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FJUSED 1,2,5-THIADIAZOLES AND SELENADIAZOLES

Wanda $liwa’ and Antoni Thomas
Department of Organic Chemistry
Pedagogical University, 42-201 Czestochowa, POLAND

Abgtract -~ Syntheses of aromatic and azaaromatic fused 1,2,5-thia- and
selenadiazoles are described as well as the examples of their chemical

reactivity are given,

I. INTRODUCTION

The present paper, a continuation of our review1, is dealing with heterocycles
containing thiadiazole or selenadiazole ring condensed with aromatic syétema.
These compounds are interesting for their bioclogical activity; they are used as
36, herbicides’® 9,10,

drugs or radioprotective agents

an attention ought o be pald to thia- and selenadiazoles fused with azaaromatic,

especially pyrimidine ring, these compounds being anslogs of purines and pteri-

dines11'19,

Fused thia- and selenadiazoles can be classified into two groups, according to

the incorporated aromatic or azaaromatic system,.

II. FUSED THIADIAZOLES
1 Syntheses

The parent compound of thiadiazoles condensed with aromatic ring is 2,1,3-benzo-

thiadiazole, available from o-phenylenediamine in following reaction520-26:

NaHS0, SOCL,, S,Cl,, S,Br,,

3’

@[NHZ S0, or TsNSO N
NHZ

N

7 N\

s




In an analogous marmer thiadiazoles containing azaaromatic ring /pyridine, pyri-

miding, pyrazine/ can be prepared and the appropriate o-diaminoheterocycles are
used as starting mater:[.als‘?;:

In the reaction of o-phenylenediamine with thionyl chloride, the initially formed
2-amino-N-sulfinylaniline undergoes the intramclecular cyclization to give 1 .

Rearrangemeni of 1 and the following water elimination ylelds benzothiadiazolezso

intramelecular

[:::]:NHZ §0C1, [:::]:NHZ cyclization -
NHZ in benzene NSO B

H i
ﬁ N /Jq\\s
— O~ O 5 O
t
H
R

The interaction of N-metyl-o-phenylenediamine instead of o-phenylenediamine with

thionyl. chloride gives rise to benzothiadiazolium chloride29:

_— S
NHMe No a®

t

In the transsulfinylation resction of o-phenylenediamine with TsNSO, the first
step results in Z-amino-N-suifinylaniline, which at higher temperatures ander-

goes a disproportionation to benzotiadiazole and o-phenylenediamine30.
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EiijB:NHZ TaNSO [ii:E:NHZ
S NH, NSO
NH N
e s - A
NSQ 2N NHy

When 3,3Ldiaminobenzidine was treated with sulfur dioxide in the DMF sclution,

2 did not form, and the reaction resulted only in formation of 3 . This compound

can be used as starting material in syntheses of heterocyclic steroide analogszu.

Among fused thiadiazole azaaromatics the thiadiazolopyridines should be mentio-
ned, Harts obtained the following chlore and hydroxy derivatives of thiadiazolo-

pyridines16’31:
%
A
=~ //Ni:S NZ /Jq\\
> 2

NSy NGSN

X=H, C1, OH

As the synthetie route the reactlon of suitable o-diaminopyridines with thionyl
chloride was used,

An other synthetic approach to thiadiazolopyridines, involving the pyridine ring
formation, was described by Mataka and coworkers’2, In this method, the 3,4-dia-

royl-1,2,5=thiadiazoles are treated with amines in the presence of DBU catalyst:




Ar r

0= c]:/N\ RCH,NH, R~ NN
- S
N in toluen .
0= $ N . /DEU/ 2 N N;/
Ar Ar DBU = 1,8«diazabicyclo
R = CH,OH, COOEt, CgHy  Ar = CgHg, p-Me-CgH, {5.4,0]undec-7-ene

Pused thiadiazole systems, incorporating pyrimidine ring are interesting for
their biclogical activity. These compounds are available from o-diaminopyrimi-
dines in the reaction with thionyl chloride, sulfur dioxide or N-sulfinylani-
line16’28’31.

In the preparation of chlorothiadiazolopyrimidines, as in ‘the case of their

pyridine analogs, the nuclecphilic substitution of the chlorine atom can

occur:33

I NHz
NH. CgHg~NSO NZ 2NN
T:/ l ¢ 6H5o i\. /S +
Sy NHy 90 Sy Xy ;

N
NHCgHs
NZ /N\S
li\N Sy

The use of N-sulfinylaniline in these syntheses 1s preferred over thionyl chio-
ride because of the milder reaction conditions, In this way a series of substi-
tuted thiadiazolopyrimidines wes obtained:33

N NAN X = NH,, NMe,, NHCgH;

y’k‘n \N/S Y = H, Me, SH, e
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Carrying out reactions of o~diaminopyrimidines with N-sulfinylaniline deriva-
tives, the influence of substituents on their reactivity was investigated.

