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1 
[h- HlCholesterol was prepared in three steps 

from 4-0xo-cholerrt-5-en-39-y1 acetate, which warn 
conveniently prepared f r o m  cholesterol. Introduction 
of the h y H  label utiliwd N d Y  a8 the .wTce Of 
tritium. Iktail6 0 this 6ytIthe6i6 and alm the 
amthesf8 of [+YH f cholesterol are given. ~ocedurctrn 
for quantitative estimation of the tritium label at 
the h and 48 positions are alm described. 

Key word68 [h-’ H’lcholesterol, [49-yH]cholesteml, 
4-oxo-cholest-5-en-39-yl acetate. 

MTIMDUCTIW 

Metabolic modification of the A and B ring8 of steroids 

frequently involves mtereoupecific removal of a hydrogen from C-4 of 

cholesterol with formation of a A‘ bond. 

metabolic transformations often necessitates the availability of both 

C ~ Z - ~ H I  and [k$-  Hlcholesterol arbstratee. The preuent paper reports the 

synthesis of [h?Hlcholesterol; 8Ynthesis of 148- HI&ole&ero1 is only 

outlined briefly, since the reactions for the introduction of imtope 

at the 4p-position have been described previously 

Investigation of such 

I 

Y 

(1,2) 
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1 R 1 o O ~ ,  $=@- R4= H 
2 R'=OBz, $=R4=H,$=0H 
4 R'=W I R2=R4=HI P=% 
5 d-OH, $=R3=R4=H 
fi e & O ,  R)=R4=H 
- 7 RfR?.0,R3=H,R4=OAc 

9 I?= O h ,  *H, $=OH, R4-% 

gd=OH,F&H,R3=H,R4=3H 

R'= OAC, R ~ H ,  $R~-o  

Q R'=OAC, @=H,R%, R+OH 

RESULTS AND DISCUSSIai 

Jtp-' H~Choleuterol 

"4-' H~Qlalesterol was prepared by the  following procedure. 

4B-H~ry-cholest-S-an-3B-yl benzoate 2 was synthesized from chole- 

story1 benzoate & by t he  method of Rosenheim and SLarling") and was 

trantsfoxmed i n t o  the  chloro compaund 2 by treatment with thionyl 

chloride usinp a modification of t he  method of Ireland, Urigley and 
(1) 3 

Young . [be- H h o l e s t o r o l  was obtained in good yield by M 

S?2' dimplacement of chlorine from 2 using lithium aluminium 

t r i t i d e  . (1) 
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3 [h- ~ l ~ b o l e c s t e r o l  was prepared in three stages from 

4-om-chole~t-5-en-3~-yl acetate This material i t s e l f  was 

readily available via a modification of the  method of Fieear and 
(4) 

Stevenmn . Reduction of i w i t h  t r i t i a t e d  borohydride embled 

the introduction of label at the  4 position in  the  result ing 

4&hydtoxy campound 2. This material after careful separation 

from the h-hydroxy e p h r  lo, also poduced by the  reduction, 

was chlorinated t o  yield the rather unstable 6-drloro derivative 

- 11 which was imediately reduced with lithium aluminium hydride 

t o  give t h e  required [b-3H]cholesterol. 

3 
An aliquot of the  [4p- H~cholesterol was mixed with 

1 4  c4- 

C4p-3H,4- Clcholesteryl benzoate. Oxidation of t h i s  material 

with selenium dioxide in  acet ic  acid-water resulted in  the 

106s of 91% of the tritium label (Table 1). 

indicates that the tritium is present a t  C-4, but since the 

Clcholesterol and the rnhWre benzoylatea t o  yield 
1 4  

(3  1 

This result 

Table 1. d' C Ratios of derivatives of [48> Hlcholesterol - 
mixed v i th  [4~'C1chOlesterol 

Cholesterol 

Cholesteryl benzoate 

4P-Itydroxy-cholest-5-en-3$-yl benzoate 

C Atomic 

r a t i o  

111 

- 

1.04:l 

0.09:l 

mechanian of t h i s  selenium dioxide reaction has not been investi-  

Qated fully,  it is not known with cer ta inty which of t he  C-4 
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hydrogens i s  removed during the  reaction. However, from the  work 
(1) 

of Ireland e t  a l .  , it i s  known that reduction of the compound 

2 introduces tritium in to  the  cfi-position of the  s te ro l .  Thus, 

the  selenium dioxide oxidation reac t ion  removes the  4p-hydrogen 

of cholesterol. 

