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A B S T RAe T 

The work herein has been divided into five sections. 

In the first section, a new method of converting N-aroyl

-hydrazines to hydrazidic halides is described. 

The second section deals with the products of reaction 

of hydrazidic halides with thioacetate ion in acetonitrile 

at room temperature. A number of new acetylthiohydrazides 

has been isolated together with corresponding hyclrazidic 

sulphides. Examination of x-ray data for bis-[~ -(2,6-

dibromophenylhydrazono) - benZYl] sulphide revealpd the 

symmetrical structure as the most probable. 

In the third section, which consists of the three 

subsections, the synthesis of the 4H-l,3,4 benzothiadiazine 

ring system has been extended to 4H-l,3,4 benzothiadiazines 

with substituents in the 5 and 6-positions. Extension of 

synthesis also involves 4H-l,3,4 benzothiadiazines with mora 

than one substituent. Nuclear magnetic resonance spectra of 

5 and 6 substituted 4H-l,3,4 benzothiadiazines have been 
,. 

recorded. The section ends with a discussion of the mass 

spectra of some 4H-l.3,4 benzothiadiazines. 

In the fourth section, which is divided into two sub-

-sections, preparation of 7-nitro substituted 4H-l,3,4 

benzothiadiazine from N-thiobenzoyl hydrazine and2,4-dinitro 



-fluorobenzene is found to be satisfactory. Thiohydrazides 

react with acetic anhydride, in some cases, to give products 

identical with acetylthiohydrazides obtained from the 

hydrazidic halides with thioacetate ion at room temperatu

re. In most of the cases thiohydrazides are found to give 

anomalous products on reaction with acetic anhydride and 

mechanisms for their formation are discussed. 

In the fifth section, which forms three subsections, 

the 4H-l,3,4 benzothiadiazine ring system with a halogen 

substituent in the 7-position undergoes electrophilic attack 

preferentially in 5-posi tion. \fuen the 5-posi tion is occupied 

by a halogen atom, electrophilic substitution occurs at the 

7-position of 4H-l,3,4 benzothiadiazine ring system. 

Substitution at the 4-nitrogen atom in 4H w l,3,4 benzo-

-thiadiazine is extremely slow, probably due to delocalisa-

-tion of the nitrogen lone pair in the system. Oxidation 

of 4H-l,3,4 benzothiadiazines occurs at the sulphur atom 

under relatively mild conditions. 
t 

The Appendix deals with the reaction of N-benzoyl-N -

-(2,5-dibromophenyl)hydrazine with p-nitrothiophenol~ The 

proposed p-nitrothiophenoxy - intermediate may undergo 

benzothiadiazine formation in a proton exchange system. 
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I N T ROD U C T ION 

I. SYNTHETIC APPROACHES TO 4H-l,3,4 BENZOTHIADIAZINES 

The 4H-l,3,4 benzothiadiazine ring system (1) is a 

recent discovery, successful synthesis being reported for the 

first time in 1967 by Barnish and Gibson. l 

(1) 

Two general methods are available for benzothiadiazine 

synthesis and are outlined schematically below. 

Br 
I 

Ar-NH-N=C-Ph 

+ 

Scheme 1 

(3) 

Ar-NH-N=C-Ph 
I 
S 
I 

Ar-NH-N=C-Ph 
(4) 



2 

Barnish and Qibson 2 reported a synthesis of benzothiadiazine 

(Scheme I) which involves the reaction of a hydrazidic halide 

(2) with potassium thioacetate in boiling acetonitrile. 

The benzothiadiazine is accompanied by small amounts of the 

corresponding hydrazidic sulphide (4). The yield of benzo-

-thiadiazine is dependent on the nature of the 2-substituent, 

the ease of displacement being in order F» Br> CI (not at all). 

The nature of the 4-substituent is also ~'1lportant since only 

hydrazidic halides containing a 4-halogen substituent ~vere 

reported to undergo benzothiadiazine formation. 

Br 0, NH-t'I=~-P~ 
Br ~ Br 

+ 

(5) 

Scheme II 

+ 

(5) 

Ar-NH-N=C-Ph 
I 
S 
I 

Ar-NH-N=C-Ph 

~heme II developed by Callaghan but not yet published 

involves the reaction of a hydrazidic halide with potassi~'1l 

thioacetate in acetonitrile at room temperature. The isolated 

acetylthiohydrazide (5) was shown to undergo facile rin~ 



3 

closure to give benzothiadiazine in refluxing acetonitrile-

-triethylamine. The identity of the 2-halogen is not as 

critical as in scheme I. Only acetylthiohydrazides contain

-ing an electron attracting substituent in the 4-position 

of the N~aryl nucleus could be made to undergo benzothia-

-diazine formation. 

In addition to the general methods there is also 

a special synthesis which yields 2-phenylazobenzothiadiazine 

(7). 

H 

Ph-N=lI-C-lIH-lIH-Ph ~1I'1l 
~ -..--+) ~s~)j=N-Ph 

(6) (7) 

Diphenylthiocarbazone (dithizone) (6) has been shown 3,4 to 

undergo a facile oxidative ring closure in refluxing acetic 

acid to give (7). 

II. PREPARATION OF HYDRAZIDIC HALIDES 

The hydrazidic unit may be defined as in (8) where 

RI , R2 , R3 and X are monovalent atoms or groups analogous to 

the imidic system (9). 

(8) 

RI -C=N-R2 
. I 

X 
(9) 
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There are two ~eneral methods for preparation of hydrazidic 

halides as schematically represented below. 

Scheme III 

, 
Ar-NH-NH 2 _A_r_C_O_C_~,~Ar_NH_NH_C_Ar' 

II 
o 

PCl 
__ -,5~>~ Ar-riH=N-C-Ar 

I 
Cl 

Scheme III involves the action of phosphorus pentachloride 

on the aroyl derivative of an aryl hydrazine. Thus H-benzoyl

-N t -phenylhydrazine yields N- cJ.. -chlorobenzy1idene-N' -phenyl

hydrazine (10).5 

Ph-C=N-NH-Ph 
I 
Cl 

(10) 

This method is useful where only the ~ -position is to 

be halogenated, and can only be employed conveniently to 

introduce chlorine at this position. Conditions are re1ati-

ve1y mild, and the aromatic nuclei remain unchan~ed, being 

determined initially by the choice of acid chloride and 

arylhydrazine. The use of phosphorus pentabromide leads 

additionally to bromination in the N-aryl ring presumably 

because of the presence of the free bromine in the reaction 

mixture. 
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Scheme IV involves the action of halogen (bromine or 

chlorine) on the aldehyde aryl-hydrazone and is normally. 

carried out at room temperature. 

Ar-NH-NH 
2 

, 
Ar CHO 

) 

Scheme IV 

Ar-NH-N=C-Ar' 
I 
H 

, 
Ar-NH-N=C-Ar 

I 
Br 

As expected the N- aryl nucleus undergoes a~rack as 
, 

well as the ~ -position. Chlorination of N-banzylidene-N -

-phenylhydrazine gives the tetrachloro - derivative (11), 

whereas bromination yields the tribromo - com,oun~ 0.2) 

under the same conditions. 6 ,7 

Cl 

Ph-T=N-NH-~ 
Cl Cl~Cl 

(11) 

Br 

Ph-r=N-llH-~ 
Br l0BI"' 

(12) 

III. GENERAL REACTIONS OF HYDRAZIDIC HALIDES 

Hydrazidic halides have been knm'l7n for over 50 years 

and recently attracted active interest. This has arisen both 

from studies of the mechanisms whereby they are formed and 

even more widely from their use in organic synthesis. Dis-

-placement reactions of the halogen atom of the hydrazidic 
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halide provide routes to a wide variety of systems. Such 

displacement processes may be divided into: 

(a) intramolecular, where the new bond at the 

methine carbon arises from another part of 

same molecule; 

(b) intermoiecular, including solvolysis and 

displacement by various nucleophiles. 

the 

Intramolecular and intermolecular displacement reactions 

represent the extreme reaction possib:i.li ties. In the majority 

of reactions, where both processes· are possible, they are 

probably in competition. These reactions lead, in many 

cases, to new chemical syste~s, and the intramolecular type 

in particular has provided routes to novel heterocyclic systems. 

Taking hydrazidic halides simply as hydra zones of acyl 

halides we have a mechanistic range such compounds can show, 

namely bimolecular displacement reactions (13) and unimolecu

-lar ionisation inVOlving acylium·ions (14).8 

(13) 

(14) 

, 
Ar-C=N-NH-Ar 

I 
X 

B 

~: 'J- , • B"'-+(r-rN-NH-Ar -> Ar-r-N=NH-Ar • 

, + t 

Ar-C=N-NH-Ar ---+ Ar-C=N-NH-Ar 
I 
X 

The formation of acylium ions under normal solvolytic 
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conditions has been a controversial sUbject9 but in the case 

of hydrazidic halides such species as (15) may be favoured 

because the ions can be stabilised by delocalisation. 

Ot:N-NH-Ar 

(15) 
+ + 

Ph-CH=N=N-Ar -- Ph-(!::;N-UH-Ar 

Hydrazidic halides possess another possible mode of reaction, 

namely the formation of 1,3 dipolar ions. The mechanism of re-
10 

action of such a species is controversial in its very essence 

and will not be discussed in detail here. 1,3 Dipolar ions can 

be produced via three mechanisms from hydrazidic halides: 

(i) via anion formation and subsequent haliqe loss (the 

equivalent of Elcb process) (16 and 17); 

(ii) anion formation and halide loss can be concurrent 

(equivalent to an E2 process); 

(iii) halide loss may precede proton loss (equivalent to 

El process), carbonium ion formation occurring prior 

to dipolar ion formation (18). 

(16) Ar-C=N-NH-Art + Et3N -;= Ar-C=H-N-Art 
I 

X X 
X - +_ 

(17) Ar-C=N-N-Ar' ---- Ar-C=N-N-Ar' 

(18 ) 

I 
X 

Ar-C=N-NH-Ar' 
+ 

Ar-C=N-N-Ar' 
+ 



-

·8 

A significant feature common to certain classes of hydrazidic 

halides is the possibility of internal nucleophilic attack 

yielding cyclic products such as (19). 

(19) 

o -. 
I 

Ar-C=N-NH-B ---... Ar-C = N ~ Ar-C = N *. \ 'Nfl I I 
'-.-B" B-NH 

(a) I n t ram ole c u 1 a r 

(i) neighbouring nitro group 

When a nitro group is present in the ortho position 

of the N-ary1 moiety as in N- oC -bromobenzy1idene-N'':'(2 nitro

-4-bromopheny1)hydrazine (20), treatment of the halide with 

triethylamine in benzene results in an interesting rear~ange-

-ment, involving oxygen transfer to the methine carbon, 

yielding the product (21).11 

Br . ONH-N=C-Ph ON-~~C-Ph ON~N I . ---.... 1+ . - I +-'\C-Ph --+-
B ~ NO B ~ N-O- Br~ N'=':O' 

•• . II 

2 0 0 
(20) 

0= ~ O· N~+9. O=N::::::::' ~ N=N-c-Ph I N -C-Ph I N 
I --""Br ~ tI/ --. Br ~ rj / 

Br ~ N=O 0 OCOPh 
- (21) 

(ii) neighbouring acyl 

A general cyclisation reaction occurs with hydrazidic 
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halides containing various suitable N-substituents. Thus for 

example when Z is iln oxygen ato'1l this reaction affords a 

facile route to substituted oxadiazoles (22). 

x 
I N-N 

Ar-C=N-NH 
I 

Z=C-y 

----~ II II 
Ar-C C-Y ..... Z ....... 

(22) 

The carbethoxy hydrazidic halides (23) yield the oxadiazole 

(24).12 Cl , 
Ar-C=N-NH 

r 
O=C-OEt 

/,N-N 
Ar-C/ II , 

O-C-OEt 

(24) 

VJhen the parent unmethylated semicarbazones(25) are treated 

with bromine in acetic a.cid containing sodiu'1l acetate the 

oxadiazoles (26) are obta~ned in 90% yield without isolation 

f . . .. . 13 o the proposed hydraz~d~c brom~de ~ntermed~ates. 

o 
II· 

Ar-CH=N-NH-C-NH2 

(25) 

/~-N ~ 
Ar-C " , 

0- C-NH2 

(26) 

....::N-NH 
Ar-C/ I 

'\.m-I-C=O 

(27) 

This reaction is of considerable importance since the amino-

site may also cyclise to the 1,2,4 triazole (27). The latter 

reaction in fact occurs in some cases depending apparently on 
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the exclusion of base from the system. Further studies of 

this system will serve to establish the principle governing 

oxygen versus nitrogen cyclisation when both are possible in 

a competitive situation. 

(iii) neighbouring heterorings 

In many examples of the general cyclisation reaction 

(22) the atoms Z and Yare part of a heterocyclic ring. The 

product in such a cases may be novel fused ring systems. The 

methyl tetrazolyl hydrazidic bromide (28) yields novel tria

-zolotetrazoles (30).14,15 

R 
'l',r-l',T 

/' d 

Ar-C=N-NH-C, II 
I "':'J-N 
Br (28) 

'\~ 
'\ ~N-N 

Ar-C/ II 
'-N- C-N . 3 

H 

(30) (29) 

Without the stabilising influence of the methyl substituent 

an interesting tetrazole ring cleavage reaction occurs 
16 

yielding the azides (29). In these reactions, studied in 

aqueous solvents and in iJ,lacial acetic acid containing sodium 

acetate, a careful product balance has shown the presence of 

small quantities of intermolecular displacement products, 

derived by attack of water and acetate ion respectively, thus 

indica ting a competition bebveen external nucleophiles and 
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internal nucleophilic sites on the same molecule for the 

electrophilic center. When solvolysis is carried out in 

aniline the intermolecular reaction is predominant and no 

cyclisation is observed. This reaction may proceed via a 

carbonium ion or a nitrilimine intermediate. If the latter 

is the case. it represents an instance where the agent which 

generates the intermediate ultimately consumes it. Another 

exa~ple of such a reaction is the reaction of hydrazidic 

. . h 'd' 17 halldes Wlt pyrl lne to yield the triazoline (31). 

Cl 
I 

R-C=N-NH-Ph 
o CJ u I... + I .... 

N ,- N I , 
_ R-C=i~-N-Ph ;100> N f~-Ph 

I , 
, R-C ==N 

(31) 

With pyridyl and quinazolinyl hydrazones the formation 

of triazolopyridine (32) and triazoloquinazoline (33) has 

18 
been reported. 

PhrN\. 
"N dli 

~ h 

(32) (33) 

(b) I n t e r mol e cuI a r 

(i) solvolysis 
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Direct hydrolysis of hydrazidic halides affords a 

method of converting hydrazones into corresponding hydrazi-

des (34). This reaction is a general one when R=H and occurs 

with various aryl sUbstituents including substituted phenyl 

groups 19 and heterocyclic rings. 20 

, 
Ar-C=N-NR-Ar 

I 
Br 

H 0 ' 2 JIo Ar-C-NH-NR-Ar 
II 
o 

In the latter instances ring fOrTIation may co~pete with 

hydrolysis, as mentioned earlier. The hydrazides have also 

been obtained by treating the halide with sodiu~ hydrogen 

carbonate in dimethylformamide and with sodium hydrogen 

phthalate in acetonitrile. 21 A similar reaction occurs with 

N-methyl hydrazidic halides recently isolated for the first 

time 22 and yields the products (34) R=:1e. This last reaction 

has important mechanistic significance since a 1,3 dipolar 

ion cannot be formed in this case. 

(ii) nitrogen nucleophil~s 

In the presence of added nucleophiles halide replace-

ment by the nucleophile occurs yielding a wide variety of 

compounds. Amines includin~ a~monia yield hydrazidines. 

Trea tment with nitrous acid of the hydrazidines obtained "Jhen 

hydrazine is the nucleophile, results in the formation of 

cyclic products and not expected azides. The nature of these 

cyclic materials has not been unequivocally established and 
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both tetrazole and pentazine type structures have been 

suggested. However hydrazidic azides are obtained when azide 

ion itself is used as nucleophile. 23 

An interesting comparison of the relative reacti-

-vities of hydrazidic halides and acyl halides is seen from 
24-

the following example studied by Lozinski and co-workers. 

Cl 
I NaNH2 

Ar-NH-N=C-C-Cl p 

II 

1 "aSCN ; , 

Ar-NH-N=C-C-NCS 
I 
Cl 

Cl 
I 

Ar-NH-;{= C-C-NH2 
II . 
o 

o 
II 

Ar-NH-N=C-C-N3 
I 
Cl 

The acyl halide moiety proved to be more reactive. Halide 

displacement by cyanate ion was used by Sharp and Hamilton25 

to prepare a series of substituted triazoles. 

KCNO .. 

The first isolation of alkyl hydrazidic bromides has 

26 recently been reported • Those materials displayed reactions 

similar to their aryl analogues and yielded the expected 

displacement products. 

Further novel classes of hydrazidic halides which have 
27 

recently been prepared are the dibromides (35) and the 

aminohydrazidic bromides (36), the latter being obtained by 
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a controlled replacement of one halogen atom in the former. 

Ar-CH=N-N=C-Br 
I 
Br 

2R2~'~ Ar-CH=N-N:C-NR2 + R2~m-HBr 
I 
Br 

(35) (36) 

These materials display the normal intermolecular halide 

replacement reactions which lead to wide variety of new 

products. A nitrilimine intermediate is again not possible 

for these reactions and evidence for a carbonium ion has 

been reported. 28 

IV. CONVERSION OF HYDRAZIDIC HALIDES INTO THIOHYDRAZIDES 

Until recently, the reactions of hydrazidic halides 

with thioacetate ion has received no attention. The field 

was opened up by Barnish and Gibsonl in 1967 and developed 

by Callaghan and Gibson 29 who used potassium thioacetate in 

acetonitrile at room temperature. Thus H- ol.-bromobenzylide-
, 

ne-N -(2,4 dibromophenyl)hydrazine (2) yielded (5) and 

hydrazidic sulphide (4). 

