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Abstract-The synthesis of Z&methyl-19-norsteroids are described. By means of optical rotatory 
dispersion and NMR spectroscopy it is shown that the introduction of Z&methyl and Z&acetoxy 
substituents into 1Bnortestosterones changes the normal half chair conformation of A ring to a 
twist form as cited in the cholestane series. 

RECENTLY it has been reported ivB that the A ring in some 2&hydroxy- and 2/Lacetoxy- 
A4-3-ketosteroids can be taken as a twist conformation, owing to a 1,3-diaxial 
interaction between the 2#Lsubstituent and the 1Pmethyl group. It is interesting to 
discuss whether ring A in 2@ubstituted 19-nor-A”-3-ketosteroids, lacking the 
1,3-diaxial interaction, have the normal half-chair conformation. 

In a previous communicatior? we reported the synthesis of some 2&methyl-estr- 
4-en-3-ones which show abnormal optical dispersion curves (ORD). This paper 
presents evidence based on ORD measurements and NMR spectroscopy that ring A 
in 2/?-methyl- and 2p-acetoxy-19-nor-A&3-ketosteroids has a twist conformation. 

Since, acid treatment of the Birch reduction products of aromatic steroids affords 
the thermodynamically more stable A4-3-ketosteroids with /?-configuration at 
c-10: two isomeric 2-methyl- 17B-hydroxy-estr&n-3-ones (2-methyl- 1 g-nor- 
testosterones) prepared from 2-methylestradiol-3-methylether (Ia) by Birch reduction 
followed by hydrolysis with methanolic hydrochloric acid should be a and /3 isomers 
at C-2. Actually, one isomer having a higher m. p. (IVa) is readily isomer&d to 
another stable isomer (Va) on treatment with methanolic potassium hydroxide. 

Further reduction of the 2a-methyl and 2#&methyl compounds (IVa and Va) with 
lithium-liquid ammonia affords 2a-methyl- and 2b-methyl-17@-hydroxyestrane-3-one 
(Via and VIIa), respectively. In a similar manner 2a- and 2#?, 17rx-dimethyl-17/?- 
hydroxyestrane-Ione (VIb and VIIb) have been synthesized. 

The 2p-methyldihydro compounds (VIIa and VIIb) are also readily isomerized to 
the 2a isomers (Via and VIb) by methanolic potassium hydroxide. The ring A/B 
frans configuration6 in these compounds was established by their ORD which indicates 
that the ring A is in a normal chair conformation. 

1 K. Kuriyama, E. Kondo and K. Tori, Tetrahedron Letters No. 22, 1485 (1963). 
’ S. Burstein and H. L. Kimball, Sfe&& 2, 1 (1963). 
a H. Kaneko, M. Hashimoto, Y. Mitta and K. Kawase, Chem. fharm. Bull., Juptzn 11, 264 (1963). 
4 A. Sandoval, G. H. Thomas, C. Djerassi, 0. Rosenkranx and F. Sandheimer, .I. Amer. Gem. Sot. 

77, 148 (1955) ; C. Djerassi, A. E. Lippman and J. Grossman, Ibid. 78,2479 (1956). 
6 F. Sondheimer, R. Vasin, G. Rosenkranz and C. Djerassi, J. Amer. Chem. Sot. 74,2696 (1952). 
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Recently Bhacca et aLa pointed out that the shift induced by benzene on the 
methyl group adjacent to a carbonyl group is dependent upon the axial or the equa- 
torial nature of the methyl group and that the axial methyl resonance suffers an 
upfield ,shift (A = aCDC& - aGH, = +0*2 - +0*3 ppm), whereas the equa- 
torial methyl resonance suffers a small downfield shift (A = aCDC1, - aC,& = 
- 0.06 - -0-l ppm). The solvent effect in theNMRof two isomeric2-methyl-19-nor- 
dihydrotestosterones given in Table 1 is in good agreement with Bhacca’s value. 

