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IMlOAZOLYL·ALKENOIC ACIDS 
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. The present invention relates to new imidazolyl·alkenoic acids which are angiotensin I! reoeptor 
antagonists and ·are useful in regulating hypertension induced or eJ<acerba\ed by angiotensin II, and In the 
treatment of congestive heart failure, renal failure, and glaucoma. This invention also <elates to pharmaeeuti~ 
caf compositions containin these. compounds and methods for using these 'compounds as antagonists of 

6 angiotensin I~ a$ antihypertGnsive agents and as ag&nts for treating c0ngeslive heart failure, renal failure, 
and glaucoma. · · 

BACKGROUND OF THE INVENTION 
10 

·The ciass or peptide pressor hormone known as angiotensin is responsible for a vasopressor action ·that 
Is implicated in the etiology or. hypertension In man. Inappropriate activity of the renin·angiotensin systems 
appears to be a key element in essential hypertension, conge~tive heart failure and In some forms of renal 

ts disease. In addition tp a direct action on al'1erie~ and arterioles, anglotensln 11 ·(All), being one of the mos_t 
. potent endogenous vasoconstrictors known, exerts stimulation on the release of aldosterone from the 
adrenal cortex. Therefore, the renin-angiotensin system, by virtue of its participation in the control of .r~nal 

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

2o proved to be clinically useful in the treatment of hypertension and congestive heart failure (Abrams. W;B., et 
. al., (1984}, Federation Proc .• 43, 1314). The most direct appr~aeh towards inhibition of the renin·angiotensin 
system would bl~k the actionof All at the ·receptor. Compelling evidence suggests that All also contributes 
to renal vasocon$triction and sodium ·retention that is characteristic of a number of disorders such as heart· 
failure. cirrhosis and complications of pregnancy (Hollenberg, N.k .•. (1984), J. Carcliovas. Pharmacot, 6, 

~s S176). In· addition, recent anirnal studies suggest that inhibition of' tne renin:.angiotensin system may be 
beneficial in hailing or slowing the prOgresSion· of· chroriie renal faiiute. (Anderson~ ·s.; et al •• · (1985), ·J •. Clin. 
Invest., 76. 612). Also, a recent patent application (South African Pateni Application No. 87/01,GG.3) claim~ 
ihaiAu";lntagonistS are useful as agents<fb_i' reduCing and.' ci>ntr()lfing. 'elevated . intraocular pressure. 
especially glaucorna;fn mammals. ·. •. ": ,_,. . • . . ' 

· The comP<>Linds of this invention inhibit; l:llclt.:k and antag(>nize the action. of thct" hormone All, ·and ar~ . 
· there.fore us$fui i~.: l'egr.rlating and moderating ·engioterisin induced '·f:typerterlslon~ congestive. heart faliure • 
. renal. failur$ and ottt~ disorders attributed to {he _actions of· All. ·w.han compot1iids .of this invention ere 
administered to mammals. the elevated blood pressure due to· Alt. ts rGdr.rcod · snd · otller ·manifestations· 
basod on All inter~ssion are minimized and c0n1rolled. Compounds ·()f lhis invention are also expected'to"-

35 exhibit diu~tic at:tivlty~ . . . , . . __ . . · . . . .;;. . · _ .. . . • . . · , · ... 
Rocogriitlon. of. the import8nce of blocking and inhibiting the acuons ·of All hai{stimulaled other effor\s to ·. \ . · 

syntheslm antagonists of All. The following reforonces have dt~losed lmldaiole .-derlvatives'-\\ihich· are : . . 
described as having AH blocking actjvity anduseful as hypolensive ilQents. . . · ·. . .. · . ·· .. · · . . < '· · :· ·. · ., . ,. 

Furukawa et a1./u.s~ Patent" 4,340,598 discloses imldazol-S~lacetic &lCids end irnI<iazol~y1 pi'C)j>anoic_.·_, '·· · 
.ro acids. Speclfiea11y;"the ~tsctoser·tncludes· 1 ~11tyl·2~-butyl-kh~Oirn1dllt0te.:4~ace1ic aeid .atld 1~be~~yl~2,< 

pheny~5-chboii't1icl~e-~propanoic acid~ . : : > . . . ·. ·• .' · '\:._: ?_- · ·.. : · . , ' \ ' .· . · ·' : : · , ~· · i') :'.: 
. f=urukawa, et. at .. U.S. Patent 4:sss.o4o discloses $ubstitUted lmidazole•5·acetic .acid detlvatlV.es~;·A 

compound specifically disclosed is 1 ·(2~chlorobenzyll92-0-btity~IO~mlci~Ot$-5..acetic acid~· · ; ;. · :··•.<. "' , , · 
. Carini et al. ill cP. 253,31 disclose certain. imlda:!olylpfopenolc acids. Tw.o Intermediates. descril>ed in .. '·.·,~:: .· 

<1s this patent·. ~e . eihyt, 3-[1.:(4"flitrobenzy1r2~butyt+chioroln'ildazol·~y)jptopen98.te . 8nd elhy(3--[2~i4Yi·~~'.:.>}i:~'.·; 
chloro•1.·(+amlilot>C!nzyl)imidazol•6~yl)pr9perioat~. . · · ·' <).:~:JJ\• .. '. </ .: ; · < / ·.. · ,; . <<: · :):.<·.:':>" · /·:'.<=:/~S/kh · •.. 
· · Also, waret~g~·: in· PCTIEP 861QP29~.: dlse!oses as ~1nt8rrnedi8~~ certali'i .. imld•zotylp_ropeoe>~te 'corrjf ·<:-:i ~Y> 

i' ,·, ·'. 

o~SCR1Pt10N<6F THE 1NveNit6r;(·:···:.~ .... ....... __ 
: .. ···. 

·The comp0unds of the present Invention that are blocke($ of aogiotensiriH. recepton.; ere represented .:}~;J:.· 
'··.:· 
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.by the follQwlng Formula (I): 

s 

(I) 

,o in which: 
R1 is phenyl, biphenyl, naphthyl, or adamantyfmethyl, which are tinsubstiluted or substituted by one to throe 
substituents selected frorn 01, ar, F, t, C1·0calkyl, nitro, C02R7 , tetrazo1·5·yl, C1-C,alkoxy,'hydrox_y,·SC1· 
Cc alkyl, SOiNHR7 ; NHS02R7 , SOiH. CONR7 R1 , ON, S03C1·C+elkyl, or C,.Fin• 1, wherein n is 1·3: · 
R2 Is P2·C1oalkyl, C:rC1oslkenyl. C~·C1oalkynyl, C3-,cycloalkyl, or (CH2)0-1phonyl unsubttltuted Of substi· 

ts tuted by onEt to three substituents selected from C1-0& alkyf, nitro, Cl, Br, F, f, hycfroKy, c,.c,alkoxy. 
NR7R7, C02R7 , CN. or CONR7R': 
Xis a single bond, S, or O; 
f\3 is hydrogen, Cl, Br, F, I, CHO. hydroxymethyl, OOOR7; OONR7R7, N02; or C11Frn•1t wherein n is 1-3; 
R' and R5 Bre independently hydrogen, C1 .(;,alkyl, thlenyl·Y~. furyl·Y~. pyrazolyl·Y·, imidaiolyl·V·, pyrrolyl-

.20 'f·, triazolyl·Y·, oxazofyl·Y·. isox&zolyl·Y·, thiazolyl·Y·, pyridyl·Y·, or tetrazolyl .. Y·, except that R4 and Rs are 
not both selected from hydrogen and c,.cialkyl and each heterocyclic ring'is unsubstituted or substituted 
by 01..C.alkylt 01-C.alkoxy, Cl, Br. F, I, NA7R7 , 002R7, SC>l!NHR7, SOaH. or C0NR7R7 i . . 
Y Is a sJngle bond, 0, S, or Ct·DGalkyl which is straight or ~rancl\ed or optionally substituted by phony! or 
benzyl, wherein each of the aryl groups is unsubstituted or substituted by· halo, N02. OFa, C1·C,alkyt, c,-

25 C,alkol<)'; ON, or C02R7: 
.R' is -Z~COOR1 or ·Z·CONR7R7; 
l is a single bond, vinyl, ·CH2•0-0H2·. methylene optlonally substituted by c, -C,alkyl, one or two benzyl · 
groups. thienylmethyl, Of furylmethyl, or ·C(O)NHOHR'·· wherein R9 ls H, c,.c,alkyl, ·phenyl, benzyl, 
thlenyl111ethyl, or furylmethyl: · · 

30 each R7 Independently is hydrogen, Cr·Ctalkyl, or (OH2)~phenyJ, wherein mis 0-4: and 
R8 Is hydrogen, c,;.~alkyl, or 2·di{01-04afkyl)·amlno·2·oxoethyl: or a pharmaeeutlcally acceptable salt 
thereof. 

Preferably, one of R• and R.5 is hydrogen 'or Ci·_Cialkyl. 
Preferred compounds ot thi& 1nvontlon are repteSented by Formula (I) when~ 

3s R1 ts phenyl unsubsUtuted or substituted by one to three substittJents selected . from chloro. fluoro, 
. trifluoromethyt, nltro, methyl, metho><y. hydroxy, sulfonamldo, carboxy, carbo·C1•C,alkoxy. carbamoyl, 
c)'ano, or tetrazo1·5~yl; 
X is a single bond; 
R2 fs Ot~C.alkyl, 

•O R' is hydrogen, Chloro, nuoro~ or trifluoromethyl: 
R' Is· hydrogen or C1 .c, alkyi: · . 
R5 I& thlenylmethyl, furytmethyl, imidazolylmethyl, or pyrldytmethyl, each ot which la optlonally substituted 
by methyl or methoxy; and · 
R' is COOH~ COOCt -2alkyf, or CONH2; or a pharmaceutically acceptable salt thereof. . 

· 45 The E isomers (trans stereochemistry of the c8.l'bo>ey and ·1mtdazote groups) are_generally more active 
and thus. are profetted over th~ z isomers (cis). · · 

A$ llSed herein, the terms alkyl, alkenyl, alkoxy arid alkynyl mean ce.rbon Chains which are tnnched Or 
unbranched with the length of the chain determined by the de$Criptor preceding the term. 

Particular Compounds of the tn~entlon include, ~ ate not limited to, the followln9: 
so (e)-3-(2·n·butyf·1·{(2-chloroPf\enyf)tnelhY1}·1H·lmi.dazol·5-yl)·2~(2·thlenyl)methyl-2·pfopenoic acid, 

(E)·3·(2-n-butyl·' ·{ (2-chlorophenyl)methyl}· t H·lm1.dazot-S.yl]·2-(2·furyl)methyl·2·propenoi~ acid, 
(E)-3-{2·n~bvtyl-1·{(2-chlorophenyl)meth.y1}·1 t-Hmidazof-S·yl]-2~(4•pyrtdyl)methy1·2·propenoic acid, . 
·(E)·3·t2·ri.t>utyl·1·[(2"'.Chloropheinyl)methyl}·1. H·lmldazot..S-yl]·2·(S·thionyt)methyl•2-propenoic acid, 
<i;>-S·O~·n·butyt· 1 •{(2·chlorophenyl)mothyl}·1 H.fmidazol-5·ylJ·2-(S-m~yJ-2•thienyl)methyl·2~propenolc acid, 

ss (E}·3--{.2-n-butyl· 1'{(2·chlorophenyl)methyl}·1 H·lmldazol·5-yl]-2-(4-:-imlduolyl)methy1~2"Propenolc (lC!d, 
(E}-3·(2·n·butyl·1·{(4-earboxyphenyl)methyl}·1 H·imldazol·S-yf J-2·(2·thlenyl)methy1·2-propenolc acid. 
·(E)·3-(2·n·butyl·1-{(2·ni.trophenyl)methyl}·1H~imidazol~6·yl)-2-(2·thtenyl)methy!-2-propenolc acid. 

· (E)·3·12·n·butyl·1·{(2-cyanophenyl)methyt]:1 H•lmldaZol·5~yl]-2--(2·thienyl)mothyl~2·Pi'OPenoie acid. 
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{E)-3·{2·n·butyl-1 ·{ ( 4·me thoxy-3-methylphanyl)methyl}· 1 H-imidazol-5·yl)·2·(2·thienyl)methyl-2·propenoic 

acid, 
(E)-3-(2-n·butyl-1 ·{ (2·chlorophenyl)methyl}· 1 H·imidazol-5-yl]·2·(5-methoxy·Nhienyl )methyl-2 ·propenoic 

acid, 
s (E)-3-[2·n·butyl· 1 ·{{2.3-<lichlorophenyl}methyl}-1 H-imidazol·5·yl)·2·(2·thienyl).methyl-2·propenoic acid, 

(E)·3·[2·n·butyl-1·{(4·carboxy·2·chlorophonyl)methVl}·1H-imidazol·S·yl)·2·(2·thienyl)methyl·2·propenoic 

acid, 
(E)·3·[2·n·butyl-1-{ {4·carboxy·3·chlorophenyl)methyl}· 1 H·imidazol-S-yl]·2·(2·thienyl)methyl·2·propenoic 
acid, . · ' 

10 {E)·3·[2·n·hexy I· 1·{4·carboxyphenyl)methyl}· 1 H·imidazol·5·y J )-2-(2-thienyl)methyl·2·propenoic 11cid, 

{1=}·3·[2·n·butyl· 1 ·{ ( 4-carbomethoxyphenyl)methyl}~ 1 H-imidazol·5·y1J·2·(2 ·thienyl)methyl·2·propenolc acid. 

and : 
{E)·3·(2·n·butyl· 1 ·{ (2·ttifluoromethylphenyl)melhyl }-1 H-imida;i:of ·5·yl)·2·(2alhienyl)methyl·2·Propenoic a.t:id; 

.or a pharmaceutically accept~ble salt thereof. 
rs The invention also relates to pharmaceutical compositions comprising a pharmaceutical carrier and an 

effective amount of a compound of Formula (I). · · 

Also includad in the presenl invention are methods for antagonizing angiotensin II receptor$ which 

comprises administering to a subject in need theteof an effective amount of a compound of Formula (I). 

Methods of producing antihypertensive activity and methods of treating congestive heart failure, glaucoma. 

20 and renal failure by.administering tl'aase compounds are also included in this invention. . 

The compounds of this invention are ·prepared by procedures described herein and illustrated by the 

examples. Reagents. protecting gr0ups and functionality on the. imidazole and other fragments of the 

molecule must be consistent with the proposed chemical transformations. Steps in th~ synthesis must be 

compatible with the functional groups and the protecting groups on tho imidazole and other parts of the 

2s 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 converteOTo' 2-n-bi:itylimidazole by reacting 

imidazole with triethylorthoformate and p·loloenesulfonic acid to·give 1·diethoxyorthoamide lmiduole and 

then treating with n·butyl lithium to give the 2·lithiom derivative of the orthoamide and alkylatin with n·butyl 

30 iodide in a suitable solvent, such as tetrahydroruran (THF). 
·The following procedure is useful fol' the preparation of compounds of Formula (I} partieulatly where R' 

is 2·chlorophenyl, R2 is n-butyl, R3 is hydrogen. chloro. or CFe, R' is hydrogen; Ri is as described in 

Formula {I), R' is COOR8 and.R8 is hydrogen. methyl. or ethyl. 

The 1·A1CH2"group is incorpotated onto the 2·R2X·imidazole by known procedures, for example, by 

3$ reaction with an A'·CHz halide. mesylate or acetate. such as 2·chlorobenzyl bromide, in a suitable solvent, 

such as dimethylformamide (OMF), in the presence of a suitable acid acceptor. such as sodium alkylate. 

potassium or sodium carbonate. or a me~I hydride, preferably sodium hydride at a reaction temperatul'e of 

26' C to 1 oo • C, preferably 50 • C. The resulting 1 ·R1CH2·2·R2X imidazole is h"ydtoxyrnethylated in the 5· 

position. for example, by reacting with formaldohyde in the presence of sodium acetate in acetic acid to 

40 provide the 1 ·R1CH2·2·R2X·S·hydroxymethylimidazole intermediates. 
Alternatively, the l·R'OH2·2·R2·5·hydroxymethylimidazole intormodiates aro prepared .by reacting an 

imido ether. R2·C( = NH)-0-alkyl, such as valeramidine methyl ether, with dihydro>e)'aoetone In liquid 

ammonia under pressure to ive 2.f:\2.5.hydroxymethylimidazole. This intermediate is · rea~ted with acetic 

anhydride to give 1·acety1~5-acetoxymethyl·2·R2·imidazole. The diacetate intermediate Is N-tlkylated,. for 

.cs example, using 2·chlorobenzyl triflate and the resulting 1·R'CH2·2·R2·5-acetoxymethyllmldazote is treated 

with aqueous baso, such as 10% sodium hydroxide solution. to give the 1•R1CHr2·R~-5-

hydroxymethylimidazole intermediate. · 

Alternatively, the 2·R'S·imidazole compounds are prepared ·by the following procedure. Benzylamines. 

substltUted by. one to three substituents seloctod from halo, c,-4afkyl, C1-4alkoxy, ON, N02. Cf3, 

so C02C1-salkyt, sc,_-,_alkyl, or S02C1-,alkyl. a'e alkyl_ated with a C1-i;alkyl chloroacetate, for example 

methyl chloroacetate. In the presence of a baso, such. as triothylamine; in a suitable solvent, . such as 

dimethylformamide. The resulting alkylaminoalkyl ester compounds are N·formulated with fOm\IC acid in the 

presence of a suitable solvent, such as xylenes, followed by C•formulation of tho earboo ·a1pha to both the 

amino and the ester groups. Reaction of this intermediate with acidic thiocyanate. preferably potassium 

55 thlocyante, fh an Inert organic solvent. $UCh as c.-,alkyl alcohol produces 1-f'\CH2-2-merc:apto-S-&lkanoate 

ester imidazole compounds. The free thio group of the ester imidazole is reacted with a halo-R10 

compound, wherein R10 f~ Ca-1oalkyl, ·c3 -1oalkenyl, C:1·C1oalkynyl, C:r·C,eycloalkyl or an optionally 

substituted (CH2)0-1Ph, preferably propyl bromide, in the pr~sence of a suitable baH, such as sodjum 

I 
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carbonate, Jn an appropriate solvent. such as ethyl acetate. Tha esler is reduced to the· hydrox­
ymethy1irnidazole intermediate by reduction with a suitable reagent, preferably diisobutyl aluminum hydride, 
in an appropriate sol\lent, such as tetrahy(lrofuran, at a temperature o1 -78 • C to 25 • C. preferably at less 

·than ·10 • C. · 
s The hydroxymethyl group of the herelnbefore prepared intermediate is oxidil1;1d to an aldehyde by 

treatment with a suitable reagant, such as anhydrous chromic acid-silica gel in tWahydrofuran or, 
preferably, with activated manganese dioxide, in a suitable solvent, such as benzene or toluene, or 
preferably methylene chloride, at a temperature of 25 • C to 140 • C, preferably at 25 • C. The 1 ·R'CH2·2· 

R~X-imtefazol-5-c~rboxaldehydes are reacted with an appropriate phosphOnate, such as those listed in Table 

10 I (Examples 2-5). ihe phosphonates are prepared, for e><ample, from trialkyl phosphonoacetatos by 
alkylalion with an appropriate halide. mesylale or acetate in the presence of a suitable base .• such as 
sodium hydride, in a suitable solvent. preferably glyme at a reaction itemperature of 25 • C to 110 • C. 

preferably at 55• C, to provide, for eicample. the phosphonates listed in Table I. The reaction _of· the 
imidazol-5-carboxaldehydes with the phosphonates is performed In the presence of a suitable base, such as 

is a metal alkoxide, lithium hydride or preferably sodium hydride, in a suitable solvent. such as ethanol, 
methanol, ether, dioxana, tetrahydrofure.ri, or preferably glyme, at a reaction temperature of 10 • C to SO· C. 
preferably at 25° C, to provide a variable mixture. of trans and cis. e.g., (E) and (Z), t:R1CH2·2·R2X·5· 
CH= C(R5)·(COO·al~yl)·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 

20 acids. 1 ~R1·CH2"2·R2X·5·CH = C(Rs )COOH·imidazoles. using bases,. such as potassium hydroxide, lithium 

hydroxide or sodium hydroxide, in a sull.able solvent system. such as. for eKampte, ~queous alcohols or 
diglyme. The trans and cis structures of the a¢ids are readily determined by NMR by the NOE protocol, as 
well as by the biological activities since, generally, the trans (E) Isomeric acids are the more potent isorners. 

Alternatively, the t-R1CH2·2·R2X-lmidazol·S·carboxaldehydes are prepared by the following procedure. 
as Starting 2·R2X·imiefazol·5·carboxaldehydes are reacted witb ··an N·alkylatlng protecting reagent. such as 

chlororn~thyl plvalate (POM·Cl). in the presence of a base, such as potassium carbonate, in· a suitat>lo 
-solvent, such as dimethylformamide, at a temperature of 20• C to so· 0, preferably at 25• C, to give N· 

alkylation (e.g .• PCM-derivation) on the least hindered nitrogen atom of the imid8%ole ·nucleus. The 1-

R'CH2·group ·is incorporatod onto the imldazole by N·alkylation of the above ptepared aldehyde with a 
:Jo halomethylbenzene compounds, such as methyl. 4·bromomethyl·3·chlorobenzoate, at a temperature of 

ao• C to 125• C, preferably at 100• C. The prot9cting· group on the 3·nltrogen ol the imidazole ring is 

removed by base hydroly$iS, for example using a biphasle mixture of ethyl acetate and aqueous sodium 
carbonate, to give t·R'CH2·2·R2X·lmidazole-5·carboxaldehyde compounds. ihe Formula (IJ compoul'lds can· 
be prepil!ed from these S-carboxaldehyde compounds by the methods described above. 

35 Compounds of Formula (I), wherein R' is COOR1., R1, R2, R3, R4 and R5 are as described in Formula 
(l), and R8 is H, methyl or ethyl, are also prepared by the following procedure. 

The 2·~2X·lmidazole starting material$ are reacted with trlmethylsilylethoxyrnethyl(SEM) chloride to give 
1·(tl'imethylsilyl)ethoxymethyl·2·R2'·imidazole. The reaction is carried out, for· e1<ample, in the presence or 
sodi~m hydride In a solvent $1.lCh as dimethylfornamide. The 5-tributyltin d&rivatives are prepared by 

•D lithialion with, for example. butyllithium in a suitable solvent, pfeferably diethyl ether. followed by troatment 
or the lithio imidazole derivative with a tributyltin halide. preferably tri-N4)utyltln chloride, at • 1 O • C to 35 • C. 
preferably at 25 • C. lhe 1 ·SEM·2·R"~S·tributyltini"midaz:ole is coupled with an Q,,tl-unsaturated acicl ester 

. having a leaving ·group on the IJ·position, such as a halide or tritluoromethanesulfonyloxy group, for 
example, BrCf:\4 = C(RS)(COOalkyl), in the presonce or a phosphine ligand, $uch as bis(diphenylphosphino)· 

45 propane, or triphenylphosphine and a palladium {II) compound, or prefefably tetfakls(triphenylphosphino)­
palladium(O), with or without a base, such as tributylamine, at ·a tornpe1ature of 50 • C to t50 • C. preferably 

1

.at 120' C. Both the (E) and (Z) olefinlc isomers are preps.red by this procedure. and the isomeric esters are 
readily separated by chromatography over silica gel. The 1 ·SEM group from the (E) aod (Z) isomers is 
hydrolyzed with acid, for example. aqueous hydrochloric. in a suitable alcoholic solvent, such as methanol 

50 or ethanol, and the 1 ·unsubstituted imidazolG deriviatives are converted to the 1 -t-butoxycarbonyl (t-BOC) 
lmidaloles with di-t-butyl dicarboriate (Hoppe·Seylar's Z. Physiol. Chem., (1976), 357, 1651). The t·BOC 
esters are alkylated and hydrolyzed with, for e1eample. 2·chlorobenzyl04 triflate in thepresence of a suitable 
base. preferably diisopropyl&thylamine. in a suitable solvent. preferably methylene chloride, to afford the 1 • 
(2-chloropbenyl}rnethylimidazole derivatives (osters). The (E) and {Z) isomers are hydrolyl&d to the (E) and 

55 (Z:) acids by tho method described abQve. . . 
Compounds of Formula (I) are also prepared by the following procedure. The 1-R'CH2·2-R2X·imidazole--

5·earboxaldehydes, prepared· as described above, are reacted . with a sUbstitutecl half·ac:ld, half·ester 
.derivative of a malonata, such as ethyl 2--earboxy·3·(2·thienyl)propionate, in the presence of a base, such as 

., 
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piperidine, in a suitable solvent. such as toluene, al a temperature of 80. c to 110. c. preferably at 100. c-. 
The resulting 1 ·R1CH2-2-R2X·S-CH = C{R5)COOalkylimidazoles are hydrolyzed to the corresponding For· 
mula (I) acid compounds by alkaline hydrolysis as described above. 

