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NUCLEOSIDES AND NUCLEOTIDES, 2 ( 4 ) ,  345-350 (1983) 

SYNTHESIS OF 3 ,N4-DIMETHYLCYTIDINE 

K e l v i n  K .  O g i l v i e  and Harvey A. Kader 

Department o f  Chemistry, McGi l l  U n i v e r s i t y ,  
Mont rea l ,  Quebec H3A 2K6 

Abst rac t .  
d i m e t h y l c y t i d i n e ,  a compound u s u a l l y  ob ta ined  i n  o n l y  t r a c e  q u a n t i t i e s .  

Two procedures a r e  descr ibed f o r  t h e  syn thes i s  o f  3,N4- 

Monoa lky la t i on  o f  t h e  p y r i m i d i n e  r i n g  i n  c y t o s i n e  nuc leos ides  

occurs r e a d i l y  and n e a r l y  e x c l u s i v e l y  a t  t h e  3 - p 0 s i t i o n ' - ~ .  

y i e l d s  o f  p roduc ts  a r i s i n g  f rom N-4 a l k y l a t i o n  a re  observed3. 
b i  sa l  k y l  a t e d  c y t i  d ines  a re  sometimes ob ta ined  i n  smal l  amounts b u t  t h e  
3 ,N4-b isa lky la ted  produc t  i s  r a r e l y  observed3) '+. 
repor ted  t h e  use o f  f l u o r i d e  i o n 5  as a c a t a l y s t  i n  p r e p a r i n g  3,N4- 
d ime thy l cy t i d ine .  We r e c e n t l y  needed t h i s  compound i n  q u a n t i t y  f o r  

b i o l o g i c a l  t e s t i n g  and found t h e  y i e l d s  i n  t h e  f l u o r i d e  c a t a l y z e d  reac- 
t i o n s  were h i g h l y  v a r i a b l e .  Apparent ly  d i f f i c u l  t - t o - c o n t r o l  chanqes i n  

t h e  qua1 i ty  of t e t r a b u t y l  ammonium f l u o r i d e  (TBAF) had pronounced e f f e c t s  

on t h e  a l k y l a t i o n  reac t i on .  

r o u t e  t o  3 ,N4-d imethy lcy t id ine  ( 3 )  - as w e l l  as a more c o n s i s t e n t  TBAF 

ca ta l yzed  r e a c t i o n .  

m e t h y l c y t i d i n e  (1) - and N4-methy l cy t i d ine  (2). - 
a v a i l a b l e  by the  a l k y l a t o n  o f  c y t i d i n e .  
method o r i g i n a l l y  descr ibed by Fox e t  a1.6. 
sub jec ted  t o  a v a r i e t y  o f  c o n d i t i o n s  us ing  methyl  i od ide ,  d imethy l  

s u l f a t e  and t r i m e t h y l  phosphate as a l k y l a t i n g  agents. None o f  t h e  

c o n d i t i o n s  i n v e s t i g a t e d  l e d  t o  more than t r a c e  amounts o f  t h e  d e s i r e d  - 3 

345 

Very low 

N4,N4- 

We have p r e v i o u s l y  

In t h i s  r e p o r t  we desc r ibe  a new and d i r e c t  

For  a d i r e c t  r o u t e  t o  compound - 3 we decided t o  p repare  bo th  3- 

Compound - 1 i s  r e a d i l y  
Compound - 2 was prepared by t h e  

Both compounds - 1 and - 2 were 
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346 OGILVPE AND KADER 

when - 1 was t h e  s t a r t i n g  m a t e r i a l .  
i n  t h e  m a j o r i t y  o f  t h e  cases w i t h  2, one s e t  of c o n d i t i o n s  - a l a r g e  
excess o f  methyl i o d i d e  i n  DMSO - l e d  t o  complete convers ion  (TLC) o f  2 
i n t o  3. 

While s i m i l a r  r e s u l t s  were ob ta ined  

- 
- 

- 

3 - 2 - 

The i n i t i a l  p roduc t  o f  t h e  methyl  i o d i d e  a l k y l a t i o n  o f  2 i s  t h e  
hydro iod ide  s a l t  of 3. 
p r e c i p i t a t i o n  f rom the  produc t  m ix tu re .  
recovered by TLC the  f ree  base 3 i s  obtained. 
summarized below i n  Tab le  1. 

- 
The hyd ro iod ide  s a l t  can be recovered by - 

However i f  t h e  p roduc t  i s  
The 13C-NMR spec t ra  a re  - 

- 

Table - 1. 

