
 

 

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

Analysis of Substituted Pyridine-C-Nucleosides by Direct Liquid
Introduction Liquid Chromatography/Mass Spectrometry
E. L. Esmansa; M. Belmansa; I. Vrijensa; Y. Luytena; F. C. Alderweireldta; L. L. Wotringb; L. B.
Townsendb

a University of Antwerp (R.U.C.A.), Laboratory for Organic Chemistry, Antwerp, Belgium b University
of Michigan, College of Pharmacy, Ann Arbor, Michigan, U.S.A.

To cite this Article Esmans, E. L. , Belmans, M. , Vrijens, I. , Luyten, Y. , Alderweireldt, F. C. , Wotring, L. L. and
Townsend, L. B.(1987) 'Analysis of Substituted Pyridine-C-Nucleosides by Direct Liquid Introduction Liquid
Chromatography/Mass Spectrometry', Nucleosides, Nucleotides and Nucleic Acids, 6: 5, 865 — 876
To link to this Article: DOI: 10.1080/15257778708073433
URL: http://dx.doi.org/10.1080/15257778708073433

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/10.1080/15257778708073433
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 6 ( 5 ) ,  865-876 (1987)  

ANALYSIS OF SUBSTITUTED PYRIDINE-C-NUCLEOSIDES BY 
DIRECT LIQUID INTRODUCTION LIQUID CHROMATOGRAPHY/MASS 

SPECTROMETRY. 

E.L. Esmans*, M.  Relmans, I. V r i j e n s ,  Y. Luyten ,  
1 F.C. A l d e r w e i r e l d t ,  L.L.  Wotring' and L.B. Townsend . 

U n i v e r s i t y  of  Antwerp (R .U.C .A. ) ,  L a b o r a t o r y  f o r  O r g a n i c  

Chemis t ry ,  Groenenborge r l aan  171 ,  B-2020 Antwerp, Belgium. 

' U n i v e r s i t y  of Michigan , C o l l e g e  o f  Pharmacy, 

Ann Arbor ,  Michi.gan (U.S.A.). 

Abstract : 
A m e t h o d  w a s  e l a b o r a t e d  f o r  t h e  a n a l y s i s  of a f e w  o r i g i n a l  
p y r i d i n e - C - n u c l e o s i d e s  v i a  m i c r o b o r e  DLI/LC-MS. The compounds 
w e r e  a n a l y z e d  on a 10RP8 column (25 c m  x 1 m m )  u s i n g  a number 
of 0.01 M HCOONH4/CH30H m i x t u r e s  as e l u a n t .  Under a p p r o p r i a t e  
LC-MS c o n d i t i o n s ,  b o t h  ff- a n d  p - a n o a e r s  were s e p a r a t e d  a n d  
i d e n t i f i e d .  A l l  n u c l e o s i d e s  w e r e  c h a r a c t e r i z e d  b y  t h e  p r o t o -  
n a t e d  m o l e c u l a r  i o n  [ MII]', [B+30]+ and [B+44]'-fragment i o n s .  
Assignm n t  o f  t h e  f f , P - c o n f i g u r a t i o n  a t  C1' was d o n e  w i t h  t h e  
a i d  of f3C-NMR. From t h e  DLI/LC-MS d a t a ,  a s e m i - p r e p a r a t i v e  
HPLC-method w a s  deve loped  t o  p u r i f y  t h e  p y r i d i n e - C - n u c l e o s i d e s  
p r i o r  t o  b i o l o g i c a l  e v a l u a t i o n .  

I. Introduction. 
I n  t h e  p a s t ,  h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  (HPLC) 

h a s  e m e r g e d  as  a u s e f u l  t e c h n i q u e  f o r  t h e  s e p a r a t i o n  a n d  

p u r i f i c a t i o n  of n u c l e o s i d e s  . 1 

S i n c e  t h e  r e l i a b i l i t y  of t h e  b i o l o g i c a l  data o b t a i n e d  f o r  
s y n t h e t i c  nuc1eosi.de a n a l o g s  i n  d i f f e r e n t  t e s t  s y s t e m s  (L-1210 
mouse l e u k e m i a ,  c o x s a c k i e v i r u s ,  p o l i o v i r u s ,  e . g . )  i s  h i g h l y  
dependen t  upon t h e  p u r i t y  of  the  compounds s u b m i t t e d ,  c o n s i d e -  

r a b l e  e f f o r t  h a s  been expended i n  t h e  deve lopmen t  o f  s e n s i t i v e  
and p o w e r f u l  a n a l y t i c a l  t e c h n i q u e s .  A t e c h n i q u e  w h i c h  meets 
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866 ESMANS ET A L .  

the desired requirements is combined liquid chromatography- 
mass spectrometry ( L C - M S ) ~ ,  3 r  '. 

