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Synthesis and Antiinflammatory Activity of 
6,1l-Dihydro-ll-oxodibenzo[ b,e]thiepinalkanoic Acids and Related Compounds’ 

J a c k  Ackrell,* Yulia Antonio,  Fidencio Franco, Rosita Landeros,  Alicia Leon, Joseph M. Muchowski,* 

Research Laboratories, Syntex, S.A.,  Apartado Postal 10-820, Mexico 10, D.F. 

Michael L. Maddox,  Pe te r  H. Nelson, Wendell H. Rooks, Adolph P. Roszkowski, and Marshal l  B. Wallach 

Syntex Research, Institutes o f  Biological Sciences, Organic Chemistry, and Pharmacology and Metabolism, 
Palo Alto, California 94304. Received April 24, 1978 

Acetic acid derivatives of tricyclic systems, such as 6,11-dihydro-ll-oxodibenzo[ b,e]thiepin, 4,10-dihydro-4-oxo- 
thieno[2,3-c] [ llbenzothiepin, dibenzo[b,flthiepin, dibenz[b,floxepin, etc., were synthesized and assayed for anti- 
inflammatory activity. One of the compounds, 6,11-dihydro-ll-oxodibenzo[b,e]thiepin-3-acetic acid (52), was chosen 
for evaluation in man on the basis of high antiinflammatory activity in both short- and long-term animal assays 
and a low gastric irritation liability in rats and dogs. 

During t h e  past 15 years a very large number  of non- s ide effects (especially gastric irri tation) than phenyl- 
steroidal ant i inf lmmatory agents,  principally aryl- and butazone and indomethacin. Of the numerous compounds 
he te roa ry lace t i c  a n d  -propionic  ac ids ,  h a v e  been synthesized, only a few, including i b ~ p r o f e n , ~  k e t ~ p r o f e n , ~  
synthesized2 with t h e  aim of finding substances with fewer naproxen: and tolmetin? have m e t  mos t  of the above 
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Table I .  Substituted Phthalic Acids and Derivatives 

Achrell, Muchowski, et al .  

R3 

R2-X 

mp or bp % recrystn emP 
formula analysesb - no. R '  R: X R '  (mm), "C yield solvent' 

1 CH,O C6H5CH2 S 6-COOCH, oil 8 4  '1 7H160,S C 

2 HO C6H,CH, S 6-COOH 138-139 8 2  CHC1, Cl,Hl,O,S C, H 
3 c1 C,HSCH, S 6-COC1 37-38 79 hex C,,H,,Cl,O,S C, H, C1 
4 (CH,),CHO 0, N 5-COOCH(CH3), oil 90 C14H,,N06 c ,  H 
5 (CH,),CHO C6HjCH, S 5-COOCH(CH3), 70-71 91 pen c, 1 H?,O,S c, H, s 
6 HO C6HjCH, S 5-COOH 299-300 9 2  i-PrOH C 1 5 H 1 2 0 4 S  c, H 

8 CH,O C,H,CH, S 4-COOCH, 73-74 90 C6H6 C 1 7 H 1 6 0 4 S  c ,  H, s 
1 0  HO C6H,CHI S 4-COOH 298-300 90 EtOH Cl ,HI 20,s c, H, s 
1 2  CH,O C,H,CH2 S 3-COOCH, 70-70.5 6 5  MeOH '1 T H 1  6'4' c, H 

7 c1 C,H5CH2 S 5-COC1 158 72 hex C 1 ~ H 1 0 C 1 2 0 2 S  

9 (CH,),CHO C6HSCH, S 4-COOCH(CH3), 105-107 80 C,H,-eth C,,H,,04S e 

11 c1 C,H,CH, S 4-COC1 99-100 90 C,H,-hex Cl,Hl,C1,O,S d 

13 0 C,H,CH, S 3-CO 160-162 8 4  C6H6 C,,H,,O,S C, H 
CH, 5-COOH 272-273 80 MeOH C,,H,,O,S C, H 
CH, 5-COC1 70 90 C,H,-hex C,,H,,Cl,O,S d 

5-COOCH(CH3), 57-58 88 MeOH-H,O C,,H,,O,S, C, H 16 (CH,),CHO C,H,SCH2 S 

18 c1 C,H,SCH, S 5-COC1 80-81 90 CH,Cl,-hex C, ,H,Cl,O,S, f 
1 9  CH,O C,H5 S 5-COOCH3 57-59 80 hex Cl,Hl,O,S C, H, S 

1 4  HO C 6 H 5 S  

15 C1 C 6 H S S  

17  HO C4H,SCH, S 5-COOH 280-282 97 MeOH Cl,Hl,O,S, c ,  H 

20 CH,O C 6 H 5  S 4-COOCH3 65-67 90 eth-hex C 1 6 H 1 4 0 4 S  c, H, s 
21 CH,O C 6 H \  0 4-COOCH, 1 7 0 ( 2 )  72 C, ,HI 4 0 5  g 

eth = ether; pen = pentane; hex = hexane, Elements shown analyzed to within i0 .3% of the calculated values. MS 
M' 316. MS M' 326, 324. e MS M' 372. f MS M' 288, 286, 284. MS M' 286. 

requirements and reached the marketplace as well. 
Recently Ueno et al.' and McFadden and co-workers8 

reported on the synthesis and antiinflammatory activity 
of several 6,ll-dihydro- 11-oxodibenz[ b,e]oxepins bearing 
acetic or propionic acid entities at carbons 1,' 2,i,s or 3.8 
In this paper we describe the synthesis and some of the 
pharmacological properties of the isoelectronic 6,ll-di- 
hydro-11-oxodibenzo[b,e] thiepinacetic acids.g The 
structure-activity relationships of the above compounds 
are discussed and compared with the isomeric 10,ll-di- 
hydro-10-oxodibenzo[b,flthiepinacetic acids as well as with 
alkanoic acids in the lO,ll-dihydro-lO-oxodibenz[b,flox- 
epin, 4,10-dihydro-4-oxothieno[2,3-c] [ llbenzothiepin, 
l0,ll-dihydrodibenzo[b,flthiepin, l0,ll-dihydrodibenz- 
[b,floxepin, dibenzo[b,flthiepin, and dibenz[b,floxepin 
series. Based on the high degree of antiinflammatory 
activity and a low incidence of side effects in animals, 
6.11-dihydro-ll-oxodibenzo[ b,e]thiepin-3-acetic acid (52) 

H 

52 

was selected for evaluation in man. [Compound 52 has 
been assigned the generic name "tiopinac".] 

Chemistry. The 6,ll-dihydro- 11 -0xodibenzo [ b , e ]  - 
thiepinacetic acids were synthesized in the manner shown 
in Schemes 1-111. Thus, the reaction of the appropriate 
dialkyl nitrobenzenedicarboxylates I with sodium benzyl 
mercaptide in dimethylformamide solution, at -30 "C to 
room temperature, gave the corresponding sulfides IIa in 
65-9170 yields (see Table I). Although the nucleophilic 
displacement of aromatic nitro groups no longer can be 
considered as unusual,1° both the generality (see also 
below) and the ease with which the substitutions described 
herein took place, even with hindered substrates (e.g., 

Scheme I 

I IIa, R = OR 
b, R = OH 
c, R = C1 

HCOOH 

IIIa, R = C1 
b, R -  OH 
c, R = CHN, 
d, R = CCH,N, 

R 

IVa, R = H 
b, R = CH, 

Scheme I1 

12 13 

V 

dimethyl !&nitroisophthalate), are remarkable. The  
proclivity of these compounds to undergo displacement of 
nitrite ion clearly must be a reflection of the combined 
effect of three strongly electron-attracting groups on the 
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Table 11. Precursors of Dibenzo[ b,f]heteropins 
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6 

mp or !p % recrystn emP 
no. X Y R (mm), C yield solvent?' formula analysed 

22 s HO 5-CH,OH 83-84 90  eth-hex C,,Hl,O,S c, H 
23 S HO 4-CH,OH 68-69 88 C,H, Cl,Hl,O,S C, H 
24 0 HO 4-CH,OH 73.5-74 90  C,H, C 1 4 H 1 4 0 3  c ,  H 
25 S c1 5-CH2Cl 45-46 90 eth-hex C,,Hl,C1,S C, H, C1 
26 S c1 4-CH2Cl 168 (0.1) 92 c 14H1 ZC12S c, H, s 
27 0 c1 4-CH2C1 oil 95 Cl,Hl,C120 c 
28 s COOH 5-CH2COOH 167-168 54 MeOH-H,O Cl,Hl,O,S c, H 
29 S COOH 4-CH,COOH 176-18 0 6 0  MeOH-H,O Cl,Hl,04S c, H 
30 0 COOH 4-CH2COOH 161-162 80 MeOH-H,O Cl,Hl,O, c, H 

a See Table I for key t o  abbreviations. Elements shown analyzed t o  within iO.3% of the calculated values. MS M' 
270, 268, 266. 

