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ORGANIC PmPARATIONS AND PROCEDURES INT. 11(6), 287-292 (1979) 

SYNTHESIS OF A 3a,l2B-DIMETHOXY-11 -KETO DERIVATIVE OF CHOLIC ACID 

* 
Batman Nassim and Jerry  Ray Dias 

Department o f  Chemistry, Universi ty o f  Missouri 
Kansas City, MO. 64110 

This paper describes the synthesis o f  a cho l i c  ac id  analog (IIIf) 

containing the requis i tes f o r  construction o f  t he  C-ring o f  quassin (I). 

Methyl 3a,7a-diacetoxy-l2-oxo-5~-cholan-24-oate ( I I a )  was brominated a t  

the 11-position by treatment w i th  a stoichiometr ic amount o f  bromine a t  

55' i n  90% y i e l d  i n  2 hrs. Conversion o f  t h i s  bromoketone ( I I b )  t o  the 
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tautomerlzed ketol  I I I a 2  was optimized by using 5% potassium hydroxide i n  

80% aqueous ethanol. Minor by-products accompanying the desired product 
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NASSIM AND DIAS 

were the  untautomerized ke to l  IVa and e l im ina t i on  by-product Va, stronger 

base (20%) treatment i n  methanol2b resu l ted  i n  a complex mix tu re  which 

a f te r  e s t e r i f i c a t i o n  and chromatography gave product Vb as the  major 

component. Separation o f  the products from the  5% base treatment was 

accomplished by f i r s t  methy la t ion  o f  the  ac id  s ide chain, e i t h e r  w i t h  

diazomethane i n  e ther  o r  by ace ty l  c h l o r i d e  and methanol, fo l lowed by 

ace ty la t i on  of t he  mix tu re  w i t h  ace t i c  anhydride i n  py r id ine  and chromato- 

graphy. 

data (see Experimental).  Since the i n i t i a l  k e t o l  IVa i s  a thermodynam- 

i c a l l y  l ess  s tab le  compound than i t s  tautomer I I I a ,2C  the  crude product 

from hydro lys is  was re f l uxed  i n  benzene t o  g i ve  more complete conversion 

t o  the  tautomer I I I a .  

m ix tu re  was performed by the  same method used f o r  c h o l i c  acid,3 bu t  t he  

reac t i on  was less  se lec t ive .  Column chromatography o f  the  product mix tu re  

afforded a moderate y i e l d  o f  methyl 3a,7a-diacetoxy-ll-keto-126-hydroxy- 

56-cholan-24-oate ( I I I b ) ( 4 1 %  from the  bromo analog). 

by t r i a c e t y l a t e d  compound I I I c  (18%) and the  e l im ina t i on  product dienone 

Vb (11%). 

i n g  c lose  Rf values were observed bu t  no t  completely pu r i f i ed .  

I d e n t i f i c a t i o n  o f  the compounds was achieved on basis o f  PMR 

Se lec t ive  ace ty la t i on  o f  t h e  products i n  the  crude 

This was accompanied 

I n  add i t i on  some monoacetoxy and o the r  diacetoxy compounds hav- 

The d e r i v a t i v e  I I I b  was s e l e c t i v e l y  deblocked a t  t he  3-pos i t ion  w i t h  

acetyl  ch lo r i de  i n  methanol4 t o  g i ve  I I I d  i n  q u a n t i t a t i v e  y i e l d .  

ment o f  I I I d  w i t h  diazomethane i n  methylene ch lo r i de  catalyzed by f luo-  

bo r i c  a c i d r 5  i n  small scales up t o  300 mg, fu rn ished the  3a,12~-dimethoxy- 

7a-acetoxy s t e r o i d  I I I e  i n  y i e l d s  b e t t e r  than 90%. However t h i s  reac t i on  

using l a r g e r  amounts (gram quan t i t i es )  o f  t h e  d i o l  was l ess  e f f i c i e n t  be- 

cause o f  polymethylene format ion which re ta rds  and soon completely stops 

the  methy la t ion  o f  t he  alcohol  groups. Upon hydro lys is  fol lowed by es ter -  

i f i c a t i o n  o f  t he  s ide  chain, I I I e  was converted t o  t h e  f i n a l  product IIIf, 

