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Abstract. The synthesis and angiotensin II antagonist activity of biphenyl tetrazole substituted fused bicyclic 
analogues of 2-pyridinonc is described. Potent antagonist activity was found in the 2-quinolinone, thieno[2,3-b] 
pyridine and imidazo[c]pyridine series. 

Introduction. In the previous communication in this series1 we described the discovery of a series of novel 

angiotensin II antagonists based on the 4-substituted-2-pyridinone structure (I). These compounds showed very 

potent activity against the effects of angiotensin II both in vitro and in vivo following intravenous administration. 

Nevertheless, we aimed to produce. compounds with increased potency and longer duration of action following 

oral dosing. For analogues of (I) with %=OH, preliminary pharmacokinetic studies suggested that although 

fairly well absorbed orally, such compounds are subject to relatively rapid metabolic inactivation. Hydroxylation 

of the 6-alkyl substituent and conjugation of the hydroxylic Csubstituent were identified as likely primary 

metabolic routes. As one of several approaches toward incteasing the duration of action of these compounds we 

investigated incorporating these substituents into fused rings as in (A) and (B). Some of these bicyclic 

compounds have been found to be potent AI1 antagonists, particularly those derived by fusion of a benm or 

thieno ring across the W-bond or an imidazo ring across the 3,4bond of the pyridinone. 

(I) R3 = H, alkyl, Ph; 

% = OH, C%H; 
Q = n-Pr, n-Bu. 
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Chemistry 

i. Preparation of S,6-annelated 2-pyridinone derivatives. Two approaches to the construction of the fused 

bicyclic ring systems were employed. Both involved building a ring onto an existing cyclic system as the key 

step; the choice of approach was dependent on the nature of the existing ring. To avoid potential regiochemical 

complexity arising from alkylationof an N-unsubstituted pyridinone (0 vs. N alkylation) it was decided to have 

the pendant biphenylmethyl substituent in place on its N-atom prior to formation of the pyridinone. The route in 

Scheme 1 was used for quinolones substituted with electron donating substituents in the benzo ring2: 

iv 

Scheme 1. Reagents: i. AICH~B~ (Ref 3), K2CO3, M&N, A; ii. EtO2CCHR3COCl. pyridine, CH$I2, r.t; iii. heat at 

200% iv. R3CH(C02Et)2,2241°C (R3d-I): (Ar = 2’-carbomethoxy or 2’cyanobiphenykGyl). 

For compounds where Rg # H, good results were obtained by the direct thermal interaction of amine (II) and an 

appropriate malonate ester. For R3 = H complex mixtures were obtained under these conditions. Tricyclic 

compound (III), formally derived from reaction of the required 3-H quinolone 

(or a reaction intermediate) with excess malonate, was character&d as a major 

component of one such reaction. (This was an unexpected bonus, since base 

hydrolysis (NaOH/SO% aq. MeOH) of (III) provided a fortuitous synthesis of 

the 3-acetyl analogue (7) cf.2b). Formation of products of over-reaction such as 

(III) could be suppressed by preforming and cyclizing amidoester (IV). 

Pyrido, thieno and cyclopentanoderivatives and quinolones with electron withdrawing substituents were made 

by base-catalyzed cyclisation of the N-acyl derivatives of the appropriate amino esters (Scheme 2)4. 

ii. Preparationof imidazo[4,5-c]pyridinonw: In contrast to the 5,6-annelated compounds, these 3,4-annelated 

derivatives were prepared by starting with an N-substituted 4-hydroxy-2-pyridinone (V)’ and building on the 

imidazole ring (Scheme 3)5. Of particularnote is the observation thatmethylation of the intermediate (VI, R=H) 

gave an N-methylated compound which was not (VI, R=Me) (prepared independently by ring synthesis) and 

therefore must be (VII). For all compounds the synthesis was completed either by hydrolysis to the carboxylic 

acids (1 - 7) (for compounds where Ar is 2’-carbomethoxybiphenyl-4-yl)3 or conversion to the tetrazoles (8 - 

2 5) with trimethylstannyl azide (for compounds where Ar is 2’-cyanobiphenyl-4-yl).3*6 
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Scheme 2. Reagents: i. BFCNCHzBr (Ref 3). K2CO3. MeCN, A; ii. BF’CNCH94H2 (Ref 7). MeOH. 20°C: 

iii. BPCNCH2NH2, Cu. DMF. 100°C, iv. R3CH$OCi, propylene oxide, B&Me. 50°C; v. (a) KOBu’, BubMe, O°C. 

