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EPOXIDATION OF 7-DOUBLE BOND OF CHOLESTA-S,?-DIEN—%F—OL

BY PERMANGANATE
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Abstract: The 5,7-diene system of ring B unsaturated steroids is transformed
by neutral or alkaline permanganate mainly into a 5a,6x-dihydroxy-
7o, B8x-epoxide and minor amounts of more polar compounds.

In a recent paper1 it was reported that %ﬁ-acetoxy—Sd,6a,7x,§ﬂ-tetrahydro—
xycholestane (mp 196°C,[}*]g4 9°, obtained by hydroxylation with potassium per-
manganate of %ﬁ-acetoxycholesta—S,7-diene lp) was transformed by methanolic-aqu
eous KOH into 7«,8x-epoxy-3,3,5«,6a-trihydroxycholestane (2}), and by Pb(OAc)4
into ?p—acetoxy—5—oxo—7—formyl-7x,8u-epoxy-5,6-secocholestane.

To our knowledge oxirane formation from an 1,2-trans-diol in aqueous basic
medium or by action of Pb(OAc)4 is unprecedented. On the contrary, the epoxy
compounds obtained in these reactions are in line with the presence of an oxi-
de ring in the starting material, to which the structure‘ig should be attri-
buted.

Our investigations on neutral or alkaline permanganate oxidation of choles-

"
ta—5,7—dien—%ﬁ—ol (19) demonstrate“ that the oxidation product (80% Y) is main-
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D

171-172°¢, | oJ 24 42.5°) and by minor amounts (ca. 15%) of 3,5, 6a-trihydroxy-
1

ly constituted (ca. 75%) by epoxy triol2a; mp 172-173°C, [c(} 4.5° (lit. 1 mp

cholest-7-ene (3a) (mp 231-232°C, LM-]23 26.4° HNMR: & 0.55 (s, 3H, 18-H, calcd
0.534), 0.98 (s, 3H, 19-H, calcd3 0.955), 3.9-4 (m, 2H, 34-H and GP-H), 5.0 (m,
1H, 7-H, g ca. 8 Hz)) and of two more polar tetrols, %p , 5,6, 7X-tetrahydroxy-
cholest-8(14) -ene (53) (ca. 3%) {(mp 246-247°C, rd] -37°) and %p,5>,6a,7x—te—
23 Lo .
trahydroxycholest-8-en. (29) (ca. 7%) (mp 211-212 C,[d} p 6 ). 4a ind Es were

inseparable on TLC and were transformed into the corresponding separable 36,6x,
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7Xx-triacetates: is (mp 194-195°C,L0(}g3 15°,

0.824), 0.88 (s, 3H, 19-H, calcd3 0.881), 2.00, 2.06, 2.09 (3 x s, 9H, %ﬁ,&h?ﬂ—

1 3

HNMR: & 0.82 (s, 3H, 18-H, calcd

OCOCH3), 3.2 (m, 1H, 5X-OH), 4.94 (bd, 1H, gﬁ-H, J 4 Hz), 5.0 (m, 1H, 3d-H, gca.

25 Hz), 5.96 (bd, 1H, 7}3-}1, J 4 Hz)) and/S\g (mp 157-158°C,|_O<_| 53 24°, 1

HNMR: &
0.61 (s, 3H, 18-H), 1.24 (s, 3H, 19-H), 2.00, 2.02, 2.06 (3 x s, 9H, 3p, 6, 7x-
OCOCH;), 2.6 (m, 1H, S5x-OH), 5.05 (m, 1H, 3-H, ¥ ca. 25 Hz), 5.32 (bd, 1H, 1B~
H, §ca. 8Hz), 5.52 (kd, 1H, 6/5-11, 5 ca. 8 Hz)). 4c and 5¢ yielded by saponifi-

nication 4a and 5a.
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a; R=R' =H
b; R = Ac, R' = H

c; R=R' = Ac

In order to prove that the acetylation of 3p—hydroxy group of 13 cannot mo-
dify the reactivity of the 5,7-diene system, we tried the oxidation of 18 by ne
utral and alkaline permanganate. In both instances direct crystallization of the
oxidation mixture gave ;B (80% Y), mp 195—196°C,[dj]g3 5°, (compare with the con
stants given for the supposed %ﬂ—acetoxy—Sd,6&,7y,%ﬁhtetrahydroxycholestane1),
1

