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The Solvolysis of 4p-Hydroxy-38-p-tolylsulphonyloxyandrost-5-enes

By James R. Hanson * and Harry J. Wadsworth, School of Molecular Sciences, University of Sussex, Brighton,

Sussex, BN1 9QJ

The solvolysis of 3@-p-tolylsulphonyloxyandrost-5-enes in acetic acid containing sodium acetate, is retarded by
the presence of a 4@3-acetoxy- or hydroxy-group. The products of solvolysis include the A-nor-3-formyl-steroids

except in the presence of a 7-ketone.

THE homo-allylic participation of the C(5)-C(6) double
bond in the solvolysis of steroidal 3B-toluene-p-sul-
phonates is well-documented.! The intermediate carbo-
cation can also be established by the solvolysis of the
toluene-p-sulphonate of a 3B-hydroxymethyl-aA-nor-5-
ene.? Consideration has been given to three contribu-
tory canonical forms for the cyclo-steroid carbocation
(see Scheme 1).3 Solvolytic studies on 4-methylated
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derivatives of cholesteryl toluene-p-sulphonate and
methanesulphonate reveal a rate-enhancement from a 4a-
methyl substituent.# This has been interpreted as
support for the delocalization of the 4,5-bond in which
the electron-releasing character of the 4«-methyl group
increases the ability of C-4 to participate in the develop-
ing charge deficiency. Solvolysis of a 3B-toluene-p-
sulphonate of a 3,4-glycol represents the initial step of a
pinacol-pinacolone rearrangement. A comparison be-
tween the rates of solvolysis of the 48-alcohol, 48-acetate,
and their corresponding unsubstituted analogues in the
saturated and unsaturated series could shed some further
light on the effect of a 4-substituent and on double-bond
participation in the pinacol rearrangement. If 4,5-bond
delocalization played a significant role in facilitating the
ionization of the toluene-p-sulphonates of the A3-
steroids, we would expect an increase in the rate of
ionization of the toluene-p-sulphonates in the presence of
a 4p-alcohol through the ability of the oxygen lone pairs
to stabilize the incipient C-4 charge.

The substrates were prepared from dehydroisoandro-
sterone (1) as in Scheme 2. Changes in the 3-H n.m.r.
signal showed that selective mono-acylation of the 38-
(eg),4B(ax)-diols occurred at the 3-position. 38,48-
Diacetoxyandrost-5-en-17-one (5) 8 could not be cleanly
reduced over palladium-charcoal, but catalytic hydro-
genation over platinum afforded a mixture of 17-
alcohols and ketones which was subsequently oxidized
with 8N-chromium trioxide. 3B,48-Diacetoxy-5«-an-
drostan-17-one (8) was isolated by fractional crystalliz-
ation. The hydrogenolysis products, 5x-androstan-17-

one (9)% and 3p-acetoxy-5«-androstan-17-one (10),7
were obtained by chromatography of the mother-
liquors. 48-Acetoxy-3g-p-tolylsulphonoxyandrost-5-ene-
7,17-dione (7) was prepared by oxidation of the olefin
(4) ® with chromium trioxide in acetic anhydride.

The rates of solvolysis were estimated by carrying out
the reaction in an n.m.r. tube at 100 °C in [2H,Jacetic
acid containing sodium [2H,]acetate. The initial step is
the formation of the toluene-p-sulphonate anion and
hence the reaction was followed by measuring the dis-
appearance of the methyl resonance of the toluene-p-
sulphonate ester (3 2.55) and the appearance of the methyl
resonance of the anion (5 2.49). This gave reasonable
first-order plots. The relative rates are given in the
Table. The products of the solvolysis reactions (see
Scheme 3) were separated chromatographically. 3p-p-
Tolylsulphonyloxy-5«-androstan-17-one afforded a mix-
ture (ca. 2:1) of B5a-androst-2-en-17-one?® and 3a-
acetoxy-5a-androstan-17-one.l® On the other hand 38-
p-tolysulphonyloxyandrost-5-en-17-one gave the cor-
responding 3B-acetate (22).11 Solvolysis of 4B-acetoxy-

Relative rates of solvolysis of steroidal toluene-p-

sulphonates
3p-p-Tolylsulphonyloxy-5a-androstan-17-one (14) 1
3p-p-Tolylsulphonyloxyandrost-5-en-17-one (15) 36

