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ABSTRACT

The regsctions of several ar9matic thiohydrazides,
especially N-phenyl-N'-benzothiohydrazide, were studied.
Alr and iodine oxidations were found to be of particular
intersat and gave formation of bis-hydrazcnodisulphides
or, in one cgse, a 1,3,u~benzothiodiazine, Further
oxidation of these bis-~hydrazonodisulphidss was found to
give 5,6—dihydro—l,2;4,5—dithiadiazines or 4,5-dihydro-
1,3,h-thiadiazoles, The reactions of the bis-hydrazono-

disulphides were also extensively studied,
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REVIEW

The chemistry of ithichydrazides is of particular
interest for the variety of unusual heterocyelic systems
which can be formed from them, .

The first such systems to be s*udied were the sugar

derivatives, the glycothiadiazolines (I) first prepared

1,2,
by Wuyts 12.3,k4 $—
S HQO + Ph
Ph———NH'—-—NH—-( \N-—N
T O N
-+- (an2n+lon) S Fh
(Cnffzn_"thn)CHO I

These derivatives readily formed by warming together
the sugar and the thiohydrazide in the presence of
ethanol saturated with hydrogen chloride were found to
contain optical isomers with high optical rotations,
the fraction of the mixture nct very soluble in methanol-
benzene mixtures being found to be dextrorotatory and
the more soluble fraction levorotatory. Wuyts and
Verstraeten 2 recorded an optical rotation of +1406° from
the less soluble fraction of the glyeothiadiazoline
obtained from galactose and N-phenyl-N'-benzothiohydrazide.
This reactinn may also be used to prepare thiadiazéles

- from aldehydes or ketones and thiochydrazides, several
such resctions being repovted by Wuyts and'Verstraeten¢2

Wuyts and Lacourt alse studied the iodine oxidation

products of some thiohydrazides 2 and found formation



of symmetrical disulphides from what they concluded

to be the tautomeric thio-enol form of the thiohydrazides:-

. /
)=N-——-N
\g

Ar Ph

A Io
>:NMN\ §n012/H01

ES - H

\ v —x’
Ar = Phenyl, l-naphthyl. )
Ar \\Ph

The structure of these disulphides was demonstrated

0 e G

by molecular weight determination, by attempted
oxidation of the S-methylated derivative.of N~-phenyl-
N'-benzothiohydrazide (no reaction) and by oxidation

of N-cyclohexy learbothioyl-N'-phenyl-N!-methyl
hydrazine to give formation of an oxidation product
which it was not found possible to purify. The di-~
sulphides formed could be reduced to the thiohydrazides
in almost quantitative yield by stannous chloride,

Treatment with methyl magnesium iodide yielded a half-~

molar amount of thiohydrazide and an oily uncharacterised

compound supposed to be the S-methyl derivative of the

thiohydrazide (V) :~-
Y
Ii Iir MeMgI ]lq‘ +

N N N

NN
pn” DH ® Ph m” OHE

Phe _SMel  MeS

IIT v Vv
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An gnalogous iodine axidation in which thiocarbamates

are converted to corresponding disulphides (e.g.VI) is reported

by Kinoshita et a1.6:~

MeO + Me,S
NHPh
S S
j»—-NHPh I, / D.M.S.C. | + MeO,CHHEN
MeO i g
>=NHPh
Me O VI

Another thichydrazide oxidation, that of N-phenyl-
N’—benzothiohydrazidé by N-bromo-succinimide, has been
shown by Bock et a1.7 to give a dimer of e<¢~-phenylszo-
thiobenzaldehyde, this compound being idéntical with
5,6-~dihydro~3,5,6-triphenyl~1,2,4,5~dithiadiazine (XIX)

prepared in this project

\\‘n:\\ §——oF8
o \N
Ph XIX
Ph L g
/
Ph

Formation of brown, air-stable complexes (VII) of
thiohydrazides with nickel salts is reported by K,A. Jensen
and J.¥. Miquel & . These give air-sensitive divalent
nickel complexes (VIII) on treatment with alkali which

are readily oxidised'by oxygen or air to give blue,
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~tetravalent nickel complexes (IX) e.g. :

_ H H H H —
\ 7 N/
>—1MH2 + Ni(NO5)2 —_— /g p Ni )\
Ph Ph S \s ~Ph
- p—
VIT
l Alkali
? B | H\ /HH\N/H
N ~ ~
N
NN\ e é_____" \& ¥
/u\ / AN or air / \
Ph S S Ph Ph S S Ph

IX

VIIT

Jensen and Pedersen have synthesised several 1,2,

3.4~-thiatriazoles (X) from thiohydrazides and nitrous

acid:~_

S >
NHNH,, + HONO ——> R-—4<1 I x
2 \. 4

24

R= Pnenyl (65#), p-hydroxyphenyl (88%). o¢-naphthyl (75%)

3 ~naphthyl (70%), 2-furyl (83%). 2-thienyl (95%)

2-pyrryl (83%), 3-indolyl (83%).

Thiohydrazides also provide a convenient means of

" synthesising many 1,3,4-thiadiazoles

1,10~

13

(XTI, XII, XIII)
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S

>——NHNH2 ‘ —
N— N
R

+ _— HSCH,CO,H + R

2
RCSSCH2002H ‘ SH Sz

' N—N
e.g. Reph 1° //JZ\ /Bk\\R +  HyS
R S
) XTI

S . N—N
>_NI{N’HQ + HCS, Kfee—x /( »\ + KHS + H,8
Ph 8 H

Ph
X1T
A N —0N - |
l2\__NHNH2 + €8, _— /( ) + KHS + H,0
b .
“ + KOH Ph s \sH
XIIT

Some thiadiazoles (XIV, XV) may be prepared directly
and in good ylelds by treatment of hydrazine with

carboxydithioztes e
— N~—N

K* HOS; + N,H, —_—> /( )\ XIV
H 5 H

N—UN

. _
K* CHCS, + N ~———> /( )\C XV
S
| C, H g

Treatment of some thiohydrazides with methyl iodide

gives formation of dihydrotetrazines  (XVI) :=-

s N—N
>—‘NHP\TFY2 + 2MeI ~— ——» PhCHz—-{ ycrfzmq XVT
Ph CH, N—N
. H' ™R

+ 2MeSH 4+ 2HI
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Scherowsky 16. in an attempt to synthesise 2,4~
diaryl-1,3,4-thiadiazolium salts (XVII), isolated
several interesting products from the reaction of
N-phenyl-N'-benzothiohydrazide and ethyl orthoformate

gt 90° ;-
Ph Ph

h | |

Ho g NH _>é’ >§{ N~ >_H
S

K

Ph

i >< * JU(T )

s Ph * | 75%
N *

N/
+- >=s -4 Ph-N=C=S
Phﬂ/ﬂ\\s 3%

12%

-

XVII
Ph

Fh Ph o
l - ° c1l
\ g HC1 satd.

S N
+ HC(OEt), cther /“\ >—H
Ph)\ "

XVIT

Syrithesis of several thiadiazolium salts by this
method is reported by Scherowsky.

17.18.19

Gibson et al. have reported the synthesis

of two classes: of compounds also studied in this thesis,

the hydrazonyl sulphides (XIX), prepared by reaction of
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od~halogene-benzaldehyde phenyl-hydrazones (XX) and

sodiun sulphide, and 4F -1,3,4-benzothisdiazines {(XXTI)
prepared from the reaction of ohalogenc-henzaldehyde
phenylhydrazones and potassium thioacetate in boiling

acetonitrile -

[
¥ Ne,S 5 H
X H EEE—— H
|
XX Ph/kN/N 7
. -
K CH,CSO Y
l 3
= Br or Cl
CONe | Y = F, Br or Cl1 (eass of
k displacement being FY)Br) C1)
I
Z = ON CFj, SO,NMe,, CO,Et, SON,
Ph S Z Me, F. & or Br.
XXI

Barnish and Gibson.l7 suggest a mechanism for thiadiazine
formation in which a protonated species (XXIII) is formed,
the positive charge on nitrogen facilitating the stage
leading to XXIV. Thus in the species XXIII, derived
from the of-thioacetate, they suggest the move towards
completion of 8 -— N a@eetyl transfer is accompanied by
addition of incipiently negative S to the ortho-position

- of the halogenated benzene ring in g synchronous process :=-



f /
/ v
N— N Ph
Ph /
—
' S
MeCOS /
Y VA d;\ ¥ A
0 e
XXI1T XXTIIT
?OMe
H COMe
N \(;?/
.~
]
Ph S
XXIv

They also suggest an alternativs mechanism in which
completion of acet&l transfer is followed by addition of
negative sulphur to the ortho—éosition of the halogensted
benzene ring as a discrete process,

A reported synthesis of 2-phenyl-LH-benzo~1,3,4-
thiadiazine by Guha and Ghosh20 from N-phenyl-N'-—
benzhydrazide and sulphur has been shown by Corsi 21 and
Barnish and Gibson 17 not to give this product, 2-phenyl~

benzothiazole (XXV) being the product obtained.

N .
Ph~<f XXV
S
The azo-thiol system, at one time thought to be

present in some of the compounds studied in this thesié,
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is not known in the literature but oxygen analogues

24
have heen studied 22, 23, 24, 25

and are stable at -
room temperature. The trans~ forms of these
compounds are usually obtained, being more stable
than the corresponding cis-compounds in which ne
stabilization by hydrogen bonding can take place,

(The trans forms are often distillable at low

temperatures. )

1 1 o
R R N
l Base /lL
_—
CH |
72~ 02 S
o
1 — © 1 e
RR—N =N R
2 4
R“— CHO o CHOH
N |
: Rih >¥L~OH
M ) —
A—0 N

In another interesting example of this type of
reaction cyclic starting materials give rise to
dimeric products, which, although they are formed
in good optical yield (¢.90%), could only be isolated

in poor yield (22% for X=CH_, 11% for X=0) because

2!
of difficult separation from resinous by-products.
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X X
/’X . -
OH bmsomm— 1
()<, H
N N O . ==N OH
QN /
N
OE t " \ /
Decomposition
K

HO N X N\
l H \AL
- —_—
H
N OH X N
ﬁ;\v/’g | %
~u

The azo-~-hydrazide isomerization was effected

-

using'gydrogen chloride. Structures of the dimers
were proved by X-ray crystallography and thorough
studies: of n.m.r., uw,v. and i.r. spectra,

The existence of gzo-~ and ene<hydragzine tautomers
of aryl hydrazones lends. further support to the
possible existence of thiohydrazide:azc thiol isomer-
ization. Formaldehyde phenylhydrazone was found by
Toffe and Stopskii 26 to yield phenylazomethane on
distillation from alkali and acetylation of several
. arylhydrazones with acetie anhydride in the presence

of p-~teoluenesulphonic acid was found by Suvorov and
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27
Sorokina 7 to give N,N’-diacetyl-13—arylhydrazono-

alkenes e.g. =~

&en0 / TsOH
Me” XN — NHPh 20 / s N — NAcPh

S~
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DISCUSSION

Preparation of Thiohydrazides

Several methods for the preparation of thichydrazides
exist in the 1iterature'l, the most successful ones
involving formation of a carboxymethyl dithioate (I)
followed by reaction with a hydrazine.

The carboxymethyl dithioate synthesis most generally
used is that involving preparatich of a Grignard
reagent followed by reaction with carbon disulphide

2,3
and chloracetic acid t-

C1CH,CO,Na

% RCSSCH,COONa

RMgX + CS, —> RCSSMeX 5

/

I
However, this scheme is poor for R= alkyl due to

poor g§aation of the Grignard reagent with carbon
disulphide and cannot be used for R= halogenated or
nitrated aryl. (Holmberg U used this method for
preparation of earboxymethyl dithiobenzoate from
benzotrichloride).

Reaction of ammonium polysulphide with aldehydes 5
gives a fast and convenient method for preparation of
dithioacids but yields tend to be low, separation
from resinous by-products being necessary. Yields
are also very dependent on the structure of the

aldehyde used.
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Preparation of the imine of acyl and aryl derivatives (II)
of thioglycollic acid followed by treatment of a soiution

cf its salt in pyridine with hydrogen sulphide gives

gensrally poor yields 6’7:-
R )
;>r’ SCH,COpH 4+ H,S —> RCSSCH,COH 4+ N
N

IT
For R=methyl, this method gives a crude yield of

24 of thioacetyl thioglycollic acid. Poor yields may
be due to the decomposition of the thiocimidoester on
Peing liberated from its salt on dissolufion in pyridine,
An anslogous decomposition hgs,been observed in aqueous
solutions 8:--

s
Ph——<;  COH ———> PhCN + HSCH,COO0H
NH

Peak and Stansfield ° obtained good yields of
dithiocarboxylic esters by thiohydrolysis of S-methyl

thiemorphelidium iodides (ITI) in absolute ethanol.

SMe / \ s / \
IIT >p=1v() O 4+ HyS oy R _4( + o ®w,
R \__/ Ie SMe \ /Ié

10

Similary, Doyle et al. prepvared methyl indole-3-

dithiocarboxylate by thiechydelysis of the corresponding
S-methyl thiomorpholidium iodide. Jensen and Pedersen T
in#estigated the anzlagous thiohydrolysis of several
S-carboxymethyl-thiopiperidinium bromides (IV) in

absolute ethanol:-
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c 02H //—-002H

{7 e
>__= o N >: 5 © NH,B
+ HyS —2> R
R ) .

v

These reactions give good yields, thiopiperidides
having definite advantages over thiomorpholides. Thio-
piperidides may be prepared by the Willgerodt-Kindler
method or from plperidides by treatment with phosphorous
pentasulphide. The bromide salté may be prepared from
thiopiperidides: and bromoacetic acid in benzene, this

method'being used by Holmberg 11

~for the preparation of
S—~carboxymethyl thiobenzpiperididium bromide.

Synthesis of many thiohydrazides has been achieved
by Jensen and Pedersen 12 by the reaction of hydrazines
and carboxymethyl dithioates, Reaction with menoalkyl
hydrazines gave N-alkyl-N'-thiohydrazides in all cases
studied except for methyl hydrazine which with thio-
benzoyl thioglycollic acid was found to give a 5-10%
yield of N,N-methylbenzothiohydrazide. Jensen and
Pedersen found symmetric di-secondary alkyl hydrazinss
to be unreactive towards carboxymethyl dithioates.

Other methods for synthesising thiochydrazides were
attempted by Jensen and Pedersen with 1little success,
Reaction of hydrazides with phosphorus pentasulphide

~ generally gave formation of 1,3,4-thiadiazoles (V)

although they obtained a 6% yield of benzathiohydrazide
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by this method.

S
P8 R
RCONHNH, —2 9 4 . § ) v
—N

Thiocamides were found to react with hydrazine to
give hydrogen sulphide and dihydrotetrazines (VI) or
1,3,h~thiadiazoles and thioesters gzave ol-alkoxy

hydrazones (VII) and hydrogen sulphide with hydrazine.

