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SUMMARY 

6-Mercaptopur ine  r i  bos ide ,  6 -methy lmercaptopur ine  r i  bos ide ,  6-mercapto- 

p u r i n e  r i bos ide -5 ' -phospha te  and 6-methy lmercaptopur ine  r i bos ide -5 ' -phospha te  

were syn thes i zed  w i t h  2 d e u t e r i u m  i n  t h e  r i b o s e  m o i e t y  a t  t h e  5 ' -pos  

as t o  a c t  as i n t e r n a l  s tandards  f o r  t h e  q u a n t i t a t i o n  o f  t hese  a n a b o l i  

6 -mercaptopur ine  f rom b i o l o g i c a l  media by gas chromatography-se lec ted  

m o n i t o r i n g  mass spec t romet ry  w i t h  chemical  i o n i z a t i o n .  
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INTRODUCTION 

6-Mercaptopur ine (6-MP) o r  6 - t h i o p u r i n e  i s  a hypoxanth ine  ana log  wh ich  i s  

w i d e l y  used as an  a n t i n e o p l a s t i c  ( 1 )  and immunosuppressive agent  ( 2 ) .  6-MP i s  

taken up by c e l  Is 'and conver ted  by hypoxanth ine-guan ine  phosphor i  bosy l  t r a n s f e r -  

ase (HGPRT) d i r e c t l y  i n t o  6 -mercaptopur ine  r i  bos ide-5 ' -phosphate  (MPRP) % a 

p o t e n t  i n h i b i t o r  o f  n u c l e i c  a c i d  s y n t h e s i s .  

s u l f u r  t o  g i v e  6-methyl  mercap topur ine  r i  bos ide-5 ' -phosphate  (MMPRP), ano the r  

a c t i v e  m e t a b o l i t e  ( a n a b o l i t e ) .  

MPRP can t h e n  be m e t h y l a t e d  a t  t h e  

These monophosphates may be dephosphory la ted  

t o  g i v e  t h e  co r respond ing  r i b o s i d e s ,  6-mercaptopur ine r i b o s i d e  (MPR) and 
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6-methyl  mercaptopur ine  r i  bos ide  (MMPR) . Th is  enzymatic dephosphory la t i on  may 

be i m p o r t a n t  i n  t h e  development o f  c l i n i c a l  r e s i s t a n c e  t o  6-MP ( 3 ) .  

t r a n s f o r m a t i o n  o f  t h e  phosphates w i t h  subsequent i n c o r p o r a t i o n  i n t o  D M  (as  6- 

mercaptoguanosine phosphate) a l s o  occu rs ,  and indeed i t  has been suggested t h a t  

t h i s  may be t h e  c r u c i a l  requ i remen t  f o r  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  these pu r -  

i n e  analogs ( 4 , s ) .  

F u r t h e r  

The e l u c i d a t i o n  o f  t h e  metaboism o f  6-MP r e q u i r e s  s e n s i t i v e  methods f o r  

t h e  s e p a r a t i o n  and q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  i t s  v a r i o u s  a n a b o l i t e s .  

of  t h e  i n i t i a l  work u t i l i z e d  paper chromatography f o r  q u a l i t a t i v e  i d e n t i f i c a t i o n  

o f  m e t a b o l i t e s  (6 ,7 ) .  

6-MP r i  bonuc leos ides  and r i  bonuc leo t i des  

matography (HPLC), u s i n g  a m o d i f i e d  procedure  o f  Ca ldwe l l  ( 9 ) .  

c e n t l y  (10 )  improved t h e  HPLC d e t e c t i o n  l i m i t  f o r  s tandard  s o l u t i o n s  o f  t h i o p u r -  

i nes  u s i n g  a v a r i a b l e  wavelength U V  d e t e c t o r .  

HPLC method w i t h  f l u o r i m e t r i c  d e t e c t i o n  has a l s o  r e c e n t l y  been r e p o r t e d  by T idd  

and Dedher (11 )  f o r  measurement o f  6 - th ioguan ine  n u c l e o t i d e  m e t a b o l i t e s  o f  6-MP 

and 6 - t h i  oguani  ne. 

