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of thromboxane Ah using a specific radioimmunoassay. The result 
waa expressed by percent inhibition at  10 pM, and ICw values 
were determined for the relatively potent compounds. 
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A aeries of 11-[2-(1-be~~lyl)ethy~dene]-6,11-dihydrodibenz[b,e]oxepin-~car~xylic acid derivatives and related 
compounds were syntheaized and found to be potent TXA2/PGH2 receptor antagonists. Each compound synthesized 
was tasted for ita ability to displace [SH]U-46619 binding from guinea pig platelet TXA2/PGH2 receptors. 
Structure-activity relationship studiea revealed that the following key elements were required for enhanced activities: 
(1) an (E)-2-(l-benzimidazolyl)ethylidene side chain in the 11-position of the dibenzoxepin ring system and (2) a 
carboxyl group in the 2-p i t ion  of the dibenzoxepin ring system. The studies also indicated that the TXA2/PGH2 
receptor binding affinities of this series of compounds in guinea pig platelet were poorly correlated with those in 
human platelet. Introduction of substituent(s) to the benzimidazole moiety was effective and sodium (E)-1142- 
(5,6-dimethyl-1-benzimienzimidezolyl)ethylidene]-6,11-dihydrodibenz[ b,e]oxepin-2-carboxylate monohydrate (57) recorded 
the highest affiiity for human platelet TXA2/PGH2 receptor with a Ki value of 1.2 * 0.14 nM. It demonstrated 
potent inhibitory effects on U-46619induced guinea pig platelet aggregation (in vitro and ex vivo) and human platelet 
aggregation (in vitro). Compound 57, now designated aa KW-3635, is a novel, orally active, and specific TXA2/PGH2 
receptor antagonist with neither TXA2/PGH2 receptor agonistic nor T U z  synthase inhibitory effecta. It is now 
under clinical evaluation. 

Introduction 
We reported that the synthesis and TXA2/PGH2 re- 

ceptor antagonizing activity of 11-1 124 (phenylsulfonyl)- 
amino] ethyl] thio] -6,ll-dihydrodibenz [ b,e] oxepin-2- 
carboxylic acid (1, see Chart I) and ita derivatives.' Three 
key elements required both for potent TXA2/PGH2 re- 
ceptor antagonizing activity and for good oral activity were 
revealed (1) a terminal arylsulfonylamino group on the 
side chain, (2) a carboxylic group at the 2-position of the 
dibenzoxepin ring system, and (3) a dibenzoxepin ring 
system. On the basis of these findings, further structural 
modifications of 1 were performed to enhance ita receptor 

(1) Ohshima, E.; Takami, H.; Sato, H.; Obase, H.; Miki, I.; Ishii, 
A; Karaaawa, A.; Kubo, K. J. Med. Chen., preceding paper in 
this issue. 
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Chart I 

1 8 9, daltroban 

antagonizing activity. We began the study by replacing 
the sulfide linkage (-S-) of 1 with a carbon-carbon 
double bond (4-1. The results are s ' AinTable 
I. Compound 2, possessing E-geometry, exhibited mod- 
erate binding affiiity for guinea pig platelet TXA2/PGH2 
receptor at 0.1 pM, although ita 2-counterpart (3) was 
devoid of activity at that concentration. Interestingly, 
shortening of the side chain of 2 to provide 4 resulted in 
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Table I. ll-Substituted-6,ll-dihydrodibenz[ b,e]oxepin Derivatives 
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&-COOH 0 

TXA2/PGHP 
receptor binding: U46619-induced platelet 
guinea pig WP aggregation ex vivo 

mp, OC Ki: nM (n), or in the guinea pigs: 
no. X (solvent)" formulab % inhibnd at 0.1 pM % aggregation (n)e 

1 -SCH&H2NHSOZPh 

2 =CHCH2CH2NHS02Ph (E) 

3 =CHCH2CHZNHSO2Ph (2) 

4 =CHCHZNHS02Ph (E) 

5 

6' - S C H ~ C H ~ N ~ N  0 
7j =CHCH?- N ~ N  

9. daltroban 

184-186 
(PA) 
211-212 
(IPA/ IPE) 
130 
(IPEf) 
254-257 dec 
(AN) 

(IPA) 

230-232 dec 
(AN) 

>250 
(AC/ W) 

164-166 

C24H17N203Na.0.6H20 15 f 2.3 (4) 

63 f 5.3 (3) 

11.8 f 4.8 (5) 

59.3 f 15.9 (3) 

NT" 

25.0 f 1.4 (3) 

66.3 f 9.1 (3) 

N P  

0 f 0 (5) 

0 f 0 (6) . ,  . .  

OSolvent of crystallization: IPA, isopropyl alcohol; IPE, diisopropyl ether; AC, acetone; AN, acetonitrile; W, water. *All new compounds 
had C, H, and N microanalyses within 0.4% of the theoretical values. cValues are mean f SEM of experiments indicated in parentheses. "n 
= 1-2. e Mean f SEM of experiments indicated in parentheses. The value indicates percent aggregation of platelets at 2 h after adminis- 
tration of each compound (10 mg/kg PO). The control value is 72.7 f 13.8% (n = 5). 'Trituration solvent. gC3H80, isopropyl alcohol. hNot 
tested. 'HC1 salt. jNa salt. 

Scheme I 

6 
1 (CF3C0)20, CH2C12 NaOH, H20, MeOH 

2. HSCH2CH20H, CHzC12 

10 

10 
1. (CF3CO)pO, CH& - bCooMe NaOH, H20, MeOH + 5  

BF3 EtzO, CH2C12 

a significant enhancement in the affinity (Ki = 11 nM). 
However, compounds 2 and 4 failed to exhibit superior 
effect to the lead compound (1) on U-46619-induced guinea 
pig platelet aggregation ex vivo after oral administration 
of 10 mg/kg of each compound. We also examined the 
effects of replacing the benzenesulfonamide moiety of 1 
with a benzimidazole, a stxuctural equivalent of N-arylurea 
or N-arylamide moiety, since our previous studies' revealed 
that the amide, urea, thiourea, and urethane analogues of 
1 retained the TXA2/PGH2 receptor binding affinity. The 
results are also shown in Table I. Compound 5 exhibited 
approximately Cfold higher TXA2/PGH2 receptor binding 
a f f ~ t y  than 1. However, no significant oral antiplatelet 
effect of 5 was observed in the ex vivo experiment. Com- 
pound 6, a connecting positional isomer of 5, was devoid 
of affinity. Surprisingly, compound 7, in which the 
ethylthio connecting group of 6 is replaced by an (E)- 

15 

ethylidene group, showed significant receptor binding 
activity (K,  = 15 f 2.3 nM) and ita potency was 4-fold 
higher than that of daltroban (9). Furthermore, compound 
7 demonstrated potent inhibitory effect on the platelet 
aggregation in the ex vivo experiment. Therefore, we se- 
lected 7 as a new lead and performed ita structurai opti- 
mization. 

This paper describes the synthesis and structureactivity 
relationships of 11- [2-( l-benzimidazolyl)ethylidene]-6,11- 
dihydrodibenz[b,e]oxepin derivatives (8, see Chart I) and 
related compounds. Daltroban (9); one of the repre- 

(2) Stegmeier, K.; Pill, J.; Miiller-Beckmann, B.; Sponer, G.; 
Patscheke, H. Sulfonamidephenylcarboxylic Acids as a New 
Class of Selective and Competitive Non-prostanoic Thromb- 
oxane Receptor Antagonists. Tlrromb. Haemoetasis 1986,64, 
292. 
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Scheme IIn 
NHS0,Ph 

COOMe 
&cooM:,b,(c,d) 0 - / o  / - h & / 0 / 2,3 

16 17: R3=OH 
18: R3=OMs 
19: R3= phthalimide 
20: R3= NHz 

22a: R4= 2-COOMe 
22b: R4= 2-CHzCOOMe 
22c: R4= 3-COOMe 
226: R4= 9-COOMe 

23 

21 

248: R4= 2-COOMe 
24b: R4= 2-CH2COOMe 
24c: R4= 3-COOMe 
246: R4= 9-COOMe 

Ohhima et al. 

PhOzSHN 

24a - 1. g, h 

&- - 
0 

25 

(I (a) Ph3P+-CHzCHzCHz0THPBr-, n-BuLi, THF; (b) p-TsOH, H20, dioxane; (c) p-TsOH, AcOH; (d) p-TsOH, MeOH, (e) MsCI, Py; (f) 
potassium phthalimide, DMF; (9) HzNNHz, MeOH; (h) PhSOzCl, Py; (i) NaOH, MeOH, HzO; (j) fractional crystallization; (k) l-methyl- 
piperazine, (CH20),, CF,COOH, AcOH, dichloroethane; (1) fractional crystallization; (m) saturated NaHCO,; (n) ClCOOEt, AcONa, di- 
chloroethane. 

sentative non-prostanoid TXA2/PGH2 receptor antago- 
nists? was used as a reference compound during our series 