In this paper, we wish to discuss the results of this 
technique for a series of substituted pyridine-C-nucleo- 
sides, which in turn is part of a programrne aimed at the 
development of antitumor and/or antiviral drugs. 

11. RESULTS AND DISCUSSION. 
A series of substituted pyridine-C-nucleosides (I to 

XI) was synthesized using organo-lithium intermediates of 
pyridine derivatives and 2,4;3,5-di-O-benzylidene-D- 
ribose5, 6 f  7. 

In order to obtain rapid and reliable information as 
well on structure as on purity, the crude reaction mixtures 
were investigated by DLI/LC-MS in a configuration described 
elsewhere . 3 

HQH 

m 
Sm : R=CHj ; IX : R=C2H5 ; 

X : R=C3H7 ; X I  : R=C4Hg 

COH POUNDS 
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ANALYSIS OF PYRIDINE NUCLEOSIDES 867 

Compounds I t o  V I I  were a n a l y z e d  on  a microbore 10RP8 

column ( 2 5  c m  x 1 m m  I . D . )  u s i n g  8 5 %  0 .01  M HCOONH4/15% 
C H 3 0 H  as  t h e  e l u a n t ,  a t  a f l o w - r a t e  of  80 pL/min. A chroma- 

togram, w h i c h  c a n  be c o n s i d e r e d  r e p r e s e n t a t i v e  f o r  t h e  
a n a l y s i s  of compounds  I t o  V,  is d e p i c t e d  i n  F I G .  1. The 

da ta  € o r  t h e  i somer ic  compounds  I t o  I V  a r e  s u m m a r i z e d  i n  
TABLE 1. 

A s  can  be s e e n  i n  F I G .  1, 6-methyl-2-(D-ribofuranosyl)- 
p v r i d i n e  ( V )  w a s  l o c a t e d  w i t h  t h e  a i d  of t h e  r e c o n s t r u c t e d  
i o n  chromatogram € o r  t h e  p r o t o n a t e d  m o l e c u l a r  i o n  [MH]' a t  

m/z = 2 2 6 .  B e c a u s e  two c h r o m a t o g r a p h i c  p e a k s ,  w i t h  r e s p e c -  
t i v e  r e t e n t i o n  t i m e s  of 7.15 a n d  12.33 m i n ,  were f o u n d  t o  
respond a t  t h i s  m/z-value,  it w a s  c o n c l u d e d  t h a t  t h e  s e p a r a -  
t i o n  of t h e  a - a n o m e r  f r o m  t h e  p - a n o m e r  h a d  b e e n  

accomplished.  The mass s p e c t r a  of t h e s e  compounds  were a l l  
c h a r a c t e r i z e d  by a p r o t o n a t e d  m o l e c u l a r  i o n  [MH]' wh ich  w a s  
i n  all cases  t h e  b a s e  p e a k .  A l s o  i n  b o t h  c o m p o n e n t s  t h e  

r e a r r a n g e m e n t  i o n s  a t  [ B + 3 0 ] +  and  [ B + 4 4 ] +  w e r e  d e t e c t e d  

g i v i n g  i n f o r m a t i o n  a b o u t  t h e  s t r u c t u r e  o f  t h e  b a s e  m o i e t y  

(TABLE 1). 
However, due t o  t h e  s i m u l a r i t i e s  o b s e r v e d  i n  t h e  mass 

spectra o f  b o t h  a n o m e r s  (FIGS. 2-31, a n  a s s i g n m e n t  of t h e  

a b s o l u t e  c o n f i g u r a t i o n  ( a  o r P  ) r e m a i n e d  u n c e r t a i n .  
T h e r e f o r e  an e x p e r i m e n t  w a s  se t  up s e p a r a t i n g  a m i x t u r e  

of a -  and P-adenosine unde r  a n a l o g o u s  c o n d i t i o n s ,  f o l l o w e d  
by t h e  i n j e c t i o n  of  p u r e  P-adenosine ( F I G .  5) .  

