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REGIO-CONTKOLLED SYNTHESIS OF 4a- (3H3 )METHYL-5a-CHOLESTAN-3B-OL 

I. V i c t o r  Ekhato and Cec i l  H. Robinson 
Department o f  Pharmacology and Experimental Therapeutics 
The Johns Hopkins U n i v e r s i t y  School o f  Medicine 
Balt imore, Maryland 21205 

SUMMARY 

4a-(3H )Methy1-5a-cholestan-38-01 was r e g i o s e l e c t i v e l y  prepared from 
5a-cho?est-I-en-3-one v i a  a l k y l a t i o n  wi th methyl i od ide ,  hydrogenation, 
and LAH reduction. The f i n a l  and 
in termediate products were cha rac te r i sed  by spectroscopic methods. 

Regio-control l e d  synthesis, 4a- (3H3)Methy1-5a-cholestan-38-01, 
5a-Cholest-1,3-dien-3-01 t r i m e t h y l s i l y l  ether. 

D e m s  o f  t h i s  synthes is  a r e  given. 
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INTRODUCTION 

Recently, we repo r ted  t h e  f i r s t  mechanism-based i n a c t i v a t o r s  o f  

4-methyl s t e r o l  oxidase,' a microsomal enzyme system invo lved  i n  cho les te ro l  

b iosyn thes i s  i n  r a t  l i v e r . 2  Our con t inu ing  program requ i red  an assay 

3 u t i l i z i n g  t h e  re lease o f  t r i t i u m  ( H) from the  4-methyl group f o r  t he  

eva lua t i on  o f  p o t e n t i a l  i n h i b i t o r s .  The publ ished methods f o r  making 

r a d i o l a b e l l e d  4a-methyl-5a-sterol s were n o t  e n t i r e l y  s a t i s f a c t o r y  as they 

a f fo rded  regio-isomers t h a t  necess i ta ted extens ive and o f t e n  ted ious  

separat ion steps.3 T h i s  paper descr ibes a r e g i o - c o n t r o l l e d  and h i g h l y  

s tereosel  e c t i  ve synthes is  o f  4a-methyl-5a-cholestan-36-01 and t h e  a p p l i c a t i o n  

o f  t he  procedure t o  t h e  synthes is  o f  4a-( 3 H3)methyl-5a-cholestan-38-ol. 

RESULTS AND DISCUSSION 

2a-Methyl-5a-cholestan-3-one i s t h e  main product  obta ined when 
4 5a-cholestan-3-one i s  sequent la l  l y  t r e a t e d  w i t h  base and methyl iod ide.  

Improved s e l e c t i v i t y  towards C ( 4 ) - a l k y l a t i o n  has been repo r ted  w i t h  

5u-cholest-7-en-3-0ne.~ However t h e  p u r i  f i c a t f  on necessary t o  i s o l a t e  t h e  

des i red  4a-methylsterol made t h i s  compound u n a t t r a c t i v e  t o  us as a precursor .  

We envisaged a syn the t i c  route, F ig .  1, us ing  an o l e f i n i c  l i n k a g e  a t  C ( 1 )  t o  
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block the react ion a t  C ( 2 )  and thereby d i r e c t  a l ky la t i on  t o  C(4). 

5a-Cholest-1-en-3-one (1) - was accordingly prepared by l i t e r a t u r e  

 procedure^,^'^ and was deprotonated w i th  l i t h i u m  diisopropylamine ( L D A ) .  

Trapping o f  the resu l t i ng  enol ate w i th  ch l  orotr imethyl  s i  1 ane furnished 

5a-cholest-l,3-dien-3-01 t r imethyl  s i l y l  ether (2). 
conveniently regenerated w i th  methyl l i t h i u m  and react ion w i th  methyl iodide, 

i n  the presence o f  a molar equivalent o f  hexamethylphosphoramide (HMPA) 

afforded 4~-methyl-5a-cholest-l-en-3-0ne. 

accomplished by 5 %  Pd/C catalysed hydrogenation. 

5a-cholestan-3-one, was reduced w i th  l i t h i u m  aluminum hydride (LAH) a t  -78'C 

i n  ether t o  give a mixture o f  isomeric 3a- and 3s-alcohols These were 

separated by preparative high pressure 1 i q u i d  chromatography (hplc) .  

The 1 i th ium enolate was 

Saturat ion o f  the double bond was 

The product, 4a-methyl- 

For the synthesis o f  4~-(~H~)methyl-5a-cholest-l-en-3-one (z), t r i t i u m  

3 l abe l l ed  ( H3)methyl iodide was used and the reac t ion  ca r r i ed  ou t  i n  an 

exact ly analogous manner. 

chromatograms o f  l abe l l ed  

Y ie ld  was estimated by comparison o f  hplc 

compound and authentic 4~-methyl-5~-cholest-l-en- 

FIGURE 1 
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-3-one. 