(b) AcOH, 2@C. (BPCN = 2’-cyanobiphenyl-l-yl) 

Cl 
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Pr 
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(w) 

Scheme 3. Reagents: i. c. HNO3, AcOH. b; ii. POCl3, NEt3. A (Ref 51); iii. NH3(g), N-methylpydidone. (forR&) 

ot 40% W-2, THF (for R = Me); iv. (a) Na&O4, aq. EtOH, 80°C. (b) (EtO)3CH, A (Ref 5b); v. N,N’-carbonyldi- 

b’nidaxole, m, 20°C (Ref 5~); vi. VI (R=H), NaH, DMF, MeI, O°C -> 2@C. (BFCN = 2’cyanobiphenyl4-yI) 

Biology. Results of biological tests are su mmarized in Tables 1 (biphenyl carboxylates) and 2 (tetraroles). 

In vitro: Antagonist affinities (pKR) were calculated using the method of Arunlakshana and Schild.* 

Concentration-response curves to cumulative doses of angiotensin II were established, either with or without 

preincubation with the test compound, in paired rings of rabbit aorta set up in organ baths containing oxygenated 

Krebs-Henseleit solution at 37OC with tension measured isometrically. The amount of rightward shift (dose 

ratio) produced by each of five concentrations of compound was calculated as the ratio of the Aso values. The 

dose ratios were used to calculate the pKR (with the Schild slope constrained to unity). 

fa vivo potency (ID%) was calculated as the dose of compound given intravenously which would produce a 50% 

reduction of an angiotensin II pressor response in normotensive rats. Sub-maximal doses of angiotensin II 

(O.ll.@cg) were given repeatedly at 5 minute intervals to urethane - anaesthetised rats to establish pressor 
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responses. A bolus dose of compound was administered i.v. and further doses of AI1 and test compound were 

given alternately at 5 minute intervals thereafter to establish a cumulative dose-response curve (5 determinations). 

Lowest and highest values obtained are quoted. 

Results and Discussion. Quirwlimnes: Our initial studies concerned 2-carboxybiphenyl analogues of 2- 

quinolinone with R7 substituents selected to occupy (together with the carbons of the benzo ring) roughly the 

same volume of space as would be occupied by an extended n-butyl group in the parent pyridinone (Table 1): 

OH 

Table 1: Structures and AI1 antagonist activities of 2-carboxybiphenyWyl substituted Zquinolinone derivatives. 

R3 R, Rabbit aorta Inhibo. of AII 
(PKB)* binding EC50 (pM)t 

1 H OMe 6.3 
2 Ph OMe 6.7 9.5 
3 Ph OEt 

4 Ph :Me 

;:‘2 1.8 

6” 
n-Bu 
CH,ph OEt 76:: 

7 COW OMe 6.6 

[ExP7711 7.1 2.7 I 

* See Biology section of disscussion for details of test procedures. t In bovine adrenal cortex. (nz2). 
EXF’ 7711 = 2-butyl-4-chloro-5-(hydroxymethyl)imidazole-l-ylmerhyl~‘-biphenylyl-2carboxylic acid (ref 3) 

Many of these quinolones have AI1 antagonist potency comparable to or greater than that of the DuPont imidazole 

standard EXP 771 I3 in vim. Some qualitative structure activity trends can be drawn from this table. For R7 

there is a substituent preference for EtO>EtiMeO. Although the 3-unsubstituted compound (1) appears definitely 

inferior to the compounds having substituents in the quinolinone 3 position, the effect of varying Rg is otherwise 

practically negligible. A similar lackof sensitivity to the natureof the substituent in the 3-position was noted in 

the SAR of the 2-pyridinones.’ Surprisingly, the same SAR does not appear to hold for the biphenyltetrazole 

substituted 2-quinolinones in respect of the requirements for substituent Rg (Table 2, 9 - 16). Here the presence 

of a phenyl or benzyl substituent in the 3-position appears to have a negative influence on AI1 antagonist potency 

in the rabbit aorta screen, while compounds with Rg = H (8) and (9) am considerably more effective antagonists, 

equal or greater in potency to DuP 753. As a result there is no really significant difference in potency between the 

