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GENERAL INTRODUCTION

The 1,2,4—dithiazoie system is a heterécyclic ring consisting
of two sulfur, oﬁe nitrogen, and two carbon atoms. Two exampiés of
this system were of interest: fhe 1,2,4—dithiazole-3-thiones () gnd
the 1,2,4—dithiazoliuﬁ cation (Ii). Some examples of both of these |
are known and will be dealt with later. :
-
SNTTS  RwR
- E an.

'R

‘The thione compound exists as a resonance hybrid of the following

contributing structures:

CARE T rAAs
dvy oW

Struétures involving sulfur d-orbitals can also be proposed,bbut

they are probably»less important.

Cob—s . s=b —
/t_ks' ,l‘\—;k- | i*' -
RO RONZS RTINS

It will be noted that several of these forms indicate that this

system will be potentially highly aromatic in character. Also, the exo-

s
; ;
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cyclic double bond should have a fairly high polar character, and
the sulfur atom may function as a nucleophile in certain reactions.

"Calculations qf resonance energy of this system have not so
far been reported.

-The 1,2,4~dithiazolium cation should have four main contributing
structures:

st\ R mRﬁiﬁRﬁmR

Structures utilizing d-orbitals can also be proposed:

l—”/ &—> Hm
Rm R R R R

but these are less likely.
In accordance with the Longuet-Higgin theory of isosterism,

~ each sulfur atom in the ring is equivalent to a ~CH=CH group and

therefore the systems (I) and (II) will be isoelectronic with

/7 \
and
R’ S R

respectively

R

in the same way that thiophene is isoelectronic with benzene, with




 "3"; : |

which it has quite a few similar chemical properties. They may
also be regarded as.4-aza derivatives of the 1 y2-dithiole system (III)
‘which is isoelectronic with the 1.3,5 cyclohepta triene system (1Iv).

- This is not confirmed directly, but the suggestion is in conformity

“with experimental results. It is to be expected therefore, that
in many of their reactions these compounds (I.& II) w111 be. simllar to the

corresponding 1,2-dithioles,

YFQ/' §>Ss

A number of derivatives of the ‘carhon analogue (ITI) of (I) have

1ong Been preoared, and their physical aod chemical properties inves-
tigeted; Kehl and Jeffrey2 have made a complete structural anal&sis
' ofv4~methyl-1,2—éithiole-3-thione (111, R'= CH3, R=H) determining the
- bond 1engths and the conjugative interactions of the three gtoups
,S¥S, C=C, and C%S, each of which has pi orbitals perpehdiculer to
i.thell')lane of the dithiole ring, The main reeonating forms of this

"compound may be represented as:

This suggests that in the analogous compound (I) pi orbitals of

CﬂS; §-8, and C=N should be perpendicular to the plane of the dithia-
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zéle ring, On this basis of analogy, it may reésonably.be suggested
 that thé first three resonance forms of the 1,2,4-dithiazole thione
-system (i - iii) contribute most to the structure,

The I,Zfdithiolylium cation, built-up with three trigonal
carbon atoms and two sulfur atoms has a pronounced aromatic charac-

ter together with a fair stability, Recently dithiolylium ions

without any alkylthio substituents have been described3’4’5 which
_ caﬁ bé reﬁfesented as the following canbnicalvforms:
] + ¥
> T < |
H Ry 2y
- y

The_abbve structﬁre'ié.isostefic with cyclqhepta—trienylium ioﬁ.
. However in the above structures, no‘éénqnicélhfqrm involves positive
charge on carbon 4, whereas in tﬁe tropylium ion, all the seven atoms
of the ring are equiva1ent. | | |

Only a few derivatives of the 1,2,4—dithia;oliuﬁ systém.are‘kﬂown;

probably due to lack of suitable preparative methods, rather than insta-

,bility, since the derivatives of the isomeric isosteric system, the 1,2,3—'_

dithiazolylium cation are known. It is formed in the Herz reaction.
CH
3 .
NH o
2 + S(Cl, —
272
| Cl

Different aryl amines. have been used®s7 to obtain several 1,2,3-

dithiazolylium cation derivatives.

~
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PREPARATION OF 1,2.4-DITHIAZOLE-3-THIONES

Although.various detiﬁativesg’lo of the system 1,2,4—dithiazole-3-
| . thione have Been ma&e during the last two decades, syﬁthesis of the

' qnsubstituted ring itself ﬁas not so far been reportéd.
E. Ftommll'reported‘the synthesis of cyciic disﬁlfides of thiurets

by the oxidation of the thiurets with iodine.

Later, Rosenhein et al12 obtained 5-5m+nn-1,2,4 ~dithiazolidine-3-thione

. by treatment of trithioallophanic acid (V) with conc. sulfuric acid'

:2
'y 2
2 (v |
Oxidation of several alkyl esters of trithiqﬂjnnhanlc acids
lwith halogens or sulfuric acid gives 3—imino~5—alkylmercapto—1,2,4-

‘dithiazoléSIB (ViI)-as their hydrohalides or sulfates.

" ‘S S B - >}§zso ‘ 3  + HX o
S/\N P%& RS X hmr 2>4 RS)\N/kNHWHﬂ+m2
)

R = CHj, n-C3H7 ii‘C3H7g : n—Cqu, OH.CH,.CHy s C2H>5

X = Halogen,
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Preisler et all% obtained the 3,5-diimino derivative of.1,2,4-

v,‘v dithiazole (IX) as its hvdrochloride. by suspending the dithiobiuret

(VIII) in normal hydrochloric acid and subsequent treatment with

'hydrogeﬁ peroxide. Dithiobiuret may be obtained by the condensation

of two moles of thioureé.;
SH SH

1y

S

.Frgund15 isolated compounds of the type (RNCS)oBrj, which on
digestion with water or alcohol gave compounds of the type (RNCS) S

having structure:

vHantzsch and Wolfenkamp16 postulated that isoperthiocyanic acid

exists as (X), which was confirmed by crystallographic studies by

Emeleus et a110 .

)

Hz

' Behringer and Weber18 reacted N—substituted-S-amino-B—imino-'

1,2,4~dithiazole (XI) with various isothiocyanates, and obtained the

imino derivatives (x11), which may also be considered ésﬁl,Z,AJdithia—

zole derivatives.

i




| RHN/]\N NH F'\’HN NHR
(x0) - (3D

(a) R = Ph R'

= =Ph
(b) R = Ph R' = p-methoxy-phenyl
(c) R = p-OMe.CgH, R' = Ph

The compound (XII) is an aza analogue of the "thiothiophthéne"*

system

S A=
. H H H H

wheré the two forms shown may either exist in tautomeric equilib-

rium17; or may‘fepresent two contributing structures to a resonance

'h§brid,where the sulfur-sulfur bonds exhibit single bond - no-bond
orancab2

resonance"“, Another possible resonance structure would involve

d—orbital participation of the central S atom.

A

The sulfur—sulfur bonding has been investigated by K. Maed325

suggests that it may involve P - Pd bonding.
. ' 'Y

* Some authors call it "thiathiophthene , but in this thesis we will
use "thiothiophthene".
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However, syntheses of the system 1,Z,A—dithiaéole—B—thione, contaiﬁ— .
ing cérbon atom attached directly to the heterocyclic fing have been
reported only reéently.l’19 |

Derocque and Vialle19 used fourvprqcedures to ébtain the 5-aryl
 substituted éompounds;' In the first procedure, they used N-benzoyl
thiourea as the starting méteriai_and reacted it Qith phosphorus penta-
'suifide,,but the_yigld of S—phenyl-l,2,4-dithiazole-3~thidne was very
low. In-thé second method they used N-aroylisothiocyanate prEpafed.by '
| the ﬁéthod of Hoggarthzo; and reacted it withvphosphorus pentasqlfide.
In the third procedure, they prepared various N—afoyldithiocarbama;es
_from the isothiocyanate, and then sulfurized the compound by refluxing

it with phosphorus pentasulfide. 1In the fourth method, an N-thioaroyl

bisocyanate was sulfurized. .
~ (1) Ar.CO.NH.CSNH,2! R R -

: P Ss : S
23 L

N . .
(2) Ar.co.N=C=s2C

~ (3) Ar.CO.NH.CS)CHj,

) N
. XYene AT ‘ S
() N
* Ar = (a) Phenyl 7 (b) 4-bromo-phenyl
. (¢) 2-chloro-phenyl (d) 4-chloro-phenyl
. (e) 2,4-dichloro-phenyl  (f) 4 methoxy-phenyl
(g) 4 nitro-phenyl (h) 2-thienyl ‘

The thioaroylisocyanate was prepared by treatment of an éryl_
“thioamide with oxalylchloride to provide a S—aryl—thiazolinewﬁ,5~dione;

which was pYrolyzed.

(coct), S 0 _co
'Ar.-CS'T_NHZ-_"—?A, - o —> ANCS.N=C:=p

ey
!
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Other solvents besides xylene were ﬁsed also, e.g. benzene,
toluene and pyridine, but the yield was comparatively less.

MacDonald and McKinnon! prepared 5—aryl substituted dithiazole—
3-thiones by rathet similar methods, and also noted that sulfurization
of benzoyi thionocarbamates éﬁ&e 1,2,4-dithiazole-3-thiones but in low
yield. They noted that the synthesis failed where the 5-substituent

was aliphatic and suggested that a stabilizing aromatic substituent

was necEfsary. 8- ~“
Ar.C.C| Bosehey ArC.N=C=S
, ; 5 S

' , 1] 1
M¢SH A.C.NH.C.SMe

0 | / oc laﬁs& CH,
Ar
= (a) th (b) p-methyl phenyl (c) o—toluyl, (d) 2,5=dimethyl-

phenyl, (e)p-methoxy-phenyl, (f)o-chloro-phenyl, (g) p-chloro-
phenyl, (h) 2-furyl, (i) 2-thienyl, (j)l-naphthyl, (k) 2-naphthyl

' When Cinnamoyl isothibcyanaté was gulfurized, a 1,3—thiaiine derivative

was obtained via an:alternate reaction

H 5)*\

N - N=C=5
Ph’C\/LO ‘—"—)'Ph/\/to e

Apart from these papers, which describe synthesis of the hetero-

cyclic system there do not appear to be any reported in which other

,__synthetic]methods‘are used.
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PREPARATION OF THE 1,2,4-DITHIAZOLTIUM CATION

No preparationsof this system from acyclic starﬁing materials
are reported, and it is hard to envisage syntheses analogous to those
used for 1,2-dithiolium salts, e.g. action of hydrogen disulfide on
a diacylamide, or oxidation of a dithiodiacylamide, since these
precursers are not Very well known. Successful methods used start
from the corresponding dithiazole-3-thiones and are discussed under

the reactions of these.
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REACTIONS OF 1,2,4—DITHIAZOLE—3-THIONES;
"The system appears to be fairly stable, but probably less so than

the 1,2-dithioles. Reactions of 1,2,4-dithiazole~3~thione so far
reported in iitetatﬁre'may be classified as:
| - (a) effect of heat

(b) reaction with bases, e.g. ammdnia and amines,

(¢) reaction with mercuric acetate,

(d) reaction with acetylenes,

(e) reaction with alkylating agents. o B

(a) On heating in a sealed tube. 5-phenyl-1,2,4-dithiazole-3-thione
suffers decompositionl, giving'sulfur, carbon disulfide and benzonitrile.
This may bewscontrasted with the dithiole thiones which appear to be

fairly stable to heat as may be seen by some of the methods of synthesis

Me |
- S , S—
——

o (]
160" -220 W N

R

(b) S-phenyl-l 2,4-dithiazole-3-thione reacts with ammonia and

R’ Hy S

aniline1 and gives as decomposition ﬁroducts thiobenzamide and N-phenyl
thiobenzamide. Presumably they are formed via initial nucleophilic

attack at position 5 with ring fission.

Ph
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(\
i 7
_— Py ,/C=S _ ‘
| l?\H
R
. ]9 -
Ph —C — Ny R
R ) r = W
(v) R =CM

(C) Derocque and Vialle19

attempted conversion of the exocyclic

C=S group of the thione to C=0. 5-aryl-1,2,4-dithiazole-3-thione was
treated with mercuric acetate, and the product obtained was the 1,2;4—
dithiazole-3-one. fhe IR spectrum of the compound showed strong

absorption bands at 1670 cm"1 and 1700 cm:1 characteristic of the

carbonyl group.

S—: | (CH3C°°)7_H§ \' S
Av S AT 0.

Ar = Pﬁenyl, 4-bromo-phenyl; 2-chloro-phenyl; 4-chlorophenyl
2,4~dichlorophenyl; 4-methoxyphenyl; 4-nitrophenyl;
2-thienyl . . .

This reaction is also found in the 1,2-dithiole-3-thiones, the

carbon analog of the thiazole thione system)which have been repor;ed7£

5




to undergo conversion to C=0 group from C=S using mercuric acetate.

