
Sk~ganic & Medicinal Chemistry Ldtters. Vol. 4. No. 1. pp. 219-222. 1994 
Printed in Great Britain 

0960-894xf94 56.00 + 00 

0 1993PergamonRmLAd 
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Victor J. Lotti,*Peter K.S. Siegl,’ Arthur A. Patchen,+ and Wiiam J. Greet&et 

+Department of Exploratory Chemistry, Merck Research Laboratories, Rahway, NJ 07065; and 
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Abstract: The synthesis of a new class of angiotensin II receptor antagonists bearing a 
substituted imidazo[ l,Zb]pyridazine moiety, and the evaluation of these compounds as isosteric 
replacements for potent imidazo[4,5-b]pyridine based antagonists is presented 

The linear octapeptide angiotensin II is a potent vasoconstrlctor produced by the renin-angiotensin 

cascade which regulates blood pressure homeostasis, fluid volume and electrolyte balance in mammals. 

Angiotensln II (AR) interacts with specific cellular receptors causing vasoconstriction, aldosterone secretion, 

renal sodium retention and other biological effects2 Pharmacological blockade of the renin-angiotensin system 

with inhibitors of angiotensin converting enzyme (ACE) such as captopril and enalapril effectively lowers AII 

levels and is established therapy for the treatment of essential hypertension and congestive heart failure3 

Recently, nonpeptidic and orally active AII receptor antagonists have emerged as alternative and potentially 

superior agents for lowering blood pressure in hypertensive patients4 

Our interest ln a series of substituted 3-(2’-(tetrazol-S-yl)-biphenyl-4-yl)meth[4,5-b] 

pyridines developed in these laboratories and exemplified by L-158.809 (l),’ led to the concern that metabolic 

hydroxylation at the benzylic methylene group followed by cleavage of the hetemcycllc moiety might inactivate 

these compounds. This paper describes the synthesis and biological activity of a new class of isosteric 

(biphenyl4methyl)imidazo[ 1,2_b]pyrldazlne AII antagonists (2n-2d) wherein the biphenylmethyl side chain is 

attached to the hetenxyclic ring through a carbon-carbon bond.6 

CH 
2a R= vNkH 

5 N:N* 

Figure 1. 
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A synthetic strategy was designed to facilitate evaluation of analogs with differing acidic pharmacophotic 

groups at the C-2’ position of the biphenyl. Thus, the synthesis proceeded by first assembling the 

imidazo[l,2-b] pyridazine ring, installation of a 4-trimethylstannylbenzyl group at C-3, followed by 

construction of the biphenyl element via a palladium catalyzed biaryl coupling reaction. Preparation of the 

Scheme Ia 
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aReagents: (a) ethyl a-chloropropionylacetate, (i-Pr)$Bt, CH2C12, 8OY!, 12 h; (b) LiAlH4, THF, O’C, 
1 h; (c) Mn02. 4A molecular sieves, CHZCIZ, 16 h; (d) Mg, 4-(t-BuMe2SiO)C6H4Br, THF. 67’C, 1.5 h; 
product of step c, rt, 30 min; (e) (J+Bu)#JF, THF, rt, 3 h; (f) Me$3iC12, NaI, CH$N, rt 10 min; (g) 
(F&SO&O, pyridine, rt, 1 h; (h) MegSnSnMeg, Pd(Ph&, LiCl, dioxane, 6OoC, 24 h. 

requisite organostannane is illustrated in Scheme I. Reaction of 3-amino-4,6-dimethylpyridazine7 with ethyl 

a-chloropropionylacetate in the presence of diiipropylethylamine afforded a 73% yield of ester 4. Lithium 

aluminum hydride reduction of 4 and reoxidation of the alcohol provided the aldehyde 5 (75% overall). 

Condensation of aldehyde 5 with the Grignard reagent prepared from the tert-butyldimethylsilylether of 

4-bromophenol followed by silylether hydrolysis gave phenol 6 (82% from 5). Next, the benzylic hydroxyl 

group of 6 was conveniently deoxygenated with in sim generated diiododimethylsilane* (90%), and the 

resulting phenol was converted to an aryl triflate. Palladium(O) catalyzed cross coupling of this triflate with 

hexametbylditing afforded after 24 hours a 47% yield of the desired arylstannane. Longer reaction times failed 

to improve this yield, however unreacted triflate (44%) was readily recovered upon flash column 

chromatography lo (84% yield based upon recovered triflate). 

