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The synthesis of six 20-deoxy steroids derived from 3a-hydroxy-58-pregnane is described. These compounds,

three of which are new, were interrelated by a number of reactions.

The 20-deoxy steroids and their derived

acetates were used as compounds of reference in an extended study centering on the absolute contribution to

optical rotatory activity of C-20 epimeric hydroxyl and acetoxyl groups.

The influence of a variety of substit-

uents at C-17 and C-21 on the qualitative and quantitative shifts in molecular rotation brought about by oxygen

functions at C-20 is discussed.

As an approach to the more precise assessment of
certain physical and chemical contributions of fune-
tional groups at or near C-20, it seemed essential to
prepare a series of 20-deoxy steroids as compounds
of reference. This paper desecribes the synthesis of
5B-pregnan-3a-0l, 58-pregnane-3a,17-diol, 58-pregnane-
3a,21-diol, 58-pregnane-3a,17,21-triol, methyl 3a-hy-
droxy-58-pregnan-21-oate, and methyl 3e,17-dihy-
droxy-58-pregnan-21-oate as well as a number of reac-
tions which interrelate them. Also included is a de-
tailed examination of the optical rotatory properties of
these compounds and their 20-oxygenated analogs.
Further use of these 20-deoxy steroids has been made in
a separate study? to determine more exactly the con-
tribution to paper chromatographic mobility of carbonyl
and hydroxyl groups at C-20.

Reaction of pregnanolone acetate 1 (Scheme I) with
ethanedithiol in the presence of boron trifluoride ether-
ate® afforded 20-thioketal 3 in high yield. Reduction
of the free thioketal 4 with Raney nickel gave 583-
pregnan-3a-ol § in 709, yield. A reaction sequence of
this type was first deseribed by Ruff and Reichsteint
who prepared 11-keto-58-pregnane from the 3,20-bis-
thioketal. The pregnanol 5 also was prepared directly
in good yield by Wolff-Kishner reduction® of pregnano-
lone 2. Marker ¢ first prepared 58-pregnan-3a-ol by
Clemmensen reduction of pregnanolone. The melting
points of the pregnanol 5 and its acetylation produet 6
are in close agreement with his published constants.

The Wolff—Kishner reduction of 17-hydroxypreg-
nanolone 7 (Scheme I) proved somewhat more complex.
In addition to the desired 3a,17-diol 10, which was
obtained in only modest yield, a more mobile by-
product which gave a positive tetranitromethane test
also was recovered. Its identity as the dehydration
product 58-pregn-16-en-3a-ol 8 was established by its
catalytic reduction to the pregnanol 5. The 3«,17-
diol 10 also was prepared by lithium aluminum hy-
dride reduction of both 17,20a-oxido-58-pregnan-3a-ol
(12a) and 17,208-oxido-58-pregnan-3a-ol (12b).” Both
epoxides were reduced slowly even after prolonged re-
fluxing in the presence of a large excess of reducing
agent.
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Preparation of 58-pregnane-3«,17,21-triol (13) was
accomplished by similar reduction of both 17,20q-
oxido-58-pregnane-3e,21-diol (15a) and its 208 epi-
mer (15b).” It is interesting to note that, in contrast
to the sluggish reduction of the 21-deoxy epoxides 12a
and b, the 21-hydroxy epoxides 15a and b were rapidly
and completely reduced to the 20-deoxy product.
These results are in accord with the view of Rosowsky?
that polar substituents adjacent to the oxide ring
promote reductive fission of the C-O bond nearest
them.

Treatment of the triol 13 with a limited amount of
tosyl chloride afforded the 21-monotosylate 16. Lith-
ium aluminum hydride reduction of this product
gave 5p@-pregnane-3a,17-diol, thus linking the 3«,17-
diol 10 and the triol 13.

Partial hydrolysis of the diacetate 14 furnished the
3-monoacetate 17. Oxidation of the latter with
chromic anhydride followed by esterification with
diazomethane of the saponified acidic fraction gave
methyl 3a,17-dihydroxy-58-pregnan-21-oate (18).

The 3,21-diol 21 was obtained by lithium aluminum
hydride reduction of the previously described diacetoxy
tosylate 20.7 Marker® originally prepared the diol 21
by reduction of methyl 3a-hydroxy-58-pregnan-21-
oate with sodium in ethanol.

The reverse of Marker’s synthesis was achieved by
partial hydrolysis of the diacetate 22 to the 3-mono-
acetate 23 which, in a manner analogous to the prep-
aration of 18 from 17, was converted into methyl 3a-
hydroxy-58-pregnan-21-oate (24).

In order to show the relationship between the triol
13 and the 3«,21-diol 21, elimination of the 17-hydroxyl
group was attempted. Reaction of the triol 3,21-
diacetate 14 with thionyl chloride in pyridine or boron
trifluoride in acetic acid gave complex mixtures. How-
ever, treatment of the triol 13 with methanoli¢ sulfuric
acid afforded in low yield a more mobile product which
gave a positive tetranitromethane test and formed a
diacetate (27). Since the unsaturated diacetate was
reduced catalytically to the saturated diacetate 22,
the dehydration product was formulated as 58-pregn-
16-ene-3,21-diol (26).

A final correlation in this series was shown by con-
version of the 3,21-diol 21 into 5B-pregnan-3a-ol
via the 21-tosylate 28 in a manner analogous to the
preparation of 10 from 13 vig 16.

(8) A. Rosowsky in "Heterocyclic Compounds with Three- and Four-
Membered Rings,” Part 1, A. Weissberger, Ed., Interscience Publishers,
Ine., New York, N. Y., 1964, p 216.

(9) R. E. Marker, R. B. Wagner, and E. L. Wittbecker, J. Amer. Chem.
Soc., 64, 2093 (1942).
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The asymmetric nature of the monosubstituted
20 carbon atom in pregnanes has long been recog-
nized. Marker!®® employed the arbitrary designations
a and 8 to denote the respective configurations of na-

(10) R. E. Marker, O. Kamm, E. L. Wittle, T. S. Oakwood, E. J. Lawson,
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tural and synthetic 20-ols. The subsequent impor-
tant investigations of Fieser and Fieser'! and of Sa-
rett!? established the basis for the determination of
(11) L. F. Fieser and M. Fieser, Ezperientia, 4, 285 (1948);
Fieser and M. Fieser, ‘‘Steroids,”
N. Y., 1959, pp 612-622.
(12) L. H. Sarett, J. Amer. Chem. Soc., T1, 1165, 1175 (1949).

see also L. F.
Reinhold Publishing Corp., New York,
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TabLE I
MoLEcULAR ROTATIONS OF 3a-HYDROXY-58-PREGNANES WITH SUBSTITUENTS AT C-17, C-20, anDp C-21