Scheme I11 

4 0  + as,, - 
0 

R g-0- S 

0 
14,  R = OH 
15, R = C1 

h w - d _ b 4 ,  S O S R' 2 

41 VI 
monocyclic aromatic systems. 

With the exception of dimethyl 3-benzylthiophthalate 
(12), the diesters IIa were saponified and the dicarboxylic 
acids IIb, thus obtained, were converted into the acid 
chlorides IIc with thionyl chloride. The cyclization of these 
substances to the 6,ll-dihydro- 11-oxodibenzo[ b,e] thie- 
pincarbonyl chlorides IIIa (see Table 111) was effected with 
the aluminum chloride-nitromethane complex" in di- 
chloromethane solution. The carboxylic acid chlorides IIIa 
were transformed into the acetic and propionic acid de- 
rivatives IVa and IVb (see Table IV) by means of the 
Arndt-Eistert extension reaction. 

To essay the synthesis of the 6,11-dihydro-ll-oxodi- 
benzo[b,e]thiepin-1-acetic acids, 3-benzylthiophthalic 
anhydride (13) was subjected to a varieity of Friedel-Crafts 
conditions. In no case was cyclization to the tricyclic 
carboxylic acid V (Scheme 11) observed. 

The 6,11-dihydro-ll-oxodibenzo[ b,e] thiepin-8-alkanoic 
acids VI (Scheme 111) were prepared in a manner slightly 
different from that shown in Scheme I. Phthalide-4- 
carboxylic acid, upon treatment with potassium thio- 
phenolate in boiling dimethylformamide, gave the di- 
carboxylic acid 14 in 80% yield. Cyclization to 41 was 
accomplished by heating the diacid chloride 15 in poly- 
phosphoric acid'* a t  110-115 "C. The thiepin 41 was 
subsequently transformed into VI using the Arndt-Eistert 
procedure. 

Members of the 4,10-dihydro-4-oxothieno[2,3-c] [1]- 
benzothiepin-7-acetic acid series (e.g., 70, Table IV)'* were 

synthesized in a manner analogous to that shown in 
Scheme I commencing with diisopropyl 3-nitrotere- 
phthalate (4) (Table I) and sodium 2-thienylmethane- 
thiolate. 

The l0,11-dihydro-ll-oxodibenzo[b,e] thiepins bearing 
the alkanoic acid side chain at  C-3 were found to be es- 
pecially potent antiinflammatory agents (see below) and, 
therefore, the effect of slight structural modifications upon 
the activity of these substances was investigated. For 
example, reduction of the acetic acid 52 (Table IV) with 
sodium borohydride or with amalgamated zinc and hy- 
drochloric acid gave the alcohol 59 or the deoxy compound 
61, respectively. In addition, the sulfoxide 62 and the 
sulfone 63 were obtained by oxidation of 52 with 1 or 2 
equiv of rn-chloroperbenzoic acid. Lastly, the butyric acid 
derivative 58 was prepared by alkylation of the sodium salt 
of the ester 51 with diethyl sulfate. 

The resolution of dl-2-(6,11-dihydro-ll-oxodibenzo- 
[b,e]thiepin-3-yl)propionic acid (53) was effected by 
chromatographic separation of the diastereomeric 1- 
phenethylamides. Cleavage of the less polar l-phen- 
ethylamide with a mixture of concentrated hydrochloric 
acid and acetic acid gave the d-propionic acid 56. Ni- 
trosation of the more polar amide and subsequent rear- 
rangement of the N-nitroso compound in hot benzene 
solution gave the phenethyl ester of the 1 acid from which 
the free 1 acid 55 was obtained upon treatment with tri- 
fluoroacetic acid. 

The dibenzothiepin- and dibenzoxepinacetic acids of the 
[b,fl series were prepared using the route shown in Scheme 
IV. Displacement of nitrite ion from the appropriate nitro 
diesters with sodium phenolate or thiophenolate gave the 
esters VI1 (Table I) which were converted into the diols 
VIIIa (Table 11) by reduction with lithium aluminum 
hydride. The dichlorides VIIIb, derived from VIIIa and 
thionyl chloride, were treated with potassium cyanide in 
dimethyl sulfoxide to give the dinitriles VIIIc which were 
subsequently hydrolyzed to the diacetic acids IXa by 
means of a hot mixture of acetic and phosphoric (85%) 
acids. The diacid chlorides IXb, prepared from IXa by 
treatment with oxalyl chloride, were cyclized in a manner 
analogous to that described for IIc. In some cases it was 
more convenient to isolate the methyl esters Xc rather 
than the carboxylic acids Xb (Table IV). 

Reduction of the ketones Xc with sodium borohydride 
gave the alcohols XI which were readily dehydrated by 
treatment with a trace of perchloric acid in boiling tet- 
rahydrofuran. Hydrolysis of XIIa gave the acids XIIb 
(Scheme IV). The l0,ll-dihydro compounds 76 and 92 
were prepared by the Clemmenson reduction of 73 and 89 
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Table 111. Tricyclic Carboxylic Acids and Related Compounds 

Ackrell, Muchowski, et al. 

A 

no. system substituent mP, "C 
31 A 2 - c o c 1  164 
32 A 2-COOH 250- 25 2 
33 A 2-COCHN, 149-150 
34 A 3-COC1 119-120 
35  A 3-COOH 225-226 
36 A 3-COCHN, 153  
37 A 3-COCCH,N2 127 
38 A 4-COC1 149-150 
39 A 4-COCHN, 112-113 
40 A 8 - c o c 1  70 
41 A 8-COOH 275-276 
42 A 8-COCHN, 142-143 
43 A 8-COCCH3N, 125-126 

45  B 7-COOH 222-223 
46 B 7-COOCH3 122-1 23 
47 B 7-COCHN2 149  

44 B 7-COC1 g 

48 B 7-COCCH3N, 108 

B 

% recrystn emp 

81 C,H,-hex C,,H,ClO,S C 

yield solventa formula analysesb 

8 8  EtOH '1 SH1003S C , H  S 
76 C 6 H 6  '1 6H10N,02S H; Ch 
60  CH2C1,-eth C,,H,ClO,S C 

72 C6H6 1 ON,' 2' H, N ;  Ce 

90 C 6 H 6  C,,H,ClO,S C, H, C1 

95 MeOH C 1 5 H 1 0 0 3 S  c, H 

73 eth CI,HlZN,O,S f 

90 CH,Cl,-eth C 1 6 H 1 0 N 2 0 2 S  c, H, N 
8 0  eth-hex C,,H,ClO,S C 

80 MeOH-H,O I S H l  0'3' c, H 
70 C,H,-hex C 1 6 H 1 0 N 2 0 2 S  c, H 
6 1  eth-hex C17HlZN,OZS f 
60 '1 3H,C102S2 h 
87 MeOH C13H803S2 H;  Ci 
67 MeOH C14H1003SZ c, H 
50 eth C,4H*N,O,S, c, H, N 
86 eth CI,HlON,O,S, C, H, N 

a See Table I for key to abbreviations, 

Amorphous solid. MS M+ 294, 296. ' C: calcd, 56.23; found. 59.03. 

Elements shown analyzed correctly to  within +0.4% of calculated values unless 
stated otherwise. MS M' 290, 288. C :  calcd, 65.33; found, 65.78. e C: calcd, 65.33; found, 65.79. MS M' 308. 

Scheme IV 

cXJ&co2R - 
VI1 

W X > C H 2 Y  - 
VIIIa, Y = OH 

b, Y = C1 
c, Y = CN 

IXa, R = OH 
b, R = C1 

- 
Xa, R = C1 

b, R =  OH 
c, R = OCH, 

&H$OR X - mH$o*R X 

XI XIIa, R = CH, 
b, R =  H 

while 87 was obtained from 86 by catalytic reduction. 
The sulfoxide 79 and the sulfone 82 were prepared from 

the acid 76 which was esterified (diazomethane) and then 

oxidized with the appropriate quantity of m-chloroper- 
benzoic acid. Finally, the ester groups were removed by 
hydrolysis to the acids. The unsaturated sulfone 80 was 
prepared via the alcohol XI using procedures analogous 
to those described above. 