S N—N
R——{(NH + NHéNHé — R-—éf R + VvV
E N—
2 TR VI
S . IV““'NHé
R _< | + NHZNHZ ——— R—< VIT
oR'"' oR'

In this project, use of carboxymethyl dithioates
prepared from Grignard reagents was found to give
generally excellent results, The thiopiperidide
route was used in the synthesis,oﬁ.N;h-chlorophenyl-

N'-L4-c¢hlorobenzothiohydrazide (VIII) with good results.
S

VIIT
NEH NH—-—@— o1

The method used for preparing thiobenzoyl thio-

Cl

glycollic acid due to Kjaer3 was not found tc give
such good yields as those quoted by Kjaer (50%) and
yields more in line with those quoted by Jensen and
Pedersen * for the same method (36-40%) were

obtained.
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Oxidation products of N-phenyl-N'-benzothichydrazide,

N-phenyl-N'-benzothichydrazide (IX) was found to
form a new compound on standing in the presence of
triethylamine or alunina in benzene solution. This
compound was later found to be bis—(o{-phenylhydrazoncbenzyl)—

disulphide (X). -

:>:: NNHPh
s s
j}——- NHNHPh > | X
Ph | S -
:}::ZNNHPh

IX - Pn

All the speectral properties of this compound
originally examined indicated it to be an isomer of
the thichydrazide, phenylazo-henzyl-mercaptan
(Ph+CHSH*N:N*Ph) (XI) and for some time work on it
continued to give results in accordance with this:
mass spectroscopy indicated what appeared to be the
molecular ion at m/e 228; the infra-red spectrum showed
little evidence of any bands due to N-H and gave no
conclusive proof of either the proposed isomeric structure
or the actual structure; the n.m.r., spectrum showed
only a wide band of aroﬁatic protons and DyQ0 exchange
and integration of the sighals gave no definite proof
of exchanhgeable protons, the N-H protons probably giving
a band too wide to be easily recognisable; the u.v.

spectrum proved to be totally different from that of -



either the thichydrazide or what was expected for a
hydrazono disulphide, having a strong band at A uOOmﬂ
(€ =13,000). Analysis was alsc ambiguous, being
correct for either an isomer or the actual disulphide
structure. Active hydrogen determinaticn showed
presence of one atom of active hydrogen per molecule
for a monomer (two for a dimer) a result in accordance
with both structures.

The analogous products from N-phenyl-N'-ol-napthothio-
hydrazide (XII), N-phenyl-N'-l-methoxybenzothichydrazide
(XIIT) and N-lL-chlorophenyl-N'-lL-chlorcbenzothiohydrazide
(VITI) were also prepared and gave similarly ambiguous

spectral and analytical data.

S NHNHPh : S

HNHFh

XIT XITT

Thus, for some time bis-( ef-phenylhydrazonobenzyl)
disulphide (X) was held to be of-phenylazo benzyl
mercaptan (XI) and reactions characteristic of this
system were sought. However, a thorough 1iteraturé
search on reactions of thiohydrazides revealed the paper

by Wuyts and Lacourt 13

in which‘iodine oxidatiocn of
N-phenyl-li'~tenzothiohydrazide (IX) had given apparently
the same compouhd. Repetition of this preparation

and mixed melting point of the product with the supposed

isomer gave no depression of melting point.
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Care was taken to show that improved oxidation
results with alumina and triethylamine were not merely
due to an accidentally incressed availability of air,
VA blank experiment without either triethylemine or
alumina under a current of oxygen gave no apparent
conversion to disulphide after four hours. Using &
stream of oxygen, conversion to disulphide with alumina
was complete after 17 hours and with triethylamine
after L4 hours. Furthermore, alumina catalysed oxidation
was found to he strongly dependent on the grade of
alumina used, grade V alumina giving excellent results
whereas grade I alumina gave little conversion tc
disulpﬁide. Molecular weight determinations on those
products obtained from thiohydrazides by treatment
with alumina showed that all were disulphides.

S w3

PhNHN NNHPh
Xiv

Ph
MeO-—@—NH—-—N=< 01 NH—N
: Z '
o—@-NH—-N=< 01 NH—N
. Ph

XV
Before the structure of these compounds (X,XlV,XV,XVI)

Cl



wag certain, their formation was thought to be due

to a base (triethylamine) or surface (alumina) catalysed
isomerisation, the latter giving excellent yields.

Those hydrogenations which gave back ;he thiohydrazide
starting materisl were hesld to be reverse isome%isaﬁions
which tonk place becauvse of the greater stability of

the polar hydrazide system in pclar solvents (e.g.ethanol,
tetrahydrofuran) and the less polar azothicl syétem in
less polar solvents (e.g. petroleum ether, benzene).

Addition reactions with bis—(el-phenylhydrazonobenzyl)-
disulphide (X) were attempted, those with diphenyl
nitrone and diazomethane both giving mixtures of
producfs, attempted isolation of’which was unsuccessful,
and that with tetraphenyl-cyclopentadienone giving no
reaction.

Several attempts were made to form thiol derivatives
of the disulphide. Attempted acetylations and
benzo&iations by standard procedures failed to give clean
reactions, and the only product isolated was a product
of attempted acetylation, l-phenyl-2-thiobenzoyl-
3-methyl-5~pyrazolone (XVII) (18%).

Ph

W XVII

This was later synthesised in improved yield by

acetylation of N-phenyl-N'-benzothiohydrazide (60%).
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Reaction with triethyl oxonium fluoroborate in dry
dichloromethane under reflux gave a red gum which mass
spectroscopy, showed to he a polymer with pezks at m/e
523 and above, Reactions with trityl chloride, benzyl
bromide, tosyl chloride, p-nitrobenzyldiazonium
fluoroborate and sulphenyl chloride all gave complex
reactions, no procducts being isolated except in the
case of the reaction with tosyl chloride from which a
25% yield of the oxidation product of the disulphide,
5,6-dihydroe~3,5,6~triphenyl-6~phenylazo-1,2,4,5~
dithiadiazine was obtained (XIX) 30% of the sterting
material being recovsred. (This indicates that a
disproportionation of the disulphide probably took
place to give a tosylated thiol derivative and the

oxidation product obtained.)

Ph §—3
_ >< }—Ph XIX
N==N N-—N
Ph/ Ph/

The disulphide was found to react with p-nitrobenzyl
bromide to give p-nitrobenzyl-{ol~-phenylhydrazonobenzyl)-
sulphide (XX) (64%) and 5,6-dihydre-3,5,6~triphenyl—-6-
phenylazo~1,2,4,5~-dithiadiazine - (XIX) (L48%), another
disproportionation to give thiol derivative and oxidation:

product.



Ph
N-—NHPh Ph
N —NHPh

s
02Nﬁ63km%&?-+ g _— XX

b
bH-ﬁé S»-No
;>::‘N-——BEE%1 2 .2
P >

~+

Ph N——I%IW

XIX _ € ;}—-—Ny HBr
' S

Attempted borohydride reduction of the sulphide

product gave: no reaction and synthesis of this product
by reaction of p-nitrebenzyl bromide and N-phenyl-N?-
benzothiohydrazide (iX) (60%) established that the
structure was the hydrazono form and not the azo form,
u,v., i.r. and n.m.r. spectroscopy once again not
~giving proef of structure.

Re;;tion of the disulphide with N~phenyl benzenecarbo-
hydrazonoyl chloride gave bis{el{-vhenyl hydrazonco (of-phenyl,
benzyl-hydrazonobenzyl)) disulphide (XXI) (30%), the proposed
structur=: of the product being confirmed by uv.v. spect-
roscopy , A s

g2X

respectively) . benzaldehyde pbanylhydrazone, A max 355

and 303@f&,€ =20,000 and 10,000 respectively. A by~

344 and EOOmf& (€=80,000 and 40,000

product of this reaction was another oxidation product
of the disulphide, 4,5-Gihydro-2,L,5-triphenyl-5-phenylazo-
1,3,4-thiadiazole (XXIX) (30%).
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Ph
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Ph N — NHPh i~
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XXI XXTT

Reaction of the disulphide with sodium nitroprusside
gave 8 poéitive thiol test and a purple complex was
fermed, which. although partial hydrolysis of cyanide

on analyers
groups had taken place, indicated[an original composition
of four nitroprusside complexes—to one ol-phenylhydrazono-
benzyl sulphide moiety. The complex gave nc n.m,r,
spectrumn indicating it to be a free radical. This
reaction was repeated on a small sample of N-phehyl-
N!'-benzethiohydrazide at a later date and what appeared
to be the same complex (T.L.C. on silica/msthanol, same Rf,
colour.) was obtsined. although the formation of the
complex had for some time given the impression that
the disulphide was an azothiol.

Many attempts were made to oxidise the disulphide
in the heope that if it were an azothiel, a disulphide
would be formed. Naturally, ho such compound was
formed, but the two oxidation products U4,5-dihydro-

2 I ,5-triphenyl-5 phenylaza-1,3,h—thiadiazole (XXII)
and 5,6-dihydre-3,5,6-triphenyl~6-phenylazo-1,2,4,5~-
dithiadiazine (XIX) were formed as products from

several reactions,
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Attempted silver oxide/methyl icdide methylation
of the disulphide gave the dihydrothiadiazole (XXIT)
(26%) and 1,3,4,6-tetraphenyl-l,4~dihydre-1,2,4,5
tetrazine (XXIIT) (19%).

\\rﬁﬁ XXTIIT

/’ \\N Th

The dihydrothiadiazole (XXII) was synthesised by
reaction of N-phenyl benzenecarbohydrazonoyl chloride with
sodium sulphide to give bis-(&¢ -phenylhydrazonobenzyl)-
sulphide (XXIV), potassium ferricyanide oxidation of
which gave the thiadiazole (XXIT). '

Ph //Ph
l

- H
C12" ~ \l[ H \EPh Phag_ wzt S

Cl ? Ph

XXIV
(&Nl, N__ XXTII
P Ph

The: dihzdrotetrazine (XXITI) was synthesised by, ‘
fusion of N-phenyl benzenecarbohydrazonoyl chloride at
190° for 30 minutes (25%). (It is interesting to note that
Saxena et al.la, to whom this method is due, quote their
poorer yield of this product (10%) as proof of the minor
+

role played by the zwitterlon.Ph—N—N—C-Phé—é'Ph-N_N;C Ph

in reactions of N-phenyl benzenecarbohydrazonoyl chloride
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The yield obtaeined here perhaps indicates a larger
participation of this zwitterion,) )

Reaction of the disulphide with silver oxide alone
gives little improvement in the yield oft the this-
diazole (XXIT) (33%) although this was the only product
isolated. It is assumed that silver oxide adsorbed
the remainder of the produect, although continuous
extraction with diethyl ether gave little improvement
in yield.

Reaction of the disulphide with iodine gave a
complex mixture of products, as did the reaction of
the disulphide with tetranitremethane, althouéh the
latter gave 1,4-bis (u-nitr0pheny1)—3,6-dihydro—
1,2,4k,5-tetrazine (XXV) (20%).

N\D
_ @/\NA@

Reacticn of the disulphide with hydrogen peroxide

0 N

alone gave no reacticn but in the presence of ferrie
chloride at o® many products were formed, the major
one of which, the dihydrotetrazine (XXIII) was the
only one: isolated.

Reaction of the disulphide with potassium ferri-
cyanide was found to give good yields of the dihydro~
dithiadiszine (XIX) although on several occasions the

dihydrothiadiazole (X¥II) and sulphur were isolated in
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comparable yields. The reason for this elimination
of sulphur is difficult to understand since the
dithiadiazine (XIX) appears to be completely stable
at the temperatures. at which it was handled andg in
the presence of all solvents and reagents used.
However, it was found that the dithiadiazine (XIX)
gave reasonably good conversion to the thiadiazale (XXIT)
*(70%) on refluxing for 2h. in analar acetone (the
solvent used for recrystallisation of the dithiadiazine)
although this time is obviously very much longer than
that during which the: dithiadiazine wsgo exposed to
acetone during recrystallisation. |
The reaction of the disulphide with potassium
ferricyanide was later used as a means of determining
the stoichiometry of the oxidation, the dihydro-
dithiadiazine (XIX) being a known oxidation product
of N-phenyl-N'~benzothiohydrazide 16:( IX) (although
its structure. had not been determined). Structure
determination of the dihydredithiadiazine (XIX) had
proved less ambiguous than that of the disulphide (X)
and additich of a known excessive amount of standard
ferricyanide solution to a solution of the disulphide
in benzerne under nitrogen followed by addition of excess
potassium iodide and back-titration with sodium
thiosulphate gave yet another proof of the stoichiometry
of this reaction and of the structure of the disulphide(X).
Reaction of dicyano~dichlore~benzoquinone (D.D.Q.)

with the disulphide gave one product only, the dihydro-
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dithiadiazine (XIX) (91%).

Atteﬁﬁted.nitrosobenzene oxidation of the disulphide
gave a surprising product, the 1,3-diphenyl-1,2,4~
benzotriazinyl free radiecal (XXVI) (24%) 17,18, _

JT\ XXVI
- N

Identification of this. product was found to be
difficult and. for some time it was thought to be
either phenyl (phenylimine) (benzeneszo) methane (XXVII)
or an isemer of it, e.g. an azo isomer,

Ph

i~ XXVII
/'J\N¢N\Ph

Ph

No reference to the former was found in the literature

for some time, there being no mention of it in Beilstein's

Organische Chemie or the Chemical Abstracts formula
indices. No n.m.r. of the free radical was taken
because it was bPelieved that only aromatic protons
would show and no informstion would be gained.

Analysis and mass spectroscopy gave results in
sccordance with both the actual structure and the theory
that; the product might be an isomer of phenyl ( phenyl~
imino) (benzeneaze) methane (XXVII).

Reductive acetylation gave what appeared to be &

remarkable result: the major product isolated was
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1,2~-diphenyl benzimidazole (XXIX) (39%). This was
verified by preparation of an authentic sample by

the method of Wolff -0 and mixed meltinz point:-—

_ H
H, K , Ph N -
Y PL&-{
BN O N -
i A
| PhCOC1/Py [ HC1/EtOH/H,0 _ P
Fh ” Ph ' XXIX

Reduction of the free radical (XXVI) with sodium
dithionite gave a yellow air sensitive compound which
it was not fcund possible to crystallise in the small
quantities obtained.

