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11 (5 g) in absolute Jit OH (140 ml) was added. The theoretical 
amount of Ha (332 ml) was taken up in 15 rain. After the cata
lyst was removed by filtration, the solvent was evaporated 
in vacuo. The residue was taken up in CH2CI2, washed (H20), 
and dried. Crystallization from CH2Cl2-C6Hi4 vielded 3.39 g 
(67%) of 12: mp 178.5-181°; [«]D -J-74°: nmr, 5 1.05 (13-CH3, 
10-CH3), 1.44 (16-CH3), and 2.20 (20-CH,) ppm. Anal. 
(C22H3203) C, H. 

Preparation of 14 from 12.- -A solution of 12 (1.022 g) in 
dioxane (15 ml) was stirred with concentrated HC1 (0 ml) at 5° 
for 65 min. The reaction mixture was added to H 2 0 (500 ml), 
and the precipitate was filtered, dried, and chromutographed over 
Klorisil (22 X 3 cm). blution with C6H«-Kt20 (9:1) gave 
410 mg of somewhat impure 15 (Xmax 309 mn). Further elution 
with C6H6-l')t20 (2:1) gave a mixture of 13 and 14. Several 
crystallizations from Me>CO-C6Hi4 yielded 252 mg (24.7';c) of 
pure 14: mp 181-184°; [O]D - -72° ; nmr, S 0.79 (13-CH.,), 
1.01 (10-ClF), 2.21 (20-CH.i), 5.08, and 5.27 (16=Ctf.>) ppm. 
Anal. (C22H3203) C, H. 

16-Methyl-17a-hydroxy-5/3,15-pregnene-3,20-dione (13). -A 
solution of 12 (301 mg) in T H F (13 ml) was cooled to 5°, and 
48',V III (2.4 ml) was added dropwise over 5 min. The dark 
solution was stirred at room temperature for 25 min. After 
dilution (H20, 15 ml) the solution was decolorized with 5';'(', 
XaHSOs and poured into H 2 0 (200 ml). The precipitate was 
filtered and dried. Crystallization from Me2CO-CeHu gave 
IS1 mg (CO", ) of 13: mp 188° (softening), 193-190°: [a]\> 73°: 

nmr, S 0.82 (13-CH3), 1.06 (10-CH:,j, 1.70 (I6-CH3, m), 2.22 
(21-CH;,), and 5.82 (15-H, m) ppm. Anal. (C22H3203) C, H. The 
nmr spectrum of the mother liquor indicated the presence of 14. 

16£-Methyl-16,17a-oxido-5a-pregnane-3,20-dione (17). V 
solution of 16 (1.05 gi in Me>CO (75 ml) under X2 was titrated 
with 8 A" H2Cr(>4 to permanent yellow color. The color change 
was observed after the addition of 1.17 ml of the reagent. The 
reaction mixture was added to H 2 0 (300 ml), and the precipitate 
was collected by filtration and dried. Crystallization from 
CH2C12-C6HI4 gave 811 mg ( 7 8 ' , ; of 17:" mp 209-211.5': 
[a]i> - 7 3 ° : nmr, 5 1.02 (I3-CH3, 10-CH,). 1.42 (IG-CIF). and 
2.20 (20-C1F) ppm. . 1 mil. (C3,H32Oa) C, H. 

16-Methyl-17a-hydroxy-5a-15-pregnene-3,20-dione (18). A 
solution of 17 (1.72 g) in Ale»CO (160 ml) was stirred with con
centrated HC1 (6 ml) for 30 min. H20 (80 ml) was added drop-
wise, and on concentration to 100 ml in vacuo crystallization 
occurred. The crude solid was filtered, dried, and recrvstallized 
(Me2CO), yielding 1.149 g (67'',.) of 18: mp 236-239°: \a\\> 

04°: nmr, S 0.87 (13-CH3i, 1.08 (10-ClF), 1.78 (10-CH:,, m). 
2.23 (20-CH;,), and 5.82 (15-H, m i ppm. Anal. (C»H32()3) C, H. 
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A series of l-substituted 3-(5-tetrazolylmethyl)indoles and homologs were prepared as tetrazole analogs of 
indomethacin and other indole-3-acelic acid antiinflammatory agents. Some of the products show significant 
antiinflammatory activity when tested orally in rats. Structure-activity relationships in this series do not 
correspond to those for the carboxylic acid compounds. The most active compound is l-(4-chlorobenzoyl)-
3-(5-1 et razolylmethyl )indole. 

