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A novel series of nonpeptidic angiotensin I1 (AII) receptor antagonists is reported, derived from 
linkage of the biphenylcarboxylic acid or biphenylyltetrazole moiety found in previously described 
antagonists via a methyleneoxy chain to the 4-position of a 2-alkyl quinoline. When evaluated in 
an in vitro binding assay using a guinea pig adrenal membrane preparation, compounds in this 
series generally gave IC50 values in the range 0.01-1 pM. Structure-activity studies showed the 
quinoline nitrogen atom and a short alkyl chain a t  the quinoline 2-position to be essential for 
receptor binding. On intravenous administration in a normotensive rat model, the more potent 
compounds inhibited the AII-induced pressor response with ED50 values in the range 0.1-2.0 
mg/kg. One of the compounds, 2-ethyl-4-[[2’-(1H-tetrazol-5-yl)biphenyl-4-yllmethoxylquinoline 
(Sg), demonstrated good oral activity in two rat models. At doses in the range 1-10 mg/kg in 
AII-infused, normotensive rats, the compound exhibited a dose-related inhibition of the pressor 
response with a good duration of action at the higher doses. In a renal hypertensive rat model, 
compound 5g showed a rapid and sustained lowering of blood pressure at a dose of 5 mg/kg. On 
the basis of its profie, this compound, designated IC1 D8731, has beenseleded for clinical evaluation. 

As a potential treatment for hypertension and congestive 
heart failure, blockade of the renin-angiotensin system 
by a receptor antagonist of the endogenous vasoconstrictor 
octapeptide angiotensin I1 (AII) has long been recognized 
as an alternative to suppression of AI1 biosynthesis by 
inhibition of angiotensin converting enzyme (ACE).2 Such 
an agent would be expected to display a similar therapeutic 
profile to an ACE inhibitor, but might lack the undesirable 
side effects thought to be related to potentiation of 
bradykinin and other biologically significant peptides such 
as substance P.3 Until recently, all known potent AI1 
antagonists have been peptide analogues4 and have 
consequently suffered from all the problems normally 
associated with peptides, such as poor oral absorption, 
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short plasma half-life, and rapid clearance.6 In addition, 
all have demonstrated partial agonism.5 

More recently, the first potent nonpeptidic AI1 antag- 
onists have been described, examples of which are shown 
in Figure 1. Starting from a weakly active lead compound,6 
extensive structure-activity investigations718 by the Du 
Pont group led to potent and specific antagonists such as 
EXP7711 (la)7c38 and DuP 753 (lb).7cJ3?9 The latter 
compound displays good oral activity in animal model@ 
and is currently undergoing clinical evaluation as an 
antihypertensive agent.1° The chloro and hydroxymethyl 
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Blocking Drugs. In Clinical Pharmacology of Antihypertensive Drugs, 
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Physiopathology and Treatment; Genest, J.; Koiw, E.; Kuckel, O., Ede.; 
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Derivatives. U. S. Patent 4,355,040,1982. (b) Wong, P. C.; Chiu, A. T.; 
Price, W. A.; Thoolen, M. J. M. C.; Carhi, D. A.; Johneon, A. L.; Taber, 
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benzyl]-imidazoles and Related Compounds as Potent Antihypertensives. 
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alkyl chain at the 2-position of the imidazole or fused 
imidazole ring is needed for efficient receptor binding. 
Finally, the imidazole ring itself is required, most probably 
as an acceptor in a hydrogen-bonding interaction with the 
receptor. 

In seeking new series of AI1 antagonists, we chose to 
focus on the nature of the putative hydrogen-bond 
acceptor. Obvious candidates include heterocycles such 
as triazolesl4 and pyrazoles,ls but these are known to be 
inferior to imidazole in terms of acceptor ability.16 As an 
alternative, we considered non-azole acceptors and in 
particular those derived from 4-pyridones and 4-alkoxy- 
pyridines, both of which have comparable acceptor po- 
tential to that of imidazole.l6 As outlined in Figure 2, 
incorporation of the other key features necessary for 
receptor binding suggested as targets derivatives of a 
4-quinolone (generic structure 3) and a 4-alkoxyquinoline 
(generic structure 4). We envisaged that these structural 
types could be available from N- or 0-alkylation of an 
appropriate 4-quinolone precursor. In this paper we 
describe the synthesis and biological properties of antag- 
onists of the alkoxyquinoline class, together with details 
of molecular modeling studies relating to their proposed 
bioactive conformation. 

Chemistry 
The compounds 58-m, 6, and 7a-t prepared during the 

course of this work are listed in Tables I and I11 and their 
syntheses are outlined in Schemes I-IV. 

4-Alkoxyquinoline derivatives Sa-d,f,g,i and 7a-t were 
prepared (Scheme I) by 0-alkylation of 2-alkyl-4( 1H)- 
quinolones 8 with (bromomethy1)biphenyl compounds 
9a,b7c in DMF using sodium hydride as base, followed by 
saponification or acid-promoted detritylation of the re- 
sulting intermediates 10. In the 13C NMR spectra of 10 
the benzylic CH2 signal at ca. 6 70 was consistent with 0- 
rather than N-alky1ati0n.I~ In the case of derivative 5f, 
an X-ray crystal-structure determination (Figure 3) con- 
fiimed the regiochemistry of the alkylation step. Under 
a variety of basic conditions N-alkylation of the 2-alkyl 
quinolones was not seen. The starting quinolones 8 are 
either known compoundsla or were prepared from the 
appropriate aniline and 8-keto ester using the Conrad- 
Limpach method.lg In the case of meta-substituted 
anilines, mixtures of 5- and 7-substituted quinolones were 
obtained, which were either separated by chromatography 

l a ,  A = COzH 28, X -CH. R1 = Bu. R2 = R3=H 

lb, A = Tetrazo1.5.yl (K' salt) ZD, x - N, R '  = BU. R~ = I?. H 
2c,X=N, R ' -E t ,  R2=I?-Me 

Figure 1. Nonpeptidic AI1 antagonists. 

substituents on the imidazole ring of la,b are not essential 
for in vitro activity and can be replaced by a fused benzene 
ring (compound 2a1J1), albeit with some reduction in 
potency. This can be redressed by introduction of a 
nitrogen atom at the 4-position of the benzimidazole ring 
to give the imidazo[4,5-blpyridine derivative 2b.12 Fine- 
tuning of the substituents on the heterocyclic ring provided 
the highly potent antagonist L-158,809 (2c),13 which shows 
good antihypertensive activity in animal models. 

On the basis of published W O ~ ~ , ~ J J ~ * J ~  a number of 
structural features essential for biological activity are 
apparent in antagonists such as la,b and 2a-c. Firstly, 
compounds containing a biphenyltetrazole moiety linked 
to the heterocycle by a methylene group have the best 
binding affinities and oral potencies. Secondly, a short 

(8) (a) Timmermans, P. B. M. W. M.; Carini, D. J.; Chiu, A. T.; Duncia, 
J. V.; Price, W. A., Jr.; Wells, G. J.; Wong, P. C.; Johnson, A. L.; Wexler, 
R. R. The Discovery of a New Class of Highly Specific Nonpeptide 
Angiotensin I1 Receptor Antagonists. Am. J. Hypertens. l991,4,275S- 
281s. (b) Timmermans, P. B. M. W. M.; Carini,D. J.; Chiu,A. T.;Duncia, 
J. V.; Price, W. A., Jr.; Web,  G. J.; Wong, P. C.; Wexler, R. R.; Johnson, 
A. L. Angiotensin I1 Receptor Antagonists From Discovery to Antihy- 
pertensive Drugs. Hypertension 1991, 18 (Suppl. III), 111-136-111-142. 
(c) Duncia, J. V.; Carini, D. J.; Chiu, A. T.; Johnson, A. L.; Price, W. A.; 
Wong, P. C.; Wexler, R. R.; Timmermans, P. B. M. W. M. The Discovery 
of DuP 753, a Potent, Orally Active Nonpeptide Angiotensin I1 Receptor 
Antagonist. Med. Res. Rev. 1992,12, 149-191. 
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P. B. M. W. M. In Vitro Pharmacology of DuP 753. Am. J. Hypertens. 
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288s-2985. (c) Wong, P. C.; Hart, S. D.; Duncia, J. V.; Timmermans, P. 
B. M. W. M. Nonpeptide Angiotensin I1 Receptor Antagonists. Studies 
with DuP 753 and Em3174 in Dogs. Eur. J. Pharmacol. 1991, 202, 

(10) Christen, Y.; Waeber, B.; Nussberger, J.; Lee,R. J.;Ti"ermans, 
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tration of DuP 753 to Normal Humans. Am. J. Hypertens. 1991,4,3505- 
3548. (b) Christen, Y.; Waeber, B.; Nussberger, J.; Porchet, M.; Borland, 
R. M.; Lee, R. J.; Maggon, K.; Shum, L.; Timmermans, P. B. M. W. M.; 
Brunner, H. R. Oral Administration of DuP 753, a Specific Angiotensin 
I1 Receptor Antagonist, to Normal Male Volunteers. Circulation 1991, 

(11) (a) Chakravarty, P. K.; Camara, V. J.; Chen, A.; Marcin, L. M.; 
Greenlee, W. J.; Patchett, A. A.; Chang, R. 5. L.; Lotti, V. J.; Siegl, P. K. 
S. Substituted Benzimidazoles as Novel Nonpeptide Angiotensin I1 
Receptor Antagonists. Book ofdbstracts; 200th National Meeting of the 
American Chemical Society, Washington, DC, Aug 26-31,1990; American 
Chemical Society: Washington, DC, 1990; MEDI No. 90. (b) Roberta, 
D. A.; Russell, S. T. Heterocyclic Compounds. Eur. Pat. Appl. 399,732, 
1990. (c) Chakravarty, P. K.; Patchett, A. A.; Camara, V. J.; Walsh, T. 
F.; Greenlee, W. J. Substituted Benzimidazoles as Angiotensin I1 
Antagonists. Eur. Pat. Appl. 400,835, 1990. 

