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TABLE I\’ 
PH ~ R M  WOLOGICAL Acwvmxc:b OF 

HYDROCHLORIDES 
l -A~~INo .~CYL-2 ,3 -DIHYDRO-4(  IH)-QLJINAZULINO~E 

Choleretic 
act . .  

So. m g  kga,d 

1 6 .25 
2 2 .i 
3 (130) 
4 4 3 
> 7 3 
6 30 

I 20 
S 3 .i 
9 12 5 

1 0 30 
1 1  18 
12 1 .i 
1 8 2 5 

- 

14 ( 2 3 )  
1 .i (8) 
16 (13) 
17 ( 2 5 )  
18 (28)  
19 ( 2 0 )  
20 (30) 
21 ( 2 5 )  
22 25 
23 ( 2 0 )  
24 (20) 

Antifibrillatory act. 
mg/kgb,d mg/l.c*d 

LD,Q, 
mg ’kg 

1P 

5 6 O h  
500” 

1300 
450 

1500 
300 
2002 
3501 
250% 
300 
1805 
l50L 
250 
230% 
80 

150 
250 
280k 
200% 
300% 
230% 
230 
200% 
200% 

Other 
pliarmacol 

act. 

k 
1, m 
k 
1, WL 
?n 
m 

u Dose which illcreased the bile flow to 50s;. Maximum tested 
doses were O.lLDjo. Sodiiim dehydrocholate was active a t  50 
mg/kg. * Dose nThich prevented the cardiac arrhythmia in 507, 
of animals. Maximum tested doses were 0.12LDso. Procain- 
amide was active a t  50 mg/kg. c Concentration which reduced 
to 50% the heart sensitivity to the electric stimulation. Maxi- 
mum tested doses were 10 mg/l. d Numbers in parentheses are 
maximum tested nonactive doses. e Higher doses were toxic. 
f Quinidine was active a t  2.8 mg/l. 0 Quinidine was active a t  
6.1 mg/l. Clonic convulsions. Hypnosis. Tonic convul- 
sions. Anticonvulsant activity. 1 Transient increase of arterial 
blood pressure and stimiilant effect on respiration. m Inhibition 
of formalin edema of the paw. 

the calculated amount of ethanolic HC1 to a solution of the base 
in ether, benzene, acetone, or EtOH, or by dissolving the base 
in aqueous HC1 and concentrating the solution until crystalliza- 
tion set in. Recrystallization from a suitable solvent (see Table 
111) may follow. 

Pharmacological Methods. Animals.-NNRI albino mice 
(18-20 g) an: Wistar albino rats (200-250 g)  were used. For 
choleretic activity, 100-day-old Wistar albino female rats, 
220-240 g, were used. 

Acute Toxicity.-LDjo values were determined in mice intra- 
peritoneally, and the mortality over 5 days was recorded. The 
animals were also observed for behavior and objective symptoms 
according to  the Irwin15 scheme. 

Choleretic Activity.-Female rats, fasted for 14 hr and anes- 
thetized with urethan, were used. The substances were injected 
into the duodenum. The bile flow was recorded 1 hr before and 
1 hr after the administration of the compounds, by means of a 
graduated pipet connected to the cannulated choledochus. 

Antifibrillatory Activity.-The compounds were given in t rh  
venously to rats anesthetized with pentobarbital sodium, and 
their ability to prevent cardiac arrhythmias induced by CaC12 
was determined. Active compounds were then tested on rabbit 
heart by the met’hod of Visentini.16 The heart was stimulated 
with a frequency of 50/sec for 1 msec. The intensity which 
provoked the fibrillation was recorded before and after 20 min 
of perfusion with the testing compounds. 

Other Tests.-All compounds were screened also for their 
antispasmodic activity “in vitro” following the methods described 
by Setnikar and Tirone,” and for their local anesthetic activity 
on  the mouse tail according to  Bianchi’s method.18 The analgetic 
activity was assayed in mice after oral administration, according 
to Bianchi and Franceschini.l9 Coronary vasodilatator activity 
on the isolated rabbit heart following the method of Setnikar, 
et U Z . , ~ ~  was also determined. 

