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tancons) tomor at 50.0 mgikg/day. However, in-
troduction of substituents in the phenyl ving of this
compotnd either retains or increases its aetivity against
Duwiming leukennia but lowers the activity against
Walker 256 tumor,

Experimental Section

Where nnulyses are indicated only by the symbols of the
clements; smalytical results obtained for those elements were
within 404 of the theoretical valves. Melting poiuts were
taken in an open capillary tobe in sulforie acid bath and arve
mearrected,

Ethyl N-(4-p-Tolyl-2-thiazelyl)malonamate.— A mixture of 1.0
g (0,01 mole) of 2-amino-4-p-tolylthiazole® and 9.6 g (0.06 mole)
of diethyl malonate was refluxed for 2.3 I in an oil bath at 160°.
The reaction mixture was cooled, dibited with hexaue, aud kept
i av iee box for 1 hr. The componnd which separated on cooling
was collected and recrystallized from EtOI to give 1.9 g (63¢;)
of the ester, mp 147-148°. Anal. (C:lluN0,8) C. H, N.

N-(4-p-Tolyl-2-thiazolyl)malonamic Acid Hydrazide.——A sohi-
tion of 1.5 g (0.005 male) of ethyl N-(4-p-talyl-2-thiazolyl)-
malonamate in a small gnantity of EtOH was treated with 0.6 ml
of 58¢, hydrazine hydrate and the solution wus heated vnder
reflix for 10 min.  The reaction mixtnre gradually deposited a
erystalline =olid which wax filtered aff and washed with a little

12tOIT to give 1.1 g (76%;) of the cmde hyvdrazide. Tt was
crystallized  from EtOH-H,O (1:1), mp 270° dec. Anal

(CuN©OS) C, 1, N,

Other malonamic acid esters ond hydrazides were similovly
prepared and are listed in Table I.

The following hydrazides were prepared us descrvibed in the
literature: 4-nitrobenzoie acid hydrazide,'* 3-chlorobenzaie acid
hydrazide, '™ 3.4, 3-trimethoxybenzoic acid hydrazide,” nicotine
acid  hydrazide, ' isonicotinic acid hydrazide,® picoliniec acid
hyvdrazide,’®  and  2-hyvdroxy-4,G-dimethyluicotinic  aecid  hy-
drazide..2

4-IN,N-Bis( 2-chloroethyl)amino|-o-anisaldehyde.-—To 22 il
of DMT cooled in an ice hath was added 14 ml of POCIL, with
stirring at 7-10°. Then a mixtnre of 10.5 g (0.03 mole) of N,N-
bis(2-hydroxyethyh-m-anisidine?? dissalved in 30 ml of DMF was
added slowly at H5-10°. The mixtnre was then heated for 1 hir on
n water bath and ponred outa ice and kept overnight at4°. The
solid was filtered off, washed thoronghly with ice water, and
dried.  Crystallization from hexane vielded 11.0 g (R0C¢) of the
sldehyde mostard, mp 96-07°. Anal. (C):11:CLNO) C, H, N.

The 2,4-dinitrophenylhydrazone, prepared in EtOlL was
reerystallized from MeCO, mp 215-216°0 chnal. (ChrsLCLNGO:)
C. 1, N.

Other aklehyde nmstards emploved i the present work are
reported i the Literatnre and were prepuared according to the
knuwn methods.?12

