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11 (5 g) in absolute IXtOH (140 ml) was added. The theore(ical
amount of Hy (332 ml) was taken up in 15 min. After the cata-
lyvst was removed by filtration, the solvent was evaporated
'n vacuo. The residue was taken up in CH.Cls, washed (H.O),
and dried.  Crystallization from CH:Cly-CeHis yielded 3.39 g
(679) of 12: mp 178.5-181°; [a]p +74°; nmr, 6 1,05 (13-CH,,
10-CH;), 1.44 (16-CH;), and 2.20 (20-CH;) ppm.  Anal
(CaHy0,) C, H.

Preparation of 14 from 12.--A solution of 12 (1.022 g) in
dioxane (15 ml) was stirred with concentrated HCI (5 ml) at 5°
far 65 min. The reaction mixture was added to H,O (500 ml),
and the precipitate was filtered, dried, and chromatographed over
Florisil (22 X 4 cmr). Elution with CeHe-1110 (M):1) gave
410 mg of somewhat impure 15 (Anax 309 mp). l‘urther elution
with CyHe—15120 (2:1) gave a mixture of 13 and 14, Several
erystallizations from Me.CO-CsHyy yielded 252 mg (24.7%¢) of
pure 14: mp 181-184°; [ajp --72° nmr, § 0.79 (13-CHy),
1.01 (10-CHjy), 2.21 (20-CH,), 5.08, and 5.27 (16 =CH.) ppn1
Anal. (021113-103) C, H.

16-Methyl-17a-hydroxy-58,15-pregnene-3,20-dione (13).-—4A
solution of 12 (301 mg) in THF (13 ml) was cooled to 5° and
48¢ HI (2.4 ml) was added dropwise over 5 min. The dark
solution was stirred at room temperatnre for 25 min.  After
dilution (H,O, 15 1ml) the solution was decolorized witlt 5Yy,
NaHS8O0; and poured into H,O (200 ml). The precipitate was
filtered and dried.  Crystallization from Me,CO-CsHy gave
181 mg (60V ) of 13 mp 188° (softening), 193-106%; [a]v —~73°:

Vol 12

nmr, § 082 (13-CHs), 1.06 (10-CHyj, 1.76 (16-CH., m), 2.22
(21-CHy), und 5.82 (15-H, m) ppm.  dnal. (Co:HpO:) C, H. The
nmr spectrunt of the mother liguor indicated the presence of 14.
163-Methyl-16,17a-0xido-5a-pregnane-3,20-dione (173 -\
solution of 16 (1.05 gi in MeyCO (75 ml) nnder N« wies tiirared
with 8 .V H.CrO; 10 permanent yellow coliwr. The calor change
was observed after the addition of 1.17 ml of the reagem. The
reaction mixture wis added to H.O (300 ml), and the precipitate
wus callected Ly filtration and dried.  Crystallization from
CH,Clo-CesHiy gave N1 mg (7897 of 17: mp 209-211.57:
v =735 mr, 5 1,02 (13-CH,, 10-CHy), 1.42 (1G-Clls), caad
120 (QO—CH;l) pput. Anal. (C:-_JHS:O;‘) C; H.
16-Methyl-17a-hydroxy-5«-15-pregnene-3,20-dione (181 -\
solnrian of 17 (1.72 g) in Me.CO (160 ml) was stirred with care
cemrated HCL (6 ml} far 30 min. HO (80 mi) was added drap-
wise, and on cancentration ta 100 wml @ wacne ervstallization
aceurred.  The ernde solid was filtered, dried, and recryvstallized
(Me:COD, vielding 1149 g (6775 of 18 myp 236-230%: jalp
i4°: nmr, § 087 (13-CHa), 1.08 (10-Cldyy, 178 (16-Clly, mL
2,23 (20-CH,), and 5.82 (15-H, m1y ppir. dnal. (CellwO:) C, H.
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3-(5-Tetrazolylmethyl)indoles' and Homologs

P. F. Jusy axp

Rescarch Division, Bristol Laboratories, Divisiorcof Bristol-11yers Company, Spracase, Newe York

T. W, Hupvyaa

13301

Fecetved Novembier 1.0, 1568

A series of l-substituted 3-(3-tetrazolylmethyhindoles and homologs were prepared as tetrazole analogs of

indamet iacin and other indole-3-acetic actd antiinflammatory agents.