Antimicrobial and antifungal activity, effects on blood pressure 
and on respiration, anticonvulsant activity, antitussive activity, 
and antiinflammatory activity were determined according to the 
methods previously described.21 

(15) This scheme was discussed informally by  S. Irwin at a Gordon Re- 

(16) P. Visentini. Arch. Ital. Sci. Farmacol., 4,  16 (1954). 
(17) I. Setnikar and P. Tirone, Arrneimittel-Forseh., 16, 1146 (1966). 
(18) C. Bianchi, Brit. J .  Pharmacol., 11, 104 (1956). 
(19) C. Bianchi and  J. Franceschini, i b i d . ,  9 ,  280 (1954). 
(20) I. Setnikar, IT. Llurmann, and  hf. T. Ravasi, Arch. Intern. Pharma- 

(21) E. hlassarani, D .  Kardi, L. Degen, and A l .  J .  Nagistrett i ,  J .  M e d .  

search Conference, New London, N. H., 1959. 

codun.. 131, 187 (1961). 

Chem., 9, 617 (1966). 
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4-(p-Biphenylyl)-3-hydroxybutyric acid and about 50 related compounds are reported. The title compound 
showed pronounced antiinflammatory activity. 

Some years ago as part of a program for the investi- 
gation of compounds related to mephenesin (I, R = 
o-tolyloxy; R’ = OH) and chlorphenesin (I, R = 
p-chlorophenoxy; R’ = OH), the formally related 
4-aryloxy-3-hydroxybutyric acids (I, R = o-tolyloxy 
or p-chlorophenoxy; R’ = C02H) were prepared for 
routine biological screening. 

IICHACHOHCHXR’ 
I 

pected observation was made that 4-(pbiphenylyloxy)- 
3-hydroxybutyric acid showed significant antiinflam- 
matory activity in the uv erythema and rat paw tests. 
A systematic study of this group of compounds was 
therefore made (see Table I), but a product worthy of 
clinical study did not emerge. 

The acids described in Table I were prepared starting 
from the aryloxychlorohydrinsl (I, R = aryloxy; R’ = 
Cl) which were converted into the nitriles (I, R = 

Subsequently the series vas  extended and the unex- (1) 0. Stephenson, J .  C/iem. sot., 15i1 (1954). 
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arylox? : It '  = C'S) by reaction with potassium e? aiiide then turiied t o  the preparation of related 
i n  aqueous-alcoholic solution. Treatment of the latter de hen it was found that 4-(pbiphenylyl)- 
with ethariolic HC1 furnished the e.ters (I, I1 = aryl- 8-hydroxyhutyric acid (I. R = p-biphenylyl; 11' = 

acid.' (I. It = aryl( :I C O I L I F ( I I I ( ~ I I C C ~  of this important finding, a seri(>q of 
t i o i l  

o x ? :  It' = cool? hich were hydrolyzed to tlic C02H) T W ~  a v c q  potent :uitiinflammatory agent. 
11' = C02H) i n  dl~aliiie -olu- 
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from the aryl~hlorohydrins~ (I, R = aryl; R' = Cl). 
The amides in Tables I and I1 were prepared by 

treatment of the appropriate nitriles with alkaline 
H202 in acetone. 

