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cis-Hydroxylation of Steroidal Olefins with Thallium Triacetate 
By Erwin Glotter and Anchel Schwa-, Faculty of Agriculture, The Hebrew University of Jerusalem, Rehovot, 

Israel 

Treatment of 5a-cholest-2-ene (1 ) with thallium triacetate in acetic acid afforded, in good yieId,following hydrolysis, 
the corresponding P-cis-diol. The reaction constitutes a convenient procedureforcis-hydroxylation of disubstituted 
olefins from the hindered side of the molecule and appears to be assisted by the presence of a homoallylic hydroxy- 
group. 5a-Cholest-2-en-5-ol and 5-hydroxy-5a-cholest-2-en-6-one are converted under milder conditions than 
compound (1 ) and 5a-cholest-2-en-6-one into the corresponding 213.3p-diols. 

ALTHOUGH the importance of thallium(II1) reagents in 
organic chemistry is now well established,l relatively 
little attention has been paid to their potential use in the 
steroid field.2 We report the first results in a study of 
the reactions of steroidal olefins with thallium triacetate. 
The reaction constitutes a convenient alternative to the 
well known cis-hydroxylation of olefins, from the more 
hindered side of the molecule, by means of silver acetate 
or benzoate and iodine3 and of some other procedures 
recently de~eloped.~ 

The reaction proceeds by initial electrophilic attack of 
thallium triacetate from the rear, less hindered side of the 
molecule. The intermediate organothallium derivative 
is either hydrolysed with inversion of configuration, or 
displaced by formation of a cyclic acetoxonium ion, as 
shown to occur in cis-hydroxylations by the Woodward 
pr~cedure.~ 

Treatment of 5a-cholest-2-ene (1) with thallium tri- 
acetate in excess, in acetic acid solution at ca. 60 "C, 
afforded a mixture of 5a-cholestane-2p,3p-diol 2-acetate 
(2a), 3-acetate (2b), and 2,3-diacetate (2c)F as well as 
small amounts of 5a-cholestane-2p,3a-diol2-acetate (3a). 
Oxidation of the 2-acetate (2a) gave 2P-acetoxy-5a- 
cholestan-3-one (4), alternatively obtained from 2a,3a- 
epoxy-5a-cholestane by treatment with acetic acid and 
subsequent oxidation of the trans-diol acetate.6 The 
latter was identical with compound (3a). Hydrolysis 
of the cis-diol acetates (Za and b) afforded the same 2p,3p- 
diol (2d),5b and acetylation gave the diacetate (2c). 

The reaction with 5a-cholest-2-en-5-01 (5) proceeded 
even at room temperature to give a mixture of the p-cis- 
glycol monoacetates (6a and b) in the ratio 3 : 1, accom- 
panied by small amounts of the diacetate (6c). Hydroly- 
sis of both monoacetates gave 5a-cholestane-2p,3p,5- 
trio1 (Gd). No traces of the corresponding trans-glycol 
acetates were detected. The structure of compound 

1 A. McKillop and E. C. Taylor, Chem. in Bri tain,  1973, 9, 4; 
A d v .  OYganometaElic Chem., 1973, 11, 147, and references cited 
therein. 

2 13. Cocton and A. Crastes de Paulet, Bull .  SOC. chim. France, 
1966, 2947; A. Romeo and G. Ortar, Tetrahedron, 1972,28,5337; 
M. M. Coombs and M. B. Jones, Chem. and Ind., 1972, 169; 
A. McKillop, J. D. Hunt, F. Kienzle, E. Bigham, and E. C. 
Taylor, J .  Amer.  Chem. Soc., 1973, 95, 3635. 

R. B. Woodward and F. V. Brutcher, jun., J .  Amer .  Chern. 
SOC., 1958, 80, 209. 

* R. C. Cambie, R. C. Hayward, J. L. Roberts, and P. S. 
Rutledge, J.C.S. Chem. Comm., 1973, 359; L. Mangoni, M. 
Adinolfi, G. Barone, and M. Parrilli, Tetrahedron Letters, 1973, 
4485. 