N-(4-Phenyl-2-thiazolyl)malonamic Acid | p-/N,N-Bis(2-
chloroethyl)amino]benzylidene] hydrazide.--To o sobition of
(1,20 g (0.001 mole) of N-(4-phenyl-2-thiazolyDinalonanve acid
hyvdrazide in a minimum of TtOH at 70° was added a <obition
of 0,25 g (0.001 mole) of the 4-IN,N-bix(2-chloroethyl)umino)-
heozaldehyde!? in K{OIT, Two drops of concentrated FICH were
thercadded to this sobition and the mixtre was allowed to stand.
Wuhin a <hort tune, a crystalline solid separated out. Thix
wax filtered off aud washed with a little TXOH to give .30 g
604, vield) of produet, mp 223-224°. nal. (CylTuCLN;0.8)
(', i, N.
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Al other benzylidenehydrazides were similorly prepared and
are recolded in Tables IT and TIT.
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Sinee the veport by Mauss, ef al.,'® that lucanthone,
1-(2 - dicthylaminocthylamino) - 4 - methylthioxanthen-
9-one,'" possessed schistosomicidal activity, numerous
analogs have been synthesized. Many of the deriva-
tives have also been tested against a variety of experi-
mental tumors in vitro and i viro. Hirschberg and co-
workers? have reported that hicanthone exhibits anti-
tunor activity agaiust a variety of transplantable
mouse tumors sueh as Sarcoma 180, Iymphoid leukemia
L1210 ascites, and Adenocearcinomas 755 and E0771.
Mare recently, Blanz and I'rench?® also showed that
lucanthone hydrochloride possessed autitumor activity
when tested with a number of structural analogs in
three tumor (Sarcoma 180, Adeuoearcinoma 755, and
Leukemia 1210) mouse screening experiments. How-
ever, the hydrochloride of the ehemotherapeutic agent
is somewhat limited in usefulness by its high toxieity.
I'or a number of vears, we have studied the effects of
numerois chemieals as potential detoxifying adjuvauts
for toxic chemotherapeutic agents, The results have
indicated that certain sulfonic acids? possessed signifi-
cant. detoxifying aetion when administered concomi-
tautly with the toxie chemotherapeutic agent {(strepto-
myein), =o that miee tolerated twice the lethal dose.
This study stimulated our interest iu the possibility of
sulfouie acid salts of lucanthone as potential anticaucer
agents with maximum therapeutic effectiveness and
with little or uo toxicity. This report includes the
preparation of five sulfonic acid salts of lueauthone
with analvses and tests for acute toxicity in mice and
n vivo antitumor activity of certain derivatives against
Sarcoma 180, Adeuocarcinoma 755, and Leukemia 1210.

(1) (a) M. Mausg, 1l. Kolling, aud R. Gonnert, MWed. Chem. Abhundl.
Med.-Chem. Forschuagsstaetten Farbenfabriken Bayer, 8, 185 (1856); (1))
Miracil D®,

(2) 1. Hirsehberg, A. Gellhorn, M. R. Murray, and 15 V. Elslager, /.
Nwtl. Caneer Inst., 22, 567 (1959).

3% 1, Blanz and F. French, J. Med, Cher., 6. 180 (1963).

1) 13, Prescott and 1I. J. Stone, Farmaco (Pavia), Ed. Sci., 21, 471 (1066).
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TanLe 1
SvLroNic Acip SALTs OF LUCANTHONE. CHEMICAL AND

PrysicAL PROPERTIES

-80:H Mp, °C? TFormula Analyses
p—NH?CsTh 183 0261{31N304SQ C, H, N
m-NH.CsHy 0648 CusHauN O  C,N; H
0-NTLCs11, 106 CsHuNiOs8, G, H,)N
p—HOCsH4 141-143 C25H30N20;,Sg C, H, N
1-CH;3CsH,-3-OH-4-

(CHCH3), 238 CaHasN:0;58, C,H N

¢ All melting points are uncorrected and were determined on
a Fischer-Johns melting point apparatus. * Anal. H: caled,
6.08; found, 6.53.

Experimental Section

General Procedure—A solution of the sodium salt of the sul-
fonic acid (0.1 mole) in distilled H,() (200 ml) was added with
stirring ta an equimolecular proportion of lucanthone hydro-
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yields from 90 to 957%. Table I gives a summary of the sulfonic
acids used and the analytical results.

