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Four- and Five-membered Cyclic Disulphides

T.P.Vasil’'eva, M.G.Lin"kova, and O.V.Kil’disheva

The principal methods for synthesising 1,2-dithiolans are surveyed, together with their advantages and disadvantages.
Information is given on the geometry of the 1,2-dithiolan ring. The polarography, photolysis, and spectra of 1,2-dithiolans
are discussed, and results are given for their polymerisation, reduction, oxidation, and chlorolysis, as well as the removal of

a sulphur atom. Data are presented on the biological importance and application of 1,2-dithiolans. The major part of the
review is devoted to the chemistry of unsaturated five-membered cyclic disulphides—the 3-thiones, 3-ones, 3-imines, and
3-ylidenes of 1,2-dithiolens—with methods of preparation and both chemical and physical properties. A detailed examination
is made of their reactions with electrophilic and nucleophilic reagents, as well as condensations. Fields of practical application
of 1,2-dithiolens are surveyed. The review concludes with 233 references.
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I. INTRODUCTION

The chemistry of saturated and unsaturated four- and
five-membered cyclic disulphides forms a new field,
widely developed during the past decade. Saturated and
unsaturated five-membered disulphides (1,2-dithiolans and
1,2-dithiolens) are present as fragments in certain anti-
biotics (gliotoxin, thiolutin, holomyecin) and naturally
occurring physiologically active compounds (« -lipoic and
asparagusic acids, nereistoxin, brugine, etc.). Certain
compounds find application as insecticides, antioxidants,
and colorants.

II. 1,2-DITHIETANS AND 1,2-DITHIETENS

TFour-membered cyclic disulphides, 1,2-dithietans (I)
g2
/g_g\
12
U}
have not yet been obtained. It is known only that, when
the pressure is lowered in the pyrolysis of polymeric
perfluoroethylene disulphide, dithian and trithiepan are
obtained. The mass spectra suggest the intermediate

formation of tetrafluoro-1,2-dithietan (Ia), which at low
temperatures is reconverted into the initial polymer :
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The instability of the almost planar 1,2-dithietan ring (I)
is attributed to strong repulsion of the p,n electrons of the
neighbouring sulphur atoms'. However, unsaturated
four-membered cyclic disulphides, 1,2-dithietens (II),
are more stable than the saturated analogues (I) because
of the presence in the ring of an “aromatic” sextet of
electrons?,
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Perfluorinated 1,2-dithietens (II) were first obtained by
Krespan ® by the action of sulphur on polyfluorinated
alkynes **:

Rp Re
AN e
Rp—C=C—Rp 348", |
S1_§2

a

Rp=CF; (11a), CF,CICF,, CHF, (CE,); .

A yield of 80% of bistrifluoromethyl-1,2-dithieten (Ila) was
prepared in this way ®>. At lower temperatures the yield
does not exceed 26% owing to the formation of secondary
condensation products 4

CF,
F.C CF, FC_ S_| S ,CFs FgC ,CF.
o 220° N— e \“/ N \ﬂ/ \“ u '
FiC—C=C—CF; +S ngeeme’ | ‘ { .
5—3 /NSNS NeF,  Re” N8 NCE,
CF,
(I1a)
26% 20% 11%

However, 1,2~dithietens (II) cannot be obtained from
acetylene and dimethyl acetylenedicarboxylate®. The
first report that benzo-1,2-dithieten had been obtained ®
has proved to be erroneous?.

The 1,2-dithieten ring exhibits characteristic ultra-
violqet absorption in two ranges—at 231243 and 334~ 340
nm”,

The chemical properties of 1,2-dithietens are deter-
mined by the labile disulphide bond. Thus (Ila) dime#-
ises slowly at 26°C, rapidly in the presence of weakly
basic catalysts (triethylamine, ethanol); (Ila) is re-
formed when the dimer is heated to 200°C: %*

RO\ /OFs gy FCQ S50 /OFs
| 20 )
$— F,C7 NS—S/ \CF,
(11a)
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Cycloaddition at the disul 6ph1de bond occurs readily
with alkenes and alkynes **

CF, S R
N (CHg)s _(CH)C=C (CHyy | RC=CR | Y
M (CHy) 100° (1a) 7o—5ps ;‘ "
Cr/ N\s/  Ns/ \R
R=CF3, H

The presence of electron-donor substltuents in the unsatu-
rated hydrocarbons facilitates cycloaddition®. The action
of mercury converts (IIa) into a polymer, which with
iodomethane forms 2,3-bismethylthioperfluorobut-2-ene®

F,C CF,

N ng [—HES—C—C—S—\ o, CHS\_ ~ SCH,
l w ( Lo BT c=C .
S—S CF; CFy " F C/ \CF3

(I1a)

With phosphines and Phosphltes (IIa) yields sulphur-
containing phosphorans :

cng

[—-]_ ait,
CHy~, ~P»—Ph

Methyl o -phenylene hydrogen, ethyl methyl hydrogen, and
trimethyl phosphites react similarly. In the latter two
cases the adducts are unstable, and undergo the Arbuzov
rearrangement even at 20°C:”

FC CF, (€H,0),PZ O
N S. CF, SNy /T
—28° SO\ ~ 20°
| l P (OCHy)y =% (CH,,O),P\ /“\ e, u .
5§ s/ \CF,
: CH,S/\CFa

(11a)

With transition-metal carbonyls (IIa) form complexes also
with cleavage of the cyclic disulphide bond. Thus it gives
a trimeric complex with octacarbonyldicobalt ®:

Co, (CO)q + (I1a) — [(CF3),C;8,Co (CO)s
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Nickel, molybdenum, chromium, and tungsten carbonyls
form with (Ila) metal complexes from which the carbonyl
group is absent *:

FC 12fo Ni(CO),
S"*l m*’
(1la)

[NiS4Cq (CFy)l

[MoS;Cq (CF3)e]

III. 1,2-DITHIOLANS

This survey of the literature on 1,2-dithiolans (II)
mainly covers the perlod after 1963, for earlier investiga-
tions were summarised in a monograph 1% Because of
the great biological importance of « —hpolc (thioctic)
acid (IIIa)

5 4
13/—\3 /—\ (CH,)4COOH
A\ s/

2
[00)) (111a)

results for this compound have been segregated as an

independent topic '°, and will not be considered in detail

here.

1. Methods of Preparation

(a) Oxidation of 1,3-dithiols

The most general method for obtaining 1,2-dithiolans is
the intramolecular oxidation of 1,3-dithiols (Table 1).'°7%*
Thus a substituted 1,2-dithiolan was first obtained by
Reissert in 1906 by oxidising the dianilide of dithio-
malonic acid'®

PhN
PhNHﬁcHZCNth}?‘SQ‘Q s>_
S S conc. \ )\

S”" ¢NPh

Table 1. 1,2-Dithiolans obtained by the oxidation of 1,3-dithiols.
1,2-Dithiolan Oxidant (temp., °C) Yield, % Ref. 1,2-Dithiolan Oxidant Yield, % Ref,
54 H,0,—KI (25°) 35¢ 12 4(=0) 1,—EN - 13
H,O,—Kl {75°) 70* 12 I — 10
! S<S>3 20*’*!(1 (115%) 0 12 3,5-(==0);-4-(CH,), : 57 17
2 B ¥y (80°) N i Y (= 0)’ 2'((CZH)‘)” 12 pyridine b W
4 12 17
(1) }Jb (g{xlcv). (25°) 215—650* 12 g (cﬁ% e 1;11}{(:0?11 -5-(CH,), gec;‘, ” ?g 10
13 s D€ 10
3-(CHy)y** #BuOOH, Fet+ 50 10 3-CH:COOH-4-(=O) ", 2% 18, 19
4-N (CHy)s air — 14 4-(CH,),COOH 0,—FeCly 1 20
3.COOH 0,, Fe 66 10 4-(CH,); COOH O,—FeCly 42 20
air, FeCl T4%ar 15 3,5-(COOH), I 65 21
H,0,, Fe’+ 15 10 O,, Fe3+ 71 10
4-COOH ngo . 17 16 4-(NH,-HCI) s—KI 60 2
H’O'F;K (75°) 2(7) 16 3-[(CH,),COOH]-4-(=0) K}Z gg 18
— 16 2 23
KyFe (&N). 32 16 3-1(CHp)(CO, CH ) -4-0H I,—KI 75 2
scon HO, (15 70 " 4-CO (CH,).COR LK1 10 e
- ) — 10
4CH; I2~Et3N 73 13
4-SOgH 1,—~H,0 — 10

*Yield determined from concentration in solution (by ultraviolet spectrometry).
** Here and below the numeralindicates the position of the substituent in the ring (II),

***Yield of crude product.
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The early attempts at synthesising unsubstituted (III)
usually yielded solid polymers or dimers, and only in 1950
did Affleck obtain (III)—in benzene solutlon—by the actlon
of copper(Il) chloride on tr1methy1ene blsthlosulphate

S /__S (60%)

(HI)

oy . ST
N&0;SS(CH),S50;Na o
2

@ FL509 J o7

A disadvantage of this method is secondary intermolecular
oxidation to poly-1,2-dithiolans; on prolonged heating in
acetic acid these are converted into (III): *?

s £

Ng/ = CH:COOH
HS(CHy),SH o, 1

— (CHy)y—5~],

Intermediate formation of a monosulphenyl iodide is
postulated in the oxidation of 1,3-dithiols (or 1,3-bisthiolic
acids) to 1,2-dithiolans: e.g.”

O

S,

N 0 0; )

od \(0 pyridine 2—\(0 o, >—Yo 2r S

S 5 i N o
SH Se G o IR -3 §_{
S—\O

The intermediate undergoes either conversion into the
cyclic disulphide or, with elimination of an SI” ion,
cyclisation to a four—membered sulphide *"

High yields of various derivatives of 1 2 dithiolan (III)
are obtained by the action of sulphur on the corresponding
lead dithiolates *

EAN7A

AN I

S] l +8 > 8D A Ps
P

% am

It is noteworthy that a -lipoic acid (IIla) and its methyl
ester can be prepared by introducing a second sulphur
atom into the corresponding thietan derivatives

+ s S/ N
s

(111 a)

I

AN
(CH,),COOH (CH,),COOH

(b) Condensation of 1,3-dihalogeno-derivatives with
alkali-metal polysulphides

The lower yields are responsible for the less frequent
use made of the cyclisation of 1,3-dihalides (or bisarene-
sulphonic esters of 1 3-%lycols by means of alkali-metal
polysulphides (Table ), 2628

X 4 NagS, - 8 > 4 9NaX n=2.4 X=Br, OSO,Ph .

[488)]

X—(CHy)s—

Higher yields of (II) are obtained with Na.Ss than with
Na:S:. Use of the latter yields thietans as byproducts *°
whereas NasSs gives cyclic trisulphides, which are con-

verted into disulphides (III) by boiling with copper powder >’

_(CH:n)z e
—> S\ s /

Cu
(CHg)sC (CH,Br) N2t
3) 200 )2 L S/ \‘(Cﬂz,)z—-

s
Ns/
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(c¢) Intramolecular cyclisation of 3-mercaptothio-carbox-
ylic acids

The most general method for obtaining 1,2-dithiolan-
3-ones is intramolecular acylation of g-thiothiols (or their
acetyl derivatives) containing an activated carboxyl:

>e—c( x—c(

e \C<O = s/ X=H, CH,CO.

