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A GENERAL CHEMICAL METHOD FOR THE STEREOCHEMICAL ANALYSIS OF 
NUCLEOSIDE-5' [ l6O , 1801 PHOSPHOROTHIOATESt 

JANE H. CUMMINS AND BARRY V.L. POTTER* 
Department of Chemistry, University of Leicester, 
Leicester LEI 7RH, U . K .  

Abstract A simple chemical method of configurational analysis 
is presented which will facilitate stereochemical investigation 
of any restriction endonuclease enzyme reaction. 

INTRODUCTION 

A stereochemical approach to understanding the mechanistic enzymology 
of transformations at phosphorus has recently been exploited, whereby 
a phosphorus centre is made chiral either by oxygen isotope substitu- 
tionl or in a chiral phosphorothioate analogue2. Central to its succ- 
ess have been methods for the stereospecific synthesis of chiral bio- 
phosphates1 i 2  and their stereochemical analysis3. Advances in oligo- 
nucleotide synthesis4 now make this approach applicable to the large 
group of DNA restriction endonuclease enzymes5. However , although the 
synthetic side of the phosphorothioate method is well developed, pres- 
ent methods of stereochemical analysis limit its flexibility. 

phorothioate6r7 in H2l80 by an enzyme and degradation to mononucleo- 
tides yields a 2Ldeoxynucleoside 5' [ I60 , 1803 phosphorothioate ( 1) . 
Determination of the absolute configuration of (1) gives the stereo- 

Cleavage of one diastereoisomer of an oligodeoxynucleotide phos- 

OH 
chemical course of the enzyme-catalysed reaction and provides import- 
ant information as to the involvement or not of a phosphorylated enz- 
yme intermediate. An enzymatic method for the stereospecific phos- 
phorylation of adenosine 5' -phosphorothioate (AMPS) exists8 , which 
has been used for the configurational analysis of dAMPS by mass spec- 
trometry and NMR spectroscopy2r9, but this method rests on the speci- 
ficity of adenylate kinase and is not applicable to other systems. 
Restriction enzymes can cleave next to any nucleoside residue in DNA, 
and we must therefore be able to determine the configuration of any 
such labelled 2'-deoxynucleoside 5'-phosphorothioate. 
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RESULTS AND DISCUSSION 

Nucleoside 5I-O-methyl phosphorothioates (5a,b) have been synthesised 
from free nucleosides by a "one pot" procedure (SCHEME 1). The nucle- 
oside (2) is thiophosphorylated and the resulting nucleoside 5 -thio- 
phosphorodichloridate ( 3 )  converted to the corresponding 0,O-dimethyl 
phosphorothioate triester (4) . Base treatment ields diastereoisomers 
(5a,b) , which are distinguishable by HPLC and 3i[P NMR spectroscopy. 
Their configurations have been assigned by partial digestion with 
snake venom phosphodiesterase, which cleaves only one diastereoisomer 
of phosphorothioateslOf11. We assign the Sp configuration to the 
hydrolysed diastereoisomer. Methylation of the now asymmetric mixture 
of (5a,b) using methyl iodide affords the corresponding triesters (6a, 
b) , which can now be configurationally assigned by 31P NMR spectros- 
copy (FIG. la, e.g. for B = Thymine). 

*c*c*m 

FIGURE 1 

The general method of analysis is made possible since diastereo- 
isomers (6a,b) are available directly from nucleoside 5' -phosphoro- 
thioates in almost quantitative yield by treatment with either diaz- 
omethane (e.g. FIGURE lb) or dimethyl sulphate in DMF (both of these 
reagents give rise to varying types of base methylation according to 
the nucleoside used). For TMPS, AMPS, dAMPS and dCMPS either methyl- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



STEREOCHEMICAL ANALYSIS OF CHIRAL PHOSPHOROTHIOATES 591 

at ing agent can be used. For dGMPS, however, only dimethyl sulphate 
can be used, diazomethane giving rise t o  multiple methylation which 
complicates the l P  NMR spectrum. Where stereochemical co r re l a t ions  
fo r  base-methylated material  were required t h e  appropriate asymmetric 
mixture of t r i e s t e r s  (6a,b) was t r e a t e d  f u r t h e r  with diazomethane o r  
dimethyl sulphate. 

We have establ ished t h a t ,  regardless  of t he  nucleoside used (of 
the f i v e  t e s t ed )  o r  t he  type of base methylation, o r  even i f  depurin- 
a t ion  occurs ( f o r  dGMPS), t he  Sp diastereoisomer of t h e  nucleoside 
(or r ibose)  5'-S-methyl-O-methyl phosphorothioate (6b) always reson-  
a t e s  t o  lower f i e l d  than the Rp diastereoisomer (6a) I t  
i s  now a simple matter t o  determine the  pos i t i on  of an l80 isotope 
i n  a nucleoside 5' - [ 160, 180] phosphorothioate of unknown conf igura- 
t i o n  by examining t h e  magnitudes of t he  l80 isotope s h i f t s 1 2  i n  t h e  
31P NMR spectrum of the  corresponding t r i e s t e r .  
dependent on bond order13. In  one diastereoisomer the  l80 atom w i l l  
be i n  a bridging posi t ion and w i l l  exh ib i t  a s m a l l  isotope s h i f t  and 
i n  the o the r  it w i l l  be i n  a doubly bonded pos i t i on  and w i l l  show a 
larger  s h i f t .  

( F I G U R E  1). 

These s h i f t s  a r e  

alil 

FIGURE 3 

Methylation of a mixture of thymidine 5' [1602] - and [160,180] 

the cleavage of S8-O-thymidyl-3'-O-(2'- 
phosphorothioates ( 7  I FIGURE 2 )  (z. 1.5~mol)  of unknown absolute 
configuration obtained 
deoxyadenosyl) phosphorothioate catalysed by Phaseolus aureus 
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nuclease  gave t h e  31P NMR spectrum shown i n  FIGURE 3 .  
s h i f t s  are observable :  a s m a l l  one (2.5Hz) o n  t h e  l o w  f i e l d  resonance  
(Sp-7b) , and a larger one (5.7Hz) on t h e  h i g h  f i e l d  resonance (Rp-7a). 
We can now deduce t h a t  t h e  c o n f i g u r a t i o n  of (7) must have been Sp. 
Consequently,  t h e  enzyme-catalysed cleavage proceeds w i t h  i n v e r s i o n  
of c o n f i g u r a t i o n  a t  phosphorus,  presumably by means of  a d i rec t  " i n  
l i n e "  d isp lacement  mechanism14. 

We thank D r  M.R. Hamblin for  t h e  sample of [l8O]-TMPS and g r a t e f u l l y  
acknowledge f i n a n c i a l  support from t h e  SERC and t h e  N u f f i e l d  
Foundation. 
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