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In o r der to study the mechanism of their conversio~ into 

hydrazides and thiohydrc'. Zides, a number of hydrazidic 

halides were treated with compounds containing a nucleo

philic oxygen or sulfur atom. 

The initial products of these reactions were forme cl from 

the displ a c ement of the a-halogen atom of the hydrazidic 

halide. In cases where there was sufficient activa tion 

the group attached to oxygen or sulfur was t~ansferrcd 

to nitrogen in the presence of base. 

Some hydrazides and thiohydrazides containing displace-

able groups in the 2-position of an N-aryl ring yielded 

benzoxadiazines and benzothiadiazines respectively und2r 

basic conditions. The reactions cxh~Jited the character

istics of bimolecular nµcleophilic aromatic substitutions. 

The synthesis of four novel heterocyclic ring systems is 

described. 
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I NTRODUCTION 

The chemistry of hydrazidic h alides h as been under 

i nvestigat ion for more than half a century . The ma j ority o f 

t he work has been concerned with the prepara tions and reactions 

o f compound s of general structure (1 ) where and h ave beenR1 R2 

aryl groups, X chlorine or bromine and R3 mostly hydrogen. The 

term hydraz idic halide is relatively newl and the old~r litera

t ure refers to w-halogenoarylalde hyde ary l hydrazones 2 or 

R1C=N-NR2R3 
I (1) 
x 

benzarylhydrazidic halides 3 • 

A. PREPARATION OF HYDRAZID I C HAI.IDES 

There are two general methods for th e preparation of 

these compounds and these are given in reaction schemes ( i ) and 

( ii ) . 

SCHEME ( i ) 

Ar ' CHO Cl2 or Br2 
----~ Ar ' CH=N-·NHAr ~ Ar ' C=N--NHAr 

Ac OH I 
x 

1 



2 

SCHEME (ii ) 

Ar ' COCl 
ArNHNH -------i'.l' Ar ' CNHNHAr Ar 'C=N-NHAr

2 II I 
0 Cl 

Scheme ( i ) involves the action of the halogen (b romine 

o r chlorine ) o n a hydrazone and is norma lly done at room tem

perature. As e x pected the N-ar yl ring unde rgoes attack as we ll 

4as the a-position. Chlor inat ion of benzaldehyde phenylhydrazone

g i ves the tetrachloro-derivative (2 ), wherea s b r omination yie lds 

the tribromocompound (3 ) under the s ame conditions 5 , 6. 

( 2 ) {3) 

Scheme (ii ) invo l ves the action 6f phos phorus pentachlor ide 

o n the aroyl d erivat i ve of a h ydrazine. Thus N-be nzoyl-N'-phenyl

hydraz i ne yields N-a-chlorobenzyl idene-N ' - phenylhydrazine 7 (4). 

Ph- C=N-NHPh 
I ( 4 ) 
Cl 
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I n this case the N-aryl ring is not attacked. The use o f phos

phorus pentabromide , h owever, l eads to b romination i n the ring , 

p resumably because o f the presence of free bromine i n the 

mixture. 
I 
l 

B. GENERAL REACTIONS OF HYDRAZIDIC HALIDES 

The halogen substituent of hydrazidi c h a lides is o pen 

t o facile displacement b y a variety o f n uc l eophiles. Thus 

potassium cyanide, s odium azide and ammonia convert (3 ) into (5 ), 

(6 ) and (7 ) respective1y21 10 

PhC=N- NHAr PhC=N-NHAr PhC =N·-NHAr 
I ' I 

2
CN N 3 NH 

( 5 ) ( 6) (7 ) 

Derivatives of ammon ia, such as primary and secondary 

amines , hydrazine and substituted hydrazines react i n an analogous 

manner. React ion of phenylhydrazine with (3 ) serves.as a useful 

t est for the presence of the reactive a-halogen atom since the 

intermediate hydrazidine is rapidly oxidised to the fo r mazyl 

derivative ( 8 ) 7 whi6h is generally bright red or yellow in colour . 

Coloured products are formed when hydrazidic halides are boiled 

with ethanolic potassium hydroxide solution. These probably 

arise through part ial hydrolysis to the hydraz ine , which then 

reacts with unchanged halide in the manner indicated above 2 . 

http:serves.as
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PhNHNH2 [OJ 
(3) PhC=N-NHAr -----~ PhC=N-Nfil\r 

I 
NH-NHPh N==NPh ' 

(8) 


One of the main synthetic appeals of hydrazidic halides 

is that they behave in mc:.ny reu.ctions like 1,3-dipolar species8 • 

Treatment of (4) with triethylamine has been shown to give ~he 

3
diphenylnitrilimine at 20° . tn the presence of norbornene, 

94% of the exo-adduct was formed. Some further pyrazolines and 

pyrazoles arc listed in scheme (iii). The structures of the 

adducts were all confirmed, except that the relative orientation 

in the bis-a~duct of norbornadienc was uncertain. 

C. CONVERSION OF IIYDRhZIDIC HALIDES I N'rO HYDRAZIDES l\ND 

THIOHYD R1"\ZIDES 

The conversion of hydrazidic halides into hydrazides was 

no t made until recently15116 , although the preparation of acety

lated hydraz ides by this route has been known since 1925 2 . The 

mechanism proposed by Chattaway and Walker involved N-acetylation 

as the first step, follom~d by nucleophilic displacement of the 

a-halogen atom by hydroxide ion, as shown below. However the 

same Horkers also observed that di:cect action of hydroxide ion 

on (3) merely gave the formazan in the manner already described. 

The reaction of hydrazidic halides with acetate ion was 

investigated at a later date by Burgess and Gibsonl2. These 
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SCHEME (iii ) 

BENZENE Et NH+c 1 
3

( 4) + + 
2 0° PhC::N-N- Ph 

~INorbornene 
. 

9 4% 

Norbornadiene (10 equiv. ) Cyc1ope ntene 

Ph Ph ~ Ph
c' - c i - N II

'- N#
N ,&N/N)D 'N c '// \ 

I pl{ NPh 
7 8%Ph 7 9% 6 % Ph 

Styrene Acrylonitrile - Phenylacetylene 

f h Ph f h 
clJ l) #I 

\ - Ph \ /<CN \ ,,.LPh
N 

pJ{ pl{ pl{
N 

Ph 
c' 

88 % 85% 72 % 




x 

0 

6 

COCH 3
NaOl\c I 

R11=r-NII-R2 -----~ R1C=N-N-R2 
HOF.c I 

X lOH

COCH
3I 

R C-NH-N-R ~·-----ltl . 2 

workers favoured a mechanism involvingan O+N migration of the 

intermediate acetoxycompound ( 9 ) to give (1 0 ) 

(9) 

Ph-CNII-N-Ar 
II I 
0 C=O 

I 
CH 

3 

(10) 

Attempts to remove the acetyl group from acetylated 

hydrazides by hydrolys is usually result in the recovery of a 

benzoic a cid derivative and an arylhydrazine. Only in very few 

cases is the acetyl group r emoved cleanlyl3. In cases where 

the N-aryl nucl~us is trisubst ituted the acetyl group remain s 

a l though the hydrazi<le suffers hydrolysis 1 ~. 
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Cl 

+Arcoo-Ar CNHNAcO · ~ Cl 
II 
0 

Cl 

The c onversion of hydrazidic halides directly to hydra

z ides was eventually realised by two groups of workers at almost 

t he same time . Ba rnish and Gibson1 6 reported that ( 3 ) reacts 

with potassium hydrogen. carbonate i n dry d imethylformamide to 

g ive the hydrazide (12 ) ana carbon dioxide . Decarboxylation of 

t he i ntermediate a-hydrogen carbonate (11 ) could occur direc t ly 

with nitrogen participation or via the an i on . 

NHAr 
I 

;:N 
Ph-C~~ PhCNHNHAr 

l"t",) r-)i II 
0 -~O 0 
'c/ 

II 
0 

(11 ) (1 2 ) 
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Moreover (3} reacts with potassiun1 hydr ogen phthalate i n d ry 

a cetonit ri l e to give (12) and phthalic anhydride. In this c ase , 

attack of the c arboxylate ion on the juxtaposed c arbonyl group 

i n the intermediate ~hydrogen phthalate · (13) y ields the hydra~ 

zide . 

NHAr 
I 

.1,N t°' 
Ph-C i'../ 

0 	'"') 0 
---'~ ( 12 ) + 


:')~ c~ 


/ 

o1'c U 
(13) 

1 5 At the same time Scott and Aylward notea that hydrazidic 

halides are hydrolysed in 50 % aq~eous dioxan in good yields. 

These workers repo r ted kinetic and thermodynam ic d a ta on the 

hydrolysis of a s eries o f compounds of general fo rmula (14 }, 

and attributed the negat ive P v alue (- 0.9 2 at 7 5° ) to the 

d evelopment of carbonium ion character during the react ion. 

Stabil i sation of such carbonium ions can be achieved by delocal

i sation of the charge onto the hydrazino nitrogen and into the 

a ryl ring containing Y. The relatively low v alue of P was con

sidered to represent an overall effective d elocalisation of 

charge i n the t ransition state rather than poor development of 
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I 


y = H 
CH3 

(CH3 ) 2CH 
Br 
Cl 

(1 4 ) 

c arbonium ion c haracter therein . 

The conversion o f hydrazidic hal ides to acetyl ated thio

hydrazides was realised b y Callaghan and Gibson17 who u sed 

potassium thioacetate i n acetonitrile at r o om temperature . 

. Thus ( 3 ) yi.elded (15 ) together with the hydrazidic su l fide· (16 ) 

i n relative y ields which appeared to d epend on th e amount o f 

water present i n 	 the reaction mix~ure. 

Br 

( 3 ) 	 Ph-CNHNo-/. Br + PhC=N-NI-IAr-----~ 
CH3CN 25° 	 II I \\ I I . I 


S C=O s 

l 	 I 
CH	 Ph- C=N-NHAr 3 

(1 5 ) 	 (16 ) 

The acetyl ated thiohydrazide was thoug_1t t o b e formed 

i n a ma nner analogous to the acetylated hydrazide discussed 

p reviously . Compound (15 ) was identified b y i ts mass spectrum 

and its i.r . spectrum since compounds o f this type appeared to 



1 0 

b e thermally unstable and microanalyses were repeatedly inaccurate. 

The appearance of the hydrazidic sulfide (16 ) was o f some 

i nterest since the potassium thioacetate u sed did not contain 

s ulfide ion. The i ntermediate thioacetate (17 ) was t hought to be 

deacetylated either b y excess thioacetate or by water followed 

by f urther reaction o f the derived i on (18 ) with (3 ) to produce 

(16 ) . Subsequents-~ hydrazidyl transfer was a l so considered a 

possibility. 

Ph-C=N-NHl\.r Ph- C=N-NHAr 
I I 
s s 
I ( - ) 
C=O 
I 
CH3 

(17) { 1 8 ) 

The occurrence of the ·hydrazidic sulfide (16 ) in the 

reaction of (3 ) with ~hioacetate ion i n refluxing .acetonitrile 

18had previously been no ea and was thought to be formed in 

a manner akin to that outlined above. The other isolable 

product of the hot reaction was a benzothiadiazine produced by 

a process involving the displacement of t e ortho-bromine 

substituent from (15 ) . The formation o f this compound was 

imper ant to the present work and will be discussed at greater 

l ength in section {E ) of the Introduction. 
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D. THE SMILES REARRANGEMENT 

An 0 -!N transfer of a phenyl group ana logous to t he 0 -7t\J 

migration of the acetyl group proposed b y Burgess and Gib son h a d 

b een observed ear lier by Huisgen and co-workers19 • When the 

t etrazole (19 ) and phenol were boiled together under reflux for 

three hour s ( 21 ) was obtaine d in good yield. Since (19 ) is 

thought to give the 1,3-dipolar species (20) under these condi

tions the intermediate in this reaction may b e e nvi saged as (22 ) . 

N 
Ph-C ~ 'N-Ph 

\ I 
Ph-C::::N-N-Ph 

+ 
Ph- CNI-JN Ph

2II 
N=N 0 

(19) (20) ( 21 ) 

Hu isgen repeated the reaction in r eflux ing thiophenol and 

obtained the u nrearranged thiophenoxy ·compound (23 ). The struc

ture of (23) was established by acidic hydro lysis to N- benzoyl-

Ph- C=N-N-Ph 
I ---·7> (2 1 ) 

H- OPh 
+ 

( 2 2 ) 

-N'-phenylhydrazine. 

This O+N migration is only one example of a much b roader 

se r i es of rearrangements studied by Smiles and co-workers 2012 1 . 
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PhSH 
(19) - ----;, Ph- C=N-NHPhI . 

SPh 

(23) 

A typical Smiles r e arrangement is represented by the t ransforrna

tion of 2- hydroxy- 5-methyl-2'-ni trodiphenyl sulfone (24 ) int o 

4-mcthyl-2 ' -nitro - 2-sul finodiphenyl ether ( 25) under the 

in f luence of a slight excess of aqueous s odium hydrox ide at 

NaOH aq.---... 

( 25)(24) 

23Smiles recognised, a nd p rovided evidence fo r , t he 

vario us factors govern ing the rearrangement of c ompounds of 

general structure (26 ), in which the carbon atoms j oining X and 

Y may be pa r t of an aromat ic ring, into (27). 

The ease of the rearrangement d epends on the activation 

p resent in the aromatic ring as well as the nature of X and Y • 21 
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x........._ 


f b ase 

-------~ 

(), c 
z y/ 

( 2 6 ) ( 27 ) 

Few rearrangements occur without activation although the 

fi rst rearrangements that Smiles reported were in unactivated 

naphthalene derivatives 2 4 
• Smiles l ater worked with c ompounds 

. c ontaining nitre groups and sulfonyl groups 2 5 • More recent l y 

a ct i vation b y chlorine h as been observed in the transformat i on 

2 6 o f ( 28 ) into ( 29 ) • 

K2 C0 3 
----·-~ 

DMF' 

( 2 8 ) ( 2 9 ) 

Truce has reported t he rearrangement of some o - methyl

diaryl sul fones , e.g. (30 } i nto (31 ) with butyl l ithium27 • 

Later ark by Drozd has shown that the i nitial product 

28 
i n this reaction is (32 ) • 
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_;=\3 

CH3~S02Li 

CH2Ph 

(30) (31) 

n BuLi 
-------~ ( 31 ) 

(32 ) 

Rearrangement of (33 ) reported recently29 i s an 

unusual example of a Smiles Rearrangement. 

(33 ) 

References to the Smi les rearrangement i nvolving 

activation by a pyrid ine ring h ave b ecome increasing ly common 

(35 ) . 'rhese rea ctions catalysed by acid b ase . Peck

in recent y ears , mainly b ecause of the work of Maki and co

workers. A typical example is the transfo rmc-.:.tion of (34 ) into 

31 
a re or 

has reported a rearrangement activated by a quinoline nucleus 
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acid or 
----~ 

base 

NH Cl s Cl 
. 2 (-) 

(34) (35) 

and refere nce h a s also been made to a rearrangement involving 

the s-triazine system32 . 

Recently a report of a photochemica l SmiJ.es rearrange

ment has appeare d in the lite rature33. · The prelimi.nary resul.ts 

. are shown in Table I. It ~ms found thc.1t the Smiles r ea n.:-ange

ment products were accompani ed by some side-reaction products, 

and that no rearrangeme nt occurred without u.v. ligl1t in the 

solvents u sed and at room temperature. 

E • . CYCLISl\TION OF SOME 'l'HIOI·IYDRAZI DES 

In their attempts to conve rt hydrazidic h a lides into 

thiohydrazides, l3arnish and Gibson examined the rea ct i on of (3) 

with thioacetate ion18 • A hydra zidic thio <:tcetate (17 ) fo rmed b y 

displacement of the a-halogen ntom by the more nucleophilic 

centrt:: of the a.nibident. thioacE·t a te ion was envisaged as the 

primary product~ Parti~l or complete ~earrangement to the 

N-u.cetylthiohyd razidc (15) wa s thought to be the most likely 

subsequent reaction. However 
1 
in the event., 1~0 compound (15) ·.-10.s 

isolatE:d in this series of r e2 •:: tion::: at: I 'GOm t emperature in dry 

http:resul.ts


Table 1 . 	 The Photo- Smiles Rearrangements 
of Some Aromatic Compound s at 
Room Temperature . 

Radiation Irradia Photo- Smiles 
Substanc e Solvent source tion time rearrangement 

hr. product 

H 
N.... ~2 

0((01) Benzene . H ( >3000A) 24 	 rir. ~ 1 
I ,-::; N02 	 ~o V-No2 

N H 
H2 

H 

00CoYi~·ocH3 Benzene H ( >3000A) 50 	 OCNY'l OCH3 
N ~N N~ IN 

N ~ 	 . 0 ~ 
H2 CH3 H OCH 3 

0 

L(2537A) 30((sY)DCH3 	 OCNHY!l OCH3
Ethanol and 
.!) 

H ( >3000A) 24 
N NNYNN 	 ·~ ,,,SH ........,, 


H2 OCH	 OCE 33 

L: Low pressure mercury lamp.H-: High pressure mercury lamp . 	 I-" 
U'I 
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acetonitrile, nor in the same solvent at reflux .temperatures. 

As already noted (section (C)) the cold reaction gave the hydra

zidic sulfide (16) as the only isolable product (71%). In the 

hot reaction the yield of sul f id e dropped to 16% and a second 

product' (1'1%) was isolated and eventually formul ated as 

4-acetyl-7-bromo-2-phenyl-4IJ-b2nzo[l,3,4]thiadia z ine (36). 

After performing the necessary co11trol experiment s the authors 

provided a mechanism for the formation of (36) via the dis

placement of the transiently activated 2-bromine atom in the 

protonated species (37) (scheme iv). Thus the move to~ftrtls 

completion of the S-1N acetyl t ransfer is accmnpa.ni<:.d by aduition . 

of the incipiently neg at ive sulfur to the 2-position of th~ 

halogenated benzene ring in a synchronous process leading to (3 8 ). 

Hm·1ever they could not dismis s the altern~~- t ive mechani sm which 

allows completion of the acetyl transfer and addition of the 

negative sulfur to the 2-position a s two disciete processes. 

It was noted that the yield of benzothiadiazines was 

depe ndent on the identity of the 2-substituent, the case of 

displacement being in the order F>>J3r>Cl (not: ai: 2. ll). 'fh1~ 

nature of the 4-subst.i tuent also c:~pp(='. U.red to b e important. In 

all the cases examined only hydrazidic halides conta ining a 

4-halogen substituent could be made to undergo benzotl1iadiazinc 

formation. From t11i s it was tentatively concludea 34 that the 

4-substituent had to be cap2ble of increasing Lhe nucleo

philicity of the nitrogen· atom by electron release for t h e fonn~t

tion of (37)~ and then be c~~2ble of augmenting the elec t~on

*But see H.J. Van Opstall, Rec. trav. chirn., 1933, ~' 906. 
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SCHEME {iv ) 

(3 7)(1 7 ) 

(36 ) (38 } 
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deficiency of the 2-carbon atom by an inductive effect to allow 

t he forma tion of (38) and subsequently the final p roduct (36). 

The observation that no b enzothiadiazine formation was observed 

with a 4-methyl , a 4-hydrogen o r a 4-carboethoxy substi t uent 

could be explained along these l ·ines. 

17Callaghan and Gibson recently reported that the ease 

o f displacement of the 2-substituent h a d b een extended to 

F >I>Br>Cl (not at all ) where the 4-position was occupied by 

bromine. These same w6rkers investigated the reactions of 

acetylthiohydrazides of g eneral structure (39) i n p roton-exchange 

systems. They envisaged the possible formation of the zwitterion 

X = F , Cl , Br , I 

(39) 

( 40) , albeit in low concentration, with subsequeni b enzothia

di azine formation in favourable cases. rn fact (40) was directly 

analogous to the species cons idered by Barnish and Gibs on to 

+Ac_F\_.
(39) 

EtOH Ph-r-~ v y 

(- ) x 

( 4 0 ) 
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result from complete transfer of the acetyl group in (37) prior 

to the attack by the negative sulfur at the 2-position of the 

b enzene ring. They found that the identity of the 2-halogen was 

not as critical as in the hot thioacetate reactions. However 

chlorine was still immovable and no benzothiadiazine was observed 

wi t.h hyd:i..-cgcn in the '1 ·-posit:ion. In rc:flt:;d.ng ethanol -trie thyl 

amine the cyclisation ~pp2u.red to be extremely f a cile in most 

cases and yields in excess of 80 % we~e common, irr~spcctivc of 

t he leaving group. It \·m s shown Lhai..: the acetyl gro up wc,s 

necessary for ring-closure to proceed. 

There t hus rernc..ined the possibility that the benzothiv.

diazine formation observed by Darnish and Gi.bson in the r eaction3 

of hydrazi<lic halides and thioaceta~e ion was not entirely syn

chronous as represented by (37) bu~ rather involved a stsp-wise 

process 1.ead~ng to the format ion of such interrncd io. t.e s as ( 4 0) . 

The · presence of s:ma.11 amounts of th5.c;c::. c e t.~ite ion disf;oJve <l in 

acetoriitrilc could constitute a weak proton exchange · 

system and, cts such, lead to cycl.isut.ion. Perhnps fo r lu:i. tous l y 

(15) and th:i.oace::tat e ion wc-'! re f0und to yield ( 36} in' exactly 

the same yield (14 %) a s h a d b ce r1 observed earlier in lh e reaction 

of (3) with thioa cetate ion. 

http:th5.c;c::.ce
http:rc:flt:;d.ng
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DISCUSSION 

The aim of the present research was t wo-fold ; to test 

the acetyl transfer mechanism proposed for the formation o f (1 0 }1 2 

and (15 ) 17 and then to effect the c yclisations o f suitably sub·

s tituted hydrazides and thiohydrazides in basic media to give 

oxadiazines and thiadiazines respectively. To t his end a series 

o f hydraz idic halides was prepared in which two were not reporte d 

i n the l iterature. 

The bromination of p -chlorobenzaldehyde phenylhydrazone 

b y the method of Chatt away and Walker2 for the b romination of 

benzaldehyde phenylhydrazone gave N-a- bromo- p-chlorobenzylidene

-N ' - (2,4-dibromophenyl ) hydrazine ( 41 ) i n 61% y ield , based on the 

a l dehyde. 

c1Q-r -NH() Br 

Br Br . 

(41 ) ( 42 ) 

The action of four equ~valents of bromine on thienyl

2-aldehyde phenylhydrazone in acetic acid at room temperature 

p roduced a compound in 65% yield which was eventually formulat(~d 
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as N-a ,5-dibromo- 2-thienylidene-N ' - (2,4-dibromophenyl)hydrazine 

( 42 ) . The details are given in scheme (v ) . The p.m.r. spectrwn 

o f ( 42) showed an AB quarte t fo r the thiophene ring p r o tons with 

a coupling constant of 4 . 0 Hz . , which is cons istent only with 

B-S ' coupling 35 • An alternative synthesis of (42 ) was d evised , 

t he details of which are also given in scheme (v ). Bromination 

3 6 
o f thienyl - 2-a ldehyde according to the method o f Gronowi tz 

g ave 5-bromothienyl-2-aldehyde (4 3 ) . The p.m.r. spectrum of 

thi s compound exhibited an AB quartet (J = 4 .0 Hz .) f or the thio

phene p rotons in accordance with the proposed structure. Th e 

action of phenyl hydrazine o n (43 ) g ave the hydraz o ne (44 ) 

which on treatment with three equivalents of b romine gave a 

c ompound with spectral properties and me lting-po in t identical 

with ( 4 2) . 
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SCHEME (v ) 

PhNHNH2 ·o~ 
-------~ . CH=N-NIIPh 

s 

n r 2/CHCl3 ( 4 2 ) 

PhNHNH 2 
·--·------; 

( 4 3 ) ( 4 4 ) 
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I. REACTIONS OF THB HYDRAZ IDIC HALIDES 

i. With Jl.ce t.(1. te Ion ---------- ·--

The reaction of ( 3) \·1i th sodium acetate in acetic acid 

2has been shm·:n to give (10) , and a more recent examination of 

ihe acetolysis reaction has provided a mechanism involving o~N 

acetyl migration in the intermediate inisolable acetoxy 

· compouno... (9)12. Since (45) was also shown to g~ve (46) under 

the s~1e conditions it was conclude d that steric factors were 

NaOAc 
--.--n··~ 

AcOH 

( 4 5) ( 4 6) 

not critical in the acetyl transfer. 

In the present study a se~ies of hydrazidic halides 

was treated with five e~uivalerits of anhydrous sodium acetate 

in reflux ing acetic acid for two hours. The results are sum

rnarised in Table II. The products were characterised by analysis 

and their infrared spectra. Only N--a.--bromobenzylidene-N' ~ 

37
-(2-bromo-4-carboethoxyphenyl)hydrazine (48) failed to give a 

high yield of acetylhydrazide but rather gave 59% of the un~ccty-

lated hydrazide (55). The electron-withdrawing ester function 

presQmably decreased the nucleophilicity of the nitrogen 

sufficiently to prevent acetyl transfer in the intermediate 

acetoxycompound (56). Reaction of (56) with acetic acid or 

http:Jl.cet.(1.te
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Table II. Pre paration of t he Acetylhydraz ides 

SUBSTITUENTS ACETYLHYDRA ZIDE 
Hydraz idi c 

yHalide No . x z No. Yield % 

3 H Br Br 50 87 

41 Cl Br Br 51 86 

47 OMe Br Br 52 88 

48 H Br COO Et 53 O* 

49 H F Br 54 86 

----------

*59 % of (unacety l ated ) h ydraz ide i s ol ated 

xOCONHNAc-O ·Z 
y 
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acetate ion would result in the formation of (55) through the 

transition state (57). Attempts to acetylate (55) with acetic 

PhC==N-NHl\r PhC=N-NIIl~r PhCCNHNHAr 
I 1,-"-e> 
0 Ho)
I I ("I . 

O==C O=C -..• 0-C-CH
3

I II 
0JH3 CH 3 

(56) (57) (55) 

Ar=OCOOEt 

Br 

anhydride in either triethylamine or ace tic acid were unsucce ss

ful and se rved to emph a si s e the decreased nucleophilicity of the 

nitrogen in (5 6 ). 

~dium acetate and (42) under the st2ndar d reaction con

ditions yielde d a corn 2oun d with spe c t roscopic properties ·consistent 

wi th the acetylhydraz ide stru~t~re (5 8 ). Howe ver ana lytica l 

(58) (59) 

r e sults were repe atedly inaccurate. The cyclisation of (Se) 
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reported. later in thi s thesis proceeded norma lly. 

Dimethylformamide was chosen as the solvent for the 

r eaction of N-a-bromobenzylidene-N'- (2- bromo-4-nitrophenyl )

hydrazine (5 9 ) with sodium acetate in order to increase the 

nucleophilicity of the nitrogen atom in question . When (59) 

and five equivalents of anhydrous sodium acetate were boiled 

together under reflux for twenty minutes , a 74% yield of 

4-acetyl- 7-nitro- 2-phenyl-4H-benzo [ l,3 ,4] ox adiazine (61) was 

produced , presun1ably via the acetylhydraz ide (6 0) • The cycli sa

tion of similar acetylated hydrazide~ and the related thio

hydraz ides forms an i mportant par t of this thesi s and will. be 

discussed in more de tail later. 

NaOAc 
(59 ) ---)· PhCONHNAC·ON0 2 -----> 

DMF 

Br 

(60) (61 ) 

In an attempt to isolate (60 ), the reaction was repeated 

with a reflux time of o n ly five minutes. The solution was 

i mmediately poured into dilut e acetic acid solution and the yellow 

solid was filtered off . The c rude product containe d some of 

the benzoxadiazine ( 61 ) (t.l.c. ). Crystallisation from ethanol-

ethyl acetate however gave N-a-ethoxybenzylidene-N ' - (2 -bromo

-4-nitrophenyl)hydraz ine (62) in 74 % yield. Since Aylward and 

38Scott had reported the p reparation of (6 2 ) from the interact ion 
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(62 ) 

o f sodium acetate and (59 ) in refluxing ethanol , i t seemed 

l ikely ~hat a similar reaction had o ccurred during t he crystal

lisation procedure involving traces o f .sodium acetate and 

unreacted hydrazidic bromide. The presence o f t he benzoxadiazine 

(61 ) after o nly five minutes reaction time appeared to make the 

method unsuitable for the preparation of the acetylhydrazide (60 ) . 

i i . With Phenols 

Since the O+N acetyl t ransfer in acetoxycompounds such 

a s (9 ) was too fast for any gcne~al study o f the reaction, a 

l ess labile migrating group was required. Phenol derivatives 

appeared an att~active alternative , since the e l ectron-deficiency 

i n the benzene ring , necessary for rearrangement , could be con-· 

t ro l led by the choice o f substituents . A rearrangement of this 

type, if it should occur, was recognised as an exte11s.' on of the 

Smi l es rearrangement (see Introduction ) . 

For convenience the readily available nitrophenols were 

u sed in the preliminary study. Equivalent amounts of the hydra

zidic bromide , p-nitrophenol and triethylarnine were stirred 
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t ogether· i n ethanol at room temperature for two hours. The 

r esnlts are summarised in Table I II. I n a l l c ases studied , t he 

in itial product was the~p-nitrophenoxy adduct o f g eneral 

structure (63 ) . These adducts all rearranged to t he corres

ponding hydrazides (64 ) in refluxing eth anol- t riethyl amine , 

y 

Xo~-C=N-NHo~Z X~NH-No1 z 
- I - ~~-~II I 

0 
0 . 00 

~ 

N0 2 
N02 

(63 ) (64 ) 

generally within a few minutes_. 'l'he rearrangement presumably 

i nvolves the five-membered transition-state (65 ) . Compounds 

(63d ) and (63£ ), which contained. electron·-attracting g:coups in 

x(-~- C=N · oy
- -.:/ I ~+ ) - 

o NH ~ /; Z 

/~ I 
0 0 

( - ) ( - ) ( 65 ) 



Table III. Reac tion o f Hydrazidic Halides with p-nitro phe no l 

I
p - Nitrophe no xy Hy drazideHydra zidic Substituents Ti me for 
Hal i de Adduct ( 6 3) ( 64) Rearra ngement 


. No. 
 l 

I I 


x y z No . Yie l d % No . Yie ld% hrs . 

3 
 Br Br Br 63a 70 64a 69 
 0 . 25 I

I 


47 
 OMe Br Br 63b 9 0 6 4b 82 
 0 . 25 


41 
 Cl Br Br 63c 72 64c 64 
 0 . 25 


4 8 
 H Br COOEt 63d 7 4 64d 62 
 2. 0 I 

4 9 
 H F Br 63e 9 0 64e 88 
 0 . 25 


59 
 H Br N0 2 63f 83 64f 8 2 
 2 . 0 

y 

EtOH 
-;r' x o~ CNH- Noy~ zxOr-NHOZ NEt 3 . - go' 1

· ~ 

N0 2
N0 (63) (G4 )
2 w 
C> 
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the N-aryl ring, required longer reaction times for comp l ete 

rearrangement , a fact which again reflected the decreased 

nucleophilicity of the nitrogen ato~s in such c ompounds. Recent 

work h as shown that these - rearrangements-were intramolecular39 • 

The migration of the aryl group did not appear to be a thermal 

p rocess since (63a) melted and solidified unchanged (t.l.c. ) . 

The mass spectra of compounds (63a ) and (64a) , the main 

points of which are given in Table IV , proved interesting. 

Only the initi 1 adduct (63a) lost the elements of p-nitropheno l 

on electron impact, a fact that is in agreement with the pro

posed structures. During l ater work with p- nitrothiophenoxy 

adducts and related compounds , this observation proved to be an 

invaluable aid in the assignment of structures. 

Examinat ion of the b reakdown of (63 a ) showed that the 

peaks at m/e values 384 and 370 were assignable only after 

allowing for an O+N aryl transfer. There was no evidence for 

reverse aryl migration in (64 a ). · 

For the first tbne these examples provided indi rect 

evidence fo r the intermediate acetoxycompound (9) p roposed by 

Burgess and Gibson. Presumably the heavier and les s polar 

p- nitrophenoxy group p rovides the stabilisat ion necessary fo r 

the isolation of the intermediate aryloxy compounds. 

Since a p-nitro . ubstituent appeared to provide the 

necessary activation for the r~arrangement, i t remained to 

determine if other phenols would reac~ similarly. o-Nitrophenol 

and (3) yielded initially the a-o-nitrophenoxycompound (66) 
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'l'able IV. Ma s s Spectral Data fo r (63a ) and 
( 64 a ) 

m/ e 

4 89 

4 72 

410 

4 0 9 

384 

37 0 

3 5 4 

3 50 

3 40 

33 8 

3 24 

2 90 

272 

2 60 

249 

2 48 

24 5 

St r uctur al 
Assignment 

Paren t ion 

2 Br 

P-B r 

1 · Br 

P- PhCO 

P -PhCON 

2 Br 

P - No 2c H40 H 
6

2 Br 

1 Br 

2 Br 

2 Br 

1 Br 

2 Br 

Br 2c 6H3NH 2 

Br 2c6H3NH 

1 Br 

I ntensity % 

( 63 a ) (64a ) 

40 .8 3 5. 2 

1.8 5.9 

5. 4 12 

2.7 

6 .4 5.9 

4. 5 6 5 

6 

3 . 2 

13. 6 10 0 

8 .1 23 .6 

6 

6 

8. 1 

3 5 

1 2 

1 00 

3 5 
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PhCNH-NAr 
EtOH II 

0 

(67) 

(66) 

which rearrange d smoothly to give the hydrazide (67). However , 

the initial adduct (68) from the reaction of (3) and m-nitro

pheno l f ailed to rearrange when it was treated with b ase in the 

usual way. 

