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4.3-g (0.02 mol) quantity of this material dissolved in 20 mL of 
warm (450 "C) methanol was treated with 1.4 g (0.02 mol) of 
cyclobutanone, added by syringe to the septum-covered 50-mL 
recovery flask. The reaction mixture which soon deposited crystals 
was allowed to stand at room temperature for several hours and 
then refrigerated for 1 h to give 4.6 g (86%) of product, mp 
118-120 O C .  RecTyetallization from methanol (83% recovery) gave 
the analytical sample, mp 122-124 "C. 

'% NMR Study. Arenesulfonylhydrazines were dissolved or 
suspended in methanol-d, or tetrahydrofuran-d8 (tosyl and trimyl, 
4.00 mmol/2.0 mL of solvent; trisyl, 2.00 mmol/2.0 mL of solvent) 
in septum-sealed 10-mm NMR tubes. The trisylhydrazine was 
recrystallized from ether immediately before use. Tetra- 
methylsilane (0.1 mL) was added as an internal reference. Distilled 
n-butanal(1.00 mol equiv) was injected into each tube, which was 
then placed in a shaker at ambient temperature. Proton-de- 
coupled spectra were accumulated after 2, 24, and 168 h. The 
accumulation parameters were as follows: pulse width, 29 ps; pulse 
delay, 58.8 s; number of scans, 60. Increasing the pulse delay to 
300 s or decreasing the pulse width to 14 ~s did not significantly 
affect the results. For the other THF data in Table 111, the tosyl 
and trimyl experiments were run at 1.0 M and the trisyl at 2.0 
M. 
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Attempts to achieve configurational inversion of tertiary 
allylic alcohols by the  "classical" approach comprising 
SN2-type displacement of suitable derivatives are invari- 
ably thwarted by the a lmwt  exclusive formation of allylic 
rearrangement and/or elimination producta,l nor does the 
diethyl azodicarboxylate-triphenylphosphine system work 
with tertiary substrates.2 

Sparse reports suggest that  the allyl sulfoxide-sulfenate 
rearrangement could be advantageously exploited to  this 
end, although in one direction only. Illustrations on this 
concern are provided by the  conversion of prostaglandin 
(13Z,15R)-PGEl into the  13E,15S analogue* and  a new 
route t o  the  dihydroxyacetone side chain from a 17a- 
ethynyl-17ghydroxy ~ t e r o i d . ~  

In  this paper we report (a) tha t  an  effective "one-pot" 
epimerization procedure of 17a-vinyl-17P-hydroxy steroids 
t o  the rather inaccessible 17-epimers6 can be assembled 
by the use of the above rearrangement and (b) some ste- 
reochemical observations on this process. 

Results and Discussion 
Treatment of la with phenylsulfenyl chloride according 

to  the procedure of Mislow' afforded the  sulfoxide 4a as 
a single isomer. The  stereohomogeneity of 4a was indi- 
cated by the  sharp singlet for the  angular methyl group 
in both & &  CDC1, and C6D6. 
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The 17,20 double bond was assigned the E geometry on 
comparison of the chemical shift of the  13-Me group to  
other related compounds of known s t e reo~hemis t ry .~ ,~  

Consideration of the relative energies of model transition 
states (see below) led to allocation of configuration at sulfur 
as depicted. 

Exposure of 4a to the highly efficient thiophile trimethyl 
phosphiteg in refluxing methanol provided a mixture of 
l b  and la in a 73:27 ratio (88% overall yield). An anal- 
ogous result was obtained when the two-step sequence was 
performed without isolating 4a. Reaction of l b  with 
phenylsulfenyl chloride gave the sulfoxide 4b, again as a 
single isomer. 