The cross coupling of organostannane 7 with aryl halides bearing appropriate substituents for further 

elaboration into the targeted acidic functional groups were next investigated. Palladium(II) catalyzed coupling 

reactions” effected the biphenyl bond coupling, and the resulting intermediates were then converted to the title 

compounds 2a-2d as shown in Scheme II. Thus, stannane 7 coupled with 2-bromobenzonitrile in the presence 

of 5 mol% bis(triphenylphosphine)palladium@) chloride (83%) and the resulting nitrile was converted to the 

tetrazole 2ai2 with trimethyltinazide in 75% yield. Under similar conditions, 7 was coupled with tert-butyl 

Ziodobenzoate (73%) and subsequent tert-butyl ester hydrolysis (86%) afforded acid 2b.13 Coupling of 7 with 

1-bromo-2nitrobenzene (78%), followed by nitto group reduction (95%) and trifluorosulfonylation (66%) gave 
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Scheme IIa 

‘Reagents: (a) 2-bromobenxonitrile, (PPh&PQ, DMF. lOOoC, 12 h; (b) MegSnNs. tohiene. 120°C 
20 h; (c) tert-butyl2-iodobenxoate, (PPh#dC!l,, DMF, 1OOT. 12 h; (d) CF+X$-I, ankle. CI-I&l,, rt, 14 
h; (e) 1-bromo-2-nitrobenxene, (PPh,)2PdC12, DMF, 8O’T. 12 h; (f) Hz (50 psig). 10% Pd/C. EtOH, 30 min; 
(g) (CF$0,)20, 2,6-di-terr-butyl-4_methylpyridine, CH#l,, OT. 1 h; 01) N-tert-butyl-2-bromo- 
benxenesulfonamide, (PPh3)2PdC12, DMF, 50°C, 12 h; (i) CF,CO,H, CH2C12, rt, 8 h; (j) PhCO,H, CDI, 
THF, 8OoC, 2 h; product of step i. DBU. THF, 8OoC, 3 h. 

the triflamide Zc.‘” In the final example, the coupling of stannane 7 with N-tert-butyl-2- 

bromobenzenesulfonamide consistently provided only 28-32% of the desired biphenyl, attended by substantial 

quantities (38%) of the symmetrical 4.4’~biphenyl8, even when the coupling reaction was conducted in the 

presence of three equivalents of the arylbromide. Nonetheless, this coupling reaction proved sufficient to 

permit removal of the N-tert-butyl group with trlfluoroacetic acid (95%). and subsequent acylation of the 

resultant primary sufonamide with N-benzoylimidaxole (derived from l,l’-carbonyldiimidaxole and benxoic 

acid, 76%) to afford the desired N-benzoylsulfonamide 2d.15*16 

Table I. Data for compounds 2a-2d. 

Entry GNumber IC50 FAB-Mass Spectrum (MI?) 

A”f,W) A-f&M) Calc’d m/z: Found m/p: 

2 
2: 

L 161719 
L:161:718 

57 
8j 

I10 10 410 2093 
386:1869 

410 2076 
386:1871 

2c L- 162,278 
2d L-163,144 

::‘8 >lO 489.1572 489.1597 
>lO 525.1960 525.1963 
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The angiotensin II binding affinities (ICso’s)17 for AT, and AT2 receptor subtypes, and mass spectral 

data for the title compounds are presented in Table I. The imidazo[ l,Zb]pyridazines 2a-2d displayed potent 

AT, selective AII antagonist activity. In conscious normotensive rats, a 1.0 mg/kg iv bolus administration of 

tetrazole 2a provided a greater than 90% maximal inhibition of blood pressure response to O.ll.@kg iv AB 

challenges, and the duration of the inhibitory effect (>30% inhibition) exceeded six hours. Thus, 

imidazo[l,2-b] pyridazines 2a-2d are shown to be effective bioisosteres for the corresponding 

imidazo[4,5-b]pyridine-containing angiotensin II antagonists. 

Acknowledgment. We thank Dr. Lawrence Colwell and Mrs. Amy Bemick for high resolution FAB- 
mass spectrometry analysis. 

References and Notes 

1. 

2. 
3. 
4. 

5. 

6. 

7. 
8. 
9. 

10. 
11. 
12. 

13. 

14. 

15. 

16. 

17. 

Presented in part at tbe Tbiitb International Congress of Hetcrocyclic chemistry, August 1 l-16, 1991, Oregon State 
university, corvallii, Oregon 
Peach, M.J. Physiol. Rev. 1977.57, 313. 
Vallotton, M.B. Trends Pharmacol. Sci. 1987,8,69. 
Cbiu, A.T.; McCall, D.E.; Price, W.A.; Wong, P.C.; Carini, D.J.; Duncia, J.V.; Johnson, A.L.; Wexler, R.R.; Yoo, S.E.; 
Timmermans, P.B.M.W.M. J. PharmacoL Zher. 1990,2522,711. 
Mantlo, N.B.; Cbakravarty, P.K.; Ondeyka, D.L.; Siegl, P.K.S.; Cbang, R.S.; Lotti, V.J.; Faust, K.A.; Cben, T.-B.; 
Scborn. T.W.; Sweet, C.S.; Emmert, S.E.; Patcbett, A.A.; Grecnlee, W.J. J. 1)4ed Chem. 1991,34, 2919. 
Allen, E.E.; Cbakravarty, P.K.; Greenlee, W.J.; MacCoss, M.; Patcbett, A.A.; Walsh, T.F. European Patent Appl. 
0.490.587, June 17, 1992. 
Becker, H.G.O.; B0tcber, H. Tetrahedron, 196&24,2687. 
Wiggins, J.M. Synth. Commun. 1988,18, 741. 
Wmff, W.D.; Peterson, GA.; Bauta, W.E.; Cbau, K.-S.; Faron, K.L.; Gilbcrtson, S.R.; Kacsler, R.W.; Yang, D.C.; 
Murray, C.K. J. Org. Chem. 1986,51, 277. Ecbavarren, A.M.; Stille, J.K. J. Am Chem. Sot. 1987,109, 5478. 
Still, WC.; Kahn, M.; Mitra, A. J. Org. Chem. 1978,43, 2923. 
Milstein, D.; Still 

