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SYNTHESIS AND BIOLOGICAL EVALUATION OF 3-DEAZACYTIDINE AND 

3-DEAZAURIDINE DERIVATIVES. 

Michel Legraverend+', Chi Hung Nguyen Aurelio Zeria12 and Emile Bisagni'. 

UA 40533 CNRS, Laboratoire de  S y n t h k e  Organique, Institut Curie, Biologie, 
Bbt.110, Cent re  Universitaire F 91405 Orsay Cedex, France. 

Rh6ne-Poulenc Sant6, Cen t re  de  Recherches de  Vitry, 13 Quai Jules Cuesde 
94400 Vitry-sur-Seine, France. 

Abstract The synthesis of new 5-and 6- subsituted 3-deazapyrimidine 
ribonucleosides has  been performed by reacting the  silylated bases and I-0-acetyl- 
2 ,  3, 5-tri-0-benzoyl- /3 -D-ribofuranose in dichloroethane in the  presence of 
stannic chloride. 
None of these compounds exhibited any antiviral activity in vitro against HSVl 
and RV31. 

3-Deazauridine (4-hydroxy-l-(&D-ribofuranosyl)-2-pyridone)~, a 

synthetic analogue of uridine' is  cytotoxic to tumor cells in vitro and in vivo, and 
i t s  activity in tumor bearing animals has led to phase I clinical tr ials to  determine 

2 i t s  toxic effects in humans . 

HoQ "O-yJ ""D 
OH OH OH OH OH 

1 2 3 
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LEGRAVEREND ET AL. 126 

Pyrimidine nucleoside analogues have proved to be of g rea t  in te res t  
particularly as antiviral compounds. Among the  most potent antiviral  derivatives 
known t o  da te ,  a r e  those substituted at the  5 position of the  pyrimidine ring like 

BVDU3p42 or FIAC 2 and analogues like FMAU 2 or t he  e thyle  derivative 2 
6 showed also very interesting activit ies against HSV I and HSV 2 . 

5 

Therefore we have been intrigued to know whether substi tuents at 
the  5 position in the  3-deazapyrimidine nucleoside series would be of interest. 

Two of us described recently' a general  rou te  to 5 and/or 6 substituted 4-amino or  
4-hydroxy pyridine-lH-2 ones which a r e  3-deaza cytosine and 3-deaza uracile 
analogues respectively. W e  report  in t h e  present paper t h e  synthesis of unknown 
5- and 6-substituted 3-deaza pyrimidine ribonucleoside analogues and biological 

results in vitro. 

Chemistry. 
Compounds 6a, 6c, &, &, 12a and 12c (scheme I) have been 

described in a previous paper'. The  synthesis of g has  been performed from 6 
which react with benzylamine to give the  corresponding 4-benzylamino 
derivatives 11. Cata ly t ic  debenzylation over palladized charcoal in acetic acid 
a f forded  the  amino derivatives 

5-Ethyl-4-hydroxy-2-0~0-1,2-dihydropyridine was obtained as 
already described for  t h e  homologueous methyl derivative. Butyronitrile reac ted  
with malonylchloride to give 6-chloro-5-ethyl-4-hydroxy-IH-pyridin-2-one which 
on ca ta ly t ic  hydrogenation with palladized charcoal led to g. The l a t t e r  

compound served a s  start ing material  for t h e  preparation of 12b via according 
7 to the  general method . 

