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6,lb-Dimethylated Steroids. 11. Studies on the Synthesis 
of 6,16a-Dimethyl- 1 7 ~ -  hydroxyproges terones 1 
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nicdiate ( ;rigiiard complex. having -0AIgBr groups at  
Ca, Cb, and C2,), was not readily accomplished. SUI)- 
staiitial e~eesscs  of either acetyl chloride or acetic 
anhydride ~~-ei*c' rclcluired and, in spite of the vigorous 
conditions, the C1;-desoxy compound, B@, 16oc-dimethyl- 
pregnaiie-:ip,.i cu-diol-2O-onc 3-acetate,6 was subseyurntly 

(9) C/. K. Ilriislrr. . J .  I iebrle. C .  hleystre, €1. Ueberaasser,  1'. \ % ' i t ~ l > i i i , I ,  

110) E'OT a discrissiori uf tlie rationale o i  tliis syntlirtic. appriracli to  t i  Ili- 
(;. . inner ,  and  .\. \Yertstein, H c l c .  Cirim. Acta,  41, 2043 (1959). 

<linietliylate<l r o n ~ ~ ~ o ~ ~ n d s .  B W  rei. (i. 
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isolated as a minor by-product together with the de- 
sired 3,s-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- 
17a,20-epoxide triacetate (3) again as a mixture of 
cis-trans isomers. I x  S o  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 methaiiolic 
potassium carbonate effected saponification of the un- 
hindered 3- and 20-ester functions without attack on 
the highly hindered 5-acetate group.12 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 dimethyltriolone 3,5-diacetate (4b) was 
hydrolyzed in excellent yield with potassium bicarbon- 
ate in aqueous methanol to the 5monoacetate (4a). 
Oxidation with 8 N chromic acid-sulfuric acid in 
acetonex3 proceeded smoothly to the dimethyldioldione 
5-monoacetate (5 ) .  Acid-catalyzed eliminationI4 of 
the 3-acetoxy function occurred with concomitant 
epimerization of the 6B-methyl to the more stable 6a- 
configuration giving 6a,  16a-dimethyl-17a-hydroxypro- 
gesterone (sa). 

The 1Ta-acetate (6b) was prepared in the usual 
manner in acetic anhydride-acetic acid solution with 
p-toluenesulfonic acid catalysis. The 3,S-diendiol 
3, 17-diacetate7a initially formed was not purified but 
rather treated with methaiiolic hydrochloric acid for 
a short period. Selective hydrolysis of the 3-enol 
ester occurred to afford the desired cia, 16a-dimethyl- 
17a-acetoxyprogesteroiie. Similar treatment of 6a 
with caproic anhydride-caproic acid in the presence 
of p-toluenesulfonic acid gave the 17a-caproate (6c). 

6,16 a-Dimethyl-6-dehydro-17 a- hydroxyprogest eroiie 
(7a) was prepared by chloranil dehydrogenationx6 of 
6a. The corresponding 17a-acetate (7b) was pre- 
pared as described above for the parent compound. 
Finally, the 1-dehydro 17a-acetate (6d) and the 
1,6-bisdehydro 17a-acetate (7c) were prepared readily 
by the use of 2,3-dichloro-5,6-dicyan0beiizoquinone~~ 
from 6b and 7b, 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 an alternate sequence 
of reactions proceeding again from 5a,fia-epoxy-16- 

(11) Although attack of the 17,20-douhle bond froin the  rear or wside of 
the molecule predominates, trace formation of the  epimeric 17@,20-epoxides 
cannot be ruled o u t  cornpletely. For a n  i l luni inat ing discussion of the  cis- 
trans isomerism of similar pairs of 17,ZO-enol acetates as well as the  derived 
epoxides. see A. L. Nusshaum and F. E. Carlon. Tetrahedron, 8 ,  145 (1960). 

(12) T. H. Kritchevsky and T. F. Gallagher, J. A m .  Chem. Soc., 73, 184 
(1951); B. A. Koechlin, T. H. Kritchevsky, and  T. F. Gallagher, ibid. .  
189 (19511. 

(13) K. Bowden, I. M. Heilhron, E. R.  H. Jones, and B. C. L. Weedon. 
J .  Chem. Soc.. 39 (1946); A. Bowers, T. G. Halsall. E. R. H. Jones, and.&. 
J. Lemin. iiid., 2548 (1953). 

(14) D. Burn, B. Cooley, V. Pet ron ,  and G. 0. Weston, i b i d . ,  3808 (1959). 
(15) R. B. Turner ,  J .  A m .  Chem. Soc.,  74, 4220 (1952); 76, 3489 (1953); 

Huang-Minlon, E. Wilson, N.  L. Wendler, and M. Tishler, ibid., 74, 5349 
(1952). 