The replacement of the carhoxyl group in biologically 
active compounds with the comparably acidic 5-tetra-
zolyl group (CN4H) has not always resulted in the 
retention of activity.'-'3 The discovery,'2 however, that 
tetrazole analogs of a series of known N-phenyl-
anthranilic acids showed antiinflammatory aetivity 
comparable to that of the corresponding acids has 
encouraged us to prepare tetrazole analogs of other 
carboxylic acid antiinflammatory agents. We now 
report the preparation, properties, and preliminary 
pharmacology of a series of l-substituted 3-(5-tetra
zolylmethyl) indoles and homologs suggested by indo
methacin [l-(4-chlorobenzoyl)-5-methoxy-2-methylin-
dole-3-acetic acid] and related compounds.4 

Chemistry.—The first aim was to prepare close ana
logs (I) of indomethacin (II). Two synthetic approaches 

l l) Bristol-Myers Co., South African Pa t en t 66/3850 (19G7). 
(2) P . p . J u b y . T . W. H u d y m a , and M . Brown, J. Med.Chem., 11, 111 (1968). 
(3) V. II, Benson in "Heterocycl ic C o m p o u n d s , " Vol. 8, R. C . Elderfield. 

Ed., .John Wiley and Sons, Inc. , New York, NT. Y., 1967, C h a p t e r 1. 
(4) (a) T . Y. Shen, elal., J. Am. Chem. Soc, 85, 488 (1963); (b) T . Y. Shen, 

I". S. Pa ten t 3,161,654 (1964); (c) T. Y. Shen. U. S. P a t e n t 3,190.889 (1965); 
(d) •['. Y. Shen, U. S. P a t e n t 3,201,414 (1965); (e) L. H . Sa re t t and T. Y. Shen. 
I ' . S. Pa ten t 3,242,162 (1966); (f) C. A. Winter , E . A. Risley, and G, W. Nuss , 
./. Pharmacol. Exptl. Therap., 141, 369 (1963); (g) F . D . H a r t and P . L. Board-
man, Brit. Med. J., 2, 965 (1963); (h) T. Y. Shen in "Nons te ro ida l Antiinflam
matory Drugs , " S. Oa ra t t i n i and M . N . C . Dukes , Ed., Exi 'erpta Mediea 
Koimdalion, Amste rdam, 1965, pp 13-2(1. 

N - N 

CH:,0 

were made and these are outlined in Scheme I. Route A 
failed at the first step, probably because of the ability 
of III to react with NaH to form a carbanion at the 
CH2 carbon which could react with the acylating agent. 

An example of the first step of route B has already 
been reported by McManus and Herbst.'1 Using the 
general conditions of Fiimegan, et al.,6 we were able to 
convert the nitriles III to the tetrazoles V with NaN;i 

and NH4C1 in DMF in yields of 46-85ft. The acidic 
3-(o-tetrazolylmethyl)indoles (V) were converted to 
their disodium salts with NaH in DMF. Treatment of 
each salt with 1 molar equiv of a benzoyl chloride gave 

:.->) J . M . M c l l a n i 
ili) W. G. I'mnejia 

K1S (1958). 

unit R. M. Herbs t , / . Org. Chem., 24, 1464 (1959). 
R. A. Henry, and R. Lnfquisf, J. Am. Chem. Sor.. SO, 
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SCHEME I 

R2 CH,CX R; CHX'N 

• # • l.NaH 

9 R : — f ~ \ - C0C1 

R„ R-

1. 2NaH 

, R:-

:). H~ 

COC1 

l-benzoyl-3-(5-tetrazolylmethyl)indoles (I) in 20-68 e ; 
yields (3-23, 25, 27-30, Table I). l-(4-Chlorobenzoyl)-
5-hydroxy-3-(5-tetrazolylmethyl)indole (24) and 
5-amino-i-(4-chlorobenzoyl)-3-(5-tetrazolylmethyl)-
indole (26) were obtained by hydrogenolysis of 5-benzyl-
oxy-l-(4-chlorobenzoyl)-3-(5-tetrazolylmethyl)indole 
(23) and reduction of l-(4-chlorobenzoyl)-5-nitro-3-
(o-tetrazolylmethyl)indole (25), respectively. 

The final products were characterized by the presence 
of typical, broad tetrazole NH stretching bands (2200-
3500 cm-1) and by the absence of sharp indole NH bands 
in their ir spectra. No evidence of any acylated 
tetrazole products was observed. 

