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SUMMARY 

A convenient synthes is  i s  repor ted o f  l i t h o c h o l i c  a c i d  l a b e l l e d  i n  h igh  

i s o t o p i c  p u r i t y  w i t h  two atoms o f  deuterium a t  C-11. Inco rpo ra t i on  o f  deuterium 

i s  achieved by base-catalyzed e q u i l i b r a t i o n  o f  a 12-0x0 b i l e  a c i d  i n  heavy water 

The product i s  converted i n  s i t u  i n t o  i t s  tosylhydrazone d e r i v a t i v e  which i s  r e -  

duced w i t h  sodium borohydride t o  a f f o r d  the l a b e l l e d  12-deoxy b i l e  ac id .  
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INTRODUCTION 

The m a j o r i t y  o f  i n v e s t i g a t i o n s  o f  b i l e  ac id  pool  s i z e  and synthes is  r a t e  

i n  man have been c a r r i e d  o u t  by isotope d i l u t i o n  procedures using t r i t i u m  o r  

14C-label led t race rs  (see 1 ) .  Recently, Hofmann, K l e i n  and co-workers have de- 

monstrated t h a t  b i l e  ac ids l a b e l l e d  s p e c i f i c a l l y  w i t h  s tab le  isotopes a l so  may 

be employed as t race rs  i n  turnover  s tud ies (2,3), thereby extending the  scope o f  

the technique t o  i n v e s t i g a t i o n s  i n  o b s t e t r i c  and p a e d i a t r i c  p a t i e n t s  ( 4 ) .  Both 

13C- and deuter ium- label led b i l e  ac ids have been prepared ( 5 )  and mass spectro- 

m e t r i c  techniques have been developed f o r  t he  measurement o f  s t a b l e  i so tope  

r a t i o s  i n  molecules o f  t h i s  type (6 -9 ) .  

The syn the t i c  requirements f o r  the p repara t i on  o f  t r a c e r  b i l e  ac ids l a b e l l e d  

w i t h  s t a b l e  isotopes are two-fold: ( i )  t h a t  t he  l a b e l ( s )  i s  in t roduced i n  h igh  

i s o t o p i c  p u r i t y ,  and ( i i )  t h a t  t he  heavy atom(s) occupies a non-exchangeable pos i -  

t i o n ,  remote from s i t e s  o f  metabol ic  a t t a c k .  Although these requirements can best  

be met by l a b e l l i n g  w i t h  13C, t h e  r e l a t i v e l y  h igh  cos t  o f  t h i s  isotope has h i t h e r -  

t o  r e s t r i c t e d  i t s  use, p a r t i c u l a r l y  f o r  t he  synthes is  o f  m u l t i p l y - l a b e l l e d  com- 

pounds. Deuterium, on the  other  hand, i s  r e a d i l y  a v a i l a b l e  a t  low cost  and re -  

mains the i so tope  of choice f o r  most app l i ca t i ons .  B i l e  ac ids have been synthesized 

w i t h  deuterium a t  C-2 and C-4 (5), b u t  p a r t i a l  loss o f  l a b e l  from both pos i t i ons  

occurs i n  v ivo,  thus l i m i t i n g  t h e  c l i n i c a l  usefulness o f  these t race rs  (10) .  

Ring C, however, has proved t o  be a more s u i t a b l e  area f o r  l a b e l l i n g  and d i -deutero 

analogues o f  chenodeoxycholic and l i t h o c h o l i c  acids, l a b e l l e d  a t  t h e  12,12- and 

11,12-positions, have been prepared by c a t a l y t i c  deu te ra t i on  procedures ( 3 , l l ) .  

Previous s tud ies i n  our l abo ra to ry  (12) have shown t h a t  i nco rpo ra t i on  o f  two atoms 

o f  deuterium a t  t h e  11 p o s i t i o n  may be c a r r i e d  ou t  convenient ly  by base-catalysed 

exchange o f  a 12-keto s t e r o i d  i n  heavy water (13) t o  g i v e  a product o f  very h igh  

i s o t o p i c  p u r i t y .  The o b j e c t  o f  t he  present i n v e s t i g a t i o n  was t o  determine whether 

t h i s  r e a c t i o n  could a l s o  be employed t o  prepare 1 1 , l l -  H b i l e  acids, and l i t h o -  

c h o l i c  a c i d  was chosen as a model compound f o r  t h i s  study. 
[ 21 
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LX P E R I MENT AL 

GENERAL 

Me l t i ng  p o i n t s  were determined on a Gallenkamp hot-stage apparatus and a re  

corrected.  

