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ether gave the mixture of XXVI and XXVII (4.2 g): mp 110-
120°; 1v, Amax 237 (sh), 242.5, 251 (sh) mu (e 18,852, 19,820,
13,070); nmr, 3-proton triplet 6 0.92, J = 6.5 cps (18a-H),
S-proton singlet 8§ 2.08 (acetate ClHj), 1-proton mltiplet (broad)
6 3.92 (3¢-H), 1-proton triplet § 4.80, ./ = 8 ¢ps (17a-H), 1-proton
donblet, J = 5.5 cps (11-H). An aliquot (166 mg) of the fore-
going mixture was shaken at atmospheric pressure with H, in
methanol (10 ml) containing 5% Pd-C (100 mg) until 12 ml of
gas had been absorbed (30 min). Reerystallization of the product
from ether—pentane gave a mixture containing IIT and IV, mp
109-112°, having a closely similar infrared absorption spectrum
to a mixture of IIT and IV obtained from the NaBH, reduction
of II, and shown by tle to contain ca. 80 of IIT aud 209; of
IV. The mother liguors of this material were shown by tle to
contain the same mixture. The mixture of XXVI and XXVII
(2 g) was treated with Zu-Cu couple (10 g) and CH,lL, (20 g)
in ether (150 ml) for 1 hr as previonsly described, and the mixture
was lieated in an autoclave for 3 hr at 90°. Trituration of the
crude product with ether gave crystals formulated as XXIX
(0.12 g): mp 170-180° (after preliminary softening at 150°);
nmr, 2-proton singlet § 0.70 (19-H), 3-proton triplet & 0.93,
J = 6.3 cps (18a-H), 3-proton singlet § 2.04 (acetate CHy), 1-
proton multiplet & 3.63 (broad), half-height width 30 cps (3-H),
1-proton triplet 6 4.82, J = 8 cps (17a-H), 1-proton doublet 8
5.43,J = 5.5 cps (11-H). The residue in the mother liquors was
chromatographed on nentral alimina (60 g), beunzene-hexane
(1:1) elnting nnidentified material (0.72 g), possibly 3-alkoxy
steroids,!! and benzene—ethyl acetate (9:1) eluting a gum (0.51
g) formulated as XXVIII: nmr, 2-proton singlet § 0.55 (19-H),
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3-proton triplet & 0.97, J = 6.5 cps (18a-H), 3-proton singlet
6 2.10 (acetate CH;), 1-proton multiplet § 3.63 (broad), half-
height width 30 cps (3-H), 1-proton triplet 8§ 4.91, J = 8 cps
(17a-H), 1-proton doublet § 5.72, J = 5.5 ¢ps (11-H). Benzene-
ethyl acetate (8:2) eluted further XXIX (0.04 g). XXVIII
(0.04 g) was oxidized with 8 N HyCrO4 (0.04 ml) in acetone
(10 ml) and the product was worked up as usnal to give an oily
ketone (0.032 g) uniform by tle; nmr, 2-proton AB system pair
of doublets 8 0.55 and 0.80, J = 5.5 cps (19-H), 3-proton triplet
§0.97,J = 6.5 cps (18a-H), 3-proton singlet § 2.08 (acetate CHj),
2-proton singlet § 2.52 (4-H), l-proton triplet § 4.80, J = 8
¢ps (17a-H), 1-proton doublet 8 5.70, J = 6 cps (11-H). The
ketone (20 mg) was kept for 1.5 hr at room temperature in CHCl;—
HCl. The product was recrystallized snccessively from ether
and acetone to give XXX (16 mg): mp 161-164°; Amax 242
mu (e 13,100); nmr, 3-protou triplet 6 0.98, J = 6.5 cps (18a-H),
3-protou singlet § 2.04 (acetate CHjs), 2-proton AB system, pair
of doublets & 3.42 and 3.68, J = 11 cps (9a-H), 1-proton broad
singlet § 5.95, half-height width 5 cps (4-H).

Anal. Caled for CpH; ClOs: Cl, 9.35; M, 378.0.
Cl, 9.9; M — 36 (by mass spectroscopy ), 342.
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The preparation of several 17-alkyl-17-deoxy steroids of the corticoid series is described. The 17-alkyl group
was introdiiced via Li-liquid ammonia treatment of 38-acetoxy-de-pregna-9(11),16-dien-20-one (I) followed by

appropriate alkylation,

Methyl groups at the 16« and 17« positions were introduced by a procedure involving

1,4 addition of methylmagnesium iodide to the A%-20-keto system of I, or its corresponding 3-tetrahydropyranyl
derivative, followed by methylation of the 16«-methyl-17-enolate anion thus generated. Further elaboration

of the resulting 17-alkyl derivatives was carried out by standard procedures.

Of particular interest is the syn-

thesis of the 17-methyl and 17-ethyl derivatives of 17-deoxy-Ya-fluoroprednisolone 21-acetate and of 17-deoxy-

17-methyldexamethasone 21-acetate.

In this paper we report the synthesis of a variety of
17 a-methyl and ethyl derivatives of the corticoid type.
Previous reports®® from this laboratory have described
a useful procedure for the preparation of 17-alkyl-
pregnan-20-ones, which involves the alkylation of an
intermediate 17-enolate anion developed by treatment
of a 16-pregnen-20-one with a solution of Li, Ca, or
Ba in liquid ammonia. The application of this method
to the synthesis of a series of orally effective 17-alkyl-
progesterone derivatives has also been described.!?
I'or the present study we have utilized this method and
also have developed a convenient process for the simul-
taneous introduction of methyl groups at the 16« and
17« positions involving Grignard 1,4 addition to a A'S-
20-ketone followed by methylation of the intermediate
enolate anion.

Some years prior to this investigation Engel described
the synthesis of 17-methylcorticosterone® and its 11-

(1) (&) M. J. Weiss, R. E. Schaub, G. R. Allen, Jr., J. F. Poletto, C.
Piilacks, R. B. Conrow, and C. J. Coscia, Tetraheiron, 20, 357 (1964); (b)
see also R. Deghenghi, C. Revesz, and R. Gaudry, J. Med. Chenm., 6, 301
(1963).

(2) M. J. Weiss, R. K. Schaub, J. I, Poletto, G R. Alles, Jr., awd (L
Pidacks, Steroiids, 1, GOR (1963),

dehydro derivative.* TFrom the results reported at
that time it appeared that replacement of the hydroxy
group at C,; with a methyl group results in a decrease
in glucocorticoid and antiinflammatory activity as
measured by liver glycogen and local granuloma assays,
respectively. On the other hand, the possible effect
of this modification on mineralocorticoid activity
aroused our interest since it appeared that, with
regard to this important parameter of biological activ-
ity, there was a qualitative difference between 17-
methyl-11-dehydrocorticosterone acetate and cortisone
acetate.* We have been unable to find any further
reports concerning this preliminary observation nor,
to our knowledge, has there been an application of the
possibilities thus raised to a 9e-fluoro-substituted
corticoid.