Compound 

Chemical shift on C;-CH, Difference in 
(7) chemical shifts 

in CDCl, in benzene ED&benzene 

2x-Methyl-l 7&hydroxy- 
estran-3ane (Via) 

2a, 17a-Dimethyl- 1 ‘I/Lhydroxy- 
estran-3sne (VIb) 

2@-Methyl-17p-hydroxy- 
estran-fone (VIIa) 

28,17a-Dimethyl-178-hydroxy- 
estran-3-one (VIIb) 

2,2,17a-Trimethyl-17/l-hydroxy- 
estran-fone (VIII) 

a.99 8.91 

8.99 8.91 

8.83 9.04 

8.83 9.03 

a8*96 a8-85 
88.83 89.05 

-0-08 

-0.08 

+0.21 

+0.20 

-0.11 
+0*22 

The ORD curve shown for 2a-methyl- 17/?-hydroxyestr4en-3-one (IVa) is 
essentially the same as that of unsubstituted 19-nortestosterone. However, in contrast 
the curve of 2#?-methyl-l7/Shydroxyester4en-3-one (Va) exhibits the abnormal 
multiple Cotton effect given in Fig 1. Djerassi et al.’ have reported that the ORD 
curve of 6/3-methyl-17#?-hydroxyandrost-4-3-one shows abnormality, whereas that 
of 6/?-methyl-l7@-hydroxyestr-Qen-3-one is similar to the parent steroid, and that 
this difference is attributable to a conformational distortion due to the I,3-diaxial 
interaction between the 6/Smethyl group and the 19-methyl group. On the other hand, 
it has been noted* that the presence of an axial 28-methyl group in 2,2-dimethyl-17/.?- 
hydroxyandrost4en-3-one does not affect the shape of the ORD curve to any extent 
and that such 1,3-diaxial steric interaction is not serious in the ring A. 

The abnormality attributed to the 2B_methyl group in 2/3-methyl-17/%hydroxyestr- 
4-en-3-one is therefore inconsistent with the above inference, although there seems to 
be no significant steric interaction in this case. The discrepancy between 2,2-dimethyl 
17p-hydroxyandrost_Qen-3-one and 2/Lmethyl- 17/?-hydroxyestr4en-3-one can not be 
explained without the following consideration. The ORD curve of A4-3-ketosteroid 
is rather sensitive to conformational distortion,s hence a slight 1,3-interaction between 
the axial 2p-methyl group and the IO/?-hydrogen in 2#Lmethyl-17@hydroxyestr4en- 
3-ones forces the A ring into a twist conformation. Such an alternate conformation 

6 N. S. Bhacca and D. H. WiUiams, Tetrwhedron Letters No. 42, 3127 (1964); N. S. Bhaaza and 
D. H. Williams, Applications of NMR S’ctroscopy in Oganic Chemidry P 159. Holden-Day, 
San Francisco. 

7 R. Villotti, C. Djerassi and H. J. Ringold, J. Anwr. Chem. Sot. 81,4566 (1959). 
a C. Djerassi, 0. Halpem, V. Halpem and B. Riniker, J. Amer. Chem. Sot. 80,4001 (1958). 
e C. Djerassi, R. Rinilcer and B. Riniker, 3. Anrer. Chem. Sot. 78,6377 (1956). 
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FIG. 1 Optical rotatory 
dispersion curyes of IVa, 

Va and IX. 

FIG. 2 Optical rotatory 
dispersion curves of X and 
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in the case of 2,2-dimethyl-l7~-hydroxyandrost4en-3-oae is disturbed by the inter- 
action between the equatorial 2a-methyl group and the 9a-hydrogen, consequently 
the A ring has a slightly distorted conformation having the same chirality of the 
C=a grouping as the parent ketone. lo Furthermore, the ring A of 2,2,17a- 
trimethyl-l7@-hydroxyestr4en-3-one (IX) exists in a similar conformation, since its 
ORD curve is of the same type as that of 2,2-dimethyl-l7@-hydroxyandrost4en-3-one. 