PhCNH-N-ArPhC=N-NHAr 
III 

rA 
0 

VN02 
(68) 

More d rastic t reatment using triethyl arnine in dimethy l forrnamide 

g ave o nly tarry materia l with no evidence of rearrangement. Thus 

t he activation for the aryl transfer appeared critical , the 

r educed electron-withdrawing apabil ities of a meta- nitro 

group40 b eing i nsufficient to cause rearrangement. 

The r eaction of pentachlor ophenol and (3 ) to give (69) 
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prov ided an opportunity to invest ig a te the electron-de ficiency 

o f a polychlorinated phenyl ring. The i nitia l adduct (69 ) 

r earranged on trea~ment with trie thylamine in t he usua l wa y for 

o ne hour , but the product fo rmulated as the hydrazide (70 ), 

could not be obtained analytically pure . However (7 0 ) e xhibite d 

s pectral proper ties consistent with the proposed structure 

and a molecular weight determinat ion by measurement of the 

va pour pressure of acetone g ave a result well with in e xperimental 

error . 

NEt , EtOH 
3PhC=N-NHAr ---.> PhCNH-N-Ar 


I 1 Hour II 

0 0 


Cl '/"" 

Cl 

Cl 
( 7 0 ) 

Ar=2 4-Br C H 
I(69 ) 2 6 3 

Phenol, 2,4 - dinit rophenol and 2 , 4 , 6-trinitrophenol all 

failed to give initial products with (3 ) , i n the presence of 

triethylamine. Phenol presu~ably does not form phenoxide ion 

under these conditions , whereas the anions from the po lynitro

phenols are not s ufficiently nucleophilic since extensive 

delocalisation o f the negative charge is possible. 

During the l atter part o f this research it bec ame 

i mportant to determine if p.-ni trophenoxy compounds could be 

hydroly ed under acidic conditions. Accordingly (63a ) was 
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di ssolved in benzene and concentrated hydrochloric acid was 

added to form a two-phase system. After heating the mixture for 

o ne hour on a steam-bath , no reaction was observed . The implica

tion of this result is discussed in Section II (v ). 

Initially the hydrolysis of hydrazides such as (61 ) 

looked promising as a method for the p reparation of N,N-diaryl

hydrazines , since hot aqueous acid slowly hydrolyses hydrazides 

to carboxylic acids and hydrazine salts. Although such hydrolysis 

is usually successful with unsubstituted hydrazides, there was 

41 
a report to suggest that substitution may greatly retar d it • 

In the event ( 67 ) remained unchanged by either cthanolic hydr o 

chloric acid or ethanolic sodium ethoxide under conditions where 

. 2
(1 0) was hydrolysed complete ly . 

ii i. With Thioacetate Ion 

The conversion of hydrazidic halides into acetylthio

hydrazides by reaction with thioacetate ion was recently realised 

17by Callaghan and Gibson . The se workers assigned the structure 

of the major product of the r eaction of (3) and two equivalents 

of potassium thioacetate at room temperature as (lS) on the b as is 

o f spectroscopic evidence. The p roducts was thought to result 

f rom S->N acetyl transfer in the intermediate thioacetoxy compound 

(17) in a manner analogous to the O+N acetyl transfer which 

. h 1 . .c: I a ·a · h J. 12, 42o ccurs d uring t e aceto ys1s OL 1y razi ic a.· des . 

The fo rmation of (15} by this method was shown to be 

accompanied by a small amount of the hydrazidic sulfide (1 6). 
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In order to eliminate this product in the present worl~, the 

hydrazidic halides employed were treated with only one equivalent 

of sodium thioacetat~ at room temperature in either ethanol or 

acetotiitrile . Using tl1is procedure (15) was obtained from the 

reaction of (3) and thioacetate ion in 75% yield (previously 

58 %). Sim i larly the hydrazidi c bromide (41) gave the corres

ponding acctylthiohydrazide (71) in 84% yield. However 

(71} (7 2) 

N-a-bromo-p-methoxybenzylidene-N '~(2,4-dibromophenyl)~ydrazine 

(47) and th i oacetate ion failed to react in either ethanol or 

acetonitril e . The thiohydr az ide (72} was eventually isolated 

when dimethylformc.rnide ·was used as solvent, but it appeared to 

be thermally unstable and analysis figures were repeatedly 

inaccurate. Callaghan and Gibson had noted that certain acetyl

thiohydruzides were u nstable, and in an attempt to obtain molecu

lar weight s they had subjected their compounds to fragmentation 

in an M.S. 902 spectromete r. In all cases the weak parent ion 

lost water to give a strong radical-ion absorption. Examination 

of the mass spectrum of (72} showed the absence of a parent ion 

but the prescnceof a strong radical-ion (rn/e 434) corresponding 
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I 

to loss of water. Further the breakdown pattern of (7 2) was 

consistent with the proposed structure. 

The decreased reactivity of hydrazidic bromide (47 ) 

towards thioacetate ion may b e explained by electronic effects. 

The ease of addition of a nucleophile to the a-posit ion of (47 ) 

would be reduced by the electron-donating capabilities of the 

p-methoxy substituent in the C-phenyl ring. 

In order to investigate the properties o f a-thioacetoxy 

compounds , it appeared necessary to block the nitrogen atom so 

that acetyl transfer could not take place. N- Thiobenzoyl-N ' 

~methyl-N ' -pheny lhydcazine (74 ) was prepared by the reaction of 

ca.rboxymethyldi thiobenzoat:e 4 3 (7 3 ) with N--rnethyl-N·-phenyl·

h ydraz i ne . Reac tion of ( 7~) wiLh acetic anhydride in triethyla

mine was expected to give the corresponding thio a cetoxy compound 

PhC-S- CH COOH
II 2 

PhC NIINMePh 
II 

Ph- C=N-NMePh 
I 

s s SAC 

(7 3 ) ( 7 4 ) ( 7 5 ) 

(7 5) and the infrared spe ctrum of the product was in agreement 

with this structure. Thus the carbonyl stretching freque ncy 
-1 . - 1 

(l 710 cm ) was different from that in (15 ) (1 665cm ) . All 

attempts to obtain solid material from the y ellow gummy product 

fail ed , although it appea red to be pure (t.l.c. ). The addition 

of ethanol i mmediately produced a rea ction , and the thiohydrazide 

(74 ) was r e covered in a manner p r esumed to i nvolve spe cies such as 
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(76}. Thus, just as had b e en ob s erved with hydrazidic bromide 

(48} in the acctolysis reaction, the prevention of the intra-

molecular acetyl . transfer had produced a compound which was 

Ph-C=-=N-NMePh 
l,'\\_;
s; H 

I .fI 
O=C OEt 

I 
CH

3 

(7 6} 

open to facile d e acctylation by external nucleophiles. 

This was the first c hemical evidence to suggest that 

CalL...<:_;l1<:.L1 a"1c1 Gib ~.;cm h<.;.d inde e d assigned the correct structure 

to their product (15), since this compound did not undergo 

deacetylation in ethanol. 

iv. With p-Hitrof:_hioJ2_he:..nol._ 

Since the reaction of hydrazidic halides with p-nitro

phenol had been useful in the investigation . of the o~N aryl 

migration, it was thought that the use of p-nitrothiophenol would 

permit a study of the analogous S-i-N aryl transfer. HOWP.Ver 

identifi cat ion of the products was seen at the outset to be a 

major p~oblem, since there would be no carbonyl stretching fre

quency in their infrared spectra to denote the rearrangement. 

Recent evidence has suggested that thioamides and related com

pounds <lo not have an infrared absorption assignable to the 
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t hiocarbonyl stretchi ng frequency 

The reactio n o f N-a-bromobenzylidene-N ' - {4-b romo- 2

-fluorophenyl) hydraz i ne {49 ), t r i ethy l amine , and t wo equiva l ents 

o f 	 p -nitrothiophenol has been reported to give {77) r ather than 
17 

the isomeric t hiohydrazide (78 ) • No hydrazid ic sulf ide was 

detected. The assignment o f the structure was b ased a l most 

ent ire l y o n ul tra-v iolet d ata and was adm i tted t o be specul at i ve . 

Ph- C=N-NHAr 	 . PhCNH-NAr 
I 	 II 
s 	 s 

(7 8 ) 

(77) 

Ar = 

However prior to the present research t he rnass spectrum o f (77 ) 

was examined and a peak (m/ e 291 ) c orresponding to l oss of 

p -nitrothiophenol from t he parent. i on was f ound . This radical-

ion must have arisen from (77 ) rather t han (7 8 ), unless a reverse 

a ryl migration in (78 ) i s proposed. Such a process was shown 

l ater i n the present work to be unlikely. 

A s eries of hydrazidic halides was treated with equivalent 

amounts of p-nitrothiophenol and triethylarnine. The results are 

s ummarised i n •rable V. Within tlrn limits o f the experiment the 

c hange of the ~halogen from bromine to chlorine in N-a-chloro
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Table V. Preparation of the p-Nitrothio
phenoxy Adducts 

p-NitrothiophcnoxyHydrazidic Substituent.s 
AdductHalide 

yNo. x z No. Yield % 

47 OMe Br Br Bla 57 

41 Cl Br Br Blb 63 

79 H Br H 8lc 62 

80 II Br SCN 8ld 0* 

'--

,., 18 % of (8 lc ) isolated 

xO-r-NHQZ 
1 . y 

0 . 

(81) 
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benzylidene-N ' - { 2~bromophenyl ) hydrazine 3 7 (79) did not affect 

the yield of the ini tial p roduct. All of the compounds are 

Ph-C=N-NHo~ Ph-C=N-NII~o~
· SCN 

I - I -
Cl Br Br Br 

( 7 9) (. 8 0 ) 

believed to b e p-nitrothiophenoxy adducts of general structure 

(80 ) 45(81). One cur ious reaction remains unexplained . When 

Br·0 C~N-NHAr 
"··s/ I 

0 
s 

( 81 ) ( 8 2) . 

and p - nitrothiophenoxide ion were stirred together in ethanol 

there was evolved during the first hour of th e reactio n a g as 

with the sme ll of hydrogen cyanide. Work-up after hm hour s 

g ave N-a-p-nitrothiophenoxybenzylidene-N '-(2 bromophenyl ) 

hydrazine ( Blc ) (18% ) as the o nly characteri s able product. 

The identity of this product wa s i n no doubt, since it was 
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identical in all respects with the. p roduct from the reaction of 

(79 ) and p-nitrothiophenoxide ion. Further the hydrazidic 

bromide (80) was analytically pure with spectra l properties 

cons~st nt with its structure. In some cur ious way p - nitro

thiophenox ide ion had reduced the thiocyanate group to hydrogen. 

An e xamination of the mass spe ctra of ( Bla ) and ( Blc ) 

showed that both compounds lost the elements of p - nitrothio

phenol from the parent ion, in agreement with the proposed 

structures. 

The hydraz idic bromide (42 ) and p-nitrothiophenoxide ion 

yielded an analogous compound, formulated as (82 ) in 55 % yie ld . 

Once again, loss . of p-nitrothiophenol from the parent ion was 

an important feature of the ma ss spectrum. 

Treatment of (77) with triethylamine in refluxing 

ethanol had previously been reported to produce the b enzothia

diazine (83) vi a an S+N transfer of the p-nitrophenyl group, 

followed by the displaceme nt of the 2-fluorine substituent by 
. ] 7 

sulfur " . As with the S ->-N acetyl trans fer in thioacetoxy 

NEt , EtOH
(7 7 ) - .._______,.__3 _ 

(83 ) 

N0
2 

compounds , the process c o uld be synchronous o r could occur via 
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the intermediate Z\vit.terion:i.c form of the thiohydrazide (8'1). 

In the event no evidence for (84) was found. Thus the treat

ment of the p-nitrothiophcnoxy adducts prepared in the present 

Ar = 

F 

(84) 

study was not expected to yield the corresponding thiohydra

zides in bQse. However their conversion into benzothiadiazines 

.was seen as evidence for. a~ ;. S·r!J aryl U:ansfer and is described 

later in this thesis. 

Jn connection with later work (8lb) wus dissolved in 

benzene and treat e d with concentrated hyd1~ochloric acid in the 

same way as described earlier for (63a). After one hour there 

was no reaction and the i mplication of this result is discussed 

later. 

v. With Heterocyclic Thiols 

Prior to this work there had been several reports of 

Smiles rearrangements involving activation by heteroaromatic 

ring systems. The majority of these reports were concerned 

. h . d. d . . ] , l . . 31 . . 32wit pyr1 ine erivatives, a .tnoug1 qu1nol1ne and s-tr1az1ne 

systems have been shown to under go si~ilar reactions. 

The use of heterocyclic thiols in the present work 
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appeared to be an attractive alternative to p-nitrothiophenol, 

s ince the S+N migration of the heterocyclic ring would presumably 

b e both acid and base catalyse d. Therefore under acidic c on

d itions where benzothiadiazine formation presumably would not 

o ccur , the intermediate thiohydrazidc might be i sol ated. 

The thiols chosen for the study were 4 , 6-dimethyl- 2

-mercaptopyrimidine , l -phenyl -5-mercapto- lH-tetrazole , 2-mercapto

46
-5-nitropyridine, 4-methyl-2-mercaptoquinoline , 2-mercapto

pyridine46 and 2-mercaptoquinoxaline , and the results of the 

reactions of each of these with (3) at room te~perature are 

summarised in 'l'able VI. All o f the compounds were assigned the 

unrearranged structure (85 ). 

Ph- C==N - NHAr 
I 
SR 

( 85) ( 86 ) 

When the initial adducts (85 ) were dissolved in b enzene 

and treated with concentrated hydrochlor ic acid at 100° only 

(85a) g ave any rearranged product. The bright yellow N-thioben

zoyl-N'-(4,6-dimethyl-2-pyrimidyl )-N'-(2 , 4-dibromophenyl ) 

hydrazine (86 ) was obtained after o ne hour. For the first time 

both isomers involved i n an S+N migration o f an electron-

deficient group h ad been isolated. An investigat ion of the 

spectral characteristics of (85a ) and (86 ) was seen as a means 
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Table VI . Preparation of the Heterocyclic 
Thiel Adducts 

Compound Yield NH Position 
Substituent R No. % i n p.m.r. 

Spectrum 

4,6 -dimethyl -2-mercapto
pyrimidyl 

1-p 1enyl-5-·mercapto-1H
- t etrazolyl 

2-mercapto- 5- nitropyridyl 

2-mercaptoquinoxa lyl 

2-mercaptopyridyl 

2-mercapto-4-methyl
quinolyl 

* NlI signal of r earrang e d 

**NH signal of rearranged 

8 5a 

85b 

8 5c 

8 5d 

8 5e 

85£ 

compound 

compound 

( 8 6 ) 

(93 ) 

7 5 

8 9 

8 3 

63 

76 

7 3 

at 9. 7 o 

at 9 . 9 o 

9.1 5*6 

9.0 56 

9. 2:; -k·ko 

9. 186 

---------··
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of identifying either initial or rearranged structures without 

any .ambiguity . 

The ultra-violet and infrnrcd spectra of the compounds 

were complex and not very helpful. HowE'.ver the thioarnide-type 

structure of (86) required a more acidic hydrogen bound to 
-1 

n itrogen. In fact a medium-strong band at 33 40cm was found 

in the infrare d svectrum of (BG), while a weak absorption at 

3280cm-l was present in the infrared spectrum of (8 5a ). HO\..rever 

the position of the proton bonded to nitrogen in the nuclear 

magnetic resonance spe ctra of the compounds app2ared to be more 

promising. 'l'he sign ,'tl for the N-H proto;i in (85a ) occurred at 

9.156 whilst that in (86) had shifted to 9.76 in accordance with 

the more acidic natu~e of the proton. The position of the N-H 

signal in (85a ) was not expected to differ greatly from th~t in 

the p-nitrothiophenoxy compounds or in the other initial adducts 

of the heter~cyclic thiols. This was found to b e the case 

('£ables VI and VII). However in the thiohyd:r:azide structure (8 6) 

the possibility of hydrogen bonding (87) was noted and thus the 

0- - • - H 

PhCS 
\ . 

Ar 
/ 

//
CH 3-c~ 

\ 
/N--CSPh 

H/N-N\ . N/ 

',~, . ~~ y 

I IJ
Me~/ Mc 

x 

(87) (88) 
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Table VII. 	 Position of the N-H Proton Signa l 
in the p.m.r. Spectra of t he 
p -Nitrothiophenoxy Adducts ( 81 ) 

Substituents 	 Po sition of N-H Signal (8) 

p-ni trothiophenoxy Hydrazidic 
x y z Adduct Bromide 

r· H Br Br 	 8 • ::> 

OMe Br Br 9.1 	 8.4 5 

Cl Br Br 9.2 	 8.55 

H Br H 	 9.2 5 

(81 ) 
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position of the signal would depend on the nature of the hetero

c yclic ri11g. 

Similar hydrogen-bonding h ud been reported by Callaghan 

17and Gibson for a series of acetylated thiohydrazides. The 

r esults of their invest i gation , t aken from the thesis presented 

by Cal l aghan are shown i n Table s VIII and IX . To account for 

t hese observations , a strongly hydrog e n-bond ed structure was 

propo sed , for which (88 ) seemed the most reasonable. Splitting 

o f the methyl signal into a doubl et can then be explained as 

due to hindered rotation about the Ar-N bond where bulky sub

stituents such as Cl, Br o r I occupy the 2-position. Each methyl 

peak would be associated with one or other o f the N-H p eaks in 

t wo major conformers. The 2-F appears to be the limiting c ase 

f or free rotation at 35°, since the 2,4-d ifluoroacetylthiohydra

z ide showed splitting , whi e the 2-fluoro-·4-iodo c ompound did 

not under the same conditions (a mesomer ic effect may be invo lved 

t o give some double-bond character to the Ar-N bond ) . 

The 2,4 -difluoroacetylthiohydrazide was studied in 

deuterochloroform at var ious temperatures i n the range 35.5 to 

-70° (Table IX ). The methyl ·doublet was observed to coalesce ar 

c a. - 70 ° to a single sharp peak. The fact that neither of the 

peaks disappeared suggested that the single peak at -70° was 

not d ue to the more stable confo mer , but more likely to different 

c hemica l shift variations with te~perature of the t wo conformers, 

t he shift values coinciding at that t emperature. 

In view of the uncertainty of the posit ion of the N-H 
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Table VIII. 	 1 H Nuclear Magnetic Resonance 
Spectra in Deuterochloroform 
at 35.5°, 60Mc/S for Substituted 
Acetylthiohydraz ides * 

- --· 
Substituents N-H 1'.romatic Methyl 

x y Proton ( 0) Protons ( 0) Protons ( 0) 

H H 7.9-7.21 (11) 2.01 

I F 7.85-7.1 (9) 2.1 

F F ? 7.93-G.64 ( 8) 2.22 and 2.02 

I Cl 9.9 and 9.54 7.93 - 7.26 ( 8) 2.29 and 1. 9:; 

Br Br 9.94 ancl. 9. 56 . 8.19-7.25 ( 8) 2.30 and 1. 9/, 

Cl I 9.96 and 9.53 8. 25·-7. 24 ( 8) 2.31 and 1.92 

--··--

PhCSNHNP.c < ·)·X 
y 

*Taken from reference 17 
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Tabl e I X. 	 Va r 5.a tion o f Methyl Absorption with 
Temp e r a t n r e fo r N-thiobcn zoyl -N '
- .a cetyl - N' - (2 , 4 - fluoropheny l ) hydraz ine 
in Deute rochloro f o rm * 

Temp~rature Me t hy l Prato r: Se_paration 
(OC) Ab s o rpt i on ( o ) ( Jlz .) 

35.5 

10 

0 

-10 

-20 

-40 

-60 

-70 

2.22 

2.19 

2.22 

2.21 

2.1 8 

2.14 

2.0 2 

1.99 

2.0 3 

2.0 4 

2.05 

2.0 5 

12 

12 

11 . 4 

10.2 

7. 8 

5. 4 

3.5 

ca.O 

*Taken from reference 17 
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signal in thiohydrazides because of the possibility o f hydrogen

bonding , i t became cl~ar that no unambiguous structural assign

ment could t e made by this means alone. However the mass spectra 

o f c ompounds (85a ) and (86 ) provided more concrete evidence. 

Both compounds g ave molecular i ons but o nly (85a ) gave a peak 

(m/ e 3 50 ) corresponding to the loss of 4 , 6-dimethyl-2-merc apto

pyrimidine. The thiohydrazide (86 ) could o nly give such a p eak 

i f a reverse aryl migration occurred. Further the mass spectra 

of (85b,c , d ) all exhibited a p eak corresponding to loss of the 

h eterocyclic thiol from the parent ion. · It was thus concluded 

that the assignment of the unrearranged structures for these 

compounds was correct . 

I t was noted Parlier that 0nly ( "5 ~ ) gave any rearrange

ment p roduct i n acid. However thr~e of the other compounds 

g ave some reaction, whilst ( 85~ ) and (85f ) were u naffected under 

the conditions employed. 

The tetrazolyl adduc. (85b ) w~s dis solved in b enzene and 

t reated with concentrated hydrochlor ic acid for one hour in 

such a way as t o keep the mixing of the two layers to a minimum. 

The free thiol, l - phenyl-5-mercapto-lJI-tetrazol e ( 60% ) and 

N-a-chlorobenzylidene-N ' -(2 , 4-dibromophenyl ) hydrazine (89 ) (41% ) 

were isolated and N-benzoyl-N'- (2,4-dibromophenyl ) hydrazine was 

d etected. These products ar~ thought to result f r om reaction 

scheme (vi ) . A similar reaction scheme wa~ envisaged for the 

r eaction of (85d) with acid , since (89 ) was o btained i n 13 % yield. 

No 2 -me~captoqu i11oxaline was isolated from thi s reaction. Unless 
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SC HEME (vi) 

Ph- C=N-NHAr Ph - C=N-NHAr 
I I 
SR ( SRH) (+) ( 91 ) 

Ph- C:::N -NHArPh- CNHNHAr 
II 
0 

Ph-C =N-NBAR 
I 
SR 

( + ) 

( 9 0) 

SC HEME (vii ) 

Ph-C ==N-NHAr 
I 
Cl 

(89) 

( + ) 
Ph--C-NH-·NHAr 

I <9 2) 
SR 

Ph-CNI-INH.l\r ( 8 9 ) 

II 
0 
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an acid cata lysed N+S sh~ft of the aryl group i s envisaged the se 

p r o ducts confirm the structural assignments o f (85b ) and (85d ). 

It should be noted t hat s cheme (vi ) represent s a 

simp l ified version o f the reaction , s ince revers i b l e p rotonation 

will o ccur at a l l possible sites in the molecu l e . I f steric 

f actors are unimportant , t he l oss o f (SRH ) must b e f aster than 

t he rearrangement step. The attack of an externa l nucleoph ile 

(i. e . Cl o r H2 0) o n the pro t onated spec i es ( 91 ) would l ead to 

p roducts. Ionisation pf (91) to g ive the r e l a tively stable 

c ation ( 90 ) (see Introduction ) is also possible. Protonation 

o f the b e n zylidene nitrogen t o give ( 92 ) wou l d also l ead t o 

produc t s a s shown in scheme (vii ). However (63a ) and (8lb ) wer e 

u naffected by aci.d under the s ame conditions , although if 

s cheme (vii ) were a ma j o r reaction pathway t h en some hydrolysi s 

would b e expe cted. 

Ph--C=N-·NHl.\r Cl 0" C==N-NHAr 
r --· I 
0 s 

0
N0

2 

~n 
~ (8lb ) 

( 6 3a } 

The competition between the two possible r eaction mod es , 

h ydrolysis and rearrangement , must b e controlled by the electron
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d e ficien cy of the h eterocyclic ring which makes the (SRH ) 

s pecies a good leaving group. Iri view of this, th e action of 

acid on the nitropyridyl adduct (85c ) was expected to give 

mostly (89 ) with little o r no rearrangement. In the event, a 

yellow gum was obtained which appeared to contain at least 

eight c omponents . However no (89 ) was fo und in the produc t and 

the p .m. r . spectrum favoured rearrc..ngement . 'I'hus the presence 

o f an e xchangeable p r oton at 9.9 6 suggested that the thiohydra

zide ( 93 ) was prese nt . However no pure solid materi a l could b e 

o btained from the product. 

Ph- C--NH-NAr 
II 
s 

Ar=2 , 4-Br C H3
2 6 

( 9 3 ) 

The action of base on compounds (85a-f ) is d escr ibed 

l ater in this thesis. 
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I I. PP.EPJ\HATION OF THE OXADIAZINES 

i. Cyclisation of N-Aroyl-N ' -acetyl-N ' -arylhydrazines 

The observation that the interaction of (59) with sodium 

acetate in dimethylformamide h ad yielded the benzoxadiazine (61 ) 

i n reasonable yield , prompted an investigation into the reaction. 

I nitially there appeared to be two possible mechanisms , one 

i nvolving an intramolecular nucleophilic attack by oxygen on the 

2-position of the halogenated ring , and the other via a benzyne

type intermed:i.ate. 'l'he former did not look too promis ing, since 

. . 4 0 
an m···ni tro sub s tituent is not a powerful activating group and 

47
hydrazides are not normally nucleophilic through oxygen • 

However, a mechanism of this type would be analogous to that 

proposed by Callaghan and Gibson for the cyclis a tion of acetyl

th iohydrazide s discussed earlier. I n order to present evidence 

fo r either mechanism, it was important to determine the effect 

of substituents in the h alogenated phenyl ring and the infl uence 

o f the leaving group on the reaction. Further , it was necessary 

to determine the exact nature of the product , since the structure 

o f (61 ) had been assigned initially by analogy with the acetyl

thiohydrazide to benzothiadiazine conversions. 

Using triethylamine as the base the cyclisation of 

N-benzoyl-N '- acetyl-N ' (2 ,4 -dibromophenyl )hydrazine (50) was 

attempted in both eU1ano l end dime thylformamide with no success. 

However reaction in dimethylformamidc using both triethylarnine 

and an eqnivalent of "'Ol.id sodium hydrox ide gave 7-brorno-2-phenyl

-4II-benzo[l,3,4]mrnd ic:i.zine (95) in 39 % yield (Scheme viii), the~ 
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;m

Ph- C '-NAc 

II 
0 

( 5 0) Br 

NH 
Ph-C/ 'NH 

II 
0 

Br {?" 

( 9 6 ) Br 

SCHEME (vi ii) 

NaOH, NEt
3 

DMF 

Br ( 9 4 ) 

NaOJI 

NEt 3 
DMF 

N 

Ac o
2

Ph( '-..NII 

0 

Br ( 9 5 ) 
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majority of the remaining n1Cl.t.er ial be in9 U!1 changed ( 5 0) . 'I'he 

rea ction of (95) with acetic anhydride in acetic acid gave the 

acetyl derivative ( 91), which was shown to undergo dcacetylation 

under the conditions of the cyclisati.on. Since N-benzoyl-N'

-(2,4 -dibromophenyl )hydrazine (9G) did not cyclise under the same 

conditions , it was concluded that (94) was the initial product 

witl1 deacetyl~tion taking place after ring closure. Although no 

attcrapt was made to maximise the yiel d of (95) in this reaction, 

it was obvious tliat the reaction time \-:as critical. After 2. 5 

hours at the reflux temperature 39% of (95) was obtained. Afte r 

G.O hours the product was extremely tarry and only 11% was 

isolated. The product thus appeared to be destroyed on prolonged 

heat.in'} \-Ji th base. 

The aro111at.ic reg ion of the p. m. r. spectra of cornpo unc1s 

(94) arid (95) is reproduced in Figures (i) and (ii) respective ly. 

Examination of th ese~ spectra shows that the structures assign ed 

to these compounds are indeed correct. Thus in Figure (ii), 

the proton J~ is s een as the high field doublet as predicted by 

its po s ition ~djacent to nitrogen. In Fiiure (i), HA has moved 

downficld considerab ly under the influe nce of the ncighbo"ring 

acctyl group. Since IIA shows only ortho- coupling, the brominG 

subs ti tiJent must occupy the 7-posi tion as shown . 

The cyclisation of N-bcnzoyl-N'-acetyl-N '-(4-bromo-2

-fluorophenyl)hydrazine (5~) was effected with triethylamine 

alone usin0 dimethylformam:i.de as the solvent. The acetyl group 

was not remov e d from the benz oxad iazine and (94) was obtaine d 

http:dimethylformam:i.de
http:aro111at.ic
http:cyclisati.on
http:n1Cl.t.er
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in 9 3% yie ld after 2.5 hours. This was the first indication 

t h a t the cyclis at i6n exl1ibited the characte rist ics of a nucleo

phili c aromatic subs ti t ution reaction, since fluorides are known 

to b e converted to b enzyne s on ly with difficu lty48 • Further , 

the observat ion that fluorine is displ aced more easily than 

b romine is u sually made in n uc l eophilic aromat ic substitut ion. 

Thus the cyc lisat ion appeared to p roceed via the anion (9 7) invo l v

ing attack by negative oxygen o n the 2-position o f the h a logenated 

ring as shown in Scheme (ix ). Since the aromatic ring in (97 ) 

i s not act ivated towards such an attack, it may b e that the 

c yc l isat.ion proceeds through the zw.itterionic fo rm of t he hydra

zide (98 ) . The concentration o f such a species i n the reaction 

med i um would be very small, b u t th_e 2-halogen substituent in (98) 

would b e activated towards nucJ.eophilic attack . 

The cyclisat ion o f N-p- chlorobe nzoyl-N ' - acety l -N ' - (2 , 4

-d ibromopheny l ) hydrazine (51 ) using both tricthyl amine and sodiwn 

hydroxide in di1nethylformarnide , gave the corresponding deacetyl ated 

b cnzoxadiazine (99 ) i n 25 % yi e l d after 2 . 5 hours. The acetyl 

g roup was p resumab ly lost after ring closure. Reaction of (99 ) 

with a cetic anhydride g ave the acetyl derivative (100) . 

H 

/ N........._ ././ 

N / 
 I 

I AcOH 
o 

Cl ~.... Cl 

( 99 ) (100) 
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SCHEME ( i x ) 

/NH (NaOH ), NEt N 
3Ph-C -............NAc Ph-c~· '-NAc
-------~ 

DMF I ~ < - )II 
00 

BrBr ( 97) 

... 
~I 

~N (+ ) ~N'-...
Ph-C ,,,/ ~N1-JAc Ph - C N.A c: 

II 

(
0 

-)XO"' 
0 

- I 
' :::--.... Br 

Br 
( 9 8 ) ( -· ) 

-·X 

( 9 4 ) _ _ -.:~----:> 

X = F , Br 
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The cyclisation of (52 ) in the usual way g a ve a 45% 

y ieid of the acetylbenzoxadiaz ine (101 ) . This c ompound resisted 

all attempts to deacetylate it under the basic conditions of the 

reaction. An attempted removal of the acetyl group in ethanolic 

hydrochloric acid gave o n l y a d a rk b rown o il . During l ater 0ork 

it was found that all the b e 11 zoxadiazines p repared were s ens itive 

t o prolonge d acidic treatment . Although th e breakdown of t licse 

c ompounds in acid was not inves tigated in the p r e sen t study , it 

i s i nteres ting to note tha t t he corresponding thiad iazincs were 

stable under the s ame cond itions. 

The cycl i sat ion o f (58 ) yi e lded a b e n zoxadiaz ine , . 

f ormulated as (102 ) which al~o did not deace tylate under the 

b asic reaction conditions. Since both (101 ) and (102 ) h ave 

(102 )(101 ) 

groups c apable o f e l ectron-donation in the 2-position, it ma y b e 

that in some cur ious wa y the adetyl g r oup is l ess l abile in 

such c ompound s. The low yie J d ( 6 %) o f (102 ) was at tributed to 

the uncertain purity of the hydraz ide (58 ), which cou ld no t b e 
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obta i ned analytically pure . 

Thus the reaction appears to be useful as a general 

s ynthe sis fo:c benzoxadiazines , although further work i s required 

before removal of the ace tyl group becomes a routine step for 

c ompounds where the cyclisa~ion does not proceed with its l oss. 

An ex amination of the literature shm·1s only o ne .other success-

f ul synthesi s of the b enzo [ l , 3 , 4 ] oxadiazine ring ~ystem. 
66 . 

Huisge n et al prepared the 2H- benzo [ l ,3, 4]oxadiazine 

ring system by the reaction of substituted di azome thane s with 

d iazonium compounds (Scheme x ). When or was hydrogen,R1 R2 

r earrangemen t to the isomeric 4H-benzo [ l , 3 , 4 ] oxadiazine was 

observed. 

ii . Cyclisation of N-aroy1-N ' - (p-ni trophenyl )~-N ' 

- a_~_yl:}-1yd:i; a z_~12es 

The cyclis at ion of a s.eries .of hydraz.i.de s of g eneral 

f ormul a (G4 ) was effected under standardised conditions which 

were as follows : the hyd raz ide and sodium hydr.ox ide , in equiva-

l ent amounts , were dissolved in a mixture of dirnethylformamide 

and triethylami n e and the solution was boiled under reflux for 

6 hours . 'I'he results are shown in Table X, and an e xaminat ion 

o f this table reveals several points. 