1 8 m + -
C29H4805'§H20; o 476 (M'); IR (CSZ) 3560, 3420, 3025, (Chf) 1730, 1620, 1250 am ,

TunMr: & 1.98 (s, 3H, 3/3-0coca3), 2.84 (d, 1H, 64-OH, J 11 Hz), 3.59 (bd, 1H,
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7~H, § ca. 6 Hz), 3.69 (dd, 1H, 63-H, J 11 Hz, § ca. 6 Hz), 4.15 (m, 1H, OH),

5.0 ppm (m, 1H, 3X-H, g ca. 25 Hz). After exchange with 2H20 both signals at

2.84 and 4.15 disappeared and the dd at § 3.69 collapsed to a bs, g ca. 6 Hz.

In addition two singlets were present at 5 0.72 and 1.02 ppm for C-18 and C-19

protons. The presence of the 7%,8x~-epoxide bridge causes radical changes in mo-
3

lecular geometry and hence Ziircher additivity rules™ are no longer applicable

to check the proposed structure.4 Acetylation of 2bh gave the diacetate ;g; mp
(123 THNMR: § 0.76 and 1.10 (2 x s,

190-191°C; Xp 21°; IR (CSz) 3460, 1740, 1250;
6H, C-18H and C-19H), 2.00, 2.20 (2 x s, 6H, 60~ and %ﬁ-OCOCH3), 3.6 (bd, 1H,
Zﬁ—H, g ca., 4 Hz), 4.5 (m, 1H, OH), 5.00 (m, 1H, 3«~H, g ca. 25 Hz),,5.18 ppm (bd,
1H, gﬁ—H, g ca. 4 Hz).Saponification of Zp and 35 gave %3.

TLC analysis of mother liquors from 29 revealed the presence of small amounts
of 39 and of three more polar compounds, which could not be completely resolved
by PLC. Better separation was achieved after acetylation. 35, 25, 33, and 58
were obtained, thus showing that the action of permanganate on 13 gives the sa
me set of products as on lg.

Our results demonstrate that the main oxidation products of the 5,7-diene
steroids le and 19 are the epoxy compounds ;9 and %B, respectively. Small amounts
of more polar compounds of type 3, %’ andlg are also formed. Tetrahydroxylation
of 5,7-diene system was not observed.

Actually }9 corresponds in constants (mp and optical rotation) to the suppo-
sed tetrahydroxylation product1 to which the structure 29 should be attributed.
Additional evidence for this assumption is that 29 gave the reported seco—epoxy
aldehyde by treatment with Pb(OAc)4 and %9 by saponification.

This is the first successful trapping and isolation of an epoxide as product
from permanganate oxidation of a steroidal diene. A pertinent precedent is the
formation in fair yields of all-cis epoxydiols in the permanganate oxidation of
cyclopentadiene and 1,3-cyclohexadiene.7 In the latha:reactixu tetrols are minor
companions of epoxydiols and it was proposed that the last compounds or reactive
intermediates relatéd to them are intermediates in the formation of tetrahydroxy

lation compounds. In the present case it is reasonable to suppose that the small

amounts of unsaturated triols of type ﬁ/and é,derive from a clevage of 7«,8ax-e-
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poxide followed by elimination of elements of water.

Permanganate oxidation of steroidal 5,7-dienes to yield epoxy-diols appears

general in scope and useful in planning synthesis in steroid field.
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