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SUMMARY 

S y n t h e t i c  r o u t e s  t o  some deu te r ium l a b e l e d  b i l e  a c i d s  a r e  desc r ibed .  

The con jugated  methy l  e s t e r s  o f  chenodeoxycho l ic  15 and c h o l i c  23 a c i d s  a r e  

t h e  key i n t e r m e d i a t e s  t o  these syn theses .  
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INTRODUCTION 

Labe led  m e t a b o l i t e s  and p o t e n t i a l  m e t a b o l i t e s  wh ich  a r e  i n v o l v e d  i n  t h e  

c a t a b o l i s m  o f  c h o l e s t e r o l  t o  t h e  b i l e  a c i d s  a r e  necessary  i n  o r d e r  t o  e l u c i d a t e  

t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  aspec ts  o f  b i o s y n t h e t i c  pathways. 

a c i d s  a r e  l a b e l e d  w i th  a deu te r ium enr ichment  o f  a t  l e a s t  M+3 i n  o r d e r  t o  be 

s i g n i f i c a n t  (2 )  i n  o u r  s t u d i e s  on b i l e  a c i d  t rea tmen t  o f  c h o l e s t a s i s ,  b i l e  d u c t  

a t r e s i a  and g i a n t  c e l l  h e p a t i t i s .  

These b i l e  

D I S C U S S I O N  

The s t a r t i n g  m a t e r i a l s  u t i l i z e d  a r e  t h e  commerc ia l l y  a v a i l a b l e  chenodeoxy- 

We w i l l  concen t ra te  on t h e  syntheses o f  deu te r ium c h o l i c  1 and c h o l i c  3 a c i d s .  

l a b e l e d  chenodeoxycho l ic  1 and u rsodeoxycho l i c  a c i d s  i n  t h i s  p u b l i c a t i o n .  

Scheme I i s  u t i l i z e d  as t h e  model s tudy  f o r  o u r  syn theses .  S e l e c t i v e  

a c e t y l a t i o n  o f  t h e  3a.73 a l c o h o l  o f  t h e  methyl  c h o l a t e  19 ( 3 )  f o l l o w e d  b,y 

dehydra t i on  o f  t h e  12a-hydroxy group gave t h e  A l l - o l e f i n  5. 
dehydra t i on  procedures o f  t h e  12a-hydroxy group o f  s t e r o l s  have been desc r ibed  

(4 ) ,  phosphorus o x y c h l o r i d e  was found t o  be most conven ien t .  

by Jones o x i d a t i o n  y i e l d e d  t h e  d e s i r e d  d i k e t o n e  7. 

Al though many 

H y d r o l y s i s  f o l l o w e d  

W i g f i e l d  ( 5 )  and Chang ( 6 )  have found t h a t  sodium bo rohydr ide  r e d u c t i o n  o f  

t h e  unh indered 3-OX0 and t h e  r e l a t i v e l y  h inde red  7-OX0 b i l e  a c i d s  gave p re -  

dominan t l y  t h e  a-hydroxy  epimers,  i .e.,  t h e  e q u a t o r i a l  and a x i a l  a l c o h o l  

r e s p e c t i v e l y .  Fo 

- 7, t h e  cor respond 

o f  t h e  doub le  

d e s i r e d  t e t r a d e u t  

l o w i n g  t h i s  p rocedure  w i t h  sodium bo rodeu te r ide  on t h e  d i k e t o n e  

ng 3a,7a-diol  8 was ob ta ined  as t h e  ma jo r  p roduc t .  

bond w i t h  deu te r ium a i d e d  by p l a t i n u m  c a t a l y s t  y i e l d e d  t h e  

r a t e d  spec ies  2. 

S a t u r a t i o n  

A s i m i l a r  procedure t o  Scheme I i s  f o l l o w e d  f o r  Scheme I1  and 111. I n  

bo th  cases t h e  con juga ted  methy l  e s t e r  o f  chenodeoxychol ic 3 and c h o l i c  2 
a c i d s  a r e  key i n t e r m e d i a t e s .  
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> ( 3 )  a,b,c > 

RO' '0 R R 0' "OR 
1 (19) R = R = H 

( 2 0 )  R = THP, R' = H 
( 2 1 )  R = THP, R1 = SePh 

( 2 2 )  R = R' = THP 
( 2 3 )  R = R' = H 
( 2 4 )  R = Ac, R1 = H 

I 

( a )  MeOH/TsOH/A, ( b )  Dihydropyran lTsOH,  ( c )  LDA/PhSeCl, ( d )  m-CPBA, ( e )  TsOH/MeOH, 
( f )  Ac20/PhH/Py, ( g )  P0Cl3/Py. ( h )  Pt-C/D2/EtO0 

Generation of  the A'' o l e f i n s  u t i l i z e d  the well-known selenenylat ion 

procedures described by Sharpless  g fl ( 7 ) .  

i s  i s o l a t e d .  

f o r  the ( E )  configurat ion ( 8 ) .  

l a t e d  e s t e r  13 a r e  i s o l a t e d  ( s t r u c t u r e  not proven, see Experimental S e c t i o n ) ,  the 

(E)-o le f ins  14 and 22 a r e  postulated to  have been derived from the  oxida t ive  syn- 

e l iminat ion of  an intermediate  with a pseudo-threo configurat ion (7 ,9) .  

I n  both cases ,  only the  ( E ) - o l e f i n  

The coupling cons tan t  value (16 Hz) i s  comparable t o  t h a t  acceptable  

Although both ( R ) -  a n d  (S)-isomers of  the  seleneny- 

Hydrolysis, oxidat ion and reduct ion w i t h  deuteride followed by hydrogenation 

with deuterium (Scheme 11) in  an analogous manner t o  Scheme I y ie lded  the 

te t radeutera ted  methyl e s t e r  of chenodeoxychol i c  ac id  18. 
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Scheme IV 
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(25)  R = Ac, P ’  = Me 
(28a) R = R1 = H 

( 2 8 b )  R = H ,  R’ = Me 

D 

C 

( 3 1 a )  R = H 
( 3 1 b )  R = Me 

( a )  MeOH/KOHaq/A, ( b )  K2Cr04/NaOAc, ( c )  Pd-C/H2, ( d )  N a / n - B u O H / 1  20°C 

Scheme I11  uses chol ic  acid a s  s t a r t i n g  mater ia l .  The diene 25 i s  formed 

i n  a s i m i l a r  manner a s  described above (Scheme I a n d  11) .  In this case ,  t e t r a -  

deuterat ion i s  incorporated in  a s i n g l e  s t e p  by compiete s a t u r a t i o n  o f  the  

two double bonds ( A ”  a n d  A 22 ) with deuterium and platinum c a t a l y s t .  

Labeling i s  normally done in the  l a s t  s t e p  of a sequence o f  t ransformations.  