·compounds of Formula (I) in which R' s 2-chlorophenyl. R2 is n-butyl, R3 is H. Cl, or CF3, R' is methyl, 
s R"' is as described in Formula (I), RG is COOR' and other parameters are· as described abQve are prepared 

as follows. The 1-R1CH2-2·R2X·imidazol·5·c8.rboicaldehydes, 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 ketone. The olefinic esters are prepared from the ketone by reaction with appropriate 

10 phosphonates to give the (E} and/or {Z) isomers which are readily separated. The acids aro prepared from 
the esters by alkaline hydrolysis as described above. 

Compounds of Formula (I) in which R3 is Ii, Cl, CH20H, or Cf3 are prepared as follows. The 1 ·R1·CH2· . 
2-R2X-imidazol-5-earboxaldehydes are treated with the lithium derivative of a substituted ethyl or methyl 
ester. These lithio derivatives are prepared from the reaction of lithium diisopropylarnide in a suitable 

is solvent, preferably tetrahydrofuran, with an acid ester, such as ROOC·CHrY·(2·thienyf), to generate the «· 
lithio derivatives at -1a· C to .10· C, preferably at -78° C, which ate then treated with the imlda201-. 
carboxaldehyde. The intermediate ,8-hydro>Cy group or the imidazole ester is converted to a mesylate or an . 
acetate and the cnesylal~. or preferably the acetate, is heated in a suitable solvent, such as toluene, with 
ono to two equivaloots of 1 ,8-diazobicyclo[S.4.0)und~c-7~ene. at 50 to t 10 • C. p.-ererably at 80 • C, to afford 

20 ester compounds of Formula (I) such as 3·(imldazol·5·yl)·2·{2·thienyl)methyl·2·propenoic acid esters. The 
(E} isomer is _the predominate olefinic isomer. The acids are prepared frQm the esters by the method 
d~scribed above. 

Compounds of Formula (I), ¥(herein R1 is 2·chloropllonyl, R2 ·is n-butyl. R3 is H. Cl. Cr3, or CH20H, R4 

is H. R5 is heterocyclic or a substitvled heterocyclic group as described· in Formula (I) and R' is COOH. 
2s may be prepared by heating 1 ·~1·Cf·fa·2·R2X·imida.zol·5·carboxalclehydes at 50 • C to 180 • C, preferably at 

140 • C. with an appropriate subslituted helerocyclic acetic acid and with acetic anhydride and potassium 
carbonate to provide unsaturatod .acids of Formula (I), such as 3·[2·n·butyl·1·(2·chlorophonyl)methyl-1H­
imidazo1·5~yl}·2·R5·2·propenoic acid. The t<ans olelinic acid is the principal product. 

·Compounds of Formula (1) in which R~ is Z·COOR' where Z Is· an optionally substituted methylene 
30 group are prepared by roducing the ~rans or (E) isomers of 3·{imidazol~5-yl)·2·propenoie acid esters 

(prepared as described above) with an aJ>Propria.te hydride reagent, prefetably dlisobutylaluminum hydride, 
in a suitable solvent, such as tetrahydrofuran. to provide ths unsaturated alcohol compounds. These 
compounds are reacted with ethyl chlor0formate, for example. with a base, preferabty triethylamlne. in a 
suitable solvent. such as tetrahydrofuran •. to give 5·Et00COCH2CR~ 1: CR' 6 imidazoles which are reacted 

ss with carbon monoxide in tho presence of a phosphine ligand, preferably triphenylphosphine with palladium 
{II) acetate. in a suitable solvent, preferably tetrahydrofuran, at a temperature of 25 • C to 100 • C, preferably 
at 40 • 0, to give the 5·EtOOCCH~CR~ ;;; CR'·imidazoles. The corresponding acids are prepared from these 
ethyl osters by base hydrolysis as d~scribed above. 

Compounds or Formula {I) in which Z is -CH2COOR1 having additional substitution on the carbon a- to 
40 the carboxylate group.aro prepared by converting S·EtOOCH2CRfi z:CH'·imld~oles to the lithium derivative 

of the ester with a lithium dialkytamide, proferably lithium diisopropylamide; and then treating with an 
alkylating ageot, such as methyl halide, ben2yl bromide, or heterocyclic. methyl halide, to provide the mono­
alkylated product compounds or tho dlalkylated product compounds. The acid compounds ate prepared 
from the esters by base hydrolysis. · . . · 

4S Compounds of Formula (I) in which R' is Z-COOR1 where Z is -CH2-0·CH2· are prepared ·trom 
unsaturated alcohol compounds. which had been obtained by the reduction of tho Forrnula (I) . propenoic 
acid esters. The alcohol is reacted with an appropriate· hydl'ide reagent. such as sodium hydride, in a 
suitable solvent. such as glyme; followed by reaction with. an atkylaling roagent. $UCh as methyl 

. bromoacetate, to give the 5·MeOOCCH2·0-CHiCR5 == CR'-imldazoles. The corresponding acids are pre· 
· so pared ffom these esters by base hydrolysis as described above. . 

Oompouods of Formula (I) in which R' ·is 2:·COOR' ·where z is ·C(O)NHCHR9 - are prepared from the 
Formula (I) propenoic acid compounds. These acids are reacted with an appropriately substituted aminQ 
acid, such as glycine methyl ester hydrochloride or phenylalanine methyl ester hydrochloride, in the 

· pre$ence of an amide-forming reagent. such as N-hydroxysucclnimido and dicyciohexylcarbodiimldo, in the 
65 pre$ence of ·a base, for example triethylamine. in · a suitabto solvent. such as . tetrahydrofuran, at a 

temporature of 20 • C to 50 • 0, preferably at 35 • C. The 5·Ct _,alky100CCHR9 NHO(O)·OH20R~ =CR'­
imldazoles. are convertGd to 1helr c0rresPonding acids by base hydrolysis as described above. 

Compounds of Formula (I) in which the R' substituent is substiMed by hydroxy are formed from 
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Formula (I) compounds in which the Ri group is substituted by C1·Ccalkoxy using an ether-cleaving 
reagent, such as boron tribromide or hydrobromic acid. 

compounds or rormula (I) in which the R1 substituont is substituted by cai'boxy are formed from 
rormula {I) crnpounds in which the R' group is substituted by C02C1-Ccalkyl using basic hydrolysis, such 

s as aqueous sodium or potassium hydroxide In ·methanol or ethanol, or using acidic hydroly$iS, tuch as 
aqueous hydrochloric acid. · 

Compounds of Formula (I) In which the R1 substituent is substitutod by a totrazol·5·yl group are 
prepared from the correpondlng carboxy_ compounds. For .example, Formula (I) acid compounds· are reacted 
with a halogenating agent, such as thionyl chloride, in a suitable solvent, for example benzene. to give the 

ro corresponding acid hande compounds. The acid halides are then converted to primary amide eompounds in 
a reaction with concentrated ammonia. Subsequent dehydration of the amid&s with OJ(alyl 
chloridetdimethylformamide in acetonltrile/dimethylformamide yields tho nitrile compounds, which are the 
irnmediate precursors to the Formula (I} tGtl'azole cOmPounds. Tetrazole formation is ·accomplished by 
reacting the nitriles with azide, preferably aluminum azlde prepared in situ by the reaction of sodium· azicle 

rs with aluminum chloride in a suitable solvent, for e><ample tetrahyclroful'an. Tho Formula (I) compounds in 
which R' is ·Z·C02H are prepared ftom these Formula (I) tetrHole aster compounds by basic hydrolysis as 
described abovo. · 

PharmaceuUcally e.ceeptable ·acid addition salts of compounds of f:onnula {I) are formed with appro· 
priate organic or inorganic acids by methods known In the art. For example, the base is l'eacled with a 

20 svitable inorganic or Ol'ganlo acid in an aqueous miscible s61vent such as ethanol with isolation of. the salt 
by removing the solvent or in an. aqueous immiscible solvent when ttie acid is soluble lhet"ein. such as ethyl 
ether or chloroform, with the desired salt separating ·directly or isolated by temoving the solvent. 
Representative examples of suitable acids are rnaleic, fumaric, · benloic. asc9rbic, pamoic, succinic, . 
bismethylenesalicylic, methanesulfonle, ethanedlsulronic, acetic, propionic, tartaric, salicylic, citric:, gluconic:, 

2s aspartic, stearic. pahnillc. itaoonic, glycolic, p·aminobenzoic:, glutamlc, benzenesultonie. hydrochloric. 
hydrobl'otnic, Sulfuric, cyclohe><ylsulfamic, phosphotic and nlti'ic acids. 

Pharmaqeulically acceptable base addition salts .of compounds of Fotmula (I) in which R8 is H are 
prepared by known methods from organic and Inorganic bases, including nontOJ(ic alkali metal and alkaline 
earth bases, for example, calcium, lithium, sodium, and potassium hydroxide: ammonium hydroxide, and 

30 nonfoxic organic ·bases, such as triethylamine, butylamine, pij)erazine, and {trihydroxymethyl)methylamine. 
Angiotensin II antagonist activity of the compoi.irads of Formula (I) is assessed by in vitro _and in vivo 

methods •. In vitro antagonist aciivity is determined by the ablllty of the compounds to compete With ~ 
angiolensin II for binding to vascular anglotensin ·11 -receptors and by their ability_ to antagonite tho 
contractile response to anglotensin II In the isotattid rabbit aorta. In vivo acthllty is evaluated by the efficacy 

3o of the compounds to innlbit the ptessor response to_ exogenous angiotensln II in conscious rats and to lower 
_blood pressure in· a rat mOdel qf renln _dependent hypertension~ · 

Binding 

The radioligand binding assay is a modification Of a·method previously describSd in detail (Gunther et 
al. Circ. Res. 47:278; 1980). A particular fraction ·trom rat mesenterlc arteries is incubated in Tris buffer with 
80 Wofm'l.:ailgiotensin It with or withovt angiotensln II antagonists for 1 hour at 2s • c. tho incubatipn is 
terminated by rapid filtration and rec;eplor bouract12'1·anglotensin II trapped on ttie filter is quantitatod with a 

4$ gamma counter. Tho potency of angtotenslft H aritagonlsts Is expressed as the ICso whic:ti ls the 
concentration of antagonist needed to displace &oro Of the total speclfically·bound angiolensin It. Exemplary 
of the ICso of compounds of the· invention (t: lsomen;) is about 0.1 nM to about 1oou.M. 

so Aorta 

The ability of the compounds 10 antagonize an~iptensin n induced vasoconstriction is examined In the 
rabbit ·aorta. Ring segments are cut from the r•bblt thoracic ~<>rte and suepended In organ baths containing 
physiological sail solution. The ring segments are mounted over metal supports and attache_d to force 

· 56 displacement transducers which are connected tO a recorder. Cumulative concentration reaponso curves to 
angiotenSin II are performed In the absence of antagonist or following a 30·minute · incubation with 
antagonist. Antagonist flisa.ssociation constants (Ka> are calculated by the dose ratio method u$tng the mean 
effective concentrations. Exemplary of the Kt, of c0mpounQs of the Invention (E i$Omer$) is about 0.1 nM to 

; . 
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about 30uM. 

Inhibition of pressor response to angiotensin II in conscious rats 
~---- - -- . -

Rats are prepared with indwelling femoral arterial and venous cathators and a ·stomach tube (Gollai et 
al .. Kidney tnt. 15:419. 1979). Two to three days following surgery the rats are placed In a restrainer an<;I 
blood pressUrii is continuously monitored from the arterial catheter with a pressure transducer and recorded 
on a polygraph. The chang_e in mean arterial pressure in_ response to intravenous injections of 250 mg/kg 

10 angiotansin II ls compared at various time points prior to and following the administration of the compounds 
int<avenously or orally at doses or o. 1- to 300 mg/kg. The dose of compound needed to produce 50% 
inhibition of the control response to angiotensin II (IC~o) is used to estimate the potonoy of the compounds. 
The ICs o of (E)·3·[2·n·butyl-1 ·{(2-chtorophenyl)methyl}· 1 H·imldazol-5-yl)-2-(2·thienyl)methyl·2·propenoic 
acid is 3.60 mg/kg l.v. and 44.00 mg/kg orally. • · 

15 

Antihypertensive activity 

The antihypertensive activity of the compounds is measured by their ability to reduce mean arterial 
20 pressure· in conscious rats made renin·dependont hypertensl'I~ by ligation ·or the left renal artery (Cangiano 

et al., J. f>harmacol. Exp. Ther. 208:310. 1979). Renal artery ligated <ats are propared with ·indwelling 
catheters &$ described-above. Sevento eight days following renal artery ligation. the time at which plasma 
renin levels are highest. tho conscious rats are placed In restrainers an~ mean arterial pressure is 
continuously recorded prior to and following the administratiein or the compounds intravenously or orally. 

25 The dose of compound needod to reduce mean art9fial pressure by 30 mm Hg (ICso) is used as an 
estimate of potency. The JC30 of (f)-3·[2·n·butyl·1·{(2-chlorophenyJ)methyl}-1H-imidazot·5·yl}·2·0Mhienyl)­
methyl·2·propenoic acid is 1.80 mglkg l.v. and 8.0 mglkg ·orally. 

'fhe intraocular pressure lowering effect$ employed In this invention may be measured by the 
proeedure described by Watkins, et al., J. Ocular Pharmacol., 1 (2):161-168 (1985). 

30 The compounds or Formula (I) are incorporated Into convenient dosage rorms, such as. Injectable 
preparations, or tor orally active compounds, capsules or tablets. Solid or liqoid pharmaceutical carriers are 
employed. Solid carrier$ include starch, lactose,·calcium $1.llfate dihydrate, terrs alba, sucrose, talc, gelatin. 
agar •. pectin, acacia, magnesium. stearate, and stearic acid. Liquid carriers intludo syrup, peanut oil, olivo 
oil. saline, and water. Stmilarly, the carrier or diluent may Include any prolonged release material. such as 

35 glyceryl monostearate or glyceryl distearate. 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, elixir, emulsion, soft gelatin capsule. sterile injectabl8 liquid, such 
as an ampoule, or an aQueous or noniqueous liquid suspension. 

For topical ophthalmolgic administration, the phannaceutical compositions adapted include solutions. 
40 suspensions, ointments, and solid inserts. Typical pharmaceutically acceptable carriers are. for example, 

· wator, mixtures of water and water·mlscible solvents such as lower alkanols ot vegetable oils, and water 
soluble ophthalmologically acceptablo noMo>eii:: polymers, for oxample •. cellutose derivatives such as mothyl 
cellulose. The pharmacouti.cal preparation. may also. contain non·toxlc auxiliary substances such as emul· 
sifying. pres~rving, wetting. and bodying agents, as for exampto. polyethylene gly<::ols: antibacterial 

45 components such as quartomary ammonium compounds: buffering ingro(lients, su~h as alkali metal 
chloride; antioxidants. such as sodium metabisullite: and other conventional ingrodients, such as sorbitan 
monolautate. 

Additionally, $uitable ophthalmic vehicles may be used e.s eatriet media for the present purpose 
including conventional phosphate buffer vehicle systems. 

50 The pharmaceutical preparation may also be in the .fotm of a solid insert. For example, one may use a 
solid water soluble polymer as tho cattier for the medicament. Solid water insoluble inserts, such as those 
prepared from ethylene vinyl acetate coj)ofymer, may also be utilized. 

The pharmaceutical preparations are made following corwentional techniques of a pharrnaceulical 
c.hemist involving mixing. granulating, and compressing, when necessary, for tablet forms. or mixing, filling 

55 and dissolving the Ingredients, as appropriate, to give th9 desired oral, parenteral, or topical products. 
Doses of the compounds ot Formula (I) in a pharmaceutical ·dosage unit as described e.bove will bo an 

efficacious. nontoxic quantitY. selected rrom the rango of .01 • 200 mg1kg of active compound, preferably t -
100 mg/kg. The selected dose is administered to a human patient in need or. angiotensln U receptor 
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antagonism from 1·6 times daily orally, 'rectally, topically, by injection. or conllnuo1,1sly by infusion. Oral 
dosage units for human administration preferably contain from 1 to 500 mg of active compound. Preferably, 
lowel' dosages are used for parenteral administration. Oral administration, at higher dosages. however •. also 
can ba used when sat.a and convenient f~r the peitient. Topical formulations contain the active compound in 

5 an amount selected from 0.0001 to 0.1 (w/v%), preferably from 0.0001 to 0.01. As a topical dosage unit 
fofm. an amount of active compound from between 50 ng to 0.05 mg, preferably 50 ng to 5 u.g, is applied 
to the human eye. 
· ihe method of this invention of antagoni2ing angiotensin II receptors in mammals. including humans. 

comprises administering to a subject in need of sueh antagonism an effective amount of a compound of 
10 Formuta (I): The method of this invention ·ot producing f.ntihypertensive activity and the method of treating 

congestive heart failure. glaucoma, and renal failure comprise administering a compound of Formula (I) to a 
subjecl in ooed thereof an-effective amount to produce said activity. 

Contemplated equivalents of Formula (I) compounds are .compounds otherwise corresponding thereto 
wherein substituents have bean added to any of the unsubstituted positions of the Formula (I) compounds 

15 provided such compounds have the pharmaceutical utility of Formula {I) compounds. 
The following examples illustrate preparation of compounos and pharmaceutical eompO$ilions of this 

invention. The examples are not intended to limit the scope ot this invention as defined hereinabove and as 
claimed below. · 

El(ample ! 

2s (E)·3·[2·n·Butyl· 1 ·{ (2--ehlorophenyl)methyl}:.1 H·imldazol·5·y1J·2·(2·thienyl)methyl·2·propenoic ~ 

30 

fl) 2·n·butyl~ 1 ·(2·chlorophenyl)methyl· 1 H·lmidazole 

lmidazole was converted to the 1·diethoxyorthoamide derivative by the method of Curtis and Brown, J. 
Org. Chom .. (1980). 45, ~O. lmidazole (1.2~8 g, 0.19 mol) and 118.4 g {0.8 mol) of triethy'lorthoformate were 
reacteaTrllhe presence of 1 9 Of p·lOluenesulfoniC acid to give 20.6 (61%), bp 85•70"C (0.1 mm) Of 1· 

35 diethoxyorthoamide imida.tole~ This product (24.0 g, 0.14 mol) was dissolved In dry tetrahydrofuran (250 
mL). cooled to ·40 • C and n.butyl tithiom (0.14 mol, ·56.4 ml of 2.5 M in hexane) was addod al ·40 • C to 
·35° C. Afler 15 minutes n·butyl iodide (31.1 g. 0 •. 169 mol) was added at ·40" C, and the reaction was 
stifred 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 hydrochloric acid. The combined aqueous 

40 . e~racts were neutralized with sodium bicarbonate solution, eJ<tractec! with methylene chloride. drie~ over 
magnesium sulfate and concentrated~ A flash distillation ·on a Kugelrohr apparatus provided 14.8 g·(85%) of 
2·n·bulylimidazole. 

2·n·Butylimldazole (9.7 g, 0.078 mol) was dissolved tn methanol (50 mL) and added dropwlse to a 
solution of sodium methoxide (from sodium hydrido (2.31 g, 0.0934 mol} in methanol (250 ml)). After ono 

45 hour the solution was e-vaporated lo dl'yness. and the sodium salt was taken op in dry dimethylformamide 
(15 ml) and 2..ehlorobenzyl bromide (16.3 g, 0.079 mot) was addecl. The mixture was heated at so· C for 
17 hours under argon. poured onto ice water •nd the product was extracted into ethyl eeetate. The extract 
was washed, dried.- and concentrated to give 18.5 g of crude product which was ~omatographed over 
silica gel with 2:1 ethyl acetate/hexane to provide 11.9 g (61%) of 2·n·butyl·t-(2·Chlorophenyl)methyl·1H· 

so imidazole 8$ an oil. Thin layer chromatography on silica gel with 4:1 ethyl acetate/hexane gave an Rr value 
~~ ·. . . 

(ii) 2·n-butvl· 1·(2~ehlorophenyl}methyl·5·hydroxymethyl·1 H·imidazole . · 
5$ 

Method 1 '• _,.. 
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A mbcturo of 2·n·"butyl-1~(2·~htorophenyl)methyl-1H-imidazole (95.5 g, 0.384 mol} 37% formaldehyde 

{500 ml), sodium aoetate (80 g) and acetic acid (6u ml) was heated to l'eflux for 40 houl's under atgon. The 

reaction was concentrated in vacuo, eind the residue was stirr&d with 500 ml of 20%. sodium hydroxide 

solution for 4 hours, diluted with watef and extracted with methylene chh;iride. The e>Ctl'act was washed, 

s dried, end conce11trated. Tho crude product (117 g) was flash chromatographed over eoo g of silica gel with 

a gradient of ethyl acetate to 10% of methanol in ethyl acetate to give 8.3 g.of starting mater.la!, 24.5 g of a 

mixture of sta.rtll'lg matorial and- product, and 44 g (41%) of 2·n-butyl·H2-ehlof0phonyl)·methyl·5· 

hydroxymethyl·1H·imid02ole; mp oo~aa· 0 (from ethyl acetate). Further elution provided the bis {4,5· 

hyClroxymethyl) derivative: rnp 138·1 ~O • C (from ethyl acetate). · 

10 

Method 2 

A mixture of valeramidine methyl ether hydrochloride {250 g, 1.66 mol) and dihydroxyacetone (150 g, 

15 0.83 moQ 
0

dissolved in liquid ammonia was allowed lo stand overnight at room tomperature in a pressure 

vessel, and then. heated at 65 • c for 4 hours at 375 psi. The ammonia was allowed to evaporate, and the 

residue was dissolved il'l methanol (3L). The resulting slurry was refluxed with added acetonitrile (1 L). The 

solution was decanted from the solid ammoni1Jm chloride while hot. This proc::edure was repeated, e.nd the 

combined acetonilrile extracts were treated with charcoal, filtered hot a~d the filtrate was concentrated in 

20 vacuum to give the dark oil, 2·n-butyl·5·hydroxymelhylimidazole (253 g, 1.63 mol. 98%). 