I n f r a r e d  spect ra were recorded e i t h e r  on so lu t i ons  i n  carbon t e t r a c h l o r i d e  o r  on 

d iscs o f  potass i  um bromide using a Perkin-Elmer 254 I n f r a r e d  Spectrophotometer. 

Th in - l aye r  chromatography (TLC) was c a r r i e d  ou t  on glass p la tes  ( 5  x 20 cm) pre-  

coated w i t h  0.25 mm l aye rs  o f  s i l i c a  gel 60 F254 (Merck AG, Darmstadt, Germany). 

The mobi le  phase was to luene/d ioxan/g lac ia l  a c e t i c  a c i d  (75:20:2 by v o l . )  and 

spots were v i s u a l i z e d  e i t h e r  by viewing under UV l i g h t  ( A  = 254 nm) o r  by spray- 

i n g  the p l a t e  w i t h  a v a n i l l i n - s u l p h u r i c  a c i d  s o l u t i o n  and subsequent hea t ing  a t  

110' f o r  5 min. 

Gas - l i qu id  chromatography (GLC) was performed w i t h  a Pye Series 104 instrument, 

equipped w i t h  2 m x 3 mm i . d .  g lass columns packed w i t h  1% SE-30 on Gas Chrom Q, 

100-120 mesh. Flame i o n i z a t i o n  detectors  were used w i t h  n i t r o g e n  (30 ml/min) as 

c a r r i e r  gas, and the  column oven temperature was 250'. B i l e  acids were methylated 

w i t h  diazomethane p r i o r  t o  ana lys i s  and f r e e  hydroxyl groups were converted t o  tri- 

m e t h y l s i l y l  (TMS) e the r  de r i va t i ves .  Retent ion t imes ( t R )  were measured r e l a t i v e  

t o  t h a t  o f  5a- ch 01 es t ane . 
Mass spectrometry. Spectra obtained by the  d i r e c t  i n s e r t i o n  technique were obta ined 

using an LKB 2091 instrument. The temperature of the i o n  source was 225O, the 

energy o f  t he  bombarding e lec t rons  was 70 eV and the acce le ra t i ng  vo l tage  was 3.5 kV. 

Gas chromatography-mass spectrometry (GC-MS) was c a r r i e d  ou t  on a mod i f i ed  LKB 

9000 inst rument  (14) ,  equipped w i t h  a 3 m x 3 nun i . d .  glass column packed w i t h  

1.5% SE-30 on Gas Chrom C, 100-120 mesh, w i t h  he l ium (25 ml/min) as c a r r i e r  gas. 

The column was mainta ined a t  230°, w h i l e  t h e  molecular separator  and i o n  source 

temperatures were 255' and 290°, respec t i ve l y .  The acce le ra t i ng  vo l tage was 3.5 

kV, the  i o n i z i n g  energy was 22.5 eV and the t r a p  curi .ent was 60 VA. M u l t i p l e  spect ra 

were recorded on magnetic tape and-processed o f f - l i n e  using an I B M  1800 computer ( 9 ) .  

Reagents. Deoxycholic a c i d  ( p u r i s s )  was purchased from Kebo AB (Stockholm, Sweden). 
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Deuterium oxide (99.8%) was obtained from Norsk Hydro (Oslo,  Norway) and mono- 

deuteromethanol (CH30 H, 3 99%) from Merck AG (Darmstadt, Germany). A l l  o t h e r  

chemicals were used as  purchased and were reagent grade where a v a i l a b l e .  

SYNTHESIS 

2 

Methyl 3a-acetoxy-12-oxo-5B-cholanate ( IV) 

Deoxycholic acid ( I )  was methylated overnight a t  room temperature in  0 .1  N 

methanolic HC1 t o  give ( 1 1 ) ,  which was s e l e c t i v e l y  ace ty la ted  and oxidized by 

published procedures ( 1 5 ) .  The crude product was r e c r y s t a l l i z e d  from ethanol t o  

give IV a s  colourless  needels, m.p. 150-152' ( l i t . ( 1 5 )  151-153'). IR (CC14): 1737 

( s ) ,  1706 ( s ) ,  1243 ( s ) ,  1173 ( w )  and 1030 cm-l ( m ) .  TLC:  one spot  with Rf  = 0.60. 