The presence of electron-releasing groups in the C-phenyl 

r ing o r electron-withdrawing groups in the N-phenyl ring would 

b e expected to aid the cyclisat ion. This appears to b e the c ase , 

the only exception being that the carboethoxy group in (64d) 
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SC HEME {x ) 

2H-Benz o [l, 3 , 4 ] oxad iazine4H-Benzo [ l,3,1]ox ad iazine 



65 

Tabl.e X. The Cyclisation o f N-Aroyl -N ' 
-p-Nitrophenyl-N ' -Arylhydrazines 

HYDRAZIDE BENZOXAD IAZINE 

Substituents 


No . x y z No. Yie l d % 


64a H Br Br 10 3a 29 

64b OMe Br Br 103b 61 

6 4c Cl Br Br 10 3c 36 

6 4d H Br COO Et 10 3d 25 

6 4e H l' Br 10 3e 9 6 

6 '1 f H Br N0 2 10 3f 62 

----------~-----~-------- ---------..----· ~-··-

NaOH , NEt
3--- ------;,;.


DMF , 6 h rs. 

zz 
Ar -- -F)·'\__h NO 2 (1 03 ) 
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appears to lower the yield o f cyclised product. However , 

hydrolysis of the hydraz ide to give the spe cies (10 4 ) would be a 

p rocess o c curr ing in compet ition with ring- clos ure since the 

electron-withdrawing c a pabi lities of the. este r function have been 

l ost in (104 ) and cyclisa tion would not b e expecLed to t a ke 

p lace. It is pe rhaps surpris ing to note that the ester function 

Br 
0 

Ar = _//·-~ .. NO 
Ph·-CNH-N { :}/ c~ --~ 2II I \\ I I ' o 

0 Ar --- ( - ) 

(10 4 ) 

i n the b enzoxad i az ine (103d ) is un a ffected under the r eact iori 

conditions. 

The change in the l eaving group from b romine to fluorine 

i nc reases the yield of cycli scd product marked ly . In f ac t (G4 e ) 

is converted entirely to the benzoxadiazine (t. l .c. ) and the 9 6% 

y ie ld r epresent s the material obtained after work-up. In view 

of this the mech anism favour~d for th e reaction (Sch eme xi ) is 

analogous to that p ropo sed earlier fo r the cyclisation of the 

ace tylhydrazides . The anionic species (1 0 5 ) or the zwitterion 

(106 ) is thought to at.tack the 2-posit ion of the N-·phenyl ring 

i n o rder to l ead. to products . 

The p - nitropheny l substituent is not as l ab ile as an 

acetyl group, and iP not removed under the react ion conditions. 
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SC HEME (xi ) 

NH 
Ar-C / · 'NAr ' 

11 

0 


y (105)j 
y 

,,.., N ( + ) 
Ar-C-~/ ~NHJ\r ' 

I N
0 Ar rP" "'-..N.A.r ' 

( - ) I (-·> 
o ........._ 


y 
( 106) 

-nx___~ 
-~ 

(10 3 ) 

y 

Ar ' == 
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Since (103) is s table to p r olonged bas ic tre~tmcnt (i.e. 6 hours ) 

it appears tha t it is the NH oxadiazine which i s s e nsitive to 

suc h conditions. Thus in thece c ase s prolonged reaction times 

might be e xpected to i ncrease the yields of cyclised products. 

Acc o rdingly (64a ) yie lded (103a ) in 7 9% after 10 hours (previously 

29 % after 6 hours ). 

The structure of (10 3a ) was conf i rmed by an a l ternative 

synthe sis. When 7-bromo- 2-phenyl-4H-benzo [l,3,4] oxadiaz ine (95 ) 

and p - nitro f luorobenzene were boiled together in acetonitrile 

-triethylamine fo r 4 hours , (103 a ) was obtained in 66 % yield 

0 
F 

+ 

N0
2 

(95 ) (l0 3a ) 

-Z 2 , 4-<libromophenyl ) hydrazine 

N-Benzoyl -N ' - (o -nitrophenyl ) -N'- (2,4 -dibromophenyl ) 

hydrazine (67 ) appeared to b e an in teres ting co~pound, since 
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c yclisat ion might be expected to proceed in two ways (Scheme x ii ) . 

Ring-closure in t he u sua l ~ay would give (107 ) but since the 

n itre group i s sterically well pl a c e d , (108 ) might also b e pro

d uced . When ( 67 ) was treated in the usual way for 6 hour s , o nly 

(1 07) (27 %) was obtaine d. There was no evidence of any o ther 

c yclise d p r oduct (t.l.c .). Th e b e n zoxadiazine (95 ) and 

o - nitrofluorobenzene g ave (107 ) in reflux ing acetonitrile

t riethylarnine to confirm the p r oposed structure. 

I n the ir r eactions with acetylthiohydrazides , Cal l aghan 

and Gibson h ad repor t ed that a 2-chlorinc substituent was not 

di splaced under the conditions employed. In the present work the 

c ycli sation o f (7 0) was attE:~mpted under the st andard reaction 

conditions and two modes of ring cJosure were seen to b e possible. 

Cycli sation in th e no rma l sense woul d give (109 ) as shown in 

Scheme (x iii ). However , a 2-chlo r ine sub s tituen t migh t also b e 

displac ed and the benzoxadiazine (110) would result. 

Rocklin h as shown that h exachlorobenzcne undergoes sub

s titution u nder c omparat ive ly mild conditions 9 a nd more recent: 

work by Suschitzky has shown the di spl acement o f chlorine from 

11J. • • t l t . ... th . . tpo 1yehloroaromacic rings o Je a r eac 1011 or syn. etic i mper anc~ • 

In the event 6 2% of (11 0) was ~btained , with no evidence of any 

o ther c yclised product (t.l.c. ) . 
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. 
NH 01 

Ph-C '-N ~ 
II ~ 
0 N02 

Br (67) 

(107) 

Br 

2 -NO - C H Fr 2 6 4 

SCHEME (x ii ) 

BO.p Br 

.,.,....NH l 
. Ph-C '-N ~ . 

II 
O NO 

~I H~. ' NJ::: t/1( DMF 3 

'oV 

B:o-:;/' Br 
. N . I 

p h r· '-.N :::::..__ 

o.........._~ 


I 
(10 8 ) 

( 9 5 ) 
Br 
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SCHEME (x iii ) 

Cl 

:0 Cl 

Ph- C/NH-.........
II N Cl 

Cl
0 

( 7 0) 
Br Cl 

DMF , Na OH 

NEt- 3 


6 hour s 

Ph~N. s~BrC:OCl Cl r 'N~ 
Ph~. N ,~ ~ Cl 0 

~ 
0 Cl 


~ Cl 


Cl 

Br (1 09 ) (110) 
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v. ~E1-isat ion of N-benzoy l - N ~::J..2, 3, 5, 6-tetraflnoro

phenyl)hydraz ine 

The p reparat ion of the fl uor inated b enzoxadiazine (113 ) 

appea~ed u seful in connection with other work i n this d epartment. 

Coincidently it p r ovide d an o pportunity to e xami ne the nuclear 

ma9netic r esonance spectrum of sub s tituents (fluorine ) attached 

to the b e nzoxad i az ine ring system without the protons of the 

2-phenyl ring interfer ing. 

The react ion of hydraz ine hydrate o n pentafluorobenzene 

{Scheme xiv ) g ave the t e t ra f 1 uorophenylhydraz ine (111 ) whic h 

was b enzoylated at - 7 8° to give the hyd razide {11 2 ) . Treatment 

of (lJ.2 ) with acetic anhydride , t r i ethylamine and dimethy lforrna

mide for 4 hours at the reflux t emperature , gave (113 ) i n 65 % 

yield. The cyclisation f ai l ed in the absence of acetic anhydride. 

An attempted r emova l o f the acetyl g r oup from (113 ) under b asic 

conditions yielded only gurnrny ma.ter i al. 

The fluorine nuc l ear magnet ic r esonance spectrum o f (113 ) 

showed FA at 5 2.846 , FB a t 55.16 6 and Fe at 57.066 (upfield from 

CF 3Ccl ) . These values , and the corresponding coupling c onstants ,
3 

are in agreement with the proposed structure. Th e differences 

in the spectra of (113 ) and the corresponding fluo rinated benzo

th iadiazine are discussed l ater . 

The nuclear Overh auser effects in (1 13 ) are p resent ly 

. t . t . 67under i nves iga ion 
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SC HEME (x iv) 

+ --> 

F F F F' 

(1 11) 

PhCOC l 
Et o

2

--7 8 ° 

F F 

-:...---~~~~~- NFt3 
PhCONHNH ·OH 

DMF 

F F 

(1 12 ) 
(113) 
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vi. Preparat ion of ox udiaz ines from N-benzoyl-N'

-phenylhydraz inc 

At this stage of the researchr the synthesis of benzoxa 

d iazines via the cyclisation of suitably substitute d hydrazide s 

was well established. Since the ring-closure via o xygen appeared 

to proceed smo o t hly in favourable cases , it was thought that 

N-benzoyl-N ' -phenylhydrazine (114 ) might behave as the bifunc

t ional nucleophile represented as (115). 

Ph-CNH-NH- Ph 
II 
0 

( 11'1 ) (115 ) 

In order to t est the method , the read ily available and 

highly 2ctivated 2 , 4-dinitrofluorobenzene was condensed with (114). 

As e xpected the fluorin e substituent was displaced by the nucleo

philic nitrogen atom and N-be:nzoyl-N ' - ( 2,4-· dinitJ~ o pheny l ) -N '· -

-phenylhydraz ine (116 ) was obta ined in 7 4% yield (Scheme xv). 

The cyclisation of (116 ) was effected smoothly in the usua l way, 

and the benzoxadiazine (lJ.7 ) was isolated in high yield. Thus 

it appeared that aromatic compounds with ortho subs tituents 

activated towards nucl eoph ilic di splacement might give the 

correspondi ng oxadiazine ring system with (114 ). 

However (114) and 2-chlor o - 3-nitropyridine failed to 
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SC HEME (xv ) 

NH 
Ph- C/ -..NPh 

PhCNHNH-Ph 
II 
0 

(114) 

II 

(116) 

NaOH NEt 3DMF 

(117) 
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SCHEME (xvi ) 

NEt /NH3----;.> Ph- C ..........._NPh
Ph-CNHNHPh 
25° II II 

00 

NaOH, NEt3 

DMF 


(119) 
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condense together and t h e more powerfully act ivated 2-chloro· 

-3 ,5-dinitropyridine was required b efore reaction would occur. 

I n this way the hydrazide (118) was obtained in 71 % yield , as 

o utlined in Scheme (xvi ) . The cyclisation of this compound in 

t he usual way gave the first example of the pyr.ido[3,2] [l',3,4]

oxadiazine ring system (119) in 85% yield . 

The hydrazide (114 ) also failed to condense with 2,3

-dichloroquinoxaline when methanol-triethylamine was used as 

the solvent. The reaction proceeded smoothly when dimethylforma

mide was used as the co-solvent with tricthylamine. The inter

medi ate hydrazide (120 ) could not be i solated , but a reflux time 

o f 12 hours gave the novel quinoxalino[2,3 J [l , 3 , 4Joxadiazine ring 

system (121) in 82% yield. 

Ph ~N ........_ 

, ~ N-Ph

1 o~II "':: N 

N 

(12 0 ) (1 21) 

vii. Summa r¥_ 

Under certain conditions hydrazide s h a ve been shown to 

be nucleophilic via oxygen and in favoura ble cases the benzo
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[ l,3,4]oxadiazine ring system i s produced. The cyclisat i on 

exhibits the character i st ics of a nucleophilic aroma tic sub

stitution reaction and i s unusua l in that the aromatic ring which 

~uffers attack is normally considered to b e deact ivated toward s 

such substitution. 

N-Benzoyl-N' -phenylhydrazine appears to c onta i n t wo 

nucleophilic centres in its reactions with aroma tic compounds 

containing o rtho substituents activated towards nucleophilic 

attack. The initial di splacement th r ough nitrogen may be fol

lowed by c yclisation via oxygen in suitable cases to yield th e 

c orresponding oxadiazine ring-system. 
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I II. PREPl\W\'l'ION OF THE 'I'HIADIAZ INES 

i. Cyclisation of ~-Thioaroyl-N ' -acetyl -N ' -arylhydrazines 

Since Callaghan and Gibson h ad effected the c yclisation 

o f a series of acetylthiohydrazides ear l ier , . no di ffic ult i es were 

expected i n the present study . The c ondit i ons u sed by these 

workers (refluxing triethylamine-acetonitrile ) were shown to be 

valid for the ring-closure o f acety l thiohydrazides c ontaining 

g roups in the C-phenyl ring. Thus (72 ) yielded t he benzothiadia

z ine (122 ) i n 90% yie~d and remova l of the acetyl group in ethan

o lic hydrochloric acid gave the corresponding NH compound (123 ) 

as 	shown in Scheme (xvii ) . 

The aromatic region of the p . m.r. spectra o f (122 ) and 

(123 ) are reproduced in Figures ( i i i ) and (iv ) r0spcctively. 

Figure (v ) shows the p. m. r. spectrum of (123 ) after the add.i tion 

o f deuteriwn oxide . I n the p.m.r . o f (95 ) (F i gure ( i i) )discussed 

previously, the h igh-field doubJ.et was assigned as the proton 

ad j acent to nitrogen. Inspection of Figure (iv ) shows that (123 ) 

exhibits a similar high-field doublet. Further , this doublet 

s h arpens on the addition of deute rium oxide (Figure (v )) and thus 

the signal i s attributed to HA o n the basis of l ong range 

c oupling with the N-H. Upon acetyla.tion of the nitrogen , HA is 

s een to move downficld considerably (Figure (iii )) and is l ost 

among the signals of the othe r aromatic protons . Since HA shows 

o nly ortho-coupling , the b r omine substituent must occupy the 

7-position as indicated. 

The occurrence of a high-field doublet (ortho-coupled) 

http:doubJ.et
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SCHEME (xvii ) 

0 

NEt3, EtOH
NH _ __.:;...,----.i;c/ .._NAc 

MeO II 

- s 

Br (1 22 ) 

Br 

EtOH / HCl 

Br ( 1 2 3 ) 



Fig ure (iii) : Th e Aroma tic Region of the p . m.r. Spe c trum o f (122) 
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Figure · ( iv) : The Aromatic Region of the p . m. r . Spec trum o f (123) 
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Figure (v) : The Aromatic Region of the p.m .r. Spectrum of (123) + ·D 0 
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was noted in all the p.m.r. spectra of the benzothiadiazines 

prepared in the prcs~nt study. This observation was i mportant 

in later \·JOrk \·1hc11 the assignme nt of structure was more difficult. 

The cyclisation of (71) also proceeded smoothly, although 

the yield was only 66% of (124) as shown in Scheme (xviii). 

The product appeared to contain a yellow impurity which could not 

be removed by _chromatography, although the analytical results 

were not affected. Removal of the acetyl group in the usual way 

gave the NH thiadiazine (125) wl1ich was shown not to be the 

impurity Mentioned above (t.l.c.). 

The mechanism favoured by Callaghan and Gibson for these 

reactions involved the zwitterionic form of the thiohydrazide 

(40). In this way the halogen~ted ring becomes activated 

towards nucleophilic attack by negative sulfur. Ring-closure 

via the anionic form of the thiohydrazide cannot be overlool~ed , 

however, sinte the sulfur atom in suqh a species would be extrem~ly 

nucleophilic and attack at the relatively una ctivated 2-position 

might occur. 

ii. ~clisat i<?n of N-a- (p--ni troth~_C2_2_i~enoxy) ary lide_n2-~~ 

-arylhydra?- in~~ 

In Section I (iv) the preparation of the p-nitrothio

phenoxy adducts was described. These compounds ·were all assigned 

the unrearranged structure (81). Trea tment of these compounds 

with base \v a s e xpected to give the corresponding benzothiadiazincs 
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SCHEME {xviii ) 

NEt EtOH
3' 
--· )lo-

Br (12'1) 
Br 

Br (125) 
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v ia an S+N p-nitrophcny l migration follow~d by ring- closure 

through sulfur. Earlier, c ompound (77 ) h a d b een shown to yie l d 

17t he b enzothiadiaz ine (126 ) in refluxing ethanol-tr iethylamine . 

Ar 
NEt EtOH 
- -3 I --- ·-=-

(77 ) (12 6 ) 

In the present study a series of p-nitrothiophenoxy 

c ompounds was treated in a similar manner. The results are 

s ummarised in Table XI. No attempt was made to isol ate the 

(presumably) inte rmediate thiohydrazides. 

Only compound (Blc ) failed to yield a cyclised product. 

Since Callaghan and Gibson h ad earlier noted that (127 ) failed 

• 
1 7 . ld . 1 bl b l . d . . d . . J d . >t o yie any iso a e enzot1ia iaz1ne un er s imi .ar c on i~ions , 

this result served to suppo r t the view of these workers that an 

electron- withdrawing g roup in the 4-position was essential for 

ring closure . 

It might be expected that, since ring-closure h ad not 

taken place, the corresponding thiohydrazide (1 28 ) would be 
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Table XI . Cyclis a tion o f the p-Nitrothiophenoxy 
adducts 

p-Nitrothiophenoxy Adduct Benzothiadiazine 

No. Ar x Yield % 

8la 4-methoxyphenyl Br 7 4 

8lb 4--chlorophenyl Br 40 

8lc phenyl H 0 

82 5- b romo- 2- thienyl Br 64 

--- ··---··--

NEt 3
Ar-C=N-NH { - /J X - ---> 

EtOHI ~ 
S Br 
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Br 

Ph- CNH Ph - CNI-1-NAc -o~ N·OII - - II 
sS F 

(127) (12 8 ) 

isolated. In fact only gummy material was obtained. Since some 

acetylthiohydraz ides are known to b e thermal ly unstabl e , it may 

be tha t (12 8 ) was destroyed dur ing the reaction. 

'rhe i s olation of th e three othe r b enzothiad i azines con

firmed that the S-}·N a ryl migration h ad taken pl ace . Once again 

ring-closure c ou ld b e synchronous o r procee d via the thiohydra

zide as shown in Sch~ne (xix ). 

The r eaction of the hydrazidic bromide ( 59 ) with p-nitro

thiophenox i de ion at room t emperature g ave a y e llow solid which 

was not characterised , b ut which was almost certainly (131). 

Thi s compound gave the b e nzothiadi azine (1 32) in 45 % yield , 

b ased o n t he hydrazidic b romide , o n treatme nt with refluxing 

ethanol - t r iethylamine . Thus the S+N aryl migration appeared to 

proceed readi ly even when an electron-withdrawing nitro g roup 

is contained in the N-phenyl ring . 
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SCHEME (xix ) 

hN 
Ar-C '/'" 'NH 

I 'O8 

Br :::::,__ 
1 

Br 

.. 

/ .1 

Ho

Ar-C -N-N 

~o 

Br Br 
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P h_..:C =N-Nfro~ N0 2 

I 
s 

Br 

(131) (132) 

i ii . Cyclj.:.:sat:.~on_ _.?f the hyd r.az id~. c thioetr~~r ~__der~~ed 

f rom h e terocyclic ~hiols 

I n Section I (v ) the r eaction of heterocyclic th.iols with 

(3 ) was discussed , and all the products were assigned the un

r earranged structure (85 ) . The treatmen t of these compound s 

with r e flux ing ethanol-triethylamine was expected to yie ld b en

zothiadiazine s of general structure .(129 ) vi a an S+N migration 

o f the electron - de ficient h e te r ocyclic ring. 

The resu l ts of the study are shown in Table XII. Only in 

th ree c ases was the expected product obtained. Al l .tl1e o ther 

c ompounds yie lded t arry material , although i n the c ase of (85a ) 

t he i someri c thiohydrazide (86 ) was d etected (t. l .c. ) . The 

r ecovery of (85 e ) after 2 hours was notable. Compound (85b ) 

s urvived similar treatment for 5 minu t es , b ut a l onger reflux time 

g ave no characte r i sable product. It ma y b e that thetta rma l 

s tability of the thiohydraz ide is important ince (86 ) was des~ 

troyed in r ef l ux i ng ethanol-triethylamine without giving any 
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Tabl e XII. Cyclisation of the Hydrazidic Thioethers 
d erived from th e Heterocyclic Th i ol s 

I-Iyd razidic Thioether Be n zothiadiaz ine 

No. R Yield % No. 

85a 4,6-dimcthyl-2-pyrimidyl O* 1 29a 

Q >'n1:85b l -phenyl-lH-5-tetrazolyl 129b 

85c 5-nitro- 2-pyridyl 79 1 29c 

85d 2-quinoxalyl 9 4 12 9d 

85e 2-pyr idyl O*** 12 9e 

8 5f 4 - methyl-2 -qui.nolyl 16 1 29f 

~----------·------------- ----------- -·- ·---

* Starting material destroyed . Rearranged compound (86 ) d etected 

** Starting material destroyed 

***Starting mater i a l recovered 

R 

3Ph-C =N-NH·o~Br 
NEt 

... 
I -

---~ 

SR 
Br 

(85 ) (12 9 ) 
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cycliscd product (t.l.c. ) . 

The structures of (129c ) and (129d ) were confirme d by an 

alternative synthesis. The reaction of 7-bromo-2-phenyl-4H

-benzo[l,3,4 ] thiadiaz ine18 (130) with each of 2-chloro- 5-nitro

pyridine and 2-chloroquinoxa line in the presence of triethylamine 

gave (129 c ) and (129d ) respect ive ly . The unreactivity of 

2- chloro-4 ,6-dirnethylpyrimidine and 2-chloropyridine towards 

(130) under the same conditions was attributed to insufficient 

activity in the heterocyclic ring. 

(13 0 ) 


Thus only the quinoxaline and nitropyridine ring systems 

were seen to undergo a facile S+N migration under the influence 

of base. Thi s result was important to later work and is dis

cussed in Section III (vi). 

iv . Cycli sation of N-thiobenzoyl-N ' -(2_,_~,5,6-tetra-

In Section II (v ) the formation of the fluorinated h e n

zoxadiazine (113) was described. The fluorine nuclear magnetic 

• 
r esonance spectrum of this compound \·las limited in its importance 

since the acetyl group could not be removed. However the 

corresponding fluorin a ted benzothiadiazine was thought to be more 
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helpful ·since the acetyl group might b e removed under acidic con

d itions. The effect of the acetylation of the nit r ogen on t he 

f luorine substituents could the n be e xamined. 

The action of 2,3,5,6-tetrafluor ophenyl hydrazine o n 

43 
c arboxymethyldithiobenzoate in dilute potassium hydroxide 

solution g ave N-thiobenzoyl-N ' - (2 ,3,5,6- tetrafluoropheny l)hydra

z ine (13 3 ) which on treatment with acetic anhydride and triethyla

mine g ave the benzothiadiazine , formulated as (134), in excellent 

yield. The cyclisation failed to proceed without the addition of 

acetic anhydride, but rather gave a co~pound which analysed for 

a 1:1 adduct of (133 ) and triethyl amine. 

The thiohydrazide (133) was r egenerated on treatment of 

the adduct with ethanolic hyd r ochloric acid. If the product 

was a salt it was most unusual since it crystallised as needles 

f rom hexane-benzene. The p. m. r. spectrum was con~3 istent with a 

F F 

PhCNHNH{-~H 
II s -=--_/ 

F F 

(13 3 ) (134) 

1:1 adduct, all the exchangeable protons being equivalent in the 

deuterochloroform solution . The exact nature of this product 

is unknown. 

The benzothiadiaz ine (134 ) was deacetylat~d in ethanolic 

hydrochloric acid to give a product, fo rmulated as (135 ) in good 
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yie ld. 

(13 5) 

The fluo r ine nuclear magnet ic resonance spectra of (134 ) 

a nd (135 ) p roved to be e xtremely interest ing an~ u seful. The 

details are listed in Table XIII together with tho se of the 

benzoxadiazine (113 ). An i nspect ion of the t ab l e revea l s three 

points : 

(a ) 	 t he c oupling constants are consistent with the proposed 


6 8 
structures ~ The long- range coupling s between the NH and FJI.. 

and FB in (13 5 ) are of special i nterest , since a similar effect 

was observed in the p. m. r . spectrum of .(123); 

(b ) the chemical shifts also support the structural assignments. 

Acetylation of the NH p roduces a shift downfield for ~A ' while 

the o ther fluorines are almost unaffected . The higher field 

positions of FB and Fe in the benzoxadiazine (113 ) are explained 

by the increased electron-density i n the ring, since· the smaller 

oxygen atom i s c apab l e of a greater resonance effect; 

(c) i rradiation of the NH signal o f (135 ) produces a l arge 

nuclear Overhauser effect (N. O.E. ) of FA, whilst FB and F'c are 

unaffec t ed. Saturat i on of the methyl p rotons of (134) produces 

a smal l er effect o f FA , whilst FB and Fe are again unchange d. 

Saturation of the ring proton produces l arge N. O. E. ' s o f FB 
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Table XIlI . 	 Fluorine Nuclear Magnetic Resonance 
Da ta fo r Pluorinatcd Benzothiadiazines 
and lle n zoxad i nzincs 

x 

· R 

Che:tnical Shifts o * 

F
A 

FB 

FC 

Coupling Constants Hz. 

1
' AR 

N.O.E . 

Irradiate R; Obs . F
A 

I rradiate H; Obs . F
A 

---------------·------

s 

H 

82.25 

54.27 

3 6.54 

21 

13 

2.5 

6 

10 

8.5 

3 

1 

0 

32 % 

0 % 

22 % 

33 % 

s 

Ac 

54.0 8 

50.92 

36.2 8 

20 

13 

2 

6 

9.5 

8 

10 % 

0 % 

21 % 

3 2% 

0 

Ac 

52. 84 

55.16 

57.06 

22 

13 

0 

7 

10 

9 
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and Fe, whilst FA is µnaffected. 

Only the structures (134) and (1 35 ) are consistent with 

the above data. By inference the proposed structure of the 

b enzoxadiazine (113 ) is strongly favoure4 , although unequivoca l 

evidence will come only from the measurement o f the N.O . E. ' s 

of this compound . 

The shift of FA from a high-field position in (135 ) to 

low-field upon acetylation is analogous to the shift of proton 

HA in (95 ) and (123). The N.O.E. ' s examined here thus provide 

more evidence for the structures of these compounds. 

-N' -phe.nylhydraz ine 

In Section II (vi) the reaction of N-benzoyl-N'-phenyl

hydrazine with some ortho-di~ubstituted aromati c c ompounds was 

described. The initial substitution was shown to o ccur through 

the more nucleophilic nitrogen atom and ring-closure was effected 

via o xygen under more vigorous conditions. 

The reaction of N-thiobenzoyl-N ' -phenylhydrazine (136) 

with similar compounds appeared "Lo be a pathway to the corres

ponding thiadiazines. However, thiohydrazides differ from 

hydrazides in that the initial nucleophilic attack is through 

. d. . 4 7 sulfur und er b asic con itions . 

When (136) and 2,4-dinitrofluorobenzene were stirred 

together in the presence of triethylamine, a cyclised product 

was obtained which could arise from one o f two reaction pathwa ys, 
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as shown i n Scheme (x x ). The ini t ially formed 2,4-dinitrothio


phenoxy compound (137 ) could cyclise directly v ia nitrogen 


at tack at the 2-position to give (139 ). However , rearrangement 


o f (1 37 ) through an S+N transfer of the 2, 4-dinitrophenyl ring 


would yie l d (1 38 ) which could then c yc lis e via sulfur to give 


(1 4 0) • 

The product was eventua lly shown to be (140) in the 

fo llowing way. The aromatic region of the p.m.r. spectrum of 

(140), repr oduce d in Figure (vi ), contained an o rtho-coupled 

h igh-field double t , a f e a ture whic h h a d previously b een att r i 

· bute d to benzothiadiaz ines with a substitue nt i n the 7-position 

(Se ction III (i )). The oxidat ion of (1 40 ) with peracetic acid 

g ave (1 41 ) in good yield , a nd the aromatic region of the p.m.r. 

s pe ctrum of thi s compound i s shown in Figure (vii ). Under the 

i nflue nce of the neighbour i ng so2 g r oup, He had moved downf i e ld 

considerab ly and was s een as a doublet (meta- coupled ). Proton 

HB was al s o seen at slightly i ower field and appeared as a 

q uartet. These observations are consistent o n l y ~ith structure 

(140). There was no evidence for the fo rmat ion of (13 9 ) i n the 

r eaction (t .1. c. ) . 

Since (140) wa s fo rmed at room temperature , the reaction 

was r e peat e d at 0° in an attemp t to i solate (137 ) o r (138 ) or 

both. In the event , a yellow solid was obtained , together with 

some (140) (t .l.c . ). Since the p roduct was shown to undergo 

conver s ion to (140 ) when it was d i sso lved in ethanol-triethy l am i nc , 

i t was evid2nt that i t was either (137 ) or (138 ). The unrearranged 
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SC HEME (x x ) 

NH 
Ph-C/ ....._NHPh N 

Ph-C~ '-NHPh II 
s r 

s 
{136) 

(13 7 ) 
Rin~~~l~ su~- N0 2 

Ph v~ 
~S~N jS->-N a r yl 

trans f e r I 
N- Ph 

....- l~H 
Ph·- C ; 'N- Ph(13 9 ) II 

s 

(13 8 ) 

j Hing - c los u re 
vi a S 

Ph ,?-N,I/',. N- Ph 

H202 
o2 s "'-.-;?" 4',-·---~ 


Ac OH 


(1 4 1 ) 
(1 4 0 ) 
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Figure (vi) : The Aromati c Region of the p.m .r. Spectrum o f (140) 
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Figure (vii): The Aromatic Region of the p . m.r. Spectrum of (141) 
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structures of the p-nitrothiophenoxy compounds prepared previously 

were assigned on the evidence that their mass spectra contained 

a p eak corresponding ~o loss o f p-nitrothiophenol from the parent 

ion . The mass spectrum of the ye llow product was identical .with 
i 
that o f (140 ) and for this reason the rearranged structure (138) 

was f avoured. 

The oxidation of (136 ) was known to yield the disulfide 
58 61 

(1 42 ) a nd not the previously reported azo compound (143) 

The oxidation o f the yellow product was undertaken in an attempt 

to i s olat e the corres ponding disulfide (144) . However no r eact ion 

Ph- C-N·-NJIPh Ph··-C-N=N-Ph Ph- C=N-NArPh 
I II I 

c•s su 

I I 
s s 
I I 

Ph- C=N-NHPh Ph--C==N -- NArPh 

(14 2 ) {1 4 3 ) (144 ) 

was observed when peracetic acid was employed as th~ oxidant. 

The use of potassium f erricyanide under basic condition ~; 

(aqueous sodium bicarbonate ) yielded only the cyclised product 

(140 ). 

The s~N transfer of an aryl group prior to ring-closur e 

through sulfur is well known in phenothiazine chemistry, an 

e xample being the conversion of (145) into (147 ) via the inter-· 



10 2 


mediate · (14 6 ) 69 . 

NO . 

base ~NB~ 
---- ;> ~=)NO~~N02 

. (146)(1 45 ) 

( 14 7 ) 

Similar migrat i ons of p - n itrophenyl ring s had already 

b een shown to occur in the present work. 

The u se o f diphenylthiocarbazone (dithizone ) (1 4 8) in 

place o f the thiohydrazide (136) was seen as a means of obtaining 

b e n zothiadiaz ines with a phenylazo substituent in the 2- position. 

Such compounds would b e highly coloured and might b e suitable 

intermediates fo r d yestuffs . 

The react i on of dithizone with 2 , 4-dinitrofluorobenzene 
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i n t he p res0nce of triethylamine (Scheme xxi ) g ave a purple 

c ycl i sed product wh ich was formulated as (151 ) o n t he basis o f 

r earrangement prior to ring c l o s ure . Th e p .m.r. spectra of 

(1 51 ) and i ts ox i dation product (15 2) were similar t o t hose o f 

(1 4 0) and (141 ) respectively . The aromat i c portions of these 

s pectra a re reproduce d in Figures (viii ) and (ix ) respectively. 

The presence of the h igh-field doublet (ortho-c oupled ) in 

Figure (v i ii ) and the l ow-field doublet (meta- c oupled ) in 

F igure (ix ) i .s consistent with the proposed structures (s ee 

Section III (v )). 

The reaction of d ithi z o ne with 2 , 4- dinitrofluor obenzene 

was r epeated at 0° and the .reaction was quench e d . after 5 minutes . 

A yellow solid was i s olated which was thermally unstable nd 

·h eating to ~.. 1 7 0° conver ·ce d it to (151 ). 'J,he analysis figures 

were consis tent with either (149} o r (150 ) if this instabil ity i s 

taken into account. The mass spectrum was ide ntical with the 

c y c lised product (151 ) and therefore the rearrang ed structure 

(150 } was favou red. However , since the inlet temperature was 

above 200° i n the mass spectrometer , a thermal cyclisat ion 

c annot be dismis sed. Att empted ox idat ion with peracetic acid 

r esulted i n the recovery of starting material (see Section III (v )) 

whilst the us e of potassium f erricyanide as the ox idant yi e lde d 

o nly (151 ) . 