Most 

I n  1972, Nelson sfi. ( 8 )  desc r ibed  t h e  s e p a r a t i o n  o f  

by h i g h  pressure  l i q u i d  ch ro -  

B r e t e r  has r e -  

A h i g h l y  s e n s i t i v e  and s p e c i f i c  

l!e a r e  deve lop ing  a Gas chromatoyaph ic -mass  s p e c t r o m e t r i c  ( G C - M S )  assay 

f o r  MPR, MMPR, MPRP and MYPRP t o  q u a n t i t a t e  these  compounds i n  v i v o .  The r i b o -  

s ides  a r e  assayed as t h e i r  pe rmethy la ted  d e r i v a t i v e s  ( 1 2 )  by GC-MS u t i l i z i n g  

chemical  i o n i z a t i o n  ( C I )  and s e l e c t e d  i o n  m o n i t o r i n g  (SIM) ( 1 3 ) .  The monophos- 

phates a r e  i n i t i a l l y  separa ted  f rom t h e  r i b o s i d e s  by column chromatography on 

XAD-4 r e s i n ,  e n z y m a t i c a l l y  dephosphory la ted  and subsequent ly  ana lyzed as t h e  

permethy la ted  r i b o s i d e s  by GC-MS ( 1 4 ) .  

t hey  a r e  d i s t i n g u i s h e d  by  p e r m e t h y l a t i o n  w i t h  C D 3 1 .  

XAD-4 r e s i n  separa tes  MPR f rom MMPR o r  
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I n  o r d e r  t o  more e f f e c t i v e l y  q u a n t i t a t e  these  nuc leos ides  and n u c l e o t i d e s  

from b i o l o g i c a l  media by  GC-F?S w i t h  SIP.! ( 1 5 )  we have syn thes i zed  deu te ra ted  

analogs o f  these compounds doub ly  l a b e l e d  i n  t h e  5 ' - p o s i t i o n  o f  t h e  r i b o s e  

mo ie ty ,  t o  use as i n t e r n a l  s tandards .  

D I S C U S S I O N  

S p e c i f i c  deu te r ium l a b e l i n g  o f  p u r i n e  nuc leos ides  can t h e o r e t i c a l l y  be 

accompl ished 

con ta ins  o n l y  one nonexchangeable p r o t o n  a t  carbon-2 ( 1 6 ) .  

t h e  o t h e r  hand o f f e r s  s i x  nonexchangeable s i t e s  f o r  p o s s i b l e  l a b e l i n g .  Schmidt 

e t  a l .  i n  196P (17)  syn thes i zed  5 ' , 5 ' -d  -adenosine f rom adenosine i n  an o v e r a l l  

y i e l d  o f  54%. I t  t h e r e f o r e  seemed f e a s i b l e  t o  u t i l i z e  an analogous s y n t h e t i c  

scheme f o r  i n c o r p o r a t i o n  o f  two d e u t e r i u m  a t  t h e  5 '  carbon o f  i n o s i n e ,  w i t h  

subsequent convers ion  o f  i n o s i n e  t o  PIPR, MMPR, MPRP and MMPRP by known methods 

(18 , l  9 ) .  

n t h e  p u r i n e  r i n g  system o r  i n  t h e  r i b o s e  m o i e t y .  The p u r i n e  r i n g  

The r i b o s e  m o i e t y  on 

2 _ _  

Scheme 1 d e p i c t s  t h e  a c t u a l  m o d i f i e d  r o u t e  we developed f o r  t h e  i n c o r p o r a -  

I s o p r o p y l i d e n e  i n o s i n e  (2 )  i s  s e l e c t i v e l y  o x i -  t i o n  o f  deu te r ium i n t o  i n o s i n e .  

d i zed  (20 )  w i t h  chromic a c i d  t o  g i v e  Z ' ,  3 ' - i s o p r o p y l i d e n e  i n o s i n i c  a c i d  (4)  
which, a f t e r  conve rs ion  t o  t h e  a c i d  a z i d e  (5) i s  reduced back t o  t h e  p r i m a r y  

a l c o h o l  (2) w i t h  sodium bo rodeu te r ide  i n  wa te r .  

