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PART A : DITHICLETHIONES AND THEIR RELATICNSHIFPS TO THE DITHIOLIUM CATIONS

The aromatic five-membered dithiole ring system exists in two
isomeric forms, these being the 1,2-(I) and 1,3-dithiolium (II) cations.

Such cations are. rescnance hybrids of the following canmonical structures.
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since it is known that by utilising the 3d arbitals in bonding,
sulphur can expand its outer shell to hold more than the octet, other
canonical structures should also be considered, where either or both of
the hetero atoms accommodates ten electrons in its cuter shell., This
possibility would allow the forms shown below to be considered as

possible contributors to the resonance hybrids.
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Thiones derived from these parent nuclei are designated
1,2-dithiole=3«thiones (III) and 1,3-dithiocle~2-thiones (IV) and these
my be regarded as potentially aromatic in character since they may

give rise to charge separated structures through polarisation of the
thiocarbonyl group.
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As with the dithiolium salts, by involving d-orbital resonance,
further structures for these dithiclethiones may be considered and their
participation is suggested by measurements of the C-~Z bond lengths in a
d:l.thiolethicmz. If no resonance stabilisation occurred in these
compounds, (III) would tend to react as an qy p-unsaturated thione while
(1Iv) would show olefinic reactivity.

With alkyl esters of inorganic acids, these dithiolethiocnes
give rise to salts which may be regarded as alkylthiodithiolium salts
(V)y (VI), the cations having the following contributing structures.
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Considering the concept of isosterism? ywhich allows replacement
Of =CH=CHe by =S~, these dithiole ring systeus may be considered as
having been derived from seven membered ring systems by two successive
such replacements, the dithiolethiones arising from thiotropone and
thiopyran-thiones, while the parent dithiolium cations would arise from

the tropylium ion through the thiopyrylium ionm.

O

The canonical structures involving 3d orbitals in bonding are

similarly isosteric if the replacements are looked upon as a substitution
of =S= for =CH~CHs.

Consideration of these ideas indicates that the nuclei of such
dithiocle ring systems should be susceptible to nucleophilic but not to
electrophilic attack. (n the basis of the various canonical forms shown
previously, nucleophilic attack on the dithiolium nucleus would be expected
to take place in the 3-position of the 1,2-dithiolium cation and in the
2-position of the 1,5-dithiolium cation. The same conclusions result from
calculations, involving the use of the simple MeO./LeCoAeOs method', which
also show that free radical attack would be expected at the same positions,
If the highly improbable electrophilic attack took place at all, it would
do so at the least electropositive position of the rings, the Le-position

in both types of cation.
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Further electron-donating substituents on the ring would be
expected to stabilise the system since, on the basis of the resonance
theory, this would lead to an increase in the number of structures
contributing to the resonance hybrid, whereas electron-attracting
substituents would be expected to decrease the stability of the ring.
by5-Dimethyl-1,2~dithicle-3=thione (VII) was the first member
of the series to be isolated” but the

=5 structure remained in doubt for many years.
CHSMS The structure (VIII) was ariginally
CHy : suggested for this material, although
Selker and Keup6. who obtained it while
(VII)
investigating rubber vulcanisation, supposed
€ "3
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it to be JS-methylthiophen-2,5-dithiol (IX). In 1951, however, the
structure (VII) vas established’.

Many methods are known for the preparation of 1,2-dithiole-3-
thicnes and these were reviewed in 19658. Three important methods, from
the point of view of this thesis, are as follows :-

i) S=rhenyle1,2-dithicle-3-thione

S-Fhenyle1,2-dithicle-3=-one (X X = 0) is obtained in good
yield through the reaction of sulphur with boiling ethyl cinnamate’® °,
(XI)e The ketone is sulphurised readily to the thionme (X; X = S) by
reaction with phosphorus pontasulphidom. The reverse transformation
of thione to ketone is achieved by treating a solution of the thione
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with mercuric acetate11.

ii) ‘O-Phcngld y2=dithiole«3=-thione

bePhenyl-1, 2-dithicle-3-thione (XII) is obtained when a mixture
of cumene, sulphur and isoguinoline is heated at 160° for 174 hr.12.

T $—5
Ph—CH + 65 — +  3HS
| NN
CHS
Ph
(XII)

1ii) &,5-Benzo=1,2-dithiole~3-thione

The method of Klingsberg - is used for the preparation of k5=
benzo-1,2-dithiole=3-thione (XIII); 2,2'~dithicdibenzoic acid and
phosphorus pentasulphide are refluxed for 45 min. in pyridine.

s.—-
NS S

(XIII)

CYCLO-ADDITION REACTIONS OF DITHIOLETHIONES AND RELATED COMPCOUNDS
Huisgpn1u classifies cyclo-addition reactions accarding to the
number of new ¢ -bonds formed or according to the size of the ring which
is formed. The most frequent case is where two reactants unite to form
the cyclic compound, creating two new 0 -bonds at the expense of two

T-bonds,
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A cyclo-addition of the type 3 + 2 —> 5 leading to an uncharged
Semembered ring cannot occur with octet stabilised reactants which have no
formal charges. Rather, a 1,3-dipole, a-b-c, must be defined such that
atom 'a' possesses an electrom sextet, i.e. an incomplete valence shell
combined with a positive formal charge and that atom 'c', the negatively
charged centre, has an unshared electron pair. Combinations of such a
1y5=dipole with a multiple bond system dee, termed the dipolarophile, is
referred to as a 1,J5-dipolar cyclo-addition. The two components coalesce
by means of a cyclic electron displacement with extinction of the formal
charges to give a five-membered ring. The dipolarophile may be any double

or triple bond.
@ _b e a/b\o
“k\ 0.° —_— \ I
d=e d—e

Compounds containing an electron sextet at a carbon, nitrogen or
oxygen atom are not stable. The foregoing designation would therefore

acquire the physical significance of a mere resonance contributor if the
1y5-dipole were capable of isolation. Stabilisation is possible if an
unchared pair of electrons at atom 'b' can relieve the electron deficiency
at centre 'a' by formation of an additional bond. In the new mesomeric
formula in which 'b' now has the positive charge, all the centres have
completely filled valence shells. Such systems are designated as 1,3
dipoles with internal octet stabilisationm.

o e 6
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Since pelarisation of the exocyclic double bond in the
dithiolethiones can lead to a charged aromatic ring system, (III) (IV),
Baston'” attempted to induce them to undergo cyclisation reacticus with
dipolarophiles. Two dipolarophilic reagents were used in this work,
(1) dimethyl acetylenedicarboxylate (XIV) and (ii) benzyne (XV).

HCO,CC=CCOCH, |

(XIv) (xXV)

i) Reactien with \cetylenic Compounds
a) Dimethyl acetylenedicarboxylate

In the initial reaction, 4,5-benzo-1,2-dithicle-3=-thione (XIII)
was useds The thione was dissolved in benzene and an equimolecular
quantity of dimethyl acetylenedicarboxylate was added. The product was
identified as the di-adduct (XVI) which was thought to be formed by 1,4e
addition to a highly reactive mono-adduct (XVII). Two possible mechanisms
were suggested to account for the formation of the mono-adduct | Scheme 1,
route (a) and (b)] « Route (a) is a two stage process in which electrom
philic attack by the acetylenic ester at the electron rich exocyclic sulphur
atom is followed by intramolecular nucleophilic displacement of the 2-
sulphur atoms Alternatively, the two stages might be concerted, the
reaction proceeding via a eyclic transition stage such as that shown in
the scheme (route b).

When the reaction was repeated using methanol as solvent, the
same di-adduct (XVI) was isclated. This result supports the concept
of a concerted addition because methanol would be expected to interfere
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in the two-stage process by proton transfer to the anionic site of
the intermediate dipolar ion.

4-rhenyl-1,2-dithicle~3~thione (XII) reacted with dimethyl
acetylenedicarboxylate to give a red oil (which decomposed on standing),
the ultraviolet and n.m.r. spectra of which were suggestive of a di-
adduct (XVIIIa).

The isomeric S-phenyl-1,2-dithicle-3-thione (X; X=5) gave
both the mono-adduct (XIXb) and the di-adduct (XVIIIb), both of which
were quite stable. Similar mono- and di-adducts were obtained from
Ty2-dithiole-j~thiones bearing aliphatic substituents or fused alicyclic
rings (see formulae XVIII and XIX c-e).

b) Phenylacetylene

2-Thiocacylmethylene derivatives of 1,3-dithicles (XX) are

formed in the reactions of 1,2-dithicle-3-thiones, not only with electro-

16, 16,18

phinc acetylenes ” but also with arylacetylenes

m ¢ 0 HE B Y R p

(xx)

When the reaction of phenylacetylene with S-phenyl-1,2-dithiocle-3-thicne
is carried out in xylene in the presence of hydrogen chloride, the
reaction is rcpcnrtod"8 to occur by 1,3-addition yielding 2-thiophena-
cylidene~t=phenyl-1, Jedithiole (XXI). However, when the reactants are
refluxed for 15 hr. in dry xylene, the diphenylthiothiophthen (XXII) is
obtained,
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Brown “ proposed a mechanism invelving 1,2-addition of

phenylacetylene to the thione followed by ring opening to give the
thiothiophthen (XXII), but it has since been shown by Houatzo that

the isomerisation of (XXI) to (XXII) is purely thermal and is intra-
molecular (i.e. there is no dissociation to phenylacetylene and recom-
bination by 1,2-addition).

ii) Reactions with Benzyme

Previous ¢yclo-addition reactions between dithioclethiones and
benzyne were performed by Easton21 who used two methods to generate
benzyne : (a) decomposition of phenyliodoniobenzene-2-carboxylate (XXIII)
in a high boiling aprotic solvent

®

1
s,
2

(XXIII)
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and (b) aprotic diszotisation of anthranilic acid22,

=

coH €o,
+ OsNR— = —_ +CO, + N

NH, Na 2

The sole characterisable product of the reaction of benzyne

with S-phenyl-1,2-dithiole-3=thione was ky5=benzo=2-thiophenacylidenc=
143=dithiole (XXIV) and two suggested pathways for its formation are
shown in Scheme 2,

Route A involves electrophilic attack by benzyne at the exo-
¢yclic sulphur atom, to give a dipolar intermediate, and route B is a
concerted cyclo-addition.

The yield of the adduct was very low ( 7) when the benzyne
was generated by method (a), but rather better (28%) when methed (b)
was used,

The product (XXIV) was readily identified since it had been
obtained by two other routes, as detailed below.
(a) The benzodithiolium salt (XXV) reacts with sodium benzoyle
acetate to give a ketone (XXVI) which is converted into the thione

(XXIV) by the action of phosphorus pentasulplxide1?.

s &) Ph
;;>-5Nh;+ Ph4x%cﬂicq4w1-; s;>__;j7"'
® :

(XXV) (XXVI)

I

(XXIV)
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(b) Benzenew1,2«dithiol (XXVII) reacts with 3-chloro-S5-phenyle
1y2-dithiolium perchlorate (XXVIII) in acetone at room temperature to
give the sane compound™ (XXIV). The mechanism proposed for this
reaction (scheme 3) involves displacement of chloride ion from the
J-position in the chloro compound (XXVIII) by cne of the thiol groups
in(XXVII); the second thiol group then attacks the three position
forming an unstable spiran intermediate (XXIX)s Opening of the
dithiole ring with loss of sulphur then leads to the thiophenacylidene
compound (XXIV).

No products were isolated from the reactions of 4-phenyl-
and of %,5-benzo=1,2-dithicle-3=~thicne with benzyne.

The reaction of 1,J-dithiclan-2-thione with benzyne gave a
small yield of 4,5-benzo-1,3-dithicle-2~thione but only when diphenyl-

iodonium-2-carbexylate was used to generate benzyne.
REACTIONS CF 1

A comparison of the reactions of 1,3-dithiolan-2-thione with
those of its dehydrosenated analogue, 1,3-dithicle-2-thione has been
published®’, The fact that the dithiclanthicnes give rise to alkylthio

salts suggests that a dipolar structure (JXX)

= . )
e o

S S

(@)

(3000) (o)

similar to that of the dithioclethione makes a significant contribution
to the resonance hybrid.
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It thus seemed to Daston” to be feasible to react 1,3
dithiolan-2-thiones with dimethyl acetylenedicarboxylate., He first
investigated the reaction of 1,3-dithiolan-2-thione with dimethyl
acetylenedicarboxylate and, at 140°, obtained the expected ethylene
and 4,5-dimethoxycarbonyl=1,3-dithiocle-2-thione (XXXI).

Again there are two possible mechanisms (scheme 4), one
proceeding in two stages, via a dipolar intermediate and another
proceeding in one af;agn via a cyclic transition stage.

At this stage of the investigation it was noted that the
final result of the reaction - namely, elimination of the trithio-
carbenate group to form an olefine - was the same as that of the newly-
upmodze reactions of 1,J-dithiolan-2-thiones with trialkyl phosphites.
These reactions had been shown to yield cis- and trans-stilbene and cis-

and trans-but-2e-enes, stereospecifically, from their corresponding tri-
thiocarbonates (dithiolamthiomes); they are, therefore, gis-elimination

reactions.
H Hg H
—C
57 \S ) e R
Y N
s i &
" §=c=9§
S=P(9R)3

Further, it was found that when trans-4,5-tetramethylens=1,3-
dithiolan-2-thione was treated with trialkyl phosphites under the usual
conditions, no 1,2-elimination occurred. The cis-isomer, on the other
hand, yielded gis-cyclohexene normally. The explanation afforded by



B

the authors is that a concerted cyclo-elimination mechanism is required
for the product-foruing step (c.f. Scheme 4, route D)., Elimination is
effectively blocked in those cases in which cis-elimination would lead
to an exces-ively strained atmturo.[c.g. trans-cyclohexene  (XXXII)j
Ry/Ry = =(Ci)y |

This result prompted Easton to examine the stereospecificity
of the acetylene reaction by allowing dimethyl acetylenedicarboxylate
to react with eis-k,5-diphenyl-1,3-dithiolan-2-thiome (XXXIII). In
this case both ¢is- and trans- stilbene were obtained from the reactiom
mixture in roughly equal amounts thus showing
quite clearly that the reaction is not
stereospecific and further that the reaction

does not proceed via a cyclic transition

(XXXIII)

state.

The action of the diester on pure cis-stilbene, under the
conditions used in the reaction, produced no isomerisation to the trans-
isomer. Laston proposed that the dithiole ring is initially cleaved
only at one of the C-5 bonds to give the intermediate dipolar ion
(XXXIV)s Before electron rearrangement is completed, with the elimination
of olefin, one carbon atom will be free to rotate about the carbonecarbon
single bond in (XXXIV), thus accounting for the roughly 1:1 mixture of
sterecisomeric olefins obtained.
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PART B : THIOTHIOPHTHENS AND RELATED CCMPOUNDS

An investigation by Arndt™’ in 1925 showed that the reacticm
of diacetylacetone with phosphorus pentasulphide gave a compound which,
from its elemental analysis and molecular weight, was formulated as a
cyclic disulphide (XXXV). This structure was accepted until 1958,

when the compound was studied by X-ray
cryatallographyaa. The data so obtained

HC / \ cHs did not agree with the disulphide structure
S—5 but were consistent with a substituted
(XXXV) dithiole. The bond lengths and angles

were determined (XXXVI) and the carbone-carbon bond iengths were found
to be similar to those found in aromatic C-C bonds. The three sulphur

(XXXVI)

atoms were found to be almost co-linear and were equally spaced. The
length of the S-S bond (2.361) is longer than the normal disulphide bond
length (2.08;) and suggests that the molecule is a resonance hybrid of
the contributing forms shown below (XXXVIIa=b). Compounds of this

type are called thiothiophthens.

| Ll /T\—_j\/ﬁ\
M\)\gus ue NN CH

@) (XXXVIT)

HSC'
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It has been suggested>’ that the thiothiophthen structure would
be better interpreted as involving the delocalisation of the 8 n-electrons
to form an eight-centred system, with the S-S5 linkages being purely of

n~-character, since the increase in the S-S bond length is of the order
of that observed in the NN bond of Nzoh compared with the same bond in
hydrazine, The N~N bond in Naou has been described as being a pure
n-bond3°¢

Calculations of the participation of the d-orbitals in the
hybridisation of the central sulphur atom of the thiothicphthen system
at first indicated that the }-pz- orbital was more likely to take part
than the 3 &, - arbital’’, but recalculations later showed > that the
d-orbital contributes to the hybrid to almost the same extent as the
p-orbital. Utilisation of the d-orbitals would bring into consideration

canonical structures of the type (XXXVIII).
S S -

NS

(XXXVIII)

Replacement of one of the sulphur atoms occurs when thiothioe-
phthens are treated with a.c:id33 y mercuric acetatoy' or potassium pomngnna‘u” .
The carbonyl compound so formed may be reconverted into the thiothiophthen
with phosphorus pentasulphide.
Further evidence for the thiothiophthen structure was provided
by conversicn of the thione of supposed structure (XXXV), into a ketone
which was examined by infrared nspet:txw:us«va?6 « The same compound and
other related ketones were obtained by an alternative synthesis from

¥ -pyranthiones (XXXIX).
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The carbonyl absorption bands of these ketones were of much
lower frequency than those of either y-pyromes or a,a'-unsaturated
ketones such as dibenzylidene acetone. However, the absorptions were
closely similar to those of metal-chelated p-diketones and this led the
author to suggest the substituted dithiole structure in which the
carbonyl group is likely to be highly polarised owing to the proximity
of negative oxygen and positive sulphur :-

® e
S — Q
R % = R

More recently, further evidence for the partial bonding of
the carbonyl oxygen to the dithiole ring sulphur has been r.portod”’”.

A number of alternative synthetic routes have been developed
since 1950 and a wide range of substituted thiothiophthens has been
prepared, The most important of these routes are listed below.
1. _TFrom 1,3,5-triketones

Dibenzoylacetone and acetylbenzoylacetone were substituted
for diacetylacetone in the original synthesis, thus enabling the
diphenyl (XLj R = R' = Ph) and phenylemethyl (XL; R = Ph, R' = CH})
thiothiophthens to be propa.rod"o.

N R g
R R R ]
(XL)

2s Irom ¥-pyranthiones
¥-Pyranthiones, when treated with potassium hydrogen sulphide

yield the carbonyl analogues of tlrx:l.oi;lu.ctpm;lwen26 ’M. Attack by s8®
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at the 2-position results in ring opening, Acidification can lead to
ring closure either, with loss of water, to give the ¥ ~thiopyranthione
(XLI)y or, oxidatively, to give the acylmethylenmedithiole (XLII).
Sulphurisation of the later with phosphorus pentasulphide ylelds the
thiothiophthen (Scheme 5). here R is different from R', two ketones
are possible as products,

The synthesis of the parent compound was effected from the
related thio;:yran—h—thioue“a. Treatment with mercuric chloride formed
the intermediate aldehyde (XLIII) which, on sulphurisation with

phosphorus pentasulphide, yielded the unsulstituted thiothiophthen (XLIV).

S
g 5 T
S (XLIII) (XLIV)

3« From 1,2-dithiolium salts with laceable substituents

The nucleophilic substitution of J-methylthio-1,2-dithiolium
salts by active methylene compounds (XIV) has yielded ketones which have
been aulp?rised to“:thiothiophth.ns}s’ja'”'hj’uu

R
s s é-o . S e o
Jre 4
e st ?“a. i \ \ Rm

i R Rl Rl
R (XLV) S

N w
\ R
0 n

R *
The preparation of a thiothiophthen (XIVI) has been described
from the basic decomposition of J-methylthioe5ephenylel,2-dithiolium

methyl sulphate in warm pyridine.
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@ . S
S =3 ‘Ptir'ld\ne S S s S
Ph/l\\)\f'”e MeS Ph
pkﬁao:? co-Ph
(XLVI)

The mechanism is not discussed but presumably the compound
arises from methyl benzoyldithiocacetate (XIVII) which could be formed
by attack of a water molecule or hydroxide ion at the S-position,

followed by ring opening and loss of sulphur,

@
ke @ s——s %
N e
'Ph

@
v
o S
(XLVII)

This dithiocester was shown to react with the J-methylthio-1,2-
dithiolium salt to yield the same product in good yield.

4, From 1,2-dithiolium salts without replaceable substituents

h-Phenyle and 3-phenyle-1,2-dithiolium salts condense with

methylene ketones to yield the ketone precursors of thiothiophtbns}“ '%.
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2s From 1,2-dithiole~j-cnes

Condensation of S-phenyl-1,2-dithioleej-one with malono aitrile
in phosphoryl chloride gave the dinitrile (XLVIII)W. The corresponding
reaction with acetonitrile has been repcrtod% « (Scheme 6) Alkaline
hydrolysis of (XLVIII) gave the amide (IL) which in turn was converted
to the thicamide (L)e Close similarity between the visible and ultra-
violet spectra of the thicamides (L) and those of the thiothiophthen (LII)

rrompted the author to propose that the compound (L) represents a new
class of no-bond resonance compounds.

B S The compound is stable to boiling aqueous
\ NS Me. alkali and this is explained by stating that
Ph no-bond rescnance contributes, via sulphur

(LI1) deorbital expansion (LI), to electren

delocalisation favouring acidity and
resistance to hydroxide ion attack,

6. From Gf= ¥§ -unsaturated ketones

Ketone precursors of thiothiophthens may also be prepared by

reaction of dienones (LIII) with sulphur at 220"&8"’9.
I 5 ok R i S
Ar=CH=CH—CH =CH-COAr —S—)
- S e e
D) ¥ y
(Cosmm)

Zs From u;lghghceghnu

Acylphenylacetylenes (LIV) which carry an active methyl er
methylene group react with thicacetic acid and sodium acetate to yield
thiothiophthens directly in good yield’C.
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8. From alicyclic ketones

Reaction of carbon disulphide with active a-methylene groups
under basic conditions causes addition of one equivalent of carbon
disulphide. Alkylation of the resulting dithiol yields a compound
which, when resubjected to this sequence, yields th- substituted
alicyclic ketone (LV) (Scheme 7). Sulphurisation of this ketome could,
in theory, give rise to two possible products (LVI or LVII) but only cne
compound was obtaimed” ' and this was shown to be the thiothiophthen
(LVII)s This was demonstrated by preparing the tetramethyl (Lv;

Ry =R, = ca,). tetraethyl (LVj Ry =R, = cz“s) and dimethyl-diethyl
(Lvs R1 = CH}. R2 = CZHB) compounds and then converting them to the
corresponding thiothiophthen (IVII) with phosphorus pentasulphide, If
the 1,2-dithicle-3-thicnes (LVI) had been the products, a mixture would
be expected from the sulphurisatioh of the dimethyl-diethyl compound,

9 The preparations of thiothiophthens possessing fused carbocyclic
rings have been performed by adapting a method described by Hauser’> in
which 1,3,5-triketones were formed by two fold aroylation of acetone with
aromatic esters in the presence of sodium hydrids. Replacement of acetone
by alicyclic ketones gives the triketones (LVIIIj n = 2 ar 3) which on
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treatment with phospherus pentasulphide give the thiothiophthens (LIX).

