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75Se-LABELLED BILE ACID ANALOGUES 

R. Monks and I .L.  Thomas 

Amersham International plc, Amersham, Buckinghamshire, England 

SUMMARY 

The synthesis of several 75Se-labelled bile acid analogues' is described 

in which selenium-75 replaces a carbon methylene group at different positions 

in the C-17 side-chain. Procedures for the synthesis of necessary non- 

radioactive intermediates are included. Some results for the organ 

distribution of the compounds in rats are given. 

homocholic acid and its glycine and taurine conjugates show particularly good 

properties for the study of the enterohepatic circulation of bile acids. 

23-[75Se] selena-25- 

Key words: Selenium-75, Bile acids, 

Tauro-2 3- [ 75 Se I selena- 25-homocholic acid, Se HCAT . 

INTRODUCTION AND DISCUSSION 

The observation that "Se radioactivity accumulated in the gut following 

the administration of 19-methyl- [ 75Se] selenocholesterol to humans led to 

the idea that a 75Se-labelled bile acid analogue might be useful for 

studying the enterohepatic circulation. 

and 3H and their taurine conjugates have been used to study Qile acid 

malabsorption in the investigation of small bowel disease (1 ,2 ,3 ) .  A bile 

acid analogue showing similar physiological properties, but labelled with a 

gamma-emitting isotope, would obviate the need to collect and process faeces 
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and thereby f a c i l i t a t e  such i n v e s t i g a t i o n s  by al lowing e x t e r n a l  body 

measurement ( 4 , 5 1 .  

a c i d  analogues i n  t h e  search f o r  a s u i t a b l e  l a b e l l e d  compound. 

This paper d e s c r i b e s  t h e  s y n t h e s i s  of 75Se-labelled b i l e  

Selenium-75 (t, 1 2 0  days: p r i n c i p a l  gamma e n e r g i e s ,  1 2 1 ,  136, 265, 
2 '  

280 and 401 keV) w a s  incorpora ted  i n t o  t h e  C-17 s ide-chain of a number of b i l e  

a c i d  analogues, with selenium r e p l a c i n g  one of t h e  methylene groups a t  var ious  

p o s i t i o n s  along t h e  side-chain. Glycine and t a u r i n e  conjugates  of some of 

t h e  ac ids  were also synthes ized  Figure 1 ) .  Table 1 l ists  t h e  compounds 

synthesized.  Compounds I, I1 and I11 w e r e  very probably mixtures  of t h e  20R 

and 2 0 s  isomers. 

Figure 1 - General formula f o r  b i l e  a c i d  analogues 

R, : 

R2:  

R3:  

The 

H 

H o r  on 

H o r  OH 

OH, NHCH2COOH, o r  NHCH2CH2S03H 

n,: 0 ,  1 ,  2 o r  3 

n2: 1 o r  2 

general  s y n t h e t i c  route c o n s i s t e d  e s s e n t i a l l y  of t w o  success ive  

nuc leophi l ic  displacement r e a c t i o n s .  In Scheme 1 a selenocyanatocarboxyl ic  

a c i d ,  prepared by t h e  r e a c t i o n  of potassium selenocyanate  with e i t h e r  

bromoacetate or 8-propiolactone (6), w a s  reduced t o  t h e  s e l e n o l  and reac ted  

with a s t e r o i d a l  moiety c a r r y i n g  a te rmina l  halogen atom i n  the  C-17 s ide-  

chain.  In Scheme 2 a s t e r o i d a l  h a l i d e  and disodium d i s e l e n i d e  were used t o  
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Table 1 75Se-labelled Bile Acid Analogues 

- 
I 

I1 

I11 

IV 

V 

VI 

VII 

VIII 

SX 

X 

XI 

Compound 

(carboxymethyl- [75Sel seleno) 

-58-preqnane 

3a,7a,12a-Trihydroxy-22- 

(carboxymethyl- ["Sel seleno) 

-23.24-dinor-5E-cholane 

3a, 12a-Dihydroxy-22- 

(carboxymethyl- C7'Sel seleno) 

-23,24-dinor-58-cholane 

3a, 7a-Rihydroxy-23- 

( B-carboxyethyl- f7'Se1 seleno) 

-24-nor-5B-cholane 

3a,7a,12a-Trihydroxy-23- 

( B-carboxyethyl- f7'SeI seleno) 

-24-nor-58-cholane 

3a-Hydroxy-2 4-( carboxynethyl- 

[75Sel seleno)-SB-cholane 

Nomenclature " a a t  

22- [75Sel Selenacholic acid 

Glyco-22- [75Sel selenacholic acid 

Tauro-22- t7'Se] selenacholic acid 

23- [75Sel Selena-25-homocholic acid 

Glyco-23- [ "Se] selena-25-homocholic 

acid 

75  Tauro-23-[ $el selena-25-homocholic 

acid ( SeHCAT 1 

23- [ 75Se] Selena-25-homodaoxycholic 

acid 

Tauro-23- [75Sel selena-25- 

homodeoxyc hol ic acid 
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prepare  a d i s t e r o i d a l  d i s e l e n i d e ,  which w a s  subsequent ly  reduced and reac ted  

with bromoacetate. The primary nuc leophi les ,  potassium selenocyanate  and 

disodium dise len ide ,  w e r e  r e s p e c t i v e l y  prepared by d i s s o l v i n g  red selenium 

i n  e thanol ic  potassium cyanide and by t h e  r e a c t i o n  of  red selenium with sodium 

borohydride in e thanol  ( 7 ) .  Intermediate  organo selenocyanates  and 

d i s e l e n i d e s  w e r e  reduced t o  t h e  s e l e n o l  with sodium borohydride (8). 

The s t e r o i d a l  precursors  having a terminal halogen atom in t h e  C-17 s ide-  

cha in  were prepared from b i l e  a c i d s  i n  which t h e  C-17 side-chain had been 

shortened .or lengthened r e s p e c t i v e l y  by Barbier-Wieland degradat ion ( 9 )  or t h e  

Arndt-Ets ter t  r e a c t i o n  ( 1 0 ) .  A p a r t i c u l a r l y  e f f e c t i v e  way of p r e p a r i n g  23,24- 

dinor-55-cholanoic a c i d s  was by t h e  o x i d a t i v e  decarboxylat ion of a cholanoic  

a c i d  t o  a 24-nor-55-chol-22-ene (11 )  followed by per ioda te /  permanganate 

oxida t ion  of  t h e  24-nor-55-chol-22-ene ( 1 2 ) .  Replacement of t h e  te rmina l  

carboxyl group i n  modified b i l e  a c i d s  by e i t h e r  bromine or iod ine  w a s  e f f e c t e d  

r e s p e c t i v e l y  by t h e  Hunsdiecker ( 1 3 )  and t h e  Barton ( 1 4 )  reac t ion .  These 

r e a c t i o n s  requi red  t h e  use of b i l e  a c i d s  i n  which t h e  hydroxyl groups w e r e  

s u i t a b l y  pro tec ted  with e i t h e r  formyl, a c e t y l  or n i t r o  groups. 

The b i l e  a c i d  analogues l a b e l l e d  with 75Se in t h e  C-17 side-chain were 

subsequently conjugated with e i t h e r  g lyc ine  or t a u r i n e  by t h e  mixed a c i d  

anhydride method (15)  or by t h e  method of Tserng e t  al us ing  N-ethoxycarbonyl- 

2-ethoxy-l,2-dihydroquinoline (EEDQ) as t h e  condensing agent  (16) .  

Each 75Se-labelled b i l e  a c i d  analogue w a s  adminis tered o r a l l y  to  ra ts  

and t h e  organ d i s t r i b u t i o n  of t h e  r a d i o a c t i v i t y  determined 18 t o  20 hours 

l a te r  ( 4 ) .  I t  has  been es t imated  t h a t  t h e  b i l e  a c i d s  in a r a t  c i r c u l a t e  i n  

t h e  en terohepat ic  system 1 0  t o  12 t i m e s  i n  24 hours. Table 2 shows t h e  

percentage of r a d i o a c t i v i t y  d i s t r i b u t e d  i n  d i f f e r e n t  body compartments. It 

i s  noteworthy t h a t  t h e  23-selena b i l e  a c i d s ,  compounds IV,  V and V I ,  a r e  

charac te r ized  by a high r e t e n t i o n  i n  t h e  en terohepat ic  c i r c u l a t i o n  combined 

with a low concent ra t ion  in o ther  t i s s u e s .  The 24-selena b i l e  a c i d s ,  

compounds I X  and X, which exhib i ted  a high l i v e r / s m a l l  i n t e s t i n e  concent ra t ion  
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KSeCN + 

