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GENERAL II{TRODUCTTON

The 1,2r4-dlthíazoLe system is a heterocyclfc ring consfstlng

of two sulfur, one nf.trogen, and two carbon atoms. T$lo examples of

thls system r¡ere of interest: the 1,2"r4-dithlazol-e-3-thÍones (I) and

the 1,2,4-dlthlazollun cation (ïI). Some examples of boÈh of these

are knonm and wlll be dealt with later.

T-T
nAx^s

s-s
nÀ*Ån'

(¡) (rr)
The thlone compound exists as a resonance hybrld of the foll-orvlng

contríbutLng structures :

S-S
t l-

R,\NâS
l.i )

S-SS+I t (_-Ð

nhNô3 nÅNÅE

++

-Å-;i.=( > -ÅË,

+S-SIt
n^N^3

tî¡ t

ç.-i.-ïfç4
n\^s

tiii I

-*ffi,

ti'l (v'
Structures involving sulfur d-orbitals can also be proposed, but

they are probably less lrnportant.

It r¿ill be noted that several of these forms fndicate that

system w111 be potentfally hlghly aromatic l-n character. Also,

this

the eXO-
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cyclic double bond shoul-d have a fairly high polar character, and

the sulfur atom may functíon as a nucleophlle 1n certain reactions.

CalculatLons of resonance energy of this system have not so ,-Ìr-.l
r'1:::-:

far been reported

The lr2r4-dfthiazoLitrm catlon should have four main contrlbutlng

structures:

Structures utilizing d-orbitaLs can also be proposed:

*ffi* <-+ u'ffi* "fAbut these are less likely.

In accordance ¡¡iÈh the Longuet-Higgln

each sulfur atom in the ring 1s equivalent

therefore the systems (I) and (II) r¡ill be

*(),

and

in the same Ìüay that thlophene

theory of lsosterism,

to a -CH=CII group and

isoel-ectronic with

respectively

is Ísoelectronic with benzene, with
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A number of derivatives of the'carbon analogue (III) of (I) have

long been prepared, and their physical and chemfcal propertles inves-

tfgated. Kehl and Jeff.rey2 havemade a cernplete structr¡ral analysis

of 4-nethyl-lr2-éåthlole-3-thlone (III, Rr= CH3, R=H) dererm-lnins rhe

. bond lengths and the con_jugaËfve Ínteractions of the three groups

S-S, C=C, and C=S, each of whfch has pl orbltals perpendfcular to

the plane of the dfthtole ring. The mafn resonating forms of this

compound may be represented as:

<.--+

'-,.i:i.:.1:i
r l"il"]il:Ì.i

-3-

whlch ft has qufte a few simflar chemical propert,ies. They may

also be regarded as.4-aza derivatLves of the tr2-dithlole system (IU)

whlch Ís lsoelectronÍc with the l.3,5.cyclohepta triene system (IV).

This fs not confl.med directly, but the suggestlon fs in conformfty

wfth experimental results. It is to be expected therefore, that

fn many of their reacÈlons these compounds (I & ïI) will be slmilar to the

corresponding 1r2-dithioles.

that Ln the analogous compound

C=N should be perpendicular to

(tv)

pl orbftals of

plane of the dfthta-

+ -(--"*S

Ttrls suggests

C=S, S-Sr and

(r)

Èhe
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zole rfng. On thls basis of analogy, it rnay reasonably be suggested

that the flrst three resonance forms of the lr2r4-dlthiazole thfone

system (f - f11) contrfbute most to the structuret

The 1r2-dlthiolyllurn catLon, built up wlth three trigonal

carbon atoms and tr¿o sulfur atoms has a pronounced aromatic charac-

ter together with a faír stablLfty, Recently dlthiolylium f.ons

wlthout any alkylthio substituents have been described3'4t5 whlch

can be represented as the followfng canonical forms:

*Ê* .uÃ¡,*å'.,f}"
þtH

The above structure fs lsosteric with cyclohepta-trienylium ion.

Hor¡ever in the above structures, no canonical form involves positive

charge on carbon 4, whereas 1n the tropyllum ionr,all the sev€n atoms

of the rlng are equívalent.

Only a few derLvatives of the 1,2r4-dithLazolfun system are known,

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

bflfty, since the derLvatives of the isomeric lsosterLc system, the 1 r2r3^

dlthiazolylium cation are known. It is formed Ln the Herz reaction.

Different aryl amines. have been ,rsed6,7

dlthlazolyllum cation derivatfves.

Èo obÈain several L,2,3-
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pnE:BAB4Uol.I 0F LZr4 - UIUl4zoLg-¿{Hr'ryEg

AlËhough varÍous derlvati'¡esgt10 of the system Ir2r4-ð!thlazole-3-

thlone have been made during the last trvo decadesr synthesls of the

unsubstituted rlng itself has not so far been reported.
ItE. Fronmrr reported the synthesls of cyclLc dlsulfides of thiurets

by Ëhe oxLdatfon of the thiurets with iodl-ne.

NH rR 

-à
et all2 obtained

trlthloallophanf-c

ffi:. . R-tIAAN/R
ù

5-l-r¡l-no - 1, 2, 4-dL th ia zo 1i<1 j,ne-3-thi.one

acid (V) wfth conc. sulfuric acid:

Later, RosenheLm

by treatment of

F 5 s_s s_s
Ér\ÅN,ÏþH*À+'-*AÅ,

| --attr H (vr) ¿¡'(v)
OxldaËÍon of several alkyl esters of trlthlql-Lonh-anic acids

wfth halogens or sulfurfc acld gives 3-irníno-5-alkylmercàpto-1 12r4-
t2

dlthfazoles" (VII).-as thefr hydrohalides oÍ¡ sulfates.

Þ 9 SHÞH X, rsll ll 
- 

ï" | ¿\L> î I +HX
nsl)^*ù RS\ NHo'H2so4 RS^.^NF+orrr2o+ so2

HHx
(vlr) '.

i = Halogen,
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Prel-sler et a114 obtained the 31S-dlimlno derlvatlve of L'2)4-

dithiazole (IX) as irs hydrochlorlde by suspendlng the dithfobiuret

(VIII) 1n norrnal hydrochl-oric acid and subsequent treatnent with

hydrogen peroxide. Dithiobiuret may be obtalned by the condensation

of two moles of thiourea.:

SH SHl!=-
H Nlz-\¡^t'.lH

ry
. k\zOz .-

tþf

A

(vrrr)\

- lqFreundt' tsolated conpounds of

dfgestlon with water or alcohol gave

havlng structure:

i (tx\\' '

the type (RNCS)2Br3r whfch on

compounds of the type (RNCS)2S

, ?-1R*^\ s
R

.\-
-=":

' ta
llantzsch and Wolfenkarnpro postulated that lsoperthLocyanfc acLd

exists as (X), whÍch was confLrmed by crystallographlc studl-es by

Enelèus et a110

ts-?I I (x)
HzNÔtl^s

to
Behringer and Ï.feberlö reacted N-substf tuted-5-amfno-3-i¡nlno- 

.

1r2r4-dlthiazole (XI) wtth various fsothlocyanates' and obtaLned the

f¡nino derfvatives (XIï), which may also be consfdered as'1r2r4-dithla-

zole derivatÍves.
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nH^,jk-Årur
(*t)

(a)R=Ph
(b)R=Ph
(c) R = p-OMe.COH4

The conpound (XII) is

system

-7 -

RHN NIJR,

I P--1 ¿= fï l_onYYR Rì-f
where the two forms shown may either exLst in tautomerlc equilib-

rl.rrn17, or may represenÈ tr,to contributing struetures to a resonance

hybrld where the sulfur-sulfur bonds exhlbft sLngle bond - no-bond

t""orrao".62. Another possible resonance structure would involve

d-orbftal participation of the central S atom.

,Uã
The sulfur:sulfur bonding has been investigated

suggests that.lt rnay involve p - pd bondfng.
6-€

* Some authors call 1t "thiathlophthene", but in
use t'thfothlophthenet'.

(v'tt)

Rr=Ph
¡t = p-Dêthoxy-phenyl
Rr=Ph

an aza analogue of the "Èhfothiophthenett*

'Rbv K. Maeda" r¡ho

this thesfs we will
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. However, syntheses of the system 1,2,4-dlthlazole-3-thl-one, contaln-

lng carbon atom attached dlrectly to the heterocyclic ring have been

reported only recently.l'19

Derocque and Vfa11.l9 ,r""d four procedures to obtain the 5-aryl"

substltuted compounds. In the first procedure, they usgd N-benzoyl

thiourea as the starting materlal and reactecl 1t with phosphorus penta-

sulfide, but the yield of 5-phenyL-lr2r4-dfthiazole-3-thione r^ras very

low. In the second method they used N-aroylisothiocyanate prepared by

Èhe method of Hoggarth20, and reacted 1t wfth phosphorus pentasulflde.

In the third procedure, they prepared varlous N-aroyl-dithiocarbamates

from the isothiocyanate, and then sulfurizecl the compound by refluxi.ng

it v¡ith phosphorus pentasulffde. In the fourth methodo an N-thioaroyl

lsocyanate was sulfurized.

(1) Ar.Co.NH.CSNH22l
\
(2) Ar.CO.N=C=S20

(3) Ar. CO.NlI. CS2 r"Z23
?b', fixYþtv Ar\4S

(coct)" s_f _coAr'cs'NHz 
-^rÃnrlo 

' > Aqcs'N=c=.,

to'o'{.jo
Ar=

The

thloantde

which was

(a) Phenyl (b) 4-brorno-phenyl
(c) 2-chloro-phenyl (d) 4-chloro-phenyl
(e) 2r4-dichloro-phenyl (f) 4 methoxy-phenyl
(g) a nitro-phenyl (h) 2-thfenyl

thloaroyLisocyanate \ras prepared by treatment of an aryl

r,¡ith oxalylchloride to provlde a 5-aryl-thiazoline-4, S-rlíone,

pyrolyzed

i;i l a:
I f^.)':"-"4-:
r-, i.t,':.aj
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Other solvents besfdes xylene !¡ere used alsor e.g. benzenet

toluene and pyridÍne, but the yleld was coniparatfvely less.

MacDonald and McKinr,orrl pr.pared 5-aryl substttuted' dithiazole-

3-thfones by rather sfmLlar methods, and also noted that sulfurl-zaÈfon

of benzoyl thionocarbamates geve 1r2,4-dtthtazole-3-thiones but 1n low

yLe1d. They noted that the synthesis falled where the S-substltuent

was aliphatfc and suggested that a stabillzlrrg "tot"tíc substituenÈ

!úae necössary.

Ar.C .c I

0
tl

Ar.C

Ar.

, N =C:S

r1c.NH.c,
I f-tua

MeSH

/æ
/

s t*le
CoAu0

il
A¡: c. N=c = S, \1,å, 

Ar ÅJ--=
¡¡ = (a) Ph (b) p-methyl phenyl (c) o-toluyl, (d) 2,5'dLnethyl--

phenyl, (e)p-rnethoxy-phenyI. (f)o-chloro-phenyl, (g) p-chloro-
pn""yf, (h) 2-furyI, (f) 2-thienyl, (j)l-naphthyl, (k) 2-naphthyl

When cfnnamoyl fsothiocYanate

r¡as obtalned via an:alternate

ruas s-ulfurlzed, a 1r3-thlazLne derLvative

l$-C = S l-

Ph-Cf, t=o *pn -) e*''

Apart from these papers, whf.ch describe synthesl-s of the heÈero-

cycll.c system there do not aPpear to be any reported 1n which other

synthetl.c methods are used.
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PRE?ARAITON oLrHE I.3,f-9rIHrAZOLrw cAIIoI

No preparationsof this system from acyclic starting materLals

are reported, and ft is hard to envlsage syntheses analogous to those

used for 1r2-dithlolium saltsr e.B. actLon of hydrogen dfsulfide on

a diacylanide, or oxidation of a dfthlodlacylamlde, since these

precursêrs are not very well known. Successful nethods used start

from Ëhe correspondlng dithlazoLe-3-thiones and are discussed under

the reactions of these.

:-: 1: 1: , :t
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REACTION,S_OE 1 .¿.g-gITHlAZoLE-3-rHrgNE

The system appears to be fairly stable, but probably less so Èhan

the 1r2-dfthfoles. Reactlons of 1,2,4-díthiazole-3-thione so far

reported Ln Literature nay be classlffed as:

(a) effect of heat

(b) reactlon wlth bases, €.g. ammonLa and amines,

(c) reaction wLth nercuric acetate,

(d) reaction wlth acetylenes,

(e) reactlon wlth alkylating agents

(a) On heating in a sealed tube. 5-phenyl-lr214-dithiazole-3-thione

suffers decompositionl, givfng sulfur, carbon disulffde and benzonitrile.

thfs nay be,scontrasted with the dithlole thiones which appear to be

fairty stable to heat as may be seen by sone of the methods of synthesiss3.

YetST-I
pârrr 't'=-È u\r-\s

K

(b) S-phenyl-l 2,4-dithiazol-e-3-thione reacts lrlth aÍmonia and

tanLllne' and glves as decompositfon products thfobenzarnide and N-phenyl

thÍobenzamlde. Presumably they are formed via initlal nucl-eophllic

attack at posltion 5 with rlng flssion.

s
tl

Ctas- c NH¿

i / t4''

Ccv'-c - N--H

Y 
NH¡.,

Þ-ì

ph\ -q phNÌrb



r-s
l¿/

Ph+PC:s

(c) Derocque and Viallel9 attempted conversion of the exocyclfc

C=S group of the thione to C-0. 5-aryl-lr2r4-dtthlazole-3-thione r'tas

treated wfth mercurlc acetate, and the product obtained was the I ,2r4-

dLthfazolê-E-on€. The IR sPectrum of the compound showed strong

absorptlon bands at 1670 cmll and 1700 cnll characterlstic of the

carbonyl group

Þ-5 (cn.coo¡zHq. ç-Þrr. llarÄnôs Aï\ño

Ar = Phenyl, 4-bromo-phenyl; 2-chloro-phenyl; 4-chlorophenyl
2 r4-dichlorophenyl-; 4-methoxyphenyl; 4-nLtrophenyl;
2-thfenyl-

This reactlon is also found Ln the lr2-dfthiole-3-thlonesr the

carbon analog of the thlazole thlone system t¡hich have been reporteaT)

'-¡;:''' >";.,1ïi;È-h:':::r

-L2-
\

-S
'QÇ

ñH,t-
R

s
ll

Ph -c - NH
I

R

S

NH
I
R

(o, )
(b)

\-l

cuH s

P.?

