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Listed m Table T wre bemg evaluated for thetr anti-
cancer activity,

Experimental Section

The alkyithiopurines and purine-6(1)-thione monohydrate
were ob(ained from the Cancer Chemotherapy National Service
Ceuter and were used withont further purification. Infrared
spectra were determined on KBr pellets of the purines on u
Beckmuan  IR-8 speetrophotometer.  The nltraviolet spectra
were determtined o approximately 1074 ) solutions of the pu-
rinex in 95, cthyl aleohol on a Cary 14 spectrophotometer.
T'he minr spectra were determined in perdeuterated DMSO using
MesSt as an internal standard on a Varian A-60 spectrometer
abtalned by Grant No. Pel706Y from the National Science
Foindation.  The descending paper chromatogranis  which
were runt ait Whatun No. | paper with water-saturated butanol
ax carrier moant NHioatmospliere gave one spot.  Thin layer
chromuiogranis on zilica gel G (Darnstadt) with methanol and
with e(hyl acetate gave one spot.

Method A. 6-{Alkylthio)-9-hydroxymethyl-9H-purines.-Ta
10 ml of aqueoas 37 formaldehyde, wus added (.010 mole of an
alkylthiopurine.  After all the material had dissolved, the re-
actian mixtare was heated to 35°.  Then 0.005 mole of Na,COy-
1,0 and 7 mil af water were added. The reaction mixture was
allowed to stand overnight, and the solid which formed was
callected by vacunm filtration and dried.  See Table T for phys-
ical and chenical properties of these cormponunds.

Method B.---9-(Morpholinomethyl)- or 9-(Piperidinomethyl)-
9H -purines.---Morpholine or piperidine (0.060 mole) was added
ta a suspension of 0.030 mole of purine-6(1H)-thione in 50 rul
af absolute ethanol.  The saspension was stirred for 15 min and
2.5 ml of aqueons 377, formaldehyde wis added.  The reaction
mixtire was stirred overnight, and the =olid which forined was
calleeted by vacnmun filtration and air dried.  Sce Table T for
chemical and physteal praperties,

Method C..—An arvl isocyanate (0.010 mole) was added to
.010 mole of 9-(hydroxymethylj-6-alkylthiopyrine v 50 wml
of mliydroas henzene. The reaction mixture was heated under
reflux overnight amd then cooled to 10°, and the resalting solid
was collected by viemmu filtration.  The aryl carbamate was
reeryatallized from benzene.

I the case of the alkyl carbaaie esters of 6-(alkylthio)-9-
(hydroxymethyl)purines, 0.010 mole of the purine derivative
wis sispended i 15 utl of the alkyl isocyanate, and two drops of
pyridine was added. The reaction mixtare was stirred antil
<olition had been etfeeted, and stirring was continned for 2 hr.
Then 15 wl of petroleain ethier (hp 50-60°) was added, and the
soltitionn was cooled 1) an ice batlt to give a solid which was
callected by vaciunu filtration. Tt was reerystallized from ether-
petrolemmu cether. See Table T for chiemical and physical proper-
ties.
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The Preparation of a-Phenylketo Steroids

Jons F. Ponurro, GrorGe R. ALLey, Jr., AND Marnn J. WEIss

Orgarie Chemical Research Section, Lederle Laboratories Division,
American Cyanamid Conpany, Pearl River, New York

Recerved September 8, 1966
[ixtensive investigations by Beringer and co-workers!

have demonstrated that diphenyliodonium salts react
with the anion of active methylene compounds to give