However, #e f ind i t  advantageous in the synthes is  o f  t e t radeutera ted  ursodeoxy- 

chol ic  acid 31a t o  s t a r t  from the  common intermediate ,  the  diene 25, and i r iser t  

the deuterium before invei-sion of  the 7a-hydroxy group (Scheme I V ) .  Several 
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procedures (10,11,12) a r e  a v a i l a b l e  f o r  the inversion of the  7n-hydroxy 

funct ion to  the 76-epimer. 

sodium/n-butanol ( 1 1 )  reduction s tands out  f o r  i t s  ease and higher y i e l d .  

However, oxidat ion t o  the 7-ketone, followed by 

Se lec t ive  Oxidation of  the hydrolyzed diene 28b with potassium dichromate 

Sa tura t ion  of the double bonds with deuterium i n  g a v e  the 7-keto compound 29. 

the  usual manner gave the t e t r a d e u t r a t e d  compound 30. 

w i t h  sodium in boi l ing  n-butanol, followed by e s t e r i f i c a t i o n  y ie lded  the t e t r a -  

deuterated methyl ursodeoxycholate = i n  a n  overa l l  52% from t h e  diene 3. 

Isotope pur i ty  o f  a l l  labeled compounds was determined by mass s p e c t r a .  

Reduction of the 7-ketone - 

E XPE R I ME NTAL 

Melting points  were determined on a Kofler melting point  apparatus and 

a r e  uncorrected. 

a Perkin-Elmer 202 spectrophotometer. The IR spec t ra  of c r y s t a l s  were 

determined a s  KBr p e l l e t s  and of o i l s ,  as a f i l m ,  on sodium chlor ide  windows. 

The NMR spec t ra  were obtained in  deuteriochloroform s o l u t i o n ,  using t e t r a -  

rnethylsilane as  an in te rna l  reference and were recorded on a 90 MHz Varian 

EM-390 spectrometer. 

spectrometer using a d i r e c t  i n s e r t i o n  probe and a Hewlett Packard 5992A 

GC/MS system, where appl icable .  

The U V  spec t ra  were determined in  a c e t o n i t r i l e  so lu t ions  on  

Mass spec t ra  were recorded on a Nuclide 1290 G 

Methyl 3a,7a-diacetoxy-12a-hydroxy-5~-cholan-24-oate ( 4 ) .  The chol i c  acid 

- 3 was methylated with methanol and p-toluenesulphonic acid according t o  the  

procedure of Dayal eta. (14) a n d  then s e l e c t i v e l y  ace ty la ted  w i t h  a 1 : l  a c e t i c  

anhydride-pyridine mixture in  benzene ( 3 ) .  

was c r y s t a l l i z e d  from aqueous methanol, mp 171-173OC [ L i t .  (3 )  185-187OCI. 

The alcohol 4 (overa l l  y i e l d  60%),  

- 1  3500 ( O H ) ,  1710 (C=O) ,  1250 (C-0) cm ; NMR 6 0.72 (3H. s I R  'max 
(3H, s ,  19-Me), 0.97 (3H, d ,  J = 7 Hz, 21-Me), 2.02 (3H, s ,  3-ace 

(3H, s ,  7-acetate  Me), 3.60 (3H, s ,  24-COOMe), 3.92 ( l H ,  m. w / 2  = 

4.43 ( lH,  b r . m . ,  w / 2  = 15 Hz,  3-H), 4 . X  ( lH,  m, w/2  = 7 Hz, 7-Y) 

18-Me), 0.95 

a t e  Me), 2.05 

7 Hz, 12-H), 
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M e t h y l  3a,7a-diacetoxy-5~-chol-ll-en-24-oate ( 5 ) .  The 1 2 n - a l c o h o l  4 
( 7 6 0  mg, 1.49 mmol) i n  anhydrous  p y r i d i n e  ( 5  mL) was c o o l e d  i n  i c e .  

was f l u s h e d  w i t h  n i t r o g e n  and  s e a l e d  w i t h  a r u b b e r  septum. Phosphorus  o x y c h l o r i d e  

( 0 . 1 8  mL, 1 . 9 4  mmol) was added d r o p w i s e .  

r e f r i g e r a t o r  o v e r n i g h t  and t h e n  h e a t e d  o v e r  a s team b a t h  f o r  2 h r .  

was p o u r e d  i n t o  i c e  c o l d  10% h y d r o c h l o r i c  a c i d  ( 2 0  mL) and e x t r a c t e d  w i t h  e t h e r .  

The sys tem 

The r e a c t i o n  m i x t u r e  was k e p t  i n  a 

The m i x t u r e  

Work-up i n  t h e  u s u a l  manner  and p u r i f i c a t i o n  o n  p r e p a r a t i v e  TLC ( 3 0 %  e t h y l  

a c e t a t e / h e x a n e )  y i e l d e d  t h e  A l l - o l e f i n  2 ( 5 2 0  mg, 7 0 % ) .  

r e c r y s t a l l i z e d  i n  aqueous me thano l  t o  g i v e  c o l o r l e s s  n e e d l e s ,  mp 122-125OC 

[ L i t .  ( 1 5 )  139 -14 l0C] .  

cm-’; NMR 6 0 .75  (3H, s ,  18-Me), 0 .92 (3H, s ,  l g -b le ) ,  1 . O O  (3H, d ,  - J = 7 Hz, 

Z l - N e ) ,  2.02 (3H, s ,  3 - a c e t a t e  Me), 2 .04  (3H, s ,  7 - a c e t a t e  Me), 3 .62  (3H, s ,  

24-COOMe), 4 .53 ( l H ,  b r .m . ,  w/2 = 1 8  Hz, 3-H), 4 . 9 0  ( l H ,  m ,  w/2 = 9 Hz, 7-H) ,  

AB sys tem HA 6.07 ( l H ,  dd ,  J = 3 Hz, $B = 1 0  Hz, 12 -H) ,  HB 5 .39  ( l H ,  dd ,  12 = 

2 Hz, GAB = 1 0  Hz, 11 -H) .  

An a n a l y t i c a l  samp le  was 

I R  v 1720  ( C = O ) ,  1250  (C-0 ) ,  770, 735, 720, 695 (C=C) 

M e t h y l  3a ,7a -d i  h y d r o x y - 5 B - c h o l - 1 1  - e n - 2 4 - o a t e  ( 6 ) .  The e s t e r  5 ( 5 0 0  mg) 

was h y d r o l y z e d  a c c o r d i n g  t o  t h e  Nakada p r o c e d u r e  ( 1 5 )  w i t h  5% m e t h a n o l i c  

p o t a s s i u m  h y d r o x i d e .  

c o l o r l e s s  b l a d e s ,  mp 202-204°C [ L i t .  ( 1 5 )  204-206°C]. 

w i t h  a c a t a l y t i c  amount  o f  p - t o l u e n e s u l p h o n i c  a c i d  i n  me thano l  ( 1 4 )  t o  g i v e  t h e  

e s t e r  6, ( 3 7 0  mg, 894: o v e r a l l )  as an  o i l  w h i c h  was shown t o  be homogeneous b y  

TLC and NMR, b u t  r e s i s t e d  c r y s t a l l i z a t i o n  a t t e m p t s :  

(C=O), 1150,  1080  ( C - 0 )  cm-’; NMR 6 0 .73  (3H, s ,  18-Me),  0 .84  (3H,  s ,  19-Me),  

1 . 0 0  (3H, d ,  J = 7 Hz, 21-Me), 3 . 5 0  ( l H ,  br.m., w/2 = 1 8  Hz, 3-H), 3 .67 (3H, s ,  

24-COOMe), 3 .97 ( l H ,  m,  w/2 = 9 Hz, 7 -H) ,  AB s y s t e m  HA 6 .14  ( l H ,  d d ,  - J = 3 Hz, 

hB = 1 0  Hz, 12-H) ,  HB 5.49 ( l H ,  dd,  J = 2 Hz, J+B = 1 0  Hz, 11-H) .  

