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Abstract: A novel series of heterocyclic compounds I bearing two acidic fimctionalities, a 
carboxyl group and a tetraxok ring, was prepared and evaluated for in via0 and in vivo 
angiotenslnII (An) antagonistic acttvity. These compounds showed significantly more potent 
AII antagonistic activities than the parent compounds without the carboxyl groups. This 
structme-activity relationship (SAR) study revealed the impartance of the carboxyl group 
attached to the hemmcyclic moieties especially for insurmountabk antagonism and 
t&ncement of in vivo (po) activity. 

CV-11194(R'sRu,R%H) 
CV.11974(R'=Et0,R2=H) 
TCV-I16 (R'=EIO,R'=CI~(M~)OCOO I 

Blockade of the action of angiotensinlI (AR) is a target for development of novel 

antihypertensive agents. A variety of heterocyclic compounds’ were synthesized and evaluated 

as AII mceptor antagonists. We recently discovemd novel and potent nonpeptide AT, 

selective AII receptor antagonists, benzimidazok-7-carboxylic acid derivatives (CV-11 I942 and 

CV-11974’), which are much more potent than DtP 753 (losartan)‘. Theprodrugof 

CV-11974, TCV- 116, is an orally active, highly potent and long-acting AII mceptor 

antagonists and it is currently undergoing clinkal evaluation as an antihypertensive agent. 

The structure-activity relationship (SAR) studks on various benximidazokderivatives related 

to (X-11974 revealed that the adjacent arrangement of a I-tetraxolylbiphenyhnethyl group, 

a 2-lipophilic substituent and a 7-carboxyl group was the common and important 

structural nquimment for potent AII antagonistic activity. The pmsence of the 7carboxyl 
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group was also very important for insurmountable All antagonism. 

In order to investigate extensive SAR, a variety of heterocyclic compounds I bearing the 

key structural features mentioned above were prepared and evaluated for in vitro ad in 

viva AU antagonistic activities. 

CHEMISTRY 

Imidazo[4,5c]pyridine, thieno[3,4d]imidazole and imiwl,2-blpyrazole derivatives were 

synthesized as target hetemcyclic compounds by the routes outlined in Scheme I-III. 

Diamii l6 was cyclized to imidazo[4,5c]pyridine 27 by heating with valericacid 

in polyphosphoric acid (PPA). Oxidation with hydrogen petoxide followed by Reissert 

reaction with uimethylsilyl cyanide’ gave the nitrile 4, which was tmated with methanolic 

hydrogen chloride to afford the ester 5. Alkylation of 5 with brornomethylbiphenyl 

derivative 99 and subsequent deprotection yielded the tetrazole 6, which was hydrolyzed 

to the carboxylic acid 7. lhe. parent compound without the. carboxyl group 8 was 

ptepared by alkylation of 2 with 9 followed by depxotection. 
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Diaminothiophene 10” was reacted with l,l’-thiocarbonyldiimidazole to give the 2-thione 

derivative 11. S-Alkylation of 11 provided thieno[3,4_d]imidazole 12, which was 

converted to the carboxylic acid 14, as shown in Scheme Il. The parent compound 15 

was prepared by decarboxylation of I4 by heating with trifluaroace tic acid 
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cp) l~'_thi&~m& (h)w,ap~(e)l) NaH.9.2) lNHCI;(f)=JLiOH;O~3C02H. 

Alkylation of mhopple 16 with Lbrome2-m” followed by acid-catalyzed 

cyckation furnished imida@l&blpyrazok 18, whii was convend to the target 

compounds 20 and 21. as shown in SchemeIII. 

Scheme III 

20 21 

(i) NaH, l-bmmo-2-pcnta~~nc; Q pTNOH. tducnc; (e) 1) N&I, 9.2) 1N HQ (f) 2N LiOW (i) CF&@H. 

