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SUMMARY 

S-Ribosyl-L-homocysteine, t r i t i a t e d  spec i f ica l ly  a t  t h e  5-C posi t ion,  h a s  b e e n  
s y n t h e s i z e d  in o r d e r  t o  assay  S-Ribosyl-L-homocysteine h y d r o l a s e  (EC. 3.3.1.3). 

Key Words : Tri t ium labe l l ing ,  S-Ribosyl-L-homocysteine. 

INTRODUCTION 

T h e  m a i n  p a t h w a y  for  r e g e n e r a t i o n  of f r e e  homocys te ine  in  t h e  a c t i v a t e d  

m e t h y l  c y c l e  of var ious  p r o k a r y o t e  cells i s  i n i t i a t e d  by c l e a v a g e  of t h e  glycosyl  

l i n k a g e  of S-adenosyl  h o m o c y s t e i n e  (Ado Hcy) by Ado Hcy nucleos idase  (1,2,3,4) 

y ie ld ing  a d e n i n e  a n d  S-ribosyl-L-homocysteine. S-ribosyl-L-homocysteine is t h e n  

hydro lysed  to f r e e  h o m o c y s t e i n e  a n d  r ibose  by  S-ribosyl-1-homocysteine h y d r o l a s e  

(5,6). 
For  t h e  pur i f ica t ion  of S-ribosyl h o m o c y s t e i n e  h y d r o l a s e  a n d  e v a l u a t i o n  of 

i n h i b i t o r s  of t h i s  e n z y m e  w e  d e v e l o p e d  a m o r e  s i m p l e  a n d  r e l i a b l e  e n z y m a t i c  assay  

t h a n  t h o s e  previously descr ibed  (5,6,7). I t  uses  S-ribosyl h o m o c y s t e i n e  t r i t i a t e d  o n  

t h e  r i b o s e  moie ty ,  which i s  s p l i t  d u r i n g  t h e  e n z y m a t i c  r e a c t i o n  i n t o  h o m o c y s t e i n e  
a n d  r ibose.  C h r o m a t o g r a p h i c  s e p a r a t i o n  of r i b o s e  f rom S-ribosyl h o m o c y s t e i n e  a n d  
h o m o c y s t e i n e  is e a s i l y  p e r f o r m e d  o n  a microcolumn of c e l l e x  P ( c a t i o n  e x c h a n g e r )  

a n d  a l lows  d i r e c t  d e t e r m i n a t i o n  of t h e  a m o n t  of l a b e l l e d  r ibose  f o r m e d  in  t h e  

e n z y m a t i c  reac t ion .  
This  a s s a y  p r o c e d u r e  requi red  spec i f ica l ly  l a b e l l e d  S-ribosyl-L-homocysteine 

w i t h  t h e  h ighes t  possible  s p e c i f i c  ac t iv i ty .  

W e  d e s c r i b e  h e r e  t h e  p r e p a r a t i o n  of c h e m i c a l l y  a n d  rad iochemica l ly  p u r e  

[ 5-3H]-S-ribosyl-L-homocvsteine. 
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DISCUSSION 

The I,2-isopropylidene-3-0-methoxymethyI-a-D-ribopentodiald0-1,4- 
f u r a n o s e  2 h a s  b e e n  p r e p a r e d  in o u r  labora tory  (8) s t a r t i n g  f rom t h e  d i a c e t o n i d e  1 
of D(+)-glucose using classical m e t h o d s  (9,10,1 1 )  (Scheme 1). 
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Scheme 1 

Reagents : i : PDC , CH2C12 ; ii : NaBHq , EtOH ; iii : MOMCl , C H ~ . Y Z ,  (iPr)2NEt ; 

iiii : H2SO4 0.8%, H20/MeOH (36 h) , NaHC@ 10%. NalO4 , MeOH 

This a ldehydosugar  5 was a usefu l  precursor  t o  t h e  synthes is  of [5- 'H1 

r ibosyl homocys te  ine  2. 
The g e n e r a l  r o u t e  f o r  synthes is  of 2 I S  i l lus t ra ted  o n  t h e  fol lowing scheme 

