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The synthesis of several (,16a-dinmethyl-17-axygenated progesteranes by a variety of routes is described Lere-
with.  Of parucular interes. is the utilization of the readily available Ha.6a-epoxy-16-dehydropregnenclone
acetale (1) as the starting material for two of the routes.  In the first of these, placement of the methyl groups
at Co and Cyg as well us the hydroxyl group at Ciz is aceomplished in a straightforward sequence of only three
stepe. Syntheses from 16-dehydropregnenolone acetate (16) and from 6-methyl-16-dehydropregnenalone acetute

{19) are also described.

The series of 17-acetates resuliing from these sequences couprises one of the mast
patent groups of arally active progestarional compounds known to date.

The must active meniher of tlis series,

3, L6a-dimethyl-6-dehivdro-17 a-ncetoxyprogesterone (7b), has an activity at least 130 times that of ethisterone.

The scarch  for synthetic progestogens of high
potency and reduced side effects has engaged the at-
tention of numerous groups of investigators during the
last several years. A wide variety of compounds have
heen deseribed both in the arca of substituted pro-
gesterones and that of substances derived from the
Cre-sterolds.  Some of the most active materials, as
determined by conventional animal assays, are 17a-
acyloxyprogesterones substituted in positions 6 and 16
by halogen, methyl, or methylene groups.  Of partico-
lar interest, because of their unusually high oral poteney
in the Clauberg assay, arc 6-chloro-t-dehydro-17 o-
acctoxyprogesteronce?—* anud 6-methyl-16-methylene-6-
dehydro-17 e-acctoxyprogesteronc.

In an earlier paper we deseribed the synthesis of a
series of 6, 16a-diniethylprogesterones.®  Although thesc
substances had only a low order of oral progestational
activity in the Clauberg assay, they did show that 6,16-
dimethyl  substitution  greatly cnhanced  the  oral
activity of the parent progesterones.  We now wish
to report the details of the synthesis of another series
of highly active progestational agents, the 6,10a-
dimethyl-17-acyloxyprogesterones,  Several  nlembers
of this series have also been deseribed by other groups.?

The initial synthesis of O, 16e-dimethyl-17 a-hy-
dvoxyprogesterone  (6a) (6ea,16e-dimethyl-4-preghen-
17 a-0l-3,20-dione) and its various esters and dehydro
derivatives procceded from the readily available and
highly versatile intermediate 5o,6a-e¢poxy-16-dehydro-
pregnenolone acctate (1) (S ba-oxido-16-pregnen-34-
ol-20-one acetate).® Treatment of this unsaturated
keto epoxide withm ethyl Grignard under forcing coun-

Chy 1velisddnary eahnmmbication: 13, 1% Crahwee and M. B Maeyers, Jo i),
Chevie, 26, 1774 {1061«

@20 11 0. ingold, 13, Baceres, A Bawers, . Edwiards, amd J. Zdervie, /. 1.
Cheng. Seen, 8103485 (104340 K. Neiaky, Gazz. Chim ITtal., 91, 544 11461,

a3 K Briekner, B DNuwompel, and Ul dabesan, Chew. Ber., 94, 1115
(1l K. Braekner, German Patent 1,073,111 (11105,

10 The follawsaw are references toelisical dati: o) J. Murtinez Moreno,
AL Moanea. RO AL Githert, and J. W Goldzielasr, Fertitity Sterility, 183, 2:164
cruGly: iy G Lo ML Sevver amd Voo Little, J. Ehdoeeinal., 24, xxii (Proe.d
CLOG2%: e I Kinel, Kbdoksunlagie, 40, 23T ¢1901).

e DN Kirks Vo Pervaw, ad 10 ML Willimmson, Beitish Patent 886,619
C1u6idy; for elinieal dato see ref. 41n

G} Puper I of thisseries: R. 31 Craher, M. B. Meyers, and V. 3. Lander-
von, . Orge Chean,, 27, 45334 (10625 prelbninary communication, R P,
Graber und M. B. Meyers, Chem, Tud. (Landon), 1478 11960,

Ty ) JoIrbarte und M. L. Praneo, . Geg, Chem., 26, 2047 (19610 1 15
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of. 2.1, Burtan, B, Ellis, und V. Petrow, British Putent, 884,744 {1061},
(8) Gl Rl Ul &, Patent 2,731,381 (14503 : sews alsa ref. 6,

ditions followed by in situ acetylation® provided the
68,16 a-dimethyl-17.20-c110l triacetate (2) as a mixturc
of its cis—trans isomers."  The acylation of the inter-
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6a, R = H 7a, R = H

b, R = A¢ b, R = A¢

¢, B = COCHy ¢, R = A¢, I-deliydro
d. R = A¢, I-dehydro

mediate Grignard complex, having —OMgB1 groups at
Oy, Gy, and Cy, was not readily accomplished. Sub-
stantial excesses of either acetyl chloride or acetic
anhydride were required and, in spite of the vigorous
conditions, the Ciz-desoxy compound. 63,16 a-dimethyl-
pregnane-3¢,5 a-diol-20-one 3-acetate,® was subsequently

(49) Cf. K. Hensler, J. Kebrle, C. Meystre, H. Ueberwasser, . Wiclund,
(. Anner, and A, Wettstein, Helv. Chim. Acta, 42, 2043 (1959).

(10) For a dischssion of the rationale of this synthetic approach tu 5.16-
dimmethiylated emnpronnds, sce ref. 6.
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isolated as a minor by-product together with the de-
sired 3,5-diacetate (4b).

Without separation, the cis—trans enol acetate mix-
ture (2) was oxidized with either perbenzoic acid
in benzene or with peracetic acid in buffered acetic
acid solution to afford the corresponding dimethyl-
17 «,20-epoxide triacetate (3) again as a mixture of
cis—trans isomers.!' No attempts were made to
separate the isomeric 17,20-epoxides since in the sub-
sequent step they gave the same 17a-hydroxy-20-
ketone (4a).

Hydrolysis of the triacetate (3) with methanolic
potassium carbonate effected saponification of the un-
hindered 3- and 20-ester functions without attack on
the highly hindered 5-acetate group.!? Isolation of
the dimethyltriolone 5-monoacetate (4a) proved to be
difficult. However, after reacetylation, the 3,5-di-
acetate (4b) was readily obtained by direct crystal-
lization.

The purified dimethylitriolone 3,5-diacetate (4b) was
hydrolyzed in excellent yield with potassium bicarbon-
ate in aqueous methanol to the 5-monoacetate (4a).
Oxidation with 8 N chromic acid-sulfuric acid in
acetone!® proceeded smoothly to the dimethyldioldione
3-monoacetate (5). Acid-catalyzed elimination!* of
the 5-acetoxy function occurred with concomitant
epimerization of the 68-methyl to the more stable 6«-
configuration giving 6«,16a-dimethyl-17 a-hydroxypro-
gesterone (6a).

The 17a-acetate (6b) was prepared in the usual
manner in acetic anhydride—acetic acid solution with
p-toluenesulfonic acid catalysis.’® The 3,5-diendiol
3,17-diacetate™ initially formed was not purified but
rather treated with methanolic hydrochloric acid for
a short period. Selective hydrolysis of the 3-enol
ester occurred to afford the desired 6«,16a-dimethyl-
17 a-acetoxyprogesterone. Similar treatment of 6a
with caproic anhydride—caproic acid in the presence
of p-toluenesulfonic acid gave the 17 a-caproate (6c).

6,16 a-Dimethyl-6-dehydro-17 a- hydroxyprogesterone
(7a) was prepared by chloranil dehydrogenation'® of
6a. The corresponding 17«-acetate (7b) was pre-
pared as described above for the parent compound.
Finally, the 1-dehydro 17«-acetate (6d) and the
1,6-bisdehydro 17a«-acetate (7¢) were prepared readily
by the use of 2 3-dichloro-5,6-dicyanobenzoquinone!
from 6b and 7hb, respectively.

Initially, the yields of the 3,3-diacetate (4b) were
rather low and this together with the uneconomic use
of large amounts of methyl Grignard at an early stage
of the synthesis led us to consider ai alternate sequence
of reactions proceeding again from 5« 6a-epoxy-16-

(11) Although attack of thie 17.20-double bond from the rear or a-side of
tlie molecule predominates, trace formation of tlie epimeric 173,20-epoxides
cannot be ruled out completely. For an illuininating discussion of the cis—
trans isomerism of similar pairs of 17,20-enol acetates as well as the derived
epoxides, see A, L. Nussbaum and F. E. Carlon, Tefrahedron, 8. 145 (1960).

(12) T. H. Kritchevsky and T. F. Gallagher, J. Am. Chem. Soc.. 78, 184
(1951): B. A. Koechlin, T. H. Kritchevsky, and T. F. Gallagher. ¢bid..
189 (1951).