S—S

(C\-\3c_oo)7_H§ _ |

, o , S g
The ketones may also be made from the 1,2-dithiole-3~thiones by

chlorination followed by hydrolysisf

.(d) A very interesting type of reaction whlch 5~phenyl-1,2,4 dithiazole—

'3—thione has been reported., This is their 1 3 dipolar cvcloaddltlon reac~

 tions with activated acetylenes and benzyne. | |
1,5 addition reactions of diazoalkanes, azides and ozones havé

a27

beeﬁ known for over 50 years, and although they were reviewe to a

reasonable extent in the past, it is only recent1y28 that the general

concept of 1,3 dipolar cycloadditions has been presented more clearly.
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MoSt»frgquently in Eycloadditions, two reactants unite to form a
cyclic compound ¢reating two new sigma bonds at the expense of two pi
: bonds. In cyclo addition of the type (3+2 = 5), a - b -‘c'is al3
dipdle; atom»'a' poéseésing an eiectron Séxtet and 'c¢' is the negatively
chérged centre with ran unsharea pair of electrons. Combination of such a
'1,3 dipole witﬁ a multiple bond.system.d = e, called dipolarophile;
ié'referred to as a 1,3 dipolar cycloaddition. The dipolarophile may

~ be any double or triple bond.

: _ _A large‘numBer of groups acting.as dipolérophile, ﬁave been
.reviewed by Huisgenzs. Two mechanisms have been suggestgd for 1,3

; dipqlar cycloadditions. Huisgen29 suggested that the reaction goes

by a concerted rather than stepwise mechanism. Accotding to him, 1’3,
 ‘dipo1e is always an ambivalent compound, which displays eiectfophilic

_ énd nucleophilic activity in positions 1 and 3. Thé mesomerism of the
octet and sextet resonance struétures of the 1,3 dipole resulté in
charge compehsation or:chargg exchange, respectively, which makes it
iﬁpossible to identify unequivoc#lly an electrophilic and—nucleophilic
'lgentre. This eliminates the possibility of the stepwise mechanism.
'1Thus according té him a concerted addition, which can also be described
in ferms éf molecular orbitals and in which the two new sigma bonds are

formed simultaneously; offers the best explanation of the experimehtal




facts. Firestone30

with a discrete interﬁediate a spin-paired diradical.

-15- o

on the other hand suggested a two step mechanism,

Conjugation

‘exerts the promoting effect on the dipolarophilic activity of all

multiple bonds, which means that.the intérmediéte, whether dipolar or

diradical in nature derives some stabilization through conjugation,

' Both Huisgen and Firestone have their views substantiated by arguments,

‘, and it is not the purpose of this thesis to go into these arguments.

A -number of instances have been reported in literature where C=C

) derivatives act as dipolarophile, and add to the éyclic 1,3 dipole

causing rine ovenine of the initial starting material,

Deichmann31

'1,2,AFdithiazole~3—thione:

XIIT - R=

~(a) Ph

- (b) p-Cl CgHy

" (c) p-CHj.CgH,
(d) p—OCH3 c6 4

(a)
(b)
(c)

(d)

(e)
(£)
(g)
. (h)
@
@
(k)

!

Behringer and

reported the addition of acetylene derivatives to S5-phenyl-

} )\)—I ‘

(7<\\/)

X
‘ .R::_ . - ) ) ‘I.{'=
“Ph © COOCH,
Ph H ‘
Ph H
Ph H
Ph "

p-Cl.CgH;  COOCH3
p-Cl.CeH; H
p-CH3.CgH,  COOCH,
p-CH3.CeH, H
p-CH3 0, cen, COOCH

p-CH30.CgHy, H 3
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MacDonald and McKinnon! have aiso reported the formation of
monoadducts of the type (XV).

_ C R, ' R
| l oo — S /E “
RASNTS €Y RJ\N/ g R

| (*V)
R Ri R2
(a) Ph COOEt H
(b) Ph COOEt Ph
(c) Ph COOMe COOMe
(4) thienyl COOEt H

They also reported the addition of benzyne on the ring in a

similar fashion; benzyne acting as a dipolarophile:

SL O el

R = Ph , (x V1)

Léng'aﬁd vialle32 have also obtained 1,3 monoadduct of the

following type:

: ' Co0CH
S—S C . COOCH3 ?

/L i — Sp i'j/ |
R“f’kN C.Co0CH, AT)\N/ S \;oo¢H3

()g\/ll) A

Ar = (a) Ph
(c) p-OCH3.CgHy
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Théy-have also reported the formation of a diadduct with acetylenic

compound and 5—phenyl—l 2,4-dithiazole~3~thione:

- | s o2fy

o )\ X %"R‘ ‘ | ' RICSCRZ
Ph N v PhTN >

Rl = Ry = COOMe Q
Ar = Ph . (xvim)
‘Similar type of addition reactions of activated dipolarophilic
acetylenes have been reported for the carbon analogue of the dithiazole-

substrate.33 34,35 They are also reported33'34 36 to give a d1adduct

'by the,addltion of one more acetylene molecule:

C.R
PH ot
Ph CR, =
| H B : R L (RWR)

(e)bReactions with alkflatiﬁg agents - Only a fe@ reactions with
alkylating reagents have so far been reported. MacDonald and NIcKinnon1
obtained the methyl iodide salt of the thione (XIII—a), i.e. 5-phenyl-~3-
methylthiq—l,2,4-dithiazolium iodide (XX), by dissolving the thione in |

methyl iodide and allowing the mixture to stand for 16 hours.
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X -

A . N 5___\5 1
F’hj\m—/s";'v'e1 — PhJ\N/kSMe

(%x)

>

. . 5
Similarly Gompper and Weiss™ prepared 5-phenyl-3-ethylthio-

1,2,4-dithiazolium fluoroborate (XXI) by the reaction of triethyl-

oxonium fluoroborate with dithiazole thione:
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REACTIONS OF 1,2,4~DITHTAZOLIUM CATION

Not much work has been done on the 1.2,4—dithiazolium cation,
8- ‘
Compper and Weiss - have reported the formation of azafulvenes by
the action of dimethyi or diphenyl pyrroles with 3-ethylthio-1,2,4~

dithiazolium salts (XXI).

R
S—5 CHLCOOR
+ 3

R

p;\J\C,;,D)\ Set n/ I:Nj S = |

!
H

. (KR

These reactions obviously proceed via nucleophilic addition of the

pyrroles to the 3 position of the heterocyclic ring,.with eliminiation

of ethanethiolate anion. |
Analogously,,5-pheny1—3—methylthip-1,27dithiolium and A—phenyl—‘

g

2-methylthio-1,3-dithiolium cations have been made . which also on

reactioﬁv with dimethyl pyrroles and diphenyl pyrfole in glacial acetic
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acid give the corresponding fulvenes:

| R I
) -1 ; \C=C/ (xx“’) |
JOL ST
7N sch |
Pn 3 R
\ /S‘S
. . C\ | (x=V)
R
- ‘ v - 1]
. v H\C./ \C \
| ‘C / > Ph
| R” =N
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OBJECT OF RESEARCH

The object of the present study was:

(a)

(8)

(C)

™

(E)

To extend the previous methods of synthesis of the 1,2, 4-

dithiazole-3~thione ring;

To develop new methods of synthesizing the 1 2,4-dithiazole

~3-thione system and to attempt to convert it to the 1,2,4-

dithiazolium system by methods analogous to those used for
i,2-dithiole—3-thioness

To study nucleophilic reactions on the 5-aryl-1,2,4-dithiazole-
3—thioﬁe system; . | | |

To study the reactions of certain 1,3 dipolarophiles on this
system, 6nce more the formation of mono adducts would be
expected., These would be able in ceFtain cases to form
diadducts. If tﬁese adducts h;ve suitable functional groups,
e,gibcarbonyls, it might be possible to build up novel
heterocyclic systems, |

To study thé reactions of the 1,2,4-dithiazolium cation

It is to be expected that the system would behave analogously
to the 1,2-dithiolium cation and would be subjec;ﬂto nucleo—~
philic attack at the 1 or 2 positioﬁ. It would be also expected

fhat certain 2-substituents e g. Cl or S-alkyl, would be

~ displaced by certain nucleophile$. In addition, the cation.

~-should behave as an electrophilic agent, and be able to

substitute certain activated aromatic rings.
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DISCUSSION

Syntheses of the 1,2.4-dithiazole ring

One scheme devised to develop a new synthesis involved thio-

benzamide (XXIX) as the starting material, which on reaction with
thiocyanogen chloride (XXX) would give (XXX1), and which by intra-
molecular nucleophilic substitution should give a dithiazole ring

with imino group on carbon 3. Hydrolysis and subsequent sulfurization

would be expected to give 5-phenyl-1,2,4-dithiazole-3-thione.

T | r QS-C=N —
k..;Ph/C S NM, 0 ‘Ph/c N NH (xxx) ' -
Ceeir)

Il

s—s—¢Cn /Csl S S—S
e . I m . + (]
PHJ\NH PR ONNIC SN 'Ph/kN/kN

(»xx1) H
S—S  Hy0 ;
KA T J\N/Lo /kw) SS
Ph NH Ph

ngx\u)
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However, when the thiobenzamide and thiocyanogen chloride nere
allowed to react, the expected product (XXXI) was not obtained. There
was no NH peak in the IR, and the'elemental anaiysis did not give'
the calcuizted percentage of elements in the compound. It is assumed
that Ph~C=NH perhaps is not a sufficiently ‘good nucleophile to A
'replace chlorine of the compound (XXX), The experlment was thus
abandoned after several attempts. | -

A second course of reactions starting with thiobenzamide and’

Utrichioromethane snlphenyl chloride was attemnted.

W » £i¥‘ + CiSCdl, —
. Ph/ \NHZ -P\f\/ = NH | Lixx\y)- '

S5

i 'v >J\\qq /_C\ f——47
-
Ph N a
g '

(xxxV)

‘-(xxxvﬁ

..This had to be abandoned since the reaction product of these reagents
could not be obtained. In trichloromethane sulphenyl chloride, the
isulfur atom 1is expected to have greater positive charge due to the
1nductive effect of three methyl chlorine atoms in order to act as a more
" favourable substrate for the nucleophilic attack by thiobenzamide: but
at the same time, it does not facilitate the removal of chlorine atom

on'sulfur, and therefore not favoring the nucleophilic attack.
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Noel and Vialle38

used the same reagents to synthesize a dithiazole
thione ring. They effected the reaction in alcohol, and obtained a
mixture of a 3,5-diaryl-1,2,4-thiadiazole (XXXVII) and 3-aryl-1,4,2-

dithiazole-5-thione (XXXVIII).

'S ol

\ +
(AT |
EtOH ; (XXXVIT)

< | B
| +ClLCCl ——

1
3
AN

/ — |
S
Ar -qufZ o | __.__r7
_ xS
AT’ :
b(XXXVIII)

Failure in our experiment may‘probably be due to wong choice
‘of solvent, Perhaps the acetomne wag.not a sufficiently polar solvent
i :
to help in the formation of ion +S—é~Cl which could then be attacked

$n

by the nucleophile sulfﬁr of a thiolic form of thiobenzamide Ph—é=N—H
| tobgive (XXXV). |

' The third methéd attempted for.the synthesié'of SQphenyl—l,2,4—
dithiazole-3-thione involved s—phenyl-l,2,3,4-thiatriazole (XXXIX) as
“the starting material. The S-phenyl—l,2,3,4-thiatriazole (XXXIX) when
subjected to UV iight Qould be expeéted'to homolytically decompose int§

- a diradical in carbon disulfide, which would immediately combine with

carbon disulfide to give a dithiazole-3-thione.

~e
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Ph

=Ny ph_C/N° CS,
Z %; - PRWS

(XXXIX)
Such photolytic reactions are not uncommon; the 1,2,3<thiadiazole (XL)
has been reperted to undergo homolytic fission to give e diradical when

subjected to ultraviolet light:

hv e é
PVC/N — MY pnTtse
(XL)

But when (XXXIX) was subjected to the_UV light using Fisher UVL.22

lamp for 48 hours, no formation of the product was observed. This

' may be attributed to unsuitable wave=length. Hemolytic fission of
(XXXIX) was also attempted by heating it in carbon disulfide under

pressure in a sealed tube in water bath, which also was not successful,

presumably due to the insufficient amount'ef energy supplied in heating

‘on the water tath.

o A further synthesis of S-phenyl -1,2,4~ dithlazole-B-thione was
attempted starting 2-pheny1thiazolin—4 S-dione (XLI). Derocque and
Vialle 19 have synthesized 5-aryl-1 2,4-dithiazole-3~thione by refluxing
'(XLI) in xylene with phosphorus pentasulfide. We attempted to obtaiﬁ
the thione by refluxing the dione (XLI) in carbon disulfide and

phosphorus pentasulfide and obtained 5-phenyl~1,2,4—dithiazole-3—thione,
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which was identical with the thione made by the previous methods as

determined by infrared spectrum,

(RLI)

The reaction proceeds probably according to the following mecﬁanism:

S =0
1S e
Ph N -
S PySs —S
N e — i .
, ‘Ph/kNl/ . csy | Ph, \N/L S

thione o

' Using methods of the 1,2,44dithiazole—3—thione ring synthesis

e T ' . 1,19

used by the’previous workers,’ the synthesis of 1,2,4—dithiazole—3~,
for R Lo :
thione nucleus with different 5-aryl groups, was attempted Nicdtinoyl

isothiocyanate (XLIII) was made from nicotlnoyl chloride (XLII), which

39

. was made by the method of Wingfield et al (XLII) was then converted

.' to give nicotinoyl dithiocarbamate (XL1V) by treating with methvl mercaptan.