20« epimer
Class Pairs C-3 C.17  C-20 C-21 Mies Mbp

A 1 a-OH H OH H +260 492
2 a-OH H OAc H +183 +75

1 a-OH H OH H +260 492

3 a-OAc H OAc H +440 +163

4 a-0OAc H OH H +500 +174

3 a-OAc H OAc H +440 +163

B 5 a-OH H OH OH +321 +110
6 a-OAc H OAc OAc +395 -+140

7 a-OAc H OH OAc +580 +202

6 a-0Ac H OAc OAc +395 -+140

8 a-OAc H OH OH +548 +192

9 a-OAc H OAc OH +350 +132

C 10 «-OH OH OH H -37 —6
11 a-OH OH OAc¢ H —-267 —80

10 «-OH OH OH H —37 —6

12 a-OAc OH ©OAc H —44 —4

13 a-OAc OH OH H +229 474

12 a-OAc OH OAc H —44 —4

D 14 «-OH OH OH OH +51 420
15 a-0Ac OH OAc OAc ~251 -79

16 a-0OAc OH OH OAc +188 +68

15 a-OAc OH OAc OAc —251 —-79

17 a-0OA¢ OH OH OH +317 +109

15 a-OAc OH OAc OAc —251 —-79

18 «-OH OH OH OAc -119 -—32

15 a-0Ac OH OAc OAc¢ -—-251 -—-79

19 «-OH OH OH Br +70 429

20 a-QAc OH OAc Br —61 -9

21 «-OH OH OH Ts —182 —58

22 a-0Ac OH OAc Ts —306 —99

Myes?®®  Mp™® Increments® ——————
208 epimer - - A% A%
M Mbp Mses™ Mp™®  365ms Db 365mp
+230 +64 +30 +28
+615 208 —432 —133 77 =17 +385 +144
+230 +64 +30 +28
+917 +305 —477 —142 —80 —14 +427 4156
+445 +1539 +55 +15
+917 +305 ~477 =142 —60 —11 +472 4146
+278 +100 +43 +10
+1150 +385 =755 =245 —186 -55 <4612 4200
+617 +212 —37 -10
+1150 4385 —755 —245 —185 —62 +533 -+173
+540 +191 +8 +1
+1009 <4336 —659 —204 —198 —60 +469 4145
+40 +24 -7 -30
+586 <200 —853 —280 —230 —-74 4546 4176
+40 424 —~77 —30
+869 -+291 —-913 —295 —267 —83 +569 +182
+287 +113 —58 -39
“+869 4291 -913 —295 —-273 —78 4582 +178
<4152 +60 —101 —40
+1472 4488 —1723 —567 —402 =137 4905 4293
+598 +206 —410 ~138
+1472 4488 —1723 -—567 —439 —147 4874 282
+402 +141 -85 —32
+1472 4488 -1723 —567 —408 —141 4915 +297
+265 -+99 —384 -—-131
+1472 +488 -1723 —567 —392 -—-132 4947 4304
+598 4199 —-528 =170
+1428 +477 —1489 —486 —391 —123 +570 +193
+349 +139 =531 —197
+1140 +382 —1446 —481 —38 —126 <+531 +158

e Corrected, where necessary, for acetylation at C-3 (all classes) and at C-21 (class D).

configuration at C-20 by utilizing changes in optical
activity after acetylation. Fortuitously, their as-
signments of epimeric hydroxyl groups as « or 8 co-
incided with those of Marker and also with absolute
configurations which later were fixed by Wieland and
Miescher.'® The Fieser—Sarett rule states that re-
gardless of substituents elsewhere in the molecule
(a) acetylation of a 20a-ol results in a weakly pos-
itive or negative shift in molecular rotation (M)
while acetylation of a 208-0l causes a strongly positive
shift in M and (b) a 208-acetate of any class is more
dextrorotatory than its 20a epimer. In the inter-
vening years this rule has proven extremely useful for
configurational assignments in new 20-hydroxypreg-
nanes from natural and synthetic sources. To our
knowledge the rule has failed in 178-pregnanes only
in the case of 20-hydroxy-21-oic acids and esters. 4
Although the Fieser—Sarett rule has been of great
practical value, its application thus far has left un-
explained certain more subtle aspects of rotatory be-
havior exhibited by 20-ols and 20-acetates, particularly
those quantitative differences which are caused by
vicinal effects. For this reason we undertook a de-

(13) P. Wieland and K, Miescher, Helv. Chim. Acta, 82, 1922 (1949).

(14) (a) M. L, Lewbart and V. R. Mattox, J. Org. Chem., 28, 1773, 1779
(1963); (b) M. L. Lewbart and J. J. Schneider, tbid., 29, 2559 (1864);
(¢} M. L. Lewbart. and J. J. Schneider, J. Biol. Chem., 241, 5325 (1966).

tailed study in order more precisely to define these
effects.

Our investigation was made possible by the avail-
ability of a large series of closely related 3a-hydroxy-
5B3-pregnanes consisting of the 20-deoxy steroids de-
scribed herein, the epimeric 20-oxygenated analogs
from the previous paper,” and additional compounds pre-
pared specifically for this project. Their utilization in
the present study permitted a detailed appraisal of the
absolute contributions to M of hydroxyl and acetoxyl
groups at C-20 in the presence of a variety of different
groups. In order to make comparisons more valid,
all determinations were made in methanol solution
under standard conditions of temperature and concen-
tration in a Zeiss 0.005° photoelectric polarimeter. We
chose to take readings both at 589 my (b line of sodium)
and at 365 my since, as has been mentioned by Klyne,
differences in rotatory properties of epimers are exag-
gerated at lower wavelengths.

It was thought advisable first to present the data
in the form employed by Fieser and Sarett. The values
for a series of 20-oxygenated steroids are given in
Table I. In following with some modification the
nomenclature of Sarett, we have found it convenient
to divide 20-hydroxypregnanes into four -classes:

(15) P. M. Jones and W. Klyne, J. Chem. Soc., 871 (1960).
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TaeLE 11
MOoLECULAR ROTATIONS OF 3a-HYDROXY-58-PREGNANES WITH OR WITHOUT OXYGEN FUNcTIONS AT C-20
Class Group C-3 C-17 C-20 C-21 Maes Mbp AMsss AMbp
A 1 a-OH H H H +272 +98 ... .
«-OH H a-0OH H +260 +92 —-12 -6
«-OH H 8-OH H +230 +64 —42 —34
2 a-OAc H H H +516 -+180 . .
a-OAc H «-OH H +500 +174 —16 -6
a-0Ac H g-OH H +445 +159 —71 —21
3 «-OH H H H +272 +98 . A
a-OH H a-OAc H +183 +75 —89 -23
«-OH H B-OAc H +615 +208 +343 +110
4 a-OAc H H H +516 +180 - o
a-OAc H a-OAc H -+ 440 +163 -76 —17
a-OAc H B8-OAc H +917 ~+305 “+401 +125
B 5 o-OH H H OH + 365 +134 - -
«-OH H «-OH OH +321 +110 —44 —24
«-OH H 8-OH OH +278 + 100 —87 —34
6 a-0OAc H H OH +615 +216 . -
a-OAc H a-OH OH +548 +192 —67 —24
a-OAc H 8-OH OH + 540 +191 —75 -25
7 a-OAc H H OAc + 594 +211 .. -
a-0OAc H a~OH OAc + 580 -$-202 —-14 -9
a-OAc H 8-OH OAc +617 +212 +23 +1
8 a-OAc H H OH +615 +216 - -
a-0Ac H a-0Ac OH +350 +132 -265 —84
a-OAc H B8-OAc OH + 1009 +336 -+ 394 +120
9 a-0Ac H H OAc +594 +211 L. -
a-0Ac H a-OAc OAc —+395 -+140 -199 -71
a-OAc H B-OAc OAc +1150 +385 +556 +174
C 10 a-OH OH H H -31 -2
a-OH OH «-OH H —-37 -6 -6 —4
«-OH OH B-OH H +40 +24 +71 +26
11 a-0OAc OH H H +229 +82 o s
a-0Ac OH «-OH H +229 +74 0 -8
a-OAc OH 8-OH H + 287 +113 +58 +31
12 a-OH OH H H —31 -2
«-OH OH a-0OAc H —267 —80 —236 —-78
o-OH OH B-OAc H + 586 +200 +617 +202
13 a-0Ac OH H H +229 +82 .. Co
a-OAc OH a-0Ac H —44 —4 —273 —86
a~OAc OH 8-OAc H +869 +291 +640 +209
D 14 «-OH OH H OH +7 +6 - o
«~-OH OH «-OH OH +51 +20 +44 +14
o-OH OH g-OH OH +152 +60 +145 +54
15 a-OAc OH H OH +286 +104 . .
a-0OAc OH «-OH OH +317 4109 +31 +5
a-OAc OH s-OH OH +402 + 145 +116 +41
16 a-OAc OH H OAc +251 490 - -
a~OAc OH «-OH OAc +188 +68 —63 —22
a-0Ac OH 8-OH OAc +598 +206 +347 +116
17 a-0OAc OH H OAc +251 +90 - .
a-OAc OH a-OAc OAc —251 —-79 —502 —169
a-0OAc OH 8-OAc OAc +1472 +488 +1221 +398

class A (unsubstituted), class B (21 substituted),
class C (17 substituted), and class D (17,21 disubsti-
tuted). Molecular rotation relationships of epimeric
pairs of 20-0ls and their derived acetates are expressed
both as differences between epimers and as increments
or decrements which occur after acetylation. In
many of the examples acetylation at C-3 also occurred.
The average increments calculated for acetylation at
this position were +260 units at 365 mg and -85

units at 589 mu.’® Sarett!? gives an average value of
490 units at 589 mu and cites values of +91 and +83
units at this wavelength. An increment of +82
units may be derived from the publications of Fieser
and Fieser.!
In agreement with their findings, we have found no
(18) In close agreement with these values, the increments calculated for

acetylation at C-3 for three pairs of epimeric epoxides were +262 = 17 and
+89 =+ 9 units at the two wavelengths (see previous paper?).
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TasLe III
Errect oN M oF INTRODUCING OXYGEN FUNCTIONS AT C-17 AND/OR C-21 IN THE PRESENCE OF
Var1ous SUBSTITUENTS AT C-20

Group at C-20

~—CH¢——~ ~—C=0—— -—a-O0H—

Group C-3 C-17 C-21 M Mbp Maes Mb»p Maes Mbp
1 «-OH H H +272 +98 1850 360 260 +92
2 «-OH H OH +365 +134 41775 4357 +321 4110
3 «OH OH H -31 —2 +1280 +173 - 37 il )
4 a«OH OH OH  +7 +6 41560 +240 +51 420
5 a-OAc H H 4516 +180 +2140 +446 -+500 +174
6 «OAc H  OAc +594 +211 42340 +516 +380 -+202
7 «0Ac OH H +229 +82 41560 +4-262 -+229 +74
8 «O0Ac OH OAc +251 +90 +2150 +405 +188 468
significant differences in the molecular rotation of

20-ols in classes A and B (pairs 1, 4, 5, 7, and 8), whereas
2083-0ls of classes C and D are consistently, if slightly,
more dextrorotatory than their 20« epimers (pairs 10,
13, 14, 16, 17, and 18). In addition we have observed
that the presence of a bulky substituent at C-21 such as
tosylate or bromine (pairs 19 and 21) increases by a factor
of four or five the differences in M between class D 20a-
and 208-ols.

In further correspondence with the data of Fieser
and Sarett, acetylation increments for 208-ols of all
classes were moderately to strongly positive while
acetylation increments for 20a-ols were weakly to
moderately negative. Moreover, all 208-acetates were
consistently more dextrorotatory than their C-20
epimeric counterparts. The magnitude of the acety-
lation increments (AMDb) for 208-ols of classes A, B, and
C (4145 to +200 units) is somewhat greater than the
4110 to 130 units found by Fieser, but the differences
in Mp between epimeric 20-acetates of these classes
(142 to +245 units) are in close agreement with the
range of +140 to +220 units given by Fieser.

It was noted that acetylation at C-21 of class D 20-ols
also results uniformly in equal but opposite shifts in M
depending upon the configuration at C-20. This effect
is evident when comparison is made between M values
for pairs 14/18 and 16/17. The average shift at the
D line after acetylation at C-21 is —47 units for 20a-
ols and + 50 units for 203-ols.

With regard to the rather heterogeneous group of
compounds which he studied, Fieser reported a pos-
itive shift of from 240 to +410 units after acetylation
of 208-ols, but did not have a sufficient number of 20¢-
ols to establish a range of decrement values. In the
present study the values, corrected for acetylation at
C-3 and C-21, ranged from 282 to 4304 units for
208-ols and from —132 to —147 units for 20a-0ls. As
a check on the validity of our assigned shifts in molec-
ular rotation due to acetylation at C-3, C-20, and C-21,
we noted that the Mp value (—79 units) for the 20a-
triacetate of pair 15 is in close agreement with the
algebraic sum of the values for the free tetrol of pair 14
(+20) plus the individual contributions due to acety-
lation at C-3 (+85), at C-20 (—140), and at C-21
(—47), namely —82 units. A similar comparison of
the observed value for the 208-triacetate (4488 units)
with the sum of the values for the free tetrol (4-60)
plus that due to acetylation at C-3 (+83), at C-20
(4293), and at C-21 (+50) shows exact correspondence.