Most of the intermediate 3-indolylacetonitriles (III) 
were prepared from indoles unsubstituted in the 3 posi
tion using a Mannich procedure. The indoles were 
converted to gramines with CH20 and Me2NH and the 
quaternary salts of the gramines were then treated with 
NaCN or KCN to give the nitriles. 

Homologs (1, 2, and 31, Table I) of I were prepared 
by acylation of the tetrazoles VI in a manner similar to 
that described for the conversion of V to I. The tetra
zoles VI were obtained from the corresponding nitriles 
by the method of Finnegan, et al* The nitriles were 
prepared by standard procedures. 

. (CH2)„ 

•N 
H 

VI, n = 0,2 

-N 
\ 

Alternatives to the amide linkages of I were provided 
by treatment of the disodium salt of 3-(5-tetrazolyl-
methyl)indole (V, R1-4 = H) with a variety of reagents 
(Table II). Alkylation with benzyl chlorides gave 32 
and 33, treatment with p-chlorophenyl isocyanate gave 
the urea 34, and treatment with p-chlorobenzene-
sulfonyl chloride gave the sulfonamide 35. 

A series of heterocyclic analogs (36-41, Table II) 
of I were prepared by the treatment of the disodium 
salt of 3-(5-tetrazolylmethyl)indole (V, Ri_4 = H) with 
the appropriate heterocylic carbony] chlorides. A 

1-naphthoyl analog (42) was prepared in a similar 
manner. 

Two a-substituted products (43 and 44) were pre
pared (Table III). l-(4-Chlorobenzoyl)-3-[l-(5-tetra-
zolyl)ethyl]indole was obtained from 2-(3-indolyl)-
propionitrile by methods outlined in route B of Scheme 
I. However, 2-(3-indolyl)-2-methylpropionitrile failed 
to give an acceptable yield of 3-{2-[2-(5-tetrazolyl)]-
propyl' indole when treated with NaN3 and NH4C1 in 
DMF. The tetrazole was eventually obtained in good 
yield using NaN3 and A1C13 in THF.7 Apparently, the 
latter conditions are more favorable for the formation 
of tetrazoles from more sterically hindered and unreac-
tive nitriles. Benzoylation of the product proceeded 
normally. 

Finally, l-(4-chlorobenzoyl)indole-3-acetic acid, which 
was required for comparison with the 1-substituted 
3-(5-tetrazolylmethyl) indoles with respect to anti
inflammatory activity, was synthesized by procedures 
similar to those described by Shen for indomethacin and 
analogs.415 

The final products which contain the simple amide 
linkage were found to be particularly susceptible to 
base-catalyzed hydrolysis. In order to obtain accept
able yields it was necessary to maintain the pH below 
10 in work-up procedures. 

The acidities of a number of the final products in 
2-methoxyethanol-water (2:1) were determined,8 and 
these indicate the products to be weak acids with pifa's 
in the range of 5.7-6.2. For example, l-(4-chloroben-
zoyl)-3-(5-tetrazolylmethyl)indole (5) had a pKa of 
5.99. By comparison, indomethacin [l-(4-chloro-
benzoyl)-5-methoxv-2-methvlindole-3-acetic acid] had a 
pKa of 6.73. 

Treatment of l-(4-chlorobenzoyl)-3-(5-tetrazolyl-
methyl)indole (5) with diazomethane in ether gave both 
of the possible N-methyltetrazole derivatives (VII and 
VIII). On the basis of nmr spectra,9 the product with 

VIII 

a chemical shift of 2.94 ppm for the N-methyl protons 
was assigned structure VII. Structure VIII was assigned 
to the other isomer whose N-methyl protons had a 
chemical shift of 3.25 ppm. 

Structure-Activity Relationships.—All of the final 
products were tested orally for antiinflammatory 
activity using the carrageenin-induced foot edema 
method in the rat.10 The results, expressed as the 
percentage inhibition of edema, are recorded in Tables 
I—III. Compounds VII and VIII, not included in the 

(7) E . Wiberg and H . Michaud , Z. Naturforsch., 9b, 496 (1934). 
(8) Reproducib i l i ty of ±0 .04 . 
(9) J. H . Markgraf , W. T . B a c h m a n n , and D . P . Hollis, J. Org. Chem., 30, 

3472 (1965), repor ted t h a t t he signal from the N - m e t h y l pro tons of 1,5-dimethyl-
te t razole appears upfield from the signal from the N - m e t h y l pro tons of 2,5-
dimethyl te t razole . 