Treat-  
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SYNTHESIS OF A 3,12~-DIMETHOXY-ll-KETO DERIVATIVE OF CHOLIC ACID 

which has a s t e r i c a l l y  i n e r t  keto group a t  the l l -posi t ion,2d and can be 

converted to the 6-lactone analog o f  quassin.6 

EXPERIMENTAL 

A l l  mel t ing points were determined w i th  a Fisher-Johns a paratus and 
are corrected, I R  data reported i n  inverse centimeters (cm-'! were ob ta iw  
ed as a s o l i d  f i l m  on a s a l t  plate; PMR data, reported i n  ppm ( 6 )  from 
WesSi, were obtained i n  CDC13 on a Varian A-60 o r  T-60 o r  a Hi tachi  Perkirk 
Elmer model R-241 instrument; and mass spectra were obtained a t  an ioniza- 
t i o n  voltage o f  7OeV w i th  a Nuclide 12-90-6 s ing le  focusing instrument 
having a resolut ion capab i l i t y  o f  10,000, Column chromatography was per- 
formed using s i l i c a  gel (MCB Grade 62) and TLC was performed on s i l i c a  gel 
HF254 (E. Merck), the l a t t e r  were usual ly  developed w i th  1:1, 2:l o r  4:l 
hexane-ethyl acetate. V isual izat ion o f  the TLC was ef fected by spraying 
w i t h  2% ce r i c  su l fa te  i n  2N s u l f u r i c  ac id  followed by b r i e f  heating. A l l  
reactions were monitored by TLC. 

Methyl 3a,7a, 128-Triacet~-ll-oxo-58-cholan-24-oate ( IIIc), M e t h l  3aJ 7aJ 

lla-Triaceto~-l2-oxo-5B-chokzn-24-oate (IVb) and Methyl 3a-Acstm-7,9 

~llMisn-12-0xo-S~-cholan-24-o(zte (Vb1.- To a re f l ux ing  so lut ion of the 

bromo compound I I b  (!5g) i n  95% EtOH (160 mL), a so lut ion o f  KOH (1%) i n  

H20 (40 mL) was slowly added. The so lut ion was s t i r r e d  for  1.5 hrs  whi le  

maintaining the  temp between 45-50'. The react ion f lask was then placed 

on an i c e  bath and a 10% solut ion o f  HC1 was added t o  the  mixture u n t i l  i t  

was acidic.  The resu l t i ng  so lut ion was d i l u t e d  w i th  i c e  water and extract- 

ed w i th  ethy l  acetate which was passed through a layer  of Na2SOI, and evap- 

orated t o  dryness. The crude product obtained was dissolved i n  EtOH (60 

mL), cooled i n  an i c e  bath, and t reated w i th  an ethereal so lu t ion o f  d i a z e  

methane w i th  s t i r r i n g .  The excess diazomethane was destroyed w i th  5 drops 

of HOAc and the so lut ion was evaporated t o  dryness under vacuum. This 

product was treated w i t h  AcpO (10 mL) i n  pyr id ine (30 mL) a t  50'C f o r  12 

hrs, poured i n t o  i c e  water (300 mL) containing concd HC1 (10 ml) which was 

extracted w i th  EtOAc. The ethy l  acetate layer  was percolated through 

anhyd Na2S01, and evaporated t o  a f fo rd  crude product (4.49) showing 3 major 

spots on TLC, two of which had very close Rf values. The mixture was 

column chromatographed through s i l i c a  ge l  e l u t i n g  w i th  hexane-ethyl acetate 
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NASSIM AND DIM 

(g rad ien t )  t o  g i ve  Vb (0.339, 9% from I I b )  as the  f i r s t  f rac t i on ,  mp. 153- 

155' (e ther )  (lit3 152-153'). 

~max1720 (OAC & COOCH3), 1245 (OAC & COOCH3), 1660 (C=C-C=O), 1570 and 
1620 (C=C); PMR 6 5.80 (s, l p ,  11-H), 5.73 (peak, l p ,  7-H), 4.72 (hump, 
l p ,  36-H), 3.70 (S, 3p, COOCH ), 1.99 S ,  3p, OAC), 1.16 (S 3p, C-19), 
0.87 (s, 3p, C-18); m/e (%)  412 t) ,  382 (30,[M-HOAq!), 185 (100). 