Acute Toxicity—Intraperitoneal toxicity studies for the com-
pounds were performed in the DBA strain of mice, as maintained
at the National Institutes of Health, Bethesda, Md., according
to a procedure described previously.® The results were judged
by 72-hr survival. The mice treated with the m-aminobenzene-
sulfonic acid salt of lucanthone tolerated 1.5 g/kg of body weight.
All of the mice tested with the other four preparations tolerated
a dose of 2 g/kg. Thus, the compounds were of low toxicity com-
pared with the parent compound, lucanthoue hydrochloride.
The highest dose of lucanthone hydrochloride tolerated by DBA
mice was 210 mg/kg. It may be that the decrease in toxicity
is due to the insolubility of the sulfonates. However, significant
amownts of these compounds were detected in the blood plasma
of the mice 24 hr after administration.

Antitumor Studies.—The compounds were tested for antitumor
activity in the mouse screening program of the Cancer Chemo-
therapy National Service Ceuter. The testing procedures em-
ployed have been described previously.® Among the five com-
pounds, three were found to exhibit significant antitumor activ-
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ANTITUMOR AcTIVITY OF CERTAIN SULFONIC ACID SALTS OF LUCANTHONE AGAINST SaRcoma 180,
ADENOCARCINOMA 733, aND LEUKEMIA L1210

Animal wt Tumor wt, mg, or

Dose, dif, g (survival. days)
Salt of acld mg/kg Sarvivors test/control test/control T/C. %
Sarcoma 180
HCI 65 4/6 —-1.0 483/1209 39
32.5 5/6 —0.8 1006,/1209 83
16.2 5/6 1.4 1148/1209 94
m-NT,CsH4SO5H 124 6/6 —1.4 593/1996 29
125 5/6 —-1.7 639,/1890 33
Adenocarcinoma 735
HCl 90 7/10 -9.4 101 /2092 4
60 10/10 -7.0 200/2092 9
40 10/10 —4.9 422 /2092 20
27 10/10 —-2.9 1217,/2092 58
18 10/10 —-3.2 1332/2092 63
p-NH.C:HSO:H 110 10/10 —-2.7 240,/881 27
&2 10/10 -3.3 220/1321 16
Leukemia L1210
HCI 90 6/6 —4.2 (12.5/8.3) 147
65 6/6 -2.7 (11.5/6.3) 176
32.5 6/6 —-0.8 (7.7/6.3) 118
16.2 6/6 —0.8 (7.5/6.3) 115
p-NH,CsH SO H 165 6/6 -3.0 (17.5/9.1) 192
110 6/6 —-2.3 (14.3/9.1) 157
73 6/6 —-3.2 (8.8/9.1) 96
51 6/6 —0.6 (11.0/9.1) 120
m-NTLCH,S0,H 125 6/6 —-2.9 (20.3/9.7) 209
82.5 6/6 —-2.9 (14.7/8.7) 168
55 6/6 -1.7 (15.0/9.4) 159
36.6 6/6 0.0 (9.7/8.7) 111
24 6/6 0.3 (9.8/8.7) 112
1-CH;CsHo-3-OH-4-

(CHCH;)»6-SO;H 150 6/6 —0.5 (16.5/11.3) 146
75 6/6 —0.3 (15.5/11.3) 135
37.5 6/6 —0.5 (12.5/11.3) 110
18.7 6/6 —-0.9 (11.8/11.3) 104

chloride dissolved in distilled HyO (2000 ml) cooled to 10-15°.
The resulting mixture was stirred for 1 hr. In all instances
crystals of the sulfonic acid salt of lucanthone began to separate
immediately. The mixture was kept overnight in the cold room
(4°). The crystalline precipitate was collected, washed with cold,
distilled H:O, and dried in air. One crystallization from 709,
EtOH sufficed to give a pure product. The salts appeared as
yellow-orange, fine, crystalline powders with consistently good

ity. The p-aminobenzenesulfonic acid, m-aminobenzenesulfonic
acid, and the 3-hydroxy-p-cymene-2-sulfonic acid salts of
lucanthone showed good inhibition against the L1210 mouse
tumor systems. One preparation, the p-aminobenzenesulfonic

