
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXI, No. 8 7s9 
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SUKUKY: The s y n t h e s i s  of t h e  epircer ic  2-bromocbolesterols  is 
desc r ibed .  Thei r  r e d u c t i v e  ca t a lyzed  debrominat ion w i t h  T2 
a f f o r d s  c20<- 'HJ- a.nd [2B - 311]cbolesterol r e s p e c t i v e l y .  The 
[Z - 3E]cholesterols  c a n  be s y n t h e s i s e d  wi th  a rad iochemica l  
pul'ity >98% aiid s p e c i f i c  e c t i v i t i e s  of about 600 - 700 
GSq/mmol. The l a b e l l i n g  r e a c t i o n s  proceed under r e t e n t i o n .  

iGY W O R S  : S y n t h e s i s ,  2-bromocholesterols ,  tritium l a b e l l i n g ,  
r e d u c t i v e  ca t a lyzed  debrominat ion,  t r i t i u m l a b e l l e d  c h o l e s t e r o l  

I E ' 2 O  DUST I O I i  

For t h e  s y n t h e s i s  o f  c 2 d -  3H]- and r2R - 3H]cholesterol t h e  
corresponding 2-bromocholesterols  should be u s e f u l  s t a r t i n g  
materials. However, t h e s e  compounds are no t  desc r ibed  i n  t h e  
l i t e r a t u r e ,  I n  1964 C o l l i n s  and Xobbs had r e p o r t e d  [l] 
t h a t  on r e d u c t i o n  of 68-bronocholest-4-en-3-one - la chole-  
s t e r o l  2a r e s u l t e d  i n  h i g h  y i e l d  i n s t e a d  of t h e  expected 
6B-bromocholest-4-en-3i3-ol 3a . We used t h i s  r e a c t i o n  f o r  
t h e  p r e p a r a t i o n  o f  L70(- 3H]cholesterol from 613-bromo- 
E7d- 3H]cholest-4-en-3-one [2,3]. 

- 

Now we t r i e d  t o  app ly  t h i s  method f o r  t h e  s y n t h e s i s  o f  t h e  
ep imer ic  2-bromocholest e r o l s  3 , cc  which should  be converted 
i n t o  tritium l a b e l l e d  c h o l e s t e r o l s  [4 J by t h e  known halogen- 
t r i t i u m  e x c h a n g e . I n t h e  present  work t h e  s u c c e s s f u l  syntheses  
of [2d- 3S]cholesterol  - 2d andEi3 - 3H]cholesterol - 2e wi th  
h igh  s p e c i f i c  a c t i v i t i e s  a r e  desc r ibed .  
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RESULTS and DISCVSSION 

The NaJ314 r e d u c t i o n  of 20(,6B-dibromocholest-4-en-3-one 
[5,6) i n  b i s p , 2  ‘-dimethoxyethyl]ether (diglyme) gave a co lour -  
l e s s  o i l  c o n s i s t i n g  o f  two main components accord ing  t o  t h i n -  
l a y e r  chromatography (TLC). The products  were s e p a r a t e d  by 
column chromatography on s i l i c a  g e l .  The f i r s t  compound e l u a t  ed 
(25 - 3 0 %  ) was 2~-bromocholest-5-en-3c(-ol as shown by 132-NMR 
spec t roscopy [?] . The main product  (70 - 75 % ) was t h e  d e s i r e d  
2o(-bromocholesterol 2 [7]. 

