl)propanoate,

.methy! 3-(1,2,3,4-tetrazol-5-yl)propanoate, and -

&5

meathyl 3-(1-tosylpyrazol-3-yl)propanoate; the products are:

s-yl]-E-(4-thiazol_yl)methyl'-z-propenoic acici.

3-[2-n-butyl- 1-{(2-chlorophonylmethyl}-1H-ifmidazol-
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3-{2-n-butyl- 1 -{{2-chiorophenyl)methyl}-1H-imidazol-5-yl}-2- (1 2.3 A-totrazol-6-yl)methyl-2-propenoic acid,
and
3-{2-n-butyl-1-{(2-chlorophenyl)methyl}- 1 H-imidazol-6-yi)-2-(3-pyrazolyl)methyl-2-propenoic acid.

" Examplo 28

(E}3-[2-n-Butyi-1 -{(2-chlorophenyl)melhyl}-4-ﬂuofo~1 K-imidazol-5-yi]-2-(2-thienylimethyl-2-propenocic Acid

Anhydrous hydrochloric acig (20.5 g, 0.562 mol) bubbled into a stirred solution of valaronitrile (31.8 g,
40.0 mL, 0.383 mol) in methanol {13.47 g, 17 mi, 0.421 mol) which was cooled by a ice/acelone bath. The
reaction was capped tightly and then stored at 10'C overnight. To this solid mixture at 10" C under argon -
was added 100 mL of t-butyl methy! ether. Once a free-flowing crystalline mixture had formed, the solid was
collected and washed with 400 mL of 1-butyl methyl ether. The solid was immediately placed in a vacuum
desicator over phosphoric: anhydrlde ang sodium hydroxide to give 55.50 9 (86%) of valeramidine methyl
ether hygrochloride; mp 103-105° C.

The procedure of W. Lwosski, Synthesis, 263 (1971) was followed, To a mixture of valaramidine methyl
ether hydrochioride (37.91 g. 0.26 mal) and 50% aqueous cyanamide (13.53 g, 25 mL, 0.322 mol) cooled in
an ice bath was added portionwise anhydrous disodium phosphate (12.01 g, 0.0846 mol). Afler the addition
was: complete, the ice bath was removed and an ¢il and solid began to come out of solution. After stirring
for an additional 30 minutes, the oll was docanted from the solid. The solid was partitioned betweon water
and diethyl ether and the oil was also dissolved in diethyl ether, The combined organic oxtracls were
washod with saturated sodium chloride solution and then dried with anhydrous sodium sulfate. Tho solvent
was removed in vacuo to give 33.06 g (94%) of valercyanamidine methyl ether.

To & solution of the amidine methy! ether prepared above (33.08 g, 0.236 molj in 225 mb of absolute
ethanol was added in one portion 2-chlorobenzylamine (33.38 g, 0.236 mol). The reaction was Stirred at
room temerpature for 2 hours and then the solvent was removed in vacuo to give 5.4 g (84%) of a solid,
whose NMR indicated the absence of the methyl ether functionality: _

_ The secondary amine was alkylated using the following procedure. A mixture of the product preparad
above (35.0 g, 0.14 mol) and potassium carbonate (67.72 g, 0.49 mol) in 200 ml. of dimethylformamide was
stirred under argon at 60" C for 15 minutes. To this mixture was added over 10 minutes thyt bromoacelate’
{24.56 ¢. 0.143 mol). After the addition was complete, the reaction temperature was raised to 75-80° C.
After 30 minutes, the reaction mixture was filterad. The filirate was concentrated in vacuo. The residus was
partitioned betwaen ethyl acetate and water. The organic extract was washed with water (5x) and saturated
sodium chlgride solution. The organic extract was dried with anhydrous sodium sultate and then the solvont
was removed in vacuo, The crude product was chromatographed on silica gel eluting wnlh ethy! acetats in
hexane to give 37.16 g (79%) of an oil.

2 n-Butyl-1-{{2-chlorophenyl)methyl}- 4-amino-s-carboethoxylmidazole was prapared by the foﬂowmg
procedure. Sodium motal (2.54 ¢, 0.110 g-atom) was dissolved in absolute ethanol under argon. To this
solution was added a solution of the above-propared product (37.07 g. 0.110 mol) in 175 mL of absolute
ethanol over 2 15 minute period. After the addition was complote the reaction mixture was stirred for one
hour at room lemparatura, The. resulting solid was. collected, washad with water and air-dried to give 25 g
of product; mp 120-121°C.

'The 4-amino product was fluotinated using the procedure of K.L. Kirk and L. COhen JACS, 95 (14),
4619 (1973). Fluoroboric acid (48%, 180 mL) was added to 2-n-butyl-1- {(2-chlorophanyl)methyl}~4.ammo -§-
carboathoxyimidazole (10.76 g, 0.032 mol}.in a quartz flask. The resulimg solid mass wag Sonicated and
stirred vigorously to form a suspansion. This suspension was cooled to 0" C and thon sodium nitrite (2.80 g. _
0.0408 mol) in 5 mL of water was added slowly. The ice bath was removed and then the reaction mixture
was irradiated for 20 hours with a 460-wall mercury vapor lamp placed in & quartz immersion well, cooled
by circulating water. The reaction mixture was cooled to :20° C and the pH was adjusted (o 6.4 with 50%
aqueous sodium hydroxide. The product was exiracted into ethyl acetate (3x) and the combined’ extracts
were washed with water and saturated sodium chioride solution. Tho organic extract was. driad with
anhydrous sodium sulfate and concentrated 1o give 8.43 g of a crude product, which was chromatographed -
in sifica gol eluting with chloroform to gwa 4, 31 g of 2-n-butyi-1 {(2-chIorophenyl)mathyl}-4-ﬂuor0*5-
carboethoxyimidazole, .
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This carboathoxy compound was converted to the corresponding S-formyl derivative following the
procedure of Exarmple 17 (i and ii).
2-n-Butyl-1-({2-chiorphenyl)methyi}-4-fluoro-5-formylimidazole was converted to E-3- -{2-n-butyl-1- {(2-
chlorophenyl)methyl}-4-fluoro-1H-imidazol-5-yl}-2- -(2-thienyl)methyl-2-propenoic acid following the procedure
5 of Example 20 {i-tv) replacing methyl 3-(4-pyridyf)propanoate with methyl 3-(2- thianyl)-propanoate; mp 126-
127" C. .

Exampie 29
10 :

(E)-3-{&-n-Butyl-1-{(2-chlorophenyimethyl}-4-bromo-1 H-imidazol-6-yl}-8-(2-thienylimethyl-2-propencic Acid

15 ‘ .
By the procedure of Example 28 using the corresponding 4-bromo starting material (preparqd by the
mathod described in U.S. Patent. No. 4,340,598). the title compound is prepared. '

20 Example 30

(E)-3-{2-n-Butyl-1- {(2—chIorophenyl)methyl}-4-lr|fluoromethyl 1H-lm|dazo|-5-yll-2-(2 thisnyl)methyl-2- propenou:
25 Acid .

Using 2-h-butyl-14(2-chl0rophenyl)mathyl-4-lriﬂuoroethyl-1H-i_midézol-s-carboxa!d'ehydé (érepared by
treating the corresponding 4-bromo compound with trifluoromathyl iodide and copper) in the procedure of
3¢ Example 20 gives the title compound. '

Example 31

as ' : :
By the procedure of Example 1, using in place of 2-chlorobenzyl bromide, the following:

2-methylbenzyl bromide,

4-methoxybenzyl tromide, and

4-phanylbanzyl bromids;

a0 and using the phosphonopropionate of Example 1, (MeO)zP(O)CH(CH:-2-th|enyl)COOMe. the following
products are obtained:
{E)-3-[2-n-butyl-1-{(2-mathylphenylimathyi}-1H-imidazol-5-yl}-2-(2-thienyimethyl-2-propenoic acid,
{E)-3-[2-n-buty!- 1 {{4-methoxyphenylymethy(}-1H-imidazol-§-y}-2-(2-thienyl)methyi-2-proponoic acid. and
(E)-3-[2-n-buty! -1-{(4-phanylphenylimethyl}- 1H-:mldazol-s-yl]-z-(a-thuanyl)methyl-a-propenmc acid.

45
Exarnple §g
50 The fouowmg methyl ester of a propenoate arg prepared as in Example 31

methyl (E)-3-[2-n-butyi-1- [(4-methoxyphenylimethyl}-1 H-imidazol-5-yi}-2-{2-thienyl)msthyl-2-propencate.
This is treated with boron tribromide in methylene chloride at room temperature for six hours and then
the reaction mixture is condensed and treated with a mixture of ethyl acetate and water. The washed ethy!
- acetate layer gives on evaporation:
65 (E)-3-{2-n-butyt-1-{{4-hydroxyphenyl)mathyl}-1H-imidazol-6-yi}-2- (2-thxeny1)methyl-z-prapenolc acld

- Example 33
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(E)-3~[2-(1-Butenyl)-1~{{2-¢hlorophenymethyl}-1 H-imidazol-5-yl]-2-(2-thionyl)methyl-z-proparioic Acid

A mixture of 2-n-butyl-1-(2-chlorophenylimethyl-1H-imidazol-8-carboxaldehyde and N-bromosuccinimide
in carbon tetrachloride was iradiated to give the 2-{1-bromobutyllimidazole which was dehydrobrominated
by trealing 1,8-diazabicyclo[4.5.0}undec-1-one in tetrahydrofuran to give 2-(1-butenyl)-1 {2-chlorophenyl)-
methyl-1M-imidazol-5-carboxaldehyde.

The above preparad interrediate and the 3- (2-th|enyl)propenoate of Exampla i In ‘the procedure of

'Example 1 was used 1o give the title compound; mp 224-226" C.

Examplo 34

(E)-3-[2-Phenyl-1-{{2-chiorophenyl)methyl}-1 H-imidazoi-ﬁvyl]-z-(2-thienyl)mathylé-’propendic Acid

By the procedure of Example 1(ii) Method 2. using benzamidine. methy! ether in place of valeramidine
methy! ether, 2-phenyl-5-hydroxymethylimidazole is prepared and converted 10 2-phenyl<1-{2-chlorophanyl)-
methyl-5-hydroxymethyl-1H-imidazole, The S-hydroxymethyl group is oxidized using manganess dioxide by
the procedure of Example 1 (ili). The resulting 2-phenyl-1-(2-chlorophenylimathyl-1H-imidazol-5-carboxal-
dehyde is used in the procedure of Example 21 with methyl 3-(2-th|enyi)propanoate to glve thg litle
compound. .