(16) E. J .  .\gnello and  G .  D. Laubach, ibid., 82, 1293 (1960). 
(17) 11. Burn ,  D. N.  Kirk, and V, Pe t roa ,  Proc. Chem. Soc., 14 (1960). 

dehydropregnenolone acetate (1). Although this route 
is somewhat longer, the over-all yields were superior; 
furthermore, the opening of the 5a,Ga-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 si tu  acetylation with acetyl chloride gave the 
5 a,6 a-epoxy- 16 a-methyl-1 i,20-enol diacetates (8). 
Under the mild conditions employed, no attack on the 
5,B-oxide was observed. 

AcO, ,CHJ AcO, ,CH, 
r- r. 

8 9 

i 
R,OCHCH, COCH, 

lla, I t I  = It2 = H loa, I< = H 
b, R i  = Ac; 112 = H 
c ,  It, = 112 = .4c 

b, 11 = Ac 

HOCHCH, COCH, 
1 

CHJ 
HO 

12 15 

Epoxidatioii of the 17,20-enol double bond of 8 
was accomplished with peracet’ic acid in buffered 
acetic acid solution as in the previous sequence. S o  
attempts were made to separate either the ci.s--trans 
enol acetates or the cis-tmns 17,20-epoxides (9). 
Hydrolysis of the ester functions of 9 with methaiiolic 
potassium hydroxide under mild conditions provided 
the 5 a, 6 a-epoxy- 16 a-methylpregnane-39, 17 a-diol-20- 
one (1 Oa) . l9 

For the vigorous Grignard opening of the 3a,6a- 
epoxide, the 20-ketone function required “pro- 
tection. ” This was accomplished by sodium boro- 
hydride reduction of the epoxydiolone (loa) to the 
epoxytriol (lla). The predominant product was 
assigned the 20P-configuration in agreement with the 
results of Sorymberski and In  addition, 

(18) See ref. 9 ;  also .\I. Sletzinger and  W. .\. Gaines. L-. 5. Patent 2,910,- 

(19) -1. Wettstein,  G. Anner,  a n d  J. Kebrle, U. 9.  Patent 3,055,887 

(20)  .J. K. Noryniherski and G. F. Woods, J .  Chem. Soc., 3426 (1955). 
(21) I t  i s  of some interest  t o  note t h a t  work-up of the reduction m i x t u r e i n  

Infrared evidenceled 
.\lkaline 

Revised work-up condi- 
See Experimental  sec- 

968 (1960). 

(1962). 

t h e  usual manner led to  a product ,  1n.p. above :300°. 
us to  postulate that  this product  was a 17a,20-cyr,lic borate ester. 
hydrolysis afforded the desired epoxytriol (lla). 
tions led directly t o  the  isolation of the epoxytriol. 
tion for f u r t h e r  details. 
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Since acid-catalyzed opening of both 5,6-epoxides 
was expected to lead to the same trans 5a,6@-glycol 
by way of diaxial opening, the mixture was treated 
with perchloric acid in aqueous acetone. The expected 
6 a, 16a- dimethylpregnaiie-3@,5a, 6/3,17a- 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 :<-ketone (23) 
which on treatment with hydrochloric acid in absolute 
ethanol led directly to 7a.31 

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

TABLE I 
CIALBERG h S A Y S  I S  11ABBITS 

Compound Potency" 

6b 55 
7b 130 
6d 10 
7c 120 

Ethinyltestosterone = 1 0. 

In thc 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 suppresioii 
and thymus involution. This effect, which appears 
to be specific for the rodent, has been noted earlier 
by others3 for 6 a-methyl-1 7 a-acetoxyprogesterone. 
-4 granuloma pouch t e ~ t ~ ~ a  demonstrated antiinflam- 

matory activity for 7b equal to ca. 40yc of that  for 
hydrocortisone. Sex reversal in the female rat f o e t ~ s ~ ~ b  
could not be detected even at  challenging dosages of 
0.23 mg. of 7biday for 6 days (15th through 20th day 
of pregnancy), either at birth or a t  sexual maturation 
of the offspring. 

E~perimental3~ 
6p,l6a-Dimethylpregnane-3@,5a,l7a-triol-2O-one 3@&- 

Diacetate (4b). A. Dialkylation-Enol Acetylation of 5 ~ , 6 ~  
Oxido-16-pregnen-3@-ol-2O-one Acetate (I).-To a well-stirred 
misture of 4.0 g. of cuprous chloride in 410 ml. of ethereal 
3 JI methylmagnesium bromide, was added a solution of 22.4 g. 
of 1 in 1050 ml. of toluene over a period of 13 min. The mixture 
was heated to reflus with continued stirring for 140 min. and then 
cooled and 150 ml. of acetic anhydrides6 added in 15 min. After 
30 min. a t  room temperature, the niisture was heated to 50-55" 

(31) The approximate over-all yields to  6a by the various processes de- 
scribed herein iiiay be cumpared as follons. 