R e c r y s t a l l i z a t i o n  of  t h e  f r e e  a c i d  f r o m  e t h y l  a c e t a t e  gave 

The a c i d  was e s t e r i f i e d  

I R  vmax 3400 (OH),  1720  

- M e t h y l  3,7-dioxo-5R-chol-ll-en-24-oate ( 7 ) .  The d i o l  6 ( 1 8 0  mg, 0 .44  mmol) 

was d i s s o l v e d  i n  d c e t o n e  ( 1  mL) and  c o o l e d  i n  an  i c e  b a t h .  

added d r o p w i s e  u n t i l  a permanent  o r a n g e  c o l o r  p e r s i s t e d .  T h i s  was t h e n  s t i r r e d  

a t  room t e m p e r a t u r e  f o r  1 / 2  h r .  C rushed  i c e  was added u n t i l  p r e c i p i t a t i o n  was 

Jones r e a g e n t  was 
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coinpletc. k f t e r  1 / 2  hr the  p r e c i p i t a t e  was f i l t e r e d ,  washed with water and 

dr ied  t o  give the  diketone 7 (165 mg, 93%).  

s t a l l i z e d  from acetone/hexane t o  give white granules ,  mp 162-164'C: IR vmax 

1720, 1700 (C=O), 1200, 1160, 1100 (C-0),  725, 700 ( C = C )  cm-l; NMR 6 0.79 

(3H, s ,  18-Me), 1.03 (3H, d ,  J = 6 Hz, Zl-Me), 1 .23 (3H, s ,  19-Me), 3.68 

(3H, s ,  24-COOMe), AB system H A  6.32 ( lH,  d d ,  J = 3 Hz, J+B = 10 Hz, 1 2 - H ) ,  

H B  5.41 ( lH,  dd, J = 2 Hz, hB = 10 Hz, 1 1 - H ) ;  MS m/e 398 ( M ' ) ,  285 ( M +  - 

s i d e  c h a i n ) .  

An ana ly t ica l  sample was recry- 

Anal. Calcd f o r  C25H3604: C ,  74.96; H ,  9.06. Found: C ,  74.95; H ,  9.10. 

[3$,7f3- H,]-Methyl 3a,7a-dihydroxy-5B-chol-ll-en-24-oate ( 8 ) .  To the 2 

diketone z ( 2 0 0  mg, 0.50 mmol) in  deuterated ethanol ( O D )  ( 5  m L ,  99.5 + atom % 

D )  was added sodium borodeuteride (42 mg, 0.96 mmol , 98 atom % D ) .  

s t i r r e d  under N 2  atmosphere a t  room temperature f o r  4 hr. 

then slowly quenched with cold 10% hydrochloric ac id  (20 m L )  and then ex t rac ted  

with ethyl  a c e t a t e .  The ethyl  a c e t a t e  e x t r a c t  was washed successively w i t h  

water ,  s a t u r a t e d  sodium bicarbonate and water. The solvent  was evaporated and 

the compound dr ied  by azeot ropic  d i s t i l l a t i o n  with benzene/ethanol t o  y i e l d  a 

crude o i l .  This was chromatographed on TLC ( 5  x 30% acetone/hexane) t o  give 

the d io l  8 (152 mg, 75%) as an o i l  which was shown t o  be homogeneous by TLC 
1 and HPLC. 

NMR 6 0.73 (3H, s ,  18-Me), 0.84 (3H, s ,  19-Me), 1.01 (3H, d ,  J = 6 Hz, 21-Me), 

3.67 (3H, s ,  24-CODMe), AB system H A  6.15 ( lH,  d d ,  J = 3 Hz, hB = 10 Hz, 

12-H),  H B  5.48 ( lH,  dd, J = 2 Hz,  $B = 10 Hz,  11-H); MS m/e 388 [(M+2)+-H203, 

370 [(M+2It-2H201; Isotope p u r i t y  82% (M+2), 16% (M+1), 2% (M). 

This was 

The reac t ion  was 

IR wmax 3400 (OH), 2100 ( C - D ) ,  1720 ( C = O ) ,  1170, 1110 (C-0) cm- ; 

[3B,7B,lla,12~t-~H,,]-Methyl 3a,7a-di hydroxy-5B-cholan-24-oate ( 9 ) .  The 

hydroxy o l e f i n  8 (100 mg, 0.25 mmol) was suspended i n  deuterated ethanol (00) 

( 2  mL). 

hydrogenator under a deuterium atmosphere. 

overnight and then f i l t e r e d  through a pad of c e l i t e .  

5% Platinum-on-carbon (100 mg) was added and the  vessel placed i n  a 

The mixture was s t i r r e d  vigorously 

The residues were 
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washed w i t h  e t h y l  a c e t a t e .  Evapora t i on  o f  t h e  s o l v e n t s  gave an o i l y  t e t r a -  

deu te ra ted  e s t e r  3- ( 8 9  mg, 89%), IR urnax 3350 (OH) ,  2100 ( C - D )  , 1725 ( C = O )  , 

1160, 1080 (C-0) cm-’; NMR 6 0.68 (3H, s ,  18-Me), 0.91 (3H, s, 19-Me), 0.94 

(3H, d, J = 7 Hz, 21-Me), 3.68 (3H, s ,  24-COOMe); MS m/e 374 [(M+4lt-2H20]; 

I s o t o p e  p u r i t y :  70% (M+4), 15% (Mt3) ,  7% (M+2), 5% (M+l) ,  3% (M). 

Methy l  3a,7a-dihydroxy-5B-cholan-24-oate ( 1 0 ) .  To chenodeoxychol i c  

a c i d  l ( 3 . 9  g, 9.95 mmol) i n  a b s o l u t e  methanol ( 1 0  rnL) was added p - t o l u e n e -  

s u l f o n i c  a c i d  (0.36 g )  and t h e  s o l u t i o n  r e f l u x e d  f o r  20 min.  

m i x t u r e  was concen t ra ted ,  d i l u t e d  w i t h  e t h y l  a c e t a t e  and washed w i t h  s a t u r a t e d  

sodium b i ca rbona te  and wa te r .  The e t h y l  a c e t a t e  s o l u t i o n  was evapora ted  and 

azeot roped t o  dryness w i t h  benzene t o  y i e l d  t h e  methy l  3a,7a-dihydroxy-cholan- 

24-oate (lo) (3 .8  9, 94%), i d e n t i c a l  when compared t o  an a u t h e n t i c  sample (TLC, 

I R ,  NMR). 