GLC: s i n g l e  peak with tR = 3.91. MS: ( G C  i n l e t )  - m/e 446 (M'), 386, 371, 354, 231 

(base peak) and 229. 
Methyl 3a-hydroxy-l2-oxo-5B-~ll,11,23,23- 2 H, cholanate  tosylhydrazone ( V )  

1- 2 

T o  a s t i r r e d  mixture of deuterium oxide (15 ml) in  monodeuteromethanol (600 

ml) was added sodium metal (4.17 g; 181 mmole) i n  small pieces. Af te r  the reac t ion  

was complete, methyl 3a-acetoxy-12-oxo-5~-cholanate (IV; 15.0 g; 33.6 mmole) was 

added and the mixture was heated under re f lux  f o r  48 h .  The resu l t ing  s o l u t i o n  

was cooled t o  ice-bath temperature and t r e a t e d ,  dropwise, with acetyl  ch lor ide  

( 1 5  ml) .  The react ion mixture was allowed t o  warm up t o  room temperature, tosyl  

hydrazine (20.2 g ;  100 mmole) was added and the mixture heated under re f lux  f o r  24 h .  

On cool ing,  the  tosylhydrazone ( V )  c r y s t a l l i z e d  from s o l u t i o n  as needles m.p.  258- 

261' ( y i e l d  = 19.6 9 ) .  IR (KBr): 3440 (w), 2558 ( s ) ,  1736 ( s ) ,  1445 (w), 1332 ( m )  

and 1171 cm-I ( w ) .  TLC: one t a i l i n g  spot  with Rf  = 0.24. MS ( d i r e c t  i n l e t ) :  m/e 574- 

576 (M'), 559-561, 543-545, 419-421, 276, 275, 257 and 91 (F ig .  2 ) .  
Methyl 3a-hydroxy-5i3-r1ly1 1,23,23- 2 H,,lcholanate (2H,-methyl 1 i thochola te ;  VI) 

The tosylhydrazone V (3.14 g; 5.34 mmole) was dissolved i n  methanol (300 m l )  

and sodium borohydride (6 .0  g; 160 mmole) was added i n  port ions with ice-bath 

cooling. The r e s u l t i n g  mixture was heated under re f lux  f o r  4 h ,  during which time 

a f u r t h e r  two port ions of sodium borohydride (6 g each)  were added. The reac t ion  

product was cooled, a c i d i f i e d  with conc. HC1 and the solvent  was evaporated i n  vacuo. 
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The res idue was d i l u t e d  w i t h  water (750 m l )  and ex t rac ted  w i t h  e the r  ( 3  x 600 m l ) .  

The combined e the r  e x t r a c t s  were washed w i t h  2 N NaOH ( 2  x 50 m l )  and water ( 5  x 

100 m l ) ,  d r i e d  (MgS04) and evaporated t o  g i v e  1.96 g of an amorphous s o l i d .  Ana- 

l y s i s  by TLC and GC-MS i nd i ca ted  t h a t  t he  major component ( N 7 0 % )  o f  the  r e a c t i o n  

product  was the  l a b e l l e d  methyl l i t h o c h o l a t e  (VI), a pure sample o f  which was ob- 

ta ined  by c r y s t a l l i z a t i o n  from methanol. Th i s  gave f i n e  needles, m.p. 122.5-125' 

( l i t  (16) 125-127.5'). IR (CClq): 3620 (w), 2202 (w), 2120 (w), 1741 ( s )  and 1171 

cm-I (w). TLC: one spot  w i t h  Rf = 0.45. GLC (TMS e the r ) :  s i n g l e  peak a t  tR = 1.99. 