This consideration may also be interpreted from NMR spectroscopy. Table 2 
shows that. in the 2a-methyl-l7/?-hydroxyestr4en-3-ones (IVa and IVb) having 
normal transoid conformation the down-field shifts on passing from deuteriochloro- 
form to benzene solution are comparable to androstane-3-one derivatives having an 
equatorial methyl group adjacent to a carbonyl group at C-3. However, in the 
2~-methyl-l7#Lhydroxyestr4en-3-ones (Va and Vb) such solvent effect observed is 

lo C. Djerassi, R. Records, E. Bunnenberg, K. Mlslow and A. Moscowitz, J. Amer. Gem. Sot. 84, 
870 (1962). 
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less than that of the normal Z#?-axial methyl group. This result implies that the 
axial 2#Lmethyl group decreasing the anisotropic shielding effect of benzene is slightly 
laterally distorted by an interaction with lO#?-hydrogen. 

The ORD curve of 2/&17@-diacetoxyestr-4-en-3-one (XI)ll given in Fig. 2 shows 
the same abnormality as that of 2/I-methyl-l 7/I-hydroxyestr4en-3-one. The NMR 

TABLE 2. SOLVENTS EFFECTS ON C,-CH, IN SOM.IZ A4-3-moros 

Compound 

Chemical shift on C&H, Difference in 

(7) chemical shifts 
in CDClt in benzene CDCl&enzene 

Za-Methyl-17&hydroxy 
cstr4en-3-one (IVa) 

2a, 17a-Dimethyl-17@-hydroxy 
estrdn-3sne (IVb) 

2/i-Methyl-l 7&hydroxy 
estr4en3-one (Va) 

28,l tar-Dimethyl- 7&hydroxy- 
estr4en-3-one (Vb) 

2,2,17a-Trimethyl-17&hydroxy- 
estran-3-one (IX) 

890 880 

8.89 8.80 

8.91 8-92 

8-91 8.91 

a8.90 a8.76 
88.95 /?9*00 

-O*lO 

-09 

+0.01 

0 

-0*14 
+0*05 

signal of the 2a-proton in this compound appears as a quartet with peaks at 337,330, 
327 and 230 c/s. This quartet is similar to that of the 2 proton in 2/I-acetoxy-19- 
methyl-A4-3-ketosteroids. l These data indicate that the A ring in the 2p,17/?-di- 
acetoxyestr4en-3-one is of the same twist conformation as the latter compounds. 
Coupling constants derived on the basis of a first order approximation are 
J 2a,ls = 9-3 c/s and Jza,V = 6-9 c/s. Dihedral angles calculated by the Karplus 
equation with parameters as modified by Williamson and JohnsorP were &,,, = 
131-135” and OzE,la = 1 l-15”, respectively. These values are not consistent with a 
normal half-chair conformation for the ring A but do fit a twist conformation. 

EXPERIMENTAL* 

Preparation of 2a- and 2/3-methyl-l7~-hydroxyestr-4-en-3-one (2a- and 2@-methyl-l Pnortestosterone) 
(IVa Md Va). To a solution of 500 mg of Ia” prepared from 2-rnethylestradiol in 100 ml dry ether 
was added 100 ml liquid ammonia followed by 2-O g Li. After stirring for an additional 20 min, 
20 ml absolute EtOH was added dropwise over 30 min. The ammonia was allowed to evaporate at 
room temp and the product taken up in ether, washed with water and dried over Na,SO,. Evapor- 
ation of the ethereal solution afforded 500 mg of an impure 2-nwthy6l,ddilrydroesrr4dioC3-methy~- 
ether (Ha) containing 7.8% unchanged aromatic compound (estimate based on UV absorption 
Spectrum). 

The em1 ether (Ha) prepared fern 500 mg of ia was refluxed with 2 ml of cont. HCl in 40 ml 
MeOH for 5 min. The mixture was diluted with water and extracted with ether. Evaporation of the 
solvent afforded an oily residue (480 me> which was chromatographed on silica gel. Elution with 

* Mps were determined in a Kofler block. IR spectra were determined in CHQ or KBr disk, 
and UV spectra in EtOH solution. NMR spectra were recorded on a Varian A-60 Spectrometer in 
CDC& containing tetramethyl silane as an internal standard. Specific rotations were measured in 
CHCl, solution at room temperature (cu 20”) unless otherwise indicated. ORD curves were obtained 
in dioxan solution. Microanalysis were carried out by Mr. Y. Utsui and colleague in this laboratory. 

