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A series of 5-alkoxy-3-biphenylylacetic acids and related compounds was prepared as potential antiinflammatory 
agents. Among them, 4’-chloro-5-methoxy-3-biphenylylacetic acid (6p) (DKA-9) showed excellent antiinflammatory 
and analgesic activities in biological tests. Structure-activity relationships are discussed. 

Recently many aryl- and heteroarylacetic acids having 
potent antiinflammatory activities have appeared in the 
literature.’ Our own efforts in this area have led to the 
synthesis of the title compounds which exhibit antiin- 
flammatory activity. We first prepared 5-methoxy-3-bi- 
phenylylacetic acid ( 6 0  and observed that it suppressed 
considerably carrageenan-induced edema in the rat paw. 
On the basis of this observation, we have prepared a series 
of the title compounds and examined them for antiin- 
flammatory and analgesic activities. Among them, 4’- 
chloro-5-methoxy-3-biphenylylacetic acid (6p) showed 
excellent activities and was selected as a candidate for 
clinical trials. In this paper, we describe the synthesis of 
the title compounds and discuss the structure-activity 
relationships on the basis of the screening data. 

Results and Discussion 
Chemistry. The synthetic route of compounds of type 

6 is outlined in Scheme I. For example, 4’-chloro-5- 
methoxy-3-biphenylylacetic acid (6p) was prepared as 
follows. Condensation of 4-chlorobenzaldehyde with 
acetone in the presence of 1% sodium hydroxide gave a 
91 % yield of 4-chlorobenzalacetone (lh). Condensation 
of l h  with diethyl malonate in methanol containing an 
equimolar amount of sodium methoxide, followed by 
hydrolysis and decarboxylation, gave 5-(4-chlorophe- 
nyl)cyclohexane-1,3-dione (2i) in 95% yield. Chlorination 
of 2i with phosphorus oxychloride in toluene in the 
presence of sodium carbonate gave 3-chloro-5-(4-chloro- 
phenyl)-2-cyclohexen-l-one (3i) in 84% yield. Treatment 
of 3i with sodium methylacetoacetate in toluene resulted 
in condensaton and thermal decarboxylation2 to give 
methyl 3-oxo-5-(4-chlorophenyl)-l-cyclohexen-l-ylacetate 
(4i) in 79% yield. Aromatization and simultaneous 0- 
methylation2 of 4i with Br2 in benzene containing methanol 
gave methyl 4’-chloro-5-methoxy-3-biphenylylacetate (5i) 
in 62% yield. Hydrolysis of 5i with aqueous methanolic 
sodium hydroxide gave 6p in 89% yield. These experi- 
mental procedures were shown to be widely applicable for 
other compounds of type 6. 

Modifications were made on the acidic group of 6p as 
outlined in Scheme 11. 

Pharmacology. The compounds 6a-m, 60-w, and 20 
shown in Table 111 and 7,8a,b, 9,12-17,19, and 5i in Table 
IV were tested for antiinflammatory and analgesic ac- 
tivities and acute toxicities by the methods described in 
the Experimental Section (see Pharmacological Testing). 

As to  the antiinflammatory activity, 3-methoxy- 
phenylacetic acid (201, which is considered to be a parent 
skeletal compound, showed no significant activity. 
Substitution at  position 5 of 20 with methyl, isopropyl, 

Scheme I. Synthetic Route of 
5-Alkoxy-3-biphenylylacetic Acids and 
Related CompoundP 

1“ MeCH=CHCOZEt t MeCOCH2COzEt 

O R ’  
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0 
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6 5 4 
Reagents for method A, 1% NaOH, Me,CO, H,O; B, 

CH,(COOEt),, Na, MeOH; C, Na2C0,, POCl,, toluene or 
PCl,, CHCl,; D, Na, MeCOCH,COOMe, toluene; E, Br2, 
R’OH, C,H,; F, NaOH, H,O, MeOH. b Only 
5-methylcyclohexane-1,3-dione (Za) was prepared by this 
method . 
cyclohexyl, p-tolyl, and 4-methoxyphenyl groups resulted 
in no improvement of the activity (cf. 6a,d,e,l,m). On the 
other hand, introduction of phenyl and halogenated phenyl 
groups into position 5 of 20 markedly increased the activity 
(6. 6f,o,p,v,w), and 4’-chlor~5-methoxy-3-biphenylylacetic 
acid (6p) (DKA-9) showed the highest activity with an 
EDa of 11 mg/kg and a comparatively low toxicity among 
the compounds tested. On the basis of these observations 
we suggest that position 5 of 20 requires a lipophilic group 
and that 4-chlorophenyl is the best. Concerning the 5- 
methoxy group and the 3-acetic acid group of 6p, changing 
the former to hydroxy, ethoxy, n-propoxy, n-butoxy, 
isobutoxy, and n-pentyloxy groups (cf. 7,6q-u) and the 
latter into methyl ester, ethyl ester, ethanol, carboxylic 
acid, propionic acid, carboxamide, and hydroxamic acid 
groups (cf. 5i, 15,9, 19, 12, 13, 14) caused a decrease or 
destruction in activity. 

