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NUCLEOSIDES & NUCLEOTIDES, 6(1&2), 111-119 (1987) 

DNA-TRIESTERS - THE SYNTHESIS AND ABSOLUTE CONFIGURA- 
TION ASSIGNMENTS AT P-STEREOGENIC CENTRES 

P i o t r  Guga, Maria Koziolkiewicz, Andrzej Okruszek, 

Po l i sh  Academy o f  Sciences, Centre o f  Molecular 

Bogdan Uznahski and Wojciech J .  Stec* 

and Macromolecular Studies, Department o f  Bioorganic 
Chemistry, Boczna 5 ,  90-362 g b d t ,  Poland 

ABSTRACT 
Decadeoxyribonucleotide GGGAATTCCC and nine diastereomeric pairs  

of i t s  mono-0-ethyl e s t e r  analogues were synthesized via phosphoramidite 
approach using the combination of 5J-DMT-base protected (except  T) nucleo- 
side 3J -( 2-cyanoethyl N,N-diisopropyl phosphoramidites) and 3'-(0-e thy1 
N ,  N-diisopropyl phosphoramidites) . Under conditions o f  release from so l id  
support and removal o f  base-protecting groups ( 2 5 %  NHdOH, 250CJ 48 h ) 
2-cyanoethyl groups were removed while 0-ethy 1 phosphate t r i e s t e r  func- 
t ions  were prac t ica l ly  i n tac t .  I so la t ion  of products and separation of 
diastereomers were performed by means of RP-HPLC. Absolute configuration 
a t  P-stereogenic centres was established v ia  degradation of decamers i n t o  
corresponding d inuckos ide  0-ethyl phosphates and stereochemical cor-eza- 
t i on  with dinucleoside phosphorothioates of known configuration a t  phos- 
phorus. Decadeoxyribonucleotide mono-0-ethyl es ters  #ere used f o r  mapping 
the contact points  between DNA and Eco RI endonuclease - the  re s t r i c t ion  
enzyme which recognizes canonical sequence .. GAATTC.. and cleaves unmodi- 
f i e d  DNA strands giving . . G and pAATTC.. . 
INTRODUCTION 

Recognition and i n t e r a c t i o n  between double-stranded DNA and any pro-  
t e i n  responsible f o r  biodegradation o f  DNA should be considered i n  p r i n c i -  

p l e  o f  d i a s t e r e m r i s m  due t o  emphasized d i f f e rences  between "non-bridging" 

heterotopic  oxygen atoms a t  the i n te rnuc leo t i de  phosphate bond, one o f  
which i s  d i r e c t e d  "inwards" DNA double he l i x ,  wh i l e  the second one i s  

d i rec ted  "outwards" DNA. However, phys ica l  expression o r  consequences 

diastereomeric i n t e r a c t i o n s  can be observed on ly  a f t e r  i s o t o p i c  
elemental * s u b s t i t u t i o n  o f  one o f  these atoms. A l k y l a t i o n  o f  i n t e r -  

nuc leot ide phosphate a t  any o f  two 'Inon-bridging" he te ro top ic  oxygen 

o r  

o f  

atoms, due t o  s te reogen ic i t y  o f  phosphorus, generates the p a i r  o f  d ias te -  
reomers o f  DNA-tr iesters; number m o f  diastereomers depends on the number 

n o f  a1 ky la ted i n te rnuc leo t i de  phosphates 

as e a r l y  as i n  the l a t e  f i f t i e s  b u t  the d e t a i l e d  s tud ies on the  s t ruc -  

ture,s tab i l  i t y  and i n t e r a c t i o n s  o f  DNA-tr iesters w i t h  o the r  biopolymers 

have been undertaken on ly  r e c e n t l y  4,5, The discovery o f  DNA-methyltrans- 

( v 1 = 2 ~ ) .  