KSeCN + 

BrCH2COONa NCSeCH2COONa 

NCSe ( CH2 ) .COONa ( i, NaBH4 R(CH2)nSe(CHZ)nCOONa - 
( i i f  R(CHZ),X 

Scheme 2 

NaZSeZ + R(CHZ),X __f [R(CH21nSe12 

[R(CH2),Se1 (i) NaBH4 R(CH2InSe(CHZ),.,COONa 
_1 
(ii) X(CH2)nCOONa 

R = s t e r o i d a l  moiety X = halogen 

r a t i o  a l s o  showed a high concent ra t ion  i n  o t h e r  t i s s u e s .  The 22-selena b i l e  

a c i d s ,  compounds I, If and 111, w h i l s t  e x h i b i t i n g  a very low concent ra t ion  

i n  both l i v e r  and o t h e r  t i s s u e s ,  were however excre ted  t o  a g r e a t e r  e x t e n t  

than t h e  23-selena b i l e  ac ids .  
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Compound 

admin i s t e red  

TABLE 2 .  Percentage D i s t r i b u t i o n  of 75Se R a d i o a c t i v i t y  i n  Rats 16 t o  

2 0  hours a f t e r  Ora l  Admin i s t r a t ion  of 75Se-label led B i l e  

Acid Analoguesa 

Other 

t i s s u e s  Excretedb 

I 86.6 0.41 10.4 

11 92.5 0.37 5.81 

I11 

IV 

V 

VI 

VI I 

X 

67.6 0.09 31.7 

35.0 1.70 61.9 

35.0 1.44 62.8 

28.3 2.25 68.5 

48.3 2.12 45.6 

I 77.2 1 5.08 I 5.74 

IX 59.9 6.10 14.3 

0.70 

0.53 

XI 

0.67 

77.3 2.56 11.9 

1.50 

0.79 

1.19 

4.27 

19.3 

12.2 

8.72 

a W o  rats were employed f o r  each compound and t h e  da t a  averaged.  

Sum of  mean c o n c e n t r a t i o n s  i n  caecum, colon,  rectum, f a e c e s  and u r i n e .  

S u m  of mean c o n c e n t r a t i o n s  i n  lung,  s p l e e n ,  stomach, kidneys,  blood,  

muscle,  bladder  and c a r c a s s .  
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Materials and Methods - Cholic and deoxycholic a c i d s  were obtained from 

BDH Chemical Co.,  l i t h o c h o l i c  a c i d ,  t a u r i n e  and g lyc ine  e t h y l  ester 

hydrochlor ide from Aldrich Chemical Co., nordeoxycholic a c i d  d i a c e t a t e  f r m  

S t e r a l o i d s  Inc., and 3a,7o-dihydroxy-23-bromo-24-nor-56-cholane-3,?-dinitrate 

from Amersham I n t e r n a t i o n a l  p lc .  Diazanethane w a s  generated from N-methyl-N- 

nitroso-p-toluenesulphonamide ( D i a z a l d ( R ) ,  Aldrich Chemical Co. 1 us ing  an 

Aldrich Diazald k i t .  Analy t ica l  TLC w a s  c a r r i e d  out  on 0.25 mm Merck 

Kiese lge l  6 0  F254: 1 mm Anachem s i l ica  g e l  was used f o r  p r e p a r a t i v e  TLC. 

P l a t e s  w e r e  v i s u a l i z e d  by autoradiography (Kodak 'Kodirex' f i l m )  and by 

exposure t o  iod ine  vapour, and were scanned by an Amersham 100-channel 

ana lyser .  Infra-red (IR) s p e c t r a  were recorded on a Perkin-Elmer 457 

spectrometer .  'H NMR s p e c t r a  were determined only on non-radioact ive 

compounds using a Perkin-Elmer R34 220 MHz instrument. Non-radioactive seleno 

b i l e  a c i d s  were used f o r  i d e n t i f i c a t i o n  and comparative purposes. Procedures 

f o r  t h e  s y n t h e s i s  of t h e s e  have not  been descr ibed  a s  they followed c l o s e l y  

t h e  procedures f o r  t h e  corresponding r a d i o a c t i v e  compounds. 

(i) Red [75Selselenium - Red [75SeIselenilnn w a s  p r e c i p i t a t e d  by 

bubbling sulphur dioxide through a s o l u t i o n  of  sodium s e l e n i t e  (15.9 m g )  in 

water (2 m l )  and conc. HC1 (4 m l )  conta in ing  sodium C7'Se] selenite (11.7 

m C i ,  1.2 m g  selenium).  The p r e c i p i t a t e  w a s  cen t r i fuged  o f f ,  washed thoroughly 

with de-ionised water ,  and d r i e d  over phosphorus pentoxide under vacuum. 

(ii) Cholic  a c i d  t r i f o r m a t e  - Cholic  a c i d  ( 5 0  g )  w a s  t r e a t e d  with 100% 

formic a c i d  (240 ml) and t h e  whole w a s  s t i r r e d  a t  7O-8O0C for 6 hours. The 

s o l u t i o n  w a s  cooled and most of  t h e  s o l v e n t  w a s  evaporated. The res idue  w a s  

t r i t u r a t e d  with e t h e r  (500 m l )  g iv ing  a white s o l i d  which w a s  f i l t e r e d  and 

d r i e d  ( 4 3  9).  The crude product  could be f u r t h e r  p u r i f i e d  by success ive  

r e c r y s t a l l i z a t i o n  from 60% aqueous e thanol  and 1:l 6O-8O0C p e t r o l ,  acetone. 

N.p of p u r i f i e d  m a t e r i a l  204-208'C. 
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( i i i l  3a,7a, 12a-Triformoxy-24-nor-56-chol-22-ene - Cupric acetate 

d ihydra te  ( 1 . 0  g) and p y r i d i n e  ( 0 . 7  ml) were added t o  benzene (170 ml) and 

t h e  suspension was d r i e d  by azeot ropic  d i s t i l l a t i o n  using a Dean and Stark  

apparatus .  After cool ing  somewhat, d ry  l e a d  t e t r a a c e t a t e  (20 g) and c h o l i c  

a c i d  t r i formate  ( 10.5 g) were added and t h e  r e a c t i o n  mixture was s t i r r e d  and 

heated under t e f l w  i n  an atmosphere of  dry  n i t rogen  for 14 hours. It w a s  

allowed t o  coal and was f i l t e r e d .  The f i l t r a t e  was washed success ive ly  with 

water, 1M sodium hydroxide s o l u t i o n  and f i n a l l y  with water, and w a s  d r i e d  over 

anhydrous sodium sulphate .  Evaporation of  t h e  so lvent  and c r y s t a l l i z a t i o n  

o f  t h e  r e s i d u e  from e t h a n o l  gave 3a,7a,12a-triformoxy-24-nor-58-chol-22-ene 

. .  

(4.0 g) m.p 188-190°. IR (KBr) V max: 30 

1468, 1449, 1380, 1180 cm". PMR (CDC13) :  

s i n g l e t s ,  3-, 7- and 12- formate pro tons) ;  

( 1H,s,Cl2-proton); 7 4.97 ( 1H,s,C7-proton 

( c i s ) ) ;  7 5.18 (1H,s,C23-proton ( t r a n s ) ;  

7, 2960, 2865, 1725, 1714, 1637, 

5 1.83, 1.91, 1.98 ( 3 H ,  t h r e e  

7 4.4 (1H,m,C22-proton); 7 4.77 

; 7 5.16 ( 1H,d,C23-proton 

5 5.30 (1H,m,C3-proton) ; 

5 9.07 (6H,s + d, Clg-protons + C21-protons); T 9.24 (3H,s,C18-protons); 

5 7.75 - 9.1 (22H, s t e r o i d  nuc leus) .  

( i v )  3a,7a,12a-Triformoxy-23,24-dinor-5B-cholan-22-oic a c i d  - 3a,7a,12a- 

Triformoxy-24-nor-5B-chol-2Z-ene (2 .4  g) w a s  d i sso lved  i n  2-methylpropan-2-01 

(800 ml) and potassium carbonate  (1.41 g )  i n  water (800 m l )  w a s  added. Sodium 

p e r i o d a t e  (20.86 g) and potassium permanganate (0.395 g) were d isso lved  i n  

water ( 1  l i t r e )  and an a l i q u o t  (435 ml) w a s  added t o  t h e  s o l u t i o n  of t h e  

o l e f i n .  The s o l u t i o n  w a s  s t i r r e d  a t  ambient temperature  for 24 hours. 

S u f f i c i e n t  40% sodium hydrogen s u l p h i t e  s o l u t i o n  was added t o  d ischarge  the  

permanganate c o l o r a t i o n  and 5% sodium carbonate  s o l u t i o n  w a s  added t o  pH 8.  

