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NUCLEOSIDES & NUCLEOTIDES, 1 ( 2 ) ,  147-154 (1982)  

1) STUDIES ON NUCLEOSIDE ANALOGS. XXV. 

SYNTHESIS OF 5,7-DI0X0PYRIMID0[5,4-~]-~-TRIAZINE GLYCOSIDES 

Haruo Ogura*, Hiroshi Takahashi, and Kikuko Ohokubo 

School of Pharmaceutical Sciences, Kitasato University 

5-9-1 Shirokane, Minato-ku, Tokyo 108, Japan 

Abstract 

The reaction of glycosyl isothiocyanates (la, b, c, d, e) 

with 5,6-diamino-l,3-dimethyluracil gave the respective 1- 

glycosyl-3-(6-amino-l,~-dimethyl-2,4-dioxopyrimidine-5-yl)thio- 

ureas (2a, b, c, d, e) in excellent yields. Treatment of these 

thioureas with NBS afforded the respective 5,7-dioxopyrimido- 

[5,4-~]-=-triazine glycosides (ha, b, c, d, e) in good yields. 

Fervenulin, which has some biological activities, was iso- 

3 )  lated in 19602) and its structure was confirmed by Robins et al. 

as 6,8-dimethyl-5,7-dioxo-5,6,7,8-tetrahydro-pyrimido[5,4-2]- 

- as-triazine, which is isomeric with toxoflavin. 

Previously, we have reported a synthetic method for sulfur 

4) containing nucleoside analogs utilizing glycosyl isothiocyanates 

as starting materials, 2. g., 1,2,4-triazole glycosides,’) 1,2,4,6- 

thiatriazine-$-glycosides, - 6, glycosylaminoisothiazolo[ 3 ,  k-dlpyri- 

midines, 7, and 1,3,5- triazine glycosides. 8) 

147 
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148 QGURA, TAKAHASHI, AND QHOKUBQ 

We have also reported a synthetic method for glycosylamino- 

pyrimido[4,5-e]-1,3,4-thiadiazines, 9 ,  polyhydroxyalkyl theophy- 

1lines,l0) and 1,2,4-triazole glycosides") by the NBS (N-bromo- 

succinimide) oxidation of glycosyl thiocarboxamides and Schiff 

bases. 

In this paper, we wish to report a convenient method for 

synthesizing nuc 1 eo side analogs posses sing the pyr imido [ 5,4-5] - 

- as-triazine ring system. 

Treatment of 2,3,4,6-tetra-G-acetyl-p-D-glucoypranosyl- - (la), 

2,3,4-t.ri-2-acetyl-a-D-arabinopyrabinopyranosyl- (lb) or 2,3,5-tri-0- - 
benzoyl-p-D-ribofuranosyl isothiocyanate (lc) with 5,6-diamino- 

1,3-dimethyluracil gave the respective 1-(2,3,4,6-tetra-2-acetyl- 

(3-Q-glucopyranosy1)- - (2a), 1-(2,3,4-tri-~-acetyl-a-~-arabino- - 

pyranosy1)- (2b), or 1-(2,3,5-tri-~-benzoyl-~-~-ribofuranosyl)- - 

3-(6-amino-1,3-dimethyl-2,4-dioxopyrimidin-5-yl)thiourea (2c) in 

94-97% yields. Treatment of 2a-2c with methyl iodide gave the 

respective glycosylaminotheophyllines (3a, b, c) through a cyclo- 

- 

- 

desulfurization reaction. 12) Similar treatment of hepta-2-acetyl- 

(3-D-lactosyl- (Id) or hepta-~-acetyl-P-D-maltosyl isothiocyanate 

(le) with 5,6-diamino-1,3-dimethyluracil in dry acetonitrile 

under reflux afforded the respective thioureas (2d and e) in 

87-95% yields. 

- - 

The nuclear magnetic resonance ( N M R )  spectra of 2d and e 

showed a broad singlet at 6 6.55-6.56 due to the amino group at 

the 6-position of the pyrimidine ring. Signals of N-CH3 group 

appeared at 6 3.06-3.08 and 6 3.28 as singlets, respectively. 

A doublet peak at 6 7.68 and 6 7.76 (,L=8.0 Hz) due to the NH 

group was attributed to the anomeric position. Another NH proton 

was observed at b 8.36-8.40 as a broad singlet, and both NH 

signals disappeared on addition of D20. 

