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LABELED BILE A C I D S  11: 

METHYL 3B-HYDROXYCHOL-5-EN-24-OATE, LABELED WITH 13C AND/OR 2H ( 1  ) 
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SUMMARY 

The inco rpo ra t i on  o f  I 3 C ,  and/or ‘H2, i n t o  methyl 36-hydroxychol-5-en- 

24-oate t o  g i v e  products w i t h  an abundance o f  t he  i s o t o p i c  l a b e l  a t  a 

s p e c i f i c  pos i t i on ,  use fu l  f o r  metabolism studies, has been accomplished. 

Key Words: [22,23,24- 13 C3]-methyl-36-hydroxychol-5-en-24-oate, [23,24- 13 C2- 

22,23- H21-methyl -3f+hydroxychol-5-en-24-oate. 

INTRODUCTION 

2 

The synthes is  of t he  t r i t i a t e d  t i t l e  compound has r e c e n t l y  been 

described (2 ) .  

t he re  i s  an immense advantage i n  l a b e l i n g  w i t h  s t a b l e  isotopes,  s ince these 

molecules can be used i n  the  c l i n i c  w i t h  c o n t r o l  subjects  i n  any des i red 

amounts. 

r a d i o a c t i v e  counterparts, work i s  eas ier ,  and a mass + 2 w i l l  a l ready s u f f i c e  

f o r  ob ta in ing  meaningful r e s u l t s ,  as we have a l ready discussed p rev ious l y  (3 ) .  

However, as a l ready i nd i ca ted  i n  ou r  preceding paper (3 ) ,  

I n  most, if n o t  a l l ,  cases the  s tab le  isotopes a re  cheaper than t h e i r  

Although the i n t r o d u c t i o n  o f  l8O (3)  i n t o  the  t i t l e  compound i s  eas ier ,  

t he  a p p l i c a t i o n  of t h a t  method i s  somewhat l i m i t e d .  

a p p l i c a t i o n  the  p o s s i b i l i t y  o f  loss o f  l a b e l  by e i t h e r  e l i m i n a t i o n  fo l l owed  by 

hydrat ion,  o r  by o x i d a t i o n  and e q u i l i b r a t i o n  o f  t he  in termediary  ketone, 

f o l l owed  by reduct ion,  has t o  be checked. 

For every b i o l o g i c a l  
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R'O 

(6) ( 5 a )  R = H 
2 

2 
2 

( 7 a )  R~ = THP, R = Me 
1 (7b )  R = H. R = Me 

(7c) R' = H. 
(5b) R = TS 

R = H 

( lOa)  R = THP 

( l o b )  R = H 

1 

1 2 
( ] l a )  R = R = H 

( l l b )  R = THP, R 2 = H 
(IlC) R1 = H, R = H 

(a )  TsOHld ihyd ropy ran ,  ( b )  LAH, ( c )  TsCl /Py,  ( d )  KCN/CMSO, ( e )  KOH/EtOH, ( f )  CH2N2. (9) PCC/CH2C12 

(h )  $3P = CH-COOMe, ( i )  Pt02/H2/EtOH, (j) B3P = CH- COOEt, (k) Pt02/D2/EtOD. "*" i n d i c a t e s  13C 
* *  
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D I S C U S S I O N  

I n  o r d e r  t o  s t u d y  t h e  m e t a b o l i t e s  o f  3B-hydroxychol-5-en-24-oic a c i d  i n  

humans we prepared t h a t  b i l e  a c i d  l a b e l e d  w i t h  s t a b l e  i s o t o p e s .  