(6a) was proved by oxidation with Jones reagent to the 
2P-acetoxy-3-one (7), which was quantitatively iso- 
merised during chromatography on silica gel to the 

R R H 

( 3 )  (11 R = H ( 2 )  R = H 
( 5 )  R =  OH ( 6 )  R = OH 

(4) R = H ;  P-OAC 
(7) R = OH; P-OAC 

(9) R = H 
112) R = OH 

(10) U = H 
(13) R OH 

(8) R = 0H;d-OAc 

(11) R = H (15) P-OAC 
(14) R = OH (16) N-OAC 

a; RL H ,  R ~ =  AC 

b; R ' =  Ac, R 2 =  H 
C; R'= R 2 =  AC 
d; R'= R2= H 

thermodynamically more stable 2a-acetoxy-3-one (8) * 
The structure of the acetoxy-ketone (7) was confirmed 
by its independent preparation from 2a,3a-epoxy-5~~- 
cholestan-5-01 following epoxide ring opening to 5a- 

(a) H. Mori, K. Tesuneda, K. Shibata, and M. Sawai, 
Chem. and Pharm.  Bul l .  (Japan) ,  1967, 15, 466; C. W. Davey, 
E. L. McGinnis, J. McKeown, G. D. Meakins, M. W. Pemberton, 
and R. N. Young, J .  Chem. SOC. (C), 1968, 2674; (b )  P. S. 
Ellington, D. G. Hey, and G. D. Meakins, J .  Chem. SOC. ( C ) ,  
1966, 1327. 

6 K. L. Williamson and W. S. Johnson, J .  Org. Chem., 1961, 
26, 4563. 

T. Komeno, H. Itani, H. Iwagura, and K. Nabeyama, 
Chem. and Pharm.  Bull. (Japan) ,  1970, 18, 1145. 
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cholesta.ne-2P ,3aJ5-triol 2-acetate and subsequent oxid- 
ation. 

It appears that the reaction with thallium triacetate 
is assisted by the homoallylic 5a-hydroxy-group; it 
proceeds under milder conditions and in better yields not 
only with compound (5) but also with 5-hydroxy-5a- 
cholest-2-en-6-one (12), in contrast to the more drastic 
conditions required by compound (1) as well as by 
5a-cholest-2-en-6-one (9). 

The reaction of compound (9) takes place at ca. 60 "C 
and requires a minimum of 24 h to give more than 80% 
conversion into a mixture of the corresponding cis- 
glycol monoacetates (10a and b) and the diacetate ( ~ O C ) ,  
accompanied by ca. 10% of an inseparable mixture of the 
tralzs-glycol acetates (1 la and b) . 

The main products from 5-hydroxy-5a-cholest-2-en-6- 
one (12) were the cis-glycol monoacetates (13a) 9 and 
(13b) and the corresponding diacetate (13c) [more than 
80% yield; the monoacetate (13a) alone accounts for 
65% of the reaction product], again accompanied by ca. 
10% of a mixture of the trans-glycol acetates (14a and b). 
Hydrolysis of the monoacetates (13a and b) gave the 
same trio1 (13d). Oxidation of compound (13a) afforded 
the 2 P-acetoxy-3-one (15), which was isomerised during 
chromatography on silica gel into the 2a-acetoxy-3-one 
(16). 

EXPERIMENTAL 

M.p.s were taken on a Fisher-Johns apparatus. Optical 
rotations were recorded with an automatic Perkin-Elmer 
141 polarimeter and refer to  solutions in chloroform. 1.r. 
spectra were recorded for solutions in chloroform with a 
Perkin-Elmer 237 grating spectrophotometer. N.m.r. 
spectra were determined with a Varian NV-14 instrument 
(60 MHz) for solutions in deuteriochloroform. T.1.c. was 
carried out on chromatoplates of silica gel G (Merck) and 
spots were developed with iodine vapour. Column 
chromatography was performed on silica gel 60 (Merck; 
70-230 mesh) unless stated otherwise. Petroleum refers 
to the fraction of b.p. 60-80 "C. Analyses were performed 
in the microanalytical laboratory of the Weizmann Institute, 
under the direction of Mr. R. Heller. 