It is apparent from a general examination of Table
I that shifts after acetylation of the 17,21-disubstituted
class D 20-ols are roughly the sum of the values for
the corresponding monosubstituted 20-ols of classes

—p-0H— ——ad—— — &M o ——a¥op—— —— AYor——
Mises Mbp 365 D 365 D 365 D 365 D
+ 230 +64
+278 4100 +93 +36 -75 -3 +61 +18 +48 436
—+40 +24 —303 -—-100 -—-570 ~187 -297 —98 —190 -—40
+152 +60 +265 —92 290 —120 -—209 -72 —78 —4
+445 <4159
+617 4212 +78 +31 +200 +70 +80 +28 +172 +53
+287 +113 —287 —98 ~580 —184 271 —100 ~158 —46
+598 +208 —265 —90 +10 —41 —312 —106 153 47
B and C. It can therefore be concluded that the

presence of a single oxygen function in either position
adjacent to a 20-hydroxyl group has no effect on the mag-
nitude of the acetylation increment or decrement, but that
the presence of oxygen functions at both adjacent positions
results in a doubling of the A values.

Changes in molecular rotation after acetylation at
C-20 of the 21-bromides and 21-tosylates, while qual-
itatively similar to those obtained for simple class D
compounds, are of a lesser magnitude, with the damping
effect proportionately greater on the 208-ols.

In Table IT is shown the effect of introducing hy-
droxyl or acetoxyl groups at C-20 using the appropriate
20-deoxy steroid as the stem compound for each group.
Because of the similarity in M values between 20-
unsubstituted and the corresponding 20-ols, the shifts
in M are of the same sign and order of magnitude as
was noted in Table I for acetylation of 20-o0ls. With
reference to the introduction of hydroxyl groups, it
will be seen that the dirvection of the shift tn M, however
slight, is determined by the nature and location of ad-
Jacent substituents. Thus in classes A and B pregnanes
(groups 1, 2, 5, 6, and 7) insertion of either a- or -
oriented hydroxyl groups at C-20 results generally in
a weakly negative shift. Introduction of a 20a-
hydroxyl group in class C pregnanes (groups 10 and 11)
also causes a weakly negative shift, while insertion of a
208-hydroxyl group results in a weakly positive shift.
In simple class D pregnanes (groups 14 and 15) intro-
duction of a hydroxyl group in either orientation re-
sults in a weakly positive shift which is somewhat
greater for 208-ols, but, if an acetoxyl function is
present at C-21 (group 16), the difference between ep-
imeric 20-ols is greatly exaggerated. However where
a hydroxyl group is lacking at C-17 (group 7, class B),
this effect is not noted. These results represent another
expression of the effect of acetylation at C-21 noted
above.

The magnitude of the negative shifi in M afier iniro-
duction of a 20a-acetoryl group varies directly with the
degree of substitution at C-17 and C-21: weak for class
A (groups 3 and 4), moderate for class B (groups 8 and
9) and class C (groups 12 and 13), and strong (roughly
the sum of the decrements for the latter two classes)
for class D pregnanes (group 17). Similarly, the
magnitude of the positive shift afier introduction of a
20B-acetoxyl group increases with increasing substitution
of the adjacent positions. As in the case of the 20«
epimers, the value of M for class D pregnanes repre-
sents the sum of the singly substituted analogs.

The effect of introducing oxygen functions either
singly or jointly at C-17 and C-21 in the presence of a
variety of groupings at C-20 is shown in Table III
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TasLe IV

MovecULAR RoTATIONS OF METHYL 3a-HYDROXY-58-PREGNAN-21-0ATES WITH OR WITHOUT
OxyGeN Funcrions at C-20

Class Group C-3 C-17 C-20
B 1 a-OH H H
a-0H H «-OH
o-0H H 8-OH
2 a-OAc H H
a-OAc H a-0Ac
a-0OAc H B8-OAc
D 3 a-OH OB H
a-OH OH «-OH
«-OH OH 8-OH
4 a~0OAc OH H
«-0OAc OH a-OAc
a-0Ac OH B8-OAc

Insertion of a hydroxyl group or acetoxyl group at
C-21 in simple pregnanes (A, groups 2 and 6) and
20-hydroxypregnanes (AMoy -+ Apom) causes a
weakly positive shift in M. Introduction of a hy-
droxyl group at C-17 (A%, groups 3, 4, 7, and 8) re-
sults in a moderately negative shift of the same mag-
nitude regardless of the nature of the substituent at
C-21.

The effect of inserting a hydroxyl group at C-17 in 20-
hydroxypregnanes is greally dependent upon the config-
wration at C-20. 1In general, the magnitude of the shift
in M for 20a-hydroxypregnanes (AY,x, groups 3, 4,
7, and 8) is of about the same order noted for their
20-deoxy counterparts. In contrast, the magnitude
of the negative shift in M for 208-hydroxypregnanes
is greatly reduced in C-2l-unsubstituted pregnanes
(Aj%ou, groups 3 and 7). Where a hydroxyl group is
present at C-21 (Al.m, group 4), the size of the neg-
ative shift is further reduced and, in the presence of an
acetoxyl group at C-21 (A3hm, group 8), there is
actually a small positive shift in M.

The presence of an acetozyl group at C-20 has an even
greater effect on the introduction of a hydroxyl group at
C-1?7. Thus, from Table II, conversion of the class A
diacetates (group 4) into class C diacetates (group 13)
results in shifts of —167 and —14 units for 20 and
208 epimers, respectively. An even greater divergence
is to be noted when M values for the class B {(group 9)
and class D (group 17) triacetates are compared:
—219 units (20«) and +103 units (208).

For 20-ketopregnanes (Table III), introduction of a
hydroxyl group at C-21 (A, group 2) is without sig-
nificant effect, but insertion of an acetoxyl group at
the same position (AN—o, group 6) results in a mod-
erately positive shift in M. Introduction of a hy-
droxyl group at C-17 in 20-ketopregnanes (Ag—o,
groups 3 and 7) results in a negative shift of approxi-
mately twice the magnitude noted for simple preg-
nanes (Al,), but this effect is nullified largely if an
acetoxyl group is present at C-21 (Afo, group 8).

In view of our earlier demonstrations’ that the
configuration at C-20 of 20-hydroxy-2l-oates cannot
be determined by means of the Fieser-Sarett conven-
tion, it was of interest to examine additional members of
this class in the 3a-hydroxy-58-pregnane series. The
M2 — 7[208 values for these new methyl esters are
in close agreement with those obtained previously for
analogous compounds. In Table IV, which is con-