. "- 
1 and 4b 1 and loa 16 and loa 

From diosgenin 1 . 7 %  10-11% 6 %  
I'rorri 16 8 . 6 %  21-24R 18% 

(82) .Ill bioassays by Endocrine Laboratories, Madison 1, Tf-is, 
( 3 3 )  I). .\. Holub. I'. H. Katm, and .J. \V. Jailer, Gndoci.inoZogy, 68, 173 

(1961) .  
(34)  (a) .\. Robert and ,T. E. Nezaniis. Acta Endocrinol . ,  26, 10.5 (1967); 

(b) G .  K. Suchowsky and K. Junkmann, Endoc~ ino logy ,  68, 341 (1961). 
( 3 5 )  Melting points are capillary melting points taken on a Hershberg 

apparatus unless otherwise specified and are corrected. Rotations were de- 
termined in chloroform solution a t  l '% concentration unless otherwise spaci- 
fied. Ultraviolet spectra were observed in 96% ethanol. Infrared spectra 
were determined routinely using a Beckman hlodel IR-5spectrophotometer. 
Those indicated as having been run  in both CClr and CS,, however, were de- 
t~riir ined on a Rt-ckman Model IR-4 spectrophotometer. in which case CClr 
uas  iised froiii 2.0-7.8 fi and CR? from 7 .8  to  1 5 . 0 ~ .  

Coinparative runs, however, indi- 
cated tha t  the use of acetic anhydride gare  somewhat better results on the 
basis of a critical comparison of the infrared spectra of the crude products. 

(86) .\cetyl chloride may also be used. 

for 3.5 hr. Saturated aqueous animonium chloride (700 nil.) 
was then added slowly with external rooling. The organic 
layer was separated, washed 3 times with water, and once with 
saturated sodium chloride solution, and dried, 37 and the solvent 
evaporated in mcuo to give an oil consisting of cis- and trans- 
6p,l6~-dimethyl-17(20)-pregnene-3p,5a,20-trioI 3@,5a,20-triace- 
tate (2),  A::) 5.77, 5.88 (sh), 8.11, 8.18, 8.41, 8.53, and 8.67 
p ;  A,,, 

B. Epoxidation of 6p,16a-Dimethyl-17(20)-pregnene-3p,5a,- 
20-triol 3,9,5a,20-Triacetate (2).-The oily triacetate (2)  above 
was taken up in 150 nil. o f  benzene and 170 ml. of a 0.37 N solu- 
tion of perbenxoica acid in benzene was added. After standing 
for 3 hr., the reaction misture was diluted with water containing 
potassium iodide and sodium thiosulfate. The organic. layer 
was separated and washed suwessively with 5% aqueous sodiuni 
bicarbonate solution, water, and saturated sodium chloride solu- 
tion, and dried, and the solvent evaporated in t " x o  to give the 
crude cis-trans epoxide mixture (3)  as an amorphous residue, 
A:>:? 5.77, 5.87 (sh), 8.11, 8.53, 8.67, and 8.88 p ;  A ~ Z ~ " "  5.74, 
8.03, and 1 1 . 6 0 ~ .  

C. Alkaline Hydrolysis of 17a,20-0xido-6p,16a-dimethyl- 
pregnane-3,9,5a,20-triol 3@,5a,2O-Triacetate (3).-The misture of 
cis and trans epoxides (3) was dissolved in 400 ml. of niethanol, the 
solution was heated to boiling, and a solution of 10 g. of potassium 
carbonate in 100 ml. of water was added. The reaction nuxture 
was heated under reflux for 90 niin., then cooled, and treated 
with 10 ml. of glacial acetic acid. After removing ea. 6754, of 
the original volume by evaporation in z"xo, water and ethyl 
acetate were added. The organic layer was separated and 
washed successively with water, 5yc aqueous sodium bicarbonate 
solution, and saturated sodium chloride solution. After drying, 
the solvent was removed by evaporation in z~acuo leaving the 
crude dimethyltriolone 5-monoacetate (4a) as an oily residue 
which could not be crystallized, 2.77, 2.86, 5.79, 5.87, and 
8.08 p. 

D. Acetylation of 6@,16a-Dimethylpregnane-3@,5~,17a-trioI- 
20-one 5-Acetate (la).-The crude 5-nionoacetate (4a) was taken 
up in 65 ml. of pyridine and treated for 20 hr. n.ith 15 ml. of acetic. 
anhydride. Water was then added and the resulting oil extracted 
with several portions of ethyl acetate. The organic estracts 
were washed succwsively with water, dilute hydrochloric acid, 
twice with water, and with saturated sodium chloride solut,ion. 
After drying, the solvent was evaporated in cvccto to give a foam 
which was redipsolved in 50 ml. of ether. Skellysolve B (300 
ml.) was added and the solution allowed to stand a t  7" for 22 hr. 
The crystalline solid which separated was removed by filtration, 
washed with Skellysolve R, and dried giving 4.7 g. (17%) of 
partially purified 3,5-diacetate (4b) ; A::: 5.79, 5.88, 7.89, and 
8.0 p. The solid was dissolved in benzene and the solution intro- 
duced onto a column of 200 g. of neutral alumina.38 Elution 
with 250-ml. portions of solvent was as follows: 15 portions of  
4: 1 Skellysolve B-benzene, 3 of 2 :  1 Skellgsolve R-benzene, 3 
of 1 : l  Skellysolve B-benzene, 4 of benzene, 3 of 19 : l  benzene- 
ether, and 3 of 1 : 1 benzene-ether. 

