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ABSTRACT 

Hydroboration of 5e-cholest-8-ene, 5a, 14~cholest-8-ene and 5a, 14~- 
cholest-7-ene provides a simple route to oxygenated steroids with |4~- 
and 8a, 14~- unnatural stereochemistry. 

INTRODUCTION 

Our interest in inhlbltors of cholesterol biosynthesis prompted us 

to seek simple methods for the synthesis of oxygenated sterols of 

unnatural stereochemlstry ( 1 - 3 ) as possible inhlbitors of sterol 

biosynthesis in L-cells and in primary cultures of liver cells (4,5). 

Previous success in the synthesis of 14~-cholest-5-en-3~-ol vla 

hydroboration of the sterlcally hindered double bond of 3a,5-cyclo-ba- 

cholest-8(14)-en-6a-ol at 50°C (3,6) prompted us to hydroborate the 

5a-cholest-8-ene 1 in order to obtain 5a,8~,9~-cholestanes of unnatural 

9~-configuratlon as reported in a literature note (7). Since we observed 

an unexpected regio and stereochemlcal course of the hydroboratlon of ~, 

we reexamined this reaction and also studied the behavior of 

5a,14~-cholest-8-ene ! and 5a, 14~-cholest-7-ene ! to the hydroboration, 

in order to evaluate the influence of the steroid C/D ring Junction 

geometry in the stereochemlcal course of the hydroboration. 

Our results show that hydration of 5a-cholest-8-ene I, via 

hydroboratlon, affords a steroid with an unnatural 14~-conflguratlon 

instead of a 9~configuration (7). Similar hydration pf 5a, 14~- 

cholest-8- and 7-enes 2and!affords 8~,14~- and 8u, 14~-steroids. 
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EXPERIMENTAL 

Melting points (m.p.) are uncorrected. ~r spectra were recorded f o r  
s o l u t i o n s  in  ch loroform or  f o r  NuJol mul l s .  -H amr s p e c t r a  were recorded 
on a Varian HA-100 or a Varian XL-200 ins t rument  f o r  s o l u t i o n s  in  -H 
chloroform and are reported as ~ values relative to internal Me4Si. 
Optical rotations were recorded for chloroform solutions. The mass 
spectra were determined on a Varlan MAT 112 S spectrometer by direct 
inlet methods. The progress of all reactions and column chromatography 
determlnations (sillca 230-400 mesh) were monitored by thln-layer 
chromatography (tlc) on sillca gel (HF?~) plates. Hexane-ethyl acetate 
mixtures were used as developing solv~e~nts, and spots were detected by 
spraying with 70Z sulfurlc acid followed by heating. The [a~ values are 
in degrees. Diglyme is dlethylene glycol dlmethyl ether. 

5a-Cholest-8-ene ~. A solution of 5a-cholest-8-en-3~-ol (10 g) and 
toluene-p-sulfonyl chloride (10 g) in dry pyridine (70 mL) was kept at 
0°C for 24 h. Standard treatment afforded the toluene-~-sulfonate (11.1 
g): m.p. 110-112°C (trltured in ethanol) (Pound: C, 75.5; H, 9.5; S, 
5.gI C~Hs~O~S requires C, 75.3; H, 9.4; S, 6.3Z); ir I183 and 1170 
cm . Th~ -t~Yuene-p-sulfonate (10 g) was refluxed in dlglyme with sodium 
iodide (20 g) and zinc dust (16.8 g) for 10 h. The product was 
chromatographed on 10Z deactivated alumina (150 g). Light pet~Rleum 
eluted 5a-cholest~-ene 1 (6.5 g): m.p. 93-95°C from methanol;~a] u 56 ° 
(lit (8) 93@C;[a]. 56°)~d0.61 (3 H, s, 18-CH.), 0.88 ~3 H, s, 19-CH~) 
[Ca lc . (9 )  d 0.55~ and 0 .900] ;  M (mass spsctrum~ 370 ( M ) ,  355, 257, 201 
(Found : C, 87.6;  H, 14.5. C27H. 6 r e q u i r e s  C, 87.5;  H, 14,5Z); the  
compound showed a s i n g l e  componen~ on gas l i q u i d  chromatography (g lc )  
ana lyses  wi tb  r e l a t i v e  r e t e n t i o n  t ime ( r r t )  1 . I  ( the  8(14) isomer has 
r r t  1),  on s i l i c a  g e l  G p l a t e s  and on s i l i c a  g e l  P F - s i l v e r  n i t r a t e  
p l a t e s  (hexane) wi th  the  same m o b i l i t y  of  8 (14) - i somer .  