In o u r  f i r s t  approach, i n  wh ich  C-23 and C-24 a r e  i n t r o d u c e d  i n  sequence, 

we s t a r t e d  f rom t h e  known 36-hydroxy-22,23-bisnorchol-5-en-24-oic a c i d  (1) 
which  was f i r s t  t rans fo rmed  t o  i t s  3B- te t rahyd ropy rany l  e t h e r  and then  reduced 

t o  22,23-bisnorchol-5-ene-3,24-diol 36- te t rahyd ropy rany l  e t h e r  3. 
was t o s y l a t e d  t o  i t s  e s t e r  3 and t h e  t o s y l o x y  group d i s p l a c e d  by cyan ide  t o  

g i v e  t h e  n i t r i l e  3. 

o f  wh ich  was reduced w i t h  l i t h i u m  aluminum h y d r i d e  t o  i t s  a l c o h o l  2. 
R e p e t i t i o n  o f  t h i s  r e a c t i o n  sequence, namely a )  t o s y l a t i o n ,  b )  d isp lacement  by 

cyan ide ,  c )  h y d r o l y s i s ,  gave t h e  d e s i r e d  p roduc t  7. 
i n  d e t a i l  i n  EXPERIMENTAL PART, however n o t  w i t h  l a b e l e d  reagen t  ( K  

we developed s imu l taneous ly  more e f f i c i e n t  methods o f  l a b e l i n g ,  desc r ibed  below. 

T h i s  a l c o h o l  

H y d r o l y s i s  o f  t h e  n i t r i l e  gave a c a r b o x y l i c  a c i d  t h e  e s t e r  

The procedure  i s  desc r ibed  

CN), s i n c e  13  

The a ldehyde 8 ( 4 )  was condensed ( 5 )  w i t h  carbomethoxymethylenetr iphenyl-  

phosphorane ( 6 )  t o  y i e l d  methy l  3B-tetrahydropyranyloxychola-5,22-dien-24-oate 

(2). 
t h e  C-22 doub le  bond, f o l l o w e d  by t h e  h y d r o l y s i s  o f  t h e  t e t r a h y d r o p y r a n y l  e t h e r .  

T h i s  sequence (8 + 9 -+ 3) was repea ted  by u s i n g  [1 ,2- 

o b t a i n e d  f rom 90 Atom % 13C02 f o r  t h e  p r e p a r a t i o n  ( 5 )  o f  [l ,2- $1-carboethoxy- 

methylenetriphenylphosphorane. 

mass + 2 t h e  s a t u r a t i o n  o f  t h e  doub le  bond was c a r r i e d  o u t  w i t h  deuter ium.  

D i f fe rences  o f  t h e  p roduc ts  l a b e l e d  w i t h  13C and o f  t h e  un labe led  spec ies  as 

r e v e a l e d  i n  t h e  I R  and NMR s p e c t r a  a r e  g i v e n  i n  t h e  EXPERIMENTAL. 

The d e s i r e d  cho lena te  3 was prepared by t h e  s e l e c t i v e  hyd rogena t ion  o f  

13 C21-ethyl  bromoacetate,  

13 

I n  o r d e r  t o  o b t a i n  masses o f  h i g h e r  o r d e r  than  

EXPERIMENTAL 

Me1 t i n g  p o i n t s  a r e  unco r rec ted .  Nuc lea r  magnet ic  resonance (NMR) s p e c t r a l  

da ta  a r e  r e p o r t e d  i n  p a r t s  pe r  m i l l i o n  (ppm) desh ie lded  w i t h  r e s p e c t  t o  t e t r a -  

m e t h y l s i l a n e  and were reco rded  for ' H  on a 90 MHz Var ian  EM-390 spec t rometer ,  

and f o r  13C on a Joe l  FX-60 spec t rometer .  

N u c l i d e  1290 s ~ c c t r o ~ 2 t 2 r .  

Mass s p e c t r a  were reco rded  on a 
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22,23-Bisnorchol-5-ene-3,24-diol 38- te t rahyd ropy rany l  e t h e r  (2a)  f rom 1 .  