Di t hi zone it self h ad previously been shown to undergo a 

f acile ox idat ive ring-closure i n refluxing acetic acid to give 
'10/11 

(153 ). It was hoped that if the y e llow p r oduct was i ndeed (150) 
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. SC HEME (xxi ) 

NII Ph-N=N-C~ ' NHPhPh-N=N-C / """NHPh 
III ss 

(1 4 8 ) 

(1 4 9 ) 

S·+N a ry l 
tran s f e r 

Ph-N= Ny N'-.. ,,....NH ~ N-Ph 
Ph-N=N-C 'N·- PhRing 

11 
~-~s sc losure via S 

(15 1 ) 

H 0 

(1 50 ) 
\ 
' A~OH 
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NO 
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Figure · (viii) The Aromatic Regio n o f the p.m.r. Sp ec t r um o f (151) 
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Figure (ix): The Aromatic Regio~ of the p.rn.r. Spectrum of (152) 
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an analo~ous oxidation would yield {154 ) . However after 5 hours 

i n r~fluxing acetic acid o nly (151 ) was obtained , presumably via 

t he thermal c yclisation process. 

Having established that dithi zone would react with 

(153) (154) 

2, 4-dinitrofluorobenzene in this manner, attention was focu ssed 

o n the synthesis of heterocyclic analogues of 1,3,4 -thiadiazines. 

The react:on of dithizone with 2,3-dichloroquinoxaline proce~ded 

smoothly to yield th e novel.quinoxalino[2,3] [l,3, 4 ] thiadiazine 

ring system (155 ), presumably after S+N migration of the h etero-

cyclic ring (Scheme xxi i). A similar transfe r of a quinoxalinc 

ring h a d been observed earlier in the synthesis of (129d ). It 

was not possible to i so l ate any intermediate uncyclised product. 

'I'he reaction of di thizone with 2-·chloro·- 3-nitropyridine 

yielded a purple , cyclised pr oduct which wa s formulat e d as (156 ) 

and i s b e l ieved to b e the first example of the pyrido [ 2 , 3] [1,3,4 ) 

thiadiazine ring system. The structure (1 56) requires the rnigra

tion of the nitropyr idine ring prior to ring-closure (Scheme xxiii ) . 

Earlier the nitropyridine ring in (85c ) h ad b een sh6wn to u ndergo 

a similar transformat ion. 'fhe p.m . r. spe ctra of (156 ) and its 
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SCHEME (xxiii ) 
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II 
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NO(~Nv 
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~s. I Ac OH 
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0 I" IN 
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(157) 

( 1.56) 
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oxidation p roduc t (157) were con s istent with the proposed 

structures although the y did not provide conclus ive evidence. 

The high- field quartet i n (156) was assigned as HB on the b as is 

62 14o f the coupling constant s and chemic al shift . Since HB 

shows ortho-coupling to t wo p r otons, the pyridine nitrogen must 

be in the 5-position. 

The fo rmation o f the three thi ad iazines from dithi zone 

and o rtho disubs t i t uted a:r.omatic c ompounds all p roceeded smooth ly 

and i n high yield. It js likely , therefore , that this method 

could be extended to the synthesis of other nove l ring systems 

.provided that suitably substituted hetcrocycles c an b e prepared. 
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EXPERIMEWrl\L 

GENEHl'i.L 

i. 9utline of Experiment a l Sect ion 

The experimental section cons ists of fou r parts. In t he 

f i rst , the p reparation of th e hydraz idic halide s is descr ibed . 

In the case~ where these h ave already b een d escribed in the 

l iterature , d etailed experimenta l procedures a re not repeated. 

The second part cons ists of the reactions of the hydra

zidic h alides with the nucleophiles cho sen in the ~tudy. Where 

the products of th~se react ions are uncertain, the at t erupts to 

i dentify he co~pounds are also described. 

The cyclisa,c ion of the-! hyd.razides to give the oxadia.z ine 

ring sys tern niakes up t.he third part, while the s ynthesis o f the 

thiadinz :i.nes i s contained in part four . Also conta i ned in p ~-tr t 

four i s the ox idat ion of some of the thiadiazines. 

Bcn2 c n1.::: and toiuene we1~e dried over sodium wire. Absolute 

ethanol and rncthc::.nol were obtained by distillation from rnagne

si u~ turning s conta j.ning a t race of i odine. 

Acetoni tri le was dried by distillation from phosphorus 

p ent.oxide. Dimed1y'.i fo:rmamide and triethylamine \\'e:re s t.Ored 

over sodium nydroxidc for at least four d ays prior to use. 
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ii i . Chrom~tograp~y 

Microsco1:.)e slides coated with KiE:selgcl GF ( J\~crck ) 

were used for thin layer chromatography (t.l .c.) and ur1less 

other_wise stated dry toluene was used as developer. The slide s 

were dried and exa.rnined under ultra-violet light. 

All chromatography colwnns were packed with Florisjl 


(60-100 mesh) supplied by the Fisher Chemical Co. 


iv. Spectroscopic Analysis 

Proton magnetic resonance (p.m.r.) spectra were recorded 

on Varian Associates HA-100, A-60 and T-60 sp ectrometers using 

tetramethylsilane (T.M.S.) as internal standard. Unle s s other

wise stated the spectra re:: fer to 60 MIIz . All p.m. r. clata are 

expressed as p.:a·ts···pcr···rn:i.lliori ( o) downficld fro::n ·r.M.S., and 

.the symbols s. = singlet, d. = doublet, t. = triplet, 

q. = quartet and m. = multiplet are used below in th~ recording 

of spectra. The presence of exchang e able protons, e.g. bonded 

to nitrogen, wns confirmed by use of deuteriwn oxide. 

Fluorine nuclear magnetic resonance spectra were 

recorded on a Varian Associates DP-GO IL spcctrom~ter in 

dcuterochloroform solution nt 56.4 MHz. Results are given as 

parts-per-mi llion (6) upfield from 1,1,1-trichlor otrifluoro

. ethane a s internal sta ndard. 

Mass spectra were determined ·on an Hitachi Perkin-Elmer 

RMU-6.l\ spC'. ctrorne~:cr and <1.Jso on u. C.E.C. 21-100 high resolu'cion 

ins trume:it. The r;_:.~ sul t ~-> n.re c:IUO~:e cJ as rn/e valu.es for the 
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lowest isotopic species 	except where the sample conta ined 

79 81 :bromine \·1hen values for Br and Br are given to denote the 

number of bromine atows present in the fragment. 

Infrared spectra were obtained on n2ckni2nn IR-5 and 

Perkin-Elme r 337 infrared spe ctrophotomete rs as potassiwn bromide 

wafers, nujol mulls or in solution (solvent given). Abbrevia

tions: v.s. =very strong, s. = strong, m. =med ium, w. ==weak 

and br. = broad. 

v. Othe r Dztta 

Microanalyses and molecular we ight measurements were 

performed mainly by the Pa s cher Laboratories, 54 Buschstrasse, 

Bonn 53. Other analyses were obtained from the Ch emistry 

Department , University of Manchester Institute of Science and 

Technology, Manchester 1. 

Melting points were determined either on a Kofler block 

or on a Hoover "unime lt" capil;l.ary mel ting point apparatus and 

are given uncorrected in °C. 
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I P RE PARATION OF 'J.'HE HYDRAZ IDIC HALI DES 

N-a-Br omobenzylidene-N ' - (2 , 4-dibromoph e nyl ) hydraz ine ( 3 ) 

Th is was prepared by the method o f Chatt. away a nd Wa lker? 

i n 63 % yie ld and h a d m.p. 1 16-117 ° ( lit .~ 116-117 ° ) :vmax . 

16 00 , 150 0 I 815 , 7 60 , 692 cm- l (s. ) ; 1440 , 1 39 0, 1 31 0, 1 26 0, 

112 35 , 115 0 , 1130 , 1125 , 111 0 , 1025 , 938 , 918, 862 , 7 42 cm

(m. ) ; 3 2 5 0 cm 
- 1 

(w. ) : p. m. r. , CC 1 4 , 8 . 5 6 (s. , N- H) , 7 . 7 

7 .95 6 (rn., 2H) , 7 .54 6 (s. , l H) , 7 .2-7.4 6 (m. , SH). 

N ·-~·-Bromo-p-~hlorobenzylidene-N ' - ( 2L4-·_9-:ibromophei~y_l:_L1:'.Y.9:r.az_~E~ (41 } 

p - Chlorobenzalde hyde ( 26g . ) in ethanol (40 ml. ) a nd 

phenylhydrazine (20 ml. ) in ethanol (40 ml .} were swirled together 

a nd cooled i n ice . Th e product was fil tered off and sucked d ry 

at the pillilp. 

Bromine (27 ml. ) in acetic acid (100 ml. ) was. added 

d ropwisc during o ne hour to a sLirred suspension of the 

p - chlorobenzaldehyde pheny lhydrazone in acetic acid (400 ml. ) 

c ooled in i ce. When all the b romine h ad b een added stirring was 

continued at room t emperature for a further t wo hours. Water 

(25 ml. ) was added and the precipitate was f iltered off , washed 

we ll with water and dried i n vacuo. Cr ystallisation (twic e ) 

from ethanol-ethyl acetate (charcoal ) gave N -a:::-b :..~omo~-p-chloro

benzyliden~-N' - (2 ,4 - dibromophenyl )hydraz:i.:_l1e_ ( 5 3g. , 6 1 %} as 

colourless needles , m.p. 1 45- 1 4 6° (Found : C , 33.7 ; H, 1.7 ; 
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1 5 8 0 , 15 0 0 , l '16 0 , 13 7 0 , 1 31 0 , 115 5 , 113 8 , 8 3 2 , 810 cm - l ( s • ) ; 

1 114 4 0·, 1237, 1096 , 101 4 , 93 4 , 86 8 , 72 9 , 7 11 c rn- (m. ); 32 90 cm

(w. ): p. m.r. , cc1 4 , 8.55 o (s. , N-H ), 7.7 8 (A ) and 7. 32 (B) o 

(A2B2q. , J == 9Hz. ), 7.6 0--7.26 o (m. , 3H). 

N-a-Bromo-p-methoxybenzylidene-N ' - (2 , 4- dibromoph enyl ) hydrazj.:?e (4 7 ) 

Thi s was prepared by the method o utlined above u s ing an 

equivalent amount (24ml. ) of p-methoxybenzaldehyde . The p roduct 

( 48g. , 55 %) crystallised f rom ethyl acetate (charcoa l ) as c olour

'1" lj 9 13 50 )1 ess ne edles , . \ .. J..\: . 1 (Found: C, 36 .6 ; H, 2.7.m.p. 13 2 0 

Cale. fo r c, 3 6.3 ; n, 2 .4% ): 1 580 , 1 '1.90 IC1 4H11Br3N20 : Vmax. 

1310, 1248, 1187 , 1035, 83 4 , 80 8 cm·- 1 (s. ) ; 1370, 13 20 , 1239, 1 120 , 

crn- 1 cm- l 8.4593 4 , 868 , 619 (m'. ) ; 3300 (w. ) : p .m ·....!::.. , CC1 4 r 0 

(s. , N- H), 7 . 7 5 (A ) and 6.80 (B ) (s (A2B2q. , J :.=: 9Hz . ), 7 .6

7 • 2 4 o (rn. , 3 H ) , 3 • 8 0 o ( s. ; 3 H ) • 

The literature method gave the required product as y e llow 

n eedles , m.p. 170- 172° (lit. ;o 171-172° ) . 

N-a -Bromobenzyl idc~_e-N ~-4-b rorno- 2 -f1uor~phenyl ) hydra~ i_!1.e_ ( 4 9 ) 

o - Fluorophenylhydrazine (from o-fluoroanilinef ~as us ed 

i n the li terature preparation of this compound which c rysta llised 

f rom ethanol i n 81 % yield as l ight pink prisms , m.p. 83-87° , 

(lit.,1 6 87 -88° ). 

http:7.60--7.26
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N-a , 5-Dibromo- 2-thicnyl idenc-N'-(2, 4-dib r orno phen y l)hydra z i ne (42) 

Method 1: 

Thienyl-2-alde hyd e (ll.2g.) in etha nol (20ml.) wa s 

added wi t h stirring to a solution of phenylhydr azine (10.Bg.) in 

e t hanol (2 0ml.). The mixture b e c ame solid and v e ry hot. The 

dirty y e llow solid wa s broken up and suspended in gl a cial acet ic 

acid (25 0ml.) &c ooled in an ice-ba th. Bromi n e (72g., 23ml.) in 

glaciial acetic acid (lOOrnl.) wa s add e d dropwise dur i ng one hour 

to the s tirr ed , cooled s u s p ension. After the adcli tion was c om-· 

plete the mi xture , still coo l e d, was st i r r e d for a furth e r 1.5 

hours. Wa t er ( 50ml.) wus add~d 2nd t he green solid filt e r e d o f f. 

· The produc t was w2.sh ed in :t u rn \:Ji th a little ace t i c a c i d, much 

wa t er a~1 f i~2l ly it wa s d rie d i n vacuo . Crystal lisation (twi ce ) 

f r om e t h a nol- ethyl acetate gave N-cx , 5-dibromo-·2-1;:_hicnyl i.dene··N ' 

- (2 ,4-dibromophe~yJ) hyd!:"az i n e . (33. 7g ., G5 %) as pale gre en 

needle s , m.p. 147-8° (Found: C, 25.4; H, 1.3; Br, 61.9; N, 5.5; 

s, 6.3. 

s, 6.2 %): vn x 1580, 1490, 14 40, 1385, 1150, 1128, 80 4 , 7 85 ,
1 a . 

c m - l (s. ) ; 13 0 O , 12 4 8 , 1O3 3 , 9 7 0 , 8 5 8 , 711 , 6 9 G cm - l (m. ) ; 3 2 8 O 

-1 cm (w.): p.m.r., T.H.F. (100 HHz .) 8.40 o (s., N-·H), 7.67 

7. 22 (m., 3H), 7. 23 (A) and 7. 07 (B) o (ABq., J= 4. OHz,). 

Method 2: 

5-Bromoth ienyl-2-aldchyde was p r epared from thienyl-2
3 6 

-aldehyde accor ding to th e literature method ; p. m.r., neat, 

9.87 o (s . , lH), 7.68 (j\ ) and7.2G (B) o (ABq., J=4.0Hz.). 

The phcnylhydra zone ha d w.p. 110-112° (lit.! 6 111-112°). 
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Th e crude hydrazone (14.05g.) was suspended in glacial 

acetic acid (200ml . ), cooled in ice. Bromine (9ml. ) in glac i a l 

acetic acid (50ml .) was adde d d ropwise dur ing one hour to the 

stirred, cooled suspensio n , and after the addition was complete 

stirring was continued for a furth er 1.5 hours with . cooling . 

Water {20rnl. ) was added and the green solid was f i ltered off. 

The produc~ was washed in t urn with acetic acid and water, and 

fin a lly i t was d ried in v acuo. Crystallisat ion (three times ) 

from ethanol-ethy l aceta te g ave N-~ , 5 -d ibrorno- 2 - thienylidene

-N ' - (2 , 4-dibr omophe nyl)hyd raz ine (15 . lg., 58 %) as pale green 

needles , m.p. and mixed m.p. 1 47-8° . The i.r ... pectrurn was 

ident ical wi th that of the product f rom Method 1. 
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II REACfIONS OF 'l'HE HYDRAZIDIC HALIDES 

i. Reactjon with anhydrous sodium acetate 

Sodium acetate trihydrate was fused in an evaporating 

dish i mmediately prior to use. 

Typically , N-a-bromobenzylidene-N ' - (2,4-dibromophenyl)

hydraz i ne, (3) , (9 .0g) and anhydrous sodiwn acetate (9 .0g ., 

ca. 5 equiv. ) were refluxed in glacia l acetic acid fo r two 

hours . The mixture was cooled and poured i nto ice - water. The 

solid was filtered off and dried in v acuo to give the c rude 

p roduct. N-Benzoyl -N ' -acetyl-N ' - (2,4 -dibromophenyl ) hydrazine 

(7. 25g., 87 %) separated from benzene as colour less needles , m.p. 

154-5° ' (lit. ,2 1 58-9) . 

Similarly (47 ) (4.64g. ) ga e N-p-rnethoxybenzo"l-N ' 
-~---·---~----

l ess n eed l es , m.p. 153··- 4° from h !:!Xane--toluene (Found: C, 43.6J; 

H, 3.0 9 ; N, 6.5 0. c16H1 4Br 2N2o3 ·requ i res C, 43.44 ; II, 3.17 ; 

N, 6.33 %): vmax .1670 c rn 1 ( s. , b r .. ); 3220, 1610, 1 4 68, 1314 , 

12 5 5 , 11 8 0 , 6 7 9 cm- l ( s • ) ; 14 9 5 , 138 0 , 10 3 4 , 8 4 7 , 7 6 7 cm - l (m. ) • 

-N ' - (2,4-dibromophen:'l_l ) hydrazinc:_ (3.7g., 86%) as colourless 

n eedles , m. p. 1 69.5-170.5° , from h exane- toluene (Found: C, 40.34; 

\)N, 6.28 %) : 16 70 c m-1 (s. ' · b r. ) ; 3190, 1 480, 1 4 60, 1 38 0,max. 
-11 342, 1265, 844 , 7 51 c m (s. ) i 1600, 1520, 1315, 10 91 , 101 2 , 

c m-l983, 775 (rn. ) • 
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Compound (49 ) (3. 72g. ) yielded N-benzoyl-N'-acetyl·-N'

- (4 - b romo- 2-fluorophenyl )hydrazine (3.2g. , 86%) as colourless 

matted needles, m.p. 17 4-5° (lit. , 17 17 5.5-176° ), from b enzene 

(Found: C, 51.45; H, 3.48; N, 8. 0 . Cale. for c15H12BrFN2o2 : 

C, 51.28; H, 3.42; N, 7 .98%). 

N-a-Bromobenzylidene-N ' - (2-bromo-4-carbethox yphenyl ) 

hydrazine3 
7
(2 .13g. ) however, gave N-benzoy1:_-N' - (2·--b romo-· 4-carl?.:.. 

ethoxyphenyl )hydrazine (l .Og. , 59% ) as colour les s rieedles, 

m.p. 134°, from hexane-toluene (Found: C, 53.15; H, 4.07; 

N, 7.57r requires C , 52.89; H, 4.13; N, 7 .71%):c16e15BrN 2o3 

·"max. 1700, 1650 , 1590, 1270, 7 60 cm-l (s. ); 3200, 1500, 1 305 , 

-1 -11110 , 69 0 , 6 6 2 cm ( m • ) ; 3 2 4 0 cm ( w . ) . 

All attempts to acetylate this compound using acetic 

anhydride in both acidic (acetic acid ) and basic media (tri

ethyJ. amine) resulted in the recovery of starting material. 

Compound (42 ) (5.18g. ) gave N- 5-bromo 2 - tl?:J.._<'::noy l-:::!'~::. 

-ac_~tyl:N'- ( 2,4-dj..b_!"omoph~nylL!.!Yc'l.~a·zj:· ne (4.lg., 84 %) as f awn 

coloured plates, m.p. 10 4 .5- 10 5° , from toluene (F9und: C, 

38.49; H, 2.74; N, 4.78. c13H9Br 3N2o2s requires C, 31.39; 

H , 1. 18 ; N , 5 • 6 3 % ) : vmax. 16 7 0 cm- l ( s • , b r • ) ; 14 7 0 , 1 410 , 13 8 0 , 

1310, 1270, 1078, 740 cm-l (s. }; 3230, 988, 875 , 805 , 730, 579 

cm-l (m. ): m. s. 500/498/496/494 (M+ ), 458/456/454 I 452 

(M+-CH2=C=O} , 295/293/291 (Br2c6H3NHAc), 267/265/263, 253/251/249 

(Br 2C H3NH 2 ), 235/233/231, 2 26 / 224 /2 22, 207/205 (BrC 4H2SCONH2 ),6

191/189 , 170/168, 163/161, 156/154, 119, 117, 111, 92, 91, 82, . 

65, 63, 5G, 43. 
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React ion of (59) with anhydrous sodium acetate in dime thyl

fo rmarnide 


Compound (59) (3.99g. , 0 .01 mole ) and anhydrous sodium 


acetate ( 9g . , ~a . 10 equiv. ) were dissolved in dry dimethyl 

'	 fo rmamide ( 30ml. ) and the solution was boiled under reflux for 

20 minutes. The solution was coo led a nd poured into water (750ml. ) 

c o ntaining acetic acid (20ml. ) . The yellow solid was filtered 

o f f and d r i ed in v acuo. Crystallisation from ethanol-ethyl 

acetate gave ~ -acetyl - 7-nitro-2-phenyl-4H-benzoJ1,3,4]oxad i az ine 

( 2 . 2g., 7 4% ) as y e llow n eedl es m.p. 20 4-5° (:Found: C , 60.87 ; 

H, 4 •. 07; 	 requires C , 60.61; H, 3 . 70 %): Vmax. 1690,c15n11N3o4 


1 530, 14 85 , 1370 , 13 4 0, 1300, 7 4 2 crn - l ( s. ) ; 1235 , 1190 , 1068, 


9 4 0, 8 7 8 , 817, 7 6 9 r 6 8 4 cm- l (m. ) . 

An attempted removal of the acety l g roup in methanolic 


sodium methoxide (reflux tirne , o ne hour ) yielded a yellow g um 


which gave poorly defined spectra and was ·shown (t.l.c. ) to 


contain at l east four compounds , none of which was starting 

mater i al. 

The reaction was r epeated as above , except that the solu

t ion was heated to reflux and the n i mmediately poured into 


1 0 % acetic acid (750ml. ) . The yellow solid was f iltered o ff 


and sucked partly d ry at the p ump. The presence of the oxadia

zine was established (t.l.c., i . r. ) . Crystallisat i on f rom 


ethanol-ethyl acetate g · ve N-a-ethoxybe nzyl idenc-N ' - (2-bromo- 4

-nitrophenyl)hydraz ine (2.7g. , 7 4% ) as y e llow needles, m.p . 

1 42.5-143.5° ( l it ., 
3 8 

149 ° ) (Found; C, 49.27; H, 3 .88; Br, 22.17. 
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Ca 1c • f or C1 5H14BrN3O3 : C , 4 9 . 4 5 ; H , 3 . 8 5 ; Br , 21. 9 8 %) : vmax, 
-1 . 

1580 , 150 0 , 1325, 1282, 1120, 1105 cm (s. ); 13 50 , 1125, 1 080 , 

-1 -1
1 O3 2 , 1 O2 0 , 8 9 8 , 7 6 8 , 7 4 6 , 6 9 4 cm (m. ) ; 3 3 5 O cm (w• ) : 

p.~~., CDC1 3 , 9.15 o {s. , N-H), 8.58 -7 .50 (m., 8H), 4.29 cS 
I 

{q . , 2H), 1.59 o (t. , 3H). 

ii. With phenols 

Reaction of ( 3) with p-nitrophenol 

Compound (3 ) ( 4~33g ., 0 .01 mole ), triethylamine ( 2rnl. , 

0.0 2 mole ) and p-nitrophenol ( l.39g ., 0.01 mole ) were stirred 

t ogether in ethanol (30 ml .) at room temperature for two hours. 

The precipitate was filtered off , washed well with water and 

c rystallised from ethano l to give !:':!_:-~ - J. 12.::.~_i troph~no~.Y2_E.~Y1..:Z_:Yliden~_::_ 

-l\{_'_-:J1_,, 4-dibro!:f!ophenyl ) hydraz.in_~ (3. 4 4g. , 7 0 %) as yellow prisms , 

m. p. 100 -- 101° (Found: C, 46.5 ; II , 2.7; N , 8.6. c 1 9 H13Br 2N3o 3 

requires C, 46.5; H, 2.6; N, 8.6 %): Ymax .158 0, 1 510 , 1470 , 

11 4 5 0 , l 3 6 5 , 13 4 0 , 1 3 2 0 , 114 5 , 11 0 5 , B·1 9 cm·- (s • ) ; 15 9 5 , 12 2 0 , 

-1 -1
81 3 , 76 5 , 697 cm (m. ). 3380 cm (w. ) : p.m.r. ' . cc1 4 , 8. 25 o 

(s. , N-H), 8 . 3 (A ) and 7.2 (B) o (A 2B 2q. , J. == 8H z .), , 7.9··- 7.35 o 

(m. , SH ) : m.~-· 493/491/489 (M+ ), 476 / 4 7 4./ 472 , 412 / 410 (M+-Br ) , 

411/409 , 388/386/384 (M+- PhCO ), 372/370/368 (M+-PhCONH2 ), 

3 54 / 352/350 (M+-No 2t 6H4oH ), 3 4~ /3 42 /340, 27 4/ 272, 2s 2;2 so / 24B 

(b ase peak Br2c 6H3NH), 237/235/23 3 , 225/ 223/221, 171/ 169 , 106, 

105, 77, 63. 

The above product ( O~Sg., 0 .001 mole) was dissolved in 

a warm mixture of triethylamine (Sml. ) and e hanol (Sml. ) and 

http:7.9��-7.35
http:hydraz.in
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the solution was boiled under reflux for 15 minutes. The solvent 

was ~emoved in v acuo and the resul ting solid crystalli sed from 

b enzene to give N-benzoyl-N 1 - (p-nitrophenyl ) -N 1 - (2,1-dibromo

phenyl)hydrazine (0 .34g ., 6 9% ) as colourless prisms , rn.p. 215-6° 

(Found: C, 46.3 ; H, 2.6; N, 8.4. Br2N3o3 requiresc19H13

C, 46.5; H, 2.6; N, 8.6%): vmax. 16 45 , 1 580 , 1 490 , 1455, 1320, 

11 2 9 O , 12 7 5 , 11 O5 , 8 34 cm - ( s . ) ; 3 2 2 O , 15 3 0 , 13 7 O , 1 2 4 9 , l 0 4 O , 

-1 +7 4 8 , 6 8 7 cm Cm . ) : m • s • 4 9 3 I 4 91I 4 8 9 CM ) , 4 7 cI 4 7 4I 47 2 , 

412/410, 411/40 9 , 395/393, 388/386/384, 37 4/372 /3 70 (M+-PhCON ) , 

37 2/ 370/368 (M+-PhCONH2 ), 344/3~2/340, 264/2 62 / 260 , 253/251/2 49 , 

237/235/233, 182, 166, 121, lOG, 105, 104 , 103, 7 7, 76, 75, 63 : 

E..:_rn:.r. , d 6 DMSO , 11.4 cS (s. , N-H ); 8.0 (A ) and 6.65 ( B ) cS 

(A2 B2 q., J = 9Hz. ) , 7. 9--7. 3 cS (m. , 8H). 

Reaction of ( '17) \•?ith .l2..-::!~jtropheno l 

The hydrazidic bromide (4.64g., 0 .01 mole) , p-nitropheno l 

(l.39g., 0 .01 mole ) and triethylamine (2ml. ) were stirred 

t ogether in ethanol ( ~Sml. ) for two hours at room temperature. 

The solution was poured into water, the yellow solid filtered 

off and dried in vacuo. Crystallisation from ethanol-ethyl 

-dieromopheny]J__hydr_~zin~ ( 4. 73g., 90 %) as yellow needles , m.p. 

1 119 (s. ) ; 1610 , 15 2 0 , 12 5 11S0 , 10 5 0 , 8 5 9 (m. ) . 

1 43-144° (Found : C, 45.99; H, 2.88; N , 8.03. c 20 II15Br 2N3o
4 

requi res C, 46 . l ; H, 2.9; N , 8 .1% ): v 15 80,max. 1490, 1345, 12 30 , 

- 1 - 1 
cm ~ , cm 

The above product (3g ) was dissolved i n a warm mixture 

of ethanol (15ml. ) and triethylamine (15ml. ) and the solution 
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was boil ed under r eflux fo r 15 mi nutes . The solvent was r emoved 

in vacuo and the orange sol id c r ystalli sed frrnn ethanol-ethyl 

acetate to give c ream needles, m.p. 235° , of N-p-methoxybenzoyl

-N'-(p-nitrophenyl)-N '-(2,4 - dibromoph enx_l)hydrazine (2.5g., 

1r equi res C, 46.07 ; II, 2.88; Br, 30.71% ): v 1322 cm- (s ., 
max. 

1br . }; 159 5 , 1 49 :.1, 125 8 cm- ( s. ) ; 1655, 1 465 , 111 2 , 843, 751 

-1 -1 cm (m. }; 3 220 cm (w. } . 

Reac tion of ( 41 ) with p - nitropheno!_ 

The hydrazidic b romide (4.G7g. , 0.01 mole ), p-nitro pheno l 

(l . 39g. } and triethyl amine (2ml. ) were stirred in ethanol (30ml.} 

~t room temperature fo r 2 hours. The ye llow solid was fil tered 

of f , washed well with .wa ter and dried in vacuo. Crystallisation 

f rom a mixture o f t -amyl a lcoho l and benzene g ave ~-o:- <J?.:!litro_:::_ 

(4 . 4g., 72 %) as yellow needles , m.p. 1 51° (Found : C, 43.8; 

H, 2. 5 ; N, 7 .9. c H nr ClN 3o requires c, 43.5; n, 2.3; N , 8.0 %):19 12 2 3 

v max. 14 4 8 , 1 3 6 5 , 13 3 0 cm- 1 (s • ) ; 15 8 0 , 12 2 0 , 114 0 , l 0 9 0 , 8 5 7 , 

8 0 4 , 7 3 2 , 718 cm - l (m. ) ; 3 35 0 cm - l (w. ) • 

The a bove compound (O.Sg., 0 . 00 1 mole ) was di ssolved in 

a warm mixture of ethanol (Sml. ) and triethylamine (5ml .) and th e 

solution refluxed for 15 minutes. Concentrat ion and coo l ing of 

the reaction mixture gave cream needles , m. p. 235°, of N--p

-chlorobenz~yl-N '-( p-nitrophenyl ) -N ' - ( 2,4-dibromophenyl )hydra.zine 

r equires C, 43.5 i H, 2.3; N, 8.0 %): v 16 4 0 , 158 0, 1 445,.max . 



12 4 

-11325, 1105, 832 cm (s. ); 3200 , 1360, 1300, 1280, 1090, 1015 , 

-1
7 4 8 cm (m. ) • 

Reaction of N-a-bromobenzylidene-N '-(2 -bromo- 4-carbet~oxyphenyl ) ~ 

hydrazine with p -nitr ophenol 

The hydraz idic bromide (2.13g., 0.005 mole ), p-nitro

phenol (0.69g., 0 .005 mol e ) and triethylamin e (0 .5ml. ) were 

stirred in ethano l (20ml. ) fo r t wo hours. The solid was filtered 

o ff , wash e d we ll with wa ter a nd crystall ise d from ethanol to 

give colour l ess needles , m. p. · 145° , of !_-J-a·(p-~it:r<~J2b_eno .~~_y )__::_E._~nzyl:_ 

id_ene-N ' - (2-brorno--4-c_~rbe ~_!:_ox:y_ph_eny}..J hydrazine (1. 4 9g. , 7 4 % ) 

(Found: C, 54 .5 ; H, 3.7, Br, 16.7; N, 8 . 7. c 22 H18 BrN requires3o5 

C, 54 .6; H , 3.7; Br , 16.5; N, 8.7% ): vmax .1590, 1340 , 125 S , 

-1
11 4~), 11 20 , 849, 760 c m. (s. ); 1700, 1498, 1 4 0 0 , 1 280 , 1 220, 

1 - 1 
10 45 , 7 47 cm- (m. ); 3300 cm (w. ) . 

The above p roduct (0. 5g. ), t riethylamine (5ml. ) and 

ethano l (5ml .) were bo ile<l under reflux for two hours. Th e 

solvent was removed in vacuo and the orange oil rystallised from 

hexane-b enzene to give N-be~zC?y l··-~1_'._:_:-_Jp-nitrophe~y J~.L:~..:J2 -bromo-

-4 : c arbethoxyphenyl ) hydrazine (0.3lg., 62%) as Fale yellow prisms, 

m.p . 119° (Found: C, 54. 7; H, 3.9; Br, 16.5; N, 8.6. BrN oc 22 H1 8 3 5 

requires c, 54.6; H, 3.7 ; Br , 16.5; N, 8.7 %): \ > 16 50 , 15 90,max . 
-1

1335, 1310, 12 80, 1 115 , 8 46 c m (s. ); 3200, 1710 , 1 498 , 12 45 , 

- 1 1030, 908, 758, 72 2, 69 4 cm (m. ) . 
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Reaction of ( 59 ) wi th p-nitrophenol 

Compound (59) (3. 99g., 0.01 mole), p - nitrophenol {l.39g., 

0.01 mole ), triethyl amine {l ml.) and ethanol {30ml. ) wer e 

stirred together at room t emperature fo r two hours. The y ellow 

solid was filtered off, washed well with water and d r i ed in 

v acuo. Crystallisation from toluene (twice ) g a v e y e llow plates , 

rn.p . 19 2° , o f N-a- { p-nitropllcnox~1 ) benzyl idene-N ' - (2-bromo-4·

-nitrophenyl ) hydrazine {3.B g ., 83 %) (Found : C, 50.0; H, 3.0; 

Br , 17 . 3; N, 12.4. c19H13 BrN405 requires C, 49.9; H, 2. 8 ; 

Br , 17 • 5 ; N , 12 • 3 % ) : vmax. 15 8 0 , 1 4 9 5 , 14 35 , 13 4 0 , 1 3 2 0 , 12 2 0 , 

--1 110 8 cm ( s • ) ; 14 0 0 , 12 6 5 , 11 4 2 , 10 5 0 , 8 81 , 8 4 9 , ·7 4 8 , 7 4 0 , 

- 1 . - 1 
7 0 3 cm (rn • ) ; 3 3 0 0 cm (w • ) • 

The a bove p r oduct (0.5g. ), t r i ethyl amine (Sml .) and 

ethanol (Sml. ) were b oilec1 u nder reflux fo r t wo hours . The 

p roduct <lid not completely dissolve during this time. After 

cooling the solution was filtered and the p a l e yel low solid was 

collected. Trituration with a boiling mixture of toluene and 

h exane g ave yellow prisms , m.p. 286°, o f N-benzoyl-N '-(p-nitro

_Eh eny_:!:J_:~-J ' - ( 2--bromo-4-nitropiie_nyl_JJ:_ydra~i::ie {0. 4lg. , 82 %) 

(Found: C, 50.2; H, 2.8; Br , 17.7; N, 12.35. c1 9H13BrN405 

r equires c , 49.9 ; H, 2. 8 ; Br, 17.5; N, 12 . 3 %)= \} 31 90 , 1645,
rnax. 