The oxidative cyclization reaction of these thioureas w a s  

observed with NBS. When l-glucopyranosy1-3-(6-amino-l,3-dimethyl- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1
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150 OGURA, TAKAHASHI, AND OHOKUBO 

2,4-dioxopyrimidin-5-yl)thiourea ( 2 a )  was t r e a t e d  w i t h  NBS a t  

0-5'C f o r  30 min, t h e  c y c l i z e d  p r o d u c t  ( 4 a )  was o b t a i n e d  i n  92% 

y i e l d  a f t e r  chromatography.  I n  t h i s  c y c l i z a t i o n  r e a c t i o n ,  r o u t e  

- a i s  p r o b a b l e .  S i m i l a r l y ,  r i n g  c l o s u r e  o f  t h e s e  t h i o u r e a s  ( 2 b ,  c ;  

2d,  e )  w a s  s u c c e s s f u l  w i t h  NBS i n  c h l o r o f o r m  t o  o b t a i n  t h e  r e s p e c -  

t i v e  pyrimido[5,4-e]-as-triazine g l y c o s i d e s  ( 4 b ,  c ,  d ,  e )  i n  good 

y i e l d s .  The t h i o n e  s t r u c t u r e  o f  t h e  p r o d u c t  w a s  e s t a b l i s h e d  by 

comparison o f  t h e  UV spec t rum o f  4b w i t h  t h e  p r e v i o u s  v a l u e s  

from a r e p o r t .  

1 

13  1 

I n  t h e  mass spec t rum o f  t h i o u r e a  ( Z b ) ,  t h e  m o l e c u l a r  i o n  w a s  

obse rved  a t  III/~ 487 (4.2%) and t h e  c l e a v a g e  o f  t h e  g l y c o s i d i c  

bond produced n1/2 259 (100%) ( s u g a r  m o i e t y ) .  However, i n  g l y c o s i d e  

4b ,  t h e  m o l e c u l a r  i o n  was o b s e r v e d  a t  ~ I / E  485 (2.3%) and t h e  l o s s  

o f  t h e  sulfur atom produced m/= 3 5 3  ( 8 6 % ) .  

I n  c o n c l u s i o n ,  t h e  s y n t h e s e s  o f  t h e  t i t l e d  g l y c o s i d e s  were 

c o n v e n i e n t l y  accompl-ished by u s i n g  NBS as  an  o x i d a t i v e  c y c l i z a -  

t i o n  r e a g e n t .  

EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  I n f r a r e d  (IR) s p e c t r a  

were measured w i t h  a JASCO A-2 s p e c t r o m e t e r  and NMR s p e c t r a  

w i t h  a V a r i a n  T-60 s p e c t r o m e t e r .  T e t r a m e t h y l  s i l a n e  w a s  u s e d  as  

an  i n t e r n a l  s t a n d a r d .  M a s s  s p e c t r a  (MS) were d e t e r m i n e d  w i t h  a 

JMS-D-100 s p e c t r o m e t e r  u s i n g  a d i r e c t  i n l e t  sys t em a t  75 eV. 

O p t i c a l  r o t a t i o n s  were measured i n  C H C 1 3  o r  MeOII s o l u t i o n  i n  a 

50 mm c e l l  w i t h  a JASCO DIP-181 a u t o m a t i c  p o l a r i m e t e r .  Thin-  

l a y e r  chromatography w a s  pe r fo rmed  on p r e - c o a t e d  p l a t e s  ( l a y e r  

t h i c k n e s s  0 .2  mm) o f  S i l i c a  g e l  F 254 ( E .  Merck, Darms tad t ,  

Germany). 

l~Glycosyl-3-(6-amino-l,3-dimeth~l-Z,~~-dioxop~rimidin-5-yl)thi~- 

u r e a s  ( 2 a ,  b ,  c )  - - - - -  These t h i o u r e a s  ( 2 a ,  b ,  c )  were p r e p a r e d  

by o u r  r e p o r t e d  method. 1 2 )  
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NUCLEOSIDE ANALOGS. XXV 151 

tri-~-acetyl-~-~-glucopyranosyl)]-~-(6-amino-l,3-dimethyl-2,4- - 

dioxopyrimidin-5-y1)thiourea (2d) ----- A mixture of hepta-e- 

acetyl-P-D-lactosyl - is~thiocyanate'~) (Id, 680 mg, 0.001 mol) and 

5,6-diamino-1,3-dimethyluracil (170 mg, 0.001 mol) in dry MeCN 

(10 ml) was refluxed for 6 hr on a water bath, then evaporated to 

dryness under reduced pressure. The residue was chromatographed 

on silica gel with CHCl3-acetone (97:3) to give 2d as a syrup in 

92% yield. Crystallization from EtOH-Et20 (1:2) gave 2d as an 

87%), mp 164-169"C, [a];' +22.0° (c=1.0, 

CHC13-MeOH, NMR ( 6 ,  DMSO-d6): 3.06 ( s ,  3H, 

yellow powder (737 mg, 

CHCls), Rf 0.44 in 9:l 

NMe), 3.28 ( s ,  3H, NMe 

and 8.36 (bs, lH, NH) . 
01gN5S: C, 46.74; H, 5 

N, 8.25. 

