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Abetract-Tautomerism of pyrazino l2,3-4 -1,2,6-thiadiazine 2,2- 

dioxides has been atudied, in solution, by uv, 13c-, and natural 

abandance 151y-nmr spectroscopiea and in the solid state by X-ray 

crystallography. The 1-NH tatutomer is present in solid state 

and in the majority of solvents. Depending on the 6,7-substi- 

tuent, the 8-NH tautomer is preferred in vater solution. An 

improved synthesis of 6.7-diary1 substituted pyrazinothiadiazine 

derivatives is described. 

In previous work1, we concluded that 4-aminopyrazino[2,3-c]-1,2,6-thiadiazine 2,2- 

dioxide (11, and its 6.7-dimethyl (2) and 6,7-diphenyl (6) derivatives existed in 

water solution as the 8-NH tautomers. However, the 151y-nmr spectra of compounds 2 

and 6 suggest that the 1-NH tautomers are present in DMSO solution. In order to 

clarify the tsutomerism of this kind of compounds, uv, 13c- and 151y-nmr 

spectroscopic studies on several 6.7-disubstituted pyrazinothiadiazine derivatives 

were carried out using different solvents. Compound 2 was analyzed by X-ray 

crystallography in order to verify which tautomer was present in solid state. 

The syntheses of some of the compounds studied have been described elsewhere112. 

The 6,7-di(p-tolyl) derivative 7 was prepared using an improved method by which 

compound 8 was also synthesized. 



12 R1 = M e .  R 2  = P-CI-phenyl - 

2 R1 = M e ,  R 2 =  p-CI-phenyl 

Reaction of triamino derivative 1 3 ~  with suitable arylaldehydes in dry tetramethy- 

lenesulfone (sulfolan) at 180°C afforded the corresponding 6.7-diarylpyeazino- 

thiadiazine derivatives. With respect to the procedure described before2, the yield 

of pyrazinothiadiazine derivatives was increased from 50% to 80%. N-Methyl 

derivatives 10 and 12 were synthesized from compound 5 by reaction with dimethyl 

sulfate in alkali medium. , This reaction afforded a mixture of I-methyl and 8- 

methyl derivatives. Although the 8-methyl derivative was obtained in low yield, it 

could be isolated by flash chromatography. The 3-methyl derivative was not detected 

in the reaction mixture; its formation is not probable due to the steric hindrance 

of the 3-position. 

Concerning the annular tautomerism, three forms of 4-aminopyrazino 2,3-c -1,2,6- 

thiadiazine 2,2-dioxides, 1-NH ( A ) ,  3-NH ( 8 )  and 8-NH ( C ) ,  are possible. 
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Concerning functional tautomerism, in which the NH2 group is involved, there is a 

strong preference of the amino over the tautomeric iminodihydro structures, as 

found for most heterocyclic ring systems4. In fact, the 4-amino group appears as a 

primary amine in the 15~-nmr spectra. 

'H-~mr spectroscopy is not a useful tool to distinguish the proper structure among 

the three depicted tautomeric forms. However, 13c- and I5N-nmr are suitable 

techniques for this purpose, with the help of N-methyl derivatives 9. 10, 11 and 

12, used as suitable models to check the existence of 1-NH and 8-NH tautomers. 

The 13c-nmr data of the pyrazine and thiadiazine ring carbons of the compounds 

studied are gathered in Table 1. Assignments were based on reported data215 and 

signal multiplicity. 

TABLE 1 

13~-NMR  DATA^ OF PYRAZINOTBIADIAZINE RINGS 

a Chemical shifts in ppm and J in Hz. In DMSO-d6. In MeOD. In acetone-d6. 

Decouplad spectra in DMSO-d6. 



In 13c-nmr, the major differences between the I-methyl and 8-methyl derivatives 

were found in the chemical shifts of C-4a ( E  6 ppm), C-6 and C-7 " 20 ppm). 

Comparison of the data of the NH compounds (2, 5 and 7) with those of the N-methyl 

derivatives indicated that their 1-NH tautomers were present predominantly in DMSO, 

methanol and acetone solutions. The reported data2 of compounds 3. 4. 6 and 8 were 

in agreement with the existence of those 1-NH tautomers in DMSO. 

Moreover, from comparison of the "N-nmr data (Table 2) of compounds 2 and the 1- 

methyl derivative 9 it was possible to discard the existence of the 3-NH tautomer, 

since the N-3 chemical shift in compound 2 was shifted downfield. The difference of 

the N-3 chemical shifts in both compounds could be explained by a small 

participation of the iminodihydro tautomer 9'. The difference of chemical shift 

between those N-1 was due to the effect of the methyl group6. 