(Scheme 2 ) .  
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Scheme 2 

Reagents I NaB3H4 (4000 MEq , 0 67 TBqimmole) , EOH , ii TsCl , pyridine , 

III sodium L homozysieinaie, DMF , 80°C iiii 0 25 M HCI , AG11A8 resin 
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T h e  p r o c e d u r e  for  e a c h  s t e p ,  a n d  t h e  m e t h o d  of pur i f ica t ion  of e a c h  

i n t e r m e d i a t e  was  a d a p t e d  for  s e c u r e  manipula t ion  of r a d i o a c t i v e  mater ia l .  

R e d u c t i o n  of 1 (0,04 mmole)  wi th  sodium [ 'H I  borohydr ide  (4000 MBq, 

0.67 TBq/mmole)  in e t h a n o l  f o r  o n e  hour, fo l lowed by t r e a t e m e n t  wi th  e x c e s s  of 

NaBH4 g a v e  c h e m i c a l l y  p u r e  l a b e l l e d  r ibose  d e r i t a t i v e  6 with 47% iso topic  di lut ion.  

Tosyla t ion  of 6 in pyr id ine  wi th  a l a r g e  e x c e s s  of tosyl c h l o r i d e  (10 eq.) 

a f f o r d e d  7 in 69% yield.  C o n d e n s a t i o n  of in DMF with t h e  disodium s a l t  of L- 
h o m o c y s t e i n e  g e n e r a t e d  by t h e  classical m e t h o d  ( I  2,13) g a v e  3 in 22% yie ld  a f t e r  

pur i f ica t ion  o n  HP 20 SS resin.  D e p r o t e c t i o n  of t h e  1,2 a n d  3 hydroxyl  g r o u p s  of 8 
w a s  achieved  by t r e a t m e n t  of S with 0.25 M HCI. Pur i f ica t ion  of 9 on cellulose 

p r e c o a t e d  p l a t e s  a f f o r d e d  c h e m i c a l l y  a n d  rad iochemica l ly  p u r e  [5-'H]-S-ribosyl-L- 

h o m o c y s t e i n e  wi th  a s p e c i f i c  ac t iv i ty  of 7 5  GBq/rnmole. 

Unlabe l led  S-ribosyl-L-homocysteine was a l s o  synthes ized  by using t h e  s a m e  

r e a c t i o n  sequence .  T h e  s t r u c t u r e  of t h e  unlabc l led  i n t e r m e d i a t e s  a s  wel l  as t h e  

cor responding  t a r g e t  t r i t i a t e d  der iva t ives  w e r e  es tab l i shed  by spec t roscopic  

techniques  ( H, 3H NMR a n d  mass  spectroscopy) .  I 

EXPERIMENTAL 

All c h e m i c a l s  w e r e  of t h e  h ighes t  pur i ty  ava i lab le .  ['HI NaBH4 (4000 MBq, a t  

0.67 TBq/mmole)  w a s  purchased  f rom CEA (Saclay - France) .  I H  NMR s p e c t r a  w e r e  

r e c o r d e d  o n  a RRUCKER 300 MHz s p e c t r o m e t e r ,  'H NMR o n  a BRUCKER 1 0 6  MHz 

s p e c t r o m e t e r ,  c h e m i c a l  s h i f t s  a r e  r e p o r t e d  in  p p m  ( 6 ) ,  using TMS as i n t e r n a l  

s t a n d a r d  a n d  J va lues  in Hz. T h e  m a s s  s p e c t r a  w e r e  o b t a i n e d  using a NERMAC 

(DCI/NH3) mass  s p e c t r o m e t e r .  UV s p e c t r a  w e r e  recorded  using a Beckman DU-8 

m o d e l  s p e c t r o p h o t o m e t e r .  HP 2 0  SS Dianion  resin was f rom Mitsubishi  f i n e  

chemica ls .  C o u n t i n g  w a s  c a r r i e d  o u t  with a 8 5 Kontron  Liquid sc in t i l l a t ion  

C o u n t e r  in Reckman sc in t i l l a t ion  c o c k t a i l  HP/B a n d  NT. A l l  t h e  r e s u l t s  w e r e  

c o r r e c t e d  f o r  quenching  by t h e  e x t e r n a l  s t a n d a r d  method.  