1) F. M. Beringer mnd 8. A, Galton, J. Org. Chem., 28, 3417 (1963), and
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C-phenyl dertvatives,  Sice nunerous rescarches have
shown that e-cthoxalyl and e-hvdroxymecthylencketo
sterotds react with a variety of clectrophilic veagents,
we have mvastigated the reaction of  these active
methylene compounds with diphenyliodonmum  elilo-
ride ax a method {or the preparation of represcutative
phenyl-substituted steroids.  Morcover, mmsinneh s
centers of high electron density are availuble m enol
acetate and enamine derivatives, we have also stadied
the interaction of diphenyliodoniunt  chloride  with
these systens i the steroid series,
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Potussium  salts of representative  ethoxalyl- and
hydroxymethyleneketo steroids (A) were treated with
diphenyliodonium chloride (B), and the products
(C) were deacylated with methanolic sodium methox-
ide. In this manner 2e-phenyltestosterone (1), 173-
hydroxy-17e-methyl-2e-phenyl-da-androstan-3-one
(2), 2a-phenyldeoxycorticosteronc 20-ethylence ketal
(3), 2a-phenylhydrocortisone 20-ethylene Lketal (4),
16¢-phenylestrone methyl ether (5), and 3-cthylene-
dioxy-16£-phenylandrost-3-en-17-one (6) were preparcd,
The characterization of thesc substances is given in
Table I. The yield of phenyl derivatives afforded by
this procedure was erratic, ranging from 1-32¢7.
However, no ctfort was made to determine the optimum
yield.

The introduction of the phenyl substituent was -
dicated by analyses and spectral data (h,e 143
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TaBLE I
o-PHENYLKETO STERO1DS PREPARED BY REACTION OF
DiprENYLIODONIUM CHLORIDE WITH e~ACYLKETO STEROIDS
~———Chromatography——
Yield, Mp, [}, Adsorbent —C, p————— ——H, G
Product Starting material % °Ce deg? or support Solvent® Yormula Caled Found Caled Found
5 16-Ethoxalylestrone methyl 8 147-148 +82 CxsHwOy 83.29 83.24 7.83 8.00
ether?
1 2-Hydroxymethylenetestoster- 32 194-196 +91 Silica B-E (9:1) CaHs:02 82,37 81.99 8.85 8.99
one’
2 178-Hydroxy-2-hydroxymethyl- 25 130-1327 —29 Celite H-M (1: 1) CxHs0: 82,06 82,28 9.54 9.54
ene-17a-methyl-5a-androstan- (resolidifies)
3-one’ 157-158
] 16~Ethoxaly’l-3-ethyleqedi0xy~ 1 185-187 Silica B-E (95:5) CxHuOs 79.76 79.68 8.43 8.5
androst-5-en-17-one’
3 20-Ethylenedioxy-21-hydroxy-2- 24 210-211¢ +92 Celite H-M(1:1%m C29H3:04 77.30 76.91 8.50 8.81
lhydroxymethylenepregn-4-en-
3-onef
4 20-Ethylenedioxy-2-hydroxy- 9 276-279 Florisil A-E (5:95) C29Hs06 72.17 72.55 7.94 7.68

methylene-1138,17«,21-t1ihy-~
droxypregn~4~en-.‘3~0ne’c

¢ Products were recrystallized from ether—petrolenm ether (bp 30-60°) nnless noted otherwise.
¢ A = acetone, B = beuzene, E = ether, H = heptane, M = methanol.
/ H. J. Ringold, E. Batres, O. Halpern, and E. Necoechea, bid., 81, 427 (1959).
i For a description of this technique see M. J. Weiss, R. E. Schaub, G. R.
Allen, Jr., J. F. Poletto, C. Pidacks, R. B. Conrow, and C. J. Coscia, Tetrahedron, 20, 357 (1964).
fractions and aliquots of each fraction were chromatographed on silica gel plates nsing a benzene—acetone-water (2:1:2) system;
chromatograms were developed with phosphomolybdic acid. The product was found in fractions 35-47 (Vm/Vs = 2.76).
Kissman, A. 8. Hoftman, and M. J. Weiss, J. Org. Chem., 26, 973 (1961).
= Produet eluted at peak hold-back volume 5.5 (Vn/V, = 3.13).

Jacobs, J. Am. Chem. Soc., 76, 552 (1954).
crystallized from ethyl acetate-heptane. * Upper phase.