Raa@tion of nitroscbenzene with N-phenyl-N'-
benzothichydrazide (IX) was attempted; T.L.C.
indicated formation of a complex mixture of products
including some benzetriaziny} free radical (XXVI) but
this was not iselated. Reactions of nitrosobenzene
with other compounds. having the same carbon and nitrogen
skeleton were also attempted in the hope that another
synthesis of the free radiecal in.better yield might be
found: reaction with N-phenyl-N'-benzhydrazide did not
proceed so readily as with the thiohydrazide (IX) or
disulphide (X) and a complex mixture of products was
obtained which did not appear to contain the benzo-
triazinyl free radieal; resction with benzaldehyde
phenylhydrazone also failed to give any formation of
the free radical but diphenyl nitrone was formed as the
major product (50%) with triphenyl nitrone (5%) as the

major by-product.
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i H H Fh Ph Ph
PHNO /|\ *!r m’/ i N/
-+ >’ 1 ~ .—.ﬁ +
Ph N Ph \ \
Ph o PH 0

Benzanilide phenylhydrazone was prepared, by am
adaptation of the literature method 20 vsing W-
Phenyl benzenecarbohydrazonoyl chioride and aniline,
the chloride being fused with excess aniline at
130° for 30 minutes (81%). A literature reference =1
to preparation of phenyl (phenylimine) (benzeneaza)
methane by reaction of bBenzanilide phenylhydrazone and
mercuric oxide was found showing it to be gifferent from
the free radical. Phenyl (phenylimino) (benzeneazo)
methane (XXVII) was synthesised by treatment of
benzanili&e,phenylhydnazone-(XXX) with excess silver
oxide (91%) and solutions of this product were observed
to become dark brown on standing, due to formation of
the frge radical by air oxidation, indicating the close
connection between the two compounds,

At this point a literature search covéring all isomers
of phenyl (phenylimine) (benzeneszo) methane, including
previously unexpected cyclic ones, was carried out and
revealed the amine 1,3-diphenyl-l,4-dihydro-1,2,4-
benzotriazine (FXXI) L7 o yellow compound identical
with the dithionite reduction produet and a precursor
of the benzotriazinyl free radical (XXVI) which is

formed by air oxidation of an alkaline alecochelie

solution of this: amine. The literature method for



the preparation of the free radical was followed and
mixed melting point with the nitroscbenzene product

showed them to be identical.

Ph - Ph
NH
HN
)\ J\@
Ph
XXX XXVII Br@

P
N
/”\ /lk XHXT
Ph” N
H

A more direct synthesis of the free radical, and

NaHCOW‘
HBr
Ph , Alr / EtOH / NaOH }ih

one giving s considerably better overall yield than
the apgve literature procedure, was achieved by
treatment of benzanilide phenylhydrazone (XXX) {which
is tautomeric with its imine-hydrazine form) with N-
bromo~succinimide. This method, analogous to that
of Bock et al, 16 for preparation of &zo compounds
from hydrazides, gave the free rédical in one step in
7L4% yield.

Reaction of the disulphide with tris (benzene-
sulphenyl) nitride 22 yielded o -phenylazcbenzaldehyde
phenylthioxime (XXXII) (L2%) as: the major product,

this also being prepared from N-phenyl-K'-benzothichydrazide
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and tris (benzenesulphenyl) nitride (LOF).
Ph

Fh .
;>:: N—NHPh \
N —=—

N
S
(PnS).N + | —_— g>7-Ph
S
PhS —
N — NHFh
- XXXII

It was found possible 0 reduce the disulphide
back to the thichydrazide using sodium dithionite (83%),
zinc dust/glacial acetic acid (60%), zinc/copper couple

(67%) and sodium borohydride (67%).

&

Reacticns of the dihydrodithiadiszine (XIX) and the dihydro-

thisdiazole (XXII).

The structures of these two compounds and their
close structural similarity'ﬁére proved by a series of
reductions and desulphurisations and by synthesis cof
the dihydrothiadiazole (XXII).

Zinc/ammonium chloride reduction gave the dihydro-
tatrazine (XXTIII) a3 the major product from both compounds
(4LO% in both cases). ‘

Desulphurisation attempted with tri-ethyl phosphite
gave complex mixtures of products in both eases, the
dihydre tetrazine (XXIII) once again being formed as
the major product (13% from the dihydrothiadiazole, 24%
from the: dihydrodithiadiazine).

Desulphurisation of the dihydraedithiazine with

triphenyl pheosphine under T,H.F. reflux was found to
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give a complex mixture of products. However, regction
of triphenyl phosphine with the dithiadiazine in methanol
at room temperature gave a slow reaction which yielded the
thiadiazole: as. the only isolated product (7C%). (Machin23
reports formation cf a methoxy product (XXXIV) using this

solvent, triphenyl phosphine in dichloromethane giving

straightforwerd formation of a monosulphide (XTV):-

M
HS Ne _ 0
H oy XTIV
PPh, / MeOH
N /' 0 - KP.’].[-e CMe
Fi

H N 0
8 —5 .
i . )v[ FPhy /' CH,C1,
I .
7 \ " I%Ge o
is iﬁ |
0 N XXXV
XXXITT . Me

Reauction of the dithiadiazine by sodium borohydride
also gave the thiadiazole (63%).

Raney nickel desulphurisation of the thiadiazole
was found to give the phenylhydrazone of benzaldehyde
phenyl-benzoyl-~hydrazone (XXXVI) (40%) as the only

product isolated.

Ph bid
Y w

PhHN—N=< h XXXV I

Ph

This product was also obtained by reaction of Raney

nickel with the dihydredithiadiazine (XIX) (12%), the
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poor: yields probably being due to adscorption to the
Raney nickel. Contiruous ether extraction of the Raney
nickel residues was found to give little improvement in
yield.

It wasthoped that the structure of XXXVI could be
proved by oxidative cyelisation to give the dihydro—
tetrazine (XXIII). Attempted cyelisation using lead
dioxide gave & complex mixture of products. The reaction
was: hot followed further.

(Benzaldehyde phenyl-henzeyl-hydrazone) phenylhydrazone
(XXXVEI) was synthesisgd,by;ﬂusionfof henzaldehyde phenyl-
hydrazone and H-phenyl henzenecarbohydrazonoyl chloride
at IBOO for 10 mins. to give the required prcduct (LO%).

The evidence so far assembled, eoupled with i.r. and
1. V. spectral data, is still n-t sufficient to determine
whether the correct structures are those suggested or
the two shown below, which would also fit all the experi-

mental data so far described.

Ph N;h Fh
. N oh
N,
Y { .
8

N
d XXXVIT im XXXVIIT
. ph Ph PH

However, the synthesis of the dihydrothiadiazole (XXII)
by the reacticn of N-phenyl benzenecarbohydrazonoyl chloride
and excess sodium sulphide followed by oxidation by

- potassium ferricyanide proves: the structure to be as
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suggested.

Attempted formation of the dihydrodithiadiaZzine by
reaction of N -vhenyl benzenecarbohydrazonoyl'Ehloride
and sodium. disulphide (formed by solution of equimolar
quantities of sodium sulphide and sulphur in a little
hot water and erystallising out the product) gave bis-
(e¢ ~phenylhydrazencbenzyl)-sulrhide as the only product.

Formation of a tetrasulphide ahalogue of the dihydro-
dithiadiszine (XIX) was also attempted 21"‘"b;y dissolving
the dithisdiazine in pyridine and adding 2 mole equiv~
alents of sulphur. After Z2I hours at room temperature
no tetrasulphide formation eould be detected and the
&ihydréthiadiazcl& (XXII) was isolated (40%). (The
formation off tetrasulphides reported in the literature 2h
involves diketaopiperazines with a disulphide bridge.
This system, having a rigid molecular framework after
pyridine cleavage of the S-S5 bond probably favours
formation of & tetrasulphide more than the dithiadiazine
system).

A synthesis of of-phenylaze-thicbenzaldehyde was
atteﬁpted by reaction of phosphorus pentasulphide with
ol ~-phenylazo-benzaldehyde, prepared by the method of
Bock et al. 16 (this method giving the dihydredithia-
diazine (XIX) when applied N-phenyl-N'-benzothichydrazide).
T.1..C. showed formation of a complex mixture of products.
The reaction was not studied further. (It would appear

_ that if o(-phenyiazo-thicbenzaldekyde does exist, it

dimerises at & temperature below room temperature te
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give the dihydrodithiadiazine.)

Thichydrazides - their prevaration and reactions.

Most thiohydrazides. studied in this project were
prepared. from carboxyme thyl dithioates, prepared from
Grignard reagents, and hydraszines. However, one,
N-4~chlorophenyl-N'~i~chlcrobenzathiochydrazide was.
synthesised from a carboxymethyl dithicate prepared
by, the thiepiperidide route, this being found to give
clean reactions and good yields. -

Attempted preparation of N-phenyl-N'-henzothio-
hydrazide by passing hydrogen sulphide through a
gsolution of N-phenyl benzenecarbohydrazoncyl chloride
in pyridine failed to give appreciable product.
formation,

Oxidation of N-phenyl-N'-benzothiechydrazide with
potasézumﬂferricyanide proceeded considerably less
readily than oxidatiom of the disulphide (X) with
potassium ferricyanide; an incomoplete reaction was
found to take place giving a complex mixture of products
from which benzaldehyde phenylhydrazone was the only
product: isolated (13%). The same thiohydrazide was
found to react with hydrogen peroxide to give the
disulphide (X) in high yield (95%). (This reaction
was studied in the hope of forming an S-oxide, a khown
product from the oxidation of some thicamides 12,)

D.D.Q. exidation of N-phenyl-N'-benzothiochydrazide
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was found to give a mixture of two products, the dihydro-
dithiadiazine (XI¥) and the dihydrothiadiazole (XXII).
It was not found possible to separate these since both
_have 1dentical R?. values on T.L.C. in all solvent
systems tested.

lethylation of N~phenyl-N'-benzathiohydrazide with
excess diazomethane wes found to give the S-methyl
derivative, methyl-(ol-phenylhydrazoncbenzyl)-
sulphide (XXXIX).

Ske '

‘ X — NHFh

Ph

Treatment of the same thiohydrazide with acetic
gnhydride/pyridine gave formation of l-phenyl--Z-thiocbenzyl-
3~methyl-5-pyrazolone (XVII) (60%). (This compound
”‘Wa$ firgt isolated from an attempted.acemylatiom.af the
corresponding disulphide in 18% yieid.)

N-phenyl~-N'-benzothiohydrazide (IX) and N-tosyl—N'—
Benzcthiohydrazide,wer& both found to form salts with
triethylamine. On adédition of large amounts of tri-
ethylamine to concentrated solutions of N-phenyl-N'-
henzothiochydrazide in benzene, a pale yellow oil
separated out which was found tec crystallise below
room temperature. Attempts to separate these crystals
consistently met with failure, possibly due to the
weak assoclation of the triethylamine and the thio-~
hydrazide and the ready dissociation of the salt in

the absence of a large excess of triethylamine.



39

However, it was found possible to take a w.v. sSpectrum

of a solutlon ef this salt which proved it to be different
from the thiohydrazide starting material and probably a
thicl selt of the structure shown (XXXX). Spectroescopie
evidence (e.g. the i.r. spectrum, which shows ne N-H
bands) indicates the triethylamine/N-tosyl-N'-~benzo-
thichydrezide salt to be very different and probably the

umisual resonance-stabilised form shown below £XXXXI) $-
N S i
Cd

| /
6 o ve — J-s=1l
S HYEt I}
3 0
: XXXXT
N — NHPh I .
.S

Ph

Oxidation of several thichydrazides was found to
give the corresponding bis-hydrazonc disuliphides.,
(N~phenyl-N'-benzo~, N'-l-methoxybenzo- and N'-1-
naphthothiohydrazides and N-&—chlorophenyl-@‘-h—
chlorobenzothichydrazide were all found to give bis-
hydrazono disulphides on air/alumina oxidation. (X,‘
XV, XIV, XVI) 1iodine oxidation of N~pheuyl-N'-1-
naphthothiohydrazide is also known to give the
corresponding disulphide (XIV) 13 ana T.1.0. scale
tests for iodire oxidation of the.other two thio-

hydrazides converted by air oxidation to disulphides
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also indicated elean formastion of identical products.
However, oxidation of thiechydrazides to disulphides dees
not appear to be a general reaction. Thicbenzhydrazide
and N-tosyl-N'-~benzothichydrazide reacted with iodine to
give complex mixtures of products and attempted alumina/
air and triethylamine/air oxidations gave no formation
rof disulphides,

The resction of N-methyl, phenyl-N'-benzothiochydrazide
(XXXII) with iodine was found to give 2-phenyl-li-methyl~

1,3,4-benzothiadiazine (XXXXIII) in good yield (80%).

Ph g ‘
Hf’ NN
Me

XXXXIT XXXXIIX

This unexpected cyeclisation to give an interesting

and hitherto little studied 2926+27

heterocyclic
systam:is all the more unsuspected since no cyelised
preducts are observed on oxidation of any other N-
phenyl-N‘-thiohydrazides,smudigd. It would appear
that activation energies for both processes are similar
but for the reactions studied give a significantly
faster rate of disulphide formation in all casesa except
that of the N-methyl thiohydrazide (XXXXII).

(This. reaction was stiudied in the hope of forming
a disulphide having spectral properties similar to
those of the: disulphides already prepared, thus ruling
out the possibility of the d&isulphide having an azo
structure, a possibility latér ruvled out by 130 n,m.,r.)

One point of interest in this reaction is the high
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yield. It is felt that the yield obtained (80%)
could be Dettered considerably by working on a larger
scale and by using a more efficient solvent system
for recrystallisation. (T.%.C., shows no trace of
by-products or unreacted starting material.,) (The
yield obtained is considerably better than those

guoted by Gibson et al., 25,26,27 sop simitar systems).

Assignment of structures from spectral dats.

i. U, V., Spectroscopy. .

As can Te seen from the accompanying tebles, for
the diéulphides, u.Vv. spectra show little similarity
with compounds containing appar@ntly similar chramo-
phores. The bis~{od-phenylhydrazonchenzyl),-(ol-
phenylhydrazono~li~-methoxybenzyl) and —(ol~-4-chloro—
phenylhydrazeno~li—chlorebenzyl)~ disulphides all give

’peaks‘ét about LOOmM , a peak not ohserved in either
benzaldehyde phenylhydrazone or phenyl-(ed -hydrazenoc—
benzyl)disulphide, although both these models, and all
three of the aforementioned disulphides, have peaks at
about BOOm)&. It is not therefore possible to draw
any conclusions about structure from u,v. spectra.

Comparison of u.v. spectra of compounds believed to
contzin the of-phenylhydrazonobenzyl moiety showed
considerable similarities and can be regarded as good
evidence for the structures: proposed. It must be

mentioned, however, that neither the dihydrothiadiazole(XXII)
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nor the dihydrodithiadiazine (XIX) shows any band
corresponding to the phenylazoc group. The two “
alternative structures (XXXVII) and (OXXXVIII) may
. Be ruled out on the evidence of synthesis of the

dihydrothiadiazole (XXII).

2. I,R. Spectroscopy.

<K11 i,r. spectra of disulphides show strong
similarities with the spectra of the thiohydrezides
from which they sre formed. The most striking
differences between gpectra of thiohydrazides and

those qf their corresponding disulphides are:-

1). Virtual disappearance of amide bands at
c. 3200 cm..-1

2), 1In the cases of N-phenyl-N'-benzothiochydrazide
and N~§heny1—N'—u-methoxybenzothiohydrgzide,

_multiplet bands at 1230-1270 em.’ in the thio-
hydrazides are replaced by single bands for
the disulphide.