C-21 Mass Mbp AMaes AMbp
COOCH, -+226 +89 A e
COOCH; +253 +102 +27 +13
COOCH; +61 +35 — 165 — 54
COOCH; +484 +173 o .
COOCH; + 865 +-307 +381 4134
COOCH; +425 +144 —59 —29
COOCH; —73 —16 . e
COOCH; ~50 +3 +23 +19
COOCH, +81 +22 +154 +38
COOCH;, +192 +67 . e
COOCH, +531 4199 +339 +132
COOCH; +529 -+ 162 +337 +95

structed in the manner of Table II, we have compared
the M values of a series of 20-deoxy methyl esters with
those of corresponding epimeric 20-hydroxy and 20-
acetoxy derivatives. With the exception of the A
values noted for the 17,20-dihydroxy methyl esters of
group 3, the remaining values differ greatly from those
obtained for the corresponding compounds containing
substituents other than carbomethoxyl at C-21.
Introduction of an a-oriented hydroxyl (groups 1
and 3) or acetoxyl function (groups 2 and 4) at C-20
results, respectively, in weakly and strongly positive
shifts in M. This effect is uninfluenced by the nature
of the substituent at C-17. The A values in the 208
series also are anomalous. Insertion of either G-
hydroxyl or 8-acetoxyl groups at C-20 in class B methyl
esters results in a negative shift which is more pro-
nounced in the alechol. Similar functionalization at
C-20 of class D methyl esters is followed by a positive
shift in M. We regard these effects as unusual and
in contrast with the values appearing in Table II.
Glick and Hirschmann!” have derived theoretical
M values for simple pregnan-20-ols from a consid-
eration of the most probable conformations of the side
chain. However, the majority of the compounds de-
seribed in the present study also bear substituents at
C-17 and/or C-21 which greatly complicate conforma-
tional analysis because of the increased opportunities
for interaction with neighboring groups. We have
therefore limited our analysis of these data to an at-
tempted correlation of observed optical rotatory changes
with conformational possibilities as observed in Dreid-
ing models and with our earlier observations on the
steric requirements for boriec acid complexing in
steroidal glycols and glycerols.’® It is assumed that
deviations in A values from those obtained for the
20-deoxy stem compound reflect vicinal interaction(s)
which lead to an altered, presumably more stable,
conformation of the side chain and its attached groups.
For example, introduction of oxygen functions either
singly or jointly at C-20 and C-21 does not result
in any appreciable change in M since free rotation
between C-20 and C-21 does not permit the preponder-
ance of a particular conformer. In contrast, insertion
(17y D. M. Glick and H. Hirschmann, J. Org. Chem., 87, 3212 (1962).
For more recent studies bearing on conformational analysis of the 178-
pregnane side chain, see also J. C. Danilewicz and W. Klyne, [J. Chem. Soc.,
1306 (1965), and H. Lee, N. 8. Bhacca, and M. E. Wolff, J. Org. Chem., 81,

2692 (19686).
(18) J. J. Schneider and M, L. Lewbart, Tetrahedron, 30, 943 (1964).
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of a hydroxyl group at C-17 in 20-ols and 20-acetates
results in profound differences in A values since the
stability conferred by coplanarity can occur only in
the case of the 17,208-diol system. Evidently the
exaggeration of the M values observed for 17,20-
diols with an acetoxyl, tosyloxyl, or bromine at C-21
is due to a preponderance of favored conformations
which result from a further limitation on rotation
around the C-17-C-20 bond.

Since bulky substituents at C-21 serve merely to
increase the magnitude of the M values, the anomalous
resultsin the case of the methyl esters cannot be ascribed
solely to the size of the carbomethoxyl function. A
more likely explanation of the aberrant optical rotatory
behavior of the methyl esters may involve hydrogen
bonding between substituents at C-20 and the carbonyl
group of the carbomethoxy moiety such as is believed
to account for anomalous rotatory values in the
lactic acid series.!?

Experimental Section

Melting points were taken on a Fisher-Johns apparatus and
are uncorrected. Optical rotations were determined in a 0.5-dm
tube at a concentration of about 19, and at a temperature of
26 =+ 1°. Infrared spectra were determined as KBr pellets with
a Beckman IR-8 infrared spectrophotometer. Descriptions of
the column, paper and thin layer (tle) chromatographic tech-
niques employed in this laboratory appear in papers cited
previously.” Analyses were by E. Thommen, Basel, Switzerland,
and August Peisker-Ritter, Brugg, Switzerland.

20-Ethylenedithio-58-pregnan-3a-ol Acetate (3) from 1.—To a
solution of 3a-acetoxy-58-pregnan-20-one (1 g) in acetic acid (2
ml) was added 1 ml each of ethanedithiol (Matheson, Practical
Grade) and boron triffuoride etherate. Crystals deposited
slowly at room temperature, forming a solid mass in about 1 hr.
After 2 hr the reaction mixture was partitioned between methyl-
ene chloride and water. The organic layer was washed succes-
sively with dilute sodium hydroxide solution and water, filtered
through anhydrous sodium sulfate, and concentrated to dryness.
Crystallization from methanol afforded 1175 mg of needles (mp
162.5-163°)in a yield of 979.. The analytical sample had mp
1645"1650, [a]gsg +116°, [a]435 +72.7°, [a]54s +41.1°, [ol]D
+36.8° (CHCI).

Anal. Caled for CpsHy0:8:: C, 68.76; H, 9.23; S, 14.68.
Found: C, 68.57; H, 9.27; 8, 14.50.

20-Ethylenedithio-58-pregnan-3a-ol (4) from 3.—Saponifica-
tion of 20-ethylenedithio-58-pregnan-3a-ol acetate with metha-
nolic sodium hydroxide and crystallization of the product
from methanol gave plates: mp 182.5-183°%; [alsws +63.8°,
[a]43s +37.8°, [0’]546 ‘+‘22.1°, [a]D +189° (CHCIa)

Anal. Caled for CyHyisOS:: C, 69.99; H, 9.71; S, 16.25.
Found: C, 69.49; H, 9.80; S, 15.94; ash, 0.33.

58-Pregnan-3a-ol (5) from 4.—A solution of 20-ethylenedithio-
58-pregnan-3a-ol (100 mg) in 10 ml of ethanol was refluxed for
18 hr with a suspension of freshly prepared Raney nickel W-2
catalyst. The recovered product was crystallized twice from
acetone to give 54 mg (709 ) of needles: mp 148-149° lit.8
mp 148°%; [alw: +89.3°, [afws +60.4°, [a]ss +36.4°, [a]D
+32.3°.

Anal. Caled for CnH0: C, 82.83; H, 11.92. Found: C,
82.72; H, 11.85.

58-Pregnan-3a-ol Acetate (6).—Acetylation of 53-pregnan-3a-ol
with pyridine and acetic anhydride and crystallization from
methanol gave plates: mp 105.5-106.5° 1it.5 mp 106°; {a}se
+149°, [(141435 +98.4°, [a]ms +58.4°, [a]D +52.0°.

Anal. Caled for Cy3HyO2: C, 79.71; H, 11.05. Found: C,
79.78; H, 11.10.

53-Pregnan-3a-ol (5) from 2.—Reduction of 3a-hydroxy-58-
pregnan-20-one (300 mg) by the Barton® modification of the
Wolff-Kishner procedure gave, following three crystallizations
from aqueous methanol, 218 mg (769) of needles, mp 146-147°.