TABLE 2 

I5~-?iKi DATA OF 4-AHINOPYRAZINOTHIADIAZINE DERIVATIVESa 

2 251.5 (broad) 178.9 59.8 86.1 (broad) 284.0 

gb 248.0 177.1 54.8 84.1 281.9 (t) 
l5=91.6 

9 260.3 185.6 58.5 86.1 280.0 

a DMSO as solvent, the nitrogen shielding values are reported with respect to 

external neat nitromethane, an increase in shielding being a positive increment. 

Coupled spectra. 

1 5 ~  Assignments were straightforward, except for N-5 and N-8 that were assigned on 

the basis of the signal at 86.1 ppm. In compound 2, this broadened signal appeared 

like those of N-1 (251.5 ppm) and this fact indicated that it corresponded to N-8. 

These broad signals were due to the existence of an equilibrium between the 1-NH 

and 8-NH tautomers, which, although strongly shifted towards the 1-NH tautomer was 

slow enough to show broad signals of the nitrogens involved. 



HETEROCYCLES, Yo1 27, No 9, 1988 

Due to the little amount of the 8-methyl derivatives available and the lack of 

solubility of pyrazinothiadiazines it was not possible to record their 15~-nmr 

spectra in other solvents than DMSO. 

Uv spectra were measured in different solvents (X20, MeOH, CHC13 and DMSO) and the 

data are shown in Table 3. 

TABLE 3 
W DATA OF PYRAZIN0[2,3-c]-1,2,6-THIADIAZINE DERIVATIVESa 

H20 (pA=O) 
H,O (pH=7) 

H20 (pH-1) 
Hz0 (pHnB) 
MeDH (H+) 
MeOH 
DMSO 
HCC13 

H20 (pH=l) 
H20 (pH-7) 
H20 (pH-1) 
820 (pH=l) 

H20 (pH-7) 
MeOH (H+) 
MeOH 
DMSO 

HCC13 

Hz0 (pH-1) 
H20 (pH-6) 

Hz0 (pH-1) 
A20 (pH-1) 

Hz0 (pH-7) 
MeOH 
MeOH 

Hz0 (pH-7) 
MeOH 

MeOH 

- 
NH-8 
- 
NH-1 

NH-1 
NH-1 
NH-1 
NH-1 
- 
NH-1 > NH-8 
NH-1 > NH-8 - 
NH-1 
NH-1 
NH-1 

NH-1 
NH-8 - 
NH- 8 

NH-8 
N-Me (1) 
N-Me (1) 
N-Me (1) 
N-Me (8) 

N-Me (8) 
N-Me (8) 

a The number in parentheses indicates low intensity bands. 
(b) Neutral form. 
(c) Monoanion. 



The NH-derivatives studied had a strong acidic character reflected by the low pKa 

values1 and in water solution, at neutral pH, were found in their anionic forms. 

They showed a typical absorption band between 381-418 nm depending on the 

substituents in the 6 and 7 positions. In methanol solution, the NH compounds were 

partly ionized and the band corresponding to the anionic form appeared with low 

intensity and disappeared on adding acid. 

The 8-methyl derivatives 11 and 12 showed absorption bands at 410 and 437 nm 

respectively which were not present in I-methyl derivatives 9 and 10. Comparison of 

uv spectra of the NH derivatives with those of the corresponding methyl derivatives 

indicated that all the NH compounds existed as the 1-NH tautomer in chloroform, 

DMSO and methanol and as the 8-NH tautomer in water (pH=l), except for compound 3 

which existed as 1-NH,and 4 and 5 as a mixture of 1-NH and 8-NH tautomers in water. 

The strongly electron-withdrawing sulfone function caused the formation of the 

unusual cross-conjugated n-electron system in the 8-NH tautomer in water solution. 

This farm resulted in a less acidic farm and therefore more stable. When the 6 and 

7 positions bear strong electron-withdrawing substituents (3. 4 and 5). the 

equilibrium was shifted towards the 1-NH tautomer even in water solutions. 