4B-Hydroxy-38-p-sulphonyloxy-5a-androstan-17-one (12) 0.137

4B-Hydroxy-38-p-tolylsulphonyloxyandrost-5-en-17-one  13.4
4(&-6Aceto.xy-3 B-p-tolylsulphonyloxy-5a-androstan-17- ¢ 0.005
4B?!Iize(tlos}zy-3B-;D-tolylsulphonyloxyand rost-5-en-17-one  0.076
4B-§cetoxy— 3pB-p-tolylsulphonyloxyandrost-5-ene-7,17- 0.0158

dione (7)

3B-p-tolysulphonyloxyandrost-5-en-17-one (4) gave two
products. One, isolated in 759, yield, was the A-nor-
conjugated aldehyde (16) (n.m.r. 8§ 9.97 CHO; u.v.
Max, 205 nm, ¢ 15 400). The presence of two singlet
olefinic resonances {3 134.0 and 170.6) in the 3C n.m.r.
spectrum was consistent with the presence of a fully
substituted «f-unsaturated aldehyde. The second com-
pound, obtained in 169, yield, was the geminal di-
acetate (17). Its structure followed from the n.m.r.
spectrum which showed a low-field single proton doublet
(5 6.78, J 7 Hz) coupled to a methine proton (3 2.90) and
an olefinic C-H signal (5 5.44). In the 3C n.m.r.
spectrum there was a low-field doublet (3 91.5) assigned
to the acetal carbon. Although the compound con-
tained two acetoxy-groups, there was only one signal
which could be assigned to a carbon bearing a singly
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bonded oxygen function. On hydrolysis with alkali the
diacetate (17) gave the unsaturated aldehyde (16). The
diacetate was assigned the 38-configuration on the basis
of the stereo-electronic requirements of the pinacolic
ring contraction. The reaction of the alcohol (6)
afforded only the «B-unsaturated aldehyde (16). In

J.C.S. Perkin I

enhancement associated with the AS3-double bond.!
Comparison of the reaction rates between the 4g-alcohols
and their deoxy-analogues in both the saturated and un-
saturated series showed a retardation by the 4B-oxygen
function which was of a similar order of magnitude.
This retardation was substantially increased by acetyl-

TsO H
H
(14)

SCHEME 2

contrast solvolysis of the 7-ketone (7) gave the enol-
acetate (18) whose structure followed from its spectral
characteristics [n.m.r. 8§ 2.20 (OAc), 5.09, t, J 4 Hz, 3-H;
573, s, 6-H; u.v. 2. 278 nm, « 22 000]. Both 48-
hydroxy-38-p-tolysulphonyloxy-5a-androstan-17-one
(12) and its corresponding acetate (13) gave the a-nor-
aldehyde (19) (n.m.r. 8 9.5, d, J 4 Hz) as the main
product.

Comparison of the reaction rates between the saturated
and unsaturated steroids revealed the well-known rate-

(8) (9)R=H
(10)R =0Ac

0
150" : {

(15)

Reagents: 1, Bry, AgOAc, —70°C; ii, NaOH, MeOH; iii, TsCl, pyr.; iv, Ac,O, pyr.; v, CrO,, Ac,O; vi, H,, Pt.; vii, NaOAc

ation with very little detectable reaction in the case of
the 4B-acetoxy-38-p-tolylsulphonyloxy-5g-androstan-17-
one (13). Thus there was no increase in the rate of
ionization of the toluene-p-sulphonates which might be
ascribed to the stabilization of the incipient C-4 charge
but rather a retardation associated with the inductive
electron-withdrawal by the hydroxy-group augmented
in the case of the acetates. The insertion of a 7-ketone
significantly reduces the electron-availability from the
As-double bond. Surprisingly the reaction is still faster
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than in the saturated series, indicating some double-
bond participation.