With the hope that 17-alkylation in the corticoid
series might in fact result in a favorable separatio:i
of certain of the parameters of corticoid activity and
encouraged by our own observations?® in the progester-
one series that at least in some instances 17-ethyl and

(3) C. R. Engel, Can. J. Chem., 38, 131 (1957).
(4) C. R. Engel, J. Am. Chem. Spe., T8, 4727 (1956).
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17-propyl derivatives werce more effective than the
corresponding  17-methyl derivatives, we undertook
the synthesis of certain 17-alkyl corticoids, in particu-
lur those containing the nctivitv-enhancing 9e-fluoro
principle.

As a starting point for our syntheses, we chose 38-
neetoxy-Ha-pregha-9(11),16-dien-20-one (1),>% o com-
pound having the requisite 16-dehydro-20-keto
system for 17-alkylation, the 9(11) double bond for
subsequent ring C elaboration and the 3-oxy function
pg an entry for ring A development. The preparation
of this substance from hecogenin has been described.®
17-Methylation of I by the lithium-liquid ammonia
procedure! was achieved in fair yield (see Scheme I).
For the preparation of analogs in the 21-deoxy series,
the resulting 17-methyl-5a-pregn-9(11)-en-38-0l-20-one
(ITa) was oxidized (Jones’ reagent) to the 3-ketone Va,
which on dehydrogenation with 2.3-dichloro-3,6-di-
evanobenzoquinone (DDQ)? atforded the intermediate

(5) €. Djerassi, H. Martinez, and G. Rosenkranz, .J. Org. Chem., 16, 1278
11951).

6) R. K. Callowaud V. [l. T. James, J. Chem, Sor., 4739 (111561,

(7) (a) D. Bury, D. N, Kirk, and V. Petrow, Froe. Chem. Soc., 14 (114150«
(b1 G, Muller, J. Martel, aml C. Huynl, Bwll, Spe, Chise. Frauce, 2001
+1961).

triene IVa.  Direct treatment ol the 17-methyvi-3-0l
1l with DDQ™ also gave triene 1Va, but in pobrer
vield than the two-step process.  Submission of [Va
to the usual three-step procedures® then furnished the
ring C fluorohydrin VIIIa and the chlorohydrin IXan
(rza HCI treatment of the intermediate 98,118-oxide),
and reaction with cltlorine® gave the 9e,118-dichloro
derivative Xu.

I‘'or the preparation of the 21-oxy derivitives, 17-
methyl-3a-pregn-9(11)-en-38-ol-20-one (ITn)™ was sub-
jected to 21-cthoxalylation to give [Ia. This reac-
tion apparently is hindered by the presence of the 17-
alkyl group and requires in such instances conditions
more vigorous than usual.!' Treatment of the 21-
ethoxalyl derivative IIla with 1 molar equiv of bro-
mine followed by deethoxalylation gave the 21-bromide

(8) J. Fried und E. F. Sabo, J. Am. Chem. Soc., T9, 1130 (1957); R. I
Hirschmann, R. Miller, J. Wood, and R. E. Jones, 1did., T8, 4056 (1936).

(9) M. Heller, R. H, Lenhard, and 8. Bernstein, Sterotids, 1, 331 (1963:;
('. Y. Robinson, L. E. Finckenor, R. Tiberi, and E. P. Olivetn, .JJ. Org. Chesm..
26, 2863 (1961).

(10) See J. Elks, G. H. Phillipps, and W. F. Wall, J. Chem. Sor., 4001
:1958), for the conversion of the corresponding 17-livdroxy compounmd tu
Ya-Huorohydrocortisone 21-acetate and 9a-fluornpreilnisolone 21-acetate.

(11> R. Deghenghi, Y. Lefebvre, P. Mitchell, P, F. Morand, and H.
Ciaadry, Tefcahedron, 19, 289 (1963),
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VIa, which on displacement with sodium acetate in di-
methylformamide'? (DMF) furnished the 2l-acetoxy
derivative VIIa. Oxidation to the 3-ketone XIa'3
and DDQ dehydrogenation’ then afforded the 21-ace-
toxy-17-methyltriene XIVa. In the usual manner,
XIVa was converted to the ring C fluorohydrin XIIIa
(17-deoxy-17-methyl-9a-fluoroprednisolone 21-acetate)
and the 9¢«,113-dichloride X1Ia.
17-Ethylpregn-9(11)-en-33-ol-20-one (IIb) was also
prepared by the Li-liquid ammonia procedure and
npplication of the above-deseribed sequences to it
afforded the following 17-ethyl corticoid derivatives:
VIIib (21-deoxyfluorohydrin), IXb (21-deoxychloro-
hydrin), Xb (21-deoxy dichloride), and XIIIb (17-
deoxy-17-ethyl-9a-fluoroprednisolone 21-acetate).

The introduction of methyl groups at the 16« and
17« positions (see C) was conveniently achieved by a
procedure involving 1,4 addition of CHsMgI to a AS-
20-keto system (A) followed by methylation of the 16a-
methyl-17-enolate anion (B) thus generated.!*

CH:; CH' H3

C
l
C=

| l

=0 =0 oy 8H
ﬁ CH, Mgl jﬁ-—cm CHI jﬁ-—ém

R B C

Application of this method to the A'%-20-ketone 3-
tetrahydropyranyl ether XV gave, after acid hydroly-
sis, a 409, vield of the 16,17 a-dimethyl derivative
IIc. With the 3-acetoxy derivative I, the vield of Ile
was only 209,. The assignment of the « configura-
tion to a 16-methyl group introduced by this process
is of course well established.® The position and «
configuration for the 17-methyl group is defined by
nmr data (two three-proton singlets for the 17- and 21-
methyl groups) and a positive Cotton effect in the ORD
curve,’®  Although the enolate anion developed by
Li-liquid ammonia treatment of a A'8-20-ketone under-
goes reaction with a considerable variety of alkylating
agents,'® we were unable to effect a satisfactory ethyla-
tion of the 16a-methyl enolate anion derived from
Grignard addition to XV. It is conceivable that in
this instance the steric effect of the 16@-methyl group
combined with the additional steric requirements of
ethyl, in comparison to methyl, was sufficient to inhibit
reaction.

Conversion of the 16a,17q-dimethyl derivative
IIc to a variety of corticoid analogs was accomplished
by the various procedures described above for the 17-

(12) N. N. Suvorov. L. V. Sokolova, Z. A, Yaroslavtseva, Zh. D. Ovehin-
nikova, V. S. Murasheva, and F. Ya. Leibel'man, Zh. Obshch. Khim., 81,
3715 (1961): Chem. Abstr., 87, 99174 (1962),

(13) A serious effort to introduce the ring C fluorohydrin at this stage was
unsuccessful (note the reference cited in footnote 10).

(I1) Enolate anions formed by Grignard 1,4 addition have been used to
introduce the 17a-hydroxy group wvix the Al72).enol acetate obtained by
acetylation of the anion [K. Heusler, J. Kebrle, C. Meystre, H, Uberwasser,
P. Wieland, G. Anner, and A. Wettstein, Helv. Chim. Acta, 42, 2043 (1959) |.

(15) G. E. Arth, D. B. R. Johnston, J. Fried, W. W. Spooncer, D. R.
Hoff, and L. H. Sarett, J. Am. Chem. Soc., 80, 3160 (1958).