MS (GC i n l e t ) :  - m/e 464-466 (M'), 449-451, 374-376, 359-361, 259, 232 and 217 (base 

peak). 
3a-Hydroxy-5B-r11,11,23,23- 2 H,lcholanic a c i d  (2H,-l i thocholic ac id ;  V I I )  

L 

A sample o f  t he  l a b e l l e d  methyl e s t e r  V I  was sapon i f i ed  under s t rong  a l k a l i n e  

cond i t i ons  by treatment w i t h  a 15% s o l u t i o n  o f  NaOH i n  50% aqueous ethanol a t  

110' f o r  10 h. The i d e n t i t y  o f  the product as the  2 H 4 - l i t h o c h o l i c  a c i d  V I I  was 

confirmed by ana lys i s  by I R ,  TLC and ( f o l l o w i n g  d e r i v a t i z a t i o n )  by GLC and GC-MS. 

Deuterium content  (as determined by GC-MS ana lys i s  o f  the methyl ester-TMS ether  

d e r i v a t i v e )  was found t o  be as fo l l ows :  (atoms% excess) - m/e 372 (M-90) 0.7% 
2 2 2 2 2 4.3% H1, 65.0% H2, 22.5% H3 and 7.5% H4; m/e 257 (M-90-side-chain) 4.6% Ho, 
2 2 3.7% H1 and 91.7% H2. 

RESULTS AND DISCUSSION 

2 
Ho, 

The r e a c t i o n  sequence leading t o  the l a b e l l e d  l i t h o c h o l i c  a c i d  i s  summarized 

i n  F i g .  1. Deoxycholic a c i d  (I) was transformed by publ ished procedures i n t o  t h e  

12-0x0 methyl e s t e r  I V Y  which was subjected t o  base-catalyzed e q u i l i b r a t i o n  w i t h  

deuterium oxide. The r e s u l t i n g  deuter ium- label led b i l e  s a l t  was n o t  i so la ted ,  b u t  

the r e a c t i o n  m ix tu re  was a c i d i f i e d  and t r e a t e d  w i t h  tosy lhydraz ine;  under these 

cond i t i ons  simultaneous re-methy lat ion a t  C-24 and d e r i v a t i z a t i o n  a t  t he  12 pos i -  

t i o n  took p lace t o  y i e l d  t h e  c r y s t a l l i n e  tosylhydrazone V. The mass spectrum o f  

t h i s  compound (F ig .  2)  i nd i ca ted  t h a t  t he  above sequence o f  reac t i ons  had r e s u l t e d  

i n  i nco rpo ra t i on  o f  deuterium n o t  on l y  i n t o  the  s t e r o i d  nucleus b u t  a l s o  i n t o  t h e  

s ide-chain (probably a t  C-23), as evidenced by the  s h i f t  i n  mass o f  fragments r e -  
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Figure 1. Reaction scheme fo r  the synthesis o f  deuterium-labelled lithocholic acid. 
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t a i n i n g  carbons 20-24. Reduct ion  o f  V wi th  a l a r g e  

a f f o r d e d  the  l a b e l l e d  me thy l  l i t h o c h o l a t e  ( V I ) ,  wh 

cor respond ing  l i t h o c h o l i c  a c i d  ( V I I ) .  The i s o t o p i c  - 

Baitlie, M. I~arls and J. Sj8vall 

excess o f  sodium bo rohydr ide  

ch was s a p o n i f i e d  t o  g i v e  t h e  

p u r i t y  o f  t h i s  p roduc t  

was g r e a t e r  t h a n  90% ‘H2, a l t hough  s ide -cha in  l a b e l l i n g  was s t i l l  e v i d e n t  

mass spectrum ( F i g .  3A).  

Deu te r ium- labe l l ed  l i t h o c h o l i c  a c i d  p repared by t h e  above r o u t e  shou 

va luab le  f o r  t h e  f o l l o w i n g  a p p l i c a t i o n s :  ( i )  as an i n t e r n a l  s tandard  f o r  

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

a t  C-11 

f rom i t s  

d p rove  

he quan- 

i s o t o p e  

d i l u t i o n  and s e l e c t e d  i o n  m o n i t o r i n g  GC-MS, ( i i )  as a s t a r t i n g  m a t e r i a l  f o r  t h e  

syn thes i s  o f  5B-reduced pregnane d e r i v a t i v e s  l a b e l l e d  w i t h  deu te r ium a t  C-11 and 

( i i i )  as a t r a c e r  f o r  s t u d i e s  o f  l i t h o c h o l i c  a c i d  metabo l ism i n  humans. 