(3) (a) Patscheke, H.; Stegmeier, K. Investigations on a Selective 
Non-prostanoic Thromboxane Antagonist, BM 13.177, in Hu- 
man Platelets. Thromb. Res. 1984,33,277-288. (b) Stegmeier, 
K.; Pill, J.; Mtiller-Beck”, B.; Schmidt, F. H.; Witte, EL.;  
Wolff, H.-P.; Patscheke, H. The Pharmacological Profile of the 
Thromboxane Az Antagonist BM 13,177. A New Anti-platelet 
and Anti-thrombotic Drug. Thromb. Res. 1984,35, 379-395. 
(c) Seeger, W.; Emst, Ch.; Waimrath, D.; Neuhof, H.; Roka, L. 
Influence of the Thromboxane Antagonist BM 13,177 on the 
Arachidonic Acid-induced Increase in Pulmonary Vascular 
Resistance and Permeability in Rabbit Lungs. Thromb. Res. 
1985, 40, 793-805. (d) Carrer, R.; Cragoe, E. J.; Ethier, D.; 
Ford-Hutchinson, A. W.; Girard, Y.; Hall, R. A.; Hamel, P.; 
Rokach, J.; Share, N. N.; Stone, C. A.; Yusko, P. Studies on 
L-640,035: A Novel Antagonist of Contractile Proetanoids in 
the Lung. Br. J. Pharmacol. 1984,82,389-395. (e) Hall, R. 
A.; Gillard, J.; Guindon, Y.; Letts, G.; Champion, E.; Ethier, 
D.; Evans, J.; Ford-Hutchinson, A. W.; Fortin, R.; Jones, T. R.; 
Lord, A; Morton, H. E.; Rokach, J.; Yoakim, C. Pharmacolagy 
of L-655,240 (3- [ 1-(4-chlorobenzyl)-5-fluoro-3-methyl-indol-2- 
yl]-2,2-dimethylpropanoic acid); a Potent, Selective, Thromb- 
oxane/Prostaglandin Endoperoxide Antagonist. Eur. J. 
Pharmacol. 1987,135,193-201. (f) Mais, D. E.; Yoakim, C.; 
Guidon, Y.; Gillard, J. W.; Rokach, J.; Halushka, P. V. Pho- 
toaffmity Labelling of the Human Platelet Thromboxane 
A2/Prostaglandin H2 Receptor. Biochem. Biophys. Acta 1989, 
1012,184-190. (g) Mais, D. E.; Bowling, N. L.; True, T. A.; 
Naka, M.; Morinelli, T. A.; Oatis, J. E.; Hamanaka, N.; Ha- 
lushka, P. V. Novel Synthesis and Biochemical Properties of 
an [1261]-Labeled Photoaffmity Probe for Thromboxane A,/ 
Prostaglandin H2 Receptors. J. Med. Chem. 1991, 34, 
1511-1514. (h) Rosentreter, U.; Bbhagen, H.; Seuter, F.; 
Perzbom, E.; Fiedler, V. B. Synthesis and Absolute Configu- 
ration of the New Thromboxane Antagonist (3R)-3-(4-Fluoro- 
phenylsulfonamide)-l,2,3,4-tetrahydro-9-carbazolepropanoic 
Acid and Comparison with its Enantiomer. Arzneim.- 
Forsch./Drug Res. 1989,39,1519-1521. (i) Shiraishi, M.; Kato, 
K.; Terao, S.; Ashida, Y.; Terashita, 2.; Kito, G. Quinones. 4. 
Novel Eicoeanoid Antagonists Synthesis and Pharmacological 
Evaluation. J. Med. Chem. 1989,32,2214-2221. (j) Tomiya- 
ma, T.; Wakabayashi, S.; Koeakai, K.; Yokota, M. Azulene 
Derivatives: New Non-Prostanoid Thromboxane A2 Receptor 
Antagonists. J. Med. Chem. 1990,33,2323-2326. 

Scheme 111 
1 1  

24 - 69 m-y-cooM 
0 Method A, B 

70 

NaOH, HzO, MeOH I 
7, 26-68 

of experiments. 

Chemistry 
Compounds possessing a sulfide linkage, 5 and 6, listed 

in Table I, were prepared by the procedure as depicted in 
Scheme I. The alcohol 10 was converted to 11 by the 
method reported in our preceding paper.’ Treatment of 
11 with PBr3 provided 12, which was allowed to react with 
benzimidazole and subsequent alkaline saponification 
furnished 6. Similarly, successive treatments of 10 with 
trifluoroacetic anhydride and 2-(2-mercaptoethyl)benz- 
imidazole (14) in the presence of BF3-Ea0 provided 15, 
which was saponified to 5. Scheme I1 illustrates the syn- 
thesis of 2-4 (Table I). Wittig olefmation4 of 16 and the 
subsequent cleavage of tetrahydropyranyl ether afforded 
17 ( E / Z  = 3/7), which was treated with methanesulfonyl 
chloride to furnish 18. The unstable mesylate 18 was 
immediately submitted to the reaction with potassium 
phthalimide to provide 19, which was converted to 20 with 
hydrazine in methanol. Sulfonylation of the crude 20 with 
benzenesulfonyl chloride afforded 21 (E/2 = 3/71, which 
was saponificated and subsequently purified by fractional 
crystallization to provide 3 possessing 2-geometry. No 

(4) Schow, S. R.; McMorris, T. C. Utility of the Wittig Reaction 
for the Construction of Side Chains of Steroids Starting from 
Pregnenolone. J. Org. Chem. 1979,44,3760-3765. 
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Table 11. ll-Ethylidene-6,11-dihydrodibenz[ b,e]oxepin Derivatives 

TXA2/PGH2 receptor binding: 
guinea pig WP Ki,d nM (n), 

no. Het methoda mp, "C solventb formulac or % inhibn' at 0.1 pM 

A 215-216 lPA/W C23H17N303 35% 

N=N*N- 

B 287-290 dec DMF C~H~203.0.25H20 280 f 21 (3) 

26 P 
27 pN- N d  

A 260-263 dec IPA C23H17NZ03 29 f 3.2 (3) 28 N? 

F N -  
N d  

A 236-237 DMF C23H17N303*H20 

29 P N d N -  

-6% 

30 F N -  A 264-265 dec MA CmH1eN203*0.2H20 600 f 34 (3) 

Ph A 275-276 IPA C 2 6 3 H d 2 0 3  37 * 2.6 (3) 31 
N d  

\k I k- 
N d  

32 PhMPh A 145 dec IPA C32H24N203 164 f 24 (3) 
I 'N- 
N d  

aSee the text. *Solvent of crystallization: IPA, isopropyl alcohol; W, water; DMF, dimethylformamide; MA, methanol. 'All new com- 
pounds had C, H, and N microanalyses within 0.4% of the theoretical values. dValues are mean h SEM of experiments indicated in 
parentheses. e n  = 1-2. 

detectable isomerization was observed during the con- 
version from 17 to 21 and under the subsequent saponi- 
fication conditions. Chemical isomerization of the double 
bond of the 2-rich intermediate 17 was performed in order 
to obtain the E-isomer (2). The 2-rich 17 was heated with 
p-TsOH in AcOH and subsequently esterified to E-rich 
17 (E/Z = 7/3), which was converted to 2 by the same 
procedure as described above. Compound 4 was prepared 
from olefin 22a (R4 = 2-COOMe) via chloride 24a (R4 = 
2-COOMe).s The starting compounds 22 were obtained 
by Wittig olefination of the corresponding ketones! The 

(5) (a) Ohshima, E.; Kumazawa, T.; Otaki, S.;Obase, H.; Ohmori, 
K.; Ishii, H.; Manabe, H.; Tamura, T.; Shuto, K. EP patent 
235796; Chem. Abstr. 1988, 108, 167330t. (b) Ohshima, E.; 
Otaki, S.; Sato, H.; Kumazawa, T.; Obase, H.; Ishii, A.; Ishii, 
H.; Ohmori, K.; Hirayama, N. Synthesis and Antiallergic Ac- 
tivity of 11- (Amin0alkylidene)-6,l 1-dihydrodibenz [ b,e] oxepin 
Derivatives. J. Med. Chem. 1992,36,2074-2084. 

(6) (a) Ueno, K.; Kubo, S.; Tagawa, H.; Yoshioka, T.; Tukada, W.; 
Tubokawa, M.; Kojima, H.; Kaeahara, A. 6,ll-Dihydrodi- 
benz[b,e]oxepinacetic Acids with Potent Antiinflammatory 
Activity. J. Med. Chem. 1976,19,941-946. (b) Aultz, D. E.; 
Helsley, G. C.; Hoffman, D.; McFadden, A. R.; Laesman, H. B.; 
Wilker, J. C. Dibenz[b,e]oxepinalkanoic Acids as Nonsteroidal 
Antiinflammatory Agents. 1. 6,11-Dihydro-ll-oxodibenz[b,- 
eloxepin-2-acetic Acids. J. Med. Chem. 1977,20,66-70. (c) 
Ohshima, E.; Kumazawa, T.; Takiwa,  H.; Harakawa, H.; 
Sato, H.; Obase, H.; Oiji, Y.; Ishii, A.; Iehii, H.; Ohmori, K. A 
New Seriea of Antiallergic Agents. I. Synthesis and Activity 
of 11-[(2-Aminoethyl)thio]-6,1l-dihydrodibenz[b,e]oxepin De- 
rivatives. Chem. Pharm. Bull. 1991,39,2724-2728. (d) Ku- 
mazawa, T.; Ohshima, E.; Harakawa, H.; Sato, H.; Obase, H.; 
Oiji, Y.; Ishii, A.; Ishii, H.; Ohmori, K. A New Series of An- 
tiallergic Agents. II. Synthesis and Activity of New 6,ll-di- 
hydrodibenz[b,e]oxepincarboxylic Acid Derivatives. Chem. 
Pharm. Bull. 1991,39,272+2733. (e) Rokach, J.; Cragoe, E. 
J., Jr.; Rmney, C. S. Dibenz[b,e]oxepin Compounds. US 
patent 4,282,365; Chem. Abstr. 1982,96, 35124~. 

Scheme IV 

248, Nal, DMF * 

71 
pMe 

72 

olefins 22 were treated with 1-methylpiperazine under 
Mannich reaction conditions to provide 23 (E/Z = 9/1), 
Compounds 23 (E > 99%) separated by the fractional 
crystallization of the corresponding acid addition salts of 
the crude 23 were treated with ethyl chloroformate to 
provide 24 with negligible isomerization.' The chloride 
24a was converted to 25 in a similar manner as described 
in the synthesis of 21 from 18, and subsequent saponifi- 
cation provided 4. 

Compounds 7 and 26-68, listed in Tables I-IV, were also 
prepared from the chlorides 24 (Scheme III). Compounds 
24 were treated with appropriate benzimidazole derivatives 
and related heterocyclic compounds (69) to provide 70 
under the following reaction conditions: method A, 69 (5 
equiv), toluene/DMF, reflux; method B, 69 (1 equiv), NaH 
(1 equiv), THF, reflux. Unsymmetrically substituted 
benzimidazoles led to yields of 70 as a mixture of two 
isomers in these reaction conditions.8 Each isomer was 

(7) Tanabe, K.; Katagiri, T.; Tanaka, J. Highly Stereoselective 
Syntheses of Nerol and Geraniol. Chem. Lett. 1977, 
1025-1026. 
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Table 111. 6,11-Dihydrodibenz[b,e]oxepin-2-carboxylic Acid Derivatives 

Ohahima et al. 

