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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. I n  view 
of these activities, the synthesis of a few close relatives 
of l-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 
we;e prepared include the 2-proteo (2), -methyl (3), 
-propyl (4), and -phenyl (5) analogs of the %ethyl 
compound (1). 

For the synthesis of the indoles 1 and 4, the requisite 
2-ethyl-3-methylindole and 5-methyl-2-propyl- 
indole (9) were prepared by means of the 31adalung4a 
method. The xylidides (6 and 7) mere made from 2,1- 
xylidine and the appropriate acid anhydrides by con- 
ventional methods. The acetic acid side chains were 
completed by application of the well-known graniineIh 
sequence. 
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I n  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 22YG yield. 

The propylgramine (11), however, was converted 
to  the quaternary salt (12) which reacted with cyanide 
ion 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 50yG. 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 K,S- 
dimethylfornianiide with p-chlorobenzyl chloride pro- 
ceeded smoothly, and alkaline hydrolysis of the inter- 
mediate esters gave the desired products 1 and 4. 

For preparing the 2-proteo (2), 2-methyl (3), and 2- 
phenyl (5) analogs, reaction of N-p-tolyl-X-p-chloro- 
benzylhydrazine hydrochloride (18) with the appro- 
priate p-acylpropionic acid or ester in a conventional 
Fisher indole4' synthesis was used. 

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

(4) K. C. Sumpter and  F. M. Miller in "The Chemistry of Heterocyclic 
Compounds," Vol. 8 A. \T eiseberger, E d  , Interscience Publishers, Inc., 
Kelr York, N.  Y., 1954 (a) p. 15, (b) p. 62, (c) pa 3. 

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 80% of the desired compound (18) 
and about 20% of a second coniponent, presumably 
S-p-tolyl-S'-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. 

1 I I  

XCOCH&H&OOY I 

& H z a C l  - 

22, R = CH,; R'  CZHj 19, X = H ;  Y' CH3 
23, R = H; R' = CH, Y '  = H 20, S = CHI; 

21, X = C&; Y' = H 1 , R  = CzHj; 
2 , R  = R' = H 
3, R = CHa; R' 
4, R = n-CaH7; 
5 ,  R = C&; R' = H 

R'  = H 

H 
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 mere tested in 
several in vitro and in vivo systems. The results of 
these tests are indicated in Table I .  The dehydro- 
genase inhibitory activity6 of these materials was meas- 

TABLE I 
l-~-CHLOROBESXYL-5-METHYLIhDOLE-3-.4CETIC .4CID 

Clostradzum KB cell 
jeserz culture 

2-Siibstituent -GPDH- -LDH- y/ml a y/ml." 
11 X 104 - 70 inhibition ICs& IC,O, 

2-Ethyl (1)  1 0 - 30 20 - 0 26 60 

2-Methyl(3) 1 0 - 50 4 0 - 0 61 
2-Proteo (2)  8 0 - t50 13 - 0 10.5 2 ,; 

85 50 
2-Propyl (4) 0 32 - 50 6 3 - 0 20 

29 50 
2-Phenyl(5) 0 08 - 50 6 . 3  - 50 >lo00 30 

a Concentration resiilting in 5Owc inhibition of growth. 

( 5 )  For the methods used for measuring the enzyme inhibitory activity 
see E. I. Ciaccio, G. E. Boxer, T. A l e  Devlin, and R. Ford, Cancer Res., 
submitted for publicrttion. 
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tired against both lactate dehydrogenase and U- 

glycerophosphate dehydrogenase. The increased iii- 

hibitory activity of the 2-phenylindole (5 )  againhl 
GPDH should be noted : however, a corresponding 
increase of activity in any of ihe othcr t 
nas by no ineaiis dramatic and in soiiic cases an actiial 
diminution of activity vas notcd. It can bc swii that 
t hc GPDH-inhibitory activity of these coiiipourdI 
varies directJy with the size of t1w 2-substituent. t ).it. 
2-phenylindole ( 5 )  being thP 1iioh-t avtivc aiitl t l ic .  2- 
piotco aiialog (2) the Iciast activcl 

-1lt hough the cytotouicity of tlir 2-c~hylindolc (1 
was first detemiined with JTallier 256 cells, this systeiii 
was no longer available at the time the analogs ~ w r ~  
niadcx, antl cytotoxicity was deteriiiined using IiB c ~ l l s . ~  
It (ban bc s ~ e n  wadily thai the level of activity of 1 
against Wallier 256 cells (1 7,linl.) was not attaiiied Tvit I t  
KiR c d s  nor m r e  any of the new n i a t c r i a l s  apprwiably 
artivc in the Iil-3 systeni. It would appear that i l l ( ,  
cxhatiges in the 2-suhstitutent have lit>tle effect o n  t I I ( ~  
I<B crll inhibitory activity of t licse coiiipounds. 

