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LABELED BILE ACIDS V I  : [22,23,24-13C3]-METHYL 3a17a-DIACETOXY-5B-CHOLAN- 

24-OATE , [22 ,23,24-13C3]-METHYL 3B-ACETOXYCHOL-5-EN-24-OATE1 AND 
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SUMMARY 

A general s h o r t  procedure f o r  t h e  i n t r o d u c t i o n  o f  1% t o  
t h e  s i d e  cha in  o f  b i l e  ac ids i s  described. 
17(20)-enes a r e  key intermediates, w h i l e  t h e  i so tope  i s  i n t r o -  
duced by an ene r e a c t i o n  w i t h  [1,2,3-13C3l-methyl propio la te.  
Fo r  t h e  l a b e l i n g  w i t h  tr t i u n ,  t h e  unlabeled product  o f  t h e  

16,17 and 22,23 w i t h  t r i t i u m  gas. 

S u i t a b l e  ( I ) -pregn-  

ene synthesis, a 85116~2  h - t r i e n e  was saturated s e l e c t i v e l y  a t  

Key Words: B i  1 e acids, C22,23, 4-13C3]-methyl-3a,7a-diacetoxy-56-cholan-24- 
Oatel C16,17,22,23- 5 H ]-methyl -36-acetoxychol-5-en-24-oate, 
c arbon-1 3- 1 abel ed, t rtt i um- 1 abel ed. 

INTRODUCTION 

I n  two prev ious p u b l i c a t i o n s  (2,3) we descr ibed a general method f o r  t h e  

l a b e l i n g  o f  t h e  s i d e  cha in  o f  b i l e  acids w i t h  1% a t  t h e  2 te rm ina l  p o s i t i o n s  

(C-23 and 24). 

o f  t h e  l a s t  3 te rm ina l  pos i t i ons ,  thereby i nc reas ing  t h e  u t i l i t y  o f  t h u s l y  l abe led  

subs t ra tes  ( 4 ) ,  which a re  usefu l  i n  t h e  study o f  t h e  catabolism o f  c h o l e s t e r o l  i n  

t h e  l i v e r .  

t r i t i u m  t o  g i ve  [16,17,22,23-3H4]-methyl 3B-acetoxychol-5-en-24-oate ( I )  o f  very 

I n  t h e  present paper we r e p o r t  a method which a l lows t h e  l a b e l i n g  

I n  a d d i t i o n  we s e l e c t i v e l y  t r i t i a t e d  a ~ 5 , ~ 6 3 ~ 2  in te rmed ia te  w i t h  

h igh  s p e c i f i c  a c t i v i t y .  
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D I SCUS S I ON 

A recen t  p u b l i c a t i o n  ( 5 )  descr ibes t h e  p repara t i on  o f  t h e  s t a r t i n g  m a t e r i a l ,  

3a,7a-di hydroxy-5pandrostan-17-one (1) , which was used f o r  t h e  synthes is  o f  

[22,23,24-13Cj]-chenodeoxycholic acid, as a1 ready descr ibed (6 )  r e c e n t l y  f o r  

un labeled m a t e r i a l .  

g i ve  t h e  @ ) - o l e f i n  3 which was then  ace ty la ted  t o  y i e l d  t h e  d i a c e t a t e  a. The 

ethy lene d i a c e t a t e  was subjected t o  an ene r e a c t i o n  ([1,2,3-13C3]-methyl propio-  

1 a t e  and e t h y l  alumi num d i  ch l  o r i de )  t o  g i ve  [22,23,24-13Cg]-methyl 3a,7a- 

d i  acetoxy-56-chol a-16,22-di en-24-oate ( 3 ) .  C a t a l y t i c  hydrogenation w i  t h  5% 

pa l  l a d i  mi-on-charcoal i n  e t h y l  acetate gave t h e  chenodeoxycholic a c i d  d e r i v a t i v e  

- 4 which was i d e n t i c a l  (HPLC, I R  and TLC) t o  an authent ic ,  un labeled m a t e r i a l  ( 7 ) .  

The d i o l  1 was reacted w i t h  ethyledenetriphenylphosphorane t o  

The l a b e l i n g  o f  methyl 3t3-acetoxychol-5-en-24-oate was c a r r i e d  ou t  as a1 ready 

descr ibed (8 ,9) f o r  t h e  un 1 a be1 ed compound. 

was reacted (10) w i t h  [1,2,3-13C3]-methyl p r o p i o l a t e  t o  g i ve  [22,23,24-13C3]-(z)- 

methyl 36-acetoxychola-5,16,22-trien-24-oate (a). S e l e c t i v e  c a t a l y t i c  reduc t i on  

o f  t h e  t r i e n e  a t  p o s i t i o n s  16 and 22 (poss ib l y  due t o  t h e  d i f f e r e n c e  i n  t h e  s t e r i c  

hinderance) gave t h e  des i red  [22,23,24-13C3]-methyl 3~-acetoxychol-5-en-24-oate 

( I ) -  313-Acetoxy pregna- 5,17 (20) - d i  ene 

(6) - 
For  t h e  l a b e l i n g  w i t h  t r i t i u m ,  t h e  unlabeled @)-methyl 3f3-acetoxychola- 

5,16,22-trien-24-oate (5a)  was s e l e c t i v e l y  reduced [5% plat inum-on-charcoal (8,9)] 

t o  g i ve  t h e  des i red  t r i t i a t e d  3f3-acetoxycholenate I w i t h  a s p e c i f i c  a c t i v i t y  o f  

148 mCi/mg (64.8 Ci/mmol). 