15 80, 1 495 , 1 448 , 13 45 , 1320, 1285 , 1115, 847 , 7 4 2 cm- l (s. ) ; 

1 370 , 1255, 1180, 10 96 , 10 40, 10 25 , 931, 908, 869 , 83 4 , 7 48 , 

cm·- l715, 70 4 , 689, 678 (m. ) • 
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The hydraz i dic bromide (3.72., 0.01 ~ale ), p - nitropheno l 

(l. 39g. ), triethyl amine (l ml .) and acetonitrile (30ml .) were 

s tirred together at room temperature for t wo hours . The reaction 

mixture was poured into water (500ml. ), the y e llow solid filtered 

off and d r i ed in v acuo . Crystallisation from b enzene- hexane 

g ave b right y e llow needles , rn. p . 115 ° , of N-a. - (p-ni!rophe~~_y ) -· 

benzylidene-N ' - { 4-bromo- 2 -fluoropheny_~hx_~raz ine (3. 85g ., 90 %) 

(Found: C, 53.22; H, 3.14 ; N, 9 .68. c19 H13BrFN 3o3 r equi r es C, 

53.0 2 ; H, 3.02; N, 9 . 77 %): v 1 610, 15 90 , 1510 , 1 27 4 , 1227,max. 
-1

119 5 I 114 0 I 111 0 cm ( s . ) ; 1 4 4 5 I 1 4 1 0 I 13 80 , 1 3 4 0 , 1 0 6 7 , 1 0 4 4 , 

--1 ' 10 2 3 , 8 7 7 , 8 6 2 , 8 5 3 , 7 6 2 , 7 51, 7 0 8 , 6 8 9 c m (m. ) • 

'I'he above product (2.15g., 0.00 5 mole ) \vas dissolved i n 

a mJ.xture o f a cetonitrile (15ml. ) and t riethylamine (15ml. ) and 

the solution was boi led under reflux foi 1 5 minutes. The solvent 

was removed in ~-acuo and the o range solid was c rystallised from 

benzene to give colour l ess needles , m.p. 21 4-216° , of ~·-ben_~myl.:_ 

-N' - (p-ni trophc:nyl) -N 1 
- ( 4-.=bromo-2-fluoroph~nyl) hydrazine (1. 9g. , 

8 8~ ) (Found : C, 53.15 ; H, 3 . 10. c1 9H13BrFN3o3 requires C, 

53.0 2 ; H, 3.0 2% ): v 1 610 , 1590 , 1330, 12 93 , 1 262, 1 118 , 870,
max . 

- 1 8 41 , 6 9 2 cm (s . ) ; 1 6 6 0 , 1 4 9 0 , 13 8 0 , 1219 , 11 9 1 , 7 5 4 , 7 16 , 

. -1 -1 
6 3 2 c m (rn. ) ; 3 2 4 0 .cm (w. ) • 

React ion of (3 ) with o-nitrophenol 

Th e h ydrazidic bromide (4.33g. , 0.0 1 . o)e ), o -nitrophcnol 

(l.3 9g .) and triethylamine (2ml .) were stirred in ethano l (25ml. ) 



12 7 

at room temperature for t wo hours . The yel low solid was filtered 

o ff , wa shed well with water , and crystal l ised from ethanol to 

give N-a- (o-nitrophenoxy )benzylidene-N ' - (2 , 4-dibromophenyl ) 

hydraz ine (3.97g., 7 0% ) as pale yellow p r i sms , m.p. 1 06° (Found : 

c, 46.6; H, 2 . 6 i Br , 32.8 ; N, 8. 6; requiresC1 9IIi3Br2N303 

c, 46.5; H, 2. 6; Br, 32.6, N, 8.6% ): 15 95 , 1 490 , 138 5 , vmax. 
-113 45 , 1325, 817, 741 cm (s. ) ; 15 40 , 1305 , 1270, 1240 , 1170, 

- 1 cm- l1 152 , 11 40 , 1035 , 863, 7 78, 76 2 , 702, 687 (m. ) ; 3290 cm 

(w. ) • 

The above compound (0.5g., 0.0 01 mole ) was di ssolved in 

a mixture of ethanol (5rnl. ) and triethylamine (5rnl. ) and the 

.solution was boiled under reflux fo r 1 5 minutes. The solv~nt 

was evaporated in ~a~uo and the solid was crystallised from 

-· d_L_~_EOm?phenyl)lqdr~ ine (0.32g. , 64% ) as b r ight y e llow needles , 

m. p. 200 -1° (Found : c, 46.4 ; H, 2.9; Br , 32.8; N, 8 .8 . 

c19H13Br2N3o requires C , 46.5 ; H, 2.G; Br , 3 2.6 , N, 8.6% ):3 
-1 vrnax. 3180, 1645, 1 597 , 1520, 1455, 1298, 12 80 , 831, 690 cm 

(s. ) ; 1570, 1370, 1 240 , 1080 , 1045 , 933, 900 , 871 , 850, 802, 

-1
77 8 , 769, 7 58 , 7 28 cm (m. ) . 

Reaction of (3 ) with rn-nitrophenol 

The hydrazidic b romide (2.0g. , 0.0 046 mole ), m-nitro

pheHol (0. 61g. , 0. 00-16 mole ) , triethylamine (lml. ) and ethanol 

(25ml. ) were stirred together at room temperature fo r t wo hours . 

Filtration yielded a yel low solid which, after washing well with 
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wa ter, was crystallised from ethanol to give N- a- (m-ni trophcnox y )

bcnzylidc ne-I\J' - (2, 4-dibromoph c ny l} hydrazine (1. 24g. , 71 % ) as 

yellow prisms, rn .p. 117- 8 ° (Found : C, 46.5; H, 2.9; Br, 32.5; 

N, 8.5. r equi r es C, 46.5; H, 2.6; Br, 32.6;c19H13Br 2N3o3 

N, 8. 6 !G ) : vmax. 158 O , 15 3 O , 1 4 8 O , 1215, 115 O, 1O5 O, 81. O, 7 4 O 

1cm- (s.); 14 90, 13 48 , 132 5 , 12 65 , 12 40 , 1125, 1020, 88'1:, 870, 

-1 -1
8 2 8 , 8 0 2 , 7 9 3 , 7 7 2 , 7 19 , 6 9 2 c m (m • } ; 3 3 8 0 c m · (w • ) • 

The above product (0.5g., 0.001 mo le)was dissolved i n 

a mixture of triethyla!n i nc (5 ml.) and ethanol (5 ml.) and the 

solut i o n wu s boiled under reflux for two hours. The solvent 

was removed i n ~uo a.nd the r esulting solid crysta ll ised from 

ethanol to give starting material (0.38g .} (t.1.c., i.r.). 

This was dj.sso l ved in 2,G-lutidine (l Oml .) and refluxed for one 

hour . There was no re~ction (t.l.c.). 

An attempted rea r rangem2nt of t he compound (O.Sg.) in 

dirnethylformamide (lOml.) and triethyla mine (Srnl .) at the reflux 

temperature for one hour g ave only tarry material with no cvi

dence of rearrangeme nt (i.r.). 

Reaction of ( 3 ) with__pentachloroEJ.~enol 

The hydrazidi c bromi de (4 .33g., 0.01 mole), pentachl6ro

phe n.ol (2 . 6Gg. , 0. 01 mole) , triethylarnine (lml.) and ethanol 

'(30ml.) were stirred tog e ther at room temperature for two hours. 

The solid was filtered of f , washed well with water and crystallised 

from ethanol to give N-o.- ( pc nte.ch~s;iropl:e 1:l o~y ) benzy li<lenc> - N 1 


- (.?., 4-dj b:i:::_~~· i.ophenyl ) h ydrazine (5. 2g . , 8 4 % ) as colourless needles, 
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requi res C, 36.9; H, 1.5; N, 4.5% ): v max. 1485, 1380, 1352, 

13 2 0 , 12 7 0 , 1 0 4 6 , 81 7 , 7 61 , 6 9 4 cm - l ( s . ) ; 15 9 0 , 12 3 5 , 114 8 , 

111 5, 1020, 92 4 , 868, 723, 
-1

703 cm (m. ) ·; 3300 
1 

cm (w .). 

The above solid (0 .5g.) was dissolved in ethanol (Sml .) 

a nd t r iethylamine (5ml. ) and refluxed for o ne hour . The solvent 

was evaporated in vacuo and the ~hite solid crystallised f rom 

hexane to give c olour l ess needles, m.p. 2 48 -9 ° , of N-benzoyl~N ' ~ 

~nt.acl~lorophenyl ) -~ ' - (2, 4-dibromophe_!"ly} ) hyd_E_azi n e ( 0 . 4g., 

80 %) (Found: C, 39 .2 ; H , 1.9; N , 4. 5. c19H9Br
2

c.1. 5N2o requires 

C , 3 6.9; H, 1.5; N, 4 .5 %). Molecular 1eight d etermination by 

measurement of v apour pressure (acetone ) g ave 6 20 ; 

C1 9HnB ~- 2 Cl;..:N ,,_o r csuin~ s 618.5: \) _ __ 1 650, 1460, 1392, 1364, 
:7 ..J L . ) de.I X . 

13 5 O , 128 4 , 7 O 6 , 6 91 c rn -1. ( s . ) ; 31 8 0 , 1 5 7 5, 15 O O , 12 6 8 , 12 4 O , 1O 8 4 , 

·-]
1063, 10 41 , 10 25, 909 , 869, 842 , 811, 763, 7 4 3, 6 58 c m · (m. ) . 

Equiva l ent amounts of (3) t r i ethyl amine and e ach of the 

th ree phenols were stirred together in ethano l under nitrogen fo r 

t wo hcurs. In each c ase unchanged (3) was recovered and in one 

c ase (trinitrophenol ) the phenol was recovered. 

Attempted reaction of N-o:.- (p-ni'trophenoxl_') benzylidene-N ' - ( 2 , 4

-dibromophenyl)hydrazine with hydr ochloric acid 

Th e hyd~azine ( lg. ) was di ssolved i n warm b enzene (30ml. ) 
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and hydrochlo ric acid (lOml. , d 1.18 ) was adde d to fo rm a t wo·, 

phase system . The mixture was heated o n a steam-bath for o ne 

hour in such a way as to keep unnece ssary mixing of the two 

l ayers to a minimum. Examination of the benzene l ayer (t.1.c. ) 

indicated that no reaction b ad taken place. 

At tem12ted hydrolysis o f N-benzoyl-N ' - (o-ni trophenyl ) __:-_.!_~~- ( ~..!_4-

-dibromophenyl) hydra zine 

Method A: 

The hydrazine (lg. ) \as dis so lve d in warm ethanol 

·c2 oml. ) and hydrochloric acid (20ml., ~ 1.18) was added . The 

solution wa s boiled under r e flux fo r 24 hours and the solvent 

removed in vacuo. Star'cing material (t.l.c. , m.p. 200 - 1°) was 

recovered quantitative ly. 

Method B: 

Sodium (0 . 5g. ) was added to e t h ano l ( 2~jml. ) and the 

hydrazine ( 2g .) was added. The solution was refluxed for 1 2 

hours and carefully poured into a mixture of ice-water (20ml. ) 

and hydrochloric acid ( 20ml . , d 1.18). The yellow s6lid was 

fi ltered off and washe d with water . Starting material (l.7g. ) 

was recovered ( t. l . c~, m.p. 199-201° ). 
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iii. With Sodium Thioacetate 

Preparation of sodium thioaceta tc 

Thioacetic acid (50ml ., 53.3g. ) was added portionwise 

t o sodium bircarbonate (55g .) in water (150ml. ) with stirring. 

The solution was stirred for a further 3 0 minutes . The resulting 

dark oily solution was e xtracted with ether (lOOml. ) to remove 

i mpurities and the aqueous layer reduced to dryness in vacuo. 

Ether (200ml .) was added to the dry re s idue in the fl ask and the 

solid was filtered off at the pump to yie ld sodium thio<:tce tate 

(49g. ) . This was stored in vacuo over ·sod ium hydroxide. 

Reaction of ( 3) with sodium thioacetate 

The hyd razidjc b romide (4.33g., 0 .01 m»le ) and sodium 

thioacetate (0.9 8g ., 0.01 mole ) were stirred together in aceto

n it.rile at room t emperature for 2 hours . The y e llow solid was 

filtered off, washed well with water and dried . Crystallisation 

from toluene gave N-thiobenzoyl-~'-acetyl-N'- ( 2 , 4-dibromophenyl ) -

hydrazine ( 3.2g. , 75 %) as y e llow n eedles , m.p. 161- 162° 

17
(reported m.p., 161-162° ): v 3210, 1665 , 1460 , 1375 , 

max. 

1 345 , 1320 , 1260 , 7 65 crn- l (s. ); 1580 , 1480 , 1305 , 1140 , 1115 , 

1 080 , 1000 , 923, 968, 812 , 793 , 7 2 '1 crn- l (m. ). 

Reaction of (41 ) with sodium thioacetate 

The hydrazidic bromide (4.67g. , 0.01 mole ) , sodium thio

acetate (0.98g., 0.01 mole ) and ethanol (30ml. ) were stirred 

together at room temperature for 2 hours. The bright yellow 
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solid was filtered o ff , washed with wa ter , dried and c rystallised 

f rom b enzene to give N-p-chlor othiobenzoyl -N ' -acetyl-N'- (2,4

-dibromophenyl)hydraz ine (3.9g ., 84% ) as y ellow needles, m.p. 

168° . (Found: C, 3 9.0 ; H, 2.6; N, 5.9. c n Br ClN 0 S requires
15 11 2 2

c , 3 9 . 0 ; H , 2 . 4 ; N I 6 . 1 % ) : \) (cc 14 ) 16 8 5 , 14 5 5 I 13 5 5 , 13 2 5 ' 
max . 

. -1 
1 0 l 0 , 9 6 0 , 8 31 I 8 0 7 cm ( s . ) ; 1 5 8 0 I 1 2 5 5 , 12 4 0 , 12 0 5 I 1 0 9 5 I 

-1 -1 .
10 9 0 , 9 97 , 90 8 , 8 60 , 819 , 7 19 , 6 8 0 cm (m . ) ; 3 2 3 0 cm (w. ) • 

~ . s _._ 4 4 GI 4 4 4 I 4 4 2 (r1+ - H2 O ) , 3 6 3 (M+ - Br ) , 3 O8 / 3 O 6 I 3 O 4 , 2 9 5I 2 9 3 I 291 

(Br 2c6H NHAc ), 2 53/ 25~/2 49 (Br c H NH2 ), 22 9/227, 216/ 214 / 212 ,3 2 6 3

17 2/ 170/ 168, 149, 140/138 (ClC6H4CN ) I 133 I 111, 102, 7 5. 

Reaction of ( 4 7) with sodiun' thioacetate---------- · 

The hydrazidic b romide (4 .6g., 0.0 1 mole ) and sodiwn 

thioacetate (0.9 8g. , 0.01 mole ) were dissolved in dimethylforma

mide (3 0ml. ) at room t emperature and the solution was stirred 

fo r 30 minutes. The solution was poured i nto 5 % acetic acid 

(750ml. ) and the yellmr solid was filt ered off. Af te r drying 

in vacuo_ t h e product was crystallised from b e nzene to give yellov1 

p r i[;ms , m. p. 1 60-1.61° (with redden ing above 120°) o f N-.:x_-::me tl1.o~y · -. 

th~~_l?e!1zoyl-N 1 -acetyl -N ' - ( 2 , -1-dibromophenyl ) hydraz_in~ (4. Og. , 

87 %). Microanalys is figure s were repeatedly i naccurate . \) 
max. 

16 0 0 I 1 4 6 0 I 13 8 0 I 12 5 5 I 118 0 , 10 3 4 I 8 4 0 
-1 

c m (s . ) ; 1 6 8 0 I 1 485 , 

1310, 1116, 1081 , 1 053 , 991 , 777, 699 , 
- 1 

568 cm (m. ) ; 3 2 2 0 
- 1 

cm 

(w. ): rn.s. 438/436/434 
+

(M -n2 o), .
379/377 

+
{M -Br ), 361/3 59 

(M +-Dr-H2 0), 337 / 335 (37 7- CH2 ==C== O), 295/ 293/291 (Br 2c H3Nrn'\c ),6

280 ( 359-Br ), 26 8/ 266 / 264 , 2 53/251/2 49 (Br2c 6H NH ), 2 30 / 228 / 226 ,
3 2 

http:160-1.61
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214 / 212 I 2 03 / 201 , 1 91 , 151 , 149 I 1 33 {CH 30C6H4CN ) I 1 22 I :;_ 0 3 I 90 I 

7 8 , 63 , 52 , 51, 50. 

Preparation of _N-thiobenzoyl:._:-N ' -n_:iethyl-N ' -phenylhydraz ine 

. . 4 3 (Carboxymethyld1th1obenzoate 1 0 . 6g ., 0.0 5 mole ) was 

d issolved in potassium hydroxide solution ( lN , 7 5ml. ) and the pH 

was found to be 1 0 . N-Methyl-N- phenylhydrazine (6.lg ., 0.0 5 

mole ) was added portionwise to t he stirred solution during ten 

minutes. Potass ium hydrox ide solution ( lN ) was added during 

this time to keep the pH about 10. When all the hydrazine had 

been added , the solution was warmed to 70° . Th e solution was 

allowed t o cool to room temperature with stirring and dilute 

acetic acid was added until the pH reached 6. The solution was 

extracted with ether and the ethereal solution was wa s hed sue

c essivcly with water , sodium bicarbonate solution , and water , 

and then dried over sodium sulfate. The ether was removed in 

v acuo and the r esulting y n llow oil crystallised twice from 

hexane to give the requi~ed pro_~~ct_ (6 .lg. , 50% ) as bright yellow 

needles , m.p. 94_-95° 

requires C, 69 . 42 ; Hf 5.79 %) : v 3260 , 1600 , 1~05 , 1450 ,
max . 

1 380, 7 60 , 696 crn- l (s. ); 1505 1 1355 , 1 257 , 1192 , 1158 , 1120 , 

8 8 7 , 7 7 9 , 7 2 9 , 5 8 4 cm 
- 1 

(m. ) • p. m. r. , CDC 1
3 

, 9 • 14 o ( s . , N- H) , 

7. 7 - 6.5 6 (m., lO H) 2.98 6 (s. , 3H ) . 

Reaction of N-thiobenzoyl-N ' -mcthyl-N~-phenylhydrazine with 

acetic anl~ydr ide 
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The hydrazine (lg.), triethylamine (15ml.) and acetic 

anhydride (15ml.) were boiled under reflux for 10 minutes. The 

reaction mixture was cool ed and poured onto ice. Acetic acid 

(20ml.) was adde d and the gummy solid was taken up in ether. 

The ethereal solution was washed with sodium bica r bonate solution 

until evolution of carbon dioxide cease d. The ethereal solution 

was then dried over sodium sulfate and split into two portions. 

The first portion was evaporated to dryness and recrysta l

lisation of the gummy yellm·1-orange product was attempted without 

success from a variety of hydrocaxbon sol-.1ents. The addition 

of warm ethanol irr~ediately discharged the orQnge colour and t.l.c. 

indicated the presence of ~tarting material. 

The secon1 port ion was evapor~tcd to dryness and the 

product taken up in chloroform. The solution sh01·1ed v l '110 ~ max. 

1595, 1485, 1460, 1445, 1372, 1355, 1079, 894 indicating the 

iv. With p-Nitrothiophenol 

Reaction of (47) wi th p--n.lt_rothiopller~c:i! 

The hydrazidic bromide (4.63g.), p-nitrothiophenol 

(l.SSg.) and triethylamine (lml.) were stirred togethe r in ethanol 

(25ml.) at room temperature for 2 hours. The yellow solid was 

filtered off, washed with warm water and crystallised from 

ethanol to afford N-a- {p-ni trothio.phenoxy )-p-rnethoxybenzy lidene

-N'-(2,4-dibromophenyl)hydrazine {3.lg., 57%) as yellow needles, 
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r e q ui r es C , 44 . 53; H, 2 .7 8 ; Br , 29.6 9% ): v 1 605, 1590,
max . 

. - 1 . 
1 5 2 0 , 1 49 5 , 1340 , 130 8 , 12 48 , 11 7 6 , 842 c m (s. ); 1 390 , 1 1 6 0, 

- 1 - 1 
11 03 , 10 87 , 1 03 2 , 9 47 , 85 4 , 810, 7 42 c m (rn. ); 3 28 0 c m (w . ): 

p. m.r. , CDC1 , 9. 1 cS ( s ., N- H ), 8.0 (A ) a nd 7.0 ( B ) cS (A B 2q .,
3 2

J = 9Hz . ), 8. 2 5- 7.3 cS (m. , 7 H), 3 . 9 cS (s. , 3H): rn . s. 539 / 537 / 535 

(M+ ), 457 / 45 5 (M+- HBr ), 3 84 / 38 2/ 380 (M+-No c H SH), 3 0 4 /302 ,
2 6 4

27 8/ 276 , 277 / 27 5 , 252 / 2 50/ 248 (Br2c H NH ), 225 / 2 23 / 22 1 , 1 98 / 196 ,
6 3

17 1 / 1 6 9 , 170/ 16 8. 155 , 1 51 , 133 , 90, 63 . 

React i o n o f (41 ) wit h p - n i t r o t hioph enol 

The h ydrazidi c b romide (4. 67g. , 0.01 mo l e ), p -nitrot hio 

pheno l ( l. 55g. , 0 . 01 mo l e ) and t rie t h ylamine ( l ml . ) were stirred 

togeth er i n ethRnol ( 2 5m l . ) for 2 hou~s. The y e llow so l id was 

filtered o ff , washed wi t h water and dried. Cr y stallisation from 

h exanc--b enzene g ave y e llow n eedles , m. p . 158- 160 ° , of N·- a-:_(P:_ 

-n-~_1:rothiophenoxy ) -p-ch~orobenzyliden~-N ' - ( 2 , 4- d ibrorn_~J2he~n~_I:l.:.. 

!1_ydraz~~1e ( 3 . 4g . , 63 %) (Fo und : · C , 4 2. 27; II, 2. 25 ; N , 7 .69. 

c H12Br 2Cl N3o 2 s requires c , 4 2.1 4 ; IT , 2 .2 2 ; N , 7 . 7 6% ) : vmax .1 9
- 1 

1 5 2 0 , l 5 0 0 , 1 4 8 2 , 1 3 4 0 , 8 3 0 cm (s . ) ; 1 5 8 0 , 1 3 9 2 , 1 3. 04 , 1 2 7 0 , 

- 1 
124 0 , 116 4 , 1 0 8 3 , 1 0 1 2 , 9 5 2 , 8 5 2 , 8 0 8 , 7 3 9 , 6 9 7 cm ( m • ) ; 

- l 
3 250 c m (w .) : p ~.:.E_ · , CDC 1 , 9. 2 cS (s ., N-H ), 8.1 - 7.25 cS

3 

(m. , l lH ) • 

React i on o f ( 4 2 ) wi 1:_~~-p-n i troth iopheno l 

Th e h ydraz i dic bromide (5.18g ., 0.0 1 mole ), p-ni t rothio- . 

pheno l ( l . 55g. , 0 . 01 mole ) and t riethylamine (l1nl .) were stirred 

http:8.1-7.25
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together in ethanol (25ml .) for 2 hours. The yellow solid wa~ 

filtered off , washed with warm water and crystallis ed from 

ethanol to give N-a- ( p-nitrothiophenoxy ) - 5 -bromo-2 - thienylidene~ 

-N'-(2,4-dibromophenyl ) hyd~a z ine (2.Bg., . 55%) as yellow needles, 

m. p . 170 ° (Found : C, 34.68; H, 1.7 4 ; Br. 40.51; N, 6.9 9. 

c H Br N o requires C, 34.46~ H, 1.69; Br, 40.54; N, 7.10%).
17 10 3 3 2

s2 
-1 

\)ffiaX 158 5 r 1515 r 14 9 0 f 14 4 0 r l 3 3 8 1 8 5 2 1 7 3 8 Cffi ( S o ) j 13 8 5 I 
0 

-11315, 1300, 126 8 , 1242, 1162, 1184, 1134, 968, 842 , 7 96 cm 

--1 +
(m. ); 3270 cm (w. ) : !'.!._~· 595/593/591/589 (M ) / 513/511/509 

(M +-HBr ), 440 I 438 / 436 I 434 (M +-No 2c 6H4
. SH), 281/279/277, 252 / 250/248 

(Br2C6H3NH) , 225/223/221, 207/205, 18 9/ 1 87 , 17 1/1 69 , 155, ioe, 

90, 82 , 69, 63. 

Reaction of N- a - ~:1:1 l ?_FOb _:-n -~ y l_id_ene -·!'1~- ( 2-: bromo_ph~!~Y-~JJ~¥.-~1r_az i ~ e:...._:::0-th 

p-nitrothioph~_r.::_o l 

37
The hydraz idic chlorid e (3.0 9g., 0.01 mole ), p- ni trothio

phenol (l .5 5g. , 0.01 mo l e ) a nd ttie thylamine (lml. ) we r e stirred 

in etha nol (30ml. ) fo r 2 hour s. The ye llow_solid was filte r e d 

o ff , wa she d well with wate r and c r ystalli s ed from etha nol to gi e 

N-cx- (p --ni trothiophe noxy )benzylidene~~ ' - (2 - J:>romopr~enylj_hyd ra_z~!?_'=. 

(2.62g., 62 %) as yellow ne edles , m.p. 159° (Found : C, 53.7; 

H, 3.4; N, 10.0. c1 9n14 BrN 3o 2s r e quires C, 53.4 ; H, 3.3; N, 9. 8 %): 
--1 

Vmax . 15 8 5 , 15 0 5 , 131 5 , 10 9 2 , 8 5 7 , 8 3 8 / 7 6 7 , 7 4 9 , 7 3 8 cm ( s . ) ; 

1450, 1390, 1253, 1175 , 1118 , 1050, 102 9 , 1013, 956, 718, 690, 

670 cm- l (m. ); 3270 cm-l (\·1. ): p.m.E_., cc1 4 , 9.25 o (s ., N-H) , 

8.25-7 . 88 6 (m., 3H), 7.75- 7.15 0 (n ., 7H), 6.95 - 6.70 0 (m. I lH). 

http:6.95-6.70
http:7.75-7.15
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I 

Reaction of N ·-a-bromobenzyl~denP.-:N 1 
- (2-bromo-4-thiocyan?-tophenx~_L:::_ 

hydrazine with p - nitrothiophenol 

45
The hydrazidic bromide (2. 0 9g. , 0. 005 mole ), p-nitro

~hiopheno l (0.77g., 0 .005 mole ) and triethylamine (0.5ml.) were 

stirred in ethanol (15ml. ) at room t emperature for 2 hours. 

Hydrogen cyanide was evolv~d during the initial hour . The orange-

y ellow solid was filtered.off , washed with wate~ and dried in 

v acuo. The product was chromatographed and two fractions were 

obtained. The first fraction (hexane:ether , 4 :1) provided a 

solid which crystallised from ethanol as yellow needles, m.p. 

1 59° , identified (t.l.c., i.r., p.m.r. ) as N-a- (p-nitrothio

phen6xy )benzylidene-N 1 - (2-bromophenyl ) hydrazine ( 0 . 4g ., 18% ): 

+ + + 
m.s. 429 /427 (M ) , 347 (M -HBr) , 274/272 (M - ·N0 4SH), 211,

2
C6H

19 4 I 1 7 3I17 1 I 17 2 • 17 0 (B re 6H4NH ) I 1 7 l I 16 9 I 15 5 I 14 5I14 3 r l L1 I 

10 3, 91, 90 , 77, 69. 

The second fraction (ether ) yielded a yellow tarry 

material from which no solid product was obtained . 

d ene-N- (2,4-dibromophenyl)hydrazine w~th hydrochloric aci~ 

Th e hydrazine (lg. ) was dissolved in warm benze ne (30ml. ) 

and hydrochloric acid ( ~ 1.18, lOml.) was added to form a two-

phase system. The mixture was he a~ed on a steam- bath for o ne 

hour in such a way as to ke ep unnece s sary mixing of the two 

l ayers to a minimum. Examination of the benze ne layer (t.1.c. ) 

indicated that no rea ction had taken place. 
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v. 	 With Heterocyciic Thiols 


52
. h 1 "2 	 . . d . 2 .4 , 6-Dimet y - -mercaptopyr1m1 ine , -mercaptoquin

5 4 oxal ine 5 3 ( from 2-chloroquinoxaline ), a nd 2-mercapto-5-nitro

' d ' 55,5 6
pyr J_ ine (from 2-chloro- 5-nitropyri~ine 57 ) were prepared 


b y li terature methods. 


Sodium salts o f the t hiols 

Where appropriate the addition o f o ne equivalent o f 


s odium to ethanolic solutions Of the thiols p roduced t he sodium 


s a l ts which were precipitated by the addit i on of sodiwn-dried 


. e ther . These were collected and stored in vacuo. 

pyrimidine 

The hydrazidic bromide (4.33g., 0 . 01 mole ) and the 

s odium salt o f 4,6-dimethyl-2-mercaptop~rimidine (l.62g., 0 . 01 

mo l e ) were stir~ed together i n dry acetonitrile (30ml. ) at room 

tempernture for 2 hours . The solid was filtered off , washed 

wi th water and dried in vacuo. Crystallisation from hexane gave 

co lourless needles , m. p. 1 18 ° , o f N-a- (4, 6-dirnetE_,y:l-2~-mercaptt?_:_ 

E.Yrimidyl ) benzylidene-:_!'J ' - ( 2 , 4-c:_U.b~omopheny_ll_!iydraz i~1e ( 3 . 7 g. , 

r equires C, 4 6 . 5 ; H, 3. 3 ; Br , 3 2.6 ; N , 11.4% ): \) 
max . 

1 580 , 1530 , 

1 485 , 1 440 , 1 285 , 1/.55 , 1 235 , 1 155 , 7 64 , 696 cm-- l ( s . ) ; 1 380 , 

1 330 , 1130 , 1 065 , 1030 , 883 , 824 , 737 , 685 
- 1 

c m (m.) ; 3 28 0 - 1 cm 

(w. ) • CDCl .:>r 
..> 

9. 15 o (s., N-H ) , 8. 1-7.95 o (m. , 2H), 
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7 .55-7.l o (m. , 6H), 6.62 6 (s ., lH), 2.32 6 (s. , 6H ) . m.s. 

+ . +
494/492/4 90 (M ) , 461/459.457, 413 / 411 (M -Br ), 359/357/355, 

+3 54 / 352 / 350 (M -C 6II7N2SH) I 310/308, 278/276 , 251/2 49/24 7 

(Br2C6H3N), 225, 170, 168, 140, 121, 10 3 , 82 , 77, 67. 
I 

The above product (lg. , 0. 002 mole ) was dissolved in 

warm benzene (30ml. ) and hydrochloric acid (d 1.1 8 , lOml. ) was 

added to form a two-phase system. The mixture w~s heated on a 

steam-batl1 for o ne hour. In this way there was no unnecessary 

mixing of the two layers and the water layer did not boil. The 

mixture was cooled and the organic layer was separated. After 

washing with sodium bicarbona te solut i on and water, the benzene 

solution was d r ied over sodium sulfate . The solvent was evaporated 

in v acuo and the resulting yellow solid wa s crystnl lised from 

hexane-tel u e ne to give N-thiobenzoy l-N ' - ,...L~_L.§.:-d .~metl1y~_:::_~:_pyr~rn:L9_)! l) -· 

-N ~?_!_4- dibromophei!y l) hydrazine (0. 55g. , 55% ) as bright yellow 

prisms, m.p. 1 42° (Found: C, 46 .4; H , 3.7.; Br , 32.5 ; N, 11.6. 