To t h e  s t i r r e d  m i x t u r e  o f  10  g o f  3~-hydroxy-22,23-bi isnorchol-5-en-24-oic a c i d  

(1) and 200 mg o f  p t o l u e n e s u l f o n i c  a c i d  i n  100 mL t e t r a h y d r o f u r a n  was added 7 mL 

o f  d ihyd ropy ran .  A f t e r  2 0  min a l l  s o l i d s  were i n  s o l u t i o n  and a f t e r  2 h r  t h e  

s o l u t i o n  was poured i n t o  a s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n .  The m i x t u r e  

was e x t r a c t e d  w i t h  e t h y l  a c e t a t e ,  washed w i t h  water ,  d r i e d  and evapora ted .  

c rude r e s i d u e  (7.45 g )  was d i r e c t l y  reduced w i t h  excess l i t h i u m  aluminum h y d r i d e  

i n  t e t r a h y d r o f u r a n  ( 4  h r  r e f l u x ) .  

f rom methano l ,  gave 6.85 g o f  23,24-bisnorchol-5-ene-3B,22-diol  3B- te t rahyd ro -  

py rany l  e t h e r  (g), m.p.  155-157OC, I R  v 3500 ( - O H ) ,  1090 and 980 cm-l (THP- 

e t h e r ) ;  NMR 6 0.73 ( s ,  3, 18-CH3), 1.02 ( s ,  3, 19-CH:,), 1 .05  (d ,  3, J = 6 Hz, 

21-CH3), 3.47 (m, 2 ,  CH,20H), 5.35 ( m y  1, 6-H). 

The 

The c rude  p r o d u c t ,  a f t e r  r e c r y s t a l l i z a t i o n  

Anal .  Ca lcd  f o r  C27H4403: C, 77.83; H, 10.65. Found: C ,  77.84; H, 10.82. 

24-Tosyloxy-22,23-bi snorchol-5-en-38-01 3 - t e t r a h y d r o p y r a n y l  e t h e r  (2b) 

f rom 2a. 

c h l o r i d e  i n  50 mL p y r i d i n e  was l e f t  s t a n d i n g  f o r  18  h r  a t  22OC. 

added and t h e  p r e c i p i t a t e  was f i l t e r e d  o f f  and washed w i t h  water .  

s t a l l i z a t i o n s  f rom methanol gave 6.74 q t o s y l a t e  ZJ, m.p. 185-187OC; I R  v 1160 

( t o s y l a t e ) ,  1020 and 930 cm-l (-OTHP); NMR 6 0.73 ( s ,  3, 18-CH3), 0.97 (d ,  3, 

- J = 6 Hz, 21-CH3), 0.98 ( s ,  3, 19-CH3). 2.43 ( s ,  3, aromat.  CH3). 5.33 (in, 1 ,  

6-H), 7.20-7.80 ( m ,  4, aromat.  H ) .  

A s o l u t i o n  o f  6 .0  g o f  t h e  a l c o h o l  and 7.0 g o f  p - t o l u e n e s u l f o n y l  

Then wa te r  was 

Two r e c r y -  

Ana l .  Ca lcd  f o r  C34H5005S: C ,  71.55; H, 8.33; S, 5.61. Found: C ,  71.47; 

H, 8.66; S, 5.64. 

3~-Hydroxy-22,23-bisnorchol-5-ene-24-carbonitrile 3 - t e t r a h y d r o p y r a n y l  e t h e r  

( 3 )  f rom 2b. 

s u l f o x i d e  was added 1.0 g po tass ium cyan ide  (1.5 equva l )  and t h e  m i x t u r e  s t i r r e d  

a t  90°C f o r  5 h r  under n i t r o g e n .  

s t i r r i n g  and t h e  c r y s t a l l i n e  p r e c i p i t a t e  was f i l t e r e d  o f f .  

n i t r i l e  gave, a f t e r  r e c r y s t a l l i z a t i o n  f rom acetone, 2.93 o f  pu re  3, m.p. 17O-17l0C; 

To t h e  s o l u t i o n  o f  5.9 q t o s y l a t e  2b i n  200 mL o f  anhydrous d i m e t h y l -  

A f t e r  c o o l i n g  wa te r  was added s l o w l y  w h i l e  

The 4.0 g o f  c rude 

- 

I R  w 1040 and 970 cm-' (-OTHP):, NMR 6 0.69 ( s ,  3, 18-CH3), 0 .99  ( s ,  3, 19-CH3), 
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1.16 (d .  3, 2 = 6 Hz, 21-CH3), 2.31 (m, 2, -CH,CN), 5.33 (m, 1 ,  6-H).  

