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A number of aryltetra~olylalkanoic acids were prepared and screened for aiitiinflammatoly activity by two 
hIaximurn activity was found in those members of the reries having halogenated acute and one chronic assay. 

aromatic substituents in the meta positions and a propionic acid r e d u e  at position 2 of the tetrazole ring. 

I n  the past few years, research on nonsteroidal anti- 
inflammatory agents has, in large measure, focused on 
various types of arylalkanoic and arylcarboxylic acids. 
The numerous structural patterns that have been inves- 
tigated have been discussed in varying degrees of detail 
in a number of recent reviews.1 While the exact 
mechanism(s) of action of these drugs is still unclear, the 
introduction into therapy of indomethacin and mefen- 
amic acid is indicative of the relative success of this 
approach. Our continuing efforts in the area of non- 
steroidal antiinflammatory agents led us to an exam- 
ination of the aryltetrazolylalkanoic acids. 

Although relatively novel as an aromatic system, 
the tetrazole group is present in a number of biologi- 
cdly active molecules. Apart from serving as an allo- 
steric replacement for the carboxyl function,2 i t  appears 
in the CXS active 1-aryl-5dialkylaminomethyl- and 
1-(or 5-) alkyl-5-(or l-)aminophenyltetrazoles.3 A 
recent report has disclosed antihypertensive activity 
for some 5- [u- (4-aryl-~-piperi~inyl)alkyl]tetrazoles.~ 
I n  addition, 5-amino-1-phenyltetrazole has been clini- 
cally investigated as an antiinflammatory agent.5 

The most interesting of the title compounds are the 
5-aryltetrazolyl-2-alkanoic acids, IV, prepared by the 
reaction sequence outlined in Scheme I. The starting 
nitriles, I, were either obtained commercially or pre- 
pared by known procedures. These mere converted 
into the 5-aryltetrazoles1 11, by reaction x\-ith NaN3 and 
NH4C1 in DJIF in yields of about 90% and used with- 
out further purification. Alkylation of the 5-aryl- 
tetrazole Ka salts (Method B) with the appropriate 
ethyl bromoalkanoate produced the esters, 111. Such 
ulliylations have consistently been reported to yield a 
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SCHEME I 

N=N 5 Ar<\ 1 
( R)-COOE t ( Rk-COOH 

N-N\ or OH- N-N\ 

I11 IV 

mixture of both the 1 and 2 isomers with the 2 isomer 
predominating.6 The procedure used here with reflux- 
ing ethanol as the solvent produced, in every case, 
only the 2 isomer in good yield. No attempt was made 
to detect any 1 isomer that might have formed. 

I n  order to demonstrate that our alkylation procedure 
was actually producing the 2 isomer, the 1 isomer, 3- 
(5-phenyl-1-tetrazoly1)propionic acid (44), was pre- 
pared by an unambiguous route. As shown in Scheme 
11, ethyl 3-benzamidopropionate was converted into 

SCHEME 11 

1 C,H,COh“CH,CH,COOEt - C b H i C=NCH,CH,COOEt , 
’Y 2. H ,C)+ 

N-N 

/ 
HOOCCH2CHL 

44 

the iminochloride with PC15. This, upon cyclization 
with hydrazoic acid and saponification, gave 44, mp 
146”. The 3-(5-phenyl-2-tetrazolyl)propionic acid pro- 
duced by the alkylation of 5-phenyltetrazole with ethyl 

(6) (a) R. A. Henry, J .  Amer. Chem. Soc., 78, 4470 (1951); (b) R. Rapp 
and J. Howard, Can. J .  Chem., 47, 813 (1969); ( 0 )  W. G. Finnegan. K. .I. 
Henry. and R .  Lofquist, J .  Amer. Chem. Soc., 80, 3908 (1958). 