(10) C. A. Winter , E . A. Risley, and O. W. Nuss, Proc. Hoc. Expll, Biol. 
Med., I l l , 544 (1(102). 
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204.5 206.5 

2 3 9 - 2 4 0 

208 -209 

197-199 

250-252 

2 4 7 - 2 4 8 

173-215 

256 -258 

202-204 

223-223 .5 

225 -226 

194-196 

B = .Skellysolvc 
t e r p r ior rerryst al 
•:iOAc. Anal. ( C 

Crystn 
solvent 

A - B 

A 

C 

A 

1)' ' 

A 

A 

A 

A 

A 

E 
A - B 

A 

A 

A 

A 

A 

E 

A 

F 

A 

O 

C 

<; 
A 

F 

i : 

C II 

F 
A 

B (lip 60 80 
izal ion from 
S I I M C 1 \ 5 0 ; ( 

Yield,'-

% 
53 

73 

51 

67 

50 

42 

26 

42 

68 

52 

49 

23 
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27 

67 

51 

50 

32 

33 

20 

24 

20 
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6.06 

6.21 

5.98 

6.16 

6.00 

5.73 

6.17 

c O H , 1) -
I ' rOH vva 
H. CI. X 

Formula 

C l e H , „ C l X 6 0 

C„Hi 2CLXE )0 2 

C , 7 H „ X : , 0 

C H ^ F N i O 

C„H 1 2 C1X. ,0 

C1 7H1 2BiXT
; ,0 

C, 8 H 1 5 X 5 ( ) 

C1 8H1 2F,X.,() 

C I 8 H , 5 \ ; , 0 2 

C,sH 1 5 N 5 ( )S 

C , 8 H 1 2 F , X ; , 0 , 

C H f - E X s O 

C n l l c - C I X i O 

C,81I1 2F,X'40 

C s I B i X s O , 

C1 7H,. ,C1X50 

C,8H, r,X.,0.. 

C n H „ C l , X : , 0 

Cnl lMCl- 'XiO 

C1 8H,4C1X ; ,()2 

C H u B r C L X i O 

C l s H n C l X 6 0 2 

C2 4H1 8C1X5()2 

C 1 7 H,,C1X ; ,0 2 

C n l l , , C l X 6 0 , 

C „ H „ C 1 X 6 0 

C, 8 I I 1 4 C1X 5 0 

C,8II,4C1X:,() 

C 1 S H „ C 1 2 X 5 0 

C, 9 H 1 6 C1X 5 0 2 

C 1 8 H 1 4 C1X,0 

- C H C 1 , . !•; - /-!> 
s la le r found to lx 
: C : ruled, 58 .34; 

Analyses 

C, H , CI, X 

C, H , CI, X 

C, I I , X 

C, I I , X 

C, 11, CI, X 

C, H, X 

C, H , X 

C, H , X 

C, I I , X 
C, I t , X, S 

C, H, X 

C, I I , X 

C, I I , CI, X 

C, I I , X 

C, H, X 

C, 11, CI 

C, If, X 

C, 11, CI, X 

C, 11, CI, X 

C, H , CI, X 

O, H, X 

/ 
C, H, CI, X 

C, H , CI, X 

C, H, CI, X 

C, 11, X 

C, H, CI, X 

C, 11, CI, X 

C, H, CI, X 

C, H , CI, X 

( ' , II, CI, X 

r O H . F = E i O H 
a more su i t ab le 

'mind, 58.79. 

Dose, 
trig'kg 

150 

150 

128 

150 

128 

150 

128 

128 

128 

128 

150 

128 

128 

128 

128 

128 

128 

128 

128 

150 

150 

150 

128 

128 

150 

1.50 

128 

128 

128 

100 

150 

, < ; -
so! ven 



May 1969 ANTIINFLAMMATORY 3- (5-TETKAZOLYLMETHYL) INDOLES 399 

No. 

32 
33 
34 
35 

36 

37 

38 

39 

40 

41 

42 

H 

4-ClC6H4CH, 
4-FC6H4CH2 

4-ClC6H4XHCO 
4-ClC6H4S02 

Qco 

Qco 

cK^co 

Oc° 
Qco 

N ^ C O 

CO 

I-SL'BSTITUTEL 

Mp, °C° 

204.5-205.5 
194.5-195.5 
244-245 
244-245 

175.5-176.5 

158.5-159.5 

189-190 

213.5-214.5 

232-234 

247-248 

205.5-207 

c 
. 3-( 

X 

TABLE II 

5-TETKAZOLYLMETHYL)INDOLES 

N - N 

s—CH2 N ' 
> H 

NT 
\ 
R 

Crj'atn 
solvent" 