1 3 C  NMR Data o f  Methy la ted  C y t i d i n e s  

Compound 

Carbon Cyti d i  ne - 1 - 2 - 3 N 4,N 4-DiMeC 

1' 
2' 
3' 
4' 
5' 
2 
4 
5 
6 

3-Me 
4-Me 

89.29 
74.13 
69.60 
84.22 
60.81 
155.81 
165.68 
94.15 
141.67 

90.59 
74.13 
68.58 
84.71 
59.62 
107.72 
158.83 
94.04 
141.41 
30.81 

89.13 
74.02 
69.44 
84.11 
60.65 
155.54 
163.85 
94.63 
140.11 

26.88 

90.75 
74.19 
68.31 
88.49 
59.41 
147.39 
157.43 
91.40 
142.43 
30.68 
26.12 

89.29 
74.24 
69.22 
84.11 
60.43 
144.62 
163.14 
91.34 
141.46 

37.40 
37.18 

*Recorded on a Brucker WH-90 Spectrometer us ing  DMSO-d, as so l ven t .  
Chemical S h i f t s  ( 6 )  a r e  in ppm r e l a t i v e  t o  TMS. 
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3,N4-DIMETHYLCYTIDINE 347 

The TBAF c a t a l y z e d  a l k y l a t i o n s  o f  c y t i d i n e  were i n v e s t i g a t e d  and i t  

was found t h a t  t h e  on ly  c o n s i s t e n t  procedures f o r  t h e  p r e p a r a t i o n  o f  - 3 
i n v o l v e d  very concent ra ted  s o l u t i o n s .  
d i s s o l v e d  i n  TBAF-THF w i t h  t r i m e t h y l  phosphate and t h e  so l  ven ts  were 
concent ra ted  t o  a very  v iscous  s ta te ,  convers ion  o f  c y t i d i n e  t o  - 3 
occur red  i n  2 t o  7 days a t  room temperature. 
t y p i c a l l y  ob ta ined  i n  - 45% y i e l d  w h i l e  3 -me thy l cy t i d ine  accounted f o r  
t he  remaining m a t e r i a l .  

For example when c y t i d i n e  was 

The d e s i r e d  p roduc t  - 3 was 

WH + 3-MeC HO 
TBAF(conc.1 

When the  reagents i n  the  TBAF r e a c t i o n  were concent ra ted  t o  a smal l  

Once aga in  t h e  

b u t  non-viscous volume, and t h e  s o l u t i o n  was heated a t  6O-7O0C, n e a r l y  
complete convers ion  t o  - 3 was observed a f t e r  2 t o  3 days. 
o n l y  o the r  p roduc t  observed was 3-methy lcy t id ine .  

Exper imental  

General Methods. Th in - l aye r  chromatography da ta  were recorded f rom 

Merck K iese lge l  60F 254 a n a l y t i c a l  sheets. P r e p a r a t i v e  t h i c k  l a y e r  
p l a t e s  ( 2 0  x 20 cm) were prepared us ing  a 1 mn t h i c k  c o a t i n g  o f  Merck 
K i e s e l g e l  60F 254. Descending paper chromatography was performed us ing  
Whatman 3 m paper. 
i sopropanol -ammoni um hyd rox i  de-water (7 : 1 : 2 V/V/V). 

m e l t i n g  p o i n t  apparatus. 
spectrophotometer. 
XL-200 spectrometers us ing  D,O as so lvent .  

a Brucker WH-90 spectrometer us ing  DMSO-d, as so lvent .  

p r e v i o u s l y  described. 

The s o l v e n t  system used was So lven t  A :  

M e l t i n g  p o i n t s  a r e  uncor rec ted  and were measured on a F isher -John 
UV spec t ra  were recorded on a Carey 17 

' H  NMR spec t ra  were recorded on a Var ian  T-60A and 
13C spec t ra  were recorded on 

Tetrabutylammonium f l u o r i d e  i n  THF (0.68 M s o l n )  was prepared as 

3 - M e t h y l c y t i d i  nel, N4-methy lcy t i  d i  ne6 and N4,N4- 
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348 OGILVIE AND KADER 

d i m e t h y l c y t i d i n e 8 s 9  were prepared accord ing  t o  pub l i shed  procedures and 
t h e i r  p roper t i es ,  fo r  comparison purposes a r e  l i s t e d  i n  Tables 1 t o  3. 

Synthes is  o f  3,N4-Dimethylcyt id ine ( 3 )  
From N4-Methy l cy t i d ine  and Methy l  I o d i d e  

Compound - 2 (604 mg, 2.4 mmole) was d i s s o l v e d  i n  d ry  DMSO (15 m l ) .  
Methyl  i o d i d e  ( 9  m l ,  145 m o l e )  was added and t h e  s o l u t i o n  was s t i r r e d  

f o r  24 h a t  room temperature. TLC i n d i c a t e d  3 as t h e  o n l y  nuc leos ide  
component o f  t he  s o l u t i o n .  