The residues from fractions 3 through 19 n-ere combined and 
recrystallized from a niixture of methylene chloride and Skelly- 
solve B to give 2.29 g. (8.2%) of 6p,l6a-dimethylpregnane- 
3p,5a,17a-triol-20-one 3p,5wdiacetate (4b), m.p. 205-210'. 
Successive recrystallizations from acetone and Skellysolve B 
mixtures gave material of m.p. 207-209", [ a I z 6 D  -26.5', A:.": 
2.89, 5.75, 5.80, 5.83 (sh), 7.83, and 8.00 p ;  A ~ ~ ~ + c s 2  2.74, 
2.85, 6.74,5.83,5.89, 8.01, and9.62p. 

Anal. Calcd. for CZ7Ha206: C, 70.10; H, 9.15. Found: C, 
69.74, 69.96; H,9.26,9.31. 

The residues from fractions 23 through 30 \\-ere c.onibined 
and recrystallized from :I mixture of methylene chloride and 
Hkellgsolve 33 producing 0.52 g. of 6p,l6a-dimethylpregnane-3p,- 
5a-diol-20-one %acetate, 11i.p. 242-247", [ a ]  35D +21.3°.6 

6p,l6~-Dimethylpregnane-3p,5~,17~-triol-20-0ne 5-Acetate 
(4a).-A mixture of 30 ml. of niethanol and 300 mg. of the 3,5- 
diacetate (4b) was treatcd with a solution of 200 rng. of potas- 

ccip-cs* 5.iO (sh), 5.75, 5.85, 8.02, and 8.15 p.  

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

(38) The neutral alumina used in this work was prepared as follows: 
hlerck reagent grade "alumina for chromatography" (alkaline) was sus- 
pended in ethyl acetate and allowed to  stand at  room teuiperature for 3 
days. I t  was then separated by filtration. waslied thoroughly 3 times with 
fresli ethyl acetate, and dried a t  8.5-90° for 16 hr .  a t  atniosplierir pressure. 
The  activity was ca.  3.5 on the Brockiiiann scale. 
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sodium bicarbonate solution and saturated sodium chloride solu- 
tion, dried, and evaporated in uacuo to an oil. This oil was taken 
up in 20 nil. of met,hanol and 0.2 ml. of concentrated hydro- 
chloric acid added. After standing for 2 hr. a t  room tempera- 
ture, 100 nil. 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] 26D +25.6' : 
A,,, 288 nip (25,000); A ~ ~ ~ ~ 4 - c s 2  5.73, 5.83, 6.00, 6.14, 6.30, 8.03, 
and 11.39 p (lit.ib m.p. 202-204'; [ a ] D  $21'; A::: 286 nip 
(22,400); A:::'5.73, 5.85, 6.05, 6.16, and 6.29 p ) .  

Anal. Calcd. for C2:Hs4O4: C, 75.34; H, 8.60. Found: C, 
75.28, 75.48; H, 8.70, 8.71. 

Another sample had m.p. 201-202.5", [ a ]  *6D +20.6", Anlax 
290 nip (24,300). 

6~,l6a-Dimethyl-l-dehydro-l7~-h~d~oxyprogesterone Acetate 
(6d).-A mixture of 1.01 g. of 6b and 0.85 g. of 2,3-dichloro- 
5,B-dicyanobenzoquinone (DDQ) in 50 ml. of benzene was heated 
under reflus for 4.5 hr. The suspension of solid was diluted a ith 
50 ml. of methylene chloride and filtered. The filtrate \!-as 
further diluted IT ith 100 ml. of ethyl ether and washed successively 
with dilute aqueous sodium hydroside solution, water, and 
saturated sodium chloride solution. After drying over anhy- 
drous nmgnesiuni sulfate and filtering, the solution was evapo- 
rated to dryness in z'acuo to give an oily product. Chromatog- 
raphy on neutral alumina38 gave the partially purified 1-dehydro 
compound (6b) which on recrystallization froni acetone-hexane 
afforded material of n1.p. 163-166". Infrared analysis indi- 
cated that this material was a mixture of 6d and starting 6b. 

The material was therefore t,reated again with DUQ 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"; aZin +21.7"; A,,, 245 mp (15,800); 
A,,,, 5.73, 5.82, 5.99, 6.13, 6.21, 8.02, 11.20, 12.34, and 
14.18p. 