As to the analgesic activity, most of the compounds 
tested were found to be weak (6m,o; EDSO = 165 and 195 
mg/kg, reapectively) or inactive (EDa > 200 mg/kg) except 
for 6p (EDm = 38 mg/kg) and ibuprofen [EDs0 (95% 
confidence limits) = 69 (35-135) mg/kg]. 
Experimental Section 

All melting pointa were determined in an open capillary tube 
on a Buchi melting point apparatus and are uncorrected. All 
boiling pointa are uncorrected. Anal- of the elements indicated 
were within h0.470 of the calculated values. IR spectra were 
obtained with a Hitachi 215 spectrometer. NMR spectra were 
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Scheme 11. Preparation of Derivatives of 4'-Chloro-5-methoxy-3-biphenylylacetic 
OMe OMe OH OH 

Yoshimoto et al. 
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Reagents for method A, 48% HBr, AcOH; B, H,SO,, C,H,, MeOH (or EtOH); C, Ac,O, pyridine; D, MeSO,Cl, pyridine; 
E, SOCl,, C,H,, 28% NH,; F, H,SO,, EtOH, C,H,; G, Na, NH,OH.HCl, MeOH; H, LiAIH,, ether; I, PBr,, CC1,; J ,  NaCN, 
EtOH, H,O; K, H,SO,, AcOH, H,O; L, KMnO,, H,O, pyridine. R = 4-chlorophenyl. 

determined on a Nichiden-Varian Model NEVA A-60D spec- 
trometer. The IR and NMR spectra of all new compounds were 
consistent with their structures. 

4-Substituted 3-Buten-2-ones (la-j). 5-Methyl-3-hexen-2-one 
(la) and 4-cyclohexyl-3-buten-2-one (lb) were prepared by the 
known m e t h ~ d . ~ ' ~  Compounds lc-j were prepared from the 
corresponding aldehyde by a similar method to that described 
for 4-chlorobenzalacetone ( lh)  below. 

4-Chlorobenzalacetone (1 h). A mixture of 4-chlorobenz- 
aldehyde (281 g, 2 mol), acetone (319.4 g), and HzO (405 mL) was 
heated with stirring at  65 "C. To the mixture 1% NaOH (500 
mL) was added dropwise a t  such a rate that the temperature was 
maintained at  65 "C. After the addition, the mixture was heated 
at  this temperature for 2.5 h, then cooled, and neutralized with 
10% HC1. A yellow oil which separated was extracted with 
benzene. The extracts was washed with saturated NaC1, dried 
over MgS04, and concentrated. The residual oil (361 g) was 
distilled to give l h  as a pale yellow oil (324 g, 90%): bp 145-147 
"C (5 mm), which on standing solidified as pale yellow crystals, 
mp 55-57 "C (lit." mp 59-59.5). Yields and boiling points (or 
melting oints) of other compounds of type 1 were as follows: IC, 

152-154 "C (16 mm) (92%); le,  R = 4-MeOPh,' bJ: 175-176 "C 
(13 mm) (91%); lf ,  R = 3,4-methylenedioxyphenyl, mp 109-110 
"C (88%); lg,  R = 2-C1Ph,'bp 150-152 "C (10 mm) (87%); li, 
R = 2,4-ClzPh, bp 155-157 "C (5 mm), mp 82-83 "C (77%); l j ,  
R = 4-FPh, bp 101-104 "C (5 mm) (83%). 

5-Substituted Cyclohexane-1,3-diones (2a-k). 5-Methyl- 
cyclohexane-1,3-dione (2a) was prepared by the known method." 
Compounds 2b-k were prepared from la-j by a similar method 
to that described below for 2i. 

5- (4-Chlorophen yl) cyclohexane- 1,3-dione (2i). Sodium 
metal (4.6 g, 0.2 g-atom) was dissolved in absolute MeOH (75 mL). 
To this solution was added dropwise diethyl malonate (33.3 g, 
0.208 mol) at  15-25 "C and then lh at 60 "C. The reaction mixture 
was refluxed with stirring for 4 h, diluted with HzO (100 mL), 