GF WMe 0 0 o s 80 s
g’ R
CH,  CH, R RSN -
L@“ ,)) CH HaTn

n (LVIII) (LIX)

A number of these compounds have been prepared5 2. the groups R being
mainly phenyl or para-substituted phenyl groups.

10. Thiothiophthens containing heterocyclic nitrogen

The reaction of mono-substituted Se-aminoe3-imino-1,2,4-
dithiazoles (LX) with isothiocyanates produces thiothiophthens containing

heterocyclic n:u:x'ogan5 " (IXI).

j\—/l g TR /L'_s j’k
& N
RHN \N NH RHN N N NHR'

(IX) (IX1)
S$——%
RHN/KN NN
RUNT Ng
(LXII)

A colourless intermediate is obtained if the reaction is carried
out at room temperature and this has been formulated as the trans-isomer
(LXII)e VWhen this compound is refluxed in xylene it rearranges to give

the thiothiophthen (IXI). However, since it is known that an exchange
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reaction occurs between the diphenyl derivative (IXIII) and pemethoxy-
phenylisothiocyanate (LXIV) at 180-190°, yielding the diepemethoxyphenyl
compound (LXV), it is not impossible that the colourless intermediate is

the isomer (LXVI) which thermally isomerised to the thiothiophthen (LXI)

by a disscciation - recombination mechanism,

5/ s S

AN S
Qxpdy - ° /lQ
PHHN NHPh  o-MeOG, H,NH /k /u\nuc,)g,,%r
(LXIII) (IXV)
TR R W ey
o T
R‘HN)kN \N/kNH ,,El HT/I\ NH
R
! R
(LXVI)
RHNi /g /lkNHR:

(IXI)

The Fine Structure of Thiothiqghthom

Chemical and physical methods have been used to provide evidence
for the fine structure of thiothiophthens.

Chemical Methods

The first chemical demonstration of the symmetry of the thio-
thiophthens resulted from the synthesis of an unsymmetrically substituted
thiothiophthm}k. S=-Fhenacylidine-=phenyl-1y2-dithiole (IXVII) was

sulphurised with phosphorus pentasulphide to the thiothiophthen (LXVIII)
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which, on treatre ' with mercuric acetate, yielded, not the parent ketone,
but an aldehydic product (IXIX). The aldehyde was reconverted into the

thiothiophthen (LXVIII) by sulphurisation with phosphorus pentasulphide.

w W‘Hs_’“(:?) [ 7 I o 5
Ph Ph Ph
Ph Ph Ph
(LXVII) (LXVIII) (IXIX)
Since this work was reported, single thiothiophthens (LXX)
have been obtained from several pairs of independently prepared precursors

(LXXI), (Lxxn)“""s"'g.

S——§ o} $—39 ) -
; T Y
NS - agd o
R‘ Ry R, Ry
(LXXI) - / (LxxX)
@] S —
(LXXII)
/“\/l\)\
R R,

The conversion of unsymmetrical thiothiophthens to methylene-
1;2=-dithiocles is of interest because there are two possible products,
Thus the phenylmethylthiothiophthen (LXXIII) was converted intc a ketone
by treatment with acid’’ and Ramey nickel desulphurisation of this

product (LXXIV) gave G-phenylhexan-2-cne (LXXV) showing that its
structure was (LXXIV).
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(IXXIII) (LXXIV) (LXXV)

This result has, however, been questionad“.

A ketone,
prepared by reaction of potassium hydrogen sulphide with 2-methyl-6-
phenylpyran-f-thione was claimed to have infrared and nuclear magnetic
resonance spectra identical with those of the ketone obtained from the
phenylmethylthiothiophthen (LXXIII)se The n.m.r. absorption band of
the methyl group was a doublet (2.51 pepelmej J = 1 CupesSe) W8 was that
of the proton (7.10 pepemey d = 1 copeS.) on the dithiole mucleus,
This result is inconsistent with the structure ariginally proposed
(LXXIV) since no coupling of the methyl protons with the ring proton
would be expected. The authors therefore propose that this ketome is,
in facty S-methyl-Sephenacylidene~1,2-dithiole (LXXVI) where 1,3 coupling
is possible.

Brovn56 later aynth«iud the
ketone (LXXIV) by an unambiguous method

» N o and showed that it was identical with
R (LX) 3

(o] i,

the ketone obtained from the thiothiophthen
by treatment with sulphuric acid. It showed no coupling of the mths_l
and dithiocle ring protons.
Further evidence for "nmo-bond resonance' in the thiothiophthen
system is provided by recent work invelving 2-methylthio= derintin)‘?.
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Using 3,5-bismethylthio-t=phenyle1,2-dithioclium methiodide (LXXVII)

as starting material, the 2,5-bismethylthio-Ga-thiothiophthen (IXXVIII)
has been prepared and converted, by the action of hydrochloric acid in
acetic acid, to (LXXIX)s The latter was also obtained in good yield
(65%) by the condensation of carbon disulphide with S-benzyle1,2
dithicle-3-thione (LXXX) using sodium hydride in tetrahydrofuran, and

S—9 s S——S o
| ® + )k 37 5 ‘
MeS i SMe i:.u=L SMe MeS N SMe
Ph Co,EL Ph  Co,EE
(LXxviI) (LXvIII)
N2
R
MQSW SMe
Ph
(LXXIX)

subsequent methylation of the resulting dianion [(LX)O(I) rather than

(oxan) |



S——5 S e
S
2
PheH, X - MW SMe.
Ph
(LXxXx)

@S e 7Y
b Pt P P
%
(LXOXXII)

.Iysical Methods

The main evidence for the fine structure of the thiothiophthens
(XXXVIII) stems from (a) Xeray diffraction, (b) nuclear magnetic resonance
and (¢) ultraviolet absorption spectra. Although many workers have
regarded the thiothiophthens as symmetrical mesomeric structures, the

physical evidence upon which this conclusion is based is by no means
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conclusive. Recent work favours the theory that the thiothiophthens
should be regarded as undergoing rapid tautomerism between two equivalent
unsymmetrical structures. The recent evidence is presented below
together with a critical review of the earlier evidence.
®) Xoray Pvidence

The bond len lhs obtained by X-ray mctmmaa for the
dimethylthiothiophthen (XXXVII) clearly indicate rescmance between two
equivalent canonical structures, but the apparent symmetry of the molecule
could be caused by degenerate valency tautomerism between two equivalent
structures rather than by resamance, since both of the degenerate
structures would be expected to contribute to the diffraction pattem.
Browr’” suggests that the poor relisbility factars (0.3 = O.b) obtained
by these workers do not enable any definite conclusions to be drawn
regarding structure, since, for a good analysis, reliability factors
as low as 0.1 (for observed compared to calculated values of diffraction
intensity) should be obtained, However, a later paper’’ quotes
reliability factors of 0.12, 0,14 and 0,15,

Recent l-ray crystallographic work by Hordvik
unsymmetrically substituted thiothiophthens (LXNXIII) shows that the
sulphur atoms are not equally spaced and that the formula (LXXXIII b)

i S —_—
: 0 5 ~ ..
R W\R R R
R R
f 3

/
Bl =R =GH LXXXITTb
\

BOXIV a; R« R" = Mey R'.=0H LXXXIVb

aonnth

IXXXIITa; R
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is a better representation of the molecule than (LXXXIIIa). The
shorter S-S distance of 2.22) is 0,144 lenger than the normal Ses
bond length but shorter than the value (2.364) reported for the dimethyl
compound (LXIXIV). The longer S-S distance, of 2,514, 48, hawever,
very mich less than the van der Vaals distance (3.70A for two sulphur
atoms). The explanation afforded by the authors for this result is
that the symmetrical sulphur spacing, as found for compound (LXXXIV),
is perturbed by unsymmetrical substitution in (LXXXITI). However,
IQingahcrg“ points out that the results reported for (LXXXIV) may be
partly due either to random packing of the molecules (since their shape
is not altered much on flopping over) or to an ordered superstructure.
This is supported by the anisotropy in the direction of the 5«5 bonds
exhibited by the S atoms as observed in the electron density maps of
(LXXXIV)s If this were due to a preferred thermal vibration, the much
lighter carbon atoms attached to the sulphur atoms might reasonably be
expected to move together with them. Yet the electron density
distribution of the carbon atoms dows not indicate this to be the case,
implying dissimilar S-5 bonds even in (LXXXIV).
Nuclear Magnetic Resonance Spectroscopy

It would appear that the n.m.r. evidence supports symmetry for
the thiothiophthen structure as is instanced by comparison of the
spectrum of the dimethyl compound (LXXXV) with that of its ketone
derivative”” (LXXXVI).

§—=9 S S —sS o

(LXXXV) (LXXXVI)
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The thione (LXXXV) shows only two lines, revealing that the
two methyl groups and the two methine protons occupy identical environe
ments. On the other hand, the ketome has a spectrum of four lines,
which indicates that each methyl group and methine proten occupy
structurally different positions,

Similarly, work by Brom™ o the spectra of thiothiophthens

(LXXXVII, X = 5; LXXXVIII, { = S) showed, in each case, that the n.m.r.

X S m——S X r—
)ké/\ %)géyk 3
(LXXXVII) (IXXXVIII)
spectra were consistent with those expected of symmetrical compounds.
In contrast, the corresponding ketomes (LXNXVII, X = Oj LXXXVIII, X = 0)
showed spectra which were clearly unsymmetrical.

However, evidence relating to the fine structure of the thio-
thiophthens obtained from n.m.r. spectra must be treated with caution
since n.m.r. is known to be time dependent. If the compounds were
tautomeric and the time of tautomerisation was considerably less than
the time required for the protons to absorb radio frequency radiation,
then a time average of the spectra of the tautomeric forms would result,
thereby simulating the symmetry which has been attributed to resonance.
Ultraviolet Evidence

The fact that the ultraviolet spectrum of the diphenylthio-
thiophthen (LXXXIX) is very similar to that of 4,5-di-p-methoxyphenyl-
2-thiophenacylidene-1,3~dithiole has been talken as evidence that the
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electronic systems of these two compounds are very sim.lar63 ¢ The
authors accept the bicyelic structure (XLII) for the thiothiophthen
and conclude that the 1,3-dithicle also exists in a bicyelic form (XC).

S By S-S , S S
|
W W k 5M
(XLITI) (LXXXIX) (xe)

However, similar evidence has been viewed in a diffevent light '™
A comparison of the visible spectrum of the diphenylthiothiophthen
(LXXXIX) with those of sephenyl-2-thiophenacylidene-1,3-dithicle and
ky6~diphenyl-2=-thiophenacylidene-2f-thiopyran showed them to be similar.
Combined with this observation, a comparisom of the visible spectra of
these compoundis with those of the corresponding ketones showed, in each
case, a similar shift (60-70 m:) to shorter wavelength in exchanging
sulphur for oxygen. These facts were interpreted as evidence that the
thiones existed in similar electronic forms and, since the model compounds
were incapable of single bond-no bond resonance, it was reasoned that

the apparent symmetry of the thiothiophthens might be due to rapid
tautomerism rather than rescnance.
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However, it remains possible that the model compounds studied

exist in bicyclic forms containing tetravalent sulphur (XCI, XCII) and

this prompted McKimon@' and, later, Browns‘2 to use reference compounds
Ph
' /m S S 2% lS e :
I
NS Z
Pk s)\)\m-. Ph Ph
(XCI) (XC1II)

in which there was no such possibility. The compounds selected were
l-phenacylidene- and 4-thiophenacylidene-derivatives of 2,6-diphenyl-dH-pyran and
thicpyran. The spectra of these model compounds showed that a shift of

90=100 mp would normally be expected for a change from an acylmethylene

to a thioacylmethylene compound. The shifts observed in the corresponding
142-dithiole, 1,5-dithiole and 2H~-thiopyran derivatives are smaller

(60-70 mu), probably owing to bonding between the thione-sulphur atem and

a ring-sulphur atom in the thiocacylmethylene-compounds,

X —s XC ' SoretBTN
e Ny = Z

(XCIII) (XCIV)

In support of this view, Brown showed that the two ketones
(XCIIIy X = O and XCIV, X = 0) absorb at similar wavelengths in the visible
region, but that conversion into the corresponding thiones causes different

bathochromic shifts, of 60 mp for (XCIII) and 89 mp fer (XCIV). Brown



32

concluded that whereas compound (XCIII, X = S) is a normal thiothiophthen,
(XCIVy X = 8) contains a substantially unmodified thicacetyl group; the
thione-sulphur atom is mor e distant from the dithiole ring owing to
distortion of the bond angles by the fused five-membered ring. If this
conclusion is correct, the apparent symmetry of compound (XCIV, X = 8)
as revealed by its n.m.r. spectrum, must be due to tautomerism rather
than resonance.

The fact that the ketome-thione bathochromic shifts in the thio-
thiophthen series are similar in magnitude to those of the pairs of
compounds (XCV and XCVI, X = O or 5), in which d-orbital participation

Ph

. s %
[ |
™ 5'/l<::’/lL\\Ph |

(XCvI)
is possible but camnot lead to a symmetrical structure, led Lrown to propose

S

that the extreme situation of single bend-nc bond resonance is not in fact
achieved and that the thiothiophthens should be regarded as undergoing
rapid tautomerism between two equivalent unsymmetrical structures (XCVII,
XCVIII)s DBoth of these structures are stabilised by interaction of an
electron-pair on one of the outer sulphur atoms with an empty d-orbital
on the central sulphur atom.
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;ach of these degenerate structures would then be exactly

analogous to the probable structures of the medel compounds (IC, C).
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4=THIOACYL-1 3 2=DITHIOLE=3=THIONES

The dithiolethiones (CI, CII) are a type that might be expected
to exhibit the characteristics of "single bondeno bond resonance"
postulated to occur in the thiothiophthen series.

S—S S S
| ! CI; R=CH
— e
| / CII; R = Ph
R R S
Bx'mm5 8 hoped that their synthesis and subsequent study would

indicate whether this phenomenon is capable of occurring in other systems
or is confined to the thiothiophthens.

An attempt to prepare l-acetyl-S-methyl-1,2-dithiole-3-thione
from ethyl diacetylacetate by reaction with phosphorus pentasulphide was
unsuccessful but ethyl dibenzoylacetate reacted normally to give 4-benzoyl-
5-phml-1.2-dith1019-3-thiom65 (CIII). Initial attempts to convert
this ketone to the corresponding thione (CII) were unsuccessful but when
the phosphorus pentasulphide used in the reaction was purified, the thione

B —

(CIII) (cIv)
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was obtained. Treatment of compound (CIII) with mercuric acetate gave
the corresponding ‘i:b.moyl-dithidmn (c1v).

In order to provide evidence concerning the fine structure of
the thicacyl compound (CII), the n.me.r. and electronic spectra of these
compounds were examined. Because of certain apparent inconsistencies,
however, the results were inconclusive.

Nuclear Magnetic Resonance Spectroscopy Evidence

In the n.m.r. spectra of compounds (CII) and (CIII) an absorptiom
attributable to the o-protons of one of the phenyl groups (probably the
one joined to carbonyl or thiocarbonyl) is observed and this provides
evidence that, in both compounds, the phenyl groups occupy different
environments. This result would not be expected for the 4-thiobenzoyl
compound (CII) if it were rendered symmetrical by single bond-no bond
resonance or if the two equivalent structures were undergoing rapid
tautomeric interconversion. :

Ultraviolet Spectra

If a classical assymmetric structure is assumed for (CII),
evidence for a thiobenzoyl group might be expected from the visible
spectrum since diaryl thioketones show a low intensity = - n * absorption

s near 600 mp. Thiobenzophenone
/u\ (cv), for example, absorbs at
Ph Ph 599 m (logy, & = 2.60%.

(cv) No evidence was obtained, however,

for an absorption between 500 and 700 mp in the spectrum of the thiobenzoyl
compound .
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Further, the diketone (CIV) has an ultraviolet spectrum which
may be regarded as an approximate sum of the ultraviolet spectra of
acetophenone and S-phenyl-1,2-dithiol-3-cne, If 4=benzoyl-Sephenyl-
1,2-dithiole-3~-thione existed in a similar form, then a spectrum similar
in form to the sum of acetophenone and S-phenyl-1,2-dithiole-3-thione
would be expected., However, this is not the case. The position is
further complicated by the spectrum of the thiobenzoyl compound (CII)
which is closely similar to that of the benzoyl compound (CIII)s The
change from ketone to thione is normally accompanied by a bathochromic
shift but in this case a small hypsochromic shift is observed in the long
wavelength maximum.

Brown concludes that resolution of this problem must await a
comparison of the products from the sulphurisation of the isomeric ketones

(CVI, CVII) when, depending on whether or not they give the same product,

9 = D —ry
R/\IAS R./kr\
R. S R fa)
(cvr) (CVII)

a decision will be possible as to the importance of non-classical structures.
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Cyclo-addition Reactions of Dithiclethiones and Dithiolanthienes

General

In their reactions with certain acetylenic compounds (see
Introduction), 1,2-dithiole~j-thiones (III) behave formally as 1,3-
dipoles (CVIII) and 1,3-dithioclan-2-thiones (CIX) undergo similar
reactions (involving expulsion of a molecule of olefin) in which the
1y 3«dipole (CX) is formally involved.

(111) (CVIII) (CIX) (ex

The object of the present investigation was two-fold :
(A) to carry out further studies of these reactions and to comsolidate
certain conclusions drawn by previous workers, and (B) to study the
behaviour of 1,2-dithiole-3-thicnes as dipolarophiles. The dipolaro-
philes selected for use in part (A) were benzyne (XV), dimethyl
acetylenedicarboxylate (XIV) and methyl phenylpropiolate (CXI)s The
1,3=-dipoles ethoxycarbonylformonitrile oxide (CXII) and benzonitrile
Nephenylimine (CXIII) were used in part (B).



o] -

MeO,C:C= C-CO,Me (XIV)

MQ,O”C-CEC-P{—, (CXT)

@ S @ o
EtOzC'C:N—Q R EbO,_C-CEN—O (CXIT)

@ S) @
Ph-C=N-N-Ph e—s PhC=N-N-Ph
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PART (A) @ (i) Reactions with Benzyme

In view of the low yields of adduct (CXIV) obtained by Baston

S S

(CXIV)

from the reaction of S-phenyl-1,2-dithiole-3-thicne with benzyne, a
search was made for a more efficient method for generating benzyne.

A more recent method is that described by Campbell and R‘.le’ (Scheme 8)
in which 1-aminobenzotriazole (CXV) is exidised to benmzyne and nitrogen,
probably via the nitreme (CXVI). Unfortunately, however, a strong
oxidising agent (lead tetra-acetate) was used and it was thought that
reaction between oxidising agent and dithiclethione was likely. Thus
the first task in the follow-up of Faston's work was to examine the
effect of lead tetra-acetate and some of the milder axidising agents
known to oxidise amines and hydrazines (mercuric oxide, nickel peroxide,
lead dioxide and manganese dioxide) em a typical dithiolethione (S-phenyle
1y2-dithiole~3-thione)s The metal oxides were each boiled under reflux
in dry benzene with S-phenyl-1,2-dithiole-3-thione for 30 minutes and,
in all cases, the thione was recovered quantitatively. ILead tetra-
acetate was known to generate benzyne at room temperature from 1-amino-
benzotriazcle so that if this strong oxidising agent was to be used in
the reaction, room temperatures could be employed., A mixture of lead
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tetra-acetate and thione in dry benzene was allowed to stand at room
temperature for 30 minutes and gave a complete recovery of thione,

Having ascertained that the thione was resistant to attack
by these oxidising agents under the selected comditions, the next step
was to determine the efficiency with vhich the oxidising agents
generated benzyme from l-arinobenzotriazole. The l-aminobenzotriazole
used in these preliminary tests was prepared in two different ways.
The first method was ome described by Bianchetti and run“ (Scheme 9)
in which ow-nitrobenzenediazonium chloride was allowed to react with
methyl cyancacetate to give methyl o-nitrophenylhydrazonocyancacetate
(CXVII)s Reduction with hydrogen using a 10¥ palladium on charcoal
catalyst in dioxan gave the corresponding amine (CXVIII) which, by reaction
with sodium nitrite solution in dilute hydrochloric acid, gave methyl
(benzotriazol-1-ylimino) cyancacetate (CXIX). Hydrolysis of this
product in boiling 15" hydrochloric acid gave the required l-amincbenzoe-
triazole (CXV). The second method for the preparation of the latter
compound was that of Campbell and Rou69 in which benzotriazole is treated
with hydroxylamine-o-sulphonic acid, in the presence of base., The
resulting mixture of ‘1-aminobenzotriszole and 2-amincbenmotriazcle (CXX)

N —NH,

~. ./

(CxX)
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is separated by chromatography on silica.

The efficiency with which the milder oxidising agents generated
benzyne from l-aminobenzotriazole was measured by dropwise addition of
the amino-compound in dry benzene to a stirred mixture of the oxidising
agent and tetracyclone (a benzyne acceptor) in boiling benzene, The
reaction mixture was then chromatographed on alumina to give unreacted
tetracyclone as a first fraction and then 1,2,3,4=tetraphenylnaphthalene
(CXXI)y the reaction product. Of the mild oxidising agents, the most

Ph effective was nickel peroxide,
Ph but the yleld was very poor (14%).
(CXXI) The use of lead tetra-acetate at
Ph room temperature produced a
Ph quantitative yield of the adduct

(CXXI) and this method was therefore selected for use in the reactimms
of benzyne with dithiolethiones.
1. Reaction 1-1,2~dithiole~J3-thione with Benzyne

The reaction was carried out by simultaneous dropwise addition

of equimelar dry benzene solutions of lead tetra-acetate and l-amino-

benzotriazole (CXV) to a stirred solution of S-phenyl-1,2-dithioclee3=

thione in dry benzene in a dry nitrogen atmosphere. The reaction mixture

was then filtered and the filtrate chromatographed on alumina to give

k,5-benzo-2-thiophenacylidene=1,3-dithiole (CXIV) in 55% yield. Increasing
the molar ratios of thione and

o lead tetra-acetate failed to
Ph Z S improve the yield of (CXIV)..