The r e a c t i o n  

Methyl  3a,7a-Di[(tetrahydro-2H-pyran-2-y1 )oxy ] -5&cho lan-24-oate  ( 1  1 ) .  The 

d i o l  lo ( 5  g, 12.3 mrnol) i n  d r y  benzene (20  mL) was coo led  i n  an i c e  ba th .  

D ihydropyran (3 .4  mL) was added, f o l l o w e d  by a c a t a l y t i c  amount o f  p - t o l u e n e -  

s u l f o n i c  a c i d  (23  mg). 

s t i r r e d  a t  room tempera ture .  

and washed s u c c e s s i v e l y  w i t h  s a t u r a t e d  sodium b i ca rbona te ,  water ,  b r i n e  and d r i e d  

over  anhydrous magnesium s u l f a t e .  Evapora t i on  o f  s o l v e n t  y i e l d e d  an o i l  which 

was kep t  i n  h i g h  vacuum o v e r n i g h t  t o  g i v e  t h e  sy rupy  3a,7a-ditetrahydropyranyl 

e t h e r  11 (6 .9  g, 98%) .  

1720 ( C - O ) ,  1180, 1150, 1100, 1070 (C-0),  1020, 980 (THP e t h e r )  cm-’; NMR 6 0.67 

(3H, s ,  18-Me), 0.93 (3H, s ,  19-Me), 0 .94  (3H, d ,  2 = 6 Hz, 21-Me), 3.50 (6H, 

br.m., w/2 = 31 Hz, 0-CH), 3.63 (3H, s ,  24-COOMe), 4.63 (2H, m, w / 2  = 10  Hz, 

0-CH-0) . 

A f t e r  10 rnin t h e  i c e  b a t h  was removed and t h e  s o l u t i o n  

A f t e r  45 m in  i t  was worked up  by d i l u t i n g  w i t h  e t h e r  

An a n a l y t i c a l  sample was p u r i f i e d  by HPLC. IR vmaX 

Ana l .  Calcd f o r  C35H5806: C, 73.13; H, 10.17. Found: C, 73.06; H, 10.18. 

( E )  -Methyl  3a, 7a-di  [tetrahydro-2H-p.yran-2-y1 )oxy]-5B-ci i01-22-en-24-oate 

(14) .  

added dropwise t o  a f r e s h l y  p repared l i t h i u m  d i i s o p r o p y l a m i d e  s o l u t i o n  

The methy l  e s t e r  11 ( 5  g, 8 .7  m m o l )  i n  anhydrous t e t r a h y d r o f u r a n  was 
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(11 .8  m L ,  1 . 3  M n-butyl l i thium, 2.15 mL diisopropylamine, 10 mL te t rahydrofuran 

a t  -78OC i n  a ni t rogen atmosphere). After l / Z  hr, a te t rahydrofuran s o l u t i o n  

(10  m L )  of phenylselenyl ch lor ide  (2.16 g ,  11 mmol) was added. 

mixture was kept a t  - 7 8 O C  f o r  1/2 hr and then allowed to  warm t o  O°C. 

in  the  usual manner y ie lded  a crude orange o i l .  This was dissolved i n  methylene 

ch lor ide  (20  mL) and placed i n  an i c e  b a t h .  

17 mmol) was added a l l  a t  once. 

then calcium hydroxide powder ( 1 . 5  g ,  20 mmol) was addea. 

s t i r r e d  a t  room temperature f o r  1 / 2  hr and then f i l t e r e d .  

washed with methylene ch lor ide  and the combined so ivent  was evaporated t o  y i e l d  

a crude o i l .  

acetate/hexane a t  a flow r a t e  of 150 mL/min. 

was i s o l a t e d  a s  a pa le  yellow o i l  (2 .1  g ,  42%) which was homogeneous according 

The reac t ion  

Work-up 

- m-Chloroperbenzoic ac id  ( 3  g ,  

This was ailowed t o  s t i r  f o r  1 / 2  hr a t  O°C, 

The s l u r r y  was 

The residues were 

This was chromatographed i n  a Waters Prep LC/500 with 5% ethyl  

The conjugated methyl e s t e r  fi 

t o  TLC,  H P L C  and N M R .  IR  vmax 1720 ( C = O ) ,  1640 ( C = C ) ,  1170, 1110, 1070 (C-0) ,  

1020, 980 (THP e t h e r )  cm-'; UV ( a c e t o n i t r i l e )  Xmax 215 nm ( E  lO,OOO), NMR 6 

0.69 (3H, s ,  18-Me). 0 .83 (3H, s ,  19-Me), 1 .03 (3H, d ,  J = 7 Hz, 21-Me), 3.53 

(4H, b r . m . ,  w/2 = 33 Hz, -0-CH) , 3.68 (3H, s ,  24-COOMe), 4.63 (2H,  m, w / 2  = 

10 Hz ,  0-CH-0), AB system H A  6.80 ( lH,  d d ,  2 = 9 H z ,  $dB = 16 Hz, 22 -H) ,  H B  

5 .68 ( lH,  d ,  QB = 16 Hz, 23-H). 

(E)-Methyl 3a,7a-dihydroxy-5B-chol-22-en-24-oate ( 1 5 ) .  To the THP e t h e r  

- 14 (1 .55  g ,  2 .7  mmol) i n  absolu te  methanol ( 3 3  m L )  a t  O°C was added p-toluene- 

s u l f o n i c  ac id  (0 .53  g ,  2.8 mmol). T h e  reac t ion  mixture was allowed t o  s t i r  a t  

room temperature f o r  1 hr. Work-up i n  the usual manner y ie lded  the diol  15 
(1 .1  g ,  100%) as  an oi 1 which was shown t o  be homogeneous by TLC,  H P L C  and 

N M R ,  b u t  r e s i s t e d  c r y s t a l l i z a t i o n  at tempts:  I R  3400 ( O H ) ,  1700 (C=O) ,  1640 

(C=C), 1210, 1170, 1160, 1070 (C-0) cm 

( E  15,9001, NMR 6 0.70 (3H, s ,  76-Me), 0.91 (3H, s ,  19-Me), 1.10 (3H, d ,  J =  

7 Hz, 21-Me), 3.47 (lH, br.m.,  w/2 = 18 Hz, 3-H), 3.73 (3H, s ,  24-COOMe), 3.83 

( lH,  m ,  w / 2  = 8 Hz, 7-H), AB system HA 6.87 ( lH,  d d ,  J = 9 Hz, J 

-1 ; UV ( a c e t o n i t r i l e )  Amax 221 nm 

= 16 Hz, d B  
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22-H), HB 5.76 ( l H ,  d, JAB = 16 Hz, 23-H); MS m/e 404 (M'), 386 (tl-H2C)+, 

368 (M-2H20)+. 

Ana l .  Ca lcd  f o r  C25H4004: C, 74.21; H ,  9.97. Found: C,  74.65; H, 10.17. 