Pharmacology.-The antiinflammatory act,ivity of 
the compounds was assessed by det'ermining t'heir 
ability to delay the development of eryt'hema in guinea 
pig skin induced by exposure t'o uv radiationi and t,o 
inhibit edema formatmion induced in the rat hind paw by 
subplantar injection of ~arrageenin.~ Preliminary tests 
were carried out at, a dose level of 200 m g k g  p o  using 
groups of five animals for each compound. The crit'eria 
by which compounds were selected for further examina- 
t'ion were (a) "protection" of at  least four animals in the 
uv erythema test', and (b) a mean inhibittion of edema 
formation of a t  least 30y0 as compared with a control 
group in the rat paw test. Such compounds were 
compared directly wit'h phenylbutazone at  varying 
dose levels in order to determine relative potencies. 
The most potent compound, 4-(p-biphenylyl)-3-hy- 
droxybutyric acid (67, Table 11), was further examined 
for inhibition of granuloma format'ion induced in rats 
by subcutaneous implantattion of cot'ton wool pellets,6 
reduction of the febrile response of rat's to bact'erial 
endotoxin,' and reduction of the frequency of "writhes" 
induced in mice by intraperit'oneal injection of phenyl- 
quinone.a In these three t'ests the potency of t'he 
compound relative to phenylbutazone was 3.5, 2 .5 ,  and 
5.6, respectively. The detailed pharmacological ex- 
amination of t'his compound is the subject' of a separate 
publication. 9 

Structure-Activity Relationships.-The activities of 
the compounds in the uv erythema and rat' paw tests 
are included in Tables I and 11. The highest order of 
activity is associated with the unsubstituted p-bi- 
phenylyl nucleus, and its replacement by o-biphenylyl 
(cf. 31 and 26, Table I ;  58 and 65, Table 11), m-bi- 
phenylyi (cf. 62 and 67, Table 11), a- or P-napht,hyl 
(cf. 31 and 50 or 52, Table I ;  67 and 116 or 120, Table 
11), or phenanthren-9-yl (cf. 67 and 123, Table 11) 
yielded compounds of lower activity. 

Substitution of either ring of t8he p-biphenylyl 
nucleus by alkyl (cf. 67 and 103, Table 11), alkoxy (cf. 
67 and 76, Table IT), or halogen (cf. 31 and 33 or 39, 
Table I ;  67 and 70 or 73, Table 11) gave less active 
compounds. 

Replacement of the B ring in the p-biphenylyl com- 
pounds by alkyl (cf. 31 and 6, 8, 11, or 13, Table I ;  
65 and 5 or 17, 67 and 6, 51, or 55, Table 11), alkoxy 
(cf. 66 and 9, 67 and 10, 14, 30, 35, or 40, Table 11), 
halogen (cf. 31 and 16, Table I ;  67 and 22, 44, or 47, 
65 and 42, 66 and 43, Table 11), t,rifluoromet8hyl (cf. 67 
and 26, Table II), benzyl (30 and 42, 31 and 43, Table 
I), benzoyl (cf. 30 and 46,31 and 47, Table I), phenoxy 
(cf. 65 and 79, 67 and 80, Table 11), cyclopentyl or 
cyclohexyl (cf. 65 and 84 or 87, Table 11), and cyclo- 

(3)  Y. Vi. Beasley, V. Pe t ron ,  0. Stephenson, and A. RI. Wild, J .  Pharm. 

(4) C. V. Winder, J. Wax, B. Burr, RI .  Been, and C .  E. Rosiere, Arch. 

( 5 )  C. A. Winter, E. A. Risley, and G. W. N u s s .  Proc. Soc. E z p .  B id .  Mea?., 

(6) R. Meier, W. Schuler, and P. Desaulles, Ezperientia, 6, 469 (1950). 
(7) C. A .  Winter and G. W. Nuss, Tozicol. Appl .  Pharmacol., 6 ,  247 (1963). 
( 8 )  L. C. Hendershot and J. Forsaith, J .  Pharmacol. Ezp .  Ther.. 125, 237 

(1959). 
(9) D. I. Barron, .1. R. Copley, and D. K.  Vallance, Brit. J .  Pharmacol.. 

33, 396 (1968). 

Pharmacol., 11, 36 (1959). 

Int. Pharmacodyn. Ther., 116, 261 (1958). 

