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Some 3,6~diaryl-2,7-dihydrothiadiazepines are prepared and
eonverted into 3,6~diarylpyridazines either thermally or by means
of H-bromosueoinimide in oarbon tetrachloride., A dichloro
derivative of 2,7-dihydro-3,6~diphenylthiadiazepine, obtained by
the action of sulphuryl shloride on the dihydrothisdiazepine,
affords 3,6-diphenylpyridazine by treatment with sodium iodide
in acetons. The S-dioxides of the dihydrothiadiazepines are
more easily oonverted into pyridasines by thermal means, and in
this series of compounds, the oxidised iep more easily eliminated
than the unoxidised sulphur atom.

Oxidation of S.G-diarylva{?-dihydrothiadiasepineu with
hydrogen peroxide in etbanol~§§;§-3.5-&1ary1pyrazolas; The 5=
monoxides of the dihydrothiadiazepines are shown to be intermeds
istes in the reaction, and other methods are also deseribed for
their conversion into 3,8«diarylpyrazoles. 3y 6-Diphenylpyrazole
is found to be readily degraded by hydrogen peroxide in acetie
acid affording 2,5~diphenylel,3,4~0xadiazole, dibenzoyl hydrazine




and benzoioc acid.

Attempte to prepare 2,7-dihydre-2,3,6,7-tetraphenylthiadi-
azspine by reaction of desyl sulphide with hydrazine gave instead
benzylphenyl ketazine and benzil monohydrazene. Desyl sulphone
was similarly hydrolysed by hydrazine in ethancl to dibenzyl
sulphone.

2,7=Dihydro-3,6~diphenyl thiadiagepine-3=dioxide dissolves
in cold ethanolic sodium ethoxide and gives, on acidification, an
unstable solid which forms 3,6-diphenylpyridazine on attempted
orystallisation from ethanol. Acidification of the solution
obtained by treatment of the S-dioxide with hot ethanolic sodium
ethoxide gives a stable solid, Compound A, which is thermally
converted into 3-methyle4,b5-diphenylpyrazole with loss of sulphur
dioxide. Compound A also affords a methyl sulphone, and siruc-
tures are puggested for both of these compounds.

Repetition of the literature preparation of bis-cyclohexa~
nonyl sulphide gave only “"bis-oyclohexanonyl disulphide®. This
compound is shown to be perhydro-4s,8a-dinhydroxythianthren.
Dehydration of this diol affords octahydrothianthren which &éé;
oxidised to a disulphone. Dehydrogenation of octahydrothianth-
ren gives thianthren, but octahydrothianthren disulphone resista
dehydrogenation under similar conditions. O¢tahydrothianthren
extrudes sulphﬁr to give octahydredibenzothiophen in high yield.
Oxidation of oetshydrodibengothiophen gives tetrshydredibenzo-




thiophen sulphone, which is reduced to tetrahydrodibenzothiophen
by lithium aluminium hydride. Octahydrodibenzothiophen is read-
ily dehydrogenated to dibenzothiophen, but tetrahydrodibenzothio-
phen sulphone resists similar dehydrogenation conditions.

Cleavage of perhydro-4a,9a~dihydroxythianthren by potassium
hydroxide in dimethylformamide, and reaction with phenacyl bromide
gives coyclohexanonylphenacyl sulphide. By reaction with hydraz-
ine, this gulphide condenses to the corresponding dihydrothiadiaz-
epine, which decomposes, in bLoiling ethylens glycol, to 3-phenyl-
tetrahydrocinnoline.

The major peaks in the infrared spectra of & number of pyraze
oles and their N-acetyl derivaiives are recorded, similarities are
observed, and the existence of & characteristic frequency of ah?
sorption of the pyrazole nucleus is suzgested.
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l.

INTRODUCTION

Extrusion of sulphur may be defined as the elimination
of a sulphur atom from a molecule with the simultaneous
formation of a bond between the two atoms to which the
sulphur was originally attached. This is not to be
confused with the normal Mozingo reéction in which sulphur
is removed from a sulphide R=S=R by means of Raney nickel.
Such hydrogenolytic desulphurizations may however be
accompanied by combination or wwo radicals R since the
Mozingo reaction is regarded as a free radical process.

In 1sso, Risl prepared a dibenzophenothiazine
(probably 1l) by heating di-B~naphthylamine with sulphur,
and found that slow distillation of (1) in a carbon dioxide
atmosphere afforded a dibenzocarbazole (probably 2). In
the following year, Goske2 obtained the carbazole (4) by
boiling phenothiazine (g) with copper in an atmosphere of
coal gas for two hours. The series was completed by Kyms
in 1890 who prepared l,2-benzocarbazole (g) from 1,2~benzo~
phenothiazine (5). Ferrario™ subsequently reported the
conversion of phenoxathiin (7) to dibenzofuran (8) by
treatment with copper at 250° but Later workers®s%s7 were
unable to repeat this observation or even effect the

conversion by changing the reaction conditions. In a



further variant of Ferrario's conditions auring the present
investigation, the S—monoxide and the S~dioxide of phen-
oxathiin were separately boileu with copper. The oS-
dioxide was recovered unchanged, buit the S-monoxide was
reduced to phenoxathiin (7), no dibenzoturan (8) being
detected in either case.

Thianthren (¥) however can8 be converted into dibenzo=-
thiophen (LQO) by boiiing with copper. Similarly dibenzo-
-o-dithiin (Ll) on treatment with copper at 2000 for two
hours affordsg'dibenzothiophen (10). Armarego and Turnert®
have extenaed this to various methyl derivatives of dibenzo=~

~0=dithiin (;;) and have in addition shown®t

that dibenzo-
-o=dithiin~5,b5~c1ox1ae (L2) can lose sulphur dioxide vo
give dibenzothiophen (LO).

Parham and his co-workers have studiedt® the possib=-
ilities of extrusion of suiphur from 1l,4-dithiadiene (13,
R:R'zH) and some of its 2,9-disubstituted derivatives.
L,4—]§ithiadiene (L3, R.—.-R':H) shows good thermal stability,
1o

and éan be retrluxed and distilled at atmogpheric pressure~*,

1
but 2,5~-dimethyidithiadiene (13, R=R =CHgz) decomposes at

14 6 give a mixture which contains some

its boiiing point
] . . . .
2,4-dimethytthiophen (14, R=R = CHgz). 2,5=Diaryldithia~
]
dienes (13, R::R':Aryl; or R=Aryl; R':Ary.l. ) are

thermally even Less steble, extruding a sulphur atom’ ©o



D]
L]

15,16,17,18 Ry4=-diarylthiophens (Ll4, R=R'= Aryl; or

gilve
R=Aryl; R'=Atyl'). Negatively substiiated 2,5-disryl-
dithiadienes (15, R=CHO; or R =NO,) decompose at rather
lower temperatures and give predominantly one of two
possible thiophens i.e. (16, R=CHO'®; or R =}05®) and not
(17, & =CHO; or R =N05).

To interpret these facts, Parham suggests that extrusion
of sulphur from the diaryldithiadienes (15) proceeds via
the episulphide structures (15a and 15b) which he considers
w0 be two of the possible resonance hybrids of (15). The
predominant rormation of (16, R=CHO; or R=N05) can
therefore be explained by observing that uwie contribution
of structures (l5a, R=CHO; or R=N05), where the negative
charge can be delocalised by the aldehydo or nitro group,
should be greater than the contribution of (Lob, R=CHO;
or R=NOy). 1In a similar fashion, it has been suggested’®
that since 2,b-disupstivuted dithiadienes (13, R=R'= (ls;
or R-.-:R'::Ary.l.) extruae a suiphur atom bui ithe parent
neterocycle, 1,4-dithiadiene \13, R=R'=H)does not, the
role of the 2~ and b=gubstituents is to inorease the
regsonance stabilization in an intermeaiate such as (_;@_),
decreasing the thermal stabiLity of tne ring system and so

promoting decomposition to thiophens.

The postulation of episulphide intermediavcs in these



and related cases of sulphur extrusion has iis basis in the
decomposition of aryl or ale%Z/substituted episulphides.
Deiepinelyhas reported the preparation of ethylene sulphide
(gg), the parent compound of the series, by the action of
sodium sulphide on /2 -chloroethylthiocyanate (19).  The
product was a colourless liquid which readily polymerised,
but there is no mention of any tendency to form ethylene

by extrusion of sulphur. At the same time, Staudinger

20

and Siegwar prepared tetraphenylethylene sulphiae (21)

as shown, and found that when heated to 175° it lost the
sulphur atom forming tetraphenylethylene (22). Schonberg2l
lixewise showed that treatment of the episulphide (23)

with copper bronze in boiling benzene gave the tetra-
substituted ethylene (gﬁ), and the same author has more

G2e

recently publishe various extensions of this type of

reactione.

23,24,20,26 uiscovered a

Culvenor, Davies et al
convenient method of preparing episulphides by treatment
of an epoxide with thiourea or various other thio-
compounds, but no mention is made of any tendency of the
aliphatic episulphices they prepared to extrude sulphur.
It was observed24 however, that tervalent phosphorus

compounds abstracuved the sulphur atom, but no attempt was

made to identify the organic products of the reaction.



secently wwo groups of workers have repeated Culvenor
and Davies experimenis on theé reaction of episulphides with
tervélent phosphorus compounds, and have shown that tri-
ethylphosphitez7’28 (26, R"::CZHOO) or nriphenylphosphine29
(26, R'=Fh) react with episulphides (25) to give olefins
and the corresponding thionophosphorus-V=derivative (27,
R"zchbO or R":Ph). Scott has observed®0 the reaction
of triethylphosphite (26, R"::CéHbO) with epoxides forming
the corresponding olefin and triethylphosphate, but the
reaction conditions were much more severe than those
needed for the episulphides (25). In a similar fashion,
Bordwell3l has obtained good yields of cyclohexene by
treatment of an etheral solution of cyclohexene sulphide
with butyl lithium or phenyl magnesium bromide. It is
alslo interesting to observe that stilbene oxide (28) on
treatment with thiourea in ethanol for six days afforded??d
an 80% yield of stilbene (29). DNo episulphide was detected
but the high recovery of sulphur (65% of the theoretical
amount) supports the view that such én intermediate
episulphide had been formed. It can be seen from these
examples that the tendency of an episulphide to extrude
sulphur forming an olefin, either thermally or under the
accelerating influence of an additive, provides some

Justification for the postulation of episulphide
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intermediates in other cases of extrusion of sulphur.
Episulphones (ethylene sulphones) are ai leasi as
unstabie as episulphides; in fact relatively few are known.
Hesse, Reichold and Majmudar52 have reported the isolation
of the parent compound, ethylene sulphone (gg), by reaction
of sulphur dioxide with diazomethane at -45°, and part of
the evidence for the structure (gg) ig its thermal decom-
position to ethylene and sulphur dioxide. Tetraphenyl-~
ethylene sulphone (3l1), prepared as shown, is readily
converted®® into tetraphenylethylene (32), and Vargha and

Kbvacss4

have prepared diethylstilboestrol (34) from the
episulphone (33). From these few examples, it can be
seen that extrusion of sulphur can alsoc occur with the
oxidiged sulphur atom, a theme which will be developed
later in this thesis, and this has been demonstrated in

ring systems other than three-membered. Thus Parham>> *%

Szmant35

and their respective co=-workers have shown that
2,5~-diaryl-l,4~-dithiadienes (15) are readily converted
into thiophenes (16) by oxidation with peroxides, and it
has been shown that mono-sulphoxides are intermediates,
and that the oxidised sulphur atom is preferentially

extruded.

Various groups of workers have been concerned with

the "dimerisation" of thiophen sulphones, thus thiophen
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sulphoness, 3gd=~dichlorothiophen sulphonesv, benzoe

thiophen sulphone38’39

and related compounds4o all
dimerise via a Diclsy-Alder reaction followea by loss

of the bridge sﬁiphonyl EToupe In illustrating this
theme, one recent example4l, the aimerigavion of 3,4=
diphenylthiophen suiphone (35) to form (36) will suifice.
In a similar iashion, thiophen sulphones react with
acetylenic aienophiles56!42 anu iorm aromatic products
by extrusion o¢f sulphur dioxide.,

From these observations recorded in the literature,
it is apparent that extrusion of sulphur is now a well
established phenomena, and in a recent review, Loudon43,
has suggzested "that a thia atom is more or less readily
extruded from a heterocycle if the ring contraction
involved leads to an aromatic structure'. This theme is
especially demonstrated by extrusion of sulphur from a
seven-nambered heterocycle to give the corresponding sixe
membered aromatic ringe

The monocyclic thiepin (37) is unknown, but the
condensate (28) formed by reaction of o-phthaldehyde
with diethyl thiodiacetate in an alkaline medium readily
forms naphthalene=-2,3=dicarboxylic acid (39) on mild
heating or in boiling aqueous ethanol44'45. Perhaps the

condensate (§§) undergoes bond rearrangement to an



intermediate of structure (40) prior to the formation of
the acid (29). In an extension of this type of reaction,

Sloan4

6 found that condensation between diphenacyl sulphide
(41) and o-phthaldehyde in alkali gave 2,3-dibenzoyl-
naphthalene (42), no intermediate thiepin being isolated.
By using naphthalene-2,3-dialdehyde instead of o=-phthal-
dehyde, a good yield of 2,7-dibenzoyl(2',3'=4,5)thiepin
(43, R=Ph) was obtained, which decomposed to dibenzoyl-
anthracene (44, R=Fh) at 180°. The reaction between
naphthalene-2,3-dialdehyde and diethyl thiodiacetate proved
to be more complicated, a mixture of the mono and diethyl
esters of the thiepin (43, R=0H) being obtained. The
diethyl ester gave the arhydride of anthracene-2,3-
dicarboxylic acid (44, R=0H) at 180°.

Parham, after observing47 that halocarbenes react
with dihydropyran (45) to give eyclopropyl adducts (46)
which afford dihydrooxepins (4%7) by susecuent ring
expansion and elimination of hydrogen chloride, tried to
develop a method for the synthesis of seven-membered

48 of 4H-1-benzothiopyran (48) with

heterocycles. Reaction
dichlorocarbene gave the cyclopropyl adduct (gg), which
could be recovered unchanged after prolonged reflux in
pyridine, but decomposed when heated in quinoline at 210°

with evolution of some hydrogen sulphide and formation of
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o-chloronaphthalene (50). It is possible that the Lenzo-
thiepin (bl) may be an intermediate in this tronsformation.

The benzothiepin sulphone (52) has also been shown to

extrude sulphur dioxide to form na@hthaleneég.

50

Loudon, Sloan and Summers investigated dibenzo-

th 169 ng of type (23) and found that the sulvhur atom coila

be extruded yielding phenanthrenes(b4). Similorly

bl, b2

dibenzothiazepines (58) have been shown » 03 to extrude

the sulphur atom afrording phenasnihridines (b7) with an

episulphide (v6) being 2 postulated intermediate.  Galt,

54

Loudon and Sloan”~ provided a further demonstration of this

type of ring contraction in the conversion of polycyclic

7

thiazepines such as (§§) into polycyclic diaze comnounds (39 .

s

It would therefore be of interest to prepare dibenzo~
thiadiazepine (QQ), or derivatives of this structure, and to
study their extrusion of sulphur in relation to the systems
already mentioned. Allinger and Youngdale5b have recently
reported the synthesis of dibenzothiadiazepine (80) in 6»
yield by reduction of 2,2'=dinitrodiphenyl sulphide (61),
but a general synthesis of dibenzothiadiazcpines is still
lacking despite many attempts.

Because of this, we tried to prepare 3,6-diarylthiae
diazepines (62) with o view to extruding the sulprur atom

to form 3,6~diarylpyridezines (63). There are no 3,6~
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diarylihicciazepines (62) knowvn in the literature,
however lromm end Erha.rdt56 had prepared 2,7=-dihydro-3y
6-diphenylthiadiazepine (643 R=H), and we therefore

set out to devise a method ror oxidation of the
dihydrothizdiazepine (64, R=H) to the thiadiazepine (62,
R=H), which we could then attempt To convert to 3,6

diphenylpyridazine (63, R=H) by extrusion of sulphur.
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DISCUSSION.

The essential siariving material tor this investigetion,
2,7-dihydro-3,6-diphenylthiadiazepine (64, R=H) was
prepared by the reaction scheme indicated. The
conversion of phenacyl bromide (65, R=H) to diphenacyl
sulphide (66, R=H) was initiallyst7 accumplished using
ethanolic sodium hydrogen sulphide. During the present
investigation, it was found that crystalline sodium
sulphide nonahydrate readily dissolved in hot moigt
dimeth¥l formamide, and that if such a solution were added
'to a solution of phenacyl bromide (g&_s_, R=H) in the scme
solvent, excellent yieldsof diphenacyl sulphide (66, R=H)
were obtained by simply diluting the reaction mixture with
watere. This metvhod is in fact much cleaner and simpler
than that previously used.

The second stage of the scheme, the reaction of
diphenacyl sujphide (66, R=H) with hydrazine was first
accomplished by Fromm and Erhardt56, although in poor
yield. This was improved by Begg58 whose method
involved addition of excess hydrazine hydrate to a solution
of diphenacyl sulphide (66, R=H) in hot ethanol. Sube
sequent dilution with dilute acetic acid gave a white

precipitate, me.pe below 70% riging on recrystallisation
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to 175°,

The method now adopted is simply to introduce an
excesé of hyarazine hydrate to a warm solution of
diphenacyl sulphide (66, R=H) in glacial acetic acid,
and the desired 2,7~dihydro-3;6-diphenylthiadiazepine
(64, R=H) crystallises in high yield within a short
time.

The reaction could also afford a monohydrazone or
a ditiydrazone, however elemenial analysis in conjunction
with infrared spectral evidence shows that ithe compound
produced by the reactiom is the required dihydrothiadiaze-
pine (64, R=H). The compound analyses for C16M7 45 S
(see table 1l)e The infrared spectra, (nujol or KCl disc)
do not show any a‘bsorption attributable to either an >NH
or a carbonyl group in the molecule. Hence both a
monohydrazone and a dihydrazone structure for the compound

can be excluded.