The Hilbert-Johnson nucleoside synthesis with Friedel-Crafts ca ta lys t  
described by Vorbruggen and coll  is t h e  method of choice to build a nucleoside 
from a persilylated heterocyclic base and a peracylated sugar. T h e  silylated bases 
- 7 and 11 have been condensed with 1-0-acetyl-2,3,5-tri-O-benzoyl-@D- 
ribofuranose S in dichloroethane in t h e  presence of stannic chloride (Sn C14). This 
method is well known to afford exclusively P-nucleosides according to t h e  

proposed mechanism of nucleoside formation . However s ta r t ing  from &, t he  
corresponding nucleoside & could not be  obtained, so fa r ,  as pure material. As  

shown by t h e  NMR spec t r a  in DMSO d6, (two methyl peaks at 2.00 and 2.04 ppm 
as well as an exangeable doublet (NH) at 6.84 ppm) & was always contaminated 
with another product which resulted from t h e  condensation of t h e  exocyclic 4- 
amino group of t he  base with the  sugar and could not be separated from &. 

(scheme I). 

8 
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128 LEGRAVEREND ET AL. 

Methanolic ammonia t r ea tmen t  of the  protected nucleosides 9 and 1', 
provided t h e  f r ee  nucleosides and 15 in good yield, generally a f t e r  low pressure 
liquid chromatography. 

A standard method, which has been described previously'' for 
determining the  inhibition of virus-induced cytopathogenic effects (CPE) by 
antiviral compounds was used to eva lua te  the  ribofuranoside analogues against  

herpes simplex virus, type  1 (HSV-I) and against  rhinovirus (RV31). Compounds 
- 10a (100 pg/mL), (100 pg/mL), (100 pg/mL), (120 pg/mL) and (120 
pg/mL) were not ac t ive  at t h e  highest non toxic concentration. 

From this study, i t  c an  b e  infered tha t  modifications at the  5 position 
in t h e  3-deaza pyrimidine ribonucleoside series d o  not bring about any 
antiherpetic activity. However, one cannot  rule out  t ha t  antiviral activity could 
be observed in the  3-deaza-5-substituted pyrimidine 2'-deoxyribonucleoside series. 

This will be the  subject of further investigations since the  absence of an hydroxyl 
fonction at the  2' position of the  sugar is a charac te r i s t ic  f ea tu re  of numerous 
antiviral nucleosides like BVDU, FIAC or FMAU. 

EXPERIMENTAL SECTION. 

Chemistry. 

The melting points were measured with a Kofler hot s t age  apparatus 
and a r e  uncorrected. Proton NMR spec t ra  were obtained with a Varian XL 100 
(100 MHz) spectrometer operating in the  Fourier transform mode unless otherwise 
stated. 'H NMR spec t ra  (400 MHz) were obtained with a Brucker AM 400W 
spectrometer. Chemical shits ( 8 )  in ppm a r e  reported relative to 

tetramethylsilane. Microanalyses were performed by t h e  "Service d e  
Microanalyses", CNRS-ICSN, 91190 Gif sur Yvette,  France  and a r e  within + 0.4 % 

t he  theoretical  values. 
The preparative chromatographies were  car r ied  ou t  in glass columns 

packed with 230-400 mesh silica gel (Kieselgel60, Merk) under pressure (1-6 bars), 
using the  following solvent sys tems : (A) (Toluene-ethylacetate 8 : 21, (B) 
ethylacetate,  (C) methylene chloride-ethanol 9 : 1 or  (D) methylene chloride- 
ethanol 8 : 2. (vol/vol). 

5-E thy l-4-hydroxy- I H-p yr idin-2-one (6b). 
Malonyl chloride (100 g) and n-butyronitrile (70mL) were st irred in 

the  dark for  6 days at O°C and for 24 hours at room temperature.  Water (500 mL) 
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3-DEAZACYTIDINE AND 3-DEAZAURIDINE DERIVATIVES 129 

was then added slowly to the  precipitate ( the  addition of water is exothermic). 
The  mixture was cooled and filtered. A fur ther  amount of product could be 
precipitated f rom the  mother liquor by adding concent ra ted  Na OH to a pH of 3-4. 
The solid c rude  product was then  taken up in 1.5 L of boiling water and a new 
precipitate was obtained on cooling. This solid material  was washed with water (2 
L), a i r  dried, and recrystallized from ethanol to afford 25.6 g of pure 6chloro-5- 
ethyl-4-hydroxy-lH-pyridin-2-one (6) (R1 = CH2CH3, R 2  = C1) (21 % yield) which 

sublimated at 22OOC. 