5U,14~ - C h o l e s t - 8 - e n e  ~ .  This  hydrocarbon was prepared ,  as an o i l ,  
from 5 a , 1 4 ~ - c h o l e s t - 8 - e n - 3 ~ - o l  (10) by r e d u c t i o n  of  i t s  t o l u e n e -  H- 
s u l f o n a t e  in  the  same way desc r ibed  above f o r  the  isomer i .  I t  showed: 

~.87 (3 H, s ,  18-CH~), 0.93 (3 H, s ,  19-CH3) ; M (mas~spec t rum)  370 
(M'),  355, 257, 201 (Found: C, 87.4;  H, 14.7. C97H&K r e q u i r e s  C, 87.5;  
H, 14.5g);  the  compound showed a s i n g l e  comp-dneh~ on g l c  and Clc 
ana lyse s .  

5U, l~-cholest-7-ene 3. This hydrocarbon, an oil, was prepared by 
reduction of the hydroxy--group of 5a,14~-cholest-8-en-3~-o1 (2) as 
described above. It showed: d 5.35 (1 R, m, 7-H); 0.72 (3 H, s, 19-CHq), 
0.81 (3 H, s, 18-CH 3) [Calc. (9) 0.742, and 0.825] (Found: C, 87.4;-H, 
14.6. C~7H46 requires C, 87.5; H, 14.5Z); single component on glc and 
tlc anar~ses. 

Hydroborat lon Procedures:  Method a.  Diboraue was genera ted  by 
adding a s o l u t i o n  of  sodium borohydr lde  (6 g, 15,9 mmoles) in  dlglyme 
(300 mL) to  a s o l u t i o n  o f  boron t r l f l u o r i d e  e t h e r a t e  (50 g, 35.2 
mmoles) in  diglyme (200 mL), in  the  type of  appara tus  desc r ibed  by Brown 
and Subba Rao (11).  The gas was passed i n t o  a s o l u t i o n  o f  the  s t e r o i d a l  
o l e f i n  (1 g in  400 mL of  dry diglyme) a t  50-60*C during ca.  3 h by 
means o f  a slow s t ream of  n i t r o g e n .  Water was added to  des t roy  excess  
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dlborane and the mixture was oxidized directly. 
~thod b. Diborane was generated by adding to a solution of sodium 
borohydride (6 g) in dlglyme (300 mL) a solution of iodine (20 g) in 
dlglyme (200 mL) (12). This procedure was used in order to avoid 
contamination by BF 3. 

Oxidation of Or~anoborane_~s. All oxidations were carried out by the 
following procedure. Aqueous sodium hydroxide (20 mL of a 10% solution) 
was added to a solution of the organoboranes (derived from 1 g of 
olefln) in tetrahydrofuran (40 mL). The solution was cooled in 
ice-water, and aqueous hydrogen peroxide (15 mL of a 30% solution) was 
added dropwlse with stirring and continued cooling. The mixture was 
stirred for I h at O°C and diluted with water and dlethyl ether; the 
organic layer was washed with sodium blsulfite solution and water. The 
extract was then dried over sodium sulfate and evaporated. 

Hydration of 5a-cholest-8-ene~. Hydroboratlon (methods a and b) of 
this olefin (i g) affords, after oxidation, a mixture of alcohols which 
were chromatographed to give three different substances: the first 
eluted (500 mg) prov~ to be 5a,14~-chol~stan-15~-ol 4b : m.p. 46-48°C 
(from methanol); [a] n 30 ° ; ir 3460 cm-~; d 0.75 (3 H, s, 19-CH~), 0.90 
(3 H, s, 18-CH,), 3~43 (1 H, m, 15a-R; ~ = 12 Hz) [Calc. (9,f0,13)d 
0.750, 0.902~; ~ (mass spectrum): 370 (M -15), 355, 257, 219 (Found: C, 
83.4; H, 12.3. ~27H&RO requires C, 83.6; H, 12.4Z). 