The s o l u t i o n  was concentrated under reduced p r e s s u r e  t o  ca. 250 m l ,  e x t r a c t e d  

with chloroform ( 2  x 100 m l ) ,  t r e a t e d  with f u r t h e r  40% s o d i m  hydrogen 

s u l p h l t e  and a c i d i f i e d  with conc. HC1. The mixture  was e x t r a c t e d  with 

chloroform (4  x 100 ml), and t h e  combined e x t r a c t s  were washed success ive ly  

with 5% sodium th iosu lpha te  s o l u t i o n  and water, and then d r i e d .  The so lvent  
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was evaporated and 100% formic acid (30 ml) was added to the residue. The 

solution was stirred and heated at 70-80'' for 6 hours, allowed to cool, 

poured into water and the precipitate was extracted into chloroform (3 x 50 

m l ) .  The combined organic extracts were washed with water, dried and solvent 

evaporated. The residue was recrystallized from ethanol to give 3a,7a, 12a- 

trifonnoxy-23,24-dinor-5~-cholan-22-oic acid (0.8 g) m.p 165-170°. I R  (KBr) 

Y max: 3410, 2965, 2940, 2870,1722, 1450, 1385, 1178, 890 cm-l. PMR 

(CDcl3i: T 1.83, 1.91 and 1.98 (3H, 3 singlets, 3-, 7- and 12-formate 

protons); T 4.78 (1H,s,C12-proton); f 4.93 (lH,s,C7-proton); t 5.30 

(1H,m,C3-proton); T 6.29 (2H,q,C% of ethanol of crystallization); 

T 7.64 (1H,q,C20-proton); t 8.77 (3Hlt,C% of ethanol of crystallization); 

- 

t 8 . 8 8  (3H,d,C21-protons); T9-05 (3H,~,C~~-protons); T 9-22 (3H,s,C18 

-protons) ; T 7.75 -9.05 (19H, steroid nucleus) . 
(v) 30,7a,12o-Triformoxy-2OE;-iodo-50-pregnane - 3a,7a,12a-Trifonnoxy-23, 

24-dinor-5B-cholan-22-oic acid (0.2 g) in dry carbon tetrachloride (20 m l )  was 

treated with dry, powdered lead tetraacetate (0.195g). The solution was 

heated to reflw under dry nitrogen whilst being irradiated with an Atlas 275 

watt infra-red lamp- Iodine (0.105 g) in dry carbon tetrachloride ( 8  ml) was 

added in portions over a period of 10 minutes and the reaction mixture was 

irradiated and stirred for a further 1 hour. The reaction mixture was allowed 

to cool, filtered, and the filtrate washed successively with 5% sodium 

thiosulphate solution and water and then dried over anhydrous sodium sulphate. 

Evaporation of the solvent and crystallization of the residue from ethanol 

yielded 3a,7a,12a-triformoxy-2OE;-iodo-56-pregnane (0.11 g), m.p 145 - 146.5". 
TLC (Merck Kieselgel 60 F254; chloroform): single W absorbing component, 

Rf 0.61. IR (KBr) rmax: 3405, 2950, 2860, 1713, 1445, 1377, 1180 an-'. 

PMR (CDC13): T 1.81, 1.91 and 1.98 (3H, 3 singlets, 3-, 7- and 12-formate 

protons); ' Z  4.75 (1H,s,C12- proton); T 4.93 (lH,s,C7-proton); 7 5.30 

(lH,m,C3-proton); C 5.80 (1H,q,C20-proton); 7 8.06 (3H,d,C21-protons); 

T 9.07 (3H,s,Clg-prOtOnS); 5 9.25 (3H,s,C18-protons); 7*5 - 9*0 (lgH, 
steroid nucleus) . 
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Two f u r t h e r  prepara t ions  of  3a,7a,12a-triformoxy-2O~-iodo-5E-pregnane 

yie lded  products which, a f t e r  repea ted  c r y s t a l l i z a t i o n  from e thanol ,  had 

mel t ing  p i n t s  of 136 - 137' + 8 4 . 4 a ) ,  and 149 - 151' ( [ a ] ,  20 

+ 74.8'). 

was concluded t h a t  mixtures  of t h e  20R and 205 isomers were being obtained.  

Samples of 22- ["Se] se lenachol ic  a c i d  prepared from t h e  high and low mel t ing  

p o i n t  in te rmedia tes  had i d e n t i c a l  chromatographic m o b i l i t i e s  by TLC. 

These t w o  products  gave v i r t u a l l y  i d e n t i c a l  NMR 'H  s p e c t r a .  I t  

( v i )  22-[75Sel Se lenachol ic  a c i d  (Compound I )  - Red 175Se] selenium 

(8.2 mg, 106 mCi/mA) was prepared a s  descr ibed  i n  ( i).  It was suspended in 

e thanol  ( 2  m l )  and d r y  ni t rogen  w a s  bubbled through t h e  s o l u t i o n .  The e x i t  

gases  were passed through a t r a p  conta in ing  5% l e a d  acetate s o l u t i o n .  Sodium 

borohydride (2.7 mg) was added and t h e  suspension w a s  s t i r r e d  a t  room 

temperature  (N20'C) f o r  2 0  minutes. n-Propanol ( 5  m l )  was added and t h e  

r e a c t i o n  mixture w a s  heated on a b o i l i n g  water bath f o r  20  minutes. 3a,7a,12a 

-Trifomoxy-20~-iodo-5E-pregnane (35  mg;  m.p 145 - 146.5') in w a r m  n-propanol 

( 2  m l )  w a s  added t o  t h e  s o l u t i o n  of disodium di -  t75Se] s e l e n i d e  and t h e  

mixture  was heated on a b o i l i n g  water bath under dry  n i t rogen  f o r  34 hours. 

The r e a c t i o n  m i x t u r e  w a s  cooled,  s o l v e n t s  removed under reduced pressure ,  and 

t h e  res idue  was e x t r a c t e d  with chloroform ( 5  m l ) .  The s o l u t i o n  was f i l t e r e d  

and t h e  chloroform evaporated t o  y i e l d  a r e s i d u e  of crude dipregnane d i -  

[75Sej s e l e n i d e  (4.2 m C i ) .  

( 2 0  I I ~ )  were d isso lved  i n  e thanol  ( 1  m l )  a t  O'C. 

s e l e n i d e  (4.2 m C i )  d i sso lved  i n  e thanol  ( 3  m l )  w a s  added dropwise over a 

per iod  of 1 0  minutes. The r e a c t i o n  mixture was s t i r r e d  f o r  2 hours, acetone 

( 1  m l )  w a s  added, and s o l v e n t s  were then evaporated.  The res idue  was 

ext rac ted  with chloroform (3 m l )  and, a f t e r  removal of so lvent  f r a n  t h e  

f i l t e r e d  so lu t ion ,  t h e  product  was hydrolysed by r e f l u x i n g  with sodium 

hydroxide ( 1 0 0  mg) i n  water ( 1  m l )  f o r  3 hours. The s o l u t i o n  was a c i d i f i e d  

with hydrochlor ic  a c i d  and lyophi l ized .  The product  was d isso lved  i n  a c e t i c  

a c i d  and p u r i f i e d  by p r e p a r a t i v e  TLC (Anachem S i l i c a  G e l  GF, 1 mm; 

sodium borohydride ( 5  mg) and e t h y l  bromoacetate 

The dipregnane di-[75Sel 
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dichloromethane, acetone,  a c e t i c  a c i d ,  7:2:11. The requi red  component, 

l o c a t e d  by autoradiography,  w a s  removed from t h e  p l a t e  and e x t r a c t e d  i n t o  

a c e t i c  ac id .  

( 0 . 8  m C i ) .  TLC (Merck Kiese lge l  60 F254): dichloromethane, acetone,  acetic 

a c i d ,  (7:2:1) ,  major component R f  0.22; chloroform, methanol, (S:l), major 

component R f  0.11. IR (KBr) P m a x :  3400, 2925, 2780, 1715, 1440, 1375, 1265, 

1073, 1040 an-’. ( N o t e  - Subsequent prepara t ions  of disodium di-[75Se1 

s e l e n i d e  were c a r r i e d  o u t  i n  e thanol  a lone  i n s t e a d  of in a m i x t u r e  of e t h a n o l  

and n-propanol. 

p r e p a r a t i v e  TLC using chloroform, methanol (12:l). 