R = Ph, ? bp 122-124 "C (8 mm) (88%); Id, R = 4-MePh: bp 

concentrated to half volume, and made alkaline with aqueous 
NaOH (17.6 g of NaOH in 70 mL of HzO). The alkaline solution 
was warmed at  80 "C for 40 min and, after cooling, washed with 
benzene. To this solution concentrated HCl(70 mL) was added 
under reflux when a violent COP evolution was observed. A 
precipitated pale yellow powder was washed with acetone to give 
2i (42.2 g, 95%): mp 193-194 "C (lit." mp 197-199 "C). Yields 
and melting points of other compounds of type 2 were as follows: 
2b, R = i-Pr,13 mp 62-64 "C (66%); 212, R = cy~lohexyl,'~ mp 
154-156 "C (67%); 2d, R = Ph,15 mp 187-189 "C (93%); 2e, R 
= 4-MePh, mp 165-167 "C (67%); 2f, R = 4-MeOPh,16 mp 
177-178.5 "C (67%); 2g, R = 3,4-methylenedioxyphenyl, mp 
174-176 "C (88%); 2h, R = 2-C1Ph, mp 153-154 "C (97%); 2j, 
R = 2,4-ClzPh, mp 179-181 "C (68%); 2k, R = 4-FPh, mp 181-185 
"C (88%). 

3-Chloro-5-substituted 2-Cyclohexen-1-ones (3a-k). 3- 
Chloro-5-methyl-2-cyclohexen-l-one (3a), 3-chloro-5-isopropyl- 
2-cyclohexen-1-one (3b), and 3-chloro-5-cyclohexyl-2-cyclo- 
hexen-1-one (3c) were prepared by the known method.17 
Compounds 3d-k were prepared from 2d-k by a similar method 
to that described for 3i below. 
3-Chloro-5-(4-chlorophenyl)-2-cyclohexen-l-one (39. To 

a stirred suspension of 2i (66.6 g, 0.33 mol) and Na2CO3 (10.6 g, 
0.33 mol) in toluene at  90-100 "C was added dropwise POC13 (15.3 
g, 0.1 mol) and stirring was continued for a period of 4.5 h, during 
which time Na2CO3 (10.6 g) and POC13 (15.3 g) (after 1.5 h) and 
further POC13 (3.9 g) (after 2.5 h) were added. Stirring was 
continued for an additional 2 h. To the cooled reaction mixture 
HzO (300 mL) was added. The organic layer was separated, 
washed with 2% NaOH and then HzO, dried over MgS04, and 
concentrated. The reddish brown oil was distilled to give 3i (60.6 
g, 84%), bp 166 "C (2 mm), as a colorless oil. Anal. (Cl2HI00C12) 
C, H, C1. Yields and boiling points of other compounds of type 
3 were as follows: 3d, R = Ph," bp 152-154 "C (6 mm) (87%); 
3e, R = 4-MePh, bp 167-168 "C (6 mm) (68%); 3f, R = 4- 
MeOPh,Ig bp 185-188 "C (5 mm) (83%); 313, R = 3,d-methy- 



5-Alkoxy-3-biphenylylacetic Acids 

Table I. Methyl 3-Oxo-5-substituted 1-Cyclohexen-1-ylacetates 
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R u- C H2 C 0 0 Me 

Compd MP or ,bP Yield, 2,4-DNP,' 
no. R (mm),  C % mP, 'C Analysesb 
4a Me 165-170 ( 4 )  53  109-112 C, H, N 
4b i-Pr 141-144 (5 )  9 1  100-102 C, H, N 
4c Cyclohexyl 172-178 ( 6 )  82 11 3-114 C, H, N 
4d Ph 197-205 (3 )  83  158-160 C, H, N 
4e 4-MePh 62-63 87 6 ,  H 
4f 4-MeOPh 73-74 80 C, H 

3,4-Methylenedioxyphenyl 220-230 ( 5 )  79 152-153 C, H, N 
4h 2-ClPh 200-208 (5 )  8 3  148-150 C, H, N, Cl 
4g 

4i 4-ClPh 76-78.5 79 C, H, C1 
4j 2,4-C1 ,Ph 77-77.5 70 C, H, C1 
4k 4-FPh 178-182 (3 )  76 152-1 53  C, H, N, F 

a 2,4-DNP = 2,4-dinitrophenylhydrazone. Analyses of the elements were determined on the corresponding 2,4-DNP 
when the product was an oil. 

Table 11. Methyl 5-Methoxy-3-biphenylylacetates and Related Plienylacetates 

OC H3 
I 

Compd 
no. R 

M p  or bp Yield, 
(mm),  "C  % Formula Analyses 

5a Me 
5b i-Pr 
5c Cyclohexyl 
5d Ph 
5e 4-MePh 
5f 4-MeOPh 
5g 3,4-Methylenedioxyphenyl 
5h 2-C1Ph 
5i 4-C1Ph 
51 2,4-C12Ph 
5k 4-FPh 

a Recrystallized from methanol. 

