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ASSTRACT

4, 5-Dlphenyl-l, 2-dittLiole-3-thione reacts v¡ith diineËhyl- acetylene-

dicarboxylaÈe, ethyl propíolate and ethyl- phenylpropiolate via a (3 +2)

cycloaddltlon to provide the corresponding mono-adducts, formulated

as 2-(2-thloacylmethylene)-1r3-dithioles. Further reactíon provides

di-adducts, formulated as thiopyranspiro-lr3-dithioles, via a (4 +2)

cycloaddiËion of the inltially formed mono-adducts r'rith the respectíve

acetylenic esters, only 1n the case of dinethyl acetylenedicarboxylate

and ethyl propiolate. The mono-adducts, formed from Èhe unsyrrnetrícal

acetylenic esters, ate found Ëo consisË of two 2-(2-thloacylmethylene)

-1,3-dtthfoles (as indicated by n.m.r.) which are probabLy s-cis geo-

metrLcal ísomers (wfth respect Èo the exocyclíc double bond). N.m.r.

studíes indicate Èhat the two s-sLs isomers may possibly be formed

durlng the reaction and may noË be interconvertible. llhe (4 + 2)

cycloaddition of 2- (2-thioacylmethylene) -1, 3-dithioles with e Ëhyl

propÍolate occurs in onl-y one direct.ion, as indicated by n.m.r.

1, 2-Dlthiole-3-Ëhíone and 4-phenyl-l, 2-dithiole-3-thione both

react with dirnethyl acetylenedícarboxylate and dibenzoyLaceLylene to

give, in each case, an unsËabl-e 2-thioformylmeEhylene-lr3-dithiole

whfch forms a bis-dithloLylidene-2-butene probably by extrusíon of a

suLfur atom from two 2-thioformylmethylene-lr3-dithÍoIes. Further

reaction of the 2-thlofornylmethyl-ene-1, 3-dithiol-es (fron 4-phenyl-

Lr2-dlthiole-3-thione only) with the aceÈylenes provides the correspond-

ing thlopyranspfro-lr3-dlthioles. These same 2-thíoformylmeËhylene-lr3-

dithiotes form the corresponding 2-forurylmethylene-1-r3-dithioles'

possibly efther by oxldation or by hydrolysis.
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4, 5-Oiphenyl-1, 2-díËhío1e-3-thi^one and 5-phenyl-l, z-dithlol-e-3-thione

both do not react wLLli. trans-dibenzoylethylene but react r,rith dibenzoyl-

aceÈy1-ene to glve the correspondlng 2-(2-rhLoacyl-nethylene)-1r3-

dfthloles and the corresponding thiopyranspiro-lr3-dithioles. Sulfuri-

zatíon of these Èhíoacylmethylene-lr3-diËhioles with phosphorus penta-

sulfide does not yteld Èhe expected thieno [3,4,d]-l-r3-dithiole, but

glves the corresponding 1r2-dithiol-e-3-Ehiones. However, sulfurization

of 4r5-díbenzoyl-1,3-dtthíole-2-spiro-4-(2-phenyl-5 rí-díbenzoylthiopyran)

wlth phosphorus pentasulffde gives the expected thienothiopyranspiro-

thieno [ 3r4,d]-l-r3-dithíole. To permít the preparation of thieno

[3,4rd]-1r3-dfthíol-es without the 2-thioacylrnethylene side chaín,

attempts were made to obtain 415-dlben zoyL-Lr3-dithío1e-2-thione by

reaction of dibenzoyl-acetylene with l-r3-díthioLane-2-thíone and with

4, 5-diphenyl-lr3-dithiole-2-thlone. BoËh attempts failed.

Reaction of 3-phenylÍuino-5-phenyl-1,2-dithíole and 4,5-

dipheny1-3-pheny1-luríno-l-, 2-dithiole wiÈh dÍmethyl acetyLenedicarboxyl-ate

gives, ln both cases, only a thiopyranspírothíazoLe. 3-Phenyl-irníno-5-

phenyl-l,2-dithfole reacËs with ethyl propiolate and ethyl phenyl-

propiolate to gLve, in each case, only one 2-(2-thioacylmethyl-ene)

thlazole, as índicated by n.m.r. 4,5-Diphenyl-3-phenyllnino-1r2-

dfthfole does not reacË with either ethyl propÍolate or ethyl- phenyl-

propf ol-ate.

3-Benzylldene-5-phenyl-1,2-dithlol-e reacts wiÈh dimethyL

acetylenedLcarboxyl-ate Èo gf.ve products vrhich could not be purified

satÍsfactorily. Reaction of N-phenyl-5-phenyl-isothiazoliuur perchlorate

wlth sulfur ln pyridtne does not give the expected A4-lsothi azoLin-

3-thione but glves 3-phenylinlno-5-phenyl-1r2-diËhiole. The synthesis
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of an fsothtaphospholiurn salt by reaction of a 1rz-dithiolium salt

with phenyl phosphine and Ëhe synthesis of a Â3-isothiaphospholin-5-

thl-one rtere unsuccessfu]-.
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The symbols, uniËs, nornenclature and numbering of compounds

conform wlth those used in Canadian Journal of Chernistryr e.g., 415'

dlphenyl--l,2-dithiote-3-thlone (27) or the 1r2-dithiole-3-thione 27 .
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INTRODUCTION

General

The 1,2-díthiole sysËem I is a heterocyclic ring consistíng of

Ëhree carbon atoms and two sulfur aEoms. Two examples of thÍs systeÍr

were of interest: the aromatic 1,2-dithiolium cationic system 2 and

the 1,2-d.ithioles 3 in which the five-membered ring contains one double

bond while Ëhe other double bond is exocyclic.
'l ..

The concept of ísoster.ism - requires Ëhat a -S- atom replaces

a -CH=CH- group ín an aromatíc sysËem. Since Ëhe sulfur atom,

through the participation of d orbitals, ís capable of accommodating

a decet of electrons in iËs outer shell, ít is also possible to regard

Ëhe replacemenL as one of =b'= for =CH-CH= Thus, by successive

replacemenËs, the tropylium cationic systern 4 gives rise, firsË to the

thiopyrylium cationic sysËem 5 and then Ëo the dithiolium cationic

sysËem 2. Thus dithiolíum salts are isosteres of tropylium and

thiopyrylium sa1ts, and ín accordance with this isosterism, the

properties of the dithiolium salts should parallel, to some extenË,

those of the tropyl-ium salts 2-4 
^nð, 

those of the thiopyrylium salts 5'6

I. es-5.V,
q

1

The resonance form" 2_tÞ:_" and d are the contributing structures

of the 1,2-dithiolium system not utilizíng sulfur 3 d orbitals, whí.le the

resonance forms 2 =:_f and g are contributing structures using d orbitals.

From consideration of these resonance forms, it rvould be,expected that

posiËions -3 and -5 in 2c and 2d respectively, should be activated

tL<-síri\t[f7 -J qI \./
"f

¿

/1.s-5
'V*-

3

@
54



2

Lowards nucleophflíc attack. If the decet, forms 2_", f and g have any

signif icant ínfluence, position -4, 2J, should also be suscepËibl-e to

nucleophlllc attack. Although nucleophilic attack does Ëake place

preferentially at posítions -3 and -5, very "thioPhilic" groups must

also be expected to attack one of the sulfur atoms, leading either to

cleavage of the disulflde bridge or less likely' to occupation of a d

orbftal of the ",rl-frrt7'8. 
No evidence has been presented for nucleo-

phllic attack at postlon -4.

J_J +

\/

s-l
+a)

d

5-5
\/\)

ba

+

2 c

g2

l-c(i <-(

\)

(æ(-l 

-JU
+

The dithloles 3 are potentíally aromatíc sÈructures. Compounds

contaÍnfng this type of structure are the 1,2-dithiol-e'3-thiones 6, the

3-alkylídene-l,2-dithfoles 7 and the 3-ímino-|,2-dithíoles 8. All

possfbtllËies of aromaticity in these compounds require charge-separated

polar structures. If Êhe compounds 6, 7 and 8 are not resonance stabiltzed

they would react only as o-ß unsaturated thlones, 1r3-dienes and a-ß

unsaturated Ímines, respectl-vely. Of the possibj-e polar canonlcal forms

of the dLthloles 3, the structures l_=¿f and g utilfze the d orbitals of

the sulfur atoms. It would be expected that posltions -3 and -5 ín 3a

and 3d, reapecËively, shoul-d be actlvated Èowards nucleophllic aÈLack

ê



3

as ls the case with dithiolium salts. Sirnilarly, if the decet forms

3_1! and g have any slgnifícant contributíons to the resonance hybridt

nucleophillc attack rníght also occur ín position -4, 3g. Analogously

wtth the reactíons of dithiolium salts, only positions -3 and -5 are

found to be sites for nucleophilíc aÈtack.

s-5
*íy''Ba

6

l-5

7

fir

B

(-< s-5
*(Å,-

I

s -s'
\Å\^" X

dCba3

( 

-(
)

\) \A--
t

\x-
+5:5

\-(*

5:'l

+

Gdf3 e

5-S
Ä^,,R,

ß, R', tR,



PART I: L,z-DíLhLolium Salts

SecËion A: Preparation of 1,2-DiËhiolium Salts

The synthesis of 1,2-dithiolium salts contaíning only alky1 and

aryl substituents wíll be discussed in this section.

1. From lr3-Diketones and 1,3-Ketothíones.
o

Leaver' reported the synthesís of dithiolium salts by the actíon

of hydrogen disulfide on 1,3-diketones in ether. soluËíons saturated with

hydrogen chloride. Although no intermedíates have been isolated, Lhe

formation of the d.ithiole 10 has been posËulated as an unstable inLer-

mediate in this reaction. The salLs 11 arb, and c, isolated as the

perchlorate salts, \¡/ere obtaíned in good yields. Schmídt and Schulzlo

have also prepared these salËs and the salt 11 d using hydrogen

dísulfide, hydrogen Ërisulfide and hydrogen polysulfide (Sn5) in

varíous solvenLs saturated with hydrogen chloride. Various alkyl and

aryl dithiolium salts have also been prepared by Dingwall,McKenzie and

Reid by the Èreatment of lr3-diketones with hydrogen disulfide either in

a soluËÍon of perchloric acid and acetic acid. or in acetic acid satúrated

with hydrogen bromid"ll

M
Rr,

s-s-?,\101,'
ÀaJ

Hc¿

R, H^ 5^

10 11

Ð Ê,=rl¡ =

b) ß,=ph,

C) ß,=R¡=

d) fi,= ß3=

Ph, Ra

R,=l-1,

ci-i3.,

ç'H: r

=ljll

fi, = CH¡

ß 
^=H

ff^=Ph

11



5

Various 3,5-díaryL'L,z-di-thiolium salËs 14, isolated as the

trilodides, have been obËaíned by the oxidaËlon of 1,3-diaryl-3-mercapËo-
1,)

prop-2-ene-1-ones 12 using iodine ín eÈhanol". It has been shown thaÈ

the dtsulfides 13 are Èhe ínitial products formed in the oxidatíon and

further oxidatlon leads Èo the dithiollum salts L!L2.

p tH r\ [ o s

,Ma,E4n( "L¿H \",l
12 13 14

A variation of the above procedures involves the action of

phosphorus pentasulflde on 1,3-diketones or 1,3-ketothíones followed by

treatment wíth actdl3. Only 3,S-disubstituted-lr2-dlLhíolium salts wíth

at. leasË one aryl substituent have been prepared.

2. From 1r2-Dlthío1e Derivatíves.

(a) Oxidation.

Oxidatíon of the díühiole 1åg by potassíum persulfare gíves

the 1,2-dithiolium salt Lfu, lsolared as the perchlorate salt14. This

syntheËíc route has not been extended because of the thermal ínbtability

of most lrz-dfthíoles of the general type 15. It has been shov¡n ÈhaÈ

1,2-d1th1o1e derlvatives 15 can be ísolated only if the r.Íng is stabilized

by several aryl substituerra"ls.

¡r)11c,(oq

ç-s
*,\¿

R"

S:5I l-¡-\ IJ-l-/-\
{,Y -83

R¡-

16

ÇÍcvH

Rj

15

) n, =H,ß*=Ph,Rr= f -(H)=N- CrH"



es oxidative rÍ-ng

of the cyclohexenes

bromides 19. The

iate in this

oxídizing agent.
-t

R- I

-CHlrl{-5,+ I

VB; Ih¡l
J

lËs í

TreaË

ithio

e ínt

ed as

->

SA

-d

b1

US

An unusual route

contraction of 1,3-dithío

17 vrith bromine yield the

díthiole 18 has been post

reaction. Sulfuryl chlor

.nvolv

menf

lium

ermed

the

ß
Iq r, _li,llV

17 ß'

-RcHBa -
;q

R1F,]
B"a____>

-HBr

1B 19
(b) ReducÈion.

The reducËion of 4r5-substituted-l,2-dithiole-3-thiones 20 È,o

the corresponding 3r4-substituted-lr2-dithiolium salts 2L with 40%

peracetic acid ín acetone generally gives the salts 4 in good yield"3'16.

The thione sulfur is eliminated as the hydrogen sulfate anion. In this

manner, 3-thío-1,2-dÍËhÍo1e-4-carboxylic acid (20q) upon oxidation of the

thione function gives 1,2-dithíolium hydrogen sulfaËe Ql_e) with

sporitaneous decarboxylation of the acid function3. The success of this

reaction has been attributed to Ëhe relatíve insolubility of the hydrogen

sulfaEe salËs 4 in r""torr"16. An analogy has been drawn lvilh the

preparation of EhíazoLesLT, írnidazolesl8'19, 1,3-dithiorium "rla"20'21
and thiopyrylium saLtszz from the corresponding 2-thione derivatives.

Most 3- and 4- monosubstituted and 3,4-disubstituted atkyl and aryl



salts have been pr:epared usíng thís procedure.

f-f c ll 3co 3l-l

^\årÃr"*ffR' I'Rr

20a
R'=CO*llrl],-=H

Variations of the Klingsberg method3

hydrogen peroxide in glacial acetie acid-- or

urediu#3. Oxidation with chlorine in glacial

and. gives the salts 2L ín poor yiel a"24 .

@R, I

RL

21a

lr
tt 5 or-

D -D _II
tt ¡- l) ¿-l-l

ínvolve oxídation with 302

in a methanol-sulfuric acÍd

aceËic acid is more complex
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Sectlon B: Reactlons of l-r2-Dithiolium SalÈs

It is expected that l-r2-dlthiolir¡¡n salts would be susceptlble Èo

nucleophillc reagents and not to eLectroPhillc reagents. Accordingly,

under nl-Ëratlon condít1ons, the dithiole ring ís resistanÈ Ëo attack e.8.¡

the 4-phenyl-l,2-dithiolium catl-on 22a is nitrated in the p-position of

the phenyl group while the 3-phenyl isome, 22b (R1=Ph) is nítrated in the

p- and rri- positiorr"3. The reactlons of sorùe nucl-eophilic niÈrogen reagents

wtth aryl and alkyi- substítuted 1-r2-dithiolium salËs will be discussed in

thls SecËfon.

1. With Ar¡rnonia.

1r2-D1Ëhío1íum salts 22a and Þ react with ammonia in ethanol or

with arnmonlum acetate 1n acetic acld to gíve the ísothiazoles 25a and b'

respectiveLyg'25. Here as in Èhe reaction of pyrylirrt26'27 ^nd 
thlopyrylium

""1t"28 
wlth anrnonla, a ring heteroatom is repl-aced by nÍtrogen

Nucleophllic aÈËack occurs at posltion -3 for 4-phenyl-lr2-dithiol-ium

perchlorate (22a), buË aË elther posiËíon -3 or -5 for 5-aryl-1'2-

dfthtol-ium perchlorates 22b. However, under a varÍety of condftions,

the s-aryLlsothiazole r5b ls the major producÈ and in many cases' the

only product r¿hen the salË 22b is rr""d25. The mechanísm was shown to

be one of additlon-ellmination fol-lor¿ed by rlng closure via displace-

ment of sulfhydrlde Lon by the nucLeophilic nltrogen present in either

of the open-chain compound" ä o, 2425. (see next page.)

A different mechanism is operative when 4-phenyl-1r2-diÈhiolium

perehlora te (22a) is treaÈed with arnmonla fn dry b.rr".rr.ls, 4-Phenyl-

isothiazol. (2:{ is found only as a minor product, Ëhe blsdfthÍoyL-

suLfide 26 belng the urajor fractÍon found. The sulfide 23 Is probably

formed from two dlthlol-fun catLons and hydrogen sulfide whlch would be

elfmÍnated during the formation of the isoÈhíazoIe 25a. The tropylium

catlon reacts with hydrogen sul-fide in a sirnÍlar manner Ëo form
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ditropyl sulflde29.

5-t 5-S-,M,\/,rr 
p¡,, +i 

?h

26

IE 18 aleo reported that the products of the reaction of 3r4-diphenyl-

1r2-dfthlol-ium perchlorate (22c) and ammonia in ethanol- contained 4,5-

dtphenyL-1,2-dlÈhiole-3-Ëhlone (27) and not the corresponding lsothiazole

ä"30.
The abstracÈion of a meÈhyl proton from 3-methyl salt" 2j by

anrnonla ln ethanol and the subseguent decomposítion of the unstable

3-methylene-lr2'dithiole 2j, formed, proceed faster than Èhe addítion of

am¡nonla to the dlthlollum ring and no- lsothlazole is found9.

S-S

,M'
Ph

27

---> îro,),t,ts

28 29
2, I{1Èh Prinary and Seeondary Amínes.

The behaviour of 3-aryl subsÈítuted-lr2-dÍthiolium salËs such as

3,5-dtphenyl-l,2-dithfolfum perchlorate (30), towards primary "tf,,."15'31,
such as nethylamine and anilÍne and secondary amln""l5 ",r"h 

as piperidine

and N-methylanfline fs l-nltiaLly similar to their behaviour to¡¿ards

ammonia, buÈ the lnitlaLly formed dithlole 31 undergoes ríng openíng

wlth the ellnLnaÈlon of sulfur to form the 1-anino-Propene-3-thlone 32'

Rfng cLosurerfn the case of prínary amines, to form lsoÈhlazoliun salts

36 does not occur because the nucleophillc character of Ëhese amines Ís



lower than

product of

structure

that of anmnonía. 0n the

the reaction wlÈh prlmarY

32a arrd not the tautomeric

11

basis of spectroscopic evídence, Ëhe

amfnes has been assígned the thione

anil structure 3315.

(/R
F (- N++,,(-Å,,

ß/ ,n
J \nr'+,,uU-pt,

cro;

30 31

Ð

32
R'= ll

V'" 
rh,.in'i

34
Ph

Phru NHPïV
Ph

35

The lsothlazollt¡mca¡íons, lsolated as the perchlorate salts 37

by the oxidatlve rlng closure of amínothÍones f! using iodlne

may be formed

ín ethanol3l.

S /VHR

*-0,,
ßr.

33

Thls cls lsomer of malonlc dialdehyde dianil 35 has been obtained

from the reactlon of 4-phenyl-1,2-díthíolium perchl-orate (22") with anllLne'

It seems probable ÈhaË Èhe anllinothíal 34 ls formed initiatly and would

be sufficiently reacÈive to form the dianil 3J h7Íth more anflirr"l5.

@.ooo
Ph

22a

S ^ ¡/-R

,{Pr,,"o'
't 

È.

37

Phr\/H

(ÐTx f E'oH

36

G) H C( O,T
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3. I^Iith Tertiary Amines.

1rz-Dithloli-m salts 21 v¡ith no substituent in positíon -3

combine with tertiary aromatlc amines Èo form violet dyesl4'15.

Electrophlllc aÈtack by the cation on Ëhe p-posítíon of Ëhe aromatic

amlne forms the unsÈable dithíole 38 which ls converËed into Èhe dye

19 bV the oxldative loss of hydride ion. Here the caËlon 21 acts as

the oxfdlzfng agent.

f6J'r4g
í,Y Y-

21 38 39
4. Wfth Hydrazines.

The formatlon of pyrazoles 4la and b and pyrazolium sal-ts 42

from hydrazínes and dithiolium salts is símilar to the formatíon of

lsothlazoles from aumonia and dithiolium salts. Thus wíth 85% hydrazine

hydrate and monosubstituted hydxazLnes, 4-arYl-lr2-díthloliun salts 40

react to give the pyrazoles 4-]¡r and 4l-b respectiv"ly3. 3-Substituted

unsyÍmetrlcal salls are reported to undergo nucleophilic attack at boÈh

posftíons -3 and -5 of the dithiole ring to gíve a míxËure of isomers

which are difficult to ".p"r"Ë.32. NrN'-dlsubstituted hydrazines afford

NrNt-dfsubstltuted pyrazolium salts 42 at Èemperatures bel-or,r -20oc33.

Along with the salts 42, the corresponding 1r2-díthtole-3-thiones 43

are found as minor products. The sulfur required for the formaÈ1on of the

thiones t3 rry arlse by deconposition of more of the díthiolium salLs 40.

Rr

le
+
/VRR'

J
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PART IIr 1,2-DiËhlol-e-3-Ëhiones

Sectlon A: Preparatíon of 1r2-Dithiole-3-thiones

Most of the preparatl-ons of l-r2-dithlole-3-thíones 6 make

use of elemental sulfur or phosphorus pentasulflde or a míxture of both.

Only the synthesls of alkyl and aryl- substítuËed thiones 6 w111 be dís-

cussed 1n thls section.

1. From Oleffns.

Alkenes when submttred to Èhe actíon of sulfur or phosphorus

pentasulflde, or a mixture of both, give Lr2-df-thl-o1e-3-thiones 6. Thts

preparatlve meËhod has been the subject of extensfve investígations over

Èhe past twenty-fíve years. The najoriËy of this work has been compíled

ln reví-er¡s by Landis34 arrd Lozac'h and vía1l-e35. Many aryl and alkyl

mono- and dlsubsÈítuted thlones 6 have been made in Ëhis fashion.

trltren sulfur ls used as the sulfur{zíng agent, Ëhe Ëemperature of the

reacEion is maintained between 160 and 220oC. Oleffns 45 vrith an

allyllc methyl- group or olefins 44 r¿hfch readlly t"ot"tJ" to neËhyl

substituted derivaÈlves 45 are used as starting materíals.

d//fl,-(Hr-C"
l
lj'

44

+

/cHt
CH
t.r,

'ufî

I,L
R,

45

/ cl13
to 

r-

5-5
-Ut

R,_

6

Á>

46 47
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Ol-efine of the type 4! are thought to be intermediates in the

reactlon of cumene (46) and p-cymene (47) '¡íth sulfur in the presence

of a basi" c.t"l-yst36. Also, compounds which can lose *^t"t37 or hydrogen

sulftde38'39 to yield the olefirr" € reacË wíth sulfur to gÍve Ëhe

thlones 6.