3). N-pﬁenyl—N'Jbenzothiohydrazide, N-phenyl-N'-~
L-methoxy-benzothichydrazide and N-l4-chloro-~
phenyl-N'-l-chlorobenzothiohydrazide all show
Bands at =2, 960 cm, in tneir disvlphide oxidation
products.

L). Assignation of C=S bands at c. 1200 em.® is not
possible. several bands occurring in this region.

However, N-phenyl-N'-benzothiohydrazide and N~

phenyl-N'-l-naphthothiohydrazide show loss of
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n-l —
bands at 1150 em. and 1190 cm.l respectively

on oxidaticn.

I.r. spectroscopy is not therefore a great help in
struecture proof of the disulphides nor for structure
proof of* most other produets in which all possible

structures contain similar» Bonds,

:0 ROM.R‘

This too proves to be generally of limited usefulneés
since many of the compounds studied have -only aromatic
rrotons and many contain secondary amine protons giving
Broad peaks: which are sometimes difficult to observe.

130 n.m,r., used in the case of bis-(o{-phenyl-
hydrazoncbenzyl) disulphide (X), gives another conclusive
proof of structure. The proton spin-decoupled spectrum
shews: eight peaks corresponding to mime different carbon
gtom enviromments (twe of which ceincidentally overlap).
Removal of the spin decoupling causes all but three of
these peaks to be split into doublets, indicating that
only threes carbon atom enviromnments exist in the molecule
in which the carbon etom is not bonded to a proton.

Coupled with the evidence of molecular weight

determirnation, this conclusively establishes the structure

as Being (X).
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Table of A and € for thiehydraszides, disulphides and

mex

related compounds.
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Table Ofamax and E: for compounds containing the

benzaldehyde phenylhydrazone moiety.
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EXPHR TMENTAT

Unless otherwise stated, the following data apply

to experiments descrived in this ssetion.

Veltire points were measured on a Kefler block and

are uncorrectad,

Infra~-red spectra were taken on Unicam SP 200 or
Perkin-Elmner P,.E,157 spectrometers as nujol mulls,
Y.m,r»., spesctra were recorded in deuterochlorofprm
solution with Varian A-50 or T-60 spectrometers using
tetra methyl silane as the internal standard. U.v.

spectra were recorded using a Unieam SP 800 spectrometer.

Solvents were dried where necessary by standard
techniques. Organic solutions from extractions wers

~dried using anhydrous sodium sulphate.

The silica gel used for thin and preparative layer
g

chromatography was Merck GF 254,
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Bis=( o{~-phenylhydrazoncbenzyl)-disulphide, (X)

N~-phenyl-N'-benzothichydrazide (lg) was dissolved

in benzene and stirred for 12 h, with the following

amounts of aluming and triethylamlne.

were taken to exclude air.

No precautions

Volume of Weight of' Alumina

Benzene Et,N Yield (%)
(ml.) (g.) weight (g.) Grade

100 0 0 15

100 5 0. 55
lOO 0 L5 I 15
100 0 L5 IT 20
100 0 L5 I1T 28
100 0 U5 v 51
100 0 L5 v 6l
200 0 45 V & 12% H,O0 77
100 0 15 v 55
200 0 30 v 91
200 0 60 v 74
200 5 30 v 86

Product-containing solutions were concentrated and

filtered through 2lumina to remove starting mgterial and

polar by-products.

(This was not found to be necessary in
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the case cof the higher yield reactions.) Bis-(o{-

phenylbydrazonobenzyl) disulphide (X) was obtained by

erystallisation from benzene/ethanol as orange-red

rneedles (optimum yield 91%).
o
M.p. 140-142

Y el - eop 1518, 1262, 762, 745, 690cm. ~*,
max

CHC1 ;
ma 30 32, 30, and L',OOm/«(f::?.l,BOO, 19,100

and 13,100 respectively).
T 1.9-32 (n)

36 pom.r. (IH spin decoupled) singlets. at offset
3596+2, 34287, 3325°0, 3250-0, 3234°7,
31973, 3057-5 and 286L4.8 Hz. A1X But
first three peaks form doublets on removal
Qf‘lHrSpin decoupling, indicating three

carbon atoms not bonded to hydrogen.
Found: €, 68-30; H, 5+03; N, 12-24; S, 13- 88%

CogHyol) S, requires: G, 68<L1; H, 5-30; N, 12-27;
s, 14 02%.

Mass spectroscopy indicates M' at m/e 228 and peaks
-!_
at m/e 194 (thcmz*), 180 (Ph~C=N-Ph), 121

+ -+ ‘ +
(Ph~C=8).103 (PhCN ) and 91 (PhN ).

Osmometric molecular weight determination gives

M.W. = L436.0.
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To check that this product was the same as that
reported by Wuyts and Lacourt -, their method of iodine
oxidation of N-phenyl-N'-benzothiohydrazide was repeated
to give a product identical with the thiohydrazide/aluminzg/
benzene/2ir product. Howsver, their melting point (149°)
could not be repeated, m.p. l&O-tho again being obtained.
Ifixed melting point gave no depression of melting point,

Formation of the disulphide (X) using optimum alumina/
benzens/thichydrazide conditions was attempted under
nitrogen. ‘ No product had been formed after ones day.

Alumina ani triethylamine catalysed formations of
the disulphide (X) were attempted under oxygen under the

following conditions:-

1). N-Phenyl-N'-benzethiohydrazide (IX) {200 mg.)
was dissolved in benzene (40 ml,) and the solution
was stirred with alumina (6 g. grade V). Oxygen
__was passed into the mixture until T.L.C. showed
complete reaction (1% h.). The solution was

filtered off, evaporated to dryness. and ths product

recrystallised from bensene /ethanol to give bis-

(ol-phenylaydrazonobensyl)-disulphide (X (180 mg.,

90%).

2). &s in (1), except triethylamine (1 g.) was used
in place of alumina, T.L.C. .showed disappearance
of starting material after 4 b, Work-up as

before yielded the disulphide (X) (140 mg., 70%).

3). As in (1) without any catalyst. T.L.C. showed
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negligible product formation after 4 h,

Lstimation 'of Active Hydrogen in the Disulphide (X).

The number of sctilve hydrogen atoms per molecule of
disulphide was determined by the method of Elvidge and

Sammes 26.

2+14 mg., X gave 0+210 mls. hydrogen at room temperature

and pressure. (Equivalent to one active hydrogen atom

to 228 atomic mass units).

2°8%5 mg. X gave 0-242 ml. hydrogsn at room temperature
and éressure. (Equivalgnt to one active hydrogen atom

1

to 196 atomic mass units).

ADDITION REACTIONS OF THE DISULPHIDE (X).

Reaction with phenyl-l-phenyl nitrone.

Phenyl-N-phenyl nitrone (92 mg.) and the disulphide
(106 mg.) were dissolved in dry dichloromethane (20 ml,)
and the mixture left at room temperature in the dark for
6 hLours. T.L..C, showed one major product and three minor
products. Attempts to isolate products By T.L.C. and by
direct crystallisation failed to yield pure or crystalline

products. The produvcts were not investigated further,



Reaction with diazomethane,

The disuvlphide (X) (120 mg.) was treated with an
approximately tenfold excess of diazomethane solution
in ether (30 ml.) and left for 15 mins. at room temperature.
No effervescence was. observed and the colour of the soliution
was. discharged; T.L.C., showed three products, all more
polar than starting material. Attempts to isolate
these were unsuccessful and the reaction was not studied

further.

Reaction with tetraphenyl cyeclaopentadienonse.

Tetraphenyl cyclopentadienone {40 mg.) and the
disulphide (X) (20 mg.) were dissclved in dichloromethane
(15 m1.) and stood at room temperature for a day. No
reaction was visible on T,L.C. after that time and the
'reactigh\was,then refluxed for a dgy. The reaction
still showed no change and was therefore repeated under
benzene (15 ml.) reflux. After 3 hours T.L.C. showed
a complex mixture of products. The reaction was not

studied further.

ATTEMPTED FORMATION OF DEIRIVATIVES OF THE DISULPHIDE (X).

Attempted scetylation of the disulphide (X).

In collsboration with br. J. W. Ducker.

Acetylation of the disulphide was attempted under
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the following conditions:-—

1). The disulphide {X) (100 mg.) and sodium acetate
(300 mg.) were dissolved in acetic anhydride (5 ml.)
and the solution was. left at roam tempergture for
1l day. T.L,C. showed partial conversion to a complex
mixture of products. The reaction was not studied

farthsr.

2), The disulphide (X) (50 mg.) was dissolved in a
mixture of pyridine (1 ml.) and acetic anhydride (5 ml.)
and the solution left at room temperafure for 1 day.
Once again, T.i.C. shcwed an incomplete, unclean reaction

which was not studied further.

3). The disulphide (20 mg.) was dissolved in acetic
anhydride (2 ml.) and pyridine (1 ml.) and the solution
was heated at 100° for 2 hours. The mixture was
poured into water and extracted into chloroform (3 x
10 ml.). T.L.C. of the chloroform solution indicated
complete conversion to a mixture of products, the
major one of which was isolated (T.L.C. on silieca,

chloroform eluant) to give l-phenyl-2-thicbenzoyl-

2-methyl~5-pyrazolone (XVII) (2 mg., 18%.)

M.p. 152-3°,

1-Phenyl-2-thiobenzoyl-3-methyl-5-pyrazolone (XVII).

A solution of N~-phenyl-N'-benzothichydrazide (400 mg.)
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in acetic anhydride (10 ml.) and pyridine (10 ml.,) was
heated at 100° for 2 hours. The mixture was cooled,
poured into water and the precipitate of white crystals
filtered off and washed with water. Recrystallisstion

from ethanol gave 1—pheny1—2-thiobenzoy1;3~methy155-

pyrazolone (XVII) (300 mg., 60%).

H.p. 152-3%

YIoIel 1590 em, "t (C=0).
'Y’(CD013) 7.82 (8,3H) 3.98. (s5,1H).

ADUOH, 356 me (€ =17,600),

max ?

Mass spectroscopy gives peaks at m/e 294 (M%), 251
-P.
1y, 121 (Ph-C=S)

Found: C, 69.4; H, 5.1; N, 9.4; S, 11.2%

Cl'?HleNZOS requires: C, 69.4; H, L.8; N, 9.4;

S, 10-9%.
w,id\ the acafj(,a (‘(or\ ?Pocluc.t.
Mixed melting point(of the disulphide (X) gave no

depression of melting point.

Attempted benzovlation of the disulphide (X).

Bis--(of-phenylhydrazonobenzyl)~disulphide (¥) (110 mg.)
was dissolved in pyridire (5 ml.) and benzoyl chloride
(100 mg.) was. added dropwise., The mixture was left at

room temperatuvre for one day. after wnich a small sample
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was acidified (ECi) and a T.L.C. taken, which showed
partial converciocn to a mixture of products. The reaction

was hot followed further,

Reaction of the disulphide (X) with triethyl oxonium

fluoroberate.

The disulphide (114 mg.) and triethyleoxonium fluorohorats
(IOO mg.) were dissolved in dichloromethane (15 ml.) and
the mixture allowed to stand at room temperature for 12 h.
T.L.C. shoved no reaction, The reasction was then refluxed
for 3 hours t0 give a complex mixture of products, the
major one of which was an orange-red compound showh by
T.L.C, to be more polar than the disulphide. Isolation
af this afforded.a gum shown by mass spectroscopy to be a
polymer (pesks at m/e 523 and above), This reaction was

not studied further.

Reaction of the disuvlvhide (X) and trityl chloride.

The disulphide (114 mg.), trityl chloride (140 mg.)
and pyridine (05 ml,) were dissolved in dichloromethane
and allowed to stand at‘room temperature for 2 days.
T...C. s8till showed no reacthtion and the reaction was
repeated under benzene reflux for 4 hours. A complex

mixture was cbtained and the reaction was studied no

further,



57.

Reaction of the disulvhide {X) and p-nitrcbenzyl bromide.

”

The disulphide (250 mg.) and p-nitrobenzylbromids

. (250 mg. ), dissolved in acetone (10 ml.) were stirred
with sodium bicarbonate (1. g.) for 2 days. The reaction
was sﬁown by T.L.C. to have given several products, two
of which were major. Separation of these by preparative

T.1.C. (carbon tetrachloride as eluant) gave p-nitrobenzyl-

(¢ ~phenylhydrazoncbenzyl) -sulphide (XX) (125 mg., 6L%) as

the major product, obtained as yellow-brown prisms from

benzena/60—800 petroleun ether.

M.Dpe - 90-91°,

yradol 602, 1520, 1345, 690 em, "L,
A CHChs - siema (€ -19,400).

T 6-1 (s,2H), 4-5~1+6 (m,15H),

Found: C, 66.37; H, 4-84; N, 11.53; S, 8-81%.

CZOH17N3028 requires: C, 66-11; H , L-72; N, 11.57;
S, 8+81%

.

Mass spectroscopy gives Ut atb m/e 363 (as required for
ye T
0201{]_7,1\3023) .

A secondary produet, 5,6-dihydro-3,5,6-triphenyl-6-

phenylazo-1,2,lU,5-dithiadiazine (XIX) (60 mg., L8%) was

also obtained from this reaction as orange granular

erystals.
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M.p. 119-121° (from dichloromethane/acetone)
Yol - 1p95, 1300, 1230, 990, 790 and 71Cem.”l.
}\ggg%, 286mpm (€ =20,000).
Y 2.0-3-1 (m,20H).

Found: C, 68.79; H, L+55; N, 12.22; S, 13- 89%.

Coghpgll), S, Tequires: C, 69-01; H, 4-L6; W, 12-38;
S, 1l-14%.

Treatment or the major product of this reaction with
a large excess of sodium borohydride in tetrahydrofuran
at room temperature failed to gi#e any reaction after

2 days.

L-Ritrobenzyl-{o&~phenylhydrazonobenzyl)-sulphide (XX).

N-phenyl-lT'~benzethichydrazide (250 mg.) and L~
nitrobenzyl bromide (250 mg.) were dissolved in acetone
(10 m1.) and the mixture stirrved with sodium bicarbonate
(500 mg.) for 2 days. The products were sepsrated by

preparative T.L.C. to give L-nitrobenzyl-(o¢ ~phenyl-~

hydrazonobenzyl)-sulphide (XX) (240 mg., 60%).

M.p. 90-91° . (Recrystallised from benzens/8C~100°

petroleum ether).

Hixed melting point with a sample from the previous

reaction gave no depression of melting point.
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Reasction of the disulphide (X) with benzyl bromide.