AN Y

5-X \ / No
Table 2.
1,2-Pithiolan (III) Initial compound Reagent | Yield, % Ref,
Unsubstituted Br(CHg)sBr Na,S, 9
4-(CHy), (CH,),C{CH, Br), K.$, 55 w0
3,5-(COOH), CH,{CH(Br)COONal, Nagds 22
Ditto CH,{CH(Br)COOH], Na;S, 11 %
CH,0SO:Ph
4-(CHy) Y Na,S, 4 2
o N \CH,050,Ph o

4(CHOH), (HOCH,),C(CH,B1), Nl B e
3-(CHy).CONH, CI(CHy)sCH(CH(CH,),CONH, Na.S, 83 10
3,3,5,5-(CHgu-4-(=0) | O=C[C{CHy)sBrz NagS, 35 28

The disulphides to be cyclised are readily formed and are
used without isolation in pure form, by the action of
hydrogen sulphide on B-chlorosulphnnyl carboxyhc acids,
when cychsatlon occurs sometimes spontaneously , and
sometimes in the presence of an organic base ®

N b I
| o B¢ PEERVAR B =l N
dal c{ 2 \c1 S C=0 .
Ci SH ~ \S

Table 3. Cyclisation of g-acetyldithio-carbonyl chlorides
by zinc chloride ¥

1’2;Di;hiolan. Unsubstituted|  5-CeHs- 4-CHj- 5-CHy- 4-Cl- ) 4-Cl4-CH,
-one

Yield, % 50 70 67 ! 89 86

1,2-Dithiolan-~3-ones are formed especially readily by
inframolecular transacylation of the chlorides of B-acetyl-
dithio-carboxylic acids (Table 3) catalysed by zinec chlo-
ride, with removal of acetyl chloride from the reaction
zone *%;

. I
&, ~ wr— —C—C—
s/ \ vy el (/ ~CHZCOCH S/
=
N C\ g \ ok \QX “and, T O\
i g e F
COCH, Cocu,  ZnCly
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An example is the intramolecular transacylation of a
4-mercaptothiomethyl-1,3-oxazolin-5-one: 3

(R),C=C—N (R),C—CH—N NHCOR!
/ \ HaSy SONN R),_/
/\ / R /S /c\ /C~R’ - S< 0
o7 "o i d o s

2, Physical Properties

Crystallographic examination of the structure of
1,2-dithiolan-4-carboxylic acid has shown'® that the mole~-
cule is non-planar and unsymmetrical. The angle between
the C¢s)—Su —S(» and the S —S(2» ~Ci» planes is 26.6°—
not the 90° found in open-chain disulphides *—which leads
to repulsion of the unshared p ~electrons of the sulphur
atom and instability of the 1,2-dithiolan ring **. The angle
at a sulphur atom is also smaller (92° instead of the 107°
in linear disulphides) % so that the S—S bond is longer in
1,2-dithiolans than in open-chain disulphides (2.1 instead
of 2.044 &) .

Table 4.
1,2-Dithiolan kcs:e ns:;le'l Method of determination Ref.
5 4 14—18 calculation of deformation of bond angles 37
/ —'\ 27 from shift of Apax in ultraviolet 10,38
1S 3 6.5 kinetic measurements of CgH5CH7SH-(I1I)
N / equilibrium 10,38
(1) 82 4* calorimetrically from heat of reaction** 10,38
/ —\\
S ; . .
~ s / \(CHZ).COOH 3.5 calorimetrically from heat of reaction*** 10,38
(111a)
/COOH 1" crystallographic structure analysis 10,38
N,
ﬁ/ 16—30 conformational analysis 10,38
AN s/

*The stress in 1,2-dithian determined by the same
method was 0.5 kcal mole™. %

1
*K s e, sH —5 A1D-

* XK HS(CHy)yCH(CHy)(COH — (11a).
H

Table 4a.
COOH » D pK,
4
/\ N 1.70 4,93
\/ COOH
S<S> 3.45 3.82

The stress in the 1,2-dithiolan ring has been determined
by many workers using various methods (Table 4). Strongly
divergent values have been obtained. The underestimates
given by chemical methods may be due either to the pres-
ence of a polymer in the specimens or to the fact that the
comparable reactions were conducted in solution, not in
the vapour phase'%%%,
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In conformity with the negative inductive effect of the
disulphide group the measured dipole moments and the
acidity of 1,2-dithiolan-4-carboxylic acxds exceed those of
cyclopentanecarboxyhc acids (Table 4a) ®

1,2-Dithiolans are reduced polarographlcally (mostly at
pH ~ 2.2) by a two-electron mechanism via intermediate
mercury complexes to dithiols '®*%*':

sH
f} + 20t 4 25— f

SH

The half-wave potential Ej,» is higher for 1,2-dithiolans
than for linear and more macrocyclic dlsulphides 40941

On photolysis 1,2-dithiolans readlly polymerxse

in alcohol they react with the solvent ®

N

AN sl—s NN
®+] /1

Exposure of aqueous a -lipoic acid (IIla) leads to rapid
dimerisation **

/_>\ 5—57

s, —

g~ (CH,),CO0H $—8
HO,C(CIL,),

v 3
CIL
(i11a) (ClL)CO01L

and

ARSIV

LN
(L0122
‘b-—S' S'SA

— [HS—(CHy)y—S-—OEt]

E{OH

The ultraviolet spectra of 1,2-dithiolans have been
studied (A\pax =~ 310—350 nm). ** In contrast to cyclic
disulphides, polymeric linear disulphides absorb at 230 to
250 nm.?* 1,2-Dithiolancarboxylic acids are exceptions,
absorbm% at 250—280 nm, with only weak absorption at
330 nm, 1,2-Dithiolan-3-ones exhibit carbonyl absorp-
tion in the infrared (at 1710-1720 cm™"), *

3. Chemical Properties

(a) Polymerisation

The most characteristic property of 1,2-dithiolans is
their ease of polymerisation to linear disulphides, espe-
cially when heated or in the absence of a solvent, the
activation energy of polymerisation being very low (8.6
keal mole” ). % All monosubstituted 1,2-dithiolans—the
4-amme , 3-carboxylic acid 4988 methyl 3- carboxsylate ,
3-one ¥ 4-one , and 4-hydroxymethyl derivative **—tend
to polymerlse as well as certain disubstituted deriva-
tlvesz, 3,3-dimethyldithiolan *" and the 4-methyl-3-valeric
acid 3,3,5,5-Tetramethyl-1,2-dithiolan polymerises
only in the presence of a catalyst (H*, RS™, OH", AICly). ¥
On addition of an aqueous alkali the compound (IIIa) also
forms a polymer *’

Na0ll
h/"\» LU DU H,CH,Cl—
s Swagoon l ((]H ),COONa
X
(Itia} - "

(b) Reduction and oxidation

In the presence of zinc in hydrochloric acid®, zinc in
aqueous ammonia, sodium in liquid ammonia, and sodium
tetrahydroborate *’**, 1,2-dithiolans are readily reduced
at the disuiphide bond to 1,3-dithiols (Table 5).*°

1,2-Dithiolans are more easily oxidised than are linear
or macrocyclic disulphides*'. Under controlled condi-~
tions both cyclic thiosulphinates (1-oxides) and thiosultones
(1,1-dioxides) can be obtained (Table 6). Thiosultones are
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most stable compounds *'. Oxidation with hydrogen per-
oxide more often gives 1-oxides, but 1,1-dioxides are
formed when the ring contains electron-donor substituents
or in the presence of a catalyst (Table 6). The oxidation
of 1,2-dithiolans (e.g. by a persulphate) proceeds by a
mechanism of one-electron transfer *%:

H\
A w Ol

eoas; ° “g®
The primary oxidation products of 1,2-dithiolans are thio-

sulphinates, which can then be oxidised further to 1,1-
dioxides (Table 7). 2%%°

Table 5. Reduction of 1,2-dithiolans.
1,2-Ditthiolan 1,3-Dithiol Reagent Yield, %
5 4
\S s 3 HS(CH,)SH Zn, HCl 100
-4-COOH (HSCH,),CHCOOH Zn, NHOH| —
-3,5-(COOH), HO,CCH (SH)CH,CH(SH)CO,H Zn, HCI 90
~4-(CH ), (CH,),C(CH,SH), Na, NH, 9%
Na, NH .
-4-(CH,OH), (HOCH,),C(CH,SH), H‘; co;'s, 3;15
Table 6. Oxidation products from 1,2-dithiolans.
1-Oxide Oxidant (temp., °C) Yield, % Ref.
| | .
0S—S— H,0, (75°) 76 1
COOH
7 NalO, — 3
0|5_5_| Hy0, (5°) 72* 15
(CH,OH),
0S— s_l H0, (£°) 77 as
(CH,) ,COOH
0|S—S-I n=3,4 H;0, or (NH);S:0g — 19
l/\l
N
| I/ H,0: () 76 39
08—S—
D
/
——  Z CHPh NalO, 86 45
05—S—
“Ph
1,1-Dioxide Oxidant (temp., °C) Yield, % Ref,
| | o
0,S—S— H;0,, tungstic acid (25°) 33 12
C‘H,OR
i ] H,0, (75°) 16 16
0,8—S—
0 (CHy)y
o,s—s-| Hy0; (20%) 35 Ty
D
ZCoPh
0,S—S— m-C1.CgH4.COOH good 49
Nph

*Mixture of anti- and syn -sulphoxides (in the proportions
77:23).%°
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1,2-Dithiolan 1,1-dioxide can be oxidised further by
hydrogen peroxide in the presence of tungstic acid to the
stable 1,1,2,2-tetroxide %
SN 0, N .
05 s ) gy W
O,

Table 7. Products of the oxidation of 1,2-dithiolan
1-oxides.
® ®
1,1-Dioxide Reagent| o Ref, 1,1-Dioxide Reagent o i Ref.
2 k
2 g |
| ‘ _ 7 Lop OH | —
0,S—S— H,0, 20 11 OPh R—COj] 49
(o 10w | 54 | o 0u5—s—Ipn
g
o,s—s—l ( \I
N/ H,0, — 41
|
OZS—S—J
Table 8. Producgos of the cleavage of 1,2-dithiolan-3-
ones by sulphuryl®’ or sulphenyl® chlorides.
Substituents Reagent Cleavage product Yield, %
: SO,ClL CISSCH,CH(CH,)COCI 70
4-Methyl Préct PhS,CH,CH(CH)COCI 60
SO,Cl, CISSCH(CH,)CH,COC1 78
5-Methyl CH,SCl CH,S,CH(CH,)CH,COCI 76
phscl PhS,CH(CH,)2H,C0CH 75
4Chlore SOCl, CISSCH,CH(CI)COCL 90
SOLCly CISSCH,C(CH;)(C1)COCL 85
4-Chloro-4-methyl CH,SCl CH,S,CH,C(CH,)(C1)COCI 89
PhSCL PhS,CH,C(CH,)(C)COCU 64

The oxidation of 4,4-bishydroxymethyl-1,2-dithiolan by
hydrogen peroxide to the 1,1,2,2-tetroxide is usually
accompanied by ring cleavage to give disulphonic acids *°.
Better yields of the latter are obtained from alkylated
1,2-dithiolans by the prolonged action of excess of potas-
sium permanganate ** or hydrogen peroxide '%

(CHy),
¥ HiO: (CHLC (CH,S0.H),

s\s/ AcOH (53%) *

(c) Reactions with electrophilic reagents

It has recently been shown that the chlorolysis of 1,2-
dithiolan-3-ones by sulphuryl or sulphenyl chlorides
involves selective cleavage of only the CO—S bond
(Table 8) 5%

®? RS

f ‘ R* R
50,012 “S, G ass b1
[0 | S\g5N > el
BB § o® R R
R - [
7S
e No .
R? g3 N
R R R
RSUI S\%’ - “S~S—Sfé—éwcoc1

N e Bk
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These dithiolanones form the sequence
HC CH, CH, a
N -~ /‘—<Cl > s/—>
~ § >9 NS/ N\
S\s/\o N No T N No 57 o

according to ease of rupture of the CO—S bond.