Br 2N S requires C, 46.5; ·H, 3.3; Br, 32.6; N, 11.4 %):c1 9H16 4


vmax. 1590, 1550, 1390, 1370, 13 28 , 1247 , 845, 763, 772 , 73 4 , 


6 9 B , 5 9 8 cm- l (s . ) ; 3 3 4 0 , 14 7 0 , 14 S 0 , 14 2 0 , 1271 , 117.6 , 10 8 0 , 


· -1 
1. 0 4 0 , 9 8 7 , 9 4 8 , 9 2 7 , 8 6 8 , 8 2 4 , 7 5 3 , 6 3 2 cm {m • ) : p • rn__:E.. , 

CDC1 , 9.7 6 ( s ., N-H), 8.1-7.15 6 (m. , 81-I ), 6.47 6 (s., lH),
3 

2.3 o (s. , 61-I): rn.s. 494 / 492 / 490 (M.+), 461/459 / 457 , 413/411, 

3 5 9I 3 57I 3 5 5 , 31 OI 3 O 8 , 27 8 I 27 6 , 2 51I2 4 9 I 2 4 7 (Br 2C6I-I 3N ) , 2 2 5 , 19 7 , 

170, 16 8 , 121 , 103 , 77, 67. 

http:8.1-7.15
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Reac tion of (3) with the sodium salt of l-nhenyl- 5-mercapto - lH- --- ___ _______ £ _ _ ._--------- - ------

-tetrazole 

The hydrazidic b romide (4 .3 3g. , 0.01 mo l e ) and the 
58 

sodium salt o f l - phenyl-5-mercapto-lH-tetrazole (2.0g. , 0.01 

mole ) were stirre d together in ethanol {30ml .) at room tempera -

t ure for 2 hours , after which time the mixture was poured i nto 

water (500ml. ) . The white solid was fi ltered of f and dried in 

vacuo. Crystallisation from h exane- toluene g a ve fawn coloured 

needles , m.p. 171- 17 2° {dee. ), of !'J-a- {l-phenyl -5-mercapto_·- lII.:_ 

8 9% ) (Found: C, 4'.J.53; H, 2.61; N, 15.75. s ~equiresc 20n1 4Br 2N
6

c, 45.28; H, 2.6 4 ; N , 15.85 ~; ): vmax . 1590, 1530, 1 4 80, 1380 , 

-1
1 310 I 1 23 2 , 115s I 813 .I 7 6 5 , 8 6 8 cm ( s • ) ; 15 6 0 I 14 4 0 , l 27 0 I 

-1 --1
11 35 , 10 80 , 1037 , 1019 , 9·18, 868, 74 0 cm (m.); 3 255 cm (w . ): 

~:n . J-:..:_ , CDC1 3 , 9.05 o (s. , .N-H), 7.9 --7.25 6 {rn ., 13 H) . m.s . 

+532/530/52 8 (M ) , 48 9/ 48 7/485 , 457/4 55/45 3 , 43 4/ 432 , 408 / 406 , 

3 97I 3 9 5/ 39 3 ( l3 r C H NI-J C lI N4 ) , 3 54 / 3 5 2I 3 5 0 {r1+-c If 5N SH) ,.
2 6 3 7 5 7 4 

30 5/ 303 , 288/28 6 , 251 / 249 /2 47 {Br 2c H3N), 207 , 178, 1 60 , 1 58 ,
6

13 5 , 121 , 11 8 , 103 , 91. 

The above product (2g. ) was dissolved in warm b enzene 

{50ml. ) and treated with hydrochloric acid (d 1 .18 , 20rnl. ) in 

the u sua l way . The b enzene l ayer was washed with sodium hydrox ide 

(2N, SOml. ) and the aqueous e xtract acidified with concentrated 

hydroc hlor ic acid to precipitat~ a white solid . This was fil 

tered off and dried in v acuo . Crystallisation from toluene gave 

l -phenyl-5-mercapto-lH- tetrazole (0.4g., 60 %) as colourless 

http:7.9--7.25
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needles, m.p. 157 ° (dec. ) (li' t. 59 , 1 50°) (Found : C, 47.38 ; 

H, 3.2 4 ; N, 30.9 8 ; s, 17.98. Cale. for C7 H6N4S: c, 47.19 ; 

H, 3.37; N, 31.46; S , 17.9 8% ). 

The benzene solution was concentrated i n v acuo and then 

c hromatographed using toluene as eluant. The f raction corres

ponding to the greatest Rf. (t .1. c.) was collecte d and c rystal

lised f rom hexane to give N-a-chloroben zylidene~N ' - ( 2 , 4-dibromo-

phenyl} hydrazine (0.6g., 41% } as colour l ess needle s , m.p. 10 5- 8° 

( 1 it . 
3 4 

, 10 9 ° ) : p. m. r . , CDC 1 3 , 8 • 0 5 cS ( s . , N- H) , 7 • 6- 7 • 4 cS 

(m., 2H), 7. 2-6. 85 c5 (m. , 6II) : m ~_E · 3 9 0/3 88 / 386 (M+ ), 35 4/ 352/ 

35 0 (M+ -HCl ) , 273/2'11, 251 / 249 / 247 (Br 2c H N), 237/235/233
6 3

(Br C6H3 ), ~ 25/22 3/221 , 171/169, 170/168, 1 43 / 141, 11 9/117 , 1032

89, 77, 76, 63, 50 . 

The only other product from the reaction was almost 

certainly N-benzoyl-N ' - (2,4-dibromophenyl ) hydrazine (t.l.c. ). 

The hydrazid ic chloride from.above (0.3Bg. , 0 .001 mole ), 

l - phcnyl- 5-mercapto- l H-tetrazole (O.lBg. , 0.00 1 mole , isolated 

from the reaction above ) and triethylamine (0 .2 ml. ) wc~e stirred 

together in ethanol (Sml. ) fo:c 2 hours at room ternp<'~):·ature. 

The mixture was poured i nto water (lOOml. ) and the mixture was 

e xtracted with ether (2x25ml. ) . The ether l ayer was dried over 

s odium sulfate and t.hen evaporated _i n vacuo. 'l' h e p roduct was 

c rystallised from t oluene (twice ) to give N-a- (l-phenyl- 5

-mercapto - lH- tetrazo lyl)benzylidene-N ' - (2,4-d ibromophenyl ) hyd:ca

z ine (ca. 0.0 5g .), m.p. and mixed m.p. 171-172° (dee. ) . 
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The hydrazidic bromide (4.33g., 0.01 mole ), 2-mercapto

-5 - n itropyridine (l . 56g., 0.01 mo l e ) and triethylamine (lml. ) 

were stirred together in ethano l (30ml. ) at room temperature 

for 2 hours. The mixture was poured into wa ter , the solid was 

filtered off and d ried i n vacuo. Crystallisation from ethano l 

ethyl acetate gave N-a- (2-mercapto - 5- nitropyridyl ) benzyl idene

-N' - (2 , 4- dibromophenyl)hydraz ine (3.4g. , 83 %) as yellow plates , 

m.p. 1 44- 5°. Analysi s figures ·were repeatedly i naccurate. 

-11580, 1380, 1340 , 1158 , 11 29 , 11 04 , 858, 771 cm (s. ) i" max. 

1560 , 1510, 1 480 , 1 445 , 1300 , 1270, 12 4 0, 1037 , 948 , 841 , 81 8 , 

-1 -175 2 , 696 cm (m. ) ; 3 2 6 0 cm (w. ) : p.m._£.' CDC1 3 , 9.25 0 (s. ' 

N-H ) , 9.25 0 (d. , HI, J = 2 • 5Il z . ) , 8.4-7.98 0 (ffi • I 3H ) I 

7.6 5- 7.3 o (m. , 7H): m.s. 510/508/506 (M+), 477 / 475 / 4 73 , 
+ . 

42 9/ 42 7 (M -Br ), 428/426, 376/374 /37 2 (Br c H NC 5NH~NO ) , 
2 6 3 3 2 

3 54 / 352 / 350 (M+-N02C6H3NSH ) I 3 47 , 30 9/ 307 / 305 , 305/303 , 295/293/ 

29 1 , 2 51 / 249 / 24 7 (Br c 6H N), 241 , 1 98, 170/168 , 155, l~l, 10 3 , 2 3

76. 

The above p rod uct (2.0g. ) was treated with hydrochlor i c 

a cid i n the usual manner . The b enzene l i yer was washed with 

sodium hydroxide solution (2N , 50ml, ) and the aqueous extract 

acidified with conceritrated hydrochloric acid. No solid separated. 

The benzene solution was d ried over sodium sulfate and the solvent 

was r emoved in vacuo . The resulting yellow gum contained at 

leas t 8 components (t. l.c. ) and all attempts at sepa ration and 

crystallisation were un successful. The p roduct had the following 

http:8.4-7.98
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spectral characteristics: v CC1 4 , 1590 , 1 475, 1 332 , 1282 max . ' 

- 1 - 1 
cm (s. , br. ) ; 1 401 , 1 118 , 1079 , 853 , 6 9 0 cm (s. ) ; 3 320 , 1725 , 

11 55 , 1047, 97 9 , 945 , : 07 ' 865 cm 
-1 

(rn. ) : p.m.r., CDC1
3 

, 

9. 9 6 -(s . , N-H ), 9.02 6 (d ., lH , J = 2.5Hz . ), 8.4-7. 25 6 (m. , 

c a. lOH ), 6. 7 o (d. , lH, J = 9Hz. ) . 

Reaction of ( 3 ) with 2-mercaptoquinoxaline 

The hydraz idic bromide (4. 33g. , 0 . 01 mole ), 2-mercapto

quinoxa line (l.62g. , 0 ~01 mole ) and triethylamine (lml. ) were 

st irred together in ethanol (30ml. ) for 2 hours at room tern

perature. The solid was filtered off , washed well with water and. 

d ried in vacuo. Crystallisation from hexane- toluene gave 

z ine (3.2g. , 63 %) as yellow prisms , m.p. 142- 3 ° (Found: C , 49.0l; 

H, 2.63; Br, 31.35. c H Br N4s requi re s C , 49. 0 3 ; H, 2 . 7 2;21 14 2

Br, 31.13 %) : v 1590 , 1 500 , 1390, 1310 , 1154 , 1 079 , 7 68 , 761 
max. 

- 1 
c m (s. ); 1530 , 1485, 1440 , 1267, 1248 , 1128 , 961 , 949 , 87 2 , 

- 1 - 1 
811, 691 cm (m. ); 3260 cm (w .); p.m._£., CDC1 , 9.18 o (s.,

3 

N-I-I ) , 8. 52 6 (s., lH ), 8.1-7 . 1 o (m. , 1 2H): m.~. 516/ 514 / 512 

(M+ ), 4]5/433 (M+-Br ), 434 / 432 , 381 / 379 / 377 , 354 / 352 / 350 (M+

c HSN SII ) , 300 / 298 , 251/ 249/247 (Br c 6H N), 219, 1 70 , 168 , 162 ,
8 2 2 3

1 29, 121, 118, 103 , 91. 

The above product (2.0g. ) was dissolved in warm benzene 

(50ml. ) and treated with hydrochloric acid (20ml. ) in the u sual 

way. The benzene solution \·Jas evaporated in _yacuo and the 

residue chromatographed using toluene :hexane (1 : 1 ) as the eluting 

http:8.4-7.25
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agent . The fi rst (colourl ess ) fr action was collected and after 

c r y stallisation from hexane gave colour less n e edles , m.p. 104-8 °, 

(li t .34 , 10~) of N-a- chlorobenzylidene-N ' - (2, 4-dibromophenyl ) 

hydraz ine (0.2g., 13 %). The i.r. spectrum was i dentical with 

that of an authentic s ampl e . The other fractions appe ared to 

b e difficulty separable o i],s o r gums (7 components on t.l.c.)~ 

Reaction of (3) with 2-mercaptopyridine 

The hydrazidi c bromide (4 .3 3g ., 0.01 mole ) and the sodium 

s a lt of 2-merca ptopyr idine (l.3 3g. , 0.0 1 mole ) were stirred 

toge ther in acetonitrile (30ml .) for 2 hours at room temperature. 

·Th e white so lid was filtered off , washed well with water and 

d ried in vacuo. Crystal lisatio1 from hexane-· toluene gave N--cr ~2 -

-m~i.- c d.ptopy r idy 1 ) b~n:c: yl ici enE.: ·- N 1 
- _ ( 2 , '1 - diu1:·omophe nyl )hy~E~ Zi_~~ 

(3 .5g., 7 6S.5 ) as co l our l ess needles , m.p. 131° (Found : c , 47.0; 

H, 3.1; Br , 34.8 ; N, 8 . 8. c1 8H13n r 
2

N3s requ i res c, 46. 7, H, 2.8; 

Br, 34.6; N, 9.1 %): vmax .1 520 , 1 485 ,· 1380, 12 90 , 11 45 , 806 , 
- 1 

760 cm (s. ); 1 565 , 1 440 , 
. 

1 410 , 1 252 , 1110 , 10 25 , 
- 1 

868 cm · (m. ); 

32 20 cm--l (w. ): m.s. 465/463 / 461 (M+), 433 / 431 / 429 , 384/382 


( M 
+

-Br ), 354 / 352 / 350 (M 
~-

-C 5NH 4 SH ), 330/3 28 / 326 ( Br 2 C ~H 3NHC 5H 4 N ), 


281/ 279, 274 / 272 , 273/271, 262, 2 52 / 250 / 248 (Br 2c6H3NII) , 


2 51/ /.49 / 247 (Br 2c H N), 225/ 223 / 221 , 213 , 19 6 , 170, 1 68 , 1 21, 1 11,

6 3

1 03. 

Re a ction of ( 3 ) with 2-merca pto-4-methylquinoline 

Compound (3 ) (4 .33g ., 0.01 mole ) and the sodium salt of 

http:251//.49
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2 -mercapto-4-methylquinolin~ 6 ( 1. 97g., 0.01 mole ) were stirred 

toge~her i n acetonitrile ( 3 0ml . ) at room temperatu r e for 2 hours . 

The pale yellow solid was filt ered o ff , washed well with water 

and d r i ed in v acuo . Crystallisation from hexane-toluene g ave 

p ale y e llow prisms , m. p. 117-8° , of N-cc (2-mercapto-4-methyl

quinolyl ) benzylidene-N ' - (2, 4-dibr omophenyl ) hydrazine (3.Bg ., 

73 %) (Found: C, 52.3; H, 3.4; Br, 30.3; N, 7.9. c 23 tt17 Br N3 S2

requires C, 52.5; H, 3.2; Br, 30. 4 ; N, 8.0 %): vmax . CC1 4 , 1575, 

1 5 0 0 , 1 2 9 5 ' 115 5 , 1 ]_4 0 
-1 

c m (s . ) ; 13 7 5 ' ]_ 2 5 5 I 12 2 5 I 1 0 3 0 I 94 8 f 

8 9 9 , 8 5 7 , 813 , 6 8 6 
- 1 

cm (m. ) ; 3 2 2 0 
-1 

cm · (w. ) • 
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III PREPARA'l' ION OF OXADIAZJ.NES 

i . From N-Aroyl-N ' -acetyl-N'-arylhydrazines 

Cyclisat ion o f N-benzoyl-N ' -acetyl-N ' -2 , 4- (dibromophenyl ) hydra

zine (50 ) 

a. Compound (50 ) (4.12g. , 0.01 mole ), dimethylformamide 

(25ml. ) , t r i eth y l am.ine (Sml. ) and sodium hydr oxide (0.4g. , O. 01 

mole ) were boil ed under reflux fo r 2.5 hours. The react ion 

mixture was c oo l ed and poured into 5 % acetic acid solution (45 0ml. ) . 

The green solid was filtered o ff , washed well with water and 

dried in vacuo. The crude solid was chromatographed using ben

ze n e as eluant. The f raction containing the y e llow fluorescent 

product was collected. and evaporated. Crystall isat ion f rom 

hexane-·benzene gave ?--br~10·-2-_e_!1e~:_y_~_:_4 H-benzo_[ ~-3, 4 ] oxacJiaz i_nc:_ 

(l.3g. , 39 %) as yellovv' needles , m.p. 151- 2° (Found: C , 53 . 89; 

H, 2.98 ; Br, 27.73. c13 H9BrN 2o requires C, 53.9 8 ; H, 3.11 ; Br , 

27.6 8% ) : v 1 490 , 1450 , J.314 , 12 86 , 1068, 1020, 808, 691 max. 
- 1 

cm ( s . ) i 3 2 8 0 I 13 8 0 I 1 2 61 I 12 5 0 I 11 9 0 I 9 4 4 I 8 8 8 I 8 5 6 I 7 7 2 I 

-1
7 27, 653 cm (m.): p . 1~~ · , 100 MHz. , dmso , 8.86 6 (s. ,a6 

N-H), 7.8 4-7.70 6 (m. , 2II ) , 7. 52-7.34 6 (m. , 3H ) , 7.13 - 7.00 6 

(m. , 2H), 6.51 6 (d., lH , J = 8.8 Hz. ) . 

Th e other materials p resent in the c r ude product were 

N-benzoyl-N ' - (2 , 4-dibromopheny l ) hydrazine, start ing mater i al , 

and t wo o ther minor products (t.l.c. ) which rem2ined unident i 

fied. 

http:7.13-7.00
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b. The reaction was repeated with a reflux time of 6 hours . 

The c rude product was a green tariy material which on chr oma

t ography yielde d the oxadi az ine (0 .4g ., 1 1% ), i dentified by i ts 

i. r . spectrum and i ts m.p. 1 51 - 2° . 

c. Compound (SO ) (2.06g ., 0.0 05 mole ), dimethylformamide 

(lSml. ) and triethylamine (Sml. ) were boiled t ogether under 

r eflux for 4 hours. There was no reaction ( t. l ~c .). 

Re ?-c tioE.__~~-~..:.~romo- 2-phenyl-4H-benzo [1, ~..!.-~J o xadiaz in~ with 

~~!L~-anh_x_~ri_de 

The oxadiazine (0.4g.) was dissolved in a warm mixture 

o f acetic anhydride (lOml .) and acetic acid (l Oml. ) and the 

solution was boiled under reflux for 15 minutes. After cooling, 

t he solution was poured into water (250rnl. ) wh e n a white solid 

quickly precipitated. This was collecte d and dri ed in vacuo. 

1 38° (Found: c, 54.32 ; H, 3.35 ; N, 8.54. c
15

H
11

BrN
2
o2 requires 

C, 54.38 ; H, 3.32; N, 8.46 %) : v 
max . 

1 680, 14 8 0 , 1365, 1335 , 

- 1 
1 3 0 8 I 12 8 5 I 12 3 0 t 10 6 7 t 810 t 6 8 8 Cffi ( S • ) i 157 5 f 14 4 6 f 12 5 5 t 

- 1 
1 18 4 , 1119 , 10 3 0 , 9 3 8 , 89 3 , 871 , 8 5 2 , 7 6 8 , 6 5 3 cm (m. ) : 

p.m. _!':_ ., lOOMHz. , d6 dmso , 8.09 o (d. , HI , J = 8.8Hz. ), 7 .98 ·

7. 85 0 (m. I 2H ) f 7 .65- 7 .48 0 (m. , 3H ) r 7.40-7.22 0 (m. 2H),I 

2 .42 6 (s., 3H ) . 

http:7.40-7.22
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hydraz ine 

N-Benzoyl-N' - 2,4-(dibromophe nyl )hydrazine (l.76g. , 0.00 5 

mole) was dissolve d in a warm mixture of dime thylformamide (15ml .) 

and triethylamine (5ml .) and sodium hydroxide (0.2g., 0.00 5 

mol e ) was added. The mixtu r e was reflux ed for 3 hours, coole d 

and pour ed into 5% acetic acid solution (250ml .). The white 

solid was filtered off and dried to give starting ma t e rial , m.p. 

216 9·-171° (l it. , 172°), identifie d by i ts i.r. spectrum and 

t.1.c. 

-benzo [ l , 3 , 4 ] oxad~az ~ ne undc~ s tandard cond itions fo r oxad ia

zine formation 

The acetyloxadiaz ine (l.lg. ), sodium hydrox ide (0. 2g. ), 

<l imethylformarn ide (1 5ml. ) a nd triethy lamine (5ml. ) we re boil e d 

under r e flux fo r o ne hour . The solution wa s cooled a nd poured 

into water (400rnl. ) containing ace tic acid ( 20ml. ) . The y e llow 

solid wa s filt ered off and d r i e d in vacuo. Crystallisa tion from 

b en ze ne- hexan e g a v e yellow needles , rn.p. and mixed m.p. 151- 2° , 

o f 7 - b r orno- 2- pheny l-4H- b e n zo [ l,3 , 4]oxadiazine (0 . 65g . , 68 %). 

Cycli sa.!:_:!:_~n of N- b enzo y l - N ' -_( 4-brrnno - 2- f luo rophenyl) hydraz i ne (54) 

Compound (54 ) (1 . 75g., O. 005 mol e ), dimethyl fonnarn id e 

(25ml. ) a nd t r i ethyl ami ne (Sml.) were b o iled under r ef lux fo r 

2 .5 hours . The ~e lut ion was cooled and poured into 5 % a cetic 



149 

acid solution (700ml. ). The colourles s so l id was filtered off 

and dried in vacuo to .give 4-acetyl- 7 - bromo-2 - phenyl-4H- b e nzo

[l ,3 , 4]oxadiazine (l .50g ., 93% ). Crystallisatio n from hexane 

g ave colourless needles , m.p. and mixe d m.p. 1 38° . 

Cyclisation of N-p_-chlorobenzoyl-N' -acety l -N ' - (2, 4 - dib!omoph e n y l ) 

hydrazine (51 ) 

Compound (51 ) ( 2 . 23g. , 0.0 05 mole ), dime thy lformamide 

(2 5ml .) , triethylamine (Sml. ) and sodium hyd r oxide (0.2g ., 0.005 

mole ) were boiled under r efl ux for 2 . 5 hours. The solution was 

c ooled and poured in t o 5% a cetic acid solution (60 0ml. ). The 

y ellow solid was c o llecte d ; was h e d well with wa t er and d r i ed . 

The crude prodl1ct was . chroma tog raphed using toluene as eluant . 

Th e fraction containing the yellow. fluorescen t product was 

c ollected, evaporated and the residue crysta llised from toluene

hexane to give light green prisms, m.p. 18:5-6 ° of ]_-bror~:I:~ 

- (n - chloropheny l )·-4 II--bcnzo[l,3 , 4Joxadiazine (O.Sg., 25% ) (Found :_£__·---------------------------------------

C, 4 8.SO ; H, 2.47 ; N, B.58. c 1 3 tt 8 BrC~N 2o requi res C, 48.30 ; H, 


2.'18 ; N , 8.67 ) : v 3300 , 149 8 , 1380 , 1 318, 1097 , 101 4 , 
max . 

- 1 
8 2 9 , 8 0 8 cm ( s • ) ; l 61 0 , 14 6 0 , 12 8 8 , 12 6 4 , 1 0 7 3 , 8 8 9 , 8 7 4 , 

- 1 
7 5 3 , 6 9 3 , 6 4 9 cm (m. ) . 

The crude p r oduct also contained starting material 

(t.1.c. ) . 
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Reaction of 7-bromo- 2- (p-chlorc_>_phen_y_l ) -41-I-benzo [ l , _3 , 4_l~~adiaz j:!.:._~ 

with acetic anhydr ide 

The o xad iazine (0.2g. ), acetic anhydride (5ml. ) and 

glacial acetic acid (5ml. ) were boiled under reflux for ten 

minutes. The solution was cooled and poured i nto water (200ml. ) . 

The pale yellow solid was filtered off, was hed with water and 

d ried. Crystallisation from hexane gave ~-acetx}-]-br~~o-2-

- (p-chlorophenyl ) -4I-I·-b e nzo [ l , 3 ,4] ox~~ iaz ine (0.18g. , 7 5 %) as 

c olourless need l es , rn.p. 1 80-1° (Found : C , 49 . 22 ; H, 2.70. 

cl 5HlOBr ClN202 requires c , 49.32 , H, 2. 74 %): 1 680 , 1482 ,vmax. 

1 368 , 1338, 1292 cm- l ( s . ) i 15 8 0, 1 40 0 , 1305 , 1 230 , 1108, 1 092, 

-11063 , 1013, 939, 895 , 858, 830, 714 cm (m. ) . 

phenyl ) hyd~az i ne (52 ) 

Compound (52) (2.2lg . , 0 .005 !ftOle ), dimethy lforrnamide 

(25ml. ) , triethylaminc (5ml. ) and sodium hydrox ide (0.2g. ) \\1er e 

boiled under reflux fo r 2. 5 hours , cool ed and pour_ed into 5 % 

acetic acid solution (800ml . ) . The white solid was filtered 

o ff and dried in v acuo . Crystallisa tion (twice ) f rom ethanol-

ethyl acetate gave 4-acetyl-7-br omo-2- (p-methox yphenyl)-4H

benzo[l,3,4]oxadiazine (0.8g., 44.5%) as colour l ess , spongy 

needle s , m.p. 148 - 9° (Found: C, '53.0 S ; H 1 3.55; Br , 22.28 . 

c H BrN2o3 r equires C , 53.19; H, 3 .6 0 ; Br, 22.16 %): vmax.1 6 13
-1

16 8 0 I 16 2 0 I 14 9 2 I 13 7 7 I 13 4 8 I 1319 I 17. 6 4 ' 12 3 9 c m ( s . ) i 

1580 , 1520, 1 430 , 1180, 1116, 1071, 1028, 93 8, 897, 864, 833 / 
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8 ..·1 8 , 8 0 6. , 6 5 _, ~ c m - l (m. ) . 

Acidic hydroly s is of 4-acetxl-7 -brorno- 2 - ( p-methoxyphe~yl ) -4H-

-benzo[l,3,4]oxadia~ine 

The oxadiazine (O.Sg. ) was dissolved in a warm mixture 

o f ethanol (15ml.) and hydrochloric acid (d 1.18, 20ml.) and 

the solution was boiled under reflux for 4 hours. The solution 

was diluted with water (300ml .) and extracted with ether (2xl00 

ml.). The ethereal solutions were combined and dried over mag

nesium sulfate . 'l'he ether was removed ·i n vacuo and a dark brown 

v iscous oil was obtained . Tr ituration with variou s solvents 

g ave no solid mater i al and the p roduct contained at l east 4 

components (t. J .c. ) . 

phe_.!_1yl_) hydraz_inc ( 58 ) 

Compound ( 53 ) (2.0g., 0.00 4 mole ), sodium hydrox ic1G 

(0.1 6g., 0.00 4 mole ), dimethy l f o rmamide (20ml .) and triethylamine 

(Sml.) were boiled under reflux for 2.5 hours, cooled and poured 

i nto 5% acetic acid ( 520ml. ). The white solid was filt ered off, 

washed with water and dried in v acuo . The product wa s separated 

f r om starting materia l b y chromatography (tolue ne). Crystallisa

t ion from hexane-b enzene gave cream coloured needles of 

4 -acetyl- 7 -bromo-2- ( 5-bromo-2-thienyl)-~~-b~nz~l ,3 ~4]oxadiaz~ne 

(O.lg., 6 %). The c rystals melted at 184° and i mmediately solidi

fied. The compound did not melt again below 260°. (Found: 
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C, 37.3 5 ; H, 1.97; Br, 38.48. requires c, · 37.50;cl3H8Br2N 202S 

H, 1. 92 ; Br, 3 8.46% ): \) 
max . 

1 690 , 14 90 , 13 80 , 137 5 , 10 31 , 805 

c m- l (s. ) ; 1 449 , 1425, 13 48 , 13 03 , 1292 , 123 4 , 1073, 940 , 852 

-1 
c m (m. ) • 

ii. From N-Aroyl-N '·- (p-Nitrophenyl ) -N' -Aryl_h ydrazines 

The cyclisat ions of N-aroyl-N ' - (p- nit rophenyl ) -N ' -aryl

hydrazines were effected under standardised conditions , which 

were as follows : 

'I'he hydrazine and sodium hydroxide in equivalent amounts were 

di ssolved in a mixture of dimethylformamide and triethylamine , 

and were boiled under reflux for 6 hours. The r eact ion solution 

was cooled and poured into excess 5% acetic acid solutj_on. Th e 

solid was filtered of f , washed well with water and dric:~d in 

~~cuo 9 With two except.ions the crude compound s were chr omato

gra phed (toluene ) and the fraction con taining the fluorescent 

product was collected. 

hydra z ~:c___ l§~ a ) 

Compound (64a ) (4.9lg ., 0.01 mole ), sodium hydroxide 

(0. 4g. , 0.01 mole ), _ dimethylformamide (25ml. ) and triethylamine 

( 5ml .) yielded 7 - b romo-4·- ( r · -nitroph~nyl ) -2-phe_ ny_!:.::.~I.:.benzo_[_~.lL_4} 

oxadiazine (l.2g., 29% ) as y e llow-orange needles , m.p. 221-2° , 

from benzene (Found : C, 54 .97; H, 2.90; N, 10.09. 

requires c, 55.61.; H, 2.93 ; N, 10.2 4% ): v 1 500, 1390, 1330,
max. 

http:2-phe_ny_!:.::.~I.:.benzo_[_~.lL
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- . -1
1 3 0 0 , 12 3 3 , 1118 , 8 5 8 , 6 9 0 cm (s . ) ; 15 9 0 , 117 7 , l 0 9 O , 1 O 7 2 , 

10 54 , 10 29 , 891, 822, 769 cm- l (rn. ). 

The e xperiment was repeated as above, e xcept that the 

reflu~ time was extended to 10 hours. The crude compound was 

fo und to be almost entirely oxadiazine (t.1.c. ) and two crystal

lisations from benz ene gave the oxadiazine (3 .3g. , 7 9% ) as o range 

needles , m.p. 220-2°. 

Cyc_lisa t:ion of N-benzoy l-N' - (p-ni trophenyl) -N ' - ( 4-bromo-2-~luoro-

pl!eny!j_!:_i_ydraZ:_ine (64e ) 

Compound (64e) (2. 15g. , 0.005 mole ), sodium hydrox ide 

(0 .2g. , 0.00 5 mole ), dimethylformam ide (25ml. ) and triethylami ne 

(Sml. ) yie lded 7- bromo -4-- (p - nitrophenyl)-2-phenyl - 4H-benzo 

[l ,3 , 4]oxadiazine (2.0g., 95 . 5 %) . The crude compound appeared 

to be pure oxadiazine (t . l.c. ) and o ne crysta llisat ion f rom 

benzene gave o range needles , m.p. and mixed m.p . 221-2° . 

Cyc_l-js~tion of N-p-methoxy_een~oy l ::_-- N' - (12_-:_~ i trophe£1:yl ) -N' - (2, 4

-c:l_~bromophenyl ) hydrazine (64b ) 

Compound ( 6 4b ) (l.3g. , 0.0025 mole ) sodium hydrox ide 

(O.lg., 0.0025 mole ), dimethylformarn ide (15ml. ) and triethyla

mine (5ml. ) yielde d 7-broJ._110-1_:J .P.::::.me thoxyphenyl ) -- '1- (p--ni trop~i__eny l_L:_ 

-'1 H-be_nzo[l ,3, 4]oxac1iazine (0 . 8g. , 61 %) as orange need l es , m.p. 

17 9-80° , f r om etha nol-ethyl acetat e (Found: C, 54.2 6 ; H, 3.35; 

Br , 18.48. c20 n14 BrN 3o4 requires C, 54.55 ; H, 3.18; Br , 18.18 %): 

1 r·8 r.: 15 0 0 , 13 4 0 , 12 97 , 12 69 , 12 31 , 1112 , 1 0 7 8 cm- 1 (s . ) ; \'max . ::; ::>' 
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1 5-1 

1 610 , 1 3~0 , 1 1 7 3 , 10 49 , 10 34 , 1 01 0, 889 , 852 , 843 , 820 , 7 54 cm 

(m . )'. 

Cycl i sat i on of N - :p-chlorobenzoy l-~ ' - ( p-nitrophenyl:l:_~ ' - ( 2 , 4-

- dibromophenyl) hydrazine (64c ) 

Compound (64c ) (2.6g. , 0.0 05 mole ), s odium hydroxide 

(0 .2g. , 0.0 05 mole ), dimethylformam ide (25ml .) and t riethy lamine 

(Sml. ) yielded 7-bromo- 2- (p-chlorophenyl ) -4- (p·- nitrophenxl ) -4.!!:_ 

-benzo [l, 3,4 ]oxadiaz~.!_1e (0 .8g. , 3 6 %) as yellow needles , m.p. 

2 67-8° , from benzene (Found : C, 51.29 ;· H, 2. 54 ; N, 9. 8 0 . 

c1 9J\1BrClN30 3 requires c, 51. 3 5 ; H, 2.48 ; N, 9 . 46% ) : \) . 
max. 

c m-l1 495 , 1 340 , 1 300 , 1 229 , 1 117 , 10 84 , 861 (s. ) i 1 602 , 1 505 , 

-11 495 , 1 390, 1176 , 1097 , 1 045 , lOJ.8 , 830 , 807 , 7 48 , 64 5 cm (m. ) . 

Compound (G4d) (1 . 2lg. , 0 .0025 mole ), sodium hydroxide 

( O. lg. , 0 . 0025 mole ), dimethylformamide (15ml. ) and triethylamine 

[ l , 3 , 4 J oxadiazine (0 .25g . , 2 5% ) as ycllm-.r-orangc prisms , m. p. 