:$-bromopropionate had mp 126" and the mixture melt- 
ing point of this and 44 was deprebsed. Thus the 
alk? latiori product r n u t  be the 2 iwmer 5 .  While thi\ 
work was in progress, the syiith 
ihomer.5 of ci-phe~iyltetruzolyln 
with nirlltirig pointh of 149-130" m d  1S2 l%', ria- 

,pectivt.lj.."i The latter i- identic':iI witli our 5-plic>nyI- 
2-tetrazoly1:tcetic acid (l), mp 1%". 

Once obtained, the esters were ,smoothly hydrolyzed 
ricing mineral acid (HydrolysiR Procedure 1) for the 
propionateq and strong alkali (Hydrolysis Procedure 2) 
f o r  the otherh. The former procedure was n e c e w q  
t luc  to the tendency of thr  propionates to undergo :I 

b:thc-ctltalyzed reveiw Alichael type eliminatioii of tlie 
5-aryltetrazole moiety. 

An alternate one-step procedure for the attachmelit 
of the qide chain was utilized in the early stages of tliic 
work. Thi:, involved the condensation of the T a  salts 
of the 3-aryltetrazoles V with propiolactone to give, 

upon acidification, the 8-(5-uryl-~-tetrazolyl)propionic 
acid< directly (method A). The yields by thiq method, 
however, were generally lower than the overall yield5 
by the alkylation-saponification route. 

In addition to the 5-aryl-2-tetrazolylalktmoic acid-, 
xveral miscellaneous analogs were synthesized to 
determitie tlie effect on the activity of the positioning of 
tlie substituents on the tetrazole ring. These w r e  

/ 
HOOCCH- 

45 

/ r, H 
46 

. i-~~Iicri~l-l-tctr:tzolyl:~cetic acid' (45)) 3-(1-phe1iy1-5- 
t'etr:tzolS-l)propioriic acidY (46). and 2-benzyl-5-tetra- 
solylacetic acid (47). This latter compound was pre- 
p:md t)y t'lir: 1)erizj.latiori and saponificatiou of ethyl 
5-tctruzol ylacetnte. 

Pharmacology.--Three models i ) f  infiamniat8iori, t \yo 

iicute and one chronic, were used to  define the anti- 
inflamniat'ory uct'ivity of the compounds in this series. 
The>. :Ire: t h e  carrageenin-induced pleuri8sy, thci 

17) C .  R .  .Jacolmon. .\. 13. Kerr,  .Jr,, and I;. I ) .  .inletlit/.. .I. Ora. CAem.. 19, 

( 8 )  c:. R .  .Jacal,aon a n d  li. I). .Arnstnts, z h d , ,  21, 311 (1956). 
l!IO!l (1!).5*). 

n Activity Index = IO tiriies t.he ratio of the mean pleiii.:ii 
exudate volinnen of the lest conigoiind at I nmiol,/kg over 1 
mmolikg of aspirin. Pheri>-lbutazone = 1.0. Act,ivity Index 
= 10 times the per r e l i t  i,etiiic:tion of abscess weight due to 16 
m g  of i es t  ~ ~ i i i p ~ ~ i ~ i t l  divided 1)y ihr per cent reduction diie t o  
16 ing of phenylbuta/.oiir. I'uteiicy = 0.8 plieiiylbutnzone iii 

chimiic adjuvant-indiicecl riLt arthritis screen. e Potency = 3.2 
phenylbutazone ill c-hroiiii, adjuvant-induced rat arthritis screen. 
f Potency = 1.2 phenylbutazone in chronic adjuvant-induced rat 
arlhritis screeti. 0 Potelivy = 3.6 phenylbutazone in chronic 
adjuvant-induced rat arthritis screen. Pot>ency = 1.6 phenyl- 
tjii(azoiie ii i  ohrouic, : i ~ l ~ ~ ~ ~ : ~ ~ i ~ - i ~ i ~ i ~ ~ e ( i  r a l  arthritis screen. 