126-127 ( 9 )  53  CiiHi403 

120-124 ( 3 )  52 Ci ,Hi D3 

195-200 ( 5 )  76 C ?  ,HI ,o, 
34.5-35 *5a 75 C! ,Hi803 

164-168 ( 5 )  73  C l e H 2 2 0 3  

220-221 ( 5 )  79 C, ,H, .O, 
214-217 ( 3 )  48 C; .H;,O, 
195-202 ( 7 )  74 C.,II  .0,c1 , ,  ."  
54.5-56" 62 C,,H, ,O;Cl 
201-204(3)  80 Ci 5H i ,03C1, 
178-180 (5 )  75 C 1 6 H ! 5 0 3 F  

c, H 
c, H c, H 
c, H 
c ,  H 
c, H 
c, H 
C, H, C1 
C, H, C1 
C, H, C1 
C. H. F 

lenedioxyphenyl, bp 200-201 "C (5 mm) (17%); 3h, R = 2-CPh, 
bp 171-176 "C (8 mm) (65%); 3j, R = 2,4-ClzPh, bp 205-207 "C 
(10 mm) (78%); 3k, R = 4-FPh, bp 101-103 "C (4 mm) (65%). 

Methyl 3-Oxo-5-substituted 1-Cyclohexen-1-ylacetates 
(4a-k). Compounds 4a-k were prepared from 3a-k by a method 
similar to that described for methyl 3-oxo-5-(4-chlorophenyl)- 
1-cyclohexen-1-ylacetate (4i) below. 

To a stirred suspension of sodium metal (10.2 g, 0.44 g-atom) 
in absolute toluene (200 mL) was added dropwise methyl 
acetoacetate (102 g, 0.87 mol) a t  such a rate that the solvent was 
maintained at gentle reflux. To this, 3i (52.5 g, 0.44 mol) was 
rapidly added, and the mixture was heated a t  90 "C for 3 h and 
cooled. To the reaction mixture was added AcOH (20 g) and HzO 
(100 mL). The organic layer was separated, washed with HzO, 
saturated NaHC03, and then HzO, dried over MgS04, and 
concentrated. The residual reddish brown oil crystallized when 
its MeOH solution was kept in the freezer a t  -20 "C. The crystals 
were collected, washed with a small amount of MeOH, and dried 
to afford white crystalline 4i (34.5 g), mp 74.5-77 "C. The mother 
liquor and the MeOH washing were combined and concentrated. 
Distillation of the residual oil gave a pale yellow oil (18 g), bp 200 
"C (2 mm), whose MeOH solution on standing a t  -20 "C gave an 
additional crop of 4i (13 8): mp 70-73 "C; total yield 47.5 g (79%). 
Recrystallization of 4i from MeOH afforded an analytical sample, 
mp 76-78.5 "C. Anal. (C1&1603C1) C, H, C1. Yields and boiling 
points (or melting points) of compounds of type 4 are listed in 
Table I. 

Methyl  5-Methoxy-3-biphenylylacetates and  Related 
Phenylacetates (5a-k). Compounds 5a-k were prepared from 
4a-k by a similar method to that described below for methyl 

4'-chloro-5-methoxy-3-5iphenylylacetate (5i). 
To a stirred mixture of 4i (100 g, 0.36 mol), MeOH (50 mL), 

and benzene (500 mL) WBS added dropwise Br, (63 g, 0.397 mol) 
at such a rate thet the :wiperature was maintained a t  0-5 O C .  

The reaction 1nixtu.:- w s  stirred for an additional 1 h a t  room 
temperature and then washed with HzO, 2% NaOH, and then 
H20, dried over MgLO,, and concentrated. The resulting reddish 
brown oil was 4istilked to give a pale yellow oil (80.3 g), bp 210-211 
"C ( 2  nun), which solidified on standing a t  -20 "C. Recrystal- 
lization from MeOH gave 5i (64.8 g, 62%), mp 54.5-56 "C as white 
crystals. Anal. (C1&II5O3C1) C, H, C1. Yields and boiling points 
(or melting points) of compounds of type 5 are listed in Table 
11. 

When the above aromatization of 4a,d,i was carried out in the 
presence of primary and secondary alcohols other than MeOH, 
the corresponding 3- (or 5-) alkoxy derivatives were obtained. 
However, an ester exchange reaction occurred in these c~sea giving 
a mixture of methyl ester and the ester corresponding to the 
alcohol used. Therefore, the product was hydrolyzed to the 
corresponding acetic acids (6b,c,g-i,k,q-u) without further 
purification. 
5-Alkoxy-3-biphenylylacetic Acids and  Related Phenyl- 

acetic Acids (6a-w). Compounds 6a-w were prepared by a 
method similar to that described below for 4'-chloro-5-meth- 
oxy-3-biphenylylacetic acid (6p). 

A mixture of 5i (11.6 g, 0.04 mol), MeOH (17.5 mL), and 
aqueous NaOH (1.75 g of NaOH in 17.5 mL of H20) was heated 
a t  reflux for 1 h and concentrated. The residue was taken up in 
WzO (50 mL), and the aqueous solution was washed with EgO 
end acidified with 18% HCl giving crude 6p (10.8 g), mp 148-152 
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Table 111. Chemical and Pharmacological Data of 5-Alkoxy-3-biphenylylacetic Acids and Related Phenylacetic Acids 

Yoshimoto et  al. 