A1 k y l a t i o n  o f  DNA was recognized as b i o l o g i c a l l y  impor tant  l e s i o n  
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GUGA ET AL.  112 

ferase i s o l a t e d  from E.coli s t r a i n  c o n s t i t u t i v e  fo r  t h e  adaptive respon- 

se, which d ias te reose lec t i ve l y  removes methyl group from DNA-0-methyl 
es te rs  6, generated an increase o f  i n t e r e s t  i n  stereochemistry o f  DNA- 

7 t r i e s t e r s  o r i g i n a l l y  emphasized i n  p ioneer ing works o f  M i l l e r  e t .a l  
and Jensen and Reed . a 

Since the c h i r o s p e c i f i c  synthesis and stereochemistry o f  biophospha- 

t e s  i s  the cont inu ing goal o f  t h i s  Laboratory 
a t t e n t i o n  on the  design o f  methods o f  synthesis and absolute conf igura-  

t i o n  assignment a t  stereogenic P-centres o f  DNA-tr iesters 'OY1' .  In t h i s  

paper we present the r e s u l t s  o f  our s tud ies on the synthesis o f  decamer 

GGGAATTCCC and n ine p a i r s  o f  diastereomers r e s u l t i n g  from s i n g l e  m o d i f i -  
ca t i on  o f  each in te rnuc leo t i de  phosphate i n  t h i s  decamer by e t h y l  e s t e r  

group, separation o f  diastereomers, assignment o f  absolute con f igu ra t i on  
a t  P-ch i ra l  centres and the i n f l uence  o f  t r i e s t e r  m o d i f i c a t i o n  on t h e  

subst rate a b i l i t y  of e s t e r i f i e d  decanucleotide f o r  Eco R I  endonuclease. 

we have focused our 

THE SYNTHESIS OF OLIGODEOXYRIBONUCLEOTIDES BEARING INTERNUCLEOTIDE 

0-ETHYL PHOSPHATE OR 0-ETHYL PHOSPHOROTHIOATE FUNCTION 

As i t  was mentioned i n  our e a r l i e r  works 1os11'12, our approach t o  
the synthesis o f  o l  igonucl eot ides bearing s e l e c t i v e l y  e s t e r i  f i e d  i n t e r -  

nuc leot ide phosphate i s  based on the mod i f i ca t i on  o f  phosphoramidite 
s t ra tegy developed by Caruthers e t  al. 13. Besides f o u r  app rop r ia te l y  

protected nucleoside 3'-(0-2-cyanoethyl N,N-diisopropyl phosphoramidi t e )  
(1) l4 r o u t i n e l y  used as b u i l d i n g  blocks f o r  e longat ion o f  o l igonucleo-  

t i d e  chain bound via 3'-oxygen of "primer" nucleoside (2) t o  s o l i d  support, 

we have synthesized four protected nucleoside 3'-(O-ethyl N,N-diisopropyl 
phosphoramidites) (3) ll. Condensation o f  2 w i t h  1 o r  3 i n  the presence 

of t e t razo le  gives corresponding in termediary  0-(2-cyanoethyl ) -  o r  0-ethy l  
phosphites (4) (Scheme 1). Phosphites 4 can be ox id i zed  w i t h  e i t h e r  

i od ine  so lu t i on  i n  H20/2,6-lutidine/THF o r  saturated s o l u t i o n  o f  s u l f u r  
i n  2 ,6- lu t id ine t o  g i ve  phosphates (5) o r  phosphorothioates (a), respec- 

t i v e l y .  When sequential growth o f  o l  igonucleot ide chain i s  completed, 
cleavage o f  o l igonucleot ide from the support, removal of 2-cyanoethyl 

groups from in te rnuc leo t i de  phosphates and phosphorothioates, and depro- 

t e c t i o n  o f  bases are achieved by treatment o f  s o l i d  support-bound o l i g o -  
nuc leot ide w i t h  25% NH40H f o r  48 h a t  25OC. Under these condi t ions 

i n te rnuc leo t i de  phosphates and phosphorothioates protected w i t h  e t h y l  