% H 2 0 ( x )  

Fig.l. Plot of absorbance of 8-NH tautomer 'vs' %H,O 

The uv spectra of compound 2 was measured in mixtures of waterlmethanol and the 

shift of the equilibrium of the 1-NH towards the 8-NH tautomers can be observed on 

changing the ratio of solvents from 100% methanol to 100% water solutions. The plot 
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of absorbance of the typical band of the 8-NH tautomers (411 nm) "versua" 

percentage of water is represented in Figure 1. 

X-RAY DISCUSSION 

The X-ray analysis of compound 2 demonstrated the existence of 1-NH tautomer in 

solid state. Figure 2 shows the structure of the molecule. Bond distances and 

angles reflectedtheusualbond type distribution (see Table 4 ) .  The thiadiazine ring 

adopted a distorted envelope conformation flapping at S1. The crystal is built up 

by an H-bonding network that associated molecules in dimers through N2...N7 

bridges, establishes indefinite chains along the OZ direction through the N13...015 

interactions, and links these chains of dimers by means of N13...014 contacts. 

Fig. 2. A PLUTO view1' of the molecular structure of compound 2 showing 

the atomic numbering used in the crystallographic work. 

Mps.were determined on a KUfler hot-stage apparatus and are uncorrected. Column 

chromatography was performed on Merck silica gel (60-230 mesh). Analytical tlc was 



performed on aluminium sheets coated with 0.2 mm layer of silica gel 60 F254 

(Merck) . 
l~-Nmr spectra were recorded on Varian EM-390, Bruker AH-200 and Varian XL-300 

spectrometers operating at 90, 200 and 300 MHz respectively, using TMS as internal 

standard. 13c-Nmr spectra were recorded at 20.15 MHz on a Bruker WP-80 and at 

50 MHz on a Bruker AM-ZOO. The natural abundance 15~-nmr spectra were obtained on a 

Varian XL 300 spectrometer operating at 30.41 KHz at 20°C, using 0.5-1.0 M 

solutions in a mixture of DMSO and 10% of DMSO-d6 to provide the locking signal, 

and contained in 10 nm 0.d. tubes. 

Ir spectra were obtained on a Perkin Elmer 257 spectrophotometer and uv spectra 

were obtained on a Perkin Elmer 550 or on a Perkin Elmer 554 spectrophotometers. 

The main characteristics of the X-ray analysis are given in Table 6. During the 

last cycles of refinement the A123 methyl hydrogen had to be kept fixed. The final 

atomic coordinates for the non-hydrogen atoms are given in Table 5 according to the 

numbering scheme displayed in Fig. 2. A list of structure factors, hydrogen 

parameters and thermal factors are available as supplementary material. 

TABLE I .  SELECTED GEOMETRICAL PIRIHETERS I A . ' i  

&.tom x l a  rlb rlc 
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TABLE 6 

CRYSTAL ANALYSIS PARAMETERS AT ROOM TEMPERATURE 

Cryetal data 

Formula 

Crystal habit 

Crystal size (mm) 

Symmetry 

Unit cell determination: 

Unit cell dimensions 

Packing: v(A~), Z 
~c(g.cm-~), M, F(000) 

u (cm-l) 

Experimental data 

Technique 

Number of reflexions: 

Independent 

Observed 
Standard reflexions: 

Max-min transmission factors: 

Solution and refinement 

Solution 
Refinement 

Parameters: 

Number of variables 

Degrees of freedom 

Ratio of freedom 
H atoms 

Final shiftlerror 
w-scheme 

Max. thermal value 

Final AP peaks 

Final R and Rw 

Computer and programs 

Scattering factors 

C7H902N5S 
Yellow cubic 

0.33 x 0.37 x 0.30 

Monoclinic, PZ11a 

Least-squares fit from 49 

reflexions (e < 45') 
12.4768(4), 12.5075(5), 6.1154(4) 

90, 104.466(6), 90 

924.07(8), 4 

1.633, 227.24, 472 

30.03 

Four circle diffractometer: Philips PWl100 

Bisecting geometry 

Graphite oriented monochromator: CuKa 

w/Ze scans, scan width: 1.50 

Detector apertures 1 x lo, up emax. 65O 

1 min.lreflex. 

1552 
1540 130(1) criterion] 

2 reflexiones every 90 minutes 

Variation: none 
1.166-0.812 

Direct Methods 
L.s. on Fobs with 1 block 

168 
1336 

9.0 

Difference synthesis 

0.20 

Empirical as to give no trends in <v 'F> 
vs. < I F O  I >  and <sin e /A> 
~22(~12)=0.057(15)~~ 

0.24 e ~ - ~  

0.037, 0.039 

Vax11 1750, XRAY~~', MULTAN~O~, DIFABS~ 
Int. Tables for X-Ray ~ r y s t a l l o g r a ~ h ~ ~ ~ .  