P.ê
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to undergo conversfon to C=O group from

s-s
nÀls

The ketones may

chlorlnation followed

-\Kr

C=S usLng nercurfc acetate.

+ HCI

Ë:i'jr":::*

(cuucoo), H9 -
nuo

the lr2-díthlole-also be made from

by hydrolysfs:

z6
3-thfones by

CI

CI

OH

-à

5=-<'

À/
R,

(d) A very interestlng type of reactLon.' rn¡hích S-phenyl-Lrzr4-dlthlazole-

3-thfone has been reported. This is thel=r 1r3-dioolar cvcloadclition r'êac-

tfonsw1thactfvatedacety1enesandbenzyne"

1r3 addltlon reactlons of dfazoalkanes, azides and ozones have

a1
been kno¡sn for over 50 years, and although they rvere revfewed'' to a

reasonable extent 1n the past, it ls only recerrtly2S that the general

concept of 1,3 dípol-ar cycloaddltlons has been presented more clearly.

Cl. 
>

^
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lfost frequently 1n cycloadditions, tr,ro reactants unite to. forn a

cyclfc compound creatl-ng two ner¡ sigma bonds at the expense of two pl

bonds. Incycloadditionof the type (3+2=5), a-b-cfsaI 3

dtpoLe; atom ta' possessing an electron sextet and 'c, fs the: negatfvely

Charged centre with r¿n -unsnáreo oa.lr of electrons. Cómbfnatíon of such a

1r3 dtpole with a multiple bond.system d = e, called dfpolarophf.le,

fs referred to as a 1r3 dipolar cycLoadditlon. The dipolarophile rnay

i ''".28revLe¡¿ed by Huisgen--. Two mechanfsms have been suggested for 1r3 
i

' dipolar cycloaddftions. Huisgerr29 
",rgg"sted 

that the reactlon goes

by a concerted rather phan stepwise mechanfsm. According to him, 1r3 ,::.,,,
':1t-_. -.'- -

dfpole fs always an ambivalenÈ compound, whlch dlsplays electrophillc ;':Ï:;

and nucleophilic actLvity ln positLons I and 3. the mesomerism of the i,t,',t1,,

octet and sextet resonance structures of the 113 dlpole results Ln

charge compensatfon or charge exchange, respectfvely, whLch makes. it

fmposslble to fdentify unequlvocally an electrophfllc and nucleophilfc ,,,.,,',,::¡--:I

centre. Thls elÍmlnates the possibllity of the stepwise mechanism.

thus according to hln a concerted additton, which can also be descrlbed

. Ín terms of molecular orbitals and in which the two new éÍgna bonds are

fo¡¡red sÍmultaneously, offers the best explanatfon of the experfmental

be any doUble or trÍple bond.

b #,/\@A C ë
,\ '/

C = e
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facts. Ffrestorr.3o on the other hand suggested a two step nechanLsm,

wfth a dÍscrete intermedl.ate a spfn-paired diradicat. ConJugation

exert6. the promoting effect on the dipolarophlllc activlty of all

multlpl-e bonds, r¡hlch means that the intermedlate, whether dipolar or

dlradlcal 1n nature derives some stabilizatlon through conJugatíon.

Both Huisgen and Firestone have thelr views substantLated by arguments,

and ft Ls not the purpose of this thesis to go f.nto these arguments.

A number of instances have been reported Ln literature where CZ C

derivatlväs act as dipolarophile, and add to the cycllc 1r3 dlpole

causLng rino openine of the lnltial starÈins materiá1. Behríneer and

1l
Delchrnann" reported the addltfon of acetylene derivaËives to 5-phenyl-

I ,2 ,4-dithl.azole' 3-thLone: I

fi
C

R,

.R,,

S S ,'R

*\rj--rÅ"'
(xrv)(x rrr )

(e)
(b)

'(c)
(d)

Rt=

coocH3
H
H

H
H
C0OCH3

H

coocH3
H
coocHl
H¿

Rtt=

coocHl
cooH -
H#
cH0
Ph
co0cH3
cHo
coocH3
cHo
COOCH3

cHo

XIII - R=

3h
p-Cl C6H4
p-CH3.C6H4
n-0CH3.CUHO

r xrv

S=

(a) Ph
(b) Ph
(c) Ph
(d) Ph
(e) Ph
(f) p-cl.c6H4
(g) Þ.Cl.c6H4(h) p-cH3.coH+
(1) p-CHg.c6H4

{l ) p-9|t:0._c6F4
(k) p-CH30.C6H4
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MacDonald and McKinoorrl h..r. also reported the formation of
nonoadducts of the type ()ff).

,:..:¡:.:
:t.:...

-:.1:
...-.'.'':l-E

n\Ås

n\Ås
+o

I *v\
RRiR2

(a) Ph cooEt II
(b) Ph cooEt Ph
(c) Ph COOMe COOMe

(d) thienyl COOET H

they also reported the addition of benzyne on Èhe rf.ng 1n a

sfnilar fashfon; benzyne acting as a dipolarophile:

SS

R=Ph

Ar = (a) ph
(b) p-Cl. C5,H4

(c) p-OCH3. C6,H4

(xvr)
Lang and Via11.32 h"o. also obtained 1r3 monoadduct of the ":"

:,,-followfng type

S-S c.coocr'r3 ç ?lcooctt'
o-, ÃuJ, 

+ [ . ;""'", -t o., Å*^r/-coocH] 
,,,,.

(xvtt¡
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They have also reported the formation of a dfadduct wlth acetylenLc

compound and 5-phenyl-l 2,4-dithiazole-3-thfone:

S_SIl+
PhANè

î, 
'*'

c'Rt
S q-,/R't

--> f i]l ' Rrc scRrt

Ph^\- Rz

Rl =R2=Cgolfe
Ar=Ph

SintLar type of additlon reactions of activated dípol-arophtlic

acetylenes have been reportecl for the carbon analogue of the dlthiazole

substrate 33,34r35 They are also repo=g.¿33r34,36 to give a diadduct

by the addition of one more acetylene moleeule:

T- A^ * e fi'R' -àPh^-s - ö.R¿
l{ ,vrv\(xtx) -

(e) Reactlons with alkylatíng agents - Only a few reactlons çrith

alkylafíng reagents have so far been reported. MacDonald and McKl,,,,o,'l

obtained the methyl iodlde salt of the thione (XIII-a)¡ i.e. 5-phenyl-3-

rnethylthf o-L ,2,4-dlthlazollum lodide (XX) , by dissolving the thl"one l-n

nethyl lodfde and allowing the mfxture to stand for 16 hours.
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,rç1 s 
* MeI

(x'()
_5

'8
SínfLarly Gompper and tlelsè-" prepared 5-phenyl-3-erhylrhto-

1,2,4-dfthiazolfi¡m fluoroborate (XXI) by the reactLon of triethyt-
oxonLum fluoroborate wlth dlthlazole thLone:

Þ-Þ BFattl
Ph^\asgt

(xxt ¡

s-g frll
o$*'rs H¿
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4-DITHIAZOLII,]M CATION

Not much útork has been done on the I-2'4-dlthiazolLurn cation.
$:

Gompper and l{eiss -' have reported the fontatlon of. azaftLvenes by

the actLon of dfunethyl or diphenyl pyrroles wfth 3- ethylthlo-l ,2r4.

dfthiazoliurn salts ()ç{t.)

Þs + il-il 
=

o*!QÃrr*'o,\*/

Rr s-s
t.,/' -ÅnÅon

ta--n/
{ 

(xxrr)

CrLCoott

9to,clo,L

s_s

'/9-s¿t *,[Åo
H

These reactlons obvfously proceed vfa nucleophlllc addltion of the

pyrroles to the 3 posltion of the heterocyclic rfng, with eli'minfation

of ethanethlolate anion.

Analogously, 5-phenyl-3-nethylthto-1, 2dtthfoliun and 4-phenyl-
d

2'nethylthío-lr3-dithiolitrm cations have been made o, whlch also on

reaction with dlrnethyl pyrroles and diphenyl pyrrole fn glacial acetic
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acid give the correspondlng
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fulvenes:

Ph 5c Hu

/s -'5
\c-l

\ 
Pt,

,/s- s
.:J__

(xxtv¡

(xxv).

Ph

,u
R

R.
I

H,- ó/ 
t t.

t;
6,zc=-N 

/

"rrqscH3

(xxvt)

R

t*^ v tr)

H

o-ø c.. t\r G{llÃ:c/ \s4 pn
I

\

/R

l=1Þc
/"H

\þ.

-)



-t

-2L-
:

-OBJF.CT or=RESFryg

The obJect of the present study was: 
i,i,,,,.
:..,.'

(A) 1o extend the prevf.ous ¡nethods of synthesås of the rr2,4- ,'
dithiazole-3-thlone ilng ;

(B) To develop nelr nethods of synthesf.zf.ng the I 2r4-dtthf azoLe : .

. -3-thl.one system and to att,empt to convert it to the I ,2,4- 
tt,,",'".,

dfthiazolfun system by rnethods analogous to those used for . ,',,¡';':,
'.:. .'.'

I ,2-df thtol-e-3-thiones .

(C) To study nucleophilic reactlons on the 5-aryL-Lr2r4-dfthfazole- 
',

3-thLone systen;

(D)Tostudythereactfonsofcertain1,3dfpo1arophf1esonthl.s

system. once more the fornatlon of mono adducts ¡¡ould be

expected. These ¡¡ould be able ln certaln cases to form

dfadducts. If these adducts have suLtable functLonal groups, :

e.g. carbonyls, ft nlght be possible to build up novel
.. . :..., :

heterocyclfc systems. ],,,..,....,,

(E) To study the reactions of the lr2,4-dithfazolium cation ',,.ir':,:',j

. .:.. ....

It ls to be expected that the system would behave analogously

to the 1r2-dithfollum catfon and roould be subject to nucleo-

ph1l1c attack at the L or 2 positlon. It r¡ould be aLso expected 
7.,.;.,.

that certain 2-substituents e g. Cl or S-alkyl, would be :""':

dlsplaced by cert"lr, ,r,,,"L"ophi1eS. In addLtlon, the catLon

should behave as an elebtrophilLc agent, and be able to

substftute certain actlvated aromatÍc tfngs.
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DISCUSSION

Svntheses € the I 2.4-dtthiazole r1rrg.

one scheme devised to develop a ne$r synthesl.s fnvolved thlo-
benzamfde (xxu) as Èhe starting material, which on reaction with

thlocyanogen chloride (Ðü) would give ()üxr), and ¡¡hich by intra-
molecular nucl-eophllic substltution should gfve a dithiazole ring

with lníno grouP on carbon 3. HydroJ-ysfs and subsequent sulfurizatlon

¡uould be expected to give S-phenyl-lr214-diÈhÍazole-3-thione.

s,_sII

"r^{ÓìJ
tt

aù
=N

+ CIS -C -N
(xxx)H¿

s-S- CN

I

PrlâÑr+

(rxxt)

F-stl
Pr\fib

I

H

@
N

( xxxu)\
(x x r ttt)



'lal:!
: i"::-ri:"
l--, | ::l:':

j
.l

-23-

However, rrhen the Ëhiobenzarnide and thf.ocyanogen chloride wefe

allowed to react, the expected producÈ (ÐO(I) vtas not obtaLned. There

lras no NII peak in the IR, and the elemental analysfs did not give

the calculated percentage of elements Ln the compound. It is assumed
SH
t

that Ph-Õ=NH perhaps Ís not a sufficlently good nucleophile to

replace chlorlne of the compound (XXX). The experiment was thus

abandoned after severaL attenpts. '

A second course of reactlons starting wfth thfobenzamide and

trichloromethane sulphenyl chLorLde was attemnted

+ ctsccts ì
(><>c ><rv1

s
ll 

-/^j

/"rv \NH-,L

SH
I
c

?( \ Nrt
Ph

s-s
\'il
ct

(xxx v) (><t(xvt)

Thfs had to be abandoned sl.nce the reactfon product of these reagents

could not be obtal.ned. In trl.chloromethane sulphenyl chlorider'the

sulfur atom 1s expected to have greater posftive charge due to the

Lnductfve effect of three methyl chlorlne atoms in order to act as â nì'ore

favourable substrate for the nucleophiltc attack by thiobenzamide; but

at the same time, ft does not facllltate the removal of chlorlne atom

on sulfur, and therefore not favorfng the nucleophilLc attack.

ct )
cr

s__5

oA./='
I
H
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Noel and Vfa11r38 ,r".d the same reagents Èo synthe slze a dithÍazole

thfone ring. They effected the reaction l-n alcohol, and obtained a

mfxture of a 315-dfaryl--I 12,â-thladlazole (XXXVII) and 3-ar1'I-ï 14,2-

dtthlazole*5-:thÍone (XXXVIII) .

ArÉY^'
+

¡:i::::;:::;i;:
: -..).".1.) '-.

