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SUMMARY 

The inco rpo ra t i on  o f  l 8 0  i n t o  t h e  3-hydroxyl o f  b i l e  ac ids has been 

accomplished by h y d r o l y s i s  o f  t he  ace ta l  corresponding t o  the  3-OX0 b i l e  

a c i d  w i t h  H2l80, f o l l owed  by hydr ide reduc t i on  o f  t h e  ketone t o  the  l abe led  

hydroxy l  f unc t i on .  

Key Words: 18 C3- 01 b i l e  acids, 3-0x0 b i l e  ac ids c y c l i c  3-(1,2-ethanediyl 

ace ta l  ) 

INTRODUCTION 

The a v a i l a b i l i t y  of i ns t rumen ta t i on  s u f f i c i e n t l y  s e n s i t i v e  f o r  h igh  

r e s o l u t i o n  mass measurement makes l a b e l i n g  w i t h  s t a b l e  isotopes e s p e c i a l l y  

a t t r a c t i v e  f o r  t he  study of metabol ic  products i n  t h e  normal and diseased 

human organism. I n  p a r t i c u l a r ,  i n t e r e s t  i n  t h e  b iosynthes is  and metabolism 

o f  b i l e  ac ids as w e l l  as t h e i r  r e l a t i o n  t o  i n t r a c e l l u l a r  t r a n s p o r t  i n  v i vo ,  

has prompted the  development of new methodology fo r  ana lys i s  o f  picogram 

q u a n t i t i e s  (3 ) .  For these purposes, i t  seemed wor thwhi le  t o  f i n d  easy 

s y n t h e t i c  access routes t o  molecules w i t h  a minimum of a mass + 2 s ince the  

n a t u r a l  abundance o f  such a mass would be approximately 3% (4) f o r  a C24  

compound. 

atoms then two problems would be encountered, namely, synthes is  and percent 

I f  one were t o  consider  us ing b i l e  ac ids enr iched w i t h  two 13C 
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enr ichment.  Normal ly ,  commerc ia l ly  a v a i l a b l e  13C specimens c o n t a i n  no more 

than 90% enr ichment which would l e a d  t o  a maximum o f  81% f o r  mass + 2 .  For 

these reasons we cons ide red  l a b e l i n g  w i t h  l 80 ,  a v a i l a b l e  commerc ia l ly  w i t h  

99% atom enr ichment .  

DISCUSSION 

The s t a r t i n g  m a t e r i a l s  f o r  t h e  l 8 0  l a b e l i n g  o f  s e l e c t e d  b i l e  a c i d s  were 

t h e  3 -ke to  methy l  e s t e r s  which can be c o n v e n i e n t l y  prepared (5,6) by F e t i z o n  

o x i d a t i o n  ( s i l v e r  c a r b o n a t e - c e l i t e )  o f  t h e  corresponding a l coho ls .  

e s t e r s  were t rans fo rmed  i n t o  t h e i r  a c e t a l s  w i t h  e t h y l e n e  g l y c o l  c a t a l y z e d  by 

e - t o l u e n e s u l f o n i c  a c i d .  

prepared: Methy l  3-oxo-12a-hydroxy-5~-cholan-24-oate c y c l i c  3-(  1 ,Z-ethanediy l  

ace ta l  ) , methy l  3-oxo-7a-hydroxy-5B-cholan-24-oate c y c l i c  3-(  1,2-ethanediy l  

a c e t a l  ) , methy l  3-oxo-7f3-hydroxy-5B-cholan-24-oate c y c l  i c  3-(  1,Z-ethanediy l  

a c e t a l ) ,  and methy l  3-oxo-5R-cholan-24-oate c y c l i c  3 - ( 1  ,Z-ethanediy l  a c e t a l )  ( 7 ) .  

The i n i t i a l  i n c o r p o r a t i o n  exper iments were modeled a f t e r  e a r l i e r  exper iments 

These ke to  

Using t h i s  s t r a t e g y ,  t h e  f o l l o w i n g  compounds were 

( 8 )  i n  which t h e  a c e t a l  was hydro lyzed w i t h  H2l80 i n  d ioxane a t  14OoC f o r  24 h r .  

