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Abstract 

The influences of 6-substituents on the reactions of 
3~,5a-diacetoxycholestanes with boron trifluoride-etherate 
in acetic anhydride are described. 

As part of a study of the backbone rearrangement (I) of 

5m-oxys~nated ~erolds we required information about the effecl 

of the variation of the 6-substituent on the acid-catalysed 

rearrangement of 5m-acetoxy steroids. 

Reaction of the 3~,5~,6~-triacetate (4a) with boron 

trlfluoride-etherate in acetic anhydride at 80 ° gave the 

rearranged A 9- (2a; 9%o) and A ~3(~y)- (3a; 54~) olefins with 

unchanged triacetate (4 a; 28%), in accord with the earlier 

report (2) . 
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Similar treatment of the 6~-chloro-3~,5a-diacetate (Ib) gave 

the rearrm~ged A 9- (2b; 15%) and A 13(17)- (3b; 59%) compounds. 

In contrast the 6-keto-3~,5a-diacetate (I c) was recove~'ed in 

nearly quantitative yield even after extended reaction times. 

This marked resistance to heterolysis of the C5-0 bond of a 

5n-oxygenated-6-ketone under strong acid catalysis was earlier 

found (3) during the attempted Westphalen rearrangement of 

5o~hydroxy-6-ketone derivatives. 

Only brief treatment 3~,5a-diacetoxycholestane (I d) 

with boron trifluoride-etherate in acetic anhydride at 80 ° 

gave cholesteryl acetate (66%) and the ~ 3(17)-olefin 
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(3c; 2,5%). The isolation of the backbone rearranged compound 

(3c) is noteworthy since the diacetate (I d) has no electron- 

withdrawing substituents at either the 4~- or 6~- positions, 

the apparent prerequisite (4) for the formation of 5~-methyl-~- 

compounds from 5a-hydroxy steroids under Westphalen rearrange- 

ment conditions. 

The reaction of the 3~,5~,6a-triacetate (le) under mild 

conditions gave, in addition to starting material (le; I 6%) 

and two unidentified materials (4 ~ and I ~%), the known (5) 

3~,6a- and 3~,6a-diacetoxycholest-4-enes (24% and I 8%) and a 

compound identified as the 3~,5~,6~-triacetate (4a; 40%). 

The structure of the triacetate (4a) was assigned on the basis 

of its NMR spectrum, and its conversion via the 3~,5~,6~-triol 

(4b) into the known (6) 5~-hydroxY-3,6-diketone (4c, with OH 

for OAc). 

The use of acetic anhydride-acetic acid (3:4) as solvent 

instead of acetic anhydride resulted in a lower conversion of 

the triacetate (4 a) into olefins (2a and 3a) (recovered 

triacetate, 64%). In addition, the relative yields of the 

A 9- (43%) and A 43(Iy) - (46%) olefins differed markedly. The 

A9-compound (2a) is not converted into the A 43(I 7)-compound (3a) 

on treatment with boron trifluoride etherate in acetic anhydrlde 

at 80 ° . 
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EXPERIMENTAL 

Rotations were measured for CHC13 solutions at 20 ° . 
IR spectra were recorded for C82 solutions. Alumina used 
for chromatography was P. 8pence, Grade H, deactiviated 
by addition of 5% of 10%o acetic acid. 

Reactions of 5e-Acetox~v-steroids with Boron Trifluoride. 

(a) 3~,5%6~-Triacetate (la) in Acetic An~4ydmide. To a 
solution of steroid ~I 5g) in acetic anhydride (240 ml) was 
added boron trifluoride-etherate (2 ml) and the mixture kept 
at 80 ° for 30 min. The reaction mixture was quenched with 
aqueous sodium bicarbonate at 0 °. Isolation by means of 
chloroform gave a gum (I 2.1 g) which was adsorbed onto alumina 
(400 g). Elution with light petroleum-benzene (19:1) gave the 
rearranged Ag-comnound (2a; I .I 93 g), m.p. 1 25-I 26 ° (methanol) 
la iD + 85 ° (c 1 .08) ( L i t .  va lues (7): m.p. 1 28 ° ,  [a]D + 84 ° • 

Elution with light petroleum-benzene (5:1) gave a gum 
identified as the A13(17)-compound (3a; 7.263 g), v max 1750 
and 1 243 cm-1. Reaction of diacetate [3a).with lithium 
aluminium hydride in ether gave the A13(1/)-36,6~-diol, 
m.p. 190-192 ° , [o]D + 180 ~ 1.00) (Lit. values (2): 
m.p. 192-193 ° , [ ]a D + 21 °) 

Elution with benzene gave unchanged triacetate (I a; 
3.989 g), m.p. and m.m.p. 148-149 °, [a]D - 27 ° (c 1.09). 

