
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

An Assessment of Electronic Properties of Pyrimidine and Purine
Nucleosides by 15N-NMR Spectroscopy
G. Remauda; C. J. Welcha; X. X. Zhoua; J. Chattopadhyayaa

a Department of Bioorganic Chemistry, University of Uppsala, Biomedical Center, Uppsala, Sweden

To cite this Article Remaud, G. , Welch, C. J. , Zhou, X. X. and Chattopadhyaya, J.(1988) 'An Assessment of Electronic
Properties of Pyrimidine and Purine Nucleosides by 15N-NMR Spectroscopy', Nucleosides, Nucleotides and Nucleic
Acids, 7: 2, 167 — 179
To link to this Article: DOI: 10.1080/07328318808070201
URL: http://dx.doi.org/10.1080/07328318808070201

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318808070201
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 7(2), 167-179 (1988) 

AN ASSESSMENT OF ELECTRONIC PROPERTIES OF P Y R I M I D I N E  AND PURINE 
NUCLEOSIDES BY 15N-NMR SPECTROSCOPY .' 

G. Remaud, C.J. Welch, X-X. Zhou and 3. Chattopadhyaya* 

Department o f  Bioorganic Chemistry, Univers i ty  o f  Uppsala, 
Biomedical Center, Box 581, S-751 23 Uppsala, Sweden. 

Abstract: An 15N-NMR study a t  natural abundance o f  04/N3-substi tu ted  
m n e  and @-substi tuted purine r i  bonucl eosi des has shown t h a t  the 
exact loca t ion  o f  the pro tec t ing  group fsubs t i tuent )  on e i t h e r  04 o r  N3 
i n  pyrimidines has a strong in f luence on the e lec t ron ic  proper t ies o f  
the resu l tan t  pyrimidine system, mainly because o f  the change o f  s ta te  
o f  hybr id izat ion o f  the N3-nitrogen. The bas i c i t y  o f  N31-&n some C4-sub- 
s t i t u t e d  pyrimidines has been studied by fo l low ing  the 
s h i f t s  o f  protonated species i n  the presence o f  CF3COOH both i n  OM 0 and 

upon protonation 

N chemical 

i n  CH2C12 solut ion. A comparison 
s t i t u t e d  pyrimidine and o f  N1 i n  subs t i tu te  pur in  nucleosides has 
shown tha t  the magnitude o f  the 

the basic character o f  N3 i n  C f -sub- 

s h i f t  o f  N 4 f  (o r  N 

t o  C 8 (o r  C6). It also c lea r l y  emer ed i n  t h i s  study tha there i s  very 
i s  g verned mainly by the  e lec t ron ic  proper t ies o f  the heteroatom l i n k e d  

l i t l e  dif ference i n  b a s i c i t i e s  o f  N o f  pyrimidine and N o f  purine 
nucleosides despite the presence o f  the fused imidazole moiety i n  the 
1 a t te r .  

s E 

Recently we have shown t h a t  the N1 p ro tec t ion  o f  the N2-protected 
guanine nucl eosi des enhanced the basic character o f  the N7-ni trogen 
whi 1 e a 06-aryl p ro tec t ing  group protects  the N2-protected guanine r e s i -  
due more s a t i s f a c t o r i l y  against the e lec t roph i l i c  attack o f  CH3I than 
any alkane based 06-protecting group1s2a. This repor t  deals w i th  a com- 
para t i  ve study del ineat ing the s t ruc tu ra l  s i m i l a r i t i e s  between the 
pyrimidine p a r t  o f  &subst i tu ted pu r i  ne nucl eosi des and the corre- 
sponding pyrimidine nucleosides. It was an t ic ipa ted  on the  basis o f  our 
e a r l i e r  t h a t  an examination o f  A 6  15N s h i f t s  would provide 

I 

Dedicated t o  Professor Wolfgang PfZeiderer on the occasion of h i s  
60th. birthday. 
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REMAUD ET A L .  168 

means t o  assess the b a s i c i t i e s  o f  N1-nitrogen o f  C6-substi tuted pur ine 
r ibos ides and N3-nitrogen o f  C4-substi tuted pyr imid ine nucleosides. We 
hoped t h a t  such a A6 s h i f t  comparison would reveal the in f luence o f  the 
fused imidazole p a r t  on the b a s i c i t y  o f  the N1-nitrogen i n  &subst i -  
tu ted  pur ine der ivat ives.  The comparison o f  magnitudes o f  A6 15N s h i f t s  
have been c a r r i e d  out  both i n  CH2C12 and DMSO since we expected t h a t  the 

so lva t ion  of proton o f  CF3C02H i n  the former medium w i l l  be considerably 
less  than i n  the l a t t e r  and, therefore, the magnitude o f  15NHt s h i f t s  
w i l l  be d i f f e r e n t  i n  these two a c i d i c  media. 