group remain untouched up t o  85%. Two-step HPLC p u r i f i c a t i o n  (RP-C18 
UBondapak o r  ODs-Hypersil column w i t h  a c e t o n i t r i l e  - triethylammonium 
bicarbonate bu f fe r ,  pH 7.4, as an e l u t i n g  system): f i r s t  f o r  5I-DMT 

protected d i  (01 igo)nuc leot ide and second f o r  5'-deprotected compound 
gives the p u r i f i e d  desired d i  (01 igo)deoxyribonucleotides ( L ) ,  d i  (01igo)- 

deoxyri  bonucleoside phosphorothioates (:), d i  (01 igo)deoxyribonucleoside 
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9 s-yo- 
- - 9 9 

OH OH OH 
8 - 10 - 9 - 

i = 3% H 02 i n  C H ~ C N - H Z O  ( l : l ) ,  48 h, 25OC 
ii = PhSH?EtjN/dioxane, 6 h ,  5OoC 

SCHEME 2. 

0-ethy l  phosphates (9) o r  d i  (01 igo)deoxyr i  bonucleoside 0-ethy l  phospho- 

ro th ioa tes  (lo-), respect ive ly .  

ASSIGNMENT OF ABSOLUTE CONFIGURATION AT STEREOGENIC PHOSPHORUS ATOM I N  
DINUCLEOSIDE 0-ETHYL PHOSPHATES 2 AND DINUCLEOSIDE 0-ETHYL PHOSPHORO- 
THIOATES 3 

P-chi ra l  centres i n  9 and lo i s  depicted i n  Scheme 2. 

This procedure i s  based on two independent react ions which convert dinu- 

c l  eosi de 0-ethy l  phosphorothioates lo i n t o  d i  nucleosi de phosphorothi oates 

- 8 and dinucleoside 0-ethy l  phosphates 9. Conversion 1(1-+2 was achieved by 
treatment o f  @ w i t h  3% H202 a t  25OC fo r  48 h 15; t h i s  process i s  known 
t o  occur w i th  r e t e n t i o n  o f  con f i gu ra t i on  16. Independently, each d ias te -  

reomer o f  lo- was t rea ted  w i t h  t i opheno l l t r i e thy lam ine /d ioxane  s o l u t i o n  

(1:2:2) a t  5OoC f o r  6 h and r e s u l t i n g  d inuc leos ide phosphorothioates 8 
were examined as the substrates f o r  nuclease P1, which i s  known as d ia -  
s tereoselect ive n u c l e o l y t i c  enzyme towards (Sp)-dinucleoside phosphoro- 
th ioa tes  17. Assignment o f  absolute conf igurat ion i n  the products o f  s te -  

reo re ten t i ve  conversion =+S on t h i s  way al lowed us t o  e s t a b l i s h  stereo- 

chemistry of our t a r g e t  molecules 9. The r e s u l t s  of t h i s  c o r r e l a t i o n  are 
l i s t e d  i n  Table 1. 

The o v e r a l l  procedure f o r  assignment o f  absolute con f igu ra t i on  a t  

ASSIGNMENT OF ABSOLUTE CONFIGURATION AT P-ATOMS I N  OLIGONUCLEOTIDE MONO- 
0-ETHYL ESTERS 

As sumnarized i n  Table 2, decanucleotide GGGAATTCCC (L)  and i t s  
mono-ethylated d e r i v a t i v e s  were synthesized and separated i n t o  
diastereomeric species. A l l  o f  them bear canonical sequence ..GAATTC.. 

recognizable by Eco R I  endonuclease. Absolute con f igu ra t i on  a t  phosphorus 
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DNA-TRIESTERS - CONFIGURATION AT PHOSPHORUS 115 