The o ther  two components were e lu ted  as a mix tu re  which was deposited 

on 0.75 mn t h i c k  s i l i c a  gel  coated TLC p la tes  and developed tw ice  i n  2 : l  

hexane-ethyl acetate t o  a f f o r d  the  tautomerized product I I I c  (2.869, 59% 

from I I b )  as the  less p o l a r  f r a c t i o n  mp. 159-161' (e thy l  acetate-hexane). 

~max1740 ( m u l t i p l e t  C=O, OAc and COOCHQ), 1250 (OAc & COOCH3); PMR 6 5.02 
(peak, lp ,  7B-H), 4.98 ( s ,  l p ,  12a-H), 4.59 (hump, l p ,  ~ B - H ) ,  3.7 ( s ,  3p, 
COOCH3), 2.19, 2.12 and 2.01 ( s ,  3p ea, 12-OAc, 7-OAc and 3-OAc , 1.17 ( s ,  
3p, C-19 , 0.70 (s, 3p, C-18); m/e (%) 562 (~o,[M)+), 502 (15,&-HOA6Jt), 
442 ( 75, kM-2HOAd +) , 382 ( 100 , [M-3HOAd t) . 
- Anal. Calcd fo r  C31H4609: C, 66.17; H, 8.24. Found: C, 66.48; H, 8.40. 

The more po la r  component was IVb (1.049, 21%) mp. 175-177' (e thy l  

acetate-hexane) . 
v ax1740 ( m u l t i p l e t  C=O, OAc & COOCH ) 1255 (OAc & COOCH3); PMR 6 5.52 
(!, l p ,  116-H), 5.01 (peak, l p ,  ~ B - H ? ,  4.60 (hump, l p ,  313-H)~ 3.68 ( s ,  3p, 

), 2.14 and 2.06 (s, 3p and 6p, respec t ive ly ,  11-OAc, 7-OAc and 
3p, C-19), 1.13 (s, 3p, C-18); m/e (%) 562 (4,mJ+), 502 

442 (51 ,[M-~HOAC]?), 382 (93, [j.r-3HOAc]+), 267 (100). 

- Anal.' Calcd f o r  C31H4609: C, 66.17; H, 8.24. Found: C, 66.32, H, 8.45. 

Methyl 3a, 7a-ZXacetoq.j-12~-hydxy-1l-om-5~-cholan-24-oate ( I  I I b) .- The 

11-bromo e s t e r  I 1  (129) was t rea ted  w i t h  KOH and then diazomethane as 

described i n  previous experiment. 

fo r  3 hrs i n  benzene (65 ml) using a Dean-Stark t r a p  (15 mL). The d r i e d  

s o l u t i o n  was d i l u t e d  w i t h  py r id ine  (13 mL) and t rea ted  w i t h  Ac20 (13 mL) 

and s t i r r e d  a t  rt f o r  18 hrs .  

ml) conta in ing  concd HC1 (6 ml) and ex t rac ted  w i t h  CHC13 t o  g i ve  a crude 

product (11.89) showing 1 major spot and several minor spots on TLC w i t h  

c lose  Rf values. Column chromatography through s i l i c a  gel e l u t i n g  w i t h  

hexane-ethyl acetate (g rad ien t )  gave the  desired product IIIb (4.49) mp. 

The crude es te r  product was re f l uxed  

The product was poured i n t o  i c e  water (250 
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SYNTHESIS OF A 3a,l2B-DIMETHOXY-ll-KETO DERIVATIVE OF CHOLIC ACID 

155-157' (e thy l  acetate-hexane). 

v 3460 (OH s t r ) ,  1740 (C=O), 1730 ( m u l t i p l e t  OAc & COOCH ), 1245 (OAc & 
C@EH ); PMR 6 4.98 (peak, l p ,  ~ B - H ) ,  4.52 (hump, lp ,  38-H7, 3.90 ( s ,  l p ,  

382 f l 0 ,  $-2HOAc-H2O]t), 43 (100). 

- Anal. Calcd f o r  C29H4408: C, 66.90; H, 8.52. Found: C, 66.40; H, 8.62. 