7 
33 
34 
35 
36 
37 

39 
40 
41 
42 
43 
44 
45 
46 
47 

49 
50 
51 
52 
53 
54 
55 
56 
57 

59 
60 
61 
62 
63 
64 

38 

48 

sa 

no. R’ method“ mp, OC solventb formulaC guinea pig WP 

TXAz/PGH2 receptor 
binding, Kit  nM (n) 

_ _  human WP 

9.2 * 3.3 (3) 
>250 AC/W CwH,,NoO*Na0.6HoO 15 f 2.3 (4) 13 1.5 (3) 

1.8 * 0.17 (3) 
287-290 IPA’ c;;H;,N,o; 9.5 0.32 (3) 9.1 * 0.09 (3) 
318-319 dec IPA C,,H,nN,O=*0.25H,O 30 * 3.4 (3) NTf 

He 

6‘-NOZ 
5’-NO2 

5’-COOH 
6’-COOH 
5’-CONHCHZPh 
6’-CONHCH,Ph 
5’-CF3 
6’-CF3 
5’-F 
6’-F 
5’-C1 
6‘-C1 
4’-Me 
5’-Me 
6’-Me 
7’-Me 
5’-OMe 
6’-OMe 
4’-OH 
5’-(CHOH)Ph 
6’-(CHOH)Ph 
5’,6’-C12 
4’ ,5’-Me2 
4’,6’-Me,’ 
5’,6’-Meze 
4’ ,6’-(MeO)z 
5’,6’-(Me0)z 
5’,7’-(MeO), 
5’,6’-(methylenedioxy) 
2’-SMe 
2/-Me 
2‘-OH 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
A 
A 
B 
B 
B 
B 
B 
C 
A 
B 
B 
A 
A 
B 
A 
B 
B 
B 
A 
A 
A 
A 

290-293 IPA/W C%H;;NEO;.O.2H,O 

190 l l ( 3 )  NTf 
>300 dec IPE 0.91 * 0.20 (3) 7.4 f 1.7 (3) 

242-245 IPE C,,HmN,OA*H,O 10 f 0.64 (3) 14 (1) 
290-291 dec IPA C~H~FsN~O&.5C3H8@ 2.2 f 0.28 (3) 85 A.11 (4) 
286-288 dec IPA C25H17F3NZ03 60 f 3.5 (3) NTf 
174-177 IPA 8.3 0.73 (3) 15 f 3.1 (3) 
287-288 
277-278 
310-312 
276 
163-165 
165-167 
280 dec 
257-258 
272-273 
232-233 
182-184 
270-271 dec 
287-289 
302-306 
324 dec 

>300 dec 
259-261 dec 
290-292 dec 
278-279 dec 
273 dec 
234-236 dec 
318 dec 
293-295 

IPA 
IPA 
IPA 
IPA 
IPA 
IPA 
IPA 
MA 
MA 
DO 
AN 
AN 
AN/IPA 
TL 
DO 

AN 
IPA 
AN 
IPA 
IPA 
IPA 
MA 

MA/w 

9.6 1.4 (3)’ 
6.0 f 1.9 (6) 
15 * 5.8 (5) 
17 f 3.7 (3) 
15 f 1.2 (3) 
23 f 1.7 (3) 
46 7.8 (3) 
3.2 * 0.14 (3) 
12 f 2.0 (3) 
46 * 9.0 (3) 
6.1 * 1.8 (3) 
17 0.58 (3) 
53 f 9.2 (3) 
3.6 0.47 (3) 
3.9 1.9 (3) 
2.7 f 0.22 (6) 
88 12 (3) 
3.4 0.12 (3) 
6.1 f 1.0 (3) 
2.7 f 0.12 (3) 

4 %I 
4%j 

l l%J  

. .  
NTf 
11 * 0.91 (3) 
19 1.2 (3) 
38 * 20 (3) 
110 f 22 (3) 
12 * 1.2 (3) 
8.0 i 1.2 (3) 
17 k 4.1 (3) 
7.4 f 1.3 (4) 
NTf 
NTf 
NTf 
NTf 
46 f 6.9 (3) 
7.6 * 2.3 (3) 
1.2 f 0.14 (3) 
9.1 f 1.1 (3) 
2.2 f 0.03 (3) 
6.7 f 2.0 (3) 
3.8 f 0.32 (3) 
NTf 
NTf 
NTf 

9, daltroban 63 * 5.3 (3) 19 f 0.3 (3) 
(I See the text. Solvent of crystallization: AC, acetone; W, water; IPA, isopropyl alcohol; EA, ethyl acetate, WE, diisopropyl ether; MA, 

methanol; DO, dioxane; AN, acetonitrile; TL, toluene. ‘All new compounds had C, H, and N microanalyses within 0.4% of the theoretical 
values. dValues are mean * SEM of experiments indicated in parentheses. ‘Na salt. fNot tested. tC3H80, isopropyl alcohol. hC4HaOZ, 
dioxane. ‘E/Z = 93/7. jPercent inhibition at 0.1 pM (n = 1-2). 

Table IV. 11-[2-(5,6-Dimethyl-l-benzimidazolyl)ethylidene]-6,11-dihydrodibenz[b,e]oxepin Derivatives 

TXA2/PGH2 receptor binding: 
guinea pig WP Kit nM (n), 

no. z method” mp, OC solventb formulaC or % inhibn’ at 0.1 rM 
65 3-COOH A 267-268 dec EA/IPA CzsH22Nz03.0.5CaHaOf 18OOO k 1300 (3) 
66 9-COOH A 291-292 dec DO CzsH~Nz03.0.25HzO 1300 * 92 (3) 
67 2-CHZCOOH A 277-278 IPA C27H24N203 63 f 17 (4) 
68 2-COOMe A 8 HXh CnHuNz03 31% 

265-266 DO C~HnN30c0.26C~HaO~ 6% 

90 H X h  C&&30S’HZ0 -4 % 

See the text. *Solvent of crystallization: EA, ethyl acetate; IPA, isopropyl alcohol; DO, dioxane; HX, hexane. ‘All new compounds had 
C, H, and N microanalyses within 0.4% of the theoretical values. dValues are mean f SEM of experimenta indicated in Parentheses. ‘n = 
1. fCsH80, isopropyl alcohol. #An amorphous powder. Trituration solvent. C4HBO2, dioxane. 
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Table V. 11-Ethylidene- and ll-Ethyl-6,11-dihydrodibenz[ b,e]oxepin Derivatives 
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&c-H 0 

TXAz/PGHz receptor binding: 
no. X methoda mp, OC solventb formula' guinea pig WP Ki,d nM (n) 
75 A 282-283 dec IPA CmHzzNz03.0.5HzO 64 f 22 (3) q 

g 
( Z )  

( r N k N  

e 150-151 IPA C26H24N203'0.8H20 18 f 0.88 (3) 76 

n,yrN\=N 

See the text. *Solvent of crystallization: P A ,  isopropyl alcohol. All new compounds had C, H, and N microanalyses within 0.4% of the 
theoretical values. dValues are mean & SEM of experiments indicated in parentheses. OScheme V. 

Scheme V" 
OMe f cHo 

77 

R5 

7a 

e hZoMe __t f 76 

80: R5= CHzCHzOH 
81: R5= CH2CH20Ms a2 

'(a) Me3SiCH2CH=CH2, Tic,, CH2Clz; (b) NdO4, oso4, Eh0, HzO; (c) NaBH,, MeOH, THF; (d) MsC1, Py; (e) 5,6-dimethylbenz- 
imidazole, toluene, DMF; (f) NaOH, HzO, MeOH. 

isolated in pure form by chromatography and crystalliza- 
tion. The purity of the final products was greater than 
99% on the basis of HPLC analyses and the structure of 
each isomer was determined by NOE NMFt experiments? 

A regioselective synthesis of 70 was also accomplished 
employing the previously reported methodlo (method C) 
and an example is demonstrated in Scheme IV. 1,2- 
Phenylenediamine derivative 71 was treated with 24a in 
the presence of NaI in DMF to provide 72 in a yield of 
56% and the regioselectivity was over 99%. The amides 
73 and 74 (Table IV) were obtained by the coupling re- 
action between 57 and the appropriate amines. 

Compound 75 (Table V) possessing 2-geometry was 
prepared from 2-rich 23a (R4 = 2-COOMe, E/2 = 4/6) 
which was obtained from the mother liquor of the crys- 

(8) Exceptionally, the reaction of 248 and 4,6-dimethylbenz- 
imidazole furnished 121 aa sole isomer, which waa the precur- 
sor of 86. The positional isomers of 85,86, and 88 (the corre- 
sponding methyl esters of 28,29, and 31, respectively) were not 
isolated. 

(9) For example, on the 'H-NMR study of 60, significant NOE 
(31.0%) waa observed between H-7' and the allylic methylene 
protons. This result confirmed the subetitution position of the 
methoxy group (6'-OMe). The &geometry of the double bond 
at the 11-position waa determined by the observed NOE 
(28.6%) between the vinylic proton and H-1. 

(10) Tanaka, K.; Ino, M.; Murakami, Y. Cyclization of [(4- or 5- 
Subetituted-2-benzimizimidazolyl)thio]acetic Acids. Isolation and 
Identification of Two Possible Isomers of Substituted Thia- 
z o l o [ 3 , 2 - a ] b 0 1 - 3 ( 2 H ) - o n e .  Chem. Phurm. Bull. 1981, 
29,1876-1886. 

tallization of the crude 23a (Scheme II). Reduction of the 
double bond of 67 to afford 76 (Table V) was unsuccessful 
under several reaction conditions (catalytic hydrogenation, 
reduction with diimide, and reduction by hydride-transfer 
reagents), because the opening of the dibenzoxepin ring 
occurred preferentially. Therefore, an alternative proce- 
dure based on a Lewis acid catalyzed carbon-carbon bond 
formation in the 11-position was developed (Scheme V). 
Since the methoxy group in the 11-position of the di- 
benzoxepin ring system was regarded as the vinylogue of 
a ketal, the allylation of 77 with allyltrimethylsilane in the 
presence of T i c 4  was examined." Compound 77 was 
successfully converted to 78 almost quantitatively. The 
olefin 78 was subjected successively to oxidative cleavage 
of double bond, NaBH4 reduction, and mesylation to 
provide 81, which was converted to 76 in a similar manner 
as described in the preparation of 6 from 12. 

Results and Discussion 
The compounds synthesized were tested for inhibitory 

effects on the specific binding of [3H]U-46619 to guinea 
pig platelets according to the reported method12 with a 
slight modification. The results were represented by Ki 

(11) Sakurai, H. Reactions of allylsilanes and application to organic 
synthesis. Pure Appl. Chem. 1982,54,1-22. 

(12) Kattelmau, E. J.; Venton, D. L.; Breton, G. C. Characterization 
of U46619 Binding in Unactivated, Intact Human Platelets 
and Determination of Binding Site Affinities of Four T U 2 /  
PGHz Receptor Antagonists (13-APA, BM 13.177,ONO 3708 
and SQ 29.548). Thromb. Res. 1986,41,471-481. 
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values or percent inhibitions at 0.1 pM (Tables I-V). 
The effects of replacing the benzimidazole moiety of 7 

with a related heterocyclic group were examined (Table 
II). Benzotriazole and naphth[2,3-d]imidazole derivatives 
(26 and 27) showed markedly reduced affinities in the 
receptor binding assay. The compound possessing a 5- 
azabenzimidazole (29) was devoid of activity, although 28, 
the 4-azabenzimidazole derivative of 7, demonstrated 
somewhat reduced TXA2/PGH2 receptor binding activity. 
Compound 31, possessing a 4’-phenylimidazole moiety, 
exhibited nearly half the potency of 7, while the corre- 
sponding imidazole and 4’,5’-diphenylimible derivatives 
(30 and 32) showed extremely reduced affinities. These 
results indicated that the benzimidazole moiety was critical 
for the enhanced TXA2/PGH2 receptor binding affinity 
of 7, and encouraged us to focus our research on the syn- 
thesis and evaluation of a series of compounds repreaented 
by the general structure 8 (Chart I). 

