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tested” for antitumor activities in the KB cell culturess
and the Walker 256 carcinosarcoma (subcutaneous)®
test systems.®  Attemipts to prepare the carboxylic acid
of ITI by hydrolysis in hydrochloric acid were unsuccess-
ful, but for comparison of activities N-(p-{bis(2-chloro-
ethyl)amino Jbenzyl)aniline (IV), previously isolated as
the hydrochloride salt,®® was also prepared by reduction
of the corresponding Schiff base,® and was also evalu-
ated in the sanie test systems.

(CICH,CH,),N 4®-(CH2),,(|3HCOQH

Ln=1 R=NH, ©*
V,n=2;R=H
(ClCHZCHg)gN—C}— CH=N(IDHCOQCQH5
CH,CH(CH,),
i
(01CHQCH2)2N—®—CH'QNH(I:HCOZCZHS
CH,CH(CHy),
i
(ClCHQCHg)ZN—Q—CHgNHCSHS

v

Test Results.—The three nitrogen mustards, II,
III, and IV, are nontoxic and inactive in the KB cell
culture tests, but all have small but definite activities
in the Walker 256 system. The latter results are sum-
marized in Table I and are compared with similar data
for sarcolysin (I} and chlorambucil (V), two compounds
with high activities in this test system.

TasLe I

ANTITUMOR ACTIVITIES IN THE WALKER 256
CARCINOSARCOMA (SUBCUTANEOUS) TEST SYSTEM

LDy T/C 0.01,2
Compound mg./kg./day mg./kg./day T.I.¢
T 6.5 0.45 14
II >100 181 ca. 1
II1T° >50 19 ca. 3
v >100 181 ca, 1
Ve 15.5 1.6 10

& LDy, T/C0.01, and T.I. are, respectively, maximum tolerated
dose, minimum effective dose, and therapeutic index as defined
in ref. 3, pp. 7, 9, and 11. * Data from ref. 3, p. 63. ¢ As the
oxalate salt.

The comparatively small minimum effective dose
(T/C 0.01) for III suggests that the preparation of simi-
lar substances with the benzyl nitrogen mustard group
similarly attached to other amino acid ester or amino
acid carriers may afford alkylating agents of substan-
tially higher antitumor activities.

Experimental®®

Ethyl N-(p-[Bis(2-chloroethyl)amino]|benzylidene )-pL-leucin-
ate (IT).—To a solution of 5.50 g. (0.0224 mole) of p-[bis(2-chloro-

(7) Testing provided by the Cancer Clhemotherapy National Service
Center.

(8) (a) Cancer Chemotherapy Rept., 2358, 22 (1962); (b) ibid., 26, 11 (1962).

(9) Two compounds similar to I and III, ethyl N-(p-[bis(2-chloroethyl)-
amino]benzylidene)-L-tyrosinate and ethyl N-(p-[bis(2-chloroethyl)amino}-
benzyl)-L-tyrosinate are listed by R. P. Bratzel, R. B. Ross, T. H. Good-
ridge, W. T. Huntress, M, T, Flather, and D. E. Johnson in Cancer Chemo-
therapy Rept., 86, 247, 248 (1963), respectively. Neither the preparation nor
the antitumor activity of either of these compounds appears to have been
published.
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ethyl)amino]benzaldehyde,® m.p. 87-88°, in 85 ml. of absolute
ethanol was added 8.51 g. (0.0536 mole) of ethyl pi-leucinate,
b.p. 85-89° (19 mm.). The mixture was allowed to stand over-
night at room temperature. On partial evaporation of the solvent
and chilling, there was obtained in three crops 5.09 g. of II (385;)
as a white crystalline solid, m.p. 47-50°. Three recrystalliza-
tions of this material from absolute ethanol, afforded an analytical
sample, m.p. 46-47°.

Anal. Caled. for CnggClzNzOz.’ C, 58.91: H, 729, Cl,
18.31. Found: C, 59.47; H,7.31; Cl, 18.71.

Ethyl N-(p-[Bis(2-chloroethyl)amino]|benzyl)-pL-leucinate
(III), Oxalate Salt.—In 50 ml. of absolute ethanol 0.249 g. of
Adams catalyst was reduced with hydrogen. To the catalyst
was then added 5.00 g. (0.0129 mole) of ethy! N-(p-[bis(2-chloro-
ethyl)amino]benzylidene }-pi-leucinate in 55 ml. of absclute eth-
anol, and reduction with hydrogen continued. A 1 mole equiv. of
hydrogen was taken up in 15 min. with no additional consumption
of hydrogen during another hour. After removal of the catalyst
and complete removal of the solvent 5.64 g. of ethyl N-(p-[bis(2-
chloroethyl)amino]benzyl)}-pi~-leucinate was obtained as an oil
which resisted all attempts at crystallization. To 0.289 g. (0.743
mmole) of this oil in 1 ml. of absolute ethanol was added 0.067 g.
(0.53 mmole) of oxalic acid in 1 ml. of absolute ethanol. After
warming the mixture briefly and then chilling, 0.169 g. of the
oxalate salt of ITI (659 ) was obtained as a white crystalline solid,
m.p. 149-150°. Three recrystallizations of this material from
absolute ethanol afforded an analytical sample, m.p. 147-148°.