12u-H7, 3.68 (s, 3p, COOCH3), 2.13 7-OAc and 3-OAc), 

b-H I?) 460 (8,[M-HOAcI+), 442 (6, 400 (11 ,[M-~HOACJ?), 
( 3 , M t ) ,  502 (1, 1.17 (s ,  3p, C-19), 0.54 (5, 3p, C-18 

I n  add i t i on  t o  the  above product a less po la r  f r a c t i o n  being the el im- 

i n a t i o n  product Vb ( l g ,  11%) and a more po la r  f r a c t i o n  which proved t o  be 

the  t r i a c e t a t e  analog I I I c  (2.089, 18%) were i s o l a t e d  i n  pure form. 

components were n o t  i d e n t i f i e d  bu t  seemed t o  be o ther  acetate analogs. 

Combination o f  these f rac t i ons  added t o  the  t r i ace toxy  product were hydro- 

l i z e d  and recycled t o  a f f o r d  more o f  the desired product. 

MethyZ 3u, 1 2 ~ - U i h y d r o ~ - 7 u - a c e t o ~ - ~ ~ - o ~ - 5 ~ - c h o l a n - 2 ~ - a r t e  ( I 1  I d )  .- A 

so lu t i on  o f  the diacetoxy es te r  I I I b  (3.729) i n  anhyd MeOH (37 mL) was 

t rea ted  w i t h  ace ty l  ch lo r i de  ( 2  mL). A f t e r  s t i r r i n g  t h i s  s o l u t i o n  f o r  1 

h r  a t  rt, TLC showed complete conversion o f  the  s t a r t i n g  mater ia l  t o  the 

more po la r  dihydroxy product I I I d .  The s o l u t i o n  was t rea ted  w i t h  py r id ine  

( 2  mL) t o  destroy the excess AcCl and then evaporated t o  an o i l y  residue. 

This residue was d i l u t e d  w i t h  EtOAc and washed w i t h  H20. The s o l u t i o n  was 

d r i e d  by MgS04 and the  so lvent  was removed by a r o t a r y  evaporator and the 

residue vacuum d r ied  t o  g i ve  a chromatographical ly pure product(3.4g,100%). 

wmax3460 (OH s t r ) ,  1730 ( m u l t i p l e t  C=O, OAc & COOCH3), 1250 (OAc & COOCH3); 
PMR 6 4.92 (peak, lp, 7B-H), 3.86 (s ,  l p ,  12a-H), 3.55 (hump, lp,  ~ B - H ) ,  

C-18); m/e (%) 478 (5,rMJ?), 460 (3.fM-H@ ?), 4.8 (8,[M-HOAcJ?), 442 (2, 

Methy2 30,12B-Dimetho~-7a-aoeto~-11-o~-5B-oho2rm-24-oate ( I I I e )  .- To a 

so lu t i on  o f  I I I d  (0.39) i n  methylene ch lo r i de  (15 ti), catalyzed by HBFq 

stock s o l u t i o n  (0.1 ml), a methylene ch lo r i de  so lu t i on  o f  diazomethane was 

added un t i l  the  reac t i on  was completed (by TLC) . Then the s o l u t i o n  was 

t rea ted  with a small amount of powder NaHC03 (0.059) t o  neu t ra l i ze  the 

Other 

3.63 ( S ,  3p, COOCH3), 2.1 (s ,  3p, OA ), 1.16 (s, 3p, C-19). 0.51 (s ,  3p, 

[M-2H$]?), 382 (8, ~-HOAC-~H@] t) 41 (100 3 . 
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N I S S I M  AND DIAS 

c a t a l y s t  and subsequently f i l t e r e d  and evaporated t o  a small  volume ( 2  mL). 