Structure-Activity Relationships, The antiin- 
flammatory and analgetic activity of the compounds listed 
in Table V was measured using the carrageenan paw 
edema and the phenylquinone writhing assay, respectively 
(see the Experimental Section). 

The compounds which were the most active as anti- 
inflammatory agents were those in which the side chain 
was at a non-peri meta position with respect to the two 
atom unit spanning the lateral aryl moieties (e.g., 52 and 
76). Furthermore, antiinflammatory agents of exceptional 
potency resulted when the single atom bridge of the central 
seven-membered ring was a carbonyl group (e.g., 52 and 
70) or a divalent sulfur moiety (75 and 76). Alteration of 
the nature of this portion of the molecule resulted in a 
substantial diminution in activity as exemplified by the 
reduced analogues 59 and 61 of 52 and the sulfoxide 79 
and sulfone 80 analogues of 76. It is also evident that the 
character of the two-atom bridge has a considerable effect 
on the activity, especially in the diaryl[ b,e]thiepinone 
series. For example, neither the sulfoxide 62 nor the 
sulfone 63 possessed appreciable antiinflammatory activity. 
The most surprising observation, however, was that 
translocation of the sulfur atom and the methylene group, 
of the central ring, from that found in 52 to that  present 
in 67 caused a 40-fold decrease in activity. This suggests 
that the sulfide group of 52 serves more than just a passive 
space occupying role at the receptor level and that the 
sulfur atom-carboxylic acid moiety distance is related to 
high activity. For the dibenzo[ b,e]thiepinones, this dis- 
tance most closely approaches the apparent optimum when 
the acetic acid side chain is at C-3. A similar situation 
prevails for the isoelectronic dibenz[b,e]oxepinones where 
i t  has been reported' that the 3-acetic acids are approx- 
imately twice as potent as the 2-acetic acids. These latter 
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Table IV. Tricyclic Acetic Acids and Esters 

B 

no. 
49 
50 
51 
52 
53 
54d 
5 5d 
56d 
57 
58d 
59 
60 
61 
6 2  
63 
64 
65 
66  
67  
68d 
69 
70 
71 
72 
73 
74 
7 5  
76 

78  
79  
80 
81 
8 2  
83 
8 4  
85 
8 6  
87 
88 
89 
90 
9 1  
9 2  

77d 

sys- 
tem 

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

- 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

substituent 

A 

X 
~ 

2-CH,COOCH3 
2-CH,COOH 
3-CH,COOCH3 
3-CH2COOH 
(+ )-3-CHCH3COOH 
(+ )-3-CHCH,COOH 
(-)-3-CHCH3COOH 
(+ )-3-CHCH3COOH 
3-C HC , H CO , CH , 
3-CHC ,H ,COOH 
3-CH2COOH 
3-CH,COOCH, 
3-CH2COOH 
3-CH2COOH 
3-CH2COOH 
4-CH,COOCH3 
4-CH2COOH 
8-CH,COOCH, 
8-CHiCOOH . 
8-CHCH,COOH 
7-CH,COOCH2 
7-CHiCOOH 
7-CHCH,COOH 
2-CH,COOCH3 
2-CH,COOH 
2-CH,COOCH3 
2-CH2COOH 
2-CH2COOH 
2-CHCH,COOH 
2-CH2COOCH3 
2-CH2COOH 
2-CH2COOH 
2-CH,COOCH, 
2-CH,COOH 
2-CH,COOCH3 
2-CH,COOH 
P-CH,COOCH, 
2-CH2COOH 
2-CH ,COO H 
3-CH2COOCH, 
3-CH2COOH 
3-CH2COOCH, 
3-CH2COOH 
3-CH2COOH 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
CHOH 
CH, 
CH, co 
co 
co 
co 
co 
co 
co 

co 
co 
CH 
CH 

co 
CH 
CH 
CH, co 
co 
CH 
CH 
CH, 

Y 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
so 
S 
S 
S 

SO 2 

S 
S 

CH, 
CH2 
CH, 
CH' 
CH 
CH2 
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S 
S 
S 
S 
S 
S 
so 
so 
SO, 
SO, 
so2 
0 
0 
0 
0 
0 
S 
S 
S 
S 
S 

100 
160-1 6 1' 
100-101 
155-156 
114.5-115.5 
164-1 6 5 
161-163 
167-168 
71-73 
15 2-15 3 
27 9- 2 8 0 
89-90 
218-219 
185 
215-216 
87-88 
172  
113-114 
166-167 
206-207 
122-123 
179-180 
112-113 
82 
177-179 
100-101 
144 
104 

115 
1 4  2- 1 4 3  

169-170 
162-163 
103- 1 0 5  
161-162 

136-137 
76-77 
187-188 
127- 128 
10 7- 108 
192-193 

138-140 
133-1 34 

oil 

oil 

C 

% recrystn 
yield solvent" 
6 1  eth 
9 0  C6H,Cl 
90 eth 
83 C6H6 
6 5  eth-hex 
90 C6H6 

73  eth 
90 C,H, 
90 acet-C6H6 
52  MeOH 
87 MeOH 
9 3  EtOH 
88 HOAc 
77 MeOH 
67 MeOH 
90 MeOH 
95 H,O 
36 MeOH 
50 MeOH 
70 MeOH 
40 eth-hex 
4 5  C6H6-hex 
5 3  C,HsCl 
67  C,H,-hex 
91 eth 
80 eth 
3 3  C,H6 
8 9  C6H6-hex 
78 CH,Cl,-hex 
86.5 EtOAc-hex 
73  CHC13-hex 
8 9  C,H, 

C6H6 

C 6 H 6  

Y "  

45 
85 EtOAc-hex 
70 hex 
98 DME-hex 
85 C,H,-hex 
6 0  C6H6 
56 CH,C12-eth 
25 
95 MeOH 
50 C6H6 

emP 
formula 

C17H1403S 

2 '3' 

C,  ,HI4O,S 

c, ,HI40 3s 
C16H1203S 

C 2 9 H 3 7 N 0 3 S  

C29H37N03S 

C29H3,N03S 

C19H1803S 

C,OH3,NO3S 
'1 g H 1  4'3' 

c l  7 H 1 6 0 2 S  

C 1 6 H 1 4 0 2 S  

C 1 6 H 1 4 0 4 S  

C 1 6 H 1 4 0 S S  

C 1 7 H 1 4 0 3 S  

C 1 6 H 1 2 0 3 S  

Cl,H14O,S 
'1 g H 1  2'3' 

C29H37N03S 

C 1 S H 1 2 0 3 S 2  

C14H1003S2 

C 1 5 H 1 2 0 3 S 2  

c l  ,H1'103S 

C 1 6 H 1 2 0 3 S  

Cl,Hl4O2S 
C 1 6 H 1 2 0 2 S  

'1 g H 1  4'2' 

C 2 9 H 4 3 N 0 2 S  

'1 6'3' 

C 1 6 H 1 4 0 3 S  

CI,HlZO,S 

C ,  .HI .O,S 
1 6'4' 

. "  . .  . 
Cl,Hl,O, 
C 1 6 H 1 2 0 4  

c l  T H 1  4'3 

'1 6 H 1 2 0 3  

c l  g H 1  4O3 
C 1 7 H 1 4 0 3 S  

C 1 6 H 1 2 0 3 S  

'1 7 H 1 4 0 2 S  

C 1 6 H 1 2 0 2 S  

C 1 6 H 1 4 0 2 S  

analysesb 

a acet = acetone; for key t o  other abbreviations see Table I. Elements indicated analyzed to  within t 0 . 4 %  of the calcu- 
The data in this row refer t o  the dicyclohexylammonium lated values unless stated otherwise. ' Lit.9a mp 163-165 "C. 

salt. e C: calcd, 72.62; found, 73.05. MS M' 282. C: calcd, 71.63; found, 71.28. 

compounds are, however, still highly active, and this 
presumably is a reflection of the shorter nature of the'C-0 
bond in the two-atom bridge. 

The above activity differences may also be related to the 
conformation of the central seven-membered ring. Indeed, 
the presence or absence of an heteroatom in the two-atom 
bridge has a marked effect on the NMR chemical shifts 
of H-1 (HA) and H-10 (HB) for these compounds. Thus 
in the dibenzo[b,e]thiepinones H-1 was found at lower and 
H-10 at higher field than that (6 7.85) ~alculated '~ for the 
analogous protons in a hypothetical, similarly substituted 
benzophenone (see Table VI). The deshielding of H-1 and 
the shielding of H-10 are most consistent with a twist boat 
conformation for the seven-membered ring. When the 
sulfur atom was replaced by an oxygen atom or an sp2 
carbon,15 the chemical shift difference between the hy- 

drogens peri to the carbonyl group progressively dimin- 
ished, indicative of an increasing conformational symmetry. 