S
I

Ar/c \*
.r- clc scl tto" 

>.J
(xxxvrr)

^z

()üxvrrr)

Failure in our experfment may probably be due to wong cholce

,of solvent. Perhaps the acetone was not a sufficiently poLar solvent
i-to help fn the formatfon of ion +S-C-Cl r,rhich could then be attaçked
åo 3H

by the nucleophile sulfur of a thÍol-ic form of thiobenzamíde Ph-è=N-H

to gíve (XXXV)

' The third rnethod attempted for the synthesis of S-phenyL-I,2,4-

d1Ëhiazole-3-thione invoLved 5-phenyL-I1213r4-thfatriazole (XXXIX) as

the starting material. The S-phenyl- ,2,3,4-thiatrfazole (XXXIX) when

subJected to lIV light would be expected Ëo homolytíCally decornpose into

a dl"radical ín carbon disulffde, whlch would lmmedfately combine r^rlth

carbon dfsulflde to give a dithiazole-3-thione.
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h*

Such photolytic reactfons are not uncommon; the

has been reported to undergo honolytlc ffssloi

subJected to ultraviolet light:

lr2r3.rthiadiazole (XL)

to give a diradical rvhen

S'
ll

,r,,q-,l ¡r* N2 *
Ph/C \S'

(xr)

3ut r,¡hen (XXXü) was subjected Èo the UV light uslng Fisher Ur".r,

lanp for 48 hours, no formatfon of the product was observed. This

may be attributed to unsuitable wave-length. Homolytf.c fissl_on of

(XXXü) rvas also attempted by heating it 1n carbon disulfide under

Pressure fn a sealed tube in water bath, whlch also r¡as not successful,

presumably due to the lnsufflcfent amount of energy supplfed in heatfng

on the water bath.
.,','''''' A further syn-thesl-s of 5-phenyl-1r2,4-dfthiazole-3-thl.one ruas
/Ji Ii..i:.,.

attenpted startJ.ng 2-phenylthiazolLn-4r5-dione (XLI). Derocque and

toVfalle^' have synthesized 5-aryL-l 2r4-dithlazole-3-thione by refluxing

(XLI) 1n xylene rvlth phosphorus pentasulfíde. Ile attenpte-<i to obtaln

the thione by refluxf.ng the dione (XLI) in carbon dfsulfide and

phosphorus pentasulfide ancl obtained 5-phenyl-1,2,4-dithiazole-3-thf.one,

,:::.: i.j'-t:

,:,i::úl:: l

(xxxü)
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whlch rvas Ldentlcal with the thione

determined by infrared sPectrum.

nade by the previous methods as

-cs++ f 1pzss ph\^S

probably according to the following rnechanLsm:

a

_CO .)
s ä1-o

pnÅruäâ

Pzss, flcsz pnAN.A S

5-<0
*\Åo

(xrr)

The reactLon þroceeds

Ì ,..:'i.r' ' .. 1'

usLng methods of the Ir2r4-dfthLazole-3-thione rl-ng synthesis
',.i-; 1.19
used by the prevfous worker";'- the synthesfs.of 1r2,4-díthíazoLe-3*

ait."" nucleus wtth dlfferent 5-aryl groups! was attenpted. Nicotinoyl

Lsothiocyanate ([LIII) was made from nlcotínoyl chloride (XLII), which

?o
was made by the method of I{ingfield eÈ aL" . (XLII) r.ras Èhen converted

to glve nlcotLnoyl dithiocarbamate (XLIV) by treating rvith rnethyl mercaptan.

. :.:: r. . i

This on treåtment with phosphorus pentasulfide in carbon disulfide was

expected to give the corresponding thione.
i.. . ,'; r:-.. " 

"'

,-- I i,-'
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o
il
|^

á\/-

\)
l\
(xLrr)

c€H -cl

ro
t¡

(xLw) (xlv)

The nÍcotinoyl lsodfthfocarbamate (XLÌV) was synthesfzed

successfUlly, but Íts conversion fnto the thione (XLV) could not be

achfeved. The lr2r4-diÈhiazole-3-thfone system appears to be unstable

to bases; €.9. rlng físsion by attack of aniline. Possibl-y the failure

of the reaction here is caused by nucleophtlic attack of al-pha pyridine

ring on the dlthiazole rlng. MacDonald and McKlnnonl have shor,m that

the 1r2r4-dithLazole ring is attacked by base leadlng to ring fission.

s+b tr\NJ--*u'#þ\rH

-N-ç -5

(xLrrr)

-$
Ríng flssf.on

-é' necornpositiorl
productsà
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Another synthesis attenpted started ¡¡fth terephthalic acid

(xlvr); this was converred inro terephthaloyl- chlorfde (xlVrr), rhen

lnto terephthaloyl diisothlocyanare (xwrr), and then into dinethyl

terephthal-oyl dithiocarbamate (XLü). Ref luxing it r¡ith carbon disulf ide

and phosphorus pentasulfide was expected to gfve the correspondlng

thione.

lt
I

o
tlc\

(xLtx)

s
$

*r./c \ -qcH-t-
t
l{

ort l\t,
c
It
o

-s
I

=tt-C S5

s
I

.c sS

s-
t

.c
-\N

T
I

!^-Nt'leSr. /
c
n
s

c.
tl
o

s s./*\-ris-s

-C¡*5t1-3\

c\s _c/
tl
S

(u -ø) (u)
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tJe were able to obtaln compound (Xtü) accordíng to the above

scheme as Ì,¡as confírmed by the elernenÈal analysís and the fnfrared

spectrum; however, when this r,ras refluxed wfth phospholus pentasulfide

ín (i) carbon dlsulffde and (fi) xylene, the correspondlng thlone (L)

rnras not obtained. It could have equally been possible Èhat onl-y one

ísodithiocarbamate group was converted fnto thionerbut the elemental

analysis on the product obtalned v,ihen (XLIX) wds refluxed wfth phosphorus

pentasulfide in carbon disulftde does not substantiate this line of

thought a1so. Failure to obtain the expected product may be attributed

to the lack of resonance stabillzation. In S-aryl derivatlves made

tpreviously-, it has been suggested that the aryl contributes by way of

resonance to the stability of the respective thiones. Lack of this,

and also posslbl-y sterfc Lnterference, or some sort of sËeric interaction

between the t¡vo large lsodithlocarbamate groups mlght have !-ed to the

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

statfstical. For

yield is low, say (x/100)2. Here yLeld for the double process r¡ould be

Gzlrco\Z - rhis could be very lowl

Further attempts r¡ere made to syntheslse (a) 5-(2r6-dimethylphenvl)-

1n2,4-dithiazole-3-thione, (b) 5-(2,4,6-trimethylphenyl)-l 2,4-dtthtazoLe-

3-thione. and (c) 5-(2-vinylphenyl)-1,2,4-dLthLazole-3-thLone.



tlt::::;.:;tiig-, ,.:1".:' ,.1.':

Startlng naterial for

given the thfone according

was 2,6-df-methylanfllne, which would have

Èhe following scheme:

-30
(a)

to

ör
"*)
Ether

;l,lë-N:G:s
l- [ P¡ss ]*a", csz

Conversion of 2r6--dfrnethyl-anilíne into 2,6-dirnethylbenzoíc acid has

though been reported Ln literature4ot4r'42 by the above method, buÈ our

efforts fafled Èo obtal.n 2,6-dlrnethyl-phenyl fodide. A second approach was

then adopted which involved converslon of the anilfne into 216-dlrnethylphenyl

cyanide by the method of ttartng4] a n d. subsecuenr_ hvdrolysis by

sulfurl.c acid.43 The nftrlle was obtained in approxirnatety 30% yíeld, but

Lts conversion fnto 2,6-dlurethyl benzoic acid could not be effected. The

more obvious reason for the failure to obt,ain guch a compound ls probably that

due to the 2r6-dimethyl groups, Lt was very difflcult for the blg iodine

atoms to substl-tute for the amino group; agaln, -COûE group is also a very

bfg group r.¡hfch suffers sterLc hindrance by the two ort,ho methyl groups

thus rendering lt extremely dffficult to obtaln such an acl-d.

cH3 '* ç%
,r",..*- fr7ñ=^r Kr <*t
,ñ-" \,ÄCH, ----å \Å.n,

|, (i)SoCI
f-f2,

(ii)Pb (scN) 
¿̂
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In synthesizfng (b) again, simllar type of dffffcultLes were

encountered. Startlng materf.al- r¿as 2,4,6-trímethyl¡enzofc acLd,

.1.t.-.:j

quent rlng cyclization could not be achieved, agaf.n perhaps due to

large 2,6-dJ-rnethyl groupsf steric hindrance. These groups r¡ould

:: prevenÈ the coplanarity of the benzene rfng wlth the dttht azole, and 
1:.:.,,..:,,

hence would prevent conJugation and ln turn would prevent stabfLfzatf.on, "'

,, ' which has been suggested as beLng necessary ln this type of synthesl-sl. !.',","

\

rir soc lz

- 

l-llrii) Pb (scru;, 
ctrf/cr5

.CHro

2*å-oulll
cuf\åcH,

tut) (urr)
1: ',::

',1., 
. :l,.. ,

chlorobenzaldehyde. whfch was converted fnto ä- chlorovLn¡rl benzene

by the nethod of Overbergers, Saunders and A1een44. Subsequent con-

versfon of -o-vfnyl chlorobenzene Lnto o--vfnyl benzoLc acfd could '.,''.r.''
.. : .t.',

not be achieved Thfs ls Ln accordance with what has been found

Ln lÍteratot{7 '
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Reactions

The type of reactions carrfed out may be classl-fied as under:

(1) Reactions of 3-alkylthlo-5-phenyl-lr2r4-dithiazol-ium cation

r^ríth different nucleophl-les.

(2) Reactions of 5-phenyl-lr2,4-dlthiazoLe-3-thfone with:
(f) activated acetyl-enic compound

(ii) other reagents.

(3) Further reactlons of the monoadduct with the

prepared in 2(Í) and the conversÍon of some

lnto novel heterocyclic systems.

activated acetylenes

of these monoadduct

(1 ) Reagtåons of 5-ghgnJll-3:alkvlth.Lo-1 . L4:dirhiazgEum garign

(i) Reactfon with anflfne: It t¡rq¡observed that 5-phen-rrl-3-methyl-

thio-lr2-dithiolfurn iodlde reacts with anfl!ne77r78 to give the product

(Lw) by initfal- nucleophtlic attack ar the 3 posfrion followed hy

loss of methane Èhiol

s'--5 rlil
^.+ 

sfle
H\"

i'"
Ph

S-S
,.\.t:'1"J. aN -r,r q/ r.

HH

s_s aa

,^\.4ï",
t-l

--+
Ph Ph

S-S
Ph\r/t NPh

H

(utv¡

----+
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We attempted the si¡nflar reaction wlth 3-¡uethylthlo- and

3-ethylthio-5-phenyl-lr2r4-dlthlazollum catfons. lhe latter compound

was found more soluble fn acetlc acLd than the former. On the basfs of

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

I l-sR
Pr^\/(N-Ph

ì
H

s-sll*
*ÂNf sn

u-î- ph

l{

S-S

( Lv)

(uvt)

(w)

(LV-a) reacted rapÍdly r¡lth anllLne fn dfmethyl sulfoxfde t

but the IR of the product obtained was not consistent with the forma-

tLon of the compound (LVI). In compound (tV) C - N bond fs sho.rter

than the C-C bon¡t ín (LïIï). Further, nitrogen belng more electronegative i'

than carbon, has a tendency to fnductLvely atËrect electrons towards

itself, Èhus maklng carbon 3 more suscePtible to nucleophllic attack

by anfllne r,¡hich would allor¡ the formatlon of (LW). 0n the other

hand, 1t nay also be possible that carbon 5 is a bettersiÈe for nucleoohílíc

I

Ph\^NPh

(a) R= Me
(b) R= Et
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attack by anillne fn crhich case one possible reactlon would involve

demethylation of the'substrate., qrJth the subsecuent formation of thio-

¡enzjntttde (LVII), accordi"g tp.the following scheme:

¡

Sx-

p¡/\Åsn

,l
s-.-,- 5

P(Fñ4=s
i -Ph
H

Comparison of the ¡neltlng polnts and the respectfve IRs of the

genulne N-phenyl thl-obenzanillde and the compound (LVII) showed that

the two compound were not siurf-lar; thl.s eliminates the second mechanism

also. On repeating the reactLon with (LV-a) in ethanol solvent' tlto

products r¿ere obtained, one of them was ÍdentffÍed to be N-nethyl

anflinfu¡n iodlde from lts fsothiocyanâte derlvative. However, (LV-b)

on reactLng with an1líne in acetic acf.d gave a product whlch on methanol

recrystallization gave light yellow needles. Elenental analysis 6¡ ¡¡.

cornpound rvas done, but on the basis of the results no suftable strucEure

could be assfgned.
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ReactLon of such

a compound of the

(LIII) has been observed to give

a sfmilar way, 3-alkylthio-5-phenyl-

s-8 ftii +

PhY\scnt
t{

(L ttt ¡

L,2, 4-dlthlazolfun catlon

and NrN-dtnethyl anl.lines

would be expected to react

to glve (LX).

_35_

(fi) Reaction with N,N-dfmeÈhyl aniline and N-methyl anillne:

Anlllne Ls a ¡,¡eak base¡ but the basicfty can be Lncreased by

replaclng N-hydrogens by the rnethyl groups, whtch by virtue of
thel.r electron releasing properÈy facilitate the delocalizatfon of

lone pafr of electrons on nitrogen over the benzene rlng and make

Ëhe para posLtLon a stronger nucleophfle:

a.nucleophile with

type (LVIII). In

"1( ./tne
N

,.\

\2

with N-methyl,
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f-ìx +
,nA*Asn Q

(u.r) (LìK)

o) R=CH¡,x=1" (o') d--

b) ( =- 
c"u' x =Clõn cb ) R' =

/R'
¡\\R

B" = l'îe

H, Ff = t"1¿

s-stl*A*Ä¡ è
vt-o-

+'-

+

T-r
,^A*åa-\A*í

(ux)

1r,v-a). when reacted wlth NrN-dlmethyl anillne gave the triiodlde

salt of (LX) as shosm by the elemental analysis, whlle (LV-b) on

reactLon with-N,N-dimethyl anll{ne (LIX-a) rapidly gave product

which on recrystallfzatlon from acetlc acfd and washLng with ether,

gave bright green crystals - the C104- salt of (LX). Infrared spectrum

A,

{
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and elemental analysis conflrmed the formation of the cornpound (LX). :'

Rapid change of color was also observed when (LV-a) was reacted wlth

(tIX-b) but apparently the product sras the cation (LX) as lts trifodide

salt. N-rnethyl aniline, (tIX-b) reacted with (LV-b) ln acetíc acid

and gave an olly product whlch was found soluble in ether, and therefore

not a salt of the type (LX). Thls may not be very unexpected since

(LIX-b) is a weaker nucleophile than (LIX-a).

(iff) Reactions wlth 2-rnethyt--4r6-diphenyl pyrylium perchlorate.

These reactLons in presenie of pyrldine base are expected to give

cyanine dyes accordtng to the followlng mechanLsm:

Ph

,\

/\*
+

T-T
pr'A.ðsn -Ð Î-srzsn

Ph Ph\orr, Ph

Ph

(Lxr)

The reaction r"ras observed to give an instantaneous change of color, but

the product when recrystallfzed from acetic acíd and purl-fied by

ether showed that its IR ,was not consistent wlth the product (lXf),

Ph

Ph
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and rüas very similar to that of the pyryl-fum perchlorate salt. Probabl-y

the 3-alkylthto-dithLazolium salt Ís unstable Ln the presence of

pyrldine base and is decomposed rapldly, preventfng the formation of

the expected product, (LXI).

The dirhiazolium cations (LV-a,b) ¡rust have met the same fate

when reacted with 216-dLmethyl-4-phenyl pyryliurn perchl-oraËe in

presence of pyrldine.