(13) K. Bowden. I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon,
J. Chem. Soc., 39 (1946): A. Bowers, T. G, Halsall, E. R. H. Jones, and A.
J. Lemin, ¢44d., 2548 (1953).

(14) D. Burn. G. Cooley. V. Petrow, and G. O. Weston, tbid., 3808 (1959).

(15) R. B. Turner, .JJ. Am. Chem. Soc., T4, 4220 (1952): 76, 3489 (1953);
Huang-Minlon, E. Wilson, N. L. Wendler, and M. Tishler. ibid.. T4, 5349
(1952).

(16) E.J. Agnello and G. D. Lanbach, ¢bid., 82, 4293 (1960).

(17) D, Burn, D. N. Kirk, and V. Petrow. Proc. Chem. Soc.. 14 (1960),
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dehydropregnenolone acetate (1). Although this route
is somewhat longer, the over-all yields were superior;
furthermore, the opening of the 5«,6c-oxide with
large excesses of methyl Grignard was reserved for a
later stage of the sequence.

Treatment of the epoxypregnenolone acetate (1)
with methyl Grignard at room temperature followed
by in situ acetylation with acetyl chloride gave the
da,6a-epoxy-16a-methyl-17,20-e110l  diacetates (8).18
Under the mild conditions employed, 1o attack on the
5,6-oxide was observed.

AcO_ _CH; ACO\ /CH3
C C.
0
-CH, --CH,
1 — —
AcO O AcO A
8 9
R,OCHCH, COCH;
..OH
---CH,
R,O o
11a, Ry = R = H 10a, R = H
b, R, = A¢; R. = H b, R = Ac¢
¢, R = R. = Ac

-~

HOCHCH,
_OH
---CH,
—_— Ga
HO : 0 s
H
HO CH, 0 CH,
12 15

Epoxidation of the 17,20-enol double bond of 8§
was accomplished with peracetic acid in buffered
acetic acid solution as in the previous sequence. No
attempts were made to sepalate either the cis—trans
enol acetates or the cis—rans 17,20-epoxides (9).
Hydrolysis of the ester functions of 9 with methanolic
potassium hydroxide under mild conditions provided
the be,6a-epoxy-16a-methylpregnane-35,17 a-diol-20-
one (10a).*®

Tor the vigorous Grignard opening of the 5a,6a-
epoxide, the 20-ketone function required ‘‘pro-
tection.”” This was accomplished by sodium boro-
hydride reduction of the epoxydiolone (10a) to the
epoxytriol (11a). The predominant product was
assigned the 208-configuration in agreement with the
results of Norymberski and Woods.??t In addition,

(18) Seeref. 9: also M. Sletzinger and W. A. Gaines, U. S. Patent 2,940,-
968 (1960).

(19) A. Wettstein, G. Anner. and J. Kebrle, U. 8. Patent 3,055,887
(1962).

(20) J. K. Noryniberski and G. F. Woods, J. Chem. Soc., 3426 (1955).

(21) Itis of soine interest to note that work-np of tlie reduction mixturein
tlie ushal manner led to a prodnct, ni.p. above 300°. Infrared evidenceled
us to postulate that this product was a 17.20-cyelic borate ester. Alkaline
hydrolysis afforded the desired epoxjtriol (11a). Revised work-up condi-
tions led directly to the isolation of tlie epoxytriol. See Experiinental sec-
tion for further details.
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comparison of molecular rotation differences gerved to
confirm this assignment.** Treatment of 11a with a
ca. 20-fold excess of methyl Grignard?? cffected opening
of the 5,6-epoxide to give in good vicld the 68,16a-
dimethyl-38,5a,17 «,208-tctrol (12).

This tetrol was converted to its 17e,208-acctonide
denvative  (13a) by acid-catalyvzed  reaetion  with
acctone®® and the 3g-liydroxyl oxidized with 8 N cliromic
acid i acctone to the 3-ketone (13b). Acid-catalysed

H"C\C'i% HJC\C 0
1"_‘O>C(CH,.),. _,..O>C"CH )
--CH. --CH,
12 —> —
R HO 0 !
CH, CH,
OH 14
13a. R =/
H
b. R=0
COCH,
.-OH
-CH,
16 — — 10a
RO S Ac¢ HO
17a. R=H OR
a 18a, R=H
b, R=Ac

b. R= -80,CH;

climination of the Hae-hydroxyl atforded 17«,208-isopro-
pylidenedioxy-6e, 16 a-dimethyl-4-pregnen-3-one (14).#
Oxidation of the 3- and 20-hydroxyl groups of the
dimethyltetrol (12) was attempted under a variety of
conditions.  Not unexpectedly, eleavage of the 17,20-
glycol system to the 17-ketonce was obscrved as the
predominant rcaction under most conditions tried.®
The desired selective oxidation was achieved suc-
cessfully, however, by treatment with cither N-bromo-
acctamide or N-bromosuccinimide in acetonc solution,
ol by microbiological oxidation with a strain of Flaro-
bacterium dehydiogenans.®  With NBA or NBS, the
S, 17 a-dihydroxy-3,20-diketone (15)™ could be isolated
in good yield. Acid-catalyzed climination and ¢pi-
merization afforded excellent yields of 6,16 e-dimethyl-
17 a-hydroxyprogesterone (6a).
The produet of the microbiological oxidation was a
complex mixture of steroidal and nonsteroidal material,
Infrared analysis, however, showed clearly the presence
of the 3-ketone and the 17a-hydroxy 20-ketone systen.
Acid treatment of the erude material followed by
chromatographic purification afforded  the  desived
progesterone (6a), identical in all vespects with the
materials prepared by the all-chemical routes.
2y Lo Yieser amd N Fieser, U'Steroids,” Reinbold Poblishing Co,
New Yark, N. Y. 145 po Iy by I 15 Aivanwnces, N AL Romera, amd
1. A Farjar, UL 8 PatenC 3,878,246 (14547,
43) G. Caaley. B, Ellis. I Hartley, aml V. Petrow, J. Chem, Soe., 4373
NHT).
(ll‘.:»;; Nuat anexpectedly, oral Clauberg assiy of 14 showed it ta have no
wenivity when tested at a level at whicll ethisterane gave o £.5-3.0+ ye-
Njsoh S,
I (V'l.’l:‘l() G/ L0 1L Savetr, 0 Biol, Cheng,, 162, GG1 1040,

224y I WL Cantrall wnd S0 Bernstein, U S Totent 3,010,010 119G2).

ST N L Nassteen, 150 Yoan, 150 Po Otiveto, CL FPederhinsh, amd W
Claarney, Cheng Fed i Landmry, 836G (1065,
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An alternate preparation of the Saba-cpoxy-16Ga-
methyvldiolone (10a) was also vestigated  bricfly.
16-Dehvdropregnenolone acetate (16) was converted
by treatment with methyl Grignard and /e st aecty-
lation ta the mixtare of isomerie enol accetates. lpoxi-
dation with perbenzoic acid in benzene gave the mixture
al 5.6 17.20-dicpoxy isomers wlhich, without separa-
tion, wax hyvdrolyzed with mcethanolic  potassimn
carbonate,  The total produect, containing hoth the
Saba- and 58,63-cpoxy izomers (17a) was acetylated
i the usual mamcer (17b) and then treated  with
perehlorie acid i aqueous acctone.  Hydrolyvtie scis-
siont of the oxide linkages in the usual diaxial manmer
afforded the 16e-methylpreghiane-38,5q,08, 17 a-tetrol-
20-once 3-mononccetate (18a).  Reclosare ol the Sadig-
glycol =vstem to the Se,ba-cpoxide (10a) was cffected
by ha=e treatment of the derived Gg-mesylate (18b).
The product was shown by mlrared spectronictry to
be ddentical with that oltained Trom SaGe=cpaxy-106-
dehvdropregiicnolone acetate (1.

A third sequence of reactions lcading dirceetly to 6, 16a-
dimethyl-6-dehydro- 17 e-hydroxyprogesterone  (7a)*
proceeded from G-methyl-16-dehivdropregnenolone ace-
tate (19).*  Room temperature conjugate Grignard
addition followed by 7 situ cnol acetylation with

acctyl chiloride wave the mixtare of cnol acetates

.—\('O\ /CH;
C

COCH,
.0

-CH,

RO

21a, Jea, -, I8 = H
b, 58.65-. 1 = U

¢ dalin-, 1= Ae

Ta—

“CH.

HO oy

23

22

which o epoxidation with peracetic aeid in buffered
acetic acid afforded the mixture of isomeric 5.6:17,2(-
dicpoxydimethyldiol diaccetates (20).  Hydrolysis of
the ester fanetions with aqueous methanolic potas-
sium bicarbonate also cffected rearrangement of the
17.20-cpoxy 20-alcohol to the 17,20-kctol (21a and b).
This mixture of 3.6-cpoxides on crystallization gave
a small amount of substance, m.p. 235-248° whicl
was assigned the Sabe-cpoxy structure (21a).  Crys-
tallization of the epoxide mixture after acctylation
with acetic anhydride and pyridine gave a larger yield
of the 3-acctate (21¢) of the above material.