(12) (a) Roberta, D. A.; Russell, S. T.; Ratcliffe, A. H.; Gibson, K. H.; 
Wood, R. Azaindenes. Eur. Pat. Appl. 399,731,1990. (b) Chakravarty, 
P. K.; Greenlee, W. J.; Mantlo, N. B.; Patchett, A. A.; Walsh, T. F. 
Substituted Imidazo-Fused 6-Membered Heterocycles as Angiotensin I1 
Antagonists. Eur. Pat. Appl. 400,974, 1990. 

(13) Mantlo, N. B.;.Chakravarty, P. K.; Ondyeka, D. L.; Siegl, P. K. 
S.; Chang, R. S.; Lotti, V. J.; Faust, K. A.; Chen, T-B.; Schorn, T. W.; 
Sweet, C. S.; Emmert, S. E.; Patchett, A. A.; Greenlee, W. J. Potent, 
Orally Active Imidazo[4,5-blpyridine-Based Angiotensin I1 Receptor 
Antagonists. J. Med. Chem. 1991,34,2919-2922. 

323-330. 

83,1333-1342. 
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Angiotensin I1 Antagonists. Eur. Pat. Appl. 323,841,1989. (b) Ashton, 
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of Abstracts; 202nd National Meeting of the American Chemical Society, 
NewYork,NY,Aug25-30,1991;AmericanChemicalSociety: Washington, 
DC, 1991; MEDI No. 105. 

(15) For pyrazole-derived AI1 antagonists, see: ref 14a; Roes, B. C.; 
Middlemiss, D.; Eldred, C. D.; Montana, J. G.; Shah, P. New 4(1,1'- 
biphenylmethy1)pyrazole Derivatives. Eur. Pat. Appl. 446,062, 1991. 

(16) Abraham, M. H.; Duce, P. P.; Prior, D. V.; Barratt, D. G.; Morris, 
J. J.; Taylor, P. J. Hydrogen Bonding. Part 9. Solute Proton Donor and 
Proton Acceptor Sales for Use in Drug Design. J. Chem. SOC. Perkin 
Trans. 2 1989, 1355-1377. 

(17) Katritsky, A.; Ellison, J.; Frank, J.; Rakockzy, P.; Radica, L.; Gam 
Baitz, E. 13C NMR Spectra of 4-Quinolones and Related Compounds. 
Org. Magn. Reson. 1981, 16, 280-284. 

(18) Jones, G. Synthesis of the Quinoline Ring System. In The 
Chemistry of Heterocyclic Compounds; Taylor, E. C.; Weissberger, A., 
Eds.; Interscience: New York; 1977, Vol. 32, pp 93-318. 
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Figure 2. Generation of 4-quinolones and 4-alkoxyquinolines as potential AI1 antagonists. 

Table I. Characterization and in Vitro AI1 Antagonism of Compounds la,b and 5a-m 

Icw, pMb formulaa no. X R' R2 Y-2 A mp, OC 
la 0.43 
l b  0.018 
5a N Me H OCH2 CO2H 184-186 CuHlgNOyHCl 0.18 
5b N Et H OCH2 CO2H 204-205 CzaHziN08 0.17 
5c N Pr H OCHz CO2H 198-200 CaH23NOs.0.33C2HsOH 0.60 
5d N Bu H OCH2 CO2H 147-148 C27H2sNOs.0.5HzO 3.1 
5e N H H OCH2 tetrazol-5-yl 163-164 CSH~~N~O-HCI 6.3 
5f N Me H OCH2 tetrazol-5-yl 188-190 C&l~N5O.HC1.0.5H2OC 0.016 
5g N Et H OCH2 tetrazol-5-yl 178-181 C25H21N5O.HCl 0.031 

5i N Me Me OCH2 tetrazol-5-yl 155-156 C2sH2lN60.HC1.0.25CH3OH 4.6 

5k N Me H SCH2 tetrazol-by1 231-232 C~&I~BN&HC~-O.~~H& 0.37 
51 N Me H CH=CHd tetrazol-by1 283-285 C&l&HCl.H20e 1.3 
5m N Me H CH2CH2 tetrazol-by1 145-150 C~H2lNrHC1.1.5H2Ol 0.27 
a Analyses for C, H, N were correct within &0.4% unless otherwise stated. ICW for inhibition of specific binding of [1261]AII to a guinea 

pig adrenal membrane preparation (n = 1-3, see ref 1 for description of assay). c C, H; N calcd, 16.0; found, 15.5. 2:l mixture of E and 2 
isomers. e C, H; N calcd, 15.7; found, 15.1. f C, H; N calcd, 15.4; found, 14.8. 

5h CH Me H OCH2 tetrazol-5-yl 210-213 C d d 4 0  90 

5j N Me H OCH(CH3) tetrazol-5-yl 168-169 Cd21N60.HC1.0.5H20 0.040 

or alkylated as mixtures and the products separated. The obtained from the secondary alcohol 13b, derived from 
isomeric 5- and 7-substituted quinolones and their 0- llb by oxidation to aldehyde 13a and addition of meth- 
alkylated quinoline derivatives were distinguished on the W h i m .  
basis of the splitting patterns of the aromatic signals in Naphthalene derivative 5h was synthesized via alky- 
their 1H NMR spectra. Characterization data for new lation of 3-methYl-l-naPhth0lm with 9b. 
quinolones 88-r prepared during the course of this work Compound 5k containing a thiomethylene link between 
are given in Table 11. the quinoline ring and the biphenylyltetrazole moiety was 

synthesized via S-alkylation of 2-methyl-4(lH)-quinolo- The alkoxyquinoline derivative 5e lacking a substituent nethione21 with 9b by detritylation, For the at the 2-position was prepared (Scheme 11) via reaction of preparation of 51,m and ethylene 
4-chloroquinoline with alcohol 1 lb, which was readily 
obtained from 9b by conversion to acetate lla followed (20) Sepiol, J.; Merek, J. Elimination of the Nitrile Group from 
by reductive cleavage. Similarly, compound 5j was o-Hydroxynitriles. Synthesis 1979, 290-292. 
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Table 11. Characterization Data for Quinolone Intermediates 
8a-r 

U 

Bradbury et al. 

affinity comparable to the prototype imidazole-derived 
biphenylcarboxylic acid la. The N-alkylquinolone de- 
rivative 6 (Scheme IV) analogous to 5b displayed a ca. 
8-fold reduction in receptor binding (ICw = 1.4 pM). 

As observed in previous series of AI1 antagoni~ta,~Jc 
replacement of the biphenylcarboxylic acid by a biphen- 
ylyltetrazole resulted in a 1 order of magnitude increase 
of in vitro activity (compounds 5f,g vs 5a,b). The 
importance of the short alkyl chain at the 2-position of 
the quinoline ring was demonstrated by the dramatic loss 
of activity seen with the unsubstituted analogue 58. 
Equally significant was the very poor affinity of the 
naphthalene analogue 5h, consistent with the nitrogen 
atom of the quinoline ring playing a key role in a hydrogen- 
bonding interaction with the receptor. Introduction of 
an additional methyl group at the quinoline 3-position 
(5i) also caused a major reduction in affmity. As discussed 
below in the molecular modeling section, this seems likely 
to reflect an unfavorable effect on the conformation of the 
oxymethylene chain linking the quinoline ring and the 
biphenyl moiety. Substitution on the linking chain with 
a methyl group (5j) resulted in similar affmity to the parent. 
However, compounds with thiomethylene (Sk), vinylene 
(51), and ethylene (5m) as linking chains all showed 
significantly lower affinity. 

A variety of substituents were introduced at the 5-, 6-, 
7-, and &positions of the quinoline ring (compounds 7a- 
t)  in order to probe their effect on in vitro activity. In 
general, substitution at the 5-, 7-, and 8-positions gave 
compounds with significantly lower affinity, whereas 
substitution at the 6-position by an alkoxy group provided 
compounds 7i-1 with similar affinity to the parent 5g. 

The potency and specificity of compound 5g was also 
assessed by analyzing dosetension curves to AI1 in isolated 
rabbit aorta.' At concentrations in the range from 0.01 to 
1 pM the compound produced dose-related, parallel- 
rightward shifts in the AI1 dose-response curves without 
depressing maximum responses to the agonist, a pattern 
of activity consistent with competitive antagonism. Schild 
analysis gave a pA2 value of 8.3. The slope of the Schild 
regression line was not significantlydifferent from -1, again 
in accord with competitive antagonism. In a separate 
experiment, no effect of compound 5g was seen on 
responses to noradrenaline in the isolated rabbit aorta, 
consistent with the compound having a specific effect on 
AI1 responses in this model. 

Molecular Modeling Studies 
AI1 antagonists of the alkoxyquinoline class reported in 

this paper differ structurally from previously described 
imidazole-derived antagonists such as 1 b both in the nature 
of the putative hydrogen-bond acceptor (quinoline vs 
imidazole) and the chain linking the biphenylyltetrazole 
moiety and the heterocyclic fragment (methyleneoxy vs 
methylene). The conformations revealed in the X-ray 
crystal structures of representative members of the two 
classes, 5f (Figure 3) and la (Figure 4), could not be overlaid 
satusfactorily. For example, when the biphenyl moieties 
were superimposed, little correspondence of the quinoline 
and imidazole rings was seen. In order to analyze whether 
the two structural types could act as a common pharma- 
cophore, it was therefore of interest to examine overlays 
of their low-energy conformations generated by molecular 
mechanics. 