5a-Cholest-2-ene (1) .-To a solution of 5a-cholestan-3p-yl 
tosylate (10 g) in benzene (300 ml), alumina (Alcoa F20) 
(100 g) was added and the slurry was heated to  reflux 
with stirring for 1 h. After cooling, the mixture was intro- 
duced into a chromatographic column and the product 
washed out with ethyl acetate. The solvent was removed 
and the crude product (8 g) was chromatographed on 
alumina (200 g). Elution with petroleum gave compound 
(1) (5 g), m.p. 74" (from methanol) (lit.,lO 74-75"); elution 
with chloroform gave 5a-cholestan-3a-01 (3 g), m.p. 187" 
(from methanol). 

5-Hydroxy-5a-choZ~st-2-en-6-one (1 2) .-The compound was 
obtained as reported,ll with the exception of the last step, 
the conversion of 5-hydroxy-3~-tosyloxy-5a-cholestan-6- 
one into (1 2). This reaction was carried out on alumina as 

* R. Wiechert, U. Kerb, P. Hocks, A. Furlenmeier, A. Fiirst, 
A. Langemann, and G. Waldvogel, Helv. Chim. Ada ,  1966, 49, 
1581. 

H. Lettrd, J. Greiner, K. Rutz, L. Hofmann, A. Egle, and 
W. Bieger, AnnaleH, 1972, 758, 89. 

described above. Elution with dichloromethane gave 
compound (12) (5 g), m.p. 140-141" (1it.,l1 140-141"). 
Further elution with ethyl acetate gave 3a, 5-dihydroxy-5a- 
cholestan-6-one. 

Treatment of 5a-Cholest-2-ene (1) with Thallium Triacetate. 
-Thallium triacetate (2.2 g) was added to  a solution of 
compound (1) (1 g) in glacial acetic acid (40 ml) and the 

N.m.r. data * 
Compd. 2-H 3-H C(lO)CH, Acetates 
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1.12 
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2.07 

1.98, 2.07 

2.12 

2.07 

2.09 

1.98, 2.07 

2.12 

2.15 

2.08 

2.08 

2.00, 2.08 

2.08 

2.08 

1.98, 2.07 
2.13 

2.15 

* Recorded at 60 MHz; solvent CDC1,; 6 values: coupling 
constants or signal widths (in Hz) in parentheses. 

solution was stirred for 6 h a t  60 "C. After cooling to  
room temperature, N-hydrochloric acid (5 ml) was added to  
precipitate most of the thallium; the precipitate was filtered 
off and washed with ether. Water (100 ml) was added to  the 
filtrate and the product was extracted with ether (3 x 100 
ml) . The combined extracts were washed with aqueous 5% 
sodium hydrogen carbonate until a test for thallium ions was 
negative (no colouration with 10% potassium iodide) , then 
washed with water (3 x 50 ml) , dried (Na,SO,), and evap- 
orated. The crude product was chromatographed ; elution 
with petroleum gave unchanged material (1) (150 mg). 
Elution with petroleum-dichloromethane (1 : 1) gave 5a- 
cholestane-2P,3P-diol 2,3-diacetate (2c) (1 50 mg), m.p. 
116-117" (from aqueous methanol) (lit.,sa 121-123"; 
108-1 10"). Elution with dichloromethane-ethyl acetate 
(9.5 : 0.5) gave 5a-cholestane-2P,3P-aiol %acetate (2b) (120 
mg), followed by a mixture of the two tiTans-diol monoace- 
tates (3a and b). Compound (2b) had m.p. 154-155' 
(from aqueous methanol), [a], 3-26' (c 0.8) ; vmX 1 724 cm-1 
(Found: C, 78.05; H, 11.35. C,,H,,O, requires C ,  77.95; 

R. B. Turner, W. R. Meador, and R. E. Winkler, J. Amer. 
Chern. Soc., 1957, 79, 4122. 

11 H. Reich, F. E. Walker, and R. W. Collins, J. 0 ~ g .  Chem., 
1951, 16, 1753. 
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H, 11.30%). Elution with dichloromethane-ethyl acetate 
(3 : 1) gave 5a-cholestane-2P,3P-dioZ 2-acetate (2a) (500 mg), 
m.p. 136-138" (from aqueous methanol), [aID t36.5" 
(G 0.9); v,, 1724 cm-l (Found: C, 75.4; H, 11.45. 
C2gH500,,CH,0H requires C, 75.25; H, 11.35%). Elution 
with ethyl acetate-methanol (4 : 1) gave Sa-cholestane- 
2P,3P-diol (2d) (30 mg), m.p. 175-176" (from aqueous 
methanol) (lit.,Sb 178-180"). 