This Cl\lde alcohol (253 g) was treated with acetic anhydride (400 ml) at ·15 • C aod than was allowed 

to wai'm to ambient temperature with stirting. and then sti<red an additional 19 hours. The acetic anhy<;trido 

was evaporated at reduced pressure. the residue taken up in methylene chloride. and the organic phase 

was.washed with 5% sodium bicarbonate solution and water. rhe e><tfact was d<ied over sodium sulfate and 

25 concentratod to give 323 g (83%) of 1·acetyl·4·acetoxymethy1·2·n·butYlimidazole. 

This diacetate was N·alkylated by the following procedure. To e. solution of triflic anhydride (120 ml, 

0.71 mo.fl in methylene chloride {200 ml) at ·78" C under argon was added a solution of cliisopropyl 

e1hylamine. (128 mL, 0.73 mot) and 2·chlorobenzyl alcohol (104 g. 0.72 mol) tn methylene chloride (350 ml.) 

over a period Qf 20 minutes. After being stirred an additional 20 minutes at · • 78 • C. this solution was then 

30 treated with 1-acetyl·4·aceloxymethyl·2·n·butylimidazole (1-46 g, 0.61 mot) dissolved in methylene chlorido 

(300 ml) over a 20·minute interval. The mixture was then stirred at ambient ternperature fo< 18 hours and 

the solvents . were evaporated, The residual 2·n-butyl·5·acetoxymethyl-1 ·(2·chloropheoyl)methyl·1 H·im­

idazole was used without purification for the hydrolysis of the acetate group. 

A $Olution of crude 2·n-butyl·5-acetoxymethyl-1-(.2·chlorophenyl)methyl·1H·lmidazole (250 g) in mctha· 

35 . nol (200 ml.) was treated with 10% sodium hydroxide solution (700 ml) end the mixtu.re was heated on a 

steam bath for 4 hours. After cooiing, methylene chloride wa.s added. the orgenia phase wa$ separeted. 

washed with water, dried and concenttated. The reSidue was dissolved In eth&t. cooled, and seeded to give 

the crude product. Recrystallization from ethyl acetate gave t 76 g of 2~n-blltyl· 1 ·(2·chlot0phenyl)methyl-S· 

hydroxymethyl~ 1H·imidazole: mp 13S.140 • C. This material was identical in all respects to the pfoduct 

40 prepared by Method 1. · 

(iii) 2-n·butyl· 1 ·(2·chlorophenyl)methyl-1 H·imidazol-5·carb'oxaldehydo 

A solution of 2·n·buty1·1·{2·chlorophenyl)methyl·5·hydroxymethyl·1H·imid~zole (5.4 g. 0.0194 mol) in 

toluone (25 rnl) was added to a suspension of activated manganese dioxide (27 g) in methylene chloride 

(32S·mL}. The suspension was stiffed e.t room temperature for' 17 hours. lhe solids were filtered and lhe 

filtrate concenb'ated and flash chromatographed over silica gel with 6:4 hexane/ethyl acetate to afford 4.16 g 

so (78%) of 2-n·butyl-1·(2·chlorophenyl)methyl·1H·imidazol·5·carbo><aldehyde, as an oil. NMR and IR were 

consistent with the structure. 

(iv) (fi)·3·[2-n·butyl-1-{ (2·chlorophenyl)rnethyl}-1 H·imidazol·5·yl}a2·(2·thienyl}methyl-2·propenoic acid 

55 

Method A 
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(a) trim ethyl· 3A(2·thienyl)-2-phosphonopropionate 

To a solution of 2·thiophenemethanol (2.28 g. 0.02 mol) in carbon tetrachloride (25 ml) was added 
5 triphenylphosphine (6.81 g, 0.026 mo(), and the solution was refluxed for 3 hours. The cooled reaction 

mixture was· diluted with hexane (60 ml}. chilled and filtered. The concentrated filtrate (4.6 g) was flash 
chromatQgraphed over silica· gel with 7:3 hexane/ethyl acetate to provide 2·chtoromethylthiophane (1.52 g, 

· 57%) as an oll. 
A suspension of sodium hydride (0.271 g. 11.3 mmol) in dry glyme (40 ml) under argon was treated · 

to dropwise with trimethyl phosphonoaeetate (1.87 g, 10.3 mmol) in· glyme (5 ml). The resulting mixture was 
stirred at room temperature for 1.5 hours. Then 2·chloromethylthlophene (1.5 g, 11 ;3 mmQI) was added, and 
the mixture was s.tirred at 65 • C for 18 hours. The reaction was partitioned between water and ethyl acetate, 
and the organic layer was washed with water and brine, dried with anhydrous magnesium sultato and 
concentrated to 1.9 g of an oil. This was chromatographed over silica gel 4:1 ethylacetatelhexane to afford 

15 800 mg (28%} of trimethyl 3·(2·thienyl)·2·phosphoru:iproplone.te. 

20 

(b) methyl (E)·3·{2·n·butyl· 1 ·{ (2.·chlorophenyl}methyl}· 1 H·imldazol·5·yl·2·(2·thienyl)methyl·2·propenoate 

. . 
To a suspension of sodium hydtide (69 mg, 2.87 mmol) in glyme (5 ml) was added dropwlse a solution 

of trimethyl 3·(2·lhienyl~2·phosphonoproplonate In glyme (3 ml) under an atomsphere of argon. When the 
gas evolution had subsided, tho mixture was heated to 50' C tor lS minutes. A solution of 2·n·butyl·H2· 
chlorophenyl)methyl·1 H·imidazol·S·carboxaldehyde (0.53 g, ·1.92 mmol) Jn glyme (3 ml} was added, and · 

25 the mixture was stirred at 60·65 • C lor 5 hours. The cooled reaction was partitioned between water and 
ethyl acetate, al'ld the organic layer was washed with water. dried, 'concentrated and flash chromatographed 
over silica gel to give 336 mg (41 % ) of methyl (E)·3·(2·n·butyl· 1 ·[(2·Chlorophenyl)methyl}-1 H·imidazol·5·yl[ • 
2·{2-thienyl)methyl-2~propenoate as an oil whose NMR was entirely consistent with the trans or E form of 
the olefin . · 

{c) (E)·3·[2·n·buty1-1 ·{ (2-chlo,ophenyl)Methyl}~ 1 H-imida?OIA5•yl}~2·(2·thienyl)meteyl·2·propenoic acid 

36 A solution of methyl (c)·3·t2·n·butyl'."1 ·({2·chlorophenyl)mothyl]-1 H-imidazol-5-yl]-2·(2-thienylmethyl·2· 
propenoate (336 mg, 0.783 mmol) in ethanol (10 ml) was treated with 10% sodium hydroxido .solution (4 
ml), and the solution was stirred for S hours at 25" C. Th& pH was adjusted to 5 and a solid precipitated. 

The mixture was diluted with water, cooled and filtered to provide 309 mg of solid. A crystallitation from 
ethyl acetate gave 195 mg (60%) of (E)~3-t2·n·butyl·1·((2·Chlorophenyl)methytHH-imidcao1·5·yl]·2·(2-

40 thienyl)methyl-2-propenoic acid: mp 17'7·179' c. · · 

Molhod B 

45 

(&) methyl 3·[2·n·butyl· 1·{(2·chlorophenyl)methylr1 H·imidaiol·S-yl)-3-hydroxy·2·(2·thionyt)methylpropanoate 

To a solution o( diisopropylamine (1.96 g, 0.0194 mol) in dry totrahydrofuran (40 ml) held at ~78 • C 
50 under argon was addod n·butyl lithium (7~3 mt., 0.0183 mol of 2.5 Min toluono), and the mixture was stirred 

for \0 minutes. Then. methyl 3·(:Mhienyl)propanoate (2.83 g, 0.0166 mol) in tetrahydroluran (2 ml) was 
added, and the mhcture was stirred for 30 minutes at .79" C. A solution of 2·n-butyl·M(2-chlorophenyt)- · 
methyl-1H•imidazol·5·carboxaldohyde (3 g, 0.0111 mol) in tetrahydrofuran (4 ml) was added, and the 
resulting mixture was stirred at A78' C for 30 'minutes. The reaction was partitioned between saturated 

ss ammonium ootorido solution and ethe"r, tho organic extract was washed with brine. dried over anhydrous 
magnesium sulfate and ·concentrated to 6.67 g of crudo product. This was flash chromatographed ovor 70 g 
of silica g&I with 4:1 ethyl acetatelheJCan& to provide 4.03 g (81%) of mothyl 3·[2·n·butyl·1-(2·ehlorophenyl) 
methyl· 1 H·imidazol·5·yi)·3·h ydroxy-2·(2·thlenyl)inothylprop.anoate. 



1 ... 

11 

. 
(b) methyl 3·acetoxy·3·[2·n·butyl·l·(2·chlorophenyl)methyl·1 H·imidazol-5·ylJ-2·{2·thicnyl)-mathylpi'opanoate 

• 

A solution of methyl 3-[2·n·butyl-t·(2·chlorophenyl)m~thyl· 1 H-lmidazol-5-y1J·!l·hydroxy·2·(Nhienyl)· 
s rnethylpropanoate (4.03 g, 9.02 mmol) in methylene chloride (100. ml) was l<eated with 4· 

dimothylaminopyridine (0.386g. 3.16 mmol). Then acetic anhydride {8.5 ml. 9.02 mmol) was added 
dropwise to. the stirred mixture. The mixture was stirred for 18 hours. water {35 ml) was added, the mixture 
was stirred for 1 hour and then diluted with ether and saturated sodium bicarbonate solution. The ether 
l1;1yer was washed with brine. dried with anhydrous magnesium sulfate and evaporated to give the title 3· 

10 acetoxy derivative as -an oil (4.37 g, 99%). • 

15 

(c) methyl (E)·3·{2·n·butyl· 1 ·{ {2·chlorophenyl)methyl}· 1 H·imidal!Ol-5·yl](2·thienyl)methyl·2·propenoate 

A mhcture of methyl 3·acetoxy·3·(2·n-butyl· 1 ·(2·chloropheoyl)methyl·1 H-imidazol·S-y1]·2·(2·thienyl}· 
methylpropanoate (4.36 g, 8.92 mmol) in dry tolueni;i (SO mL) was treated with 1,8-diazabicyclo[5,4.0]undec-
7·ene .(OaU) (3 .. 2 mL. 21.4 mmol), and the resulting solution was heated at ao." C under argon for 3 hours. 
The soivent was evaporated, the residue trllurated with ether and activated charcoal was added. After 

20 filtration, the filtrate was concentrated to 6 . .29 g of an oil that was chromatographed over silica gel with 
65:3~ hexane/ethyl acetate to give 2.89 g (760/o) of methyl (~)~3-[2·n·butyf.1-[(2·chlorophenyl)methyl]-1 H· 
imidazol·5·yl)·2·(2·thienyl)methy1·2·propenoate whose NMR and ·TLC (50% ethyl acetate in hexane on silica 
gel) were identical to the product prepared by Method A. · 

~$ . 

(cl) (E)·3·[2·1'1·butyl· 1 ·{ (2-chlorophenyl )methyl)· 1 H·lmidaz:ol·5·yl]·2·(2·thienyl)methyl·2·propenoic acid 

. Basic hydrolysis of this ester (2.88 g. 6.71 mmol) according to Method A (iii) gave 2.59 g (930/o) of (E)­
~o 3-(2~n-butyl· 1 ·((2·c:hlorophonyl}methyl]-1 H·imidaiol·5·yl]·2·(2·thienyl)methyl·2·propenoic acid; mp 175· 

177 • 0 that was .identical to the product fro'!' Method A. · · 

35 

40 

45 

50 

65 

Examples 2·5 

In Table I are listed other examples of alkenoic: acids prepared from 2·n·butyl·1•(2·chlorophenyl)methyl· 
1 H·irnidazol·S"tarboxaldehyde by the methOds described In · Example 1 (Method A). ·The reagents and 
products are shown il'l Tablo I. 
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50 Example~ 

(E and Z)·3·[2·n·Butyl· 1 • {(2·chloropheny1 methyl}~ 1 H·imidazol·5·y1]·2·(5-methyl~2-furyl)methyl·2·propenoic Acid 
ss- --

Method A 
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To a suspension .of sodium hydride (0.02. mol) in glymo (30 ml} is addod dropwise under argon 
trimethyl 3·{5-melhyl-2·fury1)·2~phosphonopropionate (0.02 mol}; After one hour at ambient temperature, 2· 
n-butyl-t-{2·chloropl"tenyl)methyl-tH-imidazol-5-carboxaldehyde (O.Ot.37 mol) is added, and the mixture is 
stirrod at 40• C tor one .hour. The reaction is quenched with ice water. the product extracted into ether and 

s solvent evaporated. to give methyl (E)·3·{2·n·butyl·1·{(2·chlorophenyl)methyl}·1 H-imid.azol-S-yl]-2-(S·methyl-
2-furyl)methyl-2-proponoate. The (E} ester is dissolved in ethanol (4 ml) and 10% sodium hydroxide 
solution (0.5 ml) is added. The solution is stirred at 25. C under argon for 17 hours. 10% hydrochloric acid 
solution is addod to pH 3.5 end lhe solid is filtered, washed with watet. and dried at 40 • C in vacuum to 
give E-3-(2·n·butyl· 1-{(2·chlorophenyl}melhyl}· 1 H·imldazol·5·yl}·2·(5·methyl·2·furyl)m&thyl·2-propenoic 

10 acid. 

Method a 

15 

(i) 2·n-butyl·1 ·(trimethylsilyl)ethoxymothylimidazole 

Hexane· washed 80% sodium hyi:irldo (1.45 g, 0.0483 mol) in dimethylformamide · (80 ml) under argon 
20 was treated with a solution of 2·wbufylimidazole (5.45 g, 0.0439 mol) in dimethylformamlde (14 ml) 

dtopwise at_ 25' C and the reaction was stirred an additional hour. Then 2-(trimethylsilyl)ethoxymethyl 
chloride (SEM·CI) (7.68 g, (l.0461 mol} was added, the mixtute was stirred for 18 hours at ambient 
temperature and then parfitiofled between ice water and ethyl ac<iltato. The washed, dried. concentrated 
organic solution was chromatographed over silica gel with t: t hexane in ethyl acetato to yield l 0.8 g (96%) 

;;-s of 2·n-butyl-1-(trimethylsllyl)ethoxymethylimidazole. 

~o 

(ii} 2· n-butyl·S-tributyltin-1-(trimetnylsilyl)ethoxymethylimidazole 

A solution of 2-n-butyl-1 ~SEM_ imidazole (prepared above) (6.37 g, 0.025 mot) in ethyl ether (125 mL). 
was treated dropwise with n·butyl lithium {0.0~55 mol, 10:2 ml of 2.5 M in hexane) under argon al room 
temperature. After being stirred ror an additional 45 minutes, tributyllln ctiloride (8.83 g. 7.4 ml. 0..026 mol) 
was added dropwise; TM suspension was stirred overnight. $atura1ed ammonium chlorido solution was 

~s added and the ethor layer was separated. wash~d with brine. dried ovor sodium sulfate, concentrated and 
flash chromatographed over silica gal with 3:t hexanetethyl acetate to provide 11.3 g (83%) of 2-n·butyl-5· 
tributyltin- I ·(trimothylsilyl)ethoxyme1hylimidazole. 

41'.{iii) ethyl (E and Z)-3-[2·n·butyl· 1 ·{(trimethylsilyl)ethoxymothyl}-1 H-imidatol·5·yl]·2·{5·mothyl·2-luryl)me1hyl·2· 
propenoate · 

To a solution of n-butyl·5·lributyltln·1-(trimethylsilyl)ethoxymethylimidazole (0.0208 mol) in m-xylene 
45 (150 ml} is added ethyl 3·bromo·2-(5~mothyl-2-furyl)mathyl·2-propenoate (0.0233 mol}, followed by totrakis· 

(triphenylptiosphin~)palladium(O) (0.416 mmol). The .reaction mixture is heated at 120 • C for 18 houl's undor 
argon. The cooled mixture is _washed with wator, 10% ammonium hydroxide solution and brine. The solution 
is treated with charcoal and sodium sulfate, filtered, conc:ontrated and chromatograph~d over silica ~el with 
9:1 hexane in etl~yl acetate to give ethyl (Z)·3·(2-n-butyl1·{(lrimethylsilyl)ethoxymelhy1}·1H·imidazol·5-yl)-2· 

c;o (5·methyl-2.furyl)methyl-2-propenoate; 

55 

(iv). ethyl {E and Z)-3·{3~n-butyl· 1+butoxycarbonyl·1 H...jmidazol·5·yl)·2·(5·methyl·2·furyl}methyl-2-pl'openoa\e 

A solution ethyl (E)-3·[2-n-butyl·t •{(trimethylsilyl)elhoxymethyl}-1 H·imidazol·5·yl)-2·(5·methyl-2-furyl)· 
melhyl-2-proponoate (1.24 g, 3.52 ilmol) in ethanol (10 ml) is. heated at GO· C for 3.$ hours with 5 N 
hydrochloric acid solution (20 ml). Th9 c9oled reaction is basilied wilh 10% $Odium hydroxide solution, 



t .. -

• 

5 

15 

extre.cted with ethyl acetate, washed with water. dried and concentrated .. The residue is dissolved In 
methanol {15 ml}, triethylamine {1.5 ml, 10.6 mmol), and dl·lert·butyldicarbonate (2.3 g. 10.5 mmol) are 
added and the mixture is stirred for 16 hours al ambient temperature. The mixture is concentratad in vacuo 
ancl chromatographed over silica gel with 4:1 haxane/ethyl acetate to givo ethyl (Z)-3·{2·n·butyl-1 + 
butoxycarbonyl· 1 H·imidazo1·5·yl]~.2·(5·methyl-2-furyl)methyl·2·propenoate as an oil. The (E)·isomer was 
prepared by the same procedure describet:i for the (Z}·isomer. 

(v) ethyl (E and. Z)·3·[2·n·butyl-1 ·{(2·chlorophenyl}mathyl}·1 H-imidazol·5·yl)·2·(5·methyMMuryl)·methyl·2·pro-
10 penoate 

To a stirred solution of trifluoromethanesulfonic anhydride (387 mg, 1.37 mmol) in methylene chloride (1 
ml) held at .75"c under argon is added a solution of 2·chlorobenzyl alcohol (196 mg, 1.37 mmol} and 

1s diisopfopylethylamine (177 mg. 1.37 mmol) in methylene chloride (4 ml). After stirring for 20 minutes at 
• 75 • C, a solution of ethyl (Z}·3·{2·n·butyl· 1·t·butoxycarbonyl·1 H-imidazol·5-yl)·2·(5·methyl·2·furyl)methyl·2· 
propenoate in methylene chloride (2 ml) is added dropwise over 10 minutes and the mixture was stirred 
overnight at 25 • C. A solution of 5% sodium bicarbonate solution is added with sti~ring and the layers are 
separatotl, washed and dried. ·The reaction mixture is evaporated to dryness, the rosidue triturated with 1 :1 

20 hexanetethyl acetato, the solid filtered off and the filtrate is concentrated and chromatographed over silica 
gel with· 7:3 hexane/elhyl acetalo to ptovlde the title compound. Th~ title (E)·isomar ls prepared by tho 
same ptocedure described for the (Z) isomor. • 

25 (vi) (Z)·3·[2·n-butyl· 1 ·{(2 ·chlorophonyl)metllyl}·1 H·imidazol·5-yl]-2-(5·methyl·2·furyl)methyl·2·propenoic acid 

The title com.pounds aro prepared by basic hydrolysis of the corresponding ethyl esters according to 
the procedure desc,ibed in Example 6, MethOd· A. · · 

30 

Example 7 

.. 
(E)-3·[2·n·Butyl· 1 ·{ (2·chlorophehyl)methyl}· 1 H·imidazol·5·yl)·2·(3·thienyl)mothyl~2-butenoic Acid 

. . . ----

40 . (i} 2·n·butyl-1·(2·chlorophenyl)methyl·5·(a•hydroxy)ethyl·1 H~imidaiolo 

A solution of 2·n·biJtyl·1-(2-chlorophenyl)mathyl-1 H-imidazol·carboxaldehyde (Example 1(iii)) {1. 1 g, 
3.97 mmol) was dissolved In dry t@trahydrofuran (15 ml), cooled to ·78. C vnder argon and a solution of 

45 rnethyl lithium (3.64 ml of 1.2 M in diethyl ether. 4.5 7 mmol) was added dropwise. l"he mixture was stirred 
for 1.5 hours, quenched with ammonium chloride solution, warmed to ambient temperature and extracted 
with ethyl acetate. The washed, dried. concentrated product was flashed c:hromafographed ovef silica gol 
with etl:lyl acetate to provide 1.07 g (92%) of 2·n·butyl+(a·chlorophenyl)methyl-5~(a·h}'.clroxy)othyl·1H· 
imidazole. 

50 

(ii) [2·n·butyl· 1 ·{ (2-chlorophenyl) methyl}· 1 H·imidazol-5~yl]methyl ketone 

55 ·· A mixture of 2·n·bu~yl·1-(2·chlorophenyt)methy1·5·{a·hydroxy)ethyl-1H·irriidazole (1.07 g, 3.65 mmol), 
. activated manganese dioxide (B g) and toluene (75 ml) was heated at 90 to 100• 0 under a slight vacuum 
with a Qoan Stark water separator for 17 hours. The inorganics were filtered, the concentrated filtrate was 
applied lo a flash silica gel column a~d t~e product was 9Juted ~Ith 3:7 hexane/ethyl acetate to give 0.628 g 
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(59%) of [2·n-~utyl·1-{(2-¢hlorophonyl)methyl)·1 H·lmidllOl-S-yl)mothyl keton~. 

(iii) methyl (E)·3·[2·n·butyl-1 ·{ (2·chlorophenyl)methyl}· 1 H·lmid~zol·S-yl ]·2·(3·lhienyl}methyl·2·butenoate 
5 

. To absolute ethanol (3 ml) Is added froshly cut sodium (5S mg). Then trimethyl 3-(3-thienyl)-2· 
phosphonopropionate (2.16 mmol) and [2·n·butyl-1·{(2-¢hlorophanyl)methyl}·1 H·imidazote·5·yl]methyl ke· 
tono (0.628 g, 2.16 mmol) are a_dded and the mixture is stirred at 70 • C for 17 hours. The reaction is 

10 concentraled, partitioned between ethyl acetate and water, and the organic layer Wjis washed with wator, 
dried, concentrated and chro!llalographed to afford the title compound. 

15 

~& 

(iv) (E}·3·l2·n·bulyl· 1 ·{ (2·.chlorophenyl)methyl}· l H·imidazol·5·yl)·2·(3·thienyl)rnethyl·2·butenoic acid 

The title compound .is prepared according to Example 1 · (Method A.iii) by using methyl (E)·3·{2·n·butyl-
1 ·{(2·chlorophenyl)·methyl}·1 H·imidazol-5-yl)·2·(3·thienyJ}mothyl·2·bulenoate in place of methyl (E)-3·[2·n· 
butyl· 1 ·{ (2-chlorophonyl)methyl}· 1 H·imidazol·5·yl]·2·(2·thlenyl)methyl-2-proponoate. 