Anal. Calcd. for cnj&,O~: C, i6.34; H, 8.60. Found: C, 
74.90, 75.09; H, 8.49, 8.56. 

6,16~-Dimethyl-1,6-tisdebydro-l7~-hydroxyproges~erone Ace- 
tate (7c).--4 misture of 0.95 6. of 7b and 1.0 g, of DEQ in 50 ml. 
of henzene was heated under reflux for E hr. The suspension of 
solid was diluted with an equal volume of methylene chloride 
and filtered. The filtrate !\-as washtd as above and dried and the 
solvents were removed in V ~ C I I O  to  give an amorphous product. 
A solution of this product in benzene was placed on a column of 
neutral alumina38 and the steroid eluted with mixtures of ben- 
zene and Skellysolve B. Mixtures of these solvents in the ratio 
of 1 : l  eluted 0.49 g. of the 1,6-bisdehydro compound (7d). 
One crystallization from methylene chloride-Skellysolve B gave 
0.44 g., n1.p. 161-166". Recrystallization from acetone-Skelly- 
solve B aftorded the pure material; m.p. 161.5-163'; [ . Y ] ~ ~ D  
-24.2': A,,, 228 (12,000), 256 (8470), and 302 mp (11,540); 
A,,, 

Anal. Calcd. for C,jH,,O,: C ,  75.72; H, 8.13. Found: C, 
75.43, 75.35; H, 8.16, 8.07. 

5~,6a-Oxido-16~-methylpregnane-3p,17ol-diol-ZO-one (loa).  
A. From S~,6a-Oxido-16-pregnen-3p-ol-20-one Acetate (1 ). (a)  
Alkylation and Enol Acetylation.--4 mixture of 1E0 ml. of 
dry tetrahydrofuran and 20 ml. of 3 -11 ethereal niethylniagne- 
sium b:trniide solution was placed under nitrogen. Kinety ml. of 
the mi.:ture JT-as removed by distillation, the remaining mi.x.ture 
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 a t  room temperature for 45 niin. and 
then a solution of 4 nil. of acetyl chloride in 40 nil. of tet'rahydro- 
furan was added quickly and stirring continued for 40 min. 
Sinety nil. of saturated aqueous ammonium chloride was then 
added followed bl- 100 nil. of ether. The organic layer was sepa- 
rated, waslied with aqueous sodiuni bicarbonate followed by 
saturated sodiuni caliloride solution, dried, and evaporated in 
U ~ C U O  to an oil, 18 . i  g., wliirh slowly car> 
6.92, S.13, X.21, and 11..50 p .  The product was a mixture of 
cis- and trans-~a,6a-oxido-l6cu-methyl-l7(20)-pregnene-3p,20- 
diol diacetate (8). 

(b) Epoxidation of cis- and t~ans-5a,6a-Oxido-l6a-methyl- 
17(20)-pregnene-3p,2O-diol 3,20-Diacetate (8).-The mixture 
of enol acetates (8) was treated with 75 ml. of a 0.44 
X solution of perbenzoic acid in benzene a t  room temperature. 
After 190 min. had elapsed, an aqueous solution of potassium 
iodide, sodium thiosulfate, and sodium bicarbonate was added. 

CCI4 +CE2 

CCIl  +CY2 5.i2, 5.82, 6.01, 6.18, 6.28, 8.02, and 1 1 . 2 2 ~ .  

The organic layer was separated, washed with 5% aqueous so- 
dium bicarbonate solution followed by saturated sodiuni chloride 
solution, dried, and evaporated in  i'aciio to a partially crystalline 
residue, 13.5 g., which consisted principally of a mixture of 
cis- and trans-5a,6a :17a,20-dioxid0-16a-methylpregnane-3p,20- 
diol diacetate (9 ) ;  A::: 5.74, 8.11. 11.50, and 11.60p. 

(c ) Alkaline Hydrolysis of the 5~~,6a:17~~,20-Dioxido-l6a- 
methylpregnane-3p,20-diol Diacetates (9).-The n i i t u r e  of 
dieposides (9)  above was placed in 250 nil. of methanol under 
nitrogen and a so!ution of 3 g. of potassium hydroxide in 200 nil. 
of methanol added. The niisture was heated under reflus for 
45 min.: then cooled, and 10 nil. of glacial acetic acid ad(!ed. 
The eolution was reduced in Z'UCIKJ to about 6 7 5  of the original 
volume and diluted n-ith 750 ml. of water. The resulting pw- 
cipitate n-as removed by fiitration and washed 17 ith water to 
give 9.6 g. of crude 5cu,6a-oxido-16a-methylpregnane-3p,l7a- 
diol-20-one (loa),  m.p. 198-202'. Several recrystallizations from 
aqueous methanol raised the m.p. to 224-229' (21%225', 
microblock); [ a I s 1 D  -87.1'; A::: 5.88, 12.53, and 13.3 p (lit.lg 
m.p. 220-22.5", also n1.p. 245'). 