Example 15_

By the procedura ol Exampla 34 using the followmg amiding methyl sthors:
CioHz21C = NH(OCH,) and

- C2HsC = NH(OCH;s):

the foliowing products are obtamed
(E)-3-{2-decyl-1-{(2-chlorophenyl)methyl}- 1H-imldazol-s-yl]-2-(2~2htanyl)methyl—2-pmpenouc acid and
(E}-3-{2-sthyl-1-{(2-chiorophenyl)methyi}- 1 H-imidazol-5-y{]-2-(2-thienytimethyl-2-propenoic acid.

Example 38 '

{E)-3-[2-n-Bulyh1 -{(2-chlomphenyl)methyl}-d-formyl-1 H-imidazol-s-yl)-24(2-thienyl)methyl-z-prOpenoic Acid

The title compound is prepared by dilute hydrochlonc acid hydrolysns of the 4-t-buty|dumethyls|lyloxy
group of ethyl 3-{2-n-butyl-1-[(2-chlorophenyl)methy!}-4- (t-butyldimethyl-silyloxy)methyl}-1H-imidazol-5-yi}-2-
{2-thienyl)methyt-2-propsnoate. prepared as in Example 20(ii), tollowed by manganese duomde oxidation of
the 4-hydroxymethy! group to the carboxaldehyde

Exémple 37

- B« 1-{2-Adamantyhethyl}2-n-butyl-1 H-imidazol-s-yl]-2-(2-.thienyl)methyl—z-prope'noic Acid

.
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A mixture of 2-{1-adamantyliethancl (10.7 ¢ and diisopropylethylamina (11 mi) in methylens chloride
(70 mi) was added to triflic anhydride (16.75 g) in methylene chioride (70 ml) at -78" G under argon. After
stirring the mixture at -78" G for 45 minutes, 1-acetyl-2-n-butyl-5-(acetloxymethyllimidazole in methylsne
chloride {50 mi) was added and the mixture was allowed to stand at room temperalure for 4 days. then
5 concentrated and heated on & steam bath with 10% sodium hydroxide (250 mi), diluted with 300 ml of
water, exiracted with methylene chloride, dried. fillered and concentrated to give an oil. Chromatography
(silica gal} in methanolchloroform gives 5-acetoxymethyi-1-{2-(1-adamantylethyl]-2-n-butylimidazole..
. The above prepared compound (5.4 ¢) was stirred al room temperature with potassium hydroxide (5.2
g) in athanol (200 mt) for ong hour. The mixture was concentrated, poured into water, stirred and filtered to
10 give 1-[2-{1-adamantylethyl]-2-n-butyl-5-hydroxymethylimidazole. The hydroxymaethyl group was oxidized
by refluxing the imidazole compound (51.1 g) with manganese dioxide (20.3 g} in tolvene (200 mi) to give
1=[2-(1-adamantylethyl}-2-n-butyl-imidazol-S-carboxaldehyde.
Diisopropylamine (0.563 ) was coversd with 5 mi of tetrahydrofuran and 2 mi of 2.5 M n-buty! lithium
in hexane was added at -78" C. The mixture was stirred for 15 minutes, then methy! 3-(2-thienyl)propencate
15 (0.89 ¢) in 3 mi of tetrahydrofuran was added. After 20 minutes, 1.04 g of 1-[2-{1-adamantyl}ethyl]-2-n-butyl-
inidazol-5-carboxaldehydo in 3 ml of tetrahydrofuran was added and the mixture was stirred for 30 minutes
at -78" C. The mixture was poured into 40 mi of saturated ammonium chioride in water, extracted with
ether, dried over magnesium sulfate, filtered, ¢oncentrated and chromatographed on silica gel eluting with
70% ethy} acetate and 30% hexane to give methyl 3-{1-(2-(1-adamantyl)ethyl)-2-n-butyl-1H-imidazol-5-yi]-3-
20 hydroxy-2-(2-thisnyimethyl)propancate. To 1.27 g of this compound in methylene chioride {26 mi) was
' added 4-dimethylaminopyridine (1.25 g), then acstic anhydride (2.76 g} was added dropwise, The mixture
was stirred for one hour, then poured Into water and worked up to give 3-acetoxy-3-[1-(2-(1-adamanty!)-
sthyl)-2-n-butyl-1H-imidazol-5-yl]-2-(2-thisnyimethyl)propanoate.
The above prepared compound (1.2 g) was heated with -1,8-diazabicyclo[5,4,0Jundec-7-ene (1 ml) in
26 toluene (20 mi) at 80' C with stirring for one hour. Tho mixture was concentrated, thon stirred with ether.
The ether layer was decanted and dried, filtered, concenirated and chromatographed lo give methyl 3-(1-(2-
(1-adamantyljathyl)-2-n-butyl-1 H-imidazo!-5-yt}-2-(2-thionylmethyl)-2-propenoate.
This ester (0.63 9) was hydrolyzed in ethanol (10 ml) using potassium hydroxide (0 18 g) to give the
title compound 218-220 C.
a0 <

Example 38

25 _ _ . _ : o
{E)-3-[2-n-Buty!-1-{{2-chlorophenylmethyl}-4-carboxy-1H-imidazol5-yi}-2-(2-thienyimethyl-2:propenoic Acid

(E)»3-{2-n-Butyl-1-{{2-chlorophenylimethyl}-4-hydraxymethyl-1H-imidazol-5-yl)-2-(2-thienyfmethy!-2-
40 propenoic acid, prepared as in Example 19, is esterified with 4-methoxy-bonzyl alcohol 1o give the p-
methoxybenzy! proponoate. The 4-hydroxymethyl group in acetone is oxidized using &n acidic aquaous
- solution containing chromic acid (Jones' reagent} and the ester is hydrolyzed using 10% sodium tydroxide
to give the titls compound. .

4% .
: Example 39

5(E)-3-[2-‘ﬁ-8uiyi-1 -[(2-chiorophenyl)meth&I]-4-carbamoyl-1 H-imidazol-5-y1}-2-(2-thieny!ymethyl-2-propencic Acid

4-Methoxybenzyl  (E)-3-[2-n-butyl-1- [(2-chioropheny|)methyl}-4-carbo>ty-1H-:mldazol- -yl}-2-(2-thienyl)-

methyl-2-propenoate, prepared as in Example 38, is troated with oxalyl chloride in methylene chioride at

ss 0°Cto give the acid halide which is (reated with ammonium hydroxide and tho ester is hydrolyzed to give
the ttﬂa compound. .



5

. 0.

15.

26

30

Example 40

(E)-3-[2-n-Butyl-1-[(2-chlorophenyl)methyl)-4-dimethylcarbamoyl- t H-imidazol-5-yl]-2- (2-(h|enyl)methyl 2.
propenoic Ac:d

Treating the 4-ch|0roformy( imidazole, prepared as in Example 39, wnlh dcmethylamme instoad of
ammonium hydroxide gives the tille compound.

Examplo 41

(E)-3-{2-n-Butyl-1-{(4-carboxyphenyl)methyl}-1 H-imidazole-s-y!]-2-(2—thionyl)methyi-e-propanoic Acid

By the procedure of Example 1 {{il) Method 2, (iii) and (iv) Method B) using 4-carbomelh0xybenzyt
glcohol in place of 2-chiorobenzyl alcohol the title Compound was prepared; mp 250- 263°C.

Examble 42 -

(E)-3-[{2-n-Buty!-1-{(4-carboxy-2-chlorophenylymethyl}-1H-imidazol-5-yl}-2+(2-thienyl)methyl-2-propenoic Acid

30
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A suspension of 2 butyhmndazol-s-aldehyde {16,92 g, 0.111 mol, prepared by mangansse dioxide
oxidation of the alcohol, prepared in Example 1, Mathod 2), chloromsthyl pivalate (21.77 g, 0.145 mol), and
potassium carbonate (20.07 ¢. 0.145 mol) in 200 mi of dimethylformamide was stirred at ambient
tomperature under argon for four days. The solids were removed by liltration and washed w1th ether. The
combined filtrates were - pariitioned between dtethyl ether and water. The other phase was washed
successively with water and brine, dried over magnesium suifate and concentrated under vaccum to give
23.6 g of 2«n-butyl-1 -pwalyloxymethyhmudazole-s-aldehyde

A mixture of ethyl 4-bromomethyl-8-chiorobenzoate (5.28 g, 0.020 mol, U.S, Patent No. 4 837,333) and
2-n-butyl-1-pivaloyloxymethyl-imidazole-5-aldehyde (4.45 g, 0.0167 mol) was heated at 100 C under argon
for 18 hours. Repeatod trituration with ether gave 6.38 g of a crystalline gall. A suspension of this sait in 100
ml of ethyl acetate was stirred for 0.5 hours with 100 m! of 5% aqueous sodium carbonate. The layers wers
separated, tho aqueous layer washed with ethyl acetate, and the combined-organic layers washed with
water, dried over magnesium sulfate and concen!rated to give an oil. Chromaftography of this oil over silica
eluting gsl with ethyl acetatemhexane (1:1) gave 1.02 g of 2-n-butyl- 1-{(4-carboeth0xy-2-chlorophenyl)-
methyijimidazole-5-aldehyde.

