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In order to obtain drngs active against hormone-dependent forms of cancer, nrethan-iyvpe nitrogen mnstards

of androsterone, epiandrosrerone, estradiol, and ethynylestradiol have heen svuthesized.
derivatives has heen confirmed by means of infrared aud nltraviolet <pectra.

cumpotinds has been studied.

Ax carly as 1952, the steroid nucleus was tested as o
specifie carrier of the nitrogen mustard group for har-
mane-dependent timors, but the compaounds thus pre-
pared displayed anly noderate carcinostatic activities.
Attempts were alsa made to obtain latent antitunior
campounds by attaching the N,N-bis(2-chloracthyl)-
carbamoyl molety to the steroid nucleus of choles-
terol, b estrane, 2 testasterone,® and hydrocortisone.?
Sinee estrone 3-{N,N-bis(2-chlorocthyl) Jearbamate was
found to exhibit a 309, inhibition against mammary
adenacarcinoma 753,2¢ and testosterone 173-[N,N-bix-
(2-chlaraethyl) Jearbamate the same arder of inhibition
toward Walker 256 carcinosarcoma and 739, inhibition
af marmnmary adenocarcinoma M3 similar derivatives
of androsterone, epiandrosterone, estradial, and 17 e-
cthynylestradial have now been syuthesized.

3-[N, N-Bis(2-chlaroethyl) learbamayl derivatives aof
adrosterane (I) and epiandrosterone (II) were syn-
thesized according to the method of Ciaranescu, ef af. 2
for testosterone.  The compounds crvstallized with ex-
treme difficulty.  Coupling of the mustard molety ta
the alcaholic or plhienalic hydraxyl graup of estradiol re-
quired a more seleetive procedure,  Thus, treatment
with phosgene in an nert salvent vielded the 178-
chlarocarbonate,* which in the presence of NUN-bis(2-
chlaracthyDamine was converted to  estradiol 178-
[N, N-bis(2-chloroethyl) Jearbamate (111), isalated fram
the reaction nnxture by column chromatography an
aluming.  In suppart of the lacation af the carbamiate
group at the 17 positian, IIT was synthesized accarding
ta Scheme I The infrared spectra of the campounds
prepared by the twa rautes were identical.

178-Iistradiol 3-[N, N-bis(2-chlaroethyl) Jearbamate
(V) was synthesized 1n three ways, in arder ta prave its
structure: (a) treatment of estradial with N, N-bis(2-
chlaraethyDearbamoyl chloride in pyridine at room
teniperature, (b) by heating the sodiunt salt of estradial
I an inert solvent with the same reagent, and (¢) hy-
drogenation of estrane 3-[N N-bis(2-chlaracthyd) Jear-
bamate with Raney nickel catalyst. The three prad-
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The strueture of these
The antitmor activity of rhe new

uctx were fomd to be identical by comparizon af their
nielting points, infrared spectra, anud speeifie ratation,
la ]2y +30° (¢ 1, dioxaie).

17 e-Isthyuylestradiol 3-[N, N-bis(2-chloractlyl) Jear-
bumate was prepared according to Nogrady.* Unhke
the case of estradiol, phosgenation of 17 a-cthynyles-
tradiol afforded the 3-chloroformiyl derivative. whicl
wus converted to VI after treatment with N, N-bis(2-
chloroethylyamine (see Scheme IT).

