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SUMMARY 

This paper describes a general, simple and short procedure for the 
introduction o f  stable isotopes (deuterium and carbon-13) to the side 
chain of bile acids. The bisnorcholyl aldehydes of cholic and cheno- 
deoxycholic acids are key intermediates, while the isotope is introduced 
by the Wittig condensation o f  [1 , 2 -  13 C2]-(carbethoxyrnethylene)triphenyl- 
phosphorane. 

Key Words: Bile acids, Cholic, Chenodeoxycholic, Ursodeoxycholic, 
... 

Deuterium and carbon-1 3 labeled, [1,2- "C2]-(Carbethoxy- 

methy1ene)tr iphenylphosphorane. 

INTRODUCTION 

In a previous publication (2) we reported an efficient method for 

labeling the side chain of 3~-hydroxychol-5-en-24-oic acid by the 

condensation of bisnorcholyl aldehyde with [1 ,2-13C2]-(carbethoxy- 

methy1ene)triphenylphosphorane (3). 

application towards the syntheses of labeled cholic, chenodeoxycholic 

We now describe its general 
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and  ursodeoxycholic a c i d s ,  a l l  o f  which a r e  useful t r a c e r s  i n  t h e  

study o f  the catabolism o f  choles te ro l  i n  t h e  l i v e r .  

DISCUSSION 

The known conjugated e s t e r s  of chol ic  1 and chenodeoxycholic 7 
ac ids  ( 4 )  were convenient s t a r t i n g  mater ia l s .  

respec t ive  conjugated e s t e r s  1 and 1 were degraded 3 ozonolysis 

The s i d e  chain o f  t h e  

SCHEME 

1 
~ 1 R=R =OTHPl 
7 R=OTHP: R =H - 

2 R = P ’ = O T H P  - 
8 R=OTHP; R 1 =H 

1 4 R=R -0THP 
1 5 R=R =OH - 

1 
3 R=R =OTHP 

9 R-OTHP; R =H 1 
- 

13 R = OTHP R ~ = H  5 & R=Oti; D’ZH 

Et  d c 0 2 R  - 
HO‘ OH 

R’ 
d’ k3 

* *  
( a )  0 3 1 p y I C H 2 C 1 2 ;  ( b )  V i t r i d e ;  ( c )  PCC/CH2C12; ( d )  [ j j P =  CH CO0Et  (E) ; 

( e l  TsOH/E?eOH; ( f )  Pd-C/D2/EtOD;  ( 9 )  Jones reaqent ;  ( h )  Na/n-BuOH/ lZO°C 
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f o l l o w e d  by r e d u c t i v e  workup w i t h  V i t r i d e  ( 5 )  t o  g i v e  t h e  b i s n o r c h o l y l  

a l c o h o l s  2 and 8 wh ich  were t h e n  o x i d i z e d  w i t h  p y r i d i u m  ch lo rochromate  

t o  fo rm t h e  aldehydes 3 and 2. r e s p e c t i v e l y .  A t tempts  t o  genera te  t h e  

aldehydes d i r e c t l y  by o z o n o l y s i s  ( 6 )  gave t h e  p roduc ts  i n  v e r y  poor  

y i e l d s .  

t h e r e f o r e  used d i r e c t l y  w i t h o u t  f u r t h e r  p u r i f i c a t i o n  f o r  t h e  n e x t  s t e p  

o f  t h e  r e a c t i o n  sequence. 

The aldehydes 3 and 2 a r e  r e l a t i v e l y  uns tab le ,  and were 

Condensat ion o f  t h e  aldehyde w i t h  (carbethoxymethy1ene)tri- 

phenylphosphorane y i e l d e d  t h e  ( E ) - e t h y l  3~-tetrahydropyranyloxychola- 

5,22-dien-24-oate (16) e x c l u s i v e l y .  

d a t a  and d e t a i l  o f  p r e p a r a t i o n  o f  16.) 
was r a t i o n a l i z e d  by  t h e  c o u p l i n g  cons tan t  v a l u e  (16  Hz) wh ich  was 

comparable t o  t h a t  accep tab le  f o r  t h e  (r) c o n f i g u r a t i o n  ( 4 ) .  

