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SUM MARY 

S t a r t i n g  from 3-(2-deoxy+-D-er t h r o  pentofuranosy1)-6,7- 
d i h y d r o i m i d a z o [ 4 , 5 - d ] [ . l , 3 l d i a z e p i n ~ ~ n e  ( p ) ,  t h e  synthes is  o f  both t h e  
R-and S-isomers o f  r 8 - 3 H l p e n t o s t a t i n  has been achieved. The separat ion o f  t h e  
des i red  R-isomer i n  3. 24% o v e r a l l  chemical y i e l d  from t h e  R,S-mixture was 
e f f e c t e d  by p repara t i ve  reverse-phase chromatography u t i l i z i n g  a C 1  
s t a t i o n a r y  support. C r y s t a l l i n e  product o f  h i g h  s p e c i f i c  a c t i v i t y  7227 
mCi/mmole) was obtained. 

Key Words: 
reverse- phase c h roma t og rap hy . Adenosine deaminase i n h i b i t o r ,  [8-3H]pentostatin, p repara t i ve  

INTRODUCTION 

There i s  c u r r e n t l y  a burgeoning i n t e r e s t  i n  p e n t o s t a t i n  a 

nuc leos ide o f  unusual s t r u c t u r e  der ived i n i t i a l l y  from t h e  fermentat ion beers 

of  Streptom.vces a n t i b i o t i c u s  NRRL 32382 and more recen t l y  by t o t a l  

~ y n t h e s i s . ~  

represents  t h e  most potent  i n h i b i t o r  known of adenosine deami nase (ADA), t h e  

enzyme responsib le  f o r  t h e  E-6 deamination o f  adenine nucleosides. 

s p e c i a l l y  devised k i n e t i c  experiments5, 

> a  K i = l . O  x 

Th is  along w i t h  i t s  c lose  s t r u c t u r a l  r e l a t i v e  coformycin (&)4 

I n  

showed a Ki=2.5 x 10-12 M and 

M against  human e r y t h r o c y t i c  ADA, thus q u a l i f y i n g  b o t h  

as e s s e n t i a l l y  i r r e v e r s i b l e  i n h i b i t o r s .  While p e n t o s t a t i n  has proven q u i t e  

e f f e c t i v e  as a co-drug f o r  enhancing t h e  a n t i v i r a l 6  and anti tumor7 e f f i c a c y  

o f  var ious adenine nucleosides both i n  v i t r o  and i n  v ivo,  i t  alone i s  be ing 
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accorded i n c r e a s i n g  a t t e n t i o n  as an agent  f o r  t h e  i n h i b i t i o n  o f  l ymphocy t i c  

ADA. Such a the rapy  wou ld  be d e s i r a b l e  i n  t h e  t r e a t m e n t  o f  l ympho id  

mal ignanc ies8  and i n  immunosuppression.9 

I n  o r d e r  t o  s tudy  t h e  t i s s u e  d i s t r i b u t i o n  and m e t a b o l i c  f a t e  of 

p e n t o s t a t i n  i n  v i v o ,  Glazko e t  a1.10 syn thes i zed  3H(G) - labe led& v i a  t r i t i u m  

exchange and examined i t s  i n c o r p o r a t i o n  i n t o  r a t  t i s s u e  f o l l o w i n g  i.m. i n j e c -  

t i o n .  

enzymat ic  assays f o r  t h e  a c q u i s i t i o n  o f  s i m i l a r  i n f o r m a t i o n  i n  o t h e r  animal 

Va r ious  i n v e s t i g a t o r s l l  have r e p o r t e d  t h e  use  o f  m i c r o b i o l o g i c  and 

spec ies .  

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

p o s s i b l e  mechanism o f  a c t i o n  s t u d i e s  i n  v i t r o  w i t h  p e n t o s t a t i n ,  we r e p o r t  he re  

a syn thes i s  o f  [8-3H]pentostat in,J,  o f  h i g h  s p e c i f i c  a c t i v i t y  i n  wh ich  

t r i t i u m  i s  appended s p e c i f i c a l l y  t o  C-8. 

r e d u c t i o n  o f  r e a d i l y  a v a i l a b l e  k e t o n u c l e o s i d e $  was f a c i l i t a t e d  by t h e  r e c e n t  

d i s c l o s u r e  o f  nove l  s y n t h e t i c  methodology f rom t h e s e  l a b o r a t o r i e s 3  t h a t  

enab les  one i n  p r i n c i p l e  t o  genera te  p e n t o s t a t i n  l a b e l e d  w i t h  3H o r  I 4 C  ( o r  

co r respond ing  s t a b l e  i s o t o p e s )  a t  v a r i o u s  s p e c i f i e d  p o s i t i o n s .  

f o rmer  i s o t o p e  because i t  r e q u i r e d  o n l y  a s i n g l e - s t e p  s y n t h e t i c  ope ra t i on .  