(16) Various 17-alkylprogesterone 3-ethylene ketals as well as progesterone
3-ethylene ketal give a positive Cotton effect.l* On the othier hand, several
17a-pregn-20-ones have been reported to show a negative Cotton effect
[C. Djerassi, '‘Optical Rotatory Dispersion,"" McGraw-Hill Book Co..
Inc., New York., N. Y., 1960, p 5I; W. A. Struck and R. L. Houtman, J.
Org. Chem., 26, 3883 (1961)]. Struck and Houtman also have shown that
this diagnostic procedure is valid in the presence of a variety of 16 sah-
stituents.
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methyl series with the following exception. The 21-

bromide VIe was more satisfactorily prepared by
direct bromination (presence of HCI)V of IIc¢ than via
the ethoxalyl intermediate IIIe. Thus this procedure
(after acetate displacement) afforded the 2l-acetoxy
derivative V1Ic in 559, yield over-all from IIec, whereas
the over-all yield was only 219, when the bromide
VIe was prepared by the ethoxalyl route. Superior
results were also obtained when this procedure was
applied to the 17-ethyl series (see Experimental
Section).

The 16¢,17a-dimethyl corticoid analogs prepared
from IIe were the following: in the 21-deoxyv series,
VIilIe (ring C fluorohydrin), IXc (chlorohydrin),
and Xe (dichloride); in the ?l-acetoxy series, XIIc
(dichloride) and XIIIce (17-deoxy-17-methyldexameth-
asole 21-acetate).

Biological Evaluation.—The various compounds of
this study were evaluated for corticoid activity in a
48-hr rat thymolytic assay® (subcutaneous route of
administration). Only four compounds (VIIIe and
XIIIa—c) were of any interest, the others being either
inactive or approximately no more than one-third as
active as hvdrocortisone. The potencies determined
for these four compounds are given in Table I, which

TaBLE I
TrYMOLYTIC POTENCIES

Compound Thymus involution®
Hydrocortisone 1
VIle 1
XIIIa 1
XIIIb 1
XlIlIIc 14.5(7.5-29.8)
Prednisolone 2.2(1.8-2.7)
Triamcinolone 3.8(3.44.1)
Methylprednisolone 7.4(6.1-8.9)
Dexamethasone 45.0(37.0-55.0)

2 All assays were catried out by Dr. G. Tonelli and staff of the
Experimental Therapentics Section of these laboratories by the
method described i ref 18; values in parentheses are 959 cou-
fidence limits.

also includes comparable values obtained in our labora-
tories for several clinically useful corticoids. The most
active compound of the 17-alkyl series was 17-deoxy-17-
methyldexamethasone 21-acetate (XIIIc) with a po-
tency of 14.5 relative to hydrocortisone. Thus, XIIIe

(17) French Patent 1,349,191 (Jan 17, 1964): Chem. dhsir., 61, 4434g
(1964).
(18) I. Ringler and R, Brownfield, Fndocrinology, 66, 900 (1960).
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appears to be more active than several of the clinieally
established ngents, although it is only about one-third
as active ax dexamethasone 21-acetate,  In a mineralo-
corticoid assay, ™ X11TTe wis found to entise an inerense
in sodinm and urinte exeretion,  In this axsay, V1lle,
XIITa, and XIIIH also did not eause N or urine re-
tentionn,  Thus, 1t Iy interesting to note that mtroduce-
tion of a methyl or ethyl group into the 17 position of
1-dehydro-9e-fluorpcorticosterone results in i reversal
of the strong sodium-retaining character of the parent
molecule? and of the 17-hydroxy derivative®! ns well.
However, at lenst in comparison to the 17-hydroxy
derivatives, the 17-alkyl dertvatives are substantindly
less netive.®?

Experimental Section

General—Melting points were determined in open capillary
tubes on a Mel-Temp apparatus and are corrected. TUnless
otherwise noted, optical rotations were measured at 23° in
CHCls (¢ 0.5-1.0). TUltraviolet spectra were determined in
MeOH with a Cary recordiug spectrophotometer and infrared
spectra were vbtained in KBr disks with a Perkin-Elmer spectro-
photometer (Model 21). Nmr spectra were determined with a
Varian A-60 spectrometer 1 (CDCl;, MesSi). The optical
rotary dispersion enrves were obtained with a Perkin-Elmer ORD
nttachment to a Cary Model 14 spectrophotometer at 25° in
dioxane solution (¢ ~2). The petrolenm ether used was that
fraction boiling at 60-70°. Solutions were dried (MgSO,) and
all evaporatious were carried out at reduced pressure. Physical
and analytical results for some of the compounds cau be fonnd
in Table II.

33-Hydroxy-17-methyl-5a-pregn-9(11)-en-20-one (Ila).—Ac-
cording to the alkylation procedure described directly below, a
solution of 46 g of 3B-acetoxy-5a-pregn-9(11)16-dien-20-one
(1) in 350 ml of tetrnahydrofuran (THF) wus added dropwise to
a solntion of 3.06 g of Li in about 3 L. of liquid NH;. The crude
product was isolated with CH.Cly and chromatographed on silica
gel. The desired product was eluted with 209 ether in benzene.
The combined elnates were taken to dryness and she residue was
recrystallized from necetone to give 7.3 g (169%) of product, mp
180-184°.

From a pilot experiment, material melting at 184-180° was
obtained after several recrystullizations from acetone; negligible
nlraviolet absorption at 20 wpg/inl; ASeu 3.42, 5.87 u; [alD
410°; nmr, intact CHjy signals at 36 (18-H), 58 (19-H), 68
(17-ClHy), and 128 (21-H) eps; ORD, positive Cotton effect,
M Jogss07.307 450,086 — 3D00°, +3130°, +35130°, +76°, +6.6°.

Anal. Caled for CulO0:: C) 79.95; H, 10.37. Found:
80.17; 11, 10.20.

17-Ethyl-38-hydroxy-5«-pregn-9(11)-en-20-one (IIb).—A solu-
tion of 15.8 g of 158 in 100 ml of purified THF was added to a
stirred solution of 0.918 g of Li in approximately 1 L of liquid
NTH; (dried by the prior addition of the minimum amount of Li
necessary to prodice a permanent blue color). Toward the end
of the addition the blne color faded and finally was completely
discharged. To the resulting milky solution was added, dropwise,
25 il of ethyl lodide and stirring was continned for 18 hr.  NH,Cl
(10 g) was added followed by 200 ml of water and 500 ml of ether.
The ether layer was separated and the aqueons layer was extracted
further with ether. The combined extracts were washed with
water, dried, and evaporated to dryness. The resnlting amor-
phous muterial (18 g) was dissolved in 50 nml of benzene and
chromatographed on silica gel. The desired product was eluted

(1) T'his assay is based on the response of adrenalectomized immature
male rals to a 16-ug subeutaneous dose as determined by 5-hr urine collec-
tions.

(20) D. Taub, R. D. Hoffsominer, aml N. L. Wendler, J. 4m. Chem.
Sve., 79, 452 (1957).

(21) J. I'ried and A. Borman, Vitumins Hormones, 16, 335 (1958).