For the purpose of constructing a model pharmacophore, 
alkoxyquinoline 5f and imidazole l b  were used initially. 

no. R3 mp, "C formula" 
8a 
8b 
8c 
8a 
8e 
8f 
8g 
8h 
8i 
8j 
8k 
81 
8m 
8n 
80 
8P 
8r 

H 
5-Me 
5 4 1  
5-CN 
6-CN 
6-CF3 
6-COzMe 
6-OMe 
6-Oi-Pr 
6-OCHzCHzF 
6-OCHzCF3 

7-C1 
7-CN 

8 4 1  
8-CF3 

7-Me 

7-OMe 

178-181 
264-266 
236-239 

>250 
288-289 
>250 
210-212 
179-181 
267-269 
>250 
242-244 

- 

- 
- 
- 
184-186 
162-163 

(2111 
c121 
c111 
ClZI 
ClZI 
(2121 
c131 
ClZI 
(2141 
c131 
c131 
Cl21 
c111 
Cl21 
ClZI 
(2111 
ClZI 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
3 
3 
3 

a Analyses for C, H, N were correct within h0.4 % unless otherwise 
stated. * Isolated as a mixture with the corresponding 7-substituted 
quinolone. Characterized spectroscopically. d H, N; C: calcd, 59.7; 
found, 59.2. e H, N, C: calcd, 70.9; found, 70.2. f Isolated as a mixture 
with the corresponding 5-substituted quinolone. 8 H, N C: calcd, 
63.6; found, 63.1. 

links (Scheme 1111, Wittig reaction of the phosphonium 
salt 15 derived from 9b with 2-methylquinoline-4-car- 
boxaldehyde22 gave olefin 16 as a mixture of geometrical 
isomers. Detritylation provided 51, isolated as a 2:l 
mixture of E and Zisomers, and olefin hydrogenation than 
gave 5m. 

N-Alkylquinolone derivative 6 was obtained (Scheme 
IV) by alkylation of 3-ethyl-4(1H)-quinolone (18) with 9a 
and subsequent ester hydrolysis. In this instance, the 
benzylic CH2 signal at 6 56 in the 13C NMR spectrum of 
intermediate 19 was consistent with N-alky1ati0n.l~ As in 
a previously reported 3-alkyl-4-quinolone synthesis,23 the 
starting quinolone 18 was prepared by hydrolysis and 
decarboxylation of quinolone ester 17. 

In Vitro AI1 Antagonism 
Compounds Sa-m and 7a-t (Tables I and 111) were 

evaluated as antagonists of AI1 in a radioligand binding 
assay involving displacement of [12511AII from a guinea 
pig adrenal membrane preparation, which corresponds to 
the AT1 receptor subtype.24 ICs0 values for la,b in this 
assay are included in Tables I and I11 for comparison. 

The initial alkoxyquinoline derivatives 5a-d contained 
a biphenylcarboxylic acid moiety and a short alkyl chain 
at the 2-position of the quinoline ring. Compounds 5a,b 
with a methyl or ethyl group at the 2-position showed 

(21)Rosenhauer, E.; Hoffman, H. Uber eine Synthese von a(7)- 
Chinolylmercaptenen. Ber. Dtsch. Chem. Ges. 1929,62, 2730-2736. 

(22) Giordano, C.;Miniaci,F.; Viamara,E.; Levi, S. A General, Selective, 
and Convenient Procedure of Homolytic Formylation of Heteroaromatic 
Bases. J. Org. Chem. 1986,51, 536-537. 

(23) Baker, R. H.; Dodson, R. M. The Synthesis of 3-(3-Cyclohexyl- 
propyl)-4-quinolinol. J. Am. Chem. SOC. 1946, 68, 1283-1284. 

(24) (a) Bumpus, F. M.; Catt, K. J.; Chiu, A. T.; DeGasparo, M.; 
Goodfriend, T.; Hwain, A.; Peach, M. J.; Taylor, D. G. Jr.; Timmermans, 
P. B. M. W. M. Nomenclature for Angiotensin Receptors. Hypertension 
1991,17,720-721. (b) Herblin, W. F.; Chiu, A. T.; McCall,D. E.; Ardecky, 
R. J.; Carini, D. J.; Duncia, J. V.; Pease, L. J.; Wong, P. C.; Wexler, R. 
R.; Johnson, A. L.;Timmermans, P. B. M. W. M. Angiotensin I1 Receptor 
Heterogeneity. Am. J. Hypertens. 1991,4, 2995-302s. 
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Table 111. Characterization, in Vitro AI1 Antagonism, and in Vivo Activity of Compounds lb,5f,g, and 7a-t 
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no. R' R3 mp, OC formulaa ICm, rtMb iv EDm, mg/kge 
0.65 & 0.21 l b  0.018 

5fd Me H 0.016 0.73 & 0.14 
E t  H 0.031 1.0 t 0.42 
E t  5-Me 168-169 C~~HZ~N~O*HC~.O.~H~O.~.~~E~OAC 0.013 e 

564 
7a 
7b E t  5-C1 189-190 C25HzoClN5O-HC1 0.12 >5 
7c E t  5-CN 239-240 CzsHzoNa0*HC1.0.5H20r 0.060 e 
7d Me 6-Me 200-202 C25H21N50.HC1.0.25H20 0.47 >5 
7e Me 6-C1 197-198 C~H1~ClN50.HCl 1.2 e 
7f E t  6-CN 153-155 C&I2oN@.HCl 0.36 >5 
7g E t  6-CF3 188-190 CZ~H~OF'~N~O*HCI 0.86 >5 
7h E t  6-COzMe 202-204 C27H23NsOs.HCl 0.066 2.1 i 0.5 
7i E t  6-OMe 213-215 C~H23N50yHCl 0.022 0.32 i 0.06 
7j E t  6-0-i-Pr 178-180 C & ~ ~ N ~ O ~ H C ~ - O . ~ H Z O  0.026 0.18 i 0.02 
7k E t  6-OCH2CHzF 161-163 C Z ~ H Z $ N ~ O ~ H C ~ . O . ~ H ~ @  0.007 0.34 i 0.06 
71 Et 6-OCHzCF3 140-141 C ~ ~ H & ~ N ~ O T H C ~ * H ~ O  0.026 0.71 & 0.27 
7m E t  7-Me 213-215 C ~ ~ H Z ~ N ~ O - H C ~  0.14 >5 
7n E t  7 4 1  170-172 C25HmClN50.HC1.0.5HzO 0.16 >5 
70 E t  7-CN 160-163 C~HmN6O.HCl-H20.0. ldioxane 0.46 >5 
7P E t  7-OMe 172-174 C & I ~ ~ N ~ O ~ * H C ~ . H Z O  0.22 >5 
7q Me 8-Me 193-195 C B H ~ ~ N ~ O - H C I  0.31 >5 
7r E t  8-C1 146148 C25H2&1N50.HCl.H20 0.14 e 
7s E t  8-CF3 110-113 Cz~H~fl3N~0.0.67diosane 2.0 >5 
7t Et 8-OMe 125-127 C~H~3N50~.HC1.0.5H20.0.5dioxane 0.96 >5 

ab  See Table I for explanation of tabulated data. EDw following intravenous administration to conscious rata for inhibition of preseor 
response induced by infusion of AI1 (n = 3-10). See Table I for characterization data. e Compound too insoluble for in vivo testing. f C, H 
N calcd, 17.6; found, 16.6. g C, H; N calcd, 13.6; found, 12.9. 

Scheme I 

a Reagents: (i) p-TsOHICeHldreflux; (ii) Dowtherm A/240 OC; (3) NaH/DMF; (iv) R4 = C02Me, NaOH/MeOH/H20; R4 = 2-trityltetrazol- 
6-yl, HCl/MeOH/EtOH or HCl/Dioxan. 

%$ 
Figure 3. X-ray crystal structure of compound 5f. 

would form hydrogen bonds, either as acceptors2s or 
donors.26 On the basis of pK,~alues,2~ it is most likely the 
nitrogens are binding in the neutral form and acting as 
acceptors. Assuming free rotation of all acyclic bonds, 
initial overlays of Sf and l b  using ENIGMA28showed that 
the N-H bonds and tetrazole groups could be euperim- 
posed, and thus a common pharmacophore for the two 
structures is geometrically possible. However, the geom- 
etries adopted often contained severe intramolecular 
contacts. Also, different answers were obtained from 
different starting conformations. Thus, geometrical con- 
straints alone appear to be insufficient to determine a 
unique pharmacophore. In order to obtain a unique, 
energetically reasonable pharmacophore, attention was 
focused on the energetically reasonable conformations of 

Both the quinoline and imidazole nitrogens were treated 
as protonated cations so that the N-H vector could be 
used to indicate the direction along which these nitrogens 

(26) Vedani, A.; Dunitz, J. D. Lone-Pair Directionality in Hydrogen 
Bond Potential Functions for Molecular Mechanics Calculations: The 
Inhibition of Human Carbonic Anhydrase I1 by Sulfonamides. J. Am. 
Chem. SOC. 1985,107,7663-7658. 
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Reagente: (i) PPhdCHCldreflux; (ii) NaH/THF (iii) HCl/MeOH/EtOH; (iv) Hz/Pd-C/MeOH. 

