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O R G A N I C  P R E P A R A T I O N S  AND PROCEDURES I N T .  19(1), 1-7 (1987)  

SELECTIVE REDUCTION OF THE FORMYLATEll BILE ACIDS TO 

THE CORRESPONDING FORI?YLATEll BILE ALCOHOLS ANALOGS 

A. A. M a l i k  and C. M. S h a r t s *  

Depar tment  of Chemis t ry  
S a n  Diego S t a t e  U n i v e r s i t y ,  San  Diego,  CA 92182-0328 

I n  our s t u d y  on the development  o f  s t e r o i d - b a s e d  e m u l s i f y i n g  a g e n t s  

f o r  s y n t h e t i c  b l o o d , l  w e  d e v e l o p e d  a new method t o  s y n t h e s i z e  f o r m y l a t e d  

b i l e  a c i d  a l c o h o l  d e r i v a t i v e s  ( & a n d  2) by s e l e c t i v e  r e d u c t i o n  o f  t h e  

s i d e - c h a i n  c a r h o x y l i c  a c i d  f u n c t i o n  i n  f o r m y l a t e d  b i l e  a c i d s  w i t h  b o r a n e /  

t e t r a h y d r o f u r a n  c o n p l e x  (BV3'THF). 

h y d r i d e  of  3~,7a,l2a-tris(acetyloxy)cholic a c i d  ( l e )  and e t h y l  c h l o r o f o r -  

mate w i t h  sodium b o r o h y d r i d e  h a s  b e e n  r e p o r t e d  by H o s h i t a  and coworkers .2  

T h e i r  method h a s  c e r t a l n  drawbacks:  ( 1 )  a two-s tep  24-hour r e d u c t i o n  a t  0' 

is r e q u i r e d ,  and ( 2 )  t h e  p r o d u c t  i s o l a t e d  was a s y r u p ;  e x t e n s i o n  o f  t h i s  

method t o  t r i s ( f o r m y 1 o x y ) c h o l i c  a c i d  (la) l e d  t o  a c o q l e x  m i x t u r e  of 

p r o d u c t s ,  and a d i f f i c u l t  c h r o m a t o g r a p h i c  s e p a r a t i o n  was r e q u i r e d  t o  

S e l e c t i v e  r e d u c t i o n  o f  t h e  mixed an- 

- 

Scheme 1 

2 - 1 - 

a )  R , R '  = (C=O)H; R" = O(C=O)H 
b) R , R '  = (C=O)H; R" = H 
b )  R , R '  = R ;  R" = OH 
d )  R , R ' , R "  = H 
e )  R , R '  = (Cl0)CHj; R" = O(C=O)CH3 

a )  R , R '  = (C=O)H; R"= O(C=O>P 
h )  R , R '  = (C=O)H;  R"= H 
c )  R , R '  - H; R"= OH 
d )  R , R ' , R "  = H 
e) R , R '  = (C=O)CH3;  R"= O(C=O)CH3 
f) R = H; R'= (C=O)H; R"= O(C=O)rl 
g) R,R" = H; R'= (C=O)H 

=l987 by Organic Preparations and Procedures Inc. 
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MALIK AND SHARTS 

i s o l a t e  pure % a s  a syrupy m t ~ t e t i a l . ~  

high-yield procedure f o r  t h e  syn theses  of c r y s t a l l i n e  formylated b i l e  a c i d  

a l c o h o l  d e r i v a t i v e s ,  2 and 2, and an ex tens ion  of t h i s  r e a c t i o n  t o  t h e  

Syntheses of simple b i l e  a c i d  a l c o h o l  d e r i v a t i v e s ,  2 and - 2d. 