Attempts to prepare the 17-carbamoyl derivative of
17 a-cthynylestradiol  failed.  Hydrogenation of Vl
viclded 17 a-ethylestradiol 3-[N N-bis(2-chlorocthyl) |-
carbamate (VI Data on compounds [-VII are pre-
scnted in Tahle L

As shown i the present and i previaus papers™ as
well as i those of other mvestigators® the phenolie
hydroxyl groups are casily converted to N N-bis(2-
chlorocthyl)carbanioyl derivatives, on treatment with
N.N-bis(2-chloroethyl) carbamoyl chloride, in pyridine
solition at room temperature.  Aleohiolic hydroxyl
groups do not appear to react nuder such conditions,
bt they are sensitive to direct phosgenation at rootn
temperature, i an inert =olvent, while phenolic hy-
droxyl groups requure the presence of an HCH aceeptar,

Infrared and ultraviolet spectra afforded evidence far
the location of N, N-bis(2-chloroethylyearbamoyt group
i compounds [-VIL. According to literature data®
the tertinry carbamates =hould show the amide I band
(C-=0 link) at 1687 = 4 cin='. The carbonyl absorp-
tion of I-IIT wax found ta be within that range (sce
Tuble thH. Campound IV exhibits a speetral <hift
which is rather difficult to explain, although the syn-
thetic method, wedytical data, and ultraviolet spec-
truni confirun the striucture assigned tait,

The band in 3-[N, N-bix(2-chlorocthyl) Jearbamoyl!
derivatives is shifted toward higher frequencies, proh-
ably die ta the eleetron-attracting etfect of the phenyl
graup and to the larger cantribntion of a strneture of
type VIL7 This explanation i= =upported hy the fact
that the <hift toward higher frequencies in type IX
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URETHAN-TYPE NITROGEN MUSTARDS OF SoME STEROID SEX [Tormones
Yield, e e Caled, Y- i e Vound, Y- —_—
Compad Mp, °C orinula oA C H N Cl C H N Cl
I 110 CullCLNO, 63.3 62.88 &8.08 3:06 15.30 62.50 8.20 3.04 14,54
11 106-107 CuHgClLNO, 63.2 62 .88 8.08 3.06 15.50 62.80 S.08 2 .08 15.51
111 130-132 Cy;HuCLNO; 88.3% 62.72 7.04 3,18 16.13 62.91 T 15 3.14 16.04
10% N3-84 CaHzClLNO; 85.3 67.92 6.08 2.64 13.39 67.85 7.0 2.56 13.20
vV 104-105 Cy; 3, CLNO; 2.7 62.72 7.04 3.18 16.13 62.64 6.95 3.18 16,30
VI 142 Cu:HaCLNO; 73.4 64,65 6.68% 3.01 15.30 64 .85 6.77 3.02 15.27
VII 115-117 CaHuCLNOs 79.6 64.10 7.47 2.08 15.16 63.98 7.43 2.97 15.39
“ From IV,
TasLe 11 day.  Under these conditions VI caused 609, and V

SpECTRuscorie Dara oN CaMpaundsg I-VII

Infrared spectra,” et

Ultraviolet oH
speelra, Amide streteling
Compd iy I band band
I N 1602 (x)
11 1694 (s) A
i IN25, 288 1685 (<) 3415 (m)
18% 278.5,286.8 1702 () o
vV 270.7,276.5 1713 (%) 3000 (1)
VI 26K8.7,275.5 1716 (=) 3450 (m)
V1T 269.1,285.8 1717 (%) 3512 (m)

@ Ultraviolet spectra were determined in aleoholic solition
with a CF4 Optic Milana spectrophotometer. ® Infrared spectra
were determined on a U.R.10 Zeiss Jena DDR spectrophotometer
in KBr digks. ¢ Amax 280 mgu for estradiol.

CHO, vco 1735 em~. The position of OH group
stretching bands in the range of 3520-3400 em~! also
supports the structures attributed by us to the deriva-
tives I-VII.

Ax shown in Table IT, the ultraviolet spectra also per-
mit the differentiation between 3- and 17-substituted
derivatives of estrogens, as the N, N-bis(2-chloroethyl)-
carbamoyl group in the 3 position causes a constant
shift of about 10 mu toward shorter wavelengths.