The influence of the substituent(s) of the benzimidazole 
moiety on the receptor binding affinity was examined. The 
inhibitory effect on the specific binding of [3H]U-46619 
to human platelets was also evaluated in order to elucidate 
species differences in the structure-affiinity relationships 
of this series of compounds. The results are summarized 
in Table III. Most compounds tested (7 and 33-64), except 
36,58, and 62-64, showed significant binding affinities for 
the guinea pig platelet TXA2/PGH2 receptor, and the 
potency of these derivatives was superior to that of 9 
(daltroban). Substitution in the 2’-position remarkably 
reduced activity (62-64). A variety of substituents in the 
5’-position enhanced the binding affinity for the guinea 
pig platelet receptor (33,37,39,41,43,49, and 52), irre- 
spective of the nature of the substituents, whereas some 
6’-substituents reduced the activity (36,40, and 47). Al- 
though every positional isomer of methyl-substituted 
benzimidazole derivatives (45-48) showed negligible en- 
hancement in the affinities, dimethylbenzimidazole de- 
rivatives (55-57) were 2-4-fold more potent than 7 in the 
guinea pig platelet receptor binding assay. Similarly, 
5’,6‘-dimethoxy, 5‘,7’-dimethoxy, and 5’,6’-(methylenedi- 
oxy) derivatives (54-61) demonstrated enhanced affinities, 
whereas 5‘,6’-dichloro and 4‘,6‘-dmethoxy derivatives (54 
and 58) exhibited reduced affinities. Of all compounds 
tested, 37, which posgesses a (benzylamino)carbonyl group 
in the 5’-position, was the most potent antagonist for the 
guinea pig platelet TXAz/PGH2 receptor with a Ki value 
of 0.91 f 0.20 nM. 

On the other hand, compound 57, containing a R6’- 
dimethylbenzimidazole moiety, was the most potent hu- 
man platelet TXA2/PGH2 receptor antagonist with a Ki 
value of 1.2 f 0.14 nM. Similarly, introduction of 5‘,6‘- 
dimethoxy (59) and 5’,6’-(methylenedioxy) (61) to the 
benzimidazole moiety enhanced affinity for the human 
platelet receptor. In the compounds with other substitu- 
tion patterns of the benzimidazole moiety, however, no 
dramatic enhancement of affinity for the human platelet 
receptor was achieved; markedly reduced activities of 5‘- 
methyl and 5’-CF3 derivatives (39 and 46) were observed, 
although these compounds showed fairly good affinities 
for the guinea pig platelet receptor. Consequently, the 
TXA2/PGH2 receptor binding a f f ~ t i e s  of 22 compounds 
of this series (7,33,34,37-39,41,43-50,55-61) in human 
platelet were poorly correlated with those in guinea pig 
platelet (r = 0.190). 

The remarkably reduced activities of compounds listed 
in Table IV indicated the significance of a 2-carboxyl 
group. The acetic acid derivative (67) exhibited somewhat 
decreased activity. Moreover, 3- and 9-carboxylic acid 

Ohhima et al. 

analogues (65 and 66) showed much reduced receptor 
binding affinities. These results were parallel with those 
observed in our arylsulfonamide type antagonista described 
previously.’ Furthermore, ester and amide derivatives (68, 
73, and 74) were devoid of activity. 

The results shown in Table V indicated that the 11- 
ethylidene connecting group with E-geometry was critical 
for the enhanced receptor binding affinity of 57. Com- 
pounds with corresponding 2-olefin (75) and carbon-car- 
bon single bond (76) exhibited approximately 20- and 
6-fold lower potency than 57 in the binding assay (guinea 
pig platelet). It is noteworthy that 75, the positional isomer 
of 66 (Table IV) in view of the oxygen atom in the di- 
benzoxepin ring system, showed 20-fold higher receptor 
binding affinity than 66. This observation indicated that 
the oxygen in the dibenzoxepin ring system played a cru- 
cial role in the TXA2/PGH2 receptor binding of this series 
of compounds. 

From the structural point of view, compound 57 has one 
of the most rigid structures among the known TXA2/PGHz 
receptor agonists and antagonists. This series of com- 
pounds, therefore, would be a beneficial tool for further 
investigation on the putative structure of TXA2/PGH2 
receptor  protein(^).'^ 

Besides the receptor binding studies described above, 
we elucidated the inhibitory effects of the compounds on 
U-46619-induced platelet aggregati~n’~ in vitro. Com- 
pounds possessing significant guinea pig platelet TXA2/ 
PGH2 receptor binding activities also inhibited the ag- 
gregation of guinea pig platelets in vitr0.I5 Compound 57, 
one of the most potent human platelet TXA2/PGH2 re- 
ceptor antagonists among the compounds synthesized, 
inhibited U-46619 (1 pM) induced human platelet aggre- 
gation with an ICm value of 20.3 nM (n = 6), while 9 
(daltroban) inhibited that with an ICM value of 255 nM 
(n = 3). Therefore, compound 57 exhibits an approxi- 
mately 12-fold higher inhibitory effect than 9 on the U- 
46619-induced human platelet aggregation. Additionally, 

(13) A human platelet TXAz receptor has been cloned and se- 
quenced; see: Hirata, M.; Hayashi, Y.; Ushikubi, F.; Yokota, 
Y.; Kageyama, R.; Nakanishi, S.; Narumiya, S. Cloning and 
expression of cDNA for a human thromboxane A2 receptor. 
Nature 1991,349,617-620. 

(14) Born, G. V. R. Aggregation of Blood Plateleta by Adenosine 
Diphosphate and its Reversal. Nature (London) 1962, 194, 
927-929. 

(16) The effect of the compounda in this series on U4619-induced 
guinea pig platelet aggregation was examined in vitro. Blood 
was withdrawn from the abdominal aorta of pentobarbital- 
anesthetized guinea pigs and was collected in a plastic tube 
containing 3.8% sodium citrate (1 mL for 9 mL blood) as an 
anticoagulant. Platelet-rich plasma (PRP) was obtained from 
the blood by centrifugation at 200g for 16 min at room tem- 
perature. Platelet-poor plasma (PPP) was obtained by further 
centrifuging the precipitate at 2000g for 10 min. Platelet ag- 
gregation induced by U-46619 (0.60.1 rM) was measured ac- 
cording to the method of Born,“ by means of en aggregometer 
(RAM-31, Rikadenki, or C650, Chrono-Lag). A test compound 
was pretreated for 3 min and the ability to inhibit aggregation 
was determined (n = 2-4). The minimum concentration which 
inhibits platelet aggregation by 30% or more was defined aa 
the m i n i u m  effective concentration (MEC, pgg/mL, in par- 
entheses) of the test compound 2 (l), 3 (30),4 (O.l), 5 (0.3), 
6 (3), 7 (O.l), 26 (3), 27 (0.1),28 (0.3), 29 (1),30 (3), 31 (30),32 
(lo), 33 (0.1),34 (O.l), 36 (0.3), 36 (lo), 37 (0.01),38 (0.03), 39 
(O.l), 40 (0.03), 41 (0.11, 42 (O.l), 43 (0.031, 44 (0.31, 45 (not 
tested), 46 (not tested), 47 (not tested), 48 (not teated), 49 (O.l), 
50 (l), 51 (0.03), 52 (0.11, 53 (l), 54 (l), 55 (O.l), 56 (O.l), 57 
(O.l), 58 (3),59 (0.3), 60 (O.l), 61 (O.l), 62 (lo), 63 (M), 64 (>30), 
65 (30), 66 (>30), 67 (0.3), 68 (not tested), 73 (30),74 (lo), 75 
(l), 76 (l) ,  9 (daltroban, 0.1). 
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compound 57 (104-104 M) inhibited the human platelet 
aggregation induced by collagen (1.5 pg/mL). However, 
it did not affect the primary phase of platelet aggregation 
induced by adenosine diphosphate or epinephrine at 
concentrations up to M. Furthermore, compound 57 
at lod M did not affect the anthggregatory effecta of PGI,, 
PGE1, and PGD,. In the guinea pig ex vivo experiment, 
compound 57 (3 and 10 mg/kg PO) inhibited the aggre- 
gations induced by U-46619, collagen, and arachidonate. 
The effects lasted for longer than 7 h following oral ad- 
ministration of 57 (10 mg/kg po).16 

Compound 57 exhibited inhibitory effects on U-46619- 
induced contractions of isolated guinea pig aorta and ca- 
nine saphenous vein with pA2 values of 7.74 & 0.16 and 
8.11 f 0.12, respectively. In that canine smooth muscle 
preparation, 57 did not exhibited intrinsic agonist activ- 
ity." Moreover, radioligand receptor binding studies 
revealed that it did not affect the receptors of PG12, PGEz, 
PAF, and other neurotransmitters at concentrations up 
to 10 pM. Furthermore, it possessed negligible inhibitory 
effects on TXA2 synthase, cyclooxygenase, blipoxygenase, 
and 124poxygense at 1 Compound 57 was regarded 
aa one of the specific TXA2/PGH2 receptor antagonists 
and the detail of its pharmacological profile will be re- 
ported ~eparate1y.l~ In conclusion, we discovered a novel 
series of non-prostanoid TXA2/PGH2 receptor antagonista 
in which a benzimidazole group was one of the crucial 
structural requirements for potent receptor binding ac- 
tivity. To our knowledge, no report has been presented 
concerning non-prostanoid and prostanoid TXA2/PGH2 
receptor an tag~ni~ta~@ posseesing a benzimidazole moiety. 

(16) Karasawa, A.; Kawakage, M.; Shirakura, S.; Higo, K.; Kubo, 
K.; Ohshima, E.; Obase, H. Antiplatelet Effects of the Novel 
Thromboxane A2 Receptor Antagonist Sodium (E)-ll-[2-(5,6- 
Dimethyl-l-benzimidaolyl)ethylidene]-6,1l-dihydrodibenz- 
[b,e]oxepin-2-carboxylate Monohydrate. Arzneim.-Forsch.1 
Drug Res. 1991,41,1230-1236. 

(17) Karasawa, A.; Shirakura, S.; Higo, K.; Kubo, K. Actions of the 
Novel Thromboxane A2 Receptor Antagonist Sodium (E)- 
11-[ 2-(5,6-Dimethyl-l-benzimidazolyl)ethylidene]-6,ll-di- 
hydrodibenz[b,e]oxepin-2-carboxylate Monohydrate on 
Smooth Muscle Preparations. Arzneim.-Forsch./Drug Res. 
1991,41,1237-1241. 