This paper d e s c r i b e s  a simple,  

A f t e r  formylated b i l e  a c i d s  la and E w e r e  synthesized i n  high 

~ i e l d , ~ , ~  i s o l a t e  pure & as a they  were converted t o  t h e  corresponding 

a l c o h o l s  - 2a and E. 
BH3'THF complex i n  THF a t  room temperature  f o r  8 h r s  t o  g ive  a mixture  of 

products  c o n s i s t i n g  mostly of & (ca. 85%) and - 2f (ca. 12%). 

tography of t h i s  mixture  over  s i l i ca  g e l  gave t h e  des i r ed  product & a n d  

t h e  major s ide  product 2 f  i n  82% and 10% y i e l d s ,  r e s p e c t i v e l y .  

presence of t h e  formyloxy groups i n  k w a s  confirmed by t h e  NMR spectrum 

which showed formyl protons5 as a set of s i n g l e t s  a t  6 8.14, 8.09 and 8.01 

and t h e  methine protons a t  6 5.26 (C12-3), 5.05 (C7-3) and 4.70 (C3-I?). - 

A s o l u t i o n  of i n  THF r eac t ed  wi th  1.1 e q u i v a l e n t  of 

F l a sh  chroma- 

The 

The e x t e n t  of removal of t h e  formyl groups was d i r e c t l y  dependent on 

t h e  amount of reducing agent  used. When an  exact s t o i c h i o m e t r i c  amount of 

BH3'THF complex (3 e q u i v a l e n t s  of hydride)  i n  TIP was used, a much c l e a n e r  

r e a c t i o n  with n e g l i g i b l e  c leavage (4%) of t h e  formyloxy groups occurred. 

Hwever ,  t h e  r educ t ion  was incomplete and only a 70X conversion of t h e  ac id  

t o  a l c o h o l  was observed. When a l a r g e  excess  of BH3'TW complex i n  THF was 

used, much g r e a t e r  l o s s  of formyl groups was observed, including formation 

o f  5f?-cholan-3a,7a,12a,24-tetrol (2c)  - and o t h e r  p a r t i a l l y  cleaved formyl- 

oxycholan-24-01s. Reduction a t  a lower temperature gave a slower r eac t ion ;  

a f t e r  6 days a t  5" only a 83% conversion of t h e  ac id  t o  a l coho l  was ob- 

served. 

served,  but t h i s  improvement was o f f s e t  by t h e  u n s a t i s f a c t o r y  conversion 

(83%) and t h e  inconvenience of c a r r y i n g  out  t h e  r e a c t i o n  a t  5' f o r  6 days. 

Cleavage of t h e  fonnyloxy group from C-3 was ind ica t ed  by the  NMR spectrum 

A s l i g h t  improvement i n  t h e  r a t i o  of & t o  Zf (88:12) was ob- 

which showed the  disappearance of t h e  formyl proton s i g n a l  a t  6 8.01 and 
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SELECTIVE REDUCTION OF T€IE FORMYLATED BILE ACIDS 

s h i f t  of the methine proton C3-H from 6 4.70 t o  6 3.55. 

developed f o r  &were appl ied t o  the  synthes is  of E. 
1.1 equivalent  of BA3'THF complex in TRF a t  room temperature provided the  

desired product 2b and the  s i d e  product 3 in 82% and 17% yie lds ,  respect- 

i vely . 

The condi t ions 

Reduction of s v i t h  

We have extended the  above reac t ion  t o  the  synthes is  of 58-cholan-3aB- 

7a,12a,24-tetrol (2c) and 58-cholan-3a,12a,24-triol (g). Cholic acid (2) 
and deoxycholic acid (la) were reduced with an excess of BH3'THF complex i n  

THF a t  r o m  temperature t o  provide the  corresponding alcohols  &and 2 In 

90% and 85% yie lds ,  respect ively.  An excess of BA3*TFiF complex i n  TRF was 

employed t o  compensate f o r  t h e  hydride l o s t  i n  removal of t he  hydroxyl pro- 

tons  of the  b i l e  acids.  

following the disappearance of the  C=O s t r e t ch ing  v ibra t ion  a t  1716 cm'l in 

t he  infrared spectrum. The advantage of our method i n  cont ras t  t o  t h a t  

reported i n  the  l f terature2B6 f o r  the  synthesis  of b i l e  acid alcohol  der i -  

va t ives  l i e s  i n  i t s  s impl ic i ty  and exce l len t  y i e lds  of t he  i so la ted  pro- 

ducts.  The above procedure provides easy access  not only t o  simple b i l e  

acid alcohols  der iva t ives ,  but a l s o  t o  formylated b i l e  acid alcohol deriva- 

The progress of the  reac t ion  was monitored by 

t i v e s  because of Belec t iv i ty  of the  B83'TW f o r  reac t ion  with the acid.  