The second 61SEed compound (~8  mg) was 5a-ch~lestan-15u-ol 5b: 
m.p. 111-113°C (from methanol); [a~ ~ 48°; i r  3460 cm- ; ~ 0.70 (3 H~--s, 
18-CH~), 0.78 (3 H, s, 19-CB~), 3.94 (1 H, m, 15~-H, N k = 10 ~z) 
[Calc~(9) ~ 0.725, and 0 .80~] ;  M (mass spectrum):~388 (M ),370,355, 
257,218 (Found: C, 83.5; H, 12.3.~,~H~o0 requires C, 83.6; H, 12.4Z). 

Last e l u t ~  compound (107 m~ ~wVas 5a-chp, les tan-7~-ol  6b: ~.p. 
113-115°C; [a~n Lu 52 ° ( l i t .  (14) m.p. 113°C;[~n LU 52°); i r  345~-cm-~; 
d 0.68 (3 H, s~ 18-CH~), 0.80 (3¢H, s, 19-CH~),~3.35 (1 H, m, 7a-H; ~ ffi 
11Hz); M (mass spectrum) 388 (H'),  370, 356~ 285, 257, 234, 217 (Found: 
C, 83.7; H, 12.5. C_7H480 requires C, 83.6; H, 12.4%). Iden t i f i ed  by 
direct comparison w~h an authentic sample, and by oxidation to the 
corresponding ketone 6~c. 

Jones oxidation of the alcohols. Jones reagent (1.0 mL) was added 
dropwlse to an Ice-cooled solution of the alcohol (160 mg) in acetone 
(30 mL). After 2 min at 0°C the solution was allowed to warm to room 
temperature and then was diluted with water. The usual workup gave the 
ketones. 

i.Sa~14~-cholestan-15~-ol 4b afforded 5a,14~-chQlestan'lS-one 4c 
(140 rag): m.p. I01-102°C (frOm m-~thanol); Ir 1740 cm-~;d~.74 (3 H, s-~ 
19-CH2), 0.95 (3 H, s, 18-CH2); M (mass spectrum) 386 (M), 370, 245, 
218, ~09 (Found: C, 84.1; H,1Z.2.-C27H460 requires C, 84.0; H, 12.0Z). 

if. 5a-cholestan-15a-ol 5b afforded 2~a-cholestan-15-one~ (130 
mE): m.p.~~et~aanol); [a]n 50°; ir 1740 cm- ; ~0x73 
(3 H, s, 18-CHg), 0.77 (3 H, s, 19-CHg); ~M (mass spectrum) 386 (M'), 
260, 245, 218,-209 (Found: C, 83.9; H,-12.~. C~H~O requires C, 84.0; 
H, 12.0Z). All these properties were Identlcal~i~ those reported for 
the authentic compound (13). 
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i i i .  5 a - c h o l e s t a n - 7 ~ - o l  6_~bafforded 5 a - c h o l e s t a n - 7 - o n e  6.__c (140 mg): 
m.p. 112-113°C (from methanol) ;  t h i s  product  was i d e n t i f i e d  bY m .p.  and 
mixed m.p . ,  o p t i c a l  r o t a t i o n ,  and comparison of  i t s  "H nmr and 
mass spectrum with tha t  of  an a u t h e n t i c  specimen prepared wi th  the 
procedure o u t l i n e d  in  r e f .  15. 

E q u i l i b r a t i o n  of  5a ,14~-cho les t an -15-one  4_~c. The ketone 4_~c (200 
mg) was heated  under r e f l u x  in log sodium methoxide f o r  24 h fo l lowed 
by conven t iona l  workup to  g ive  a c l e a r  g l a s s  which was a mixture  
c o n s i s t i n g  (glc-mass spec t romet ry)  of  80% of the 14a-ketone 5c and 20% 
of the 14~-isomer 4c identified after preparative tlc and comparison 
with the original ketone 4c and the isomer 5c. 

Hydration of 5a,14~-cholest-8-ene 2. Hydroboration (methods a and 
b) of 5a,14~-cholest-8-ene ~ (i g) occurs at 25°C affording, after 
oxidation, a mixture of alcohols which were chromatographed to give 
first the l~ss polar 5a,14~-cholestan-7~-ol 7b (150 mg); m.p. 58-61°C; 
ir 3460 cm-~; 0~.78 (3 H, s, 19-CH~), 0.99~3 H, s, 18-CH~); M (mass 
spectrum) 388 (M') (Found: C, 83.5;~H, 12.5. C27H480 requires C7 83.67 
H, 12.4%).Identical with those reported (13). 