I t  has k e n  shortmi that a nunibel. of antitumor agerib 
are also good iiihibitors of cwtaiu anacr 
With this in i i i i n d  the indoles w c r ( ~  t 
Clostridiuttz j e w i  ..\TCC 10092. In tlii 
2-plicnyl aiialog (5)  shon i i o  a d  kit\-,  Thc '-ethyl 
(1) aiid ?-propyl (4) derivatives appeal- to be the 1 1 ~  

uctivt>; however, ihc ?-pro1 c'o (2) and 'hiethyl  
analogs are only slightly less act ivc. 

bciizy1-2-ethyl-j-iiiet hylindolt. 
A low but not, always repro 
Sawoniu 180 and Carciiionia 
it  1:: of the analogs indicated that 110 iniprovenient m a  
obtaiiied by replacwiirnt of the ?-ethyl Tyith other sitb- 
stituents. 

When tested in aniiiial tumor systeiiis, l-p-chloro- 
ic acid (1) s h o n d  

Experimental8 
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 Fas treated with 21.7 g. (0.215 
mole, 30 ml.) of triethylamine and heated a t  75-80" for 1 hr. 
A solution of 17 g. (0.106 mole) of p-chlorobenzyl chloride in 50 
nil. of toluene n-as added during 20 min. and heating and stirring 
were continued for about 24 hr. The reaction mixture was 
c-ooled, aiid the precipitated triethylammonium chloride u-n.. 
filtered and washed with toluene. The toluene solution TV:L- 

concentrated under reduced pressure to it volume of 100 ml. mid 
tro:ited with 28 i d .  of 3 lV HCI in 2-propanol. The solution w;~.* 
cwoled and the rrystals which formed were removed and dried. 
.I total of 19.7 g. (66YG',j of N-p-chlnroberiz~l-~-p-tol~lhydra~i~ir  
liytlrochloride, m.p. 156-176°,9 m s  obtained. 

.!nul. Calcd. for Ci4H16C19X2: C, 59.37; H, 5.69: C1, 23.04: 
S, Found: C, 59.35; H,  5.49; CI, 24.50; N, 9.59. 

Methyl I-p-Chlorobenzyl-5-methylindole-3-acetate (23) . - -TIJ 
:i solution of 35.4 g. (0.125 mole) of N-p-chlorobenzyl-N-p- 
tolylhydrazine hydrochloride (18) in 500 ml. of methanol was 

( 6 )  The procedure for the  KB assays is described by C. 0. Citterman, 
E. I,. Dulaney. E. A. Krtczka, G. TI-. Campbell, D. Hendlin, and €I. B. 
\\-oodriiff, Cancer Res. ,  24, 440 (1964). 

( i )  T.  IT. Bradner and D Clarke, ibid., IS, 299 (1958); J. H. DiPaolu 
ant l  R.  Roaenfield, ih id . ,  18, 1214 (1958); J. G. Cappuccino, R1.  Georg?, 
1'. C. AIerker, and G. S. Tarnowski, abid.. 24,  1243 (1964). 
(8) Aiicroanalyses were performed by Mr. R. N. Boos and his associates 

and  t h e  ultraviolet spectral measurements were done b y  Rlr. E. A. Mac- 
1111llin and his associates. A\ll melting points were determined on a micro 
hot stage and are corrected. T.1.c. stands for thin layer chromatography. 

(n) The broad melting point is best explained b y  assuming the produri 
t c l  Ije contaminated with the  N,N' isomeric product. The  n.m.r. spectrum 
sliuwe the presence of a b o u t  ZO!; ,  of a second riimponent of verg xi 
8trur tiiri'. 
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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 a t  
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. (6570) 
of sodium l-p-chlorobenzyl-2,5-dimethylindole-3-acetate was 
obtained; 300 mp ( E  5220), 292 (6100), 284 (5890), 226 
(28,800). 

Anal. Calcd. for ClsH&lNNa02: C, 65.40; H, 4.91; N, 
4.02. 

