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amfflnary

Seme 3, 6- diaryl-2,?-dihydrothiad i az ep i no s are prepared and 
converted into 3,6-diarylpyridaaines either thermally or by means 
of h-bromo ©ueoinimide in oar bon tetrachloride* A diohloro 
derivative of 2,7-dihydro-3,6~diphenylthiadia£epine, obtained by 
the notion of sulphury! chloride on the dihydrothi&diazepine, 
affords 3,6-diphenylpyridazine by treatment with sodium iodide 
in acetone* The dioxides of the dihydrothiadi ass opines are 
more easily converted into pyridazines by thermal mean©, and in 
this eerie© of compounds, the oxidised is more easily eliminated 
than the uaoxidised sulphur at era*

Oxidation of 3,6-diaryl~2,7-dihydro thi adiaaepinee with
- ■ £ £hydrogen peroxide in ethanol gave-3,5-diarylpyrazolee* The S-

monoxiaee of the dihydrothi&dl&sepines are shown to be interned** 
iatee in the reaction, and other methods are also described for 
their conversion into 3,5-diarylpyrazol es* 3,5-Diphenylpyrazol© 
ie found to be readily degraded by hydrogen peroxide in acetic 
acid affording 2*5-diphenyl-l»3,4-oxadiazole, dibenzoyl hydrazine



and benzoic acid.
Attempts to propara 2, 7-dihydro-2,3,6,7- tetraphenyl taxiadi- 

aaopino by reaction of desyl sulphide with hydrasine gave instead 
benzylphenyl Jcetasine and benzil monohydrazone • Desyl sulphone
was similarly hydrolysed by hydrasine in ethanol to dibenzyl 
sulphone*

2# 7-Dihy dro-3,6-diphenyl thi adi asepine~3»dioxide dissolves 
tm cold ethanolic sodium ©thoxide and gives, on acidification* an 
unstable solid which forms 3*6-diph©nylpyridazine on attempted 
crystallisation from ethanol. Aoidifioation of the solution 
obtained by treatment of the 3-dioxide with hot ethanolio sodium 
ethoxide gives a stable solid* Compound A* which is thermally 
converted into 5-methy 1 - 4, S- di phenylpyrazol© with loss of sulphur 
dioxide. Compound A also affords a methyl sulphone, and struc
tures are suggested for both of these compounds.

Repetition of the literature preparation of bis-cyclohexa- 
nonyl sulphide gave only "bis- oyclohaxanonyl bisulphide” • This 
emapound is shown to be perhydro-4af9a^di^ droxythianthren.

uDehydration of this diol affords octahydrothianthren which wasr 
oxidised to a disulphone. Dehydrogenation of octahydrothianth- 
rea gives thi anthr en, but octahydrothianthren di sulphone resists 
dehydrogenation under similar conditions. Octahydrothianthren 
extrudes sulphur to give octahydrodibensothiophen in high yield. 
Oxidation of octahydrodibenzothiophen gives tetrahydredibenzo-



thiophen sulphone, which is reduced to tetrahydrodibenzothiophen 
by lithium aluminium hydride. Qctahydrodibenssothiophen is read
ily dehy dr ogenated to dibenzothiophen, but tetrahydrodibenzothio- 
phen sulphone resists similar dehy drogenation condition®.

Cleavage of p erhydro-4 a,9 ar- dihydroxy thi anthren by potassium 
hydroxide in dimethylformamld®, and reaction with phenaoyl bromide 
gives cyolohexanonylphenacyl sulphide. By reaction with hydraz
ine, this sulphide condenses to the corresponding dihydro thi adi az- 
epine, which decomposes, in boiling ethylene glycol, to 3-phenyl- 
tetr©hydrocinnolin©.

The ma^or peaks in the infrared spectra of a number of pyras
sies and their B-acetyl derivatives are recorded, similarities are 
observed, and the existence of a characteristic frequency of ab
sorption of the pyraaole nucleus is suggested.
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IBTBODUCTIGB

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: reaction 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 two radicals R since the 
Mozingo reaction is regarded as a free radical, process.

In ls«fc>, Ris*̂  prepared a dibenzophenothiazine 
(probably 1} by heating di-^-naphthyl.amine with sulphur, 
and found that slow distillation of (l) in a carbon dioxide 
atmosphere afforded a dibenzocarbazole (probably 2). In 
the following year, Goske obtained the carbazole (4) by 
boiling phenothiazine (3) with copper in an atmosphere of 
coal gas for two hours. The series was completed by Kym'5 
in 1890 who prepared 1 ,2-benzocarbazole (6) from 1 ,2-benzo- 
phenothiazine (5)• Perrario4 subsequently reported the 
conversion of phenoxathiin (7) to dibenzofuran (8) by 
treatment with copper at 250° but later workers5 3 7 were 
unable to repeat this observation or even effect the 
conversion by changing the reaction conditions. In a



further variant oi Perrariofs conditions during the present 
investigation, the S-monoxide and the S—dioxide of phen- 
oxathiin were separately hoilea with copper. The S- 
dioxide was recovered unchanged, hut the S-monoxide was 
reduced to phenoxathiin (7) , no dibenzofuran («) being 
detected in either case.

Thianthren (̂ ) however can^ be converted into dibenzo- 
thiophen (10) by boiling with copper. Similarly dibenzo- 
-o-dithiin IX-L) on treatment with copper at 2o0° for two 
hours affordsy dibenzothiophen (10). Armarego and Turner10 
have extended this to various methyl derivatives of dibenzo- 
-o-dithiin (ll) and have xn addition shown11 that dibenzo- 
-o-dithiin-5,5-dioxide (12) can lose sulphur dioxide to 
give dibenzothiophen (10)•

IPParham and his co-worxers have studied ^ the possib
ilities of extrusion of suiphur from 1 ,4-dithiadiene (13, 
R s r ' s H ]  ana some of its 2 ,o-disubstituted derivatives.
1 .4-Dithiadiene 113, RsR* »H) shows good thermal stability, 
and can be refluxed and distilled at atmospheric pressure1,3, 
but 2 ,5-dimethyldithiadiene (13, R s R  siCH^) decomposes at 
its boiling point14 to give a mixture which contains some
2 .4-dimethyl thiophen (14, RssR* =r CE3) . 2,5-Di aryl di thi a- 
dienes (13, R s R * s  Aryl; or RsArylj R f =  AryiT) are 
thermally even less stable, extruding a sulphur atom' to



give15'115,17,18 2,4-diarylthiophens (14, R =  R ’ =  Aryl; or 
RsAryJ.; R =■ Aryl )• Negatively substituted 2,5-diaryl- 
dithiadienes (15, R:rCHO; or R-NOg) decompose at rather 
lower temperatures and give predominantly one of two 
possible xhiophens i.e. (16, R s CHO15; or R s N Q 216) and not 
(17. R srCHO; or R =rN02) .

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 
to be two of the possible resonance hybrids of (15). The 
predominant lormation of (16, RsCHO; or R s N 02) can 
therefore be explained by observing that tne contribution 
of structures (15a. RsGHO; or R s:N02) , where the negative 
charge can be delocalised by the aldehydo or nitro group, 
should be greater than the contribution of (15b, RsCKO; 
or R = N 0 2). In a similar fashion, it has been suggested14 
that since 2 ,5-disuostituted dithiadienes (13, RrrR's-OHg; 
or RssR* ssAryl) extrude a sulphur atom but the parent 
heterocycle, 1 ,4-dithiadiene 3, R =  R T =.H) does not, the 
role of the 2- and b-substituents is to increase the 
resonance stabilization in an intermediate such as U§)» 
decreasing the thermal stability of the ring system and so 
promoting decomposition to thiophens.

The postulation of episulphide intermediates in these



and related cases oi sul|ihur extrusion has its basis in the
decomposition of aryl or alley 1̂  substituted epi sulphides*

/  4
Delepine has reported the preparation of ethylene sulphide
(20), the parent compound of the series, by the action of
sodium sulphide on -chioroethylthiocyanate (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 

o oand Siegwart^ prepared tetraphenylethylene sulphide (21) 
as shown, and found that when heated to 175° it lost the

Pisulphur atom forming tetraphenylethylene (22). Schonberg 
likewise showed that treatment of the episulphide (23) 
with copper bronze in boiling benzene gave the tetra- 
substituted ethylene (24), and the same author has more

pprecently published various extensions of this type of 
reaction.

^ -r* + ,23,24,20,26 . ,Gulvenor, Davies et al uiscovered a
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 episulphiaes they prepared to extrude sulphur.
It was observed24 however, that tervalent phosphorus
compounds abstracted the sulphur atom, but no attempt was
made to identify the organic products of the reaction.



5.

recently two groups of workers have repealed Culvenor 
and Davies experiments on the reaction of epi sulphides with 
tervalent phosphorus compounds, and have shown that tri- 
ethylphosphite^,',,̂ ^ (2£* Hu :=.C2Ho0) or triphenylphosphine^ 
(26, H"=r Eh) react with episulphides (2b) to give olefins 
and the corresponding thionophosphorus-V-derivative (27,
H or R =Ph) • Scott has observed^ the reaction
of triethylphosphite (26, R ’̂ CgB^O) with epoxides forming 
the corresponding olefin and tri ethyl phosphate, hut the 
reaction conditions were much more severe than those 
needed for the episulphides (25)• In a similar fashion, 
Bordwell^- has obtained good yields of cyclohexene by 
treatment of an etheral solution of cyclohexene sulphide 
with butyl lithium or phenyl magnesium bromide. It is 
also interesting to observe that stilbene oxide (28) on

24treatment with thiourea in ethanol for six days afforded*^ 
an 80# yield of stilbene (29). ho episulphide was detected 
but the high recovery of sulphur (65# of the theoretical 
amount) supports the view that such an intermediate 
episulphide had been formed. It can be seen from tnese 
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



intermediates in other cases of extrusion of sulphur.
Episulphones (ethylene sulphones) are at lease as 

unstable as episulphides; in fact relatively few are known. 
Hesse, Reichold and Majmudar3  ̂have reported the isolation 
of the parent compound, ethylene sulphone (30), by reaction 
of sulphur dioxide with diazomethane at -45°, and part of 
the evidence for the structure (30) is its thermal decom
position to ethylene and sulphur dioxide. Tetraphenyl- 
ethylene sulphone (31), prepared as shown, is readily 
converted35 into tetraphenylethylene (32), and Vargha and 
iCovacs34 have prepared di ethyl stilboestrol (34) from the 
episulphone (33). Prom these few examples, it can be 
seen that extrusion of sulphur can also occur with the 
oxidised 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 Parham15"1?
Szmant35 and their respective co-workers have shown that
2,5-diaryl-l,4-dithiadienes (15) are readily converted 
into thiophenes (I6j 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 ” dimer i sat ion" of thiophen sulphones, thus thiophen



sulphone36, 3,4-dichlorothiophen sulphone37, benzo-
*2.0 ''2Q

thiophen sulphone 9 and related compounds40 all 
dimerise via a Diels,— Alder reaction followed by loss 
of the bridge sulphonyl group. In illustrating this 
theme, one recent example4^, the aimer i sat ion of 3,4- 
diphenyl thiophen su j l phone (35) to form (36) will suffice. 
In a similar iashion, thiophen sulphones react with 
acetylenic aienophiles36*42 ana xorm aromatic products 
by extrusion of sulphur dioxide.

Prom these observations recorded in the literature, 
it is apparent that extrusion of sulphur is now a well

Aestablished phenomena, and in a recent review, Loudon* , 
has suggested "that a thia atom is mote 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-membered heterocycle to give the corresponding six- 
member ed aromatic ring.

The monocyclic thiepin (37) is unknown, but the 
condensate (38) 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 (38.) undergoes bond rearrangement to an



intermediate of structure (40) prior to the formation of 
the acid (39) • In an extension of this type of reaction,

ASloan found that condensation between diphenacyl sulphide 
(ili) 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(2t,3,-4,5)thiepin 
(43> R=Ph) was obtained, which decomposed, to dibenzoyl- 
anthracene (44, R =Ph) 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=rOH) being obtained. The 
diethyl ester gave the anhydride of anthracene-2 ,3-
dicarbouylic acid (44, R sOH) at 180°.

47Parham, after observing that halocarbenes react 
with dihydropyran (45) to give cyclopropyl adducts (46) 
which afford dihydrooxepins (47) by susequent ring 
expansion and elimination of hydrogen chloride, tried to 
develop a method for the synthesis of seven-membered

/ Qheterocycles. Reaction" of 4H-l-benzothiopyran (48) with 
dichlorocarbene gave the cyclopropyl adduct (49), 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



2-chio ronaphthalene (50) • It is possible that the benzo-
thiepin (51) may be an intermediate in xhis transformation®

The benzothiepin sulphone (52) has also been shown to
extrude sulphur dioxide to form naphthalene^'9 .

Loudon, Sloan and Summers50 investigated dibenzo-
thiepins of type (53) and found that rhe sulphur atom could
be extruded yielding phenanthrenes(54)* Similarly
dibenzothiazepines (55) have been shown5'*’,D^ ,5° to extrude
the sulphur atom affording phenanthridines (57) with an
episulphide (56) being a. postulated intermediate. Galt,

54Loudon and Sloan provided a further demonstration of this 
type of ring contraction in the conversion of polycyclic 
thiazepines such as (58) into polycyclic diaza compounds (59 

It would therefore be of interest to prepare dibenzo- 
thiadiazepine (60), or derivatives of this structure, and to 
study their extrusion of sulphur in relation to the systems 
already mentioned. Allinger and Youngdaleot> have recently 
reported the synthesis of dibenzothiadiazepine (60) in 61- 
yield by reduction of 2,2 *-dinitrodiphenyl sulphide (61), 
but a general synthesis of dibenzothiadiazepines is still 
lacking despite many attempts.

Because of this, we tried to prepare 5,6-diaryl thia« 
diazepines (62) with a, view to extruding the sulphur atom 
to form 3,.6-diarylpyridazines (63)* There are no 5,6-



diaryl thiaciiazepines (62) known in the literature, 
however Rromm and Erhardt had prepared 2,7-dihydro-3f 
6-diphenylthiadiazepine (64j RsE), and we therefore 
set out to devise a method for oxidation of the 
dihydrothiadiazepine (64, RsH) to the thiadiazepine (62, 
R — H) , which we could then attempt to convert to 3,6** 
diphenylpyridazine (63., Rsl) by extrusion of sulphur.



DISCUSSION.

The essential starting material for this investigation, 
2,7-dihydro-3,6-diphenylthiadiazepine (64, Rsl) was 
prepared by the reaction scheme indicated. The 
conversion of phenacyl bromide (65, RsE) to diphenacyl 
sulphide (66., R = H) was initially5*̂ accomplished using 
ethanolic sodium hydrogen sulphide. During the present 
investigation, it was found that crystalline sodium 
sulphide nonahydrate readily dissolved in hot moist 
dimethyl formamide, and that if such a solution were added 
to a solution of phenacyl bromide (65, RsH) in the same 
solvent, excellent yields of diphenacyl sulphide (66, RssH) 
were obtained by simply diluting the reaction mixture with 
water. This method is in fact much cleaner and simpler 
than that previously used.