Scheme 2 d e p i c t s  t h e  convers ion  o f  5 ' ,  5 ' - d 2  i n o s i n e  (6) by known methods 

i n t o  l a b e l e d  t h i o p u r i n e  ana logs .  Compound 4 i s  benzoy la ted  t o  g i v e  comp 

which i s  t h i a t e d  w i t h  phosphorous pentasu l  f i d e  i n  r e f l u x i n g  p y r i d i n e  (18  

g i v e  compound 8. Removal o f  t h e  p r o t e c t i n g  groups (18 )  g i ves  MPR-d2 (9) 
Conversion o f  KPR-d2 t o  PVPR-d2 (j?) i s  acconp l i shed  w i t h  methyl  i o d i d e  

und I 
t o  

n 
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1 )  Et3N,CH3CN, 

2 )  NaN3, H20 
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0.4N sodium hydrox ide (18) .  

- _  e t  a l .  (19 ) ,  MPRP-d2 (11) i s  produced by r e a c t i o n  o f  MPR-d2 w i t h  pyrophosphoryl  

c h l o r i d e  (21 ) .  MMPRP-d2 (12) i s  produced by m e t h y l a t i o n  o f  MPRP-d2 w i t h  methy l  

i o d i d e  i n  10% NH40H. The monophosphates were c o l l e c t e d  as t h e  bar ium s a l t s  

a f t e r  column chromatography on a Dowex 1-X8 formate column e l u t e d  w i t h  0.3M 

b i ca rbona te  b u f f e r  ( 1  9). 

F o l l o w i n g  a procedure s i m i l a r  t o  t h a t  o f  Imai 
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6-Mercaptopurine r i b o s i d e - 5 ' ,  5 ' - d 2 ,  6-methylmercaptopurine r ibos ide-5 ,  5 ' -  

d 2 ,  6-mercaptopurine riboside-5'-phosphate-5', 5 ' - d  

riboside-5'-phosphate 5 ' ,  5 ' - d 2  have thus been synthesized i n  good y i e l d  from 

inosine e s s e n t i a l l y  by known o r  s l i g h t  modif icat ions of k n o w n  s y n t h e t i c  methods. 

3euterium incorporat ion i s  high with t h e  products containing 1 . 8 %  d o ,  10.6% d l ,  

and 88.6% d2 species  making them s u i t a b l e  for  GC-MS w i t h  chemical ion iza t ion  

and se lec ted  ion monitoring f o r  t h e  q u a n t i t a t i o n  of these nucleosides a n d  

nucleot ides  from biological  media. 

a n d  6-methylmercaptopurine 2 

MATERIALS ,4ND METHODS 

Inosine,  P ' ,  3'-O-isopropylidene inos ine ,  6-rnercaptopurine r i b o s i d e ,  6- 

methylKercaptopurine r ibos ide  and 6-mercaptopurine r iboside-5 ' -phosphate  were 

obtained from Sigma Chemical Co. 

Other reagents a n d  so lvents  were obtained from various chemical sources .  

PlaBD4 was obtained from Merck Isotopes.  

Melting points a r e  uncorrected.  Thin layer  chromatography ( T L C )  was 

performed on Baker-flex s i l i c a  gel IB2-F precoated s h e e t s .  Infra-red ( IR)  

spec t ra  were obtained on a Beckman IR-33 instrument .  Mass spec t ra  were ob- 

ta ined on a Dupont 21-492 double focusing mass spectrometer equipped with a 

chemical ion iza t ion  source a n d  coupled t o  a Varian 2740 gas chromatograph via 

a j e t  separa tor .  

f o r  se lec ted  ion monitoring via a 6 '  g lass  column packed with 3% O V - 1 7  on 

Supelcoport and operated a t  2PO" C .  

Methylated nucleosides were admitted t o  t h e  mass spectrometer 
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EXPERIMENTAL 

Z ' ,  3 ' -0 - i sop ropy l idene  i n o s i n e - 5 ' ,  5 ' - d 2 @ ) .  

2 '  , 3'-O-isopropyl i dene  i n o s i n e - 5 ' - c a r b o x y l i c  a c i d  ( 3 )  i s  prepared  i n  an 

ana logous  f a sh ion  t o  t h a t  o f  Schmidt and F r i t z  ( 2 0 )  by chromic a c i d  o x i d a t i o n  

o f  Z', 3 ' -O- isopropyl idene  i n o s i n e  (2). 
Co. o r  s y n t h e s i z e d  more cheap ly  from i n o s i n e  (1) by t h e  method o f  Muramatsu 

- e t  fi. ( 2 2 ) .  