Assignment o f  15N resonances o f  pyrimidines and pur ine nucleosides. 
A l l  the assignments o f  15N chemical s h i f t s  were made according t o  

previous s tud ies o f  purines and  pyrimidine^^-^. For  C4-substi t u t e d  
pyrimidines, N l  was e a s i l y  detected by a l a r g e  negative NOE because o f  
the  adjacent sugar protons. The amide and amine-nitrogens were detected 
e i t h e r  by NOE spectra o r  by the magnetization t r a n s f e r  from 1H t o  15N by 

INEPT o r  DEPT pulse sequences. I n  adenosine and C6-substi tuted pur ine 
ri bonucl eosi des, the cyc l  i c n i  trogens were assi gned by the INEPT pul se 

sequence - v i a  long-range couplings. Thus N9 has a coupl ing wi th Ha o f  
ca. 7-9 HZ w h i l e  N7 has a 2JN7,H8 o f  ca. 10-12 HZ. I n  the pyr imid ine 
par t ,  we have not iced t h a t  the N1 usual ly  has a l a r g e r  coupl ing w i t h  
H-2 (ca. 15-17 Hz) than N3 w i t h  H-2 (ca. 14-16 Hz). 

RESULT AND DISCUSSION 

D i s t i n c t i o n  between C4 and N3 subs t i tu ted  pyr imid ine nucleosides. 

Our e a r l i e r  study' has revealed t h a t  a d i s t i n c t i o n  between an 
06-substi t u t e d  guanine nucleosides and an N1-substi t u t e d  guanine nucleo- 
sides can be e a s i l y  done by 15N NMR spectroscopy. We expected t h a t  the 
change o f  the h y b r i d i z a t i o n  s t a t e  of N3 o f  pyr imid ine w i l l  a lso  change 
according t o  the  p o s i t i o n  o f  the subs t i tu t ion .  

The 15N chemical s h i f t s  o f  N3-substi t u t e d  u r i d i n e  der iva t ives  
( 1  - -  - 6) are shown i n  Table 1. Since the  N1-nitrogens i n  compounds - -  3 - 6 
are standard sp3 hybr id ized and n o t  i n  any way d i f f e r e n t  from the parent 
2',3',5'-tri-O-acetyl - u r i d i n e  (21, - the N 1  i n  these compounds (3 - 5) 
has a steady chemical s h i f t  (-240 t o  -242 ppm) which i s  c l o s e l y  compar- 
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15N-NMR SPECTROSCOPY OF NUCLEOSIDES 169 

TABLE 1: 15N cnemical s h i f t s a  o f  some N3-subst i tu ted ur id ines.  

Compound N 1  N3 N-substi tuent  

l b  -237.8 -223.7 - 
2 b  -241.9 -225.6 - 
3b -241.7 -193.9 - 
4c -237.2 -222.0 -13.8 
5d -240.6 -221.6 -13.7 
5e -242.2 -222.3 -15.5 
gf -240.3 -216.9 -10.5 
69 -242.6 -217.2 -11.7 

- 
- 
- 
- 
- 
- 
- 
- 

aCH315N02 as external  reference; bfrom l i t e r a t u r e  (Ref. 4 and 5); 
%35 M i n  DMSO; dO.55 M i n  DMSO; e0.55 M i n  CH2C12; f0.25 M i n  DMSO; 
90.25 M i n  CH2C12 

able t o  t h a t  o f  - 2. The acetyl groups on the sugar moiety i n  - 2 sh ie lds  
the N 1  by 3-4 ppm as compared t o  t h a t  o f  u r i d i n e  (1). - As expected, the 
N3-ni trogen i n  compounds 2 - 6 experiences the electron-donati  ng o r  
e l  ectron-wi thdrawi ng in f luence o f  i t s  s p e c i f i c  subst i  tuents. For  the  
compounds - 5 and 5, the N3 chemical s h i f t s  are very c l o s e l y  s i m i l a r  t o  
t h a t  o f  u r i d i n e  (1). - On the o ther  nand the electron-withdrawing proper- 
t i e s  o f  the N3-benzoyl group i n  - 3 deshields the N3 by ca. 30 pprn as corn- 
pared t o  t h a t  o f  the parent compound - 2. 