A 
A 
C 
F 

i - : 

A 

A 

C 

G 

G 

A 

B 

Yield,c 

% 
55 
45 
81 
29 

29 

26 

25 

46 

46 

26 

57 

\ 

Formula 

C I 7 H H C 1 X 5 

CnHuFXe 
C„H13C1X60 
C16H12ClN t02S 

Ci3HiiX602 

CuHnX.OS 

C15Hi0ClX5OS 

C14Hi0X6OS 

CieHiaXeO 

Ci6HuX70 

CaiHisNsO 

c, 
c, 
c, 
c, 
c, 
c, 

c, 

c, 

c, 

c, 

c, 

Analyses 

H, CI, X 
H, X 
H, CI, X 
H, CI, X 

H, 

H, 

H, 

H, 

H, 

H, 

H, 

X 

X, S 

X 

X, S 

X 

X 

X 

Uose, 
mg/kg 

150 
128 
128 
150 

150 

150 

150 

150 

150 

150 

150 

Anti-
inflam 
act., % 
inhib of 
edema 

4 
2 

24 
9 

0 

20 

0 

0 

6 

0 

16 

See corresponding footnotes in Table I. 

TABLE III 

a-SuBSHTUTED 1-BENZOYL-3-(5-TETKAZOLYLMETHYL)INDOLES 

No. R Mp, °C° 
43 H 200-202 
44 CH3 238-239 

"c See corresponding footnotes in Table I. 

Cry st n 
solvent** 

A-B 
A 

Yield,0 % 

52 
56 

Formula 

CisHuClXsO 
Ci9H16ClX50 

Analyses 

C, H, CI, X 
C, H, CI, X 

Dose, 
mg/kg 

150 
128 

Antiinflam 
act., % inhib 

of edema 

0 
22 

tables, showed 7 and 15% inhibition of edema, respec
tively, at doses of 128 mg/kg. An inhibition of more 
than 30% is greater than three times the standard 
deviation from controls and is considered to indicate 
significant activity. 

Several general observations may be made on the 
structure-activity relationships of the tetrazole prod
ucts. A carboxamide linkage at the indole nitrogen 
appears to be essential for significant antiinflammatory 
activity. This contrasts with the carboxylic acid 
analogs where urea linkages40 and benzyl group substi
tution46 have been reported to give compounds with good 

activity. For optimum activity in those compounds 
with a carboxamide linkage, a benzene ring, preferably 
substituted in the meta or para position, is attached to 
the carbonyl group. Substitution on the benzene ring 
of the indole nucleus with both electron-withdrawing 
and -releasing groups results in reduced activity. 
Limited substitution in the 2 position of the indole 
nucleus gives compounds of low activity. One unsub-
stituted CH2 between the indole and tetrazole rings is 
required for optimum activity. A free hjrdrogen atom 
on the tetrazole ring is necessary for significant activity. 

The most active compound in the tetrazole series is 
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TABLE IV 

INTERMEDIATE XlTKII .KS 

(CH,)„CN 

N'D. 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

" 

„ 
0 
0 
1 
1 
1 
I 
1 
1 
1 
1 
! 

See fot 

rssit 

H i 

H 
H 
H 
H 
H 
H 
H 
H 
CH; 
CH;, 
CH;, 

itnote b in 
Patent 

lis 

H 
H 
H 
H 
H 
H 
H 
CH;, 
H 
H 
H 

Table 1. 
134,263 (1960); 

1*3 

11 
OCH;; 
H 
Br 
X0 2 

OCH;, 
OCH2C6H:, 
H 
11 
CI 
OCH, 
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'Synthesis of 

X-Containing Heterocyclic Compounds Possessing Physiological Activity," U. S. Department of Commerce, Office Technical Service 
AD 435,889, 1964: Chem. Abstr., 62, 11763a (1965). 'Noncrystalline, crude product: S. P. Hiremath and S. Siddappa, ./. Med. Chem.. 
8, 142(1965). f D. Desaty and D. Keglevic, Croat. Chem. Acta, 37, 25 (1965): Chem. Abstr., 63,82944(1965). " Xoncrystalline producl : 
A. St oil, F. Troxler, J. Peyer, and A. Hofmann, Helv. Chim. Acta, 38, 1452 (1955). '' Product was not recrystallized: J. H. (ladduni. 
K. A. Hameed, D. K. Hathway, and F. F. Stephens, Quart. ,/. Exp!. Physiol., 40, 49 (1955), ' See reference in footnote h. 

