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absolute ethnnol; m.p. 90-94°; vield 15%,; Ayue mp () 215
(53,100), 275 (18,000); wyax 1130 (), 1220 (3), 1325 (ms), 1415
(m), 13035 (m), 13O0 (n1), 1710 (msk 3150 Gmw), 3350 (mw
e, T

Anal. Caled. for CuaHyCINLO:-05CHOH: €, 6160 H,
6.03; Cl, T.58; N, 5.090. Found: C, 61.01: H, 5.80; Cl, T.3:
N, .88,

9-Chloro-3,4-dihydro-6-methyl-1H-azepino]5,4,3-cd}indole
Methiodide (Xa).—A solution of 5 g. of compound IVa in 100 ml,
of absolute ethanol was treated with 15 ml. of methyl io:dide anil
refluxed for 1 hr. After chilling, the precipituted yellow crvsials
were filtered und washed with and recrystallized from absolute
ethunol; nup. 251-233°: vield 14900 Ny mu 1) 215 (32,104,
340 (5200), 405 (6125, vy, 1000 11ms), 1200 (=), 1535 (s,
1615 (=), 3150 (us) oem. ™.
Anal. Caled. for CpHCIING: C, 43.29; H, 3.91; 1, 35. 1k
N, .70 Found: () 43.52; H, 3.70; 1, 35.28; N, 7.53.

Ethyl 9-Chloroe-3,4-dihydro-6-methyl-1H-azepino(5,4,3-c:{ -
indole-2-carboxylate Methiodide (Xo).—~This compound was
prepared from 5 g. of IVe by the same method us Xa. The
analytical sample was obtained by veervstallizntion from 957
ethanol; m.p. 260-265°; vield 877 (1 Ay mu Le) 222 135,000
250 (12,400), 271 (14,300), 346 (8000), 390 (10,000); »,. 1125
{ms), 1240 (=), P3N Qs 1550 find, 1630 (ms), 1705 1ms),
3300 (msy en. "L

Anad. Caled. for CeHsCHNG Oy
Found: (), 44.53; H, 4.30; N, 6.51.

di-9-Chloro-3,4,5,6-tetrahydro-5,6-dimethyl-1H-azepino-

15,4,3-cdlindole (XIa).—This compound was prepared from 4.5
g. of Xu by the same method as IXa: m.p. 179-181°: vield
83705 Apuex Iig (e) 227 (33,700), 200.5 (7100), 301 (6663): myus
L0835 (v=), 1133 (%), 15310 (), 1565 (mw), 1615 (m) cm. "L

Anal, Caled. for CHGCING G, 66,52 H, 6.44: Cl, 1511
N, 1193, Found: ) 66.73:0 H, 6.39; Cl, 15.009; N, 11.O0.

Ethyl ({{-9-Chloro-3,4,5,6-tetrahydro-5,6-dimethyl-1H-azepino-
[5,4,3-cd]indole-2-carboxylate (XIb).-—This compound was pre-
pared from 3 g. of Xb by the sume method us INa.  The analyti-
eal snmple was obtained by recrvstallization from methanol:
m.p. 99-101°; yield 879 A, mp (e) 2375 130,000), 207
(19,900): ppae 30D 11n), 11O (m), 1260 (m=), 1530 hawy 1705
{m=), 3350 (m) em, 7L

C, 4441 H, 419 N, 647

Anad. Caled. for CigHpCINaOe: €, 62,64 H, 6.24; Cl
11,36 N, 9.13. Found: C, 62.x0; H, 6.44: Cl, 11.64; N.
.24,

d{-9-Chloro-3,4,5,6-tetrahydro-5,6-dimethyl-1H-azepino-
[5,4,3-cd]indole-2-methanol (XIe).—This compound wus prepared
from 5 g. of Xb by the same method us IXe. The analytical
smnple was obtained by recrystullization from absolute ethanol;
nLp. 206-210°; vield 53%: Apyy 1 () 229.5 (3900), 200 (80U
Prox (80 (M=), 900 (), 1005 (ms), THIO (=), 1200 (urs), 3130 (ms)
enn, 7L
nal.
13.300 N, 1088,

Caled. for CuHpCINGO: €, 63.51: H, 647 CL
Fomd: €, 63.66; H, 6.72: Cl, 1322 N,
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d{-3,4,5,.6-Tetrahydro-5,6-dimethyl-1H-azepino|5,4,3-cd|in-
dole tXId)..- This compound was prepared from 0.5 g. of XTa by
the snme method as VIb.  The analytical sample was obtained
by reervstallization from absolute cothanol; m.p. 207-2107;
Npws M () 225 (30,8007, 284 (64000 v, 740 1), 900 1105, 1035
an), 065 (), 1130 (), 1160 (s, 1415 tm) e, 74