From t h e s e  r e s u l t s  i t  c o u l d  b e  c o n c l u d e d  t h a t  a- 

a d e n o s i n e  h a d  t h e  l o w e s t  k ' - v a l u e .  T h i s  w a s  a n  i n d i c a t i o n  

t h a t  i n  t h e  s e r i e s  I - X I ,  t h e  a - a n o m e r  w o u l d  e l u t e  p r i o r  t o  

t h e  p-anomer. F u r t h e r m o r e ,  s i n c e  i n  t h e  13C-NMR s p e c t r a ,  t h e  
s i q n a l c  o €  t h e  c a r b o n  a t o m s  o f  t h e  a- a n d  p-anomers  c o u l d  b e  
u n e q u i v o c a l l y  a s s i g n e d ,  t h e  13C-NMR p e a k  i n t e g r a t i o n  d a t a  
c o u l d  be compared t o  t h e  c o r r e s p o n d i n g  c h r o m a t o g r a p h i c  peak 
areas c a l c u l a t e d  f r o m  t h e  LC-MS r u n s  (TABLE 2 ) .  From t h e s e  

e x p e r i m e n t s  t h e r e  i s  n o  d o u b t  t h a t  t h e  a -anomer  i s  t h e  

isomer w i t h  t h e  lowest k'-value. 
T o g e t h e r  w i t h  t h e  6 - m e t h y l - C - n u c l e o s i d e s  d e s c r i b e d  a b o v e ,  
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I 
I 
/IMHI' 

1 [MHj*=226 
R T =  7.15min 

I i 

i R T = l Z  .33 min 

i I I I 1 I I I I 1 I I I J  

0 3 50 700 scan 

FIG. 1 : Microbore DLI/LC-MS of a crude mixture of 2-(D-ribofuranosyl)- 
6lnethylpyridine (V). E l u a n t  : 85% 0.01 M HCOONH4/15% CH30H : 
flow-rate : 80 @/min : column : Microbore 10-8 (25 cm.x 1 mm 

ID.). Tswce = 190°C i Tdesolvation = 210OC. 

100 

1 

250 300 m/z 
0 

F I G .  2 : Mass spectrum of 2-(~-D-ribofuranosyl)-6-mthylpyridine 
(RT = 7.15 m i n ) .  
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ANALYSIS OF PYRIDINE NUCLEOSIDES 869 

TABLE 1 : DLI/LC-MS mass spectra of pyridine-C-nucleosides I to XI. 
TB = 190°C, TDc = 210OC. Relative intensities are given 
in parenthesis. 

Catpound 

a-I 

P -1 

p-I1 

I)-I11 

P-Iv 

P-V 

p-VI 

p-VII 
VIII. 

p-IX 

P -x 

p-XI 

@-I1 

@-I11 

(2 -Iv 

a-V 

a-VI 

a -VII 

a-rx 

@-X 

@ -XI 

*@,P-anomers not resolved. 
* relative intensity for 3sc1. 

[MHI+ 

212 (100 ) 
212 (100 ) 
226(100) 
226( 100) 
226 (100) 
226 (100) 
2261 100) 
226 (100) 
226 (100) 
226 (100) 
246(100)* 
246 (100) * 
228 (100) 
228 (100) 
242 (100) 
256 (100) 
256( 100) 
270 (100) 
270 (100) 
284 (100) 
284 (100) 

[B+30]+ 
108(4) 
108(2) 
122(4) 
122 (4) 
122(8) 
122 (9) 
122(4) 
122(4) 
122 (11) 
122(8) 
142 (29) * 
142(21)* 
124 (35) 
124(17) 
138(14) 
152(2) 
152(3) 
166(12) 
166 (8) 
180(14) 
180( 10) 

[B+441" Retention time (dn) 
122(5) 4.30 
122(2) 6.30 
136(4) 5.29 
136(2) 14.29 
136(11) 9.38 
136 
136 
136 
136 
136 
156 
156 
138 
138 

15.34 
8.53 
13.18 
7.15 
12.33 
9.58 
11.37 
2.50 
3.23 

152(19) 3.41 
166(2) 4.14 
166(4) 5.58 
180(41) 5.53 
180(10) 7.90 
194(23) 9.59 
194(12) 12.50 
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ESMANS ET AL. 

FIG.  3 : Mass spectrum of 2-(P-D-ribofuranosyl)-6-methylpyridine 
(RT = 12.33 m h ) .  