Evaporation of t h e  s o l v e n t  y ie lded  22- t7’Se1 s e l e n a c h o l i c  a c i d  

The dfpreqnane di-  [75Sel s e l e n i d e  was i s o l a t e d  by 

( v i i )  Glyc0-22-[~’Se] s e l e n a c h o l i c  a c i d  (Compound 11) - 22-[75Sel 

se lenachol ic  a c i d  (0.40 mCi;  1.9 mg) i n  acetic a c i d  w a s  evaporated t o  

dryness. Dry e t h y l  acetate (450 ul) w a s  added followed by N-ethoxycarbonyl-2- 

ethoxydihydroquinoline ( 14.2 m g )  . Ethyl  g l y c i n a t e  hydrochlor ide (8.0 mg) , 

suspended i n  d r y  e t h y l  acetate ( 0 . 6  m l ) ,  was t r e a t e d  with t r i e t h y l a m i n e  

(8.3 ~ 1 ) ;  t h e  m i x t u r e  w a s  s t i r r e d  f o r  30 minutes and w a s  added t o  t h e  

s o l u t i o n  o f  22- I7’SeI s e l e n a c h o l i c  acid: a f u r t h e r  q u a n t i t y  of e t h y l  a c e t a t e  

( 0 . 4  m l l  was used t o  complete t h e  t r a n s f e r .  The r e a c t i o n  mixture w a s  heated 

under r e f l w  on a b o i l i n g  water b a t h  f o r  6 hours;  it was then cooled and 

so lvent  was evaporated. Chloroform ( 4  m l )  w a g  added t o  t h e  res idue  and 

i n s o l u b l e  m a t e r i a l  was removed by f i l t r a t i o n .  The e t h y l  22-[ Selselena-  

glycocholate  w a s  p u r i f i e d  by p r e p a r a t i v e  l a y e r  chromatography (Anachem S i l i c a  

G e l  G F ,  1 mm; chloroform, methanol 8 : l ) .  The major r a d i o a c t i v e  band was 

l o c a t e d  by autoradiography,  Rf 0.4; it w a s  removed frcan t h e  p l a t e  and 

e x t r a c t e d  i n t o  methanol ( 3  x 4 m l ) .  The so lvent  was evaporated,  e thanol  (4  

m l )  and 10% potassium carbonate  s o l u t i o n  ( 1  m l )  were added and t h e  s o l u t i o n  

was heated under r e f l w  f o r  1 hour and allowed t o  s tand  a t  room temperature  

overnight .  The s o l u t i o n  w a s  a c i d i f i e d  with conc. HCl, evaporated t o  dryness 

and t h e  product  w a s  e x t r a c t e d  from t h e  r e s i d u e  by d i s s o l v i n g  i n  ethanol .  

The s o l u t i o n  was f i l t e r e d  and s o l v e n t  removed leaving  glyco-22- t7’SeI 

75 
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s e l e n a c h o l i c  a c i d  (0.2 m C i ) .  TLC (Merck Kiese lge l  60 F254: chloroform, 

methanol 3 : l ) :  major component ( c a .  85%) Rf 0.04, ( c f  22-Selenacholic ac id ,  

Rf 0.31 and glycochol ic  a c i d ,  Rf 0.02, i n  t h i s  sys tem) .  

( v i i i )  Tauro-22- [75Sel s e l e n a c h o l i c  a c i d  (Compound III) - Dry dimethyl- 

formamide (430 ul) and t r ie thylamine  ( 1 . 5  1111 w e r e  added t o  t a u r i n e  (1.34 mg) 

and t h e  suspension was s t i r r e d  f o r  30 minutes. Dimethylformamide (250 ul) 

and i sobuty l  chloroformate (3.1 ul) w e r e  added t o  22- [75Sel se lenachol ic  a c i d  

(492 v C i ;  5.32 vmol; ex-iodopregnane in te rmedia te ,  m.p 136 - 137’) a t  O°C 

followed by t r ie thylamine  (3.0 1111 and dimethylformamide (250 ~1). The 

s o l u t i o n  was allowed t o  s t a n d  a t  O°C f o r  30 minutes  and was then added to t h e  

s o l u t i o n  conta in ing  t a u r i n e ,  200 vl of dimethylformamide being used t o  

complete t h e  t r a n s f e r .  The r e a c t i o n  mixture w a s  s t i r r e d  a t  O’C f o r  2 hours 

and a t  room temperature overn ight .  The s o l v e n t  was evaporated,  water 

conta in ing  2-3 drops of t r ie thylamine  w a s  added and t h e  clear s o l u t i o n  w a s  

a c i d i f i e d  with hydrochlor ic  a c i d  and lyophi l ized .  The product  was disso lved  

i n  methanol and subjec ted  t o  p r e p a r a t i v e  TLC (Anachem S i l i c a  Gel GF: 

chloroform, methanol - 2 : l ) .  Analytical TLCs were also developed i n  butanol ,  

w a t e r ,  acetic a c i d  - 60:25:15 and e t h y l  a c e t a t e ,  acetic a c i d  - 2:l. The 

requi red  component w a s  l o c a t e d  by autoradiography and e x t r a c t e d  i n t o  methanol. 

Yield of  taur0-22-[’~Se] se lenachol ic  a c i d ,  88 u C i .  TLC (Merck Kiese lge l  60 

F254; butanol ,  water ,  a c e t i c  a c i d  - 60:25:15); major component, 92-93%, Rf 

0.51, agreed i d e n t i c a l l y  with t h a t  of tauro-23- c7’Se] selena-25-homocholic 

ac id .  

( i x )  3a,7a,l2a-Triacetoxy-22-iodo-23,24-dinor-5~-cholane - 3a,7a,12a- 

Triacetoxy-24-nor-5B-cholan-23-oic a c i d  (4.1 g - prepared f r a n  methyl c h o l a t e  

by Barbier-Wieland degradat ion (9), i n  dry  carbon t e t r a c h o r i d e  (150 m l )  w a s  

t r e a t e d  with dry, powdered, l e a d  t e t r a c e t a t e  (4.1 g) and w a s  heated to r e f l u x  

i n  an atmosphere of dry n i t rogen .  The s o l u t i o n  was i r r a d i a t e d  with an A t l a s  

275 w a t t  infra-red lamp and a s o l u t i o n  s f  i o d i n e  (2.25 g) i n  dry carbon 

t e t r a c h l o r i d e  (100 m l )  w a s  added portion-wise over a per iod  of 15 minutes. The 

reaction w a s  i r r a d i a t e d  and s t i r r e d  f o r  a f u r t h e r  1 hour and W a s  
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allowed to cool. The s o l u t i o n  w a s  f i l t e r e d ;  t h e  f i l t r a t e  was washed 

success ive ly  with 5% sodium t h i o s u l p h a t e  s o l u t i o n  and water, and w a s  d r i e d  

over  anhydrous sodium sulphate .  Evaporation of t h e  s o l v e n t  l e f t  an oil which 

was dissolved i n  e t h y l  ace ta te /hexane  ( 1 /3) .  The s o l u t i o n  w a s  loaded on a 

collrmn prepared from Merck S i l i c a  Gel 60 (70-230 mesh) (150 g )  and the product  

was i s o l a t e d  by e l u t i o n  w i t h  e t h y l  acetate/hexane (1/3) .  The f r a c t i o n s  

conta in ing  the product  were pooled and evaporated under reduced p r e s s u r e  

g i v i n g  3a,7a,12a-triacetoxy-22-iodo-23,24-dinor-58-cholane (1.9 gl as a s o l i d  

foam which could n o t  be c r y s t a l l i z e d .  

chloroform);  single component R f  0.80. I R  (KBr) ; m a :  2940, 2870, 1737, 

1450, 1380, 1368, 1245, 1023 cm". 
pro ton) ;  7 5.07 ( lH,s,C,-proton); T 5.40 ( lH,m,Cj-proton); T 6.73 

(2H,m,C22-protons); 

7 9.07 (6H,s(with minor s p l i t t i n g ) , C l g - p r o t o n s  + C21-protans); T 9.22 

(3H, s ,C1 8-protons) . 

TLC (Merck Kiese lge l  60 F254; 

FMR (CDC13) :  T 4.93 (1H,s,Cl2- 

T 7.87 - t 7.94 (9H,3sI3-,7- and 12-acetate  p r o t o n s ) ;  

(XI 23-[75Se] Selena-25-homocholic a c i d  (Compound IV) - Red [75Sel 

selenium (7.4 m g ) ,  0.094 mA, 8.8 m C i )  w a s  suspended i n  e thanol  ( 2  ml) and 

potassium cyanide (6.2 mg, 0.095 mmol) was added; t h e  mixture was s t i r r e d  a t  

room temperature f o r  2 hours a f t e r  which complete s o l u t i o n  had occurred. 

Ethyl  bromoacetate (10.5 1111 w a s  added t o  t h e  s o l u t i o n  a t  O°C and it was 

stirred f o r  I f  hours. 

3a,7a,12a-Triacetoxy-22-iodo-23,24-dinor-5~-cholane (57  m g ) ,  0.095 mmol) 

i n  e thanol  ( 1  m l )  w a s  added t o  sodium borohydride ( 9  mg)  i n  e thanol  ( 1  ml) . 
The r e a c t i o n  mixture w a s  cooled i n  ice and t h e  e t h a n o l i c  s o l u t i o n  of 

e t h y l  ["SeI selenocyanatoacetate  w a s  added over a per iod of 10 minutes. 

S t i r r i n g  was continued for  a f u r t h e r  2 hours  while t h e  mixture a t t a i n e d  room 

temperature. Acetone ( 1  ml) w a s  added and t h e  so lvents  w e r e  then evaporated 

under reduced pressure.  Chloroform ( 2  ml) w a s  added t o  the  res idue ,  i n s o l u b l e  

mater ia l  w a s  removed by f i l t r a t i o n  and t h e  s o l u t i o n  was concentrated t o  a 

s m a l l  bulk. The product  was i s o l a t e d  by p r e p a r a t i v e  l a y e r  chromatography 

(machem S i l i c a  G e l  GF, 1 mm; e t h y l  a c e t a t e ,  hexane 1 : 2 )  - The malor 
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radioactive component, Rf 0.36, as located by autoradioqraphy, was removed 

from the plate and extracted into ethyl acetate (3 x 4 m l ) .  Yield of ethyl 

3a,7a, 12a-tria~etoxy-23-[~~Se] selena-25-homo-56-cholanoate, 5.1 mCi. 