(18) Miki, I.; Kishibayashi, N.; Nonaka, H.; Ohshima, E.; Takami, 
H.; Obase, H.; Ishii, A. Properties of KW-3635, a Novel Di- 
benzoxepin Derivative of Selective Thromboxane A2 Antago- 
nist, on Human, Guinea Pig and Rat Platelets. Japan. J. 
Pharmacol., in press. 

(19) Some of the reports have been published (a) Shirakura, S.; 
Karasawa, A.; Kubo, K. Protective Effects of the Novel 
Thromboxane A2 Receptor Antagonist Sodium (E)-11-[2-(5,6- 
Dimethyl-1- benzimidazolyl)ethylidene]-6,1l-dihydrodibenz- 
[ b,e]oxepin-2-carboxylate Monohydrate against 9,ll-Dideoxy- 
9a,lla-epoxymethano-prostaglandin F2,-induced Sudden 
Death in Guinea-pigs and Rats. Arzneim.-Forsch./Drug Res. 
1991,41,1242-1245. (b) Kawakage, M.; Shirakura, S.; Kara- 
sawa, A.; Takeda, M.; Miki, I.; Ishii, A.; Kubo, K. Beneficial 
Effect of the Novel Thromboxane A2 Receptor Antagonist 
Sodium (E)-ll-[2-(5,6-Dimethyl-l-benzimidazolyl)- 
ethylidene]-6,1l-dihydrodibenz[ b,e]oxepin-2-carboxylate Mo- 
nohydrate on Collagen-induced Coronary Ischemia in Guin- 
ea-pigs. Arzmim.-Forsch./Drug Res. 1991,41,1246-1250. (c) 
Higo, K.; kasawa ,  A.; Kubo, K. Enhancement of Tiseue-type 
Plasminogen Activator-induced Thrombolysis and Prevention 
of Reocclusion by Sodium (J3)-11-[2-(5,6-Dimethyl-l-benz- 
imidazolyl)ethylidene] -6,ll-dihydrodibenz[b,e]oxepin-2- 
carboxylate Monohydrate in a Canine Model of Femoral 
Thrombosis. Anneim.-Forsch./Drug Res. 1991,41,1251-1255. 
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Structure-activity studies revealed that the presence of 
the 2-carboxyl group was another key element and that 
the introduction of substituent(s) to the benzimidazole 
moiety significantly influenced the receptor binding ac- 
tivity. Furthermore, species differences were observed in 
the structure-affiiity relationship of this series of com- 
pounds. Of all compounds synthesized in this study, so- 
dium (E)-1 1- [2-(5,6-dimethyl-l-benzimidazolyl)- 
ethylidenel-6,ll-dihydrodibenz [ b,e]oxepin-2-carboxylate 
monohydrate (57) recorded the highest affinity for human 
platelet TXA2/PGH2 receptor and it demonstrated potent 
inhibitory effecta on U-46619-induced human platelet 
aggregation. Compound 57, now designated aa KW-3635, 
is a novel, orally active, and specific lXAz/PGH2 receptor 
antagonist and may prove itself as a beneficial drug for the 
treatment of TXA2-mediated diseases such as circulatory 
disorders and asthma. 
Experimental Section 

Melting points were determined with a Biichi-610 melting point 
apparatus and are uncorrected. Infrared spectra (IR) were re- 
corded on a Shimadzu IR-400 spectrometer. Proton nuclear 
magnetic reeonance spectra ('H NMR) were recorded on a Hitachi 
R-90H (90 MHz) or a JEOL GX-270 (270 MHz) spectrometer. 
All spectra were determined in CDClS or DMSO-da. Chemical 
shifts are reported in 6 units downfield from the internal standard 
tetramethylsilane (TMS). Splitting patterns are designated as 

(20) (a) Jones, R. L.; Peesapati, V.; Wilson, N. H. Antagonism of 
the Thromboxaneeensitive Contractile Systems of the Rabbit 
Aorta, Dog Saphenous Vein and Guinea-pig Trachea. Br. J. 
Pharmucol. 1982, 76,423-438. (b) Mais, D.; Knapp, D.; Ha- 
lushka, p.; Ballard, K.; Hamanaka, N. Synthesis of Thromb- 
oxane Receptor Antagonists with the Potential to Radiolabel 
with lZsI. Tetrahedron Lett. 1984, 25, 4207-4210. (c) Le 
Breton, G. C.; Lipowski, J. P.; Feinberg, H.; Venton, D. L.; Ho, 
T.; Wu, K. K. Antagonism of Thromboxane A2/Proetaglandin 
H2 by 13-Azaproetanoic Acid Prevents Platelet Deposition to 
the DeEndothelialized Rabbit Aorta in Vivo. J. Phurmacol. 
Exp. Ther. 1984,229,80-84. (d) Olanoff, L. S.; Cook, J. A,; 
Eller, T.; Knapp, D. R.; Halwhka, P. V. Protective Effects of 
trans-13-APT, a Thromboxane Receptor Antagonist, in En- 
dotoxemia J. Cardiouaec. Phurmucol. 1986, 7,114-120. (e) 
Jessup, C. L.; Jessup, R.; Johnson, M.; Wayne, M. IC1 159995; 
a Novel Thromboxane A2 Receptor Antagonist. Br. J.  Phar- 
"01. 1988, 86, 808P. (f) Ogletree, M. L.; Harris, D. N.; 
Greenberg, R.; Haslanger, M. F.; Nakane, M. Pharmacological 
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follows: 8, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; 
br, broad peak; dd, doublet of doublete; and dt doublet of triplets. 
Mass spectra (MS) were recorded on a JEOL D300 mass spec- 
trometer. Elemental analyses were performed by the analytical 
department of our laboratories. Solutiom in organic solvents were 
dried over anhydrous MgSO,. For column chromatography, silica 
gel Kieselgel 60 (Merck, 70-230 or 230-400 mesh) was used. 
HPLC was carried out on a Hitachi G6ooo liquid chromatograph 
with a YMC A-312 column (ODs type, Yamamura Chemical Lab. 
Co., La.)  and 0.01 M octanesulfonic acid in MeOH/H20 (2/1) 
as eluent. 
Starting Materials 10,16, and 77. These compounds were 

synthesized according to the methods previously reported! 
Olefins 22. Compounds 22a and 22b were prepared by the 

method previously reported: and 22c (mp 129-131 "C) and 22d 
(mp 115-117 OC) were similarly obtained from the corresponding 
ketones.'P6 
11-[[2-( l-Benzimidazolyl)ethyl]thio]-6,1l-dihydrodibenz- 

[b,e]oxepin-2-carboxylic Acid Methyl Ester (13). To a so- 
lution of 10 (40.0 g, 0.15 mol) in CHzClz (400 mL) was added 
trifluoroacetic anhydride (21.0 mL, 0.15 mol) and the mixture was 
stirred at room temperature for 1 h. ZMercaptoethanol(lO.7 mL, 
0.15 mol) was added and the solution stirred for 4 h. The reaction 
mixture was diluted with CHzCl2 (500 mL), washed with brine, 
dried, and evaporated. The crude product was muyitaked from 
toluene to give 37.6 g (76%) of 11: mp 128-130 "C dec; 'H NMR 

2 H), 3.89 (8, 3 H), 4.91 and 6.43 (AB syst, J = 12.7 Hz, 2 H), 5.09 
(e, 1 H), 6.82-7.98 (m, 7 H). Anal. (ClaHlaOdS) C, H. 

To a solution of 11 (3.5 g, 10.6 "01) in pyridine (50 mL) was 
added PBrS (2.3 mL, 12.7 "01) at  0 "C and the solution was 
stirred at  room temperature for 1 h. The reaction mixture was 
concentmted (<40 "C) and then diluted with EtOAc. The organic 
solution was washed with brine, dried, and evaporated to give 
crude 12 (1.6 g, 38%). This crude bromide was used in the next 
reaction without further purification. A mixture of the crude 12 
(1.6 g), benzimidazole (1.4 g, 12.1 mmol), toluene (100 mL), and 
DMF' (10 mL) was refluxed for 5 h. After being concentrated, 
the mixture was diluted with EtOAc. The solution was washed 
with saturated NaHCOs and brine, dried, and concentrated. The 
residue was chromatographed on silica gel with hexane/Et- 
OAc/triethylamiie (10/10 1) as eluent to give 0.9 g (50%) of 13 

2 H), 3.82 (a, 3 H), 4.01 (t, J = 6.9 Hz, 2 H), 4.76 (8 ,  1 H), 4.76 
and 6.25 (AB syst, J = 12.8 Hz, 2 H), 6.64-7.91 (m, 12 H). 

11-[ [ 2-(2-Benzi1uidazolyl)ethyl]thio]-6~ll-dihydrodibenz- 
[b,e]oxepin-2-carboxylic Acid Methyl Ester (15). To a so- 
lution of 10 (2.0 g, 7.4 "01) in CHzClz (180 mL) was added 
trifluoroacetic anhydride (1.3 mL, 9.2 "01) and the mixture was 
stirred at room temperature for 1 h. 2-(2-Mercaptoethyl)benz- 
imidazole (2.0 g, 11.1 "01) and BFgEhO (1 mL, 8.1 mmol) were 
added to the solution. After being stirred for 2 h, the reaction 
mixture was concentrated and then diluted with EtOAc. The 
organic solution was washed with saturated NaHC03 and brine, 
dried, and evaporated. The reaidue w88 chromatographed on silica 
gel with hexaue/EkOAc/triethylamine (10/20/1) as eluent to give 
2.2 g (69%) of 15 as an oil: 'H NMR (CDC13) 6 2.53-3.25 (m, 4 
H), 3.74 (a, 3 H), 4.79 (8,  1 H), 4.68 and 6.17 (AB syst, J = 13.1 
Hz, 2 H), 6.64-7.90 (m, 11 H). 