The second stage of the scheme, the reaction of
diphenacyl sulphide (66, R=rH) with hydrazine was first

56accomplished by Promn and Erhardt , although in poor
58yield. This was improved by Begg whose method 

involved addition of excess hydrazine hydrate to a solution 
of diphenacyl sulphide (66, R — H). in hot ethanol. Sub
sequent dilution with dilute acetic acid gave a white 
precipitate, m.p# below 70°, rising on recrystallisation



12.

to 175°.
The method now adopted is simply to introduce an 

excess of hyo.razine hydrate to a warm solution of 
diphenacyl sulphide (66* RsE) in glacial acetic acid, 
and the desired 2,7~dihydro~3,6~diphenylthiadiazepine 
(64* RsH) crystallises in high yield within a, short 
time#

The reaction could also afford a monohydrazone or 
a dihydrazone, however elemental analysis in conjunction 
with infrared spectral evidence shows that the compound 
produced hy the reaction is the required dihydrothiadiaze^ 
pine (64* R=rH). The compound analyses for 
(see table 1} « The infrared spectra* (nujol or KC1 disc) 
do not show any absorption attributable to> either an >111 
or a carbonyl group in the molecule# Hence both a 
monohydrazone and a dihydrazone structure for the compound 
can be excluded#

TABLE 1#

Sound C16H14N2S C16H16H20S
R=H) Monohydrazone

C 71.75 72.15 57.6

C16E1SH4 S
Lihydrazone

64 • 4 •

H 5.35 5*3 5.65 6.1



The 2*7—dihydro—3*6—diphenylthiadiazepine (64* RsE)
can possibly tautomerise to either a 2 *6-dihydro form
(67* H sH) or a 4,5-dihydroform (68* HssH). As already
mentioned, the solid state infrared spectra- of the dihydro—
thiadiazepine (64* Ssl) show no absorption attributable to
an ->LH group* but in dilute carbon tetrachloride solution*

-1absorption at 3418cm. could only be assigned to an >UH 
group. Therefore in dilute carbon tetrachloride solution, 
the dihydro thi adiazepine (64* R sH) may tautomerise to 
some extent, possibly to the 2*5-dihydro tautomer (67,* Rssli) • 

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)» (67) and (68)* then this equilibrium must normally 
lie well to the side of the 2*7-dihydrothiadiazepine 
tautomer (64* Rs=H)o

The 2*7-dihydro-3*6—diphenylthiadiazepine (64* R»H) 
was treated with a variety of oxidising agents in an attempt 
to obtain 3,6-diphenyl thi adiazepine (63* RsE), but was 
recovered unchanged after treatment with the following 
reagents, chloramine—T, chloranil, mercuric chloride and 
mercuric oxide, (both in alcohol and the higher boiling 
toluene). However the use of E-bromosuceinimide in 
carbon tetrachloride, a reagent icnown to effect



aromatisation or mild bromination/dehydrobromination^ 96C,61
did meet with some measure of success. The reaction of
N-bromosuccinimide in carbon tetrachloriue on the
dihydrothiadiazepine (64, RsH), using a lamp heater as a
source of heat and photons, was initialljr carrieu. out by 

58-Begg * who obtained the expected product 3,6-diphenyl- 
pyridazine^ (63* RsH), This result has been confirmed 
by the writer, and the reaction extended to two new 
dihydrothiadiazepines (64* RsBrj RssCHj), which respective! 
afforded the known6^ pyridazines (65, RsBrj RsOHg).
The two new dihydrothiadiazepines (64* R=*Brj RssCH^) were 
prepared by the method adopted for the parent compound 
(64, RsK) •

04 ^Groebel has shown that phenyl phenacyl sulphide 
(by) reacts with h-bromosuccinimide in ca.rbon tetrachloride 
affording the 2-bromo sulphide (70), and he has subsequently 
extended this reaction to a series of substituted phenyl

* H nphenacyl sulphides .
By analogy with this work, one would expect II- 

bromosuccinimide to react with the dihydrothiadiazepine 
(64) to give a 2-bromo compound which could spontaneously 
eliminate hydrogen bromide to form the episulphide (71)•
This episulphide (71) could then extrude sulphur as shown, 
affording the 3,b-diarylpyridazine (63).



Ill this connection it is extremely interesting to 
observe the recent report of Maier66 who assigns the 
bisaza-norcaradiene structure (73) to the initial, product 
obtained by reaction of trans~l,2", 4-tribenzoyl cyclopropane 
(72) with hydrazine* The compound rearranges to 3,6- 
diphenyl-4-phenacylpyridazine (74) on treatment with conc. 
hydrochloric acid.

Thus although the h-bromosuceinimide method does not 
produce 3,b-aiarylthiadiazepines (62)> the structure of the 
postulated episulphide intermediate is intimately related 
to tnat 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, R =K; 
RsBr; R ssCiy into the pyridazines (63, RsH; RrsBr; RsCIL^) 
using N-bromosuccinimide proceeded in high yield, and 
experiments were tried on the parent dihydrothiadiazepine 
(64, RsH), to see if bromine alone could effect the change. 
The reaction proved to be complex. Addition of a solution 
of bromine in acetic acid to one of the dihydrothiadiazepine 
(64, RsH) in the same solvent, gave a brown solid precip
itate, perhaps a perbromide addition complex, which could 
not be characterised. It was converted, however, into 3,6- 
diphenylpyridazine (63, RsH) when refluxed in the reaction
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mixture or in acetic acid. In either case the yield was 
much inferior to that obtained using E-bromosuccinimide, 
which is the preferred method.

Since the reaction of U-bromosuccinimide with the 
dihydrothiadiazepines (64, R:sH; RsBr; RstCHj) is thought 
to proceed via a 2-bromo compound, the independent prep
aration of such a 2-halo derivative could provide more 
information on the exact mechanism whereby the formation
of the pyridazines (63, RsH; RsBrj HsGil^) occurs.

67Bordwell and Pitt have shown that 2-chioro sulphides
can be formed by treatment of a suitable sulphide with
sulphuryl chloride in methylene chloride. Consequently 
the dihydrothiadiazepine (64, RssH) was treated with this 
reagent in the hope of obtaining a 2-chlorodihydrothia- 
diazepine. The product obtained was dimorphic, 
crystallising either as colourless prisms m.p. 158° (dec.) 
or as soft white needles m.p. 179° (dec.) . The compound 
gave 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.57) gave a small amount of 3,b-diphenyl- 
pyridazine (o3, RssH) and a 75$ yield of benzoic acid. 
Therefore the chlorine atoms have not substituted in
either of the benzene rings.



Infrared spectra of m e  dichloro compound (nujol and 
KG1 disc) showed no absorption attributable to an >EIi group 
but it was not possible to say whether the compound still 
possessed a methylene group or not. The spectrum was 
therefore recorded in dilute carbon tetrachloride solution 
and compared with a similar spectrum of the starting 
dihydrothiadiazepine (t>4, RsH). Both spectra showed 
identical maxima in the 3200-27OOcmT^ region or the spectrum 
but in the dichloro compound, the absorption maxima 
associated with methylene groups were reduced in intensity 
relative to that for maxima associated with the aromatic 
groups- Since the compound contains two chlorine atoms, 
as analyses show, then the infrared spectrum would suggest 
that the compound is a 2,2-dichloro (7b, X “ Y ‘»CI), and not 
a 2,7-dichloro aerivaoive (76, X = Y=>C1) of the dihydro
thiadiazepine (c4, R =sH) . In this connection, Truce,

63Birum and HcBee , 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 group. By analogy, one would expect the 
dichloro derivative of the dihydrothiadiazepine (64, RsH) 
to be a 2 ,2-dichloro derivative (75, X s Y s C l ) .

It was also Interesting to note in the dilute solution



spec'orum of the dichloro compound a peak at 3418 cmT̂ - which 
must he due to >UH absorption. Since this is not present 
in the solid sta/te spectra, the dichloro compound, like 
the parent dihydrothiadiazepine (64, RsH), may he capable 
of tautomerism.

A well Known method for conversion 01 vie-dihalides 
into ethyienic compounds employs sodium iodide in acetone 
or alcohol, and the same process can he used to convert 
a suitable 1,3-dihalogeno compound into a cyclopropane 
derivative. Since the dichloro compound could have been 
a 2,7-dichloro derivative (76, X ^ Y  =.G1) of the dihyaro- 
thiadiazepine (64, RatII) , treatment of the dichloro 
compound with sodium iodide in acetone could give the 
episulphide (71, RssH) which should then extrude the 
sulphur atom affording 3,6-diphenylpyridazine (63, Rs.Il) ,

At room temperature no reaction occurred, 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 material was obtained. However alter 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
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gave a 6y^ yield of 3,6-diphenylpyridazine (63, R^II),
Since the infrared spectral evidence suggests that the 
dichloro compound is a 2,2-dichloro derivative (75, X ^ Y s O l )  
and hot a 2,7-dichloro derivative (76, I s I s C l ) ,  it is 
difficult to see how treatment with sodium iodide in 
acetone effects conversion into 3,6-diphenylpyridazine 
(63, R=H), Perhaps since the treatment with sodium 
iodide in acetone has to be prolonged, the 2 ,2-dichloro 
compound (75, X=rY =CX) may rearrange via a 2,2-dihalogeno 
derivative (75, X^Y) to the 2,7-dihalogeno isomer 
(76, Xj6Y) which may then be the final reactant molecule*

The dihydrothiadiazepines (64, RsHj R=Er; RssGH^) 
when heated above their melting points effervesce, the 
evolved gases blachening lead acetate paper, and attempts 
were thereiore made to isolate the organic products of ■ 
these decompositions. In every case, the corresponding 
pyridazine was obtained, but the yields were poor. By 
refluxing the dihydrothiadiazepines (64, RsHj RssBr;
R SCH3) in ethylene glycol however, high yields of the 
corresponding pyridazines (63, RssH; R=Br; RsCHg) were 
obtained. A possible mechanism for the reaction can be 

written as shown*



Alternatively the reaction may proceed, through an initi 
oxidation to the thiadiazepine (62) followed by a simple 
extrusion of sulphur.

The temperature required for this reaction is fairly
moderate, shout 200°, in comparison with other systems
such as dibenzothiepins (53) or dibenzothiazepines (55)

n 51 59 5^which require a reaction temperature of about 300 *' ̂ 9Kj'~’9

Presumably in these structures the two benzene rings fused 
to the central thiepin or thiazepine ring confer a higher 
degree of stability, and this may similarly be found for 
dibenzothiadiazepines (60)« It is nevertheless apparent 
that the thermal instability of the dihydrothiadiazepines 
(64, RssH; RsEr; Rr^GHg) provides an easy method for their 
conversion into the corresponding pyridazines (63, R=sH; 
RrrBr; R = G H 3).

Extrusion of sulphur is not confined simply to the 
bivalent sulphur atom; some examples of extrusion of an 
oxidised sulphur atom have already been described, and 
a few more examples will now be given. Galt, Loudon and 
Sloan54 found that treatment of the thiazepine (77) vath 
hydrogen peroxide in acetic acid gave the acridme (.Z^)» 
and it is suggested that the sulphur atom is oxidised to 
an intermediate S—monoxide which can then eliminate 
sulphur monoxide. Under similar conditions, Lrudsher and



oyMcDonald converted derivatives of the pyricto(.2 ,1-b) -
benzolf)(1 ,3)thiazepinium system 12£) into the benzo(a)-
quinolizium system 180) , and again an intermediate is
probably an oxidised form of the sulphur atom. It is
also of interest to- observe that Gilman and Sway amp at
found a preferential extrusion of the oxidised sulphur
atom in thianthren-5-oxide (81) similar to that observed
with 1,4-dithiadiene-S-monoxides (82)15,16,17,15*o5#

71 7?Sultones 9 such as (83) and sultarns such as (84) 
also extrude the oxidised sulphur atom to give aromatic 
products. In a similar fashion, thiophen sulphones and 
acetylenic dienophiles react to give adducts (85) which

Anyield aromatic products by extruding sulphur dioxide0 *
We therefore decided to prepare the 2 ,7-dihydro-3,6- 

diphenyl thiadiazepine-S-dioxides (87, R=H$ RssBr; R=CH-) 
and to compare the ease of their expected conversion into 
the corresponding pyridazines (63, HsH; R=Br; Rs^CH^) 
with the ease of conversion of the unoxidised dihydro
thiadiazepines (64, RssH; RsrBr; RsnCH^) •

One route to the dihydrothiadiazepine-S-dioxides
(37, R=Hj R =  Br; R =  0H3) was by reaction of hydrazine

/ 56 71hydrate with the bis phenacyl sulphones (86., R=?H ; R = B r  J 
RsrOHj). The keto-sulphones (86, R =  H; HsBr; R =CE^) 
were easily prepared by oxidation of the keto-sulphides



) with potassium permanganate in
acetic acid.

The reaction of diphenacyl sulphone (86, R =  H) with

the dihydrothiadiazepine-S-dioxide (§2, BsH) m.p. 206° 
and a monohydrazone m.p. 185°• In our hands, addition 
of hydrazine hydrate to a warm solution of diphenacyl 
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-diph.enylpyridazine (63,
R =  II) . The compound analysed for the dihydrothiadi
azepine-S-dioxide (87, R =  H) and not for a monohydrazone 
or a dihydrazone (see table 2).

hydrazine hydrate has been previously reported^ to yield

TABU] 2

016318*492 S
Dihydrazone

G1 6 % 4 % 0 2S
(87)

^16*16"2^3° 
MonohydrazoneBounds

G 64*3 64.4 60.75 58,15

H 4.4 4.7 5.1 5.5

M 9.45 9.4 8.9 16.95
The infrared spectrum (nujol) showed no absorption 

attributable to an or a carbonyl group, but did retain



peaks associated with the sulphone group at 1324 and 11.42,
-11118cm. . The compound is therefore the required 

dihydrothiadiazepine-S-dioxide (87, RssH) .
Similar treatment of the keto-sulphone (86, li ssCH^) 

with hydrazine hydrate in warm acetic acia gave the 
dihydrothiadiazepine-S-dioxide (87, HssGIi^), "but under the 
same conditions, the keto-sulphone (86, RsBr) gave only 
the pyridazine (63, RsBr). Presumably the dihydrothia- 
aiazepine-S-dioxide (87, BssBr) is too unstable for isolation 
under these conditions. However all three dihydrothia- 
diazepine-S-dioxides (87., RsHj RssBr; HsGH^) could be 
obtained by oxidation of the corresponding dihydrothia
diazepines (64, R=:E; R=:Br; HnCH^) with potassium 
permanganate in acetic a-cid.

In contrast to the dihydro thiadiazepine (64, Kssl-I), 
the dihydrothiadiazepine-S-dioxide (67, RsH) could be 
recovered unchanged after treatment with TT-bromosuccinimide 
in carbon tetrachloride.