W i t t i g  condensat ion  o f  t h e  aldehydes 3 and 9 w i t h  [1,2- 

methy l  ene ) t r i  phenyl  phosphorane (17) formed t h e  r e s p e c t i v e  con juga ted  

e s t e r s  4 and lo. 
l a b e l e d  con jugated  e s t e r s  2 and lo i s  more complex t h a n  i t s  o r i g i n a l  

ABX system. The two arms o f  Hg i s  now coup led  t o  13c-23 (Q 160 Hz)  

and then  f u r t h e r  l o n g  range coup led  t o  13c-24 (% 3 Hz), c r e a t i n g  

a l t o g e t h e r  f o u r  p a i r s  o f  d o u b l e t s  ( F i g .  1 ) .  

(See re fe rences  ( 2 )  and ( 3 )  f o r  

The (E) -a lkene s te reochemis t r y  

S i m i l a r l y ,  

13 C2] - (carbe thoxy-  

The c o u p l i n g  p a t t e r n  o f  t h e  C-23 p r o t o n  o f  t h e  13C- 

The con juga ted  e s t e r s  were s a t u r a t e d  w i t h  deu te r ium t o  y i e l d  t h e  

(M+4) l a b e l e d  compound. The l a b e l e d  methy l  u rsodeoxycho la te  3 was 

syn thes i zed  f rom l a b e l e d  e t h y l  chenodeoxycholate 12 i n  a h i g h  y i e l d  two 

s t e p  r e a c t i o n :  O x i d a t i o n  of 12 w i t h  Jones reagen t  gave t h e  d i k e t o n e  13 
which  was t h e n  reduced w i th  sodium/?-butanol r e s u l t i n g  p redominan t l y  i n  

t h e  isomer  *. 
EXPERIMENTAL 

M e l t i n g  p o i n t s  were de termined on a Ko f le r  m e l t i n g  p o i n t  appara tus  

and a r e  uncor rec ted .  

s o l u t i o n s  on a Perk in -E lmer  202 spec t rophotometer .  

The UV s p e c t r a  were de termined i n  a c e t o n i t r i l e  

The I R  spec t ra  o f  

629 
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I I I I I I ,  I 1  I I 1 1 1  I l l  I I I I I I 1  I I I I I I I I I  1 I I ,  I I 1  I l l  I I I  
7 6 5 4 3 

P P m  

F i g u r e  1 .  30 flHz ' H  i iMR of  13C- labe led  and un labe led  e t h y l  30-  

t e t r a h y d r o p y r a n y l o x y c h o l a - 3 , ~ 2 - ~ i e n - 2 4 - o a t e  ( 2 ) .  

"X" i n d i c a t e s  3C-label  i n g .  
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c r y s t a l s  were de termined as K B r  p e 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  windows. The NMR s p e c t r a  were o b t a i n e d  i n  d e u t e r i o -  

c h l o r o f o r m  s o l u t i o n  u s i n g  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  r e f e r e n c e  and 

were reco rded  on a 90 MHz Var ian  EM-390 spec t rometer .  Mass s p e c t r a  were 

recorded on a N u c l i d e  1290 G spec t romete r  u s i n g  a d i r e c t  i n s e r t i o n  probe 

and a H e w l e t t  Packard 5992A GC/MS system where a p p l i c a b l e .  

ana lyses  were per fo rmed by t h e  M i c r o a n a l y s i s  Labora to ry  o f  t h e  

U n i v e r s i t y  o f  Massachusetts a t  Amherst. 

Elemental  

3a,7nl 2a -T r i  [ (tetrahydro-2H-pyran-2-yl ) o x y ] - 2 2 , 2 3 - b i s n o r - 5 ~ -  

cholan-24-01 ( 2 ) .  

0.3 mmol) i n  rnethylene c h l o r i d e  (40 m L )  and p y r i d i n e  (1  mL) was coo led  

t o  -78°C and t r e a t e d  w i t h  ozone u n t i l  a b l u e  c o l o r a t i o n  was formed. 