Br B Ac 
. r I ONH-N:C-Ph O;·r-NH-C-Ph 

B I Br --- I· II 
r ~ Br :::--... S 

(2) (5 ) 

+ 
Ar-NH-N=C-Ph 

I 
S 
I 

Ar-NH-N=C-Ph 

(4) 
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These workers assigned the structure of the major product 

of the reaction of (2) and two equivalents of potassium 

thioacetate at room temperature as (5) on the basis of 

spectroscopic evidence. 

. Ar-NH=N-C-Ph 
I 
Br 

(37) 

Ac 
I 

Ar-N-NH-C-Ph 
II 
S 

(5) 

A hydrazidic thioacetate (37) formed by displace~ent of the 

~-halogen atom by the more nucleophilic centre of the 

ambident thioacetate ion, was envisaged aR the pri-nary 

product, with likelihood of rearrangement to the N-acetylthio-
31 

hydrazide (5). A recent report has produced the first 

chemical evidence to suggest that Callaghan and Gibson had 

indeed assigned the correct structure to (5). N-Thiobenzoyl-
I , 

-N -methyl-N -phenylhydrazine (38) was chosen siuce the 

nitrogen atom is blocked so that acetyl transfer could not 

take place. The reaction of (38) with acetic anhydride in tri

-ethylamine produced a yellow gummy product. The addition of 

Me 
I 

Ph-C-NH-N-Ph 
II 
S 

(38) 

1-!e 
I 

Ph-C=N-N-Ph 

(
''-..J 
S H 
r r--( 

O=C' OEt 
I 

Me 

(39) 

ethanol i.mmediately produced a reaction, and the thiohydrazi-
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-de (38) was recovered in a manner presumed to involve 

species such as (39). The prevention of intramolecular 

acetyl transfer had produced a compound which vias open to 

facile deacetylati6n by external nucleophiles. 

The appearance of the hydrazidic sulphide (4) was of 

some interest since the potassiu~ thioacetate used did not 

contain, sulphide ion. The intermediate (37) ~>Jas -thought to 

be deacetylated either by excess thioacetate ion or by 

water followed by further reaction of the thiolic anion (40) 

with unused hydrazidic bromide to form hydrazidic sulphide. 

Ar-NH-N=C-Ph 
CH3COs8 

Ar-NH-N=C-Ph 
I 

~) Br • 
J 

(2) ~C- CH 3 
CH3COS- " 0 

. I 
Ar-NH-N=C-Ph [Ar_NH_N:rh] I (2) 

S ... 
I 

Ar-NH-N;;C-Ph 
(40) 

The occurrence of the hydrazidic sulphide in the reaction of 

(2) with thioacetate ion had previously been notedl ,2 and 

was thought to be formed in a manner akin to that outlined 

above. 
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v. THE 4H-1,3,4 BENZOTHIADIAZINES 

In their attempts to convert hydrazidic halides into 

thiohydrazides, Barnish and Gibson examined the reaction of 

(2) with thioacetate ion. A hydrazidic thioacetate (37) 

formed by displacement of the halogen atom by the more 

nucleophilic centre of the ambident thioacetate ion ,·Tas 

envisaged as the primary product. Partial or complete re

-arrangement to the N-acetylthiohydrazide (5) was thought to 

be the most likely ~ubsequent reaction. However none of the 

compound (5) was isolated in this series of reactions at 

room temperature in dry acetonitrile, nor in the same solvent 

at reflux temperatures. The reaction at room temperature 

gave the hydrazidic sulphide as the only isolable product. 

In boiling acetonitrile the yield of hydrazidic sulphide 

dropped to 16% and a second product 14% was isolated which 

T~las eventually formulated as 4-acetyl-7-bromo-2-phenyl-4H

-1,3,4 benzothiadiazine (44).After performing the necessary 

control experL-nents the authors provided a mechanism for the 

formation of (44) involving displacement of the transiently 

activated 2-bromine atom in the protonated species (1.4-2). 

(Scheme V). Thus the move to,'lards completion of the S~ N 

acetyl transfer is accompanied by addition of the incipiently 



Ac 
• 

(41) 

18 

Scheme V 

(tI~ _"' __ _ 
p~S~Br 

(44 ) 

(1.J.2) 

(43) 
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negative sulphur to the 2- position of the halogenated 

benzene ring in a synchronous process leading to (43). 

However they could not dismiss the alternative mechanism 

which allows completion of the acetyl transfer and addition 

of the negative sulphur to the 2- position as two discrete 

processes. It was noted that the yield of benzothiadiazine 

was dependent on the nature of the 2-substituent, the ease 

of displacement being in order F > Br > CI (not at all). 

The nature of the 4-substituent also appeard to be important. 

In all the cases examined only hydrazidic halides containing 

a 4-lialogen substituent could be made to undergo benzo

-thiadiazine· formation. From this evidence it was 

tenatatively suggested31 that the 4-substituent had to be 

capable of increasing the'nuc1eophilicity of the nitrogen 

atom by electron release for the formation of (42), and then 

be ~:>3.'pable of augmenting the electron deficiency of the 2-

-carbon atom by an inductive effect to allow the formation 

of (43) and subsequently the final product (44). The 

observation that no benzothiadiazine formation was observed 

with a 4-mcthyl, a 4-hydrogen or a 4-carbethoxy could be 

well explained along these lines, (provided that addition of 

thioacetate ion to carbethoxy was assu~ed). Callaghan and 

Gibson recently reported that the ease of displacement of 

the 2- substituent had been extended to F > I ) Br ') Cl 

(not at· all) where the 4-position was occupied by bromine. 

The sa~e workers investigated the reactions of acetvlthio-
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hydrazides of general structure (45) in proton exchange 

system. 

Ac 

. 0~-NH-~-Ph 
Y~X S 

X=F,CI,Br,J 

(45) 

They envisaged the possible formation of the zuitterionic 

intermediate (46), albeit in low concentration ~.7ith 

subsequent benzothiadiazine formation in favourahle cases. 

In fact (46) was directly analogous to the specip.s considerd 

by Barnish and Gibson to result from complete tran~fer of the 

EtOH ,. 
(45) oc; 

NEta 

(46) 

acetyl group in (42) prior to the attack by the negative 

sulphur at the 2-position of the N-aryl nucl~u~. They found 

that the identity of the 2-halogen was not ~o critical as in 

reactions of the corresponding hydrazidic halides with 

thioacetate ion in boiling acetonitrile. However, chlorine 

was still ~~ovable and no benzothiadiazine was observed 

with hydrogen in the 4-position except for the single case 

of (45) where X=F and Y=H. In refluxing ethanol-triethyl-
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-amine the ring closure appeared to be extremely facile in 

most cases and yields of 80% were common. It was shown 

that the acetyl group was necessary for ring closure to 

occur. Thus there remained the possibility that the benzo-

-thiadiazine formation observed by Barnish and Gibson in 

the reactions of hydrazidic halides with thioacetate ion 

was not synchronous as represented by (42) but rather in-

-volved a step-wise process leading to the formation of . 

such; intermediates as (46). The presence of small ~~ounts 

of thioacetate ion dissolved in acetonitrile could consti-

tute a weak proton exchange system and as such lead to 

ring closure. 

Benzothiadiazines prepared by Barnish and Gibson 

are apparently the first authentic examples of this ring 
. • 32 system. In 1894 Harr~es and Loewenste~n reported the 

preparation of the parent benzothiadiazine (48) by heating 

(47) (48) 

I-phenylthiosemicarbazide (47) with concentrated hydro

-chloric acid. They added that (48) had in fact been prepa-

-red earlier by Fisher and Besthorn33 without being recogni-

34 -zed. However Hugershoff latter showed that these compounds 

I 
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were benzothiazole derivatives, probably fm.'Hl0d in a 

manner akin to the Fisher-indole mechanism. In a recent 

. 35 S 1 h h t IP 1 ~ 4 b reVlew tacya so reports t at tie paren 111- '0. en-

zothiadiazine had been synthesised earlier by Tisher and 

Besthorn • UnfortunatelY the author of the review has 

overlooked the fact that previously claL~ed benzothiadia-

-zines were una~bigously identified as benzothiazole deri-

-vatives. The same review also reports the reaction of 

phenyl isothiocyanate with o-nitrophenylhydrazine (49) 

follm-led by trabnent ~vi th tin and hydrochloric acid to 

afford (50). In the original paper36 there is obvious 

ONHNH2 

I PhNCS 
~ NO ... 

2 

(49) 

ONHNHCSNHPh 

I ,. 
:::::--.... Sn-HCI 

N0 2 

H 
I 
N 

CXo)NH-Ph 
u 

(50) 

confusion, since in the discussion section, (50) is called 

a benzothiadiazine derivative, while in the experimental 

section it is referred to as a substituted tetrahyd~otriazine 

37 
In a latter paper the cuthors admit that an inexplicable 

confusion of compounds must have occurred, and that (50) 

is in fact the mercaptotriazine (51). 

(51) 
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The only other example of the 4H-l, 3,4 benzothi.3.diazine 

system which could be located in the literature prior to 

1967 was that concerning (52) which was said to be pre

pared by heating an intimate mixture of N-benzoyl-N'-phenyl 

hydrazine with sulphur at 190-2000 for 24 hours. Compound 

was reported38 to melt at 1090 and to give correct analytical 

0 1 "-NH-NH-Ph+S 

::::..... 0 (53) 

(XNX) 
I ~ Ii 

~ S 

figures. Repetition of this work by Barnish and Gibson gave 

solid which melted at 112-1140 and which did not show an 

N-H band in its infrared spectrum. Lack of N-H group was 

confirmed by the p.m.r. spectrum which showed only a 

multiplet at 7.12-8.15 (aromatic protons). Furthermore the 

microanalysis figures did not correspond to those reported, 

especially the nitrogen figure which was only approximately 

half of value required for (52). The compound obtained was 

identified (i.r., p.m.r., m.p. and mixed m.p.) as 2-phenyl-

thiazole (53). 
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The same conclusion about the nature of the product 

from the reaction of N-benzoy1-N"-pheny1 hydrazine with 

sulphur was independently reached by Corsi 39. 

With the exception of the recently characterised 2-

-phenylazo-4-H-l,3,4- benzothiadiazine (section I) earlier 

reported examples of this ring system have not been authenti

cated. 

The work presented in this thesis is mainly concerned 

with the 4-H-l,3,4- benzothiadiazine ring system. 

Two general synthetic schemes exist for the prepara

tion of 4H-l,3,4- benzothiadiazines together with a special 

one giving 2-pheny1azo-4-H-l,3,4- benzothiadiazine. 

The two synthetic methods, as applied so far, had to 

7-substituted 4-H-1,3,4- benzothiadiazines, the substituent 

being electron attracting. 

During the course of this research attention was 

especially focussed on: 

i. extending the existing methods to synthesising 4-H

-1,3,4- benzothiadiazines with the substituent in another 

position or to cases with mere than one substituent; 

ii. establish:i.ng methods of :tdenti.fying 4H - 1,3,lJ 

benzothiadiazines spectroscopicallv; 

iii. exploring the chemistry previously unexamined 
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of the 4H-l,3,4 benzothiadiazines. The only reactions done 

so far were hydrolysis of N-acetyl-benzothiadiazines and 

acetylation of the corresponding N-H compounds. 
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DIS C U S S ION 

1. CONVERSION OF HYDRAZINE DERIVATIVES INTO HYDRAZIDIC HALIDES 

Hydrazidic halides may be regarded as precursors 

of the 4H-l,3,4 benzothiadiazine ring system. The applica

bility of either synthetic scheme I or II is largely depen-

-dent upon the availability of the appropriately substituted 

hydrazidic halides. 

For the purposes of the present Hork, it tvas nece-

ssary to prepare hydrazidic halides with one halogen ato!Yl 

at position 2 and one or two others in the N-aryl nucleus 

(54) • 07 NH-N=C-Ph 

:x I ~ 
'~ X 

(54) 

The general procedure involved the conversion of 

the suitably substituted aniline to its hydrazine derivative 

by ciazotization and reduction of the diazonium salt with 

stannous chloride. An excess of reducing agent was used and 

the reaction temperature kept in range _15° to _5°. Using 

this method the halogenated anilines were converted to the 

corresponding hydrazines in very good yield. The formation 
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of benzoyl derivatives required for the final stage of 

scheme III vJas carried out using the method successfully 

applied by Callaghan40 • The general method requires that 

half of the hydrazine be used as an acid acceptor for 

hydrogen chloride, the latter being formed ~-Jhere henzovl 

chloride was the benzoylating agent. 

PhCOCl) Ar-NH-NH-C-Ph 
" o 

+ 
+ 

Ar-NH-N~ Cl 

Recovery of the hydrazine for re-use involved unnecessary 

loss of material and time. To overco~e the problem the 

2Ar-NH-NH2 
PhCOCl/Et 3N 

~ 2Ar-NH-NH-C-Ph 
II 

+ 
o 

stronger base triethylamine was introduced which would 

preferentially absorb the hydrogen chloride. 

The method of converting benzoyl derivatives to the 

hydrazidic halides, by refluxing with phosphorus nenta-

-chloride \'las found to be unsatisfactory ~'7hen applied to 

the present series of compounds, the starting material 

being recovered in each case. A sinilar situation was found 

by Barnish 31 when attempting to prepare :{- of. -chlorobenzyli

-dene-N'-(2,6' dibromophenyl)hydrazine from the corresponding 

benzoylhydrazide. The lack of reactivity in these cases 

may be due to the low solubility of the corresponding 

benzoyl derivatives in ether. In the present work, the 
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conversion of benzoyl derivatives to hydrazidic chlorides 

was successfully achieved with phosphorus oxychloride. The 

advantage of this particular reagent is that most of the 

benzoyl derivatives are highly soluble even at room tempe-

rature, thus facilitating the reaction. All listed hydrazidic 

chlorides have been prepared for the first time. The series 

of compounds prepared in this manner are listed in Table I 

together with melting points and yields. 

Table I 

SUB S TIT U E N T Hydrazidic 

2 I.J. 5 6 Chloride 

Cl Br Br 98-99 0 ; 89% 

Cl Br Br 65 0 ; 91% 

Cl Br Br Br 108-109°; 88% 

Cl Br 0 
122-123 ; g 3 96 ~.: 

A number of hydrazidic halides were also prepared by the 

bromination of benzaldehyde arylhydrazones at room tempera-

ture (scheme IV). The method was found satisfactory although 

some difficulties were encountered in purification of the 

~': v'T. Lee, Personal cOITununica tion 
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hydrazidic bromides obtained. Bromination of the aryl hydra-

zones at room temperature generally requires an excess of 

halogen to effect complete 2,~ -disubstitution, particularly 

when the 4-substituent is strongly electron-withdrawing. The 

bromination of N-benzylidene-N'-(p-nitrophenyl) hydrazine re

quired temperatures of about 1000 to bring about total 2, 

~ -dibromination~O 

2. THE REACTION OF HYDRAZIDIC HALIDES vIITH THIOACETATE ION 

Treatment of hydrazidic halides with potassium 

thioacetate in acetonitrile at room temperature gave 

acetylthiohydrazide (5) as major product, the latter usu

ally being accompanied by small amounts of hydrazidic sul-

Ar-NH-N=C-Ph 
I 
X RT 

Ac 
I 

Ar-N-NH-C-Ph + 
II 
S 

.( 5) 

Ar-NH-N=C-Ph 

S 
I 

Ar-NH-N=C-Ph 

-phide (4). The structures of both products had been assigned 

on the basis of spectroscopic evidence (p.m.r. and i.r.), 
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although microanalysis figures for acetylthiohydrazides were 

constantly discrepant. Chemical evidence has recently been 

produced (section IV) showing that Callaghan and Gibson 

indeed assigned the correct structure to (5). Products (4) 

and (5) 

----...... Ar-NH-N=C-Ph 
I 

S 
I 
C=O 
I 
CH 3 

(37) 

s- N transfer 

Ac 
I 

Ar-N-NH-C-Ph 
U 
S 

(5) 

[Ar-NH-N=rh] 

Ie 2) 

Ar-NH-!r-C-Ph 
I 
S 
I 

Ar-NH-N-C-Ph 

(40) 
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are considered to arise through a common intermediate (37). 

Acetylthiohydrazide (5) is considered to result fro'1l S-N 

acetyl transfer in (37) ana.logous to the 0 -+ N acetyl 

. . 41 42 
transfer in hydrazldlc acetates. ' 

Hydrazidic sulphide (4) is assumed to result fro~ 

deacetylation of intermediate (37), 'follm'led by further 

reaction with (2). 

The follot-ling experiment was performed in order to 

test the formation of hydrazidic sulphide. N-oC, -Bror:lobenzy-

lidene-N'-(2,4-dibromophenyl) hydrazine (5) and triethylamine 

were boiled under reflux for 2 hours. Thin layer chro'1latogra-

phy using chloroform as eluent revealed that no hyd1:"azidic 

sulphide (4) was present in the reaction '1lixture under the 

conditions employed. Since intermediate (37) cannot be formed 

in this experiment, and the reverse N -- S acetyl transfer is 

not likely to occur, the thiolic anion (40) is considered not 

to be generated and consequently hydrazidic sulphide forma

tion seems to be prohibited. On the other hand, if the ace-

tyl thiohydrazide had unrearranged structure (37), vlhich app-

arently is not the case, it would be open to facile de-

acetylation by external nucleophiles generating thiolic 

anion which in turn would react with hydrazidic halide 

present in the reaction mixture and form hydrazidic sulphide. 