TABLE L.
Z (64, R=H) Monohydrazone Dihydrazone
C 71475 72415 6746 64ada

H 5,35 53 5,65 6ol
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The 2,7-dihydro~3,6~diphenylthiadiazepine (64, R=E)

can possibly tautomerise to either a 2,6~dihydro form
(67, R=H) or a 4,5~dihydroform (68y R=H)s 4s already
mentioned, the solid state infrared spectra of the dihydrow
thiadiazepine (64, R=H) show no absorption attributzble %o
an >NH group, but in dilute cerbon tetrachloride solution,
absorption at 3418em* could only be ascigned to an >NH
gToupe Therefore in dilute cerbon tetrachloride solution,
the dihydfothiadiazepine (64y R=H) may tautomerise to
some extent, possibly to the 2,5~dihydro vautomer (67, R=H).

However attempts to acetylate the compound were
unsuccessful, as were oxidative experiments with mercuric
oxide, and if there is an equilibrium between the forms
(64)y (67) and (68), then this equilibrium must normally
lie well to the side of the 24,7=dihydrothiadiazepine
tautomer (64, R=H)o

The 2,7=-dihydro=3,6~diphenylthicdiazepine (84, R=H)
was treated wivh a veriety of oxidiging agents in an attempt
to obtain 3,6-diphenylthiadiazepine (63, R=H), but was
recovered unchanged after trcatment with the following
reagents, chloramine-T, chloranil, mercuric chloride =nd
‘mercuric oxide, (both in alcohol and the higher boiling
toluene) . However the use of N=bromosuccinimide in

corbon tetrachloride, a reagent known to effect



14.

aromatisation or mild bromination/dehydrobrominationbg’bc’Gl
did meet with some measure of success. The re=ction of
N=-bromosuccinimide in darbon tetrachloriué on the
dihydrothiadizzepine (64, R=H), using a lamp heater as a
source of heat and phbtons, was initially carricu out by
BeggbB, who obtained the expected product 3,6-dinhenyt=-
pyridazine®? (63, R=H). This result has been confirmed

by the writer, and the reacfion extended to two nev
dihydrothiadiazepines (64, R=25r; ;{-::CHB), which respectively

afforded the Known65

™

pyridazines (63, R=3Br; R=CHy).

The two new dihydrothiadiazepines (64, R=Br; A= CHz) were
prepared by the method adopted for the parent compound
(64, R=H).

Groebel°4 has shown that phenyl phenacyl sulphide
(69) reacts with N-bromosuccinimide in carbon tetrachioride
artoraing the 2-bromosulphide (70), and he has subseguently
extended this reaction to a series of substituted phenyl
phenacyl sulphides6b.

By analogy wiivh this work, one would expect N~
bromosuccinimide to react with the dihydrothiadiazepine
(64) to give a 2-bromo compound which could spontaneously
eliminate hydrogen bromide to form the episulphide (7L).
This episulphide (7L) could then extruae sulphur as shown,

aftording the 3,vb-diarylpyridazine (63).



In this connection it ig extremely interesting to
observe the recent report of Maier®® who assigns the
bisaza-norcaradiene structure (73) to the initial product
obtained by reaction of trans-l,2,4-tribenzoylcyclopropane
(72) with hydrazine. The compound rearranges to 3,6-
diphenyl-4-phenacylpyridazine (74) on treatment with conc.
hydrochloric acid.

Thus although the N-bromosuccinimide method doeg not
produée 3,0=aizrylthiadiazepines (62), the structure of the
postulated episulphide intermediate is intimately relaied
to vnat of the thiadiazepines (62), and the products
obtained are those expected by extrusion of sulphur from
the thiadiazepines (62).

The conversion of the dihydrothiadiazepines (64, Ii=I{;
R=Dr; R=CH,) into the pyridazines (68, R=H; R=3br; R=Cl,
using N-bromosuccinimide proceeded in high yield, and
experiments were tried on the parent dihydrothiadiazepine
(64, R=H), to see if bromine alone could effect the change.
The reaction proved to be complex. Addition of a solution
6f bromine in acetic acid to one of the dihydrothiadiazepine
(64, R=H) in the same solvent, gave a brown solid precip-
itate, perhaps a perbromide addition complex, which could
not be cheracterised. It was converted, however, 1into 7,0~

diphenylpyridazine (63, R=1) vhen refluxed in ithe reacition



nixture or in acetic wcid. In either case the yield wos
much inferior to that obtained using N=-bromosuccinimide,
which is the preferred method.

Since the reaction of N-bromosuccinimide with the
dihydrothiadiazepines (64, R=H; R=Br; R=CHz) is thought
to proceed via a 2-bromo compound, the independent prep-
aration of such a 2-halo derivetive could provide more
informetion on the exaect mechanism whereby the formation
of the pyridazines (63, R=IH; R=Dr; 2R=Clx) occurs.

Bordwell and P:Vi.tt6'7 have shouwn that 2~chloro sulphides
can be formed by treatment of a suitable sulphide with
sulphuryl chloride in methylene chloride. Consequently
the dihydrothiadiazepine (64, R=1I) was treated with this
reagent in the hope of obraining a Z=-chlorodihydrothie-
diazepine. The product obtained was dimorphic,
crystallising either as colourless prisms m.p. 158° (dec.)
or as goft white needles m.p. 179° (dec.). The compound
geve a positive test for halogen, and gave an analysis in
accordance with the presence of two chlorine atoms.

Oxidation of the compound with 30% hydrogen peroxide
in alcohol (see p.b7) gave a small amoﬁnt of 3,6~-divhenyl-
pyridazine (03, R=H) and a 75% yield of benzoic acid.
Therefore the chlorine atoms héve not substituted in

elither of the benzene ringse.
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Infrared spectra of une dichloro compound (nujol and
XCl1 disc) showed no absorption attributable to an PNH group
but it was not possible to say whether the compound stirl
possessed a methylene group or not. The specirum was
therefore recorded in dilute carbon tetrachloride solution
and compared with a similar spectirum of the starting
dihydrothisdiazepine (04, R=H). Both spectrs showed

identicsl maxima in ihe 5200—27000m:1

region of the spectrum
but in the dichlorv compound, the absorption maxina
associated with methylene groups were redauced in intensiiy
relative to that for msxima associsted with the aromatic
groupse. Since the couipouna contains two chlorine atvoms,
as analyses show, then ivhe infrarea specirum woula suggest
that the compound is a 2,2-dichioro (75, X=Y =Cl), and now
a 2,7-dichloro aerivavive (76, X=Y=Cl) of the dihydro~
thiaaiazepine (v4, R=H). In this connection, ''ruce,
Birum and McBee68, in a study of the chlorination of
dimethyl sulphide, found that the methyl group on which

the first chlorine atom is substituted is completely
chlorinated before there is any chlorination of the

second methyl groupe. By analogy, one would expect the
dichloro derivative of the dihydrothiadiazepine (64, R=I)
to be a 2,2-dichloro derivative (75, X=Y=C1).

It wag also interesting to note in the dilute solution
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specirum of the dichloro compound a peak at 3418cm=t which
must be due to >NH absorption. Since this is not present
in the solid state spectra, the dichloro compound, like

the parent dihydrothiadiazepine (64, R=H), may be capeble
of tautomerism.

A well known method for conversion oi vic-dihalides
into ethylenic compounds employs sodium 1odide in acetone
or alcohol, and the same process can be used to convert
¢ suitable 1,3-dihalogeno compound into a cyclonropane
derivative. | Since the dichloro compound could have been
a 2,7-dichloro derivative (76, X=Y =Cl) of the dihyaro-
thiadiazepine (64, R=H), treatment of the dichloro
compound with sodium iodide in acetone could give the
episulphide (71, R=H) wvhich should then extrude the
sulphur atom affording 3,o-diphenylpyridazine (63, R=I).

At room temperature no reaction eccurred, although
after four hours, the acetone became pale yellow in colour
and slightly cloudy. Refluxing for three hours produced
a yellow orange colour in the acetone and a small amount
of inorganic precipitate, but again a high recovery of
starting meterial was obtained. However after refluxing
for 24hrs. the acetone had become red brown in colour,
and there was a definite precipitate of sodium chloride.

Dilution with water and crystallisation of the product



sove o 6Y% yield of 3,6~diphenylpyridazine (63, R=1I}e
Since the.infrared spectral evidence sugzests that the
dichloro compound is a 2,2-dichloro derivative (75, X=Y={_1)
and not a 2,7-dichloro derivative (76, X=Y =Cl), it is
difficult To see how ireaiment with sodium iodide in
acetone effects converczion into 3,6=diphenylpyridazine
(63, R=H)e Perhaps since the ireatment with sodium
iodide in eceuwvone has to be prolonged, the 2,2-dichloro
compound (785, X=Y =Cl) may rearrange via a 2,2-dihalogeno
derivative (28, X#Y) to the 2,7-dihalogenc isomer
(76, X#Y) which may then be the rinal reactant molecule.
The dihydrothisdiazepines (64, R=H; R=Br; R=CHgz)
when heated above uvheir melting points effervesce, the
evolved gases blockening lead acetate paper, and attempts
were thererore made 10 isolate ivhe orzgenic products of -
these decompositions. In every case, the corresponding
pyridazine weas obtained,‘but the yields were poor. By
refluxing the dihydrothiadiazepines (§§_, R=H; R=23Br;
R =CHz) in ethylene glycol however, high yields of the
corresponding pyridezines (63, R=H; R=Br; R=CHz) were
obtaineds A possible mechanism for the reaction cin be

written as showne
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alternatively the resction may proceed through en iniuvial
oxidation to the thiadiazepine (62) followed by & simple
extrusion of sulvphur, |

The temperature required for this reaction is fairly
moderéte, about 2000, in comparison with other systems
such as dibenzothiepins (53) or dibenzothiazepines (55)
which recuire a reaction temperature of =zbout 300° 915 52453,54.
Presumably in these structures the two benzene rings fused
to the central thiepin or thiazepine ring conter a higher
degree of stability, and this may similerly be found tor
dibenzothiadiagzepines (60Q)e It is nevertheless apparent
that the thermal instabiliuy of che dihydroithicdiazepines
(64, R=H; R=Br; R=CHz) provides an easy method for their
conversion into the corresponding pyridezines (63, R:=H§
R=Br; R=CHg)e. |

axtrusion of sulphur is not confined simply to the
bivalent sulphur atomj some exemples of extrusion of an
oxidised sulphur atom have already been described, and
a few more exemnles will now be given. Galt, Loudon ond
Sloan®® found thsttreatment of the thiazepine (27) with
hydrogen peroxide in acetic acid gawve the acridine (78),
and it is suggested that the sulphur atom is oxidised to
an intermediate Semonoxide which can then eliminzie

B

sulphur monoxide. Under similer condivions, Dr:dsher and
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eDoneld®? converieu derivatives of the pyrido(Z,L-b)=-
behzo(f)(l,S)thiazepinium system (79) into the benzola)-
cuinolizium sysuvem (gg), and again an initermeaiate is
probsbly an oxidised form of the suiphur atom. It is
also of interest to observe that Gilman and Swayampati70
found a preferential extrusion of the oxidised sulphur
atom in thianthren-5-oxide (8l) similar to that observed

with 1,4-dithiadiene-S-monoxides (82)L°2s10s17518535

71,72 73

Sultones such as (83) and sultams‘® such as (84)

elso extrude the oxidised sulphur atom to give aromatic
products. In a similar fashion, thiophen sulphones and
acetylenic dienophiles react to give adducts (_5_3_5_) which
yield aromatic products by extruding sulphur dioxide®©s42,

We therefore decided to prepare the 2,7-dihydro-3,6~

el
il

diphenylthiadiazepine-S~dioxides (87, R=H; R=Br; L=,

~——

and to compare the ease of their expected conversion into

the corresponding pyridazines (63, R=H; R=Br

we

with the ease of conversion of the unoxidised dihydro-
thiadiagepines (64, R=H; R=Br; R=CHgz).
One route to the dihydrothiadiazepine-S-dioxides

{37, R=H; R=Br; R=0H,) was by r&action of hydrazine

156,

hydrate with the bis phenacyl sulphones (86, R= 3 R:Bl"??

R=CHz). The keto-sulphones (86, R=H; R=B5r; 1 =CH,)
were easily prepared by oxidation of the keto-sulphides
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(_E_i__('_i_, Rell; R=Ir; I"L::CI-I;,J) with potassium nermanganate in
acetic acid.

The reaction of diphenacyl sulphone (86, R=1) with
hydraéine hydrate has been previously reported56 to yield
the dihydrothiadiazepine-S~-dioxide (87, R=H) m.p. 206°
and o monohydrazone m.p. 185°. In our hands, addition
of hydrazine hydrate to a warm solution of diphensacyl
sulphone (86, R=H) in acetic acid gave, on immediate
cooling, a quantitative yield of soft white needles m.p.
196°. The compound effervesced as it melted, resolidified,
then melted at the m.p. of 3,6-diphenylpyridazine (63,
R=H). The compound analysed for the dihydrothiadi=-
azepine—SQdioxide (§z, R=H) and not for a monohydrazone

or a dihydrazone (see table 2).

TABL# 2
C1eH14N5058  C16H1eN5048 C16H18Y4005
Found% (87) Monohydrzzone Dihydrazone
C 64.3 6444 60475 b8.1b
H 4.4 4,7 5.1 Deb
N 9.45 9.4 8.9 ; 16.95

The infrared spectrum (nujol) showed no absorption

attributable to an >NH or a carbonyl group, but did retain



peaks assoclated with the sulphone group at 1324 and 1142,
1118cm>t. The compound is therefore the required
dihydrothiadiazepine-S-dioxide (87, R=1H).

Similar treatment of the keto-sulphone (86, :=Cix)
with hydrazine hydrate in warm acetic acia gave the
dihydrothiadiazepine-3~-dioxide (87, R:CHS), but under the
same conditions, the keto-sgulphone (_&'_3_@, R=DIr) gave only
the pyridazine (63, R=Br). Presumably the dihydrothia-
aiczepine=3-dioxide (87, R=Br) is too unstable tor isolation

under these conditiohs. However all three dihydrothia-
diazepine-S~-dioxides (87, R=H; R=3r; R=CHz) could Dbe
obtained by oxidation of the corresponding dihydrothia-
diazepines (o4, R=HL; R=3Br; 2=Clz) with potassium

- permanganate in acetic acid.

In contrast to the dihydrothiadiazepine (64, R=IH),
the dihydrothiadiazepine-S-dioxide (87, R=H) could be
recovered unchenged after treatment with N-bromosuccinimicde
in carbon tetrachloride.

The dihydrothiadiazepine-S~-dioxides (87, R=H; R=Er;
R:CHé,) were easily converted into the corresponding
pyriaazines (63, R=H; R=Br; R=CHz) however, simply by
melting, or short reflux in either acetic acid or ethylene
glycol. The dihydrothiadiazepine-S~dio.iae (87, R=1II)

also afforded 3,o-diphenylpyridazine (65, R=H) by longer



reflux in ethanodl. These facile thermal reaciions show
thet in this series of compounds, the oxidised sulphur
atom is more easily eliminated by thermal means than is
the unoxidised sulphur atom. The dihyarovhiadiazepines
(64, R=H; R=Dr; R.—:CHS) are récovereq from boiling
acetic acid or voluene, condiivions under wihiicn whe
dihydrothiadiazepine-8-dioxides (87, R=H; l=Er; R=CHgz)
are smoothly converted into the corresponding pyridazines
(63, R=H; R=Br; R=CUz).

The gases which could be detected in the thermal
decompositions of the dihydrothiadiazepine-S~dioxides
(87, R=H; R=>5r; R:CHS) proved to contain both sulphur
dioxide and hydrogen sulphide.

Previous publications on the pyrolysis of sulphones
have not been concerned with seven-membered cyclic
sulphones, but have mostly dealt with either five-membered
cyclic sulphoneg or acyclic sulphones. For example, it
is wellknown’® that the reaction between butadiene and
sulphur dioxide io give 2,5-dihydrothiophen sulphone (88)
is reversible, the five-membered cyclic sulphone retorming
the starting components on being heated. Cava and his
co-workers have extended this procesg to the synthesis
of benzocyclobutene76 (89) 3 na,phjt\ltno(10)c:yclobutene?'7 (20)

and nap’p:l:ho(a)cch.obutene'78 (91) by pyrolysis of the
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appropriate cGihydrothiophen sulphone (92); (93) and (94).

——— ———

(
In each case the orthoquinodimethane (9Y5); (926) and (97)
was formed and could be trapped by reaction with N~
phenylmaleimide.

La Combe and Stewart79 have found that certain allylic
sulphbnes lose sulphur dioxide on pyrolysis, affording
olefinic productse Thus allyl benzyl sulphone (98) moy
be converted into 4-phenyl-l-butene (99), and to
accomodate their observations, they @ropose an intra-
molecular cyclic mechanism as shown. They furtiher suggest
that a comparable mechanism could account for the productsz
obtained in the pyrolysis of the dihydrothiophen sulphoneg.

If such a scheme were agpplied to the dihydrothia~
diazepine~S-dioxide (87), then an intermediate ot structure
(iQQ) could bhe obrained, which might form the dihydro-
pyridazine (103), via either an open chain intermediate
(101) or an episulphone of type (102). The dihydro-
pyridezine (103), if formed, should immedictely oxidise to
the pyridazine (gg). In none of the other exampleg of
pyrolysis of sulphones was such a final oxidation step,
(1L03) —» (63) probable or even possible, and perhaps the
joint formation of hydrogen sulphide and sulphur dioxide

arises from the nature of this final step.