Under the conditions (sodium acetate-aqueous ace-
tone) of the cyclo-steroid rearrangement,? 38-p-tolyl-
sulphonyloxyandrost-5-en-17-one (15) affords 6p-hy-
droxy-3,5-cycloandrostan-17-one (20). However under
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SCHEME 3

our more vigorous conditions, 38-acetoxyandrost-5-en-17-
one (22) was the sole product. 68-Acetoxy-3,5-cyclo-
androstan-17-one (21) was prepared by acetylation of the
corresponding alcohol.!? In acetic acid-sodium acetate
at 100 °C, it was isomerized to 3f8-acetoxyandrost-5-en-
17-one (22). Thus although attack at the 68-position
affords the products of kinetic control, the 38-acetoxy-
Ab-steroid results from thermodynamic control in agree-
ment with the relative stabilities of a cyclopropane ring
versus a propene.

EXPERIMENTAL

General experimental details have been described pre-
viously.1?
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38,48-Diacetoxy-ba-androstan-17-one  (8).—3p,48-Diacet-
oxyandrost-5-en-17-one (5 g) ®in ethyl acetate (100 ml) was
stirred with Adams catalyst (1 g) under hydrogen at
atmospheric pressure for 24 h. The solution was filtered
and the solvent was evaporated to afford a gum which was
dissolved in acetone (100 ml) and treated with the 8n-
chromium trioxide reagent (20 ml) for 15 min. Excess of
sodium sulphite was added and the solution was con-
centrated under reduced pressure. The solution was
acidified with hydrochloric acid and the steroid was re-
covered in ethyl acetate. The extract was washed with
water and aqueous sodium hydrogen carbonate, dried, and
evaporated to afford 3pB,4B-diacetoxy-5a-andyostan-1T7-one (8)
(2 g) which crystallized from ethyl acetate—ether as prisms,
m.p. 286—288 °C, [o], —22° (¢ 0.6) (Found: C, 74.4; H, 9.8.
Cy3H3,0; requires C, 74.5; H, 9.9%), v, 1740 cm™; 3§
0.83 (3 H, s, 18-H), 1.07 (3 H, s, 19-H), 1.93 (3 H, s, OAc),
2.07 (3 H, s, OAc), 4.77 (1 H, m, 3-H), and 5.2 (1 H, m,
4-H). Preparative layer chromatography of the mother
liquors on silica in ether-light petroleum (1 : 1) gave three
bands. The top band afforded 5a-androstan-17-one (9)
(1.25 g) which crystallized from methanol as plates, m.p.
117—118 °C (lit.,® 122°), v . 1750 cm™; & 0.83 (3 H, s,
18-H), 0.87 (3 H, s, 19-H). The middle band afforded 3f-
acetoxy-5a-androstan-17-one (10) (450 mg) which crystal-
lized from methanol as needles, m.p. 95—96 °C (lit.,” 96—
97 °C), vy 1 740 and 1 710 cm™; § 0.84 (6 H, s, 18 and
19-H), 1.98 (3 H, s, OAc), and 4.64 (1 H, m, 3-H). The
lower band afforded 3B,4f-diacetoxy-5a-androstan-17-one
(200 mg) identical with the material described above.
38,43-Dihydrvoxy-5a-androstan-17-one (11).—The above
diacetate (2 g) in methanol (50 ml) was treated with satur-
ated aqueous sodium hydroxide (2 ml) at room temperature
for 1 h. Acetic acid (2 ml) was added, the solution was
concentrated under reduced pressure, poured into water and
the steroid recovered in ethyl acetate to afford 3(,483-
dihydroxy-5u-andvostan-1T-one (11) (1.3 g) which crystallized
from methanol as plates, m.p. 221—222 °C, [o;, +77° (¢ 0.6)
(Found: C, 74.0; H, 9.9. C,(H,,0, requires C, 74.5; H,
9.9%); Vyax 3310 and 1740 cm™; 8 0.87 (3 H, s, 18-H),
1.07 (3 H, s, 19-H), 3.47 (1 H, m, 3-H), and 3.73 (1 H, m,
4-H). The 3B-monotoluene-p-sulphonate (12), prepared with
toluene-p-sulphonyl chloride in pyridine, crystallized from
methanol as needles, m.p. 180—181 °C (decomp.), [«];, +16°
(¢ 0.6) (Found: C, 67.5; H, 7.8. C,H,,0,S requires C,
67.8; H, 7.9%), v 3520, 1740, and 1 600 cm™; 3 0.83
(3H,s, 18-H), 1.03 (3 H, s, 19-H), 2.47 (3 H, s, Ar-Me), 3.90
(1H, m, 4-H), 4.4 (1 H, m, 3-H), and 7.33 and 7.8 (each 2 H,
d, J 9 Hz, Ar-H).
4B-Acetoxy-3B-p-tolylsulphonyloxy-5a-androstan-17-one
(138).—The above toluene-p-sulphonate (4) (250 mg) in acetic
anhydride (10 ml) and sodium acetate (250 mg) was heated
under reflux for 30 min. The solution was poured into
water and the steroid recovered in ethyl acetate to afford
4R-acetoxy-3B-p-tolylsulphonyloxy-5a-androstan-1T-one  (13)
(200 mg) which crystallized from ethyl acetate as needles,
m.p. 232—233 °C (decomp.), [od, +36° (¢ 0.6) (Found: C,
66.9; H, 7.7. C,H,;404S requires C, 66.9; H, 7.6%), v .
1740 and 1600 cm™; § 0.84 (3 H, s, 18-H), 1.0 (3 H, s,
19-H), 2.02 (3 H, s, 4-OAc), 2.43 (3 H, s, Ar-Me), 4.38 (1 H,
m, 3-H), 5.09 (1 H, m, 4-H), and 7.3 and 7.8 (each 2 H, d,
J 9 Hz, Ar-H).
4B-Acetoxy-3p-p-tolylsulphonyloxyandrost-5-ene-7,17-dione
(7).—4B-Acetoxy-33-p-tolylsulphonyloxyandrost-5-en-17-
one (6) # (1 g) in acetic acid (10 ml) and acetic anhydride
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(1 ml) was stirred with chromium trioxide (1.5 g) at room
temperature overnight. The solution was poured into an
excess of aqueous sodium sulphite. The steroid was
recovered in ethyl acetate. The extract was thoroughly
washed with aqueous sodium hydrogen carbonate and water
and dried. The solvent was evaporated to afford 48-
acetoxy-3B-p-tolylsulphonyloxyandrost-5-ene-7,17-dione (7)
(600 mg) which crystallized from ethyl acetate as needles,
m.p. 189—191 °C, [«], —35° (¢ 0.6) (Found: C, 65.5; H, 6.8.
CpsH;3,0;S requires C, 65.3; H, 6.6%), v .. 1740, 1 670, and
1600cm™; 2 - 227cm, =21 000; 30.87(3H,s, 18-H), 1.30
(3H, s, 19-H), 2.07 (3 H, s, 4-OAc), 2.47 (3 H, s, Ar-Me), 4.4
(1H,m, 3-H),5.4(1H,d, J4Hz 4-H), 5.9 (1H, s, 6-H), and
7.33 and 7.8 (each 2 H, d, J 8 Hz, Ar-H).