GI8) Wettstein and co-workers'? huve deseribed this syncheie seaaence ot
Jetail wicle chie isolaion omd eharacrerizaGoen of all che imeneediate voo
Leotrhids,

S R P Giraber ol ML B Meyers U080 Varent 5085 GHO T

(301 D) Buen, Boo s, Vo PeGrow, 1AL Stewart=-Welilo wnd Do ML Wi
Linason. /. Chene. Sov 10602 119571 see ulso ref. 220,
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Since acid-catalyzed opening of both 5,6-epoxides
was expected to lead to the same trans 5«,68-glycol
by way of diaxial opening, the mixture was treated
with perchloric acid in aqueous acetone. The expected
6, 16a-dimethylpregnane-338,5«, 68, 17 a-tetrol-20-one
(22) was isolated in good yield. Oxidation with
chromium trioxide—pyridine complex or with 8
N chromic acid in acetone gave the 3-ketone (23)
which on treatment with hydrochloric acid in absolute
cthanol led directly to 7a.3!

The oral progestational activities of the various
6,16 a-dimethyl-17 a-hydroxyprogesterone esters were
estimated by the Clauberg method on immature
estrogen-primed rabbits.32 The results are summarized

11 Table 1.
TaBLe I
CLAUBERG AssAYs IN RABBITS
Compound Potency”
6b 55
7b 130
6d 40
7c 120

@ Ethinyltestosterone = 1.0,

In the general screening test (subcutaneous injection
of 2.0 mg./day for 14 days on intact 21 day old male
rats), compound 7b showed marked adrenal suppresion
and thymus involution. This effect, which appears
to be specific for the rodent, has been noted earlier
by others®® for 6a-methyl-17 a-acetoxyprogesterone.

A granuloma pouch test®*2 demonstrated antiinflam-
matory activity for 7b equal to ca. 409, of that for
hydrocortisone. Sex reversal in the female rat foetus34v
could not be detected even at challenging dosages of
0.25 mg. of Thb/day for 6 days (15th through 20th day
of pregnaiicy), either at birth or at sexual maturation
of the offspring.

Experimental?

63,16 v-Dimethylpregnane-33,54,17 a-triol-20-one  33,5a-
Diacetate (4b). A. Dialkylation-Enol Acetylation of 52,6«
Oxido-16-pregnen-33-0l-20-one Acetate (1).—To a well-stirred
mixture of 4.0 g. of cuprous chloride in 410 ml. of ethereal
3 M methylmagnesium hromide, was added a solution of 22.4 g.
of 1in 1050 ml. af toluene over a period of 13 min. The mixture
was heated to reflux with continued stirring for 140 min. and then
cooled and 150 ml. of acetic anhydride® added in 15 min. After
30 min. at room temperature, the mixture was heated to 50-55°

(31) The approximate over-all yields to 6a by the various processes de-
scribed lierein niay be commpared as follows,

Via
1 and 4b 1 and 10a 16 and 10a
From diesgenin 1.7% 10-119, 69,
From 16 3.6% 21-24% 139%

(32) All bioassays by Endocrine Laboratories, Madison 1, Wis.

(33) D. A, Holub, F. H. Katz, and J. W. Jailer, Endociynology, 68, 173
11961).

(34) (a) A. Robert and J. E. Nezamis, Acta Endocrinol.. 26, 105 (1957):
(b) Gi. K. Suchowsky and K. Junkimann, Endocrinology. 68, 341 (1961).

(37) Melting points are capillary inelting points taken on a Hershberg
apparatus nnless otherwise specified and are corrected. Rotations were de-
teriined in chloroform solution at 1% concentration unless otherwise speci-
fied. Ultraviolet spectra were observed in 969 ethanol. Infrared spectra
were determined routinely using a Beckman Model IR-5spectrophotometer.
Those indicated as having been run in both CCls and CS8:, however, were de-
terined on a Beckman Model TR-4 spectrophotometer, in which case CCls
was ased fram 2.0-7.8 y and CSq from 7.8 to 15.0 u.

(36) Acetyl cliloride mmay also be nsed. Comparative runs, however, indi-
cated that the use of acetic anlydride gave somewhat better results on the
basis of a critical comparison of the infrared spectra of the crude products.

6,16-D1METHYLATED STEROIDS. 1 543

for 8.5 hr. Saturated aqueous ammonium chloride (700 nil.)
was then added slowly with external cooling. The organic
layer was separated, washed 3 times with water, and once with
saturated sodium chloride solution, and dried,® and the solvent
evaporated in racuo to give an oil consisting of cis- and trans-
63,16a-dimethyl-17(20)-pregnene-33,5«,20-triol 38,5«,20-triace-
tate (2), \SO* 5.77, 5.88 (sh), 8.11, 8.18, 8.41, 8.53, and 8.67
#5 Aot %2 5.70 (sh), 5.75, 5.85, 8.02, and 8.15 4.

B. Epoxidation of 63,16«-Dimethyl-17(20)-pregnene-33,5«,-
20-triol 38,5¢,20-Triacetate (2).—The oily triacetate (2) above
was taken up in 150 ml. of henzene and 170 ml. of a 0.37 & solu-
tion of perbenzoic acid in benzene was added. After standing
for 3 hr., the reaction mixture was diluted with water containing
potassium iodide and sodium thiosulfate. The organic layer
was separated and washed successively with 55 aqueous sodium
bicarbonate solution, water, and saturated sodium chloride solu-
tion, and dried, and the solvent evaporated in vacuo to give the
crude cis—trans epoxide mixture (3) as an amorphous residue,
ASEM 5,77, 5.87 (sh), 8.11, 8.53, 8.67, and 8.88 u: ASO*7 92 5.74,
8.03, and 11.60 .

C. Alkaline Hydrolysis of 17,20-Oxido-63,16-dimethyl-
pregnane-33,5q4,20-triol 33,5a,20-Triacetate (3).—The mixture of
cis and trans epoxides (3) was dissolved in 400 ml. of methanol, the
solution was heated to boiling, and a solution of 10 g. of potassium
carbonate in 100 ml. of water was added. The reaction mixture
was heated under reflux for 90 min., then cooled, and treated
with 10 ml. of glacial acetic acid. After removing ca. 67% of
the original volume by evaporation in vacuo, water and ethyl
acetate were added. The organic layer was separated and
washed successively with water, 59 aqueous sodium bicarbonate
solution, and saturated sodium chloride solution. After drying,
the solvent was remaved by evaporation in racio leaving the
crude dimethyltriolone 5-monoacetate (4a) as an oily residue
which could not be crystallized, A8 2,77, 2.86, 5.79, 5.87, and
8.08 u.

D. Acetylation of 63,16a-Dimethylpregnane-33,54,17«-triol-
20-one 5-Acetate (4a).—The crude 5-monoacetate (4a) was taken
up in 65 ml. of pyridine and treated for 20 hr. with 15 ml. of acetic
anhydride. Water was then added and the resulting oil extracted
with several portions of ethyl acetate. The organic extracts
were washed successively with water, dilute hydrochloric acid,
twice with water, and with saturated sodium chloride solution.
After drving, the solvent was evaporated in racuo to give a foam
which was redissolved in 50 ml. of ether. Skellysolve B (300
ml.) was added and the solution allowed to stand at 7° for 22 hr.
The crystalline solid which separated was removed by filtration,
washed with Skellysolve B, and dried giving 4.7 g. (179) of
partially purified 3,5-diacetate (4b); N:Ir 5.79, 5.88, 7.89, and
8.0 u. The solid was dissolved in benzene and the solution intro-
duced onto a column of 200 g. of neutral alumina.® Elution
with 250-ml. portions of solvent was as follows: 15 portions of
4:1 Skellysolve B-benzene, 3 of 2:1 Skellysolve B-benzene, 3
af 1:1 Skellysolve B-benzene, 4 of benzene, 3 of 19:1 benzene—
ether, and 3 of 1:1 benzene-ether.

The residues fram fractions 3 through 19 were cabined and
recrystallized fram a mixture of methylene chloride and Skelly-
solve B to give 2.29 g. (8.29%) of 68,16a-dimethylpregnane-
38,5a,17~triol-20-one  33,5«-diacetate (4b), m.p. 205-210°.
Successive recrystallizations from acetone and Skellysolve B
mixtures gave material of m.p. 207-209°, [a]®D —26.5°, Aem
2.89, 5.75, 5.80, 5.83 (sh), 7.83, and 8.00 u; Agoi™™ 2,74,
2.85,5.74, 5.83, 5.89, 8.01, and 9.62 u.