A 1:l mixture of 4a and 4b was oxidized with m- 
chloroperbenzoic acid to  the sulfone 4c, confirming tha t  
these compounds differ only with respect to chirality a t  
sulfur. Furthermore, each isomer was equilibrated to a 1:l 
mixture by heating in C6D6 at 65 "C for 4 h. At 80 "C the 
equilibration was complete within 1 h. According to  the 
Mislow's  observation^,^ isomerization of 4a and 4b in re- 
fluxing methanol was appreciably slower (26% isomeri- 
zation after 5 h). A considerably higher diastereoselectivity 
was obtained in the  reaction of 4b with the thiophile, 

(6) R. Gardi and R. Vitali, Gazz. Chim. Ztal., 93, 1660 (1963); M. 
Lewbart and J. Schneider, J. Org. Chem., 34, 3505 (1969). 

(7) P. Bickart, F. W. Carson, J. Jacobus, E. G. Miller, and K. Mislow, 
J. Am. Chem. SOC., 90,4869 (1968). 

(8) A. Krubiner, A. Perrotta, H. Lucas, and E. P. Oliveto, Steroids, 19, 
649 (1972); G. Ortar, E. Morera, and A. Romeo, J. Org. Chem., 43, 2927 
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resulting in a practically exclusive formation of lb. Only 
trace amounts of la could, in fact, be detected. 

Information on the relative rates of rearrangement- 
cleavage of 4a and 4b stemmed from the observation that 
4b gave lb in 63% yield after 5 h at  reflux in methanol- 
trimethyl phosphite, whereas after this time 4a has un- 
dergone only a 29% conversion to a mixture of la  and lb. 
Similarly, the percent conversions were 47 and 14%, re- 
spectively, after 3 weeks at  room temperature. 

Evans and Andrews reported in a kinetic study of the 
treatment of [ (4-tert-butylcyclohexylidene)ethyl]phenyl 
sulfoxide with trimethyl phosphite that the cleavage of the 
intermediate sulfenates occurred much faster than their 
rearrangement to the parent sulfoxide? 

This proved not to be so in our case. In fact, in both 
the above runs the recovered 4b was found to be exten- 
sively isomerized into 4a. No detectable isomerization was 
conversely observed in the recovered 4a, but the discrep- 
ancy seems easily reconcilied in view of the faster rear- 
rangement-cleavage of 4b in comparison with 4a. We 
consider it unlikely that the presence of trimethyl phos- 
phite can induce a noticeable difference between the rates 
of isomerization of 4a and 4b. 

As anticipated, assignment of configuration at  sulfur to 
4a and 4b, as well as a rationale of their behavior with the 
thiophile, follows from a comparison of the four cyclic 
transition states involved in their formation and rear- 
rangement-cleavage.'O 

The transition state 5a connecting the sulfenate IC to 
the sulfoxide 4a should be of lower energy than the dia- 
stereomeric one 5b leading to the sulfoxide 4b, owing to 

Notes 

and relative rates are believed to be determined primarily 
by this order. 

The incursion of a preference factor for the formation 
of axial vs. equatorial C-0 bonds in the obtention of la  
and lb cannot be completely ruled out, although it should 
be, in any case, much less influent in our model than in 
the six-membered rings examined by Hoffmann.ll 

For preparative purposes, the epimerization of la  can 
be most profitably performed by isomerizing crude 4a in 
boiling benzene before subjecting it to the final treatment 
with the thiophile. In this way, a 86:14 ratio of lb to la 
was obtained (88% overall yield). The whole sequence 
could be carried out in the same reaction flask. 

To further demonstrate the usefulness of our method, 
we next used as substrates 2a and 3a. As expected, the 
epimerization procedure afforded 2b and 3b, respectively, 
in 170% isolated yields. 

Although the main purpose of the vinylic organometallic 
reactions on 17-keto steroids has been for the preparation 
of 21-substituted pregn-17(20)-enes,12 thus rendering 
synthetic efforts toward 17P-vinyl-17a-hydroxy steroids 
unnecessary, the present "one-pot" method promises to be 
useful for solving problems of "unnatural" sterochemistry 
that vinylic organometallic reactions might originate in 
biassed carbonyl compounds. 

