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Abstrad-NMR spectra, in organic solvents, and dissociation constants in water, have been deter- 
mined for a series of monoximes, dioximes and mono-O-methyldioximes of 2,1,3&nzothiazole4,5 - 
and 4.7~dione. On the basis of NMR data “4 - hydroxy - 5 - nitroso-, 4 - hydroxy - 7 - nitroso- and 5 - 
hydroxy - 4 - nitroso - 2,1,3 - benzothiadiazole” exist predominantly in quinonemonoxime forms. Con- 
figurations were assigned to geometrical isomers. The 4,5- and 4‘7 - di - 0 - methyldioximino- 
benzothiadiazoles were also investigated. Four and two geometrical isomers of the 4,5- and 4,7- 
derivatives, respectively, have been separated, and the physical and spectral properties of each isomer 
are described. 

In connection with our studies on 2,1,3 - benzo - X - 
diazoles (X = 0, S, N)‘-* we were interested in ob- 
taining data on the properties of hydroxynitroso de- 
rivatives and related compounds. 

As the rearrangement of benzoxadiazole deriva- 
tives’ could produce some complications in this 
study, we first examined benzothiadiazoles, which 
do not undergo an analogous reaction. 

In this paper, the preparations and NMR studies 
on tautomerism and geometrical isomerism of 4 - 
nitroso - 5 - hydroxy - (3), 4 - hydroxy - 7 - nitroso - 
(4), 4 - hydroxy - 5 - nitroso - 2,1,3 - 
benzothiadiazofe(S)* and related dioximino (9, lo), 
mono - 0 - methyl and di - 0 - methyldioximino de- 
rivatives (1 I-15) are reported. 

The pKa values, in water at 253 of 4,5- and 4,7 - 
dioximinobenzothiadiazole (9, lo), their mono - 0 - 
methylethers (13-15) and hydroxynitrosoben- 
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4: X=0; Y=NOH 
7: X=0: Y=NOMe 

tO: X=Y=NOH 
12: X=Y=NOMe 
IS: X = NOMe; Y = NOH 

TFormulas S-S represent the oxime tautomer. 

zothiadiazoles ($5) are also measured and the 
effect of the thiadiazole ring is discussed. 

RESULTS AND DISCUSSION 

According to Pesin,’ the nitrosation of 5- 
hydroxybenzothiadiazole (1) gave the Cnitroso de- 
rivative (3). In a similar way, nitrosation of 4- 
hydroxybenzothiadiazole (Z), which was reported 
to lead to the 7-nitroso derivative (4>p gave under 
conditions used previously, an approximately 
equimolecular mixture of 7-(4) and S-nitroso isomer 
(5). Compounds 4 and 5 were separated and iden- 
tified by reaction with hydroxylamine, the former 
yielding the known 4,7-dioxime (lo),8 the latter the 
same 45dioxime (9) obtained from 3. The 4,S- and 
4,7 - mono - 0 - methyldioximes (13-15) were 
analogously obtained from 3-J and methoxyamine; 
in this reaction, 3 yielded, in addition to 4 - oximono 
- S - 0 - methyloximinobenzothiadiazole (14), also 
[ 1,2,5] thiadiazoie [3,4-e] 2,1,3 - benzoxadiazole 
(21).‘G 

The 4- and 5 - 0 - methylmonoximes of ben- 
zothiadiazole - 4,5 - dione (6, 8) and the 4 - 0 - 
methylmonoxime of benzothiadiazole - 4,7 - dione 
(7), models for quinonemonoxime tautomers, were 
prepared by standard methods and their structures 
were confirmed on the basis of the corresponding 
4,5- and 4,7 - di - 0 - methyldioximes (11 and 12 
respectively). 

For the unambiguous assignment of chemical 
shifts in 3 and 6, the related 6-Me derivatives 16 and 
17, were also prepared. 

The NMR spectra of most of the compounds ex- 
amined (3-17) showed the presence of a mixture of 
geometrical isomers. The separation of di - 0 - 
methyldioximes 11 and 12, from the crude mixtures 
was successful. Four (anti, amphi-syn, syn, and 
amphi-anti) and two (syn-syn and syn-onti) isom- 
ers, respectively were isolated in a pure form. (uide 
injra). 
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The NMR investigation was extended to include 
also hydroxy-(l, Z), hydroxyacetamidobenzo- 
thiadiazole (lg-20) and [1.2.5] thiadiazolo - [3,4 - 
e]2,1,3 - benzoxadiazole (21). 

The NMR spectra of l-21 (Tables l-3) were re- 
corded in dioxan and dimethylsulphoxide; those of 
%17 were recorded also in pyridine. The chemical 
shifts for dioxan solutions were similar to those 
for dimethylsulphoxide, the closest analogy occuc- 
ring in the 3-17 series [the solvent shift (T~~-T~,,,) 
never exceeded 0.2 ppm].* 

The tautomerism of 3-S may be discussed by 
comparing their spectral patterns with those of O- 
methylmonoximes 6-8 and on the basis of a-bond 
localisation. 