3168 (1962). ! Recrystallized from methanol.
14.4 u; aryl proton resonances at § 7.16-7.34). The
« configuration for the 2-phenyl substituent in 2 was
assigned by consideration of the nmr spectrum, which
revealed a single-proton resonance at & 3.62 coupled
with the 18-proton (J.. = 6.5 cps) and the la-proton
(Jaa = 13.0 cps). These values for the coupling
constants are in excellent accord with those reported
for 2a-acetoxycholestan-3-one (/. 6.6 cps, Jas =
13.1 cps).2 A similar resonance (Jue = 5.5 cps, Jua =
13.0 cps) is observed for 1, but is obscured in the
spectra of 3 and 4 by the ketal methylene proton reso-
nances. However, an identical resonance was observed
in  2a-phenyldeoxycorticosterone, obtained by acid
hydrolysis of ketal 3. The difference noted in J,. for
the saturated derivative 2 and the unsaturated deriva-
tives is most probably a reflection of the change in the
dihedral angle between the 28- and 18-protons imposed
by introduction of the double bond into ring A. The
values (—6 to -+80) observed for the molecular rota-
tion differences (AMD) between the 2-phenyl deriva-
tives and the corresponding 2-hydrogen compounds also
support the « configuration for the substituent.®* An
assignment of configuration to the 16-phenyl deriva-
tives 5 and 6 was not possible. However, the nmr
spectrum of 5 indicated the isolation of one epimer,
inasmuch as a single sharp resonance was observed
for the 18-protons (6 0.93).8

(2) K. L. Williamson and W. 8, Johnson, J. Am. Chem. Soc., 83, 4623
(1961), For the epimeric 28-acetoxycholestan-3-one, J,e = 7.4 cps and
Jas = 9.5 cps.

(3) These values are in general agreement with the effect on molecular
rotation cansed by substitution of halogen,* hydroxyl,5 acetoxy,> methyl,6 and
cvano? groups at the 2« position.

(4) B. Ellis and V. Petrow, J. Chem. Soc., 1179 (1856).

(5) G. Rosenkranz, 0. Mancera, and . Sondheimer, J. Am. Chem. Soc.,
77, 145 (1955).

(6) H.J, Ringold and G. Rosenkranz, J. Org. Chem., 21, 1333 (1956).

(7) H. M. Kissman, A. S, Hoffman, and M. J. Weiss, tbid., 27, 3168
(1962).

(8) The nmr spectra of the 16-nitro and -cyano derivatives of estrone
methyl ether show double resonances for the 18-protons, each of which is
shifted downfield from the position (0.88 ppm) of this resonance in the spec-
trum of estrone methyl ether: R. E. Schaub, H. M. Kissman, and M. J.
Weiss, ibid., 29, 2775 (1964).

® For 1-2°% solution iu chloroform.
¢ F. L. Weisenborn, . C. Remy, and T. L.
7 Re-

¢ This work.

The elnate was collected i1 100-ml
these
/11, ML
t H. M. Kissman, A. 8, Hoffmau, and M. J. Weiss, 1b4d., 27,

2a-Phenyltestosterone (1) was converted into the
propionate ester, a dervivative of greater interest for
assay as a possible anabolic agent. In this connection,
an attempt to prepare the 2a-phenyl derivative of di-
hydrotestosterone by reduction of 1 with lithium in
liguid ammonia failed, possibly as a result of phenyl
substituent involvement.

Finally, we would note the inability to detect prod-
ucts in the attempted reaction of diphenyliodonium
chloride with enol acetate 7 and enamine 8.7

OAc OH
{ thji

7 8

AcO

Biology.—In general, it appears that introduction
of the phenyl group negates the biological effects of the
parent hormones. Thus, the testosterone derivatives 1
and 2, as well as the propionate ester of 1, showed no
significant.  androgenic or anabolic activity when
assayed (500-ug oral dose) by the ventral prostate-leva-
tor ani procedure.’®  16¢-Phenylestrone 3-methyl
ether (5) was less active at a total dose of 1000 ug
than estrone was at a total dose of 3 ug in an
estrogen assay.'! Also, 5 showed no significant hypo-
cholesterolemic effect when administered to the rat
at 0.0059 of the diet.!? 2q-Phenylhydrocortisone 20-
ketal (4) was inactive following a single subcutaneous
injection of 900 ug/rat in an antiphlogistic—thymus in-

(9) The reaction of 1.(N-morpholinvl)cyclohexene with diphenyliodo-
nium chloride is reported to give a low vield of 2-phenyleyclohexanone: M.
E. Kuehne, J. Am, Chem. Soc., 84, 837 (1962).

