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Stereospecific syntheses of 8~-methylcholestan-3p-ol-6-one acetate and 17-ethynyl-8a-methyltestosterone 
were accomplished. The synthetic scheme included a series of four reactions starting with steroid 5,7-dienes: hy- 
droboration to the A7-6a-01, Simmons-Smith addition to form the 7a,Sa-methano-6a-o1, Jones oxidation, and 
lithium in ammonia reductive ring opening t o  form the 8a-methyl-6-one. The configuration and conformation 
of the &-methyl compounds are discussed with the aid of spectral data. The 8a-methyl group was found to 
eliminate essentially all the androgenic and anabolic activities in standard biological tests. 

I t  has been well established that slight changes of 
the configuration of a biologically active molecule can 
vastly change its activitya2 This characteristic has 
been studied in detail with steroids, where the effects 
upon biological activity of changing the configuration 
of substituent53 attached to carbon atoms on the peri- 
phery of the steroid nucleus are well d~cumen ted .~  
However, the greatest changes in the overall shape of 
a steroid nucleus result from modification of the stereo- 
chemistry of the backbone of the molecule; of the back- 
bone atoms, CI-8 and C-9 cause the largest changes in 
molecular shape. 

Several syntheses of 8-iso4 and 9-is0 steroidssa have 
been reported but less has been done with regard to the 
placement of a substituent a t  these centers.5b Con- 
tinuing investigations of 8a-methyl steroid type anti- 
biotic@ have added interest in backbone substituted 
steroids. The preparation of an 8a-methyl steroid 
with other backbone carbon atoms possessing the nat- 
ural configuration. has been the basis of two studies.’ 
The direct methylation of a 7-keto-9(1l)-ene steroid 
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has been reported to yield an &-methyl derivative;* 
the stereochemical assignment (first given as 8/3)g is 
most likely correct but it is based upon tenuous spectro- 
scopic interpretation. Recently an Sa-methylestrane 
derivative was prepared by hydrogenolysis of a bicyclo- 
butane estrane precursor.1° This synthetic route in- 
volved a nonstereospecific addition of dibromocarbene 
to a 6-ene1 easily available only with ring-A aromatic 
steroids. The purpose of this present study was to 
develop a general, stereospecific synthesis of &-methyl 
steroids and then to evaluate such structural change 
upon hormonal activity. 

The introduction of an 8a hydrogen or 8a substit- 
uent makes the B/C ring juncture cis, greatly changing 
the shape of the steroid nucleus. With the A/B and 
C/D ring junctures remaining trans, either ring B or 
ring C must be in a boat or twist conformation in these 
8a steroids. In  the C-boat or twist conformers, there 
is extreme steric hindrance because of the C-18 and C- 
19 angular methyl groups while the B-boat or twist con- 
formers suffer only relatively minor hydrogen-angular 
methyl interactions. Thus, the B-boat or twist con- 
formations would be preferred. 

8a-methyl B boat &-methyl C boat 

The B-boat conformers have a shape quite different 
from normal 88 steroids, but the distance between C-3 
and (2-17 remains approximately the same; for testos- 
terone, 8-isotestosterone, and 8cr-methyltestosterone, 
this distance on Dreiding models is virtually identical. 
If the C-3 to (2-17 distance is important for biological 
activity, one would predict that 8a steroid hormones 
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would retain much of the androgenic and anabolic ac- 
tivities of their 8/? isomers. Indeed, Djerassi found that 
8-isotestosterone and 8-isoprogesterone have to 
the biological activity of the natural hormones." Cur- 
rent receptor theory suggests that androgenic and ana- 
bolic receptors contact the /? side of C-8 and that pos- 

(11) (a) C. Djerassi, H. Bendas, and A. Segaloff, J .  O m .  Chem., P i ,  1056 
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sibly the 8-is0 steroids maintain significant biological 
activity by reacting at the receptors as the nearly planar 
intermediate between the C-boat and B-boat conform- 

The introduction of the &-methyl group should 
affect this conformational situation and, in turn, the 
biological activity. However, it should be appreciated 
that drug-receptor interactions are not the only factors 
to be considered in studying androgenic and anabolic 
activities.11~ 

The general synthetic scheme followed was based 
upon previous findings in this laboratory and is shown 
in Scheme I. First, the methyl group was to be formed 
by a stereospecific reduction of the cyclopropyl ring of 
a 7a,8a-methano-B-one with lithium in liquid ammonia. 
In  such a rigid ring system as that of a steroid, the cyclo- 
propane bond that is better suited for the maximum T 
overlap in the transition state of the reduction12 is 
clearly the one leading to the formation of an 8a-methyl 
group. The required cyclopropyl ketone was to  be 
prepared from the related 6a alcohol, which in turn was 
to be obtained from the reaction of Simmons-Smith 
reagent (iodomethylzinc iodide) with the steroid 7-en- 
6a-01. The stereospecific nature of the Simmons-Smith 
reaction with 2-cyclohexenols is well established,Is the 
cyclopropane being formed on the same side of the mole- 
cule as the hydroxyl group. The desired steroid 7-en- 
6a-01 is known to be readily prepared by selective hy- 
droboration of a 5,7 steroid diene.I4 