Thus, in 2,1,3-benzothiadiazole” the otiho- 
coupling constant across the 6,7 bond (8.93 c/s) is 
significantly larger than that across the S,6 bond 
(6.66 c/s); acetamido and/or OH groups tend to in- 
crease J6, and J, 6, which, however, in 1,2, IS-20 at- 
tain the maximum value of 9.4 and 8.10 c/s, respec- 
tively (Table 1). The coupling constants J6., and JY.& 
in 0-methylmonoximes, dioximes, mono - 0 - 
methyl and di - 0 - methyldioximes (6-15) (Tables 
2,3) were higher than 10-l c/s and similar to the cis 
coupling of the ethylene type. In 3-5 (Tables 2, 3) 
the otiho-coupling constants were 5 10.1 cls; the 
high degree of n-bond tocalisation and the good ag- 
reement with the spectral patterns of O- 
methylmonoximes (6-g) showed that the oxime for- 
mulation correctly represents the structures of 3-5. 

Configurations of the oxime derivatives were as- 
signed mainly on the expectation of relative de- 
shielding of the syn-proton coplanar with the oxime 
group and from pyridine-induced shifts (see Ref 8). 

NMR spectra of 3 and 6 (Table 2) showed only 
one AB pattern and the configuration of =NOR in 
C-4 could not be assigned by the NMR criteria 
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RO’ RO’ 

A 
anti 

B 
amphi-synS 

‘The solvent shift is anomalous in 20. 
tThe NMR spectra of 11 were obtained from pure 

geometrical isomers, those of 9.13 and 14 from a mixture 
of geometrical isomers. 

$Syn or anti with respect to H-6. Syn and anti, instead 
of Z and E configurational descriptors are used according 
to nomenclature employed for corresponding 4,7- 
dioximes.* 

PThe shielding of H-6 in A isomers relative to B isomers 
(0~03-&l ppm) agreed with that of H-4 in A and B isomers 
of bornane - 2,3 - dione dioxime (0.08 ppm),” and with the 
value of the long range anisotropic effect in p- 
benzoquinone dioxime (0. I ppm).” 

above reported. By comparing chemical shifts of 
H-6, H-7 with those of H-7 in 6-Me derivatives 16 
and 17, the lower field signal was assigned to H-7. 
Only one isomer was detected in the spectrum of 5; 
the syn configuration (with respect to H-6) was at- 
tributed to the =NOH group in C-S and the lower 
field signal was assigned to H-6 on account of the 
aromatic deshielding effect (pyridine). This assign- 
ment is supported by the general tendency for the 
a-hydrogen (H-6) to resonate at a lower field than 
the B-hydrogen (H-7) in an a$-unsaturated oxime 
system.‘2 

By comparison of the chemical shifts of 5 with 
those of the retated O-methyl ether 8, the syn con- 
figuration could be tentatively assigned also to the 
latter compound. 

The 4,Sdioxime (9), its mono - 0 - methyl- and di 
- 0 - methyl ethers (13, 14. 11) have four possible 
isomers (A-D) depending on the orientation of the 
two oxime groups. The A and B isomers were found 
to prevail in all these compounds (Table t).t 

Syn or anti orientation of the =NOR groups in 
C-S allows an unequivocal decision between A,B 
and C,D structures. Thus, the pyridine deshielding 
effect on H-6 of two isomers of 9 ruled out struc- 
tures C,D. On similar grounds, two of three isomers 
of 4,s - dioxime - 4 - mono - 0 - methyl ether (13) 
were assigned to A,B form and the third isomer to 
C,D; in agreement with the anisotropic effect of the 
oxime group, the H-6 proton of 13 resonates at a 
lower field in A.B isomers than in C or D. Assign- 
ment of A,B and C,D structures to four isomers of 
4,s - di - 0 - methyldioxime (11) were analogously 
deduced ftom the difference in chemical shifts of 
the H-6 proton. Also to the two isomers of 4,s - 
dioxime - S - mono - 0 - methyl ether (14) the A,B 
configuration were assigned by comparison of 
chemical shifts with those of 9 and 11. The configu- 

ration of =NOR group in C-4 in A,B structures of 9, 
11,13 and 14 was tentatively assigned by taking ac- 
count of the long range deshielding effect of the 
oximic group: in structure A, H-6 should resonate 
at a higher field than in structure il.5 

Where only one isomer C,D was detected (see 
13), the configuration of the 4-NOMe was not as- 
signed. Of the two isomers C,D of 11, the syn struc- 
ture (C) could tentatively be assigned to the lower 
melting isomer: in this compound the difference be- 
tween chemical shifts of H-6 and H-7 is smalter 
than in D isomer, according to A2 pattern of the 



Table 1. Data of NhfR spectra at 60 MHz in ppm (7) 

Compounds 

No X Y Z SOIVb H-4 H-5 H-6 H-7 COCH, OH NH J., J,., J,, Jr I I.., 

diox 
1”H OH H 

DMSO 

diox 
z OH H H 

DA4W 

diox 
16 OH NH& H 

DMSO 

diox 
19 NHAc OH H 

DMSO 

diox 
28 OH H NHAc 

DMSO 

2.87 - 

2.76 - 

- 3-15 

- 3-04 

- - 

- - 

- - 

- 3.18 

- 3.10 

2.75 2.14 

2.59 2.05 

2.53 2.49 

2.43 2.48 

2.53 199 

246 2.15 

2.61 2.29 

2.53 2.15 

1.69 - 

199 - 

7*84 

7.77 

7.62 

7.79 

7.82 

7.79 

1.43 
(W” 1) 

- 0.62 
(w=7) 

097 
(w=Z) 

- 0.93 
(w”‘3 

@31 
(w = 10) 

- O-85 
(w=4) 

-0.5 
(w-5) 

- 0.25 
(w = 16) 

v.b. 