-

The: disulphide {250 mg.) and benzyl bromide (200 mg.)
_ were dissolved in acetone (10 ml,) and the solution was
gtirred with sodiuvm bicarbonate (1 g.) a2t room temperature
for 3 days. T.L.C. showed a complex mixture of products

from which no product could be isolated.

Reaction of the disulphide (X) with tosyl chloride.

The disulphide (250 mg.) and tosyl chloride (40O ;ng'.)
were dissolved in dry pyridine {7 ml.) égd allowed to
stand at room temperature for one week. Pyridine was
removed by pouring the mixture into dilute hydrochloric
eeid and extracting the products into benzene (3 x 20 ml. ).
Separation of the products by preparative T.L.C. yielded

5. 6-dihydro~3%,5,6=-triphenyl~t-phenylazo-1,2,4,5-d1ihydro-

dithiadiazine (XIX) (63 mg., 25%) and unreacted disulphide

(75 mg., 30%), the remainder of the reaction products

being a complex mixture.

Regetion of the disulphide (X) and L-nitrobenzyl diazonium

fluorobcrate.

L-Nitrobenzyl diazenium fluorcborate (120 mg.) was
dissolved in acetone (5 ml.) and the minimum volume of
water and the disulphide (110 mg.) wemeadded. A large

number of coloured products was rapidly formed, none of
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which was deemed to be in sufficient quentity to be of

interest.

Reaction of the disulphide (X) and sulphenyl chlorids.

Sulphenyl chloride was prepered by passing chlorins
into & solution of thiophenol (110 mg.) in dry dichloro-
methane (1C ml.) until no further darkening of the colour
was observed. Nitrogen was passed through the sclution
until the issuing gas was showh to contain no ehlorine
(starch~iodid= paper). To this solution was added a
solution of the disulphide (228 mg.) in dry dichloro-
methané (10 ml.) and the mixtursrwas allowed to stand
at room temperature for 30 mins. T.L.C. after this time
showed formation of a complex mixture of products. The

reaction was not studied further.

Reaction of the disulphide (X) and N-phenyl benzene-—

carpehydrazonoyl chloride.

The disulphide (120 mg.) and N-phenyl benzenecarbo-
hydrezonoyl chloride (120 mg.) were dissolved in dry
dichloromethane (15 ml.), triethylamine (1 ml,) added
and the mixture refluxed for 2 hours. The products were
separated by T.L.C. and the major product recrystallised

from ethanol to give pale yellow needles of bigs—(0{-phenyl-

derazono-(cL—nhenylbenzyl hydrazonobenzyl)) disulphide (XXI)
(67 mg., 30%).
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¥.p :L75'--7'O

JDE;iOl’ 1580, 1515, 1490, 1250, 760, 750 and 69Ocm.“1.

2 CHC1

oy 3s  Shl and 300m g ( €=80,000 and 40,000 respectively).

Mass spectroscopy shows. peaks at m/e 470, 408, 315, 297,
+ +
287, 180 (Ph~N=C-Ph), 121 (Ph-CZS)

Found: C, 73.91; H, 5.25; N, 13.26; S, 7.57%.

CEZHL}-Z‘NSSZ Pequires: C, 7&- 08; H, 5003; N, 13.30;
S’ 7‘59%-

A By-product of this reaction was a red gum later

found to be L4,5-dihydro-2,4,5~triphenyl-5-phenylago—

1,3, h-thiadiazole (3XTI) (35 mg., 30%).°

Reaction of the disulphide (X) and sodium nitroprusside.

The disvlphide (X) (100 mg.) was dissolved in a 1:1
mixture of dilute agqueous ammonium hydroxide solution
and tetrahydrofuran (20 ml.) To this mixture an execesc
of 5% sodium nitroprusside solutiocn was added and the
mixture heated under reflux until T.L.C. showed all the
disuvlphide to have reacted. Organic by=-products were
removed by extraction into diethyl ether and the remaining
purple aqueous solution Wés evaporated at room temperature
overnight in a crystallising dish in a vacuum desiccator,
. The resulting solid was dissolved in methanol and the

solution filtered to remove scdium sglts. - The methanol
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was removed under reduced pressure to give a purple black

solid (210 mg., 30%).

1

piujal = oy50 1950, 1620, 1270em. T,

max ?

The solid gave no n.m,r. spectrum showing it to be =&
free radinal, The ccmplex was found to bhe unstable and
smelled of hydrogen cyanide. Analysis showed this te
Te a complex of probably four nitroprusside complexes to
one &{-phenylhydrazonobenzyl sulphide moiety and indicated
partial hydrolyﬁis of cyano groups by low carvon and nitrcgsen

percentages. -

Found: C, 25.93; H, 2.38; I, 23.82; 8§, 2.80%
341.8 pMg. of sample gave 150.4 j“g. residue.

(NazFa(CN)5KO)M ClBHIZNQS requires: C, 30.84; H, 1.01;
N, 28.35;: S, 2.1,9%,
139.0 /Wg. residue from 341.8 /4g. of sample.

Treatment of N-phenyl-N'-benzothiohydrazide with
sodiuwn nitroprusside under the same conditions gave what
appeared tc be the same complex (T.L.C. en silica methanol
eluant.)

OXIDATIONS OF BIS—(04 -PHENYLEYDRAZONCBENZYL)-DISULPHIDE (X).

Attempted methylation of the disulphide (X).

Bis-( 0l-phenylhydrazonobenzyl)~-disulphide (X) (2L0 mg. )
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and methyl iodide (500 mg.) in benzene (10 ml.) were
:siirred with excess silver oxide {(4OC mg.) at room
temperature for 3 days. T.L.C, showed formaticn of
several products of which the major two, both oxidation

preoducts, were isolated. The major product was found

to be the red L .5-dihydro-2,L,5-triphenyl-5-phenvlazo

1,3, i~thiadiazole (XXII) (58 mg., 26%) which wes isolated

as a gum which crystallised after standing for 3 months
aﬁzoo to give dark red, granular crystals. These were

recrystallised from benzene/ethanol.
M.p. 2106-8".

YAUIOL 1590, 1490, 1345, 1130, 980, 770, 750, 695em., "2,

A oECYs, zuTm (€ =15,700).
Mass spectroscopy gives peaks at m/e 392 (M*-Nz), 388(M*-s).

Found: C, 74+27; H, L4-79; N, 13-33; S, 7-61%.

CogHog Nh? requires: C, 7h.35; H, 4.70; N, 13.25;
S, T'WO

The secondary product also isoiated was recrystallised
from benzenq/SO-lOOo petroleum efher to give yellow crystals

of 1,3,L,6-tetraphenyl-1,4-dihydro-1,2,4,5-tetrazine (XXIILI)

(4 mg., 19%).

M.p. 204-5° (Literature m.p. % 204-5°)
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1,3,h,6~Tetraphenyl=1 li~dihydro-1,2,h S~tetrazine (XXIII).

A satisfactory synthesis of the dihydrotetrazine was
achieved by an adaptation of the method of Saxena et al.lu
N-phenyl benzenecarbohydrazonoyl chloride (115 mg.) was
heated in an open tube in an ¢il bath at41900 for 30 mins.
and the product separated by preparative T,L.C. The

product was recrystallisad from benzena/BO-lOOo petroleum

ether to give 1,3,&,6—teﬁrapheny1—llh,~&1hydr0b1}2,&,5~

tetrazine (XXIII) (2L mg., 25%).

M. p. 204-5°

Mixed melting point of this product with the secondary
product of the disulphide/silver oxide reaction gave no

depression of melting point,

Regction of the disulphide {X) with silver oxide. -

The disulphide (200 mg.) was dissolved in benzene
(15 ml.) and stirred with excess siiver oxide ( 1 g.)
for 2 days. T.L.C. showed only one spot, the red dihydro-
thiadiazole (XXII) obtained as the major product in the
presence of methyl iodide. Evaporation of solvent and

cryatallisation gave L,5-dihydro~2,L,5-triphenyl~5~

phenylazo-1,3,h~thiadiazole (XXII) (56 mg., 33%).
Centinuous Soxhlet extraction of the silver residues with
~diethyl ether gave no significant increase in yields, nor

did a reduction in the amount of silver oxide used.
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Reaction of the disulphide (X) and iodine.

£y

A solution of the disulphide (30 mg.) in chlorofogm‘
(5 ml.) was shaken with iodine (18 mg.) and saturated
sodium hydrogen carbonate solution (5 mll) for 5 mins,
T.L.C., showed a complex mixture of product$. The

reaction was hot studied further.

Reaction of the disulphide (X) with tetranitromethane.

Bisp(af-phenylhydrazonmbenzyl};diSulpﬁiae (X) was
dissolved in dichloromethane (20 ml.) and tetranitro-
methane (600 mg.) was added. The solution darkened
in colour and gas was evelved, After 1 h. the solution
had lightened somewhat andvreaction appeared to have
stopped. T.L.C. showed the resction to have given a
complex mixture with one major product which was separated
by preparative T.L.C. apd recrystallised from dichloro-
methane/diethyl ether to give 4L mg. (20%) of dark red

granular crysials of 1.4,-bis-(L-pitrovhenyl)-3,6-dihydro-

1,2,h,5-tetrazine (XXV).

M.p. 308-313° (with decomposition).
(Literature -/ m.p. 305°).

173§i°1, 1590, 1500, 1308, 1110, 1000. 852, 700cm.'1.

Mass spectroscopy gives MT at m/e 478 and peaks at
+
m/e225 (O%N-C6Hh W:CePh), 179 (225-10,),
103 (PhCN ).
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Reaction of the disulphide (¥) and hydrogen peroxide.

The disulphide (10Q mg,) was dissolved in acetone .

.(15 ml,) and hydrogen peroxide (1 ml. 30%) was added.

The mixture was left for 1l day after which time T.L.C.
showed no reaction had oceurred. Ferric chloride (10 mg. )
was added and the mixture left at 0° for 12 h., T.L.C.
showed formation of many products. the major one of which
was recrystallised from benzenQ/SO-lOOO petroleumn ether

to give 1,3,4,6-tetraphenyl-1,4-dihydro-1,2,4,5-tetrazine

(XX111) (20 mg., 25%).

M.p.  204-5°.

Mixed melting point with an authentic sample gave no

depression in melting point.

Reaction of the disulphide (X) with potassium ferricyanide.

Bis-(of -phenylhydrazonobenzyl)~disulphide (X) (1 g.)
was dissolved in benzene (LO ml.) and ethanol (4O ml.)
was added. A solution of potassium ferricyanide (1:65 g.)
and sodium hydroxide (400 mg.) in water (10 ml.) was
prepared and the two solutions were shaken together, The
colour of the disuiphide solution changed from red to orange
and the benzene layer was separated, washed with water
(3 x 20 ml.). dried over anhydrous sodium sulphate, filtered
and evaporated to dryness. The resulting gum was crystal-
lised from dichloromethane/acetone to give orange granular

crystals of 5,6-dihydro=3,5,6-trinvhenvi-6-phenvlazo=1,2 b, 5=~
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N
N

dithiadiazine (XIX) (870 mg., 86%

e

M.p. 119-121°.

Cn several occasions, this synthesis failed to give
the above product, the prcduct solution changing from
orange to red cn evaporation or recrystallisaticn. This

red solution was found to contain sulphur and the red

(xx11) (600 mg., 71% from 1 g. of disulphide). 5,6-
dihydro-3,5,6~triphenyl-6~phenylazo-1,2,4,5-dithiadiazine
(XIX) was heated in benzene solution and in acetone
solution in the presence of each of the reagents used
(separately) for 5 mins, o formetion of thiadiazole
was observed in any case. Howsver, on refluxing the
dihydarothiadiazine (100 mg.) inh acetone (25 ml.) for

2 h., evaporafing the resulting solution and recrystal-

lising the product from ethanol, the dihydrothiadiazole (XXIT)

(60 mg., 7C%) was obtained.

Determination of stoichiometry of the coxidation of the

disulphidzs (X).

Mitrogen flushed alkaline O+1N potassium ferricyanide
salutioﬁ (10 m1.) was pipetted into & stirred solution
cd‘bis—(cc-phenylhydrazonobenzyl)-disulphide (%) (114 mg.)
in benzene (10 ml.) anrd ethanol (10 ml,) under nitrogen.
Théﬁmixtufe was stirred for 10 mins., the mixture neut-

rdlﬁsed with dilute hydrochloric acid and excess potassium
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iodide soclution sdded. Starch solution (5 drops) was
added and the mixture titrated with 0-1N sgodium thio-

sulphate. The titration was repeated twice,

Volumes of O 0.01N thicsulphate used 486, 46.9, 50.1 ml,

i

1

Average volumc of (O-01lN thiasulyphate used = 49«2 ml,

.+ Excess of 0.1H ferricyanide solution = L-92 ml,
Voluma O0+1lT ferricyahide used = 508 ml,
Equivalent weight of disulphide = 114 x 10 = 222-4
) - 5+ 08

This value 1s in reasonable agreement with the
‘theoretical equivalent weight (227) for the proposed

structure of the disulphide (X).

Reaction of the disulphide (X) ard dicyano-dichloro-

benzoguinone (D.D.Q). -

The disulphide (114 mg.) was dissolved in benzene
(10 mi.) and D.D.Q. {103 mg.) was added. T.L.C. showed
only one product spot. The solution was filtered
through alumina tc remove D,D.q. residues, evaporated to
dryness and the resulting gum crystallised from dichloro-

methane/acetone to give the dihydrodithiadiazine (XIX)

(103 mg., 91 %).

Iﬁc P. 119"1210.
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Reaction of the disulphide (X) with nitrosobenzene.

Bis-(o( -phenylhydrazonobenzyl)~disulphide (X) (120 mg.)
was dissolved in dichloromethane (25 ml.) and the solution
cooled to 0°. Nitrosobenzene (500 mg.).was added and the
mixture alloﬁed to stand at 0% fex 2 days. The products
were separated by T.L.C. to give a complex mixture from which
only one product was isolated. This was recrystallised from

benzene/ethanol to give 1,3-diphenyl-1,2,L~benzotriszinyl

radical (XXVI)(37 mg., 24%).

M.p. 109-11°  (Literature melting pointt’! 113-115°).

Kixed melting point with a sample prepared by the
methed of Blatter and Lukaszewski 17‘(m.p. 110-111°) gave

m.p. 109-1119,

Reaction of nitrosobenzene and N-phenyl-N'-benzothio-

hydrazide (IX).

The thichydrazide (IX) (120 mg.) was dissolved in ether
(25 ml.,) and the solution cooled to 0°. Vitrosobenzene
(500 mg.) was added and the mixture allowed to stand at
0° for L h. T.L..€, showed formation of a complex mixture
of products one of which had the same Rf. and colour as
the benhzotriazinyl free radical (XUVI). Ne products were

isolated.
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Reaction of nitrosobenzene with W-rhenyl-N'-benzhydrazide,

The hydrazide (105 mg.) was dissolved in ether (25 nl.)
and nitroscbenzene {500 mg.) was added, The mixture was
allowed to stand at room temperature for 2 days. T.L.C.
showed 1litile reaction. The reéction mixture was refluxed
for\l day. T.L.C. showed partial conversion tb a complex

mixture of products, none of which corresponded to the

benzotriazinylfree radical (XXVI).