Ethyl 2-carboxy-3-(2-thienyl)propionate (14 g, 0.061 mol) was prepared by stitring a solution of diathyl
2-thienyimalonate (18.8y, 0.0655 mol) and potassium hydroxida (4.41 g, 0.0786 mol) in 200 ml of ethanol
under argon at room temperature for 12 days and then purifying by removing the solvent under vacuum,
dissolving the res|de in water, washing tha aqueous layer with aqueous hydrochlonc ‘acld and with diethyl
ether,

~ A solution of this half-acid, half-ester (1 05 g, 462 mmol) in & mt of toluene was added 1o a refluxing
solution of z-n-butyl- -[(4-carboethoxy—z-chlorophenyl)umidazole-s-aldehyde (1.03g, 3.08 mmol} and
piperidine {0.26 g, 3.08 mmol) in 60 ml of toluene. Twice, at 1 hour intervals, an additional 1 g of the hall-
acid, half-ester was added, and the solution wag then refluxed for 17 hours, Evaporation of the toluense and
chromatography of the residue over silica gel using 2:3 ethyl acetate-hexane for elistion gave 0.39 g of the
diester of tho fitle product. This was hydrolyzed in 2:1 ethanol-waler with & equivalents of potassium
hydroxide for 18 hours and worked up in the usual manner to give 0.280 g of final product; mp 234-236° C.
The NMR of this product was in accord with its structure.
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Example 43

5 (E)-3-[2-n-Butyl 1-{{4-sulfonamidophenyl)methyl-}-1H-imidazol-5-yl}-2-(2-thianyl)-methyl-2-propencic Acid

The procedure of Example 42 is followed using 4-bromomethylbenzenesulfonamide (Braselton, et al,,
Anal. Chem,, 48, 1386 (1976)) -in place of methyl 4-bromomethyl-3-chlorobenzoate to give the title
10 compound

Example 44

{E)-3-{2-n-Butyl-1 -{(4-6arboxy-2-nitrophenyl)methyl}-1 H-imidazol-5-yl}-2-(2-thienylymeothyl-2-prapenoic Acid

20 The procedure of Example 42 is followed using methyl 4-bromomethyl-3-nitrobenzoate (prepared from
4-mothyl-3-nitrobenzoi¢ acid by estorification with gaseous hydrochloric acld-methanol followad by methyl
bromination with N-bromosutcinimide) to give the fitle compound :

25 ' Example 45

(E)-3-[2-n-Butyl-1-{(4-Carboxy-3-chlorophenyljmethyl}- tH-imidazol-5-yl}-2-(2-thisnyhimethyl-2-propanoic Acid
30 B . o

The procedure of Example 42 was followed. using ethyl 4-bromomethyl-2-chlorobenzoate '(_U.S. Patont
No, 4,837,333} in place of ethyt 4-bromomethyl-3-chlorobenzogte to give the title compound'. 245.248° C.
9% |
- Example 48 -

40 (E)—3—[1~{(2-Chlorophony|)methyI}=2-propylthio-1H-imidazol?s-yl]~2-(2-thienyl)mathyl-é-propenbic Acid

() S-carboxymethyl-1-{2-chiorophenyl) methyl-2-thio-1H-imidazole
45 . . . . .

A solution of 2-chlorobenzylaming (14.2 g, 0.1 mol) and triethylamine (13.9 mi, 0.1 mol), in dimethyltor-
marnide (100 mi) was treated with methyl chloroacetate (10.9 g, 0.1 mol). and the mixture was heated at
§0°C for 3.6 hours. The cooled reaction mixture was diluted -with other, the solids filtered and the
50. concentrated filtrate was flash chromalographed over silica gel with-6:5 hexano in ethy! acetate to provide

153 g (71%) of homogéneous methy! 2-{N-(2-chiorophenylimethyt]-amincacetata. This product (15.2 g.

0.071 mol) in mixed xylenes (100 ml) was treated ith 98% formic acid (2.74 mi), 0.0711 mol) and the

mixture was relluxed from 2.5 hours with a Dean-Stark water separator. Evaporation gave 17.1 g (99%) of

methyl 2-[N-(e-chlorophenyl)methyl-N-formyl)ammoacetate This formylated product {17.0 g, 0.071 mol) was
65 dissolved in ‘methyl formate (3.3 ml, 0.216 mol) and added . dropwise to.a sodium mothoxide mixture
prepared by adding sodium metal (1.79 g, 0.0778 g-atom) to tetrahydrofuran (326 mi). followed -by slow

addition of methanot (3.15 mi, 0.0778 mol). The combined mixture was stirred. at room temperature for 18

hours, then evaporated to dryness. This crude product was dissoived in 50% aqueocus methanol (200 mi),
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treated with charcoal, filtered and the solution was cooled in ice. Concentrated hydrochioric acid followed by

& solution of potasswm thiocyanato (8.6 g, 0.0885 mol) in water (20 ml). The mixiure was heated in an oil

bath held at 90" C for 2.5 hours, then cooled to 10° C. The precipitated solid was filtered. washed with cotd
ehtanol-water and dried at 60 "C to provide 14.7 g (74%) of S-carboxymethyi- {-(2-chlorophenylimethyi-2-

thio-1H-imidazole; mp 72-74" C.

(i) 1 -(2-chloropheny'l)melhyl-5-carboxymethyl—2—propylthio- 1H-imidazole

A mixture of S-carboxymethyl-1~(2-chlorophenylimethyi-2-thio-1H-imidazole (2 g. 7.08 mmol, ethyl
acetate (20 mi), 5% sodium carbonate solution (40 ml) and propy! bromide (4 ml, 44 mmol) was heated at
80" C for 18 hours. The organic fayer was separated, dried over magnesium sulfate and concentrated to
2.23 g of crude product. Trifuration with ether provided 1.63 g (71%) of 5-carboxymothyl -1+(2-chlorophenyi)-
mathyl-2-propylthio-1H-imidazole; mp 68-71" € (from hexane). .

(iii) E-3-{1-(2-chlorophenylimethyl-2-propylthio-1H-imidazol-5-yl}-2-(2-thienyl)methyl-2-propenocic acid

A solution of 5-carboxymethyl- 1-(2-chlorophenyl)methyl—.?-propylthuo-1H-cmidazole (3.74 g, 11.5 mmot)
in dry tetrahydrofuran (50 i) was cooled to -78° C under argon, and a solution of dilsobutyt alumninum
hydride in toluene (30 mi of 1M) was added dropwise. The mixture was stirred at -78 C for 1.5 hours, then
allowed to slowly warm to room temperature. The reaction was quenched by pouring onto iced dilute acetic
acid, the product was extracted into methylene chioride and the organic extracts were washed with water,
5% sodium carbonate solution and brine. The dried, concenlrated product was a light tan solid (3.32 g). .
Crystallization !rom sthanol/water gave 1-(2-chlorophenyl)methyl-s-hydmxymethyi-a‘propylthio-1H-

~ imidazole; mp 98-101° C.

The title compound was prepared by the procedure of Example (il and iv) using 1-(2-chiorophenyt)-
methyl-5-hydroxymethyl-2-propyithio-1H-imigazole . in place of 2-n-butyl- 1-(2-chlorophenylimethyi-5-
hydroxymethyl-1H-imidazole; mp 161-162° C.

Example 4 '

{E)-3-[{ 1-(2-Chorophenylymethy!}-2-propenyithio-1H-imidazol-5-yi ]-24(2-t'hionyi )methyl-zépropenoic Acid

The title compound is prepared following the procadure of Example 46 usmg allyl bromide in place of
propyl bromide.

]

Example 48

(E)-S;[{t ~(2-Chorophenyl)meihyl}-2-pantylthio~1 H-imi’déiol-svyl}é-(2-thlanyl)methy|-2-prop‘enoic Acid

The title compound is prepared followmg the procedure of Examp!e 45 using l-bromopemano in place
of propyl bromide

: Exampl_e_#_a '



33

{E)»3-[{1 -(2—ChorophenyI)methyl}-z-benzylthio-1 H-imidazol-5-yI}-2-(2-thienyl)moethy!-2-propenoic Acld

The title compound is prepared tollowmg the proceduro of Examplo 46 using benzyl bromide in place
s of propyl bromide.

Example 50

10

(E)-3-[{1 -(E-Chorophenyl)methyl}—2-cyclohexyllhlo-1 H-imidazol-5-yl}-2-(2-thisnylimethyi-2-propenoic Acid.

15 The title compound is prepared following the procedure of Example 46 using cvclohexyl bromlde in
place of propyl bromide,

Example 51
20
(E)-3-[{1-{2-Chorophenylimethyl}-2-hoptylthie-1 H-imidazol-s-yl]-2-(2‘thlenyl)methyl-2-propenoic Acid
&5 :
The fitle compound is propared following the procedure of Exampla 46 using 1-bromoheplane in place
of propy! bromide.
20 o Example 52
(E)3-[{1 -(2-Chorophen_yl)methyl}-z-haxenylthio-1 H-imidazol—5-yi1-2-(2-thiéhyl)ﬁiethyI-z-pr'openoié Acid
36 . . . . )
The title compound is prepared following the procedure of Exampla': 48 using 6-bromo-1-hexene in
place of propyl b;omide. o
40
: Example 53
45 (E)-3'-[{-1-(2-Chorophenyl)methyl}cyclo'propylthio-1.H-i'mldazol-s-yl}-a-(2-_thian'yl)méthyl-aa-propano_ic Acid
The title compOund is prepared following the procedure of Example 46 usmg cyclopropyl broque in
place of propyl bromlde
50
Example 54
55

(E)-3-[2-n-Butyl-1-{{2-chlaro-4-(1 H-tetrazol-s-ylypheny!]mothyl-i H-|m|dazol-5-yll 2-(2-thlonyl)methyl 2-propenmc
Acid

¢
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The procadure of Example 42 is followed using t-butyl 4- bromomelhyl-a chiorobenzoate {prepared from

3-chioto-4-methylbenzoic acid by estetification with 2-methylpropene in the presence of concentraled
sulfuric acid, followed by ‘methyl bromination with N-bromosuccinimide) in place of ethyl 4-bromomethyl-3-
chlorobenzoate to give ethyl (E)-3-{2-n-butyl-1-{{2-chloro-4-{carbo-t-butoxy)phenyilmethyi}-1H-imidazol-5-
yl}-2-(-thienylimethyl-2-propenoate. The t-buty! ester is converted to the corresponding acid c':ompound '
using trifluoroacetic acid.

To a suspension of ethyl (E)-3- [2— -butyl-1+{(2-chloro-4-carboxyphenylimethyl}- 1H-imndazoi—5-yl] 2-(2-
thienyl)methyl-2-propencate in benzene is added thionyl chloride. The resultant mixture is heated to 50°C

~for 90 minutes, then evaporated 1o an oily residue. The residue is taken up in hexane and evaporated again.

The acid chloride is trealed with concentrated ammonium hydroxide and then the reacuon mixture is stirred
for 16 hours at room teraperature. The solid is fiterad, washad with water, and dried at 50" C under vacuum
to yietd the primary amide derivative.