Biological Activity —The antitumor activity of
androsterone derivatives I and II is shown in Table III.
The activity of the estrogen derivatives was tested on
rats bearing Walker 256 carcinosarcoma (doses of 30
mg/kg, 0.167-0.1 LD;) every 2 days, beginning with
the 7th day after tumor transplanation up to the 23rd

209; inhibition.

From Zimmels? and our® observations on urcthan-
type nitrogen mustards of certain synthetic estrogens,
it follows that derivatives with antitumor activity may
retain hormonal properties.

Experimental Section

Epiandrosterone 33-Chloroformate.-—To a wolution of 2 g
(0.007 mole) af epiandrosterone (mp 174-177°) in 30 ml of diox-
ale, 4 g (0.04 niole) of phosgene in 15 ml of benzene was added
at room temperature. After standing overnight the solntion
was coucentrated to give an oily residue which crystallized after
addition of 15 ml of petroleum ether; 2.3 g (95.09;) of the chloro-
formate, mp 112°, was obtaiied.

Androsterone 3a-chloroformate (from androsterone, mp 183°),
mp 126-127° (yield 95.5%), was prepared similarly.

Epiandrosterone 33-[N,N-Bis(2-chloroethyl)|carbamate (I1I).—
N, N-Bis(2-chloroethyl)amine from 3 g (0.016 mole) of the hydro-
chloride in 30 ml of benzene was added to 2 g (0.0056 mole) of
epiandrosterotie chlaroformate in 25 ml of benzene at room tein-
perature with stirring. White crystals of nitrogen mustard
hydrochloride appeared oun standing overnight. Filtration,
removal of the salveut under redunced pressure, and trituration
with petrolenm ether (bp 60-90°) gave 1.7 g of II (63.29),
mp 105-106°. Recrystallization from methanol raised the melt-
g point to 106-107°,

Comptmnds I and I1T (framm 3-benzylestradiol 178-chlorofor-
nate) and VI were similarly prepared. During the synthesis of
178-estradiol 3-[N, N-bis(2-chloroethyvl)]carbamate (1II), the
chloroforninte wits 1ot i=olated.  The final prodnet was obtained

(8) L. Niculescu-Duvaz, C. Neacsu, V. Dobre, and V. Feyns, Neoplasng,
in press.
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+ Given every 2 day=. " Treatment begins 7 days after tiumor transplattation i rits,
¢ Treatment begins 3 days after tumor transplantation in utice,
/ Treatment begins 24 hr after tumor transplantation in rats.

plantation in miee.
tation in mice.

as w g, pirified by chromatography on alumina  colmu,
After placing the material on a colunm in benzene sohutian,
the calumn was elnted with beuzene, benzene—absolute ethanol
mixtures (99:1, U8:2, 95:5, 50:50), aud absolnte ethanol.
Campound IIT was isolated from the 90:1 henzeune-absohite
ethanol fraction and reerystallized from tolieune.

17 «-Ethynylestradiol 3-Chloroformate.-—To 2 ¢ (0.007 uwle) of
7 a-ethyuylestradiol and 8 ml of triethylamine i 20 ml of di-
oxate, 4 ¢ (0.016 mole) of phosgette in 25 ml of anhvdrons ben-
zene ab 0° was added with stirring.  After standing avernight
at raoln temperature, the triethylamine hydrochloride was
rettoved by filtration aud the sahitian wis concentrated nunder
vacium.  The resulting oil, tritnrated with petralenm ether,
gave 2.2 g (85.3%,) of the ehlaroforinate, mp 138-139°.
3-Benzylestradiol 178-chlaroformate (IV), mp 104-106°(X0.4¢ (),
was prepared sitnilarly but without an HCl acceptor (Et;N).