Ana l .  Ca lcd  f o r  C28H4102N: C, 79.38; H, 9.76, N, 3.31. Found: C ,  79.26; 

H, 10.12; N, 3.21. 

Methy l  3B-tetrahydropyranyloxy-23-~orchol-5-en-24-oate- ( 4 )  f rom 3. The 

m i x t u r e  o f  7.0 g o f  n i t r i l e  3 i n  300 mL o f  20% potass ium hyd rox ide  i n  e thano l  was 

heated  on a steam ba th  f o r  24 h r .  

wa te r  and t h e  n e u t r a l  m a t e r i a l  was e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  

y i e l d e d  810 mg o f  c rude  amide wh ich  was hyd ro l yzed  f u r t h e r ,  as desc r ibed  above. 

The c rude amide gave I R  v 3500, 3150, 1650, 1610 (amide) , 1020 and 975 cm-l 

(-OTHP). 

s o l u t i o n  and was e s t e r i f i e d  w i t h  diazomethane t o  g i v e ,  a f t e r  f i l t r a t i o n  th rough  

a s h o r t  a lumina column and r e c r y s t a l l i z a t i o n  f rom acetone, 5.1 g pu re  e s t e r  4, 
m.p. 106-107°C; I R  v 1740 (-COOCH3),  1020 and 980 cm-l (-OTHP); NPR 6 0.71 

A f t e r  c o o l i n q  t h e  s o l u t i o n  was poured i n t o  

The c rude a c i d  was i s o l a t e d  f rom t h e  combined a c i d i f i e d  h y d r o l y s i s  

( 5 ,  3, 18-CH3), 0.97 (d ,  3, J =  6 Hz, 21-CH3), 1.01 ( s ,  3, 19-CH3), 3.65 

( s ,  3, -COOCH3),  5.34 (m, 1, 6-H). 

Anal .  Calcd.  f o r  C29H4604: C, 75.94; H, 10.11. Found: C, 75.98; H, 10.21. 

---I__ 23-Norchol-5-ene-38,24-diol 3 - t e t r a h y d r o p y r a n y l  e t h e r  (5a)  f rbm 4. The 

s o l u t i o n  o f  5.0 g e s t e r  4 i n  30 m L  t e t r a h y d r o f u r a n  was added dropwise  t o  a 

m i x t u r e  o f  1.0 g o f  l i t h i u m  aluminum h y d r i d e  i n  350 mL o f  anhydrous e t h e r  and 

t h e  s o l u t i o n  heated under r e f l u x  f o r  1 1 / 2  h r .  The usua l  work-up gave 4.9 g 

o f  c rude a l c o h o l .  A smal l  sample was r e c r y s t a l l i z e d  f rom methanol t o  g i v e  an 

a n a l y t i c a l  sample o f  t h e  a l c o h o l  2 w i t h  m.p. 127-131OC; I R  v 3500 (-OH), 1020 

and 980 cm-l (-OTHP). NMR 6 0.69 ( s ,  3, 18-CH3), 0.95 (d ,  3, J = 6 Hz, 21-CH3), 

0.98 (s, 3, 19-CH3), 5.30 (m, 1,  6-H). 

Ana l .  Calcd. f o r  C29H4803: C, 78.32; H, 10.79. Found: C ,  78.30; H, 10.79. 

24-Tosyloxy-23-norchol-5-en-3~-o,~drop~ranyl e t h e r  (5b)  f rom 5a. 