11 P. N. Rao and L. R. Axelord, Tetruhedron 10, 144 (1960). 
19 K. L. Williamson and W. S. Johnson, J. Anacr. Chem. Sot. 83,4623 (1961). - 
18 H. Kaneko, M. Hashimoto and A. Kobayashi, Chtvn. Pharm. BUN., Japcm 12,196 (1964). 
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benzene-ether (9 : 1) gave 230 mg of IVa which on crystallization from hexane-ether furnished needles, 
m.p. 17%178*, [a]n r81.3” (c, 0#89), undepressed on admixture with an authentic specimen14 (lit,: 
m-p. 17&178”, [zs)= +93”) prepared from 19-nortestosterone via Zoxalate, ArnrX 237.5 q (8 15,600), 
#..:‘a 1664 (M) and 1623 cm-’ (c--c), NMR : 9.19r (18-H), 8907 (J = 6.2, 2-CH& 6.29~ 
(17a-I-I), 4.20~ (4-H). (Found: C, 78.89; H, 9.58. Calc. for CIIHt,O,: C, 79.12; H, 9.79%) 

Further elution with benzeneether (4: 1) followed by crystallization from hexaneether gave 
114 mg of 2B-methyl-178-hydroxyesfr-4-4n-3-one (Va) as needles, m.p. 155-158” [&, -- 34.3” (c, l-05), 
1 .mnx 240~5 rnp (8 16,840), Y,., CBC1a 1658 (-0) and 1626cm-1 (C==, NMR: 9.18~ (18-H), 8.91~ 
(J = 7.0, 2-CH,), 6.43~ (17a-H), 4.28~ (4-H). (Found: C, 78.89; H, 9.80. CI*HteOo requires: C, 
79.12; H, 9.79x.) 

ORD of IVa16 (Fig. 1) : [rluo +48”, [rise, +57”, [zlgs8 -952”, [a],r0 -805”, [aJsts --920”, 
F!w f1445” (c, O-55). ORD of Va (Fig. 1): [=Jala -648”, [alla0 --77.7”, [al,,, -477”. [I]~~ -405”. 
0; SO -499’, [aluL -203”, [allas - 332”, [algpe -9O-7”, [al1o4 -244”, [alDls - 179”, [alroB -341 O (sh), 

[a]*,o - 1480” (c, 0.46). 
2~-~~tityl-l713-i?ydroxyeslP5(l0ten-3-oe (IIIa). A solution of 500 mg of crude 1,4_dihydro- 

eslradiol-3-mel~~feftrer (Ha) in 40 ml MeOH and 1 ml acetic acid was refluxed for 15 min. The 
mixture was diluted with water and extracted with ether. The organic layer was washed with sat. 
NaHCO, aq and water. After drying (Na,SO,) and evaporating the solvent, the residue was chro- 
matographed on silica gel in benzene. Eiution with benzene-ether (5: 1) gave 300 mg of IIIa as an 
oil which failed to crystallize. This oil exhibited a single spot different from those of the conjugated 
ketones (IVa and Va) by thin-layer chromatography. 

Aceryfurion of IlIa with pyridine and acetic anhydride at room temp and chromatography of the 
product on silica gel with benzene-acetone (97:3) afforded 170 mg of the acerare of IIIa as prisms 
from MeOH, m.p. 144-147”, [a]D +180” (c, l-18), vE:i 1715 (<==o) and 1731 cm-’ (OCOCH,), 
NMR: 9.187 (18-H), 8.91~ (J = 6.0, 2-CH1), 7.957 (OCOCH,). (Found: C, 76-58; H, 9.12. Czl- 
HIloO requires: C, 76.32, H, 9.15 %.) 

Isomerizurion of 2B-merhyl-178-hydroxyestr-Q-en-3-one (Va) to 2a-isomer (1Va). A solution of 
50 mg of Va in 10 ml MeOH and 2 ml 7.5 % KOH aq was relluxed for 2 hr. The mixture was diluted 
with water, extracted with ether and chromatographed on silica gel. Elution with benzene-ether 
(9 : 1) yielded 40 mg of a solid which crystallized from hexane-ether as needles, m.p. 170-174”, and 
was identical with IVa by comparison of IR spectrum and mixed m.p. determination. 