Sante of the pradnets show significant

antiimflammatory activity when tested orally in ra(s. Structure-activity relationships i this series do not

correspond to those for the carboxylie acid companuds.

3-(A-tetrazolylmethyDindale.

The replaceinent of the carboxyl group in biologically
active compounds with the comparably acidic 5-tetra-
zolyl group (CN H) has not always resulted in the
retention of activity.®® The discovery,” however, that
tetrazole analogs of a series of known N-phenyl-
anthranilic acids showed antiinflammatory activity
comparable to that of the corresponding acids has
encournged us to prepare tetrazole analogs of other
carboxylic acid antiinflammatory agents.  We now
report tlie preparation, properties, and preliminary
pharmacology of a series of l-substituted 3-(5-tetra-
zolvlmethyl)indoles and homologs suggested by indo-
methacin  [1-(4-chlorobenzoyl)-3-methoxy-2-methylin-
dole-3-acetic acid] and related compounds.?

Chemistry.—The first ain1 was to prepare close ana-
logs (I) of indomiethacin (II). Two synthetic approaches

(1) Bristol-Myers C'o., South Africun Patent 66/3650 (1967).

2) P.1 Juby, 1 W, Hudyma, and M, Brown, J. Med, Chem., 11, 111 (1968).

¢3) F. R, Benson in ‘'Heterocyclic Compounds,” Vol. 8, k. C. Elderfield.
Id., John Wiley and Sons, Inc., New York, N. Y., 1067, Chapter |.

4) (a) T.Y. 8hen, et al., J. Am. Chem. Soc., 85, 488 (1963); (b) T'. Y. Shen,
U. 8. DPatent 3,161,654 (1964): (¢) T. Y. Shen, U. 8. Patent 3.190.880 (1965);
(1) 1. Y. Shen, C. 8. Patent 3,201,414 (1965); (¢) L. H. Sarets and T. Y. Shen,
U, 8. Patent 5,242,162 (1966): (f) C. A. Winter, E. A, Risley, and G, W, Nuss,
J. Pharmacol, Exptl. Therap.. 141, 369 (1963): (g) ¥*. D. Hart and . T.. Baard-
., Brit. Med, J., 2,963 (1963): (1) T. Y. Shen in " Nonsteroidal Antiinfam-
matory Drugs,” 8. Garattini and M. N. (3 Dukes, R, Exeerpta Medies
Foundation, Amstoerdam, 1965, pp 13-10.

The most active compound 15 1-(4-chlorabenzayl )-
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were made and these are outlined in Scheme I Route A
failed at the first step, probably because of the ability
of 11T to react with NaH to form a carbanion at the
CH, carbon which could react with the acylating agent.
An example of the first step of route B has already
been reported by MeManus and Herbst.®  Using the
general conditions of Finnegan, ef al.,® we were able to
convert the nitriles III to the tetrazoles V with NaN;
and NH.Cl in DMF in yields of 46-859_., The acidic
3-(d-tetrazolylmethyl)indoles (V) were converted to
their disodium salts with NaH in DMF. Treatmeut of
each salt with 1 molar equiv of a benzoyl ehloride gave
(3) J. M. MeManus amd R. N, Herbst, J. Org, Chem.. 24, 1464 {19541,

16) W, (L Finnegan, R AL Henry, andd R, Lofquist, J. A, Chem, Soc., 80,
3G (1O5R),
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1-benzoyl-3- (5-tetrazolylmethyl)indoles (I) in 20-68%%
yields (3-23, 25, 27-30, Table I). 1-(4-Chlorobenzoyl)-
5-hydroxy-3-(5-tetrazolylmethyl)indole (24) and
5-amino-1-(4-chlorobenzoyl)-3-(5-tetrazolylmethyl)-
indole (26) were obtained by hydrogenolysis of 5-benzyl-
0xy-1-(4-chlorobenzoyl)-3-(5-tetrazolylmethyl)indole
(23) and reduction of 1-(4-chlorobenzoyl)-5-nitro-3-
(5-tetrazolylmethyl)indole (25), respectively.