The more polar alcohol was .identified as 5a,8a,14~-cholestan-Ta-ol 
8b (630 mg): an o i l ;  i r  3460 cm-A; 00.88 (6 H, 2xs, ove r l app ing ,  18- ~nd 
19-CH~), 3.98 (I H, m, 7~-H; F~:d: Hz); M (mass spectrum) 388 (M'), 
370, 356, 285, 257, 234, 217 ( C, 83.7; H, 12.5. C27H480 requires 
C, 83.6; H, 12.4%1. 

Following the hydroboratlon at 50-60°C and H^O. oxidation, the 
described alcohols 7b and 8b were obtained in I:~ Zratio. When the 
hydroboration was effected at 120°C the oxidation afforded the alcohol 
7b accompanied by only trace amounts of the isomer 8b. 

Hydrationo_f " 5a,14~-cholest-7-ene 3. Hydroboration (method a and 
b) of 5a,l~-cholest-7-ene 3 (i g) o~u~s at room temperatur~ affording 
after oxidation and chromatography the 5a,14~-cholestan-7~-ol ~_ (280 
mg) and the 5a,8a,14~-cholestan-Ta-ol 8b, both identical (m.p., H nmr, 
and mass spectrum) with those described above. 

5a,8a, 14~-cholestane 8d. To a stirred solution of 5a,8a,14~- 
cholestan-7~-ol 8_~b (70 mg) in pyrldine (3 mL) at 0°C toluene-~-sulfonyl 
chloride (100 mg) was added. The mixture was kept at 4°C for 16 h. 
After usual workup the crude toluene-p-sulfonate (75 mg) which was 
obtained was stirred with alumlnium hydride (100 mg) at 25°C in dlethyl 
ether (I0 mld) for 5 h. Usual workup and chromatography afforded 5a,8a, 
14~-cholest~e (50 mg) as the exclusive hydrocarbon compound: a clear 
liquid;Is] n 85°; all physico-chemical properties were identical with 
those of a~ authentic (10,167 compound. 

5a,8a, 14~-cholestan-7-one 8__cc. The alcohol 8_~b (80 mg) was oxidized 
with Jones reagent at -25°C as described above. Usual workup afforded 
5a, Sa, 14~-cholestan-7-one 8__cc as an oil (which appeared to equilibrate 
slowly to a less polar compound on standing in solution or upon tlc): 
0~.90 (6 H, 2xs, overlapping, 18- and 19-CH3) ; M (mass spectrum) 386 
(M'), 368, 353, 290, 255, 232. 
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Equillbratlon of 5a, Sa,14~-cholestan-7-one 8_~c. 5a,8a, 14~- 
Cholestan-7-one 8c (30 mg) was dissolved in 5% methanollc potassium 
hydroxide and heated under reflux for 3 h. After the usual workup and 
crystallization 5u, 14~-cholestan-7-~ 7c was obtained as needles (25 
mg, from methanol): m.p. 90-91°C,[a~ 74~-;identical in all respects with 
that reported (13). 

RESULTS AND DISCUSSION 

Attempting to obtain 8~,9~-steroids we effected the hydroboration 

of 5~-cholest-8-ene I at 50-60°C in the reported conditions (7). 

However, in our hands, a mixture of the steroidal boranes 4a, 5a, and 6_aa 

in 48Z, 21Z, and IIZ yields was obtained. They were characterized, after 

oxidation with hydrogen peroxide, as 5u,14~-cholestan-1~-ol 4b_b, 

5a-cholestan-15a-ol 5_~b , and 5u-cholestan-7~-ol 6_~b. 

The ratio of 15-a and 15~-boranes varied when the hydroboration was 

effected at higher temperature, and at 120°C the 15a-borane 5a was the 

major component. The amount of 7~-borane 6_aa was independent of t~e 

temperature. The same result was obtained when the diborane saturated 

hydroboration mixture was heated at 120°C for I h before being 

oxidized. The cholestanols were isolated by rapid chromatograph~ and 

each alcohol showed spectral and chemical findings compatible with the 

assigned structure. In particular, the location at C-15 and the 

~-conflguration of the hydroxy group in the molecule of the less polar 

alcohol 4b was deduced from the IH nmr spectrum and from successive 

Jones oxidation of 4__bb to the 5~,14~-cholestan-15-one 4__£c without 

eplmerlzatlon at C-14 . This method has been used previously for 

oxidation of alcohols to enollzable ketones without eplmerlzatlon of a 

chlral center a to the ketone function (16). Subsequent basic equilibra- 

tion of ketone 4c gave a mixture consisting of 80Z of the known 5c and 

20Z of 4_~_c. After separation, the ketone 5__~cshowed the expected physlco- 

chemical properties and the highly characteristic mass spectrum (13). 
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The ketone 4c showed appropriate physico-chemical properties. 