(d) Removal of a sulphur atom

A novel reaction of 1,2-dithiolans is the removal of a
sulphur atom by trisdiethylaminophosphine **% or tri-
phenylphosphine '"*°® with the formation of four-membered
heterocycles—thietans, g-thiolactones, and thietan-2,4-
diones (Table 9). The process is a second-order reaction
accompanied by inversion (SN2), with intermediate forma-
tion of an internal phosphonium salt *’%%

S—PR,
e \ K, (\/ @ 3 *
r L 2
S\s/ FRp = qu ~RyPS g

.
(ky<< &)

Table 9. Thietans from 1,2-dithiolans.
T o
i L I /Ph \___(CHy),
Thietan L] =\ T L]
_ (cn.\‘con< s_l s_%
Reagent (Et,N),P (Et,N);P, (EtaN),P, Ph,P
Temperature, °C 200_80°" 20—80° 20—80° 66°
Yield, % 82 64 87 86
Reference 13,52 13,52 13,52 17
o l_'| Ph CH, Cl
N\__(Et), N N - —
Thictan L g sopsdo | ML
— = \ A
\0 \\0 o
Reagent Ph,P, Ph,P, PhgP, PhyP, Ph,P,
Temperature, °C 60° 60° 5—20° 5—20° 5—20°
Yield, % 83 87 98 34 24
Reference 17 17 53 53 53

(e) Reactions with metal alkyl sulphides and with inorganic
salts

Thiols cleave 1,2-dithiolans very slowly:

/7N 4 Rs© SN
s > +rsC2Rss”
s s

€]

(11r)

The rate of reaction increases in the presence of a weak
base (the acetate ion) !®**, The rate of cleavage of the
disulphide bond by sodium cyanide depends on the struc-
ture of (III). Thus unsubstituted (III) is cleaved rapidly
and completely, the 3,3-dimethyl derivative slowly, and
3,3,5,5-tetramethyl-1,3-dithiolan does not react with
sodium cyanide '*¥,

The antibiotic gliotoxin (IIIb), which contains a 1,2-
dithiolan ring, is cleaved at the disulphide bond when
heated with potassium sulphide **. With mercury(II)
chloride and bromide substituted 1,2-dithiolans form
crystalline adducts, but their nature is still obscure

10455556
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4. Biological Importance and Application

Of all the compounds containing a cyclic disulphide bond
a -lipoic acid (IlIa) is the most important: it is a growth
factor, and is involved in the oxidation of pyruvate and in
photosynthesis®’. In the organism reductive cleavage of
(IIIa) gives a dithiol *%

- R — R
(TN CHGOOR s\ A s/ TN
RNV Socn, et HS [, +eHsco-con .

diphosphopyridine nucleotide
R= (CH,),COOH (III a)

Gliotoxin (IIlb) —an antibiotic in which nitrogen atoms
are attached to positions 3 and 4 of a 1,2-dithiolan ring—
has an antitubercular and bacteriostatic action. 4-Acyl-
amino-1,2-dithiolan-3-ones also possess tuberculostatic
and cytotoxic activity **. 4-Amino-1,2-dithiolans are
insecticidal®, 4-Dimethylamino-1,2-dithiolan—nereis-
toxin, isolated from marine worms—exerts a selective
toxic action on harmful insects®, Intensive research is
being conducted on its synthesis ???57%2,

Clg=N~ cooH
L — u 08/ )
s NG

|'s—s 0\,2\)

(1lIb) ang " (11d)

0;
-N OH

Bruguine—the tropinyl 1,2-dithiolan-3-carboxylate
(IIIc) isolated from Cinchona—isan antitumour alkaloid %°%°,
4-Hydroxy-1,2-dithiolan {rans - and cis -1-oxides
(brugierol and isobrugierol) *®, 1,2-dithiolan-3-carboxylic
acid®’, and the 4-carboxylic (asparagusic) acid and its
sulphoxide (IIId) also occur in plants; they inhibit the
growth of lettuce, rice, radish, etc. "%

All functionally substituted 1,2-dithiolans are potential
protective agents against radiation ®.

IV. 1,2-DITHIOLENS

Unsubstituted 1,2-dithiolen and its 3,3-disubstituted
analogues are known. The 3-thiones (trithiones) (IVa),
3-ones (IVb), 3-imines (IVc), and 3-ylidenes (IVd) are
discussed below.

>5_4/:11 a) X=S§ ) X=NR zéﬁ\
SNg/N\x P X=0 0 X=CR, s
)
(1v)

Several reviews have agg)eared on the chemistry of
1,2-dithiolium (V) salts '™ which therefore will not
be considered in detail here. The literature on 1,2-
dithiolens (IV) up to 1963 was examined in Breslow's
monograph *°.

1., Methods of Preparation

(a) Sulphurisation of various types of organic compounds
(with sulphur, phosphorus pentasulphide, and carbon
disulphide)

4,5-Dimethyltrithione was first obtained in 1884 by
Barbagliya by the action of sulphur on isovaleraldehyde *°:

CH,CH,CHCH, L _ue H,c/\_ CH,
+ ~ .
/0 S\s s
\H
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Although the corresponding reaction with ethyl cinnamate
gives 5-phenyl-1,2-dithiolen-3-one ™

Ph
— N
Ph—CH—(|2H BTN
C=0 s~ No
B0 (40—65%)

the @ -methyl and « -ethyl-cinnamates yield the alkyl
trithione-4-carboxylates or thiophens'®, Sulphurisation
of carbonyl (or thiocarbonyl) derivatives with sulphur and
(or) phosphorus pentasulphide has so far remained the
most general method for obtaining the 3-thiones (IVa),
3-ones (IVb), and 3-ylidenes (IVd) of 1,2-dithiolens
(Table 10) ®~°°. The yields of trithiones from the reac-
tions of hydrocarbons and halogenated hydrocarbons with

Table 10. 1,2-Dithiolens by the sulphurisation of
carbonyl and thiocarbonyl derivatives.
7
" Yield,
1,2-Dithiolen (IVa, b, ) Co’::ﬁff:n‘; Initial compound ‘f'% ' Ref.
R—CO—CH=C(SR"); or | 47 72
5 4 Sy PaSy, 435° | ™ (E16),CHCH,C(SED),
17 \3  (IVa) 5< \N=0
N2 \g P2Ss, CsHsN, 1 -~ 30 7
s/ \H
4,5-(Cl),-(I1Vb) s, AlCl, CCl,=CCl—COCl 48 7
4R-(IVa) P2Ss, boiling | (CH,S),CHCH(R)CO,Et  |27—39| 75
Xylene
4-R-4-R’-(IVa) PS5, boiling | R"—CS—CH(R)CO,Et 31—60| 75
xylene
/ N
Ne—r/"
4,5-(CH,)e-(1Va) S, DMF, 20° TN S 50 %
RNH e
SH
5-Et0,C-(1vb) S, t° EtQ,C—CH=CH--CO,Et 9 10
(CH,8),C=CHCOAr 87 10
5-Ar-(1Va) P3Ss, boiling | (HS),C=CHCOAr 78 10
xylene S,
\/ \=CHCOAr 96 10
s
S. 200° _ 1—6| 77
4-R-5-Ar-(1Va) PS5, boiling Ar—CO—CR=C(SR), 4 T
benzene
4-p-RO-C¢H,-(IVa) S, 1°, catalysis RO—<®CH(CH,)2 5—T75| 79
4,5-(—CH=CH—),-(1Vb) s, 300° s 65 80
cooil COOH
4-X-5-R-(IVa P3Ss, toluene | RCOCH{X)CO,Et 40—70| 8t
(X=Cl, CN, )CO,Et) (X=Cl, CN, CO,Et)
4-Ph-5-EtO,C-(IVa) P.Ss g;OEC—CI(i:(Ph)—COzEt 20 82
-Ph- * —CO—CH,— — 83
5-Ph-(IVa)+Z S, PySs -
4.RCO-5-R"-(iVa) S, 220°,PhCO,EL| R—CO—C(CHg)=CH—R’ 120—38) &
4-ArCO-5-Ar’-(1Va) S, 245°, PhCO,Et Ar—CO—C(CHg)=CH—Ar’ 45 | 10,85
4-Ar'CH,-5-Ar-(IVa) S, PaSy, 200° | CH—CH_CH — 8
= o r—CH=CH—CH= 923 &
3-[=C(COyR),]-5-Ar-(1Vd) S, 250 oy
3-(=CHCOR')-5-R-(IVd) + Z S, 200° R—(CH=CH),—CO—R’ | 540! @
4-Ar-5-CH,S~(1Va) P,Ss, Xylene (CHyS),C=C(Ar)CO,R 70—80| 88
4-CH,S-5-Ph-(IVa) PySg. £° (CHyS),C=C(SCHg)COPh | 45 10
__:O
4,5-(—CH=CH—S—)-(IVa) PS5, CsHsN ] or 8 89
N5/ N\co,R
l—_l J OH
N\s”\coR
4.5-[—COCH,C(CHg),CH,]-(IVa)+-| S, 200—250° CH3 CH3 - %
(-lfé.?:il_czﬁ,f:ocH,C(cﬁ,),—]. N
a N
{___)—CHy
O/

*Z represents a secondary product not containing
1,2-dithiolen.
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sulphur (Table 11) 7' improve in the presence of basic
catalysts (diphenylguanidine, mercury acetamide) *°.

The mechanism of the formation of trithiones (IVa)
from alkenes'® is

H
)

— H—CXG
HC=CH o  HO=CH me=cH > {fm
- — S g S . &
- - ¥/ ~RS, ]
R—CH, R—5,~CH, RSG/ \S/C e Ny
HC==CH HC—CH HO—CH HE—CH
s e, B3 s/\ s s/\ \c\<\€s> ¢ /\c=s.
(]
\s/ s/ S/ S<‘7 \S

(1Va)

The use of phosphorus pentasulphide enables the tem-
perature of this reaction to be lowered from 500° to
ZOOOC. 91,492,101

Sulphurisation of saturated and unsaturated hydro-
carbons often produces difficultly separable mixtures of
thiols, disulphides, thiophens, etc., so that the yields of
(IV), especially from aliphatic compounds, rarely exceed
20% (Table 11). 5-Aryltrithiones are formed in higher
yields, especially by the action of phosphorus pentasul-
phide on products of the condensation of aryl ketones with
carbon disulphide (Table 10): '

SH AR

CS,_ ya P,S; /TN
Ar—CO-—CH, ———2—> ArCO—C=C > s .
[ o | N\SH N/ N5 (r0%)

R

The action of sulphur and carbon disulphide in
dimethylformamide on nitrogen-containing derivatives of
hydrocarbons—ketimines, enamines, nitriles—also yields
trithiones, together with isothiazolines (Table 12), 021 -1%

With aliphatic thioketones (enethiols) carbon disulphide
and sulphur give mixtures of isomeric 1,2-dithiolen-3-
thiones (IVa) and 1,3-dithiolen-2-thiones '*":

S SH CSy SELN) /=N =

i v s S (40—60%) .