This on treatment with phosphorus pentasulfide in carbon disulflde was

expected to give the corresponding thione.

P S

SRR




|

. o O | ‘
| Egzgﬂy  [;;;:],/C:‘\\ﬁd,/£: ™~
.' : H | T

(XLIV) | : S (XLY)

The ﬁicotinoyl isodithiocarbaméte (XLIV) was synthesizéd
succéssfully, but itébconVersion inté thé thione (XLV) éould‘notbbe
achievéd. - The 1,2,4—dith1aiole-3—thione éystem'éppears to be unstable
.fovbasés, e.g. ring fission by attack of aniline. Poésibly the failﬁre’

of thé reaction here is caused by nucleophilic attack of alpha pyridiﬁé

1

ring_dﬁ the dithiazole ring. MacDonald and McKinnon® have shown that

the 1,2,4-dithiazole ring is attacked by base’leading'to_ring'fiésion.

Ring‘fission
b4

Decomposition
products
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Another synthesis attempted started with terephthalic acid

(XLVI); this was converted into terephthaloyl chloride (XLVII), then

into terephthaloyl diisothiocyanate (XLVII), and then into dimethyl

terephthaloyl dithiocarbamate (XLIX). Refluxing it with carbon disulfide

and phosphorus pentasulfide was expected to give the corresponding

thione,
o
¢-ou SoC\, : 9 :
- — Pb (SCN),
wo-¢ -
[ C—-C
S(xLvi) u sm—i.
(% Lvi) O (xuvw)
0 A
~
: i o
'S (RLI%)
S 5‘
S —S
\ ) C§N/<§s
C
=N~ = —_—
» S | -7 Sj/ﬂ\c
)
-
MQS\"é/ ﬁ 4 g— S
g o v .
(L-&) R )
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We were ablé to obtain compound (XLIX) according to the above
schéme.as was confirmediby the elemental analysis and the infrared
‘'spectrum; however, when thié was refluxed with phosphorus pentasuifide'
in (i) carbon disulfide and (ii) xylene, the corresponding thione (L)
was not obtained. It could have equally.been possible that only one
isodithiocarbamate group was converted into thione,but the elemental
analysis on the product obtained when (XLIX) was refluxed with phosphorus
 pentasu1fide in carbon disulfide does not,subsfantiate this line of
thought also. Failure to oEtain ;he eﬁpected proddct may be attributed
to the- lack of resonance stabilization. In S5~aryl derivati&es made
previouslyl, it has beenvsuggesfed that the aryl cont;ibutes by way of
rgsonanée to the stability of the respective thiones. Lack of this,
and.also ?ossibly steric interference, or some sort of steric interaction
Betweén thé two large isodithiocarbamate groups might have led to.the

failure to synthesize the thione (La) or (L). Another reason may be

statistical. For : v : . '
Ph~C~N=C=§ or Ph-C~NH~CS.SMe :i§qq
Tl Ph j“s o
yield is low, say (x/lQO)Z. Here yield for the double process would be
(x2/1002)% - this could be very low!
Further attempts were made to synthesise (a) 5-(2,6-dimethylphenyl)-

1,2,4~dithiazole-3-thione, (b) 5~(2,4,6-trimethylphenyl)—1.2,4—dithiazole—

3-thione. and (c)‘5—(2—viny1phenyl)~1,2,4-dithiazole-3-thione.
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Starting material for (a) was 2,6-dimethylaniline, which would have

given the thione according to the following scheme:

NHy, N=N 1
Diazoti-
o —_—
| CH3 zation CH3 A | C H3
I CH3MgI -
Vg ‘ COOH (i)%OCI
 Ether ~ H3. | (ii)Pb(S(;N)‘.z
CH3 <”> .
+C ~"N=C =58
' : PQSq %
.CH ' | CSy |

'Cngersion of 2,6-dimethylaniline into 2,6-dimethylbenzoic acid‘has

though been reported in literatureAO’M’42 by the above method, but our

efforts failed to obtain 2,6—dimethy1phenyl iodide. A sécond approach was

. then adopted which involved conversion of the aniline into 2 6—dimethv1pheny1

cyanide by the method of . Haring43 and. subseuuent_hvdrolysis by

43

sulfuric acid. The nitrile was obtained in approximatély 30% vyield, but
its conversioﬁ into 2,6-dimethyl benzoic acid could not be effected; The
more obvious reason for the failure to obtain guch a compound is probably that

due to the 2,6-dimethyl groups, it was very difflcult for the big iodine

atoms to substitute for the amino group; againa ~COOH group is also a very

big group which suffers steric hindrance by the two ortho methyl grdups,

thus rendering it extremely difficult to obtain such an acid.
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in gynthesizing'(b) again, similar type of difficulties were

~

encountered. Startiﬁg material was 2,4,6-trimethylpenzoic .. acid,

which was converted into thé  isothiocyanate (LII), but the subse- R

quent ring cyclization could not be achieved, again perhaps due to
‘large 2,6-dimethyl groups' steric hindrance. These groups would
prevent the coplanarity of the benzene ring with the dithiazole, and

hence would prevent conjugation and in turn would prevent stabilization,

1.

“which has been suggested as being necessary in this type of synthésis

/

s

CcH
> R .
C—-ou
W S0Cl,
>
C\—\s i) Pb LSCN)Z

()

. L\__\.\ )j‘ -

-~ Starting material for the synthesis of compound (¢) was0-
chlorobenzaldehyde, which was converted into  a- chlorovinyl benzene
by the method of Overbergers, Saunders and Aleen44. Subsequent con-

version of - _a-vinyl chlorobenzene into- o="vinyl benzoic acid could

2

.'not be achieved This is in accordance with what has been found

in literaturel’
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Reactions
The type of reactions carried out may be classified as under:
€9 Reactions of 3-alkylthio-5-phenyl-l,2,4~dithiazolium cation
with different nucleophiles. |
(2) Reactions of 5~-phenyl-1,2,4-dithiazole~3-thione with:
(1) activated acetylenic compound
(i1) other reagents.
(3) Further feactions of the monoadduct with the activated acetylenes

prepared in 2(i) and the conversion of some of these monoadduct

into novel heterocyclic systems.

,

(1) Reactions of S-Ehenyl—3—alky1thio—1;ZAQ:ﬂithiazolium cation

(i) Reaction with aniline: Tt wWasobserved that 5-phenyl~3-methyl-
thio-1,2-dithiolium iodide reacts with aniline’7»78 ¢o give the product
(LIV) by initial nucleophilic attack at the 3 position followed hy

loss of methane thiol

s—<$1 S—S LSS
| N | - /'\/ksme | \ @\Ae
Ph | SMe Ph o Ph 1 . .
. H Q“- , H C/N\ Ph H /LT Ph
NH H W H
Ph
S—S
- ——_____._> ) .
Ph” Ny NPh
| M
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We‘attempted the éimilar reaction with 3-methylthio- and
3-ethylthio-5-phenyl-1,2,4~dithiazolium cations. The latter compound
was found more soluble in acetic acid than the former. On the basis of

analogy, the reaction was expected to take the following course.

s_—s - . S__5§

. < | E
Len = L = 1 e
SR N . _ X
Ph u-ﬁi—m Ph ch-en Ph N
(W) - -

S—S

Q_\/\B

(V) (a) R= Me
- (b) R= Et
© (LV-a) reacted rapidly with aniline in dimethyl sulfoxide,
but the IR of the product obtained was not consistent with the forma-'
'tion of the compound (LVI). In compound (LV) C - N bond is shorter

than the C-C bond in (LiII). Further, nitrogern being more electronegatiVe

" -than carbon, has a tendency to inductively attract electrons towards

itself, thus making carbon 3 more susceptible to nucleophilic attack

‘ by aniline which would allow the formation of (LVI) On the other

hand it may also be possible that carbon 5 is a betters1te for nucleonhlllc e
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attack by aniline in which case one possible reaction would involve

- demethylation of the.SUbStr?teb~with the subseauent formation of thio-~

benzéﬁilidg (LVITI), according to the following scheme:

3

A K’N\»)j TR —
PR SR X g -
, . Ph

S—S I W

. R foseond - » C

/‘\M ST e Ow-Pn

"T‘_—_"Ph ' - W '
H

f'(Lvu)
Comparison of the melting points and the respective IRs of the

' genuine N-phenyl thiobenzanilide and the compound (LVII) showed that

the two compound were not similar; this eliminates the second mechanism

also} On repeating the reaction with (LV-a) in ethahol'solvént, two
ptoducts Qére obtainea, one of them was identified to be N-methyl
anilinium iodide from its isdthiocyénate derivative. However, (LV-b)

on reacting with aniline in acetic acid gave a product which on methanol
recrystallization gave light yellow needies. Elemeﬁtal.analysisbf the
»Cémpdund was done; but on the basis of the results no suitable stfucture

could be assigned.
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(11) Reaction with N,N—dimethjl aniline and N-methyl aniline:
Aniline is a weak basej but the basicity can be increased by
replacing N-hydrogens by the methyl groups, which by virtue of
their electron releasing property facilitate the delocalization of
lone pair of electrons on nitrogen over the benzene ring and make

the para position a stronger nucleophile:

(=4
CH. 7 E
3> ;‘\' C\'\3 ~ F\/
C“s | - C“s/

Reaction of such a nucleophile with (LIII) has been observed to give

a compound of the type (LVIII). In a similar way, 3-alkylthio~5-phenyl-~

?

1,2,4-dithiazolium cation would be expected to react with N-methyl

and N,N-dimethyl anilines to give (LX).
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(Lv) (L1%)
oy R=CHx=l @ Q=Rr=Te
- ’ _ H, R'.:Me
b) R = C Hs:ﬁ:Q\%Lb) R = .

+

j\—\

, R

N s
. AN R
(Lr) |

'(LV-a), when reacted with N,N-dimethyl aniline gave the triiodide
salt of (LX) as shown by the elemental analysis, while (LV-b) on
.reaction with.N,N-dimethyl aniline (LIX-a) rapidly gave product
which on recrystallization froﬁ'acetic acid and washing with ether,

gave bright green crystals - the C10,~ salt of (LX).FInfrared spectrum
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énd elemental analysis cénfirmed the formation of the éompound (LX).
Rapid change of color was also observed when (LV;a) was reacted with
(LIX-b) but apparently the product.was the cétioh (LX) as its triiodide
salf. N-methyl aniline, (LIX=b) reacted with (LV-b) in acetic acid
and gave an oily product which was found soluble inketﬁer, and therefore
not a salt of the typé (LX). This may not be very Qnexpected since
(LIX;b) ié a weaker nucleophile than (LIX-a).
(iiii Reactions with 2-methyl-4,6-diphenyl pyrylium perchlorate.
fhese réactions in presehde of pyridine base are expected to give

cyanine dyes according to the following mechanism:

S ‘ e

ey PR
+ . »
4 i—-? | S—¢g
Ph N/I\CHz ® Ph Ph/kN/KCH Ph
(LXI)
ThenreaCtion was observed to give an instantaneous change of color, but

the product when recrystallized from acetic acid and purified by

efher showed that its IR was not consistent with the product (LXI),
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and was very similar to that of the pyrylium perchlorate salt. Probably

h"

the 3-alkylthio-dithiazolium salt is unstable in the presence of
pyridine base and is decomposed rapidly, preventing the formation of
the expected produét, (LXI1).

The dithiazolium cations.(LV—a,b) must have met the same fate
when reacted with 2,6-dimethyl-4-phenyl pyrylium perchlorate in
presence of pyridine,

More reactions were attempted to ensure that it was not the
nucleophilicity of the attacking.reagent but the -‘instability of the

dithiazolium cation in strong base which was involved and which prevented

" the reaction to go to completion. They included the reaction of

3-alkylthio-1.2.4-dithiazolium cation with - (i) 2—metﬁy1—4,6—dipheny1
thidpyrylium perchlorate, (ii) malononitrile, and (iii) malonic acid;
all in presence of pyridine. They were expected to give products
(LXII) (LXIII) ‘and (LXIV) respectively, but in all the three cases

the expected products were not obtained.