Location of  3 H  i n  [4a-3H]cholesterol 

The HPC C r a t i o s  i n  the  various transformation products 
14 

formed from Hlcholesterol i n  admixture with [4-  cholesterol 
during location of t he  'H  l abe l  are shown i n  Table 2. 

a l l  the tritium i s  retained i n  the  4fi-hydroxy-cholest-5-en-3~-yl 

Prac t i ca l ly  

4 3 Table 2. 311f C Ratios of der iva t ives  of [k- Hlcholesterol 

mixed with c4-l C ~ c h o l e ~ t e r o l  

Cholesteryl benzoate 

3 1 4  
H/ Atomic 

r a t i o  

1:l 

- 

4p -Hydroxy-cho 1 e st -5 -en-3 p- y l  benzoate 0.98:l 

4-0xo-5,6-oxido-cholest-5-en-3&yl benzoate 0.02: 1 

benzoate. Taken i n  conjunction with the preceding demonetraion 

that during 

is s te reospec i f ica l ly  removed, t h i s  r e s u l t  ind ica tes  that only 

2% of the  tritium i n  [ba-3Hlcholesterol i s  i n  the  kfj-position. 

The ' d4 C r a t i o  of 4-oxo-5,6-oxido-cholest-~-en-~~-yl benzoate 

ind ica tes  that a fur ther  2% of the  tritium i n  cholesteryl benzoate 

is not a t  C-4. 

introduction o f  the h$-hydroryl group, the bp-hydrogen 



( 5 )  
m - T A L  

I 
Synthesis of [ 4 ~ -  H l i l l e s t e r o l  

6~-Qlloro-cImlest-4-en-~~-yl benzwte 3 -4B-Hydroxy-cholest- 

5-en-3p-yl benzoate 2") (100 mg) was diseolved i n  dry pyridine 

(3 m l )  and cooled i n  ice. 

chloride (0.lml) was added and the mixture allowed t o  &and fo r  

90 nec.. 

with ether  and the ethereal extract washed successively with 

saturated NaH- solution and water. 'Ihe ether  extract waa dried 

over anhydrous mdium sulphate and after removal of the  ether under 

reduced pressure the o i l y  residue was dissolved i n  hexme (2Oml) ,  

f i l t e r e d  through-cotton wool, and evaporated t o  dryness t o  yield 68- 

chloro-cholest-~-en-3~-yl benzoate 2 as a semi-crystalline gum 

(87mg). 

and was pure by t.1.c. ( s i l i c a  ge l  Ci/benzene) and n.m.r. : 6 w$ , 

To the ice-cold solution, thionyl 

The reaction m i x t u r e  was poured into ice water, extracted 

El, 

This compound was ueed as won as possible after preparation 

-s) 0.71 (C-18 methyl); 1-33 (C-19 methyl); 4.65 (C-6H); ca. 

5.5 (3a-H), 5.64 (0-bH) 7.2-8.2 (aromatic protond. 

417 

C4f.L' HICholesterol 4 - 6~-Chloro-cholent-4-en-~~-y1 benzaate 

2 (l&ng) dissolved i n  dry ether (1.5ml) was added t o  lithium 

aluminium tri t ide (SmCi, O.3hg.) and the result ing suspension was 

allowed t o  stand fo r  15 min. and then refluxed fo r  3 hr.. After 

cooling, eaturated d i m  potassium tartrate solution (2 ml.) was 

added dropwise and the mixture allowed t o  &and for  30 min.. The 

resul t ing white suspension was extracted w e l l  with ether,  the ethereal 

layer  dried over anhydrous sodium sulphate and the ether  removed 

under reduced pressure. 

by t.1.c. ( s i l i c a  gel G/chloroform) followed by two recrystal l -  

izat ions from chloroform-methanol, washing w e l l  with ice-cold 

3 
The crude [kp -  H1cholesterol was purified 
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methanol after each crystallization to yield pure [4PJ Hlcholesterol 

(6OoiLCi). 