-0al 

(w==6) 

1.37 
(w = 10) 

(WO=fZ) 

0.69 
(w 9 12) 

(WDLoo9, 

1.13 
(w=8) 

0.05 
(w-5) 

2.35 O-66 - 

2.32 0.67 - 

- - 7.14 

- - 6.93 

- - - 

- - - 

- - 8.00 

- - 8.10 

- 9.36 

- 9.42 

1.14 899 

148 8.85 

- 9.30 

- 9.30 

- 9.35 

- 9.30 

- - 

‘AB patterns unless specified otherwise. J in c/s; w, width at half height in c/s: v.b. very broad signal. 
bDio~, dioxan; DMSO, dimethyl sulphoxide-ik; Py, pyridine-d,. 
‘ABC pattern analysed by LAOCOON III computer program, r.m.s. error less than OUHz. 

E 



Table 2. Data of NMR spectra at 60 MHz in ppm (7)- 

X 

coInpouads 

No x Y 

z-6 H-l NOMe J a7 

Z suiv’ syn* an& syn* anri* SYn‘ QntP syn* anti’ 

3 NOH 

6 NOMt 

16 NOH 

17 NOMe 

5 0 

8 0 

NOH 

NOMe 

9’ NOH NOli 

13 NQMC 

14 NOH 

II’ NOMe 

NOH 

NOMe 

NOMc 

H 

H 

MC 

H 

H 

H 

H 

H 

H 

dlOX 334 2.22 - 10-25 
DMSQ 3.29 2a8 IO.20 
Py 3.22 3.23 - lO*lO 
diox 3.39 2.29 

5% 
10.35 

DMSQ 3.31 2.09 10~30 
Py 
diox 

::g 2.31 5.7I 10.20 
2.36 - i.35* 

DMSO 2.24 L 
Py 7:: 243 ;:;b 

diox 7.93‘ 242 m 1.w 
DMSO i i 
Py 1.93s 2.47 5b 1 *&h 
diOX 2.50 2.80 - - - 10.50 - 
DMSO 2+M - 2.71 - lo*50 - 
Py 2.20 2.83 1 - lOdO 
diox 2.61 2.79 lO*# 
DMSO 2.63” : 2&+” 7 574 - 
PY 2.62 - 2.79 - 5X3 1Ok - 

AC E’ CT D= A” 8’ C’ DC A’ 8’ C D” A’ B’ C’ W 

dioxd 

DMSO 2<5 - - 2.81 2a _ _ 
f.; . --- 2.67 - - - - - - - IO.50 - - 

_ _ _ I_ 10.35 lO.sa - - 
PY 2.04 2.17 - - 2.86 2Q72 - - - - 
diox 2.51 2.42 2.85 2.91 2.87 2.9.5 ; ; m 

10.35 IO~SO - 
IO.35 1o.H) 9.90 

DMSO 2.49 2.39 2.69 2.82 2.79 2.94 10‘40 10~50 1oao 
Py 2.09 2.05 2,75 2-90 2&6 2.91 

5.82 z 9.76 
5.78 5.72 10443 IO.50 10.10 

&ox 2.59 2.55 - - 2.89 2.68 - - 
DMSO 2.59 2.51 - - 2.75 2.68 - - & & 1 1 

IO.40 104a - - 
IO-35 lO*M - - 

Py 2,49 2.42 2.72 2.85 
diox 2.54 2.51 2G 2% 2+Q 2-88 3G 373 

5.94 5.88 - - 10.35 10.50 
m 104Q lO*xl I;2 IG 

DMSO 2X10 2.53 2.7.l 2.19 2.75 2.12 2.91 3.05 5-L 5.E’ 5.G 10.3s lO.sa 10.2 IO.2 
5.91f 

::z 
5w 5.89’ 

PY 2-57 2.40 2.9l” 2~93 2.93 292 2.91* 3.05 5*?g 577” f-82* 5.73’ IO-35 IO.50 n 10-2 
5-94’ 5.w 5w 5.87’ 

0 See footnotes u and b to Table 1; *syn, anti with respect to Z-6; ‘A, anti ; B, omphi-syn ; C, syn ; D, amp&anti; *9 is sparingly soluble in dioxan and 
A isomer, if less than 1595, is undetectable, ‘4-NOMe. ‘%lWMe. *TV*..’ Job(*. ’ Insoluble. ‘syn (C) and amphi-anti (D) isomers are undetectable in the NMR 
spectrum of crude mixture. “Obscured by the solvent. *A2 pattern. 



Tahte 3, Data of NMR spectraat 60 MHz in ppm (7) 

x 
w RN-- 0 I s 
H ‘N’ 

Y 

Compounds H-S H-6 NOH or NOMe J,* 

No X Y Solv Eb Fb E” F” Eb I+ Eb pb 

4 a 

7 0 

la” NOH 

15 MOMe 

k%“ NOMe 

NOH 

NOMe 

NOH 

NW-8 

NOMe 

diOX 

DMSO 
PY 
diox 
DMSO 
PY 

DMSO 

PY 

diox 
DMSO 
PY 
diox 
DMSO 

F’ G G” F4’ G” G’” FI’ c G” P” G’ G’” 

-2.48’ 3.02 Z-48& 2.61 - 2.93 -3.12’ h 10.4 
- 2.7d 

2*W 2.82 2@’ 2.18 v.b, Vh.’ h 10*6 
V.b.’ 