The dihydrothiadiazepine-S-dioxides (87, R = II; RssBrj 
H = G H 3) were easily converted into the corresponding 
pyridazines (63, RsH; R =  Br; RsCHs) however, simply by 
melting, or short reflux in either acetic acid or ethylene 
glycol. The dihydrothiadiazepine-S-dioxiae (87, R=H) 
also afforded S,o~diphenylpyriaazine (63, RsIT) by longer



reflux in ethanol. These facile thermal reactions show 
that in this series of compounds, the oxidised sulphur 
atom is more easily eliminated by thermal means than is 
the unoxidised sulphur atom. The dihydrothiadiazepines 
(54, RssH; R =  Br; RsGH^) are recovered from boiling 
acetic acid or toluene, conditions under whicn the 
dihydrothiadiazepine-S-dioxides (87, R — H; SsBr; R s C H 3) 
are smoothly converted into the corresponding pyridazines 
(63, RssH; RsBr; R » C H 3) .

The gases which could be detected in the thermal 
decompositions of the dihydrothiadiazepine-S-dioxides 
(87, RssH; RsBr; RstCH^) 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 sulphones or acyclic sulphones. Por example, it 
is wellknown7^ that the reaction between butadiene and 
sulphur dioxide to give 2,5-dihydrothiophen sulphone (88) 
is reversible, the five-membered cyclic sulphone reforming 
the starting components on being heated. Gava and his 
co-workers have extended this process to the synthesis 
of benzocyclobutene ̂  (89); napKtho(b) cyclobutene^ (90)

ry uand naplitho( a) cyclobutene (91) by pyrolysis of the



appropriate dihydrothiophen sulphone (92) ; (93) and (94) . 
In each case the orthoquinodimethane (9b) ; (96) and (9 7) 
was formed and could be trapped by reaction with H- 
phenylmaleimide.

79La Combe and Stewart have found that certain allyli 
sulphones lose sulphur dioxide on pyrolysis, affording 
olefinic products. Thus allyl benzyl sulphone (98) may 
be converted into 4-phenyl-l-butene (99), and to 
accomodate their observations, they propose an intra
molecular cyclic mechanism as shown. They further sugges 
that a comparable mechanism could account for the products 
obtained in the pyrolysis of the dihydrothiophen sulphones

If such a scheme were applied to the dihydrothia- 
diazepine-S-dioxide (87), then an intermediate of structur
(100) could be obtained, which might form the dihydro- 
pyridazine (103), via either an open chain intermediate
(101) or an episulphone of type (102). The dihydro- 
pyridazine (103), if formed, should immediately oxidise to 
the pyridazine (b3) . In none of the other examples of 
pyrolysis of sulphones was such a final oxidation step,
(103) .*» (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



U QReichold , on treatment of cl I az o cy cl oh exyl e thyln e than e 
(104, H s G ^ ;  with sulphur dioxide, obtained
two stereoisomers of molecular formula Gn oH^olTo0oS. MienJLo 0<i & tL

either isomer is passed through neutral alumina, the
ketazine (100, RsG^H^; R* r=.GgH^) is produced; and at 200°
both decomposed to give the ethylene (106» RsC^E^; 11 zz.

GgHn) . The authors prefer the structure (107, PisCg^j 
» N for the isomers, and cyclic intermediates can be 

written,(108) and (109), for the formation of the xetazine 
(105. RsaC R 1 =.GgIl^^) respectively.

In our case, a mechanism similar to that suggested 
for the thermal conversion of the dihydrothiadiazepine (64) 
into the pyridazine (63) can also be envisaged. 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 was the 
preparation of 3,-b-diarylthiadiazepines (62) by the 
oxidation of the corresponding dihydrothiadiazepines (64)•
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This lias not been achieved, possibly because the conditions 
necessary to effect oxidation of the relatively stable 
dihydrothiadiazepines (64) would be sufficient to effect 
extrusion of sulphur from'the thiadiazepines (62).
Methods for the conversion of the dihydrothiadiazepines 
(64) into pyridazines (63) , both thermal and chemical, have 
been devised however, and" it has been shown that in this 
series of compounds, the oxidised sulphur atom is more 
easily eliminated than the unoxidised sulphur atom.
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EjgEHBlEM'AL

Infrared absorption maxima are quoted for samples run 
on a Perkin Elmer Hodel Ho. 13 unless otherwise stated.
Where hydrazine hydrate is used in this and other chapters, 
this refers to 100/& hydrazine hydrate. Similarly hydrogen 
peroxide refers to 30/e hydrogen peroxide. Petrol refers 
to light petroleum (b.p. 60-80°) unless otherwise stated. 
Diphenacyl Sulphide (66, RsH).'

0 7This was prepared by the method of Promm and Elaschen or 
by the following method.
Sodium sulphide nonahydrate (20g.) was dissolved in hot 
moist dimethylformamide (200cc.)A The cooled solution 
was added slowly at room temperature with stirring to a 
solution of phenacyl bromide^ (20g.) in dimethyl formamide 
(IGOcc.). The mixture was stirred 3Qmins. after coj'nplete 
addition, then diluted with water, and the precipitate 
crystallised from ethanol affording diphenacyl sulphide as 
white prismatic needles (10.8g.) m.p. 77-78°.
2 »7-Dihydro-3 .b-dj-phenylthiadiazeuine (64, RsH) .
Excess hydrazine hydrate was introduced into a solution 
of diphenacyl sulphide (lOg.) in hot glacial acetic acid 
(30cc.). After shaking the hot solution for a few nins.f 
cooling induced the dihydrothiadiasepine to crystallise as
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vhite needles (8.2g.) m.p. 174-175°. (Round: C, 71.75? 
ri,o.o5. Gale, for ^ 5^14^2^ • ^f^S.lb? EL,5.3/;>) . 
if max (Q.005mol. in CC1A) MXScmZ^ >

3-bromosuccinimide Oxidation6^ •
2.7-Dihydro-3,6-diphenylthiadiazepine (l.33g.); H-bromo- 
succinimide (0.89g.) were refluxed in carbon tetrachloride 
(50cc.) for lhr. by means of a 250watt lamp heater. On 
heating, the solution changed colour from colourless, 
through yellow and orange to red, and luminesced, brightly 
for a few minutes. The blacicish solid (ca. X.8g.) which 
separated out from the hot carbon tetrachloride was 
recrystallised from ethanol with charcoaling, affording 
3,t>-diphenylpyridazine (63, Ral) as silvery leaflets (lg.) 
m.p. and mixed m.p. with an authentic62 sample 220-221°.
Bis-( n-bromophenacyl) -sulphide^2(66 » R~Br) •

cj rz.This wras prepared from p-bromophenacyl bromide (65, H =  3r) 
by reaction with ethanolic sodium hydrogen sulphide, and 
was obtained as yellowish plates (ethanol.) m.p. 141-1.43°,
2.7-Dihydro-5.6-di-(p■-bromophenyl) -thiadiazepine (64, RssDr) « 
This compound was obtained in V>G% yield by the method 
adopted for the parent dihydrothiadiazepine (64, RssH} ,
as colourless needles (benzene-petrol) m.p. 201-202°.
(Rounds 0,45,75? H,2.95? 3,6.85. C^gK-^BrgRgS recfuires
G,45.3? Ii,2.85? 3,6.6£).
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11-br omosucc intrude on the Dihydrothindiazeoine (64, 11 =Xr) • 
Using the technique adopted for the parent difcy dr o thia
diazepine (64, HsH), the dihydro thiadiazepine (64, RstBr) 
was converted in 78$ yield "by IKbromosuccmimide into the 
pyridazine (63, RnBr) which was obtained as colourless 
rods (ethanol) m.p. 286-288° (lit.53 285°). (Round:
E,7.5. Calc, for G16E10Br2h2 : IT,7.2$).
Bi s— (n-m ethyl oh enac.yl) - sulphide82 (66 , H — CH^) •
This sulphide was obtained from p-methylphenacyl bromide8^ 
(65. EssCE^),- by reaction with ethanolic sodium hydrogen 
sulphide, as colourless prisms (ethanol) m.p. 88-89°.
2 »7 - .Dihy dr o - 3 . 6 - d i- (, t olyl) -thiadiaz ep ine (64, H =  CH^) .
This compound was prepared in 80$ yield, by the method 
adopted, for the parent dihydrothiadiazepine (64, H~PI) , 
as colourless rods (ethyl acetate) m.p. 214-215°« (Round;
C , 7 3 • 2; 11,5.9; 1,9.6. ^XQE1QIJ2S requires 0,73.45; E,6.15;
IT,9.5$) .
IT-bromosnccinirnide on the dihydrothiadiazepine (64, U s C E q ) . 
Using the technique adopted for the parent compound (64, 
R=K), the dihydrothiadiazepine (64, Hss-GHg) was converted 
in 60$ yield, by IT-bromosuccinimide, into the pyridazine 
(63, Rs^GEj), obtained as colourless needles (ethanol) 
m.p, 235-236° (lit.63 231-232°). (Sound* 11,10.85. Calc, 
for C18H16K2 : H,10.75#).
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Action of Bromine on the jjihyd.rothiadiazepine (64, A — II) . 
Aliquots (lcc*) of a solution of bromine (0.12cc.) in 
glacial acetic acid (5cc.) were added every 3Qmins. at room 
temperature to a solution' of 2 ,7-dihydro-3,6-diphenyl thia
diazepine (Q.5g.) in glacial acetic acid (25cc.). a broom 
solid precipitate gradually separated out. The mixture 
was refluxed for 4hrs.., coolect, diluted with water, 
extracted with ether and the combined ether extracts washed 
several times with saturated sodium bicarbonate, then wator? 
and dried. After removing the solvent, the red solid 
product was crystallised from ethanol with charcoaling 
affording 3,6-diphenylpyridazine as colourless plates 
(0.18g.), m.p. and mixed m.p. with an authentic sample0^ 
221-222°*
2.7-1 ih.ydro-3,fe-dipheny 1 thiadiazepine (64# RsH) with

67Sulphuryl Chio ri de .
A solution ox sulphuryl chloride (2.5g.) in dr3r methylene 
chloriuo (X5cc.) was carefully dripped into a solution of
2 .7-dihydro-3,b-diphenylthiadiazepine (4g.) in dry 
methylene chloride (40cc.). The mixture was then gently 
refluxed for lhr.# some of the solvent was removed in vacuo,

, u: a>u
and the solid material which separated out was filtered and 
dried giving a pinxish solid (1.7g.) m.p. 155° (dec.). 
Evaporation of the filtrate gave a blacx tarry residue



from which no crystalline material could he 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 however, and the compound appears 
to be dimorphic. Elements tests showed the presence 
of chlorine, nitrogen and sulphur. (Pound : 0,57.45;
H,4.1; N,8.45. C16H12N2G12S reQUires 0,57.3; H,3.6;
N,8.35$. C16H13N2C1S reduires C,63.85; H,4.35; N,9.3^) .
if max (0.005m. in C014) 3418cmT1.
Oxidation of the Dichloro Compound.
The dichloro compound (223mg.) was suspended in ethanol 
(25cc.), hydrogen peroxide (4ec.) was added and the 
mixture was refluxed 1.5hr.. After evaporating some of the 
ethanol, dilution with water gave a white precipitate 
which crystallised from ethanol as colourless plates (l3mg.) 
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 (I14mg.), 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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A solution of socuum loaiae (lOlmg.) in acetone (2 .occ.) 
was added to a solution of the dichloro compound (l04mg.) 
in acetone (l5cc.), and the mixture was allowed to stand 
4hrs. at room temperature -with occasional shaking.
Dilution with water gave a white precipitate (91mg.)
whose infrared spectrum was identical to that of the starting
material.
h) 3hr. Reflux.
A solution of sodium iodide (l03mg.) in acetone (2.5cc.) 
was added to the dichloro compound (l05mg.) in acetone 
(I5cc.) and the mixture was refluxed 5hrs. The solution 
became yellow-orange in colour, and a slight amount of 
inorganic material was precipitated. Gooling and dilution 
with water gave a white precipitate (94mg.) whose infrared 
spectrum was identical to that of the starting material, 
c) 24hr. Reflux.
The dichloro compound (20Qmg.) and sodium iodide (80Qmg.) 
were refluxed in acetone (30cc.) for 24hrs. The solution 
"became red-brown in colour and there was a definite 
precipitate of sodium chloride. The solution was cooled, 
diluted with water, and the precipitate obtained 
crystallised from ethanol .as colourless plates (9Qmg.), 
m.p. and mixed m.p. with 3,6-dinhenylpyridazine 2.19-221°.

The mother liquors of the crystallisation contained



more solid material, but its infrared spectrum suggested 
that it might be the starting dichloro compound.
Ethylene Glycol Decompositions.
a) 2,7-Dihydro-3,b-diphenyl thiadiazepine (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, H^rBr) was converted in 76^ 
yield into 3,6-di(p-bromophenyl)-pyridazine (63, Rr-Br).
c) Similarly 2,7-dihydro-3,6-di(p-tolyl)-thiadiazepine 
(64. R~CHj) was converted in 78^ yield into 3,6-di(p~tolyl) 
-pyridazine (63, R~ GH^) •
Preparation of the Bis-phenacyl Sulphones (8b, Rr=H;
R=Br; R =  CH3).
a) Diphenacyl Sulphone (86, RsH) •
A solution of potassium permanganate (8g.) in water (240cc.) 
was added to a solution of diphenacyl sulphide (8g.) in 
acetic acid (bOcc.) and the mixture allowed to stand lhr. 
with occasional mild warming and shaking. After decolour
ising with sulphur dioxide, the yellow precipitate was
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crystallised from ethanol giving diph.ena.cyl sulphone as 
white plates (6.9g.) m.p. 119-120° (lit. ^  120°).
*>) bis-(p-bromophenacyl) Sulphone (86, R =  Br) . 
£is-(p-bromophenacyl) sulphide (l.bg.) was refluxed Ihr. in 
glacial acetic acid (30cc.) with hydrogen peroxide (10cc.).
The precipitate, obtained after cooling and diluting with 
water, crystallised from ethanol affording his-(p-bromo- 
phenacyl) sulphone as soft white needles (l.lg.) m.p.
205-206° (lit.74 201-202°). (Round; 0,41.45; 11,2.3.
Gale, for ci5Hi2"r2^4^s C,41.75; H,2.65>) .
This sulphone could also he prepared as in (a) above.
c) his- (n-methvlnhenacvl) Sulphone (.86, RnCH^)*
Oxidation of bis-(p-methylphenacyl) sulphide by the method 
described in (a) above gave bis-(p-methylphenacyl) sulphone 
as colourless needles (ethanol) m.p. 147-148°. (Round; 
0,65.35; H,5.3o. C1QH13O4S requires 0,b5.45; Ii,5.5/hj . 
Preparation of the Dihydrothiadiazepine-S-dioxides (87,
R m H; .a s  Br; R n  Oiî ) •
a) 2 .7-Rihydro- 3. o-diphenylthiadiazepine- S~dioxide (37? H — II) •
(i) Dxcess hydrazine hydrate was Introduced into a 
solution of diphenacyl sulphone (1.4g.) in warm glacial 
acetic acid (25cc.). The mixture was shaken briskly, 
then immediately cooled and diluted wxth water. The 
resulting precipitate crystallised from benzene, affording



the dihydro thiadiazepine-S-dioxide (87, RssH) as soft 
white needles m.p. 196° (with effervescence). (Pounds
0,64.3; E , 4 • 4; H,9.45. Calc, for 0,64.4;
h,4.7; h,9.4/<?) • *V"*max (nujol) 1324; 1142, 13.18cn.^*.
(ii) A solution of potassium permanganate (0.5g.) in water 
(20cc.) was added to a solution ox 2,7~aihyaro~3,6- 
diphenyl thi adiazepine (0.5g.) in acetic acid (30cc.) and 
the mixture was allowed to stand lhr. at room temperature 
with occasional shaking. After decolourising with sulphur 
dioxide, the precipitate was crystallised from benzene 
giving the aihyarothiadiazepine-S-dioxide (87, K — H) as 
soft white needles m.p. 196°, identical in every respect 
to the material obtained by the previous method,
b) The Dihydr o thi ad i as enine- S-dioxide (87, H^Br) .
Attempts to prepare the dihydrothiadiazepine-S-dioxide 
(87, HrrBr) 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 sBr) was however obtained, 
using the teohnique (a)(ii) above, as colourless prisms 
(chloroform) m.p. 224-225°. (Pounds 0,42.1; H,2.85; 
h,5.95. C16Hl2Br23d202S requires 0,42.1; H, 2.65; U,6.15>).
l/max (nujol) 1324; 1142, 1131cm.^.