Potency = 3.,5 ~ ~ h r i i ~ l t i i i t ~ z o i i ~ ~  iri chronic ttdjuvant-iiiduc.~,tl 
mt arthritis screeii. 1 Potency = 1.9 phenylbutazone in chronic, 
adj iivant-induced rat nrthrii is wreei I ,  
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TABLE I1 
.j-ARYLTETRAZOLYL-2-.%LKaNOIC h I D S  

xu. 
1 
2 
J 
4 

6 
7 
8 
Y 

10 
11 
12 
13 
14 
1 3 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3 3 
36 
37 
38 
39 
40 
41 
42 
43 

> 

Alp, "C 

186b 
218 
"2 
204 
128 
141 
124 
152 
116 
148 
137 
166 
161 
128 
197 
146 
222 
96 

156 
91 

113 
199 
1.53 
183 
123 
160 
170 
134 
207 
1.55 
210 
147 
81 
93 

146 dec 
173 
182 
210 
130 
260 (dec) 
213 (dec) 
169 (dec) 
171 

c/c 

82 B 
67 B 
79 B 
77 B 
l a  Ak 
6.5 B 
29 B 
22 -4 
34 B 
i 9  B 
92 B 
9% B 
92 B 
74 B 
82 B 
3 2  B 
74 B 
74 B 
39 B 
31 B 
18 B 
32 B 
25 B 
46 B 
43 B 
90 B 
57 B 
98 B 
71 B 
52 B 
80 B 
27 .k 
47 B 
80 B 
70 B 
56 B 
13 B 
13 B 
39 h 
26 B 
11 A 
61 B 
9 B  

-ielda Method Recrlst Solvent 

MeOH-HI0 
MeOH-H?O 
MeOH-H20 

;\IeOH-HIO 
MeOH-H20 
CfiHs-heptane 
MetCO-H20 
CfiHfi-heptane 
MeOH-Et20 
CsHs 
XeOH-H2O 
2-PrOH 

XCOH-H~O 

EtOH-H20 
DlIF-EtOBc 
EtOH-Hz0 
MeOH-H20 
CGHfi-pent aiie 
EtOH 
CfiHs-pent ane 
CfiHs 
CsHs 

J[eOH 
EtOH-HzO 

AcOH-H~O 
AcOH-HIO 
.IcOH-H20 
EtOAc-i-PrOH 
EtOH 
EtOAc 
AcOH-HlO 
Et OH-H*O 
1 IeOH-H20 
l\le2CO-pentane 
z-PrOH-HZO 
?\leOH-HlO 
HzO 
MeOH 
JIPOH-H~O 
EtOH-H20 
z-P~OH-H~O 
i-PrOH-MeOH 
CHCb-pentane 

Analysis 

K, 11 ec 
C,H,N 
C ,H,S  
II ed 
C,H,K 
C,H,X 
C,H,N 
C,H,K 

N 
C,H,N 
C,H,S  
C,H,N 
C ,H,S  
C,He 
C>H 
C,H,?; 
C,H,N 
C,H 
C,H,S  
H,K;  C/ 
C,H,S 
C,H,?: 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H 
C,H 
C,H 
C,H,X 

C,H 

s 
s 
C,H,N 
N 
K 
H,K;  C h  
N 
N 
?: 
X,n e? 
3, 11 ek 
H,N,C' 

'' Yield calcd from starting tetrazole. Neutraliza- 
tion equivalent, calcd, 226; found, 224. e C: Calcd, 31.93; found, 32.55. H :  
Calcd, 2.14: found, 2.56. ' C: Calcd, 51.28; found, 51.72. Q Isolated as the Na salt. h C :  Calcd, 49.31; found, 49.85. Isolated 
as the K salt. C: calcd, 
66.23; found, 65.30. 

* R. Rapp and J. Howard [Can. J .  Chem., 47, 813 (1969)] report mp 182-184". 
d Neutralization equivalent, calcd, 362; found, 363. 