—&=cH—  DMF N N\s \”/ @0
N

IV a)

The sulphurisation of propenylbenzene in an atmo-
sphere of hydrogen sulphide produces 4-mercaptotri-
thiones **:

Ar\ /SH
(PhCOO), o /=N .
200-210 \ s / \S

Ar—CH=CH—CH, + S + H,S

In the presence of basic catalysts 5-alkenyltrithiones
react with sulphur to form bicyclic thienotrithiones '°%"%:
=
S
S, 200° |=/

SC N “onmemi” K X
g bipheny
s \S/\s

7
—CH=C

(b) Cyclisation of derivatives of B-acetyldithio-carboxylic
acids

Good yields of arylated and poor yields of alkylated
1,2-dithiolen-3-ones are obtained by the action of hydro-
gen chloride on B-acetyldithio-acrylic esters (in boiling
methanol) *°.

When g -acetyldithio-g-chloro-carboxylic acids are
heated in the presence of a zinc chloride catalyst without
a solvent, high yields of alkylated and of halogenated
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Table 11. Preparation of trithiones by the sulphurisation of hydrocarbons and halogenated
hydrocarbons.

Trithione Reagent, conditions Initial compound Yield, % Ref.
Sﬁ
S—S——\S{IVa) S, 550°, N, CH,—CH=CH, 56 o, 92
4-CHg- 5(80;), 195° (CH,),C=CH, 39—42 10
4C1- CH;—C(Cl)=CH—Cl 44 %
4-F- . CHy—C(F)=CH, 46 %
4-CF,- S, 500, Ny CH,—C(CFy)=CH, 46 o
4-CN- CHy=C(CHy)—CN 19 %
PhCX(CHy), or PhCH(CH,)CH X,
4-CeHy S, 190—220° or  PHCX(CH <40 “
PhCHX(CHa)CHX, (x “Hal)
4-Ar- S, 190°, catalyst ArCH(CHj), 2240 95
. (\_ S, 190°, catalyst (CHg),CH— \"/ AN 56 %
! \\/ N7
. S, 190°, catalyst 7"\ —cH(cH,), 49 %
O L1
A & N/ N/
o , or
5-CoHy S, 190—220 PhCHXCH,CHY, or 1118 94
PhCH,CHXCH,, or
Ph(CH,);X (X= Hal)
4-CyHy-5-CHy- S, 190°, catalyst PhCH(CH;)CH,CH, 1 96
4-CyHy-5-HS- S, DMF, £° (Me,NH) (CHy),CHPh 52 o7
4,5-(CgH),- S, 190°, catalyst PhCH,CH(Ph)CH, 27 9%
4,5-(—CHy—)s- s, 130° ey - =
4,5-(—CH=CH—)y- S, 400° Ph—CH, 0.05 o
i-Pr O
‘ F@' Fé%% S, 400—500° - o
5\S s + s\S s s/S [ O i-pr
1 T
a ©© 1 S, 320°, N, Y:@ 85 %
Cr Cl
s—5 T 7(7113
’_ MNetciny,— o N 100
. @R D= | s, t e, 1936
' 1- Al n CH,
Table 12, Sulphurisation of nitrogen-containing com- 1,2-dithiolen-3-ones are obtained, and even of the unsub-

pounds by a mixture of carbon disulphide and sulphur
(in dimethylformamide at 20°C).

Trithione Initial compound Yield, % Ref.

4-C,Hy- Et—CH=CHNR, 50 102
4-CgHy- PhCH=CH—NR, 30 102
5-CHy- CH,=C(Ph)NR, 30 102
4-OCHy-5-NH, NC—CH;—CO,CH; 38 108
4,5-(NHy),- NC—CH,CONH} 27 103
4-CN-5-NH, CH,(CN), 70 104
4,5-(—CHy—)y- LT‘NBH, 60 105
4,5-(—CHy—)er { D=N-R 30—40 76
4,5(—CH,—),- +Z** n=3-5 (CH:(?—NR, 30—50 102, 106

(CHa),,

n=3.5

*Reaction with carbon disulphide in presence of sodium
methoxide.
**Z represents a secondary product.

stltuted carbonyl compound (Table 13):

—C—gH— 7= . HCl R s>=;
COCH, £ . Q0 —IiCl, —ZnCl,

1) s
g éo B, D oscoon N
3 'SCOCH, s

o /H
H‘—(Ill BN (l"I | cgcosi 7:7(:\ 7nCly, ~80° >/1J:E
s coal —lul (|: C\H —He ‘\ > —CHyc00 S\QA,
| sC1cocl s ] 5

|
codit, cocu, L zac®

4-~Acylamino-1,2-dithiolen-3-ones are obtained by the
reaction of 4- ethoxymethylenoxazol 5-one with hydrogen
sulphide and sulphur in the presence of quinoline '*':

- NHCOPh
EtO—CH=C——N HSSH CH=C——N ) u® oo
[ | Juinon / | — 5 24
LS C—Pn q"‘“‘f'on“e $ 0=t CPh g
~El
o” No” L
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(c) Other methods

The condensation of disulphane with derivatives of
phenylpropionic acid during exposure to ultraviolet radia-
tion gives 5-phenyl-1,2-dithiolens (this reactlon cannot be
accomplished with the aliphatic analogues) '°

Ph
HSSH / N
—C=C—C=X 5w S 3 X=0 (58%); NPh (30%) .
Ph—C=C: : PrTe \S/\ 58%) o

Cl

Table 13. Cyclisation of derivatives of g-acetyldithio-
arboxyllc acids CH3COSSR by methanollc hydrogen

chloride '*° or by zinc chloride *
1,2-Dithiolen-3-one R Y‘iyeld, Ref.
L —)
ls—s_| CHCICH,COCI 87 N
No .
4-CHy- CHCICH,(CH,)COCt 92 32
5-CHj- CCIH(CH,)CH,COCI 90 3
5-CH3 C(CH,)—CHCO,C,H; 20 10
4Cl- CHCICHCICOCI 68 32
4,5-(CHy)y- C(CH3)=C(CH,)CO,C;Hy 17 1o
5-CgHy- C(Ph)=CHCO,C,Hg 80 1o
5-(p-CoHly)- C(p-CHyCqHy)=CHCO,C,Hy, % 110
5-(P-Cl-CgHy)- C(p-Cl—CgHy)=CHCO,C,Hj, 81 1o
4,5-(CH,)g- | n 9 110
N/ NCo,C,H,
VaYde
4,5-(CHy)y- I " 30 1o
N/ NC0,6,H,
4,5-CH=CH),- 95 110
" ©f
7\ C0,C,Hy
N 88 110
NP X
\S /o CHy CO,CH,
—<
Cl— al
\=/ 76 110
sC N
\ s/ 0 Ccr CO,CH,

The reaction of disulphane with arylated 1,3-diketones
yields 1,2-dithiolylidene compounds ***:

Ph

SN
7N

Ph\—CHPh, ~oi— s
TR NG/ Nepn, 9y .

Iy

5-Aminotrithiones are formed from « ~cyano-carboxylic
acids containing two sulphur atoms by the action of
hydrogen sulphide and bromine water *'%:

N=C M HN H R HN R
4 NI NI
R His S s Lo
S S A N/ s (B1—86%) .
Hs/ s

R=CN, CO,CH,, CONH,

(d) Interconversion of 1,2-dithiolen derivatives

1,2-Dithiolens themselves are often the starting
materials for obtaining other compounds of this type.

047

Thus 1,2-dithiolen-3~-thiones (IVa) are easily converted
into the 3-ones (IVb) by the actlon of mercury acetate '™
or chlorides of hydroxamic acids ''°; and the action of
phosphorus pentasulphide converts (IVb) back into (IVa);
dithiolylidene ketones and thiothiophthens are intercon-
verted similarly '*®

> 7 Hg(OA_c_); \ \/\n/\ gL, /—< ﬁ) .
s ONs s \ /\o ORI VAN
(IVa) (IVb) l

1,2-Dithiolen-3-imines (IVe) are obtained by the reac-
tion of 3-chloro- or 3-methylthio-1,2-dithiolium salts (V)
with amines "2 or with NN -dichlorobenzamides '*', the
yield of (IVc) depending on the basicity of the amine:

- \/
s>ér~)(>\(:l + BNH, o> g . (20-80%) o
N BT Ny N—R
) X=ClL el (IVe)

1,2-Dithiolylidenes (IVd) are usually obtained by condens-
ing 1,2-dithiolium salts (V) Wlth compounds containing
actlve methylene groups ***~

Ar, Ar

R >?
& I, R .
@ + 111(1\“, T h\s/xc’\ ‘ (20-86%)
y R
W X =1, Cli;8 avd)

However, the reaction of a 4-phenyl-1,2-dithiolium salt

with acetone gives a stable 3-monosubstituted 1,2-dithiolen,

which forms a dithiolylidene ketone (IVd) only in the pres-
'h /Ph

1 125,126,
ence of chloranil "*>*™*":
Th
)B CH,COCHy s/j<|{ . /X .
\\”/ nso® g CHCOCH, > S\S HCOCH,

Sulphur acts on 1,2-dithiolium salts under mild conditions
to form trithiones; in the case of 3-methylthio-1,2-
dithiolium salts (V) this reaction gives a mixture of the
expected 5-methylthiotrithione and a trithione formed by

demethylation of the initial compound (V): '277129:159
CH,S R
8 >:</
e S\/&s

(Ox L

SCH, pyndme 'Y R “
@

(v

) LA

K= Alk, Ar S

More nucleophilic bases convert 3-chloro-1,2-dithiolium
salts into trithiones, and the less nucleophlllc bases yield
1,2-dithiolen-3-ones "'

"*\ noor /§\ © Nas of
,s/\) KCOOH \@ 'Cl a Nasn >\

2. Physical Properties

1,2-Dithiolens have a planar cis -configuration of the
disulphide bond, which would appear to be energetically
less favourable than in 1,2-dithiolans, and still less than
in open-chain disulphides (dihedral angle between the
planes of the valencies of the sulphur atoms respectively
0°, 27°, and 90°). Actually, however, unsaturated five-
membered cyclic disulphides are far more stable than the
saturated rings, because the energy of repulsion of the
unshared p electrons of the sulphur atoms is balanced by
the conjugation energy of p and 7 electrons *