The portion of this synthetic route to cyclopropyl 
ketone 4 has been reported previously in the choles- 
terol series,16 starting from the readily available steroid 
5,7-diene 1, but the experimental details were not given. 
I n  the present study, the reaction sequence was rc- 
peated and the yields obtained are given in Scheme I. 
The conversion of allylic alcohol 2 to cyclopropyl alco- 
hol 3 was accompanied by a large production of a non- 
polar side product which on the basis of detailed stud- 
ies with the corresponding androstane compound 10 
is certainly the product analogous to  12. (Reaction 
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conditions \veri? found during these studies which max- 
imized the yield of 11 while minimizing dehydration 

The cyclopropyl ketone 4 was reduced with lithium 
and ammonia, and the crude product reacetylated 
to yield 8a-methylcholestan-6-01~-3~-01 acetate (5 ) .  
The finding of a positive Cotton effect clearly corrobo- 
rates the 8a-methyl stereochemistry since 8p-6-keto 
steroids are known to possess a large negative Cotton 
effect.16 

17-Ethynyl-8a-methyltestosterone (19) was prepared 
from the readily available 5-androsten-17-one-3p-01 
(6). A variety of synthetic routes have been reported 
for the conversion of a steroid 5-ene to a 5,7-diene,which 
is the essential intermediate in the synthetic scheme. 
In  the present study, the conversion was achieved by a 
modified sequence. The corresponding 3p, 17/3-di- 
acetate of 6 was converted to the 7-ketone derivative 
7, in 75% yield, by oxidation with solid chromium tri- 
oxide-pyridine complex in methylene chloride .17 The 
ketone upon reaction with p-toluenesulfonylhydrazine 
in methanol without an acid catalyst gave the tosyl- 
hydrazone 8 in 78% yield. Treatment of this deriva- 
tive with lithium hydride in refluxing toluene18 yielded 
the 5,7-diene 9 in 70% yield. The overall yield of 4oy0 
compares favorably with yields obtained by the com- 
monly employed N-bromosuccinimide process. How- 
ever, the advantage of the present route is that the di- 
fficultly removed 4,B-diene is not a by-product. 

The diene was hydroborated and the resulting alcohol 
10 showed in the nmr the C-7 vinyl proton as the ex- 
pected singlet, consistant with a dihedral angle of 90" 
with the C-6 p proton.'* (Angular methyl groups ap- 
peared as expected at 6 0.87 and0.67.) This alcohol was 
found to be extremely sensitive toward dehydration 
with Simmons-Smith reagent. The reaction had to 
be run while keeping the reaction bath temperature 
low (35-38') and the amount of Simmons-Smith re- 
agent carefully controlled. With these precautions, 
cyclopropyl alcohol 11 and diene 12 were obtained in 
yields of 63 and 11%, respectively. The diene 12 was 
the major product when more Simmons-Smith reagent 
was used, or when the bath temperature was higher. 

Jones o ~ i d a t i o n ' ~  of 11 gave cyclopropyl ketone 13. 
The cyclopropyl ketone was reductively ring opened 
with lithium and ammonia, and the reaction product 
acetylated to give 8a-methylandrostan-6-one 3p, 17p- 
diacetate (14). Since in the boat or twist conformation 
the angular methyl group C-18 is farthest away from 
the groupings at C-5 and C-6, the highest field reso- 
nance at  6 0.93 can be assigned to it. KO definitive as- 
signment can be given to  the other two methyl group 
resonances since the exact conformation of ring B is 
not known. It is clear, however, that neither of the 
other two methyl nmr bands can be due to an @-methyl 
or the C-19 methyl group of an 80 steroid since either 
grouping would be expected to show a band at about 
6 0.80. In  agreement with this conclusion is the finding 
of a small positive Cotton effect in the CD of 14. As 
mentioned earlier, this is unlike the large negative 

Calif., 1965, pp 124-127. 

to 12.) 

(16) P. Crabbe, "Optical Roiary Dispersion," Holden Day, San Francisco, 

(17) W. G. Dauben, RI. Lorber, and D. S. Fullerton, J. Org.  Chem., 84, 

(18) L. Caglioti and P. Casselli. Chzm. Ind. (MMzZan), 559 (1963). 
(19) A .  Bowers, X. G. Halsall, E. R.  H. Jones, and A. J. Lemin, J .  Chem. 

3587 (1969). 

Soc., 2555 (1953). 

Cotton effect of 8/3 steroid 6-ones. Together, all these 
data indicate that the methylene bridge in cyclopropyl 
ketone 13 had to be CY as predicted and assigned. 

The reduction of the 6-ketone grouping in 14 with 
sodium borohydride was very slow, and as a result 
some hydrolysis (or reduction) of the acetate groups 
occurred. The reaction mixture was separated into a 
diacetoxy alcohol, two acetoxydiols, and a triol. It 
was found that these three materials could be selectively 
acetylated to  yield 15, indicating that the hydroxyl 
group at  C-6 is sterically hindered. Thus, in a pre- 
parative run, the crude mixture could be directly re- 
acetylated to give 15 in a total yield of 7970. No as- 
signment of the 6-hydroxy stereochemistry can be made 
on the basis of spectral data or mechanistic predictions 
since the presence of an &-methyl group and the B 
twist conformations can give similar environments to  
both sides of the molecule around C-6. 