To a solution of dimethylformamide in acelommle is added oxalyl ¢chivride at 0° € under argon, Alter 3
minutes, & solution of (ho amide prepared above in dimethylformamide is added via a cannula. Five minutes
later, pyridine is addod; the reaction mixture is stirred for an additional 5 minutes at 0" G, then partitionod
botween ethyl acotate and 50% aqéuous ammonium chioride. The ethyl acetate layer is washad with water
and bring. The ethyl acetate extract s dried with anhydrous sodium sulfate and evaporated to give the
corraspondmg nitrile derivative. .

Totrahydrofuran is added under argon with snmng to a mixture of the nitrile prepared above and
aluminum chioride. Sodium azide is added all at onco, followed by a tetrahydrofuran rinse, and the reaction
is heated 10 65" C for 22 hours, then cooled to room temperature. The reéaction mixture i8 diluted with ethyl
acetate and treated with 10% hydrochlotic acid solution with vigorous stirring for 5 minutes. The ethyl

acefate layer is washed with water and brine. The ethyl acefate layer is dried with anhydrous sodium sulfate .
and evaporated to give ethy! (E)-3-[2-n-butyl-1- {[2-chloro-4-(1 H-tetrazol- S-yl)phenyl]methyl} 1H-imidazol-5-
yl]-2-(2-thienyl)methyl-2-propenoate.

The fitls propencic acid compound is prepared from the above ethyl oster by basic hydro!ysm using

agueous base in methanol.

. Example §5

{(E}-{2-n-Butyl-1 —{(2-nitrophe’nyl)mathyl};1 H-imldaz.ol'-s- yl]-2-(2-thienyl)melhylr2-pkopeh03c Acig

The title compound was prepared lollawmg the procedure of Example 1 usmg 2—mtrobenzyl bromide in
place of 2-chlorobenzy! bromide; mp 205-206" C. : _

Example 56

(E)-[2-n-Butyl-1-{{3-nitrophenylimethyl}-1 H—imidazol-s-yI]-2-(2-thleryijmélhyl-z-pmpenoig Acid

The title compound was prapared followmg the procedure of Example 1 usmg 3~mtrobanzyi alcohal in
place of 2-chiorobenzyl. alcohol mp 182-184 c.

‘ Example _fg

{E)[2-n-Butyl-1 -{(4-nllr0pheﬁyl)methyl}-1 H-lmidazol-s-yl]-z-(a-thianyl)t'nothylé-ﬁi’bpghoic Acid _
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The title cormpound was prepared foflowing the procedure of Example 42 using 4-nitrobenzy) bromide in
place of ethyl-d-bromomethyl-3-chlorobenzoste; mp 198-200 C. :

K3 Examplo 58

[

{E)}-[2-n-Butyl-1 -{(2-triﬂuofomothy;lpl{ényl)methyl}i1 H-imidazol-5-yl)-2~(2-thienyl)methyl-2-propenoic Acid

10

The title compound was prepared following the procedure of Example 1 using 2-trifluoromethylbenzyl
alcohol in place of 2-chlorobenzyl alcohol; mp 202-203° C.

15

Example 59

20  (E}[2-n-Butyi-1 -{(2.3-dichlorophanyl)methyl}-1H-imidazol-5-yl}-2-(2-thienylimethyl-2-propencic Acid

The titte compound was prepared fouowmg the procedure of Example 1 usmg 2,3-dichlorobenzyl
alcohol in place of 2-chlorobenzyl alcohol; mp 184-185° C.
25

Example §g

30 : . : _ .
{E)-[2-n-Butyl-1-{(3-mathoxy-2-nilrophanyl)methyl}-1H-imidazol-5-yl}-2-(2-thienyl)methyl-2-propenoic Acid

The title compound was prepared following the procedure of Example 42 usihg 3-methdxy 'Z-nitrobenzyl
35 bromide in place of ethyl 4-bromomethyl-3-chlorobenzoate: mp 213-216 C.

Example 61

- 40

: (E)-[z-n-Butyl-1-{(2-cyanophenyl)methyl}-1 H-imidazol-s-yl]-2-(2-thienyl)meth:yi-a"-prbpenoic Acid

45 The tile compound was prepared fo(lowmg the prooedure or Example 1 usmg 2-cyanobenzyl bfomida'
~ in place of ethyl 4—bromomethyl-3~chlorbenzoate. mp 210-212 C.

Exﬁmple 62
§o ' e

_ (E)-[a-h-Butyl_-‘i~{(4-rhethoxy-3—methylphanyl)methyl}-tH-imidazol-5-yl]-2-(2-thlenyi)methyl-E-‘prop_enoic Acid

55 : a
The title compound was prepared followmg the procedure of Example 42 usmg 4-moth0xy-8-methylben-
2yl bromide in placa of othyl 4- bromomethyl-a chlorobenzoate. mp 140-141° C.
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Example E"E

(-3

{E)-[2-n-Butyl-1-{(3-methoxyphanyl)methyl}-1 H-imidazol-5-yl}-2-(2-thienyl)methyl-2-propenoic Acid

The title compound was prepared loI10wrng the procedure of Example 1 using 3-methoxybenzy! alcohol
in place of 2~chlorobenzyl alcohol; mp 170-171°C.
10

Example 64

16

(E)-[2-n-Butyl-1-{(2-methoxyphenyl)methy!}-1H-imidazol-5-yl}-2-{2-thienyl)methyl-2-propenoic Acid

The titlo compound was prepared following the procadure of Example 1 using 2-methoxybenzyl alcohol
20 and methanesulfonic anhydride in place of 2-chiorobenzyl slcohol and triflic anhydrrdo. mp 186-187" C.

- Example 65

{E)-{2-n-Butyl-1-{{2-hydroxyphenylmethyi}-1 H-imidazol-5-yl1-2-(2-thienyl)merhyl-2~propenoic Acid

30 The title compound was prepared from the 2-methoxy compound prepared in Exampls 84 using boron
tribromide in methylene chloride; 181- 183 C

* Examplo 66

35

(E)-[2-n-Butyl-1-{(2-chlorophenyiimethyl}-1 Hiirnrdazpl-5-yl]-2-(5-meth0xy-2-thieriyl_)mathyl-i’-propenoic Acid

40 ' .
The title compound was prepared by the procedure of Example 1 using 3-(5-methoxy-2-threnyl) 2=
phosphonopropronate in place of 3-(2-threnyl) 2«ph03phonopropronate. mp 184-185.5" C.

45 - _ : :  Example 87

' (E)-[2-n-Butyl-1 -{(a-éhlerophenyl_)methyl}d H-imida.zol-5-’yl1-2-(4'-melhoxy-2-thienyl)methirl-al-propenele Acid
50 : _ : o '

The title compound was prepared by the procedure of Example 1 using 3-(4-methoxy-2—thienyl)-2-

phosphonopropionate in place of 3-{2-thieny!)-2-phosphonopropionate; mp 170-171 C ] .

55 _
‘Example §_§
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(E)-3-{2-n-Hexyl-1-{(4-carboxyphenylimethyl}- 1 H-imidazol-5-yl}-2-(2-thienyl)methyl-2-propenoic Acid

The title compound was prepared following the procedure of Example 1, using caproylamidine mothyl
other hydrochlotide in place of valeramidine methyl ether hydrochloride and using 4-carbomethoxyben2yl
alcohol in place of 2-chlorobenzyl alcohol; mp 210-212° C.

(4]

Exam;ﬁle 69
10 =

_ (E}-3-[2-n-Propyl-1-{{2-nitrophenyliméthyl}-1 H-imidazd_l-s-yl]-2-(2-lhienyl)malhyl-z-propehoic Acid '

The fitle compound was prepared following the procedure of Example 1 using butyramidine methyl
ether hydrochloride in place of valaramldmo methyl eiher hydrochloride and 2-mtrobenzyl alcohol in place
of 2-chlorobenzy! alcohol; mp 223'C.

Example 70

4E)-3-{2-n-Butyl-1-{(2- chlorophenyl)methyl} -1H-imidazol- 5-yl] 2-[1 phenyi-1 (2-th|enyl)phenylmethyll-2rpropen0rc
Acid .

The title compound was prepared using the procedure of Example 1 (i, il, fii, iv [Method B)) replacing
30 methyl 3- (2-th|enyl)propanoate with methyl 3-phenyl 3-(2-th|enyl)propanoato [prepared as in Telra, 44(7)
2055 (1988)): mp 204-208° C.

. Example 71

(E)-3-{2-n-Butyl-1-{(2-chiorophenyl)-methyl}-1H-imidazok-5-yl]-2-[2-phenyl-1~2-thienyl)thyl}-2-propenoic Acid

40 : :

The title compound was prepared using. the procedure of Example 1 (i, i, iii, iv [Method Bl) replacing

methyl 3-(2-thisnyl)propancate with methy} 3-behzyl-a-(2-1h|enyl)propanoate [prepared following the proce-
dure described in Tetra 44.(7) 2055 (1988)}; mp 200-202 C.

s :
. Example_'r'_Z_

s0 (E)-_S-[2-n-8utyl-1j{(Z-chIorophenyi}melhyl}é1H:-imidazol-s-w]-z-{1-(2-thie_ny|)pentyi}-a-propsnoic Acid

Tho title compound was prepared usmg the procedure of Example 1 & m. v [Method B]) reptacmg
‘methyl 3-(2-th|enyl)propanoate with methyl 3v(2-th|onyl)heptanoale. mp 161 '163 C. .
86

Example 73
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E-3-[2-n-Butyl-1-{(2-carboxyphanylmethyl}-1 H-imidazol-s—yll-a—ta-thienyl)methyl-z-probenoic .Acid

The title compound was prepared usmg the procedure of Example 42 replacing ethyl 4-bromomethyl -3-
chlorobenzoate with ethyl 2-br0momethyibenzoala 201-202° C.