Measurements of Rates and Solvolysis.—In a typical
experiment 5 x 107% mol of steroid, 2.5 x 107 mol sodium
[2H,]acetate, and [*H,Jacetic acid (0.4 ml) were heated on a
boiling water-bath in an n.m.r. tube. The 'H n.mur.
spectra were recorded at suitable intervals (7—12 spectra
per sample) on a Perkin-Elmer R 12 60-MHz spectrometer.
The fraction of reaction that had occurred was estimated by
measuring the height of the methyl resonance in the steroid
toluene-p-sulphonate (3 2.55) and dividing this by the sum of
this height and that of the methyl resonance of the toluene-
p-sulphonate anion (3 2.49). The contribution to the peak
height from the methylene envelope was eliminated by
using a sloping base line. The § values were measured
relative to the toluene-p-sulphonate Ar-H signals and then
corrected to the values for the CDCIl, spectra. The pseudo-
first-order rate constants (s’!) are:

3p-p-Tolylsulphonyloxy-5a-androstan-17-one —3.3 x 107
14)°

3B-p-Tolylsulphonyloxyandrost-5-en-17-one (15) 2 —1.18 x 1072

4B-Hydroxy-38-p-tolylsulphonyloxy-5a-andro- —4.53 x 107°
stan-17-one (12)

4B-Hydroxy-3g-p-tolylsulphonyloxyandrost-5-en- —4.14 x 1073
17-one (6) ®

4B-Acetoxy-3B-p-tolylsulphonyloxy-5a-andro- ca. —2 x 1078
stan-17-one (13)