- -  

1. R = R ' = H  

2.  R = H ,  R' = Acetyl 
3 .  R = Benzoyl, R' = Acetyl 
4. R = 4-Nitrophenylsulfonylethyl, 

5. R = 4-Nitrophenylsulfonylethyl, 

6 .  R = 4-Nitrophenylethyl, 

R' = H 

R' = Acetyl 

R' = Benzoyl 
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170 REMAUD ET A L .  

( A )  ( B )  

( A )  & ( B )  are keto-enol tautomers 

(C) : N3- substituted pyrimidine nucleosides 
(D) : 04- substituted pyrimidine nucleosides 

Scheme: 1 

I t  was clearly expected tha t  the electronic consequence of t r a p p i n g  
the enol tautomer of the ~ 3 / 0 4  lactam function of uridine as i t s  
04-substituted derivatives (Scheme 1 and Table 2 )  would enormously 
affect  the N 1  and N3 chemical shif ts  o f  the resultant pyrimidine System. 
The resul t  of this transformation is however more noticeable i n  N 3  t h a n  
i n  N1 i n  compounds - 8 - 19. T h u s  the N1 i n  these compounds l i e s  always i n  
the range from -219 t o  -233 ppm while the N3, now i n  a sp2 hybridized 
s t a t e ,  is drastically deshielded as compared to  those i n  compounds - 1 - 6. 
In fact ,  the extent of the deshielding tha t  the N 3  experiences i n  d i f -  
ferent C4-substituted pyrimidines 1. - 19 i s  directly related t o  the 
nature of the C4 substituent. The N3 chemical shif ts  for  the 04-aryl and 

04-alkyl substituted compounds (9 - 14) seem t o  be very similar as for 
t h e  N4-acyl-substituted pyrimidines (15, - 16 and 19) (ca. -150 t o  
-155 ppm). However, the N4-benzamido group i n  16 deshields the N 3  more 
significantly (by  ca. 13 ppm) than the corresponding N3 by the N4-acet- 
amido group i n  - 15. The influence of the heteroatom a t  C4  on the chemi- 
cal s h i f t  o f  N3 is  more noticeable as  Shown by the deshielding influence 
of the thioaryl group6 as a substituent i n  11; similarly we observed a 
considerable snielding of N3 by the amino substi tuent a t  C4 i n  - 7 and - 8. 

scopy offers a good scope t o  d i s t i n g u i s h  between a N3 or O4 substi tuted 
derivative of lactam function of uridine which may form as a resul t  o f  

t r a p p i n g  e i ther  i t s  -NH-CO- or - N = C ( O H ) -  tautomer (Scheme 1) by a suit- 
able electrophile. Recently Claessen - e t  a1 .7 have reported that  the 

I t  i s  exp l i c i t  i n  the above discussion that  the 15N-NMR spectro- 
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15N-NMR SPECTROSCOPY OF NUCLEOSIDES 171 

T a b l e  2 :  15N chemica l  s h i f t s d  o f  some C 4 - s u b s t i t u t e d  p y r l m i d i n e s  i n  n e u t r a l  and 
a c i d i c  OMS0 and/or CH2C12* s o l u t i o n s .  T - 303 K. 