EX PE R IME NT AL 

M e l t i n g  p o i n t s  a r e  uncorrected. The NMR spec t ra  were obta ined i n  deuter io-  

ch loroform s o l u t i o n  us ing  t e t r a m e t h y l s i l a n e  as an i n t e r n a l  re ference and were 

recorded f o r  I H  on a 90 MHz Var ian  EM-390 spectrometer, and f o r  13C on a Jeol  FX- 

90 Q spectrometer. Mass spect ra were recorded on a Nuc l i de  1290 G spectrometer. 

The I R  spect ra of c r y s t a l s  were determined as KBr -pe l l e t s ,  and o f  o i l s  as a f i l m  

on sodium c h l o r i d e  w i n d w  (Perk in  E l m e r  Model 237). T r i t i a t i o n  was done by New 

England Nuclear/Dupont Products. 

o f  Vangard systems. 

Radiogram TLC was run  on Model 930 Auto-Scanner 
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~Z)-58-Pregn-17(20)-ene-3a.7a-diol (2a l .  To 3 mL o f  anhydrous t - b u t a n o l  

under a stream o f  n i t r o g e n  was added 250 mg (6.9 mmol) of potassium. The m i x t u r e  

was warmed t o  6OoC u n t i l  a l l  potassiun was d isso lved.  

evaporated i n  vacuo, 10 mL o f  d ry  te t rahyd ro fu ran  was added, fo l l owed  by t h e  ad- 

Then t h e  excess so l ven t  was 

d i t i o n  o f  1 g (6.3 mmol) o f  ethyltriphenylphosphoniwn bromide. 

b r i g h t  orange s o l u t i o n  was kept  a t  6OoC f o r  30 min and then a s o l u t i o n  o f  190 mg 

The c h a r a c t e r i s t i c  

(0.62 mmol) of t h e  k e t o n e 1  i n  5 m l  of d ry  te t rahyd ro fu ran  was added. 

The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  6OoC under n i t r o g e n  f o r  3 days and then 
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poured i n t o  an i c e  cold 10% H C 1  so lu t ion .  

x 20 m L ) .  

chromatographed on a prepara t ive  TLC (Rf=0.68; 50% acetone/hexane) t o  y i e l d  the 

o l e f i n  (156 mg, 79%). An ana ly t ica l  simple was r e c r y s t a l l i z e d  from ethyl 

a c e t a t e ,  m.p. 158-160' ( L i t .  ( 6 )  161-162'C), and was i d e n t i c a l  t o  an au thent ic  

s m p l e  ( I R ,  N N R ,  and mixed mp). 

The product was exracted with CH2C12 (5  

The methylene ch lor ide  s o l u t i o n  was concentrated and t h e  crude product 

[ '2 2.2 3 ,2 4 -1 3C -41 -Met hy 1 3 a, 7 a- d i a c e t  oxy - 5 B - c h o 1 a - 1 6 ,2 2- d i en- 2 4- o a t  e ( 3 1. To 

a s t i r r e d  s o l u t i o n  of [1 ,2 ,3-13C3]-~thyl  propio la te  (50 u l )  i n  methylene 

c h l o r i d e  (1.5 m L )  under a ni t rogen atmosphere was added 25% ethylaluminum 

d i c h l o r i d e  i n  to luene  (0.3 m L ) ,  immediately followed by t h e  addi t ion  of a so lu t ion  

of  100 mg of (2)-58-pregn-17(2o)-ene-3a,7a-diacetate (3) i n  1.5 mL o f  CH2C12. 

Af te r  2 hours the reac t ion  mixture was poured i n t o  an i c e  cold sa tura ted  sodium 

dihydrogenphosphate so lu t ion .  