Prepara t ive  TLC gave I I I e  (0.2859, 90%). 

vmax1735 ( m u l t i p l e t  C=O, OAc, COOCH3), 1250 ( m u l t i p l e t  COCH3, OAc, COOCH3); 
PMR 6 4.92 (peak, l p ,  ~B-H), 3.64 (s,  3p, COOCH3), 3.44 (s ,  3p, 12a-H), 
3.33 (s, 6p, h-OCH3 and l2B-OCH3), 3.30 (hump, l p ,  ~ B - H ) ,  2.08 s, 3p, 

474 
(2, $-CH30fl?) , 446 (3, [M-HOAc)?) , 41 4 (8, F -HOAC-CH~OH]  +) , 382 (8, [M-HOAC- 
2CH30H]t) , 55 (100) . 
Methy2 3u, Z28-Dimetho~-7a-hy~o~-ZZ-oxo-5~-choZun-24-oate  ( I  I I f )  .- A 

s o l u t i o n  of I I I e  (1.8Og), KOH ( l o g )  i n  k O H  (200 mL) was re f l uxed  f o r  14 

hrs .  

evaporation, then the s o l u t i o n  was neu t ra l i zed  by dropwise add i t i on  o f  a 

10% HC1 (65 mL) wh i l e  s t i r r i n g  and c h i l l i n g  on an i c e  bath. 

mix tu re  was ex t rac ted  w i t h  EtOAc and evaporated t o  dryness. 

was subsequently d isso lved i n  @OH (16.5 mL) t o  which ace ty l  c h l o r i d e  (0.8 

mL) was added. 

3 hrs (by TLC) a t  which t i m e  the s o l u t i o n  was quenched by py r id ine  (0.8 

mL) .  MeOH was evaporated and the residue was d i l u t e d  w i t h  H20 (20 m L )  and 

ex t rac ted  w i t h  EtOAc. 

TLC gave IIIf (1.5909, 92%), mp. 133-135' ( e t h y l  acetate-hexane). 

vmax3475 (OH s t r ) ,  1740 (C=O), 1720 (COOCH3), 1250 (COCH3 and COOCH3); PMR 
6 3.94 (peak, l p ,  ~ B - H ) ,  3.66 (s ,  3p, COOCH3), 3.45 (s ,  l p ,  12a-H), 3.33 
(s, 6p, 3u-OCH3 and 12B-OCH3), 3.30 (hump, l p ,  3B-H), 1.14 (s ,  3p, C-19), 
0.60 (s, 3p, C-18 . m / e  (%) 464 (6,[MJ?), 446 (2,[M-H20)?), 432 (4,CM- 
CH30H]+), 414 (3,b-CH30H-H2O]f), 382 (4,[M-2CH30H-H2qf), 117 (100). 

- Anal. Calcd f o r  C27Hn406: C, 69.79; H, 9.55. Found: C, 69.69; H, 9.67. 

1. S .  M. Kupchan, R. W .  B r i t t o n ,  J .  A. Lacadie, M. F. Z ieg le r  and C .  W .  
S iegel ,  J .  Grg. Chem., 40, 648 (1975). 

2. a )  E. J .  Becker, R. M. Palmene, A. I .  Cohen and D. A. Oiassi,  i b i d . ,  
- 30, 2169 (1965); b )  C. Djerassi ,  H. Mart inez and G .  Rosenkranz, ibid. ,  
-3 26 303 (1951); c )  E.  Borgstrom and T .  F. Gallagher, J .  Bio2.  &ern. 
164, 79 (1946); d) B.  B.  Longwell and 0. Wintersteiner,  J .  h e r .  &em. 
Soc., 62, 200 (1940). 

3. L. F. E e s e r ,  S. Rajagopalan, E .  Wilson and M. T i sh le r ,  ibid., 73-, 4133 
(1951). 

4. J .  R. Dias and R .  Ramachandra, Synthet ic  C o r n . ,  5 293 (1977). 
5. M. Neeman and W. S. Johnson, Grg. Syntheses, Col l .  Vol. 2, 245 (1973). 
6. J. R. Oias and R. Ramachandra, J .  Org. &em., 2, 1613 and 3584 (1977). 

OAc) 1.17 (s ,  3p, C-19), 0.60 (s, 3p, C-18); m/e (%)  506 ( 7 , [ ~ n ,  1 

The so l ven t  was evaporated t o  a small  volume (30 mL) by r o t a r y  

The r e s u l t i n g  

This product 

E s t e r i f i c a t i o n  o f  the  s ide  chain a c i d  was completed a f t e r  

Evaporation o f  the so l ven t  fo l lowed by prepara t ive  
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