2 can  be purchased from Sigma Chemical 

To a suspens ion  o f  5 g (15 .5  m moles)  o f  3 i n  200 m L  o f  a c e t o n i t r i l e  was 

added 2.1 m L  ( 1 5 . 5  m moles)  o f  t r i e t h y l a m i n e .  When t h e  i n i t i a l  suspens ion  

d i s s o l v e d ,  1 .25 m L  ( 1 5 . 5  m moles)  o f  e thy lch lo ro fo rma te  was added and t h e  m i x -  

ture was s t i r r e d  f o r  three hours a t  room t empera tu re  ( 1 7 ) .  

some 3 p r e c i p i t a t e d  from s o l u t i o n  and enough t r i e t h y l a m i n e  ( c a .  300 111) was 

added t o  r e d i s s o l v e  i t  a long  w i t h  an equal amount o f  e t h y l c h l o r o f o r m a t e .  A t  

t h e  end o f  t h r e e  hours 1 .01  g (15 .5  m moles)  o f  sodium a z i d e  i n  10  m L  o f  wa te r  

was added dropwise and t h e  s o l u t i o n  was s t i r r e d  an a d d i t i o n a l  hour .  The s o l u -  

t i o n  was f i l t e r e d  and t h e  s o l v e n t  was removed under vacuum. The r e s i d u e  was 

e x t r a c t e d  once wi th  25 m L  o f  e t h y l  e t h e r  and tw ice  wi th  25 m L  o f  co ld  w a t e r .  

The r e s i d u e  (5) was then  resuspended i n  200 m L  o f  co ld  water  and s t i r r e d  i n  an 

i c e  ba th .  Two e q u i v a l e n t s  (1 . 5  g ,  35.8 m moles)  o f  sodium borodeu te r ide  were 

added in  p o r t i o n s  and t h e  s o l u t i o n  was s t i r r e d  o v e r n i g h t  a t  0-5".  The pH was 

then a d j u s t e d  t o  6 w i th  4N - HCl and t h e  volume was reduced t o  50 m L .  

During t h i s  time 

The s o l u -  
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t i o n  was heated  t o  r e d i s s o l v e  t h e  p r e c i p i t a t e d  p roduc t  and l e f t  o v e r n i g h t  i n  

t h e  r e f r i g e r a t o r .  

o f  c o l d  water ,  and d r i e d  t o  y i e l d  2.1 g (42%)  o f  5 .  
spectrum were i d e n t i c a l  t o  t h a t  o f  2. 
vea led  MH' = 311 compared t o  MH 

I n o s i n e - 5 ' ,  5'-d, (a) .  

The p roduc t  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  20 mL 

The m e l t i n g  p o i n t  and I R  

A l so  t h e  i sobu tane  C I  mass spectrum r e -  

t = 309 f o r  2. 

~~ ~~ ~ 

A s t i r r i n g  suspension o f  2.2 g (7.2 m mo les)  o f  i n  40 mL o f  1 t j  HC1 was 

heated t o  60" whereupon t h e  suspension d i s s o l v e d .  

s o l u t i o n  was coo led  and b rough t  t o  pH 8 w i t h  t r i e t h y l a m i n e .  

evapora ted  i n  vacuo and t o  t h e  r e s i d u e  was added 100 mL o f  CHC13 wh ich  d i s s o l v e d  

t h e  t r i e t h y l a m i n e  h y d r o c h l o r i d e  l e a v i n g  t h e  p roduc t  suspended i n  s o l u t i o n .  

A f t e r  f i l t r a t i o n  and washing w i t h  CHC13 ( 2  x 30 mL), 1 .86  g (96%)  o f  k w a s  c o l -  

l e c t e d  (m.p. 210" decomp., C I  mass spec. MHt = 271) .  

c r y s t a l l i z e d  f rom 80% e thano l  b u t  i s  s u f f i c i e n t l y  pu re  f o r  t h e  n e x t  s tep .  

6 -Mercaptopur ine  r i  bos ide -5 ' ,  5 ' - d 2  (MPR-d2) (2). 