The analgetic activities of the compounds listed in Table 
V, in general, were approximately parallel to their anti- 
inflammatory activities. There were, however, several cases 
(e.g., 53 and 71) for which the analgetic potency would not 
have been correctly predicted on the basis of this paral- 
lelism. 

The antiinflammatory activity of compound 52 was 
conspicuously superior to that found for the other di- 
arylheteropinacetic acids. The corresponding propionic 
acid 53 was almost three times as active as 52, with most 
of the activity residing in the dextrorotatory enantiomer 
56. In contrast, the methyl compound 58 was only one-half 
as active as the acetic acid. The heterocyclic alkanoic acids 
70 and 71 were much less active (ca. one-tenth) than the 
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Table V. Antiinflammatory and Analgesic Activities of 
Diarylheteropinalkanoic Acids 

Ackrell, Muchowski, et al. 

Table VII. LongTerm Antiinflammatory Assays and 
Gastric Irritation Liability 

d,  1, 
no or d l  

50 
52 
53 dl 
55 1 
56 d 
58d dl 
59 dl 
61 
62 dl 
63 
65  
67 
68  dl 
70 
71 dl 
73 
75 
76 
77 dld 
79 dl  
80 
82 
84 
86 
87 
89 
91 
92  

rat paw as- 
say, phenyl- mouse writhing 
butazone = 1 assay, aspirin = 1 

0.3 (96)a 1.5 (40)b 
40 (384)  14 (70)  
115 (192)  20 (74)  

206 (72)  NT 

< 1 (18) < 0 . 3  (8) 
1.0 (32)  
G 0 . 5  (10) 0.5 (48)  

< 0.2  (12)  0.2 ( 8 )  
< 0 . 4 ( 1 7 )  NT 
1.0 (53)  1.0 (24)  
2.0 (18) 2.5 (24)  
4 (36)  4 (32)  
13 ( 3 6 )  20 (56)  
0.4 (18) 1 ( 4 0 )  
2 .0  (18) <1(10) 
7.0 (30)  3 (40)  
3 (18) 5 (30)  

0 .4  (18)  1 ( 5 0 )  
<0.6 (12)  < 0 . 2  (10) 

< 4  (72)  N F  

20 (36)  4 (24)  

2 (24)  

g 0 . 2  (18)  0.8 (40)  
0 .4  (18)  0 .4  (40)  

< 0 . 4  (17)  0.3 (24)  
0.4 (18)  1.0 (32)  
0.4 (18)  1 ( 4 0 )  
< 0 . 2  (12)  < 1  (10) 
0.2  (12)  2 (50)  

a Number of rats. Number of mice. ‘ NT = not  tes- 
ted. Tested as dicyclohexylammonium salt. 

Table VI. Chemical Shift of Hydrogens Peri t o  Ketone 
Carbonyl Group in Tricyclic Acetic Acids 

a For synthesis see ref 7. See ref 15 for synthesis. 

homocyclic counterpar ts  52 and 53. These  results a r e  
opposite t o  those observedI6 i n  the diaryl[b,e]oxepinone 
series, a l though a comparison m a y  n o t  be valid because 
of the different mode  of fusion of t h e  thiophene systems 
t o  t h e  cent ra l  r ing (thieno[3,2-c] [ l lbenzoxepin  vs. 
thieno[2,3-c] [ l lbenzothiepin in  70 and 71). 

Compounds  52 and 53 were also examined for antiin- 
f lammatory activity i n  t h e  cot ton pellet granuloma and 
adjuvant  ar thr i t is  assays, bo th  of which a re  of longer 
duration (Table VII). T h e  acetic acid 52 was comparable 
i n  potency t o  indomethacin,  while the propionic acid 53 
was considerably more  active than th is  standard i n  both 
assays. T h e  single dibenzo[b,flthiepin 76 tes ted had a 

antiinflammatory assays 
cotton 
pellet , adjuvant gastric irrita- 

indome tha- arthritic, tion, ED,,: 

52 0.8 (332)b 10-15‘ (413)b 24 (14-41)d 
53 2 (95)  70 (135)  2 (1-5) 
76 0.07 (72)  0.5 ( 7 5 )  
naproxen 13 (9-17) 
indometha- 6 (3-8)  

compd c in= 1 naproxen= 1 mg/kg 

NT 

cin 
a Dose required to cause irritation in 50% of the test 

animals (rats). Number of rats. Naproxen has 0.14 
the potency of indomethacin in this assay. 95% confi- 
dence limits. 

much lower order of activity than ei ther  of the dibenzo- 
[ b,e]thiepinones. In addition, compounds 52 and 53 were 
evaluated for their  ability t o  induce gastric erosion i n  
s tarved rats.17 The propionic acid was appreciably more 
irritating (Table  VII) than i t s  lower homologue 52. In 
another  study, dogs which were given a single oral dose of 
10 or 30 mg/kg  of 52 failed t o  exhibi t  a n y  signs of gas- 
trointestinal intolerance, whereas a 5 mg/kg oral dose of 
53 was sufficient to evoke emesis. The low degree of gastric 
irritation exhibited by  compound 52 was an impor tan t  
factor in  the choice of this  substance for evaluation as an 
antiinflammatory agent  in  man. It is worthy of note that 
52 is reportedla to be much less efficient than indomethacin 
i n  the inhibition of prostaglandin synthase and this  m a y  
well be related to the low ulcerogenic potential thereof in  
t h e  animal  model. 

Finally, 52 elicited ant i inf lammatory activity (carra- 
geenan paw assay) in adrenalectomized rats, indicating that 
the ant i inf lammatory action was n o t  mediated b y  t h e  
s t imulat ion and or release of adrenal  hormones. 

Experimental Section 
The animal assays referred to above were conducted as de- 

scribed below. “Government diluting fluid” was used as a vehicle 
for tests 1-4. Assay 5 was carried out with solutions of the target 
compounds prepared by dissolving the carboxylic acid in aqueous 
sodium hydroxide (1.5 equiv) and diluting with water. 

(1) Inhibition of Carrageenan-Induced Edema. This assay 
was carried out essentially as described in a recent15 publication 
from these laboratories (see also ref 26). Thus, 80-90-g female 
rats were given the test agent 1 h prior to the injection of car- 
rageenan into one of the hind paws. The rats were sacrificed 4 
h after administration of the drug, a t  which time both of the hind 
paws were excised and weighed separately. The potencies of the 
test agents relative to phenylbutazone were determined from 
dose-response plots of the percent increase in weight of the 
inflamed paw over the noninflamed paw. Usually, a t  least three 
doses, using six rats per dose, were employed in constructing the 
plots. 

(2) Inhibition of Cotton Pellet Granuloma. This assay was 
effected15 according to a modification of a procedure initially 
described by Meier et aLZ7 

(3) Inhibition of Adjuvant-Induced Arthritis. This assay 
was carried 

(4) Inhibition of Phenylquinone-Induced Writhing. The 
assay was performed according to the procedure described in a 
recent? publication from these laboratories (see also ref 29). Thus, 
18-20-g male mice were given the test substance orally 20 min 
prior to an intraperitoneal injection of phenylquinone. The mice 
were observed for the next 10 min for writhing and the potencies, 
relative to aspirin, were determined as in (1) using eight to ten 

according to the method of Pearson.28 

mice per dose. 
( 5 )  Acute Ulcerogenic or Gastric Eroding Action. The 

assay was determined in the manner described by Roszkowski 
et aL5 



Substituted Dibenzo[b,e]thiepinalkanoic Acids 

All melting points were determined in a Mel-Temp apparatus 
and are uncorrected. The IR spectra were measured on a Per- 
kin-Elmer Model 267 grating infrared spectrophotometer in 
chloroform solutions or as solids in potassium bromide disks. The 
UV spectra were recorded in methanol solution with a Perkin- 
Elmer UV-visible spectrophotometer. The NMR spectra were 
measured with a Varian T-60 NMR spectrometer or a Varian 
HA-100 NMR spectrometer in CDC13 or MezSO-ds solutions. The 
chemical shifts are expressed in parts per million (6) from internal 
Me4Si. The mass spectra were obtained with an Atlas CH-4 mass 
spectrometer, The spectral data for all new compounds were 
consistent with the assigned structures. 