dnado Caleds Tor CuHywN O 77060 H, 5050 N, Lo,

Found: (2, 77.96; M, S.E3; N, o4

9-Chloro-3,4-dihydro-1,6-dimethyl-1H-azepino|5.4,3-¢(}in-
dole Hydrochloride (XID).-—A wmixture of 5 g. of IVa, 5 g of
sodinn hydride suspensionr in oil 1333, 30 wh of dimethyl
carbonate, and 300 ml eof dry tetrahydrofuran was refluxed
muder proteetion fram noistire for 40 hr. and poured with stir-
g o o mixtre of 230 g.oof {ee and 50 ml of glieial acetie
acid, After evaporation of the organic solvents (n rwo, the
volume of the eoncentrate was doubled by addition of water.
After filtration of the mixture through dintomaceouns earth, the
dlrate was made basic with 407, KOH and extracted with Kive
100-ml. portions of chloroform.  The combined extracts were
dried (NaR0,) and sncentrated n ewcgo. The oiby residne was
taken up in a small anwunt of absolute ethuol and treated with
ethanolic: HCL The resulting heavy precipitare was filtered,
wished, and recrystallized from nbsolute etlinol: mLp. 2850-282°;
vield B6C0 0 Ajas g te) 234 (OS00), 260 (14,400), 343 (dauny,
6100 vy, 935 1], TOTS g, FESO 4o, 1270050, 13395 (-
605 1w j, 1640 cms e e, 78

cbuds Calede for CuHBCINGHCE €, As00: H,
CL, 206,340 N 4l Found: €, aN100 H, 3.55;
N, HL63.

Attempts at Dehydrogenation of 1Va.—iu) A mixture of 1Va
11 g 1 and palladium black (0.5 g7 was refluxed in cymene <50
mly o 100 e by A golution of IVa (0.5 g.) in 3¢ weetie acid
15 mlb was treated with mercurie nectate 1.2 g.) and heates] on
a stemm bath (80-00°3 for 4 Iir. 1ed A mixture of TVa (1 g.) and
chilovanil (1.5 g was refinxed in xyvlene for 4 hr.

Upon working up, by eonventional methods, hatehes o and
b gave starting neuerial, whereas bateh ¢ vielded an intractable
black resin.

BRES
', 26.55;
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1-p-Chlorobenzyl-5-methylindole-3-acetic Acid.

Some 2-Substituted Derivatives
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1-p-Chlorobenzyl-5-methylindole-3-acetic acid and its 2-methyl, -ethyl, -propyl, and -phenyl derivatives have
been synthesized as potential antitumor agents and have been tested in =everal biologieal systems,

During the course of work directed toward finding
inhibitors of lactate dehydrogenase (LDH),! 1-p-
chlorobenzyl-2-ethyl-5-methylindole-3-acetic acid (1),
although a poor inhibitor of LDH, was found to be an
effective inhibitor of «-glycerophosphate dehydro-
genase (GPDH). In addition, it was cytotoxic to

(1) A rationale for tlie interest in inhibitors of LDH as potentially asefid

materials in the chemotherapy of cancer has been presented: G, IV, Boxer
and 1. M. Devlin, Science, 134, 1495 (1961).

cells in culture and inhibited the growth of an anaerobic
bacterium. The very low levels of GPDH observed
in nearly all malignant tissues? make inhibitors of this
enzyme of some intercst in cancer chemotherapy.

) A. Delbmick, M. Schimassek, K. Bartscli, and T. Biicher, Biockem.
7., 831, 207 1059); H. Holzer, P, Glogner, and G. Sedlmayr, thid., 330,
A0 (1958); G, E. Boxer and C. E. Shonk, Cancer Res., 20, 85 (1960); K. 1.
Ciaeejo, D, 1., Keller, and (i. E. Boxer. Biochem. Biophys., Acta, 8T, 191
{1960).
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since suppression of residual capacity for a-glycero-
phosphate synthesis might prevent synthesis of es-
sential phospholipids by the malignant cell. In view
of these activities, the syuthesis of a few close relatives
of 1-p-chlorobenzyl-2-ethyl-5-methylindole-3-acetic acid
was undertaken. This paper describes variations of
the substituent at the 2-position; the compounds which
weie prepared include the 2-proteo (2), -methyl (3),
-propyl (4), and -phenyl (5) analogs of the 2-ethyl
compound (1).

Tor the synthesis of the indoles 1 and 4, the requisite
2-ethyl-b-methylindole (8)* and 5-methyl-2-propyl-
indole (9) were prepared by means of the Madalung*
method. The xylidides (6 and 7) were made from 2,4-
xylidine and the appropriate acid anhydrides by con-
ventional methods. The acetic acid side chains were
completed by application of the well-known gramine'™
sequence,

CH. CH, CH,
C[ — mR
g~ COR N

|
6.R=CH, H
7,R=n-C,H; 8, R=CH;

/ 9.R=n-C,H;
CH, X
C:N::R

H
10, X = CHQN(CHE))Q, R = CQH5
11, X = CHQN(CHE))Q, R = ?'L-CaH7
12, X = CH,NH(CH;»I—; R = n-GH;
13, X = CHQCN. R = ?'L—CaH7
14, X = CH,COOH; R = C,H,
15, X = CHQCOOH, R = ?'L-CaH7
16, X = CH.COOCH;; R = C.H;
17, X = CHzCOOCHa, R = n—C3H7

In the 2-ethyl series, the cyanide displacement was
done directly on the gramine homolog, and the resulting
nitrile, without being isolated, was hydrolyzed to the
acetic acid (14), but in only 229 yield.

The propylgramine (11), however, was converted
to the quaternary salt (12) which reacted with cyanide
jon at a much lower temperature (avoiding partial
hydrolysis to the amide), and the isolated nitrile (13)
was hydrolyzed cleanly to the acetic acid (15) in an over-
all yield of about 509;,. The improved yield and easier
purification of products in the latter sequence justified
the additional operations.