‘ 4fji:ji;jj I

CN
~CH N7 > Ph Ph&/k Ci
, - MCN
(L®) ’ (Lxw)

. s—s 3‘—_—3
Ph«/l§§N//L\(F /’L\ﬂ449L\-ph

,(LX‘V>




(iv) Reaction with sodium benzoyl acetate:

Sodium benzoylacetate should act as a strong nucleophile in basic

medium and should attack eithér carbon 3 or carbon 5 both of which are

susceptible to nucleophilic attack Correspoﬁding to the two possibi-

lities of the nucleophilic attack, the following two routes of reaction

may be postulated:

(a) When attack is on carbon 3:

N

5 | *’ ’5(’
5 /‘l\ — i /|<S“'\e —
[ X 0
Ph 0N S'RR P N (T
CH-C—CMg ‘(.‘Ca
0”7
coonN®
— 0
L
S
(LrV)
~ (b) When attack is on carbon 5:
. - |
c S 0
— S+ 5 i i\
A N ' \") X _SR C C~
s C— — New” Ph
Phjﬁ\? “sR pn” 1 N7 PR T
Ch.CO.Ph f"’co'pk . Cod
tos coo
S —
S O W' W < =
"COZ; i 3 i C~ cn” \P\n
pn” " Neu” eh Pn’ ¢
| | (LRVY)
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Infra red spectrum éf the product obtained showed OH peak at approx.
3200 cm~! and c=0 peak at approx. 1700 em™t, Further, elemental
analysis gave negative results for nitrogen. .This indicated that
nucleophilic attack was not at carbon 3 and that (LXV) was not obtained.
It might thus be suspected that nucleophilic attack was at carbon 3
giving the product (LXVI-a), having OH group and a carbonyl group as
also shown by the IR. However, the elemental analysis and mass spectrum
of the product obtained did not substantiate this view.

During the course of these reactions, we became interested in syn-
thesizing a system of the type (LXV) which should on Sulfu€;zation

give a system similar to the '"thiothiophthene" system,

s—s 0 %% s—s S
/L e~ —‘_\, * ) N
NN cu” P . TN Ph |
ph” NN Sy,
H

It has been noted that (LIII) reacts with aniline60’61 and

63,64

5-phenyl-1,2-dithiol thione reacts with hydroxylamine , and gives

a system (LXViII)




+ -
—S 1
S | 'Dl’/\//,;
Ph SMe N
H S——S§
N
P NR
$§—S ‘Q‘\‘\‘l,7 H

. o\k-
)\)\ s &
Ph | (Lwvn)

This suggests another possible approach to the meribicyclic system
(LXIX), the introduction of a thiocacylimino side chain to a’dithiole

nucleus e.g.

- s
BES $ S u
255 | u
BN S N E

(Lx\®)

In neither of these cases was the first product obtained. Thiobenzamide ‘

failed to react with 3-methylthio-5-phenyl-1,2-dithiolium iodide,
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presumably because of its low nucleophilicity, and ammonia gave indefinite
products by fission of the dithiole ring. However, other workers have

since used this approach with success using an oxime as an intermediate;

—S s——S —_ (o)
H — ' R 3 S \\
™ /’0 : C
R N Ph N NH R X N Ph
' ; H R u
(Lxxt) ° '

Even p-dimethylaminothiobenzamide failed to react with the
3-methylthio-1,2~dithiolium salt. The amino group; in this would be
expected to be more nucleophilic than in thiobenzamide, but obviously

it is still too weak.

(v) Reaction with perchloric acid:
3-methylthio-5-phenyl-1,2,4-dithiazolium iodide was reacted
with perchlo;ic acid in nitrdmethane. IR of the product exhibited a
perchlorate peak confirming that iodine in the substréte is attaéhed
'by ionic bond, and not by a covalent bond; as a result in strongly polar

medium, ion exchange takes place and the perchlorate salt is obtained.

HC10, s—s Ci0,
- I
Ph SCH

(\_vuu\) ‘

3
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'REACTIONS OF 5-PHENYL-1.2,4-DITHTAZOLE-3-THIONE

The reactions of S—phenyl—l,2,4-dithiazole¥3—thione (XIII-a)

;

are classified as: (A) reactions of the exocyclic thione function,
(B) reactions in which a nucleophile ‘attacks on the positive carbon 3
and gives the corresponding products, and (C) those in which it reacts

with activated dipolarophiles -and given133'addition'products.

-(A)'Reactions of the exoéyclic thione function:

(i) Oxidation of 5-phenyl-1,2,4-dithiazole-3-thione.

| Oxidation may be brought about'by the action of peracetic ;cid
on the thione (XIII-a). Klingsberg45’46 used peracgtic acid oxidation
of 1,25dithiol-3—thiones to prepare both aryl derivativeé of the system,
» andbthe pérent 1,2-dithiolium cation itself., We attempted hydrogen
peroxide oxidation of (XIII-a) in acetone in preéence of 4n equal volume
" of acetic acid. Only an ether soluble product,Waévgbtained; whosé*IR

showed a carbonyl peak at 1650 cm™!.

. . , . _ , s
| . H 02 C\.|3COOH L ,
;jlaN,/l§ S ‘Z;“L""';7 \‘hv/L‘cp
Ph BcetonNE Ph

w-o) S ()

The IR of the product (LXXIII) was compared with that of a genuine

5-phenyl-1,2,4~dithiazole~3-one made by the method of Derocque and
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< viallel? 1Rs were found identical thus confirming the formation

of (LXXIII). One possible mechanism for the above transformation

may be:
, j__\___s (o) j;—-s/‘
—_— ‘ _ 0

P N . AN

. _ C o

s ) 7 HSo
— “

e 2

—_— j\ 0—H oL \N/LO
Pn’ TS0,

(iif) Chlorination of S-phenyl-1,2,4-dithiazole-3-thione.

Chlorination éf the thione in glacial acetic acid was attempted
in-order to obtain a system of the type (LXXIV). It_is‘reported65'66
that 1,2-dithiole-3-thiones when reacted with chlorine gave 3-chloro-
1,2-dithiolium salts. When éhe thione in glacial acetic #cid was
reacted with chlorine, a yellow colored substance was obtained which

. was only alightly soluble in ether, Ether soluble material gave an

IR very much similar to that of the compound (LXXIII) showing the

replacement of exocyclic sulfur by oxygen. The ether insoluble product,

which was observed to be decomposing quite fast, was probably only an
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adduct (LXXV) and not the expected compound (LXXIV),

| .
S-—-—»’S Cl

1,
HO.Kc ’
o ~ Ph” N7 ~CI
. g—g o (LXXIV)
Ph/KN/LS
| | Cl,. L | .
HO.Ac /iN S! + S‘jCI
Ph phl%N SCl

(LXXIII) : (LXXV)
In another approach dithiazole~3-thione was dissolved in carbon

tet:achloride, and the chlorine gas was passed through it, Reaction was
observed to be instantaneous, but the IR showed that (LXXIV) was not
obtained. It may be noted that when chlorination of S5-phenyl-1,2,4-dithia-

zole-3-thione was attempted in acetic acid, two products, the chlorine

adduct of thione, and 5-phenyl-1,2,4~dithiazole-3-one were obtained, while

vin a medium like benzene or carbon tetrachléride, only the adduct was
obtained. Possibly‘in the hydroxylic sol?enté the'initial adduct was
hydrolyzed.

Scﬁonberg and Frese47 reported successful éonversion of C=0 or

. 2l
\C/

C=S groups in Fae

by the action of thionyl chloride or oxalyl
~chloride. We attempted a similar conversion to obtain (LXXIV) using

benzene as a solvent, The infrared spectrum of the product obtained

~a
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was similar to that of the starting material, showiﬁg that the reaction
had not worked.
J. Faust*® has reported the conversion of C=0 group reacting the

compound 4H-thiopyranone-(4) with oxalyl chloride to obtain 4-chloro-

thiopyryllum chloride:

o)

} I A (0001)2=‘ ' (-.:l

S .
We tried 51milar methods to obtain the system (LXXiV) After refluxdng
for seven hours, it was observed that the expected product was not

"obtained
Attempts were also made to obtain the system (LXXIV) by refluxing

5 aryl -1,2,4-dithiazole~3- thione in chloroform with equimolar quantity

“of phosphorus pentachloride.‘ After 7 hours of réfluxing it was found

that no reaction had occurred.

(B) Reactions in which a nucleophile attacks carbon 3

J Alkylation reactions of dithiazole thione by:

(a) benzyl bromide
-"(b) dimethyl sulfate

(c) ethyl iodide

(d) butyl bromide

{(e) benzal chloride

(f) triphenyl methyl perchlorate
- (g) benzhydryl bromide

Similar to the 5—phenyl~3~methy1thio—1,2;4-dithiazolium iodide
'salf'formation from the dithiazole-3~-thione and methyl iodide, reported
by_MacDonald and McKinnonl, the study of some more 3-alkylthio-1,2,4-

dithiazolium salt formation was attempted. The thione was allowed to -
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react with the reagents (a - g) in methylene éhloride éolution for
several days, and it was found that (b), (d), (e) and (f) did not
give any product. Crystalline.products obtained with benzyl bfomide, ethyl
iodide, and benzhydryl bromide gave unsatisfactory elemental analyses.
However, the second of these corresponds fair1§ well to—a trijiodide.

(C) Reactions with activated dipolarophiles ~ 1,3-cvcloaddition reactions

Behringer and Diechmann3l, MacDonald and McKinnon,l and Lang and

: Viall¢32 reported the 1,3-cycloaddition reactions of 5-substituted 1,2,4; _
difhiazole—B—thiones with acetylenic esters and dehydrobenzene as dipo-
larophiles. We attempted similar reactions using hexafluoro-2-butyne,
vdibenzbyl acetylene, dicyanoacetylene and dimethyl azodicarboxylaté.

'When (XTII-a) was reacted with héxafluorobutyne,_a compound pf the type

(LXXVI) was obtained, whose formation was confirmed by infrared, NMR,

and elemental analysis data.

5% .« C.CR3 F3
s 8 — |

_ N~ - _ p

P CF3 Pr” NT S TNCR,
(X11I-a) “oL , (LXXVT) .
5—pﬁeny1—1,2,4—ditbiazole—3-thione acts as a dipole displaying electro-
philic activity'at postion 2 and nucleophilic activity at fhe.exoéyclic
éulfur. The dipolarophile hexafluoro-2-butyne is activated at the

‘triple bond by the strongly electronnattracting trifluoromethyl groups

which fagilitate the»addition reaction.
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sl

The fluorine magnetic resonance of this compound indicated that
~ the two trifluoromethyl groups in the compound were equivalent. In

the related dicarboxylic ester (A) the two methyl groups are also

~ equivalent. yet in the corresponding carbon éompound (B) it appears

that they are not equivalent@9

co0Me coome

/U\N/l\ )\ CooMe D \ Coo™Me

(A) - \H£B>

It has been suggested that the equivalence in the case of the compound

(A) is caused by some form of free rotation of the side chain, possibly:
because of the electron withdrawing property of the nitrogen68.
Dibenzoyl acetylene on reaction with the thione readily gave the

) 1,3 cycloaddition product (LXXVII).

o F>V\
\
. s—5 c.C.Ph
X S . C.Ph
A N <|(‘D C
. Ph
(Lxxvu)
Ar = (a) Ph

(b) o-Me.CgHs
(c) p-Me.CgHy
(d) 2-furyl .
(e) 2=-thienyl
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Formation of these compounds was confirmed by infrared and the
elemental analysis. In the IR, the carbonyl peaks were shifted to
approximately 1650 em~! due to strong conjugation between these two
groups, and also with the ﬁhenyl groups. Benzoyl groups of the dipolaro-
phile.activated the triple bond due to their conjugative and electron
attracting properties. | |

S-aryl—l,2,4—dithiazole-3—thione was found to réadily form
such a monoadduct also with dicyanoacetylene., The nitrile group,
again, functions as aﬁ activating group by electron withdrawl and

N _
therefore dicyanoacetylene an effective dipolarophile. On reaction,

they formed 1,3-cycloaddition products of the type (LXXVIII).

CN

G C .CN
j\ N — j\ |
Ar \N/ks C..CN Ar NP S CN
U_,ngm)

Ar = (a) Ph
(b) p-Me.CgHy

‘Formation of (LXXVIII) was confirmed by elemental analysis.
We also attempted similar 1,3 cycloaddition reactions with (1)
benzoquinone, (ii) dimethyl azodicarboxylate, and (iii) phenyl isothio-

cyanate hoping to obtain products (IXXIX), (LXXX), and (LXXXT) respec-
. . ﬁ’H
s l\_ -
= _ 7 yZ
Ph
' OH

LLxxm),

tively.