The structures of trithione'® and 4-methyltrithione **
have been established by means of X-rays. The molecules
are planar '°, with carbon—carbon and carbon—sulphur
bond lengths closely similar to those in benzene and in
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thiophen, but the sulphur —sulphur bond length in tri-
thiones (2.04 &) is identical with that in Ss and R2S. mole-

cules. The structure of trithiones is therefore a hybrid
of the resonance structures
/ Ve '
e <N o=
N s @\s/\se Ng? \s©

in the proportions 5:4:1,'%

According to LCAO-MO calculations, trithione and its
4- and 5-phenyl analogues have a low m-order of the S—S
bond (0.07—0.08, '** 0.242 *) and a higher order of the
Ct»y—Cts 7-bond (~0.8).'® In contrast to the C(» and C(s
atoms the C(s) atom of trithiones bears a fractional nega-
tive charge (about —0.06).*%'* The considerable nega-
tive charge on the exocyclic sulphur atom (about —0.28) is
explained by the tendency of trithione to acquire an aromatic
configuration by repelling the “spare” 7-electron'*,

1,2-Dithiolen-3-ones and -thiones are analogues of the
non-alternant tropone and tropothione systems. A clear
comparison of the aromaticities of the various types of
1,2-dithiolens (IVa—c) and (V) can be obtained from their
energies calculated by the L CAO-MO method (Table 1), %
According to their DE/n values these compounds form the
sequence of diminishing aromaticity

Z@&K*&K

{dve) {(Iva) (IVb)

Table 14. Energies of 1,2-dithiolens (in g-units)*.
No. System n DE ‘ w ‘ DEin
(Vb) | 1,2-Dithiolen-3-one 8 1.063 12,527 0.133
(IVe) | 1,2-Dithiolen-3-imine 8 1.096 10.332 0.137
(IVa) 1,2-Dithiolen-3-thione 8 1.057 9.425 0.132
W) 1,2-Dithiolium ion 6 1.57+2.05 7.57-8.13 0.198- 0,342

*DE = delocalisation energy; » = number of 7 -electrons;
W = total 7 -electron energy.

TFrom the molecular diagrams for (IVa—c) it is pre-
dicted that centres of electrophilic, nucleophilic, and
radical reactivity—E, N, andR v—Wll]. have the locations

‘\
R7E Qx
. (IVa-c):(X =8, 0, NR)
Because of the high electron density on the thiocarbonyl
sulphur atom (1.576,'% 1,433 '*) trlthlones exhibit basic
properties and dlssolve readily in acids **

oS0 ©

Protonation of the less basic 1,2-dithiolen-3-ones leads to
a greater proportion of the oxonium form than of the
1,2-dithiolium structure (accordmg to 'H-n.m.r. data

Thus for

134

1,2-Dithiolen-3-imines are fairly strong bases.
N -aryl-5-methylthio-1,2-dithiolen-3-imines

-3
RS,
“?X L"{ 73 }
Ny SN-ar SN A

pKp = 2.57 (the value for aniline is 3.69).""°

)70,136.
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Both trithiones and 1,2-dithiolen-3-ones have consider-
able dipole moments, although higher for similarly sub-
stituted trithiones because of the greater importance of the
limiting polar structure '***%:

S>\—S_—Xx - @Xe X=8.0 »

Thus the measured dipole moments of the two groups lie in
the ranges 3.3—5.5 and 2.8—4.9 D, The measured “appa-
rent” conductivities are also higher for the former than
for the latter group (10'% is respectively 8.3—52 and 2.6
to 30 ohm™ e¢cm™).'* The calculated dipole moment of
unsubstituted trithione is 5.25 D.'** 4-Halogeno- and

5-aryl-1,2-dithiolens have higher dipole moments than the
correspondmg 5-halogenated and 4-arylated compounds 138,
1,2-Dithiolen-3-ones containing a tertiary amino-group at
p031tion 5 have extremely high dipole moments (4.74 to
6.73 D) 137,138

\/N s/_\ Nw_
(Mo ™ s oo
The surprisingly high melting points of trithiones
be due to their high polarity.

The photochemical behaviour of 1,2-dithiolens is influ-
enced by the position of the substituent Whereas 5-phenyl-
trithione is photochemically stable'®®, 4-p -tolyl- and
4-pheny1—tr1th10nes undergo photochemlcal reactions at
the C=S bond ™

& R
H@R v Q O
—
2 8 H H
N Ng LN ys
5~—8 S—S

R=H (40%); GH, (44%)
1,2-Dithiolium ions (V) and bi-1,2-dithiolen-3-yls are
interconverted electrochemically at a platinum electrode

in acetonitrile **':
?@; & mg

The preparative anodlc oxidation of trithiones (IVa) yields
bis-1,2-dithiolium disulphide ***:

- —2e
(=]

va) *
Trithiones are oxidised at potentials of ~0.8—1.32 V, and
1,2-dithiolium salts are reduced between about +0.32 and
—0.06 V. Substituents in the ring affect both oxidation
and reduction potentials: monosubstituted derivatives are
oxidised and reduced far more easily than are disubsti-
tuted derivatives ** Polarographic reduction of tri-
thiones glves a cathodlc wave having a half-wave potential
of —0.9V."

' may

Ultraviolet and visible spectra. Trithiones -
exhibit strong absorption bands at 225, 250, 280, 335, and
417 nm, ** which are somewhat displaced in the arylated
compounds

Infrared spectra. The 1,2-dithiolen framework
shows characteristic absorption bands at 504—561 and
1508—1567 cm™" (sulphur — sulphur and carbon—carbon
vibrations of the ring) '*°. Later results reveal charac-
teristic infrared lines at 405—420 and 430—450 cm ™
(planar deformation v1brat10ns of the ring) and at 1305 to
1350 and 1490—1565 cm ™ (stretching vibrations of the
ring). SulPhur sulphur stretching vibrations of 1,2-
dithiolens '** appear at 480—525 cm ™,
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1,2-Dithiolens-3-ones exhibit a low carbonyl frequency
(1610—1685 cm™), ¥'*° 1like their analogue tropone (1638

cm™), as a consequence of the electron displacement **'**

T P
=0 - S < @S > > ¢ .
s Ng” Noe Ns/ M08 N\o?
ave) °

Therefore (IVb) with a tertiary amino-group at position 5
have the lowest carbonyl frequency (1610—1635 ecm™), %
The thiocarbonyl group in trithiones ''® absorbs at 1110 to
1190 cm™. The carbonyl frequency of o -1,2-dithiol-3-
ylidene ketones is located in a very low range (1550—1600
cm™'), owing to interaction of the carbonyl oxygen with a
cyclic sulphur atom "*°7**¢:

| ] ) 1}
NN NN _/\/7_

-1
Proton magnetic resonance spectra. The
signals of the ring protons, especially the fragment
=CH-S8, in 1,2-dithiolen~3-ones and -thiones are situated
down-field (5 ~ 6.3—-8.4 p.p.m.) from those for cyclo-
alkenes (for cyclopentene oy = 4.4 p.p.m.), owing to
conjugation of the carbonyl (or thiocarbonyl) group and the
heteroatoms *"'*",  The chemical shifts of the aromatic
protons in 5-aryl-1,2-dithiolens indicate that the rings are

non-coplanar
4

X=0, S;
with the preferred deformation @ = 30°. The electron-
acceptor inductive contributions found experimentally for
1,2-dithiolens with respect to the aryl substituent are
—0.13 and —0.16 according as X = O or S.™®

Mass spectra. 1,2-Dithiolens exhibit an intense
peak due to the molecular ion, which may also indicate the
aromaticity of these compounds *****°,

3. Chemical Properties

Trithiones are more reactive than 1,2-dithiolen-3-ones
because of the greater polarisability of the thiocarbonyl
group ',

(a) Reactions with electrophilic reagents

Under mild conditions alkylated 1,2-dithiolen-3-thiones
react readily with chlorine only at the thiocarbonyl bond to
form a dithiolium salt, which is easily converted by inter -
action with the solvent (water, acetic acid) into the corre-
sponding 1,2-dithiolen-3-one; "*780:152s153

R>&R R r R R

= a, >§\ 9 o >:< .
— 8 Cl — S

S\S 5 —5Ch \G;) « g Yo

As the system becomes more strongly aromatic, the ring
also undergoes chlorination: the halogenation of 4-ary-
lated or (under more severe conditions) 5-arylated 1,2-
dithiolen-3-thiones, for example, yields the corresponding
5- or 4-halogenated 3-ones.'®"2®!!%  ypder still more
severe conditions (prolonged action of excess of halogen in
boiling tetrachloromethane), however, substitutive halo-
genation is accompanied by ring cleavage with loss of both
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sulphur atoms and formation of the corresponding deriva-
tives of af-dihalogenocinnamic acids **’*°

Ar Ar X

— N
S N\ _Xs s. —\ X —, Ar—CX<=CX—COX .
e
X=Cl, Br

Even under mild conditions unsubstituted and alkylated
1,2-dithiolen-3-ones undergo only ring fission with sul-
phuryl chloride, sulphenyl chlorides, and chlorine, at the
S—CO bond with the chlorides and at both S—CO and S—S

. 50451

bonds with chlorine (Table 15):

SO:Cly_, Ncec
e ass” Ncoct
AN / Cls -
C=C = S J— S
as” Ncoal S TN/ No RSCL | Ncol
RSSS” NCOCl
Table 15. Products of the cleavage of 1,2-dithiolen-3-
ones by SO:Cls, *° RSC1, *" and Cls. *°
1,2-Dithiolen-3-one Reagent Product Yield, %
54 SOCl, CISSCH=CHCOCI 50
PN Cl, CISCH=CHCCCI 72
S\ CH,sCl CH,S,CH=CHCOCI 43
S o C,HsSCl C,HsS,CH=CHCOCI 83
4-Methyl- SOCly CISSCH=C(CHy)COCI 68
5-Methyl- 50,Cl, CISSC(CHy)=CHCOC 79

(b) Formation of 1,2-dithiolium salts

Alkylated '»%15871% a4 acylated '® trithiones usually
yield 1,2-dithiolium salts:

S>_§\ o = >—; o
(;1%‘ \C;) SCoCly 1Icio, S\SAS—)S\@ SR‘(

X=1,Br, Cl, HSO,, Hgl, etc.
R= Alk, CH,COR'® etc.