Dehydration of the diacetoxy alcohol 15 with phos- 
phorus oxychloride in pyridine gave the olefin 16 as the 
exclusive product (one vinyl proton multiplet a t  6 5.35). 
The absence of any 6-ene product indicates that the 
hydroxyl in 15 possessed a p configuration since it is 
well established that dehydration of a 6/3-01 in a 5a ster- 
oid under these conditions gives a 5-ene as the exclusive 
(or predominant) product.20 Furthermore, equatorial 
(or pseudoequatorial) alcohols are known to dehydrate 
with d i f f i c ~ l t y , ~ ~  while the dehydration of 15 was 
accomplished easily a t  20". The exclusive forma- 
tion of the 5-ene may be also attributed to the 
fact that, when ring B is in a twist or boat conformation, 
no C-7 hydrogen atom can be trans coplanar with the 
leaving group. The assignment of a 6/3-01 configura- 
tion to 15 permits assignments of its three nmr methyl 
resonances, i . e . ,  6 0.92 to  (3-18 as discussed for 14; the 
most deshielded methyl group must be C-19 (1.40 6), 
leaving the 8a methyl to  be a t  6 1.08. 

The diacetate olefin 16 was saponified and the re- 
sulting diol oxidized with Jones reagent.Ig The initial 
product was apparently a mixture of the A 4  and As un- 
saturated ketones, but after alumina chromatography 
(activity 111), only the pure A 4  isomer, Sa-methyl- 
andro~t-4-ene-3~17-dione (17)) was obtained. The 
ultraviolet spectrum of 17 [uv max 250 nm ( E  14,100)] 
reveals interesting information about the conformation. 
Since both 8P and 8-is0 steroid A4-3-ones display max- 
ima at  242 nm,4 the &-methyl group must introduce 
extra strain into ring A. A similar abnormal bath- 
chromic shift has been reported for an 8a-methyl- 
lJ4-dien-3-one and attributed to a slightly twisted boat 
conformation which developed to relieve steric inter- 
action of the 8a-methyl group.22 A similar conforma- 
tion for 17 can be assumed. 

For biological testing purposes, 17 was converted to 
17-e t hynyl-8 a-me t h yl tes tos terone ( 19) via the mono ke- 
tal 18,2s by reaction with solid lithium acetylide- 
EDTA,24 and hydrolysis. 

(20) A. Schubert and C. Damker, J. Prakt. Chem., 4, 260 (1957); C. W. 
Shoppee and G. H. R. Summers, J. Chem. Soc., 1786 (1952). 

(21) The exception is when the carbon bearing the equatorial hydroxyl 
also bears a methyl group, in which case one of the methyl protons can line 
UP for a trans coplanar E2 elimination to give an exocyclic methylene. These 
topics are discussed in depth by D. N. Kirk and M. P. Hartshorn, "Steroid 
Reaction Mechanisms," Elsevier, New York, N. Y.,  1968, pp 101-111. 

(22) See ref 8; cf. R .  Bucourt, Bull. Soc. Chim. Fr., 2081 (1964). 
(23) H. J. Dauben, Jr., B. Ldken, and H. J. Ringold, J .  Amer. Chem., 

(24) J. W. Huffman and P. G.  Arapakos, J. Org. Chem., S O ,  1604 (1965). 
Soc., 76, 1359 (1954). 
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Results of Biological Testing. --Using standard tests 
on 17 and 19, it was found that the 8a-methyl group 
eliminates nearly all androgenic and anabolic activities 
found in the related 80-H steroids. Only in the case of 
8a-methylandrostenedione (17) was even slight andro- 
genic activity maintained. 

Experimental Section 
Microanalyses and mass spectra were obtained from the $1' I icro- 

chemical and Mass Spectrometry Laboratories, College of Chem- 
istry, University of California. Optical rotations were taken 
in chloroform, nmr spectra in CDCl3, and uv spectra in EtOH. 
Ir spectra were taken in chloroform and therefore may vary from 
expected CClr values by 5-10 cm-l. "Usual work-up" will be 
used to mean extraction of the crude reaction mixture with an 
appropriately large amount of ether and then washing the ether 
extract twice with 5% HC1, 573 KaHCOs, saturated NaCl, and 
water. Each group of washings was individually back extracted 
with ether before further washing of the parent ether solution. 
The ether solution was dried over magnesium sulfate and rotary 
evaporated to give a crude product which was chromatographed 
and recrystallized. Unless otherwise specified, column chroma- 
tographies were with Woelm neutral alumina (activity 111). 
Crystallizations were in a mixture of methylene chloride 
and methanol or (for alcohols) in methylene chloride and 
hexane. 

7-Cholestene-3p,6a-diol 3p-Acetate (2).-A solution of 10 g 
(0.023 mol) of 5,7-cholestadien-3p-ol acetate (1) in 200 ml of 
tetrahydrofuran was cooled in an ice bath. To this rapidly 
stirred solution under nitrogen was added dropwise 14 ml (0.014 
mol) of 1.0 iM diborane in tetrahydrofuran solution (Alfa Inor- 
ganics, Inc.). The ice bath was removed, and the solution was 
allowed to stir for 1 hr. The rapidly stirred solution was cooled 
in an ice bath, and 10 ml of water was carefully added, followed 
by 10 ml of 3 N NaOH and 20 ml of 15% HlOl solution. The ice 
bath was removed for 1 hr and replaced as 25 ml of 5% ferrous 
sulfate in 2% sulfuric acid was carefully added. The resulting 
solution was poured into 2.5 1. of ether. The ethereal extracts 
were carefully washed with acidic ferrous sulfate solution and 
worked up in the usual way to  give 7.2 g (69%) of 2 :  mp 141- 
144' (lit.16 mp 143-144'); ir 3400, 1725, 1250 cm-l; nmr 6 5.2 
( s ,  1, C-7 vinyl proton with singlet characteristic of a dihedral 
angle of 90' with the proton at  C-6), 3.75 (m, 1, proton on C-6), 
4,6 (m, 1, C-3proton). 
7a,8ol-Methanocholestane-3p,6a-diol 3p-Acetate (3).-To 350 

