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BASE MODIFICATION AND THE PHOSPHORAMIDITE APPROACH 

* 
L.J. McBride, J.S. Eadie, J.W. E fcav i t ch ,  W.A. Andrus 
Appl ied Biosystems, Inc. ,  850 L i n c o l n  Centre Dr i ve  

Foster  City, C a l i f o r n i a ,  U.S.A. 

Abstract .  01 igodeoxynucleotides 18-150 bases i n  l eng th  were 
synthesized w i t h  both c-( 2-cyanoethy1)- and e-(methyl )-phosphorami - 
d i tes .  A f t e r  enzymatic degradation o f  the p u r i f i e d  products, base 
m o d i f i c a t i o n  and composition were evaluated by HPLC. A d d i t i o n a l l y ,  
synthesis o f  5'-d[GCGCGCTT] w i t h  0-(methyl ) phosphorus p r o t e c t i o n  
generated 3-methyl thymidine when thGphenoxide was omi t ted f rom t h e  
deprotect ion p ro toco l .  

Use o f  nucleoside phosphoramidi tesl  on c o n t r o l l e d  pore g lass 
polymer supports (CPG)' a l l ows  synthes is  of o l  igodeoxynucleot ides 
(ol igomers) g rea te r  than 100 bases i n  length.3 Recent repo r t s  suggest 
t h a t  du r ing  lengthy syntheses, chemical mod i f i ca t i ons  o f  deoxyadenosine 

( A )  ,4 deoxyguanosine ( G ) 5  and thymidine (T) become s i g n i f i c a n t .  Some 
o f  these events are repor ted t o  depend upon the  phosphorus p r o t e c t i n g  
group employed i n  the  phosphoramidite a p p r ~ a c h . ~  We have i n v e s t i g a t e d  

the ex ten t  o f  o l i gonuc leo t i de  damage t h a t  occurs under a def ined 
scenar io o f  p u r i f i e d  reagents, automated synthesis,  deprotect ion,  and 
p u r i f i c a t i o n .  

Each o f  f o u r  oligomers, 18, 34, 72, and 150 i n  l eng th  (TABLE 1)  

were synthesized once by (methyl)-  and once by (2-cyanoethy1)- u - d i -  
isopropylphosphoramidites us ing  standard p ro toco l  .8 Fol lowing p u r i f i -  

c a t i o n  (TABLE 1), products were degraded w i t h  snake venom phosphodies- 
terase and a1 k a l i n e  phosphatase t o  nuc leos id i c  components.6 Digest ions 
were monitored f o r  48 h b y  autoradiography (no t  shown) and were 
complete i n  4-8 h. Fol lowing ethanol p r e c i p i t a t i o n ,  nucleosides were 
analyzed by RP-HPLC (FIG. 1) w i t h  UV254nm detect ion.  Deoxyinosine ( I ) ,  
present a t  14% i n  most d igests ,  was determined t o  be a product o f  
adenosine deaminase a c t i v i t y  i n  snake venom phosphodiesterase. There- 
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TABLE 1. Comparison o f  Polydeoxynucleotide Syntheses Using (Methyl ) -  
and (2-Cyanoethyl)-phosphoramidites. (a )  Synthesized w i t h  methyl 
protect ion;  (b)  Synthesized w i t h  2-cyanoethyl p ro tec t i on ;  ( c )  Based 
on r e l a t i v e  peak areas normalized t o  a chromatogram o f  a standard 
s o l u t i o n  o f  A, G, C, T (25 mole % o f  each); ( d )  Tota l  y i e l d  i n  O.D. 
(260nm) u n i t s  f o l l o w i n g  polyacrylamide gel  e lec t rophores i s  and 
desa l t i ng  w i t h  Sep-Pak (Waters Assoc.). 

lsolatedd 
Length Theoretical Composition Empirical Compositionc Yield 

1 8' A5 Go C4 T i  A4.8 G8.01 c4oe T100 4.4 

728 A15 019 c20 T18 A150 Glee c107 '104 3.9 

1W A24 0 4 1  c39 T46 b 2 6  G419 c390 T46 5 0.9 

0 10 20 40 60 

FIG. 1. Chromatograms o f  Enzymatic Digests o f  P u r i f i e d  Polydeoxynucle- 
o t i des  150 Bases i n  Length Synthesized by the  Phosphoramidite Approach. 
(a)  Control  d iges t  (no 01 igomer); (b )  2-cyanoethylphosphoramidites 
were used; ( c )  Methylphosphoramidi t es  were used. The arrow i n d i c a t e s  
an i m p u r i t y  (0.15% abundance r e l a t i v e  t o  thymidine) which comigrates 
(50 min.) w i t h  a 3-methylthymidine standard. 
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FIG.2 Chromatograms o f  Enzymatic Digests of 5'-d[GCGCGCTT] Synthesized 
With and Without Thiophenoxide. The p ro tec ted  ol igomer was d i v i d e d  i n  
h a l f ,  and deprotected w i t h  (Panel A) and w i thou t  (Panel B )  th iophen- 
oxide. Panel C was a d i g e s t i o n  c o n t r o l  (no o l igomer) .  The peak 
l abe led  T-CH3, 10% i n  abundance, comigrates w i t h  a 3-methyl thymidine 
standard. 