---_I -__I_--_-------- 

Compound' Equlv. N1 N3 t l - s u b s t i  t u e n t  

---- o f  TFA 
0 

1 

0 
1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 
1 

0 
1 

0 
1 

0 
1 

0 

1 

0 

1 

-228.3 ( - ) 

-227.2 ( - 

-232.3 (-233.6) 
-231.7 (-232.6) 

-223.2 
-223.3 

-218.5 
-210.4 

-218.5 
-218.6 

-213.1 
-212.2 

(-225.6) 

(-220.7) 

(-219.8) 

(-222.2) 

(-219.1) 

(-222.3) 

(-220.3) 

(-225.8) 
(-223.8) 

-224.7) 
-224.2 1 

-219.2) 
-216.0) 

-219.3) 
-217.8) 

- 1  
- 1  

-214.7 ( - ) 

-213.7 ( - ) 

- (-220.3) 

- (-218.0) 

-171.4 ( - ) 

-237.3 ( - 

-171.2 ( -177.2)  
-235.2 (-236.9) 

(-155.3 

( -152.0) 

( -154.5 

(-119.1) 
( -136.7)  

(-151.5) 

( -158.5 ) 

( -155.9) 
( -162.0)  

-154.5 (-155.31 
-154.6 (-157.2) 

-146.3 ( -152.4)  
-148.9 (-206.8) 

-135.6 
-135.6 

-154.1 
-157.8 

-139.3) 
-187.0) 

- \  
- )  

-150.1 ( - ) 

-162.9 ( - 1 

- ( -151.0)  

- (-201.8) 

-287.3 ( - ) 

-275.2 ( - ) 

-285.2 (-284.9) 
-272.5 ( -275.3)  

- (-15.8) 
- (-15.8) 

- 10.5 (-12.3) 
- 10.6 ( -11 .9)  

-232.2 ( -234.0)  
-232.4 (-235.8) 

-239.1 ( -239.5)  
-236.5 ( -240.8)  

-238.8 ( - ) 

-238.5 ( - ) 

-256.6 ( - ) 

-256.8 ( - ) 

- ( - 2 5 8 . 4 )  

- ( -255.6)  

- - - - - ~  
aCH315N02 as e x t e r n a l  r e f e r e n c e ;  (b)b0.8 M; ( c ) 0 . 4 5  14; (d)d0.5 M; (e )e0 .95  M ;  

( f ) 0 . 3  14. 

*The v a l u e s  I n  p a r e n t h e s l s  d e n o t e  t h e  chetnIcal  s h i f t s  I n  CH2C12. 

'The s u p e r s c r f p t s  i n  p a r e n t h e s i s  denote  t h e  c o n c e n t r a t l o n  o f  t h e  s u b s t r a t e  i n  
CH2C12. 
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172 REMAUD ET AL.  

reac t ion  o f  4-nitrophenyl sulphonyl ethene w i t h  u r i d i n e  under a base 
c a t a l i z e d  cond i t ion  gave the 04-(4-ni t rophenylsu l fony lethy l  ) der ivat ive.  

A reexamination o f  the s t r u c t u r e  o f  t h i s  adduct by 15N-NMR spectroscopy 
has c l e a r l y  shown t h a t  the compound produced i n  the  above reac t ion  i s  

n o t  the 04-substi tu ted  d e r i v a t i v e  b u t  the N3-(4-ni trophenyl su l  fony l -  
e t h y l l u r i d i n e  (4)  - whose 15N-NMR data are shown i n  Table 1. It should be 
noted t h a t  i f  the - 04-subst i tu ted product were formed i n  the above reac- 

t ion7 ,  we should have observed the  N3- ni t rogen chemical s h i f t  very 

c lose ly  s i m i l a r  (ca. - 1 5 0  t o  - 1 5 5  ppm) t o  any o ther  04-subst i tu ted com- 
pounds 9, 10, 12, 13 o r  14. But  t h i s  i s  n o t  the case! The N 3  chemical 

s h i f t  o f  the reac t ion  product resembles more c lose ly  t o  t h a t  o f  a sp3 
hybr id ized n i t rogen and, therefore, t h e  s t r u c t u r e  o f  the product i s  

N3-(4-ni trophenylsulfonyleth.yl h i d i n e  (4). - 

7 
- - - -  - 

Protonat ion s tud ies o f  C4 subs t i tu ted  pyrimidines. 