(19) J. H. Brewster, J. Amer. Chem. Soc., 81, 5475 (1959).
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A mixture melting point with 5 prepared by catalytic desulfuriza-
tion of 4 was 147-148° and their infrared spectra were identical.
58-Pregn-16-en-3a-o0l (8) and 58-Pregnane-3«,17-diol (10) from
7.—3a,17-Dihydroxy-58-pregnan-20-one (300 mg) was reduced
by the modified Wolff-Kishner method. Paper chromatographic
analysis of the crude product in toluene-isooctane-methanol-
water (40:160:160:40, v/v) showed that no starting ma-
terial (R¢ 0.12) remained and that roughly equal amounts of two
more mobile products (R; 0.49 and 0.91) were present. The
mixture was chromatographed in the same system on a 25 X 640
mm Celite column. Fractions of 6.5 ml were collected at 7.5-min
intervals.
58-Pregn-16-en-3a-0l. Fractions 22-35.—Crystallization from
aqueous methanol gave 52 mg of needles which gave a yellow
color with tetranitromethane. Recrystallization from methanol
furnished the analytical sample: mp 172.5-173.5°; [ass +161°,
[alas +107°, [alss +64.5°, [@]lp +56.4°; vmex 3030 (sh)
(C==C) and 1040 cm™* (3a-hydroxyl); there was no absorption
between 1500 and 1800 em 1.
Anal. Caled for CyH3O: C, 83.38; H, 11.33. Found: C,
83.88; H, 11.62.
58-Pregn-16-en-3a-o0l Acetate (9).—Acetylation of 58-pregn-
16-en-3a-o0l in the usual fashion and crystallization from methanol
gave plates: mp 101-104°; o) +222°, [aluas +143°, [a)us
+84.8°, [a]lp +75.7°.
Anal. Caled for CyuHzO.: C, 80.18; H, 10.53; CH,CO,
12.49. Found: C, 80.33; H, 10.68; CH;CO, 12.10.
Hydrogenation of a sample of 8 in the presence of 5, palladium
on carbon followed by crystallization of the product from aqueous
methanol gave needles, mp 149-150°, which had an infrared
spectrum identical with that of 58-pregnan-3a-ol.
58-Pregnane-3,17-diol.  Fractions 52~74.—Crystallization
from ethyl acetate furnished 85 mg of small plates: mp 174-
175°%; [a)uws —9.82°, [a)as —4.30°, [a]ss —1.23°, [@]D —0.061°.
Anal. Caled for CaHguO,: C, 78.69; H, 11.32. Found:
C, 78.55; H, 11.38.
58-Pregnane-3«,17-diol 3-Acetate (11).—Acetylation of 58-
pregnane-3a,17-diol in the usual fashion followed by precipitation
of the product with water from methanol solution gave a low-
melting, filterable solid which was homogeneous (R: 0.36) by
tle in the system isooctane-ethyl acetate (3:2, v/v): [a]ss
+63.3°, [0‘]436 +42.5°, [a]s.m +25.5°, [Q}D +22.7°.
Anal. Caled for CyuHgiOs: C, 76.19; H, 10.57; CH,CO,
11.87. Found: C, 75.90; H, 10.58; CH,;CO, 11.48.
53-Pregnane-3a«,17-diol (10) from 12a.—A solution of 17,20a-
oxido-58-pregnan-3a-ol’ (50 mg) and lithium aluminum hydride
(100 mg) in ether (40 ml) was refluxed for 4 hr. After inactivation
of excess reducing agent by the successive addition of ethyl ace-
tate and water, the mixture was diluted with an equal volume
of ethyl acetate and washed with neutral brine. The organic
layer was dried by filtration through anhydrous sodium sulfate
and concentrated to dryness. Analysis of the crude product by
paper chromatography in isooctane-methanol-water (200:170:-
30) showed a ca. 3:2 ratio of starting material (R; 0.52) to a less
mobile product (£; 0.25). The mixture was re-treated with
lithium aluminum hydride as above for an additional 24 hr at
which point the ratio of starting material to product was ap-
proximately 1:3. The mixture was chromatographed on a
20 X 670 mm Celite column in the same system. Fractions
(3 ml) were collected every 10 min. From fractions 82-105 there
was obtained 7.8 mg of starting material as needles, mp 165-167°.
58-Pregnane-3«,17-diol. Fractions 190-251.—Crystallization
from ethyl acetate afforded platelets (33.5 mg, mp 174-175°;
4 mg, mp 173-175°) in a yield of 76%.. The compound was
identical in all respects with the less mobile product (10) from
the Wolff-Kishner reduction of the diolone 7.
58-Pregnane-3«,17-diol (10) from 12b.—Reduction of 17,208-
oxido-538-pregnan-3a-ol” (25 mg) with lithium aluminum hydride
(100 mg) in ether was carried out for 4 hr as above. Since pe
analysis of the crude product showed that only approximately
309, of the oxide had undergone reduction, the mixture was
re-treated for an additional 24 hr as above. Analysis of the re-
treated material showed that the amount of desired product had
nearly doubled. The mixture was chromatographed on a 14 X 460
mm Celite column in the above system. Fractions (2 ml) were
collected at 15-min intervals. The pooled residues from fractions
28-39 gave, from acetone, 6.5 mg of the 17,203-oxide 12b, mp
137-139°.
58-Pregnane-3«,17-diol.  Fractions 74-100.—Crystallization
from ethyl acetate gave platelets (11.7 mg, mp 174-175°;
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1.2 mg, mp 172.5-173°) in a yield of 51%,. The infrared spec-
trum was identical with that of the lithium aluminum hydride
reduction product of 12a.

58-Pregnane-3a,17,21-triol (13) from 15a.—A solution of
17,20a-0xido-58-pregnane-3«,21-diol” (100 mg) and lithium
aluminum hydride (100 mg) in ether (75 ml) was refluxed for
3 hr. The product crystallized from acetone as plates (78 mg,
mp 165-166°; 13 mg, mp 153-155°) in a yield of 919%,. The
analytical sample had mp 164-165°; [alss +2.21°, [a]ws
+1.66°, [a]ss +1.66°, [a]D +1.66°.

Anal. Caled for CyHyOs: C, 74.95; H, 10.78. Found: C,
74.71; H, 10.78.

58-Pregnane-3«,17,21-triol (13) from 15b.—Reduction of
17,208-oxido-58-pregnane-3a,21-diol’ (7.6 mg) with lithium
aluminum hydride (30 mg) in ether (20 ml) was carried out as in
the preparation of 13 from 15a. Crystallization of the product
from acetone afforded plates (3.7 mg, mp 164.5-165.5°; 1.8 mg,
mp 158-160°) in a yield of 809,. Comparison with the lithium
aluminum hydride reduction product of 15a in terms of mixture
melting point and infrared spectra showed them to be identical.
58-Pregnane-3«,17,21-triol 3,21-Diacetate (14).—Acetylation
of 58-pregnane-3a,17,21-triol in the usual fashion and crystalliza-
tion of the product from aqueous acetone gave filamentous
needles: mp 56--580; [01]365 +52.5°, [a]433 +35.4:°, [a]545 +21.0°,
[@]D +18.8°.