Anal. Calcd. for Cp?H:40,: C, 72.89; H, 0.45. Found: C, 
72.73, 72.89; H, 9.48, 9.63. 

5cu,6a-Oxido-16~-methylpregnane-3p,l7~-diol-ZC-one 3- 
Acetate (lob).--A 2.46 g. sample of (loa) (m.p. 213-221") IVBS 

treated n i t h  a mixture of 15 ml. of pyridine and 15 nil. of :\retic. 
anhydride overnight at  room temperature. Cilution with 
water (esternal cooling) gave crystals v-hich tyere renioved by 
filtration, n-ashed thoroughly with water, and dried in ~ 7 ~ ~ ~ 0 .  

2.79 g., n1.p. 192-193". Recryst,allization froni cliloroforni- 
methanolgave2.114g., m.p. 193-195', [ a I 2 g ~  -77" .  

Anal. Calcd. for C24H36Oj: C, 71.25; H, 8.97. Found: C, 
70.78, 70.50: H, 8.98, 8.88. 

B. From 5,16-Pregnadien-3p-oI-ZO-one 3-Acetate (16-De- 
hydropregnenolone Acetate j (16).-A 3.58-g. portion of 16- 
debydropreFnenolone aret:tte (16) when carried throu;;;i, the se- 
quence of reactions of ref. 19 gave 1.6 6. of crude 10a which 
after recrystallization from acetone had m.p. 207-212', AI:: 
identical with material prepared above from 1. 

5~,6~-Oxido-16~-methylpregnane-3B,17a,2Op-triol ( l la ) . -  
To a solution of 1.09 g. of 10a in 30 ml. of tetra1iydrofur::n and 10 
nil. of water was added 0.160 g. of sodium borohydride. After 
heating under reflux for 35 min., the reaction mixture \;as rooled 
and 30 nil. of saturated sodium chloride solution added. The 
tetrahydrofuran layer was separated and n-ashed n-ith 2 portioiis 
(Jf saturated salt solution.4o The organic la!-er was then tii!uted 
slo\vly with 150 ml. of water. An oil separated which zolidified 
slowly. Filtration gave 50,6a-oxido-16a-methylpregnane-3p,- 
170,20(a + p)-triol, m.p. 207-223". Sever:rl recr!st:~liiz:itiotis 
of this material froni acetone gave pure l l a ,  n1.p. 233-236', 
[ a ]  31r1 -9l.3', A::: 12.55 and 13.3 p. 

Anal. Calcd. for Cn.H:,O,: C, 72.49: H, 9.96. Found: 
C, 72.48: H, 10.05. 

5~,6~-Oxido-16~-methylpr~gnane-3p, l~a ,20p-t~ ic l  3- 
Acetate (llbj.-&4 solution of 1.924 g. of 10b (n1.p. 193--19,7°) 
in 38.5 ml. of tetrahydrofuran and 9.62 ml. of water \'-as tre;>ted 
i..-ith E45 nig. of sodium borohydride. The rni:;ture )\:is heat. d 
to reflus for 40 min., then cooled to room tenrper::turf. 
rated sodium chloride solution (40 nil.) and tetraliydro 
(35 nil.) were added and the tetrahydrofnran 1:iyer Pep:i- 

(40) I n  earlier runs,  the reduction mixture u a s  aorlred 1111 in tlie i i s i i ~ l  
manner,  as follows. hfter the reflux period, the excess sudiwni huroliydride 
was destroyed by the careful addition of escess dilute ariueors i c e t i ?  a,~irl. 
The tetrahydrofuran was removed in cacuo to  air-e a susl.'ension of crystallire 
solid ah i r l i ,  after further diliition nit11 water, u-as filtered. TI10 solid ~ i ' s  
washed thoroughly nitli water and dried, r1i.p. above 310°, A!::: 6.55, 6 . i 8 .  
and 11.57 p .  This material is believed t r i  he tlie cyclic borate esrer derired 
froni lla. 

HAC, ,,H 
(2-9 
I B-OH 

I 
Treatment of this high ineltinr solid (1.1 g.) uitli 0.5 g. of potassiuiii I\?-- 
riroxide in 40 1111. of methanol under reflux for 15 ruin.. concentration zn vacuo,  
and diliition with water afforded crude l l a ,  m . p .  ?0%-209°. The infrared 
spectrum was substantially identical n i t h  tile material prepared above. 





weighed 230.2 nig,, indicating solvation with carbon tetrachloride 
in tlie original sample. The 265.7-mg. sample on similar treat- 
ment gave 1G.6 mg. of partially purified product which on dry- 
ing weighed 168.0 nig. Infrared comparisons on the CC1, 
solvates showed these samples to be substantially identical 
[A::: 5,85-5.86> 12.7, and 1 3 . 2 ~  (CC14)], and to  containsubstantial 
quantities of 6p,l6~-dirnetliylpregnane-5a,lia-dic11-~1,2O-dion~ 