i-(4-(;hlorobenzoyl)-3-(5-tetrazolylmethyl)indoleu (5). 
whereas l-(4-chlorobenzoyl)-5-methoxy-2-methyl-3-(5-
tetrazolylmethyl)indole (30), the direct tetrazole analog 
of indomethaciii, shows only weak activity, l-(4-Chlo-
robenzoyl)hidole-3-acetic acid, the carl)oxyl analog of 5, 
gave 32\'G inhibition of edema at a dose of 128 mg/kg. 
Compound 5 had a minimal effective dose of 16 mg'kg 
(30f;'(. inhibition of edema) and an oral LD50 of 1200 
mg/kg in rats. By comparison indomethacin had a 
minimal effective dose of 1 mg/kg, with an LDo0 of 
28 mg/kg. 

The substitution of the tetrazole ring for the carboxyl 
group in a series of carboxylic acid antiinflammatory 
agents has once again provided active; compounds. 
However, for optimum activity in this tetrazole series 
other structural changes have also had to be made. 

Experimental Section1 -

Amides.- -2-(3-Indolyl)-2-methylpropionamide was prepared 
from 2-(3-indoIyl)-2-methylpropionic acid13 using the general 
method of Crosby, et at.1* The crude product (75'~l) was recrys
tallized twice from CHC1, (Xorit), mp 178.5-180°. Anal. 
(C,oHuX20) C, H, X. 

Similarly, 2-(3-indolyl)propionamide was prepared from 
2-(3-indolyl)propionic acid.15 The crude amide (99%) failed to 
crystallize and was used without purification. 

Nitriles. Method A.--Compounds 47-54 (Table IV) were 
prepared via a Mantiich procedure16 from indoles unsubstituted 
in the 3 position. 

( I t ) A more detai led account of the pharmacology of this rompouiul 
(BL-R743) will be repor ted elsewhere. 

(12) Mel t ing points were determined in a M e l - T e m p a p p a r a t u s and are un
corrected. N m r spect ra (CDCU) were obta ined using a Varian Associates 
Model A-60 spec t rometer . Chemical shifts (5) were measured downfield from 
T M S . Where analyses are indicated only by symbols of the elements , ana ly t 
ical results obta ined for these elements were within ± 0 . 4 % of the theoret ical 
values. 

(13) H . E r d t m a n n and A. Jonsson, Acta Chem. Scand., 8. 119 (1954). 
(14) D . G. Crosby, J. B. Boyd, and H . E . Johnson, / . Org. Chem., 25, 1826 

(11)00). 
(15) H. E, Johnson and D . G. Crosby, ibid., 28, 1246 (1963). 
(10) E. Walton, C. H. S tammer , R. F. N u l t , S. R. Jenkins , and F. W. Holly, 

•J Med. Chan., 8, 204 (1965). 

Method B. -2-(3-lndolyl)propionitrile,17 2-(3-indolyl)-2-metli-
ylpropionitrile, and 5-metho\y-2-methyl-3-indolylacetonitrile (55) 
were prepared from the corresponding amides as illustrated for 55. 
A solution of 5-methoxv-2-methyl-3-indolylacetamidels (30.0 g, 
0.138 mole) and Et:lX (30.0 g, 0.297 mole) in POCb (290 ml) was 
heated under relltix for 0.5 hr. The excess POCls was removed 
under reduced pressure and a CHCI3 solution of the residue was 
washed with aqueous Xa2C03 until the aqueous washings 
remained basic. The CHC13 solution was dried (X*a2SOi), filtered, 
and reduced to dryness to leave a brown solid. This residue was 
exhaustively extracted witli EuO and the combined F.F-O 
extracts were reduced in volume. Skellysolve B was added and 
the solution was further reduced in volume until 55 (24.5 g) 
crystallized, mp 113-115°. 

2-(3-IndolvD-2-methvlpropionitriie ( 8 8 ' , ) had lip 143 100" 
(0.5 mm). Anal. (C,2H, :X,) C, H, X. 

Method (V 3-Cyanoindole19 (45) and 3-cyauo-5-metho\-y-
indole (46) were prepared from the corresponding aldoximes by 
dehydration with formic acid.1' 

5-A'Iethoxy-3-indol\ialdoxime was prepared from the aldehyde2" 
by the method of Shaw, et a!.2' The crude producl. was recrystal
lized twice from aqueous HtOH to give colorless needles, mp 
129-140°. Anal. (CnH.oX-O--) C, H, X. 

3-Indolylacetonitrile and 3-indolylpropionitrile were obtained 
from commercial sources. 