37

c) Hie Dihydro thi adiazepine- S-dioxide (87, H=sCH3) .
Tlais compound could "be obtained either from p-m ethyl- 
phenacyl sulphone (86, R — CIÎ ) hy method (a)(i) above, or 
from tlie dihydrothiadiazepine" (64, R — CH^j by the method 
(a)(ii) above, and crystallised as tiny colourless prisms 
(chloroform) m.p. 207-208°. (Pound: 0,66.1; H,6.0; 11,8.5. 
^13^18-^2^2^ requires 0,66.25; H,5.6; 1I,8 .6/Q . V*max (nujol) 
1528, 1309; USOcmT1 .
Decomposition of the Dihydrothiadiazepine"3-dioxides (87, 
xt — h ; h ts i j^ r ; h ss tO ii^ ) •

a) 2.7 -Dihydro - 3,6-diphenyl thi adi as ep ine- S- di o xi de (87, h ~ h
(i) The dihydrothiadiazepine-S-dioxide (87, R=II) was 
converted into 3,6-diphenylpyrid.azine in 90> yield simply 
by melting, cooling, and crystallisation of the product.
The gases evolved turned acid dichrornate paper green, and 
blackened lead acetate paper.
(ii) The dihydrothiadiazepine-S-dioxide (56mg.) was refluxed 
in ethanol (20cc.) for 8hrs.. On cooling, colourless plates 
(36mg.) were deposited m.p. and mixed m.p. with 3,6- 
dipjienylpyridazine 220-221°. The infrared spectra of the 
two samples were superimposable.
(iii) The dihydrothiadiazepine-S-dioxide (0.2g.) was
refluxed in acetic acid (lOcc.) for lhr. . Cooling, 
dilution with water, and crystallisation of the precipi bate



from ethanol gave 3,b-diphenylpyridazine as colourless 
plates (o.!3g.) identical in every respect to an authentic 
sample ( mixed'm.p. and infrared spectra ).
(iv) The dihydrothiadiazepine-S-dioxide (0.3g.) was refluxed 
in ethylene glycol for 3Qmins., the evolved gases 
blaclcening lead acetate paper and turning acid aichromate 
paper green. Cooling, dilution with water and crystall
isation of the precipitate from ethanol gave 3,b~diphenyl- 
p>2rridazine as colourless plates (0.2g.) identical in every 
respect (mixed m.p. and infrared spectra) to an authentic 
s ampl e.
h) Th e d ihv dr o thi ad i az er> i n e- S- di oxi d e (87, H=Br) was 
converted into the pyriaazine (t>3, RsBr) in 75% yield by 
method (a)(iii) above.
°) The dihydrothiaaiazenine-S-aioxide (87, RsrCH^) was 
converted into the pyridazine (63, R^CHj) in 78% yield by 
method (a)(iii) above.
Attempted Decomposition of Phenoxathiin-S-monoxide.

q  pr

Phenoxathiin-S-monoxide (0.2g.) was heated with copper 
bronze (0.4g.) to> 340° (in a metal bafei) for lhr.. After 
cooling, the mixture was extracted with hot acetone, and the 
product obtained crystallised from methanol as colourless 
rods (O.log.) m.p. and mixed m.p. with phenoxathiin 04-56°, 
The infrared spectra of the two samples were identical.



Attempted Decomposition of Phenoxathiin-5-dioxide,
Phenoxathi in-S-dioxide^ (0.2g.) was heated with copper 
bronze (0.4g.) at 340° (in a metal bath) for Ihr.. Afte 
cooling, the mixture was extracted with hot acetone, and 
the product crystallised from ethanol as colourless needl 
(0.15g.) m.p. and mixed m.p. with starting material 144- 
146°. The infrared spectra of the two samples were 
sup e r imp o s abl e •
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INTRODUCTION

A variety of reagents can be used, for the oxidation
of sulphides to sulphones-*-. As noted in the previous
chapter, the dihydrothiadiazepines (l, R~H; R=Br; R=lCH3)
for example, were oxidised to the dihydrothiadiazepine-S-
dioxides (2, R=:H; R = Brj RziCH^) hy potassium permanganate
in acetic acid. Another well known method for the
oxidation of sulphides to sulphones employs 50% hydrogen

2peroxide in acetic acid. This reagent has also caused 
extrusion of sulphur from the thiazepine (3) giving the 
acridine (4); and the pyrido(2,1-b)benzolf)(1,3)- 
thiazepinium system t̂>) being converted into benzo(a)- 
quinolizium salts (6)3.

Since the dihydrothiadiazepine-S-dioxides (2, R = H; 
RrBrj R=;CH5) could readily be obtained by oxidation of 
the dihydrothiadiazepines (l, R = H; R~Br; R— CHg) with 
potassium permanganate in acetic acid, it seemed probable 
that hydrogen peroxide in acetic acid would effect 
similar oxidation with or without extrusion of sulphur, 
and we therefore investigated these possibilities.



PART I*
DISCUSSION.

Initial experiments on oxidation of the dihydro- 
thiadiazepine (1, R=.H) with 50% hydrogen peroxide in acetic 
acid at 95° for one hour gave no water insoluble products, 
a remarkable result in the circumstances. However when 
the dihydrothiadiazepine (1, R — H) was refluxed in ethanol 
with 50% hydrogen peroxide, dilution with water gave a solid 
product, crystallising from benzene as colourless prisms 
m.p. 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* RsH), the expected product of extrusion of sulphur
from the dihydrothiadiazepine (I, RsH).

The compound was a weak base, affording a bright 
yellow picratef m.p. 160°, and with dry hydrogen chloride 
in anhydrous ether, forming an unstable hydrochloride m.p. 
231°, although in aqueous mineral acid there was no evidence 
of salt formation. The compound, with acetic anhydride, 
gave a mono-acetyl derivative m.p. 84-85° and the problem 
presented at this stage by the analytical results is shown 
in table 1.



TABLE 1,
Base Acetyl Bicrate

C H C H sr 0 H

Pound 02.2 5.4 12.5 78.2 5.3 10.4 56.85 3.3 15.2

G16HJL4H2 a2.0 6.0 12.0 78.2 5.85 10.15 57.0 3.7 15.1

GI6H12N2 S>2*7 5.2 12.1 78.8 5.15 10.2 57.25 3.3 15.2

G15H12N2 81.8 5.5 12.7 77.8 5.4 10.7 56.1 3.35 15.6

A C16 formula seemed by far the more probable. The 
presence of an acetylatable hydrogen atom excluded all 
purely aromatic, six-membered diazâ -systems. Moreover the
infrared spectrum (KOI disc) of the base showed strong 
absorption at 2850 and 1464cml’1' indicative of the presence 
of a methylene group.

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

4 5(yellow mercuric oxide, chloranil, nitrous acid 9 and
/?alkaline hydrogen peroxide were tried without success) 

indicating an aromatic nucleus. The instability of



yj r /Jdihydropyridazines appears to "be fairly well established 9 * 
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 
similar arguments lead to the exclusion of structures such 
as (9) which are likewise unstable7. Hence a five-membered 
heterocycle with either a pyrrole or a pyrazole system was 
indicated,

Aminated pyrrole structures such as (10) are untenable 
since there is no evidence of an-HH^ group in the infrared 
spectrum. Such a compound would also be expected to react 
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 KC1 disc) 
show an abnormally high amide carbonyl frequency at 1735cmT^#

QOtting 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.



TABLE 2 .

—  u q  y  u
R=COCH3 R R K R
\T(C = 0) 1732 1747 1765 1779cm7l (KC1 disc)

Hence car "bony 1 absorption at 1735cm7^ could possibly 
fit an acetyl pyrazole.

In terms of a formula, the base should therefore 
be a methyldiphenylpyrazole (ll) or a benzylphenylpyrazole 
(12).

It was at this point that the probability of a C-̂ g 
formula came seriously into question. Conceivably in the 
infrared spectrum of the base, strong absorption at 2850 
and 1464cm7^ can be due to a methylene or a methyl group.
In the spectrum of the acetyl derivative however, the 
strong absorption at 2850cmT'L disappears, and even the 
methyl group absorption (appropriate to the acetyl group) 
is not evident. Moreover, comparison with the recorded 
infrared spectra of pyrazole^, iminazole and 1,3,4-triazole^ 
shows that the absorption at 2tsb0and 1464cm7^ are in fact 
characteristic of the >KH and >C~N~ groupings in the 
heterocyclic nucleus. There is therefore no evidence for 
a methylene or a methyl group in the base, and the C16



formula had to he abandoned.
With attention now directed to the Ĉ 5 formula, the 

problem was immediately solved, the compound being recog
nised as the known 3,5-diphenylpyrazole (13, R=sH). This 
was fully confirmed by a known synthesis11 (from chalcone 
dibromide by reaction with hydrazine) and direct comparison 
of the samples, their infrared 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 Ĝ g formula, still persisted.

The reaction has been successfully extended to two 
other dihydrothiadiazepines (l, R~Br; R^GH^) giving similar 
yields (@ 75̂ ) of the respective pyrazoles (13, R=Br; 
RsCHg) . Neither of these pyrazoles has been described 
before. They have m.p.’s 262° and 236-237° respectively, 
and show the characteristic pyrazole infrared spectra (KC1 
discs) of \Tmax 2855 and 1444cm71 (13, R~Br); and 2850 and 
1462cm!'1' (13, R=CH3).

Similarly their acetyl derivatives show the high amide
carbonyl peak at 173o and 1730cm71 respectively.

Therefore by this method of oxidation, the dihydro
thiadiazepines (1, R~H; R=Br? R=GH3) are converted into
the 3,5-di aryl pyrazoles (13, R~H; R^Br; RrrCH^) with



the loss of the sulphur atom and the methyxene group.
In order to suggest a mechanism for the reaction, it 

was necessary to define how the dihydrothiadiazepines (1, 
R=H; R^Br; R~CH3) lost the sulphur atom and the methylene 
group. Since during the reaction, a gas is evolved which 
blackens lead acetate 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)

Ip4^ mercuric cyanide solution to detect methyl mercaptan ;
(c) Z>fo mercuric chloride solution to detect dimethyl sul
phide1 ,̂ produced no change in solutions la) or (c) but 
gave a black colloidal precipitate in soxution lb)•
Mercury dimethyl mercaptide should be a white precipitate 
m.p. 174-175° 1  ̂so the precipitate 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 (1, R~H; R~Br; R~CH3) to the 
pyrazoles (13, R~H; R~Br; R = GH3), it seems probable that 
the action of hydrogen peroxide on the dihydrothiadiazepines



would be to effect oxidation of the sulphur atom. The 
products of such an oxidation would therefore be the dihydro
thiadiazepine- S-monoxides (14, R^H; R~Br,* R =  CH3) or the 
S-dioxides (2, R=H; Rr=Br; RrrCH^) .

Since the dihydrothiadiazepine-S-dioxide (2, R = H) can 
be converted into 3,6-diphenylpyridazine (7, RnH) by reflux 
in alcohol, the S-dioxides (2, R~H; RcrBr; R=:GH3) cannot 
be intermediates in the conversion of uhe dihydrothiadiaz- 
epines (l, R~H; R=Br; RzrCHg) into the pyrazoles (13, Rs=.H; 
R = Br; R^CH^). Attention therefore turned to the prepar
ation of the dihydro thiadiazepine-S-monoxide (14, R = H) .

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

The products of these oxidations were identical, 
cry stall i-aing from ethanol as soft white needles m.p. 181°



(dec.). Elemental analysis fitted the S-monoxide structure 
(14. RsH). The infrared spectrum (nujol) showed absorption 
at 1056cm7̂ * characteristic of the sulphoxide group. The 
compound could also be oxidised to the dihydrothiadiazepine- 
S-dioxide (2, R=I-I) 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, RsH) , 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* RnH) 
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 (l, R-H) to the 
S-monoxide (14, RrH), it was thought that if such an 
experiment were taken to this stage, when the S-monoxide



(14. R=:II) was known to be present, then a short period of 
heating should produce the dihydrothiadiazepine-S-dioxide 
(2, Rs:H). This was not the case, the product isolated 
was not the S-dioxide (2, RzsH) but 3,5-diphenylpyrazole 
(13. RrH). It was then found that short heating of the 
S-monoxide (14, HzrH) in acetic acid alone afforded 3,5- 
diphenylpyrazole (13, RdH) .

In view of these results, it seemed necessary to look 
at the reaction of the dihydrothiadiazepine (1, R = H) with 
hydrogen peroxide in acetic acid more closely. It was 
found that if hydrogen peroxide was added to a solution of 
the dihydrothiadiazepine (l, RsH) in acetic acia at yo°, 
then a crystalline precipitate of the dihydrothiadiazepine 
(l, RsH) 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, RsH) . This 
oxidation is therefore virtually instantaneous under these 
conditions. further experiments in this manner showed 
that by stopping both the heating and the reaction 5mins. 
after the addition of the hydrogen peroxide, 3,5-diphenyl
pyrazole (13, RrrH) is obtained. Thus the action of 
hydrogen peroxide in acetic acid on the dihydrothiadiaz
epine (l, R=H) is to produce immediate oxidation to the



S-monoxide (14, RsH) which is rapidly converted into 5,o- 
diphenylpyrazole (13, RsH).

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

Several mechanisms can be offered for the conversion 
of the dihydrothiadiazepine-S-monoxide (14, RsH) into 3,5- 
diphenylpyrazole (13, RsH), none of which however can be 
selected as representing the precise reaction course.
Eor example, sulphoxides such as (15) are known13’14 to 
cleave to a mere apt an (16) and an aldehyde (17) or some 
derived product of hemimercaptal formation13, under mildly 
acid conditions. Such a cleavage (scheme A) of the S- 
monoxide (14, RsH) affords the mer cap to aldehyde (18, RsH) 
which, by addition of the thiol group across one of the 
>G=I" bonds, might give the dihydro-1,3,4-thiadiazine 
aldehyde (19, RsH) . By rearrangement as shown, this 
aldehyde could eliminate thioformic acid and form 3,5- 
diphenylpyrazole (13, RsH). 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, RsH) is refluxed in ethanol contain
ing mineral acid. The value of hydrogen peroxide might be 
explained by a sequence of reactions such as scheme B.