1 Keutralization equivalent, calcd, 288; found, 284. k Neutralization equivalent, calcd, 268; found, 273. 

The aryl tetrazolylalkanoic acids were first screened 
in rats in the pleurisy model as described by Sanciliog 
(see Table I). Initial evaluations were made at 1 
mmol/kg, orally, with acetylsalicylic acid as the ref- 
erence compound. The results were expressed as a11 

activity index (AI), a value equal to 10 times the ratio 
of the mean pleural exudate volume (ml) of the 6 
animals treated with the test compound divided by the 
mean pleural exudate volume from the reference drug 
group. Compounds with an AI value of less than 10 
were considered to be inactive. Nost  compounds with 

AI values of greater than 6.0 in this screen were then 
assayed in parallel with phenylbutazone to determine 
the relative potency. 

AIost compounds wcrc also screened in the carra- 
geenin-induced abscess model'" iii 60-g weaiiliiig rats. 
Each drug was administered as 0.05 ml of a 0.316% 
solution mixed with irritant, with phenylbutazone as the 
reference compound. Again a number of compounds 
which displayed a range of activity were assayed in  
parallel with phenylbutazorie :itid their relative poten- 
cies determined. In  two separate experiments, one 

(9) L. F. Sancilio. Proc. SOC. Ezp. Bzol. .Wed., 127, 597 (1968). (IO) I<. F. Benitc and L. &I. Hall, ibid., 102, 442 (1959). 
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3- [5-( 3-Acetamidophenyl)-2-tetrazolyl]propionic Acid (29).- 
3-[5-(3-aminophengl)-2-tetrazolyl] propionic acid (7 g, 0.03 mol) 
was stirred for 12 hr a t  room temp in 100 ml of an equivolume 
mixture of AQO-AcOH. The pale yellow ppt was reprecipitated 
from NaHC03 and recrystd from EtOH to give 5 g (61%) of pale 
yellow crystals, mp 207'. 

3- [5-( 3-Phenylazophenyl)-2-tetrazolyl]propionic Acid (30).- 
To a sohition of 7 g (0.03 mol) of 3-[5-(3-aminophenyl)-2-tetra- 
zolyl]piopionic acid in 73 ml of glacial AcOH was added 3.25 g 
(0.03 mol) of iiitiowbenzene. After stirring a t  room temp for 16 
hrs the ppt WRS collected and dried. Two recrystallizations from 
aq MeOH gave .i g (32cc) of red crystal>, mp 155'. 

3 4  5-Phenyl-1-tetrazolyl)propionic Acid (44).-PC15 (51 g, 
0.24.5 mol) na? added portionwise to a solution of ethyl 3- 
l,eri/,amidopropionate (50 g, 0.232 mol) in 300 ml of dry C&. 
The solution was refluxed until the evolution of HC1 cea5ed. 
After cooling, 100 g of a 13.4y0 solution of HX3 in C&17 was 
added. After stirring for 1 hr at  0' and 16 hr a t  reflux, HC1 gas 
ceased to evolve. The solvent was removed under recuced pres- 

( l i )  J. von Brarin, Juntiia Lirbins  .4nn. Chem., 490, 100 (1931). 

sure and the residue was hydrolyzed according to procedure 1 .  
Two recrystallizations from HzO gave 10.5 g (217,) of white 
plates, mp 146'. Anal.  (C10H10N40~) N. 

2-Benzyl-5-tetrazolylacetic Acid (47).-Ethyl 5-tetrazolyl- 
acetate (36.5 g, 0.234 mol) was dissolved in 300 ml of abs EtOH 
containing 5.4 g (0.234 g-atom) of Na. To this was added, over a 
15-min period, 29.6 g (0.234 mol) of PhCHZCl in 50 ml of abs 
EtOH. After refluxing for 16 hr, the reaction mixture was filtered 
and coned in vucuo to give a yellow oil. Hydrolysis according to 
procedure 1 gave a waxy solid. 1tecr)stsllization from aq 
MeOH gave 14.4 g (2870) of pale yellow crystals, mp 154' dec. 
Anal .  (C10H10N402) N ;  neut equiv, calcd 218; found 220. 
Ethyl 3-[5-(4-chlorophenyl)-2-tetrazolyl]acrylate (48).-To n 