It is perhaps pertinent here to note that Hesse and
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Reioholdgo, on trezswment of diazocyclohexylethylmethene

(104, R::CZHb; R'==C6Hll) with sulphur dioxide, obuained

two stereoisomers of molecular formula C H,0,8. When

| 1853272 Y%
either isomer is passed through neutral alumina, the

. . ' . .
ketazine (109, R=CoH; R‘:=CGH11) is produced; and at 200°
both aecomposed to give the ethylene (106, R::Czﬁs; I
CGHll). The authors prefer ithe structure (107, R=C-H_:

)
- rrm——— e D

i

Rf::Clel)‘for the isomers, and cyclic intermediates con be
written,(108) and (L1C9), for the formation of the xevszine
(105, R:'—'CQHS; Ri:CGI{ll) respectively.

In our case, a mechanism similar to thaet suggested
for the thermal conversion of the dihydrothiadiazepine (&4,
into the pyridazine (63) can also be enviszged. In this

case, the intermediate would have a structure such as (110]

and the fragments eliminated would correspond to the
unknown sulphoxylic acid, whose decomposition is known to
involve dismutation, but otherwise is a matter of conjecture.
It is clear however that none of these suggestions
satisfactorily explains the conversion of the dihydro-
thiadiazepine~S~dioxide (87) into the pyridazine (63) and
perhaps the true mechanism may yet become clear.

The initial objective of this chapter wes the
prepafation of 3,06=~diarylthiadiazepines (gg) by the

oxidation of the corresponding dihydrothiadiazepines (64

~_
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ihig has not been achieved, possibly because the conditions
necesgary to effect oxidation of the relatively stcble
dihydrothiadiazepines (64) would be sufficient to effect
extrusion of sulphur from the thiadiazepines (62).

Iliethods for the conversion of the dihydrothiadiazevnines
(64) into pyridazines (63), both thermal and chemicsal, have
been devised however, and it has been shown that in this
series of compounds, the oxidiged sulphur atom is more

easily eliminated than the unoxidised sulphur atom.
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Infrared absorption maxima are quoted for samples run
on a Perkin Elmer Model No. 13 unless otherwise stated.
Where hydrazine hydrate is used in this and other chapters,
this refers to 100% hydrazine hydrate. Similerly hydrogzen
peroxide refers té 30% hydrogen peroxide. Petrol refers
to light petroleum (b.é. 60—800) unless otherwise stated.

Liphenacyl Sulphide (66, R=H).

This was prepared by the method of Fromm and Z.H‘J.aschenb'7 or

by the following method.

Sodium sulphide nonahydrate (20g.) was dissolved in hot
moist dimethylformamide (200cc.). The cooled solution
wag added slowly at roon temperature'with stirring to a
solution of phenacyl bromideSt (20g.) in dimethylformamide
(1L00cc.) . The mixture was stirred 30Omins. after comnlete
addition, thén diluted with water, and the precipitate
crystalliged from ethanol affording diphenacyl sulohide ag
white prismatic needles (10.8g.) m.p. 77-78°.

2e7-Dihydro-3,0~-diphenylthiadiazepine (64, R=I).

nxcess hydrazine hydrate was introduced into o solutiion
of diphenacyl sulnhide (10g.) in hot glacial scetic zecid
(30cec.) . After shaking the hot solution for a few nins..

cooling induced the dihvdrothiadiazenine to crystollise ag

e L
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vhite needles (8.2g.) m.p. 174-175°. (ZFound: C, 71.75;3
Hy0.35. Cale. for CjgHyNoS : C,72.15; H,5.3%) .
Ymex (0.005mol. in CClA) 3418cmTrt.

N-bromosuccinimide Oxidation?8.

2,V-Dihydro-5,6—diphenylthiadiazepine (1.33g¢)3 I=brormo=
succinimide (0.89g.) were refluxed in carbon tetrachloride
(5000.) for lhr. by meens of a 250watt lamp hezter. Un
hegting, the solution chaonged colour from colourlcss,
through yellow ahd orsnge to red, znd luminesced bricghtly
for o few minutes. The blackish solid (cae. L.8ge.) which
separated out trom vhe hot curbon tetrachloride was
recryetellised from ethanol with charcoaling, aiffording

\
e/

3yo0=diphenylpyridazine (63, R=H) as silvery leaflets (1

e}

NepPe and mixed m.pes with an zuithentic sample 220-221°.

Bis-(p~bromophenacyl)~sulphide®2(66, R=BEr).

This was prepared Irom p=bromophenacyl bromide®?d (65, R=3Br)
by reaction with ethznolic sodium hydrogen sulphide, and
was obtained as vellowish plates (ethanol) m.pe 141-143°,

2,7=Dihydro=3,6=di~(p~bromophenyl)=thiadiazepine (64, R=3Ir).

This compound was obtained in 80% yield by the meihod
adopted tor the parent aihydrothiadiazepine (64, R=H),

as colourless necedles (benzene-petrol) mepe. 201-202°.
(Founds Cp45e75;5 Hp2e95; Np6e85a CIGHizBrQNéS reguires

Cp45e3; Hp2e8535 1Np6465) e



H-vromosuccinimide on the Dihvdrothicdiazenine (84, 1=Lv;.

Using the technique adop‘ced for the parent dilwvcirothia~
diczepine (64, R=H), the dihydrothiadizzepine (64, L=Br)
we.s converted in 78% yield by I-bromosuccinimide into the
pyridazine (63, R::J;Sr) which was obtained as colourless
rods (ethanol) mepe. 286-288° (1it.°% 285°), (Found:

NpT7aDe Calce for CygH, nBroN,s  Hy7e2%) o
16+10%* 2

[8¢]

Bis~(p-methylphenacyl)-sulzhide®2(66, R =CHs).

o

This sulphide was obtained from p-methylphenacvl bronide®4
(_6_5_, R::.CHS), by reaction with ethanolic sodium hydrogen
sulphide, 25 colourless prisms (ethanol) mepe 88-89°,

2:7=Dinydro=3,6=-di~{p=tolyl)~thizdiazepine (64, R =Cl:).

This 'compound wags prepared in 80/0 yield, by the method
adopted for the purent dihydrothisdiczenine (64, R=H),

as colourless rods (ethyl acetate) m.n. 214-215°, (Found:
CypT73e235 11yD5e9; Ny9464 Cl8H1812° requires C,73.45; H,06.15;
149 e5%) o

N-bromosuccinimide on the oihydrothizdiszepine (64, R=CH:)

Using the technique adopted for the parent compound (64,
R=H), the dihydrothiadiazepine (64, R=CH;) was converted
in 60% yield, by li=bromosuccinimide, into the pyridazine
(63, Ié:.CHg),, obtained as colourless needles (ethenol)

Mepe £35-2360 (1it.°Y 231-232°)

. (Found: 17,10.85, Calc.
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action of Dromine on the pihydrothicdinzepine (64, L=1;.

Aliguots (lccs.) of a solution of bromine (0.l2cc.) in
glacial aéetic'acid (bccs) were ndded every 30mins. =t room
temperature to a solution of 2,7-dihydro=-3,6-diphenylthic~
diazepine (0.5g.) in glacial acetic acid (25cc.). 4 browvm
solid precipitaie gradually separated oute. The mixture
ves refluxed for 4hrs., coolea, diluted with water,
extracted with ether and the combined ether extrscts washad
ceveral times with saturated sodium bicervonate, then watcr,
and dried. After removing the solvenui, ine red solid
product wes crystallised trom ethanol with chorcoaling
affording 3,6-diphenylpyridazine as colourless plaztes
(0el8g.), mep. and mixed m.p. with an authentic semplef?
221~-222°,

247-Dihydro-3,6=-diphenylthiadiazepine (64, R=H) with

Sulnhurvl Chlorideb?.

A solution o: sulphuryl chloride (2.5g.) in dry methrlene
chloriuc (1500.) was carefully drivped into & solutvion of
2,7~dihydro-3,0=~diphenylthiadiazepine (4g.) in dry

methylene chloride (40cc.).  The mixture was then gently

retluxed tor lhr., some of ithe solvent was removed in vacuo,

Ll
or

and the solid material which separated out was filtered and
dried giving a pinkish solid (l.7g.) m.p. 155° (dec.).

Hvaporavion of the filtrate gave a black varry regidue
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from which no crystalline material could be obtained.
The pinkish solid crystallised from ethyl acetate
either as colourless prisms m.p. 158° or as soft white
needles m.p. 179° (dec.). The infrared spectra of both
samples were identical howevér, and the compound appears
to be dimorphic. Elements tests showed the presence
of chlorine, nitrogen and sulphur. (Found : C,57.45;
H,4.1; N,8.45. CygHy5N,ClsS requires C,57.3; H,3.63
N,8435%.  CygH;5N,C1lS requires C,63.85; H,4.35; N,9. 3%) -

U max (O 005m. in CCl,) 3418cm.1.

Oxidation of the Dichloro Compound.

The dichloro compdund (223mg.) was suspended in ethanol

(25¢cc.), hydrogen peroxide (4cc.) was added and the

mixture was refluxed 1l.5hr.. After evaporating some of the

ethanol, dilution with water gave a white precipitate

which crystallised from ethanol as colourless plates (1l3mg.)

m.p. and mixed m.p. with 3,6=-diphenylpyridazine 219-220°
The filtrate was saturated with sodium chloride and

extracted with chloroform. Working up in the usual way

gave a white solid (1ll4mg.), sublimed as colourless

crystals m.p. and mixed m.p. with benzoic acid 118-120°

The infrared spectra of the two samples were identical.

Sodium Iodide in Acetone on the Dichloro Compound.
a) Room Temperature.
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4 solution of soaium 1o0cide (LOLmg.) in acewone (2.0cc.)
was added to a solution of the dichioro compound (104mg.)
in acetone (15cc.), and the mixture was allowed to stend
4hrse. at room temperature with occasional shakinge

Dilution with waler gave a white precipitate (91lmg.)

whose infrared spectrum was identical to that of the starting
materiale

b) 3hr. Reflux.

A solution of sodium iodide (103mg.) in acetone (2.5cc.)
was cdded to the dichloro compound (105mg.) in acetone
(15cce.) and the mixture was refluxed 3hrs. The solution
hecame yellow-orange in colour, and a slight émount of
inorganic material was precipiteted. Cooling and dilution
with water gave a white precipitate (94mg.) whose infrared
spectrum was identical to that of the storting materizl,

c) 24hr. Refluxe.

The dichloro compound (200mg.) end sodium iodide (800msg.)
were refluxed in acetone (30cc.)} for 24hrs. The solution
becsme red-browm in colour snd there was a definite
precipitate of sodium chloride. The solution was cooled,
diluted with water, =znd the precipitete obtained
crystallised from ethanol &8 colourless plaotes (90mg.),
mev. ond mixed mepe. with 3y6=divhenylyyridzzine £19~0719,

The mother liguors of the crystallisavion contiined
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more solid material, but its infrared spectrum suggested
that it might be the starting dichloro compound.

Ethylene Glycol Decompositions.

a) 2,7-Dihydro~3,o~diphenylthiadiazepine (0.2g.) was
refluxed in ethylene glycol (25cc.) for 4hrs.. There

was vigorous evolution of hydrogen sulphide, detected by
smell and blackening of lead acetate paper. The solution
was cooled, diluted with water, and the precipitate
crystallised from ethanol as colourless plates (0.14g.)
m.p. and mixed m.p. with 3,6=diphenylpyridazine 219-221°.
b) Using the same technique, 2,7=-dihydro-3,6-di(p=
bromophenyl)-thiadiazepine (64, R==Br) was converted in 76%
yield into 3,6-di(p-bromophenyl)-pyridazine (63, R=:Br). A
¢) Similarly 2,7-dihydro-3,6-di(p-tolyl)-thiadiazepine
(64, R=CHz) was converted in 78% yield into 3,6-di(p-tolyl)
-pyridazine (63, R=CHy). |

Preparation of the Bis~phenacyl Sulphones (86, R=H;

R=Br; R=CHgz).

a) Diphenacyl Sulphone (86, R=H).

A solution of potassium permangenate (8g.) in water (240cc.)
was added to a solution ot diphenacyl sulphide (8g.) in
acetic acdd (50cc.) and the mixture allowed to stand lhr.
with occagional miid warming and shaking. After decolour-

ising with sulphur dioxide, the yellow precipiiate was



crystallised from ethanol giving diphenacy. sulnhone as

vhite plates (6.9g.) m.p. 119-120° (1it.96 120°).

b) Bis-(p-bromophenacyl) Sulphone (86, R=3Br).
BEis-(p-bromophenacyl) sulphide (l.5g.) was refluxed lhr. in
glacial acetic acid (30ce.) with hydrogen peroxide {(1lOcc.).
ine precipitote, obtained after cooling and diluting with
ﬁater, erystallised from ethanol affording bis~(p-bromo-
phenacyl) sulphone as soft white needles (l.lge) meDe

205-206° (1it. %

201-202°). (Found: C,41.45; I,2.8.
Calc. for CyuljoBro0,8: C,41.75; H,2.65%) .
This sulphone could also be prepared as in (a) akove.

é} bis~(p-methyvlphenacyl) Sulphone (86, R::CHS).

Oxidation of bis-(p-methylphenacyl) sulphide by the method
described in (a) zbove gave bis-(p-methylphenacyl) sulnhone
as colourless needles (ethanol) MeDe 147-148°. { Found:
C,65.35; H,5.30. C1gH1g048 requires C,05.45; E,56.5.).

Preparstion of the Dihydrothiadiazepine-S~dioxides (87,

R=H; R=br; R:O}I:B).

a) S47=-Dihvdro~3,o~-dinhenylthiadiazepine-gS-dioxide (52, n=i).

(i) Excéss hydrezine hydrate was dntroduced into a
solution of diphenacyl sulphone (1.4g.) in warm glcocial
acetic ceid (25ce.). The mixture was shaken briskly,
then immediafely cooledvand diluted with woter. The

resulting precipivate crystallised from benzene, affording
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the dihydrothiadiazepine-S~dioxide (87, R=7) as soft
white needles m.p. 196° (with effervescence) . (Mound:
0,64.3; ,4.45 N,9.45. Calc. for CqgHyaNo0o8: C,64.4;
H,4.7; 1,9.4%) .  Vmex (nujol) 1324; 1142, 1118cmTt.

(ii) 4 solution of potassium permenganate (0.5g.) in woter
{20cec.) was zdded to a solution oi 2,7~aihydro-3,6~
diphenylthiadiazepine (0.5g.) in acetic acid (30cc.) and
the mixture was allowed to stand lhr. 2t room temperature
with occasional shaking. After decolourising with susphur
dioxide, the precipitate was crystallised from benzene
ziving the aihyarothiadiazepine-S-dioxide (87, R=H) as
soft white needles m.p. 1969, identical in every respect
to the macverial obtained by the previous method.

©) The Dihydrothiadiagepine-3-dioxide (87, R=3r).

Attempts‘to prepare the dihydrothiadiarzepine~S-dioxide

(87, R=3Br) by the method (a)(i) above were unsuccessful,

no reaction occuring in the cold, and on heating, only the
pyridazine (63, R=Br) was isolated. The dihydrothia-
diazepine-S-dioxide (87, R=3Br) was nowever obtained,

using the tedhnidue (a)(ii) above, as colourless prisms
(chloroform) m.p. 224-225°. (Found: C,42.13 H,2.85;
N,5.95. CqgHyoBrolo 058 requires C,42.1; H, 2.65; N,6.15%).

Vnax (nujol) 1324; 1142, 113lem:l.
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c) The Dihvdrothiadiozepine-3-dioxide (87, R=CH.).

This compound could be obtained either from p-riethyl~
ﬁlenacyl sulpnone (86, R =Clg) by method (a)(i) zbove, or
from the dih"drothiadiazepinef(gg, R::CHS) by the method
(2)(ii) above, and crystallisea as tinyvcolourless nrisms
(chloroform) m.p. 207-208°, (Found: C,66.1; H,6.0; 17,8.5.
C1aii1glin0s8 requires C,66.25; H,5.6; X,846%). Vmax (mijol
1328, 1309; 1130cmzt. '

Decomposition of the Dihvdrothicdiazepine-3-dioxideg (37,

™

a) 2,7-Dihvdro-3,o~diphenylthiadiazepine~3~-dioxide (gz, =100

(i) The dihydrethiadiazepine-s-dioxide (87, R=I) was
converted into &,6~divhenylypyridazine in 90p yisld gimnly
by melting, cooling, and crystellisation of.the product.
The gases evolved turned acid dichromate paper oreen, and
blackened lead acetate paper.

(ii) The dihydrothisdiazepine-S-dioxide (56mg.) was retluxed
in ethanol (20ce.) for 8hrs.. On cooling, colourless plates
(36mg.) weré deposited m.p. and mixed m.p. with 3,06~
diphenylpyridazine 220-221°.  The infrared spectra of the
two samples were superimposable;

(iii) The dihydrothiadiazepine-S-dioxide (C.2g.) was

refluxed in acetic acid (1Ccc.) for lhr. . Jooling,

dilution <rith woter, ond crvstallisation of the precinivate
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from ethonol geve 3,o-diphenylpyridazine as colourless
plates (0.13g.) identical in every respect to an authentic
semple ( mixed m.p. and infrared spectra ).

(iv) The dihydrothiadiazepine-S-dioxide (0.3g.) was refluxed
in ethylene glycoi for 30mins., the evolvéd gases
blackening lLead acetate paper and turning acid aichromate
paper green. Cooiing, dilution with water and crysztsll-
isation of the precipitete from ethanol gave 3,6~diphenyl-
pyridazine as colourless plates (0.2g.) identical in every
respect (mixed m.p. and infrared spectra) to an suthentic
sample.

b) The dihydrothiadiazepine-S-dioxiae (87, R=3r) was

converted into the pyriaazine (03, R=3Br) in 75% yield by
method (a)(iii) above. '

¢) The dihydrothiadiazepine-S-cioxide (87, R=CHyz) was
converted into the pyridazine (03, R=CHgz) in 78% yield by
method (a)(iii) above.