Example~ 

(E)·3-[2·n-Butyl· 1 ·{ (2·chloro·6·fluorophenyl)methyl}·1 H·imldazol·5·yl)·2-(2-thienyl)~rnethyl·2·propenoic Acid 

(i) 2·n·butyl· 1·(2·chloro·6·fluorophenyl)mathyl·1 H·imida~ole 

A solution of 2-n·bulylimidazole (3.75 g; 0.03 mol) in dry dimethylformamide (4 ml} was added to 
sodium hydride (0.95 g) in dimethylformamide (18 ml). After the gas· E!volution subsided, the mixture was 

35 stirred one hour under argon and 2·chloro-6-fh.1orobonzylchloride (5.5. g, 0.031 mol) in dimethylformamido 
(7 mL) was adde<no produce an exotherm. The ·mhcturewas sti((ed for 17 hours at a.mbient temperature, 
diluted with ice water and extracted with ethyl acetate. The washed, driod, concentratod 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-chloro·6·fluorophenyl)methy1·1 H·imidazol·5·carboxaldehyde 

45 The proeeduros of Example 1(ii·iii} were used. From 7.63 g of crude 2·n·butyl-1-(2·chloro-6· 
fluorophenyl)methyl·1H·imidazole and proportional amounts of 01her .-eagents was obtained 2.8 g of 2·n· 
butyl·1 ·(2·chloro·6·fluorophGnyl)methyl·5·hydroxymathyl-1 H·imidazola after chromatography over silica gel 
with 3% of methanol in methylene chloride; mp 106·108 • C (Imm ethyl acetate). This material was oxidized 
with manganese dioxide and worked up as· dascribe_d above to give 0.88 g (63"1a) of 2·n·butyl·2·(2"chloro·6· 

so lluorophenyl)methyl· 1 H-imidazol·5·carboxaldehyde.: mp 88-90 • C (from etlwl acetate); 

55 

(iii)(E)·3-[2·n·butyl·1·{(2-¢hloro·6·fluorophenyl)methyl}·1 H·imidazol·5·yl]·2~{2·thienyl)methyl·2·propenoic acid 
. . . . . . . 

The procedure of Example 1, Method A is used. 2·n·Buty1·1 ·(2·chloro·6·fluorophenyl)·methyl·1 H­
imidazole~5-carboxaldahyde, trimethyl 3·(2·thianyl}·2·phosphonopropionato, $Odium hydride and glyme aro 
held at 60 • C for 1 hour to give, after chromatography over silica gel with. 50% of hexane in ethyl acetate, 
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17 . 
methyl (EH2·n·butyl· 1 ·{ (2·chloro·6·fluorophenyl}methyl}·.1 H-imidazol·5·yl}·2·(2·thienyl)methyl-2-proponoate 

and corresponding cis or (Z)·isomer. The (E)-!somer is ~ydrolyzed to afford (E}-3-(2-n-butyl·l·{(2·chloro-6· 

fluorophanyl)methyl)· 1 H·imidazol·5·yl]·2·(2·thienyl)mathyl·2-propenoic: acid. 

Example~· 

10 · {E)-3-(2-n·Butyl-1 ·{ (2·chlorophenyl)rnethyl}· 1 H·imidazol-5-yl)-2-(2·thienyl}-2·propenoic ~ 

A mixture of 2-n-butyl-1-(2-ehtorophanyl)mothyl· 1 H·imida,zol·5·carboxaldehydo (2 mmol). 2·thianylacetic 
acid (2.3 mmol), potassium carbonate (0.91 mmol), and acetic anhydride (1 ml) is heated gradually 10 

15 140 • C and held td this temperature tor 6 hours. The cooled reaction is diluted with water and the solid is 

separated. triturated several times with etho~. and the solid is crystallized to give lhe title compound. 

20 

25 

30 

40 

Example~ 

(E)·3·[2·n·Butyl· 1 ·{ (2·chlorophenyl)methyl}· 1 H·imidazol·5·yl]·2·(2-furyl)-2-propenoic Acid 

This compound is prepared according to Example 9, u$ing i-furylacetic acid in place of 2·thienylacetic 
acid. · 

Example~ 

(E)-3-(2~n~Butyl-1·{C2-chlorophenyl)methyl}~1 H-lmidazol-S-yl}-2·(2·thionyl)methyl·2·heptenoic Acid · 

(i) Ethyl 3-trifluoromethanestJlfonyloxya2·heptenoate 

· Ethyl 3·ketoheptanoate (2.07 g, 12 mmol) was dissolved in dimethylformamide (60 rril) under ai'gon and 

sodium hydride (357 mg, 14.4 mmol) was added .. After 30 minutes at room tempor(lture the solid N­

phenyltrifluoromethanesulfonamide (ietra. letters, (1983), 24, 979} (4.97 g, 13.8 mmol) was added~ The 

roaction was stirred for 2 hour3, diluted with ether/water arid the vsual workup gave after chromatography 
45 with 5:95 etherihexane 3.45 g (94%) .of ethyl 3-trifluoromethanesulfonyloxy·2·heptenoate; 

so 

{ii) ethyl (E)-3·[2-ri-butv:l-1·{(trimefhylsilyl)ethoxymethyl}-1 H•imidatol·5-yl}-2·(2·thienyl)methyl·2·hepteooate 

A solution of 2·n·bulyl·5·tributyltin· 1 ·(trimethylsilyl)ethoxymethyl imidazole (Example 6, Method 8(ii)) 
(3.63 mmol) and ethyl 3·trifluoromethanesulfonyloxy·2~(2·thienyl)methyl·2·hoptonoate (3.62 mmol) in ... 

· totrahydrofuran (5 ml) is ·added to .· a mixture of lithium chloride c11.1 · mmol) ·and tetrakis· 

(triphenyiphosphine)palladium(O) C0.076 mmol) in tetrahydtofuran {10 mL); The reaction is heated to reflux 
ss under argot'l tor s hours, cooled, diluted with ether and the ether layer is washed with water, 10% 

ammonium hydroxide solution and brine. The extract is dried with sodium sulfate and concentrated. The 

product is chromat0graphed over silica ge( with a gradient of hexane in ethyl acetate to give the titlo 
compound. 
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(iii) ethyl (E)·3-[2·n·butyl·1·{(2·chlorophenyl)methyl}·1H·imidazol-5·yl)2·(2-lhienyl)methyl·2·heptenoato 

The procedure of Example 6. Me1hod B(iv,v) is followed using ethyl (E)·3·[2·n-butyl·l·{(trimethylsilyl)-
5 ethoxymethyl}·1H·imidazol-5·yl]-:2-(2·tnienyl)mathyl·2·heptenoate in in place o.f ethyl (E)-3-(2·n·butyl·1· 

{(trimethylsilyl)othoxymethyl}· 1 H-imidazol·5·yl]-2-(5~methyl·2-furyl}methyl·2-heptanoate to give the titfe 
compound. 

10 {iv) (E)-3·[2·n·butyl· 1 ·{ (2-c:hlorophenyl)methyl}· 1 H·imidazol-5·yl]·2·(2·thienyl)methyl·2·heptenoic acid 

The ethyl ester, prepared above, is dissolved in ethanol and 10% sodium .hydroidde solution is added. 
An additional 1 ml of base is added incrementally over several hours and the mixture is stirred ovornight at 

1s room temperature. the cooled reaction was acidified to pH 5 with dilute hydrochloric acid solution, 
extiact&d with methylono chloride and the resulting residue is triturated with ether/he)(ane to provide the title 
compound. 

ao 

25 

30 

Example~ 

(E)·3·{2·n-autyl· 1 ·{ (2·chlorophenyl)mathyl}· 1 H-imidazOl·5·ylJ·4·(3-thienyl)·2·butanoic Acid 
. -

(i) Ethyl +(3·thienyl)·3·trifluoromethanasulfonyloxy·2·butanoate 

This compound was prepared according to Example 11 (i) using ethyl 4·(3-thieny1)·3·ketobutanoate in 
place of ethyl 3·ketoheptanoato. 

3S (ii) ethyl (E)·3•[2·n-butyl-1·{(trimethylsilyl)ethox:ymelhyl}·1 H·lmidazol·5·yl)·4·(3·thienyl)•2·butenoata 

To a solution or 2-n-butyl"1·SEM·imida:z-ole {Example 6, Method B(i)) (5.32 mmol) in ethyl ether (16 ml} 
is added n-butyl lithium in hexane .(6.5 rnmol) at a slow rate. After an additional hour of stirring al 25' c. a 

40 ·solution of tine chloride in ether (6.5 ml of 1,0 M) is added followed by tetrahydrofuran (15 rnL). Aftor an 
additional 75 minutes of stirring. the zinc chloride ·lmidazole adduct solution is transferred under argon to a 
solution of ethyl 4·(3-lhienyl)·3·trifluoramethanesulfonyloxybutenoate (6.41 mmol) and tetrakis· 
(triphenylphosphirie)palladlum(O) (317 mg) in tetrahyd,ofuran (30 mL). The reaction mixture is stirred at 
25• C for 20 hours and worked up as ill Example 12(ii) to provide ethyl (E)-3-[2·n·butvH·{trimethylsilyl)· 

45 ethoxy·methyl)· 1 H·imidazol·5·yl]·4·(3·thienyl)·2·butenoate. · 

50 

$$ 

(ill) ethyl (E)-3-[~·n·butyl· 1·{(2·ehlorophenyl)methyl}·1 H·imidaz:ol·5·yl}-4-(3·thlenyl)·2·butenoate 

The. title compound is prepared according to the procedure of Example 6, M~thod B(iv, v) using ethyl 
(E)·3·[2·n·butyl· 1·{(trimethylsilyl)ethoxymethyl}·1 H·imidazol·5·yl]-4'"(3~thlanyl)·2·butenoate in place of ethyl 
{E)·3·[2·n·butyl-1 ·{(ttimethylsilyl)ethoxymethyl}·1 H-imidazo1·5·yl)·2·(5·methyl·2·furyl)methyl·2·propenoate. 
The title compound is an oil. · 

(iv) (E)-3·[2·n·butyl· 1·{(2-chlorophenyl)methyl}·1 H·imidazol·S·yl}4·(3·thienyl)·2·butenoic acid 
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The above ethyl ester (520 mg) is dissolved in ethanol (5 ml) and 5 N hydrochloric acid solution (40 
ml), and the solution is slowly heated at 100' C with evaporation of the alcohol. After being heated at 
100' C for 6 hOurs. the reaction is cooled and the white precipitate is collected, air-dried, and then triturated 
with ether/methanol to afford (E)-3·(2·n·butyl· 1-{ (2·chlorophenyl)methyl}· 1 H-imidazol·5·ylJ-4·(3~thienylH?· 

s butef)oic acid hydrochloride. 

Example.!! 

1D 

(E)·4·[2·n·Butyl· 1·{(2·chlorophenyl)methyl}·1 H imidazol 5·yl]-3-(5·methyl·2-furyl}methyl-3-butenoic Acid 

15 . . 
(i) (E)·3·[2·n·butyl· 1 ·{ (2-chlorophenyl}methyl}- t H·imida:i::ol-5-y1]~2·(5·methyl-2-furyl)methyl-2·propenol 

A solution of methyl (E)·3-[2-n·butyl· 1·{{2·chlorophenyl}methyl}·1-H·imidazol·5·yl]-2·(5·methyl·2·f uryl)· 
20 methyl·2·propenoate (Example 6. Method A) (1.5 mmol} in dry tetrahydroruran (10 ml) held at ·78 • C under 

argon is treated dropwise with a solution of diisobutyl aluminum hydride ln toluene (3.30 mmol, 2.2 ml of 
1.5 M). The mixture is allowod to warm to ambient temperature al'.ld :stirred an additional 17 hours. Excess . 
reducing agent is quenched with methanol and water, dilute acetic acid and methY.lene chloride are added, 
and the organic layer is washed with sodium bicarbonate solution, dried and concentrated to give tile title 

as compound. · 

{ii) ethyl (E)·3·[2·n·butyl-1-{ (2·chlorophenyl}methyl}· 1 H·imida2::ol-5-y1]·2·{5·methyl·Nuryl)methy1·2·propenyl car· 
bonate · 

. 30 

To a solution of (E)-3-[2-n·butyl· 1~{(2·chlorophonyl)methyl}·1 H-imidazol·5·yl)·2·(5-methyl·2·furyl)methyl-
2·propenol (6.86 mmol) in methylene chloride {20 ml) and triethylamine (12.4 mmol) cooled to 0 • C under 
argon is added dropwise ethyl chlorotormate (1.34 g; 1.18 ml, 12 mmol). The reaction is then stirred at 

35 ambient temperature overnight. Ethyl acetate is added, the precipitate filtered and the concentrated filtrate 
· is flash chromatographed over silica gel with 3:7 hoxane/elhyl acetato to provide the title compound. 

{iii) ethyl· (E)-4-(2·n·butyl· 1·{(2-chlorophenyl)rnethyl}·1 H·imidazole·~·yl)·3·(5·methyl·2-furyl)mathyl·:l·butenoate 
40 

. A solution of ethyl (E)-3·[2·n·butyl·1 ·{(2·chlorophenyl)methyl}·1 H-imidazol-5·yl)·2·(5·methyl-2-furyl)·· 
methyl·2~propenyl carbonate (3.77 mmol) in tetrahydrofuran (12 mL) under an atmosphere of carbon 
monoxide is treated with triphonylphosphine (O. t~ mmol) and palladium diacetate and the mixture is 

45 heated at 40 • C for 2· 112 hours. The concentrated reaction mixture is applied to a flash column of. silica gel 
and eluted with 1 :1 ho1<ano/ethyt acetate to afford the title compound. 

50 

$$ 

(iv) (E)~4-[2·n·butyl·1 ·{ (2_-chlorophenyl)methyl)· 1 H·imidazol-$·yl]}-3-(5·methyl·2·furyl)metl\yl-3-butenoic acid 

The compound ·is propared according to the procedure of Example 1, Method A(iii) using the above 
ropa.red ethyl es1er in placo of ethyl (E)•3·{2.:n·bulyl-1·{(2·chlorophenyl)melhyl}·1 H·imidazol·5·yl}·2·(2· 
thienyl)muthyl·2·propenoate. · · · 

Example~. 



-
t - . 
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(E)·4·(2·n·Butyl· 1·{{2·chlorophenyl)mefhyl}·1 H·imidazol·5·yl}·2·methyl· and ·2,2-dimethyl·3-(2·thienyl)methyl-3· 
butenoic Acid -

.S 
(i) ethyl (E)·4·(2·n·butyl· 1 ·{(2·chlorophenyl)methyJ }· 1 t·Hmida;zol-5·yf ]·2·methyl-3·(2·thionyl)methyl·3-butenoato 

lithium diisopropylamide (0.85 mmol, 1 M in tetrahydrofure.n) is cooled to ·78° under argon and a 
10 solution of ethyl (E)·4-[2·n·butyl· 1 ·{(2·chloropheny1)rnetfiyl}·1 H•imidazol·5·yl)·3·(2·thienyl)methyl)-:3-

butenoate (0.709 mmol}, prepared as in Example 13 using methyl (E} 3·(2·n·butyl·1·[(2-chlorophanyl)· 
methyf)· l H-imldazol·5-y1]·2·(2·thienyl)methyl·2·propenoate (E><af.l)ple 1 ), in tatrahydrofuran (5 ml) is adc:fed. 
After 10 minutes methyl iodide (0.71 mmol) is added. The mixture Is then stirred at room temperature 
overnight, diluted with 10% ammonium chloride and extracted with ethyl acetate. The dried. concentrated 

15 product Is chromatographed over silica get with 6:4 hexar\Ellethyl acetate to gi'l/e tho title compound. 

20 

(ii) {E)·4·[2•nTbutyl· 1·{(2·chlorophenyl)methyt}·1 H·imidazol·5·yl]·2-methyl·3·(2-thlenyl)methyl·3·butenoic acid 

A solution of the above prepared ethyl ester in ethanol is heated to reflux With 10% sodium hydroxide 
solution for 2 hours. The ethanol Is evaporated, water ls added and the aqueous layer is extracted with 
ether. The water layer is acidified to pH 1 with dilute hydrochloric acid solution. extracted with ethyl acetate, 
dried Md concentrated lo a solid. Trituration with ether provides the . hydrochloride salt of the title 

2s compound. 

(iii) (E)·4·(2·n-bulyl· 1·{(2-chlorophonyl)methyl}·1 H-imldazol·S-yl]·2.2-dimethyl-3·(2·thienyl)methyl·3·butenoic aeid 

30 

36 

This compound is prepared according to the procedure or Example t4(i,ii) using two equivalents of 
methyl iodide. 

Example_!! 

{E)·4·{2·n·Butyl·1 ·{ (2·ehlorophonyl)methyl}-1 H·imidazol-5·yl)·2·(2·thienyl)methyl·3·(2·thienyl)methyl·3·butenoic 
~ Md 

45 

50 

This compound is preparod according to the procedura of Example 14(i,il) using less than one 
equivalent of 2·chloromethylthiophene in place of methyl iodide. 

.. 

Example!.! 

(E)·4{2-n·.Butyl·1-{(2·chlorophenyl)methyl}·1 H-lmidazo~S-yl)·2·benzyl·3·(2·thienyl)mothyl·3·butenoic Acid 

This compound Is prepared according to Example 14(Ui} but using less than one eQuivalent of beniyl 
S$ bromide at hig~er solvent dilution. · 

·.example .!:?. . 



" ... -
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(E,E;H).[2·n-Butyl-1-{ (2-chlorophenyl)methyl}-1 H-imida:zol·5·yl]·4·(2·thienyl)methyl·2 ,4·pentadienoie ~ 

(i) (E)·3·{2·n·bulyl· 1 ·{ (2~chlorophenyl)methyl}· 1 H·imidazol·5·yl]·2-(2-t~ienyl)methyl-2-propenol · 

To a solution of methyl (E)·3·[2·n·bulyl-1 ·{(2·chlorophenyl)methyl}·1 H·imidazol·5·yll·2·(2·thienyl)· 

methyl·2:-propenoate, prepared in Example 1, ((2.60 g. 6.06' mmol) in 35 mL of tetrahydrofuran af ·78. c 
under argon was added a solution of diisobutylaluminum hydride (1.5 M, 8.9 ml. 13.3 mmol). After the 

addition was complete, the reaction mixture was allowed to warm lo room temperature, with stirring being 

15 continued for one ho1,1r. 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 ml) · 

was added and the reaction mixture was stir<ed at room temperature overnight. The product was extracted 

with ethyl aeetate (3x75 ml) after 40 ml of water had been added to the mixture. The combined extracts 

were dried 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 1 14-11 S • C. · 

25 

(ii) (E)·3·[2·n·butyl· 1 ·{ (2·cl'llorophenyl)methyl-1 H..:imidazol-5.·yl]·2·(2·thienyl)methyl·2·propionaldehyde 

To a suspension of 8.0 g of manganese dioxide. in 80 rnL of ben~ene was added (E}·3·(2·n·butyl·1·{(2· 

chlo<o phenyl)methyl}·1 H·lmidazol·5·yl)·2·(2·thicnyl)me1hyl·2·propenol (1.61 g, 4.02 mmol). The reaction 

was stirred vigorously for O.S hours. The solids were filtered and washed with ethyl acetate. The filtrate was 

. concentrated to near-dryness and then the rosiduo was triturated w_lth hexane. The resulting solid was 

:JO filtered to give 0.669 g of product; mp .163.5-164.6• C.. · 

35 

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

cooled in ice/water and tho resulting solid was filtered to give 0.712 g of additional product; mp 163.5· 

164.5. c. 

(iii) ethyl (E ,f)5~(2·n·butyl-1 ~( (2·chlorophenyl)methyl)· 1 H·imida2:0l·5·yl]·4·(2·thienyl)methyl·2,4·pentadienoate 

To a Su$pension or (E)·3·[2·n·butyl· 1 ·.{l2·chlorophanyl)mathyl·1 H·imidaiol-S·y1J-2-(2-thienyl)methyl·2· 

40 propionaldehyde in 8 mL of toluene was added (carbethoxymathyl)triphenylphosphorane. The reaction was 

45 

· ~eated overnight at 40 • C. After cooling to room temperature, the solids were filtered to give 0.181 mg of 

crude product. Chromatography on silica gel eluting with he><ane/ethyl acetate (6:4) gave 0.2345 g .(50%) of 

the title compr;,und as ar'I oil. 

(iv) (E.E)·5·[2·n·butyl· t ·{(2·chlorophenyl)methyl)· t H·imidazol-5-yl]·4·(Nhienyl)methyl·2,4-pentadienoie acid 

The title compound was prepared according to the procedure of Example 1 (iv), Melho·d A(c) 1.1sing tho 

so above prepared ethyl'ester; hydrochloric acid salt. mp 191-192.5 • C. · . 

Alternately, the $Odium salt of . the acid is isolated directly from tho reaction mixture. prior to 

neutralization. The crude basic reaction solution is applied to a reverse-:phase flash column equilibrated with 

water. The inorganics aro washod from the column with water (3 void volumos} and then the product is 

eluted with a 50:50 mixture of acetonitrile in water. The acetonitrila is removed in vacuo and then the 

$5 desired sodium salt is obtained after lyophilization. 

, . Example 18 



.. 
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{E)·3·[2·n·Sutyl·1 ·{(2·chlorophenyl)methyl}·1 H·imidazol·5·ylHH2·thienyl)methyl-2·propenoic acid, 2·(N,N-

. 5 Oiethylamino)·2·oxoethyl Ester - --

A solution of (E)·3·[2·n·butyl· 1·{(2·chlorophenyl)methyl}·1 H·imidazol·5·ylJ·2·(2·thienyl)methyl-2-pro· 

penoic acid (Example 1) (5 rnmol) in dry dimethylformarnide (10 ml) was tteated with 2·chloro·N,N· 

10 dtethylecetamide (5.51 mmol) followed- by powdered potassium carbonate. This mixture was heated at 

· 70 • C for 7 hours, diluted with water and ·extracted with ethyl acetate. The water·washed, driod, con· 

® centrated product solidifies and after trituration with ether/hexane· affords the titlo ester; mp 139-140 • C. 

JS Example .!!! 

(E)·3·[2·n·Butyl-1·{(2-c:hlorophenyl)methy1·4·hydroxymethy1}·1 H·imidazol·5-ylJ-2-(2·thienyl)methyl·2·propeno(c 

-~ A~ 

25 
(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-chlorophenyl)methyl·4,5-bis(hydroxy)methyl·1 H·irnida?ole (Example 1 (ii)) 

(310 mg. 1 mmol) In methylene chloride (5 ml) was treated with 4·dimelhylaminopyridin& (5.2 mg), 

· triethylamlne (1.5 mmol) and t·butyl dimethylsilyl chloride (192 mg, 1.24 mmol). The mb<ture was stirred at 

30 25 • C for. 20 hours. diluted with water and the organic layer was washed well with water, dried, concentrated 

and chromatographed over silica gel with an ethyl acetate/methanol gradiont to afford 127 mg (24%) of the 

bis (4,S+butyldimethylsllyl} ether and 252 mg (59%) of 2-n·butyl·H2·chlorophenyl)methyl-4At•butyl· 

dimethysilyloxymethyl-5-hydro><ymethyl·1H·imidazole: This monoether· ·(252 mg) was oxidized to tho 5· 

carboxaldehyde using manganese dioxide as described in f:xample 1 (iii) to provide 170 mg of 2~n-butyl· 1 • 

35 (2-chlorophenyl)methyl·4-(t·b1.1tyldimethylsilylo>CY)methyl· 1 H·imidazol·5·carboxaldehyde as an oil. 