MS: m/z 846 (M'). Anal. Calcd for C33H45 
35; N, 8.26. Found: C ,  46.80; H, 5.38; 

1-[0-(2,3,4,6-Tetra-2-acetyl-P-~-glucopyranosyl)-(l~4)-(2,3,4- __ 

tri-2-acetyl-P-D-glucopyranosyl) - ]-3-(6-amino-1,3-dimethyl-2,4- 

dioxopyrimidin-5-y1)thiourea (2e) - - - - -  A mixture of hepta-2- 
acetyl-P-D-maltosyl is~thiocyanate'~) (le, 677 mg, 0.001 mol) 

and 5,6-diamino-1,3-dimethyluracil (170 mg, 0.001 mol) in dry 

MeCN ( 1 5  ml) was refluxed for 8 hr and treated by a similar 

manner described above for 2d. Crystallization from EtOH-Et20 

(1:2) afforded 2e as fine colorless needles (805  mg, 95%), 

mp 157-162'C, [ a ] E 7  +59.0° (c=l.O, CHClj), Rf 0.57 in 9:1 CHC13- 

MeOH, NMR ( 6 ,  DMSO-d6): 3.08 ( s ,  3H, NMe), 3.28 ( s ,  3H, NMe), 

6.56 (bs, 2H, NHz), 7.76 (bs, lH, NH), and 8.40 (bs, lH, NH). 

- 

_______ 

MS: m/z 847 (M'). Anal. Calcd for C33H45019N5S: c, 46.74; H, 
5.35; N ,  8.26. Found: C, 46.72; H, 5.38; N, 8 . 3 0 .  

2~Glycosyl-6,8~dimethyl-5,7-dioxopyrimido[5,~-~]-~-triazine- 

3-thiones (4a, b, and c) (Table I) ----- NBS (177 me;, 0.001 mol) 
_____~ ~ 

was added to an ice-cooled solution of 2a, b, or c (0.001 mol) 

in CHC13 (10-15 ml) under stirring. After stirring at 0-5°C for 
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NUCLEOSIDE ANALOGS. XXV 153 

0.5-1.5 hr, the reaction solution was washed with sat. NaHC03 

solution and H20. The organic layer was dried over MgS04, and 

evaporated to leave a slight brownish residue. The residue was 

chromatographed on silica gel with CHC13-acetone (9:l) to give 

&a, b, or c, respectively. 4a: Anal. Calcd for C21H27011N5S: C, 
45.22; H, 4.88; N, 12.57. Found: C, 45.27; H, 4.94; N, 12.51. 

4b: Anal. Calcd for C18H230gN5S: C ,  44.53; H, 4.78; N, 14.43. 

Found: C, 44.58; H, 4.82; N, 14.43. 4c: Anal. Calcd for C33Hzg 
0gNsS: C, 59.01; H, 4.35; N, 10.43. Found: C, 59.05; H, 4.38; 

N, 10.40. 

2-[0- (2,3,4,6-Tetra-~-acetyl-~-~-galactopyranosyl) - - (1+4) -2-2,s ,6- 
tri-O-acetyl-P-D-glucopyranosyl)]-6,8-dimethyl-5,7-dioxopyrimido- - - 

[5,4-e]-=-triazine-3-thione (4d) and 2-[0-(2,3,4,6-Tetra-G-acet- 

yl-a-D-glucopyranosy1)-(1+4)-0-(2,3,6-tri-0-acetyl-P-~-gluco- - - 

pyranosyl)]-6,8-dimethyl-5,7-dioxopyrimido[5,4-e]-~-triazine- 

~ - .____-- 

._ 

~~ ._ 

- _ ~ _ _  - 
3-0ne (he) ----- To a solution of 2d or e (0.001 mol) in CHClj -__ ___ 

(20-25 ml), NBS (180 mg, 0.001 mol) was added with stirring. 

After 1-1.5 hr, the reaction solution was treated as described 

above for 4a. The residue was chromatographed on silica gel, and 

elution with CHC13-acetone (97:3) gave the cyclized product as 

a syrup. Crystallization from EtOH-Eta0 (1:l) or EtOH-iso-Pr20 

(1:l) afforded 4d (800 mg, 95%) as yellow needles, or 4e (740 mg, 

88%) as colorless fine needles, respectively. 4d: Rf 0.52 in 9:1 

CHC13-MeOH, IR Vmax cm-': 3250 (NH) and 1740 (OCOCHj). Anal. Calcd 
for C33H43019N5S: C, 46.86; H, 5.12; N, 8.28. Found: C, 46.91; 

H, 5.10; N, 8.32. 4e: Rf 0.62 in 9:l CHC13-MeOH, IR L':,": cm-': 

3250 (NH) 

for C33H43019N5S: C, 46.86; H, 5.12; N, 8.28. Found: C, 46.80; 

H, 5.16; N, 8.30. 

KBr 

and 1740 (OCOCH3). MS: z/z 813 (M+-32). Anal. Calcd 
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