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In order to study the mechanism of their conversion into
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halides were treated with compounds containing a nucleo-
philic oxygen or sulfur atom.

The initial products of these reactions were formed from
the displacement of the a-halogen atom of the hydrazidic
halide. 1In cases where there was sufficient activation
the group attached to oxygen or sulfur was transferred
to nitrogen in the presence of base.

Some hydrazides and thiohydrazides containing displace-
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basic conditions. The reactions exhibited the character-

"istics of bimolecular nucleophilic aromatic substitutions.

The synthesis of four novel heterocyclic ring systems is

described.
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INTRODUCTION

The chemistry of hydrazidic halides has been under
investigation for more than half a century. The majority of
the work has been concerned with the preparations and reactions
of compounds of general structure (1) where Ry and R, have been
aryl groups, X chlorine or bromine and R4 mostly hydrogen. The
term hydrazidic halide is relatively newl and the older litera-

2

ture refers to w-halogencarylaldehyde arylhydrazones“ or

R, C=N-NR,R
1 273
| (1)

X

benzarylhydrazidic halidesB.

A. PREPARATION OF HYDRAZIDIC HALIDES

There are two general methods for the preparation of
these compounds and these are given in reaction schemes (i) and
{(ii) .

SCHEME (i)
Ax'CHO 1 Clp or Brs
ArNHNHZ > Axr'CH=N-NHAY » Ar'C=N-NHAY

AcOH |
X




SCHEME (ii)

Ar'COCl PCl5

ArNHNH2 > Ar'fNHNHAr ———3p Ar'C=N-NHAX
l I

0] cl

Scheme (i) involves the action of the halogen (bromine
or chlorine) on a hydrazone and is normally done at room tem-
perature. As expected the N-aryl ring undergoes attack as well
as the o-position. Chlorination of bénzaldehyde phenylhydrazone4
gives the tetrachloro-derivaﬁive (2), whereas bromination yields

the tribromocompound (3) under the same conditions®r6,

ClL. .

7 N\ /T
Ph~-C=N-NH ; Ph-C=N-NH
l o 1 I \\ // Br

(2) ' (3)

Scheme (ii) involves the action of phosphorus pentachloride
on the aroyl derivative of a hydrazine. Thus N-benzoyl-N'-phenyl-

hydrazine yields N~a~chlorobenzylidene~N'wphenylhydrazine7 (4).

Ph~-C=N-NHPh
I (4)
cl



In this case the N-aryl ring is not attacked. The use of phos-:
phorus pentabromide, however, leads to bromination in the ring,
presumably because of the presence of free bromine in the

nixture.

B. GENERAL REACTIONS OF HYDRAZIDIC HALIDES

The halogen substituent of hydrazidic halides is open
to facile displacement by a variety of nucleophiles. Thus
potassium cyanide, sodium azide and ammonia convert (3) into (5),

(6) and (7) respectivelyz'lo.

PhC=N~-NHA1 PhC=N-NHAr PhC=N--NHAY
| - | l
N N
(3: 3 NH2
(5) ' (6) (7)

Ax=2 ,4'"BI2C6HB"

Derivatives of ammonia, such as primary and secondary
amines, hydrazine and substituted hydrazines react in an analogous
manner. .Reaction of phenylhydrazine with (3) serves as a useful
test for the presence of the reactive a-halogen atom since the
intermediate hydrazidine is rapidly oxidised to the formazyl
derivative (8)7 which 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 partial hydrelysis to the hydrazine, which then

reacts with unchanged halide in the manner indicated above?.


http:serves.as

PhNHNH2 [0]
(3) ———s PhC=N-NHAr 3> PhC=N-NIAr

NH~-NIPh N=NPh
(8)

Ar=2,4—Br2C6H3—

One of the main synthetic appeals of hydrazidic halides
is that they behave in many reactions like 1,3-dipolar specicsg.
Treatment of (4) with triethylamine has been shown to give the
diphenylnitrilimine at 20°3. In the presence of norbornene,

94% of the exo-adduct was formed. Some further pyrazolines and
pyrazoles are listed in schemé (iii). The structures of the
adducts were all confirmed, except that the relative orientation

in the bis-adduct of norbornadienc was uncertain.

C. CONVERSION OI' HYDRAZIDIC HALIDES INTO HYDRAZIDES AND

THIOHYDRAZIDES

The conversion of hydrazidic halides into hydrazides was

15'16, although the preparation of acety-

not made until recently
lated hydrazides by this route has been known since 19252. The
mechanism propcsed by Chatﬁaﬁay and Walker involved N-—-acetylation
as the first step, followed by nucleophilic displacement of the
o-halogen atom by hydroxide ion, as shown below. However the
same workers also observed that direct action of hydroxide ion
on (3) merely gave the formazan in the manner already described.
The reaction of hydrazidic halides with aéetate ion was

investigated at a later date by Burgess and Gibsonl?, These



SCHEME (iii)

_ BENZENE Et3NH+c1”
(4) +  NEtg 3 =
20° PhC=N~N-Ph

//Norbornene
/ .

Norbornadiene (10 equiv.) Cyclopentene

Ph
Cl
/
N
\}J
PH

78%
Styrene Acrylonitrile Phenylacetylene
Ph ?h
4
e Cui -~
/ 7T /]
N N L
PH PH PH



‘ COCH3
NaOAc |
R; C=N-NI-R, ey Ry C=N-N-R,
| HOAC |
X X
OH™
H
?OC 3 (|ZOCH3
0 OH

workers favoured a mechanism involvingan O-N migration of the
intermediate acetoxycompound (%) to give (10)

(1,
N

/4
Ph-c? “NHAL

¢ Ph-CNH-N-AY
02 J , I |
C--CH 0O C=0
3
I I
. B , ’ ~ CH,
(9) ' (10)

Ar=2,4~Br2C6H3~

Attempts to remove the acetyl group from acetylated
hydrazides by hydrolysis usually result in the recovery of a

benzoic acid derivative and an arylhydrazine. Only in very few

cases is the acetyl group removed cleanlyl3. In cases where

the N-aryl nucleus is trisubstituted the acetyl group remains

although the hydrazide suffers hydrolysisl4.



cl : cl
oH"~

———3»  H,NACN- 1 +ATCO0~

ArCNHNAC //’ \\ Cl

————

Il
.\ 3
554 c1

The conversion of hydrazidic halides directly to hydra-
zides was eventually realised by two groups of workers at almost
the same time. Barnish and Gibson16 reported that (3) reacts
with potassium hydrogen carbonate in dry dimethylformamide to
give the hydrazide (12) and carbon dioxide. Decarboxylation of
the intermediate oa-hydrogen carbonate (11l) could occur directly
with nitrogen participation or via the anion.

NHAY
|

N
Ph-C” > PhCNHNHAY
| - H I
5 o 0
Ny
c
Il
0
(11) (12)

Ar=2,4fBr2C6H3~



Moreover (3) reacts with potassium hydrogen phthalate in dry
acetonitrile to give (12) and phthalic anhydride. In this case,
attack of the carboxylate ion on the juxtaposed carbonyl group

in the intermediate o~hydrogen phthalate-(13) yields the hydra-

zide.
0 4
I|\H;Ar 5
N 4 “
Ph-c7~/ | /C\
(')‘j 5 »  (12) + 0
N /
o)
pod I(!
O/
(13)

At the same time Scott and Aylward notedl® that hydrazidic
halides are hydrolysed in 50% aqueous dioxan in good yields.
These workers reported kinetic and thermodynamic data on the
hydrolysis of a series.of compounds of general formula (14),
and attributed the negative b value (-0.92 at 75°) to the
development of carbonium ion character during the reaction.
Stabilisation of such carbonium ions can be achieved by delocal-
isation of the charge onto the hydrazino nitrogen and into the
aryl ring containing Y. The relatively low value of p was con-
sidered to represent an overall effective delocalisétion of

charge in the transition state rather than poor development of



Y = H
% b CH3
Y -|C==N~NH‘ \ / NO,, | (§§3)2CH
Br Cl
(14)
carbonium ion character therein.

i The conversion of hydrazidic halides to acetylated thio-
;~ hydrazides was realised by Callaghan and Gibson17 who used
? potassium thioacetate in acetonitrile at room temperature.
g

Thus (3) yielded (15) together with the hydrazidic sulfide (16)
in relative yields which appeared to depend on the amount of

water present in the reaction mixture.

Br

CH,COS™ =
(3) ——>  Ph-CNHNX\ ) pr + PhC=N-NHAT
CH3CN 25° o /78 |
S ¢=0 S
|
‘ Cil, Ph-C=N-NHAT
(15) (16)

Ar=2 ’ 4*BI2C6H3"

The acetylated thiohydrazide was thought to be formed
in a manner analogous to the acetylated hydrazide discussed
previously. Compound (15) was identified by its mass spectrum

and its i.r. spectrum since compounds of this type appeared to
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be thermally unstable and microanalyses were repeatedly inaccurate,
The appearance of the hydrazidic sulfide (16) was of some

interest since the potassium thioacetate used did not contain

sulfide ion. The intermediate thioacetate (17) was thought to be

deacetylated either by excess thioacetate or by water followed

by further reaction of the derived ion (18) with (3) to produce

(16) . Subsequent S-N hydrazidyl transfer was also considered a

possibility.
Ph~(lJ=N-—NHAr ' Ph-c':—-—N—NHAr
S S
| (-)
C=0
|
CH,
(17) | (18)

Ar=2,4”Br2C6H3-

The occurrence of the hydrazidic sulfide (16) in the
reaction of (3) with thioacetate ion in refluxing acetonitrile
had previously been notedl8 and was thought to be formed in
a manner akin to that outlined above. Tﬁe other isolable
product of the hot reaction was a benzothiadiazine produced by
a process involviné the displacement of the ortho-bromine
substituent from (15). The formation of this compound was
important to the present work and will be discussed at greater

length in section (E) of the Introduction.



1l

D. THE SMILES REARRANGEMENT

An O-N transfer of a phenyl group analogous to the O-N
migration of the acetyl group proposed by Burgess and Gibson had
been obéerved earlier by Huisgen and co—workerslg. When the
tétrazole (1%) and phenol were boiled together under reflux for
three hours (21) was obtained in good yield. Since (19) is

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

tions the intermediate in this reaction may be envisaged as (22).