Anal. Caled. for CHeQs: C, 70.10; H, 9.15.
69.74, 69.96; H, 9.26, 9.31.

The residues from fractions 23 through 30 were combined
and recrystallized fram a mixture of methylene chloride and
Skellysolve B praducing 0.52 g. of 63,16«-dimethylpregnane-33,-
5a-diol-20-one 3-acetate, ni.p. 242-247°, [« ®D +21.3°.8

63,16-Dimethylpregnane-33,5,17a-triol-20-one 5-Acetate
(4a).—A mixture of 30 ml. of methanol and 300 mg. of the 3,5-
diacetate (4b) was treated with a solution of 200 mg. of potas-

Found: C,

(37) In this laboratory, solvent extracts are routinely dried by filtration
through a bed of anhydrous magnesium sulfate contained in asintered glass
funnel.

(38) The neutral alumina used in this work was prepared as follows:
Merck reagent grade “‘alumina for chromatography'' (alkaline) was sus-
pended in etly] acetate anid allowed to stand a¢ room teinperature for 3
days. It was tlien separated by filtration, waslied thoronghly 3 times with
fresli etliyl acetate, and dried at 85-90° for 16 hr. at atniosplieric presshre.
Tle activity was ca. 3.5 on the Brockinann scale.
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sinin bicarbonate in 3 ml, of water. The mixture was heated
under reflux for 1 hr., 1.0 ml. of glacial acetic acid added, and the
solution then coaled and evaporated 1 racwo ta co. 1740 of the
ariginal volume.  Water (30 ml.) was added and the resulting
solid removed by filtration, washed with water, waid dried, n.p.
183-103°. Successive crystallizations fron aqueons methanal
gave 4a as a hydrate, m.p. 186-190° (micrablack ], T =t —2703°,
AR 75, 087, 5,78, 5,83, 5.00, and 0.35 p.

Anal. Caled. for CpHyQ; -HaO: C, G8.4G: H., .60,
C, 68.60, 68.78; H, 9.64, 0.68.

68,16 =Dimethylpregnane-5a,17«-diol-3,20-dione 5-Acetate
(8)—Ta a salution of 1.83 g. of the 5-monoacetate (4a) in 100
il of acetone was added dropwise with stirring in 80 sce., 2
ml. of ca. 8 N aqueous chiromie acid prepared as follows: 2.67 g.
of chramium trioxide dissolved in a mixture of 10 mh of water and
2 b of concentrated sulfuric acid.  After 4 min. total tine,
aqueous sodinm sulfite was added, the mixture dilinted with ethyl
acetate, and the organic layer separated and washed successively
with a4 nqueous sodium bhiearbonate sobition and sainrated
gsadium chloride solution. The extracts were dried and the sol-
vent evaparated in vacio to give 17T g (U735 5 of 5 which
after twa recrystallizations (70¢] recovery: from acetone and
Skellyvsolve B mixtures melted at 161-16:4° {(mieroblock ), [ol®n
—26.49°, AT 270, 28N, 5,75, 480, 484, 500, 06, aud 821 g
C(IR-4).

Anel. Caled. for CopHaOs-HoO: ) 6R77 H, 924,
C, 65,07, 68.74; H, 9.36, 9.29.

6c,16a-Dimethyl-17«-hydroxyprogesterone (6a). A. From
the Dimethyldioldione 5-Monoacetate (5).—A suspension of 1.67
g. of 5 in 150 ml. of absolute ethanol was treated with 0.7 ml of
concentrated hydrochlorie acid,  The mixture was heated under
reflux for 55 min., then cooled and evaporated oo racuo to ca,
204, of the original volume. After dilution with 250 ml of
water, the resulting solid was renioved by filtration, washed with
waler, and dried giving 1.50 g. of 6a which on reerystallization
fromm acetone and Skellysolve B mixiures melted at 203-207°,
[l 43535 A 242 mp (e 15,4000 NDETH 270, 28
.84, 5,03, and 6.20 u (1™ np. 200-202°, ia)p +351.47,
240-242 nig (€ 16,600), AR .73, 580, 3.07, and G.15 g

Anal, Caled. for CoHuOy: C0 7704 H, 9560 Found:
T6.64; H, 9.65.

B. From the Dimethyldioldione (15).-~A 1.75-g. purtion of
15, prepared by the NBS axidation of the tetrol (14), was treated
with 70 ml of absolute ethanol contudning 0.34 nil. of coneen-
trated hydrochlorie acid as described abaove.  Dilution with 630
ml of water and extraction with ethyl acetate gave 177 g of
6a, m.p. 195-199°, infrared spectrinn identical with that of the
wiaterial prepared fron 5. One reerystallization from acetone-
liexane gave 1.45 g. (87C7), ni.p. 109-203°. A fwrther recrystal-
lization from the snnie solvents raised the ni.p. (0 202-205°.

The sumples of 15 prepared hy micrahiological oxidation ¢sec
below) far 5 and 7 days werce alsa converted to 6a.  Partions
weighing, respectively, 2174 and 155.2 g, were treated with
) vol. of 0,400 (v./v.) solution of concentrated hydroclhitorie
acid in absolnte ethanol under reflux far 30 min.  Concentration
in varro o 2=3 ml, dilntion with water, and two extractions with
cthyl acetate gave 215 and 165 mg., respectively, of crude 6a
identified by infrared spectra and paper chromatographic
analyses.  These samples were combined and 352 mg. chroma-
tograjihed an 35.2 g, of nentral ahunina.®®  The fractions cluted
with f, 10, 20, and 50'% ether in henzene were combined
Lo give 1221 mg. of 6a identical by mehing point, mixture meliing
point, iufraved spectra, and paper chromatographic comparison
with material prepared from 5 or fram 15 abtained by eliemieal
axicdation.

6,16«-Dimethyl-17a-hydroxyprogesterone Acetate (6b).—
A solution of 3.0 g. of 6a in 90 ml. of glacial ncetic acid was pres
pared.  The reaction flask was flushed several times with nitro-
gen and then a solntion of 2.4 ¢, of p-tolnenesalfonic acid nono-
hydrate in 90 ml. of glacial weetiv acid and 30 wl of acetiec anhy-
dride was added.  The mixture was stirred and kept nunder a
nitrogen atimosphere at room temperatnre for 16 hr. The re-
suliing solution was poured into 1.5 1 of ice-water and the
precipitated golid removed Ly filtration, washed thoronghly
with water, and dried @ wcao. The solid wis dissolved in 150
il of methanol and the solution aeated with 1.5 ml. of con-
centrated Lydroclilorie acid for 3.5 hr. at roony temperatare in
a nitrogen atmosphere.  The solition was then concentrared
i raeno gt racs Cemperature raoabout 2000 0f (he original
vahine and diluted with water.

Fannd:

Feonnel:

The suspension was extracted

Voi, 7

dtimes with ethyl wecrate. The combined extracts were washed
witl water, agquecnts saditin bicarhonare antil pentral,
again with waier, with satinated sodinm ebloride solution, and
finally dried over magnesimn sulfate.  Atrer filtration and re-
moval of the solvent /o raewo, 2 entde mrphans prodinet was
olnained whiel: vy ervstallization fron) acetone-hexam: gove 6b:
e FO-TTT0 0 L -2 600 N 242 1 (e 13,8005 2t
GUOZ0AND A, 620, s and PRS0 w dHUTE nap, 1Toe 1720
Peln 70T AT 240 e fe BLRODE AR 5750 48T,
and S0 uroad U mops 164-163% [eip =049 A5 o
i te FO,0-40

dwals Caled. for CuligO, O, 74006,
TH4G: U, 0.1

6a,16c-Dimethyl-17 x-hydroxyprogesterone (aproate (6c).
A stirred misture of 0.80 g. of 6a, 50 il of caproie acid, and 15
mlo ot freshly distilied caproic anhydride was treated under
uitrogen with 0.75 g of p-toluenesulfonic acid monohydrate,
The misire was allowed 1o stir for Q0 br, at mom tempern(ire,
Pyridine 15 il s was then added aud thie mivtare steam distilled
il no nmee oy aterid wppesred inorhe distillate, The
residual miztare wos extracted tharonglily with ethyl acefaie
and the combned exitaets were washed suecessively with dilate
hiyvdraehlorie wirler, 300 wqueans sodinm Diearbonaie
sabintion, snd savrated sodimm eblride solution.  ATter drving,
the solinion was concentraied n cacan 1o an oily residne.