Scheme IV (1 
n 

17 

Reagents (i) pTaOH/C6H12/reflux; (ii) Dodecylbenzene/240 OC; 
(iii) NaOH/H20; (iv) Dodecylbenzene/240 OC: (v) 9a/NaH/DMF': (vi) 
NaOH/MeOH/H*O. 

Sf and l b  identified by molecular mechanics calculations 

Model structures used in the molecular mechanics 
calculations are shown in Figure 5. The biphenylyltet- 

using AES0P-2.3.29 

(26) (a) Murray-Rust, P.; Glusker, J. P. Directional Hydrogen Bonding 
to sp2- and sp-Hybridized Oxygen Atoms and Ita Relevance to Ligand- 
Macromolecule Interactions. J. Am. Chem. SOC. 1984,106,1018-1025. 
(b) Taylor,R.; Kennard, 0. Hydrogen-Bond Geometry in Organic Crystale. 
Acc. Chem. Res. 1984,17,320-326. (c) Legon, A. C.; Millen, D. J. Angular 
Geometriea and Other Properties of Hydrogen-Bonded Dimers: A Simple 
Electrostatic Interpretation of the Success of the Electron-Pair Model. 
Chem. Soc. Reu. 1987, 16, 467-498. (d) Legon, A. C.; Millen, D. J. 
Directional Character, Strength, and Nature of the Hydrogen Bond in 
Gas-Phase Dimers. Acc. Chem. Res. 1987,20,39-46. 

Figure 4. X-ray crystal structure of compound la. 

razole moiety 20 is common to both Sf and lb. AESOP 
calculations indicate two enantiomeric minimum-energy 
conformations with the planes of the phenyl rings twisted 
by f61° and a barrier to planarity of 6.7 kcal/mol. The 
perpendicular (goo) conformation is found to be a low- 
energy transition state (0.3 kcal/mol) between the two 
twisted conformations. These results are in accord with 

(27) Calculations from pK values determined using a log D/pH profiie 
technique (see: Albert, A,; Serjeant, E. P. In The Determination of 
Ionisation Constants, 3rd ed.; Chapman and Hall: London, 19&t; pp 
103-108) show that l b  (pK, = 4.4, pKb = 3.2) exhta almost exclusively 
in the anionic form at pH 7.4. For the more basic If (pK. = 4.3, pKb = 
7.4) 52% anion and 48% zwitterion are present at pH 7.4. 

(28) ENIGMA is an in-house molecular graphica program, IC1 Americas, 
Wilmington, DE 19897. 

(29) AESOP isanin-houwmolecularmechanicaprogram, ICIAmericas, 
Wilmington, DE 19897, derived in part from BIGSTRN-3 (QCPE 514), 
Nachbar, R.; Mislow, K. QCPE Bull. 1986,6,96. AESOP employs MM2 
force field parameters, see: Alliiger, N. L. QCPE Bull. 1980, 12, 395. 
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(I) (b) (C) 

20 21 

2 2  23 

Figure 5. Structural fragments 20-23 used in molecular modeling 
studies. 

(a) (b) ( 0 )  

Figure 6. Low-energy conformations of structure 21: (a) helix- 
1, relative energy = 0.0 kcal/mol; (b) helix-2, relative energy = 
0.1 kcal/mol; (c) perpendicular, relative energy = 0.5 kcal/mol. 

the conformational properties of other ortho-substituted 
biphenyls.30 

As a model for the biphenyl-imidazole linkage in lb, 
structure 21 was considered as outlined in our earlier 
paper.' The conformational analysis of 21 is analogous to 
that of diphenyl~nethane.~~ AESOP calculations on 21 
show two helical conformations, of nearly equal energy, as 
minima (Figure 6a,b). One of these, helix-1, is the 
conformation observed in the X-ray crystal structure of 
la (Figure 4), supporting the conclusion that this con- 
formation is energetically reasonable. Between the two 
helical conformations, a third conformation with the 
imidazole and phenyl rings perpendicular (Figure 6c) is 
found with an energy 0.5 kcal/mol above that of helix-1. 
The alternative gable conformation (not shown), is found 
to be 1.5 kcal/mol above either helix. Thus, molecular 
mechanics predicta three low-energy conformations of 21. 

Structure 22 was used as a model for the biphenyl- 
quinoline linkage in 5f. Of the three rotatable bonds in 
22, 41 is quite rigid and a planar conformation with the 
methylene turned away from the steric repulsion of the 
peri hydrogen is 42 might adopt either gauche 
(ca. *SO0) or anti (ca. 180') conformations. Three low- 
energy conformations are detected by AESOP, with the 
relative energies and dihedral angles given in Figure 7. Of 
these conformations, the anti conformation (Figure 7b) is 

(30) Dynes, J. J.; Baudais, F. L.; Boyd, R. K. Inter-ring Dihedrale in 
Polychlorinated Biphenyls from Photoelectron Spectroscopy. Can. J. 
Chem. 1985,63, 1292-1299. 

(31) Barnes, J. C.;Paton, J.D.;Damewood, J.R., Jr.;Mislow,K. Crystal 
and Molecular Structure of Diphenylmethane. J. Org. Chem. 1981,46, 
4975-4979. 
(32) Chang, M. H.; Masek, B. B.; Dougherty, D. A. DNMR and 

Molecular Mechanics Studies of the Enantiomerization of Long-chain 
(1,5)-Naphthalenophanes. J. Am. Chem. SOC. 1985,107, 1124-1133. 

Figure 7. Low-energy conformations of structure 22: (a) gauche, 
relative energy = 0.0 kcal/mol; d1 = -7O, rpz = - 6 4 O ,  43 = -32O; 
(b) anti, relative energy = 0.7 kcal/mol; 41 = Oo, 42 = 179O, 43 = 
-53'; (c)  relative energy = 1.2 kcal/mol; 41 = 76O, d2 = 63O, & 
= 83O. 

similar to that observed in the X-ray crystal structure of 
5f (Figure 3), even though this conformation is predicted 
to be slightly (0.7 kcal/mol) higher in energy than the 
gauche conformation (Figure 7a). 

Each of the low-energy conformations of structures 21 
and 22 can be combined with the two twisted conforma- 
tions of biphenylyltetrazole 20 to give the low-energy 
conformations of 23 (a model structure for lb) and 5f, 
respectively. This results in a total of four biphenyl 
orientations for each overall conformation of the hetero- 
cycle and linking group moieties. As an example, one of 
these is shown as a stereopair in Figure 8 for the gauche 
conformation of 5f in the protonated form. In total, the 
three conformations of 22 combined with the four biphenyl 
orientations give 12 low-energy conformations for 5f. 
Similarly, 12 low-energy conformations are found for 23. 

The low-energy conformations of the protonated forms 
of 5f and 23 were overlaid using ENIGMA. Interestingly, 
simple visual examination of the conformations of 21 and 
22 highlighted the similarity of the helix-1 and gauche 
structures. As shown in Figure 9 for one of the biphen- 
ylyltetrazole orientations, this similarity carries over to 5f 
and 23. In this and the overlays with the other biphenyl 
orientations (not shown) a very good correspondence both 
of the tetrazole groups and of the N-1 atoms of the 
quinoline and imidazole rings can be seen. In addition, 
good fits of the rings of the biphenyl units and of the 
methyl groups at the 2-positions of the quinoline and 
imidazole rings are also observed. Helix-1 and gauche 
thus represent strong candidates for the bioactive con- 
formations of the imidazole- and alkoxyquinoline-derived 
series of AI1 antagonists, respectively. This pharmaco- 
phore model cannot, however, discriminate between the 
four orientations of the biphenylyltetrazole moiety. 

As mentioned previously, the helix-1 conformation 
proposed for imidazole derivative 23 corresponds to that 
seen by X-ray diffraction for the analogous structure la. 
In contrast, for quinoline derivative 5f the proposed 
bioactive gauche conformation differs from the anti 
conformation observed in the X-ray crystal structure, the 
key difference between the two conformations being the 
orientation about the O-CH2 bond (42). To support the 
proposal by molecular mechanics that the gauche con- 
formation is energetically feasible, a search of the Cam- 
bridge Crystallographic Database33 was undertaken. The 
search identified 29 examples of X-ray structures con- 
taining an unconstrained Ar-O-CH2-Ar substructure. 
Most (27) of the structures are related to the anti 
conformation, but two structures do correspond to the 
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Figure 8. Stereoview of the protonated form of compound 5f in the gauche conformation showing one of the four possible biphenyl 
orientations. 

Figure 9. Stereoview of the overlay of the protonated forms of structures 5f (green) and 23 (red) in the gauche and helix-1 conformations, 
respectively, showing one of the four possible biphenyl orientations. 

gauche c~nformation.~~ Visual examination of the packing 
of these two structures did not reveal any unusual crowding 
or hydrogen-bonding interactions which might be respon- 
sible for the conformation. These structures offer exper- 
imental verification that the gauche conformation is 
energetically accessible and is a viable candidate for the 
bioactive conformation of 5f. Further support for the 
proposed conformation is provided by the activity of 
compound 5j in which a methyl group is introduced on the 
biphenyl-quinoline linkage. For this compound, AESOP 
calculations indicate that the proposed bioactive gauche 
conformation is now 3 kcal/mol more stable than the anti 
conformation. In this case, a search of the Cambridge 
Crystallographic Database revealed seven unconstrained 
examples of the Ar-O-CH(R)-Ar linkage (R = CH2R’ or 
CH3), all of which correspond to the proposed conforma- 
tion. 