(ii) ethyl (E)·3·[2·n·butyl-1 ·{(2·chlorophenyl)methyl )·4·(t~butyldirnethylsilyloxy)methyl)· 1 H~imldazol·5-yl)·2·(2· 
thienyl)methyl-2·propenoate 

In tetrahydrofuran (80 ml) is added n-butyl lithium (15.S mmol In hexane) and at ·78° O under argon is 

thon added diisopropylamine (2.4 ml. 17.1 mmol). Methyl 3·(2-thlenyl)propanoale (15.3 mmol) is added 

neat over 5·6 minutes, and the mixture was Stirred an additional 30 minutos et -78 • O. A solution of 2-n· 

45 butyl·1 ·(2·chlorophenytmethyl·4.-(t·butyldimethytsllyloxy)rnethyl·1 H·imidazol·5~carbmcaldehyde (10.2 mmol) . 

in tetrahydrofurari (10 ml) is added via cannula. and the reaction mixture is stirred fof 1S minutes. The 

reaction is partitioned between saturated ammonium chloride and ether, and the ether layer is wastiod with 

wa1or, dried and concentrated to give crude product. This is chromatographed over slllce. gel with 20·50% 

of ethyl acetate in hexane to afford a mixture of isomeric i'·hydroxyester products. A solution of this mix_ture 

so (8.54 rnmol) in ·methylene chloride (100 ml) is treated with 4·dimethylaminopyrldlne (3 mmol) followed by 
acetic anhydride (84 rnmol), and the solution is stirred at room temper!'turo ·for 5 hours. The reaction is 

poured into water. stirred for 20 minutes and the product Is extracted into ether. The ether extracts are 

we.shed with dilute hydrochloric acid solution, water, sodium bicarbonate solution and brine. The dried, 

concentrated niixture of tJ·aceto>CYe~ter products is used directly in the elimination reaction. To a solution or 

55 the P·acetoxyester product (4.5 mmol) in toluene (~O ml) ls added of 1,S-dietZabicyelo[5.4.0]undec·7-ene 

(DBU) (10.9 mmol), and tho mixture is heated at 90° 0 for 24 hours. The reaction is concentrated to 10 ml. 

diluted with ether and flash filtered through ·a 14 x 3 cm ptus of silica get with ether rinses· to afford the 

crude olefinlc product. Chromatography ~vor silica gel with an ethyl acetate In hexane . gradient gives 
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homogeneous ethyl (E)·3·[2·n-butyl· 1 ·{(2-ch_lorophonyl)methyl]_·4~t~butyldimethylsilylo><ymethyl }-1 H· 

imidazol·5·yl]·2·(2·thienyl)methyl·2·propenoate. The elimination or the acetate with OBU produces predomi· 

nantly the trans ce:> isomer. . 

(iii) (E)·3·[2·n-butyl· 1 ·{ (2·chlorophenyl)metllyl·4·hyd.roxymeUlyl}-1 H-imidazol·5·yl)·2·(2·thienyl)meth yl-2-pro­
penoic acid · 

10 A solution of ethyl (E)·3·[2·n·butyf·1 ·{(2·chlorophenyl)-4-t-butyldimathylsilyloxymethy1}·1 H·imldazol-5-

yl]·2·(2·lhienyl)methyl·2·propenoate (0.287 mmol) in absolute ethanol (3 ml) is treated portionwise at· 6 hour 

intervals with 10% sodium· hydroxide solution (3 x 1 ml). After being stirred overnight at 25 • C, the reaction 

is heated to 50 • C for 4 hours, than concentrated in vacuo.· The residual product is taken up in water. 

acidifiod to pH 5·6 and extracted with methylene chloride. Tho isolated, dried, concentrated product is 

rs 1ril1.1ra1ed with methanol/other to provide the title compound. 

Example 20 

20 

(E)·3·(2'·n·Butyl·1·{(2·chlorophenyl)methyl)-1H-imidazol·5·y1J·2·(4·pyridyl)methyl·2·propenoic ~ 

: 25· 

(i) methyl 3·[2·n·butyl· 1 ·(2·chlorophenyl)methY.l-1 H-imidazol-5-yl)-3-hydroxy·2·(4·pyridyl)methylpropanoate 
. . 

To a soh.~tion of diisopropylamine (3.58 ml, 25.6 mmol) in dry tetrahydrofuran (50 ml) held at ·78 • C 

3-0 under argon was added n·butyl 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-pylidyl)propanoate (4.22 g, 25.6 mmol) (prepared by reaction of 4· 

pyridine carboi<aldehyde with trimethyl phosphonoacetate in the presence of sodium hydride in ethylene 

glycol dimethyl ether, followed by catalytic hydro9enation of the double bond wit~ 10% palladium on 

carbon at 3 atmosphere of hydrogen in an ethyl acetate solution (98%) to provide tho· saturated ester) was 

35 added in tetrahydrofuran (40 ml) and this mixture was stirr.ed for 30 minutes at ·78 • C. A solution of 2·n· 

butyl· 1~(2·chlorophenyl)methyl·1 H·imidazol·5·carboxaldehyde (5.9 g, 21.3 mmol) In tettahydrofuran (1 O ml) 

was addf)(I and stirring was continued for 30 minutes at -76 • C. The reaction wa$ partitioned between 

saturated ammonium chloride solution and ether. the organic extract was was~ed with brine, dried. over 

magnesium sulfate, concentrated and flash chromatographed over silica gel with 5% methanol in ethyl 

40 acetate to provide 3.32 g (30%) of methyl 3·[2·n·butyl·1-(2·chlorophenyl)methyl·1H·imidazol·5·yl)·3· 

hydroxy·2·(4-pyridyl)mothylpropanoato. TLC on silica gel _with 5% methanol in ethyl acetate showecl a 

homogenous product with an R1 of 0.79. 

45 {ii) methyl 3·1ilcetoxy·3·[2·n•butyl· 1 ·(~·chlorophonyl)methyl-1 H-lmidazol-S-yl]-2-(4-pyridyl)propanoate 

A solution of methyl 3·[2·n·butyl·1 ·(2·chlorophenyl)methyl·1 H·imidazol·5·yl]·3-hydroxy·2·(4·pyridyl)~ 

methyl·propanoato (3.32 g, 7.S mmol) methyleno chloride {50 ml), 4-dimethylaminopyridine (150 mg, 1.3 

so mmol} and acetic.anhydride (7.1 ml, 75 mmol) was stirred at ambient temperature for 18 hours. Water (5 

ml} was added, the mixture w~s stirred for 2 hours and then diluted with methylene chlofide and 5% 

sodium bicarbonate solution. The· organic phase was washed with 5% sodium bicarbon'ate solution and 

brine, dried and concentrated to give 4 g of the crude title compound. TLC on silica gal with 5% methanol 

ethyl acetate showed essentially one spot material with an R1 of 0.86. No starting material was detected. 

~s This material was not purified further. 

(iii) methyl (E)·3·(2-n·butyl·1 ·{ (2·chlomphenyl)mathyl}· 1 H·imidazo_l·S·yl ]·2·( 4-pyridyl)methyl·2·propenoato 
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A mixture of methyl 3·acetoxy·S.[2-n-butyl-1·(2·chlorophenyl)melhyl·1 H·imldazol·5·yl]-2-(4-pyridyl)· 

propenoate (7.S mmol}, toluene (50 mL) and 1,8·diazabicyclo[5,4j,0]-undoc·7·ono (OBU) (3.4 ml, 22.5 mmol) 

5 was heated at 90 • C for 18 hours under argon. The cooled mixture was diluted with ether, and washed with 

, brine, dried and concentrated to 3.1 g (97%) of the title compound. NMR showed that the trans or E isomer 

was the primary product. 

10 (iv} (E)·3·[2·n·butyl-1-{(2·chlorophenyl)methyl}-1 H·lmidazol·5·yl]·2·( 4·pyridyl)-methyl-2-propenoic: acid 

A solution of methyl (E}·3·(2·n·butyl+{(2·chlorophenyl) methyl}-1H-imidazol~5-yl]·2·(4· pyridyl)methyl-

2·propenoate (3.1 g, 7.3 mmol) in ethanol (16 ml) was treated' with· 10%0 sodium hydro~ide solution and tho 

1s mixturo was stirred for 18 hours at 25• C. The solution was co11centrated in vacuum, wat&r was added. the 

pH wa~ adjusted to 6.5 and the resulting solid was filtered, washed with waler and crystallized from 

.methanol/ether to afford 0.48 g of (E)·3·f2·n-butyl·1·{(2·chlOrophenyl)mothyl}-1H-imidazol·5·yl}·2·(4· 

pyridyl)methyl-2-propenoic acid; mp 178· 182 • C (d). . 

Examples~ 

In Table II are listed other examples of alkenoic acids prepared by the methods described in Example 

26 20 (i-iv}. lhe si.arting materials and products a.re shown in Table II. 
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By the procedute o1 Example 20 {i·iv) using in plaee of methyl 3·(4·pyridyl)prop8noate, the following: 
ss methyl 3"(4·thiazolyl)propanoate, 

_ rnethyl 3·11.2'3,4·tetraz()l·5·yl)propanoate, and . . 
methyl 3·(1 ·tosylpyrazol-3·yl)propanC?ate; th~ products are: . 
3·[2·n·butyl· 1 ·{(2·chlorophonyl}methyl }· 1 H·ifnidazol·5·yl}-2·( 4·thiazolyt)methyl·2·ptopenoic acid, 

... 
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3·[2·n·butyl·1 ·{(2·chlo<0phenyl)methyl}·1 H·imidazol·5·yl]·2-(1,2,3,4·tetra:zol·5·yl)mothyl·2·propenoic acid. 
and 
3·(2·n·butyl· 1 ·{ (2·chlorophenyl )methyl}· 1.H·irnida.zol·5.·yl)·2·(3·pyrazolyl)rnethyl·2·propenoic acid. 

s 
Example 28 

1 o (E)·3·[2·1"1·Butyl-1-{ (2-ehlorophenyl)methyl}·4·fluoro· 1 H·imidazo1.:5.yl]·2·(2-thienyl}methyl·2·propenoic Acid 

Anhydrous hydrochloric acid {20.5' g, 0.562 mol) bubbled into a stirred solution or valeronitrile (31.8 g, 
40.!) ml, 0.383 mol) in mathanol (13.47 g, 17 mL, 0.421 mol) which was cooled by a ice/acetone bath. The 

1s 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 methyl ether. Once a free·flowing crystalline mil{ture had formed. the solid was 
collected and washed with 400 ml of t·butyl methyl ether. The solid was Immediately placed in a vacuum 
desicalor over phosphoric anhydride and sodium hydroxide to give 55;50 g (96%) of valeramidine methyl 
ether hydrochloride; mp 103·10S" C. 

20 The procedure of W. Lwosski, Synthesis. 263 (1971) was followed. To a mixture of 11ateramidinernethyl 
ether hydre>ehloride (37.91 g. 0.25 mol) and 50% aqueous cyanamide (13.53 g, 25 ml. 0.322 mol) cooled in 
an ice b.ath wa~ ~clded portionwis~ anhydrous disodium phosphate (12.01 g, 0.0846 mol). After the addition 
was· complete, the ice bath was removed and an oil and solid began to come out of solution. After stirring 
for an additional 30 minutes, the oll was decanted from the solid. The solid was partitioned betweon water 

2s and diet!lyl ether and the oil was also dissolved in diethyl· ether. The combined organic extract~ were 
washod with saturated sodium chloride solution a,nd then dried with anhydrous sodium sulfate. Tho solvent 
was removed in vacuo to give 33.06 g (94%} of valercyanamidine methyl ether. 

To a solvlion of the amidine methyl ether prepared above {33.06 g, 0.236 mol) in 225 ml of absolute 
ethanol was added in one portion 2-~hlorobenz:ylamine (33.39 g, 0.236 mol). The reaction was stirred at 

3o room temerpature for 2 hours and then the solvent was removed in vacuo to give 55.4 g (94%) of a solid, 
whose NMR indiealed the absence of the methyl ether functionality; 

The secondary amine was alkylated using the following procedure. A miicture of the product prepared 
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 ethyl bromoacetate · 

36 {24.56 g. 0.143 mol). After the addition was completti. the reaction temperature was raised to 75·80° C. 
After 30 minutes, the rea~tion mixtvre was filtered. The filtrate was concentraled in vacuo. The residue was 
partitioned between eUwl acetate and water. The organic extract was washed with water (Sx) and saturated 
$Odfum chloride solution. The organic extract was dried with anhydrous sodil.am sulfate and then the solvont 
we.$ removed in vacuo. The crude product was chromatographed on silica gel eluting with ethyl acetate in 

40 hexane to gh1e 37.15 g (790/o} of an oil. 
2 n-Butyl· 1 ·{(2-ehlorophenyl)methyl}~4·amloo-5·carboetho1<ylmlda?ole was ·prepared by the fo11owing 

procedure. Sodium motal (2.54 g, 0.1"10 g·atom) was diss.otved in a!:>solute ethanol under argon. To this 
solution was added a solution of the above·prepared product (37.07 g. 0.1.10 mol) in 1'15 ml ot absolute 
ethanol over a 15 minute period. After the additi6" was eomplo~e the reaction mixture was stirred for o~e 

45 hour at r00m temporature. The.resulting solid was collected. washed with water, and air-dried to give 25 g 
of product: mp 120·121 • C. 

·The 4·amino product was fluorinated using the procedure of K.L. Kirk and LJ. Cohen. JACS, 95 (14), 
4619 {1973). Fluoroboric acid (48%, 150 mL) was added to 2-n~t:iuty1·1·{(2-chlorophenyl)methyl}-4·amino-5· 
carboethoxyimidazole (t0.75.g, 0.032: mol}. in a quartt flask~ The resulting solid mass was sonicated and 

50 stirred vigorously to form a suspension. This suspension was cooled to 0' C and thon sOdium nitrite (2.80 g, 
0.0406 mol) in 5 ml of water was added slowly. The ice bath was removed and then the teaction mixture 
was irradiated for 20 hours with a 450-watt mercury vapor lamp placed in a· quartz Immersion well. cooled 
by circulating water. The reaction mixture was cooled to ·20' C and tho pH was adjusted to 6.4 with 50% 
aqueous sodium hydroxldo. The product was extracted into ethyl acetate (3x) and tlie combined ~xtracts 

ss were washed with water and saturated sodiurri chloride solutiol"!. Tho organic extract was. dried with 
anhydrous sodium sulfate and concentrated to gtve 8.43 g of a crude product. which was chromatographed 
in silica got eluting with chloroform to give 4.3, g of 2.n~butyH ·{(2-chtorophenyl)methyl}·4·fluoro·5· 
carboethoxyimidazole. " 

• 
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Thi$ oarboethoxy compound was converted to the corresponding S·formyl derivative following the 

procodure of example 17 (i and ii). 
2·n-Butyl-1·((2·chlorpheRyl)methyl}·4·fluoro-5-formylimidazole was converted to E·3·(2·n·butyl· 1 ·{(2· 

chlorop~enyl)methyl}·4-fluoro-1 H·irnidazol-5-ylJ-2-(2-thienyl)methyl~2-propenoic. a.cid following the procodure 

· 6 of Example 20 (Hv) replacing methyl 3·{4·pyridyl)propanoate with methyl 3·(2-thienyl)·propanoate: mp 126-

121· c. 

Example 29 
'0 

(e)·3·[2·n·Butyl·1 ·{(2·chlorophenyl)methyl}-4·bromo·1 H·lmidaz~l·5·yl}-2·(2·1hienyl)mothyl·2-propenoio ~ 

15 

By the procedure or Example 28 using the corresponding 4·bromo starting material (prepared by tho 

mQ.thod described in U.S. Patol'lt. No. 4,340,598). the ti~le compound is prepared. · 

10 Example 30 

(E)·3·[2·n·Butyl· 1 ~{ (2~chlorophenyl)methyl}·4·trifluoromethyl· 1 H·irniduol·5·yl]·2·(2·thienyl)methyl·2·Proponoic: 
~ ·~~ --

Using 2·n·butyl-1·(2~chlorophenyl)methyl·4·trifluoroethyl·1 H·im ida?ol·5·carboxaldehyde (prepared by 

treating the corresponding 4·bromo compound with trifluoromethyl iodide and copper) in the procedure of 

30 Example 20 gives the title corr:ipound. 

36 

Example 31 

By tho procedure or Example 1. using in place of 2·chlorobenzyl bromide. the following: 

2-methylbenzyl bromide, 
4·methoxyben~yl bromide, and 
4·pheny_lbenzyl bromide; 

40 and using the phosphonopropionate of Example 1, (Me0)2P(O)CH(CH2-2-thienyl)C00Me, the following 

products are obtained: 

45 

(E)·3·[2·n·butyl· 1·{(~·mothylphenyl)methyl}·1 H·imidazol·S-yl}-2·(2·thienyl)methyl-2-propenoic acid, 

{E)·3-(2·n·butyl· 1 {(4·methoxyphanyl)methyl}-1 H·imidaz:ol·5-yl]·2•(2·lhienyl)methyl·2·proponoic acid, and 

(E)·3·[2·n·butyl· 1 ·{ ( 4-phenylphenyl)methyl}· 1 H·l midazol~5-yiJ·2·(2·thienyl)methyl·2·propenoic acid. 

Example 32 

so The following methyl ester of a propenoate are prepared as In Ex11mple 31: 
methyl (E)·3·[2·n·butyl· 1·[(4·methoxyphenyl)methyl}· 1 H·fmitliuol-S-yl]-2·(2·thlenyl)m&thyl-2·propenoate. 

Thi$ is treated with boron tribromide in ·methylene chloride at room tempe<ature for six hours and then 

the reaction mixture is condensed and treated with a mixture of ethyl acetate and water. The washed ethyl 

acetate layer gives on evaporation: · · 
65 (E)-3-(2·n-buty1·1 ·t ( 4·hydroxyphenyt)methyl)-1 H·imidazol·5·yl)-2-(2·thienyl)methyl·2·propenolo acid. 

:Example 33 
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(E)·~[2·(1·Butenyl)·1·{(2·C:hlorophenyl)methyl}·1 H·imida.wl·5·yl)-2·(2·thk>nyl)methyl-2·prope~oic ~ 

A mixture of 2·ri-bulyl· 1-{2-chlorophenyf)methyf.1 H·imidazof·S-carboxalclehyde and N·bromosuccinimide . 
in ca~on tetrachloride was irradiated to give the 2·(1 -bromobutyl)imida2!:ole which was dehydrobrominatod 
by trealing 1.S-dia?abicyclo{ 4.5.0}undee· 1 ·ene in tetrahydrofuran to give 2·(1·but&nyl)·1 ·(2·ehlorophenyl)· 
methyl· 1 H·imidazol·5·carboxaldehyde. 

10 The above pn~pared intermediate and the 3"(2·thienyl)propenoate of Example 1 In 'the procedure of 

15 

20 

Example. 1 was used to give the title compound; mp 224·226 • C. · 

Example~ 

(E)-3·[2·Phenyl· 1 ·{ (2·chlorophahyl)methyl}-1 H·imidazol·5·yl}·2·(2·thienyl)methyl·2·ptopenoic ~ 

By· the procedure of Example 1 (ii) Method 2. ·using benzamidine. mGChyl ether in place of valeramidine 
methyl ether, 2·phenyl·5·hydroxymethylimidazole is prepared and converted to 2·phenyl•1-(2~chlorophe'nyl)­
methyl·5·hydroxymethyl·1 H·imidazole. The 5·hydroxymethyl group ls oxidized using manganese dioxide by 
the procedure of Example 1 (iii) .. The resulting 2·phenyl·1·(2.-chlorophenyl)methyl·1H·imidazol·5·carbolCal-

as dehyde is used in the pro~dure of Example 21 ·with methyl 3·(2-thienyl)propanoate to give thEI title 

30 

compound. · 

Example 35 

By tho procedure of example 34 using the following amidine methyl ethors: 
C10H21C=NH(OCH3) and 
C2HsC= NH(OCHs): 

35 the following products are oblained: 

40 

(E)·3·(2·decyl· 1 ·{ {2·chlorophenyl)methyl}· 1 H·lmidazol·5·yl]·2·(~Mhienyl)methyl·2-propenoic acid and 
(E)-3·[2·ethyl· 1·{(2·c:hlorophenyl)methyl}·1 H-imidaz:ol-5-ylJ·2·(2·thienyt)methyl·2·propenoic acid. 

Example~· 

(E)·3·[2·n·Butyl· 1 ·{ (2-chlorophenyl)methyl}-4·formyl· 1 H-imidazol·5·yl)-2~(2·thienyl)methyl·2·propenoic ~ 
~ . . . 

The title compound is prepared by dilute hydrochloric acid hydrolysis of the 4·t·butyldimethylsilyloxy 
group of ethyl 3·{2·n·butyl-1 ·[(2·Chlorophonyl)methy1}·4·(t-butyldimethyl·silyloxy)methyl]·1 H·irnidazol·5·yl]·2· 
(2·thienyl)methyl·2·propenoate. pfepared as in E><ample 20(ii), followed by manganese dioxide oxidation of 

so ·the 4·hydroxyrtiethyl group to the earboxaldehyd~_. · 

Example:!! 

55 

3·( 1·(2·Adama.ntyl)ethyl}-2-n·butyl·1 H·imidazol·5·yl)·2·{2-:thienyl)rnethyl·2-propenoic ~ 



-.. 
. . . 

29 

A mixture of 2·(1 ·adaroantyl}ethanol (10.7 g and diisopropylethylamine (11 ml) in methylene chloride 
(70 ml) was added t<? trifllc anhydride (16.75 g) in methylene chloride (70 ml) at a78' C under argon. After 
stirring the mixture at • 7S' C for 45 minutes, t-acetyl·2·n·butyl·5-(acetoxymethyl)imidazole in methylene 
chloride (50 ml) was added and the mixture was allowed to stand at room tempetature for 4 days. then 

s concentrated and heated on a steam bath with 10% sodium hydroxide (250 ml), diluted with 300 ml of 
water. extracted with methylene chloride, dried. filtered and concentrated to give an oil. Chromatography 
(silica gel) in melhanol·chforoform ·gives 5·acetoxymethyl-1 ·[2·(1 ·adamantyl)ethylJ~2·n-butylimida;i:ole .. 
. . The above prepared compound (5.4 g) was slirred at room temperature with potassium hydroxide (5.2 
g) in ethanol (200 ml) for one hour. The mixture was concentrated, poured into water, stirred aod filWed 10 

10 giv$ 1-[2-{1 ·adamantyl)elhyl]·.2·n·butyl·5-hydfoxymelhylimidazole. The hycfroxymethyl group was oxidized 
by refluxing the imidazole compound (51 ;1 g) with manganese dioxide (20.3 g} in toluene (200 ml) to gi~e 
1 ·(2·(1 ·adamantyl)ethyl)·2·n·butyl-imidazo1·5·carboxaldehyde. . 

Diisopropyiamino (0.563 g) was covered with 5 ml of tetrahydrofuran and 2 ml ol 2.5 M nabutyl lithium 
in hexane was added at ·78 • C. The mixture was stirred for 15 minutes. then methyl 3-(~·thienyl)propenoate 

t5 (0.89 g) in 3 mt of tetrahydrofuran was added. Alter 20 minutes, 1.04 g of 1·[2·(1·adamantyl)ethyl)·2·n·butyl­
irhidazo1·5-c:arboxaldehydo in 3 ml or tetrahydrofvran was added 8.nd the mixture was stirred lor 30 minutes 
at ·78• C. The mixture was poured into 40 ml of saturated ammonium chloride in waler. extracted with 
ether, dried over magnesium sulfate, filtered, concentrated and ehromatographed on silica g&t eluting with 
70% ethyl acetate and ao% hexane to give methyl 3·(1-(2·(1·adamantyl)ethyl)·2·n·butyl-1Haimfdazol-5·y1J·3· 

20 hydroxy•2·(.2·thienylmethyl)prOpanoate. To 1.27 g. or 1his compound in methylene chloride (25 ml) was 
added 4·dimethylaminopyridine (1.25 g), then acetic anhydride (2.7$ g) was added dropwise. Th9 mixture 
was stirred for one hour. then Poured Into water Mel worked up to give 3·acetoxy-3·[1-(2w(1 .. adamantyl)­
ethyl)-2·~·butyl·1 H·imidalOl·S-ylJ·2·{2·thienylmethyl)propano•te. 