(22) Neitlier Ya-fluoroprednisolone nor l-deliydro-9a-fluorocortieysterone
were assaved by 1he mmethod of ref 18,  llowever, thyinus involution potelr-
cies ranging from 8 to 17 have been repurted for o-fluoropreduisoluue from
four (aboratories |see I. Ringler, Methods Hormsuue Fes,, 8, 2367 (19641},
ainl o poleuncy range of 3-10 in a mouse oral liver glyeogen assay Las Leen
reporied® for Ialehydrn-the-flaameaeticosieroue.
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with 154 ether in benzene. The combined elnntes were evapie-
rated to dryness and the residue was veerystallized from ncetone-
petrolenm ciher to give 252 g (1677 ) of produet, mp 119-201°.
Finnher veervetatliziction from the same sobvent prdr silondal
white ervsiads mp 200 20025 e p - U™ wo significanCabsorp-
Gow in the nfteaviolet; Auay 2286, 5004, G0H0 g ranre, 05 (IS-T1e
A4 anipley, J o= Toepss CHy ol 17-ethyvly 57 (10-10 121 121-11,
202 G-, 822 CHE-TEy eps; o OV positive Cutiore elfeet,
EME ]t 3 e —~ 41507, +4050°, +—f;'.’7('°‘| $8G°, 17,

Anal. Caled o CutlagOu: G, SOCGES, HE 10033, Pound: ¢
N0.20: 1, 10735,

Procedure A. Oxidation of 33-0l to 3-Ketone by Jones’
Reagent. Preparation of 17-Methyl-5«-pregn-9(11)-ene-3,20-
dione (Va). -“To a solution of 3 g of I1a in 300 mlof reagend aee-
tone, stirred i an 1ce bath, was added dropwise 2.7 ml of Joaes”
reagen.*  After 5 min the mixture was ponred into 1500 mt of
lced water nnd the resulting solid was collected and recrystallized
froln CHeCl-It.0 1o give 2.42 g (81971 of prodact, mp 1881007,
I a pilol experiment the product had mp 1801017 Taip
+30%: no signifieant ultraviolet absorption: Au., 556, H.0),
O. 10 w.

nal, Caled for (,lgglls;l():' ()‘JT-)IIYI() (,l, 71\8.). ”. 9,84 “:(;',
2,01, Fouud: C, 79.43; H, 9.84; H.O, 2.14 (K-F).

Formation of Ring A Dienone by Procedure B. Dehydrogena-
tion of Ring A Ketone with DDQ. Preparation of 17-Methyl-
pregna-1,4,9(11)-triene-3,20-dione (IVa) from 17-Methyl-54-
pregn-9(11)-ene-3,20-dione (Va).--A solution of 780 wmg of
Va und 1.62 g (3 molar equiv) of DDQ in 65 ml of purified
dioxane was heated at the reflux femperature for 18 hr. The
filtered solntion wans washed suceessively (8¢ NaOlH, NaCl,
H.O), dried, and evaporated to dryness.  Crystallizatiou of the
amorphous residne from acetone-petrolenm ether furnished 523
mg (429) of produet, mp 142-145°. Recerysrallization from the
sanie solvent pudr gave white crystals: mp 146-147°; »'p
—21%0 Aus 238 iy Ce 13,8000 Aas 5.59, 6.00, 6.15, .23 u.

dnal, Caled Tar CopHagOu: ) SE44: 1L 870, Found: (),
X1.41; H, 897,

17-Methylpregna-1,4,9(11)-triene-3,20-dione (IVa) from IIa.

A solution of 2 g of IIa and 5 g (3 molar equiv) of receyvstallized
DD in 100 ml of purified dioxane wns heated ar the reflux
tenmiperatiire for 17 hr.  The cooled solution was fitered and
evaporated to dryuess, The crude produet (2.7 g) was pariition
cliromatographed® on Celite® (diatomaceons earth) using the
heptane-2-mcethoxyethanol partition system. The siationnry
phase was thoraughly mixed (0.65 wml/g) with Celite 1600 g
and the mix was packed into a glass colimn (4.4 e 1.d. X 120
em).  The reactivn prodnet was dissolved in 13 ml o the lower
phase, mixed with 20 g of Celite, and packed on top of the
columu.  The hold-buck volume (hbv) was 950 mil nud the Vo0 1.
ratio was 2.36. The product IVa was isolated frem the traction
with peak at hbv 6.3 and was recrystallized from acetone
petroletm ether 10 give 278 mg (14¢%) ns white cryvstals, mp
158-139°; palirographic assay? showed the product to conniin
ORC, AL3-oue. Phis miaterial was ideutical, by the nsual
eriterin, with that ebtained by DDQ treatunent of the B-kelowe
Vi

Procedure . Ring C Bromohydrin Formation. Preparation
of 9a-Bromo-113-hydroxy-17-methylpregna-1,4-diene-3,20-
dione.—To a solition of 948 myg of IVa in 65 nmt of puriticd
dioxane containing 10.6 ml of water, stirred in o tap-wuter bhath,
wits added 880 mg of recrystallized N-bromoacetamide follawal
by 5.05 ml of 107, aqueons HCID,.  After stirring for 25 win the
solution was brought to pH 7 by the addition of agueons sodhun
sulfite solution aud then poured into abont 350 ml of water. The
solid was collected to give 1.15 g (909%) of produet, mp 167° dec.
Recrystallization of material from a sinilar experinen: from
CH.Cl:-Et:0 furnished white crystals: mp 160° dee;  |afb
H92° Amax 241 1 (e 13,700); Aumx 2.90, 5.89, 6.01, .14, 6.20 4.

Anal. Caled for CullyBrO.: C, 62.70; H, 6.94: Br, 18.06.
Found: C, 62.34; H, 7.07; Br, 10,04,

23 {a) K. Bowilen, I. AL Heilbron, I3 R. 1. Joues, and B O L Wendon,
J. Chem. Soe., 393 (1948); (b C. Djeras=i, R. R. Engle, auwd A, Howers, J.
Org. Chem., 21, 1547 (19361,

(24) Carrieil o according 11 he procedure developesd by €' Phlueks nnl
lescribed in ilewail iu vef 1a.

(25) T'Ge Celite useil in rhe coluimnu hail been washed wirie 6.8 111 awd
1hen distilled waler nnil the washings were nevteal 2l foally winl nte s,
horhen was dries] 1uoa Qulfy powder.