Such a s y n t h e s i s  v i a  L3H1NaBHq 

We chose t h e  

Reduct ion  o f 3  under  s tandard  c o n d i t i o n s  was c a r r i e d  o u t  i n i t i a l l y  w i t h  a 

sma l l  amount o f  u n l a b e l e d  NaBH4 t o  r e a c t  w i t h  any a c t i v e  hydrogen p resen t  and 

t o  r a i s e  t h e  s o l u t i o n  pH. 

hyd ro l yzes  much more s l o w l y  a t  e l e v a t e d  pH. 

l e s s  t h a n  a t h e o r e t i c a l  amount o f  C3HINaBH4 o v e r  a l o n g  r e a c t i o n  p e r i o d  i n  

o r d e r  t o  i n s u r e  maximum i n c o r p o r a t i o n  o f  tritium1:! and hence m i n i m i z e  

p o s s i b l e  t r i t i u m  l o s s  due t o  an i s o t o p e  e f f e c t .  

a t  t h e  end o f  t h e  r e a c t i o n  t o  d r i v e  i t  t o  comp le t i on  and t o  f a c i l i t a t e  t h e  

i s o l a t i o n  o f  t h e  m i x t u r e  o f  R,S-isomers,J and>. 

T h i s  m in im ized  loss o f  t r i t i u m  s i n c e  NaBH4 

We t h e n  t r e a t e d  t h e  m i x t u r e  w i t h  

Sodium b o r o h y d r i d e  was added 
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In  order  t o  e f f e c t  a c lean separat ion o f  t h e  crude, water-soluble R,S- 

C8-3Hlpentostatin mixture, we developed a reverse-phase var ian t  of a g l a s s  

column preparat ive chromatographic procedure reported by S t i l l  . I 3  S imi la r  

prepara t ive  procedures u t i l i z i n g  a modified s i l i c a  gel14 or micronized XAD-2 

resin15 a s  the s t a t i o n a r y  support have been reported. 

octadecylsilyl-derivitized s i l i c a  gel s t a t i o n a r y  support ,  we were a b l e  t o  

e f f e c t  nearly complete separa t ion  of R -  and S-isomers,J and 5 ,  respec t ive ly .  

Subsequent c rys ta l1  i z a t i o n  of t h e  crude R-isomer afforded d e s i r e d 2  of high 

s p e c i f i c  a c t i v i t y  (227 mCi/mmole). 

chemical pur i ty  of 1. 98% by hplcl6 and U V  spectroscopy17 and a radio- 

chemical pur i ty  of 98% by hplc u t i l i z i n g  l i q u i d  s c i n t i l l a t i o n  spectroscopy 

f o r  assay. 

Employing an 

rJ 

Physical charac te r iza t ion  showed a 

EXPERIMENTAL 

Radioactive samples were counted i n  Packard Tri-Carb l i q u i d  s c i n t i l l a t i o n  

spectrometers ,  Models 3375 and 3003, using e i t h e r  Omnifluortoluene (4 g/L) o r  

Amersham PCS c o c k t a i l s .  E .  Merck s i l i c a 1  gel 60 F-254 a n a l y t i c a l  p l a t e s  were 

used f o r  t l c .  

Radioscanner f i t t e d  with a Model LB 242 x dual ratemeter. U V  spec t ra  were 

taken on a Cary Model 118c spectrophotometer. 

New England Nuclear Corporation. 