The above prepared compound (1.2 g) was heated with '1,8-diatabicyclo{S,4,0Jundec·7-ene (1 mt) in 
2s toluene (20 ml) at 80 • C with stirring for one hour. iho mixture was concentrated, thon stifred with ether. 

The ether layer was decanted and dried. rnteroo. concentrated and chromatographed to givo methyl 3·[1·(2-
(1·adamantyl)ethyt)·2·n·butyl-1 H·imidazol-5-yl]·2·(2·thionylmethyl)·2·propenoate. 

This ester (0.63 9) was hydroly~ed in ethanol (10 ml) using potassium hydroxide (0 18 9) to give the 
title compound: 218·2~0 • C. 

30 .. 

Example~ 

:15 

(E)·3~[2-n·Butyl· 1 ·{ (2·¢hlorophanyl)rnethyl]·4·carboxy-1 H·imidazol·5·yl)·2·(2·thienyl)methyl-2-'propenoic ~ 

(E)·3-[2·n·Butyl· 1 ·{(2-chlorophonyl)methyl]·4·hydroxymethyl-1 H·imida:iol-5-yl)·2·(2·thienyl)methyl-2-
40· propenoic aciel, prepared as in Example 19. is esterified with 4·rnethoxy·bonzyl alcohol to give tho p­

methoxybenzyl proponoate. The 4-hydroxymethyl gtoup in acetone Is oi<idiled using an acidic aqueous 
· solution containing .chtomic acid (Jones• reagonl} and the ester is hydrolyzed using 10% sodium hydroxido 

to give the title compound. · 

45 

Example~ 

4·Methoxybem:yl (E)·3·[2..n-butyl·1 ·[ (2·ehlorophenyl)roethyl]·4-carboxy· 1 Haimidazol-5-yl}"2·(2·thienyl)· 
rnethyl~2·propenoate. prepared as in Example 38, is treated with oxalyl chloride fa methylene chloride at. 

ss 0 • C to give the eeid halide which is treated with ammonium hydro1<ide and tho ester is hydrolyzed to give 
the title compound. 

.. 
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Example~ 

s (E)·3·[2·n-Butyl· 1·[(2·chlorophenyl)methyl]·4·dimethylcarbamoyl·1 H·imidazol·5·yf )·2·(2·thienyl)methyl·2· 
p(CiPGnoic Acid 

Tl'eating tha 4·chlororormyl imidazole, prepared as in Example 39, with dime1hylamine instead or 
10· .. ammonium hyd(oxide gives the ti\le compound. · 

example 41 

15. 

(E)-3-(2-n·Butyl· 1 ·{ ( 4·earboxyphenyl)methyl}· 1 H·imidazole·5·yl]-2-(2·thionyl)methyl·2·propenoic ~ 

20 By the procedure of Example 1 [(ii) Method 2, (iii) and (iv) Method BJ using 4·carbomethoxybenzyl 

26 

30 

alcohol in place of 2-chlorobenzyl alcohol, the title eompound was prepared; mp 250-253 • C. 

(E)-3·[2·n·But yl· 1 • {(4·carboxy·2·chlorophenyl)meth yl}· 1 H ~imidazol·5·yl]·2·{2-thienyl)mothyl·2·propenoic Acid 

A suspension of 2 butrlimidazol·!?·aldehyde {16,92 g, ·0.111 mol, prepared by manganese dioxide 
oxidation or the aleohol, prepared in Example 1, Method 2), chloromethyl pivalato (21.77 g, 0.145 mol), and 
potassk.1m carbonate (20.07 g. 0.14$ mol) in 200 ml of· dimethylformamide was stirred at ambient 
temperature under argon for four days. The solids ~ere removed by riltratlon and washed with ethet. The 

36 combined filtrates were partitioned between diethyl' ether and water. The ether phase was washed 
successively with water and brine, dried over magnesium sulfate and concentratecl under vaccum to give 
23.6 g of 2·n·butyl·1·pivalyloxymethylimidazole·S-aldehyde. · . 

A mixture of ethyl 4-bromomethyl·3·chlorobenzoate (5.28 g. 0.020 mot, u.S, Patent No. 4.837,333) and 
2-n-butyl-t·pivaloyloxymethyl·imidazole~S·aldehyde (4.45 g, o:ou~7 mot) was heated at 100• C under argon 

40 for 18 hours. Repeated trJturation with ether gave 6.38 g of a crystalline sail. A suspension of this salt in 100 
ml of ethyl acetate was stirred for 0.5.hours with 100 ml of 5% aqueous sodium carbonate. The layer$ were 
separated, tho aqueous layer washed with ethyl acetate. and the combined-organic layers washed with 
water. dried over magnesium sulfate and concentrated to give en oil. Chromatography .of this oil over silica 
eluting gel with ethyl acetate/hexane (1 :1) gave · 1.02 g of 2·n·butyl+{(4-carboethoxy·~·chlorophenyl)-

45 methyl)imidazole~S-aldehyd~. 
Ethyl 2-earboxy·3·(2·thlenyl}propionate (14 g, 0.061 mol} was prepared by stirring ·a sol1,.1tion of diothyl 

2·thienylmalonate (16.SQ, 0.0655 mol) and potassium hydroxide (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 ~olvent under vacuum, 
dissolving the reside in water, washing the aqueous layer V'.'ith aqueous hydrochloric aold and wilh diethyl 

so ether. · 
A solution of this half~cld. half.ester {1.os· g;. 4.6~ mmol) In 6 ml of toluene was added to a refluxing 

solution of 2-n-butyl-1·((4·carboetho><y-2-ehlorophenyl)imldazole·5·aldohyde (1.03g, 3.08 mmol) and 
piperidine (0.26 g, 3.08 mmol} in 60 ml of toluene. Twice, at 1 hour inter'/als, an additional 1 g of the half· 
acid, half-ester was added, and the solution was then refluxed for 17 hours. Evaporation of the toluene and 

ss chromatography of the residue over silica gel using 2:3 ethyl acetate·he><ane for elution gaw 0.39 g or tho 
diestor of the title product. This was hydrolyzed in 2:1 ethanol-water with 5 equivalents ot p0tass~um 
hydro><i~e for 18 hours and worked up in the usual manner to give 0.260 g of fine.I product; mp 234·236 C. 
The NMR of this product was in accord with its structure. 
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Example 43 

s (E)·3·[2·n·Butyl 1 ·{(4-sulfonamidophenyl}methyl· }-1 H-imida2:ol·5·yl]·2·(2~thiooyl)-methyl·2·propenoic Acid 

Thi) procedure of Example 42 is followed using 4·bromomethy1benz:enesulfonamide (Braselton, el al., 
Anal. Chem., 48, 1386 (1976)) -in place of methyl 4·bromomethyl·3·chlorobonzoate lo give the title 

to Compound. 

Exampla 44 

IS 

(E)-3-[2·n·Butyl· 1 ·{ ( 4·carboxy·2·nitrophenyl )methyl}· 1 H·im idazol·5-yl)-2·{2·thienyl)mothyl-2-propenoic ~ 

20 The procedure of Exarnple 42 is followed using methyl 4·bromomethyl-3-nitrobeozoate (prepared from 
4·mothyl-3-nitrobenzoit acid by estorification with gaseous hydrochloric acid~methanol followed by methyl 
bromin~tion with N·bromosuccinimide) to 9ive the titie compound. 

25 Example 45 

(E)·3·[2·n·Butyl· 1 ·{ ( 4-carbo><y·3·chlorophenyl)methyl}· 1·H·imidazol·5·yl]·2·{2·thienyl}methyl-2·propenoic Acid 
30 . -

35 

The procedure of Eic:ample 42 was followed using ethyl 4·bromomethyl·2·chlorobenzoate (U.S. Patont 
No. 4,837,333) in place of ethyl 4~bromomethyl·3·chlorobenzoate to give the title compcund: 245·246 • C. 

Example 46 

40 (E)·3-(1 :H2·Chlorophonyl)methyl}"2·propylthio-1 H-imidazol·5·yl].;~-(2·thienyl)mothyl·2·propenoic ~ 

45 

(i) 5-carboxymethyl· t -(2·chlorophenyl} methyl_..2-thlo· 1 H·imidazole 

A solution of 2-chlorobanzylamine (14.2 g, 0.1 mol) and triethylamine (13.9 ml, 0.1 mol)..in dimethyllor· 
mamlde (100 ml} was treated with methyl chloroscetate (10.9 g. 0.1 mol), and the mixture was h~ated at 
50 • C for 3.5 hours. The cooled reaction rnixture · was diluted ·with ether. the ·solids· tillered and the 

so concentrated filtrate was flash chromatographe~ over silica gel with · 6:5 hexano in ethyl acetate to prov.icle 
15.3 g (71%) of homogeneous methyl 2-(N·(2·ehlorophanyl)methyl]-amin()8cE!tate.· This pl'Oduct (15.2 g, 
0-0?'1 mol) in rnixed xylenes (100 ml) was treated Ith 98% ·formic ac:id (2.74 ml), 0.0711 mot} and the 
mixture was refluxed from 2.5 hours with a Dean-Stark water separator. E'llaporat\()n gave 17.1 g (99%) Of 
methyl 2·{N·(2·chlorophenyl)methyf·N·formyl)aminoacetate .. This formylated product (f 7.o g; 0.071 mol) was 

55 dissolved in ·methyl formate {13.3°ml, 0;216 mol) and added.dropwise to a sodium methoxido mixture 
prepared by adding sodium metal (1.79 g,. 0.0778 g·atom) to tetrahydrofuran (325 ml) followed -by slow 
addition of methanol (3.15 ml, 0;077a mol). The combined mixture wes stirred.at room tomperature for 18 
hours, then evaporated to dryness. This crude product was dissolved in 500/o aquo.ous methanol (200 ml), 
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treated with charcoal. filtered and the solution was cooled in ice. Concentrated hydrochloric acid followod by 
a solution of potassium thiocyanate (8.6 g, 0.0885 mol} in water (20 ml). The mbcture was heated in an oil 
bath held at 90• C for 2.5 hours, then cooled to 10· C. Th.e precipitated solid was filtered. washed with cold 
ehtanol-water and dried at 60 • C lo provide 14.7 g (74°4j of 5·carboxymethyl+(2-chlorophenyl)methyl·2· 

5 thio·1 H·imidazola: mp 72-74 • C. 

ro 

(ii) 1 ·(2·chlorophenyl)methyl·5·carboxymethyl·2-propylthio-1 ti·imiclazole 

A mixture of 5·carboxymethyl· 1 ·(2·chlorophenyl)mothyl·2·thio-1 H·imidazole (2 g, 7 .08 mrnol. ethyl 
acetate (20 ml), 5% sodium carbonate solt.!tion (40 ml) and propyl bromide (4 ml. 44 mmol) was heated at 
60 • C for 18 hours. The organic layer was separaled. dried over magnesium sulfate. and concentrateid to 
2.23 g of crude product. Tri1uration with ether provided 1.63 g (71 %) of 5·carboxymothyl·1-(2·chlorophenyl)· 

1s methyl·2·propylthio--1H·imiclazole; mp 68-71 • C (from hexane). 

20 

(iii) E·3·( 1 ·(2·ehlorophonyl)methyl-2·propylthio-1 H·imidazo1·5·yl )·2-(2·lhienyl)melhyl-2-propanoic acid 

A solution of 5-carboxymethyl·H2·chlorophenyl)methyl·2·propylthio--1H·imidazole (3.74 g, 11.5 mmol) 
in dry tetrahydrofuran (50 ml) was cooled to ·78• C under argon, and a solution of dilsobutyl alumninum 
hydride in toluene (30 ml or 1 M) was added dropwise. The mixture was stim1d at ·78 • C for 1.5 hours, then 
allowed to slowly watm to room temperature. The reaction was quenched by pouring onto iced dilvte acotic: 

25 acid, the product was extracted into methylene chloride and the organic extracts were washed with water, 
5% • sodium carbonate solution and brine. The dried; concentrated product was a light tan solid (3.32 g). . 
Crystallization from ethanol/water gave 1-{2.chloroph&nyl)methyl-5·hydroxymethyl-2·propylthio-1 H· 

. . 
imldazol&; mp 98·101 C. 

The title compound was prepared by the procedure of Example ·1 ~ii and Iv) using 1 ·(2·chlorophenyl)-
30 methyl·5·hydroxymethyl·2·propylthio·1 H-tmidazolo in place of 2·n·butyl·1-(2·ehlorophenyl)methyl·5· 

3$ 

40 

45 

50 

55 

hydroxymethyl·1H·imidazole: mp 161·162. C. · 

Example~ 

(E)-3·[{ 1·(2·Chorophenyl)methyl}·2·propenylthio·1 H~imidazol·5·YIJ·2-(2·thienyl)methy1·2·propenoic Acid 

The title compound is prepared following· tile procedure of Example 46 using ally! bromide in place of 
propyl bromide. 

Example-48 

(E)·3·t { 1·(2·C~oropheny1)methyl}·2·pentylthio·1 H·imldazol·5·yl}-2·(,Mhlenyl)rnethYl·2·propenoie Acid· 

The title compound is prepared following the procedure of Example 46 using 1-bromopentano in place 
of propyl bromide. 

Example~ 
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(E)·3·[ { 1 ·(2·Chorophenyl}rnethy1}·2·benzylthio-1 H-imidazol·S-yl]-2-(2·thienyl)mothyl·2·propanoic ~ 

The title comp~und is prepared following the proceduro of E><amplo 46 using bonzyl bromide in place 
s or propyl bromide. 

Example 50 

10 

(E)-3·( { 1 ·(2·Chorophenyl)methyl}·2·cyclohexylthlo· 11"1·imidawl·5-.yl]·2·(2·thienyl)methyl·2·propenolc ~. 

15 The title compound is prepared following tho procedute of Example· 46 using cyclohexyl bromide in 

20 

35 

40 

place of propyl bromide. 

Example~ 

{f )·3·( ( 1 ·(2·0horophenyl)melhyl}·2·hoptylthlo· t H·imidazol-S·yll·2·(2~thlenyl)methyl·2·propenoio ~ 

The title compound is propared following the procedure or Example 46 using 1 ·brorrioheptal'\e in place 
or propyl bromide. . 

Example~ 

(E)·3·( {1-(2·Chorophen.vl)methyl}-2·he1<enylthio-1 H·imidazof-5·ylJ·2·(2·thienyl)mothyl-2·ptopenoic Acid 
. -

The title compound is prepared following the procedure of Example 46 using 6-bromo·1·hexene in 
placo of propyl ~romide. 

EKample ~ 

45 (E}·3"[{1-{2·Chorophenyl)methyl}cyclopr0pylthio·1 H·imldazol·5·yl}·2·(2·thienyl)methyl-2·propttnol~ ~ 
r ' • . 

50 

The title compound is prepared following the procedure of Example 46 using eyclopropyl bromide in 
Place of propyl bromide. 

Example~ 

u . 
(E)-3·[2·n·Buty1:.1 ·{[2·chloro·4·(t H·tetrazol·5·yl)phenyl]mothyl· 1 H·imiclazol·5·yl]-2·(2·ttiionyl)methyl-2·propenoic 

Acid . . 

'·. 
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Iha procedure of E:xa.mple 42 Is followed using t·butyl 4-bromomelhyl·3 chlorooom~oate (prepared from 

3·chloro-4-methylbenzoic acid by esterification with 2·methylpropeno in the presence of concentrated 
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}phenyl]mothyl}·1 H·imidazol-5-

5 yl)·2·(Nhienyl)rnethyl·2·propenoate. The t-butyl ester is converted to the corresponding acid eompound 
using trifluoroacetic acid. · 

To a suspension of ethyl (e)·3-(2·n·butyl-1·{(2·chloro+carboxyphenyl)methyl}·1 H-lmidaiol·5·yl}·2·(2· 
thienyl)methy1·2-propeno·ate in benzene is added thionyl chloride. The resultant mixture is heated to SO· C 

· for 90 mlnut&s, then evaporated to an oily residue. The residue is taken up in hexane and evaporated again. 
10 The acid cbloride is treated with concentrated ammonium hydroxide and then the reaction mixture is stirred 

tor t 6 hours at room temperature. The solid is filtered, washed with water: and dried at 50 • C under vacuum 
to yield the primary amide derivative. 

To a solution of dimethylformamide in a.cetonitrile is added oxalyl chloride at O • C under argon; Alter 3 
minutes, a solution Of the amide prepared above in dimethylformamide is added Via a cannula. F.ivo Minutes 

. •6 later, pyridino is addod; lhe reaction mixture i$ stirred for an additional 5 minutes at 0 • C. tl<um partitionod 
between ethyl acetate and 50% aqeuous ammonium chloride. The ethyl acetate layer is·washed with water 
and brin~. The ethyl acetate extract is dried with anhydrous sodium sulfate and evaPorated to give tho 
corresponding nitrilo derivative. 

Tettahydrofuran is added under argon with slirring to a n'\il(ture of the nitrile prepared above and 
20 aluminum cl'lloride: SOdlum azide is added all at onC1', followed by a tetrahydtofuran rinse, and the reaction 

i$ heated to 65 • C for 22 hours, then cooled to room tempefature. The reaction mixture is diluted with ethyl 
acetate and treated with 10% hydrochloric acid solution with· vigorous stirring for 5 minutes. Th& ethyl 
acetate layer is washed with wator and brine. The ethyl acetate fayer is dried with anhydrous sodium sulfate . 
and evaporated to give ethyl (E}·3·[2·n·butyl-1 ·{(2·chloro~4-(1 H·tetruol·6·yl)phenylJmethY.IF1 H·imidazol·5-

25 y1]·2·(2·thienyl)methyl·2·propenoate. · 

so 

35 

The titla propenolc acid compound is prepared from the above ethyl ester by basic hydrolysis using 
aqueous base in methanol. 

.Example~ 

The title eomp0und was prepared following the procedure or E1<ample 1 using 2·nitroben2yl bromide in 
place of 4!:·ehlorobenzyt bromide; mp 205·206 • c. 

Eicample ~ 

45 CE)-[2-n·Butyl-1 ·{{3·nitrophenyl)methyl}·1 H-imidazol·5-yl)·2-(2·thle~l)mGlhyl·2-propenoic ~ 

so 

SS 

The title compound was prepared following· thO procedure of Ei<ampfe 1 using 3~nitrobenzyt alcohol in 
place of 2·chlorobenzyl alcohol: mp 182·184 • C. 

example 57 

(E)·[2·n·Butyl• 1 • {(4-nltrophenyt)methyl}· 1 H·lmidazol·S·yl)·2·(2·thienyl)mothyl·2·propenoic ~ 



. ~ 

10 

15 

35 

Tho title compo1md was prepared following the procedure or Example 42 using 4·nitrobanzyl bromide in 
place of ethyHl·bromomethyl·3•chloroben4!oate; mp 19s~200 • C. 

Example 58 

(E)·{2-n·Butyl·1·{(2·trifluofomothy'lphenyl)methyl)~1H-imidazol+yl)·2·(2·thienyl)mathyl-2-propenoic Acid 

The titre compound was prepared rollowln'g the procedure of Example 1 using 2-trifluoromethylbenzyl 
alcohol in place of 2·chlorobenzyl alcohol; rnp 202-203 • c. 

E)(ample 59 

20 (E)·[2·n-autyl· 1 ·{(2,3·dichlorophenyt)m~thyl}·1 H·imidazol·5·yl)·2·(2-thienyl)methyl·2·propenoic ~ 

The title compound was prepared following the procedure of Example using 2,3·dichlorobenzyl 
alcohol in place of 2-chlorobenzyl alcohol; mp 184-185" C. · 

2$ 

Example 60 

30 

{EH2·n·Butyl· 1 ·{ (3-methoxy·2·nitrophenyl)methyl}· 1 H-imidazoH~·yl]·2·(2·thienyl)methyl·2~propenoic Acid 

The title compound was prepared following the procedure of Example 42 using 3-methoxy .2·nitrobenlyl 
35 bromide in place of ethyl 4·bromomethyl·3·chlorobenzoate; mp 213·215 • c. 

Example!!, 

40 

· (E)-[2·n·Butyl· 1·{(2·cyanophenyl)methyl}•1 H·imidazol-5-y1J-2-(2·thienyl)methyl-2·propenoic Acid 

45 The title ~ompound was prepared following the procedure of Example t using 2·cyanoben2yi bromicfo 
in place of ethyl 4-bromomethyl·3·chlorben2oate: mp 210-212· C. 

Example 62 
50 

(E)·[2·n·Butyl:-1'{(4-methoi<y·3·methylphenyl)methyl}· 1 H·imidazol·5·Yl]·2·(2-thlenyl)methyl-2-·propenoic Acid 

55 

The title compound was prepared following the procedure of Example 42 using 4·mothoxy-3-methylben· 
zyl bromide in plact'I of ethyl _4·bromomethyl·3-chloroben2oate: mp 140·141 • C. · · 



-
" . 
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Example 63. 

6 (E)·(2·n· Butyl· 1·{(3-methoxyphenyl)methyl}·1 H·lmidazol-5-yl )·2·(2·thienyl}methyl·2·propenoic Acid 

10 

16 

The title compound was prepared ronowif!g the procedure of E)(ampl~ 1 using 3·methoxybenzyl alcohol 
in place of 2-<:hlorobenzyl alcohol; mp 110-171 "C. 

Example 64 

(EM2·n·Bulyl-1 ·{ (2-methoxyphenyl)methyl}· 1 H·imldazol·5·yl)-2-(2·thienyl)methyl·2·propenoic ~ 

Tho titlo compound was prepared following the procedure of Example 1 using 2·mathoxybenzyl alcohol 
20 and me1hanesulfonic anhydride in place of 2·chlorobenzyl alcohol and triflic anhydrido; mp 186·187° C. 

Example~ 

25 

(E)-[2·n·Butyl· 1 ·{ {2·hydroxyphenyl)methyl}· 1 H·imidazol·5·yl]·2·(2·thienyl)melhyl·2·propenoic ~ 

Jo ihe title compound was prepared from the 2·methoxy compound prepared in Example 64 using boron 
tribromide in methylene chloride; 191 ·183 • C. . 

E>eample~ 
3& 

(EH2·n·Butyl· 1·{C2·chtorophenyl)merhyl}·1 H~imidazol-S-yl]·2·(5-methoxy-2-thienyl,methyl-2-ptopenoie Acid 

<10 

The titl~ compound was prepared by· the procedure of E><ample 1 using 3·(5·methoxy·2•thienyl)·2· 
phosphonopropionate in place of 3·(2~thianyl)~2~hosphonopropionate; mp 184·185.6" C. · · 

<1s · .Example ~ 

(E)·[2·n·Sutyl· 1·{(2.Chlorophenyl}methyl}·1 H·imidazo1·5.;yl}·2·(4·methoxy·2·thlonyl)methyl·2-propenolc Acid 
50 

. . . 
The title compound was prepared by the procedure of example 1 using 3·(4·methoxy·2~thlenyl)·2· 

phosphonopropionate In place of 3·(2·thienv0·2·phosphonopropionate; mp 170~ 171 • c. · _ . 

65 

e)(ample !!! 