N _
ph-C? “N-Ph Ph-C=N~N-Ph Ph~CNHNPh.
2
\ / + - Il
N=N 0
(19) (20) (21)

Huisgen repeated the reaction in refluxing thiophenol and
obtained the unrearranged thiophenoxy ‘compound (23). The struc~

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

Ph-C=N-N-Ph
| -
H~OPh
+

¥

(21)

(22)

-N'-phenylhydrazine.

This O,N migration is only one example of a much broader

series of rearrangements studied by Smiles and co~workerszo’21.



{1%)

12

» Ph~-C=N-NHPh

|
SPh

(23)

A typical Smiles rearrangement is represented by the transforma-

tion of 2-hydroxy-5-methyl-2'-nitrodiphenyl sulfone (24) into

4-methyl-2"'-nitro-2-sulfinodiphenyl ether (25) under the

influence of a slight excess of aqueous sodium hydroxide at

50°22,

(24)

CH3
NaOH aq.

e =50 {~)
e e

N02

(25)

Smiles recognised, and provided evidence for?3, the

r

various factors governing the rearrangement of compounds of

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

Y may be part of an aromatic ring, into (27).

The ease of the rearrangement depends on the activation

21

present in the aromatic ring as well as the nature of X and Y™™,
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T base N l
§ C

(%

(26) | (27)

Few rearrangements occur without activation althcugh the
first rearrangements that Smiles reported were in unactivated
naphthalene derivative524. Smiles latér worked with compounds
.containing nitro groups and sulfonyl groupsz‘. More receﬁtly
activation by chlorine has been observed in the transformation

of (28) into (29)2%°.

(=)

P . 0 £

-~

- = KCO3
! Y
CH,pPh €1 tu,pn €1
(28) ' (29)

Truce has reported the rearrangement of some o-methyl-
diaryl sulfones, e.g. (30) into (31) with butyl lithium27.

Later work by Drozd has shown that the initial product

in this reaction is (32)28.
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—Ms pme Hy
CH SO nBuLi
\ 7/ /) ; 2
CHy CH,Ph
(30) (31)

13

NBuLi

~

(31))
CHy A

(32)

Rearrangement of (33) reported recently29 is an

unusual example of a Smiles Rearrangement.

O(_) OPh
>

PPh3

(+) PPh2

(33)

References to the Smiles rearrangement involving
activation by a pyridine ring have become increasingly common
in recent years, mainly because of the work of Maki and co-
workers. A typical example is the transformation of (34) into

31

(35). These reactions are catalysed by acid or base. Peck

has reported a rearrangement activated by a guinoline nucleus



X5

acid or
base //

(34) _ ' (35)

and referernce has also been made to a rearrangement involving
the s-triazine system32.

.

Recently a report of a photochemical Smiles rcarrange—

ment has eappeared in the literature33

. The preliminary results
.are shown in Table I. It was found that the Smilesrearrange-
ment products were accompanied by some side-reaction products,

and that no rearrangement occurred without u.v. light in the

solvents used and at room temperaﬁure.

E. "CYCLISATION OF SOME THIOHYDRAZIDES

In their attempts to convert hydrazidic halides into
thiohydrazides, Barnish and Gibson examined the reaction of (3)

with thioacetate 1on18

A hydrazidic thiouacetate (17) formed by
displacement of the o- halogcn atom by the more nucleophilic
centre of the ambident thioacetate ion was envisaged as the
primary product; Partiel or ccmplete rearrangement to the
N-acetylthiohydrazide (15) was thought to be the most likely
subsequent reaction. However,ih the event,;no compognd (15) wes

isolated in this series of reactionz at room temperature in dry


http:resul.ts

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

Radiation Irradia- Photo-Smiles
Substance Solvent source tion time rearrangement
hr. product
NO, ' % NO,
PN G ks A gt ke
il i Benzene  H(>3000A) 24 l; § {
l 3

,:\/_ \\/\o X0,

Hz ‘
N\\ * v H
‘ N N
OCh » —
C: \( Benzene  H(>3000R) 50 i l - \F 3
! ‘ |
N 545 ' A P o
q chI.a 5 i
2 | . OCH,4
(-]
L(2537A) 30 NH N
( \(‘\{UC‘{B Ethanol and (\!]/ a m OCH4
7 F(>BOOOA) 24 | |
S NS N N
N Y \/\SH %/
H2 OCrZ3 OCH3
Hs High pressure mercury lamp. L: Low pressure mercury lamp. -
(@)}
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acetonitrile, nor in the same solvent at réflux.temperatures.

As al;cady noted (section (C)) the cold reaction g&vc the hydr';
zidic sulfide ()6) as the only isolable product (71%). In the
hot reaction the yield of sulfide dropped to 16% and a second
produét'(ld%) was isolated and eventually formulated as
4-acetyl-7-bromo-2-phenyl-4H-bzanzo[l,3,4]thiadiazine (36).

After performing the necessary control experiments the authors
provided a mechanism for the formation of (26) via the dis-
placement of the transiently activated 2-bromine atom in the
protonated species (37) (scheme iv). Thus the move towvards
completion of the S9N acetyl transfer is accompanied by addition .
of the incipiently negative sulfur to the 2-position of the
halogenated benzene ring in a synchronous process leading to (38).
Bowever they could not dismissg the alternative mechanisi which
allows complection of the acetyl transfer and addition of the
negative sulfur to the 2-position as two discrete processes.

It was noted that the yield of benzothiadiazines wasg
dependent on the identity of the 2-substituent, the case of
displacenent being in the order F»»>Br>Cl (not ak all). The
nature of the 4-substituent also appeared to be important. 1In
all the cases exenined only hydrazidic halides containing a
4-halogen substituent could be made to undergo benzothiadiazine
fdrmation. From this it was tentatively concluded3? that the
4-substituent had to be capable of increasing the nucleo-
philicity of the nitrogen atom by electron release for the forma-

tion of (37)*% ard then be caprkle of avwgmenting the electron-

*But see H. J. Van Opstall, Rec. trav. chim., 1933, 52, 906.




SCHEME (iv)

/N
Ph-C7 i _N (+)
' N
| Br =
0=C e SI1 Br Br
| v_rg/t
CH, Ho
CH3
(17) (37)
%
- Ac\ H
: -
N//N N™ (+)
I 3 )
: N e
Ph S : Br Fa i B

(36)

(38)

18
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deficiency of the 2-carbon atom by an inductive effect to allow

the formation of (38) and subsequéntly the final product (36).
The observation that no benzothiadiazine formation was observed
with a 4-methyl, a 4-hydrogen or a 4-carboethoxy substituent
could be explained along these lines.

Callaghan and Gibso;'x17 recently reported that the ease
of displacement of the 2-substituent had been extended to
F>I>Br>Cl (not at all) where the 4-position was occupied by
bromine. These same workers investigated the reactions of

acetylthiohydrazides of general structure (39) in proton-exchang

systems. They envisaged the possible formation of the zwitterio

PhCNHNAc/— Y ' X = F, C1, Br, T
I N\ // |
5

X

e
i

halogen, -S5O NMe,,~CFy,

(39)

(40), albeit in low concentration, with subsequenﬁ benzothia-

e

1

~H

diazine formation in favourable cases. In fact (40) was directly

analogous to the species considered by Barnish and Gibson to

NLti_;

(39) ;ﬁiii;“ Ph- C—N N \\ //
S

{=)
(40)
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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
benzene ring. They found that the identity of the 2-halogen was
not as critical as in the hot thiocacetate reactions. However
chlorine was still immovable and no benzothiadiazine was observed
with hydrcgen in the 4-position. In refluxing ethancl-triethyl-
amine the cyclisation appecared to be extremely fécile in most

re of

e
-

cases and yields in excess of 80% weie common, irrespecti
the leaving group. It was shown that the acetyl group was
necessary for ring-closure to procecd.

There thus remained the possibility that the benzothia-
diazine formation observed by Barnish and Gibson in the reactions
of hydrazidic halides and thioaceﬁate ion was not entirely syn-
chronous as represented by (37) but rather involved a step-wise
process leading to the formation of such interrediates as (40).

" The presence of small amounts of thicacetate ion dissolved in
acetonitrile could constitute a weak proton exchange
system and, as such, lead to cyclisation. Perhapé fortuitously

(15) and thioacetate ion were found to yield (36} in exactly

~

the same yield (14%) as had been observed earlier in the reaction

U

of (3) with thicacetate ion.


http:th5.c;c::.ce
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DISCUSSION

The aim of the present fesearch was two-fold; to test
the acetyl transfer mechanism proposed for the formation of (10)12
and (15)17 and then to effect the cyclisations of suitably sub-
stituted hydrazides and thiohydrazides in basic media to give
oxadiazines and thiadiazines respectively. To this end a series
of hydrazidic halides was prepéred in which twkoere not reported
in the literature.

The bromination of p-chlorobenzaldehyde phenylhydrazone
by the method of Chattaway and Walker2 for the bromination of
benzaldehyde phenylhydrazone gave N-g-bromo-p-chlorobenzylidene-
—N‘~(2,4~dibromophen?l)hydrazine (41) in 61% yield, based.on the

aldehyde.

cl =1 -C=N-NH il Br  Br / \ C=N-NH
pd g L
=% Br y Br

Br

(41) (42)

The action of four equivalents of bromine on thienyl-

produced a compound in 65% yield which was eventually formulated



as N-g,5-dibromo~2-thienylidene~N'-(2,4~dibromophenyl)hydrazine
(42). The details are given in s¢heme (v). The p.m.r. spectrum
of (42) showed an AB quartet for the thiophene ring protons with

a coupling constant of 4.0 Hz., which is consistent only with

p-p* coupling35. An alternative synthesis of (42) was devised,

the details of which are also given in scheme (v). Bromination
of thienyl-2-aldehyde according to the method of Gronowitz36

gave 5-bromothienyl-2-~aldehyde (43). The p.m.r. spectrum of

this compound exhibited an AB quartet (J = 4.0 Hz.) for the thio-
phene protons in accofdance with the proposed structure. The
action of phenyl hydrazine on (43) gave the hydrazone (44)

which on treatment with three equivalents of bromine gave a
compound with spectral properties and melting-point identical

with (42).
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SCHEME (V)

v

PhNHNH
</ \>CHO / ' \ CH=N-NHPh
S

S

4By

2
o
Brz/CHCl3 (42)
A
3Br.'2
v
S PhNHNH >
2 .
Bﬁéf:; /SE}CHO > Bréfi: \\ CH=N-NHPh
8 _ 8

(43) (44)



I. REACTIONS O THIL HYDRAZIDIC HALIDES

i« With Acetate Ion

The reaction of (3) with sodium acetate in acetic acid
has been shown to give (10)2, and a more recent examination of
fhe acetolysis reaction has provided a mechanism involving OsN
acetyl migration in the intermediaté inisolable acetoxy

12

compound (9) Since (45) was also shown to give (46) under

the same conditions it was concluded that steric factors were

Br Br
NaOAc
iy C=N-NH Br ; L3 Bx ~CNH-NAC-
| AcOH I ,
Br Br Y Br
(45) (46)

not critical in the aéetyl transfer.