(5) B. Prescott and C. P. Li, J. Med, Chem., T, 383 (1964).
(6) J. Leiter, A. R, Bourke, 8. A, Sclhepartz, and I. Wodinsky, Cuncer
Res., 20, 734 (1960),



158 NOTER

acid salt, also showed iuhibition against Ca75H, and another,
the m-aminobenzenesnlfonic acid salt, possessed antitumor activ-
ity against the S181) mouse tumor system with the latter cown-
ponnd showing confirmed activity. Table I1 lists the antitmuor
testing data for the three active compounds, supplied by the
Cancer Chemotherapy National Service Center.
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1
and Indoloandrostanes

Steroids. Some Indolocholestanes
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Interest in steroids to whieh heteroeyelie rings arve
fused or attached developed in our laboratory? during
a study of heterocyclie steroids of poteuntial therapeutic
value.  Oue derivative of this type. 17,47,57,6/-tetru-
hyvdropyriniidino [4,3-a]-5-cholestene, ™ possesses  sig-
nificant anthuierobial,® antiinflanimatory, hypoeholes-
terolemiie, hypoteusive, and diuretic activities,®  An-
other derivative of this type, pyrazolo[3,2-¢]-17 -
methyl-Ha-androstan-178-o0l,* possesses a high degree
of separation of anabolic from wandrogenic activity and
has been in ehinieal ise for several vears.  Tts discovery
stiimnlated  the syvnthesis of analogous heteroeyelic
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steroids in several laboratories®  We wish to report
the synthesix and preliminary biologic =tudy af =omc
mdolocholestanes and indolandrostanes.

Doree®™ obtained indolo[3.4-h]-38-cholest-3-cne in
1909 when he attempted to prepare the phenvihydra-
zone of Hg-cholestan-3-one (1) by reaction i hot glacial
acetic acid.  In 1935, indolo[3,2-b]-5a-cholest-2-cue
(IT) wax syuthesized i a similar manner® Fuasion of
the indole ring at positions 2.4 i the da series and 3.4
i the 98 series wus contirmed recently by identifyving
the ozonolysis produets of these componnds.*

ludolo[3,2-6]-17 a-methvil-de-nndrost-2-¢n-173-01
{V1) wax prepared by a procedure similar to that used
by Doree in the synthesis of ndoloeholestanes.  The
N-methyl devivatives (IT1, VII and VIII) of II, V1,
and T were prepared similarly by the renetion of N-
methyvl-N-phenvlhydrazine with the appropriate steroid
ketone (Tables T and IT).  Identical produets were
obtained in somewhat lower vields by adding methyl
iodide to solutions of II. VI, or 1 and sodamide i dry
dhoxane-liquud mnmoni:. N-Awinoindolo[3.2-0 -5~
cholest-2-cne (V) and N-uminoindolo{3,4-6]-33-choles-
teue (X) were prepared from I1 and T by uitrosation
and LIAIFL, reduetion. N was characterized further
by reaction with acetic anhydride, N-aeetamidoindolo-
[3 4=l -58-cholest-3-cue (XI) being obtuained,

ltach of thrse steroids has the characteristie absorp-
tion of the dole ring at approximately ELHO w’?
ILach nitroxo derivative has n =trong peok at 6.95 u
which ix consistent with NN=-0>

Tare 1

Sotvent of

i

Compd R, R+ Rs Metliod” Yield, “% reerystil Myp, °Ct [a}™n, deg” Tormnta Abalyses'
111 CH;, CsHyy 11 A 99y CslIg=MeOH 203-205 +64.0  CsuHyN C, H, N
v NO CsHy; IT B 88 CsHg-petr ether 130-132 41038 CulleN.O LN