(exIv)
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2. Reaction of H-ML‘l,a-dithioh-}-thim with Benzyne

The method was similar to that described for the reaction with
Sephenyle1,2+dithicle-3-thione and a mechanism (Scheme 10) similar to
that discussed earlier (Introduction) was expected to give 2-(4,5-
benzo=1, 3=di thiol-2-ylidene )=2-phenylethanethial  (CXXIII)e The
product was obtained as a brown solid (4 %) the n.m.r. spectrum of
which was in general agreement with the proposed structure, showing a
singlet (relative intensity 1) at 0.7t attributable to the thiocaldehyde
proton and a multiplet (relative intensity 9) in the aromatic region
(Table 1). However, an elemental analysis indicated a deficiency of
sulphur and closely fitted that required for the corresponding aldehyde
(CXXIV).  An independent synthesis (Scheme 11) of this aldehyde was

achieved by hydrolysis of the

(@) S
& product formed by nucleophilic
H S attack of N-pyrrolidinos2-
(CXXIV)
Ph phenylethylene on 2-mnethylthio-

ky5-benzo-1,3-dithiolium perchlorate. The product obtained in this way
was identical with the cyclo-addition product.
3+ Reaction of 4 1,2-dithi thione with )

Chromatography of the reaction mixture gave an incomplete
recovery of 4,5-bengo-1,2-dithicle-3=thione but no other compound was
isolated.

4, Reaction of 1y 5-Dithiolan-2~thione with Benzyne

Zaston obtained a poor yield (9%) of 4,5-benzo=1,3«dithicle=2-

thione from this reaction (Scheme 12), Application of the improved
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procedure for genmeration of benzyne gave a slightly improved yield (13%).
No attempt was made to collect the ethylene evolved during the reaction.
S« Reaction 11 thiole-2-thione with

Cnce again the general method was used for the reaction but
only trace quantities of materials could be isolated from the alumina
colum,
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PART A : gn; Reactions with Acetylenic Esters

1. Reactions of 1,3-Dithiolan-2-thiones with Dimethyl acetylenedicar late

In view of Easton's finding, that the reaction of cis-h5-
diphenyl-1, 3~dithiclan-2-thione with dimethyl acetylenedicarboxylate is
not a stereospecific elimination, it was of interest to investigate the
steric course of other examples of this type of reaction. Accordingly,
trans-4, 5-diphenyl-1, 3-dithiolan-2-thione (CXXV) was allowed to react
with the ester at 110°, Gas-Liquid Chromatography of the crude reaction

Ph HS product showed the presence of
I >=S trans-stilbene uncontaminated
H o with the ¢is-isomer, Chromato-
(CXXV) graphy of the reaction mixture
on alumina gave trans-stilbene (6%2 as a first fraction and then
by S=-di-(methoxycarbonyl)=1, 3=dithiole-2~thione (CXXVI), (27%), as a
second fraction,
The finding of stereospecificity in this reaction of the trans-
diphenyl compound suggested that
MeOC~__-5
I%s it might be worthwhile to repeat
MeOL S Easton's investigation of the
(CXXVT) ; gis-isomer. The results of
this re-investigation fully confirued Easton's report, namely that cis-
and trans-stilbenes are formed in roughly equal amounts. The reason
for the different steric courses of the two reactions is not apparent
but it appears that, in the case of the cis-isomer at least, the
reaction does not proceed via a bicyclic transition state of the type

shown in Scheme 4 (Introduction).
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Attcmpts to cause reaction between trans-i,5-tetramethylene-
Ty 5=dithiolan-2-thione (CYXAVII) and dimethyl acetylensdicarboxylate

H at temperatures from 105° to

S 150° over a period of 15 minutes
% S were unsuccessful, a quantitative
H recovery of (CXXVII) being
(CXXVII) obtained. Prolenged heating

(1 hour) at 145-150° and subsequent chromatosraphy on alumina in benzene
gave a high recovery (68Y) of (CXXVII) together with a brown glass which
could not be crystallised. There was no formation of cyclohexene, &
thu-mrumat»mdwcwotn“.mrm
that compound (CXXVII) gave neither cyclohexene nor carbon disulphide
when treated with trialkyl phosphites, whereas the cis-isomer yields
gis-cyclohexene normally (77 yield). These results were explained by
suggesting that in this olefin synthesis, a concerted cyclo-eliminatien
mechanisn was required for the product forming step. ZElimination is
effectively blocked in those cases in which gls-elimimation would lead
to an excessively strained structure.

Application of this reasoning to the reaction of 1,3-dithioclan-
2-thiones vithdimethyl acetylenedicarboxylate, suggests that the reaction
normally proceeds via a bicyclic transitiom state (Route Dj Scheme &),
If the route involving stepwise bond-fission were followed, it should be
possible to isolate 4,5-di-(methoxycarbonyl)=1,3-dithicle-2-thione and
cyclohexene from the reaction of the trans-i,S-tetramethylene compound,
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2. Reaction of 4-Phenyl-1,2-dithiole-3-thione with Methyl Phenylpropiclate

When a mixture of methyl phenylpropiolate and 4=phenyle1,2-

dithiole-3-thione dissolved in dry benzene was boiled under reflux for
four days, a red crystalline solid was obtained which crystallised from
pyridine as red needles m.p. 268-274°, The n.m.r. spectrum (Table 1)
indicated that the ratio of aromatic : methyl : olefinic protons was
10 ¢ 3 3+ 1 which is that required for the 1 : 1 cyclo-adduct (CXXVIII;
Scheme 13). However, a molecular weight determination and elemental
analysis indicated that the reaction had proceeded further and that two
molecules of (CXXVIII) had combined with loss of sulplur atoms.

This result suggested that the product might possess the
structure (CXXIX) which could have been formed by a process analogous
to the formation of dipyrrylenes'C (e.g. CXXX) by the sctiem of heat on

pyranthiones (e.ge CXXXI).

Ph
g s ol A
Ph

(CXXXT) (CXXX)

The structure (CXXIX) of the product was confirmed by desulphur-
isation with Raney nickel to yield a mixture of methyl pephenylpropionate
(isolated, after hydrolysis, as the acid) and 2,5-diphenyl-hexane (Scheme 14).
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An authentic specimen of the latter compound was synthesised from hexane-
245-dione by the route shown in Scheme 15 and showed an infrared spectrum
identical with that of the desulphurisation product. Gas chromtographic
comparison of the two samples showed that each contained the same two
components, presumably the meso and racemic farms of 2,5-diphenylhexane.
The product (CXXIX) was evidently a mixture of geometrical
isomers since the n.m.r. spectrum showed two o-cm3 peaks in the intenaity
ratio 3 : 1. If we assume that this central double bond is always
trans, then three geometrical isomers ( XXIX a, b and ¢) are possible
and these will contain, collectively, two different types of alkylidene
dithiole unit, (CXXXII) amd (CXXXIII).

MeO,C MeO,C

S & Ph
T < T,
Ph S Ph Ph S
(CXXXIT) (CXXXIII)

The ratio 3 : 1 will then represent the relative abundance of
these two units among all three geometrical isomers; if a statistical
distribution of the units is assumed, then the ratio of the three isomers

(a:brec)met be 9:6:1Ter1:6:09.
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PART B : (i) Reactions with Ethaxycarbonylformonitrile oxide

Aromatic and aliphatic nitrile oxides add readily and in good
yield to thicketones to produce 1,4,2-cxathiazoles’ . With the
exception of the 3,5,5-triphenyl derivative, all the 1,4,2-oxathiazoles
studied by Emis@mﬁ decomposed exothermally at 90-150° to form
isothiocyanates and the oxygen analogues of the original thiocarbonyl
compounds. Huisgen proposed that the molecular rearrangement required

Ph
@ @ —’»ZOPh

Ph-C =EN-O @z“:}o S
3 Pho
_° Ph loo®
S=C
No PhL /oPh
Ph:N=C=S 4+ o=c
\oPh
100 Yo 95%

to produce the isothiocyanate proceeds concurrently with the ring opening

since a thiononitrene (e.ge CXXXIV)

Z

% o
Ns

could not be intercepted. In
the reactions of thionamides and
il thicureas with nitrile oxides,
cleavage followed 1,35-addition even at room temperatures.

This work of Huisgen strongly suggests that 1,3-dipolar addition
reactions should take place between dithiolethiones and nitrile oxides.
The initial adducts would be spiro compounds (CXXXV) analogous to those

postulated by Broun72 as intermediates in the reactions of 2-chlorodithiolium
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salts with pidentate nucleophiles. Two modes of decomposition (Scheme
16) can be envisaged for such a compound : (a) to give a dithiolone and
an isothiocyanate, as in the reactioms studied by Huisgen, or (b) to
give a thiocacylmethyleneoxathiazole (CIOVI) as in the reactions studied
by Brown, Ethaxycarbonylformonitrile oxide (CXXXVII) was chosen for
this investigation because of the ready availlability of its precursar,
ethyl chlorohydroxyimincacetate’-.

@ e

The experiment was performed by addition of triethylamine to a

vigorously stirred solution of S5-phenyl-1,2-dithiole-3-thione and ethyl
chlorohydroxyimincacetates in dry benzene. Chromatography of the
benzene-soluble products gave a 25/ recovery of thione and a 64 yield
of the corresponding ketone (CXXXVIII; R = Ph)s The absence of 3=
ethoxycarbonyl-5~thiophenacylidens-1, 4,2-oxathiazole [(CXX(VI); R = Phy
R' = CO,5t| in the reaction product showed that decompesitien of the
spiro-compound | (cxocxv); ® = Phy R = 00,5t | takes place entirely
according to route (a). The oxathiazolium system present in the
gwitterion (CXXXIX) is unknown and is very probably unstable, thus
rendering route (b) an unfavourable mode of decomposition. In order to
search for the presence of the isothiocyanate {(CXI.); R' = COZEt]amg
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the products, the reaction was repeated and this time the benzene was
evaporated and then,using a fractionating columm, distilled under reduced
pressure. The infra red spectrum of the distillate indicated the
promoofmﬁhw«rbmﬁm(ﬂ%wd)uﬁmmmmu
group (1960 ca™'). The product reacted vith aniline to give a white
solid which was identified as Neethoxycarbonyl-N'<phenylthiourea, thus
identifying the original reaction product as ethoxycarbenyl isothiocyanate.
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PART B : (ii) Reactions with Benzonitrile N-phenylimine

Muisgen has showm'® that nitrile imines react with thioccarbemyl

compounds in the same way as nitrile oxides. The resulting thiadiazoles,
however, are much more thermally stable than the oxathiazoles and there
is no report of a fragmentation reaction leading to an isothiocyanate.

It seemed possible, therefore, that the adducts formed by 1,3-dipolar
addition of nitrile-imines to the thiocarbenyl group of 1,2-dithicle3-
thiones might decompose to thicacylmethylene-thiadiazoles (CXLI) by a
route analogous to (b) in Scheme 16.

(CXLI)

Benzonitrile Nephenylimine has been synthesised by Buisgcaﬁ vho
used two methods. The first method involved the thermolysis of 2,5
diphenyltetrazole (CXLII) by heating at 160° in the presence of a 1,2-
dipolarophile (ethyl phonylpropiolato-) to give an 84 yileld of the
moncadduct (CXLIII).

Sl
Ph-C=N-N —Ph
Ph\(N\ _Ph o @V Ph. N _Ph
N Ph.-c =N=N — APh St il N/
% h-C=N=N-Ph PhC =0-co.Ek i
& e
Ph-C=N—N—Ph Eeo,c  Ph

(CXLII) (CXLIII)



Huisgen realised, however, that the high temperature required
for the opening of the aromatic tetrazole nucleus was a seriocus dis-
advantage since it restricted the choice of dipeolarophile., [is search
for a better method far the preparation of nitrileimines led him to the
second method in which a carboxylic acid hydrazide chloride is treated
with a suitable base toc liberate a nitrileimine, This method proved
to be much superior to the earlier method since it allowed the liberation
of nitrileimines even at room tcmperaturoﬂ'ﬁ. For example, the
action of triethylamine on N-(a-chla-obenzylideu)-!('-phnylhydmn
(CXLIV) results in 1,3-elimination of hydrogen chloride. = In the

c1 presence of ethyl phenylprogolate
Ph—c‘=N—N—Ph yields as high as 86% of ethyl
(cxLIV) 1,3 5=triphenylpyrazole«ti=

carboxylate (CXLIII) were obtained.

1. Reaction of EMI-ua-d:lthioh-&m, one with Benzonitrile

Nephenylimine
In the initial reaction, an equimolar solution of tristhylamine

in dry benzene was added dropwise and with stirring to a solution of 5-
phenyl-1,2-dithicle-3-thione and Ne(chlorobenzylidene)-N'~phenylhydrazine
(CXLIV) in dry benzene at room temperature. VWorking up of the reaction
mixture obtained under these conditions led to partial recovery of thione
and compound (CXLIV).

The reaction was repeated,this time using two moles of triethyle
amine to cne each of thione and (CXLIV). Vhen addition of the amine was
complete, the reaction mixture was stirred at 50° for 3 hr. After being
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washed with water and concentrated, the benzene solution deposited red
prisms (mep. 197-198°) (44.5¢). The n.m.r. spectrum of this product
(Table 1) showed all the protons to be in the aromatic region and the
elemental analysis gave results consistent with that expected of the
thiadiazole (CXLV)s The benzene mother liquor was chromatographed on
alumina to give sulphur as a first fraction, and recovered thione (21%)
as a third fraction. The second fraction gave a yellow solid (meps
179°d), the identification of which is dealt with later (this page).
The fourth fraction was found to be identical (infrared spectrum and
mixed melting point) with the previously isclated red solid, bringing
the total yield up to 59,

That the red solid was (CXLV) was shown by an unambiguous
synthesls (Scheme 17) in which 2-methylthio=1,3,4=thiadiazolium per-
chlorate (obtained from 3,5-diphenylel,3,k-thiadiazole-2-thione’0) vas
allowed to react with sodium benzoylacetate'® to give the phenacylidene
compound (CXLVI)s The latter was converted to the thiome (CXLV) by
treatment with phosphorus pentasulphide. The infrared spectrum of this
material was identical with that of the cyclo-addition product and the
mixed melting point was undepressed.

The yellow solid (m.p. 179°d) isclated from the second chroma-
tography fraction showed n.m.r. absorptions at 4.4 T (singlet; relative
intensity 1) and at 2,24.2,86 ¢ (multiplet; relative intensity ca.25). The
elemental analysis was consistent with that of an adduct formed from one
molecule of compound (CXLV) and an additional molecule of the imine.
That it was indeed formed in this way was shown by allowing compound
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(CXLV) to renct with another mole of the nitrileinine to give the same
solid (47%).

The most probable mode of reaction is by cyclo-addition of the
nitrileimine to the thiocarbonyl group of compound (CXLV) to give a
compound of structure (CXLVII).

(CXLVII)

This structure is in agreement with the n.m.r. spectrum since
the proton of the methine group joining the two rings would be expected
to give rise to a singlet in the olefinic region. The remaining 25
protons are aromatic.

Protonation of structure (CXLVII) would be expected to occur
at the methine carbon atom to give a salt (e.g. CXIVIII), the n.m.r.
spectrum of which would show a two proton singlet in place of the one
proton singlet and probably at a higher T value than the latter,

. Accordingly, the yellow product was treated with perchloric acid but
neither the n.m.r. spectrum nor the elemental analysis of the resulting

perchlorate was in agreement with the structure (CXLVIII).

Ph Ph

7— s—-‘

e \ ao.

L T, +
NN N/

| I
Ph PhPh

(CXLVIII)
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In particular the chlorine content was appraximately twice
that required for (CXLVIII) and the ratio of aromatic protoms (mltiplet,
T=1.83-2.40)to aliphatic protons (singlet, T = 6.92 ) was 20 : 2
(CXIVIII requires 25 : 2). On the basis of these results, it seemed
reasonable to suggest that when (CXLVIT) is treated with perchloric
acid, an unstable salt (CXLVIIT) is farmed and then decomposes accerding
to Scheme 18, The formation of the aromatic triphenylthiadiazolium ion
(CIL) is accomplished by expulsion of a neutral fragment (CL) which,
being the anhydro-base of the methyldirhenylthiadisgolium iom (CLI), is
rapidly protonated in the acid medium. It would thus be this mixtuve
of thiadiagolium salts to which the elemental analysis was related and
which would account for the apparently high proportion of aliphatic
proton resonance in the n.msr. spectrum. (Since the product was
recrystallised before these measurements were made, the two salts would
not necessarily be present in equimclecular proportions, as required by '
scheme 18), To show that this explanation was correct, it was necessary
to prepare the perchlorates (CLI) and (CIL) and to compare the infra red
spectrum of a mixture of the two with the supposed mixture obtained by
the attempted preparation of the perchlorate (CXLVIII).

As a first step in the preparation of (CIL) and (CLI), Nephenyl-
N'~thicbenzoylhydrazine was prepoved by the method of Jensen snd Miguel!?
in which carboxymethyl dithiobenzoate, dissolved in dilute aqueous sodium
hydroxide solution, was added to phenylhydrazine., The product was
refluxed for a few minutes with a sclution of either benzoyl chloride or
acetyl chloride in benzene to give solids which, when treated with
perchloric acid in methanol, gave the perchlorates (CIL) and (CLI)
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respectively (Scheme 19). The n.m.r. absorptions of the individual
salts (CIL) and (CLI) (Table 1) together accounted for all the
absorptions in the spectrum of the product obtained by treatment of
(CXLVII) with perchloric acid. An equimolar mixture of (CIL) and
(CLI) gave an infra red spectrum which was very similar to that of the
product obtained from compound (CXLVII), the only differences (in the
relative intensities of certain absorptions) being attributable to
different molar ratios of (CIL) and (CLI) present in the two sets of
mixtures. This evidence then strongly supports the proposal that the
yellow product (m.p. 179°d) possesses the structure (CXLVII).

2, Reaction of 4-Phenyl-1,2-dithiole-3=thione with Benzonitrile
N-phenylimine

The reaction was carried cut in a manner similar to that des-

cribed for S5-phenyl-1,2-dithiole-3-thione. The first reaction was
carried out at room temperature but when the reactiom was repeated using
a reaction temperature of 50°C, the yield of product was improved.
Concentration of the benzene solution yielded brown plates (m.p. 208°;
22%)y the elemental analysis of which was consistent with that required
for 2-(3,5-diphenyl=1,3, 4=thiadiazol-2-ylidene J=2=-phenylethane thial (CLII).
Ph The n.m.r. spectrum of the compound
71_'5 S showed a low field resonance (=0.057¢)
N\N)\\2 attributable to the thicaldehyde proton
P'h Ph and a multiplet at 1.95 = 3.027 attrib-
(CLIT) utable to the aromatic protons,(relative

intensities 1:15; (CLII) requires 1:151 « The mother liquor was chromato-

graphed on alumina to give two fractioms, the first of which contained



SCHEME 20

>0

‘l,h .2
5 ®|i| q '
) 5@ + n > < 5;/@)\/‘
Q? Ph/N\N m'
Ph

il -
VR em——
(eLvt) 'lv/ PC
Ph
i s
X \
e T @Af’"
A .
- (b) fa) -




57

b-phenyl-1,2-dithiole~3-thione (20: recovery) and the second a yellow
solid (m.p. 152-153°) which was identified as 3y5-diphenyle1,3,l4=
thiadiazole-2-thione (CLITI) by infrared spectrum and mixed melting

Ph
Ph
Fag N\N % R
e -
S 5 Ph
(CLIV) (CLIII)

point evidence. The presence of this thione in the product is very
difficult to explain since its production from the dithiolethione, via
the intermediate (CLIV) would involve the fission of a carbon - carbon

bond in addition to the disulphide bond.

3. [Reaction of 4,5-Benzo-1,2-dithiole-3~thione with Benzonitrile

Nephenylimine

Again the method was similar to that described for the reaction

of S-phenylely2-dithiole~J=thione with the nitrile imine at 50°.
Chromatography of the reaction uixture gave four main fractions, the
first of which were identified as sulphur and 4,5-benzo-1,2-dithiocle«3-
thione« The third fraction yielded a small amount of a red oil which
could not be crystallised and the fourth gave a yellow crystalline solid
(mep. 164=166°). The elemental analysis of this compound compared
closely with that required for the thiadiazolylidenecyclohexadienone
(CLV) which could have been formed, oxidatively, from the corresponding

thione (CLVI), the latter being the expected deccmposition product of the
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initial cyclo-adduct (Scheme 20).

The spectroscopic properties of the compound, however, did not
lend support to this structure. The infra red spectrum showed a carbonyl
bend at 1640 cu” ' but, in view of the probable large contributiom of
the dipolar canonical structure (CLVb), a frequency lower than this would
have been expected for a compound of structure (CLV). The n.m.r. spectrum
showed ebsorptions only in the aromatic region (a multiplet at 1.84 - 2,827).
This is not the type of spectrum expected of a compound possessing '
structure (CLV) since the partly quinoneid character of the axygenated
ring would probably raise the signals of the protons in this ring to
higher magnetic field values,

In order to reach a definite conclusion on these points, synthesis
of compound (CLV) was undertaken by the unambiguous method outlined in
Scheme 21, A solution of Nephenyl-N'-thiobenzoylhydrazine in benzene
was allowed to react with saliayl chloride and the product was treated with
perchloric acid to give 3,5-diphenyl-2-(o-hydroxyphenyl)=1s3,t=thiadiazolium
perchlordte (CLVII) as yellow plates. Additiem of dilute sodium hydroxide
to the salt (CLVII) gave an orange solid m.p. 225-226°, the elemental
analysis of which was in agreement with that required for (CLV). The
n.m.r, spectrum (Table 1) showed (a) a2 multiplet, 2,72-4.077 (quinonoid
ring protons), (b) a multiplet 1.90-2.527 (phenyl group protons);the
relative intensities were 4:10 which is the ratio required for (CIV).