Experimental Section 
Melting points were determined on a Kofler apparatus and are 

uncorrected. Optical rotations were measured with a Schmidt- 
Haensch polarimeter (1-dm cell) in 1% CHC1, solutions. 'H NMR 
spectra were obtained on a Varian EM-390 spectrometer, with 
CDCl, as solvent, unleas otherwise specified, and Me4Si as intemal 
standard. Column chromatographies were carried out with Merck 
silica gel 60 (230-400 mesh ASTM), unless otherwise indicated. 
THF and trimethyl phosphite were distilled over lithium alu- 
minium hydride and sodium, respectively. 

(E)-3-Methoxy-(S )-21-(phenylsulfinyl)-19-norpregna- 
l,3,5( 10),17(20)-tetraene (4a). Utilizing the procedure of Mislow 
et al.,' we added dropwise to a stirred solution of la12 (0.62 g, 2 
mmol) in THF (8 mL) at -20 "C 1.6 M n-butyllithium in hexane 
(1.37 mL, 2.2 mmol), under nitrogen. After 0.5 h at  -20 "C, the 
solution was cooled at  -78 "C, and 0.32 g (2.2 mmol) of phe- 
nylsulfenyl chloride13 in 2 mL of THF was added dropwise. The 
reaction mixture was kept at -78 "C for 15 min and then allowed 
to warm slowly to room temperature, and the THF was removed 
in vacuo. Purification of the residue by chromatography on silica 
gel (19 g) utilizing benzeneethyl acetate (91) as eluant gave 0.77 
g (92%) of 4a: mp 106-107 OC (from acetonehexane); ['Y]D +52"; 
'H NMR 6 0.72 (3 H, s, 13-Me), 3.44 and 3.64 (2 H, AB of ABX, 
8 lines, J = 12 and 8 Hz, C-21 H2), 3.77 (3 H, s, 3 -OMe), 5.02 
(1 H, tt, J = 8 and 2 Hz, C-20 H), 6.63-7.74 (3 H, m, aromatic 
protons); 'H NMR (C&) 6 0.61 (13-Me), 3.28 (d, J = 8 Hz, C-21 
Hz), 3.43 (3-OMe), 5.00 (tt, J = 8 and 2 Hz, (2-20 H), 6.70-7.65 
(aromatic protons). 

Anal. Calcd for C27H3202S (420.7): C, 77.10; H, 7.67; S, 7.62. 
Found: C, 77.00; H, 7.68; S, 7.52. 

Rearrangement43eavage of 4a in Methanol-Trimethyl 
Phosphite. A solution of 4a (0.42 g, 1 mmol) and trimethyl 
phosphite (1.2 mL, 10 mmol) in methanol (4 mL) was refluxed 
for 40 h, after which time TLC analysis indicated that practically 
all 4a had reacted. Methanol and excess phosphite were evap- 
orated, and the residue (0.34 g) was chromatographed on silica 
gel (10 9). Elution with benzene-ethyl acetate (99:l) afforded 
3-met hoxy- 19-nor-1 7j3-pregna- 1,3,5( 10),20-tetraen- 17-01 (1 b; 
203 mg, 65%): mp 102.5-103.5 OC (from hexane); [ a ] D  -1"; 'H 
NMR 6 0.71 (3 H, s, 13-Me), 3.77 (3 H, s, 3-OMe), 5.16 (1 H, dd, 

x 
6a R Lone p a ~ r  R, Ph 5a R Lone p a ~ r  R 

2, R Ph R 1  Lone p a i r  - 6b. R Ph R, Lone p a i r  
1 Ph I - 

the minor phenyl-annular proton interactions. Analo- 
gously, the transition state 6a should be preferred over 6b 
for the rearrangement of the sulfenate Id. 

Turning to the reverse process, rearrangement-cleavage 
of 4a into la and lb requires that 5a or 6b be transversed. 
From models, their energies can be conceivably estimated 
on a comparable level because of the balance between 
stabilizing and destabilizing factors. The minor phenyl- 
annular proton interactions of the former are, in fact, 
outweighed by the unfavorable attachment of the sulfoxide 
oxygen to C-17 from the more hindered P side, while the 
reverse holds for the latter. 