(33) (a) Allen, F. H.; Bellard, S.; Brice, M. D.; Cartwright, B. A.; 
Doubleday, L.; Higgs, H.; Hummelink, T.; Hummelink-Peters, B. G.; 
Kennard, 0.; Motherwell, W. D. S.; Rodgers, J. R.; Watson, D. G. 
Cambridge Crystallographic Data Centre: Computer-Based Search, 
Retrieval, Analysis and Display of Information. Acta Crystallogr. 1979, 
B35, 2331-2339. (b) Allen, F. H.; Kennard, 0.; Taylor, R. Systematic 
Analysis of S tructural Data as a Research Technique in Organic Chemistry. 
Ace. Chem. Res. 1983,16, 146153. 

(34) (a) Ghedini, M.; Pellegrino, C.; Armentano, S.; De Munno, G.; 
Bruno, G. Synthesis and Characterization of Bis[salicylideneaminoatol- 
palladium(I1) Complexes. Molecular Structure of Bia[N-(n-butyl)(B 
benzyloxy)-2-salicylideneaminatolpalladium(II), [Pd(Cl&I&O&!l. In- 
org. Chim. Acta 1986,122,193-197. (b) Birnbaum, G. I.; Brisson, J. R.; 
Chu, S. H.; Chen, Z. H.; Rowe, E. C. X-Ray and 1H NMR Analyses of 
5-(m-Benzyloxybenzyl)-1-[(1,3-dihydroxy-2-propoxy)methyl]uracil, an 
Acyclonucleoside Inhibitor of Uridine Phosphorylase. Can. J,  Chem. 
1986,64,23762381. 

A number of active series have been examined to 
determine their ability to adopt the proposed bioactive 
conformation. For example, biphenylcarboxylate deriv- 
atives 5a-d easily fit the model, since AESOP calculations 
indicate that the exchange of carboxylate for tetrazole 
does not cause any significant changes in the conformation 
of the biphenyl moiety. Perturbation of the imidazole 
ring, as in benzimidazole 2a and imidazo[4,5-b]pyridines 
2b,c, retains the helix-1 bioactive conformation according 
to AESOP calculations. The model also rationalizes 
aspects of the in vitro SAR around the biphenyl-quinoline 
linkage. Substitution at  the quinoline 3-position ortho to 
the oxygen (e.g. compound 5i) would be expected to force 
the conformation of the quinoline-oxygen bond away from 
the desired planarity, as would replacement of methylene 
for oxygen in the linking chain (compound 5m). Re- 
placement of the oxymethylene link by trans-vinylene (E- 
isomer of compound 51) would result in adoption of a 
conformation analogous to the anti conformation of 5f. As 
discussed previously, all of these changes lead to a 
significant decrease in binding affinity. 
Pharmacological Evaluation 

The compounds listed in Table I11 were evaluated for 
AI1 antagonism in vivo by determining their intravenous 
ED50 values for inhibition of the pressor response induced 
by infusion of AI1 in conscious, normotensive rats. The 
ED50 obtained for l b  in this model is included in Table 
I11 as a standard. 

For compounds 7a,c,e,r, low solubility precluded in vivo 
evaluation. For the remaining compounds, potency in vivo 
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Figure 10. Effects of compounds Sgand lb  (DuP 753) after oral 
dosing to AII-infused, conscious rats. Effects are expressed as 
a percentage inhibition of the pressor response induced by AI1 
infusion. Mean * SE values are shown ( n  = 6-11). 
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Figure 11. Effects of compound Sg on mean arterial pressure 
after oral dosing at 6 mg/kg to renal hypertensive, conscious rats. 
Mean * SE values are shown ( n  = 15). 

broadly follows the relative affinities determined in the 
in vitro binding assay. The most potent compounds, Sf,g 
and 7i-1, gave EDw values of <1 mg/kg, comparable with 
the activity of lb.  In contrast to the peptide antagonist 
saralasin,36 these compounds showed no evidence for 
partial agonism in this model. 

Compound Sg was evaluated orally in an AII-infused, 
conscious, normotensive rat model at doses of 10,3, and 
1 mg/kg. As shown in Figure 10, a dose-related inhibition 
of pressor response was seen with a duration of action 
lasting for the 6-h time course of the experiment at the 10 
mg/kg dose. For comparison, the effect of l b  (DuP 753) 
in the same animal model at a dose of 10 mg/kg is also 
shown. Analogues Sf and 7i-1, which showed comparable 
EDm values to Sg on intravenous dosing, were inferior in 
potency to Sg when dosed orally (data not shown). 

Compound Sg also showed good activity in a renal 
hypertensive rat model. When administered orally at a 
dose of 5 mglkg (Figure ll), the compound had a rapid 
effect in reducing the blood pressure of rats with renal 
hypertension. The blood pressure of the animals was 
normalized within 2 h of dosing, and the effect was still 

(35) Wong, P. C.; Price, W. A.; Chiu, A. T.; Carini, D. J.; Duncia, J. V.; 
Wexler, R. R.; Johnson, A. L.; Timmermans, P. B. M. W. M. Nonpeptide 
Angiotensin I1 Receptor Antagonists. VIII. Characterization of Func- 
tional Antagonism Displayed by DuP 753, an Orally Active Antihyper- 
tensive Agent. J .  Pharmacol. Exp. Ther. 1990,252,719-725. 
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evident 8 and 24 h after dosing. In contrast, the effects 
of Sg in normotensive, shamsperated rata were small (data 
not shown), consistent with a specific antihypertensive 
effect in renal hypertensive rats. 

Compound Sg, designated IC1 D8731, is thus a potent, 
competitive, and orally active AI1 antagonist lacking 
agonist activity. On the basis of this profile, it has 
undergone more detailed pharmacological evaluations6 and 
has been selected for clinical investigation as an antihy- 
pertensive agent. 

Summary 
This paper describes a novel series of potent, nonpeptidic 

AI1 receptor antagonists derived from linkage of the 
biphenylcarboxylic acid or biphen ylyltetrazole acidic moi- 
eties found in previously described antagonists, such as 
la,b, via a methyleneoxy chain to the 4-position of a 
2-alkylquinoline. Although these antagonists differ struc- 
turally from previous series both in the nature of the 
putative hydrogen-bond acceptor (quinoline vs imidazole) 
and the linking chain from the biphenylyltetrazole moiety 
(methyleneoxy vs methylene), examination of overlays of 
certain of their low-energy conformations of each structural 
type generated by molecular mechanics shows a very good 
correspondence both of the tetrazole groups and of the 
N-1 atoms of the quinoline and imidazole rings. 

When evaluated in an in vitro binding assay using a 
guinea pig adrenal membrane preparation, compounds in 
this series generally gave ICw values in the range 0.01-1 
pM. The biphenylyltetrazole derivatives were more potent 
than the corresponding carboxylic acids. Structure- 
activity studies showed the quinoline nitrogen atom and 
ashort alkyl chain at the quinoline 2-position to be essential 
for receptor binding. Oxymethylene was optimal as the 
linking chain to the biphenylyltetrazole. A variety of 
substituents was introduced in the quinoline ring, but at 
best only a small improvement in binding affinity was 
seen. 

On intravenous administration in a normotensive rat 
model, the more potent compounds inhibited the AII- 
induced pressor response with EDm values in the range 
0.1-2.0 mg/kg. One of the compounds, Sg, demonstrated 
good oral activity in two rat models. At doses in the range 
1-10 mg/kg in AII-infused, normotensive rats, the com- 
pound exhibited a dose-related inhibition of the pressor 
response with a good duration of action at the higher doses. 
In a renal hypertensive rat model, compound Sg showed 
a rapid and sustained lowering of blood pressure at a dose 
of 5 mg/kg. On the basis of its profile, this compound, 
designated IC1 D8731, has been selected for clinical 
evaluation. 

Experimental Section 
All operations were carried out at ambient temperature unless 

otherwise stated. Tetrahydrofuran (THF) and ether were dried 
by distillation from calcium hydride. All evaporations were 
carried out at below 50 O C  by using a rotary evaporator. Flash 
chromatography was performed on silica (Merck Kieselgel: Art. 
9385). Melting points were taken on a BWhi apparatus with we 
of glass capillary tubes and are uncorrected. lH NMR spectra 

(36) (a)Oldham,A.A.;Allott,C.P.;Major,J.S.;Pearce,R.J.;Roberta, 
D. A.; Russell, S. T. IC1 D8731: A Novel, Potent and Orally Effective 
AngiotensinIIReceptor Antagonist. Br. J.Pharmacol. 1992,206 (Suppl.), 
83P. (b) Allott, C. P.; Oldham, A. A.; Steel, J. A.; Worrall, V.; Pearce, 
R. J.; Roberta, D. A.; Russell, S. T. Cardiovascular Effects of the 
Angiotensin I1 Receptor Antagonist IC1 D8731 in the Dog and Marmoset. 
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were recorded on Bruker WM200, WM250, or WM400 instru- 
menta and are reported as of values (parts per million) relative 
to Me4Si as internal standard. Chemical ionization maas spectra 
(CIMS) were recorded on a VG 12-12 quadrapole or a VG 70-250 
SE spectrometer. Positive or negative fast-atom bombardment 
mass spectra (FABMS) were determined on a VG ZAB 2-SE or 
a VG modified AEX/Kratus MS9 spectrometer. The experimental 
procedures for measuring AI1 antagonism in vitro in guinea pig 
adrenal membranes and the isolated rabbit aorta have been 
described previously.' 
2-Ethyl-4( la)-quinolone (8a). A solution of aniline (173 

mL, 186 g, 2.0 mol), methyl propionylacetate (251 mL, 260 g, 2.0 
mol), and p-toluenesulfonic acid (2.75 g) in cyclohexane (700 
mL) was heated under reflux in connection with a Dean-Stark 
water separator for 7 h. On cooling, insoluble material was 
removed by filtration and the filtrate was concentrated to give 
the intermediate 3-anilinopentenoate, which was used without 
purification. A 2-L flask fitted with an air stirrer, distillation 
head, and dropping funnel was purged with argon. Dowtherm 
A (500 mL) was added and heated to 240 OC. The crude 
3-anilinopentenoate wasaddedover lOmin, while the temperature 
wasmaintainedintherange 230-zdo°C,and themethanolformed 
was removed by distillation. The mixture was heated at 240 "C 
for a further 15 min and then allowed to cool. The insoluble 
solid was filtered off and washed with EtOAc/hexane (1:9 v/v, 
3 X 500 mL, then 1:l v/v, 400 mL) to give 8a (213 g, 62%): mp 
179-181 OC (lit." mp 176-177 "C); lH NMR (DMSO-dd 6 1.3 (t, 
3 H), 2.6 (9, 2 H), 5.9 (8, 1 H), 7.25 (t, 1 H), 7.45-7.7 (m, 1 H), 
8.05 (d, 1 H), 11.5 (br 8, 1 H). Anal. (CllHllNO) C, H, N. 