Preparation of 2a,17r- and 2/?,17a-dimerhyl-l7~-~ydroxyesrr-4sn-3-one (IVb und Vb). To a 
solution of 500 mg of lb” in 100 ml dry ether was added 100 ml of liquid ammonia followed by l-5 g 
Li wire, After stirring for 30 min, 20 ml abs. EtOH was added dropwise during 30 min. Evaporation 
of the ammonia and extraction with ether yielded 470 mg of crude enol ether (Ilb). It was refluxed 
with 40 ml MeOH and 2-l ml cont. HCl in 10 ml water for 5 mitt, yielding 450 mg of an oily product 
which was chromatographed on silica gel. Elution with benzene-ether (9: 1) afforded 250 mg of IVa 
which crystallized from hexane-ether to give needles, mp. 125-l 27”, [a]n +59” (c, 0.95) undepressed 
on admixture with an authentic specimerQa (lit: m.p. 114-I 15”, [aJz8 + 35”), prepared from 17a- 
methyl-19-nortestosterone via Zoxalate sequence, A,,, 237.5 rnp (8 15,400), vFBva 1667 (C=O) and 
1623 cm-l (<;c), NMR : 9-08~ (18-H), 8.897 (J = 6.0, 2cCH3, 8-78~ (17a-C.H*), 4.197 (4-H). 
(Found: C, 79.39; H, 999. Calc. for C,,H,O, C, 79.42; H, lO*OO%.) 

Further elution with benzene-ether (20:3) followed by crystallization from hexane-ether gave 
70 mg of 2~,17a-dimerhyl-l7~-hydroxyesr~~-3_one (IVb) as needles, m.p. 138-140”, [r]D -72” 
(C, 1 .Ol), 3.m*x 240.5 W (8 19,00% “mu CHC1s 1661 (C=O) and 1626 cm-l (M), NMR : 9.087 (18-H), 
8.91~ (J = 7.0,2-CH3,8.797 (17_CH3,4-28~ (4-H). (Found: C, 79.16; H, 9.97. CloHIaOr requires: 
C, 79.42; H, lO*OO%.) ORD of IVb: [a]coO +118”, [aL -1273”, [zlWO -1056”, [a],,, -1181”, 
[aIs,‘ +2220° (c, 0.22). 

ORD of Vb : [a]soo -56#8”, [& -6OO”, [zlrrr -478”, [aJrss -716”, [aJrts -216*, [alWc -455”, 
IaL -34*0”, [a]lll -353”, [a],11 - 193”, [a]1o3do1 -5500”, [a],,o - 1270” (c, 0.22). 

2~,17r-DimerhyEl7~-hydroxycstr-5(1O)-err-3-one (IIIb). A solution of 560 mg of IIb in 30 ml 
MeOH and 1 ml acetic acid was treated as described above for the l&dihydro compound. The 

l4 R. Viliotti, H. J. Ringold and C. Djerassi, J. Amer. Chem. Sot. 82, 5693 (1960). 
ls The observed curve is similar to the data previously reported in Ref. 14. 
I6 Organon Inc., USP 2,997,488. 
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resulting oily product was dissolved in hexane and chromatographed on silica gel. Elution with 
benzene-ether (9: l-4: I) gave 152 mg of 2~,17a-dimetlryl-l7~-iryrtoxyeestr-S(10~~-3_one (Iiib) which 
was crystallized from hexan-ther as prisms, m.p. 128131”, [aID + 155” (c, O-89), v:z 3584 (OH) 
and 1718 cm-l (C&O), NMR: 9*13r (18 II), 8-93s (J = 60, 2CH,), 8.73~ (17-CH,). (Found: 
C, 7946; C, 9.71. C&I&O1 requires: C, 79.42; H, WOO%.) ORD: [alW +114”, [a]689 +147”, 
[alWos f 134*6”, [aJrls + 639” (c, 0.28). 