The final products were characterized by the presence
of typical, broad tetrazole NH stretching bands (2200-
3500 em~!) 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 (IIT)
were prepared from indoles unsubstituted in the 3 posi-
tion using a Mannich procedure. The indoles were
converted to gramines with CH,O and Me,NH 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.

@
( CH:)H‘< N
N H
H

VI,n=O,2

Alternatives to the amide linkages of I were provided
by treatment of the disodium salt of 3-(5-tetrazolyl-
methyl)indole (V, R,—s = 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, R,—, = H) with
tlie appropriate beterocylic carbonyl chlorides. A
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1-naphthoyl analog (42) was prepared in a similar
manner,

Two a-substituted products (43 and 44) were pre-
pared (Table III). 1-(4-Chlorobenzoyl)-3-[1-(5-tetra-
zolyl)ethyllindole 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 vield of 3-{2-[2-(5-tetrazolyl)]-
propyl}indole when treated with NaN; and NH,CI in
DMF. The tetrazole was eventually obtained in good
yield using NaNj; and AlCl; in THF.” Apparently, the
latter conditions are more favorable for the formation
of tetrazoles from more sterically hindered and unreac-
tive nitriles. Benzoylation of the produet proceeded
normally.

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

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

The acidities of a number of the final products in
2-methoxyethanol-water (2:1) were determined,® and
these indicate the products to be weak acids with pK,'s
in the range of 5.7-6.2. For example, 1-(4-chloroben-
zoyl)-3-(5-tetrazolylmethyl)indole (5) had a pK, of

5.99. By comparison, indomethacin [1-(4-chloro-
benzoyl)-5-methoxy-2-methylindole-3-acetic acid] had a
pK. of 6.73.

Treatment of 1-(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,’ the product with

sy @6“‘*\
N
o

Cl Cl
VII VI

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.** The results, expressed as the
percentage inhibition of edema, are recorded in Tables
I-I1I. Compounds VII and VIII, not included in the

(7) E. Wiberg and H. Michaud. Z. Naturforsch.. 9b, 496 (1954).

(8) Reproducibility of =0.04.

(9) J. H. Markgraf, W. T. Bachmann. and D. P. Hollis, J. Org. Chem.. 30,
3472 (1965). reported that the signal from the N-methyl protons of 1.5-dimethy-
tetrazole appears npfield from the signal from the N-methyl protons of 2,5
dimethyltetrazole.