1 
=CH2CH3; R2 = C1) in methanol (200 mL) in t h e  presence of triethylamine (10 mL) 
and 30 % palladium on charcoal (2 g) under a hydrogen atmosphere with stirring 

for 5 hours. Af t e r  usual work up, t he  solid residue was recrystallized f rom water 

to give @ (Rl = CH2CH3;R2 = H) in 81 % yield ; sublimate from 240"; 'H NMR 

DMSOd6 6 10.68(s,br,2H,NH,OH); 6.99(s, IH,H3); 5.59(s,lH,H6); 2.31(q,2H, CH2); 
1.07(t,3H,CH3); 

Anal. Calcd. for  C7H9N02 : C,60.42; H,6.52; N,10.07. Found : C,60.20; H,6.46; 
N, 10;08. 

The chlorine removal was currently performed on 8.5 g of 6 (R 

4-Benzylamino-5-ethyl-lH-pyridin-2-one (I  Ib). 

A solution of @ (30 mmol) in benzylamine (30 mL) was hea ted  under 

reflux and nitrogen for 40 hours. The  excess benzylamine was distilled in vacuo 
and @ crystallized f rom dichlorobenzene. yield 75 %. An analytical sample was 

obtained by recrystallization f rom AcOEt. m.p. 207-208°C H NMR DMSO d66 
10.08(s,lH,NH); 7.34(m,5H, ); 6.83(s,lH,H3); 6.67(t,lH,NH benzyl); 5.00(s,lH,H6); 

4.34(d,2H,CH2-benzy1,J = 6Hz); 2.39(q,2H,CH2ethyl); 1 .i4(t,3H,CH3ethyl). 
- Anal. Calcd. for  C 1 4 ~ 1 6 ~ 2 0  : C,73.65; H,7.06; N,12.27; Found : C,73.85. H,6.99; 
N,12.04. 

1 

4-A mino-5-ethyl- 1 H-pyridin-2-one (1 2b). 
T o  a solution of fi (2.3 g) in AcOH (200 mL) was added I g of 

palladium on charcoal (30 %). This mixture was stirred under hydrogen atmosphere 
for 24 hours. A t  this t ime t h e  mixture was fi l tered and t h e  ca ta lys t  washed with 

hot ethanol. The  f i l t ra te  was concent ra ted  in vacuo and subjected to colomn 
chromatography. The  colomn was first  washed with solvent D and 12b was then 

eluted with a 50 % solution of CH2ClZ in ethanol. yield 87  % m.p. 218-219°C 
(dioxane) 'H NMR DMSOd6 6 9.92 (s,2H, NH); 6.83(s,lH,H3); 5.86(s,2H,NH2); 

5.3 I(s, 1H,H6); 2.27(q,2H,CH3); I .07(t,3H,CH3) 
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130 LEGRAVEREND ET AL. 

- Anal. Calcd. for  : C7HION20. H20 : CJ3.83; H,7.74; N,17.94; Found : CJ3.75; 
H,7.76; N,17.70. 
Silylations : The bases (10 mmol) were  routinely silylated by heating (130O) with 
an excess of hexamethyldisilazane (30 mL) (HMDS) and a ca ta ly t ic  amount of 

ammonium sulfate'' (10 mg). Af te r  24 hours, a clear solution was obtained and 
the  excess of HMDS distilled in vacuo. Residual HMDS was then removed by 
codistillation with dry xylene in vacuo. The  silylated bases were then immediately 
used in the  nucleoside formation s t ep  assuming tha t  this reaction was 
quantitative. 
General procedure for  nucleoside formation : 