1261 1Y Kulusakalinn aod J.0 AeCGlolten, /. 1o Cheae, Nowe o T8, Julii?

| AP
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TasrLE II
Proce- Yield, lalp, Carbon, %, Hydrogen, 9,  Halogen, %
Product dure % Mp,®* °C degb Formula Caled Found Caled Found Caled Found

17-Ethyl-5a-pregn-9(11)-ene-3,20-dione (Vh) A 88 190-192 (D-C) +11 CxuHu0s-0.25H.0 79.61 79.85 10.02 9.93

21-Acetoxy-17-methyl-5a-pregn-9(11)-ene- A 70 175-177 (gas) (A) +13 CourH304 acetone 72.94 73.13 9.07 0.16
3,20-dione (X1a)

21-Acetoxy-17-ethyl-3a-pregn-9(11)-ene- A 71 198-200 (D-C) +6 CxHiO04 74.94 74.83 9.06 9.34
3.20-dione (X1b)

16a,17-Dimethyl-5a-pregn-9(11)- A 62  198-200 (D-C) +8 CuHx0,-0.25H,0¢ 79.61 79.63 10.02 10.20
ene-3,20-dione (Vc)

21-Acetoxy 16a,17-dimethyl-5a-pregn- A 87 133-135 (C-B) +13 CxHx04-0.5H0% 73.32 73.68 9.11 9.07
9(11)-ene-3,20-dione (Xley

17-Ethylpregna-1,4.9(11)-triene-3,20-dione B 39  191-192 (D-B) ~85 Cx3H30::0.4H.0° 81.04 80.99 9.00 9.18
(1Vb)

21-Acetoxy-17-methylpregna-1,4,9(11)- B 44 159-1607 (A-B) ~16  CuH04 75.36 7494 7.91 7.90
triene-3,20-dione (X1Va)

21- Acetoxy-17-ethylpregna-1,4,9(11)- B 537 171-173 (D-B) —22 CuHi:04 75.72 75.92 8.13 8.37
triene-3,20-dione (X1Vly)

16,17-Dimethylpregna-1,4,9(11)-triene- B 42 165-166 (C-B) —48 CaxH0: 81.61 81.41 8.93 9.15
3.20-dione (1Ve)

21-Acetoxy-16a,17-dimethylpregna- g} 37  126-128¢ (C-B) ~64 CosHa04 75.72 75.52 8.13 7.81
1.4,9(11)-triene-3,20-dione (X1Ve)

9a-Bromo-17-ethyl-118-hydroxypregna-1,4- C 93 147-148 dec (D-C) +88 C.uHuBrO; 63.44 63.00 7.18 7.25 18.35 18.76
diene-3,20-dione

21-Acetoxy-9a-bromo-118-hydroxy-17- C 60 164 dec (D-C) +91 CuHzBrOs 60.13 60.15 6.52 6.72 16.67 16.57
methylpregna-1,4-diene-3.20-dione

21-Acetoxy-9e-bromo-17-ethyl-118-hy- C 51 142-143 (D-C) +49 CxHuBrOs 60.85 60.71 6.74 6.99 16.19 16.02
droxypregna-1,4-diene-3,20-dione

9a-Bromo-118-hydroxy-16a,17-dimethyl- C 89 180 dec (D-C) 459 CxHuBrOs 63.44 63.00 7.18 7.25 18.35 17.88
pregna-1,4-diene-3,20-dione

21-Acetoxy-9a-hromo-118-hydroxy-16«a,17- C 85 161 dec (D-C) +74 CuHuBrOs 60.85 60.86 6.74 6.64 16.19 16.22
dimethylpregna-1.4-diene-3,20-dione

98.118-Epoxy-17-ethylpregna-1,4-diene- D 89 185-187 (A-DB) 0 CuH0s 77.93 77.52 8.53 8.68
3,20-dione

21-Acetoxy-948,113-epoxy-17-methylpregna- D 74 146-148 (A-R) +3 CuHzOs 72.33 72.09 7.59 7.65
1,4-diene-3,20-dione

21-Acetoxy-98,118-epoxy-17-ethylpregna- D 51 163-166 (C) +12 CuH05-0.5H20 71.2  T71.6 7.9 8.4
1,4-diene-3,20-dione

98,118-Epoxy-16a,17-dimethylpregna-1,4- D 66  175-177 (A-B) ~16 CuHO0s 77.93 77.66 8.53 8.93
(liene-3,20-dione

21-Acetoxy-98,118-epoxy-16a,17-dimethyl- D 62 148-150" (D-B) —6 CyHs05 72.79 72.48 7.82 7.92
pregna-1,4-diene-3,20-dione

17-Ethyl-9a-fluoro-113 hydroxypregna-1,4- E 60 259-260 (A-B) +52 CuHuFOs 73.76 73.72 8.34 8.41 5.07 4.96
diene-3,20-dione (V111b)

21-Acetoxy-9a-fluoro-11g8-hydroxy-17- E 41 181-182% (C-B) +58 CuHuFOs 68.87 68.65 7.47 7.69 4.54 4.48
methylpregna-1,4-diene-3,20-dione (X111a)

21-Acetoxy-17-ethyl-9a-fluoro-118-hydroxy- R 27  197-1997 dec (C-B) +61 CusHuFOs 69.42 69.77 7.69 7.60 4.39 4.18
pregna-1,4-diene-3,20-dione (X111b)

9a-Fluoro-118-liydroxy-16,17-dimethyl- E 52 288 dec (A-B) +37 CuHaFOs 73.76 73.09 8.34 8.17 5.07 4.95
pregna-1.4-diene-3,20-dione (V1lle)

21-Acetoxy-9a-fluoro-118-hydroxy-16a,17- ID] 40 228-230% (D-C) +50 CxHuFOs 69.42 70.06 7.69 8.03 4.39 4.41
dimethylpregna-1,4-diene-3,20-dione (17-
deoxy-16a,17-dimethyl-9a-fluoroprednis-
olone 21-acetate, X11lc¢)

9a,118-Dichloro-17-ethylpregna-1,4-diene- F 40 201 dec (A-B) +121  CxH3Cl:0: 67.47 66.95 7.39 7.37 17.32 18.0!
3,20-dione (Xb)

21-Acetoxy-9a,118-dichloro-17-methyl- F 48 225 dec (D-C) +96  CauHzClsOs 63.57 63.3¢4 6.67 7.06 15.64 16.08
pregna-1,4-diene-3,20-dione (X11a)

9a,118-Dichioro-16a,1 i-dimethiylpregna- F 98 221-223 dec (D-C) +91  CxHxClOs 67.47 67.22 7.39 7.66 17.32 17.61
1,4-diene-3,20-dione (Xc)

21-Acetoxy-9ea,118-dichloro-16a,17-di- F 33 201 dee (D-C) 477 CuHspClOs 64.24 63.89 6.90 7.10 15.17 16.01

methylpregna-1,4-diene-3,20-dione (Xlle)
@ Analytical melting point.

Recrystallization solvents: A, acetone; B, petroleum ether (bp 60-70°); C, ether; D, methylene chlo-

ride. * Rotations were measured in CHCl; at a concentration of 0.4-1.09%. Compounds Vb, XIa, XIb, Ve, and XIc had no significant
ultraviolet absorption; the other compounds had Amax 234-248 mu (e 8000-19,800); Amex 2.86-3.00, 5.70-5.73, 5.80-5.89, 5.99-6.02,
6.14-6.18, 6.20-6.25, 8.09-8.16 u. °© Broadened band at 2.90 4. ¢ Anal. Caled: 0.5H;0,2.18. Found: 0.5H,0, 2.58 (Karl Fischer).
¢ Anal. Caled: 0.4H,0,2.08. Found: 0.4H,0,2.70 (Karl Fischer). 7 Purified by partition chromatography?on Celite? (diatomaceous
earth), using the heptane-methanol system; hbv 6.5 (Va/V, = 3.2); polarographic assay? showed the product to contain 93% A!-4-3-

one.
silica gel with 16-209, ether in benzene.