IsomerZzutZon of 2~,17a-dimetlryZ-17~-lrydroxyes~r-49n-3sne (Vb) to 2a isomer (IVb). Isomeri- 
z&ion was carried out as for Va with KOH and MeOH, and afforded IVb, m.p. 123-126”, undepressed 
on admixture with the sample prepared as above. 

2a-A4ethyZ-l7#?-hydroxye~mn-3-otre (Via). Compound IVa (300 mg) was reduced with 70 ml Li in 
30 ml liquid ammonia as reported by Bowers et QZ.” m.p. 133-l 36”, [a ID +47*6” (lit : m.p. 135-l 37”, 
[a],, +66*), NMR: 9.23~ (18-H), 8997 (J = 6.3, 2-CH3, 6.34~ (17-H). ORD: [a],00 + 18*3”, 
blbBs +554”, k& +997’, Mt71 -720°, bItso -580” (c, 060). 

2B-MerhyZ-l7B-hydroxyestrM-3- (Viia). Compound Va (171 mg) was reduced with 70 mg Li 
in 30 ml liquid ammonia. The resulting crude product was chromatographed on silica gel. Elution 
with benzene&her (10: 1) afforded 100 mg of 28-~t~yZ-178-hydroxyesfranc3-orte (VIIa) as needles, 
crystallized from acetone-hexane, m.p. 152-154”, [aID + 129” (c, O-59), vi:: 3485 (OH), 1707 (C=O), 
NMR: 9,227 (18-H), 8.83~ (J = 7.0, 2-CH,), 6.34~ (17-H). (Found: C, 78.18; H, 10.45. C&,0, 
requires: C, 78-57; H, IO-41 %.) ORD: [a],0o $80.3”, [a]osp +llO”, [aIll +2340”, [a]*,, -1660”, 
M~60 - 1290” (c, 0.51). 

2r,l7r-Di~zhyZ-l78-~~~oxyesrran-3-one (Vib). Compound IVb (100 mg) was reduced with 
70 mg Li in 20 ml liquid ammonia. The chromatography of the resulting product with benzentiher 
(9: 1) yielded 80 mg of 2ar,l7a-dimethyl-l7B-hydroxyestron-3- (Vib), which was crystallized from 
hexane as needks, m.p. 149-151”, [aIn +49” (c, O-96), Y,., gBr 3378 (OH) and 1712 cm-’ (C&O), NMR : 
9.11~ (18-H), 899~ (J = 6.3, ZCH3, 8.79~ (17-CH,). (Found: C, 78.93; H, 10.53. CroHI,Ol 
requires: C, 78.89; H, 10.59 %.) ORD : {rlls, +69*3”, [alaU + 1340, [a],,t -956, [3~],~~ -698” 
(c, 0.49). 

28,17a;-Dinret~yZ-l78_hydroxyestr~3sne (Viib). Compound Vb (90 mg) was reduced with 50 
mg Li in 20 ml liquid ammonia. The crude product was chromatographed on silica gel and ehttion 
with benzene-ether (9: 1) afforded 60 mg of 2~,17a-dimethyl-l7~-lrydroxyestran-3~~ (Viib), crystal- 
lized from hexane, m.p. 156~5-159”, [a], +98’ (c, 056), pm?: 3378 (OH) and 1712 cm-l (M), 
NMR: 9-l 1~ (18-H), 8.83r(J = 7.0,2-CH,), 8.78~ (17-CH,). (Found: C, 78-85; H, 10.64. &HIIOt 
requires: C, 78.89; H, 10.58 %.) ORD: [a]lso + 113*2”, [aIs,, +2142”, [a]*,, - 1680”, [aJuo -1340” 
(c, 0.38). 

2,2,17a- TrZ~fl?yZ-l7&hydroxyestran-3-one (VIII) was prepared from 17a-methyl-178-hydroxy- 
e&ran-3-one according to the method reported by Bowers et ~l1.l~ m.p. 142-145”, [arID +96” (c, O-52) 
(lit: m.p. 140-142”, [alr, +1020), ~:::‘a 1706cm-l (C=O), NMR: 9-l& (18-H), 8.967 (2a-CH,), 
8.837 (2&CH3, 8.787 (17~CH3. 