Synthenin of [k-' Hlcholesterol 

Cholest-5-en-3-one 5 prepared from cholesterol zby the method 
(61 .-. 

of Pfitzner and Hoffatt was transformed into 3-oxo-cholest-5-en- 

kt-yl acetate 1 by the procedure of Fieser and Stevenson 
(4) . 

4-0m-drolest-5-en-39-yl acetate 8 - 3-OIo-cholest-5-en- 
b-yl acetate 2 (360 mg) dinsolved in light petroleum (bop. kO-60°; 

6Oml) wan added to deactivated alumina (log), which had been prepared 

by addition of 1.3 ml water to log. of Brockmann Grade I neutral 

alumina (Woelm) and left to ntand for 1 hr. prior to use. 

mspension was stirred at r o o m  temperature for 5 min. and allowed 

to atand (at room temperature) with occasional shaking. 

mepension was filtered, the alumina washed twice with diethyl 

ether (2 x 2x)ml) and the ether and petrol filtrates wmbined and 

evaporated to dryness. 

The 

The 

Preparative t.1.c. on silica gel GF254 

with 10% ethyl acetate in petrol for developnent yielded &-om- 
(4) 

cholest-5-en-3p-yl acetate 

from chlorofom/methanol).  he MSS spectnrm showed a molecular 

ion at m/e 462 and expected prominent ions at "/e 414, boo, 382, 

372 and 354. N.m.r. : 6(CDCl,, 6obMz), 0.70 (C-18 methyl), 1.00 

(C-19 methyl)* 2.14 (acetate protons), 5.16 (dd, J = 9, 10.5 €he 

3a HI, 6.32 (C-6H). 

(130 mg after recrystallization 

ch-' HIbp-~~-cholelrt-5-en-38-~1 acetate 9- 44x0- 

dtale.t-5-en-3~-yl acetate (1-1 diaaolved in dry methanol/ 

tetrahydrofuran (l:l, 1.5ml) was added to sodium borotritide 

(1o(kci, 18.hdX/mg). "he aolution was allowed to stand for 
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45 min. a t  mom temperature, water was added and the resulting 

mmpenmion extracted into ether. 

with mter, dried over anhydrous magnesium eulphnte, and evaporated 

t o  drynenm. 

of the bp- and h-hydrory compounds 2 and 

about 3096 of an unidentified lems polar impurity. 

Theethe-1 layem was wamhed 

T.1.c. indicated that the residue (33mCi) conmisted 

(ca. 9rl)  together with 

The crude mixture was meparated by preparative t.1.c. on 

silica gel GpaS4 with 20$ ethyl acetate in  petrol tor developmnt, 

and tba 4p- and b-alcohols 2 and lo removed f r o m  the plates 

together am a broad band (3Qlci). 

was subjected t o  further carefbl preparative t.1.c. on m i l i c a  gel 

GF (0,gSlm) and the platen developed twice in  1H ethyl acetate 

in  petrol. The band (3.bCi) co-chromatographing with the authentic 

lp-hydrow coppormd pwas removed and re-chromatographed on the m e  

aptem t o  yield pue [b H~4~-hydrorp-cholest-5-en-3~-yl acetate 

2 (3Si) .  The =mn spectrum 

and e m c t e d  prominent ionn a t  n\/e 426, 402, 386, 287. N.m.r.r 

6 (CDCl,, 0.69 (C-18 methyl), 1.17 (C-19 methyl), 2.01 

(acetate methyl); 4.10 (hH, broad), 4.53 (3a-H, broad), 5.52 

(C-6H, broad). 