A s o l u t i o n  o f  t h e  con juga ted  e s t e r  1 (208 mg, 

The vesse l  was f l u s h e d  w i t h  n i t r o g e n  and sodium d i h y d r i d o - b i s ( 2 -  

methoxyethoxy) a lum ina te  (180 mg, 0 .9  mmol) was added. The m i x t u r e  

was s t i r r e d  a t  -78°C f o r  1 h r  t hen  a l l owed  t o  warm t o  0°C ove r  a 1 h r  

p e r i o d  and 2f j  s u l f u r i c  a c i d  was added t o  decompose any excess hyd r ide .  

The m i x t u r e  was poured i n t o  wa te r  and t h e  p roduc t  was e x t r a c t e d  w i t h  

methy lene c h l o r i d e ,  t h e  o r g a n i c  l a y e r s  washed s u c c e s s i v e l y  w i t h  10% 

s u l f u r i c  a c i d  and s a t u r a t e d  aqueous sodium b i ca rbona te .  

o f  s o l v e n t s  y i e l d e d  t h e  c rude  a l c o h o l  2 which  was p u r i f i e d  by 

p r e p a r a t i v e  TLC (50% acetone/hexane) t o  g i v e  t h e  a l c o h o l  2 (150 mg, 

78%) as an o i l .  

6 0.68 (3H, s, 18-Me), 0.90 (3H, s ,  19-Me), 1.03 (3H, d, J = 6 Hz, 

21-Me), 3.67 (11H, br.m., w/2 "i 60 Hz, -0CH- and -OCH2-). 4.67 (3H, m, 

Evapora t i on  

I R  vmaX 3430 (OH), 1080, 1020, 980 (C-0) cm-'; ' H  NMR 

w/2 "i 11 Hz, -0-CH-0-). 

Ana l .  Calcd.  f o r  C37H6207: C, 71.80; H, 10.10. Found: C, 71.91; 

H, 10.00. 

3~~,7~~,,12u,Tr i  [ (tetrahydro-2H-pyran-2-yl )oxy]-22,23-bi  snor-513- 

cholan-24-a1 ( 3 ) .  The a l c o h o l  2 was o x i d i z e d  w i t h  p y r i d i n i u m  ch' loro- 

chromate i n  methy lene c h l o r i d e  ( 2 )  t o  t h e  a ldehyde 3 which  was p u r i f i e d  by 

f i l t r a t i o n  th rough  a column o f  f l o r i s i l .  Evapora t i on  o f  s o l v e n t  gave t h e  
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a ldehyde 3 (71%) as an o i l .  

t h e  n e x t  s tep .  

(THP e t h e r )  cm-’; ’ H  NMR 6 0.72 (3H, s ,  18-Me), 0.90 (3H, s ,  19-Me), 

1.08 (3H, d, J = 6 Hz, 21-Me), 3.63 (9H, br.m., w/2 21 35 Hz, -0-CH- 

and -0-CH2-), 4.63 (3H, m, w/2 % 10 Hz -0-CH-0-), 9.43 ( l H ,  m, w/2 

The c rude a ldehyde was used immed ia te l y  f o r  

I R  u~~~ 2700 (C-H o f  a ldehyde) ,  1720 (C=O), 1020, 980 

6 H z ,  -CHO). 

13 
.____ [23,24- G I - ( E ) - E t h y l  3a ,7a ,12a- t r i [  (tetrahydro-ZH-pyran-2-yl)oxy]; 

5!3-chol-22-en-24-oate ( 4 ) .  The e s t e r  5 was syn thes i zed  f rom t h e  a ldehyde 

- 3 acco rd ing  t o  a p rocedure  a l r e a d y  desc r ibed  ( 2 ) .  The c rude m a t e r i a l  was 

p u r i f i e d  by p r e p a r a t i v e  TLC (30% e t h y l  ace ta te /hexane)  t o  g i v e  t h e  e s t e r  

s t r o n g ) ,  

, 0.90 

7 Hz, 

) ,  4.19 

4 (29%)  as an o i l .  