::z 2.71 2.78 3.12 3.14 2.51 2.47 3.11 2.97 2.58 2.58 5.L 5% &2 10.7 10.6 IO*6 10.5 10.5 lo-5 
2.57 2.65 3.04 2.16 2.84 2.09 5.86 5.86 5.78 10.6 IO.5 10.5 
2~62~ 3.15 2.62” 2.69 
2.V 3.03 2-57h 2.69 5.884 5!7 

:: 10.5 
IO.6 

5.81” 
2-W 3.04 ‘ 2-~58~ 2.63 585 5~85 h l&S 

5.78’ 

‘See footnotes a and 6 to Table 1. “E, unti: F, syn with respect to H-6. ’ F’, 4-NOR and ?-NOR syn to H-5 and H-6; G, 4-NOR 
syn to H-5 and 7-NOR anti to H-6; G’, 4-NOR anti to H-5 and “I-NOR syn to H-6. d Insoluble in dioxan. Data for DMSO and Py, 
from Ref 8. ‘NOMe or NOH syn to H-6. ‘NOMe or NOW anti to H-6. ‘Obscured by the solvent. *A2 pattern, 
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corresponding protons in [ 1.2.51 thiadiazolo 13.4-e] 
2,1,3 - benzoxadiazole (21).* 

An inspection of NMR data summarized in Table 
2 for A-D isomers reveals a number of regularities: 
the change in chemical shifts of H-6, H-7, produced 
by substitution of 4-NOH and/or 5-NOH by NOMe 
is small, but in a distinct direction for A and B 
isomers; the 4-NOMe chemical shifts (7 5.72-5~82) 
appear downfield with respect to 5-NOMe (T 
5+36-5.94); in B isomers is the trend for Jn, to be 
slightly higher than J,, in A,C and D isomers, the 
more significantly difference being between J6: of 
A,B and C,D isomers. 

Both syn and anti isomers (E and F) were found 
in the spectrum of 4 and of its O-methyl ether 7: the 
assignment given in Table 3 was made on the basis 
of the criteria above reported and requires no 
further discussion. 

5i N 
‘OR RO’ 

E F 
anti syn 

R=H, Me 

The 4,7-dioxime (10) and its di - 0 - methyl ether 
(12) (whose isomeric composition was previously 
investigated)’ have three possible isomers (E’, F’, 
and G=G’) while 4,7 - mono - 0 - methyldioxime 
(IS) have four (E’, F’, G and G’). 

N 
‘OR’ 

E 
anti-anti 

F 

syn-syn 

R and R’ = H, Me 

*Substitution of 4- and 5-NOMe groups by a furazan 
ring shifts the H-6, H-7 signals downfield with respect to 
those of 11 syn (21: AI pattern, TV,,. 2-06; romw 1%). 

IThe weaker acidity of 4 - nitroso - 1 - naphthol with 
respect to I.4 - benzoquinone monoxime was an~OgOUS& 

exptained.16 NMR spectrum of I,4 - benzoquinone 
monoxime (in dioxan soln) showed a detectabte percen- 
tage of nitroso tautomer, ” whereas this form did not ap- 
pear in the spectrum of 4. 

*See Experimental. The approximate pKa value for the 
anti isomer is 898. 

The spectral analysis of 15 showed the presence 
of three isomers, the undetectable form being the 
anti-anti (E’) as in 10 and 12. In derivative 15 the 
structures F’, G and C’ were assigned by compari- 
son with the chemical shifts of syn-syn (F’) and 
syn-anti (G=G’) isomers of 10 and 12 (Table 3). 

Zonisation constants. pKa values, in water at 25”, 
of quinonemonoximes 3-5, 4,Sdioxime (9). 4,7- 
dioxime (10) and their 0-monomethyl ethers 
(13-15), measured by spectrophotometric method, 
are reported in Table 4. 

The order of acid strength of quinonemonoximes 
3-5 was the same as in hydroxynitroben- 
zothiadiazoles;” thus the 5 - oximino - 2,1,3 - ben- 
zothiadiazol - 4 - one (5) is a weaker acid than the 4- 
oximino - 5 - one isomer (3) and both are stronger 
acids than ‘7 - oximino - 2,1,3 - benzothiadiazol - 4 - 
one (4). 

The comparison of pKa of 4 with that of I,4 - 
benzoquinonemonoxime (pKa 6.35)” indicates that 
the acidity of the former is lower than would be 
expected by considering the increase of acid 
strength by fusion of the thiadiazole ring.& 

We believe that the apparent paradox can be exp- 
tained in terms of the benzothiadiazole - 4,7 - dione 
type tautomer being relatively more stable than the 
benzoquinone type tautomer.? Indeed, the pKa 
value of 4,7 - dioxime - 0 - monomethyl ether (15) is 
tower than that of the corresponding 1.4 - benzo- 
quinone - dioximemono - 0 - methyl ether @KU 
9.20);” this confirmed that, where the structure is 
the same, the benzothiadiazole compound is a 
stronger acid than the corresponding benzene de- 
rivative. 

The 4,7-dioxime (10) is a di-basic acid and the 

hi 
‘OR 

G 
syn-anti 

i;l 
RIO0 

G’ 
syn-anti 

conjugate base of one oxime group is in conjuga- 
tion with the other oxime group in the molecule; as 
a result, pKa2 is higher than pKa, (K, and Kz refer- 
ring to the two successive ionisations of the oxime 
groups). 