The reactions of hydrazidic halides ''lith thioacetate 

ion involve compounds which are not very soluble in cold 
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acetonitrile and and even marginal change in concentration 

of deacetylating agent, in this case water, is likely to 

affect the production of hydrazidic sulphide. From the 

Table XII presented in experimental it is not clear why the 

lowest yield of hydrazidic sulphide was obtained when the 

reaction vlas run with acetonitrile containing 10% of water. 

Infrared spectroscopic examination of the position of 

the N-H band in spectra of hydrazidic sulphides done by 

Callaghan strongly supported the s~metrical structure 

proposed by Barnish and Gibson. The observation tI1<::tt when 

Ar=Ph in (4) the colour has changed from pale "Vl:-ti te to 

bright yellow suggested the possibility of an a;.1.ernative 

structure in which grouping Ph-CS-NH-N- would ':lppear~O 

Such a structure is shown in (55) and woulj presumably 

Ar-NH-N=C-Ph .. I 
\ Ph S 
~Cl 

" N-NH-Ar 

Ar-N-NH-C-Ph 
I II 

l,c, 
N Ph 
I 
NH-Ar 

(55) 

arise by S -+ N hydrazidyl migration analogous to acetyl 

migration in acetylthiohydrazide formation. Such migration 

would have to overcome considerable steric interaction with 

seems unlikely but not impossible. 

From the whole series of prepared hydrazidic sulphides, 

the only orie that could be made to crystallise in a form 

, 
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required for x-ray examination Has bis- [ol.. - (2, 6-dibrollo

PhenYlhYdrazono)-benzYl] sulphide (56). 

Br 0, NH-N=C-Ph 

~ Br I 
S (56) 

Br I 01 NH-N=C-Ph 

~ Br 

The x-ray examination data for that particular hydrazidic 

sulphide confirmed the proposed symetrical structure, as 

represented in (56). 

In order to proceed further to benzothiadiazines, 

following (Scheme II) it was necessary to prepare a nUllber 

of acetylthiohydrazides. The reaction of hydrazidic halides 

with thioacetate ion has been extended to the Hhole series 

of halogenated hydrazidie halides. The acetylthiohydrazides 

and corresponding hydrazidic sulphides were isolated, some 

for the first time, and in nost cases the microanalysis 

figures were correct. As mentioned earlier Callaghan was net 

able to obtain acetylthiohydrazides analytically pure. In 

this work the applied method of separation for acetylthio-. 

hydrazides and hydrazidic sulphides was efficient and in 

most cases they were obtained analytically pure. 
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The results of the thioacetate T'eaction with various 

hydrazidic halides at roo~ temperature are depicted in 

Table II together with yields of isolated acetylthiohydrazides 

and corresponding hydrazidic sulphides. 

Table II 

ACETYLTHIO- HYDRAZIDIC 
S U B S T I T U E N T HYDRAZIDE SULPHIDE 

d... 2 4 5 6 

Cl Br Br 60% 
I 

1; , :: 90 

t-
el Br Br 62% I 12 9c 

Cl Br Br Br 65% 11% 

Br Br N0 2 77% 10% 

Br Br Br 90% 9% 

Br Br F 72% 10% 

The crude acetylthiohydrazides obtained were often of a 

sufficiently high degree of purity as to require no further 

crystallisation. 

In the present series of hydrazidic halides all 
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reacted smoothly with sodium thioacetate at room temperature 

except N- co( -chlorobenzylidene-N' - (2, It, 6-tribromop'henyl) hy

drazine (57). At elevated temperature (57) reacts normally 

Br O nH_N=C-Ph . I I 
Br ~ Br Cl 

(57) 

Br Ac 

6lJ~HH-C-Ph I II . 
Br ~ Br S 

(58) 

P..r-NH-N=C-Ph 
I 
S 
I (59) 

Ar-NH-N=C-Ph 

giving acetylthiohydrazide (58) and the correspondin1 

hydrazidic sulphide (59). By thin layer chromatography it 

was shown that the benzothiadiazine was not present in t~e 

reaction mixture. The lack of reactivity of (57) with thio-

acetate ion at room temperature may be due to the low 

solubility of this particular hydrazidic chloride in cold 

acetonitrile. 

3. a. PREPARATION OF 4H-l, 3,4 BENZOTHIA.DIAZINES 

Callaghan effected the cyclisation of a series of 

acetylthiohydrazides40 of the type (4). 

Ac 

0 1 ~-NH-C-Ph 
. " y ~ X S 

I 

~ j 
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The main features of acetyl thiohydra ;ddes which underwent 

benzothiadiazine formation were: 

a) Both substituents in the N-aryl nucleus Here electron 

attracting (inductively for halogen atom with the sino-le <::> 

exception of N- of.. -chlorobenzylidene-N' -acetyl-N' - (2-fluoro-

. phenyl )hydrazine. 

b) The position of substituents were 2 and 4. 

As stated earlier the main objective of this section was to 

explore the possibility of extending the scope of this method 

and hence to effect the cyclisation of acetylthiohydrazides 

with substituents in positions other than 2 and 4. 

In order to gain familiarity with experi~ental tech-

nique, the synthesis of 7-bromo-2-phenyl-4H-l,3,4 benzothia-

diazine was repeated. 

Ac 
I 

I M O N-NH-C_Ph 

Br ~ Br 

(60) (61) 

H 
I erN 

/ ""'{ 

Br 0-. I ? Ph 
S 

(62) 

The cyclisation of the corresponding acetylthiohydrazide (60) 

proceeded smoothly givin~ 61 in high yield. The removal of 

the acetyl group from parent benzothiadiazine gave (62). 
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The conditions used by Callaghan and Gibson (refluxine 

acetonitrile-triethylamine) were found to be valid for cycli-

sation of N-thiobenzoyl-N'-acetyl-N'-(2,5 dibromophenyl hydra

zine (63). 

(63) (64) (65) 

Thus (63) gave under the conditions employed the corresponding 

benzothiadiazine (64) in 44% yield. Acid hydrolysis of (64) 

afforded (65). The product (64) appeared to contain a yellow 

impurity which coulo not be removed by chromatography, and 

microanalysis figures Here discrepant. The sample of (65) 

which was obtained in analytically pure conditions. upon 

acetylation gave back (64) which was shown to be pure (t.l.c.) 

and which gave correct microanalysis figures. The yellow im-

purity in (64) Has shown (t.l.c.) not to be the deacetvlated 

thiadiazine (65). 

Encouraged with th~ successful cyclisation of (64) an 

attempt was made to effect the cyclisation of acetylthiohy-

drazide with substituents in 2,6-positions in the N-aryl rinrr,. 

The situation was not promising since Barnish31 had reported 

that attempted cyclisation of 2,4,6-tribromo hydrazidic ha-
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lide (scheme I) gave only the corresponding hydrazidic 

sulphide and not even traces of the corresponding thiadiazine 

were recorded (t.l.c.). It was thought to be due to the steric 

interference of the bulky bromine atom in the 6-position 

which could inhibit S - N acetyl migration and subsequent 

. benzothiadiazine formation. However, such inhibition is not 

likely to occur since S-+N transfer of an aryl group prior to 

ring closure is well known in phenothiazine chemistry~5 For 

example in the preparation of 1,3-dinitrophenothiazine (68) 

a similar steric situation arises, but (68) is successfully 

CCX)N0
2 

S N02 
(66) 

(68) 

obtained from (66) by way of intermediate (67). 

The cyclis.ation of (69) proceeded smoothly , although 

prolonged reaction time \'I1as required, to afford 5-bromo-4-

-acetyl-2-phenyl-4H-l.3,4 benzothiadiazine (70). The removal 
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Br Ac 

6~J-NH_C-Ph 
I II -_ ... 

~ Br S 
.. 

(69) (70) (71) 

of the acetyl group from (70) in ethanolic hydrochloric acid 

presented difficulties. The reaction was expected to be 

slower than usual, because of steric interference of the hulky 

bromine atom. After 36 hours of boiling under reflux almost 

half of the starting benzothiadiazine (70) ~BS recovered, 

together with an unidentified red product and the N-H deri-

vative(71). The unidentified red tarry product may be due to 

decomposition of either (70) or (71), which appeared to be 

somewhat unstable under the conditions employed. The micro-

analysis figures for (71) were correct. 

Since independent syntheses of benzothiadiazines with 

substituents in either 5 or 6-position were successful using 

scheme II, an attempt \Vas made to obtain a benzothiadiazine 

with 5 and 7-positions substituted~ As mentioned earlier, N 

- cl. -bromobenzylidene-N' - (2, l~, 6-tribromophenyl )hydrazine had 

failed to give the corresponding benzothiadiazine using 

scheme I. 

The cyclisation of N-thiobenzoyl-N'-acetyl-N'-(2 t 4,6-

-tribromophenyl) hydrazine (72) in boiling acetonitrile-tri-

ethylamine gave (73). Compound (73) is the first synthesised 



40 

sample of the 4H-l,3,4 benzothiadiazine rine system with 

mere than one halogen substituent .• t , 
,. 

(72) (73) 

The cyclisation reaction of N-thiobenzoyl-N'-acetyl 

-N'-(2 bromo-4 nitrophenyl) hydrazine (74) was investigated 

next. A previous ~~port3l revealed that the presence of 

benzothiadiazine (75) in the reaction- mixture from the 

corresponding hydrazidic bromide was very doubtful, sche~e I. 

Neither 4-acetyl-7-nitro-2-phenyl-4H-l,3,4 benzothiadiazine 

_(75') was isolated, nor could· thin layer chromatography 

(74) (75) (76) 

confirm its presence with certainty. Crude (74) was boiled 

under reflux for 4 hours. A deep red colour appeared as soon 

as the reagents were mixed. Similar difficulty was encountered 

by Barnish and it was thought to be due to some form of 
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reduction of the nitro group under the reaction conditions. 

The column separation on Florisil gave what is believed to 

be (75). Acid hydrolysis afforded (76) but eith~r crystalli-

sation or column separation failed to remove by-product. The 

structures of (74), (75) and (76) respectively were assigned 

on the basis of spectroscopic evidence, although microanalysis 

figures were discrepant. The structure of (76) was confirmed 

by independent synthesis as described in section 4. 

The mechanism for benzothiadiazine formation favoured 

by Callaghan and Gibson involved the zwitterionic form of 

acetylthiohydrazide (46) and subsequent benzothiadiazine for-

mation. 

Ac 
I 

I M O N_NH-C-Ph 

y ~ X 
0 G)t:N:C-Ph 

I I I 
-----.~ H S 

Y ~ X e 
(46 ) 

The quaternary nitrogen atom in the zwitterionic intermediate 

activates the 2-halogen atom to nucleophilic displacement by 

the sterically well placed sulphur atom. Such activation of 

aromatic halogen atoms in not unknown, being obs€~vable in 

the exchange of bromine for chlorine which occurs to some 

extent when a solution of 2,4-dibromobenzenediazonium chloride 

is allowed to stand~7 Simi.lal" examnles of sllch halo.e;en disl'la

cement have recently been repor~ed~8 
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When the halogen atom, in this case the 2-substituent, 

as a leaving, group is attached to benzene ring one of its 

p-orbitals lies parallel to the 51 orbitals of benzene ring. 

The resulting conjugation allows the electron density to 

drift from halogen into the ring, lowering the polarity of 

carbon halogen bond and allowing it to assume some double 

bond character. Such an electron situation may increase the 

nucleophilicity of ortho nitrogen atom by electron release 

,and help to complete S - N acetyl transfer in intermediate 

(37). Once the transfer is completed the quaternisation of 

ortho nitrogen atom diminish the electron density in the ring 

thus making easier the departure of 2-halogen atom. 

Activation of the 2-position by quarternisation seems 

to be insufficient, since the 2,4-dibromo substituted hydra

zide (77) in boiling triethylamine-acetonitrile gave an 

almost quantitative yield of starting material. Additional 

(77) 

activation by either acetyl group or electron attracting 

substituent attached to nitrogen atom appeared to be necessary 

for ring closure to occur. The benzothiadiazine precursor is 

believed to contain quaternary nitrogen atom directly 
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attached to the aryl nucleus which is mainly responsible for 

the activation of the 2-position toward nucleophilic attack 

by sulphur. The observation that a fluorine atom in the 2-

-position is much more easily displaced than any other halogen 

atom, is usually made in nucleophilic aromatic substitution. 

If, after ring closure has occurred, a transition state such 

as (78) exists then, the negative charge can be partially 

(78) 

absorbed into the aryl ring but in doing so aromatic resonance 

energy is lost. 

The ability of the system to support the negative charge 

except in the case when the 2-position is occupied by fluorine 

which is most easily displaced, would be strongly enhanced by 

the presence of the electron attracting substituent in the 

aryl ring. This would be the case when the 2-position is 

occupied either by bromine, chlorine or iodine. 

Instead of bein~ an entirely' synchronous process as it 

was thought, the benzothiadiazine formation is rather stepwise 

process leading to formation of inte~ediates such as (46). 

since acetyl-thiohydrazides were isolated from the reaction 

of corresponding hydrazidic halides in boiling acetonitrile-



Table III 

Reaction S U B S T I T U E N T Thiadiazine Hydrazidic 
time 
(hours) J. 2 4 6 Sulphide 

4 Br Br Br H 14% 16% 

6 Br Br Br H 15% 8% 

4 Cl Br Br H 13% 14% 

2 Br Br C1 H 0* 14% 

'4 Br Br Cl H 14% 1% 

6 Br Br C1 H 5% 1% 

4 Br Br B1:' Br 0 4% 

4 Br Br F H 22% 0 

4 Br B1:' COOEt H 0 0** 

4 Br Br N0 2 H 0 0 

4 Br N02 Br H 0 0 

4 Cl Br H H 0 11% 

~ C1 Br He H 0 12% 

2 Br C1 Br H 0 14% 

4 Br C1 Br H 0 6% 

2 C1 C1 H H 0 4% 

4 C1 C1 H H 0 1% 

4 Br F Br H 51% 0 

* Low yield indicated by i.r. but not iso1ab1e. 

** Presence indicated by thin layer chromatography but not 

iso1ab1e. 
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-triethylal1ine. 

The ring closure via the anionic form of thiohydrazide 

(79) cannot be overlooked, however, since the sulphur atom in 

such a species would be extremelY nucleophilic and attack on 

the unactivated 2-position might occur, although such possibi-

(79) 

li ty is very Imv since it was shown that quarternisa tion of 

nitrogen atom coupled with additional activation by electron 

attracting sUbstituents is, in fact, necessary fo£- benzothia-

diazine formation to occur. 

Comparing scheme I and II as a source of 4H-l,3,4-

-benzothiadiazines it seems that advantage of the scheme II, 

being wider in scope, is obvious. The results usin~ scheme I 

are reproduced in Table III from the Ph. D. Thesis presented 

by I. T. Barnish. Prolonged period of refluying required for 

the final stage of scheme I usually leads to tarry residues 

and consequently lower yields of benzothiadiazines. 
I 
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3 b. NUCLEAR MAGNETIC SPECTRA OF CERTAIN 

48-1,3,4 BENZOTHIADIAZINES 

1, 7-Bromo-2-phenyl-4H-1,3,4 benzothiadiazine 

Since Barnish and Gibson isolated 7-bromo-2-phenyl

-48-1,3,4 benzothiadiazine (62) it has been shown30 that the 

appearance of a high-field distorted doublet in its proton 

magnetic resonance spectrum may be attributed to the proton 

H as 
5 

IV) • 

predicted by its position adjacent to nitrogen (Table 

(62) 

Further, this distorted doublet sharpens on the addition of 

deuterium oxide, but upon acetylation of nitrogen it is cons i-

derably moved downfield being comnletelv lost betv.1een aromatic 

signals. As mentioned above, the high-field distorted doublet 

was attributed to the H5 proton; since it shows only ortho 

coupJ.ing \vi th the H6 proton it was concluded that the bromine 

substituent must occupy the 7-position. 

From the Ph.D. Thesis of A.J. Elliott Table V is re-

produced shmving fluorine nuclear magnetic resonance data 

for the fluoronated 48-1,3,4, benzothiadiazines (80) and (81) .. 



H H , 

((

5 N . 
HS"/ 'N 

I I . 
Br ". s)Ph 

He 
(62) 

t-3 
PI 

Solvent CCl4 t:T' 
I-' 
(\) .;: 

Frequency SO MHz. 'oJ 
H 
< 

Sweep Width 500 Hz. 

Lock Signal T.M.S. 
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FA II FA, Ac 
f I 

F N'N FB 
N, 

N ·B 

s,!lPh S~Ph Br Br 

FC FC 

(80) (81) 

Table V 
-

Chemical Shifts 
,., 

(80) (81) . 
FA 82.25 54-.08 

FB 54-.27 50.92 

FC 36.54- 36.28 

Coupling Constants Hz 

JAB 21 20 

JAC 13 13 

J BC 2.5 2 

JAH 6 6 

J BH 10 9.5 

J CH 8.5 8 

JA,NH 3 

JB,NH 1 

JC,NH 0 
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An inspection of Table V reveals two significant points: 

a. The coupling constants are consi~tent with proposed 

structures. The long range coupling between NH and FA and FB 

in (80) are of special interest since a similar effect "tolas 

observed in (62). 

b. The chemical shift also supports the structural as

sigrunent. Acetylation of the NH in (81) produces a dmolnfield 

shift for FA while the other fluorines are almost unaffected. 