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, RsH) and carbonyl sulphide.

1% 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 
sulphoxide14,1°« In scheme C, such a nucleophilic attack 
on the S-monoxide i!4. RsH) could achieve bond rearrange
ment with formation of 3,o-diphenylpyrazole (13, RsH) as 
shown. This scheme should not be acid catalysed, and so 
the conversion of the S-monoxide (14, RsH) 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 (l, RsH) with hydrogen peroxide in acetic acid 
had given only water soluble products, but it has now been 
shown that one can in fact isolate the dihydrothiadiazepine- 
S-monoxide (14, RsH) and then 3,5-diphenylpyrazole (13, RsH) 
from such an oxidation. These products are water insoluble 
and their conversion into water soluble products on longer



treatment must involve destruction of the 3,5-diphenyl
pyrazole. Consequently a series of such hydrogen peroxide/ 
acetic acid oxidation experiments were conducted on 3,5- 
diphenylpyrazole (13, RsH). fractions were removed at 
definite time intervals, and the products at these stages 
isolated 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 
(13, R=H), but was identified as 2,5-diphenyl-1,3,4-oxa- 
diazole (22)• Isolation of the water soluble products 
showed that these were dibenzoyl hjnirazine (23) and benzoic 
acid. The yields of the oxadiazole (22) and dibenzoyl 
hydrazine (23) were small, 8/ and 11/ respectively, the 
mao or product being benzoic acid. Repetition of the 
oxidation of the dihydrothiadiazepine (l, RzH) 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 water 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 
oxidation1*7 ’19• In our own experience, 3,5-diphenyl-



pyrazole (13, RsH) 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 (13), nor have we examined the precise 
course of this particular oxidation.

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 dihydrothia&iazepine (l, RsH)), but both for the 
pyrazole (13, RssH) and for the oxadiazole (22) degradations, 
the intervention of 3tf-oxides is possible and unexplored.



PART 2

It has already been noted that in lie conversion of a 
dihydrothiadiazepine (1, RsH; RsrBrj R 5 CH3) into a 3,5- 
diaryl pyrazole (13* RsH; RssBr; Es ch3), a gas is evolved, 
the nature of which has not been determined. With this in 
mind, the synthesis of the dihydrothiadiazepine (24) was 
attempted, for if this compound could be converted into a 
pyrazole, it should provide a fragment analogous to the 
volatile fragments in the previous cases, but of higher 
molecular weight, hence facilitating detection.

The appropriate keto-sulphide, desyl sulphide (25), did. 
not react 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 crystallised

The sulphide (25) reacted with hydrazine in alcohol 
to give a mixture of two compounds, in variable 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 product 
almost free of the other. One compound crystallised 
from ethanol as bright yellow prisms m.p. 164° and was 
quickly identified as benzylphenyl ketazine (2b) by



comparison with an authentic sample.
The identification 01 uhe other product proved more 

difficult. It contained nitrogen hut no sulphur, and had 
m.p. 152-153°. The infrared spectra, (nujol and KC1 disc) 
had if max at 3400, 3300 and 3200crn7̂  perhaps due to some 
type of >HH or ~'®I2 group in the itiolecuie; if max at 
I640cm7^, possibly due to a carbonyl group, the 'ifmax being 
lowered by some feature in the molecule other than aromatic 
conjugation; and if max at 1550cmT"̂ > possibly a >C »I- 
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 •
Consideration of possible structures suggested that the 
compound was benzil monohydrazone (27) , and this was con
firmed by comparison with an authentic sample. The low 
carbonyl frequency is therefore due to hydrogen bonding. 
Thus treatment of desyl sulphide (25) with hydrazine in 
alcohol affords a mixture of benzylphenyl ketazine (26)
and benzil monohydrazone (27) •

20Schonberg and Iskander have shown that treatment of 
desyl sulphide (25) with base gives desoxybenzoin and
benzilic acid. It is therefore conceivable that hydrazine
could similarly hydrolyse desyl sulphide (25) and that the



desoxybenzoin formed could then react with hydrazine to 
give benzylphenyl ketazine (26). furthermore, since the 
benzilic acid detected by Schonberg and Iskander must be 
derived from 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 formed without prior 
formation of benzil by the mechanism shown.

The reactivity of the dihydrothiadiasepine-S-dioxides 
(2) also prompted an attempt to prepare the dihyarothia- 
diazepine-S-dioxide (28), by reaction of hydrazine with 
aesyl sulphone (29). Desyl sulphone (29) was quantitat
ively recovered after treatment with hydrazine in acetic 
acid at room or reflux temperature for a period of hours. 
However on introduction of hydrazine to a suspension of 
aesyl sulphone (29) in boiling alcohox, the sulphone 
rapidly dissolved. After a one hour reflux, dilution with 
water gave a white crystalline compound m.p. 149-1500, 
identical in every respect to an authentic sample of 
dibenzyl sulphone (30). Repetition of the experiment 
using diluoe potassium hydroxide instead of hydrazine gave 
the same product. The reaction is therefore a simple 
basic hydrolysis oi the & xeto-sulphone, aesyl sulphone 
(29), and no dihydrouhiadiazepine-S-dioxide was obtained.



In concluding this chapter, a short account will he 
made of an attempt to prepare unsymmetncal diaryl sulphides 
131) , from which we hoped to obtain unsymmetrical 3,6- 
diaryldihydrothiadiazepines. This scheme involved prep
aration of an cc-mercapto ketone such as phenacyl mercaptan 
(52) • The best method21 of obtaining phenacyl mercaptan
(32) is by reaction of phenacyl chloride with sodium thio- 
sulphate, and hydrolysis of the derived Bunte salt with 
hydrochloric acid affording, amongst other products, the 
mercaptan (32) as a smelly yellow oil. Groth22 could not 
obtain phenacyl 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 ethanolic sodium ethoxide with 
p-bromophenacyl bromide gave a white crystalline product 
m.p. 135-136° having a single carbonyl peak in the infrared 
at 1670cm7^. The compound analysed for the disulphide
(33) and so was not investigated any further.

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

20Schonberg and Iskander have shown that desyl



mercaptan can be hydrolysed in alcohol with 10^ sodium 
hydroxide to desoxybenzoin and sulphur. Similar alkali 
lability with other ot-mercapto ketones such as phenacyl 
mercaptan (32) could therefore be a hindrance to the 
formation of unsyrametrical sulphides.



EXPERIMEUT AL..

Oxidation of 2.7-dihydr0-3.6—diphenylthiadiazepine (1. R~H) . 
Hydrogen peroxide (50cc.) was added to a solution of 
the dihydro thiadiazepine (8.6g.) in hot ethanol (450cc.)f 
and the mixture was refluxed for six hours. The gases 
evolved during the reflux blackened lead acetate paper.
The solution was evaporated to smaller bulk, diluted with 
water, and the resulting precipitate crystallised from 
benzene as colourless prisms (4.4g.) m.p. 198-199°. (Pound;
{!) 0,82.2; Hf5.4; U,12.5$. (2) 0,81.55; H,5.2; H,12.65^,
See Table 1, p. 47.) • l5*max (KCX disc) 2850 and 1464cm71. 
Derivatives of the Oxidation Product.
The picrate crystallised from benzene as canary yellow 
needles m.p. i.59-1600* (See Table 1, p. 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 lf p. 47 for analysis), 
if max (KOI disc) 1735CHU1.
The acetyl derivative was insoluble in dilute sodium hydroxide 
or dilute hydrochloric acid, but was rapidly hydrolysed with 
either warm dilute or cold conc. hydrochloric acid.
A hydrochloride m.p. 231° was obtained by passing dry 
hydrogen chloride into an ethereal solution of the base.



The hydrochloride was hydrolysed to the starting base by 
rubbing with water.
Oxidation of the Unknown Base with Potassium Permanganate.
A mixture of the base (0#28g.); potassium permanganate (2g.); 
water (lOcc.) and t-butanol (lOcc.) was refluxed for 6hrs*. 
After decolourisation with sulphur dioxide, the t-butanol 
was evaporated down, and the mixture allowed to cool.
The solid obtained was crystallised from benzene as colour
less prisms (6Qmg.) m.p. and mixed m.p. with starting 
material 197-199°.

The filtrate was acidified and the solid obtained, at*ter 
standing overnight, sublimed, giving a white crystalline 
solid (95mg.) m.p. and mixed m.p. with benzoic acid 118-120°. 
Attempted Dehydrogenations of the Unknown Base.
Attempts were made using standard literature procedure to 
dehydrogenate the unknown base with mercuric oxide; nitrous 
acid4,°; chior anil; and alkaline hydrogen peroxide6, but in 
all cases the starting base was recovered in high yield.

Hydrogenation in acetic acid with 10/» palladium 
charcoal as catalyst was also unsuccessful.
Reaction of Piphenacyl with Hydrazine Hydrate.
Excess hydrazine hydrate was added to a solution of di- 
phenacyl23 (l2Qmg.) in glacial acetic acid (6cc.). After 
brief heating, dilution with water gave a yellow precipitate



which crystallised from ethanol as colourless plates (80mg.) 
m.p. and mixed m.p. with 3,6-diphenylpyriaazine 219-221°.
3.5-Diphenvlpyrazole (13, R=TI) .
3.5-DiphenyIpyrazole (13, R = H) was obtained, by the method

11of Preudenberg and Stoll , as colourless prisms m.p. 198- 
199°. A mixed m.p. of this sample and the base obtained 
by hydrogen peroxide oxidation of the dihydro thiadiazepine 
(l* R=H) , was also 198-±9y°, and their respective infrared 
spectra were superimposable.
Oxidation of the Dihvdrothiadiazepine (1, R = Br) •
Oxidation of the dihydro thiadiazepine (I, R~Br) under the
conditions described for the parent dihydrothiadiazepine 
(1, R~H) gave the pyrazole (13, R=:Br) as soft white 
needles (benzene) m.p. 262° in 7b/£ yield. (Pound: 0,47.75; 
H,2.45; 11,7.15. ^I5̂ l0®r2^2 requires 0,47.6; H,2.65;
h,7.4$) . ^ max (KOI disc) 2855 and 1444cm71.
The acetyl derivative of the pyrazole (13, R— Br) crystallised 
from petrol as fine white needles m.p. 175-176°. (Pound: 
0,48.65; H,2.9; 11,6.95. Gi7H12-Br2^2° requires 0,48.6;
H,2.9; h,6»lc/o) . \!max (KOI disc) 1735cm71.
Oxidation of the Bihydro thiadiazepine (1, R = OH3).
Oxidation of the dihvdro thiadiazepine (l, R ~ CH3) under the
conditions described for the parent dihydrothiadiazepine 
(l, R=I1) gave the pyrazole (13, R^CH^) as white needles



(benzene) m.p* 236-237° in 70/o yield. (Pound: 0,82.15;
H,6.3; 11,11.4. 617H16^2 recIulres 6,82.2; H,6.5; H,11.3/£) .
i/max (KOI disc) 2850 and 1462cm7^»
The acetyl derivative of the pyrazole (13, R — GH3) crystall
ised from petrol as rosettes of white needles m.p. 83-84°. 
(Pound: 0,78.3; H,6.05; H,9.55. 6lQ̂ 18*̂ 26 requires 0,78.6;
H,6.25; U,9.65/i>) . if max (KC1 disc) X730cffi':1.
2.7 -Bihvdro- 3.6- diph envl thi adiaz ep ine- S-monoxi de (14, R=If). 
The dihydro thiadiazepine (l, R = I-I) (2g.) was dissolved in 
hot acetic acid (l50cc.), then cooled to room temperature. 
Hydrogen peroxide (20cc.) was added, the mixture became 
cloudy and some solid crystallised out, and this mixture was 
allowed to stand Ihr. 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.). (Pound: 0,68.05; H,4.85. 616H14^20S
requires 0,68.05; H,5.0>) . if max (nujol) 1056CHI71#
Oxidation of the S-monoxide (14, R~H) •
A solution of potassium permanganate (0.4g.) in water was 
added to a solution of the S-monoxide (14, R~H) (0.2g.) in 
acetic acid (lOcc.), and the mixture was allowed to stand 
at room temperature 3Qmins. with occasional shaking.
After decolourising with sulphur dioxide, the precipitate



obtained by dilution with, water was crystallised from 
benzene as white needles (0.17g.) m.p. and mixed m.p. with 
the S-dioxide (2, Rsrl-I) 195°. The infrared spectra of the 
two samples were superimposable.
S-monoxide (14. R=-H) to 3.D-dinhenvlpyrazole (13, RrrH) •
a) The S-monoxide (14, R~H) (lOQmg.) was refluxed in ethanol 
(See.) with hydrogen peroxide (0.25cc.) for lhr.. The 
gases evolved blackened lead acetate paper. The pale 
yellow solution was diluted with water, the resulting 
precipitate crystallised from benzene as colourless prisms 
(65mg.) m.p. and mixed m.p. with 3,5-diphenylpyrazole 198- 
199°. The infrared spectra were superimposable.
b) The S-monoxide (14, R=H) (l04mg.) was refluxed in 
ethanol (5cc.) containing water (lcc.) for lhr. The gases 
evolved blackened lead acetate paper. Dilution with water 
gave a white precipitate which crystallised from benzene as 
colourless prisms (32mg.) m.p. and mixed m.p. with 3,5- 
diphenylpyrazole 198-200°. The infrared spectra were 
superimposable.
c) The S-monoxide (14, R=H) (96mg.) was refluxed in 
ethanol (5cc.) 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 
solution rapidly developing a red colour. Dilution with 
wa ter and crystallisation of the precipitate from benzene 
gave colourless prisms (38mg.) m.p. and mixed m.p. with
3,5-diphenylpyrazole 198-199°. The infrared spectra were 
sup erimpo s able.
The Dihvdrothiadiazenine (l, R=H) with Hydrogen Peroxide 
in Acetic Acid.
a) The dihydrothiadiazepine (1, R=H) (O.og.) was dissolved 
in warm acetic acid (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 for 15mins., (an orange- 
red colour developed), diluted with water, and the precipit
ate crystallised from benzene as colourless prisms (0.25g.) 
identical in every respect, m.p. and mixed m.p. (198-199°) 
and infrared spectra, to 3,5-diphenylpyrazole. 
b^ lmin.1 s Heating.
The dihydrothiadiazepine (l, R=.H) (lOQmg.) was dissolved 
in hot acetic acid (2.5cc.) and hydrogen peroxide (lee.)