(23 R/S)-Methyl 3a,7a-dihydroxy-23-phenyl selenyl-5B-cholan-24-oate (1  3 ) .  

To t h e  c rude s e l e n i d e  12 (559 mg, 0.77 mmol) i n  a b s o l u t e  methanol ( 1 0  mL) was 

added p - t o l u e n e s u l p h o n i c  a c i d  (150 mg, 0.79 mmol). 

a t  room tempera ture  f o r  1 /2  h r .  Work-up as b e f o r e  and chromatography on 

p r e p a r a t i v e  TLC ( 3  x 30% acetone/hexane) gave as t h e  h i g h e r  R f  p roduc t ,  3 
(125 mg, 29%) as an o i l ;  I R  vmaX 3400 (OH), 1730 (C=O), 1250, 1125, 1075 (C-0) 

cm ; NMR 6 0.62 (3H, s ,  18-Me), 0 .90  (3H, s ,  19-Me), 0.90 (3H, d, - J = 7 Hz, 

21-Me), 3.33 ( l H ,  br.m., w/2 = 15 Hz, 3 - H ) ,  3.53 (3H, s ,  24-COOMe), 3.73 ( l H ,  m ,  

w/2 = 7 Hz, 7-H), 7.10-7.53 (5H, m ,  pheny l -H) ;  and t h e  l ower  R f  p roduc t  13b 
(227 mg, 53%) : I R  3400 (OH), 1730 (C=O) , 1250, 1125, 1075 (C-0) cm-l ; NMR 6 

0.67 (3H, s ,  18-Me), 0.90 (3H, s ,  19-Me), 0.90 (3H, d, J = 7 Hz, 21-Me), 3 .38  

( l H ,  br.rn., w/2 = 15 H z ,  3-H),  3.60 (3H, s ,  24-COOMe), 3.77 ( l H ,  m, w/2 = 7 Hz, 

7-H) , 7.12-7.57 (5H, m ,  phenyl  -H) . 

T h i s  was a l l o w e d  t o  s t i r  

-1 

(E) -Methy l  3,7-dioxo-5R-chol-22-en-24-oate ( 1 6 ) .  The d i o l  15 (1 .1  g, 

2 .7  mmol) was d i s s o l v e d  i n  acetone ( 1 0  m L )  and coo led  i n  an i c e  ba th .  Jones 

reagent  was added dropwise  u n t i l  a permanent orange c o l o r  p e r s i s t e d .  T h i s  was 

then a l l owed  t o  s t i r  a t  room tempera ture  f o r  1 /2  h r .  The r e a c t i o n  m i x t u r e  was 

d i l u t e d  w i t h  i c e  wa te r  and 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  ( 3  x 100 mL). 

o rgan ic  l a y e r  was washed s u c c e s s i v e l y  w i t h  wa te r ,  s a t u r a t e d  b i ca rbona te  and 

wa te r .  

a benzene/ethanol  m i x t u r e  t o  g i v e  t h e  d i k e t o n e  16 ( 1  . O  g. 92%) as a w h i t e  

c r y s t a l l i n e  s o l i d .  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  

from e t h e r :  rnp 176-178OC; IR umax 1700 (C=O). 1250, 1220, 7060 ( C - O ) ,  990, 

980 ( o l e f i n i c  C-H) cm-'; UV ( a c e t o n i t r i l e )  Xmax 213 nm ( E  9300);  NMR 6 0.73  

(3H, s ,  18-Me). 1.12 (3H,  d, ~. J = 7 Hz, 21-Me), 1 .33  (3H, s ,  19-i.le), 3 .68  

(3H, s ,  24-COOMe), A8 systeni H 4  6 .78  ( l H ,  dd, J = 9 Hz, iAB = 16 Hz, 22-H); 

The 

The s o l v e n t  was evapora ted  and azeot roped t o  d ryness  w i t h  t h e  a i d  o f  
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HE 5.70 ( IH ,  d, hB = 16 Hz, 23-H); MS m/e 400 (M'), 287 (M' - s i d e  c h a i n ) ,  

269 [M' - (H20 + s i d e  c h a i n ) ] .  

Anal .  Calcd f o r  C25H3604: C, 74.96; H ,  9.06. Found: C, 75.16; H, 9.22. 

(E l -Methy l  3,7-dioxo-58-chol-22-en-24-oate (16)  f rom 13a and 13b. The 

d ihyd roxyse len ide  13a (129 mg, 0.23 m m o l )  was t r e a t e d  w i t h  Jones reagent .  

Work-up i n  the  usual  manner gave t h e  o l e f i n i c  d i ke tone  16 ( 8 8  mg, 96%) as 

w h i t e  c r y s t a l s ,  i d e n t i c a l  (mp, TLC, NMR) t o  an a u t h e n t i c  sample. 

The d ihyd roxyse len ide  13b (226 mg, 0.40 mmol) was t r e a t e d  w i t h  Jones 

reagent, and work-up as above y i e l d e d  t h e  o l e f i n i c  d i ke tone  16 (160 mg, 99%) 

as w h i t e  c r y s t a l s ,  i d e n t i c a l  (mp, TLC, NMR) w i t h  an a u t h e n t i c  sample. 

2 [38,7B- H31-(E)-Methyl  3a,7a-dihydroxy-5~-chol-22-en-24-oate (17 ) .  To the 

d i ke tone  fi (230 mg, 0.58 mmol) i n  deu te ra ted  e thano l  (00) ( 5  mL) was added 

sodium bo rodeu te r ide  (48  mg, 1.1 mmol). 

f o r  4 h r .  

and e x t r a c t e d  w i t h  e t h y l  ace ta te .  Work-up i n  the  usual  manner y i e l d e d  a crude 

o i l  (272 mg). T h i s  was chromatographed on TLC ( 5  x 30% acetone/hexane) t o  

g i v e  t h e  d i o l  17 (181 mg, 78%) as a w h i t e  c r y s t a l l i n e  compound, mp 169-172OC; 

3400 (OH), 2100 ( C - D ) ,  1700 ( G O ) ,  1640 (C=C), 1160, 1120, 1080, 1000 I "max 

(C-0) cm-'; UV ( a c e t o n i t r i l e )  Xmax 215 nm (t: 12,000); NMR 6 0.70 (3H, s ,  

18-Me), 0.90 (3H, s,  lg-Me),  1 .08 (3H, d, J = 7 Hz, 21-Me), 3.67 (3H, s ,  24-COOMe), 

AB system HA 6.74 (1H, dd, J = 8 Hz, JAB = 16 Hz, 22-H), HE 5.66 ( IH, d, JAB = 

16 Hz, 23-H); MS m/e [(M+2)'-H201, 370 [(M+2)'-2H20]; I s o t o p e  p u r i t y :  79% (M+2), 

1 5 %  ( M t l )  and 6% (M). 

l h i s  was s t i r r e d  a t  room temperature 

The r e a c t i o n  was then s l o w l y  quenched w i t h  10% h y d r o c h l o r i c  a c i d  

Anal .  Calcd f o r  C25H4004: C, 74.21; H, 9.97. Found: C, 74.36; H, 10.22. 