The s o l u t i o n  o f  5.0 g o f  t h e  c rude a l c o h o l  3 i n  50 mL p y r i d i n e  c o n t a i n i n g  6.0 g 

p - t o l u e n e s u l f o n y l  c h l o r i d e  was l e f t  s tand ing  f o r  18 h r .  Slow a d d i t i o n  o f  wa te r  

w h i l e  s t i r r i n g  gave a c r y s t a l l i n e  p r e c i p i t a t e  wh ich  was f i l t e r e d  o f f  and washed 
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w i t h  water  and a i r - d r i e d .  

t o s y l a t e  3, m.p. 137-138OC; I R  v 1160 (-OTs), 1020 and 950 cm-l (-OTHP); NMR 6 

R e c r y s t a l l i z a t i o n  f rom hexane gave 5.6 3 pure  

0.64 ( s ,  3, 18-CH3), 0.84 (d ,  3, 2 = 6 H Z ,  21-CH3), 1 .OO ( s ,  3, 19-CH3), 2.44 

( s ,  3, aromat.  CH3), 5.34 ( m ,  1, 6-H), 7.20-7.83 (m, 4, aromat.  H ) .  

Ana l .  Ca lcd  f o r  C35H5205S: C. 71.88; H, 8.96; S ,  5.48. Found: C ,  72.15; 

H. 9.25; S, 5.88. 

3~-Hydroxy-23-norchol-5-ene-24-carbonitrile 3 - t e t r a h y d r o p y r a n y l  e t h e r  ( 6 )  

f rom 5b. 

n i t r i l e  3, 5 g o f  t o s y l a t e  

pure  n i t r i l e  5, m.p. 151-152OC; I R  v 2250 ( - C N ) ,  1030 and 975 cm-l (-OTHP); 

F o l l o w i n g  e x a c t l y  t h e  procedure  d e t a i l e d  f o r  t h e  s y n t h e s i s  o f  t h e  

gave, a f t e r  r e c r y s t a l l i z a t i o n  f rom acetone, 2.4 g 

NMR 6 0.69 ( s ,  3, 18-CH3), 0.87 (d, 3, 4 = 6 Hz, 21-CH3), 1.00 ( s ,  3, 19-CH3), 

2.34 (m, 2: -CH2CN), 5.34 (m, 1 ,  6-H).  

Anal .  Ca lcd  f o r  C29H4302N: C, 79.58; H, 9.90; N ,  3.20. Found: C ,  79.45; 

H, 10.17; N, 3.29. 

Methyl  3~-tetrahydropyranyloxychol-5-en-24-oate L7a)  f rom 6. The n i t r i l e  

- 6 was hyd ro l yzed  as desc r ibed  above f o r  i t s  n o r  d e r i v a t i v e  3 and t h e  r e s u l t i n g  

c rude a c i d  was conver ted  t o  i t s  methy l  e s t e r .  T h i s  2 . 0  g o f  n i t r i l e  5 gave, 

a f t e r  r e c r y s t a l l i z a t i o n  f rom methanol ,  1.40 g e s t e r  I?, m.p. 112-113°C; I R  v 

1740 (-COOCH3), 1030 and 975 cm-' (-OTHP); NMR 6 0.67 ( s ,  3, 18-CH3, 0.93 

(d ,  3, J = 6 Hz, 21-CH3), 1 .OO ( s ,  3, 19-CH3), 3.65 ( s ,  3, -COOCH3) ,  5.34 

(m, 1 ,  6-H). 

Ana l .  Ca lcd  f o r  C30H4804: C, 76.22; H, 10.24. Found: C, 76.29; H, 10.49. 