111, 544 (1962). 

pentenyl, cyclohexenyl, or cycloheptenyl (cf. 67 and 91, 
95, or 99, Table 11) always yielded compounds of 
lower activity. 

Alteration of the side chain had a marked effect on 
antiinflammatory activity and the aryloxy compounds 
in Table I Tvere much less active than their aryl analogs 
in Table I1 (cf. 8, 13, 31, and 52, Table I, and 51, 55, 
67, and 120, Table 11, respectively). 

The free acids were more active than their esters 
(cf. 12 and 13,30 and 31, 42 and 43, Table I ;  65 and 67, 
Table 11) or amides (cf. 25 and 26, 29 and 31, Table I ;  
66 and 67, Table 11). 

Experimental Section 
hlelting points are uncorrected. The experiments described 

illustrate the general method of preparat,ion of compounds listed 
in the tables. Where analyses are indicated only by symbols of 
the elements analytical results obtained for thore elements were 
within k0.4Yc of the theoretical values. 

3-o-Biphenylyloxy-2-hydroxypropyl Chloride.--A solution of 
o-hydroxybiphenyl (85.1 g) in 2,3-epoxypropyl chloride (185 g) 
containing pyridine (0.5 ml) as catalyst was heated at 95' for 
18 hr when excess 2,3-epoxypropyl chloride was distilled at  
reduced pressure. The residual viscous liquid was dissolved in 
CHCl, (300 ml) and the solution was shaken carefully with 
concentrated HC1 (100 ml). The CHCl3 layer was washed acid 
free and the solvent was boiled off; the residual oil was distilled 
to yield the product, 114.5 g, bp 152' (0.3 mm), which solidified 
slowly on standing. dnal. (CljHljC102) C, H, CI. 

l-o-Biphenylyloxy-2,3-epoxypropane.-A solution of the fore- 
going chlorohydrin (94 g) in 1leOH (400 ml) was treated with 
a solution of 83yG KOH (26.2 g) in XeOH (200 ml) at 25'. After 
30 min the mixture was neutralized (AcOH) and diluted (H20) 
and the prodiict (48.8 g) \?-as isolated with CHC1,. I t  had bp 
120" (0.1 mm). dnal. (CljH14O2) C, H.  

l-p-Biphenylyloxy-2,3-epoxypropane, obtained in 66% yield, 
had mp 90-92" (from MeOH). Anal. (ClsHlIO?) C, H.  
4-p-Biphenylyloxy-3-hydroxybutyronitrile.--A solution of 3-p- 

biphenylyloxy-2-hydroxypropyl chloride (52.4 g) in MeOH (500 
ml) was treated with a solution of 96%) KCN (16.0 g) in the 
minimum of HzO. The mixture was refluxed for 4 hr, concen- 
trated, diluted with H20, and neutralized ( AcOH) and the product 
was isolated with CHC1,. I t  (38.0 g)  had mp 118-120" [from 
EtOAc-petroleum ether (bp SO-SO')]. 

Ethyl 4-p-Biphenylyloxy-3-hydroxybutyrate.-.4 sohition of 
the foregoing nitrile ( 2 5 . 3  g) in EtOH (250 ml) was saturated with 
HC1 gas and allowed to stand for 1 hr when it, was refluxed for 4 
hr, cooled, and resaturated with HC1 gas; the heating was 
continued for 6 hr. The mixture was diluted with H20 and 
extracted with CHC13. The organic extract was washed (HzO), 
concentrated, and diluted u-ith petroleum ether (bp 60-80") to 
yield the ester (24.3 g) m-hich was piirified by crystallization from 
EtOH-H20 and had mp 106-108". 

4-p-Biphenylyloxy-3-hydroxybutyramide.-A stirred solution 
of 4-p-biphenylyloxy-3-hydroxybutyronitrile (25 .3  g) in acetone 
(300 ml) was treated with XaOH (16 g) in H2O (50 ml); 3 0 q  
H20z (100 ml) was then added driring 15 min with intermittent 
cooling to control the exothermic reaction. The mixture was 
then refluxed for 1 hr, concentrated to remove most of the acetone, 
diluted (H20, 400 ml), and neutralized with dilute HC1. The 
product (14.4 g) had mp 190-192" (from 75GC EtOH). 