The organic  phase was washed with water and br ine ,  then dr ied  and evaporated t o  

y i e l d  syrupy mater ia l .  The p u r i f i c a t i o n  on PLC (Rf=0.39; 20% acetone i n  hexane) 

gave 80 mg of a syrup 3 and 20 mg of s t a r t i n g  mater ia l ;  1 H  NMR:  6 0.75 (3H, s, 

18-Me), 0.95 (3H, s, 19-Me), 2.00 and 2.03 (3H, s, 3 and 7-OAc), 3.72 (3H, d ,  J = 

3 Hz, 24-C02Me), 4.60 ( l H ,  m, 3-H), 4.97 (lH, br. s, 7-H), 5.06 ( l H ,  b r .  s, 

16-H); I%*** N M R :  6 118.737 ( d d ,  J = 74.470 and 70.840 Hz, 1%-231, 153.519 ( d ,  J 

= 69.580 Hz, 13C-22), 167.281 ( d ,  J = 74.470, 13C-24); MS o f  3a,7a-OTMS (11) m/e 

459 [(M+3)-TMSOH], 458 [(M+2)-TMSOH], 457 [(M+l)-TMSOH]; I so topic  Puri ty:  61% 

(M+3), 24% (M+2), 15% ( M t l ) .  

The  mixture was ex t rac ted  with methylene chlor ide.  

[22.23,24-13C?]-t~ethyl 3a,7a-di acetoxy-5B-cholan-24-oate ( 4 ) .  

o f  3 (70 mg) i n  3 mL of EtOAc was added 10 mg of 10% Pd/C.  

s t i r r e d  under  a hydrogen atmosphere u n t i l  the t h e o r e t i c a l l y  ca lcu la ted  amount of 

hydrogen was absorbed. 

so lvent  was evaporated t o  give 62 mg of product ( A ) .  
( H P L C ,  IR and T L C )  t o  an au thent ic  ( 7 )  unlabeled sample. 

To a so lu t ion  

The suspension was 

The mixture was f i l t e r e d  through a bed of c e l i t e .  the 

This  mater ia l  was i d e n t i c a l  

[16,17,22,23-3H4l-Methyl 3~-acetoxychol-5-en-24-oate ( 7 ) .  To 80 mg (0.19 

mmol) of the t r i e n e  3 i n  2 mL of ethyl a c e t a t e  was added 14 mg of 5% P t - C  ca ta -  

*** I n  ppn (k 1.3  Hz) downfield from TMS. 
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l y s t  and 25 C i  (0.42 ml) o f  t r i t im gas and t h e  r e a c t i o n  m ix tu re  s t i r r e d  a t  roan 

temperature f o r  24 h (12). The t o t a l  a c t i v i t y  o f  t h e  crude a f t e r  removing t h e  

l a b i l e  t r i t i u m  amounted t o  1.4 C i ,  corresponding t o  a s p e c i f i c  a c t i v i t y  o f  178 

mCi/mg. An a l i q u o t  was c h r m t o g r a p h e d  on a c e l i t e  p a r t i t i o n  column us ing aqueous 

methanol as s t a t i o n a r y  and hexane as mob i l e  phase. 

i n  s. 17% y i e l d ,  had a s p e c i f i c  a c t i v i t y  o f  148 mCi/mg ( 6 4 . 8 C i / m l ) ,  and was 

i d e n t i c a l  t o  an au then t i c  ma te r ia l  ( I so tope  d i l u t i o n  showed no change i n  s p e c i f i c  

a c t i v i t y  from i n i t i a l  value a f t e r  t h r e e  r e c r y s t a l l i z a t i o n s  and TLC; Rf=0.35, 10% 

e t h y l  acetate/hexane) . 

The c lean  ma te r ia l ,  i s o l a t e d  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

REFERENCES 

Supported, i n  pa r t ,  by USPH Serv i ce  Grant AM-03419 fran t h e  I n s t i t u t e  o f  

A r t h r i t i s ,  Metabol i sn and D iges t i ve  Diseases. 

Byon C.Y., Gut M. and L a i  C.K. - J. Labe l l ed  Compds. and Radiopharm. 3: 65 

(1984) 

L a i  C.K., Byon C.Y., Gut M., M o s t w i c z  D. and Anderson W.G. - J .  Labe l l ed  

Compds. and Radiopharm. 21: 627 (1984) 

Compare Anderson W.G., Byon C.Y., Eck C.R. and Gut M. - J .  Labe l l ed  Compds. 

and Radiopharm. 21: 59 (1983), Ref. 4 

L a i  C.K., Byon C.Y. and Gut M. - S te ro ids  28: 707 (1983) 

Wovkulich P.M., Batcho A.D. and Uskokovic M.R. - Helv. Chim. Acta 67: 612 

(1984) 

Wooton I.D.P. and Wiggins H.S. - Biochem. J .  g: 292 (1953) 

Dauben W.G. and Brookhar t  T. - J .  Am. Chem. SOC. 103: 237 (1981) 

Batcho A.D., Berger D.E., Uskokovic M.R. and Snyder B.B. - I b i d  103: 1293 

(1981) 

Dre fah l  G., Ponsold K. and S l i c k  H. - Chem. Ber. 98: 604 (1965) 

Prepared by t h e  procedure o f  L a i  C.K., Byon C.Y. and Gut M. - J. Label led 

Compds. and Radiopharm. 21: 133 and 615 (1984) 

For  exact  d e s c r i p t i o n  o f  procedure see Laumas K.R. and Gut M. - J.  Org. Chem. 

- 27: 314 (1962) 