Attempted Decomposition of Phenoxathiin-S-monoxide.
85

Fhenoxathiin~S-monoxide (0.2g.) was heated with copper
bronze (0.4g.) to 340° (in a metal be¥n) for 1hr.. After
cooling, the mixture was extracted with hot acetone, and ihe
product obtained crystallised from methanol ag colourless

rods (0.13g.) m.p. ond mixed m.p. with phenoxathiin bH4a-5H6%,

The infrared spectra of the two sampnles were identical.
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Attempted Decomvogition of Phenoxathiin~S-dioxide.

Phenoxathiin~8-dioxid685 (Olég.) was heated with conver
bronze (0O.4g.) at 340° (ihﬁa metal bath) for lhr.. After
cooling, the mixture was extracted with hot acetone, and
the product crystallised from ethanol as colourless needles
(0.15g.) m.p. and mixed m.p. with starting materizl 144-
146°. The infrared spectra of the two samples were

superimposable.
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INTRODUCTION

A variety of reagents can be used for the oxidation
of sulphides to sulphonesl. As noted in the previous
chapter, the dihydrothiadiazepines (1, R=H; R=Br; R=CHjy)
for example, were oxidised to the dihydrothiadiazepine=S-
dioxides (2, R=H; R=Br; R=CHz) by potassium permanganate
in acetic acid. Another well known method for the
oxidation of sulphides to sulphones employs 30% hydrogen
peroxide in aceuvic acid. This reagent has aléo caused2
extrusion of sulphur from ihe thiazepine (3) giving the
acridine (4); and the pyrido(2,k-b)benzo(1)(L1,3)-
thiazepinium system (b) being converted into benzo(a)-
quinolizium salts (6)9°.

Since the dihydrothiadiazepine-S-dioxides (2, R=H;
R=Br; R=CHz) could readily be obtained by oxidation of
the dihydrothiadiazepines (1, R=H; R=3Br; R=CHz) with
potassium permanganate in acetic acid, it seemed probable
that hydrogen peroxide in acetic acid would effect
gimilar oxidation with or without extrusion of sulphur,

and we therefore investigated these possibilities.
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DPART 1.
DISCUSSION.

Initial experiments on oxidation of the dihydro=-
thiadiazepine (1, R=H) with 30% hydrogen peroxide in acetic
acid at 95° for one hour gave no water insoluble products,

a remarkable result in the circumstancess However when

the dihydrothiadiazepine (1, R=H) was refluxed in ethanol
with 30% hydrogen peroxide, dilution with water gave a solid
product; crystallising from benzene as colourless prisms
m.pe 198-199° . This compound was found to be free of
sulphur,. Infared spectra and mixed melting point showed
that it was'quite distinct from 3,6-diphenylpyridazine

(7, R=H), the expected product of extrusiom of sulphur

from the dihydrothiadiazepine (L, R=H).

The compound was a weak base, affording a bright
yellow picrate, m.p. 160°, and with dry hydrogen chloride
in anhydrous ether, forming an unstable hydrochloride m.p.
231°, although in aqueous mineral acid ithere was no evidence
of salt formaiion. The compound, with acetic anhydride,
gave a mono~acetyl derivative m.pe. 84~-859 and the problem

presented at this siage by the analytical results is shown
in table 1.
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Base Acetyl Picrate
c H N c H N Cc H N

Found 52,2 Se4 12.5 7842 5.3 10.4 56,85 3.3 15.2
CigHi 4N 5240 6.0 12,0 78.2 5.85 10.15 57.0 3.7 15.1
C;eHyoNp 82.7 5.2 12.1 78.8 5.15 10.2 57.25 3.3 15.2

CigHiolp 81e8 5.5 12.7 77.8 5.4 10,7 56,1 3.35 15.6

A Cyg formula seemed by far the more probable. The
presenee of an acetylatable hydrogen atom excluded all‘
purely aromatic, six-membered diaza~systems. Moreover the
infrared spectrum (KCl disc) of the base showed strong
absorption at 2850 and 1464cm7l indicative of the presence
of a methylene group.

Vigorous oxidation of the base with potassium perman-
genate in t~butanol gave benzoic acid in over 50% yield,
thereby providing assurance that both phenyl groﬁps were
still attached to carbon. The compound was resistant not
only to catalytic hydrogenation, but also to dehydrogenation

(yellow mercuric oxide, chloranil, nitrous acid4’5 and

alkaline hydrogen peroxide6 were tried without success)

indicating an aromatic nucleus. The instability of
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dihydropyridazines appears to be fairly well established4'5’6
and this was confirmed by experience when 3,6=diphenyl-
pyridazine (7, R=H) and not its dihydride was obtained

from diphenacyl and hydrazine hydrate under mild conditions.
Therefore structures such as (8) could be excluded, and
éimilar arguments lead to the exclusion of structures such

as (9) which are likewise unstable’. Hence a five-membered
heterocycle with either a pyrrole or a pyrazole system was
indicated.

Aminated pyrrole structures such as (10) are untehnable
since there is no evidence of an-NH2 group in the infrared
spectrum. Such a compound would also be expected to reacsh
with nitrous acid, and this compound did not.

A pyrazole structure on the other hand is consistent
with the observed facts, the feeble basicity; mono-acetyl-
ation to a neutral tertiary amide and the ease of hydrol=-
ysis of this acetyl derivative. Furthermore the infrared
spectra of the acetyl derivative (nujol and KCL disc)
show an abnormally high amide carbonyl frequency at l?35cm71.
Otting8 has shown that in the series pyrrole, iminazole,
1,3,4=triazole and 1,2,3,4~tetrazole, the frequency of the
carbonyl absorption of the N-acetyl derivatives changes as

shown in table 2,
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TABLE 2.
Compound N N=—=N NN
| , |
R =COCH4 R
V(Cc=0) 1732 1747 1765 1779cmsl (KC1 disc)

Hence carbonyl absorption at 1735em3L could possibly
fit an N-acetyl pyraszole.

In terms of a 016 formula, the base should therefore
be a ﬁethyldiphenylpyrazole (11) or a benzylphenylpyrazole
(12) .

It was at this point that the probabiiity of a Cig
formula came seriously into question. Conceivably in the
infrared spectrum of the base, strong absorption at 2850
and 1464cm71 can be due to a methylene or a methyl group.
In the spectrum of the acetyl derivative however, the
strong absorption at 2850cm71 disappears, and even the
methyl group absorption (appropriate to the acetyl group)
bis not evident. Moreover, comparison with the recorded

infrared spectra of pyrazoleg, iminazole ana 1,5,4-triazolelo

1 are in fact

shows that the absorption at 2s8b0and 1l464cm.
characteristic of the >NH and >C =N~ groupings in the
heterocyclic nucleus. There is therefore no evidence for

s methylene or a methyl group in the base, and the 016
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formula had to be abandoned.

With attention now directed to the C15 formula, the
problem was immediately solved, the compound being recog-
nised as the known 3,5~diphenylpyrazole (13, R=H). This
was fully confirmed by a known synthesisll (from chalcone
dibromide by reaction with hydrazine) and direct comparison
of the samples, their infrarea spectra, and the derivatives
from the two sources. Ironically too, renewed analysis of
the base gave results in better accord with its structure,
although the low value for nitrogen, a factor in the
original preference for a Cjg formula, still persisted.

The reaction has been successfully extended to two
other dihydrothiadiazepines (1, R =3Br; R::GHS)giving similar
wields (@ 75%) of the respective pyrazoles (13, R=Br;
R::CHB). Néither of these pyrazoles has been described
before. They have m.p.'s 262° and 236-2379 respectively,
and show the characieristie pyrazole infrared spectra (Kc1
discs) of \fmax 2855 and 1444cm>t (13, R=Br); and 2850 and
1462cm=t (13, R=CHg).

Similarly their acetyl derivatives show the high amide

carbonyl peak at 1730 and 1730cmst respectively.
Theretore by this method of oxidation, the dihydro-

thiadiazepines (1, R=H; R=Br; R=CHg) are converted into

the 3,5-diarylpyrazoles (13, R=H; R=Br; R:QHS) with
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the loss of the sulphur atom and the meihyiene group.

In order to suggest a mechanism for the reaction, it
was nécessary to define how the dihydrothiadiazepines (;,
R=H; R=Br; R=CHz) lost the sulphur atom and the methylene
group. Since during the reaction, a gas is evolved which
blackens lead acevaie paper, but does not smell exactly
like hydrogen sulphide, it was hoped that the fragments of
the reaction could be deduced from a knowledge of this
evolved gas. This gas, when passed in a stream of nitrogen
through (a) dimedone solution to detect formaldehyde; (b)
4% mercuric cyanide solution to detect methyl mercaptanlz'

’

(é) 3% mercuric chloride solution to detect dimethyl sul-
phideiz, produced no change in solutions (a) or (c) but
gave a black colloidal precipitate in soiuvion (b).
Mercury dimethyl mercaptide should be a white precipitate
MeDo 174-175° 12 so the precipiuvate obtained could be this
compound only if contaminated with mercuric sulphide, or
simply mercuric sulphide if a component of the evolved gas
is indeed hydrogen sulphide. This problem has not been
satisfactorily solved as yet.

In looking for an intermediate in the conversion of
the dihydrothiadiazepines (L, R=H; R=Br; R::CH5) to the
pyrazoles (13, R=H; R=Br; R=CHgz), it seems probable that

the action of hydrogen peroxide on the dihydrothiadiazepines
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would be to effect oxidation of the sulphur atom. The
products of such an oxidation would theretore be the'dihydro-
thiadiazepine-S-monoxides (14, R=H; R=Br; R=CHz) or the
S-dioxides (2, R=H; R=Br; R=CHz).

Since the dihydrothiadiazepine-S-dioxide (2, R=H) can
be converted into 3,6-diphenylpyridazine (7, R=H) by reflux
in alcohol, the S~-dioxides (2, R=H; R=Br; R=CH,) cannot
be intermediates in the conversion of ithe dihydrothiadisz-
epines (1, R=H; R=Br; R=CHz) into the pyrazoles (13, R=H;
R=3Br; R= CH3) . Attention therefore turned to the prepar-
ation of the dihydrothiadiazepine~S-monoxide (14, R=H).

The S-monoxide (14, R=H) was prepared by oxidation of
the dihydrothiadiazepine (1L, R=H) with hydrogen peroxide in
acetic acid at room temperature for one hour. It was later
found that brief treatment of the dihydrothiadiazepine (;,
R=H) with hydrogen peroxide in hot acetic acid produces
immediate oxidation vo the S-monoxide (L4, R=H), which can
be isolated in good yield by prompt dilution with water.
This is the preferred operation since iuv overcomes the
disadvantage of having to use large volumes of cold acetia
acia o dissolve small amounts of the dihydrothiadiazepine
(1, R=H).

The products of these oxidations were identical,

crystallising from ethanol as soft white needles m.p. 181°
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(dec.). IHlemental analysis fitted the S-monoxide structure
(14, R=H). The infrared spectrum (mujol) showed absorption
at 1056cmst characteristic of the sulphoxide group. The
compound could also be oxidised to the dihydrothiadiazepine-
S-dioxide (2, R=H) by potassium permanganate in acetic acid.

When the S-monoxide (14, R=H) was refluxed with
hydrogen peroxide in alcohol for one hour, the product
obtained was 3,5-diphenylpyrazole (13, R=H), and the reaction
proceeded with evolution of a gas which blackened lead acetate
paper.

The dihydrothiadiazepine-S-monoxide {14, R=H) could
also be converted into 3,5=diphenylpyrazole (13, R=H) by
one hour's reflux in either aqueous ethanol or ethanol
containing a little mineral acid. In neither case was the
yield comparable to that obtained in the presence of hydr-
ogen peroxide. In all of these experiments, a control
experiment, refluxing a sample of the S-monoxide (14, R=H)
in alcohol was run side=by-side with the actual experiment,
and in every case was recovered unchanged at the end of the
reflux.

Since hydrogen peroxide in acetic acid at room temp-
erature oxidises the dihydrothiadiazepine (1, R=H) to the
S-monoxide (14, R=H), it was thought that if such an

experiment were taken to this stage, when the S-monoxide
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(;_g, R=H) was known to be present, then a short period of
heating should produce the dihydrothiadiazepine~-S-dioxide
(2, R=H). This was not the case, the product isolated
wags not the S-dioxide (2, R=H) but 3,5-diphenylpyrazole
(13, R=H). It was then found that short heating of the
S-monoxide (;_g; R=H) in acetic acid alone afforded 3,5~
aiphenylpyrazole (L3, R=H).

In view of these results, it seemed necessary 1o look
at the reaction of the dihydrothiadiazepine (1, R=H) with
hydrogen peroxide in aceiic acid more closely. It was
found that if hydrogen peroxide was added to a solution of
the dihydrothiadiazepine (1, R=H) in acetic acia at 9»°,
then a crystalline precipitate of the dihydrothiadiazepine
(1, R=H) resulted. If heating was continued until the
precipitate just dissolved, and the reaction stopped at
this point by cooling and dilution with water, then the
product obtained was the S-monoxide (14, R=H). This
oxidation is therefore virtually instantaneous under these
conditions. Further experiments in this manner showed
that by stopping both the heating and the reaction Smins.
after the addition of the hydrogen peroxide, 3,5~diphenyl-
pyrazole (13, R=H) is obtained. Thus the action of
hydrogen peroxide in scetic acid on the dihydrothiadiaz-

epine (1, R=H) is to produce immediate oxidation to the
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S-monoxide (14, R=H) which is rapidly converted into 3,5~
diphenylpyrazole (13, R=H).

Thus under a variety of conditions, the dihydrothia=-
diazepine (L, R=H) is convertible into 3,5-diphenylpyrazole
(13, R=H) with the S-monoxide (14, R=H) as intermediate.

Several mechanisms can be oftfered for the conversion
of the dihydrothiadiazepine=-S-monoxide (14, R=H) into 3,5~
diphenylpyrazole (13, R=H), none of which however can be
selected as representing the precise reaction course.

For example, sulphoxides such as (15) are kmownto'14 to
cleave to a mercaptan (16) and an aldehyde (17) or some
derived product of hemimercaptal formationl5, under mildly
acid conditions. Such a cleavage (scheme A) of the S-
monoxide (14, R=H) affords the mercaptoaldehyde (18, R=H)
which, by addition of the thiol group across one of the
»C=N~ bonds, might give the dihydro=l,3,4=thiadiazine
aldehyde (19, R=H). By rearrangement as shown, this
aldehyde could eliminate thioformic acid and form 3,5-
diphenylpyrazole (13, R=H). This scheme does not explain
why the yield of 3,5-diphenylpyrazole (13, R=H) should
decrease in the absence of hydrogen peroxide i.e. when

the S-monoxide (14, R=H) is refluxed in ethanol contain-
ing mineral acid. The value of hydrogen peroxide mightbe

explained by a sequence of reactions such as scheme 3.
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Here the aldehyde (19) rearranges as shown to form the
thioaldehyde (20), which could undergo oxidation to a
thioacid of type (21), decarboxylation then producing 3,5-
diphenylpyrazole (13, R=H) and carbonyl sulphide.

It is of interest to note that the mechanism of the
oxidation of sulphoxides to sulphones by peracids is thought
to involve a nucleophilic attack by the peracid upon the
sulphoxidel4’1°. In scheme C, such a nucleophilic attack
on the S-monoxide (14, R=H) could achieve bond rearrange-
ment with formation of 3,o-diphenylpyrazole (13, R=H) as
shown. This scheme should not be acid catalysed, and so
the conversion of the S~monoxide (14, R=H) into 3,5~
diphenylpyrazole by refluxing in ethanol containing some
mineral acid, or by heating in acetic acid, cannot be
explained by this route. A more complete knowledge of the
fate of the methylene group and the sulphur atom that are
lost could possibly solve these problems.

Initial experiments on oxidation of the dihydrothia-
diazepine (;, R=H) with hydrogen peroxide in acetic acid
had given only water soluble products, but if has now been
shown that one can in fact isolate the dihydrothiadiazepine-
Semonoxide (14, R=H) and then 3,5-diphenylpyrazole (13, R=H)
from such an oxidation. These products are water insoluble

and their conversion into water soluble products on longer
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treatment must involve destruction of the 3,b5-diphenyl-
pyrazole. Consequently a series of such hydrogen peroxide/
acetic acid oxidation experiments were conducted on 3,5~
diphenylpyrazole (13, R=H). Fractions were removed at
definite time intervals, and the products at these stages
igolated by cooling and diluting the portions with water.
Examination of the products showed that after 45mins.
treatment, only a small amount of water insoluble material
survived, and that this was not the starting pyrazole
(L3, R=H), but was identified as 2,5-diphenyl-l,3,4~o0xa~
diazole (gg). Isolation of the water soluble products
showed that these were dibenzoyl hydrazine (23) and benzoic
acid. The yields of the oxadiazole (22) and dibenzoyl
hydréziné (23) were small, 8j% and ll% respectively, the
major product being benzoic écid. ﬁepetition of the
oxidation of the dihydrothiadiazepine (1, R=H) with
hydrogen peroxide in acetic acid for one hour, gave a
small . amount of water insoluble oxadiazole (22), and di=-
benzoyl hydrazine and benzoic acid as waier soluble frag-
ments.

This easy oxidation of the pyrazole system is quite
surprising. Pyrazole is normally regarded as a highly
aromatic compound, and as such, strongly resistant to

oxidaxionlv'lS’lg. In our own experience, 3,5-diphenyl-
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pyrazole (13, R=H) was not completely oxidised to benzoic
acid by refluxing with a large excess of potassium perman-
ganate in t-butanol for six hours. We have not attempted

to find whether this easy oxidation with hydrogen peroxide

in acetic acid is a general reaction or one which is peculiar
to 3,5=diarylpyrazoles (;Q), nor have we examined the precise
coutse of this particular oxidatione.