The following intermediates have been described in the lit- 
erature: dimethyl 3-ni t ro~hthalate , '~  dimethyl 2-nitroiso- 
phthalate,20 dimethyl 4-ni t roi~ophthalate ,~~ dimethyl 2-nitro- 
terephthalate,22 2-nitroterephthaloyl chloride,23 and phthalide- 
4-carboxylic acidsz4 

Diisopropyl 2-Nitroterephthalate (4). A solution of 2- 
nitroterephthaloyl chloride (0.5 mol) in 2-propanol (250 mL) was 
boiled under reflux until the starting material was consumed (1-3 
h). The solvent was removed in vacuo, the residue was suspended 
in water, and the product was extracted into ethyl acetate. The 
extract was washed with sodium carbonate solution (lo%), dried 
(MgS04), and evaporated in vacuo to yield the oily ester (Table 
I). 

Nucleophilic Displacement of Dialkyl Nitrobenzenedi- 
carboxylates. Except for dimethyl 3-nitrophthalate (see below) 
the conditions for the displacement reactions were the same 
irrespective of the nature of the nucleophilic species or the nitro 
diester. The following procedure is typical. 

A solution of the appropriate nitro diester (0.448 mol) in dry 
dimethylformamide (200 mL) was added to a stirred solution of 
the desired nucleophile [prepared from phenol, thiophenol, thenyl 
mercaptan, or benzyl mercaptan (0.524 mol) and sodium hydride 
(0.5 mol) in dimethylformamide (250 mL)] in the same solvent 
while maintaining the temperature a t  -30 "C by means of a dry 
ice-acetone bath. After 1 h at  -30 "C, the solution was allowed 
to come to room temperature and after a further 2 h it was poured 
into water (2 L). The products were isolated by filtration or by 
extraction into a suitable solvent. Purification of the products 
was achieved by crystallization, distillation (e.g., 21), or by column 
chromatography on silica gel [e.g., 1, using hexane-ethyl acetate 
(6:l) as the eluting solvent]. The yields, physical constants, etc., 
for these compounds are found in Table I. 

Dimethyl 3-benzylthiophthalate (12) was prepared in a manner 
similar to that described above except that the addition was 
effected a t  0 "C and after 1 h a t  this temperature, the reaction 
was left a t  room temperature for 16 h. A t  the end of this time 
a small amount of sodium dithionite [0.5 g in water ( 5  mL) for 
a 0.0327 mol scale reaction] was added to reduce any unreacted 
nitro compound. The solution was poured into water, the product 
was extracted into benzene, and the extract was washed with water 
and dried over magnesium sulfate. The product was purified by 
column chromatography on silica gel in the manner described 
above for 1. 

Saponification of t h e  Subst i tuted Phthalic Esters. The 
procedure outlined below for the synthesis of 4-benzylthioiso- 
phthalic acid (10) was typical. 

A solution of diisopropyl 4-benzylthioisophthalate (9) (55 g, 
0.148 mol) in methanol (500 mL) and water (50 mL) containing 
potassium hydroxide (25 g) was boiled under reflux for 2 h. The 
cooled solution was concentrated in vacuo to about 100 mL and 
water (500 mL) was added. The solution was filtered through 
Celite; the filtrate was heated to 70-80 "C, acidified with 4 N 
hydrochloric acid, and set aside to cool. The precipitate was 
collected by filtration and dried at 100 "C. Crystallization of the 
crude (38.3 g, 90%) carboxylic acid from ethanol gave material 
with mp 298-300 "C dec. The physical constants of this and 
related compounds are found in Table I. 

3-Benzylthiophthalic Anhydride (13). A solution of the 
dimethyl ester 12 (5.0 g, 0.0158 mol) in formic acid (20 mL, 99%) 
containing p-toluenesulfonic acid (0.2 g) was boiled under reflux 
for 12 h. The cooled solution was evaporated to dryness in vacuo 
and the residue was heated at  reflux temperature with a solution 
of acetic anhydride (10 mL) in toluene (15 mL). The solution 
was cooled; the crystalline solid was collected by filtration, washed 
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with benzene, and dried. The anhydride (3.5 g, 84%) had mp 
160-162 "C (see Table I). 

2-Phenylthiomethylterephthalic Acid (14). A mixture of 
phthalide-4-carboxylic acid (3.6 g, 0.02 mol), thiophenol (2.2 g, 
0.02 mol), and potassium carbonate (2.76 g, 0.02 mol) in di- 
methylformamide (100 mL) was heated a t  reflux temperature for 
5 h. The cooled solution was poured into water (500 mL) and 
the resultant was washed with ethyl acetate (2 X 50 mL). The 
aqueous phase was acidified with dilute hydrochloric acid and 
the solid product was extracted into ethyl acetate (2 X 100 mL). 
The extract was dried (MgS04) and evaporated in vacuo. The 
residue was crystallized from methanol to give the dicarboxylic 
acid (4.65 g, 80%), mp 272-273 "C (see Table I). 

Synthesis of the Substituted Benzenedicarboxylic Acid 
Chlorides (See Table  I). The synthesis of 4-benzylthioiso- 
phthaloyl chloride (11) is representative of the general procedure. 
A suspension of 4-benzylthioisophthalic acid (7.5 g, 0.026 mol) 
in dry dioxane (10 mL) containing thionyl chloride (10 mL, 0.08 
mol) was boiled under reflux for 3 h. The cooled mixture was 
evaporated to dryness and the residue was slurried with ether- 
hexane (1:2, 20 mL). The solid was collected by filtration and 
after drying it had mp 99-100 "C (7.6 g, 90%). 

Cyclization of the Substituted Benzenedicarboxylic Acid 
Chlorides. (a) Aluminum ChlorideNitromethane Complex. 
The synthesis of 6,11-dihydro-ll-oxodibenzo[ b,c] thiepin-2- 
carbonyl chloride (31) is typical. A solution of 4-benzylthio- 
isophthaloyl chloride (5.5 g, 0.017 mol) in dichloromethane (30 
mL) was added to a solution of aluminum chloride (4.0 g, 0.03 
mol) in dichloromethane (10 mL) containing nitromethane (4 mL, 
0.072 mol). After 3 h a t  room temperature, the deep red solution 
was cooled in ice and vigorously stirred during the addition of 
saturated aqueous sodium chloride solution (4.5 mL). The organic 
phase was filtered through a pad of magnesium sulfate and the 
filtrate was evaporated to dryness. The crystalline acid chloride 
31 was slurried with a little ether, collected by filtration, and dried. 
The product (4.0 g, 81%) had mp 164 "C (see Table 111). 

In some cases, to obtain the pure acid chloride, the crude 
product was converted into the methyl ester (see above) which 
was purified by column chromatography on silica gel or by 
crystallization. Saponification of the pure ester gave the carboxylic 
acid which was transformed into the pure acyl halide in the 
manner described above for 11. 

(b) 6,1l-Dihydro-ll-oxodibenzo[ b,e]thiepin-8-carboxylic 
Acid (41). The diacid chloride 15 (2.0 g) was stirred with po- 
lyphosphoric acid (20 mL) at 110-115 "C until hydrogen chloride 
evolution had ceased (6 h). The cooled reaction mixture was 
poured into water (200 mL) and the product was extracted into 
ethyl acetate (2 X 50 mL). The extract was washed, dried 
(MgS04), and evaporated to give a residue which was crystallized 
from methanol-water. The dicarboxylic acid 41 (1.33 g, 80%) 
had mp 275-276 "C (see Table 111). The acid chloride 40 was 
obtained from 41 in the manner described above. 

Synthesis  of t h e  Diazo Ketones. (a) Diazoacetyl Com- 
pounds. The preparation of 2-diazoacetyl-6,ll-dihydrodi- 
benzo[b,e]thiepin-11-one (33) was standard. A solution of 
6,11-dihydro-ll-oxodibenzo[ b,e]thiepin-2-carbonyl chloride (31) 
(4.0 g, 0.015 mol) in dichloromethane (10 mL) was added to a 
solution of diazomethane (0.095 mol) in ether (200 mL) a t  0 "C. 
The solution was allowed to reach room temperature and excess 
diazomethane was removed by passing a stream of nitrogen gas 
through the solution. The precipitated diazo ketone was collected 
by filtration, washed with a little ether, and dried. The product 
(3.0 g, 76%) had mp 149-150 "C after crystallization from benzene 
(see Table 111). 