ml of anhydrous ether was added, with stirring, 7.5 g of methyl- 
ene iodide and 14 g of zinc-copper couple (freshly prepared by 
the method of FriedrichZ5). After two tiny crystals of iodine 
were added, the solution was stirred for 30 min a t  reflux. At the 
end of that time, the bath temperature was reduced to 35-38'. 
A solution of 7.0 g (0.016 mol) of 2 and 12.5 g of methylene iodide 
in 1 1. of anhydrous ether was added over 30 min. The mixture 
was stirred at  35' for 17 hr; then further portions of 7.0 g of zinc- 
copper couple and 6.6 g of methylene iodide were added. The 
mixture was stored for an additional 8 hr, 25 ml of saturated am- 
monium chloride was slowly added, and the usual work-up (but 
omitting acid wash) was followed. Chromatography of the crude 
product on Woelm basic alumina (activity 111) gave 3.0 g (44%) 
of 3: mp 177-178' (lit.16 mp 167-171'); ir 3400, 1725, 1230 
cm-l; nmr 6 3.70 (m, 1, proton on C-6), 0.2 (m, cyclopropyl 
protons). A major nonpolar side product was seen on tlc but not 

(25) L. Friedrich, Thesis, University of California, Berkeley, 1966; cf. 
R. E. Shank and H. Schechter, J .  070. Chem., 24, 1825 (1959). Friedrich's 
modification: "Into a 250-ml Erlenmeyer flask were placed 49.2 g of zinc 
dust and a large teflon magnetic stir bar. The zinc dust was washed with 
four 40-ml portions of 3% aqueous HC1. During each wash, the mixture 
was stirred vigorously for 1 min. The zinc was washed in the same manner 
with seven 100-ml portions of distilled water, and after the fifth wash the 
porous-looking zinc became a dense powder again. It was then washed with 
two 75-ml portions of 2% aqueous CUSOI  (HzO)a and six 100-ml portions 
of distilled water. After the fifth water wash, the material became a powder 
again. The zinc-copper couple was finally washed with four 100-ml portions 
of absolute ethanol and five 100-ml portions of anhydrous ether, and the last 
traces of ether were removed by a slow nitrogen stream passing over the 
couple'a surface. The couple was stored over PzOs under vacuum and used 
within 1 day of preparation." 

identified. On the basis of studies while making 11, the material 
is certainly the diene corresponding to 12 .26  
7~t,8~u-Methanocholestan-3p-ol-6-one Acetate (4).-TO a solu- 

tion of 1.5 g (3.0 mmol) of 3 in 600 ml of acetone a t  room tem- 
perature was added 1.8 ml of Jones reagent'' with rapid stirring. 
The resulting solution was stirred for 10 min, and 5 ml of meth- 
anol was added dropwise to destroy excess Jones reagent. The 
usual work-up (but omitting the acid wash) was followed, in- 
cluding chromatography over basic alumina (activity 111) to 
give 1.25 g (84%) of 4: mp 167-169' (lit.15 165-168'); uv 
max 206 nm (t 6000); ir 1685,1725, 1250 cm-1. 
8~~-Methylcholestan-3P-ol-6-one Acetate (5).-To 350 ml of 

dry27 distilled liquid ammonia was added 0.2 g (0.028 mol) of 
lithium wire, and to the resulting blue solution which had been 
stirred for 20 min was added 1.0 g (0.014 mol) of anhydrous tert- 
butyl alcohol, followed by 1.25 g (3.0 mmol) of 4 and 1.0 g (0.014 
mol) of anhydrous tert-butyl alcohol in 225 ml of anhydrous ether 
over 10 min. The resulting solution was stirred for 30 min under 
nitrogen and then 50 ml of saturated ammonium chloride solu- 
tion was very carefully added dropwise, followed by 200 ml of 
glyme. The Dry Ice condenser and Dry Ice bath were removed 
and the ammonia was allowed to evaporate. The remaining 
glyme mixture was extracted with 3 1. of ether and worked up 
in the usual way. The crude product was dissolved in 25 ml of 
anhydrous pyridine containing 4 ml of acetic anhydride and the 
solution was heated on a steam bath for 1 hr. The usual work-up 
gave 550 mg (44%) of 5: mp 150-161°; ORD ( c  0.067, diox- 
ane)Z* [*]a17 $751°, [@lns6 +217'; [a126~ $17' ( c  0.184); ir 
1725, 3250, 1708 cm-'; nmr 6 1.26 (news, 3). 