When the reaction was performed at room temperature, 
more than 90% of the starting material was recovered. 

Treatment of 5a-Cholest-2-en-5-01 ( 5 )  l2 with Thallium 
Triacetate.-The reaction was carried out as above, for 24 h 
a t  room temperature. The crude product was separated by 
chromatography. Elution with dichloromethane gave 
5a-cholestane-2P,3P,5-tri~Z 2,3-diacetate (6c), m.p. 162-163" 
(from aqueous methanol) ; [ajD +25" (c 1.0) ; vmx. 1 732 cm-l 
(Found: C, 73.6; H, 10.2. C3,H5,05 requires C, 73.75; 
H, 10.4%). Elution with dichloromethane-ethyl acetate 
(4 : 1) gave 5 a - c h o Z e s t a n e - 2 ~ , 3 ~ , 5 - ~ ~ ~ 0 ~  3-acetate (6b) (280 mg), 
m.p. 186-188" (methanol), [a], +8.0" (e 0.8); vmax. 1722 
cm-1 (Found: C, 75.1; H, 11.0. C29H5004 requires C, 75.3; 
H, 10.9%). Elution with dichloromethane-ethyl acetate 
(1 : 1) gave 5ol-cholestane-2~,3~,5-trioZ 2-acetate (6a) (560 mg), 
m.p. 170-171" (methanol), [aID +33.5" (c 0.8); v,,, 1 7 2 2  
cm-1 (Found: C, 75.1; H,  10.9%. C2gH5004 requires C, 
75.3; H, 10.9%). 

The reaction performed a t  50 "C for 4 h gave compounds 
(6a) (640 mg), (6b) (220 mg), and (6c) (120 mg). 

Treatment of 5a-ChoZest-2-en-6-one (9) with Thallium 
Triacetate.-The reaction was performed as above, a t  60 "C 
for 24 h (after 6 h 40% of the starting material was un- 
changed; almost no reaction took place a t  room tempera- 
ture). The product was separated by chromatography. 
Elution with dichloromethane gave unchanged material 
(9) (180 mg). Elution with dichloromethane-ethyl acetate 
(9.5 : 0.5) gave 2~,3~-diacetoxy-5a-cholestan-6-one (~OC), 
m.p. 189-190' (from aqueous methanol) (lit.,* 191-192"). 
Elution with dichloromethane-ethyl acetate (9 : 1) gave 
3~-acetoxy-2~-hydroxy-5a-cholestan-6-one (lob) (100 mg), 
m.p. 172-173' (from methanol) (lit.,8 178-179"), followed 
by a mixture of the trans-diol monoacetates (1 l a  and b) (80 
mg) . Elution with dichloromethane-ethyl acetate (2 : 1) 
gave 2~-acetoxy-3(3-hydroxy-5a-choIestan-6-one (1 Oa) 
(420 mg), m.p. 219-220" (from methanol) (lit.,8 218-219"). 

Treatment of 5-Hydroxy-5a-cholest-2-en-6-one (12) with 
Thallium Triacetate.-The reaction was performed as above, 
a t  50 "C for 6 h. Separation was achieved by chromato- 
graphy. Elution with dichloromethane gave unchanged 
material (1 2) (120 mg) . Elution with dichloromethane- 
ethyl acetate (9.5 : 0.5) gave 2P,3P-diacetoxy-5-hydroxy-5a- 
cholestan-6-one (13c) (80 mg), m.p. 178-179" (methanol) 
(lit.,g 179"), followed by a mixture of trans-diol mono- 
acetates (14aand b) (80 mg) . Elution withdichloromethane- 
ethyl acetate (4 : 1) gave 3P-acetoxy-2@, 5-dihydroxy-5a- 

12 R. B. Clayton, H. B. Henbest, and M. Smith, J .  Chenz. SOG., 
1957, 1982. 

cholestan-6-one (13b) (120 mg), m.p. 198-199' (methanol), 
[a], -44.6" (e 0.7), vmax. 1710 and 1740 cm-1 (Found: C, 
72.8; H, 10.3. C2BHPB06 requires C, 73.05; H, 10.15%). 
Elution with ethyl acetate gave 2P-acetoxy-3P, 5-dihydroxy- 
5a-cholestan-6-one (13a) (680 mg), m.p. 200-201" (meth- 
anol) (lit.,9 201"). 