Aralkylation of the indole nitrogen anion, prepared
from the esters 16 and 17 and sodium hydride, in N,N-
dimethylformamide with p-chlorobenzyl chloride pro-
ceeded smoothly, and alkaline hydrolysis of the inter-
mediate esters gave the desired products 1 and 4.

Tor preparing the 2-proteo (2), 2-methyl (3), and 2-
phenyl (5) analogs, reaction of N-p-tolyl-N-p-chloro-
benzylhydrazine hydrochloride (18) with the appro-
priate g-acylpropionic acid or ester in a conventional
Tisher indole* synthesis was used.

(3) Prepared previously by another method by R. Quelot and M. Chas-
telle, Compt. rend., 249, 1526 (1959).

(4) W. C. Sumpter and F. M. Miller in “The Chemistry of Heterocyclic
Compolnds," Vol. 8 A. Weissberger. Ed., Interscience Publishers, Ine.,
New York, N. Y., 1954; (a) p. 15, (b) p. 62, (c) p. 3.
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The hydrazine (18) was prepared by alkylation of p-
tolylhydrazine with p-chlorobenzyl chloride in the
presence of triethylamine. The product was a mixture
consisting of about 809, of the desired compound (18)
and about 209, of a second component, presumably
N-p-tolyl-N'-p-chlorobenzylhydrazine  hydrochloride
(182). The presence of the by-product (18a) offers
no problem as it is incapable of undergoing a Fisher-
type ring closure and its strongly basic properties
provide a means for its easy removal from the indoles.

Ha m-@ CHyCl
J O

‘CHgCOCHgCHZCOOC;H-. \QNHNHCHQ‘Q

18a

CHQCOOC;H‘S CHJl
@ _NH,-HCl
CH;, N

([:HQ @Cl
\\?1@ CH,C1 18 1

CHs CH,COOR’
|

IT] R XCOCH,CH,CO0Y

cm—@m
22, R = CH;; R’ = C,H; 19X = H; Y/ = CH;
23, R = H; R’ = CH; 20,X=CH Y'=H
LR = CH; R' = H 21X = CiH; Y/ = H
2R =R =H
3R=CH; R = H
4,R = n~ 3H7; R'=H
5,R = CGH5; R/ = H

The 2-methylindole (3) was also synthesized via
a Fisher reaction between p-tolylhydrazine and ethyl
levulinate. The intermediate ester 24 was aralkylated
in the usual manner with p-chlorobenzyl chloride.
Hydrolysis of the ester 22 with sodium hydroxide led
to the isolation of 3 as its water-insoluble sodium salt.

The end products of these syntheses were tested in
several in vitro and in viwo systems. The results of
these tests are indicated in Table I. The dehydro-
genase inhibitory activity® of these materials was nieas-

TasLe 1
1-p-CHLOROBENZYL-3-METHYLINDOLE-3~-ACETIC ACID

Clostridium KB cell
feseri culture
M X 104 — ¢ inhibition 1Cs0. ICs0.
2-Substituent ~—GPDH— ~—LDH— v/ml.2 y/ml,?
2-Ethyl (1) 1.0 —50 20 -0 26 60
2-Proteo (2) 8.0 —50 13 -0 105 25
2-Methyl (3) 1.0 — 30 4.0-0 64
85 50
2-Propyl (4) 032-5 6.3-0 20
29 50
2-Phenyl (5) 0.08 — 50 6.3 — 30 >1000 30

2 Concentration resulting in 509 inhibition of growth.

(5) For the methods used for measuring the enzyme inhibitory activity
see E. I. Ciaccio, G. E, Boxer, T. M. Devlin, and R, Ford. Cancer Res.,
snbmitted for publication.
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ured against both lactate dehydrogenase and a-
glycerophosphate dehydrogenase. The increased in-
hibitory activity of the 2-phenylindole (5) against
GPDH should be noted; however, a corresponding
increase of activity in any of the other test systems
was by no means dramatic and in some cases an actual
diminution of activity was noted. It can be scen that
the GPDH-inhibitory activity of these compounds
varies directly with the size of the 2-substituent, the
2-phenylindole (5) being the most active and the 2-
proteo analog (2) the least active.

Although the cytotoxicity of the 2-ethylindole (1)
was first determined with Walker 236 cells, this systemn
was no longer available at the time the analogs were
made, and cytotoxicity was determined using KB cells.®
It can be scen readily that the level of activity of 1
against Walker 256 cells (1 v/ml.) was not attained with
KB cells nor were any of the new materials appreciably
active in the WB system. Tt would appear that the
changes in the 2-substitutent have little effect on the
I{B cell inhibitory activity of these compounds.

It has been shown? that a number of antitunmor agents
are also good inhibitors of certain anaerobic bacteria.
With this in mind the indoles were tested against
Clostridium feseri ATCC 10092. In this system, the
2-phenyl analog (5) shows no activity, The 2-ethyl
(1) and 2-propyl (4) derivatives appear to be the most
active; however, the 2-protco (2) and 2-methyl (3)
analogs are only slightly less active.

When tested in animal tumor systems, l-p-chloro-
benzyl-2-ethyl-5-methylindole-3-acetic acid (1) showed
a low but not always reproducible activity against
Sarcoman 180 and Carcinoma 753. Preliminary test-
ing of the analogs indicated that no improvement was
obtained by replacement of the 2-ethyl with other sub-
stituents,

Experimental®

N-p-Chlorobenzyl-N-p-tolylhydrazine Hydrochloride (18).