[38,78,22<,23<- H4]-Methyl 3a,7a-dihydroxy-5B-cholan-24-oate ( 1 8 ) .  The 2 

hydroxy o l e f i n  17 ( 8 5  mg, 0.21 mmol) was suspended i n  deu te ra ted  e thano l  (OD) 

( 2  mL). 

hydrogenator  under a deuter ium atmosphere. 

o v e r n i g h t  and then f i l t e r e d  through a pad of  c e l i t e .  

5% Plat inum-on-carbon (180 mg) was added and t h e  vessel  p laced  i n  a 

The m i x t u r e  was s t i r r e d  v igo rous l y  

The res idues  were washed 
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w i t h  e t h y l  ace ta te .  

e s t e r  18 (78  mg, 91%) as an o i l ,  I R  vmax 3400 (OH), 2100 (CO) , 1730 (C=O) , 

1250, 1180, 1160, 1100, 1080, 1000 (C-0) cm-'; NMR 6 0.67 (3H, s,  18-Me), 0.90 

(3H, s, 19-Me), 0.93 (3H, d, - J = 7 Hz, 21-Me), 3.67 (3H, s, 24-COOMe); MS m/e 

374 (M+4)'-2H20; I s o t o p e  p u r i t y :  69% (M+4), 22% (M+3) and 9% (M).  

Evapora t i on  o f  t he  so l ven ts  gave the  t e t r a d e u t e r a t e d  

Anal. Calcd f o r  C25H4204: C, 73.85; H, 10.41. Found: C, 73.97; H, 10.70. 

(E)-Methyl  3a,7a,12a- t r i [ (  tetrahydro-2H-pyran-2-yl)oxy]-5~-chol-22-en-24- 

oa te  (22)  was prepared from 0 (18.3 g, 27.1 mmol) by t h e  general  s e l e n e n y l a t i o n  

procedure desc r ibed  f o r  14. 
chromatography on a Waters Prep LC/500 ( 5 %  e t h y l  acetate/hexane; f l o w  r a t e  

150 ml/min) t o  g i v e  the  conjugated e s t e r  22 (12.5 g, 69%) as an o i l  which was 

homogeneous acco rd ing  t o  TLC, HPLC and NMR: 

1180, 1120, 1070 (C-O), 1020, 980 (THP e t h e r )  cm-'; UV ( a c e t o n i t r i l e )  Amax 

212 nm (t 10,200); NMR 6 0.70 (3H, s ,  18-Me), 0.92 (3H, s ,  19-Me), 1.05 

(3H, d, J - = 7 Hz, 21-Me), 3.67 (3H, s,  24-COOMe), 3.67 (9H, m ,  w/2 = 31 Hz, 

-0-CH), 4.67 (3H. m, w/2 = 10 Hz, 0-CH-0), AB system HA 6.81 ( l H ,  dd, J_ = 8 Hz, 

J+B = 16 Hz, 22-H). HB 5.63 ( l H ,  d, hB = 16 Hz, 23-H), MS m/e 570 (M+-THPOH), 

468 (M+-2THPOH), 366 (M+-3THPOH). 

hyd ro l yzed  compound, methy l  3a,7a,12a-tri hydroxy-5B-chol-22-en-24-oate (3). 
(E)-Methy l  3a,7a,12a-tri hydroxy-5g-chol-22-en-24-oate (23)  was prepared 

Work-up i n  t h e  usual  manner and p u r i f i e d  by 

I R  wmaX 1700 (C=O)  , 1640 (C=C), 

An a n a l y t i c a l  sample was prepared as t h e  

f rom t h e  THP e t h e r  22 (222 mg, 0.37 mnol) by t h e  general  h y d r o l y s i s  procedure 

desc r ibed  f o r  15. 
P u r i f i c a t i o n  on 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  t r i o 1  3 
(150 rng, 96%) as w h i t e  c r y s t a l s .  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 ether/hexane t o  g i v e  w h i t e  needle-shaped c r y s t a l s :  mp 

Work-up i n  t h e  usual  manner y i e l d e d  a crude o i l  (166 mg). 

181-182OC; UV ( a c e t o n i t r i l e )  Amax 213 nm (E 8800); I R  urnax 3300 (OH), 

( C = O ) ,  1640 (C=C), 1240, 1080 (C-0) cm-'; NMR 6 0.71 (3H, s ,  18-Me), 0 

(3H, s, 19-Me), 1.13 (3H, d, J = 7 Hz, 21-Me), 3 .47 ( I H ,  br.m., w/2 = 

3-H), 3.73 ( 3 H ,  d, 24-COOMe), 3.87 ( l H ,  m, w/2 = 7 Hz, 7-H), 3.98 ( l H ,  

720 

90 

5 Hz, 

m, 
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w/2 = 7 Hz, 12-t l ) ,  AB system HA 6.92 ( l H ,  dd, 2 = 8 Hz, bB = 16 Hz, 23-H), 

HB 5.78 ( l H ,  d, JAB = 16 Hz, 23-H); bE m/e 420 (M'), 402 (Mf-H20), 384 (M+-2H20), 

366 ( M+-3H20). 

Ana l .  Ca lcd  f o r  C25H4005: C ,  71.39; H ,  9.59. Found: C, 71.33; H, 9.68. 

(E)  -Methyl  3a,7a-diacetoxy-l2a-hydroxy-5R-chol-22-en-24-oate ( 2 4 ) .  A 

s o l u t i o n  o f  t h e  m e t h y l c h o l a t e  3 ( 6 . 6  g, 15.7 mmol), i n  d r y  benzene (31 .5  mL) ,  

anhydrous p y r i d i n e  ( 7 . 9  mL) and a c e t i c  anhydr ide  (7 .9  mL) was a l l o w e d  t o  s tand  

a t  room tempera ture  o v e r n i g h t .  I t  was then poured i n t o  i c e  water ,  t h e  benzene 

l a y e r  was separa ted ,  and t h e  aqueous phase 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 .  

combined o r g a n i c  s o l v e n t s  were washed w i t h  wa te r ,  b r i n e  and d r i e d  o v e r  

anhydrous magnesium s u l f a t e .  Evapora t i on  o f  s o l v e n t s  gave a c rude o i l  ( 8 .15  g) 

wh ich  was p u r i f i e d  by p r e p a r a t i v e  1 i q u i d  chromatography (20% e t h y l  a c e t a t e /  

hexane-flow r a t e  150 rn l lm in)  y i e l d e d  t h e  12a-a lcoho l  2 (5.42 g, 68%) as w h i t e  

c r y s t a l s .  An a n a l y t i c a l  sample was p repared  by r e c r y s t a l l i z a t i o n  f r o m  e t h e r :  

mp 181-182OC; I R  vmax 3550 (OH), 1725 (C=O), 1650 (C=C), 1250, 1025 (C-0) cm-'; 

UV ( a c e t o n i t r i l e )  Amax 216 nm ( E  8800);  NMR 6 0.73 (3H, s ,  18-Me), 0.95 (3H, s ,  

19-Me1, 1.17 (3H, d, J = 7 Hz, 21-Me), 2.05 (3H, s ,  3 -ace ta te  Me), 2.07 (3H, s ,  

7-ace ta te  Me), 3.73 (3H, s ,  24-COOMe), 4.00 ( l H ,  m, w/2 = 7 Hz, 12-H), 4 .53  

( l H ,  br.m., w/2 = 15 Hz, 3-H), 4.90 ( l H ,  m, w/2 = 7 Hz, 7-H), AB system HA 6.87 

The 

( l H ,  dd, J = 9 H z ,  GB = 16 H z ,  22-H), HB 5 . 7 7  ( l H ,  d, $AB = 16 Hz, 23-H); MS 

m/e 504 (M'), 486 (M+-H20), 444 (M+-HOAc), 426 [M+-(H20 + HOAc)l, 384 (M+-ZHOAc), 

366 [M+-ZHGAc + H20)]. 