Intermediate Tetrazoles. Method A.- Compounds 56-68 
(Table V) were prepared from the corresponding nitriles by a 
method6 similar to that described for 3-[l-(5-tetrazolyl)elhyli-
indole, as follows. A mixture of 2-(3-indolyl)propionitrile 
(1.0 g, 0.00588 mole), XaX ;! (0.478 g, 0.00735 mole), and XH,C1 
(0.393 g, 0.00735 mole) in DAIF (7 ml) was heated, with stirring, 
at 118° for 24 hr. The DAIF was removed under reduced pres
sure and the residue was treated with H20 (30 ml) followed by 
o'..'(. XaOH until the mixture was strongly basic. The mixture 
was washed (Et>0), and the resulting solution was treated with 
charcoal and filtered. The cooled filtrate (ice-water) was 
acidified to pH 2 with 10';. HC1. The precipitated solid (0.657 g, 
51.5'',) was recrystallized twice from aqueous KtOH to give 
3-[l-(5-tetrazolvl)ethvl]indoIe as colorless crystals, mp 164-105.5°. 
Anal. (CH.iX,-.) C, H, X. 

(17) K. Ei ter and O. Svierak, Monatsh. Chem., 83, 1453 (1952). 
(1.8) E . Shaw, J. Am. Chem. Soc, 77, 4319 (1955). 
(19) S. Swamina than , S. R a n g a n a t h a n , and S. Sulochana, J. Org. Chem., 23, 

707 (1958). 
(20) K, G. Blaikie and W. H. 1'erkin, Jr . . ./. Chem. Sue, 125, 296 (1924), 
(21) K. N . F . Sliaw, A. McMil lan . A. G. G u d m u n d s n n . and M . I.). AMII-

suoi ig . ./. Org. Chem.. 23, 1171 (1958). 
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Method B.—A mixture of XaX3 (35.1 g, 0.54 mole) and 
AICI3 (24.0 g, 0.18 mole) in T H F (225 ml) was heated under 
reflux with stirring for 0.5 hr. To the cooled mixture was added 
a solution of 2-(3-indolyl)-2-methylpropionitrile (29.0 g, 0.157 
mole) in T H F (75 ml). The mixture was then heated under 
reflux with stirring for 5 days.r It was cooled, diluted (H20), and 
evaporated to dryness. The residue was triturated with dilute 
HC1 and the mixture was extracted with CHC13. The CHC13 

solution was extracted with 10% aqueous XaOH. The aqueous 
solution was treated with charcoal and filtered. The filtrate 
was acidified to pH 2 with concentrated HC1. The precipitated 
solid (30.0 g, 84 %) was recrystallized twice from EtOAc-petroleum 
ether (bp 30-60°) to give 3-(2-[2-(5-tetrazolyl)]propyljindole 
as off-white crystals, mp 206-207°. Anal. (Ci2H,3X6) C, H, X. 

Acylation Reactions.—Compounds 1-23, 25, 27-31, and 36-44 
(Tables I—III) were prepared by treatment of the 3-(5-tetrazolyl-
methyl)indoles and homologs with benzoyl or heteroaroyl 
chlorides using procedures similar to the one described for 9, 
as follows. A solution of 3-(5-tetrazolylmethyl)indole (5.0 g, 
0.0251 mole) in dry D M F (25 ml) was added dropwise to a 
cooled (ice-water bath), stirred suspension of XaH (2.1 g, of a 
58.6% XaH dispersion in mineral oil, 0.0513 mole of XaH) in 
D M F (25 ml). The mixture was then stirred at room temperature 
for 20 min. The resulting solution was cooled (ice-water bath), 
when a solution of 4-methoxybenzoyl chloride (4.3 g, 0.0252 mole) 
in D M F (25 ml) was added dropwise with stirring over a period 
of 25 min. Stirring was then continued at room temperature 
for 2 hr. 

The reaction mixture was reduced to dryness in a rotary 
evaporator. A solution of the residue in H»0 (350 ml) was acidi
fied to pH 2 with concentrated HC1. The precipitated solid was 
washed (cold H 20) and dried. The dried material was washed 
with Skellysolve B (to remove any mineral oil) followed by a small 
volume of cold MeOH. The product was crystallized from MeOH 
to give 9 (5.7 g) as off-white crystals, mp 93-95°, resolidifying 
and remelting at 182-183°. 