Anal. Calcd for CsoH600a: C,  78.55; H, 10.99. Found: 
C, 78.57 H, 11.03. 
5-Androstene-3p,l7p-diol 7-Tosylhydrazone 30,17p-Diacetate 

@).-In 2 1. of methanol was dissolved 93 g (0.24 mol) of 5- 
androsten-7-one-3p,l'lp-diol diacetate (7)1712' and 100 g (0.54 
mol) of p-toluenesulfonylhydrazine. The solution was refluxed 
for 5 hr under nitrogen and cooled, and the solvent was rotary 
evaporated at  30'. The resulting yellow oil was dissolved in 
2 1. of methylene chloride and quickly washed through neutral 
alumina (activity 111) with methylene chloride. The methylene 
chloride was rotary evaporated and the crude, oily product slowly 
crystallized to yield 105 g (7870) of 8 in three crops. (Rapid 
crystallization produced crystals contaminated with tosylhy- 
drazine, which significantly lowers the yield of diene in the next 
step. The tosylhydrazine can be seen on tlc with phosphomolyb- 
dic acid, but is unstained by acidic ceric sulfate. Using less 
tosylhydrazine in the reaction gave much unreacted 8.) The 
melting point of 8 is 201-203' dec; ir 3300 small peak, 1650 d ,  
1720, 1250 cm-1; nmr 6 2.0 (8, 6, acetate), 4.7 (m, 2, C-3 and 
C-17 protons),aO 7.2 and 7.7 (two d of d, 4, tosyl group aromatic 
protons), 6.1 ( 8 ,  1, vinyl). 

Anal. Calcd for C ~ O H ~ ~ O ~ N Z S :  C, 64.51; H, 7.16. Found: 
C, 64.45; H, 7.18. 

5,7-Androstadiene-3p,l7p-diol 36,17p-Diacetate (9).-A solu- 
tion of 105 g (14.4 mol) of lithium hydride and 105 g (0.19 mol) 
of 8 in 4 1. of toluene was refluxed under nitrogen for 8 hr.u 
The solution was cooled and filtered through a sintered-glass 
funnel into a suction flask containing 200 ml 5% of sulfuric acid. 
The funnel was washed with toluene and anhydrous ether.*I 
The toluene-ether solution was rotary evaporated to 2 1. and 
worked up in the usual way, chromatographed, and crystallized 
to yield 44.3 g (67%) of 9 - 8 2  The properties of 9 are mp 128- 
131' (lit.83 mp 132') and uv max 270, 280 nm (e 10,500); no ab- 
sorption at  230-240 nm was seen in the crude product or mother 
liquor of 9,  indicating no 4,6 diene product. 

(26) The procedure for making 11 was carefully developed so that  the 
Thus, yield of cyclopropyl alcohol was high while keeping diene yield low. 

the procedure for 11 is recommended to be followed for making 8. 
(27) The ammonia must be dry to minimize reduction of the ketone. 
(28) For comparison with 14, this ORD corresponds to a C D  of (81aao = 

4-441. 
(29) H. J. Ringold, J .  Amw.  Chem. Soc., 82,961 (1960). 
(30) These absorptions appear for all the steroid acetates and will not be 

listed again. 
(31) The large amount of recovered lithium hydride can be safely de- 

stroyed by suspending i t  in l l. of hexane and adding methanol, dropwise, 
over 3 days. 
(32) Another 3.5 g of 9 was obtained by treating the dried mother liquor 

of 8 with lithium hydride in the same manner, bringing the total yield of 
diene 9 to 47.7 g or 40% from olefin 6. 
(33) R. Butenandt, Be?., 71, 1316 (1938). 
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7-Androstene-3p,6a,17p-triol 3p, 176-Diacetate (10) .-In 4 1. 
of tetrahydrofuran was dissolved 45 g (0.12 mol) of diene 9 
under nitrogen, and the mixture was cooled in an ice bath. To 
this rapidly stirred solution was added dropwise 100 ml (0.1 
mol) of 1.0 M cliborane in T H F  solution. The ice bath was 
removed, and the solution was allowed to stir for 1.5 hr. The 
rapidly stirred solution was cooled in an ice bath, and 50 ml 
of water was carefully added dropwise, followed by 9 ml of 5% 
NaOH solution. The 57, base solution was thereafter added 
dropwise until the pH of the reaction mixture reached just 9-10 
as indicated on moist wide-range pH paper. (Excess base re- 
duces the yield of 10 through saponification.) To the alkaline 
solution was added 60 ml of 15y0 hydrogen peroxide, and the pH 
of the mixture wa,s checked again and adjusted if necessary. The 
ice bath was removed and the solution stirred under nitrogen for 
1 hr. Acidic ferrous sulfate was added dropwise to the cooled 
mixture and work-up proceeded as with 2.  The yield after chro- 
matography was 31 g (76Y0 based on recovered diene) of 10 
as amorphous dried flakes (one spot, tlc) and 5.6 g of recovered 
diene 9. Product 10 resisted all attempts a t  crystallization, 
even after preparative tlc. The spectral properties of 10 are 
ir 3400, 1720, 1250 cm-1; nmr 6 5.15 (s, 1, C-7 vinyl proton with 
singlet characteristic of a dihedral angle of 90' with the proton at  
C-6),14 3.75 (m, I, proton on C-6), 0.87 (s, 3, C-19 methyl), 0.67 
(s,3, C-18 methyl): 

Anal. Calcd C23H~406: mle 290.2406. Found: mle 
290.2406. 