(10) C. A. Winter. E. A, Risley, and G. W, Nunss, Proc. Soc. Exptl, Biol.
Med., 111, 544 (1062),
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TasrLe 11 1-Bexzovi-3-(3-TETRAZOLYIMETHYL)INDOLES AND lToMoLacs
—N
7\
R oy NN
Ry H
N—r,
R, N
CO
Rs
Anti-
inflam
R R act., %
Crystn Yield,” Dose, inlib of
No. n R R Ra Ra Rs Re Ra Mp, °C* solvent? Yo Ka Formula Analyses mg kg edema
1 0 H H H H 11 H Cl 230.5-232 A-B 53 Ci6tH1CIN;O C 4, Cl, N 150 4
2 0 H H OCH, H B H Ci 243-244 A 73 Ci7H 1,CIN;O, C, 11, Ci, N 150 21
3 1 11 H H H 11 11 H 124-126 C 51 .03 CHuN0 C, H, N 128 30
4 1 H H H H H 11 K 183.5-184.5 A 67 Ci7H1FN,0 C, I, N 150 21
i) I H H H H H H Cl 233-234 D4 50 5.99 Ci7H,.CIN, O C, 11, CI, N 128 55
6 1 H H H H 11 11 Br 238-234 A 42 Ci7H . BrN O C, H, N 150 34
7 I H H H H H 11 CH: 200-201 A 26 CisHisN;0 C,H, N 128 31
S I H H H H 1 H Cly 251-253 A 42 5.9H CisH 14 N;0 C, H N 128 I8
9 I H H H H H B OCil, I82-183 A 68 6.06 CisHis! C, 11, N 128 12
10 1 H H H H H H SCH, 201.5 202.5 A 52 CisHia? C, 1, N, 8 128 15
11 I H H H H H H OCIy 225 226 I 449 CrgHp N0 C, 11, N 150 0
12 1 H H 1 1T H Ir H 156-157 A-BB 23 Ci-Hi:FN:O C, I, N 125 0
13 I H H Il 1T H Ci H 190 191 A 42 6.21 Ci;H,CIN,O C, 11, CI, N 128 W
14 I H H H 11 1T Clos H 213-214.5 A 44 3.98 CisH kN0 C, 11, N 128 36
15 1 H H 11 H I OCH,; H 207-209 A (4 Cisli3N02 C, 11, N 128 9
16 I 11 H 11 H Cl H 11 ¢ .16 Ci711,:CIN, 0 C, 11, Ci 128 3
17 I 11 H 11 11 OCI1I, 11 1 215214 A 57 Cisl11:N:0. C, 11, N [ 0
1~ t 11 H 11 Il 11 Cl Cl 241-242 A a9 CizH1CLN ;0 C, 11, Ci, N [RA 16
19 I 11 H 11 H Cl B Cl 228229 I 68 Ci;HuChN:O C, H, Ci, N 128 15
20 t 11 H H OCH, H I Cl 204.5 206.5 A 16 CisH1,CIN;0), C, 4, CI, N 150 2
21 I Il 11 Br H H H Cl 230-240 I 50 6.00 Ci71,BrCiIN. 0O C, 11, N 150 O
22 I 11 Il OCH; H 11 H Cl 208209 A 3l Cy51,CINGO: f 150 0
23 1 H H OCH.LCyll; 11 H H Cl 197-109 G 27 Cusl 115CIN 02 C, H, Ci, N 128 11
24 I H H OT1 i 11 H Cl 250-252 C 67 Ci7111,CIN;O C, H, CI, N 128 8]
25 I H H NOe. I 11 H Ci 247-24%8 (o Hl 573 Ci:H,CINO: C, H, CI, N 150 a9
26 I H H NIl H H I Cl 173-215 A 50 Ci7111:CINO C, 1, N 150 10
27 I H Cily 11 H 11 H Cl 256--258 K 32 Cisl 1, CIN;O C, i1, Cl, N 128 [
25 I Cll, H 8 H 11 H Ci 202--204 It 33 (.17 Cis1TuCINO C, H, Ci, N\ 128 0
2 1 CH, 1 Ci H H T Cl 225 2235 C H 20 CHuCLN:0 G, CL N 128 4
30 I Cll, 11 OCH- I8! H 11 Cl 225-226 ¥ 24 C\yH1,CIN0- C H,ClL N 100 24
31 2 11 I 11 H 11 11 Cl 194-196 A 20 CisHuCIN:O C H,CL, N 150 29

H = HO. 1

erystalline product, purified by repreeipitatinn.

° NMast af the pradiets melt with decampasition. " Fined rerrvstallization: A = EtOAe, B = Skellvsolve B (hp 60-83071, C = MceOLl, D =
= Me.CO, J = CCls, K

= Cella, I = 1110, 7 After first eryvstallizaiion. 7 After prior reervstallization fram MeQH.
S Produet erveratlized withh 005 mole of F1OAe.

CHCL, §< = /-1"OH, ' = 11011, ¢ — #-Buoll,
“ Nan-

7-PrOH was Later fannd 1o he a more suitable salvent.
Anal. {Cil1CINOL-0.5CH Oy T, Cll N Crealed, 5834 fannd, a8.79.