(b) Diazopropionyl Compounds. The synthesis of 3-(2- 
diazo)propionyl-6,11-dihydrodibenzo[b,e]thiepin-ll-one (37) is 
typical of the general procedure. A solution of the acid chloride 
34 (4.5 g, 0.0156 mol) in dichloromethane (25 mL) was added, over 
a 30-min period, to a solution of diazoethaneZ5 [prepared from 
N-ethyl-N-nitrosourea (15 g, 0.128 mol)] in ether (300 mL) at  -20 
"C (dry ice bath). After a further 30 min a t  -20 "C, the excess 
diazoethane was removed with a stream of nitrogen and the 
product 37 was collected by filtration, washed with cold ether, 
and dried. The product had mp 127 "C dec (3.5 g, 73%). 

Wolff Rear rangement  of Diazoacetyl  Compounds. 
Synthesis of Tricyclic Acetic Acid Methyl Esters (See Table 
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IV). This reaction was effected using silver benzoate as the 
catalyst with anhydrous methanol as the reaction medium. The 
synthesis of methyl 6,l l-dihydro-ll-oxodibenzo[b,e]thiepin-2- 
acetate (49) was typical. Silver benzoate (0.60 g, 0.0026 mol) was 
added in portions (0.10 g) to a stirred, boiling solution of the diazo 
ketone 33 (3.0 g, 0.01 mol) in methanol (100 mL) over a 30-min 
period. The mixture was maintained at  reflux temperature for 
1 2  h a t  the end of which time it was cooled and filtered. The 
filtrate was evaporated in vacuo and the residual oil was subjected 
to column chromatography on silica gel using hexaneethyl acetate 
(8:l) as the eluent. The product (1.85 g, 65%) had mp 100 "C 
after crystallization from ether. 

Alkaline Hydrolysis of the Tricyclic Acetic Acid Methyl 
Esters. The preparation of 6,11-dihydro-ll-oxodibenzo[b,e]- 
thiepin-2-acetic acid (50) is representative of the general procedure. 
A solution of the ester 49 (1.6 g, 0.0537 mol) in methanol (50 mL) 
and 10% aqueous potassium hydroxide (5 mL) was boiled under 
reflux for 1 h. The cooled solution was diluted with water (200 
mL), acidified with dilute hydrochloric acid, and extracted with 
ethyl acetate (2 X 50 mL). The extract was washed with water, 
dried, and evaporated to give the acid (1.4 g, go%), mp 160-161 
"C, after crystallization from chlorobenzene. 

Wolff Rearrangement of the Diazopropionyl Compounds 
and Synthesis of the Tricyclic Propionic Acids (See Table 
IV).  The synthesis of dl-2-(6,11-dihydro-ll-oxodibenzo[b,e]- 
thiepin-3-y1)propionic acid (53) is typical. The diazopropionyl 
compound 37 (13.5 g, 0.0438 mol) was added in portions (0.5 g) 
to a hot (170-180 "C) solution of benzyl alcohol (50 mL) and 
collidine (50 mL) over a 30-min period. The solution was cooled 
and evaporated in high vacuum to give a residue which was 
purified by column chromatography on silica gel (500 g) using 
hexane-ethyl acetate (7:l) as the eluent. The oily benzyl ester 
obtained upon evaporation of the solvent was heated at reflux 
temperature for 1 h in a solution of methanol (200 mL) and water 
(20 d) containing potassium hydroxide (5 g). The cooled solution 
was evaporated in vacuo, the residue was dissolved in water (100 
mL), and, after washing with chloroform (2 x 50 mL), the basic 
solution was made acidic with hydrochloric acid. The product 
was extracted into chloroform (3 X 50 mL); the extract was washed 
with water, dried, and evaporated in vacuo. The residue was 
crystallized from ether-hexane to give the carboxylic acid (8.5 
g, 65%), mp 114.5-115.5 "C, which was converted into a highly 
crystalline dicyclohexylammonium salt, mp 164-165 "C (benzene). 

1 l-Hydroxy-6,ll-dihydrodibenzo[ b,e]thiepin-3-acetic Acid 
(59). Sodium borohydride (0.05 g, 1.32 mmol) was added with 
ice cooling to a solution of the keto acid 52 (0.10 g, 0.35 mmol) 
in methanol (10 mL). After 2 h the reaction mixture was made 
acidic with acetic acid and diluted with water (100 mL). The 
product was extracted with ethyl acetate (2 x 30 mL); the extract 
was washed, dried, and evaporated. The residue was crystallized 
from acetone-benzene to give the hydroxy acid (0.090 g, 90%). 
mp 279-280 "C (see Table IV). 

6,11-Dihydrodibenzo[ b,e]thiepin-3-acetic Acid (61). A 
solution of methyl 6,11-dihydro-ll-oxodibenzo[b,e]thiepin-3- 
acetate (51) (0.5 g, 1.76 mmol) in toluene (75 mL) was stirred with 
amalgamated zinc (15 g), acetic acid (5 mL), and concentrated 
hydrochloric acid (50 mL) for 1 h at  room temperature. The 
organic phase was separated, washed with water, dried, and 
evaporated in vacuo. The residual oil was chromatographed on 
Florisil (10 g) using dichloromethane-hexane (1:20) as the eluent. 
Methyl 6,11-dihydrodibenzo[ b,e] thiepin-3-acetate (60) obtained 
in this way (0.25 g, 50%) had mp 89-90 "C after crystallization 
from methanol. 

A solution of the above ester (0.4 g, 1.34 mmol) in methanol 
(20 mL) and aqueous sodium hydroxide (1 mL, 10%) was boiled 
under reflux for 1 h. The cooled solution was diluted with water 
(100 mL) and made acidic with hydrochloric acid. The pre- 
cipitated solid was collected by filtration, washed with water, and 
recrystallized from methanol to give the acid (0.33 g, 87%). mp 

6,11-Dihydro-ll-oxodibenzo[ b,e]thiepin-3-acetic Acid 
S-Oxide ( 6 2 )  and 6,11-Dihydro-ll-oxodibenzo[ b,e]thie- 
pin-3-acetic Acid S,S-Dioxide (63). A solution of 52 (0.15 g) 
in dimethoxyethane (1 mL) was mixed with a solution of m- 
chloroperbenzoic acid (0.11 g, 85%) in dichloromethane and the 
resultant was left a t  room temperature overnight. The sulfoxide 

218-219 "C. 
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62 (0.148 g, 93%) was collected by filtration, washed with ether, 
and dried. After crystallization from ethanol it had mp 185 "C. 

Oxidation of the above sulfoxide in acetic acid solution gave 
the sulfone 63 (88%) which had mp 215-216 "C after crystal- 
lization from acetic acid. 

dI-2-(6,1l-Dihydro- 11-oxodibenzo[ b,e]thiepin-3-yl)butyric 
Acid (58). A suspension of sodium hydride (0.08 g, 3.33 mmol) 
in dry dimethylformamide (20 mL) containing methyl 6,ll-di- 
hydro-ll-oxodibenzo[b,e]thiepin-3-acetate (1.0 g, 3.35 mmol) was 
stirred until hydrogen evolution ceased. Diethyl sulfate (0.462 
g, 3.0 mmol) was added and the solution was stirred at  room 
temperature for 1 h. The reaction mixture was poured into water 
(100 mL) and extracted with ethyl acetate (2 X 25 mL). The 
extract was washed with water, dried, and evaporated in vacuo. 
The residual oil was subjected to column chromatography on silica 
gel (50 g) using hexane-ethyl acetate (9:l) as the eluent. 
Evaporation of the solvent gave the ester 57 (0.80 g, 73%) which 
had mp 71-73 "C after crystallization from ether. 

The above ester was hydrolyzed in the usual manner with 
aqueous methanolic sodium hydroxide. The crude carboxylic acid 
did not crystallize spontaneously and, therefore, an ethereal 
solution thereof was treated with 1 equiv of dicyclohexylamine. 
The crystalline dicyclohexylammonium salt (90% yield) was 
collected by filtration, washed with ether, and dried. It had mp 
152-153 "C (see Table IV). 