7a:,8a-Methanoandrostane-3p,6p,17p-triol 30,17p-Diacetate 
(Il).-The following is the procedure found to maximize the 
yield of 11 while keeping the yield of diene 12 minimized. To 1.5 
1. of anhydrous ether was added 8 g of fresh zinc-copper 
couple,25 33 g of  methylene iodide, and three tiny crystals of 
iodine. The mixture was refluxed for 45 min and then 14.1 g 
(0.048 mol) of 10 in 150 ml of anhydrous ether was added in one 
portion. The bath under the reaction was maintained at  35-38' 
for 24 hr, causing a very slow rate of reflux. At the end of this 
reflux period, a solution prepared by refluxing 33 g of methylene 
iodide, 8 g of zinc-copper couple, and three tiny crystals of 
iodine in 100 ml anhydrous ether for 45 min was added to the re- 
action mixture. The bath was maintained at  35-38' for an ad- 
ditional 24 hr, and 15 ml of saturated aqueous ammonium chlo- 
ride was added to the cooled solution. Usual work-up (but 
omitting acid wash), chromatography on basic alumina (activity 
111), and crystalllization gave 9.1 g (637,) of 11 and 1.4 g (llojo) 
of diene 12. Theproperties of 11 are mp 221-222'; [ a ] ? 6 ~  $43' 
(c 0.105); ir 3400, 1725 cm-l; nmr 6 0.3 (broad m, 3). 

Anal. Calcd for C Z ~ H &  (11): C, 71.26; H,  8.79. Found: 
C, 71.19; H,  8.95. 

The properties of diene 12 are mp 150-151'; [ a I z 8 ~  $162' (c 
0.10); uv max 248 nm (e 23,500); ir 1725 cm-1; nmr 6 6.1 (d of 
d, 1, J = 3 , 9  Hz), 5.3 (d of d ,  1, J = 3 , 9  Hz), 0.85 (s, 6, angular 
methyls ) . 

And.  Calcd for C~3Ha204 (12): C, 74.16; H, 8.66. Found: 
C. 74.07: H .  8.76. 
'7a,8~~-'Methanoandrostane-3p,l7p-diol-6-one 3p,l7p-Diacetate 

(13).-In 11. of acetone was dissolved 9.5 g (24 mmol) of 11 and 
the mixture was cooled in an ice bath. To the cooled solution 
was added dropwise 10.0 ml of Jones reagent.18 The ice bath 
was removed, the mixture was stirred for 10 min, B ml of meth- 
anol was added, and reaction mixture was stirred for an addi- 
tional 2 min. The reaction was worked up in the usual way (but 
with no acid wash) and chromatographed over basic alumina 
(activity 111) to yield 6.2 g (63%) of 13: mp 174-175'; [aIz66n 
0' (c 0.129); uv max 205 nm (e 6100); ir 1725, 1685, 1250 cm-'; 
nmr 6 0.83 ( s ,  6, angular methyl groups). 

Anal. Calcd for CzdHa4Oa: C,  71.61; H,  8.51. Found: 
C, 71.61; H ,  8.46. 
8a-Methylandrostane-3,t?,17@-diol-6-one 3p, 17p-Diacetate (14). 

-Following the procedure for 5, 3.5 1. of anhydrous ammonia 
was distilled and to it was added 1.5 g (0.21 g-atom) of lithium 
wire. The lithium in ammonia solution was stirred for 20 min 
and 5.0 g (0.067 mol) of anhydrous tert-butyl alcohol was added, 
followed by a solution of 5.0 g (0.012 mol) of 13 and 10.0 g 
(0.135 mol) of anhydrous lert-butyl alcohol in 200 ml of anhy- 
drous ether and 15 ml of anhydrous hexane. The solution of 13 
was added over 10 min, the resulting mixture was stirred for 30 
min, and 50 ml of saturated aqueous ammonium chloride solution 
was very carefully added dropwise, followed by 200 ml of glyme. 
The Dry Ice condenser and Dry Ice bath were removed, and the 
ammonia was allowed to evaporate. The remaining glyme mix- 

ture was processed in the usual fashion, and the crude product 
was acetylated as in the procedure for 5 and column chromato- 
graphed to give 2.5 g (50%) of 14: mp 224-225'; [aI266n +9' 
( c  0.129); CD (c 0.089, dioxane) [8]298 +SO; ir 1708, 1725, 1250 
cm-1; nmr 6 1.21 (s ,  3), 1.06 (s, 3), 0.93 (s, 3). 

Anal. Calcd for C~~H~GO: , :  C, 71.26; H, 8.97. Found: 
C, 70.97; H ,  8.88. 
8~-Methvlandro~tane-34.64,17B-triol 34,17&Diacetate (151.- 

To a solution of 1.4 g (3.5 mmol) of 14 in 3.5 1. of distilled ethanol 
under a nitrogen atmosphere and at room temperature there was 
added 75 mg (2.0 mmol) of sodium borohydride. The solution 
was stirred for 6 hr, an additional 70 mg (2.0 mmol) of sodium 
borohydride was added, and 14 hr later, another 65 mg (1.7 
mmol) was added. Less stirring time left unreacted ketone. 
After 3 hr of additional stirring, 50 ml of 57, HC1 was added, 
and the resulting ethanol solution was rotary evaporated at  35' 
to 200 ml. The resulting solution was worked up in the usual 
way and the crude product was chromatographed over neutral 
alumina (activity IT-) to give 750 mg (5270) of 15. In addi- 
tion, 210 and 96 mg of two diol monoacetates were collected, 
as well as 180 mg of a triol. These side products were indi- 
vidually dissolved in 20 ml anhydrous pyridine and acetylated 
with 1 ml of acetic anhydride by stirring at  room temperature 
under nitrogen for 5 hr. Individual work-up of each and chro- 
matography over neutral alumina (activity IT') gave 15 in each 
case, 350-mg total, bringing the combined yield of 15 to 1.1 g 
(79%). The properties of 15 are mp 169-170'; [a]"D -54' 
(c 0.090); ir 3400, 1725, 1250 cm-l; nmr 6 1.40 (s, 3), 1.08 (s, 3), 
0.92 (s, 3), 4.0 (m, 1). 