Methyl  3B-hydroxychol-5-en-24-oate (7b )  f rom 7a. To t h e  s o l u t i o n  of  1 .O g 

o f  t h e  e t h e r  3 i n  10  mL t e t r a h y d r o f u r a n  was added 2 drops  o f  conc. hydro- 

c h l o r i c  a c i d  and t h e  s o l u t i o n  was kep t  a t  5OoC f o r  2 hr. 

on i c e ,  t h e  s o l i d  f i l t e r e d  o f f ,  washed w i t h  wa te r  and a i r - d r i e d .  R e c r y s t a l l i -  

z a t i o n  f rom methanol gave 840 rng o f  pu re  e s t e r  2, m.p. 144-146OC, i d e n t i c a l  i n  

a l l  r espec ts  w i t h  an a u t h e n t i c  sample. 

Then i t  was poured 

3B-Hydroxychol-5-en-24-oic a c i d  (7c )  f rom 7b. H y d r o l y s i s  o f  t h e  e s t e r  2 
w i t h  2N methano l i c  po tass ium hyd rox ide  a t  23OC f o r  20 h r  gave t h e  a c i d  3, which  
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was r e c r y s t a l l i z e d  f rom methano l -water ,  m.p. 240-242'C and was i d e n t i c a l  w i t h  i t s  

s tandard  i n  a l l  r e s p e c t s .  

3B-Tetrahydropyranyloxy-22,23-bisnorchol-5-~n-24-a1 (8) f rom 2a. To 

950 mg (2.28 mmol) a l c o h o l  a i n  200 mL anhydrous methy lene c h l o r i d e  a t  O°C was 

added f i n e l y  g r i n d e d  p y r i d i n i u m  ch lo roch romate  (1.2 e q u i v a l e n t ) .  

The r e a c t i o n  was a l l owed  t o  proceed a t  25OC t h e  p rog ress  be ing  f o l l o w e d  by 

TLC. 

column o f  f l o r i s i l  and e v a p o r a t i o n  o f  s o l v e n t  a t  room tempera ture  gave 750 mg 

o f  a ldehyde 8 (80%) ,  m.p .  136-138'C ( L i t .  ( 4 )  137-139OC). 

When a l l  m a t e r i a l  was conver ted ,  t h e  m i x t u r e  was f i l t e r e d  th rough  a 

(E l -Me thy l  30-tetrahydropyranyloxychola-5,2Z-dien-24-oate ( 9 )  f rom 8 .  To t h e  

s o l u t i o n  o f  3.4 g o f  a ldehyde 8 i n  150 mL o f  benzene was added 8 .4  g (1.5 mole) 

o f  me thy l  (triphenylphosphoranylidene) a c e t a t e  ( 6 )  and t h e  s o l u t i o n  l e f t  

s t a n d i n g  a t  23OC f o r  10 days. 

was p a r t i t i o n e d  between hexane and 75% methano l /water .  The aqueous methanol  

l a y e r  was e x t r a c t e d  w i t h  hexane and t h e  combined hexane s o l u t i o n s  d r i e d  and 

evapora ted .  S i l i c a  g e l  chromatography y i e l d e d ,  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  

methanol ,  3.0 g of - 9, m.p. 129-130°C; I R  v 1710 ( e s t e r ) ,  1050 and 980 ( e t h e r )  

and 910 cm-l ( o l e f i n ) ;  NMR 6 0.71 (s,  3, 18-CH3), 1.00 ( s ,  3, 19-CH3), 1.05 

(d,  3, 2 = 6 Hz, 21-CH3), 3.71 ( s ,  3, -COOCH,), 5.35 (m, 1, 6-H), 5.73 

The benzene was removed i n  vacuo and t h e  r e s i d u e  

(d,  1, 23-H), 6.86 (dd, 1, 22-H), 5.69 (d, 1, J =  16 Hz, 23-H), 6.79 (dd, 1, 

- J = 9 HZ, J = 16  Hz, 22-H). 

Anal .  Ca lcd  f o r  C30H4604: C, 76.55; H, 9.85. Found: C, 76.64; H, 9.86. 