fore, t he  r e l a t i v e  abundance o f  ( A )  was determined by adding the  ( A )  
and ( I )  peak areas. 
2-cyanoethyl syntheses were equ iva len t  w i t h i n  experimental e r r o r ,  and 
both genera l l y  agreed w e l l  w i t h  t h e o r e t i c a l .  A t  t h e  150-base l e v e l ,  
however, t he  ( A )  composition was 511% below t h e o r e t i c a l  i n  both 
syntheses. The f a t e  o f  (A) was not  determined here s ince no mod i f i ed  

nuc leos id i c  species ( 0.1% by UV254nm) could be detected i n  any o f  t he  

e i g h t  syntheses l i s t e d  i n  TABLE 1. One explanat ion f o r  t h i s  d e f i c i e n c y  
i s  t h a t  a p u r i n i c  s i t e s  e x i s t  i n  the  p u r i f i e d  product.  

Low l e v e l s  o f  m o d i f i c a t i o n  products (0.01-0.1%) were detected when 
chromatographic sample s izes were increased f i v e  f o l d  (0.2 - 0.3 0.D.260nm). 

These i m p u r i t i e s  were i n  s i m i l a r  abundance regard less o f  synthes is  length.  
For example, t h e  most in tense s ide  product observed du r ing  t h i s  study, 
3-methylthymidine, was present i n  0.23 and 0.15% ( r e l a t i v e  t o  thymidine) f o r  
t he  72-mer and 150-mer, respec t i ve l y ,  when methyl phosphoramidi t e s  were used 
w i t h  t h e  standard deprotect ion p ro toco l .  However, d e l e t i o n  o f  th iophenoxide 

treatment i n  the  deprotect ion protocol  y i e l d e d  10% 3-methyl thymidine (FIG. 2 )  
i n  t h e  synthesis o f  5'-d[GCGCGCTT]. 

Empir ica l  compositions (TABLE 1) f o r  methyl and 
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CONCLUSION 

I s o l a t e d  y i e l d s  f rom 2-cyanoethyl and methy l  syntheses were s i m i l a r  a t  
a l l  l eng ths  (18-150 bases). Fo l l ow ing  p u r i f i c a t i o n  and enzymatic degrada- 
t i o n ,  RP-HPLC (UV254nm) o f  these syntheses f a i l e d  t o  revea l  any mod i f i ed  
nuc leos ide  i n  excess o f  0.1% o f  t o t a l  nuc leos ide  i n t e g r a t e d  area. These low 
l e v e l s  o f  base m o d i f i c a t i o n  a r e  supported by t h e  c l o s e  agreement o f  e m p i r i c a l  
base composi t ions w i t h  t h e o r e t i c a l  values. The q u a n t i t i e s  o f  m o d i f i e d  
nuc leos ide  m a t e r i a l  d i d  n o t  inc rease w i t h  i n c r e a s i n g  cha in  l eng th .  For 
example, t h e  150-mer and 72-mer syn thes ized w i t h  (methyl  ) -phosphoramidi tes 
conta ined s i m i l a r  l e v e l s  (1-2 p p t  r e l a t i v e  t o  thymid ine )  o f  3-methyl- 
thymidine. Lower l e v e l s  o f  base m o d i f i c a t i o n  seen here  r e l a t i v e  t o  o t h e r  
r e p o r t s  suggest t h a t  c e r t a i n  d e v i a t i o n s  f rom standard pro toco l '  enhance base 
m o d i f i c a t i o n .  For  example, m e t h y l a t i o n  o f  thymid ine  takes  p l a c e  d u r i n g  
NH3( aq ) d e p r o t e c t i  on a f t e r  i ncornpl e t e  th iophenox ide  t rea tment .  
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theses, r e s p e c t i v e l y .  
1) Thiophenoxide s o l u t i o n  (0.5 h, 25"C, methyl  syntheses o n l y )  
f o l l o w e d  by c ~ n c  NH3 (aq) (53OC, 10-16h). 
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Depro tec t i ons  were performed manual ly:  
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