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Alkylating Agents Derived from Indole. 1IV.
Synthesis of the 5-Nitrogen Mustard of Indole-3-carboxylic Acid'*
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The preparation of 3-[bis(2-chloroethyl)amino}indole-3-carboxylic acid (XIII) is described. A comparison
of the antitumor activity of XIII with some related 5-bis(2-chloroethyl)amino derivatives of indole is also pre-

sented.

In a previous communication? the preparation of the
5-nitrogen mustard of pr-tryptophan was described.
The interesting antitumor activity of this compound
stimulated the synthesis of the 5-nitrogen mustards of
indole-3-acetic and propionic acids.®* As a continua-
tion of this series, the preparation of the 5-nitrogen
mustard of indole-3-carboxylic acid (XIII) is described
in this manuscript.

For the synthesis of XIII, utilization of the general
method for preparing the indolealkanoic acid mustards?®
required a practical preparation of 5-nitroindole-
carboxylic acid (V). Treatment of 5-nitroindole (I)
with phosphoryl chloride in N,N-dimethylformamide
afforded the 3-aldehyde (II) in 979, yield.* Efforts
to oxidize II directly to the acid (V) were unsuccessful
and a three-step process was employed for the conver-
sion of II to V. The aldehyde (II) was converted to
the oxime (III) which was dehydrated with thionyl
chloride to afford the nitrile (IV). Hydrolysis of IV
with strong alkali gave the acid (V). The ketone (VI),
prepared by stannic chloride mediated acetylation of I,
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was considered as an alternative source of V, but hypo-
chlorite oxidation of VI was unsuccessful. The acid

(1) (a) This work was carried out under the auspices of tlie Cancer
Chemniotherapy National Service Center, National Cancer Institute, Na-
tional Institutes of Health, Public Health Service, Contract No. 8A-43-ph-
1892. The opinions expressed (n this paper are those of the authors and not
necessarily those of the Cancer Chemotherapy National Service Center. (b)
Reprint requests should be addressed to tlis author.

(2) J. DeGraw and L. Goodman, J. Org. Chem., 27, 1395 (1962).

(3) J. DeGraw and L. Goodman, ibid., 27, 1728 (1962).

(4) J. DeGraw and L. Goodinan, J. Med. Chem., in press.

(5) Subsequent to this work a much more efficient preparation of V from
I was described: M., Melzer, J. Org. Chem., 27, 496 (1962).

TapLe I
ANTITUMOR ACTIVITY OF INDOLE 5-NITROGEN MUsTARDS®?

(CICHZCH.QZN—( ﬁ‘ R
N

H
LD MED
R (mg./kg./day)® (mg./kg./day)?  T. 1.
CO.H 13.0 4.7 3
CO,C.H; 25.0 4.3 6
CH,CO.H/ 7.1 1.5 5
CH,CH,CO,H’ 3.8 0.15 25
CH,CH(NH,)CO,H¢ 1.2 0.31 4

¢ The observations are for the Walker 256 (subcutaneous)
tumor in rats. The drugs were administered intraperitoneally
following the standard Cancer Chemotherapy National Service
Center protocol, Cancer Chemotherapy Rept., 25, 11 (1962).
® We are indebted to Miss Ann Morris Smith, Southern Research
Institute, Birmingham, Alabama for many of these testing re-
sults. ¢ The LDy, is that dose that kills more than 109, of the
animals and is the maximum tolerated dose. ¢ The minimum
effective dose (MED) is that dose which gives a ratio of tumor
weight in treated animals to tumor weight in control animals of
0.10. ® The therapeutic index (T. I.) is defined as LD,,/MED.
I See ref. 3. ¢ See ref. 2.

(V) was readily decarboxylated by boiling hydrochloric
acid yielding, apparently, a polymeric form of 5-nitro-
indole.

The ester (VII) was prepared from V with ethanol
under acid catalysis and was converted to the amino
ester (VIII) by catalytic hydrogenation. The reac-
tion of VIII with ethylene oxide in ethanol gave the
bis(2-hydroxyethyl)amine (IX) as a crystalline solid
that, with methanesulfonyl chloride in pyridine,??
afforded the mustard ester (XI). All attempts to
convert XI to XIII with hot, concentrated hydrochloric
acid led to decarboxylation. An alternative, and
successful, route to XIII was available by first trans-
esterifying IX with sodium benzyloxide in benzyl alcohol
to give a rather low yield of the ester (X). Chlorina-
tion using methanesulfonyl chloride converted X to
XII, and hydrogenolysis of the benzyl ester over plat-
inum oxide in acidic tetrahydrofuran afforded the
desired mustard acid (XIII).