Reaction of nitrosobenzene with hehzaldehyde phenylhydrazone.

The'hydrazone (200 mg. ) was dissolved in ether (25 ml.)
and nitrosobenzene {100 mg.) was added. The mixture was
allowe? to stand at room temperature for 5 h. Separation
of the two main products by preparative T.L.C. and re-
erystallisation from benzena/SO-lOOo pretroleum ether yielded

phenyl-N-phenyl nitrone (100 mg., 50%) m.p. 115-6° as the

major product. Mixed melting peint with an anthentic sample
of phenyl-N~phenyl nitrone (m.p. 1160) gave no depression

of melting point. Triphenyl nitrone (1l mg., 5%) was also

obtained.

28

M.p. 216-8° (Literature “° m.p. 218-20°).

Resction of the 1,3-diphenyl-1l,2,h-benzotriazinyl

radical (CXVI) and sodium dithionite.

1,3-diphenyl-1,2,h~benzotriazinyl radical (100 mg. )
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and finely powdered sodium dithionite (200 mg.) were
added to ethanol (5 ml.) and stirred together for 6 h.

at room temperature. - The colour of thé solution changed
from'brown to yellow, The solution was filtered off
and evaporated to give a yellow gum Which resisted all
attempts at crystallisstion. This yellow product (later
found to be 1,3-diphenyl-1,2, ,4~benzotriazine (X¥XI) was
found to undergo air axidaﬁion to give back the free

radical XXVT. This reaction was not studied furthsr.

Reductive acetylation of the 1,3-diphenyl-~1l,2,h-benzotriazinyl

free radical (XXVI).

1,3~-diphenyl-1,2,4~benzotriazinyl radical (100 mg.)
was dissolved in acetic anhydride (5 ml.) and glacial acetic
acid (5 drops) and zinc dust (200 mg.) were added., The
mixture was stirred at room tempefature for 8 h. The
solutign was filtered and the solvent removed under reduced
pressure, The products were separated by preparative

7.L.C. to give 1,2~diphenyl-benzimidazole (¥XXI¥) (36 mg.,
39%).

M.p. 110-111°.

An authentic sample of this was prepared by the
method of Wolff 2 (m.p. 112-113°).  Nixed melting

point gave m.p. 110-111°.
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Benzanilide phenylhydrazone (XXX).

-~

prhenyl benzenecarbohydrazonoyl chloride (500 mé.)

' énd aniline (1 g.) were heated together in an open tube
in an oil bath at 1300 for 30 minutes, The rot melt
was poured into benzene (40 ml,) and filtered tc remove
precipitated aniline hydrochloride. The resulting
solution was concentrated to 5 ml., ethanol (10 ml.,) was
added and the solution allowed to stand at 0° for 12 h.

Cream coloured heedles of benzanilide phenylhydrazone (¥XX)

(500 mg., 81%) ware obtained.

20

M.p. 175-5° . (Literature 2O m.p. 175-6°).

Phenyl (phenylimino) (benzeneazo) methane (XXVII).

Benzanilide phenylhydrazone (Xxk) (200 mg.) was dissolved
in benzene (5 ml.) and stirred with silver oxide (500 mg.)
for 2 h. The resulting red soluticn was filtered off, the
benzene evaporated and the product recrystaliised from

benzene/ethanol to give phenyl (phenyliminc) (benzeneazo)

methane (XxX) (180 mg.,91%).

21

. p. 101-2O (Literature Iile P 101-20)

1,3-diphenyl-1,2,h-benzotriazinyl radical (3XVI).

Benzanilide phenylhydrazone (X¥X) (287 mg.) was

dissolved in methylerne chloride (30 ml.) and pyridine
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(2 ml.) added. The solution was stirred and N-bromo-
succinimide (2 38 gz.) was added over 10 minutes. Thei
solution turned red and then became very dark brown as

the free radical was Tormed. After 30 min, the solutichn
was washed with dilute agueous sodium thiosulphate

solution {3 x 20 ml.) water (3 x 20 ml.) dilute hydro-
chloric acid (3 x 20 ml.), saturated sodium bicarbonate
solution {3 x 20.ml.) snd water (3 x 20 ml.) and dried

over anhydrous sodium sulphate, The seclution was evaporated
down and the product recrystallised from behzens/ethanol

to give 1,3-divhenyl-1 2 L-benzotrinzinyl radical (TVVT)

(210 mg., 74%).

M.p. 210-111°,

OTHER REBACTICNS OF BIS~(OX-PHINYILIVIRAZONOBENZYL) DISULPEIDE (X)

e

Reaction of the disulphide (X) with tris (benzsnesulphenyl)

Tn collaboration with Dr, . K. Norris,

Bis-{o(~phenylhydrazoncbenzyl)~disulphide () (11L mg.)
and the nitride (5&0 mg.) were dissclved in dichlorosthane
(20 mi1.) (dried over anhydrous potassiwn carbonate) and the
solution was refluxed for 2 h. Svaporation of the solvent
followed by separation of the product by preparative T,L.C.

gave dark brown crystals of o{ ~vhenylazobenzaldehyde

vhenvlthicoxime (CXII) (67 mg., L2%).




.

e D 119-120° (from 140-60° petroleun ether),

1

yrudol - 4580 1260, 770, 745, 700em. L.

max

?\1?32213’ 292mp. (€ =22,000, U5Zmpm (€ =10,500).

lass spectroscopy gives peaks at m/e 317 (u+), 212 (Mt - Pth),

+ + +
109 (PhS ), 105 (PhN, ), 104, 103 (PnCN ) and
+
77 (Pn ).

Found: €, 71*8; H, 5¢0; N, 13-25; S, 10-0%,
o J
C1915M5
The reaction was repeated with N-phenyl-l'-benzothic-

hydrazide (IX) (57 mg.) to give the same product (30 mg.,

LO%).

Reduetion of the disvlivhide (X) with sodium dithionite.

Bis~(of-phenylhydrazonobenzyl)~disulphide (X) (120 mg.)
and sodium dithionite (300 mg.) were stirred together in
ethanol (5 ml,) for 6 hours, The colour of the solution
changed from orange-red to yellow. The solution was
filtered offf, evaporated and the-product recrystallised
from benzena/80-1000 petroleum ether to give Il-phenyl-

N!-benzothiochydrazide (IX) (100 mg., 83%).

M. p. 89-90°.

S reguires: C, 71+9: H, L-8; N, 13+25; S, 10-1%.
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Redvection of the disulphide (X) with zinc/acetic acid.

Bis~(of -phenylhydrazonobenzyl)-disulphide (X) (25) mg.)
and éine dust (600 mg.) were stirred together in glacial
acetic acid (15 mi.) until the orange-red colour of the
disulphide had changed to yellow. The soiution was
filtered off and the acetic acid distilled off under

reduced pressure, T.L.C. separation of the products

showed an unclean reaction from which N-phenyl-I'-benzo—

thichydrazide (IX) (150 mg., 60%) was the only product

isolated, -

M.p. 89-907,

Reduction of the disulphide (X) with zinc/covper couple.

Bis—{( & ~phenylhydrazonobenzyl)-disulphide (X) (240 mg.)
and zinc/copper cuouple/29 (1 g.) were stirred together in
methanol (25 ml.) at room temperature for 10 h. T.L.C.
separation of the products agasin showed an unclean reéction

from which N-phenyl-N'-~benzothiohydrazide (IX) (160 mg.,

€7%) was obtained.

M.p. 89-90°

Reduction of the disulphide (X) with sodium borohydride.

Bis~( & -phenylhydrazonobenzyl)-disulphide (X) (200 mg.)

was dissolved in dry tetrahydrofuran (10 ml.) and sodium
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hydroxide (70 mg.) added. After 10 min. the orange-red
golour of the solution had been discharged and T.L.C. "showed
formation of a single product. Water (10 ml.) was added

- to the solution and the product was extracted into benzene
(3 = 10 ml.). The benzene extract was washed with water
(2 ¥ 10 m1.), dried (anbydrous sodium sulphate) and ‘
evaporated ahd the product crystellised from behzene/80-~

100° petroleum ether to give N-phenyl-N'-benzothiochydrazide

{Ix) (165 mg., 82%).

M.p. 89~90°.

REACTICNS OF 5,6-DIHYDRO-3,5,6-~-TRIPHENYL=6-PHINYLAZO~1,2 4,5~

DITHIADIAZINE (XIX) AND L ,5-DIHYDRO-2,L,5-TRIPHENYL=5-PHEN YL~

AZ0-1,3,L~-THTADIAZOLE (XXII).

Zinc/ammonium chloride reduction of the dihydrothiadiszole

XXIT).

li,5-3dihydro-2,4,5-triphenyl~5-phenylazo-1,3 h~thiadiazole
(xxII) (&4 mg.), zinc dust (100 mg.,) and ammenium chloride
(100 mg.) were stirred in ethanol (10 ml.} for 6 hours.
T.L.C. separation of the products gave, from a complex

mixture of products, 1,3.L.6~-tetraphenyl-1,4-dihydro-1,2,4,5~

tetrazine (¥XXTIT) as the major product (265 mg., LO%).

M.p. 204-5°,

Mixed melting point with an authentic sample gave no
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depression of melting point. Starting material (12 mg.,

15%) was also recovered,

~

Zinc/ammonium chloride reduction of the dihydrodithiadiazine

XIX).

5 ,€-Pihydro-3,5,6-triphenyl-6-~phenylazo-1,2,4,5-
dithiadiazine (XIX) (25 mg.), zinc dust (30 mg.) and
ammoniuwm chloride (30 mg.) were stirred together in ethanol
for 10 hours to give a complex mixture of products from

which 1,3,l,6~tetraphenyl~1,b-dihydre-1,2,4,5-tetrazine

(*XIII) (7 mg., L4O%), 4,5-dihydro-2, L ,5-triphenyl~5~

phenylazo~1,3,h~thiadiazole (¥XII)} (2 mg., 10%) and starting

material (4 mg., 16%) were recovered. MMixed melting points
with authentic samples gave no depression of melting point

for any product.

Reaction of the dihydrothiadiazole (XXII) with triethyl

phosphite.

Triethyl phosphite (300 mg.) and I,5-dihydro-2,4,5~
triphenyl-5~phenylazo-1,3,l~thiadiazole (XXII) (100 mg.)
were refluxed in benzene (15 ml,) for 2 hours., At the
end of 2 h, the red colour of the dihydrethiadiazole had
disappeared and T.L.C. showed formation of many products,

only one of which, 1,3.4,5-tetraphenyl-1,l-dihydro-1,2,4,5~

tetrazine (YXITI) was isolated (T.L.C.) (12 mg., 13%).
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Reaction of the dihydrodithiadiazine (XIX) with triethyl

phosphite.

Triethyl phosphite (400 mg.) and the 5,6-dihydro-3,5,6-
triphenyl;é-phenylazo-l,2,4,5~dithiadiazine (XIX) (120 mg.
were refluxed in benzene (15 ml.) wuntil the orange colour of
the starting material had disappeared (i h.) Only cne of
the many products formed was separated (T.L.C.), 1,3,L4,6-
tetraphenyl-1l,4~dihydre~1,2,.4,5~tetrazine (XXIIL) (24 mg.,
2N4%) . HMixed melting point with an authentic sample gave ho

reduction of melting point.

Reaction of the dihydrothiadiazine (XI¥) with trivhenyl

phosphine.,

- 5 ,6Dinhydro-3,5,6-triphenyl-6-phenylazo-1,2,4,5~
dithiadiazine (XIX) (120 mg.) and triphenyl phosphine
(200 mg.) were refluxed in dry tetrahydrofuran for 1 h.
during which time the colour of the solution changed from
orahge to red, Attempts to isolate the‘products by T.L.C.
gave a complex mixture of prcducts and the experiment was

not studied further.

Reaction of the dihyvdrodithiadiazine (¥IX) with triphenyl

phosphine in methancl.

5,6-Pihydro-3,5,6-triphenyl-6-phenylazo-1,2,k4,5=-

dithiadiazine (XI¥) (12C mg.) and triphenyl phosphine
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(200 mg.) were added to methanol and left at room temperature-

for 2 days, after which time dsrk red crystals of 4 ,h-dihydro-

2,l,5-triphenyl-5-phenylazo=1,3  h-thiadiazols (XXII) (75 mg.,

70/) had separatsd.

M.p. 115-117° with decomposition.

Raney nickel deguplphurisstion of the dihydrothiadiazole {({XIT).
3 2 7

i ,5-Pihydro=-2,4,5-triphenyl-5-phenylazo-1,3,hb-thiadi azole
(XXTT) (120 mg.) and Raney nickel (1 g.) were stirred together
in a mixture of benzene (5 ml.) and etharol (5 ml,) st rcom
temperature until the solution became colocurless (3 hours),
The solution was filtered off, evaporated to dryness and the

major product separated by T.L.C. Recrystallisation from

benzens/ethanol gave (benzaldehyde phenyl benzoyl hydrazone)

phenvlhydrazone (T0VI) (L5 mg., LOT).

. p. 207-9Y with decomposition,

1

nuiol 9600, 1485, 1450, 1380, 1250, 1130, 755cm. L.

'vmwi

2

ng?;lz, 336, 300mp (€ =42,000 and 15,000 respectively).

Found: C, 80.13; H, 5.45; N, 1L.38%,

G26Hé2N& reguires: C, 79.97; H, 5.68; N, 14.387%,

liass spectroscopy gives peaks at m/e 390 (M%), 313 (u*-Ph),
+
298 (M*-PrEH), 286 (UiT-PhCHI) and 195 (PniEN:SCPh).
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Raney nickel desulphurisation of the dihvdrodithiadiszine (XIX).

5,6-Dihydro-3,5,6~triphenyl-6-phenylazo-1,2,l,5~dithia~
diaZzine (XIX) (120 mg.) and Raney nickel (1 g.) were stirred
together in a mixture of benzene (5 ml.) and ethanol (5 ml.)
until the solution had become colrurless (3 hours). Tsolation
of the product by T.L.C. and recrystallisation from benzene/

ethanol gave (benzaldehyde phenvl benzoyl hydrazona) phenyl-

hydrazone (XXXVI), (13 mg., 12%). (Weighing of the crude

sample before chromatography showed the loss of product to
have taken place before chromatography. but continuous
diethyl ether extraction of the Raney hickel residues failed

to give anhy improvement in yield.)