[1,2- C21-Carbethoxymethylene t r i pheny lphosphorane .  To a s o l u t i o n  o f  5 g 13 

o f  t r i p h e n y l p h o s p h i n e  in 40 mL d r y  benzene was added s l o w l y  3 g of [l,2-'3C2J- 

e thy lb romo ace ta te ,  91 Atom %, and t h e  s o l u t i o n  heated  on a steam ba th  under 

r e f l u x  f o r  16  h. A f t e r  c o o l i n g  t h e  m i x t u r e  was f i l t e r e d  and t h e  r e s i d u e  washed 

w i t h  hexane. 

phosphonium bromide, m.p. 156-158OC, decomp. 

these  7.0 g were d i s s o l v e d  i n  150 mL w a t e r  and t o  t h e  s t i r r e d  s o l u t i o n  was 

The s a l t  was a i r - d r i e d  t o  g i v e  7.0 g o f  (carbethoxymethy1)triphenyl- 

W i t h o u t  f u r t h e r  r e c r y s t a l l i z a t i o n  
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added 2N sodium hydrox ide t o  pH 9 (phenolphthale in) .  

ex t rac ted  w i t h  methylene c h l o r i d e  and t h e  o rgan ic  e x t r a c t  d r i e d  over  sodium 

s u l f a t e  and t h e  so l ven t  evaporated. 

gave 4.9 g o f  t h e  phosphorane, m.p. 122-125OC. 

1280, 1080 (13C-O), 860 (phenyl )  cm-'. 'H  NMR 6 1.03 ( t .  3, 2 = 6 Hz, 

-'3COOCH2CH3), 3.96 (dq, 2, J = 6 Hz, & = 3 Hz, - 13 COO%CH3), 6.53 
CH 

(m, 15 H, P-@H); 13C NMR 6 171.3 (dd, & * 
c CP c c  

-'3CH-13COOEt), 133.2, 132.7, 131.8, 129.0, 128.5 ( s ,  C-phenyl r i n g s ) ,  57.0 

( s ,  OCH2CH3), 30.0 (dd, J* = 125.7 Hz, & * = 86.7 Hz, -p6' - 13C6-H - 13COOEt), 

15.0 ( s ,  OCH&H3). 

The o i l y  p r e c i p i t a t e  was 

Recrysta l  1 i z a t i o n  from e t h y l  acetate-hexane 

13 I R  v 2900 (C-H), 1550 ( C=O), 

= 12.2 Hz, J* * = 86.7 Hz, 

CP c c  
% I s o t o p i c  l a b e l i n g :  M+2 (87%), M+1 (12%). 

123, 24-1 'CJ- ( E )  -Ethy l  3B-hydroxychol a-5,22-dien-24-oate ( 1 Ob) . This  

13 product was synthesized e x a c t l y  as descr ibed above, except t h a t  [1,2- 

carbethoxymethylene tr iphenylphosphorane, prepared as described (4)  was used. 

The product was obtained, a f t e r  h y d r o l y s i s  o f  t h e  THP-ether, i n  comparable 

y i e l d :  

1670 ( COOEt, s t rong ) ,  and 910 cm-l ( o l e f i n ) .  'H NMR 6 0.69 (s ,  3, 18-CH,), 

C2]-  

m.p. 61-63OC; UV 223 nm, E 7593; I R  v 3500 (OH),  1700 (-l2C0OEt, weak), 

13 

0.87 (d, 3, - J = 6 Hz, 2 1 - c 3 ) ,  1.00 ( s ,  3, 19-CH3), 1.27 ( t ,  3, J =  6 Hz, 

13 24- COOCH2Ct13), 3.47 ( b r  m, 1, w/2 = 27 Hz, 313-H) , 4.10 (dq, 2, +H = 6 Hz, 

= 3 Hz, '3COOg2CH3), 5.33 (m, 1, 6-H), 5.69 (complex m u l t i p l e t ,  1,23- c), 13 

CH 
6.79 (complex m u l t i p l e t ,  1,22-U-I-); 13C NMR 6 167 (d, & * = 70.8 Hz, 13c-24), 

118 (d, J* * = 70.8 Hz, 13c-23); MS m/e 384 [(M+2)-t1201+, 383 [(M+l)-H201+, 255 
c c  

[M-(H20 + s ide  chain)]'. 

c c  

% I s o t o p i c  l a b e l i n g :  M+2 (85%), M+1 (15%).  