If N-sulfinylaniline is substituted by electron~donating groups, the electro~
positive character of sutfur atom, and in turn, its reactivity is decreased;
therefore such Ne-sulfinylanilines can be used in the transsulfinylation reac-
tion of wvery reactive o-diaminopyridines34.

In the syntheses carried out with N-sulfinylaniline, thiadiazolopyrimidines
are formed in the disproportionation of the initiaily resulting 2-amino

NusulfinylanilinQSBB, €.t

H2 NH-
MZ N, Cghs=NS0 NF [ NH-
Me ™y < NHy Me ™ SN~ NSO
NH, NH, NH;
5 NZ | NHy NP N NH2
Me JQ“N NSO MEJ\‘N/KN/ Me'l\

There were synthesized numerous thiadiazoloheterocycles, incorporating pyrimi-
dine ring, amalogs of adenine, guanine, xanthine or theophylline, as well as
hypoxanthines and mercaptopurinesas'ss; for instance, the analog of theophylli-

ne 4 was obtained in the reaction:>?

O
Me . M
€ N/jNHZ S0cL, LN /N\
NHZ Oék \ /

ME' Me

The thio-derivates of thiadiazolopyrimidines were produced in the following

mamrier: 33




NHCHs

5

1]
Ni’NHZ CGH5-NSO HN /T‘l\ N /N\
k /'1\ KN XN /S * K‘\N /S

SN NHy
C H2C6H5 o SCHZCGHS NHCéHS
rL/ |NH2 Cells=NS m\ NZ N
= +
\N NHZ \N \N/S K\N \N/s

Among so fer not much studied thisdiazoles fused with polyoyclic systems there

ought to be mentioned the indene derivative 5 , obtained by Mataka and coworkers:37

Compounds of the type 6 were synthesizedby Tashiro and coworkers by the action of

tetrasui fur tetranitride on phenylacetylene38.

HeC ZaN H
5 Ce Cehe
] g |
N r——
\S/N Xy
5
Danylec and Davis have carried out the followlng reactionszag’ao
NHg S
Me A\S Me-S0,-NSO \']q
e
N7 \/s
Y
Me
HaN~ \ Me-S0,-NSO /5 \\|
\N/S TN AN
)
SN \N/

z




HETEROCYCILES, Vol 20, No 1, 1983

Compound 7 can also be obtained by the amination of 8, followed by reduction

and cyclization with thionyl chloride:40

I3

H,NOH / oH® N l Fe, AcOH
- \QLNHZ
XN

/S [ S0C1 2

[~

NH,

Benzotristhiadiazole has been described by Komin and Carmaok:m

N\ = I \N/
S—N
The heptacyclic system 9 can be obtalned in the followlng condensation
reza.c't:j.cm:l‘1
I
Ny NH; Ox N N
+
N NH, 077 | NP I /
\



The synthesis of thiadiazologquinelines was reported by Sharma and t.:cmvm:'lf:ers:12

= | Xy NHy SOCL, - ZN N
N N/ NHZ in benzene o \N R /5
NN S0CL, =
- P
HZN N// in benzene P\’/
NHy —

To heterccycles containing thiadiazole ring can be included alse the mesoio-

nic compound 10 prepared by Masuda and coworkers:42

Z SOCl2, 8,C1, or 06}[5-NSO @
x | H AN N
0

10

2 Chemical reactivity

The redox behaviour of benzothiadiazoles has been determined using mercury
and platinum electrode.43
The oxldation of aromatic fused thiadiazoles results in the formation of dicar-

boxylic acid, e.g.:hh

/N\S 05 or KMnO, HOOC %N\
C:E\N/ HOOC J\N/
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In the reduction of fused aromatic thiadiazoles o=diamines are formed; an ana-
logous reductive cleavage was observed in the case of thiadiazolopyridines and
-pyrimidines} the action of hydrogen sulfide however gave rise to the thio deri-
vative 11. These reactiong are useful in the structure elucidation of condensed

aromatic thiadiazoles.31’33

NH; NHj

NZ AN B _ N2y
ct e \N Raney Ni U NHZ

S

NHj fl
ZNAN HoS Hﬂl\/\/‘[:ﬁz

S S
IL\N v \N Hz
11

The interaction of 4-bromobenzothiadiazole with chlorosulfonie acid results in
sulfochloride 12, which undergoes hydrolysis to give the sulfonic acid 12&“.