Dibenzoyl hydrazine (23) is known to yield 2,5-diphenyl-
1,3,4;oxadiazole (22) by dehydration, but if here the two
compounds are products of a single oxidation pathway, then
hydration (ring opening) of the oxadiazole (22) would appear
to be the more acceptable course. Hydrogen peroxide
oxidises a hetero~-sulphur atom more readily than a hetero-
nitrogen atom (e.g. formation of the S-monoxide (14, R=H)
from the dihydrothiadiazepine (1, R=H)), but both for the
pyrazole (13, R=H) and for the oxadiazole (22) degradations,

the intervention of N-oxides is possible and unexplored.
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PART 24

It has already been noted that in Jhe conversion of a
dihydrothiadiazepine (1, R=H; R=Br; R=CHz) into a 3,5~
diarylpyrazole (13, R=H; R=Br; R=CHz), a gas is evolved,
the nature of which has not been determined. With this in
mind, the synthesis ot the dihydrothiadiazepine (24) was
attempted, for if this compound could be converted into a
pyrazole, it should provide a ffagment analogous to the
volatile fragments in the previous cases, but of higher
molecular weight, hence facilitating detection.

The appropriate keto=sulphide, desyl sulphide (25), dia
not réact with hydrazine in acetic acid at room temperature,
and at higher temperatures, reacted with evolution of
hydrogen sulphide giving a yellow oil which retained a
carbonyl peak in the infrared, but could not be ecrystallised.

The sulphide (2b) reacted with hydrazine in alcohol
to gi#e a mixture of Two compounds, in varisble yield, again
accompanied by evolution of hydrogen sulphide. The two
products were generally separated by fractional crystallis-
ation, although some experiments afforded one of the products
almost free of the other. One compound crystallised
from ethanol as bright yellow prisms me.p. 1649 and was

quickly identified as benzylphenyl ketazine (26) by
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comparison with an authentic sample.
The identification o1 ithe other product proved more
diffiéult. It contained nitrogen but no sulphur, and had
m.p. 152-1539. The infrared spectra (nujol and KCl disc)
had Ymax at 5400; 3300 and 3200cmTt perhaps due to some
type of DNH or —NH, group in the tholecule; Vmax at
164OGm:l, possibly due to a carbonyl group, the Vmax being
lowered by some feature in the molecule other than aromatic
conjugation; and ljmax at lSSOcm’.’l, possibly a >C=N-
linkage. The compound was only feebly basic, forming a
picrate which dissociated on recrystallisation. A
molecular weight of 224 (mass spectrum) in conjunction with
analytical data, suggested a molecular formula 014H12N

2
Consideration of possible structures suggested that the

O.

compound was benzil monohydrazone (27)s and this was con-
firmed by comparison with an authentic sample. The low
carbonyl frequency is therefore due to hydrogen bbnding.
Thus treatment of desyl sulphide (25) with hydrazine in
alcohol affords a mixture of benzylphenyl ketazine (26)
and benzil monohydrazone (27). |

Schonberg and Iskanaerzo have shown that treatment of

desyl gulphide (25) with base gives desoxybenzoin and
benzilic acid. It ig therefore conceivable that hydrazine

could similarly hydrolyse desyl sulphide (25) and that the



desoxybenzoin formed could then react with hydrazine to
give benzylphenyl Kketazine (26). Purthermore, since the
benzilic acid detecied by Schonberg and Iskanaer must be
derived trom benzil as intermediate, then in the present
reaction, the benzil would be trapped by reaction with
hydrazine as benzil monohydrazone (27). Alternatively
benzil monohydrazone (27) may be fdrmed without prior
formation of benzil by the mechanism showne.

The reactivity of the dihydrothiadiazepine-S=dioxides
(g) aiso prompted an attempt to prepare the dihyarothia-
diazepine-S~dioxide (28), by reaction of hydrazine with
aesyl sulphone (29). Desyl sulphone (2¥) was quantitat-
ively recovered after ureatment with hydrazine in acetiic
acid at room or retlux temperature for a period of hours.
However on introauciion ot hydrazine to a suspension of
aesyl sulphone (2¢) in boiling alcohoi, the sulphone
rapidly dissolved. After a one hour reflux, dilution with
water gave a white crystalline compound mep. 149~-1500,
identical in every respect to an authentic sample of
dibenzyl sulphone (30). Repeiition of the experiment
using diluve poiassium hydrosiae instead ot hydrazine gave
the same product; The reaciion is thereiore a simple
bagic hydarolysis or ihe Zineuo-sulphone, uesyl sulphone

(29),and no dihydrovhiadiazepine-S-dioniae was obuained.
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In concluding this chapter, a short account will be
made 6f an atuempt to prepare unsymmetrical diaryl sulphides
(31), trom which we hoped to obtain unsymmetrical 3,6~
diaryldihydrothiadiazepines. This scheme involved prep-
aration of an X-mercapto ketone such as phenacyl mercaptan
(32). The best methoa®l of obiaining phenacyl mercaptan
(;g) is by reaction of phenacyl chloride with sodium thio-
éulphate, and hydrolysis of the derived Bunte salt with
hydrochloric acid affording, amongst other products, the
mercaptan (32) as a smelly yellow oil. Groth®? could not
obtain phehacyl mercaptan (32) by the standard method of
hydrolysis of the corresponding xanthate, and here, attempts
to hydrolyse phenacyl xanthate or phenacyl benzylxanthate
to the mercaptan (32), also failed.

Using phenacyl mercaptan (32) obtained by the Bunte
salt method, reaction in ethanblic sodium ethoxide with
p-bromophenacyl bromide gave a white crystalline product
MeDe 135-136° having a single carbonyl peak in the infrared
at 1670cm:l. The compound analysed for the disulphide
(33) and so was not investigated any further.

w A gimilar reaction with desyl chloride yielded a small
amount of a white crystalline compound which did not contain
sulphur, and is of unknown constitution.

0
Schonberg and Iskandexg3 have shown that desyl
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mercaptan can be hydrolysed in alcohol with 10% sodium
hydroxide to desoxybenzoin and sulphur. Simiiar alkali
lability with other &-mercapto kxetones such as phenacyl
mercaptan (32) could therefore be a hindrance to the

formation of unsymmetrical sulphides.
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EXPERIMENTAL .

Oxidation of 2,7~dihydro=3,6~diphenylthiadiazepine (i, R=H).

Hydrogen peroxide (50cce) was added to a solution of

the dihydrothiadiazepine (8.6ge) in hot ethanol (450ccs),

and the mixture was refluxed for six hours. The gases

evolved during the reflux blackened lead acetate papers

The solution was evaporated to smaller bulk, diluted with
water, and the resulting precipitate crystallised from

benzene as colourless prisms (4e4g.) Mepe 198~199°%, (TFound;

(L) Cy82e2; Hyb5ed; Nyl2.5%e (2) Cy8le55; H,y5.2; N,12.65%,
See Table 1, pe 47.)s Wmax (KCL disc) 2850 and 1464cmat, '

Deri#atives of the Oxidation Producte

The picrate crystallised from benzene as canary yellow

ﬁeedles MePe 359-160°¢ (see Table 1, pe 47 for analysis data).
The compound was acetylated by boiling with acetic anhydride
for a few mins., the product crystallising from petrol as
white plates m.p. 83-84%. (See Table 1, pe 47 for analysis).
Ymax (KCL disc) 1735cmzte |

The acetyl derivative was insoluble in dilute sodium hydroxide
or dilute hydrochloric acid, but was repidly hydrolysed with
either warm dilute or cold conc. hydrochloric acide.

A hydrochloride Mepe 2319 was obtained by passing dry

hydrogen chloride into &n ethereal solution of the base.
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the hydrochloride was hydrolysed to the starting base by
rubbing with water.

Oxidation of the Unknown Base with Fotassiwm Permanganate.

A mixture of the base (0.28g.); potassium permanganate (2g.);
water (10cc.) and t~butanol (1lOcc.) was refluxed for Ghrs..
After decoloUrisation with sulphur dioxide, the E-bﬁtanol
was evaporated down, and the mixture allowed to cool.
The solid obtained was crystallised from benzene as colour-
less prisms (60mg.) m.p. and mixed m.p. with starting
naterial 197-199°.

The filtrate was acidified and the solid obtained, atter
standing overnight, sublimed, giving a white crystalline
solid (95ﬁg.) m.p. and mixed m.p. with benzoic acid 118-12(°,

Attempted Dehydrogenations of the Unknown Bage.

Attempts were made using standard literaiure procedure to
dehydrogenate the unknown base with mercuric oxide; nitrous
acid4’b; chloranil; and alkaline hydrogen per@xide6, but in
all cases the starting base was recovered in high yield.
Hydrogenation in acetic acid with 10% palladium

charcoszl as catalyst was also unsuccessful.

Reaction of Diphenacyl with fydrazine Hydrate.
ixcess hydrazine hydrate was added to a solution of di-
phenacyl23 (120mg.) in glacial acetic acid (6ce.).  After

brief hecting, dilution with water gave a yellow precipitate
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which crystallised from ethanol as colouriess plates (80mg.)
meps and mixed m.pe. with 3,6~divhenylpyricdazine 219-221°,

345=Diphenylpyrazole (13, R=H),

3,5—]jiphenylpyrazole (13, R=H) was obtained, by the method
of E‘i‘eudenberg and Stollll, as colourless prisms m.p. 198~
199°. A mixed m.pe. of this sample and the base obtained
by hydrogen peroxide oxidation of the dihydrothiadiazepine
(1, R=H), was also L98-199°, and their respective infrarea
spectra were superimposable.

Oxidation of the Dihydrothiadiazepine (1, R=3Br).

Oxidation of the dihydrothiadiazepine (L, R=Br) under the
conditions described for the parent dihydrothiadiazepine

(1, R=H) gave the pyrazole (13, R=Br) as sof't white .
needles (benzene) m.p. 262° in 75% yield. (Found: C,47.75;
H,2.45; N,7.15. GlSHloBr2N2 reqlilires CydT7e6; Hy2.65;
N,7.4%). V max (KC1 disc) 2855 and l444cm3l. |

The ac;etyl derivative of the pyrazole (13, R=DBr) crystallised
from petrol as fine white needles m.p. 175-176°.,  (Found:
C,48465; Hy2.93 Ny6495.  CqnHyoBroNoO requires C,48.63
H,2.9; W,6.7%). Umax (KCl disc) 1735cmit.

Oxidation of the Dihydrothiadiazepine (1, R=CHz).

Oxidation of the dihydrothiadizzepine (1, R=CHgz) under the
conditions described for the parent dihydrothiadiazepine

(L, R=H) gave the pyrazole (13, R=CHgz) as white needles
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(benzene) m.p. 236-237° in 70% yield. (Found: C,82.15;
H,6.5; N,1l.4. Cj.H oI, requires C,82.2; H,6.5; ¥,11.3%).
Vmax (X0l disc) 2850 and 1462cmTL. -
The acéiyl derivative of the pyrazole (13, R=CHz) crystall-
ised from petrol as rosetteé of white heedles m.p. 83-84°,
(Found: C,7843; H,6,05; N,9.55.  CygHigN,0 requires C,78.6;
H,6425; N,9.65%). VUmax (KCL disc) 1730cm3t.

g&?-Dihydro-Z,6-dibhenzlthiédiaquine-s-monoxide (;g, R=1H).

The dihydrothiadiazepine (L, 2=1) (2g.) was dissolved in
hot acetic acid (150cc.), then cooled to room temperature.
Hydrogen peroxide (20cc.) was added, the mixture became
cloudy znd some solid crystallised out, and this mixture was
ellowed to stand lhr. at room temperature with occasional
shaking. Dilution with water gave a white precipitate
(l.6g.)which, after complete drying, crystallised from
ethanol affording the S-monoxide (14, R=H) as white needles
m.p. 181° (dec.). (Found: C,68.05; H,4.85.  CpgHyaNo08
requires C,68.C5; H,S.O%)."U max (nujol) 1056cmTt.
Oxidation of the Semonoxide (L4, R=H).

A solution of potassium permanganate (Oedge) in water was
added to a solution of the S-monoxide (14, R=H) (0.2g.) in
acetic acid (1Cce.), and the mixture was allowed to stand

at room temperature 30mins. with occasional shaking.

After decolourising with sulphur dioxide, the precipitate
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obtained by dilution with water was crysvallised from
benzene as white needles (0.17g.) mep. and mixed m.p. with
the S-dioxide (2, R=H) 195°. The infrared spectra of the
two samples were superimposzsbbe.

S-monoxide (14, R=H) to_ 3,b-diphenylpyrazole (13, R=H).
a) The S-monoxide (14, R=H) (100mg.) was refluxed in ethanol
(500;) with hydrogen peroxide (0.25cc.) for lhr.. The
gases evolved blacxened lead acetate paper. The paie
yellow solution was diluted with water, the reéulting
precipitate crystallised from benzene as colourless prisms
(65mg.) mep. and mixed m.p. with 3,5-diphenylpyrazole 198~
199°, The infrared spectra were superimposable.

b) The S-monoxide (14, R=H) (104mg.) was refluxed in
ethaﬁol (5cce) containing water (lcc.) for 1lhr. The gases
evolved blackened lead acetate paper. Dilution with water
gave a white precipitate which crystallised from benzene as
colourless prisms (32mg.) m.p. end mixed m.p. with 3,5=
diphenylpyrazole 198-200°. The infrared gpectra were
superimposable.

¢) The S-monoxide (14, R=H) (96mg.) was refluxed in
ethanol (5cce.) containing dilute hydrochloric acid (5 drops)
for lhr.. The solution became yellow=brown in colour, and
the gases evolved blackened lead acetate paper. Dilution

with water and crystallisation of the precipitate from



benzene gave colourless prisms (18mg.) m.p. and mixed m.p.
with 3,5-diphenylpyrazole 195-198°. The infrared spectra
were superimposable. |

d) The S-monoxide (14, R=H) (85mg.) was heated in glacial
‘acetic acid (4cc.) on the steam bath for lOmins., the
gsolution rapidly developing a red colour. Dilution with
wa ter and crystallisation of the precivitate from benzene
gave colourless prisms (3Smg.) m.p. and mixed m.p. with
3,5-diphenylpyrazole 198-199°, The infrared spectra were

superimposable.

The Dihydrothiadiazepine (1, R=I) with Hydrogen Peroxide

in Acetic_Acid.

a) The dihydrothiadiazepine (1, R=H) (0.5g.) was dissolved
in warm aceiic acia (40cc.), the solution cooled to room
temperature, and hydrogen peroxide (5cc.) addea, ana the
mixture stood lhr. with occasional shaking. The mixture
was then heated on the steam bath ior l5mins.,.(an orange=-
red colour developed), diluted with water, and the precipit-
ate crystallised from benzene as colourless prisms (0«.25g.)
jdentical in every respect, m.p. and mixed m.pe (198-199°)
and infrared spectra, to 3,5=-diphenylpyrazole.

b} 1lgin.'s Heating.

The dihydrothiadiazepine (1, R=H) (100mg.) was dissolved

in hot acetic acid (2.5cc.) and hydrogen peroxide (lcc.)
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added, giving a white precipitate of starting material.

The mixture was heated until this precipitate just dissol=~
ved (@ Imin.), and the solution then diluted with cold
water. The precipitate obtained was dried and crystallised
from ethanol as soft white needles (82mg.) m.p. and mixed
m.p. with the dihydrothiadiazepine-S-monoxide (14, R=H)
181° (dec.). The infrared spectra were identical.

¢) bSmins. Heating.

The dihydrothiadiazepine (1, R=1H) (86mz.) was dissolved in
hot acetic acid (2.5cc.), hydrogen peroxide (0.8cc.) added,
and the mixture was heated on the steam bath 5mins..
Dilution with water and crystallisation of the precipitate
from.benzene gave colourless prisms (46mg.) identical in
every respect, infrared spectra, m.p. and mixed m.p. (196~
198°), to 3,5-diphenylpyrazole.

3.5=Diphenylpyrazole (13, R=H) with Hydrogen Peroxide in

Acetic_ Acid.

3,5-Diphenylpyrazole (0e25g.) was heated on the steam bath
for 45mins. in acetic acid (7.5cc.) with hydrogen peroxide
(4cce). The solution developed a yellow-orange colour,
most intense after @ 20mins., but lightened to almost
colourless at the end of the period of heating. Dilution
with water gave a white solid (20mg.) which crystalliged

from ethanol as colourless plates m.p. 136=-138°, This
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compound wag identified as 2,5~diphenyl-l,3,4=0xadiazole
(22) by direct comparison with an authentic<? sample, using
MePey mixed m.p. and infrared spectra.

The filtrate was treated with just less than the
amount of solid sodium carbonate required to react with the
acetic acid present, then extracted several times with
chloroform. The extracts were washed several times with
agueous sodium‘carbonate, water and dried. Removal of the
solvent gave a white solid (32mg.) which crystallised from
chloroform as white needles m.p. 238~-241°., This was
identified as N,N'-dibenzoyl hydrazine (23) by direct
comparison with an authentic?® sample (infrared spectra
and mixed Mepe)e

The sodium carbonate washings were acidified, and the
aqueoﬁs solution continuously extracted for 24hrs. with
chloroform. Wbrk up in the usual way gave a white solid
(1L32mg.) identified by infrared spectra and mixed m.p.
(118-120°) as benzoic acid.

Complete Oxidation of the Dihydrothiadiazepine (1, R=H).

The dihydrothiadiazepine (1, R=H) (0.3g.) was heated on the
Aéteam bath in acetic acid (lOcc.) with hydrogen peroxide
(4cec.) for l.5hrs.. Dilution with water and standing
overnight gave a white precipitate (8mg.), m.p. 128-131°,

whose infrared spectrum was identical to that of 2,5-
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diphenyl=1l,3,4-o0oxadiazole (22).