(10) This assay is a modification of that reported by L. G. Hershberger,
E. G. Shipley, and R. K. Meyer, Proc. Soc. Fxp!l. Biol. Med., 83, 175 (1953).
(11) R.I. Dorfman and A. 8. Dorfman, Endocrinology, 58, 65 (1954).

(12) For a description of this assay see S. Gordon, E. W. Cantrall, W, P,
Cekleniak, H. J. Albers, 8, Mauer, S. M. Stolar, and 8. Bernstein, Steroids,
4, 267 (1964).
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volution assay.'* In thiz connection it should be noted
that the 20-ketal derivatives of a wvariety of gluco-
corticoids have substantial activity in a thymus involu-
tion  assny.'*  2a-Phenyldeoxyveorticosterone had no
cffcet on sodinm or potassium excretion or retention,!”

Experimental Section

Melting points were determined it an apen capillary tube on a
Mel-Temp apparatits and are carrected.  Ultraviolet spectra
are far methanol =olutions nuless <tated atherwise, and infrared
spectrr were determived i pressed KBr disks.  Nur spectra
were determined with a Varlan A-61) spectrometer using teira-
methylsilane as an imernal <tandard: CDCl was nzed ax the
solvent.

16-Ethoxalylestrone 3-Methyl Ether.**—"1'a a solution of 1.14 g
(4 minoles) of 3-methoxy-1,3.5-extratrien-17-one (estrone methyl
cther) in 120 ml of anhydrous benzene was added 1.8 ml of ethyl
axalate and 0.42 g of a 500 Nall-oil dispersian.  The reaction
wits primed by the addition af a1 few drops of ethanol and the
pixture was stirred muder nitrogen far 16 hr. The vellow sas-
pension was extracted several times with cold 19 agaeons KOH
salition, and the extracts were added to aqueons 304, Nal PO,
=alution.  Thix mixture i turn was extracted with several par-
tions af chloroform until these extract= na longer gave a positive
ertol text. The cambined chiloraform  extracts were washed
with water, dried, aud evaporated. The residue was erystallized
trom ether to give 1.16 ¢ of a white =olid (strug positive enol
text), mp 140-146°. A =ample recrvstallized fram acetone-
hexane had mp 141-143%: Jajv +63.4%0 Ayee 2805 mp (e 980U
1t acid), 248 mu (e 11,600 in methanal 1, 302 nip (e 20,600 i1 base);
Nmax 5,74, 5.96, 6.21 4.

lna[ Calcd f’)l‘ C'.':l”-_’s():.l ('. TLX;‘»: II, 7;4
162, 1, 7.46,

Reaction of the «-Acylketo Steroids with Diphenyliodonium
Chioride.—The following preparation of 2a-phenyltestosterone
illustrates the general procedure. Ta a <alution prepared by the
mteraction of 248 myg (6.34 mg-atous) of potassinm with 30 nil
af dry t-butyl alcohol was added 2.00 g (6.35 nunoles) of 2-hy-
droxymethylenetestostercne.  Within a few minutes 2.00 g
1633 mmoles) of diphenyliadoninm chloride was added, and the
stirred =i=pensiolc was heated at reflux temperatare for 24 hr.
The salvent was partially removed, and the reaction mixtnre
was dilited with water, acidified with concentrated HCl, and
extracted with methylene chloride. The extract was washed
with saline, dried, and evaporated. The residue was dissolved
i 50 ml of methanol and, under nitrogen, 3 il of 1 A" methanolic
=odimn methoxide was added. Thix =olution was refluxed for
I ir.  The solution was enoled, nentralized with acetic acid and,
after partial removal of zolvent, dihited with water and ex-
tracted with CIL,Cl.  The extract was washed with saline, dried,
and  evaporated.  Chramgtography of the residne gave Qu-
phenyltestosterone (11 as white crystals, mp 194-196°.  The
characterization af this naterial and the ather substances pre-
pared in a similar manver ix given in Table 1.

With the exception of one cxample, the a-acyl-e-arylketo
steroids were amorphous materials. THowever, 16¢-ethoxalyl-
16:-phenylestrone 3-methyl ether wus obtaiited us white cerystals
{rom methylene chloride—ether; mp 100-192°: X < 5.70, 5.80,
(.20, 6.31, 7.80, 7.92, 8.09, 14.95 4.