<
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TasLE II
1-SUBSTITUTED 3-(5-TETRAZOLYLMETHYL )INDOLES
N—N
/ A
N
CH, N
QGO
N
\
R
Aunti-
inflam
act., %
Crystn Yield.¢ Dose. inhib of
No. R Mp, °C* solvent® % Tormula Analyses mg/kg edemsa
32 4-CICH.,CH, 204.5-205.5 A 55 Ci-H1uCIN; C, HClL N 130 4
33 4-FC¢H,CH, 194.5-195.5 A 43 C1H1sF N5 C, H N 128 2
3 4-CICsH.NHCO 244-245 C 81 C,;Hi;;CINO C H,Cl, N 128 24
35 4-CICsH480, 244-245 F 29 CisH12CIN:0,8 C, H C, N 150 9
36 { oo 1755-1765 1B 20 CpHuN:O: C, H N 150 0
37 UOO 158.5-139.5 A 26 Ci:HuN;08 CH XN, S 150 20
S
38 yars 189-190 A 25 CisHieCIN;08 C H N 150 0
Ct S
39 :—&CO 213.5-214.5 C 46 C1H1oN:08 C,H N, 8 150 0
N
40 @co 232-234 G 46 CisH1N O C,H, N 150 6
SN
41 ijoo 247-248 G 26 CisHuN-0 C, H, N 150 0
SN
co
@—¢ See corresponding footnotes in Table I.
TasLe I
a-SUBSTITUTED 1-BENZOYL-3-(3-TETRAZOLYLMETHYL)INDOLES
N__..
Re A\
N AN
N C N
\ H
N CH;
N\
CO
Ci
Antiinflam
Crystn Dose, aet., % inhib
No. R Mp, °C® solvent? Yield,¢ 9, Formula Analyses meg/kg of egema
43 H 200-202 A-B 52 CisH i CIN;O C,H ClL, N 150 0
44 CH; 238-239 A 56 C1oHCIN ;0 C,HCLN 128 22

a-¢ See corresponding footnotes in Table I.

tables, showed 7 and 1597 inhibition of edema, respec-
tively, at doses of 128 mg/kg. An iunhibition of more
than 309; 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 ecarboxylic acid
analogs where urea linkages* and benzyl group substi-
tution®® 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 CH, between the indole and tetrazole rings is
required for optimum activity. A free hydrogen atom
on the tetrazole ring is necessary for significant activity.

The most active compound in the tetrazole series is
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Tasry IV
INTEREMENTATE NITHILES

R,

(CH,),CN

Ry
R,
R, N
Ceas

No. 7 8t K 3§ 9 M or Ly fanmd, “C solvent* Yiebst, o] Formunla Analyses
45 0 H H 1 11 150-182" 1711 65 CyHuN
46 0 H H OCl1; H 155-156.5 111 1 CialdsN:O C 1, N
47 1 H H H OCH, 110=112.5" C 97 CuHpoN-0
4% I H H Br H 102.5-104¢ J 13 CH-BrN:
4(.) I }I H NO: H ¢ CgoH:NNO:
50 I H B} OCH, H 175-177 (0.01)7 A CuH.ioN:0
51 I H H OCH,CiH: H 1Y N CisHuN:O
‘ I 1 Clly 1 H 02 103" 07 CiHuoN:
54 i Cll 11 11 11 Nl I B3 a5 Ci N,
54 I CH, I Ci H [42- 144 [l 10 Cd1,CIN G0 CLN
an [ CH, H OCIH, H 115-116 I, N4 CraH N0 C, 1N

° See faotnote b in Fable I, #See ref 19. 7 N. N, Suvorov, M. V. Fedotova, 1. G. Balasheva, O, B, Ogareva, and A L Tishehenke,

USSR Patent 134,263 (1960): Chem. Abstr., 55, 15510¢ (1961 ).

4 W, T. Calwell, J. K. Horner, and W. A. Skinner, “Synthesix nf

N-Containing Heterocyclic Compaunds Possessing Physiological Activity,” U. 8. Department of Commerce, Office Technicnl Serviee
AD 435,889, 1064; Chem. Abstr., 62, 11763a (1965). © Nonerystalline, crude product; 3. . Hiremath and 8. Siddappa, J. Hed. Chen,,
8, 142 (1965). 7 D. Desaty and D. Keglevic, Croat. Chem. Acta, 37,25 (1963); Chenc. Ahsir., 63, 8294d (1965). * Noncrystalline produet :
A. Stoll, ¥. Traxler, J. Peyer, and A. Hofmann, Helr. Chim. Actu, 38, 1432 (1955). * Produet was not reerystallized: J. H. Gaddun,
K. A. Hameed, D. L. Hathiway, and I, I. Stephens, Quart. J. Expl. Physiol., 40, 49 (1955 ' See reference in footnote A,