Quinolone precursors 8b-r were prepared from methyl pro- 
pionylacetate and the appropriate substituted aniline using 
analogous procedures. Using m-toluidine, 3-chloroaniline, 3-ami- 
nobenzonitrile, and m-anisidine, mixtures of 5- and 7-substituted 
quinolones were obtained, which were either separated by 
chromatography (8b,c,l) or used as mixtures in the next stage 
(8d,m-o). 
Ethyl 3-Ethyl-l,4-dihydro-4-oxoquinoline-2-carboxylate 

(17). A solution of aniline (46.5 g, 0.5 mol) and ethyl oxalobu- 
tyratea (108 g, 0.5 mol) in dichloromethane (250 mL) was heated 
under reflux in connection with a water separator for 5 days. The 
solution was washed with 0.5 M HCl(250 mL), water (250 mL), 
0.5 M NaOH (250 mL), and water (250 mL) and then dried 
(MgS04). Volatile material was removed by evaporation and 
the residue was added over 5 min to dodecylbenzene (750 mL) 
at 240 OC. The temperature was maintained at 240 "C and the 
ethanol formed was removed by distillation. The solution was 
allowed to cool and the precipitated solid was filtered off and 
washed with hexane (3 X 250 mL) to give 17 (108 g, 86% ): mp 

2 H), 4.5 (9, 2 H), 7.2-7.4 (m, 2 H), 7.55-7.65 (m, 1 H), 8.35 (d, 
1 H), 9.1 (br 8, 1 H). Anal. (C14H15NOs) H, N, C: calcd, 68.6; 
found 68.0. 
3-Ethyl-4(1a)-quinolone (18). A solution of 17 (35 g, 0.144 

mol) in 1.5 M aqueous NaOH (288 mL, 0.432 mol) was heated 
under reflux for 2 h. The hot solution was treated with charcoal 
and then acidified with concentrated HCl to precipitate the 
intermediate carboxylic acid, which was filtered off and dried at 
80 "C. The carboxylic acid was added to dodecylbenzene at 240 
OC and the mixture was heated for 5 min and then allowed to 
cool. The insoluble solid was filtered off and washed with hexane 
(3 X 500 mL) to give 18 (22.9 g, 93 % ): mp 190-191 OC; lH NMR 
(DMSO-de) 6 1.1 (t, 3 H), 2.45 (q,2 H), 7.3 (dt, 1 H), 7.5-7.65 (m, 
2 H), 7.8 (d, 1 HI, 8.1 (d, 1 H), 11.6 (br 8, 1 H). Anal. (CIlH11NO) 
C, H, N. 
Methyl a'-[[ (2-Ethylquinolin-4-y1)oxy]methyl]biphenyl- 

2-carboxylate (LO; R1= Et, Ra = Ra = H, R4 = methoxycar- 
bonyl). A mixture of 8a (260 mg, 1.50 mmol) and NaH (60% 
dispersion in mineral oil; 60 mg, 1.50 mmol) in DMF (2.5 mL) 

174-175 "C; 'H NMR (CDCla) 6 1.2 (t, 3 H), 1.5 (t, 3 H), 3.05 (q, 
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was stirred until evolution of hydrogen ceased. A solution of 
methyl 4'-(bromomethyl)biphenyl-2-carboxylate (9a;7c 460 mg, 
1.51 mmol) in DMF (1 mL) was added and the mixture was stirred 
for 16 h. Volatile material was removed by evaporation and the 
residue was partitioned between water (20 mL) and EtOAc (2 X 
10 mL). The combined extracts were washed with water (10 
mL) and saturated brine (10 mL) and dried (MgSO4). Volatile 
material was removed byevaporation and the residue was purified 
by flash chromatography, eluting with EtOAc/CH&12 (1:4 v/v), 
to give 10 (R1 = Et, R2 = R3 = H, R4 = methoxycarbonyl; 385 mg, 
63%): mp 132-134 OC; lH NMR (CDCb) 6 1.4 (t, 3 H), 3.0 (q, 
2 H), 3.7 (s,3 H), 5.3 (e, 2 H), 6.8 (8,l HI, 7.45-7.7 (complex m, 
9 H), 7.9 (dd, 1 H), 8.0 (d, 1 H), 8.3 (dd, 1 HI; 13C NMR (benzylic 
CH2) 6 69.7; CIMS m/e 398 (M + H)+. 
4'4 [ (2-Et hylquinolin-4-yl)oxy]met hyllbiphenyl-2-car- 

boxylic Acid (Sa). NaOH (1.25 M, 2.4 mL, 3.0 mol) was added 
to a solution of 10 (R' = Et, R2 = R3 = H, R4 = methoxycarbonyl; 
380 mg, 0.94 mmol) in EtOH (5 mL). The solution was heated 
under reflux for 2 h and then the volatile material was removed 
by evaporation. The residue was dissolved in water (30 mL) and 
the solution was acidified to pH 4 with 2 M HC1. The precipitated 
solid was filtered off and recrystallized from EtOH to give Sb 
(254 mg, 65%): mp 204-205 OC; lH NMR (DMSO-d6) 6 1.3 (t, 
3 H), 2.9 (4, 2 H), 5.4 (e, 2 H), 7.1 (8,  1 H), 7.4-7.8 (complex m, 
10 H), 7.9 (d, 1 H), 8.15 (dd, 1 H), 12.7 (br, 1 H); FABMS m/e 

Compounds Sa,c,d were prepared using analogous procedures 
starting from the appropriate quinolone precursor and proceeding 
via the appropriate intermediate 10. 
Met hy 1 4'4 (3-Et hy 1- 1,4-dihydro-4-oxoquinolinyl)met hyll- 

biphenyl-2-carboxylate (19). Using an analogous procedure 
to that described above for the preparation of 10 (R1 = Et, R2 
= R3 = H, R4 = methoxycarbonyl) but starting from compound 
18,19 was obtained in 84% yield as a gum: 'H NMR (CDCls) 
6 1.25 (t, 3 H), 2.7 (q, 2 H), 3.6 (8, 3 HI, 5.4 (8,  2 H), 7.15 (d, 2 
H), 7.3-7.55 (m, 8 H), 7.6 (8, 1 H), 7.85 (d, 1 H), 8.55 (d, 1 H); 
13C NMR 6 (benzylic CH2) 56.0. 
4'4 (3-Ethyl-1,4-dihydm4~xoquinolinyl)methyl]biphenyl- 

2-carboxylic Acid (6). Using an analogous procedure to that 
described for the preparation of compound 5b, 6 was obtained 
in 77% yield mp 205-209 OC; lH NMR (DMSO-ds) 6 1.2 (t, 2 
H), 2.5 (9, 2 H), 5.6 (s,2 H), 7.2-7.7 (m, complex m, 11 H), 8.15 
(8, 1 H), 8.25 (d, 1 H); FABMS mle 382 (M - H)-. Anal. (C25H21- 
NO3) C, H, N. 
2-Ethyl-4-[ [ 2'424 triphenylmethyl)-2H-tetrazol-S-yl]bi- 

phenyl-4-yl]methoxy]quinoline [ 10; R1 = Et, R2 = Ra = H, R4 
= 2-(triphenylmethyl)-2a-tetrazol-S-yl]. A mixture of 8a (346 
mg, 2.0 mmol) and NaH (60% dispersion in mineral oil; 80 mg, 
2.0 mmol) in DMF (8 mL) was stirred until evolution of hydrogen 
ceased. A solution of 5-[2-[4'-(bromomethyl)biphenylylll-2- 
(triphenylmethy1)-W-tetrazole (9b;7c 90 % strength; 1.24 g, 2.0 
"01) in DMF (2 mL) was added and the mixture was stirred 
for 20 h. The volatile material was removed by evaporation and 
the residue was partitioned between water (20 mL) and EtOAc 
(2 X 10 mL). The combined extracts were washed with water (10 
mL) and saturated brine (10mL) and dried (MgSO,). The volatile 
material was removed by evaporation and the residue was purified 
by flash chromatography, eluting with EtOAc/CH&12 (1:s v/v), 
to give 10 [Rl = Et, R2 = R3 = H, R4 = 2-(triphenylmethy1)- 
W-tetrazol-5-yl] (930 mg, 71 %): mp 173-174 "C (after trituration 
with EtOAc); 1H NMR (CDCb) 6 1.4 (t, 3 H), 3.0 (q,2 H), 5.2 (8,  
2 H), 6.7 (8 ,  1 H), 6.9-7.0 (m, 6 H), 7.15-7.55 (m, 17 H), 7.7 (dt, 
1 H), 7.95-8.05 (m, 2 H), 8.1 (d, 1 H). Anal. (CuHsNaO) C, H, 
N. 
2-Ethyl-4-[ [2'-( lH-tetrazol-5-yl)biphenyl-4-yl]methoxy]- 

quinoline Hydrochloride (5g). Concentrated hydrochloric acid 
(2 mL) was added to a solution of 10 [R' = Et, R2 = R3 = H, R4 
= 2-(triphenylmethyl)-W-tetrazol-5-yl; 930 mg, 1.43 "011 in 
EtOH (10 mL) and MeOH (5 mL). The mixture was stirred for 
2 h and then the volatile material was removed by evaporation. 
EtOH (20 mL) was added and the solution was re-evaporated. 
The solid residue was triturated with EkO (2 X 30 mL) and then 
recrystallized from EtOH/EtOAc to give Sg (400 mg, 63%): mp 

382 (M - H)-. Anal. (CaH21N03) C, H, N. 