The mixture of alcohol6 p and 

254 

a molecular ion a t  m/e 461 

[b3 H]6p-Chloro-droleat-4-en-3~-yl acetate & - [h-’ 448- 

HJdro~-choleat-5-en-3~-yl acetate p (3m Ci) was dinsolved in dry 

pyridine (-1 and cooled i n  ice. 

added and the mixture allowed t o  atand for 90 aec. a t  O°C. 

m i x t u r e  was pIlured onto ice, extracted w i t h  ether, wac.hed success- 

ively with $ I& Sq , saturated NaHCq llolution, water and dried 

over anhydroum llodium sulphate. The llolvent was removed under a 

Thionyl chloride (Zoqrl.) was 

The 

of d y  nitrogen t o  yield [G H]6p-chloro-cho1est-4-en-39- 
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y l  acetate ll, which was used imed ia t e ly  without further purification 

['la-' H]Chole&erol 12 - The [4-' H~6~-chloro-cholest-4- 

en-3p-yl acetate =was dissolved i n  dry ether  (3ml) and lithium 

aluminium hydride (40 mg) added. 

stand at room temperature fo r  1-1/2 hr. and then ethyl acetate 

(0 .h l )  was added dropwise t o  destroy excess l i thium aluminium 

hydride. 

added slawly and the  resul t ing mixture allowed t o  stand for  15 

min.. After di lut ion with water, the m i x t u r e  was extracted 

with ether,  the ether  extract washed with water, dried over 

anhydrous sodium sulphate, and t h e  e ther  removed under a atream 

of dry nitrogen t o  yield crude [h-3Hlcholestero~.'hia was 

purified by preparative t.1.c. on silica gel  G (0.5rmn.) with 

25% ethyl acetate i n  petrol for  development t o  give C h H ]  

cholesterol (1.01 mCi) .  

R v i t v  of [4BJd and [h- Hlcholemterol samples 

The mepension was allowed t o  

Seturated sodium potassium tartrate solution (311111 was 

3 

I 
The purity of the [4&3Hl  and [h- H h o l e s t e r o l  .amplea 

-8 established by micro-preparative g.1.c. with collection of 

fractions every 2 min. for  radioassay. For t h i s ,  a pUe lob gas 

chromatograph was employed f i t t e d  with a metal splitter between 

the end of t h e  colunm (4 m. i.d. glass) and the  flame ionieation 

detector, so that approximately one part i n  ten ps& t o  the 

detector, whereas the remainder was collected i n  g h E S  

capi l lary tubes a t  ambient temperature. 

[h- Hlcholestero1,only one radioactive peak, corresponding t o  

cholesterol was observed. 

3 With both [48- HI and 
3 



Location of  'H label 

Cholesteryl benzoate - The respective i?~Icholerrterol cl.mples 

(ca. 0.7pCi) mired with [4-"C]cbolemterol (ca. 0.lpf.i) w e r e  diluted 

with non-radioactive cholesterol (1601~~). 

benzoyl chloride (zoqrl.) were added and t i m  mixture kept at lwlp temp- 

erature overnight. The mixture was poured into ether, which was washed 

successively with water, 

water. 

and evaporated t o  dryness. 

recrystaPized from chlorofonn-methanol t o  constant ' V ' C  ratio.  

Pyridine (6oo)rl.) and 

I&%, saturated N a H q  mlutfon, 

The&her  layer was dried over anhydrous mgnesirrm arlphate 

The r e m l t i n g  choleateryl benzoate was 
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CB-Hydroly-cholerrt-5~n-3B-yl benzoate - A wlu t ion  of 

selenium dioxide (ZQlS) i n  water (1-1) and g l a c i a l  acetic acid 

( l m l )  was added t o  chole6teryl benzoate (103mg) dissolved i n  

boiling ace t i c  acid (lml.). 

boiled 

The mixture was allowed t o  cool, f i l t e r ed ,  extracted with ether 

and the ether extract waahed mccessively with saturated 

N a H C Q  solution and water, and dried over anhydrous magnesiua 

sulphate. 

product was purified by preparative t.1.c. on silica gel GF 

with 5% ethyl acetate i n  benzene fo r  development, t o  yield pure 

kfLhydroxy-chole6t-5-cn-3P-yl benzoate (3Omg. ). Particular 

care waa taken t o  ennure that the p l a t e s  were not overloaded 

i n  order t o  obtain a pure product. 