2. From Esters.

S-Aryl-l,2-dithiole-3-ones 4g4o-44 formed frorn the reaction of

3-aryl-a-ß unsaturated ester" € and sulfur are easíJ-y converted into the

corresponding Èhiones 50 using phosphorus pentasul-f íde43. I^Ihen the a-
lL lL

alkyl ester 49a fs used, the Èhione 5ga ls formed directly", but the
LIt

o-aryl- ester 49Þ gives 4,5-diphenyl-1-,2-dlthiole-3-one(49) " The

thlone 50b can be made dlrectly from the ester {þ if a mlxÈure of sulfur

and phosphorus penËasulfide 1s ,r".d45

Ar.-HC

4B
R

49

s_f

"M'
R

50

Q nr =P1., R=l-j

f-I P^l' ,
4,\a\

Ð o"=ff*Ph ) a, =Ph.,B = c oaEt) a, =Ph, R , Clls

Q e" =R*Ph

Qnr =Ph

Phoephorus pentasulffde converts $-ketoesËers into aryl and

alkyJ- mono- and dlsubstltuted thiones 6. Sulfur is sometímes enployed

1n conJunctfon htith phosphorus pentasulfíde, but fs noÈ necessary3T '39'45-54.

A ß-keÈodithlocarboxyl-ic acíd 51 ís belíeved to be an internediate in

this reactlon.
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o

,, r1. ,'J'
n ,)t:t

51

3. From Ketones and Thiones.

ß-KeÈodlthiocarboxylic acld" lJ, prepared by Ëhe base cataLyzed

react,lon of enolLzable ketones 52a with carbon disulfíde, or the dlmethyl

derivatives 5J, when treated wfth phosphorus pentasulfide, both give

mono- and dfsubetltut,ed aryl and alkyl thiones 639'54'57. Thís reaction

also occurs r,¡hen enolizabl-e thioketones 52b tt. tr".d58. 4-AryL-_L12-

dirhiole-3-thlones 43 are obtained when the aldehydes 52c are enployed.

x -- I 'r
î c;z- + _-,,s- àI&]-> u,l_cß.=r!trïtn;ë-cHa-R. ,= n,-ë-Cn.:c1;- :-:-=-:-=--ìì tr'-c -cllr -sc't¡

52 J+)cs
R,-¿- cH Ra- å- s u

54
Ðr:o
Ðt=5f

s-5
,\å''' R\ 6

Ð "=o
Ð*=s
) x-- o, B , =H,Rr=fr,

=-.-<e
53 -=-- r.

Ð t:o
þx=s

The ketones Ð, on dlrect treatmenË r.7lth a mixture of sulfur and

phosphorus pentasutfide produce the 1,2-dithlol-e-3-Èhlo n"" 960-62 .

Alphatlc ketones 55a give lower yields of the thfones ! than do arornatic

kerones 55b.
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passage of 1-r3-dlurercapto-

between 200-300oc

'i7r6il-
Hl{

57

Ð B,--o-ad

Ð n r=*'/

4. From Enamines.

The action of carbon disulffde and sulfur on enamínes 56 at

room temperature ín a polar solvent also l-eads Èo Ëhe formatíon of Lr2-

dithlole-3-thfones 6 with the evolution of h"^t63-65.

ßr,x zH
il

ß, / tr:f,í

566
5. From 1r3-Dlsulfldes.

1r3-Dimercapt,opropanes have been dehydrogenated and sulfurized

to gfve 1,2-dithlol-e-3-thtorr"" 666'67 . Thus, the

propane (57) through molten sulfur at temperatures

gl-ves I , 2-dtÈhtol-e-3-thl-one (58 ) 
67 

.



18

Sect.ion B: Cycloadditlon Reactions of 1,2-Dithiole-3-Êhiones

The structure and bond lengths of 4-rnethyl-lr2-dithiole

-3-thione (59) has been established by x-ray analysis6S'69. The

C(3)-C(4) and C(4)-C(5) bonds have lengths sinilar to those of C-C

aromaÈic bonds. Al-though the C(4)-C(5) bond has more double bond

character, Ëhe C(3)-C(4) bond also has a significant amount of

double bond character. The thíocarbonyl double bond ís slightly

longer than that which would be predicted for C=S bond (1.6104)

All these facÈs are consl-stent with a consÍderable contribution

from the dípolar forms 6ta-e. (See next page.)

DÍpole moment measuremerrt"T0 and infrared studí""71 "1"o 
confirm

the polar naËure of J-r2-dfthiole-3-thíones. In this Sectíon, reactions

of Lr2-dÍthfole-3-thlones Ínvolvíng a signífícanÈ contribuÈion from the

dipolar forms 6b-e in cycloadditíons r¿il-l be discussed. It should be

noted that the dipolar form 6b Ís analogous to the dipolar form of a
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thioketone and the dfpolar

forms of an a-ß unsaËurated

Over the years, Èhe

20

form 6c is analogous to one of the dipolar

ËhiokeÈone.

all reactions 1n whlch a nevl

general and a new deflnltlon

proposed by R. HulsgenT2'73.

Èerm tcycloadditÍonr has been used to descríbe

ring ts formed. This definltion ís Èoo

lrith the folJ-owing criterl-a has been

The product of a cycl-oaddítion corresPonds Lo the sum of the

components and cycloaddltions are not accompanied by the elimination of

smal1 molecules or lons. Cycloadditions do not ínvolve the breakíng of

o bonds and the number of o bonds is lncreased. Cycloadditions can be

intramolecular if one mol,ecule eontains ühe necessary functlonal groups.

When more than two components combíne, only the reaction sÈep leading

to a rlng l,s acycloaddition. The products of the cycloaddltion need not

be stable or fsolabJre,, but Ëhe cycloadducts must occur at least as

intermediates.

Cycloaddltion reactlons, obeylng the above críteria, have been

classified according to Ëhe number of ri bonds involved ín the cycloaddition.

Thus a general reaction of a n-electron system of m el-ectrons wíth a

n-electron system of n electrons would be classified as a (n * n)

cycloaddttlon reactfon. Thls classification does not adequately descril.¡e

the size of the ríng whích is formed or the number of ring aÈoms whích

each reactant conLributes.

The classiffcaÈlon, most wldel-y accepÈed and employed ín this

Ëhesis, 1s based upon Èhe assumpLlon that the criteria outlined above

are obeyed and lncorporates ínto its description the size of Èhe rlng

formed and the number of ring atoms contrfbuted by each reactíon partner.

Thus, cycloaddfÈion reactions leading Èo a three-membered rl-ng system
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may be descrlbed as (L + 2 = 3) cycloadditíons and leading to a four-

membered ring system as (1 + 3 = 4), (2 + 2 = 4) or (3 + 1 = 4) cycloadditions.

Conunonly 1n the primary literaÈure, this descripËion ís sínplified

and a cycloadditfon leading to a four-membered ring roay be referred to

as a (1 + 3), (2 + 2) ox a (3 + f¡ cycloaddition. It must be emphasized

that this deflnitíon ls not restricted only to a multí-eentred process

wlth a cycllc el-ectron shift, commonly referred to as concerted process'

but encompasses cycl-oaddiËions involving different types of mechanisms.

Al-l- Ëhe cycloaddiËions t,o be described ln this secÈion conform

to the crlÈerfa ouÈllned previously and can be classified in the

followlng manner:

l. As (2 + 2) cycloaddiÈions ín r,rhich 1,2-dithiole-3-thíones behave as

thloketones.

2. Ãs (3 + Z¡ cycLoaddlËÍons -

(f) ln which 1,2-dlthiole-3-thíones behave as Èhioketones and

conErfbute túro atoms to Èhe five-nembered rlng,

(fi) fn whlch 1,2-dithiole-3-thíones contribute Èhree aËoms to the

five-membered rlng.

Examples of Ëhese will be díscussed beloqr.

1. (2 + 2) Cycloadditions.

S-Aryl-l,2-dithiole-3-thlones 60, possibly in the dipolar form

6Oa react r.rith diphenylketene in bolling xylene Èo glve Ëhe correspondíng

3-(dlphenylmethyl-ene)-1-,2'dlthioles 62 and carbonyl sulfide ín good to
1L

moderate yields'*. A poor yleld is obtained when 5-methyl-lr2-díthlole-3-

thlone (qÐ 1s used and no reaction occurs for 5-unsubstltuted-L12-

dithfole-3-thlones 64. The authors posÈulated, as the intermediaËes formed
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from Ëhe (2 + 2) cycloadditíon of the thiones60 and diphenylketene, the

thíetan-2-ones 61 which orl rearrangement of the thietane ring give Ehe

3-nrethylene-l,2-díthioles 62 and carbonyl sulfíde. Sínce only 5-¿¡yl

substituted thiones 60 react appreciably, the dipolar form 60b rvhich

can effectively stabilize the positive charge must have a significant

role in determining the course of the reaction.

s
frr

64
Similar behaviour has been reported for acyclic thioketoneis. A

thietan-2-one 67 has also been postulaËed by Staudinger as an intermediat
?q

in the reactíon of diaryl Ëhioketones q5 and diphenylketene'-. He

found that at high temperaËures, Ëhe products isolated were the olefins

63 and carbonyl sulfide. He also reported that the diaryl Èhioketones

6.5 and diphenylketene at room temperat.ure form stable 1:l adduca"75.

Due to the fact Ëhat regeneration of the starting materials occurred

o
II

lr

/\
Ph .Ph

PhPh

62

5

f-{ ** f-i- r
,l s n\z^s-

6O 60a

U,-ñrl

60b

s-á
c.-Ph { cos

ârl rH .Ph

s-5
.Hss

H

63

61
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upon heating the l:1 ad.ducts above their meltíng point and recomblnatlon

was evident on subsequent coollng, Staud.inger ProPosed that the thietan-

3-ones 66 were the l-:l adducts. This assignment has been confirmed

spectroscoplcally by Ríoult and Vi.aLLe74. This behaviour has also been

observed for varlous carbonyl compounds fn their reactions wlth keten""i6'77

l- ,el
4r.- - ,Ph= --'> I S-1 | â'=-- 'Ph

Ii>:t * ;¡:c:o ; 
b.H^,,, _l*'o',Èlp¡ 

t cos

't' | 67 6865 ',n
5-f p¡ttffioâr h,

66
Thus ir ls posslble that ln the reacÈion of the L,2-dlthiole-3-

thiones 60 wlth diphenylketene, t!ùo reverslble competiÈíve (2 + 2)

cycloaddltÍons leadtng to the thLetan-2-ones 6l- and the thletan-3-ones

€ r.y be occurrlng. At hfgh temPeratures, the thl-etan-2-ones 61

coul-d lrreversibly deconPose to glve the olefins 63 and carbonyl sulflde'

No Ëhietan-3-one É,9 1s reported to be found when Èhe reactfon is carrfed

out at room ËemPerature, only a snal-l amount of the 3-meLhylene-Lr2-

dlthtol-es 62 arld. the unchanged 1r2-dtthiole-3-thiones lrtere isolated.

However, the thietan-3-onee¡ 99 t"y be unsËable even at room temPerature

or they rnay have deeonposed. to glve the sËart{ng oat€rials during the

Ísolation procedures.
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2.(t) (3 + 2) CycloadditÍons.

The malononítrLles !! can also be made, quantltatively aË lor¿

temperaËures, from the 5-aryl-l-r2-dtthiole-3-thíones 60 and tetracyanoethylene

C-C)).rI lrcoS
,/\r'^q-Ph

H \Ph

62

The 1nÈernediacy of a thíeÈar¡ehas also been invoked fn the

reaction of 5-ary1-1r2-dithiole-3-thíones 60 wlth tetracyanoethyl.rreTB.

The auËhors postulate thaÈ ¿he thietanes 70 result,lng from a (2 + 2)

cycloaddítÍon of ÈetracyanoeËhylene and the thione 60 could decompose

to give the ¡x-(5-ary1-1,2-dithiole-3-ylidene) malononltrlles 71 and

2-thioketomalononítrl-le (7 2) .

K/-.iñrl. '
fl

60

\
r
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oxlde (r2)". It is postulated by Ehe authors that the sulforiuur ylide

7J, as an lnLermedlate 1n the reactíon, could cycLize to form the

episulftd e 76. The spontaneous elímination of sulfur, favoured by the

presence of two el-ectron-withdrawlng groupsrcould then gíve the malono-

nitrlles 7l-.

s-5
rl

H

60

+ cry\cru
C^/ C IV

73

t,
+

74

I
.N

Nl
-C¡

_l

Ft\¿
C'.".

+fr'c
,l\ c*

75

f-

l.A/v:Tl --->

LH J
76

s-5r I +5
\-+- -.-CNArlv.H \c¡Y

71

However, recent studl-es of the reacËion of Eetracyanoethylene

oxlde wl-th oleffns show that the oxide Q can be considered to react

in Ëhe form of a carbonyl yllde r¿hich is a lr3-dJ-pole possessing the

sexteË and octet forms 73a a¡d þb, respectívely79-82. Carbonyl- ylldes

are known üo be lnvolved fn 1r3-dipolar cycloaddítfonsra special class

of (3 + Z¡ cycloaddltl-ons83. The 1,3-dipo1-ar cycloaddftion w111 be

dfscussed in detall ln the next section. Thus, the reactíon of these

1,2-dtÈh1o1e-3-Èhtones 60 wlth tetracyanoethylene oxide may possibly

be described as a 1,3-dlpolar cycloaddltlon in whlch the thione 99'

possibLy 1n the dlpolar form 60a is the dipolarophile. The 1,3-oxoËhiolane

7f , as the cycl-1c fntermedlate forned, could then decompose to give

the 3-methyl-ene-1r2-dlthloles 71, 2-keËomalononltrfl-e (75) and

elemental sulfur.
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It has been reported by Boberg and l(noop that 4- and 5-monosub-

stltuted and 4r5-dísubstituted-l-r2-diËhío1e-3-thíones react with

hydroxirnoylchloridet ß, at elevated temperatures to give the corresponding

1,2-dlthlole-3-ones 81 and the isothlocyanate" 8g84. Hydroxímoyl-

chlorfdes 73 at high temp.ratot""84'85 ot Ln the Presence of t b""t103

are known to be converted inÈo nlËril-e oxldes 79 which are known to

function as 1r3-dtpoles Ín 1r3-dipolar cycl-oaddltíorr"83. Boberg and

Knoop have proposed Èhat the 1 14r2-oxathiazoles 80 as the adducts formed

from the 1,3-dipol-ar cycloaddítlon of the nitrile oxides 79 and the

thiones 9, posslbly in the dipolar form ÉÞ, could therrnally decompose to

gfve the correspondlng 1r2-dithiole-3-ones 81 and t,he reactl-ve thioketoazenes

82. The laËter could undergo molecular rearrangemenL to yield the

lsothiocyanates 83. 1r3-Dipolar cycloadditions of thís Èype have been

proposed for the additfon of aromatlc and aliphatic n1Èrile oxides to

compounds conÈainfng varlous thiocarbonyl functional gtorrp"86.
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82 B3

The 1,2-dithiole-3-thiones 84 a, b and c combíne with N-(o-

chlorobenzylidene)-lllphenylhydrazine (85) in boiling xylene to gíve the
o1

2:çZ-thíoacylmethylene)-1,3,4-thiadíazoles Bi_=-b and C' . The authors

postulate that the thiadiazoles B8 are produced in a non-concerted fashion.

The dithiolium salts ff, produced from the Ëhiones 84 and the phenyl-

hyd.razone 85 could lose sulfur, afcer an intramolecular attack of the

t.erminal nitrogen on the elecËron deficient carbon -3 of rhe dithiole

ríng, to gve the 113r4-thiad.iazolium salts 87. By further loss of

hydrogen chloride, the salts 87 would yield the 1,3,4-thiadiazoles BB.
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The nÍtrile imlne 89 formed from N-(a-chlorobenzyLídene)-Nr-

phenylhydrazíne (8Ð 1n the presence of a tertiary base is knor*rn to

combfne w1Èh acycllc thioketones via a 1r3-dípolar cycloaddltíon Èo

give A2-1,3,4-thlad.LazoLLnes 9188. Thus ín Lhe reactlon with the 1r2-

dlthiole-3-thiones 84, Ëhe phenyLhydrazon Ë, aË hígh temperatures

could posstbly lose hydrogen chlorÍde to glve the niÈrile ímine 99 ít

a ¡nanner simflar to the loss of hydrogen chloríde from hydroximoyl

chlorldes Èo form nitrLl-e o*Íd."84'85. The spíran compound 90, formed

from Èhe 1,3-dlpolar cycloaddition of the thiones 84 and the nítrile

lmtne 89 could then lose sulfur Ëo gíve the 1r3,4-dithiazol-e QQ.

P h-C ç!-\t-À'H-Ph 
=

p h-¿ -¡/ -M-f h

<-()'1 rl-Åt
d, -l 's

R.t-

B5
-F^..N 

-n/ -->
+ ë_rh

8984

f-
Ph

90 B8

B9

phÅ ,*^,0"

91

2. (fr) (3 + 2) Cycloaddlt,Lons.

1r2-Dithiole-3-Èhiones and acÈÍvated acetylenes reacÈ by a

(3 + 2) cycl-oaddÍtion to forn 1:1 adduct s 9389-92, formulaüed as 2-

(2-thioacylnethylene)-l-,3-dithioles. In conÈrast Eo the cycloaddltions

dlscussed prevlously, the thiones 92 contribute three aÈoms to the new

J.\¿/"
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flve-membered rlng. Subsequent reactiorr89, in some cases, provides 2:L

adducts, Ëhe spiran compounds 9t+, bV a further (2 + 4) cycloaddition of

the actfvated acetylenes and the íniËially formed adducts 93. 0n Ëhe

basis of desulfurízaÈÍon experiments, the structure 93 and 94 were

asslgned to the t:t90'91 
"rrd tine 2:1 adducË"89, r""pectively. Supplemen-

tary confirmatlon of the assígnment of the l-:l- adducts vras províded by

the lndependent synthesis of the 2- (2-thioacylnethylene)-1,3-díthioles

98 from the corresponding 2- (2-acyl-nethylene)-1,3-dithiol"s 9791.

The condensatlorr93 of phenacyl broníde (95) and Èhe dithiocarboxylic

acids g6agave the ketones 97. The acetylenes used in thís reactlon

were dimethyl acetylenedJ.carboxylateS9' 90, diethyl acetyl.enedicarboxyl"tego,

propyrr"lgo, .r"riorrs monoarylacetylen."90'9L, b"n"yn 89 
"rrd 

nethylÈhio-

""etyl.rr"g2. 5-eryt-89'9L 4,5-dialkyl-89 arrd 5-rnerhylrhio-4-alky1 or
o,

aryl"-L,2-dithlol-e-3-thiones 92a, 92b and 92c respeetively, have been

reported to give the 1:1 adducts. A 1:l- adducË could not be isolated

from the reactíon of benzo-l,2-dfËhiole-3-thione (99) wíth dimethyl

acetylenedlcarboxylateSg'90, only Ëhe 2:1 adduct, 101 was fo,rrrd89. It

ls postulated that the o-quinonoíd srrucËure * ;the expecËed l:1

adduct woul-d be very reactíve and r,¡ould quickly react wÍth more aceÈylene

to form the splran 191. When unsJ¡mmetrlcal acetylenes are employed two

structural Ísomers, 93 and L02 are posstble. No evidence for Èhe

exlstence of these ísomers rvas found90-92. It has been suggested thaË,

by rapid eis-tyans lsomerfzatlon at t,he exocyclÍc double bond, these

Ísomers become identlcal-90.
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Behringer9o h"" suggested that the Èetravalent sulfur structure

1 03 1s a signi-fícant resonance contributor to the overall bondlng of Lhe

1:1 adducts. This suggestion \Âtas prompËed by the sÍmílaríÈy in chemical

behaviour and 1n ultraviolet specÈra of the 1:1 adducts to the thio-

thlophthenes, a class of compounds Ín which the tetravalent sulfur

strucËure rynO is thought to be a signlffcanË resonance contríbut,or.

However, it, should be noted that the instabllíty of the 1:1 adduct 100

and t,he formation of the splrans 9J are not consfstent with the iso-

thloühlophËhene L03, but wlÈh the thione forn 93.

5- S<flt

,\Å,JL*' ffr R:ffa

103

The monoarylacetylenes 105a91 .td nethylthioacetylen. 19åÞ92

reacted wtth thiones 92a and 92c, respectlvely to gÍve Ëhe thiothioph-

thenes 107a and llZb, respectively, and the 2-(2-thioacylmethylene)-1,3-

dithioles 108a and 1,9Xb, respectivel-y. The relatÍve proportíon of both

was dependent on the experínenÈal condit,ions. In dry refluxlng xylene,

the 1r3-dithloles 108 were the major products and ín some cases' the

only product. In refluxlng xyl-ene saturated with hydrogen chloride, the

reverse was found. The 1-r3-dithioles l-08 on ÈreatmenË qtith phosphorus

penÈasulflde were converted into Ëhe Èhlothlophthenes 107. The authorsgl.'92

postulated that ÈÌro compeÈfng cycloaddLtion reactíons are occurring. The

(3 + 2) cycloaddftfon described earlíer and a (2 + 2) cycloaddltion of

the reactants best explaln the products found. A thietene l-06 which

could be formed by the (2 + 2) cycloaddtlon, coul-d then rearrange to the

1C,4
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thlothlophthenes 107.

t-i- +
o}¡^-t

R'

92
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Ð Rr= 5C H3 ,R,1= H

-----Þ
Rr

Hv
R¡

106

1,2-Dithlole-3-ones of the type L1 are reporËed noÈ to react

wlth activaËed acetyl-.rr""90. This ís posslbly due to the decreased

nucleophll-ictty of the exocyclic oxygen atom. For 1r2-dithÍo1e-3-

Ëhiones, Èhe nucl-eophil-iciËy of the exocyclic sulfur atom ís shown by

Èhe ease of alkylatLorr34arrd acylatÍongs-gg of the exocyclic sulfur Èo

form Èhe dÍÈhiolium salts 120a and I20b, respectively. In conÈrast'

for the ketones 91, alkyl-aËfon can only be aehieved r¿ith the use of

trlethyloxonium tetrafluoroborateloo, " powerful alkylating 
"g.rrt101.