1,2-Dithiolen-3-ones react similarly with acetic anhy-
dride'® and with triethyloxonium fluoroborate %12,
Trithiones are converted into 3-chloro-1,2-dithiolium
salts by the action of oxalyl chloride, trichloromethyl
isocyanide dichloride, or thiocarbonyl chloride ten times
as easily as are 1,2-dithiolen-3-ones'®”'*!, These salts
are formed also from 1,2-dithiolen-3-ones and phosphorus
pentachloride or phosphoryl chloride ®***®3, but not with
phosphorus trichloride or thionyl chloride %,

Under mild conditions trithiones form 2:1 ionic
adducts with oxalyl ®, thionyl, or sulphuryl®®’*** chloride:

N

S et
IS 4 §0,Cl —> | § §—50,—S s(20® n=t2
Sy s 2 L\\s s/ r

Halides of heavy and transition metals (HgCl:, HgBr:,
Hgl.;, CdCl:, Cdl;, ZnCl:, FeCls;, AgNOs, SbCl;, CuCl.,
Cu:Brz, AuCls, PdCl:, PtCl,, BiCls;, and SnCls) form with
trithiones yellow crystalline comglexes (1:1o0r 1:2) also
involving the thiocarbonyl group ***'%:

NS e, N__/

s/ AN = s —\@

N Ns B N/ Ns_z0a1

Trithiones form with 1,2-dithiolen-3-ones 1:2 donor—
acceptor complexes %,

©
o,
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(c) Oxidation and reduction

Oxidising agents convert alkylated trithiones into
1,2-dithiolium salts '2%1%»165,106
R,

R R} R
stx 4+ H,0, {or RCOH) —> s\(?ﬁ\ Hs0®,

and arylated trithiones into 1,2-dithiolen-3-ones '%°

Ar Ar
s>=\ KMnO,
e/ Ns~ O < ) No
Trithiones can sometimes be oxidised to trithione
S -oxides 167,168
/
S -+ H,0, — S
< /\ 2 CeMNs w0

5-Alkyl(and aryl)thio-1,2-dithiolen-3-ones are oxidised
only at the exocyclic su Phur atom with the formation of
sulphinyl derivatives ''®"®

RS ,O
AN / l‘,—_—q .
< N\ HAOH s/ R=AIk, Ar

Heating with chromic and nitric aclds oxidises 4,5-
dimethyltrithione to acetic acid, and 5-p -methoxyphenyl-
trithione to anisic acid'®. The only known example of
oxidation of a dithiole sulphur atom is the formation of
thiosultones from naphthobisdithioles and chromic acid*®

0,8—8
o L al
v
pa O (52%)
@y l
S-S §—50,

The reduction of trithiones by triethylsilane involves
both thiocarbonyl and disulphide bonds '™
R R’
{ ncl, R\,__ R
EtSi—S”  “\CH,—S—SiEf,
(42 — 73%)
Sulphur is completely removed when trithiones undergo
hydrogenation in the presence of Raney nickel, and the
hydrocarbon residues dimerise*:
Ph

+ 3E,SiH + Et,Si—SH »

/TN
SN Ns

_Raney Ni_, b (CH.)e Ph .

TN
S
\S/\S

(d) Condensation

Alkynes. The discovery in 1964 of the reaction of
trithiones with alkynes showed '™ that, depending on the
reaction conditions and the nature of the substituents, the
trithiones can react in one of the possible resonance struc-
tures, with the formation of compounds of types (A) and

(B):
DY i

/ ‘A)
S N7

o2 M fas

®)
The former type are mostly formed, especlallg under
conditions of acid catalysis '™ (Table 16). ™™  5.Substi-
tuted thiones are more reactive'™, In the absence of a
these

5-substituent thioaldehydes (A: R = H) are formed;

R‘

™
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are unstable, and when heated readily lose sulphur with
the formation of biadducts of type (C).'™'™ In the absence
of acids either a mixture of isomeric comgounds ) and
(B) or solely (B) is produced (Table 17), ™78 The iso-
mers differ in their ultraviolet spectra ”7. 1,3-Dithiolyl-
idene thioketones (A) are easily isomerised to thiothio-
phthens (B) by heating with phosphorus pentasulphide '"°.

Table 16,
R’ S—
e x0TI Ve
N ey
S C ’ A
3s /\S | R (A)
R”
R R R” R” Conditions,°C mf‘i%"f‘f Ref.
20° 82 | 173—176
Ph H CO,Me COMe | gioxan, 4o 82 177
Ph H CO,Et CO,Et CHCly, t° 84 | 175, 177
Ph H H CHO 20° 92 175, 177
xylene, t° 42 | 175,177
Ph H Ph H Xylone, HCL | 30 | 172 16
Ph H H p-O,N—CgH,| dioxan, £ 39 175, 177
Ph H CONH, CONH, 80° 81 177
Ph H CO,Et Ph dioxan, #° 75, 92{174, 175, 177
Ph H PhCO Ph dioxan, £ 79 177
Ph H CO,Et CH, benzene, 1° 74 174
Ph H CH=CH—CH=CH benzene, ° 28 173
» » catalyst, 55 174
Pb(OAc),
Ph Ph CO,Et Ph t° 56
p-Br-CgHy H Ph H HCI 25 176
H Ph dioxan, 1° 52 177
p-Cl-CgH, H CO,Me CO,Me dioxan, ¢° 75 177
H p-CHZOCgH,| 'toluene, ° 58 177
Ph ' p-CHZOCsHCO CO,Me CO,Me CHCl, ¢° 73 177
CO,Me CO,Me DMF, ¢° 44 177
H.N CN H Ph DMF, £ W |
CO,H H 60° 90 177
CH,CH,CH, CO,Et Ph 130° 4 177
PhCO Ph toluene, £ 82 177
CH;S Ph H SCHj, 140° 43 178
H Ph CO,Me CO.Me — 85 179
CH,CH, CH, CO,Me CO,Me — 65 174
CO,Me COMe | 20° T4 17
H H PhCO PhCO 20° 70
CO2H(COMe) H — 60 92

The reactwlty of acetylenic comy

1gounds in these con-
densations falls in the sequence '™’

RO,C—C=C—CO,R > HC=C—COR > Ar—C=C—CO,R > Ar—C=C—H > Ar—C=C—Ar .

Acetylenedicarboxylic esters are able to form not only 1:1
(A’) but also 2:1 (D) adducts or their mixtures in propor-
tions depending on the reactivity of the alkyne and the tem-

perature (Table 18); '"¥!™7
R oY
R ; coy s s
szﬁ + € — | YOC-CECPCOY__)
AN
s/ X /N \x Aoy
dov R
(A")

(D)
X=S, NPh; Y=OR, Ph.
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Alkenes. Trithiones react with alkenes, in contrast
to alkynes, only on irradiation, forming equimolecular
adducts. Whereas 5-phenylated trithiones give 1,3-cyclo-
additlon products with cleavage of the cyclic disulphide
bond *®

Ph R / |Ph R Phy , R N
(,—( —
s}:& >—§\ TN s:\ ;‘\ . s\;w_S\ —
g N8 benzene S s\c/ \S; S\c ,
\bz N \(';/ N
7/

o 7/
31-85% A / AN
i R=HPh

the 4-p -tolyl derivatives form adducts in which the ring
remains intact **°
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Certain adducts rearrange into 1,2-dithiolylidenes on
standing "'2*%:

Ar,

Ar.
Ar. N (Ph), —
NSNS - g A S>—xc
. Phs Zhanco {: l\v s j[ g7 Ne(Ph),

s
Ph

?:X + 0=C=CP| .:-%:XC + cos
NN M TR g7 SC(Ph),

Ar
S/X cuz_c(l\)rn /‘9 S/_E( Arzn-CHy—CoH,—:
Ng R=CH, (10%), Ph (64%)
R/
Table 17,
R s—$—s
RO R \ s /
P m 1/\ >re
sCeNg /\/\ e
R
j i - Yield, % Ref
R R R R Conditions —_(B) C A_) .
Ph H xylene, ¢° 30 0 172, 176
p-Cl-CgH, H xylene, f° 5 10 176, 180
Ph H p-Br-CgHy H xylene, #° 20 15 176, 180
Ph Ph DMF, ¢° 41 0 177
P'Cf'}gl?cch 2 xylene, :: gg g 180
Xylene, 172, 176
p-CH;OGsH, A Ph H | xylene, HCL 2| 10 | 60 | 172, 116
p-Br-CgHy H Ph H xy{ene, l: §0 28 176
Xylene, ¢ 0 176
P-CH,0GH, CH, Ph H xy;ene, HCI, ¢°| 15 :g 176
xylene, HCI, t°| 20 176
Ph CH, Ph H xylene, o 50 0 176
p-Cl-CeHy H Ph H xylene, o 25 25 176
CHgS CH, CH,S H 140° 42 0 178
CH,S p-CHiGH, CHIS H |140° 38 0 178

The condensation of 5-aryltrithiones with the electron-
deficient tetracyanoethylene does not require exposure

Ar. Ar. s Ar,
- (eN)ye=c(CN), s\_ CN Q (80-95%) «
N S g CN [ —Sc(eN), g7 YC(CN),

N CN

182,

In contrast to trithiones, 1,2-dithiolen-3-ones do not
react with alkynes and alkenes 718

Ketens. 1,2-Dithiolens containing exocyclic C=S,
C=0, and C=NR double bonds react readily in the cold
with ketens—more reactive unsaturated compounds—to
form equimolecular addition products. However, this
reaction is reversible, and at higher temperatures the
adducts break down into the initial components *}!2183718,

i
A
T, H Ar.
0, + RO=t=0 Z>= ] ° By
')(S X 2 - ] X N

R=H, CH,; X=S (30~70%); O (40%): NPh (65-90%)

Table 18.
R'\ R
”» " ] R”
R R E S Ret § <>/ :
N_/~ M- N
NG N R/ \/ N / S g
\s / Nx | R' (A) R R' (D
R
Yield, %
R R’ X R” R Conditions m Ref.
Ph H NPh CO,Et H — 75 0 176
Ph H NPh CO;Et Ph — 64 0 176
Ph H | NPh | COMe | COMe — 0 |63 17
Ph Ph NPh CO.Me [ COgMe hzegg 4(; Zi :‘7,:
Ph H S COuMe | CO,Me heat 0 |93 | 173, 1, 178
A RN R N N R L
e 3 » o
Ph Ph S ditto ditto heat 0 |66 173, 174, 176
Ph Ph S H CO4Et heat 29 | 70 176
—(CHg)y— S CO;Me | COzMe — 78 9.5 174
—(CHg)s— S CO;Me | COgMe — 17 | 56 174
CHCH, CH,g S COgMe | COgMe | excess of 0 |96 174
Teagent

Carbenes and nitrens, Trithiones react extra-
ordinarily readily with carbenes. Thus with diazo-
ketones and with diphenyldiazomethane 1,2- dithlolaylldenes
are formed with loss of the thiocarbonyl sulphur

3 e e 3=

\ /\ +N|c\ (or 150°) S\S/\C< .

A mixture of 1:1 and 1:2 adducts is formed with the more
reactive ethyl diazoacetate *®:

N

s S /<\c CO.Et
\CH,CO,Et

o<
\s /\cho,Et

/=\ N,CHCO,Et

\S /N\g

1-(1,2-Dithiolio) -2-naphthoxides are obtained from
1-diazodihydronaphthalen-2-one '%'%"

Ar,
- @ 250°,_ Ar.
5@5 + \@ Oe

In some cases the thiocarbonyl group is preserved in the
reaction of 4-phenyl- and benzo-trithiones with carbenes
and nitrens. For the first time good yields have been
obtained of stable thmcarbonyl ylides and their nitrogen
analogues—imines %%

%“5 ° ‘ghlonminz T \/'-'\/ TsaCN, —
s \?—Nso,c‘u.—cu,-n S\s AN
& s/ ====\ *
s V=& s0,c,tCH o),
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Hydroxylamine'®'®'° phenylhydrazine’®,

and N -sulphinyltoluene-p -sulphonamide'®.
Like ketones and thioketones, 1,2-dithiolen-3-thiones and
-ones condense with these compounds to form the corre-
sponding 3-imine derivatives. Phenylhydrazones are
readily converted into pyrazoles'®:

NH,OH _ 52=<
N/ . s/ SN_oH
S< \\ Ts-N=50 =\\ — _H
s/ MN—Ts s s | prvene, 5>=<
s \NNHPh
o=
— PhN — .
ANV 4
CH-Acids. Like thioketones, 5-aryltrithiones react

readily with CH-acids—malononitrile, acenaphthenone,

and malonic and cyanoacetic esters 1055192__and with

a -bromo-ketones "°° to form 1,2-dithiol-3-ylidenes '**%:
Ar Ar

S—( R NaOH/EtOH N\ v ‘

S< >\s + HZC\RI "ot pyridine I S< >\C R + H,S
s A4 R

In contrast to the 5-aryl derivatives, the reaction of other

trithiones with CH-acids usually involves cleavage of the
ring 10,101,192:

Pov el »
- NaOll pf,
+ . o} +HS+s-
L @O
s

Ar

Ar

Ar A S/_<C=s SH
= o — H(CO,Et), lo 1, Z4 .
S/_X + SCH(COEY, —> | S\ v —> 8 CHCOEL | — i |
s 87 %° rd CO,E
N B0’ No 0
The great stability of 5-aryltrithiones towards cleavage is
attributed to resonance stabilisation, which is impossible
with the 4-aryl compounds:

o -~ @ - ©
%S @q}@ %se.