The 4,5-dioxime (9) is a monobasic acid in the 
investigated pH range (4-10) and its pKa value is 
much lower than that of the 4,7-isomer. 

The stronger acidity of the 4,Sderivative can be 
explained by the prevailing amphi-synS configura- 
tion of two oxime groups; in this configuration an 



Monoximes and dioximes of 2.1 &benzothiadiazole hoes 3845 

Table 4. Ionisation constants of oximinobenzo - 2, I,3 - thiadiazoies in water 
at 25’, I = 0.05 M 

No Subst QKq 

5 5-Oximino, hone 6.13 ?0*02 
4 7-Oximino,4-one 6.63 -c 0.03 
3 4-Oximino, T-one S-77 + 0.01 
9 4,SDioximino 6.53 + 0.02” 

10 4,7-Dioximino 8~38-cOGtb 10~07+0+V 
13 4-O-Methyloximino, S-oximino 888~0~03 
14 4-Oximino, 5-O-methyloximino 8.81 -co89 
15 4-Oximino7-O-methyloximino 8.61~ 0.03 

‘This value is relative to 5-NOH group in amphi-syn form (cf text) and 
was obtained from potentiometric titration (cf Experimental). 

“pica,. 
c QKU,. 

intramolecular H-bond tends to stabilize the ion 
more than the acid and thus facilitates the dissocia- 
tion of the proton (9B). 

9B 

In the absence of this H-bond, the pKa values of 
both the oxime groups in an 4,5 - dioximinoderiva- 
tive should be similar in magnitude to the pl(a of 
the 4,7-derivative. This is the case: pKa values of 
4,5 - dioxime - 4- and 5 - mono - 0 - methyl ethers 
(13, 14), indeed, are close to that of 4,7 - diox- 
imemono - 0 - methyl ether (I!!). In some aldox- 
imes and ketoximes the pRa values of the anti 
isomer were found to be higher than those of syn 
isomers’* (A pxh = 04-0*65); this suggests the sup- 
position that the configuration of the oxime group 
could affect the acidity of geometrical isomers pres- 
ent as a mixture in the solutions of 4, 10, 13.15. As 
we find that the prevailing oxime group orientation 
is syn to the homocyclic hydrogen (see Experimen- 
tal), it would seem that the observed pKa values 
are close to those of these forms. 

EXF%RIMEhTAL 
Light petroleum refers to the fraction of b.p. 30-50”; lig- 

roin to the fraction of b.p. 89-120”. 
The m.ps (Buchi-Tottoli apparatus) are uncorrected. 

Electronic spectra were determined on a Beckman DU-2 
and NMR spectra on a Jeol C-6OHL spectrometer; the 
chemical shifts are in ppm (7) from internal TMS. Coupl- 
ing constants (J) are in cls (I O*lO). 

5 - Hydraxy - 4 - nitrosobenzothiadiazole f3),* was ob- 
tained on nitrosation of 1” according to a previously de- 

*Nomenclature is irrespective of the structure of the 
compound. 

scribed method? Yellow-green plates from CHCI,-CCL 
(I : I), m.p. 170-4” (dec); [lit’: 170-Y (dec)]. 

4 - Hydroxy - 7 - nihoso- (4) and 4 - hydroxy - 5 - 
nitrosobentothiadiazotc (5). obtained as a mixture in the 
nitrosatior? of (2),” were separated in the following man- 
ner. The mixture (9g) was suspended, under stirring, in 
Ac,O (30 ml) and after 3 h at room temp. was filtered and 
washed with ether. The mixture obtained of the acetyl de- 
rivatives (9 g. 89%; m.p. 130-50’) was twice extracted with 
boiling CCL (400 and 208 ml). The CCL-insoluble residue 
(4a) was crvstallised twice from benzene to give the -. 
acetyl derivative of S(22) at m.p. 178” (dec). (Found: C, 
42%: W. 2.31: N. 18.78. C.H,N,O,S reouires: C. 43.05; H, _ . 
2126; ‘N: -18.83%). 2.2 (2g) was su&ended in MeOH 
(100 ml) and cone HCL (5 ml) and the mixture was heated 
under reflux for I5 min. After removal of solvent the re- 
sidue was diluted with water and the ppt collected. Crys- 
tallisation from AcOH yielded the pure 5, m.p. 208-10’ 
(dec). (Found: C. 39.70; H, 1.70: N, 23.20. C6H,N,02S re- 
quires: C, 39.77; H, 1.67; N, 23.20%). Removal of solvent 
from combined CCL extracts yielded 4.2 g of acetyl de- 
rivative of 4 (23) in 8!+-90% purity, there being IO-15% of 
22 present. Chromatography on Merck silica gel, using 
CHCI,-MeOH (100: I) as eluent, gave 23 partially 
deacetylated; after treatment with AGO, pure 23, m.p. 
145-6”, was obtained. (Found: C, 43.15; H, 2-17; N, 18.75. 
C.H>N,O,S requires: C, 43.05; H, 2.26; N. 18.83%). 

Hydrolysis of 23, by the same procedure described for 
isomer 22, followed by crystallisation from EtOH, yielded 
4, m.p. 243” (dec) [lit’ 205IO0 (dec)]. NMR spectrum in 
DMSO showed the syn (4F) and the anti (4E) isomers in a 
ratio 75 : 25. 