IÈ has been proposed by Behringer that the increased nucleophíi-tcity

of the exocylcic sulfur of 1r2-dithlole-3-thiones stems from the

Rr-
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Ð

105

< s----'r-Rf
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the stability of Ëhe quasí-arornatic dithíolium ring 6"90.
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Similarly to 1,2-diËhiole-3-thiones, 1r3-dithiolane-2-thiones

110 react with activated acetylenes in a (3 + 2 = 5) cycloaddiríon84.

Thus, 1,3-dithiolane-2-thione (1-l0g) reacts rapidly ar 14Ooc wirh

dímeÈhyl acetylenedicarboxylate to give the 1r3-dithiole-2-thione 112

together with ethylene. cis-4,5-Diphenyl-l,3-dithioane-2-rhíone (110!)

gives cis- and tnans-sLllbene (113b) and (114b) respecrively, in rhe rario

42258, Èogether with the Èhione LLZ. IË was found that c.ùs-stilbene d.oes

not isomerize under the reactíon conditíons. The non-sËereospecificity

of thís reaction, as.ind.icated by t.he isolation of cis- and, ttans-

stilbene suggest.s that an intermedÍate such as the zwitterion 1II may be

i-nvolved. Thiszrsitterionll'l seuld lead. to t,he mixEure of cis- arÅ. ty,ans-

st,ilbene.

114
a) rì=H

Ð¡=rl'b) rt=rl
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The partlcipation of dipolar forms of the type 6d and 6e in the

(3 + Z¡ cycl-oaddítlon of 1,2-díÈhlol-e-3-thiones and acetylenes and the

mechanism of this ( 3 + 2) cycLoaddítion wíl1 not be dealt erith here'

but will be dealt wíth ln the Discussíon of Results. This cycloaddition

has ÈentaÈlvely been referred to as a 1r3-dipolar cycloadditíon. In

the next secÈfon, the specíal cLass of (3 + Z¡ cycloadditions, Lhe

1r3-dipolar cycloadditions, will be díscussed.
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Section C; 1r3-Dipolar Cycloadditions

The term 1r3-dipol-ar cycloadditlon has been applied to cyclo-

addltions of Èhe type (3 * 2 = 5) by R. Huísgen83'102, Huisgen has

found Ëhat a (3 + Z'¡ cycloadditfon, leadlng to an uncharged five-

membered ring, cannoË posslbly occur with octet-stabilized reactanËs

whtch have no formal charge. A dípo1.83 t:.5 has been defined such thaÈ

atom far possesses an electron sexteÈ, i.e., an íncomplete valence shell

combined wlth a formal posiËive charge, and thaL aËom rct, the negatlvely

charged centre has an unshared pair of electrons" (See nexË page.) The

lr3-dfpo1e, so defined, does not have to be ísolaÈed. If it is isolated,

the sexËet structure 1Ë would only be a resonance contributor. Compounds

which contain such a 1r3-dipole must be aurbivalent ín positions -1 and

-3 of the dipole. The combÍnation of a 1r3-dípo1e which has ínternal

octet stabillzatlon with a multiple bond system, Lermed the dípolarophile,

fs referred to as a 1r3-dipolar cycloadditíor83. rnternal- octet

stabfl-lzation can occur if tbt possesses an unshared paír of electrons.

In this case, the mesomerism of the octet structure 116arb ancí lJ-7arb and the

sextet structures Ll6crd andlUcrd resultsin partial charge compensation and

exchange of formal charges respectivel-y. (See next page.) 113-Dipoles

whlch contaln lnternal octet stabilization may, or may not, contain a

double bond Ín the sexËet formul-atj.on. Atom rbr of 113-dipo1-es whÍch

do not contafn a bond Ín the sextet structure can be either N-R, O or S.

Exarnples of 1r3-dipoles possessing internal octet stabÍl-lzation

are shown in Tables I and II. Extensfve investigations of the 1r3-

dfpolar cycloadditfons of dlfferent types of compounds containing the

dlpoles listed in Tables I and II have been revÍewed by R. Hufsg"n83.

H,ri"gen103-105 has proposed a concerted mechanism for 1r3-dipolar cyclo-

addLtions, in accordance r¡tth the conservation of orbital 
"y*.t.try106,

since the thermal cycloadditfon lnvolves (4 + 2) n electrons. He has

"horrr103'104 
ah"a the stereosel-ectivÍty observed with eis and trans



36

b
+ / \-ac
.Lå

115
-----,>

e'b'a
å--¿

+

a--b -c
d)

+-
â=b-Ç

A1
.],

-+
â-b-c

ô

116

116

117

117

+

a=b-c
a)

I
.1,,

a = b-Ç.

c)
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lsomerfc dipolarophll-es, the effect of solvenÈ and substítutents on the

raEe constants and the large negative entropy of activation are all

consistent with a concerted addítion in which t\¡to neü¡ o bonds are formed

simultaneously although noË necessarlly aË equal rates. R. Fí,""to""107

has suggested thaË a two-step mechanísm with a díscrete intermediate'

a spin-paired dfradlcal 118 would also be consistent wíth the evidence

presented. He Postulates that the energy barrier for rotaÈion about the

d-e bond is greaÈer than the actívation energy for ríng closure or

for reconversion back to reactanÈs. Thís hypothesis ís not consístenÈ

wiÈh other evldence presented for spin-paíred díradicals in r¿hích rotaÈion

competes favourably úttth ring clos,rt.lO8'109. A1so, a low actívatlon

barrler for reconverslon is not consistenË with the energetics ínvolved

fn the reÈrograde step of diradical 118 to reacËants. This acËivation

barrier has been esÈímated by Huisgen to be less Lhan 1.3 kcal'/to1t105'

115
b

A",-"^fr¿/
-------è

fb-..
å 

-.'
118

From the study of the mechanlsm of 1,3-dlpolar cycloadditíons,

H,.ri"g.r,103'104 has found that ín all reactions studied., changes in solvent

polarity had no appreclable effect on the rates of addition and that

dipolarophtltc characÈer of an acetylenÍc tripl-e bond is measured by

\

a tç

d-e

,b-at
å-å
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competitíve rate experiments is similar, in magnitude to that of a

comparable ethylenic double bond. Thus reactíons leadíng to aromatic

rlngs do not proceed at a faster rate. It r¡as shown from molecular

orbítal considerations of Ëhe concerEed aËtack that the transition

sËate is geometrically closer to the oríenËated complex of the

components and thus does not profit from the aromatic resonance of

Ëhe producE. In many of the reactlons studied, unsJnnmetrícally bonded

dlpolarophtles add to the 1,3-dipo1-e Ín t\47o directíons. This dual

addltion ís conslst,enÈ wiËh the ambivalent nature of 1r3-dipoles in

whlch posíÈions -l and -3 can be both posiÈíve and negative centres'

Anydro-5-hydroxy-3-nethyl-thiazol-iun hydroxides 1l-91I0 
".rd

anydro-5-hydroxy-1,3-dtthioliurn hydroxfdes 120111' are tlltttu to

particlpate in 1r3-dípolar cycloaddiËíons wíth aceÈylenes. The resonance

forms 119_Þrg and d of Ëhe meso-ionic thiazol" L-L? indicate Ëhat the 1'3-

dipole inherenË tn the rlng ísanazomethine y1ide. siurílarly for the

meso-lonÍc Lr3-dithl-ole-S-one 120, the resonance structure" Y0 !f4

and e depiet a thiocarbonyl ylíde. This ís the firsË report of 1,3-

dipolar cycloaddfÈlons of the thlocarbonyJ- ylldes. In facË, Ëhís 1s the

first reported case of 1r3-dipoles r¡ith Lnternal octet stabilizatíon

which contain a sulfur aÈom in the central positíon of the dtpoi-e'

The meso-tonic 1r3-dithlo1e-5-one 120 also is found to add stereo-

speciflcalty to o1efi.rs112. The expressíon "meso'lonic" compounds

refers to compounds vrhlch do not Possess a formal charge but can be

only represented by zwltterionic resonance fott"113. Ilowever, the 1r3-

dithlole derívatfves i-20 may also be represented by the neuÈral tetravalenË

resonance structure tlt. Thus ft is al-so possible that other known



ÈeÈravalent sulfur compoundsll3-ll8,

and olefíns, may be considered Èo be

40

in theír reactíons with acetylenes

Ëhiocarbonyl ylides.

119

119

120

+)

120

.os---4_tl
-,/-..-¡¡.>+tt¡

CH¡

Alv

<)

<._>

+

o
s ---4,
L^,)'-A '1'

CH¡

c

,o
s --l
/*;--ll
fi¡

CH¡

a

O---5l.^ ê
Ph'n

d

/\'o.> .¿r,1,-*'--fl'
CH,

b

+ s-<o
-^'Ln) < >
nl

CH¡

d

-o
\.s
,AlÅ,

d̂,

oo-- ,

'Å Í)-o
b

M

Ott.- 
JIt-_

P/-*f 
än

c

,f r4*

+

e



4T

PART III: 3:Alkylidene-l,2-díthioles

Section A: Preparations of 3-Alkylídene-l,2-dithíoles

ExÈensíve investigatíons have been made over the past decade

on the synthesis of varíous 3'ylidene-l,2-dtthfoles 7. Most of the

lnterest has been in the field of thlothiophthene" ; and their oxygen

analogues, the 3-(2-acyLmethylene)-1r2-díthíoles 121. These two classes

of 3-alkylidene-l,2-dithioles 7 which exhibit unfque chemLcal properties

have been the subject of numerous r".ri.r"35 '94'L2O-L22, ^nd 
will not be

discussed ln this sectlon. On1-y the 3-al-lcylidene compounds possessing

the structure L22 wíll be discussed. The stereochemístry of many of

these dithioles LZ2 lnas noË been Èhoroughly investisated.

s-5 0

^v>/*,Ra R3

s-5
-V"1-*n

l\a R:

^M.rti^r-l

123

<-ç

Sr*.ío'HB'-
124

a)
þ)
c)

122
RlRr =H,*-t/, "Ø7/ '*CN

R, =ße=Ph.,Rr =H

R,=R.=B:=Ph

121

1. From 1r2-Dithfollun Salts.

1r2-Dtthíol-ium salts W- and c whích contain

ln the substltuent aË position -3 of Ëhe dlthiole ring,

weak bases, readily form the 3-alkylidene-lr2-dl-thloles

- 74.L23
resPecE].veJ-y

J.

5-s t

an cr-hydrogen

on treatment with

L24 a, b and c,

R,= þ'círo C6H1 ., R.=ßr:Ph
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2. From 3-Alkylthio-l,2-dithiolium Salts.

The general route to 3-al-kylldene-1r2-dithíoles utilízes

3-a1-kylthlo-1r2-dfthtollum salts l-25 and compounds containing an activated

methylene group 1n the presence of a base. The meËhylene compound as

the carbanÍon and the dithiolÍum salt, possibly ín Ëhe resonance forn 125'

comblne to form the dithíoLe ]-.26 which, ín a basic medíum, could readil-y

1-ose alkyl mercaptan to gJ-ve Lhe appropriate 3-a1ky1ídene-l-,2-dithior"J'

-RSH s-5tl
òY/*.--i:

R,l_

7
ßr

125

Rr-

126
â R,=ñr,R,,.=H, R=a/i?^y' ,,
b) R ,.= A',Ra= Ar, '/Á"î'( .,1\= 

o/Á/
c) n,*A",R="!/'/

l-AcenaphÈhenone (r3l)t27 'L28 , 5,5-dimethyl-1-,3-eyclohexanedion. (trÐ1'5,

1,3-lndanedlone (WL25, L,3-phenalanedione (ttgttt, barbíturic acid

(2, 4,6-pyr irntd tnetrlol ) (trl ) 
ttt, rhodanfnes (2-thiothiazolídín e-2, 4-

diones) ß2L24,L25, mal-ononítrile (tri)t'U, N-methyl--2-nethylenebenzo-

thtazoline (1-14) L24 , fLuorene (135 )L26 , subsEituËed cyclopenËadiene t ,!"6

and 415-diphenyl-imr-dazo1-e (g)"9 have been used as sources of an

actlvaÈed methyl-ene group. These compounds also give the 3-alkylidene-lr2-

dithfoles 7 rrtÈh Ëhe correspondlng 1r2-dithlole-3-thlones l-n Èhe presence

of a base.

crl

127

C rlr

128' 129
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L]
/ ll

\H

ol-l

nV/'-.-^,
I tv

ArÅol
HO

131

-t

H, ,O\-'/t11 
ISN\-,/

tt

5

132

135

130

"C 
tV

C H ^.-ç ¡y

133
CH¡

131

;:ñ:::

136

';-Ëì''

137

Good yíelds are obtaíned from the 5-aryl salts L25e, r,¡hereas

for the more sterically hindered 4r5-disubstituted salts 1.25b the yield

decreases. In the react.ion of acenaphthenone (L27) with dithiolium

salLs 125c which do not have an aryl substituent aÈ position -5,

acenaphtho-(1,2-b)-thiopyran-lO-thiones 138 are the only products

-L27l-solated

138
^ -L- /1t\¡f t1r
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3-Alkylthio-l,2-diËhiolium salts are also reported ro gíve

3-alkylidene-l,2-dithioles on Ëreatment wíth glacial aceti" 
^"ídL29 

.

Thus the dithíolíum salts 141 and 144- which are formed by the reaction of

2,4-disubstituted and 2-5-disubstituted pyrroles, 140 and 143, respectively,

and 3-meÈhylthío-5-phenyl-1,2-dithiolium perchlorare (139) in glacial

acetic acid, on Èhe addition of base, produce tlne azað,íthíofulvalenes

L42 and 145, respectívely.

"-----/q-l otd-il
5
it

+

h

il
14C^ C ilrCo,l-r

-_-_----)
-llSc H, - Fl+-+

139

3.

s_5

Jg/,;:o

77

ËetracyanoeËhylene oxide and Ëhe synthesj-s of 3-diphenyhoeËhylene-I,2-
7ItdithíoIes 62'' prepared from 1,2-dirhíole-3-rhiones and diphenylkerene

have been discussed previously (Part II, Section B).

142141

+ o.[,r]ß
I

H

143

144 145

Frorn l, 2-Dithiole-3-thiones.

The synthesis of (5-aryl-l,2-díthiole-J-y11¿ene)malononitrile
75 pr"p".ed from 1r2-diËhiole-3-thiones and t,eËracyanoethylene or

s_-5

3-Díphenylrnethylene-l,2-dithioles 62 have also been obtaíned in



Ehe reactÍon of 5-aryl-1,2-dithiol-e-3-thíones 60 and

I5O. C
.t-.r orâ¿Å '

45

d iphenyrd iaz omethar,.l 30 
.

s-stl

a\-^.,-rr'
I

?h

62

l'' w

60
e4/ ¿--W-

4. Mfscellaneous Preparatlons

Condensation of 5-phenyl-l,2-dithiole-3-one (LP and malono-

nitrile fn the presence of phosphorus oxychloride ís reported to give

the dinltrile t47131.

5 

-s,,,V*o
146

cHícil ?o ct' ,^'- c /y

5--1
o,\,/-- c -cNrn _\C/V

147

A 3-alkyl-ldene-L,2-dlthtole has been prepared by the treatmenÈ

of a polyacetylene wfth sodfun disul-ftd"l32. Thus 5-(hexa-2,4-diyne-J--

ylldene)-5-methyl-l,2-dlthlol-e(149)has been obtaíned from deca-2,4,6,8-

tetrayne , along with 2-nethyl-S- (penta-l ,3-díynyl )thÍophene (15D. IË

has been suggesÈed by the authors that the aníon 148, formed by the

addltlon of the disulfide anÍon to the polyacetyl-ene, could cyclize to

gÍve the 3-alkylÍdene-l,2-dithioLe L49 and the díthiin 1J0 or could

lose sulfur and Ehen cycllze to yield the thíophene 151. The díthiin

150 could also lose sulfur Èo give the thtophene 151.



CHs -(c =ç)r-ç¡,

cFri(=fu*':fr.n,

s--f

' )-rf -cHP-c'H$- 
h

cH,-(c=.)<r]-.-r:
cH,-(c=.;Çl-.r,

/r/+.1.---------) cH, -(r=c).

46

-c = c-fiH

C
- s/ - cllt

I+

2 c=C-;H + cHr

C-S_5. -CH,

I

J

-(c =c)

148,

Boberg and Ï*Ifedernann have also made Ëhe

Ehe reactlon of 3-bromo-5-phenyl-1r2-dithlo1-lurn

bromomal-ononitr ilel33 .

149 150 151

malononlErlle 1 47 bY

bromíde (L52) and dí-

s__5

,M.r:#
147152

A2-(1.'2-d1th1o1.e-3-yl.fdene)-1-acenaphthenonel54hasbeen

preparedbythereactlonofacenaphthenone(ry)and3-phenylÍnino-5-
128

p-methoxyphenyl-lr2-dlthlole (i5Ð in the presence of pyridíne--

H t-oo
_L H1 | _ ¡|.,t/H 

^

00 ---t ,þ-CH¡O-C aH {

153 127
154
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SecLion B: ReactÍone of 3-Alkylldene-l,2-dlthioles

Few reactlons of 3-a1ky1-ldene-1 r2-dtthloles of the type L22

have been reported. In fact, few of these dlthioles L22 inave been

synthesized. Resonance stablLlzaü1on of 3-alkylldene-l,2-dithioles

can be achLeved Ëhrough the quasi-aromatic resonance form 7a, only if

the negatíve charge at, the exocycllc carbon aÈom can be effectively

stabllized. Thus 3-alkylidene-l,2-díthloles of the type 122 wj-t}:^ electron

wÍthdrawing substltuents at Ëhe exocyclic carbon atom should be stable.

This ís found to be the casel25'L26'I34. rt has been reported that

3-alkylfdene-l,2-dithiol-es wiËh alkyl substituenËs at the exocyclíc

carbon aËom are too unstable to be iso1ated134. Also, attempts to

isolate 3-methylene-l,2-dfthíol-es ry only give Èhe thiopyrans 158.

The 3-methylene-lr2-dlthlol-es 157 have been generaËed by the treatment

of 5-aryl-3-methyl-1,2-dlthiolium sal-ts 155 wíth b"".135 and by de-

carboxylatlon of the acid funcËlon of Ëhe díthíoles 156f36. Nucleophilíc

attack of Ëhe exocycllc carbon atom of a methylene dithiole 157 upon

anoËher molecule of the dlthíole 157 is probabl-y involved in Ëhe

formatfon of the Èhiopyrans 15q.

s-s
,V"ç-*'Rr 'R,

7

<-----> ,loi^-u,lY-c,'
Rr tR,

7a
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155
157 -Ê,

)-) 158

156

The protonatíon of 3-alkylidene-l,2-dithioles containing alky1

or aryl substÍtuents aË Ëhe exocyclic carbon atom is achíeved wíth

relatively mild protonaÈing agenEsLz3'L37. However, when' electron with-

drawíng groups, such as nitriles, are at the exocyclic carbon atom,

the basicíty is lowered to such an extent that the dinitrile 159 is

rèporÈed not Ëo be appreciably protonaËed, even in trifluoroacetic t"idl38.

s- 5rl
,-'C l(

" å \c¡v

159

d)â"

l-,-llrll
LrN'*''r:]

\
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PART IV: 3-Imino-1,2-dithioles.

Sectlon A: Preparations of 3-Inlno-l,2-dlthioles

R.ather analogousl-y to the preparatíon of 3-alkylldene-lr2-

dlthfoles from 3-a1ky1Ëhlo-1r2-dÍthiolíum salts, prevÍously mentioned

(Parr III, Section A-2), 3-ary1-lrnino-5-ary1-L,z-d'ithíoles have been

prepared by the react,lon of 3-alkyl-thio-5-ary1--1,2-dl-thfolium salts

l-60 r,rith prinary aromatíc "*írr."97 'L24'L28'L39'L40 ' rn contrast,

S-unsubsrttutedl4o and 5-atk1197 't4O dfthiolium salts L62a arrd, L62b

gtve the corresponding alkyl esters of 3-ary1-amino-dithiopropenoíc

acids 163a and 199b, respectively, by nucleophilic attack of the amíne

aÈ c-5 of the dithiole rfng and subsequent ring openíng and loss of

sulfur.

1

R=

,,Çrå

^@-;-ßa

162

Kl

60"
^//"I/

à R, =11 ,R=a-kl,/

þ R, =ß = ^-4/

fl'NH, >
_R5H

flrl/H.- 
=

5-5rl
,\-/ov,e ,.