A comparison of the antitumor activity of XIII
with a number of related indole mustards is presented
in Table I. These data indicate the superiority of the
propionic acid mustard in this series. It would
be of interest to prepare and test 5-[bis(2-chloro-
ethyl)amino Jindole-3-butyric acid, since in an anal-
ogous series of p-[bis(2-chloroethyl)amino]phenyl-
alkanoic acids tested against the Walker tumor, the
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carboxylic acid was essentially inactive, the acetic
acid had a higher activity than the propionic acid, aud
the butyric acid was more active than the acetic acid.®

Experimental’

Oxime of 5-Nitroindole-3-carboxaldehyde (I11).—To 20 1ul. of
pyridine was added 2.00 g. (10.5 mmoles) of 3-nitroindole-3-
carboxaldehyde (I1), 1.80 g. (26 vunoles) of hyvdroxylamine
bydrochloride, and 10 wml. of methanol. The solution wasg re-
fluxed for 4.5 hr. and evaporated to dryness in racro.  The residue
was stirred with 20 ml. of water until it solidified. The solid wus
collected, washed with water, and sucked as dry as possible.
The damp material was recrystallized from 27 ml. of 674, ethanol
to give 1.64 g. (76¢¢) of vellow crystals, m.p. 217-223°  An
analytical sample, nm.p. 214-218°, was obtained by recrystalliza-
tion fromn ethanol.

Anal.  Caled. for CgHeN.O4 €
Found: C, 52.7; H, 3.16; N, 13.7.

Methyl 5-Nitroindol-3-yl Ketone (VI).—To an ice-cold sns-
pension of 0.81 g. (5 mimoles) of S-nitroindole in 10)vl. of benzene
containing 0.80 ml. (8 mmoles) of acetic anhydride, was added,
doring 15 vun. with stirring. a solution of 1.8 ml. (15 mmoles)
of unhydrons stannic chloride in 3 ml. of benzene.  Stirring was
continied for another hr. at 0-5°, and then the mixture was
poured onto 50 g. of ice with stirring. The mixture was stirred
for 30 min. and filtered. The cake was washed with water and
air-dried to leave 0.77 g. of solid. The crude material was re-
erystallized from dimethylformamide-acetonitrile to give 0.40 g.
of pale yellow crystals, vip. >305° A second crop of 0.24 g
was obtained by dilution of the mother liquors with water; total
yield 0.64 g. (63%); A7 3.1-3.2 (NH), 6.15 (C==0), 7.48
(N():) M.

Anal. Caled. for CuHgN.Qy:
Found: C, 58.6; H, 4.08; N, 13.5.

Ethyl 5-Nitroindole-3-carboxylate (VII).—To 600 1wl of
absolute ethanol, containing 12 wl. of ethanesulfonic aeid was
added 37.0 g. of the carboxylic acid (V), and the wixture was
refluxed with stirring for 24 hr. The resulting solution was
evaporated to dryness in cacro, and the residue wasg stirred with
300 ml. of saturated sodimm bicarbonate for 1 hr. The solid
was collected by filtration, washed with water, and dried. The
material was recrystallized from absolute ethanol to yield 25.2 g.
(5970) of yallow crystals, m.p. 220-230°.  An analyvtical sminple,
pLp. 230-232° was obtained shmilarly: AD9 3.00 (NH), 5.09
(ester C=0)), 7.45 (NO.) .

Anal. Caled. for C.H:N3O5: 0, 52,70 H, 3440 N, 2005
Found: C, 52.4; H, 3.35; N, 20.3.

5-Nitroindole-3-carbonitrile (IV,;-—To » stirred solution of
1.20 g. of the aldoxime (II1) in 15 wl. of tetralivdrofuran was
added 3.0 ml. of thionyl chloride during 7 min. while viaintaining
the temperature below 30° with a cold=water hath. A precipi-
tate, which initially forined, redissolved after about half of the
reagent was added.  The solution was stirred for unother 13 min.
at room temperature and was evaporated to dryness in racio.
The residue was recrystallized from 20 ml. of 75% methunol to
atford 0.71 g. (65%;) of pale yellow crystals, n.p. 220-227°. An
analytical smnple, m.p. 223-2253°, was obtained by recrystalliza-
tion from ethyl acetate; AL 2,07 (NH), 1.50 (C==N), 7.46
(NO2) p.