(hp 30-60°)
v NH, GiHy 11 C 8O Celig-MeOll 2232204 +86.8  CpllpN. 1O, N ¢
V1 IT OH CH, D 70 MeOH-H.0 233-2334 +39.4  CuplluNO I, N; ¢
VII CH; OH ClI; I 80 MeCN-MeOIT 171-171 +48.3  CxllENO ¢, 1, N

* Prepared as follows:

A, treatment of da-cholestan-3-one with a sixfold excess nf N-methyl-N-phenylhydrazine in HOAe at 157

B, treatment of indolo(3,2-b1-ie-cholest-2-ene® in HOAc-dioxane at 10° with a concentrated 1.0 sobition of KNOs in 109, excess:
C, treatment of IV with LiAlHs; 1), treatment of 17 a-methyl-he-audrostan-175-gl-3-one with phenylhydrazive in HOAe at 953°; L,

treatiment of 17e-methyl-da-andrastan-17g-ol-3-one with N-methyl-N-pheuythydrazine in HOAc¢ at 95°.
4 Analytical resnlts for elements indicated were within £0.42; of

on a Fisher-Johns apparatis aud are corvected.  « ¢ 0.5, CHCL.

the theoretical values unless indicated otherwise. ¢ C:

1) (a) lFor paper NXXIX in this series, see N. J. Doorenbos and R. K.
Sharina, J. Chromatog., 29, 393 (1967). (1)) Presented in part Lefore the Divi-
sion of Medieinal Chemistry at the 141st National Meeting of the American
Cliemical Society, Washington, D. C., Mareh 29, 1962. (c) Supported in
part by a grant from Smith Kline and Frenelh Laboratories. (d) Address
inguiries to N. J. ID. at the School of Pharmacy, University of Mississippi,
University, Miss, 38877.

(2) (a) N.J. Doorenbos and C. P. Dorn, .J. Pharm. Sei., 50, 271 (1961);
(M) N.J. Doorenbos and C. P. Dorn, ibid., 81, 414 (1962): (e) N. J. Dooren-
bos and C. P. Dorn, 1bid., B4, 1219 (1965): (d) N. J. Doorenbos and M. T.
W, b1d., B4, 1200 (1965); (e) N. J. Doorenbos and A. P. Shroff, Sterotids, 5,
399 (1965): (f) N. J. Doorenbos and L. Milewich, J. Org. Chem., 81, 3183
(1966).

(3) K. . Smith, D. I&, Shay, and N. J. Doorenbos, J. Pharm. Sei., 53, 1214
(1964).

(4) R.O. Ctinton, A.J. Manson, I". W, Stouner, A. L.. Beyvler, G. O. Poits,
and A, Arnold, J. Am. Chem. Soc., 81, 1513 (1959).

caled, 80.43; found, 79.93. 7 ("

A MMelting points were taken
caled, 8271 fornd, 83.22.

Biological Testing."—Each indole steroid (I-XI)
deseribed in this paper was screened for antimierobial
activity against gram-uegative bacteria (Escherichia
eoli, Salmonella typhosa, and Brucella abortus), gram-

() P.de Ruggieri, G. Gandotfi, U. Guzzi, ). Ctiaramonii, and C, Yerrari,
Parmaco (Pavia), £d, Sci., 20, 280 (1965).

6) (a) C. Noree, .J. Chen. Soc., 638 (1909); (1) C. Doree and V. \.
Petrow, 1bid., 1391 (1935); () Y. Ban and Y. Sato, Chem. Pharm. Bull.
(Tokyo). 13, 1073 (1965).

(7) A, F. Chaplin, D). 1L, ey, and J. Honeymnan, J. Chem. Soc., 3191
(1959).

(8) R. N. Joues, lnfrared Spectra of Organic Compounds, NRC 131ltetin
No. 6, National Research Ciouncil, Ottawa, Canada, 1959.

(9) (a) Antimicrobial assays were conducted by Dr. Rodney I'. 8mirh in
our taboratory. (b) The results of tlie endocrine assays were provided by Or.
Kerwin and Dr. Saunders of Smith Kline and FPrencti Laboratories.