More reactions hrere attempted to ensure that it was not the

nucleophil-lcity of the attacking reagent but the llnstabllfty of the

dfthfazoliun catíon 1n strong base which was lnvolved and which prevented

the reactlon to go to completion. They lncluded the reaction of

3-alkylthio-l.2"4-dithiazolfum catlon with - (i) 2-nethyl-4r6-diphenyl

thlopyrylfum perchlorate, (if) rnalononltrlle, and (rfi) malonic acid;

all 1n presence of pyridine. They were expected to gLve products

(IXII) (IJ(III) and (txil) respectively. but in all the three cases

the expected products were not obtained.

(uxtt)

f-f
PhANAç

H

{_slll/\^Ph

(uxtv¡

f - Itl
cH Anz\ Pn

Ph

,\-'

,^43Å
5_S
ll

^, \,,\c,,c*r^ \C Sr

( uxttt)
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(tv) Reactfon with sodiun benzoyl acetate:

SodLum benzoylacetate shouLd act as a strong nucleophile Ln basic

medirmr and should attack either carbon 3 or carbon 5 both of whfch are

susceptible to nucleophÍlic attack Corresponding to the tsro possfbi-

lftles of the nucleophÍlíc attack, the following two routes of reactíon

may be postulated:

(a) tltren attack is on carbon 3:

ts-s s-s fT f >t T J)sme
pr.,A+ô sn *f\-âcu - É-ru: H tha-

cH-ö-cuHs
| 

6 5 
,",'rt-O

CoOf\¡d,

s_s ai' 1 å_
ph,\NA cu/ -cøHs

(uxv)
(b) I{t¡en attack fs on carbon 5:

(.

ScS1-i-
e^ff to

õrr. co-Ph
t-
Coo

í)

?v./ct 
< 

"il

Sort$
c -cu/c

t_
Coo

-PhP/
cfi-co.Pht_
coo

H*ît:> 
-è-- cv/c -P!.,

?^' z

q¡¡v I )

èso
-coz. ù ,!l

_..c\cH..-\ph?J\' :

s?H
Ph--¿ 

\cH zc - ?^

(uxvt- t¡'')
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Infra red spectrum of the product obtaLned showed OH peak at approx.

3200 cm-l and C=O peak at approx. 1700 cn-l. Further, elemental

analysis gave negatl.ve results for nLtrogen. Thts indicated that 
.ì,:.,

nucl-eophilLc attack was not at carbon 3 and that (lnl¡ lras not obtained. 
.:r:;

It night thus be suspected that nucleophillc attack was at carbon 3

glving .the product (IJWI-a), having OII group and a carbonyl group as 
.

also shown by the IR. Ilowever, the elemental analysis and mass spectrum .',1

of the product obtained did not substantiate thLs vlew. ,,,,

During the course of these reactfons, rre became interested ln syn-

thesfzing a system of the type (IJW) ¡¡hich should on sulfurlzatLon

giveasystemsfnl'1artothe''thiothiophthene',system.

(uxv)
H

( uxv t)

ç s-s
o^Å*AÅrn

H

It has been noted that (IIII) reacts with anf1irr"60t61 aod

S-phenyl-lr2-dlthiol thlone reacts with hydroxylamine63 164, and gives

a system (L)ffIII)
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í

SMe s_s
ee,

oyP-

Irt
¡4,/-sr"te

f s-ì tu

+ NHrä.cnu, 
->.\ *rè-ph

Thf.s suggests another possible approach to the meribfcycllc system

(tXU), the lntroduction of a thloacylLmino side chain to a'díthiole

nucleus e.g.

S*SoT í + N*¡ )
R. 

^,^ 
SFle R

PrSs \

-l

S-S s
Irll

phÇ\ N rc- Ph

(uxtx¡
In nel.ther of these cases was the first product obtafned. Thl-obenzamide

fafLed to react with 3-nethylthio-5-phenyl-1,2-dithloliun lodide,

+s-s

pnÀ.Å*n
H

(uxv rr' )

(uxtx)

s-srl
l{

o
ll

ph-c- ct

-->Nt{

o
ll

N/c -ph

(Lx*)
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presumably because of Lts low nucleophllicity, and arnmonLa gave fndefinite

products by fission of the dtthlole rfng. However, other workers have

slnce used thfs approach wlth success usLng an oxime as an intermedfate;

R

s-5
À N'oH

H

( Lxxr )

Even p-dinethylaurLnothlobenzamLde fatled to react r^t1Ëh the

3<nethylthto-lr2-dlthiolíum salt. The amlno grouP; 1n this would be

expected to be more nuc!-eophilic than 1n thiobenzamide, but obvLously

It ls stlll too weak.

(v) neaction ¡¡ith perchlorlc acfd:

3-nethylthto-5-phenyl-1 , 2 ,4-dithiazolLum' iodide was reacted

wl-th perchlorfc acid ln nitromethane. IR of the product exhlbÍted a

perchlorate peak confl-rmlng that lodLne fn the substrate is attached

by lonfc bond, and not by a covalent bondl as a result,Ln strongly pol-ar

medÍum, fon exchange takes pl-ace and the perchlorate salt 1s obtained-

clõ4rl
PhA"ASCH,

(ur'ttt'¡

H

ï HCt04
I

SCHE
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REACTTONS_O¿¿*PHENYT:1J..¿4-prrgr4zgl,g-3-THTONE

The reactions of 5-phenyl--L 12r4-ð.Ithiazole-3-thione (XIII-a)
' I 

:tt-,', -

arec1assifiedas:(A)reactl.onsoftheexocyc1lcthionefunctfon,

(B) reactÍons in whÍch a nucleophfle attacks on the positÍve carbon 3

and gfves the corresponding products, and (C) those 1n whlch 1t reacts

¡¡1th activaËed dipolarophiles'and give 1,3 additlon products. "' :

' 
'''' ' 

'''.' '' 
:

': - - 
-:.'(A) ngaclfo"s of__gþ9"_eïoqyç.l&. lhfone_fungtfogr_ ì :',.:';.':

(1) Oxtdatlon of S-phenyl-1r2,4-dlthlazole-3-thione.

Oxldatlon uray be brought abouÈ by the action of peracetic acid

on the thione (XIII-a). Kllngsberg4sr46 used peracetic acid oxfdatl.on

of, Ir2-dlthiol-3-thiones to prepare both aryl derivatlves of the system,

and the parent 1,2-dtthiolLum catfon ftself. We attempted hydrogen

peroxLde oxidatfon of (XIII-a) 1n acetone fn presence of án edual vo6me

of acetic acld. only an ether soluble procluct roas ä¡tained, whosd rR

showed a carbonyl peak at 1650 
"r-1.

(xrrr -o ) (uxx ttt¡

the IR of the product (IJüIII) lras compared wlth thaË of a genuine

5-pheny!--L12r4-d.Iuhlazol-e-3-one ilade by the method of Derocque and
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- Vtallel? IRs were found identical thus confirming the formatlon

of (I)O(III). One possLble mechanism for the above transformation

may bei

s-s
-> lo"Ål-*Ph. SO¿

(iI) Chlorinatlon of S-phenyl-l r2r4-dithf azoLe-3-thione.

Chlorfnation of the thlone Ln glacial acetl.c acfd was attemPted

Ln order to obtain a system of the type (LÐ(Iv). It is t.pott"d65'66

that 1r2-dfthlole-3-thiones when reacted with chlorfne gave 3-chloro-

1r2-dtthfolium salts. I.ltren the thfone l-n glacial acetic acid was

reacted with chlorÍne, a yellow colored substance was obtained r¡hLch

was only allghtly soluble Ln ether. Ether soluble material gave an

IR very much simil-ar to that of the compound (IXXIII) showing the

replacement of exocyclLc sulfur by oxygen. the ether insolubl-e product,

r¡hlch was obsen¡ed to be decomposing qulte fast, was probably only an

+ HSoz

,ñÅ,
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adduct (LXXV) and not the
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expected cornpound (Ì.XXIV).

+s--s clltl
Ph^NACI

(LXXw)

S-sll
Phl\N-\c

(LXxrrr)

+

+ rt-F.'
Ph\åscl

(LXXV)

In another approach dfthíazole*3-thlone \^ras dlssolved ih carbon

tetrachloride, and the chlorine gas r,ras ,passed through it. Reactíon r¡as

observed to be instantaneous, but the rR showed that (Lxxrv) \^/as not

obtained. It may be noted that wllen chlorfnatíon of 5-phenyl--lr2r4-dithla-

zole-3-thione r¡as attempted in acetíc acid, two products, the chlorlne

adduct of thione, and 5-phenyl-I,2,4-dilhlazole-3-one \rere obtained, r,¡hile

1n a nedLum like benzene or carbon teÈrachloride, only the adduct was

obtafned. Possibly in the hydroxylíc solventå the inttial adduct r^ras

hydrol-yzed.

Schonberg 
"rrd 

Fre"e47

- ¡Cl
C=S groups fn )C.a by the

chloride. hre attempted a

benzene as a solvent. The

reported successful conversion of C=O or

actio4 of rhlonyl chloride or oxalyl

similar conversl,on to obtatn (LXXIV) uslng

infrareci specÈrum of the product obtalned

HO.Ac
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Ìras símiLar to that of the starting material, showfng that the reaction
had not worked

J. Faust48 hr" reported

cornpound 4H-thiopyranone- (4)

thiopyryliurn chloride :

the conversion of C=O group reactíng the

r¿1th oxalyl chlorlde to obtain 4-chloro_

cl

Ér(cocl)^ 
>

o

ü lð
ì.

ile tried similar methods to obtain the systen (LXXrv).. After refluxfng
for seven hours, it was observed that the expected product r^ras not

'obtained

Attempts were also made to obtafn the system (t)o(w) by refluxing
5-aryl-l'2'4-dithlazole-3-thione fn chloroforn v¡iÈh equfmolar guantLty

of phosphorus pentachlorlde. After 7 hours of rèfluxlng ít ruas found

that. no reaction had occurred.

(B) ,Eglio"" í" rhi"tt " !t""1.

t\lkylation reactfons of dithiazole thione by:
:

(a) benzyl broníde
(b) dimethyl sulfare
(c) ethyl iodÍde
(d) butyl bromide
(e) benzal chlorlde
(f) trfphenyl. merhyl perchlorate
(e) benzhydr¡rl bromíde

sirnílar to rhe 5-phenyl-3-merhylthfo-l rz,4-dlthlazollum lodíde

salt formation frorn the dithiazole-3-thlone and rnethyl io<lfde, reported
by MacDonald and Mcl(innonl, the study of some more 3-aLkylthio-l ,2r4-
clithíazolíum sal-t formatfon r.ras attempted. The thfone r.ras allor¡ed to
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react nith Ehe reagents (a - g) in methylene chlorfde solution for 'o

several days, and it was found that (b), (d), (e) and (f) did not

give any product. Crystalline products obtained with benzyl bromfde, ethyl

fodLde, and benzhydryl bronide gâve unsatísfactory elemental analyses.

However, the second of these corresponds falrly r.rell to a Èrliodide.

(C) Rgactiogs with actfvated dipolarophiles - I,3-cvcloaclditlon reactlons

Behringer and Dfechmann3l, MacDonald and McKinnonrl and Lang and

a,ViaLle" reported the 1r3-cycloadditfon reactions of S-substltuted I,2r4-

dLthiazole-3-thiones wfth acetylenic esters and dehydrobenzene as dipo-

larophfles. I^Ie atternpted sí¡nl-lar reactions using hexafluoro-2-butyne,

dlbenzoyl acetylene, dfcyanoacetylene and dl-methyl azodfcarboxyl-ate.

llhen (XI'II-a) was reacted r¡ith hexafluorobutynê, a compound of the type

(IJüVI) was obtained, whose formation lras confirmed by infrared" M,fR,

and elemental analysis data. .

?-I"1'tt s F-nt%,r5*Äs c cFg pr,Åru^s^cF.
(xrrI-a) Ì (Lxxvr)

5-phenyl-L12,4-ð,Ithl-azole-3-thfone acts as a dipole dlsplaying electro-

philfc activfty at postion 2 and nucleophilic actLvlty at the exocvclic

sulfur. The dipolarophile hexafluoro-2-butyne is activated at the

tríple bond by the strongly electron attractfng trLfluoromethyl groups

which facflitate the additlon reaction.
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'

the fluorine magnetic resonance of this conpound indicated that

the two trLfluorornethyl groups fn the cornpound were equivalent. In

the related dicarboxyllc ester (A) the two rnethyl groups are also

equfvalent- yet in the correspondfng carbon comPound (B) |t appears

that they are not equfvalent9g

5 S- c z coo¡n'

,.)(^.,!- coo Me

(A)

5-5ll+
¡rA*Äs

c.
llr
C.

Ph
I

t
Ph

(uxxvrr )

,^VJî
H

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

(A) fs caused by some fom of free rotation of the side chain, possl-bly

because of the eLectron wfthdrawfng property of the nitrogen6S.

Dfbenzoyl acetylene on reaction with the thLone readily gave the

113 cycloaddLtion product (IJüVII).

-l,j*À-fi;:

Ar=

o
å. pr.

c. Ph
ll
o

(a) Ph
(b) o-Me.C6H4
(c) p-Me.c5H4
(d) 2-furyl
(e) 2-thtenyl
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Formation of these compounds was confLr:ned by infrared and the

elenental analysls. In the IR, the carbonyl peaks were shifted to

approximately 1650 "t-1 d.t" to strong conJugatLon between these two

groups, and also wfth the phenyl groups. Benzoyl groups of the dfpolaro-

phl1e activated the trlple bond due to thelr conJugatlve and electron

attractlng propertLes.

5-aryl-I,2,4-dlthLazole-3-thione r¡as found to readl-ly form

such a monoadduct also htlth dicyanoacetylene. The nitrfle group'

again, functions as an actÍvaÈ1ng grouP, bY electron withdrawl and

\
therefore dfcyanoacetylene an effectlve dipolarophile. On reactlon'

they formed 1r3-cycloaddition products of the type (IXXVIII).

c.cN .ç s /cN+\r+ilr-il
c.cN ArAHA5,.\CH

(¡¡xv lrr)

Ar = (a) pfr
(b) p-Me.C6,H4

Formatlon of (LÐWIII) was conflrmed by elemental analysfs.

lle also atte¡npted sirnilar 113 cycloaddl-tion reactLons wlth (1)

benzoguf.none, (ii) dinethyl azodlcarboxylaËe. and (ffi) phenyl lsothio-

cyanate hoping to obtafn products (IJO(IX), (IXXX), and (IJ$XI) respec-

tively. OH

::::-l:

s

,^\' OH

(.*rrx).
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s s-,.02 coora"

,uÅtn^,,i- coor-t€ Ph

\uxx.x) ( ¡x xx t).