In the present study a series of hydrazidic halides
was treated with five ecuivalents of anhydrous sodium acetate
in refluxing acetic acid for two hours. The results are sum-
marised in Table I1XI. The products were characterised by analysis
and their infrared specctra. OnlyAN~a"bromobenzylidene—N‘~
—(2—bromo-4~carbocthoxyphenyl)hydrazine (48)37 failed to give a
high yield of acetyihydrazide but rather gave 59% of the unacety-
lated hydrazide (55). The electron-withdrawing ester function
presumably 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

Table II. Preparation of the Acetylhydrazides

SUBSTITUENTS ACETYLHYDRAZIDE
Hydrazidic

Halide No. X Y o 2 No. Yield$%

3 H Br Br 50 87

41 cl Br Br 51 86

47 OMe Br Br 52 88

48 H " Br @ COOEt 53 0*

49 ) H F Br 54 86

*59% of (unacetylated) hydrazide isolated

s e et

4

X \ / ~CONHNAC- \ / -2,

4

b4
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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-NHAY PhC=N-NIAr PhCCNHNHAY
N
(l) 6] H
| .
0=C O=C ¥ o—ﬁ—cn3
4113 CHy 0
(56) (57) (55)
Ar= = / \ COOEt
Br'——

anhydride in either triethylamine or acetic acid were unsuccess-
ful and served to emphasise the decreased nucleophilicity of the
nitrogen in (56).

Ddium acetate and (42) under the stendard reaction con-
ditions yielded a compocund with spectrfoscopic properties consistent

with the acetylhydrazide structuve (58). However analytical

B / \ ~CNH-NAcC-
/

Il
0

PI‘x(f:LN-N H-\ /
Br Br T

(58) (59)

results were repeatedly inaccurate. The cyclisation of (53)
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reported later in this thesis proceeded normally.

Dimethyl formamnide Qas chosen as the solvent for the
reaction of N-o-bromobenzylidene-N'-~(2-bromo-4-nitrophenyl)-
hydrazine (59) 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]oxadiazine (61) was
produced, presumably via the acetylhydrazide (60). The cyclisa-
tion of similar acetylated hydrazides and the related thio-
hydrazides forms an important part of this thesis and will be

discussed in more detail later.

Ac |

NaOAc L N

(59) ——————3 PhCONHNAC. ) B S I '
DMF ol o Ph*k N NO
- O 2

Br

(60) (61)

In an attempt to isolate (60), the reaction was repeated
with a reflux time of only five minutes. The solution was
immediately poured into dilute acetic acid solution and the yellow
solid was filtered off. The crude product contained some of
the benzoxadiazine (61) (t.l.c.). Crystallisation from ethanol-
ethyl acetate however gave N-g-ethoxybenzylidene-N'- (2-bromo-
~4-nitrophenyl)hydrazine (62) in 74% yield. Since‘Aylward and

Scott38 had reported the preparation of (62) from the interaction
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PhC=N~NH / \ NO

o

Br

2
Bt

(62)

of sodium acetate and (59) in refluxing ethanol, it seemed

likely that a similar reaction_had occurred during the crystal-
lisation procedure involving traces of sodium acetate and
unreacted hydrazidic bromide. The presence of the benzoxadiazine
- (61) after only five minutes reaction time appeared to make the

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

ii. With.Phenols

Since the 0+N acetyl transfer in acetoxycompounds such
as (9) was too fast for any general study of the reaction, a
less labile migrating group was required. Phenol derivatives
appeared an attractive alternative, since the electron-deficiency
in the benzene ring, necessary for rearrangement, could ke con-
trolled by the choice of substituents. A rearrangement of this
type, if it should occur, was recognised as an extension of the
Smiles rearrangement (see Introduction).

For convenience the readily available nitrophenols were
used in the preliminary study. Equivalent amohnts of the hydra-

zidic bromide, p-nitrophenol and triethylamine were stirred
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together in ethénol at room temperature for two hours. The
results are summarised in Table III. In all cases studied, the
initial product was thea-p~nitrophenoxy adduct of general
structure (63). ' These adducts all rearranged to the corres-

ponding hydrazides (64) in refluxing ethanol-triethylamine,

NO-
NO»o -

(63) : (64)

generally within a few ninutes. The rearrangement presumably
involves the five-membered transition-state (65). Compounds

(63d) and (63f), which contained.electron-attracting groups in

) (65)



des with p-nitrophencl

Hydrazidic Substituents p-Nitrophenoxy Hydrazide Time for
Halide (64) Rearrangement
No. X Y Z No. Yield$% hrs.
3 Br Br Br 6éa 69 0.25
L7 OMe Br Br 64b 82 0.25
41 Cl Br Br 64c 64 0.25
48 H Br COOEt 644 62 2.0
49 H F Br 3e 6de 88 . 0.25
59 H Br NO, 3f 64f 82 2.0
% Y,
% C=N-NH A > % CNH-N 7
\ /) {
0 0 ;
Y
7 ! J
1 -
o 1
N02
NO,, (63) (64)

0€
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the N~ar91 ring, required longer reaction times for complete
rearrangement, a fact whicﬁ again reflected the decreased
nucleophilicity of the nitrogen atoms in such compounds. Recent
work has shown that these- rearrangements. were intramolecular39.
The migration of the aryl group did not appear to be a thermal
process 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 initial adduct (63a) lost the elements of p-nitrophenol
on electron impact, a fact that is in agreement with the pro-
posed structures. During later work with p-nitrothiophenoxy
adducts and related compouﬁds, this observation proved to be an
invaluable aid in the assignment of structures.

Examination of the breakdown of (63a) showed that the
peaks at m/e values 384 ana'370 were assignable only after
allowing for an O+N aryl transfer. There was no evidence for
reverse aryl migration in (64a).

For the first time these examples provided indirect
evidence for the intermediate acetoxycompound (9) proposed by
Burgess and Gibson. Presumably the heavier and less polar
p-nitrophenoxy group provides the stabilisation necessary for
the isolation of the intermediate aryloxy compounds.

Since a p-nitro substituent appeared to provide the
necessary activation for the réarrangement, it remained to
determine if other phenols would react similafly..‘o-Nitrophenol

and (3) yielded initially the a-~o-nitrophenoxycompound (66)



Table 1IV.

(&)
N

Mass Spectral Data for (63a) and

(64a)
m/e Structural Intensity %

Assignment (63a) (6da)
489 Parent ion 40.8 35.2
472 2 Br 1.8 59
410 P~-Br 5.4 12
409 1 By 2.7 -
384 P-PhCO 6.4 s
370 P-PhCON 4.5 65
354 2 Br = 6
350 P—N02C6H4OH 332 ta
340 2 Br 13.6 100
338 1IN Ex Q.l 23.6
324 2 Br - 6
290 2 Br = 6
272 1 Br 8,1 -
260 Z Br - 35
249 Br2C6H3Nﬁ2 o 12
248 Br,CH,NH 100 -
245 1 Br - 35




NEt 4
Ph~C=N-NHAY > PhCNH-NAT
| EtOH I
0 0
NO,
/ \NOZ
\
(67)
(66)

Ar=2,4"Br2C6H3_

which rearranged smoothly to give the hydrazide (67). However,
the initial adduct (68) from the reaction of (3) and m-nitro-
phenol failed to rearrange when it was treated with base in the

usual way.

PhC=N-NHAx - >

I
o 0

PhCNH-N-Ar

2
N02

(68)

More drastic treatment using triethylamine in dimethylformamide
gave only tarry material with no evidence of rearrangement. Thus
the activation for the aryl transfer appeared critical, the
reduced electron-withdrawing capabiliﬁies of a meta-nitro

group40 being insufficient to cause rearrangemént;

The reaction of pentachlorophenol and (3) to give (62)
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provided an opportunity to investigate the electron-deficiency
of a polychlorinated phenyl ring. The initial adduct (69)
rearranged on treatment with triethylamine in the usual way for
one hour, but the product formulated as the hydrazide (70),
could not be obtained analytically pure. However (70) exhibited
spectral properties consistent with the proposed structure

and a molecular weight determination by measurement of the

vapour pressure of acetone gave a result well within experimental

error.
NEt, ,EtOH
PhC=N~-NHAr > PhCNH-N-AX
1 Hour I
0
Cl g1
Cl
ci €l
c1 ‘ CcCl

(70)

Ar=2,4-Br,C_H_-

(69) 27673

Phenol, 2,4-dinitrophenol and 2,4,6-trinitrophenol all
failed to give initial products with (3), in the presence of
triethylamine. Phenol presumably does not form phenoxide ion
under these conditions, whereas the anions from the polynitro-
phenols are not sufficiently nucleophilic since extensive
delocalisation of the negative charge is possible.

During the latter part of thié reseaxch it became
important to determine if p-nitrophenoxy compbunds could be

hydreolysed under acidic conditions. Accordingly (63a) was



dissolved in benzene and concentrated hydrochloric acid was

added to form a two—phase~system. After heating the mixture for
one 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 (64)
looked promising as a method for the preparation 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
a report to suggest that substitution may greatly retard it4l.

In the event (67) remained unchanged by either ethanolic hydro-

chloric acid or ethanolic sodium ethoxide under conditions where

(10) was hydrolysed completélyz.

iii. With Thioacetate Ion

The conversion of hydrazidic halides into acetylthio-
hydrazides by reaction with thioacetate ion was recently realised
by Callaghan and Gibsonl7. These workers assigned the structure
of the major product of the reaction of (3) and two equivalents
of potassium thioacetate at rbom temperature as (15) on the basis
of spectroscopic evidence. The products was thought to result
from S»+N acetyl transfer in the intermediate thioacetoxy compound
(17) in a manner analogous to the O+N acetyl transfer which
occurs during the acetolysis of hydrazidic halideslz'42.