1 b - 

For p r e p a r a t i o n  of 28-bromocholesterol 2 2  , 2!3,6 8-di bromo - 
c h o l e s t  -4-en-3-one 1 c was no u s e f u l  s t a r t i n g  m a t e r i a l  because 
of i t s  i n s t a b i l i t y .  Therefore  2c was e f f e c t i v e l y  prepared 
by MaZ4 r e d u c t i o n  i n  diglyrne of  t h e  more s t a b l e  26-bromo- 
cholest-5-en-3-one s g n t h e s i s e d  i n  h i g h  p u r i t y  by n procedure of 
E l l i s  end -Petrow 153 and c h a r a c t e r i z e d  by i t s  13C-NMi1 spectrum 
[8]. According t o  TLC t h e  ob ta ined  whi te  s o l i d  c o n s i s t e d  of 
two subs t ances  with h a r d l y  d i f f e r i n g  Rf va lues .  Af te r  column 
chromatography on s i l i c a  g e l  t h e y  were ob ta ined  i n a  pure s t a t e .  
The f irst  product e l u a t e d  (about  8 % ) was 2~-b romocho les t e ro l  
2b formed by a s i d e  r e a c t i o n  ( i n v e r s i o n  o f  t h e  20-bromo- 
s u b s t i t u e n t  due t o  t h e  a l k a l i n e  medium) . It was fo l lowed by 
t h e  d e s i r e d  2B-bromocholesterol 2c w i t h  a y i e l d  o f  9 0 % .  

I n  o r d e r  t o  c h a r a c t e r i z e  2b and 2c e lementa l  a n a l y s e s ,  I R  

s p e c t r a  and m a s s  s p e c t r a  were used. 
showed t h e  peak of t h e  molecular  i o n  l’&+ a t  m/e 464,405 ( c a l c .  
464,402 f o r  C27H450Br) and r evea led  t h e  f ragments  IL-CH3, &Br, 
?i-H&, TJ-Br-H20, and QI-C8H,7. T ie  s t r u c t u r e s  were f u l l y  con- 
f i rmed by 13G-hJNR spec t roscopy.  

- 
- 

- 

- 
- - 

The mass spec t roscopy 
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The chemical s h i f t s  of t h e  r i n g  A and r i n ?  5 carbon atoms o f  
2 a ,  2 b ,  and 2c a r e  l i s t e d  i n  Table  1 . The assignments  of t h e  
s i g n a l s  o f  2 an& 2 c  were made by comparison wi th  t h e  
s p e c t r a  o f  2 i9-j and 2~-bronocholestan-3B-ol  [ S ] .  Tne sub- 
s t i t u e n t  e f f e c t s  a r i s i n g  from 24-3r o r  213-3r a r e  i n  agrzement 
ivith d a t a  lrnown fr0.n o t h e r  brornosteroids [8,7,10]. >'urther 
exp lana t ions  a r e  ;iven i n  [73. 

The r e a c t i v i t y  of t h e  2 -~ romocho leo te ro lc  corresponded wi th  
t h e  determined c o n f i p r a t i o n .  :inereas 2b was s t a b l e  t o  a l k a l i  
because of i t s  e q u a t o r i a l  bromine, 2c having ;2n a x i a l  bromine 
was e a s i l y  dehydrobrominated t o  t h e  enol  4 which vias converted 
v ia  2 , f i n a l l y ,  i n t o  t h e  s t a ' s l e  cholest-4-en-3-one 6 . The 
convers ion  was q u a n t i t a t i v e  a l lowing  t o  d e t e r n i n e  t h e  conten t  
of 2c i n m i x t u r e s  w i t h  2b b y p o t e n t i o n e t r i c  bromide t i t r a t i o n .  

- -  - 

- 
- 

- 
- 

- - 

Table 1 : I 3 C  chemical s h i f t s  o f  C(1) - C(10) and C ( 1 9 )  i n  
c h o l e s t e r o l  , 24-bromocholesterol 2 and 
2l3-bromocholest e r o l  2 

a )  carbon chemical s h i f t s  
atom 2c - b) 2b 2a - - 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
19  

48,5 45 , l  
5998 60,9 
76,3 71,8 
39 9 8  37,9 

40'6 38,5 139,9 
21,4 23,2 122,8 
31,9 31,6 31,2 
31,9 31,8 31,7 
5092 4919 51,4. 
36,5 40,3 37,2 
19,4 1997 22 ,8  

a )  i n  ppm r e l a t i v e  t o  T f B  
b)  see r e f e r e n c e  c 9 ]  
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'The r e d u c t i v e  debrornination of 2:S w i t h  Ii2 w a s  p o s s i b l e  only 
i n  a r a t h e r  stron: a l k a l i n e  s o l u t i o n  OP 0.13 TJ XaOY i n  a mix- 
t u r e  of dioxane and e thano l  w i t h  a n  excess  of  Pd c a t a l y s t  i n  
a r a t h e r  long r e a c t i o n  time. Even under t h e s e  cond i t ions  q u m t i -  
t a t i v e  convers ion  i n t o  2a could  not  b e  acn ieved .  