Rr

161

Ar-uH

*\¿'^
Ra

163

e) R, =tl,R= ^ry
Ð Rr=R: "//",/

An 3-aryllmlno-4-aryl-1,2-dl-Èh1o1e 166 has been prepared by the

treatment of a 4-ar/1-1,2-d1Ëhio1e-3-thione L64 with bronine and then by



subsequent reactlon with

bromfde 1 65 is belíeved

to form the fmLne 1 66.

of thfs reaction maY be,

i-l t" t
Y--s

Ar

164
Ar= f-CHaC¿Hv

50

"rrilírr.l4l. 
The 3-bromothío-1,2-dithiolium

to be the Íntermedíate which reacts wiËh anilfne

Ilowever, other work lndicates that the product

1n facË, the A3-isothiazolin'S-thíone rytO''

I rrç' t; Ph¡/H'' ) i-tl
\/"n,- :ä;i' \-/--rvPh

Ar

165
Ar

166
Ar = lo-CÅuCtH1

,lhs- N
rl,2Y

4r

167
In an analogous manner, 3-aryllmlno-5-arY1-1r2-díÈhioles 161 have been

prepared by the treaËment of 5-aryl-l-,2-dithiole-3-thiones 60 with

chlorlne and primary aromaËi" "*i"""143'
The action of primary alkyl amfnes on 3-alkylthlo-5-atyL-L,2'

dithiollum salts I 6ga has been reported not to give Ëhe corresponding

3-alkylimino-5-aryl-l-,z-dlthioles 172 but Èo give Èhe corresponding

S-aryl-]-,2-dfÈhlole-3-thíones þ9, alkyl esters of 3-alkylamínodithio-

propenolc acids U0a and 2-alkyl-5-aryl-44-isothiazolín-3-thiones 171

fn variable yte1ds144. The reacËion of the isomerlc 3-al-kylthio-4-

aryl-1-,2-dfthiollum salts 168b and prlmary alkyl amines gives only the

3-alkylanino-dithloPropenoares t7 0b144'



$;
168

tt1H.._

-7

s- s

N-.Jo,
Ar

169

51

.-17/
5-Mrlz\-,/-- sâr

171

a) R,= Á 
", 

R*=H , \= &/
b) n,--H , ß7=f,r,ß= il4

ö'

170

170
ß'=a/j-^//

g-y¡'tl-
a)

173

a) R,= Ar,fr,-=14,R=ß'= ^,'a"/
Ð *,=H, B \=Ar,ß=R'= ,¿./.T¿

s---çII,\,,'/--tVß'
Ar

172
R'=4

The À4-isothiazolin-3-thl-ones 173 have also been reported to be

the products formed in the reaction of benzo-lr2-dithíole-3 Ëhione (1Ð

wl-th prlrnary alkyl amines and anl-1irr"145 'L46 . However ' some of the

reactlons of Ëhese A4-lsothiazoLhn'3-thiones 173 have been shown Èo be

betrer explained by the use of the 3-tmlno-l,z-dithÍole formula L74'

Further studies of thís system are necessary before any deflnite con-

clusions can be reached.

RIVH,- \
F._---2

99
B=Ph "- il4
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ó/"'-

174 .

R --Ph "- 
&"1

3-Merhyllr,nlno-5-phenyl-1,2-dlthl-ole (176) has been obtained by

rhe treatment of 3- (N-methyl-N-acetyl)-5-phenyl-l,2-dithíolÍun íodide

(175) wl-th eodium aceËat eL47 .

o
vf o-t-*_= i-i +

,/\-'oivcH3

175 176

The eulfurlzatÍon of the N-ary1-ß-ketopropanamides 177a and Lfr,

followed by treatment $rith perchlorlc acid gíves Ëhe íminlum salts 178a

and 178b, respectívely, which, 1n a solution of armnonia 1n eÈhanol,

are converted into the rmlnes L79a and 179b, respecti*r.lyl43. The

i¡nine 179b ls Èhe fírst 3-arylfunino-5-alkyl-l-,2-diËhiole to be prepared'

f n.=c=o] *
,,:Ü'tll;

179
a) n =tl

þR=cH:

?Î
f 'r rr.-Nll'4rn ,i-n
177

â) R=lr'

þR=cl''

¡¡1P"5r__--__->
r*LtHC(ç,

s-s MHa -t- 5,

E¿OH RV--Má"

(19]) has been PrePared bY

_.1-9J-i;:
178

3-Phenyl inl-no-5-phenyi--1, 2-d lthlo le
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the reaction of N-phenyl-5-phenyl-propiolimidoyl chloride (1€0) and

hydrogen disulfide.

1BO 181
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Sectlon B: Reactlons of 3-Imino-l,2-dithioles

Few sÈudfes of the reacÈions of 3-iurino-lr2-dithioles have

been reported. 3-Arylirnino-5-ary1-l-,z-dithiole 153 has been found to

particlpate in typical inine t"".tíot"128. The nitrogen atom of 5-aryJ--

substltuted imines 161 is sufficiently nucleophilic to be a1-kylated

by nethyl l-odide Ëo give the inínium sal-Ès L82L28'L40 .

5-5 r-

oY--il'{:'
18.2

Analogousl-y to the preparatíon of 3-alkylidene-l,2-dithiol-es

by the reactlon of 1r2-dtthfol-e-3-thlones and compounds contai-ning an

acÈivated rnethylene group, the 3-lnino-l-r2-díthiole 153 reacts with

acenaphËhenone tn the presence of a base Ëo glve the 2-(1r2-díthiol-e-3-

ylldene)-l-acenaphÈhenone ry"'. This reaction has been mentioned

prevlously (Part III, Section A-4).
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DISCUSS]ON

Object of Research

A. To invesËÍgate the reactions of S-substituted and S-unsubstituËed-

Lr2-díthLole-3-thiones rvj-Ëh activated acetylenes and olefins in

order to determine the stereochemistry of Ëhe products and the

mechanism by which they are formed

B. To ínvesËígaËe the reactionsof 3-imino-lr2-dithioles 8 and 3-alkylidene-

1r2-diËhioles 7 and acËi-vaËed aceËylenes in order to determine if

Èhese diËhiole derivaËíves react with acetylenes via a (3 + Z¡

eycloaddiËion

C. To investigate the reactions of A4-isothi azoLin-3-Ëhiones of the

type 121, A4-isothiaphospholín-3-thíones 183 and A3-isothiaphospholin-

5-thiones 184 and activated acetylenes in order to determine if

these heteresysliq compounds react with acetylenes vía a (3 + 2)

cycloadditíon.

./\
5-N

o\-l-,
t{

171
D. To investigate the use of. 2-(2-thioacylmeËhylene)-1,3-díthío1es 93

as precursors to new and interesËing.heterocyclic compounds.

ç-l'R

^M-,[ìa

183

R 7--çl-l
-,\ ):çR, Y

Rr

18'4
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Chapter I. Reactions of 1,2-Dithiole-3-thione

with Acetylenic Esters and 01efíns

1,2-Díthiole-3-thiones and activated acetylenes have been

reporËed Ëo react vj.a a (3 + z¡ cycloaddition to f.orm 2-(2-thioacyl-

methylene)-1,3-dithioles 93 (mono-adducrs)89-92. Mono-adducrs 93

prepared by the reaction of thiones 6 and dimethyl acetylenediearboxy-

late react further with Ëhe aceËylenic ester to .give thiopyranspiro-

1'3-dithioles 94 (di-adduct")89 via a (4 + Z¡ cycloaddition. The reacrion

of 1r2-dithiole-3-thiones wíth Lhe less reacËive arylaceËylenes gives

thiothiophthenes of the type'107 along with the corresponding rnono-

adducËs 93 which can be converted into the rhioÈhíophËhenes 1g UV

treatment with ph<isphorus pentasulfid.gl. These reactÍons have been

previously discussed ín the rntroducËion [Part rr, section B-2(ri)].

During the course of thj-s research, further.reports dealing with Ëhe

(3 + 2) cycloaddítion of 1,2-dithiole-3-thiones and acËivaÈed acetylenes

have been publishedl4g-Ls4. Trvo of these r.pott,"l53'L54 are expanded

versions of earlier communicat.ions of vialle and co-work"r"91 
"rrd

Behringer and l{iederr*"rrr90, respectively. some of the resul-ts from these

papers will be discussed Ëhroughout Ëhe remainder of ËhÍs chapter.

From these nev/ reports, one change in the reaction scheme, illustraËed

on the next page has been proposed. Vialle r.¡ho ear1i..91 h"d postulaËed

Èhat the formation of the thiothiophËhenes 107 was ".t ierr¿¿ by the

rmed by a competing

(2 + 2) cycloaddition of the Èhiones 6 and arylacetylenes, no\,r statesl52

that he has obËained experimental proof that the Ëhiothíophthenes 107

are formed from the nono-add.ucËs 93 and not from the thieËenes 106 and
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that the unchanged 1r2-d1Èhlole-3-thlones !, remalning in soluËlon' are

cataLysts for Ëhese transformatlons. A more compl-ete report wíth

experimental details concerning this new mechanism is still forthconing.

Sinii-ar results to those mentíoned above for Èhe reacÈion of

1r2-dithlo1e-3-thlones and activated acetylenes have been obtained for

the reacË{on of L12r4-dithiazol-e-3-thiones 185 and actívated acetylenes

Ls4-L59 . ¡jome of these results w111 be dÍscussed throughout Èhe re-

malnder of this Chapter.

,5'Å,
185
Q n, =lt,

____>

94

Ry

R3

B, Ra

V ,*''
/ //t ß , =Bv= co rc l]:

/1"

^v",
6

Rr
I

ill
I

Br

s s ---lrt

A¿,Å--ß'I
I s- s lrr,I /* -l--,vB' Y t 

Io'6 
I

I

,Ç.j-^.*-i

93

R"- Rr

147106
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J\i;ri, ,(iJl; ;\¿7]n"H'

Sectlon A: ReactÍons of. 4r5-Diphenyl-l'2-dithiole-

3.thlonewfthDlmethylAcetylenedicarboxylate'

EÈhyl- Propiolate and Ethyl Phenylpropiolate

AlÈhoughmanystudiesofthereacËionsofl'2-dithiole-3-

thiones and activated acetylenes have been undertaken prior to this

researchrllttle has been reported concerning the products of Ëhese

reactions, namely, thJ-oacy1-methylene-1r3-dlthiol-es 93 and thiopyran-

sptro-l,3-dithloles 94. I,ltren an unsJnnmetrf-cal acetylene is ernployed'

two posslble thioacylmeËhy]-ene-lr3-dithíoles, formulaÈed as 93 and L02

are possible. For simplicíty, a míxture of mono-adducts of the types

93 and 102 wtll be designaËed as the mono-adduct 93t Ëhroughout Ëhe

remalnder of this thesls and wil-l denote the inËerchangeability of the

substltuents R3 and R4.

93 102 93l

For the format,ion of thlopyranspíro-lr3=dlthioles of the type

94 from thtoacyLmethylene-l,3-dlthioles 93t, four df-adducts 94, {6'

187 and 188 are posslble since there are two possibLe ¡nodes of addl-tion

of the thf.okeÈontc side chaln of the mono=adduct !3f to Ëhe unsymmetrical

aceÈylene, although nucleophlLic additlon ls usuall-Y ß to the ester

functlon of acetylenÍc estet"104. Ilor¿ever, the di-adducts 94 and l-86

are enantLomers as are the d1-adducts 187 and l-88'

RzRaB1



s9

186

ft Lo---t Q

ff'-Ji-u.,
1A7

Agaln for sfmplfclty, the enantiomeric pair 94 and 189 and the enanti-

omerlc pair 187 and 188 wfll be desLgnated 9!t and 1-87 r , respectively

and will denote the Ínterchangeabflfty of the substftuents R3 and R4

on the dlthlol-e rlng. A mlxture of the enanËiomerÍc pafrs 94t and L87l

w111 be designaËed as 94" and wil-l- denote the fnterchangeability of the

substltuents R3 and R4 on both the 1,3-dlthiole and Ëhiopyran rÍngs.

$7,'- fiþ)^,*,
lì, ßr ßt R'. Rr

94 188

g4l 1t^7 |

ßr

gAtl
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From the elucidation of the stereochemistry of Èhe mono- and

dl-adducts 93 and 94, respectívely, ínformation about the mechanism of

rhe (3 + 2) anð, the (4 + 2) cycl-oaddítions by which these adducËs are

formed, ilay possfbly be ascertained. Thus it seemed desirable to ínvesti-

gate the reactlon of Lr2-dithlol-e-3-thíones and activated acetylenes in

order to determfne the stereochernlstry of 2-(2-thioacylmethylene)-1r3-

dlthÍoles 93 and thÍopyranspÍro-l,3-dithioles 94. The acetyl-eníc esLer

dfinetþl acetylenedicarboxylate and the tvlo unsymeLrical aceËyleníc

esters ethyl propiolaËe and ethyl phenylpropiol-ate were employed as the

actfvated acetylenes because df-adducts 94 have only been prepared by the

reaction of 1r2-dfthfole-3-thlones and dimethyl acetylenedícarboxylate89.

4,5-Dlphenyl-l,2-dithlol-e-3-thfone (27) r¡ras chosen as the thíone to

determine ff a phenyl group 1n position -4 of the l,2-diÈhiole ring has

any effect on the (3 + Z¡ cycloaddltlon of the Ëhione 27 and aceÈylenes.

Few studies of the reaction of 4r5-dfsubstítuted-l-r2-díthiole-3-thiones

and acetyLenes have been undertaken IIntroductlon, Part II, Section 2

(11)l . 4,5-Dfphenyl-1,2-dithfole-3-thl-one (27) was prepared by the

reactfon of a-methyl st1l-bene and sul-fur.

1. Dlscussion of the ReacËions:

4,5-Dfphenyl-l,2-dithfoLe-3-thione (27.) reacted r¿iËh the three

acetylenic esters to give, in each case, one greenish-black mono-adduct

93a, 93at and 93bt, respectÍvely. Analysis of the nuclear magnetlc

resonance (n.m.r.) spectra of Èhe mono-adducts 93ar and 93bf indícaËed

that each mono-adduct, was a mlxture of two Èhioacylnethylene-lr3-dithioles

of the type 93 and 102. The n.m.r. spectra w1L1 be discussed later in

thl-s sectlon.
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5 ,5 --lCO'C 
l-l¡

F^ r.\co¿c'3
'F^:ftH'coar¿

93a'

M,IJU'co^Et $;;-

-\JtH'co'E¿

PhPh

93a

93b'
Pô

94a
E¡=fv--COr CH3

COzE+ H

] H, co.Et

94al 187a1

Dfmethyl acetylenedfcarboxylate and ethyl propiolate reacted

further with the mono-adducts 93a and 93ar, respectivel-y to glve ín each

caae one yellow d1-adduct 94a and elther 94at or l&t respectlvely. An

analysls of the n.m.r. spectrum of the laÈter di-adduct revealed that only

one of Èhe enantÍomeric pairs of the ayp. 2!t and lXTr raras present, and

therefore, the thLoketonic side chain of the mono-addu"t 93.t adds Ëo eËhy1-

proplolate 1n only one dlrectlon. Since nucLeophllíc attack usual-ly occurs

ß to the ester functLon of acetylenic ester"to4, the dí-adducË formed probably

Ls the thlopyranspÍro-lr3-dithtol"93' and wtlL be designated as such throughout

PhPh
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the remaLnder of thls thesis. The rnode of addition of thloacylmeËhylene-

1r3-dlthioles of the type 93 to acetylenfc esters will be discussed more

fu1ly 1n Section D of this Chapter. A di-adduct of the type 94 was not

found from the reactfon of the thlone 27 and Ëwo equivalents of ethyl

phenylpropiolate or from the reacËion of the mono-adduct 93b' and ethyl

phenyl-proplol-ate. Poselbly steríc hindrance or reduced reactivfÈy of the

acetylene made formation of a di-adduct more difficult.

The reduced reactl-vlty, mentloned above, is evident from the

reactlon condftfons needed Ëo obËain the mono- and di-adducts. The

difference in reactivlty of acetyi-enlc esters Èowards 1r3-dipoles has

been measured by R. Hufsgerrlo4 
"rrd 

has been found to be substanËlal.

Dtnethyl acetylenedicarboxylate was found to be the most reactive acetylene

studledrand then l-n decreasing order nethyl- propiolate and ethyl phenyl-

propiolate. In the same study, phenylacetyl-ene r¿as found to be less

reactive than ethyl phenylpropJ.olate and thus also rn¡ould not be

expected Èo form d1-adducts 94. No di-adducts 94 have been reported

for the reactLon of 1r2-dithlol-e-3-thiones and arylacetylenes.

The thlone 27 reacted wlth dlurethyl- acetylenedÍcarboxylate at

room temperaÈure to give the mono-adduct 93a as the major product and the

df-adduct 94a tn srnall- amounts. Easton and Leaver also reporË simílar

behavlour for the reactfons of varlous 1r2-dithiol-e-3-Èhiones wfth

dimethyl acetylenedicarboxylateS9. The dl-adduct 94a became Ëhe major

product when Ehe thtone 27 and two equivalents of diurethyl acetylene-

dicarboxylate reacted in boiling benzene. A vlol-eÈ powder ('r' 10 mg.)

rras a minor product of this reactlon. It was fírst thought EhaÈ thls

compound mlght be the thiothlophthene 107a since thiothloPhthenes

contalning carboethoxy groups are purple ín .o1o,rr11. In an aËtempt Ëo
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obtaln a slzeable amount of Ëhe violet compound, the mono-adduct 9-3a'

vlas Èreated r¿ith phosphorus pentasulfide 1n boillng teÈralin. This nethod

l-s used to convert mono-adducts of the type 93 r¡hich contain only aryl

substLtuenËs ínto the corresponding thiothiophthen"s107153. No thíothio-

phthene 107a could be found, but 4,S-dlphenyl-l,2-díthío1e-3-thione (27)

\{as recovered. A possible mechanism for thís fretror sËep will be dís-

cussed in Section D of Ëhls Chapter.

Pl'

?rSr

Ph CO¿CH¡

107a

,M-,
l,h

27

h7a8

the

also found. However, lacking any analytical

compound fs pure and thus no structure

q -t---.r- COaC H3 ?^ 5s 7 j s- s

s¿ r)-coxcHr -/--> h+-co^c':
93a

the thlothlophthen" L%

data, lË fs not known if

The vlolet compound 1e forned by the reactl"on of the mono-adducÊ 93a,

the thl-on e 27 and the dtmethyl acetylenedicarboxylat,e since iË was found

not to be formed by the reaction of the mono-adduct 93a and the ester.

The vlolet compound also is not formed when the di-adduct 94a alone or

fn the presence of the Ëhione 27 are heated under the react,ion condítions.

The lnfrared (t.r.) spectrum of the violet compound showed the presence

of eeter groups and the mass spectrum contained a mol-ecular ion atM*/e

5t8. A mlnor peak at W+le 4Zg correspondfng to the molecular weight of
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can be aeslgned to thls comPound.

The thlone 27 and ethyl propíolate at room temperature reacted

very s1-owl-y Eo give Ëhe mono-adduct 93ar in sma11 yields aLong r¿ith a

small amount of the df-adduct 94af which becomes the najor product when

Ëhe reactlon proceeds 1n boiling benzene. AË elevated temperatures'

the reactlon of the mono-adduct 9-13t ptobably proceeds faster than Lhe

lnitlal reactlon of the thione 27 wtt:n ethyl propÍolate. Five other

products in trace amounts that were not present when the reacËion was

performed at room temperature, Ifere isolated along with the mono-adducÈ

93gt. Posslbly, these trace products are formed by the reaction of Èhe

mono-adducE g3ar with both the thfone 27 and ethyl propíolate.

2. DlscussLon of n.m.r. SPectra:

The n.m.r. spectra of Èhe varíous 2-(2-EhioacylmeËhylene)-1,3-

dtthloles 93 and the varfous Èhlopyranspíro-l'3-dithioles 94 whích have

been prepared are summarlzed in Tables III and IV' resPectively. The

n.m.r. spectrum of the mono-adduct 93a showed two singlets (6.L9, 6'07 r)

asslgned to the rneËhy1- protons of the carbomeÈhoxy grouPs which are not

equivalent fn thfs molecule. Analogous 2- (2-thíoacylmethylene-1-r3-

dtthloles 93b (R3 = R4) have been reported Ëo have equivalent substituents

as indicated by n.m.r .L54. This equivalence ís probab1y f ortuitous since

Èhe n.m.r. specrrum (TabLe III) of the mono-adduct 93c prepared by the

reacÈ1on of 5-phenyl-lr2-dithiole-3-thione (50b) with díureËhyl aceÈylene-

dlcarboxyl-aÈe |n hexadeutericbenzene (because of its solvent shift effects

161) indicated thaË the nethyl ester groups are not equívalent (6'78,

6.75 ù. This mono-adduct 9_9s r,ras first prepared by Behringer who

reported that the n.m.r. spectrum in carbon disulfide (Table III)
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fndl-cated that the carbomethoxy groups $/ere equívalent (singlet 6.L

t¡154. In deuterlochloroform (Tab1e III), the nethyl protons of Ëhe two

ester groups also r¿ere not equivalent (6.10,6.L2 t) but the At was

smaller (n,0.02 t) and the proton on Ëhe síde chain absorbed aË lower

ftelds (L.92r) than the protons of the phenyl group. In carbon disulfíde

and hexadeuterlobenzenee this proton absorbed in the region of Ëhe aromatic

protons (C6D6 , 2.32r ).

M¡:;
93b

The detectlon of the non-equfvalence of the substítuents on the 1'3-

dfthlole ring of the mono-adducts of the type 9jÞ, as índfcated by n.m.r.,

seems to be related to the presence of a phenyl subsÈituent cr to the

thiocarbonyl group in the thioacylmethylene-l,3-díthioles 93 (originally

a 4-substituent on the etartíng 1r2-díth1o1e-3-thione). The mono-

adducts of the Èype 93b which are reported to have equlval-ent sub-

stituents on the l,3-dithfole ring154 do not have a phenyl or an aryl

substltuent at the positlon cr to the thiocarbonyl- group. The detection

of the non-equívalence could possÍbly be due to a sËeric or a ríng

current effect of the phenyl group a to Èhe thl-ocarbonyl groupr ê.g.,

Ar between the rnethyl protons of the t\,ro ester grouPs of 93a is 0.12t

(CDC13) and between the meËhyl protons of the same trn/o ester groups

of 93c Ls 'r,O.O2r. Thus Ëhe substítuent at posltion-5 of the lr3-díthiole

rlng would be 1n a different cheurical envÍronment than the same subsÈítuent

Br

3 c ll.CO nCllz" j4'v?-!'

)<,{.o..n,
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at poeltlon -4.

The two carbomethoxy groups on the lr3-dithiole ring of the thio-

pyranspiro-lr3-dtthlole 94a r^roul-d be expected to be equivalent. This

1s found to be the case as l-ndicated by n.m.r. The nethyl proËons of

Èhe two carbomethoxy groups on the thiopyran ríng which are not equivalent

(6.19, 6.1-3 r) absorb at l-ower fields than the methyl protons of the same

ester groups on the 1,3-dithiole ring (6.38t).