However, when a d ioxane s o l u t i o n  of methy l  3-oxo-5B-cholan-24-oate c y c l i c  3- 

(1 ,2-ethanediy l  a c e t a l )  was t r e a t e d  w i t h  a 10 mo la r  excess o f  H2’80 and t h e  

[3- 

o f  enr ichment masses from M + 5 down t o  M + 2. 

procedure l e d  t o  a more u n i f o r m  p roduc t  o f  a mass + 2 ( 9 ) :  

su r face  o f  t h e  a c e t a l  s o l u t i o n  i n  d ioxane c o n t a i n i n g  d 10 mo la r  excess of H2I80 

(20% atom enr ichment)  was exposed t o  a stream o f  hydrogen c h l o r i d e  gas f o r  5 

seconds, s t i r r e d  and l e t  s tand  f o r  1 8  h r  i n  a s toppered t e s t  tube, a 

s p e c i f i c a l l y  l a b e l e d  p roduc t  hav ing a mass + 2 ,  enr ichment  o f  18% was ob ta ined  i n  

good y i e l d .  Sodium bo rohydr ide  r e d u c t i o n  l i k e w i s e  p rov ided  a homogeneous sample 

o f  t h e  correspondinq 3-hydrox ide which showed a M + 2 w i t h  19% enr ichment .  

18 Ol-3-keto-5f3-cholan-24-oate i s o l a t e d ,  t h e  mass a n a l y s i s  revea led  a ga laxy  

A s l i g h t  m o d i f i c a t i o n  o f  t h i s  

Thus, when t h e  

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  when a Corey o x i d a t i o n  ( p y r i d i n i u m  

chlorochromate)  o f  methy l  -3a-hydroxy-5B-cholan-24-oate was at tempted (see 

Exper imen ta l ) ,  t h e  corresponding 3,3-dimethyl a c e t a l  was ob ta ined .  Aceta l  
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format ion was apparent ly  due t o  the f a c t  t h a t  t he  crude product  conta ined a 

s u f f i c i e n t  q u a n t i t y  of a c i d  t h a t  du r ing  r e c r y s t a l l i z a t i o n  f r o m  methanol, 

a c e t a l i z a t i o n  was favored. The i d e n t i c a l  aceta l  was a l so  obta ined ( n o t  

described i n  t h e  Experimental) by r e f l u x i n g  a methanol ic  s o l u t i o n  o f  methyl 

3-oxo-5~-cholan-24-oate con ta in ing  p - to luenesu l fon i c  a c i d  monohydrate. 

This  r e a c t i o n  enrichment sequence was o f  general u t i l i t y  f o r  use w i t h  any 

Use o f  t h i s  methodology f o r  t h e  p repara t i on  o f  b i l e  o f  t h e  normal b i l e  acids. 

ac ids w i t h  h i g h  atom enrichment (99%) and t h e i r  biochemical a p p l i c a t i o n  w i l l  

be described i n  a f u t u r e  r e p o r t .  

EXPERIMENTAL 

Me l t i ng  p o i n t s  were determined on a K o f l e r  m e l t i n g  p o i n t  apparatus and 
1 are uncorrected. The H NMR spect ra were determined i n  deuter iochloroform 

s o l u t i o n  i n  a Jeo l  Fx 90 Q, us ing te t ramethy l s i l ane  as an i n t e r n a l  re ference,  

and t h e  p o s i t i o n s  o f  t he  proton s igna ls  a re  expressed i n  p a r t s  per  m i l l i o n  

downf ie ld  from te t ramethy l s i l ane .  

General Method: 

a) Ace ta l i za t i on :  To a s o l u t i o n  o f  500 mg o f  t h e  appropr ia te 

3-keto b i l e  a c i d  methyl e s t e r  i n  50 mL o f  benzene was added 75 mg o f  p- 

t o luenesu l fon i c  a c i d  monohydrate and 0.75 mL o f  e thy lene g l y c o l  and t h e  

m i x t u r e  heated under r e f l u x  ove rn igh t  i n  a Dean-Stark apparatus. A f t e r  coo l i ng ,  

t h e  benzene s o l u t i o n  was washed w i t h  a saturated s o l u t i o n  o f  sodium bicarbonate, 

d r i e d  and evaporated. 

by p repara t i ve  TLC. 

The ace ta l s  were p u r i f i e d  e i t h e r  by p repara t i ve  HPLC o r  

b) Hydro lys is :  To a s o l u t i o n  o f  100 mg o f  t he  aceta l  i n  2 mL 

dioxane was added 0.5 mL of HzO. 

passed over the sur face of  t he  l i q u i d ,  t he  t e s t  tube stoppered and l e f t  a t  room 

temperature overn ight .  The m ix tu re  was ex t rac ted  w i t h  methylene ch lo r i de ,  t he  

combined e x t r a c t s  washed severa l  t imes w i t h  a saturated s o l u t i o n  o f  sodium 

Then a stream o f  gaseous hydrogen c h l o r i d e  was 
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bicarbonate, d r i e d  and evaporated. 

by preparat ive HPLC o r  by p repara t i ve  TLC. 