3 t i t l e  compound (5). The y i e l d  was s i g n i f i c a n t l y  lower when ( H3)methyl 

iod ide  was used (50%) than when unlabeled methyl iodide was employed (91%). 

The reac t ion  w i th  l abe l l ed  methyl iod ide  was run under experimental condit ions 

designed t o  mimic those used w i th  unlabel led compound. The only experimental 

d i f fe rence i s  t h a t  the l abe l l ed  reac t ion  was run i n  the o r ig ina l  ampule which 

contained a small copper turning. 

Sequential c a t a l y t i c  hydrogenation and LAH reduction y ie lded the 

EXPERIMENTAL 

Melt ing po in ts  were determined on a Ko f le r  ho t  stage and are uncorrected. 

'H NMR spectra were recorded i n  CDC13 w i th  an I B M  FT (80 MHz) spectrometer, 

I R  spectra were recorded on a Perkin-Elmer 462, and UV spectra were obtained 

on Perkin-Elmer Lambda 3 instrument. Mass spectra were obtained on an LKB-6000 

spectrometer. High pressure 1 i q u i d  chromatographic separations were performed 

on a Waters Associates Model 6000 instrument; a Waters semi-preparative 

g-Porasil column was used i n  normal phase separation. ( H3)Methyl iodide 

was purchased from New England Nuclear. 

3 

5a-Cholest-l,3-dien-3-01 t r imethyl  s i l y l  ether (2). To a so lu t ion  o f  

diisopropylamine (2.624 m1;18.74 mmole) i n  dry THF (39 ml) a t  -20°C and i n  an 

atmosphere o f  argon, was added n-butyl l i t h i u m  (12.49 ml ;  1.55 M so lu t ion  i n  

hexane). Af ter  30 min, the temperature was lowered t o  -78'C and a so lu t ion  o f  

5a-cholest-1-en-3-one [(l); - 6.0 g; 15.6 m o l e ]  i n  dry THF (15.6 ml) was added. 

The react ion mixture was s t i r r e d  a t  0°C f o r  1 h r  and then cooled t o  -78°C. 

T r ime thy l s i l y l  ch lo r ide  ( f resh ly  d i s t i l l e d  from K2C03; 2.37 m l ;  18.74 

mmole) was added dropwise, and the mixture was s t i r r e d  f o r  10 min and allowed 

t o  warm t o  room temperature over 1 hr. 

so lu t ion  was then washed w i th  saturated NaHC03 (2  x 400 ml), b r i ne  and dr ied  

over K2C03. 

acetone t o  af ford 5a-cholest-1,3-dien-3-01 t r i m e t h y l s i l y l  ether (5.02 g; 70.4 8 )  

mp 76-77°C. 

ions a t  m/z 441, 384, 206, 194. NMR: 6 (CDCl,) 6.02(1H,d,J=9.7Hz); 

Hexane (300 ml) was added and the 

Solvent was removed i n  vacuo and product c r y s t a l l i z e d  from 

The mass spectrum showed a molecular i on  a t  m/z 456 and other 
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1 5.58(1H,dd,J=9.7,2 Hz); 4.53(1H,dd,J=2 Hz). 

UV (hexane) x max 212 n m , ( E  2800); 275 n m , ( E  2300). 

I.R. v max(CHC13) 1635 cm- , 

40-Methyl-50-cholest-l-en-3-one (3) .  Methyl l i t h i u m  C193.5 v l  (1.55 M in 

e ther ) ]  was added to  a solution of 50-cholest-1,3-dien-3-01 trimethylsilyl 

ether (136.8 mg; 0.3 m o l e )  i n  dry THF (1.0 ml) a t  -20°C under an atmosphere 

of argon. 

(43 p l ;  0.3 m o l e )  was added. 

ampule containing a solution of methyl iodide (15.5 ,,l; 0.25 mmole), i n  dry THF 

(0.5 m l )  under argon. 

After 1 h r  a t  O'C, the temperature was lowered t o  -78'C and HMPA 

I t  was syringed i n t o  a pre-cooled (-78'C) 

I t  was l e f t  t o  stand a t  room temperature overnight. 

Excess vo la t i l e  reagents and solvent were removed under a stream of argon 

and collected i n  cold traps. 

neutral alumina ( ac t iv i ty  11) 1.0 g, and eluted w i t h  25% ethyl acetate in 

hexane (15 ml). The solvent was removed, the solid obtained was dissolved i n  

hexane (2.0 ml) and purified by normal phase hplc (5%ethy l  acetate i n  hexane). 

Crystal 1 ization from acetone gave 4a-methyl-50-cholest-l-en-3-one (90 mg; 91 % 1 

mp 84-850(Lit4 82-83'). The mass spectrum showed molecular ion a t  m/z 398, 

and others a t  m/z 383, 342, 300, 285, 275, 258 and 243. 