¢ Purified by partition chromatography using the heptane-methanol system; hbv 4.5 (V/Ve = 3.1).
“ Product isolated by elution with 35%, ether in benzene from silica gel.
by partition chromatography using the heptane-ethyl acetate-methanol-water (80:20:15:6) system; hbv 4 (V/Ve = 2.7).

k Purified by elution from
i Product isolated
k Product

isolated by partition chromatography with system used in j; hbv 10 (Vi/Vs = 3.0).

Procedure D. Ring C Epoxide Formation. Preparation of
943,113-Epoxy-17-methylpregna-1,4-diene-3,20-dione.—A  solu-
tion of 1 g of 9a-bromo-118-hydroxy-17-methylpregna-1,4-diene-
3,20-dione and 500 mg of KOAc iu 125 ml of absolute aleohol
was heated at the reflux temperature for 18 hr. After concentra-
tion to a small volume, the solution was diluted with water and
filtered to give 397 mg (749;), mp 156-158°. In a pilot run, the
product had mp 155-157°. Recrystallization from acetone—
petrolenm ether afforded white crystals: mp 160-162°; [a]D
F22°% Npax 248 mu (e 15,100); Nax 5.88, 5.99, 6.14, 6.23 u.

Anal. Caled for CulluOy: C, 77.61; T, 8.29. Found: C,
7172 1L SIS,

Procedure E. Ring C Fluorohydrin Formation. Preparation
of 9«-Fluoro-113-hydroxy-17-methylpregna-1,4-diene-3,20-dione
(VIIIa).—To 5 ml of CH,Cl; previously chilled to —50° was
added 3 ml of anhydrous HF. This solution was added to a
solution of 200 mg of 98,118-epoxy-17-methylpregna-1,4-diene-
3,20-dione in 5 ml of CH:Cl, and 5 m! of purified THF which pre-
viously had been chilled to —50°. The mixture was stirred at
—50° for 10 min and then at 0° for 4 hr. The reaction mixture
was poured into excess NaHCOj solution and diluted with CH,Cl..
The organic layer was washed with water, dried, and evaporated
to dryness. The residue was recrystallized from acetone-
petrolenm ether to give 122 mg (58%,) of VIIIa: mp 253-254°;
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[ +39° (0.6%); Auax 238 wa (e 15,0000: Ay 2.98, 5.0,
6.01, 0.18, 6.23 (sh) u.

Jnal. Caled for CollubOy: ) 73208
Fonnd: €, 73.64; 11, 8.36; F, 5012,

9a-Chloro-113-hydroxy-17-methylpregna-1.4-diene-3,20-dione
(IXa).—To n =olutian of 200 mg of 98,118-epoxy-17-methyi-
pregna-1,4-dience-3,20-dione i 4 mb of ClHCL, coated toice-bath
temperature, wax added 20 ml of CHCE satnrated with 1HCH
The =olution wag kept at 0-3° for 5 hr, then evaporated 1o dry-
pess.  Recrystallization of the residnal solid from ncetone gnve
159 mg (72970) of IXn in two crops, nip 226-235° dec.  Recrystal-
Hization from acetone-petroleun ether afforded whiie crysinls:
mp 237° dec: [wfp +87° (0,697,000 Aias 238 mg te 14,9000 A
2.95, 5.89, 6.01, 6.18, 6.25 (sh) u.

cdnal. Caled for CullanClOy: €
Found: €1 70.26; H, 7.95: Cl 0.85.

9u-Chloro-17-ethyl-113-hydroxypregna-1,4-diene-3,20-dione
(IXb).——98,118-Epoxy-17-ethyilpregna-1,4-diene-3,20-dione (200
mg) was treated with HCI in the manner described immediately
above for the preparation of INa to give 166 mg (767 ) of produet
IXb: mp 255° dec: {a'n +58° (000 ) Auws 238 U1 Te 19,5001
Nuax 2855, 588, 6,00, 6,17, 6.20 1=hi u.

Anal. Caled for Cud1,ClO,:
IFound: C, 70.01; 11, 7.54; CL W17,

Procedure F. Formation of 9«,113-Dichloro Derivatives.
Preparation of 9«,113-Dichloro-17-methylpregna-1,4-diene-3,20-
dione (Xa).-—Chlorive was bubbled through a solurion of 150
mg of I'Va in 10 ml of CHCL containing Il of reagent pyridine
for 45 sec.® The solntionn was =tirred for 30 min when CH.Cl,
wis ndded.  The resnlting solution wis washed successively
(NaS.0,, dilute HLS0,, K.COu H.0). The dried extract was
evapornted to drvness and the solid residue was recrvstallized
from CH.CL-Et.O to give 107 mg (39¢70) of prodnet as white
crvetalss mp 222-225° dece: Tajp F 140 N 238 mpu e 13,8001
Nax .88, 6.01, 6.14, 6.21 wu.

dnal. Caled for CudlnCLOG: C) GAS2: H, 7040 CL 708,
Found: €, 66.70; 11 7.35: Cl, IX.55.

Sodium Salt of 21-Ethoxalyl-33-hydroxy-17-methyl-5«-pregn-
9(11)-en-20-one (IITa).—To a sohition of 665 mg of Na in 75 ml
of dry ethanol was added 7 g of Ha followed by a sohition of
0.95 g of freshly distiled ethyl oxalate in 35 ml of ethanol.  The
resulting solntion was hented at the reflux temperature, nnder
N, for 10 hr followed by conceniration to abour one-half the
original volmme.'¢  Dilntion with ether and filtration fiurnished
X33 g (8690 of amorphous prodiet: Ay 2.00, 5.83, 6.02 (<h),
6.16, 6.70, 8.15 u.

21-Ethoxalyl-33-hydroxy-17-methy!-5«-pregn-9(11)-en-20-
one (IIIa).-—A solution of 8.33 g of the sodinm salt of IIIa in
100 1l of methanol was clarified by filtration and then acidified
with 2 ¥ IICL The resnlting sohition was diluted with 500 ml
ol water and extracted three tines with CH.CL. The combined
extriets were washed with water, diied, and taken to dryness to
give 0.2 g (6R7) of finffy powder. Material from a pilot experi-
ment gave:r Ao e agy mu: A S0 502 mur Apax 2285,
5.75, 6,12, 6.30, 8,00 . The compound gave a deep red color
with 177¢ aleoholic FeCly.

Sodium Salt of 21-Ethoxalyi-17-ethyl-33-hydroxy-5«-pregn-
9(11)-en-20-one (IIIb).—Application of the procednre de-
scribed above for the preparation of the sodinm salt of TIIa 10
10 g of IIb with a heating time of 96 hr gave 9.77 g (769;) of
product as an amorphous solid: Nu.x 2.90, 5.80, 6.00-6.62
(hroad), 8.15 u.

21-Ethoxalyl-17-ethyl-33- hydroxy-5a-pregn- 9(11)-en-20-one
(HIb).-~Treatment of 7.9 g of the sodium salt IITb as described
ubove for the preparation of IIIa furnished 3.2 g of a fluffy
powder: Auax 2.835, 1.75, 6.12, 6.50, 8.00 u. The compound gave
a deep red color with 15 alcoholic FeCl,.