For  all t h e  p r e p a r e d  r a d i o a c t i v e  c o m p o u n d s  t h e  c h e m i c a l  h o m o g e n e t y  w a s  

c o n t r o l l e d  by TLC (s i l ica  g e l  p r e c o a t e d  p l a t e s  NO55453 Merck)  a n d  r a d i o c h e m i c a l  

pur i ty  by r a d i o c h r o m a t o g r a p h y  using a LB 285 BERTHOLD S c a n n e r  equipped  f o r  

CHROMA 2D. 

3 1,2-O-isopropylidene-3-O-methoxymethyl-[5- HI-a-D-ribopentofuranose 6 
In a 5 ml  long-necked f lask  c o n t a i n i n g  t h e  d e l i v e r e d  lyophol ized  powder  
3 NaB Hq (4000 MBq, 0.67 TBq/mmole)  was  a d d e d  I ml of a n  e t h a n o l i c  so lu t ion  of 2 

(9.6 mg, 41.6 pmole). T h e  so lu t ion  w a s  m a g n e t i c a l l y  s t i r r e d  at 0°C for  2 hours. T h e  

reduct ion  was  c o m p l e t e d  by a f u r t h e r  a d d i t i o n  of 5 m g  of unlabe l led  NaBH4 

dissolved in 1 m l  of e thanol .  A f t e r  n e u t r a l i s a t i o n  of t h e  m i x t u r e  wi th  a f e w  drops  

of a c e t i c  ac id ,  t h e  so lu t ion  was e v a p o r a t e d  u n d e r  vacuo a n d  t h e  c r u d e  labe l led  5 
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e x t r a c t e d  by t r i t u r a t i o n  of t h e  r e s i d u e  wi th  4 x 10 rnl of ch loroform.  A f t e r  washing 

t h e  ch loroformic  so lu t ion  wi th  b r i n e  t h e  o r g a n i c  p h a s e  was  d r i e d  o n  M g S 0 4  a n d  

e v a p o r a t e d ,  y ie ld ing  p u r e  6 (3227 MBq) in 81 % yield,  t h e  c h e m i c a l  pur i ty  of which 
was checked  by ' H  NMR and t h e  r a d i o c h e m i c a l  pur i ty  by 3H NMR and TLC 

rad  ioc hr o m a  t o g  r a p  h y . 

I 300 MHZ- H NMK : (CDCl,)  e x t e r n a l  TMS. 6 1.37 (5) a n d  1.59 (s) (CMe2),  3.45 
- 12, J4,5b -- 2.7, (s, C H  -O),  3.68 (dd, J 

Hsb), 4.06 (dd, 3 3,4 
- J2 ,3  = 4, HZ), 4.73 (d, J - 6.7) a n d  4.78 (d,J = 6.7) (-O-CHZ-O), 5.76 

12, J4,5a - 2.7, H5a), 3.97 (dd, J 
g e m  

- 

3 gem 
9, J2 ,3  = 4, H3)9 4.13 (d t ,  J3,4 - 9, J4,5a J 4,5b - 2.7, H4), 

4.66 ( t ,  J 
(d, J l , 2  - 4, H I ) .  

192 

3 106 MHz H KMN : (CDCl , )  : with i r r a d i a t i o n  of ' H  6 3.4 (5) 3.90 (s), 'H5. 