Ana l .  Ca lcd  f o r  C29H4407: C ,  69.02; H, 8.79. round: C, 69.29; H ,  8.98. 

(E) -Methy l  3a,7a-diacetoxy-5~-cholan-ll ,22-dien-24-oate ( 2 5 ) .  The 121~-  

a l c o h o l  24 (320 mg, 0.63 mmol) i n  anhydrous p y r i d i n e  ( 5  m L )  was c o o l e d  i n  i c e .  

I t  was t r e a t e d  w i t h  phosphorous o x y c h l o r i d e  (0.08 mL, 0.86 mmol) acco rd ing  t o  

t h e  procedure desc r ibed  f o r  compound 2. 
f i c a t i o n  on p r e p a r a t i v e  TLC (30% e t h y l  ace ta te /hexane)  y i e l d e d  t h e  A ' ' - o l e f i n  

- 25 (216 mg, 68%) as an o i l .  T h i s  was c r y s t a l l i z e d  i n  e t h y l  ace ta te /hexane t o  

Work-up i n  t h e  usua l  manner and p u r i -  
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s, 19-Me), 1.17 (3H, d ,  

s ,  7 -ace ta te  Me), 3.67 

4.90 ( l H ,  m,  w/2 = 9 Hz 

12-H), HB 5.43 ( l t ! ,  dd, 

g i v e  mp 114-116°C; IR wmax 1720 (C=O), 1550 (C=C), 1250, 1100, 1030 (C-0) cm-.'; 

UV ( a c e t o n i t r i l e )  hmax 207 nm ( E  11,700); NKR 6 0.77 (3H, s, 18-Me), 0 .90  (3H, 

J = 7 Hz, 21-Me), 2.02 (3H, s ,  3 -ace ta te  Me), 2.03 (3H, 

3H, s ,  24-COOMe), 4.53 ( l H ,  br.m., w/2 = 18 Hz, 3-H), 

7-H), AB system HA 6.07 ( l H ,  dd, J = 3 Hz, J+B = 10 Hz, 

- J = 2 Hz,  J+B = 10  Hz, 11-H),  HA,  6.75 ( l H ,  dd, J = 

8 Hz, = 15 Hz, 22-H), HB, 5.68 ( l H ,  d, JA,B,  = 16 Hz, 23-H); MS m/e 426 

(M+-HOP.CI 366 ( M + - z H O A ~ ) .  

Ana l .  Ca lcd  f o r  C29H4206: C ,  71.57; H, 8.70. Found: C, 71.64; H ,  8.82. 

[ l l a , l2a ,22<,235-  H41-Methyl 3a,7a-diacetoxy-5B-cholan-24-oate ( 2 6 ) .  2 To t h e  

d iene 5 (380 mg, 0.79 mmol) d i s s o l v e d  i n  d e u t e r a t e d  e thano l  (OD) ( 5  mL) was 

added 10% p la t inum-on-carbon (400 mg). 

deuter ium atmosphere a t  room tempera ture  o v e r n i g h t .  F i l t r a t i o n  and evapora t i on  

o f  t h e  s o l v e n t  gave a c rude o i l  wh ich  was p u r i f i e d  on p r e p a r a t i v e  TLC ( 5  x 30% 

T h i s  was s t i r r e d  v i g o r o u s l y  under a 

t e  

c=o) ,  

e ther /hexane)  t o  y i e l d  t h e  t e t r a d e u t e r a t e d  e s t e r  3 (238 mg, 60%) as wh 

c r y s t a l s ;  mp 124-125OC [ L i t .  (16)  130-132 C ] ;  IR vmax 2120 (C-D), 1730 

1230, 1160 (C-0) cm 

0 

-1 
; NMR 6 0.66 (3H, s,  18-Me), 0.90 (3H, d, J = 7 Hz 

21-b!e), 0 

3.67 (3H, 

8 H z ,  7 - H  

76% (M+4) 

Ana l .  

93 (3H, s ,  19-Me), 2.03 (3H, s,  3-OAc Me), 2 .05  (3H, s ,  7-OAc Me), 

s ,  24-C0OMe), 4.57 (1H. br.m., w/2 = 18 H z ,  3-H), 4.90 ( l H ,  m, w/2 = 

; MS m/e 434 [(M+4)+-HOAc], 374 [(M+4)+-2HOAc]; I s o t o p e  p u r i t y :  

24% (M+3). 

Ca lcd  f o r  C29H4606: C, 70.98; H, 9.45. Found: C ,  70.80; H, 9.39. 

(E) -Methy l  3 u , 7 ~ ~ - d i h y d r o x y - 5 f + c h o l a - l 1  ,22-d ien-24-oate  (28b ) .  To t h e  d iene  

2 5  (1.67 g, 3.43 mmol) was added a me thano l i c  potassium hyd rox ide  s o l u t i o n  

(36 mL, 5 g potassium hyd rox ide ,  7 5  mL methanol ,  2 4  mL w a t e r ) ,  r e f l u x e d  f o r  4 h r ,  

then concent ra ted ,  coo led  and a c i d i f i e d  w i t h  c o l d  10% h y d r o c h l o r i c  a c i d .  The 

p r e c i p i t a t e  was f i l t e r e d ,  washed w i t h  wa te r  and d r i e d  to g i v e  t h e  d i o l  

(1.34 g, lOO";), as w h i t e  c r y s t a l s ,  mp 125-128OC. The a c i d  Z& was e s t e r i f i e d  i n  

t h e  usua l  manner w i t h  methanol and p - t o l u e n e s u l f o n i c  a c i d  and chromatographed t o  
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g i v e  t h e  me thy l  e s t e r  3 as an o i l  (1.30 9, 93%) which was shown t o  be homogeneous 

by TLC, HPLC and NMR: I R  wmax 3400 (OH), 1710 (C=O), 1640 (C=C), 1230, 1190, 

1170 (C-0) cm-'; UV ( a c e t o n i t r i l e )  Xmax 217 nm ( E  11,300);  NMR 6 0.77 (3H, s,  

18-Me), 0.86 (3H, s ,  19-Me), 1.17 (3H, d, J = 6 Hz, 21-Me), 3.43 ( l H ,  br.m., 

w/2 = 18 Hz, 3-H), 3.71 (3H, s, 24-COOMe), 3.97 ( l H ,  in, w/2 = 8 Hz, 7-H), AE 

system HA 6.12 ( l H ,  dd, J = 3 Hz, $B = 10  Hz, 12-H), HB 5.53 ( l H ,  dd, J = 

2 H z ,  J+B = 10  HZ, 11-H), HA,  6.86 ( l H ,  dd, 2 = 9 H z ,  = 16 Hz ,  22-H), 

H B ,  5.77 ( l H ,  d, = 16 Hz, 23-H). 