(b) 3~.Sa.6~-Triacetate l~gl in Acetic An~4ydrlde-Acetic Acid. 
To a solution of steroid in acetic anhydride (60 ml) and 
acetic acid (20 ml) was added boronotrifluoride-etherate 
(0.6 ml) and the mixture kept at 80 for 30 mln. Quenching of 
the reaction mixture as above, isolation of the crude product 
by means of chloroform and crystallisation from lightoPetroleum 
gave triacetate (la; 2.94 g), m.p. and m.m.p. 148-149 • The 
residue (I .74 g) from the above crystallisation was adsorbed 
o~to alumina (I 00 g). Elution with light petroleum gave the 
A -compound (2a; 558 mg), m.p. and m.m.p. 125-126 ° , [a]D + 82 ° 

1.o7). 
~lution with light ~etroleum-benzene (5:1) gave the 

A 13(I )-compound (3a; 691 mg), Vma x I..750 and 1243 cm-1 , 
identical with an authentic sample. 

Elution with benzene gave triacetate (I a; 283 mg), 
m.p. and m.m.p. 1290. 

(c) 3~.5a-Diacetate (Id) in Acetic Anh2dmide. Boron 
trifluoride-etherate (I ml) was added to a solution of the 
steroid (I g) in acetic anhydride (I00 ml) and the mixture 
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kept at 80 ° for I 0 min. The crude product (980 mg), isol2~ted 
by means of ether after quenching as above, was adsorbed onto 
alumina (50 g).. Elution with light petroleum-benzene (20:1) 
gave the A13(17)- compound (3c; 223 rag) as a gum, FolD + I° 
(c 1 .01),v max 1735, 1245 and 1230 cm.-1, s197 nm 7650, 
M + 428, lq},~R (CDC13) 5.00. ppm (Wb/2 8 cps; C3-H); 2.02 ~om 
(OAc) ; 0.98 ppm (5~-CH~) ; 0.96 ppm (J_6.5 cos; C21H3) ~ 
0 .92  ppm,,(1416-43H3); 0 .~2 ,  0 .82  ppm (C26H3, C27H3).  " . , 

~ur~ner ezu~ion with light petroleum-benzene (20.1) o 
gave chol~steryl acetate (580 rag), m.D. and m.m.p. 114-115 , 
[ ~ ] D  - 38 ~ (c 1.03). 

(d) 3B.5a-Diacetoxycholestanw6-one (I c). Boron trifluoride- 
etherate (0.3 ml) was added to a solution of the steroid 
(2.5 g) in acetic anhydride (40 ml) and the mixture kept at 
80 ° for 30 min. Quenching the reaction mixture as above and 
isolation by means of chloroform gave a gum (2.48 g), which on 
crystal~isation gave the ketone (lc; 2.256 g), m.p. and m.m.p. 
168~ 69 ~ . 

(e) 36.5a.6~-Triacetoxycholestane (le). Boron triflu0ride- 
etherate (0.i ml) was added to a solution of the steroid ,(1 g) 
in acetic anhydride (8 ml)oand carbon tetrachloride (2 ml) 
and the mixture kept at 20 for I0 min. The crude product 
(900 mg), isolated by mean~ of ether after quenching as above, 
was adsorbed onto alumina (100 g). Elution with light 
petroleum gave a complex mixture of non-polar co:.,pounds (I 20mg)° 

Elution with light petroleum-benzene (9:1) gave 3~,6a- 
diacetoxycholest-4-ene as needles (methanol) (1 B6 mg), 
m.p. and m.m.p. 163-165 ° , [~]D + 19 (c 1.01). 

Elution with light petroleum-benzene (4:1) gave 3a,6a- 
diacetoxycholest-4-ene as needles (methanol) (1 62 rag), m.D. 
116-118 ° , [aiD + 153 ° (c 1 .03), NMR spectrum identical with 
that reported earlier (~) for a sample, m.p. 108-109 v, 

+ 158 
Elution with light petroleum-benzene (I :1 ) gave an 

unidentified gum (I 40 mg). Elution with benzene gaVeothe 
3O.5~,6m-triacetate (160 rag), m.p. and m.m.p. 1 22-1 23 , 