The persilylated base (10 mmol) in distilled 1,2-dichloroethane (30 
mL) was stirred with I-O-acetyl-2,3,5-tri-O-benzoyl-fi -D-ribofuranose (Pfanstiehl 

Lab. Inc.) (10 mmol) in t h e  presence of Sn CI4 ( I  mL) under exclusion of moisture. 
Af te r  18 hours at room t empera ture  the  reaction mixture was diluted with 

CH2CI2 (50 mL) and shaken with sa tura ted  NaHC03 (50 mL) and the  resulting 
emulsion filtered over Celite. The  organic phase was dried (Na2SOb) and distilled 

under reduced pressure. The  residue was routinely subjected t o  column 
chromatography to eliminate t h e  free sugar and purify the  2,3,5-tri-O-benzoyl-p - 
D-ribofuranosyl nucleoside which was crystallized as indicated when possible. 

Deprotection was car r ied  out in methanol which had been previously sa tura ted  
with ammonia at  O°C under exclusion of moisture. The  tri-0-benzoylated 
nucleoside (1 g) was stirred in methanolic ammonia solution (40 ml) for 3 days at 
room temperature.  

4-Hydroxy-5-methyl-1-(2,3,5-tri-0-benzoyl-~ -D-ribofuranosy1)-1 H-pyridin-2-one 

- @a). 
The silylated pyridine @ (10 mmol) obtained as a colorless oil reac ted  

with S as described in t h e  general procedure. The  nucleoside was purified on a 
silica gel column with solvent (A), as a colorless hard foam. Crystallization from a 
mixture of cyclohexane-toluene afforded in a 40 % yield ; m.p. 136-138 O ;  'H 

NMR CDC13 6 9,16(s,IH,OH); 8.20-7.30(m,15H,3CgH5); 7.21(s,lH9H6); 
6.70(d,IH,HI',J = 5Hz); 6.04(s,lH,H3); 5.90(t,lH,H3'; 5.70(t,lH9H2'); 
4.91(m,lH,H5'); 4.64(m, I H,H5"); 4.7 I(m,lH,H4'); 1.62(s,3H,CH3). 

- Anal. Calcd. for C32H27NOg : C,67.48 ; H,4.78 ; N,2.46. Found : C,67.77 ; H,4.91 ; 
N,2.49. 
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3-DEAZACYTIDINE AND 3-DEAZAURIDINE DERIVATIVES 131 

4-Hydroxy-5-methyl-1 -(&D-ribof uranosy1)-1 H-pyridin-2-one (lOa). 
This compound was obtained by t r ea tmen t  of a with methanolic 

ammonia and purified by column chromatography with solvent C which yielded a 
hard foam in 57 % yield. 'H NMR (DMF d7) d 7.73(d,lH,H6,J = 1Hz) ; 
6.1 l(d,IH,Hl',J = 4Hz) ; 5.26(broad m,3H,OH2'OH3',OH5') ; 4.21(m,2H,H2',H3') ; 

3.97(m,lH,H4') ; 3.78(t, 2H,CH2) ; 3.44(brd m,lH,OH) ; 1.92(d,3H,CH3J = 1Hz). 

5-Ethyl-4-hydroxy-l-(2,3,5-tri-O-benzoyl-&D-ribof uranosy1)-1 H-pyridin-2-one 

0. 
Silylated 2 was condensed with 8 to yield % according to the  

general  procedure. Af t e r  work up and purification by chromatography with solvent 
A, was obtained in 55 % yield as an amorphous solid. 'H NMR (DMSO-d6) 
d 9.38(s,lH,OH) ; 8.10-7.30(m,16H,3C6H5,H6) ; 6.36(d,WHl',J = 4 H d  ; 
5.98(m,2H,H2',H3') ; 5.66(s,lH,H3) ; 4.70(m,3H,HS',H4') ; 2.19(q,2H,CH2) ; 

0.95(t,3H,CH3). 
- Anal. Calcd. for  C33H29N09 : C,67.91 ; H,5.01 ; N,2.40. Found : C,67.51 ; HJ.06 ; 

N,2.37. 