(E,Z )-l1-(3-Hydroxypropylidene)-6,1l-dihydrodibenz- 
[b,e]oxepin-2-carboxylic Acid Methyl Ester (17). To a 
suspension of [3-[(tetrahydro-W-pyran-2-yl)oxy]propyl]tri- 
phenylphosphonium bromide4 (40 g, 82 mmol) in THF (250 mL) 
w a ~  added n-BuLi (1.6 M solution in hexane, 50 mL, 80 "01) 
dropwise at 0 OC and the mixture was stirred at room temperature 
for 1 h. A solution of 16 (15 g, 56 "01) in THF (200 mL) was 
added and the mixture stirred at room temperature for 12 h. The 
reaction mixture was diluted with EtOAc. The solution was 
washed with brine, dried, and concentrated. The residue was 
dissolved with a mixture of dioxane (500 mL) and water (200 mL) 
containing pTsOH.HzO (1.0 g, 0.5 "01) and the mixture refluxed 
for 1 h After being concentrated, the reaction mixture was diluted 
with EtOAc. The solution was washed with saturated NaHCOs 
and brine, dried, and concentrated. The residue was chromato- 
graphed on silica gel with hexaue/EtOAc (1/1) to give 9.8 g (56%) 
of a mixture of geometrical isomers 17 (E/Z = 3/7) as an oil: lH 

(CDClJ S 2.66 (dt, J = 2.1 and 6.0 Hz, 2 H), 3.69 (t, J 6.0 Hz, 

as an amorphous powder: ! H NMR (CDCl,) S 2.79 (t, J = 6.9 Hz, 
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NMR (CDClS) S 2.17-2.72 (m, 2 H), 3.37-3.76 (m, 2 H), 3.77 (e, 
3 H), 4.68-5.43 (br, 2 H), 5.70 (t, J = 7.4 Hz, 0.7 H, for Z-isomer), 
6.40 (t, J = 6.9 Hz, 0.3 H, for E-isomer), 6.52-8.12 (m, 7 H). 
Acid-Catalyzed Isomerization of 17. Compound 17 (E/Z 

= 3/7,4.8 g, 16 "01) was diesolved in AcOH (250 mL) containing 
10.0 g (52 "01) of p-TsOH.HzO and the solution stirred at 100 
O C  for 42 h After being concentrated, the reaction mixture was 
diluted with MeOH (100 mL). The solution was refluxed for 3 
h and then concentrated. The residue was partitioned between 
EtOAc and saturated NaHC03. The organic solution was washed 
with brine, dried, and concentrated. The residue was chroma- 
tographed on silica gel with hexane/EtOAc (1/1) to give 4.5 g 
(90%) of 17 (E/Z = 7/3). 

( E 3  )-I 1-[ 34 (Phenylsulfonyl)amino]propylidene]-6,11- 
dihydrodlbenz[b~]osepin-2-carbolylic Acid Methyl Ester 
(21). To a solution of 17 (E/Z = 7/3,3.5 g, 11.3 "01) in pyridine 
(50 mL) was added metbanesulfonyl chloride (1.7 mL, 22 "01) 
at 0 "C and the solution was stirred under the same conditions 
for 1 h. A few pieces of crushed ice were added, and the mixture 
was stirred for 30 min. The reaction mixture was diluted with 
EtOAc. The organic solution was washed successively with 1 N 
HC1 and brine, dried, and evaporated (<30 "C) to give crude 18 
(E/Z = 7/31 as an oil: 'H NMR (CDCls) S 2.93 (8,  2.1 H, for 
E-isomer), 3.00 (e, 0.9 H, for Z-isomer). The unstable mesylata 
18 was used without purification in the next reaction. 

A mixture of the mesylate 18 obtained above (E/Z = 7/3,4.3 
g, 11.0 "01) and potassium phthalimide (2.5 g, 13.5 "01) was 
stirred at room temperature for 2 days. After being concentrated, 
the reaction mixture was diluted with CHzC1p The solution was 
washed with brine, dried, and concentrated. Crude product was 
recrystallized from toluene to give 1.6 g (33%) of 19 as a mixture 
of geometrical isomers (E/Z = 7/3). Anal. (C2,HZlNOd C, H, 
N. 

A miaUre of the above obtained 19 (1.5 g, 3.42 mmol), hydrazine 
(anhydrous, 0.2 mL), and MeOH (100 mL) was refluxed for 7 h. 
Evaporation of the solvent gave (1.0 g) crude 20 as an oil (E/Z 
= 7/31: MS m/z 309 (M+). The crude 20 was use in the next 
reaction without purification. 

The crude 20 was dissolved in pyridine (50 mL). Benzene- 
sulfonyl chloride (0.7 mL, 5.12 "01) was added and the mixture 
stirred at room temperature for 5 h. The reaction mixture was 
diluted with EtOAc and the organic solution washed successively 
with 1 N HC1 and brine, dried, and evaporated. The residue was 
chromatographed on silica gel with hexane/EtOAc (1/1) as eluent 
to give 0.97 g (63%) of 21 as a syrup (E/Z = 7/31: 'H NMR 
(CDClJ 6 2.22-2.62 (m, 2 H), 2.82-3.26 (m, 2 H), 3.81 (e, 3 H), 
4.95-5.57 (m, 2 H), 5.52 (t, J = 6.9 Hz, 0.3 H, for Z-isomer), 5.91 
(t, J = 6.9 Hz, 0.7 H, for &isomer), 6.71-8.05 (m, 13 H); MS m/z 
449 (M+). 

Compound 26 was prepared by the same method as described 
above from 24a as an oil: 'H NMR (CDCld S 3.40-3.57 (m, 2 H), 
3.78 (s,3 H), 5.11 (bs, 2 H), 5.91 (t, J = 7.4 Hz, 1 H), 6.65 (d, J 
= 9.6 Hz, 1 H), 6.90-7.98 (m, 12 H); MS m/z 435 (M+). 
(E)-1 1-[2-(4-Methylpiperazino)ethylidene]-6,1l-dihydro- 

dibenz[b,e]oxepin-2-carboxylic Acid Methyl Ester (23a: R' 
= 2-COOM0, E > 99%). A mixture of 22a (80.3 g, 0.3 mol), 
1-methylpiperazine (67 mL, 0.6 mol), paraformaldehyde (4.5 g), 
trifluoroacetic acid (230 mL), acetic acid (160 mL), and di- 
chloroethne (1.6 L) was refluxed for 1 h. More paraformaldehyde 
(4.5 g) was added and reflux was continued for 1 h. Paraform- 
aldehyde (4.5 g) was added again and reflux was maintained for 
another 1 h. After being concentrated, the reaction mixture was 
diluted with water and EUIAc. The organic phase was separated, 
washed with brine, dried, and concentrated. The residue (E/Z 
= 9/11 was purified by fractional crystallization with 2-propanol 
to give 110 g of the trifluoroacetic acid salt of 23a (E > 99%). 
The salt was suspended in a mixture of EtOAc (1 L) and HzO 
(1.2 L). The medium was cooled to under 5 "C and adjusted to 
pH 10 with 2 N NaOH. The organic phase was separated, washed 
with brine, dried, and concentrated to give 79 g (71%) of 23a (E 
> 99%) as an amorphous powder: 'H NMR (CDCl3) S 2.23 (8,  
3 H), 2.21-2.71 (m, 8 H), 3.14 (d, J = 7.0 Hz, 2 H), 3.82 (e, 3 H), 
4.7-5.4 (br, 2 H), 6.20 (t, J = 7.0 Hz, 1 H), 6.72 (d, J = 8.6 Hz, 
1 H), 7.02-7.42 (m, 4 H), 7.72 (dd, J = 2.2 and 8.6 Hz, 1 H), 7.98 

1010 cm-'; MS m/z 378 (M'). 
(d, J = 2.2 Hz, 1 H); IR (CHC13) 2945, 2810, 1710, 1250, 1111, 
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Compounds 23b (R4 = 2-CH&OOMe, E > 99%, oil), 23c (R4 
= 3-COOMe, E > 99%, oil), and 23d (R4 = 9-COOMe, E > 99%, 
oil) were prepared by a similar method as that described above 
from the corresponding olefii .  

Compound 23a (E/Z = 4/6, oil) was obtained by concentration 
of the crystallization mother liquor of the crude 23a and subse- 
quent extraction with EtOAc as described above. 

(E)-1 1-(2-Chloroethylidene)-6,1 l-dihydrodibenz[ b,e loxe- 
pin-2-carboxylic Acid Methyl Ester (24a). To a mixture of 
23a (E > 99%, 31 g, 81 mmol), NaOAc (33 g, 406 mmol), and 
dichloroethane (460 mL) was added ClCOOEt (39 mL, 406 mmol) 
dropwise. After being stirred for 2 h at  room temperature, in- 
soluble d t a  were filtered off. The fitrate was concentrated and 
then diluted with CH2C12. The solution was washed with brine, 
dried, and concentrated. The residue was recrystallized from 
2-propanol to give 9.2 g (58%) of 24a as colorless needles: mp 

2 H), 4.88 (br, 1 H), 5.57 (br, 1 H), 6.31 (t, J = 8.1 Hz, 1 H), 
6.79-8.04 (m, 7 H); MS m / z  314 (M+). Anal. (C18H1&103) C, 
H. 

Chlorides 24b (R4 = 2-CH2COOMe, mp 127-128 “C), 24c (R4 
= 3-COOMe, mp 102-104 “C), 24d (R4 = g-COOMe, mp 83-85 
“C), and 24a (E/Z = 4/6, amorphous) were prepared by a similar 
method as that described above from 23b-d (E > 99%) and 23a 
(E/Z = 4/61. 

Method A (E)-1 1-[ 24  5,G-Dimethyl- 1-benzimidazoly1)- 
ethylidene]-6,1ldihydrodibenz[ b,eloxepin-2-carboxylic Acid 
Methyl Ester (68). A mixture of 24a (E > 99%, 22.0 g, 69.9 
mmol), 5,6-dimethylbenzimidazole (51.1, g, 350 mmol), toluene 
(1.1 L), and DMF (0.11 L) was refluxed for 3 h. After being 
concentrated, the reaction mixture was diluted with EtOAc. The 
solution was washed with brine, dried, and concentrated. The 
residue was chromatographed on silica gel with EtOAc/tri- 
ethylamine (10/1) as eluent to give 30.8 g (100%) of 68 as an 
amorphous powder: ‘H NMR (CDClJ 6 2.32 (br s ,6  H), 3.89 (8, 
3 H), 4.82 (d, J = 7.0 Hz, 2 H), 4.67-5.71 (br, 2 H), 6.25 (t, J = 
7.0 Hz, 1 H), 6.71-8.11 (m, 10 H); IR (CHC13) 2924, 1720, 1607, 
1489, 1293, 1232, 1003 cm-’; MS m / z  424 (M+). Anal. (Cn- 
HuN203) C, H, N. 