Anal. Caled for CosHyOs: C, 71.39; H, 9.59. Caled for
Cst4oOs'CHaCOCH31 C, 7026, H, 9.69. Found: C, 7074,
H, 9.75.

53-Pregnane-3a,17,21-triol 3-Acetate (17) from 14.—To a
solution of 58-pregnane-3«,17,21-triol 3,21 diacetate (111 mg)
in methanol (25 ml) was added 25 ul of 1 N sodium hydroxide.
After 19 hr at room temperature excess acetic acid was added.
The solvent was removed in vacuo and the residue was partitioned
between methylene chloride and water. The material recovered
from the organic layer was chromatographed on a 20 X 700 mm
silica gel column in ethyl acetate-isooctane (2:1). Fractions
(4 ml) were collected at interfals of 10 min. The residue from
fractions 136-181 weighed 72.4 mg (729%) and crystallized from
acetone—n hexane as fine needles: 60 mg; mp 125.5%; [a]ss
+75.8°, [a]as +51.7°, [alus +31.0°, [@]D +27.6°; ymax 3420
(hydroxyl), 1735, 1240, and 1030 cm ™! (3a-acetoxyl).

Anal. Caled for Cy3HyiOy: C, 72.97; H, 10.12. Found: C,
73.14; H, 10.20.

Methyl 3a,17-Dihydroxy-58-pregnan-21-oate (18) from 17.—
To a solution of 58-pregnane-3e,17,21-triol 3-acetate (60 mg) in
acetic acid (2.85 ml) was added a solution of chromic anhydride
(60 mg) in water (0.15 ml). After 21 hr at room temperature
methanol was added and the solvents were blown off with a stream
of nitrogen. The crude acetoxy acid was recovered by extraction
with ethyl acetate and saponified with methanolic sodium hy-
droxide. The acidic fraction (46 mg) was recovered and treated
with ethereal diazomethane. The reaction mixture was chro-
matographed on a 16 X 840 mm silica gel column in ethyl acetate-
isooctane (3:2). Fractions (2 ml) were collected every 10 min.
Crystallization from acetone-n-hexane of the residue from frac-
tions 126-166 (15.9 mg) provided needles: mp 123-125°;
ledsss —20.0°, [aas —11.2°, [a]ss —6.69°, [a]D —4.46°; ymax
3440 (hydroxyl), 1720, 1202, and 1170 cm ™~ (carbomethoxyl).

Anal. Caled for CpH304: C, 72.49; H, 9.96. Found: C,
72.40; H, 9.99.

Methyl 3a-Acetoxy-17-hydroxy-58-pregnan-21-oate (19).—A
sample of methy 3«,17-dihydroxy-58-pregnan-21-oate was acety-
lated in the usual manner. The product crystallized as needles
from methanol-water: mp 113-113.5°; [a]ws +47.3°, [0
+30.8°, [a]ss +18.9°, [a]D +16.6°.

Anal. Caled for CyHyOs: C, 70.90; H, 9.42. Found: C,
71.00; H, 9.48.

21-Tosyloxy-58-pregnane-3«,17-diol (16) from 13.—A solution
of 53B-pregnane-3«,17,21-triol (100 mg, 0.298 mm) and tosyl
chloride (65 mg, 0.342 mm) in pyridine (1 ml) stood for 23 hr
at 5°. The recovered crude product was chromatographed on
a 20 X 470 mm silica gel column in ethyl acetate-isooctane (1:1).
Fractions (3 ml) were collected at a rate of six per hour. The
contents of fractions 162-225 were dissolved in methanol, char-
coaled, and crystallized from the same solvent as prisms (52
mg, mp 82-85°; 3 mg, mp 81-84°), Recrystallization from
methanol gave the analytical sample: mp 82-85°; {a}s —10.7°,
[e]uws —5.36°, [alss —2.30°, [a]p —1.53°; wmax 1595, 1490,
1360, 1185, 1170, 1094, 810, 662 (tosylate),” and 1036 cm™
(3a-hydroxyl).
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Anal. Caled for CpHwpO:8:0.5H,0: C, 67.30; H, 8.67.
Found: C, 67.04; H, 8.54.

Lithium aluminum hydride reduction of the tosylate 16 (15
mg) as in the earlier examples, followed by crystallization from
ethyl acetate gave 58-pregnane-3a,17-diol (10) as plates (7.9
mg, mp 174-175°; 1.6 mg, mp 171-172°) in a yield of 949,.

58-Pregnane-3a,21-diol (21) from 20.—A solution of 208-
tosyloxy-58-pregnane-3«,21-diol diacetate’ (1 g) and lithium
aluminum hydride (500 mg) in ether (250 ml) was refluxed for
3.5 hr. Crystallization of the produet from methanol gave
plates (294 mg, mp 207-209°; 77 mg, mp 206-207.5°; 28 mg,
mp 201-202.5°) in a yield of 709,. The analytical sample had
mp 206.5-208°, lit.? mp 205-206°; [a]ses +114°, [a]ws +77.9°,
[a]sqe +45.6°, [a]D +41.8°.

Anal. Caled for CoyHy0,: C, 78.69; H, 11.32. Found: C,
79.00; H, 11.25.

58-Pregnane-3a,21-diol Diacetate (22).—Acetylation of 58-
pregnane-3a,21-diol in the usual manner and crystallization from
methanol afforded needles: mp 73-75°; [alsws +147°, [alus
+97.2°, [cx]54s +57.4°, [a]D +522°

Anal. Caled for C5sHyQy: C, 74.21; H, 9.97. Found: C,
74.08; H, 9.88.

58-Pregnane-3«,21-diol 3-Acetate (23) from 22.—To a solution
of 58-pregnane-3a,21-diol diacetate (240 mg) in methanol (60 mi)
was added 0.60 ml of 0.1 N aqueous sodium hydroxide. After
22 hr at room temperature acetic acid (0.3 ml) was added and the
solution was concentrated to dryness. The crude product was
chromatographed on a 25 X 750 mm silica gel column in iso-
octane-ethyl acetate (3:2). Fractions (5 ml) were collected every
12 min. From fractions 22-40 was obtained 16.3 mg of starting
material,

53-Pregnane-3a,21-diol 3-Acetate. Fractions 71-110.—Crys-
tallization from methanol gave 129 mg (60%) of rectangular
plates: mp 55-65°; [alss +170°, [alus +112°, [a]sus -+ 67.0°,
[a]lp +59.5°%; vmax 3500 (hydroxyl), 1735, 1240, and 1028 cm !
(3a-acetoxyl).

Anal. Caled for CysHysOs: C, 76.20; H, 10.56. Found: C,
76.10; H, 10.48.