The infra red spectrum of this product (C=O bond at 1640em™') was quite
different from that of the yellow compound (m.p. 164-166°) which thus
remains unidentified.
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SECTION II

Synthesis of Compounds potentially capable of exhibiting '"No-Bond

Resonance"

Part A : Dehydrogenation Products of Thiothiophthens

The main objectives of the work described in this part of the
thesis were the syntheses (a) of members of the novel class of compounds
represented by formila [ (CLVITI); X=5| and (b) of cempounds of type
(CLIX).

Compounds of type (CLIX) are thioacyl derivatives of cyclopenta
(] =142-dithicle, an unknown iso-m-electronic amalogue of azulene for
which considerable stability has been predicted’ .

Since these substances are dehydrogenation products of the thio-
thiophthens (CILX) and (CLXI) respectively, a number of representatives
of these classes of compounds were required as starting materials,
Aceordingly, the thiothiophthens (CIX a, ¢, ey g and h) and (CLXIa)
were synthesised together with certain of the corresponding ketones (CIX
by, d and f; CL{Ib). The yield of (CLXh) was insufficient for further
study,

Interest in cations of the type (CLVIII; X = 8) arises because of
the poseibility that they might exhibit tautomerism or rescnmance between

' two equivalent structures :
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In this instance participation of the d-orbitals of the central
sulphur atom seems improbable because it would involve canonical
structure (CLXIT) with charge separation or (CLXIII) with a quinonoid
benzene ring.

@ 6 @ S
T I
o oy

(CLXII) (CLXIII)

1. Ireparation of Starting Materials

With the exception of the thiothiophthen (CIXg), the thiothiophthens
were prepared by treating the triketones (CLXIV) with phosphorus penta-
sulphide. The triketones were obtained from the appropriate cyclic
ketone by a gensral method”> involving reaction with the methyl ester of
an aromatic carboxylic acid (or a methyl ester not possessing an active
a~methylene group) in the presence of sodium hydride (Scheme 22), Cone
version to the corresponding ketone (CLXV) was effected by treatment with
a solution of mercuric acetate in either acetone or an acetone chloroform
mixture (depending on the solubility of the thiothiophthen in aceteone).

The yield of the thiothiophthen (CLXh) was insufficient to allow
conversion into the ketenme. The ketodialdehyde (CLXIV; R = H) was
prepared by replacing the aromatic ester used in the triketone preparation
by methyl formate, an aliphatic ester which does not contain an active
e-methylene group and which, therefore, is not prone to attack by sodium
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hydride, The dialdehyde was obtained in good yield, but conversion to

the thiothiophthen gave an extremely poor yield. The preparations of

the compounds [CLX (a),(b)s(e),(d),(e) and (£)] have since been described
in the litcnturojz .

Compound (CLXg) was prepared by the method of Thuillier and \"h.‘!:l..51
(scheme 23). Attempts to convert this thiothiophthen into the corres-
ponding ketone by using either mercuric acetate in acetone or concentrated
sulphuric acid failed, the reagent apparently causing breakdown of the
molecule.

2. Dehydrogenation

Dehydrogenation of the thiothiophthens (CLX; X = 8) to the 7=
thioacylbenzo[c]=1,2-dithioliun fluobarates (CLVIII; X = §) was accomplished
by treatment with trityl flucborate’’ in acetic acid (icheme 24) and the
7-acyl compounds (CLVIII; X = O) were prepared similarly for spectroscopic
comparison with the thiones. Attempts to dehydrogenate the thiothiophthen
(CLXIa) using the same reagent were apparently unsuccessful since none of
the expected 3-phenyl-6-thiobenzoyleyclopenta [¢] =1,2-dithiole (CLIX;

R = Ph) could be isolateds The only well defined product from this
reaction was a black crystalline solid (m.p. 300°) which showed infra red
absorptions characteristic of the fluoborate ion. The yield was
insufficient for detailed investigation.

3« Spectrosc studies of the thiothiophthens and their De tion
Products
(2) Nemers Spectra

The nem.r. spectra of the thiothiophthens (CIX, ascsesg and h) and
(CLXIa) (Table 2) indicated symmetrical structures, the two groups (R)
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giving only one set of signals and the protons of the fused carboeyclie
ring giving either the triplet-quartet* system [ for compounds (CLX;

X = 8) ] consistent with hat expected of a symietrical ay¥ ~disubstituted
trimethylene compound or a singlet [for compound (crx1a)].

In contrast the ketones (CLX byd and f) and (CLXIb) (Table 2)
although giving one set of sipgnals for the two R groups, gave a more
complex pattern of absorptions due to the carbocyclic methylene groups.
For example, the methyleme groups of the ketone (CLXIb) showed an Asz
miltiplet which was replaced by a singlet in the spectrum of the corres-
ponding thione (CIXTa)s The methylene protems of the six-membered
carbocyclic rings in the ketones (CLX b, d and £) were observed as two
complex multiplets rather than the relatively simple triplet-quintet
system of the thiothiophthens.

The n.m.r. spectra of the dehydrogenation products (CIVIII; X = 8)
also showed evidence of molecular symmetry (Table 2). The two groups
(R) gave rise to only one set of signals and the three protons of the
fused benzene ring gave am A,B multiplet (almost A;X) in the region 0s9=
1.9v.

Unexpectedly the n.me.r. spectra of the corresponding ketones
(CLVIII; X = O) contained an A B multiplet which was almost identical in
appearance with that in the spectra of the thiomes. In other respects,
howevery, the spectra of the ketones were unexceptional and clearly consis-
tent with the unsymmetrical nature of the Ma. Thus the di-p-anisyl

* The expected pattern of absorption is a triplet-quintet but one line
of the quintet was evidently too weak to be seen.
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compound (CLVIIIf) showed two methaxyl absorptions near 5.9¢ and two
.'t‘.!B2 miltiplets in the aromatic proton region; the di-petolyl
compound (CLVIIId) similarly showed separate absorptions far each of
the p-tolyl groups.

The n.m.r. spectral evidence thus suggests that the dithiolium
cations (CLVIII; X = S) possess symmetrical structures, a state of
affairs similar to that found for the parent thiothiophthems (CLXj
X = 8)s This apparent symmetry could be due either to resomance or
to degenerate tautomerism but the evidence available was insufficient
to allow a distinction to be made.
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(b) Ultraviolet and Visible Spectra
The electronic spectra (iig. 1) of the 3-thicacylmethylene-

142-dithioles (thiothiophthens) resembled those of the previously
investigated compounds of this class; the ultraviolet absorption
bands vere more intense and the visible bands less intense than those
of the corresponding acylmethylene compounds (Fig. 2). Doth bands
showed a bathochromic shift comsequent upon the change from ketone to
thione, the shift in the visible band being the greater.

The magnitudes of these shifts (AXN) of the visible absorption
bande are shown in Table 3 together with the corresponding values for a
number of previously known compounds. A value of AA = 90-100my has
beenrcsardodsaasnormlforcompamdsinuhichthereismbondim
interaction between the sulphur atom in the thicacyl group and that in
the heterocyclic ring. Smaller values of A (usually near 60my) are
found for compounds in which such interaction is possible. It is note-
worthy that all the thiothiophthens synthesised in the present investigation
show values of AX well below the "normal" range and, in the case of the
compounds with a fused G-membered ring, lower (42-46mp) than any value
previously reported. In agreement with Brown's obumtimez. the
value of AN for the pair of compounds (CLXI a and b) with a fused
S-membered ring is the highest in the series but it is not sufficiently
high to support his contention that the presence of a S-membered ring
distorts the bond angles of the thiothiophthen system sufficiently to
prevent the bonding interaction mentioned previously. In this particular
instance, and in certain of the pairs of compounds studied by Brown, there
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is some uncertainty in the evaluation of AA because the visible
absorption band shows a double maximum in the spectrum of the khkone
and a single maximum in that of the khione,

The ultraviolet spectra of the thiocacylbenzodithiolium salts
(CLVIII; X = 5) were similar to those of the corresponding acyl come
pounds (CLVIII; X = 0). The bathochromic shifts ( AN ) of the
visible absorption bands for a change from thiml were 94
[ for the compounds (CLVIII a and b)1, 90 (far (CLVIIT e and £)] and
100m [ for (CLVIII ¢ and 4)] all of which values are within the remge
observed for the model compounds (CIXVI and CLXVII). This evidence,
however, cannot be held to indicate that the cations exist as
unsymmetrical structures because the compounds used as models for the
thiothiophthen series are no longer suitable for comparison with the
cationic compounds. lMoreover, the intensities of the visible absorption
bands ( € 1000) in this series are lower than those of the corresponding
bands in the thiothiophthen series ( €@ in the range 2000-5000).

The low intensities suggest that the visible bands might be
h-i* absorptions of the carbonyl or thiocarbonyl groups and this inter-
pretation is consistent with the hypsochromic shift observed when methoxy
groups are introduced into the p-positions of the aryl groups [ cf.
thiobenzophenone ( M max 599mu) with k4,4'-dimethoxythicbenzophenone
(A Sm)sol. p-liethoxy substitution causes the near ultraviolet
band, which is, presumably, a = = x* absorptions of the benzodithiolium
nucleus, to suffer a bathochromic shift which is comparable to the shift
observed in changing from 2-phenyl-( Amax 388mu) to 2-p-methoxyphenyl-
benzo-1,3-dithicliun perchlorate (Amax 4hom)"?,
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This interpretation of the spectra necessitates the assumption
that the apparent symmetry of the cations is due to tautomerism rather
than to rescnmance. Had the phenomenon been due to resonance, the
spectra might have been expected to show an intense band of relatively
long wavelength, analogous to those found in the spectra of cyanine
dyes, This band would have been shifted to longer wavelengths by
p-methoxy-substititicn and would have been absent from the spectra of
the ketones (CLVIII; X = 0).
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PART B : 4-Thicacyle1l,2-dithiole-3=thiones

In addition to the thiothiophthens, the structure of which
formed part of the discussion in Part A of this Section, there are
other types of compounds which could, in principle, exhibit either
esingle bond-no bond resonance or single bond-no bond tautomerism. The
li-thicacyle1s2-dithicle-3=thiones (CLAVIII; X = 5) constitute cae
such class of coupounds (Scheme 25).

A preliminary investigation by Brown?®

of compound (chg:i). aghe Nemers sSpectrum of which showed a 2-proton

involved the preparation

resonance, attributable to the
Ph | / artho-protons of the thicbenzoyl
Ph g group, on the low-field side of
(CLXIX) the 8 proton multiplet due to
the remaining aromatic protons. This result would not be expected if
the compound was rendered symmetrical by single bond-no bond resonance
or if the two equivalent structures were undergoing rapid tautomeric
interconversion.

The objects of the present investigation were (i) to synthesise
other compounds of type (CIXVIII; X = 5)y the n.m.r. spectra of which
would be less open to errors of interpretation, and (ii) to attempt the
synthesis of the separate tautomers [ (a) and (b)] of Scheme 25.

1. The Synthetic Procedure

Mcmmdammmdhyammlmthd& (Scheme 26),
the Iirst stage of which involved the condensation of suitably substituted
propicphenones with aromatic aldehydes according to the procedure of
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Noller and .\clansa3 « The resulting benzylidene-compounds were boiled

with sulphur in ethyl benzoate to give the ‘=acyl-1,2-dithicle-3-thicnes
(CLXVIII a=e) which were converted into the thicacyl compounds by

treatment with phosphorus pentasulphide in boiling xylene. A=z shown
bym&, 1tmmm7tomr1£yeommmmmth-
sulphide by means of two successive Joxhlet extractions with carbom
disulphide.

The thiocacyl- compounds were isclated from the reaction mixtures
by chromatography on alumina and were observed as green bands on the
columm whereas the initial ketones were observed as red bands. The
thiones obtained from the ketones (CLAVIII a and ¢) gave infrared spectra
identical, respectively, with those of the thiones obtained from (CILXVIII
b and d) but the n.m.r. spectra, discussed below, showed that, in each
case, the products were mixtures of the two possible isomeric 4-thicacyle
dithioclethiones,.

2. Nem.r. Spectra (Table 4)

The n.me.r. spectra of the ketones (CLXVIII asby¢ and d) (Table 4)
each showed one 3-proton singlet due to the methyl protons of a p-tolyl
or p-anisyl group. The di=p~tolyl compound (CLXVIITe) showed two
methyl singlets of equal intemsity.

The sulphurisation products of the isomeric phenyl-p=-tolyl
compounds (CLXVIIIa) and (CIXVIIIb) gave identical n.m.r. spectra which
showed two methyl singlets, of similar but not quite equal intensity,
together accounting for three protons. This result shows quite clearly
that the products were mixtures of the two isomeric thicnes which, although
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capable of separate existence at ordinary temperatures, were evidently
interconvertible under the conditions of their formation. The
presence of two components in almost equal amounts accounts for the
non-crystalline nature of these products. The sulphurisation products
of the phenyle-p-anisyl compounds (CLXVIIIc) amnd (CLXVIIId) also gave
identical n.m.r. spectra but, in this case, one of the methyl singlets
wﬁ of much grector intensity than the other. Thus one of the isomers
was preponderant and, as a comsequence, the products were readily
obtained in crystalline form. The presence of two methyl singlets in
the nem.r. spectrum of the di-p-tolyl compound (CLXVIIIf) confirms the
non-equivalence of the aryl groups in these 4ethiocacyle1,2-dithicle-je

thiones.
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PART C : (i) Compounds Derived from 3-Phenacylidene- and S=Thiophen~
acylidene-5-phenyl-1,2-dithicle

Another class of compounds which might be expected to exhibit

the characteristics of "single bond-no bond resonance” is that in which
the two outer sulphur atoms in a thiothiophthen are replaced by nitrogen

(CLXX).
Ry Ra Ra R|:.
I

I |
N S N o T N -
= W

(cLxx)

As a first approach to the preparation of this type of compound
the 3-thiophenacylidene- (CLiXIa) or 3-phenacylidene-5-phenyl-1,2-dithiole
(CLXXIb) were chosen as starting materials. It was proposed to allow
these compounds to react with triethyloxonmium fluoborate to give the
corresponding 1,2-dithiolium cations (CLXXIIa and b). These cations
would be expected to react with aniline to give 3-(f-phenylimine- f~phenylethyl-
idene)=5-phenyl-1,2-dithicle (CILXXIII). It is conceivable that this
compound might exist as a "single bond-no bond resonance' structure or as
a tautomeric mixture (CLXXIII a and b) and that it might react further
with triethyloxenium fluoborate to give the 1,2-thiagzolium salt (CLXXIV)
which, by reaction with aniline, would give the potentially symmetrical
compound (CLXXV)e (Scheme 27).

The preparation of compound (CLXXIb) by reaction of 3-methylthio-

S-phenyle1,2-dithiolium iodide with sedium benzoylacetate (Scheme 28) is
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demcribed by Mcid.nm%. However, the yields obtained using this method

are poor (9¢) so that an attempt was made to prepare (CLXXIDb) using the
following closely related methods The 1,2-dithiclium cation was allowed
to react with ethyl benzoylacetate to give the ester (CLXXVI) in 31
yield., It was hoped that subsequent hydrolysis and decarboxylation of
this ester would give (CLXXIb) but although several methods were used in
an attempt to hydrolyse (CLXXVI ), none was successful. The cw
(CLXXIb) was thus prepared using McKimnon's method. The preparation of
3=-thiophenacylidene-5-phenyle1,2~dithiole (CL(XIa) has been described in
an earlier section of this thesis (page 9).

When attempts were made to react 3-thiophenacylidene- (CLXXIa)
and 3-phenacylidéne-5-phenyl-1,2-dithicle (CLXXTb) with triethyloxonium
fluoborate, it was found that only in the case of the 3-thiophemacylidene-
compound was the required dithiolium salt (CLXXIIa) obtained. This salt
reacted with aniline to give 3-{[=phenylimine-i-phenylethylidene )=5=
phenyl-1,2«dithicle (CLXXIIIa). Unfortunately, there was not enough
time available to proceed further so that the conversion to (bmv)m
(CLXXIV) was never tried.

PART C : (i1) Attempted Preparation of 2-Thiophenacy s 6=diphenylpyran

Mcnnnansh used several pyran and thiopyran derivatives (CLXVI;

X=0or 8) (CLXVII; X = O or 5) and (CLXXVII; X = O or &) as reference

?h

Ph Ph
X
P |
e - -
P” 07 TPh o

(CLXVI) (CLXVII) (CLXXVII)
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compounds in the interpretation of the visible and ultraviclet m
of phenacylidene- and thiophenacylidenedithiocles. To complete this
series of reference compounds, lcKinnon attempted to prepare 2-phenacyl-
idene- (CLO(VIIIa) and 2-thiophenacylidene~i,b-diphenylpyran (CLXXVIIIb)

and although he succecied in making the 2-phenacylidene- compound, he
Ph

| ° CLXXVIII; a, X
o) by X

|
iy N7 P

was umnable to convert it to the corresponding thiophenacylidene compound.

It was proposed that the problem be approached in two ways,
ocutlined in Scheme 29, In an attempt to 1qpro||vth. yield of the 2-
phenacylidene- compound (CLXXVIIIa), 2-methylthioeh,l=diphenylpyrylium
iodide (CLXXIX) was allowed to react with ethyl benzoylacetate to give
the ester (CLIXX). Attempted hydrolysis of this ester was, however,
unsuccessful. The reaction involving (CLIXIX) and sodium benzoylacetate
gave a mixture of phenacylidene compound (CLXXVIIIa) and some other
compound which was not identified. The proposed routes to the thio-
phenacylidene compound (CLXVIIIb) were never attempted.

n n
n O






Unless otherwise stated :

Melting point detemminations were carried out in a capillary
tube in an g-butjl phthalate bath and are uncorrected.

Solutions were dried over anhydrous sodium sulphate.

Ultraviolet spectra were determined, in ethanol, on a Perkin-
Hlmer 137 U.V. spectrophotometer.

Infrared spectra were determined as solutions in chloroform
on a Unicam S,P. 200 spectrophotometer.

Nuclear Magnetic Rescnance spectra were determined, in
deuterochloroform, on a Perkin Elmer R, 10 (60 Me/s) spectrometer.
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SECTION I
lo-addition ons of Dithiolethiones and Dithiolanthiones

PART (A) @ (i).Rilcticn- Involving Benzyne
GENERAL MATERIALS
5-Phenyl=1, 2-dithiole3-one
Prepared by the action of sulphur on boiling ethyl cinnamate
Yield = 88.3 g from 262 g. of ethyl cinnamate = 39%.
mepe = 114=117° (lit.mepe=114e117°)
S=rhenyl-1,2-dithiocle-3-thione
Frepared by the action of the corresponding keteome with
phospharus pentasulphide ©°
Yield = 17.7 g« from 20 g. of dithiolone = 82%,
MePe = 126=127° (litemepe=125-127°)

k-rhenyle1,2-di thiole=3-thione

The method of 1“101"1312 was used but modified such that quinoline

was used as basic catalyst in place of di-o-tolyleguanidine.
Yield = 41,3 go from 200 g, cumene = 1%,
Mepe = 127122° (Litemep.=122°)
Y 5=Benzo=1,2-dithiole=3-thione
Prepared by the action of phosphorus pentasulphide on 2,2'-
dithiodibenzoic acid 2,

Yield = 9.2 g. from 20 g. of dithiodibenzoic acid = 407,
BePe = 94=96° (1it.mep.=h=96®)
1, 3=Dithiolan-2-thione
Prepared by the action of 1,2-dibromoethane on a solution of
aqueous sodium sulphide and carbon disulphide in dimthylfomnidow.
Yield = & g. from 6.3 g. of carbon disulphide = 73i.
fape = 35-36° (Litumep."" = 35-36°)
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4=Phenyl-1, 3-dithicle-2~thione
(1) Methyl mercaptan was prepared by the slow addition of dimethyl
sulphate to a solution of sodium hydrogen mlphidnsg.
(ii)Phenacylmethyl trithiocarbonate was prepared by adding a mixture of
methyl mercaptan, carbon disulphide and ethanolic sodium ethoxide to
phenacyl bromide’C,

Yield = 41,8 g, from 45 g. of phenacyl bromide = 77%

Mepe = 40=41° (lit.m.p. = 41°)
(111) 2-Hethylthio-h~phenyl=1,2-dithiolium hydrogen sulphate was prepared
by warming a mixture of phenacylmethyl trithiocarbonate and concentrated
sulphuric acid’’,
Yield = 6.2g, from 8g. of phenacylmethyl trithiocarbonate = 62¥.
(iv) 4=Phenyl-1,3-dithicle-2-thione was obtained by shaking 2-methylthio=
l=phenyl=-1,2-dithiolium hydrogen sulphate with saturated sodium sulphide
soluticn%.
Yield = 1.,47g. from 6.2g. of hydrogen sulphate = 37%
Bepe = 116=117° (lit.m.p.=116=117°)

1-Aminobenzotriazole

Method A

(1) Hydroxylamine-O-sulphonic acid was prepared by the action of 30%
fuming sulphuric acid on bis-(hydroxylammonium) sulphate’>.

(i1) I-Aminobenzotriazocle: Hydroxylamine-O-sulphonic acid (30.0 g4
0.266 mole) dissolved in water (45 ml.) was added to a sclution of benzo=
triazole (26.4 guy 04222 mole) in aqueous sodium hydroxide solution

(2646 go sodium hydroxide dissolved in 110 ml. water). The temperature
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during addition varied from 58-62° and was then maintained within this
range for a further 2 hr. Ether extraction gave a brown oil (13 g.,
44) which solidified on standing to give a brown solid m.p. 40°.
Chromatography in a 30 : 70 ether - light petroleum (60-80°) mixture
on silica gave
(a) 2-Aminobenzotriazole, (1.7 Zes 6X),mepe. 120-122‘(11t.n.p.9"-122°)
The solvent mixture was changed to 70 : 30 ether - light
petroleun (60-80°) to give
(b) 1-Aminobenzotriazole, (3.5 ges 11%),m.p. 81—8}(11t.mp.9“-8‘i‘)
Method B
(1) Methyl trophe lidenec etate was prepared using
a method similar to that described in Crganic reactions’® for ethyl
cyanoglyoxylate-m-chlorophenylhydrazone.
Yield = 43 g. from 41.5 g of o-nitroaniline = 58,
mepe = 184-186°,
(41) Yethy) g-aninophenylhydrazylidenecyancacstate was prepared by the
reduction of the corresponding nitro-compound using 10¥ palladium on
charcoal catalyst in dioxan.