6a,l6~-Dimethylpregnane-3p,5~,6p,l7a-tetrol-2O-one (22). 
A. Alkylation-Enol Acetylation of 6-MethyI-5J6-pregnadien- 
3p-01-20-one 3-Acetate (lS).-To 50 nil. of dry tetrahydrofuran 
under nitrogen, there \\-as added 8 nil. of a 3 N' d u t i o n  of rnethyl- 
magnesium bromide in ether. After renioving 28 ml. of the mix- 
ture by distillation and cooling to room temperature, 200 nig. 
of cuprous rhloride was added. A solution of 3.70 g. of 19 
in 30 ml. of tetrahydrofuran n-as introduced in a 2 min. period 
with stirring. The green mixture \\-as stirred for 45 min. a t  
room temperature and then a solution of 1.5 nil. of acaetyl c*hlo- 
ride in 10 ml. of tetrahydrofuran was introdured. Stirring IWS 

continued for 45 niin. The reaction was quenched hy tlie xddi- 
tion of 60 nil. of saturated aqueous aninioniuni chloride solution. 
The organic- layer w:is diluted ivith ethj-1 ac.etate> separated, 
and i\-:tshed twice with saturated sodium chloride solution, dried, 
and evaporated in V O C I ( O  to an oily mixture of cis- and fmns- 
6,16a-dimethyl-5,17( 20)-pregnadiene-36,2O-diol 3,2O-diacetate ; 
AT;'5.74, 5.90, 8.1-8.2, 8.41, and 8.66 p. 

B. Epoxidation of 6,16a-Dimethyl-5,17(20)-pregnadiene-3p, 
20-diol 3,20-Diacetate.-The crude cis-trans 3,aO-diacetate 
\\-as dissolved in 30 nil. of chloroform and added to a stirred niix- 
ture o f  I O  nil. of 4OC,C peracetic acid and 1.0 g. of anhydrous so- 
tliuni :wetate. The reaction mixture u-as stirred for 5 hr. at  
rooni temperature, poured into water, and diluted with methylene 
;.hloride. The separated organic layer was washed with 55; 
tiqueons sodium bicarbonate solution, with water, and finally 
with saturated sodium chloride solution, dried, and evaporated 
in me110 to an amorphous solid (A,",:: 5.76, 8.13, 8.62, and 8.90 p) 
which was a mixture consisting of cis- and l~ans-5a,6a :17a,20- 
dioxido-6@,16a-dimethylpregnane-3p,2O-diol 3,2O-diacetate and 
cis- and tr.ans-6&6@ :17a,20-dioxido-6a,l6a-dimethylpregnane- 
3p,20-dio13,20-diacetate (20). 

C. Alkaline Hydrolysis of the 5,6 :17~~,20-Dioxido-6,16a- 
dimethylpregnane-3p,20-diol 3,LO-Diacetates (2O).-The niix- 
ture of 5,6:17,20-diepoxides (20) above \\-as taken up in 100 ml. 
of methanol to x\-hic.h was added a sc~lution of 2.0 g. of potassium 
(*arbonate in 25 nil. of water. The mixture n-as heated under 
reflux for 45 niin., then c+ooled, and 2 nil. of glacial acetic acid 
added. After concentrating the mixture in I " ~ O  to ca. 2 0 5  
of the originnl volunne, 200 nil. of water was added and the re- 
sulting precipitate removed by filtration, washed, and dried to 
give a mixture of 5~,6a-oxido-6@,16a-dimethyIpregnane-3p,l7a- 
diol-20-one 121a) and 5p,6@-oxido-6~t,16a-dimethylpregnane- 
3pJ7a-diol-20-one (21b); A::: 2.90, 5.90, and 11.60 p. 

Crystallization from ac*etone-niethanol-Skellysolve 13 mix- 
tures gave c-olorless plates, m.p. 240.5-247" (melted at 235- 
238" snd resolidified), [aIz9~ -66.2", A:?: 5.93 p.  This niaterial 
!\-as assigned the 5a,6a-oxide structure (21a). 

Anal. Calcd. for C~aH36Oa: C, 73.36; H, 9.64. Found: C, 
72.93; H, 9.68. 

Acetylation of a portion of the (,rude mixture (21a,b) \\-it11 
acetic anhydride and pyridine in the usual manner provided 
the mixture of the 3-acetates. Several crystallizations from 
acetone-Skellysolve R gave flat needles: m.p. 156.5-159"; 
[aIz9~ -59.1'; A::: 5.78 (sh), 5.83, 7.91, and 8.03 p. This sub- 
stance n-as assigned the 5a,6a-oxido 3-acetate struc,ture (21c). 

Anal. Calcd. for C,:H&: C, 71.74; H, 9.15. Found: 
C ,  71.39, 71.58: H,!).l2, 9.35. 