(4]

- Example 74
10

E-3-{2-n-Butyl-1~{{3-carboxyphenylimethyl}-1H-imidazol-56-yl}-2-(2-thienyl)methyl-2-propenoic. Acid

15 The title compound was propared by the procedure of Example 1 (iv, Method B} using 2-n-butyl-1-f(4-
- carbomethoxyphenyl}methyljimidazole-5-aldehyde {prepared by the method described for the preparation of
2-n-butyl-1 «{(4-carboethoxy-2-chlorophenyI)methyllumldazole 5-aldehyde in Example 42) and methy! 3-(2-
thienyl)propancate; mp 243-244° G,

Example 75

25{E)-3-[2-n-Butyl-1 -{(4~hydroxy-3-methylphenyl)methyl}-1 H-im'idazol-S-yl]-2-(2-thianyljmethy!-a-.propenoic Acid

The title compound was prepared by demethylation of (E)-2-n-bulyi-1- {(4-m6thoxy-3-methylphanyl)
methyl}-1H-imidazol-5-yl}-2-(2- thlenyl)methyl-2-propen01c acid, prepared in Examp!e 62 using boron
) trlbromlde in melhylene chlaride: mp 180-152" C. _

Example 76
35
{E)-3-[2-n-Bulyl-1-{{4-carbomethoxyphenyl)meathyi}-1H-imidazol-6-yi)-2-(2-thienyl)methyl-2-propencic Acid
40 The title compound was prepared ‘using 2-n-butyl-i-{(4-carbomethoxyphenylimethyllimidazole-5-al-

- dehyde {prepared by the method described for the proparation of 2un-butyl-i-{(4-carboethoxy-2-
chiorophenyl)methyllimidazole-5-aldehyde in Example 42) and t-butyl-3-(2-thiénylipropancate by the proce-
dure of Example 1 (iv. Method B), except instead of basic hydrolysis. trifiuoroacetic acid hydrolysus of the t-
butyl ester was employed mp 217-220 o '

45
Example 77
50

(E)-S-{z-n-Butyl-'l-{(4-cyéndphénj(l)met_hy('}—lH-imidaidl-5-yl]-2r(2-thien'yl)melhyl-!!-prdpenoic Acid

The title compound was prepared using 2-n-butyl-[{4-Cyanophenyl)methyliimidazole-S-aldehyde

55 (prepared by the method of Example 42 describing the preparation of 2-n-butyl-1-[(4-carboethoxy-2-

chiorophenyl)methyljimidazole-5-aldehyde) and methyl 3-(2-thienyl)propanoate by the procedure of Exam-

ple 1 (iv, Method B), except, instead of basic hydrolysns of the ester wuth sodium hydromde. potassium -
carbonate hydro!ys:s was employed; mp 1:90-192 ‘¢ :
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Example 78

5  (E)3[2-n-Butyl-1 -{(4-carbar'noy!phanyl)methyl}-1 H;imldazol-s-yllaz-(2-thienyl)methyl-zepropenolc Acid

© Methyl (E)}-3-{2-n-butyl-1- {(4-cyénophenyl)methyl} 1H-imidazol-8-yl1-2-(2-thienyl)methyl-2-propancatoe,
prepared in Example 77 was subjected to hydrolysis with concentrated hydrochloric acid to give the titie
10 compound. mp 210-212"C.

Example 78

15

(E)-3+{2-n-Butyl-1-{[4-(1H-tetraol-6-yhphenylimethyl}-1H-imidazol-5-yi}-2-(2-thienyl)}-methyi-2-propenoic Acicd

20 The title compound was prepared from methyl (E)-3-[2-n-butyl-1+{{4-cyanophenylimethy(}-1H-imidazol-
-yi]-2-(2-th:enyl)methyi-e—propanoate, prepared in- Example 77, using the procedure described in Example
54; mp 246-248° C.

25 8 - Example 80

(E}<B-{2-n-Propy!-1-{(4-carboxyphenyl)methyi}-1 H‘imidazol-e-yI]-2-(2-thienyl)mathlez-propenoic Acid
30, .

The title compound was prepared using the procedure of Example 1 replacing valermamidine methyl
ether ‘hydrochloride with bulyramidine methy! ethor hydrochlonda and replacing 2-chlorbenzyl alcohol with
_ 4-carbomethoxybenzyl alcohof; mp 250° C (d)

35

: Exﬁmple 81

40

(E)-_a-ta-n-Propw-'t-{(2~chlorophehyl)methyl}~1H-'_imidazol-s-yl]-z-(2~lhienyl)methyl-z-propénoic Adid

The ﬂﬂe compound was prepared usmg lhe procadure of Example 1 replacing valeramidma mothyl
45 other hydrochloride with butyramidine methyl ether hydrochloride; mp 200" C.

Example 82
50

(E)-a-[z-n-Hexw-x—{(2-ch|oropheny|)meihyl}-i H-Imid_azoI-S-yl]-2¥(2-thienyl)meihylez-propenoic Acid

6 The fitte compound was prepared using the prooadura of Example | replacmg valeramidine mathyl ‘
- ether hdyrochioride with caproylamidine methy! ether hydrochionde mp 161-163"C,
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Example -8_3

(£)-3-[2-n-Butyl-1 -}(4-carbo:<y-2.3-dichlbrophenyl)melhy(}- 1'H-imidazol-5-yl]-2'-'(2-_thienyl)methyl-a‘-properyoic Acid

‘The title compound is prepared using the procedure of Example 42 replacing: ethyl 4-bromomathy!-3-

chlorobenzoate with mothyl 4-bromomethyl-2,3-dichiorobenzoate (prepared by oxidation of 2,3-dichioro-p- -

10 xylene with nitric acid, followed by esterification with. methanol/hydrochioric acud and melhyl bromination
with N-bromosuccinimide).

Ekample 84
15

(E)-3-[2-n-Buty!-1 -{(4-carboxy-2,5-dichlorophenyl)methy|}-1 H-imidazol-6-y{}-2-(2-thicnyl)methyl-2-propanoic Acid

20 . _ _
The title compound is prepared using the procedure of Example 42 replacing ethyl 4-bromomethyl-3-

chiorobenzoate with methyl 4-bromomethyl-3,6-dichlorobenzoate (prepared by oxidatien of 2,5-dichlore-p-

xylene with nitric acid, followsd by esterification with mathanol/hydrochlonc acid, and methy! bromination

with N- bromo-succmlmtdo)

25

Exampié 85

{E)-3-[2-n-Butyl-1-{(4-carboxynapthyl)methyl}-1 H-imidazol~5-yl]~2—(2-lhienyl)methyifz-bropanoic Acid

The title comp_otmd is propared using the procedure of Example 42 replacing ethy! 4-bromomethyl-3-
35 chiorobenzoate with 4-bromomethylcarbomethoxynaphthalene (prepared by the oxidation of 1.4-dimethyl-
naphthalene with nitric acid, followed by esterification with methanol/hydrochionc ac:d and methyl bromina-
tion with N-bromosucclmmldei

a0 . o - ' Examblegli

(E)-3-(2-n-Butyl-1 -{(2.3-dichl0ropheny!)mathﬂ}-1 H-imldazol-s-y(]—2—(2—thienyl)niethyI-Zipropanamide .

45

(E)-3-[2=n-Butyl-1-{(2, é-dichlor-ophenyl)memyl-1H-umdezdl-s-yl]-a-(E-thlenyl)niethyl-a-piopenoic acid,

prepared in Example 59, was trested with thiony! chlonde and then ammomum hydmxide. as descnbed in
Example 54, to gnve the title compound; mp 185-187 C. :

§0- .
Example 87

(E )-3-[2-n-'Buty1-1 -{{4-carbamoylphényl)methy(}-1 H-imidazol-s-yll-z-(z-thiényl)methyl-z-propanamide
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(E)-3- [2-n-Butyl- 1-{(4-carboxyphenyl)melhyl} 1H-Imidazol-5-yI})-2-{2-thlenyl)methyl-2-propenoic acid,
prepared in Example 41, was treated with thiony! chlonde and then ammaonium hydroxide, as descnbed in
Example 54, to give the title compound; mp 204-206° C.

Example @

10 . (E)-3-{2-n-Butyl-1 -{(2-nitrophenyl)hethyl}-1 H-imidazol-5-yl]-2-(2-thienyl)methyl-2-propenamide

" {E)-3-[2-n-Butyl-1 {(é-nitro(ihenyl)methyl}-1H-imadazol-s-y|}2-(2 =thienyl)methyl-2-propencic  acid, pre-
pared in Example 55, was treated with thionyl chlonde and then ammonitm hydmmde as described in
O Example 54, to give the title compound; mp 183- -185°C,

- Example 89

20
E-3-{2-n-Butyl-1-{(2-chiorophenyl)methyl}-  H-imidazol-5-yl}-2-(2-thienylimethyl-2-propenoxy Acetic Acid
25 To a suspension of sodium hydride (53 myg, 2.3 mmol) in § mL of glyme was added portionwise (E)-3-

[2-n-butyi-1-{(2-chlorophenylimethyl}-1H-imidazol-5-yl)-2-(2-thienylymethyl-2-propenol (0.802 mg, 2.0 mmol,
- prepared as described in Example 17). After stirring for 30 minutes, methyl bromosacetale (3.38 mg, 2.2
mmol) was added dropwise. The reaction was stitred overnight at room temperature and then the mixture
was poured into ice-water. The product was exiracted into ethyl acetate (3x). The combined organic exfracts
30 were washed with water and brine and dried-with anhydrous magnesium sulfate. The solvent was removed
in vacug. The residus was chromatographed on silica gel eultmg with hexaneiathyl acetate (4:6) to give 2.44
mg (26%) of the estor of the title compound as anoll.
The ester was saponified by base as described i in Example 1 iv. Method A(c) mp 141.142° C (othyl
acetatelmethanol.
95

-Ekample gg

40 . _ : o . :
' E-3-[2-n-Butyl-1-{(2-chlorophenylimethyl}- tH-imidazol-5-yi]-2-(2-thienyl)methyl-2-propenyl Glycine

To a sofution of (E)-3-[2-n-butyl-1-{(2-chlorophenyl)ma_'thyl'-?_H'-imidazol-s-yl]-2-(2-'thx‘enyl’methyl-a—pro-
45 penoic acid (0.5 g. 1.2 mmol prepared in Example 1) in tetrahydrofuran (12 mL) was added N-hydroxysuc-
cinimide (0.153, 1.33 mmol), followed by dlcyclohaxy!carbodnmrde (3.249 g, 1.2 mmol) in § mlL of
tetrahydrofuran. The reaction mixture was heated at 35. C for one hour and thon glycine mathyl estar
hydrochloride {0.197 g. 1.67 mmol) and tristhylamine (0.22 mL, 1.57 mmol) were added. The reaction was
stirred at room lemperature overnight. The mixlure was diluted with 20 mL of ethyl acetate and the solids
80 were fitered. The filtrate was concentrated to dryness and the residue was chromatographed. on silica gel -
eluting with ethy acelate/hexane (4:6) to give 0.258 g (44%) of the ester-amide as an oil.
The ester was saponified to the title acid compound by base. as dascnbed in Example 1 (iv, Method A-
{c): mp 175-177 ‘C.