TABLE 1. Separa t i on  of d ias te reomers  o f  d i n u c l e o s i d e  0 - e t h y l  phospha- 
t e s  NP(o)(oEt)N' (9) and d i n u c l e o s i d e  0 - e t h y l  phosphoroth io-  
a t e s  N ~ ( ~ )  ( o E t ) N ' T x )  b y  RP-HPLC 

ComD. Formula X R e t e n t i o n  t ime  R e l a t i v e  HPLC m o b i l i t v  and 
________________________________________-------------------------------- 

~ ,~ 
No ' NP ( X ) ( OE t ) '' ' (m in )  a b s o l u t e  c o n f i q u r a t i o n  a t  

5'-DMT 5'-HO phosphorus atom 

9a 0 
N=dA, N'=dA 

10a S 

- 

- 

9b 0 
N=dA, N'=dT 

- 

10b - S 

9c 0 
N=dC, N'=dC 

1oc S 

- 

- 

9d 0 
N=dG, N'=dA 

- 

10d S - 

9e 0 
N=dG, N'=dG 

- 

10e S - 

9 f  0 
N=dT, N'=dC 

1 0 f  S 

- 

- 

0 
N=dT, N'=dT 

2s 

Eg S 

7. OOb 
9.30 

5.009 
5.50 

4. 60i 
6.00 

4.504 
5.50 

5.509 
6.50 

8.60a 
9.60 

6.75' 
6.75 

16. 75d 
20.00 

30. OOe 
33.00 

12.50 
4.00h 
4.00 

4.85a 
5.40 

4. 3OC 
4.30 

4.50a 
6.00 

3.30h 
3.30 

14. 20f 
14.50 

3.50h 
3.50 

24.25 

8.20k 
8.75 

12 .OOf 

23.253 

f a s t  
slow 
f a s  t m  
s 10wm 
f a s  t 
slow 
f a s t  
slow 
f a s t  
slow 

f a s t m  
s 1owm 
f a s t  
slow 
fas tm  
s 1owm 
f a s t  
SLOW 

f a s  t ln  
s1OWm 

f a s t  
slow 
fas t"  

fast 
slow 
f a s t  
s lm 

s 

________________________________________--------------------------------- 
The syn thes i s  of dinucleos ide  0-ethyl phosphates and d inuc leos ide  

0-e thy l  phosphorothioates was performed on 1 umole sca le .  Overall  p i e l d  
of the syn thes i s  was from 4 . 5  t o  7.0 A 2 6 0  u n i t s  (21 -36%)  for  each d ia-  
stereomer. Because some of diastereomeric o f  d inuc leo t ide  t r i e s t e r s  Liere 
not separable as f r e e  5'-HO spec ies  i t  was necessary t o  separate them 
be fore  the  d e t r i t y l a t i o n  s t ep .  
HPLC separation was achieved on tuo w a p :  A - @ondapak C l a  c o l m n  
a t  a f low-rate o f  3.5 m l / m i n ;  B - ODS-thper~sil column (30cm x 4.fim 
ra te  of 1 . 5  ml/min. Elu t ion  c o n d i t i o w :  a/  B,  122 CH3CNaq.; b/ B,  4 2 %  CH3CNaq.; 
c/ B,  20% CH3CNaq.; d/ A, 15% CHZCNaq.; e /  A ,  20% CH3CNaq.; f/ A ,  l inear  gradien t  
5-30% CH CN 0.1 M TEAR pH 7 . 4 ,  l . Z S % / m i n . ;  g/  A ,  60% CH3CNaq.; h/  B,  40X CH3CNaq.; 
i/ B ,  4 5 g  CH3CNaq.; j /  A, 12% CH3CNaq.; k/ A ,  25% rH3CNaq.; m/ r e l a t i v e  HPLC 
Pcbi1it ie.s  o f  5'-DMT protec ted  compounds. 
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7 