This oily prodnet was dissolved i G5l of metlianol and Che
sohition treated with 4.3 ml of concentrated hydrochlorie acid
under nitrogen. Alter srireing for ea. I8 L ot mon tempera-
tave, the solmion was canccrated 7o caeno ta ca. 2000 of e
ariginal volime.  Dilndaon with weder preeipitated an oil whiel
was extracred with ethyl acerate. The combined exirnets were
waghed with 300 aqueous sodinm Liearbonate solntion, water,
and satinnred sodinm ehloride salution, diied, and coneentrated
G paeno tuant ol

The oily product wies purified Ly chromaragraphy an 52 g, of
neatral abimina.®™  The fractions elnted wirh 123 benzene
hexune were combined and evaporated v divness i e
The purified oily caprocte was finally distilled at 108-204°
Datl renperatire ((LUB5 mnn) to give o waxy solid; nap. $4-440°;
Tl 0 2 40.0°0 Nwee 241 1hp 2 13,2000 AR 3780 5,84, 6.00, 6,22,
and FLAD g A0 5,03 5081, sand G .

dnals Caled, for CaHaoOy () 7627 L 0.7
CL 7010, 7624 H 0.6, a7,

6,16 x-Dimethyl-6-dehydro-17-hydroxyprogesterone | 7a).
A. By Chloranil Dehydrogenation of 6a.——A mixturc of 0.16 g.
of Ga Hia-dimetbyl- 17 o-livdmisyprogesterone (6a), 0.30 ¢. ol chlo-
ranil, and 0.20 1k ot glaciad weetie acid in 15k ol bty alenhal
was lieaved noder retluy tor W Lir, then caoled, dilisted with
methvivre ehloride, and filtered.  The filrate was washed with
witer, 3 aqacoas sodinm hvdroxide solution, water, wad sot-
rated sodin eblaride solation. Fvaparation i cacwn sfforded
an oilyv solidd (LG g Several veerystallizations of this vesiduce
fromn nectone-Skellvsolve B opiixiires gave 7a, n.p. 224-829.5°
(micrabloek i identical with material prepared below from 23,
Ly comparison of the infraved spectra and by mixture mehing
point.

B. By Acid-Catalyzed Dehydration of €6uo,16x-Dimethyl-
pregnane-5x.6/3.17a-triol-3,20-dione (23).~—Ta a solution of
g.oof 28 in 30wl of ahsohite ethanol was added 3.2 ml
wocomventrided hydroeidorie acid, The solution wis heaied
nnder reflnx for 40 viu., then cooled, evaporated Tnoenewo to ahont
1O d, aned dilnted with 60 16l of witer. The precipitated solid
wis rentaved by tilowhion and dried giving (041 g (8307 of Ta,
bep. 20422870 Severd reervstallizadions from nethyvlene
chlovide—skellysolve B owdsed the meliing point va 226
{mierabloek i Taln S 27800 e 2000 mg (23,2000 A0 274
SRT, A8, 5,00, 5,00, G136, A0, und 1140 g (TR-45.

Anal, Caled. Tor O A H, 0080 Found: O
TG, 20 HLoMES, 005

6,16 x-Dimethyl-6-dehydro-17«-hydroxyprogesteronc 17-
Acetate (7hb).— T o solntion of 0.8 g of 7a in 20 ml. of glieid
sectic aeld was added 2.0 0. of acetie aubyvdride followed iy
045 g of getolnenesallonie aeid monolivdrate,  After standing
tar 22 hr. at reomn tempersuire. tle mixture was panred inte
300 il of water. Toe oif wisieh separated was extracted with
ethyl acelide. The eapets were wished with 8¢

H, 006, Found: O

]

Fomed:

G HUOON

GHEE As i ableer instunees, (e d-eh-d-obhe Wis conGriibared Witlo o steudl
amonnt of 4hi-dien--ope. Dy this insanee (he sample olsashowed Ay, 2401
v $3800Y coccesponding raoea, 13 dienone, Sipoll peaks in tlee infrored
CIKBr o 61T and Gat g eantimmed this findine.
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sodium bicarbonate solution and saturated sodium chloride solu-
tion, dried, and evaporated in vacuo to an oil.  This oil was taken
up in 20 ml. of methanol and 0.2 ml. of concentrated hydro-
chloric acid added. After standing for 2 hr. at room tempera-
ture, 100 ml. of water was added and the resulting precipitate
removed by filtration giving 0.40 g. of crude 7b, m.p. 163-180°,
Successive recrystallizations from Skellysolve B raised the
melting point to 189.5-195° (microblock); [a]®p +25.6°;
Amax 288 mu (25,000); SO 5.73, 5.83, 6.00, 6.14, 6.30, 8.03,
and 11.39 g (Jit.™® m.p. 202-204°; [a]D +21°; AZOF 286 nmi
(22,400); Mot 5,73, 5.83, 6.05, 6.16, and 6.29 ).

Anal. Caled. for C;3HuO4: C, 75.34; H, 8.60. Found: C,
75.28, 75.48: H, 8.70, 8.71.

Another sample had nip. 201-202.5° [a]®Dp +20.6° Amax
290 mu (24,300),

6a,16a-Dimethyl-1-dehydro-17«-hydroxyprogesterone Acetate
(6d).—A mixture of 1.01 g. of 6b and 0.85 g. of 2,3-dichloro-
5,6-dicyanobenzoguinone (DDQ) in 50 ml. of benzene was heated
under reflux for 4.5 hr.  The suspension of solid was diluted with
50 ml. of methylene chloride and filtered. The filtrate was
furtber diluted with 160 ml. of ethylether and washed successively
with dilute aqueous sodium hydroxide solution, water, and
saturated sodium chloride solution. After drying over anhy-
drous magnesium sulfate and filtering, the solution was evapo-
rated ta dryness in vacuo to give an oily product. Chromatog-
raphy on neutral alumina® gave the partially purified 1-dehydro
compound (6b) which on reerystallization from acetone-hexane
afforded material of mi.p. 163-166°. Infrared analysis indi-
cated that this material was a mixture of 6d and starting 6b.

The material was therefore treated again with DDQ as above
for 17 hr. Isolation and chromatography as above gave an oil
which on 2 crystallizations from ether-hexane afforded the pure
material; m.p. 168-173°; a%D +21.7°; Amax 245 mu (15,800);
AECe+CR 573, 5.82, 5.00, 6.13, 6.21, 8.02, 11.20, 12.34, and
14.18 p.

Anal. Cal(‘d. for C25H3404I C, 7534, H, 8.60.
74.90, 75.09; H, 8.49, 8.56.

6,16 v-Dimethyl-1,6-bisdehydro-17«-hydroxyprogesterone Ace-
tate (7¢).—A mixture of 0.95 g. of 7Tb and 1.0 g. of DL @ in 50 ml.
of benzene was heated under reflux for £ hr. The suspension of
solid was diluted with an equal volume of methylene chloride
and filtered. The filtrate was washcd as above and dried and the
solvents were removed in vaclo to give an amorphous product.
A solution of this product in benzene was placed on a column of
neutral alumina® and the steroid eluted with mixtures of ben-
zene and Skellysolve B.  Mixtures of these solvents in the ratio
of 1:1 eluted 0.49 g. of the 1,6-bisdehydro compound (7d).
One crystallization from methylene chloride-Skellysolve B gave
.44 g., ni.p. 161-166°. Recrystallization from acetone-Skelly-
solve B afforded tle pure material; m.p. 161.5-163°; [«]¥D
—24.2°7 Npax 228 (12,000), 256 (8470), and 302 mu (11,540);
ACOHHOSE B 72 5.82, 6.01, 6.18, 6.28, 8,02, and 11.22 4.

Anal. Caled. for CyH;Q4q: C, 75.72; H, 813. Found: C,
75.43,75.35; H, 8.16, 8.07.

5a,60=0xido-16 o-methylpregnane-33,17«-diol-20-one  (10a).
A. From 54,6-Oxido-16-pregnen-33-0l-20-one Acetate (1). (a)
Alkylation and Enol Acetylation.—A mixture of 150 ml of
dry tetrahydrofuran and 20 ml. of 3 M etnereal methylmagne-
sium bremide solution was placed under nitrogen.  Ninety ml. of
the mi«ture was removed by distillation, the remaining mixture
cooled to room temperature, and 0.45 g. of powdered cuprous
chloride added. A solution of 11.20 g. of 1 in 80 ml. of tetra-
hydrofuran was added over a 5 min. period with stirring. The
mixture was allowed to stir at room temperature for 45 min. and
then a solution of 4 ml. of acetyl chloride in 40 nil. of tetraliydro-
furan was added quickly and stirring continued for 40 min.
Ninety ml of saturated aqueous ammonium chloride was then
added followed ty 100 nil. of ether. The organic layer was sepa-
rated, washed with 59 aqueous sodium bicarbonate followed by
saturated sodium chloride solution, dried, and evaporated in
vacuo to an oil, 13.7 g., which slowly crystallized; 29! 5.75,
5.92, 813, 821, and 11.50 u. The product was a mixture of
cis- and trans-5a,6x-0xido-16a-methyl-17(20)-pregnene-33,20-
diol diacetate (8).