Yield = 18 g. from 35.7 g. of o-nitro compound = 50%.
MePe = 177.1780 (ntolopo-"s"‘)

(1ii) Methyl (benzotriazol-1-ylimino-)cyancacetate was prepared by a

modification of the method deseribed by Bianchetti amd 'rn:nsa. To

methyl o-aminophenylhydrazylidenecyanocacetate (2.5 gey 0,011 mole) was
added methanol (15 ml.) and concentrated hydrochloric acid (3 ml.) and
the mixture warmed. Traces of insoluble materials were filtered and
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the filtrate diagotised at 0-5° with a solution of sodium nitrite
(0e75 ges 0,011 mole) in water (5 ml.) and methanol (5 ml.). Vater
(100 ml,) was then added and the cream coloured precipitate was filtered.
Recrystallisation from methanol gave a cream amorphous solid (1.0 ges
40%) Jmep. 180-181°d,
(iv) J-Aminobenzotriazole was prepared by the acid hydrolysis of methyl
(benzotriazol-l-ylimino)-cyancacetate in the manner described by
Bianchetti and '1'1‘:7.68-

Yield = 2,3 g. from 9 g. of methyl(benzotriazol-l-ylimino)-
cyanocacetate = 44,

mepe = 81=83° (lit.u.p.% = 84°)

by5-Benzom1, S=dithiol-2-ylidene~phenylacetaldehyde
1) & -Denzo=2-methylthio=1, 3-dithiolium perchlorate

ly5-Benzo=1,2-dithicle-3-thione (1 g.) was heated with an excess
of dimethyl sulphate at 150° for 2 min. ' The brown solution was poured
into acetic acid (20 ml.) and a few drops of perchloric acid were added.
After a minute or so, the perchlorate separated. Recrystallisation from
acetic acid containing a drop of perchloric acid gave a white crystalline
powder, (1.6 gos 100%), mep. 198-199°,
(i1) 1= ~2=plic lene

iveshly distilled phenylacetaldehyde (9.43 g., 0.0785 mole) and
pyrrolidine (11415 gey 0.157 mole) in benzene (40 ml.) were heated in a
Dean and Stark apparatus until no further separation of water was
observed, The solvent and excess amine were removed by distillation
in vacuo to give a residual brown oil, Distillation in vacuo gave a
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,‘nﬂ dl. (905 Bey 70,"))9 b.p. 111'/0.2 mme

(111) 2-( =N-Pyrrolidino-c~phenylvinyl )4, 2=benzo=-1, S=dithiolium perchlorate

1=(N-Pyrrolidino)=2-phenylethylene (1.49 gy 0.005 mole)
dissolved in dry acetane (10 ml.) was added to a solution of 4,5-benzo-
2-methylthio=1,3=-dithiolium perchlorate (1.49 ges 0,005 mole) dissolved
in a mixture of dry acetone (20 ml.) and dry acetonitrile (20 ml.). The
mixture was allowed to stand at room temperature for 20 min. and then
concentrated at 40° in vacuo to give a yellow oil, (2.6 g.), which could
not be crystallised,
(4v) 4,5-Benso-1, 3-githiol-2-ylidene-phenylacetaldehyde

The crude oil from experiment (iii) above (2.6 gy 0.008 mole)
dissolved in a mixture of dilute hydrochloric acid (30 ml.) and methyl
cyanide (30 ml.) were boiled gently under reflux for 30 min. The methyl
cyanidcmrmodbydimnaummdﬂammnddmm.ﬂ

extracted several times with benzene. The benzene extract was washed
with water and dried (Nazso,‘) and then the benzene distilled to give a
residual oily solid. Chromatography on alumina in benzene gave a brown
oil (0.075 ge) which crystallised from ethancl as yellow needles m.p.
102-103°. The infrared spectrum was identical with that of the material
meps 102-103° obtained by the reaction of lwphenyle1,2-dithicle-3-thicne
with benzyne and the mixed melting point was undepressed.
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CYCLO=-ADDITION REACTIONS
Pre Inve tions
1. Stability of the Dithiclethione system to selected Oxidising Agents
S5-rhenyl=1,2-dithicle=~3-thione (1g., 4.76 m.mole) and the
oxidising agent (9.52 me.mole) in dry benzene (10 ml.) were boiled under
reflux for 50 min. The mixture was cooled, filtered and the benzene

distilled from the filtrate in vacuo. The residue was weighed and then
a mixed melting point with Sephenyle1,2-dithicle=3-thione determined.

The oxidising agents used in these experiments were mercuric
oxide (HgO), nickel peroxide (ru.zo + XH,0), lead dioxide (Pboz) and
active manganese dic:ntid.96 (Hnoz). In each case, the S-phenyle1,2-
dithiole-3-thione was recovered unchanged.

A further reaction involved the use of lead tetra-acetate
Pb(QAc)“ as oxidising agent, but this time the mixture with the
dithiclethione in dry benzene was not boiled under reflux but allowed
to stand at room temperature for 30 min. Again the dithiolethione was
recovered unchanged.

2. Selection of Oxidising Agent for the Generation of Benzyne from
J-Aminobenzotriazole

1-Aminobenzotriazole (0¢335 ges 2.5 m.mole) dissolved in dry
benzene (30 ml.) was added dropwise and with stirring over a period of
30 min. to a stirred mixture of oxidising agent (5 m.mole) and tetra-
cyclone (1.92 gey 5 memole) in boiling benzene® (20 ml.) in a dry nitrogen
atmosphere. The reaction mixture was boiled under reflux for a further
30 min., cooled and then filtered to remove oxidising agent. The solvent
was removed by distillation in vacuo to give a residual black solid.
Chromatography on alumina in a benzene - light petroleum (60-80°) 1 : 3
mixture gave 1,2,3,4-tetraphenylnaphthalene as a first fraction and then
unreacted tetracyclone. The results are given in Table 5.
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Zable 5 : Generatiom of Benzyme from i-Aminobenzotriazole

Oxddisin Yield of 1,2,3,k-tetraphenyl necovered
A whi’:h;l;m (%) tetracyclone
1nC, 8 | 90
HgO 0 100
+-
N120 - Zﬂzo 1% 70
S - .

‘Pb(mc)“ 99 50

* The reaction involving lead tetra-scetate was carried out at room
temperature.

Main Inve tion

1. BHeaction of S-rhenyl-1,2-dithicle-3-thione with Renzyne

(a) A solution of lead tetra-acetate (1.11 g.y 2.5 m.mole) in dry

benzene (30 ml.) and a solution of l-aminobenzotriazole (0.335 g.s 2.5

memole) in dry benzene (30 ml.) were added simultaneously, dropwise and

with stirring, over a period of 10 min., to a solution of S-phenyl-1,2-

dithicle-3-thione (0.525 g.y 2.5 m.mole) in dry benzene (20 ml.) and in

a dry nitrocen atmosphere. The reaction mixture was then filtered and

the filtrate concentrated by distillation in vacuo. The residue was

chromatographed on alumina in a light petroleum (60-80°) - benzene 1 3 2

mixture to give @

(1) A maroon oil (0. g.) which could not be crystallised.

(11) A greenish-brown solid (0,57 g.),m.p. 154=160°, Trituration with
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acetone gave greenish-brown prisus,(0.35 g.y 55¢), mepe 187-188°,unchanged

when the compound was mixed with 4,5-benzo-2-thiophenacylidense1, 3=

dithiole’. Infrared spectra confirmed the identity of the two samples,

* Authentic U4,5-benzo-2-thiophenacylidene-1,3-dithicle was provided by
DeBede Laston.

(b) Using the same reaction conditioms but 1 : 2 ;: 2 molar ratios

of l-amincbenzotriazole : S5-phenyl-1,2-dithiocle~3=thione : lead tetra-

acetate respectively, the yield of U4,5-benzo-2-thiophenacylidene~1,3=

dithiole was 47,

(e) Using 1 : 2 : 1 nolar ratios of l.aminobenmotriszole : Sephenyle

Yy2-dithiole-3-thione : lead tetra-acetate respectively, the yield of 4,5«

benzo-2-thiophenacylidene-1, 3-dithinle was UGy,

2. Reaction of 4=7'ienyle1 se=dithiole=>-thione with Benzyme

(a) A solution of lead tetra-acetate (1.11 gy 2.5 memole) in dry
benzene (30 ml.) and a sclution of l-aminobenzotsazole (0e335 gey 2.5
memole) in dry benzene (30 ml.) were added simultanecusly, dropwise and
with stirring, over a period of 10 min, to a soltion of lephenyl-1,2=
dithiole-3-thicne (0s525 guy 2.5 memole) in dry benzeme (20 ml.). The
reaction mixture was filtered, the filtrate concentrated and the residue
chromatograyied on alumina in a light petroleum (60-80°) - benzene 1 : 2
mixture to give :

(1) & brown solid, (0421 g.), Mepe 114=116° which recrystallised from a
light petroleum - benzene mixture to give brown prisms,(0.13 ge) mepe
119-121°,  (Mixed with lYephenyl-1,2~dithicle=3-thicne m.p. 119-121°),
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(11) A brown solid (0422 g.),mepe 92<95° which recrystallised from
ethancl as brown prisms ,(0.00 g.), meps 102-103°. The microanalysis
of this compound was not consistent with its being the expected 4,5-
benzo-1, J=dithiol-2-ylidene-phenylthicacetaldehyde but it was consistent
with that of the corresponding aldehyde.

3 max 1630 ca”' (CHO)
Found : 0.66058§ H’lf.y" Sq2508 ’
c1531o°52 requires : Cy66.63; Hi3e733 542347 %

The n.mer. spectrum showed a singlet (relative intensity 1) at
0.77y attributable to the aldehyde proton, and a multipl-t (relative
intensity 9) in the aromatic proton region.

The I.R. spectrum and mixec melting point were identical with
those of an authentic sample of 4,5-benzo-1,3=dithicl-2-ylidene-phenyl-
acetaldehyde.

5. DReaction of 1,‘?-Ddthio]an-2-thim with Benzyne
The reaction was carried out in a manner similar to that des-

cribed for S-phenyl-1,2-dithiole-J~thione (1a).

Quantities :

1y 3=Dithiolan-2-thione Os4 Geoy 245 m.mole
1-Aminobenzotriazole 03358y 245 memole
Lead tetra-acctate 111 gey 2.5 memole

The reaction mixture was filtered and the filtrate chromatoe
graphed on alumina in a light petroleum (60-80°) - benzene 1 : 2 mixture
to give : |
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(1) ' Pale yellow ncedles, (0,06 gey 137),m.p. 165-166°, (Mixed with
authentic 4,5-benzc-1,3-dithiole~2-thione m.p. 165-166°.) The infrae
red spectra of the two samples were identical,
(1) Yellow 0il,(0s16 g, ),which solidified on standing, m.p. 37-39°.
(Mixed with 1,3-dithiolan-2-thione, m.p. 37-39°.)

b. Reaction of k4, g-Benzo-1,2~dithiole=3-thione with Benzyne
Methed :

As described in 1a above,

(uantities :

ky5-Benzo=1,2-dithicle-3-thione 0,46g., 2.5 ' .ucle
1-Amincbenzotriazole 03358+ 4245 memole
lead tetra-acetate 111 gey2.5 m.mole

The reaction mixture was filtered and the filtrate chromatographed
on alumina in a light petroleum (60-80°) - benzene 1 : 2 mixture to give
unreacted 4,5-benzo~1,2-dithicle-3=thione, (0.24 gy 54%)s mepe 93-95°,

5. DReaction of Q-Phngl-h&tgoh-a.thim with Benzyne

Method 3
Similar to that described in 1a above.

Quantities :

L-Phenyle1, 3~dithicle=2-thione  0.525 g.y 2.5 memole
1-Aminobenzotriazole 06335 Gey 245 memole
lead tetra-acetate .11 5.y 2.5 m.molo

Chromatography on alumina in a light petroleun (60-80°) -
benzene 1 : 2 mixture gave only trace quantities of materials,
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PART (A) : (ii) Reactions Involving Dimethyl acetylenedicarbaxylate
thenylacetylcne and lethyl phenylpropiolate
GENERAL MATERTALS
1o g-Phenyleinnamic acid
 Prepared by the action of benzaldehyde on phenylacetic acid in
the presence of triethylamine’,

Yield = 43.4 g. from 42,4 g. of benzaldehyde = 49,
Mepe = 170-172° (lit.m.p. = 172-173°)
2, Perbenzoic Acid
Prepared by the sctien of sodiun methoxide on Fonzoyl peroxide’s.
Yield = 24,2 g. from 50 g. of benzoyl peroxide = 847,

5. gig-stilbene
- a=Fhenylecinnamic acid was decarboxylated using quinoline and a

copper chrouite catalyst at 210-220"99.
Yield = 29.0 g. from 43,4 g. of c~phenyleimnamic acid = 85,5%.
b.p. = 171.1'”"./60 mn,.

b, gis-Stilbene oxide

cis-Stilbene was oxidised with perbenzoic acid according to the
method of Lynch and Peusacker °.
Yiold = 1.1 g. from 28.2 g. of cis-stilbene = 35%.

Mepe = 40=42° (lit.m.p. = 43°)

S. izapg~%,5-Diphenyle1, 3-dithiolan~2~thione
The thione was prepared by the action of potassium methyl
xanthate on cis-stilbene oxide as described by Overberger and Drudur“”.

Yield = 1.3 go from 10.46 g. of gis-stilbene oxide = 8.5%.
Wepe = 154=156° (Litemepe = 155-157°)
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6e Leang-4,S5-Tetre ethylene=1, 5-dithiolan-2-thione

A solution of potsssium methyl xanthate was prepared by
dissolving potassium hydroxide (2.88 gy 0.05 mole) and carben
Wd. (“067 Bes 0.&15 m’) in wethanol (1}05 ml, )0 To this

solution was added cyclohexene oxide (2 g.y 0.0204 mole) and the

homogeneous mixture was stirred for 2 hr. 10 min, The yellow crystal-

line solid (which started to form after 10 min.) was filtered off and

recrystallised from a light petroleum (60-80°) - benzene 1 : 1 mixture.
Yield, 2.23 g (57.5%) mepe 168-169°.

7e thyl acet late

The ester was prepared by the esterification of the mono-
potassium salt of acetylene dicarboxylic ac:ldm.

Yield = 70 g. from 100 g. of the salt = 81%.

Depe = 101=103°/23 mue (1itebepe = 95-98°/19mm,)

8s 2,5-Diphenylhexane
(1) 2,5-Diphenylhexadiene

A sclution of bromobenzene (30 g«y 0.719 mole) in dry ether
(70 ml.) was added to magnesium turnings (27 g., 1.1 mole) contained in

a2 three-necked 2 litre flask fitted with separating funnel, stirrer,
reflux condonser and drying tube. The flask was warmed gently with a
free flame until the reaction became rapid and then a solution of bromo-
benzene (151 gey 0496 mole) in dry ether (380 ml.) was added at such a
rate as to cause vigorous refluxing. Vhen addition was complete, the
reaction mixture was stirred far 10 min,
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The reaction flask was placed in a cooling bath and then 2,5«
hexanedione (28.5 gey 0625 mole) in ether (50 ml.) was added over a
period of 10 min. The cooling bath was removed and the reaction
mixture boiled under reflux for a further 30 min. The reaction flask
was again cooled and a solution of ammonium chloride (50 g.) in water
(150 ml.) was added, slowly at first, over a peried of 10 min. to give
a pasty white solid. The wether layer was decanted into a separating
funnel and to this was added a 50 ml. extract of the pasty residue, and
the combined ether solutions were dried by shaking with dry caleium
chlorides The ether was distilled in vacuo and the reridual white solid
dehydrated by heating at 210-220° in an oil bath far ¥} hr. Remaining
traces of water were removed by applying a water pump vacuum to the
systems A solution of the residual brown solid, in hot ethencl, was
filtered and allowv:d to cool to give pale yellow flukes, (843 gey 14%),
Mepe 134=136° (nt.m.p.mj = 136=-130°).

(11) 2,5-Diphenylhoxans

A suspension of 2,5~diphenylhexa-2,i-diene (4 g.y 0.017 mole)
and 0% palladium on charcoal (0«75 g.) in ethyl acetate (100 nl.) was
agitated in a hydrogen atmosphere uatil hydrogen absorption had ceased
(approximately 700 mle absorbed)s The catalyst was removed by
filtration and the solvent removed from the filtrate in vacuo to give a
residual colourless oil (4.0 gey 100%). Chromatography on silica in
light petroleunm (60-80°) gave a colourless oil, (3.2 g. 50%).
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CLO=-ADDITION REAC ICNS
s Zeaction of Dimethyl aceylenedicarboxylate with §ranse's,S-Diphenyle
1, 3-dithiolan-2-thione

transet, 5-Diphenyl-1,3=dithiclan-2-thione (0s72 ges 245 memole)
and dimethyl acetylenedicarboxylate (0.36 g.4 2.5 m.mole) were heated at
110° for 5 min, Examination of the reaction mixture by Cas-Liquid
Chromatography on a 25% poly(ethylene glycol adipate)/Celite column,
1 metre long, at 220° indicated that trans-stilbene was present in the

wixture but that there was no gis-stilbene present.

Chromatography on alumina in light petroleum (' 0-60°) gave :
(1) A white solid, (0.28 gey 62%),mepe 122-124° unchanged wien the
compound was mixed with trans-stilbene. The infrared spectrum was
identical with that of trans-stilbene.
(ii) Yellow s0lid,(0s3 g.),mepe 77-82° which recrystallised from light
petroleun (40-60°) as yellow needles,(0.17 Zes 27%),Wape 85-87°
unchanged when the compound was mixed with 4,5-dimethyldicarboxg-1;3--
dithiole-2-thione*. The infrared spectra of the two sauples were
identical,
* Sample provided by D.B.Js Haston.

2. Reaction of Dimethyl acetylenedicarboxylate with MIM

1, 3=dithiolan-2-thione
cisehy5=Diphenyl-1,3-dithiclan-2-thione (0e1 gey 0.348 memole)

and dimethyl acetylenedicarboxylate (0.05 ges 0.348 m.mole) were heated
at 120° for 5 min. The reaction product was examined by Gas-Liquid
Chromatography on a 259 poly(ethylene glycol adipate)/Celite column,
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1 metre in length, at 220°, The presence of both ¢is- and trans-

stilbene was indicated in the ratio of 54 : 46 respectively.

3« Reaction of Dimethyl acetylemedicarboxylate with trans-h,S-tetra-

e thylene=1, j-di thiclan-2-thione
(1) A mixture of freshly distilled dimethyl acetylenedicarbexylate

(0s746 goy 5.26 memole) and trans-t, 5-tetramethylene=-1, 3=dithiclan2-
thione (1 g.y 5.26 m.mole) was heated from 105° to 150° over a period of

15 min. Chromatography on alumina in benzene gave unreacted trans-
tetramethylene-1, 3-dithiclan=2-thione, (0.91 gey 9%¢), mep. 168-169°,

(11) A mixture of dimethyl acetylenedicarboxylate (0.49% gey 3.48 m.mole)
and trans-4,5-tetramethylene-1,3«dithiclan-2~thione (0.66 gey 3.48 m.mole)
was heated at 145-150° for 1 hr, Chromatography on alumina in benzene
gave :

(1) Yellow solid, (0.45 g.y 68Y), m.p. 166-168°, unchanged when
the compound was mixed with trans-h,5-tetramethylene-1,3-dithiolan-2-
thione.

(ii)Brown o0il,(0.09 g.), which could not be crystallised.

(iii)Brown o0il,(0.19 g.), vhich solidified to a glass on
standing and could not be crystallised.

b, Reaction of Methyl phenylpropiolate with #—Ml—‘hzodithim-}:

thione

Methyl phenylpropiclate (7.32 g., 42 m.mole) and hephenyle1,2-
dithiole-3-thione (8.4 gey 40 m.mole) dissolved in dry benzene (120 ml.)

were heated under reflux for 4 days. The benzene was distilled in vacuo



38

to give a residual red solid which crystallised from pyridine as small
red needles,(S.4 gey 40X),mep. 268-274°. The n.m.r. spectrum indicated
that the ratio of aromatic : methyl : olefinic protons was 10 ;1 5 : 1
which is the required ratio for 4-phenyl-S-methoxycarbonyl-1,3-dithiocle
2-ylidenephenyl(thiocacetaldehyde) (i.e. the 1 : 1 cyclo-adduct).
However, a molecular weight determination and elemental analysis
indicated that two molecules of the thioacetaldehyde had combined, with
loss of sulphur, to give (CXXIX, Scheme 13, page 46).

Found t C167.55; H,b.Mb8; 5,185 ¥ MoWe 710

Cagilg0ySy, requires 1 Co67.42; Hy4a17; 85,1849 % Ma¥s 676

The structure of the reaction product was proved as follows

The material mep. 268-274° (0.5 g.) suspended in ethanol (10
ml.) was boiled under reflux for 16 hr. with approximately 2 g. of Raney=
nickel. The reaction mixture was hot filtered through Celite to remove
the nickel and the filtrate was concentrated in vacuo to give a residual
brown 0il1s(0s3 g.)e This oil should consist of a mixture of methyl
f~phenylpropionate and 2,5-diphenylhexane. Separation was effected as
follows :
(1) The brown oil (0.5 g.) was heated with 10% aqueous sodium hydroxide
solution (10 ml,) for 4 hr., and cooled, The aqueous layer was then
acidified with dilute hydrochloric acid to give a yellow oil. The oil
was extracted into ether and the extract was washed with water, dried and
then concentrated to give a yellow oil, (0.07 g.),which solidified on
standing (m.p. 47-48°). The infrared spectrum and a mixed melting point
determination showed that the compound was identical with an authentic
sample of f(=-phenylpropionic acid (ex B.DeHs).
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(41) The portion of the brown oil from (i) which was insoluble in
dilute alkali was collected and purified by thin-layer chromatography
on silica gel G (Merck). A colourless oil was obtained, the infrared
spectrum of which was identical with that of authentic 2,5-diphenyle
hexane. Gas-liquid Chromatography using a 6 ft. 2¢ poly(ethylene
glycol adipate)/Celite colum at 135° indicated that the synthetic 2,5-
diphenylhexane and the 2,5-diphenylhexsne obtained from the desulphure
isation reaction each contained the sawe two incompletely separable
components, presumed to be stereoisomers (meso and racemic).