9 -1 

- 

9 
?3 

a 
9 -5 

%I 

9 -7 

3 
3 

GGGAATTCCC 

G#GGAATTCCC 

GG#GAATTCCC 

GGG#AATTCCC 

GGGA#ATTCCC 

GGGAA#TTCCC 

GGGAAT#TCCC 

GGGAATT#CCC 

G G G A A T T C K C  

GGGAATTCWC 

15.50 

19.00 
21.00 

19.50 
21.00 
20.00 
21.00 

18.50 
20.00 

19.00 
22.00 

16.00 
18.00 
16.00 
18.00 

16.00 
18.00 
19.00 
20.00 

10.00 

11.00 
11.00 
10.50 
10.50 
10.75 
10.50 

11.00 
10.50 
11.50 
11.00 

11.50 
11.30 

11.00 
11.25 
11.00 
11.00 

10.70 
10.70 

f a s t  
slow 

f a s t  
slow 
f a s t  
slow 
f a s t  
slow 

f a s t  
slow 

f a s t  
slow 

f a s t  
8 Low 
f a s  t 
szow 

f a s t  
slow 

47.0 

43.0 
43.0 

46.5 
47.5 

45.0 
46.5 

39.5 
46.5 

40.0 
47.5 

38.5 
47.5 
42.0 

43.5 
47 . I )  

47.0 

43.0 

GGG 

- 

GGG 
GGG 

GGG 
GGG 

GGG 
GGG 

GGG 
GGG 

100 

10 
100 

20 
10 
20 
15 

100 
100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f f  = P(O)(OEt) 
0-ethyl  phospho t r i e s t e r  analogues of t he  d e c m e r  GGGAATTCCC were syn thes i zed  on 0.5 umole 
m a l e  
stereomer ms about 4-6 A260 u n i t s .  
HPLC separat ion was achieved on a UBondapak C18 column (30  cm x 7 .8  rwn) w i t h  t h e  gra- 
d i e n t  of ace ton i t r i l e -0 .1  M TEAB pH 7.4 a t  a flow-rote o f  3 . 5  rnl/min. 
a /  Gradient 5-30% CH3CN-0.1 M TEAB (exp. 0.25) for  20 rnin. ; then i s o c r a t i c .  
b/ Gradient 5-30% CH CN-0.1 M TEAB 
c/  Descriptors  "fast' and "slow" r e f e r  t o  t h e  diastereomers of decanucleot ides  separated 

d /  Melting temperature TM was measured a t  Xm,=258 nm i n  b u f f e r  containing I0 mM 

e/  About 0.5 A260 u n i t  of t he  oZigonucleot ide d i s so lved  in 100 u l  of t8e buj';';;r containing 

using multicolwnn s o l i d  phase s y n t h e s i s  approach 12. Overal l  y i e l d  for  each dia-  

1.25%/m;n. 

as 5'-DMT d e r i v a t i v e s .  

Tris-Cl (pH 7 .6 )  , 80 mM NoCZ, 20 mM MgClp; d e c m e r  concentrat.ion A 60-0 5 0.7 uni t /ml  

1 0  mM T r i s - C l  ( p H  7.61, 80 mM NaCl, 20 nlM hlgC12 was incubated w i t h  Eco RI endonuclease 
(100 u n l t s )  a t  lCOC f o r  34 hr.(Without added enzyme 0-ethyl  phospho t r i ea te r  o l igo -  
nuc leo t ides  were compLeteLy r e s i s t a n t  for the d e a l k y l a t i o n ) .  

i n  each d i a s t e r e o m r  o f  decanucleotide 0-ethy l  e s t e r  was assigned by 

means o f  d iges t i on  o f  XI-% w i t h  snake venom phosphodiesterase (SVPDE) 
fo l lowed by a l k a l i n e  phosphatase 18, I s o l a t e d  d inuc leos ide 0-ethy l  phos- 

phates, which were no t  degraded by t h i s  phosphodiesterase 19, were compa- 
red by co in jec t i on  w i t h  genuine samples o f  9 (Table 1) by means o f  HPLC 

A t 36 t 2T t 3C AP (0 )  ( O E t  ) ATTCCC SVPDE * e.9. 
GGGAP(0) ( O E t )  