Even after refluxLng for above 19 hours Ín benzene, reactLons (f)

and (ii) gave back the starting material, the thÍone. ReactLon (1ti)

¡ras carrfed out in ethanol and xylene by refluxfng for 48 hours, in

¡shfch case also, the starting material was obtafned. The firsÈ two

of these compounds are not as reactLve a'b,-tfr_g acetylenic compounds,

and this is probably the reason for the ,;;"r" of the first two

reactlons to form adducts. The faLlure of the azodicarboxyllc ester

to forn an adduct was rather unexpected, fn vienr of its high reactlvfty"

However, Lf we postulaÈe an equiLibrfum in this reactlon:

<

55 S-Lq z CooF.

ou\^r'i'-cooR

Lt can be seen

contrast to the

Èhat the

reactlon

product would not be potentlally aromatlc, in

product of the thLone wl-th an acetylenf.c ester.
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if Ï ii <--à Ì i- c' coocH,

onAtAs-c- coocH, - 'r.z\Ar..ä- 
coocn,

'l{ }l

Slnce then 1n the first case the reactl.on would fnvolve loss of some

aromatÍc stablllty, the lack of reaction fs more easy to understand.

To test thfs hypothesis the reaction of 1r3-dtthiolan-2-thlone ¡¡Lth

the dlnethyl azodicarboxylate nas trLed:

\-zl N ' CooR

1 >-s + \
+-3l- N'coon

<-¡. CooR+rl
sX¿ 'cooR

\ \=/
C

=Ð ll
c
/\

In thls case, the reactlon would be expect,ed to work more readlly,

slnce the dithlolan has no aromatic character. Indeed a product

¡¡as obtafned but thf-s was an oil and was unsatisfactory for anal-ysf.s.

A reactLon nas trfed usfng propargyl bro¡rLde as a dipolarophlle.

The typical green color of the monoadduct sras obsenred ln thfs reactLon

but only Ëraces of addttion compound r¡ere obtained. No reactfon took

place when 1,4-dlchloro-2-butyne was used as a dipolarophl.le. In

these cases, there are no strongLy activatlng electron wlthdrawing

groups. Chlorfne and bromine atoms are inductively electron attractfng.

but the inductive effect is practically nil after the first carbon atom,

and therefore these do not activate the trlple bond sufffcfently for

the reactlons.

'' -.1
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1j4 ad{lliqajeeçtl-ons of the monoadducts to give dladducts

-.
Lang and vfal-l-e32 reported the fo:¡ration of dfadduct (XVIII)

from dlmethyl acetylene dlcarboxylate and S-phenyl-t'2r4-d,Lthfazole-

3-thlone:

(xv,r')
R¿

Rl=R2 = COOMe 
(

A sl-ntlar diadduct with the correspondfiìg-carbon analogue, 5-phenyl-

1r2-dithlo1-3-thlone has been reported by Behrlnger and 1iríedenmann

Easton and Leavet34 
"rrd 

F.ehringer "t "136. I{e attempted to prepare

dfadducts of the above type with S-phenyl-I'2'4-diËhiazole-3-thl-one

and varfous actfvated dipolarophiles. I,trhen (XII{-a) and dibenzoyl

acetylene were refluxed fn benzene usLng equirnolar quantities for

l. - 1.5 hours, only monoadduct was formed. I,Ihen however, they were

allowed to reflux for nearly 7 hours, wf.th excess of the dlpolarophile,

a yellow colored compound was obtafned ¡¡hlch was fdentlffed by lnfrared

and elemental analysis a diadduct of the type obtained by Lang and

VÍalle32.

Rì

5-5
ÄÅ=.

zr
c

co. Ph __:)
. co- Ph :{l;

Ph
I

I

Ph(uxxxrr)

Ph
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ThLs second additton reactl-on Ls an example of Ir4 cycloadditions,

and a number of 114 cycloaddltÍons in different other classes of com-

pounds also have been reporÈed in llterature. It is reasonable that

(UüXII) |s formed via the monoadduct (IJüVII) 1n which sulfur of the

C = S group exhibits nucleophillc activity and the carbon atom 3 of the

rfng exhLbÍts electrophilLc actívÍty. Sinilarly, when the monoadduct

(LXXVII-c), formed from dfbenzoyl acetylene and 5-p-to1uy1-1r2r4-dlthia-

zole-3-thione" was refluxed with an equimolar quantity of dibenzoyL

acetylene fn benzene solvent for 6 hours, a sinilar yelIow product, i-e.

the diadduct rùas obtained. This confltms that the l14 cycloaddition

is subsequent to the 1 r3-addf-tion.

-t ' r::;lït¡
l- '-Ì -i.

îh s
Pí'.
I

C-\o

t¡o

h

I l-ll'": +

¡-c\-ceHa'\tø\ 
sX..""

?h

-\-

s -(-
(Lxxxn-A)

I{e trled to obtain sfmflar diadducts with (IJffVI) using. (f)hexafluoro-

2-buryne, (ii) dfnethyl azodicarboxylaÈe, and (iii) acetylene dÍrnethyl-

dicarboxylate ln benzene and xylene. Only the starting naterLal was

obtafned in each case r¡hfch uright be due to less dfpolar activlty of

the substrate as well as insufficiently active dfpolarophile. The

menoadduct (XW) also was reacted wl-th dimethyl azodicarboxylate and

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

c . co.Ph \
tìl
c.co'Ph

þ'tH3t 
*o c

I
P

coPh coPh
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startfng materfal was obtained, agaln posstbly due to f.nsufficiently

activated dipolaroPhíles.

åulfurLzatlon reactlons of rnono adductg

Monoadducts obtained by 5-phenyl-L 12,4-dLthlazole-3-thione and

dibenzoyl acetylene may be considered as 1r4 dlcarbonyl compounds, and

therefore should gl-ve substLtuted thÍophens on sulfurization by phos-

phorus pentasulflde sl¡n1lar to known reactLons of I14 dlketonesT2.

Sulfurization of these monoadducts l{tas 
,attempted 

1n pyridlne uslng an

\

equimolar quantity of phosphorus pentasullide and refl-uxLng for about

7 hours. By this way $re erere able to obtaln thleno-lr3-dithiole

compounds of the following tYPe:
Ph

s s-/c:-

^AÅ^\,=
(uxxx rrr) 

Ph

(a) Ph
(b) o-Me.COE4
(c) p-Me.C6H4
(d) 2-fury1

i:';':;:.:-i;:,:
l!!?:..:-¿i:t?-: '.:'...

.:._.:,)

rh
ç ?< too

o-ÀÅ.Å.roó
Ph

Ar=

Formation of these compounds was conffrmed

analyses

?r5.
P1

by. the Lnfrared and elemenÈal
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Some more reactions of the carbonyl group of the moaoadduct

were attempted which included reactlons with (t) nyaraztae, (ii) o:-'

phenylenediamine, and (f fi) anl.lfne, hoplng to obtain (txxxw) (IJOOW),

(IXXXVI) respectívely. I
I

*"L^.ÅÍ")
f

PT\

i 14.;"c
Y,^ês/ 

fn (uxxrvr)

ReactLon with hydraztne gave only some decomposftfon purple colored

product. Horrever, when reactions with (i1) and (iff) were carrfed

out, nitromethane and benzene-ethanol mixture recrystallizatfon

products were obtaíned.. çrhose IR showed NH peak and a sharp C=O peak

at 1670 
"rn-l "" cornpared to 1625 "r-l in the starting natertal. On

thls basfs iË was thought that compounds (IXXXVI) and (IJO(XVII)

were formed, but the elemental analyses did noË substantLate thls.

(u *xx rv)

Ph

,Å.r7.ì:o
Ph þn 

(Lxxxv)
I
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Coqverslon of the C:S e

A number of exarnples are reported in ll-terature where exocycll-c

C=S group is converted to C=O group. Derocque and Via11e19 used

mercurlc acetate for such a converslon. I,Ie attempted to react the

C=S group in (IJOO(III) to obtair¡ (LlXXVrtt¡ using mercuric acetate.

Pb
I

Ph
I

s ç-(.>
,*À^-, þ"

Hq(crrrcoo)r Î ?<t',I A*zÀ..t x c'
Pv{

Ph
I

¡.urxxvrrr)

Infrared shor,¡ed carbonyl peak at approxLrnately

elemental analysis confirmed the fo:mation of

1640 cm-l and the

(txxxvr¡¡)
:..:.

Salt fornatLon with trLethvloxonium perchlorgtg

Sln1lar to the nucleophilic salt formation reactions of the thione

wlth methyl lodtde and trl-ethyloxonLum fluoroborater r^te attempted to

obtafn such a salt wlth (IXXXIII), both rùith nethyl iodtde and triethyl-

oxonium fluoroborate. Such salts would represent examples of the
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thieno-l,3-dlthiolyllum system, which r.rould be a ne¡¡ aromatic ring,

isoelectronic r¡Lth naphthalene. Methyl lodide after keeping for several

days dtd not gLve any salt wlth (IJüXIII). Triethyl oxonlum fluoro-

borate gave a mlxture of two crystalllne products when recrystallized ,.,,r;,

from acetfc acid ¡¡ith few drops of perchloric acLd, whlch could not be

separated. Hotrever, the IR showed the perctrlorate peak and strong C=0

absorptfon. The amount obtaf.ned was insufflclent for analysÍs. No ,1,,.'

product was obtalned when the sulfu rlzedproduct of (tXXXttt) was 't,'
,:,'rt:,1,

a11owedtostandlnrnethy1enech1orideso1utfonoftrl'ethyl-oxonium

fluoroborate.
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EXPERIMENTAL



-59-

All rnelting points given were determined on a Flscher-Johns

nelting pof.nt apparatus and are uncorrected.

Solutlons were dried over anhydrous calclum chloride or anhydrous :i;ir,,,,i:.,

sodfum sulfate

Thin layer chromatography was performed on sllfca gel DSF-5

nade by Camag, obtained frorn Mondray Ltd., 4180 de Courtral, Montreal.

Infrared spectra were obtained on a Perkin-Elmer Model 137

Infrared Spectrometer.

The NMR spectra were obËained on a Varian A-56/604 Spectrometer

using deuterated chloroform (99.8% D) containfng tetramethylsilane

as the Lnternal standard

' The mass spectrum rtas performed by Mr. Charles Reichert on a

Hltachl- Perkln-Elner RMU-60 mass spectrometer.

the elemental analyses hrere done by Æfrèd Bernhardt Mícroanalytical

Laboratory, 525L, Elbach uber Engelskirchen, l'Iest Germany, or by

MÍcro-Tech Labs Inc. Skokie lllLnols, USA. 
,,:,r:,.,:,

' :..:
. .;. .:.:...:. .: :
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Ereparati"" "f tnto

Made by the nethod of Gabriel and H"y*trrrr7o. Recrystallized fron

benzene. n.pr.90-91oc. Yield:55%.

Prepargtion of thionlcotinarnide

Nicotfnonltrlle (l g), in ethanol (30 ml) saturated wlth anmonia

and hydrogen sulfide was refluxed for 3 hours, usfng the method of

Gabriel and HeymaorrTo. Recrystallized from ethanol. m.pt.154-7oC.

Yield z40%.

Prep,aratÍon of thlocvanogen chlorfde

Thiocyanogen chl-oride was nade by the method of Bacon & Guy49.

Reagtloi of thiocvanogen chloride and thlobenzagide

Thiocyanogen chloride 1n acetic acid and thlobenzarnide were

taken1naf1askanda11owedtoreactatroomtemperature.Theproduct

r^ras recrystall-ized from ethanol; m.pt.79oc. Yield¿20%. Analysis foundt 
1,,=,,

C=67.25i(, E=3.88i¿, S=17.192, N=11 ,45iZ, C7H7NS, thiobenzamide, requlres: ,:''.','l

C=61r 32%, H=S.LLZ. N=IO.22%, 5=23,357". 
t"'

Reaction of thlobenzamide and trlchloromethane sulfenyl chl-oride

Equlnolar quantJ.Èies of thlobenzarnlde and trichloromethane

sulfenyl chloride were allowed to react in acetone. The reaction was

Lnstantaneous, and white preclpltate was obtained. Thls precfpitate

was then refLuxed in benzene for about 30 rnl.nutes Hydrogen chloride

¡¡as evolved. IR of the o1ly product obtained on evaporatlon shor,¡ed a

nltrlle peak.
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Sreparatron or s-pttenvl@

the compound ¡cas made by the action of carboxy methyl- dithioben-

zoate and sodiurn azLde using the method of Jensen and Pedersenso.

Colorless crystals, m.pt.94.5-95oC. Yleld t757", r'ir,

Attegpled grepgraÈion of 5-phenvl-l . 2. 4-díthlazol-e-3-thlone frorn
thiatriazole

0.5 g of 1,2,3.4-ËhiatrlazoLe ç¡as dfssolved in carbon dtsul-flde

and heated in oil bath at 125oC for 3 hours in a sealed tube. An

lnfrareå spectrum of the compound obtained on evaporation of the

solvent shor¿ed that no reactfon had taken place.

Attempled phoÈosvnthesis of 5:phenvl-l . 2.4-dlthlazolg-3-Èhione from
thlatriazole

0.5 g of 1r213r4-thl-atriazole in carbon disulfide solutlon r¡ras

subjected to UV líght using Fisher UVL.22 lamp for 48 hours. There

lras no reactfon.

Rgactlon of 2-phenvthlazolÍn-4.5-dione with phosphorus pentasuEid-e-in
carÞog Äfs"lfi¿g

2-phenyl- thiazolin df.one-4r5 nade by the method of Goerdeler

. <t
and Schenk)I, was refluxed vrlth a lÍttle excess of phosphorus penta-

sulflde in carbon disulfide. Product recrystallized frorn benzen€ -

ethanol nfxture. IR corresponded to that of the thione rnade by the

method of MacDonald and McKinnonl. m.pt.136oC. Color - dark bror^m.
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Preparatíon of Nicotinovl isothÍocvanatê

NlcotÍnoyl chlorlde, made by the method of l{ingffeld et a152

was refluxed r,¡fth calculated amount of lead thLocyanate 1n benzene for .:.:....::,

:t :_:':::'l

3 hours. EvaporaLfon of benzene from the fíltrate, and subsequent

distillation at 1.5 rrn pressure and 106-7oC gave the product. Yieldt657".