2-catboxy and 2-tetrazolyl biphenyl analogues in the 3-phenyl substituted series, while in the 3-unsubstituted 

case the tetrazoles are 20 - 40 fold mom potent than the carboxylic acids. For the R7 substituent the preference 

EtO>MeO is also seen in (8) and (9), but for the compounds with R3 = Ph there is little substituent ptefemnce 

(even H is acceptable, e.g. 1 S), with the exception that S&Me is less good in all assays. This is presumably a 

steric effect since the other highly electron withdrawing substituent, 7-N&, does not share this property. 
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2: Structures and activities of biohenvltetrazole substituted fused 2-wridone derivatives, 

Het N=N 

Rabbit aorta Anaesthetised Inhibn. of 
AI1 antagonism rat i.v. 
(PKB)* 

AI1 binding 
(IDsoTYW* .ECH,WW 

OH 

R3 

OH 

Et 

I 

OH 

Me 

OH 

OH 

dx 

Ph 

I 

p: O 

RN-$* 
N 

Pr 
x?x 

y 0 

Nq 

Pr 

8 R3=H,Ry=OMe 8.3 0.33 - 1.08 

9 R3=H,R,=OEt 8.9 n.t. 

10 R3 = Ph, R7 = OMe 7.4 2.5 

11 R3 = Ph, R, = OEt 7.1 0.37 - 1.3 

12 R3 = Ph, R7 = SMe 6.6 n.t. 

13 R, = Ph, R7 = SOzMe 5.9 n.t. 

14 R3=Ph,R,=N& 7.5 n.t. 

15 R3=Ph,R7=H 1.2 0.7 - 1.2 

16 R3 = CH2Ph, R, = H 7.5 n.t. 

17 R=H 9.6 n.t. 

18 R=Ph n.c. 2.5 - 5.0 

19 7.0 n.t. 1.25 

20 7.4 0.34 - 3.2 6 

21 7.2 n.t. 2.4 

22 R=H,X=H 9.1 

23 R=Me,X=H 7.6 

24 R=H,X=OH 6.4 

25 10.2 

0.05 - 0.18 

n.t. 

n.t. 

(<0.3)0 

2.2 

0.5 

0.6 

-30 

1.7 

0.09 

DuP 753 8.3 1.2 0.35 

na. = Non competitive antagonist. n.r = Not tested. DC753 is 2butyl-5-chloro-l-(2’-(5-tet*lzolyl)-biphenyl-l-ylmelhyl)- 
4-imidazolemethanol (Ref 3). * See Biology section of discussion for details of test procedures. t In bovine adrenal cortex . 
8 Bolus injection of 0.3mg/kg (25) gives >50% inhibition of AI1 pressor responses lasting up to 90mins post dose. 
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Other Fused Rings: The thieno[2,3-blpyridinone (17) and imidazo[c]pyridinones (2 2) and (2 5) stand out 

amongst the other fused rings examined on account of their exceptionally high potency (10 - 100 times that of the 

standard compound DuP753). The marked difference in affinity between the isomeric methyl compounds (2 3) 

and (2 5) is particularly significant and suggests either that a specifically directed lone pair of electrons on the 

heteroatom in the pyridinone 4position is required for high antagonist potency, or that there is an unfavourable 

steric interaction of the methyl group in (23)9. However, none of these compounds showed sufficiently 

improved duration of action following i.v. dosing relative to monocycles (I) to justify extensive study in viva 

Of the other compounds, the 3-phenyl analogueof the thieno-fused system (18) is unusual in showing only non- 

competitive antagonism against AI1 in the aorta screen at all concentrations tested ( 10m9M and above). Exactly 

which structural feature of the molecule is responsible for this behaviour is not entirely clear, as it is not shared 

by several closely related compounds (the 3-H analogue (17), “inverted” compound (2 0) and 3-phenyl- 

quinolinone (lo), for example). 
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