1-(4-chlorobenzoyl)-3-(3-tetrazolylimethyl)indole®  (5).
whereas  1-(4-chlorobenzoyl)-5-methoxy-2-methyl-3-(5-
tetrazolylmethyl)indole (30), the direct tetrazole analog
of indomethacin, shows only weak activity., 1-(4-Chlo-
robenzoyl)indole-3-acetic acid, the carboxyl analog of 5.
gave 329 inhibition of edema at a dose of 128 mg ke,
Compound 5 had a minimal effective dose of 16 mg/kg
(307¢ inhibition of cdema) and an oral LDj; of 1200
mg/kg in rate, By comparison indomethacin had a
minimal effeetive dose of 1 mg/ke, with an LDy 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 optimuim activity in this tetrazole series
othier structural changes have also had to be made.

Experimental Section®

Amides. -2-(3-1ndolyl)-2-methylproptonamide was prepared
from 2-(3-indolyl)-2-methylpropionic acid?® using the general
method of Crosby, et al.’* The crude product (754(.) was recrys-
tallized twice from CHCIl; (Norit), mp 178.5-180°  .linal.
(Ci:HuN:0) C, H, N.

Similarly, 2-(3-indolyl)propionamide wns prepared from
2-(3-indolyl)propianic acid.’®* The crude amide (99¢;) failed to
erystallize and was used without purification.

Nitriles. Method A.--Compounds 47-54 (Table 1V) were
prepared via a Mannich procedire'® fram indoles nnsubstitmted
i the 3 position.

(11 A more decaited arcount of the pharmmestogy of his compearnnl
(BL-R743) will ie reprorted clsewliere.

(12} Melting points were determined in a Me)-Temp auparaius and are nn-
corrected,  Nmr spectra (CDCls) were obtained using o Varian Associates
Model A-60 spectrometer. Chemical shifts () were measured downfietd from
TAMS. Where analyses are indicated only by symbols of the elemeats, analyt-
ical results obtained for these elements were within =0.49, of the theoretical
vialies,

(13) H. Erdtingnn and A Jousson, Acta Clen. Seand., 8. 119 (1954).

(14) D. G. Croshy. J. B. Boyd. and H. E. Johnson, J. Org. Chem., 25, 1826
(1960},

(15} H. I, Johnsan and D. G. Croshy, thid., 28, 1246 (1963).

(16) E. Walton, C. H. Stammer, R. I. Nuct, 8. R. Jenkias, aud 1. W. 11olly,
JoMed. Cliern., 8,204 (10G5).

Method B. -2-(5-IndolyDpropionitrile,t” 2-(3-indalylj-2-meth-
vipropionitrile, and 3-mrethoxy-2-methyl-3-indolylacetonitrile (551
were prepared from the corresponding amides as illustrated for 55.
A solution of d-methoxy-2-niethiyl-3-indolylacetamide!® (30.0 g,
0.138 mole) and EuN (30.0 g, 0.297 mole) in POCly (290 ml) was
heated under reflux for 0.5 hr. The excess POCl; was removed
under reduced pressure and a CHCL; solution of the restduc wic
washed with aqueous Na.CO: until the aqueous washihigs
remained basie, The CHCI; solution was dried (Na.80y), filtered,
and reduced to dryness to leave a brown solid.  This residue wis
exhaustively extracted with L0 and the comnhined Et.O
extracts were reduced m volume. Skellysolve B was added and
the solution was further redunced it volume until 55 (24.5 ¢
crystallized, mp T1i-115°.

2-(3-Indolyl-2-methylprapionitrile (88 hwd hp 1431607
(0.5 mm). .nal. (CH.Ns) C, H, N.

Method C. -3-Cyvanoindale!® (45) and d-cyvano-i-etiaxy-
indole (46) were prepared from the catresponding aldoxines Ty
dehydration with formic acid.??

5-Methoxy-s-indalylaldoxine was prepared frant the aldebqde™
by the method of Shaw, ¢f @l The crude product was reerystal-
lized twice from aqueons KtOH ta give calorless needles, mp
120-140°,  .1nal. (CiHN:O2) C, H, N.

S-Indolylicetonitrile and 3-indolylpropionitrile were obtaed
from commnercial sonrces.