Anal. Calcd. fOI‘ 019H30012N202'03H2041 C, 5261, H, 673,
Cl, 14.79. Found: C, 52.71; H, 6.78; C], 14.76.

N-(p-[Bis(2-chloroethy! Jamino|benzyl )aniline (IV).—Using the
procedure outlined for ITI, 5.35 g. (0.0167 mole) of N-(p-[bis-(2-
chloroethyl)amino|benzylidene )aniline,! m.p. 64-65°, was re-
duced in 160 ml. of absolute ethanol using 0.102 g. of Adams
catalyst. After removal of the catalyst, evaporation of much of
the solvent, and chilling, 4.76 g. of IV (969%,) was obtained as a
white crystalline solid, m.p. 50-51°. Three recrystallizations
of this material from absolute ethanol afforded an analytical
sample, m.p. 50-51°.

Anal. Caled. for C;HyCLN:: C, 63.16; H, 6.24; Cl, 21.94.
Found: C, 62.66; H, 6.55; Cl, 21.89.

(10) All melting points were taken in capillary tubes and are corrected.
Mieroanalyses were done by Galbraith Laboratories, Ine., Knoxville, Tenn.
All evaporations of solvent were done at reduced pressure under an at-
mosphere of nitrogen.
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In the preceding paper of this series? evidence was ob-
tained which suggested that testosterone-19-nitrile
has weak antimyotrophie action at the peripheral level.
Since desoxycorticosterone acetate (DOCA) antagonists
would be of theoretical as well as practical interest, the
preparation and testing of DOCA-19-nitrile (III) was
undertaken.

Treatment of I, previously prepared in this labora-
tory,?3 with iodine and calcium oxide in tetrahydrofuran

(1) From the Ph.D. thesis of W. Ho, University ot California, 1965
This investigation was supported by a PHS research grant (AM-03016)
from the National Institute of Arthritis and Metabolic Diseases, United
States Public Health Service,

(2) M. E. Wolff and T, Jen, J. Med. Chem., 6, 726 (1963).

(3) T.Jen and M. E. Wolff, {bid., 5, 876 (1962).



(82 Norks

CN

HO

CN

O
111

solution in the presence of azobisisobutyronitrile'”
gave the corresponding 21-iodo steroid. It was found
that the use of redistilled tetrahydrofuran was cssen-
tial for the sueccess of the reaction, probably owing to
the presence of chain-breaking stabilizers in the com-
mercial product. The resulting crude iodo ketone was
allowed to react with triethylammonium acetate in
acetone solution to give the acetate 11 in 3097 over-all
yvield. Oxidation of IT by the Oppenauer method was
unsuccessful, but the ketone 11T was obtained by oxida-
tisn with chromic acid in acetone followed by isomeriza-
tion of the intermediate A*ketone on alumina.®

I"or the biological assay.® the test materials, in sesamce
ctl as vehiele, were adimmistered by subcutaneous -
jection i divided doses at 0 and -3 hr. The test
animals were groups of seven male rats adrenalecto-
mized approximately 48 hr. prior to the initial injection.
The urethras were ligated at the end of 4 he, and urine
was collected from the fourth through the sixth hogr.
Urinary sodiwn and potassiim determinations werc
made by means of flame photometry after suitable dilu-
tions of the wine. The “t”" test was used to evaluate
the significance of the data at the 959 level of confi-
dence.