1,2-Dithiolen-3-thiones, -ones, and -ylidenes (IV) give
with tetraphenyleyclopentadiene (or fluorene) in an alkaline
medium a mixture of condensation and ring-cleavage
products—dithiafulvalenes and spiro-compounds ***:

% <
S\S/\l/\/
L
ad /I=/ s
e <]~ I
) N N/ N \ﬂ/\\ )=(
N >=X - 2N i
__l so N/ T N
—
H \==,
X=S$, 0,C(CN)2

In contrast to 5-aryl-1,2-dithiolen-3-thiones, the 3-ones
can be condensed with malononitrile in the presence of
‘phosphoryl chloride *°:

Ar Ar

N N

O S sCON
s Yo S” "C(CN),
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{e) Substitution with preservation of the ring

Numerous reactions of 5-chloro- and 4,5-dichloro-1,2-
dithiolen-3-ones and -imines have shown that the 5-halogen
is very easily substituted by any nucleophile ***7**®) but a
4-halogen is not replaced even with excess of a nucleo-
phile 196 (Tables 19—21): 11891204121,1709193-197

cl a Y a
_ /7 YH \N_/
=N, =@~ s\, X=0, NR; Y=RS, RSO;, RO, RN, RO—C—S,
s/ Nx s N !
NH,—C—S ete
NH
Table 19. Reaction of 5-chloro-1,2-dithiolens with thiols,

sulphinates, alkoxides, and amines:

Pad
S\S/\X +RY e~ S\S/\X Y=H, Na; X=0,N—
, Yield,

X R R'Y % Ref.

o Ph CH,SH 45 118

€] Ph Etsh 25 18

N\
[¢] Ph @:N SNa 36 118
by

[¢] Ph @N>SN. 37 18
N-S0,—CgHy—CHy-p Cl PhSH 72 183
N-COEt © ¢ ¢ a PhSH 62 | 193
N-SO,—Ph Cl CH,ONa 76 193
N-SO,—CgH,—CHg-p cl CH,ONa 66 193
N-CO;Et 1 al CH30Na 66 103
N-SO,—Ph Cl P-CHy—CgH,—SO,Na 94 193
N-CO,—Et | al P-CHy—CgH,—SO,Na 82 193
N-CH, cl p-CHy—CgH—SO;Na 47 193
NG Ciimogre & PhSONS %l o
N-CO— ( -0y B Cl a 6 121
S * Cl CH,SO;Na 70 | s

(6] Ci EtSO,Na 84 18

0 cl (CH,),CHSO;Na 61 118

[e] Cl CICH,SO,Na 55 118

0 cl PhSO,Na 97 18

(e] Cl P-CHg—CgH,;—SO,Na 92 18

o] Cl p-Cl—CgHy—SO,Na 89 18

0 p-CHy—CeH, s N5/ \s0,Na 57 | 18

(o] Ph CH,4S0,Na 75 18

0 Ph Phd0,Na 62 | us

(o] P-CHy—CeH, PhNH, <1 197

0 Ph 0-CH;—CgH—NH, 40 197

0o p-CH;—CgH, 0-CHy—CgH—NH. 21 197

0 ] Ph - CHy—CyH—NH, ) e

0 P-CHyCeH, p-CHg—CeH,—NH, 25 197

(¢] | Ph p-OCHg—CgH,—NH, 50 197

[} p-CHy—CyH, p-OCH;—CaH—NH, 52 197

[o] 1 Ph 0-OEt—CgH,—NH, 70 197

(0] p-CHy—CgHy 0-OEt—C4H,—NH, 59 197

[o] Ph P-OEt—CyH¢—NH, 40 197

(o} p-CHy—CgH, p-OEt—CyH—NH, 47 197

k Ve AN
L¢] Ph O\__ /NH 54 197
o | p-CHy—CeH, ol >NH 32 |

The difference in reactivity between substituents at posi-
tions 4 and 5 is attributed to the difference in polaritay
between the C(y and C(s) carbon atoms (see above) **%
great activity of the 5-halogen is indicated also by the
vinylogy principle, since 5-chloro-1,2-dithiolen-3-one is
a vinylogue of carboxylic acid chlorides ',
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Table 20. 5-Alkylamino-4-chloro-1,2-dithiolens from 4,5-dichloro-1,2-dithiolens:
a Cl
o= NH Ran__/®
—_—
Ko\ o M= g N7
ANVAN
§7 3%

X R R’ Yield, %| Ref. X R R’ Yield, %| Ref.
(o] H 0-CHy—! 80 196 N—S0,—CgHsg H CeHj 57 193
0 H o i) 85 196 N_SOLC,H(CH,-p H cH, 36 | 193
[¢) H P- CHy—CyHy 85 196 ditto H n-CgH, 34 193
[e] H 0-CHO—C,yH, il 196 ditto H n-CeHy 58 193
(0] H m-CHgOCaH, 88 196 ditto H n-Cygtlyy 58 193
(0] H p- CH0—CyHy 99 196 ditto H cyclo-CeHyy 67 193
[0} H 0-BtO—C,H, 69 196 ditto H HO(CH,), 37 193
o H P+EtO—CgH, 98 196 ditto H H,yN(CH,), 7.0 183
(o] C,Hy C,Hy 20 196 ditto H CeH;CH, 64 193
[¢] H Ph 94 196 ditto H CaHyg 79 193

CHgN (CHy);—O—(CHy), 12 193 ditto H p-CHyCeH,q 61 193
NSO,CH, (CH,),—0—(CH,), 87 193 ditto H 0-OH—C,H, 34 193
NSO,Ph H CH, 44 193 ditto CH, CH,g 53 193

ditto H n-C3H, 40 193 ditto (CH,)a 80 193

ditto H n-CeHy 54 193 ditto (CHy)s 77 193

ditto H n-CoHyy 40 193 ditto (CHa);—0—(CH,), 79 183

ditto H cyclo-CgHyy 54 193 N—S0,CyH,CH;-p H CoHgNH 85 193

ditto H HO(CH,), 33 193 N— CO,Et H Ph 78 193

ditto H CeHyCH, " 193 N—CO,Et (CH,);—O—(CHy), 67 | 13

ditto H H, 72 193 NCOC,H(NO,-0 H l p-CH,CoH, 54 121

ditto H P-CHy—CyHy 62 198 NCOC,H;NO, -0 H p-OEICH, 62 | 1

ditto H 0-OH—CgH, 54 193 NCOC HsNO,-0 {CH,),—O—(CHy), 9 121

ditto CH; CH, 92 193 NCOC4Hyg(NO,),-0, 7 H f.{_C'H‘ 18 121

ditto C,Hy C,Hs 85 193 ditto H p-OCHy—CyHy 24 121

ditto CH, CqH, 35 193 ditto H P-OCaH—CgHy 15 121

ditto (CHy)e 1 76 193 ditto (CHg)¢ 39 i21

ditto )5 73 163 ditto (CH,),—0—(CH,), 56 121

ditto (CHg);—0—(CHy), 87 193

Table 21,
with thiols:

Reaction of 4,5-dichloro-1,2-dithiolen-3-ones

Cl\ /Cl RS\ /C!

SN Y — SN =
K Png TR =™ (D Y1

RSY Yield, % |  Ref. RSY Yield,%‘ Ref.
p-Cl-CyH,—SH 84 170, 195
PHCH,CH,SH 93. | 15 18 |/ N\
Et0,C—CH,SH 75,5 | 15 " —SNa 76 | 120
MeO,C—CH,SH 53; B9 | 195 ms |\ \s/
HO,C—CH,SH 32; 91 | 105, ns | N
T \_sH

— 97 195 N/ N
S—7 ] ” N\_sH 8 | 1
CH,ySH 70 18 /
EtsH 79 118 N/ \NH
HO(CH,),SH 54 118
erococnos | 2 | om 1N
n-LCH, — — 18
Copoll : 84 118 " P n 120
p-CH4CoH,SH 78 18 \S
p-NO,C{H,SH 89 120
CeHCH,SH 89 120
0-C1-CeH Cl-kSH 70 120
ColyCH(CHg),SH 9% 120
NN

r u >—SNa 82 120
N\O @{:\ﬁsm 63 | 0

An unusual reaction has been reported '°*° between
sodium disulphide and 4-phenyltrithione, when 5-mercapto-
trithione is obtained:

H Ph HS Ph
>=< Na.S/E1OH boiling >———/

S N Tor 60—1209 S\ \ *
N s s

Trithiones containing a methyl or substituted methyl
group at position 5 react with aromatic aldehydes to form

aldol condensation products; an anil and a nitrone are
obtained with p -nitroso-NN -dimethylaniline *%78 !