A solution of 26 g. (0.131 mole) of p-tolylhydrazine hydrochloride
(Aldrich) in 150 ml. of toluene was treated with 21.7 g. (0.215
mole, 30 ml) of triethylamine and beated ut 75-80° for 1 hr.
A solution of 17 g. (0.106 mole) of p-chlorobenzyl chloride in 50
nil, of toluene was added during 20 min. and heating and stirring
were continued for about 24 hr. The reaction mixture wus
cooled, and the precipitated triethylammonium chloride wus
filtered and wuashed with toluene. The toluene solution wax
concentrated 1mder reduced pressure to & volume of 100 ml. and
trented with 28 mil. of 3 N HCl in 2-propanol. The solutiorn was
cooled and the crystals which formed were removed and dried.
A total of 10.7 g. (669) of N-p-chlorobenzyl-N-p-tolylhydrazine
hydrochloride, m.p. 156-176°,% was obtained.

Anal. Caled. for C,iHiCLN,: C, 59.37; H, 5.69: Cl, 25.04;
N, 9.89. Found: C, 59.35; H, 5.49; Cl, 24.50; N, 9.59.

Methyl 1-p-Chlorobenzyl-5-methylindole-3-acetate (23).—To
1 solution of 33.4 g. (0.125 mole) of N-p-chlorobenzyl-N-p-
tolvlhydrazine hydrochloride (18) in 500 ml. of methanol was

(6) ‘The procedure for the KB assays is described by C. O. Gitterman;
13, 1. Dulaney, E. A, Kaczka, G, W, Campbell, D. Hendlin, and H. B.
Woodmifi, Cancer Res., 24, 440 (1964),

(1 T. W. Bradner and D. A. Clarke, 1bid., 18, 299 (1958); J. H, DiPaclo
anid R. Rosenfield, 1bid.. 18, 1214 (1958); J. G. Gappuccino, M. George,
1>, (. Merker, and . S. Tarnowski, tbid., 24, 1243 (1964).

(8] Microanalyses were performed by Mr. R. N. Boos and lis associates
and the ultraviolet spectral measurements were done by Mr. E. Al Mac-
Mudlin and his associates. All melting points were determined on a micro
Lot stage and are corrected. T.l.c. stands for thin layer chromatography.

(9 Tlie broad melting point is best explained by assuming the product
t be contaminated with the NN’ isomeric product, The n.m.r. spectruin
sliows the presence of about 209, of a second component of very similar
STITUCTUTE.
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wlded 16 g. (0.138 mole) of 3-carbomethoxvpropionuldehyde, "
The renction mixtire was refluxed for 29 hr.  After coneentration
of the methanol solution to 350 ml. and cooling in au ice bath,
213 g.oof white solid was obtained.  The solid was dissolved in
ether, and the ether solution was washed twice with water wnid
dried (MgS(,3.  Removal of the solvent at reduced pressime
give 10.2 g. (30.59) of 23: m.p. 104-105°; X0 3025 nw
(e 4818), 292 (5638), 278 (6%351), 223 (42,614).
Anal. Caled. for CyHCINOL: ¢ 60.61; H, 5530 1,
10.82; N, 427, Found: €, 69.68; H, 5.73; Cl, 10.30; N, 3.05.
1-p-Chlorobenzyl-5-methylindole-3-acetic Acid (2). -1lv-
dralysis of the methyl ester (23) in wqueons-aleololic potas-
siuir hydroxide gave the actd 2, mup. 174-177° in 74, vield:
A 309 (e 48531, 292 (59613, 278 (6585, 223 (38,006
Anal. Caled. for CsHCINOG: €, 68.95; H, .14, CL L350,
N, 4.46. TFound: €, 69.30; H, 5.47; Cl, 11.04; N, 4.14.
1-p-Chlorobenzyl-2,5-dimethylindole-3-acetic Acid (3).- A
solution of 9.0 g. (25 mmoles) of 807, N-p-clilorobenayl-N-p-
tolvlhydrazine hydrochloride (18) and 3.25 g. (28 mnoles) f
tevnlinic acid in 100 ral. of acetic acid was heuted at 100° for 4
hr. The repction mixunee was cancentrated (o dryness st
reduced pressire, and the resiciie was dissolved in 250 ml. of
ntethiylene chloride and washed with 100 ml of 1 N HCL wnd
three 100-mml. portions of water. The methylene chloride soln-
tionn wis concentrated to dryness, and the residue was ervstallized
from 200 ml. of hot methylene chloride by the addition of 400
mb. of petroleum ether (b.p. 30-60°). The colored produet
(5.6 g, m.p. 180--185% dec.) was dissolved i1 300 ml. ol hot
methylene chloride. 'The solution was filtered through a pad of
decolorizing carbon, and the pale yellow filtrate was coreen(rited
on the steam bath 16 200 ml. Diliution with 400 ml. of petrolem
cther gnve 3.5 g 1429, of product, vrp. 180-185° dee.  For

analysis 3 was dried at reduced pressure and 110%; A 200
Mg {eT640), 278 (TTH0Y, 226 (37,400); A1 300 nu (e 6000),
nad. Caled. for CrHCINO: G0 60,620 HL 555, N, 4.27.