The results of the testing are displaved m Table 1.
It can be seen that III is inactive i the sodiwm reten-
tion test and has only about 597 of the activity of
DOCA as a potassiumm exeretor. The concomitant
adimministration of 20 parts of III and 1 part of DOCA

TarLe 1

MiNeraL Bataxcen Tests

Av. final Sodican Potassinm

Componnd body wt., excrered, mg., excreted. mga..
{total dose/ rat, ) <. ‘rat menn = S0, oean = S 1),
Coutrol 146 2.03x£0.79 2,45 £ 0,60
DOCA (6) 145 094 £ 0,63 347 = 1IN
IIT (120) 149 fo45 %= 0.93 384 £ 0,87
DOCA (6) and 150 O0.SL£=0.49 375 £ 0,54

11T (120

"1 Ipferencet Y Infercnce

Cantrol s, DOCA 2 8 = 2.40 <
Control e« 111 124 N 3038 =
Control #s. 1IT1 4+ DOCA EIE ) = 381 =
DOCA »s. II1 + DOCA 0. 04 N= 0.50 NS

& = significant, N2X = nat significant,

(4) H.J. Ringold and G, Stork, /. dm. Clem. Soc.. 80, 250 (1948).

(3) E. 8. Rothman, T. Perlstein, and M. E. Wall, J. Ocg. Chem., 25, 1066
1950y,

(fi) The hivlogical assays were pecforiped at The Endacrine Lahboratories,
Muadison, Wis.
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produces an cffect which 1s not significantly different
from the effect of DOCA alone. Tt is conelnded that
ITT is not u DOCA antagonist.

Experimental’

33,21-Dihydroxy-20-oxo-pregn-5-ene-19-nitrile 21-Acetate

(I).-—A solution of 1.00 g. (0.002 mole) of 128 in 8 ml. of redis-
tiled tetrahydrofuran and 8 ml. of methanol was treated with 1.7
e of powdered caleium oxide aud 57 wmg. of recrystallized azo-
bisisobutyronitrile.  To the stirred mixture, innnersed i a 25°
weiter bath, there was added 1.2 g. (0.005 mole) of iodine dissolved
i wmixture of & mil. of tetrahydrofuran and 3wl of methanol.
The iadine solution was added dropwise but fast enough to slightly
exceed the rapid decolorization rate. The mixture was stirred
far 2-4 hr, until a pale yellowish color was observed. Tt wus
diluted with ether and filtered. The filter cake was washed with
cther and was digsearded.  The ether filtrate was washed free of
exeess lodine with 1590 aqueons sadii lodide sohuition, dried
aver sodinm sulfate, and evaparated under rveduced pressve.
Withont purification, the 2@-iodo residie was dissolved in 50 ml.
af acetone, aud treated with a mixture of 5 ml of acetic aceid and 8
mb of triethylamine.  The resulting solition was heated under
reflux for L hr., cooled, and diluted with water.  The crude prod-
net was filtered and recrystallized from aqueans acctone to af-
ford 0.30 g. (309%) of produet, nip. 197-199°. Furtlier reerystal-
lization gave an analvtical sample, w.p. 200-201°, Jo[*n —59°
o 14, CHCEL).

Anal. Caled, Tor CyuHaNO e €, TLHOG:
C, 7143; 1, 7.96.

3,20-Dioxo-21-hydroxypregn-4-ene-19-nitrile 21-Acetate (III).
~—A salution of 0.10 g. (0.0002 mole) of IT in 20 ml. of acetone was
treated ut 10-15° with 0.2 ml. of 8 V' chrowmie acid reagent for 10
niin, lixeess oxidant was destroyed with 2-propanol, and the
solvent was partially evaporated under reduced pressure.  After
dihution with water, the produet was filtered and dried. The
eriide prodiet was chromatographed on nentral alumina to effect
isamerizatian af the double boud and gave 0.025 g. (254 ) of
produet, m.p. 125-120°  Recryvstallization from aquieous ucetone
gave an analytical sanple, nup. 129-130°) AE9O% 232 1114 (¢ 16,5000,
||y +220{c 17, CHCL).

Anal. Caled. for CuHaeNO,:
72,01 H, 740,

H, ~ 41 Pond:

¢, 2,03, M, 620 Pomd:

(71 Melting pouns were determined with a Thomas-TToover appiaraius
qand ave coeresied.  Ultravialet spectra were obtained with o Ciry Model T
inscrament.  Mieroanalyses were performed by the Miceroanalytical Depart-
ment, Universiy af California, Berkeley, Calif. Optieal rotations were
obtined in a 0.3.1m. cabe with o Rudolph photaelectrie polarometer.
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Thomas and Marlow® have reported on the anti-
acetyleholinesterase (red cell) activities of a series of
phenylalkyltrimethylammoniun - compounds.  They
noted, as the homologous series was ascended, that their
inhibitory effect decreased to the fourth member, then
increased. The pattern of results obtained differs
fundamentally from a “normal’’ series such as n-alkyl-
tr'methylannuonium.  They interpreted their results in

(1) This investigation was supported in part by Public Health Grant

HE-0G072-03.
() 1, Thomas aud W, Marlow, /. Wed, Chem., 6, 107 (1063,
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