5. Reaction of LM].-LZ—dithiOh—}-thim with Phenylacetylene
h=rhenyl-1,2-dithicle=3=thione (4.2 gey 20 m.nole) and phenyle

acetylene (2.04 gy 20 m.mole) in dry benzene (60 ml.) were boiled under
reflux for 8 days. The reaction mixture was allowed to stand at room
temperature for several weeks by which time a maroon solid possessing a

green reflex ,(0.18 g., mep. 268°d) had precipitated.

Found :  CySMe94; Hy3.74; 5,28.2%.

The filtrate was chromatographed on alumina in a light
petroleum (60-80°) = benzene 4 : 1 mixture to give :
(1) A maroon oil,(0.3 g.),which could not be crystallised.
(i1) A brown solid,(0.9 g.),meps 107=110° which recrystalliced from
benzene as brown prisus,(0.5 g.), Mep. 120-122° (mixed with bephenyle1,2-
dithiocle~3-thione m.p. 120-122°),

There were several other bands remaining on the column, but
none could be isolated in sufficient quantity for examinatiom.
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PART B : Reactions Involving Ethoxycarbonylformonitrile oxide and
Benzonitrile Ne-phenylimine

GENERAL m&n__m
1. Et -oximincacetate

Prepared by the method of Skimner’~ in which aqueous sodium
nitrite is added to a cold solution of glycine ester hydrochloride in
hydrochloric acid,

Yield = 10.5 ge from 34.85 g. of glycine ester hydrochloride

= 28,

HllePe = 79-80° (l.i.t.m.p. = BO‘).

2. g-Thenyl- (-bensoylhydrasine

The method of Fischer 104 was used in vhich a solution of
phenylhydrazine in ether was treated with benzoyl chloride.

Yield = 26,3 g. from 54.07 g. of phenylhydrazine = 50/
HaPe = 1&-169. (lit.ﬂ.p. = 1&.)

e O~ L f=(a'«chlorobenzylidene
The compound was prepared by the action of phosphorus penta-
chloride on a~phenylef-bensoylhydrazine as described by Muisgen’'.
Yield = 12 go from 20 ge of o~phenyl-p-bengoylhydrazine = 55/

b, 1m2ethi 14 dene=1, 3, k=thiadiazale
(1) 3u5-Dipheny)-1,3, bethiadinzole-2-thione

The method of Fusco and Musante’® was used in which Gephenyle
f=(a'=chlorobenzylidene )phenylhydrazine was caused to react with potassium
ethyl xanthate in ethanol.
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Tield = 1.87 g. from 2.5 g. of a~phenylefe=(a'~chlorcbenzyl-
idene )phenylhydrazine = 69v.
BePe = 151=152° (lit.mepe = 151-152°)

(1) 3,5-Diphenyle2-methylthiow1,3, b=thiadiazolium perchlorate

S15=Diphenyle1,3, kethiadiazole=2=thione (0.5 gey 1.9% m.mole)
was heated with an excess of dimethyl sulphate at 150° for 2 min. The
brown solution was poured into acetic acid (5 ml.) and a few drops of
perchloric acid were added. The mixture was allowed to stand at room
temperature and after a few minutes, a white solid separated, (0.615 g.,
98%), mepe 198-199°.

Found i Cy46.97; Hy3.8035 C1,9.605 N,7.465 5416,

Cq5fiq3CIN,0, S, requires 1 C,46.81; Hy3.405 C1,94205 N,7.285 8,16.6%
(114) Bensoylacetic acid

m-udmpnpmdbythcmthodofuqormmplmn
which ethyl benzoylacetate was hydrolysed with aqueous potassium
hydroxide solution.

Yield = 4,4 g. from 10 g. of ethyl benzoylacetate = 51%

MePs = 105°d (lit.m.pe = 105°d)

(v) 3y5-Diphenyl-2~phenacylidens=1,3,!=thiadiazole

Sodium (0.161 gey 0.00695 geatom) was dissolved in absolute
ethanol (65 ml.) and then benzoylacetic: acid (1.12 g., 0.00695 mole) was
added, To the resulting suspension was added 3, S=diphenyl-2emethylthio-
143 b=thiadiazolium perchlorate (1.27 g., 0.00342 mole) and the solutien
warmed gently until a clear solution was obtained. The solution was
then cooled, allowed to stand at room temperature for 2 days and then
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the ethanol was distilled in vacuo. The residual brown solid was
chromatographed on alumina in benzene to give :

(1) A brown eil (trace)

(i1) A brown oil, (0.1 ge),which crystallised from ethancl
(0.01 Bs) Mepe 165-166°, V ux16°° o™ (C = 0)

Found t Co72,633 H U5 Ny7.755 8,8.9%
Coollggl,08 requires : C,74.01; H,4.A455 N,7.89;5 5,9.0¢

(v) 1-2-thi cylidene~1,3, b=

The ketone from (iv) above (0.02 g.) was dissolved in dry xylene
(2 ml.) and boiled under reflux for 2 hr. with purified phosphorus penta-
sulphide. The reaction mixture was cooled and filtered end the filtrate
chromatographed on alumina in benzene to give a red solid, (0.005 z.),
which was shown te be a mixture containing three components (silica plate).
Separation was effected by thin layer chromatography on silica gel G
(Merek)s The infrared spectrum of the middle fraction dissalved in
chloroform was identical with that of the cyclisation product m.p. 197-
198° (page 53 ) and the mixed melting point was undepressed.

5. 2= Ly 3y b lidene clohexa- enane

(1)  salieyloyl enlorids

Salicylic acid, suspended in light petroleum containing pyridine,

was treated with thionyl chlorido‘os. A quantitative yield of salicyle

oyl chloride was obtained.

Salicyloyl chloride (0.78 g.y 5 m.mole) was added to a solution
of a~phenyle[=thiobenzoyl hydrazine (1.1% gey 5 m.mole) in benzene (5 ml.).
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An exothermic reaction ensued and a brown oil was precipitated. The
benzene was decanted and the residual cil was dissolved in methanol and
treated with perchloric acid to give another brown oil., The methanol
was distilled in vacuo and t'e residual oil solidified on standing,

Recrystallisation from ethancl gave pale yellow prisms,(0.81 ge, 35%),
mepe 212-2%°, < 1090 en™! (c10,”)

Found 3 0|56.76' HQ}.“’CIQB.%’HQGOW'S.?.”
czombcmao’s requires 1 Cy55.753Hy 34515C14 8233 0,6.505 8,746

(1i1) 2-(3, 2-Diphenyle1,3,4-thiadiazclylidene )-cyclohexa=3,5-dienone

Addition of dilute aqueocus sodium hydroxide to the perchloraite
obtained from (ii) gave an orange solid which crystallised from ethanol
as arange flakes, (0405 ges 10%), meps 225-226% ¥ 1610 en™" (C = 0)

Found : Cy72.1635 Hyl4,60;5 Ny8.673 5,934

Copflqylia05 requires : C,72.70; Hy4e27; N,8.485 5,9.7%

6e  gePhenyl- i-thiobenzoylhydrazine

Prepared by the action of carboxymethyl dithiobenzoate in
aqueous sodium hydroxide solution on phenjylhydrazine as described by
Jensen and lug\alw.

Yield = 2,5 g« from 4.24 g. of carboxymethyl dithiobenzoate

= b8y,

mepe = 36=87° (lit.m.p. = 87°)

7+ Carboxymethyl dithiobenzoate

The method is described in Crganic Syntheses 'O,
Yield = 18.5 g from 49 g. of benzmotrichloride = 35%.
fepe = T26<127° (1it.mep. = 127-1289)
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8. 235y S-Triphenyl-1, 3, b-thiadiagoliun perchlorate
To a solution of a~phenyl-(=thiobenzoylhydrazine (1.4 gey
5 m.mole) in dry benzene (5 ml.) was added benzmoyl chloride (0.7 ges
5 memole) and the mixture was boiled under reflux for 5 min. The
reaction mixture was allowed to cool and the precipitated solid
filtered, diseclved in methanol and then treated with a few drops of
perchloric acid, The mixture was set aside for 5 min. after which
addition of ether precipitated a white solid, (0,81 gey 39%)s meps 220=
222°,
Found t Ce57+895H,3.60501,94135N,7.7835,8. 1
CogllqyCIN,0, 5 requires : Cy57.905H,34643CL,84555N,6475;5,7.7%

9. 2-lethyl-3,5-diphenyl-1 33 b=thindiazolium perchlorate

To a solution of cmphenyl-f-thiobenzoylhydrazine (1.14 g
5 memole) in dry benzene (5 ml.) was added acetyl chloride (0.39 ges
5 m.mole) and the mixture was boiled under reflux for 5 min., The
reaction mixture was allowed to cool and the precipitated solid filtered,
dissolved :h methanol and then treated with a few drops of perchleric
acid. The mixture was set aside for 5 min. and then ether was added
to precipitate a white solid, (0.62 g.) mep. 168-170°, Recrystallisation
from ethanol gave white flakes, (0s50 ges 287),mep. 170-171°.
Found t Ci51.513H,34993C1 10,43 N, 8.465 54930
Cq5llq30LN,0,5 requires : Cy51.075Hs 3471501y 104055 N, 74943 5,90 1%
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CYCLO-ADDITICN REACTIONS

1. Reaction of S=rhenyle1,2-dithiocle->-thione with MM
nitrile oxide

To a solution of ethyl chloro-aximino acetate (1.51 g.,

0.01 mole) in dry benzene (70 ml.) was added S-phenyle1,2-dithiole-3-
thione (2.1 g.y 0.01 mole)s The sclution was vigorously stirred while
a solution of triethylamine (1,01 g.y 0.01 male) in dry benzeme (20 ml,)
was added dropwise over a period of 4 hr. at room temperature. The
benzene was removed by distillation through a Vigreux column and the
residue transferred to a sublimation apparatus incorporating a glass
reservoir below the cold finger. The mixture was heated at 130° and
20 mm. pressure for several minutes and the colourless liguid in the
glass reservoir collected. The infrared spectrum indicated

v _1173501"1 (coost) and 9m1960e-‘1(c-n-s)

To 015 ge of the suspected isothiocyanate in benzene, (5 ml.),
was added aniline, (0.107 g.),in benzene (5 ml.). The resulting precipe
itate was filtered and recrystallised from ethancl to give white flakes
BePe 129<130° (14t.mepe ' for Nesthaxyearbonyl-N'~phenylthicurea is
150%).

The sublisation residue was chromatographed on alumina in a
light petroleum (60-80°) - benzene 1 : 1 mixture to give :

(1) A brown solid, (0.51 ges 24),mepe 115-120° (mixed with S-phenyl-
1y2-dithicle=J-thione m.p. 115-120°).

(i;i.) A yellow solid (134 ges 64%),mepe 116=117° (mixed with S-phenyle
1y2~dithiole~j=one m.pe 116=117°).
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1.General Procedures for the Generation of Benzonitrile N-phenylimine for
Cyclo-addition to 1,2«-@1&1010—2:&1&5

Method A
To a solution of the dithiclethione (5 m.mole) in dry benzene
(50 wl.) was added cmphenylef=(.'=chlorobenzylidene)phenylhydrazine
(5 memole)s The solution was vigorously stirred while a solution of
triethylamine (5 m.mole) in dry benzeme (20 ml.) was added dropwise over
a period of 3} hre The reaction mixture was filtered and the filtrate
was chromatographed on alumina using a light petroleum (40-60°) -
benzene mixture.
Method B
To a solution of the dithioclethione (5 m.mole) in dry benzene
(30 ml.) vas added aephenyl-i=(a'~chlorobensylidene Jphenylhydrazine
(5 memole)s The solution was vigorously stirred while a solution of
triethylamine (5 memole) in dry benzene (20 ml.) was added over a period
of 3} hre A further quantity of triethylamine (5 m.mole) was added and
the reaction mixture warmed at 50° for 3 hr. and then allowed to stand
at room temperature overnight. The reaction mixture was then washed
well with water and dried.

2.Reaction of Diphenylnitrile-imine with S-Phenyl-1,:-dithiole==thione
Method A
Quantities :
S=Fhenyl=1,2=~dithiole~3=thione 1.05g++5memole

o~phenyl-f=(a'«chlorobenzylidene )phenylhydrazine 1.53g.,5m.mole
Triethylamine 0e5052¢ s Smemole
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The reaction mixture was filtered and chromatographed on
alumina in benzene to give :
(1) A red solid, (0.15 g.), which was shown by thin-layer chromatography
to be a mixture of wnreacted thione, sulphur and w-phenyl-pe(a'-chloro-
benzylidene )phenylhydrazine,
(1) A red soldd, (0.5% g.), meps 116-118° which recrystallised from
ethancl as brown prisms,mep. 125-127° (mixed with S-phenyl-1,2-dithicle-
S=thione m.p. 125=127°),
(111) A red s0lid, (0.5 go) Meps 190-19%4° which recrystallised from a
13 1Mt”m(w°)-mmmwﬁnmm,
(0025 gos 145%) siepe 196-198° (mixed with authentic 3,5-diphenyle2-thioc-
phenacylidene~1,3,4=thiadiazcle, mep. 196=198°),
Found ! Cy71.20; Ho4o424 N,7.853 5,16.68
CopllqghlsS, requires 1 Cy70.9%; Hy4a335 Ny7.52; 5,17.2%

Method B
Quantities :

Same as were used in Method A except that twice as much

triethylamine was used.

The reaction mixture was filtered and the filtrate concentrated
to give a residual red solid, Hecrystallisation from benzene gave the
thione (0.82 g., 45¢), red needles, m.p. 197-198°,

The filtrate was chromatographed on alumina in a light
petroleun (40-60°) = bengene 1 : 1 mixture to give i
(1) A yellow sclid, (0.17 g.) which crystallised from an ethanol-benzens
mixture as yellow prisms (0.05 ge),mepe 117=118° unchanged when the
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substance was mixed with sulphur,
(i1) A brown glass ,(0¢27 ge),mepe 94=977 which recrystallised from an
ethancl-benzene mixture to give yellow prisms,(0.15 g.),m.p. 179°d.
The infrared and n.m.r. spectra were not inconsistent with it being the
di-adduct (CXLVII) (page 54)e
Found t Co7heliOp HoHe525 Ny9.88; 58,1135
Ca5ilogNy Sy Tequires : Co74a17; Hyha62) N,9.885 5,11.3¢
(1) A brown solif (022 ge),m.ps 120-122° (mixed with Sephenyl-1,2
dithiole~J-thione m.p. 122-125%).
(iv) A red solid, (026 g.),m.p. 198-202° identical (infrared spectrum
and mixed melting point) with authentic 3,5-diphenyl-2-thiophenacylidene
=1, 3, b=thiadiazole,
Total yield of 3,5-diphenyl-2-thiophenacylidene1,3,%-
thiadiagzole = 1.08 g. (59%).

Sefeaction of Bensonitrile N-phenylimine with kmm,a.umm.g: thione
.

Quantities :

Y=Phenyl~1,2-d1thicle-3-thione 1.05g+ Sm.mole
amphenyl-f=(a’~chlorobenzylidene Jphenylhydrazine 1.153g.,5m.mole
Triethylamine 0s505ge + Smemole

The reaction mixture was filtered and the filtrate chromato-
graphed on alumina in a light petroleum (60-80°) - benzene 1 : 1 mixture
to give :

(1) A red oil (0.87 g.)s shown by thin-layer chromatozrephy to be a
mixture of sulphur, cephenyl-(-(a'-chlorobenzylidene)phenylhydrazine and
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4ephenyle1,2-dithicle=3=thione.
(11) A red soliq (0e55 Bs),Mepe 117=119° (mixed with bephenyle1,2-
dithiole-J=thione, mepe. 118=120°)
(111) A red soldd, (0.27 ga),wepe 193=196° which recrystallised from a
light petroleum (40-60°) = benzene 1 : 2 mixture ms brown prisms
(0e06 goy 3%),meps 209°d. The nemer. spectrum showed a low field
singlet at -0.05T attributable to the proten of a thicaldehyde group.
The ratio of the integrated intensity of this pealk to that of the
aromatic miltiplet was 1 : 16 which is the ratio required for 3,5
diphenyl-1,3,4-thiadiazol-2-ylidene phenylthiocacetaldehyde. .
Found t Cy70.90; Ho4e2hy Ny7.48; 5,16.6¢
CoollyglsS, requires : Cy70.94; Hy4e335 Ny7.523 5,172
Method B

Ruantities :

The same as were used in Method A except that twice

as much triethylamine was used.

The reaction mixture was filtered and the filtrate concentrated
in vacuo to give a residual brown solid which recrystallised from benzene
as brown prisms,(0.41 gy 22%),meps 208°, The infrared spectrum was
identical with that of the product obtained by Method A and the mixed
melting point showed no depression.

The filtrate was chromatographed on alumina in a light
petroleum (40-60°) - benzene 2 : 1 mixture to give @

(1) A brown solid,(0s38 ge),mep. 9095 which recrystallised from ethanol
as brown prisms,(0s21 g.),meps 118=120° (mixed with 4-phenyle1,2-dithiole=
S-thione msp. 118-120°),
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(i1) A brown solid,(0.51 g.), meps 114=118° which recrystallised from
ethanol as pale brown needles, (0.21 gey 15%),mepe 152=153°, The infrae-
red spectrum was identical with that of 3,5-diphenyle1,3,l4=thiadiazoe-2-
thione and the mixed melting point showed no depression.

4, Reaction of Benzonitrile N-phenylimine with h,z-nmoﬂ,a-umm-h
thione

Method B
Quantities :
b, 5-Benzo=1, 2-dithicle=3=-thione (0e92ge+5memole)
o~phenyl- = a*=chlorobenzylidene )phenylhydrazine (1.153g. +5memole)
Triethylamine (10184 10m.mole)

The reaction mixture was washed well with water, dried and then
the benzene distilled in vacuo to give a residual brown solid, Chrom-
atography on alumina in a light petroleum (40-60°) - benzene 1 : 1 mixture

gave :
(1) A yellow solid,(0.045 g.), identified as sulphur,
(ii) A red solid,(0.2 8¢ )y MePe 95=95°, (Mixed with ‘0.5-41.!180-1.2.

dithiole-3-thione, m.pe 93=95°).
(i11) A red oil, (0.7 g.), which could not be cystallised.
(iv) A yellow 0il,(0.72 g.),which crystallised from ethanol as yellow
prisms (0.37 g¢) m.p. 164=166°, ¥V 30 1640 en™ (C = 0)e The NemeTs
spectrum showed only aromatic protons.
Found t Cy72.763 Hy4.043 Ny8.48; 5,10.4%
CanfiqyNo08 requires 1 C,72.,703 Hy4.27; Ny8.483 5,9.70%
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The compound was at first thought to be the quinonoid compound
(CLVy page 57) but subsequent synthesis and comparison of the infrared
spectrew disproved this,

S+ Reaction of Benzonitrile N-phenylimine with 59 S=Diphenyle?=thioe
phenacylidene-1,3,4~thiadiagole

Method B
Quantities :
3y5-Diphenyl-2-thiophenacylidene~1,3,b=thiadiazole (0.5g.s1.89m.mole)
omphenyl=f=(a'-chlorobenzylidene )phenylhydrazine  (0.436g., 14 39m.mole
Triethylamine (0e38ge 4y 3478memole)
The reaction mixture was washed with water, dried and chromato-
graphed on alumina in a light petroleum (40-60°) - benzene 1 : 1 mixture
to give :
(1) A yellow solids (0,61 g.) which crystallised from an ethanol =
benzene mixture as yellow hexagons:(0.41 gey 47%) mepe 179°ds The
infrared spectrum was identical with that of the compound possessing a
melting point of 179°d which was obtained in chromatography fraction (ii)
from method B in the reaction of Sephenyl-1,2-dithicle-3-thione with :
diphenylnitrile imine and the mixed melting point showed no depression.
The compound, meps 179°d,(0s2 g.), was dissolved in glacial
acetic acid and then a few drops of perchloric acid were added. A
colourless oil, which precipitated, solidified on standing. Recrystale
lisation from ethanol gave a white s50lid,(0.1 g.), mepe 150=152°,
v max 1190 ca™! (Clo,f). The Ne.Mers Spectrum indicated a ratio of 30
aromatic protons to 7 aliphatic protons whereas the required ratio for
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a compound formed by protonation of structure (CXLVII, page 54 ) is
25 3 26

Found H 0’5‘0.7"' H"’o"}' 0109.22l u'707‘" 8.8015“
C”HZ,’CIK,’O.“,SZ requires : C.G}.“); 3.4.08; Cly5431; UQB.‘.O‘ 59961
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SECTION II

Thi thens and Related Compounds
Part (A) : Thiothiophthens
GEERAL MATERIALS
Method for the Pre tion of 1 tones

The method was similar to that described by Miles et al’,
for the aroylation of [~diketones in which, under a dry nitrogen atmos
phere, a solution of cycloalkanone (50 m.mole) and the appropriate methyl
ester of a carboxylic acid (150 m.mole) in monoglymé (100 ml.) was
added dropwise to a stirred suspension of sodium hydride (250 m.mole)
in monoglyme (100 ml.) at reflux. The reaction mixture was refluxed for
6 hr. and then most of the solvent removed by distillation in vacuo. The
solid residue was cooled to 0° in an ice-water bath, ether (150 ml.)
added and, after stirring for a few minutes, cold water (100 ml.) was
added, initially dropwise, until the excess sodium hydride was destroyed.
The two layers were separated and the ethereal layer extracted with
2 x 100 ml. portions of cold water and them with 100 ml. of cold ¥
aqueous sodium hydroxide solution, The extracts were combined with the
initial aqueous layer and then poured into a mixture of 40-50 ml. of
omcentrated hydrochloric acid and 200 g. of crushed ice. The resulting
viscous oil was extracted into ether, washed with water and then dried.
The ether was distilled to give a residual brown oil which solidified on
standing,.
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1s 2,6=Dibenzoylcyclchexanone
Quantities :
Cyclohexanane (449ges 50m.mole)
Methyl benzoate (2044g.y 150m,mole)
Sodium hydride (6ges 250 m.mole)
Monoglyme (200 ml.)