4B-Acetoxy-33-p-tolylsulphonyloxyandrost-5-en- —2.5 x 1075
17-one (4) 8

4B-Acetoxy-3B-p-tolylsulphonyloxyandrost-5-ene- —5.22 x 107¢

7,17-dione (7)

Identification of the Products of Solvolysis.—(i) From 383-p-
tolylsulphonyloxy-5a-androstan-17-one. The steroid (12) (1
g) in acetic acid (40 ml) containing sodium acetate (1 g) was
heated under reflux for 2 h. The solution was concen-
trated under reduced pressure and poured into aqueous
sodium hydrogen carbonate. The products were recovered
in ethyl acetate and chromatographed on alumina. Elution
with 209, ether-light petroleum gave 5a-androst-2-en-17-
one (400 mg) which crystallized from methanol as needles,
m.p. 100—102 °C (lit.,* m.p. 104—105 °C), v_ .. 1740 and
1650cm™,30.8(3H,s, 19-H), 0.87 (3 H, s, 18-H), and 5.53
(2H, m, 2 and 3-H). Elution with 309, ether-light petro-
leum gave 3a-acetoxy-5a-androstan-17-one (200 mg) which
crystallized from methanol as needles, m.p. 161—162 °C,
(o), +84.5° (lit.,’* m.p. 164.5—165.5 °C, [of, +77°), v,
1740 cm™; 3 0.8 (3 H, s, 18-H), 0.87 (3 H, s, 19-H), 2.03
(3 H, s, OAc), and 3.03 (1 H, m, 3-H).

(ii) From 3B-p-tolylsulphonyloxyandrost-5-en-17-one. The
steroid (15) (1 g) in glacial acetic acid (10 ml) and sodium
acetate (1 g) was heated under reflux for 30 min. The
solution was concentrated ¢» vacuo and poured into aqueous
sodium hydrogen carbonate. The steroid was recovered in
ethyl acetate. The extract was washed with aqueous
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sodium hydrogen carbonate and water, dried, and the solvent
evaporated to afford 3B-acetoxyandrost-5-en-17-one (600
mg) which crystallized from ethyl acetate as cubes, m.p.
171—172 °C (lit.,'* m.p. 171 °C); v 1745 cm™; 3 08 (3,
H,s, 18-H),1.0(3H, s, 19-H), 2.0 (3H, s, Ac), 4.53 (1 H, m,
3-H), and 5.3 (1 H, d, J 2 Hz, 6-H).

(iii) From 4B-Acetoxy-33-p-tolylsuphonyloxyandrost-5-en-
17-ome. The steroid (4) (1 g) in acetic acid (20 ml) was
heated with sodium acetate (1 g) for 4 h under reflux. The
solution was concentrated under reduced pressure and
poured into aqueous sodium hydrogen carbonate. The
steroid was recovered in ethyl acetate and the products
separated by preparative layer chromatography on silica in
ether-light petroleum (1:1). The faster-running band
afforded 3B-diacefoxy-methyl-a-novandvost-5-en-17-one  (17)
(150 mg) which crystallized from ether-light petroleum as
plates, m.p. 136—137 °C, [oJ,, +24° (¢ 0.6) (Found: C, 70.7;
H, 8.1. CyH,,05requiresC, 71.1; H, 8.3%), v, 1 750 and
1730cm™; 50.89 (3 H,s, 18-H), 0.95 (3 H, s, 19-H), 2.04 (6
H, s, OAc), 2.9 (1 H, m, 3-H), 5.44 (1 H, m, 6-H), and 6.78 [1
H,d, J 7Hz (AcO),CH]. The slower-running band afforded
3-formyl-a-novandrost-3-en-17-one  (16) (500 mg) which
crystallized from ether as plates, m.p. 145—147 °C, o], 161°
(¢ 0.6) (Found: C, 80.2; H, 9.3. C;;H,;0, requires C,
79.7; H, 9.2%), v,.. 1740, 1650, and 1620 cm™; A
255 ¢ 15 000; & 0.93 (3 H, s, 18-H), 1.07 (3 H, s, 19-H), and
9.97 (1 H, s, CHO). 3B-Diacetoxymethyl-a-norandrost-5-
en-17-one (100 mg) in methanol (25 ml) was treated with
saturated aqueous sodium hydroxide (0.5 ml) for 1 h at room
temperature. The solution was neutralized with acetic
acid, concentrated under reduced pressure, and poured into
aqueous sodium hydrogen carbonate. The steroid was
recovered in ethyl acetate. The solvent was evaporated to
afford 3-formyl-A-norandrost-3-en-17-one (60 mg) which
crystallized from ether as plates, m.p. 140 °C; identified by
its i.r. and n.m.r. spectra.