(Benzaldehyde phenyl benzoyl hydrazone) phenylhydrazone

(v,

N-phenyl benzenecarbohydrazonoyl chloride (200 mg.) and
benzaldehyde phenylhydrazone (1 g.) were ground together
in a mortar and then heated in an open tube in an o0il bath
at 1_’50O for 10 minutes, The resulting melt was cooled,
digsolved in acetone and the product, the least polar major
compound, was separated by preparative scale T.L,C. Re-

erystallisation from benzene/ethanol gave (benzaldehvde

phenyl benzoyl hydrazone) phenylhydrazone (XXXVI) (135 mg.,

LO%) .
Mo _'D. 207""90 .

A mixed melting point of this product with the Raney
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nickel desulphurisation products gave no depression aof

melting point.

Attempted cyclisation of (benzaldehyde phenyl benzoyl

hydrazons) phenylhydrazone (GCOXVI).

(Benzaldehyde phenyl benzoyl hydrazone) phenylhydrazone
(XXXVI) (15 mg.) was stirred with lead dioxide (20 mg.)
in benzene (2 ml.) &t room temperature for 48 h., T.L.C,
showed formation of many products including a yellow
product having the same Rf as ‘the dihydrotetrazine (XXITI).

The experiment was not studied further.

Attempted reaction of the dihydrodithiadiazine (XIX) with

sulphur te give a tetrasulphids.

5,6-Binydro-3,5,6~triphenyl-6-phenylazo=1,2,k 5=
dithiadiazine (XIX) (120 mg.) was dissolved in pyridine
(5 ml.) and sulphur (50 mg.) added., The mixture was
left at room temperature for 24 hours after which T.L.C.
aof the crude reaction mixture showed formation of a
complex mixture of products from which the major product,
I, 5~-dihydro~2.,4 ,5-trivhenyl-5~-phenvylazo~1,3,b-thiadiazole

(XXI1) waes isolated (T.L.C. (4O mg., LO¥) as dark red

crystals.

H.p. 106-108°,
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b ,5-dihydro-2,4,5~triphenyl~5~phenylazo-1,3,Il-thiadiazole

XXII).

a). Bis~(e{ ~phenylhydragoncbenzyl) sulphide.

N~phenyl-henzenecarbohydrazonoyl chloride (60 mg.)
was dissolved in acetone (5 ml.) and the solution
stirred with powdered sodium sulphide nonochydride

(10 mg.) for 3 h. The resulting yellow solution
was filtered off, evaporated down and the product
separated by T.L.C. Recrystallisation f?om benzene/
86—1000 petroleum ether gave yellow granular crystals
of bis~{e&¢-vhenylhydrazoncbenzyl)-sulphide (45 mg.,
81%) .

M.p. 151-2°.

YIUIOl 1580, 1480, 1440, 1330, 1250, 760, 600cm.”t.
AT 2u2, 284 and 335mp (€ =30,000, 17,600 and

15,200 respectively).
Mass spectroscopy shows MT at m/e 422
Found: C, 74-30; H, 5-35; N. 13.82; 5, 7-72%.

026H22NAS requires: C, 73+91; H, 5+25; N, 13.26;
S, 7-57%.

B). Oxidation of bis-(eld-phenylhydrazoncbanzyl) sulphide.

A solution of the sulphide in acetone was prepared as

gbove using N~phenyl benzenecarbohydrazonoyl chloride
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(1 g.), sodium sulphide nonohydrate (15 g.) and

acetone (25 ml.). The solution was extracted using
benzene/water (50 ml. of each). The benzene layer

was washed with water (3 x 50 nd.) and ethanal (50 ml.)
and excess alkaline agueous polessium ferricyanide
solution were added. The mixture was shaken vigorously
and the colour of the benzene layer changed froum yellow
to red. The benzene laysr was separated, washed with
water (3 x 50 ml.), dried over anhydrous sodium sulphate,
condensed to 5 ml, and ethanol (10 ml.) added. Red

erystals of L,5-dihydro-2.,4,5~triphenyl~5-vhenylazo-

1,3, 4~thiadiazole {¥XII) separated (064 g., 7C7).

M.p. 106-8° (with decomposition).

Three further recrystallisations (benzene/ethanol)
improved the melting point to 11&-1160 with decomposition.
Mixed melting points with samples from other oxzidations
(Bis~(o¢ -phenylhydrazonobenzyl)~disnlphide (X) and silver
oxide, disulphide (X) and potassium ferricyanide) gave

no depression of melting point.

Attempted formation of the dihvdrodithiadiszine (XIX).

N-phenyl benzenecarbchydrazonoyl chloride (120 mg.)
was dissolved in acetone (10 ml.) and powdsred sodium di-
sulphide hydrate (200 mg.) was added. (This,was\prepared
by solution of eguimoclar amounts of sulphur ani sodium

sulphide nonchydrate in a little hot water and crystallisation
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of the product). The mixture was stirred for 3 hours and
the resulting solution treated as in the previous reaction
with alkaline potassiuam ferricyanide solution., Work-up

. of" the product as before gave L,5-dihydro-2,L, 5-triphenyl—

5-phenylazo-l,3,b~thiadiazole (¥VII) (80 mg., 75%).

M.p. 106-8°.

Attempted formation of & -nhsnylazo-thiobenzaldehyde.

ol -phanylazobenzaldehyde (1405 g.) (preparéd by the
method of Bock et 31.16 ) was dissolved in benzere (25 ml,)
and phosphorus penitasulphide (300 mg.) was added. The
mixture was left at room temperature for 24 hours, T.L.C.
showed formation of a complex mixture of products and the

reaction was not studied further.

SYNTHESTS AND ITACTIONS OF THIOHYDRAZIDES,

Attempted synthesis of N-phenvl-ii'-hensothiohydrazide.

N-phenyl tenzenecarbohydrazonoyl chloride (240 mg.)
was dissolved ip pyridine (5 ml.) and hydrogen sulphide
was passed through the solution for 24 h, T,.L.C., showed
slight formation of a yellow product having the same RT
as bis-(&-phenylhydrazonobenzyl) sulphide and polar by-

products. The reaction was not studied further.
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Reaction of N-phenyl-l'-benzothiohydrazide (I¥) with

potassium ferricyanide. ”

M-Phenyl-N'-benzothiohydrazide (IX) (100 mg.) vwas
dissolved in benzene (10 ml.) and ethanol (10 ml,) was
added. To this mixture was added a solution of potassium
ferricyanide (170 mg.) and sodium hydroxide (50 mg.) in
water (10 ml.). The mixture was stirred vigorously for
36 hours, T.L.C. showed incomplete reaction to give a
complex mixture of products, the major one, isolated by

T.L.C. and recrystallised from ethanol, being benzaldehyde

phenylhydrazone (15 mg., 13%).

50

M.p. 158-9°  (Literature m.p. 157-8°), mixed melting

. point with an authentic sample 158-9°.

Reaction of N-phenyl-l'-benzothiohydrazide (IX) with

hydrogen peroxide.

N-Phenyl-I{'-benzothiohydrazide (IX) (200 mg,) was
dissoived in tetrshydrofuran (5 ml.) and a large excess.of
hydrogen peroxide (3 ml,, 30%) was added., The mixture was
left for 30 min., separated by addition of water (30 ml.)
and extraction into benzene (3 x 30 ml.), the benzene
solution dried (anhydrous sodium sulphate) and evaporated
under reduced pressure to a small volume (c. 3 ml,).

Ethanol (10 ml.) was added and the resulting orange crystals

filtered and dried {o give bis-(ol-phenylhydrazonocbenzyl)-
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disulphide (¥) (190 mg., 95%).

o e . . . .
M.p. 140-1427, Mixed melting point with an authentie

sample gave no depression of melting point;

Reaction of NH-phenyl-N'-benzothiohydrazide (IX) and dicyano-

dichloro-benzoguinone (»,D.0,).

N-Phenyl-I'-benzothiohydrazide (TX) (112 mg.) was
dissolved in benzene (10 ml.) and D.D.Q. (103.mg.) was
added. T.L.C, showed complgte disappearance of the
thiohydrazide and fromation of two overlapping"product

spots at Rf corresponding to the dithiadiazine (XIX) and

L,5~-dihydro-2,4,5~-triphenyl-5~phenvlazo-1,3,b~thiadiazole

XXII). It was not found possible to isolate these by

T.L.C. and the experiment was abandoned.

Methyl-(o€-phenylhydrazonobenzyl) sulphide (XXXIX).

N-Phenyl-N'-benzethiohydrazide (IX) (100 mg.) was
dissolved in benzene (10 ml.) and 3 large excess of
diazomethans solution in diethyl ether was added. The
colour of the solution changed from bright yellow to pale
yellow and nitrosan was evolved. T.L.C. separation of

the products gave only one major product, methyl-(e£ ~

phenylhyvdrazonobenzyl) sulphide (XXXIX), a pale yellow

gum which resisted all attempts at crystallisatien (90 mg.,
"85%).
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))iiim> 1595, 1505, 1hh5. 1255, 1145, 1070, 955. 795,
7550m,
'/\%}C{H’ 238, 301 and 3uémp (€ =15,000, 7,300 and 17,000).

Y 7.9 (s, 31), 2:0-3-3 (m, 13H, 1¥ D0 exchangeable).
Found: C, 69.57; H, 5.86; N, 11.40; 8, 13.14%.
ClquaN2S requires: C, 69.40; H, 5.83%; N, 11.56;

S, 13%21%.

Phenyl-(el —phznylhydrazonobenzyvl)~disulphide. B

A sélution of sulphenyl chlofide was prepared by passing
chlorine through a solution of diphenyl disulphide (109 mg.)
in dry dichloromethane (10 ml.,) until no further colour
change occurred. Excess chlorine was removed by flushing
with nitrougen until no chlorine was shown @o be in the
issuing gases (starch-iodine paper). To the sulphenyl
chloride solution was added a solution of N-phenyl-N'-
benzothiohydrazide {IX) (228 mg.) in dry dichloromethane
(5 ﬁl.). The resulting orange-yellow solution was
evaporated down at room temperature and the products
separated by preparative T.I..C. on silica with 1,0-50°
petroleum ether as eluant to remove bis~(X —-phenylhydrazono-—
benzyl)-disulphide (x). Recrystallisation from dichloro-
methan@/40—6oo petroleum ether gave fine yellow crystals
of phenyl-(& -vhenylhydrazonobenzyl)=-disulohide (300 mg.,
90%) .
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M.p. 88-89°,

YIuIOt 1600, 1500, 1440, 1260, 1165, 755, 6950cm. Y.
E+t0H _ i .
;Xﬁggﬁy 243, 294 and 380mp. (€ =15.800, 8,200 and 7,730

respectively).

Attempﬁed preparation of analytical samples gave some
disproportionation of the disulphide and separation of
crystals of the less soluble bis«(aé-phénylhydrazono~benzy1)-
disulphide.

Reaction of N-phenyl-N'-benzothiohydrazide (IX) and

triethyvlamine,

N-Phenyl-li'-benzothiohydrazide (IX) (200 mg.) was
dissolved in benzene (10 ml.) and triethylamine (15 ml.)
added. The solution went cloudy and a pale yellow oil
separated which crystallised on cooling to 0°. T.L.C.
of thémoil showed one spot corre5pondiné to N-phenyl-N'-
benzothiohydrazide. All attempts to separate the crystals
gave immediate conversion to the oil and dissociation of
the salt to triethylamine and the deeper yellow thio~
hydrazide, It appears that this is the salt of the
teutomeric thiol form and that it is only stable in the
presence of excess triethylamine. Treatment of the oil
with acids gave an imnediate return of the yellow thio~
hydrazide colcuration. A u,.v. spectrum of the salt taken

in 507 triethylamine/dichloromethane gave:
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A ol

and';snxy« (€ =3L,000 and 14,000 respectively))

371m}k (é?:lB,OOO) (cf. +the thiohydrazide 2~

max’

max’

I.R., of the o0il gave:

’);iim, 2,950, 2,600, 1,470, 1,350, 1,170, 1,035cm. .

. i
(cf. the thichydrazide Liggo”, 3,200, 1,590,
1,255, 970cm.”*.)

N-Phenyl-Il'-1-naphthothiohydrazide (XII).

1-Thionaphthoyl thioglycollic acid (1 g.) was dissclved
in 1N sodium hydroxide solution (i ml.) and phenyl
hydrazine (0.5 g.) was added. The mixture was warmed
on a steam bath until the coclour of the gcid had been
dischargea and an oil had separsted. Water (20 mi.)
was added, the oll extracted into benzene (3 x 20 ml.),
the benzene extract washed with water (2 x 50 mi.), dried
(anhydrous sodium sulphate) and the soluticn evaporated
to dryness, The product was recrystallised from benzene/
80-100° petroleum ether to give fine psle yellow needles

of N-phenyl-N'-l-naphthothiohydrazide (XII) {(0.79 g., 7hf).

M.p. 168-70° (Literature T2 m.p. 164°)

Bis~(& ~vhenylhyirazono~-l-naphthyl)-disulphide (XIV).

N-Phenyl-N'-l-naphthothichydrazide (350 mg.) was
dissolved in benzen e (60 ml.) and alumina (15 g., grade

V) added. The mixture was stirred at room temperature
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for 12 hours. no precautions being taken to exclude air.

Bis—-(&X -phenylhydrazcno-l-naphthyl)-disulvhide (7IV) was

isolated by preparative T,L.C. followed by recrystallisation
from benzene/ethanol as fine orange-yellow needles (020 g.,

o
57%).

12

M. p. 165-166° (Literature m, D. 1650).

N-Phenyl~l"=~l~methoxybenzothichvirazide (XIIT).

Li-Me thoxythiobenzaylthioglyceollic acid (1 g.) was
dissolved in IN‘sodiuﬁ hydrcxide solution (4 ml.) andg
phenyl hydrazine (0«5 g.) was added. The mixture was
warmed on a steam bath until disappearance of the red
colour of the g2cid indicsted completion of the reaction
and a yellow o0il had separated. Yater (20 ml.) was added
and the oil extracted into benzene (3 x 20 ml.). The
benzene extract was washed with water (2 x 50 ml.), dried
(anhyd;ous sodium sulphate) and the solution evaporated '
to dryness., The product was recrystallised from benzene/

80—1000 petroleum ether to give yellow granular crystals

of N-phenyl-N'-L-methoxybenzothiohydrazide (XIII) (C-84 g.,

80%) .

. _0
M.pe 95:5-96+5 .

));ggfl, 3,200, 1605, 1500, 1267, 1190, 960, 835cm. *.

T‘|
AL ogomp (€ =12,000),
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Mass spectroscopy gives peaks at m/e 258 (u7),
.+
22 (M- MeOH or S), 151 (p—MeO'C6HA'C;S and

+
N PheNH. NHC:S )
. " Pound: C, 65°08; H, 5°L44; W, 10°90: 8, 12+66%

CthiuNEOS requires: G, 65.10; H, 5:46; N, 10-85:
S, 12.60%.

Bis-{a -phanylhydrazono-li-methoxybenzyl)~disulphide (XV).