In the absence of concurrent isomerization into 4b, a low, 
if any, diastereoselectivity would then be expected. A 
similar comparison of the transition states 5b and 6a in- 
volved in the 4b to lb conversion indicates 6a to be highly 
favored over 5b. Indeed, the least favorable 5d probably 
fails to play any significant role in our rearrangements. 

The following stability order can thus be given: 6a > 
5a = 6b >> 5b, and both the observed diastereoselectivities 

(10) For other work on the stereochemistry of steroidal allyl sulfoxides, 
Bee D. Neville Jones, J. Blenkinsopp, A. C. F. Edmom, E. Helmy, and R. 
J. K. Taylor, J. Chem. SOC., Perkin Trans. 1 ,  2602 (1973), and ref 5. 

(11) R. W. Hoffmann, R. Gerlack, and S. Goldmann, Chem. Ber., 113, 
856 (1980). 

(12) D. 0. Olsen and J. H. Babler, J. Org. Chem., 40, 255 (1975). 
(13) W. H. Mueller and P. E. Butler, J. Am. Chem. SOC., 90, 2075 

(1968); E. Kiihle, Synthesis, 561 (1970); D. N. Harp and P. Mathiapar- 
anam, J. Og. Chem., 37, 1367 (1972). 
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J = 10.5 and 1.5 Hz, C-21 H), 5.32 (1 H, dd, J = 17 and 1.5 Hz, 
C-21 H), 6.11 (1 H, dd, J = 17 and 10.5 Hz, C-20 H), 6.67-7.30 
(3 H, m, aromatic protons). 

Anal. Calcd for CzlHzs02 (312.4): C, 80.73; H, 9.03. Found: 
C, 80.80; H, 9.06. 

Further elution with benzene-ethyl acetate (99:l) gave the 
alcohol l a  (73 mg, 23%). 

Treatment of 4a under the same conditions for 5 h afforded 
by elution with benzene-ethyl acetate (99:l) lb  and l a  (90 mg, 
relative yields 21 and 8%). Elution with benzene-ethyl acetate 
(9:l) gave the starting sulfoxide 4a (286 mg, 68%). 

Repetition of the procedure at room temperature for 3 weeks 
gave lb and la in 11 and 3% yields, respectively, and unchanged 
4a (86%). 

The preparation and rearrangement-cleavage of 4a were re- 
peated as described above, except that the second step was carried 
out directly on the residue of the THF evaporation to give lb and 
l a  in 64 and 24% yields, respectively. 

(E)-3-Met hoxy- (R )-2 1-( phenylsulfinyl)- 19-norpregna- 
1,3,5(10),17(20)-tetraene (4b) was prepared in the same manner 
as 4a from lb  in 55% yield after column chromatography: mp 
100-101.5 "C (from acetone-hexane); [ a ] ~  +loo; 'H NMR 6 0.70 
(3 H, s, 13-Me), 3.54 (2 H, d, J = 8 Hz, C-21 H2), 3.76 (3 H, 
s,3-OMe), 5.00 (1 H, tt, J = 8 and 2 Hz, C-20 H), 6.63-7.73 (3 H, 
m, aromatic protons); ' H NMR (C&) 6 0.57 (13-Me), 3.18 and 
3.37 (AB of a ABX, 8 lines, J = 12 and 8 Hz, C-21 HZ), 3.44 
(3-OMe), 4.98 (tt, J = 8 and 2 Hz, C-20 H), 6.67-7.63 (aromatic 
protons). 

Anal. Calcd for C27H3202S (420.7): C, 77.10; H, 7.67; S, 7.62. 
Found: C, 77.02; H, 7.82; S, 7.57. 

Rearrangement-cleavage of 4b in methanol-trimethyl 
phosphite under the same conditions as for 4a resulted in the 
formation of lb  in 63% yield after 5 h at reflux. Only trace 
amounts (-1%) of l a  were observed. The recovered sulfoxide 
(27%) consisted of a mixture of 4b and 4a in a 63:36 ratio. 

Repetition of the procedure at room temperature for 3 weeks 
again afforded almost exclusively lb (47%), together with a 8218 
mixture of 4b and 4a (47%). 