(iv) 4B-Hydroxy-33-p-tolylsulphonyloxyandrost-5-en-17-
one. The steroid (6) (1 g) in acetic acid (20 ml) and sodium
acetate (1 g) was heated under reflux for 30 min. The
solution was concentrated under reduced pressure and
poured into aqueous sodium hydrogen carbonate. The
steroid was recovered in ethyl acetate to afford 3-formyl-a-
norandrost-3-en-17-one (16), which crystallized from meth-
anol as plates, m.p. 144—147 °C; identical (i.r. and n.m.r.)
with the material described above.

(v)  4B-Hydroxy-3B-p-tolylsulphonyloxy-5u-androstan-17-
one. The steroid (12) (500 mg) in acetic acid (5 ml) and
sodium acetate (0.5 g) was heated under reflux for 12 h.
The solution was concentrated under reduced pressure,
poured into aqueous sodium hydrogen carbonate, and the
steroid was recovered in ethyl acetate. The product was
purified by preparative layer chromatography on silica in
ether to afford 3p-formyl-A-nor-5«-androstan-17-one (19)
(185 mg) which crystallized from ether as needles, m.p.
109—112 °C (Found: C, 78.8; H, 9.8. C,;,H,;O, requires C,
79.1; H, 9.9%), v, 1 740 and 1720 cm™; & 0.8 (3 H, s,
18-H), 0.9 (3 H, s, 19-H), and 9.5 (1 H, d, J 4 Hz, CHO).

(vi)  4B-Acetoxy-3B-toluene-p-sulphonyloxy-5a-androstan-
17-one. The steroid (13) (250 mg) in acetic acid (5 ml) con-
taining sodium acetate (250 mg) was heated under reflux for
24 h. The solution was concentrated under reduced pres-
sure and poured into aqueous sodium hydrogen carbonate.
The products were recovered in ethyl acetate and purified
by preparative layer chromatography. The faster-running
band afforded 3@-formyl-A-nor-5a-androstan-17-one (14)
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(25 mg), identified by its i.r. and n.m.r. spectra, whilst the
slower-running band afforded the starting material (45 mg).

(vii) 4B-Acetoxy-3B-p-tolylsulphonyloxyandrost-5-ene-7,17-
dione. The steroid (7) (500 mg) in acetic acid (10 ml) con-
taining sodium acetate (1 g) was heated under reflux for
20 h. The solution was concentrated under reduced pres-
sure and poured into aqueous sodium hydrogen carbonate.
The products were recovered in ethyl acetate. The ex-
tract was washed with aqueous sodium hydrogen carbonate,
dried, and the solvent evaporated to afford 4-acefoxy-
andyost-3,5-diene-7,17-dione (18) (250 mg) which crystallized
from ether as needles, m.p. 227—229 °C, [«], —207° (Found:
C, 73.7; H, 7.6. C,H,;0, requires C, 73.7; H, 7.7%),
Ypax 1 730, 1 650, and 1590 cm™; A . 278 nm, €22 000; &
0.77 (3 H, s, 18-H), 1.23 (3 H, s, 19-H), 2.2 (3 H, s, 4-OAc),
5.73 (1 H, s, 6-H), and 5.9 (1 H, t, J 4 Hz, 3-H).

The Isomerization of 68-Acetoxy-3,5-cycloandrostan-1T-one.
—The steroid (21) 2 (500 mg) in acetic acid (20 ml) con-
taining sodium acetate (1 g) was heated under reflux for 30
min. The solution was poured into aqueous sodium hydro-
gen carbonate and the steroids were recovered in ethyl
acetate. The extract was dried and the solvent evaporated
to afford 3B-acetoxyandrost-5-en-17-one (22) (460 mg), which
crystallized from ether as needles, m.p. 172—173 °C (lit.,11
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168—170 °C); identified by comparison with an authentic
sample (t.l.c. and n.m.r.).

[9/621 Received 20th April, 1979)
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