Anal. Caled. for CoHaNz0.:0 €, 5780 H, 2,69 N, 22.5.
Pound: €, 57.5; H, 2.91; N, 22,4,

5-Nitroindole-3-carboxylic Acid (V}.—A solution ol 50 g. of
the nitrile (IV) in 500 m»l. of 257 sodinm bydroxide was retluxed
for 20 br.  The red solution was cooled and some erystalline
material was filtered. The filtrate wus acidified with concen-
trated hydrochlorie acid, and the yellow precipitate was collected
and dried to vield 26,1 g, of solid. Tbe crystalline waterial,
obtained by cooling the hydrolysate, was extracted with boiling
water aud filtered, and the filtrate acidified to give another 20.0 g.
of product; total 46.1 g, (3£77). An analytieal sample, vrp.
>300°, was prepared by recrystallization from acetone-water;
Ao 2 96 (NHY, 5.92 {carboxyl C-0), 7.40 (NOw) .

52.4; H, 2.93: N, I3.6.

2

¢, 585 H, 3.95; N, 137

6) WL O Ross, U Byoelageal MkylaGog deeids,” Buatteeworths, Loodon,
JO62, . 125,
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Anal.  Caled. for C) H)yN,yOy:
Found: C, 56.6; H, 4.25; N, 12.4.

Ethyl 5-Aminoindole-3-carboxylate (VIII).--A suspension ol
25.0 g. of the nitro ester (VII) and 3.5 g. of platinum oxide in 300
ml of absolute ethanol wag shaken with hydrogen at 3 atmos-
pheres, absorption of the theoretical amount of hydrogen re-
qoiring abont 15 br. The catalyst wus romoved Ly filtration.
and the filtrate was evaporated to dryness /n racvo.  Only the
residue was crystallized fromw benzene to alford 10.0 g, (SX' [}
of vellowish needles, m.p. 103-104°: 25" 2,03, 3.01, 3.20 {NH,
6.00 (ester (20 .

Anal. Caled. for CrHpNGOs O,
Found: ¢, 65.2; H, 6.06; N, 13.9.

Ethyl 5-/Bis(2-hydroxyethyl)amino}indole-3-carboxylate (I1X;.
—To an ice-cold solution of 220 mg. of the amino ester (VII1)
m 31wl of absolute ethanol containing 5 g, of p-toluenesulfonic
weid was added 0.5 ml of ethylene oxide. The solution was
allowed to stand at room. temperatore for 15 hr. and wus evap-
orated to dryness i eacio.  The crystalline residue was stirred
for 5 min. with 3 ml. of water containing 1 1. of suturated sodium
bicarbonate, and the solid was collected, washed with water, and
dried to leave 220 mg. (709¢) of tan crystals, w.p. 15-117°
One recrystallizition from 509, ethanol afforded an analytical
saple, m.p. 124-125°: X370 3,07 (OH, NH), 5.99 (ester C==0)1,
055 (C-—~OH) u.

Anal, Caled. or GHuNoOg: €, 61.6; H, 6.00;
Found: ¢, 61.5; H, 6.7, N, 9.78.

Ethyl 5-[Bis(2-chloroethyl Jamino]indole-3-carboxylate (XI).--
To a solution of 2.00 g. (6.9 mmoles) of the bis(hydroxyethyl:
compound (IX7V in 10 wl. of pyridine (dried over potassinm
hydroxide) was added 1.81 g. (15.8 nnnoles) of methanesulfonyl
chiloride.  When the vigorous exothermie reaction began to suls-
side, the solntion was heated for 10 wmin. un the steam batb, then
wus cooled nnd diluted with 100 ml. of water to produce o guinmy
precipitate.  The mixture was stirred for 1 hr. to cause crystalliza-
tion and then filtered. The cake was washed with water and
dried to give 1.10 g. 149%4) of white crystals, m.p. 115-117°. An
analytieal saple, w.p. 115.0-116.5° was obtained by recrystal-
lization from benzene; AXSY 3.05 (NH), 5.95 (ester C=0)) u.

Anad. Caled. for CeHysCLNLO.: €, 548 H, 5.52; N, 8.52;
CL 2t Foond: G549 H, 5.78: N, 8.30; Cl, 214,