(b) Epoxidation of c¢is- and (rans-5a,6a-Oxido-16a-methyl-
17(20)-pregnene-33,20-diol 3,20-Diacetate (8).—The mixture
of enol acetates (8) was treated with 75 ml. of a 0.44
N salution of perbenzoic acid in benzene at room temperature.
After 190 min. had elapsed, an aqueous solution of potassium
indide, sodium thiosulfate, and sodium bicarbonate was added.

Found: C,

6,16-DIMETHYLATED STEROIDS., 11 545

The organic layer was separated, washed with 59 aqueous so-
dium bicarbonate solution followed by saturated sodium c¢hloride
solution, dried, and evaporated in zacio to a partially crystalline
residue, 13.5 g., which consisted principally of a mixture of
cis- and trans-5a,6« :17«,20-dioxido-16«-methylpregnane-33,20-
diol diacetate (9); NSS! 5.74, 8.11, 11.50, and 11.60 p.

(¢) Alkaline Hydrolysis of the 5¢,6«:17,20-Dioxido-16«-
methylpregnane-33,2¢-diol Diacetates (9).—The misture of
diepoxides (9) above was placed in 250 ml. of methancl under
nitragen and a solution of 3 g. of potassiuni hydroxide in 200 ml.
of methanol added. The mixture was heated under reflux for
45 min., then cooled, and 10 nil. of glacial acetic acid added.
The solution was reduced in rucuo to about 679 of the ariginal
volume and diluted with 750 ml. of water. The resulting pre-
cipitate was removed by fiitration and washed vith wuter to
give 9.6 g. of crude 5q,6a-0xido-16a-methylpregnane-33,17«-
diol-20-one (10a), m.p. 198-202°. Several recrystallizations from
aquecus methanol raised the m.p. to 224-229° (210-225°,
nicroblock); [a]?D —87.1°; A\EPr 5,88, 12.53, and 13.3 g (lit.'s
m.p. 220-225°, alsa m.p. 245°).

Anal. Caled. for Cy,HuOy: C, 72.89; H, 9.45.
72.73,72.89; H, 9.48,9.63.

5a,6-0xido-16a-methylpregnane-33,17«-diol-2C-one 3-
Acetate (10b).—A 2.46 g. sample of (10a) (m.p. 213-221°) was
treated with a mixture of 15 ml. of pyridine and 15 ml. of acetic
anhydride overnight at room temperature. Dilution with
water (external cooling) gave crystals which were remaoved by
filtration, washed thoraughly with water, and dried in 1uevo.
2.79 g., m.p. 192-193°. Recrystallization from chloroform—
methanol gave 2.114 g, m.p. 193-195°, [a]?*p —77°.

Anal. Caled. for CoHs0s: C, 71.25; H, 8.97.
70.78, 70.50; H, 8.98, 8.88.

B. From 5,16-Pregnadien-33-0l-20-0one 3-Acetate (16-De-
hydropregnenolone Acetate) (16).—A 3.58-g. portion of 16-
dekydropregnenolone acetate (16) when carried througi. the se-
quence of reactions of ref. 19 gave 1.6 g. of crude 10a which
after recrystallization from acetone had m.p. 207-212° P
identical with material prepared above from 1.

5a,6a-0xido-16-methylpregnane-33,17«,203-triol (11a).—
To a solution of 1.09 g. of 10a in 30 ml. of tetrnhydrofuran and 10
ml. of water was added 0.160 g. of sodium borohydride. After
heating under reflux for 35 min., the reaction mixture vwas cooled
and 30 ml. of saturated sodium chloride solution added. The
tetrahydrofuran layer was separated and washed with £ portions
of saturated salt solution.®® The organic layer was then diluted
slowly with 180 ml. of water. An oil separated which co!idified
slowly. Filtration gave 5«,6a-0xido-16a-methylpregnane-38,-
172,20(a + B)-triol, m.p. 207-223°. Severul recrystahizations
of this material from acetone gave pure 1la, m.p. 233-236°
[a]®D —01.3°, AEP 12 55 and 13.3 1.

Anal. Caled. for CpHseOs: C, 72.49; H, 9.96.
C,72.48; H, 10.05.

50,6 x=0xido-16a-methylpregnane-33,17«.203-tricl 3-
Acetate (11b).—A solution of 1.924 g. of 10b (m.p. 193-193°)
in 38.5 ml. of tetrahydrofuran and 9.62 ml. bf water was trected
with £45 mg. of sodium borohydride. The mixture wus hent«d
to reflux for 40 min., then cooled to room temjersture, Sutu-
rated sodium chlaride solution (40 ml.) and tetrahiydrofuran
(35 ml.) were added and the tetrahydrofuran laver sepa-

Found: C,

Found: C,

Found:

(40) In earlier runs, the redhction mixture was warked np in the nshal
manner, as follows, After the reflux period. tlie excess sodinm borolyride
was destroyed by the careful addition of excess dilute aqhewus acetic arid.
The tetrahydrofuran was removed in vacuo to give a snspension of erystzallire
solid whicli, after further dilntion with water, was filtered. Tle salid wes
washed thoroughly with water and dried. rn.p. above 310°, )\,}‘\.'..' 6.55, 6.78.
and 11.57 g This materinlis believed ta he the cyclic borate ester derived
fron: 11a.

=

HC_ )
N
—OH

CH,

: O‘U:J/O

Treatinent of this high melting solid (1.1 &) with 0.5 g. of potassit hy-
droxide in 40 1nl. of 1etlhianol under reflnx for 15 min., concentration in vacuo,
and dilvtion witll water afforded crinde 11a, m.p. 202-209°. Tle infrared
spectruit was shbstantially identical with tlie material prepared above.



H46 CiRABER.

rieed, wished 4 times with saurated salt solution v nemralivy,
dried, aud evaporated to dryness o rorne (o give 204 g of
erystals: mup. 124-136°; AR 2,05, 580, and R.05 4; A0
28,078, and X1 w. Two recrystallizations from acetone-Skelly-
sibve B affarded 363 mg. of 11b: mnp. 160-171°1 {a]* —x3.49:
N CASUEO8, A TU R05, and 1200 4.

doal, Caled, for CoHudd:
C, 7O, THOG: H, 040, 956,

3,6 -0xido-16 x-methylpregnane-33,17x,203-triol 3,20-1)i-
acetate (1lc). A. From 1la.—A 0.700 g sample of 1la
carp. 210-214.5° aitained in 74, vield from 10a) was acety-
Lted with a misxture of 10wl of pyridine und 10 1l of acetie
anbvdride overnight at room temperature,  Dihition with water
gave a solid which was removed by filivation, washed thoroughly
wirl water, and dried ‘n raceo to give L8GL g0 (9047 of 1le,
e Fas-164.8° Phree reerystallizations from acetone-Skelly-
solve B afforded 0482 g0 ¢36¢ ) of canstant melting material,
Bep. FTLEE726%: [] 0 —41.4° AN 285, 2,78, and R.04 4.

el Caled, tor CuHaDg: € h‘.l,hl, 899 Found: O
TOGG, TEOG: H, 000, 04800

B. From 11b.--A 40.G-mg. smnple of 11b prepared diove,
prpr O AT was acetvlated in the nsual manner with 1.0 ml
waeh of pyridine ond seetic anhydride.  The produet, isolated
by precipitation with water, washing, and dryving, weighed 42.3
g, nep. 171-172.3°0 The mixtnre welting poim with 1le
prepaaed ahave fronr 18a waos 1712-173.1° wand the infrared
spectrn were superimposalhile. '

63.16-Dimethylpregnane-33,5.r,17,203-tetraol (12).---A

salution of 3,10 ¢ of 112 11 70 ml. of tetrabydrofuiran was heated
(o reflny il 55 1wl of 1 3 M solution of methyhuagnesinm bro-
mide i erher added aver w 5-min. veriod. Fifty b of tolnenc
wies added, 60 ml, of the salvent mixture remaved by distillation,
and the remaining mixture beated nnder reflux for 130 min.
While cooling, 80 ml, of saturnted agneaus amnonium chloride
solation was added.  The arganie Iiver was separated, wuashed
twice with saturated soditun chloride salation, dried, and evapa-
vcred e vavice b give erude 12 as a ervstalline solid, v 140-
4% Several reervetallizations from ethyl acetate gave pare
12, g 201-205° (microbloek), {a] ™ —32.4° (ethanol L

dued. Caled. for CoHuU: O 72590 H, HO.GO.
COTERS, THO6: H, 10.80, 1077,

17«.203-Isopropylidenedioxy-63,16 «-dimethylpregnane-33.5«-
diol €13at.—A suspension of 1O g of 12 in 0 ml of acetone was
treated with 0.2 1l of cancentrated hydrocblarie aeid and the
solintion eaved under reflux tor 5 min. The solid  dissolved
resedily oud vhe resnd ting sohiian was stored at room tenperature
Tor 16 hr. Bilution with water gove a solid which was remaoved
by filiro (ong washed to nentrdity with water, aud dried. Soe-
cessive ervstudlizotions from agnenns methanol and acetone
skellvealve B ogove the sauple for analysist mop. 117-210°;
L VI T _‘)' 7.09, 8,26, and 854 4.