Intermediate Tetrazoles. Method A.-~Campounds 56-68
(Table V) were prepared from the corresponding nitriles by a
method? similar ta that deseribed for 3-[1-(5-tetrazolyDethyii-
indole, as follows. A mixture of 2-«(3-indolyDpropionitrile
(1.0 g, 0.0058% nrole), NaXNy (0.478 g, 0.00735 male), and NH,Cl
(0.393 g, 0.00735 mole) it DAME (7 ml) was heated, with stirring,
at 118° for 24 hr. The DMIE was removed 1mder reduced pres-
aire and the residne was (reated with HO (30 ml) followed Ty
5%¢ NaOH until the mixture was strongly basic.  The mixture
wits washed (156:0), and the resulting solution was treated with
chiarcoal ard filtered.  The cooled filtrate (fee=water) was
acidified to pH 2 with 1077 HCL.  The precipitated solid (0.657 g.
31.5C7) was recryvstallized twice from aqueous 1SHOH to give
3-[1-(3-tetrazalvhethyl jindale as colorless crvstals, mp 1G4-165.5°.
Anal. (CH]IHX:,] C, H, N.

(17) K. Eiter and O. Rvierak, Monatsh. Chem., 83, 1453 (1452).

(18) E. Shaw, J. 1. Chem, Soc.. 77, 4319 (1935).

(19) 8, Swamimthan. 3. Ranganathan, and 8. Saloclhana, J. Ocy. Clepm., 23,
T07 (1098).

20 K, G Blaikie and W, 1. Perkin, Jr.. J. Chen, Soc., 123, 206 (19241,

(1) 18, N.I9, Shaw, AL MeMiflan, AL G Godimnndson, aud ML DL A
strang. S, Oeg. Chem., 23, 1171 (1078),
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TaBLE V
INTERMEDIATE TETRAZOLES

/oA
R <CH2>/\N/N
R, H
Nk,
R, }NI
Crystn

No. n R: Rz Ry R4 Mp, °C?® solvent? Yiceld. % Formula Anulyses
56 0 H H H H 233-233.2 F-H 77 CsH.N; C, H, N
57 0 H H OCH; H 245.5-247 F-H 40 CioH,sN;0 C, H N
58 1 H H H H 182-183¢ H 85 CioHoNs

59 1 H H H OCH; 203-204 F-H 68 CuHnN:O C, H, N
60 1 H H Br H 207-208 A 76 C1oHsBrXN; C, H, Br, N
61 1 H H NO: H 227-228 F-H 46 CioHsN¢O: C, H N
62 1 H H OCH; H 185-18Y H 48 CuHuXN;0 C, H, N
63 1 H H OCH,CsH; H 173-175 F-H 64 Ci-Hi:N:0 C H, XN
64 1 H CH; H H 224-224.5 F-H 51 CuHuN; C, H N
65 1 CH; H H H 180-182 A 77 CuHuN; C, H, N\
66 1 CH; H Cl H 201.5-203.5 F-H 77 CuH,CIN C, H Cl, N
67 1 CH; H OCH; H 194-195 H 53 CiHi;N:0 C, H N
68 2 H H H H 125-126 H 63 CuHuN; C, H XN

@=¢ See corresponding footnotes in Table I. ¢ See ref 5.

Method B.—A mixture of NaN; (35.1 g, 0.54 mole) and
AICI; (24.0 g, 0.18 mole) in THF (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 THF (75 ml). The mixture was then heated under
reflux with stirring for 5 days.” It was cooled, diluted (H;0), and
evaporated to dryness. The residue was triturated with dilute
HCI and the mixture was extracted with CHCls. The CHClI;
solution was extracted with 1047 aqueous NaOH. The aqueous
solution was treated with charcoal and filtered. The filtrate
was acidified to pH 2 with concentrated HCL. The precipitated
solid (30.0 g, 8497 ) was recrystallized twice from EtOAc-petroleum
ether (bp 30-60°) to give 3-{2-[2-(5-tetrazolyl)]propyl}indole
as off-white crystals, mp 206-207°. Anal. (Ci:HisN;) C, H, N.