- 

- 
I n  c o n t r a s t ,  t h e  r e d u c t i v e  deb roa ina t ion  of  2 was a r e p i d  
r e a c t i o n  i n  a l k a l i n e  dioxane i n  t h e  low c o n c e n t r a t i o n  range 
between 0.01 - 0.03 N NaOB.  However, t h e  r e a c t i o n  d i d  a l s o  not  
proceed q u a n t i t a t i v e l y  and excess ive  c a t a l y s t  was necessa ry  
for h i g h  y i e l d s  o f  - 2a . A t  )0.03 N MaOX dehydrobroa ina t ion  
w a s  dominating. 

S u r p r i s i n g l y ,  thEi r e d u c t i v e  debromlnat ion o r  "5 w i t i  T2 
under t h e  same c o n d i t i o n s  d e s c r i b e 6  aaove was q u a n t i t a t i v e  and 
f a s t e r  t h a n  i n  t h e  i n a c t i v e  case .  The c a l c u l a t e d  amount of 
tritium gas  was t aken  up. E2W- 3 1 ~ & o l e s t e r o l  
by p r e p a r a t i v e  TLZ w i t h  a rad iochemica l  p u r i t y  >98/; and a 
s p e c i f i c  a c t i v i t y  of  685 CnJq/mmol. 

- 2d was i so lz l ted  

The r e d u c t i v e  d e b r o a i n a t i o n  of 
minutes .  i'he tritium gas consurr,ption was lower t h a n  c a l c u l a t e ? .  
I n  cornperison w i t h  t h e  inac t i s re  c a s e  we dicE not  f i n d  any d i f f e -  
rence  i n  t h e  r e a c t i o n  r a t e .  P r e p a r a t i v e  TLC a f f o r d e d  [28 - 3;I]- 
c h o l e s t e r o l  2e w i t h  a ra ,d iochexica l  p u r i t y  )98% and a 
s p e c i f i c  a c t i v i t y  of  580 GlN/%i:ol. 

2c with T2 needed only  a few - 

- 

The r a d i o  TL: r e s u l t s  of t h e  r e d u c t i v e  ca t a lyzed  debrorninction 
of and w i t h  T2 a r e  sununarizecl i n  T a S l e  2 .  I n  both 
cases  t h e  a r rangenent  o r  t h e  peaks was  s i m i l a r .  :Ionever, i n  
case of debrominat ion o r  2c t h e  i n t e n s i t y  of peak 1 was lolner 
and tlie i n t e n s i t y  of peak 3 d i r e c t l y  depen-led on t h e  s l k a l i  
concen t r a t ion  o f  the r e a c t i o n  meditlm. A t  0.02 i: % O i i  peak 3 
r ep resen ted  26.2 %, e t  2.03 3 K?GH 55 % o f  the e c t i s i t y .  i n  
t h e  o t h e r  hand, t h e  amount of r20  - 31iJcholesterol  2 (peak  2 )  
diminished from 3 0 %  t o  18.8,;. I s o l a t i o n  OP peak 3 by prepa- 
r a t i v e  TLC and i d e n t i f i c a t i o n  a f fo rded  [40(,5iX- 3H]choienton- 
3-one 7 formed from 6 . The r e a c t i o n  6 - j l  m a n s  t h a t  t h e  
more a l k a l i  i s  p resen t  t h e  more Lc i s  l o s t  f o r  2--+2e . 
I n  o r d e r  t o  i d e n t i f y  - 7 i t  was converted i n t o  [ 4 0 ( , 5 d ? j -  

- 

- - - 
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cholestnn-3D-01 by XaXI r e d u c t i o n  and,  fu r the rmore ,  i t  w a s  
brominated t o  24-bromo-tM,5o(- 3!~cholestan-3-one and 2,2-di- 
bromo- b d ,  54 - ?~Jcholes t  an-3-one. 