solution of 2 g (0.087 g-atom) of Na in 200 ml of abs EtOH waq 
added 26 g (0.1 mol) of 5-(4-chlorophenyl)tetra~ole and 11 g 
(0.11 mol) of ethyl propiolate. After iefluxing 1 day under S?, 
the solvent was removed under reduced pressure. The oily re+ 
due was stirred for 1 hr with 1 1. of 2y0 aq KaHCO1. The undi3- 
solved yellow solid was recrystd first from EtOH and then from 
pentane to give 3 g (16%) of white needles, mp 121", ir (CHCL) 
1620 cm-1 (C=C), 1725 cm-l (C=O). And .  (C1zH11C1N40P) 
C, H, N. 
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Some aminoindanooxazolines, aminoindanooxazines, and aminoacenaphthoxazoline? having spatial orientations 
Nolle 

Some of the compounds potentiated d-amphetamine 
similar to those of the tricyclic drugs were synthesized and tested for potential antidepreswnt activity. 
of the compounds were able to prevent reserpine-ptosis. 
toxicity and prolonged hexobarbital sleep time in mice. 

Basically substituted phenylpththalanes, indans, 
indenes, isochromanes, tetralines, isoindolines, in- 
dolines, tetrahydroisoquinolines, phthalimidines, oxin- 
doles, dihydrobenzofurans, and dihydrobenzoxazines 
have been synthesized and screened for antidepressant 
activity. Of these, the dihydrobenzofuran, indane, 
and indene derivatives (I, 11, and 111) have shown the 
most promise as potential antidepressant agents.lS2 

S T C H  gcH 
tCH-) SHCH n (C'H.) SH( ' I1  n 

TI 
w 

I 

I11 

This paper reports the synthesis and testing as po- 
tential antidepressants of phenyl aminoindano-oxazines 
and oxazolines and aminoacenaphthoxazolines. These 
structures have the basic moiety fused onto either the 

(1) P. V. Petersen and I. Moeller-Nielson, Antidepressant Drugs, Proc. 

( 2 )  J. H. Biel, Ann. R e p .  M e d .  Chen.. 11 (1966); M. 9. Davis, i b i d . ,  
Int.  Sump.  1 s t .  Milan 1966, 217-21 (1967); Chem. Abstr., 68, 1724 (1968). 

15-17 (1967). 

indan nucleus (IV and V) or the acenaphthene nu- 
cleus (VI). 

An examination of stereomodels showed that the 
angle between the two benzene rings in I, 11,111, V, and 
imipramine is practically identical (110') and that this 
results in the benzenoid-containing portion of these 
molecules being superimposable. Because indan is 
planar and rigid the C-C bond attaching the basic 
side chain to the ring is fixed a t  an angle of 55" to the 
ring. Because of N inversion, in imipramine the C-N 
bond attaching the basic side chain to the ring is either 
pseudoaxial or pseudoequatorial. I n  the former con- 
formation the angle is similar to the phenylindans 
( -55") and in the latter it is nearly in the same plane 
as one of the benzene rings. However, due to the 
flexibility of the propyl side chain the amino group 
of the phenylindans and imipramine can be made super- 
imposable regardless of the configuration of the ring 
Iz' in imipramine. In  V the basic side chain is rigid and 
is not attached to the phenyl bearing carbon of indan 
as it is in I1 and 111. Therefore, superimposition of S 
and the two phenyl rings of V and imipramine is re- 
stricted to one conformation of the imipramine side 
chain. In this conformation the three carbon atoms of 
the imipramine side chain also are superimposed on the 
three atoms of the oxazoline ring. Thus, it  is likely 
that V would be able to interact with an imipramine 
receptor but that its structural requirement for inter- 
action would be much more demanding. The diver- 
gence in structural similarity between imipramine and 