1610 ( 

I R  vmax 1720 (l2C0OEt, weak), 1670 (l3C0OEt 

C=C), 1030, 980 (C-0) cm-’; ’H  NMR 6 0.70 (3H, s ,  18-Me 13 

(3H, s ,  19-Me), 1.07 (3H, d, J = 6 Hz, 21-Me), 1.29 (3H, t, J = 

24-*COOCHzCli3), 3.67 (9H, br.m., w/2 % 31 Hz, -0-CH- and -O-CH2 

(ZH, dq, J = 7 Hz, J* = 3 Hz, 24-*COOCli2CH3), 4.77 (3H, m, w/2 x 

CH1 r 

16 Hz, -0-CH-0-), ABX system HA 6.94 ( l H ,  dd, JAB = 16 Hz, JAX = 7 Hz, 

22-H, HB 5.67 ( l H ,  ddd, JAB = 16 Hz, J* = 160 Hz, J* = 3 Hz, 23-H). 

CH1 r CH 

[23,24- C,]-(E)-Ethyl 3a,7~,12~-trihydroxy-5~-cho1-22-en-24-oate ( 5 )  13 

The THP e t h e r  2 (200 mg) was hyd ro l yzed  i n  t h e  usua l  manner w i t h  p- 

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

p r e p a r a t i v e  TLC (50% acetone/hexane) gave t h e  t r i o 1  5 (124 mg, 98%) .  

a n a l y t i c a l  sample was prepared by c r y s t a l l i z a t i o n  f r o m  e t h e r ;  m.p. 173- 

175°C; I R  vmax 3400 (OH), 1660 (*C=O), 1600 (*C=C) cm 

‘max 

1.17 (3H, d, J = 6 Hz, 21-Me), 1.29 (3H, t, 2 = 7 Hz, 24-*COOCH2Clj3). 

3.50 ( lH ,  br.m., w/2 % 20 Hz, 3-H), 3.86 ( l H ,  m, w/2 % 9 Hz, 7-H), 

P u r i f i c a t i o n  o f  t h e  c rude p roduc t  by  

An 

-1 ; UV ( a c e t o n i t r i l e )  

215 nm ( C  12,900); ’ H  NMR 6 0.72 (3H, s,  18-Me), 0.90 (3H, s,  19-Me), 

3.97 ( lH ,  m, w/2 ?i 9 Hz, 12-H), 4.20 (ZH, dq, 2 = 7 Hz, Jx = 3 Hz, 

CH1 r 
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24-*CO0Ctl2CH3), ABX system HA 6.94 ( lH ,  dd, JAB = 16 Hz, JAx = 7 Hz, 22-H), 

HB 5.67 ( IH, ddd, JAB = 16 Hz, J* = 3 Hz, 23-H); 13C NMR = 160 Hz, ,I* 

CH1 r CH 

6 167.2 (d,  J* 

c h a i n  + 3TMSOH)I'; I s o t o p i c  p u r i t y :  87.6% (M+2), 12.4% (M). 

= 74.5 Hz, 13c-23);  MS m/e 472 [(M+2) -3TMSOH]+, [M - ( s i d e  
C C  

13 2 [23,24- C,-225,23E- H,] -E thy l  3a. ,7a, 1 2 a - t r i  h y d r o x y - 5 ~ - c h o l  an-24- 

oa te  (6 ) .  

(OD) (2 mL, 99.5 + atom % 0 )  was added 5% plat inum-on-charcoal  (20 mg) 

and p laced i n  a hydrogenator  under a deuter ium atmosphere (99.5 + atom 7: 

D).  

through a pad o f  c e l i t e .  

and p u r i f i e d  on p r e p a r a t i v e  TLC (50% acetone/hexane) t o  g i v e  t h e  e s t e r  

- 6 (35 mg, 76%) as c o l o r l e s s  pr isms.  An a n a l y t i c a l  sample was prepared 

by r e c r y s t a l l i z a t i o n  f rom e t h y l  ace ta te ;  m.p. 157-159°C [ L i t .  162°C ( 7 ) ] ;  

I R  vmaX 3350 (OH), 2150 (CD), 1670 (*C=O), 1180, 1070, 1040 (C-0) cm ; 

To t h e  o l e f i n  5 (45 mg, 0.10 rnmol), i n  deu te ra ted  ethanol  

The m i x t u r e  was s t i r r e d  v i g o r o u s l y  o v e r n i g h t  and t h e n  f i l t e r e d  