The formation of (15) by this method was shown to be

accompanied by a small amount of the hydrazidic sulfide (16).
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In order to eliminate this product in the present work, the
hydrazidic halides employed were treated with only one equivalent
of sodium thioacztate at room temperature in cithér cthanol. or
acetonitrile. Using this procedure (15) was obtained from the

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

N2

58%). Similarly the hydrazidic bromide (41) gave the corres-

ponding acetylthiohydrazide (71) in 84% yield. However

B M /T;—‘ ~CNH~-NAC - o B
T\ >n ) <\ />
S Br———

(71) {72)

Clk / \ ~CNH-NAC-

- ——

I
S

N~a~bromo—p—methoxybenzylideneuN'~(2,4-dibromobhenyl)hydrazine
(47) and thioacetate ion failed to react in either ethanol or
acetonitrile. The thiohydrazide (72) was eventually isolated
when dimethylformamide was used as solvent, but it appeared to
be thermally unstable and analysis figures were repcatedly
inaccurate. Callaghan and Gibson had noted that certain acetyl-
thiohydrazides were unstable, and in an attempt to obtain molecu-
lar weights they had subjected their compounds to fragmentation
in an M.S. 902 spectrometer. 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 (m/e 434) corresponding
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to loss of water. Further the breakdown pattern of (72) was
consistent with the proposed struéture.

The decreased reactivity of hydrazidic bromide (47)
tpwards thioacetate ion may be explained by electronic effects.
The ease of addition of a npcleophile to the g-position 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 of g-thioacetoxy
compounds, it appeared necessary to block the nitrogen atom so
that acetyl transfer could not take place. N-Thiobenzoyl—-N'-
~methyl-N'-phenylhydrazine (74) was prepared by the reaction of

ol (73) with N-methyl-N-phenyl-

carboxymethyldithiobenzoate
hydrazine. Reaction of (74) with acetic anhydride in triethyla-

mine was expected to give the corresponding thiocacetoxy compound

PhC-S—CHZCOOH PhCNHNMePh Ph-C=N-NMePh
I I I
S S SAC

(73) (74) . (75)

(75) and the infrared spectrum of the product was in agreement
with this structure. Thus the carbonyl stretching frequency
(l7lOcm—l) was différent from that in (15) (lGGScm-l). All
attempts to obtain solid material from the yellow gummy product
failed, although it appeared to be pure (t.l.c.). The addition
of ethanol immediately produced a reaction, and the thiohydrazide

(74) was recovered in a manner presumed to involve species such as
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(76). Thus, just as had becn observed with hydrazidic bromide
(48) in the acetolysis reaction, the prevention of the intra-

molecular acetyl . transfer had produced a compound which was

Ph-C=N-NMePh

5

O0=C =~ OLt

CH3

(76)

open to facile deacetylation by external nucleophiles.

This was the first chemical evidence to suggest>that
Callaghau and‘Gibson had indeed assigned the correct structure
to their product (15), since this compound did not undergo

deacetylation in ethanol.

iv. With p-Nitrcthiophenol

Since the reaction of hydrazidic halides with p-nitro-
phenol had been useful in the investigation of the 0O»N aryl
migration, it was thought thét the use of p-nitrothiophenol would
permit & study of the analogous S+N aryl transfer. However
identification of the products was seen at the outset to be a
major prcoblem, 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 do not have an infrared absorption assignable to the
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44
thiocarbonyl stretching frequency .

The reaction of N~oa-bromobenzylidene-N'- (4-bromo-2-
-fluorophenyl)hydrazine (49), triethylamine, and two equivalents
of p-nitrothiophenol has been reported to give (77) rather than
the isomeric thiohydrazide (78)17. No hydrazidic sulfide was
detected. The assignment of the structure was based almost

entirely on ultra-violet data and was admitted to be speculative.

Ph-C=N-NHAT _ PhCNH-NAT
| I
g 5
NO "2 (78)
0y
(77) F
Axr = - Br

However prior to the present research the mass spectrum of (77)
was examined and a peak (m/e 291) corresponding to loss of
p-nitrothiophenol from the parent ion was found. This radical-
ion must have arisen from (77) rather than (78), unless a reverse
aryl migration in (78) is proposed. Such a process was shown
later in the present work to be unlikely.

A series of hydrazidic halides was treated with equivalent
amounts of p-nitrothiophenol and trieﬁhylamine. The results are
summarised in Table V. Within the limits of the experiment the

change of the g-halogen from bromine to chlorine in N-g-chloro-



Table V. Preparation of the p-Nitrothio-

phenoxy Adducts

40

Hydrazidic Substituents p-Nit;?Eh%iphcnoxy
Halide o
No. X Y % No. Yield %
47 OMe Br Br 8la 57
41 cl Br Br 81b 63
79 H Bx H 8lc 62
80 H Br SCN 81d 0*

*18% ‘of (8lec) isolated

S U
PSS

% \ / -i::—N-NH- \W/ Z
Y

NO

(81)



benzylidenc»N'—(2fbromophenyl)hydxazine37 (79) did not affect

the yield of the initial product. All of the compounds are

Ph—?=N—-NH / \ ' Ph-C=N-NII- / \SCN

amaemsn | Nemrarmrs

cl e | Br Br
(79) (80)

believed to be p-nitrothiophenoxy adducts of general structure

(81). One curious reaction remains unexplained. When (80)45

Z Br //_ \ C=N-NHAr

.~ g |
S
]
e 9
NO2 : NO2
(81) (82)

Ar = 2,4BroCcHqy~
and p-nitrothiophenoxide ion were stirred together in ethanol
there was evolved dpring the first hour of the reaction a gas
with the smell of hydrogen cyanide. Work-up after two hours
gave N-o-p-nitrothiophenoxybenzylidene-N'- (2-bromophenyl)-
hydrazine (8lc) (18%) as the only characterisable product.

The identity of this product was in no doubt, since it was



42

identical in all respects with the product from the reaction of
(79) and p-nitrothiophenoxide ion. Further the hydrazidic
bromide (80) was analytically pure with spectral properties
consistent with its structure. In some curious way p-nitro-
thiophenoxide ion had reduced the thiocyanato groﬁp to hydrogen.

An examination of the mass spectra of (8la) and (8lc)
showed that both compounds lost the elements of p-nitrothio-
phenol from the parent ion, in agreement with the proposed
structures.

The hydrazidic bromide (42) and p-—-nitrothiophenoxide ion
yielded an analogcous compound, formulated as (82) in 55% yield.
Once again, loss of p-nitrothiophenol from the parent ion was
an important feature of the mass spectrum..

Treatment of (77) with triethylamine in refluxing
ethanoi had previously been reported to produée the benzothia-
diazine (83) wvia an S$+N transfer of the p-nitrophenyl group,
followed by the displacement of the 2-fluorine substituent by

sulfurl7. As with the S-N acetyl transfer in thioacetoxy

NEt_, EtOH

Ph.l//S +Br
(77) 2 — 3 N

Sy

(83)
NO.

2
compounds, the process could be synchronous or could occur via
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the intermediate zwitterionic form of the thiohydrazide (84).

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

ment of the p-nitrothiophenoxy adducts prepared in the present

(+)
PhC=N-NHAx
S Ar = Br
(—-) \ /
F
N02

(84)

study was not expected to yield the corresponding thiohydra-
zides in base. However their_conversioﬁ inﬁo benzothiadiazines
was seen as evidence for au S+N aryl transfer and is descfibed
later in this thesis..

In connection with later work (8lb) was dissolved in
benzene and treated with é;nccntrafcd hydrochloric acid in the
same way as described earlier for (63a). After one hour there

was no reaction and the implication 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
" o 8 bt g , g | g N
with pyridine derivatives, although quinoline and s-triazine
systems have been shown to undexrgo similar reactions.

The use of heterocyclic thiols in the present work
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appeared to be an attractive alternative to p-nitrothiophenol,
since the S+N migration of the heterocyclic ring would presumably
be both acid and base catalysed. Therefore under acidic con-
ditions where benzothiadiazine formation presumably would not
occur, the interﬁediate thiohydrazide might be isolated.

The thiols chosen for the study were 4,6-dimethyl-2-
-mercaptopyrimidine, l-phenyl-5-mercapto-lH-tetrazole, 2-mercapto-
-5-nitropyridine, 4—methyl—2mmercaptoquinoline4 ; 2-mercapto-
pyridine46 and 2-mercaptoquinoxaline, and the results of the
reactions of each of these with (3) at room teamperature are

summarised in Table VI. All of the compounds were assigned the

unrearranged structure (85).

Ph-C=N~-NHAXx _ Ph~CNH- N -Ar
| I
SR N/\
Ar = 2,4~ B12 6H3" IMJ\V/J
(85) (86)

When the initial édducts (85) were dissolved in benzene
and treated with concentratedAhydrochloric acid at 100° only
(85a) gave any rearranged product. The bright'yellow N-thioben-
zoyl-N'-(4,6-dimethyl~2~pyrimidyl)-N'-(2,4~-dibromophenyl) -
hydrazine (86) was obtained after one hour. For the first time
both isomers involved in an S+N migration of an electron-
deficient group had been isolated. An investiéatibn of the

spectral characteristics of (85a) and (86) was seen as a means



Table VI. Preparation of the Heterocyclic
Thiol Adducts

Compound Yield NH Position
Substituent R No. 3 10 pPat.E.
Spectrumn
4 ,6-dinethyl-2-mercapto- 85a 75 8. 15%5
pyrimidyl
l-phenyl-5-mercapto-1H- 85b ~ 89 9.05¢
-tetrazolyl
- 2-mercapto~5-nitropyridyl 85¢c 83 9.25%%¢
2-mercaptoquinoxalyl 85d 63 9.18¢
2-mercaptopyridyl 85e 76
2-mercapto-4-methyl- . 85f 73

quinolyl

* NII signal of rearranged compound (86) at 9.736¢

**NH signal of rearranged compound (93) at 9.9 6

PhC=N-NH / \ Br

| e

SR By
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of identifying either initial ox rearranged stryctures without .
any .ambiguity. “

The ultra-violet and infrared spectra of the compounds
were complex and not very helpful. However the thioamide-type
structure of (86) required a more acidic hydrogen bound to
nitrogen. In fact a mediuvm-strong band at 33400111_1 was found
in the infrared spectrum of (86), while a weak absorption at
328Ocm'1 was present in the infrared spectrum of (85a). However
the position of the proton bonded to nitrogen in the nuclear
magnetic resonance spectra of fhe compounds appeared to be more
promising. The signal for the N-H proton in (85a) occurred at
1 9.1568 whilst that in (86) had shifted to 9.78 in accordance with
the more acidic nature of the proton. The position of the N-H
signal in (85a) was not expccted to differ greatly from that in
the p—nitrothiophenoky compounds or in the other initial adducts
of the heterocyclic thiols. This was found to be the case
(Tables VI and VII). However in the thichydrazide structure (£6)

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

/o~ !