The residual brown solid obtained from the reaction mixture
was hot filtered ix: 957 ethanol and on standing colourless flakes
separated +(5.6 gey 37%) m.p. 126-128°,

Found t Cy78.0; H,6,06%

Capflqgls requires : C,78.41; H,5.92¢

2. 2, &Dibmglgglmtnm

Quantities :

Cyclopentanone (4e2gsy SOm.mole)
Methyl benzoate (204%gey 150m.mole)
Sodium hydride (6gey 250memole)
Monoglyme (200 ml.)

The reaction product crystallised from ethanol as yellow flakes,
(902 Een sﬁ)vﬂopo 120-121°,

Found H 0.78.02; HeS5e 34

(!.‘9!!1603 requires : C,78,06; H,5.52%

3 2, th:twlchm

Quantities :
Cyclohexanone (449g+y 50m.mole)
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Sodium hydride (6ges 250memole)

Monoglyme (200 ml.)

The triketone was obtained as a yellow solid which recrystale
lised from an ethancl - ethyl acetate 1 : 1 mixture to give yellow prisms,
(148 goy 9%)mops 160-162° ¥ 1620 en™' (C = 0) was a broad band,
indicating that this is an enol ‘orm.

Found 1 Cy79.36; Hy6.69%

0221!2003 requires : Cy79.505 Hy6,06

From the filtrate there separated a pale yellow solid,(2.,1 g.,
12%), mepe 175-178°, ¥ mx 5% en™ and 1610 cu™ ! (C = 0) were sharp,
thus supporting the triketone structure,

s 296=Di-p-inisoylcyclohexanone
tities ¢
Cyclohexanone (3e26ge4 3344memole)
Methyl anisate (16+6ges 100m,mole)
Sodium hydride (4ges 160m.mole)
Honoglyme (166 ml,)

Recrystallisation of the reaction product from ethanol gave
yellow feathery crystals, (1:68g.s 17.5%):mepe 152-154°, ¥ __ 1600 en™'
and 1670 cu™? (C = 0)e

Found ) 0.71-”' He5:502

czznzzos requires : C,72.11; H,5.95%

5+ Cyclohexan-2,6-dial-l-one
‘uantities :
Cyclohexanone (3426gs 4 33.4m.mole)
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Ethyl formate (7e4ges 100msmole)

Honogl yme (150 ml.)

Sodium hydride (440ges 166memole)

The triketone was obtained as a brown oil (3.9 g.) which
could not be crystallised. This crude oil was used in the sulphurisation
experiment.

6. Cthyl cyclohexanone-2 oxalate

The method was similar to that employed for the preparation of
acetone dioxalic utorm. The triketone was obtained as a brown oil
which could not be crystallised. An attempt to purify the oil by
chromatography on alumina in bernzene was unsuccessful.

7 1,Wl—2!#-trmtglmggtm-‘l, Sy J=trione

A method similar to that described for the preparation of
110

acetonedioxalic ester was used.
uantities :
Sodium ethoxide (11.5g. scdium in 150ml, ethanol)
Cyclohexanone (2445g+9 0s25 mole)
Ethyl oxalate (7745844 0.532 mwole)

The triketone was obtained as a brown oil (17.8 g., 24x).
Attempts to purify this oil were unsuccessful, so the crude product was
used in the sulphurisation reaction.

8. Triphenylmethyl fluoborate

The salt was prepared by the method of Dauben et al’’.
Yield = 25.,5g., from 22.5g. of triphenylcarbinol = 90¥

Bepe = 215°d (1it.mep. = 215% "' 1,200°477, 195-196° 1 12)
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9 2,6—Bia-$dimmlthimtglm )=cyclohexanone

The methed of Thulllier and Vialle'' was used.
Yield = 0.88g. of ketone from 4.9g. of cyclohexanon: = 64.5%.

mgmm and Derived cw
General Method for the Sulphurisation of Triketones
1%

The method was similar to that described by Bromm . A
solution of the triketone in dry xylene was boiled under reflux for 1 hr.
with phosphorus pentasulphide. Unreacted phosphorus pentasulphide was
destroyed by heating the xylene sclution with an equal volume of dilute
hydrochloric acid (107) on a boiling water-bath far 15 min. The organic
layer was separated, washed with water, dried and the xylene removed by
distillation in vacuo. The residue was purified to give the thiothio-
phthen. The n.m.r. spectra of the thiothiophthens indicated symmetrical
molecular structures and are given in detail in Table 2,

1. Meribicyclo- 1-2,i~trimethylene= didit 4-diene-
1-thione

Juantities :

2, 6=Dibenzoyleyclohexanone (18++ 3+27m.mole)

Phosphorus pentasulphide (2 go)

Xylene (20 md.)

The distillation residue was recrystallised from ethyl acetate
to give the thione,(0.67g., 58¢),purple prisms, m.p. 153=154° (nt.-.p.sz
= 163°).

Found 1 Cy68.365 HW4.88; 5,27.200

CaolegSs requires : C,68.,14; H,4.58; 5,27.20%
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2+ Meribicyclo-1 12, b~dime [ idi , -2

dthione
Quantities :
2y5-Dibenzoyleyclopentanone  (5gey 17.2m.mole)
Xylene (100 ml,)
Phosphorus pentasulphide (10 go)

when the excess phosphorus pentasulphide had been destroyed by
boiling with dilute hydrochlaric acid, the reaction mixture was cooled
and filtered to give purple priams. Recrystallisatiom from 1912«
trichloroethane gave the thiome,(3.8 g., 66%), purple needles, m.p. 227~
2280, (lit.n.p.sz = 233°).

Found t Cy66.995 H4.08; 5,28.5%

Cqoflqyss requires : C,67.41; H,4.17; 5,28,

3+ Meribicyelo-1,5-di=p-tolyl-2, b-trinethyleno=35-cpidithiopenta-2, b=
diene~l-thione
itities @

2y 6=Di=petoluoylcyclohexanone (1.3g., 3.45m.mole)

Phosphorus pentasulphide (2.6 go)

Xylene (20 ml,)

When the excess phosphorus pentasulphide had been destroyed by
boiling with dilute hydrochloric acid, the reaction mixture was cocled
and the precipitated solid filtered. Recrystallisation from ethyl
acetate gave the thione, (1.14 g., 87%), maroen ﬁ-hn. mePe 221-223°,
(ut.n.p.BZ = 225°).

Found 3 Ci69.21) H,5.473 S,24.9%

CoollagSy Tequires 1 Co69.43; H,5.305 5,25.3
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% Meribicyclo-1,5-di~peanisyl-2,4-trimethylene=3,5-epidithiopentasd, b=

diene~1-thione

Juantities :

2,6-Di-p-snisoylcyclohexanone (1.65g., 5.05m.mole)
Phosphorus pentasulphide (4 go)

Xylene (20 ml,)

The reaction product was chromatographed on alumina in a light
petroleum (40-60°) - benzene 1 : 1 mixture to give a purple solid m.p.
206-210°  Recrystallisation from 1,1,2-trichloroethane gave the thione,
(140 gey 52¢), purple needles possessing a green reflex, mep. 214=215°,
(Lit.mp. o = 219°),

Found t Cy63.58; H,U4.81; 5,23.2%

Coplly; 0,85 requires : Cy63.91; H,5.28; 5,23.24

Se W.MWQIMQ-Z‘EMMG-Z'MLM

Quantities :

Cyclohexan~2, 6=dial-1-one (3¢98¢+ 25.3m.mole)

Phosphorus pentasulphide (6 ge)

Xylene (80 ml.)

The reaction product was chromatographed on alumina in light
petroleun (40-60°) to give a maroon oil which sclidified on standing.
Recrystallisation from ethancl gave the thione, (0.01 g.y 0.2¥), maroon
plates possessing a gold reflex, m.p. 80-81°,

Found t CybB8.155 H,4.00;  S,47.8

CgHgSy requires : Cok84033 H,3.97; S,48.0¢
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6e 10=1, S=bis—me thylthio=2, tetrinethylenc= t
2 fothd
The method of Thuillier and Vialle’ ' was used,

Quantities ¢

Ketone (6476ges 23+2memole)
Phosphorus pentasulphide (% g.)

iylene (140 ml,)

Chromatography on alumina in a light petroleum (40-60°) =
benzene 1 : 1 mixture gave the thione, (3.0 ges 44%) red needles possessing
a ’.n“ reflex, MeDe 1“7-1“8., (nt.l.p. = 1“8')0

7o O=1, 5=bise L2 g b lene=.

a.‘hdlm-‘t-mm
tities 3

1y 5=bis-ethoxycarbonyl-2, b= trimethylenepentan~

1;3.’-“” (6088.' }208‘.‘1.)
Fhosphorus pentasulphide (136 ge)

Chromatography on alumina in a light petroleum (40-60°) -
bengene 1 : 1 mixture gave :

(1) A maroon oil (0.05 ge) which could not be crystallised.
(1) A purple oil which crystallised from ethyl acetate to give the
thione, maroon needles, (0.02 g.), m.p. 77-78°,

Found ¢ Cob9.63; H.h.92¢

°1&'16°h53 requires : C,48,81; m,4.68¢
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8. 1y5-Bis-ethaxycarbonyl-3,5-epidi thiopenta=2, b=diene-1-thione

Acetonediaxalic ester (5 g., 19.35m.mole) in dry benszene (120
ml.) was boiled under reflux for 2 hr, with phosphorus pentasulphide
(10 g+)« The reaction mixture was allowed to cool to room temperature
and filtered, The nddmlvsolidmnahcdwllvithmmm
the combined filtrates washed with several portions of water and then
dried. The benzene was removed in vacuo to give a residual brown oil.
Chromatography on alumina in benzene zave ;

(1) A purple solid (0.25 g.). Recrystallisation from ethyl acetate
gave the thiome, (0u1 gy 2¥%), maroon plates, m.p. 140=141°, V ..x.‘l')ooa."1
(cocEt).

Found t Cyi3.491 H.AA3  5,31.3%

Cqqllg2S30y Toquires : C,43.40; H,3.98; 5,3146¢
(i1) Trace quantity of a maroon solid.
(4i1) The solvent was changed to chloroform and a marocon solid (0.05g.)

was eluted. Recrystallisation from ethyl acetate gave blue-green
noedles (0,02 g ) ieps 216-218% ¥ _ =720en™" (CCOBE).
Found 8 Ce55481) H,5.60; 5,8.%
Coollo,0pS requires : C,56.89; M,5.21; 5,6.9%

General lethod for the Dehydrogenation of the Thiothim

The thiothiophthen and triphenylmethyl fluoroborate were boiled
under reflux for 5 min. in glacial acetic acid in a samner similar to
that described by Bouttrome'  for the dehyirogenatiem of 9,10-dihydroe
anthracene and 4,5,9,10-tetrahydropyrene using trityl perchlorate.
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The n.m.r. spectral data for the dehydrogenation products of the thio-
thiophthens are given in Table 2.

9« Del tion of Meri 10=1,5=di 12, t=trime thylene—
epidithiopenta~2,-diene-1-thione .
(uantities :
Thione (0.352g¢y 1m.mole)
Triphenylmethyl flucborate  (0.66g., 2m.mole)
Glacial acetic acid (10 ml.)

The reaction mixture was allowed to cool and on standing
3=-phenyle7-thiobeszoylbenzo(c)=1,2-dithiolium flucborate, (0.22 g.+51%),
brown needles, m.p. 212-214°d, was obtained.

Found t Cy55edHy He3.58; 5,.22.3%

Czolﬂﬂi',‘s} requires : Cy55.005 H,3.00;5 8,22,%

10, De tion of Meribicyclo-1,5 L2 Lenee
epidithiopenta«2, i~diene~1-thione
‘uantities :
Thione (0e2 goy 057 mole)
Triphonylmethyl fluoborate (0.2 g, 0.57 mole)
Glacial acetic acid (10 ml.)

The reaction mixture was cooled and extracted inte carbon
disulphide, the insoluble material being filtered. The filtrate was

chromatographed on alumina in a light petroleum (40-60°) -« benzene 1 : 1
mixture to give :
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(1) A brown solid (0.1% g.). Recrystallisation from ethanol gave
colourless flakes, (0.08 ge), meps 92-93°. (Mixed with triphenylmethane
MePe 92-93°),
(i1) A purple solid,(0.03 g.), Mepe 225-226° (mixed with the thiome
Mepe 225-226°),
(iid) A maroon solid (0.05 g.)e Trituration in benzene gave maroon
prisms,(0.025 g.) ,Mepe 241-242° which was not identified.

The carbon disulphide insoluble material was recrystallised
from 1,1,2-trichloroethane to give a flucborate (0.0% g.), black needles,
Bape 290°% V' _ «1080 en”' (57,°). The material was not identified.

11, Dehydrogenation of mrihd.cg.lo-ukdig-tol;l-a,k-mmmn-é,&
@pidithiopenta-2,i-diene-1-thione

‘uantities :
Thione (Oom Bes 1‘.”1‘)

Triphenylmethyl fluoborate (0.66g+y 2m.mole)

Glacial acetic acid (10 ml,)

The reaction mixture was allowed to cool and a black solid
separated. Recrystallisation from glacial acetic acid (10 ml.) gave
S=p=tolyl-7-p-thiotoluoylbenzo(c)=1, 2-dithioclium flucborate, (0.2g.,43%),
yellow-green needles, m.p. 192-194°,

Found 1 Cy57.245 Hy4a18; 5420.6¢

CopHlenBF)S5 requires : Ce564905 H3.69; £,20.7%

12.Dehydrogenation of Meribicyclow1,5-di-p-anisyl-2,k-trinethylene-3,5=
epidithiopenta~2,t-diene-1-thione
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Quantities :

Thione (0207 goy Ou5m.mole)
Triphenylmethyl fluoborate (033 gey Tm.mole)
Glacial acetic acid (4 ml,)

The reaction mixture was allowed to cool and a black solid
separateds Recrystollisation from acetic acid gave 3-p-anisyl-7-p-
thiocanisoylbenzo(c)=1,2«dithiolium fluoborate,(0.17 g« 68.5%), black
needles possessing a green reflex,(m.p. 166-168°),

Found 8 Cy 53.10; Hy 3.35; $419.3%
CopfloBF 0,85 requires : C,53.11; H,3.425 8,19.M%

13, Dehydrogenation of Meribicyelo-1,5=biswmethylthiom2,k=trimethylene=
idi _ 1=thione
(uantities :
Thione (0292 gey Tm.mole)
Triphenylmethyl fluoborate (0.66 gy 2m.mole)
Glacial acetic acid (8 ml.)

The reaction mixture was allowed to cool and brown needles
separated. Trituration in 1,1,2-trichlorcethane gave 3-methylthio-7
methyl-dithiocarboxylate-benzo(c)=1,2-dithiolium fluoborate, (0.25 g,
41%)y red needles, m.p. 240-242°,

Found ? Cy32.225 Hy2.183 5,421

CqollgBFy Sy requires : Cy31.91; Hy2.41; S,42.6¢

General Method for the Desulphurisation of Thiothiophthens

The thiothiophthen dissolved in acetone or an acetome-chlaroform
mixture was treated with a solution of mercuric acetate in acetone. The
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mixture was gently refluxed on a steam-bath for 30 min, and then set
aside for a further 1 hr, The solvent was removed by distillation in
yacuo and the residual solid chromatographed on alumina in benzene. The
D.Mer. Spectral data is given in Table 2.

. tion of Meribicyclo-1 12, b ne-
epidithiopenta~2,4-diene-1~thione
Quantities :
Thione (05 goy 1.42m.mole)
Mercuric acetate (1428 gey lm.mole)
Acetone (200 ml.)

™o _rude product was chromatographed on alurina in benmene
to give :
(1) A maroon solids (0.0% ge) mep. 153-154° (mixed with thione
mepe 153=154°),
(i1) A brown solid (0.32 g.). Recrystallisation from an ethanol-
ethyl acetate mixture gave the ketone, (0.21 g., 40%), orange prisms,
Bepe 174=175% (Lt.m.p.®® = 175°) ¥ _ 1560es"" (C = O)s

Found t Cy71.01; HA470; 5,19.6%

Cagliqg0S, requires : Cy71.395 Hike79; 5419.1%

15+ Desulphurisation of Veribicyclo-1,5~diphenyl=2, t=dimethylene«3,5-
epidithiopenta-2, 4-diene~1-thione

Cuantities :
Thione (O.‘i Bey 1.1&”1.)
Mercuric acetate (0496 gey 3.0m.mole)

Lcetone (200 ml. )
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Chromatography ¢an alumina in benzene gave a brown solid.
Recrystallisation from an ethanol - ethyl acetate mixture gave the ketocne,
(04035 ge)s brown prisms, m.p. 156-158°, (lit.l.p.sz = 163°)e ¥ fox
1550 en™ (C = O)a

Found t Cy70.033 H,b54%; 5,19.3%

Cqgflqy 05, requires : C,70.71; Hy 4ab2;  5,19.9%

16.Desulphurisation of Vieribicyelom1, 3~diwp~tolyl=2, b-trimethylene=3, 5=
epidithiopenta-2,l-diene-1-thione

Quantities :
Thione (0467 gos 1.87m.mole)
Mercuric acetate (15 goy 4s7m.mole)
Chloroform (200 ml.)

Acetone (200 ml,)

Chromatography on alumina in a light petroleum (40-60°) -
benzene 1 : 1 mixture gave an orange solid. Recrystallisation from a
benzene - ethyl acetate mixture gave the ketome,(0.15 g., 22%), orange
needles, m.p. 226-227° (lit.n.p.sz = 228°), Y L 1620 cn™) (C = 0)e

Found t Cy72.38; Hy5.705 Sy 17.9%

Copllyn08, requires : Cy72.49; Hy5.53; 5,17.6¢

17. sation of Meribicyclo-1 1wl ylbe
epidithiopenta«2,4-diene-1-thione

‘uentities :
Thione (0.5 Eey 1:82'.”]‘)
Mercuric acetate (140 ey 3eTm.mole)
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Chloroform (100 ml.)

Acetone (250 ml.)

Chromatography on alumina in a light petroleum (40-60°) -
benzene 1 : 1 mixture gave a yellow solid, Recrystallisation from an
ethyl acetate - benzene 10 : 1 mixture gave the ketone,(0.10 gey 20%),
orange needles, m.p. 230-251% (Litemp.™ = 233%), ¥ __ 1605 ca™'
(C = 0)

Found t 664233 Hy5.393 8516.7%

Capll, 5048, requires : Cy664395 Hy5.48; 5,16.1%

General Method for the Dehydrogenation of Ketones
The method was similar to that described for the dehydrogenation

of thiothiophthens (page 117) in which triphenylmethyl fluoborate in
glacial acetic acid was used. The n.m.r. spectral data is given in
Table 24

8. Dehydrogenation of Meribicyclo-1,5-diphenyle2,4-trimethylene-3,5-
epidithiopenta=2,i=diene-1-one
Quantities :
Ketone (0421 goy 0.624m.mole)
Triphenylmethyl fluoborate (0.41 goy 1.2Um.mole)
Glacial acetic acid (10 ml.)

The reaction mixture was allowed to cool and a brown solid
crystallised. Recrystallisation from acetic acid gave 3-phenyl-7-
benzoylbenzo(c)=1,2-dithiolium flucborate, (0.19 gey 7%%), yellow needles,
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mepe 225-226% V1620 en™) (C =0).

Found : 005701‘53 Hg}o%; 5.15.7%
0203153?,‘082 requires : Co57o16{ 3'5012' 80150”

19.De tion of Meribicyclo-1 - 1-2,b=trimethylene
epidithiopenta~2,4-diene-1-one
Quantities :
Ketone (0409 ges Os2memole)
Triphenylmethyl fluoborate (0e4ges Oolim.mole)
Glacial acetic acid (5 ml.)

Recrystallisation of the precipitated solid from glacial acetdic
acid gave J-p=tolyl-7-p-toluoylbenzo(c)-1,2-dithiclium fluoborate,
(0406 gey 38%), yellow needles, m.p. 200-201°, e 1610 a"‘ (C = 0)
Found t Ci58.193 Hy3e755 Se13.8%
°22“17BF4052 requires : C,58.9%; H,3.825 5,3

ao.mum of mnm;gm,a-wm,h—m.m,h
epidithiopenta=2, k-diene-1-one

Quantities :

Ketone (017 gos Os4imemole)
Triphenylmethyl flucborate (0271 gey 0.82m.mole)
Glacial acetic acid (4 ml,)

When the reaction mixture was allowed to cool, a brown solid
separateds Recrystallisation from acetic acid gave 3-peanisyl-7-pe
anisoylbenzo(e)=1,2-dithiolium fluoborate, (0.11 gey 36%), brown plates,
meps 205-206% YV 1600 e’y (C = O).
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Part (B) © h-Thicaoyl~1,2-dithiole~3-thiones

Thcmthdofﬂoueraui}\dm&mmodhwhichwm
anhydride was added with stirring to a suspension of anhydrous aluminium
chloride in toluene.

Yield = 1541 gs from 13 g. of propionic anhydeide = 5%
bepe = 120°/12 mm,

2+ pcliethoxypropiophenone

The method of Noller and Adams’’ was used in which propionic
anhydride was added %o a cold stirred mixture of anhydrous aluminium
chloride and mnisole in carbon disulphide.

