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obtained by evaporation and crystallization from CHyCly-cther
75 mg (199) of IV, mp 160-166°. The analytical sample (posi-
tive blne tetrazolenm a-ketol test) had mip 165-166°; [a]v 4+ 181°;
Moonx 230 mu (e 15,420); X 5.87 (), 6.00 & (8).

Anal. Caled for CaxHzO C, 635.00: H, 7T.44: =, 7T.80.

Found: C, 64.81; H, 7.80; 8, 7.76.

17,20;20,21-Bismethylenedioxy~3~ethylenedioxy~2«~methyl~
thio~113-hydroxypregn-5-ene.—A mixture of 762 mg of IIT, 1.7
ml of ethylene glycol, and 35 nig of p~tolucnesulfonic acid in 35
ml of benzene was stirred vigorously at reflux for 5 . The water
lormed was removed by means of a Dean-Stark tube. The
cooled solution was diluted with benzene and was washed with
aqueotns NalHCO;s, saline, and water, dried, and concentrated to
dryness.  The resulting =olid was triturated with ether und col-
lected to furnish 671 mg (80C7) of V, mp 232-240°, which was
=ubmitted directly th NaBHy rednction ax follows,

A mixture of 790 mg of V, 18 ml of 2.5 NaOII sohution, and
256 g of NaBBH, in 65 ml of methanol wus heated ut refinx for
70 hr.  The cooled =olution was diluted with 200 1l of CI1L.ClL.
and washed with water, saline solntion, and finally with water
nutil nentral, and dried, and the solvent was evaporated.  The
residiie was crys=tallized with ether-methanol and collected to
furnish 586 mg (747 of mp 200--204°,  Reerystallization from
methanol containing a drop of pyridine atforded the nnalytieal
=atnple, mp 202-204°, [a]n —59° 1.5¢7): the material had no
siguificant absorption in the ultraviolet: Ao 2,86, 9,10, 9.25,
10,58 u.

Anal, Caled for CullynOsS: ) 6513,
Found: €, 63.17; H, 8.02; S, 6.57.

118,17«,21-Trihydroxy-2«~methyithiopregn-4-ene-3,20~dione
(VD)—A solution of 292 mg of 17«,20;20,21-bismethylenedioxy-
3-ethylenedioxy-2a-methylthio-118-hydroxypregn-5-ene in 20 ml
of 5007 aqueous acetic acid was hented on the steam bath for
3.5 hr, and then evaporated to dryness.  The crude product wias
partition  chromatographed?? on  Celite diatomaceous earth
nsing the heptane-ethyl acetate-methanol-water (6t):40:17:4)
partition system. The stationary phasc waz thoroughly mixed
(0.5 ml/g) with Celite (200 g) and the mix was packed into a
glass colnmun, The reaction prodnet wus dissolved in 5 ml of the
lower phase, mixed with 10 g of Celite, and packed on top of the
columi,  The HBV was 330 mil and the ¥, /V, mtio was 3.14.
The product VI wus isolated from the fraction with a peak at
3.5 TIBY, and recrystallized from ether to furnish 65 g (279 ):
mp 122-124° (gas): [a]?D +125°% Nx 241 mu (e 15,000);
Ay 201, 5.83, 6.02, 6.16 u.

Anal. Caled for CulpO;3: €, 6408 11, 7000 3, T.80,
Found: C, 63.07; I, 8.15: 8, 7.61.

2a-Methylthioprogesterone (2w-Methylthiopregn-4-ene-3,20-~
dione, VIII).-—To a solution of 2.24 g (5 mmoles if pure) of the
ethoxalyl derivative (see VII)® of 20-cthylenedioxypregn-4-en-3-
one in 10 mb of methanol was added 5 mt of 1 N niethanolic
NaOCH;. The dark red solntion was concentrated to dryness
at 40° and the residue was reevapornted with 20 ml of dry
dioxane.  Thix residne was mixed with 30 ml of dioxane (xns-
pension) and 470 mg of methanesulfeny! chloride. The mixtre
was allowed 1o stand at room temperatnre 30 min.  Most of the
gel dissolved by the end of this period, but the mixture still gave
wostrong enol test. Tt was evaporated aud the residiie wax re-
dissolved in 100 ml of benzene. The solution was washed with
water and then portionwise with 1€, agneous KOIT mntil the
yvellow color wus no longer extracted. The combined aqgueous
washings were acidified with dilute 11,80, and the mixture wax
extracted (CIICl;). The chloroform extracts were washed with
water, dried, and concentrated to dryness to afford 876 mg of a
vellow glass which gave a strong enol test. This material was
not further investigated. The original benzene solntion wax
washed with water and dried, and the solvent was evaporated.
The residue was dissolved 1 30 ml of methanol containing 2 g
of potassinm acetate, and the sohition was allowed to reflix
for 1 hr and was then concentrated to dryness. The residile was
partitioned between water and benzene, aud the organic phase
wax washed =everal tinex with KOH and then with water. The
dried solntion wax concentrated to dryvuess and the partially
erystalline residue (1 g1 was redissolved in 25 ml of methanol
containing 1 ml ol 870 1180 The solution was heated at ve-
Hux tor 45 min, oud was then cooled ad neatralized with Duoliie
A4 aundoneexehange resin (O1T form; The resin was removerl
by filtration and was washed thoronghly with methanol.  The
filtrate was evaporated of solvent and the rexidie was dried by
evaporation with CHCls 1o give an orange gimn (0.9 g) which was