4-hino-6,7-di-(4'-tolyl)-8~-pyrazino[2,3-~-1.2.6-thiadiazine 2.2-dioxide (7). 

A stirred solution of 3,4,5-triamino-2FJ-1,2,6-thiadiazine 1,l-dioxide (13) (0.5 g, 

2.8 mmol) in 5 ml of tetramethylenesulfone (sulfolan) was treated with p-toluyl- 

aldehyde (1.0 g, 8.3 mmol). The mixture was heated for 3 h at 180°C. The reaction 

solution was purified through silica gel column chromatography with chloroform- 

methanol (10:l) as eluent, to yield a yellow solid (0.87 g, 82%) which was 

recrystallized from methanollwater; mp > 350°C. 11 (nujol) v : 3450-3100 (NH2,NH), 

1625 (C-N), 1310, 1165 (SO2) cm-l; nmr (DXSO-d6)6: 7.25, 7.24 (4H, d, 3~=8.1 Hz, 

H-g), 9.09 (ZH, d, 3~=8.1 Hz, H-c), 7.05 (ZH, d, 3~=8.1 Hz, H-o'), 7.00 (s, 2H, 

NH2, deuterium oxide exchangeable), 2,30 (3H, s, CH3), 2.26 (3H, s ,  CH3) Anal. 

Calcd for C19H17N502S: C, 60.14; H, 4.52; N, 18.46; S, 8.45. Found: C, 60.24; H, 

4.50; N, 18.21; S, 8.20. 

4-~no-l-methyl-6,7-di-(4'-chlorophenyl)pyra~ino[2.3-~]-1.2.6-thiadiazine 

2.2-dioxide (10) 

Dimethyl sulfate (0.1 ml) was added dropwise to a solution of 0.21 g (0.5 mmol) of 

5 in 25 ml of saturated sodium bicarbonate and 10 ml of ethanol. The reaction 

mixture was atirred at room temperature for 2 h and then 0.1 ml of dimethyl sulfate 

was added. The mixture was stirred at room temperature for 2 h more and the 

precipitate was removed by filtration. Its analytical (tlc) control showed a 

mixture of two reaction products (10 and 12) which were separated by chromatography 

on a silica gel column. Compound 10 was eluted with chloroform to yield 0.14 g 

(65%) of a yellow solid which was recrystallized from ethanollwater as yellow 

crystalline needles. Mp 194-195°C. Ir (KBr) v : 3450-3200 (NH2), 1640 (C=N), 1315, 

1175 (SO2) cm-I. 'H-N~K (DMSO-d6) 6 : 9.00, 8.90 (ZH, deuterium oxide exchangeable 

NH2), 7.57, 7.54 (4H, d, 3~=8.7 Hz, H-g), 7.49, 7.45 (4H, d, 3~-8.7 Hz, 8-g), 3.47 

(8, 3H, CH3-N). Anal. Calcd for C18N13N502SC12: C, 49.78; H, 3.02; N, 16.12; S ,  

7.38. Pound: C, 49.83; H, 3.32; N, 15.85; S, 7.23. 

4-Amino-8-methyl-6, 7-di-(4 I-chloropheny1)pyrazino 12.3-c]-1.2.6-thiadiaaine 

2.2-dioxide (12) 

From the above reaction mixture compound 12 was eluted with chloroformlmethanol 

(50:l) to yield 0.05 g (23%) as a deep yellow solid which was recrystallized from 

ethanollwater. Mp 315-316OC. I (KBr) v : 3400-3200 (NIT2), 1645 (C-N), 1290, 1140 

(SO2) cm-l. l ~ - ~ m r  (DMSO-d6) 6: 7.98, 7.95 (8, 2H, NH2, deuterium oxide exchan- 
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geable), 7.60 (2H, d, 3~=8.7 Hz, A-g), 7.55 (2H, d, 3~=8.7 Hz, H-g'), 7.30 (2H, d, 

3~=8.7 Hz, H-2). 7.23 (28, d, 3~=8.7 Hz, H-o'), 3.37 (s, 3H, N-CH3). Anal. Calcd. 

for ClsHl3N5O2SCl2: C, 69.78; H, 3.02; N, 16.12; S, 7.38. Found: C, 49.88; H, 3.02; 

N, 16.14; S, 7.34. 
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