(KBr) Tmax: 2935, 2860, 1736, 1460, 1440, 1374, 1362, 1245, 1103, 1023 cm-' 

IR 

Solvent was removed and sodium hydroxide (200 mq) in ethanol (5 ml) and 

water (2 ml) was added. The solution was stirred and heated under reflux for 

21 hours and was allowed to stand at ambient temperature for 16 hours. 

Solvent was evaporated under reduced pressure and the residue was dissolved 

in water (2 ml), the solution was acidified with conc. HC1 and then 

lyophilized. The residue was dissolved in a few drops of methanol and the 

product was isolated by preparative layer chromatography (Anachem Silica Gel 

GF, 1 m; chloroform, methanol 3:l). The required band, R€ 0.33, was located 

by autoradiography; it was removed from the plate and the product was 

isolated by extraction into methanol. Evaporation of the solvent afforded 

23- [75~e] selena-25-homocholic acid (3 .O mCi, 34%). TLC Merck Kieselgel 60 

F254); chloroform, methanol - 3 : l ;  major component (93%) Rf 0.42; 

dichloromethane, acetone, acetic acid - 7:2:1:5; major component (97%) Rf 

0.76. IR (KBr) i; m a :  3400, 2920, 2860, 1708, 1380, 1263, 1104, 1025 cm". 

PMR (C5D5N): T 1.26, 72.40, 7 2.77 (solvent peaks); T 5.76 (1H,s,CI2- 

proton); 7 5.90 (1H,s,C7-proton); 76.23 (1H,m,C3-protOn); 76.49 

(2H,s,CZ4-protons); T 8.58 (3H,d,C21-protons); 7 9.00 (~H,s,C,~- 

protons ) ; 7 9.19 ( 3H, s, c1 8-protons). 

(xi) Glyco-23- f75Se] selena-2s-homocholic acid (Compound V )  - Ethyl 
glycinate hydrochloride (1.3 mg, 9.3 umol) was suspended in dry ethyl acetate 

(70 ul) and triethylamine (1.35 1111; the suspension was stirred for 30 

minutes. 

ethoxy-carbonyl-2-ethoxy-l,2-dihydroquinoline (2.3 mg) were dissolved with 

stirring at room temperature in ethyl acetate (200 ul); the solution was then 

added to the ethyl glycinate hydrochloride using 0.S ml of ethyl acetate to 

complete the transfer. The reaction mixture was stirred and heated at re f lw  

23-[75Selselena-25-hmocholic acid (1.06 mci, 6.6 vmol) and N- 
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on a water b a t h  f o r  6 hours  and then l e f t  f o r  3 days before  proceeding to  the 

next  s tage.  Ethyl  acetate (5 ml) and water (5 ml) were added and t h e  phases  

separa ted .  The aqueous phase w a s  e x t r a c t e d  once with e t h y l  a c e t a t e  (2 ml), 

and t h e  combined e t h y l  a c e t a t e  extracts were washed success ive ly  with 0.5M 

sodium hydroxide ( 4  ml), water ( 4  ml), 0.5M hydrochlor ic  a c i d  ( 2  x 4 mll and 

f i n a l l y  with water ( 2  x 4 r n l f  to  y i e l d  a s o l u t i o n  of  e t h y l  23-I’’Selselena- 

25-homocholylglycinate (426 u C i 1  i n  e t h y l  a c e t a t e .  The e t h y l  a c e t a t e  was 

removed and t h e  r e s i d u a l  product  w a s  hydrolysed by h e a t i n g  a t  r e f l w  f o r  15 

minutes with a mixture  of  1 0 %  aqueous potassium carbonate  ( 2  m l )  and e thanol  

( 2  ml). Solvents  were evaporated and t h e  res idue  w a s  d i sso lved  in water (2  

ml); t h e  aqueous s o l u t i o n  w a s  f i l t e r e d ,  a c i d i f i e d  with 0.34 hydrochlor ic  

a c i d ,  and then  lyophi l ized .  The r e s i d u e  was e x t r a c t e d  with acetone (4  ml) and 

t h e  s o l u t i o n  w a s  f i l t e r e d  from insoluble inorganic  salts and concentrated to a 

small bulk. It was a p p l i e d  t o  a Merck Kiese lge l  6 0  F254 2 mm p l a t e  which 

w a s  developed in  dichlorornethane, acetone,  acetic a c i d  - 7:5:5. The main 

r a d i o a c t i v e  band w a s  loca ted  by autotadiography and t h e  product  w a s  i s o l a t e d  

by washing from t h e  s i l i ca  with acetone,  acetic a c i d  - 2:l. After evaporat ion 

of s o l v e n t s  t h e  r e s i d u e  w a s  d i s s o l v e d  in acetone ( 5  ml) and t h e  s o l u t i o n  

f i l t e r e d .  Yield of glyco-23- [75Sel selena-25-homocholic a c i d ,  120 u C i .  TLC 

(Merck Kiese lge l  6 0  F254): dichloromethane, acetone,  a c e t i c  a c i d  - 7:5:5 

showed a s i n g l e  c m p n e n t ,  Rf 0.74, corresponding to the non-radioact ive 

s tandard ;  cf  glycochol ic  ac id ,  R f  0.47, and 23-selena-25-homocholic ac id ,  R f  

0.89, i n  t h e  same system; n-butanol, acetic a c i d ,  water - 60:15:25 showed a 

s i n g l e  component, Rf 0.78, corresponding t o  t h e  non-radioactive s tandard ;  cf  

g lycochol ic  a c i d ,  Rf 0.70, and 23-selena-25-homocholic a c i d ,  R f  0.88, i n  t h e  

same system. EMR ( ~ ~ 0  conta in ing  ?laOD):- t 5.97 (1H,s,l28H); t 6.09 

( lHisr78H);  t 6.22 (2H,S, NHCH&OZHl; T 6.51 ( lH,  broad S ,  3881; 

5 6.83 ( ~ H , s , C ~ ~ H ) ;  7 7.34 ( 2 H , m , C 2 2 H ) ;  C 8.86 (3H,S,C21H); 

t9 .09  (3H,s,ClgH); 79 .28  (3H,s ,C,$I) .  
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(xii) Taur0-23-[~~SeI selena-25-homocholic acid (Compound VI) - A 

solution of 23- [ 75Sel selena-25-homocholic acid (0.97 mCi , 9.2 umol) in 

methanol was evaporated to dryness. Dry dimethylformamide (200 ul) and 

N-ethoxycarbonyl-2-ethoxy dihydroquinoline ( 3 . 6  mg) were added and the 

solution was stirred at ambient temperature for 15 minutes. Taurine (1 .3 mg) 

was treated with dimethylfomamide (90 ul) containing dry triethylamine 

(1.8 ul) and stirred at ambient temperature for 15 minutes. The solution of 

the seleno bile acid was added to the taurine, 2 x 100 u1 of dry dimethyl- 

formamide were used to complete the transfer and the reaction mixture was 

stirred at 90-95’ f o r  30 minutes. The solvent was evaporated under reduced 

pressure and the residue was extracted with methanol: the solution was 

filtered, acidified with conc. HC1 and evaporated to dryness. The product 

was purified by preparative layer chromatography (Anachem Silica Gel GF, 1 mm; 

chloroform, methanol 2:l). The required band was located by autoradiography 

(Rf 0.3); it was removed from the plate and the product was extracted into 

methanol. Yield of tauro-23- r7’Se] selena-25-homocholic acid, 0.64 mCi. TLC 

(Merck Kieselgel 60 F254): n-butanol, water, acetic acid - 60:25:15; major 

component (96%) Rf 0.53 (cf. 23-selena-25-homocholic acid Rf 0.88); 

dichloromethane, acetone, acetic acid - 7:2:2; major component R f  0.05 (cf. 

23-selena-25-homocholic acid R f  0.93). IR (KBrl ijmax: 3430, 2940, 2870, 

1638, 1545, 1450, 1387, 1210, 1045 an-’. T 5.97 (lH,s,129-H); PMR (D20): 

C 6.09 (lH,s,76H); 76.38 (2H,t,-C5SO3H); 7 6.49 (lH, broad s ,  36H); 

T6.74 (~H,s,C~~H); 7 6.87 (2H,t,-C3CH2S03H); ? 7.06 and 7.38 

(2H,d+t,C22H): 7 8.87 (3H,d,C21H): t 9.09 (3H,s,ClgH): 7 9.29 

(3H,s,Cl$I). 