4-p-Biphenylyloxy-3-hydroxybutyric Acid. (a) A suspension 
of the foregoing amide (3 g) in HzO (100 ml) and EtOH (20 ml) 
containing XaOH (5 g) was heated under reflux for 90 min. 
The solution was acidified with dilute HC1 to yield the product, 
mp 163-166" (from XeOH). 

Ethyl 4-p-biphenylyloxy-3-hydroxybutyrate (30 g) was 
heated with a solution of KaOH ( 8  g)  in HrO (300 ml) for 1 hr, 
sufficient EtOH being added at  first to give a clear solution. 
The solution was acidified with dilute HC1 to yield the product, 
mp 163-166" as above. 
3-Brom0-4-n-butoxybiphenyl.-~4 soltition of 3-bromo-4-hy- 

droxybiphenyl (107.4 g) in EtOH (500 ml) containing 907, 
KOH (27.3 g) was treated with ?L-B\iBr (69 g) and the mixtiue 
n-as heated under reflux for 5 hr. It was then cooled and diluted 
with HZO and the resultant oil was isolated with CHCI,. I t  had 

(b) 
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____- Substituent a t  position- 
No. 2 

67 
68 H 
69 
70 
71 I €  
7 2  
73 
74 H 
75 
76 
77 H 
78 
79 
80 
81 €I 
82 H 
83 
84 
8.5 €1 
86 
87 
88 H 
89 
90 
91 
92 H 
93 
94 
95 
96 €1 
97 
98 
99 

100 hle 
101 
102 
103 
104 €1 
105 
106 N e 0  
107 
108 
109 
110 BuO 
111 
112 
113 

3 4 

II o-Chlorophengl 

H pChloropheny1 

H p-hlethoxgphenyl 

€1 PhO 

H PhCHz 
H Cyclopentyl 

H Cyclohexyl 

H Cgcloperit-1-enyl 

H Cyclohex-1-enyl 

H Cyclohept-1-eny1 

H Ph 

C1 Ph 

H H  

H H  

114 1-Naphthyl 
115 
116 
117 2-Naphthyl 
118 
119 
120 
121 Phenanthren-(9)-yl 
122 
123 

.- 
5 K 

COzH 
H C1 

CN 
COJI 

I€ CN 
COOEt 
COZH 

H C1 
CN 
COzH 

H C1 
CN 
COOEt 
COzH 

€I COOZ\Ie 
H C1 

CN 
COOEt 

CN 
COOEt 

C pi 
COOEt 
COzH 

C?; 
COOEt 
CO2H 

H C1 

H C1 

H C1 

H C1 
CN 
COOEt 
COzH 

H C1 
CN 
COOEt 
COzH 

II c1 
Ph CI 

CN 

CN 
COOEt 
COzH 

Ph C1 
CN 
COOEt 

CN 
COOEt 
COzH 
c1 
C S  
COOEt 
COzH 
C1 
C 3- 
COzH 

COzH 

TABLE I1 (Continued) 
Bp (mm) or Recrystn 

mp,  O C  solventsa 

15-152 L) 
150 (0.02) 
190 (0.03) 
100-102 F + J  
90-92 F + J  
72-74 1) + J 
137-159 0 
85-88 11 + J 
132-136 F + J  
176-1 78 F 
144 (0.1) 
160 (0.1) 
171-174 (0.1) 
83-83 F + J  
16-5 (0.1) 
120-122 10.05) 
1.50 (0.1) 
14.5-147 10. I )  

15.5 (0,1) 
150iO.l) 
100-1 0 1 K 
77-78 F + J  
16.5-169 (0.13) 
1 j3- 1 56 A + B 
103-104 K 
104-10;5 F + J  
liO(O.1) 
148-150 G 
150 (0.1) 
180-184 (0.1 j 