A complex spLítting pattern (Figure I, see next page) was observed

in the n.m.r. spectrum of the mono-addu.t 93"f obtained by Ëhe reaction

of the ttd-one 27 wítln ethyl propíolate aÈ room temperaËure and ín boiling

benzene. Thfs pattern is tnterpreted as resulËÍng from a mixture of

thloacylmethylene-lr3-dlthloles. The absorpÈions have been assigned in

the following manner: two singlets (2.2612.L3t) due Ëo two different

protons on Èhe dlthiole ring, two broad singlets (2.9812.80r) due to the

protons of the two phenyl groups on the side chain and Ëwo overlapping

quartets Í5.67t (-l=7.2 Hz) , 5.57r (J=7.2 Hz) ] and two overlapping triplets

Í8.72t(J=7.2 Hz), 8.62t(J=7.2H2)l due Ëo two carboethoxy groups on Ëhe

dithtole rfng in the raÈio of 1:1:10:L0l.2:223:3, respectively. Vialle

has observed the sím1lar phenomena in the n.m.r. specÈra of varíous

acylmeÈhylene-lr3-dithíoles 189ar prepared by Ëhe treatment of Ëhe corres-

pondtng aryl subsÈituted thioacylmethylene-l-,3-díthioles l-08ar with

mercuric r".a"r"153 lilLustrated on page 68). The ÈhioacylrneÈhylene-

1r3-dÍÈhloles were prepared by the reactlon of 1r2-dithfole-3-thiones

wlth arylacetylene"l53. These same acyl-methylene-lr3-dithioles 189a1

were also prepared by the dehydration of hydroxy -1r3-dithiolanes of Èhe
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type 190 ¡¿hich were formed by the reaction of dithiocarboxylic acids

96a wlth the appropriateaåalo-ketone. The n.m.r. spectra of the

acylrnethylene-lr3-díthloles 189ar, prepared by both methods, r^/ere

1dentica1153. Campafgne and Haaf93 "1"o have prepared various ketones

of Èhe type 1B9r whlch also shor¿ the presence of two acylmeËhylene-l,3-

dithloles, as indicated by n.m.r., by the latter method and the acyl-

methylene-l,3-dithiole 189br by the reaction of the 2-methylthio-4-

phenyl-lr3-dithlolium sal-t l-92 r^rlth ethyl- benzoylacetate 1n the presence

93or pyrr-olne

Presumabl-y the thloacyl-rnethyl-ene-1r3-dithioles 1 08af mentioned

above, also exhlbit sínllar patterns ín their n.m.r. spectra. Ilowever,

for many thioacylmeËhylene-Ir3-dithioi." *"¿. by the reaction of Lr2-

dithiole-3-thlones wíth unsyurmetrical acetylenes, liËtle n.m.r. data

has been pubJ-ished. Behringer has menËioned that from the n.m.r. specËra

of varfous mono-adducts of the type 108a' two dl-fferent thíoacylmethyl-

ene-lr3-dlthloles were evident, but no n.m.r. data r4ras presentedl54.

Stavaux and Lozacr¡150 have reporËed the n.m.r. spectr¡nn of the mono-adduct

193 prepared by reaction of the bicycloËhione 191 with ú-butylacetylene

(lllustrated on the previous page). It showed slnglets for the ú-butyl

protons and for the proton on the dithiole ríng, thus índícaÈíng the

presence of one thloacylurethyl-ene-lr3-díthiol-e" The appearance of singleËs

for Ëhese substitutents may be forËuitous since the authors state thaÈ Ëhey

had difflculty in analyzlng the specËrum. Further n.m.r. sÈudies of mono-

adducts of Èhe type 123 and of other mono-adducts derived by the reaction

of bicyclo-l,2-dithtole-3-thl-ones of the type 194 with unsymmetrical acetyl-

enes are needed before any definlte concl-uslons can be made. The scarcÍÈy of
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n.m.r. dat,a may be due either to the low solubility of mono-adducËs

fn common organLc sol-vents or to Ëhe use of 1r2-dithiole-3-Èhiones

which have no aryl substÍtuent at position -4 of the 1,2-dithiole

rlng. In both cases, the ínterpretation of the resulËíng complex

spectra might be difftcult. Dífficulty r¡¡as encounEered in dissolving

the mono-adducts, discussed ln this Chapter, ín common organic solvents

at room temperature in sufficient quantities to provide proper spectra.

The acylmethylene-l,3-dtËhiole 189cf (dÍscussed bel-ow) prepared

by the treatment of the mono-adduct 93ar with mercurÍc acetate also

displayed a complex n.m.r. spectrum (table III) which has been inter-

preted as shor,rl-ng the presence of two acylmethylene-lr3-dithioles.

Slmllarly, the n.m.r. spectrum of Ëhe mono-adduct 93bt can be ínter-

preted as a mfxture of mono-adducts in which At between Èhe overlapping

quartets and between the overlappíng tripl-ets of the carboethoxy

group fs equal to the J value (0.12t). The n.m.r. spectrum of the

mono-adduct 93cr (Table III) whfch was prepared by Ëhe reactíon of

S-phenyl-l,2-dlthlol-e-3-thfone (50b) with ethyl pheny1propfo1"t.162

(discussed in SecËion D of thts Chapter) also showed the presence of

tr^ro mono-adducts fn which the snal-l At (0.04t) between the two over-

lapping quartets and the two overl-apping tripleËs fs probably due to

Ëhe absence of a phenyl substituent o to the thíocarbonyl group.

Mf'H'co^E'l A,|Jlrt"co'r+

189cr 93c'
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In the n.m.r. of mono-adducts of the type 93t, the Ëwo

conformers, 1.e., t:ne s-eí,s form 93 and the s-trans forin 195

(see below)and Ëhe geometrical fsomers, l.ê., Ehe two s-eis forms

93 and 102 (9J') could both give rise tb two differenË signals for

each substiÈuent sínce each substituent would be in a dífferent

chemlcal environment. Hor¡ever, if the pattern \¡Ias caused by the two

conformers of the type 9j and 195, there shoul-d be more than Ëwo signals

for Ehe protons of the Èwo phenyl groups of the mono-adduct 93al

(see Figure I). The expected multíplet might be due to the increased

anlsotropy of the protons of Èhe phenyl group which is at the ß-

positlon of the sfde chain of the s-trans conformer 1 95a caused by Èhe

proxlmity of thls phenyl group to a sulfur atom of the 1r3-diÈhiole

rlng.

_ ,,lt
-ç 5--l

,,'þqs/-n'
ßr

. S 

-/R¡;\^,,11-^,
R, I

RÀ

93 102

Also, the converslon of one conformer into the other should be

temperature dependent, but high temperature n.m.r. studies (40 - 95oC)

on the mono-adduct 9lg' and iËs oxygen analogue, the acylmethylene-lr3-

díÈhtole 139"t have shown ËhaË Èhere vtas no inÈerconversion. In the

case of the mono-adduct 9_2g', a higher resolutlon n.m.r. spectrum \'Ías

obrained. Similar studies (40 - 130oC) conducted by Carnpaigne and it"af93

on acylmethylene-l-r3-dlthloles of the tyPe 189t were also unsuccessful'

Thus it is probabl-e that thioacyl-meÈhylene-l-,3-dithlol-es 93f exist

195
4 ß,--R"--fl,, R. =h,liv=co'É'

I

Br
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matnly Ln the s-cis conformaÈ,ion which may possÍ-bly be stabilized

a contrlbution from Ëhe dipol-ar forn 196a.

S- + I __-_n-R*

$'-Å''j-o'
1 96a

The two s-eis isomers 93 and 102 could possíbly occur by

conversíon of the initially formed isomer 93 lnto the other isomer 102,

by rotatton about the tar bond of the side chain. Also both might be

formed fn the reacti-on and noÈ be interconvertible. If Èhe former

mechanfsm ís operative, this eís-trans isomerízation about the exocyclic

double bond should be ÈemperaÈure dependent, and as discussed above,

no interconversion was found between 40 - 130oC Also there should

be an equal amount of each of the two s-eis isomers. But the n.m.r.

specÈrum of the mono-adduct 93ar (Fígure I) indlcates that the isomers

are found 1n dffferent proportíons, i.ê., the heights and area of the

two sfnglets and of the Ëwo tripl-eËs due to the proton and the methyl

protons of the carboethoxy group on the 1r3-díthiole rlng respectively,

are not equal. These two observaÈions suggest that the two s-eis

isomers are formed during the reacti-on of l-r2-dithíole-3-thiones and

acetylenlc esters. This may also be the case for the mono-adducts

1!8."' formed by reaction of 1r2-dlthiole-3-thíones and arylacetylenes.

The non-equlvalence of Èhe carbomeÈhoxy groups on the mono-adducts

93a and c (discussed above) is consf-stent with Ehe presence of two

s-eis lsomers. Mechanisms by which both isomers can be forrned in Ëhe

reactlon r¿ill be discussed in Sectlon C of thís ChapËer.

by

tl2,
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2-(2-ThLobenzimino) -1, 3-dirhiole - 5 - dícarboxylare (197b)

prepared by reaction of S-phenyl-L,2{-díthíazole-3-thíones (t85a) with

ethyl propiolate is reported to consist of only one'isomer, as indicated

- 15sby n.m.r.---. Similarly, the n.m.r. specLrun of the dinethyl ester

197a indicated that Ëhe tvro carbomethoxy groups on the 1,3-diËhio1e

ring are ecluivalentlssrb,rt this may only be fortuitous. ït is possible

.that only one ísomer is formed and is not interconverËible or that due

to the greaËer electronegativity of the side chain nitrogen j-n the

compounds 1-97 aþ compared Ëo the side chain carbon in the Ëhioacymethyl-

ene-lr3-dithioles 93, Ëhe exocyclíc double bond may aequire more single

bond character, permitting free roËation and. thus only one signal for each

substituent will be detected by n.n.r. Such free roLation should be

temperature dependenË, but even at -60oC Ëhe n.m.r. spectrum of the

ethyl ester L97b is reported to indicate that only one compound is
l-sBpresent--". Further investígaËions are required to determine which

of the two possibilities, mentioned above, is responsible for Ëhe

detection of one of Èhe two possible isomers, as indicated by n.m.r.

5 ,9-1 Rr

A*A 5.La,
R,

197
ß, =Ph., ßt =ßl = C O. C l-'i:

Rt=?l',rß^-- l-1, R3 -- CO'-t¿

The n.m.r. of the di-adduct 94at is consistenË r,¡ith the presence

of one enanLiomeric pair s ince on1-y a singlet (2.49t) for the .proton

a)
b)



74

onÈhethiopyranringisaPparent.Thet\,'oproÈonsonthel,3-dithiole

ring absorbed at 3.5r and are equívalent in the enanËiomers' A míxed di-

adduct asslgned the sÈructure 94b rfas prepared by reacÈion of the mono-

adductg3awlthethylpropíolatetoallowProperassignmentofthe

protons tn the different ríngs of the dí-adduct 9_3' ' It demonstraÈed

that protons (2.45r) on the thiopyran ring absorb at lower fields than

those on the 1r3-díthiole ríng. The enantiomeric paír comprising the

d1-adduct 94a' probably is forned by B- addítion of the thione sulfur

of the mono-adduct 93at to the acetylenl-c ester (discussed earlier ln

this Section).

-corcH3

c o.crf,

94a' 94b

COrE¿
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Secfión B: Reactions of 1,2-Dírhiole-3-rhione (59) and

4-Phenyl-1,2-dithiole-3-thione (f64a) with Dimerhyl

Acetylene Dícarboxylate and Dibenzoylacetylene

I,trhile Ëhe reactions of various acËivated acetylenes with I,2-

dithiole-3-thiones 6 have been studied extensívely, most of the reactions

have involved the use of 5-subst,ítuted 1r2-dithiole-3-thíones of the

type 60. The initial products of the reacti.on are Lhen z-(2-thLo-

acylmethylene)-lr3-diÈhioles 93. Likewise, the reactions of 5-un-

substÍtuted-lr2-díthíole-3-thiones 64 rvould provide 2-thioforrnylmeËhylene-

lr3-dithíoles 19E. 
.These 

being thials, would be expected to be less

stable than the thiones %L63. Little is reported on this type of

reaction, but 4-phe"rr-r;-Uirhiole-3-Ëhione (L64a) reacted with erhyl

ph.enylpropiolate to give a producÊl62 rhi"h, on the basis'of desulfur-

iza:cion experimen æL64 proved to be a bisdíthiolylidene-2-butene of the

type 2j9. It seemed desirable to investigate these reacËions te

identify íntermediates and produets. It rvas also interesÈing to

det.ermine íf the initial adduct.s reacted wiËh more activaÈed acetylene

to form spiran di-adducts 199 of Èhe type reported for 4,5-díphenyl-

1,2-diËhiole-3-thj-one (Z), discussed, in Section A of thís Chapter.

The 5-unsubstiËuted thiones 94 used in these studies were L,2-

diËhiole-3-thione .(lB) prepared by reactíon of 1,3-dimercapto-propane

67(57) with sulfur"' (see Introduction, Part II, Section A-5) and 4-

n*"rr-r,2-dithiole-3-thione (764a) prepared by reactÍon of cumene

with 
".r1frrr36 

(see IntroductioflarË Iï, Section A-f). Dimerhyl

acetylenqdicarboxylate and dibenzoylacetylene were used as the

aceËylenes because it was found that these acetylenes reacted iyith

4, 5-diphenyl-1, 2-dithiole-3-thione (58)
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rapldly at room temerpature to gfve mono-adducts of the type 93.

Thus ít was hoped that a thlal 198 ¡¿hich is heat sensitive coul-d be

lsolated and characterized.

1. DÍscussfon of Reactions:

A reaction scheme ilLustratlng the products found ln these

reactlons is shown on the next Page. The two thione" 5J and L64a

and the Èwo acetylenes reacted rapíd.ly to give a brown Pasty soll-d

as the maJor product, in each case. These solids were insufficiently

stable to permit Proper lsolatíon but were assigned Éhe sÈructure of

Lhe thial mono-adduct 19q by analysl-s of Ëhe n.m.r. sPectra. The

appearance of the thlal protons ín each case (-0.35 to -l-.65t) is

wlthin the accepted range for thialsll. The n.m.r. spectra will- be

discussed later in this Sectl-on. Also, |n each case' heating of the

thtals 198a-d produced sËable bÍs-diÈhiolyltdene-2-butenes 200a-d in

varylng yields, possibl-y by extrusíon of two sulfur atoms from Èhe

Èhlals 1?8a-d, along wíth other minor products. A possible reaction

scheme for the formatlon of the butene 200 from the thial 198 will

be dlscussed later in thls Section. The georneËry of these butenes 200

could not be esËablished. Further reaction of the thíals 198a-d with

the acetylenes produced di-adducts l-99arb only from Lhe Èhials 198c'd

Ifron 4-phenyt-Ir2-dirhiole-3-thl-one (164a)]. Also the formyl-meÈhylene-

1,3-dlthioles 201arb (aldehydes) were lsolated in varying amounts from

the reactions invoJ-ving 4-phenyl-l,2-díthtole-3-thione (164a) or lts

Èhia1 mono-adduct.s 198c'd.

From the above products and examinaËion of the reactions by

whlch they are obËained (discussed below) ' a sequence of reactfons may

be seen. Reaction of the lnitial 1r2-dithiole-3-thione 58 or 164a
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ô S ----,]-Rr
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b) ß,= Ph,ñr=fr¡-CophÐ B,= flh, B,= ß¡= c oPh lt
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wlth the activated acetylene first produces a thial mono-adduct 198

whlch may reacË ln three !'/ays. One reacËion common to all studíed is

that producing the butenediylidenedithioles 200. Iìowever, when the

thial is stabilLzed by conjugatíon to a phenyl group as in l98crd,

this reaction becomes slower and other reactíons may compeÈe effecËively

wlth tt, i.ê., the thial may react wiËh a suítably activated aceËylene

to form a di-addu"È 12 or iÈ may form the correspondíng aldehyde 201'

possíbly by oxidation or hydrolysis of the corresponding thial.

I^Ihen 1,2-dlthío1e-3-thio". (59 reacted with one equivalent of

dtmethyl acetylenedicarboxylate at room temperature, and after a

short reactlon time (3h.) fíve fractions \¡Iere separated by Èhín layer

chromatography (t.1.c. ). Tr^ro of these fractions were obtaíned in trace

amounts and were noÈ identified. The other Ëhree fractíons r.rere

identified as Èhe unchanged Èhione 58 (10%), the thial l-g9a' (76%)

and the butene 200a in trace amounËs. This butene 2O0a (40%) was the

only product ldentified when Ëhe reaction was allowed to proceed for

one day tn bollfng benzene, although of the six other fractions

separaÈed, Ëulo ¡¿ere obtaÍned in a sízeableamount (t30mg.) as uncrystall-i-

zabLe glasses. The 1.r. and n.m.r. spectra (see Experimental) índicaÈed

that they were methyl esters of carboxylic acids. Sínce it is noÈ known

if these glasses were pure and lacking any analytícal data, no satisfactory

structure can be advanced, but ít is probable that they were formed

either by reaction of the thial l-98a wíth the acetylene (with or without

the thion" 59) or by the decomposítion of the unstable thial 198a.

Heating the thial 198a in benzene gave the buËene 200a (4L7.) along wíEh

five oÈher fractions ín trace amounts none of whích was the thial l-98a.
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Treatment of the thione 99 ot the thial 198a wiËh dirnethyl acetylenedi-

carboxylate gave rather similar results and none of the mínor fractions

could be ídentified as a di-adduct of Lhe type L99. In the separaËion

of all the reaction míxtures, described above, (t.1.c.), a considerable

amount of orange material (up to 30% of. the starËíng materials) could

noÈ be separated using the typical developing solvents (benzene and

chloroform), but was partially separaÈed usíng methanol-chloroform

ml-xtures and ¡"ras found to contaín many f ractions. This was also f ound

to be the case for the react.ions lnvolving the thione 58 and dibenzoyl-

acetylene, discussed below. Also sulfur IÁlas isolated in al-l reactions

lnvolving the applícation of heat (found for all reactions of the thiones

58 and 164a wÍth both aceÈYlenes).

Very similar results \^Iere obtaíned by treatment of the thione

58 r¿1th dibenzoylacetylene. Reaction over a short period of time

provfded rhe rhlal 198b (747.), the unchanged thione 58 (IO%) and five

other fractlons Ln trace amounts' tlone of r¡hich was the butene 200b

whtch was obtained as the major product (38%) when the reacÈanËs \'7ere

heated in boiling benzene for one day. The rhlal 198b (ry47") and Èen

other fractíons in trace amounts r¡ere also separated by t'l'c' The

thial 198b gave Ëhe buÈene 200b (431!) along with Ëwelve other fractions'

none of which was the thial 198!. The butene 200b (3971), the unchanged

thtal 19Bb (LL1!) and tr¡elve other fractions were found in Ërace amounts

when the thial lg8b reacted r,rith one equivalent of dibenzoylacetylene'

I^lhen the thlal 19Bb reacted with dírnethyl aceÈylenedícarboxyl-ate' Èhe

butene 200b was obtained along r,rÍth other fracËiofisr one of which' an

-1
orange glass, showed the presence of ester carbonyLs (1735, L7L5 cn ")

and ketone carbonyl (1660 cm-l) in the Í.r. spectrum. This glass
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could posstbly be a di-adducÈ of Ëhe type 199.

4-Phenyl-1,2-dirhiole-3-thÍone (1 64a) reacted wiEh dirnethyl

acetylenedicarboxylate to give the thial 198c (85iÐ, the thione 164a

(82) and minute amount of the aldehyde 201a whích was also obtained by

treatment of the thial 198c with mercuric acetate. In boiling benzene,

the thial 19Bc gave the butene ?OOc (437") and the aldehyde ZOLa (ry3%)

along with the unchanged thial 198c (43"/"). However, ín boiling xylene,

the yleld of the butene 20Oc was increased substanÈially (80%) and the

tlrial 198c and the aldehyde 2OLa were found ín trace amounts. FurÈher

reacEl-on of the thíal 198c and dimethyl- acetylenedicarboxylate in boíling

benzene gave the dí-adduct L99a (46%) as an orange oí1, the aldehyde

2OIa (n7%) tfre unchanged thial 19Bc (ry37.) and many oLher fractions in

trace amounts. The n.m.r. of the orallge oÍ1 (Table IV) was consistent

with the structure 199a and the mass spectrum showed a Parent ion at

Of/" ,rg,r (molecular weight of the di-adduct l99a is 494) . The aldehydes

2ilgr_b were obtained even when the reactions were performed under dry

nltrogen and ln dry solvents. It appears that they are formed from

unreactecl thial by aerial oxidation or by hydrolysís on the t.l-.c.

plates prior to developing. I,Ihen the Èhial 19Bc was subjected to

ultravlolet (u.v.) radiatÍon or íntense visible light at room tenperature'

tlre aldehyde 20La was obtained as the major producL (38%) along with

eight other fractions none of which was the thial l-98c or the butene

?99s.

4-Phenyl--l, 2-dirhfol-e-3-thione (164a) reacted wíth dibenzoyl-

acetylene aÈ room temperature to give the thial L28d (7L7.), the di-adduct

Lggb (L4ï¿) and Èhe unchanged thíone L64a (L37.). In boiling benzene,
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Lhe butene 209.d was obtained !n a low yÍeld (LL"/") along wiËh the aldehyde

29þ GLT") and the unchanged thial 19Bd (67%) frotr the thial l:gd.

Ilowever, 1n boil-1ng xylene the butene 200d was obtafned in a more

satlsfactory yleld 5L% f.ro¡- Èhe thiat 198d along wtth the aldehyde

291b (L67") and rhe unchanged thial l18d (LLil). The aldehyde 20Lb,

an uncrystalLLzabLe oilrwas also obtained by treaËment of the thial

1989 wittr mercuric acetate. The n.m.r. spectrum (Table III) and the mass

spectrum of the oi1 r¿ere consistent with the sËructure of the aldehyde

2ilb. The di-adducË 199b (707"), the butene 200d (t7%), Ëhe unchanged

thial 19Bd ('u37") and an orange powder htere separated when the thial

198d and dibenzoylacetylene reacted in boilíng benzene. The n.m.r

spectrum of Èhis orange powder showed only phenyl proÈons, the í.r.

spectrum showed the presence of ketone carbonyls and the mass spectrum

did not give a parent peak (last peak atM+/e 573). Also a satisfactory

elemental analysf-s could not be obtained. Lackíng meanlngful spectro-

scoplc data and a satisfacÈory elemental analysis' no strucËure for

thls powder can be advanced.