21 7 ° , from toluene (Pound : C, 65.66 ; H, 4 . 14 ; N , 10. 31. 

c H N o requires c, 65.61 , H, 4.22 ; N, 10 .42% ): vmax. 1 71 0,
2 2 17 3 5 

-1
1 590 , 1 505 , 1332 , 1 287 , 1 265 , 1220 cm (s. ); 1 620 , 1 367 , J.188 , 

1 1 34 , 1111 , 1095 , 10 68, 1 043 , 1 026 , 895 , 855 , 838 , 1 78 , 7 65 , 755 , 

-1 
6 97 cm (m. ) . 
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I 

CycJisation of N- hen~oy l-N ' - ( p-nitrophenyl ) -N ' - ( 2-bromo-4-nitro~ 

pheny l) hydraz ine (64f ) 

Compound (64f ) (4. 57 g ., 0 . 01 mole ), sodium hydrox ide 

(0.4 g . , 0.01 mole ), d i me thy l formamide (25ml .) and trie thylamine 

(5ml .) y ielded 7-nitro - 4- (p-nitrophenyl-2-phe~1yl-4H :::-_ben zo [ l.!..]_,__4 ] 

oxadiazine (2.3g. , 6 2% ). The crude c ompound was crystal l ised 

wi thout c h r omatography from dime thylformam i de t a give red prisms , 

m. p. 288° (Found : C, 60.5 6 ; H, 3 . 31 ; N, 14 .7 3 . C1 9Hl2N405 

r e qu ire s C , 6 0 . 6 4 ; II , 3 . 1 9 ; N , 1 4 . 8 9 % ) : v 13 2 0 cm-· l ( s . , 
max. 

-1
br • ) ; 1 5 9 0 f 15 0 0 I 1 3 2 0 I 1 2 6 '.) f 1 2 3 6 f 1113 I 1 0 6 9 cm (s. ); 1 605 , 

--1 
1 3 8 5 , 117 8 , 10 2 4 , 9 4 0 , 8 5 8 , 812 , 7 6 9 , 7 41 , 6 9 3 , 6 5 7 cm (rn. ) : 

m.s . 376 (1"1+), 346 , 330 , 300 , 284 , 256 , 226 , 21 5 , 1 99 , 197 , 169 , 

1 54 , 1 53 , 1 41 , 1 26 , 103 , 76 . 

Reaction of 7-br orno·- 2- pheny_;_L-4II-benzo [ 1 , 3 , 4 ] oxadia ~-~. ne _witl2_ 

p- nitrofluor~benzene 

The oxadiazine (0 . 3g. ) 1 p-nitrofluoroben zene (0.14g. ), 

t r i ethylamine (5ml. ) and acetonitrile (15ml. ) were boiled tog e ther 

under reflux for four hours , cooled and the solven t was removed 

i n va cuo. The yellow solid was washed wi t h wa ter and dri~d. 

Crystall i sation f r om benzene g a ve 7- b romo- 4- (p - nitrophenyl ) - 2
0 

- phenyl-4H- be n zo [ l , 3 , 4 ] oxa6 iazine (0.24g. , 66%), m.p. and mixed 

m.p. 221-2°. 

http:oxadia~-~.ne
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iii. From N-B e nzoyl-N ' - (o -Nitrophcnyl ) -N ' - (2, 4-Dibromo

phenyl) Hydrazine 

N-Benzoyl-N'-(o-nitrophenyl) -N ' - (2, 4-dibromophenyl ) 

hydrazine (4 . 9lg., 0.01 mole ), sodium hydrox ide ( 0 . 4g ., 0.01 

mole), dimethylformamide ( 2_5ml. ) and triethy l am i ne (5ml. ) were 

boil ed under reflux for 6 hours , cooled and poured into 5 % 

acetic acid solution (500ml .). The red sol id was filtered o ff 

and d ried in vacuo. The . crude product (2.3 g. ) was chromatographed 

(benzene ) and the fraction containing the red fl uorescent product 

was collected. Crystallisation f J:·om ben zene-h exane gave 7 -bromo_:-_ 

--~_::J.~ni!_ro_12henyl}-2- - phenyl-4H-benzo [ 1, 3 , 4] oxad iaz ~n~ (l. lg. , 27 % ) 

a s red n eedles , m.p. 163 ° (Found: C, 5 5 . 49 ; H , 2.8 4 ; Br , 1 9.58. 

requir es C, 55.6 1 ; H, 2.~3; Br , 1 9.51 %): vmax .c1 9n12BrN 3o3 

1 5 7 5 I 15 3 0 ' 1 4 8 3 ' 1 3 6 5 ' 12 9 2 ' 1212., 10 6 9 I 7 7 2 I 
~ 

6 9 2 
-·l 

cm (s. ) i 

1 605 , 1450, 1 342 , 1177, 10 90, 10 50 , 1024 , 972, 925, 890 , 871, 

8 5 8 , 8 31 , 8 0 5 , 7 5 8 , 7 13 
- 1 

c m ( m • ) • 

Heact.ion of 7- bromo-2-pheny l-4 H-benzo [ J:. , 3, 4) o ::::ad.i az in~_'!_~- th 

o-ni trofluorobenzene 

The oxadiazine (0.3g.) o -nitrofluorobenzene (0 .14g. ), 

t riethylamine ( Sml. ) and aceto11itrile (15ml. ) were boiled u nder 

re f lux for 4 hours , cooled and the solvent was removed in vacuo. 

The red solid was washed with water and dried. Crystallisation 

f rom a toluene-hexane mixture gave 7-bromo-4- {o-nitrophenyl) - 2

- phenyl-4H-benzo [ l,3,4]oxadiazine (0.20g. , 66% } m.p. and mixed 

m.p. 1 62-3° . 
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phenyl)Hydraz in e 

N-Benzoyl-N ' -pentachlorophcnyl-N'- (2 , 4-dibromophenyl ) 

hydrazine (3.09g., 0 .005 mole ), sodium hydroxide ( 0.2g. , 0 .005 

mole ), dimethylformarnide (15rnl. ) and triethylamine (5ml. ) were 

boiled under reflux fo r 6 hours. The solution was cool ed, the 

y ellow solid filtered off , washed well with water and dried. 

The filtrate was poured into 5% acetic acid solution (800ml. ) . 

This produced a brown oily solid which was filter ed off and dried 

i n v acuo. The brown gum was chromatbgraphed (benzene ) and the 

fract ion containing the y e llow fluoresc e nt p roduct. was col,lected 

and evapora ted. This was combined with the yellow solid filtered 

ofi earlier and crystallis a tion from b enzene-hexane then 9-uve 

4 -~ (2 ,_!:-·dibrom9-_PhenyLL_:-~!..§__~~-tet:i:.~~ h~9ro-2-phenyJ-4H_:_benzo l!::~_'1_1.:_ 

o~adia~ine (l.Bg., 62 %) as yellow needles, m.p. 215 -· 6° (Found: 

C , 39.45; H, 1.45; N, 4.82. c 19H8Br cl N20 requires C , 39.1 8 ; 
2 4

H, 1.38 ; N, '1.81% ) : Molecular weight determination by measure

me~t of vapour p re ssure (benzene ) gave 577 ; Br cl N20c19H8 2 4

requi res 582; v 1473 , 1440 , 13 80 , 1317 , 1303, 105 9 , 1047,
max . 

1 025, 756m 687 cm-l (s. ) ; 1640 , 1575 , 12 4 0, 1.182, 10 85 , 1008 , 

9 07 , 869, 835 , 818, 792 , 767 , 
-1

648 cm (m.) . 

v . From N-Benzoyl-N'-(2,?,5 , 6-TetrafluorC?phenyl)Hy~ra-

zine 

2, 3,5 , 6-Tetrafluorophe nylhyd r azine 

Pentafluorobenzene (82.Sg. ) , hydrazine hydrate (100 %, 
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74ml .) and freshly d istil l ed d ioxan (350ml. ) were boiled under 

r eflux for 4 . 5 hours . The solvent was remov~d in vacuo below 

40° and water (2 5 0ml .) was added. Th e orange solid was filtered 

o ff and dried. The filtrat e was extracted with n-butanol and 

t he so l vent removed i n vacuo, to yield more p roduct . The com

bined crops (62. 7g. , 7 1% ) were crysta l lised f rom hexa ne t o give 

t he required product as biscuit coloured leaves~ m.p. 89-91° 

(l i t . 6 4 , 9 0-91 . 5° ). 

N-Benzoyl-N ~ --- ( 2 ,] _, 5, 6-tet.rafluorophenylj_bydraz ine 

Benzoyl chloride (2.Bg .) was added dro~1ise to a stirred 

s o l ution of 2, 3 , 5 , 6-tetrafluorophenylhydra zine (3.6g .) in a mix

t ure of dry ether (50ml. ) and dry triethylamine (5nl. ) at - 7 8° . 

After the addition was complete , the stirring was continued for 

a further two hours at --7 8° and t he mixture was then allo;.1ed to 

wanu to room temperature. The solvent was removed in vacuo 

and the white solid washed with ice-cold water. The p roduct 

was crystallised from aqueous methanol to give colourless 

needles , m.p. 17 6° , o f N-b~Ezoyl-· l\1 ' - ( 2 , 3 , 5 , 6--tetrafluo~_?Pher:i:y l ) -

hydrazine (4 . 2g. , 7 5% ) (Pound : C, 54 . 80-; H , 2 . 87; N , 9.83. 

- 1 
1 530, 1485 , 1175 , 946 , 696 cm ( s . ) ; 3 2 6 0 , 1580 , 1 380 , 1328 , 

-11 268 , 1100, 903 , 821 , 758, 7 17 c m (m. ) . 

\) 1645 ,
max . 
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6 90 

Attempted cyclisation o f N-benzoyl-N ' - ( 2 , 3,5 , 6-tetrafluoro

phen.yl ) hydrazine 

The hydrazine (l.Og .), dimethylformamide (20ml .), 

t riethylamine {2ml. ) and sodium hydro~ide {0.4g. ) were boiled 

under reflux for 4 hours , cooled and poured into 10% acetic acid 

solution (250ml. ) . A light y e llow gum separated , whic h c ontained 

a t l east 5 compounds, including starting material , but no 

f luorescent mater i a l (t.l.c .). 

phenyl ) hydrazine 

N-Ben zoyl-N ' - (2 , 3 , 5,6-tetrafluorophenyl ) hydrazine (lg. ), 

d imethylformamide (15ml. ), acetic anydridc (5ml. ) and triethyl

amine (5ml. ) were boiled together under r eflux for 4 hours , 

c ooled and poured into 10 % acetic acid solution (350ml. ) . The 

white solid was filtered off and dried. Crystallisation from 

hexane g ave 4-acetyl-2-phenyl-5 , 6,8-trifluoro-4H-benzo[l,3 , 4]--------- ---------- ·
oxadiazine ( 0 . 6g., 65 %) as colour l ess needles , m.p. 144-5°. 

865 , 770 , 739, 594 {m. ) : F 52.84 o (m. , FA ) , 

(Found: c , 58.62; H, 2.85. Cl5H9F3N202 requires c , 58.82 , H, 

2.94%): \) 
max . 

1700, 1505 , 1160 , 1360 , 1330, 1 2B9 , 1251, 1064 , 

-1 cm ( s . ) i 3065 , 1635 , 1445, 1179, 1148 , 1030,948 , 892 , 

-1 1 9 
cm n.m.r . 

55.16 0 (rn., FB ), 57.06 0 (m. , Fe ), JAB=22Hz ., JAC==l3H z . , 

J Bc= O, JAH=7Hz. , L'BJI= lOHz ., JcI-I";o 9H z . 

Remova l of the acetyl group was attempted as follows : 

The acetyloxadiazine (0 . 4g. ) , dime thylformamide ( lOml . ), 
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triethylarnine (2ml. ) and sodium hydroxide (0.2g. ) were boiled 

together under r ef lux for one hour , cooled and poured i nto 10% 

acetic acid solution . A d ark brown gum was obtained from which 

no solid could b e obtained by crystallisat ion. 

v. From N-Benzoyl-N ' -Phenyl Hydrazin~ 

N-Benzoyl -N ' - (2, 4-dinitrophenyl ) -N ' -phenylh)~draz iE~ 

N-Benzoyl-N~phenylhydrazine60 (4.24g., 0.02 mole ), 2,4

-dinitrofluorobenzene (3 .72g. , 0.0 2 mole ) and acetonitrile (35 

ml.) were stirred together at room t emperature . Triethylarnine 

·(5ml .) was added and the mixture was ~tirred for 2 hours. The 

solvent was removed i~ va<?~O and the resulting yellow soJ.id was 

washed with water before b e ing dried . The product was crystallise d 

f rom benzene (twice ) to give th e !'~_qu:!:_re'-d p_ro~~~~ (5. 8g. , 7 4 %·) as 

y ellm·.r needles, m.p. 159 - 60° (Found : C, 60 .31; H, 3.59; N , 1. '1. 7 4. 

requires C, 60.32; H, 3. 7 01 N, 14.82 %): Vmax. 1 660 ,c1 9H14 N4o5 
1160 5, 1635, 1385, 1 340 , 694 c m.:... ( s .); 3210, 1 490, 1260, 1145, 

10 6 9 , l 0 2 7 , 9 0 7 , 8 3 0 , 7 4 9 , 7 3 9 cm - l (w • ) • 

N-Benzoyl -N ' - (2 , 4-dinitrophenyl ) -N ' -phenylhydrazine 

(3. 78g. , 0 .01 mole ), dimethylformamide (25ml. ), sodium hydroxide 

(0 .4g. , 0.01 mole ) and triethylamine (Sml. ) were boiled under 

reflux for 4 hours, cooled and poured into 5 % acetic acid 

solut ion (SOOml. ) . The red solid was filtered off, washed with 

water, and dried in yacuo. Crysta llisation from benzene gave 
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2, 4-9ipheny l-7 - nitro-t!H-ben zo [ l , 3,4]oxadiazine (2.7g. , 82 %) as 

red needles , rn.p. 178-9° (Found: C, 68 .72; H, 3.85; N , 12.89. 

c H N o requires C, 68.89 ; H, 3.93 ; N, 1 2 .6 9% ): v 1 505,
19 13 3 3 max . 

-1
14 3 0 I 1 3 2 0 I 13 0 0 I 7 6 3 I 6 8 9 cm ( s • ) i 1 5 8 0 I 14 4 5 I 12 5 8 I 12 2 6 I 

I 
-1 

11 82 , 1021, 93 8 , 875 , 811 , 738, 651 . c m (m.): p.m.r., l OOMII z . , 

dmso, 7. 96-7.75 o {m., 4H), 7 .59""77.40 o (m. , 8II), 6.60 od 6 
+ .

(d., J = 9.5Hz ., lH ): mo S • 3 31 (M ) / 301 I 2 8 5 / l 9 8 I 170 / 15 5 / 

154, 128, 127, 103 , 77, 7 6 , 51 . 

N:-B~nzoy~-N ~3, 5 -di ~_i.._tro-2 -pyridyl )-N' --phe nylhydr azine_ 

60N-Ben zoyl-N' - phenylhydrazine ( 2 .12g., 0 . 01 mole ), 

2·-chloro-·3, 5-dini tropyr idine (2.03g. , 0.01 mol e ) and methanol 

{30ml. ) were stjrred together at room t emperatu re . Tr i ethylamine 

(5ml.) was added and the solution was stirred for 2 hours. The 

r eaction solution was pour e d into ice-cold water (500ml. ) con

t a ining acetic acid (20ml .), and the ¥ e l loJ soljd was filt ered 

o ff , washe d well with water and d ri ed in v acuo . The product 

wa s crystallised from toluene to give N- b enzoyl-·N_' .- (3, 5-~i_!2it~o-. 

-2 -pyridyl ) -N ' -_p_heny lhydrazine (2 . 7g. , 7 1 %) a s yellow nec~dles , 

rn.p. 231-- 2° (Found: C, 57.25 ; H, 3.26; N, 18. 43. c 1 8 H13N5o 5 

r equires C, 56.99; H, 3.43; N, 18. 47%) : "max . 1665, 1:>90, 1530, 

-1
1 340 , 1271 , 1142, 831 , 76 8, 7 28 , 62 4 cm (s. ); 3260, 1490, 

-11 470, 1 415, 13 90 , 1092, 10 31 , 933, 831, 802, 7 53 , 62 4 cm (m. ). 
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Cyclisation of N-benzoyl-N ' - (3, 5-dinitro-2-pyridyl ) -N ' -phenyl·----------------------·----- .:-------·---

hydrazine 

N-Benzoyl-N ' - (3 , 5-dinitro-2-pyridyl ) -N 1 -phenylhydrazine 

(3 . 80g. , 0.01 mole ), sodiwn hydroxide (0.4g. , 0.01 mole ), di

methylformamide (25ml. ) and triethylamine (5ml. ) were boiled 

under reflux for 4 hours , cool e d and poured into 5% acetic acid 

s olution (500ml. ) . The red solid was filtered o ff , washed well 

with water and dried in v acuo. Crystallisation from toluene 

g ave 2,4-d~phenyl- 7 -nitro-4H-pyrido [ 3,2 ] [ l , 3 , 4 ] oxadiazine (2 . 8g. 

85% ) as red matted needles , 180° (Found : C, 6 5 . 31 ; H , 3 . 6 0; 

N, 18.82 . requi res C, GS . 06; H, 3 . 61 ; N, 1 6.87 %: c1 8n12N4o3 

\!max. 1515 , 1 455, 14 4 0 , 1345, 1 308 , 7 46 , 690 c m-l ( s. ); 1 600, 

1 498 , 1 475 , 1385 , 1228 , 1157 , 1091 , 1050 , 1023 , 891 , 807 , 771, 

7 60 , 650 , 601 crn·- l (m. ) : rn:.~· 332 (M+ ), 302 , 287, 286 , 258, 

2 09 , 1 84 , 1 71 , 1 55 , 1 44 , 131 , 119 , 1 18 , 1 04 , 10 3 , 91 , 7 7 , 7 6 , 

7 5 , 7 4 . 

:_3-nitropyri?ine 

60The hydrazine (2 . 12g. , 0 .01 mole ), 2-chlor o-3-nitro

pyridine (l.59g. , 0.01 mole ), triethylamine (Sml. ) and aceto

n itrile (25ml. ) were boiled under reflux for 4 hours. No reaction 

was observed (t.l.c. ). 

Reaction in dimethylformamide with reflux times varying 

f rom 0. 5- 1 2 . 0 hours gave only dark gumrny materials with comp l ex 

t .l . c. characteristics and no fluoresc en t mater i a l. 
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~ttempted reaction of N-benzoyl-N '_-phenylhydraz ine with 2, 3

-dichlo~oquinoxaline in methanol 

. 60 (1 0 ) .Th e h y drazine . 6g. , 0 .005 mole , 2,3 -dichloro

quinoxaline (l.Og., 0.00 5 mol e ), triethylamine (20ml. ) and 

methano l (20ml. ) were boiled under reflux for one hour. No 

r eaction was observed (t .l .c .). 

Reaction of N-benzoyl-N ' -phenylhydrazine with 2,3-~ichloroquin-

oxaline in dirnethylformarnide 

N-Benzoyl-·N ' -phenylhydrazine 60 (2.12g. , 0.01 mole ), 

2,3-d ichloroquinoxaline (l . 99g., 0.01 mole ), tricthylamine 

( lOml.) and dimethylformamide (SOml .) were boiled under reflux 

for 12 .hours, cool~d and poured into 5% acetic acid solution 

(750ml.). The yellow solid was filtered off, wa shed well with 

water and d ried in v acuo . The crud e compound was chromatographed 

(toluene) and the fractio n containing_ the yel low fluorescent 

product was collected and evaporated. Crystalli sation from 

t o l uene gave 2 , 4-di.phenyl-4II-qui~~ox~Jin~l_?_!ll_fl:_~j] oxadiaz ine. 

(2.Bg., 82 %) as yellow needles, m.p. 241-2° (Found : . C , 7 4 . 4 3 ; 

H, 4.16; N, 16.58. requires C, 7 4 .5 6 ; H, 4.14 ; N, c21H14 N40 

-1
1 6 . 5 7 % ) : v 1 4 9 5 , 14 4: 8 , 13 8 O , 13 O 4 , 114 8 , 7 62 , 6 9 9 cm 

max. 
-1

(s. ) ; 13 3 2 , 12 8 0 , 12 2 9 , 1127 , l 0 7 0 , 10 21 , 8 8 3 cm (m. ) : m. s. 

338 (M+ ), 310, 261, 235, 219, 218, 207 , 206, 103, 91 , 77, 65, 

64 , 63. 
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IV PREPARATION OF THIADIAZINES 


i. From N-Thioaroyl - N' -Ace tyl-N '-Arylhydrazines 

Cyclis a tion of N-p-methoxythiobenzoyl-N ' ~acetyl N' - (2, 4-dibromo

phenyl)hydraz ine (7 2 ) 

Compound (72) (2.3g. , 0.005 mole ), triethylarnine (15rnl. ) 

and acetonitrile (15ml. ) were boiled under reflux for 2 hours , 

cooled and poured into 5% acetic acid so l ution (500ml.). The 

white g elat inous solid wa s filte red off , washed well with water 

and dried in v acuo. Crystallisation from a cetonitr il c gave 

4 -ace ~yl-7-l~Tomo-2:J.p-metho_x.yphenyl ) .: 4H-b~nzo [1, 3 &thia~i.az i.ne 

(l.7g., 90 %) as colourless matted needles , m. p. 1 99-200° (Found : 

C, 51.03; H, 3.4 4 ; Br ~ 21.21. c BrN o s requires c, 50.9 3 ; 16e13 2 2
- 1 

H , 3 . 4 5 ; Br / 21. 2 2 % ) : v 16 8 0 , . 16 0 5 , 14 6 5 , 13 6 7 , 1181 cm 
max . 

(s . ); 1585, 1510, 13 38 , 1310, 1211, 1030, 953, 86 4, 83 5 , 807 

c m 
-1 

(m. ): p.m . r. , 10 0 MHz. , CDC 1 3 , 7.8 8 and 6 .93 o {J\ B2q . , 
2

J == 8 . 7H z . ), 7.68 - 7.7 '1 o (m. , HI), 7. 44 o (d. , l H, J = 2.3Hz . ), 

7. 30 o (d. , lH, J::: 10.5Hz .), 1.73 o (s. , 3H), 0 .37 o (s ., 3H). 

!iY._0_rolysis of 4-acetyl-7-brorrio- 2- (p-methoxyphenyl )_:-·4TI-·benzo [1, 3, 4 ] -

th iadiazine 

The acetylthi a di az ine (3.77g. , 0.01 mo l e ), ethano l (100 

ml.) and hydrochlo ric acid (d 1.18, 50ml .) were boiled under 

reflux fo r 2 hours , coole d and poured i nto wa ter (7 50ml. ) . The 

green solid was filtered off and d ried. Cr y stallisat i on fr om 

hexane-toluene g ave 7-bromo-2- (p-methoxyphenyl) -4 H- benzo [ l,3,4]

http:thia~i.az
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thiadiazine (l.4g. , 42%) as yellow plates, m.p. 157° (Found: 

c, 50.39; H, 3.29. c n BrN os requires C, 50.15; H, 3.2 8% ):1 4 11 2
. -1

J.600, 1505, 1450, 1380 , 1246, 1180 , 1032, 838, 811 cm \lmax. 

(s. ); 3360, 1570, 1 480 , 1410 , 1313, 1284, 1 274 , 957, 878, 820, 

689, 650, 620 cm - 1 (m. ) : p. m.r. , lOOMHz. , CDC1 
3 

, 7.7 8 and 6.89 6 

(A B q., J = 8.7Hz. ), 7.63 6 (s. , N-H), 7.27- 7.15 6 (m. , 2H),
2 2

6 .56 6 (d., l H, J = 9.0Hz. ) , 1.70 6 (s. , 3H). 

£12.~n_y....:U h¥_dr_~~ in:..~71) 

Compound (71 ) (4.62g. , 0.01.mole), triethylam:Lne (15ml. ) 

and acetonitrile (1.5ml. ) were boiled under reflux for 2 hours, 

c ooled and poured into 5% acetic acid solution (500ml . ) . The 

y ellow solid was filtered off and dried. The product could not 

be obtained in a pure c ondit ion (t.l.c. ) either by colwnn 

chromatography or c rystallisation. A yellow impurity, which 

appeared to be a decompo sition p roduct , was always present . 

Crystallisation from either ethanol-ethyl acetate or h exane

toluene gave 4-acetvl - 7-J3romo- 2··· (p-chlorophenyl ) -4H-benzo [ l , 3, 4] 
--~----------------------------------·-----

thiadiazine (2.5g., 66%} as a p ale yellow amorphous solid, m.p. 

176-- 9° (Found: C, 47.24; H, 2.58; N , 7 .34. c15n10BrClN2os 

r equires c, 47.24; H, 2.63; N, 7.35 %): v 
max . 

1 685, 1470, 1367, 

13 3 2 I 10 9 3 ' 9 5 7 
- 1 

cm ( s . ) ; 15 9 5 I 14 8 5 I 14 7 0 , 1 4 0 0 , 12 6 5 , 12 5 0 I 

-1 
1210, 1015, 911, 832, 812, 79 0 , 741 c m (m. ). 

http:7.27-7.15
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!_!ydrolys is of 4- cetyl-7-bromo--2- (p-chlorophenyl ) -4H-benzo [ l, 3...L4 l: 

thiadiazine 

The acetylthiadiazine (l. 9g., 0.005 mole ), ethanol 

(2 5ml. ) and hydrochlor ic acid (25ml . ) were boiled under reflux 

fo r 2 	 hours. On cooling light green needles, m.p. 1 45-7° were 

deposited which needed no further purification and the product 

was ide ntified as 7 -bromo-2~ ( p-chlorophenyl )-4H-benzo [l,3, 4 ] -

th iadiazine (0.8g., 48%) (Found : C, 46.63 ; H, 2.46; N, 8.54. 

c1 3H8BrClN2s requires C, 46.02 ; H, 2.36 ; N, 8.26 %): vmax. 1455, 

-1 . 	 .
1 3 8 5 , 1271. I 1. 0 9 8 I 8 2 7 cm (s . ) ; 14 9 0 , 12 41 I .l 0 3 6 I 1 0 2 9 I 9 7 0 ' 

-1 +
8 83, 870, 802, 701 cm (m. ): m~. 3 38 {M ) , 306 , 259, 201 , 

174, 15 5 , 137, 12 2 , 111, 102, 95, 78 , 69. 

ii . From ~2.:o:- {p--Ni trothiophenoxy )Ary~ide!1e-_!:J ' -Arylhy~.2:._a-

zines 

~clisat~_on of N-~,-jp- n~.!:.~~thiophenoxy ) -p-methox ybenzylidene-N' ·

:-J~_,_'!_::_~i~E_omo2he~yl }J:_yd_raz ine {8lc. ) 

Compound {8la ) {2g .}, ethanol {20ml. ) and triethyl amine 

(20ml. ) were boiled under reflux for 2 hours , cooled and the 

solution was concentrated in vacuo. The orange solid was fil 

tered 	of f , wa shed well with water and dried. Crystallisation 

from benzene afforded 7-b romo-2- { p-methoxyphe~ylJ.~- (p--nit. ro

phenyl )-4H-benzo[l,3,4]thiadiazine (l.2g. , 74 %) as o range prisms, 

m.p. 	 217 ° (dee .) (Found : c, 52.54; H, 2.97; Br , 17.65. 

BrN3o3s requires C, 52.53; H, 3.07; Br, 17.54%): vc20 H1 4 max. 

1 5 9 5 , 15 0 0 I l 3 2 4 , 12 5 0 , 1115 r 8 3 2 c m - l (s • ) ; 1 4 6 5 I 13 5 0 I 12 0 5 I 

http:7-bromo-2-{p-methoxyphe~ylJ.~-(p--nit.ro
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-1 
117 4 , 10 35, 967 I 901, 852, 777 I 7 51 cm (m. ) • 

Cyclisation of N-a-(p-nitrothiophenoxy ) -p-chlorobenzylidene

-N '-( 2 ,4 -dibromophenyl)hydrazine (8lb) 

Compound (8lb ) (2g .), ethanol (20ml. ) and triethylamine 

(20ml. ) were boiled under reflux for 2 hours , cooled and the 

solution was concent~ated in vacuo. The yellow-orange solid was 

fil tered off, washe d well with water and d ried. Crystal lisation 

from benzene gave 7-bromo-2- (p-chlorophenyl ) -4- (p -n_i trophenyl )- ~_ 

:4H-benzo [ ~~!L'c:.~.;iadiazine (0. 7g. , 4 0 %) as yellow···o range needles, 

m.p. 253-4° (dee. ) (Found: c, 49 . 47 ; H, 2. 4l i N, 8.96. 

c19H11BrClN3o2 s requires c, 49.57; H, 2.39; N, 9.13 %): vmax. 
-116 98 , 1515, 1345, 1317 , 698 cm (s. ) ; 1498, 1 470 , 1263, 1 204 , 

-·1 
1116 , 10 98 , 1035 , 968, 856, 833, 80 9 , 7 56 cm (m. ) • 

C Jl:clis~~ion of N-a- (p-·ni i.:J:-othiophenoxy ) -:5-bromo-· 2·-thienyli.dene

--N ' _:J 2 , ~_-dibrornophenyl)hydra :d. ne ( 82 ) 

Compound ( 82) (l. Sg. ), ethanol (15ml. ) and triethylamine 

(15ml.) were boiled under reflux for 4 hours, cooled and the 

o range solid was filte red off. The product was washed with water 

and, after drying , was c rystalli sed from benzene- h exane to give 

7-bromo-2- (5-bromo- 2-thieny l) - 4- (p-nitrophenyl ) -4H-benzo [l,3, 4 ] 

thiadiazine (O. Bg. , 6 4% ) as orange-brown p risms , m.p. 213° 

requires C, 38.92; H, 1.76; Br , 31.31; S, 12.52%): v 1315,max. 
-1 18 54 cm (s. , br. ) ; 158 0 , 14 9 2 , 14 6 3 , 1110 cm (s. , ) ; 1 4 28 , 12 6 2 , 

http:dibrornophenyl)hydra:d.ne
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. -1
123 8 , 1205, 117 4 , 10 40 , 974, 941 , 810 , 790, 77 9 , 7 49 , 692 cm 

(m. )·. 

~ttempted cyclis at ion of N-a- (p-nitrothiophenoxy ) benzylidene-N ' -· 

-(2 -bromophenyl ) hydrazine (Blc ) 

Compound (Blc ) {0 .5g. ), ethanol (5ml .) and t riethylamine 

(5ml. ) were boiled under reflux for 2 hours. The solvent was 

r emoved in vacuo to yield a yellow gummy material which con-

t ained (t.l.c .) at least 4 compounds , none of which were starting 

material or were fluorescent. All a~tempts at crystallisation 

were uns uccessful . 

Reac_tio!.1 of ( 59) with ' p-n~trothl:~phe1:_ol and cycl isation of the 

)2!.'0duci:_ 

Th e hydrazidic b romide (3.lOg. ) , p-nitrothiophenol (1.2g.) 

and ethano l (25ml. ) were stirred together at room temperature. 

Triethylamine (lml. ) was added and the solution was stirred for 

2 hours. The yellow solid was filtered off , washed wel l with 

water and dried. 

Without further characterisation the above product (lg. ) 

was dis solved in a warm mixture of etha nol ( lOml . ) and triethyl~-

mine (lOml. ) and the solution was boiled under reflux for 4 hours. 

The solution was concentrated , the red solid was filtered off , 

washed well ith water and dried in vacuo. The product was 

t r i turated with boiling acetone and benzene and then crystallised 

f rom dioxan to give 7-nit:ro-4- (p-nitropheny l ) -2-phenyl-4H-benzo
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[ l,3,4]thiadiazine (0.37g., 45 % b ased on the hydrazidic bromide ) 

as r e d pri sms , m.p. 274° (d ee . ) {Found: C, 58.6; H, 3.1; N, 14.0. 

requires C, 58.2; H, 3 .1 i N, 1 4.3% ): 138 5 , Cl9Hl2N404S vmax . 

- 113 48 , 1315, 1257, 1113, 744 c m ( s . ) i 15.9 5 t 1572, 1510, 1 460 , 

- 1 
1203, 117 4 , 11 48 , 1128, 1027 , 968, 917, 852, 760, 688 c m (m. ) . 

iii. From Hydrazidic Thioethers Der ived From Heterocyclic 

Th i ols 

~yclisation of N- a.- (5-n i t~o- 2 -z:1ercaptopyridyl ) benz_y l idene-N' -

- (~-Li~-dibromopJ_:ieny l) hydr~~ne_ 

The hydraz ine (2g., 0.005 mo le ), ethanol ( lOml .) and 

triethylamine (l Oml. ) were bo iled under r ef lux fo r 2 hours , 

coo led and the yellow 'solid was filt eYed off. After washing 

with water , d rying and crystallisation. f rom b enzene .7-· brom~:_i:. 

.:.J.2.:_ni t 1~ 0 - 2 -:_r_yric1¥. l) ·- 2-phe~yl-4H-benzo [1, 3, 4 ] th~<:.d i azi_~~- (1. 3lg., 

79 %) was obta ined as yellow needle s , m.p. 223° (Found: C, 50.8 ; 

H, 2.8; N, 12.9. C1 sH11BrN402S ~equires c, 50.5; H, 2.6; N, 

1 3.1% ): 1 590 , 1455 , 1 400, 1320, 128 0, 1115, 850, 800,vmax. 