The f i l t r a t e  was worked up i n  t h e  usual  manner 

-1 

'H NMR 6 0.68 (3H, s, 18-Me), 0.89 (3H, s, 19-Me), 1.02 (3H, d, J = 6 Hz, 

21-Me), 1.25 (3H, t, J = 7 Hz, 24-*C0OCH2Ctl3), 3.45 ( lH ,  br.m., w/2 'L 

20 Hz, 3-H), 3.86 ( lH,  m, w/2 % 9 Hz, 7-H), 3.98 ( lH ,  m, w/2 z 9 Hz, 

12-H), 4.12 (2H, dq, 2 = 7 Hz, J* = 3 Hz, 24-*COOCt12CH3); MS m/e 

CH1 r 

476 [(M+4) -2TMSOH]+, 386 [(M+4) -3THSOH]+, 253 [M - (side c h a i n )  + 

3TMSOH)I'; I s o t o p i c  p u r i t y :  69% (M+4), 31% (M+3). 

3a,7a-Di [tetrahydro-2H-pyran-2-y1 )oxy]-22,23-bi s n o r - 5 ~ - c h o l  an-24- 

A s o l u t i o n  of  t h e  conjugated e s t e r  7 ( 4 )  (1.24 mg, 2.16 mmol) 01 ( 8 ) .  

was ozonized acco rd ing  t o  t h e  procedure f o r  compound 2. 

workup O f  t h e  s o l u t i o n ,  f o l l o w e d  by chromatography y i e l d e d  t h e  a l coho l  

Reduct ive 

- 8 (840 mg, 75%) as an o i l ;  I R  umax 3400 (OH 

' H  NMR 6 0.67 (3H, s, 18-Me), 0.90 (3H, s ,  

21-Me), 3.50 (4H, br.m., w/2 n, 27 Hz, -0CH) 

-0CH- and -OCH2-), 4.63 (2H, m, w/2 2. 17 Hz 

1 , 1080, 1020, 980 (C-0) crn- ; 

9-Me), 1.05 (3H, d, J = 6 Hz, 

3.83 (4H, br.m., w/2 'i., 33 Hz, 

-0-CH-0- ). 



634 C. K .  Lai et al. 

Anal .  Calcd.  f o r  C32H5405: C, 74.09; H, 10.49. Found: C, 74.01; 

H, 10.53. 

~~ 3a,7a-Di [ tetrahydro-ZH-pyran-2-y1 )oxy]-22,23-bi  s n o r - 5 ~  ,cholan-24; 

a1 ( 9 ) .  

p rocedure  f o r  compound 3 w i t h  p y r i d i n i u m  ch lo rochromate  y i e l d e d  t h e  

The a l c o h o l  8 (855 mg, 1.45 mmol), o x i d i z e d  a c c o r d i n g  t o  t h e  

aldehyde 2 (630 mg, 74% as an o i l  wh ich  was s u f f i c i e n t l y  pure  f o r  

immediate use i n  t h e  n e x t  r e a c t i o n  sequence; I R  vmax 2700 (C-H a ldehyde) ,  

1720 (C=O), 1020, 980 (THP e t h e r )  cm-’; ’ H  NMR 6 0.70 (3H, s,  18-Me), 

0.92 (3H, s ,  19-Me), 1.15 (3H, d, - J = 7 Hz, 21-Me), 3.64 (6H, br.m., 

w/2 % 35 Hz, -0-CH- and -0-CH2), 4.64 (2H, m, w/2 21 13 Hz, -0-CH-0-), 

9.45 ( l H ,  111, w/2 6 Hz, -CHO). 