178-181 "C; 'H NMR (DMSO-de) 6 1.5 (t, 3 H), 3.2 (q,2 H), 5.7 

(37) Chong, R. J.; Siddiqui, M. A.; Snieckus, V. Synthetic Connections 
to the Aromatic Directed Metalation Reaction. A M&id von Nie- 
menhkiQuinoline Synthesis from A. TetrahedronLett. 

(38) Adicker, F.; Andrewn, G. Zur Kenntnia der Reihe der normalen 
aliphatlschen @-Oxyeauren und der a-Ketoeauren. Liebigs Ann. Chem. 

1986,27,5323-5326. 

1943,566,41-56. 
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(s,2 H), 7.2 (d, 2 H), 7.5-7.8 (m, 7 H), 7.85 (t, 1 H), 8.1 (t, 1 HI, 
8.3 (t, 2 H); FABMS m/e 406 (M - HI-. Anal. (C25H21NsO-HCl) 
C, H, N. 

Compounds 5f,h,i,k and 7a-t were prepared using analogous 
procedures starting from the appropriate quinolone precursor. 

5424 4'-(Acetoxymethyl)biphenylyl]]-2-(triphenylmeth- 
yl)-tH-tetrazole (lla). Powdered KOAc (17.6 g, 0.18 mol) was 
added to a solution of 9a (50.0 g, 0.09 mol) and 18-crown-6 (100 
mg) in DME (600 mL) and the mixture was heated under reflux 
for 20 h. Insoluble material was removed by filtration and the 
residue was triturated with EtOAc/hexane (1:4 v/v, 400 mL) to 
give lla (41.8 g, 87%): mp 119-121 "C; lH NMR (CDCl3) 6 2.1 
(~,3H),5.0(~,2H),6.&6.95(complexm,8H),7.2-7.55(complex 
m, 14 H), 7.9-8.0 (m, 1 H). Anal. (C~~HZ.SN~O~) C, H, N. 

54 24  4'4 Hydroxymethyl)biphenylyl]]-2-(triphenylmet h- 
yl)dH-tetrazole (llb). A solution of lla (41.8 g, 0.078 mol) in 
THF (200 mL) was added over a period of 40 min to a stirred 
suspensionof- LiB&-(41. g, 0.19-md)-in.THY at  Q."C vnder. an 
atmosphere of argon. The mixture was stirred for 20 hand then 
cooled to 0 OC. Aqueous citric acid (20%, 40 mL) was added and 
the mixture was diluted with saturated brine (600 mL). The 
mixture was extracted with EtOAc (2 X 500 mL) and the extracts 
were washed with water (500 mL) and saturated brine (500 mL). 
The extracta were dried and the volatile material was removed 
by evaporation. The residue was purified by flash chromatog- 
raphy, eluting with EtOAc/hexane (2:3 v/v), to give l l b  (17.4 g, 
45%): mp 168-169 OC (after recrystallization from EtOAc/ 
hexane); 1H NMR (CDC13) 6 4.6 (a, 2 H), 6.85-7.0 (m, 6 H), 7.2- 
7.5 (complex m, 16 H), 7.9-8.0 (m, 1 H). Anal. (C33H~N40) C, 
H, N. 

54  2- (4'-Formylbip hen y lyl ) ] -2- (trip henylmet hyl)-2H-tet- 
razole (13a). A solution of pyridine-sulfur trioxide complex 
(2.91 g, 18.3 mmol) in DMSO (20 mL) was added over a period 
of 10 min to a stirred solution of l l b  (3.0 g, 6.1 mmol) and 
triethylamine (2.55 mL, 1.87 g, 18.3 mmol) in DMSO (20 mL). 
The mixture was stirred for 1.5 h and then acidified to pH 5 by 
addition of 20% aqueous citric acid. Water (250 mL) was added 
and the precipitated solid was filtered off, washed with water (4 
X 100 mL) and hexane (4 X 100 mL), and dried under high vacuum 
to give 13a (2.28 g, 77 %): mp 154-156 "C (after recrystallization 
from EtOAc/hexane); lH NMR (CDCl3) 6 6.8-6.95 (m, 6 H), 7.15- 
7.45 (complex m, 12 H), 7.5-7.7 (complex m, 4 H), 8.0-8.1 (m, 1 
H), 9.9 (8,  1 H). Anal. (C33H2dNdO) C, H, N. 

5424 4'4 l-Hydroxyethyl)biphenylyl]]-2-(triphenylmeth- 
yl)-2H-tetrazole (13b). Methyllithium in Et20 (0.98 M, 3.1 
mL, 3.0 mmol) was added to a stirred solution of 13a (1.50 g, 3.0 
mmol) in THF (25 mL) and Et20 (25 mL) at  -50 OC under an 
atmosphere of argon. The solution was kept at  -50 "C for 1 h 
and then left to stand for 20 h. Water (50 mL) was added and 
the mixture was extracted with EtOAc (2 X 30 mL). The extracts 
were washed with water (20 mL) and saturated brine (20 mL) 
and then dried (MgS04). The volatile material was removed by 
evaporation and the residue was purified by flash chromatog- 
raphy, eluting with EtOAc/hexane (1:l v/v), to give 13b (1.08 g, 
71 %) as a foam: lH NMR (DMSO-ds) 6 1.2 (d, 3 H), 4.6-4.7 (m, 
1 H), 5.1 (d, 1 H), 6.75-6.9 (m, 6 H), 7.0 (d, 2 H), 7.2 (d, 2 H), 
7.25-7.4 (complex m, 9 H), 7.45-7.7 (complex m, 3 H), 7.8 (dd, 
1 H). 

2-Methyl-4-[ 142'424 triphenylmethyl)-2H-tetrazol-5-y1]- 
biphenyl-4-yl]ethoxy]quinoline (14). A mixture of 13b (1.05 
g, 2.10 mmol) and NaH (60% dispersion in mineral oil; 84 mg, 
2.10 mmol) in DMF (15 mL) was stirred until evolution of 
hydrogenceased. 4-Chloro-2-methylquinoline (370 mg, 2.1 mmol) 
in DMF (2 mL) was added and the mixture was heated at 40 "C 
for 20 h. The volatile material was removed by evaporation and 
the residue was partitioned between water (40 mL) and EtOAc 
(2 X 40 mL). The combined extracts were washed with water (40 
mL) and saturated brine (40 mL) and dried (MgSOd). Volatile 
material was removed by evaporation and the residue was purified 
by flash chromatography, eluting with EtOAc/hexane (1:l v/v), 
togive 14 (400 mg, 29%): mp 160-161 "C (after recrystallization 
from EtOAc/hexane); 1H NMR (DMSO-&) 6 1.5 (d, 3 H), 2.45 
(e, 3 H), 5.8 (4, 1 H), 6.75-6.9 (complex m, 8 H), 7.1 (d, 2 H), 
7.25-7.45 (complex m, 11 H), 7.45-7.75 (complex m, 4 H), 7.8-7.9 
(m, 2 H), 8.2 (dd, 1 H); FABMS m/e 406 (M - triphenylmethy1)-. 
Anal. (CuH3aNsO) C, H, N. 
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2-Methyl-4-[ 1-[2'-( lH-tetrazold-yl) biphenyl-4-yl]ethoxy]- 
quinoline Hydrochloride (Si). Using an analogous procedure 
to that described for the preparation of Sg, but starting from 14, 
5j was obtained in 60% yield mp 168-169 OC; 1H NMR (DMSO- 

1 H), 7.5-7.6 (m, 4 H), 7.65-7.7 (m, 2 H), 7.85 (t, 1 H), 8.1 (t, 1 
HA8.2 (d,lH),8.45 (d,lH);FABMS mle406 (M-H)-. Anal. 

Compound 58 was prepared via intermediate 12 using an 
analogous procedure. 