21-Bromo-33-hydroxy-17-methyl-5«-pregn-9(11)-en-20-one
(VIat. A.--"Tonstirred solution of 2.21 gof ITTa and 2 g of anhy-
drous KOA¢ in 90 ml of methanol (cooled to 0°) wus added drop-
wise 12,4 ml of n solition of 50 ml of reagent CHCly containing
3500 «of Brao After T hr ar 0° there was added 5 ml and then
15 mlof 1.V methanolic NaOCI solntion.  After stirring at room
temperatire for I hr and then refluxing for 5 min, the solution was
concentrated to half-volume and dilnted with 275 ml of water.
The resulting mixtnre was extracied three times with CH,Cl..
The combined extracts were washed with wuater, dried, aud
evaporater] to dryness 1o furnish 2.35 g of a semisolid. Tritnra-
tion with methannl gave 1.45 g (69°7) of prodiet in two erops,
mp HHO-115° 1gas). Recrvsmllization from acetone-perolenn

11, S0

I°, 5.27.

T0.10:0 H, 7750 CL a4l

70.67; 11, 7.09; Cl, 9.07.

Vol. 10

ether Dirnished white cryvsials: mp 133° deer {wfp =250 ne
significant absorption in the ultravivlet; Ny 2,04, 5,85, 610 u.

dnal, Caded for CuldTaBrOa: € 64540 1, N2 Br, 11152,
Foamal: O 64,510 1 8570 Br, 1880,

B. From the Sodium Salt of the Ethoxalyl Derivative II1a.
Treamment of 5.18 g of (he <odinm =ah of THa and 5 g of KOAe
i 210 ml of merthanol with 318 mt ol o <olmion of 3.010 @ w0
Bry i 50.0 ml of reagent CLHCE i the marmer described divect by
above in A gave 5.6 g (77777) of produet Via; the infrared of 1his
sibstanee was identieal with tha of 1he product describal in
A

21-Bromo-17-ethyl-33-hydroxy-5«-pregn-9(11 1-en-20-one
{YIb).—1IIL ¢1.51 &) was brominated in the manner deseribed
sitbave Tor the preparation of VI 1o give £2T ¢ (100 4 ol o
Ay powder: Nuus 2280, 584, 614w This material wis n-ed
withont further prifieation.
21-Acetoxy-33-hydroxy-17-methy!-5¢-pregn-9(11)-en-20-one
(VHa).- ~To u solution of 6.54 g of VIa in 300 ml of DMF was
added 20 g of anhvdrons NaOAe.®  The resulting mixture was
stirred av 60-65°, under N, for IS hr.  After dilution with water
the »olid wns collected and exirvacied into CILCL.  The extract
wis washied with warer, diled, and evaporated to drvness
furnish 549 g 18903 of produet Vika, mp 143° gasi,

b s pilor experiment 1he prodnet had wmp 144--147° 1gash
Recrystaliznticar from acetone-petrolenm  ether gave white
needles: wp 136-157° (gas): [ =70 wo significant whsorp-
tien 1o vhe vhraviolet: A 2,00, 5.70, 5.82, 812 .

dnals Cated Tor CaylgOs 0250000 C, T4 L a4
1.0, 11 Fonnd: ¢, 722050 H, 954 1.0, 0.71 (Kl Fischers.

21-Acetoxy-17-ethyl-33-hydroxy-5«-pregn-9(11)-en-20-one
1 VIIb).—Trentment of 1.37 g of VIb according to 1the procedure
described above for the prepuration of VIIn gave I g of an
amorplions sold.  Chromatography on silien gel gave prodna
VIIb, which afrer two recrystallizations from acetone-petrolemn
crther amonnted to 288 myg (79, from IIb): mp 139-141° {aip
—5% no significant absorption in rhe nhraviolet; A 2.90,
5.70, 584, SUES ue A mare satistactory procedure for the prepari-
tion of 1his eoamponnd, Ma diveet breminaion of TIh, is deseribed
below.

Inalc o Caled Tor Culln Oy 075100 ¢ 72014 H, 957,
Found: €, 72.30: 1, 9.57.

33-Tetrahydropyranyl-5a-pregna-9(11),16-dien-20-one (XV).

A salntion of 17.8 g of 38-hyvdroxy-sa-pregna-9(11),16-dien-20-
olie in 600 mt of dry benzene eontaining 800 mg of p-tolnenesul-
fonic seid and 40 ml of freshly distilled dihydropyran was allowed
10 stand at roran reniperatire for 5 days=.  After washing (satn-
rated NaHCO,, IT.0OY the solution was dried and taken to dryv-
ness. The residunl <yrup was chromatographed on 600 g of
almmina. The colnmn was washed with 500 ml of hexane und
500 ml of 37, benzene-hexane, and evaporation of the latter
eluate furnished cryvstalline materinl, recrystallization of which
from petrolenmn ether (bp 30-60°) hnnished 11.8 g (32¢) of
prodiet, mp 1H4-117° A sample of this componnd obtained from
n similar experiment was recrystallized twice from petrolenm
ether to give while ervstake nip 118-120°; [o'd +100°0 M
DN Mg (e S600); Ay 6.00, (.16, 6.30, 9.75 w.

Anall Caled far CullasOs: C0 78350 11 a6l
77820 1 962,

33-Hydroxy-16a-17-dimethyl-5«-pregn-9(11 )-en-20-one (Ilc).
A. From 33-Tetrahydropyranyf-5«-pregna-9(11),16-dien-20-one
{XV).--To a Grignard solntion prepared from 3.6 g of Mg and
13 ml of CH;I in 350 ml of ether under N, was added 350 ml of
purified THF dropwise, wherenpon the Grignard reagent sepa-
rated as a finely divided solid. After the distillation of 2350 ml
of solvent the mixture was cooled to 20° and CuBr (720 mg) was
added, followed by the dropwise addition of 10.5 g of 58-tetra-
hydropyranyl-3e-pregua-{G11),16-dien-20-one 1NX) in 100 ml of
THEI. After 1.5 hre 30 mib of CHI was added dropwise, and 1he
resilting mixtnre wis stirred far 18 hre Satirated NHCL 12200
ml) wax added followed hy 50 ml of water and 500 ml of cther.
The ethereal sohiinn wias washed snecessively Taqueons NiuaSaOy,
NILCL HLOY, dried, avd taken to dryness to give 116 g of fintfy
powder.  ydrolysis of the telrahyvdropyranyt gronp was of-
fected by treatment of this snbstance i 300 ml of methanol with
3 ml of concentrated HCL at room temperature for I hr to give
9.5 g of semisolid. Thix materinl was treated with 9.5 g of
Grirnrd's “T7° reageut™ in 140 ml of absolute alcohol, containing
14 ml of AcOl1l, at the reflux temperarnre for 2 hr. The sohition
witt cooled and added o aqueons NaOH (9 g iw 610 ml). The
restt Do mixtare wies extrieted Tonr times with ether wud 1he

Found: (.
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combined extracts were washed (dilute NaHCO; H,0). After
drying, the solvent was removed under reduced pressure to give
5.18 g (55%) of crude product. Recrystallization from ether—
petroleum ether furnished 3.6 g (405;) of white crystals, mp
192-195°.