. . 74

o e CH;-C N--CSPh
N~—N e

/ N

n?
S 'N Y
Me|§/.J Me

(87) (88)
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Table VII. Position of the N-H Proton Signal
in the p.m.r. Spectra of the
p-Nitrothiophenoxy Adducts (81)
Substituents Position of N-H Signal (6)
p-nitrothiophenoxy Hydrazidic
X Y 7 Adduct Bromide
H Br Br - 8.5
OMe Br Br 9.1 8.45
¢l Br Br 9.2 8.55
RH Br H 9.25 =

NO

(81)
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position of the signal would depend on the nature of the hetero-
cyclic ring.

Similar hydrogen-bonding had been reported by Callaghan
and Gibson!’ for a series of acetylated thiohydrazides. The
results of their investigation, taken from the thesis presented
by Callaghan are shown in Tables VIII and IX. To account for
these observations, a strongly hydrogen-bonded structure was
proposed, for which (88) seemed the most reasonable. Splitting
of the methyl signal into a doublet can then be explained as
due to hindered rotation about the Ar-N bond where bulky sub-
stituents such as Cl, Br or I occupy the 2-position. Each methyl
peak would be associated with éne or other of the N-H peaks in
two major conformers. The 2-F appears to be the limiting case
for free rotation at 35°, since the 2,4-difluoroacetylthiohydra-
zide showed splitting, while the 2-fluoro-4-iodo compound did
not under the same conditions (a mesomeric effect may be involved
to give some double-bond character to the Ar-N bond).

The 2,4-difluoroacetylthiohydrazide was studied in
deuterochloroform at various temperatures in the range 35.5 to
-70° (Table IX). The methyl doublet was observed to coalesce ar
ca. ~70° to a single sharp pecak. The fact that neither of the
peaks disappeared suggested that the single peak at -70° was
not due to the more stable conformer, but more likely to different
chemical shift variations with temperéture of the two conformers,
the shift values coinciding at that temperature.

In view of the uncertainty of the position of the N-H
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Table VIII. 'H Nuclear Magnetic Resonance
Spectra in Deuterochloroform
at 35.5°, 60Mc/S for Substituted
Acetylthiohydrazides *
Substituents N-H Arcmatic Methyl
X Y Proton (6) Protons (6§) Protons (§)
H H 7:9=7.21 (11) 201
I F 1:85-7.1 - {8) 2.1
F F 7 7.93-6.64 (8) 2.22 and 2.02
I Cl 9.9 and 9.54 7.93-7.26 (8) 2.29 and 1.95
Br Br 9.94 and 9.56  8.19-7.25 (8) 2.30 and 1.94
Cl- I 9.96 and 9.53 8.25-7.24 (8) 2.31 and 1.92

*Taken from

PhCSNHNAC / \ > X
Y

reference 17
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Table IX. Variation of Methyl Absorption with
‘ Temperature for N-thiobenzoyl-N'-
-acetyl-N'-(2,4~-fluorophenyl)hydrazine
in Deuterochloroform®
Temperature Methyl Proton Separation
(°Cc) Absorption (§) (Hz.)
3545 2:22 o 2.02 12
10 2,19 1.99 12
0 2+.22 2.03 11.4
-10 2.2) 2.04 10.2
-20 218 2.95 1.8
-40 2.14 2.05 5.4
-60 - 3:5
=70 - ca.0

*Taken from reference 17
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signal iﬁ thiohydrazides because of the possibility of hydrogen-
bonding, it became clear that no unambiguous structural assign-
ment could ke made by this means alone. However the mass spectra
of compounds (85a) and (86) provided moré concrete evidence.
Both compounds gave molecular ions but onl§ (85a) gave a peak
(m/e 350) corresponding to the loss of 4,6~dimethyl-2-mercapto-
pyrimidine. The thiohydrazide (86) could only give such a peak
if a reverse aryl migration occurred. Further the mass spectra
of (85b,c,d) all exhibited a peak corresponding to loss of the
heterocyclic thiol from the parent ion. It was thus concluded
that the assignment of the‘unrearranged structures for these
conpounds was correct.

It was noted éar}icr that only (85a) gave any rearrange-
ment product in acid. MHowever three of the other compounds |
gave some reaction, whilst (85%e) and (85f) were unaffected under
the conditions enployed.

The tetrazolyl adduct (85b) was dissolved in benzene and
treated with concentrated hydrochloric acid for one hour in
such a way as to keep the mixing of the two layers to a minimum.
The free thiol, l~phenyl—S—mércapto»lﬁntetrazole (60%) and
N-a-chlorobenzylidene-~N'-(2,4~-dibromophenyl)hydrazine (89) (41%)
were isolated and N-benzoyl-N'-(2,4-dibromophenyl)hydrazine was
detected. These products are thought to result from reaction
scheme (vi). A similar reaction scheme war envisaged for the
reaction of (85d) with acid, since (89) was obtained in 13% yield.

No 2-mercaptoquinoxaline was isolated from this reaction. Unless



SCHEME (vi)

gt :
Ph-C=N-NHAT > Ph-C=N-NHATr
| |
SR (SRH) (+) (91)
H»O
c1”
. * H,0 & ot
Ph-CNHNHAY  ¢——meeme. Ph-CZN-NHAY = Ph-C=N~NHAY
I (+)
0 : c1
(90) (89)
SCHEME (vii)
5 (+)
Ph-Cof-NHAR oty Ph-C~NH~NHAY
| | (92)
SR SR
=i A
Ph-CNHNHAY (89)

I
0

Axr = 2,4—Br2C6H3—
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an acid catalysed N+S shift of the aryl group is envisaged these
products confirm the structural assignments of (85b) and (85d).
It should be noted that scheme (vi) represents a
simplified version of the reaction, since reversible protonation
will occur at all possible sites in the molecule. If steric
factors are unimportant, the loss of (SRH) must be faster than
the rearrangement step. The attack of an external nucleophile
(i.e. C1 or H,0) on the protonated species (91) would lead to
products. ITonisation of (91) to give the relatively stable
cation (90) (see Introduction) is also possible. Protonation
of the benzylidene nitrogen to give (92) would also lead to
products as shown in scheme (vii). However (63a) and (8lb) were
unaffected by acid under the same conditions, although if
scheme (vii) were a major reaction pathway then some hydrolysis

would be expected.

Ph-C=N~NHAT cl 7 \}.con-nnnr
| —/ |

¢ S
4

~, I

g

NO,, 0, (81b)

(o= =2 4-Br.C_H
Axr=2, Bl2 603

The competition between the two possible reaction modes,

hydrolysis and rearrangement, must be controlled by the electron-



deficiency of the heterocyclic ring which makes the (SRH)
species a good leaving group. In view of tﬁis, the action of
acid on the nitropyridyl adduct (85c) was expected to give
mostly (89) with little or no rearrangement. In the event, a
§ellow gum was obtained which appeared to contain at least
eight components. However no (89) was found in the product and
the p.m.r. spectrum favoured rearrangement. Thus the presence
of an exchangeable proton at 9.96 suggested that the thiohydra-
zide (93) was present. However no pure solid material could be

obtained from the product.

Ph-C-NH-NAx

|
s

[ Dl
% Al 2 A P12CGI]3
NO
2
(93)

The action of base on compounds (85a-f) is described

later in this thesis.



IT. PRI.PARATION OF THE OXADIAZINIS

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

The observation that the interaction of (59) with sodium
acetate in dimethylformamide had yielded the benzoxadiazine (61)
in reasonable yield, prompted an investigation into the reaction.
Initially there appeared to be two possible mechanisms, one
involving an intramolecular nucleophilic attack by oxygen on the
2-position of the halogenated ring, and the other via a benzyne-
type intermediate. The former.did not look too promising, since
an m-nitro substituent is not a powerful activating group4o and
hydrazides are not normally nucleophilic through oxygen47.
However, a mechanism of this type would be analogous to that
proposed by Callaghan and Gibson for the cyclisation of acetyl-
| thiohydrazides discussed earlier. In order to present evidence
for either mechanism, it was important to determine the effect
of substituents in the halogenated phenyl ring and the influence
of the leaving group on the reaction. Further, it was necessary
to determine the exact nature of the product, since the structure
of (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 ethanol and dimethylformamide with no success.
However reaction in dimethylformamide using both triethylamine
and an equivalent of solid sodium hydroxide gave 7-bromo-2-phenyl-

-4H-benzoll,3,4]oxadiazine (95) in 39% yield (Schewme viii), the
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majority of the remaining matexial being uachanged (50). The
reaction of (¢5) with acetic anhydride in acetic acid gave the
acetyl derivative (94), which was shown to undergo dcaéetylation
under the conditions of the cyclisation. Since N~benzoyl¥N‘—
-(2,4—dibromophenyl)hydrazihe (96) did not cyclise under the same
conditions, it was concluded that (94) was the initial product
with deacetylation taking place after ring closure. Although no
attempt was made to maximise the yield of (95) in this reaction,
it was obvious that the reaction time was critical. After 2.5
hours at the reflux témperature 39% of (95) was obtained. After
6.0 hours the product was extremely tarry and only 11% was |
isolated. The product thus appeared to bé destroyed on prolonged
heating with base.

The aromatic region of the p.m.r. spectra of compounds
(94) and (95) is reproduced in TFigures (i) and (ii) respcctively.
Examination of these spcectra shows that the structures assigned
to these compounds are indeed correct. Thus in Figure (ii),
the proton HA is seen as the high field doublet as predicted by
its position adjacent to nitrogen. In Figure (i), Hy has moved
downfield considerably under . the influence of the neighbouring
acetyl group. Since Iy shows only ortho-coupling, the bromine
substituent must occupy the 7-position as shown.