The shift of FA from high-field position in (80) to lowfie1d 

upon acetylation is analogous to the shift of proton HS in 

(62). 

ii. 6-Bromo-2-phenyl-4H-l,3,4 benzothiadiazine 

Examination of the p.m.r. spectrQ~ of (65) which is 

reproduced in Table VI shows that H5 has moved considerahly 

downfield compared with (62), under the influence of the 

neighbouring bromine ato~ and is lost betirleen aro~atic 

signals. 

iii. S-Bromo-2-phenyl-4H-1,3,4 benzothiadiazine 

The p.m.r. spectrum of (71) shows that the NH signal 

is shifted far downfield compared with (63) providing evidence 

of the bromine atom being adjacent to the nitrogen atom as 

shown in Table VII. 
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Table VI 

• • l N N • ::r: ::r: CJj 

~ ..c: N 0 ~ 
P.. Cf.l 0 0 . 
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:,r:-z en w ..c: r-i 

'"" +' n1 
>. '0 ~ 
0 OM be 

.fJ ~ ~ OM 
Lf) 0:> ~ Q) CJj 

...... ::r: Q) ::! r:l. ~ 

:> 0' Q) ~ 
r-i Q) Q) 0 
0 H ~ 0 

H i:' Cf) ~ <f.l ~ 
IJ:l ::r: 

: 
---:-. 

: ... 

------------------------------~~~--,.-----".----.-----------------------. ~~----



Br H , 
N 

HS y.:/ ':Y" 'N 

H7~S)lPh 
HS 

(71) 
'. I Hili • I II 

~ 
III 
t1' 
I-' 

Solvent CS 2 
(t) <.n 

I-' 
<: 
H 

Frequency SO MHz. H 

Sweep Width 500 Hz. 

Lock Signal T.M.;:>. 
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iVa l,l-Dioxo derivatives of 4H-l,3,4 benzothiadiazines 

The p.m.r. spectra of l,l-dioxo derivatives is of 

special interest in relation to the 4H-l,3,4 benzothiadia

-zine ring system. The spectrum of 1.1-dioxo-2,4-diphenyl-

-7-ni~o-4H-l,3,4 benzothiadiazine is reproduced from Ph.D. 

Thesis of A. J. Elliott and shown in Table VIII. Under the 

influence of the neighbouring -S02- group, proton Hs has 

moved downfield and as consequence of that shift, the sig

-nals from H5 are not superimposed on the Ha signals. 

ProtonHs appears as a high-field doublet and shows coupling 

with HS. Proton HS is split into a quartet as a result of 

coupling with HS and HS. The downfield doublet is attributed 

to proton Ha on the basis of long range coupling with HS. 

Conversion of 4H-l,3,4 benzothiadiazines to 1.1-

dioxo derivatives will have a considerable impact on future 

work on the benzothiadiazine ring system. Whenever compli

cated p.m.r. pattern arise becouse of different substitu

ents in the benzene ring, the downfield shift of the He 

proton caused by oxidation. would be of invaluable help in 

determining the position of substituents. 

. . 



H5 Ph 

¢Ck 
H6 / 'N 

N02 :--.. I s? Ph 

H 11\\ 
~8 0 0 

Solvent DMSO d6 

I 
~ 
tt 

Frequency I-' 100 MHz.l (I) 

I <.n 
< (oJ 

Sweep Width 250 Hz. I H ! H 
H 

Sweep Offset 650 Hz. 

Lock Signal T.M.S. 

HS 

~---.----.---------. ----------.-----~--
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3 c. THE MASS SPECTRA OF 4H-l,3,4 BENZOTHIADIAZINES 

The benzothiadiazine ring system is a recent discovery 

and it was considered desirable to study briefly the fragment-

ation processes which occur under electron impact in the mass 

spectrometer. The 7-fluoro-2-phenyl-4H-l,3,4 benzothiadiazine 

was chosen for study and the major breakdmvn pattern for the 

parent of the series (82), as shown in Table IX. 

The loss of benzonitrile followed by loss of hydrogen 

from the parent radical ion, is the feature common to all 
, 

class of benzothiadiazines of the cla~s (82). Further loss of 

-PhCN- and hydrogen cyanide follow quite generally. ElL~ina-

tion of benzonitrile from the parent radical ion in all cases 

studied so far, occurs as a major process. The appearance 

of C7H6N (104) and thiobenzoyl (121) fragments are common 

features. Hhen the 7-position is occupied by bromine, a more 

complex pattern emerges, superimposed on the basic pattern 

just described. 

In Table X the fra~entation pattern of 4-acetyl-2-

-phenyl-henzothiadiazine is reproduced from the Ph.D. Thesis 

of P.D. Callaghan. The most strikin~ point is loss of ketene 

from the parent radical ion, followed by loss of ~ydrogen, 

this feature being common to all 4-acetyl-benzothiadiazines. 

The fragmentation processes in both Tables IX and X appear to 
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Table IX 

S 

ON /,-~ 
~PhCN ~ I -HeN ... L.S2J 

F SH r"F 

141(100%) 114(80%)" S 

I-H 

ON 

r 0.. I S 

96(15%) 

-F. 0 
140(18%) 121(41%) 

-PhCN 

244 

(82) 

-S 
212(5%) 
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Ac , 

OC:}h 
268 

-PhCN 

Table X 

H 
I 

(XN'- (XN' N '/" N 
. I ) -H. I)' 
~ Ph ~ Ph 

S S 
226(100%) . 

-PhCN 

N 

SH 

123 

-CH =CO 
2 

-HCN 

caCH3 

Ol~ 
~ s 

S 

@ I I ... , -~ 

96(23%) 



57 

be quite similar, except that in cases when the 4-pnsition is 

occupied by hydrogen, elimination of benzonitrile is the major 

process, T;J'hile i-F' the 4-nosition is Occu'D:tecl bv an acetyl qroup, 

loss of ketene is the major process. 

4. THIOHYDRAZIDES AS A SOURCE OF 4H-l,3,4 BENZOTHIADIAZINES 

The system (83) can be referred to as a. thiohydrazide 

or as a hydrazidic thiol (84) by virtue of the possible 

tautomeric form. This section is mainly concerned tvi th the 

cases where R3 is aryl group and hydrazidic 

(83) (84) 

thiols are expected to be nucleophilic through sulphur under 

basic conditions~9 

Interest in hydrazidic thiols may be grouped under f01-

lowing two headlines: 

i. reactions with 2,4-dinitrohalogenobenzene as an 

alternative route to 4H-l,3,4 benzothiadiazines. 

ii. direct acetylation of thiohydrazirtes and conversion 
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of acetyl derivatives to 4H-l,3,4 benzothiadiazines. 

The thiohydI'azides used in the present work were made by 

reaction of the appropriate substituted hydrazine with 

carboxymethyl dithiobenzoate~O,51 The reaction was found to 

be somewhat sluggish compared with the vigorous exothermic 

reactions reported by Jensen and co-workers. All attempts to 

purify the arylthiohydrazides by crystallisation failed, to 

remove small amounts of inseparable red by-products. 

4.i. PREPARATION OF 4H-l,3,4 BENZOTHIADIAZINES FRO~ 

N-THIOBENZOYLHYDRAZINE 

It was thought that N-thiobenzoylhydrazine might 

behave as bifunctional nucleophile represented as (85). 

(85) 

When (85) and 2,4-dinitrofluorobenzene were otir~ed together 

in the presence of triethylamine as a base, a cyclised product 

was obtained which, assuming that attack was through sulphur 

could arise from one of two reaction pathways as shown in 

scheme VT, 



Ph-C-NH-NH2 
" S 

59 

+ 

Ph-C=N-NH2 
I 
S 

01N02 (86) Y 

(87) 

Scheme VI 

S-N aryl 

transfer 

H 
I 

Dh-c-mI-NH 

" S (88) 

N02 

0 11 ' N02 

N02 = I sJo (89) 
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If the sulphur atom Has the attacking species, the initially 

formed 2,4-dinitrothiophenoxy-compound (86) could cyclise 

directly via nitrogen attack at the 2-position to give (87). 

However, rearrangement of (86) through an S--N transfer of 

the 2,4-dinitrophenyl ring would yield (88) which then could 

cyclise via sulphur to give (89). If the nucleophilic attack 

was through nitrogen displacement of fluorine by the attack-

ing NH 2-group would give (88) and hence (89) directly; such 

. a possibility cannot be overlooked since neither (86) nor (88) 

were isolated. The structure of(89)is based on spectroscopic 

evidence, the microanalysis figures were discreryant. What is 

believed to be (89) upon acetylation gave a product Hhich 1:.vas 

identical (i.r" n.m.r., mixed m.p.) with (75). 

4.ii. REACTIONS OF THIOHYDRAZIDES HITH EXCESS 

ACETIC ANHYDRIDE 

Since acetylthiohydrazides are intermediateo in the 

synthesis of the 4H-l.3 t 4 benzothiadiazine ring system 

(scheme II), the possibility of preparin,g such intermediates 

by another route than reaction ofhydrazidic halides with 

thioacetateion Has investigated. If appropriately substitut-

ed thiohydrazides could be acetylated the bcr.'zoth:iadiazine 

synthesis would be one step shorter using scheme II. 
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N-thiobenzoyl-N'-{2,6-dibromophenyl) hydrazine Has boiled 

with acetic anhydride for 20 min. The isolated product was 

Br 

ONH_NH-C~Ph 
III 

~ Br S 

Br Ac 

011-NH-~-Ph 
VBl" S 

(90) 

shown to be (90). The identity was confirmed (i.r" t.l. 

Ctt mixed m.p.) by comparison with a sample from the reaction 

of N- 01.. -chlorobenzylidene-N' - (2, 6-dibromophenyl) hydra zine 

with thioacetate ion, (section 2). 

The reaction of N-thiobenzoyl-N'-(2,S-dibromophenyl) 

hydrazine (91) with excess acetic anhydride gave. in only one 

Br 0 1 NH-NH-~-Ph 
:-..... Br S 

(91) 

Ac 
I 

Br Orr-NH-C_Ph 
I II 

:-..... Br S 

(92) 

case, the desired acetylthiohydrazide (92). In all other 

experiments with this compound the reaction yie~.;:l~d a pale 

yellow solid (95%) which analysed for C17H12Br2N20S. In 

addition a small aInount of unidentified red product was 

obtained. The pale yellow product, m.p. 251-252°, showed 

singlet absorption, in its p.m.r. spectrum, in the region 

3.80-3.85 (3H) commonly assigned to a methyl group attached 
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'to a carbonyl function. This absorption occurring towards the 

upper limit of the normal range (3.5-3.9 8)52 su~gested a 

considerable amount of shielding. A singlet absorption in the 

range 6.49-6.51 S (lH) indicated an olefinic hydrogen atom, 

while multiple absorption in the region 7.20-8.00 S (SH) was 

assigned to aromatic protons. A similar product, C17H1lBr3N20S 

was obtained from the 2,4,6-tribromo-analogue. 

The mass spectral fragmentation pattern was similar in 

each isolated compound though complicated by the presence of 

bromine. In each case, a parent peak corresponding to the 

empirical formula obtained from analysis was observed. 7he 
. 

mass spectrum strongly suggested th.e presence of an acetyl 

group. The presence of a carbonyl group in the infrared 
. 

spectra was uncertain since it did not occur in the normal 

range. The first significant band was seen at 1605 c~-l which 

is rather low for carbonyl absorption. The position of the 

band suggested a similarity to acetyl attached to tertiary 

nitrogen atom; C=O groups in certain a~ides are well known 

-1 to absorb around 1600 cm. That the acetyl was not attached 

to a nitrogen atom was shown by the failure to deacetylate 

by acid hydrolysis. The appearance of fragments in all the 

mass spectra due to dihalogeno species showed that halo~en 

displacement had not occurred. The appearance of the sa~e 

kind of compound was noted earlier by Callaghan 53 in the re

action of N-thiobenzoyl-N'-(2,4-dibromophenyl) hydrazine with 
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triethylamine and acetic anhydride. On the basis of spectro-

scopic evidence, two isomeric structures were p~oposed. 

COCH3 

M 
Ar-N S 

\-=/ 
Ph 

(93) 

HCCOCH3 .. 
C 

/"-.. 
Ar-N S 

I I 
N -C 

(94-) 

'Ph 

The mass spectral fragmentation patterns were similar for the 

present series though complicated with two or three bromine 

atoms in N-aryl nucleus. Callaghan also isolated the same 

H-C-COCH3 

/~ 
Ar-N S 

I I-
N -- C'Ph 

Ar=2,4--F2C6H3 

Table XI 

-PhCN CO 
315(100%) ... Ar-N-CH=C 

ArN 
127(13%) 

Ar 
113(8%) 

-CH =CO 
2 288(21%) 

269(2%) 

Ar-N-CH=C-S 

184-(10%) 
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kind of compound but with two fluorine atoms in the N-ary1 

nuo1eus; the fragmentation pattern for this compound 

is reproduced in Table XI. 

The most significant points of the fragmentation pat,tern are 

the loss of methyl group and ketene from the parent and the 

appearance of acetyl fragment at 1];;43. To the author. struc
e 

ture (94) seemed more feasible. In most cyclisation re~ 

action of N-aoetylated thiohydrazides, the five membered 

(94) 

fiH-COCH 3 
R OH-C 
/'\ 

----.... Ar-N S 

\==cl 

1 

'Ph 

aCt anhydride .. 

R=H 

thiadiazo1e ring system is isolated. The proposed mechanis~. 

as Callaghan admits, was suggested very tentatively. The 

mechanism inVOlved, as a first step, abstraction of acetic 

acid from acetic anhydride by triethylamine to give ketene 

which was then assumed to be converted to diketene as the 

reactive species. Further research revea1ed 54 that there was 
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no reaction between N-thiobenzoyl-N'-(2,4-dibro~ophenyl) hy

drazine and diketene. Callaghan thought that the presence of 

triethylamine and elevated temperature were necessary for 

the formation of a species as (94). Experiments ~vith N-thio

benzoyl-N'-(2,5-dibromophenyl) hydrazine revealed that even 

room temperature and excess of acetic anhydride are sufficient 

for the reaction to occur. In five cases examined at room 

. temperature with excess of acetic anhydride only one p;ave H-

-thioberizoyl-N'-acetyl-N'-(2,5-dibromophenyl) hydrazine and 

four yielded what is believed to be (94). The corresponding 

N-thiobenzoyl-N'-(2,6-dibromophenyl) hydrazine readily gave 

the N';"acetyl-derivative at reflux temperature. The rnechanis'11 

by which these products are formed in the present reactions 

is not easily understood. The possibility of an intermediate 

such as (95) being formed under the prevailing reaction 

conditions by direct dehydration of the acetylthiohydrazide 

o )'- CH3 

Ar-N ~s-
\ / 

N === C, 
Ph 

HC-COCH3 
.,)" Ar-N S 

~ L Ph 

CH 2 
II 
c 

/'-.. 
----- P.r - :.J S 

~T I , Ph 

/ (95) 

(94 ) 
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seems likely with further acetylation of (95) perhaps giving 

species (9'+). It was required to ascertain whether these 

products arose through the N ... acetylthiohyd~azide and this 

appeared to be the case when N-thiobenzoyl-N'-acetyl-N'-(2, 

,+-dibromophenyl) hydrazine was treated with excess acetic 

anhydride under gentle reflux for half an hour. 

Thin layer chromatography showed the pr'"esence of two 

components. After routine work-up procedure the products 

were separated giving only traces of an orange-red component 

and, as major product, a compound which melts at 155-1560 

and was identical (i.r., p.m.r. '" m.s.) ~,1ith The product 

isolated by Callaghan from reaction of N-thiobenzoyl-N'-(2,'+

-dibromophenyl) hydrazine with triethylamine and excess 

acetic anhydride. 

Unfortunately, tL~e did not permit further research into 

the chemical properties of these compounds and no reference 

could be found in the literature. 

Compared with scheme II as a route to 4H-l,3,4-benzo

thiadiazine ring system the direct acetylation of thiohydra-

zides seems to be far inferior, but not impossible. Further 

research is needed to establish conditions for successful 

acetylation of thiohydrazides. 

I 
·1 
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5. CHE~nSTRY OF 4H-l t 3,4 BENZOTHIADIAZINES 

Since the begining of this research little was knmvn 

about the properties of the benzothiadiazine ring syste~. The 

only benzothiadiazine reactions so far reported were hydroly

sis of N-acetyl-benzothiadiazines and acetylation of the corr

esponding N-H compounds. 

The general properties of 4H-l,3,4 benzothiadiazines 

were studied using 7-bromo-2-phenyl-4H-I,3,4 benzothiadiazine 

(62). At the very begining of this research it was the only 

one readily available by synthesis. Further, this particular 

compound was found to be stable; it dissolved producing an 

intense yellow colour both in sulphuric acid and in sodium 

ethoxide, and it was readily soluble in ethanol, benzene or 

glacial acetic acid. Another interesting feature, co~mon to 

all benzothiadiazines, is the likely charge delocalisation 

as represented in (96). 

(96) 
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5.i.ELECTROPHILIC SUBSTITUTION 

Bromination of (62) was done at room temperature with 

pyridine hydrobromide per bromide which was reported as a very 

efficient reagent for bromination~5The reaction of (62) with 

freshly prepared pyridine hydrobromide perbromide eave 5,7-

-dibromo-2-phenyl-4H-l,3,4 benzothiadiazine (97). 

(97 ) 

The structure of (97) was first assigned on the basis 

of spectroscopic evidence and later confirmed?y independent 

synthesis. It was mentioned earlier (section 3b. i.) that the 

5-proton in (62) eives rise to a high-field distorted doublet 

in its p.m.r. spectrum. Disappearance of the high-field dis-

torted doublet was the first indication that the 5-position 

had been subjected to electrophilic attack. 