.. 
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(E)·3·(2·n·Hexyl· 1 ·{(4·carboxyphenyl)methyl}-1 H-imidazol·5·yl)·2·(2·thienyl)melhyl·2·propenoic Acid 

The title compound was prepared following the procedure of Example 1, using eaproylamidine mothy! 
5 ether hydrochloride in place of valeramldine rnathyl ether hydrochloride and using 4·carbomethoxybenzyl 

alcohol in place of 2-chlorobenzyl alcohol: mp ·210-212· c. 

10 

15 

20 

Example 69 

(E)·3·[2-n-Propyl-1-{ (2-nitrophenyl)methyl}- t H·imidazol·5·yl]·2·(2-lhienyl)methyl·2·propenoic ~ 

Tho title compound was prepared following the procedure of Example 1 using .butyramidine :nethyl 
ether hydrochloride in place of ve.leramidine methyl ether hydrochloride and 2·nitrobenzyl alcohol in place 
of 2·chlorobenzyl alcohol: mp 223 • C. 

Example 70 

~f )·3·(2·n·Butyl· 1 ·{ (2·chlorophonyl)methyl}· 1 H~imidazol·5·yl]·2·[ 1 ·phenyl· 1 ·(2·thienyl)phenylmethylJ·2·propenoic 
Acid 

. The title CC!mpound was prepared using the· procedure of Example 1 (i; ii, iii, iv [Method B)) replacin~ 
30 methyl 3·(2·thienyl)propanoate with methyl 3-phonyl·3·{2·thienyl)propanoato [prepared as in Tetra. 44(7) 

2055 (1988)); mp 204·206" 0. · . · - -

. Example!!_ 
35 

(E)·3·[2·n·Butyl· 1 ·{ (2-chlorophenyl)-methyl}-1H·irnidazol-S-yl]-2-[2~phenyl·1 ·(2·thieny1)9thyl]·2·propenoic Acid 

40 

4$ 

The title compound was prepared using tha procoduro of e:xample 1 (i, ii, m; iv [Methoo B)) replacing 
methyl 3-(2·thienyl)propanoate with m~thyl 3·benzyl·3·(2·thienyl)propanoate [proparod following the proce· 
dure described in Tetra.~ (7) 2055 (1988)]; mp 200-202° C. 

Example~ 

.· . 

so (E}·.3·(2·n·Butyl· 1 ·{ (2·chtorophenyl)methyl}· 1H~imidazol-S-yl)·2·{1 ·(2·thienyl)pontyt}-2-propenoic ~ 

Tho title compound was prepared u~ing the procedure of Example 1 (i. ii, iii, iv (Method BJ) replacing 
·methyl 3·(2-thienyl)propanoate with methyl 3·(2-thionyl}hoptanoate: mp 161·163 • C. · · . 

&S 

Example~ 



-------------------------------------------· ------
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E ·3·{2·n·Buty1~ t -{ (2-carboxyphenyl)methyl}· 1 H·imidazol·5·yl]-CH2·thienyl)methyl·2·propenoic Acid 

The title compound was prepared using the procedure of Example -42 replacing ethyl 4·bromomethyl·3· 
5 chlorobonzoate with ethyl 2·brQmomethylbemmate; 201·202 • 9. 

Example~ 

ro 

E·3-[ 2-n-Butyl· 1 • { (3·carboxyphonyl)methyl}-1 H·imidazol·5·yl)·2·(2·lhienyl)melhyl-2-propenoic. Acid 

rs The tH!e compound was prepared by the procedure of Example 1 (iv, Method B) using 2·n·butyl·1·[(4· . 

20 

. carbomethoxyphenyl)methyl}imidazole·5:.a1dehyde (prepared by the method described for the preparation of 
2·n·butyl· 1 ·[(4·c:arboethoxy·2·chlorophenyl)methyl)imtdazole·5·afdehyd& in· Example 42) and methyl 3·(2· · 
thienyl)propanoato; mp 243·244' C. 

Example 75 
. -

.. 
25(E)·3·[2·n·Butyl·1·{(4·hydro1Cy·3·methylphenyl)methyl}-1H-imidazol·5·yl)·2·{2·thienyl)methyl·2·propeooic Aoid 

The title compound was prepared by demethylation of (E)-2·n·butyl·1·{(4-methoxy·3·methylphenyl)· 
methyl}·1H·lmida~ol-5-yl}·2·(2·thienyl)methyl·2·propenoic acid, prepared in Example 62, using boron 

30 tribromide in methylene chloride: rrip 150·152° C. 

E><emple 76 

3S 

(E)-3-(2-n-8utyr· 1 ·{(4·carbomethoxyphenyl)mothyl}-1 H·imidazo1·5·ylHH2·1hienyl)methyl·2·propenoic ~ 

40 The title compound was prepared ·using· 2·n·butyl-1-[(4·carbometho>eyphenyl)methyl]imldazole·5·al· 

·45. 

50 

dehyde {preparad by the method described for the pcttparation of 2~n·butyl·1·[(4·carboethoxy-2·. 
chlorophenyl)methyl]imidazole·S·aldehyde in Example 42) and .t•butyl-3-(2-thlenyl)propanoate by the proce­
dure of Example 1 (iv. Method B), except, inst~ad of basic hydrolysis. trifluoroacetic: acid hydrolysis of the t· 
buryl ester was employed; mp 217·220 • C. 

Example!!_ 

(E)·3-{~-n-Butyl· 1·{{4·cyanopl1enyl)methyl)·1 H-imidazol·5·Yl}·2·(2·thier'lyl)methyl·2·PrOpen<>fc ~ 

The title comPound was prepar~d using 2·n·butyl·[(4-cyanophenyl)methyl]imidazole·5·aldehyde 
ss (prepared by the mothod of Example 42 describing the preparation or 2·n·butyl+[(4·carbo&thoxy·2· 

ehlorophenyl)mothyl]imidazole·5·aldehyde) and methyl 3·(2·thienyl)propanoate by tho procedure of exam· 
pie 1 (iv, Method B), except, instead ofbasie hydrolysis of the ester with sodium hydroxide. potassium 
carbonate hydrolysis was employed; mp t90·192° c. . 



-------------------------------------·-··-··-----
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Example '!! 

s (E)·3·(2·n-Butyl ·1 ·{ ( 4-caroamoylphenyl)methyl}-1 H·imldazol·5-yl)·2·(2·thienyl)rnet1wl·2~propanolc ~ 

Methyl (E)·3·[2·n·butyl· 1 ·{ { 4·cyanophenyl)methyl}· 1 H·imidazol-5·yl J·2·(2·thienyl)methyl·2·propanoato, 
prepared in Example 77, was subjected to hydrolysis with concentrated hydrochloric acid to give the title 

10 compound: mp 210-212' C. 

example~ 

1$ 

(E)·3·{2·n·Butyl-1 • {[ 4·(1 H·tetraot·5·yl)phenyl)methyl}· 1 H·i midazol·S-yl}-2·(2-thienyl)·methyl·2·propenoic Acid 

20 The title compound was prepared frorn methyl (E)·3-[2·n·butyl·1·{{4·cyanophenyl)methyl}·1H·imidazol-
5-yl)·2·(2·thiertyl)methyl·2·Propanoat0, prepared in Example 71, using the procedure described in E:xample 
54: mp 246·248 • C. . · 

25 Example ~ 

:JO. 

35 

40 

(E)•3·(2·n·ProP,yl· 1 ·{ ( 4-carbo>Cyphenyl)methyl}· 1 H~imidazol•5·YIJ·2·(2·thienyl)methy1-2-propenoic ~ 

The ti11e eompouod was prepared using the procedure of Example 1 replacing valermamldine methyl 
etllor ·hydrochloride with butyramidino methyl ethor hydrochloride and replacing 2·chlorbenzyl alcohol with 
4·carbomethoxybenzyl alcohol; rnp 250 • C (d). · 

fxample 81 --

{E)·3-[2·n·Propyl· 1·{(2·chlorophenyl)methyl}·1 H·imidaiol·S·yl)·2-(2·thlenyf )mEtfhyl·2·propenoic Acid 
. -

The title compound was prepared usi'ng the procedure of Example 1 replacing valeramidine mothyl 
45 ether hydrochloride with butyramidine m·ethyl ether hydrochloride: mp 200 • C. . 

Example 82 
. -

50 

(E)·3·[2·n-Hexyl· l ·( (2·chlorophenyl)methyl}-1 H·lmidazol·5·yl)·2·(2·thionyl)methyl~2·propenoic Acid 
. -. . 

ss The title compound was prepared using the procodu~e of Example 1 reple.cing valeramidlne mflthyl 
ether hdyrochforide with caproylamidine methyl ether hydrochloride; mp 161·163 • C . 

.. 



40 
Example B3 

~ )·3-[2·n-Butyl-1·}(4·carboxy·2.3·dichlorophenyl)melhyl}·1 H·imidazol·5·yl]·2·(~Mhicnyl)methyl·2·prope~oic Acid 

The title compound is prepared using the procedure of Example 42 replacing ethyl 4·brornometlwl·3· 
chlorobenzoate with mothyl 4-bromQmethyl·2,3·Clichtorobenzoate (prepared by oxidation of 2,3-dic:hloto·p· 

JO xylene with nitric acid. followed by esterirication with. methanollhydroohloric acid, and melhyl bromination 
with N·bromosuccinimido). 

example 84 

(E)·3·[2·n·Butyl· 1·{C4-carboxy-2,5-dichlorophenyl)methyl}· 1 H·imldawl·5·ylHH2·thionyl)methy1·2·propenoic ~ · 

25 

30 

The title compound is prepared using the procedure of Example 42 replacing ethyl 4~bromomethyl·3· 
chlorobenzoate with methyl 4-bromomethyl·3,6·dlehlorobenzoate (prepared by oxida!lon of 2,5·dichloro-p­
xylene with nitric acid, followed by esterification with methanol/hydrochloric acid, and mettiyl bromination 
with N·bromo·succinimido). 

Example 85 

I 

(E}·3·[2·n·Butyl·1 ·( (4-oarboxynapthyl)methyl}· 1 H·imidaiol~5~yl}·2·(2·thlenyl)methyl·2·propenoie Acid · 
. -

The title compound is propared using the procedure ol ·example 42 replacing ·ethyl 4-brornomethyl·3· 
3S chlor9benioate with 4·bromomethylcarbomothoxynaphthalene (prepared by the oxidation of 1.4·dimethyl· . 

riaphthalene with nitric acid, followed by esterification with rnethanotlhydrochlofic. acid, and methyl bromina-
lion with N·bromosuoc:inimide). · 

40 . Example!! 

·. 

(E)·3-(2·o-Butyl-1 ·{(2,3·dichtorophenyl)mothy1}·1 H-imlda~ol·5·ylJ·2·(2-thientl)methyl-2•propenamlde 
45 

.• 

(E)·3·[2·n·Butyl· 1·{(2.3·dlchlorophenyl)methyl·1 H·irnida201·5·yl)·2·(2·thlenyl)methyl·2·propenoic acid, 
prepared in Example 59, was treated with thionyt chloride anel then ammonium· hydroxide, as described in 
Example 54, to give the title compound; mp 185·187. C. · • 

50 

Example!! 

55 • 
(E)·3·[2·n·Buty1-1-{(4·carbamoylphenyl)methyl}·1H·imidaio1·5·yl]·2·(2·thienyt)rnethyl·2·propenami~ 



.. 

5 

41 

{e)·3·{2·n·13utyl· 1 ·{ ( 4-carboxyphenyl)methyl}· 1 H·lmidazol·5·ylJ-2·(2"thlenyl)methyl-2·propenoic acid, 
prepared in Exampl.e 41, was treated with thionyl chloride and then ammonium hydroxide, as described in 
Example 54, to give the title compound; mp 204·206• C. 

Example 88 

fO . (E}·3-[2·n-8utyl· 1 ·{(2-nitrophenyf)methyl}-1 H·imidazol·5·yl]·2·(2·thienyl)metliyl·2·propeoamide 

(E)-3·{2·n·Butyl·1·{(2·nitrophenyl)methyl}1 H·imidazol·5·yl}-2·(2·thienyl)melhyl-2-properioie acid, pre· 
pared in Example 55, was treated with thionyl chloride and then ammonium hydroxide, as described in 

1s Example 54, to give the title compound; mp 183·185" C. · 

Example 89 

E·3~[2·n·Butyl· 1·{(2·chlorophenyl)methyl}·1 H·imidazol·5·yl}-2·(2·thienyl)methyl·2o.propenoxy Acetic ~ 

2s To a suspension of sodium hydride (53 mg, 2.3 mmol) in 5 mL of glyrne was added portionwise ·(E)-3· 
[2·n·butyl-1 ·{(2·chlorophenyl)methyl}·1 H·imidazol·5·yl]·2·(2·thienyl)methy1·2·proponol (O.So2 mg, 2.0 mmol, 
prepared as described in f1<ample 17). After stirring for 30 minutes, methyl bromoacotale (3.35 mg, 2.2 
mmol) was added dropwise. The reaction was stirred overnight at room temperature and. then the mixture 
was poured into ice-water. Ttie product w&s extracted into ethyl acetate {3x). The combined org~nic ex.tracts 

30 were washed with water and bl'ino and dried ·with anhydrous magnesium sulfate. The soh1ent was removed 
in vacuo. The residue was ehromatographed on silicu gel eutting with hexane/ethyl acetate (4:6) to give 2.44 
mg (26%) of the ester of the title compound as an oil. . 

·The ester was saponified by base as described in example 1, iv, Method A(c): mp 141 ·142' C (ethyl 
acetatOlmethanol. · · · 

Example~ 

40 

E·3·{2-n-Butyl·1·{{2·chloropheoyl)methyl}:.tH·imid;u:ol-5·yl]·2·{2-thi0nyl)methyl-2-propenyl Glyeine 

To a solution of (E)·3·[2•nabutyl· 1 ·{{2·Chlorophenyl)methyl~ l H-lmidazol-S·y1J·2·{2-thieny~methyl·2·pro-
"5 penoic acid (0.5 g, 1.2 mmol prepared in Example 1) in tetrahydrofuran (12 mL) was added N .. hydroxysuc­

cinimide (0.153, t.33 mmol), followed by dicycloheicylcarb9diimide (0.249 g, 1.2 mmol) in 5 mL of 
tetrahydrofuran. 'The reaction mixture was heated at 35 • C for one hour and thon glycine methyl ester 
hydrochloride (0.197 g, 1.57 mmol} and triethylamine (0.22 ml, 1.57 M!"'lol) were added. The reaction was 
stirred at room temperatvre overnight The mlMlure was diluted with 20 ml of ethyl acotato · and the solids 

so were mtered. The fHttate was eonpentrated to dryness and the residue was chromatographed. on silica gel 
eluting with ethy acetate/tlexane (4:6) to glv~ 0.258 g (44%) ofthe ester·amide as an oil .. 

The ester was saponlfied to the title acid compound by base. as· described in Example· 1 (Iv, Method A· 
{c): mp 175•1n··c. · · 

55 

a=xample~ 



42 

(E)·3·(2·n·Butyl-1 • { (2·chlorophenyl)methyl}· 1 H·imidazol 5·yl]·2-(2·thienyl)methyl·2-propenamide 

(E)·3·[2·n·Bulyl-1 ·{ (2·chlotophenyl)methyl}· 1 H·imidazol-5-yl}·2·(2-thienyl)me1hyl·2·propenoic acid. pre· 
s pared In Example 1, was treated with thionyl chloride and then ammonium hydroxide, as described in 

Example 54, to give the title compovnd: mp 184·185• C. 

10 

tfj 

Example~ 

(E)·3-[2·n·Butyl-1-{ (2·trifluoromethylphenyl)methyl}· 1 H·imidazol·5~y1J·2-(2·thieny l)methy1·2·propenamide 

· (E)-3-(2·n·Sutyl· 1 ·{ (2-trifluoromethylphonyl)melhyl· 1 H·imidazol·S·yl]·2·(2·thienyl)m&thyl·2·propenoic 
acid, prepared in f;;xample 58, w.as trea1ecJ with thlonyl chloride and then ammonium hydroxide, as 
described in Example 54, to give the title compound; mp 20N?OB° C. 

Example 93 

25 Ethyl (E)·3·[2·n·butyl-1-{ ( 4-carbometho>eyphonyl)methyl }· 1H·imidazol·S·yl]-2·(2·thienyl)methyl~2·propanoate 

The title compound was prepared following the procedure of Example 1 (iv. Method B) using 2·n·butyl­
H(4-earbomethoxyphenyl)mothyl)imidazole-S~aldehyde. prepared by the met.hod described for the pr91iJara· 

:io tion of 2·n·butyl·1·((4·carboethoxy~2-chlorophenyl)methyl]imidazole·5·aldehyde in Example 42. and ethyl 3-
(2·thienyl)propanoate; rnp 130·132• C. 

40 

45 

50 

Example 94 

An oral dosage form for administering orally acrive Formula (I) compounds is produced b)' screening, 
mixing and filling into hard gelatin-capsules the ingredients in proportions, for example, as shown bolow. 

Ingredients Amounts 

(E)-H2·o·butyl· 1 ·{(4·carboxyphonyl)methyl}· 1 H-i midazol·5·y1J·2·(2-thienyl)methyl·2·propenoie 100 mg 
acid 
magnesium stearale 10mg 
lactose 1oom9 

Example ·95 

· The sucroso calcium sulfate dihydrate and orally ·active Formula .. (I} compounds are mixed and 
granul~ted with a 10% gelatin solution. The wet granules are screened. dried, mixed wi1h the starch. talc 55 
and stearic acid, S(:reened and compr~ssed into a tablet. 

. I• 



. ~ 

(Y} 
'I:!' 

• 

Ingredients· 

(E)-3-12-n-butyf· 1-{(4-<:arboxy-2-chlorophenyl)methyl }-1 H-imidazoHi-yt}'.2-(2-thienyl)methyt-2-propenoic acid 

calcium surrate dihydrate 
. . . 

• sucrose 
star~h 

. 'talc 
stearic acid 

:· 

Amounts 

75mg 
. 100mg 

15 mg 
8mg 
4mg 
2ma . 
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Example~ 

(E}-3·[2·n·Butyl-1 • { ( 4•carboxy-3·chlorophenyl)methyl}· 1 H·lmidazol·5-yl J-2·(2·thienyl)methyl·2·propenoic 
acid, 50 mg. is dispersed in 25 ml of normal saline to prepare an injectable propatation. 

Example~ 

A topical opthamological solulion for administering Formula (I) compounds is produced by rnixing under 
15 sterile conditions the ingredients in proportions, for example. es shown below . 

. Ingredients Amounts 

. (mgtmL) 
20 

(E}·3·[2·n-butyl·1 ·{2·chlorophenyl)methyl}-1 H·imidazol-5·yl]·2·(2·thienyl)methyl·2·propenolc 1.0 
acid 
dibasic sodium phosphate 10.4 
monobasic sodium phosphate 2.4 
chlorobutanol S.O 
hyoroxypropanol mettiyleellulose 5.0 25 

sterile water q.s.ad 1.0 
ml. 

1.0 N $Odium hydroxide q.s.ad pH 
7.4 

30 

It is to be understood that the invention is not limited to the embodiments illustrated hereabov~ and the 
right to the illustrated ornbodiments end all modifications coming within the scope of the following claims is' 

35 reserved. 

Clalms 

10 1. A compound of the formula (I): 

45 

CH2R1 e 
I ....-R. 
N · CR'·C 

Rix~ x 'Rs 
N R3 . 

{I) 

• I 

so in which: 
R1 is phenyl, blphenyl, naphthyl. or ·adamantylmethyl, which are uns1.1bst1tute.d ot $ubslituted by one to three 
substltuonts selectod ftom Cl, Br, F. t, c,-c,alkyl, nitro, C02R7 • tetrazo·l~S-yl, <;h·C4slkoxy, hydroxy, SC1· 
C&alkyl, S02NHR7 , NHS02R7, S03H. C0NR7R7 • CN, S02C1·C,alkyl, or OnF2ii•1. wherein n is 1·3; 
R2 Is C2-C1oalkyl, C3-C1oalkenyl. C3·C1oalkynyl, C:.-C,cycloalkyl. or (CH2lo-aphenyl unsubstituted or 

ss substituted by one to three substituents selected from C1·0,alkyl, nitro, Cl, ar, F, I, hydroxy, c,-c,a11<oxy, 
NR1R1 , C02R', CN. or CONR'R7 : 

X is a single bond, S, or O: 
R3 $hydrogen, Cl. Br, f. I. CHO, hydroxymethyl, COOR7, CONR7fi.7 N02. or CnF2n•1• where n is 1·3: 



I lllllll llllll lllll lllll II llll 
* C L M S * 

45 

THlS SHEET HAS BEEN 
· . REPLACED 

R4 and Rs are independently hydrogen, C1·C,alkyl thienyl·Y·. pyraz:olyl·Y·, imidazolyl·Y·, lhiazolyl·Y·, furyl· 
Y·, pyrrolyl·Y-, triazolyl·Y·, oxazoly.l·Y·, isoxazolyl·Y, pyridyl·Y·, or teuazolyl·Y·. except that R• and ·R5 are· 
not both selected from hydrogen and C~ ·C,alkyl and each hoteroc.yclic ring is unsubstituted or substituted 
by C1·C,at1<yl, C1·C,alkoxy, Cl, Br, F, I, N~7 R7, C02R7, SO:>NHR7 • S03H, or CONR7R7: 

5 Y is a single bond, S, 0, or C1 -C,alkyl which is straight or branched or optionally s1,1bstituted by phenyl or · 
benzyl, wherein each of the a.ryl groups is unsubstituted or substituted by halo, N02. CFi C1·C,alkyl, c,. 
c,alkoxy, CN, or C:02 R7 ; · 

R' is ·Z·COOR8 or ·Z·CONR7R7 ; 

Z is a single bond, vinyl, -CH2·0·CH2·, methylene optionally substituteq by c,-c,alkyl, one or two benzyl 
10 groups, lhienylmethyl. or furylmethyl, or ·C(O)NHCHR9-, wherein R~ is H, C1·Ccalkyl, phenyl, benz:yl, 

thienylmethyl, or furylmethyl; 
each R7 independently is hydrogen, C1-C,alkyl, o({CH2)mphenyl. wherein mis 0-4; and 
R8· is hydrogen, C1·C,alkyl, or 2·di(C1·Ccefl<yl)amino·2·oxoethyl; or a pharmacoutlcally acceptable sail 
thereof. · · 

rs 2. A compound according to c\aim 1 in which: 
R1 · 1s phenyl unsubstituted or substituted by one to three substituents selected from chloro, fluoro, 
trifluoromGthyl, nllto, methyl, methoxy. hydroxy, sutfonamido. cyano, carboxy. carboC1·C4alkoxy, car~ 

bamoyt, or letraz:ol·S-yl; 
x is a single bond: 

20 f\?. is C2·Caalkyt: 
R3 is hydrogen, ehloro, fluoro, or trifluoromethyl; 
R4 hydrogen or C1 ·C.e.lkyl; · 
Rs is thienylmethyl, furylmethyl, imidazolylrriethyl, or pyridylmathyl, each of which is optionally substituted 
by methyl or methoxy, and 

25 R' is C02H. C02C1·C2alkyl, or CONH2. . 
3. A compound according to either claim 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·carboxyphenyl)methyl}•1H·imidazol· 

5·y1J·2·(2·thienyl)methyl-2·propenoic acid or a pharmacevlically acceptable salt thereof. 
5, A comPo1:1nd according to claim 1 which is (E)·3•(2-n·butyl·1·{(4-earbo><y·3·chiorophenyl)methyl}·1H­