The r e s u l t i n g  ketones were p u r i f i e d  e i t h e r  

c)  Reduction: To a s o l u t i o n  o f  100 mg o f  t he  ketone i n  10 mL o f  95% 

ethanol was added a s o l u t i o n  o f  5 mL e thano l i c  sodium borohydride (50 mg). 

A f t e r  s t i r r i n g  f o r  2 h r  a t  room temperature the  s o l u t i o n  was poured i n t o  water, 

the m ix tu re  a c i d i f i e d  w i t h  a c e t i c  a c i d  and e x t r a c t e d  w i t h  methylene ch lo r i de .  

The organic e x t r a c t  was washed w i t h  a sa tu ra ted  s o l u t i o n  o f  sodium bicarbonate, 

d r i e d  and the  so l ven t  evaporated. 

e i t h e r  p repara t i ve  TLC o r  by prepara t i ve  HPLC, and the s t e r e o s e l e c t i v i t y  was 

i n  a l l  cases above 90%. 

The r e s u l t i n g  3cr-alcohol was p u r i f i e d  by 

The f o l l o w i n g  ace ta l s  were produced, then hydro lyzed w i t h  H2180 and 

reduced, as described abcve. 

Methyl 3-oxo-5~-cholan-24-oate c y c l i c  3-( 1,2-ethanediyl ace ta l  ), mp 161 -162OC 

( l i t  ( 7 ) ,  mp 16O-16l0C); I R  v 1700 cm-l (COOCH3); NMR 6 0.67 ( s ,  3H, 18-CH3), 

0.97 ( S ,  3H, 19-CH3), 3.68 ( S ,  3H, -COOCH3), 3.95 ( S ,  4H, -OCH2CH20-). 

18 
[3- 

(1,2-ethanediyl aceta l  ) was hydrolyzed, as described above, w i t h  H2180 (20 Atom 

%) .  

87% y i e l d  w i t h  an enrichment (M+2) o f  19%. 

[3- 01-Methyl 3a-hydroxy-5f3-cholan-24-oate. -The r e d u c t i o n  o f  t h e  3-ketone 

according t o  t h e  descr ibed procedure gave, a f t e r  TLC, t h e  des i red  3a-alcohol 

i n  90% y i e l d  [17 Atom % enrichment (!y1+2)]. 

01-Methyl 3-oxo-53-chol an-24-oate. -Methyl 3-oxo-5p-cholan-24-oate c y c l i c  3- 

The crude product was p u r i f i e d  on p repara t i ve  TLC t o  g i ve  c lean ketone i n  

18 

Plethyl 1 La-hydroxy-3-oxo-5B-chol an-24-oate c y c l i c  3- (  1 ,?-ethanediyl ace ta l  ) , 
mp 103-105°C; IR v 3450 (OH) and 1690 cm-l (COOCH3); NMR 6 0.70 ( s ,  3H, 18-CH3) 

0.95 ( s ,  3H, 19-CH3), 3.67 ( s ,  3H, -COOCH3), 3.93 ( s ,  4H, -OCH2CH20-). 

Anal. Calcd f o r  C27H4405: C, 72.28; H, 9.89. Found: C, 72.16; H, 9.83. 

18 [3- 01-Methyl 12a-hydroxy-3-oxo-5~-cholan-24-oate.-Methyl 12a-hydroxy-3-0x0- 

53-cholan-24-oate c y c l i c  3-( 1,2-ethanediyl ace ta l  ) was hydrolyzed w i t h  H2180 

(20 Atom %) as descr ibed above, t o  g i v e  a f t e r  p repara t i ve  TLC, the  f r e e  ketone 

i n  a y i e l d  o f  85%. The observed M+2 peak corresponded t o  19% enrichment. 
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18 [3 -  91-Methyl 3a,l2a-dihydroxy-5~-cholan-24-oate.-The above f r e e  3-ketone was 

reduced as described, and gave a f t e r  p u r i f i c a t i o n  on TLC the  des i red  3a-alcohol 

i n  90% y i e l d .  The observed enrichment amounted t o  17 Atom %. 