- ,i. 
t,',.

Srgaratlon of rethvl ní ' :':::::

To 15 grns of nicotínoyl isothiocyanate aÈ OoC was added excess ,.l,;f,r.¡
:- ,tt'

methanethioL. The reagents ïrere kept fn ice bath overnlght. A tight

yellow colored product vras obtained=on evaporation of the excess of

thto1. Recrystall-ized fron benzene: m.pt.140-45oC. Yfeld'.8O7". Analysis

found: C=45.067", H=3.687.. N=13.32, S=30.03%r 0=7.97". CgHgN2S2O requlres: ì

C=45.297., H=3,7% N=I3.2iÁ, S=30. 2%, 0=7 .54"Á.

At te4gt ed-pgeparat ion o f 5 ( 3-pvridvl ) - I . 2 . 4-dithiazole- 3- thione

I g. of methyL nicotinoyl dithfocarbamate r¡ras refluxed fn xylene
.. :.

with excess phosphorus pentasulfide for 5 hours. Expected thione product i;.1:¡,.'.,

could not be isol-ated from the reaction products. ',-, :.:
:."

Prepgratlon of metbvl terephthaloyl dithi

Terephthal-oyl chlorl-de was obtafned by heaÈ1ng terephthallc 
¡:¡:1,:::.:
-.t: :.:t:.::,r..

acfd r¡l-th phosphorus pentachloride for 12 hours, and extracting the

product wíth benzene. The product was recrystalll-zed from benzene.

m.pt.7O-72oC. Calculated quantities of terephthaloyl chloride and ü

lead thiocyanate refLuxed in benzene for 3 hours gave terephthaloyl

dffsothiocyanate in benzene as filtrate. The product +ras isola¿êd by 'r: : :

evaporating out benzene and distilling at 2 run betr¿een 119-20oC.
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Product solidlfled i¡unediately on the walls of the condenser. Yield¡7O%.

IË was then treated r¡1th excess nethyl mercåptan at OoC which gave brlght

.yellow product, recrystalltzed from benzene. Yield:852 m.pt.176-80oC.
... -.. -.: -: -..: .:

Analysís found z C=42.OLfZ) H=3,557", N=8.21%r S=37. O47., 0=9,371Z. C12H12S4NrOt 
"".':-r'.::'...'

requf.res z C=4I.867" H=3.Sitt N=8. 14Zr S=37.27(, 0=9.4%.

Attemptgd preparation of 5 (3-thlo-1.2,4-dlthfazole-5- vl-p*rlhenvlene)- '.;,,,' 
-:,'.," ,,'

1.2.4-dithiazole-3-thione : '

1 g of methyl terephthaloyl dtthiocarbanate rras refluxed wÍth ;:,j,i,,;,i,;':'.,t;

excess phosphorus pentasulfide fn xylene. Color changed to deep

bror^¡nish-red in two hours. Product could not be recrystallized fron

benzene, ethanol, or acetone. Acetone extract of the product gave a

red brovm substance, recrystaltLzed fro¡n nitrobenzene, n.Pt. 2O6-7oC.

Analysis which díd not confirm the formation of Èhe expected product

f ound r C=40. 667", 11F2.67i¿, N=l0. 932, S=4L ;557". C16II4S6N2 requires :

C=34.882, H=l .167 , N=8.14%r S=55.812.

. - , ,"', .' 

:.t.,",.'

Preparation of 2 4.6-trimethyl benzovl chloride: 1: :: 1:::
. :.1 :.r:..

From 2r4r6-trlmethyl benzofc acLd, using standard method. Product ;,';'';.,i'',,',,,.,,

distflled between 223-soc. ylel-d z9o%. "'."':':ì.''':'

Plegaratlon of 2.4. 6-trlmethvl benzovl Lsothíocyanate

This rras prepared using the method of Ltpp et' aI67. Product

dtstilled between 98-100oC at 0.7 nm pressure. Yleld:807.,

Attempted preparation of 2.4.6-trl"nethvl ohenvl-I.2.4-ditþlazole-3-lhlone

214,6-trhnethyl benzoylisothiocyanate rras refluxed with excess

phosphorus penüasulftde in carbon disulfide for over 3 hours. A red
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o1ly product $¡as obtained after evaPoratf-on of benzene, but l-t could

not be sol-ldiffed and crystallfzed.

Attempted prelaration of 2.6-d

2r6-dLmethyl benzonftrile r¡as matle by the method of
, -l+3

Harlng. .- Hor¿ever, attempted hydrolysLs of this compound by 752 sulfurlc

acid43 did not gtve 2,6-dfnethyl benzolc acld. Only a black tar was

obtained.

AÈtenoted preoaration of o-vinvl benzoic acid.

o-Chlorophenylmethyl carbinol ruas made by the method of Overber-

¿1.gers et a144. Dehydratfon was effected by refluxlng fn benzene with p-

toluenesulfonic acid and traces of phenol to mlnfinLze polymerization.

The product o-vinylchlorobenzene r¡as distf.lled over between 60-80oC

at 1.5 mm. An attenpted synthesLs from lt of o-vf-nylbenzoic acLd vfa

grlgnard reagent falled

Preoaration of acetvlene dicarboxarnide
56 o-

Made by the method of Saggiauo" Yfeldz B5%. rr.pt. L92-C.

Color: lfght tan.

PreparatLon of dicvanoacetYlæ

By the ¡nethod of Blornqufst and trIfnslo*57. m.pt.2O-21'cC. Yield 2137".

Color: t¡hlte.

Preparatíon of dLbenzovl acetvlene

47.2 gms dfbenzoyl ethylene converted to lts dlbromlde by the

usual method. 25 gnrsof thls 'were then convertád to dlbenzovl acetvlene

C
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by the method of Lutz and Smfthy58. m.pt.108-11oC. Yield:25%.

Color: Cream.

Preparation of trlethyl o

By the method of Schultz and Jacobs59. m.pt. g2o1. Yield:quantltatÍve.

5-phenyl-1,2,4-dithiazol-e-3-Ëhlone and fts methv , i

Made by the method of MacDonald and McKfnootl. Yield of 5-phenyl-
,.:t"

L,2r4-dlthiazole-3-thione = L5it. rn.pt.136oC. Yield of 5-phenyl-3-methyl-

thio-lr2r4-dithiazollun lodide ;6Ii4, m.pt. 133oC.

&actron of s-ptrenvr tæ- l

(1) In dimethyl sulfoxide: Equiurolar quantities of the salt

and anlllne in dfinethyl sulfoxfde were stirred for 15 mLnutes. A very

rapid reactfon occurred. A yel-low product was obtained by filtratlon

and was recrystalLf:zed from carbon tetrachloride. n.pt.86-89oC. Ylel-d:

7O7". The IR and the m.pt. of the genuLne thiobenzanlllde r,tas not identical 
:,,1.:,::;,,,

to that of the product. Analysis found' C=53.82, H=5,437,, 3=25.35%¡ 
.,,. ,

ñ=7.48%i CtgHtlNS requires: C=73 .24"Å, l1--5.L671t N=6.52r S=L5.O27 :'

(fi) In eËhanol- - Equirnolar quantitLes of the reagents were

heated for 5 mlnutes '¡¡hLch on coollng gave elemental sulfur. Additlon

of benzene to the filtrate and evaporatíon of ethanol gave a crystallÍne ,;';';';;.t

product, m.pt. 2I5-225o. Analysis found: C=34.17", H=3.777., f=55.8%,

N=6.27%. CTHI0NI requires: Q=36lZt lir--3.47", ¡=$.1%¡ T=54.57". Thts

suggested that compound was N-nethylanilLnlu¡r lodide.
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A second component nas obtaLned by evaporatl.ng off benzene from

the second fil-trate and !üas recrystalll.zed fro¡n ethanol, m.pt.I26-30oC.

Yleld:152. IR 1n nuJol showed sharp peaks at 1645, 1610, 1540, 1340, 
.,..,.:.:::

1300, 1275 L240, LL75, 775 745 735 and 695 cn-l. Analysfs found: r"";t'':'-';t"'

C=667", H=4.677., N=LI.72%¡ S=17.64%. Calculated on the basis of

thiobenzanllfde C13H11NS: Ci'=73.34%, H=5.L6tiZt S=15. O2%, N=6.5%.

Reactlon of 5-phenvl-3-ethvlthio-l . 2.4-dithiazoliun perchLoratq
and anlline

0.5 g of the salt and corresponding quantlty of anillne in

acetic acid were allowed to reect. Product recrystallized from

methanol as light yellow needles. m.pt.l25-30oC. IR in "Nujol" showed

peaks at 1640, 1570, L525,1425,1300, L275,1150¡ 1070, 1060. 1030,

800, 780, 760 and 740 cn-l. Elenental analysis found: C=68'6L7",

H=4.87Z, S=14. 2O7", N-L2.4O7". C14H1OS2N2 requfres: C=62 .227", H=3J7"

S=23.7"Á, N=LO.357" No suitable structure could be assigned to the

¿
product.

p:!gludlne

Equinolar quantitLes of the reagents ln dfnethylsulfoxide

were allowed to reacti product recrystalllzed from carbon tetrachloride.

m.pt.189-94oC. Color: Yellow. Product not fdentffied by the IR.

Analysls found: C=51.38%, H=4,447"¡ S=9.OL%t N=8.13%. C14H13NS requLres

C=73.54%, H=5.82% S=14. 347"t N=6.287,.
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Reaction of 5-phenvl-3-rnethvlthio-1t .2 4-d|thiazolíum iod:iodide r¿1th

dlnetby! aniline

EquÍmolar quantlties of the reagents were allor.red to react fn

hot acetic acid. Reaction r.ras found to be almost fnstantaneous.

product recrystalllzed frorn nitromethane and washed with ether, m.pt.

240-450C dld not gfve satlsfactory elenental analysis for the monoadduct.

Apparently the compound was the triiodide. Analysis found C=29.6O7",

' H=2.49%, N=4.0g7., S=9.35%¡ I=54.89%. C15,H15N2S2I requires: C=45 .O7Zt

H=3.527.¡ N=6.55%r S=L5.O2%, I=29.857". C16H15N252I, requlres: C=28.257",

H=2.2L7.¡ N=4.I3%¡ S=9.42%¡ T=56.I%.

Reaction of 5-phenvl-3-ethvlthlo-1.2. 4-dlthlazollulm perchlorate and

N.N-dínethvl aniline

Equimolar quantftles of Ëhe reagents in aceÈfc acid were heated

for 15 minutes; product recrystal-lized from acetl-c acid and rsashed

with ether. n.pt.225-26oC. IR 1n ttNuJol" gave perchl-orate peak

betrreen 1030 and 1050 cn-l and other peaks at 1690, 1600' 1400 1210'

1200, 980, 780 750 cn-l. Yfeld: 7O7". Analysis found; C=4?.ggi¿, 11F3.867"

N=7.012, 3=16.23%¡ CL=9.I%. CtOHtS N2S2O4C1 requíres: C=48 'L87"' N=7'03%

H=3.7 6%t S=16. 067., 0=L6.06"l CL=8.97".

Reactign of
Èurethvl-L6-diphenvl pvrvlium perchlorate

Equlmolar quantities of the reagents in acetlc acid were allowed

to react Ín presence of a drop of pyridf.ne. Dark bro¡un product recrys-

tallfzed from nl-tromethane. m.pt.L44-452 IR indlcated that the product

was malnly unreacted pyrylium salt.
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Reactlon of 5-phenvl-3-ethvlthio-1. 2.4-dlthlazollum perchlorate and

2-methvl-4. 6-dl-phenvl pvrvlium perchlorate

0.5 g. of the dlthlazole salt and about 0.45 g pyryllurn salt

were heated 1n acetic acfd (10 ml) {n Presence of pyridfne. IR of

the product showed that no reaction had occurred.

henvl- thlo-1 .2.4-dí lium chlorate
å'9-9i'.9Þ¡

EquLnolar quantfties of the reagents fn acetLc acid wlth few

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

the product could noÈ be purlfied satlsfactorily for analysis.

Reaction of 5-phenvl-3-methy!tþio-1.2.4:fithiazoliun iodide and,

hmethvl-4. 6-diphenvl thíopvfvlium oerchlorate

Equlmolar quantf.tles of the reagents in acetic acld and fer¡

drops of pyrfdfne lüere allowed to react. ProducÈ recrystallized from

nitromethane, m.pt. 183-5oC. Analysis found: c=55.O77") H=3.787.,

S=10.07%, N=3.78%, CL=I.9L"/". C25,H18NC1O453 requires: C=57.8"Á, l1--3'37'

ñ=2.67", S=L7 .77., CL=8.7%, 0=11.85%.

ReactLon o thlo-1 .2.4-dlt zol-ium fodide:
sodium benzovl acetate

A suspension of sodLum benzoylacetate in ethanol (15 ml) was

prepared by additlon of rnetallic sodium (0.12 g) to ethanol (15 rnl-)

followed by additton of benzoylacetíc acfd (0.82 g). To this was

added 3-methylthio-5-phenyl-1r2'4-dithiazolfum iodide (1.8 g) and the

mixture ¡¡as heated for 5 mfnutes. The product Poured Ín water to

dfssolve any sodlum iodide formed, and then extracted r'¡ith ether'

RecrystalLLzeð, from ethanol in.pt.128-9oC. IR showed OH peak at 3200

and C=O peak at 1670 ".-1. 
El-emental analysis found: C=75.63%, l1=4-3I7"

s=3L.437"¡ C15H120S requlre: c=751lt tt=5.002r s=13.3%' 0--6.67".
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Regction of -urethvlt 4-dithlazollum Lodi
nalonfc acíd.

Equlmolar quantitLes of the reagents ln acetlc acid were allor¡ed

to react using traces of pyrldtne as a catalyst. The crude product was

recrystallized from acetfc acid r¿Lth few drops of perchl-oric acfd,

but the IR of the product ob,Èained corresponded to that of 5-phenyL-L'2'4'

dlthiazole-3-thione.

an9 sodÍurn benzovl acetate

Equimolar quantities of the reagents in ethanol were allowed to

react. Reaction products poured Ín water, and extracted with ether'

An olly product obtained was chromatographed. Ltght yellow compound

was obtaíned whose IR dld not suggest the expected product.