ol Caled, tul :(.}{»;Hr(‘,,H.;H: C.
Fonned: C, 72497 - H, 1071, 1071

17a,206-lsopropylidenedioxy-b‘ﬁ,l6a-dimelhylpregnan-5a-

ol-3-one (13bj.—-A salution of crude 13a (prepared as abave)
wis oxidized with & N chramie acid in acetone in the nsual
nunner,  After o tatal elapsed time of 3 min., the reaction was
stapped by dilution with wqueons sadimn bisnlfite  solution,
Farther dilution with wicter wad extraction with ethyl acetate
gavie o solid, wip, 1HI5-1907 Reerystudlizecdtion fram accetane-
Skellvsolve B provided the sample for analysis: nip. 185-18%°
(nieroliloek s

00 H, o2 Foand:

Femnd:

TG0, HLab

Ja}n =200 AR 0 7T USR] S0, 700,
TOTOK2G, A, and S50 .
daal. Allul for CuadlnaOc-CuHa: O
Foand: O, 75021, 7027 H, 0,05, 10, 1L
17<.,20d Isopropvhdene(llon-(m.lba-dlmethyl 4-pregnen-3-
one 1141 —-A salution of 0.94 ¢ of 13b in 150 ml. of absalute eth-

A7 Ho O Hls.

11+ Congiderahile dithealty was alaesved in ohtaipipg satisfietory anoly G-
caldarh far rhissnbstonee. A sample ervstallized ane furtlier thne us abave,
pep. 171,41 . was sabsaitted to twa differenc gierognaly tical labars-
Cortes. The resilis were os fullu\\~: lohoracory A (suame as (hat shown
abaver:  Co6R.15, 8.5 11 872, st laharatary B: ) TUU38, 7047,
1 LG L T wverase of a)l (l.( dore shownis asfollows: €, 60.88; H.
HR DN

124 The AN voloe (ONC Gl for 11¢ ana 11b is = 133%, vhat for 11
wnd Tla s 4 LIT™ horh valnes iy sead agreooaert with the AMDb for sab-
sropee D wond s dineerate. See oepf. 2 Dages G141 -6 This establishes
the canlisnrnaon of 11a, 11b, wned 11c¢ a5 2038 oy =gibee the vields overall were
less Gran 5000 frog clee 20-Le e, this date o deely daes noc eseaddisle wirk
ceranry tho¢chisis (he confignroton of theyoojor redaction prodact.
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anol was flushed thoronghly with nitrogen and then 7.0 ml, o
0.1 ¥ aqueans sadinm hydroxide solbation added.  The mixture
was stared al roonn temperature for 458 hr. The alkali wos nen-
tralized by the addition of 1.0 ml of glicid acctic aeid ward (he
solution rechuecd i rueeo (o ca ome-tently of the arigingl volnne,
The prodiret was extracted with cihiv] aeetate and (he evanhined
extracls washed with ngneons sodiin bicarbowae solinion and
with satarated sodinn eliloride sohpion,  Atrer deving, the sal-
VOIT wis 1‘(‘mu\‘(‘d i omtera too give sanr amorpbons solid, A0
D07 anc 6.2 4.

The erude marerial was chromatagraplied an nentral aliming ™
The material brought thraugh with 2, 3, and 107 Lenzene in
Skellvsolve B was combined and erystallized thiree times fron
aquenns acetane to give the sample Tor analysis: m.p. 163-1697
(lni(l'ublm k i [u'““l» —1.3% A 242 g (1G,TA0 5 AL

295, (.21, T.00, 708, 8,23, $.49 (sh), and .55 u.
Anal. .1l<<l fonr CeHaOye € 770950 HL 1007,
COTS LG, TS HL 1025, 10,09
605,16a- Dlmelhylpregnane-fm.l7u-diol-3.20-dione 115,
A. Oxidation of 12 with NBA or NBS.—A ().701-g. sumple i the
(etral 112) was dissalved with warming in a mixtare of 83 il «d
acetane and 25 ml of water,  N-Bromosectamide (1,57 g.) wis
then added and the sohition stared o€ roon temperatare for 17
hr.  Bilntion with 500 b of water precipitated o solid whieh
wis extrieted witl 3 portions of ethyl acetate, The anmbined
extracts were washed twice with water, anee with satnrated
sodimu chlaride solution, dried, and evaporated to dryness I
pacno to give 080 g0 of a partially erystalline residue: A
2.8 (shy, 2.0, 588, and 5,02 (sh 1 g,

Aunather saple of 12 (10 g was oxidized as above wih
266 g, of N-bromosuecinimide i 12 mb of acetane and 35 ml.
of water.  Dilution with 830 ml of water precipitated a eryvsial-
line solid whicli was remaved hy filtration, washed thoroughly
with water, and dried i raene (o give L7660 g (774,) of 15,
g 2EEG-2167, infraved spectriny identieal with that prepared
above and showing uo charaetevistiec absorption in the ultra-
vinlet, A sammple was prepared for analysis by evvstallization
fron queans accetane: nLp. 21-U16% el —2070 AR
280 and A82 4 rER-4 (LG . 200-241°0 0 adn 207
)\:W":_'.-) SNGCARD, and 502 4

{,‘,h()l. A6 Hy oG4

Fomnl:

Anal, Caled. for € Fonmd:
CoT20N, 7207 Ho0.77 081

B. Oxidation with Flarobaclevinim dehydeogenans. A culuire
ol F ddbgpdrogenans ear, hydrolyticinm: (ATCC 139300 was
carried v skins of “gininho agar’ prepared as follows: agor (140
g.), veast pxtriet (5.0 go). heef extract (5.0 g5 protease peptane
(5.0 g.), sodimn chloride ¢5.0 g.), dextrase (1.0 g.3, and distilled
water ta make 1000 ml. The pH of this mixture was adjns(ed
1o 6.8 witl aguems sodium iydroxide before use.

A series of 300-ml. erlenmeyer flasks was prepared, each con-
taining 100 1l of the basal culture medimn prepared as follows:
venst exiriet (CHLO gy, KHLPO 649 g0, Na HPO, - THO (SR8 2,
and tap water (o nedke 1000 b Again the pH was adjusted o
(i.8 as above.

The flusks containing thie basal mediun were sterilized and ihen
each flask was inaculated with 1.0-wl. portions of an inocuhnm
prepared by washing a “gumbo agar’” slant with 10 kb of sterile
distilled water. The inoculated flasks were then  inenbated
for 72 Lir. at room temperainre (21.1-26.7°) an a platform-1ype
recipracal shaker ander canstant ithinination,

A 54.6-mg. sample of the tetrol (12) was dissolved in 15wl
of 053¢ eyt aleohol and added to 3 flasks o the Tillowing
smonnis: 1164, 116.4, 116.4, 116.4, and 0.0 mg.  Three enhnres
enmaining o total of 3128 mg, were inenbated under (he above
conditions e 3 davs and 2 cultures comaining 2328 e Tor T
days. The steroidal fermentation produets were isolnted Dy ex-
traction witly ethyl acetnte.  The 3 flasks fermented for & s
were caombined and extracted with three 100-ml. partions of erhyl
acetate using small amonnts of methanol 10 effect separation ot
the layers.  The combined solvent layers were washed twice with
water, with saturated sodium chloride solution, dried, and evapo-
rated 1o dryness in rucno to give 322.5 mg. of a partly erystalline
vellow residue.  The 2 flasks fermented for 7 days were combined
and extracted as abave 1o give 265.7 mg. of a similar residue.

The two pradinets were partially purified as follows. The
322.0 mg swnple was trented with e« 3.0 ml of carbon tetra-
ebloride. Tloe vellow  gnmny naterial dissolved leaving o
grannblie eryvsndbine residne which was vemoved by filtrcGo,
washed anee with carhon tetraehloride, and dricd 1o give 26001
g ol prodioet. This praducet after drving ar T8¢ Jic coenw



fi8.HH

July, 1964

weighed 230.2 mg., indicating solvation witli carbon tetrachloride
in the original sample. The 265.7-mg. sample on similar treat-
ment gave 183.6 mg. of partially purified produet which on dry-
ing weighed 168.0 mg. Infrared comparisons on the CCl
solvates showed these samples to be substantially identical
EPr 5.85-5.86, 12.7, and 13.2 » (CCL)], and to contain substantial
quantities of 68,16a-dimethylpregnane-5q,17a-diol-3,20-dione
(15).