5-Ethyl-4-hydroxy-l-(~-D-ribofuranosyl)-lH-pyridin-2-one (lob). 
The  deprotection of gave c rude  m, which a f t e r  purification by 

column chromatography with solvent C and subsequent crystall ization in absolute 
ethanol, afforded in 45 % yield ; m.p. 238°C ; 'H NMR 400 MHz (DMSO d6)* 6 
10.82 (s,lH,OH) ; 7.70 (s,IH,H6) ; 6.03 (d,IH,HI',J = 4 .3H~)  ; 5.66 (s,lH,H3) ; 5.34 

(d,IH,OH2',J = 5.5Hz) ; 5.18 (t,lH,OHS',J =4.9Hz) ; 5.05 (d,lH,OH3',J = 4.9Hz) ; 4 
(m,2H,H2',H3') ; 3.90 (m, 1H,H4',J3141 = S H Z , J ~ ' ~ '  = J4,glr = 3Hz) ; 3.75 (m,lH,H5') ; 

3.62 (m,lH,H5",J51511 12.2Hz) ; 2.36 (q,2H,CH2,J = 7.3Hz) ; 1.12 (t,3H,CH3). 
Anal. Calcd. for  C12H17N06 : C,53.10 ; H,6.26 ; NJ.16. Found : CJ2.91 ; H,6.33 ; 

N,5.11. 

4-Hydroxy-6-methyl-l-(2,3,5-tri-O-benzoyl-~-D-ribof uranosy1)-1 H-pyridin-2-one 

(sc). 
Compound was prepared from and 5 (see t h e  general  

procedure). Af t e r  work up t h e  residue was subjected to column chromatography. 
The  column was first  washed with solvent A and solvent C eluted then as a 
hard foam which we failed to crystall ize ; yield : 37 %. H NMR (DMSO-d6) 

6 10.78 (s,IH,OH) ; 7.1-6.5 (m,lSH,phenyl) ; 5.65-5.35 (m,3H,HI',H2',H3') ; 5.88 

(m,lH,H5) ; 5.62 (m,lH,H3) ; 4.66 (m,3H,H4',H5',H5") ; 2.36 (s,3H,CH3). 

1 
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132 LEGRAVEREND ET AL. 

- Anal. Calcd. for  C32H27N09 : C,67.48 ; H,4.78 ; N,2.46. Found : C,67.14 ; H,4.86 ; 
N,2.37. 

4-Hydoxy-6-methyl-1-(~-D-ribofuranosyl)-IH-pyridin-2-one (IOc). 
Compound was depro tec ted  as described above to yield which 

could not be crystallized. An analytical  sample was obtained a f t e r  column 
chromatography with solvent C., yield 85 %. I H  NMR (DMSO-d6) 6 5.84 

(m,lH,H5) ; 5.66 (d,IH,Hl',J = 4.5Hz) ; 5.51 (d,lH,H3,33-5 = 2.7Hz) ; 4.88 
(br,3H,30H) ; 4.70 (t,lH,H2') ; 4.19 (t,lH,H3') ; 3.80 (m,lH,H4') ; 3.55 

(m,2H,H5',H5") ; 2.35 (s,3H,CH3). 
- Anal. Calcd. fo r  CllH15N06: C,51.36 ; H,5.88 ; N,5;45. Found : C,51.29 ; H,6.05 ; 
NJ.18. 

4-Amino-5-methyl- 1 -(2,3,5-tri-O-benzoyLf3-D-ribof uranosy1)-1 H-pyridin-2-one 

- (I4a). 
Compound was prepared f rom 13a and 8, as described above. 