100-10 1 F + J  
164 (0 .05)  
176 ( 0 . 0 s )  
194 (0 .02 )  
154- 156 G 
160 (0.02) 
190 (0.03) 
165 (0.05) 

178 (0.1.5) 
121-123 F 
78-79 J 
176-180 10.1) 
182-186 (0.1) 

130-132 (0.1) 

171-174 (0.1) 

72-75 E + J 

124-125 F + J  
68-69 F + J  
150 (0.25) 
1 10-1 1 1 F 
140 (0.05) 
174 (0.05) 
158 (0 .28)  
126-128 F 
114-1 16 F + J  
119-121 F + J  
160-162 .4 + c 

h a l \  ses 

c, TI 
c1 
C, H, C1, N 
C, H, C1 
C, H, C1, ?; 
C, H ;  C10 
C, H, C1 
C, H 
1- 
C, H 
C1 
c, H, N 
c, H 

C, H 

c, TI, ?; 
C, H 
C, H, C1 
C, H, S 
c, H 
C, H,  C1 
C, H, N 
c, H 
c, IT 
C, H, C1 
c, H, N 
C, H 
C, H 

C, IT 

C, H, C1 
C, H, S 

c ,  H 
C, H ;  C1l 
H, N ;  CQ 
c, H 
C, H 
c1 
c1, N 
C, H, C1 

c, H 
c, H 
C, H, C1 

c, H 

c, H 
c, H 
c, I-I, c1 

c, H 
c ,  H 
C, H, C1 
C, H, K 
C, H 

C, H, ?i 

C, H, N 

U v  ervtiieiiia 
test" 

7 0  

2 . 0  

n 67 

n 14 

n 

n 
0 

0 

0 

0 13 

o n7 

0 07 

0 13 

n 

0 08 

0 

0 06 

0 

114i3 

Rat paw 
test6 

2 . 5  

1 0  

2.0 

0 4  

1 0  
1 . o  
0 

n 

0 

0 r, 

I .n 

0.67 

0 . d 

n 

K T  

0 

0.3 

0 
a See footnote a in Table I. Phenylbutazone (standard) = 1.0; X T  = not tested; + = active at 200 mg/kg po.  C :  calcd, 65.5; 

found, 66.1. C: calcd, 64.8; found, 64.3. e C1: calcd, 11.15; found, 11.6. f Cl: calcd, 13.5; found, 13.0. C: calcd, 81.2; found, 
80.7. 

bp 143-150" (0.1 mm), yield 93.4 g, mp 45-47' (from MeOH). 
Anal. (Cl6Hi7Br0) C, H, Br. 

(a) 4-(Cyclopent-l-enyl)bromobenzene.-To a stirred solution 
of p-BrC6H4MgBr prepared from p-dibromobenzene (141 g) and 
hIg (14.4 g) in Et20 (850 ml) was added during 1 hr a solution 
of cyclopentanone (50.5 g) in Et20 (350 ml). The mixture was 
stirred for 3 hr and then decomposed by the careful addition of 
a concentrated aqueous solution of NH4Cl (140 g). The ether 
layer was washed (HzO) and dried (NanSOd) and the ether was 

evaporated to yield an oil which was distilled a t  reduced pressure 
giving the crude carbinol (72 g), bp 120-140' (0.1 mm). This 
was dissolved in AcOH (400 ml) containing ACZO (35 ml) and 
the mixture was heated under reflux for 3 hr. The excess AcOH 
was distilled o f f  a t  reduced pressure, the residue was diluted with 
€LO, and the residual oil was isolated with CHCla giving the 
product (44.8 g), mp 91-93' (from EtOH). Anal. (C11HI1Br) 
C, H, Br. 

(b)  1-Chloro-3- [p-(cyclopent-1 -enyl)phenyl] propan-2-01.-To 