The reaction of (97) with acetic anhydride Has expect-

ed to be very slow, because of steric interference by the 

bulky bromine atom adjacent to nitrogen. After 36 hours the 

reaction afforded 4-acetyl-S,7-dibromo-2-phenyl-4H-l,3,4 

benzothiadiazine, which was shm-Tn to be identical (i.r., p. 
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m.r., m.s. and mixed m.p.) with compound (73) obtained by 

cyclisation of corresponding acetylthiohydrazide. 

'/ N, 
N ((

Br ~ 

Br ~ I S~Ph 
.. 

(97) (73) 

The reaction of 5-bromo-2-phenyl-4H-l,3,4 benzothia

diazine (71) with pyridine hydrobromide perbromide at room 

temperature gave (97) Vlhich was identical (i.r., p.m,r. and 

mixed m.p.) with the product obtained by bromination of (62), 

(71 ) (97) 

In the same manner, reac t ion of ( 98 ) T/Ji th pyr id ine 

hydrobromide perbromide gave 5-bromo-7-fluoro-2-phenyl-4H-l, 

3,4 benzothiadiazine (99). 

(98 ) 

9r H 

~N,~! 
---. F~s)lP!1 

(99) 

As a conc,lusion to this subsection it should be 
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mentioned that structures of (62) and (71) were inde~endentlv 

confirmed by bromination of different 4H-l,3,4 benzothiadia-

zines, giving the same compound (97), Hhich upon acetylation 

gave (73). Compound (73) Has also obtained by cyclisation of 

corresponding acetylthiohydrazide. 

Br H 

(Jc~' /" ~l 
. I i I 

~ /Ph 
S 

(97) (73) 

(71 ) 

Electrophilic substitution of the 4H-l,3,4 benzothia-

diazine ring system occurs preferentially in the 5-position 

when the 7-position is occupied by halogen. When a 5-haloge-

no-benzothiadiazine is involved, electrophilic attack will 

take place at the 7-position. 

5.ii. N-SUBSTITUTION 

The first reaction in this· series was the atte'!lpted 

methylation of the N-H g~oup in (62). The reaction of (62) 
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with methyl-p-toluene sulphonate, after 144 hours of boiling 

at elevated temperature, gave 4-methyl-7-bromo-2-phenyl-4H-

-1,3,4 benzothiadiazine (100) in 45% yield; the remainder j_~ 

recovered starting thiadiazine. 

H 

(J(~' ?' N 

Br ~ I )lPh 
S . 

,. 

(62 ) (100) 

The reaction of (62) with 2,4-dinitrofluorobenzene 

required 6 hours of refluxing for completion. 

F 

(62) (101 ) 

The fluorine atom in 2,4-dinitrofluorobenzene is 

readily susceptible to nucleophilic attack. The reaction with 

attacking nucleophiles other than benzothiadiazine is usually 

completed within a few minutes at room temperature, but in 

case of (62) "it requires almost 6 hours and elevated tempera-

ture. 

Isopentyl nitrite, (62) and traces of hydrochloric 

acid afforded 7-bromo-4-nitroso-2-phen~1-4H-l,3,4 benzothia-
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diazine (102). The same reaction in the preSE:!nce of base was 

found to be unsatisfactory, even after 10 hours of stirring 

at room temperature the starting thiadiazine b~in~ oompletelv 

~~-O-R a liT '/' u, 
I H ;<i 

Br ~ s,)l Ph Br 

NO 
I 

I N a N'.. 

~ . /Ph 
S 

(102 ) 

recovered. The role of acid is probably to help stabilize 

charge in the transition state leading to (102) as represen-

ted above. The isolated N-nitroso-benzothiadiazine appeared 

to be tmstable, and it decomposed on standing and on heating f 

Although microanalysis figures were discrepant, the structure 

elucidation was done on the basis of spectroscopic evidence. 

The extreme slowness of reactions when the l.J.-nitrogen 

atom is involved, raises the question of actually how nucleo-

philic the 4-nitrogen atom is. The un shared electrorl pair of 

4-ni trogen a tom responsible for nucleophili.,c profjt81-·ties comp-

rise part of the ~ -electron system that also includes the 

11 -electrons associated with aromatic carbon atoTl1.<:!. Electron 

density becomes partially drained off into the regions above 

and belmv the plane of benzene ring. A.s a result the 4-ni tro-

gen atom assumes a partial positive charge and its nucleophe-

1··· 1 d' .. h n ~c~ ty ~s great y, .J.m:LnJ.S e~ .• 
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5.iii. OXIDATION 

The oxidation of (62) with 6% hydrogen peroxide in 

acetic acid gave the expected 1,1-dioxo derivative (103), 

Br 

(62) (103 ) 

Since (62) was oxidized very easily under relatively 

mild conditions it may be concluded that the sulphur atom in 

the 4H-1,3,4 benzothiadiazine ring system does n0t constitute 

a significant part of the conjugated system, as represented 

in (96), otherwise more severe conditions would be required. 

The oxidation under relatively mild conditions is a 

very significant point related to 4H-1,3,4 benzothiadiazines. 

Introducing substituents either in the benzene ring or the 

2-pheny1 ring leads to very complicated patterns in the aro-

matic region of the p.m.r. spectra of benzothiadiazines. 

Oxidation of sueha compound would easily give the 1,1-dioxo 

derivative whose spectrum is much easier to analyse because 

HS is shifted downfield and it is no longer superimposed on 

other aromatic signals. 
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6. APPENDIX 

The reaction of N- benzoyl - Nt - (2,5 dibro1"lophenyl) 

hydrazine (104 ) with p-ni trothiophenol vIas found to yield 6-

-bromo-4-p-nitrophenyl-4H-l,3,4 benzothiadiazine (105). 

Br ONH-NH-C-Ph 
I g 

~ Br 

+ 

(104 ) (105 ) 

The nucleophilic attack of the sulphur atom in p-ni-

trothiophenol, at the carbonyl carbon a tom in (104) 1;vould 

give species (106) t.Jhich could underzo subsequent elimination 

of vlater to give (107). The reactions of hydrazidic halides 

o-
J 

Ar-NH-NH-C-Ph 
I 

HS+ 

o 
(106) 

OH 
I 

----- Ar-NH-NH-C-Ph ----0 .. _ Ar-NH-N=C-Ph 
I I 
S S 

o ¢ 
N02 

Ar=2,5-Br2C6H3 

N02 

(107 ) 
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with p-nitrothiophenol have been reported 56 to give a snecies 

like (107) rather than the isomeric thiohydrazide structure. 

The assignment of structure was based entirely on ultra-

-violet data and was admitted to be speculative. The proposed 

p-nitrothiophenoxy-adduct (107) may further undergo S - N 

p-nitrophenyl transfer to afford (108); the p-nitrophenyl

-thiohydrazide (107) has been previously reported to undergo 

benzothiadiazine formation by displacement of the 2-halogen 

substituent. 

Ar-NH-N=C-Ph 
I 
S 

¢ 
N02 

W=-C-Ph 
I \ 

---_ .. _ Ar-NH S ---...,,.._ Ar-N-NH-C-Ph 
II 
S 

(108) 

Although further research would be needed to confirm 

the proposed mechanism, it is clear that under the conditions 

employed the 4H-l t 3,4 benzothiadiazine ring was obtained from 

N-benzoyl-N'-(2,S-dibromophenyl) hydrazine and p-nitrothio-

phenol. 
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Solvents 

Benzene and ether vJere dried over sod ium Hire. The 

reactions of hydrazidic halides with sodium thioacetate were 

carried out in acetonitrile \vhich contained 10% Hater. 

Spectroscopic Data , 

P.m.r. spectra were recorded at 35.50 on a !!Varian A 

60" nuclear magnetic resonance spectrometer. Tetramethylsjlane 

~.,as used as internal reference. The solvents used are indi-

cated in the text. Mass spectral data were obtained using an 

AEL 11S-30 mass spectrometer, introducing the samples directly 

with the heated probe. The results are quoted as ~ values for 

the lowest isotopic species except where the sample contained 

bromine, when the values for 79 Br and 8l Br are given to denote 

the presence of 1 or 2 bromine atoms in the frag'TIent. An 

asterisk denotes a metastable peak observed for the break-

down. 

Unless otherwise stated, compounds Here mixed Hith 

potassium bromide and co:rnpressed into thin disks, from r-lhich 

spectra were obtained on a "Perkin Elmer (model 237 B)" ~rat-

ing infra-red spectrophotometer. The results are recorded 

(cm-l ) for all the strong bands and most of the mediu'TI hands 
. -1 

together with weak bands in the 4000-2000 cm region. 
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Thin Laver Chromatography 

This ,vas carried out using Silica ':;e1 F-254 on r.t1umi

num sheets supplied by E. '1erck AG, Darmstadt, Germany. Unless 

otherwise stated, dry chloroform was used for elution. The 

slides were examined under u.v. light and when necessary 

'developed by exposure to iodine vapour. 

Co1u~n Chromato8raphy 

Unless otherwise stated all columns Here packed vlith 

F1orisi1 (60-100 mesh). 

Other Physical Data 

Melting point determinations were carried out on an 

"Electrothermal" melting point apparatus and the values 

quoted are uncorrected. 

'1icroanalyses were carried out by Dr. F. Pascher, 

Mikroanalytisches Laboratorium, Busch str. 54, Bonn ~ermany. 
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I. CONVERSION OF HYDRAZINE DERIVATIVES TO HYDRAZIDIC HALIDES 

N-~-Bromobenzylidene-N'-(2,4-dibromophenyl) hydrazine 

This compound was prepared from N-benzylidene-N' - (2,. 

4-dibromophenyl) hydrazine and 21% solution of bromine in 

acetic acid at room temperature. Crystallisation from ethyl 

acetate (charcoal) afforded white needles, m.p. 115-1160 

(lit.;7 1140 ); i.r. 3280, 1590, 1500, l30S, 1150, 938, S13, 

-1 760 t 690 cm • 

N-Benzylidene-N'-(p-fluorophenyl) hydrazine 

p-Fluorophenylhydrazine (14.7 g.) \Olas liberated from 

its hydrochloride (20.0 g.) using 40% aqueous sodium hydroxide 

solution and was collected by extraction with ether followed 

by evaporation under reduced p~essure of the dried ether 

solution. It was converted to its benzylidene derivative \<lith 

fresh benzaldehyde (ll.SO mI.) in the usual way. Crystallisation 

of a sample of the crude hydrazone (15.3 e., 61%) afforded N

-benzy1idene-N'-(p-f1uorophenyl) hydrazine as a pale crea~, 

lustrous plates, m.p. 1410 (lit.~8 140°); i.r. 3310, 1525, 

1500, 1265, 1235, 1215, 1138, 1090, 1072, 830, 769, 702, 
-1 695 cm • 
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N- 01. -Bromobenzyl idene-N' - (2-broTTlo-lJ.-fluorophenvl) hydrazin~ 

This was prepared from N-benzylidene-N'-(p-fluoro

phenyl) hydrazine (15.0 g.) and bromine (7.25 mI.) in glacial 

acetic acid (50 mI.) at room temperature. The hydrazone dis

solved during the addition of bromine; 2-3 minutes after 

completion of the addition, a cream solid separated. After 

stirring the reaction mixture for 1 hour, the product was 

filtered off. On crystallisation from ethanol, it gave 

N- cJ.. -bromobenzylidene-N' - (2-bromo-lJ.-fluorophenyl) hydrazine 

(18.9 g., 72%) as colourless needles, m.p. 78-790 ; (lit.;9 

° 78-79 ); i.r. 3310, 1595, 1512, 1lJ.8lJ., 1lJ.lJ.lJ., 1188, 851, 810, 
I 

-1 
755, 685 em • 

2,5-Dibromopheny1hydrazine 

2,5-Dibromoani1ine (17.9 g.), suspended in concentrat-

ed hydrochloric acid (75 mI.) was vigorously stirred and 

cooled to _20°. A solution of sodium nitrite (5. tl2 g. 

1.1 eqiv.) in water (30 m1.) was added in portions durin::; 20 

minutes, the temperature not rising' over -5°. Excess urea vTas 

added and the diazonium chloride solution reduced by the 

rapid addi tio.n of a solution of anhydrous stannous chloride 

(33.81 g.t 1.25 eqiv.) in concentrated hydrochloric ~cid 

(60 m1.) previously cooled to -lJ.Oo. After standing for 2 hours 

at 0°, the cream coloured precipitate was filtered off, made 

into a paste with water and ice chips and b~sified with lJ.0% 
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sodium hydroxide solution. The paste was stirred for 4 hours 

and the precipitate was then collected, washed Hell \.Jith 

water and pressed as dryas possible. Storing overnight over 

phosphorus pentoxide gave 2,5-dibromophenvlhvdrazine (17.1 g. 

90%), m.p. 87-890 ; which y,7as immediately used in the nex.t 

stage. i.r. 3200, 1573, 1480, 1390, 1262, 1190, 1077, 1020, 
-1 938, 875, 830, 785, 740 cm • 

N-Benzoyl-N'-(2,5-dibromophenyl) hydrazine 

Normally benzoylations are carried out using excess 

aryl hydrazine as a buffer; in this experiment triethylamine 

was added for that purpose. 

2,5-Dibromophenylhydrazine (5.0 g.) was suspended in 

dry ether (60 ml.); triethylamine. (4 ml.) tvas added and the 

mixture cooled to _30°. Benzoyl chloride (2.65 g., 1 equiv.) 

in dry ether (10 ml.) ~.,as added dropwise during 15 minutes. 

Stirring YJas continued for 2 hours at -20 to _300 • The v7hite 

precipitate was filtered'off, washed with ether, then with hot 

water and dried. Crystallisation from ethanol ~ave :J-benzoyl

-N'-(2,5-dibromophenvl) hydrazine (4.90 g., 71%) as white 

needles, m.p. 169-170° (Found: C, 41.96; H, 2.78; Br, 43.46. 

C13H10Br2N20 requires C, 42.09; H, 2.93; Br, 43.24%); i.r. 

3250, 1605, 1580, 1525, 1475, 1400, 1315, 1275, 1080, 1020, 
-1 

925, 848, 795, 725, 690 cm 
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N- 0<. - Chlorobenzylidene-N' - (2, 5-dibromophenyl) hydrazine 

N-Benzoyl-Nt-(2~5-dibromophenyl) hydrazine (10.7 g.) 

and phosphorus oxychloride (50 mI.) were heated on a stea~ 

bath for 12 hours. The reaction mixture was allowed to cool 

and was then added drop~vise to saturated sodiu~ bicarbonate

solution. The precipitate was collected, washed Hell with 

water and dried. Crystallisation from acetonitrile afforded 

N-~-chlorobenzvliden~-N'-(2,5-dibromoohenyl) hydrazine (10. 

o 5 g., 89%) as white needles, '!rl..p.98-99 (Found: C, 40.10; 

H, 2.48; N, 7.33. C13H9Br2CIN2 requires C, 40.19; H, 2.48; 

N, 7.21%); i.r. 1580, 1490, 1410, 1280, 1145, 1120, 1070, 
. -1 

1025, 980, 880, 855, 790, 760, 680 cm • 

2,6-Dibromoaniline 

This was prepared from sulphanilamide via 3,5-dibromo-

sulphanilamide. The latter amide was obtained as long fawn 

prisms, m.p. 237-238 0 (lit. ~o 239-240o ). Acidic hydrolysis, 

followed by steam distillation, gave 2,6-dibromoaniline (68%) 

1 1 dl 820 (1' 61 0). as co our ess nee es, m.p. 1t., 84-86 ; 1.r. 3300, 

1615, 1455, 1295, 1060, 762, 757, 712 em-1 • 

2,6-Dibromophenylhydrazine 

2,6-Dibromoaniline (33 g.) suspended in concentrated 

hydrochloric acid (160 ml.) was vigorously stirred and cooled 
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to -20~ A solution of sodium nitrite (10.1 ~., 1.1 equiv.) 

in Hater (60 mI.) Has added durinl?; 30 minutes, the te Dera-

ture not risin~ over _50. Excess urea vIas added and he dia .. 

zonium chloride solution reduced by rapid additio of a 

solu tion of anhydrou s stannou s chloride (63 g., 1.25 e'luiv.)-

in concentrated hydrochloric acid (150 mI.) previously cooled 

to _40°, After standing overnight at D°, the cream coloured 

precipitate was filtered off, made into a Daste r'7tt:1 T_"'1ter 

and ice chips, and basified Hith 40% sodium 1-tydroxide solutinn. 

The paste was stirred for 6 hours at room tenperature and 

the precipit'lte was then collected, iclashed '"rell '>lith '-rater 

and pressed as dryas possible. T)rying overniC:~lt over p"hosDho-

rus pentoxide gave 2,6-dibromophenylhydrazi.ne (33.2 p;., gl+%) 

1 ° (. 62 0). as cream coloured leaves, m.p. 98- 00 llt., 110 ; 1.r. 

3340, 3250, 1601, 1580, 1490, 1450, 1370, 1180, 1155, 1070, 

-1 
1 0 2 5, 91 0, 8 4- 0 , 7 5 5, 6 9 5 em 

N-Benzoyl-N'-(2,6-di.bromQphenvl) hydrazine 

2,6-Dibromophenylhydrazine (g. 0 g.) '.Jas suspendeC in 

dry ether (90 mI.); triethylamine (8 mI.) was added and r~e 

mixture cooled to _35°, Benzoyl chloride (5.30 ~., 1 equ i l ) 

in dry ether (25 mI.) was added dropwise durinq 20 minutes. 

Stirring was continued for 2 hours at -20 to _30°. The cream 

coloured precipitate was filtered off, Hashed \-lith ether, 

then with hot Hater and dried. Crystallisation from ethanol 
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gave N-benzoyl-N'-(2,6-dibromopheny1) hydrazine (7.9 g., 66%) 

• 0 (. 63 0). as long whlte rods, m.p. 150-152; llt., 150-151 ; l.r. 