D. Hydrolytic Cleavage of the 5,6-0xido-6,16a-dimethyl- 
pregnane-3p,l7a-diol-20-ones (2la,b).-The s:uiiple of the 
mixed 5a,6a- and 5P,6p-oxides (21a,b)  viis dissolved in SO nil. 
of  acetone. Thirty mi. of a 1 N aqueous perchloric acid solution 
was added with stirring. After 45 min. 1 1. of water was added 
and the resulting suspensioil extracted ivith tw(J 100-nil. portions 
of ethyl acetate. The extracts were washed with water, once wit11 
5% aqueous sodium bicarbonate solutiori, and finally with satu- 

( 1 5 ) .  

rated sodium chloride solution, dried, arid evaptrrated z't~ / ' O C U O  

to give 6a,16a-dimethylpregnane-3p,5a,6~,17a-tetrol-2O-one 
(22), m.p. 130-135". Recrystallization from acetone-Skelly- 
solve R gave apparently animphous niaterial [,hanging to a 
inicroc,rystalline form at 131-13!)", finally melting a t  20!)-215O : 
[a]?'% -10.7' (dioxane): ALt:' 2.00J 5.86, and 0.48 p. hnotlier 
preparation obtained substantially as described above and c-rystd- 
lized from aqueous acetone followed by ac,etone-Skellysc,Ive B 
liad 1i1.p. 235242"  (after nielting at  206-210O and resolidifica- 
tion), [ a ] %  -12.0° (dioxane). 

Alnal. Calrd. fur C,,H&i.H,O: C, 66.90; H, 9.77. Found: 
C, 66.80, 66.90: H, !).62,9.62. 

6a,16a-Dimethylpregnane-5a,6p,l7a-triol-3,2O-dione (23).- 
To a solution of 2.4 g. of 22 in 25 ml. of pyridine was :rdded a 
solution of 1.8 g. of cahroniiuni trioxide in 1.8 nil. of water and 
6 ml. of pyridine. The mixture n-as stored a t  romi temperature 
for 7.5 hr. and then diluted with water and ethyl acetate. The 
two phase niixture xvas filtered through Celite and the residue 
waslied witli water and ethyl aretate. The filtrate was separated 
and the solvent layer \wts washed onc'e wit11 dilute hydrocliloric 
ac>id, with water! and with saturated sodium chloride solution. 
After drying, tlie solvents were removed in I ' U C I I O  to give a yellow 
solid, 2.0 g. Recrystallization from acetone-Skellysolve B gave 
0.68 g. of needles, 1i1.p. 225-232.5" (niicroblock). A further 
crystallization from the sanie solvents raised the m.p. t o  231.5- 
234.5"; [ C Y ] ? ~ D  -2.9" (dioxane); At:: 2.90, 5.85, and 5.87 (sh) p. 

.Inal. Calcd. for C P ~ H S ~ O ~ :  C, iO.37; H, 9.24. Found: C, 

Oxidation of the tetrolone (22) with 8 A\- clironiic acid in ace- 
tone gave the trioldione (23) in 4:3.55 yield. 

Mass Spectrographic Analyses.-A nunilier of the materials 
described above were characterized further hy nieans of their 
niass spectrometric- fragmentation patterns. The spectra of 
compounds 1. 6a, 7a, and 16 have been desrribed in detail pre- 
v i ~ u s l y . ~ ~  Both compound 10a and its 3-acetate ( lob )  shoived 
strong parent peaks a t  m / e  = 362 and 404, respectively. Peaks 
in tlie spectrum of 10a a t  v l / e  = 344 and 326 indicate the loss of 
1 and 2 rnolecules of water. In the spectrum of lob, strong 
peaks a t  m / e  = 344 and 326 indicate the loss of acetic acid and of 
acetic acid plus water, respectively. 

The 17a-acetate esters 6b, 6d, 7b, and 7d all showed small 
but distinrt parent peaks a t  m / e  =400, 398, 39S, and 396, respec- 
tively. 

1, 70.01; H, 9.41, 9.42. 

Other high mass peaks of interest are given in Table 11. 

I'ragment r - ~ -  

identity 6b 
Parent [AI) 100(3 9 ) n  
31 - HzO 
AI - HO.\c 340 (10.41 
31 - [HO.ic + 
31 - [HO.'ic + 
".i-ring fragment"b 

382 (1, .5) 

CHI]  

CHICO] 2117 (100.0) 

a The figures in parentheses are relative intensities as per cent 
b Fragment arising from cleavage of the of the strongest peak. 

U-ring a t  c,-Clo and Cs-C7 mith hydrogen transfer. 
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(13) L. Peterson, A n d .  Chem. ,  34, 1781 (1962). Coiiipound S S V I I  of 
this reference is 6a,l6a-di~i~ethyl-lia-hydroxyprogesterone (6a), not the 613- 
methyl epimer as  shown .  