(xiii) 3a,12a-Diacetoxy-22-iodo-23,24-dinor-56-cholane - 3a,l2a-Diacetoxy- 
24-nor-56-cholan-23-oic acid (0.3 g) was converted to 3a,12a-diacetoxy-22-iodo 

carbon 

0.16 g) in carbon 

from ethanol 

g, 85%) n.p 

-23,24-dinor-56-cholane by the method described in (v) using 

tetrachloride (30 ml), lead tetracetate (0.3 g), and iodine 

tetrachloride (12 ml). Crystallization of the crude product 

yielded 3a,12a-diacetoxy-22-iodo-23,24-dinor-5B-cholane (0.3 



4 79 

172 - 174O. Tu3 (Merck Kiese lge l  60 F254; chloroform: s i n g l e  component 

Rf 0.50. IR (Karl max: 2960, 2930, 2870, 1735, 1453, 1374, 1239, 1194, 1018 

cm". F?4R (CDCl31: 7 4.95 (1H,s,Cl2-proton); 7 5.32 (1H,m,C3-proton); 

t 6.76 (2H,m,C22-H); 7 7.86 (3H,s,l2-Acetate pro tons) ;  T 7.98 (3H,s,3- 

acetate p r o t o n s ) ;  7 8.00 - 9.05 (22H, s t e r o i d  nuc leus) ;  ~ 9 . 1 0  (6H,s (wi th  

minor s p l i t t i n g ) ,  C,9-H+C21-H): T 9.23 (3H,s,C18-H). 

(xiv)  23- 17%e] Selena-25-homodeoxycholic a c i d  (Compound V I I  - Red 

75 I Selselenium (8.4 mg, 0.11 mA, 109 mCi/mA) w a s  suspended in  e t h a n o l  ( 2  ml) 

and potassium cyanide ( 7  mg), 0.11 mmol) w a s  added; t h e  mixture was s t i r r e d  

a t  room temperature f o r  2 hours u n t i l  complete s o l u t i o n  had occurred.  

R e d i s t i l l e d  e t h y l  bromoacetate (12 111) was added t o  the so lu t ion  a t  0°C and 

it was stirred for 1 ' /2 hours. 

cholane (60 mg) in d r y  te t rahydrofuran  ( 1  m l )  w a s  added t o  sodium borohydride 

( 9  m g l  i n  e thanol  (1  m l ) .  The r e a c t i o n  m i x t u r e  w a s  cooled i n  ice and t h e  

e t h a n o l i c  so lu t ion  o f  e t h y l  [75SeI se lenocyanatoace ta te  was added over a 

per iod  of  10 minutes. S t i r r i n g  w a s  cont inued f o r  a f u r t h e r  2 hours while t h e  

m i x t u r e  a t t a i n e d  room temperature. Acetone ( 1  m l )  w a s  added and t h e  s o l u t i o n  

was evaporated under reduced pressure .  Chloroform ( 2  m l )  w a s  added t o  t h e  

r e s i d u e ,  i n s o l u b l e  material w a s  removed by f i l t r a t i o n  and t h e  s o l u t i o n  was 

concent ra ted  to  a s m a l l  bulk. The requi red  product  w a s  isolated by 

p r e p a r a t i v e  layer chromatography (Anachem S i l i c a  G e l  GF, 1 mm; chloroform, 

methanol 20 : l ) .  The major component, R f  0.85, as observed by autoradiography,  

w a s  removed from t h e  p l a t e  and e x t r a c t e d  i n t o  e t h y l  a c e t a t e  ( 3  x 4 ml). Yield 

of  e t h y l  3a, 120-diacetoxy-23- [ 75SeJ selena-2S-homo-56-cholanoate, 6.1 mCi .  

3a,12a-Diacetoxy-22-iodo-23,24-dinor-56- 

IR (KEr) '3 W: 2935, 2860, 1735, 1450, 1378, 1245, 1050, 750 Cm". 

Solvent was removed and s o d i m  hydroxide ( 100 mg) i n  e thanol  (5 m l )  and 

w a t e r  ( 1  m l )  w a s  added. The s o l u t i o n  was s t i r r e d  and heated under r e f l w  f o r  

2 hours: it w a s  then  cooled and evaporated. Water ( 3  m l )  w a s  added and t h e  

s o l u t i o n  was f i l t e r e d  from some i n s o l u b l e  m a t e r i a l  and a c i d i f i e d  by t h e  

addi t ion  of Bio-Rad AG 5OW-Xl2 c a t i o n  exchange r e s i n  i n  t h e  H+ form. The 

r e s i n  w a s  removed by f i l t r a t i o n ,  it was washed with methanol (3 m l )  and the 
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combined f i l t r a t e  was evaporated. The res idue  was disso lved  i n  t h e  minimum 

of methanol and t h e  product  w a s  i s o l a t e d  by p r e p a r a t i v e  l a y e r  chromatography 

(Anachem S i l i c a  Gel G F ,  1 mm; chloroform, methanol 6 : l ) .  The requi red  band, 

Rf 0.42, was loca ted  by autoradiography;  it w a s  removed from t h e  p l a t e  and 

i s o l a t e d  by e x t r a c t i o n  i n t o  methanol. Evaporation of t h e  so lvent  afforded 

23- 17’Se] selena-25-homodeoxycholic a c i d  (2.4 m C i )  . 
60 F254): 

iso-octane, d i i sopropyl  e t h e r ,  a c e t i c  a c i d  2:1:1, major component Rf 0.43. 

I R  (KBr) v’max: 3380, 2930, 2860, 1700, 1448, 1380, 1255, 1105, 1035 an-’. 

TLC (Merck Kiese lge l  

chloroform, methanol 5:1, major component (95%) Rf 0.36; 

( xv7 Tauro-23- [75Sel selena-25-homodeoxycholic a c i d  (Compound V I I I  1 - 
23- [75Se] Selena-25-homodeoxycholic a c i d  (0.27 m C i ,  2.0 mg) w a s  t r e a t e d  with 

a s o l u t i o n  of N-ethoxycarbonyl-2-ethoxy-dihydroquinoline (3 mg) i n  dry 

dknethylfonnamide (620 ul) and s t i r r e d  f o r  30 minutes. The s o l u t i o n  was added 

t o  a m i x t u r e  of t a u r i n e  (1.55 m g )  i n  dimethylformamide (350 1111 conta in ing  

t r ie thylamine  (3.3 ul) and t h e  r e a c t i o n  mixture  was heated  a t  ca 90’ f o r  30 

minutes. After s tanding  a t  ambient temperature  overn ight ,  w a t e r  (1 m l )  w a s  

added; t h e  s o l u t i o n  was a c i d i f i e d  with conc. HC1 and evaporated to  dryness. 

Ethanol (0.5 m l )  was added t o  t h e  res idue  and t h e  product  w a s  i s o l a t e d  by 

p r e p a r a t i v e  l a y e r  chromatography (Anachem S i l i c a  Gel GF,  1 mm; chloroform, 

methanol 5 : 2 ) .  The product  band, Rf 0.32, w a s  ramwed from t h e  p l a t e  and t h e  

product  was i s o l a t e d  by e x t r a c t i o n - w i t h  methanol. Evaporation of t h e  so lvent  

gave tduro-23- 17’Se] selena-25-homodeoxycholic a c i d  (0.14 m C i ) .  

Kiese lge l  60 F254: chloroform, methanol 3:l): major component (94%) Rf 0.34 

(c f  23-selena-25-homodeoxycholic a c i d  Rf 0.65 in t h e  same system).  I R  (KBr) 

Y max: 3400, 2940, 2870, 1698, 1650, 1545, 1390, 1208, 1180, 1070 cm”. 

TLC (Merck 

- 
( x v i )  3a, 70-Dihydroxy-23- (8-carboxyethyl- [ 75Se] seleno)-24-nor-5B-cholane 

(Compound IX) - Red [75Selselenium (5.0 mg, 6.4 m C i )  w a s  prepared as 

descr ibed i n  (i) and was suspended i n  de- ionised w a t e r  (0.55 m l ) .  Potassium 

cyanide (4 mg) was added and t h e  mixture  was s t i r r e d  u n t i l  a l l  t h e  selenium 

had dissolved.  6-Propiolactone (5 ul) w a s  added and a f t e r  s t i r r i n g  f o r  15 

minutes t h e  s o l u t i o n  w a s  a c i d i f i e d  by t h e  dropwise a d d i t i o n  of concentrated 
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hydrochlor ic  a c i d  (some red  selenium p r e c i p i t a t e d  but not  removed) and then 

lyophi l ized .  Ether ( 3  m l )  w a s  added t o  t h e  res idue  and t h e  s o l u t i o n  w a s  

f i l t e r e d .  Rraporat ion of so lvent  y ie lded  6- [75,Sel selenocyanatopropionic  

a c i d  (5.4 mCi).3a,7a-Dihydroxy-23-br~o-24-nor-56-cholane-3,7-dinitrate (30.8 

mg) w a s  d i sso lved  i n  t e t r a h y d r o f w a n  (1  .O m l )  and was added to  sodium 

borohydri.de (8.3 mg) i n  e thanol  (0.7 m l ) .  The s o l u t i o n  w a s  cooled in ice and 

t h e  B- [75Sel selenocyanatopropionic  a c i d  in e thanol  (1.0 ml) w a s  added in 

p o r t i o n s  over 10 minutes. After  a f u r t h e r  1 hour, acetone ( 1  m l )  w a s  added 

and t h e  s o l u t i o n  was a c i d i f i e d  with conc. HC1 and evaporated t o  dryness. The 

res idue  w a s  extracted i n t o  e t h e r  and t h e  s o l u t i o n  w a s  f i l t e r e d .  TLC (Merck 