t u t e d  pyr imid ine nucleoside should be considerable in f luenced by the 

e l e c t r o n i c  p roper t ies  o f  the C4 substi tuent. We there fore  decided t o  
probe the basic characters o f  N3 i n  the pyrimidines 8 - 19 by i t s  

a b i l i t y  t o  be protonated by a s t rong acid, t r i f l u o r o a c e t i c  a c i d  (TFA), 

both i n  OMSO and i n  CH2C12. 
As the chemical s h i f t s  o f  N3 o f  C4-substi tuted pyrimidines, the 

protonat ion o f  N3 i n  these compounds i s  a lso  mainly a f f e c t e d  by the 

nature o f  the atom d i r e c t l y  bonded t o  C4. Th is  imp l ies  t h a t  the lone 

p a i r  o f  the C4-heteroatom o f  the C4-substi tuted pyrimidines i s  d i r e c t l y  
invo lved i n  the s t a b i l i z a t i o n  o f  the ( N 3 H I t  (protonated pyr im id ine)  

species. Thus, an a d d i t i o n  o f  one equiva lent  of TFA t o  c y t i d i n e  - 7 i n  

DMSO and t o  i t s  d e r i v a t i v e  8 i n  CHzC12 subjects the N 3  t o  an u p f i e l d  

s h i f t  by ca. 60 ppm. Clear ly ,  the s t a b i l i z a t i o n  o f  the (N3HIt i n  com- 

pounds - 7 and - 8 comes from the p a r t i c i p a t i o n  o f  the  lone-pai r  o f  the 

C4-NH2 substi tuent. However, when the oxygen atom i s  l i n k e d  t o  C4, the 
N3 i s  very weakly protonated as seen i n  compounds 10 - 14. The delocal- 

i z a t i o n  o f  the oxygen lone-pai r  i s  understandably less  favoured than 

t h a t  o f  n i t rogen 1 one-pai r because o f  t h e i r  respect ive e l  ectronega- 
t i v i t i e s  which i s  ev ident  by the comparison o f  protonat ion s h i f t s  o f  N 3  

i n  compounds 12 and 13 (ca. 6 ppm) w i t h  those o f  compounds - -  8, 1 5  and I 16 
(ca. 45 t o  60 ppm) i n  CH2C12. A not lceable protonat lon o f  N 3  i n  compound 

We envisioned t h a t  the  basic character o f  the N3 o f  a C4 subs t i -  

- -  

- -  

- - 
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- 11 (ca. 17 pPm) can be explained by the l a rge r  p o l a r i s a b i l i t y  o f  the 
su l fu r  atom than the oxygen atom. It i s  also c lear  t h a t  an amide Func- 

t i o n  i n  compounds - -  15 - 19 does not  s t a b i l i z e  the protonat ion o f  N3 as 
much as the amino group. This can be understood by fu r the r  de local iz -  

a t i on  o f  the nitrogen lone p a i r  i n  the amide part. Although, the N3 o f  
N4-amides i n  - 15 and 16 do get  eas i l y  protonated i n  CH2Cl2 ( u p f i e l d  s h i f t  
o f  ca. 50 ppm) bu t  the extent  o f  the N3 protonation i n  these compounds 
i n  OMS0 so lu t ion  i s  r e l a t i v e l y  small as seen i n  only a few ppm s h i f t  o f  

the N3 n i  trogens; on the other hand the compound a shows protonation i n  

both solvents (ca. 60 ppm). 

R 

I. R = 
8. R = 
9. R = 

10. R = 
11. R = 
12. R = 
13. R = 

14. R = 
1 5 .  R = 
16. R = 
17. R = 
18. R = 
19. R = 

Amino, R'  = H 

Amino, R '  = Acetyl 

4-CH3C6H40- , R' = Acetyl 

4 - N 0 2 C 6 H 4 0 -  , R' = Acetyl 
Phenylthio, R' = Acetyl 
Phenoxy, R' = Acetyl 
Mcthoxy, R' = Acetyl 
4-Nitrophenylethoxy, R' = Acetyl 

Acetamido, R' = Acetyl 
Benzamido, R' = Acetyl 

Benzarnido, R' = H 
9-Fluorenylmcthoxycarbonyl, R'  = H 
9-Fluoreny1methoxycarbony1, R' = Acetyl 

Protonation studies o f  C6 subs t i tu ted  purines. 

tu ted  purine nucl eosi des because o f  the s t ruc tu ra l  simi 1 a r i  ti es o f  the 