The cyclisation of N-benzoyl-N'-acetyl-N'-(4-bromo-2-
-fluorophenyl)hydrazine (54) was effected with triethylamine
alone using dimethylformamide as the solvent. The acetyl group

was not renoved from the benzoxadiazine and (94) was obtained
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The Aromatic Region of the p.m.r. spectrum of (95)
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in 93% yield after 2.5 hours. This was the first indication

that the cyclisation exhibited the characteristics of a nucleo-
philic aromatic substitution reaction, since fluorides are known
to be converted to benzynes only with difficulty48. Further,

the observation that fluorine is displaced more easily than
bromine is usually made in nucleophilic aromatic substitution.
Thus the cyclisation appeared to proceed via the anion (97) involv-
ing attack by negative oxygen on the 2-position of the halogenated
ring as shown in Scheme (ix). Since the aromatié ring in (97)

is not activated towards such an attack, it may be that the
.cyclisation proceeds through the zwitterionic form of the.hydra~
zide (98). The concentration of such a species in the reaction
medium would be very small, but the 2-halogen substituent in. (98)
would be activated towards nucleophilic attack.

The cyclisation of N-p-chlorobenzoyl-N'-acetyl-N'- (2,4~
-dibromophenyl)hydrazine (51) using both triethylamine and sodium
hydroxide in dimethylformamide, gave the corresponding deacetylated
benzoxadiazine (99) in 25% yield after 2.5 hours. The acetyl
group was presumably lost after ring closure. Reaction of (99)

with acetic anhydride gave the acetyl derivative (100).

H . Ac
N | | o
IL\‘ Ac20 'l

" X Br AcOH 0

c1
(99) (100)
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The cyclisation of (52) in the usual way gave a 45%
yield of the acetylbenzoxadiazine (101). This compound resisted
all attembts to deacetylate it under the basic conditions of the
reaction. An attempted removal of the acetyl group in ethanolic
hydrochloric acid gave only a dark brown oil. During later work
it was found that all the benzoxadiazines prepared were sensitive
to prolonged acidic treatment. Although the breakdown of these
compounds.in acid was not investigated in the present study, it
is interesting to note that the corresponding thiadiazines were
stable under the same conditions.

The cyclisation of (58) yielded a benzoxadiazine,.
formulated as (102) which alco did not deacetylate under the

basic reaction conditions. Since both (101) and (102) have

Meo X (101) _ (102)

groups capable of electron-donation in the 2-position, it may be
that in some curious way the acetyl group is less labile in
such compounds. The low yield (6%) of (102) was attributed to

the uncertain purity of the hydrazide (58), which could not be
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obtained analytically pure.

Thus the reaction appears to be useful as a general
synthesis for benzoxadiazines, although further work is required
before removal of the acetyl group becomes a routine step for
compounds where the cyclisation doeé not proceed with its loss.
An examination of the literature shows only one other success-
ful synthesis of the benzo[l,3,4]loxadiazine ring system.

Huisgen et gles preéared the 2H~benzo[l,3,4]oxadiazine
ring system by the reaction of subétituted diazomethanes with
diazonium compounds (Scheme x). When Ry or R, was hydrogen,
rearrangement to the isomeric 4H-benzol[l,3,4]loxadiazine was

observed.

ii. Cyclisation of N—aroyl—N'-(p—nitrophenyl)»N'—

-—arylhydrazines

The cyclisation of a series.éf hydrazides of general
formula (64) was effected under standardised conditions which
were as follows: the hydrazide and sodium hydroxide, in eguiva~
lent amounts, were dissolved in a mixture of dimethyiformamide
and triethylamine and the solution was boiled under reflux for
6 hours. The results are shown in Table X, and an examination
of this table reveals several points.

The presence of electron-releasing groups in the C-phenyl
ring or electron-withdrawing groups in the N-phenyl ring would
be expected to aid the cyclisation. This appears to be the case,

the only exception being that the carboethoxy group in (644)
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Table X. The Cyclisation of N-Aroyl-N'-
~-p~-Nitrophenyl-N'-Arylhydrazines

HYDRAZIDE BENZOXADIAZINE
Substituents

No. .4 % Z No. Yield %
64a H Br Br 103a 29
64b OMe Br Br 103b 61
64c Cl Br Br : 103c 36
64d H Br COOEt 103a 25
6de H 3 Br 103e 96
64f H Br ‘wo,, 103f 62

NH NaOH, NEt
¢ “SN-Ar ' 3 .
[ DMF, 6 hrs.
0
Y'//
N

= n\\tmgéy Wl (103)
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appears to lower the yield of cyclised product. However,
hydrolysis of the hydrazidé to give the species (104) would be a
process occurring in competition with ring-closure since the
electron~-withdrawing capabilities of the. ester function have been
lost in (104) and cyclisation would not be expected to take

place. It is perhaps surprising to note that the ester function

Br

—_ .
Ph-CNH~N 7 . Ar = < AW NO.
1N\ / o et

I
(0] Ax .
(104)

in the benzoxadiazine_(lOBd) is unaffected under the reaction
conditions.

The change in the leaving group from bromine to fluorine
increases the yield of cyclised product markedly. In fact (64e)
is converted entirely to the benzoxadiazine (t.l.c.) and the 96%
yield represents the material obtained after work-up. In view
of this the mechanism favoured for the reaction (Scheme xi) is
analogous to that proposed earlier for the cyclisation of the
acetylhydrazides. The anionic species (105) or the zwitterion
(106) is thought to attack the 2-position of the N-phenyl ring
in order to lead .to products.

The p-nitrophenyl substituent is not és labile as an

acetyl group, and is not removed under the reaction conditions.
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Since (103) is stable to prolonged basic treatment (i.e. 6 hours)
it appears that it is the NH oxadiazine which is sensitive to
such conditions. Thus in these cases prolonged reaction times
might be expected to increase the yields of cyclised products.
Accordingly (64a) yielded (103a) in 79% after 10 hours (previously
29% after 6 hours).

The structure of (103a) was confirmed by an alternative
synthesis. When 7-bromo-2-phenyl-4H-benzo[l,3,4]oxadiazine (95)
and p-nitrofluorobenzene were boiled together in acetonitrile~

~triethylamine for 4 hours, (l03a) was obtained in 66% yield

\

NO,

9

‘ N
H F T

. N/N /, l Pz l - . A % l
+ ‘ e nsosen i 3
Phjl\o/\ Br N phJ ~o” X Br
NO
3
(95) . (103a)

iii. Cyclisation of N-benzoyl-N'-(o-nitrophenyl)-N'-

-{2,4~-dibromophenyl)hydrazine

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

hydrazine (67) appeared to be an interesting compound, since
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cyclisation might be expected to proceed in two ways (Scheme xii).
Ring-closure in the usual way would give (107) but since the
nitro group is sterically well placed, (108) might also be pro-
duced. When (67) was treated in the usual way for 6 hours, only
(107) (27%) was obtained. There was no evidence of any other
cyclised product (t.l.c.). The benzoxadiazine (95) and
o-nitrofluorobenzene gave (107) in refluxing acetonitrile-

triethylamine to confirm the proposed structure.

iv. Cyclisation of N-benzoyl-N'-pentachlorophenyl-N'-

=-(2,4-dibromophenyl)hydrazine

In their reactions with acetylthiohydrazides, Caliaghan
and Gibson had reported that a 2-chlorine substituent was not
displaced under the conditions employed. In the present work the
cyclisation of (70) was attempted under the standard reaction
conditions and two modes of ring closure were seen to be possible.
Cyclisation in the normal sense would give (109) as shown in
Scheme (xiii). However, a 2-chlorine substituent might also be
displaced and the benzoxadiazine (110) would result.

Rocklin has shown that hexachlorobenzene undergoes sub-
stitution under comparatively mild conditions 9, and more recent
work by Suschitzky has shown the displacement of chlorine from
polychloroaromatic rings to be a reaction of synthetic importancell.

In the event 62% of (110) was obtained, with no evidence of any

other cyclised product (t.l.c.).
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v. Cyclisation of N-benzoyl-N'-(2,3,5,6-tetrafluoro-

phenyl)hydrazine

The preparation of the fluorinated benzoxadiazine (113)
éppeared useful in connection with other work in this department.
Coincidently it provided an opportunity to examine the nuclear
magnetic resonance spectrum of substituents (fluorine) attached
to the benzoxadiazine ring system without the protons of the
2-phenyl ring interfering.

The reaction of hydrazine hydrate on pentaflubrobenzene
(Scheme xiv) gave the tetrafluorophenylhydrazine (111) which
was benzoylated at ~78° to give the hydrazide (112). Treatment
of (112) with acetic anhydride, triethylamine and dimethylformna-
mide for 4 hours at the reflux temperature, gave (113) in 65%
yield. The cyclisation failed in the absence of acetic anhydride.
An attempted removal of the acetyl group from (113) under basic
conditions yielded only gummy material.

The fluorine nuclear magnetic resonance spectrum of (113)
showed F, at 52.848, Fg at 55.166 and Fr at 57.068 (upfield from
CF3CC13). These values, and the corresponding coupling constants,
are in agreement with the proposed structure. The differences
in the spectra of (113) and the corresponding fluorinated benzo-
thiadiazine are discussed later.

The nuclear Overhauser effects in (113) are presently

; : .67
under investigation .
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vi. Preparation of oxadiazines from N-benzoyl-N'-

-phenylhydrazine

At this stage of the research, the synthesis of benzoxa-
diazines via the cyclisation of suitably substituted hydrazides
was well established. Since the ring-closure via oxygen appeared
to proceed smoothly in favourable cases, it was thought that
N-benzoyl-N'-phenylhydrazine (114) might behave as the bifunc-

tional nucleophile represented as (115).

Ph-CNH~-NH-Ph =0 Ph
I <l
o I
(114) .l (115)
“~Ph

In order to test the method, the readily available and
highly activated 2,4-dinitrofluorobenzene was condensed with (114).
As expected the fluorine substituent was displaced by the nucleo-
philic nitrogen atom and N-benzoyl-N'-(2,4-dinitrophenyl)-N"'-
-phenylhydrazine (116) was obtained in 74% yield (Scheme =xv).
The cyclisation of (116) was effected smoothly in the usual way,
and the benzoxadiazine (117) was isolated in high yield. Thus
it appeared that aromatic compounds_with ortho substituents
activated towards nucleophilic displacement might give the
corresponding oxadiazine ring system with (114).

However (114) and 2-chloro-3-nitropyridine failed to
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condense together and the more powerfully activated 2-chloro-
-3,5-dinitropyridine was required before reaction would occur.
In this way the hydrazide (118) was obtained in 71% yield, as
outlined in Scheme (xvi). The cyclisation of this compound in
the usual way gave the first example of the pyrido[3,2]1[1,3,4]-
oxadiazine ring system (119) in 85% yield. '
The hydrazide (114) also failed to condgnse with 2,3~
-dichloroguinoxaline when methanol-triethylamine was used as
the solvenﬁ. The reaqtion proceeded smoothly when dimethylforma-
mide was used as the co-solvent with triethylamine. The inter-
mediate hydrazide (120) could not be isolated, but a reflux time
‘of 12 hours gave the novel quinoﬁalino[2,3][l,3,4]oxadiazine ring

system (121) in 82% yield.