0 R' 
I 

Inhibn of 
carrageenan- 

MP, "C induced Acute toxicity, 
Compd (recrystn Yield, edema, ED,,, LD,,! mglkg 

no. R R' solvent )" % Formulab mg/kgpol IP' 
6a Me Me 87-88 (A) 55  C,,H,,O, > l o 0  673  (477-949) 
6b Me n-Bu 60-61 (A) 27c C, ,H, ,03  >lo0 673 (477-949) 
6c Me i-Bu 98-99 (A)  4OC C, ,Hl ,03  > l o 0  1001 (755-1325) 
6d i-Pr Me 48-49 (A) 38 C..H,.O. > 100 1601 (1421-212 1) 
6e 
6f 

ts 
6i 

6 k  
61 
6m 
6n 
60 

6j 

Cyclohexyl 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
4-MePh 
4-MeOPh 
3,4-Methylenedioxyphenyl 
2-CIPh 

Me 
Me 
Et 
n-Pr 
n.Bu 
i-Bu 
n-Pentyl 
Me 
Me 
Me 
Me 

64-65 (B) 
143-144 ( F )  
119-121 (C) 
86-87.5 (C-D) 
74-75 (D) 
89-90 (C-D) 
68-69 (D)  
141-142 (C) 
146-147 (C) 
119-120 (C) 
55-57 IC-AI 

40 
70 
42d 
51d 
4 5d 
30d 
2 2 d  
67 
58 
21 
7e 

.. . O  2 

c l  5H1003 

'1 5H 

'1 b H l  6'3 

I 8O3 

c l  S H l O 0 3  

c l  a H 1 U 0 3  

CI 9H 2 10 3 

c l  b H I b 0 3  

'1 bH!b04 

I bH 14'5 

C..H,,O,CI 

> 100 
60 (29-121) 
> 100 
> 100 
> 100 
> 100 
> l o o  
> 100 
> 100 

39 (16-94) 
NT 

564 (448-711 
566 
400 (268-597 
475 (336-674 
> 1600 
566 
1131 
566 
636 (557-727 

252 (193-329 
N T ~  

6p 4-CIPh Me 151-163 (E)  89  C;;H;;O;Cl 11 (4-30) ' 570 (520-624 
6q 4-CIPh Et 121-122 (C-A) 461 CIbH,,O,Cl 51 (23-112) 284 
6r 4-CIPh n-Pr 102-103 ( F )  3 l f  C,,H,,O,CI 97 (58-161) 400 (268-597) 
6s 4-CIPh n-Bu 120-122 (E) 31f C,,H170,CI > l o 0  237 (168-336) 
6t 4-CIPh i-Bu 87-88 (A)  44f C,,H,,O,CI >io0 139 (86-227) 
6~ 4-CIPh n-Pentyl 68-69 (D) 29f Cl,H2,0,CI >lo0 475 (336-674) 
6~ 2,4-C1,Ph Me 98.5-100 (D) 47 C,,H,,O,CI, 70 (30-168) 336 (238-474) 
6~ 4-FPh Me 125-125.5 (C) 55  C, ,H, ,O,F 50 (29-85) 565 
208 H Me > 100 504 (310-820) 
Ibuprofen 25 (12-50) 336 (238-476) 

A = n-hexane, B = petroleum ether, C = benzene, D = ligroine, E = aqueous methanol, F = aqueous ethanol. * All com- 
pounds were analyzed for C, H, and halogen atom. Overall yield from 4d. e Recrystallization 
of 60 is very difficult. f Overall yield from 4i. g This compound wan obtained by hydrolysis of methyl 3-methoxyphenyl- 
acetate prepared as described in ref 2. 

Overall yield from 4a. 

Not tested. 95% confidence limits in parentheses. 

Table IV. Pharmacological Data of Derivatives of 4'-Chloro-5-methoxy-3-biphenylylacetic Acid 

Inhibn of 
carrageenan- 

induced edema. Acute toxicity, 

7 H CH,COOH > l o o  141 
8a H CH,COOMe > 100 > 1600 
8b H CH,COOEt > l o o  > 1600 
9 Me CH,CH,OH 47 (25-89) 673 (476-951) 
1 2  Me CH,CH,COOH > l o o  284 
1 3  Me CH,CONH, > 100 >1600 
14  Me CH,CONHOH > l o o  >1600 
5i Me CH,COOMe 35 (1 6-7 3)  1600 

16 Ac CH ,COOMe > l o o  > 1600 
17 MeSO, CH ,COOMe > l o o  1131 
19 Me COOH > l o o  1131 
Ibuprofen 25 (12-50) 336 (238-476) 

15 Me CH,COOEt 29 (13-64) 1130 (694-1841) 

95% confidence limits in parentheses. 