Equilibration of the sulfoxides 4a and 4b in CsD6 at 65 "c 
in an NMR tube was followed by measuring the relative intensities 
of the signals due to 13-Me protons at intervals. Equilibration 
to a 1:1 mixture was complete after 4 h with a first-order rate 
constant (k) of 1.64 X s-l.14 At 80 "C, the equilibration was 
complete within 1 h. Equilibration in refluxing methanol was 
monitored by withdrawing samples at intervals and substituting 
CsD6 for methanol. A mixture containing 74% of the starting 
sulfoxide was obtained after 5 h. 

(E)-3-Methoxy-21-(phenylsulfonyl)-19-norpregna-l,3,5- 
(10),17(20)-tetraene (4c). A solution of a 1:l mixture of 4a and 
4b (0.42 g, 1 mmol) and m-chloroperbenzoic acid (go%, 0.21 g, 
1.1 mmol) in ether (20 mL) was stirred at  room temperature for 
1 h. The ether was evaporated, and the residue was chromato- 
graphed on a column of deactivated (grade IV) Woelm basic 
alumina (13 8). Elution with CHzC12 gave 4c (380 mg, 87%): mp 
130.5-132 "C (from methanol); ["ID +30°; 'H NMR 6 0.67 (3 H, 
s, 13-Me), 3.77 (3 H, s, 3-OMe), 3.78 (2 H, d, J = 8 Hz, C-21 H2), 
5.10 (1 H, tt, J = 8 and 2 Hz, C-20 H), 6.62-7.99 (3 H, m, aromatic 
protons). 

Anal. Calcd for C27H3203S (436.6): C, 74.27; H, 7.39; S, 7.34. 
Found: C, 74.27; H, 7.40; S, 7.30. 
6@-Methoxy-3a,5-cyclo-5,17a-pregn-20-en-17-01 (2a). 

Treatment of a solution of 6(3-methoxy-3a,5-cyclo-5a- 
androstan-17-0ne'~ (2.06 g, 6.82 mmol) in 20 mL of THF with 2 
M vinyllithium in THF (11 mL, 22 mmol) at room temperature 
for 0.5 h using experimental conditions similar to those described 
by Olsen and Babler12 afforded crude 2a, which was freed from 
hydrocarbon impurities by chromatography on silica gel (150 9). 
Elution with benzene-ethyl acetate (97:3) and crystallization from 
hexane afforded 0.97 g (43%) of pure 2a: mp 126-127 "C; [ a ] ~  
+35O; 'H NMR 6 0.95 (3 H, s, 13-Me), 1.02 (3 H, s, 10-Me), 2.75 
(1 H, m, 6a-H), 3.33 (3 H, s, 6P-OMe), 5.12 (1 H, dd, J = 10.5 

and 1.5 Hz, (2-21 H), 5.16 (1 H, dd, J = 17 and 1.5 Hz, C-21 H), 
6.08 (1 H, dd, J = 17 and 10.5 Hz, C-20 H). 

Anal. Calcd for Cz2HUO2 (330.5): C, 79.95; H, 10.37. Found: 
C, 79.79; H, 10.50. 
3,3-(Ethylenedioxy)-17a-pregna-5,20-dien-17-01 (3a) was 

prepared in the same manner as 2a from 3,3-(ethy1enedioxy)- 
androst-5-en-17-one16 and crystallized from acetone-hexane: mp 

H, s, 10-Me), 3.94 (4 H, s, 3-ketal), 5.11 (1 H, dd, J = 10.5 and 
1.5 Hz, C-21 H), 5.15 (1 H, dd, J = 17 and 1.5 Hz, C-21 H), 5.35 
(1 H, m, C-6 H), 6.07 (1 H, dd, 17 and 10.5 Hz, C-20 H). 

Anal. Calcd for C23H3403 (358.5): C, 77.05; H, 9.56. Found: 
C, 77.07; H, 9.50. 