0 
100 150 200 m/z 

FIG.  4 : Mass spectrum of mthaesulphonic acid (RT = 4.44 min ; 
m/z = 129 corresponds to (CH3S03H) (CH30H) (HI ]+-cluster. 
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ANALYSIS OF PYRIDINE NUCLEOSIDES a71 

TABLE 2 : Comparison of I3C-NMR and LC-MS peak 
integration data. 

LC-MS 3 c -NMR 
%a % P  %a % P  

I 38 62 42 58 
11 46 54 42 58 

111 44 56 46 5 4  

IV 44 56  44 56 
V 38 62 48 52 

impurities were eluted at, 4.44 min and 10.37 min respecti- 
vely ( F I G .  1). 

The mass spectrum of the compound eluting at 4.44 min is 
depicted in FIG. 4. The ion at m/z = 129 is clearly due to a 
[ (CH3S03H) (CH30H)]H+-cluster originating from methane 
sulfonic acid in the mixture. This impurity is liberated 
during the cyclisation process of the D-allo- and D-altro- 
mesylate precursors and is therefore present in all the 
crude reaction mixtures of C-nucleosides I to XI. 

The other compound (RT = 10.37 min), characterized by a 
protonated molecular ion at [MH]+ = 110 was identified as 6- 
methyl-2-pyridone. This compound is probably generated 
durin9 the synthesis of the 2-bromo-methylsubstituted 
pyridines From the corresponding 2-amino precursors via a 
Craig diazotation procedure. During such a procedure, 2- 
pyridones can emerge as by-products . 

The analysis of 4-(D-ribofuranosyl)-3-chloropyridine 
(VI) using the same chromatographic conditions, also 
resulted in the separation of the a- and p-anomers, eluting 
at 9.58 and 11 .37  min respectively (FIG. 6). The correspond- 
ing mass spectra are given in TABLE 1. 

These compounds were characterized by a protonated 
molecular ion [MHl+ at m/z = 246 (35Cl) and [B+301+- 
(n/z = 142, 35Cl) and [B+44]+-ions (m/z = 156, 35Cl). A l s o  

fragment ions at m/z = 2 1 8  (35Cl) and 210 (35Cl) were detec- 
ted. These ions can be explained by the elimination of one 
and two molecules of H20 from [MH]+ respectively (FIG. 7) .  
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1 IMHl+= 268 

d 

OH CH 

I r I L 1 

T I C  

RT: 9 50 min 

; , I I I I 1 I 

FIG. 5 : Fficrobore DLI/LC-MS of a mixture of (Y - and p-adenosine on a 
low8 column (25 cm x 1 mm ID.). Eluant : 85% 0.01 M 

HCOoNH&5% CH30H. Flow-rate : 80 pL/min. 

Tdesolvation chamber = 2100c Tsource = 19ooc. 

FIG. 6 : Microbore DLI/LC-MS of a crude mixture of 4-(D-ribofuranosyl)- 
3-chloropyridine (VI). Eluant : 85% 0.01 M Hc00NH4/15% CH3a ; 

flcw-rate : 80 +/min. Column : microbore 10Rp8 (25 cm x 1 mm 

I .D - 1 Ts0W-e = 190°C ; Tdesolvation = 21OOC. 
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I"" 

+ 
c - - 50- 
W 
[I 

HO & 
s 

OH OH 
[B + 44 1' 

0 
150 200 250 m /z 

I M H I '  

I 
L 

FIG. 7 : Mass spztrum of 4-(~u-D-ribofuranosyl)-4-chloropyridine 
(RT = 9.58 min). 

IMHI' 
100- 

a 

+ 
5 

a 
- 

150 2 00 m /z 

FIG. 8 : Mass spectrum of 3-(P-D-ribofuranosyl)-2-pyridone. 
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ESMANS ET A L .  

The DLI/LC-MS investigation of a reaction mixture 
involving the synthesis of 2-fluoro-3-(D-ribofuranosyl)- 
pyridine were quite interesting and illustrate the power of 
LC-MS. 

The mass spectra of the compounds eluting at 2.50 and 
3.23 min respectively, were characterized by m/z-values of 
228 ([MHI'), 124 ([B+30]+) and 138 ([B+44]+) (Fig. 8). These 
m/z-values differ by 2 amu from the values expected €or the 
f luoro-compound. This would indicate that a substitution of 
the 2-fluoro-atom by a hydroxyl function had resulted in the 
formation of 3-(D-ribofuranosyl)-2-pyridone (VII). This 
reaction occurs during the last step of the general synthe- 
tic procedure, i.e. the cyclisation step in 1 N HC1. Later 
on, this substitution reaction was proven by the observation 
of carhonyl frequencies in the "C-NMR spectrum at 160.11 and 
! .58 .3  ppm respectively. 