Column chromatography with solvent B was necessary to obtain a n  analytic 
sample as a hard foam. yield 91 %. H NMR (CDC13) 6 8.21-7.90 (m,15H,3C6H5) ; 
7.07 (d,lH,H2 J = 0.9Ht) ; 6.74 (d,lH,Hl',J = 5JHZ)  ; 5.96 (q,lH,H3',J3,2, =6Hz,Jp- 

- 4.5Hz) ; 5.80 (m,lH,H2',J2,1, = 5.5Hz) ; 5.61 (s,lH,H5) ; 5.61-4.57 4' - 
(m,3H,H5',H4',H5'') ; 4.16 (s,2H,NH2) ; 1.66 (d,3H,CH3,J = 0.9Hz). 
- Anal. Calcd. for  C32H28N208 : C,67.60 ; H,4.96 ; N,4.93. Found : C,67.45 ; H,5.02 
; N,4.91. 

I 

4-Amino-5-methyl-I -(&D-ribof uranosyl)-1H-pyridin-2-one (Ma). 
Compound was t r ea t ed  with methanolic ammonia as described 

above to afford & as a foam a f t e r  column chromatography with solvent C. yield 
74 % H NMR (DMSO-d6) 6 7.40 (d,IH,H6,J=IHz) ; 5.95 (m,3H,HI',NH2) ; 5.33 
(s,IH,H3) ; 5.17 (d,lH,OH,J = 5.4Hz) ; 5.06 (t,IH,OHP,J = 5.5Ht) ; 4.90 (d,lH,OH,J 

=4.5) ; 4.01 (m,2H,H2',H5') ; 3.83 (m,lH,H4') ; 3.62 (m,2H,CH2) ; 1.88 (d,3H,CH3). 
- Anal. Calcd. for  CIIH16N205 : CJ1.56 ; H,6.29 ; N,10.93. Found : CJ1.22 ; 
H,6.67 ; N,10.59. 

1 

4-A mino-5-eth yl- I -(2,3,5-tri-O-benzoyl-L?-D-ribof uranosy1)- I H-py ridin-2-one 

(IBb). 
Compound @ was synthesized f rom L3b and J! as already described. 

Chromatography with solvent 0 afforded as a n  oil which solidified on 
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3-DEAZACYTIDINE AND 3-DEAZAURIDINE DERIVATIVES 133 

standing; yield 92 %. 'H NMR (DMSO-d6) 6 8.12-7.34 (m,15H,3xC6H5) ; 7.23 
(d,lH,H6,J = 4HZ) ; 6.15 (s,2H,NH2) ; 6.03 

(m;2H,HZ1,H3') ; 5.38 (s,lH,H3) ; 4.72 (m,3H, H4',H5',HS1') ; 2.20 (q,2H,CH2) ; 0.99 

- Anal. calcd. for  C33H30N208 : C,68.03 ; H,5.19 ; N,4.81. Found : C,67.80 ; HJ.28 
; N,4.72. 

= 0 . 8 H ~ )  ; 6.38 (d,lH,HI',J 

(t,)H,CH3). 

4-Amino-5-ethyl-l-(~D-ribofuranosyl)-1H-pyridin-2-one (I5b). 
Compound led to which was recrystallized from absolute 

ethanol ; yield 95 %. m.p.=232'. 'H NMR (DMSO-d6) 6 7.39 (d,lH,H6) ; 5.97 

(m,3H,NH2,Hl') ; 5.33 (s,lH,H3) ; 5.19 (d,IH,OH,J = 5.3Hz) ; 5.08 (t,IH,OH5',J = 
5Hz) ; 4.91 (d,lH,OH,J = 4.8Hz) ; 4.02 (rn,2H,HZ1,H3') ; 3.84 (m,lH,H4') ; 3.60 

(m,2H,H5',HS1') ; 2.30 (q,2H,CH2) ; 1.10 (t,3H,CH3)* 
Anal. calcd. for  CI2Hl8N2O5 : C,53.32 ; H,6.71 ; N,10.37. Found : Cd3.47 ; 
H,6.68 ; N,10.59. 
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