The r e l a t i v e  ease of removal of t he  formyl groups recommends t h i s  method a s  

a simple en t ry  to  the  C24-transformed b i l e  acid alcohol d e r i v a t i ~ e s . ~  - SECrIal 

The melting points  were determined on a Fisher-Johns melting point appara- 
t u s  and a r e  uncorrected. The inf ra red  spec t ra  were obtained on a Perkin- 
Elmer Model 1750 Infrared Fourier  Transform Spectrometer. Only pr inc ipa l ,  
sharply defined peaks are reported. 
spec t ra  were recorded on a Hagnachem Model 200, 200 MHz, Fourier Transform 
TVAR Spectrometer. 
coated TLC p l a t e s  ( s i l i c a  ge l  60, F-254, layer  thickness 0.2mm) manu- 
factured by E. Merck and Co. 
Galbrai th  Laboratories,  Inc. Tetrahydrofuran (THF) was dr ied and dis- 
t i l l e d  over sodiua/benzophenone. 
sodium chlor ide so lu t ion  i n  water. 
assembled, and flame-dried under argon. 

The proton NMR and the  carbon NMR 

Thin layer  chromatography (TLC) was performed on pre- 

Elemental analyses were car r ied  out hy 

The term "brlne" means a saturated 
Glassware used was d r i e d  in an oven, 
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MALIK AND SHARTS 

Anal. Calcd. f o r  C27H4207: C,  67.76; H, 8.85 

Found: C,  68.04; H, 8.90 

- 

3a-Hydroxy-7a,12a-bis(formyloxy)-5R-cholan-24-ol (2f).- The t i t l e  compound 

was i s o l a t e d  as a c o l o r l e s s  sy rup  with t h e  fol lowing p r o p e r t i e s ,  TLC (70% 

benzene/acetone):  RF 0.24; I R  ( t h i n  f i lm):  3350, 2950, 2850, 1725, 1175 

and 1050 cm-l; l H  NMR (CDC13): 6 8.13 [s, l H ,  Cl2-O(C=O)fl], 8.07 [s, 1 H ,  

C7-O(C=O)HJ, 5.23 (peak, l H ,  C12-E], 5.00 (peak, l H ,  C7-E), 3.58 ( b r  m, 

3H, J = 6.0 Hz, C3-E + C24-9) ,  0.91 ( 8 ,  C19-3) and 0.74 (s, C18-3).  

3a,l2a-Bis(formyloxy)-5R-cholan-24-ol-(~).- Using t h e  above procedure,  

t reatment  of a s o l u t i o n  of 0.490 g (1.09 mmol) of & i n  20 mL of THF gave 

a f t e r  work-up, a r e s idue  c o n s i s t i n g  of 5 and 2g. 

t h e  r e s idue  over s i l i c a  (200-400 mesh) using 85% benzenejacetone as an  

e l u e n t  gave 0,385 g (81%) of 2, and 0.075 g (17%) of 2g. 

z a t i o n  of 2 from hexane/ether/methanol (few drops) ,  provided - 2h as white  

need le s ,  mp. 107-108"; TLC (70% benzene/acetone):  RF 0.66; I R  ( K R r ) :  

3380, 2942, 2869, 1723, 1175 and 1059 cm'l; l H  NMR (CDCl3): 

l W ,  Cl2-O(C=O)I], 8.03 [s, l H ,  C3-O(C=O)fl], 5.26 (peak, 1 H ,  C12-E), 4.83 

(hump, l H ,  C3-E>, 3.60 ( t ,  J = 6.25 Hz, 2H, C24-3) ,  0.93 ( 6 ,  C19-3) ,  

0.85 (d,  J = 6.6 Hz, (31-3) and 0.75 (6, c 1 8 - 3 ) ;  1 3 C  NMR (CDC13): d 

160.64 [Cl2-O(C=O) H I ,  160.54 [C3-O(C=O)H], 76.08 (C12), 74.08 (C3) and 

63.37 (C24). 