S
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Coom
S fS———-rq/’ eome Sr————rés;
l j\N/k 4
,)\ Nl coo™e 2~ Ph
ph” NTNSS e o W TS

Lxxx) o (Lxxxt),

Even after refluxing for above 19 hours in benzene, reactions (i)

and (ii) gave back the starting material, the thione. Reaction (iii)
was carried out in ethanol and xylene by refluxing for 48 hours, in
which case also, the starting material was obtained. -The first two

of these compounds are not as reactive ag\skgracetylenic compounds,

-and this ié probably the reason for the failure of the first two
reactions to form adducts. The failure of the azodicarboxylic ester

to form an adduct was rather unexpected, in view of its high reactivity.

However, if we postulate an equilibrium in this reaction:
e '+ ’
5 —S N.CooR .
S | G /L + N -
R7 N S XS S N.COooR
R

:5 ——n~-CooRr
|
Ph)kNis)l ~ CooR

o

it can be seen that the product would not be potentially aromatic, in

contrast to the reaction product of the thione with an acetylenic ester.
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_ coocH _
S——¢c.CooCH

v - 3 - +
j\ i L —y 2 B 3
"~ NG H
& , Ph ‘ .
' . ‘ H
Sihce then 1h the first case the reaction would involve loss of some
aromatic stability, the lack of reaction 1s more easy to understand.

To test this hypothesis the reaction of 1,3-dithiolan-2-thione with

the dimethyl azodicarboxylate was tried:

M| g + \ = S j\ |\Il.CooR

In this case, the reaction would be expected to work more readily,
gince the dithiolan has no aromatic character. Indeed a product
was obtained but this was an oil and was unsatisfactory for analysis.

-A reaction was tried using propargyl bromide as a dipolarophile.

The typical green color of the monoadduct was observed in this reaction

but only traces of addition compound were obtained. No reaction took
place when 1,4—dichloro—2—5utyne was used as a dipolarophile. In

‘these cases, there are no strongly activating electron withdrawing

groups. Chlorine and bromine atoms are inductively electron attrécting.
but the inductive effect is practically nil after the first carbon atom,

and therefore these do not activate the triple bond sufficiently for

the reactions.
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134 addition reactions of the monoadducts to give diadducts

 Lang and Vialle3? reported the formation of diadduct (XVIII)
from dimethyl acetylene dicarboxylate and 5-phenyl-1,2,4-dithiazole-

" 3-thione:

(9 ‘_“.)‘

~ F{z_

Rj=Ry = COOMe
A similar diadduct with the corresponding carbon analogue, S5-phenyl-
1,2~-dithiol-3~thione has beeﬁ reported by Behringer and yiedenmann

' ' 36
34 and Rehringer et al . We attempted to prepare

Easton and Leaver
-aiadducts of the above type with S—phenyl-l,2,4—dithiazole¥3—thione
_.and various activated dipolarophiles. Whén (XIIT-a) and dibenzoyl

acetylene were refluxed in benzene using equimolar quanfities for

1 fv1.5 hours, only monoadductbwasxformed. When however, they were

éllowed to reflux for nearly 7 hours, ﬁith excess of the dipolarophile?

a yellow colored compound was obtained which was identified by infrared

- and élemental analysis a diadduct of the type obtained by Lang and

vialle32, -
: R _ ' Ph
o CoPh COPh ]
‘ : C
s—35 C.CO.Ph 2N TN
_ + 2 i o /
Ph
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This second addition reaction is an example of 1,4 cycloadditions,
and a number of 1,4 cycloadditions in different other classes of com-
pounds also have been reporte& in literature. It is reasonable that
(LXXXII) is formed via the monoadduct (LXXVII) in which sulfur of the
C = S group exhibits nucleophilic activity and the carbon atom 3 of the
fing exhibits electrophilic activity. Similarly, when the monoadduct
(LXXVII-c), formed from dibenzoyl acetylene and 5—p-toluy1—1,2,4—di;hia-
‘zole-3-thione, was refluxed with an equimolar quantity of dibenzoyl
acetylene in benzene solvent for 6 hours, a similar yellow product, i.e.

the diadduct was obtained. This confirdfvfhat the 1,4 cycloaddition

is subsequent to the 1,3-addition.

'. >‘ /,
P coPh COPh Ph
' C C .CO.Ph D
iN/i l P N pe Ph — |
Z I o C.co- o .
_CH.CH S >e” cn’ S —
Pese N Nes

(Lx&xu-ﬂ) Ph

We tried to obtain similar diadducts with (LXXVI) usingA(i)he#afluoro—
2-butyne, (ii) dimethyl azodicarboxylate, and (iii) acetylene dimethyl-
dicarboxylate in benzene and xylene, Only the starting material was
obtained in each case which might be due to less dipolar aétivity of
the substrate as well as insufficiently active dipolarophile., The
monoadduct (XIV) also was reacted with dimethyl azodicarboxylate and

hexafluoro-2-butyne in an attempt to obtain a diadduct, but only the




starting material was obtained, again possibly due to insufficiently

activated dipolarophiles.

Sulfurization reactions of mono adducts

Monoadducts obtained by 5—phenyl-1,2,4-dithiazole—3~thione and
dibenzoyl acetylene may be considered as 1,4 dicarbonyl compounds, and
therefore should give substituted thiophens on sulfurization by phos-
phorus pentasulfide similar to knownkréactions of 1,4 diketones’2,
Sulfurization of these monoédducts was attempted in pyridine using an
equimolar quantity of phosphorus pentaéulgide and refluxing for about

7 hours. By this way we were able to obtain thieno-1,3-dithiole

compounds of the following type:

Ph : \
! c
S S‘IC\\O "% S j\Nj;—:( \S
J\N)\s A s>/
A \ Rr ]
Ph , Ph
(\.xxx“‘)

Ar = (a) Ph
. (b) o—Me.C6H4
(c) p-Me.CgHy
- (d) 2-furyl

Formation of these compounds was confirmed by the infrared and elemental

analyses.
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Some more reactions of the carbonyl group of the momoadduct
were attempted which included reactions with (i) hydrazine, (ii) o= " -

phenylenediamine, and (iii) éniline, hoping to obtain (LXXXIV) (LXXXV),

(LXXXVI) respectively. /) ' 5%?

Ph Ph
|
1 1 i
: l N ‘
Q_xxx\v) Ph ?h eh (Lxng)
S ‘ :C\N
MS\ C/’o
=
Ph 'Ph &L*xxv‘)

Reaction with hydrazine gave only some decomposition purple colored

product, However, when reactions with (ii) and (iii) were carried

out, nitromethane and benzene-ethanol mixture recrystallization

products were obtained. whose IR showed NH peak and a sharp C=0 peak

1

at 1670 (:m-'1 as compared to 1625 cm =~ in the starting material. On

this basis it was thought that compounds (LXXXVI) and (LXXXVII)

~ were formed, but the elemental analyseé did not substantiate this.



‘Ph
C
N
L0
en’ N %” uzn

Ph
(\_s«x;«vu )

Conversion of the C=S group inteC=0 group

A number of examples are reported in literature where exocyclic

19

C=S group is converted to C=0 group. Derocque and Vialle™” used

mercuric acetate for such a conversion. We attempted to react the

C=S group in (LXXXIII) to obtain (LXXXV?“)uSing mercuric acetate.

P\o
P
_ |"\
S 2C < “Q(CH3C°°)
S )\ c/
Ph S \
Ph

U_muwm)

Infrared showed carbonyl peak at approximately 1640 cm—l and the

elemental analysis confirmed the formation of (LXXX V)

Salt formation with triethyloxonium perchlorate

Similar to the nucleophilic salt formation reactions of the thione
with methyl iodide and triethyloxonium fluoroborate, we attempted to
obtain such a salt with (LXXXIII), both with methyi iodide and triethyl-

oxonium fiuorobofate. Such salts would represent examples of the




- 57 - o R

thieno-1,3-dithiolylium system, which would be a new aromatic ring,
isoelectronic with naphthalene. Methyl fodide after keeping for several
days did not give any salt with (LXXXIII). Triethyl oxonium fluoro-
borate gave a mixture of.two crystalline products when recrystallized
from acetic acid.with few drops of perchloric acid, which could not be
separated, However, ;he IR showed the'percﬁlorate peak and strong C=0
absorption. The amount obtained was insufficient for analysis. No
product was obtained when the sulfurized product of (LXXXIII) was
allowed to stand in methylene chloride solution of triethyloxonium

fluoroborate.
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EXPERIMENTAL
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Ail melting points given were determined on a Fischer-Johns
melting‘point apparatus and are uncorrected.

Solutions were dried over anhydrous calcium chloride or anhydrous
sodium sulfate

Thin layer chromatography was performed on silica gel DSF-5
made by Camag, obtained from Mondray Ltd;, 4180 de Courtrai, Montreal.

Infrared spectra were obtained on a Perkin-Elmer Model 137
Iﬁfrared Spectrometer.

The NMR spectra were obtained on a Varian A-56/60A Spectrometer
using deuterated chloroform (99.8% D) containing tetramethylsilane
as the internal standard.
| The mass spectrum was performed‘by Mr. Charles Reichert on a
Hitachi Perkin-Elmer RMU-60 mass spectrometer.

The elemental analyses were done by Alfred Bernhardt Microanalytical
Laboratory, 5251, Elbach uber Engelskirchen, West Germany, or by

Micro-Tech Labs Inc. Skokie Illinois, USA.
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Preparation of thiobenzami@g

70

Made by the method of Gabriel and Heymann Recrystallized from

benzene. m.pt.90-91°C. Yield:55%.

Preparation of thionicotinamide

Nicotinonitrile (1 g), in ethanol (30 ml) saturated with ammonia
and hydrogen sulfide was refluxed for 3 hours, using the method of
Gabriel and Heymann70. Recrystallized from ethanol. m.pt.154—7°C.

Yield:AOZ.

Preparation of thiocyanogen chloride

Thiocyanogen chloride was made by the method of Bacon & Guy49.

~

Reaction of thiocyanogen chloride and thiobenzamide

Thiocyanogen chloride in acetic écid and~thiobenzamide were
taken in a flask and allowed to react at room temperature. The product
‘was recrystallized from ethanol; m.pt.79°C, Yield:207%. Analysis found:
C=67.25%, H=3.88%, S=17.19%, N=11,45%Z, CyH;NS, thiobenzamide, requires:

C=61,32%, H=5.11%, N=10.22%, $=23.35%.

Reaction of thiobenzamide and trichloromethane sulfenyl chloride

- Equimolar quantities of thiobenzamide and trichloromethane
sulfenyl chloride were allowed to react in acetome, The reaction.was
instantaneous, aﬁd thte precipitate was obtained. This precipitate
was then refluxed in benzene for ébout 30 minutes Hydrogen chiofidg

was evolved. IR of the oily product obtained on evaporation showed a

nitrile peak.
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Preparation of S—bhenyl—l,2,3,4;thiatriazole

' The compound was made by the action of carboxy methyl dithioben-

zoate and sodium azide using the method of Jensen and Pedersen0.

Colorless crystals, m.pt.94.5-95°C. Yield:75%.

Attempted preparation of S5-phenyl-l,2,4-dithiazole-3-thione from
thiatriazole :

0.5 g of 1,2,3.4-thiatriazole was dissolved in carbon disulfide
and heated in‘oil bath at 125°C for 3 hours in a sealed tube. An
infrared spectrum of the compound obtained on evaporation of the

‘solvent showed that no reaction had taken place.

Attémpted photosynthesis of 5-phenyl-1,2,4~dithiazole-3-thione from
thiatriazole

0.5 g of 1,2,3,4~-thiatriazole in carbon disulfide solution was
subjected to UV light using Fisher UVL.22 lamp for 48 hours. There

was no reaction.

Reaction of 2—phenykhiazoliﬁ1§,5—dione 'with phosphorus pentasulfide in

carbon disulfide

2-phenyl thiazolin dione-4,5 made by the method of Goerdeler

and SéhenkSI, was refluxed with a little excess of phosphorus penta-

sulfide in carbon disulfide. Product recrystallized from benzene -
. ethanol mixture. IR corresponded to that of the thione made by the

. “method of MacDonald and McKinnonl. m.pt.136°C. Color - dark broim.
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| Preparation of Nicotinoyl isothiocvanate

| Nicotinoyl chlofide, made by the method of Wingfield et al52
was refluxed with calculated amount of lead thioc&anate in benzene for
3 hours. Evaporaﬁion of benzene from the filtrate, and subsequent

distillation at 1.5 mm pressure and 106-7°C gave the product. Yield:65%.