3B-yl benmate 2 w a s  recrystal l ized from chlorofonn-methanol t o  

constant H/ C ratio.  The mass spectrum showed a molecular 

ion at m/e 506.3751 (C H 0 requires 506.3760). N.m.r.: 6 

(CDC13, 60 MHz) 0.70 ( 6 ,  3H,  C-18 protons), 0.76 (d, J = 6.5 

The r e m l t i n g  solution was 

fo r  2 min. and anhydrous w d i m  acetate (251110.) added. 

A f t e r  evaporation of the ether under vacuum the  

254 

(3 1 

The b~-hJdroy-chole6t-5-en- 

3 1 s  

34 50 3 
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Hs, 6H, C-26/27 protons), 0.90 (d ,  J = 6.5 Hz, 3H, C-21 protons), 

1.26 (a, 3H,  C-19 protons), 4.36 (d, J = &z,lH, C-4 proton), 4.94 

(m, i H ,  C-3 proton), 5.70 ( l H ,  C-6 proton), 7.3-8.2 (54aramatic protons). 

. 

4-0xo-5,6-oxido-choleet-5-en-3~-yl benmate. - 4p-Hydroxy- 

cholest-5-en-3p-yl benzoate (Zag.) i n  benzene (0.5ml.) and acetic 

acid (O.05ml.) was s t i r r e d  w i t h  chromium trioxide (12mg.I i n  

water (0.0M.) and acetic acid (0.2ml) for 6 hr.. 

was poured into water, extracted w i t h  ether and the ethereal layer washed 

arccemsively w i t h  N a H C q  solution and water, dried over anhydrous 

ma~esium sulphate and evaporated t o  dryness. Preparative t.1.c. 

(Kieselgel GF254, 5% ethyl acetate in benzene) of the product 

yielded the 5,6 a and p epoxides of b-om-cholest-5-en-3~-yl 

benzoate in approximately equal y ie ld  ( h e .  each). 

epoxide had m.s .  m/e 520.3558 (C34 H48 O4 requires 520.35531, 

398.3188 (Cz7 H42 o2 requires 398.3185); n.m.r.:B (Cncl 9 220MHZ) 

0.77 (6, 3H, C-18 protons), 0.88 (d,  J = 6.5H2, 6H, C-26/C-27 

protons), 0.90 (d, J E 6.5H2, 3H, C-21 protons), 1.07 ( 6 ,  3H,  

C-l9 protons), 3.28 (d, J = ca. 2.5H&, LH, C-6 proton), 5.5 

(m, l H ,  3a proton), 7.4-8.2 (9, aromatic protons), whilst the 

more polar material had m.s .  m/e 520.3558 (C34 H48 O4 requires 

520.35531, 398.3195 (CZ7 HCZ O2 requires 398.3185); n.m.r.: €I 

(CDC1 , 220 HHz) 0.72 ( 6 ,  3H, C-18 protons), 0.87 (d, J 0 6.5 

Hz, 6H, C-26/27 protons), 0.93(d, J E 6.5 Hz, 3H, C-22 protons), 

1.09 ( 6 ,  3 H ,  C-19 protons), 3.44(d, J = ca. 2.5Hz, l H ,  C-6 proton), 

5.35 ( m , l H ,  C-3 proton), 7.4-8.2 ( 5 H ,  aromatic protons). 

epoxides were accompanied by a amaller amount (5 mg.) of 4-om- 

The solution 

The least polar 

3 

3 

The 
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