Triphenyl[ [2'-[2-(triphenylmethyl)-2H-tetrazol-5-yl] bi- 
phenyl-4-yl]methyl]phosphonium Bromide (15). A solution 
of 9a (5.0 g, 9.0 mmol) and triphenylphosphine (2.4 g, 9.2 mmol) 
in CHC13 (50 mL) was heated under reflux for 7 h. The volatile 
material was removed by evaporation and the residue was 
triturated with EtOAc to give 15 (5.63 g, 76%): mp 183-185 "C; 
lH NMR (DMSO-de) 5.15 (d, 2 H), 6.9-7.0 (m, 6 H), 7.3-7.9 
!cQmpkm,.32E!Js. 
(~z)-2-Methyl-4-[2-[2'-[2-(triphenylmethyl)-2H--tetrazol- 

5-yl]biphenyl-4-yl]ethenyl]quinoline (16). A mixture of 15 
(2.18 g, 2.66 "01) and NaH (60% dispersion in mineral oil; 106 
mg, 2.66 mmol) in THF (20 mL) was stirred under an atmosphere 
of argon until evolution of hydrogen ceased. 2-Methylquinoline- 
4-carboxaldehydez2 (455 mg, 2.66 mmol) was added and the 
mixture was stirred for 4 h. The volatile material was removed 
by evaporation and the residue was partitioned between EtOAc 
(40 mL) and water (40 mL). The organic phase was separated, 
washed with water (20 mL) and saturated brine (20 mL), and 
dried (MgSOr). The volatile material was removed byevaporation 
and the residue was purified by flash chromatography, eluting 
with EtOAc/hexane (2:3 v/v), to give 16 (1.01 g, 60%): mp >280 
"C; lH NMR (DMSO-ds + CD3C02D) 6 2.50,2.55 (both s, ratio 
1:2, total 3 H), 6.85-7.0 (m, 8 H), 7.2-7.4 (m, 8 H), 7.5-7.8 (m, 
14 H); FABMS m/e 388 (M - triphenylmethy1)-. 

2-Methyl-4-[2-[2'-( lH-tetrazol-5-yl) bipheny1-4-yl]ethenyl]- 
quinoline Hydrochloride (51). Using an analogous procedure 
to that described for the preparation of Sg, but starting from 16, 
51 was obtained in 69% yield: mp 283-285 "C; lH NMR (DMSO- 
da + CD3C02D) 6 2.85,2.95 (both a, ratio 1:2, total 3 H), 6.9-7.3 
(complexm,3H),7.5-8.3 (complexm, 11 H), 8.8 (d, 1 H);FABMS 
m/e 388 (M - HI-. Anal. (C25HlsNrHC1.H20) C, H; N: calcd, 
15.7; found, 15.1. 

2-Methyl-4-[2-[2'-( lH-tetrazol-5-yl)bipheny1-4-yl]ethyl]- 
quinoline Hydrochloride (5m). Compound 51 (200 mg, 0.47 
mmol) in MeOH (80 mL) was catalytically hydrogenated over 
10% Pd-C at 5 atm of pressure. The catalyst was removed by 
filtration and the filtrate was concentrated. The residue was 
purified by flash chromatography, eluting with MeOH/CHZClz 
(1:4 v/v), to give 5m (45 mg, 22%): mp 145-150 "C (after 
trituration with Ego); lH NMR (DMSO-de + CD3C02D) 6 2.6 
(s,3H),3.0-3.1 (m, 2H),3.3-3.4 (m,2H),7.05(d,2H),7.15-7.35 
(m, 3 H), 7.5-7.8 (complex m, 6 H), 8.0 (d, 1 H), 8.2 (d, 1 H); 
FABMS m/e 390 (M - H)-. Anal. (C%H19Ns.HCl-H20) C, H; N: 
calcd, 15.4; found 14.8. 

X-ray Crystallographic Analysis of la. Crystals of la7c 
were obtained from aqueous ethanol: CzzH2sClN203; monoclinic 
space group P21lc; cell constants a = 11.004 (2) A, b = 19.528 (3) 
A, c = 9.899 (2) A, 6 = 100.78 (2)O, U = 2089.62 A3, and Dc = 1.268 
g ~ m - ~  (2 = 4). Data were recorded using a Philips PWll00 
diffractometer with a constant scan width of 0.70" in the 8 range 
2.5"-2l0, using graphite-crystal-monochromated Mo-Ka radi- 
ation. A total of 2455 reflections were measured with a 8-28 scan 
mode, and no significant change occurred in three reference 
reflections which were checked every 5 h. Lorenz and polarization 
corrections were applied to the data and equivalent reflections 
were merged to give a total of 679 unique reflections with Z/u(I) 
> 2.0. The positions of all non-hydrogen atoms were located 
using the direct methods routine of SHELX86. The phenyl rings 
were treated as rigid hexagonal groups (C-C = 1.395 A, C-H = 
1.08 A). Successive difference-Fourier syntheses with sin 0 less 
than 0.35 failed to reveal satisfactory positions for all the hydrogen 
atoms and, in particular, those of the hydroxy and carboxylgroups 
were not located. In the final stages of full-matrix refinement 
the chlorine and oxygen atoms were assigned anisotropic thermal 
parameters. For consistency all the carbon-bonded hydrogen 
atoms were included in calculated positions, and the thermal 

de) 6 1.8 (d, 3 H), 2.9 (8, 3 H), 6.2 (9, 1 H), 7.2 (d, 2 H), 7.45 (8, 

(C25H21NsO.HC1.0.5H20) C, H, N. 
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Antagonism of Angiotensin I1 Induced Prersor Berponrer 
in Conscious, Normotensive Rats. (a) ED@ Determination. 
Male Alderley Park Wistar rata weighing 200-250 g (n = 3-10) 
were prepared under Saffan (alphasalone/alphadolone) anes- 
thesia with indwelling arterial and venous catheters. Blood 
pressure was measured via the arterial catheter while angiotensin 
I1 was infused through the venous catheter at a rate of 1.0 rcg/kg 
per min, which produced a rise in mean arterial pressure of 
approximately 50 mmHg. During the angiotensin I1 infusion, a 
cumulative intravenous does-response curve was constructed to 
the antagonist and ita E B m  value determined. 

(b) Determination of Duration of Effwt. Blood pressure 
was measured via the arterial catheter in rata prepared as above 
while angiotensin I1 was infused through the venous catheter at 
a rate of 1.0 rcg/kg per min for 3-4 min, which produced a riee 
in mean arterial pressure of approximately 50 mmHg. Single 
bolus intravenous or oral doses of antagonist were administered 
and effecta on angiotensin II induced pressor r e s p o m  were 
measured at various time intervals. Effecta of the antagonist on 
angiotensin responses were expressed as percentage inhibition 
of the control angiotensin II response. 

Effects on Blood Pressure in Renal Hypertensive Rots. 
Male Alderley Park Wistar rata weighing 280-300 g were 
anesthetized with Saffan (alphaxalone/alphadolone). The left 
renal artery was exposed and a platinum clip with an internal 
diameter of 0.25 mm was placed around it, causing a partial 
occlusion. After 12-14 days, the animals were prepared under 
Saffananesthesiawithanindwellingarterialcatheterandallowed 
to recover for 18-24 h. Blood pressure was measured via the 
arterial catheter before and for up to 24 h following oral dosing 
with an antagonist. 
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parameters of those on methylene groups were constrained to be 
equal, as were those of methyl groups (final values 0.06 and 0.09 
A*, respectively). Weights were applied to the individual 
reflections as l/az (F) and refinement converged at R = 0.0974 
and R, = 0.0829, with a total of 109refined parameters. Neutral 
scattering factors, corrected for the real and anomalous scattering, 
were d fo ra l l a tomsand  weretakenfromhternational Tables 
of X-Ray Crystallography, Volume 4. 

X-ray Cryetallographic Analysis of Sf. Cryetala of Sf were 
obtained from aqueous 2-propanol: C ~ H ~ Q N ~ O . H C ~ . O . ~ H ~ ~ ;  
monoclinic space group C2/c (No. 15); cell constanta a = 22.979 
(5) A, b = 9.883 (2) A, c = 19.430 (4) A, /3 = 95.71 (2)O, U = 4390.73 
As, and D, = 1.328 g cm-* (Z = 8). Data were recorded using a 
Philips PWllOO diffractometer with a constant scan width of 
0.90O in the 0 range 3O-23O, using graphita-crystal-monochro- 
mated Mo-Kcr radiation. A total of 1969 reflections were 
measured with a 8-28 scan mode, and no significant change 
occurred in three reference reflections which were checked every 
5 h. Lorenz and polarization corrections were applied to the 
data and equivalent reflections were merged to give a total of 
1605 unique reflections with Z/u(Z) > 3.0. The structure was 
solved using the direct methods routine of SHELX86. Initially 
no solution was achieved in the centrosymmetric space group, 
but the atoms of two independent molecules were readily located 
in the non-centrosymmetric space group. On refinement, very 
high correlation between the parameters was observed. The 
molecules were shown to be related by a C2 axis and refinement 
was continued in the space group C2/c, which was proved correct. 
A difference-Fourier syntheses with sin 8 less than 0.35 revealed 
the p i t i o n s  of all hydrogen atoms except those on the water 
oxygen. The two best peaks located for hydrogen atoms on the 
methyl substituent were used to determine the orientation, and 
the position of the third hydrogen atom was calculated. The 
carbon-bonded hydrogen atoms were assigned thermal param- 
eters of 0.08 A' and were included in structure factor calculations 
but were not refined. The hydrogen atoms on the two nitrogen 
atoms were refined satisfactorily with a common isotropic thermal 
parameter that gave a final value of 0.083 Az. In the final cycles 
of full-matrix refinement anisotropic thermal parameters were 
assigned to the chlorine, nitrogen, and oxygen atoms. Weights 
were applied to the individual reflections as 1/u2(F) and refine- 
ment converged at R = 0.0632 and R, = 0.06399, with a total of 
175 refined parameters. Neutral scattering factors, corrected 
for the real and anomalous scattering, were used for all atoms 
and were taken from International Tables of X-Ray Crystal- 
lography, Volume 4. 