Anal. Calcd. f o r  C26H4205: C,  71.85; H,  9.74 

Found: C, 71.76; H,  9.56 

F la sh  chromatography of - 

R e c r y s t a l l i -  - 

d 8.13 [s, 

- - 

3a-Ilydroxy-l2a-fonoyloxy-5R-cholan-24-ol &).- The t i t l e  compound was 

i s o l a t e d  as a white  s o l i d  with t h e  fol lowing p r o p e r t i e s ,  mp. 173-175"; TLC 

(70% benzenelacetone):  RF 0.26; IR ( K B r ) :  3350, 2940, 2860, 1720, 1170 

and 1055 cm-l; l H  MIR (CDC13): 6 8.10 [s, l H ,  Cl2-O(C=O)E], 5.25 (peak, 

l H ,  C12-E), 3.55 ( b r  m, J = 6.0 Hz, 3H, C3-ll + C24-3) ,  0.89 (s, C19-3) 

and 0.73 ( 8 ,  C l 8 - 3 ) .  
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SELECTIVE REDUCTION OF THE FORMYLATED BILE ACIDS 

3a,12a-Bis(formyloxy)-5R-cholan-24-oic a c i d  (&).- The method descr ibed by 

Tsereng e t  al.4 gave t h e  t i t l e  product with t h e  fol lowing p a r t i a l l y  re- 

ported p r o p e r t i e s ,  mp. 193.5-195', lit.4 mp. 195-196'; TLC (70% benzene/ 

acetone):  RF 0.51; IR (KBr) :  

cm-l ;  l H  NMR (CDcl3): 

(C=O)E],  7.86 [s, l R ,  C3-O(C=O)z], 5.12 (peak, LH, C12-E), 4.73 (hump, I H ,  

C3-H), - 0.89 ( 8 ,  C19-3) and 0.73 ( 8 ,  C 1 8 - 3 ) .  

3a,7a,12a-Tris(formylaxy)-5R-cholan-24-01 (2a).- A three-necked, round- 

bottomed f l a s k  f i t t e d  wi th  a rubber septum, a magnetic s t i r r i n g  b a r  and an  

argon i n l e t / o u t l e t  was charged wi th  0.500 g (1.01 mmol) of la and 20 mL of 

anhydrous THF. To t h e  s t i r r e d  s o l u t i o n ,  was added 1.20 mL of 1.OM BQ'THF 

3450-2450, 1730, 1715, 1100-1250 and 970 

6 9.97 [ b r  s, l H ,  - C O e ] ,  7.96 [a, 1 R ,  C12-0- 

complex I n  THF dropwise vie a s y r i n g e  ove r  a per iod of 10 mins and t h e  re- 

s u l t i n g  mixture s t i r r e d  a t  room temperature  f o r  8 h r s .  

t u r e  was quenched wi th  5 mL of 0.5N H C 1  and e x t r a c t e d  with d i e t h y l  e t h e r  

(3 x 25 mL). The combined o rgan ic  l a y e r s  were washed w i t h  0.5N H C 1  (1 x 

75 mL), water (1 x 75 mL), 10% Na2C03 (3 x 75 mL), water (1 x 75 mL) and 

b r i n e  (1 x 75 mL). The o rgan ic  l a y e r  was d r i e d  (MgSOh), f i l t e r e d  and 

The r e a c t i o n  mix- 

evaporated under reduced p res su re  t o  provide a cd0rleSS syrupy material. 

F l a sh  chromatography of t h i s  r e s idue  over  s i l i c a  (200-400 mesh) using 

benzene/acetone (7:3) mixture  as an  e l u e n t ,  afforded 0.40 g (82%) of - 2a 

and 0.047 g (10%) of 2 f .  R e c r y s t a l l i z a t i o n  of t h e  crude 2 from hexane/ 

e ther /methanol  afforded pure 2 as whi t e  needles ,  mp. 147.5-148.5'; TLC 

(70% benzene/acetone):  RF 0.61; IR ( K B r ) :  3470, 2938, 2874, 1723 and 

1179 cm-1; 1 H  NMR (CDC13): 

c7-o(c=o)IJ, 8.01 [s, l H ,  C3-O(C=O)fJ] 5.26 (peak, l H ,  C12-z). 5.05 (peak, 

l H ,  C7-E), 4.70 (hump, l H ,  C3-Z). 3.58 ( t ,  2H, J = 6.2 Hz, C ~ 4 - 2 ) ~  0.93 

(6, C19-3). 0.85 (d, J = 6.6 Hz, Cp1-€3) and 0.75 ( 8 ,  C 1 8 - 3 ) ;  13C NMR 

(CDC13): 6 160.54 [-O(C-O)H], - 75.34 (C12), 75.74 (c3), 70.67 (c7) and 

63.32 (C24). 