"C, which on recrystallization from aqueous MeOH gave an 
analytical sample of 6p (9.8 g, 89%), mp 151-163 OC. Anal. 
(C15H1303C1) C, H, C1. Yields and melting points (or boiling 
points) of compounds of type 6 are listed in Table 111. 
2-(4~-Chloro-5-methoxy-3-biphenylyl)ethanol (9). To a 

stirred suspension of LiAlH4 (3.25 g) in absolute ether (300 mL) 

was added dropwise a solution of 51 (29 g, 0.099 mol) in absolute 
ether a t  such a rate that the solvent wan maintained a t  gentle 
reflux and the mixture was stirred for an additional 2 h a t  the 
same temperature. The cooled mixture was treated with H20 (150 
mL) and then with 10% H2S04 (60 mL). The ether layer was 
separated, washed with H20, dried over MgS04, and concentrated 
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to dryness. The residual solid was recrystallized from lig- 
roine-benzene to give 9 (23.2 g, 89%) as white crystals, mp 79-81 

2-(4'-Chloro-5-methoxy-3-biphenylyl)ethyl Bromide (10). 
To a stirred suspension of 9 (13.2 g, 0.05 mol) in CC14 (60 mL) 
was added a solution of PBr3 (6 g, 0.022 mol) in CC& with cooling. 
The mixture was stirred for 2 h at room temperature and then 
refluxed for 30 min. The cooled reaction mixture was poured onto 
ice-water and extracted with ether. The ether layer was washed 
with H20, dried over MgS04, and concentrated to dryness. The 
residual solid was recrystallized from EtOH to give 10 (11.4 g, 
61%) as white needles, mp 81-82.5 "C. Anal. (C15H140BrC1) C, 
H, Br, C1. 
3-(4'-Chloro-5-methoxy-3-biphenylyl)propionitrile (1 1). To 

a solution of NaCN (0.915 g) in EtOH (30 mLJ was added dropwise 
a hot solution of 10 (4.405 g) in EtOH. The mixture was heated 
at reflux for 5 h. Additional NaCN (1.2 g) was added and the 
mixture was heated for additional 10 h and then concentrated. 
The residue dissolved in CHC13. The CHCl3 solution was washed 
with H20, dried over MgS04, and concentrated to dryness. The 
residual solid was chromatographed on silica gel (45 g) with 
(benzene-AcOEt, 4:l) to give 11 (2.15 g, 62%), mp 95-99 "C. It 
was recrystallized from benzene-petroleum ether to give an 
analytical sample, mp 99-101 "C. Anal. (C1&*,NOCl) C, H, C1. 
3-(4'-Chloro-5-methoxy-3-biphenylyl)propionic Acid (12). 

A mixture of 11 (2 g), H#04 (2 mL), AcOH (2 mL), and H20 (2 
mL) was stirred at 100-110 "C for 14 h. The precipitates were 
dissolved in 5% NaOH. The alkaline solution was washed with 
EbO and acidified with 18% HC1, giving precipitates which were 
recrystallized from aqueous EtOH to give 12 (1.4 g, 65%) as white 
crystals, mp 122-122.5 "C. Anal. (C1a1503C1) C, H, C1. 
4r-Chloro-5-methoxy-3-biphenylcarboxylic Acid (19). To 

a stirred mixture of 4'-chloro-3-methoxy-5-methylbiphenyl(18) 
[prepared from 3-methyl-5-(4-chlorophenyl)-2-cyclohexen-l-one 
by the procedure of Kosowerm] (6.5 g), pyridine (110 mL), and 
H20 (110 mL) was added KMnOd (17.5 g) in small portions a t  
90-95 "C during 4 h. The precipitated Mn02 was removed by 
fitration and washed with hot acetone. The fitrate and washing 
were combined and concentrated. The residue was washed with 
E t 2 0  and acidified with 18% HC1. The precipitates were re- 
crystallized from MeOH to give an analytical sample of 19 (2.4 
g, 33%), mp 173-175 "C. Anal. (Cl4Hl1O3C1) C, H, C1. 
4'-Chloro-5-methoxy-3-biphenylylacetamide (13). A mixture 

of 6p (13.85 g, 0.05 mol), S0C12 (9 g), and benzene (100 mL) was 
refluxed for 1 h. Excess SOClz and benzene were removed and 
the resulting crude acid chloride was treated with 28% aqueous 
NH3, giving crystals which were recrystallized from EtOH to give 
an analytical sample of 13 (9.5 g, 65%) as white crystals, mp 
185-187 "C. Anal. (C15H14N02C1) C, H, C1. 
4'-Ch1oro-5-methoxy-3-biphenylylacetohydroxamic Acid 