3270, 1652, 1512, 1496, 1480, 1448, 1329, 905, 801, 758, 735, 

-1 
729, 709, 690, 673 cm • 

N- 0/... -Chlorobenzy1idene-N' -( 2? 6-dibromopheny1) hydrazine 

N-Benzoyl-N'-(2,6-dibromopheny1) hydrazine (5.40 g.) 

and phosphorus oxychloride (30 ml.) were heated at 55-600 for 

12 hours. The reaction mixture was allowed to cool and 1;,faS 

then added dropwise to cold saturated sodium bicarbonate 

solution. The precipitate was collected, washed \.;ell vdth Hater 

and dried under reduced pressure. Crystallisation from 

acetonitrile afforded N- 0{ -chlorobenzylidene-N' - (2 2 6-9- ;.bromo

nheny1) hydrazine (5.22 g., 91%) as cream coloured needles, 

o 
m.p. 65 (Found: C, 40.25; H, 2.43; N, 7.26. C13HgBr2C1N2 re-

quires C, 40.18; H, 2.33; N,7.21%); i.r. 3280 (N-H), 1580, 

1565, 1515, 1485, 1452, 1445, 1410, 1220, 1120, 8'+0, 760, 755, 
-1 

7 2 5 t 6 9 5 , 68 0 cm 

2,4,6-Tribromopheny1hydrazine 

A stirred suspension of 2,4,6-tribromoani1ine (25.0 g.) 

in hydrochloric acid (100 mI.) was diazotized at _250 using 

a solution of sodium nitrite (5.5 g.) in water (25 mI.). The 

excess nitrous acid Has destroyed with urea, and a solution 
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of anhydrous stannous chloride (34.2 g.) in concentrated hy

drochloric acid (50 mI.) previously cooled to _40° was rapid-

ly added to the vigorously stirred diazonium salt solution; 

stirring was continued for 1 hour at 0°. 

The off-white hydrazine salt was collected by filtra-

tion and stirred with 40% aqueous sodiu~ hydroxide solution 

(100 mI.) for 4 hours. The "'lhite precipitate was filtered off, 

tvashed well with hot t>1ater and dried. Crystallisation from 

ethanol gave 2,4,6-tribromophenylhydrazine (24.2 g., 91%) as 

white needles, m.p. 140-142°; (lit.~4 146°); i.r. 3240, 1550, 
-1 

1470, 1440, 1410, 1370, 862, 850, 750, 735 cm • 

N-Benzovl-N'-(2,4,6-tribromophenyl) hydrazine 

2,4,6-Tribromophenylhydrazine (15.0 g.) was suspended 

in dry ether (180 mI.); triethylamine (6.0 g.) was added and 

the mixture cooled to _35°. Benzoyl chloride (6.4 ~.) was 

added dropwise during 20 minutes. Stirring was continued 

for 1 hour at -20 to -30°. The white p-recipitate was filtered 

off, washed with ether, then with hot water and dried. 

Crystallisation from ethanol afforded N-henzovl-N'-(2,4,6-

-tribromophenyl) hydrazine (13.4 g., 70%) as long white rods, 

m.p. 172-173° (Found: C, 34.81; H, 1.92; N, 6.19. c13~9Br3N2o 

requires C, 34.77; H, 2.02; N, 6.24%); i.r. 3270, 1660, 1510, 

1480, 1440, 1370, 1320, 1260, 1235, 1080, 900, 860, 855, 795, 

715, 
-1 680 cm • 
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N- ol. -Chlorobenzvlidene-N f - (2 2 4 J 6-tribrornophenyl) hvdrazine 

N-Benzoyl-N'-(2,4,6-tribromophenyl) hydrazine (8.2 g.) 

and phosphorus oxychloride (50 mI.) were boiled under reflux 

for 6 hours. Evaporation under reduced pressure afforded 

black tar which was triturated with ethanol to give an off- . 

-white solid. The precipitate was filtered off and crystallis-

ed from acetonitrile giving N- d.. -chlorobenzyl idene-;'P - (2,4,6-

-tribromophenyl) hydrazine (7.5 g., 88%) as long vlhite rods, 

m.p. 108-1090 (Found: C, 33.32; H, 1.64; N, 6.13. C13HSCIBr3N2 

requires C, 33.40; H, 1.72; N, 5.99%); i.r. 3270, 3050, 1585, 

1570, 1510, 1480, 1430, 1360, 1315, 1220, 1130, 900, 860, 745, 

690, 675 cm-1 • 

N-Benzvlidene-N'-(p-nitrophenvl) hvdrazine 
( tr «' v 

This compound (30.2 g., 90%) was prepared from p-nitro-

phenylhydrazine (21.8 g.) and benzaldehyde (18.9 mI.) and 

o 
crystallised from ethanol as rust leaflets, m.p. 192-193 , 

after subliming above c~. 1400 (lit.~5 192-1930 ); :5..1". 3250, 
-1 

1600, 1585, 1300, 1270, 1103, 842, 755, 688 em • 

N- cI.. -Bromobenzyl idene-N t - (2-bromo-4-ni trophenyl )hydrazine 

N-Benzylidene-N'-(p-nitrophenyl)hydrazine (11.0 g.) 

was suspended in glacial acetic acid (120 mI.). A solution of 

bromine (5.30 mI.) in glacial acetic acid (20 mI.) was added 



87 

during 15 minutes. After the addition of bromine was completed 

the solution was heated to 1000 for 1 hour. The precipitate 

was filtered off, washed with water and dried. Crystalli

sation from acetone afforded N-~-bromobenzy1idene-Nf-(2-bro-

mo-4-nitrophenyl)hydrazine (13.2 g., 76%) as long golden rods, 

m.p. 171-1730 , after subliming above 1250 (lit.~6 171-172°); 

. i.r. 3300. 1588, 1524, 1502, 1483, 1333, 1293, 1143, 1109, 756, 

-1 
743, 725, 682 cm to 
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II. REACTION OF HYDRAZIDIC HALIDES HITH THIOACETATE ION 

Sodium Thioacetate 

This was prepared by treatment of 98% thioacetic acid. 

(d. 1.065-1.070) with slightly less than an equivalent 

quantity of sodium bicarbonate in water. The excess thio

acetic acid was removed by washing with ether and the pale 

yellow aqueous solution was then evaporated under reduced 

pressure. Sodium thioacetatewas obtained as a pale yellow 

solid and ~las rendered colourless by trituration with benzene. 

It was found to be strongly hygroscopic and therefore stored 

over phosphorus pentoxide; i.r. 3295, 2900, 1615, 1515, 13~0, 
-1 

1190, 1130, 960, 680 cm • 

The reaction of N- 0( -Bromohenzylidene-N' - (2 ,4-dibroT11ophenvl) 

hvdrazine Hith Sodium Thioacetate 

The general procedure involved stirring a mixture of 

hydrazidic halide (0.01 mole), sodium thioacetate (0.02 Mole) 

and acetonitrile (30 ml.) for tvlO hours at room temperature. 

The precipitate was filtered off and dissolved in ethanol 

with gentle heating.. Insoluble hydrazidic sulphides were 

separated by filtration and the ethanolic solution "Has poured' 

into excess water; where this gave colloidal solutions, 

acetic acid was added to induce coagulation of the acetylthio-
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hydrazide. 

Table XII 

Acetylthiohydrazide Hydrazidic Sulphide 

1 80% 10.5% 

Acetonitrile with 
2 88% 10.2% 

5% water 

3 88% 10.8% 

1 91% 8.1% 

Acetonitrile with . 
2 91.7% 7.8% 

10% water 

3 95% 8.4% 

Reaction of N- 01. -Bromohenzylidene-N' -( 2, 4-dibromonhenvl )

hvdrazine with Sodium Thioaceta te 

N- c:I.. -Bromobenzylidene-N' - (2, 4-dibromophenyl )hydrazine 

(4.33 g., 0.01 mole) in acetonitrile (30 ml.) was added to a 

mixture of sodium thioacetate (1.96 g., 0.02 mole) and aceto

nitrile (15 ml.) at room temperature, with stirring, After 2 

hours the yelloH.precipitate was filtered off, washed well 

with tvater and dried under reduced pressure. The yellow ·solid 

was boiled with ethanol (150 mI.) and filtered. The remainin~ 

solid was washed with ethanol and dried. Crystallisation from 
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benzene (charcoal) gave bis [0<. -(2,4-di.bromopheny1hydrazono) 

benzyl J sulphide (0.62 g., 9%) as white rods, m.p. 201-202 0 

(decomp.) (lit.~7 201-2020 decomp.); i.r. 3280, 1587, 1481, 
-1 

1297, 1232, 1139, 1110, 809, 769, 734, 686 cm • 

The ethanolic filtrate and combined 'A~ashillgs on con-

centration afforded N-thiobenzoyl-N'-acetyl-N'-(2,4-dibromo

pheny1)hydrazine (4.07 g., 90%) as yellow prisms, m.p. 

177-178 0 (decomp.) (Found: C, 42.19; H, 2.75; N, 6 •. 59. 

C15H~2Br2N20S requires C, 42.07; H, 2.82; Nt 6.54%); Lr. 

3180, 3040, 2950, 1675, 1670, 1570, 1515, 1470, 1445, 1380, 
-1 1320, 1260, 1075, 860, 835, 825, 790, 765, 725, 695 cm • 

Reaction of N- 01. -Bromobenzylidene-N' -( 2-bromo-4-fluo!"oDhenvl) 

hydrazine Hith Sodium Thioacetate 

N- cJ. -Bromobenzy1idene-N' -(2-bromo-4-f1uoropheny1 )hydra-

zine (5.0 g.), sodium thioacetate (2.67 g.) and acetonitrile 

(150 ml.) were stirred together for 2 hours. The yellow preci

pitate was collected, washed with water and dried under re

duced pressure. The pale yellow solid was boiled with ethanol 

(200 ml.) and filtered. The remaining solid was washed Hell 

with hot ethanol and dried. Crystallisation from benzene 

afforded bis [~ -(2-bromo-4-fluoroPhenylhydrazono)benzyl] 

o sulphide (0.82 g., 10%) as pale yellow blades, m.p. 184-186 
67 

(decomp.) lit., 
o 

184-185 (decomp.); i.r. 3280, 1536, 1500, 
. -1 

1490, 1440, 1300, 1190, 1140, 855, 810, 755, 685 em • 
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'The ethanol ic f il tra te and CO"YlD ine d wa shing; b on con-

centra tion gave N-thiobenzoyl-N' -acetvl-N' - (2-bro'!1o-4-fluoro-

E.henyl)hydrazine (3.60 g., 72%) as yellow prisms, essentially 

pure by t.l.c., m.p_ 156-157o (decomp.); i.r. 3200, 1670, 1500, 
-1 . 

1390, 1270, 880, 870, 735 em • This was directly used for 

conversion to thiadiazine. 

F.eac.tion of N- d.. -Chlorobenzylidene-N f - (2, 5-dibromophenyl) 

hxdrazine with Sodiu~ Thioacetate 

N- d- -Chlorobenzylidene-N' - (2, 5-dibro'TI.ophenyl )hydrazine 

(l.3 g.), acetonitrj_le 0.0 ml.) and sodium thioacetate (0.65 

g., 2 equiv.) were stirred together at roo~ ta~perature. After 

2 hours the precipitate was filtered off, v.lashed. '{·Jell with 

water and dried under reduced pressure. The pctle yellow 

precipitate was boiled with ethanol (100 mI.) and filtered. 

Crystallisation from benzene (charcoal) gave bis-r~-(2,5=_ 

-dibromophenylhydrazono)benzy1] sulphide (0.12 g., 5.5%) as 

white rods, m.p. 2l0o(decomp.) (Found: C~ 42.11; H, 2.49; 

ieI'. 3270, 1560, 1535, 1475, 1400, 1255, 1130, 1040, 910, 

750 em-1 , The ethanolic filtrate and combined washings 

780, 

on 

concentration afforded N-thj.obenzoxl-N' -acety1---,'T' - (2, 5-dibro

~phenyl)hydrazine (0.85 g., 60%) as yellm.: noedles, m.p. 

o 
146-147 (Found: C, 42.21; H, 2.84; N, 6.68. C15H12Br2N20S 

requires C, 42.07; H, 2.82; N, 6.54%); i.r. 3180, lS80, 1560, 
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1460, 1445, 1380, 1345, 1255, 1075, 1025, 880, 820, 765, 725, 
-1 690 cm • 

Reaction of N- oJ... -Chlor.obenzy1idene-N' - (:2, 6-dj.bromophenyl) 

hydrazine with Sodium Thioacetate 

N- 01. -Chlorobenzylidene-N' - (2, 6-dibromophenyl )hydrazine 

(8 g.), acetonitrile (70 mI.) and sodium thioacetate (4.1 g., 

2 equiv.) were stirred together at room temperature. After 2 

hours the precipi ta te ~vas filtered off, washed tori th acetoni

trile then with water and dried. Crystallisation from toluen~ 

gave 6-dibromophen lh drazono)-benz 1 
. 0 

(1.8 g., 12%) as cream coloured needles, m.p. 200-201 (decomp.) 

(Found: C, 42.59; H~2.51; N, 1.44. C26H18Br4N4S requires 

C, 42.30; H, 2.45; N, 7.60%); i.r. 3235, 3015, 1575, 1555, 

1535, 1465, 1450, 1440, 1410, 1280, 1220, 1150; 1090, 905, 
-1 

765, 755, 740, 710, 685 cm • 

Excess water was added to the filtrate and the yellovl 

precipitate collected. Crystallisation from aqueous ethanol 

afforded N-thiobenzoy1-N'-acetyl-N'-(2,6-dibromonhenyl)hydra

o zine (5.5 g., 62%) as yellow prisms, m.p. 150-151 (decomp.) 

(Found: C, 42.31; H, 2.84; N, 6.52. C15H12Br2N20S requires 

C, 42.07; H, 2.82; N, 6.54%); i.r. 3230, 2995, 1680, 1565, 

1480, 1435, 1370, 1335, 1260, 1220, 1210, 1080, 1040, 955, 
-1 910, 770, 755, 735, 690 em 
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Reaction of N- ol. -Chlorobenzylidene-N' - (2,4 2 6-tribromophenyl) 

hydrazine with Sodium Thioacetate 

N- cI... -Chlorobenzylidene-N' - (2,4" 6-tribromophenyl )hydra-

zine (6 g.), sodium thioacetate (2.52 g.) and acetonitrile 

(30 ml.) vlere boiled under reflux for 1 hour. The Hhite solid 

was filtered off, washed with water and dried. Crystallisation 

from benzene (charcoal) gave bis [0<. -(2,4,6-tribromophenyl

hydrazono) benZYl] sulphide (1.18 g., 11%) as pale cream rods, 
. 0 .67 0 m • p. 198 - 2 0 0 ( dec 0'11 p.) ( 11. t • , 195 -19 7 ); i • r • 3 255, 1 540 , 

-1 1465, 1430, 1370, 1060, 855, 775, 760, 720, 695 cm • 

Excess water was added to the filtrate and the yelloH 

precipitate collected. Crystallisation from benzene afforded 

N-thiobenzoyl-N'-acetyl-N'-(2,4,6-tribromophenyl)hydrazine 
o (4.12 g., 65%) as yellow prisms, m.p. 123-125 (decomp.); 

i.r. 3270, 3150, 2940, 1725, 1650, 1550, 1500, 1475, 1440, 
-1 

1435, 1360, 1240, 855, 760, 715, 685 cm • This was directly 

used for conversion to thiadiazine. Thin layer chromatography 

(chloroform) revealed that there Has no thiadiazine contained 

in the reaction mixture. 

Reaction of N-~-Bromobenzvlidene-N'-(2-bromo-4-nitrophenvl) 
& • I 

hvdrazine with Sodium Thioacetate . 

N- d.. -Bromobenzylidene-N' - (2-hromo-4-ni trophenyl )hydra-

zine (5.0 g.) and sodium thioacetate (2.50 g.) Here stirred 

together in acetonitrile (75 mI.) for 4 hours at room tempe-
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ra ture. A deep red colour appeared immediately. The yellov.7 

prec ipi tate Has filtered off, vlashed with acetonitrile then 

with \-Ja tel' and dried. Crv.:;tallisat ion from 'toluene p:ave !2.i.:.-

ol. -(2-bromo-4-nitrophenylhydrazono)-benzyl sulphide (0.75 

g., iO%) as yellow prisms, o m.p. 227-228 (decomp.); Lr. 3260, 

1580, 1515, 1501, 1440, 1330, 1280, 1235, 1130, 1100, 825, 770, 

-1 
740, 730, 685 cm • 

To the filtrate excess Hater Has added and the rusty 

red pr'ecipitate was collected and dried (3.85 g.). The solid 

Has shmm by thin-layer chromatography (chlo:;:'oform) to con-

tain at least three components. All attempts to purify crude 

N-thiobenzoyl-?J' -acetyl-H' - (2-bromo-4-nitroI'h~~yl )hy1razine, . 
by crystallisation failed to remove by-products; o m.p. 62-66 , 

i.r. 3080, 2920, 1700, 1580, 1530, 1490, 1440, 1330, 1250, 

-1 
1110,870,760,740,730,675 cm • 
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III. PREPARi\TION OF BENZOTHIADIAZIl!E2 

~-Acetyl-7-bromo-2-.phenyl-4H-12 3 24-benzothiadiF~zin.~ 

N-Thiobenzoyl-N'-acetyl-N'-(2,4-dibromophenyl)hydra-

zine (1.0 g.), triethylamine (3.6 g.) and acetonitrile (15 

mI.) were boiled under reflux for 2 hours. On cooling the 

light orange solution deposited a Hhite solid. Excess water 

Has added and the pale yellow precipitate collected. Crysta

llisation from ethanol afforded 4-acetyl-7-bromo-2-phenyl-4H-

-l,3,4-benzothiadiazine as cream coloured needles, m.p. 