Resolution of dl-2-(6,11-Dihydro-ll-oxodibenzo[ b,e]- 
thiepin-3-y1)propionic Acid. Thionyl chloride (5 mL) and 
dimethylformamide (3 drops) were added in succession to a 
solution of the racemic acid (5 g, 0.016 mol) in benzene (50 mL). 
After 1.5 h a t  room temperature, the solution was evaporated; 
the residue was dissolved in benzene (50 mL) and concentrated 
in vacuo once again. The residual oily acid chloride was dissolved 
in acetonitrile (250 mL) and l-1-phenylethylamine (10 mL) and 
triethylamine (6.5 mL) were added. After 2 h at room temperature 
the solution was diluted with water (750 mL) and extracted with 
ethyl acetate (400 mL). The extract was washed with water, dried, 
and evaporated in vacuo. The residue was subjected to column 
chromatography on silica gel (400 g) using benzene-ethyl acetate 
( 1 O : l )  as the eluting solvent. The less polar I-2-(6,ll-dihydro- 
ll-oxodibenzo[ b,e]thiepin-3-yl)propionic acid l-l-phenylethyl- 
amide A (3.3 g) had mp 162-163 "C (ethyl acetate) and   cy]^ +16.4" 
(0.01 g/mL, CHC13), while the more polar dl-amide B (2.8 g) had 
mp 170-171 "C [ethyl acetate-hexane (1:2)] and [ n ] ~  -1.4" (0.01 
gimL, CHC13). 

A solution of amide A (3.0 g) in acetic acid (62 mL) and 
concentrated hydrochloric acid (9.3 mL) was heated at  87 "C for 
8 h. The cooled solution was diluted with water and extracted 
with ethyl acetate (250 mL). The extract was washed with water 
and then extracted with aqueous sodium carbonate solution (250 
mL, 0.5 M). The organic phase on evaporation gave the starting 
amide (1.06 g) which was subjected to the hydrolysis conditions 
described above (85 "C, 14 h). The aqueous sodium carbonate 
extracts were made acidic with hydrochloric acid and the product 
was taken up in ethyl acetate. The dried extract on evaporation 
gave an oil (2.2 g) which was dissolved in 2-propanol (10 mL). 
I-Amphetamine (0.95 g) was added and the solution was cooled 
to -10 "C to give the crystalline amphetamine salt. The salt was 
collected by filtration and then shaken with aqueous hydrochloric 
acid (100 mL, 2 M) and ethyl acetate (100 mL). The organic layer 
was separated, washed with water, dried, and evaporated. The 
crystallization of the l-amphetamine salt and regeneration of the 
acid was repeated a further three times to give d-2-(6,11-di- 
hydro-1 l-oxodibenzo[b,e]thiepin-3-yl)propionic acid (56) as a gum 
(1.65 8): [nID +37.2" (0.005 g/mL, CHCI3). 

The more polar amide B (2.64 g) was dissolved in acetic an- 
hydride (111 mL) and acetic acid (21 mL) and the solution was 
cooled to 0 "C. Sodium nitrite (9.25 g) was added in four portions 
over a 1-h period. After 5 h at 0 O C  and 17 h at room temperature, 
the mixture was stirred vigorously with water (250 mL) and ethyl 
acetate (100 mL) for 1.5 h. Additional water (500 mL) was added 
and the reaction mixture was extracted with ethyl acetate (400 
mL). The extract was washed with water, dried, and evaporated 
to give a residue which was heated at  reflux temperature in 
benzene (50 mL) for 1 h. The solution was cooled, washed with 
aqueous potassium carbonate solution (100 mL, 0.5 M),  dried, 
and evaporated. The residue was purified by column chroma- 
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tography on silica gel (100 g) using benzene as the eluent. 
Evaporation of the eluate gave 1-phenylethyl 1-2-(6,11-di- 
hydro-11-oxodibenzo[ b,e] thiepin-3-y1)propionate (0.75 g) as an 
oil with NMR 6 1.29-1.52 (m, 6 H), 3.68 (4, 1 H), 4.02 (s, 2 H), 
7.00-7.60 (m, 11 H), 8.16 (m, 1 H). A solution of the above ester 
(0.74 g) in benzene (10 mL) and trifluoroacetic acid (10 mL) was 
stirred at  room temperature for 2 h. The solution was diluted 
with water (200 mL) and the product was extracted into ethyl 
acetate (200 mL). The extract was washed with water, dried, and 
evaporated to give the 1 acid 55 (0.51 g) as a gum with [a]D -37.8" 
(0.005 g/mL, CHClJ. 

Synthesis  of the Diols VIIIa  by Reduction of the Esters  
VI1 wi th  Li thium Aluminum Hydride. The synthesis of 
1,3-bis(hydroxymethyl)-4-phenylthiobenzene (23) was typical. A 
solution of dimethyl 4-phenylthioisophthalate (20) (35 g, 0.116 
mol) in ether (200 mL) was slowly added to a solution of lithium 
aluminum hydride (7 g, 0.184 mol) in dry tetrahydrofuran (100 
mL). Acetone was added to destroy the excess hydride and then 
saturated aqueous sodium chloride solution was introduced until 
the grey mixture became white in color. The inorganic salts were 
removed by filtration and the filtrate was evaporated to give the 
sulfide 23 (25 g, 88%) with mp 68-69 "C after crystallization from 
benzene. 

Prepara t ion  of t h e  Dichlorides VIIIb. The general pro- 
cedure exemplified by the synthesis of 1,3-bis(chloromethyl)- 
4-phenylthiobenzene (26) is described. Thionyl chloride (10 mL) 
was added to a solution of 23 (25 g) in benzene (100 mL) and the 
resultant was heated at  reflux temperature for 30 min. The cooled 
solution was evaporated in vacuo and the residual oil was distilled 
to give the product (26 g, 92%), bp 168 "C (0.1 mm). The other 
dichlorides (see Table 11) were purified by crystallization or by 
column chromatography on alumina. 

Synthesis of the Substituted Benzenediacetic Acids IXa. 
The preparation of 4-phenylthiobenzene-1,3-diacetic acid (29) is 
illustrative of the general procedure. The sulfide 26 (26 g, 0.092 
mol) was slowly added to a stirred mixture of potassium cyanide 
(15 g, 0.23 mol) and dimethyl sulfoxide (200 mL). The mixture 
was then stirred a t  room temperature for 18 h and then poured 
into water (1 L). The product was extracted into ethyl acetate 
(3 X 100 mL); the extract was washed with water, dried, and 
evaporated in vacuo. The residual oil was subjected to column 
chromatography on alumina (300 g) using hexane-ethyl acetate 
(3:l) as the eluting solvent. The major fraction was 4-phenyl- 
thiobenzene-1,3-diacetonitrile. The crude dinitrile, phosphoric 
acid (200 mL, 85%), and acetic acid (200 mL) were heated at reflux 
temperature for 8 h. The cooled mixture was poured into water 
(2 L) and the product was extracted with ethyl acetate (3 X 250 
mL). The extract was washed with water and then shaken with 
sodium bicarbonate solution. The basic extract was diluted with 
water (500 mL), heated to 70 "C, and slowly made acidic with 
hydrochloric acid. The solution was left to cool and the crystalline 
dicarboxylic acid (16.5 g, 60%) was collected by filtration, washed 
with water, and dried. After crystallization from methanol-water 
it had mp 176-180 "C. 

Cyclization of the Subst i tuted Benzenediacetic Acids. 
The cyclization of the diacid 29 via the corresponding diacid 
chloride illustrates the general procedure. The dicarboxylic acid 
29 (5 g, 0.016 mol), oxalyl chloride (4.0 mL), and dichloromethane 
(20 mL) were stirred at  room temperature for 48 h. The mixture 
was evaporated, and the crude diacid chloride, dissolved in di- 
chloromethane (10 mL), was added to a solution of aluminum 
chloride (6.6 g, 0.05 mol) in dichloromethane (50 mL) containing 
nitromethane (7 mL). The mixture became dark green in color. 
After 15 min saturated aqueous sodium chloride solution (8 mL) 
was added to the vigorously stirred mixture and the resultant was 
then filtered through a pad of magnesium sulfate. Evaporation 
of the colorless filtrate gave an oil which was mainly the acid 
chloride. This material was heated a t  reflux temperature in a 
solution of dimethoxyethane (50 mL) containing water (2 mL) 
for 15 min. The cooled solution was diluted with water (200 mL) 
and cooled at  0 OC. The solid, 10,ll-dihydro-10-oxodibenzo- 
[b,flthiepin-2-acetic acid (73) (2.5 g, 53%), was collected by 
filtration, washed with water, and dried. After crystallization from 
chlorobenzene it had mp 177-179 "C. 

If the crude acid chloride was heated with methanol instead 
of aqueous dimethoxyethane, the methyl ester 74 (45%), mp 82 
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"C (benzene-hexane), was obtained. See Table IV for the physical 
constants, etc., of these and related compounds. 