Equfunolar quantfties of the reagents fn acetic acld with few

drops of pyridine trrere allowed to react. Reactíon products poured 1n

lrater, and the product extracted wlth ether. The o11y product was

separated by TLC, and a large number of bands ¡¡ere obtafned' No deffnite

sLngle product could be isolated from this'

ReactLon o
malononlLrile
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HALOGENATTON REACTTONS OF s-PHENYL- L, 2, 4-DÍTHTAZOLE-3-THTONE

¡rornfn{fon of S-pnenvf-t. Z

To 0.5 g of the thione dissolved in 20 rnl acetlc acid approxl.mately

0.8 g of bromlne nas added slowly ¡¡ith stirrf-ng. The product obtalned

by flltration gave en IR sirnflar to that of the starting material.

Chlorfnation of S-phenvl-l.2.4-dfthiazole-3-thione

(a) In acetic acíd: 0.5 g of the thione dlssolved Ln l0 ml

glacial acetic acid. and chlorfne gas passed through lt untll a yellow

colored product was obtained. Thfs was then treated r¡1th ether. The

ether-soluble product r.tas identified to be 5-phenyl--L12r4-ðLthLazole-

3-one by IR. mcpÈ.87-8oC. The fnsoluble materLal was presumed to be

the chloríne adduct of the thione since it decornposed rapldly on keeping.

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

carbon tetrachloride and chlorÍne gas passed through it gave a yel-low

compound, similar to that found tn (a).

ChlorfnatÍon of 5-o-tol-uvl-1,2.4-dithfazole-3-thione

0.36 g of the thione dLssolved in 15 nl of chloroforur, and

0.3 g of phosphorus pentachloride added to Lt. Reagents were refluxed

for 6 hours. Ether did not precipitate any salt. Evaporatlon of the

solvents gave an orange-red compound, whose IR corresponded to that

of the thione itself showíng no reactLon had occurred.

Reaction of S-phenyl-l. 2,4-dithlazole-3-thione with thiogvl chl-oride

0.5 g of the thLone dlssolved 1n benzene qras refluxed nith 0.56 g
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of thlonyl chloride for 5 hours. Product obtained by ftltration r,ras

found from íts IR to be the starÈ1ng naterial. n.pt. ll5-35o.

4eac't-Lq of 5-phe"v1:!,ß-dtth

Equfinolar quantftÍes of the reagents in benzene rrrere refluxed

for 48 hours. No reaction occurred as only starting materfal was

recovered

'

Reaction of s-ph"qvl-I.2,a-d

--
0.5 g. of the startlng rnaterial $ras prepared by the method of

Derocque and Viall"l9 t"" dissolved ln carbon tetrachloride, and ref-
luxed wLth oxalyl chloride for 7 hours. Evaporation of the solvent, and

recrysÈalllzation of the product from ethanol gave back the startfng material.

Oåí-datioq of- 5-phenvl-l . 2, 4-dithlazole-3-thfone bv hvdrogen pgro{l¿g

S-phenyl-1,2r4-,ð,rthiazole-3-thlone ( 1 g.) dtssolved in 20 nr of

acetone and 20 ml acetfc acJ.d, treated with 302 hydrogen peroxlde (0.5 g);

the solutlon stirred for l0 minutes and kept for I hour. It was then

filtered, and to Ëhe ffltrate ferv drops of perchloric acicl were added.

Ether dfd not preclpltate any compound. The solution T^ras evaporated

under vacuum; product recrystalLízed from ethanol r^ras found to be 5-phenyl-

Lr2r4-d,rthiazole-3-one. m.pt.84-5oc. yield : 257.. rdentlcal to an

authentic sa*ple.19

F?cg l-on o f_3 -rne thvl thio;-5-phenvl- l . 2-d ithf ol íum f odlde6 3, 5 4 r ?lgithttrio¡enZamlAg

Equf.rnolar quantities of dithiolium iodide (0.58 g) and thiobenzanl-de

(0.225 g) ruere refluxed in eÈhanol for over 30 mfnutes. ReactÍon

product recrystallÍzed from ethanol, rn.pt. 110-5oC was fdentified as
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S-phenyl-l,2:dithiole-3-thlone by IR and by mixed rneltlng point.

ReactLon of 3-methvlthio-5-phenvl-1. 2-aitniottum fo¿i¿e

Equirnolar quantfties of the reagents fn erthanol were refl-uxed '::ì:',::r:'

fot 2 hours. ShinÍng brown crystals obtalned were found to be the

p-dfinethylamfno-thiobenzamide from IR;
:..

, ..i. . '¡...,'"t '

Reactign'-oå thlonicotinamide with 3-methylthio-5-phenvl-f ,2=dithioltun ;i.,,r,,,
rodiãt - ::r::.'::::::r

Equfnolar quantities of the reagents 1n ethanol r,¡ere refLuxed

fot 2 hours. Reaction did not work.
,

Sgsctlo :

pgrc¡loríc acid_

0.5 g of the 5-phenyl-3-urethylthio-1 ,2r4-ð,ithLazolium fodide r,ras

dfssolved 1n 15 ml of nitromethane, and then 5-7 drops of perchlorfc acid

added to l-t. the reactlon was instantaneous.A b,ro¡¡nfsh colored product

sÈarted precipl.tating out on addftLon of ether. IR showed ClOf, peak :,.,.:::::::,:. ...-.-:-:-:.:..:.:.:...

:' :::ï'--' 
"ì.:at llo - lo5o "rn-l. ' .'" 
'.',"

i,:::;1,,1,,'.,
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REI\CTIONS OF S-PHEIIYL-I.2.4-DITIIIAZ0LE-3-THIONE I^IITH DIPOLAROPHILES

Rgaction of S-phenvl-I.2,4-dithiazole-3-thigne r¡ith_dl¡nethyl azodicarboxylate

Equlmolar quantitf.es of the reagents were refl-uxed in ethanol for :...,:.,-.."..:::

two days. the precipltate obtained on recrystallizatLon from ethanol

was found to be the startÍng naterial., m.pt. L25-6oC (Iow rneltLng polnt

due to contaminatlon),. f{hen Èhe reagents were refluxed in xylene for 
,.,...,-

48 hours, and the product recrystalll-zed from ethanol, only the startLng 
:: 

'i:::

:,,, ii.

materfal ¡¡as obËafned (sfunilar IR as that of the genuine thlone). '-:::':;::

Reaction of S-phenvl-l.2 4-dlthiazole-3-thione r,rith hexafluoro:2-butlne

0.5 g. of the thfone ín benzene contained in a glass tube cooled

down Ëo -7Oo in dry ice-acetone bath, and a slight excess of hexafluoro-

2-butyne was allo¡¡ed to condense into it. The tube was sealed and

heated in nater bath at 70o fot 6-7 hours. Green product obtaLned

on evaporatlon of the solvent lras recrystalllzed from ethanol. m.pt.

128-90. Yield g57". IR gave -CF3 peak at 1160 crn-l. ¡MR gave a

sl.ngle fluorine peak at =3133 T (55.54 parts per rnillion). AnalysLs

found'. C=38.77.. H=L.531(, F=30. 477", S=25.727", N=3.812. C12II5F6S3N

requires: C=38 .77", H=I.3it, F=3O.37", S=25.!%, N=3.7%.

Reactlon of S-phenyl-l,2.4-dithiazole-3-thione with dlbenzovl acetvlene

Equfmolar quantLtfes of the thione (0.5 g.) and dlbenzoyl

acetylene (0.6 g.) were refluxed f.ot 2 hours. Solvent evaporated and

the pròduct recrystallized from nitromethane whfch gave brownÍsh

needle-lfke crystals. m.pt.160-1oC. IR 1n ilNu3olt' gave peaks at 1665,
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1650,1590, 1510. 1450, 1360, 1310, L260. 1160, 1050, 1010, 980, 930,

850, 810, 775, and,725 cn-L. Sharp peak's at 1665 and 1650 showed two

carbonyl groups. Ylel-d: 95"/., AnalysLs found C=64.647", H=3.567", S=2I.47"

0=7.LSiZt N=3.2571. C24H15S302N requires: C=64.7L%, H=3.372, S=2I.58%. '':-'::¡

O=7.L9%. N=3. l5Z.

I,lhen 0.5 g. of the thlone and excess of dLbenzoyl acetylene

(l gn.) were refluxed in benzeire for 7 hours, and the solvent evaporated ',',, ,t,

, .': ,.'

besfdes the monoadduct, a yelIow diadduct was also obtained. Recrys- 
.:..;,:;,.,,,

tallfzed from nitromethane, m.pt. 187-8oC. Yfeld:7Oi4. AnaLysis found :':

c=70.81%, H=3. 867", N=2.227., s=L4.3L,%. c¿oHzsNS¡oO reeuires: c=70.682,

ll=3.687", N=2.067"¡ s=14.152,. O=9.422\)-

Reacçion of S-o-toluvL-1. 2, 4-dlthfazole-3-thione r,¡fth dibenzoyl
acetvl-eng

5-o-to1uy1 -L r2r4-d,LÈhiazole-3-thione (0.5 gm), and dibenzoyl
j, ,, 

,,,

acetylene (0.501 g.) refluxed in benzene for 3 hours gave red compound :ii::::

:-:-:.:.::-:,:

recrystallized from nÍtromethane. rn.pt. 160-1oc. IR showed strong ',,',,¡.;,.,',;',;,

rt 1640 "t-1. Analysis found: C=64.487", H=3.927", 3=20.657.¡C=0 peak ¿

N=3.16%. c25Hl7S3No, requfres: -C=64 
.467", H=3.79%, S=20.812, N=3.057",

' 0=6,9%t Yield: 9O7..
i.;;ir

Reaction of S-p-toluvl-1.2.4-dithiazolê-3-thLonel r.¡ith dibenzovl
acetvlene

0.5 g. of 5-p-to1uy1-1'2'4-dithfazole-3-Ë hione and 0.51 g. of

dibenzoylacetylene refluxed in benzene for 3 hours. Solvent evaporated r. ,.
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and the producË recrystallized from nitromethane. m.pt. l67oj. Yield:

gO%. IR ln "NuJol' showed strong carbonyl absorptlon at 1625 cm-I,

G=S'absorption at L260 "r-1. OÈher peaks were at: 1560, L525 1400t
:j...i.:...
: it r.:

" 1370, 1365, Lzgo. 1200, 1115, 1040, 1025, 1015, 960, 890, 780, 760' i':::':r:

aîd 725 "r-1. Analysis found: C=64.59i1, H=3.9O7", S=20.957", N=3.I7%

C25II17S3NO2 requires: C=64.46%, H=3.8%, 3=20.82, N=3.052, 0=6.9I%. 
, ,r,,

. I,¡hen 0.5 g. of the above nonoadduct rùas refluxed wlth approx. ,1,,',r,

0 .25 g. of dLbenzoylacetylene for 6% hours in benzene, and the solvent 
,r,,i..
. 
.. i,,

evaporated, a yello¡¡ colored dladduct, was obtained, recrystalllzed frorn

nltromethane. m.pt. 185-5.8oC . \ield: 857". Analysls found: C=70.8211,

i 
!l=4.28 %t s=13.77 y.rF=2.r6 7[. coþns3o4 requLres: c=71 .ol"Å, Ha.gsz,

I N=2.o27", s=I3.8r7", o=9.237".

i

, Reactlon of 5-(2-furvl):1.2.4-dfthiazole-3-thione t¡ith dibenzoll-

' acetYl-ege-

5-(2-furyl)-l'2'4-dlthiazole-3-thLone (0.5 g. ) and dibenzoyl-

\ -,^^ --Ea^----t 
J- t-^--^- ^ c^- 1l- f,^..-^¡ aalrranacetylene (0.53 g.) were refluxed Ín benzene for 3% hours; solvent 

¡::,¡:

evaporated, and the product recrystallized frorn nftromethane, whlch

gave purple crystalline compound, m.pt. 145-7oC. Yield: 902. Analysis ',' ,,,

found: C=60.812, It=3 .L */. s=22,062, N=3.332. C22H13S3No3 requÍres:

C=59 . 327. t S=2L .57 7", ¡=J. 14%, 0=10. 7 8%. H=3.O2.

neactfon. of 5- (2-thienvll-1 r 2. 4-dithiazole-3-thione !üith dlbenzoYl-
acetvlene

5-(2-rhtenyl)-1r2"4-dtthlazole-3-thLone (0.5 g) and dl.benzoyl-

acetylene (0.515 g) refluxed in benzene for 3\ hours. Solvent evapo-

rated and the product recrystallfzed fron nltromethane. m.pt.197-8oC. 
"
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Yield: 902. Analysls found: C=58,58%, lÞ2.7I%, S=28.357", N=3.17%.

C22H'3S4NO, requf.res: C=58 .53i¿, H=2.887",5=28.38%, N=3 .I%, 0=7 .I%.

Reaction of 5-phenvl-l. 2.4-dfthlazole-3-thione and dicyanoacetylene

0.5 g of the thLone and equfnolar quantfty of dfcyanoacetylene

were refluxed in benzene f.ot 2 hours. Solvent evaporated, and the

dark green product recrystalLlzed from nitromethane-nitrobenzene

mlxture gave the product. m.pt.zz}-Loc. Yield z 95%. Analysis

found: C=50. 031Z, H=L.8Oi1, S=33.562, N=l4 .48i(, Cl2H5S3N3 requires:

C=50.L8%, H=L.747", S=33.457., N=L4.63%...\ IR showed CN absorption at
\

2185 cm-l I

Reac$on o f 5- (p- tolgyl ) - 1*2-4 -di thigzo 1e-3- thione and dåc:¡agoaceÐLlsne

0.25 E. of the thfone and equirnolar quantlty of dícyanoacetylene

were refluxed in benzene for 5 hours. Product recrystallized frorn

nitromethane-nitrobenzene mlxture, gave green produetr m Pt. 213-4oC.

Yield$67". AnalysJ.s found: C=51 .7Li¿' H=2.357"¡ N=L3.79%; C13H7N353

requfres: C=51.822, H=2,227.¡ N=13.9%r S=31.892. IR showed CN absorptlon

-tat 22OO cm .

Rgaction of S-phenvl-1 . 2.4-dithlazole-3-thione with I , 4-dichloro-,2-þi¡¿ne

Equirnolar quantities of the reagents refluxed 1n benzene fot 2k

hours, solvent evaporated, and the product recrystallfzed fro¡n benz

was found to be the starting material.
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Reaction L-L.2.4-dirh -3-thfone wlth oro bronide

Equlnolar quantltles of the reagents refluxed in benzene

hours. No addÍtton product obtained

f.or 2

e4lgbetween S-pnenvf-l be"Zoq"fnone.