-C6=N1- p a r t  i n  the purines i n  - -  20 - 27 w i th  the -C4=N3- p a r t  i n  pyrim- 
id ines  i n  - -  8 - 19 as f a r  as the e f f e c t  o f  the 0 subst i tuent  was concerned 

f o r  the s t a b i l i z a t i o n  o f  the protonated sp2 hybr id ized nitrogens N 1  and 
N3 i n  purine and pyrimidine system respectively. Thus we have studied 
the e f f e c t  o f  several C6-substituents on the protonation o f  the respect- 
i v e  N1-nitrogen i n  several purine nucleosides (20 - 27). These studies 
have been also ca r r i ed  out both i n  neutra l  and ac id i c  CH2Cl2 and i n  DMSO 

so lu t ion  (Table 3). The N 1  i n  adenosine (20 o r  21) experiences an 

u p f i e l d  s h i f t  o f  ca. 60 ppm i n  both CH2C12 and i n  DMSO. We d i d  not, how- 

It was considered natural t o  extend above studies t o  the C6 subst i -  
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174 REMAUD ET AL. 

Table 3: 1% chemical ShfftS‘ o f  some C6-substituted purines in neutral and basic 
OMS0 and/or CH2C12* s o l u t i o n s .  T = 303 K. 

Comoound Eauiv. N 1 N3 N7 N9 N-substi tuent 
o f  TFA 

-145.3 ( - ) -158.5 ( - ) -140.3 ( - ) -211.8 I - 1 -299.3 ( 1 
-205.9 ( - ) -157.1 ( - ) -138.0 ( - ) -205.2 ( - -292.2 ( - ) 

-144.4 (-148.5) -157.5 (-156.7) -139.1 (-144.8) -215.6 (-215.1) -299.3 (-307.1) 
-203.4 (-215.1) -157.5 (-15616) -137.2 (-141.2) -209.9 (-209.5) -291.6 (-294.0) 

-140.4 (-141.4) -142.6 (-144.3) -139.5 (-140.8) -214.3 (-215.8) 
-140.4 (-140.8) -142.7 (-145.1) -140.4 ( d ) -214.2 (-213.9) 

-112.8 (-113.8) -140.2 (-142.0) -139.1 (-139.5) -214.3 (-216.3) 
-112.8 (-123.1) -140.2 (-142.7) -139.3 (-153.0) -214.3 (-213.8) 

-137.0 (-138.4) -138.9 (-140.5) -139.8 (-140.4) -213.6 (-2!5.51 

-137.1 (-138.3) -139.0 (-141.5) -141.2 ( d ) -213.6 (-213.6) 

-120.9 ( - .  ) -136.4 ( - -136.4 ( - 1 -211.2 ( - 1 -247.9 ( - 
-128.9 ( - -137.3 ( - -153.2 ( - ) -208.9 ( - -248.0 ( 

-120.2 (-129.0) -134.9 (-139.2) -136.7 (-140.0) -215.7 (-215.9) -249.3 (-252.3) 
-126.4 (-164.91 -137.3 (-139.4) -141.6 (-t53.8) -214.5 (-zio.e) -248.3 (-250.91 

-125.7 (-133.2) -138.9 (-141.8) -136.9 (-143.7) -215.1 (-215.4) -242.9 (-244.1) 
-140.6 (-166.1) -139.4 (-140.8) -140.6 (-148.3) -213.4 (-211.2) -242.9 (-244.4) 

‘CH315N02 as external reference; (blb0.5 14; ( c ) c 0 . 8  H: dnot found, too broad. e0.6 H 
* h e  values i n  parenthesis denote the chemical s h i f t s  i n  CH2Cl2 

+The superscripts I n  parenthesis denote the concentration of the substrate in ttiZC12 

ever, observe any protonat ion o f  N1 when the C6-hetero-substituent was 
oxygen (22  - and - 24); on the  other  hand, a considerable N1 protonat ion was 
observed when the C6 hetero-subst i tuent  was s u l f u r  as i n  - 23. It was 
found t h a t  due t o  the poss ib le  protonat ion o f  N7 i n  the pur ine deriva- 
t i ves ,  the magnitude o f  the  N 1  protonat ion i n  pur ine r i n g  system i s  
smaller than the N3 o f  pyrimidines. 

