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NUCLEOSIDES & NUCLEOTIDES, 3 ( 4 ) ,  325-337 ( 1 9 8 4 )  

1 
SYNTHESIS OF 2-S-DIOXO ISOSTERES 

OF PURINE AND PYRIMIDINE NUCLEOSIDES. I l l  . 
A L K Y L  AND GLYCOSYL DERIVATIVES OF TRIAZOLO- 

AN D TH I AD1 AZOLOTH I AD1 A Z  INES. 

+ + + + 
+ *  + ++ B. Azmy , P. Fern6ndez-Resa , P. Goya , R. Nieves , 

C. Ochoa , M.Stud and M. L. Jimeno 

+ ++ 
lnstituto de Qurmica M6dica, and lnstituto de Qurmica 

OrgAnica General, Juan de la  Cierva, 3. Madrid-6, Spain, 

Dedicated to Professor  M. Lora-Tamayo, 
on the occasion of h i s  80th birthday 

Abstract. Synthesis of  methyl, glucosyl and r ibosy l  derivatives of 
7-amino-2H, 4tj-[ l, 2, 3 l t r iazo lo [4,5-5] [ I ,  2,6] thiadiazine 5, 5-dioxide 
(la) and 7-amino-BkJ- [ l ,  2,5] thiadiazolo [3,4-~]E, 2, 61 thiadiazine 5,5- 
dioxide (@) i s  described. The s t ructures o f  the glycosyl derivatives 
are  discussed on the basis of their PMR- and UV-spectroscopic data. 

Continuing with our  work on the alkylation and glycosidation of 

2-S-dioxo isosteres of purines and pyrimidines , we now wish to 

repor t  our  resu l ts  on the preparation of methyl and glycosyl derivati-  

ves o f  triazolo- and thiadiazolothiadiazine Ica, and 2 2  , respectively. 

These glycosidation reactions were c a r r i e d  out so as to prepare ana- 

logs of the previously repor ted 3-(2, 3,5-tri-O-benzoyI- 8 -D-ribo- 

furanosyI)-7-aminofurazano [3,4-c] [l , 2,6] thiadiazine 5,5-dioxide (3) 

which had shown interesting cytostatic act ivi ty against HeLa cel Is . 
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3 26 AZMY ET AL. 
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2 \ N  I 

B z O  OBz 

3 
4 

In o r d e r  to obtain models f o r  the charac ter iza t ion  o f  the synthe- 

s ized nucleosides, we have f i r s t  studied the reac t ion  o f  !z and 2 
wi th  a rnethylating agent. React ion o f  & wi th  dirnethyl su l fa te in the 

presence of  sodium hydrogen carbonate af forded the dirnethyl der iva t i -  
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TRIAZOLO- AND THIADIAZOLOTHIADIAZINE DERIVATIVES 327 

TABLE 1.  UV spectroscopic data 

Compound 

4 !s (neutral  form) 
p H = 1  

2 
1L!2 

(deblocked) 

2a (neutral  form) 
5 

Ivc.r 

pH=l  

2b 

2c 

2A (deblocked) 

M 

vw 

1 
.vy 3 (deblocked) 

225 (10.0) 

225 (10.3) 

221 (9.5) 

233 (10.5) 

223 (8.5) 

233 (21.7) 

227 (10.5) 

233 (5.2) 

217 (6.7) 

242 (7.5) 

250 (7.7) 

260 (7.0) 

261 (15.3) 

-- 

281 (9.8) 

282 (5.9) 

278 (4.7) 

-- 

292 (6.9) 

293 (7.2) 

285 (6.0) 

290 (11.6) 

310 (5.3) 

325 (14. 1 )  

322 (7.3) 

326 (1.8) 

303 (4.3) 

ve 1 1 .  The PMR-spectrum o f  2 shows two s ing lets  at 6 3.30 and 

4.30 ppm, the former corresponding to a methyl group at the N-4 o f  a 

fused thiadiazine der ivat ive and the la t te r  to an N-2 methyl group in 

a 1 ,  2, 3- t r iazo le . The s t ruc tu re  of  2 was conf i rmed by s ing le 
9 

c rys ta l  X-ray d i f f ract ion techniques . In the same reac t ion  conditions, 

2a gave the monomethyl der ivat ive 2b, the PMR spectrum o f  which 

shows a singlet at d 3.40 ppm corresponding to the N-4 methyl group. 

The pos i t ion o f  the methyl group was conf i rmed by X-ray analysis o f  a 

der ivat ive o f  . 