The n a t u r e  02 peak 1 was not  f u r t h e r  i n v e s t i g a t e d .  It c8n be 
assumed t o  be a mixture  0: d i o l s  accord in2  t o  spot  co lou r ing  
snd  l o w  Rp value .  IManif o ld  development o f  t h e  radiochromatogram 
showed s e v e r a l  p o l e r  subs t ances .  The more a l k a l i n e  t h e  r e a c t i o n  
nediuir. t h e  xore  d i o l s  occur  as  dernonstroted by bo th  debromina- 
t i o n  r e a c t i o n s  of' 2 End - 2c . 
A s  c m  be seen  from t h e  percenta:Tes of  a c t i v i t y  t h e  maxima ol" 
2d and 2e were aoout 30 d . However, t h e  p r e p a r a t i o n  o f  2d 

was a s imple r  procedure because 0 ;  t h e  h igh  s e n s i t i v i t y  o f  2 
a g a i n s t  a l k a l i n e  medium as mentioned above. A f t e r  p r e p a r a t i v e  

- - - 

chrorr.atographg t h e  mean y i e l d  or' t h e  new tritium l a b e l l e d  
c h o l e s t e r o l s  2d and 2e was 1 0  - 15 % . - 
Under t h e  r e a c t i o n  c o n d i t i o n s  used h e r e  t h e  hydro,;enation of  
t h e  5-double bond could not be excluded.  I n  t h e  a c t i v e  case  
we would o b t a i n  or 2e - accompanied by t h r e e f o l d  l a b e l l e d  

Table 2 : ; iadio TLZ r e s u l t s  of r e d u c t i v e  ca t a lyzed  debrominat ion 
o f  20 and 2c w i t h  " 2  - - 

peak Bf- co lour  a c t i v i t y  ( $ 3 )  remarks 
Of 2c(-Br+2c(-T 2D-Br+2B-T s o t s  

a )  bP c )  d )  

1 0.03 b lue  53.5 25 .I mix ture  o f  p roducts ;  
probzbly d i o l s  e )  

2 0.11 purp le  29.7 30.0 pure o r  2 f) 
3 0.37 yel low 7.5 26.2 pure f) 

n o t  f u r t h e r  
i n v e s t  i g a t  e d 

4 0.63 - 3.4 
5 0.80 - 5.8 3 * 2  6.2 F 
a )  benzene/ether  (19 : 1 ) as so lven t  
b )  a f t e r  sp ray ing  w i t h  v a n i l l i n e  s u l p h u r i c  a c i d  and h e a t i n g  
c )  0.13 N NaOH i n  dioxane/EtOH (4  : 1 )  
a )  0.02 N NaOH i n  dioxane 
e )  shown by manifold development i n  Zenzene/acetone ( 9  : 1 )  
€ )  shown by chemical r e a c t i o n s  ( s e e  t e x t )  
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5b(-cholestan-3B-o1, A s  c h o l e s t e r o l  and 54-cholestan-3!?,-01 
don 't d i f f e r  chro:nato:;raphically i n  t h e  TL-systems used he re  
a high  spec iP ic  a c t i v i t y  o r  che c h o l e s t e r o l  would be s imula ted .  
However, both c h o l e s t e r o l s  2d and 2e were shown t o  be 
q u a n t i t a t i v e l y  conver ted  i n t o  t h e  correspon3in: 5#,53-dibromo- 

[2 - 3 ~ c h o l e s t a n - 3 5 - o l .  This  means tritiwn l a b e l l e d  cho le s t an -  
35-01 was absent  or, i n  o t h e r  words, t h e  r e a c t i o n  cond i t ions  
f u l l y  evoided t h e  h y d r o p n a t i o n  0 ;  t h e  5-double bond. 