Methyl 7cc-hydroxy-3-oxo-58-cholan-24-oate c y c l i c  3-( l Y 2 - e t h a n e d i y l  ace ta l )  , 
mp 109-llO°C; I R  w 3500 (OH) and 1700 cm-l (COOCH,), NMR 6 0.68 ( s ,  3H, 18-CH3), 

0.95 (S, 3H, 19-CH3), 3.67 ( S ,  3H, -COOCH,), 3.92 (s, 4H, -OCH2CH20-). 

Anal. Calcd fo r  C27H4405: C, 72.28; H, 9.89. Found: 72.19, H, 10.13. 

[3- 01-Methyl 7a-hydroxy-3-oxo-5~-cholan-24-oate.-Methyl 7a-hydroxy-3-oxocholan- 

24-oate c y c l i c  3-(1,2-ethanediyl a c e t a l )  was hydrolyzed, as descr ibed above, w i t h  

H2l80 (20 Atom %). The p u r i f i e d  m a t e r i a l  gave the  f o l l o w i n g  mass spectrum: 

M/e 404 (ampl i tude 2080), M/e t 2, 406 (ampl i tude 456) 18% enrichment. 

[3-180]-Methyl 3a,7u-di hydroxy-5B-cholan-24-oate.-The reduc t i on  o f  [3-  

methyl 7a-hydroxy-3-oxocholan-24-oate, as described under "General Method" gave 

[3- 01-methyl 3a,7a-dihydroxycholan-24-oate which was observed t o  have an M+2 

peak correspondinq t o  15% enrichment. M/e 406 (ampli tude, 1918), M/e + 2, 408 

(amp1 i tude 340). 

Methyl 7~-hydroxy-3-oxo-5~-cholan-24-oate c y c l i c  3-( l Y 2 - e t h a n e d i y l  ace ta l  ) , 

amorphous; I R  v 3500 (OH) and 1700 cm-l (COOCH,), NMR 6 0.70 ( s ,  3H, 18-CH3), 

18 

18 
01 

18 

0.98 (s, 3H, 19-CH3), 3.68 (S, 3H, -COOCH3), 3.92 (S, 4H, -OCH2CH20-). 

Anal. Calcd f o r  C27H4405: C, 72.23; H, 9.89. Found: C,  72.14, H, 9.60. 

(3- 18 01-Methyl 7B-hydroxy-3-oxo-5B-chol an-24-oate. -Methyl 7B-hydroxy-3-oxo-5B- 

cholan-24-oate c y c l i c  3 - ( lY2 -e thaned iy l  ace ta l )  was hydrolyzed, as descr ibed 

above, w i t h  H2l80 ( 2 0  Atom %). The crude product was p u r i f i e d  on TLC t o  y i e l d  

(89%) c l e a r  ketone w i t h  an enrichment (M+2) o f  18%. 

[3- 01-Methyl 3a,7B-dihydroxy-5B-cholan-24-oate.-The reduc t i on  o f  t h e  3-0x0 

group w i t h  NaBH4 according t o  t h e  above descr ibed procedure gave, a f t e r  TLC, 

t h e  des i red  3a-alcohol i n  a y i e l d  o f  85% [16 Atom % enrichment (M+2)]. 

Methyl 3,3-dimethoxy-5f3-cholan-24-oate.-A s o l u t i o n  o f  390 mg o f  methyl 3a- 

hydroxycholan-24-oate i n  2 mL o f  methylene c h l o r i d e  was added t o  a s o l u t i o n  o f  

18 
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( s  3 

1. 

2. 

3. 

4. 

5.  

6. 

7 .  

8. 

9. 

320 mg o f  p y r i d i n i u m  ch lo rochromate  i n  2 mL o f  methy lene c h l o r i d e  and t h e  

r e s u l t i n g  m i x t u r e  was s t i r r e d  f o r  2 h r .  D i l u t i o n  w i t h  20 mL o f  e t h e r  and 

f i l t r a t i o n  t h r o u g h  a column o f  f l o r i s i l  gave, a f t e r  e v a p o r a t i o n  379 mg o f  a 

c rude s o l i d  wh ich  was r e c r y s t a l l i z e d  f rom methanol  t o  g i v e  238 mg of t h e  3a,3B- 

dimethoxy a c e t a l ,  mp 97OC. I R  v 1700 cm-' (COOCH3); NMR 6 0.67 ( s ,  3H, 18-CH3), 

0.92 ( s ,  3H, 19-CH3), 3.15 ( s ,  3H, 38-OCH3), 3.22 ( s ,  3H, 3a-OCH3), 3.67 

3H, -COOCH3) . 
Ana l .  Ca lcd  f o r  C27H4604: C,  74.61; H, 10.67. Found: C,  74.40; H, 10.42 
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