6 Methoxy-5-methyl- I ,tphertyienediamine (24). 4- 
amino - 2 - methyl - 5 - nitroanisoleZD (7.3 g) in MeOH 
(400 ml) containing 10% Pd-C (l,Og), hydrogenated at 
rmm temp and pressure, yielded 4 - methoxy - 5 - methyl - 
1.2 - phenylenediamine as a violet product (5.5 g, 99%). 
Crystallisation from ligroin gave white needles melting at 
107-89. (Found: C, 63.10; H, 803; N, 18.36. C.H,2N*0 re- 
quires: C, 63.13; H, 7.95; N, 18.41%). 

5 - Methoxy - 6 - methyfbenzothiadiozole (25). To a soln 
of 26 (4.6g) and triethylamine (14.6g) in anhyd benzene 
(lOOmI), was added dropwise with vigorous stirring, a 
benzene soln of SOCI, (6-2 g in 25 ml). The resulting mix- 
ture was heated under reflux for 2 h and then filtered. The 
benzene filtrate, after removal of solvent, gave the crude 
5-methoxy-&methyl benzothiadiazole (ca 3.Og) which 
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was purified by crystallisation from &rain; m.p. 110-I lo. 
(Found: C, 53.26; H, 4.51; N, 1560. GKN*OS requires: 
C, 53.32; H, 4.47; N, 15.55%). 

5 - Hydroxy - 6 - mef~ytbenzo~h~~~ole (26J. Com- 
pound 25 (2.0 g) was heated und reflux for 40 min with 
40 ml of HBr (48%). Cooling then gave the 4 - hydroxy - 6 - 
methylbenzothiadiazole (1.8 g. 72%), white needles (from 
toluene), m-p. 218-20”. (Found: C, 50.65; H, 368; N, 
16W. C,H&l,OS requires: C, 50.58; H, 3.64; N, 16.86%). 

5 - Hydroxy - 6 - methyl - 4 - nitroso benzothiudioroie 
(la). A soln of 25 (1.7 g) in O-4 N NaOH (25 ml) was 
acidified, with stirring, with 2N H&O, (10 ml). The result- 
ing finely divided suspension of hydroxy compound was 
ice cooled (2-5”) and aqueous NaNO, (0.7 g in 25 ml) was 
added over 3 h; the mixture was stirred for 7 h at P and 
then filtered to give S - hydroxy - 6 - methyl - 4 - nitroso 
benzothiadiazote (I-5a, 75%). m.o. i73* fdec) 
(from EtOH). (Fo&d:-C, 43.12; H, -2.63; N, 21-46. 
GH,N,O,S requires: C, 43.07; H, 2.58; N, 21.53%). 

Benzothiadiatole - 4,s - dione - 4 - 0 - methylmonoxime 
(6). AgNO, aq (2-4 g in 10 ml) was added to the aqueous K 
salt of 3 (2~8g in 6Oml); [the salt was obtained by treat- 
ment of a 3% EtOH suln of 3 112Oml) with 4% 
KOH-EtOH soln (20 ml)]. The dried Ag salt (3.4 gl was 
shaken with MeI (3-4 g) in dry ether (200 ml) in a stop- 
pered bottle for 48 h. The soln was filtered, the ether re- 
moved and the residue crystallised repeatedly from n- 
heptane, yielded yellow-brown needles CO,8 g, 35%), m.p. 
ISSo. (Found: C. 43.10: H. 2.63: N. 21.52. C,H,N,O,S re- 
quires: C, 43.07; H, 2$8;. N, 2i-5j%). _ 

6 - Methylbenzothiadia - 4,s - dione - 4 - 0 - 
me~hyfmonoxlme (17) and benzoihiadiatofe * 4J - dione _ 
5 - 0 - methylmonoxime (8) were obtained by the same 
procedure as described for 6. 17 crystallised from n- 
heptane, m.p. 184-S” (yield, 45%). (Found: C, 45.85; H, 
3-41; N, 20.03. CH,N,02S requires: C, 4592; H, 3.37; N, 
20-09%~, 8 crystallised from ligroin, m.p, 183X (yield, 
12%). (Found: C, 43-02; H, 2.61; N, 21.46. GH,NIOzS re- 
quires: C, 4347; H, 2.58; N, 21.53%). 

Benzothiadiazole - 4.7 - dione - 7 - 0 - methyfmonoxime 
(7). A mixture of benzothiadiazole - 4.7 - dione” (1.7 g), O- 
~thylhy~oxyla~ne hydr~~o~~ (0.83 gj in MeOH 
(lOOmI) was heated under reflux for 3 h. Removal of sol- 
vent and chromatography of residue on Merck silica gel, 
using ethyl ether-light petroleum (1:l) as eluent, gave 
benzothiadiaxole - 4.7 - dione - 4 - 0 - methylmonoxime as 
a pale yellow solid which wascrystallised from n-heptane, 
m.o. 171-6’. NMR sue&urn in DMSO showed the SW 
(% and the anti (7Ej isomers in a ratio 65 : 35. (Found: c, 
43.15; H, 2.65; N, 21.5i. C,HJN,O,S requires: C, 43-07; H, 
2.58; N, 21.53%). 