!JO imidazol·5·yl]·2·(2·thienyl)methyl·2·Propenoic acid or a pharmaCO!.ltieaUy acceptable salt thereof. 
6. A comPound according to claim 1 which i$: 

(E)•3·{2·n·butyl·1·{{2-chlorophenyl}methyl}-1H·imldazot.S-yl}-2·(2·thleriyl)methyl·.21'ropenoic acid; 
(!:)·3·[2-n·butyl-1·{(4-oarboxy-2-<:hlorophenyl)·methyl}~1H·imidazol-&-yl]·2·(2·thienyl)methyl·2·Propenoic 
acid. . . . 

ss (E)·3·(2-n·butyf • 1·{(4-carbomothoxyphenyl)methyl}· 1 H-lmidazol·5·yl]·2·(2·thienyl)methyl·2·propenoic acid; 
(E)•3·[2·n·hexyl· 1 ·{(4·carboxyphenyl)methyl}·1 H-imidazol·5·yl)-t!-(2-thlenyl)methyl~2-propenoic aeid; 
(E)-3·[2·n·propyl· 1 ·{(4-carboxyphenyl)methyl}-1 H·imidazol·5·yl)•2·(2·thienyl)methyf·S?·propenolc· acid; 
(E)·3·[2·n·butyl· 1 ·{ (2·nitrophenyl)molhyt}-1 H;imidazol-5·yl]·2·(2·thienyl)melhyl-2-propenoic ac:id; 
(E)-3-(2-n•butyl· 1-{ (2-chlorophenyl)methyl}-1 H·imidHol·S-yl)·2·(lMuryl)methyl·2·propenoic acid: · 

40 {E)·3-{2·ti·buty1·1 ·{ (2·chloropher:iyl)~elhyl}· 1 H-i~idazol·5-yl}·2·(4·imidazolyl)methyl·2·propenoi9 acid; 
(E)-3-[2·n·butyl· 1-{(2·chlorophenyl)mathyl)· 1 H·imldazol·S-yl}'2·(3·thienyl)methyl·2·Propenoic acld; 
(E)·3·[2·n·butyl·1·{(2·Chlorophenyl)methy1}·1H•lmiduol·5·Yll·2·(5·methyl·2·thienyl)methyl·2-propenoic aeld; 

· (E)·3·{2·n-butyl· 1 ·{ (2·cy11nophonyl)methyl}-1 H-imidazol·5·yl]·2·(2·thienyl)methyl·2·propenoic acid: 
(E)-3-[2·n·butyl-1·{(4·methoxy·3·methylphenyl)methy1}~1H·imidazot-5·y1]·2·(2·thlenyl)methyl.:.2-propenoic 

45 acid: · ·. 
(E)-3-[2·n·butyl-1·{(2·chlorophenyl)rnethyl}·1H·imidazol·5·yll·2·(4·pyridyl)methyl-2·propenoie acid: 
(E)·3·(2·n-bulyl· 1 ·{ (2-c:hlorophenyl)methyl}~ 1 H-imidat:ol·S-yl]-~·(5·methoxy·2·thienyl)methyl·2·propenoic 
acid; · · 
(~)-3·(2·n-butyl· 1 ·{ (2,3-diohlorophenyl)m&thyl}· 1 H-imidazol·5-y1J·.2·(2·thienyl)methyl~2-proporioic: acid: or 

so. (E)-3-(2·n·buty1· 1·{(2·ttifluoromathytphenyl)methyl)·1 H-imida:i:ol-5·y1J·2·(2·thienyl)methyl-2-propenoic acid; 
or a phe.rmaeeutically aeceptabl~ s.alt thereof. · · 

I. A compound according to any one of claims 1 to 6 for use as a medicament. 
8. A pharmaceutical composition which comprises a co"'po~nd aeoording to any one of claims 1 to 6 

and a pharmaceut1Cfllly acceptable carrier. · 
65 9. A process tor preparing a compound of the formula (I) Of a pharmaoeutie41lly acceptable salt thereof 

as dafinod in claim 1, which process c:omprisos: 
a) reacting a compound of th~ formula (II): 

.. 
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CH R1' 

s 

I 2 

N CHO 
R2x-{ x . 

N R3 · 

(II) 

I 

wherein R2, R3, and X are as defined in claim 1, and R1 is R1 as defined in claim 1, except that the 
10 substituent$ on the R1 'g roup do not include tetraz:ol·5·yl, OH •. or C02H, with (C1 ·C• alkoxy)2P(O}CH(R5

)· 

C0001·C,alkyl, wherein Rs is as defined in claim 1, in the presence of a base: or 

b) reacting a compound of thE! formula (Ill): 

ffj 

(III) 

~o 

wherein R2, R'. R', Rf>, and X are as definocl in claim 1, with a compound of the formula (IV): 
. . . 

25 (IV) 

30 wherein Wis Ct. Br. f, I, C1·C4alkyt, nitro, C02C1-C4alkyl, C1·C,alkoxy, SCJ•C4alkyl, CN, .S02C1·Ccalkyl, 
S02 NHR7 , NHS02C1·C,alkyl. or C,.Fin41. n is 1·3, p is 0·3. and R1 is hydrogen. C1·C4alkyl, or {CH2)· 

40 

45 

60 . 

o .4phenyl: or . . 
t) reacting a compound of the formula (II) as hereinbafore defined with a compound of the formula (V)_; 

,...cooH 
R5-CH 

........ COOC1-C6alkyl 

wherein Rs is as defined in claim 1. in the presence of a baso: or 
d) reacting a compound of the formula (VI): 

(V) 

(VI) 

wherein R2, ft3, R5 • and X are as defined in claim 1, R.1' is R1 as definod in claim· 1, except that the 
substiluents on the R1' group do not include tetrazol·5~yl, OH, or C02H and R1·1 is COCH3 or S02CH,, with 

.21 base; or 
55 e) reocting a compound of the formula (II) as herolnbefore defined with an appropriate heterocyclic aeetie 

· acid in acetic: anhydrido in the presence of a base: 
and thereafter: 
{i) for formula (I) compounds in ·which z is ·CH2-0·0H2·. roduelng the formula (I) ester tiereinbefore 
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prepared, followed by reaction with a c, -C,alkyl haloacetale or: 

THIS SHEET HAS BEEN 
REPLACED 

(ii) for formula (I) compounds in which Z i$ ·C(O)NHCHR9• wherein R9 is H, C1·C• alkyl, phenyl, bem;yl, 
thienylmethyl. or furylmethyl, hydrolyzing· the fofmula (1) ester compounds hereinbefore prepared, followed 
by reaction with an appropriately substituted amino acid, in thO prasence of an amide-forming reagent: or 

s (iii) for formula (I) compounds In which Z is a methylene group, reducing the formula (I) ester comp0unds 
hereiobefore prepared, followed by reaction With a 01 ·C6alkyl chloroformate and thon reaction with carbon 
monoxide in the presence o1 a phosphine ligand~ or 
(iv) for formula {I) compounds in which Z is a methylene group substituted by c,.c,alkyl, benzyl, 
.thienylmothyl, or furylmethyl, reacting the formula (I) ester compounds wherein Z is a methylene group 

10 prepared above with a lithium dialkylamide followed by reaction with an alkylating agent; · 
and thereafter where necessary: 
(i) for fo(mula {I) compounds in which the R1 group is sobstituted by hydroxy, deprotecting :the formul~ (I) 
compounds in which the R1 group is substituted by Ct ·C4a.lkoxy; or · 
(ii) for formula {I) compounds in which the R' group is substitute~ by carbo><y. hydrolyzing the formula (I) 

1s compounds in which the R1 group. is substituted by C02C1 ~,alkyl; or 
(iii) for formula (I) compounds in which R' group is substituted by a tetrazol·S~yl gr9up, trea1ing the formula 
{I} eompovnd in which the R1 group is subslitutecl by carboxy, with a halogenating agent, followed by 
eonvorsion to the pri.ary amide in a reaction with ammonia, dehydration with 
oxalylchloride/dimethyltormamide and reaction with aiide; or 

20 (iv) for formula (I) compounds in which A' is ·Z·COOH, hydrolyzing the formula (I) compounds in which R' 
is ·Z·OOOC1·Clialkyl: or . 
(v) for formula (I) compounds in which R' is ·Z·CONR7A7 wt\erein R7 is hydrogen, C1·C,alkyl, or (CHl')· 
o-4phenyl, treating the formula (I) compounds in which R' is ·Z·OOOH with a halogenating agent, followod 
by reaction with an appropriately substituted amine: · · 

is and thereafter optionally forming a pharmaceutically acceptable salt. 
1 o. The use of a compound of the formula (I) or a pharmaceutically acceptable sail thereof as definod in 

claim 1 in the manufacture of a medic:am&nt tor treatmont of diseases Ill which angiotensin n- receptor 
antagonism is a factor. 

_ 11. The us~ of a compound of the formula.(I) or a pharmaceutically acceptable· salt thereof as defined In 
:to claim 1 in the manufacture of a medicament for treatment of hypertehsion. 

35 
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12. The use of a compound of the formula (I) or a pharmaceutically acceptable salt thereof as defined in 
claim 1 in the manufacture of a medicament for ifeat1t1ent of congestive heart failure. · 

13. The use of a compound of the formula O> or a pharmaceutically acceptable salt thereof as defined In 
claim 1 in tho manufacture or a medicament for treatment of renal failure. 

Claims for th& following Contracting States: GR & ES 

1. A process for preparing a oompound of the formula (1): 

(I) 

• 

in which: .· 
R1 is phenyl, biphenyf, naphthyl, or adamantylmothyl, which.are unsubstituted or substituted by one to three 

· so substituonts selected· frorn Cl, Br, f', I, C1·C4alkyl, nitro .• C02fV. tetrazol·S·yt, c·,.c,al~yi hydroxy. SC1• 
Ctall<yl, S02NHR7 , NHS02f\7 • S03H, CONR7R7, CN. SO~C1·C,alkyl, or C..,f2".11 wherein n is \•3; 
R2 is e;i .. c,oalkyl, Ca·C1oelkenyl, Ca·C1oalkynyl, Ca·C,eycloalkyl, or (C-~)o-sphenyl unsubstituted or 
substituted by one to three substltuents selected from C1·C,alkyl, nltro, Cl.Br, F, I, hydroxy, CrC,alkoxy, 
NR7R7• C02A7• ON, or CONR1R7 ; . 

55 X is a Single "bond, 6. or 0~ 
R3 is hydrogen, Cl. Br, F. 1, CHO. hydroxymethyl, COOR7, CONR7R7 , N02. or C"'F21\ .. 1 wh$re n is 1·3; 
R' and R5 are independently hydrogen, c, -~alkyl, thienyl·V·, pyrazolyl·V•, imiduo1vl.V·1 lhiezolyl-Y·, fury!· 
Y·, pyrrolyl·Y·, triazolyl·Y·. oxazolyl·Y·, iso~azolyl·Y, pyridyl·Y·, or tetr&lolyl-V·, except that R' and R5 are 
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not both selected from hydrogen and c,-C,alkyJ and each heterocyclic ring is unsubstituted or substituted 
by C1-C,alkYI, C1·Ccafkoxy, Cl, Br, F, I, NR7R7, C02R7, S02NHR1, $Q3H, or CONA7fV; 
Y is a single bond, S, 0. or C1·Csalkyl which is straight or branched or optionally substituted by phenyl or 
bonzyl, wherein each of the aryl groups is unsubstituted or substituted by halo, N02• CF~. C1 ·C4alkyl, c, • 

5 c,alkoxy, CN, or C02R7 ; •· 

R' is ·Z·COC°R* or ·Z·CONR7 R7; 
z is a sinQle !;>orid, vinyl, ·CH2·0·CHr-. methylene optionally $ubstituted by c,-C,alkyl, one or two benzyl 
groups, thienylmethyl, or furylmethyl, or ·O(O}NHCHR'-. wherein Rt is H, C1~C,alkyl, phenyl, ban;zyl 
thienylmethyl, or furylmethyl; 

10 each fV independently is hydrogen. c, ·C,alkyl, or (CH2)mphenyl, wherein m is 0·4: and 

15 

20 

R8 is hydr99en, C1·C6alkyl. or 2·di(Ci·C.alkyl)amino·2·oxoethyl: or ·a pharmaceutica·11y acceptable salt 
thereof, which process comprises: 
a) feacting a compound of the formula (ll): 

CH R1' I 2 

.N CHO 

R2x-{ x 
N. R' 

(II) 

wherein R2, A3, and X are as derineCf in claim 1, and R1' is R1 as defined in claim 1. except that the 
substituents on the R1' do not include tetrazol·5·yl, OH, or C021i, with (C1·C.alko)(y)2·P(0)CH(R5 )COOC1· 

26 C&alkyl, wherein R5 is as defined in claim 1. in the presence of a base: i:>r 
b) reacting a compound of tlie formota (Ill): . 

90 

(III) 

35 

wherein Rz, R3. R4 , R5 • and-X are as defined in claim 1, with a compound of the formula (IV}: 

40 (IV) 

wherein W Is Cl. Br, F. I, C1•C1alkyl; nitro. C02CrC,alkyl, C1·Ctalkoxy, SC1•C1alkyl, CN, S02C1~C,alkyl, 
.c5 S02NHR'. NHS02C1·C4alkyl, or CnF2t1· •· n is 1·3. p is 0·3, and R' is hydrogen, C1·C-4alkyl. or (CH~)· 

o-&phanyl; or 
· c) reacting a compound Of the formula (ti) as hereinbefore defined with a compound of th& formvfa (V): 

50 

ss wherein Rt. is as defined in cla!m 1, io the prosence of a base: or 
d) reacting a compound of the formula (VI): · 

(V) 
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(VI) 
6 

wherein R2 , R3, R5 , ~nd X are as defined in claim 1, R1
' is . R1 as defined in claim· 1, except th.at· lhe 

fO substituenls on the R1 group do not include tetrazol·5·yl, OH, or C02H and R" Is C0CH3 or SO~CH3, with 
a base: or 
e) reacting a compound of the formula {II) as he~einbefore defined with an appropriate heterocyclic :acetic: 
acid in acetic anhydrido in the presence of a base; 
and thereafter: 

1s {i) for formula (I) cornpounds in which Z is ·CH~-O·CH2·, reducing the formula (I) oster hereinbefore 
·prepared, followed by reaction with a C1·C&alkyl haloacetale or: 
(ii) for formula (I) compounds in which Z is ·C(O)NHCHR9· wherein R9 is. H, c,-c, alkyl. phenyl, benlyl, 
thienytrnethyl, or furylmethyl, hydrolyiing the formula (I) ester compounds herelnbofore prepared.· followed 
by reaction with an. appropriately substituted amino acid, in the presence of an amide·forming reagent; or 

20 (iil) for formula (I) compounds in which z is a methylene group, redueing the formula (1) ester compounds. 
hereinbelore prepared, followed by reaction with a C1 ·C,alkyl chloroformate and then reaction with carbon 
monoxido in the presence of a phosphine ligand: or 
(iv) for formula (I) compounds in which Z is a methylene group substituted by CrC,alkyl, benzy1, 
thienylmethyl, or furylmethy~. reacting the formula (1) ester compounds wherein Z is a methylene group 

25 prepared above with a lithium dialkylamide followed by reaction with an alkylating agent: 
and thereafter where necessary: · 
(i) fof formula (I) compounds in which the R! group is substituted by hydroxy, deprotecting the formula (I) 
compounds In which the f\1 group is substituted by c,.c,atkoxv: or 
{ii) for formula (I) compounds in which the R1 group is substituted by carboxy, hydroly~ing the formula {I) 

30 cornpounds in which the R1 group is substituted by 002C1 ,.,alkyl; or 
(iii) ror formula (I) compounds -io whieh R1 group is substituted by a tetruol·5·yl group, trGating the formula 
{I) compound in which the R' group is substituted by catboxy·, with a halogenating agent, followed by 
conversion to the priary ·amide in a reaction · with ammonia, dehydration with 
oxaly1chloride/dimethylformamide and reaction with azide: or · 

35 (iv) for formula (I) compounds in which R~ is AZ•COOH. hydrolyzing the formula (I) cornpOllnds in whlcti R' 
is -ZACOOC1·Ci;alkyl: or 
(v) for formula (I) compounds in which R' is ·Z·CONR1R7 wherein R7 is hydrogen, C1·C43lkyl, or (CH~)· 
o-,phenyl, treating the formula {I) compound• in which R' is ~z-OOOH with a halogenating agent, foHowod 
by reaction with en appropriately substituted amln~; . · · 

40 and thereafter optionally forming a pharmaceutically acceptable salt. 
2. A process aecording to claim 1 for preparing a .compound wherein: 

R1 is phenyl unsubstituted or substituted by one 10 three su)lstituents seloc:ted 1rom chloro. fluoro. 
trifluoromelhyl, nitro. methyl, methoxy, hydrmcy, sulfonamido, cyano, carbO>Cy, carboC1·C1.alkoxy, car· 
bamoyl, or tetrazol·5·yl; · · · · 

46 X is a single bond: 
R2 is C2·.C1alkyl: 
R3 is hydrogen, chloro, fluoro, or trlfluorQrnethyt: 
R' hydrogen or c, .c,alkyl; . 
A" is lhienylmethy1. furyll'l'.lethyl, imidazolylmethyl, or pyrldylmethyl, each of which Is optionally substituted 

so by methyl or methoxy ,'and 
R' is C02H, C02C1·C2alkyl, 01' CONH2. . 

3. A proeess according to either claim 1or2for prepering a compound_whlch is.the ,J: {trans) isomer. 
4. A process according to claim 1 for preparing a. compound which Is (E)-3·(2-o·butyl·1·{(4·carbox· 

yphenyl)methyl}· t H-imidazol~5-yl)·2-{2·thionyl)methyl-2•proponoic acid or a pharmaceutically acoeptable 
s6 sEilt thereof. · 

5. A process according to claim 1 for preparing a compound which Is (E)-36 [2·n·butyl·1·{(4•carboxy·3-
chlorophenyl)methyl}·1 H·lmidauol·5•yfJ·2·(Nhionyl)rilethyl-2·propenoic acid or a pharmaceutically aoeept- · · 
able salt thereof. · 

.• 
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6. A process according to claim 1 for preparing a compound which is: · 
(E)-3-[2·n·butyl:1·{(2-c:hlorophenyl)methy1}·1H·imicfazol·5-yl]·2·(2·thienyl)methyl-2·propenoic acid; 

(E)·3·[2·n-butyl· 1 ·{ (4·carboxy·2·chlorophenyl}methyl}· 1 H·imidazol·5·yl]·2-(2·thienyl)methyl·2-propenoic 

acid; 
s (E)·3-[2·n·butyl-1 ·{ ( 4·carbomethoxyphenyl)methyl} 1 H·imidazol·5·yl}-2·(2·thionyl)methyl-2·proponoic: acid; 

(E)·3·(2·n-hexyl· 1 ·{ (4·carboxy phenyl)methyl }· 1 H·imidaiol·5·y1M~·(2·thienyl)methyl·2-propenoic acid; 

(E)·3-(2·n·propyl-1 ·{ ( 4·carboxyphenyl}methyl}· 1 H-imida201·5·yl)·2·(2·thienyl)methy1·2·propenoic ac:id; 

(E)·3·[2·n·bvtyl· 1 ·{ (2-nitrophenyl)methyl}· 1 H·imidazol·5·yl}·2·(2·thienyl)methyl·2·propenoic acid: 

(e)·3·{2·n·butyl-1 ·{(2·chlorophenyl)methyl}-1 H·imidazol·5·yl)-2·(2·furyl)methyl·2·propenoic acid; 

'° (E)·3·[2·n·bulyl· 1 ·{ (2·chlorophenyl)methyl}· 1 H·imidazol·5-yl}·2·{4·imldazolyl)methy 1-2-propenoic acid; 

(E)·3·{2-n·butyl-1 ·{(2·chlorophanyl)methy-l}-1 H·imldazol·5-yl)-2·(3·thienyl)methyl-2·propenolc acid: 

(E)-3·[2·n·butyl· 1 ·{ (2-chlorophenyl)mathyl}· 1 H·imidazol·5-y1J·2·(5-methyl·2-thienyl)methyl·2·propenoic acid; 

(f )·3·{2-n·butyl-1 ·{(2·cyanophenyl)methy l}-1 H·imidazol·5·yl)-2·(Nhienyl)methyl-2·proponoic acid: 

(E)·3·[2·n·bulyl· 1 ·{ (4·methoxy-3·moth ylphenyl)methyl}· 1 H·imidazol·5·yl)-2·(2·thionyl)methyl-2·proponoic 
rs acid; · . 

(E)-3·[2·n·butyl· 1 ·{(2·c:hlorophenyl)methyl }· 1 H·imidazol·5-yl}·2·(4-pyridyl)methyl·2-propenoic acid; 

(E}·3·[2·n·butyl· 1 ·{(2·chlorophenyl)rnethyl }· 1 H~imidazol·5·yl]-2-(5·mGthoxy·2·thlenyl}methyl·2·propenoic: 
acid; 
(E}·3·[2·n·butyl· 1 ·{ (2.3·dichlorophenyl)methyl}-1 H·imldazol·5·~]-2·(2·thienyl)methyl·2·propenoic acid; or 

20 {E)·3-[2·n·butyl-1 ·{(2·trifluoromethylphenyl)methyl}· 1 H·imldazol·S--yl]·2·(2·thienyl}mothyl·2·propenoic acid; 

or a pharmaceutically acceptable salt thereof. · 
7. A process for preparing (E)·3·(2-n·butyl-1·{(4·carboxyphenyl)methyl}.·1 H·imidazol·5-yl]·2·(2pthienyl)· 

melhy1·2..propenoic: acid which comprises treating methyl · 3-aeetoxy·3-(2·n·butyl+{(4-carbomothox· 

yphenyl}methyl}· 1 H·irnidazo1·5-y1J·2·(2·thienyf )methylpropanoate with 1,8·diazabicyclo[5.4.0)undec-7 ·ene, 

2s followed by ester hydrolysis. . . · 

8. A process for proparing (E)·3·[2·n-butyl+{(4·carboxy·3·chlorophenyl}methyl}·1 H·imidazol·S-yl)·2·(2· 

thionyl)methyl-2·propenolc acid which comprises reacting 2·n·butyH·{(4·carboethoxy·3·chlorophenyl)· 

methyl}-1H·lmidazole-5·aldehyde with ethyl 2·carboxy·3·(2·thienyl)propionate in the presence of pipetidine, 

followed by ester hydrolysis. . . 

:JO 9. A process for preparing a pharmaceutical composition which comprises bringing into association a 

compound of the formula (I) or a pharmaeeutlcally acceptable salt thereof as dofined in claim 1 and a 

pharmaceutically acceptable carrier. 
10. Tho use of a compound of the formula (l) or a _pharmaceutically acx:eptable salt thereof as defined in 

claim 1 in the manufacture of a medicament for treatment of diseases In which angiotensln II recoptor 

ss antagonism is a factor. 
11. The use of a compound of.the formula (I) ore pharmaceutically acceptable sail thereof as defined in 

claim 1 in the manufacture of a medicament tor- treatment of hypertension. · 
12. The uso of a compound or tho formula (I) or a pharmaceutically acceptable salt thereof as defined In 

claim 1 in the manufacture of a medicamont for treatment of congestive heart failure. 

"° 13. The use of a compound of the formula (I) or a pharmaceutically acceptable salt thereof as defined in · 

claim 1 In the manufacture of a medicamont for treatl'nent of renal fallure. 
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