2,2,17a-TrZnwrhyZ-l7~-l?ydroxyestr_4_en_3sne (IX). To a solution of VIII (300 mg) in 13-5 ml 
acetic acid was added dropwise with stirring a solution of 155 mg Br, and 70 mg anhydrous sodium 
acetate in 1 ml acetic acid. The solution was poured slowly into ice water (70 ml) containing 700 mg 
sodium acetate and the resulting precipitate was extractd with ether. The ethereal solution was 
washed with NaHCO, aq, water, dried and evaporated in uacuo. The crude product (300 mg) was 
dehydrobrominated by refluxing with 70 mg LiCl and 40 mg LiCO, in 5 ml dimethylformamide for 
2.5 hr. Extraction with ether, washing with water and removal of the solvent yielded 250 mg of an 
oil, which was chromatographed on silica gel. Elution with benzene-ether (20: 1) afforded 100 mg 
crude crystals, m-p. 140-146”. Rectystakation from ether-hexane gave 70 mg of 2,2,17a-trimeriryl- 
17gJlydroxyesrr3~~e (IX). m.p. 15&153”, [aID +34” (c, 0*53), Rmar 239 rnp (E 15,800). vktira 
1661 (C-O) and 1626 cm-’ (c=c), NMR: 9.067 (18-H), 8.95~ (2&CH,), 8.90~ (2z-CHI), 8-78~ 
(17a-CHI), 4.25~ (4-H). (Found: C, 7948; H, lOG6. C+,lHIIOI requires: C, 79.70; H, 10.19%) 
ORD (Fig. 1): [a&, + 14*3”, [alsss +11#9”, [alsss -633”, [aJrU -588”, [a]slo -719”, [altrs +1924” 
(c, 0.42). 

21x,17& Md 2B,17a_Diuceroxye~~~~~-3~~ (X and XI). The preparation of X and XI was 
carried out according to the procedure reported by Rao ef aZ.” 17&Acetoxyestr4+n-3-one (5-38 g) 

It A. Bowers and H. J. Ringold, J. Amer. Chem. Sot. 81,424 (1959). 
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was treated with 12 g lead tetra-acetate to afford a mixture of X and XI, which was separated by 
fractional crystallization. 

Recrystallization from MeOH gave O-68 g (11%) of X, m.p. 24&242”, [a], +25” (c, 1-O) (lit:” 
m.p. 235-237”, [oL]~ +24”), Lx 240.5 w (E 17.210), v:::‘I 1722-1740 (OCOCH,), 1680 (C=O) and 
1622 cm-l (C&C), NMR in C;D,: 9.2% (18-H), 8.24~ (17-OCOCH3, 8.06~ (Za-OCOCHI), 5.337 
(17-H), 4*63r (J2,10r = 13.8, J2,1g = 5.5, 28-H), 4.26~ (4-H). (Found: C, 70-69; H, 8.04. Calc. for 
C,&I,,,Os: C, 70.56; H, 8*08x.) 

Recrystallization from hexane gave 0.14 g (2.2%) of XI, m.p. 188-190*5”, [arl, -101*3” (c, 0.71) 
(lit :I1 m.p. 185-186”, [aID - 101~6”), Am, 243 (e 16,780), ~~~~a 1723-1738 (OCOCH,), 1683 (C=O) 
and 1626cm-l (M, NMR in C,D,: 9.29~ (18-H), 8-24~ (17-OCOCH& 8.13~ (2&OCOCH3, 
5-307 (17-H), 4.52~ (J2,1r = 9.3, J2,1g = 6_9,2a-H), 4.21~ (4-H). (Found: C, 70.29; H, 7.91. Calc. 
for C&H,OOl : C, 70.56; H, 8*08x.) 

ORD of IX (Fig. 2): [a],00 -62*5”, [rlbB* - 52*5”, [r]16d -728”, [alar - 835’, [atLlo + 1880” 
(c, O-4). 

ORD of X (Fig. 2): [a],o0 -12.8”, [alLI -38.5”, [I& -398”, [aIuo -12.8”, [z],,~ -2950” 
(c, 0.39). 
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