(14). Sodium metal (1.96 g, 0.082 g-atom) was dissolved in MeOH 
(100 mL). To this solution was added NH20H-HC1 (5.6 g, 0.082 
mol) and 5i (5.8 g, 0.02 mol). The mixture was stirred a t  room 
temperature for 20 min, then refluxed for 30 min, allowed to stand 
for 2 days at  room temperature, and concentrated. The residual 
paste was triturated with benzene giving a solid. Recrystallization 
of the solid from aqueous MeOH gave 14 (2.3 g, 38%), mp 149-152 
"C. Anal. (Cl6Hl4NO3C1) C, H, N, C1. 
4'-Chloro-5-hydroxy-3-biphenylylacetic Acid (7). A sus- 

pension of 6p (5 g, 0.018 mol) in the mixture of 48% HBr (50 mL) 
and AcOH (25 mL) was heated a t  reflux for 10 h and allowed to 
stand overnight a t  room temperature. The precipitates (4.7 g, 
100%), mp 140-144 "C, were recrystallized from benzene to give 
an analytical sample of 7 as white needlea, mp 141-143 "C. Anal. 
(Ci~HiiO&l) C, H, C1. 

Methyl 4r-Chloro-5-hydroxy-3-biphenylylacetate (8a). A 
mixture of 7 (13.0 g, 0.048 mol), MeOH (20 mL), benzene (100 
mL), and H#04 (3 drops) was refluxed for 8 h and cooled. The 
reaction mixture was washed with saturated NaHC03 and then 
H20, dried over MgS04, and concentrated. The residue was 
recrystallized from benzene to give 8a (10 g, 72%) as white needles, 
mp 129-131 "C. Anal. (Cl6Hl3O3C1) C, H, C1. 

Ethyl  4'-Chloro-5-hydroxy-3-biphenylylacetate (ab) and 
E t h y l  4'-Chloro-5-methoxy-3-biphenylylacetate (15). 
Compound 8b [mp 94-96 "C. Anal. (C1&1503C1) C, H, C11 and 
15 [bp 223-225 "C (8 mm). Anal. (C1,H1,03C1) C, H, Cl] were 

"C. Anal. (C16H1502Cl) C, H, C1. 
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prepared by a similar method for 8a from 7 and 6p in 86 and 84% 
yield, respectively. 

Methyl 5-Acetoxy-4'-chloro-3-biphenylylacetate (16). To 
a solution of 8a (2.76 g, 0.01 mol) in pyridine (20 mL) was added 
AczO (1.53 g) a t  room temperature. The mixture was allowed to 
stand for 2 days. Pyridine was removed under reduced pressure 
and the residual oil was distilled to give 16 (2.6 g, 82%) as colorless 
oil, bp 238-240 "C (8 mm), which on standing solidified. The solid 
was recrystallized from ligroine to give an analytical sample of 
16 (2.2 g), mp 82.5-84 "C. Anal. (Cl7Hl5O4Cl) C, H, C1. 

Methyl 4r-Chloro-5-mesyloxy-3-biphenylylacetate ( 17). To 
a solution of 8a (2.76 g) in pyridine (20 mL) was added MeS02C1 
(1.15 g) under ice cooling. The mixture was allowed to stand for 
1 day. Pyridine was removed under reduced pressure. The residue 
was distilled to give 17 (2.5 g, 71%) as colorless oil, bp 262 "C 
(7 mm). Anal. (C16H1505C1S) C, H, C1, S. 

Pharmacological Testing. Antiinflammatory activity was 
examined by the method of Winter et  al.21 Ten male Wistar rata 
weighing 120-150 g were used for each group. The rat hind paw 
volume was measured by displacement in a mercury bath and the 
test compound, as a suspension in a 0.5% sodium carboxy- 
methylcellulose solution (0.5% CMC), was administered orally. 
Thirty minutes later, 0.1 mL of 1% carrageenan was injected 
subcutaneously into the plantar surface of the hind paw. Three 
hours later, paw edema was measured again. The increase in paw 
volume of the drug-treated rat was compared with that of the 
control group for calculation of the percent inhibition, and 
least-squarea regreasion linea were calculated for the probit percent 
response vs. log dose, and the EDw (50% inhibition dose) values 
were calculated from the regression line constanta. 