Ana l .  Ca lcd  f o r  C25H3804: C, 74.59; H, 9.52. Found: C, 74.63; H, 9.70. 

(E l -Me thy l  3a-hydroxy-7-oxo-5~-chola-l1 ,22-dien-24-oate ( 2 9 ) .  To t h e  d i o l  

28b (420 mg, 1.08 mmol) i n  g l a c i a l  a c e t i c  a c i d  (4 .2  mL) was added anhydrous 

sodium a c e t a t e  (840 mg). 

(0.5 mL) was added dropwise .  

10-20°C th roughou t  t h e  p e r i o d .  

i c e .  

e x h i b i t e d  I!? wmax 3400 (OH), 1700 (C=O), 1640 (C=C), 1170, 1075 (C-0 ) ,  980 ( t r a n s -  

o l e f i n )  cm-'; UV ( a c e t o n i t r i l e )  Amax 209 nm ( E  10,700); NMR 6 0.73 (3H, s ,  

18-Me), 1.10 (3H, s, 19-Me), 1.13 (3H, d, J = 7 Hz, 21-Me), 3.63 ( l H ,  br.m., 

w / 2  = 18 Hz, 3-H), 3.69 (3H, s ,  24-COOMe), AB system HA 6.17 ( l H ,  dd, J = 3 Hz, 

Potassium d ichromate  (270 mg, 1 . 4  mmol) i n  water  

The ba th  tempera ture  was ma in ta ined  between 

A f t e r  6 h r ,  t h e  r e a c t i o n  m i x t u r e  was quenched w i t h  

Worked-up as b e f o r e  gave t h e  7-OX0 p roduc t  29 (328 mg, 78%) as an o i l  which 

& = 10 Hz, 12-H), HB 5.38 ( l H ,  dd, J = 2 Hz, 

( l H ,  dd, J =  9 H z ,  GIdlBl = 16 Hz, 22-H), H B ,  5.74 ( l H ,  d, $ t B o  = 16 H z ,  23-H); 

= 10 H z ,  7 1 - H ) ,  HA, 6.79 

MS m/e 400 (R') , 382 ( M'-H,O). 

Ana l .  Ca lcd  f o r  C25H3604: C, 74.96; H, 9.06. Found: C ,  74.81; H ,  8.78. 
n 

[l la,,12~~,22c,24c-~H,]-Methyl 3a-hydroxy-7-oxo-5~-cholan-24-oate ( 3 0 ) .  The 

d iene  29 (120 mg, 0.30 m o l )  was t r e a t e d  w i t h  p la t inum-carbon and deu te ra ted  

methanol  (OD) i n  a deu te r ium atmosphere a c c o r d i n g  t o  t h e  procedure  desc r ibed  

f o r  compound 3. 
e s t e r  30 (100 mg, 82%), as c o l o r l e s s  needles,  mp (MeOH) 104-106°C [ L i t .  (16)  

107-109°C]; I R  vmax 3400 (OH), 2150 (C-D), 1725, 1690 (C=O), 1250, 1190, 

Work-up a c c o r d i n g  t o  t h a t  p rocedure  gave t h e  t e t r a d e u t e r a t e d  
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1160 (C-0) cm-'; NMR 6 0.63 (3H, s ,  l8-Me), 0.93 (3H, d, J = 6 Hz, 21-Me), 

1 .18  (3H, s ,  19-Me), 3.50 ( l H ,  br.m., w/2 = 17 Hz, 3-H), 3.60 (3H, s ,  24-COOMe); 

MS m/e 390 [(M+4)+-H20], 372 [(M+4)+-2H20]; I s o t o p e  p u r i t y :  74% (M t4 ) ,  21% 

(M+3), 5% (M+2). 

2 
[l la,12a,225,235- HA]-Methyl  3a,7fi-dihydroxy-5fi-cholan-24-oate (31b ) .  The 

hydroxyketone 2 ( 8 0  mg, 0 .2  mmol) was d r i e d  by a z e o t r o p i c  d i s t i l l a t i o n  f rom 

to luene  and k e p t  o v e r n i g h t  under vacuum. Then i t  was d i s s o l v e d  i n  anhydrous 

- n-butano l  ( 1  mL) and hea ted  t o  120°C i n  a n i t r o g e n  atmosphere. 

(105 mg, 4.6 mmol) were added, p roduc ing  immed ia te l y  t h e  y e l l o w  c o l o r  o f  t h e  

e n o l a t e .  The r e a c t i o n  was t e r m i n a t e d  when t h e  y e l l o w  c o l o r  d isappeared.  The 

a l c o h o l a t e  formed was decomposed by a d d i t i o n  o f  w a t e r  and t h e  bu tano l  was 

removed by vacuum d i s t i l l a t i o n .  The a l k a l i n e  s o l u t i o n  was n e u t r a l i z e d  by 

a d d i t i o n  of  a s o l u t i o n  o f  a 10% h y d r o c h l o r i c  a c i d .  

f i l t e r e d ,  washed w i t h  water. ( 3  x 10  mL) and d r i e d  t o  9 i v e  t h e  d e u t e r a t e d  a c i d  

31a (75  mg, 97%) .  

a c i d  i n  t h e  usua l  manner and a f t e r  p r e p a r a t i v e  TLC ( 5  x 30% e t h y l  a c e t a t e /  

hexane) y i e l d e d  t h e  deu te ra ted  methy l  u rsodeoxycho la te  2 (58  mg, 77% from 

t h e  a c i d  a). 
f i n e  c o l o r l e s s  need les ,  mp 151-153'C [ L i t  (17 )  152OCI. 

2180, 2100 (C-D), 1720 (C=O), 1190, 1160, 1080, 1060, 1030 (C-0) cm-', NMR 6 

0.69 (3H, s ,  18-Me), 0.96 (3H, s ,  19-Me), 3.67 (3H, s ,  24-COOMe); MS m/e 

398 C(M+4)+-H201, 380 [(#+4)'-2H201; I s o t o p e  p u r i t y :  69% (M+4), 20% (M+3), 9% 

(Y+2),  2% (M+l )  

Sodium p ieces  

The p r e c i p i t a t e  was 

The a c i d  31a was e s t e r i f i e d  w i t h  methanol p - t o l u e n e s u l f o n i c  

An 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 as 

IR vmax 3350 (OH), 
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