6 8.14 ( 8 ,  l H ,  C12-O(C=O)E], 8.09 [ S ,  18, 
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MALIK AND SHARTS 

50-Cholan-3a,7a,12a ,24 - t e t ro l  (2c).- I n  a manner similar t o  t h a t  descr ibed 

f o r  t h e  p repa ra t ion  of La, a s o l u t i o n  of 1.0 g (2.5 mmol) of c h o l i c  a c i d  

in 25 mL of THF was r eac t ed  a t  room temperature  wi th  21 mL (11 mmol) of 

0.5M BH3'THF complex i n  THF. 

p e r a t u r e  f o r  8 h r s  a f t e r  which t h e  r e a c t i o n  was quenched by adding 1 0  mL 

The mixture  was allowed t o  s t i r  a t  room tem- 

of 0.5N H C l .  

d i l u t e d  with 20 mL of water and 50 mL of THF/diethyl e t h e r  (1:l) mixture.  

The organic  l a y e r  was sepa ra t ed  and t h e  aqueous l a y e r  e x t r a c t e d  wi th  two 

30 mL p o r t i o n s  of TW/e the r  (1:l) mixture. 

were then washed with b r i n e  (2  x 125 mL), 1.5N KOH (2  x 125 mL), and b r i n e  

(2  x 125 mL), d r i e d  (MgSOb), f i l t e r e d  and evaporated under reduced 

p r e s s u r e  t o  provide 0.93 g of 2. 
from methanol afforded 0.86 g (89%) of 2 as a white  c r y s t a l l i n e  s o l i d ,  

mp. 228-229.5", l i t . 2  mp. 234.5-235.5'; TLC (80% methanol/CH2C12): 

0.87; I R  (KBr): 

(pyridine-dg):  

J= 6.0 Hz, 2H, C24-&), 3.63 (hump, l H ,  C3-5). 0.89 (s, C1g-9) and 0.73 

( 8 ,  c 1 8 - 9 ) ;  13C NMR (CD30D):  6 74.19 (C12), 72.98 ( C j ) ,  69.23 (C7) and 

63.73 ( C 2 4 ) ;  mass spectrum, m/z: 

3H20), 289 (M?-Hpside cha in ) ,  271 ( + - 2 H p s i d e  chain)  and 253 (+-3f?20- 

s i d e  chain) .  

5!?-Cholan-3a,7a,24-triol (a).- Prepared i n  85% y i e l d  by following t h e  

procedure descr ibed f o r  &. The crude product was r e c r y s t a l l i z e d  from 

e t h y l  a c e t a t e ,  mp. 121-123", lit.6 mp. 123"; TLC (75% CH2C12/methanol): 

RF 0.80; I R  (KBr): 

(pyridine-dg):  

+ C24-3);  13C (pyridine-dg): 

mass spectrum, m/z: 

and 255 (M+-2H2O-side chain) .  

A f t e r  s t i r r i n g  a t  room temperature  f o r  1 h r ,  t h e  mixture  was 

The combined organic  l a y e r s  

R e c r y s t a l l i z a t i o n  of t h e  crude product 

RF 

3300, 2950, 2855, 1090, 1060 and 1020 cm-l; l H  NMR 

6 4.13 (peak, l H ,  c12-E)~ 4.00 (peak, LH, C7-g), 3.75 ( t ,  

376 (+-H20), 358 (!4+-2H20), 340 (+- 

3354, 2937, 2865, 1069 and 1044 cm-l; l H  NMR 

6 4.25 (peak, l H ,  c12-F)~ 3.92 ( b r  m, J = 6.0 Hz, 3H, C3-ll 

6 72.38 (C12), 71.31 ( C 3 )  and 62.84 (C24); 

360 (+-H20), 342 (+-2H20), 273 (+-H20-side chain)  
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