The methyl esters of 7,26,28-38,43,44,51,54,56,61-68, and 
75 were prepared in a similar manner as that described above: 
83 (benzimidazolyl, amorphous), 84 (benzotriazolyl, oil), 85 (4’- 
azabenzimidazolyl, oil): 86 (5’-azabenzimidazolyl, oil): 87 (im- 
idazolyl, amorphous), 88 (4’-phenylimidazolyl, amorphous): 89 
(4’,5’-diphenylimidazolyl, mp 145 OC dec), 90 and 91 (5’-N02/ 
6’-N02, 111, oil), 92 (5’-COOMe, oil), 93 (6’-COOMe, mp 231-232 
“C), 94 and 95 (5’-CONHCH2Ph/6’-CONHCH2Ph, 1/1, oil), 96 
(5’-C1, oil), 97 (6’41, oil), 98 (4’-OH, oil), 99 (5’,6’-C12, oil), 100 
(4’,5’-Me, oil), 101 (5’,6’-(methylenedioxy), oil), 102 (2’-SMe, oil), 
103 (2’-Me, amorphous), 104 (2’-OH, oil), 105 (3-COOMe, oil), 
106 (g-COOMe, mp 202-203 “C), 107 (2-CH2COOMe, oil), and 
108 (5’,6’-Me2, Z 1 99%, oil). 

Method B: (E)-ll-[2-[S-(Trifluoromethyl)-l-benz- 
imidazolyl]ethylidene]-6,1l-dihydrodibenz[ b ,e losepin-2- 
carboxylic Acid Methyl Ester (109) and  (E)-ll-[2-[6-(Tri- 
fluoromethyl)-l-benzimidazolyl]ethylidene]-6,ll-dihydro- 
dibenz[ b,eloxepin-2-carboxylic Acid Methyl Ester (1 10). To 
a suspension of NaH (60% in oil, 0.77 g, 19.1 m o l )  in THF (100 
mL) was added 5-(trifluoromethy1)benzimidazole (3.56 g, 19.1 
“01) and the mixture was stirred at room temperature for 1 h. 
Compound 24a (E > 99%, 5.0 g, 15.9 “01) was added and then 
refluxed for 3 h. Upon cooling, the reaction mixture was diluted 
with EtOAc. The organic solution was washed with brine, dried, 
and concentrated. The two positional isomers were separated 
by chromatography on silica gel with hexane/EtOAc/triethyl- 
amine (10/7/1) as eluent to give 3.2 g (43%) of 109 and 2.85 g 
(39%) of 110, in order of elution. 109 (oil): ‘H NMR (CDC13) 
S 3.85 (e, 3 H), 4.90 (d, J = 7.0 Hz, 2 H), 4.8-5.6 (br, 2 H), 6.24 
(t, J = 7.0 Hz, 1 H), 6.80 (d, J = 8.5 Hz, 1 H), 7.0-8.3 (m, 10 H); 
IR (CHCld 1712,1608,1328,1251,1166,1112,995 cm-’; MS m / z  

J = 7.0 Hz, 2 H), 4.8-5.6 (br, 2 H), 6.25 (t, J = 7.0 Hz, 1 H), 6.78 
(d, J = 8.5 Hz, 1 H), 7.1-8.1 (m, 10 H); IR (CHC13) 1712, 1607, 
1344, 1243,1162,1005 cm-’; MS m / z  464 (M+). 

The methyl esters of 27,41,42,4&49,52,53,56, and 58-60 
were prepared in a similar manner as that described above: 11 1 

134-135 “C; ‘H NMR (CDC13 6 3.90 (8, 3 H), 4.16 (d, J =  8.1 Hz, 

464 (M+). 110 (oil): ‘H NMR (CDCl3) 6 3.85 (8, 3 H), 4.88 (d, 
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amorphous), 114 and 115 (4’-Me/7’-Me, 3/7, oil), 116 and 117 
(5’-Me/6’-Me, 1/1, oil), 118 (5’-OMe, mp 99-101 “C), 119 (5’- 
CH(OH)Ph, oil), 120 (6’-CH(OH)Ph, oil), 121 (4‘,6’-Me2, oil): 122 
(4’,6’-(OMe)2,0il), 123 (5’,6’-(OMe)2, oil), and 124 (5’,7’-(0Me)?, 
Oil). 

Method C: (E)-ll-[2-(6-Methoxy-l-benzimida~olyl)- 
ethyliden0]-6,1 ldihydrodibene[b,e)oxepin-2-carboxylic Acid 
Methyl Ester (72). A mixture of 24a (R4 = 2-COOMe, 5.68 g, 
18.1 mmol), NaI (2.68 g, 18.1 mmol), 2-amino-4-methoxyformm- 
anilide (71)’O (3.60 g, 21.7 mmol), and DMF (40 mL) was stirred 
at  60-70 OC (internal temperature) for 2 h and then concentrated. 
The reaction mixture was diluted with EtOAc. The solution was 
washed with saturated NaHC03 and brine, dried, and concen- 
trated. The crude product was recrystallized from acetonitrile 
to give 4.33 g (56%) of 7 2  mp 179-180 OC; ‘H NMR (CDC13) 
6 3.80 (s,3 H), 3.88 (s,3 H), 4.87 (d, J = 7.1 Hz, 2 H), 4.7-5.7 (br, 
2 H), 6.29 (t, J = 7.1 Hz, 1 H), 6.54 (d, J = 2.2 Hz, 1 H), 6.72-8.01 
(m, 10 H); IR (CHC13) 3450,1717,1505,1485,1249,1004,818, 
767 cm-’. Anal. (CmHZ2N2O4) C, H, N. 

1 l-Ally1-6,11dihydrodibenz[ b,e]oxepin-2-carboxylic Acid 
Methyl Ester (78). To a solution of 77 (12.0 g, 42 mmol) and 
allyltrimethylailane (7 mL, 44 mmol) in CH2C12 (200 mL) was 
added Tic4 (1 M solution in CH2C12, 47 mL, 47 mmol) dropwise 
at  -60 OC and the resulting mixture was stirred under the same 
conditions for 1 h. Methanol (10 mL) was added at 0 “C and the 
mixture was diluted with CHzC12 and water. The organic phase 
was separated, washed with brine, dried, and evaporated. The 
residue was chromatographed on silica gel with hexane/EtOAc 
(5/1) as eluent to give 11.7 g (95%) of 78 as a colorless oil: ‘H 

J = 7.5 Hz, 1 H), 4.75-5.00 (m, 2 H), 5.01 and 5.59 (AB syst, J 
= 13.9 Hz, 2 H), 5.4-5.9 (m, 1 H), 6.94 (d, J = 8.3 Hz, 1 H), 7.0-7.3 
(m, 4 H), 7.74-7.87 (m, 2 H); MS m / z  294 (M’). 

1 l-(Formylmethyl)-6,1l-dihydrodibenz[ b ,e Ioxepin-2- 
carboxylic Acid Methyl Ester (79). A mixture of 78 (2.46 g, 
8.37 mmol), GO4 (65 mg, 0.26 mmol), NaI04 (7.3 g, 34.1 mmol), 
ether (100 mL), and water (100 mL) was stirred at  room tem- 
perature for 24 h. The reaction mixture was diluted with ether. 
The organic phase was separated, washed with brine, dried, and 
concentrated. The residue was chromatographed on silica gel with 
hexane/EtOAc (3/1) as eluent to give 2.43 g (98%) of 79 as a 
colorless oil: ‘H NMR (CDC13) 6 3.30 (dt, J = 1.5 and 7.2 Hz, 
2 H), 3.88 (a, 3 H), 4.68 (t, J = 7.2 Hz, 1 H), 5.07 and 5.53 (AB 
syst, J = 14.3 Hz, 2 H), 6.99 (d, J = 8.4 Hz, 1 H), 7.0-7.36 (m, 
4 H), 7.85 (ad, J = 2.1 and 8.4 Hz, 1 H), 7.95 (d, J = 2.1 Hz, 1 
H), 9.72 (t, J = 1.5 Hz, 1 H); IR (neat) 1710 cm-’; MS m / z  296 
(M+). 
11-(2-Hydroxyethyl)-6,ll-dihydrodibenz[ b ,e]oxepin-2- 

carboxylic Acid Methyl Ester (80). To a solution of 79 (2.43 
g, 8.2 “01) in a mixture of THF (50 mL) and MeOH (100 mL) 
was added NaBH4 (0.49 g, 13 “01) and the mixture was stirred 
at  room temperature for 30 min. Acetic acid (0.8 mL, 14 “01) 
was added and the reaultaut mixture stirred for 5 min. After being 
concentrated, the reaction mixture was diluted with EtOAc. The 
organic solution was washed with brine, dried, and evaporated 
to give 2.41 g (98.5%) of 80 a colorless oil: ‘H NMR (CDClJ 6 
2.2-2.45 (m, 2 H), 3.59 (t, J = 6.1 Hz, 2 H), 3.88 (s,3 H), 4.15 (t, 
J = 7.3 Hz, 1 H), 4.98 and 5.60 (AI3 syst, J = 13.8 Hz, 2 H), 6.94 
(d, J = 8.4 Hz, 1 H), 7.0-7.25 (m, 4 H), 7.80 (dd, J = 2.1 and 8.4 
Hz, 1 H), 7.93 (d, J = 2.1 Hz, 1 H); MS m / z  298 (M+). 

1 l-[2-(5,6-Dimethyl-l-benzimidazolyl)ethyl]-6,ll-di- 
hydrodibenzt b,e losepin-2-carboxylic Acid Methyl Ester 
(82). To a solution of 80 (2.2 g, 7.4 “01) in pyridine (5 mL) 
was added methanesulfonyl chloride (0.8 mL, 10.3 “01) at  0 “C 
and the mixture was stirred under the same conditions for 2 h. 
The reaction mixture was diluted with cold EtOAc ( 4 0  “C). The 
organic solution was washed successively with cold 1 N HCl and 
brine, dried, and concentrated (<lo “C) to give (2.7 g) of crude 
ll-[2-(methylaulfonyl)ethyl]-6,ll-dihydrodibenz[~,e]oxepin-2- 
carboxylic acid methyl ester (81) as an oil: ‘H NMR (CDC13) 6 
2.4-2.7 (m, 2 H), 2.99 (a, 3 H), 3.89 (e, 3 H), 3.9-4.25 (m, 3 H), 
5.01 and 5.55 (AB syst, J = 14.4 Hz, 2 H), 7.01 (d, J = 7.9 Hz, 
1 H), 7.0-7.3 (m, 4 H), 7.8-7.9 (m, 2 H). The crude 81 was used 
in the next step without further purification. 