Kiese lge l  60 FZs4; chloroform, methanol 1O:l) demonstrated 3 major 

r a d i o a c t i v e  products  Rf 0.97, 0.85 and 0.09. Component F l f  0.85 corresponded 

t o  i n a c t i v e  marker. The product  was i s o l a t e d  by p r e p a r a t i v e  l a y e r  

chromotography (Anachem S i l i c a  Gel GF, 1 mm; chloroform, methanol 1O:l). It 

w a s  loca ted  by autoradiography (Rf 0.411, removed from t h e  p l a t e  and e x t r a c t e d  

i n t o  e t h e r  ( 3  x 3 m l )  g i v i n g  1.1 mCi of 3a,7a-dihydroxy-23-(8-carboxyethyl- 

1 Selseleno)-24-nor-5E-cholane-3,7-dinitrate. TLC (Merck Kiese lge l  60 

F254; chloroform, methanol 1O:l): major component (95%) Rf 0.54 

corresponds to non-radioactive s tandard.  IR (wr) 5 max: 3450, 2940, 1716, 

1630, 1278, 862 an". FMR (CDC13) :  7 4.95 (1H,s,C7-proton); 

(1H,m,C3 p r o t o n ) ;  ~ 7 . 2 3  (4H,s,CZ5 and C26-protons); 7 7.6 

(2H,m,C23-protons); r 9.05 (6H,s + d, Clg-protons and C21-protons); 

T 9.32 (3H,s,C18-protons); 7 7.85-9.10 (24H, s t e r o i d  nuc leus) .  

75 

T 5.22 

The d i n i t r a t e  (1.1 m C i )  w a s  d i sso lved  i n  g l a c i a l  a c e t i c  a c i d  ( 1  m l )  and 

z inc  dus t  (60 m g )  w a s  added in por t ions .  The r e a c t i o n  mixture w a s  s t i r r e d  

a t  ambient temperature for 1 hour and s t o r e d  a t  -2O'C overnight .  Af te r  

warming t o  room temperature t h e  s o l u t i o n  w a s  f i l t e r e d  and the f i l t r a t e  was 

lyophi l ized .  The product w a s  i s o l a t e d  by prepara t ive  l a y e r  chromatography 

(Anachem S i l i c a  G e l  G F ,  1 mm; chloroform, methanol (7: 1 ) .  It  w a s  loca ted  

by autoradiography ( R f  0.30), removed from t h e  p l a t e  and e x t r a c t e d  i n t o  
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methanol to give 3a, 7a-dihydroxy-23-( 6-carboxyethyl- [75Sel seleno)-24-nor-56- 

cholane (0.6 mCi). TLC (Merck Kieselgel 60 F254): chloroform, methanol 

5:1, major component (97%) Rf 0.65; chloroform, methanol l O : l ,  major 

component Rf 0.22; isooctane, diisopropyl ether, acetic acid 2:1:1, major 

component Rf 0.41. In each case the product coincided with the non- 

radioactive standard. IR (KBr) Dmax: 3435, 2940, 2870, 1715, 1550, 1410, 

1300, 1080, 960 an-'. PMR (CD30D): 75.16 (solvent peak); 7 6.20 

(1H,s,C7-proton); 7 6.94 (1H,m,C3-proton); 7 6.99 (solvent peak); 

7.25 ( ~ H , s , C ~ ~  and CZ6-protons); 7 7.45 (2H,m,C23-protons); 7 9.02 

(3H,d,C21-protons); T 9.07 (3H,s,Clg-protons); 7 9.29 (3H,s,C18- 

protons) . 
( m i i )  3a,7a,12a-Triformoxy-23-iodo-24-nor-56-cholane - Cholic acid 

triformatc (1.06 g )  was converted to 3a,7a,12a-triformoxy-23-iodo-24-ncr- 

56-cholane by the method described in (v) using carbon tetrachloride (100 ml), 

lead tetraacetate (0.97 g ) ,  and iodine (0.52 9) in carbon tetrachloride 

(40 ml). me crude product was twice recrystallized f r o m  ethanol to give 

3a,7a,12a-triformoxy-23-iodo-24-nor-5~-cholane (0.65 g) as colourless 

crystals, m.p 166-168'. IR (KBr) 7 max: 2960, 2938, 2862, 2712, 1721, 1516, 

1360, 1160, 1060, 995, 600 Cm". PMR (CDCJ.3): t 

3 singlets, 3-,7- and 12-formate protons); 7 4.74 

7 4.94 (lH,s,C,-proton); 7 5.30 (1H,m,C3-proton); 

Ca3-protons); 7 9.06 (3H,s,Clg-protons); 7 9.15 

-85, 1.90, 1.98 (3H, 

(1H,s,Cl2-proton); 

7 6.72 + 6.95 (2H,m, 

3H,d,C21-protons); 

7 9.22 (3H,s,C18-protons); 7 7.8 - 9.05 (22H, steroid nucleus). 

(xviii) 3a,7a, 12o-Trihydroxy-23-(6-~arboxyethyl-[~~Se] selen0)-24-nor-56- 

cholane (Compound X) - 6- [75Sel Selenocyanatopropionic acid (4.42 mCi, 106 

mCi/mol) was prepared as described in (xvii). 3a,7a,l2a-Triformoxy-23-iodo- 

24-nor-56-cholane (23 mg) in tetrahydrofuran (0.5 ml) was added to sodium 

borohydride (5.5 m g )  in ethanol (0.5 m l )  and the solution was cooled in ice. 

6- [75Se] Selenocyanatopropionic acid (4.42 mCi) in ethanol (0.8 ml) was added 

to the solution over a period of 10 minutes and stirring continued for 1 hour. 



The r e a c t i o n  mixture w a s  t r e a t e d  with acetone ( 1  m l )  , a c i d i f i e d  with conc. 

HCl ,  and evapbrated t o  dryness. The r e s i d u e  was p a r t i t i o n e d  between e t h e r  and 

water and t h e  e t h e r e a l  phase was separa ted  and e x t r a c t e d  with 5% aqueous 

sodium carbonate  so lu t ion .  The a l k a l i n e  e x t r a c t  was a c i d i f i e d  and t h e  

p r e c i p i t a t e  was i s o l a t e d  by e t h e r  e x t r a c t i o n .  

Ethanol (2  ml) ,  water (0.75 m l )  and p o t a s s i m  hydroxide (100 mg) w a s  added 

t o  t h e  crude sample o f  3a,7aI  12a-triformoxy-23-(8-carboxyethyl- t7’Se? s e l e n o f -  

24-nor-58-cholane. The s o l u t i o n  w a s  s t i r r e d  a t  ambient temperature f o r  2 

hours;  it was then a c i d i f i e d  and evaporated. Methanol ( 2  m l )  was added to 

t h e  res idue ,  t h e  s o l u t i o n  was f i l t e r e d  frcm insoluble material and 

concent ra ted  to  small bulk. 

chromatography (Marck K i e s e l g e l  60 F254 1 mm; 

The requi red  band was l o c a t e d  by autoradiography ( R f  0.35); it was removed 

from t h e  p l a t e  and e x t r a c t e d  into methanol t o  g ive  3af7a,12a-trihydroxy-23-(8- 

carboxyethyl- [’%el seleno)-24-nor-58-cholane (1.2 m C i 1 .  

Kiese lge l  60 F254): 

0.57 corresponded to  non-radioact ive s tandard;  i sooc tane ,  d i i sopropyl  e t h e r ,  

acetic a c i d  2:1:?, Rf 0.21. IR (KEr) t max: 3520, 3416, 2930, 2870, 1740, 

1718, 1440, 1380, 1322, 1170, 1080 an”. 

peak); ‘5 6.06 (1H,s,C12-proton); f 6.23 ( 1H,sIC7-proton); z 6.67 

(1H,m,C3-proton); 7 6.71 ( s o l v e n t  peak) ;  T 7.30 ( ~ H , s , C ~ ~  + C26- 

p r o t o n s ) ;  T 7.47 and z 7.78 (2H,m,C23-protons); r 8.97 (3H,d,C21- 

p r o t o n s ) ;  T 9.10 (3H,s,C19-protons); Z 9-30 (3H,s,C18-protons); c 9-70 

( u n i d e n t i f i e d ) .  