In a pilot experiment, the product was recrystallized from
ether—-petroleum ether to give white crystals: mp 195-197°;
[a]lD —11°; no significant absorption in the ultraviolet; Amax
2.94, 5.91, 6.10 x: nmr, 38.5 (18-H), 53 (doublet, J = 7 cps;
16-CH;), 56.5 (19-H), 62 (17-CH,), 114 (OH), 125 (21-H), 215
(3-1), 322 (11-H) eps; ORD,® positive Cottou effect, [NMlusms
+3120°, +2740°.

Anal. Caled for CuHy0Os: C, 80.18; I, 10.73. Fouud: C,
79.00; H, 10.76.

B. From 33-Acetoxy-5«-pregna-9(11),16-dien-20-one (I).—
By the methylation procedure deseribed in method A, 9.62 g of
I gave 8.84 g of fluffy powder. Hydrolysis of the acetoxy group
was ensured by treatment of the material in 400 ml of methanol
with 12 ml of 109, K,COs solution at the reflux temperature for
30 min. The resulting cooled solution was neutralized with
AcOH (5 ml), concentrated to a small volume, diluted with water,
and extracted several times with CH:.Cl,. The combined ex-
tracts were washed with water, dried, and taken to dryness to
give 8.8 g of syrup. Treatment of this material with Girard’s
“T* reagent as described in method A gave 1.88 g (209) of prod-
uct, mp 184-186°. This material was identical, by the usnal
criteria, with that obtained i1 A.

Sodium salt of 21-ethoxalyl-33-hydroxy-16q«,17-dimethyl-5«-
pregn-9(11)-en-20-one (IIl¢) was prepared from Ilc (2.5 g) by
the procedure described above for the preparation of the sodium
salt of IIla; there was obtained 3.4 g (1009%) of amorphous
product which gave a deep red color with 19 alcoholic FeCls;
Amax 2.8, 3.83, 6.02, 6.16, 6.70, 8.15 u.

21-Bromo-16¢,17-dimethyl-33-hydroxy-5a-pregn-9(11)-en-20-
one (VIe). A. From the Ethoxalyl Derivative IIlc.—When
prepared by the A procedure for the preparation of VIa (above),
3.5 g of the sodium salt furnished 2.4 g (76%) of amorphonus
material, which did not give any color with 19, alcoholic FeCl;;
Amax 2.88, 5.84, 6.13 u. This material was used without further
purification. ,

B. By Direct Bromination of 33-Hydroxy-16«,17-dimethyl-
5a-pregn-9(11)-en-20-one (IIc).—To a stirred solution of 5 g
of IIc in 100 ml of absolute alcohol (cooled to 0°) was added
10 ml of a solution of 50 ml of absolute alcohol containing 18 g
of HCIY followed by dropwise addition (1 hr) of 65 ml of a solu-
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tion of 100 ml of absolute alcohol containing Br. (5.81 g). After
an additional 5 min the solution was poured into 800 ml of water
and filtered to give 5.88 g (969;) of amorphous material, which
was used without further purification.

21-Acetoxy-35-hydroxy-16«,17-dimethyl-5a-pregn-9(11)-en-
20-one (VIIe).—A solution of 5.9 g of VIc (prepared by method B
above) and 3.4 g of anhydrous NaOAc in 55 ml of DMF cou-
taining 0.2 ml of AcOH was stirred under N; at 55-60° for 72
hr. The cooled solution was poured into 300 ml of water and
the resulting solution was extracted three times with CH.Cl..
The combined extracts were washed with water, dried, and
evaporated to dryuess to furnish an amorphons solid, which was
chromatographed on silica gel. Elntion with 3 1. of 105 ether
i1 benzene, followed by evaporation of the eluate, furnished 3.2
g (55%. from IIc) of produet, mp 122-126°. Two recrystalliza-
tions from acetone-petrolenni ether gave white crystals: mp
131-132°; [a]p —5°: nosiguificant absorption in the nltraviolet;
Amax 2.90, .72, 5.83, 6.10, 8.13 u.

Anal. Caled for CoHss04-0.0H.0: C, 72.96; H, 9.55; H,0,
2.18. Found: C, 73.41; H, 9.43; H.0, 1.72 (Karl Fischer).

In another experiment treatment of 2.4 g of crude 21-bromide
Ve, prepared by method A above, in 130 ml of DMF with 7 g of
anhydrons NaOAc, furnished 616 mg (219 from Ilc), mp 128~
130°.

21-Acetoxy-17-ethyl-33-hydroxy-5«-pregn-9(11)-en-20-one
(VIIb) zia Direct Bromination of IIb.—Direct bromination of 1 g
of IIb in the manner described above in method B for the prep-
aration of VIc furnished 1.2 g of VIb, 1 g of which was treated
with NaOAc according to the procedire described above for the
preparation of VIIc to give 1 g of amorphous material. The
product was chromatographed ou 40 g of silica gel. Elution with
11 of 159, ether in benzeue followed by evaporation of the elnate
furnished 504 mg (509 from IIb) of VIIb, mp 139-143°,
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Cyclopropyllithium was employed to prepare 17a-cyclopropylestradiol 3-methyl ether, the parent member

of a series of 17a-cyclopropylestreues, and for the preparation of 17a-cyclopropyltestosterone.

Varions chemical

transformation products of the former compound are deseribed, and the biological activities that were found are

reported.

The description by Seyferth and Cohen! of a con-
venient preparation of cyclopropyllithium led us to the
application of this reagent to the synthesis of a number
of 17a-cyclopropyl-substituted steroids, which were
at that time unknown. More recently, Lehmann,
et al.,? have reported the synthesis of several of these
compounds by the use of the Simmons-Smith reagent
upon appropriate olefinic precursors; in this way
compounds 2, 5, and 15 were prepared.

The reaction of cyclopropyllithium with estrone 3-
methyl ether afforded a single 17-cyclopropyl-substi-

(1) D. Seyfertli and H. M. Colien, J. Organometal. Chem. (Amsterdam),
1, 15 (1963).
(2) H. G, Lehmann, H. Muller, and R. Weichert, Ber., 98, 1470 (1965).

tuted product, which was presumed, on the basis of
prior experience® with various organometallic reagents,
to be the 17a-alkylated isomer 2 (Chart I).

A substantial amount of the ketone always remained
unconverted and had to be removed either by chro-
matography or by condensation with a Girard reagent
(see Experimental Section). Reduction of 2 with Li
and aleohol in liquid ammonia* afforded the 1,4-
dihydroenol ether 3 in high yield; oxalic acid hydroly-
sis? of 3 then provided the useful intermediate 17 a-
cyclopropyl-17-hydroxyestr-5(10)-en-3-one (4).

(3) L. F, Fieser and M. Fieser, "'Steroids,"" Reinhold Publishing Corp,,

New York, N. Y., 1959, p 467.
(4) A.L. Wildsand N. A. Nelson. J. Am. Chen. Soc., 75, 5366 (1953).