Anal. Caled far CueelypeOnr L 700630 HL 7000 Fannd:
¢, 75.15; H, 7.06.

2«-Phenyltestosterone propionate was prepared i 826¢ vield
Ly acylation of 2a-phenyltestosterone with pyridine-propionic
anhydride.  Recrystallization of the product from ether gave
white crystals: mp 138-159°: lafp +72.5°; Ne 240 mp
(e 16,200); hoaax 3.77, 5.90, 6.13, 14.35 4.

Anal. Caled for CuHaOs: €, 79.96: H, 8.63.
T0.66; 1, 8.89.

2«-Phenyldeoxycorticosterone.--20)- i thylenedioxy-21-hy-
droxy-2e-phenylpregu-4-en-20-ane (200 mg) wax hydrolyzed

Fouud: €,

Found: (,

1131 G. Tonelli, L. Thibault, and L. Ringler, £'ndocrinology, T9, 463 (1966).

(14) W, &, Allen, H. M. Kissman, 8, Maner, L. Ringler, and M. J. Weiss,

. Med. Phaem. Chem., 8, 133 (1962,

:15) Thir assay is based on the response of adrenalectamized male rats 1y

4 single subcuraneons 16-ug dose as mearured afcer a 6-11r urine collecdon.
(161 We chank Dr. M. M. Kissman ated Mrs, A. S, Hoffinan far permission

to publish this experiment.
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with 80 11,80, in methanal. The prodiet was reerystillized
tram metlylene chilaride-petrolenm ether (hp S0-6°1 ta give
127 mg (679 of white erystals: mp 191-195°0 |elu -+ 108°:
Aoy 241 mg e HLA00Y: Ay 5,86, 5008, 6,16, 1450 4.

Anal. Caled for CoHuOur O, 70760 L S48,
AL R S RN
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1,3-Bis(2-chloroethyl)-1-mtrosourea (BCNU) iz very
effective against the lymphoid leukemia, L1210, inocu-
lated =ubcutaneously or mtracerebrally.! TIts out-
standing activity against intracerebral L1210 is prob-
ably connected with its high lipoid solubility., Since
it seemed likely that the compound owed its effective-
ness to the formation of 1-chloro-2-diazoethane in vivo
and that the chloroethyl group attached to the non-
nitrosated uitrogen atom was merely conferring lipoicd
zolubility, it wax decided to synthesize an analog with
similar properties,

Isobutyl N-chloroethylecarbanate (1), obtained hy
the action of isobutyl chloroformate on ethylenimine,
was readily nitrosated by treatment with sodium nitrite
in formic acid solution to give the required isobutyl
N-chloroethyl-N-nitrosocarbaunate (IT).

-CsHOCONHCH,CHCE -CiHOCONNO)CHLCI (I
[ 11

The nitrozo derivative 11 was inactive against the
Walker 256 tumor when given as six daily injections
of 10 mg/kg ip i arachiz oil starting on the day follow-
ing implautation, It showed only marginal activity
against subcutaneously inoculated L1210 lymphoid
leukemia (survival time as commpared with untreated
controls = 110, 120, 1009;), when given as five daily
injections of 1.75, 3.5, and 7 mg/kg, respectively,
starting on the day following inoculation;? the 1D in
the host mouse wax 7 mg/kg.

The lack ol activity could be due to the greater
lability of the ester linkage in IT as compared with the
amide linkage i vext. Thiz was not unexpected,
but the hope that sclective hydrolysis would oceur in
nonnal cells was apparently not realized.

(11 1. M. Sehabel, .., T. P Jphnson, G, 8. MceCaleb, J. A, Mon(gomery,
W, R. Laster, and Il. E. Skipper, Cuacer Res., 28, 725 (1963); M. A.
Chirigos, 8. R. Humplreys, and A. Goldin, Cuncer Chemotherapy hiepl., 49,
15 (1965).

(2) The protocol for the carcinostatic assay against the Walker tumor is
given by T. A. Connors, B. C. V., Mitchley, V. M. Rosenauer, and W.
. J. Ross, Biochem. Pharimacol., 18, 395 (1964), and thac for the L1214
assay is essendally as given in Cancer Chemothecapy Rept., 1, 42 (19530,
Car/ BAZ hybrid mire heing msed as hosts.
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