13 [ 23,24- C 2 ] -  (1)- E t h y l  3~ , 7 t ~ - d i  [ (tetrahydro-2H-pyran-2-yl )oxy]-5i i -  
- - 

chol -22-en-24-oate  (10 ) .  The e s t e r  was syn thes i zed  f rom t h e  a ldehyde 

- 9 acco rd ing  t o  t h e  procedure  desc r ibed  p r e v i o u s l y  ( 2 ) .  

was p u r i f i e d  by p r e p a r a t i v e  TLC (302 e t h y l  ace ta te /hexane)  t o  g i v e  t h e  

e s t e r  

(C-0) cm-l; ’ H  NMR 0 0.67 (3H, s ,  18-Me), 0.90 (3H, s ,  19-Me), 1.09 

3H, d, 2 = 7 Hz, 21-Me), 1.28 (3H, t, J = 7 Hz, 24-*COOCH2Ct13). 3.50 

(4H, m, w/2 % 19  Hz, -0-CH- and -O-CH2-), 3.87 (ZH, in,  w/2 qd 25 Hz, 

The c rude m a t e r i a l  

* * 
(305)  as an o i l ;  I R  wmax 1670 ( C=O), 1610 ( C=C), 1070, 980 

* 
-0-CH-), 4.20 (ZH, d q ,  J = 7 Hz, J* = 3 HZ, 24- COOCH,CH3), 4.69 

CH1 r 

(ZH, in, w/2 % 16 Hz, -0-CH-0-1, ABX system HA 6.94 ( l H ,  dd, JAB = 16 Hz, 

J -AX 

J* = 3 Hz, 22-H). 

= 7 Hz, 22-H), HB 5.67 ( l H ,  ddd, JAB = 16 Hz, & = 160 Hz ,  
CH 

CH1 r 

13 [23,24- $1- ( E ) - E t h y l  3 ~ , 7 c ~ - d i  hydroxy-5~-chol-22-en-24-oate ( 1  1 ) .  

The THP e t h e r  lo (50  mg, 0.12 mmol) was hyd ro l yzed  i n  t h e  usua l  manner 

( 4 )  w i t h  p - t o l u e n e s u l f o n i c  a c i d  i n  methanol .  

p roduc t  by p r e p a r a t i v e  TLC (50% acetone/hexane) gave t h e  d i o l  11 
(42 mg, 83%) as an o i l ;  IR vmax 3400 (OH), 1670 (*C=O), 1610 (*C=C) cm-’; 

P u r i f i c a t i o n  o f  t h e  c rude 
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UV ( a c e t o n i t r i l e )  hmax 216 nm ( E  10,700); ' H  NMR 6 0.71 (3H, s ,  18-Me), 

0.92 (3H, s, 19-Me), 1.10 (3H, d, 2 = 6 Hz, 21-Me), 1.29 (3H, t, 2 = 

7 Hz, 24-*COOCH2Cti3), 3.49 ( l t l ,  br .m.,  w/2 '1, 20 Hz, 3-H), 3.87 (1H, i n ,  

* 
w/2 9 Hz, 7-H), 4.20 (ZH, dq, J = 7 Hz, J* = 3 Hz, 24- C O O C i 2 C H 3 ) ,  

CH1 r 

ABX system HA 6.94 ( l H ,  dd, JAB = 16 Hz, JAx = 7 Hz, 22-H), HB 5.6: ( l ; i ,  ddd, 

1.5 J = 16 Hz, = 160 Hz, J* = 3 HZ,  22-H); C NMR 6 167.2 (d,  -AB 
CH1 r CH 

J* * = 74.5 Hz, l 3 c - 2 4 ) ,  118.7 (d,  J* * = 74.5 Hz, 13c-23) ;  MS m/e 

374 [(M+2) -TMSOH]+, 384 [(M+2) -2TMSOi]', 255 [M - ( s i d e  c h a i n  + 

2TMSOH)l'; I s o t o p i c  p u r i t y :  81.1% (M+2), 18.9% (M). 

c c  

13 2 [ 2 3,24- C, - 22 c , 2  3< - H, ] - E t hy 1 3cr, 7cr -d i hyd r o x y  - 5 B - c ho 1 an -2 4-oa t e  

(12). 
f o l l o w i n g  t h e  same procedure  used f o r  compound 6. 
p r e p a r a t i v e  TLC (50% acetone/hexane) y i e l d e d  t h e  l a b e l e d  e t h y l  

chenodeoxycholate 11 (42 mg, 83%) as an o i l ;  IR vmax 3300 (OH), 2150 

(CD), 1670 (*C=O), 1160, 1070 (C-0) cm 

0.91 (3H, s, 19-Me), 0.93 (3H, d, 2 = 6 Hz, 21-Me), 1.25 (3H, t, J = 

The o l e f i n  11 (50  mg, 0.12 mmol) was s a t u r a t e d  w i t h  deu te r ium 