The residue was applied t o  a pipette column of 

NMR (CDC13, 80 MHz), 

7.11(1H,dYJ=1OH~); 5.86(d,J=lOHz); 1.12(3,d,J=5.6Hz, 4-CH3). IR (CHC13)  

v max 1690 and 1660cm-I. UV (hexane) A max 222 nm, ( E  9500). 
4a-( 3 Hg)Methyl-5~-cholest-l-en-3-one. Using tritium-1 abel led methyl - 

iodide (CJH31, 25 mCi, specific ac t iv i ty  97 m C i / m M )  the radiosynthesis was 

carried out in exactly the procedure described above. 

characterized by co-chromatography on t l c  and hplc comparison w i t h  authentic 

40-methyl-50-cholest-l-en-3-one. 

The product was 

Estimated (hplc) yield was 50.2 mg, 50 8. 

4a-Methyl-5a-cholestan-36-01 (Q) , 40-Methyl -50-cholest-1-en-3-one ( 7 2  mg) 

was placed i n  a f lask equipped with a magnetic s t i r r e r  and  a three-way adaptor 

connected to  a vacuum pump and a balloon f i l l e d  w i t h  hydrogen. Cyclohexane- 

THF [(3:2);  10 mll and 5% Pd/C (20 mg) were added. The system was evacuated 

and then f i l l e d  w i t h  hydrogen from the balloon. I t  was s t i r r e d  under posit ive 

hydrogen pressure for  4 h r  and f i l t e r e d  through a short pipette column of 

cel i t e  eluted w i t h  hexane (20 ml ) . 



Regio-Controlled Synthesis of 4 ~ t - ( ~  H j )  Methyl-Sa-Cholesran-3fi-0 L 425 

4a-Methyl-5a-cholestan-3-0ne, obta ined from t h i s  sequence was immediately 

reduced w i t h  l i t h i u m  aluminium hydr ide (20 mg) i n  d ry  e the r  (20 m l )  a t  -78'C 

f o r  40 min.  Excess LAH was destroyed wi th e t h y l  acetate, f o l l owed  by dropwise 

a d d i t i o n  o f  saturated Na SO t o  coagulate t h e  aluminate. 

f i l t e r e d ,  and the so l ven t  was removed t o  dryness. The product  was d i sso l ved  

i n  ch loroform (2.0 m l )  and separated by normal phase hp lc  (15% e t h y l  acetate 

It was dr ied,  2 4  

i n  hexane) i n t o  4a-methyl-5a-cholestan-3a-01 (22 mg)' and 4a-methyl-5a- 

cholestan-36-01 (51 mg). C r y s t a l l i z a t i o n  from methanol gave 4a-methyl-5a- 

cholestan-36-01 (50 mg; 69% 1, mp 163-164' ( L i t 4  164-165'). The mass 

spectrum showed molecular  i o n  a t  m/z 402 and o the rs  a t  m/z  387, 384, 369, 250, 

237. 

I R  v max (CHC13), 3600cm- . 
NMR: 6 (CDC13) 3.05(lH,myJ=9.5,4.8Hz 3a-HI; 0.93(1H,dYJ=6.4Hz, 4-CH3) 

1 

4a-( 3 H3)Methyl-5a-Cholestan-3e-ol. Compound (3) was c a r r i e d  through - 
the sequence o f  c a t a l y t i c  hydrogenation and reduc t i on  w i t h  LAH as described. 

The des i red  product  (Q) was cha rac te r i zed  by co-chromatography ( t l c  and h p l c )  

w i t h  au then t i c  4a-methyl and 4a-[2H3]methyl-5a-cholestan-36-ol .8 It was 

r e c r y s t a l l i z e d  t o  constant  specif l 'c a c t i v i t y  (81.6 ri?&i/mM). T h i s  s p e c i f i c  

a c t i v i t y  i s  somewhat lower  than t h a t  (97mCi/mM) quoted by the  manufacturers 

f o r  t h e  ( H3)methyl i o d i d e  which was used. T h i s  discrepancy may w e l l  be 

due t o  a lower  ac tua l  value f o r  t h e  ( H3)methyl iod ide,  as we ourselves 

made no measurements on it. 
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4a-methyl-5a-cholestan-3a-01 y& Collins oxidation and reduction. 

4a-ca rbomet hoxy - 5a-c hol es t - 1-en- 3-one 
NaBH4 reduction, tetrahydropyranylation, LAD reduction, mesylation, and 
LAD reductive displacement of the mesylate, followed by removal of the 
3 - tetra hy d ropy ra ny 1 e t he r g rou p i ng . 

7.  Additional 4a-Methyl-5a-cholestan-36-01 i s  obtainable from the 

8. 4a-~2H~)Methyl-5a-cholestan-3~-ol was made from 
5% Pd/C catalyzed hy drogena t 5 on, 