Dioximina, mono - 0 - methyl- and di - 0 - methyldiox- 
iminobenzothiadiuzois (9-1s). were obtained on heating 
under reflux during 3 h, e&molecular soins of the sUita- 
ble quin~ono~mes (3-S) and hydroxylamine (or O- 
methylhydroxyiamine) hydrochloride in MeOH, followed 
by removal of solvent. The starting quinonemonoxime, 
the obtained dioximino compound, its purification (ot” 
geometrical isomers separation), ratio of geometrical 
isomers (as determined from DMSO soln), m.p. aad 
analytical data (or relevant literature) are reported below. 

Compounds 3(5>; 9; crystallised from EtOH, 
omphi-syn (9B)lanti (9A) = 75125; m.p. 199-200”. 
(Found: C, 36~53; H, 2.13; N, 28.54. CH+Nr02S requires: 
C, 36.73; H, 2~05; N, 28*J6%), 

Compound 4; IO: crystal&d from EtOH-HI0 (I : 1); 
Syn-nnti (lOG, G’)fsyn-syn (1W) = 24176; m-p. 284”.’ 

Compound 3; 14; the crude residue (2-O g), melting at 
130-lW, was extracted 3 times with 120 ml of boiling n- 
heptane. CooIing of the n-heptane soln gave the [1.2.5l 
thiadiazolo 0.4-e] 2,1,3 - benzoxadiazole (211, m.p. 133-4”, 
identicat with an authentic sample obtained as in Ref 10. 
The heptane-iu~luble residue, crystal&d from 
EtOH-Hz0 (1: 1) gave pure 14; amphi-syn (143Yonti 
(14A) = 56/44; m.p. 158-W (Found: C, 39.76; H, Z-84; 
N, 2690. C&N,O,S requires: C, #Mt, H, 2.88; N, 
26.65%). 

Compounds 56); 13; crystallised from EtOH-H,O; anti 
~13A~~~p~-~ya ~~3B~~~ya-~yn (1X) [or amphj-unto 
(13D)] = 50/42fi (this ratio was determined on an uncrys- 
tallised product; the crystallised product gave: 
amphi-synlanti =i 55145); m.p. 192-3”. (Found: C, 39.80; 
H, 2.%; N, 26.76. C,&N.O,S requires: C, 40.00; H. 2.88: 
N, 26.65%). 

Compound 4; IS; crystallised from EtOH-H>O it : I); 
syn-syn (lSF)lsyn-antr’ (lSG)fsyn-anti (15G’) = 
49119f32; m.p. 222-3”. (Found: C, 39.81; H, 2-95; N, 26.61. 
C&N.0&3 requires: C, 40.00; H, 2-88; N, 26.65%). 

Compound 6; 11; crystallised from EtOH-Hz0 (1: 1); 
amphi-sm (1fB)fanti (IIA) =4U16& m.p. 103-125”. 
(Found: c, 42.76; H, 3-62; N, 24.88. C&N,b,S requires: 
C. 42.85: H. 3.49: N. 2499%). Chromatouraohy of the 
crbde re&d& on Merck silica iel, using etiylktger-light 
petroleum (I : 1) as eluent, proved to be a means of separa- 
tion of geometrical isomers. TLC was used to check the 
purity of each fraction and to determine R, values (pre- 
coated Merck chromatoplates silica gel Fzy and ethyl 
ether-light petroleum (1: lf, as solvent were used). Four 
isomers were separated: syn-syn isomer (110 m.p. 
87--89” was fastesi moving &n TLC appearing at 046 Ri; 
UV: (EtOW) A,, 231-3 (9550), 296-7 (159OO)nm. 
Amphi-unti isomer (1lD) appeared at O-40 R, and melted 
at 14X-2” (from cyclohexane); UV: (EtOH) A,,,- 234-5 
(9550‘1. 2?7-8 t1SMOf. 319-28 (11200~ nm. Am&v-svn 
isom& (1lB) appeared at 0.37 k, an& melted it i45-60 
(from cyclohexane); UV: (EtOH) A, 283 (155OO), 334-44 
(9550) nm. Anti isomer (1lA) was slowest moving on TLC, 
0.29 RI and melted at 138-Y (from cyclohexane); UV: 
(EtOH}A-Z6i-3(~2~},337-~~i~)nm.~eisomers 
1fC and 11D. undetectable in the NMR spectrum of crude 
mixture, were isolated from a enriched mixture obtained 
from combined fastest moving fractions. 

Compound 7; 12; the crude two components mixture 
[syn-anti (1X2, G’)lsyn-syn (12F) =i 35:651, m.p. 
182~Xi’,” was crystaIIised From &OH; the solid coliected 
by cooling, m.p. t84-T was the syn-syn isomer in about 
90% purity, and the residue obtained after removal of 
solvent from ethanolic filtrate, m.p. 120-Y, was the 
syn-anti isomer in about 70% purity. Pure syn-syn 
isomer (12E”) was obtained by two crystallisations from 
EtOH: m.p. 193”; R, O-34 (determined on precoated 
Merck chromatoplates silica gel FXu with CH&& as sol- 
vent); UV: @OH) h,. 329 (24+00) nm. Pure syn-5nti 
isomer (12G, G’) was obtained on chromatography on 
Merck silica 8el using CH&& as eluent (syn-anti isomer 
as slowest moving fraction, is abtained in about 85% pur- 
ity, m.p. 13069) followed by two crystallisation from cyc- 
lohexane m.p. 141”; & O-26 ~deter~ned as above); UV: 
lEtOK) &WX 330 (28200) nm. 