sus N3 o f  pyr imid ine r e s i  dues e i t h e r  i n  C4/C6 subs t i tu ted  pyr imid ines/  
purines o r  i n  N3,”1 subs t i tu ted  pyr imid ines lpur ines i s  n o t  poss ib le  
because of the  presence o f  the  C-2 carbonyl group i n  pyr imid ines and 
mainly because o f  the fused im ida to le  r i n g  i n  purines. Fig. 1 i l l u s -  

t r a t e s  a c o r r e l a t i o n  o f  A 6  15N s h i f t s  f o r  each C6- and C4-substi tuted 
pur ine and pyr imid ine nucleosides respec t ive ly  i n  order t o  show t h a t  t h e  

A d i r e c t  comparison o f  t h e A 6 l 5 N  s h i f t s  N1 o f  pur ine residues ver- 
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- / 
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0 15 30 45 60 

OF N~ OF  C'-SUDSTITUTED P U R I N E  N U C L E O S I D E S  (ppm) 

3 4 Fig. 1 : A plot of A6 of N of C -subst i tuted pyrimidine nucleosides 
as  a function of A& of N 1 of C 6 -subst i tuted purine nucleosides 

with common subst i tuents  in C H Z C I Z  at  303 K .  

( ) = phenoxy;  

( 0 ) = acetamido; ( ) = benzarnido; ( A ) = amino 

( 0 ) = methoxy; ( + 1 = phenylthio 

A6 represents  the  magnitude of 1 5 N  chemical shift  (6 ) upon 
protonation. 
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176 REMAUD ET AL.  

e q u i l i b r i u m  cons tan ts  o f  N3H+ i n  p y r i m i d i n e s  and NIH+ i n  p u r i n e s  a r e  
comparable and, t he re fo re ,  t h e  e l e c t r o n i c  i n f l u e n c e  o f  t h e  fused  im idaz-  

o l e  moiety a c t s  as a cons tan t  f a c t o r .  The d e r i v a t i v e s  c o n t a i n i n g  amino 
groups, as i n  compounds - 8 and - 21, a r e  on ly  excep t ions  d e s p i t e  t h e  f a c t  

t h a t  t h e  pKaS o f  adenosine (ca. 3.5) and c y t i d i n e  (ca. 4.15) a r e  c l o s e l y  
comparable. I t  i s  l i k e l y  t h a t  t h e  d isc repanc ies  f o r  C4- and &amino 

s u b s t i t u e n t s  i n  compounds - 8 and - 21 a r e  due t o  p a r t i a l  p r o t o n a t i o n  o f  t h e  

-NH2 groups, as r e f l e c t e d  i n  t h e i r  A6 15N s h i f t s  o f  -9.6 and -13.1 ppm 

i n  CH2C12 f TFA, besides t h e  fo rma t ion  o f  NIH+ and N3Hf species,  
r e s p e c t i v e l y .  Th i  s exp lana t ion  a1 so rece ives  suppor t  t h a t  t h e  amino 

group i n  py r im id ines  can be indeed p ro tona ted  . Morever, i t  i s  known 

t h a t  t h e  a c e t y l a t i o n  o f  c y t i d i n e  on N4 i s  r e l a t i v e l y  e a s i e r  than on N6 

o f  adenosine, under a m i l d  a c e t y l a t i n g  c o n d i t i o n  ( a c e t i c  anhydr ide  i n  
p y r i d i n e  a t  20 "C), r e v e a l i n g  a weaker r e a c t i v i t y  o f  t h e  l a t t e r  t o  e lec -  

t r o p h i l  es. 
Thus, these da ta  and a l l  o t h e r  p rev ious  ISN-NMR s t u d i e s  2a-5 c l e a r l y  

suggest t h a t  t h e  b a s i c i t y  and r e a c t i v i t y  o f  N3 o f  C4-subs t i t u ted  pyr im-  
i d i n e  nuc leos ide  i s  q u i t e  comparable t o  t h a t  o f  t h e  N l  o f  t h e  C6-subs t i -  

t u t e d  pu r ines  nucleosides, d e s p i t e  t n e  presence o f  t h e  fused  e l e c t r o n -  
r i c h  im idazo le  p a r t  i n  t h e  l a t t e r .  T h i s  obse rva t i on  i s  p a r t i c u l a r l y  

remarkable i n  view o f  t h e  f a c t  t h a t  any change o f  s u b s t i t u e n t  ( n a t u r e  o r  

p o s i t i o n )  o r  a change i n  t h e  a r o m a t i c i t y  o f  t h e  p y r i m i d i n e  r i n g ,  on t h e  

o t h e r  hand, q u i t e  cons ide rab ly  i n f l u e n c e  t h e  r e a c t i v i t y  o f  N7 o f  t h e  
i m i  dazol e p a r t  . 