Compounds 37, 38, and 41 required column chromatography 
on silicic acid with C6H6-Me2CO before they could be crystallized. 

l-(4-Chlorobenzyl)-3-(5-tetrazolylmethyl)indole (32), l-(4-
fluorobenzyl)-3-(5-tetrazolylmethyl)indole (33), l-(4-chlorophe-
nyIcarbamoyl)-3-(5-tetrazolylmethyl)indole (34), and l-(4-chloro-
benzenesulfonyl)-3-(5-tetrazolylmethyl)indole (35) were ob
tained from the treatment of the disodium salt of 3-(5-tetrazolyl-
methyl)indole (58) with 4-chlorobenzyl chloride, 4-fiuorobenzyl 
chloride, 4-chlorophenyl isocyanate, and 4-chlorobenzenesulfonyl 
chloride, respectively, in a manner analogous to that described 
for the Acylation Reactions. 

l-(4-Chlorobenzoyl)-5-hydroxy-3-(5-tetrazolylmethyl)indole 
(24).—A suspension of 5-benzyloxy-l-(4-chlorobenzoyl)-3-(5-tetra-
zolylmethyl)indole (23) (3.52 g) and 10% Pd-C (2.0 g) in EtOAc 

(300 ml) was shaken with H2 at room temperature and 2.5-3.5 
kg/cm2 until absorption of H2 had ceased (7 hr). The mixture 
was filtered and the filtrate was reduced in volume to give 
crystalline 24 (1.87 g), mp 244-247° dec. 

5-Amino-l-(4-chlorobenzoyl)-3-(5-tetrazolylmethyl)indole(26). 
—A suspension of l-(4-chlorobenzoyl)-5-nitro-3-(5-tetrazolvl-
methyl)indole (25) (7.0 g) and 10% Pd-C (3.0 g) in MeOH 
(300 ml) was shaken with H2 at room temperature and 1.4-3.5 
kg/cm2 until the uptake of H2 had ceased (2.5 hr). The mixture 
was filtered and the collected solid was extracted with boiling 
EtOH. The EtOH extract and the MeOH filtrate were combined 
and concentrated. The solid residue was recrystallized from 
EtOH (Xorit) to give 26 as light brown crystals (3.2 g), mp 160-
190° dec. 

l-(4-Chlorobenzoyl)-3-[5-(l-methyltetrazolyl)methyl]indole 
(VII) and l-(4-ChIorobenzoyl)-3-[5-(2-methyltetrazolyl)methyl]-
indole (VIII).—A suspension of l-(4-chlorobenzoyl)-3-(5-tetra-
zolylmethyl)indole (5) (4.5 g) in Et20 (50 ml) was treated with 
ethereal CH2X2. The reaction mixture was filtered and the 
collected solid and filtrate were worked up separately. The solid 
was recrystallized from EtOH to give pale yellow crystals of VII 
(1.75 g, 37%), mp 178-179°. Recrystallization from EtOH gave 
off-white crvstals, mp 180-181°, nmr peak (CDC13) at S 2.94 
(3 H singlet, CH 3 X< ). Anal. (CiSHi4ClXdO) C, H, CI, X. 

The filtrate was reduced to dryness to give VIII (2.0 g, 43%) 
as pale yellow crystals, mp 111-113°. Two recrystallizations 
from EtOH gave colorless crystals, mp 111-112°, nmr peak 
(CDCI3) at S 3.25 (3 H singlet, CH 3 X< ). Anal. (Ci8H14ClX.,0) 
C, H, CI, X. 

l-(4-Chlorobenzoyl)indole-3-acetic Acid.—i-Butyl l-(4-chloro-
benzoyl)indole-3-acetate was prepared from i-butyl indole-3-
acetate and 4-chlorobenzoyl chloride by a method similar to that 
described for i-butyl l-(4-chlorobenzoyl)-5-methoxy-2-methyl-
indole-3-acetate.4b The crude X-acylated indole was partially 
purified by chromatography over silicic acid with C6H6 as the 
eluent. A solution of the chromatographed material (2.45 g) in 
CF3C02H (48 ml) was allowed to stand at 25° for 17 hr. The 
solution was evaporated to dryness and the residue partitioned 
between aqueous XaHC0 3 and Et 2 0. The E t 2 0 layer was 
reextracted with fresh aqueous XaHC0 3 . The combined aqueous 
solutions were acidified with concentrated HC1 to pH 2 to precip
itate the product (1.28 g), mp 175-178°. The product was 
recrystallized twice from aqueous EtOH to give pale yellow 
needles, mp 178-180°. Anal. (CnH1 2ClX03) C, H, Cl, X. 
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