"fast (Sp)" l ' s tm (Sp)" 
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DNA-TRIESTERS - CONFIGURATION AT PHOSPHORUS 11 7 

SUBSTRATE ABILITY OF DECANUCLEOTIDES tl-% FOR ECO R I  ENDONUCLEASE 

Each diastereomer of tl-% was independently exposed on t h e  ac t i on  o f  
Eco R I  endonuclease under condi t ions,  when decamer 1. was completely diges- 
ted  by t h e  enzyme i n t o  GGG and pAATTCCC. The a l i q u o t s  from each digestion, 
a f t e r  p r o t e i n  denaturation, were analyzed on RP-HPLC. Since t h e  attempted 
d igest ions were performed a t  16OC (20-30' below the me l t i ng  temperature 
f o r  dimers zl-%) i t  may be concluded, t h a t  the modi f ied oligomers zl-% 
e x i s t  i n  duplex form what i s  the p r e r e q u i s i t e  f o r  recogn i t i on  by Eco R I  
r es t r i c tase .  An inspect ion o f  Table 2, summarizing the  r e s u l t s  o f  these 
experiments , reveals t h a t  t he  presence o f  0-ethy l  t r i e s t e r  i n te rnuc leo -  
t i d e  func t i on  i n  the decanucleotide !Il-$ e f f e c t i v e l y  p ro tec ts  " s c i s s i l e "  
bond between G and A from the endonucleo ly t ic  ac t i on  o f  Eco R I  enzyme. 
This f i n d i n g  i s  cons is tent  w i t h  the  r e s u l t s  o f  ou r  e a r l i e r  works w i t h  
o l igonucleot ides bearing 0- isopropyl  f unc t i ons  'OS1' and, i n  p r i n c i p l e ,  

w i t h  r e s u l t s  o f  Modrich e t  al.on a l k y l a t i o n  in ter ference w i t h  Eco R I  
endonuclease recogn i t i on  *O. Although the d i r e c t  comparison o f  our resul ts  
w i t h  those repor ted by Modrich i s  no t  poss ib le  (because s p e c i f i c  recogni- 
t i o n  and b ind ing can no t  be compared w i t h  r e s u l t s  o f  "execution" o f  two 
former acts  o f  i n t e r a c t i o n  between DNA analogues and p ro te in ) ,  our resul ts  

conf i rm Modrich's data, t h a t  independently on t h e  s t e r i c  o r i e n t a t i o n  o f  
0-ethy l  group [" inwards" major groove i n  (Rp)-esters and "outwards" DNA 
i n  (Sp)-esters1 the enzyme does n o t  cleave i n t e r n u c l e o t i d e  bond between 
G and A i n  a l l  compounds !Il-%. I n te rnuc leo t i de  phosphate between A and A 
a t  neighbouring p o s i t i o n  t o  " s c i s s i l e "  bond has been shown by Modrich 
e t  al.as no t  being i nvo l ved  i n  s p e c i f i c  b ind ing t o  p ro te in ,  w h i l e  our ex- 
periments demonstrate t h a t  a l k y l a t i o n  o f  t h i s  i n te rnuc leo t i de  phosphate 
"protects"  oligomer from n u c l e o l y t i c  ac t i on  o f  t h e  enzyme (see Table 2; 
comp. no. 3) .  This may i n d i c a t e  t h a t  e i t h e r  t h i s  neighbouring phosphate 
i n  na tu ra l  decamer 7 i s  invo lved i n  i n t e r a c t i o n  w i t h  magnesium ions 
(which were absent i n  Modrich's experiments) o r  t he  presence o f  bu lky 
e t h y l  group i n  both strands o f  % duplex prevents the format ion o f  t i g h t  
i n t e r f a c e  between DNA and prote in .  The diastereomer (Rp)-%, l i k e  both 
diastereomers o f  2, and 3, appeared t o  be r a t h e r  poor subst rates f o r  
Eco R I  and i t  i s  e x c i t i n g  t h a t  (Sp)-% and both diastereomers o f  % were 
digested by t h i s  enzyme w i t h  the r a t e  comparable w i t h  t h a t  observed f o r  
unmodified decamer 7. These r e s u l t s  may i n d i c a t e  t h a t  nonamer GGGAATTCC 
f i l l s  the enzyme b ind ing s i t e  and t h a t  t he re  are "wholes" i n  t h i s  i n t e r -  
face which a l low t o  "escape" 0-ethy l  group from the p r o t e i n  network [ l i k e  
i n  the  case of (Sp)-%lwhat r e s u l t s  i n  the  cleavage o f  i n t e r n u c l e o t i d e  