_ NH
Ph-c”  “~N-Ph
i
0
c1\ Witre
N.\/ \
N
(120) _ (121)

vii. Summary

Under certain conditions hydrazides have been shown to

be nucleophilic via oxygen and in favourable cases the benzo-
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[1,3,4]loxadiazine ring system is producéd. The cyclisation
exhibits the characteristics of a nucleophilic aromatic sub-
stitution reaction and is unusual in that the aromatic ring which
suffers attack is normally considered to be deactivated towards
such substitution.

N-Benzoyl-N'-phenylhydrazine appears to contain two-
nucleophilic centres in its reactions with aromatic compounds
containing ortho substituents activated towards nucleophilic
attack. The initial displacement through nitrogen may be fol-
lowed by cyclisation via oxygen in suitable cases to yield the

corresponding oxadiazine ring-system.
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ITI. PREPARATION OF THE THIADIAZINES

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

Since Callaghan and Gibson had effected the cyclisation
of a series of acetylthiohydrazides earlier, no difficulties were
expected in the present study. The conditions used by these
workers (refluxing triethylamine-acetonitrile) were shown to'be
valid for the ring-closure of acetylthiohydrazides containing
groups in the C-phenyl ring. Thus (72) yielded the benzothiadia-
zine (122) in 90% yield and removal of the acetyl gréup in ethan-
olic hydrochloric acid gave the corresponding NH compound (123)
as shown in Scheme (xvii).

The aromatic region of the p.m.r. spectra of (122) and
(123) are reproduced in Figures (iii) and (iv) respectively.
Figure (v) shows the p.m.r. spectrum of (123) after the addition
of deuﬁerium oxide. In the p.m.r. of (95) (Figure (1i))discussed
previously, the high-field doublet was assigned as tﬁe proton
adjacent to nitrogen. Inspection of Figure (iv) shows that (123)
exhibits a similar high-field doublet. Further, this doublet
sharpens on the addition of deuterium oxide (Figure (v)) and thus
the signal is attributed to H, on the basis of long range
coupling with the N-H. Upon acetylation of the nitrogen, Hp is
seen to move downfield considerably (Figure (iii)) and is lost
among the signals of the other aromatic protons. Since H, shows
only ortho-coupling, the bromine subsfituent must occupy the
7-position as indicated.

The occurrence of a high-field doublet (ortho-coupled)
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of the p.m.r. Spectrum of (122)
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Figure: (i

v)

& The Aromatic Region of

the p.m.r. Spectrum of (123)
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was notcd in all the p.m.r. spectra of the benzothjadiazines
prepared in the present study. This observétion was important
in later work when the assignment of structuré was more difficult.

The cyclisation of (71) also proceeded smoothly, although
éhe yield was only 66% of (124) as shown in Scheme (xviii).

The product appecared to coﬁtain 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) which was shown not to be the
impurity mentioned abcve (t.i.c.).

The mechanism favoured by Callaghan and Gibson for these
reactions involved the zwitterionic form of the thiohydrazide
(40). 1In this way the halogenated ring bccomes activated
towards nucleophilic attack by.neéétive sulfur. Ring-closure
via the anionic form of the thiohydraziae cannot be overlooked,
how;ver, since the sulfur atom in such a species would be extremely
‘nucleophilic and attack at the relatively unactivated 2-position

might occur.

ii. Cyclisation of N-a—(punitroﬁhiophenoxy)arylidene—N'—

-arylhydrazines

In Section I (iv) the preparation of the p-nitrothio-
phenoxy adducts was described. These compounds were all assigned

the unrearranged structure (81). Treatment of these compounds

with base was expected to give the corresponding benzothiadiazines
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SCHEME  (xviii)

cl

NEt., EtOH
3 »

Br

Br Br (124)

v
cl
N
2~ SNn
S v
/
\

Br (1:25)
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via an S$»N p-nitrophenyl migration followed by ring-closure
through sulfur. Earlier, compound (77) had been shown to yield

the benzothiadiazine (126) in refluxing ethanol—triethylaminel7.

Ar
NEt,_ , EtOH N
Ph-C=N-NH - By 3 3 N/
! \ // J|\
S
Ar F Ph g Br
(77) ' (126)

Ar = 4"1\]02"C6I’I4"'

In the present study'a series of p~nitrothiophenoxy
compounds was treated in a similar manner. The results are
summarised in Table XI. No attempt was made to isolate the
(presumably) intermediate thiohydrazides.

Only compound (8lc) failed to yield a cyclised product.
Since Callaghan and Gibson had earlier noted that (127) failed
to yield any isolable benzothiadiazine under similar conditionsl7,
this result served to support the view of these workers that an
electron-withdrawing group in the 4-position was essential for
ring closure.

It might be expected that, since ring-closure had not

taken place, the corresponding thiohydrazide (128) would be



Table XI. Cyclisation of the p-Nitrothiophenoxy

adducts '
p-Nitrothiophenoxy Adduct Benzothiadiazine
No. Ax . X ) Yield %
8la 4-methoxyphenyl Br 74
81b 4-chlorcephenyl Br 40
8lc phenyl H 0
82 5-bromo-2-thienyl Br 64
/ o NEt 4
Ar-C=N-NH - X —
[ X /) EtOH
3 Br
~a l
\\ .
NO



&8

Br
Ph-CNH~-NAcC - / \ Ph-CNH-N -
il — I
NO
(127) 2 (128)

isolated. In fact only gummy ﬁaterial wés obtained. Since some
acetylthiohydrazides are known to be thermally unstable, it may
be that (128) was destroyed during the reaction.

The isolation of the three other benzothiadiazines con-
firmed that the S$»N aryl migration had taken place. Once again
ring-closure could be synchronous or proceed via the thiohydra-
zide as shown in Scheme (xix).

The reaction of the hydrazidic bromide (59) with p~nitr6"
thiophenoxide ion at room temperature gave a yellow solid which
was not characterised, but which was almost certainly (131).
This compound gave the benzothiadiazine (132) in 45% yield,
based on the hydrazidic bromide, on treatment with refluxing
ethanol-triethylamine. Thus the SN aryl migration appeared to
proceed readily even when an electron-withdrawing nitro group

is contained in the N-phenyl ring.
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(xix)
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NO

/ A\ NO,, N/N

Ph-C=N~NH~
| o J
S - ‘ Ph g N02
NO,, (131) (132)

iii. Cyclisation of the hydrazidic thiocethers derived

. from heterocyclic thiols

In Section I (v) the reaction of heterocyclic thiolswith
(3) was discussed, and all the products were assigned the un-
rearranged structure (85). The treatment of these compounds
with refluxing ethanol-triethylamine was expected to yield ben-
zothiadiazines of general structure (129) via an S*N migration
of the electron-deficient heterocyclic ring.

The results of the study are shown in Table XII. Only in
three cases was the expected product obtained. All .the other
compounds yielded tarry material, althouéh in the case of (85a)
the isomeric thiohydrazide (86) was detected (t.l.c.). The
recovery of (85e) éfter 2 hours was notable. Compound (85b)
survived similar treatment for 5 minutes, but a longer reflux time
gave no characterisable product. It may be that the tkermal
stability of the thiohydrazide is important since (86) was des-—

troved in refluxing ethanol-triethylamine without giving any
Y g g g Y
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Table XII. Cyclisation of the Hydrazidic Thioethers
. derived from the Heterocyclic Thiols

Hydrazidic Thioether Benzothiadiazine
No. R Yield % No.
85a 4,6-dimethyl-2-pyrimidyl 0* 129a
85b 1-phenyl-1H-5-tetrazolyl 0% 129b
85¢ 5-nitro-2-pyridyl 79 12%¢
85d 2-quinoxalyl . 94 1294
g5e 2-pyridyl Q%% 129%e
85f 4-methyl-2-quinolyl 16 128%

* Starting material destroyed. Rearranged compound (86) detected
*¥*% Starting material destroyed

***Starting material recovered

R
. N
NEt W )
IR §
Ph g Br

(85) - (129)

Ph-C=N-NH-

SR
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cyclised product (t.l.c.).

The structures of (129c¢) and (129d) were confirmed by an
alternative synthesis. The reaction of 7-bromo-2-phenyl-4H-
—benzb[l,3,4]thiadiazine18 (130) with each of 2-chloro-5-nitro-
pyridine and 2-chloroguinoxaline in the presence of triethylamine
gave (129c¢) and (129d) respectively. The unreactivity of
2-chloro-4,6-dimethylpyrimidine and 2-chloropyridine towards
(130) under the same conditions was attributed to insufficient

activity in the heterocyclic ring.

H
. /N\ 2

-

J‘ ' (130)
\\S . Br

a

Ph

Thus only the quinoxaline and nitropyridine ring systems
were seen to undergo a facile S$+N migration under the influence
of base. This result was inportant to later work and is dis-

cussed in Section III (vi).

iv. Cyclisation of Nnthiobenzoyl—N'—(2,3,5,6-tetra~

fluorophenyl)hydrazine

In Section II (v) the formation of the fluorinated ben-
zoxadiazine (113) was described. The fluorine nuclear magnetic
resonance spectrum of this compound was limited in its importance
since the acetyl group could not be removed. 'However the

corresponding fluorinated benzothiadiazine was thought to be more
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helpful since the acetyllgfoup might be removed under acidic con-
ditions. The effect of the acetylation of the nitrogen on the
fluorine substituents could then be examined.

The action of 2,3,5,6-tetrafluorophenyl hydrazine on
carboxymethyldithiobenzoate43 in dilute potassium hydroxide
solution gave N-thiobenzoyl-N'~-(2,3,5,6-tetrafluorophenyl)hydra-
zine (133) which on treatment with acetic anhydride and triethyla-
mine gave the benzothiadiazine, formulated as (134), in excellent
yield. The cyclisation failed to proceed without the addition of
acetic anhydride, but rather gave a compound which analysed for
a 1:1 adduct of (133) and triethylamine.