7 S7 c m-l (s. ) ; 1500, 1 4 25, 1250, 119S , 1145, 1048, 99 8 , 965, 

-1
913 , 85 8 , 830 , 78 4 , 692, 678 c m (m. ) • 

~yclisation of ~-ex- (2 -mercaptoquinoxa ~_yl. ) ben.zylidene-N ' - (2 , 4

-dibromo_phenyl u-iy~.i;-~ z i_ne 

The h ydrazine (2.57g., 0.00 5 mole ), etha nol (20ml. ) and 

t r i ethylamine (20ml . ) were boiled u nder reflux for 2 hours . The 

solution wa s cooled and poured i nto 5% acetic acid solution 
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(7 00ml. ). The p r oduct was filtered o ff , washed we ll with water 

and dried in vacuo . Crystallisation f rom benzene gave 7-br omo

-2-phenyl-4- (2-quinoxalyl ) -4H-benzo [l,3, 4Jthiad i azine (2.03g., 

94% ) as ye llow needles , m.p. 211-2° (Found: c, 58.05; H, 2.92; 

Br , 18.66. c 21 H13BrN4s requires C, 58.20; H, 3 .00; Br , 18. 48% ) :. 

vmax. 1560, 1480, 1 420 , 13 85 , 135 2 , 12 41 , 1197, 114 2 , 987 , 955, 
. -1

7 5 9 , 68 9 cm (s . ) ; 15 5 O , 1 4 4 5 , 	 1312 , 12 9 0 , 12 68 _, 1137 , 1 O 9 6 , 

- 1 
1O7 4 , 8 0 3 , 7 2 8 , 7 0 3 , 6 0 5 , 5 8 9 cm (m. ) 

~ycljsatio~. of N a- ( 4-methyl-2-~er_cap!:~qU~_!?-_olyl ) eenZ:J.lidene-N '_:_ 

- (2 J 4·-_9ibromo12_henyl )hydraz~ne 

The hydrazine (2g. ), ethano l (lOml . ) and triethylamine 

(lOml. ) were boiled under reflux for 2 hours . On filtration a 

b rown solid was isolated, which after being washed with water was 

dried i n v acuo . The product was chromatographed (chloroform ) 

and the fraction containing thP ye l low fluo rescent product was 

collected and evaporated. Crys -allisation from benzene ga re 

7- b romo·-4-· ( 4 ···methyl-2-quin<?_l_yl ) - 2-phenyl-4H-ben zo [1, 3, 4 ] _~hiadia-· 

z ine (O ./.g., 1 6% ) as yellow needles , rn.p. 20 4° (Found C, 61.6; 

59.0; H, 4 • 2 I 3. 6 i Br , 17. 8 , 18.0; N, 8. 5. c2 3n15Er1 3s requires 

c, 61.7; H, 3. 6 i Br, 17.8; N, 9.1 %): v 160 0 , 1460, 1380,
max. 

-1
7 56, 681 cm ( s . ) i .13 55 , 1260, 1142, 1178, 1137 , 10 92 , 10 29 , 

-1
980, 937, 852, 800, '/ 25, 632 , 58 0 , 561 cm (Hl. ) : m·. s. 

447/445 (M+ ) I 348 , 31 5 , 284, 283, 278 , 263, 223 , 177/175 , 

1 76 / 174 , 159, 149, 142 , 140, 130, 115 , 103, 89, 79. 
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Attempted cycli_sati_9E o~ N-a- (2-rnercaptopyridyl) benzylidene- N' 

- (2 , 4-dibrornophenyl ) hydraz ine 

The h ydrazine (2g . ) , e thano l (15ml . ) and t :ciethyl amine 

( l ~nl .) were boiled under reflux f or 2 hours . The mixture was 

c ooled and poured i nto water (SOOml . ) . A wh ite solid was preci

pitated which was c ollected and dried in vacuo . Cr ystallisation 

f rom hexane-toluene gave starting mater i a l (t. l.c. ) , m.p . 1 29° . · 

Attempte d cycl_isation of N-a- ( l-_phenyl- 5-mercapto-lH-tetrazolyl ) -· 

b '=_nzy l:i d enc -· N ' - (2, 4-dibr omopheny l ) hydr~z ine 

The hydrazine {2g. ) , ethanol (20ml. ) and t riethylamine 

(l Oml. ) were boiled under reflux for 5 minutes. There was no 

c hange (t . l.c. ) . The solution was boiled under reflux for a 

furthe r 2 hours. The solvent was removed in v acuo and a dark 

b rown ~ticky s o lid remaine d , which contained at l east 6 com

ponents (t.l.c. ) . All attempts to obtain a so l id product were 

unsuccessful. 

Atterrmted cyclisat ion of N-a- ( 4 , 6- dimethyl ·-2 merc aptopyr i'Cnidyl ) 
__-.:..:.:r.. ·- -----------------·-------·

ben_.?:..ylidene-l':;T' - (2, 4 ·-dibromopheny~draz ine 

The h ydrazine (lg. ), ethanol ( lOml. ) and triethylamine 

(l Oml. ) were boiled under reflux for 2 hours. After 0 .5 hours 

t he starting ma t er ial h ad b een conver ted to N-thi.obenzoyl-N ' ~ 

- ( 4 , 6-dime~hyl-2-pyrimidyl ) -N' - { 2 , 4-dibromophenyl ) hydrazine 

(t.1.c. ) . After 2 hour s the solvent was r emo ved in v acuo and the 

g reen solid which remained consiste d mainly of the thiohydraz ide , 
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together with at least 3 other products (t.l.c. ) . All attempts 

to separate the new products from the thiohydrazide were unsuc

c essful . 

Reaction of 7-bromo-2-phenyl-4H- benzo [ l ,3, 4Jthiadiazine with 

2-chloroquinoxaline 

The thiadiazine (l.02g. ), 2-chloroquinoxaline5 4 (0.54g. }, 

acetonitrile (20ml. ) and triethylamine (3ml. } were boiled under 

reflux for 4 hours. The solvent wa s removed i~ va·~:uo, the yellow 

solid washed well with water and dried. Crystal lisation from 

~enzene g a ve 7-bromo- 2-phenyl-4- ( 2-quinoxnlyl ) -4H- benzo[l,3 , 4]

thiadiazine (0.9g., 62%) as y e llow needles, m.p . and mixed m.p. 

211-2° , j.ct c ntjca l (t. l.c . ) with the samp le prepared previously. 

2-chlor o-5-nitr opyr idine 

The thiadiazine (1. 02g ·. ) and 2-chloro--5-ni tropyridine57 

(0 .53g. } were treated as above. Crystallisation from benzene 

g ave 7-bromo-4- ( 5-nitro-2-pyridyl }-2-phenyl- 4II- benzo f l , 3,4J

thiadiazine (l.lg., 7 6%) as yellow n eedles , m.p. and mixed m. p. 

223° , identical (t.l.c. ) with the sample p repared previously. 

Attempte~ reaction of 7 -bromo-2-phenyl-4H-benzo [ l,3,4]thiadiazin~ 

with (a ) 2-chloro-4, 6-dimethylpyr im.idine and (b} 2-chloropyridine 

a. The thiadiazine (O.Slg. ) and 2-chloro- 4,6-dimethylpyrim~

d ine 63 (0 .28g. ) were treated in the usua l way. There was no 
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r eactjon (t.l.c.). 

58b. The thiadiazine (l.02g. ) and 2-chloropyridine (0 .38g .) 

were treated in the usua l way. There was no reaction (t.l.c. ). 

iv. From N-Thiobenzoyl - N ' - (2,3,5,6-Tetrafluor ophenyl ) 

Hydrazine 

N-Thiobenzoyl-N ' - ( 2,3,5,6-tetrafluorophenyl ) hydraz in~ 

Carboxymethyldithiobenzoate43 (21.2g. , 0.1 mole ) was 

di ssolved in potas s ium hydrox ide solution (lN, lOOml. ) and the 

pH was fo und to b e 10. 2,3,5,6-Tetrafluorophenyhydraz ine (18 g. , 

0. 1 mole) was added por tionwise to the stirred solution during 

1 0 minutes and pota ssium hydr ox ide solut ion ( lN) wa s adde d from 

time to time to keep the pH at 10. The solution was then heated 

on a steam-b a th to 70 ° and was allowed to cool to room t empera

ture during one hour. Dilute acetic acid was addC:~d until the pH 

r eached 6. The yellow solid was collected , washed well with 

water an d d r i ed in v acuo. Crystaliisation from hexane g ave the 

r equired product (17.lg., S7%) as long yellow needles, m.p. 

90 -2° (Found: c, 51. 97 i H, 2.68; N, 9. 28. Cl3H8F'4 N2S requir es 

c, 52.00; H, 2.67; N, 9.33%) : \J max. 3230, 1530, 1510, 1482, 

1 460, 1176, 985, 756, 692 
·-1 

c rn (s. ) ; 16 48 , 1370, 1257 , 12-10, 

10 6 8 , 10 3 2 , 10 0 2 , 919 , 8 2 3 , 7 3 7 , 715 , 7 0 5 cm - l (rn. ) : p. m. r. , 

CDCl. 3 , 9.35 cS (s ., b r. , N-H)," 7.92 cS (s. , b r ., N-H ), 7.81 -7 .61 cS 

(m., 2H), 7.50-7.18 6 (m. , 3H), 7.00-6.25 cS (m., lH). 

http:7.00-6.25
http:7.50-7.18
http:7.81-7.61
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React.ion of N-thiobenzoyl-_N' - (2, 3, 5_, 6-tetrafluorophenyl) hydra

\) 1710,max. 

zine with acetic anhydride in triethyiamin~ 

The thiohydrazide (3. 0g., 0.01 mole ), tri ethylamine 

(20ml .) and acetic anhydride (20ml. ) were boiled under reflux 

fo r 2 hours , cooled and poured into water (SO Oml. ). The product 

was filtered off, washed with water and dried in v acuo. Crystal 

lisation from etha nol o r hex ane gave 4-acetyl-2-phenyl-5~ 8·

t rifluor o-4H-benzo [l,3, 4) thiadiazine (3.lg. , 91 %) as buff

coloured needles , m.p. 127-8° (Found : C, 5605 ; H, 2. 84 ; F , 17.68. 

-1
14 9 2 I l 4 6 5 , 13 8 2 I l 3 6 2 f 13 0 5 I 12 3 0 I 9 51 , 8 7 9 I 7 6 2 I 6 8 7 cm . ( s . ) ; 

3040, 16 20 , 15 60, 12 55 , 1189, 1168 , 11 37 , 1075, 1059, 1033, 
. -1 

1 003, 978, 8?5, 722; 696 cm (m. ) : p.m.r. , CD.Cl , 8.13-7.92 o 
·-· --- . 3 

(rn ., 2H), 7 .62-7 .43 o (rn., 3II), 7.3 3-6. 77 o (m. , J. H), 2.50 6 


1 9
(s. ,3H): F n . m.~_., 54.08 o· (rn. , FA ), 50.9 2 cS (m. , FB ), 36.28 

(m. , Fe ), JAB::: 20Hz. , JAc== 13Hz. , ,JBC:::: 2Hz ., '"'AH= 6Hz., 

Jen= 9 .5Hz., Jee= 8.0Hz. 

!1ydro'!:_ysis of 4-acet~_:_phenyl·-:2_, 6, 8-trifluoro·-41~ ·-r~enz~_[ 1, 3, 4 ].::. 

t hiadiazine 

The acetylthiadiazine (2g. ), etha nol (30ml .) and hydr o

c hloric acid (~ 1.18, 20ml. ) were boiled under reflux for one 

hour . The solution wa s cooled and the solid filter ed off. 

Crystallis a tion from ethanol afforded 2-ph~nyl - 5,6,8 - trifluo ro

-4 H- benzo [ l,3 ,4]thiadi az ine (l.4g. , 80 %) as long yellow needles, 

http:7.62-7.43
http:8.13-7.92
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C, 5 5 .7 1 ~ H, 2. 5 0% ): v 33 00 , 1S 02 , 1 440 , 12 2 9, 10 88 , 961 , 
max . 

815 I . 7 5 6m 6 8 2 cm- l (s . ) ; 1 6 3 0 I l 4 5 2 I l 3 8 0 I l 2 6 0 I 11 5 3 I 10 6 2 , 

1O 3 O, 911 , 8 8 5 , 7 9 7 , 719 , 6 6 9 , 6 5 2 
-1 

c m {m. ) : 
19

F n. m. r . , 

82.25 0 {m., FA ), 54.2 7 0 {rn ., FB ), 3 6 . 54 {m. , Pc), J AB= 21 Hz. , 

JAc=l3 Hz ., J Bc= 2.SHz. , J AH= 6Hz. , JB H= lO Hz. , JcH= 8.5Hz. , 

JC ,NH= l Hz. , J A , NH= 3Hz . 

Reaction o f N-thiobenzoyl-N '·- { 2 ,3, 5,6-tetrafluoropheny~ ) hydrazi~e 

with triethylamine 

The thiohydrazide {2g .), triethylamine (15ml. ) and 

e thanol {15ml .) were boiled under reflux for 5 hours . Th~ 

s o l vent w2.s removed ~-~ yacuo_, the solid was washed well with 

water , and dried. Crystallisation from benzene-h exane gave the 

1:1 adduct as buff-coloured needles , m.p . 1 06-8° (Found: 

-1 
H , 5 .7 4 ; N , 10.47% ): vmax . 1 650, 1520 , 1 385 , 1163, 949 , 77 1 cm 

{s. ); 2565, 2460 , 1480, 1305 , 1 L38 , 1131 , 10 31 , 926 , 7 83 , 698 , 

679 c m-l (m.): p . m.r ., CDC1 3 , 9.6'1 o (s. , b r ., 2N- H), 8.24-· 

8.00 c5 {m. , 2H), 7. 41-7.1 7 o {m. , 3H ), 6 . 7 5-6.1 0 o (m. , l H), 

2 . 7 2 o (q. , 6H), 1 . 0 5 o ( t ., 9 H). 

Action o f the acid on the 1: 1 adduct 

The 1: 1 adduct (lg. ), ethanol (lOm l . ) and hydrochloric 

a cid (d 1. 18 , 1 0, ll. ) were boiled under reflux for 0 . 5 hours , 

c ooled and poured into water (150ml. ). The yellow ~olid was 

filtered off , washed with water and dried . Crystallisation from 

http:7.41-7.17
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h exane gave N-thiobenzoyl-N ' - (2 , 3 , 5 , 6-tetrafluor ophenyl ) hydra

z ine ( 0 . 4g. ) as yellow needles , m.p. and mixed m.p. 9 0-1° . The 

p roduct was further characterised by its i. r . spectrum , wh ich 

was identical with that of the thiohydrazide. 

v. From N-Thiobenzoy l-N ' -Phenylhydrazine 

N-Thiobenzoyl-N ' -phenylhydrazine 

43Carboxymethyldithiobenzoate (1 0 .6g. , 0 .05 mole ) was 

d issolved in potas sium· hydroxide solution (lN , 7 5ml .) and the pH 

was found to be 10. Phenylh~drazine (5 . 4g. , 0 . 0 5 mole ) was 

added portionwise to the s~irred solution dur ing 1 0 minutes , 

and during this time the pH was kept at 10 by the addition of 

potassium hyd r ox ide solution (lN). When all the phenylhydraz ine 

h ad been added , the solution was \'larrned to 7 0° and then left to 

c ool at room temperature during o ne hour. Acetic acid was 

added until the pH was 6 , the yellow solid was filtered off , 

washe d well with water and d r i ed in v acuo. Crystallisation 

f rom hexane-benzene g ave the required p r oduct (6.7g. , 59% ) as 

65 yellow needles , m.p. 87-9° (lit. dimorphous solid, m.p. 69.5

70 ° and 90 - 91° ): v 1 600 , 1448, 1380 , 1260, 1155, 855 , 751, 
max. 

7 2 5 , 6 8 9 cm- l ( s . ) ; 1 5 2 0 I 14 9 0 I 14 8 5 , 13 5 5 I 1 31 0 I 12 3 0 , .1 18 0 , 

·-1 
1078 , 1030, 966 , 928 , 886, 842 , 7 71 , 656 cm (rn. ): the i. r. 

s pectrum of the lower melting fo :crn wa s.identical. 

Reaction of N-thiobenzoy~-N 1 -phenylhydrazine with 2,4-dinitro
: 

fluo robcnzene 
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The hydrazine (2 . 2Bg ., 0.01 mole ), 2, 4-dinitrofluoro

benzene (l .86g., 0.01 mole ) and acetonitrile (30ml .) were stirred 

together at 0 ° . Triethylamine (Sml .) was added and the solution 

was stirred for ten minutes at 0 ° before being poured into ice-

water ( 500ml. ) containing acetic acid (20ml. ) The yellow solid 

(X ) was filtered off , washe d well with water and dried i n vacuo. 

The yield was 3.7g . consisting of a yel low major product and a 

y e l low fluorescent minor product (t.l.c. ) . Vu-x 1600, 1530,
1 a • 

1 38 0, 134 0, 1264 , 10 51., 692 cm- l ( s .); 14 85 , 1445, 1310, 117 5 , 
-1 

1 15 8 , 1141 , 10 9 8 , l 07 8 , 951 , 9 2 2 , 8 3 7 , 7 5 8 , 7 4 9 c m {m. ) ; 
- 1 

3 280 cm (w. ) . 

The product (X ) was divided into three portions and 

t reated as follows: 

a . The product (X ) (1. 99. ), ethanol (15ml. ) and triethyla·

~ine {15ml. ) were boiled u nder reflux for 0 .5 hours, cooled and 

the ~~olvent was evaporated _in v~c;:uo . The red solid was washed 

well with water and crystallised from dimethylformam ide to give 

2, 4-d-1:_p_!~'=?Yl-7 -nj. tro-4 H-benzo [ 1 , 3 .! 4] thi adiaz ine (1. 4g. , 8 2 % 

b ased on the thiohydrazide ) as red n eedles , m.p. 1 58-9° (Found: 

c, 65 .49 ; H, 3 . 73; N, 11.90. c n N o s requires c , 65. 71;
19 13 3 2

H, 3.7 5 ; N, 12.10 %): V 1 490 , 139 0 , 1340, 1 314 , 1300, 1259,
ma.x . 

- 1 
11 47 , 1130, 769, 7 57 , 7 39 , 687 cm (s .); 1 580 , 1515 , 1199, 

1 171, 1042, 922, 88 4 , 820, 717 , 698 , 619, 578 cm-l (rn. ): 

p. m.r. , 100 MHz ., dmso, 8 .14 o (d. , lH , J =--= 2. 4Hz. ) , 8.01 6d 6 

(q., lH, JORTHO= 8.7Hz. , JMETA= 2. 4Hz. ), 7 .95-7. 84 6 (m. , 2H) , 

7.6 4 7.32 o (m . , 8H), 6.7 1 o (d., l H, J = 8.7Hz. ). 
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b . The product (X) (lg. ) was dissolved in acetic acid (25ml. ) 

and hydrogen perox ide solution (6%, lOml. ) was added. · The 

s olution was boiled under reflux for 0.5 hours. There was no 

reaction (t.l.c. ) . 

c . The product (X) ( lg! ) was dissolved in chloroform (30ml. ) 

and a solution of potassium ferricyanide (4g .) and sodium bicar

bonate (4g. ) in water ( lOOml. ) was added to fo rm a t wo-phas e 

system. The mixture was stirred at room temperature for one hour 

and the chloroform layer was separated. The only product was 

2 ,4-diphenyl-7-nitro-4II-benzo[l,3,4]thiadiaz ine (t.l.c. ) . 

he tl1iec.c1ia:.:; ii1e (0. 7g. ) \vas dissolved in a warm mixture 

o f acetic acid (30ml. ) and hydrogen peroxide s o lution (6%, 


lOml. ) and the solution was boiled under reflux for 15 minutes. 


Water (lOml. ) was added and the solution was allowed to cool. 


The yellow solid was filtered off, washed well with water and 


dried in vacuo. Crystallisat ion from ethanol-ethyl acetate gave 


!_, l __!1-_~. oxo-2, 4--d~pheny1-7-nitro-4 I-I-benz~ [1, 3 , 4] thia~~.9 ·z_!!~~ ( 0. Sg. , 


-6 9%) 	 as yellow needles, m.p. 202 -4 ° , going blac k at ca. 195° 

C, 60.16; H, 3.43; N, 11.08 %) : v 1520, 1 4 70, 13 40 , 1309 ,max. 

1295, 1159, 1116, 768, 697, 530 r•m-1 (s. ) i 1600 , 1580 , J..195,vi 

1 380, 	1261, 1245 , 9 8 '1 , 934 f 916, 890, 823, 7 86 , 743, 689, 611 

-1530 cm (m. ) : p.m.r., 100 MHz., d6 dmso, 8.75 0 (d • I lH , 

J - 2. 5Hz) , 8.37 0 (q. , lH, 9.5Hz. , T - 2. 5IIz. ) , JORTHO= UJvlETA
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7.9 9-7.85 o {m. , 2H), 7.7 9- 7.4 9 o {m., BH), 7.0 8 o (d ., lH, 

J ,.. ~. 5Hz. ) : m. s. 3 7 9 +(M } , 315, 2 6 9 , 2 6 8 , 19 2 , 18 2 , 16 6 , 

15 4 , 140, 1 39 , 103, 89, 77, 63, 51. 

vi. From 1, 5, -D-iphenyl thioca_rbazone (Di thizone) 

React ion of dithizone \Jith 2 ,4·-dinitrofluorobenzene at room 

temperature 

Dithizone {5.12g ., 0.0 2 mole} was suspended in aceto

n itrile (40ml. } and 2,4 - dinitrofluorobenzene {3 .72g. , 0.0 2 

mole } was added. Triethyl amine ( lOml. } wc:s added and the mixt re 

was stirred at room temperatt r e for 2 hours. The precipitate 

was filtered off and the d ark metallic-· loo ' .ing solid was washed 

with water. The reaction sol ticn was poured into water (20 0rnl. } 

and more solid was filtered off. The recovered solids were com

b ined and dried in vacuo. Crystallisation from benzene gave 

7 9% as dark purple needles, m.p. _259-60° {Found : C, 60.65; 

H, 3. 54 ; N , 1 8.50. c n N o s requi.res C, 60.80; H, 3.47;
19 13 5 2

N, 1 8.67% ): v 1560, 1500, 1 335 , 1270 , 1090 , 772 cm- l (s. }; 
max . 

1 468 , 1385, 1305, 1205, 1156, 1003, 95lf 891, 822 , 7 95 , 740, 717, 
-1 

691, 680 cm {m. }: p.m.r. , 100 MHz. , a dmso , 51 SCANS C.A.T.,6 

7.9 4 o {d. , J = 2. 5Hz. }, 7 .87-7 .73 o (m. ,}, 7.6 5-7. 40 o (m. }, 

+
6. 44 o (d ., J = 9.25Hz.}: m.~. 375 (M } , 345, 300, 270, 243, 

22 4 , 223, 222, 198, 197, 196, 166, 165, 154, 153, 140, 139, 

12 8, 120, 105, 103, 95, 77, 69, 63 . 

http:7.65-7.40
http:7.87-7.73
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Reaction of di thizone with 2,4~dinitrofluoroben2ene at 0° 

Dithizone (l.28g. , 0.00 5 mole ), 2,4 -dinitrofluorobenzene 

(0.93g., 0.005 mole ) and acetonitrile (20ml . ) were stirred 

together at 0° (ice-bath ) and t r ie thylamine (5ml.) was added . 

The mixture was stirred fo r 5 minutes and then poured into ice -

water (400ml .) containing acetic acid (20rnl. ). The y e llow solid 

was f i l tPred off, washed with water and dried i n vacu~ . · Crysta l ·

l isation {twice ) f rom chloroform-hexane gave a 1:1- c ondensation 

prod~1ct (l.6g., 80 %) as y e llow needl es which decompose c~ . 170° 

without melting to 7- nitr o -4-phenyl - 2-phenyl azo -4H-benzo [l,3, 4 ] 

th iadiazinc (t. l.c.) (Found.: C, 53 . 02; H, 3. 39; N, 1 9 .46. 

o4s requires C, 54 .03; H, 3.3 2 ; N, 19.91%): v 1 590,c19H1 4N6 max . 
11 52 0, 13 80 , 1340 , 12 62 , 11 54 , 1132 , 747 , 7 35 , 6 89 cm- (s. ); 

32 45 , 1 48 0, 1 450 , 1305 , 118 6 , 1091 , 1073, 1050, 920, 8 83 , 836 , 

-J63 5, 600, 58 4 cm - (m. ) : the mass spe ctrum of the p roduct was 

identical with that o f 7-nitro-4-phenyl-2-phenylazo-4H-benzo

[ l,3,4] t hiadi·zine . 

~ttempt._~~.-S>xi-9_~.!-ion_of the ~_:l:_~o~~densation p~_oduct 

a. •rhe 1:1 c ondensation p roduct (lg. ") was di c.solvE~d in 

ace tic acid (25ml. ) and hydrogen peroxide so l ution (6%, lOrnl .) 

was added. The solution was boi l ed under reflux for 0. 5 hours. 

There was no reaction. 

b. The 1 : 1 condensation p roduct (lg. ) was d issolved in chloro

fo rm (30ml. ) and the solution was i ntroduced into a fl ask contain

ing potassium ferricyanide (4g. ) and sodium bicar bonate (4g .) in 
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water ( lOOml. ) at 0 ° . The two-phase mixture was stirred for 

o ne hour and investigation (t.1.c. ) of the chloroform solution 

indicated no reaction. The solution was allowed to warm to 

room temperature with stirring during 2 hours . The only 

p roduct (t.l.c. ) was 7 -nitro-4-phenyl-2-phenylazo-4H-benzo

[ l , 3 , 4]thiadiaz ine. 

c. 	 The 1:1 condensation product (O .lg. ) and· acetic acid 

(lOml.) were boiled under reflux fo r 4 hours , c oo l ed and poured 

i nto ice-water (200ml .). The product was filtered off and was 

i dentified (i .r. , t.l.c. ) as 7 -nitro-4-phenyl-2-phenylazo-4H

-benzo[l,3,4]thiadiazine , m. p. 257-9°. 

Oxidation of 7 -:- nitro-4-pl enyl- 2-phenyl a7.c:_- 4H-b2nz_~D:.~'U...:. 

thiadiazine 

The thiadiazine (2g. ), acetic acid ( 50ml .) and hydrogen 

peroxide solution (6% , lOml . ) were boiled under reflux for 20 

~inutes. The reaction solution 1as a llowed to cool and the 

p recipitate was filtered off. Crystallisation from acetic acid 

gave 1, l -d_i.oxo- 7-nitro-4-pfie_x_:iyl·- ~·- ph~nyl~zo-4H-·ben. zo lL..i:..l.r..!.:..L!-..£iia.:. 

diazine (l. 7g. , 7 8% ) as o range needles, m.p. 243-7° after 

darkening at 225° (Found: C , 56.06; H, 3.16; N, 17.32. 

-1 
13 80 , 1 345 , 1302, 1155, 1121, 688 cm ( s. ); 1600 , 1490, 1470, 

12 1 7 , 9 51 , 8 8 7 , 8 2 9 , 7 7 5 , 7 41 , 713 , G4 4 , 5 9 9 cm - l (m. ) : p. r~.:.2::_. , 

10 0 MHz. , a dmso , 8.75 o (d. , lII, J = 2.5Hz. }, 8.35 o (q. , lH,6 

JORTrm= 9.5Hz. , JMETA= 2.5Hz. ), 7. 92-7.51 6 (m. , lOH) , 7.0 8 0 

http:tro-4-pfie_x_:iyl�-~�-ph~nyl~zo-4H-�ben.zo
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(d. , l H, J = 9. 5Hz . ): m. s. 4 23 (c H N o s}, 4 07 (M+ ), 345 ,1 9 13 5 5

34 3 , 26 9 , 268 , 25 4 , 21 4 , 212 , 192 , 16 6 , 1 54 , 1 4 0 , 1 39 , 131 , 

1 05 , 77 , 53. 

React ion o f d i th izone wi t h 2,3 - d i c hlo r o q u inoxaline 

Di t hizone (2 .56g ., 0 .01 mole ) , 2,3 - dichlo r o quinoxal ine 

(1. 9 9g . , 0 . 01 mo l e ) , dirnethyl formamide (50ml. ) a nd t riethyl am i ne 

(lOrn l. ) were b o iled under r ef l ux fo r 4 hours . The r eac t ion 

mix ture was cooled , and t he c rysta l line r ed solid was fil tered 

o ff and wash ed wel l with water . The p r oduct was d ried i n_ va~uo 

t o give 4 -pl~~ny l-2 -phenylazo- 4 H--q_uinoxa l ino [ 2 , 3] [ l ,} ,4] t h iadia

~ine (2. 7g., 71 %) a s red need les , m. p. 313 ° , wh i ch needed no 

further purif i cation (Fo und : C, 66. 12 ; H, 3 .85 ; N, 22.0 4 ; 

S , 8.54. 6s r equires C, 6 5 .97 ; H, 3.67 ; N, 21 . 99 ; c21 H14N
-1 

s, 8 . 38 %) : v 1 570 , 139 5 , 13 8 0 , 1 36 0 , 1242, 1133 , 6 88 cm 
max . 

(s. ) ; 1 485 , 1 45 5 , 132 5 , 1 262 , 1 206, 115 3 , 10 7 3 , 81 7 , 77 4 , 762, 


r.: -·l 
720, 600 , .)54 cm (m. ) : ~1 . S . 3 82 (M+) , 353, 293 , 277 , 250, 

21 9 , 21 8 , 1 91 , 1 66 , 10 5 , 10 2 , 91, 90, 78 , 77. 

R~act~s>n o f di thizone and 2-chloro-- ~-nitr~pyridi!~~ 

Dithiz o ne (2.5 6g ., 0 . 01 mo l e ) a n d 2-chloro- 3-nitropyridine 

(1. 58g. , 0 . 01 mo l e ) were d issolved i n a warm mixture o f a ceto

n i t r ile (2 0ml . ) and t riethylamine ( lOml. ) and the solut i on was 

b o i l ed under r e f lux for 4 hours. The s olutio n was c oo l ed and 

poured into water (70 0ml . ) c ontai ning a ceti c acid (2 0ml . ) . The 

purp l e solid was filtered o ff and d ried i n vacuo . Crystal l isation 
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f rom ethano l gave 4-p1enyl- 2_:_}2henylazo-4H-pyrido [3,2) [1,3,4] 

thiadia~ine (2.5g. , 75 %) as p urple needles, m.p. 16 4° (Found: 

c, 65.4 4 ; H, 3.81; N, 21. 0 8 i s, 9.76. requiresC10H13N5S 

c, 65 .26 ; H, 3.93; N, 21.15 i s, 9.67 %): \) 15 85, 1 415, 1380, 
max. 

-1
1259, 11 27 , 1120, 68 6 cm (s. ) i 1552; 1 495 , J-45 5 , 129 4 , 120 8 , 

11 43 , 1075, 803, 7 89 , 762, 7 41 , 739, 711, 530: p. m.r. , 100 MHz ., 

dmso, 7.91-7 .77 6 (m., 3H), 7.65- 7.45 6 (m., 9H), 6.99 6 (q.,a 6 


l H, J = 7. 5Hz. , J' = 4.7Hz. ): m·.-s. 331 (M+ ), 3 02, 2 43 , 2 42 , 


22 6, 19 9 , 16 8 , 155, 1 40 , 129, 115, 105 , 96, 82, 78, 77, 70, 64. 


Oxidation o ~---~-:J2~~enyl- 2-phenylazo·-4H-pyrido [ 3, 2_L [ l .r 3, 4 ] thiadiaz i~_c_:_ 

The thiadiazine (l.65g ., 0.005 mole ) was dis so lved in 

warm ace tic ac j d (GOml., ) CJ_nd hydrogen peroxide solution ( 6 % , lOmJ • ) 

was added. The mixture was boiled under reflux fo r 0.5 h ours , 

a nd allowed to cool. The orange sol id was filtered off, was h e d 

well with water and dried. Crystallisation from acetic acid g ave 

1, l-~ioEo-4-J?he~l-2--pheny lazo-4H-pyrido [ 3, 2 ] [ 1, 3, 4 Jthiadi~zine 

(l. lg., 61 %) as orange needles , m.p. 2 27 -9° after darkening c~ . 

C, 59.50, H, 3.58 ; N , 19.28 %): \)
max . 

1 575 , 1540, 1425 , 131 0 , 
-1 

1161 , 113 9 , 10 7 3 , 751 , 6 8 3 cm ( s • ) i 1 4 9 5 I 1. 3 tl 5 I 1 2 6 0 I 12 0 0 , 10 0 4 , 

9 5 6 , 812 , 7 7 0 , 711 , 6 5 7 , 6 4 5 , 5 9 2 , 5 21 
-1 

cm (rn. ) : p. m. r. , l 0 OM Hz • , 

d 6 dm. s 0 ' 8 • 6 9 0 (s • , 1 H) I 8 • 6 3 0 (q. , .HI , J = 4 II z • I J I = 1 • 5 Hz • ) I 

7.9 3- 7 .8.1 6 (rn., 2H), 7 . 78·-7.52 6 {m. , c a. llH): m.s. 379 

(c H N o s), 3 63 (M+), 30 1 , 2 86 r 270, 261, 258, 243, 22 5 , 2 10 ,
18 13 5 3

19 4 , 193, 169 , 168 , 1 40 , 131, 115, 105, 93 , 77, 6 4 , 51. 

http:78�-7.52
http:7.65-7.45
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SUMMARY 

Methods have been developed for (1) a new synthesis of 

the 1,3,4-benzoxadiazine ring system and (2) syntheses of new 

1,3,4-benzothiadiazines from hydrazides and thiohydrazides 

respectively. 

Extensions of these reactions involving the use of 

aromatic heterocyclic compounds bearing substituents 1,2 with 

respect to each other have led to four new ring systems. 

The course of the cyclisation reactions has been con

firmed by the use of n.m.r. and mass spectroscopy. 
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