55 -
) Example 81
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{E}-3-{2-n-Butyl-1 -{(2-chloroph§nyl)methy!}- 1 H-imidézol s-yl]-2-(2-thienyl)methylva-propehamide

“(E)- 3-[2-n-Bulyl -1 {(2-chlorophenyl)methyl} 1H -imidazol-5-yl}- 2-(2-th|enyl)melhyl~2-propenorc acid, pre-
pared In Example 1, was treated with thionyl chlorsde and then ammonium hydroxide, as described in

Example 54, 10 give the titie compound; mp 184-185° C.

Example 92

(E)-3-[2-n-Butyi-1 -{(2-trifluoromethylphenyl)methyl}- i H-inr'\idaz'oI-sJyl]'-z-(z-thienyl)mathyi-a-prdpenamide

{E})-3-{2-n-Butyl- 1-{(2-trifluoromethylphenyl)methyl-1 H-amldazolﬁs-yil 2= (2-1h|enyl)methyl-2-propcnosc
acid, prepared in Example §8, was treated with thionyl chioride and then ammomum hydroxide, as

descnbed in Example 54, to give the title compound; mp 207-208" C

Example 83

25 Ethyl (E}-3-[2-n-butyl-1-{(4-carbomethoxyphonyl)mathy|}- tH-imidazol-5-yl)-2-(2-thienyl)methyl-2-propanoate |

1)

35

40

|45

&0

The Atitle compound was prepared following the procedure of. Example 1 {iv, Method B) vging 2-n-butyl-
-[(4—carbomethoxyphenyl)mothyl]nmndazola -S5-aldehyde, prepared by the method described for the prepara-
tion of 2-n-butyl- {(4—carboethoxy—z-chlorophenyl)methyl]mdazole‘s-aldehyde in Example 42, and ethyl 3-

(2-thisnylpropanoate; mp 130-132" C

Example 84

An oral dosage form for administering orally active Formula (f) combounds_ is prodbced by screening,
mixing and filling into hard gelatin-capsules the ingredients in proportions, for example, as shown below.

" Ingredients Armounts
(E)-3-(2-n-butyl i {(4-carb0xyphonyl)methyl} 1H-|mldazol-5-yl] 2-(2-th-enyl)methyl 2-propenoic | 100 mg
acid )
ragnesium stearale 10 mg
lactose 100 mg

Example 95

‘The sucrose calcium sulfale' dihydrate and orally "active Formul'a':(l).compounds are mixed and
granulated with & 10% gelatin solution. The wet granules are screened. dried, mixed with the starch, talc.

and stearic acid. scresned and compressed into a tablet.
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Ingnedients' Amounts
(E)}-3-12-n-butyl-1 -{(4—carb0xy-2‘chIorophenyl}methyl}~1 H-vmrdazo!-s—yrl-z-{z-thlenyI}methyl-z-propenovc agid 75 rhg
calcium suffate dihydrate _ : . 100mg
sucrose * 15mg
| starch .- 8mg
Ctele 4mg '

1 stearic acid
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Example 86

{E)-3-[2-n-Butyl-1-{(4-carboxy-3-chiorophenylimethy{}-1H-imidazol-5-yl}-2-(2-thienyl)melhyl-2-propenoic
acid, 50 mg, is dispersed in 25 m! of normal saline 1o prepare an injeclable proparation.

Example 97

A topical optharmological solution for administering Formula (i) compounds is produced by mixing under
slerile conditions the ingredients in proportions, {or example. as shown below.

Ingredients . : Amounts
' . {mg/mL)
(E)-3-12-n-butyt=1-{2-chlorophenyl)methyl}- 1H-smudazo!~5-yl] 2-(2-(h|enyumethyi-z-propenoic 1.0
acid
dibasic sodium phosphate . 104
monobasic sodium phosphate _ 24
¢hiorobutanol 5.0 : _
hygroxypropano! methylceliulose _ 50
sterile water B oo g.s.ad 1.0
} , . mb
1.0 N sodium hydroxide . Q.s.a0 pH
: : 74

ft is to be understood that the invention i$ not limited 10 the embodiments iliustrated hereabove and the
right to the illustrated embediments and all modifications coming within the scope of the tollowing claims is’
resarved. .

Claims

1. A compound of the formula (I):

 CH,R! (1)
h _RS
CR*=C

R2X_<\ I \Rs e

in which:

R' is phenyl, biphenyl naphthyl, or adamantylmethyl which are unsubstituted or subslituled by one to three
substituents selectod from Ci, Br, F, {, C.-Caalkyl, nitro, CO2R, totrazol-5-yl, Cq-c.alkoxy. hydroxy, SCy-
Cialkyl, SO:NHR?, NHSOR?, SO;H. CONRR?, CN, S0:C1-Cealkyl, Or Cofaseq, whereln nis 1-3;

R? is C2-Cioalkyl, C3-Cioalikenyl, GCa-Cioalkynyl, Cs-Cecycloalkyl, or (CHalo-sphenyl unsubstiluted or
substituted by one to three substituents selected from Cy-Cialkyl, nitro, Ci, Br, F, |, hydroxy, Gi-Cealkoxy,
NR’R?, CO;R?, CN, or CONR’R?;

X is a single bond, 8, or O;

RY s hydrogen, Ci. Br, F, I, CHO, hydroxymethyl, COOR?, CONR7R’ NO,, or CFan«1. where n is 1-3
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R* and R® are independentiy hydrogen, Ci-Gsalky! th?egyl‘Y-. pyrazolyl-Y-, imidazolyl-Y-, thiazolyl-Y-, furyl-
" Y-, pyrrolyl-Y-, triazolyl-Y-, oxazolyl-Y-, isoxazolyl-Y, pyridyl-Y-, or tetrazolyl-Y-, except that R* and R° are
not both selected from hydrogen and C,-Cealkyl and each heterocyclic ring is unsubstituted or substituted
by Cy-Csalkyl, Cy-Cealkoxy, CL, Br, F, [, NRTR? . CO,R’, SO:NHR?, SO3H, or CONR’R?;
Y is @ single bond, S, O, or C(-Cgalkyl which is straight or branched or optionally substituted by pheny! or
benzyl, whersin each of the aryl groups is unsubstituted or substituted by hale, NO2, CF; C1~C¢alkyi Ci-
Ciatkoxy, ON, or CO.R7;
R¢ is -2-COOR® or -Z-CONR’R7; _ _
Z is a single bond, vinyl, ~CHz2-0-CH;-, melhylene optionally substituted by C1-Cealkyl, one or two benzy!
groups, thienylmethyl. or furylmethyl, or C{OYNHCHR®-, wherein R? is$ H, Ci-Cualkyl, phonyl, benzyl,
thienyimethy!, or furyimethyl;
sach R? independently is.hydrogen, G.-Caalkyl, or (CHz)mphenyl, wherein m is 0-4; and
R® is hydrogen, C1-Csalkyl or 2-di(C1-Cialkyllamino-2-oxoethyl, or a pharmacoutlcally acceptabie sall
- theteof. .
2. A compound according to claim 1 in which:
R' Is pheny! unsubstituted or substituted by one lo three substituents selected from chioro, flucro,
teiflucromethyl, nilro, methy!, methoxy, hydroxy, sulfonamido, cyano, carboxy, carboGi-Cialkoxy, car-
barnoyl, or {atrazol-5-yi; .
X is a single bong;
R? is Co-Caalkyl;
R? is hydrogen, chloro, fluore, or trifiuoromethyl;
R* hydrogen or Ci-Csalkyl;
R% is thienylmethyl, furyimethyl, imidazolyimathyl, or pyndylmethyl aach of whach is oplionally substituted
by methy! or methoxy, and _
RE is CO2H, CO2Ci-Caalkyl, or CONH,.
3. A compound according to either ¢laim 1 or 2 which is the E (trans) isomer.
4, A compound according to claim 1 which is (E)-3-{2-n-butyl-1- -{(4-carboxyphenylimethyl}-1H-imidazol-
5-yl}-2-(2-thienyl)methyl-2-propenoic acid or a pharmaceutically acceptable salt thereof.
6. A compoynd according to claim 1 which is (E)-3+{2-n-butyl-1-{(4-carboxy-3-chlorophenyl)methyl}-1H- -
~ imidazol-S-yl]-2-(2-thienylimoethyl-2-propencic acid or a pharmaceutically acceptable sall tharsof,
6. A compound according to claim 1 which is:
(E)~3-[2-n-butyl‘1-{(Emhlorophenyl)methyl} -1 H-imigiazol-5- yl}-2-(2-thlenyumethyl-a-propenmc acid;
{E)-3-[2-n-butyl-1 {(4—carboxy-2-chlorophenyl)vmethyl} 1H-|m|dazo|-5-yI]-2 (2-th:enyl)methyl-z-propenouc
acid,
(E)-3<[2-n-butyf-1 {(4-carbomoth0xyphenyl)methyl}-1H-imldazol-s-yl]-2-(2~thsenyl)mathyl-z—propenonc acid;
(E):3~[2-n-hexyl-1 {(4vcarboxyphenyl)methyl} 1H-imidazol-6-yi}-2-{2-thienyl)methyl-2-propenoic acid;
(€)-3-[2-n-propyl-1-{(4-carboxyphenyl)methyl}-1H-imidazol-5-y(}-2-(2-thisnyl)methyl-2-propenoic acid;
{E}-3-[2-n-butyl-1 -{(2-mtrophenyl)malhyl}-1H-lmldazol-s-yll-z-(thhleny!)methyl-2-pr0pen0|c acid;
(€)-3-[2-n-butyl-1-{(2-chiorophenyl)methy!}- 1 H-imidazol-5-yl)-2-(2-fury )methyl-2-propencic acid;
(E)-3-{2-n-butyl-1-{(2-chlorophenyl)methyl}- 1H-am:dazol-s-yl]-2-(4-amxdazolyl)meﬂwl-2-propenonc acid;
(E)-3-{2-n-butyl-1-{(2-chiorophenyl)methyl}- 1H-imidazol-5-yl}-2-(3-thienyl)methyl-2-propenoic acid;
(E)-3-[2-n-butyl-1-{(2-chlorophenylimethyi}-1H-imidazol-5-yl}-2-(5-mathyl-2-thienylimethyl-2-prapancic acid:

(E)-3+[2-n-butyl-1-{{2-cyanophenyl)methyi}-1 H-imidazol-5-yl}-2-{2-thienyl)methyl-2-propenoic acid;

" (E}-3-[2-n-butyl-1- {(4-mathOxy-a-methylphenyl)methyl} 1H-|midazo! 5-yl] 2-(2-thlenylmethyl-2-propenoic
acid; _
(E)-3-[2-n-butyl-1-{(2-chlorophenyl)methyl}-1H- |m|dazol 5-yl]-2 (4-pyndyl)methyl-z-propenom &cid;
(E)3-{2-n-butyl-1 ((2-chlor0phenyl)methyl} 1H-u'mdazol—S-yl]‘2-(5-methoxy-2-thienyl)mathyl-zvpropanonc
acid;

{E)- 3-[2-n-butyl-1 {(2. 3-d:ohlor¢phenyl)methyl} 1H-1mudazo|-5-yl]-2 (2—thaenyl)methyl-z-proponmc acid; or
(E)-3-{2-n-butyl-1-{(2-tiifluoromethyiphenylimethyl}- 1H-|m|dazol-$-yll-2-(2-thlenyl)methyl-z-propenmc acid;
or a pharmaceutically acceptable salt thereof.