I, 755 =, 649,

Voi, {0

dissolved e ether, treated with decolorizitg clireonl, and evapo-
rated.

Crystallization and recrystallization Trom ether atforded 162
mg (OC ) of <olid (VITTy mup 176-180°, The analytical <nuple.
obtained in oo similar experiment and recrvstallized trone ety |
avetate, lod mp INO-IS30 ol =202° 0410010 A, 240 g
fe 12,0000 N 3NT i 549 G2 601w i

i, Caled for Cally CoTn2 T =05 =0 15,
[Found: ¢, 70.220 11001 S KT

Acknowledgment. - We wizh to thank My, W Fuhwor
and staff for the spectrometric and polarimetric dat.
Mr. L. Brancone and staff for the microanalytical data,
Mr. (' Pidacks and =taff for partitien chromatogruphic
work, aud Do G Tonelli and =tadt for the biologienl

HSRIVS,

Steroidal v-Lactones. The Claisen Condensation

of 17a-Acetate with 175-Acetyl

Coo Wo Morrscn, DLls Fvass, anp oS3, Laswas

Lescwreh Laboeatvrics, Packe, Davis and Conipuariy,
Snn Aebor, Michigan, and 1eescarch Labogalorics,
Puarke, Duris und Company, Lid., Hounstow, England

feecetved Seplember 25, 1966

I attempting to prepare w G-=pirocyriopropyl <teroid
by the reaction of dimethylsulfoxoniom methylide in
the presence of excess sodium hydride with G-mmethylene-
17 a-acetoxypregn-4-cne-3,20-dione.t the product was
<hown by analysix and determination of speetra to he
17 . 20-dihy droxy-3-oxo-ti-spirocyclopropy-23-norchol-
4-cnie neid y-lactone (1),

OH

¢l
N

0
\6 OCOCH,
CH,

‘H

1, X =HO
IV, X = CH,;COOH

I, X=H H

v.x-

It appears that two reactions occurred, the G-spiro
cyclopropanc forntion by addition of dimethylsul-
foxoniun methylide to the conjugated unsaturation and
the base-catalyzed condensation of the « position of the
ester with the ketoue of C-20,

F'urther examples, which limited the reaction only to
the lactone formation. vielded the AXC2-lactones (zee

Tables T and IT).  Thus the 17a-acctoxypregnenc-20-

1y D Doce, G. Cooley, M. T, Davies, J. W. Dackee, I Elbs, I Ventbee,
V. K. Hiscock, 1. N Kick, AL I Lefuwiek, V. Petrow, arad 1 AL Williioae
o), Telrdhedron, 20, D7 S19061).
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Tasre I
STEROIDAL v-LACTONES

% Crysty Mp, Amaz? [a]p,° Caled, % Found, 4 ¢

Compd yield solvent °Cce my € deg Formula C H C H
I 69  Benzene—hexaue 235-238 249 12,300 +4145¢  CyHyu04-0.5H0 73.68 8.66 73.94 8.61
Acetone-benzeiie 232-234 CypH30,-05C;H O  74.50 8,72 74.61 8.46
11 49  Beunzene-hexane 217-219 221 15,000 —38%  CyuHyO4 77.92 8.53 77.46 8.49
111 100  Methanol-water 248-255¢ 220 10,600 —133 CH3:0; 77.49 9.05 77.48 9.21
v 66  Ether 252-253 219 8,650 —129 Cy:H5404:0.5H,0 73.68 8.66 73.93 8.44
v 40 CHCl—ether 260-263 223 13,800 4102 Cy:H3e05- HeO 75.34 8.60 75.60 8.34

2487

« Capillary tube, corrected. ¥ In niethanol.

L. Childs (Ann Arbor) and by AMr. F. H. Oliver (Houustow).
CHCl;,

° At 24-26° and 19 in CHCl, except as indicated.
e Lit.? mp 257-259°.