Z-EthyI-5-methylindole (8).-A suspension of 421 g. (moist 
with the petroleum ether used to remove the mineral oil) of 
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 2,4pr0pionoxylidide.~~ The mixture was heated 
carefully to reflux during 1 hr. and heated a t  200" for 3 hr. The 
reaction mixture was cooled to go", 1 1. of water was added (care- 
fully a t  first) to decompose any unreacted sodamide, and it was 
kept a t  25' for 16 hr.; 400 ml. of water was added, and the mix- 
ture nas extracted with one 3-1. and two 1.5-1. portions of ether. 
The combined ether layers were washed with 3 N HCl 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 
p (-CONH-), indicating the reaction was complete. Recrystal- 
lization from 3 1. of petroleum ether gave a total of 154 g. (677,) 
of 8,m.p. 78-83' ( k a 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 377, aqueous), 38.3 g. (0.85 mole) of dimethyl- 
amine (155 ml. of 257, aqueous), 450 ml. of glacial acetic acid, and 
450 ml. of dioxane a t  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 N 
KOH. The mixture was kept a t  0" for several hours, and the 
solid (107 g., m.p. 101-105") %-as 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 10% HC1. 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 XaC1. 
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. (637, over-all). 

Anal. Calcd. for C14H20N2: 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 HC1, 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 aqueous phase was acidified with 60 
ml. of concentrated HC1. The acidic solution was extracted 
with four 150-ml. portions of chloroform. Combined extracts 
n-ere dried and concentrated to 9 g. of crude product. Re- 
crystallization from 75 ml. of benzene gave 6.0 g. (22%) of 14, 
m.p. 148-153". 

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

l-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 HCl. 

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- 

Found: C, 65.33; H, 5.03; N,4.10 

(11)  C. V. Bowen and L. E. Smith, J. Am.  Chem. Soc., 62, 3522 (1940). 

dride (as a 5570 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 rnin., and the stirring was continued 
for 16 hr. a t  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 HC1 and with saturated NaHC03. Concentration 
of the dried ether layer gave 8.5 g. of crude product. The in- 
tensity of the band a t  2.95 p (-") in the infrared spectrum 
indicated that the product contained about 257, of the un- 
alkylated starting material. This was removed by chromatog- 
raphy on 150 g. of acid-washed alumina using benzene-hexane 
(1:l) as the eluting solvent. About 4.7 g. of methyl l-p-chloro- 
benzyl-2-ethyl-5-methylindole-3-acetate having no absorption 
a t  2.95 p (-NH) in its infrared spectrum was obtained; 
5.85p(-COOCH3). 

The ester prepared above was dissolved in 25 ml. of methanol, 
10 ml. of 307, 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., h::? 6.1-6.4 p (-COO-). The infrared spectrum as well as 
analytical results indicated that this material was sodium l-p- 
chlorobenz~l-2-ethyl-5-methylindole-3-acetate. 

Anal. Calcd. for C20H1rC1NSa02: C, 66.03; H, 5.26; C1, 
9.75; N, 3.85. Found: C, 66.10; H, 5.78; C1, 9.71; N, 4.00. 

A small sample of the sodium salt was triturated with 6 N 
HCl 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; A:::"' 5.86 p (-COOH); 
X:::" 225 mp ( e  30,500), 240 (6650), 282 (6450), 300 (5540). 

Anal. Calcd. for C2oH2oClN02: C, 70.28; H, 5.90; C1, 10.40; 
N, 4.10. Found: C, 69.83; H, 6.13; C1, 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 a t  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 1. of ice-water. After being stirred for 30 
min., the solid was filtered and washed three times with water. 
The dried product, m.p. 101-log", weighed 154 g. (8lYO). 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-ill", 273 mp ( E  690), 231 mp ( e  7280). 

Anal. Calcd. for C12H1~NO: C, 75.37; H, 8.96; 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 90% 
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 a t  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 HCl, 
500 ml. of water, and 500 ml. of saturated NsC1. The ether 
solution was dried and concentrated to 131 g. of residual solid, 
m.p. 61-70", Bands at  6.0 p (-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 1. of petroleum ether gave 38 g. (28%) of 9: m.p. 
7675"; Xzx 295 mp ( e  5360), 284 (7530), 274 (7930), 223 
(29,000). 

Anal. Calcd. for C1ZHl6N: C, 83.19; H, 8.73; N, 8.09. 
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. 

5-Methyl-2-propylgramine (ll).-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. 

The total yield was 63%. 