The series of 2-(D-ribofuranosyl)-3-alkoxypyridines 
(VII to XI) showed a somewhat different chromatographic 
behaviour. The appropriate eluant composition was 60% 0.01 M 
HCOONH4/40% CH30H at a flow-rate of 80 pL/min (TABLE 1). 

Under these conditions, the a- and the p-anomer of 3- 
methoxy-2-(D-ribofuranosyl)pyridine (VIII) were not resol- 
ved. A DLI/LC-MS run of XI is shown in FIG. 9. 

Again in these compounds the base peak was the proto- 
nated molecular ion [ M H l + ,  accompanied again by [B+30]+- and 
[B+44 ]+-ions. Together with the C-nucleosides, a small 
amount of methanesulfonic acid was detected. 

From these DLI/LC-MS experiments, a strategy was 
deduced for the semi-preparative clean-up of the C-nucleo- 
sides prior to their biological evaluation. Since all 
impurities mentioned above were quite different in structure 
from the C-nucleosides I to IX, a purification method w a s  
used based upon affinity chromatography4r6p9r10 followed by 
semi-preparative reverse phase chromatography using appro- 
priate mixtures of 0.01 M HCOONH4/CH30H7. The latter techni- 
que has allowed the biological evaluation of anomerically 
pure samples. 
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/ RT= 9 59 min 

HO g 0% RT= 12.50min 

OH OH 

I ,  

A 

/ RT= 9 59 min 

RT= 12.50min 

1 ,  

A 
I 1 

0 2 L 6 8 10 12 li min 

FIG. 9 : DLI/LC-MS analysis of 3-butoxy-2-(D-ribofuranosyl)pyridine 

(XI). Eluant : 60% 1 M HCOONH~/~O% m3OH i flow-rate : 
80 pL/m.in ; column : Microbore 10RP8 (25 c m  x 1 mm ID.). 

T~ource : ''O°C, Tdesolvation chamber : 2100c. 

111. Experimental. 
1. P r o d u c t s  : CH30H (HPLC-grade) w a s  p u r c h a s e d  f rom Burd ick  
and J a c k s o n ,  H C O O N H 4  f r o m  J a n s s e n  C h i m i c a  a n d  a- a n d  p- 
a d e n o s i n e  f rom Sigma. 

2. LC-MS : 

A l i q u o t s  o f  1.5 pg w e r e  i n t r o d u c e d  o n  a m i c r o b o r e  
1 0  RP8 column (25  c m  x 1 mm I.D.) (1 pL i n t e r n a l  l o o p ) .  The 
f l o w  r a t e  w a s  k e p t  c o n s t a n t  a t  8 0  y L / m i n  d u r i n g  a l l  
expe r imen t s .  The D L I  i n t e r f a c e  w a s  c o o l e d  down t o  -6OC--8OC 

w i t h  g a s e o u s  C 0 2  a n d  was c o u p l e d  t o  a R i b e r  1 0 - 1 0 B  

q u a d r u p o l e  mass s p e c t r o m e t e r  e q u i p p e d  w i t h  a S I D A R  d a t a  

system. Dur ing  t h e  l i q u i d  ch romatograph ic /mass  s p e c t r o m e t r i c  
e x p e r i m e n t s  an i o n i z a t i o n  chamber and an i o n  s o u r c e  e n v e l o p e  
p r e s s u r e  of r e s p e c t i v e l y  0.6-0.8 mm Ilg and  S X ~ O - ~  mm Hg w a s  
measured. The  i o n i z a t i o n  e n e r g y  was k e p t  a t  7 0  eV a n d  t h e  
repe l le r  v o l t c q e  was 0 V. P r i m a r y  i o n i z a t i o n  o f  t h e  s o l v e n t  

w a s  c a r r i e d  o u t  w i t h  a n  e m i s s i o n  c u r r e n t  o f  0.08 mA. The 
s o u r c e  t e m p e r a t u r e  w a s  1 9 0 ° C  a n d  t h e  t e m p e r a t u r e  o f  t h e  
d e s o l v a t i o n  chamber was 2 1 O O C .  
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