2. Discussion of N.M.R. Spectra:

The n.m.r. spectra of the thials 198a-d, of the di-adducts

1:9"rb and of the buÈenes 200a-d are surnmarized ín Tables III, IV and

v respecrlvely. The n.m.r. spectra of the aldehydes 29J9lÈ. are also

summarized in Table III. The n.m.r. of the thial 1_98a showed a

doublet (-1.65t, J = 7.5 Hz.) due to the thial proton' a doubleË

(1.55r, J = 7.5 Hz.) due to the ring proton on the side chain and a

sfnglet (5.78t) due Èo the methyl protons of the two carbomethoxy

groups which is probably forÈuÍtous (see SecÈion A-2 of Èhis Chapter).
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Unfortunately, the thial 198a r¿as insufficienËly soluble in cold benzene

to obËain a spectrum in hexadeuÞriobenzene and heating caused rapid

formation of the butene 299". However,. Ëhe four carbomethyoxy groups

of the butene 200a which are equivalent (6.20t) as indicaËed by n.m.r.

(CDC13) are evident as two sínglets (6.77, 6.75'c) in Èhe n.m.r. specLrum

using hexadeuterLobenzene as Ëhe solvent. The magnítude of the spin-

spin coupling consÈant J , (7.5 Hz.) is rnore indicative of a s-eLs

conformation, í.e., structure 198 than of a S-'trAnS cortf.ormation of

the type 195 for the thlal- 1 98a sínce the magnitude of J due to the

coupling between the t\,ro cis ptotons in the ring of 1-,2-dithíole-3-

rhlone (58) is 6 Hz. (see Experimental). The J value of the thial

1 98b is also 7 .5 Hz. The non-equivalence of the ester functions of

the thial 198c and Èhe aldehyde 2Ola (6.25, 6,L7{(6.23, 6'l8t)

respectively, as indicated by n.m.r. is as expected for mono-adducts

which possess a phenyl substituent c, to the thiocarbonyl (in this case

a thlal) group of the side chain (see s,ection Ã-2 of thís chapter).

5 ¡ --I-CO^C Ht

,t!t--zÀ ,.tL(o?cH3H-í
t-l

19Ba
S s 

-llCO.CHi
,,'\ ft , \co¡crl,

Pt)

19Bc

c ( COPh

[ ). -[-.o0,
Á-f \r-

l.|

198b

o 's --- ,( Co' cH¡

f\4,-LcoÀ.r3
Ph

2O1a

on the l-,3-dithiole ríng of theAlso as expected, Ëhe ester functions



B5

di-adduct 1r99a are shown to be equivalent (6.32t) while those on the

thiopyran ring are not equívalent (6.18, 6.13t) as indicated by n.m.r.

(see sectÍon A-2 of Ëhis chapter). The four vinyl protons of both Ëhe

blsdlÈhiolylÍdene-2-buËenes 2OO"þ constftuËe an AArXX' system whose

spectrum is not easii-y analysed. A complex symmetrícal multiplet

which could not readily be interpreËed was found in each case for Èhe

butenes 20oa,b. singlets (4.23 and 4.1-0t) \^Iere apparent for the tvro

vinyl protons of each of the butenes 200crd, respecËivelyt thus

fndlcating that either a eis or a trans isomer is formed. The vinyl

protons o1 cis olefins which possess a two-fold plane of syruneÈry and

oÍ. tz,Ans olefins whích possess a centre of inversion are evident as a

sínglet, e.B. r the vÍnyl protons of both cis and trans stilbene appear

as singlets in the n.rn. r.L65. Thus it cannot be deËermined if the

blsdíthíolylldene-2-butenes 200 so formed are the eis ox t]ne tv'ans

lsomers although Elne tz'ans isomers are more líkely'

ß ----. Sllr-
ß -\ S 

/-l l-l
PhIJ H

[j--=--ç1l
HHHl',t

s---r ß

r-L , ij-o
P I,,

20C^
a) R =co^cH¡

b) R = coph

2C,0
c)R=cozcl-13

ç[) R= co Ph

199a
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2C-Oa
CO.CIìrr¡ Sr ,f--¿COCH:

. oi ,,J1- 
' 
)ì-ú lJ:(ril' Co c H ,

t1'-.- CO Ph

=fñr-ltcoph

co'c H';ìi

co.c rt/-
,l--.-,. CO^C Ha

-.-/ tl '

J¡,' 
tr/-coçHl

2 00b

2OOc

CO Ph -.-- f .ti \--
coPh !-s/ 

,l ,l

5\-
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rlH
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3. Reaction Scheme for the Formation of Bísdithiolylidene-2-butenes 200:

Thicn:es and thials are knor^m Èo lose sulfur under tl-re inf luence

of heaÈ Èo form ethylene derivativ""t66. Although this reaction does

not occur wíth all thiocarbonyl compounds, it seems to occur for all

tlriones and thials that do react when subjected to heatl66, ".8.,
stllbene and tetraphenylthiophene are formed from the dry distÍllation

of thtobenzaldehyd "L66. TeÈraphenylËhíophene probably is formed by the

reaction of stil-bene r.rith Ehe sulfur liberated during iËs formation.

Also, pyrylenes 2O3a and dithlopyrylenes 203b, respectívely, are formed

when the corresponding thiopyrones 2O2a and díthiopyrones 202b are subjected

. L67to heat

202
â) x --o

203

b)x=t

presumably all thiones and thials wtrich decompose under the influence

of heat forrn ethylene derlvatives in a simLlar manner. The ethylene

derivatives could possibly be formed by the sÈepwise exËrusion of Èwo

sulfur atoms frorn eLther of the inittall-y formed diÈhiacyclobutanes

204 or 2Q5 (illustrated on the next page).

a)x:o
b)r=s
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I ßcH5

Hb Io'-[i*R 
-ç\¡1 __>

204 RCH:CHR
s

H 

"/ 
\"'H1lAR

-s

-2-
206

20s

Although the 1r2-dithiacyclobutane aQ cannot be excluded' the

dithiacyclobutane 204 appears more likely to be the sÈructure of the

dímer on the basis of results wíËh various thiocarbonyl compounds.

Such dimers of the type 204, as well as trímers are known to be formed

from various thÍones and thtal-s166'168. Also thiopho"g.t"l69-L7L a-,,d

fluorinated thioketorr""l7l'I72 for^ 1r3-dithiacyclobutanes of the type

204 and recently such íntermediaËes have been proposed ín the reactíon

of carbon dísulfide and dimethyl acetylenedicarbo*yltt.l73. No direct

evidence appears to be available for Èhe loss of sulfur from a lr3-

dithiacyclobutane U to form Ëhe episulfide ?06, but certain thíones

under the influence of acetylides form both 1r3-díthiacyclobutanes

204 and eplsulfid "t ZOAL74. Possibty the former âre precursors of the

latter. Also a dithfacyclobutanedioxíde of the Lype 207 loses sulfur

dioxide to form an episul-frde zo6L75.

9-5
ir.,l l.-H

?1
RR
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fi"

R ""r-f 
o'

5-J-.-ft
tR

207

The last step in the proposed scheme, Ëhe loss of sulfur from the

eplsulfíd e 2g6 to form the olefin is a well-knornm reactionlT6'L77 .

The geometry of the olefin would be determined by thaÈ of the inÍtially

formed dithlacyclobutane 204 (or possíblv 2-9!) only íf loss of sulfur

from the dimer 204 and, from the episulfide 206 is a concerted process

tn both steps. The thial 1n a dipolar formll ot "" diradicals may

undergo a (2 + 2) eycLoadditíon to form Ëhe díthíacyclobuÈane 204

(or possible 205). Thíals and alíphatíc thíones are belleved to

behave as dl-radicals in some of thefr reactionsr e.8., polymet1"^t1onL66.
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Section C: Reactions of 1,2-Dithiole-3-thiones with

Oleflns and Comments on the (3 + 2) Cycloaddítions

of1,2-Dithioles-3-thionesandActivatedAeetylenes.

If the t\.Io ner,7 o bonds are closed simulËaneously during

rha rocrrlt mrrcf hp a stereosoecific additío 103.
a cycloaddltion, the result must be a stereosPec

However, íf Ehe t!üo o bonds are closed one after the other and an

l-ntermediate is formed, Ëhe result usually Ís a non-sËereospecific

addirionlTS. Thus ín order to determine if the (3 t 2) cycLoaddiüion

of 1,2-dithlole-3-Èhiones and acetylenes ís a concerted process, the

reacriorsof 5-phenyl-l,2-díthiole-3-thion. (ÐÐ and 4,5-diphenyl-L'r2-

dtEhiole-3-thione (27) with trans-dibenzoylethylene were investigated.

tnAns-Dibenzoylethylene, a slnnmetrical- olefinrwas chosen as the olefin

to ellminaËe the possibility of two modes of addition of Èhe thiones

27 and 5i! to the ol-efin and because in its reactivj.ty wíth 1,3-dipo1."104

ft ts comparable to the aceËyleníc esËer, meËhyl propiolate.

trrlhen boÈh Lhíones 27 and 50b and the olefin v/ere heated in

boíling benzene or xylene, no co1-our change was observed and Èhe

startíng materials ll7ere recovered. Simílar results have been obtaíned

when 5-phenyl-lr2-dírhlole-3-thione (50b)L79 
^nd 

various L,2,4-.d:thi-

azoLe-3-Ehiones 185159 were treat"¿ ril dimethyl azodicarboxylate.

The expected products, 2-(2-thLoacylmethylene)-1,3-dÍthío1ane of the

type 208 are not potential-ly aromatic and thus it is possible that the

formation of these mono-adducts 208 would lnvolve the loss of aromatíc

stabílity which fs not lost when thioacylmethyl-ene-l,3-dithíoles 93

are formed from reacËion of the same thlones 27 and !0b r'riËh acetylenes'
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- . PhCO-t ,'n

i- -l t ,-ll-corh
../ -W- - s
h¡ |

R\

27 '¡, =¡' = Ph

5 O b; ß, = ¡¡., ¡1'= ll

- rH

L .[]coPh
R, f. 

r 1co['h

208

ç - *l ---t Rv

-Srt(,\o'
Rr.

93 1 96a

Since no product could be obtained fro¡n reaction of the Ëhiones

27 and 50b with tz.ans-díbenzoylethylene, lt cannot be determined if the

(3 + 2) cycloaddition of 1r2-dithiole-3-thiones and acetylenes is a

concerted process. However, from the results of the reactions of 4r5-

dlphenyl-l,2-dithiole-3-thione (27) wiÈh acetylenic esters, discussed

ln Section A of this Chapter, possible reaction schemes for thls (3 + 2)

cycloaddftion which may depend on a concerted (3 + 2) cycloaddition

(scheme A) and whÍch do not depend on whether the cycloaddition i-s a

concert,ed process (schenes B and C) can be postulated. The analysis

of the n.m.r. spectra of the mono-adducüs of the type 93f lndicated

that they contained two thioacylneËhylene-lr3-dithioles of the type 93

and 102 which were forrned during the reactíon and r'/ere not interconver-

tíbler e.g., by rotatíon about the tar bond of the dipolar structure

L96a. Untfl further n.m.r. studÍes of mono-adducts prepared by reacËion

ßrLøi
R¿
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of various 1r2-díthfole-3-thiones, including the bicyclothiones 194

with unsyrunetrical acetylenes have been undertaken' Ëhe possibility of

ínterconversÍon of Ëhloacyl-meËhylene-l r3-dithíoles cannoË be totally

excluded. Possible reacËion schenes in r¡hlch two thioacylmethylene-l'3-

dithlol-es are formed during Ëhe reactíon are discussed be1ow.

1. Scheme A:

ThÍs reaction scheme essenËial-ly involves the addítíon of the

thfones 6 to boÈh acetyl-enic carbon atoms of unsyrmetrical acetylenes.

For uns)¡mmetrícal acetyleníc esters such as ethyl propiolate, thís

necessitates that the exocyclíc sul-fur aÈom of the thíones 6 musË

possess sufficienË nucl-eophilic acËívity to attack the ester at the

acetylenic carbon atom which is the least suscepËible Ëo nucleophilic

aÈtack, i.e., the carbon aËom cr to the ester function. AËtack by the

neutral form 6 of 1rz-dithiole-3-thiones or by the dipolar forms

6!,_9, and e on the carbon atom cr to the esÈer functíon of acetylenic

esÈers also necessitaËes the absence of an inËermedÍate of the type

209 duríng the cycloaddition since the resulting negatíve charge on the

carbon atom ß to the ester functíon cannot be effectívely stabilized.

llowever, the Íntermedia|e 209a resulting from aËtaek of the dipolar form

S *ry be more effectively stabil1,zed by Ëhe proximíËy of the opposíng

charges in Èhe inÈer¡nediate 209a.
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Slmllar arguments can be put forward for attack by thiones 6 on un-

symmetrical aryl-aceÈylenes. A concerÈed (3 + 2) cycloaddiËion invol-ving

both modes of addÍtion of the neutral form 6 ot the dtpolar forms 6bre

and e to unsymmetrícal- acetylenes probably would lead to simultaneous

cleavage of the dlsulflde bond of the dithÍole ring. A stepwíse

cycloaddition invol-vfng boÈh modes of addition of the dipolar form

6d to unsymmetrícal acetylenes could possibly lead to tetravalent

sulfur structure" lg3 and 210 r¿hich by cleavage of the disulfide bond

could Èhen give the mono-adducts 93 and 102.
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2. Scheme B:

The first step in thís scheme involves Èhe additfon of the thione

6, e.8., the dipolar form 94 to unsymmetrícal acetylenes in one direction

only in one or Èwo steps. However, the resulting cleavage of di-

sulfide bond of the 1,2-dithiole ring (or less likely of the tetravalent

sulfur strucÈure 103 in the case of the dipoLar forn 6d) might result
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1n the formation of high energy íntermediates of the type 196*

(L96ax in the case of !d) which could lose their excess energy eíther

by f orming the dipol-ar resonance. f orm of the type Ú! (126a* in the

case of 6d) or by rotat,ing about the exocyclic faf bond and forming

the dtpolar resonance form of the type ry Qry for 6cf ) of the thío-

acylmethylene-l, 3-dithioLe L02.

103

'. 
_çf

tll_
/\ -tl- S

R, 
,I'.

6d

,v
RI
II ttt ->
f

Kr
Rr

S-

Rr

t-

I s --:(R"
Å-,z(sJLi,,

R4

93

Rr

5 

-5..--¡Í11NA,)L*,
Rr- Iv

4. ,"1\j

S^rJJ-o' 
+ 5 J ---lRt

,\^.,J-*.,
f{z

211a 1C^2

3. Scheme C:

Thfoacylmethylene-l,3-dlthloles 93 and 102 can be formed íf
J-

1,2-dlthiole-3-thtones..l[ react as l,3-dipoles, í.e.' S - ç - S'
I

in whích the charges on the sulfur aËoms of the lr3-dtpole are

ambivalent, i.e., ínterchangeable. Thus, in the case of acetylenie

196a. \
1 g6a
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esters, addfËion of the Èhiones 6, acting as lr3-dipoles, ß to the

ester functlon of unsymmetrical acetylenes would resulÈ in the formatíon

of two mono-adducts of the type 93 a¡d IO2. The acyclic resonance

forms 69 and 6j ate the two sextet forms of the l,3-dipole inherent

in 1r2-díthiole-3-thlones 6 in which Ëhe formal charges are interchange-

able. The definitfon of a 1,3-dipole and of a 1,3-dipolar cycloaddition

are found in the IntroducÈion (Part II, SectÍon C) .

,Ç.
Rr

6

s-5

s1,
Re

6b

.<-__>

e

Rr

6¡

;.5 :52

Jr_ 

^,.
'R, Y '5+

R¿

6j

ç--s
l* I -'t
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ê
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6e
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-+
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R, ìl 's

R.r

6f
R¿
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Behringer9O t"d considered the possibilfty that the aeyclic resonance

forms 6f-k míght parÈlcípate ín the (3 + 2) cycloaddition of 1,2-dithiole-

3-Èhíones and activated acetylenes. Also acyclíc resonance forms have
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been consldered for 1r2-dithiolfum cationt 294.

rr should be noted Ehat 1,2-di¡híorl-r-anron"=, if they can be

considered as 1,3-dipoles, ale 1,3-dipoles in whích the cenÈral atom,

1.e., a carbon atom, ís not capable of stabílizíng the l,3-dipole by

lnEernal octet stabllization. However, .stabílizat|on of the 1r3-

dipole by the neutral octet resonance form 6 and the dipolar resonance

forms 6dre can occur and results in partial charge compensation ín

the 1r3-dipoles. 1r3-Dí-poles with this Lype of octet stabíLízation have

been classified as 1,3-dípoles with external octet stabílization by 
l

R. HuisgenS3. Little ís known abouÈ this type of 113-dipole. since

the term 1,3-dipolar cycloaddÍtion has been defined by R. Hrrisg.rr83

as referrl-ng to (3 + Z¡ cycloaddítions of 1r3-dípo]-es wíth internal

octet stabllizatíon and dipolarophiles, Ëhe description of the (3 + 2)

cycloadditlon of 1,2-díthiole-3-thiones and activated acetylenes as

a 1,3-dipo1-ar cycloaddition is inappropriater ê.8.¡ the lack of

reactivíty of the thfones 27 and 50b towards trans-dibenzoyleÈhylene,

described above, ís in contrast to the comparable reactívíty dísplayed

by 1,3-dipoj-es which are ínvolved in 1r3-dipolar cycloadditions towards

olefíns and acety1"rr."B3.

IÈ should also be noted Èhat the dípolar octeÈ resonance form

6: and the sextet resonance forms 6-frh'i and k permit furËher partial

charge compensatíon vía Ëhe rexor double bond of the middle carbon

atom of the S - C - S dipole. ZwíEterioníc forrnamidiníundíthiocarboxyl-

ates 2L2 piepared either by reacÈion of tetraaminoeÈhylenes with carbon

dtsulfidel8o or by the reaction of enediamínes with 
".r1frrt181 "r.

reported ro add to dipolarophílic aceËylenes as S - C - S dipoles to
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give the 2-ylidene-l,3-diËhioles 2L3L82. These zwitrerionic dirhio-

carboxylates [! permit. partial charge via the texor double bond at

Èhe carbon atom of the 1,3-dipo1e. . In contrast, the irnidazolinium

beËaine 2L,! preeared by reacËion of tetraaminoethylenes with phenyl-

isothíocyanate forms the spiran heterocyclics 215 by addition of a

C - C - N dipole to acety1"rr."182. The betaine 2I4 aLso reacts wiÈh

'alkenes, isocyanates and ísothíocyanates. This a - a - N dipole is an

example of a 1,3-dipole wiËh external ocLet stabilizatíon.

Rz
I

lll
I

ßr

----> (O)::iJî
212 213

R

' .,1, rh
tvl

l .^Ð.--rrr! +'lt;
/\5
ß

ßt
I

lil.*1lil'/
I

ßr

214 215

A S - C - S dipole which can be stabilízed via double bond at the

carbon atom has been postulated as an intermediate in the reaction of

carbon disulfide rvith dimethyl aceËylenedícarboxylatelT3 rrrd hexa-

rB3fluoro-2-butyne-

The formatÍon of acylmethyl.ene-l,3-dithioles 189' (see Se.ction

of this Chapter) by a reaction of dithiocarboxylic acids 96 r¡ith o*

^fI
R

tR+

\
ù
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halo-ketones may result from Ëhe dehydration of two hydroxy-acyl-

merhylene-1,3-dfthiolanes 190 and 216. These diÈhiolant" 19! anl z!!1

could be formed by nucleophílic attack of the tnans and the cis suLr'ux

atoms (with respect Lo the acyl group), respectively' of the dithio-

carboxyllc acíds 96 at the cl carbon of the a-halo-ketones'

? 
E__è/c\.'= , ts\

n1 't=t i, , t c/tt^\a,

96

.-/

î -t ^t)\rt'n'(: \5 -
Rr

1gO
v

/t/o
,/ v\,y

1Bg 
I

o s4-H

^5^,)(,?',Rr

216
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Sectlon D; Mode of Addition of- 2-(2-Thioacyl-nethylene)

-1r3-dithioles üo AceËylenlc Esters and

Comments on this (4 + Z¡ Cycloaddítlon'

Then.m.r.SPectrumofthethiopyranspíro-1-,3-díthioLegþ-l

(Table IV, a1-so see Section L-2 of thís chapter) índicated thaÈ the

mono-a<idu ct 93a' adds to ethyl propiolate in only one direction which

fs probably ß to the ester functíon. If a thlopyranspiro-lr3-dithiole

ln which the thiopyran ring contains only Èwo substltuents, i.e.'

the spiran compound, zLg or 220 could be derived ín some way by reaction

of a mono-adduct 93 with an acetyleníe ester' an n.m.r. analysÍs of

thls thlopyransplro-lr3-dithiole would reveal if ít ¡'¡ere the spíran

compound 2L9 or 220. Thus the mode of addÍtion of mono-adducts 93

would easilybe establlshed. The mono-adduct 93d, prepared by

reaction of S-methyl-l,2-dithlole-3-thione (63) vtíth dínethyl acetylene-

dicarboxylate, was the mono-adduct chosen for this study. Reactíon

of Ëhis mono-addu"t 2:g wtth ethyl teÈrolate (105c) would give either

Ëhe di-adduct 2L7 or 2LB which on hydrolysis of the ester functions

and subsequent decarboxylation of the resulting acid functions

r¿ould yield the deslred thtopyranspíro-l,3-dithíoLe 2L9a or 220a'
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ßi
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ffr
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,ß' Rr
C

0L.

219 220
â) R,=cHr, ß.=R¡ =Rv=H â) R,=cHr,ßa=R3=Rv=H

5-Methyl-l,2-dtthlol-e-3-thione (63) htas prepared by the method of

Thufllter and V1a11"56 ("." Introduct,ion, Part II, Section A-3).