Benzyl 5-{Bis(2-hydroxyethyl)amino|indole-3-carboxylate 1 X ).
—To 33 wl. of dry benzyl aleohol was added 1.20 g. (52.2 mg.
atoras of sodum which was warmed into solution at 95-100°.
Then 12.4 g. 142.4 mmoles) of the ethyl ester (I1X ) was added, and
the resolting solntion was beated at 95-100° under nitrogen for S
hr.  The thick paste was nentralized with acetic acid, then porti-
tivved between 60 1ml. of water and 125 ml. of ethyl acetate.  The
wgueous portion was extracted with another H0 1wl of etbyl ace-
tote. The combined ethyl acetate extracts were washed with H0
vil. of water, dried over magnesivim svlfate, and evaporated o
patero. The liquid residue was dilnted with 600 ml. of Skelly-
solve 13 7h.p. 62-70°) vnd shaken vigoronsly. The sopervatani
was decanted from (he oil which separated, and the oil was shoken
with 170 ml. of etber, causing it to solidify.  The etber snper-
natant was decanted into the previous Skellysolve I3 wash to give
i white, crystallive precipitate. This vuaterial was collected,
united with tlie above ether insoluble material, and dried e racico
to leave 112 g of solid.  "This residue was dissolved in 100 ml.
of hot ethyl acetate and the solution cooled to cause o smoll
wwount of dark gum to deposit.  The iixtire was stirred with o
little Norit «nd filtered, nnd the filtrate was allowed to stand for 2
davs at room temperature.  The white crystals were collected by
fill pretion, weashed with 10wl of etbyl weetete, and dried to yvield
BN g 029 O woups 1305-183405°0 Coneentration ot the filtrate
to 20 ml., Tollowed by ebilling for 20 br., gave a second evop off
0 g, vap. 12713370 Ananalytical sample, nip. 134.5-135.0°,
was obtained frow avother ron,

dnal. Caled. Tor CaldeNaOy C) 6780 H, 6.26; N, 7.01.
Fonnd: C,67.7; H, 647 N, 7.71.

Benzyl 5-|Bis(2-chloroethyl)amino]indole-3-carboxylate (XI1 1.

~To a solotion ol 3.75 ¢. (10.6 vinoles) of the benzyl ester (X))
b 23 il of pyridive was odded 2.72 g. (23.7 vivoles) of 1aethane-
splfonyl chloride doring 1 pin. with stirring.  The temperature
rose to a maxivimm of 60° and when it began to decline, the soln-
tion was beated for 15501, on the stepv hath. Tt wuas cooled and
diluted with 200 vd. of water to give 1 guuany precipitate which
solidified ofter the mixture was stirred for 2 hr. The erystals
were colleeted, wasled with two 10-ml portiong of water. oud
dried to atford 180 g 43775 of produet. The crode material

¢, 56.4: M, 430, N, 12.0.

647 H, 592; N, LT

N, 9.58




March, 1964

was recrystallized from 5 ml. of benzene to give 1.14 g. (27%) of
product, m.p. 131-136°. An analytical sample, m.p. 137-138.5°,
wag obtained similarly.

Anal. Caled. for CyHyClLN20:: C, 61.5; H, 5.17; N, 7.17;
Cl,18.2. Found: C,61.8; H, 5.40; N,6.95; Cl,17.8.

5-{Bis(2-chloroethyl Jamino}indole-3-carboxylic Acid (XII).—
To a solution of 300 mg. of the benzyl ester (XII) in 10 ml. of
tetrahydrofuran was added 0.1 ml. of concentrated hydrochloric
acid and 50 mg. of platinum oxide. The mixture was stirred
under an atmosphere of hydrogen at room temperature, consum-
ing the theoretical amount of gas during 35 min. The product,
which had erystallized from solution as its hydrochloride, was
collected along with the catalyst. The mixture was stirred in a
solution of 5 ml. of water and 5 ml. of ethyl acetate, followed by

FLUORINATED POTENTIAL ANTICANCER AGENTsS. 11 215

removal of the catalyst by filtration. The ethyl acetate extract
wag evaporated to dryness in vacuo to leave 200 mg. (87%) of a
sirup which crystallized when stirred with 2 ml. of water. The
white crystals were collected, washed with water, and dried.
Recrystallization of this material from 509 ethyl acetate-Skelly-
solve B afforded 93 mg. (409), m.p. 150-152°. Another re-
crystallization gave an analytical sample, m.p. 151.5-152.5°.
Anal. Caled. for Ci;H,Cl:N,Os: Cl, 51.8; H, 4.68; N, 9.30,
Cl,23.55. Found: C,51.9; H, 5.21; N, 9.07; Cl, 23.16.
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Fluorine-Containing Potential Anticancer Agents.

IT."®

Syntheses of Some Trifluoromethylpurines and Trifluoromethylthiazolopyrimidines™

HipeEo NacaNo, SHOJ1 INOUE, ANDREW J. SAGG10MO, AND EDWARD A. NODIFF!®

The Research Institute of Temple University, Philadelphia, Pennsylvania 19144

Received Oclober 4, 1962

As part of a search for improved cancer chemotherapeutic agents, various trifiuoromethylpyrimidines were
prepared and cyclized by standard techniques to the corresponding trifiuoromethyl analogs of purine and thi-

azolopyvrimidine.
therapy National Service Center.