3 
1,2-O-isopropylidene-3-O-methoxymethyl-5-deoxy-5-~-p.toluenesulfonyl-[5- HI-a-D 

r i bopentof  ur a n o s e  1. 
In a 5 m l  s t o p p e r e d  t e s t  t u b e ,  3227 MRq of 6, p r e p a r e d  as descr ibed  a b o v e  a n d  

wi thout  a n y  f u r t h e r  pur i f ica t ion ,  was  dissolved in dry  pyr id ine  ( I  rnl) a n d  f resh ly  

c r i s ta l lyzed  tosy l  c h l o r i d e  (33.4 rng, 175  prnole)  was  a d d e d  in t w o  port ions.  T h e  

m i x t u r e  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  for  18 hours  u n d e r  a r g o n  p r e s s u r e  b e f o r e  

e v a p o r a t i o n  t o  d r y n e s s  under  vacuo. T h e  r e s i d u e  was  r c c v a p o r a t e d  twice  with 3 rnl 

of t o l u e n e  a n d  t h e  r e s u l t i n g  sol id  was  dissolved in w a t e r  (8 m l )  a n d  7 e x t r a c t e d  

with 4 x 8 rnl of CHC13. T h e  o r g a n i c  p h a s e  w a s  d r i e d  o n  M g S 0 4  a n d  e v a p o r a t e d .  

T h e  c r u d e  res idue  was  pur i f ied  on  p r e p a r a t i v e  s i l i cage l  p l a t e s  using e t h y l  

a c e t a t e / c h l o r o f o r m  ( I V / 9 V )  as e l u a n t .  T h e  p r o d u c t  was l o c a t e d  by b id iment ionnal  
a u t o r a d i o g r a p h y  of t h e  p l a t e s  which showed t h a t  a good s e p a r a t i o n  of 7 a n d  

r e m a i n i n g  s t a r t i n g  m a t e r i a l  was  achieved .  T h e  product  7 (I 184 MBq, 75 GBq/rnmole) 

was  o b t a i n e d  in a 36 % yield. 

300 MHz 'H NMK : ( C D C I &  
6 1.34 (5) a n d  1.54 (s) (CMe2),  2.45 (s, CH3-Ar), 3.41 (5, CH3-O), 3.91 (dd, J 

J2,? : 4, H3), 4.16 (ddd, 

4, H5a), 4.31 (dd, J 
gem 

= 6.7) a n d  4.72 (d, J = 6.7) (-O-CH2-O), 5.65 (d, J1,2 7 4, H I ) .  

= 9, 394 
: 11, J4,5a = 

49 H2)9 4.68 (d, 2 

- 2, H4), 4.21 (dd, J 
gem = 9, J4,5a 4, J4,5b 

= 1 I ,  J4 ,5b = 2, Hsb), 4-61 ( t ,  J1,2 32,3 

3 3 106 MHz - H NMR (CDCI,) : with i r rad ia t ion  of 'H. 6 4.20 (s), 4.30 (5) H5 

UV (MeOH) X m a x  = 220 nm (10000) - 
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3 1,2-O-isopropylidene-3-O-methoxymethyl-5-deoxy [5- HI-L-homocysteinyl  a-D- 
r i b o p e n t o f u r a n o s e  S 

An e x c e s s  of t h e  dry  d isodium d e r i v a t i v e  of L-homocys te ine  (20 mg), p r e p a r e d  

f r o m  1 - h o m o c y s t i n e  (13) ,  w a s  suspended  in 0.5 ml  of dry  DMF in a s t o p p e r e d  t e s t  

t u b e  f lushed  with a rgon .  T h e  product  ? ( I 1 8 4  MHq, 75  CBq/mmole)  f rom a b o v e  w a s  

dissolved in 0.5 ml of DMF a n d  t h e  so lu t ion  s t i r r e d  for  16 hours  a t  80°C. 