Anal. Calcd for C&&: C, 70.90; H, 9.42. Found: 
C, 71 -12; H ,  9.65. 
Sa-Methy1-5-androstene-3p,17p-diol 3@,17p-Diacetate (16).- 

To an ice-bath cooled solution of 1.2 g (3.0 mmol) of 15 in 34 
ml of pyridine was added 9.6 ml (26 g, 0.017 mol) of phosphorus 
oxychloride. The ice bath was removed and the mixture was 
allowed to stir under nitrogen at 20' overnight. Water was 
very carefully added dropwise to the mixture, and the reaction 
was worked up in the usual manner to give 1.023 g (897,) of 
16: mp 181-182'; [a]26~ 0' (c 0.149); ir 1725, 1250 cm-1; 
nmr S 5.32 (m, l ) ,  1.22 (s, 3), 1.00 (s, 3), 0.89 (s, 3). 

Anal. Calcd for Cz&H&: C, 74.19; H,  9.34. Found: 
C, 73.93; H, 9.25. 
8a-Methyl-4-androstene-3,17-dione (17).-To 900 mg (2.3 

mmol) of 16 in 2.3 1. of methanol was added 1.0 g (17 mmol) of 
potassium hydroxide in 50 ml of methanol containing 2 ml of 
water. The resulting mixture was refluxed under nitrogen for 
3.25 hr, after which 25 ml of saturated sodium chloride was 
added, and the methanol solution was rotary evaporated at  35' 
to 200 ml. Usual work-up, with last traces of water in the crude 
product removed by rotary evaporation of a benzene azeotrope, 
gave 580 mg (82%) of crude diol 15b, mp 156-173'. The diol 
was oxidized with 60 ml of chromium trioxide-pyridine complex 
methylene chloride solution (6.0 g of chromium trioxide, 9.49 g of 
pyridine, in 150 ml of methylene chloride).34 Usual work-up gave 
520 mg of crude product which showed two major products on tlc. 
Chromatography and crystallization gave 410 mg (857,) of 
17: mp 164-165'; [a]*6n +220° (c 0.083); uv max 250 nm 
(e 14,100); ir 1730, 1655 cm-l; nmr S 6.0 (s, I ) ,  1.35 (s, 3), 
1.11 (s, 3), 1.08 (s, 3). 

Anal. Calcd for C20H2802: C, 79.96; H ,  9.39. Found: 
C, 79.77; H ,  9.46. 
Sa-Methy1-4-androstene-3,17-dione 3-Ethylene Ketal (18).- 

A solution of 100 ml of 2-methyl-2-ethyl-1 ,3-dioxolaneZa in 500 
ml of n-hexane was passed through 250 g of basic alumina (activ- 
ity 111). By this procedure, less than 0.5% ethylene glycol re- 
mained in the ketal after the hexane was rotary evaporated. In  
30 ml of ketal was dissolved 250 mg (0.83 mmol) of 17 along with 
8 mg of p-toluenesulfonic acid monohydrate. The mixture was 
very slowly distilled under dry nitrogen over 5.5 hr so that only 
5 ml remained; 50 ml of reagent benzene was added and the mix- 
ture was extracted with 100 ml of dry ether. The ether-benzene 
solution was washed with 5% sodium bicarbonate and with 
water, and organic solvents were rotary evaporated. The resi- 
due, 310 mg of brown oil, was chromatographed over basic 
alumina (activity 111) to give 128 mg of monoketal 18, no di- 
ketal, and 96 mg of recovered starting material. The 96 mg 
of recovered starting material and 60 mg more of 17 was treated 
the same way to give an additional 105 mg of monoketal 18. 

(34) R.  Ratcliffe and R. Rodehorst, J .  Org .  Chem., 86, 4000 (1970). 
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Thus, from 310 mg of 17, 233 mg (66%) of 18 was obtained. 
The properties of 18 are mp 173-174'; ir 1730 cm-1; nmr 5.3 
(s, 1 ,  vinyl), 4.0 (m, 4, ethylene), 1.05 (s, 3), 1.13 (s, 3), 1.20 
(9, 3) .  

Anal. Calcd for CzzHszOa: mle 344.2351. Found: mle 
344.2349. 
17-Ethynyl-8a-methyltestosterone (IQ).-In 170 ml of spec- 

troquality dioxane under nitrogen in a 500-ml three-neck flask 
was bubbled acetylene which had been passed through three 
sulfuric acid wash bottles, one empty trap, one KOH cylinder, 
and one calcium chloride trap. After 5 min of bubbling, 5.0 g 
(0.055 mol) of lithium acetylide-EDTA complexPa (Foote Min- 
eral Co.) was added. The mixture was stirred for 10 min while 
acetylene bubbling was continued, and then 185 mg (0.54 mmol) 
of 18 in 120 ml of dioxane was added dropwise over 25 min. 
Acetylene bubbling was continued for an additional 40 min. 
The resulting mixture, under nitrogen, was stirred overnight a t  
room temperature (total 22.5 hr), 5 ml of saturated aqueous am- 
monium chloride solution was carefully added with a micro- 
pipette, and 100 ml of a 1: 1 mixture of water and concentrated 
HC1 w&s added. The resulting solution was heated on a steam 
bath 1.25 hr and cooled and usual work-up gave 205 mg of a 
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yellow oil. The material was purified by preliminary chroma- 
tography on neutral alumina (activity IV) and the resulting 120 
mg of a yellow semisolid was separated by preparative thin layer 
chromatography to give 63 mg (36QjG) of 19 and 20 mg of yellow 
oil containing 17. The properties of 19 are mp 230-231'; [cY]**D 
+ 8 8 O  (c  0.025); uv max 250 nm (e 14,100); ir 3350, 1660 cm-l; 
nmr 66.0 (s, l ) ,  1.33 (s, 3), 1.10 (s, 3), 1.07 (s, 3) .  