Synthesis of the Tricyclic Unsaturated Acetic Acids XII. 
The following procedure, utilized for the synthesis of dibenzo- 
[b,flthiepin-2-acetic acid (75), was typical. Sodium borohydride 
(0.10 g, 2.6 mmol) was added to a solution of the keto ester 72 
(0.95 g, 3.2 mmol) in dimethoxyethane (10 mL) and the resultant 
was stirred at  room temperature for 4 h. The solution was poured 
into water (100 mL) and extracted with ether (2 X 30 mL). The 
extract was washed with water, dried, and evaporated in vacuo. 
The residual oil was boiled under reflux in a solution of di- 
methoxyethane (50 mL) containing 1 drop of perchloric acid (70%) 
for 4 h. The cooled solution was poured into water (400 mL) and 
the product was extracted into ether (2 X 50 mL). The extract 
was washed with water, dried, and evaporated to give an oil which 
was chromatographed on silica gel (10 g) using hexane-ethyl 
acetate (7:l) as the eluting solvent. The methyl dibenzo[b,fl- 
thiepin-2-acetate (74) (0.60 g, 67%) thus obtained had mp 1OC-101 
"C after crystallization from benzene-hexane. Hydrolysis of this 
ester under the alkaline conditions described previously gave the 
carboxylic acid 15 (91%), mp 144 "C (ether). 

l0,ll-Dihydrodibenzo[ b,f]thiepin-2-acetic Acid (76). 
Compounds 76 and 92 were synthesized according to the method 
described below for 76. A mixture of the keto acid 73 (0.5 g, 1.73 
mmol), amalgamated zinc (5 g), toluene (20 mL), acetic acid ( 2  
mL), and concentrated hydrochloric acid (10 mL) was stirred 
under reflux for 2 h. The cooled mixture was poured into water 
(50 mL); the organic phase was separated, washed with water, 
dried, and evaporated in vacuo. The residue on crystallization 
from ether gave the product 76 (0.375 g, SO%), mp 104 "C. 

l0,ll-Dihydrodibenz[ b,floxepin-2-acetic Acid (87). A 
solution of the unsaturated acid 86 (1.0 g, 3.97 mmol) in di- 
methoxyethane (50 mL) containing palladium on charcoal (0.10 
g, 10%) was stirred in a hydrogen atmosphere at  room tem- 
perature and atmospheric pressure for 24 h. The mixture was 
filtered, the filtrate was evaporated, and the residue on crys- 
tallization from benzene-hexane gave the product (0.85 g, 85%), 
mp 127-128 "C. 

l0,ll-Dihydrodibenzo[ b,flthiepin-2-acetic Acid 5-Oxide 
(79). m-Chloroperbenzoic acid (0.350 g, 85%, 1.75 mmol) was 
added to a solution of the crude methyl ester (0.54 g, 1.8 mmol), 
derived from 76 and diazomethane, in dichloromethane (20 mL). 
After 5 min the mixture was washed with aqueous sodium 
carbonate solution; the organic phase was dried and filtered 
through a short column of silica gel (10 g) using methylene chloride 
as the eluting solvent. Crystallization of this residue, after 
evaporation of the solvent from benzene-hexane, gave the methyl 
ester 78 (0.51 g, 89%), mp 115 "C. This ester (0.51 g) was heated 
at  reflux temperature for 3 h in methanol (20 mL) containing 
potassium carbonate (0.030 g, 2.2 mmol). The cooled solution 
was diluted with water (100 mL), made acidic with dilute hy- 
drochloric acid, and extracted with ethyl acetate (3 X 25 mL). 
The extract was washed with water, dried, and evaporated in 
vacuo. Crystallization of the residue from dichloromethane- 
hexane gave the acetic acid 79 (0.38 g, 78%), mp 169-170 "C. 

10,11-Dihydrodibenzo[b,f]thiepin-2-acetic Acid S,S- 
Dioxide (82). Methyl lO,ll-dihydrodibenzo[ b,flthiepin-2-acetate 
S,S-dioxide (81), mp 103-105 "C (chloroform-hexane), was 
prepared (73% yield) in a manner similar to that described for 
the sulfoxide 78 except that 2 equiv of the peracid was used. 
Hydrolysis of the ester was effected by heating a solution thereof 
(0.40 g, 1.27 mmol), in formic acid (10 mL, 97%) containing 
p-toluenesulfonic acid (0.05 g, 0.3 mmol), a t  reflux temperature 
for 4 h. The cooled solution was diluted with water (100 mL) and 
extracted with ethyl acetate (3 X 50 mL). The extract was washed 
with water, dried, and evaporated in vacuo. Crystallization of 
the residue from benzene gave the sulfone 82 (0.34 g, 89%), mp 

Dibenzo[ b,f]thiepin-2-acetic Acid S,S-Dioxide (80). 
Methyl 10,11-dihydro-10-oxodibenzo[b,flthiepin-2-acetate (72) 
(0.74 g, 2.48 mmol) was reduced with sodium borohydride as 
described previously. The crude alcohol was dissolved in di- 
chloromethane (20 mL) and m-chloroperbenzoic acid (1.02 g, 85%, 
5.0 mmol) was added. Saturated aqueous sodium sulfite solution 
(1 mL) and saturated aqueous potassium carbonate (1 mL) were 
added to the stirred mixture. After 5 min the organic phase was 

161-162 "C. 
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dried and evaporated in vacuo. The crude hydroxy sulfone was 
dissolved in formic acid (7 mL, 97%) containing p-toluenesulfonic 
acid (0.10 g, 0.58 mmol) and heated at  reflux temperature for 3 
h. The cooled solution was poured into water (50 mL) and 
extracted with ethyl acetate (3 X 50 mL); the extract was dried, 
decolorized with charcoal, and evaporated in vacuo. Crystallization 
of the residue from ethyl acetate-hexane gave the sulfone acetic 
acid 80 (0.64 g, 86.5%), mp 162-163 “C. 

dI-2-( 10,l 1-Dihydrodibenzo[ b,f]thiepin-2-yl)propionic 
Acid (77). A solution of methyl 10,ll-dihydrodibenzo[b,fl- 
thiepin-2-acetate (2.2 g, 7.75 mmol) in tert-butyl alcohol (15 mL) 
containing potassium tert-butoxide (0.87 g, 7.77 mmol) and diethyl 
carbonate (1.0 g, 8.5 mmol) was boiled under reflux for 12 h. 
Methyl iodide (1 mL) was added to the mixture and after a further 
4 h a t  reflux temperature the cooled mixture was poured onto 
ice and concentrated hydrochloric acid (2 mL). The product was 
extracted into benzene (2 X 25 mL); the extract was washed with 
water, dried, and evaporated in vacuo. The residual oil was 
subjected to column chromatography on silica gel (25 g) using 
hexane-ethyl acetate (7:l) as the eluent. The oil (1.3 g) obtained 
on evaporation of the eluate was dissolved in methanol (25 mL) 
containing aqueous potassium hydroxide (2 mL, 50%) and heated 
at  reflux temperature for 30 min. The cooled mixture was diluted 
with 1 N hydrochloric acid (100 mL) and extracted with benzene 
(2 X 25 mL). The extract was washed with water, dried, and 
evaporated in vacuo. The residual oil was dissolved in benzene 
(5 mL) containing dicyclohexylamine (1.0 g) whereupon the 
dicyclohexylammonium salt of 77 (1.2 g, 33%) crystallized. It 
was collected by filtration, washed with ether, and dried to give 
a solid, mp 142-143 “C. 
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2-Pyrrolidinylideneureas, a New Class of Central Nervous System Agentst 
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A series of N-aryl-”-( 1-methyl-2-pyrrolidiny1idene)ureas was prepared and screened for pharmacological activity. 
Congeners possessing either phenyl or phenyl substituted with 4-nitro, 3-bromo, 3-chloro, 3-flUOr0, and 3-methyl 
groups were found to  demonstrate anxiolytic activity. 2,6-Disubstitution of the phenyl ring with methyl, chloro, 
and bromo imparted potent muscle-relaxant properties which appear to be centrally mediated. A significant separation 
of the anxiolytic and muscle-relaxant properties from other CNS activities, e.g., anticonvulsant, sedative, and hypnotic, 
was achieved. 

Semicyclic amidines (lactamimides) 1 show a variety of 
pharmacologic activities, among which are hypoglyce- 
mic,laSb antithrombotic,’” antianginal,lC and antiarrhyth- 
mic. ICsd 
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‘This paper is dedicated to the memory of our dear friend and 
consultant, the late Dr. Edward E. Smissman. Ed’s long and 
fruitful association with these laboratories remains a cherished 
experience for us all. 

1 

It became of interest to explore chemical modifications 
designed to lower the basicity of these substances and to 
submit the resulting compounds for broad pharmacological 
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