- - 

The conf ' i -urat ion o f  t h e  2 - 3?1 o f  c h o l e s t e r o l  ?'Ias e l u c i d a t e d  
by a d d i t i o n  and s u b s t i t u t i o n  r e a c t  i-ons. A f t e r  addin2  i m c t i v e  
c h o l e s t e r o l  t h e  l a b e l l e d  c h o l e s t e r o l s  were conver ted  i n t o  
20(,50(,68- and 20,5~,613-tribromocholestan-3-one as w e l l  as 
i n t o  20(- bromo- 2nd 2 ,2  - dibromocholestan-3-one. Tollowing t h e  
l o s s  of a c t i v i t y  t h e r e  i s  no doubt t h s t  t h e  r e d u c t i v e  debromi- 
n a t i o n  r e a c t i o n s  have proceeded under r e t e n t i o n .  

I~TEI?IA;S and METHODS 

T'ie r zduc t ive  ca t z lyzed  debrominat ion r e a c t i o n s  witli t r i t i u m  
gas  ( x o d u 2 - t  or' iJSSA> were carr iec? out  i n  a l a b e l l i n g  a p p r a t u s  
oT t h e  t r i t i u m  l a b o r a t o r y  o f  t h e  I n s t i t u t e  o f  :;uclear Researcli 
3ossendorf  [II]. S p e c i f i c  a c t i v i t i e s  'were determined i n  a n  
LS-233 s c i n t i l l a t i o r  s p e c t r o n e t e r  ( t k c h a n ,  USA). The a c t i v i t y  
on radiochromatoTrPms v?,!: de t ec t ed  by a scsni ier  La 2723 

(Berthold-Triesecke,  T ' i iG)  . P r e p a r a t i v e  r a d i o  TLC was c a r r i e d  
out o n  20 cm x 20 em p l a t e s  ( s i l i c a  x e l ,  2 ~illll, Uerck) .  A n d y -  
t i c 2 1  r a d i o  TLZ on 15  cm ii 15 c n  s i l u i o l  3 l a t e s  (Kavalier,CSSR) 
nas used t o  d e t e r a i n e  t h e  a c t i v i t y  d i s t r i b u t i o n  and t h e  r a d i o -  
chemical p u r i t y  O F  pui- i f ied produ- t s  r e s o e c t i v e l y .  So lven t s  
for chroxato  ;raphy were 
so lven t  1 ....................... beneene/ether  (19 : l ) ,  
so lven t  2 ....................... benzene/ecetone ( 3  : 1 ) .  

EXPZiilE~ZPTAL 

I_ PTe 314 r e d u c t i o n  o f  2 4 ,  ~~-dibromocholest-~-en-3-one 
7 2  [ 5 , 6 ]  (2 g = 3.7 mnol) w a s  d i s so lved  i n  diglyine ( f r e s h l y  d i s t  . , 
30 ml) by warmin.: and t r e a t e d  under  s t i r r i n g  w i t h  2 suspens ion  
of Na3H4 ( 1  ;) i n  d i g l y m  (5 ml) a t  r.t .  

2 . 
20minu tes .  ;'later 
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(50 ml) and benzene (35 ml) were g iven  i n t o  t h e  r e a c t i o n  mix- 
t u r e .  Under s t i r r i n g  aqueous 90Ac (1  : 3 )  ir/as added dropvise  and 
when t h e  first v i o l e n t  r e a c t i o n  ceased more aqueous HOAc (about 
50 ml) was poured i n t o  t h e  mixture .  ??he benzenic  e x t r a c t  mas 
washed twice wi th  warmed wa te r ,  d r i e d ,  evspora ted  u i d e r  reduced 
p res su re  and t h e  r ema in ins  c o l o u r l e s s  o i l  VIES  sepa rz t ed  by 