EquimoJ-ar quantltLes of the reagents refluxed in benzene for 19

hours gave back the thíone as shor,rn by the rR of the product obtaLned.

&ggtloncf 5-ph.""1-1 . 2. a-d

The thione (0.5 g) and approx 0.5 g of phenyl fsothiocyanate in
benzene r¡ere refluxed for 22 hours. After evaporating the solvent, the

product !üas recrystallized from benzene. It was found to be the starting
material.
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SULFT'RIZATION REACTIONS OF TÍIE MONOADDUCTS

Reaction of 2-thiobenzovllmino-A. 5-dibenzovl--1. 3-dÍthiole with
ohosphorus pentasulf íde

0.5 g of 3-thlobenzoylimino-4rS-dfbenzoyl-lr3-dlthiole with

Q.2 g phosphorus pentasulfide' refluxed in pyridine for 5 hours. The

green product obtal-ned after evaporating pyridlne under vacuum' I^ras

recryst,alLlzed from a mixture of ethanol and benzene, m.pt.203-3.5oC.

IR showed the absence of the carbonyl- peak. Yteld:45%. Analysls

found z C=64.547", H=3.567". S=28. 637", N=3.261(. C24H15S4N requlres:

C=64 .7 I%, I1F3.37i¿. S=28. 7 67", N=3.t?ir.

\_
Reactíon of 2-(o- thiotolu 5-dibenzo 3-dtthiole wiÈh
ohosohorus pentasulf lde

0.5 g of the dlbenzoyl compound and O.25 e of phosphorus penta-

sulfide fn pyridtne refluxed for 5 hours gave'green needles' recrys-

tallized from benzene-ethanol mlxture, n.pt. L97-aOOoC. Yleld 47i¿.

Analysfs found C=65.357", H=3.88i¿, S=27.78?., N=3.24%, C25H17S4N

reguf.res: c=65.357", E=3.7%¡ S=27.9%, and N=3.05%. IR shot¡ed the

absence of carbonYl grouP.

end

o.25 g of 2 (2-rhiofuroylimino)-4r5 .dlbenzoyl-l,3-dlthfole and

0.15 g of phosphorus Pentasulfide in pyridine refluxed for 5 hours.

Solvent evaporated under vacuum, and the green product recrystallized

from niÈrobenzene. m.pt.218-20oC. Yleld 557". Analysfs foundz C=59.357.

ll=3.747.t S=27.89%, N=3 ,92%. C22H13S4NO requires: C=60.687", H=3.07"'

S=29.43%. N=3 .21il, 0=3.677".

Reactlon. of. 2-(2-thiofuro 3-díthÍo1e
ohosohorus Dentasulf ide
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Reagtlon o{ à(g.tnfotof"vffrf"o) +
phosphorus pentasulf íde

0.5 g of the dibenzoyl cornpound and about 0.3 g of phosphorus

pentasul-fíde refluxed 1n pyrldine for 5 hours. SoLvent evaporated 
,,,,:..,;

and the green product recrystalLlzed from nltrobenzene. n.pt. 207-7.5oC. 
:::::

Yield z 5O7". Analysis found z C=65.4%, H=3.642, S=27.64%, N=3.857".

C25H17S4N requires: C=65.36%, H=3.77", 3=27.'1907";" N=3.052. .:
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REACTIONS INVOLVING PREPARATION 0F THE 1:4 DIADDUCTS FROM 1:3 MONOADDUCTS

Rgactfon of 2-thioben helafluoro-
2-butvne 

..:.,.

0.5 g of the monoadduct and a slight excess of hexafluoro-2-butyne ',1 ',',i

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

materÍal.

Reactlon of 2-thiobenzovlimLno- .S-dicvano-l.3-dithlole and dine!þy'l
agely1eqe¡llgþ¡vlate.

Equf.rnolar quantities of the reagents refluxed Ln benzene for 6 hours

gave back the starting material.
(,

Eeactig ate
gnd hexafluoro-2-bu

Equf.rnolar quantities of the reagents refluxed in benzene Ln

sealed Ëube for I hours gave back the starting naterial.

Reaction of dtnethvl-2-thiobenzfu
ãlã-ãrme

EquirnoLar quantltÍes of the reagents fn benzene and Ln xylene

were refluxed for 24 hours. Only the startfng material was obtained.

B"t"tfo" of 2--*rfot."r"V1fu
ggg_¿ine.çhyl azod icarboxvl4

Equimolar quantities of the reagents refluxed in benzene and

xylene fot 24 hours and 48 hours gave back the startLng rnaterial.
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Reactl-on of ?. thtgÞen?oYlfinino-4 ' 5-dibenzovl-l ' 3-dithíole and

ffi:.g@
Equimolar quantLties of the reagents refluxed in ethanol for B

hours. Product put on TLC' Three bands were obtalned on the plate

wtren 5% chloroform a¡ð 9ü%benzene mixture was used' Band I (green)

gaveunreactedstartingmaterial.Bandlll(orange_ye11-or^')gavea

product recrysral Lrzedbv nitrornethane' m'Pt' ttt.t,:,'^ 
^-:î" ltt:ttttt"'

product.IRgavestrongcarbonylpeakaL1650and1640cm-',tvhlle

thelRofthereagent,dímethylazodl-carboxyl.ate'gavestrongcarbonyl

absorptfonat.1750"o,-l.Analysl.sfoundC=66.70'/",|7=3,65%,N=3.28%'

S=L4.967". C2gII21N3S3O6 requires: C=56' B4'/"' l1=3'55i!' N=7 1% ' 3=!6'257"'

0=16 .257". on repeating the experiment' orange-yellow band could noË

be obtaíned on TLC plate and Ehe orange-yellow crystallfne product

f.'asnotobLalned;apparent'lythere$'eresomeunknor^lnfactorsvorklng

when the experlment was done first'
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REACTTONS INVOLVING CARBONYL GROUPS OF 2-TIIIOBENZOYLIMINO-4,5-
DIBENZOYL-I, 3-DTTHTOLE

Reactlon of 2-thiobenzoylimfno-4.5-dl-benzovl-1.3-df.thfole and hydrazlnè
t_

O 25 g of 2-thiobenzoylfinlno-4r5-díbenzoyl-1r3-dithiole and 0.02 g ',::"1'1i

of. hyxtazfne in ethanol were refluxed for 3 hours. The crude product

obtafned on evaporatíon of the solvent rùas separated by TLC whlch gave

purple band of some decomposition product which !'ras too small to be '.:',,',',';,',

::.-i

analySed. 
,.,-,,:,

::::'

Reactjlon of 2-thíobenzoylimlno-4.S-dÍbenzovl-I.3-dithiole an4
l@fene¿iamine 

{

Equimo1arquant1tlesofthe'".g!ìt"inethano1ref1uxedfor

6 hours. Orange yellow crystals obtaf.ned by recrystallization from

nltromethane, m.pt . 222-230. IR showed N-H peak at 3150 ct-l, and

strong carbonyl peak at 1675 cnr-l as conpÍrred to the carbonyl absorptfon

peak at 1625 "t-I Lo case of the starting. material. Analysfs found

C=66. 95l, H=4.587.. N=8.67%, S=13. 35%. C3gH21N3S3o requires : C=67 .287",
:..:.'

E=3.g% N=7 .841( S=I7 .947.¡ 0=3.02.
-,' 

.i'
:

'.'.
Rgactl.on of 2-thiobenzovlimino-4.S-dibenzoyl-l.3-dÍthiol..g atd anílíne

Equimolar quantitfes of the reagents ln benzene refluxed for

6 hours. Product purlfied by TtC recrystalllzed from benzene-ethanol 
.,:ì..

mLxture. m.pt. 223-5oc. Yield: 307". IR showed shifted strong 'l

absorptLon peak at L675 
".-1. 

Found z C=73.5"Á, tÞ4.621[ 3=12.211!.

ñ=5.42%¡ Q=4.25i(. C39H2gN2S3O requires: C=69,237"' ll=4.847", S=LB,467 ,

N-5.382, O=3.07it.
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}ÍISCELLANEOUS REACTIONS :

OxldatLon of C=S group of 2-thiobenzoyliml-no-4.S-dlbenzovl-l.3-dithiole

The compound 2-thÍobenzoyl-ínino-4,5-dibenzoyl-I'3-dlthfole 
f:,

(0.5 g) 1n 15 ml of acetLc acl.d was reacted r¡ith mercuric acetate until : "

the. color of the solutl-on became m1lky. The rnfxture vras shaken for 24

hours, and then flltered, to removed unreacÈed mercurLc acetate. The 
,,,
:a.-,

fLltrate eras treated with lrater to dissol-ve any unreacted mercurlc acetate, '::

and the product, extracted wfth ether. Evaporation of ether, and recrys- ,.

taLLIzatTon of the product by nitromethane gave the product, m.pt.169-70oC.

Analysis found: C=15.L4"Á, H=2.22%, N=0.082, S=L2.077". CZ1H¡5NS2O3 
:

requfres t C=67.27", H=3.4g%, N=3,26i^t-\=f ¿ .g4|t 0=11.192. Obviously the

compound analysed was contamlnated tran "o*. lnorganic compound.

Oxldatiog o! C=S group of 2.5-dLphenvlthieno.('3.4-d)2-thiobenzanino-
!-,-tdrt@.-

O.25 g öÍ. 2,5-diphenylthieno (3 ,4-d) 2-thlobenzamino-l , 3-dithfole

¡¡as taken Ín 15 ml of acetic acíd. Mercuric acetate added to thfs until 
,,¡.¡,.,
:l:..1.1

theso1utfonbecamesomewhatni1ky.Thernixturéshakenforabout48
','.' 

. 
'

hours, insoluble mercuric sul-fide filtered, and the flltrate treated t:"'1

wl.th lrater to dÍssoLve any unreacted mercurlc acetate: the product

extracted r¡1th ether, and recrystal lkzed. fron ethanol-benzene mixture

IR showed strong C=0 absorption at 1640 
"r-1 

. Analysis found: C=66.gLT., t',"',,..:,t.

i.':' '' -

H=3.647", N=3.32- CZ4H1SS3oN requires: C=67 .L37", H=3.57"t S=22.38%,

O=3.737", N=3.267". m.pt. 2L4-5oC. YÍeld : 607".
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Reac tio¡__qf 2-thl_oletzpyllqino-4 . 5-díbe
Erfethvloxonium f luoroborate

0.5 gm of the starting material and rnethylene chloride solution

of excess triethyloxonium fluoroboraÈe were allovred to ,stand for 5

days. Crystals started forming after removing methylene chLoride.

Recrystalll"zation gave trüo type of crystals havfng a large meltíng

range. The product was insufficient for analysis.

Rgaction of 2, 5-diphenvl thíeno- (3 . 4-d ) - 2-thíobenzanino- I . 3-dl thlole
and triethvloxonÍun fluoroborate

0.5 g of the starting materíal allor¿ed to st,and for several

days in methylene chlorÍde soluÈion of excess trlethyloxoniugr fluoro-

borate. On1-y starting materlal r,¡as obtained baclc.

Sulfurization of 4,5-dfbenzoyl-l2EffirJ-ffi -
0.5 g of the spiro compound and corresponding amount of phos-

phorus pentasulfide refluxed. in pyrfdine for 5r¿ hours. The product

r,¡âs put on TLC. A large nu¡nber of bands were obtained. The boÈtom,

intense yelIow. band $¡as scraped out, and the compound extracted wLth

chloroform. IR ln nethylene chloride hras not sultable for lnterpretation.
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ALIffLATION REACTIONS OF DITHHZOLE-3-THIONE

Reaction of S-phenyl- 1.2.4-dlthiazole-3-thione wlth benzyl_brornl.de

0,5 g of the product allowed to stand with excess benzyl bromide

for 2 days. Ether fnsoluble llght brown needles sl-owly formed and

were ffltered off . n.pt. 95-5,5oC. Analysls found: C=43 .527", H=3.787",

S=22.46%, N=3.58it; Cl5Hl2S3BrN requLres: C=47.l2%, H=3.I47", S=25.L2%

N=3.67"Á¡ Bt=20.94%.

Reaction of 5-phenvl-l . 2 . 4-dithlazole--3-thione wi th dimettr¿1__s"f f at".

0.5 g of thione in excess dimethyl sulfate al-lowed to stand for

5 days. No salt formation occurred.

Reaction of S-phenvl-l.2.4-dLthiazole-3-thione r¿l-th ethvl lodide

0.5 g of the Èhlone fn excess ethyl lodlde gave purple needles

after 3 days. m.pt. of ether-washed product: 84-5oC. Analysls found:

C=l7.2L%, H=L.777", N=l.462¡ S=14.65%. ClgHlgNS3I requfres: C=32.77t,

H=2t7LY"t N=3r81%, 5=26,L4%, I=34.6%. C1gH1gNS313 requÍresz C=L9.67",

E=L.63%t N=2.29%¡ S=15.682, T=6L.35"Å. Apparently the compound is mostly

the trifodfde.

Egcglon of 5*phenvl-l . 2 . 4-dlthiazole-3-thione _sld_benzrydryL_bronlde.

0.5 g of the ÈhÍone Ln excess benzhydryl bromide allowed to

stand for 3 days. A yellow precf.pÍtate was formed which was filtered

off, washed wLth ether, m.pt. LIO-4oC. Analysis found: C=44.28%¡

H=3.5%, N=2.397", and 2.562 ash. C2lHl6S3NBr requfres C=55id, H=3.5i(t

N=3.052r S=2O.487", Br¡ L2.462,
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Reactlon of S-phenvl-l.2.4-dithiazole-3-thfone with butyl brornide

5-phenyl-l,2r4-dithiazole-3-thione (0.25 g) was dlssolved Ln

butyl bronLde (f0 nl) and aIlor,¡ed to stand for 4 days. No reactfon 
:',,...,
:-

was observed.

Reagtion of 5-phenvl-f, e

O.25 g of S-phenyl--L)2r4-dithiazole-3-thione in benzal chloride

(f0 ¡nl) was allowed to stand for 4 days. No salt formation was

observed

Sggctfon of s-phenvl-I.
perchloraÈe_ 

i

0.25 g of 5-phenyL-Lr2r4-dithiazole-3-thlone Ín acetone 
I

and a little excess of trlphenyl rnethyl perchlorate were allowed to I

stand f.ot 4 days. No salt formed.
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