The startlng materíal-s l,Iere recovered when Èhe mono-adduct 93d and

ethyltetrol-ate (105c) r,rere heated ín boilíng benzene or in boíling

xylene. Thus the mode of addltíon of mono-adducts 93 Ëo acetyleníc

esÈers could not be estabi-ished usíng this approach. Sírnilar results

were obtalned using the mono-adducts 93c and 93cr wíth ethyl phenyl-

proplolate. HeatJ-ng the thial 1.98c and ethyl phenyl-propiolate in

bo1llng benzene gave the bisdithiolylldene-2-butene 200c.

I

93c
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\_a
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Probably ethyl tetrolate 1s notsufficiently acËívated to react further

v¡tth Èhe mono-adduða g3d. Also variations of the substituents on the

slde chaln or on the lr3-dtthíole ring of thíoacylmeËhylene-lr3-

dfthiole 93 (1.e. 9j3c, 9jS', and 198c) díd not seem Èo affect Ëhe

reactlvíty of thíoacylmethylene-lr3-dtthíoles Èowards eÈhyl phenyl-

proplolate (í.e. no reaction).

The (4 + 2) cycloaddíË1on of thíoacylmethylylene-l,3-dithíoles

93 and acetylenlc esÈers might be a concerÈed process, í.ê. ' a type

of Dtels Alder reactfon or it urfght proceed in two steps. The thio-

ketonic side chain of Ëhfoacylrnethylene-lr3-dithioles 93 are heËero-

lr3-dienes of the type 22L in r¿hích the neighbouring atom Y has an

unshared palr of electrons, f.ê., ln thís case X = Y = S' For hetero-

1,3-dienes of this type 4, the dípolar f.orm 22la is believed Ëo

be the reactíve "p."i""178.

)< --x('" - <-> títsc t.. 
c.

rlly-' /+

221 221a

-t-C
t-c*c

I

t;

222

It also has been postulated that hetero-l-r3-díenes \L Ln the dípolar
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form 22Ia and polar l,3-dienes of the type 2r!!. react rvith heËero-

cumulenes 223 to form dipolar interrnediates rvhich can be signified

by Ëhe structure 24 Gn the case of hetero-l,3-dienu")178.

These dipolar intermediates 224 might then cyclize Lo form four-

membered rings 225 or six-membered rings 226. They might also eliminate

a ner.^/ heËerocumulene 227 to give a nerv hetero-lr3-diene 228.

ttX1l +
lr

yr

221a

rl
lr
¿-
¡l{

\,tl+à
tl
{r

F

¡X', z

\,
I

,Á
i(-{

\

(o
\

v

228

a l'!-={

Çr
'l

226

ÅJ)

223 224
.(

il
,9- -

225 227

The reacËion scheme illustrated above has been proposed by Go*ppu.l7B

to account for the products obtained by reaction of hetero-lr3-

dienes 22L wi-tln heterocumulenes 223. Polar lr3-dienes-222 react

sirnilarly with heterocumulen"*I78. It is possible that fhioacyl-

meËhylene-l,3-dithioles 93 also react símilarly ruith acetylenic

esters Ëo produce thiopyranspíro-1,3-dithioles 94, with 1r2-dithiole-

3-Ëhiones 6 to form the correspondíng thiothiophthenes 107 (see Intro-

duction to Ëhis Cl-rapter) and rvith phosphorus pentasulfide to form
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either the 1r2-dithlole precursor (see section A-1 of Èhis chapter)

orthecorresPondlngthlothiophthenesl0T(seeT'ntroductiontothis

Chapter). The dlpolarophil-ic nature of the thiones 6 has been well

establlshed Isee InÈroduction, Part II' SecÈion B-1 and 2(i)]'

some possLble sehemes for the above reactlons are illustrated on the

next page. Also the mono-adduct 93a may react similarly with 4,5-

dtphenyl-l, 2-diËhiole-3-thione (27) and Èhen wiÈh dimethyl aceÈylene-

dicarboxylate to give Èhe unknovm violeË powder descríbed in section

A-1 of thls ChaPter.

-\"l,ll' frJlF
RrR1

I
'1,

93 ßr 94
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Chapter II. Reactions of 3-Tmiiro-lr2-dithioles and

3-Alkylidene - I,2-d.ithioles r,rith Acelyleníc Esters.

Since símílar partial ioníc structures can be wriËten for

1,2-dithiole-3-thiones 6, 3-alkylidene-l,2-dithioles 7 and 3-irnino-

1r2-dithioles 8 (see General fntroduction), it might be expected

that Ëhe 3-a1ky1ídene-1r2-dithioles 7 and the imines 8 could undergo

reacËions with activated acetylenes similarly to the thiones q.

Behringer reports obtaining an adduct by reaction of the A3-5-

imino-ísothiazolin 229 wLL:n dimethyl acetylenedÍ.carboxyhtu1B4.

Probably the reactíon of a 3-imino-L12,4-diLhíazole 230 iríth dimethyl

acetylenedicarboxylate proceeds símilarlyl54'
0r. In\¡/_5

lt
crY\pl

CO.- Er

229

c_-<r)-

,urK'Àru¡¡

230

s-5tl
oi\-/vrr,

Pir

231

1. Reaction of 3-Phenylimino-5-phenyl-i,2-dithiole (i8l) and 3-

Phenylirnins-4,5-diphenyl--L,2-ð,íthío1e ç3]) wíth Dimethyl acetylene

dicarboxylate, Ethyl Propiolate and Ethyl Phenylpropiolate

3-Phenylimino-5:-phenyl-1,2-dithiofe (181) and 3-phenylimino

4r5-diphenyl-l,2-dithíole (23f) were chosen as Ëhe imines to be

studied and rvere prepared by reaction of the appropriaËe 3-neÉhyl-

thio-1,2-dithiolíum salts of the Ëype 125 r,¡ith anilír,"140. Neither

imine 1Bl or 231 reacted with the acetylenic esters at room temperature.

AË elevated temperatures reaction of. Ëhe imines 181 and 231 ruith
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dlmethyl acetylenedicarboxylate dld not glve the expected mono-

adducts of the type 232, 2-(2rËhioacyfunethylene)-thlazoles. Instead

the di-adducts, the thiopyranspiroËhfazoles 233arb, respectivelyr'

were obtained"

ßt
RrS s __r_ ßr

-\4flo'
r-1 ".

-... ,rl ./- ß:

Âr
Rì Ph

232
a) n =P1,, R.= Rr=fi, ß, =co^Lt

b) ß,= [; flf,, R.= H,Rr = co-Et

R,

t{
l

Ph

233
a) R, --Ph, l1^=H,ß3=Rr=Co*CHa

b) n, = R'= Ph, R, =R+ = COzC H¡

Presumably mono-adducts of the type 232 reacted more rapidly than

the starËing maÈerial- wiËh Lhe acetylenic ester. However, Behrínger

reports obtainíng the mono-adduct 234 by reacËion of ¡3-5-imino-

lsothiazoLin 229 wíth dímethyl acetylenedicatbo*yl-"t.184. In thÍs

case, sterlc ínterference by the phenyl group on the nitrogen atom of

the síde chaín of the mono-adduet 234 may hinder reactíon r¿ith rnore

acetylenic ester.

o h." I -----¡ -CO^Cllt

/\ ,u)-ro2,CHr
CH, II" cö*tt Ph

The n.m.r. spectrum of the d1-adduct

four singlets (6,42,6.3216.2016.L2r)

rnetho:<y methyl groups. However, for

234
233a (see Experimental Section) showed

for Ëhe expecÈed non-equivalenË carbo-

the dí-adduct 233b, the four non-
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equlvalenË carbornethoxy nethyl groups appeared as two maln peaks

whlch could not properly be resolved (6,57 - 6.37'r) as fndicated

by n.m. r.

The l-mfne 1Bl reacËed with the less reactive ethyl propiolate

and ethyl phenylpropiolate to gíve Ehe mono-adducts Zl4L respectively.

In contrast, the lmine 23L falLed to react rvíth these esters, probably

due to steríc interference. In the irnines 181 and 231 the N-phenyl

group may be e'Ls or trans to the sulfur "r.rn* Ï'"; imine 231,

however, steric hindrance by the 4-phenyl group makes tn. o¿"fr*

231a rnore ltkely and this foxm 23La would in turn be less susceptibl-e

to approach by the acetyleníc esters. The lack of reactivíÈy of the

lmine 2! i" also evident by the reaction condítions, employed, to

obtain the di-adducts 233arb. The ínríne 181 reacted with dimethyl

acetyl-enedlcarboxylate in boíJ-ing benzene whÍle the i-mine 231 reacted

wfth Èhe same ester 1n boilfng xylene.
(-(
JJ

/V",/^tn 
PÀ

231a

I S--ß¡

A^^-f-0,rr I I

Rt TL

235a
ßq =COrEt

The n.m.r. spectra (see Experimental section) of the mono-

adducts 232arb indfcated that Èhey both were slngl-e compounds. 0n1y

one triplet and one quartet for the ethyl protons of the carboeËhoxy

group was evident for each of the mono-adducts 232"rb. The possibíl-ity

that they are a mixture of geometrical fsomers and Ëhat the ester

groups are equlvalent Ls not ltkely since in one of the isomers the

ester functlon ls at the carbon atom adjacent to the sulfur atom of
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the thlazole ring, 1.e., of E:ne Eype 232' In the other isomer' the

ester functlon is aÈ the carbon atom adjacent to the N-phenyl grouP

of the Ëhiazole rJ-ng, i.e., 2Þ. Thus the chemical environment of

Ëhe esEer groups in these isomers would be substantially different'

A1so, 1t is posslble thaË the exocyclic nltrogen aËom of the imine

181 does not have sufflcient, nucleophllic activiÈy to add a to the

ester function of ethyl- propiolate or eÈhyl phenylpropiolate (see

scheme A of sectlon c of the previous chapter). The mono-adducts

2323fb formed may be either Ëhl-azole-4- or -5-carboxyl-ic esters'

They are forumulated as the latter since these would be Èhe expected

products of initíal ß-additÍon to Ëhe acetylenic esters. In the

n.m.r. of the mono-addu"t ry only one singlet (2.25r) ís evident for

elEher the proton on the thiazole ring or for the proËon on the side

chaln. No proper asslgnment can be made. In a paper publlshed

previouslyls8, the n.m.r. spectral daËa given for Ëhe mono-adducts

232"_?_b are lnaccurate due to difficulties in calibration' esPecíally

1n the aromaEic region of Èhe spectrum.

2. Reaction of 3-Benzylldene-S-phenyl-lr2-dithíole (124a) with

Dlmethyl Acetylenedicarboxylate .

3-Benzyll-dene-5-phenyl-1, 2-dithiol e (L24 a) was Ëhe 3-a1ky1-ídene-1, 2-

dithlole 7 ehosen to react wl-Èh dimethyl acetylenedicarboxylaËe.

The dlÈhi oLe L24a T{tas prePared by Ëreatment of the dithiolíum salË

123a with sodium ".tborr"tå23 
(see InÈroduction, Part III, SecÈion A-1)'

The dithlolíum salt l-23a was prepared by reaction of benzoylphenyl-

acetone wlth hydrogen polysulfide using a procedure outl-lned by

Schnidt and Schultr10 (".. Introduction, Part I, SectLon A-f).
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of acetophenone withBenzoylphenylacetone

ethyl phenylacetate

Flr 5"

was prepared bY

l-n the presence

the reacËion

. L23ot sodaum

? N¿-

Ph- t-cH, + Pl,cl-1^co'Et --- ->
oo
illr

? 
^/-",-,/\CH.lh

,p-år,
l_l

(-C))

íV"cHPh
H

123a 124a

No colour change r¡as observed when the dithioLe L24a (0.6

m.moles) and dinethyl acetylenedícarboxylaËe (0.6 m.rnoles) in benzene

were stlrred at room temperature. T.l.c. analysís of the solution

revealed that only the sËarting materials were present. However, ín

bolltng benzene, the colour of the solution changed from the original

reddísh-orange to yellow over 18 hours. Twelve main fractions (each

containing between 10-20 mg.) were found ¡¿hen the reaction mixture was

separaËed by t.l.c., on sillca. other fractlons ln trace amounts

were also found. There was insufficient material for each fracÈíon

to properly characEexLze the products of the reactíon. However, an

n.m.r. of the combined fractíons revealed Ëhe presence of carbomethoxy

groups and the dtthlole L24a was found not to decompose under the

reactlon condiËlons. Thus 3-benzylidene-S-phenyl-l,2-dithiole (l%a) reacted

with dirneÈhyl acetylenedicarboxylat,e to gíve the nany fractÍons des-

crlbed above. It Ís possible that Ëhe expecËed mono-adduct, a 2r3-

dihydrothiophene 236 arrd the expected di-adducË, a thlopyranspiro-2'3-

Ma'COr -
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dihydrothiophene 237 are two of the fractions ísolated.

..cozcHl colcHr

coxc Hl- c olc llr
F1
PhH

236 237

Some of the products found may be due to the tautomerism of the proton

on Ehe 2,3-dthydrothíoPhene ring of Ëhe expected mono-addu"t ry,

one possible product of this Ëautomerism could be Èhe thiophene 238'

CO.C H:

) co.cH,

HPI

il n

23el

cQ.CHuc.o.CFb

s/:\' I

5

\
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chapter III. Studies on the synthesis of Â4-Isothiazolin

-3*thlones ; A4-IsoLhlaphospholin-3*thiones

and A 3-I sothiapho sphol in-S*thlones .

Sectlon A: Studies on the Synthesis sf

A4-IsothlazoLLn-3-thiones of the Type 121

slnce simíl-ar partlal lonic structures can be wrltten for

1,2-dlthlole-3-thlones 6 and A4-ísothiazolin-3-thiones of the Ëype

171(il-lustrated below), it mighË be expected that A4-isothíazoLin-3-

thlones of Ëhe type 171 may react I,lith activated acetylenes in a

slm1lar manner. Behringer has reported obtaíníng adducts of the type

u av reaction of the fsomerlc Â3-isothiazoLin-S-thiones 239 with

acÈÍvated aceÈy1-enes and that the adducts 49 wepared by reacÈion of

the Ëhtones ry with unsyrmretrical acetylenes are a mixture of' S-cis

isomers, í.ê ., 240', âs índicated by n.m.t.184.
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McKinnon and Robak3l hr.r. reported, obtainlng the a4-isothlazolin-3-

thione Llþ, isolated as iËs methiodlde salt U, by reaction of the

corresponding isoÈhiazoll-urn salt 37a w1Èh sulfur i-n pyridine, Thus

using the method of McKinnon and nobak3l the synÈhesis of N-phenyl-

5-phenyl-Â 4-lso thfazol-l-n-3-thione (17la) f rom N-phenyl-S-phenyliso-

thiazolium perchlorate (37a) was attenpted.

..-{

,),n?

3-Phenylturino-5-phenyl-1-,2-dtthlole (181) was isolated by reactíon

of the isothlazol-lum salt 37a with sulfur Ín boillng pyrídine. The

l-.r. spectrum of a rnethlodide salt isolated from Ëhe treatment of the

reactfon mixture with methyl íodide r¿as ldentfcal to the i.r. spectrum

of an authentlc 
"r*pl-"179 

of the methiodíde salt 1B2a of 3-phenylÍnoino-

5-phenyl-l,2-diÈhiole (1-81-). Further investigations of the reactíons

of 3-unsubstituÈed isoËhlazoll-un salts 37b r,¡ith sulfur in boiling

pyrldtne by Bachers and McKinnonl42 t"u"^Led that the products formed

in thLs reaction were dependent on the substítuents at carbon atoms -4

and -5 and at the nitrogen atom of the isothíazole rlng. The products

formed were 1,2-dfthlole-3-thlones 6, 3-lmfno-l-,2-diÈhíoles 8,



isoËhiazoLes 242a and A4-i-sothíazolin-3-thiones of the

(when N-methylisothiazoliun salts 37c rvere used) . A A'+

LI4

type 17lb

-ísothíazolin-

3-thíone of the type 171b r,¡as also obtained by reaction of a N-

rnethylisothiazolium salË of the type 37c wiËh sulfur in boiling pyridine

by Le Coustumer and Molli "t!44.
D

/t\(-tJ
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1€)--cro;
llr | 'r)
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b) ß, -- n,ß =Ph

€') n, -- l-t.R --c li3

142
The investigaËions of Bachers and ÞlcKinnon-'- índicate that

3-phenylímíno-5-phenyl-1,2-dithiole (181) may be formed by Ëhe followíng

reacËion scheme (illustrated below). The scheme would firsË involve

formatíon of a carbene 243b (a resonance form of the dipolar structure

41") by Èhe loss of a proton from position -3 of the isothiazolium

salt 37a. The carbene 243b could then rearrange to form the thio-

ketimine 244 wlnícln on nucleophilic attack by the activated pplysulfide

anion 2j! and on subsequent ring closure could yield 3-phenylimino-

S-phenyl-l, 2-diÈhiole (fB1)
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Certafn thlazolium saLts lose a proton on treatment wlth a base to

produce a carbenelSs 
"rrd 

it has been shor,m that isoxazolium salts

produce ketoketfmines when treated wíth terti"ary amin."186. Actívated

polyeulfide anlons of the type 245 are knornm to be formed by attack

of nucleophfltc agents on elemental su1fur187.
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No derivatives of the ísothíaphosphole sysËem of the Eype 246

have been prepared. The isothiaphospholium salts 241 are of particular

interest since they may possess aromaÈíc character. They are iso-

electronic wlth l-sothiazol-1um salts 37 and 1r2-dithiolium sal-ts 6

and thus may have properties similar to these salts. 
^4-isothia-

phospholín-3-thiones lË and A3-isophospholin-5-Ëhiones 184 for whích

partial ionic sËructures can be written (illusÈrated below) may react

with activated aceÈylenes via a (3 + 2) cycl-oaddítion'

Sectíon B: Studies on

3-Èhiones 183 and
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1. ReactLon of Phenyl Phosphíne wlth 3-Phenyl-l,2-dithioliurn

PerchloraËe (22b).

Phenyl phosphine, a primary aromaËic phosphine, ín some insLances

displays the same chemical behaviour as aniline' a primary aromatíc

amlne. This slnilarf-ty is evident in their behavíour as nucleophiles.

Phenyl phosphlne, in the form of its phosphíde aníon þ'

adds smoothly to butadiynes at room Èemperature to yield the correspond-

ing phospholes z4gL88. phosphfde anions simflar to the anion 248

which is formed from phenyL phosphine and a cataLytic amount of

phenyl lfthlurn are known to be strong nucleophil."l89. In a similar

manner, ammoni-a or anÍlfne and butadiynes form pytto1."190.

24t^

rhPH. PhL¿, PI''PH 243.

t\ii
rL PLl

,[r].,
fìi.ß

H

249
However, ín the reactfon of phenyl phosphine wl-t]n 214"6'tri-phenyl-

pyrylium tetrafluoroborate 250, the phosphine ítself has suffícíent

nucleophllic actívtËy to form the phosphorinium salt 251 which cannot

be isolated but on treatment wiÈh T,Tater affords the phosphapyran
101

oxides 252a and, 252b and, the phosphorabenzene mono-hydrate 253-'

The formaÈion of the sal-t 251 parallels the formation of pyrídiníum

and thiopyryllum salts from the treaÈment of pyrylium salts r,riËh

substituted amines26 
^nd, 

sulflde iorr"28r respectively.
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P¡

ltlsr;--f rhPtt,

nìP/'rt1

250

252
a) R,=oH, R.= ¡

253

p R,=H, R"-=oH

Thus, in analogy wtth the reaction of anilíne r¿ith 1'2-díthiolium

salËs (see Introductlon, Part I, SecËion S-2) n phenyl phosphine

slmllarly rnlght be involved in a nucleophílic attack at position -5

Iin rhe case of 3-phenyl-l,2-diËhiolium perchlorate (22b)] of. L,2-

diÈhiolfum salts Èo gíve the correspcrdíng 1-phenylphosphino-propene-3-

thíone 254 (tn rhe case of the dtthiolium saLt 2þ) which on treaËment

wíth lodlne might gíve the isothiaphosphollum saLt 247a (illusËrated

bel-ow). l-Arylaminopropenethiones 36 on treatment with iodíne give

the correspondfng fsothlazollurn salt" -]J31 (see Introduction, Part I,

Sectlon B-2). Formation of the ísothiaphospholíum saLt 247a from

the propenethione Y, a secondary phosphine may have to take place

fin situr since secondary phosphines, like primary phosphínetL92,

are likely to be very reactlve Ín afr and form penËavalent phosphorus

structures. Also, 1t is posslble that isoÈhíaphospholium saltsr ê.8.r

247a, may be obtained in one step from lr2-díthiol-íum sal-ts¡ e.B. 22b

ti,

lL)(

rhl)-, Iltll
rf= P-'^Ph 

IPhJ

Rr J-

' Ph
h

f^f¿,/;"',t 
IH.O 
L

Ph

'.r# rh
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and phenyl phosphine (illustrated belor,r) in a manner similar to the

preparation of isothiazoles by reaction of lr2-dithiolium salts vrith

.25afirmonr-a (see rntroduction, ParË I, Section B-1)'

$;"'
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The isothiaphospholíum salt 2!^, on.treatment \^lith sulfur in pyrídine

míght give Èhe corïesponding Aa-isoËhiaphospholin-3-thione 183a

(illustrated belorv) since sinilar 1,2-díthiolium saltsr e.8.¡ zLb

have been reporËed to undergo oxidation with sulfur in pyridine to

provide the corresponding Ëhiones, e.g., 5-phenyl-lr2-diËhiole-3-
t2

Èhíone (50b)".
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3-Phenyl-l,2-dithíolium pe¡chlorat" (23), the salt used in

Ëhis study, vras prepared from 5-phenyl-lr2-dithiole-3-thione (50b)
a

using the method of Klingsberg'Isee Introduction, ParË I, Section A-2

(b) ] . Phenyl phosphine \^ras prepared using Ëhe method of Mann and

10,
MLLLaT-", rvhich involved Ëhe formation of phenylphosphonous acid

(256) from the reaction of phenyldichlorophosphíne (255) with ethanol.

Thermal decomposition of phenylphosphonous acíd (256) produced phenyl

phosphine.