By Jones oxidation the second polar alcohol 5bafforded the ketone 

5c identical with that described above. 

The third eluted alcohol was Identlcal (m.p., mixed m.p., optical 

r o t a t i o n ,  1H nmr e t c . )  wi th  an a u t h e n t i c  sample (14).  Moreover by 

Jones o x i d a t i o n  i t  a f fo rded  the  known (14) 5 a - c h o l e s t a n - 7 - o n e  6c. 

The products  ob ta ined  in  the  hyd ra t i on ,  v i a  hydrobora t ion  of  

5 a - c h o l e s t - 8 - e n e  ~ a re  s i m i l a r  (apar t  from the  format ion  of  the 

7~-alcohol 6b) to those reported in the hydroboration of 

5a-ergost-8(14)-en-3~-o1 (6). This was ratlonallzed following the 

r e a c t i o n  by glc-mass  spec t romet ry .  The format ion  o f  5 a - c h o l e s t - 8 ( 1 4 ) - e n e  

c a t a l y z e d  by horane was observed dur ing the  hydrobora t ion .  The format ion 

of  5 a - c h o l e s t - 7 - e n e  was not observed by g l c ;  however the  format ion of  

the alcohol 6b could be explained as the product of transiently 

formed 5a-cholest-7-ene, which is known to suffer a ~-hydroboration in 

these conditions (17). Moreover in our hands the hydroboratlon of 5a- 

cholest-8(14)-ene at 50-60°C resulted in the formation of a 7~-borane in 

about 14Z y i e l d  in  a d d i t i o n  to the  expected  14a and 14~, lb-boranes  (6).  

Thus, the  format ion  of  boranes 4a, 5a, and 6a i s  w e l l  exp la ined  by an 

i n i t i a l  a - a t t a c k  of  the  borane which causes the  observed i s o m e r i z a t i o n  

of  the  double bond from the  8(9) to  the  8(14) and i n  minor ex t en t  to  the 

7(8) p o s i t i o n  ( F i g . l ) .  

The 8(14) and 7(8) s t e r o i d  o l e f i n s ,  which cannot s u f f e r  an a-  

hydroboratlon to yield highly unstable 8a,ga,14a-sterolds, are 

hydroborated from the E-face of the molecule with the formation of a 

boroderlvative with the boron at the 14~-positlon and the T~-posltlon 

respectively. 
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The i s o m e r t z a t t o n  of  the  14~-borane through a ~ complex a f f o r d s  boranes 

wi th  the  boron a t  l §a -  and 15~-pos i t ton ,  whi le  the  7~-borane does not  

t somer ize  to  the 7a-posi t ion~ s ince  the  r e s u l t i n g  s t e r o i d  wi th  an 

8a,9a ,  l ~ - J u n c t t o n  should be l e s s  s t a b l e  in  r e s p e c t  to  a 7~-isomer 

possess ing  a n a t u r a l  8~9a ,14a -geomet ry ;  indeed the  hydrobora t lon  of  

5 a - e r g o s t - 7 - e n e  a t  50°C a f f o r d s  only a 8~,9a,  14a-borane wi th  the  boron 

a t  7~-pos l t lon  (17)o 
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Indirect support for this explanation: of the behavior of 

5a-cholest-7-ene derives from the results obtained in the hydroboration 

of 5a,14~-cholest-8-ene~. In this case the diborane adds to the double 

bond from the Q-face of the molecule and, in absence of a 14~-hydrogen, 

does not cause the isomerization of the 4 8 double bond to the ~8(14) 

position as observed monitoring the reaction by glc. 

The formation of a borane with the boron at 8a-position in 

equilibrium with a ~ complex may be assumed, which, at 25°C, is 

transformed into a mixture (1:4) of boranes 7__aaand 8__aa, identified, after 

oxidation with hydrogen peroxide, as the known (13) 5a, 14~-cholestan-~- 

ol 7~band its isomer 5a,8a, 14~-cholestan-7a-ol 8__b_b. 