Preparation of methyl nicotinoyldithiocarbamate

To 15 gms of nicotinoyl isothiocyanate at 0°C was added excess
methanethioi. The reagents were kept in ice bath ovefnight. A light
yvellow colored product was obtained.on evaporation of the excess of -
tﬁiol. Recrystallized from benzene: m.pt.140-45°C. Yield:80%. Analysis
fqund: C=45.067%, H=3.68%, N=13,3%7, S$=30.03%, 0=7.9Z. CgHgN,S,0 requires:

C=45.29%, H=3.7% N=13.2%, $=30.2%, 0=7.54%.

Attempted preparation of 5(3-pyridyl)-1,2,4-dithiazole-3~thione

1 g. of methyl nicotinoyl dithiocarbamate was refluxed in xylene
-with excess phosphorus pentasulfide for 5 hours. Expected thione product

could not be isolated from the reaction products,

Preparation of methyl terephthaloyl dithiocarbamate.

Terephthaloyl chloride was obtained by heating terephthalic
aéideith bhosphorus pentachloride for 12 hours, and extracting the
product with benzene. The product was:recrystallized from benzene.
m.pt.70-72°C. Calculatedhquantities of terephthaloyl chloride and
‘lead thiocyanate refluxed in benzene for 3 hours gayé ;erephthaloyl
diisbthiocyanate in benzene as filtrate. The prodﬁctywas isélagé&'by .

evaporating out benzene and distilling at 2 mm between 119-20°C.
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Product solidified immediately on the walls of the condenser. Yield:707%.
It was then treated with excess methyl mercaptan at 0°C which gave bright
.yellow product, recryétallized from benzene. Yield:857% m.pt.176—80°C.

Analysis found: C=42,017%, H=3,55%, N=8,21%, $=37,04%, 0=9.37%. CyoHy 95, N0,

requires: C=41,86% H=3.5%, N=8,14%, S$=37.2%, 0=9.4%Z.

Attempted preparation of 5(3-thio-1,2,4-dithiazole~5-yl-p.phenylene)-
1,2,4~dithiazole-3-~thione

1 g of methyl te:ephthaloyl dithiocarbamate was refluxed with
excess phosphorus pentasulfide in xylene. Color changed to deep
browvnish~-red in two hours. Product could not be recrystallized from
benzene, ethanél, or acetone. Acetone extract of the product gave a
red brown substance, recrystallized from nitrobenzene, m.pt.206—7°C.
Analysis which did not confirm the formation of the expected product
found: C=40,667%, B=2,677%, N=10.93%, S=41.55%. CjgH4SgN2 requires:

C=34.88%, H=1.16%, N=8.14%, 5=55.81Z%.

Preparation of 2 4.6~trimethyl benzoyl chloride:

From 2,4,6-trimethyl benzoic acid, using standard method. Product

distilled between 223-5°C. Yield:90%.

Preparation of 2,4,6~-trimethyl benzoyl isothiocyanate
167.

This was prepared using the method of Lipp et a Product

distilled between 98-100°C at 0.7 mm pressure. Yield:80%.

Attempted preparation of 2,4,6-trimethyl phenyl-1,2,4-dithiazole-3-thione

2,4,6-trimethyl benzoylisothiocyanate was refluxed with excess

phosphorus pentasulfide in carbon disulfide for over 3 hours. A red
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oily product was obtained after evaﬁoratidn of benzene, but it could

not be solidified and crystallized.

Attempted preparation of 2,6-~dimethyl benzoic acid

2,6-dimethyl benzonitrile was made by the method of
. %3 '
Haring. ™ However, attempted hydrolysis of this compound by 757 sulfurie
acid43 did not give 2,6-dimethyl benzoic acid, Only a black tar was

obtained.

Attempted preparation of o-vinvl benzoic acid,

o—Chlorophenylmethyi carbinol was'made by the method of Overber-
. 'gers et alb4, Dehydration was effected by refluxihg in benzene with p-
: t°19¢n35“1f0nic' acid and traces of phenol to minimize polymerization.
fhe product o-vinylchiorobenzene was distilled over between 60-80°C
at 1.5 mm. An attempted synthesis from it of o-Qinylbenzoic acid via

grighard reagentifailed.

?reparation of acetylene dicarboxamide

. - 56 n '
Made by the method of Saggiowo. . Yield: 85%. m.pt. 192°C.

: :Color: light tan,

Pfeparation of dicvanoacetylene

- By the method of Blomquist and Winslow57. m.pt.20-21°C. Yield:13%Z.

' Colbr: white.

Preparation of dibenzovyl acetylene

47.2 gms dibenzoyl ethylene converted to its dibromide by the

usual method. 25 gmsof this were then converted to dibenzoyl acetylene
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by the method of Lutz and Smithy>3, m.pt.108-11°C. Yield:25%.

Color: Cream.

Preparation of triethyl oxonium fluoroborate

By the method of Schultz and Jacobssg. m.pt.92°C. Yield:quantitative.

vSephenyl-l,2,4-dithiazole—3—thione and its methyl iodide salt

Made by the method of MacDonald and McKinnonl. Yield of 5-phenyl-
1,2,4-dithiazole~3-thione = 15%. m.pt.136°C, Yield of 5-phenyl-3-methyl-

thio-1,2,4~dithiazolium ifodide:61%, m.pt.133°C.

Reaction of S5-phenyl-3-methylthio-1,2,4-dithiazolium iodide and aniline

. (i) In dimethyl sulfaxide: Equimolar quantities of the salt
and aniline in dimethyl sulfoxide were stirred for 15 minutes. A very
rapid reaction occurred. A yellow product was obtained by filtration
- and was recrystallized from carbon tetrachloride. m.pt.86—89°C. Yield:
70%. The IR and the m.pt. of the genuine thiobenzanilide was not identical
to that of the product. Analysis found' C=53.8%, H=5.437%, S$=25.35%,
N¥7.48%; Cy3H; NS requires: C=73.24%, H=5.16%, N=6.5%, S=15.02%.

(ii) In ethanol - Equimolar quéntities of the rgagents were

heated for 5 minutes 'which on cooling gave elemental sulfur. Addition
of benzene to the filtrate and evaporation of ethanol gave a crystalline
product, m.pt.215-225°, Analysis found: C=34.1%, H=3.77%, I=55.8%,
N=6.27%. CyHjoNI requires: C=36%, H=3.47%, N=6,1%, I=54.5%Z., This

suggested that compound was N-methylanilinium iodide.
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A second component was obtained by evaporating off benzene from | -
the secbnd filtrate and was recrystallized from ethanol, m.pt.126—30°C.

Yield:15%. IR in nujol showed sharp peaks at 1645, 1610, 1540, 1340,

1300, 1275 1240, 1175, 775 745 735 and 695 cm_l. Analysis found:
C=66%, H=4.677, N=11.727%, S=17.64%. Calculated on the basis of

thiobenzanilide Cj4H;(NS: C=73,34%, H=5.16%, S=15.02%, N=6.5%.

Reaction of 5-phenyl-3-ethylthio-1,2,4-dithiazolium perchlorate
and aniline

0.5 g of the salt and corresponding quantity of aniline in
acétic acid were allowed to react. Product recrystallized from
 methanol as liéht yellow needles. m.pt.125-30°C. IR in "Nujol" showed
peaks at 1640, 1570, 1525, 1425, 1300, 1275, 1150, 1070, 1060. 1030,
800, 780, 760 and 740 cm™!, Elemental analysis found: C=68.61%,
H=4,.87%. S=14.20%, N=12.40%., Cj4H;0S,Ny | requires: C=62.22%, H=3,7%

§=23.7%, N=10.,35%. No suitable structure could be assigned to the

{
product, '

)

Reaction of 5-phenyl-3-methylthio-1,2,4-dithiazolium iodide with
p-toludine

Equimolar quantities of the reagents in dimethylsulfokide
were allowed to react; producf recrystallized from carbon tetrachlorideﬂ
‘ m,pt.189—94°C. Color: Yellow. Product not identified by the IR.
Analysis found: C=51.38%, H=4,447, $=9.0l1%, N=8.13%. C;,H;j3NS requires

C=73.54%, H=5.82% S=14.34%, N=6.28%.




- 67 - -

Reaction of 5-phenv1—3—methv1thio—1,2v4—dithiazolium'iodide with
dimethyl aniline

Equimolar quantities of the reagents were allowed to react in
hot acetié acid. Reaction was found to be almost instantaneous.
Product recrystaliized from nitromethane and washed with ether, m.pt.
240-45°C did not give satisfactory elemental analysis for the monoadduct.
Apparently the compound was the triiodide. Analysis found C=29.607,
“H=2.49%, N=4.09%, $=9.35%, I=54.89%. CjgH,sN,SyT requires: C=45.07%,
H=3,52%, N=6.55%, S=15.027, I=29.85%. CyeH15N25214 requires: C=28.257,

H=2.21%, N=4.13%, S=9.42%, 1=56.1%.

Reaction of 5-phenyl-3-ethylthio-1,2 4-dithiazolium perchlorate and
N,N-dimethyl aniline

Equimolar quantities of the reagents in acetic acid were heated‘
for 15 minutes; product recrystallized from acetic acid and washed
with ether. m.pt.225-26°C. IR in "Nujol" gave perchlorate peak
between 1030 and 1050 cm~! and other peaks atv1690, 1600, 1400 1210,
1200, 980, 780 750 cm—l. Yield: 707%. Analysis found: C=47.99%, H=3.86%
N=7.01%, S=16.23%, (1=9.1%. CigHi5 N25204Cl requires: C=48,18%. N=7.03%

H=3.76%, S=16.06%, 0=16.06% C1=8.9%.

Reaction of 5-phenyl-3-methylthio-1,2.4-dithiazolium iodide with
2-methyl-4,6-diphenyl pyrylium perchlorate

Equimolar quantities of the reagents in acetic acid were allowed
to react in presence of a drop of pyridine. Dark brown product recrys-
tallized from nitromethane. m.pt.144-45? IR indicated that the product

was mainly unreacted pyrylium salt.
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Reaction of 5-phenyl-3-ethylthio-1,2,4-dithiazolium perchlorate and
2-methyl-4,6-diphenyl pyrvlium perchlorate

0.5 g. of the dithiazole salt and about 0,45 g pyrylium salt
were heated in acetic acid (10 ml) in presence of pyridine. IR of
the product showed that no reaction had occurred,

Reaction of 5-phenyl-3-ethylthio-1,2,4-dithiazolium perchlorate and
2,6-dimethyl-4—phenyl pyrvlium perchlorate

Equimolar quantities of the reagents in acetic acid with few

drops of-pyridine were allowed to react. Although a red color developed,

the product could not be purified satisfactorily for analysis,

Reaction of 5-phenyl-3-methylthio-1,2,4-dithiazolium iodide and
2-methyl-4,6-diphenyl thiopyrylium perchlorate

Equimolar quantities of the reagents in acetic acid and few
drops of pyridine were allowed to react. Product recrystallized from
nitromethane, m.pt. 183-5°C. Analysis found: C=55.07%, H=3.78%,
§=10.07%, N=3.78%, Cl=1.91%. CoygH)gNC10,S3 requires: C=57.8%, H=3.3%
7 N=2.6%, S=17.7%, C1=8.7%, 0=11.85%.

Reaction of S5-phenyl-3-methylthio-1,2,4-dithiazolium iodide. and
sodium benzoyl acetate

L

A suspension of sodium benzoylacetate in eth#nol (15 ml) was
prepared by addition of metallic sodium (0.12 g) to ethanol (15 ml)
followed by addiﬁion of benzoylacetic acid (0.82 g). To this was
added 3-methylthio-5-phenyl-1,2,4-dithiazolium iodide (1.8 g) and the
ﬁixture was heated for 5 minutes. The product poured in water to
dissolve any sodium iodide formed, and'then extracted with ether.
Recrystallized from ethanol :m.pt.128—9°C. IR showed OH peak at 3200
and C=0 péak at 1670 cm~l. Elemental analysis found: C=75.637%, H=4.31%

§=31.43%, C;5H120S require: C=75%, H=5.00%, S=13.3%, 0=6.6%.
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Reaction of 5—pheny1—3—methy1thio—1.2,4—dithiazolium iodide and
malonic acid.

Equimolar quantities of the reagents in'acetic acid were allowed
to react using traces of pyridine as a catalyst. The crude product was
recrystallized from agetic acid with few drops of perchloric acid,
but the IR of the product obtained corresponded to that of S5-phenyl-1,2,4-

dithiazole-3-thione.

Reaction of 5—phenv1-3-enthv1thio-1,2,4—dithiazolium perchlorate
and sodium benzoyl acetate

Equimolar quantities of the reagents in ethanol were allowed to
react, Reaction products poured in water, and extracted with ether,
An oily product obtained was chromatographed., Light yellow compound

was obtained whose IR did not suggest the expected product.

Reaction of 5-phenv1-3-ethy1thio—1,2,4-dithiazolium perchlorate with
malononitrile

Equimolar quantities of the reagents in acetic acid with few
drops opryridine were allowed to react. Reaction broducts poured in
water, and the product extracted with ether. The oily proddct was
separafed by TLC, and a large number of bands were obtained. No definite

single product could be isolated from this.