7 

8 

- ZM 

10 

The UV spectroscopic data of 1 2 ,  2 2  and a l l  the newly syn- 

thesized compounds a r e  gathered in TABLE 1 .  

The fact  that the UV spectrum o f  the neutra l  fo rm (pH = 1 )  o f  

2a i s  d i f ferent  to those o f  i t s  methyl and g lycosy l  der ivat ives 2&, 2~ 

and 2A suggests that this s t ruc tu re  i s  bet ter  represented by  another 

5 
I1u 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



328 AZMY ET AL. 

tautomeric form. Besides, i t s  UV spectrum c losely  resembles that of 
I 

the deblocked nucleoside 2 , which shows the same conjugation. Th is  

unusual cross-conjugated 7(-electron system, w i t h  the ac id ic  hydrogen 

local ized at a more distant pos i t ion forming a conjugated mesomeric 

sulfonamide function, has a lso been observed in the case of pyraz ino  

[2, 3-c] 11, 2 , 6 ]  th iadiazine 2, 2-dioxides which ex is t  in the neut ra l  

fo rm as the H-8 tautomers . 1 1  

Due to the low so lub i l i t y  of la- in organ ic  solvents, the glyco- 

s idat ion procedure chosen was that which uses the s i l y l  der iva t ives  in 

the presence of Fr iede l -Cra f ts  cata lysts  . S i l y  la t ion was c a r r i e d  

out w i th  hexamethyldisi lazane and t r imethy lch loros i lane.  In the case 

o f  l a  addi t ion of p y r i d i n e  was necessary in o r d e r  to achieve complete 

solut ion o f  the s ta r t ing  mater ia l .  React ion o f  the s i l y l  der iva t ive  of $ 
wi th  1 ,  2, 3,4,6-penta-O-acetyI-~-D-gIucopyranose y ie lded a digluco- 

s ide 12. as we l l  as the r e s t  o f  the 

nucleosides descr ibed in th is  paper, w e r e  determined by comparing 

the i r  UV spect ra w i th  those of the model substances prev ious ly  syn- 

thesized. (See TABLE 1 ) .  

12 

vw 

The s i t e  o f  g lycosidat ion o f  

In the PMR spectrum, the s ignals  of the anomeric protons 

have been assigned in the same o r d e r  as the corresponding methyl 

groups in compound E. 
Thus, the doublet which appears at lower  f i e l d  corresponds 

to the anomeric p ro ton  of the glucose attached to the t r i a z o l e  r ing,  

whi ls t  the next signal, a d is to r ted  doublet belongs to that o f  the 
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TRIAZOLO- AND THIADIAZOLOTHIADIAZINE DERIVATIVES 329 

glucose at the thiadiazine r ing.  The signals corresponding to H-2' 

and H-31 of both glucose moieties appear overlapped as well as those 

corresponding to a l l  H-61. In order  to assign the chemical shif ts and 

coup1 ing constants of every proton, double resonance experiments, an 

homonuclear J-resolved 2-D spectrum and analysis o f  seven spin 

systems were performed. The experimental and calculated spectra 

from the resul t ing best values match satisfactori ly. The PM R 

spectroscopic data a re  given in TABLE 2. The configuration i n  

both glycosidic bonds was assigned from the values of the coupling 

constants J = 9.0 and 7.8 Hz fo r  the glucose attached to the 

thiadiazine (N4-glucose] and t r iazo le (N -glucose) r ings, respec- 

tively. 

2 
1',2' 

Reaction o f  the s i l y l  derivative o f  wi th  1-0-acetyl-2, 3,s- 

tr i-0-benzoyl-P -D-ribofuranose afforded a d7riboside , In the 

PMR spectrum, the doublet corresponding to the anomeric proton o f  

the r ibose attached to the t r ia ro le  r i n g  appears at lower f ie ld  than the 

one linked to the thiadiazine. From the value of the coupling constant 

of the former J = 1.7 Ht and taking into account the Karplus 

equation' 3, the configuration was tentatively assigned to the glycosi- 

dic bond. The doublet corresponding to the anomeric proton of the 

r ibose linked to the thiadiazine r i n g  has a coupling constant 

5 . 3  Hz; from this value i t  was not possible to assign an a o r  f3 

configuration. Studies of the nuclear Overhauser effect (NOE) were 

ca r r i ed  out by i r rad iat ion at  the frequency of H-3'. I r rad iat ion did not 

affect the intensity of the signals corresponding to H-1' and H-21, and 

so i t  was not possible to d iscard the g configuration. As in the 

previous case, and in  o rder  to assign unequivocally a l l  the chemical 

shif ts and coup1 ing constants, double resonance experiments, homo- 

nuclear J-resolved 2-D spectrum (cross sections at different frequen- 

cies and J-resolved project ion spectrum) and analysis o f  s ix  spin 

11,2' 