BIOLOGICAL RESULTS AND DISCUSSION 

The AII antagonistic activities of these compounds wen examined in in&o assay systems, 

inchding AIIreceptor binding assay using membrane fractions of bovine adnxul cortex” 

and AILinduced contrdon assay using rabbit aarta strips. These data BIc presented in 

TabIe I. In the binding assay, burporationofthecarboxylgmuptotheheteracyclic 

ring Ied tocompounds 7,14,20,22 with improved binding aflkity dative to their parent 

compounds 8,15,21,23. 

In the funaiod assay using rabbit aorta, the carboxyIic acids 7,14,20,22 were 10 to 

lo@foId more potent than their parent compounds 8,15,21,23 regadess of the 

chemid smletures ofthehemocyclicmoieties. It is noted that the earboxylic acids 

showed ins -tabIe antagonism, whereas their parent compounds showed surmountable 
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Table I Influence of the carboxyl group attached to various heterocycles 
on in vitro AII antagonistic activity 

Compound 
Iabibitioa of AI1 receptor Inhibition of contraction 
binding of rabbit aorta 

It&s(M). PW’ PAZ’ 

No 

R=CO#l 7 3.6 X 10.” 9.16 f 0.17 

Rdi I3 5.4 x lo-’ 7.92 f 0.18 

No 

5.0 x 10” 9.65 f 0.08 

1.2 x 1o’6 6.26 f 0.09 

R=COzH 20 4.8 X 10-s 9.58 f 0.06 

R=H 21 3.3 x 1o’6 7.24 f 0.06 

1.1 x lo-’ 9.97 f 0.10 
3.9 x 10” 7.93 f 0.21 

’ The IC, value is tbc coaccatrstion of compound rbicb isbibitr [-IlAII bimdiag by 
50%. Iatraasssy awl interassay IC,, values for a given coapouad may vary less than 
3% and less than lo%, respectively. For 22 the IC,,(Xl~)W)fS.E.M. is l.lfO.l 
(a=3). ’ Tbe pD,’ and pA, values were calculated by the method of Van Rossnm’? 

The value is the mean f S.E.M. of three to five experiments. 

antagonism. Figure I shows the concentration-contractile response induced by AII in rabbit 

aorta strips. The carboxylic acid 14 at 10% caused a nonpamW shift to the right of the 

dose-response cmve for AII aud reduced the maximal response. By contrast, the patent 

compound 15 at 10.‘M shifted the dose-response curve for All to the right in a paralkl 

manner and did not alter the maximal response. 

The it8 vivo AII antagonistic activities of these compounds were evaluated for inhibition 

of A&induced pressor response in conscious uormotensive rata”. The iuhiitoty effects 

of the carboxylic acid 14 and its parent compound 15 at lmg/kg. po am compared in 

Figure II. The carboxylic acid 14 was much more effective than its parent compound 

15. This result was consistent with the one in in vitro functional assay. 

CONCLUSION 
This study demonstrated that the adjacent anangement of a tetnuolylbiphenylmethyl 

group, a lipophilic side chain and a carboxyl group. not only in benzimidazole but also 
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other heterocycles, was the key structural feature for the potent AII antagonistic activity 

in viW0 and in vivo. In all cases, the presence of the carboxyl group is crucial for high 

potency, insumwuntable antagonism and long duration of action. 

These hetemqclic compounds bearing two acidic functional&s provide a new class of 

AII weptor antagonistP. 
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Figure I Concentration-response curves of thieno[3,4-dlimidaxole-6- 
carboxylic acid 14 and its parent compound 15 on the Ail (10nM) induced 
contraction in isolated rabbtt aorta. 
three to five experiments. 

Each point is the mean f S.E.M. of 

Time (hr) 

Figure Il Comparison of inhibitory effects of thieno[3,4-dlimidazole-6- 
and its parent compound 15 (lmg/kg, po) on the AII 

iv) induced pressor response in conscious normotensive rats. 
mean + S.E.M. of four experiments. 
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