17 a=Ethynylestradiol 3-|N,N-Bis(2-chloroethyl)}carbamate
(VD).-—N,N-Bis(2-chlorcethyearbamayt chlaride (2.4 g, 0.012
mole) was added to a salution of 3 g (0.01 mole) of 17a-ethyuyl-
estradial i1 30 ml of pyridine.  After 3 days of standing at roowm
temyperatire, the reacticn mixture was poured auto ice-water
containing w small (quantity of methanol. VI (7349, 3.45 ¢
crystallized on standing. A recrystallization fromr methanol
gave an analytical sanmiple, mp 141-142°.

173-Estradiol 3-|N,N-Bis(2-chloroethyl)]carbamate (V).
tstradiol (1.5 g, (L0055 male) was added to 10 ml of aunhydroax
ethanol in which 0.13 g (0.0056 g-atont) of Na had beent dissolved.
After retoval af the solvent under vacummn the solid was sis-
pended in 20wl of toluene and 1.2 g (0.006 wole) of nitrogen
mmstard chlorofarinate was added with stirring. The mixture

Histamine Releasers.

111,

“Treatinent hegins 8 days alfier unnor irans-
¢ Treatment hegius 24 hr after tnmar transplan-

was refluxed for 4 hr.  After filirmtion fram NaClard removal
of the =alvent nuder reduced pressnre, the residne was recrystal-
lized from benzene-petralemmu ether, giving 1.6 g (72,7703 «f
V, mp H4-10a°.
173-Estradiol 173-iN,N-Bis(2-chloroethyl)|carbamate (111.

A solution of i} g (0.003G mole) of TV in 20 mt of absolate ethauol
was hvdrogenated in the presence of 2 g of 57¢ Pt—C. The thea-
retienl amounr of H, was absorbed after 2 hr.  Alver filtr
from the catalyst and rentoval of the solvent, 2.2 g i8s37 ¢l
crystalline TIT wax obtained: myp 123-130°, after recrystathiz-
tinn fromn tahiene, mp 130-132°,

17«-Ethylestradiol 3-|N,N-Bis(2-chloroethyl)]carbamate
1V --Campannd VI (2 g, 0.0044 male] nnd T gol 53¢ Pr-C i
20 mb of EtOH were shaken nnder hydrogen at atniospherie
pressure.  The theoretical amount of Ha was absorhed after 1.5
hr. The cataly=t was removed by filtration, and the solverd was
dixtiled mnder vacnnn giving L6 g (796 1 of VII, mp 15 HEe
after recrystallization from petrolenm ether.
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Dibasic Acid Amides

of 4-Phenyl-4-aminomethylpiperidines

Joseru 1. DeGraw, VEryox H. Browy, Nicnoras 12 Kontaxis, Savvel A FERGESON,
Gane R. Goroox, Joay H, PereErs. axo W, AL SKINNER

Lifr Sciences Reseurci, Stanford Researcch Lnstilide, Hendo DPacl, Califoonia

Reverved Muy 1.2, 1166

A series of 1-alkyl-4-phenyl-4-atuinomethylpiperidine amides of varions dibasic aeids were foand to have hnsta-

mine-releasing activity in dogs.
methylterephthalamide (XIIT).

In 1955, Chiavarelli, et al.,' in quest of compounds
with curare-like activity, discovered a new series aof
hypotensive agents (later known to be histamine re-
leasers), which were amides derived from l-methyl-4-
phenyl-4-aminomethylpiperidine and aliphatic dibasic
acids of formula 1. They found that a peak in activity
accurred when n equaled 8. It was also reported that

i N Chiavarelli, O, Corvillon, aud Go 15 Marvini-Betolo, feend, 20

NSuapces Soctte, 18, 1023 (1U53).

The most potent componnd wis 4,4 -dintethy N, N’-4-phenyi-4-piperidy |-
An exploration of the strmetire—uelivity relationship in this area is deseribed.

CgH; CH,NHCO(CH,), CONHCH,  C¢H,

)
CH,

-
24 X

I
gquaternization of the piperidine nitrogen or reduction
of the carbonyl gratips caused a loss of activity.  With
these data we began an explaration of the structnre-
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