Developed t l c  p l a t e s  were scanned on a Varian Berthold 

C3H]NaBH4 was purchased from 
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[3H]NaBH4 Reduc t ion  o f  3-(2-deoxy-~-D-erythro-pentofuranosyl)- 

6,7-d ihydro imidazo[4,5-~] [1 ,3 ld iazepin-8(3~)-one 3 
A s o l u t i o n  o f  1.064 g (3.8 mmol) of  t h e  k e t o n u c l e o s i d e  (j), h y d r a t e d  

w i t h  0.8 mole  e q u i v a l e n t  o f  H20, i n  11 m l  PleOH and 6 m l  H20 was c o o l e d  t o  

O O C ,  12.5 mg (0.3 mmol) o f  u n l a b e l e d  NaBH4 was added, and t h e  m i x t u r e  s t i r r e d  

f o r  2 h r  a t  0°C. 

mg, 0.13 mmol) o f  [3H]NaBH4 (2.88 Ci/mmol h y d r i d e  e q u i v a l e n t )  i n  1.0 m l  E t O H  

was added. The r e a c t i o n  vesse l  was a t t a c h e d  t o  a vacuum m a n i f o l d  and evacu- 

a ted .  The r e a c t i o n  was c l o s e d  f r o m  t h e  man i fo ld ,  and t h e  m i x t u r e  s t i r r e d  a t  

O°C f o r  2 h r  and t h e n  a t  room tempera ture  f o r  1 8  h r .  The r e a c t i o n  m i x t u r e  was 

f r o z e n  i n  l i q u i d  N2 and t h e  gases above i t  were t r a n s f e r r e d  v i a  a T o e p l e r  pump 

f o r  d i sposa l .  

(1.07 mmol) o f  u n l a b e l e d  NaBH4 was added. With t h i s  a d d i t i o n  a t o t a l  o f  

1.5 mmol o f  l a b e l e d  and u n l a b e l e d  NaBH4 had been added, wh ich  cor responded t o  

a s p e c i f i c  a c t i v i t y  o f  250 mCi/mmol o f  h y d r i d e  e q u i v a l e n t .  

f l a s k  were washed down w i t h  0.5 m l  EtOH, t h e n  t h e  f l a s k  was rep laced  on t h e  

man i fo ld ,  f rozen  i n  l i q u i d  N2, and evacuated. The r e a c t i o n  m i x t u r e  was 

s t i r r e d  a t  O°C for 2 h r  and t h e n  a t  room tempera tu re  f o r  3 hr. 

f r o z e n  i n  l i q u i d  N2 and t h e  gases t r a n s f e r r e d  f o r  d i s p o s a l .  

(262 p l ,  6 mmol) was added t o  t h e  f rozen  m i x t u r e  wh ich  was t h e n  a t t a c h e d  t o  t h e  

m a n i f o l d  and evacuated. 

t u r e ,  and r e a c t i o n  had ceased, t h e  gases and t h e n  t h e  s o l v e n t  were t r a n s f e r r e d  

under vacuum f o r  d i sposa l  as r a d i o a c t i v e  waste. 

The r e a c t i o n  vesse l  was coo led  i n  l i q u i d  N2 and 1.5 C i  (4.95 

The r e a c t i o n  f l a s k  was removed f r o m  t h e  man i fo ld ,  and 40.6 mg 

The s i d e s  o f  t h e  

The m i x t u r e  was 

G l a c i a l  AcOH 

A f t e r  a l l o w i n g  t h e  m i x t u r e  t o  come t o  room tempera- 

The r e s i d u e  was d i s s o l v e d  i n  7 m l  o f  H20 and t h e  pH a d j u s t e d  t o  7.48 w i t h  

d i l u t e  AcOH. 

3 : l )  i n d i c a t e d  t h e  absence o f  t h e  s t a r t i n g  ke tone  (Rf 0.35) and a s i n g l e  

A n a l y s i s  o f  t h i s  s o l u t i o n  by t l c  (CH3CN-0.2 N aqueous NH4C1, 
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r a d i o a c t i v e  component w i t h  an R f  (0.2) i d e n t i c a l  t o  t h a t  o f  an au then t i c  

sample o f  pentostat in .  

removed by l y o p h i l i z a t i o n  t o  g i ve  1.50 g (813 m C i ,  54% radiochemical y i e l d )  of 

crude R,S-[8-3Hlpentostatin as a gum. 

two peaks o f  equal i n t e n s i t y ,  i d e n t i c a l  t o  t h a t  o f  s y n t h e t i c  

R ,S-pentostat in. l6 

A f t e r  s torage overn ight  a t  O O C ,  t h e  so lvent  kiss 

Hplc ana lys i s  showed a p a t t e r n  o f  

Separation o f  R,S- i  somers by P repara t i ve  Reverse-phase Chromatography 

a nd C ry s t a 1 1 i z a t  i on o f  (ll ) - 3 - ( 2 - d e o xy - f? - 0 - e ry t h ro- p e n t o f  u r a nosy 1 ) - 3 ,6 , 