6a,16«-Dimethylpregnane-38,5,63,17a-tetrol-20-one (22).
A. Alkylation-Enol Acetylation of 6-Methyl-5,16-pregnadien-
33-01-20-one 3-Acetate (19).—To 50 ml. of dry tetrahydrofuran
under nitrogen, there was added 8 ml. of a 3 M solution of methyl-
magnesinm bromide in ether. After removing 28 ml. of the mix-
ture by distillation and cooling to room temperature, 200 mg.
of cuprous chloride was added. A solution of 3.70 g. of 19
in 30 ml. of tetrahydrofuran was introduced in a 2 min. period
with stirring. The green mixture wuas stirred for 45 min. at
room temperature and then a solution of 1.5 ml. of acetyl chlo-
ride in 10 ml. of tetrahydrofuran was introduced. Stirring was
eontinued for 45 min. The reaction was quenched by the addi-
tion of 60 ml. of saturated aqueous ammoninm chlaride solution.
The organic layer was diluted with ethyl acetate, separated,
and washed {wice with saturated sodium chloride solution, dried,
and evaporated in vacio to an oily mixture of ¢is- and trans-
6,16-dimethyl-5,17(20)-pregnadiene-33,20-diol  3,20-diacetate ;
ACCH 5,74, 5.90, 8.1-8.2, 8.41, and 8.66 u.

B. Epoxidation of 6,16«-Dimethyl-5,17(20)-pregnadiene-33,
20-diol 3,20-Diacetate.—The crude cis—trans 3,20-diacetate
was dissolved in 30 ml. of chloraform and added to a stirred mix-
ture of 10 ml. of 40¢% peracetic acid and 1.0 g. of anhydrous so-
dium acetate. The reaction mixture was stirred for 5 hr. at
room temperature, poured into water, and diluted with methylene
chloride. The separated organic layer was washed with 5%
aqueous sodium bicarbonate salution, with water, and finally
with saturated sodiumn chloride solution, dried, and evaporated
in pacto to an amorphous solid (ASS,! 5.76, 8.13, 8.62, and 8.90 u)
which was a mixture consisting of cis- and frans-5«,6a :172,20-
dioxido-63,16-dimethylpregnane-33,20-diol 3,20-diacetate and
cis- and trans-58,68:17«,20-dioxido-6«,16a-dimethylpregnane-
33,20-diol 3,20-diacetate (20).

C. Alkaline Hydrolysis of the 5,6:174,20-Dioxido-6,16«-
dimethylpregnane-33,20-diol 3,20-Diacetates (20).—The mix-
ture of 5,6:17,20-diepaxides (20) above was taken up in 100 ml
of methanol to which was added a solution of 2.0 g. of potassium
carbonate in 25 ml. of water. The mixture was heated under
reflux for 45 min., then cooled, and 2 ml, of glacial acetic acid
added. After concentrating the mixture in racuo to ca. 209,
of the original volume, 200 ml. of water was added and the re-
sulting precipitate removed by filtration, washed, and dried to
give a mixture of 5a,6x-0xido-63,16«-dimethylpregnane-38,17a-
diol-20-one (21a) and 58,68-0xido-6,16a-dimethylpregnane-
33,17a-diol-20-one (21b); 2E¥ 2,90, 5.90, and 11.60 .

Crystallization from acetone-methanol-Skellysolve B mix-
tures gave colorless plates, m.p. 240.5-247° (melted at 235-
238° and resolidified), [a]®*p —66.2°, Moy 5.93 .  This material
wus assigned the 5«,6 ¢-o0xide structure (21a).

Anal. Caled. for CusHseQs: C, 73.36; H, 9.64.
72.93; H, 9.68.

Acetylation of a portion of the crude mixture (21a,b) with
acetic anhydride and pyridine in the usual manner provided
the mixture of the 3-acetates. Several crystallizations from
acetone-Skellysolve B gave flat needles; m.p. 156.5-159°;
[«]?®p —59.1°: A\EPI 5.78 (sh), 5.83, 7.91, and 8.03 ». This sub-
stance was assigned the 5a,6a-0xido 3-acetate structure (21¢).

dnal. Caled. for CyHyQ;: C, 71.74; H, 9.15. Found:
C, 71.39, 71.58; H,0.12, 0.35.

D. Hydrolytic Cleavage of the 5,6-Oxido-6,16a-dimethyl-
pregnane-33,17a-diol-20-ones (21a,b).—The sample of the
mixed 5«,6a- and 58,68-oxides (21a,b) was dissolved in 80 ml
of acetone.  Thirty ml of a 1 & aqueous perchloric acid solution
was added with stirring.  After 45 min. 1 L. of water was added
and the resulting suspension extracted with two 100-ml. portians
of ethylacetate. The extracts were washed with water, once with
5% aqueous sodium bicarbonate solution, and finally with satu-

Found: C,
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rated sodium chloride solution, dried, and evaporated in racio
to give 6a,16a-dimethylpregnane-38,54,63,17a-tetrol-20-one
(22), m.p. 130-135°. Recrystallization from acetone-Skelly-
solve B gave appuarently amorphous niaterial changing to a
mierocerystalline form at 131-1:9°, finally melting at 200-215°:
[a]®D —1L7° (dioxane); NS0T 2.90, 5.86, and 9.48 u.  Another
preparation obtained substantially as described above and erystal-
lized from aqueous acetone followed by acetone-Skellysolve B
had m.p. 235-242° (after nielting at 206-210° and resolidifica-
tion), [«]*n —12.0° (dioxane).

Anal.  Caled. for CyHiO5- H.O: C, 66.96; H, 0.77.
C, 66.89,66.90; H, 9.62, 0.62.

6a,16a-Dimethylpregnane-5«,63,17 a-triol-3,20-dione (23).—
To a solution of 2.4 g. of 22 in 25 ml. of pyridine was added a
solution of 1.8 g. of chromium trioxide in 1.8 ml. of water and
6 ml. of pyridine. The mixture was stored at room temperature
for 7.5 hr. and then diluted with water and ethyl acetate. The
two phase mixture was filtered through Celite and the residue
washed with water and ethyl acetate. The filtrate was separated
and the solvent layer was washed once with dilute hydrochloric
acid, with water, and with saturated sodium chloride solution.
After drying, the solvents were removed in vacuo to give a yellaw
solid, 2.0 g. Recrystallization from acetone-Skellysolve B gave
0.65 g. of needles, m.p. 225-232.5° (microblock). A further
crystallization from the same solvents raised the m.p. to 231.5-
234.5°; [a)*p —2.9° (dioxane); 527 2,90, 5.85, and 5.87 (sh) u.

Anal.  Caled. for CuHyiOs: C, 70.37; H, 9.24. Found: C,
69.99, 70.01; H, 9.41, 9.42.

Oxidation of the tetrolone (22) with & A" chiromic acid in ace-
tone gave the trioldione (23) in 43.57; yield.

Mass Spectrographic Analyses.—A number of the materials
described above were characterized further by means of their
mass spectrometric fragiientation patterns. The spectra of
compounds 1, 6a, 7a, and 16 have been described in detail pre-
viously.*® DBoth compound 10a and its 3-acetate (10b) showed
strong parent peaks at m/e = 362 and 404, respectively. Peaks
in the spectrum of 10a at m/e = 344 and 326 indicate the loss of
1 and 2 molecules of water. In the spectrum of 10b, strong
peaks at /e = 344 and 326 indicate the loss of ucetic acid and of
acetic acid plus water, respectively.

The 17a-ucetate esters 6b, 6d, 7b, und 7d all showed small
but distinct parent peaks at 7/e =400, 398, 398, and 396, respec-

Found:

tively. Other high mass peaks of interest are given in Table II.
Tapre II
Mass Peaks
I'ragment — — Compound— —
identity 6b 6d 7b 7d
Parent (M} 400 (3.9)¢ 398 (. 8) 398 (2.4) 396G (3.3)
3 -~ H:0 382 (4.1 380(3.0) 380 (3.7 378(2.0)
M — HOAc 340 (10.4) 388 (15.4) 338(8.7) 336(5.2)
M - |HOAe +
CHs] 322 (4.6) 321 (3.8)
M - [HOAe +
CHCO] 297 (100.0) 295 (85.0) 2975 (100.0; 293 (100.0)

“A-ring fragment"? 135 (100.0)

¢ The figures in parentheses are relative intensities us per cent
of the strongest peak. ? Fragment arising from cleavage of the
B-ring at Cy—C,y and Ce¢-C; with hydrogen transfer.
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(43) L. Peterson. Anal. Chem., 34, 1781 (1962). Coinpound NXVII of
this reference is 6a,16a-diinetlyl-17a-hydroxyprogesterone (6a), not the 643-
niethyl epitner as shown.