Yield = 68.9 g. from 65 g. of propionic anhydride = 93%

MePe = 26=27° (lit.mep. = 2426°)

General Method for the Preparation of Benzylidenepropiophenanes

The propiophenome and arylaldehyde were treated with dry hydrogen
chloride until an equimolecular quantity had been taken up. The
resulting dark oil was stored for 12 hr. in a closed vessel and then
heated gently on a sand-bath in a current of air until there was no
further apparent hydrogen chloride evolution. The reaction mixture was
then boiled with 50" aqueous potassium hydroxide solution, cooled and the
oil extracted into ether. The extract was washed with water and then
dried,
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Je lidene- yloro one

Juantities :

p-lethylpropiophencne (18 gey 041215 male)
Benzaldehyde (12485 gey 0.1215 mole)
Dry hydrogen chloride (444 goy 0.1215 mole)

The crude reaction product was distilled in vacuo to give the
ketone: (2141 gy 7345%)s yellow oily bep T0°/1.5 mme  _ 1600 o™

(C = O)o
Found H c'86031' Ho5.53"/c’v
CqpilygO requires : Ce86.40; H,6.8%

e poliethylbensylidenepropiophenone

| Guantities :

Propiophenane (152 goy 0.1 mole)
p~Tolualdehyde (148 goy 0,114 mole)
Dry hydrogen chloride (416 gey 0.1 mole)

Distillation in vacuo gave the ketone,(17.9 g.y 67%), yellow
oil, bepe 135-138°/0.05 mm. Crystallisation, from light petroleum (40-
60°) gave white prisms m.p. 66-67°, e %620 en™! (C = 0)e

Found t Cy86s2U; Hy6.83%

CqpHlqg0 requires : C,86.40; H,6.83%

S 1 lidene 1 one
Quantities :
p=lethylpropiophenone (12.21 gey 0.0825 mole)
p-Tolualdehyde (10 ges 00825 mole)

Dry hydrogen chloride (5005 Bes 0.0825 mole)
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Distillation in vacuo gave the ketome, (14463 gey 71%), yellow
oll, bups 168-171°/05 mn. ¥ __ 1620 en™ (C = 0)

Quantities :

Propiophenone (32,6 gos 0.243 mole)
Anisaldehyde (3341 goy 04243 mole)
Dry hydrogen chloride (8488 gey 0,243 mole)

Distillation in vacuo gave the ketone, (27.3 g.s 45%), yellow
oil, Dbep. 200=203°/2,5 mme 9 max 1580 “.1 (C = 0)e

Found : 0081015‘ 316.1&

0173160 roqu.‘l.rol H C.80.93; 59603%

7+ Bensylidepecp-sethoryprepiophencne
Quantities :
p=tiethoxypropiophencne (689 gey O.42 mole)
Benzaldehyde (4445 goy 0,42 mole)
Dry hydrogen chloride (154 ey 0,42 mole)

Distillation in vacuo gave the ketome,(78.65 gy 79%), yellow
oil, bops 194=196°/2,5 mm, ~ 1620 aa™! (C = 0).
Found : 0'80021' 3060 W

01731602 W‘ : 6.80.93; 3'6.39;i'

General Method for the tion of - 1-1,2-dithicle=-
thiones

The appropriate benzylidene propiophenone dissolved in ethyl
~ benzoate was heated to reflux (220°) with sulphur for 5 min. and then
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at 210.215° for 5> hre Jylene was added to the hot solution which was
then allowed to cool overnight. The precipitated sulphur was filtered
off and washed with xylene and then the filtrates were combimed and the
xylene and ethyl benzocate removed by distillation at 150° in vacuo to

give a residual oil, The n.m.r. spectra of the pure products are given
in Table 4,

8. ‘!-Bonagl—MhhMithioh—&thim

Quantities

p-lethylbenzylidene propiophenone (44,14 gey 041875 mole)
Ethyl benzoate (100 gs)

Sulphur (59 8o+ 183 geatom)

An ethyl acetate - ethancl mixture was added to the distillation
residue and the undissolved sulphur was filtered off, A brown solid
(9446 g+) meps 125-129° separated from the filtrate and was powdered and
extracted three times with boiling light petroleum (60-80°). The
residue crystallised from an ethancl - ethyl acetate 1 : 2 mixture to
give the thiong (3.29 gey 5¢)y red plates, m.p. 148-149°, 9.,167&'1
(C = 0)e |
Found : Cy62.18; HM4.165 5,28.9%
Cqgllg055 requires : Ce62.165 Hy3.68; 5,29.3%

9+ S=Phenyloh-p-toluoyl-1,2-dithiole-3~thione

Quantities :
Benzylidene~p-methylpropiophenone (37.38g., 0.1585 mole)
Ethyl benzoate (8% ga)

Sulphur (4945 ges 155 ge.atom)
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An ethyl acetate - ethanol 1 : 1 mixture was added to the
distillation residue and the undissolved sulphur was filtered off. Neo
crystals separated from the filtrate so the solvent was removed by
distillation in vacuo and the residual oil chromatographed on alumina
in a light petroleum (40-60°) = bengene 1 : 1 mixture to give a red
glass (4,95 g.)s Crystallisation from an ethyl acetate - ethancl
11 1 mixture gave red prisms,(2.8 g.),m.p. 50-51°. Recrystallisation
from an ethanol - tetrahydrofuran 4 : 1 mixture gave the thione, (1.8 g,
i)y red plates, mep. 86-88°. ¥ 1600 em™! (C = O).

Found t Cy619%; H,3.905 542940%

cwnmos} requires 1 C,62,16; H,3.68;5 5,20.3%

m.h.ﬂmgl.&mua-duum-hmm

Quantities
p-lethylbenzylidene~p-nethyl-

propiophencne (14.26 goy 0,057 mole)
Ethyl benzoate (30 ge)

Sulphur (1775 o4 0555 g.atom)

The distillation residue was chromatographed om alumina in a
benzene - light petroleum (40-60°) 2 : 1 mixture to give a viscous red
0il (5409 ge) which set to a glase onsanding. Crystallisation from
an ethanol - ethyl acetate 1 : 1 mixture gave the thione,(3.31 g.y
10%)y red prisms, m.p. 157-158°. 3 . 16%0 a™! (¢ = 0).

Found t Cy63.043 Hy4a25; 5,28.0%

CqgflqyCS; requires 3 Cy63.12; M4, 12; 5,284
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1. 4=BenzoyleS-penethaxypionyle1,2-dithicle-3=thione

Quantities »

p-lethoxybenzylidene propiocphenone (26 g., 0.111 mole)

Ethyl benzoate (59 g.)

Sulphur (345 ges 1,08 goatom)

The residual oil was chromatographed on alumina in a light
petroleun (40-60°) - benzene 1 : 2 mixture to give a viscous red oil
(27+1 go) which, after two successive crystallisations from an ethyl
acetate « ethanol 1 : 1 mixture gave the thiome, (7.2 gey 19%), crange
prisms, m.pe 90-91% V¥ 1670 en™! (c = 0).

Found 1 Ce59451 He3u343 8428400

Cqpll4a0s55 Tequires 3 Cy59.27; Hi3e515 5027.9%

12. l=1,2=dithiocle-

Quantitios :

Benzylidene-p-methoxypropiophenone (75 goy 0.32 mole)
Bthyl benmoate (170 g.)

Sulphur (9942 Bos 3e1 geatom)

Addition of an ethyl acetate - ethanol 1 : 1 mixture to the
distillation residue precipitated a further quantity of sulphur which was
filtered. From the filtrate there separated an orange seolid. Recrys-
tallisation from an ethyl acetate - ethanol 1 : 1 mixture gave the thiome,
(1801 goy %) maps 159-152°0 3 1620 e (C = O).

Found t 03594365 HybeO1 8,27.5%

CWH‘EOZS} requires 1 Cy5927; Hy3e513 5,279
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Purification of Phespharuc Dentasulphide

The "erude" phosphorus pentasulphide (10 g.) was placed in a
Soxhlet spparatus end continuously extracted with carbom disulphide
(150 mls) for & hre  Pale yellow crystals of phosphorus pentasulphi e
(542 go) separated. These were filtered and again subjected to the
same procedure to give white prisms (3.8 g.).

ieThioaroylaSeiryl-1,2-dithiole-3-thicnes
ral for Sul of beir 1.1
Ehiones

The learoyleSearyle1,2-dithicle-3-thicme dissolved in dry
xylens vas boiled under reflux with purified phosphorus pentasulphide
for 2 hr, and then Set aside for 2 hr. at roou temperature. The
reaction mixture was filtered and the residual solid washed twice with
cold xylene., The combined filtrates were chromatographed on alumina,
The n.m.r. spectral data of the products is given in Table 4.

1o Product from h-Bensoyl-5-p-tolyle1,2-d1thiale-3=thione

uantities ;
l-Benzoyle5=p=tolyle1,2-dithicle-3=thione (1084 y2.9m mole)
Xylene (42 ml,)
Phosphorus pentasulphide (1.0 go)

Chromatography on alumina in a light petroleum (40-60°) -
benzene 1 : 1 mixture gave : j
(1) A green band which save a brown oil (0.1 g.). Crystallisation
from an ethanol - ethyl acetate 1 : 1 mixture (2 ml.) gave brown prisms,



127

(0406 ey 67)ymepe 120°, The infrared spectrum indicated the absence
of starting material,
Found t Cy59.28; H,3.875 5,37.2%
Cepflga®y Tequires : Cy59426; Hy3.51y 5,372
(i1) A red band which gave a red solid (0411 g.)s Recrystallisation
from an ethyl acetate - ethancl 1 : 1 mixture gave red prisms, (0.06 g.),

BeDe ﬂ&m-.wmmmmmmmhm
material. The infrared spectrum confirmed the identity of the compound.

2. Product from '=p-TolugyleSephenylet,2-dithiole=3= thione

quantities 1
4ep-Toluoyl-5-phenyl-1,2-

dithiocle~J=~thicne - (1 gey 2.9m.mole)
iylene (4.2 ml.)
Phosphorus pentasulphide (1 8)

Chromatography on alumina in a light petroleum (40-60°) -
benzene 1 : 1 mixture gave :
(1) A green band which gave a lrown oil (0.1 g.). Crystallisation
from an ethanol - ethyl acetate 1 : 1 mixture (2 ml.) gave brown prisms ,
(0407 gos 77)ymepe 125-127°, The nem.r. and infraved spectra were
identical with those obtained from fraction (i), experiment 1.

3o b otol 1y2-dd: thione
Quantities ¢
lhepaToluoyleSepatolyled 2=
dithiole-3-thicne (1 ges 2.9m.mole)
Xylene (4 md,)

Phosphorus pentasulphide (1 8.)
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Chromatography on alumina in a light petroleum (40<60°) =
benzene 1 : 1 mixture gave :
(1) A green band which gave a brown oil (0.09 g.)s Crystallisation
from an ethyl acetate - ethamol 1 : 1 mixture (2 ml.) gave the thiong,
(0s06 gos 62)y brown prisms, m.p. 151=152°,

Found t Cy60.4k3 H,4.375 8,347

CqgHqySy Tequires : C,60.29; H,3.9%; 5,35.82
(1) - A red band which gave a red solid,(0406 g.),m.p. WS=14g®
undepressed when mixed with starting meterial,

. Product from 4-fiensoyl-j=p-nethaxyphonyl-1,2-dithiole=3=thione

quentities &
l4-Benzoyl-5-p-nethoxyphenyl-1,2-
dithiole~3-thione (2 gy SeBmemole)
Xylene (8 ml.)
Phosphorus pentasulphide (2 go)

Chromatography on alumina in a light petroleum (40<60°) =
benzens 1 : 1 mixture gave :
(1) A green band which gave a brown oil (0.1 ge). Crystallisation
from an ethyl acetate - ethanol 1 1 1 mixture (2 ul.) gave brown priems
possessing a green reflex (0,065 gey ) smepe 133-136°,

Found t Cy56.843 H,3.625 8,35.,%

Cyolqp0S, Tequires : Cy56463;5 He3.365 5,35.6¢
(i1) A red band which gave a red oil (0.05 g.) which solidified on
standing. The infrared spectrum was identical with that of the starting
material and the mixed melting point showed no WN-



Quantities :

hepetigthoxybenzoyl-5=phenyl-1,2-

dithiole-3=thione (10 Bes 377m.mole)
Xylene (5.2 ml.)

Phosphorus pentasulphide (1.3 g)

Chromatography on alumina in a light petroleum (40-60°) -
benzene 1 : 1 mixture gave &
(1) A green band which gave a brown oil (0.03 g.)e Crystallisation
from an ethancl - ethyl acetate 1 : 1 mixture (1 ml.,) gave trown prisms
possessing a green reflex, (0,02 gey 1.5%),meps 133=136°. The infrared -
and n.m.r. spectra were identical with those obtained from fraction (1)
in experiment 4.
(i1) A red band which gave a red solid (0.04 g.), the infrared
spectrum of which was identical with that of the starting material,



le1,2«dithi
1s Iriethyloxonium fluchorate

The method is deseribed in "Organic Syntheses®'1°,

Yield = 60 g. from 35 g. of epichlorohydrin = 83%
MePe = 91-92° (nt.m.p. = 91&')

24 &mxlﬂm—&@]p‘!@mm
METHOD A
(1) 1thi 1-1, 2edithi

S-Phenyle1,2-dithicle~3-thione (5 g.4 23.8 m.mule) vas boiled
under reflux with iodomethane (30 ml.) for 3 hr. The methiodide
gradually separated from solution as red plates (7.75 ge., 50%).
(14) -rhenacylidenc=5-phenyl=1,2-dithicle

Sodium (0.27 gey 04011 geatom) was dissolved in ethanol (190 ml.)
and then benzmoyl acetic acid (1.93 gey 0,011 mole) was added, To the
mixture was added S-phenyle3-methylthio-1,2-dithioclium iodide (3.87 Bes
0,011 mole) with shaking and the mixture gently heated until it was
homogeneous. The reaction mixture was then poured into water and the
resulting brown oil extracted into chloroform, weshed with water and then
dried. The chloroform was distilled and the residue chromatographed on
alunina in & light petroleum (40-60°) = benzeme 2 : 1 mixture to give as
a third fraction an orange biund which, on concentration, gave a brown
solid (0.45 g.)s Recrystallisation from ethanol gave the ketome,
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(0a3 ges %)+ brown flakes, m.p. 131132°,

METHCD B
(1) 1 2%~ le1,2-dithiocle~ o) benzo

To a solution of sodium (023 g.y 0.01 geatom) in ethanol
(20 ml.) was added ethyl benzoylacetate (1.92g., 0,01 mole). To the
resulting solution was added 3-methylthio-S-phenyl-1,2-dithicliun fodide
(3452 gos 0,01 mole) and the mixture boiled under reflux for 1 hr. The
ethanol was removed by distillation and the residue chromatographed on
alumina in a light petroleun (40-60°) - benzene 1 : 1 mixture to give

(1) A brown band which gave a brown solid (0.5 g.) which was not
:ldcutiﬁod.
(11) A btrown band which gave a brown solid (0.57 ge)s Recrystallise

ation from an ethanol - benzene mixture gave brown prisms (0.41 g.),
mepe 125-127°, The infrared spectrum was identical with that of
S=phenyl=1,2-dithiole-3~thicne an. the mixed meltiag point was undepressed.
(1id) A green band which gave a lrown solid (1.65 g.). Recrystallis-
ation from ethanol gave the ester, (1.0 g., 27¢), brown flakes, HePe
129-130% V) 1690 on™" (COOSt)s MNem.¥. spectrum (a) singlot, 1,28
(dithicle ring proton); (b) multiplet, 2.WT 2. 74T (phenyl protons)j
(¢) quartet 5.78T-6.157, triplet 9.02¢ «9.25v (ethyl protons);
relative intensities 1 : 10 1 5, the ester requires 1 : 10 : 5.

Found t Cy6L.B84; Hyk.52; 5417.8%

Cooflag0s5; requires : Cy65.19; M,438; 5,17.40¢
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t ted 8 of the Ester

(a) The ester (0.5 gey 0.00136 mole) and 15% HCL (40 ml.) were
bofled wnder reflux for 6 hr., lNo hydrolysis cceurved,
(b) The estor (0.5 ges 0,00136 mole) in 30¢ acetic acid (40 ml.)

was boiled under reflux for 3 hr. to give unchanged ester.

(e) The ester (1.45 g., 0,00408 mole) was dissolved in boiling
glacial acetic acid and then &8¢ MBr (4 ul.) was added, The mixture
was boiled for 2% hr, and then a further 4 ml., of HBr was added and

boiling was continued for anotlier 24 hr. No S-phenyle3-phenacylidenc-
1,2-dithicle was obtained.

3+ 3=Ihiophenacylidens-5-phenyl~1,2-dithicle
(1) 2-iiophonacylidenc=5-phenyl-1,3-dithicle

S=rhenyl=1, 2-dithicle=3=thione (6.3 ges 0.03 mola) and phenyl-
acetylene (9.1 g., 0.09 mole) dissolved in dry benzeme (100 ml,) were
boiled under reflux far several days by which time 4,1 g. (27¢) of
thione, mep. 194-196° had separated.

(44) JThiophenacylidens=5-phenyl-1,2-dithicle
2-Thiophenacylidene=5-phonyle1,3-dithiole (41 gey 0.0131mele)

was heated in an open tube at 200° for 3 hr. The mixture was then

allowed to cool and recrystallised from 1,2,2-trichlarcethane to give

the thione (2.7 gey 50%), purple prisms possessing a green reflex, m.p.
163=164° (lit.m.pe 163=164°),

Reaction of 3-Fhenacylidene-S-phenyle1,2-dithiole with Triethyloxoniun
flusbopats

S=Fhenacylidens«S=phenyl=1,2-dithiole (0.3 gey 0,001 mole) md
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triethyloxoniun fluoborate (0.2 goy 0,001 mole) dissolved in dry chleroform
(5 ml,) were boiled under reflux for 5 min, and then allowed to stand at
roon temperature for several days. A brown solid (0.4 g.),m.p. 128-154°
separated which was not purified.

Reaction of 3-Thiophenscylidene-5-phenyl-1,2-dithiole with Tristhyl-
axeniun fluoborate

S~Thiophenacylidene«S5-phenyle1,2-dithiole (031 gy 0.001 mole)
and triethyloxeniun flucborate (0.2 gey 0,001 mole) dissolved in dry
chloroform (5 nul.) was boiled under reflux for 5 min. and then allowed to
stand overnight at room temperature. The addition of ether gave a browm
oil which solidified on standing to give the dithioclium salt,(0.32 g.,
64%) s brown prisme, Gepe W3=14°, Nem.r. spectrum : (a) singlet, 1,387
(dithicle ring proten); (b) multiplet, 1.90 «2.377, (olefinic proten
and phenyl protons); (e) quartet 6,68 <7.05¢ ; triplet 8.56 -8.807 ,
(ethyl protons); relative intensities 1 : 11 3 5, the dithiolium salt
requires 1 : 11 : 5

Found t Cy52.733  Ha3.65% 5,22.5%

619}11781'“33 requires : C,53.27; H,4.005 8,22.5¢

Reaction of J-(a~ithyl lidene 1le1,2-di thiclium :
with Aniline |
A solution of aniline (04 guy 0.004 mole) in ethanol (5 ml.)
was added to a solution of triethyloxonium fluoborate (085 g., 0,002
mole) in ethancl (5 ml.) and the mixture allowed to stamd at room temper-
ature for 2 hr. The ethancl was distilled and the residue chromatographed
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on alumina in benzene to glve a red vand, Disﬂlhﬁumnm'
brown selid which recrystallised from an ethsncl - benmens mixturc to
glve the 1,2-dithicle, (0.5 gey 33%)s rediishelrown prisms, m.p. 160°d,
Nemors spectrum : (a) multiplet, 2,08 -z.azt.'.'mm ring proton and
olefinic proton); (b) multiplet, 2,56 =3.017, (phenyl protens),

. relative intensities 2 : 15, the 1,2-dithiole requires 2 3 15,

Found t Gy 1458 W35 8,17,
CagllgpliS, Yequives 1 Co74a36; HyMe61y Me3e8y 8417.3¢
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Part (C) : (i) 4,6-Diphenylpyran Derivatives
GEERAL MATERIALS
1. 2-lMethylthiowh, 6-diphenylpyr ylium iodide

4,6-Diphenylpyran (1,25 g., 0.0054 mole) was boiled under
reflux for 5 hr, with iodomethane (20 ml.). The iodide gradually
separated from the reaction mixture as red plates, (1.8 g.y 86%), m.ps
182-184°,

2. Ethyl 2-(h, MMM-!]M )benzoylacetate

Sodium (0,04 gey 0.0017 geatom) was dissolved in ethanol (5 ml.)
and then ethyl benzoylacetate (0.32 g., 0.00166 mole) was added. To
the resulting solution was added 2-methylthio-k,6-diphenylpyrylium iodide
(0e6 gey 0.0015mole) and the mixture boiled under reflux for 1 hr. The
ethanol was then distilled and the residue chromatographed on alumina in
benzene to give :
(1) A yellow oil (trace).
(i1) A brown oil (0.0% ge) which remains unidentified.
(4i4) A red band which gave a red solid. Recrystallisation from
ethanol gave the ester (0.13 gey 20 %), red needles, m.p. 171=-172°,
- 5. 1660 em™ ! (COOEL), ma;620m'1 (C = 0)s Nem.r. spectrum :
(a) miltiplets at  1.697 and 3.17¢ (pyran ring protoms); (b)
miltiplet, 1,88 2.75 ¥, (phenyl protoms); (c) quartet, 5.70 =
6404 T ; triplet 8.86 <9.08 ¥ (ethyl protons); relative intensities
23: 15 : 5, the ester requires 2 : 15 ; 5.

Found ¢ Cy79+225 HySe2

0285250“ !'.q‘d.l‘@ﬂ H C.?9.ll1; H.sow
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2-Fhenacylidene-k, 6~diphenylpyran
METHOD A

Sodium (0,071 gey 0.00288 g.atom) was dissolved in ethanol
(50 ml.) and then benzoylacetic acid (0.51 gey 2.88 m.mole) was added.
To the resulting suspension was added 2-methylthio-k,6-diphenylpyr ylium
iodide (1.18 gey 2.88m.mole) and the mixture was warmed to give a clear
solution. The reaction mixture was then poured into water and the
resulting red oil was extracted into chloroform, washed with water and
then dried. The chloroform was distilled and the residue chromatographed
on alumina in benzene to give :

(1) A yellow band which gave a brown oil (0.37 g.) possessing a
strong odour of acetcphenone.
(11) A red band which gave a red solid (0.2 g.) which was shown by

comparison of infrared spectra to be a mixture of the required pyran and
some other unidentified compound.

METHOD B

Bthyl 2-(%,6-diphenylpyran-2-ylidene )=benzoylacetate (0.08 g.,
"0.2 memole) dissolved in acetic acid was boiled under reflux and then
48% hydrogen bromide (0.2 ml.) was added. The mixture was refluxed for
48 hr., the addition of hydrogen bromide being repeated after 24 hr.
The reaction mixture was cooled, poured into water and the mixture
basified with dilute sodium hydroxide solution. The product was extracted
into chloroform, washed with water and then dried. Chromatography on
alumina in a light petroleum (40-60°) - benzene 1 : 1 mixture gave a
purple band which gave a maroon oil (trace) which was not identified.
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