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 dihydro thiadiazepine-S-monoxide (14, EsH)
181° (dec.). The infrared spectra were identical,
c) 5mins. Heating.
The dihydrothiadiazepine (l, H=II) (86mg.) 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-Dinhenvl'pyrazole (13, R~H) with Hydrogen Peroxide in 
Acetic Acid.
3.5-Diphenylpyrazole (0.25g.) was heated on the steam bath 
for 45mins. in acetic acid (7.5cc.) with hydrogen peroxide 
(4cc.). The solution developed a yellow-orange colour, 
most intense after @ 2Qmins., but lightened to almost 
colourless at the end of the period of heating. Dilution 
with water gave a white solid (2Gmg.) which crystallised 
from ethanol as colourless plates m.p. 136-138°. This



compound was identified as 2,5-diphenyl-1,3,4-oxadiazole 
(22) by direct comparison with an authentic24 sample, using 
m.p., 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 
aqueous 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 h,!!1-dibenzoyl. hydrazine (23) by direct 
comparison with an authentic20 sample (infrared spectra, 
and mixed m.p.).

The sodium carbonate washings were acidified, and the 
aqueous solution continuously extracted for 24hrs. with 
chloroform. Work up in the usual way gave a white solid 
(l32mg.) identified by infrared spectra and mixed m.p. 
(118-120°) as benzoic acid.
Complete Oxidation of the Dihydrothiadiazepine (1, R — H).
The dihydrothiadiazepine (l, R=.H) (0.3g.) was heated on the 
steam bath in acetic acid (lOcc.) with hydrogen peroxide 
(4cc.) for 1.5hrs.. 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-



diphenyl-1,3,4-oxadiazole (22) .
Work up of the water soluble material as in the last 

experiment gave, as the carbonate insoluble material, white 
needles (l9mg.) m.p. and mixed m.p. with h,!!*-dibenzoyl 
hydrazine (23) 237-240°. The infrared spectra were identical.

Prom the carbonate soluble portion was obtained a 
white solid (l04mg.) identified as benzoic acid by direct 
comparison with an authentic sample.
Desyl Sulphide (25) .
Desyl sulphide was obtained by the method of Schonberg and 
Iskander2  ̂as colourless rods (benzene) m.p. 168° (blue melt) . 
(Pound: 0,79*65; H,5.6. Calc, for C28H22°2Ss 0,79.6;
H,5.25>).
Desyl Sulphide with Hydrazine Hydrate in Acetic Acid,
a) Room Temperature.
Desyl sulphide (0.2g.) 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.

70° for lhr..
Excess hydrazine hydrate was added to a solution of desyl 
sulphide (0.2g.) in acetic acid (40cc.) at 70°, end the
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mixture heated at this temperature lhr.. The solution 
became yellow in colour, and the gases evolved blackened 
lead acetate paper. Dilution with water and standing in 
the ’fridge overnight gave a yellow oil which crystallised 
from ethyl acetate/petrol as colourless prisms (0.09g*) m.p. 
165-167° ^blue melt). The infrared spectrum was identical 
to that of the starting material.

The mother liquors of the crystallisation gave a small 
amount of yellow oil which retained a carbonyl peak in the 
infrared, but showed no >KH or -HHg absorption.

Similar reactions in hot acetic acid for longer periods 
proceeded wrth evolution of hydrogen sulphide and the form
ation of yellow oils which could not be crystallised.
Desvl Sulphide with Hydrazine Hydrate in Alcohol.
Desyl sulphide (ig.) was refluxed in alcohol (lOOcc.) with 
hydrazine hydrate (0.2cc.) for 1.5hr.. Hydrogen sulphide 
was evolved, detected by lead acetate paper. After 
cooling, 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.) 
separated out. This proved to be a mixture of two 
compounds.
a) Crystallised from benzene as bright yellow needles m.p. 
164°. (Doundi C,86.9; 11,6.3; IT,7.1. Calc, for CQ3E241T2:



C,8S.6; H,6.2; lJ,7.2/i>- Direct comparison, infrareu, m.p.
O 5and mixed m.p. with ah au&htm'&ic sample of benzyl phenyJL 

xexazine (26) proved, zhe identity of this compound,
b) Crystallised from henzene/petrol as white rods m.p. 
152-153°. (Pounds C,74.65; H,5*2. Calc, for CX4%2^20: 
Cf75.0; H,5.4^) • Molecular weight 224 (mass spectrum) . 
\fmax (nujol and KC1 disc, Infracord) 3400; 3300; 3200;
1640; 1550cm"-1*. Direct comparison, infrared, m.p. and

27mixed m.p., with an authentic sample of henzil mono
hydrazone (27) established the identity of this compound. 
Desvl Sulnhone (29)•
Desyl sulphide (O.bg.) was refluxed in glacial acetic acid 
(7cc.) with hydrogen peroxide (2cc.) for 2hrs.. Cooling 
and filtering gave soft white needles (0.4g.) of desyl 
sulphone m.p. 226-228°, crystallised from chloroform/petrol 
as white needles m.p. 230-231°• (Pound: C,73.65; 1-1,5.05.
^23^22^4^ reQ.u^res 0,74.0; H,4.9$?) .
Desvl Sulnhone with Hydrazine Hydrate.
a) In Acetic Acid«
Desyl sulphone could he quantitatively recovered after 
treatment with hydrazine hydrate in acetic acid either at 
room temperature, at 35°, or after prolonged reflux.
b) In Alcohol.
Excess hydrazine hydrate was added to a suspension of desyl



sulphone (,0.2g.) in boiling ethanol (50cc.). The sulphone 
rapidly dissolved, s.nd the solution was refluxed lhr. .
After evaporating some of the ethanol, dilution with water 
gave a white precipitate which crystallised from ethanol as 
white plates (0.09g.) m.p. 150-151°. (Pound: 0,68.3;
H,5.4. Calc, for C^Hj^OgS: _C,68.3; H,5.75^).

The compound proved identical in every respect, infrared 
m.p. and mixed m.p. (149-151°) , to an authentic sample of 
dibenzyl sulphone (30).
Desyl Sulphone with Ethanoiic Potassium Hydroxide. 
4n-potassium hydroxide (O.Scc.) was added to a suspension 
of desyl sulphone (O.lg.) in boiling ethanol (25cc.), the 
sulphone rapidly dissolved and the solution was then boiled 
SGmins.. After evaporating some of the ethanol, dilution 
with water gave a white solid which crystallised from 
ethanol as colourless plates (0.04g.) m.p. and mixed m.p. 
with dibenzyl sulphone 148-151°.
Phenacyl Hercantan with iP-Bromouhenacyl Bromide.
Phenacyl mercaptan^'1' (4g.)j p-bromophenacyl bromide^ (8g.) 
were refluxed for lhr. in a solution of sodium (0.6g.) in 
ethanol (lOOcc.). 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



76.

colourless plates m.p. 13o-136°« (Pound: 0,41.85; H,2«75.
0 H Br 0 requires 0,41.75; H,2.65/). \fmax (nujol)16 12 2 2 2
1670cm"1.
Phenacyl Hercantan with Desyl Chloride.
Phenacyl mercaptan (4g.) and desjdL chloride^9 (7g.) were 
refluxed for lhr. in a solution of sodium (0.6g.) in 
ethanol (lOOcc.). Dilution with water and extraction 
with ether gave a darh red oil. Trituration with benzene/ 
petrol gave some solid material (0.3g.) which crystallised 
from benzene/petrol as colourless prisms m.p. 234-236°. 
(Pound: 0,87.4; . Elements tests did not detect
either halogen or sulphur present.
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INTRODUCTION

In Chapter 1, various methods were described for the 
conversion of the dihydrothiadiazepines (1* R~H; R~Brj 
R=CH3) and their S-dioxides (2, R-H; R=rBr; R~CH3) into 
the pyridazines (3, R~H; R~Br; R-CH^). The action of 
base on the dihydrothiadiazepines (l* R=H$ R~Br; R=:CH3), 
or more especially their S-dioxides (2, R~ H; R~Br; R — CH^) 
might effect a similar type of ring contraction and we 
therefore investigated this possibility.



DISCUSSION

As expected, diphenacyl sulphide (4) and the derived 
dihydrothiadiazepine (l, RzH) are insoluble in base, and 
the dihydrothiadiazepine (l, RnH) can be recovered after 
an overnight reflux in ethanolic sodium, ethoxide. However 
diphenacyl sulphone (5) dissolved readily in cold aqueous 
alkali, and was precipitated 011 acidification. Diphenacyl 
sulphone (5) was in fact recovered by acidification after 
a 2hr.!s reflux in ethanolic sodium ethoxide.

The dihydrothiadiazepine-8-dioxide (2 , R=:H) did not 
dissolve 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 m 0p. 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 3300cm7^ in 
the >NH or -OH region. Attempts to purify the compound by 
crystallisation resulted only in the formation of 3,6- 
diphenylpyridazine (3, RrH), and the precise effects of



cold ethanolic sodium ethoxide on the dihydrothiadiazepine- 
S-dioxide (2, R = H) have yet to he 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. 165-107°, again effervescing when it 
melted. Analysis data were in accordance with the formula 
^16%4%°2^> and- c°mP°tmd (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 producxs 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



give a white crystalline product, Compound B, m.p. 181-182°. 
This product analysed in accordance with the molecular 
formula an(̂  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, and 
afforded a mono-acetyl derivative which could be readily 
hydrolysed back to Compound B with warm dilute hydrochloric 
acid.

Our experience with the infrared spectra of pyrazoles 
now proved invaluable. Compound B showed Vmax (KC1 disc) 
at 3120; 1444 and 970CH171 . The N-acetyl derivative had 
Vmax: (KC1 disc) at 1730; 1460 and 954cmT*i‘, 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- 
thesis^of 4-methyl-3,5-diphenylpyrazole (8) and direct 
comparison with Compound B proved that Compound B did not



have the structure (8). The mass spectrum of Compound B, 
in addition to the large parent 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-

o4.5-diphenylpyrazole (9) is a known compound, m.p. 185- 
186° 9 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 (9) by treatment of the nitropyrazoline (10) with 
conc. hydrochloric acid in ethanol. Under similar con
ditions, our Compound A was converted in good yield into
3-methyl-4,5-diphenylpyrazole (9) 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 solution. By suitably adjusting 
the concentration of the alkali, a water soluble sodium 
salt crystallised from the alKaline solution, and reaction



of this sodium salt with methyl iodide in ethanol afforded 
a crystalline product which analysed for C17H1 
The infrared spectrum of the compound had l/max (KC1 disc) 
at 1306 and 1130cmT^, and the compound is probably a methyl 
sulphone.

The reactions of Compound A can be explained in terms 
of structure (ll). Rearrangement via (12) provides 3- 
methyl-4,5-diphenylpyrazole (9) by loss of sulphur dioxide 
from the intermediate 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 
into pyrazoles3’ The lactone type of structure (11) 
might also be expected to be insoluble in cold aqueous 
sodium carbonate, but soluble in cold aqueous sodium 
hydroxide or warm aqueous 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 (M) (formed from the ion (12)), 
or the structure (15) , formed from the pyrazolenine (13) • 
Infrared evidence suggests that the methyl sulphone 
probably does not possess a pyrazole ring, and the struct- 
ure (isi) is therefore favoured at the moment.



It is interesting to note that the mass spectrum of 
Compound A does not have a peak corresponding to the 
molecular weight expected for the structure (11) • 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 (11) by the 
action of base on the dihydrothiadiazepine-S-dioxide (2, 
R:E) can be rationalised by a mechanism as in the scheme 
shown.

This ring contraction of the seven-membered S-dioxide 
(&, R ~H) into the f ive-membered 3-methyl-4,5-diphenyl- 
pyrazole (9) is quite surprising and has as yet unexplored 
potential#



EXPERIMENTAL

Sodium ethoxide refers to a solution of sodium (0.57g.) 
in ethanol (250cc.).
The Dihvdrothiadiazepine (1, R=H) in Sodium Ethoxide.
The dihydrothiadiazepine (l, R =  E) (0*3g.) was refluxed in 
sodium ethoxide (20cc.) overnight. After filtering and 
evaporating some of the ethanol, cooling gave white needles 
(0.25g.) m.p. and mixed m.p. with starting material 173- 
175°. The infrared spectra of the two samples were 
sup er imp o s all e.
Diphenacyl Sulohone (5) in Sodium Ethoxide.
Diphenacyl 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 acidification gave a cream preciioitate which crystall
ised from ethanol as colourless plates (0.15g.) m.p. and 
mixed m.p. with diphenacyl sulphone 118-120°; a mixed m.p. 
with trans-dibenzoyl ethylene was 87-103°.
The Dihydrothiadiazepine-S-dioxide (2, R =  H) in Aqueous 
Alkali.
The dihydrothiadiazepine-S-dioxide (2, R —  H) (O.lg.) was 
shaken overnight as a suspension in In sodium hydroxide 
(10cc.). The undissolved solid was filtered off (O.Oyg.)



m.p. and mixed m.p. with, starting material 19b°. No 
precipitation occurred on acidification o± the filtrate.
The Dihydrothiadiazepine-S-dioxide (2, H=sH) in Gold 
Sodium Ethoxide.
The dihydrothiaaiazepine-S-dioxide (2, K = H) (0.4g.) was 
shaken with sodium ethoxide (I3.6cc.) overnight at room 
temperature. Dilution with water dia not cause any prec
ipitation from the yellow solution, hut aciaification of 
the aqueous ethanolic solution afforaea a white precipitate 
(0.3g.) m.p. 106-112° (with effervescence). Two crystall
isations of this solid from ethanol gave colourless plates 
m.p. and mixed m.p. with 3,6-diphenyIpyridazine 220-222°. 
The infrared spectra of the two samples were identical.
The Dihydrothiadiazepine-S-dioxide (2, R =  K) with Hot 
Sodium Ethoxide.
The dihydrothiadiazepine-S-dioxide (2, R =  H) (lg.) was 
refluxed in sodium ethoxide (34cc.) for 1.5hrs., the S- 
dioxide dissolving almost immediately on heating. The 
solution was diluted with water (25cc.), the ethanol 
evaporated off, and the aqueous solution cooled and acid
ified with dilute mineral acid. The white precipitate 
(0.9g.) obtained crystallised from ethanol affording 
Compound A as colourless prisms m.p. 165-167° (with effer
vescence) . (Pound; C,64.6; H,4.85; 11,9.25. C16H14]':1202 S
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requires C,64.4; H,4.7; M,9.4%).
Decomposition of Compound A .
a) Melting*
Compound A (O.lg.) was melted in a test tube, the evolved 
gases turning acid dichrornate paper green. The cooled 
melt was crystallised from ethanol (charcoal) affording 
Compound B as a matte of soft white needles (0*04g.) m*p.
181-182°. Sublimed for analysis m.p. 181-182°. (Pound; 
C,82.3; H f6.0; N,11.95. Calc, for C16H14!!2 : C,82.Q; II, 
6.0; 11,11.95^) . i/max (KCl disc) 3120; 1444 and 970cm!1 . 
Molecular weight (mass spectrum) 234.
b) In Bth.vlene Glycol.
Compound A (l«25g.) was refluxed in ethylene glycol (20cc.) 
for 3Qmins., the evolved gases turning acid dichrornate 
paper green. Cooling, dilution with water and crystallis
ation of the resulting precipitate from ethanol gave 
Compound B as soft white needles (0.95g.) m.p. 181-182°, 
identical to the material obtained in the previous exper
iment •
IT-Acetyl Derivative of Compound B .
The U-acetyl derivative of Compound B (prepared by reflux 
in acetic anhydride) crystallised from petrol (40-60°) as 
colourless prisms m.p. 77-78°• (Pound: C,78*05; H,5*9Q; 
N,10.0. C1 8H16hoO requires 0,78.25; h,5»35; 1,10.15/i/) .
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Vrnax (ICCI disc) 1730; 1460 and 954cm7^.
This acetyl derivative was hydrolysed hack to the starting 
base by treatment with dilute hydrochloric acid in warm 
ethanol.
4-Methyl-3.5-d i ph envlpyraz o 1 e (8)•
This compound was obtained by the method of Abell'*' as 
colourless plates m.p. 228-229° (lit. 222-223°) (Pounds 
0,82.1; Ii,5.85; Iff, 11*95. Calc, for 0,82.0;
H,6 .0; N, 11.95#).
A comparison of the infrared and mass spectra of this 
pyrazole with those of Compound B, in conjunction with a 
mixed m.p. (158-170°) proved that this pyrazole (8) was 
not identical to Compound B.
3-IIethvl-4.h-djphenvlpyrazole (9) .
This compound was obtained from the nitropyrazoline (10) 
by the method of Parham and liasek*'and crystallised from 
ethanol as soft white needles m.p. 181-182° (lit. 185-186°) . 
Sublimation did not raise the melting point. A mixed m.p. 
of this sample and Compound B was 181-182°. The infrared 
and mass spectra of the two samples were respectively 
identical.
Compound A with Cone. Hydrochloric Acid in Ethanol.
Compound A (0.3g.) was refluxed in ethanol (15cc.) with 
conc. hydrochloric acid (0.6cc.) for 3hrs., the evolved