The product  was p u r i f i e d  by p r e p a r a t i v e  layer  

chloroform, methanol 5 : l ) .  

TLC (Merck 

chloroform, methanol 5:l - major component (95%) R f  

PMR (CDJOD) :  t 5.11 (solvent 

( x i x )  3a-acetoxy-25-homo-5B-cholan-25-oic a c i d  - 3a-acetoxy-25-homo-58- 

cholan-25-oic a c i d  was prepared from l i t h o c h o l i c  acid using t h e  Arndt -Eis te r t  

r e a c t i o n  f o r  lengthening the C-17 side-chain. L i thochol ic  a c i d  a c e t a t e  was 

re f luxed  f o r  3 hours with t h i o n y l  c h l o r i d e  t o  provide 30-acetoxy-58-cholanyl 

c h l o r i d e ,  which was subsequent ly  r e a c t e d  with diazomethane to y i e l d  3a- 

acetoxy-24-keto-25-diazo-25-homocholane ( 1 7 ) .  The diazoketone w a s  converted 
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t o  3a-acetoxy-25-homo-5E-cholan-25-oic a c i d  e s s e n t i a l l y  by t h e  method 

descr ibed  by Pearlman f o r  25-homocholic a c i d  ( 1 0 ) .  

( x x )  3a-Acetoxy-24-iodo-58-cholane - 3a-Acetoxy-25-homo-5~-cholan-25-oic 
a c i d  was converted t o  3a-acetoxy-24-iodo-58-cholane by t h e  method quoted i n  

( v ) .  The q u a n t i t i e s  of reagents  used were as follows:- 3a-acetoxy-25-homo-58- 

cholan-25-oic a c i d  (1 .8  gl i n  dry  carbon t e t r a c h l o r i d e  (120 m l ) ,  l e a d  

t e t r a a c e t a t e  ( 2 . 0  g) and iodine  (1.04 g) in carbon t e t r a c h l o r i d e  (80  ml). 

The crude product  w a s  p u r i f i e d  by p r e p a r a t i v e  l a y e r  chromatography us ing  5 

Merck Kieselgel  60 F254, 2 nun p l a t e s  developed i n  chloroform. 

UV absorbing band was removed from each p l a t e  and t h e  product  w a s  i s o l a t e d  by 

e x t r a c t i o n  with e t h e r .  m a p o r a t i o n  of  t h e  s o l v e n t  and t r i t u r a t i o n  of t h e  

res idue  with e thanol  gave 3u-acetoxy-24-iodo-58-cholane (0.43 g ) ;  m.p 140 - 
146’) as a white powder. IR (KBr) P max: 2940, 2865, 1738, 1473, 1459, 1383, 

1366, 1258, 1028 an”. PMR (CDC13): 5 5.19 (lH,m,C3-proton); z 6.83 

(2H,m,CZ4-protons); 7 7.98 (3H,s, acetate p r o t o n s ) ;  7 9.07 ( 6 8 , l s  + Id, 

C19 + CZ1-protons); s9 .36  (3H,s,C18-protons); 7 8.0 - 9.1 (28H, 

s t e r o i d  nucleus) .  

The requi red  

(xxi 1 3a-Hydroxy-24-(carboxymethyl- [75Sel seleno)-58-cholane - 
75 Ethyl [ Se]selenocyanatoacetate  (17 mq, 9.2 mCi) w a s  prepared i n  t h e  manner 

prev ious ly  descr ibed i n  ( x i v ) .  It was r e a c t e d  with sodium borohydride (8.2 

mg) i n  e thanol  (2 ml) and 3u-acetoxy-24-iodo-SB-cholane (SO mg) in 

t e t rahydrofuran  ( 3  ml) as descr ibed  i n  ( x i v ) .  The in te rmedia te  3a-acetoxy-24- 

(carboxymethyl- [”Se] seleno)-58-cholane e t h y l  ester w a s  i s o l a t e d  by 

p r e p a r a t i v e  l a y e r  chromatography (Anachem S i l i c a  Gel GF;  chloroform).  The 

main rad ioac t ive  band w a s  l o c a t e d  by autoradiography ( R f  0.55); it was 

removed from t h e  p l a t e  and t h e  product  w a s  i s o l a t e d  by e x t r a c t i o n  with 

e t h y l  a c e t a t e  ( 3  x 4 m l ) .  The so lvent  w a s  evaporated,  e thanol  (5 m l )  and 

potassium hydroxide ( 1 0 0  mg) in water ( 1  ml) were added, t h e  s o l u t i o n  was 

heated under r e f l u x  f o r  3 hours and allowed t o  cool. The s o l u t i o n  w a s  

a c i d i f i e d  with c o x .  HC1 and evaporated under reduced pressure .  Ethanol 



485 75 [ SeIBile  Acids 

( 1  m l )  was added t o  t h e  res idue :  t h e  s o l u t i o n  w a s  f i l t e r e d  and t h e  product  

i s o l a t e d  by p r e p a r a t i v e  l a y e r  chromatography (Anachem S i l i c a  G e l  G F ) ;  

chloroform, methanol 1 2 : l ) .  The requi red  band (Rf 0 . 2 0 )  w a s  l o c a t e d  by 

autoradiography;  it w a s  removed from t h e  p l a t e  and t h e  product w a s  i s o l a t e d  

by e x t r a c t i o n  with 'e thanol .  Evaporation of t h e  so lvent  gave 3a-hydroxy-24- 

(carboxymethyl- [75Se] seleno-56-cholane (0 .8  m C i )  . 
F254; dichloromethane, methanol 1 S : l ) :  major component (94%) Rf 0.25, 

coincided with t h e  non-radioactive s tandard.  I R  (KBr)  5 max: 3400, 2930, 

TLC (Merck Kiese lge l  60 

2855, 1700. 1445, 1373, 1105, 1028 a''. 

* Patents  on t h e  ''Sa-labelled b i l e  a c i d  analogues a r e  he ld  by Amersham 

I n t e r n a t i o n a l  p lc .  See Reference 4.  

ACKNOWLEDGEMENTS 

The au thors  a r e  indebted t o  Mrs J .A .  Marriott of t h e  Animal Physiology Sec t ion  

a t  Amersham I n t e r n a t i o n a l  p l c  for t h e  provis ion  of ra t  t i s s u e  d i s t r i b u t i o n  

d a t a ,  and to t h e  Physico-Chemical Measurements Un i t  a t  AEF!E H a r w e l l  for 'H 

NMR spec t ra .  

REFERCNCES 

1. Stanley M.M. and Nemchausky 8 .  - J. Lab. Clin.  Med. to: 627 (1967) .  

2. F r o m  H., Thomas P . J .  and Hofmann A . F .  - Gastroenterology 64: 1077 (1973) .  

3. Van Blankenstein M . ,  Hoyset T. ,  Horchner P . ,  Frenkel M. and Wilson J.H.P. 

- Neth. J. Med. 20: 248 (1977) .  

4 .  Soyd G . S . ,  M e r r i c k  M.V., Monks R. and Thomas I.L. - J.?iucl. Med. 22: 720 

(1981) .  



486 R. Monks an2 I. L. Thomas 

5. M e r r i c k  M.V., Eastmod M.A., Anderson J . R .  and Ross H.McL. - J. mcl. Med. 

23: 126 (1982). - 
6. A y e n a s  L.-B. and Pe r s son  B. - A c t a  C h e m .  Scand. G: 837 (1967). 

7. K l a y m a n  D.L. and Scott  G r i f f i n  T.  - J. Amer. Chem.  SOC.  95: 197 (1973). 
8. Gunther W.H.H. and Mautner H.G. - J. M e d .  Chem.  2: 229 (1964). 

9. Rieqel B., Moffett R.B. and McIntosh A.V. - p.38 i n  O r g a n i c  Syn theses ,  

Vo1.24, John Wiley  and Sons, Inc . ,  N e w  York, (1944). 

10. P e a r l m a n  W.H. - J. Amer. Chem.  SOC. E: 1475 (1947). 

1 1 .  V a i d y a  A.S. ,  D i x i t  S .M.  and Rao A.S. - T e t r a h e d r o n  Letters No .  50: 5173 

(1968). 

12. V o n  Rudloff E. - C a n .  J. Chem.  34: 1413 (1956); 43: 2660 (1965). 

13. B r i n k  N.G. I C l a r k  D.M. and Wallis E.S. - 3. B i o l .  C h e m .  162: 695 (1946). 
14. Bar ton  D.H.R., Far0 H.P. I Serebryakov E.P. and Woolsey N.F. - J. C h e m .  

SOC. 2438 (1965). 

15. N o r m a n  A. - A r k .  m i .  8: 331 (1955). 

16. T s e r n g  K-Y., H a c h e y  D.L. and Kle in  P. D. - J. Lipid Res . ‘8: 404 (1977) . 
17. liuzicka L., Pla t tner  P.A. and H e u s s e r  H. - H e l v .  C h i m .  A c t a ,  2: 186 

(1944). 