=70 -
HALOGENATION REACTIONS OF 5-PHENYL-1,2,4-DITHIAZOLE=3-THIONE

Bromination of 5-phenyl-l,2,4-dithiazole-3-thione

To 0.5 g of the thione dissolved in 20 ml acetic acid approximately
0.8 g of bromine was added slowly with stirring. The product obtained

by filtration gave an IR similar to that of the starting material.

Chlorination of S5-phenyl-1,2,4~dithiazole-3-thione

(a) In acetic acid: 0.5 g of the thione dissolved in 10 ml

glééial acetic acid, and chlorine gas passed through it until a yellow
colored produét was obtained. This‘was then treated with ether.‘ The
ether-soluble product was identified to be 5-phenyl-l,2,4~dithiazole-
3-one by IR. m.pt.87-8°C. The insoluble material was presumed to ba
the chlorine adduct of the thione since it decomposed rapidly on keeping.

(b) In carbontetrachloride : The thione (0.5 g) dissolved in

carbon tetrachloride and chlorine gas passed through it gave a yellow

compound, similar to that found in (a).

" Chlorination of 5—o—toluy1—1,2,4-dithiazole—3—thione

0.36 g of the thione dissolved in 15 ml of chloroform, and
0.3 g of phosphorus pentaéhloride added to it. Reagents were refluxed
for 6 hours. Ether did not precipitate any salt. Evaporation of the
-éolvents gave an orange-red compound, whose IR corresponded to that

of the thione itself showing no‘;eaction had occurred.

Reaction of 5-phenyl-1.2,4-dithiazole-3-thione with thionyl chloride

0.5 g of the thione dissolved in benzene was refluxed with 0.56 g




-7l -

of thionyl chloride for 5 hours. Product'ob;ained by filtration was

found from its IR to be the étarting material. m.pt. 115-35°.

‘Reacqigp of 5-phenyl-1,2,4-~dithiazole-3-thione with oxalvl chloride

Equimolar quantities of the reagents in benzene were refluxed
for 48 hours. No reaction occurred as only starting material was

recovered.

Reaction of 5-phenyl-l,2,4~dithiazole-3-one with oxalyl chloride

0;5 g. of the starting material was prepared by the method of |

Defocque and Viallel?

was dissolved in carbon tetrachloride, and ref-
luxed with oxalyl chloride for 7 hours. Evaporation of the solvent, and

recrystallization of the product from ethanol gave back the starting material.

Oxidation of S-phenyl-l,2,4;dithiazole-3-thione by hydrogen peroxigg
5~pheny1—1,2,4:dithiazole-3~thione (1g.) dissolved in 20 ml of
acetone and 20 ml acetic acid, treated with 30% hydfogen'peroxide (0.5 g);

the solution stirred for 10 minutes and kept»for_l hour, It was then

filtered, and to the.filtratéafew drops of pefchlbric acid were added.

'Ether did not precipitate any compound. The solution was évapbrated
under vacuum; product récrystallized from ethanol was found to be 5-phenyl- '
1,2,4-dithiazole~3~one.' m.pt.84-5°C. Yield: 25%. Identical to an

authentic sample,l?

Reaction of 3-methylthio-5-phenyl-l,2-dithiolium iodideb3-54s22 yien
thiobenzamide

vKuimélar quantities of dithiolium iodide (0.58 g) and thiobenzamide
(0.225 g) were refluxed in ethanol for over 30 minutes. .Reaction

product recrystallized from ethanol, m.pt. 110-5°C was identified as
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. 5—pheny1—1,ZT&ithiole—B—thione by IR and by mixed melting point.

Reaction of 3-methylthio-5-phenyl-1.2-dithiolium iodide and p-dimethyl
amino thiobenzamide/V

Equimolar quantities of the reagents in ethanol were refluxed
for 2 hours. Shining brown crystals obtained were found to be the

p—-dimethylamino-thiobenzamide from IR.

Reaction of thionicotinamide with 3-methylthio-5-phenyl-1,2-dithiolium
iodide

Equimolar quantities of the reagents in ethanol were refluxed

for 2 hours. Reaction did not work.

Reaction of 5-phenvl-3-methylthio-1,2.4 dithiazolium iodide with
perchloric acid

0.5 g of the 5-phenyl-3-methy1thio-1,2,4-dithiazolium iodide was .
dissolved in 15 ml of nitromethane, and then 5-7 drops of.perchloric acid
added to it. The reaction was instantaneous.A brownish colored product
started precipitating out on addition of ether, IR showed Cl0z peak

at 110 - 1050 cm L.
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REACTIONS OF 5-PHENYL-1,2,4-DITHTAZOLE-3-THIONE WITH DIPOLAROPHILES

Reaction of 5-phenyl-l,2.4~dithiazole-3-thione with dimethyl azodicarboxylate

Equimolar quantities of the reagents were refluxed in ethanol for

two days. The precipitate obtained on recrystallization from ethanol
was found to be the starting material, m.pt. 125-6°C (low melting point
due to contamination). When the reagents were refluxed in xylene for

48 hours, and the product recrystallized from ethanol, only the starting

material was obtained (similar IR as that of the genuine thione).

Reaction of 5-phenyl-1,2 4-dithiazole-3-thione with hexafluoro-2-butyne

0.5 g. of the thione in benzene contained in a glass tube cooled
down to —70°-in dry ice-acetone bath, and a slight excess of hexafluoro-
2-butyne was allowed to condense into it. The tube was sealed and
heated in water batp at 70° for 6-7 hours. Green product obtained
on evaporation'of the solvent was recrystallized from ethanol. m.pt.
128-9°. yield: 95%. IR gave —~CF3 peak at 1160 em~l. WMR gave a

single fluorine peak at =3133 T (55.54 parts per million). Analysis

found: C=38.7%. H=1.53%, F=30,47%, $=25.72%, N=3.81%, C}2H5F6S3N

requires: C=38.7%, B=1.3%, F=30.3%, §=25.5%, N=3.7%.

Reaction of 5-phenyl-1,2,4-dithiazole-3-thione with dibenzoyl acetylene

Equimolar quantities of the thione (0.5 g.) and dibenzoyl
acetylene (0.6 g.) were refluxed for 2 hours. Solvent evaporated and
the préduct recrystallized from nitromethane which gave brownish

needle-like crystals. m.pt.160-1°C. IR in "Nujol" gave peaks at 1665,
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1650,1590, 1510, 1450, 1360, 1310, 1260, 1160, 1050, 1010,A980, 930,
850, 810, 775, and 725 cm"l. Sharp peaks at 1665 and 1650 showed two
carbonyl groups. Yield: 957, Analysis found C=64.64%, H=3,567, S=21.4%
0=7.15%, N=3.25%. Cy4H}55302N requires: C=64,71%, H=3.37%, S=21.58Z.
0=7.19%. N=3,15%.

| When 0.5 g. of the thione and excess of dibenzoyl acetylene

(1 gm.) were refluxed in benzene for 7 hours, and the solvent.evaporated
besides the monoadduct, a yellow diadduct was_also obtained. Recrys-
tallized from nitromethane, m.pt.4187-8°C. Yield:70%. Analysis found
Cc=70.81%, H=3.86%, N=2.22%, S=14.31%.

NS40, requires: C=70,68%,

C40M25
H=3,68%, N=2.06%, S=14.15%. 0=9.42%>—

4

Reaction of 5-o-toluyl-1,2,4-dithiazole-3-thione with dibenzoyl
acetylene

5—o—toluyi-1,2,4-dithiazole—3-thione (0.5 gm), and dibenzoyl
acetylene (0.501 g,) refluxed in benzene for 3 hours gave red compound
recrystallized from nitromethane., m.pt. 160-1°c. \IR showed strong
C=0 peak at 1640 em L, Analysis found: C=64,48%, H=3,92%, S$=20.65%,
N=3.16%Z. C,5H;,54N0, requires: C=64,467%, H=3.79%, S=20.81Z, N=3,05%. .

0=6:9%, Yield: 90%.

Reaction of S—p—toluyl-l,2,4—dithiazolé-3-thione1 with dibenzoyl
acetylene

0.5 g. of 5-p-toluyl-1,2,4-dithiazole-3~t hione and 0.51 g. of

dibenzoylacetylene refluxed in benzene for 3 hours. Solvent evaporated
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and the product recrystallized from nitromethane. m.pt, 167°C. Yield:

90%. IR in "Nujol' showed strong carbonyl absorption at 1625 cm’l,

. C=S ‘absorption at 1260 cm—l. Other peaks were at: 1560, 1525 1400,

1370, 1365, 1290;41200, 1115, 1040, 1025, 1015, 960, ggg, 780, 760,

and 725 cml, Analysis found: C=64,59%, H=3,907%, S=20,95%, N=3.17%

Cy5H; 7S3N0; requires: C=64.46%, H=3.8%, §=20.8%, N=3.05%, 0=6.91%.
When 0.5 g. of the above monoadduct was refluxed with approx.

0.25 g. of dibenzoylacetylene for 6% hours in benzene, and the solvent

evaporated, a yellow colored diadduct was obtained, recrystallized from
nitromethane, m.pt. 185-5.8°C . ield: 85%. Analysis found: C= 70,827,
H=4.28 %, S=13.77 %Z,N=2.16 %. C,1Hy7NS30, requires: C=71.01%, Hayggsz,

N=2.02%, S=13.81%, 0=9.237Z.

Reaction of 5-(2—furyl)=1,2,4=dithiazole-3-thione with dibenzoyl-
acetylene

5-(2-furyl)-1,2,4-dithiazole-3-thione (0.5 g.) and dibenzoyl-

"acetylene (0.53 g.) were refluxed in benzene for 3% hours; solvent

evaporated, and the product recrystallized from nitromethane, which

gave purple crystalline compound, m.pt. 145-7°C. Yield: 90%. Analysis
found: C=60.81%, H=3.14J $=22,06%, N=3.33%. CypH;353N0; requires:

C=59.32%, S=21,57%, N=3.14%, 0=10.78%.H=3.0%.

Reaction of 5-(2-thienyl)=-1,2,4=dithiazole-3-thione with dibenzoyl-
acetylene

5-(2-thienyl)-1,2.4-dithiazole-3-thione (0.5 g) and dibenzoyl-
acetylene (0.515 g) refluxed in benzene for 3% hours. Solvent evapo-

rated. and the product recrystallized from nitromethane. m.pt.197—8°C.
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Yield: 90%., Analysis found: C=58.58%, H=2,71%, S$=28.35%, N=3.17%.

C22H1384N02 requires: C=58.53%, H=2,88%,5=28,38%, N=3,17%, 0=7.17%.

~ Reaction of Sipheﬁvl-l,2,4-dithiazole—3—thiohe and dicvanoacetylene

0.5 g of the thione and equimolar quantity of dicyanoacetylene
were refluxed in benzene for 2 hours. Solvent evaporated, and the
dark green product recrystallized from nitromethane-nitrobenzene
mixture gave the prodﬁct. m.pt.220-1°C. Yield: 95Z. Analysis
found: C=50.03%, H=1.80%; $=33.56%, N=14,48%, CIZHSS3N3 requires:

C=50.18%, H=1.74%, S=33.45%, N=14.63%, IR showed CN absorption at

2185 cm-l. ' 7L

Reaction of 5-(p-toluyl)-1.2,4-dithiazole-3~thione and dicyanoacetylene

0.25 g. of the thione and equimolar quantity of dicyanoacetylene
were refluxed in benzene for 5 hours., Product recrystallized from
nitromethane-nitrobenzene mixture, gave green product, m. pt. 213-4°¢,
| Yield:96%. Analysis found: C=51.71%, H=2.35%, N=13.79%, C;3H;N3S4
requires: C=51.82%, B=2,22%, N=13.9%, S=31f89%. IR showed CN absorption

at 2200 em L.

Reaction of S5-phenyl-l,2,4=-dithiazole-3-thione with 1,4~dichloro-2-butyne
Equimolar quantities of the reagents refluxed in benzene for 2%
hours. solvent evaporated, and the product recrystallized from benzene

was found to be the starting material.




- 77 - : B}

Reaction of 5-phenyl-1,2,4-dithiazole~3-thione with propargvyl bromide

Equimolar quantities of the reagents refluxed in benzene for 2

hours. No addition product obtained.

Reaction between S-phenyl-1 2.4-dithiazole-3-thione and benzoquinone

Equimolar quantities of the reagents refluxed in benzene for 19

hours gave back the thione as shown by the IR of the product obtained.