Acylation Reactions.—Compounds 1-23, 25, 27-31, and 36-44
(Tables I-111) were prepared by treatment of the 3-(5-tetrazolyl-
methyl)indoles and homologs with benzoyl or heteroaroyl
chilorides using procedures similar to the one described for 9,
as follows. A solution of 3-(5-tetrazolylmethyl)indole (5.0 g,
0.02531 mole) in dry DMF (25 ml) was added dropwise to a
cooled (ice-water bath), stirred suspension of NaH (2.1 g, of a
58.6Y%, NaH dispersion in mineral oil, 0.0513 mole of NaH) in
DMF (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 DMF (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;O (350 ml) was acidi-
fied to pH 2 with concentrated HCI. The precipitated solid was
washed (cold H;O) 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 CsHe—Me.CO before they could be crystallized.

1-(4-Chlorobenzyl)-3-(5-tetrazolylmethyl)indole (32), 1-(4-
fluorobenzyl)-3-(5-tetrazolylmethyl)indole (33), 1-(4-chlorophe-
nylcarbamoyl)-3-(5-tetrazolylmethyl)indole (34), and 1-(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 chioride, 4-fluorobenzyl
chloride, 4-chlorophenyl isocyanate, and 4-chlorobenzenesulfonyl
chloride, respectively, in a manner analogous to that described
for the Acylation Reactions.

1-(4-Chlorobenzoyl)-5-hydroxy-3-(5-tetrazolylmethyl)indole
(24).-—A suspension of 5-benzyloxy-1-(4-chlorobenzoyl)-3-(5-tetra-
zolylmethyl)indole (23) (3.52 g) and 109 Pd-C (2.0 g) in TtOAe

(300 ml) was shaken with H; at room temperature and 2.5-3.5
kg/em? until absorption of H, 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-1-(4-chlorobenzoyl)-3-(5-tetrazolylmethyl)indole (26).
—A suspension of 1-(4-chlorobenzoyl)-5-nitro-3-(3-tetrazolyl-
methyl)indole (25) (7.0 g) and 109, Pd-C (3.0 g) in MeOH
(300 ml) was shaken with H, at room temperature and 1.4-3.5
kg/cm? until the uptake of H, 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 (Norit) to give 26 as light brown crystals (3.2 g), mp 160-
190° dec.

1-(4-Chlorobenzoyl)-3-[5-(1-methyltetrazolyl ) methyljindole

(VII) and 1-(4-Chlorobenzoyl)-3-[5-(2-methyltetrazolyl )methyl]-
indole (VIII).—A suspension of 1-(4-chlorobenzoyl)-3-(5-tetra-
zolylmethyl)indole (5) (4.5 g) in Et:0 (50 ml) was treated with
ethereal CH;N,. 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 crystals, mp 180-181°, nmr peak (CDCl;) at & 2.94
(3 H singlet, CH;N < ). Anal. (C]gHMclN;,O) C, H, Cl, N.

The filtrate was reduced to dryness to give VIII (2.0 g, 437¢)
as pale vellow crystals, mp 111-113°. Two recrystallizations
from EtOH gave colorless crystals, mp 111-112°, nmr peak
(CDCls) at & 3.25 (3 H singlet, CH;N< ). Anal. (C3HuCIN,O)
C, H, Cl, N.

1-(4-Chlorobenzoyl)indole-3-acetic Acid.—¢-Butyl 1-(4-chloro-
benzoyl)indole-3-acetate was prepared from ¢-butyl indole-3-
acetate and 4-chlorobenzoyl chloride by a method similar to that
described for {-butyl 1-(4-chlorobenzoyl)-5-methoxy-2-methyl-
indole-3-acetate.®® The crude N-acylated indole was partially
purified by chromatography over silicie acid with CsHs as the
eluent. A solution of the chromatographed material (2.45 g) in
CF;CO.H (48 ml) was allowed to stand at 25° for 17 hr. The
solution was evaporated to dryness and the residue partitioned
between aqueous NaHCO; and Et:0. The Et,O layer was
reextracted with fresh aqueous NaHCOQ;. The combined aqueous
solutions were acidified with concentrated HCI 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. (C;H,:CINO;) C, H, CI, N.
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