gases turning acid dich.roma.te paper green. After cooling, 
neutralisation with dilute sodium hydroxide and dilution 
with water, the resulting precipitate was crystallised from 
ethanol as soft white needles (0.14g.) m.p. and mixed m.p* 
with 3-methyl-4,5-diphenylpyrazole (9) 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 (lOcc.) at 
95° for SQmins*. Dilution with water and crystallisation 
of the product from ethanol gave soft white needles (O.llg.) 
m.p. and mixed m.p. with 3-methyl-4,5-diphenylpyrasole (9) 
179-182°. The infrared spectra of the two samples were 
sup er imp o sable•
Methyl Sulphone.
Compound A (0.3g.) was shaken with In sodium hydroxide 
(3cc.) at room temperature until all the solid dissolved 
(@ 3mins.), and the solution then set aside to crystallise. 
The sodium salt obtained was dissolved in a little hot 
aqueous ethanol, and the hot solution shaken vigorously 
with excess methyl iodide for 15mins.. After boiling off 
the excess methyl iodide, dilution with water gave a white 
precipitate which crystallised from ethanol as colourless 
needles m.p. 144-146°. (Pound: C,65.6; H,5.15; IT,9.0. 
G17H16LT2°2S retires 0,65.35; H,5.15; IT, 8.95tf) Ymax 
(KC1 disc} 130 65 1130cm"1 .
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IH jJliQDUC T1OH.
" JIn Chapter l f interest was expressed in the synthesis^

of dibenzothiadiazepine (X) f since a study of the exurusion
of sulphur from this and related compounds would he of.
obvious value in view of the previous woric of Loudon and 

2 3 4 5his colleagues * * * on the extrusion of sulphur from 
dibenzothiepins (2) and dibenzothiazepines (3).

The inaccessibility of dibenzothiadiazepines prompted 
us to prepare 2,7-dihydro-3,6-diarylthiadiazepines 
and the conversion of these compounds (4) into both
3,6-diarylpyridazines (j5) and 3,D-diarylpyrazoles (6) has 
been described in previous chapters.

It was therefore of interest to prepare octahydrodi- 
benzothiadiazepine I?) a similar reaction to that used 
for the preparation of the dihydrothiadiazepines (4, R —  H| 
R=Br; i.e. by the resection of hyarazine hydrate
on bis-cyclohexanonyl sulphide (8) • The cLihyurothiadias.epine 
(X) might then provide some useful extension of the type 
of reactions described earlier.
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DISCUSSION*

Bis-cyclohexanonyl sulphide (8) 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- 
152°, but no crystalline material could be obtained from the 
filtrate. An infrared spectrum of Backer1s disulphide (9) 
showed no absorption in the carbonyl region of the spectrum, 
but showed l) max at 3280cm« appropriate to a hydroxyl group. 
In view of this, Backer’s bis-cyclohexanonyl disulphide 
structure (9) became untenable, the most obvious alternative 
being the diol (10), formed by self-condensation of 2- 
mer cap to eye lohexa.no lie (11) •

A mass spectrum gave anaccurate molecular weight of 
2b0, (the disulphide (9_) requires 258), and a splitting 
pattern which fitted the diol structure (ID) but not the 
disulphide (9). Attempts to form a.n acetyl, 3,5-dinitro- 
benzoyl and p-toluene sulphonyl derivative were unsuccessful. 
However dehydration of the compound, best effected in
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"benzene with p-toluene sulphonic acid, gave a white crystal
line product m.p. 97°, which analysed for the diol (10) 
minus two molecules of water i.e. an octahyo.ro tfiiaiathren.
An infrared spectrum oi this dehydrated compound had if 
m a x  lb20cml*^ corresponding to double "bond absorption. An 
ultraviolet spectrum of the compounu showed Amax 254m/tf,
£4385; and A m a x  265mA , £3162. Parham, Gadsby and 

7iaikulec describe the ultraviolet spectrum of 1,4-dithia- 
diene (.12* H — H) as having A m a x  262nK, £ 5400; and A m a x  

2 6 6 - 2 7 £  5280; and of 2,5-dimethyl-l,4-dithiadi:e.n;e 
(.12, B~CI-I„) a,s A m a x  262m^<
4102. Hence the product is most probably the 1,4—dithia-
diene (13)* i.e. octahydrothianthren. If dehydration of
the diol (10) had not taicen place in the central 1,4-
dithiin ring, the double bonds formed would be expected
to move into conjugation with both sulphur atoms, so
structure (13). can reasonably be assigned to uhe
octahydro thi anthren•

The molecular formula oi the compound was confirmed
by oxidation with hydrogen peroxide in acetic acid to
a product, m.p. 261-262°* which analysed lor a disuiphone
Of (is) and had if max in the infrared at 1320 and Il42cm7^.
C o m  irmation of the overall structure (13) was obtained 
by uehyarogenating the octahydride (13) with chioranil in

£4131; and A m a x  269m&, C 



phenetole to a compound identical in every respect to an
authentic sample of thianthren (14)•

ivhen this worx was completed,’ it was found that Asinger
and co-workers' 9 have recently prepared the diol (10) in
80% yield by Backer’s method, and have demonstrated the
structure of the diol (10) by dehydration to octahydro-
thianthren (13) m.p. 97°, which was oxidised to a disulphone
m.p. 249-258°. They have also prepared the authentic
disulphide (9) m.p. 78.5°.

10Milligan and Swann , without reference to Asinger1s
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 (9) m.p.
80°. They have also prepared the diol (10) m.p. 150° by
Backer’s method, but although the compound analysed correctl
Hast molecular weight determinations were inconsistent and
rather low. Their product showed Umax in the infrared at
3455 (in CCl^) or 3332cmT^ (KBr disc), but after standing
3 months, the compound had a m.p. 133° and showed a weak

-1carbonyl absorption in the infrared at 1720cm. .
By reaction of disodium 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



solvent. Their hast molecular weight determinations were 
again low and inconsistent. To explain these observations 
Milligan 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 sugges 
that the diol (10) partially decomposes to 2-mercaptocycIo- 
hexanone (ll) 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 spectrum

They have also prepared octahydrothianthren 113) m.p. 
97°, by 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 Milligan and Swann, though it may be remarked that like 
Asinger, we did not encounter the troubles of Milligan and 
Swann. In fact the infrared spectrum of a sample of the 
diol (10) was unchanged after six months, no trace of 
carbonyl 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 
solution of sodium hydrogen sulphide prepared by the method
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of Hodgson and h h r d ^ .

Thianthren (14.) is known'*'̂  to extrude sulphur giving 
dibenzothiophen (lb) . v/e therefore decided to examine the 
possibility of extrusion from octahydrothianthren (,13) , 
expecting to obtain octahydrodibenzothiophen (17), this 
being a Known^''1'0 compound m.p. 31-32°, best obtained*^ 
by reaction of 2-cyclohexenylcyclohexanone with sulphur.

Initial 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 
phthaiate 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 isol a/cion of 
thianthren (14) shows that some of the octahydrothianthren 
(15) survived, and indicates a fairly high degree of stability 
for the compound.

Using the same conditions? but extending the period of 
heating to Ibmins. gave, after chromatography of the product
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an QO/o yield of a colourless oil which. crystallised as 
colourless plates m.p. 29-30° (lit 31-32°), This
product had an imrared spectrurn identical with that of a 
synthetic sample and with the spectrum recorded by the 
original woricerlb, hence confirming its identity as 
octahydrodibenzothiophen (17).

17Parham ana his co-woricers ha.Ye studied the extrusion
of sulphur from 1,4-dithiadienes (12) quite extensively.
They have shown^ that 1,4-dithiadiene (12, R=-I!) shows
good thermal stability and can in fact be refluxea and
distilled at atmospheric pressure, no ohiophen ever being
detected. 2,5«Dimethyl-l,4-dithiadiene (12, BrrCH^) is

19however thermally somewhat less stable and decomposes at 
its boiling point, @ 204°, to give a mixture which contains 
some 2,4-dimethylthiophen. 2,5-Diaryl-1,4-dithiadienes 
(12, R=rAryl) are thermally much less stable^,^ ,'£̂ ,‘̂  

and readily extrude sulphur to give thiophens. The 
extrusion of sulphur from octahydrothianthren (13) stands 
in contrast to this, since (13) can be regarded as a 2,3,5,6- 
tetraalicyll-l,4-dithiadiene. As such, it would be expected 
to extrude sulphur with approximately the same ease as 2,5- 
dimethyl-1 ,4-dithiadiene (12, H 011̂ ) and this is not the 
case. The difference in ease of extrusion between octa
hydro thianthren (13) and 2,5-diaryl-l,4-dithiadienes (12,
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II —  Aryl) is striicing, the aromatic rings evidently assisting
thermal instability.

The fact that octahydrod.ibenzothiophen (17) had such
a low melting point, 32°, had prompted experiments to ohrain
a higher melting derivative to facilitate its1 detection in

1 6the extrusion products. Cagniant and Cagniant could not 
obtain a crystalline picrate, and this was ' confirmed here, 
though evidence for picrate formation was apparent in the 
appearance of a bright red solution when octahydroaibenzo- 
thiophen (17) was adaed to a solution of picric acid in 
ethanol or benzene. Similar attempts to form a trinitro
benzene or trinitrofluorenone derivative were also unsuc
cessful. Since aibenzothiophen (16) can be oxidised to a 
stable, higher melting sulphone, a similar oxidation was 
tried with octaliydrodibenzothiophen (17) • The product 
crystallised as colourless plates m.p. 185-186°, but 
analysed for 0x2^120&S and not Cx2Hi602s* ^ mass spectrum 
gave a molecular weight of 220 in accordance with a
C^gHigOgS fprrjnala* An infrared spectrum had ifmax at 1290 

••Iand 1146cm. corresponding to the presence of a sulphone 
group, snd also peaks in the regions associated with 
aromatic double bond absorption. These results all pointed 
to the structure (18) , making the compound tetraliydro u ib enz o - 
thiophen sulphone.
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1 !~Cagniant and • Cagniantxu have desci’ibed the synthesis 
of t etr ally dr o dihens o thiophen (19) , an oil which forms a 
red picrate m.p. 106°, and a lemon-yellow trinitrobenzene 
derivative m.p. 137°, hut they do not describe oxidation to 
a sulphone. The reduction of dibenzothiophen sulphones to 
dibenzothiophens is known24*^5 to proceed in good yield, 
and this was therefore a convenient method for proving the 
identity of the oxidation product of octahydrodibenzothiophen

tiz) •
Treatment of the oxidation product with lithium alumin

ium hydride in ether gave a colourless oil which formed s. 
red picrate m.p. 104-105° 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 obtained 
by oxidation of octahydrodibenzothiophen (17), and the 
product is therefore tetrahydrodibenzothiophen sulphone (18).

’Whether oxidation of the sulphur atom precedes oxidation 
of the ring is not known, but evidently the th.ianaphth.en 
sulphone system thus formed is sufficiently stable to resist 
further oxidation under these conditions to dibenzothiophen 
sulphone. In fact tetrahydrodibenzothiophen sulphone (18) 
resisted oxidation with chloranil in phenetole, conditions 
which promoted easy oxidation of octahydrodibenzothiophen
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(12) dibenzothiophen (16) • In this respect tetrahydro-
dihenzothiophen sulphone (18) resembles the disu±pho?ie 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 (10) is formed from 2~mercaptocyclohexanone
(II) fcy hemimercaptal formation, and it should therefore be 
possible to cleave the diol (10) with alkali, and to trap 
the 2-mercaptocyclohexanone (11) formed by reaction with a 
suitable electrophile. In fact the diol (10) 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-dinitrophenyl sulphide derivative (20) by 
reaction of 2 ,4-dinitrochlorobenzene with a solution of the 
potassium salt of 2-mercaptocyclohexanone (11) in either 
ethanol or dimethyIformamide were unsuccessful. The only 
crystalline product isolated in any of the experiments was 
tetranitrodiphenyl sulphide (21), the rapid formation of
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red coloured solutions indicating reduction of the nitro 
groups.

The use of phenacyi bromide as eiectrophiie did meet with 
success. Treatment of a solution of the diol (10) and 
phenacyi bromide in dimethylformamide with potassium hydr
oxide affording a white crystalline solid m.p. bb~69°? 
which analysed for the dixeto-sulphide (22)• The infrared 
spectrum (KOI disc) , apart from showing both aromatic and 
methylene group absorption, had carbonyl peaks at 1690 and 
1666cmT-^. The reaction of this dixeto-sulphide (22) in 
hot acetic acid with hydrazine hydrate gave a good yield of 
the dihydrothiadiazepine (23)• The compound analysed in 
accordance with this structure, and the infrared spectra, 
both solid state ana ailute solution, showed no evidence of 
any carbonyl or >11! absorption.

In view of the results in Chapters 1 and 2 of this 
thesis, it was. obviously of interest to see whether the 
dihydrothiadiazepine (23) could afford 3-phenyltetrahydro- 
cinnoline (24) and 3-phenyltetrahydroindazole (25) since 
such transformations would provide novel methods of 
synthesising these compounds.

Refluxing the dihydrothiadiazepine (23) in ethylene 
glycol for 15mins. and dilution with water gave, after 
extraction with chloroform, an oily product which showed
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some signs of crystallising. This oil was however inned- 
lately converted into a picrate m.p. 169-172° which analysed 
for the picrate of 3-phenyltetrahydrocinnoline (24)•
Cliromatography of the picrate on Grade 1 alumina gave the 
free base a,s a colourless crystalline solid m.p. 87-88°
which analysed in accordance with the structure (24).