Hydrolysis of Monoacetates.-To a solution of monoacetate 
(50 mg) in methanol (5 ml), methanolic 5% potassium 
hydroxide (3 ml) was added. After 24 h at room tempera- 
ture, water was added, the solution neutralised with dilute 
hydrochloric acid, and the product isolated by filtration. 
Compounds (2a and b) afforded 5a-cholestane-2P, 3P-diol 
(2d), m.p. 175-176". Compounds (6a and b) gave 5a- 
choZestane-2P,3P,5-tr~oZ(6d), m.p. 218-220" (from methanol), 
[a], 3-29" (c 0.8) (Found: C, 76.8; H, 11.5. C,,H,,O, 
requires C, 77.1; H, 11.5%). Compounds (13a and b) 
gave 2P,3~,5-trihydroxy-5a-cholestan-6-one (13d), m.p. 
278-280" (from methanol) (lit.,B 281"). 

A cetylation of Monoacetates.-The monoacetate (50 mg) 
was treated with acetic anhydride (1 ml) and pyridine (1 ml) 
overnight a t  room temperature. The diacetates (2c), 
(6c), ( ~ O C ) ,  and (13c) were thus obtained. 

Oxidation of Monoacetates.-To a solution of monoacetate 
(100 Ing) in acetone (40 ml), a solution of Jones reagent was 
added dropwise, with stirring, a t  15 "C. After 20 min, the 
excess of reagent was destroyed with a few drops of meth- 
anol, most of the solvent was removed, water was added, and 
the product was filtered off. 

Compound (2a) gave 2P-acetoxy-5a-cholestan-3-one (4), 
m.p. 143-144" (from methanol) (lit.,G 145-146"). Com- 
pound (6a) gave 2P-ncetoxy-5-hydroxy-5a-choZestan-3-one (7), 
m.p. 190-192" (from aqueous methanol), [a], +75.6O 
(c 0.7); vmx. 1 724 and 1 740 cm-1 (Found: C, 75.7: H, 
10.55. C2,H4,0, requires C, 75.6; H, 10.5%). Compound 
(1 3a) gave 2~-ncetoxy-5-hydroxy-5a-cholestune-3,6-dione (1 5), 
m.p. 197-199" (from methanol), [a;], 3-29' (G 0.7); vmX. 
1712,  1724, and 1740 cm-1 (Found: C, 73.2; H, 9.9. 
CZ9HqG05 requires C, 73.4; H, 9.75%). 

Isomerisation of the Acetoxy-ketones (7) and (15) .-A 
solution of compound (7) in benzene was introduced into a 
column filled with dry silica gel (10 g)  ; after 24 h the product 
was eluted with benzene-ethyl acetate (4 : l), the solvent 
was removed and the product crystallised from aqueous 
methanol to give 2a-acetoxy-5-hydroxyy-5a-chulestan-3-one 
(8) ,  m.p. 184-186", [aID +19" ( c  0.7); v,, 1 724 and 1 742 
cm-1 (Found: C,  75.8; H, 10.6. CZgH4804 requires C, 
75.6; H, 10.5%). Similarly, compound (15) was iso- 
merised into 2a-acetoxy-5-hydroxy-5a-choZestane-3,6-dione 
(16), m.p. 224-225" [from methanol), [a]= +l.5" (c 0.7); 
v,, 1 715, 1 730, and 1 744 cm-1 (Found: C, 73.3; H, 9.9. 
C2gH4,0, requires C, 73.4; H, 9.75%). 

We thank the Hebrew University for a research student- 
ship (to A. s.) and Miss B. Zalmanson for technical assistance. 

[6/101 Received, 15th January, 19761 