7 ,8-[8-3H]tetrahydroimi dazo[4,5-~l[1,3]diazepin-8-01 B) 
To a g lass column (8x 70 cm) f i t t e d  w i t h  a f r i t t e d  d isc,  large-bore 

t e f l o n  stopcock, and 24/40 upper ground g lass j o i n t  was added 3. 250 g 

o f  Waters preparat ive,  reverse-phase octadecylsilyl-derivitized s i l i c a  gel 

s l u r r i e d  i n  mobile phase (5% MeOH i n  H20, pH 7.5). 

was packed t o  a depth o f  12-15 cm under 4 p s i  N2 pressure fo l l owed  by 

e l u t i o n  w i t h  G. 1 a o f  mobi le  phase. 

so lved i n  7 m l  H20 was t r a n s f e r r e d  by Pasteur p i p e t t e  t o  t h e  column w i t h  

care taken no t  t o  d i s t u r b  t h e  sur face o f  t h e  support ma te r ia l .  

con ta ine r  was r i n s e d  3x w i t h  mobi le  phase and t h e  r i n s i n g s  were added t o  

t h e  column. 

support under 4 p s i  N2 pressure. 

w i t h  mobi le  phase and t h e  combined r i n s i n g s  in t roduced as above. The 

column was c a r e f u l l y  f i l l e d  w i t h  G. 2 9. mobi le  phase t o  separate t h e  

isomers. 

pressure t o  t h e  column head. Twenty-eight 100-150 m l  f r a c t i o n s  were 

c o l l e c t e d  over 45 min. A f t e r  assay by hplc, t h e  appropr ia te f r a c t i o n s  

were combined i n t o  th ree  l o t s .  

2 a m ix tu re  o f  isomers, and l o t  3 predominately R-[8-3H]pentostatin. 

The support ma te r ia l  

The crude t r i t i a t e d  m ix tu re  d i s -  

The sample 

The sample and r i n s i n g s  were in t roduced onto t h e  column 

The s ides o f  t h e  column were r i n s e d  5x 

A f l ow  r a t e  o f  50-100 ml/min was obta ined by app ly ing  4 p s i  N2 

L o t  1 contained S-[8-3Hlpentostatin, l o t  

The 
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s o l v e n t  was evapora ted  f r o m  t h e  t h i r d  l o t  by r o t a r y  e v a p o r a t i o n  (35"C/5 mm) t o  

l e a v e  a pa le -ye l l ow  syrup .  

aqueous MeOH a t  3°C. 

L o t s  1 and 2 were evapora ted  as above and s t o r e d  i n  

The syrup  f r o m  l o t  3 was t r a n s f e r r e d  t o  a 10 m l  beaker  u s i n g  0.5 m l  o f  

H20 (85OC, pH 7.5) and min ima l  MeOH. The MeOH was evapora ted  under  a steady 

stream o f  N2 t o  g i v e  a mushy c r y s t a l l i n e  mass wh ich  s o l u b i l i z e d  upon h e a t i n g  

t o  85°C. 

a l l o w e d  t o  coo l  t o  room tempera tu re  d u r i n g  wh ich  c r y s t a l l i z a t i o n  began. 

s o l u t i o n  was k e p t  a t  3°C 

washed w i t h  5 m l  c o l d  MeOH, a i r  d r i e d  f o r  30 min, and t h e n  d r i e d  o v e r n i g h t  

(25"C/100 mm). 

a c t i v i t y  o f  227 mCi/mmole were ob ta ined.  

o f  98% by h p l c  and U V  spec t roscopy  and a rad iochemica l  p u r i t y  o f  98% by 

h p l c  u s i n g  1 i q u i d  s c i n t i l l a t i o n  spec t roscopy  f o r  assay. 

Hot  MeOH (5  m l )  was added w i t h  tho rough  s t i r r i n g  and t h e  s o l u t i o n  was 

The 

f o r  3 da. The c r y s t a l s  were c o l l e c t e d  by f i l t r a t i o n ,  

L i g h t  b e i g e  c r y s t a l s  (246.01 mg, 24% y i e l d )  w i t h  a s p e c i f i c  

The sample showed a chemica l  p u r i t y  
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