(naphth0[2,3-d]imida~01~1, oil), 112 (5’-F, amorphous), 113 (6’-F, 

NMR (CDClS) 6 2.87 (t, J = 7.5 Hz, 2 H), 3.88 (8,  3 H), 3.98 (t, 
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5,6-Dimethylbenzimidazole (1.9 g, 13.0 "01) was dissolved 
in a mixture of THF (40 mL) and DMF (5 mL). To the solution 
was added NaH (60% in oil, 0.5 g, 12.5 "01) at  0 OC and the 
mixture was stirred under the same conditions for 1 h A solution 
of the crude 81 in THF (20 mL) was added and the mixture 
refluxed for 1 h. Upon cooling, the mixture was diluted with 
EtOAc. The orgauic solution was washed with saturated NaHC03 
and brine, dried, and concentrated. The residue was chromato- 
graphed on silica gel with hexane/MAc/triethyIamine (50/10/6) 
as eluent to give 2.47 g (79%) of 82 as an amorphous powder: 'H 
NMR (CDC13) 6 2.35 and 2.37 (each 8, total 6 H), 2.60-2.87 (m, 
2 H), 3.88 (s,3 H), 3.91 (t, J = 7.9 Hz, 1 H), 4.05 (dt, J = 3.1 and 
7.3 Hz, 2 H), 5.04 and 5.54 (AB syst, J = 14.5 Hz, 2 H), 6.94 (8, 
1 H), 7.03 (d, J = 8.4 Hz, 1 H), 7.1-7.2 (m, 2 H), 7.25-7.31 (m, 
2 H), 7.55 (8, 1 H), 7.82 (d, J = 2.2 Hz, 1 H), 7.88 (dd, J = 2.2 
and 8.4 Hz, 1 H); MS m / z  426 (M'). 

Typical Procedure for Obtaining the Target Carboxylic 
Acids (2-7, 26-67, 75, and  76) by Saponification: (E ) - l l -  
[2-(5,6-Dimethyl-l-benzimidazolyl)ethylidene]-6,1 l-di- 
hydrodibenz[ba]oxepin-a-carborylic Acid (126). A mixture 
of 68 (31.0 g, 0.073 mol), NaOH (11.7 g, 0.292 mol), MeOH (1.5 
L), and H20 (0.5 L) was refluxed for 1.5 h. The reaction mixture 
was diluted with water and the medium adjusted to pH 5.5 with 
4 N HCL The resultant precipitate was collected and dried. The 
crude product was suspended with a mixture of 2-propanol (0.5 
L) and H20 (0.5 L). The suspension was refluxed for 0.5 h. Upon 
cooling to room temperature, the insoluble material was collected 
to give 22.1 g (74%) of 125 as ita 0.25-hydrate: mp 275-277 OC; 
'H NMR (DMSO-dB) 6 2.25 (8, 3 H), 2.28 (8, 3 H), 2.48-2.51 (m, 
2 H), 4.8-5.4 (m, 4 H), 6.24 (t, J = 7.0 Hz, 1 H), 6.80 (e, 1 H), 6.82 
(d, J = 8.5 Hz, 1 H), 7.38 (8, 1 H), 7.45-7.65 (m, 4 H), 7.71 (dd, 
J = 2.2 and 8.5 Hz, 1 H), 7.93 (d, J = 2.2 Hz, 1 H), 8.02 (8, 1 H); 
IR (KBr) 1683,1606,1488,1244,1002 cm-'. Anal. (CBHaN2- 

Sodium (E)-ll-[2-(5,6-Dimethyl-l-benzimidazolyl)- 
ethylidene]4,1l-dihydrodibenz[ b ,e ]oxepin-2-carboxylate 
Monohydrate (57). Compound 125 (5.0 g, 12.2 mmol) was 
suspended with MeOH (300 mL) containing 28% NaOMe/MeOH 
solution (2.4 g, 12.4 "01). The suspension was stirred at room 
temperature until the suspension turned into a solution. After 
concentration, the reaction mixture was recrystallized from 
MeOH/H20 (4/1) to give 2.6 g (47%) of 57 mp >300 dec. Anal. 

(E)-1 1-[ 2-( S,6-Dimethyl-l-benzimidazolyl)ethylidene]-2- 
(morpholinocarbonyl)-6,1l-dihydrodibenz[ b ,e losepin-2- 
carboxylate Monohydrate (74). To a suspension of 57 (2.0 g, 
4.9 "01) in CH2Clz (100 mL) containing triethylamine (0.8 mL, 
5.9 "01) was added oxalyl chloride (0.5 mL, 5.9 "01) at  0 OC 
and the mixture was stirred at room temperature for 5 h. After 
b e i i  concentrated, the reaction mixture was diluted with CHzCl2 
(100 mL) and the solution was added to a solution of morpholine 
(0.9 mL, 10 "01) in CH2C12 (100 mL) at 0 OC. The mixture was 
stirred at  room temperature for 5 h. The solution was washed 
with saturated NaHC03 and brine, dried, and concentrated. The 
residue was chromatographed on silica gel with hexane/Et- 
OAc/triethylamine (10/40/1) as eluent to give 1.3 g (54%) of 74 
as an amorphous powder: mp 90 dec; 'H NMR (CDC13) 6 2.25 
and 2.27 (each 8, total 6 H), 3.2-3.6 (m, 8 H), 4.6-5.6 (m, 4 H), 
6.23 (t, J = 6.9 Hz, 1 H), 6.79 (d, J = 8.4 Hz, 1 H), 6.80 (8,  1 H), 
7.24 (dd, J = 2.1 and 8.4 Hz, 1 H), 7.40-7.67 (m, 6 H), 8.07 (8,  
1 H); MS m / t  479 (M'). 

Compound 73 was obtained in a similar manner as that de- 
scribed above. 

Biological JIvaluation Proced~re~. TXA2/PGH, Receptor 
Binding Assay. The receptor binding assay was performed with 
a slight modification of the method of Kattelman et al.12 Briefly, 
arterial blood was withdrawn from male Hartley guinea pigs or 
human volunteers and mixed with a 1/10 (v/v) anticoagulant 
consisting of 77 mM EWI'A-2Na containing 100 pM indomethacin. 
The blood was centrifuged at  120g for 12 min to obtain platel- 
et-rich plasma (PRP). The PRP was further centrifuged at 9OOg 
for 10 min to precipitate plateleta. Thereafter, the plateleta were 
washed and resuspended in 25 mM Tris-HC1 buffer (pH 7.5) 
containing NaCl(l38 mM), MgC12 (5 mM), EGTA (1 mM), and 
indomethacin (10 pM). Platelets (1 X 108) were incubated with 
10 nM of [3H]U-46619 and various concentrations of assay sample 

O3-0.25H2O) C, H, N. 
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in a total volume of 200 pL at 37 OC for 30 min. Nonspecific 
binding was determined in the presence of 100 pM U-46619. 
Ice-cold 50 mM Tris-HC1 buffer (pH 7.4) containing 100 mM NaCl 
was added to the tube. This reaction mixture wm filtered through 
a Whatman GF/C g h  filter and washed three ti" with 3 mL 
of ice-cold buffer. The fiiter was dried and added to 8 mL of 
Scintisol EX-H. The radioactivity on the fiiter was counted by 
a liquid scintillation counter. The resulta were expressed by Ki 
values. 

Effects on U-46619-Induced Platelet Aggregation ex Vivo 
in the  Guinea Pig. Drug was suspended in 0.3% d u m  
(carboxymethy1)cellulow so as to make 1 mL of suspension per 
100 g of body weight. Blood was withdrawn at  2 h after the oral 
administration of a drug (10 mg/kg) from the abdominal aorta 
of pentobarbital-anesthetized guinea pigs and was collected in 
a plastic tube containing 3.8% sodium citrate (1 mL for 9 mL 
blood) as an anticoagulant. Platelet-rich plasma was obtained 
from the blood by centrifugation at  200g for 15 min at  room 
temperature. Plateletrpoor plaama (PPP) w88 obtained by further 
centrifuging the precipitate at 2000g for 10 min. Platelet ag- 
gregation was measured according to the method of Born," by 
m e w  of an aggregometer (RAM-31, Ftikadenki, or C550, Chro- 
no-Log). Platelet aggregation was induced by the addition of 1 
pM of U-46619 (Sigma) to PRP (0.3 mL) and was determined by 
measuring the change of optical density of PRP during aggre- 
gation. The result was expressed as percent aggregation. 
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Previously, gastric (H+/K+)-ATPase inhibitors such as 2 have been prepared as analogues of la on the presumption 
that the 3-carbethoxy substituent plays a key role in establishing the orientation of the 4-arylamiio group. In this 
paper we explore further the contribution made to activity by the quinoline 3-substituent. We show that, for compounds 
bearing such a substituent, only a particular combination of properties provides high activity, both in vitro and 
as inhibitors of gastric acid secretion in vivo. The ability of the substituent to affect activity by restricting rotation 
about the C , ~ - N  bond through a combination of both a *-electron withdrawal and hydrogen bonding is supported 
by the current study. However, high activity is only achieved if the effect of this group on the quinoline pK, is 
kept to a minimum. 3-Acyl substituenta provide an optimum combination of electronic properties. From this wries, 
compound 17c (SK&F 96067) was shown to be a potent inhibitor of histaminestimulated gastric acid secretion after 
oral dosing in the Heidenhain pouch dog and was selected for further development and evaluation in man. 

Introduction 

Sustained suppression of gastric acid secretion, by either 
long-acting histamine H2-receptor antagonists, e.g. loxti- 
dine, or irreversible proton pump inhibitors, namely 
omeprazole, has been associated with the formation of 
gastric carcinoids in long-term carcinogenicity studies1i2 
and has led to the so-called gastrin hypothesis? With this 
background, reversible (H+/K+)-ATPase inhibitors, as 
shorter acting inhibitors of gastric acid secretion, have 
begun to attract attention as potential therapies for acid- 
related gastrointestinal  disorder^.^ Acting on the final 
stage of secretion, such compounds have the potential to 
combine profound inhibition of acid secretion, elicited by 
all stimuli, with the dosing flexibility available with the 
short-acting H,-receptor antagonists. Furthermore, with 
less sustained elevations of plasma gastrin levels, such 
compounds should have a greatly reduced potential for the 
formation of gastric carcinoids in long-term toxicology 
studies. 

In the first papers of this seriesSs6 we described how we 
used the 3-carbethoxyquinoline derivative la, which we 
showed to be a reversible K+-competitive gastric (H+/ 
K+)-ATPase inhibitor, as the starting point for a series of 
antisecretory compounds based on conformationally re- 
stricted pyrroloquinolines such as 2. The basis for pre- 
paring these compounds was the supposition that in com- 
pounds such as 1, the ester group might be responsible for 
fixing the conformation about the 4-phenylamino moiety 
through a combination of intramolecular hydrogen-bond- 
ing and ?r-electron delocalization. 

In this paper we describe our efforts to elucidate further 
the role of the 3-substituents in these compounds. This 

To whom correspondence should be addressed. 
Present address: Department of Cell Biology, Astra Hassle 

AB, 5-431 83, Malndal, Sweden. 

work has led to the identification of the potent, orally 
active, reversible (H+/K+)-ATPase inhibitor 3-butyryl- 
4- [ (2-methylphenyl)amino]-&methoxyquinoline (17c, 
SK&F 96067), which is currently undergoing clinical trials. 
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