The thiohydrazide‘(133) was regenerated on treatment of
the adduct with ethanolic hydrochloric acid. If the product
was a salt it was most unusual since it crystallised as necdles

from hexane-benzene. The p.m.r. spectrum was consistent with a

Ag
N
-~ 7z F

N
PhCNHNH - y
I X
S . Ph G S H
¥ ¥ P
(133) , (134)

1:1 adduct, all the exchangeable protons being equivalent in the
deuterochloroform solution. The exact nature of this product
is unknown.

The benzothiadiazine (134) was deacetylated in ethanolic

hydrochloric acid to give a product, formulated as (135) in good
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yield.

H o
/N\ ”
N o F

| ] (135)
Ph S//’\\\ H
F

The fluorine nuclear magnetic resonance spectra of (134)
and (135) proved to be extremely interesting and useful. The
details are listed in Table XIII together with those of the
benzoxadiazine (113). An inspection of the table reveals three
points:
~(a) the coupling constants are consistent with the proposed
structures68, The long-range couplings between the NH and Fa
and Fg in (135) are of special interest, since a similar effect
was observed in the p.ﬁ.r. spectrum of (123);

(b) the chemical shifts also support the structural assignments.
Acetylation of the NH produces a shift downfield for F,, while
the other fluorines are almost unaffected. The higher field
positions of Fp and Fc in the benzoxadiazine (113) are explained
by the increased electron—-density in the ring, since: the smaller
oxygen atom is capable of a greater resonance effect;

(c¢) irradiation of the NH signal of (135) produces a large
nuclear Overhauser éffect (N.O.E.) of Far whilst Fg and Fe are
unaffected. Saturation of the methyl protons of (134) produces
a smaller effect of Fp, whilst Fp and Fp are again unchanged.

Saturation of the ring proton produces large N.O.E.'s of Fg



Table XIII.

Fluorine Nuclear Magnetic Resonance
Data for Fluorinated Benzothiadiazines

and Benzoxadiazines 95
X S S O
‘R H Ac Ac
Chemical Shifts & *
Fp | 82.25 54.08 52.84
Fy 54.27 50,92 55.16
FC 36.54 36.28 57.06
Coupling Constants Hz.
Inp 21 20 22
Iac 13 13 13
Jpe 2.5 2 0
. 6 6 7
Iny 10 9.5 10
Jen Bah 8 9
Jar 3
JBR 4
Jer 0
N.O.E.
Irradiate R; Obs. FA 32% 10%
Irradiate H; Obs. Fu 0% 0%
FB 22% 21%
FC 33% 32%

*Upficld from CF3CC13

R
[ P
N
7 \.@% :
PhJ\X M
Fe
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and FC’ whilst FA is unaffected.

Only the structures (134) and (135) are consistent with
the above data. By inference the proposed structure of the
benzoxadiazine (113) is strongly favoured, although unequivocal
evidence will come only from the measurement of the N.O.E.'s
of this compound.

The shift of F, from a high-field position in (135) to

A

low-field upon acetylation is analogous to the shift of proton

H, in (95) and (123). The N.O.E.'s examined here thus provide

A

more evidence for the structures of these compounds.

v. Preparation of benzothiadiazines from N-thiobenzoyl-

-N'-phenylhydrazine

In Section II (vi) the reaction of N~benzoyl-N'-phenyl-
hydrazine with some orfho»diSubstituted aromatic compounds was
described. The initial substitution was shown to occur through
the more nucleophilic nitrogen atom and ring-closure was effected
via oxygen under more vigorous conditions.

The reaction of N-thiobenzoyl-N'-phenylhydrazine (136)
with similar compounds appeared to be a pathway to the corres-
ponding thiadiazines. However, thiohydrazides differ from
hydrazides in that the initial nucleophilic attack is through
sulfur under basic conditions47.

When (136) and 2,4-dinitrofluorobenzene were stirred
together in the presence of triethylamine, a cyélisea product

was obtained which could arise from one of two reaction pathways,
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as shown in Scheme (xx). The initially formgd 2,4~-dinitrothio- -
phenoxy compound (137) could cyclise directly via nitrogen
attack at the 2-position to give (139). However, rearrangement
of (137) through an S»N transfer of the 2,4-dinitrophenyl ring
would yield (138) which could then cyclise via sulfur to give
(140).

The product was eventually shown to be (140) in the
following way. The aromatic region of the p.m.r. spectrum of
(140), reproduced in Figure (vi), contained an ortho-coupled
high-field doublet, a feature which had previously been attri-

-buted to benzothiadiazines with a substituent in the 7-position
(Section III (i)). The oxidation of (140) with peracetic acid
gave (141) in good yield, and the aromatic region of the p.m.r.
spectrum of this compoﬁnd is shown in Figure (vii). Under the
influence of the neighbouring 802 group, He had moved downfield
considerably and was seen as a doublet (meta-coupled). Proton
Hp was also seen at slightly lower field and appeared as a
quartet. These observations are consistent only with structure
(140). There was no evidence for the formation of (139) in the
reaction (t.l.c.).

Since (140) was formed at room temperature, the reaction
was repeated at O°'in an attempt to isolate (137) or (138) or
both. In the event, a yellow solid was obtained, together with
some (140) (t.l.c.). Since the product was shown to undergo
conversion to (140) when it was dissolved in ethanol-triethylamine,

it was evident that it was either (137) or (138). The unrearranged



SCHEME (xx)
F
NH “_.NO NEt N
Ph—,C/ SSNHPh + 2 e Ph-cF \'NHPh
! |
S S
(136) NO \
2 Z \o,
N\
o (1.37)
Ring-closure ' NO,,
via N
Ph
- N & S*N aryl
S \\\T transfer
N-Ph
///\\\{/’
' NH
NN Ph-C”  “S\N-ph
(139) I
0]
2 s
NO
2
(138)
N
O2
Ring-closure
_ via S
Ph N N
lé \‘N——Ph 5 5 Ph“l// “NN-Ph
0,8 H < K
, S, g
47N A ACOH N e
A
H. *H
C »7
B HC rTB
NO2 NO2

(141) (140)
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Figure (vi)

The Aromatic Region of the p.m.r.

Spectrum of (140)

400

o 200

| |
f / i A
it 44 / 'f | f
il W Ll
' s sz | e N ‘ ;ﬂ
WM,MMN’“J Ve, W e ol 4 Tl vt L AR SV NG PIESWAY AWt
| | | | s . 3 ; | |
| i ! L ] T A T e P i | |
H Ph Solvent DMSO d6
A N Frecuency 100 MHz.
Hp =~ Sy Sweep Width 250 Hz. “
P ;i' Sweep Offset 650 Hz. 0
~ /)jph Lock Signal .M. S
S



Spectrum of (141)

Figure (vii)

The Aromatic Region of the p.m.r.
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structures of the p-nitrothiophenoxy compounds prepared previously
were assigned on the evidence that their mass spectra contained
a peak corresponding to loss of p-nitrothiophenol from the parent
ion. The mass spectrum of the yellow product was identical with
that of (140) and for this reason the rearranged structure (138)
was favoured. |

The oxidation of (136) was known to yield the disuifide
(142)58 and not the previously reported azo compound (143)61.

The oxidation of the yellow product was undertaken in an attempt

to isolate the corresponding disulfide (144). " However no reaction

Ph-C-N-NHPh Ph~C-N=N-Ph Ph-C=N-NArPh
I I I
S S S
' |
S S
I .
Ph-C=N-NHPh Ph-C=N-NArPh
(142) (143) : (144)
Ar = 2,4~ (NO,) ,C My~

was observed when peracetic acid was employed as the oxidant.
The use of potassium ferricyanide under basic conditions
(agueous sodium bicarbonate) yielded only the cyclised product
(140).

The S»N transfer of an aryl group prior to ring-closure
through sulfur is well known in phenothiazine chemistry, an

example being the conversion of (145) into (147) via the intexr-’
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mediate«(l46)69.

NO_-
y NO 4 NI~ g
NH NO
-o—-.«,}
D,
\\\‘S’//' S NO2 N02
2 ' (146)

(145)

",r
NO,
v l NH % ]
.
N = NO,,
(147)

Similar migrations of p-nitrophenyl rings had already

been shown to occur in the present work.

vi. Preparation of thiadiazines from dithizone

The use of diphenylthiocarbazone (dithizone) (148) in
place of the thiohydrazide (136) was seen as a means of obtaining
benzothiadiazines with a phenylazo substituent in the 2-position.
Such compounds would be highly coloured and might be suitable
intermediates for dyestuffs.

The reaction of dithizone with 2,4—dinitroflhorobenzene
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in the presence of triethylamine (Scheme xxi) gave a purple
cyclised product which was formulated as (151) on the basis of
rearrangement prior to ring closure. The p.m.r. spectra of
(151) and its oxidation product (152) were similar to those of
(140) and (141) respectively. The aromatic portions of these
spectra are reproduced in Figures (viii) and (ix) respectively.
The presence of the high-field doublet (ortho~coupled) in
Figure (viii) and the low-field doublet (meta—coupled) in
Figure (ix) is consis£ent with the proposed structures (see
Section III (v)).

The reaction of dithizone with 2,4-dinitrofluorobenzene
was repeated at 0° and the reaction was quenched after 5 minutes.
A yellow solid was isolated which was thermally unstable and
‘heating to ca.l70° converted it to (151). The analysis figures
were consistent with either (149) or (150) if this inétability is
taken into account. The mass spectrum was identical with the
cyclised product (151) and therefore the rearranged structure
(150) was favoured. However, since the inlet temperature was
above 200° in the mass spectrometer, a thermal cyclisation
cannot be dismissed. Attempted oxidation with peracetic acid
resulted in the recovery of starting material (see Section III (v))
whilst the use of potassium ferricyanide as the oxidant yielded
only (151).

Dithizone itself had previously been shown to undergo a
facile oxidative ring-closure in refluxing acetic acid to give

e
(153). It was hoped that if the yellow product was indeed (150)



"SCHEME  (xx1i)
NH g
Ph~N=N~C// =~ NHPh + N02 Ph—N=N—C4§N\\NHPh
S S
(148) NO
2 NO
2
(149)
NO
2
S+N aryl
transfer
."
Ph-=N=N N
2SN - NH
Ring Ph-N=N-C S~N-Ph
S PU——
closure via S s
NO
2
NO2
1.0
H2
AcOH (150)
PhN=N, /‘q\wph
O=
AN
(152)

NO
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Figure (viii):

The Aromatic Region of

the p.m.r.

Spectrum of (151)
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igure f(ix): The Aromatic Region of
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