c o l u m  Chromatography us ing  so lven t  2 .  The f i r s t  product m s  

2c~(-bromocholest-5-en-30(-ol (276 mS = 0.6 mmol = 16.2 %).  
Analys is :  Calcd. f o r  C27H4503r C 69 .6 ,  H 3 . 7 ,  ;3r 17 .2 .  Found 
C 68 .9 ,  H 1 0 . 4 ,  & 17 .4 .  I R  . 672, 680, 305, 8 2 8 ,  885, 960, 
1030, 1210, 1385, 1470, 1650, 3500 cm-'. 13C-EMii s e e  [73.  
The second product e l u a t e d  was pure  2d-Sromocholesterol 
(796 mg = 1.7  m o l  = 4G6 1. In. 607, 700, 750, 805, 828,  930, 
960, 990, 1033, 1075, 1160, 1210, 1265, 1380, 1470, 1638, and 
3440 cm". 13C-NnIR s e e  Table  1 . 

- 2b 

[2:2ac - 3Hlcholest  e r o l  
2b ( 5  j mg = 118 p o l )  was debrominated 2 h i n  a so lven t  mix- 
tu re  of dioxane ( 5  m l ) ,  5tOII (abs . ,  1 . 5  m l ) ,  and 1 N NaOH ( 1  m l )  
i n  presence of  Pd S lack  (150 mg) and T 2 .  The excess  o f  T2 was 
reabsorbed ,  t h e  r e a c t i o n  mixture  f i l t e r e d ,  t h e  f i l t r a t e  l y o -  
p h i l i z e d  and t h e  r e s i d u e  s e p a r a t e d  on a Kerck p l a t e  i n  so lven t  2. 
Af t e r  e x t r a c t i n g  w i t h  benzene/ether  (1 : 1 )  was obta ined  
(7.2 mg = 18.7 p o l  = 1676 ) wi th  a r a d i o c h e n i c a l  F u r i t y  >98 %. 
The s p e c i f i c  a c t i v i t y  was 685 GSq/imol. 

- 2d . 
- 

- 2d 

NaBfI, r e d u c t i o n  of  2B-bromocholest-5-en-3-one. 
28-bromocholest-5-en-3-one [6] ( I  .56 g = 3.37 m o l )  was suspended 
i n  diglylne ( f r e s h l y  d i s t . ,  40 m l ) .  Under s t i r r i n g  a suspens ion  
o f  Naa4 (1 g )  i n  diglyme ( 5  m l >  was added a t  r.t. f o m i n g  a 
c o l o u r l e s s  s o l u t i o n  which w a s  worked up as desc r ibed  above. 
Column chromatography u s i n g  so lven t  1 a f fo rded  a s  first product 
a l i t t l e  2b (52 mg = 0.112 mmol = 3.3% )and t h e n  pure 2c (576 mg 
= 1.24 m o l  = 36.83). Ana lys i s :  7ound C 69 .8 ,  H 1 0 . 0 ,  Br 17.0 . 
13C-1DiR s e e  Table  1 . 

- - 

P O  - 3Hlcholest  e r o l  2 
2c (15.3 m= = 33 emol) w a s  debrominated 10 minutes  i n  a so lvent  
mixture  o f  dioxane (5.5 m l ) ,  E t O H  (abs. ,  0.3 nl), and 0.5 N ik02 
(0.3 ml) i n  presence of Pd b l ack  (7.5 ah:) and T 2 .  A f t e r  reabsor -  
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b i n %  excess ive  T2, f i l t e r i n :  and lyoph i l i z inc ;  t h e  r e s i d u e  was 
sepa ra t ed  on a Merck p l a t e  i n  so lven t  1 .  Ey e x t r a c t i n g  wi th  
benzene/ether  (1 : 1 )  2e 
wi th  R r a d i o c h e n i c a l  p u r i t y  ) g 8 %  and e s p .  a c t .  o f  580 GEq/inmol . (1 .4  mg = 3.7 p o l  = 11.275) was obta ined  - 
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