- - 
J1 1 ,  2' 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



u
 
u
 
0
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



THIAZOLO- AND THIADIAZOLOTHIAD I A Z  I N E  DERIVATIVES 331 

I l l l l l l l  1 , 1 1 1 1 1 1 1  . , , I  

6 5 ppm 

FIG. 1 .  Experimental and calculated spectra of compound 

systems were  performed. The experimental and calculated spect ra a r e  

depicted in F IGURE 1 .  The chemical sh i f ts  o f  the calculated andJ- 

resolved spect ra and coupling constants a r e  gathered in TABLE 2. In 

the UV spectrum of I d  the s t rong absorpt ion o f  the benzoyl groups 

masked that corresponding to the nucleoside i tse l f .  In o r d e r  to obtain 

the UV spectrum o f  the deblocked nucleoside f rom lcJ, a smal l  amount 

o f  $ was t reated wi th  methanolic ammonia and pu r i f i ed  by prepara t ive  

chromatography . 

._*” 

F r o m  the react ion of the s i l y l  der ivat ive o f  22 and 1 ,  2, 3,4, 6- 

pen ta-0-ace t y I - - D-g I uco p y r  ano s e, a monog I uco s i de was obtained, 

In the PMR spectrum, the signal corresponding to H-11 wi th  a chemical 

shi f t  ( d  = 5.87) s imi la r  to that o f  the anomeric p ro ton  o f  the glucose at 
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332 AZMY ET AL. 

TABLE 3. PMR Spectral parameters 6 (ppm) and J(Hz) 

of compounds 2c and g - 
Compound 

2c 
m 

5.870 

5.840 

5.610 

4.994 

4.336 

- 
4.081 

4.080 

8.3 

8.6 

9.3 

10.0 

- 
- 

3.0 

3.7 

-12.1 

6.296 

6.324 

6.099 

4.586 

4.780 

4.806 

- 
- 

4.9 

6.3 

6.0 

6.4 

7.7 

-11.9 

- 
- 
- 

~~ 

the thiadiazine r i n g  (5.78) i n  compound 12, appears overlapped wi th  

the one of H-2'. F o r  this reason, a spectral analysis o f  the seven 

spin systems was performed. From the calculated spectrum, all the 

chemical shif ts and coupling constants were unequivocally obtained. 

The coupling constant values indicate that the glucose has a l l  the pro- 

tons in a transdiaxial disposition and so the nucleosidic bond configu- 

ra t ion  i s  p .  The PMR spectroscopic data a re  given in TABLE 3. 
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THIAZOLO- AND THIADIAZOLOTHIADIAZINE DERIVATIVES 333 

Reaction of the s i l y l  derivative o f  2a wi th  I-O-acetyl-2,3,5- 

t r  i-0-benzoyl -p-O-r ibofuranose gave a sing I e monor ibos id ic  product 

2d. As in the previous case, in the PMR spectrum the signals corres-  

ponding to H-1' and H-2' appear overlapped and very  near that 

corresponding to H-3'. A spectral analysis o f  the s ix  spin systems 

established al l  the chemical shif ts and coupling constants. F r o m  the 

value of the coupling constant o f  the anomeric proton J = 4.9 Hz, 

i t  was not possible to assign an a o r  F configuration to the nucleosidic 

bond. Deblocking of ?.cJ was achieved in  the same way as described 

fo r  li. 

v '4 

'Hu* 

1 1 ,  2' 

The test o f  the cytostatic act iv i ty  against HeLa ce l l s  of the 

synthesized compounds are  in  progress. 

E X P E R I M E N T A L  

Melting points were determined with a Kof ler  apparatus and 

a re  uncorrected. 300 MHz-PMR spectra were recorded f o r  solutions 

in  DMSO-d wi th  TMS as internal standard on a Var ian XL-300 

spectrometer. Analyses of the systems were performed with the 

i terat ive programme PANIC 81 on a B ruke r  Aspect 2000 Computer, 

The experimental and calculated spectra from the resul t ing best values 

match sat is factor i ly  (RMS =0.08). The data matr ix  of the J-resolved 

2-0 spectra were 128x 1024 with the spectral widths of 40 x 1500 Hz. 