Typical "One-Pot" Epimerization Procedure of Alcohols 
la, 2a, and 3a. Compound la (0.31 g, 1 mmol) was sequentially 
treated with n-butyllithium and phenylsulfenyl chloride as pre- 
viously described. THF was evaporated, and the residue was 
refluxed in benzene (5 mL) for 1 h. The solvent was removed 
in vacuo and the residue was refluxed in methanol (4 mL) con- 
taining 1.2 mL (10 mmol) of trimethyl phosphite for 40 h. The 
mixture was diluted with water and extracted with ether. The 
extract was washed with water and dried (Na2S04). The residue 
(0.35 g) was chromatographed on silica gel (10 9). Elution with 
benzene-ethyl acetate (991) afforded 237 mg (76%) of lb, followed 
by 37 mg (12%) of la. 

Repetition of this procedure on 2a (0.33 g, 1 mmol) gave by 
elution with benzene-ethyl acetate (98:2) 241 mg (73%) of 6@- 
methoxy-3a,5-cyclo-5a,17@-pregn-20-en-17-01 (2b): mp 143-144 
"C (from hexane); [ a ] D  +6"; 'H NMR 6 0.74 (3 H, s, 13-Me), 1.02 
(3 H, s, 10-Me), 2.77 (1 H, m, 6a-H), 3.34 (3 H, s, 60-OMe), 5.13 
(1 H, dd, J = 10.5 and 1.5 Hz, C-21 H), 5.29 (1 H, dd, J = 17 and 
1.5 Hz, C-21 H), 6.08 (1 H, dd, J = 17 and 10.5 Hz, C-20 H). 

Anal. Cald for CzzH34OZ (330.5): C, 79.95; H, 10.37. Found: 
C, 79.90; H, 10.39. 

Further elution with the same eluant afforded 40 mg (12%) 
of 2a. 

In a similar fashion, 3a (0.54 g, 1.5 mmol) afforded a residue 
of 0.64 g, which was rapidly chromatographed on silica gel (16 
g). Elution with benzene-ethyl acetate (97:3) gave 3a (91 mg, 
17 % ), followed by 3,3- (et hylenedioxy ) - 17@-pregna-5,20-dien- 
17-01 (3b; 377 mg, 70%): mp 170.5-172 "c (from methanol); [ a ] D  
-85"; 'H NMR 6 0.70 (3 H, s, 13-Me), 1.02 (3 H, s, 10-Me), 3.93 
(4 H, s, 3-ketal), 5.12 (1 H, dd, J = 10.5 and 1.5 Hz, C-21 H), 5.27 
(1 H, dd, J = 17 and 1.5 Hz, C-21 H), 5.36 (1 H, m, C-6 H), 6.07 
(1 H, dd, J = 17 and 10.5 Hz, C-20 H). 

Anal. Calcd for C2&403 (358.5): C, 77.05; H, 9.56. Found: 
C, 77.12; H, 9.54. 

Registry No. la, 6885-48-9; lb, 83915-64-4; 2a, 83845-62-9; 
2b, 83915-65-5; 3a, 83845-63-0; 3b, 83915-66-6; 4a, 83845-64-1; 4b, 
83845-65-2; 4c, 83845-66-3; 6(3-methoxy-3a,5-cyclo-5a-androst- 
17-one, 14425-92-4; 3,3-(ethylenedioxy)androst-5-en-17-one, 
3754-63-0; phenybulfenyl chloride, 931-59-9; vinyllithium, 917-57-7. 

184.5-186 "C; [ a ] D  -55"; 'H NMR 6 0.91 (3 H, 9, 13-Me), 1.02 (3 

(16) H. J. Dauben Jr., B. Loken, and H. J. Ringold, J.  Am. Chem. Soc., 
76, 1359 (1954). 
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(14) Determined graphically in the usual manner; see A. A. Frost and 
R. G .  Pearson, "Kinetics and Mechanism", 2nd ed., Wiley, New York, 
1961, pp 13 and 186. 
(15) A. Butenandt and W. Grosse, Chem. Ber., 69, 2776 (1936). 

Esterification of amino acids is very important in peptide 
synthesis.'P2 In most cases, the esters can be prepared by 
acid-catalyzed However, acid-sensitive 
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