+ 13 ° (c I .o), 
Finally elution with benzene-ether mixtures gave the 

3O,5O,6~-triacetate (4a) as a gum (100 mg), [a]D + 6 u 
(c 1 . 0 1 ) , ~ 0 ,  1380 an~ 1260 cm-1, NMR (CDCl3) 
5138 p.pm (Wh/2 ca. 20 cps; Cb-H); 5,15 ppm (Wh/2 10 cps; 
C#-H), I .98 pp~-(OAc), 1 .05 p~m (CI 9H3) ; 0.92, 0.82 ppm 
(side chain CH~); 0.67 ppm (CI H~). Reaction of the 
trlacetate (4a~ with lithium alum%nium hydride in ether gav~ 
the 3~,5~86a-triol (4b) as needles (methanol), m.p. 115-117 ~, 
[miD + 30 (c I-~.0 ), Vmax 361 5, 3585, 3505 cm-1 . (Found: 
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C, 76.98; H, 11 .50. C27H4803 requires C, 77.09; = . 
H, !I .50%),, NMR (CDCIs~ 4.27 ppm (Wh/2 10 cps; CJ-H); 
D.ou ppm ~Wh~_ 2 cps; C -H); 0.93 ppm (~I~H3); 0.92, 
0.82 ppm (sidechain CH3); 0.67 ppm (015H3). Oxidation 
of the triol (4b) with 8N-chromic acid in acetone gave 
5~-hydrgxycholesta-3,6-dione as needles (ethanol), m.p. 
20-~22°: [a]D - 49 ~ (c 0.68), Vma x 361 5, 3495, 1723, 

~I~7~R5 ~. o(lit, values (6): m.p. 121-~22.5 °, [a]D - ~7.5 °) 
• ^i . 3) .91, O.61~ppm (sidechain CHs) ; 0.81 ppm 
(C~H 3); 0.70 ppm (CI~H 3). 

(f) 66-Chloro-3B. 5a-diacetoxycholestane (I b). Boron 
trifluoride-etherate (0.2 ml) was added to a solution of 
the steroid (2.5 g) in acetic anhydride (40 ml) and the 
mixture kept at 80 ° for 30 min. The crude product 
(2.1 g), isolated by means of chloroform as above, was adsorbed 
onto alumina (I 00 g). Elution with light petroleum gave 
the A9-comoound (2b; 330 mg) as needles (methanol), 
m.p. ~37-~38 °, [a]D + 428 ° (c 1.02) (Lit. valueB (8): 
m.p. 139-141 o, [a]D + 1320 ~]~R (CDCl3) 5.i2 ppm (Wh/2 
9 cps; C3-H); 4.03 ppm (Wh/2 1 9 cps; C6-H); 2.07 ppm 
(0Ac); 1.27 ppm (5~-CH~); 0.92, 0.82 ppm (sidechain 
CH ); 0.82 ppm (CI H3)'  

Further elution with light.petroleum gave a gum 
(I .217 g) identified as the AI 3(~7)-compound (3b), V ma x 

40 I 238 cnu-~, NMR (CC14) 5.03 Dpm (Wb/2 9 cos; 
C~-HI; 3.65 ppm (J 8 cps, J1 9 cps; C6"H); ~.06 ppm 
(~-CH3), 0.93 ppm (I~-CH~) ; 0.93 ppm (J 6 cps; 
C21H~);~ 0.88 and 0.79 ppm ~sidechain GHs). Reaction of 
compound (3b) with lithium alumiDiu~.hyd~ide in ether 
Kave the ~-chloro-3~-hydroxy-AID~of)-compound as needles 
[pentane), m.p. 110-~12o, [a]D + 48 (c I .O1), Vmax tnujo±) 
3350 cm.-1, S21Q nm 7440, s205 9870, s200 11100, (Found: 
C, 77.2; H, 10.65; C1, 8.3. C27H4~C10 requires C, 77.0; 
H, 10.8; C1, 8.~), NMR (CDCl~) ~.15 pDm (Wh/2 7 cps; 
C3-H). 3.75 ppm (J 8 cps, j1 9 cps; C6-H); I .20 ppm 
(5~-CH5) ; 0.96 ppm (J 6 cps;. C21H3) ; 0.93 ppm (14~-CH 3) ; 
0.90, 0.80 ppm (sidechain CH3). 

Elutlon with benzene gave a complex mixture of compounds 
(TLC) as a gum (200 mg). 

Reaction of 6~-Chloro-~B.5~-diacetoxFcholestane (I b) with 
Hydrofluqroboric Acid - Acetiq Anh,y~ide ~with F.W. Jones}. 
Aqueous hydrofluoroboric acid (60%; 0°25 ml) was added 
to a solution of the steroid (4 g) in acetic anhydride 
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(80 ml) and carbon tetrachloride (10 ml). The mixture 
was kept at 80 ° for S 5 min. The crude product (3.8 g), 
isolated by means of ether, was adsorbed onto alumina 
1 60 g). Elution with light petroleum gave the a9-compound 
2b; I .061 g), m.p. 139-141 , [~]D + 126 (c 1 .01). 

Further elution with light.p_e$roleum gave a gum 
(I .256 g) identified as the AIDtl_{~-cgmpound, (3b) by 
conversion into the 3~-hyd~oxy-AID~S/)-compound, m.p. and 
m.m.p. 110-112 o, [~]D + 48 (c I .03). 

Finally elution with light petrolenm-benzene (S :S ) 
and benzene gave the chlor0-diacetate (Ib; 876 mg) as 
needles (methanol), m.p. and m.m.p. 1 68-I 69 °. 
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