FFaund: C, 09.54; I, 5.26; N, +.40,

Ethyl 2,5-Dimethylindole-3-acetate (24). -A solution of $90.5
g (025 moler of p-tolylhwdrazine hyidrochloride and 23wl
{0.25 mole) ol levulinic acid (20) in 300 ml. of 1.1 & alcoholic
HC1 was refhixed Tor 3 hr. The anapomnm chloride which pre-
cipitated was removed, and the filtrute was concentrated at
reduced pressure.  The residue was diluted with 100 ml of waicer
and extracted with four 100-ml portions of ether. The ether
extract was washed with 30 ml. of dilute HCIL, four 100-ml.
portioms of 109, KHCO,, and four 100-ml. portions of water.
The ether soluiion was concentrated at reduced pressure and the
resichial oil ervstallized on standing.,  Necrvstallizntion from
hexane gave 23 g of erude product, m.p. 39-40°.

A 7.2-g. perniore of the prodiret was chromatographed on o
short columnn of wcid-washed alumina in benzene-ether (9:17.
Concentration of the eluate gave a residual o1l (6.5 g.) which was
crvstallized from 5 m). of ether and 25 ml. of petroleum ciher (o
give 5.8 g, (30000 of 24, mup. 454409 A 207 11 (e 56201
286 (T200), 279 (T100Y, 225 (20,100,

el Caled. for CuHENOQs: () 72700 M, 741
Found: ¢, 72.82: H, 7.71; N, 6.05.

Sodium 1-p-Chlorobenzyl-2.5-dimethylindole-3-acetate.- A
solution of 11.5 g. {0.05 nole) of ethyl 2,5-dimethylindole-3-
acetate (24) in 50 ml of dry dimethylformamide wus udded
dropwise over a Iflanin. period ta a cold suspension of 2.38 g.
(13,052 moley »f sodimm hydride vas n 559, emulsion in minerat
oy in 50 ml of dry dimethyfornmmmide. The mixture was
~tirred ar room temperature for 1 hre, aid cooled to 5%, and 8.3
o (0052 moled of p-chlorobenzyt chloride was added dropwise.
The suspension was srirred w1 room temperatiare overnighd,
then added to 200 g. of ice—water and extracted threc times with
ether.  The cambined ether layers were extracted twice with 10¢;
KHCO; solution and washed twice with water.  The ether was
removed at rediced pressure.  The resichie was chromatographed
on 200 g. of acid-washed alunnna.  Ehition with benzene--
cvelohexune {1:4) vielded 3.0 g. {17¢7) of erystalline ethyl 1-p-
chlorobenzyl-2,5-dimethylindole-3-acetiie (22) which was no
Iurther purified but used in the next step. The infrared spectrum
of the product showed o band at 5.8 {C==0) and no band at 2.0
v (-NH). Aun additonal 5 g. of product contaminated with
starting indole ¢ -NH band at 2.9 ut was alzo obtained from the
enlinn.

A solution of & .

N, 6.06,

i moles) of ethyl 1-p-chlorobenzyl-2,5-

S 1L Naseutip wud 1. Mozingo, Ueg, Feactions, 4,371 (1948).
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dimethylindole-3-acetate (22) in 50 ml. of ethanol was treated
with 0.36 g. (9.0 mmoles) of NaOH in 11 ml. of water, and the
mixture was refluxed for 2 hr., The solvents were removed at
reduced pressure, and the residue was dissolved in 50 ml. of hot
water. When the solution was cooled to room temperature, the
sodium salt of the product crystallized. The suspension was
extracted once with ether. The aqueous layer was heated to
dissolve the solid, and the solution was filtered and cooled. The
very fine solid was filtered in the cold room, and 1.9 g. (65%)
of sodium 1-p-chlorobenzyl-2,5-dimethylindole-3-acetate was
obtained; X% 300 mu (e 5220), 292 (6100), 284 (5890), 226

(28,800).
Anal. Caled. for C,gH;;CINNaQO,: C, 65.40; H, 4.91; N,
4.02. Found: C, 65.33; H,5.03; N, 4.10.

2-Ethyl-5-methylindole (8).—A suspension of 421 g. (moist
with the petroleum ether used to remove the mineral oil) of 90%,
sodamide (mineral oil dispersion) in 3 1. of N,N-diethylaniline
was stirred under nitrogen and treated portionwise with 257 g.
(1.45 moles) of 2,4-propionoxylidide.!! The mixture was heated
carefully to reflux during 1 hr. and heated at 200° for 3 hr. The
reaction mixture was cooled to 90°, 1 1, of water was added (care-
fully at first) to decompose any unreacted sodamide, and it was
kept at 25° for 16 hr.; 400 ml. of water was added, and the mix-
ture was extracted with one 3-1. and two 1.5-1. portions of ether.
The combined ether layers were washed with 3 N HCI until the
washings were strongly acidic, and then with 500 ml. each of
water and saturated NaCl. The dried ether layer was con-
centrated at reduced pressure to a residual solid (193 g.). The
infrared spectrum of the product did not have a band at 6.0
u (=CONH-), indicating the reaction was complete. Recrystal-
lization from 3 1. of petroleum ether gave a total of 154 g. (679,)
of 8, m.p. 78-83° (lit.3 m.p. 81°).