Analgesic activity was evaluated by Haffner's method22 with 
slight modifications. Eight male ddY mice weighing 25-30 g were 
used in each group. The test compound suspended in 0.5% CMC 
was administered ip with a threshold dose (5 mg/kg sc) of 
morphine hydrochloride. Compounds were examined for their 
ability to prevent the pseudoavoidance reflexes such as biting, 
squeaking, and looking backward induced by tail pinching with 
a forceps, and the EDm was calculated by the method of Litchfield 
and W i l c ~ x o n . ~ ~  

Acute toxicity was expressed as a LDw value calculated by the 
method of Weil.24 I t  was determined 168 h after a single ip 
injection to groups of four male ddY mice. 
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5,6,7,8-Tetrahydroquinolines. 4.' Antiulcer and Antisecretory Activity of 
5,6,7,8-Tetrahydroquinolinenitriles and -thioamides 
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A number of 5,6,7,8-tetrahydroquinoline-8-nitriles and -8-thioamides and related compounds have been found to 
be potent inhibitors of basal gastric secretion in the pylorus-ligated rat and to afford protection against gastric erosions 
induced in rats by cold-restraint stress. Molecular manipulation has proved useful in determining factors necessary 
for such activity and structure-activity relationships are discussed. It has been shown that the most necessary 
requirements for activity are a pyridine nitrogen with its available lone pair and a primary or secondary thioamide. 
Also desirable is a six-membered carbocyclic ring with relative freedom from steric hinderance around the 8 position. 

Although the etiology of peptic ulceration is not fully 
understood, it is thought to be multifactorial, and present 
therapy is largely concerned with the neutralization or 
inhibition of gastric acid secretion by use of antacids and 
anticholinergic agents. The main disadvantage of antacid 
therapy is that these agents have a very short duration of 
action2 and it is well known that anticholinergic drugs have 
limited therapeutic value in depressing gastric secretion 
in peptic ulcer patients, because the doses effective in the 
inhibition of acid secretion cause unpleasant side actions 
associated with blockade of parasympathetic  tim mu la ti on.^ 
In recent years, a number of nonanticholinergic antise- 
cretory agents have been reported. Among the most 
notable of these are pyridyl-2-thioacetamide (CMN 131); 
2-methoxy-N-methyl-2-(2-pyridyl)thioacetamide (SKF 
59377),j 2-phenyl-2-(2-pyridyl)thioacetamide (SC 15 396); 
and the histamine H2-receptor antagonists burimamide,* 
r n e t h ~ i d e , ~  and cimetidine.€ 

We decided to explore a system 1 which by virtue of its 
shape would bear some resemblance to pyridyl-2-thio- 
acetamide and at  the same time provide a substrate for 
molecular manipulation in order to define more closely 
requirements for activity. The 5,6,7,8-tetrahydrcquinohe 
(THQ) ring system is one such system and 5,6,7,8-tetra- 
hydroquinoline-8-thiocarboxamide (2) showed a high level 

1 CSNH2 

2 

of antiulcer activity (erosion prevention in the cold-re- 
straint rat) and antisecretory activity (pylorus-ligated rat) 
as shown in Table I. 

There are many ways of investigating potential antiulcer 
activity. Acute gastric erosions can be induced in rats by 
imposing a stress situation, usually involving an element 
of imm~bilization,~ or by a variety of chemical agents.' 
Various techniques are available for studying basal and 
chemically stimulated gastric acid secretion in both 
conscious and anesthetized ani mal^.^ The two tests de- 
scribed in this paper were considered the most suitable for 
primary screening purposes, in view of their wide ac- 
ceptance and also because their nature is such that po- 

tential complications due to drug interactions are not 
involved. The doses used have been derived through 
experience, and because of the inherently more sensitive 
method for determining antisecretory activity these doses 
are one-third those used for the antiulcer test. Intro- 
duction of substituents into 2 and variation of carbocyclic 
ring size have enabled a series of analogues, Tables I and 
11, to be generated and these have been evaluated in the 
above two tests enabling structure-activity requirements 
to be delineated. 

The tests used in this study may reflect different effects 
but they are so interrelated that separation of the effects 
is not possible; it may be that two independent actions of 
tetrahydroquinoline-8-thioamides are responsible for 
activity in the two screens or antiulcer activity may be a 
consequence of antisecretory activity. It is felt, however, 
that it is valid to consider the structure-activity rela- 
tionship from the standpoint of the system having com- 
bined antiulcer-antisecretory activity especially as con- 
sideration of either one of the tests would lead to the same 
overall structure-activity relationships. 

Replacement of sulfur by oxygen, e.g., 3 and 4, results 
in a loss of activity, a feature which has been noted before" 
and which is not perhaps too surprising considering the 
different chemical nature of amides and thioamides. 

It is when a change to secondary and tertiary thioamides 
is made that information about the necessity of the 
thioamide group becomes available. Some secondary 
thioamides 5-7 still retain respectable levels of activity 
(although slightly reduced compared with primary thio- 
amides) so a change of primary to secondary is not un- 
desirable per se, but the size of the substituent evidently 
is of importance. A change from secondary to tertiary 8 
is detrimental which probably means that the thioamides 
need to be capable of existing at  least, in some part, in the 
thiolimine form either by electron delocalization (9) or by 

- 1  - 
"NC s * N+c\s" 

9 
in vivo S-alkylation. Conversion of the thioamide into a 
thiazole 10 or imidazoline 11 or tetrahydropyrimidine 12, 
features which have been associated with other antiul- 