Work up of the water soluble material as in the last
experiment gave, as the carbonate insoluble material, white
needles (19mg.) m.p. and mixed m.p. with N,N'=dibenzoyl
hydrazine (23) 237-24C°, The infrared spectra were identical.

Trom the carbonate soluble portion was obtained a

white solid (10O4mg.) identified as benzoic acid by direct

comparison with an authentic sample.

Desyl Sulphide (25).
Desyl sulphide ﬁas obtained by the method of Schonberg and
iskanderzo as colourless rods (benzene) m.p. 168° (blue melt).

(Found: C,79.65; H,5.6. Cale. for Coglon0s8: Cy 79465
Hy5.25%) «

Degyl Sulphide with Hydrazine Hydrate in Acetic Acid.

a) Room Temperature.

Desyl sulphide (C.2g.) was suspended in acetic acid (50cc.),
excess hydrazine hydrate added, and the mixture stirred at
room temperature overnight. The undissolved material was
filtered off (0.13g.), and shown to be starting material

by mixed m.p;. Dilution of the filtrate with water gave
a further quantity-(0.05g.) of starting material.

o) 70° for lhr..

fxcess nydrazine hydrate was added to a solution of desyl

. 0 !
sulphide (0.2g.) in acetic acid (40cc.) at 70", and the
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mixture heated at this temperature lhr.. The solution
became yellow in colour, and the gases evol%ed blackened
lead acetate paper. Dilution with water and standing in
the 'fridge overnight gave a yellow 0il which crystallised

from ethyl acetate/petrol as colourless prisms (0.09g.) meDe

ohs

165~167° (biue melt). ‘The infrared spectrum was identical
to that of the starting material.

lhe mother liquors ot the crystallisation gave a small
amount of yellow oil which reitaineda a carbonyl peak in the
infrared, but showed no >NH or ~-NHs, absorption.

Similar reaciviuns in hot acetic acid for .ionger periods
proceeded wivh evolution of hydrogen sulphide and the form-
ation of yellow oils which could not be crystallised.

Degyl Sulphide with Hydrazine Hydrate in Alcohol.

Desyl sulphide (1g.) was refluxed in alcohol (100cc.) with
hydrazine hydrate (O.2cc.) for l.5hr.. Hydrogen sulphide
was evolved, detected by lead acetate paper. After
éooling, the solution was neutralised with a little dilute
acetic acid, diluted with water till cloudy white, and on
standing several hours, a yellowish precipitate (0.5g.)
gseparated out. This proved to be a mixture of two
compounds.

a) Crystallised from benzene as bright yellow needles m.pD.

164%.  (Found: C,86.9; I,6.3; ,7.1. Calc. for CogH, I :
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and mixed m.p. with én autﬁent1026 sample of benzylphenydl
ketazine (26) proved the ideniity of this compound.

b) Crystallised from benzene/petrol as white rods m.pe.
152-153°.  (Found: C,74.65; H,5.2. Calc. for Cp,H,Np0:
C,75.0; H,5.4%).  lMolecular weight 224 (mass spectrum).
Ymax (nujol and KC1 disc, Infracord) 34003 33003 3200;
1640; 1550cmsts  Direct cdmparison, infrared, m.p. and
mixed m.p., with an authentic27 sample of benzil mono-
hydrazone (27) established the identity of this compound.
Desyl Sulphone (29).

ﬁesyl sulphide (0.5g.) was refluxed in glacial acetic acid
(7cc.) with hydrogen peroxide (2ce.) for 2hrs.. Cooling
and filtering gave soft white needles (0O.4g.) of desyl
sulphone mepPe 226—2280, crystalliged from chloroform/petrol
as white needles m.p. 230-231°. (Found: C,73.65; H,5.05.
028H2204S requires C,74.0; H,4.9%) .

Desyl Sulphone with Hydrazine Hydrate.

2) In Acetic Acid.

Desyl sulphone could be quantitatively recovered after
tfeatment with hydrazine hydrate in acetic acid either at
room temperature, at 950, or after prolonged reflux.

b) In Alcohol.

ilxcess hydrazine hydrate was added to a suspension of desyl
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sulphone (0e2g.) in boiling ethanol (50cc.). The sulphone
rapidly dissolved, and the gsolution was refluxed 1hr..
After evaporating some of the ethanol, dilution with weter
gave a white precipitate which crystallised from ethanol as
white plates (0.09g.) m.p. 150-151°. (Found: C,68.3;

2
The compound proved identical in every respect, infrared

H,5.4. OCalc. for Cp,H;,0,8: C,08.3; H,5.75%).

MePe and mixed m.p. (149-151°%) , to an authentic sample of
dibenzyl sulphone (30).

Desyl Sulphone with dthanolic Potassium Hydroxide.

4grpotassium hydroxide (O.85cc.) was added to a suspension
of desyl sulphone (O.lge) in boiling ethanol (25cc.), the
sulphone rapidly dissolved and the solution was then beiled
S0mins.. After evaporating some of the ethanol, dilution
with water gave a white solid which crystallised from
ethanol as colourless plates (0.04g.) me.p. and mixed m.p.
with dibenzyl sulphone 148-151°.

Phenacyl iercapfan with p-Bromophenacyl Bromide.

Phenacyl mercaptanzl (4g.); p-bromophenacyl bromide28 (8g.)
were refluxed for lhr. in a solution of sodium_(0.6g.) in
ethanol (100cc.). Cooling and dilution with water gave a
red oil which was extracted with ether. After removal of
solvent, trituration with benzene/petrol gave some solid

material (0.5g.) which crystallised from ethanol as



colourless plates m.p. 120-136°, (Found: C,41.85; H,2.75.
¢, H br OOSO recuires C,41.75; H,E.Gb;&).~ Vmax (nujol)
1670cm=t .

Phenacyl Mercaptan with Degyl Chloride.

Phenacyl mercaptan (4g.) and desyl chloride2? (7g.) were
refluxed for lhr. in a solution of sodium (0.6g.) in
“ethanol (100cc.). Dilution with watervand extraction

with ether gave a dark red oil. Trituration with benzene/
petrol gave some solid material (O;Sg.) which crystallised
from benzene/petrol as colourless'prisms MeDo 234-236°,
(Found: C,87.4; H,5.6%). Elements tests did not detect

either halogen or suiphur present.
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INTRODUCTION

In Chapter 1, various methods were described for the
conversion of the dihydrothiadiazepines (L, R=H; R=Br;
R =CH;) and their S-dioxides (29 R=H; R=Br; R=CH,) into

the pyridazines (3, R=H; R=Br; R=CH The action of

3)° '
base on the dihydrothiadiazepines (1, R=H; R=Br; R=CHz),
or more especially their S-dioxides (2, R=H; R=Br; R=CHg)
might effect a similar type of ring contraction, and we

therefore investigated this possibility.
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DISCUSSION

As expected, diphenacyl sulphide (4) and the derived
dihydrothiadiazepine (1, R=H) are insoluble in base, and
the dihydrothiadiazepine (1, R=H) can be recovered after
an overnight reflux in ethanolic sodium ethoxide. However
diphenacyl sulphone (5) dissolved readily in cold aqueous
alkali, and was precipitated on acidification. Diphenacyl
sulphone (Q) was in fact recovered by acidification afder
a 2hr.'s reflux in ethanolic sodium ethoxide.
| The dihydrothiadiazepine-S-dioxide (2, R=H) did not
dissoive in cold aqueous alkali, but did however dissolve
in cold ethanolic sodium ethoxide when a suspension
therein was shaken overnight, approximately 1 mole of base
being required for complete solution. Dilution of the
almost neutral solution with water did not produce any
precipitate or even cloudiness, but acidification precip~-
itated a white compound mep. 106-112°. This product
effervesced as it melted, crystallised, then remelted at
180-200°., The infrared spectrum of the compound did not
show any sulphone absorption, but had Vmax at 3300cm=t in
the >NH or -OH region. Attempts to purify the compound by
erystallisation resulted only im the formation of 3,6-

diphenylpyridazine (3, R=H), and the precise effects of
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cold ethanolic sodium ethoxide on the dihydrothiadiazepine=-
S-dioxide (2, R=H) have yet to be determined.

Treatment of the dihydrothiadiazepine-S-dioxide (2,
R=H) with boiling ethanolic sodium ethoxide for 1.5hrs.
also afforded water soluble products, but acidification
did not provide the unstable solid isolated from the cold
ethanolic sodium ethoxide experiments. In this case, the
precipitate obtained could be crystallised unchanged from
ethanol, having m.p. 165-167°, again effervescing when it
melted. Analysis data were in accordance with the formula
C16H14N5058, and the compound (designated Compound A) is
therefore isomeric with the starting S-dioxide (2, R=H).
Compound A did not however show any sulphone absorption in
the infrared, the spectrum otherwise providing no useful
information. Although apparently only slightly soluble
in cold water and in cold sodium carbonate solution,
Compound A dissolved in cold sodium hydroxide or in warm
sodium carbonate solution, and could be recovered on
acidification.

Since Compound A effervesced on melting, we inves-
tigated the decomposition products in the hope that they
might help in the elucidation of the structure of Compound
A. By melting, or better, in boiling ethylene glycol,

Compound A decomposed with evolution of sulphur dioxide to
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give a white crystalline product, Compound B, m.p. 181-182°,
This product analysed in accordance with the molecular
formula C16H14N2, and a molecular weight (mass spectrum)

of 234 supported this conclusion. Compound B was however
quite distinct from 3,6-diphenylpyridazine (3, R=H) or

even 3,5-diphenylpyrazole (6). Unlike Compound A, Compound
B was insoluble in alkali. It was weakly basic, snd
afforded a mono-acetyl derivative which could be readily
hjdrolysed back to Compound B with warm dilute hydrochlorie
acid.

Our experience with the infrared spectra of pyrazoles
now proved invaluable. Compound B showed Vﬁax (KC1 disc)
at 3120; 1444 and 970cmsl. The N-acetyl derivative had
Vmex (KCL disc) at 1730; 1460 and 954cm=l, and in view of
the infrared results we had obtained from other pyrazoles
(see Appendix) we concluded that Compound B contained a
pyrazole ring.

Assuming that the two benzene rings had remained
intact, Compound B could therefore be a benzylphenylpyrazole
such as (7), or 4-methyl=-3,5-diphenylpyrazole (8) or 3=
methyl-4,5~-diphenylpyrazole (9). Only compounds (8) and
(9) had m.p.'s in the same region as Compound B, and syn=-
thesislof 4-methyl-3,5-diphenylpyrazole (8) and direct

comparison with Compound B proved that Compound B did not
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have the structure (8). The mass spectrum of Compound B,
in addition to the large pérent peak at 234 mass units,
had an intense peak at 165 mass units, which could possibly
originate from a molecule in which two phenyl groups were
attached to the same or adjacent carbon atoms, indicating
that Compound B might have the structure (9). 3-methyl-
4,b5-diphenylpyrazole (9) is a known2 compound, m.p.v185-
1860, obtained by acid-catalysed rearrangement of the
nitropyrazoline (10) (prepared as shown). Synthesis® of
this pyrazole (9) and direct comparison of the synthetic
sample with Compound B, using mixed m.p., infrared and
mass spectra, proved that Compound B was indeed 3-methyl-
4,5-diphenylpyrazole (9).

Parham and Hasek2

prepared 3-methyl-4,5-diphenylpyr-
azole (2) by treatment of the nitropyrazoline (10) with
conce. hydrochloric acid in ethanol. Under similar con-
ditions, our Compound A was converted in good yield into
3=-methyl=4,5=-diphenylpyrazole (g) with evolution of sulphur
dioxide. Compound A could also be converted into this
pyrazole (9) by short heating in acetic acid.

It was previously mentioned that Compound A dissolves
in cold sodium hydroxide solutione. By suitably adjusting
the concentration of the alkali, a water soluble sodium

salt crystallised from the alkaline solution, and reaction
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of this sodium salt with methyl iodide in ethanol afforded

a crystalliﬁe product which analysed for ClvﬂléNgOgS .

The infrared spectrum of the compound had Vimax (KCL disc)

at 1306 and llSOcmTl, and the compound is probably a methyl
sulphone.

The reactions of Compound A can be explained in terms
of structure (11). Rearrangement via (l2) provides 3=
methyl-4,5-diphenylpyrazole (9) by loss of sulphur dioxide
from the intefmediate sulphinic acid (12). This scheme
may be compared to the conversion of the nitropyrazoline
(10) into 3-methyl-4,5-diphenylpyrazole (9), and Parham
has effected similar decompositions of simpler pyrazolines

514, The lactone type of structure (11)

into pyrazoles
might also be expected to be insoluble in cold aqueous
sodium carbonate, but soluble in cold aqueous sodium
hydroxide or warm agueous sodium carbonate or in ethanolic
sodium ethoxide, the lactone ring opening under these
conditions to the pyrazolenine (13), which could recyclise
on acidification. The methyl sulphone could therefore
have either the structure (14) (formed from the iom (12)),
or the structure (1lb), formed from the pyrazolenine (13).
Infrared evidence suggests that the methyl sulphone
probably does not possess a pyrazole ring, and the struct-

ure (15) is therefore favoured at the moment.



85.

It is interesting to note that the mass spectrum of
Compoﬁnd A does not have a peak corresponding to the
molecular weight expected for the structure (1l). A peak
at 234 mass units corresponds to the loss of sulphur
dioxide, which was in fact detected by a peak at 64 mass
units. The spectrum does exhibit most of the peaks shown
in the mass spectrum of 3-methyl-4,5-diphenylpyrazole (9),
and it would seem that Compound A rearranges in the electron
beam to this pyrazole (9).

The formation of the compound of structure (1ll) by the
action of base on the dihydrothiadiazepine-S-dioxide (g2,
R=H) can be rationalised by a mechanism as in the scheme
shown.

This ring contraction of the seven-membered S-dioxide
(2, R=H) into the five-membered 3-methyl-4,5-diphenyl-
pyrazole (9) is quite surprising and has as yet unexplored

potential.
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AXPERIMENTAT

Sodium ethoxide refers to a solution of sodium (0.57g.)
in ethanol (250cc.).
The Digxdrothiadiazepine (L, R=H) in Sodium Ethoxide.

The dihydrothiadiazepine (L, R=H) (0e3g.) was refluxed in

sodium ethoxide (20cc.) overnight. After filtering and
evaporating some 0f the ethanol, cooling gave white needles
(0e25g.) mepe. and mixed m.p. with starting material 173-
175°, The infrared spectra of the two samples were
superimpbsable.

Diphenacyl Sulphone (5) in Sodium Bthoxide.

biphenacyl sulphone (0.2g.) was refluxed in sodium ethoxide
(7.5cc.) for 2hrs., the solution becoming red in colour.
After evaporating some of the ethanol, dilution with water
and ac@dification gave a cream precipitate which crystall-
ised from ethanol as colourless plates (0.15g.) meDe. and
mixed m.p. with diphenacyl sulphone 118-120°; a mixed m.p.
with trans-dibenzoyl ethylene was 87-103°.

The Dihydrothiadiszepine-S~dioxide (2, R=H) in Agueous
Alkali.

The dihydrothiadiazepine-S-dioxide (2, R=H) (O.lg.) was
shaken overnight as a suspension in 1lp sodium hydroxide

(10cce) The undissolved solid was filtered off (0.09g.)
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me.p. and mixed m.p. with stariing material 1969, o
precipitation occurred on aciditication ot the filtrate.

The Dihydrothiadiazepine-S~-dioxide (2, R=H) in Cold

Sodiﬁm Hthoxide.

The dihydrothiadiazepine-S-dioxide (2, R=H) (0C.4g.) was
sheken with sodium ethoxide (L3.6cc.) overnight a2t room
temperature. Dilution with'water did nov cause any prec-
ipitation from ﬁhe yellow solution, but aciaification of
the aqueous ethanolic solution atforaeu a white precipitave
(Oe3ge) meps 106-112° (with eftervescence). Two crystalle
igations of this solid from ethanol gave coloufless plates
m.p. and mixed m.p. with 3,6=diphenylpyridazine 220-222°,
The infrared spectra of the two samples were identical.

The Dihydrothiadisgzepine=-S-dioxide (2, R=H) with Hot

§pdi@m fithoxide.

The dihydrothiadiazepine-S-dioxide (2, R=H) (1lg.) was
refluxed in sodium ethoxide (34cc.)-for 1.5urs., the S-
dioxide dissolving almosgt immediately on heating. The
solution was diluted with water (25cc.), the ethanol
eveporated off, and the agueous solution cooled and acid-
ified with dilute minersl acid. The white precipitate
(0.9g.) obtained crystallised from ethanol attording
Compound A as colourless prisms m.p. 165=167° (with efter-

Vescence). (FOund: C’b4ob; H,4.85; N,g‘.?,-'f)- CL6I'{.L4T1202S
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I‘equlres C’64:.4; H,4.'7; N,9.4%)o

Decompogition of Compound A.

a) Melting.

Compound A (0O.lg.) was melted in a test tube, the evolved
gases turning acid dichromate paper green. The cooled
melt was crystallised from ethanol (charcoal)-affording
Compound B as a matte of soft white needles (0.04g.) mepe
181-182°, Sublimed for analysis m.p. 181-182°. (Found:
C,82.3; H,6.0; N,11.95. Calc. for CjgH;,No: C,82.0; H,
6.05 N,11.95%). Vmax (KCL disc) 31203 1444 and 970cmit.

Molecular weight (mass spectrum) 234,

b) In Ethylene Glycol.

Compound A (l.25g.) was refluxed in ethylene glycol (20cc.)
for 30mins., the evolved gases turning acid dichromate
paper green. Cooling, dilution with water and crystallige
ation of the resulting precipitate from ethanol gave
Compound B ag soft white needles (0.95g.) m.p. 181-182°,
identical to the material obtained in the previous exper-
iment.

N~Acetyl Derivative of Compound B.