Anal. Calcd for CZZHSOOZ: mle 326.2247. Found: mle 
326.2252. 
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The predominant stereochemistry of vinyl phosphates resultant from the reactions of a-halo ketones with 
(Ro)zp(=o)~>C==C<y HB for A = Ph, HA; Y = Ph, trialkyl phosphites involves the E configuration, i .e . ,  

alkyl, C1, Br. The assignment of stereochemistry is based on a combination of nmr spectral effects including 
(a) the differentiation of cis and trans 1,2-vinyl protons by their JHH coupling constant?, (b) a downfield shift 
for HB when cis to phosphate and A = P h  in the presence of boron trifluoride etherate, and (c) the application of 
Tobey-Pascual substituent shielding constants. The phosphorylation of several potassium or lithium enolates 
with diethyl phosphorochloridate gives predominantly vinyl phosphates. In  two cases these also have 
the E configuration. Deu- 
teriobenzene solvent induced shifts are briefly discussed. 

Several vinyl phosphates are found to have JalpOCCH coupling constants, trans > cis. 

The reactions of a-halo ketones with trialkyl phos- 
phites lead to either ketophosphonates or, more usually, 
to vinyl phosphates (Perkow reaction) . 3  The stereo- 
isomerism of these vinyl phosphates has been previously 
discussed, although rigorous assignment of structure 
has often been lacking. In  one case, an unambiguous 
a s ~ i g n m e n t ~ ~  was unfortunately inverted by error.3a 
We now report that the stereochemistry of vinyl phos- 
phates can be determined, in a number of cases, by a 
combination of nmr techniques including the assign- 
ment of cis and trans groups on an ethylene by the 
method of Tobey5a and Pas~ua l .~b  We have also phos- 
phorylated several enolates to give mainly vinyl phos- 

(1) This investigation was supported by Grant No. AF-AFOSR 1170-66, 
1170-67 from the Directorate of Chemical Sciences, Air Force Office of 
Scientific Research, and by the National Science Foundation. This is 
part XV of the series, Organophosphorus Chemistry. 

(2) To whom correspondence should be addressed. 
(3) (a) F. W. Lichtentbaler, Cliem. Rev., 61,607 (1961); (b) P. A. Chopard, 

V. M. Clark, R.  F. Hudson, and A. J. Kirby, Tetrahedron, 21, 1961 (1965); 
(c )  I .  J .  Borowitr, M. Anschel, and 9. Firstenberg, J .  0 7 8 .  Chem., 32,  1723 
(1967). 

(4) (a) J. C. Craig, M. D.  Bergenthal, I. Fleming, and J. Harley-Mason, 
Angew. Chem., I n t .  Ed.  End., 8,  429 (1969); (b) J.  C. Craig and M. Moyle, 
J .  Chem. Soc., 3712 (1963); ( c )  A. R.  Stiles, C.  A. Reilly, G. R.  Pollard, 
C. H. Tieman, L. F .  Ward, D .  D.  Phllips, S. B. Soloway, and R. R. Whet- 
stone, J .  O m .  Chem., 96, 3960 (1961). 

(5 )  (a) S. W. Tobey, ibid., 34, 1281 (1969); (b) C. Pascual, J. Meier, and 
W. Simon, Xelu. Chim. Acta, 49, 164 (1966); (0) for recent work on the 
stereochemistry of the thiophosphorylation of enolates, see B.  Miller, H. 
Margulies, T .  Drabb, Jr., and R. Wayne, Tetrahedron Lett., 3801, 3805 
(1970). 

phates whose stereochemistry can be correlated with 
those obtained from the Perkow reaction. Although 
some enolates have previously been phosphorylated 
on oxygen13& the resultant vinyl phosphates have not 
previously been correlated with those arising from the 
Perkow reaction.5c 

Results and Discussion 
Phosphorylation of Enolates. -A number of potas- 

sium or lithium enolates were prepared under kinetic 
control conditions by the reaction of potassium or 
lithium triphenylmethide with the respective ketone 
(Scheme I) .e Reaction of these enolates with diethyl 
phosphorochloridate gives the vinyl phosphate as the 
exclusive product (Table I) except in the case of aceto- 
phenone where some ketophosphonate ( 1 1 ~ ~ )  is also 
formed. Equilibrium control formation of several 
enolates6b gave the same results. 

Our phosphorylation results parallel the reactions 
of enolates with acetyl chloride or chlorotrimethylsilane 
in that bond formation occurs on oxygen in most 
cases.6~~ The small yield of 16 could arise from either 
direct C-phosphorylation of the enolate or from the 

(6) (a) H.  0. House, "Modern Synthetic Reactions," vv'. A. Benjamin, 
New York, N .  Y.,  1965, pp 272-275; (b) H. 0. House, L. J. Czuba, M. Gall, 
and H.  D. Olmstead, J .  Org. Chem., 34, 2324 (1969). 

(7) G. Stork and P. F.  Hudrlik, J .  Amer. Chem. Soc., 90, 4462 (1968). 