8 

2a-4 

CONCLUSION 

1 5 N  NMR spectroscopy has proved t o  be  a very  power fu l1  t o o l  t o  under- 

s tand  t h e  e l e c t r o n i c  d i s t r i b u t i o n  i n nucleobases i n p u r i n e  o r  p y r i m i  d i  ne 

nucleosides. Any changes i n  t h e  aromat ic  c h a r a c t e r  o f  t h e  p y r i m i d i n e  

r i n g  i n  b o t h  p y r i m i d i n e  and p u r i n e  nuc leos ides  l eads  t o  d r a s t i c  changes 

i n  t h e  15N chemical s h i f t s  o f  c o n s t i t u e n t  n i t rogens ,  and, t he re fo re ,  an 

unambigous d i s t i n c t i o n  between C4/N3 and C6/N1 s u b s t i t u t i o n  can be e a s i l y  
achieved. A comparison o f  t h e  magnitude o f  t h e  15N s h i f t  o f  N3 i n  

C4-subs t i t u ted  p y r i m i d i n e  o r  o f  N 1  i n  C6  s u b s t i t u t e d  Dur ine  nucleosides, 
upon p r o t o n a t i o n  w i t h  CF3COOH i n  OMS0 and CH2C12 s o l u t i o n s ,  has shown 

t h a t  t h e  b a s i c  cha rac te r  of N3 ( o r  of  N1) depends upon t h e  n a t u r e  and 
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R 

I I  
RO OR 

20 .  R = Amino, R' = H 
2 1 .  R = Amino, R' = Acetyl 
2 2 .  R = Methoxy, R '  = Acetyl 
2 3 .  R = Phenylthio, R'  = Acetyl 
2 4 .  R = Phenoxy, R' = Acetyl 

2 5 .  R = Benzarnido, R' = H 
2 6 .  R = Benzarnido, R' = Acetyl 
2 7 .  R = Acetamido, R' = Acctyl 

the e l e c t r o n i c  p roper t ies  of the atom l i n k e d  t o  C4 ( o r  C6). Thus the  
e f f e c t  o f  a p r o t e c t i n g  group on tne  r e a c t i v i t y  o f  each n i t rogen o f  a 
nucleobase i n  a nucleoside can be e a s i l y  est imated by a 15N NMR spectro- 

scopy . 

E XPER I MENTAL 

15N chemical s h i f t  determinat ions were made on a Jeol  GX 270 spec- 
t rometer a t  27.4 MHz. A l l  15N-NMR spectra were performed r e l a t i v e  t o  

CH315N02 i n  CD3N02 i n  a c a p i l l a r y .  The probe temperature was around 
30°C. The assignments of 15N resonances were done by f u l l y  proton 
decoupled c o n d i t i o n  (NOE 1 o r  under an inverse gated proton-noi  se 
decoupled mode (w i thout  NOE), o r  us ing the p o l a r i z a t i o n - t r a n s f e r  pu lse 

sequences INEPT o r  DEPT. Rout ine ly  16 K data p o i n t s  were used f o r  the  

acqu is i t ion ,  zero f i l l e d  t o  32 K and Four ie r  transformed w i t h  a 
broadening f a c t o r  o f  2-3 Hz. The samples were d isso lved i n  d i s t i l l e d  

CH2C12 o r  i n  d i s t i l l e d  DMSO. A negat ive value f o r  t h e  chemical s h i f t  
denotes an u p f i e l d  s h i f t .  
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I 78 REMAUD ET AL. 

I t  nas been observed t h a t  the compound 16 has a poor s o l u b i l i t y  i n  - 
DMSO and espec ia l ly  i n  CH2C12; some drops of methanol were therefore  
added t o  make a c l e a r  CHzC12 solut ion.  Furthermore 16 i s  not s t a b l e  in  
ac id i c  media where a migration of the benzoyl group from 04 t o  N3 took 
place’. Consequently the accuracy of 1% chemical S h i f t  fo r  16 i s  not a s  
good as f o r  the other  compounds. 

cedures 

- 

- 

The nucl eosides analogues were prepared according t o  reported pro- 
10-16 
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