The N-aoefyl derivative of Compound B (prepared by reflux
in acetic anhydride) crystallised from petrol (40-60°) as
colourless prisms m.p. 77-78°. (Found: C,78.05; H,5.90;

N,10.0.  CygH; N0 requires C,78.25; H,5.85; N,10.154).
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Vmex (KC1 disc) 1730; 1460 and 954cmet,

This acétyl derivative was hydrolvsed back to the starting
Ease by treatment with dilute hydrochloric acid in warm
ethanol.

4-liethyl-3,5~-diphenylpyrazole (8).

This compound was obtained by the method of A.bell1 as
colourless pletes m.p. 228-229° (1it. 222-223°)  (Found:
Cy82.1; HybHe85; Ny11l.95. Cale. for CqgHy,sNos C,82.0;
Hy640; Ny11.95%).

A comparison of'the infrared and mass spectra of this
pyrazole with those of Compound B, in conjunction with a

nixed m.p. (158-170°) proved that this pyrazole (8) was

not identical to Compound B.

3-llethyl-4,5-diphenylnvrazole (9).

This compound wag obtained from the nitropyrazoline (10)

by the method of Parham and Hagek®and crystallised from
ethanol as soft white needles m.p. 181-182° (1lit. 185-186°),
Sublimation did not raise the melting point. A mixed mepPe.
of this sample and Compound B was 181-182°, The infrared
and mass spectra of the two samples were respectively
identical.

Compound A with Conc. Hydrochloric Acid in Hthanol.

Compound A (0.3g.) was refluxed in ethanoli (15cc.) with

conc. hydrochloric acid (O.6cc.) for 3hrs., the evolved
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gases turning acid dichromate paper green. After cooling,
neutralisation with ditute sodium hydroxide and dilution
with water, the resulting precipitate was crystallised from
ethanol as soft white needles (C.l4g.) m.p. and mixed m.p.
with 3-methyl-4,5-diphenylpyrazole (8) 180-182°, The
infrared spectra of the two samples were identical.

Compound A in Hot Acetic Acid.

Compound A (0.2g.) was heated in acetic acid (1Occ.) at
95° for 30minse. Dilution with water and crystallisation
of the product fromAethanol gave soft white needles (0.llge.)
m.p. and mixed m.p. with 3-methyl-4,5-diphenylpyrazole (9)
179-182°, The infrared spectra of the two samples were
superimposabie.

HMethyl Sulphone.

Compound A (0.3g.) was shaken with lp sodium hydroxide
(3cce) at room temperature until all the solid dissolved
(@ 3minse), and the solution then set aside to crvstallise.
The sodium salt obtained was dissolved in a little hot
équeous ethanol, and the hot solution shaken vigorously
with excess methyl iodide for lbmins.. After bhoiling off
the excess methyl iodide, dilution with water gave a white
precipitate which crystallised from ethanol as colourless
needles m.p. 144-146°.  (Found: C,65.65 H,5.15; 1,9.0.
C1nH1No0s8 requires C,65.355 H,5.15; ¥, 8.95%) Vmax
(KC1 disc) 13063 1130cmar. |
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In Chepter 1, interest wcs expressed in the synthesig™

=)

01 dibenzothiadiazepine (l)y cince a study oi ke exirugion

of sulphur tfrom this and related compounds would te of.
obvious value in view of the previous work of Loudon and
his colleaguesz’3’4’5 on the extrusion of sulphur from
dibenzothiepins (2) and dibenzothiazepines (3)a

The inaccessibility of dibenzothiadiazepines prompted
us to'prepare 2e7=Cdihydro=3,6=diarylthiadiazepines (gg,
and the conversion of these compoundas (4) into both
3,6~diarylpyridazines (5) and 3,p-diarylpyrazoles (6) has
been degcribed in previous chapterse

It was therefore of interesgst to prepare octahydrodi-
benzothiadiazepine (7) by a similar reaction to that used

for the preparation of the dihydrothiadiazepines (4, R=H;

R=Br; R= CHS), i.e. by the reaction of hydurazine hydrate

on bis~cyclohexanonyl sulphide (8). The dihycrothisndizgzeni

(Z) might then provide some useful extension of the iype

of reactions described earlier.

ne



DISCUSSION.

Bis-cyclohexanonyl sulphide (§) is a known compound,
having been obtained by Backer, Strating and Huisman® by
treatment of 2=~chlorocyclohexanone with ethanolic sodium
hydrogen sulphide, To their initial precipitate; a white
crystalline compound m.p. 150-151.5° they assigned the
structure (9), bis-cyclohexanonyl disulphide, and from the
filtrate they obtained bis-cyclohexanonyl sulphide (8).

Repeating their experiments gave the product m.p. 151~
1529, but no crystalline material could be obtained from the
filtrate. An infrared spectrum of Backer's disulphide (2)
showed no absorption in the carbonyl region of the spectrum,
but showed lfmax at 32800m:l appropriate to a hydroxyl group.
In view of this, Backer's bis=-cyclohexanonyl disulnhide
structure (2) became untensble, the most obvious alternative
being the diol (1Q), formed by self=-condensation of 2~
mercaptocyclohexanone (1l).

A mass spectrum gave anaccurate molecular weisht of
260y (the disulphide (9) resquires 258), and a gplitiing
pattefn which fitted the diol structure (1Q) but not the
disulphide (9). Attempts to form an acetyl, 3,5-dinitro-
benzoyl and p~toluene sulphonyl deriveative were unsuccessful.

lowever dehydration of the compound,s best efficted in



benzene with p-toluene zsulphonic acid, zive o white crystol
line product m.pe. 97°, which cnalysed for the diol (10)
minus two moleculecs of woter i.e. on octohyaroliantiiren
An infrared specirum oi Jhig dehydrated compound h:d 17
max lb20cm:l corresponding vo double bond absorption. An
ultraviolet spectrum of ihe compounu showed Amax 254mu,

€ 4385; and Anex 265mu , £3162. Parhem, Godsby and
Hikulec7 describe the ultraviolet spectrum of 1,4~dithia-
diene (;g, R=H) as having Amax 26294, € 5400; and Amax
266—2709“, 2.5280; and of 2,0~dimethyl-l,4~dithiadiene

(12, R=0CE;) as Amax 26214, € 4131; and Amax 269 Ok £

4102 Hence the produch ik Sl W 22 Qe
° = v idl%l, and Amax 2fﬁya g
diene (;é), iecCe octahydrothlanthren. If dehydration of

the diol (10) had not taken place in the central 1yd=
dithiin ring, the couble honds formed would be expecied
to move into conjugation with both sulphur atvoms, so
svructure (13). can reasonablg be assigned to ihe
ociahydrothianthrene

The molecular formula o vhe compound was contirmed
by oxidation widh hydrogen peroxiade in acetic acid to
a product, M.P. 261~262%, which analyseu tor a disulphone
ot (13) ana haﬁ.Uﬁax in the infrared st 1320 and Ll42cmsil.

ConIirmation of the overall struc.ure (13) was obiainea

by uehyarogenating the octahydride (13) with chloranil in



phenetole to a compound identical in every respect to an

authentic sample of thianthren (14).
When this work was compLeved, it was found that Asinger

and co—worker58’9

have recently prepared the diol (10) in
80% yield by Backer's method, and have demonstrated the
stéucture of the diol (10) by dehydration to octahydro-
thianthren (13) m.p. 97°, vhich was oxidised to a disulphone
MePe 249-25é°. They have also prepared the authentic
disulphide (9) m.p. 78.5°.

Milligan and Swannlo, without reference to Asinger's
work, have recently prepared the thiosulphate salt (15) by
reaction of 2~chlorocyclohexanone with sodium thiosulphate,
and have converted this salt (15) either by oxidation or by
reaction with sodium sulphide, into the disulphide (8) m.p.
80°, They heve also prepered the diol (10) mep. 15C° by
Backer's method, but although the compound analysed correctly
Rast mblecular,weight determinations were inconsistent and
rather low. Their product showed.Jmax in the infrared at
3455 (in CCl,) or 3332cmt’ (KBr dise), but after standing
3 months, the compound had a m.p. 133° and showed & weak
carbonyl absorption in the infrared at lVZOcmt .

By reaction of disodimm sulphide with 2-chlorocyclo~
hexanone, they obtained a second diol, isomeric with their

other product, m.p. 143-144° or 168-170° depending on the



gsolvent. lheir Rast molecular weight determinations were
again low aﬁd inconsistent. To explain these obsgervations,
Hilligan and Swann suggest that their two compounds are
isomers or mixtures of isomers of the diol (10), for which
six geometrical isomers are possible. They further suggent
that the diol (10) partially decomposes to 2=mercaptocyclo-
hexanone (11) and that this is the reason for their incon-
sistent molecular weight determinations and for the appear-
ance of a weak carbonyl absorption in the infrared spectrim.

They have also prepared octahydrothianthren (13) m.p.
97°, Ey treatment of the salt (15) with ethanolic hydrogen
chloride (c.f. references 11 and 12) or treatment of the
diol (10) with anhydrous hydrogen chloride in dioxan.

The results obtained in the present investigation are
therefore consistent with those of Asinger and co~workers,
and Milligaﬁ and Swann, though it may vbe remarked thét like
Aginger, we did not encounter the troubles of Ililligan and
Swann. In fact the infrared spectrum of a sample of the
diol (;Q)vwas unchanged after six months, no trace of
carboﬁyl absorption appearing. The diol (10) can also be
obtained by treatment of 2-chlorocyclohexanone with a
solution of sodium sulphide in dimethyiformamide or by
treatment of 2-chlorocyclohexanone with a methanolic

soluiion of sodium hydrogen sulphide vprepered by the method
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of Hodgson and Wardtd,

Thianthren (14) is Kmownl4 TOo extrude sulphur giving
ditenzothiophen (lo). e therefore decided to examine ihe
possibility of extrusion from octahydroihianthren (13),
expecting to obtain octahydrodibenzothiophen (17), this
being a Knownl5’l§ compound m.p. 31=-329, best obtainedt®
by reaction of 2-cyclohexenylcyclohexanone with sulphur.

Initiel experiments conducted in refluxing ethylene
glycol, with or without the presence of copper , gave
only a high recovery of starting material. However treat-
ment of octahydrothianthren (13) with copper in diethyl
phthalate at @ 310° for a few minutes, produced immediate
blackening of'the”copper. After removal of the copper,
the solution was diluted with phenetole and treated with
chloranil to dehydrogenate the products. Working up in
the usual way, followed by chromatography, gave white
crystalline material which proved to be a mixture of
thianthren (14) and dibenzothiophen (16). Thus although
extrusion of sulphur had taken place, the isolation of
thianthren (;ﬁ) shows that some of the ociahydrothianthren
(13) susvived, and indicates a tairly high degree of stability
for the compound.

Using the same conditions, but extending the period of

heating to 1lbming. gave, after chromatography of the product
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an 80w yield of = colouvless oil which crystallised asg

colou 1ﬂlews nlates m.p. 29=-30° (1lit. 15,16 31=-3297 . This

)

product had an inirared spectrum identical with that of a
synthetic sample and with the spectrum recorded by the
lo

original worker—-, hence confirming its identity as

octahydrodibenzothiophen (17).
L7

Parham and his co-~workers have studied the extrusion

of sulphur from l,4-ditvhiadienes (12) quite extensively.
They have shown® that 1, 4-~dithiadiene (L2, R=1) shows
good thermal stability and can in fact be refluxeu and
distilled at atmospheric pressure, no thiophen ever being
detected. 2,5-Dimethyi-l,4-dithiadiene (12, R=CHz) is
however thermally somewhat less stablelg and decomposes at
its boiling point, @ 2040, to give a mixture which contains
some 2,4~dimethylthiophen. 245=Diaryl=-1l,4~dithiadienes
(12, R= Aryl) are thermally nuch less stable20’21’22’25

and readily extrude sulphur to give thiophens. The
extrusion of sulphur from octahydrothianthren (_; stands

in contrast to this, since (13) can be regarded ag a 2,3,5,06~
tetraalkyll=-l,4=dithiadiene. Ag such, it would be expectcd
to extrude sulphur with approximately the same esse as 2,5~
dimethyl-l,4~dithiadiene (12, R:ZCTW) and thig is not the

CaS€. The difference in ease of extrusion between octa~

hydrothianthren (13) and 2,5~diaryl-l,4-dithiadienes (13,
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R=Aryl) is striking, the aromatic ringcs evidently assisting
The fact that octehydrodibenzothiophen (17) had such
a low-melting point, 32°, had promnted experiments to obtiin
& higher melting derivative to faciliivate its'! deveciion in
the extrusion products. Czgniant and Cagniaﬁt15 could not
obtain a crystalline picrate, and this was confirmea here,
though evidence for picrate formatvion wos appaorent in the
appearance of a bright red golutvion when octahydrocibenzo~
thiophen (17) was adced io 2 solution of picric acid in
ethanol or benzene. Similar attempts to form a trinitro=-
benzene or trinitrorluorenone derivative were also unsuce
cessful. Since dibenzoivhiophen (16) can be oxidised 10 o
stable, higher melving sulphone, a similar oxidation was
tried with octahydrodibenzothiophen (17). The product
crystallised as colourless plates m.p. 185-1860, but
analysed for C3oH1205S and not CigH16058. A mass spectrum
gave a molecular weight of 220 in accordance with a
312312025 formulae An infrared spectrum had \fmax at 1290
and ll46cm:l corresponding to the presence of a sulphone
group, ond also peaks in the regions associated with
aromatic double bond absorption. These results =2ll pointed
to the structure (;@), making the compound tetrohydrodibenzo-

thiophen sulphones.
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of tetrahydrodibenzothiophen (19), an o0il which forrms a
red picrate mep. 106°, and a lemon~vellow trinitrobenzoene

derivative m.p. 137°, but they do not describe oxideotion to

o

a sulphone. The reduction of dibenzothiophen sulphioneg
dibenzothiophehs is known<%s=9 to proceed in good yield,
and this was therefore a convenient method for proving the
identity of the oxidation product of octahydrodibenzothionhen
(12) .
) Treatment of the oxidation product with lithium alumin-
ium hjdride in ether gave a colourless oil which formed a
red picrate m.pe. 104~1050 and a lemon-yellow trinitrobenzene
derivative m.p. 136-137°, in good agreement with the quoted
figures, and so the oil was tetrahydrodibenzothiophen (19).
The oil could be oxidised back to the same product oblained
by oxidation of octahydrodibenzothiophen (17), and the
nroduct is therefore tetr&hydrodibenzothibphen sulphone (18j.
Whether oxidation of the sulvhur atom precedes oxidation
of the ring is not known, but evidenily the thianaphthen
sulphone system thus formed is sufticiently stable to regist
further oxidation under thece conditions to dibenzothionhen
sulphone. In fact tetrahydrodibenzothiophen sulphone (18)
resisted oxidation with chloranil in phenetole, conditions

which promoted esgy oxidation of octahydrodibenzothionhen



(L7) to divenzothiophen (18). In this respect tetrahydro-

dibenzothiophen sulphone (18) reéembles the disulvhone of
octahydrothianthren (13), which resists oxidation with
chloranil in phenetole, whereas octahydrothianthren (13) is
easily oxidised under the same conditions to thianthren (14).
Evidently conversion of the sulphur atoms to the electron~
withdrawing sulphone state places tetrahydrodibenzothiophen
sulphone (18) and octahydrothianthren disulphone outwith

the oxidising power of chloranil, although perhaps quinones
of higher redox potential could effect oxidation.

The diol (1Q0) is formed from 2-mercaptocyclohexanone
(L;)‘by hemimercaptal formation, and it should theretore be
possible to cleave the diol (1Q) with alkali, =2nd to trep
the 2-mercaptocyclohexanone (ll) formed by reaction with a
suitable electrophile. In fact the diol (1) on treatment
with ethanolic potassium hydroxide gave the water soluble
potassium salt of 2-mercaptocyclohexanone (11) which re-
generated the diol (10) on acidification. However attempts
to prepare a 2,4-diniurophenyl sulphide derivative (20) by

reaction of 2,4-dinitrochlorobenzene with a solution of the
potassium’salt of 2-mercaptocyclohexanone (;;} in sither
ethanol or dimethylformanide were unsuccessful. “me only

crystalline product isolzated in any of the experiments woo

tetranitrodiphenyl sulphide (;;), the rapid formation of
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red coloured goluiions indicating reduction of tie nitro

2YoUPS .

The use of phenscyl bromide ng electrophile did meet with

succeés. Ireawment of a solution of the diol (1Q; ownd
phenacyl brémide in dimethylformamide with potassium hydr-
oxide affording a white crystalline solid m.p. 68-69°,
mhich analysed for tvhe diketo-sulphide (22). The infrared
spectrum (KCLl disc), apart from showing both ardmatic and
methylene‘éroup absorption, had carbonyl peaks at 1690 and
1666cmTt. The reaction of this diketo-sulphide (22) in
hot acetic aéid with hydrezine hydrate gove a good yield of
the dihydrothiadiazepine (23). The compound analysed in
accordance with this structure, ahd the infrared gspectre,
both solid state ana aiiute solution, showed no evidence of
any carbonyl or >XNH absorption.

In view of the resulis in Chapters L and 2 of this
thesié, it was obviously of interest to see‘wmther the
‘dihydrothiadiazepine (23) could atford 3~phenylteirahydro-
cinnoline (24) and 3-phenyltetrahydroindazole (gg) since
such transformations would provide movel methods of |
synthesising these compounds.

Refluxing the dihydrothiadiazepine (23) in ethylene

glycol for 15mins. and dilution with water gave, after

(e

extraction with chloroform, an oily product which showed
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some signs of crystallising. This o0il was howvever immed-

iately converted into & picrete m.p. 169-1729 yhich anclysed

v

for the picrate of J~-phenyltetralydrocinnoline (gg),
Chromatograshy of the »nicrate on Grade 1 glumino gove The
free base as a colourless crystalline solid m.n. 87-88°
which analysed in accordance with the swtructure (24).