Reaction of 5-phenyl-1,2.4-dithiazole-3~-thione with phenylisothiocyanate

The thione (0.5 g) and approx 0.5 g of phenyl isothiocyanate in
benzene were refluxed for 22 hours. After evaporating the solvent, the

product was recrystallized from benzene. It was found to be the starting

material,
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SULFURIZATION REACTIONS OF THE MONOADDUCTS

Reaction of 2-thiobenzoylimino-4,5-dibenzoyl-1l,3~dithiole with
phosphorus pentasulfide

0.5 g of 3-thiobenzoylimino-4,5-dibenzoyl-1,3-dithiole with |
0.2 g phosphorus pentasulfide refluxed in pyridine for 5 hours. The
green product obtained after evaporating pyridine under vacuum, was
fecrystallized from a mixture of ethanol and benzene, m.pt.203—3.S°C.
IR showed the absence of the carbonyl peak., Yield:45%. Analysis

found: C=64.54%, H=3.567, S=28.63%, N=3.26%. CgsH;55,N requires:

\

Reaction of 2-(o~thiotoluylimino)—4,5-di£enzoyl-1,3—dithiole with
phosphorus pentasulfide '

C=64.71%. H=3.37%. S$=28.76%, N=3.15Z.

2

0.5 g of the dibenzoyl compound and 0.25 g of phosphorus penta-
sulfide in pyridine refluxed for 5 hours gave green needles, recrys-
tallized from benzene-ethanol mixture, m,pt. 197-200°C. Yield 47%.
Analysis found C=65.35%, H=3.88%, $=27.78%, N=3,24%Z, CygH;75,N
-requires: C=65.35%, H=3.7%, S=27.9%, and N=3.05%. IR sho&ed the

absence of carbonyl group.

Reaction. of 2-(2-thiofuroylimino)~4,5-dibenzoyl-1,3-dithiole and
phosphorus pentasulfide .

0.25 g of 2 (2-thiofuroylimino)-4,5-dibenzoyl-1,3-dithiole and
0.15 g.of phosphorus pentasulfide in pyridine refluxed for 5 hours.

Solventuevaporated under vacuum, and the green product recrystallized

from nitrobenzene. m.pt.218—20°C. Yield: 55%. Analysis found: C=59.35Z

H=3,74%, S=27.89%, N=3.92%. CypHi35,4NO requires: C=60.687%, H=3.07%,

$=29.43%. N=3.21%, 0=3.677%.
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Reaction of 2-(p-thiotoluylimino)4,5-dibenzoyl-1,3-dithiole and
phosphorus pentasulfide

0.5 g of the dibenzoyl compound and about 0.3 g of phosphorus
pentasulfide refluxed in pyridine for 5 hours. Solvent evaporated.
and the green prodﬁct recrystallized from nitrobenzene. m.pt. 207-7.5°C.
Yield: 50%. Analysis found: C=65.4%, H=3.64%, S=27.64%, N=3,05%.

Cy5Hy 754N requires: C=65.36%, H=3.7%, S=27.90%; N=3.05%Z.
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REACTIONS INVOLVING PREPARATION OF THE 1:4 DIADDUCTS FROM 1:3 MONOADDUCTS

Reaction of 2—thiobenzqylimino—4 5-dicvano~1,3-dithione and hexafluoro-

2-] butzne

0.5 g of the monoadduct and a slight excess of hexafluoro-2-butyne

refluxed in benzene in sealed tube for 6 hours gave back the starting

material.

Reaction of 2-thiobenzoylimino-4,5~-dicyano-1,3-dithiole and dimethyl
acetylenedicarboxylate

Equimolar quantities of the reagents refluxed in benzene for 6 hours

gave>back the starting material,

Reaction of dimethyl-2-thiobenzoylimino-l,3-dithiole-4,5-dicarboxylate
and hexafluoro-2-butyne

Equimolar quantities of the reagents refluxed in benzene in

sealed tube for 8 hours gave back the starting material.

" Reaction of dimethyl-2-thiobenzimino-1, 3-dithiole—4 5—dicarbogy1ate
and dimethyl azodicarboxvlate,

Equimolar quantities of the reagents in benzene and in xylene

were refluxed for 24 hours., Only the starting material was obtained.

Reaction of 2-thiobenzoylimino-4,5-dicyano-1,3- dlthloleand
and dimethyl azodicarboxvlate

Equimolar quantities of the reagents refluxed in benzene and

~ Xylene for 24 hours and 48 hours gave back the starting material.
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Reaction of 2- thiobenzovlimino—&,S—dibenzoyl—l,B-dithiole and
dimethzl azodicarbcxylate

Equimolar quantities of the reagents refluxed in ethanol for 8
hours. Product put on TLC. Three bands were obtained on the plate
when 5% chloroferm and 95% benzene mixture was used. Band I (green)

'gave unreacted‘starting material., Band 111 (orange~yel]ow) gave a

product recrystallized by nitromethane, m.pt. 187- 8°c, orange crystalline

product. ‘IR gave strong carbonyl peak at 1650 and 1640 cm”l, while

" the IR of the reagent, dimethyl azodicarboxylate, gave strong carbonyl

absorption at 1750>cmé1. Analysis found c=66.70%, H=3.65%, N=3.28%,

§=14.96%. c§8u21N353o6 requires: C=56.84%, 4=3.55%, Ne7 1%, S=16.25%,
16 25%. On repeating the experiment, orange-yellow band could not

be obtained on TLC plate and the orange-yellow crystalline product

was not obtained; apparently there were some unknown factors working

- when the experiment was domne first.
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REACTIONS INVOLVING CARBONYL GROUPS OF 2-THIOBENZOYLIMINO-4,5-
DIBENZOYL-1,3-DITHIOLE

Reaction of 2-thiobenzovylimino-4,5-dibenzoyl-1,3-dithiole and hydrazine

0 25 g of 2-thiobenzoylimino-4,5-dibenzoyl-1,3-dithiole and 0.02 g
of hyxrazine in ethanol were refluxed for 3 hours. The crude product
obtained on evaporation of the solvent was séparated by TLC which gave
purple band of some decomposition product which was too small to be

analysed.

Reaction of 2-thiobenzovlimino-4,5-dibenzovyl-1l,3-dithiole and
phenylenediamine

Equimolér quantities of the reagéﬁts in ethanol refluxed for

6 hours. Orange yellow crystals obtained by recrystallization from

nitromethane, m.pt. 222-23°. IR showed N-H peak at 3150 cm™ !

1

, and
strong carbonyl peak at 1675 cm - as compared to the carbonyl absorption
peak at 1625 em~! in case of the startinglmaterial._ Anélysis found
C=66.95%,‘H=4.58%, N=8.67%, $=13.35%Z. C3gH2]N3S30 requires: C=67.28%Z,
H=3.9% N=7.84% S=17,94%, 0=3.0%. o

Reaction of 2-thiobenzovlimino-4,5-dibenzoyl-1,3-dithiole and aniline

Equimolar quantities of the reagents in benzene refluxed for
6 hours. Product purified by TLC recrystallized from benzene-ethanol
mixture. m.pt. 223-5°C. Yield: 30%. IR showed shifted strong
absorption peak at 1675 cm™l. Found: C=73.5%, H=4.62%7 S=12.21%.
N#5.42%,v0=4.25%. C30H0N2S830 reéuires: C=69,23%, H=4.847%, S=18,46%,

N=5,38%, 0=3.07%.




MISCELLANEOUS REACTIONS:

Oxidation of C=S group of 2-thiobenzoylimino-4,5-dibenzoyl-1,3-dithiole

'The compound 2-thiobenzoyl-imino-4,5-dibenzoyl-1,3-dithiole
(0.5 g) in 15 ml of acetic acid was reacted with mercuric acetate until
the color of the solution becéme milky., The mixture was shaken for 24
hou:s, and then filtered, to removed unreacted mercuric acetate. The
filtrate was treated with water to dissolve any unreacted mercuric acetate,
and the product extracted with ether. Evaporation of ether, and recrys-
tallization of the pruduct by nitromethane gave the product,'m.pt.169-70°C.
Analysis found: C=15.14%, H=2.227%, N=0.08%, S=12.07Z. Co4H;5NS90q
requires: €=67.2%, H=3.49%, N=3.26%, S=14.94%, 0=11.19%. Obviously the

compound analysed was contaminated with some inorganic compound.

Oxidation of C=S group of 2,5-diphenylthieno(3,4-d}2-thiobenzamino—-
1,3-dithiole

0.25 g of 2,5—diphenylthieno(3,h-d)z-thiobenzaﬁino—l,3—dithiole
was taken in 15 ml of acetic acid. Mercuric acetate added to this until
‘tﬁe solution became somewhat milky. The mixture shaken for about 48
hours, insoluble mercuric sulfide filtered, and the filfrate treated
with water to dissolve any unreacted mercuric acetate; the product
extracted with ether, and recrystallized from ethanol—benzéne mixture
‘IR showed strong C=0 absorption at 1640 cm-l. ‘Analysis found: C=66.917,
H=3.647, N=3.3Z. 024H1533ON requires: C=67.13%, H=3,5Z, S=22.38%;

0=3,73%, N=3.26Z. n,pt.214-5°C. Yield: 60%.
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Reaction of 2-thiobenzoylimino-4,5-dibenzovl-1l,3-dithiole and
triethyloxonium fluoroborate

0.5 gm of the starting material and methylene chloride solution
of excess triethyloxohium fluoroborate Qere allowed to.stand for 5
days. Crystals started forming éfter remoQing mefhylene chloride.
Reﬁrystallization gave two type of crystals having a 1argé melting

range. The product was insufficient for analysis.

Reaction of 2,5-diphenylthieno-(3,4-d)-2~thiobenzamino-1,3-dithiole
and_triethyloxonium fluoroborate

0.5 g of the starting material allowed to stand for several
days in methylene chloride solution of excess triethyloxoniup fluoro-

borate. Only starting material was obtained back.

Sulfurization of 4,5-dibenzoyl-1,3-dithiole-2-spiro-4-(5',6")-dibenzoyl

2'-phenyl-1,3-thiazine

0.5 g of the spiro compound and corresponding amount of phos-
,phorus pentasulfide refluxed in pyridine for S% hours. The.product
: ﬁasvput qn TLC} A large‘number of bands were obtained, The bottom,

intense yellow band  was scraped out, and the compound extracted with

chloroform. IR in methylene chloride was not suitable for interpretatioﬁ;
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ALKYLATION REACTIONS OF DITHIAZOLE-3-THIONE

Reaction of 5-phenvl-1.2,4-dithiazole~3-thione with benzyl bromide

0.5 g of the product allowed to stand with excess benzyl bromide
for 2 days. Ether ihsoluble light brown needles slowly formed and

were filtered off. m.pt. 95—5‘5°C. Analysis found: C=43,52%, H=3,787%,

$=22.46%, N=3.58%; C,gH,,S3BrN requires: C=47.12%, H=3.14%, $=25.12%

N=3.67%, Br=20.94%.

Reaction of 5-phenyl-l.2,4-dithiazole-3-thione with dimethyl sulfate
0.5 g of thione in excess dimethyl sulfate allowed to stand for

5 days. No salt formation occurred.

Reaction of 5-pheny1~1,2,4—dithiazole—34thione with ethyl iodide

0.5 g of the thione in excess ethyl iodide gave purple needles
after 3 days. m.pt. of ether-washed product: 84-5°¢. Analysis found:
C=17.21%, H=1,77%, N=1.467, S=14.65%. C10H;oNS3I requires: C=32.7%,

H=2,71%, N=3,81%, 5=26,14%, 1=34.6Z. CjoH}oNS3I3 requires: C=19.6%,

H=1.63%, N=2.29%, S=15.68%, I=61.35%. Apparently the compound is mostly

the triiodide.

Reaction of 5-phenyl-l,2,4-dithiazole=3-thione and benzhydryl bromide

0.5 g of the thione in excess benzhydryl bromide allowed to
stand for 3 days. A yellow precipitaté was formed which was filtered
off, washed with ether, m.pt. 120-4°C, Analysis found: C=44,28%,

H=3.5%, N=2.397, and 2.567 ash. C21H16S3NBr requires C=55%, H=3.5%,

N=3.05%, $=20.48%, Brs 12.46%.
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Reaction of 5-phenyl-1,2,4-dithiazole~3-thione with butyl bromide

S5-phenyl-1,2,4-dithiazole-3~thione (0.25 g) was dissolved in
butyl bromide (10 ml) and allowed to stand for 4 days. No reaction

" was observed.

Reaction of 5-phenyl-l1,2,4-dithiazole-3-thione with benzal'chloridg
0.25 g of 5~phenyl-l,2,4-dithiazole-3-thione in benzal chloride
(10 ml) was allowed to stand for 4 days. No salt formation was

observed.

Reaction of 5-phenyl-l,2,4~dithiazole-3-thione with triphenyl methyl
perchlorate

0.25 g of 5-phenyl-l1,2,4-dithiazole-3-thione in acetone

and a little excess of triphenyl methyl perchlorate were allowed to

stand for 4 days. No salt formed.

[aW
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INFRARED SPECTRA
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