Methyl 3@-tetrahydropyranyloxychol-5-en-24-oate (7a) from 9. The s o l u t i o n  

o f  3.0 g o f  t he  o l e f i n  9 i n  100 mL o f  95% ethanol was hydrogenated a t  one 

atmosphere w i t h  300 mg o f  prereduced p la t i num ox ide c a t a l y s t .  

the ca l cu la ted  hydrogen uptake had been consumed t h e  c a t a l y s t  was f i l t e r e d  and 

the so lvent  evaporated i n  vacuo. Two r e c r y s t a l l i z a t i o n s  f rom methanol gave 

2.8 g o f  e, i d e n t i c a l  w i t h  the  m a t e r i a l  obta ined p rev ious l y  ( f rom 6).  

A f t e r  120% o f  
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13 [23,24- C21-Ethyl 3B-hydroxychol-5-en-24-oate (1  l a ) .  This compound was 

prepared by the  hydrogenation o f  t he  l abe led  o l e f i n ,  f o l l owed  by hyd ro l ys i s ,  as 

descr ibed above, f o r  t h e  t ransformat ion o f  9 + 

(-  12 COOCH3, weak), 1660 ( -  13 COOCH3, s t rong)  cm-'; NMR 6 0.69 ( s ,  3, 18-CH3), 
+ k: I R  v 3400 (-OH), 1720 

0.87 (d, 3, 3 _ =  6 Hz, 21-CH3), 1.00 ( s ,  3, 19-CH3), 1.27 (t, 3, J =  6 Hz, 

-13COOCH2CH3), 3.53 (in, 1, w/2 = 27 Hz, 3a-H), 4.10 (dq, 2 ,  J = 6 Hz, & = 3 Hz, 
7 - l  CH 
I J  - COOUJ2CH3), 5.37 (m, 1, 6-H). % I s o t o p i c  l a b e l i n g :  M+2 (36%), M+l (14%). 

[23,24- C2-22,23, H2]-Ethyl 3B-hydroxychol-5-en-24-oate ( l l c )  . The 13 2 

reduc t i on  o f  t he  13C labeled o l e f i n  was c a r r i e d  ou t  w i t h  deuterium, fo l lowed 

by t h e  hyd ro l ys i s  o f  t h e  THP-ether. R e c r y s t a l l i z a t i o n  from ethanol gave 

m.p. 93-94OC. 13 I R  v 3450 (-OH),  ( - "COOEt,  weak, 1665 - COOEt ,  s t rong)  cm-'; 

NMR 6 0.67 ( S ,  3, 18-CH3), 0.92 (d, 3, 2 = 6 Hz, 2 1 - w 3 ) ,  1.00 ( s ,  3, 19-CH3), 

1.23 ( t ,  e, 3 = 6 Hz, -'3COOCH2Cli3), 3.47 ( b r  m, 1, w/2 = 27 Hz, 3cr-H), 4.11 
~~ 

13 (dq, 2, J = 6 Hz, = 3 Hz, - COOfi2CH3), 5.33 ( m ,  1, 6-H). MS m/e 
CH1 r 

406 (M+4)+, 405 (M+3)+, 404 (M+2)', 388 [(M+4)-H20]+, 387 [(M+3)-H20]+, 386 

[(M+2)-H20]+, 255 [M-H20 + s ide  chain)]'. % i s o t o p i c  l a b e l i n g :  H+4 (81%), 

Mt3 (16%), M+2 (3%) .  

1. 

2. 

3. 

4. 
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