Methyl 3«-Hydroxy-58-pregnan-21-oate (24) from 23.—To a
solution of 58-pregnane-3a,21-diol 3-acetate (50 mg) in acetic
acid (2.85 ml) was added a solution of chromic anhydride (50
mg)in water (0.15ml). After 19 hr at room temperature, metha-
nol was added and the solvents were removed with a current of
nitrogen. The residue was partitioned between ethyl acetate
and water and, after evaporation of the organic layer, the crude
acetoxy acid was saponified and the liberated acid was treated
with diazomethane as in the previous example. The methyl ester
24 (44 mg) crystallized as needles from ether: mp 117.5-118.5°,
lit.* mp 118-119°; [a)ss +56.1°, [alas +41.4°, [a]ss +27.4°,
[alD +25.7°; vmax 3290 (hydroxyl), 1735, 1192, and 1165 cm ™!
(carbomethoxyl).

Anal. Caled for CpuH3O5: C, 75.81; H, 10.41. Found: C,
76.06; H, 10.39.

Methyl 3a-Acetoxy-535-pregnan-21-oate (25).—Acetylation of
methyl 3c-hydroxy-58-pregnan-21-oate (25 mg) with acetic
anhydride and pyridine and crystallization of the product from
n-hexane gave 20 mg of platelets: mp 109-111°, lit.? mp 85-
870; [a]ass +124°, [a]4ae +82.4°, [a]ue +49.4°, [Q}D +44.4°.

Anal. Caled for CuH30s: C, 73.81; H, 9.81. Found: C,
73.64; H, 9.89.

58-Pregn-16-ene-3,21-diol (26) from 13.—To a solution of 58-
pregnane-3a,17,21-triol (300 mg) in methanol (75 ml) was
added concentrated sulfuric acid (0.75 ml).2* After 24 hr at
room temperature the reaction mixture was added to 200 ml of
methylene chloride and the solution was washed twice with water.
Examination of the crude product (263 mg) by tlcin ethyl acetate
showed that in addition to starting material and several very
mobile by-products, two substances were present which had
mobilities close to that of the saturated 3«,21-diol 21. The
mixture was chromatographed on a 25 X 720 mm silica gel column
in ethyl acetate—isooctane (3:2). Fractions (6 ml) were collected
every 12 min. The contents of fractions 187-238 were pooled
to give 39.4 mg of crude diol. Crystallization from acetone gave
rhomboidal prisms (35.6 mg, mp 165-165.5°). The compound
gave a light yellow color with tetranitromethane. Recrystalliza-
tion from acetone provided the analytical sample: mp 166-

(20) L. O. Smith, M. Marx, H. Mendelsohn, T, Foell, and J. J. Goodman,
J. Amer. Chem. Soc., 84, 1265 (1962).
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166.5°; [a)sss +104°, [a)ss +67.3°, [a)sis +39.7°, [«]D +36.7°;
ymex 3050 and 1620 em ™ (C=C).

Anal. Caled for CnHsOs: C, 79.19; H, 10.76. Found: C,
79.03; H, 10.84.

58-Pregn-16-ene-3a,21-diol Diacetate (27).—Acetylation of
58-pregn-16-ene-3a,21-diol in the usual fashion gave an amor-
phous product which was homogeneous (R: 0.20) by tlc in iso-
octane-ethyl acetate (6:1): [alzes —+144°, [alaes +93.6°,
[a]us +55.0°, [a]D +47.7°.

Hydrogenation of a sample of 27 as in the reduction of 8 to 3
and purification of the product on a small silica gel column
afforded prismatic needles from methanol, mp 73-75°. This
compound was identical in all respects with the lithium aluminum
hydride reduction product (22) of the diacetate tosylate 20.

21-Tosyloxy-53-pregnan-3a-ol (18) from 21.—A solution of 58-
pregnane-3«,21-diol (100 mg) and tosyl chloride (70 mg) in pyri-
dine (1 ml) stood for 18 hr at room temperature. The crude
product was chromatographed on a 20 X 705 mm silica gel column
in isooctane—ethyl acetate (3:2). Fractions (3 ml) were collected
at 10-min intervals. The residue from fractions 141-180 weighed
39.1 mg and, although homogeneous (R; 0.14) by tlc in the same
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system, could not be obtained in crystalline form: wpa.y 1598,
1493, 1357, 1188, 1173, 1095, 810, 660 (tosylate), and 1035
em ™! (3a-hydroxyl).

Lithium aluminum hyride reduction of the tosylate 28 (23.5
mg) in the usual fashion and crystallization of the product from
acetone gave needles (8.8 mg, mp 148.5-150°; 4 mg, mp 144.5~
146.5°). On admixture with a sample of 5@-pregnan-3a-ol
derived from 1, the melting point was unaltered and their in-
frared spectra were identical. In addition, acetylation afforded
a crystalline product which had the same infrared spectrum as
that obtained from 6.
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The Wittig reaction of estrone methyl ether (I) with propylidenetriphenylphosphorane gave the 17-propyl-

idene derivative (IIb).
(IITb and V).

Hydroboration at room temperature produced a mixture of C-20 and C-21 alcohols
At higher temperatures mostly V was formed, whereas at low temperatures predominantly I11Ib

was obtained. Further conversions into 21-methyl-19-nor steroids X, X1, and X1Ila, b, and ¢ are described.

The addition of a two-carbon pregnane (173 acetyl)
side chain to a 17-keto steroid by a Wittig-hydrobora-
tion—oxidation sequence (e.g. I ~ Ila — IIIa — IVa)
has been previously described! (see Scheme I).
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(1) A. M. Krubiner and E. P. Oliveto, J. Org. Chem., 81, 24 (1966).

We would now like to report the results of our studies
directed toward the synthesis of 21-methylpregnanes,
i.e., introduction of a three-carbon side chain by the
same sequence. Surprisingly, the addition of one more
carbon atom to the side chain led us to some fascinating
and unexpected new chemistry. For all studies es-
trone methyl ether (I) was used as a starting 17-keto
steroid.

Reaction of I with n-propylidenetriphenylphos-
phorane under identical conditions as those used for
the preparation of Ila led to ca. 809, of crude, semi-
crystalline product. This material, when analyzed by
vapor phase chromatography (vpe), proved to be a mix-
ture of 909, of the expected geometrically isomeric ole-
fins (ratio 96:4) and 109, of impurities. The major
product was obtained pure by recrystallization in an
over-all yield of 50-55%,. Since the major geometrical
isomer (929,) from the two-carbon Wittig reaction
(IIa) was shown to be cis,! we have by analogy assigned
the identical configuration to IIb. In addition, the
nmr spectra are in agreement. The C-18 methyl reso-
nance of Ila is at § 0.90 (relative to TMS) and that of
its trans isomer is at 0.77, consistent with the deshield-
ing effect of the 21-methyl group. The C-18 methyl
resonance of IIb also occurred at § 0.90 being com-
patible with the above stereochemical assignment.
Hydroboration of ITb with excess 1 M borane-tetra-
hydrofuran reagent? at room temperature for 2 hr,
followed by the usual oxidative work-up, afforded a
mixture of aleohols separated by careful column chro-
matography into two components. The major alecohol
isolated in 409, yield after chromatography proved to

(2) Available from Metal Hydrides, Inc., Beverly, Mass.