So lven ts  were removed a t  reduced pressure  and t h e  p u r p l e  res idue  
was e x t r a c t e d  w i t h  water.  The aqueous s o l u t i o n  was f i l t e r e d  from some 

i n s o l u b l e  m a t e r i a l  and l y o p h i l i z e d .  The r e s i d u e  was d i s s o l v e d  i n  a 
minimum volume o f  DMSO and a p p l i e d  t o  twe lve  TLC p l a t e s  which were then 
developed i n  95% e thano l  c o n t a i n i n g  1% NH,OH. The p roduc t  band was 

e l u t e d  w i t h  ethanol .  A f t e r  evapora t ion  o f  e thano l  and f u r t h e r  
coevapora t ion  w i t h  abso lu te  e thano l  a s o l i d  r e s i d u e  was obtained. T h i s  
powder was d r i e d  under vacuum and 268 mg (42%) o f  compound 3 was 
ob ta ined (mp 202-203"(dec)). 
m a t e r i a l  and t o  p r o p e r t i e s  p r e v i o u s l y  d e ~ c r i b e d ~ . ~ .  The UV and NMR d a t a  
a re  summarized i n  Tables 2 and 3 below. 

hyd ro iod ide  s a l t  i n  near q u a n t i t a t i v e  y i e l d s .  
mp 194-199"C, UV p r o p e r t i e s  i d e n t i c a l  t o  - 3 b u t  t h e  13C spectrum o f  t h e  
f r e e  base showed t h e  3-methyl a t  35.35 and t h e  "+-methyl a t  28.22 ppm. 

- 

- 
The produc t  was i d e n t i c a l  t o  a u t h e n t i c  

The p roduc t  - 3 c o u l d  be i s o l a t e d  from t h e  r e a c t i o n  m i x t u r e  as i t s  
The hyd ro iod ide  s a l t  had 

Tab le  2 

Phys ica l  P r o p e r t i e s  o f  Me thy la ted  C y t i d i n e s  

Compound UV hmax (nm) R f* mP 

pH1 pH7 pH13 Paper TLC "C 

c y t i d i  ne 279 270 271 0.52 0.37 215-216 (dec)  
1 277 277 267 0.72 0.51 198-202 (dec 
2 281 270 272 0.69 0.38 178-180 

N4,N4-DiMeC 286 277 278 0.68 0.40 t 

3 284 283 276 0.82 0.56 202-203 (dec 

*Both paper chromatography and TLC i n  s o l v e n t  A .  
'Not ob ta ined as a t r u e  s o l i d .  
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3, N4-DIMETHYLCYTIDINE 

Table 3 

' H  NMR Data o f  Me thy la ted  C y t i d i n e s  

349 

Compound dppm)  

5 6 1' 

c y t i d i n e  d,5.95 

- 1 d,6.22 

- 2 d,5.90 

N4 ,N4-DiMeC d,6.12 

- 3 d,6.26 

J ,  ,,=7.52 

J ,,=8.01 

J , , ,=7 .  57 

J,  ,=7 .92 

J , I ,=8. 20 

d,7.74 
J,1,=7.52 
d,8.04 
J,1,=8.01 
d,7.60 
J ,, ,=7. 57 
d,7.71 
J ,,=7 .92 
d,8.10 
J ,, ,=8.20 

3-Me N4-Me 

d,5.80 

d,5.81 s,3.42 

d,5.83 s,2.81 

d,5.80 s,3.03 

d,5.74 s,3.33 s,2.99 
Jl;21 =3.07 

J ;, 1=3.85 

J ,  ;,1=3.07 

J1;,i ~ 4 . 1 5  

J,; , I  =4.34 

The hydro iod ide  s a l t  c o u l d  be removed by TLC chromatography as desc r ibed  
above. The recovery  was g e n e r a l l y  40-50% w i t h  l a r g e  l osses  exper ienced 
on s i l i c a  ge l  chromatography o f  t h e  p o l a r  m a t e r i a l .  

Conversion o f  C y t i d i n e  t o  3 

A. To c y t i d i n e  ( 1  mmole) was added TBAF i n  THF (19 eq/mmole o f  c y t i d i n e )  

and t r imethy lphosphate  ( 3  ml/mmole o f  c y t i d i n e ) .  
concent ra ted  t o  a g e l - l i k e  s t a t e  and s t o r e d  i n  t h i s  manner f o r  2 t o  7 
days. The m i x t u r e  c o n s i s t e d  o f  3 -me thy l cy t i d ine  (54%) and 
3,N4,dimethylcyt id ine (46%). 

s o l v e n t  A. 

The m i x t u r e  was 

These produc ts  were separable i n  

B. C y t i d i n e  ( 1  mmole) was added t o  TBAF i n  THF (19 eq) and t h e  s o l v e n t  

was removed a t  reduced pressure.  Tr imethy lphosphate  ( 3  ml/mmole o f  
c y t i d i n e )  was added and the  s o l u t i o n  was heated a t  60-70°C f o r  3 

days. TLC i n d i c a t e d  t h e  m i x t u r e  con ta ined  t h e  d e s i r e d  3 as w e l l  as 
some - 1 i n  a r a t i o  o f  95:5. 
chromatography i n  ch lo ro fo rm-e thano l  (3:7) c o n t a i n i n g  1% NH40H. 

- 
Compound - 3 c o u l d  be i s o l a t e d  pure  by TLC 

Ac know1 edgemen t 
We g r a t e f u l l y  acknowledge f i n a n c i a l  suppor t  from NSERCC and FCAC. 
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