2-Ethyl-5-methylgramine (10).—A solution of 100 g. (0.68
mole) of 2-ethyl-5-methylindole (8)in 450 ml. of dioxane was added
dropwise to a stirred solution of 25.5 g. (0.85 mole) of formalde-
hyde (69 ml. of 379, aqueous), 38.3 g. (0.85 mole) of dimethyl-
amine (155 ml. of 2557, aqueous ), 450 ml. of glacial acetic acid, and
450 ml. of dioxane at a temperature maintained below 0°.
After the addition was complete, the reaction mixture was al-
lowed to warm to room temperature over a period of 16 hr. It
was diluted with 3.5 1. of water, treated with 20 g. of Darco,
and filtered. The filtrate was made basic (~pH 12) with 10 ¥
KOH. The mixture was kept at 0° for several hours, and the
solid (107 g., m.p. 101-105°) was removed. A 40-g. portion of
the crude product was dissolved in 600 ml. of ether and extracted
into one 800-ml. and two 150-ml. portions of 109, HCl. The
acidic layer was washed with ether and made basic with solid
NaOH while being cooled.

The oil which separated was extracted into three 300-ml.
portions of ether which in turn were washed with saturated NaCl.
The residue (39.4 g.) obtained after removal of the ether was
recrystallized from about 400 ml. of hexane. The recovery of
10, m.p. 101-105°, was 34.4 g. (639, over-all).

Anal. Caled. for Ci¢HyN.: C, 77.73; H, 9.32; N, 12.95.
Found: C, 78.12; H, 9.14; N, 13.23.

2-Ethyl-5-methylindole-3-acetic Acid (14).—A solution of
26.9 g. (0.125 mole) of 2-ethyl-5-methylgramine (10) and 50 g.
(0.77 mole) of KCN in 200 ml. of ethanol and 100 ml. of water
was refluxed for 3 days. The solution was cooled, acidified with
concentrated HCl, and warmed on the steam bath in the hood
while a vigorous stream of nitrogen was passed through for
about 10 min. After being cooled, the mixture was treated with
40 g. of KOH. The mixture was refluxed for 16 hr. and diluted
to 1 1. with water. After being extracted with three 150-ml.
portions of chloroform, the agueous phase was acidified with 60
ml. of concentrated HCl. The acidic solution was extracted
with four 150-ml. portions of chloroform. Combined extracts
were dried and concentrated to 9 g. of crude product. Re-
crystallization from 75 ml. of benzene gave 6.0 g. (229,) of 14,
m.p. 148-153°.

Anal. Caled. for CisHisNOs: C, 71.86; H, 6.96; N, 6.45.
Found: C, 71.89; H, 6.93; N, 6.85.

1-p-Chlorobenzyl-2-ethyl-5-methylindole~3-acetic Acid (1).—
2-Ethyl-5-methylindole-3-acetic acid (14) (5.8 g., 0.027 mole)
was converted into methyl 2-ethyl-5-methylindole-3-acetate (16)
by means of methanolic HCI.

A solution of the ester 16 in 10 ml. of dry dimethylformamide
was added to a suspension of 1.3 g. (0.03 mole) of sodium hy-

(11) C. V. Bowen and L. E. Smith, J. Am. Chem. Soc.. 62, 3522 (1940).
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dride (as a 559, emulsion in mineral oil) in 25 ml. of dry dimethyl-
formamide. The mixture, cooled in an ice bath, was stirred
until the evolution of hydrogen ceased. A solution of 3.7 ml.
(0.03 mole) of p-chlorobenzyl chloride in 10 ml. of dry dimethyl-
formamide was added in 10 min,, and the stirring was continued
for 16 hr. at room temperature. The reaction mixture was con-~
centrated at reduced pressure, and the residue was distributed
between ether and 0.25 N NaOH. The ether layer was washed
with 0.25 N HCI and with saturated NaHCQ;. Concentration
of the dried ether layer gave 8.5 g. of crude product. The in-
tensity of the band at 2.95 ¢ (-NH) in the infrared spectrum
indicated that the product contained about 259 of the un-
alkylated starting material. This was removed by chromatog-
raphy on 150 g. of acid-washed alumina using benzene-hexane
(1:1) as the eluting solvent. About 4.7 g. of methyl 1-p-chloro-
benzyl-2-ethyl-5-methylindole-3-acetate having no absorption
at 2.95 ¢ (-NH) in its infrared spectrum was obtained; aZ!
5.85 u (-COOCHS).

The ester prepared above was dissolved in 25 ml. of methanol,
10 ml. of 309, NaOH was added, and the solution was refluxed for
2 hr. The reaction solution was concentrated to about 20 ml.,
cooled, and diluted with 20 ml. of water. The precipitated solid
was removed, washed with water, and dried. It weighed 2.4
g, M 6,1-6.4 u (-COO~). The infrared spectrum as well as
analytical results indicated that this material was sodium 1-p-
chlorobenzyl-2-ethyl-5-methylindole-3-acetate.

Anal. Caled. for CxH,oCINNaO,: C, 66.03; H, 5.26; Cl,
9.75; N, 3.85. Found: C, 66.10; H, 5.78; Cl, 9.71; N, 4.00.

A small sample of the sodium salt was triturated with 6 N
HCI and the insoluble residue was dried and recrystallized twice
from cyclohexane. 1-p-Chlorobenzyl-2-ethyl-5-methylindole-3-
acetic acid, m.p. 147-149°, was obtained; Ayi 5.86 u (~COOH);
PR 225 mu (e 30,500), 240 (6630), 282 (6450), 300 (5540).