A f t e r  e v a p o r a t i o n  of t h e  s o l v e n t  u n d e r  vacuo. r h e  r e s i d u e  w a s  dissolved in  w a t e r  

(10 rnl) a n d  t h e  r e m a i n i n g  t o s y l a t e  e x t r a c t e d  wi th  CHC13 ( 3  x 5 ml). A f t e r  
n c u t r a l i s a t i o n  of t h e  a q u e o u s  so lu t ion  with a f e w  d r o p s  of O.IN HCI, d e s a l t i n g  a n d  

pur i f ica t ion  of 8 w a s  c a r r i e d  o u t  using a c o l u m n  c o n t a i n i n g  H P  20 SS hydrophobic  
res in  (100 ml). Elut ion  was  p e r f o r m e d  successively wi th  200 ml  of w a t e r  a n d  200 rnl 

of m e t h a n o l - w a t e r  (4v/6v). F r a c t i o n s  c o n t a i n i n g  t h e  des i red  product  S w e r e  

combined ,  t h e  m e t h a n o l  was  removed a n d  t h e  res idua l  so lu t ion  lyophi l i7ed t o  
a f f o r d  248  MBq of p u r e  8 (y ie ld  22 %, sp. act. 7 5  CRq/mrnole)  t h e  c h e m i c a l  

h o m o g e n e i t y  of which was  c h e c k e d  by TLC (s i l icage l )  using e t h a n o l / w a t e r  (4v/ lv) .  

3 3 106 MHz H N M K  with i r r a d i a t i o n  of IH. 6 2.90 (s) 3.15 H5. 

3 [ 5 -  HI-S-Ribosyl-1-homocysteine 9 
200 MRq of 3 (sp. ac t .  7 5  GBq/mmole)  w a s  dissolved in I ml of 0.25 M HCI a n d  t h e  

so lu t ion  w a s  h e a t e d  at 50°C. T h e  removal  of 1,2-O-isopropyl idene a n d  I-MOM 

p r o t e c t i n g  g r o u p s  was  c o m p l e t e d  in 2 hours  (checked o n  TLC p l a t e s  RP-18, e l u a n t  

MeOH/H20,  lv/4v). Excess  of HCI w a s  removed by AG I I  A8 resin (2 rnl) a n d  t h e  

r e s u l t i n g  n e u t r a l  s o l u t i o n  was  lyophi l ized.  Pur i f ica t ion  of 9 was a c h i e v e d  o n  1 rnrn 

c e l l u l o s e  p r e c o a t e d  p l a t e s  (e lu t ion  wi th  Ethanol /Water ,  3v / lv)  which w e r e  a u t o -  

r a d i o g r a p h i e d  using TLC r a d i o  CHROMA 2D method.  160  MBq (sp. act .  75  
GBq/mmole)  of 2 was o b t a i n e d  in 80 % yield,  with a r a d i o  c h e m i c a l  pur i ty  

> 99,5 % by t h e  r a d i o  TLC method.  
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1 300 MHz 

6 2.15 (m, H7a, 2.75 (my H6a, H6b)f 2-85 (dd, Jgem = 14*19 J4,5a - 4 * 8 9  H5a)7 
I .7, 2.94 (dd, Jgen, - 14.1, J 4 , 5 b  - 4.6, 3.84 (my Hg), 4.01 (dd, 32,3 

H2 f o r m ) ,  4.06 (m,  H4), 4.14 (dd,  J2,3 - 5.7, J l , 2  = 4-17 H a f o r m ) ,  4-20  2 
(dd, J j ,4  .: 6.5, J = 4.8, H3), 5.22 (d, 3 1 , 2  - 1.7, H I  8 form) ,  5.38 (d, J l , 2  -. 

4.1, H I  CI form). 

H N M K  ( D 2 0 ,  e x t e r n a l  TMS) 

1,7 
4.89 

293 

3 106 MHz H NMK with i r r a d i a t i o n  of 'H. 6 2.8 (s), 2.95 (5)  H5. 
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