7. A compound according to any one of claims 1 10 6 for use as & medicamant,

8. A pharmaceutical ¢composition which ‘comprisas a compound acoordmg to any one of ¢laims { to &
and a pharmaceutically acceptable carrier. :

9. A process for preparing & compound of the formula (I) or a pharmaceutically acceptabla salt theraof

as defined in claim 1, which process comprises: "

a) reacting a compound of the formula (i)
iThls Sheet Has Been Rep
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CH,R"

[
CHO (11)

X

wherein R?, R%, and X are as defined in claim 1, and R' is R' as defined in claim 1, except that the
substituents on the R* g roup do not include tetrazol-5-yi, OH, .or COzH, with (Ci-Cq alkOKy)zP(O)CH(Rs)-
COO0C,-Cealkyl, wherein R® is as defined in claim 1, in the presence of a bass; or

b) reacting & compound of the formula (Hl): _

1404H,O(i; =0
<:n‘-cf::ooc1 Cealkyl (III)

sz_.<\ ‘ | B
wherein R?, R, R*, RS, and X are as defined in ¢laim 1, with & compound of the formula (IV):
(W), CH,O0SO,CFy - .
‘;\\ | (V)
P ’ .

wherein W is Cl. Br, F, I, C:i-Cuealkyl, mtro. COzC1-C¢aIkyI Cy-Cealkoxy, SC;-&alky! CN, S02C:-Cualkyl,

SO:NHR?, NHS02C1-Cualkyl, or CoFansq, 1 is 1-3. p is 0-3, and R is hydrogen. 01-C4alkyl or (CHa2)

o=-«phenyl; or
¢) reacting a compound of the formula {1} as hereinbofors defined with @ compound of the fortnula \2]

COOH
Ul

RS=CH (V)
“NCOOC,-Cealkyl

wherein R® is as defined in claim 1. in the presencé'of a base; Of

- d) reacting a compound of the formula (Vi):

R — ?Hz OR“
GH —CHGOOG Gtk v1)

R'«’x—(\ I é .

whergin R, R3, RS, and X are as. defmed in claim 1, R is R as defined in clalm 1, excep! that the
substituents on the K" gr0up do not mclude tolrazol-5-yl, OH, or COzH and R |s GOCH; ot §02CHa, with

.a base; or
- @) reacting a compound of the formuia (ll) as heroinbefore defined wnth an appropﬂate heterocycllc acetic
- acid in acetic anhydrida in the presence of a base. :

and thereafter:
{iy for formula (I) compounds m ‘which Z is -CHz-O-CHz-. roducing the formula ) ester hereinbelore

%
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propared, followed by reaction with a Cy -Cealky! haloacetale or;

@ity for formula () compounds in which Z is -C(O)NHMCHR®- whersin R® is H, Ci~C4 alkyl, phenyl, benzyl,
thisnylmethyl, or furylmethyl, hydrolyzing the formula (1) ester compounds hereinbefore prepared, followed
by roaction with an appropriately substituted amino acid, in tho presence of an amide-forming reagent; or

(i) for formula (I} compounds in which Z is & methylene group, reducing the formula (1) ester compounds
hereinbefore prepared, followed by reaction with & C:-Csalkyl chloroformate and thon reaction with ¢arbon -
monoxide in the presence of a phosphine ligand; or -
{iv) for formufa {I) compounds in which Z is a methylenc group substituted by Ci-Cialkyl, benzyl,

Athienylmethyi, or furylmethyl, reacting the formula {) ester compounds .wherein Z is & methylene group

prapared above with a fithium dialkylamide followed by reaction with an alkylating agent;

and theregfier where necessary:

{i) for formula {I) compounds in which the R' group is substituted by hydroxy, depro(ectmg ‘tha formula 0

compounds in which the R' group is substituted by Ci-Cealkoxy; or

@ity for formula (I} compounds in which the R' group is substituted by carboxy, hydrolyzmg the formula (f)

compounds in which the R' group is substituted by COzC: -calky!; or

iii) for formula (1) compounds in which R group is substituted by a tetrazol-5-yi group, trealing the formula

{}) compound in which the R' group is subslituted by carboxy, with & halogenating agent, followed by

convarsion to the priary amide in & reaction with amronia, dehydration  with

oxalylchloride/dimethytformamide and reaction with azide; or '

(iv) for formula () compounds in which RE is -Z-COOH, hydrolyzing the formula (l) compounds in which RS

is -2-CO0C-Csalkyl: or

{v) for formula (I) compounds in which RS is -Z-CONR’R? wharein R is hydrogen, Gq-Cealkyl, or (CHp)-
o~-sphenyl, treating the formula (I} compounds in which RS is -Z'COOH with a halogenating agent, followed

by reaction with an appropriately substituted amine;

and thereafter optionally forming a pharmaceutically acceptable salt.

10. The use of a compound of the formula (l) or a pharmaceutically acceptable salt thereof as defined in -
claim 1 in the manufacture of & medlcament for treatment of duseasas In which anglotensm i receptor
antagonism is a factor.

_11. The use of a compound of the formula (1) or & pharmaceutically acceptable salt thereof as defined in
claim 1 in the manufacture of a madicament for treatment of hypertension,

12. The use of a compound of the formula () or a pharmaceutically acceplable sait thereof as deflned in
claim 1 in the manutacture of a medicament for reatment of congestive heart failure, _

13. The use of a compound of the formula (}) or a pharmaceutically acceptable salt thereof as defined in

claim 1 in tho manufacture of a medicament for treatment of renal fatlure.

Claims for the following Cont_racting States: GR &ES | ' o This Sheet Has Been Replac
 Aprsn o rpuin g f o (T
CH.RY
_ ’Hz . /RQ o
N CR‘#C\ ' (I) .
N R3- '

in which: '

R! is phenyl, biphenyl, naphthyl, or adamamylmethyl which are unsubstituted. or subsluuted by ong to three
substituents selected from Cl. Br, F, I, Ci-Csalkyl, nitro, COR’. tetrazol-5-yl, c|-C‘a|kaxy. hydroxy. SC1- _
Caalkyl, SO:NHR?, NHSOzR?, S03H, GONR’R?, CN, 80,C:-Csalkyl, or G,.Fa,..q. wherein n is 1-3; S
B2 is Cz-Cioalkyl, Ca-Cioalkenyl, Cs- Cmalkynyi Ca-Cseycloalky), or (CHa)o=gpheny! unsubstituled or. -

substituted by one to three substitugnts selected from Cq-Csalkyl, nitro, Cl, Br F. 1, hydroxy. G:-Caalkoxy. -

NR7R?, CO:R’. ON, or CONR’R7;
X is a gingle'bond, 8. or O,
A3 is hydrogen, Cl. Br, F, 1, CHO, hydroxymethyl, COOR’, CONR7R7, NO:. or c,,anu whare nig -3, ..
R* and R® are independently hydrogen, Ci-Ciatkyl, thianyl-Y=, pyrazolyl-Y-, imidazolyl-Y=, thiazolyl-Y-, iuryl-
Y=, pyrrolyl-Y-, triazolyl-Y-, oxazolyl-Y-, |soxazolyl-Y pyridyt-Y-, or tetrazo!y!-Y- excapt that R* and RS are
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not both selected from hydrogen and C,-Cealkyl and each heterocyclic ring is unsubstituted or substituted
by Cy-Cualkyl, C1-Cialkoxy, Cl, Br, F, I, NR7R?, CO,R?, §0:NHR?, 803H, or CONR?R’;

Y is & single bond, 8, O, or Ci-Cealky! which is straight or branched or optionally substituted by phenyt or
benzyl, wherein sach of the aryl groups i$ unsubsmuted or substltuted by halo, NQ3, CFs, Ci-Cealkyl, Ci-

Caalkoxy, CN, or COzR?; _

R is -Z-COOR® or -Z-CONR7R?;

Z is a sinple borid, vinyl, <CHz-0-CHy-, methylene optionally substituted by Ci-Cialkyl, one or two benzyl
groups, thienylmethyl, or furylmethyl, or -C(O)NHCHR‘-‘ , whorein R? Is H, Ci-Csalkyl, phényl, benzyl
thisnylmethyi, or furylmethyt; :

each R7 independently is hydrogen, Cy-Cialkyl, or {CHz)mphenyl, wherein m is 0-4: and

. R® is hydrogen, Ci-Cealkyl. or 2-di{C-Cqalkyl)aming-2-oxoethyl; ora pharmaceutically - acceptable salt

thersof, which process comprises:
a} reacting a compound of the formula ()

(l:Hzni'

Rex— I

wharein R2, 3, and X are as defined in claim 1, and R' is R as defined in claim 1, except that the .
substituents on the R’ do not include totrazol-6-yl, OH, or CO2H, with (Cy-Cy alkoxy)z-P(O)CH(Rs)cooca-
Cuélkyl, wherein RS is as defined in claim 1. in the presenca of a base; or .
b} reacting a compound of the formuta (Il1):

CHO (11)

t'G4H90? =Q
CR‘-CCOOCrCea kyl

S{I11)
a9 G
wheraein R2, R?, R*, R®, and X are as déﬁned in claim 1, with 2 compound of the formula (IV): :
(W), CH,O80,CFy

@( (1)
P

whereln W is Cl, Br, F. |, Crle'kyl' nlfrb G020y~ Gtaikyl On;G.Ialkoxy. SC%GwIkyI CN, S50,Cs-Caalkyl,
SO:NHR!, NHS0:C:-Caalky), or c“Fa.,... nis 1-3, p is 0-3, and R? xs hydrogen, C1-C‘;alkyl ot (CHa)-
a~sphenyl; or .