4 
J.K. J. Am. Chem.-Sot. 1979,101, 4992. 

Nh@ Data for 2a: H-NMR (400 MHz, CD 
3 

OD, ppm) 6 1.23 (t, J=7.6 Hz, 3H), 2.51 (s, 3H), 2.57 (s, 3H), 2.80 (q, fi7.6 
HZ, 2H). 4.34 (s, 2H), 6.99 (s, lH), 7.00 (d 
13C-NMR (100 MHz, CDCl 

=8.0 Hr., 2H), 7.15 (d, J=8.0 Hz, 2H). 7.48-7.51 (m, 2H), 7.59-7.62 (m. W); 

P 
, ppm) S 14.55 16.34, 20.06, 21.60, 27.71, 118.87. 122.55, 123.89, 127.75, 128.13(2(3), 

129.04(20, 130.57 130.79, 30.91, 134.56, 137.23, 137.53, 137.73, 141.20, 143.44. 152.00. 155.95. 
NMR Data for 2b: iH-NMR (400 MHr., CD30D, ppm) 6 1.23 (t, J=7.6 Hz, 3H). 2.51 (s, 3H), 2.57 (s, 3H), 2.80 (q. J=7.6 
Hz, 2H), 4.34 (s, 2H), 699 (s, lH), 7.00 (d, J=8.0 Hz, 2H), 7.15 (d, J=8.0 Hx, 2H), 7.48-7.51 (m, 2H), 7.59-7.62 (m, 2H); 
13C-NMR (100 MHz, CDCl , jqm) 8 14.36, 16.43, 20.36, 21.56, 27.92, 118.23, 123.07, 126.92, 127.92(2(3), 
128.67(20, 129.49 130.24, 13 2 .33, 130.45, 133.64. 134.92, 137.21. 139.94, 141.21, 143.75, 151.46, 172.27. 
NMR Data for 2e: ‘H-NMR (400 MHz, CD30D, ppm) 8 1.26 (t, J=7.6 Hz, 3H), 2.49 (s, 3H). 2.55 (8, 3H). 2.82 (q, J=7.6 
HZ w), 4.39 (8. 2H). 4.91 (s, IH), 6.91 (8, lH), 7.27-7.35 (m. 8H); 13C-NMR (100 MHz, CDC13, ppm) S 14.63, 16.43, 
21.21, 21.58, 28.25, 117.63, 117.96, 122.47, 122.52, 126.58, 128.71, 129.03(2(3). 129.16(2(3), 130.83, 131.89, 135.09, 
135.12, 135.39, 137.93, 139.09, 144.76, 151.07. 

NMR Data for 2d: ‘H-NMR (400 MHz, CD OD, ppm) 6 1.32 (t, J=7.6 Hz,, 3H), 2.57 (s, 3H), 2.62 (s, 3H), 2.89 (q, J=7.6 

Hz, w), 4.42 (s, 2H), 7.18-7.22 (m, 5H), 7. z -7.27 (m, 3H), 7.42-7.44 (m, 2H), 7.H)-7.63 (m, 3H), 8.23 (dd, J=8.0, 1.2 
Hz, 1H); 13C-NMR (100 MHz, CDC13, ppm) 6 14.39. 17.54, 21.63, 21.70, 27.59, 127.60, 127,74(2C), 127.96(2(3), 
128.03, 128.14, 128.23, 128.65, 128.72(2(3), 129.28, 129.35, 129.44(2(3), 130.62, 130.68, 131.04, 132.39. 133.42, 
133.53. 133.60, 136.78, 140.50, 163.83. 
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Binding aftimitics expressed as K&‘s for the com& in Table I were determined by their ability to displace the specific 
binding liand 1251-Sar1,11c8-AII from rabbit aortic memlurme (ATl) and rat brain membrane (ATZ) receptors as described in: 

clang, R.S.L.; Siegl, P.K.S.; Clincscbmidt, B.V.; Mantlo, N.B.; Cbakravarty, P.K.; Grccnlee, W.J.; Pat&en. A.A.; Lot& 
V.J. J. Pharmacol. Exp. Ther. 1992,262. 133 with tbe exception tbat the 0.2% BSA component was omitted. 
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