, Ar—CH=CH R
% /
Arc( ~ Szﬁ\
cH R piperidine S Ve Ns
3
N/ ) Ar—N=CH— R
s¢D L << S
\S/ Ns ?H \s/ Ns
IP-MeNCH,"NO | A N—CH,—— R i,.
\ —_
s<5/\s 2 .
Ar—N=CH—— R
o, < S
\5/ \S

The condensation with carbon disulphide of trithiones con-
taining a substituted methyl group at position 5, in the
presence '™ or the absence*® of a base, gives after

methylation bismethylthiothiothiophthens:

R X
R—CH, R’ CHS | | R'—CH, R
>__.< 1) CS,, RO® A % 1) CS,,ROC >z=<
T yCml R X" S ’
S\s /N\g ) 1 2) CH,l Ns /N\g

A 5-amino-group present in a liZ—dithiolen-3-one may be
both acylated and alkylated '°6:%%:

(=] v
Ph—N-—y—=
s K
S 0
KOH
CH30M ¢

]
Ph—NS7-—\< <@
g Nof

il
PRI:7_\J<:<C

S

Ph~N——-
4
PRCO S\s

+
.
Ph—N7—§i)
| <
N s\s COPh

@

PheOC
—_—

PhNH>_<]
N N0
(10)a30,

KOH/CHyOH
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The stability of the 1,2-dithiolen ring is demonstrated by
Friedel - Crafts reactions %22%,2%3,

R COOH COCH 0CgH,—OCH,—n
< SO0Cly —CHJOPh
a\ — S
' A,
ClO Ph
Sz_x AlCly e

R=H,Ph S\

(/) Reactions with nucleophilic reagents accompanied by
ring fission

The action of nucleophiles on reactive 1,2-dithiolen-3-
thiones opens the ring. Thus g-aminothioacrylamides are
formed from unsubstituted trithione and its 4-cyano-
derivative with excess of such amines as aniline, p-tolu-
idine, and morpholine ®*:

2 AN
S\s>\s +2 DNHo >N-—CHVCH—-C\ < +HS+S -
However, the authors' assumption of initial rupture of the
C¢s—S(1) bond

7 =5 e HN\ W
o [ W (y] e e,
appears questionable. A more probable mechanism
involves synchronous cleavage of C(S)—S and S—S bonds,
with the amine attacking not C(s) but the thiocarbonyl C(a
atom:

f — T o ~n s
atam | SN N /
’U\s‘) s I\ e es/_\f;s i /N~(,u—(,u— \\ ,
Gt N, O \
N s

The proposed mechanism is consistent with the cleavage
of 4-aryl-5-piperidino-1,2-dithiolen-3-ones by morpholine
and piperidine, when dlamldes of arylmonothiomalonic
acids are formed '°

BV
O + HN/_—\X = C '(—\ —> OA_'EH N\f .
SXS ' X=0,CH, g S_C_NQ

The reactions of 5-ary1amino-1,2-d1th101en-3-1mines with
hydrazine (or phenylhydrazine) and with hydroxylamine
involve ring opening with formation of a pyrazole and a
1,2-oxazole *%%;

NHAr Ar

N
N A

7N
H/ \g/ \s/ \N—Ar

NH,OH
—_—

NHAr

7

"’Ar\N— / \N

H’ \o/

5-Aryltrithiones react similarly with o —chlorobenzylldene—
phenylhydrazine to form thia-3,4- diazolines %

(32%)

a
PhNH~N=C—Ph

| Ph A, -
Ar R o'e An I‘*I—N ey

= Ph—~N—N=C—Ph 0\ N
SZ_&SB I —— 3 ” = SY ’

S—C—Ph
Ph
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The 1,2-dithiolen ring is cleaved by alkalis " still
more easily than by amines. Hydrolysis of trithiones with
excess of alkali yields derivatives of acetoacetic acid,
which then split into a ketone or the corresponding acids '***:

R /R’
__< KOH \_=\ R R
\5/\5 \=S - >—< OHO _,
SH AK S 4"0 -
K
R’ > R— C/
-COy
- R(X:'HCOK H® NCHR
I
Y *——-> RCOOH - R'CH,COOH

The hydrolysis of 5-pheny1 -1,2-dithiolen- 3—one by excess
of potassium hydroxide gives acetophenone™. However,
the action of an equimolecular quantity of methano],ic
alkali yields the g-methylthio-cinnamic ester 2%

P X
— _ P X Ph, X
2;&0 Cf;o |:S>=<oo J e Jo=
N 2CHs

e’ NCo,cH, '
(60%)
X =Hal
In the alkaline cleavage of 5-aryl-4-halogeno-1,2-dithio-
len-3-ones the resulting fragments undergo “head to tail”
condensation to 1,4- dlthlacyclohexadlene derivatives with
liberation of halide ions %%

Ar. s©
[ N KOH/CH,OH
2 _KOH/CH,0H _,
" -2X©

CH0,¢7 X
Ar_/S\_,COCH, TN CO,CH,
S CE T
CH,0,c” N8/ \Ar CH0,C7 N8 NAr

(46—66%) (80—82%)
Ar=Ph,C1gH7; X =Cl, Br

When 4-chloro-5-piperidino-1,2-dithiolen-3-ones are
hydrolysed, such fragments undergo “head to head”
dimerisation with formation of 1,2-dithiacyclohexadiene
derivatives 2°%2%,

CHN  Cl RO,C COR
— 00 X, 48—54%) -
TN R S ¢ %)
/
N No e S5 ey,

In the reaction of 5-N -alkylanilino-4-chloro-1,2-dithio-
len-3-ones with alcoholic alkali the primary product of
cleavage of the cyclic S—CO bond is preserved in only one
unit of the resulting 1,2,5-trithiacycloheptadiene struc-

t\l re 194 ,810

N

/ N !
R }—_—g 200 e 2R0® o
> .
S\S -20© /Ph

4-Chloro-1,2-dithiolen-3-imines are far more stable and
are broken down only by boiling methanolic alkali, with
the formation of thiophen derivatives *°

R
S>=< +CH,0® + H,0
Ns”” NN—CO,Et

-ElOH
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R Cl R cl NC R
l N__/ CH,OH >__/ ‘ * N—

/=N _NH .. | e
= (€] CN =
®s (LCH, S . S R”\s/\cN
( ( )
R=—N ay .
A N/

The reaction of 4-chloro-5-sulphonyl-1,2-dithiolen-3-ones
with alkoxides gives 1,3-dithiafulvalenes together with the
5-alkoxy-4-chloro-1,2-dithiolen-3-one: !

Cl\"/CO,CH8
RSO, cl CH;O Cl
2\ / CH,0° ! AN 4 \g
Vo —_— )= + S S
S N s\ N\ N_/
AN S/ 0] S O 7 \(\‘
RSO, COCH,

In the absence of a 4-chloro-substituent competing reac-
tions lead to the formation of several compounds, with
2,4-dialkylidene-1,3-dithietans predominating *'':

CH;,SO\: /Ph . S on CH\{) Ph
S<-S>\\O%(ﬁ_’ CH,OF:C>¥\S>:C< {CO,CH-_, + s<:§\0 +
(22%)
" O(%:z% cis-v~|;25? trans-) on
C =
+ ;h>=<s—s>zc<{ COCH,

(traces)

The alkaline cleavage of 4-chloro-5,2’-chloroethylthio-
1,2-dithiolen-3-one yields a 2-alkylidene-1,3-dithiolan®";

CICH?7)2S Cl /CHZ\ /S\ cl
N .
o e [CH, S\ ]—él 7 %

S -5 _Cl©
Ns Y & es” eocn, €

Under these conditions 4-acylamino-1,2-dithiolen-3-ones
form nitrogen heterocycles. Thus the 4-acetoacetamido-
derivative %ives a low yield of a 3-oxodihydrothiazine
derivative *'%;

NHCO(IJH, o éco\ (’]\
- - docs, o Ie u{c - e NH .
e ) eno (I:H} ﬁ{ S\)\Concﬂh
o vj\se 0,CH,
However, methylation of 4-acylamino-trithiones in the
presence of potassium t-butoxide or hydroxide gives
oxazoline-5-thiones ***:
/Ph

05 0~ i Ph
<})«I' Wi ¢ ox Hoe/w“;—zi é»j\l(
N s
%\ — scit, | 5]
AV Y ICHGQS/\S s cHy SCH,

4,5-Benzo-1,2-dithiolen-3-one is cleaved by phenyl-
magnesium bromide at the disulphide bond with the forma-
tion of o-mercaptothiobenzoic S -esters ***:

% %\ Fuld @ S; :>
PhMgBr H,0
- PhMgBr_ L .
S =0
07 \0® Y
S\s X i L HS COSPR

BrMg

5-Amino-1,2~dithiolen-3-ones and the 5-aryl-3-imines
react similarly with Grignard reagents, but the cleavage
products exist predominantly in the thioketone-—not the
thioenolic —form 2'/%!¢;

N N/ A4
2\ ——",f{;“;” - C-CH - c=C (67—90%) .
s\ x * 7 N\ 7N\
S CXSR HS CXSR

X=0, NAr.

NS CO,CHy *
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The reaction of trithiones and 1,2-dithiolen-3-ones with
sodium sulphide also involves rupture of the disulphide
bond with formation of unsaturated mono- or di-thio-
esters®";

X
ROX R r R\ /C<SCH (10—95%»
s> 7 4 Nas S, . s>=<c/x + CHS/&R s
- ,
N/ N . \sCH, s
X=5,0

Heating alkylated trithiones with excess of an organic
phospgugrus(lll) compound is assumed to yield a thietenyl-
idene®'®:

N/ | s
2 S< S>\S + 4 (MeO),P vo-iee -—{S>=<|/\ -4 (MeO)4PS + other prouucts »

4. Applications

(a) Medicinals

Trithiones occur in Nature (in plants)®*,  The 1,2-
dithiolen ring forms a fragment of the antibiotics thiolutin
(VIa), holomycin (VIb), etc.®? Several thiones are used
in medicine to stimulate the functioning of the liver and the
gall-bladder ®*. 5-p-Methoxyphenyl-1,2-dithiolen-thione—
Sulfarlem (DDR) ' —and -3-one **° are non-toxic bile-
producin% greparations, but the 4-aryltrithiones are less
effective ™ Trithiones, especially those containin% a
thiophen residue at position 5, have a diuretic effect %',

R

RX
|
N
5/_\/N\=O e
Ng S
SN \?\o
NHCOCH,

(VI); R=CH,(a), H®b)  (VII); X=SO,(a), SO(b), Si(c)

() Insecticides

4-Aroyl-5-aryltrithiones **, 5-chloro-4-phenyl-1,2-
dithiolen-3-ones **?, and N -aryl-4,5-dichloro-1,2-dithiolen~
3-imines ®*° are fungicides suitable for the treatment of
grain. 1,2-Benzodithiolen-3-thiones and -oximes both
possess antifungal properties '*’**»**4 " 5_Alkyl-sulphonyl-,
-sulphinyl, and -thio-1,2-dithiolen-3-ones (VIla—c) "™

225727 are bactericides and fungicides effective against
170,195

moulds and pathogenic fungi
225,32

4-chloro-1,2-dithiolen-3-ones ° and -3-phenyl-

imines ''°,  5-Methoxycarbonylthio- and 5-morpholinothio-
4-phen2y1trithiones are used as insecticides and fungi-
cides #8229

as are also 5-aminated

(c) Additives to lubricating oils

Alkylated trithiones can be used in lubricating oils as
antioxidant and anti-seizing additives. 4-Neopentyl-5-t-
butyltrithione is especially effective because of its better
solubility in petroleum oils**°, Trithione S-oxides *6%:1%°
andproducts of the reaction of trithiones with polyamines 2*
and phosphites *'® are multipurpose additives for lubricat-
ing oils. 4-Substituted trithiones act as corrosion inhib-
itors in lubricating oils 3,
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(d) Other fields

Chlorinated 3-acylmethylene-1,2-dithiolens (VII), '*¢
chlorinated naphthodithioles (IXa), and dioxides of the

latter (IXb) °° ‘

(VI 5—S0,
(1x); n=0(a), 2 (b)
are used as yellow colorants for thermoplastics. Com-
pounds (IX) are employed also as semiconductors and
dielectrics®. 5-Methoxycarbonylthio- and 5-morpholino-
thio-4-phenyltrithiones find application as vulcanisation
accelerators %729,

Phenylated trithiones are used in analytical practice
for the extraction and the photometric or gravimetric
determination of platinum(II) or mercury(Il) as water-
insoluble orange complexes MIICL;R,, 109232233
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