A f t e r  20 min .  a t  60" t h e  

The s o l u t i o n  was 

T h i s  p roduc t  can be r e -  

MPR-d2 was prepared f rom 6 v i a  2 ' ,  3 ' ,  5 ' - t r i - ! -benzoyl  i n o s i n e - 5 ' ,  5 ' -d2  

( I )  and 2 ' ,  3 ' ,  5'-tri-~-benzoyl-6-mercaptopurine r i b o s i d e - 5 ' ,  5 ' - d 2  (8) essen- 

t i a l l y  by t h e  methods o f  Fox e t  a l .  ( 1 8 )  i n  54% y i e l d  (m.p. 201-203"; 

I R  i d e n t i c a l  t o  MPR; C I  mass spec. a f t e r  d e r i v a t i z a t i o n  w i t h  diazomethane 

(Mt14) H+ = 301 compared t o  m/e 299 f o r  MPR). 

6 -Methy lmercaptopur ine  r i b o s i d e - 5 ' ,  5 ' - d 2  (MMPR-d?) (lo). 
MPR-d2 was me thy la ted  w i t h  CH31 i n  0.4N NaOH aga in  a c c o r d i n g  t o  Fox 

-- e t  a l .  (18) .  

from s tandard  MMPR i n  i t s  I R ,  and TLC i n  bu tano l ,  water ,  g l a c i a l  a c e t i c  a c i d  

(5:3:2). 

used here  i f  MMPR-d5 i s  d e s i r e d .  

Y i e l d  63%, m.p. 164-165". The p r o d u c t  was i n d i s t i n g u i s h a b l e  

A lso  t h e  C I  mass spectrum gave MHt = 301. Note t h a t  C031 can be 
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6-Mercaptopur ine  r i bos ide -5 ' -phospha te -5 ' ,  5'-d, (MPRP-d,) (11). 

MPR-d2 was phosphory la ted  w i t h  pyrophosphory l  c h l o r i d e  by t h e  method o f  

Ima i  g d. (19)  and p u r i f i e d  on a Dowex 1-X8 ( f o r m a t e )  column ( 1 9 ) .  

phate  was conver ted  t o  t h e  bar ium s a l t  w i t h  bar ium a c e t a t e .  

MPR-d2; I R  i d e n t i c a l  t o  a u t h e n t i c  MPRP). 

The phos- 

( Y i e l d  52% f rom 

The phosphate was pe rmethy la ted  u s i n g  s i l v e r  o x i d e  and methy l  i o d i d e  i n  

d imethy l fo rmamide a t  room tempera ture  f o r  18  hours (23 )  and t h e  i sobu tane  C I  

mass spectrum ( d i r e c t  probe i n t r o d u c t i o n )  was compared t o  t h a t  o f  pe rmethy la ted  

MPRP. 

do, 10.6% dl and 88.6% d2 spec ies .  

6 -Methy lmercaptopur ine  r i bos ide -5 ' -phospha te -5 ' ,  5 ' -d2  (MMPRP-d2) (12). 

The p r o t o n a t e d  mo lecu la r  i o n s  (base peak i n  t h e  s p e c t r a )  revea led  1 .8% 

To a s t i r r e d  suspension o f  11 (100 mg, 0.199 m moles)  i n  50 mL o f  10% 

Aga in  CD31 can be ammonium hyd rox ide  was added 5 m moles o f  methy l  i o d i d e .  

s u b s t i t u t e d  here  i f  t h e  d5-analog i s  r e q u i r e d .  

s t i r r e d  48 hours a t  room tempera ture  a f t e r  wh ich  t i m e  TLC (n -bu tano l ,  a c e t i c  

a c i d ,  wa te r ;  5:3:2) showed t h e  appearance o f  a new s p o t  w i t h  a UV absorbance 

d i f f e r e n t  from t h a t  o f  s t a r t i n g  m a t e r i a l .  

removed under vacuum and 200 mg o f  bar ium a c e t a t e  were added t o  t h e  s o l u t i o n  

( ca .  20 mL), f o l l o w e d  by  t h e  a d d i t i o n  o f  200 mL o f  a b s o l u t e  e t h a n o l .  

s o l u t i o n  was f i l t e r e d  t o  y i e l d  50 mg (48%)  o f  w h i t e  c r y s t a l s .  

m e t h y l a t i o n  (23 )  t h e  C I  mass spectrum was e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  o f  

pe rmethy la ted  MPRP-d2. 

The r e a c t i o n  m i x t u r e  was 

The ammonia and methy l  i o d i d e  were 

The 
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