Anal.  Caled. for CoHxCINO.: C, 70.28; H, 5.90; Cl, 10.40;
N, 4.10. Found: C, 69.83; H, 6.13; Cl, 10.43; N, 4.25,

2,4-Butyroxylidide (7).—A solution of 121 g. (1 mole) of 2,4~
xylidine in 350 ml. of dry pyridine was stirred and treated drop-
wise with 180 g. (1.14 moles) of butyric anhydride. The solu-
tion was cooled periodically to keep the temperature at 25°.
After 120 g. of the butyric anhydride had been added, a precipi-
tate separated from solution. The thick mixture was stirred for
2 hr., then added to 2 L. of ice-water. After being stirred for 30
min., the solid was filtered and washed tliree times with water.
The dried product, m.p. 101-109°, weighed 154 g. (819%,). This
material was satisfactory for use in the next step. Recrystal-
lization of 4 g. from ether gave 3.1 g. of analytically pure 7,
m.p. 109-111°, A5°" 273 my (e 690), ALC® 231 mpu (e 7280).

Anal. Caled. for CHsNO: C, 75.37; H, 896; N, 7.32.
Found: C, 75.37; H, 8.72; N, 7.16.

5-Methyl-2-propylindole (9).—A suspension of 165 g. (moist
with the petroleum ether used to remove the mineral oil) of 909,
sodamide (mineral oil dispersion) in 1400 ml. of N,N-diethylani-
line was stirred under nitrogen and treated portionwise with 150
g. (0.78 mole) of 2,4-butyroxylidide (7). The mixture was
heated slowly to 180-190° during 2 hr., and the temperature was
maintained at 180-190° for an additional 2 hr. The reaction
mixture was cooled to about 50°, and the excess sodium hydride
was carefully decomposed by the dropwise addition of 700 ml. of
water. The organic phase was extracted into one 1500-ml.
portion and the 700-ml. portions of ether. The combined ether
layers were washed with four 700-ml. portions of cold 4 N HC],
500 ml. of water, and 500 ml. of saturated NaCl. The ether
solution was dried and concentrated to 131 g. of residual solid,
m.p. 61-70°, Bands at 6.0 u (-CONH-) in the infrared spectrum
(chloroform) indicated that not all of the starting material had
cyclized.

The impure product was reheated as above with an additional
65 g. of sodamide in 650 ml. of N,N-diethylaniline. A similar
work-up gave 114.2 g. of product, m.p. 67-70°. Recrystalliza-~
tion from 1.5 l. of petroleum ether gave 38 g. (289,) of 9: m.p.
74-75°; AEWE 295 mp (e 5360), 284 (7530), 274 (7930), 223
(29,000).

Anal. Caled. for CpHN: C, 83.19; H, 8.73;
Found: C, 82.84; H, 8.60; N, 7.90.

Reworking the crystallization mother liquors gave an addi-
tional 49 g. of good quality 9. The total yield was 639.

5-Methyl-2-propylgramine (11).—A solution of 10 g. (0.059
mole) of 5-methyl-2-propylindole (9) in 60 ml. of dioxane was
added dropwise to a stirred mixture of 60 ml. of dioxane, 60 ml.

N, 8.09.
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of acetic acid, 3.3 g. 10.073 mole) of dimethylamine (13.2 ml. of
2507 aqueous), and 2.2 g. (0.073 mole) of formaldehyde (5.95 ml.
ol 374 aqueous) nt about 0° over g period of 1.5 hr.  The reaction
mixture was kept at room temperature for about 16 hr., and the
clear yellow solution was diluted with 300 ml. of water. A snull
amount. of yellow gum which precipitated was removed by
filtration. The filtrate was made basic with 140 ml. of cold 10
NV KOH. 'The solid which precipitated was filtered, wished with
water until neutral, and dried. The produet, n.p. 107-111°,
suitable for the next step amounted to 12.5 g. (92¢;). For
analysis it was recrystallized from 30 ml. of ether by the addition
of 100 nil. of petroleumn ether, and 7.1 g. of 11: m.p. 100-111°,
wig obtained; A" 205 mute 5730), 284 (TH50), 276 (7660).
Anal. Caled. for CisHpN,: €, 821 H, 9.63; N, 12.16.
Found: C, 77.94; H, 9.43; N, 1L.71,
5-Methyl-2-propylindole-3-acetonitrile (13).—A solution of
66.1 g. (0.287 mole) of d-methyi-2-propylgramine (11) in the
minimum volume of ether was added dropwise during 15 min. to
400 ml. of stirred niethyl iodide nt 3°.  The mixture was stirred
for 6 hr. at 0° and then allowed to warm to room temiperature over-
night. The pink solid was filtered and washed well with ether.
The dried methiodide was added to 183 g. of KON in 1.4 L
of water. The mixture was heated to 80° in 20 min. with stirring
and kept at that temperature for 2 hr.  The mivture was cooled
and the lumpy product was filtered and washed 1wice with
water. To break up the solid, it was dissolved in 200 ml. of
athunol and added dropwise to 1 1. of stirred cold water.  Produet
{37.7 g.) melting at 98-102° was obtained. Recrystallization
from ether—petroleum ether gave 41.5 g. (68() of 13: n.p. 105
106°; Aie™ 206 mp (e 5730), 286 (7750), 277 (TR80), 226 (:14,200).
Anal. Caled. for CiuHeNy: €, 79210 H, 7.60: N, 13.20.
Found: C, 18.89: H, 7.45: N, 13.30.
Hydrolysis of 13 in aqueons-alcoholic KOH gave 5-methyl-2-
propylindole-3-acetic acid (15), m.p. 144-140°, i 82¢7 wvield.
Anal. Caled. for CiHyNOy: ) 72,707 11, 741 N, 6.06.
Found: €, 73.03; H, T.18; N, 6.20
The acid 15 in mathanolic HCI was converted mto methyl 5-
methyl-2-propylindole-3-acetate {17), m.p. 78-79°, ir 017, yield;
AR OOT nip (e 6110), 287 (TT00), 280 (7630), 225 (31,650).
Anal. Caled. for CpHLNO.: ¢, 44 H, 781 N, 471
Feund: . 73.24: H, T.51: N, 5.05.
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1-p-Chlorobenzyl-5-methyl-2-propylindole-3-acetic Acid (4}.-
Methyl 5-methyl-2-propylindole-3-ncetate (17) wus converted
o the acid (4) by essentinlly the sume process used for the
preparition of the 2-ethylindole (1. The product 4, m.p. 143
140°, was obtained in an over-all yield of 30¢; MOS0
1€ 39600 A" 290 niu (e 1330), 273 (7650), 226 (36,500).