NJPhenyl—N’-u—methoxybenzathiohydraéide (1 g,) wa s
dissolved in benzene (200 ml.) and alumina (L5 g. grade
V) added. The mixture was stirred at room temperature
for 16 h., the product solution filtered off, evaporated
to dryness and the product recrystallised from benzene/
ethanol to give Jdark red granular'crystals-of'bis-gaé—
phenylhydrazono-h-methoxybenzyl)-disulphide (Xv) (0-56 g.,
57%)e —

M.p. 114-116°

1’§§§01’ 1605, 1505, 125C, 1175, 1630 and 685cm. T,

’}\g:‘SH, 302 and 4O7mm (€ =30,L00 and 15,200 respsctively)

Mass spectroscopy gives peaks at w/e 253
+ -
(MeOC6HuCSNHNHPh ); 22l (258—Hé8), 151 (MeOCaHhCzS .
PhNHNHC=S ) and 133.

Csmometric molecular weight determination gives:

M.Tﬁ". = 522'&

-



028Hé6mh0252 requires M,W. = 514
Found: C, 6541; H, 5-17; I, 10.78; &, 12.607,
CZBHQ6Nu0252«r?quiPES: C, 65.34; H, 5.10; N, 10.89;

S, 12.4L4%.

N-h-Chlorcophenyl~N'~L-chlorobenzhydrazide (VIII),

L~Chlorobenzoyl chloride (525 mg.) (prepared by
refluxing 4-chlorobenzoic acid (470 mg,) with excess
thionyl chloride and distilling off unrescted thionyl
chloride undsr reduced pressurs) was dissolved in dry
ether (25 ml.) and 4-chlorophenylhydrazine (430 mg.) and
pyridine (250 mg. ) were added. A wvigorous reaction
followed and »pyridinium chioride and the comparatively
insoluble product were precipitated out. The product
was taken up in a large excess of ether, the ether
evaporated off and the product recrystallised from benzene/

80-1000’petroleum‘ether to give J-L-—chlorophenyl—'~l~

chlorobenzhydrazide (590 mg., 70%).

M.p. 184-5°
2);2;91, 3,200 (N-H), 16L45 (C=0), 1100, 905, 855, 820.

A BV ougmp (€ =22,500).

Found: C, 55-47; H, 3+56; N, 9:94; C1, 25:39%.

013H16N20012 requires: C, 55.43; H, 3-58; W, 9-97;

cl, 25.22%.
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Reaction of phosphorus ventasulphide and N-lb-chloroohenyl-—

I!'-h—chlorobenzhydrazide.

M-l~Chlorophenyl-l'-l~chlorcbenzhydrazide (100 mg.)
was treated with excess phosphorus pentasulphide (200 mg.)

under the following conditions:

1). 1In acetonitrile at room temperature, sodium

bicarbonate as a base,
Z). 1In benzene at room temperature.
3)., In pyridine at room temperature.
%), In pyridine under reflux,

None of these gave product formation and synthesis
by this method was abandoned in favour of the following

route,

W~ -Chlorophenyl=i'-4~chlorobenzothichydrazide (VIII).

L-Chlorothiobenzoylthioglycollic acid (1 g.)
(prepared by the method of Jensen and Pedersen 1 )
was dissolved in 1 sodium hydroxide solution (L ml.)
and L-chlorophenylhydrazine (0¢57 g.) added. The
mixture was warmed on a steam bath until disappearance
of the red colour of the acid indicated completion of

reaction., ater (20 ml.) was added and the semi-solid

product extracted into benzene (3 x 20 ml,). The benzenhe
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extract was washed with water (2 % 50 ml,), dried
(anhydrous sodium sulphate) and the solution evaporsted
to dryness. The product was recrystallissed from bengene/

o . .
_ 80-10C" petroleum ether to give yellow granular crystals

..{

ol

of N-ii-chloronhenyl-1I'-Li-chiorchenzotniohydrazgide (VITI)

(0'95 ) 80{1}'

V0 2280 (W-H), 1595, 1490, 1250, 1095, 820cm. L.
'\ :tOH I} 8 -~ (‘ 1 - 9 ) B oy
Ao s 248 and BJZmrk (€ =34,000 and 20,000 respectively)

lass opecfrOQcopy gives peaks at m/e 296 (M+) 262, 238
192, 155 (Cl-C u-o«a ), 42, 127.

Found: C, 52.46; E, 3.60; W, 9.37; S, 10.65%.
GlelO 90123 reguires: C, 52.54; H, 3.29; N, 9.43;

S, 10e

Bis~{& ~(l'~shlorophenvlhydrazorno)i-chlorobenzyl)~-disulnhide

(xvI).

N-L4-Chlorophenyl-I'~li-chlorobenzothichydrazide (250 mg, )
was dissolved in benzene (40 ml.) end alumina (6 g. grade V)
added. The mixture was stirred for 14 hours and the
product sclution filtered off and evaporation to dryness
recrystallisation from benzene/ethanol (four times) gave

orange-red needles of bic-({X ~(L-chlorovhenylhydrazono)-

Lh-chlorcbenzyl)=disulphide (XvI) (125 mg., 50%).
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M.p. 1h6-147°.

1

))nujol 1590, 1255, 1150, 1090 and 825cm. .

max ?

HC 1 ' "
ASTCLs 333, 313 ang 40bmpa. (€ 42,000, 40,000 and

29,000 respectively).

llass greciroscopy shows peaks at m/e 296~

+
(6106Hucsmﬁmﬁcéﬁucl ), 262, 248, 192,

Csmometric molecular weight determination gives:

mW., = 579 <CZ6H3_8NLLC1’LL32 requires 594)
Found: €, 52.38; H, 3%.20; N, 9.32; S, 10.56%.
CZ6H18NhCluSZ requires: G, 52&71; H, 3.06; N, 9.46:

S, 16' 825;.

Tregtment of N~phenyl—N'-benzhydrazidé with alumina.

N~Phenyl-N'~benzhydrazide (100 mg.) was dissolved
in benzene (20 ml.), alumina (3 g., grade V) added and
the mixture stirred for 2 days. No precautions were
taken to exclude air, T.L.C. showed partial decomposition
to polar by-products and a small amount of non-polar

product, The reaction was not studied further.,

Reaction of I-phenvl-N'-benzhvdrazide in thc presence of
b et

triethylamihne.

H-Phenyl-ii'-benzhydrazide (100 mg,) was. dissolved
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in benzene (20 mi.) and triethylamine (500 mg.) was
added. The mixture was left at room temperature for,
2 days. No precautions were taken to exclude air,
_T,L.C. showed nc reaction to have taxen place.

’

Reaction of I-tosyvl-N'-benzhydrazide in the presence of

alumina,

N-Tosgl-N'-benzhydrazide (100 mg.) was dissolved in
benzene (20 ml,) and slumina (3 g., grade V) was added.
The mixture was stirred for 2 days, no precautions beiqg
taken to exclude air, T.L.C. showed no_reaction.to have

taken place.

Reaction of N-tosyl-N'-benzhydrazide in the presence of

triethylamine.

N-Tosyl-N'-benzhydrazide (100 mg.) was dissolved in
benzene (20 ml.,) and triethylaminre (500 mg. ) added.  The
mixture was left for 2 days, no precautions being taken to
exclude air. T.L.C. showed some formation of polar by-
products, the bulk of the starting material remaining

unchanged. The reaction was not studied further.

N-Tosyl-N'-benzothiohydrazide.

Thiobenzoyl thioglycollic acid (2 g.) was dissolved

in 1N sodium hydroxide solution (8 ml.) and a solution
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of tosyl hydrazide ( 2 g.) in tetrahydrofuran (10 ml.)
was. added. The tetrahydrofuran was boiled off on a
steam bath and heating continued until disappearance

of the red colour indicated completion of the reaction.
Water (20 ml.) was added and the product.éxﬁrgcted into
benzene'(Bﬂx 20 ml.) The benzene extract was washed
with water (2 x 50 ml.), dried (anhydrous sodium svlphate),
the solvent evaporated cff and the product carefully
recrystallised from benzen@/80—1000 petroleum ether,
(Rapid recrysxallisation caused precipitation of un-
changed tosyl hydrazide along witﬁ the pfoduct). The

product was obtained as yellow granular crystals (1-0 g.,

33%) .
- Q
I\‘IT. p. 130'.131_ .

”ﬁgal’ 3300(N~H), 1600, 1350, 1175, 1095, 1035,
1

920, 815, 780 and 71i5cm. .

E+O0H o
N e s 262mpm ( €=12,200).

Found: C, 5470; H, Le473 N, 9-15; S, 20.63%.

CluHiaN20282 requires: C, 54.90; H, L4L.61; N, 9.15;

S, 20+90%.

Attempted formation of N-tosyl-N'-benzothiohydrszide from

N-tosyl-N'-benzhydrazide,

N-Tosyl-NI'-benzhydrazide (100 mg.) was treated with
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phosphorus pentasulphide (200 mg.) under the following
conditions:~
1). Benzene (20 ml.), room temperature, 2 days,
25. Benzene (20 ml.,), reflux, 1 day.
3).’ Tol;ené (20 ml.j, reflux, 1 day.
L), Pyridine (15 ml.), reflux, 14 h.

T.L.C, showed negligible product formation from any
of these reactions, alithough reactions (3) and (L) showed
some formation of polar by-products. The reaction was

not studied further.

Reaction of W-tosyl-H'-benzothiohvdrazide and triethylamine.

N-Tosyl-N'-benzothiohydrazide (200 mg.) was dissolvad
in benzene (10 ml,) and triethylaﬁine was added dropwise
until/;he yellow colour of the hydrazide solution had
been disaharged and no further precipitation of product
occurred. rale yellow ecrystals of the triethyl ammonium
salt of the N-anionie thiol imine form of the hydrazide

was obtained (quantitative yield),

M.p. 101-105° (with decomposition).

1

pAuol = og50 1170, 1045, 7hScm. .

mex °?

BtOH
AZTOL 921 ang 292mp (€ 21,000 and 8,000).

Found: €, 59-04; H, 7-03; N, 10-3i; 5, 15:39%.
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020H29K50282 reqguires: C, 58 95; ®H, 7 17; =T, 10 31;
S, 15 71%.

llass spectroscopy shows peaks as for N-tosyl-il'-benzo-
thiohydrazide, also peaks due to0 triethylamine

(4% at w'e 101).

Beaction of dithizone with alwunina,

Dithizone (100 mg.) was dissolved in benzene (20 mi.)
and alumina (3 g., grade V) was added to the solution.
The mixtire was stirred for 2 days. no precautions veing
teken to exclude air. T.T..C. showed no reaction to have

taken place.

Reaction of dithizone with triethvlamine.

Dithizone (100 mg.) was dissolved in benzene (20 ml,)
and triethylamine (500 mg.) was added. The mixture was
left for 2 days, no precautions. being taken to exclude air,

T.L.C. showsed no reaction.

Teaction of dithizons with silics.

Dithizone (30 mg.) was applied to silieca T.L.C. plates
(8 x (20cm. x 20cm, )) and the plates were continuously
eluted for 14 hours (5% ethyl zcetate/LL0-AC° petroleum
‘ether). An intensely red product was formed which on
removal from the plates and crystallisation (chloroform/

0 : .
(it - < Vilo . grani L rystails 1T
0-80" petroleum ether) gave black granular crystals th



100.

with a gold sheen,

o . -
M.p. 24L~5". (with decomposition).

Y ISl 4505, 1345, 1315, 1280, broad band 1470 - 1020cm”

CHCOL :
X oy > 276, 357 and 528mp (€ = 50,000, 20,000 and160,000 )

¢

FPound: €, 53-98; E, 3-90; N, 19-11; S, 10-72,

s
/

residue 12-29%.

llass spectroscopy shows peaks at m/e 574, 377, 245, 169
and 150, alsc minor peaks up to m/e 89L. The complex
is therefore probably cne of three molecules of dithizone

and a residue of approximately 126 atomic mass units;

this requires: C, 52¢34; H. 4.03; N, 18.79; S, 10+74;

Preserce of & carben atom in the non-dithizone moiety
of the complex. perhaps as a carbonate of a metal, would
explain the high percentage of carbon found. Iron is

a relatively 2bundant impurity in the silica used.

Todine Oxidaticn of Benzothiohydrazide.

Benzothionydrazide (150 mg.) was dissé]ved in benzene
(1C ml,) and a solution of iodine (130 mg.) in benzene (10 ml.)
wvas added, The sclution was shaken with saturated sodium
bicarbonate solution until the brown colouration of the

iodine had disappeared. The benzene layer was separated,
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dried over anhydrous sodium sulphate, evaporated under
reduced pressure and the productls separated by preparative
T.L.C,. A complex mixture of products was formed from

which 2,5-dicvhenyl=-21.3,h~thiadiazole (LC mg., 33%) was the

only product icsolated.

M.De 139—iu00 (Literature 31 M. De 1&1—20)

Todine Oxidation of N-tosyl-N'!'~benzothiohvdrazide.

The oxidation was carried out a2s for bengzothiohydrszide
using 150 mg. of thichydrazide and 70 mg. of iodine, A
complex mixtuvre of products was obtained. The reaction wes

not studied further.

Todine Oxidation of N-methyl, phenyl-N!'-hengothichydrazide.

F-Methyl, phenyl-N'-benzothiohydrazide (3TXIT) (116 mg.)
prepared in the usual way from N-methyl, phenyl-hydrazine
and thiobenzoylthioglycollic acid was dissolved in benzene
(10 ml.) was added. The resulting benzene solution was
shaken with saturated sodium becarbonate solution until
the brown cocloursition of the icdine had disappeared,
separated, dried over anhydrous sodium sulphate, evaporatzd
and the products scparated by preparative T...C. Two
_products were obtained. the major being a non-polar
yellow compound which crystallised from eihanol as large

platelets, 2-phenyl-li-methyl-1,3 . h-benzothiadiazine (oCXITT)

ool

(30 mg., 26%).
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K.p. 53-4°.

YouIol 1570, 1550, 1440, 1180, 1115, 990, 920, 755,
700cm.~l.

ACSOH 229, 265, 316 and 380m (g =15,800, 20,600;
3,600 and 3,400 respectively)

) 65 (5,3H), 2:5-32 (m, 7H), 2-2-2 (m. 2H).

liass spectroscopy gives peaks at m/e 240 (M*), 225 (MF- He),

208 (¥~ 8), 136, 103 (PhCN).
Found: C, 70 05; H, 5 28; N, 11 8%; S, 13 80%.

ClerflgN5 reguires: C, 69.99; H, 5.03; N, 11.66;
.8, 13%-32%,

The mincr product was a more polar yellow compound
which on iselation gave a yellow gum. This product was

not studied further.
Starting material (4O mg., 35%) was also rescovered.

The experiment was repeated using 100 mg. of the
thiohydrazide and 120 mg. iodine. T.L.C. showed conversion
to the benzothiadiazine only and this product was obtained

direct from the reaction solution without chromatography

(80%).
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