5 - Acetamido - 4 - Hydroxybenzothiadiazole (18). 
Compound 5 (0.9~) was hydrogenated at room temp and 
pressure in 1% dioxan soln over 100% by weight of 10% 
Pd-C to yield 5 - amino - 4 - hydroxy - benzothiadiazole 
which was not isolated. Treatment of dioxan soln with 
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Table 5. Determination of ionisation constant of 4,5 - dioximinoben- 
zothiadiazole (9) 

Spectrophotometric 
det. 

Potentiometric det. 

PH pKa 

titrant 
0.05 M 

ml PH pKa” pKaC” 

5.97 6-69 0.0 4.58 - - 
6.18 6.74 0.5 5.76 6.71 6.53 
6.36 6.82 I,0 6.13 6.73 6.53 
6.57 6.81 1.s 6.41 6.78 6.53 
6.76 6.94 2.0 6.67 6.85 6.55 
6.97 7.04 2.5 6.93 6.93 6.53 
7.16 7.12 3.0 7.29 7.11 6.52 
7.53 7.35 3.5 7-85 748 - 
7.70 7-48 4.0 8.48 7.87 8.78 
8W 7.71 4.5 9.19 8.24 8.88 
8.25 7.84 5.0 10~08 - - 
8.43 7.96 
8.81 8.23 
9.20 8.35 

a pKa calculated, by use of the Henderson equation ( pKa = pH - 
logsalt 

> 

\ 

log acid 
on O*OO5 M solution. 

‘oKa calculated on a mixture 0.0035 M of the nmphi-syn form 
and O@OlS M of the anti. 

Ac,O (2 ml) at room temp. overnight, followed by removal 
of solvent gave the crude 18 which was crystallised from 
toluene, m.p. 208-10’. (Found: C, WOO: H, 3,31: N, 19.91. 
CaH,N,02S requires: C. 45-42; H, 3-37; N, 20X@%). 

4 - Acetamido - 5 - hydroxybenzothiadiarole (19) and 7 - 
acetamido - 4 - hydroxy - benzothiadiatole (20) were ob- 
tained by the same procedure described under IS. Com- 
pound 19 crystallised from ligroin m.p. 153-4”. (Found: C, 
45.86; H, 3.42; N, 19.93. CaH,N,02S requires: C, 45-92; H, 
3.37; N, 20@%). Compound 2Ocrystallised from toluene; 
m.p. 205-R (lit’ 200-2’). 

Dissociation constants were measured spec- 
trophotometrically as described previously.* 

Solns were 4x 10 ‘M in quinonemonoxime (3-S). 
3 x IO-’ h4 in 4,7-dioximino derivative, 7 x IO-” M in 4.5- 
dioximino derivative and were made up in buffer and salt 
at suitable pH at constant total I = 0.05 M. 

Buffer used were: potassium dihydrogen phosphate- 
disodium hydrogen phosphate for the pH range 5.5-8, bo- 
rate buffers for g-10.2 and phosphate buffers for 
10.5-I 1.5. 

Optical density measurements, at A,., for the approp- 
riate anion, were made on a Beckman DU-2 spectrometer 
with a thermostated cell comparfment. Measurements of 
pH were made on a Radiometer PHM26 pH-meter with a 
thermostared cell assembly. In all experiments the temp- 

*Owing to cyclisation of 4-oxime and 5 - 0 - methylox- 
ime groups to furazane. 

?4,5-Dioxime is stable to alkali and acids; preparative 
conditions corresponding to those used in spec- 
trophotometric or potentiometric determination of pKu, 
did not give cyclized compound, i.e., [ 1.2.51 thiadiazolo 
[3.4-e] 2,1,3 - benzoxadiazole (21). 

erature was controlled to 25” * 0.2. 
The optical density of 14 solns varied on standing* (the 

change occurring quite rapidly above pH 8) and measure- 
ments were made on solns prepared freshly, mixing the 
stock so111 of 14 with the suitable buffer soln immediately 
before use. The obtained dissociation constant is less pre- 
cise (+O@) than those reported for other derivatives, 
which did not show the instability noted in 14. 

For the determination of pK, and pK* in 4,7- 
dioximinobenzothiadiazole (lo), the spectrophotometric 
method modified for two ionisation constants which cause 
mutual interference was followed. This method, described 
by Albert and Serjant,” involves a series of successive 
approximations until constant pK, and pK, are obtained, 
and measurements at two wavelengths. For 4,7- 
dioximinobenzothiadiazole, data at one wavelength only 
(362 nm) were used and only one series of corrected val- 
ues of optical density was calculated for obtaining con- 
stant results for pK, and pK,. 

4.5-Dioximinobenzothiadiazole (9): pKa values (by 
spectrophotometry) showed an upward trend as the pH of 
the soln increased. Upon titrating with 0.05 M alkali an 
aqueous soln (04!45 M) of 4,5-dioxime, the same trend 
was observed as the titration progressed, and only one 
mol of alkali was required for neutralisation (Table 5). As 
the cause of the upward trend, could not be attributed to 
either the decomposition or a chemical irreversible trans- 
formation of 4,5-dioxime,t the presence of two isomers 
with significantly different ionisation constants, appeared 
the more reasonable hypothesis. 

Considering a ratio amphi-synlanri, in water, similar to 
that in organic solvents (about 70/30), the calculated pKa 
for the amphi-syn form was 6.53-tO.02; this led to an 
approximate value of the pKa of the anti isomer of 8.8 
(Table 5). 
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