1 0 (. 67 1 0) • ~ • 181- 82, Ilt., 81-183 • Concentratlon or the crystalll-

sation mother liquor gave a further crop. The total yield ~vas 

(0.65 g., 68%); i.r. 170S, 1484, 1379, 1338, 1267, 1234, 954, 
-1 

883, 844, 810, 764, 761, 682, 670 cm ; p.m.r., CC1 4 , multi-

plet 7.97-7.74 6 (3il), multiplet 7.46-7.19 S (SH), singlet 

2.42 $ OIn. 

Z.-Bromo-2-'phenyl-4H-l! 3, 4-benzothiadiazine 

4-Acetyl-7-bromo-2-phenyl-4H-l,3,4-benzothia,diazine 

(0.75 g.), ethanol (30 mI.) and concentrated hyarochloric 

acid (20 mI.) were boiled under reflux for 2 hours. The 

thiadiazine dissolved within a few minutes. The reaction 

solution deposited a yelloH solid on coolin:=; , \vhich WiS 

collected bv filtration. 'T'he filtrate, ~'7hich po~sessed an ester 
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like smell, gave a further crop of this solid when diluted 

\·dth water (400 ml.); the total yield was (0.43 ~., 65%). 

Crystallisation of a sample from ethanol provided 7-bromo-2-

-phenyl-4H-l,3,4-benzothiadiazine as lone yellow rods, m.p. 
o 67 0 

121-122 ; (lit., 121-122), i.r. 3290, 1450~ 1267, 1238, 
-1 

1031, 1024, 959, 866, 806, 755, 690 em •. P.m.r., CC1 4 multi-

plet 7.62-7.90 S (2H), multiplet 

doublet 6.25-6.50 S (lH). 

7.0-7.57 S (6H), distorted 

4-Acetyl-7-fluoro-2-phenyl-4H-1,3,4 benzothiadiazine 

N-Thiobenzoy1-N t -aeetyl-N' - (2-bromo .. 1l-fluorophenyl) 

hydrazine (3.0 g.), triethylamine (10.8 g.) and acetonitrile 

(45 mI.) were boiled under reflux for 2 hours. On coolin~, 

the dark orange solution deposited a pale ye11bw Drecipitate. 

Excess water added and the precipitate was collected. Crygta-

11isation from ethanol afforded 4-acetyl-7-fluoro-2-phenyl-

-4H-1,3,4 benzothiadiazine(1.10 g., 48%) as t·lhj.te needles,. 

o . 31 0 
m.p. 173-174 (l~t., 183); i.r. 1700, 1600, 1485, 1380, 1335, 

1270, 1235, 1190, 1070, 960, 885, 845, 810, 770, 740, 690, 

-1 
670 em • 

7-Fluoro-2-phenyl-4H-l,3,4 benzothiadiazine 

4-Acetyl-7-f1uoro-2-phenyl-4H-1,3,4 benzothiadiazine 

(1.0 g.), ethanol (30 mI.) and concentrated hydrochloric acid 
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(20 mI.) Here boiled under reflux for 2 hours. On coolin~, 

the reaction solution deposited a yello~.y solid, which Has 

collected by filtration. The filtrate, which possessed an 

ester like s~ell, gave a further crop of this solid when di-

luted with Hater. Crystallisation of .a samplefro~ ethanol 

provided 7-.fluoro-2-phenyl-4H-1, 3,4 benzothiadiazine (0.72 g., 

9::) 0 (. 68 810 as long yellow needles, ~.p. 106-107 l1t., 106-107); 

i.r. 3320, 1605, 1595, 1490, 1480, 1270, 1255, 1190, 1055, 
o -1 

860,810,755,710, 680 em .' 

4-Acetvl-6-bro~0-2-phenyl-4H-1,3,4 benzothiadiazine 

N-Thiobenzoyl-N'-acetyl-N'-(2,5-dibromopheny1)hydra-

zine (1 g.), acetonitrile (15 mI.) and triethylamine (3.6 ~,) 

were boiled under reflux for 20 hours. On cool.ing, the liD;ht 

orange solution deposited a white solid, Excess -;'later added 

and the pale yellow precipitate collected, 'tvashed Hell with 

hot water and dried. Crystallisation from benzene crave 4-o _ 

-acetyl-6-bromo-2-r;henyl-:4H-1,3,4 benzothiadiazine (0.38 g., 

44%) as cream coloured needles, m.p. 123-1250 ; i.r. 1701, 

1570, 1465, 1440, 1380; 1370, 1320, 1250, 1200, 1080, 950, 

-1 
855, 790, 756, 720, 700, 675, 655 cm • Microanalytical fi-

. 
gures were discrepant. P.m.r, distorted doublet 8.10-8.0 ~ 

(lH), multiplet 7,95-7.70 S (2H), multiplet 7.50-6.80 & (SH). 
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6-Bromo-2-phenyl-qH-l,3,q benzothiadiazine 

Q-Acetyl-6-bromo-2-phenyl-QH-l,3,4 benzothiadiazine 

(0.6 g.), ethanol (25 mI.) and hydrochloric acid (20 ~l.) 

were boiled under reflux for 3 hours. The reaction solution 

deposited a yellow solid on cooling, which was collected by 

filtration. Crystallisa~ion of a. sample fro~ ethanol provid

ed 6-bromo-2-phenyl-4H-l,3,1~ benzothiadiazine (0.37 g., 70%) 
. 0 

as long yellow needles, m.p. 149-150 (Found: C, 51.13; 

H, 2.96; N, 9.06. C13H9BrN 2S requires C, 51.17; H, 2.97; 

N, 9.18%); i.r. 3290 (N-H), 1570, lQ80, 1455, 1380, 1290, 
-1 

1265, 1240, 1080, 890, 880, 795, 755, 685 em • P.m.r. multi-

plet 7.82-7.62 S (2H), multiplet 7.Q5-7.lS 8 (4H), multiplet 

6.76-7.10 G (2H), distorted doublet 6.75-6.62 S (lH). 

A sample of 6-brorno-2-phenyl-4H-l,3,Q henzothiadiazine 

was treated with a mixture of acetic anhydride (excess) and 

~lacia1 acetic' acid under reflux for 1 hour. Dilution Hi.th 

water yielded a yelloH solid which on crystallisation fro~ 

ethanol (charcoal) gave Il-acetyl-6-bromo-2-phenyl-I+H;..1, 3,4 

benzothiadiazine as white 
o 

needles, m.p. l2Q-125 (Found: 

C, 51.84; H, 3.40; N, 7.91. C15HllBrN20S requires C, 51.88; 

H, 3.20; N, 7.90%) identical (i.r., p.m.r.) with the above 

sample of the acetyl derivative. 

Q-~cetyl-5-bromo-2-phenyl-QH-l,3,4 henzothiadiazine 

N-Thiobenzoyl-N'-acetyl-~'-(2,6-dibro~ophenyl)hydra-
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zine (5.1 g.), acetonitrile (50 mI.) and triethyla~ine 

(18.5 g.) were boiled under reflux for 8 hours. On coolin~ 

the light orange solution deposited a white solid. :=:xcess 

water was added and the pale yelloH precipitate collected, 

washed well with hot water and dried. Crystallisation fro'TI. 

benzene gave 4-acetyl-5-bromo-2-nhenyl-4H-l,3,4 benzothia-

diazine (3.5 g., 85%) as crea'TI. coloured prisms, 'TI..p. 

127-1280 (Found: C, 51.64; H, 3.18; S, 9.20. C15HIIBrlT208, 

requires C, 51.88; H, 3.20;8, 9.23%); i.r. 3225, 2995, 

1685, 1568, 1480, 1338, 1370, 1340, 1260, 1220, 1205, 1080, 
-1 

960, 910, 770, 755, 685, 660 cm • 

5-Bromo-2-phenyl-4H-l,3,4 benz,othiadiazine 

!~-Acetyl-5-bromo-2-phenyl-4H-l, 3,4 benzothiad:tazine 

(3.4 g.), ethanol (140 mI.) and concentrated "hydrochloric 

acid (95 mI.) Here boiled under reflux for 36 :'1ours. ':!:'he 

reaction mixture was allowed to cool water added, and then 

extracted with ether. The ethereal layer was washed with 

sodium bicarbonate solution and then with water and dried 

over magnesium sulphate. Column separation on florisil 

(eluent: benzene-chloroform) gave the startin1 thiadiazine 

(1.2 g.), an unidentified red product and 5-hro'TI.0-2--phenyl-

-4H-I,3,4 benzothiadiazine (0.4 ~., 13%) as yellow n2edles, 
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o 
~.p. 75 (Found: C, 51.17; H, 3.09; N, 9.04. 

requires C, 51. 17; H, 2.97; N, 9.18%); i.r. 

C1 H B"('i'T2S, 
3 9 

3280, 1615, 

1570, 1485, 1465, 143,0, 1255, 1235, 1080, 960, 880, 760, 
-1 

715, 680, 660 em ; p.~.r. sin~let 8.20-7.95 (lH), multi-

plet 7.90-7.67 (2H), multiplet 7.45-7.15 (4H), mUltiplet" 

7.00-6.60 (2H). 

4-Acetyl-5,7-dibromo-2-uhenyl-4H-1,3,4 henzothi<'l.diazine 

N-Thiobenzoyl-N'-acetyl-N'-(2,4,6-tribromopheny1) 

hydrazine (1.0 g.), acetonitrile (10 mI.) and triethylamine 

(5 mI.) were boiled under reflux for 6 hours. On cooling, 

the light orange solution deposited a pale yellow precipi-

tate which ~-Tas collected, washed with water and dried. Cry

stallisation from benzene (charcoal) gave 4-acetyl-5,7-di

bromo-2-phenyl-4H-1,3,4 benzothiadiazine (0.45 g., 55%) as 

long white needles, m.p. 129-1300 • The identi~y vIas confi'::''Tled 

(i.r., t.l.c., m.p., p.~.r.) by cO'llparison with the sa""l'Dle 

obtained by acetylation of (97). 

4-Acetyl-7-nitro-2-phenyl-4H-1,3,4 benzothiadiazine 

Crude N-thiobenzoyl-N'-acetyl-(2-bromo-4-nitrophenyl) 

hydrazine (3.0 g.), acetonitrile (30 mI.) and triethylamine 

(10 mI.) were boiled under reflux for 4 hours; the mixture 

was then cooled and poured into water (900 mI.). The red 
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solid Has filtered off, washed with water, dried and the 

crude product ~vas chromatographed on Florisil (eluent: 

benzene-chloroform-ethyl-acetate). The fraction ccntainin~ 

the yel101:v fluorescent product ,·,ras collected, evaporated and 

the residue crystallised from ethanol to "'ive 4-acetvl-7-o -.. #( 

-nitro-2-phenyl-4H-l,3,4 benzothiadiazine (0.58 ~., 24%) as 

golden fluorescent needles, m.p. 182-1830 • ~icroanalytical 

figures were discrepant: itr. 1690, 1515, 1360, 1340, 1325, 
-1 

12 6 0, 1 21 5 , 9 5 0, 8 7 5, 7 5 0, 7 3 5, 6 9 5, 6 7 5 c:n ; p • m • r • CDC 13 ' 

multiplet 7.85-8.20 S (51-1), multiplet 7.20-7.65 c5' (3H), sin

glet 2.60-2.50 d (3H); m.s. 313 ('1+), 292, 290, 284, 283,277, 

273, 271, 241, 238, 225, 185, 163, 149, 135, 121, 105, 103, 83, 

81, 78, 77, 71, 58, 44, 43. 

7-Nitro-2-phenyl-4H-~J3,4 benzothiadiazine 

4-Acetyl-7-nitro-2-phenyl-4H-1,3,4 benzothiadiazine 

(0.40 g.), ethanol (20 mI.) and concentrated hydrochloric 

acid (15 mI.) were boiled under reflux for 2 hours. On cool-

ing, the reaction solution deposited a red precipitate which 

was collected by filtration. The filtrate gave a further crop 

of this solid t.J'hen diluted 1;vith Hater. No pure 7-nitro-2-

-phenyl-4H-1, 3 ,4 benzothiad,iazine could be obtained from the 

above precipitate \·jhose m.p. '.Nas 147-155°; i.r. 3290, 1665, 

1525, 1490, 1460, 1330, 1265, 1135, 1125, 905, 880, 755, 740, 
-1 

72 0 , 6 8 5 cm ; m • s. 3 8 6, 3 5 8, 3 51, 3 2 2, 2 9 9, 28 4, 2 71 (]\'1 + ) , 
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255, 241, 237) 225, 195, 187, 177, 149, 138, 135, 123, 122, 

121, 105, 103, 78, 77, 76 
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IV. i. THIOHYDRAZIDES AS A SOURCE OF 4H-1,3,4 BEHZOTHIADIAZINES 

~r-Thiobenzoy1-N' - (2, 5-dibromopheny1 )hydrazine 

2,5-Dibromopheny1hydrazine (2.65 g.), carboxymethy1-

dithiobenzoate (2.12 g.) and 1M sodium hydroxide (10 m1.) 

were mixed together at room temperature. No reaction took 

place until the mixture "las vlarmed o to 40-50 • The pH was 

maintained at 9-10 by addition of sodium hydroxide solution. 

The mixture was stirred for 2 hours with occasional Harming; 

and then neutralised (pH paper) Nith dilute acetic acid. The 

ye11m-l precipitate 'vas filtered off, ~'lashed with water and 

° dried. Crystallisation from light petroleum (b.p. 60-90 ) gave 

N-thiobenzoy1-N'-(2z5-dibromopheny1)hydrazi~e (1.95 g., 40%) 
o 

as ye11o';v prisms, m.p. 149 (Found: C, 40,04; H, 2.54; 

S, 8.27. C13H10Br2N2S requires C, 40.43; H, 2~61; S, 8.30%); 

b.!:.:.. 3200, 1555, 1460, 1390,1260, 1160, 1070, 1025, 960, 925, 

-1 
850, 800, 770, 730, 680 cm .• 

N-Thiobenzoy1-H'-(2,6-dibromopheny1)hydrazine 

2, 6-Dibromopheny1hydrazine(1. 9 g.), mixed vri th an 

equivalent a:nount of Pi sodium hydroxide solution, was added 

to a solution of carboxymethy1dithiobenzoate (1.5 ~., 1 equiv.) 

in sufficient 1M sodium hydroxide solution that the final pH 

of the mixture \-1as 9-10. No reaction took place until the 

'TIixture was heated to 35-40°. The pH was maintained at 9-10 
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by addition of 1'1 sodium hydroxide solution. The mixture Nas 

stirred for 2 hours with occasional vlarming, then neutralised 

(pH paper) with dilute acetic acid. N-thiobenzoyl-N'-(2,6-di

bromophenyl)hydrazine (2.40., 82%) ~<las filtered off as a 

cream coloured solid, Hashed with water and dried under re

duced pressure. Attempts to purify this solid, m.p. 156-158°, 

by crystallisation failed to remove an orange by-product; 

i.r. 3220, 3050, 1570, 1515, 1480, 1450, 1440, 1405, 1310, 
~1 1220, 1130, 845, 760, 755, 130, 695, 680 cm • 

N-ThiobehzOyl-N'-(2,4,6-tribromophenyl)hydrazin~ 

To a solution of carboxymethyldithiobenzoate (4.24 g.) 

in sufficient lI1 sodium hydroxide to bring .the pH to 10-11, 

was added 2,4,6-tribromophenylhydrazine (6.82 g." No react

ion occurred and the mixture was ylarmed to 60_700 • The pH t<las 

maintained at 9 ... 10 by addition of 1'1 sodium hydroxide solu-

tion. The mixture was stirred for 2 hours with occasional 

war.ning;, then neutralised (pH paper) with dilute acet5_c acid. 

The pale yelloy] precipi ta te was filtered off, Tvashed T,Ti th 

water and dried. Crystallisation froTT\ benzene-light petrole1L"'l1 

(b.p. 30-60°) ~ave N-thiobenzovl-1P-(2,4,6-tribromophp.nyl)hy

drazine (7.l7g.,78%) as pale yellow prisms, m.p. 1350 (Found: 

C, 33.85; H, 1.93; N, 6.00. C13H9Br3N2S requires C, 33.57; 

H, 1.95; ~, 6.02%); i.r. 3280, 3250, 2940, 1550, 1495, 1480, 
-1 

1445,1430,1360,1230, 860, 765, 740, 720, 685 cm t· 
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~-Thiobenzovl-hydrazine 

Carboxymethyldithiobenzoate (2.12 g.) was mixed with 

(10 ml.) 1M sodium hydroxide and cooled in the ice bath. 

Hydrazine (0.36 g.) was added dropHise during five minutes. 

The mixture was stirred for half an hour and neutralised (pH

paper) with dilute acetic acid. The "pale yellow precipitate 

was collected washed well with tl1ater and dried. Crystalli-

sation from li~ht petroleum-benzene afforded N-thiobenzoyl-
" 0 

-hydrazine (1.20 g.) as a cr"eam coloured plates, m.p. 71-72 

(lit.~l 70-710 ); i.r. 3270, 3180, 1595, 1570, 1390, 1450, 
-1 

1380, 1320, 1215, 1115, 955, 910, 755, 685 em • 

~eaction of N-Thiobenzoyl-hydrazine with 2,4-dinitrofluoro-

benzene 

N-Thiobenzoyl-hydrazine (1.52 g., 0.01 mole), 2,4-di-

nitrof1uorobenzene (1.86 g., 0.01 mole), acetonitrile (20 mI.) 

and triethylamine were boiled under reflux for 1 hour. As 

soon as reagents were mixed the deep red colour appeared. The 

column separation on Florisil (eluent: light petroleum h.p. 