Adnal. Caled, for CyHCINO,: ) 70.8%; H, 6.23: Cl, 9.90:
N, 3.94. Found: €, 70.80; H, 6.25; Cl, 9.90; N, 3.60.

1-p-Chlorobenzyl-5-methyl-2-phenylindole-3-acetic Acid i5 .

A mixture of 9.9 g, (23 mmoles) of 309, N-p-chlorobenzyl-N-p-
tolylhydrazine hydrochloride (18} and 5.0 g. (28 mmoles) oF 3-
henzovlpropionic acid 121) in 140 ml of acetie seid wag heatod
o the steam bhath for 4 hr. The reaction solution was conceu-
trated to dryness at reduced pressure.  ‘The residine in 200wl
of methylene chloride was washed with one 200-ml. poriion of 2
N HCIand three 100-mil. portions of water.  The dried Mgy
methylenc chloride layver wias concentrated, and the residue was
crvstallized from 150 1nl. of methylene chloride by adding 300
ml. of petroleimm ether. The solid (4 g, nep. INO-195°8 wie
recrystallized twice from 200 ml. of methylene chloride and
400 ml. of petroleum ether. The product (3.4 g., 31¢¢ w.p.
204-207°) would not give ecompletely satisfactory elamental
sitalyses because of contamination with a smuall amomnit of =olvent
(CH,ClL) which was not removed at 100° and redneed pressure,
Recrystallization of this material from 8 ml. of hot acetone by
adding 50 ml. of petroleunm ether gave 2.9 g, of 5, mLp. 2052087,
ALOR 300 mg.

dnal. Caled, for CaHaWCINOs: O T3040 H, 5.17; O 9.00;
N, 3590 Found: ', 73.80; H, 5.13; CL, 9.07; N, 3.86.
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Thio Analogs of Carisoprodol (N-Isopropyl-2-methyl-

2-propyl-1,3-propanediol Dicarbamate)
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Two thio analogs of carisoprodol, 3-carbamoxy-2-methyl-2-propylpropyl N-izsopropylthioncarbamate mnd
2-methyl-2-propyl-3-thioncarbamoxypropyl N-isopropylearbamate, and two thio analogs of meprobamate, 3-
carbamoxy-2-methyl-2-propylpropyl thiolearbamate and 2-methyl-2-propylpropyl 1,3-bis(dithiocarbumate),

were synthesized.

Carisoprodol, N-isopropyl-2-methyl-2-propyl-1,3-pro-
panediol dicarbamate (1), was first synthesized by
Berger and Ludwig.? It has found wide application as
a muscle relaxant.? Meprobamate, 2-methyl-2-propyl-
1,3-propanediol dicarbamatc (2). was first synthesized

(1) To whom inquiries shiould be addressed.

() 1. M. Berger and B. J. Ladwig, U, 8. Patent 2,937,110 {May 17,
1960).

(3) ¥. 3. Berger, 'The Pharmacology and Clinical Usefulness of Carisi.-
prodol,'* J. . Miller, Ed., Wayne State University Press, Detroit, Mieclt.,
1859,

by Ludwig and Piech? and is a well-known tranquilizer.
Recently ® the synthesis of two thio analogs (3 and 4)
of meprobamate was published. We now wish to report
the synthesis of 3-carbamoxy-2-methyl-2-propylpropyl
N-isopropylithioncarbamate (13) and  2-methyl-2-
propyl-3-thioncarbamoxypropyl N-isopropylcarbamatc
(12), thio analogs of carisoprodol, and 3-carbamoxy-2-

14) B, J. Ludwig and E. C. Piecli, J. Am. Chem. Soc., 78, 5770 (1951).

(3) B. J. Ludwig, F. J. Stiefel, 1.. 8, Powell, and J. Diamond, J. Med.
Chem., T, 174 (1964): B, Loev and M. I, Kormendy, J. Org. Chem., 28,
3421 (1963).
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