In f rared spectra were recorded on a Perkin-Elmer 681 spectrometer 

and uI traviolet spectra on a Perkin-Elmer 402 spectrophotometer. The 

thin layer chromatography was performed on Merck si l icagel plates 

PF254. 
The solvents used in the preparation o f  the glycosides were 

carefu l ly  puri f ied. Acetoni t r i le  was ref luxed f o r  two hours over phos- 

6 
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AZMY ET AL. 334  

phorous pentoxide and d i s t i l  led, the procedure was repeated, and 

f inal ly, i t  was s to red  ove r  3 g  molecular sieves. 

7-hino-2,4-dimethyl  [I ,  2,3J t r iazo io  [ 4 , 5 - ~ ]  [ l ,  2,6] th iadiazine 

5, 5-dioxide (2) 

To a s t i r r e d  solut ion o f  1 g (0.005 mole) of 7-arnino-Zti,4H_- 

[I, 2,3] t r iazo lo[4,5-c ]  [1,2,6] th iadiazine 5,s-dioxide ( l a ) 4  \II in 10 

ml o f  water, sodium hydrogen carbonate was added un t i l  p H  = 7. The 

mixture was then treated, dropwise, w i th  2.04 g ( 1 . 5  ml, 0.015 mole) 

of dirnethyl sulfate, and s t i r r e d  at room temperature f o r  20 h, keeping 

the pH at 7 by addit ion o f  sodium hydrogen carbonate if necessary.  

The so l id  was col lected by f i l t r a t i on  and c rys ta l l i zed  f rom water-  

ethanol to give 0.62 g (54 % )  o f  as needles, m. p. 255-256O C. IR 

(nujol)  3 :  3403 and 3320 cm-' (NH ), 1310 and 1180 cm-l  (SO2). 2 
PMR (DMSO-d6) 6 : 8.80 ( b . ~ . ,  2H, NH2), 4.30 ( s ,  3H, -N 2 -CH3), 

3.30 (s, 3H, -N4-CQ3). 

Anal. Calcd. f o r  C5H8N602S: 

Found: C, 27.95; H, 4.00; N, 39. 13. 

C, 27.78; H, 3.73; N, 38.87. 

7-Amino-4-methyl [ 1, 2,5] thiadiazolo [3,4-c] [l, 2,6] th iadiazine 

5,5-dioxide (2&) 

Fol lowing the procedure descr ibed f o r  the prepara t ion  o f  
lb, 

the react ion o f  1 g (0.004 mole) o f  7-amino-4H [l, 2,5] thiadiazolo 

[3,4-2] [ l ,  2,6] thiadiazine 5,5-dioxide (2a) w i th  1.36 g ( 1  ml, 0.01. 

mole) o f  dimethyl sulfate, y ie lded 0.6 g (56 % )  of 2b, m.p. 248O C. 

IR (nujol)  9 : 3420 and 3320 cm-l (NH2), 1320 and 1140 cm-' (SO2). 

- 
1w 

.wv 

PMR (DMSO-d6) 6 :  7.75 (b.s., 2H, NH2), 3.45 (s, 3H, CH3). 

Anal. Calcd. f o r  C4H5N502S2: C, 21.91; H, 2.33; N,31.94. 

Found: C, 22.33; H, 2.12; N, 31.53. 
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THIAZOLO- AND THIADIAZOLOTHIADIAZINE DERIVATIVES 335 

2,4-8 is-(2,3,4,6- tetra-O-acety I- -D-ql ucopyranosy I )-7-amino 

[l, 2, 3 1 t r iazo lo [4,5-c] [ I ,  2,6] thiadiazine 5, %dioxide (1 c )  
Mc 

To a s t i r r e d  solution of 2.9 g (0.0075 mole) o f  1,2,3,4,6- 

penta-O-acetyl- -D-glucopyranose in 100 ml of d r y  acetonitri le, a 

solution of the s i l y l  der ivat ive of la [prepared f rom 1.50 g (0.008 

mole) of l a  by reaction wi th  hexamethyldisilazane (10ml) and t r i -  

methylchlorosilane (1 ml) in the presence o f  pyr id ine  (30 ml)] in 

acetonitr i le was added. The mixture was treated wi th  3 ml of boron 

t r i f luor ide  etherate and s t i r r e d  overnight at room temperature and 

with exclusion o f  humidity. The reaction mixture was then evaporated 

to dryness and the residue dissolved in chloroform and treated wi th  a 

saturated sodium hydrogen carbonate solution. The organic  phase 

was washed wi th  water, d r ied  over sodium sulfate and evaporated 

under reduced pressure. Preparat ive T L C  of the residue (1.4 g), 

using chloroform-ethanol (13: 1 )  as eluent, gave 1 g (31 % )  of & as 

a white foam. IR (nujol) 9 : 3340 and 3260 cm-’ (NH2), 1750 cm-’ 