Paper I'= of this series described the synthesis of var-
ious trifluoromethylpyrimidines as the first stage in a
program for the preparation of potential antimetab-
olites. This program has now been extended to include
trifluoromethyl analogs of purines and thiazolopyrimi-
dines.

The syntheses of 5-amino-4,6-dichloro-2-trifluoro-
methylpyrimidine (XXV) and 5-amino-2,4-dichloro-6-
trifluoromethylpyrimidine (XXVI) were reported pre-
viously. These intermediates have been converted to
varioug purines in the standard preparative sequence
shown in Schemes A and B.

Refluxing XXV and XXVI in methanol with var-
ious alkylamines provided the corresponding 4-alkyl-
aminopyrimidines (I-IV and XI-XIV). Ring closure
of the 4-alkylaminopyrimidines to the 2- and 6-tri-
fluoromethylpurines (V-VII and XV-XVII) was
effected by heating either with a mixture of ethyl ortho-
formate and acetic anhydride (method A), with 979
formic acid (method B), or with pure ethyl ortho-
formate (method C).

Method A, applied to the 2-trifluoromethyl series
gave the 5-acetamido-6-chloro-4-alkylamino-2-trifluoro-
methylpyrimidines as side products. With method B,
the side products were the corresponding 5-formamido-
pyrimidines. No side product was isolated when using
method C on the 2-trifluoromethyl compounds or when
using any of the methods on the 6-trifluoromethyl series.

No attempt was made to cyclize the butylamino py-
rimidines (IIT and XIII).

The 2- and 6-aminopurines (VIII-X and XVIII-
XX) were obtained by heating the chloropurines in an

(1) (a) Paper I of this series: &. Inoue. A. J. Saggiomo, and E. A. Nodiff,
J. Org. Chem., 26, 4504 (1961): (b) tlds investigation was supported by Re-
search Grant CY-4270, fromn the National Cancer Institute, National In-
stitutes of Health, U. 8. Public Health Service; (c) to whom inquiries
should be addressed,

The compounds were evaluated in the routine three-tumor mouse screen of the Cancer Chemo-
All were ineffective as tumor inhibitors.

autoclave with ethanolic ammonia. The 2-chloro-
purines (XV-XVII) were converted with potassium
hydrogen sulfide in methanol to the 2-mercapto deriva-
tives (XXI). These were difficult to purify. They
were therefore treated with ethyl bromide and ethanolic
potassium hydroxide, and isolated as the ethyl deriva-
tives (XXII-XXIV).

The reaction of ethanolic ammonia with XXV and
XXVI gave the corresponding 4,5-diaminopyrimidines
(XXXI and XXVII). In Scheme B, cyclization of
XXVII and XXXI, using method A, produced 2-
chloro-6-triflucromethylpurine (XXVIII) and 6-chloro-
2-trifluoromethylpurine (XXXIV), respectively. When
cyclization of XXVII was carried out with triflucro-
acetic anhydride in trifluoroacetic acid the product was
2-chloro-6,8-bis(trifluoromethyl)purine (XXIX).

Thiourea and the chloropurine (XXXIV) provided
6-mercapto-2-trifluoromethylpurine  (XXXV). Con-
densation of XXXIV with ethylamine, butylamine,
aniline, and benzylamine gave the corresponding alkyl-
amino derivatives (XXX VI-XXXIX).

Various  trifluoromethyl [5,4-d Jthiazolopyrimidines
were prepared as outlined in Scheme C.

2,4-Dichloro-5-nitro-6-trifluoromethylpyrimidine
(XL) was converted via XXVI to 5-amino-2-chloro-
4-mercapto-6-trifluoromethylpyrimidine ~ (XLI) as
described previously.'® Ring closure of XLI to
form  3-chloro-7-trifluoromethylthiazolo [3,4-d Jpyrimi-
dine (XLII) was brought about by heating with ethyl
orthoformate. The conversion of 5-amino-6-chloro-4-
mercapto-2-trifluoromethylpyrimidine (XLVI)!* to 7-
chloro-5-trifluoromethylthiazolo [5,4-d Jpyrimidine
(XLVII) was carried out in the same fashion. Reac-
tion of XL with 1 mole of potassium thiocyanate in
acetic acid afforded the 4-thiocyano derivative (XLIII).
Treatment of XLIII with aniline then gave the 2-