30-60°, benzene, chloroform) afforded 7-nitro-2-phenyl-4H

-1,3,4 benzothiadiazine (0.49 g., 18%) as red fluorescent ne

edles, m.p. 159-160°. Microanalytical figures were discrepant; 

i.r. 3295, 1670, 1525, 1490, 1465, 1325, 1265, 1135, 1125, 905, 
-1 

875, 755, 740, 720, 690 cm ; p.m.r., DMSO, multiplet 8.33-8.25 

(lH), multiplet 7.78-7.20 C (5H), ~ultiplet 6.71-6.4~ G (3H); 
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m.s. 27l(M+), 255, 241, 237, 225, 195, 187, 177, 165, 149, 

138,135,123,122,121,105,103,78,77,76. 

7-Nitro-2-phenyl-4H-l,3,4 benzothiadiazine (0.2 ge) 

and acetic anhydride (3 mI.) were boiled under reflux for 1 

hour. The work up procedure gave product V-lhich V-las identical 

(i.r., p.m.r. and mixed m.p.) with (75). 

IV. ii. REACTIONS OF THIOHYDRAZIDES WITH ACETIC ANHYDRIDE 

N-Thiobenzoyl-N'-(2,6-dibromophenyl)hydrazine (1.0 g.) 

was treated V-lith a mixture of acetic anhydride and glacial 

acetic acid under reflJ,lx for 20 minutes. Dilution 'i.]i th NateI' 

yielded a yellow solid which crystallised from ethanol to af

ford N-thiobenzpyl-N' -acetyl-Nt - (2? 6- rHbromophenvl )hvdrazine 

as yellow prisms, m.p. 150-1510 • The identity vIas confirmed 

(i.r., t.l.c., m.p.) by comparison vlith (57). 

Reaction of N-Thiobenzoyl-N'-(2,5-dibromophenyl)hydrazine 

with Acetic Anhvdride 

N-Thiobenzoyl-N'-(2,5-dibromophenyl)hydrazine (2 g.), 

glacial acetic acid (10 mI.) and acetic anhydride (10 mI.) 

were boiled under reflux for 1 hour. After a few minutes a 

deep violet colour appeared. Excess water ~'J'a8 added and the 

violet precipitate collected. The solid was shown (t.1.c.) 

to consist of a violet c01!1pound (A) and the pale ye110VT com

pound (B) which could not be separated by crystallisation. 
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Column separation on florisil (eluent: chloroform) Gave only 

traces of (A) and (B) (1.97 g.) as pale yellow pris~s, m.p. 

251-252 0 (Found: C, 44.91; H, 2.62; N, 6.15. C17H12Br2N20S 

requires C, 45.15; H, 2.67; N, 6.19%); i.r. 1605, 1540, 1495, 

1465, 1395, 1200, 1170, 1040, 830, 765, 750, 730, 710, 690, _ 

-1 ~ 670 em • P.m.r., CDC1 3 , multiplet 7.24-7.98 0 (8H), singlet 

5.50 G (lH), singlet 2.17 S (3~); m.s. 454/452/450, 439/437/435, 

... * 412/410/408, 373/371; 358/356, 352, 331/329, 292, 277, 270, 

264/262/260, 250, 237/235/233, 200/198, 183/181, 170/168, 146, 

121, 114, 103, 85, 77, 76, 75~ S9,' 63, 51, SO, 43. 

Reaction of N-ThiobenzoYl-N'-(2,4,6-tribro~ophenyl)~vdrazine 

N'ith Acetic Anhydride 

N-Thiobenzoy1-N'-(2,4,S-tribromopheny1)hydrazine (1.0 

g.) and acetic anhydride (5 mI.) Here boiled under reflux 

for 1 hour. After a few minutes a deep red colour appeared. 

Excess water was added and the red precipitate collected. The 

solid tolaS shown (t.l.c.') to consist of a red fluorescent 

co~pound (A) and yellow compound (B) which could not be sepa-

rated by crystallisation. Chromatographic separation on flori-

sil (eluent, chloroform) gave only traces of (A), and (B) 

(1.2 g.) as yellow needles, m.p. 218-2190 (Found: C, 38.32; 

H, 1.93; N, 5.30. C17HI1Br3N20S requires C, 38.44; H, 2.08; 

N, 5.27%); i.r. ISIS, 1545, 1490, 1470, 1440, ~370, 1190, 
-1 

1160, 895, 770, 755, 740, 685, 675 cm • P.m.r. CDC1 3, multi-
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p1et 7.27-7.98 S (7H), singlet 5.51 G (lH), singlet 2.17 S 

(3H): m.s. 534/532/530/528, 519/517/515/513, 453/451/449, 

438/436/434, 411/409/407, 373/371, 309, 308, 306, 305, 292, 

277, 264/262/260, 252/250/248, 167, 146, 124, 125, 103, 82, 

81/79, 77, 76, 75, 51, 50, 43. 

Reaction of N-Thiobenzoyl-N' -acety1-N' - (2, 4-dibromnphenylJ .. 

hydrazine with Acetic Anhydride 

N-Thiobenzoyl-N'-acetyl-N'-(2,4-dibromophenyl)hydra-

zine (1.0 g.) and acetic anhydride (8 mI.) were boiled under 

reflux for 1 hour. As soon as reflux temperature was reached 

a deep red colour appeared. Excess Hater 1;vas added and the 

red precipitate collected. The solid tvas shoY-Tn (tel.c.) to 

consist of a red compound (A) and pale yellow product (B). 

Column separation on florisi1 (eluent, chloroform) ~ave only 

traces of (A), and (B) (0.98 g., 94%) as pale yellow pris~s, 

o (. 40 o. m.p. 155-156 11t., 153.5-155); 1.r. 1608, 1540, 1495, 

1455, 1405, 1360, 1340, 1210, 1170, 1075, 1030, 855, 840, 8 0, 
-1 

755, 725, 710, 690 em • P.m.r., CDC1 3 , multiplet 7.25 ... 8.05 S 

(8H), singlet 5.49 d (lH), sin~let 2.12 C (3H): 

m.s. 454/452/450, 439/437/435, 412/410/408, 373/371, 358/356, 

352, 331/329, 292, 277, 270, 264/262/260, 250, 237/235/233, 

200/198, 183/181, 170/168, 146, 121, 114, 103, 85, 77, 76, 75; 

69, 63, 51, 50, 43. 
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The compound (0.20 g.) was refluxed in ethanol (10 mI.) 

and concentrated hydrochloric acid (5 mI.) for 3 hours. The 

mixture was cooled, neutralised with sodiu~ bicarbonate solu

tion, diluted with water and the pale yellow precipitate 

(0.17 g.) collected. It was shown (t.l.c., i.r. and mixed 

~.p.) to be the starting material. 
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v. CHEMISTRY OF 4H-l,3,4-BENZOTHIADIAZINES 

V. i. ELECTROPHILIC SUBSTITUTIO~ 

5,7-Dibromo-2-phenyl-4H-l,3,4 benzothiadiazine 

7-Bromo-2-phenyl-4H-l,3,4 benzothiadiazine (1.52 g.), 

freshly prenaY'ed :oyridine hvdrobromide per>bromide 

(1.60 g.) and glacial acetic acid (50 mI.) were stirred to-

gether at room temperature for t~70 hours. After one hour the 

r>eaction mixture turned from dark brovm to yellow. Stirring 

was continued for one hour, and the yellow precipitate was 

then collected. After washing with a little glacial acetic 

acid the remaining solid ~.;ras crystallised from ethanol giving 

5,7-dibro~o-2-phenyl-4H-l,3,4 benzot~iadiazine (1.82 g., 95%) 

as yellow needles, o m.p. 108-109 (Found: C, 40.93; H, 2.31; 

Br, 41.42. ClSilaBr2N2S requires C, 40.62; H, 2.03; Br, 41.61%); 

i.ri. 3312 (N-H), 1600, 1572, 1490, 1455, 1430, 1370,1250, 
-11 

1175, 1075, 1025, 955 cm p.m.r., CC14 , singlet 7.88-7.98 b 

(lH), multiplet 7.59-7.71 S (2H), multiplet 7.19-7.29 G (4H), 

distorted doublet 6.98-7.05 C (lID. 

5-Bromo-7-fluoro-2-phenyl-4H-l, 3, 4 benzothia.diazin~. 

7-Fluoro-2-phenyl-4H-l,3,4 benzothiadiazine (1.0 g.), 

freshly prepared pyridine hydrobromide perbromide (1.4 g.) 
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and glacial acietic acid (40 mI.) were stirred to~ether at 

room temperature for 3 hours. T:,e precipitate Has collected, 

washed with a little glacial acetic acid and dried under re-

duced pressure. Crystallisation from ~ethano1 gave S-hromo-. 
-7-fluoro-2-phenyl-4H-1,3,4 benzothiadiazine (0.85 g., 64%) 

as pale o yellow needles, m.p. 99-100 (Found: C, 48.40; H, 2.47; 

N, 8.50. C13HSBrFN2S requires C, 48.31; H, 2.50; N, 8.67%); 

i.r. 3350, l5S0, 1460, 1450, 1440, 1335, 1250, 1200, 1060, 
-1 

1040, 955, 930, 855, 775, 750, 715, 695, 675 em 

5,7-Dibromo-2-phenyl-4H-l,3,4 benzothiadiazine 

A sample of 5-bromo-2-phenYl-4H-1,3,4 benzothiadiazine 

was treated with an equivalent quantity of pyridine hydrohro-

mide perbromide in acetic acid. Dilution with water yielded 

a yellow solid which crystallised from ethanol to afford 

5,7-dibromo-2-p:,enyl-4H-l,3,4 benzothiadiazine as yellow 

needles, m.p. 108-1090 • The identity was confirmed by compa-

rison (i.r., t.l.c., m.p., p.m.r.) vdth the sa:1ple (93). 

V. ii. N-SUBSTITUTION 

4-A.cetyl-5, 7-dibromo-2-1)henyl-l~H-l,3,4 benzothiadiazine 

5,7-Dibrorno-2-phenyl-4H-1,3,4 benzothiadiazine (0.5 g.) 

and acetic anhydride (5 mI.) Here boiled under reflux for 36 
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hours. On cool{ng, the light yellow solution deposited a 

Vlhite solid. Excess water was added and the vrhite precipitate 

was collected. Crystallisation from ethyl acetate afforded 

4~acetyl-5,7-dibromo-2-phenyl-4H-1z3,4 benzothiadiazine (0.52 

o . 
g., 94%) as white needles, m.p. 129-130 (Found: C, 42.·39; 

H, 2.48; N, 6.54. C15H10Br2N20S re~uires.C, 42.27; H, 2.36; 

N, 6.57%); i.r. 1690, 1555, 1430, 1368, 1325, 1248, 1210, 
. -1 
1098, 998, 845, 780, 750, 710, 675 cm • P.m.r., CS 2 ' multi-

plet 7.79-8.00 8 (2H), distorted doublet 7.65-7.71 ~ (lH), 

multiplet 7.25-7.50 C (4H), sin7,let 2.29-2.38 E (3H). 

7-Bromo-4-methyl-2-phenyl-4H-1,3,4 benzothiad:i.azine 

7-Bromo-2-phenyl-4H-1,3,4 benzothiadiazine (1.52 g.), 

methyl p-toluenesulphonate (0.95 g.) and acetonitrile (30 mI.) 

~7ere boiled under reflux for 144 hours. Thin layer chroma to-

graphy showed the presence of two detectable components. 

Column separation on florisil (eluent, pentane-chloroform) 

gave the starting thiadiazine (0.62 ~.) and 7-hromo-4-methvl-

-2-phenyl-4H-1,3,4 benzothiadiazine (0.72 g., 45%) as yellow 

rods, m.p. 63-64 0 (Found: C, 52.51; H, 3.47; S, 10.02. 

C14H11BrN2S, requires C, 52.68; H, 3.44; S, 10.04%); i.r. 

2970, 2860, 1580, 1555, 1460, 1380, 1100, 1265, 1175, 1125, 
-1 

1075, 975, 920, 800, 763, 725, 710, 680, 660 cm p~m.r., 

CC1 4 , multiplet 7.71-7.90 S (nO, multiplet 7.12-7.38 S (SIn, 

distorted doublet 6.50-6.61 ¢ (lH), singlet 3.32-3.42 S (3H). 
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7 -Bromo-4 ~ (2,4- -dini tropheny1 ) - 2 -nhenvl-4H-1 , 3 ,L~ ben Z!)tlt ; c3.Qia-

zine 

7-Bromo-2-phenyl-4H-1,3,4 benzot~ic3.diazine (0.72 ~.), 

2,4-dinitrof1uorobenzene (0.43 g.), acetonitrile (15 mI.) and 

triethylamine (5 mI.) were boiled under reflux for 6 hours. 

The solvent was re::noved under reduced pressure and the red 

solid, m.p. 207-208 0 , well washed with ethanol and dried. Cry-

stallisation from ethyl acetate raised the melting point of 

7-bromo-4-(2,4-dinitrophenyl)-2-phenyl-4H-1,3,4 benzothiadia

zine to 213-214 0 (Found: C, 48.19; H, 2.34; N, 11.57. -
C1gH11BrN404S requires C, 48.42; H, 2.33; N, 11.89%); i.r. 

1601, 1525, 1468, 1340, 1270, 1200, 1080, 910, 830, 825, 810, 
-1 

760,740,727,680 em • P.m.r., D'1S0, multiplet 7.40-8.17 cS 

(4H), multiplet 6.61-7.25 S (6H), distorted douh1et 6.05-6.21~ 

(lH). 

7-Bromo-4-nitroso-2-phenyl-4H-1,3,4 benzothiadiazine 

7-Bromo-2-phenyl-4H-1,3,4 benzothiadiazine (0.76 g.) 

was dissolved in a mixture of ethanol (30 mI.) and hydrochlo

ric acid (1 mI.). Isopentyl nitrite (0.29 g., 1 equiv.) ~·J.:>.S 

added dropwise during ten :;ninutes at room temperature. Stir-

ring was continued for 2 hours and the ye1lo,,1 precipi ta te was 

then collected, ",ashed with Hater and dried under reduced 

pressure. Crystallisation from acetone cooled in dry ice af-
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forded 7-bromo-4-nitroso-2-phenyl-4H-1,3,4 benzothiadiazine 

(0.45 g., 54%) as yellow needles, m.p. 92-94°, which slowly 

decomposed on standing at roo~ ta~perature; i.r. 3015, 1570, 

1478, 1459, (NO), 1265, 1240, 1070, 995, 930, 920, 880, 850, 

-1. . f' . 810, 778, 754, 679 em • tll.croanalyt!.cal 19ures Here d1scre-

pant; p.m.r., CDC1 3 , multuplet 7.81-8.08 G (2H), doublet 

7.63-7.72G (lH), multiplet 7.20-7.60 S (5H). 

v. iii. OXIDATION 

1, l-Dioxo-7-bromo-2-phenyl-l~H-1, 3,4 benzothiadiazi.ne 

7-Bromo-2-phenyl-4H-1,3,4 benzothiadiazine (0.76 g.) 

was dissolved in a warm mixture of acetic acid (30 mI.) and 

hydrogen peroxide solution (10 mI., 6%). The solution Has 

boiled under reflux for 15 minutes and allowed' to cool. ~'!ater 

(30 mI.) was added and the pale pink precipitate collected. 

Crystallisation from ethyl acetate-ethanol gave 1,1-di.oxo-7-

-bromo-2-phenyl-4H-l,3,4 benzothiadiazine (0.55 g., 66%) as 

pale pink o prisms, m.p. 249-250 (Found: C, 46.02; H, 2.83; 

N, 8.18. C13H9BrN202S requires C, 46.30; H, 2.68; N, 8.30%); 

i.r. 3250, 3035, 1580, 1555, 1495, 1465, 1335, 1260, 1140, 
-1 

1115,965,865,810,755,675 cm ; m.s. 338/336 ('1+), 293/291, 
f; 

274/272, 247/245, 243, 235/233, 231, 218, 216, 207, 205, 199, 

* * * * 198, 197, 171, 169, 166, 165, 162, 11~3, 135, 123, 118, 105, 

104, 103, 78, 77, 75, 74, 64, 62. 
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V I. APPENDIX 

6-Bromo-4-(p-nitrophenyl)-2-phenyl-4H-l~3,4 benzothiadiazine 

N-Benzoyl-N'-(2,5-dibromophenyl)hydrazine (1.0 ~.), 

p-nitrothiophenol (0.42 g.), ethanol (15 mI.) and triethvl-

amine (5 mI.) were boiled under reflux for 72 hours. The 

solvent was removed under reduced pressure and the oran~e 

solid was crystallised from ethanol to give 6-brorno-4-(p-

-nitrophenvl)-2-phenyl-4H-1,3,4 benzothiadiazine (0.46 ~., 40%) 

as orange prisms, m.p.207-208° (Found: C, 53.53; H, 3.04; 

N, 9.60. C19H12BrN302S requires C, 53.52; H, 2.83; N, 9.85%); 

i.r. 1585, 1560, 1548, 1490, 1460, 1380, 1315, 1250, 1170, 
-1 

111 0, 1 04 0, 9 6 0 , 9 2 0 , 8 5 0, 81 0 , 7 6 0 , 74 5, 7 2 5, 6 8 a cm 

m.s. 427/425, 411/409, 395/393, 381/379, 346, 324/322, 307, 

305, 303, 278/276, 197, 196, 153, 121, 103, 95, 77. 
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