26Baumgarten, Creger and Villars have prepared 3- 
phenyltetrahydrocinnoline (24) by the reaction scheme shown, 
and give m.p.’s of the "base and the derived picrate as 86- 
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 dihydrothia- 
diazepines such as (23) provides a new method for the 
synthesis of tetrahydrocinnolines of the type (24)•

The conversion of the dihydrothiadiazepine (23) into
3-phenyltetrahvdroindazole (25) however, has not yet been 
achieved* Initial experiments using either hydrogen per
oxide in alcohol or acetic acid, have proceeded with evol
ution of a gas which blackens lead acetate paper, but in 
neither case has any material resembling a pyrazole or 
indazole been isolated. The infrared spectra of the 
products show at least one, and probably two carbonyl peass, 
and, it would seem at the moment, that either the dihydro- 
thiadiazepine (23) or 3-phenyltetrahydroindazole (2b) is



susceptible to hydrolysis or to oxidative degradation 
This problem is therefore still under investigation.
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Chlorocyclohexanone with Athanolic Sodium Hydrogen Sulphide' .
A solution of sodium (G.45g.) in ethanol (I5cc.) was satur
ated with, hydrogen sulphide with ice-cooling. This solution 
was added slowly with stirring to a solution of chlorocjrclo- 
hexanone~^ (2.6g.) in ethanol (XQcc.) in an ice-hath. After 
complete addition, the mixture was stirred Ihr,, the precip
itate filtered off, washed with water, and dried. Crystall
isation from ethanol gave a white solid (0.8g.) m.p. 151-152°.
(J’ound. C,55.4; 11,7 .35. Calc, for Ĉ  . C,55.35; h,
7.75/6) . Molecular weight (mass sp ectrum) 260. if max (nu.iol) 
3280cra71 .

The filtrate v/as evaporated to dryness, neutralised with 
dilute hydrochloric acid, diluted with water and extracted 
with chloroform giving an oil (o.lg.) which could not he 
crystallised..
Chlorocyclohexanone with Methanolic Sodium Hydrogen Sulphide.
A methanolic solution of sodium hydrogen sulphide , preparea 
from crystalline sodium sulphide (64g.); sodium hicarbonate 
(22.4g.) and methanol (l60cc.), was added slowly with stirring 
to a solution of chlorocyclohexanone (8.og.) in methanol 
(50cc.) in an ice-bath. After complete addition, the mixture 
was stirred 30mins., then water (300cc.) added. The precip-
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ioate was filtered off, washed, with water and. crystallised 
from ethanol giving a whiue solid (5-6g.) identical to the 
material obtained above.
Chlorocyclohexanone with Sodium Sulnhiae m  himethviformamiue. 
A solution of sodium sulphide (20g.) in moist dimethyl- 
formamide (200cc.) was added slowly with stirring to a sol
ution of chlorocyclohexanone (lOg.) in dimethylformamide 
(I5cc.) at ice-bath temperature. After complete addition, 
the mixture was stirred Ihr., 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-Sg.) m.p. and infrared spectra identical 
to those of the material obtained above.
Dehydration of the Diol (10)•
a) Cone. Hydrochloric Acid-*-̂ .
The diol (0.25g.) was refluxed in ethanol (lOcc.) with conc.
hydrochloric acid (5cc.) for 2hr.. Cooling and dilution
with water gave octahydrothianthren as white needles (0.13g.)
m.p. 91-94°, recrystallised from ethanol as colourless
plates m.p. 97°. (Pound: C,64.2; H,7.1. Calc, for
C H S :  C,64.25s H.7.2^). V  max (nujol) 1620cml"5*. A  max 12 16 2
(95% ethanol) 254m,tt, £ 4385$ 265rr^, £3162.
b) Toluene Sulnhoni c Ac i d .
The diol (lg.) was refluxed in dry benzene (30cc.) with p-
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toluene sulphonic acid (0.2g.) for 2hrs.. The mixture 
was cooled, diluted with ether, washed several 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° (0.82g.), 
identical to the material obtained in the previous exper
iment.
Oxidation of Octahydrothianthren19.
Octahydrothianthren (58mg.) was heated in acetic acid (3cc.) 
to 70°, hydrogen peroxide (o.6cc.) added, and the mixture 
maintained at 70° overnight. Cooling gave octahydrothian
thren disulphone as colourless prisms (4Qmg.) which cryst
allised from ethanol as tiny colourless prisms m.p. 261-262°. 
(Pound: 0,50.3; II,5.7. Calc, for C^oK^O^S^ s C,bO.G. II, 
^*6^) V m a x  (nujol) 1320 and 1142 crrû *.
Dehvdrogenation of Octahydrothianthren.
Octahydrothianthren (Q.5g.) was refluxed in phenetole 
(25cc.) with chioranil (2.5g.) for 3hrs.. The cooled 
mixture was diluted with ether, washed several times with 
dilute sodium hydroxide, then water, and dried. After 
removing the solvents, the brownish solid was crystallised 
from ethanol (charcoal.) as white needles m.p. and nixed 
m.p. with an authentic sample of thianthren lb2-lo3°. 
loth the ultraviolet and infrared spectra of the two samples



were respectively identical.
Octahydrodibenzothiophen (17).
This compound was prepared from 2-cyelohexenylcyclohexan- 
one28 by the method of Cooper16 and had b.p. 84~S7°/0.03mm.
(lit. 120°/li]om.) and a m.p. 28-30° (lit. 32°). /(max 240mAt

/

£ 7737 (lit. /\max 24Q^U, £7560).
Octahvdrothianthren (13) in Ethylene Glycol.
a) Octahydrothianthren (I48mg.) was rerluxed in ethylene 
glycol (5cc.) for 3hrs.. On cooling, a white crystalline 
solid 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 (l62mg.) and copper bronze (20Gmg.) 
were refluxed in ethylene glycol (7.5ce.) for 3hrs..
After filtering, the cooled solution deposited a white 
crystalline solid (80mg.) identical to starting material. 
Dilution of the filtrate with water and extraction with 
ether gave a further quantity (65mg.) of starting material.
c) In an experiment similar to (b), an 80^ recovery of 
starting material was obtained after an 8hr. reflux.

Octahydrothianthren (13) in Diethyl Phthalate.
a) Octahydrothianthren (200mg.) and copper bronze (20Gmg.)



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 (70Qmg.) were added to the 
combined filtrates, and the mixture was refluxed for 2hrs*. 
After working up (see p*107 ) 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 (48mg») m.p# 149-151°, 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 10 that of dibenzothiophen (16) •
b) Octahydrothianthren I500mg.)and copper bronze (50Qmg.) 
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 2Qmins., 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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(17)• The oil crystallised from ethanol as colourless 
plates m.p. 29-30° (lit. 31-32°).

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 (l4Qmg.) m.p. 29-31°, whose 
infrared spectrum was identical to that of authentic octa
hydrodibenzothiophen (17).
Oxidation of Qctahvdrodibenzothio-phen (17) •
Hydrogen peroxide (4cc.) was added to a solution of octa
hydrodibenzothiophen (ig.) in acetic acid (lOcc.) over a 
period of 15mins.. The mixture was heated, at the same 
temperature (95°) for a further lbmins., cooled, diluted 
with water, and the resulting precipitate crystallised 
from ethanol as colourless leaflets (0.75g.) m.p. 184-185°.
(Pound: C,65.65; H,5.45. C H 0 S requires C,65.45;12 12 2
H,5.5$) Molecular weight (mass spectrum) 220. Vmax 
(nujol) 1592; 1580; 772;731cmT1. Ymax (nujol) 1290;
1146 cnu1.

O A p RReduction of Tetrahydrodibenzothiophen Sulphone (18) .
Tetrahydrodibenzothiophen sulphone (0.4g.) and lithium 
aluminium hydride (0.32g.) were weighed into a dry flasx, 
ether (120cc.) was run in, and the mixture refluxed 2hrs..
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The mixture was cooled, ethyl acetate and then dilute 
mineral acid added. The ether layer was separated, and 
the aqueous layer extracted several times with ether.
The combined ether extracts were washed with water, dried, 
and the ether removed, leaving tetrahydrodibenzothiophen 
(19) as a colourless oil (0.32g.) which showed no sulphone 
absorption in the infrared. The oil gave a picrate as red 
needles (ethanol) m.p. 104-105° (lit.15 106°) and a bright 
yellow trinitrobenzene derivative as yellow needles (benzene) 
m.p. 136-157° (lit.15 137°).
Oxidation of Tetrahvdrodibenzothionhen (19).
Hydrogen peroxide (O.bcc.) was added to a solution of tetra
hydrodibenzothiophen (245mg.) in hot acetic acid (3cc.), 
and the mixture was heated at 95° for Ibmins.. Dilution 
with water and crystallisation of the precipitate from 
ethanol gave tetrahydrodibenzothiophen sulphone (18) as 
colourless plates (l9Gmg.) m.p. 183-185°. The infrared 
spectrum of this sample was identical to that of the sample 
obtained by oxidation of octahydroaibenzothiophen (17)•
A mixed m.p. of the two samples was 183-185°.
Hydrolysis of the Diol (10).
The diol (l3Gmg.) was shaken in ethanol (5cc.) with solid 
potassium hydroxide (9Gmg.). Dilution of the cloudy 
yellow mixture with water gave a clear solution, and on



acidification, a white crystalline solid (7Qmg.) was 
precipitated, m.p. and mixed m.p. with starting material, 
147-150°.
Reaction of the Diol (10) with Phenacyi Bromide.
4n potassium hydroxide (2cc.) was dropped into a solution 
of the diol (10) (lOg.) and phenacyi bromide29 (16g.) in 
dimethylformamide (400cc.) at room temperature with stirring. 
After stirring 30mins., the yexxow mixture was stirred 30 
mins. at 95°, then diluted with water, and allowed to 
crystallise in the 1 fridge. Cyclohexanonylphenacyl sulphide 
(22) was obtained as a yellow sticky solid which crystallised 
from ethanol as colourless needles (10.6g.) m.p. 68-69°. 
(Pound: 0,67.4; H,6.7. C14%6°2S requires 0,67.7; H,6.b^) .
\Smax (KOI disc) 1690; 1666cml1 .
Cvclohexanonvl-phenacyi Sulphide (22) with Hydrazine.
Excess hydrazine hydrate was introduced into a solution of 
cyclohexanonylphenacyl sulphide (5g.) in hot acetic acid 
(30cc.). 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 (4.1g.) m.p. 116^117°. (Pound: C,69.1; 
H,6.8b; 31,11.6. C14H16N2S requires 0,68.85; H,6.6; H,11.45^)
Decomposition of the Dihydrothiadiazenine (23).
The dihydrothiadiazepine (40Gmg.) was added to refluxing
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ethylene glycol (12cc.) and the solution refluxed for 
lbmins., during which time there was vigorous evolution 
of hydrogen sulphide. The danc red solution was cooled, 
diluted with water and extracted several times with 
chloroform. The extracts were washed with water, dried 
and charcoaled. Removal of the chloroform gave a yellow 
oil which afforded a picrate which crystallised as yellow 
prisms lethanul) m.p. 169-172° (Pound: 0,54.85; H,4.4;
15.8. Gale, for G20H17h507 : 0,54.65; H,3.9; tf,15.95$). 

(Lit.26 m.p. 174-175°).
The picrate was dissolved in chloroform, and chrom

atographed on Grade 1 neutral alumina (Wo elm) • Elution 
with chloroform gave 3-phenyl tetrahydroc innoline (24) as 
an oil which crystallised from petrol as colourless leaf- 
lets (l5Qmg.) m.p. 87-88° (lit.26 86-87.5°). (Pound:
C,79.95; H,6.45j H,13.1. Calc, for C14H14Hg: C,79.95; 
H,6.7; H,13.3)2).
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DISCUSSION

In Chapter 2 of this thesis, the pyrazoles Vl» R-H;
R ~Br; RnCHg) were described, information from the liter- 

1 2ature * on the characteristic infrared absorption proper
ties of the >NH and >0 groupings of the pyrazole ring 
assisting in the structural determinations. The N-acetyl 
derivatives of the pyrazoles (l, R^H; RrrBr; R~CH3) had 
abnormally high amide carbonyl absorption, and this was 
related to other types of azole systems3.

In/hen studying these spectra, it was observed that the 
pyrazoles (l, R = H? R=Br$ RnCE^) all showed an intense 
absorption in the fingerprint region at @ 9740217̂ , and that 
on acetylation, this absorption remained just as intense, 
but at a slightly lower frequency, @ 942cm7^#

The pyrazoles (£, R=Br; R=CH3) showed similar 
characteristics, 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 assembled 
in Table 1 (the pyrazoles), and Table 2 (the N-acetylpyrazoles) 
all the spectra being recorded in the form of KC1 discs.



TABLE 1.

Pvrazole >RH V 0 # Pingerorint

(1, RsH) 2850 1464 976

(1, R=Br) 2855 1444 973

(1, r=ch3) 2850 1462 974

(g, RsBr) 3150 1462 956

(g, r = ch3) 3165 1460 946

(3) 3120 1444 970

The physical properties of pyrazoles, high b.p., 
association etc., have led to the suggestion4 that pyrazol 
exist as hydrogen-bonded dimers, hence the compounds (l, 
R~H; R = Brj R~-CH3) have a low >HH absorption frequency. 
Since the pyrazoles (2, R — Br; R “ CH3) and (3) exhibit 
their absorption at rather higher frequencies, this
may indicate that 3,4,5-trisubstituted pyrazoles have 
difficulty in forming hydrogen-bonded dimers.



TABLE 2

Pvrazole a II o >C=IT- Fingerprint

(I, R— H) 1735 1462 944

(i, R=Br) 1735 1448 942

(1, r=ch3) 1730 1448 941

(g, R=Br) 1730 1440 940

(S, r = ch3) 1720 1442 935

(3) 1730 1460 954

5Very recently, Zerbi and Alberti'' hare discussed the 
infrared spectra of 3(5)-alkyl; 4-alkyl and B-alkylpyrazole 
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 
characteristic property of the pyrazole ring.
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4-Bromo-5*5-dinhenvl-pvr azole6 (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 
(0.22g.) m.p. 201-202° (lit.6 198-199°) (Found: G,60.15, 
H,3.85; H,9.4. Calc, for CigHuBrHg: C,60.2; H,3.75;
If,9 . 3 5 $ ) .
The acetyl derivative crystallised from petrol as colourless 
rods m.p. 92-93°. (Pounds G,60.05; H,3.75; B,8.2. 
^17‘̂13'̂ r^2^ reQluires 0,59.85| H,3.8; 3T,8.2/») .
1-Ac etyl-4-me thvl- 3.5- dinhenvinyr az ole.
This compound was obtained by acetylation of 4-methyl-3,£>- 
diphenylpyrazole (2, R — CH3) with boiling acetic anhydride 
and crystallised from petrol (40-60°) as colourless prisms 
m.p. 72-73°. (Pound: C,77.95; H,5.95; IT,10. 05.

requires G,78.25; H,5.85; 11,10.15$)•
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