Baumgarten, Creger and Villar326 have prepared -
phenyltetrahydrocinnoline (24) by the reaction scheme shown,
and give mepe.'s of the base and the derived picrate as 36=-
87.5° and 174-175° respectively. Hence there seems no
doubt that the product obtained here is 3=phenyltetrahydro-
cinnoline (24), and the thermal instability of dihydrothic-
diazepines such as (23) provides a new method for the
synthesis of tetrabydrbcinnolines of the type (24).

The convercion of the dihydrothiadiazepine (23) into

5—phehyltetrahydroindazole»(g§) however, has not yet been
achieved, Initial experiments using either hydrogen ner-
oxide in alcéhol or acetic acid, hdve proceeded with evol-
ution of a gas which blackens lead acetate peper, but in
neither case has any meterial resembling abpyrazole or
indazole been isolated, The intfrared gpectra of the
nroducteg show at least one; and nrorzhly two carbonyl neaxs,

and, it would gseem at the moment, that either the dinhydro-

thisdiazenine (23) or 3-phenyltetrahydroindazole (2b) is

£t
pra=tl=i)



susceptible to hydrolys
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is or to

This provlem 1s theretore still

oxidative degradation.

under investigotion.
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Chlorocvelohexanone with Sthonolie Sodium Ivdrozen Sulphido’,

A solution of sodiuwm (Ce4bg.] in ethanol (1l5cc.) was satur-
ated with hydrogen suiphide with ice-cooling. This solution
was added sglowly with stirring to a solution of chlorocyclo-
hexanone<’ (2.6g.) in ethanol (1Occ.) in an ice-bath. After
complete addition, the mixture'was stirred lhr,, the precip-
itate filtered off, washed with water, and driéd. Crystall-
isation from ethanol gave a white gsolid (0.8g.) mepe. 151-152°,

( Found: C,55.4; H,7.35. Cale. for Cq oHo G0 : 0,55.3b5 H,

252
7.75%) . Molecular weight (mass spectrum)26C. ¥ rmax (nujol;
1
3280cm." .
The filtrate was evaporated to dryness, neutralised with
dilute hydrochloric acid, diluted with water and extracted
with ehloroform giving an oil (0O.lg.) which could not be

crystalligsed.

Chlorocveclohexanone with Methanolic Sodium Hydrogen Sulnhide.

A methanolic solution of sgodium hydrogen sulphidelﬁ, prepared
from crystalline sodium sulphide (64g.); sodium bicarbonate
(22.4g.) and methanol (160ce.), was added slowly with stirring
to a solution of chlorocyclohexanone (8.sg.) in methanol
(50ce.) in an ice-bath. After complete addition, the mixture

was stirred 30mins., then water (300cc.) added. The precip-



ivate was tiliered off, washed with water and crysiallised
trom ethanol giving a whiite golia (5=-6g.) identical to ihe
material obiainea above.

Chlorocyclohexanone with Soaium Sulphiue in Dimeivhylformamiuc.

A solution of sodium sulphide (20g.) in moist dimethyl-
formamide (200cc.) was added slowly with stirring to a sol-
ution of chlorocyclohexanone (10g.) in dimethylformamide
(lscc.) at ice-bath temperature. After complete addition,
the mixture was stirred lhr., then diluted with water and
allowed to crystallise. The solid obtained was washed
with water, dried, and crystallised from ethanol affording
a white solid (5-6g.) m.p. and infrared spectra identical
to those of the material obtained above.

Dehydration of the Diol (10).

a) Conc. Hydrochloric Acidll.

The diol (0.25g.) was refluxed in ethanol (1lOcc.) with conc.
hydrochloric acid (5cc.) for 2hr.. Cooling and dilution
with water gave octahydrothianthren as white needles (0.13g.)
MeDe 91-940, recrystallised from ethanol as colourless
plates m.p. 97°. (Found: C,64.2; H,7.1. Calc. for

C. H .S 3 C,64.25; H,7.2%). Vmax (nujol) 1620em=t. Amax

Y1916 A
(95% ethsnol) 254m4, £ 4385; 265134 £3162.

b) Toluene Sulphonic Acid.

The diol (lg.) was refluxed in dry benzene (30cc.) with on-
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toluene sulohonic acid (O.zg.) for 2hrse.. The mixture
was cooled, diluted with ether, washed severél times with
dilute sodium hydroxide, then water, and dried. After
removing the solvents, the solid obtained was crystallised
from ethanol as colourless plates m.p. 97° (C.82g.),
identical to the material obtained in the prewvious exper-
iment.

Oxidation of Octahydrothianthren'®.

Octahydrothianthren (58mz.) was heated in acetic azcid (3cc.)
to 700, hydrogen peroxide (0.6cc.) added, and the mixture
maintained at 70° overnizght. Cooling gave octalydrothian-
thren disulphone as colourless prisms (40mg.) which cryst-

allised from ethanol as tiny colourless prisms m.pe. 261-252°,

(Found: C,50.3; H,5.7. Calc. for CyoHy,0pS8s: C,50.0. I,

5;6%) Vrox (nujol) 1320 and 114ZcmTt.

Dehyvdrogenation of Octashydrothianthren.

Octehydrothianthren (0.5g.) was refluxed in phenetole
(25cec.) with chloranil (2.5g.) for 3hrs.. The cooled
ﬁixture was diluted with ether, washed severzl times with
dilute sodium hydroxide, then water, and dried. After
removing the solvents, the brownish solid wag crystallised
from ethanol (charcoal] as white needles m.p. and nired
m.p. with an authentic sample of thianthren 152-103%.

both the ultraviolet and infrared gpectra of the two sampleg



108.

were respectively identical.

Octahydrodibenzothiovhen (17).

This compound was prepared from 2-cyclohexenylcyclohexan-
one28 py the method of Cooperl® and had b.p. 84~879/0.03mn.
(1it. 120°/1mm.) and a m.p. 28-30° (lit. 32°). Amax R40m4,
€ 7737 (lit. Amax 240md, & 7560).

Octahydrothianthren (13) in Ethylene Glycol.

a) Octahydrothianthren (148mg.) was retluxed in ethylene

glycol (5cc.) for 3hrs.. On cooling, a white crystalline
gsolid was deposited (98mg.), identical in every respect to
the starting material (infrared and mixed m.p.). Dilution
of the filtrate with water and extraction with ether gave a
further quantity (28mg.) of starting material.

b) Octahydrothianthren (162mg.) and copper bronze (200mg.)
were refluxed in ethylene glycol (7.5cc.) for 3hrs..

After filtering, the cooled solution deposited a white
crystalline solid (80mg.) identécal to starting material.,
Dilution of the filtrate with water and exiraction with
ether gave a further quantity (65mg.) of starting material.
¢) In an experiment similar to (b), an 80% recovery of

starfing material was obtained after an 8hr. reflux.

Octahydrothianthren (13) in Diethyl Phthalate.

a) Octahydrothianthren (200mg.) and copper bronze (200mg.)



in diethyl phthalate (l.5cc.) were immersed in a metal bath
regulated at 310°, The copper became black almost immed-
iately, and the mixture was heated at @ 310° for 5mins..
After cooling, the mixture was filtered, and the copper
sulphide extracted with hot benzene and filtered again.
Phenetole (5cc.) and chloranil (700mg.) were added to the
combined filtrates, and the mixture was refluxed for 2hrs..
After working up (séé'iglov) and removing the phenetole in
vacuo, the residue was chromatographed on Grade 1 neutral
alumina (Woelm), eluting with petrol. Crystallisation of
the resulting solid from ethanol gave a white crystalline
solid‘(48mg4 m.p. 149-1519, identical in every respect to
thianthren (14). The mother~liquors of the crystallis-
ation gave white needles (35mg.) m.p. 82-86°, whose infrared
spectrum was almost identical 1o that of dibenzothiophen (16).
b) Octahydrothianthren (500mg.)and copper bronze (500mg.)
in diethyl phthalate (3cc.) were immersed in a metal bath
heated to @310°. The copper was’rapidly blackened, and
the mixture was heated at @ 310° for 20mins., cooled and
filtered, using hot benzene as a further solvent. After
concentration, the residue was chromatographed on Grade 1
neutral alumina (Woelm), eluting with petrol. The first
fraction gave a colourless oil (235mg.) whose infrared

spectrum was identical to that of octahydrodibenzothiophen
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(7). The 0il crystallised from ethanol as colourless
plates m;p. 29-30° (1lit., 31-329), |

Succeeding fractions showed progressively more ester
content, so they were hydrolysed with 4n potassium hydroxide
and the ether soluble material chromatographed as before.
The colourless oil (175mg.) obtained crystallised from
ethanol as colourless plates (140mg.) m.p. 29-31°, whose
infrared spectrum was identical to that of authentic octa-
hydrodibenzothiophen (17).

Oxidation of Octahydrodibenzothiophen (17).

Hydrogen peroxide (4cec.) was added to a solution of octa-
hydrodibenzothiophen (lg.) in acetic acid (10ce.) over a
period of 15mins.. The mixture was heated at the same
temperature (95°) for a further lomins., cooled, diluted
with water, and the resulting precipitate crystallised
from ethanol as colourless leaflets (0.75g.) m.p. 184-185°,
(Pound: C,65¢65; Hy5.45. ClZngozs requires C,65.45;
H,5.5%) Molecular weight (mass spectrum) 220. Vmax
(mujol) 15923 1580; 772;73lcmt.  Vmax (nujol) 1290;
1146cm7t.

Reduction of Tetrahydrodibenzothiophen Sulphone (;§)24’25.

Tetrehydrodibenzothiophen sulphone (0O.4g.) and lithium
aluminium hydride (0.32g.) were weighed into a dry flask,

ether (120cc.) was run in, and the mixture refluxed 2hrs..
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The mixture was cooled, ethyl acetate and then diluie
mineral acid added. The ether layer was separated, and
the aqueous layer extiracted several times with ether.

The combined ether extracts were washed with water, dried,
énd the ether removed, leaving tetrahydrodibenzothiophen
(19) as a coloudess oil (0.32g.) which showed no sulphone
absorption in the infrared. The o0il gave a picrate as red
needles (ethanol) m.p. 104-105° (1it.15 106°) and a bright
yellow trinitrobenzene derivative as yellow needles (benzene)
meps 136-137° (1it.1% 1379).

Oxidation of Tetrahvdrodibenzothiophen (19).

Hydrogen peroxide (O.bce.) was added to a solution of tetra-
hydrodibenzothiophen (245mg.) in hot acetic acid (3cc.),

and the mixture was heated at 95° for lbmins.. Diluvion
with water and crystallisation of the precipitate from
ethanol gave tetrahydrodibenzothiophen sulphone (18) as
colourless plates (190mg.) m.p. 183-185°. The infrared
spectrum of this sample was identical to that ot the sample
obtained by oxidation of octahydroaibenzothiophen (17).

A mixed m.p. of the itwo samples was 183-185°.

Hydrolysis of the Diol (10).

The diol (130mg.) was shaken in ethanol (5ce.) with solid
potassium hydroxide (90mg.). Dilution of the cloudy

yellow mixture with water gave a clear solution, and on
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acidification, a white crystalline solid (70mg.) was
precipitated, m.p. and mixed m.p. with starting material,
147-150°,

Regction of the Diol (10) with Phenacyl Bromide.

4n potassium hydroxide (2cc.) was droppea into a solution

of the diol (10) (10g.) and phenacyl bromide® (16g.) in
dimethylformamide (400cc.) at room temperature with stirring.
After stirring 30Omins., the yerirow mixture was stirred 30
mins. at 950, then diluted with water, and allowed To
crystallise in the 'fridge. Cyclohexanonylphenacyl sulphide
(22) was obtained as a yellow sticky solid which crystallised
from ethanol as colourless needles (10.6g.) m.p. 68-69°,
(Founds C,67.4; H,6.7. Cqy,H;5058 requires C,67.7; H,6.5%).
fmax (KC1 disc) 1690; 1666cmat.

Cyclohexapnonvlphenacyl Sulphide (22) with Hydrazine.

Excess hydrazine hyarate was introduced into a solution of
cyclohexanonylphenaeyl sulphide (5g.) in hot acetic acid
(20ces). The hot solution was shaken for a few minutes,
then diluted with water, and the yellow precipitate of the
dihydrothiadiazepine (23) crystallised from ethanol as
colourless needles (4.lg.) m.p. 116w117°.  (Found: C,69.1;
H,6.85; N,11.6. C14H16Y58 requires C,68.85;5 H,6.63 N,11.45%)
Decompogition of the Dihydrothiadiazepine (g;). |

The dihydrothiadiazepine (400mg.) was added to refluxing
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ethylene glycol (l2cc.) and the solution refluxed for
15mins., during which time there was wvigorous evolution
of hydrogen sulphide. The darg red solution was cooled,
diluted with water and extracted several times with
chloroform. ihe extracts were washed with water, dried
and charcoaled. Removal of the chloroiorm gave a yellow
0il which afforded a picrate which crystallised as yeliow
prisms (ethanol) me.p. 169-172° (Found: C,54.85; H,4.4;
N,15.8.> Calc. for CooHyyNgO0y i C,54.65; H,3.9; N,15.95%) .
(Lit.2% m.p. 174-1750). |

The picrate was dissolved in chloroform, and chrom=-
atographed on Grade 1 neutral alumina (Woelm). Elution
with chloroform gave 3=-phenyltetrahydrocinnoline (24) as
an 0il which crystallised from petrol as colourless leaf=-
lets (150mg.) m.p. 87-88° (1it.2® 86-87.5°). (Found:
0,79.95; H,6.,45; N,13.1. Cale. for Oy Hy4No: C,79.95;
Hy6.73 Ny1343%).
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APPENDIX

"THE INFRARED SPECTRA OF SOME FPYRAZOLES

AND THEIR NeACETYL DERIVATIVES"

BAGE
DISCUSSION LN ] [N N 3 e e 0 [ N ] LN N ] LN R 2 llG‘
EXPEBHENTAL [ X X [ X N 3 LI IS ] [ N N ] LN ) llg.

REFERENCES os see see sos see see 120.



In Chapter 2 of this thesis, the pyrazoles \l, R=H;
R =Br; R:Cﬁs) were described, information from the liter-

aturel »2

on the characteristie infrared absorption proper-
ties of the >NH and >C =N- groupings of the pyrazole ring
agsisting in the structural determinations. The N=acetyl
derivatives of the pyrazoles (1, R=H; R=Br; R=CHz) had
abnormally high amide carbonyl absorption, and this was
related to other types of azole systems®.

When studying these spectra, it was observed that the
pyrazoles (1, R=H; R=Br; R=CHz) all showed an intense
absorption in the fingerprint region at @ 974cm'.‘l, and that
on aqetylation, this absorption remained just as intense,
but at a slightly lower frequency, @ 942en7l,

The pyrazoles (2, R=Br; R=CHz) showed similar
chara.éteristics, and this information was collectively used
in the determination of the structure of the pyrazole (3)
in Chapter 3. The results of these studies are agsembled
in Table 1 (the pyrazoles), and Table 2 (the N-acetylpyrazoles)
a.ll‘the spectra being recorded in the form of KCl discs.

N“—NH

i -
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TABLE 1.
Pyrazole 2NH 2C =N~ Fingerprint
(1, R=H) 2850 1464 976
(1, R::Bi) 2855 1444 973
(1, R =CHy) 2850 1462 974
(2, R=3Br) 3150 1462 , 956
(g; R =CHgz) 3165 1460 946
(3) 3120 1444 970

The physical properties of pyrazoles, high De.D.,
assoeiation etc., have led to the suggestion? that pyrazoles
exist as hydrogen~bonded dimers, hence the compounds (1,
R=H; R=23Br; R::CH:,)) have a low >NH absorption frequency.
Since the pyrazoles (2, R=Br; R=CHz) and (3) exhibit
their D>NH absorption at rather higher frequencies, this
may indicate that 3,4,5~trisubstituted pyrazoles have
difficulty in forming hydrogen-bonded dimers.
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TABLE 2.
Pyrazole C=0 2C =N~ Fingerprint
(1, R=H) 1735 i462 944
(1, R:B:}) 1735 1448 942
(1, R=CHg) 1730 1448 | 941
(2, R=Br) 1730 1440 940
(2, R=CHz) 1720 1442 935
(3) 1730 1460 954

5 have discussed the

Very recenily, Zerbi and Alberti
infrared spectra of 3(5)-alkyl; 4~alkyl and N-alkylpyrazoles
and they have observed intense peaks in the fingerprint
region of the spectrum corresponding to those reported here.
It would therefore seem that such an absorption is a

éharacteristic property oi the pyrazole ring.
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EXPERIMENTAL

4=Bromo=3,5-diphenylpyrazole’ (2, R=Br).

Bromine was dropped into a solution of 3,5-diphenylpyrazole
(0.25g.) in chloroform (8cc.) until the solution no longer
decolourised the bromine. The solution was washed with
sodium carbonate, water then dried. Removal of the solvent
gave a yellow solid which crystallised from ethanol, afford-
ing 4~-bromo=3,5-diphenylpyrazole as colourless prisms
(0.22g8.) mep. 201-202° (1it.% 198-199°)  (Found: C,60.15;
H,3.85; N,9.4. Calc. for OpgH;1Brio: C,60.25 H,3.75;
N,9.35%) .

The acétyl derivative crystallised from petrol as colourless
rods mep. 92-93°, (Found: C,60.05; H,3.75; N,8.2.

CymHy 5Bri,0 requires C,59.855 H,5.8; N,8.2%) .

l=Acetyl=4-methvl-3,o=divhenyloyrazole.

This compound was obtained by acetylation of 4-methyl=3,b=-
diphenylpyrazole (2, R=CHz) with boiling acetic anhydride
and crystallised trom petrol (40-60°) as colourless prisms
mep. 72-73°.  (Found: C,77.95; H,5.95; N,10.05.

C, 16850 requires C,78.25; H,5.85; N,10.15%) »
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