N C1S0,H { H,0 &\S
T O - O
Sg,Q SO3H

12 13

——— —

The quaternization reactions of benzothiadiazoles were examined by Davis and
coworkers using dimethyl sulfate“s.

To investigate the reactivity of benzothiadiazoles their electrophilic substlh
tution was studied., As examples of this reaction, the nitration and halogenation

were performed in the benzene and naphthalene thiadiazole seriess'19'21’44’46’a7.




Positicns of the electrophilic attack are:

¢ ¢
AR \N/S IS \N/S \

1 b

N"‘"--S

—» nitration
+»+«>» halogenation

Nucleophilic substitution of the Br atom in bromobenzothiadiazoles was studied

by Shama:19’21'30
X

KOH in EtOH He AN

reflux \N /S

X
\N X
Br

CuCH in DMF Me /N>S
- T
X = H, NO, reflux N
N

‘

Thiadiazolopyridines undergo electrophilic substitution in a gimilar way as
benzothiadiazoles, The thiadiazole ring for its electron-withdrawing proper-
ties makes the electrophilic substitution of the pyridine moiety diffi-

cult50'31.

Positions of the electrophilic attack are:

-
NN N /N‘> NF g
Sy \N/S XNy R i

— nitration

—
[

- »p halogenation
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The nucleophilic substitution of halogen in halogenothiadiazolopyridines is a
useful synthetic approach to derivatives of thiadiazolopyridines19'30’33.

In the chlorothiadiazolo (3,4-b]pyridines the 6-Cl, and in the [3,4~c] 1somers
the 7~Cl atoms do not undergo nucleophilic substitution, as is summarized in

the following s.cheme3 1 ’48.

Hydrolysis
/ 5% AcOH, 2h, 100° /

{t H
L — L0 U — U0
N x~
I HO Sy Sy XNy N
¢ NN =N
ad /N\ ~#-= 1o reaction - \S ——4%#—— no reaction
R r AR /S Xy N
N N
C
Ammonolysls
/ NH,, 15h, 75° /
l NH,
CX>—LX> U — T
a SN \“‘N/S HN =N \N/S A \N/S X
{ NHZ
FNNN ZCZAN NZ AN
N ; —t— -« /g o /g — ¢ -m N0 reaction
NN N7 SN N

U

Heating of 4-chlorothiadiazolo [3,4-b]pyridine with aniline in pyridine gives rise
to amino- and anilino derivatives:>'®“




Q
c NH,
65 2
TR 1np§31dine=_ Z NN . NZ /N>
S \Wﬂ/ﬁ T 2 /S N

III, FUSED SELENADIAZOLES
Aromatic and azaaromatic selenadiazoles are not so much studied as their sulfur
analogs, Benzoselenadiazoles are formed in the reaction of o-phenylenediamines

with selenious acid or diselenium dichlorideso.

H
NH, H,Se0y N <I/N\
@NH3 @i/g # -0 \N/Sg '
® tll -H®

In a similar manner the substituted benzoselenadiazoles are obtained as
follow51’52.

Me = | NH, H,5e04 Me . AN
—er——li—
RS NHg %N)

The reaction of o=diamines with selenious acid, resulting in fused seleneidia-
zole systems can be useful as the photometric method of the selenium determi-
nationsj. ‘

When in the reaction with selenious acid, instead of o-phenylenediamine its

N-methyl derivative is used, the benzoselenadiazelium chloride is formedag.

N
Se
Sy e
1

Me
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Pedersen treated 1,2-dioximes with diselenium dichloride to obtain in the first
step N-oxides 14 and 15. The N-oxide 14 undergees thermolysis to give benzosele-

nadiazole and benzooxadiazole, vhereas in the photolysis only benzooxadiazole

Cer 0

y/ NS N

1@
A 0
QO

0
©

o mm BN oy
— T N
N

'bNOH in DMF +

is formed54’55.

An other reaction of this kind proceeds as follows:sb

= ~NOH 592{;12 /{-\]\

N “noH \Nése
1

- 0@

O-Diaminopyridines reacted with selenious acid to give selenadiazolo~

pyridines:16’31
X
ZaaZ NN N Z NN
X = H, C1, OH - /Se and - /Se.
N~ SN XN




In a similar way selenad.iazolocluinolines 16 and 17 were syl'zthesized12.

e
. \N Ve NZ | N/
16 \Se a7

The rates of guaternization of benzothiadiazoles were determined using dimethyl

sulfa te45 .
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