bond between G and A. This i n t e r p r e t a t i o n  impl ies,  t h a t  negat ive charge 
on phosphate between T and T i s  n o t  essent ia l  f o r  s p e c i f i c  binding, what 
i s  a l so  i n  agreement w i t h  Modrich's conclusions *O. Studies on the i n f l u -  
ence o f  e s t e r i f i e d  i n t e r n u c l e o t i d e  bond present a t  any p o s i t i o n  o f  one 
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st rand o f  DNA on the  cleavage o f  complementary "unaltered" s t rand o f  he- 
teroduplex composed o f  unmodified and e s t e r i f i e d  o l i gonuc leo t i de  are i n  

progress. 

CONCLUSIONS 
1/ Protected nucleoside 3'-(0-2-cyanoethyl N,N-di isopropyl  phosphoramidi- 

t e s )  1. and 3'-(O-ethyl N,N-diisopropyl phosphoramidites) 3 make feas ib le  

the synthesis o f  oligodeoxyribonucleotide mono-0-ethyl esters  l i k e  2 and 
o l igonucleot ide poly-0-ethyl esters  (not  discussed i n  t h i s  paper). 

2/ Degradation o f  o l i gonuc leo t i de  mono-0-ethyl es te rs  w i t h  SVPDE fol lowed 
by a l k a l i n e  phosphatase gives dinucleoside 0-ethy l  phosphates. The i r  

absolute con f igu ra t i on  can be assigned by the methodology depicted i n  

Scheme 2. 
31 Assignment o f  absol Ute con f igu ra t i on  a t  " e s t e r i  f i e d "  i n t e r n u c l  e o t i  de 
phosphate al lows t o  discuss i n  stereochemical terms the  o r i e n t a t i o n  of 

0-a lky l  f unc t i on  w i t h  respect t o  double-stranded DNA, presumably ex i s -  
21 t i n g  i n  B-conformation . 

41 E s t e r i f i c a t i o n  o f  i n te rnuc leo t i de  phosphates ( w i t h  excluded poss ib i -  

l i t y  o f  in ter ference w i t h  base a l k y l a t i o n )  p ro tec ts  canonical sequence 

. .GAATTC.. from endonucleolyt ic cleavage by means o f  Eco R I  r e s t r i c t a s e .  

51 "Protect ion"  o f  i n te rnuc leo t i de  phosphates by a l k y l a t i o n  o f  i n te rnu -  
c l e o t i d e  bonds may r e s u l t s  from hampering o f  the recogn i t i on  by enzyme 

due t o  quenching o f  negative charge(s). Moreover, i t  i s  suggested t h a t  
stereo-hindrance introduced by the presence o f  a l k y l  group prevents the 

formation o f  t i g h t  i n t e r f a c e  between DNA and the p ro te in .  

6/ I n te rnuc leo t i de  phosphate between A and A i n  canonical s t ruc tu re  

..GAATTC.. may be invo lved i n  i n t e r a c t i o n  w i t h  magnesium ions necessary 

f o r  execution o f  cleavage o f  o l i gonuc leo t i de  between G and A, cata lyzed 

by the presence o f  Eco R I  endonuclease. 
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