The l i m i t i n g  f a c t o r  f o r  i t s  use i n  ( i )  i s  t h e  p r o p o r t i o n  o f  u n l a b e l l e d  mole- 

cu les  i n  t h e  deu te ra ted  l i t h o c h o l i c  ac id ;  t h e  f i g u r e  in t h i s  case i s  l e s s  t h a n  1% 

which i s  accep tab le  f o r  most  a p p l i c a t i o n s .  I n  a d d i t i o n ,  t h e  deu te r ium atoms must 

be  s t a b l e  towards back-exchange under t h e  c o n d i t i o n s  of  sample e x t r a c t i o n  and ana- 

l y s i s  - no l o s s  o f  l abe l  f rom C-11 would be expec ted  t o  occu r  i n  a 12-deoxy b i l e  

a c i d .  I t  appears t h a t  f o r c i n g  c o n d i t i o n s  a r e  necessary t o  remove deu te r ium s u b s t i -  

t u e n t s  a t  C-23; d e s p i t e  t h e  s e v e r i t y  o f  t h e  r e a c t i o n  employed t o  sapon i f y  t h e  

methy l  e s t e r  V I ,  l e s s  t h a n  50% o f  t h e  deu te r ium a t  t h i s  p o s i t i o n  was removed by  ex- 

change. S i m i l a r  c o n d i t i o n s  o f  a l k a l i n e  h y d r o l y s i s ,  however, have been found t o  

be more e f f e c t i v e  when used on con juga ted  b i l e  a c i d s  ( 1 7 ) .  

11,12- H Chenodeoxychol i c  and 1 i thocho l  i c a c i d s  have been syn thes i zed  ( 11 ) c ‘ 2 1  
and t h e  b i o l o g i c a l  s t a b i l i t y  o f  t h e  l a b e l l e d  atoms has been v e r i f i e d  i n  s t u d i e s  

w i th  human s u b j e c t s  ( 2 ) .  The metabo l ism o f  3B-hydroxy-5a-pregnan-ZO-one s u l p h a t e  

i n  t h e  r a t  has been i n v e s t i g a t e d  u s i n g  t h e  cor respond ing  [3a,l1,11- H d e r i v a t i v e  

as a t r a c e r ,  when no l o s s  o f  l a b e l  f rom C-11 was observed (18) .  Based on these  f i nd -  

ings ,  i t  would appear t h a t ,  a t  l e a s t  i n  t h e  case of 11- and 12-deoxy s t e r o i d s ,  

r i n g  C i s  t h e  area  o f  cho ice  f o r  t h e  i n t r o d u c t i o n  i n t o  t h e  s t e r o i d  nuc leus  o f  chemi- 

c a l l y  and m e t a b o l i c a l l y  s t a b l e  hydrogen i so topes .  The s y n t h e s i s  r e p o r t e d  i n  t h i s  

’31 

communication n,ay be  extended r e a d i l y  t o  t h e  p r e p a r a t i o n  o f  1 1 , l l  H chenodeoxy- c -2  2 1  
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c h o l i c  ac id  o r  t o  11,11,12,12-tetradeutero analogues by reduc t i on  o f  t he  12- 

tosylhydrazone w i t h  sodium borodeuter ide (19 ) .  Th i s  approach should p rov ide  a use- 

f u l  a l t e r n a t i v e  t o  e x i s t i n g  methods f o r  t he  preparat ion o f  b i l e  ac ids l a b e l l e d  

s p e c i f i c a l l y  and i n  h igh  i s o t o p i c  p u r i t y  w i t h  deuterium. 

Deuterium-label led l i t h o c h o l i c  a c i d  may be degraded by c l a s s i c a l  procedures 

t o  a f f o r d  deuterated analogues o f  5p reduced  pregnane d e r i v a t i v e s  and o f  hormones 

such as progesterone and testosterone ( 2 0 ) .  We a re  c u r r e n t l y  eva lua t i ng  t h i s  approach 

t o  t h e  synthes is  o f  11 11- ti progesterone and some of i t s  metabol i tes f o r  use i n  

s tud ies on the  turnover  o f  these compounds i n  pregnant women (21) .  
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