P u r i f i c a t i o n  by 

-1 1 ; H NMR 6 0.66 (3H, s ,  18-Me), 

* 
7 Hz, 24- COOCtt2CH3 

m, w)2 % 9 Hz, 7-H) 

*COOCI~~CH~); MS m/e 

, 3.41 (1H, br.m., w / 2  x 20 Hz, 3-H), 3.82 ( l H ,  

4.09 (ZH, dq, J = 7 tlz, Jx = 3 Hz, 24- 

CH1 r 
388 [(M+4) -2TMSOH]+, 255 [M - s i d e  c h a i n  + 

ZTMSOH)]'; I s o t o p i c  p u r i t y :  71% (M+4), 29% (M+3). 
13 2 [23,24- C,-225,235- H,]-Ethyl 3,7-dioxo-5fi-cholan-24-oate (1  3 ) .  

The l a b e l e d  e t h y l  chenodeoxycholate 11 (60  mg, 0.14 mmol) was o x i d i z e d  

w i t h  Jones reagen t  as p r e v i o u s l y  desc r ibed  ( 4 ) .  

usua l  manner y i e l d e d  t h e  d ioxo  compound 13 (53  mg, 87%) .  

sample was r e c r y s t a l l i z e d  f r o m  acetone/hexane t o  g i v e  c o l o r l e s s  needles,  

m.p. 125-127°C; I R  umax 2180 (C-D), 1720 (C=O), 1690 (*C=O), 1175 (C-0) 

cm ; H NMR 6 0.67 (3H, s ,  18-Me), 0.93 (3H, d, J = 6 Hz, 21-Me), 1.20 

Worked up i n  t h e  

An a n a l y t i c a l  

-1 1 
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(3H, s ,  19-Me), 1.27 (3H, t , ~ J = 7 Hz, 24-*COOCH2C!d3), 4.1 (2H, dq, 

- J 7 H r ,  J* = 3 Hz, 24--COOCti2CH3). 

CH1 r 
13 2 [23,24- C2-22r,23t-  H2]-Methyl 301,7i~-di hydroxy-5~-cholan-24-oate 

Ll31.  
anhydrous ~ n -bu tano l  (120OC) was t r e a t e d  w i t h  sodium acco rd ing  t o  t h e  

procedure desc r ibed  p r e v i o u s l y  ( 4 ) .  Worked up, me thy la ted  and 

chroiriatographed acco rd ing  t o  t h a t  p rocedure  ( 3 ) ,  y i e l d e d  t h e  l a b e l e d  

inethyl  u rsodeoxycho la te  13 (28 mg, 70%) as a w h i t e  s o l i d .  

a n a l y t i c a l  sample was r e c r y s t a l l i z e d  f rom e ther /hexane,  m.p. 149-151°C 

[ L i t .  un labe led  compound (8) 152"C]. 

1720 (C=0), 1690 (*C=0), 1150 (C-0) cm-'; ' H  NMR 6 0.68 (3H, s, 18-Me), 

0 .93  (3H, d, J = 6 Hz, 21-Me), 0.94 (3H, s ,  19-Me), 3.55 (ZH, br.m.,  w/2 

The l a b e l e d  d i o x o  compound 13 (40  mg, 0.09 mmol) i n  ho t  

An 

I R  vmax 3330 (OH), 2180 (C-D), 

* 
'L 20 Hz, 3 and 7-H), 3.65 (3H, d, J* = 3 Hz, 24- COOMe); MS m/e 

CH1 r 

410 [M+4]+. 392 [ (M+4)-H20]+, 374 [ (M+4)-2H20]+, 359 [(M+4)-(2H20+CH3)]+. 

273 [:M-side chain]', 225 [M-(2H20 + s i d e  chain)] ' ;  I s o t o p i c  p u r i t y :  39% 

(M+4), 45% (M+3), 13% (H+2), 3% (M+ l ) .  
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