The structure of the alcohol 8_~b derives from its physlco-chemlcal 

characteristics and from the chemical transformation into 5a,8a, l~- 

cholestan-7-one 8cand 5a,8a,14~-cholestane 8__dd (8, 13). The ratio of the 

hydration compounds 7_~b and 8_~b was 1:1 when the hydroboratlon was 

performed at 50-60°C, while at 120oC the isomer 7b was obtained 

accompanied only by trace amounts of the dlastereomer 8b. The same 

result was obtained refluxin E the hydroboration mixture at 120@C before 

oxidizing the boroderivatlve. So the isomer 7b clearly represents the 

thermodynamically more stable compound, while the isomer 85 is the 

product of kinetic control. 

Similar results were obtained in the hydroboratlon followed by 

oxidation of 5a, 14~ -cholest-7-ene ~. The reaction occurs at room 

temperature affording hydration mixture containing the alcohols 7_~b and 

8b in about 1:3 ratio. Heating the mixture of boranes before the 

oxidation resulted in the formation of compound 7_bb accompanied by trace 

amounts of the isomer 8b. This behavior parallels that of the ~8-14~- 
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isomer and supports the mechanism of an initial a-attack on the mole, 

by borane. 

In conclusion our r~sults show that oxygenated cholestanes wit] 

unnatural 8a- and 14~-conflguratlon can be obtained via hydroboratlol 

highly hindered 5a-cholest-8-ene, 5a,14~-cholest-8-ene, and 5a, 

cholest-7-ene. The steric course of the reaction depends on 

stability of the flnal boroderivatlve(s) rather than the stereochemi 

of the starting sterol as observed for the first time on other stero: 

olefins by Mincione and Sirna (17)o 

ACKNOWLEDGMENTS 

This work is dedicated to the memory of Professor L. Canonlca. 
We acknowledge Mr. Andrea Lorenzi for mass spectra and Ministero d, 
Pubblica Istruzione for support. 

REFERENCES 

I. Anastasia, M., Scala, A. and Galll, G., J. ORG. CHEM., 41, 1064 
(1976). 

2. Anastasia, M., Fiecchi, A. and Scala, A., J. CHEM. SOC. PERKIN 
TRANS. I, 1821, (1979). 

3. Anastasia, M., Allevi, P., Fiecchi, A. and Scala, A., J. ORG. 
CHEM., 46, 3265, (1981). 

4. Schroepfer, G.J.r Jr., Parish, E.J. and Kandutsh, A.A., J. ORG. 
CHEM., 99, 5494, (1977).  

5. Schroepfe r ,  G.J. ,  J r . ,  Pa sca l  R.A. and Kandutsh,  A.A. ,  EXPERIENT 
3..~6, 518, (1980). 

6. Mincione,  E. and F e l i z i a n i ,  F . ,  J .  CHEM, SOC., CHEM. COMMUN., 9 
(1973). 

7. M/ncione,  E. ,  ANN. CBIHICA (Rome), 67, 119, (1977).  
8. F i e s e r ,  L. and F i e se r s  M., i n :  S t e r o i d s  (Reinhold Pub l i sh ing  

Corpora t ion)  New York (1959),  p 2 5 3 .  
9. Bhacca, N.S. and Williams, D.H., in: Applications of NMR 

Spectroscopy in Organic Chemistry (Holden-Day), San Francisco, 
1964, p. 19. 

10. A n a s t a s i a ,  M., F i e c c h i  A. ,  G a r i b o l d i ,  P. and G a l l i ,  G. ,  J .  
ORG. CHEM., 4__55, 2528 (1980). 

11. Brown, R.C. and Snbba Rao, B.C. ,  J AM. CHEM. SOC., 81, 6428, 
(1959). 



STEREOCHEMISTRY OF RING B HYDROBORATION 141 

Freeguard, G.F. and Long, L.H., CHEM. & IND. (London), 471, (1965). 
Midgley, I. and DJeraesl, C., J. CHEM. SOC., 155, (1973). 
Barton, D.H.R., J. CHEM. SOC., 512, (1946). 
Budztktewicz,  ~. and D J e r a s s t , C . ,  J .  AM. CHEM. SOC.,84, 1430, 
(1962). 
Patterson, G.D. and DJerassl, C., J. ORG. CHEM., 44, 1866, (1979). 
Minclone, E. and Sirna, A., ANN. CHIMICA (Rome), 65, 473, (1975). 