4 Microanalyses are by Mr. C, E.

7 Tuflection. ¢ 0.72¢; in acetone. * 0.75% in

Tapre II
INFRARED AND NMR Daral
Nir, §
- Infrared, o ! — Cyelo-
Compd OH Lactone Ketone A20 At Ester propyl 18Me 19~-Me 21-Me C-4 C~6 C-22 C~3
I 3440 1776 1653 1608 0.38 1.11 1.13 1.62 5.85
I 1744 1665 1632 1618 0.95 1.19 2.15 5.44 5.87
111 3530, 3480 1743 1634 0.94 1.02 2.15 5.38 5.87 3.50
Iv 1750 1632 1730, 1249 0.96 1.04 215 5.43 5.88 4.54
v 1745 1658 1635 1604 0.46 1.00 1,26 2.17 5.66 5.87

« Infrared determinations were made by Mr. K. Schoeb (Aun Arbor) using a Beckman Model IR-9. KBr disks were used excep! for

II which was run in CHCl; solution.
which was run in pyridine, solutions in CDCl; were used.

b Nmr spectra were obtained by Mr. R. B. Scott (Ann Arbor) using a Varian A-60. Except for I,

Tasre III Experimental Section
ProporTIONS OF REACTANTS General Procedure.~—Sodium hydride was added to dimethyl
MesSOI, NaH, DMSBO, Steroid, sulfoxide (DMSO) under nitrogen and stirred at room tempera-
Product mmoles mmoles ml mmoles ture for about 1 hr. A solution of trimethylsulfoxonium iodide
1 3 5.3 90 4.75 in DMSO was added and stirred for 15-30 min. The steroid
11 5.6 100 5.6 was suspended in DMSO and added in one portion. The mix-
111 5.3 100 5.3 ture was then stirred overnight and worked up by pouring into
IV 43 4.5 150 4.3 ice—wgter, ) separating, and crystallizing.‘ When trimethylsul-
v 5 55 o 4 foxonium iodide was not used, the remainder of the procedure

2 38,17 a-Diacetoxypregn-5-en-20-one, mp 174-177°, from
pyridine-acetic anhydride acetylation of 17a-acetoxypreguenol-
one. ®G. D. Searle & Co., South African Patent 65/4327
(Feb 14, 1966).

ones yielded the corresponding A2®?-lactones:®> 17a-
hydroxy-3-0x0-23-norchola-4,20(22)-dienic acid ~v-lac-
tone (II), 38,17 a-dihydroxy-23-norchola-5,20(22)-dienic
acid y-lactone (III), 3B-acetoxy-17«-hydroxy-23-
norchola-5,20(22)-dienic acid y-lactone (IV), and 17a-
hydroxy-3-oxo0-6-spirocyclopropyl -23-norchola-4,20-
(22)-dienic acid y-lactone (V), when run with sodium
hydride in dimethyl sulfoxide. Our work has not per-
mitted the assignment of configuration to the C-20
position,

Compounds I and IT were tested for biological ac-
tivity. Compound II failed to prevent litters being
born when fed to mice at 10 mg/kg/day. Neither
compound antagonized 1 ug of aldosterone in the salt-
loaded rat at dose levels of 30-50 mg/kg. Neither
compound showed any progestational effect in the Me-
Phail assay in rabbits at a dose level of 20 times pro-
gesterone by subcutaneous and 100 times norethindrone
by oral administration.

(2) H. G. Lehmann, Angew. Chem., 77, 808 (1965), has since reported
that the reaction leads to the unsaturated lactone (III) in the presence of
equimolar amounts of NaH wlile catalytic amonnts of NaQH for short reac~
tion times allow isolation of the hvdroxylactone. Also N. H. Dyson, J. A.
Edwards, and J. H. Fried, Tetrahedron Letters, 1841 (1966), have reported
the conversion of 17a-acetoxypregna-4,6~diene-3,20-dione to the correspond~
ing unsaturated lactone by NaH jn DMSO.

was unchanged. In two of the preparations, II and V, the re-
action mixture was acidified with 3 ¥ HCI after being quienched
in ice—water. The reactant proportions are given in Table III,

Acknowledgment.—The authors are indebted to
Dr. 0. D. Bird, Dr. L. Blouin, and Dr. M. R. Callan-
tine for the pharmacological results presented.

The Synthesis of Some Aryl Nitrogen Mustard
Derivatives of Estrogens!
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The synthesis of several new steroidal compounds has
been accomplished from the corresponding intermedi-
ates 4-aminoestrone 3-methyl ether (I) and 2-amino-
estrone 3-methyl ether (II). These mustards were
prepared because the literature describes no previous
attempts to study aryl nitrogen mustards of steroids
and also because of their potential as anticancer agents.
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