- €} reacting a compound of the formula (1) as herembefore dofined with a compound of the formu!a (V)

COOH .
ns-cu . ' (V).
COOC,-CsaIkyl

wherein R® is as datined in claim 1, in the presence of & base: or
d) reacting a compound of the formula v: -
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Iy

RY— ?Hz ?R"
CH (;Hcooc:1 Csalkyl (VI)

S G

‘whersin R?, RS, RS, and X are as dafined in claim . R is R as dsfined in claim 1, except that the
substituents on the RY’ group do nol include tetrazol-5-yl, OH, or COzH and R is COCHa or 802CHa, with
a base: or

49

8) reacting a compound of the {ormula {Il} as heteinbetore defined with an approprlate heterocyclic acetlc

acid in acetic anhydrido in the prasence of a base;

and thereafter: )

{i) for formula (l) compounds in which Z is CHQ"O‘CHZ' reducmg the formula {I) ester hersinbefore
- prepared, followed by reaction with & Ci-Cyalkyl haloacetale or;

(i} for formula (1) compounds in which Z is <C{OINHCHR?- whersin R? is. H, Ci-Cs a|kyl phenyl, benzyl,

thienyimethyl, or furylimethyl, hydrolyzing the formula (1) ester compounds hereinbefore prepared; fofiowed _

by reaction with an appropriately substituted amino acid, in the presence of an amide-forming reagent; or
(i1} for formula (f) compounds in which Z is a methylene group, reducing the formula (1) ester compounds
hereinbelore prepared, followed by reaction with a Ci-Cgalkyl chioroformate and then reactaon with carbon
mohoxide in the presence ol a phosphine ligand; or

{iv) for formula (1) compounds in which Z is a methylene group subslituted by Ci-Cealkyl, benzy!,
thienylmethyl, or furylmethyl, reacting the formula (1) ester compounds wherein 2 is a methylene group
prepared above with a lithium dialkylamide followed by reactaon wlth an alkylating agent

and thereafter where necessary:

{i) for formula (I) compounds in which the R! group 1s substituted by hydroxy. deprotectmg the formule (I)
compounds In which the R group is substituted by Cy-Cualkoxy; or

(i} for formula (I} compounds in which the R group is substituled by carboxy, hydrotyzmg the formuia (1)
compounds in which the R' group is substituted by GO, Ci ~salkyl; or

{iti) for formula ({) compounds -in which R' group is substituted by a tetrazol- s-yl group, treating the formula
{l) compound in which the R' group is substituted by carboxy, with a halogenafing agent, followed by

_conversion fto the priaty ‘amide in a8 ‘reaction  with ammonia.- dehydration with

oxalylchloride/dimethylformamide and reaction with azide: or

{iv} for formula (1) compounds in which R‘ is -Z-COOH hydmlyzing the forrnuta. (i) compounds in which R¢
is -Z-CO0OC,-Cealkyl; or

(v) for formula (1) compounds in which R® is -Z-CONR’R' wherein R7 is hydrogen, Ci-Caalkyl, or (CHz)-

5-sphenyl, treating the formula (I) compounds in which B® is -Z-COOH with a halogenatmg agent, followod

by reaction with an appropriately substituted amine;
and thereafter optionally forming a pharmaceutically acceptabie galt.
2. A process according to claim 1 for preparing a compound wherein:
R' is phenyl unsubstituted or substituted by one to three substituents selocted from chioro. fluoro,
trifluoromethyl, nitro. methyl, methoxy. hydroxy. gulfonamido, cyano, carboxy, carboC«-lekoxy. car-
‘bamoyl, or totrazol-6-yl;
¥ is a single bond:
R? ig Ca-Caalkyl;
R? is hydrogen, ¢hioro, fiuoro, or tnfluoromethyl
R* hydrogen or C1-Cealkyl; ' '
R is thienylmethyl. furyimethyl, mdazolylmethyl or pyridyimethyf, each of whlch is optnonally substituted
by methy! or methoxy, and

T Ré is CO2H, CO2C1-Coatkyl, or GONHa.

3. A process according to either claim 1 or 2 for preparing a compound Which is. the E {trans) isomer.

4. A process according to claim 1 for preparing a compound which is (E)-3-[2-n-butyl-1-{(4-carbox-
yphenyf)methy(}-1H- |mxdazoI~5-yl]-2-(2-lh|enyl)methyl-2-propeno|c acid or a- pharmacauucally acceptable
sall thereof.

5. A process according to claim 1 for praparing a compound which is (E)-3-[2-n-butyl-1 ~{(4-carboxy-3-
chiorophenyl)methyl}-1 H-imtdazol-s-yl]—2-(2-thaonyl)methyl—2-propanosc acid or a pharmaoeuﬂeal!y accept-

~ abie saft thereof.
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8. A process according to claim 1 for preparing a compound which is:-
(E)-3-{2-n-butyl-1-{(2-chlorophenyhmethyli}-1 H-imidazol-5-y!]-2-(2-thienyl)methyl-2-propenoic acid;
(E)-3-[2-n-butyl-1~ {(4-carboxy—z-chlorophenyl)melhyl} -1HAimidazol-5-yl}-a-(2-thienyl)methyl-2-propenoic
acid;

(E)-3-[2-n-butyl-1-{(4-carbomethoxyphenyl)methyl}-1 H-imidazol-5-yi}-2-(2-thionyl)methyl-2-proponoic acid;
(E)-3-[2-n-hexyl-1-{{4-carboxy phenyl)methyl}-1H-imidazol-5-yl}-2-(2-thienyl)methyl-2-propenocic acid;
(E)-3-{2-n-propyl-1-{{4-carboxyphenylimethyl}-1 H-imidazol-5-yl}-2-(2-thienyl)methy!-2-propenoic acid;
(E)-3-[2-n-butyl-1-{(2-nitrophenyl)methyl}-1R-imidazol-5-yl}-2-(2-thienyl)mothyl2-propenoic acid:
(E)-3-{2-n-butyl-1-{(2-chicrophenylimethyl}-1H-imidazol-6-yi)-2+(2-furyljmethyl-2-propenoic acid;
(E)-3-[2-n-butyl-1-{(2-chlorophenyl)methy!}- 1 H-imidazol-5-yl}-2-{4-imidazolyl)methyI-2-propenoic acid;
(E)-3-{2-n-butyl-1-{(2-chiorophenylimethyl}-1H-imidazol-5-yl}-2-(3-thienylimethyl-2-propencic acid:
(E}-3-{2-n-butyl-1-{(2-chlorophenyl)methy!}-1H-imidazol-5-yl}-2-(5-methyi-2- thisnyl)methyl-2-propencic ac:d
(E)-3-{2-n-butyl-1-{{2-cyanophanylimethyl}- 1H-um:dazot-5-y|) -2-{2-thienyl)methyl-2-proponoic acid;
(E)-3-[2-n-butyl-1-{(4-methoxy-3-methylphenyl)methyl}-1 H-lmldazol-s-yl]—2‘(2-thlenyl)methyl-a-proponmc
acid;

{E)-3-[2-n-butyl-1-{({2-chlorophenyiimethyl}- -1H-imidazol- 5-yi)-2-(4-pyridylimethyl-2- -propenoic acid;
(E)-3-[2-a-butyl-1-{(2-chlorophenyl)methyl}-1H-imidazol-6-yl]-2- (S-methoxy-?-thlenyI)methyl-z-propenmc
acid;

(E)-3-[2-n-butyl-1-{{2.3-dichiorophenylimethyl}- 1H-|midazol-5-y{]-2-(2-thwnyl)methyl-z-propenozc acid; or
{E)-3-{2-n-butyl-1-{(2-trifluoromethyiphenyl)methyl}- 1H-|midazol-5~yll-2 {2-thienyl)mothyl-2-propencic  acid;
or a pharmaceutically acceptable salt thersof.

7. A process for preparing (E)-3-{2-n-butyl-1 {(4-carboxyphenyl)meﬂ1yl} «{ Himidazol-5-yl]-2-(e-thienyl)-
methy2-propencic acid which comprises treating methyl - 3-acetoxy-3-[2-n-butyl-1-{(4-carbomothox-
yphenyhimethyl}-1H-Imidazoi-5 -yl]-2-(2-thlenyi)malhylpropanoate with 1, B-duazabtcyclols40]undec~7-ene.
followed by estar hydrolysis.

8. A process for proparing (E)-3 {2-n-butyl-1- {(4-carboxy-3-chlorophanyi)methyl} -1H-imidazol-$-yl]-2-(2~
thisnylimethyl-2-propenoic acid which comprises reacting 2-n-butyl-1-{(4-carbosthoxy-3-chlorophenyl)-
methyl}1H-midazole-5-aldehyde with ethyl 2-carboxy-3-(2-thnenyl)prop«onate in the presence of piperidine,
{ollowsd by ester hydmlysus _

8. A process for preparing a pharmaceutical oomposulon which comprises bringing into assocxauon a
compound of the formula (I} or a pharmaceuﬂcally accoptable salt thereof as dofined in ¢laim 1 and a
pharmaceutically acceptable carrier.

10, Tho use of a compound of the formula {}) or 2 pharmaceuticaliy acceptable salt thereof as defined in
claim 1 in the manufacture of a medlcament for treatment of disoases in which angiotensin I receptor
antagonism is a faclor.

1. The use of a compound of the formula {Hora pharmaoeutccaliy acceplable sall thereof as defined in
claim 1 in the manufacture of a medicament for treéatment of hypertension.

12. The uso of a compound of the formula (1) or a pharmaceutically acceptable salt thereof as defined in
claim 1 in the manufacture of a medicament fer treatent of congestive heart failure. .

13. The use of a compound of the formula (I) or a pharmaceutically acceptable salt thereof as dafined in °
claim 1 in the manutacture of a medicament for treatment of rensl fallure. .