(C=O), 1380 and 1185 cm-l (SO2). 

n..# 

‘vw 

Anal. Calcd. fo r  C H N 0 S: C, 43.86; H, 4.71; N, 9.90. 
31 40 6 20 

Found: C, 43.96; H, 5.08; N, 9.70. 

2- (2,3,5- Tr i-O-benzoy I- 6 - D-r ibofuranosy I )-4- (2,3,5-tr i-O-benzoy I 

-D-ribofuranosyl)-7-amino [I, 2,3] triazolo[4,5-~’) [1,2,6] thiadiazine 

5, %dioxide 

According to the procedure described f o r  the synthesis o f  Lq 

3.8 g (0.0075 mole) o f  l-O-acetyl-2,3,5-tri-O-benzoyC~-O-ribo- 

furanose and the s i l y l  derivative obtained from 1.5 g (0.008 mole) o f  

were used. Af ter  work-up, the res idue (2.6 g) was chromato- 

graphed on si l icagel plates and eluted with chloroform-ethanol (20: 1 )  

gave 1.4 g (35 70) of as a white foam. IR (nujol) 9 : 3430 and 3340 
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336 AZMY ET AL. 

- 1  - 1  
cm (NH2), 1725 cm (C=O), 1380 and 1185 cm-' (SO2). 

Anal. Calcd. f o r  C H N 0 S: C, 61.33; H, 4.08; N, 7.80 
55 44 6 16 

Found: C, 61.20; H, 4.34; N, 7.41. 

thiadiazolo [ 3 , 4 - ~ ]  [ l ,  2, 6 1  thiadiazine 5,5-dioxide ($1 

Fo l low ing  the procedure descr ibed f o r  the preparat ion of  12, 

1.56 g (0.004 mole) o f  1, 2,3,4,6-penta-O-acetyl-p -D-glucopyranose 

and the s i l y l  der ivat ive prepared f rom 0.82 g (0.004 mole) o f  5, by 

reac t ion  of  23  w i th  hexamethyldisi lazane (10 ml), and t r imethy lch loro-  

s i lane ( 1  ml), were used. A f te r  work-up, the res idue was chromato- 

graphed on  s i l icagel  p lates and eluted w i th  chloroform-ethanol (10: 1 ). 

Crysta l l izat ion f rom ethanol gave 1.36 g ( 6 4 % )  o f  ZC, m.p. 235-236OC. 

IR (nujol)  9: 3433 and 3343 cm-' (NHZ), 1753 cm-l (C=O), 1380 and 

1193 cm-l (so2). 
Anal. Calcd. f o r  C H N 0 S * C, 38.13; H, 3.92; N, 

17 21 5 1 1  2 '  
13.38. Found: C, 37.87; H, 3.84; N, 12.83. 

4-(2,3,5-Tri-O-benzoyI-D-ribofuranosyI)-7-amino [l 2,5] thiadiazolo 

[3, 4-c]  [ l ,  2 , 6 ]  thiadiazine 5, 5-dioxide (2d) uu 

According to the procedure descr ibed f o r  the synthesis of  lc, 

-D-r ibofurano- 

2.2, 

2 g  (0.304 mole) o f  1-O-acetyl-2,3,5-tri-O-benzoyl- 

se, and the s i l y l  der ivat ive prepared f rom 3.82 g (0.334 mole) of 

were used. A f te r  work-up, preparat ive T L C  us ing chloroform-ethanol 

( 2 0  : 1 ) as eluent, gave 1.5 g (59 70 ) o f  2A as a foam. IR (nujo l )  

9 : 3413 and 3333 cm-' (NH2), 1735 c, (C=O), 1275 and 1 1  85 cm-' - 1  

(SO2). 

Anal. Calcd. f o r  C H N 0 S * C, 53.62; H, 3.54; N, 
29 23 5 9 2 '  

10.78. Found: C, 53.98; H, 3.27; N, 10.82. 
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