PhP c/. f ft oll

255
s PSP (oH) 

^256

----> 'hf(otl I zEtcl

256
-_-> TrhPo¡H= f FhPH,-

All atternpts Èo make 5-phenylisothiaphospholium perchlorate

(2!:) $rere unsuccessful. Immediately af ter addition of phenyl

phosphine to a solution of 3-phenyl-l,2-dithiolium perchlorate (ry)

in ethanol at, room Ëemperature (under nitrogen), the colour of the

soluËion changed from brovm to green. The green colour persisted for

3-6 seconds, then changed to orange and afËer 1-2 minutes an amorphous

yellow poruder was precipiËated which was found to be soluble in benzene

and chloroform but relatively insoluble in peËroleum ether, eËhanol

and methanol. The ethan6l solution remaining was found to contaín more

of Ëhis amorphous powder. Over a period of weeks, the porvder Èurned

frorn ye11or¡r to grey. Further purification of the yel-low powder by

column chromatography, usíng neutral alumina, led. to decomposition

products. Also, no separaËion resulted when the porvder rvas subjected

to purification by È.1.c. using silíca. An elemental analysis of the
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amorphous povTder $las not consistent wíth Ehe propenethione u o,

the lsothiaphosphollurn salt 247a btt corresPonded closely to the formula

c1gH13po2s2. It 18 posslble that Ëhe powder was i-rnpure propenethíone

254 br¿,E on treaÈment with lodfne in benzene, the yellow powder was

recovered. It is aLso possible that Ëhe propenethione 254 mighË be

the cause of the colour changes observed, therefore, in another series

of experiments, fodine in ethanol was added to the reactlon solutÍon

at the Ër¿o colour stages. In both cases, the ye11-ow powder was

recovered. No strucËure can be advanced for the yelJ-ow powder since

its puríty has not been established'

It has been assumed that inlËial attack of phenyl phosphine

would be aË a carbon atom but it 1s knornm that for many sulfur-conÈaining

compounds, phosphines preferenttally aËËack the sulfur atom193. Thus

the yellow powder may have resulËed from an initial- attack aË one of

the sulfur atoms of the l'2-dithiolium saLt 22b-

2. AÈtempted SynËhesfs of Phenylphosphfno-3-phenyl-43-isothiaphospholln-

5-thíone (184a).

The following series of reactÍons were undertaken in an attempË

to synthesize phenylphosphino-3-phenyl--À3-ísothíaphosphol-fn-5-thione

(184a) (il-l-usrrated below). It is possible that on heating sodium

thiocinnamate (25J) r¿hich \¡ras prepared by reacËi.on of trans-cinnamoyl

chloride wlth anhydrous sodium sulfide, wíÈh phenyldíchlorophosphíne

(25 5), phenylpho sph ino-3-phenyl-A 3 - iso th iapho sphol ln- 5-one (259)

could be prepared. The thlone l-84a could then be prepared by Ëreatment

of the ketone 259 wfth phosphorus pentasulfide.
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Ir was hoped that sodium thiocinnamate çzsl) would iniËially combíne

wirh phenyldichlorophosphin. (2jÐ to form the phosphinothioester 258

whlch by lntramolecular nucleophilíc atÈack of the phosphorus atom at

the olefLnic bond wouLd then cycllze and yleld the keton" ry.

Reactlon of methyldích1-orophosphíne r.rith various dÍmercapto

compounds 1n the presence of a base gives heterocyclÍc compounds

conÈaLnlng thro sulfur and one phosphoru" "to*"194 [tllu"trated below

for the reactíon of dÍmercaPtoethane wíth nethyldichlorophosphine] .
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ReacÈlon of phosphonous dihalides such as phenyldichlorophosphine
1q5

(255_) r¡ith olef ins, especially in cycJ-oadditlons is well kno\n7It-'

Hydrogenchlorldewasgl.venoffwhenamixtureofsodium

thiocinnamaXe (22 and phenyldichl-orophosphine was heated ln boíling

dloxane. A greenish-yeJ-low olly paste was recovered. The pasËe was

found to consist of many fracÈions, as indicated by t.l.c. and an

1.r. spectrum indlcated Lhat the paste still conÈained a carbonyl

functlon. The greenÍsh-yellow paste, without further purification'

hras treated vrith phosphorus pentasul-fíde in boLlíng benzene Èo give

an orange paste u¡hose i.r. spectrum revealed Èhe absence of a carbonyl

group. It is possíble that Èhis orange Pastecontained phenylphosphíno-

3_phenyl-A3-lsothlaphospholin-5-thione (184a) buÈ an attempt to isolate

Èh1s thione 184a as the nethiodide salt $/as unsuccessful.
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ChapÈer IV. StudÍes on Some 4r5-DibenzoyL-L,3-dithioles.

Treatment of. 4,5-dibenzoyl-1,3-dithioles 260 with phosphoru

pentasulflde could yiei-d derivatives of the thíeno [ 3r'4,d]-L,3-dtthiole

system 261. The dlbenzoyL-L,3-dithioles 260 are substiËuÈed díbenzoyl-

eÈhylenes and, as such, rnight be expected..t,o give thíophenes on sul-furi-

zatilon, simflar to the preparation of isobenzothiophenes 2Q¡! ftom

diacyLdihydrobenzenes 262L96 or diacylbenzene t 233L97. Thieno [ 3, 4,d]-

1,3-dfÈhiol-e-2-thione (265) is already kootrrlg8 trrd examples of isomeric

thieno-l,2-dithioires S and 267 have also been prep^r"dL99, but apart

from these few examples no other derivatives of thís systen 261 have

been reported, and ít seemed desírable to prepare some derivatives of

the thleno [3r4,d]-1,3-dÍthiole system 261. One approach to 4,5-

dlbenzoyL-1,3-dtthiol-es ,60a and b would be by the (3 + 2) cycloaddition

of 1r2-dfÈhlole-3-thlones 6 or 1,3-díthiolane-2-thione (110a), respecËively,

with dfbenzoylacetyl-ene Isee Introduction, Part II, Section B-2(ii)].
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1. Reactlon of 5-Phenyl-l,2-dÍthiole-3-thione (50b) and 4,S-Dlphenyl-

1'2-dithÍo1e-3-thione(27)withDibenzoylacetylene.

Dibenzoylacetyleneisreadi]-ypreparedfrondibenzoyleËhylene

using the method of Lutz and snfth.r'oo which involves the treatmenË of

dlbenzoyldlbro¡noethane with trlethylamine. Dibenzoylacetylene reacted

rapldly at room temperaËure with both thíones 50b and 27 to give the

nono-adducts 93e and f, respectively, as Ëhe main producÈs and the thio-

pyranspíro-lr3-díthioles 94c and ¡t, respectively, as minor products

whlch became the only producËs formed when the Ëhiones 5j! and 27 arld

two equivalents of the acetylene r¿ere heated in boiling benzene.

Treatment of the dibenzoyl-2-Èhioacylmethylene-1,3-dithioles 2:9 and f

with phosphorus pentasulfide gave the corresponding l'z-diËhiole-3-

Lhiones 50b and !, respectively, instead of the expected thíeno-

[3,4,d]-1,3-dithioles of Èhe type 29L^' 4rS-Diphenyl-l'2-dithiole-
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3-thione (27) was also obtained when Ëhe mqno-adduct 93a was treated

wtth phosphorus penÈasul-fide (see Chapter I, SecËfon A-1). Presumably'

the reacËion of these mono-adducts. 93e and;! with phosphorus Penta-

sulflde proceeds sirnflarly. A mechanism for this reacËion has previously

been proposed (see chapter I, Sectíon D). The sulfurizatíon of Ëhe

Èhiopyransplro-]- r3-dithloLe 94c, using phosphorus pentasulfide v¡as

successful and a product of the presumed thienothíopyranspÍrothieno-

1r3-dtthiole structure 268 was obtained.
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Several 2 -thJoacyl-lnino-4, 5-dlb enzoyl-L' 3-dithloLes L97 c which

T"rere prepared by reactÍon of various L,2r4-dithíazo1e-3-Ëhiones 185

with dibenzoylacetylene, on treatment with phosphorus pentasulftde

give the correspond.Lng 2,S-diphenylthieno l3 r4,dl-2-thioacyl-imino-1,3-

díthioles 26gL59 'zoL. Probably the substiÈuËion of a nitrogen atom

for a carbon atom on Ëhe side chain is the determiníng factor in the

successful sul-furizatlon of Ëhioacylfuníno-lr3-dithÍoles 197c.

- COPh
1-.-5 IÍ t+ lll -è

lot -\ cårr

195

r Í --f co?h r^ç, ,
A" ,l-- sjlcot'L
R

197c

J f ---T:--lA"^,^l'
269

/\

Ph

2. Reaction of 3-Phenylimino-5=phenyl-1,2-dithiole (f8l) wfth DibenzoyL-

acetyLene.

The sulfurizatlon of the 2-thLoaeyl-methylene-4r5-dibenzoyl-

thiazole 232c may provide the thíeno [314,d] t]níazole 270. However,

reacrÍon of 3-phenyllmino-5-phenyl-1, 2-dithiole (181) wlth dÍbenzoyL-

acetylene ln botling benzene gave an oraìge powder whose elemental analysis

r^ras not consistent with the structure of the mono-adducÈ &". The

elemental analysls corresponded more cl-osely with the structure of the

thiopyranspírothÍazoLe ?33c, 1.e., the di-adduct. Reaction of the ímine

181 wlth dirnethylacetylenedÍcarboxylate, which ís observed Èo be compar-

able in reactivity to dibenzoylacetylene aLso gives the thfopyran-

spirothLazoLe 233a (see Chapter II-1).
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3. Reaction of 1,3-Dithlolane-2-thfone (11-0a) with DibenzoylaceÈylene'

No reaction occurred at room temperature or in boiling benzene'

In botling xylene, Èhe solution turned dark but Èhe only identifíable

product was unchanged 1-,3-dfthÍolane-2-thione (1]0a). Dibenzoyl-acety-

lene was found to deconpose under the reacÈion conditions' PossibJ-y the

exocyclic sulfur atom of the dithiolane 110a does not have sufficíent

nucleophlllc activity to react wíth the híghly reactive acetylene at

Iower temperatures and at higher ÈemPeratures, díbenzoylaceËylene

decomposed. EasÈon and LeavetS9 h".r. reported that the thLone 110a

and dímethyl acetylenedfcarboxylate react in boiling xylene [see

IntroducÈion, Part II, Section B-2(ii)]. This decreased reactivíty

posslbly may be due Lo lack of sufffclent dipole character in the thione

1lOa since it does not have resonance forms comparable to 1r3-dithiole-

2-Èhlones 271.
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To resË thls latter hypothesís, 4r5-diphenyl-l,3-dithiole-2-thione

(27La) was prepared by acid-catalysized cyclization of cr-phenylphenacyl

erhyl rriÈhíocarbonate (274) to the 4,5-diphenyl-2-ethylthío-1,3-

dithtoliurn sa¡t 275, sl-milar to known methods202'203 followed by

treatment with sodium hydrogen sulflde. Thís thlone 27La did react wiËh

dlbenzoylacetylene ín boíling benzene, buÈ the products, although they

possessed benzoyl groups, as lndicated by i.r., could not be purífied

saÈísfactorily.

c-Phenylphenacyl ethyl trithiocarbonate (21!-) was obtained by

reactlon of desyl chloride2o4 with sodium ethyl trithiocarbonaÈe (?J))

simflar to known methods2l. Also from thís reaction a colourless compound

which turned green on exposure to light ¡¿as also recovered. This compound

was idenrified as 4,5-diphenyl-1,3-thiaoxoLe-2-thione (277). This Ehione 277

has prevíously been prepared by treatment of a-phenylphenacyl ethyl

xanthate (276) with base in aequeous dioxane205. The melting poÍnt

and mass spectrum corresponded to those reported for the thione 277205

and also an elemental analysis was consístent wíth the assígo*"rrJ ,n"

reactíon scheme of the preparation of 4r5-díphenyl-lr3-dithioLe-2-

rhione (zly> and 4,S-díphenyl-l,3-Ëhiaoxol-e-2-thione (277) is illustraËed

on the next page.

The reactivity of 4,5-diphenyl-l-,3-dithiole-2-thlone (zlLa)

Lowards dibenzoylaceËylene is less than thaË for Èhe isomeric 4,5-

diphenyl-l,2-diÈhiole-3-thione (27), ê.8., reaction occurred ín boiling

benzene for the thione A" and at room. terÊperature for the Èhíone

27 , both vrf-th dibenzoylacetylene. Thís decreased reactivity for the

thÍone zlLa sfnce both have similar resonance forms¡ mâI be due to the
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difference in the nucleophillclty of the exocyclÍc sulfur aËom of the

1-r3- and 1r2-dithiolethiones, i.e., -t7La and 27. Behringer reports

that 1,3-dithiole-2-thlones of the type L7L do not react with dimeËhyl

aceÈylenedLcarboxyl"t.ls4. M"y..163 h"" conducted studies on L12-

dithlole-3-thÍones 6 and 1,3-diLhlole-2-thiones 171 and has shown

thaÈ the basfclty, ease of alkylation and acylation and nucleophilicity

of the thiocarbonyl group of 1r2-diÈhío1e-3-thiones 6 is greater than

those of the thiocarbonyl group of 1r3-d1Ëhio1e-2-Èhiones l-71. t"t"y.t163

attríbuted thfs difference Èo Èhe increased delocalization of the

posftive charge over the 1,2-dithiole rlng of 1,2-díthiole-3-thíones

I as compared to 1,3-dÍthíole-2-thlones 171. For 1,2-diÈhíole-3-

thiones 6 thts would mean an increased contríbution from the resonance

form 6a [see Introductlon, Part II, Section B-2(ii)].
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Concluslons and Suggestíons for Future Research

Although Ëhe mechanlsm of the (3 + 2) cycloaddition of L'2-

dithiole-3-thlones and acetylenlc esters or arylaceËylenes has not been

determined, rhe initlal product (19j3t, l9jrbt) of the reaction of' 4,5-

dlphenyl-lr2-dlrhioLe (27) wiÈh ethyl propíolate and ethyl phenyl-

proplolate, respectively, has been found to contaín, in each case' t\47o

rhioacylmethylene-lr3-dlthíoles of type 93 and 102 (as índicated by

n.m.r.) which are s-cis geometrical lsomers. This Ís also the case

for Ëhe mono-addu.t 9j19' formed by reaction of S-phenyl-lr2-dithiole-

3-thione (50b) wíth ethyl phenylpropíolaËe. Presumably, reaction of

1r2-dithiole-3-thlones 6 r,rith acetylenic esters or arylacetylenes

proceeds simílarly and the mono-adducts 93r, so formed by the use of

unsyfrmeÈrical acetylenes, consist of two S-eiS geomeËrical- isomers.

An analysis of the n.m;r. specÈrum of the mono-adduct 93at índicated

that the Ëwo lsomers were formed during Èhe reaction and \rere not

fnterconvertibl-e. Untíl further n.m.r. studies of mono-adducts 931

prepared by reactÍon of varlous 1r2-díthlole-3-thíones 6, lncludlng the

btcyclo-lr2-dlthiole-3-thlones 194, wíth unsymmetrical aceËylenes have

been undertaken, Ëhe posslbilíty of lnterconversion of the two S-cis

lsomers cannot be total-ly excluded.

A kinetic study of the formation of the mono-adducts 93 mlghË

be useful in determinlng the mechanism of the (3 + 2) cycloaddition.

Dimethyl acetylenedicarboxylate woul-d be an ideal- acetyl-ene for such a

study sl-nce iÈs reacttvity is such that the reacËion will proceed

rapidi-y at room temperature.
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Reaction of the 5-unsubstituted-lr2-dithiole-3-thiones 58 and

164a with actlvated acetylenes (dirnethyl acetyl-enedicarboxylate and

dlbenzoylacetylene) gives the expecËed Ëhioforurylmethylene-lr3-dithioles

198arbrc and d. But since these mono-adducts 198 are thials, other

products are al-so obtained. Bis-dithiolyl-idene-2-butenes 200 were

obtained in all cases from the decomposition of the thials 198,

probably by extrusion of Èwo sul-fur atoms from the thials 198. I{hen

the Èhial 198 is stabilízed by conjugation to a phenyl group, i.e.,

19Bc and .g [4-phenyl-l,2-diÈhiole-3-thione (164a) is the starting thione]

the reaction to produce the buÈene ?qg becomes slower and other reactions

compete effectively with it, Í.e., the thlal 1_$ t"y react wíth a

suitably actívated acetylene to form a thiopyranspíro-lr3-dithiole

199 or ft rnay form the corresponding aldehyde 201, possibly by

oxldatíon or hydrolysis of the corresponding thial 199.

ReacËion of 3-phenyltmfno-5-phenyl-1r2-díthÍole (181) with dí-

methyl acetylenedicarboxyl-ate, ethyl propiolaÈe and ethyl phenylprop-

lolate gave, in the case of dinethyl acetyLenedicarboxylate, the thío-

pyranspírothiazol-e 233a and, ín the case of eÈhyl propiolaËe and ethyl

phenylpropiolate, the thioacyl-nethylenethiazoles 232a anð. b, respectiveLy,

whlch were found to consíst of one of the two possibl-e lsomers (as

indicaÈed by n.rn.r.) . 3-Phenylirnino-4rS-diphenyl-l,2-diËhiole (231)

only reacted with diurethyl acetyl-enedLcarboxylate and also produced a

di-adduct 233b. 3-Benzyl-idene-5-phenyl-1r2-dÍthiol" (L3:1. and 4,5-di-

phenyl-l,3-dithiole-2-thlone (271-3) reacted r¿ith dimethyl acetylene-

dÍcarboxylaÈe and dibenzoylacetylene, respectively to give products

whlch could not be purifted satisfacÈoríly. Successful (3 + Z¡

cycloadditions with actívated aceÈylenes have been reported for 1r3-
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dirhiolane-2-rhion"" 11089 , ! 12,4-diÈhía zoLe-3-thiones 185154-159 ,

Ehe 3-tmlno-l, 2 r4-d,íEïrLazoLe nQL54, A3-Ísothiazolin-5-thiones 12:¡gLB4

and the ¡3-5-imino-ísorhía zoLi¡ 22gLB4. 1,2-Dithlole-3-ones 81 are

reported not to react r^riÈh activated. aceÈylene"gO¡""" IntroducËion,

Part II, Section B-2(ii)1.

All the compounds mentioned above which reacË with actívated

acetylenes vla a (3 + 2) cycl-oaddítl-on are five-membered heÈerocyclic

systems of the type fi in which Y and z are always atoms r¿hich Possess

an unshared pair of el-ectrons and for rnrhich the dipolar resonance forms

?78a and b are possible. À (3 + 2) cycl-oaddiÈion of thís type commonly

occurs when the exocylcic atom Z is a sulfur atom' It would be interestíng

to see if a heterocyclÍc sysÈem of the ty9e 27q ín r¿hich z Ls a

selenl-um atom, e.g.r 278ccoul-d undergo a (3 + 2) cycLoadditíon with

actlvated acetyl-enes.

ßr-

C) x =l'9,2'sz

. 
-vi 'r <. -->

ñ-o.

278 278a 2785

The reactivity of 1r2-dlthiole-3-thiones 6 Ëowards acetylenes is much

greater than that displ-ayed by the l-,3-d1Èhio1e-2-thione 27La or that

reporËed for 1,3-dithtolanes-2-thiones tlC9. A correlatlon between

this reactiviÈy and baslciËy, ease o, tilt-"tion and acylaÈion and

a 
-Yj 

y-/,

N/-z-+--> tV-=-
RL R.
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nucleophllicity of the thlocarbonyl group of the thiones 6, 27La and

ll0 can be seen (see Dlscusslon, chapter IV-3). Slnce these same

propertles of Ëhe thiocarbonyl group of thiopyran-4-thiones 279 and

thlopyran-2-thlones 280 are more Pronounced than those for the Ëhío-

carbonyl grouP of lr2-dithiole-3-thiones 6' it r¡ould seem likely thaÈ

these thiones 279 and 280 r¡ould also react with acetylenes, although

not espectally vía a (3 + 2) cycloaddition.

279 2BO
Thioacylrnethylene-lr3-dithioles 93, hetero-l,3-díenes of the

type 22L, whlch react further wíth suitably actívated acetylenes

(dimeÈhyl acetylenedícarboxylate, ethyl propiolate and dibenzoylacetylene)

to give thlopyransplro-l-r3-dithioles 94 may also react with hetero-

cumulenes 223 to posslbly gíve a variety of compounds (see Discussion,

chapter I, sectlon D). !,I1th ethyl proplolate, only one mode of additÍon

of the mono-adducts 94b and 94af Ëo Ëhe acetylenic esËer is found üo

5
li

¿\sU

occur.
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EXPEBI}ENTAL

Infrared (i.r.) specËra were recorded on a Perkín-Elmer model

137 spectrophotometer in liquid paraffín mulls, unless otherwíse stated.

Nuclear magnetic resonance spectra $/ere recorded. on a Yarian A-56160

A spectrometer using deuteriochïoroform (cDC13) as solvent, unless

otherwise stated, and give in t units and the following abbreviations

areused: s=singlet, d=doublet, t= triplet, q=quartet,m=

multiplet, J = coupling consËant. The mass spectra r^rere obtained on

a Finnegan 1015 quadrupole mass spectrometer. Melting points (rn.p.)

were measured on a Fisher-Johns melËing poinË apparatus and are

uncorrecËed. Mi.croana1y""" r".u performed by Alfred Bernhardt , 525L

Elbach über Engelskirchen, west Germany. The alunina used in column

chromatography was "Camag" band 507C and the silical gel used in

thin layer chromatography (t.l.c.) was "Camag" type D.S.F. 5, both

supplied by Mondray Ltd. The t.1.c. separaËions were carried out

using glass plates coated r¡ith I ¡nm. Layer of adsorbent and were

achíeved by multiple developments of the plates using solvents or

mixture of solvents of increasing polarity. 100-150 mg. of maËerial

\¡7ere separated on each plate

The compounds which are characterízed in a reactíon are

indicated in square brackets after Èhe title of that reaction.
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PART I: Reactions Involving lr2-DiËhiole-3-Èhiones

Acetylenic EsËers

DimethylacetylenedÍcarboxylate,ethylpropiolaËeandethyl

phenylpropiolate were obËained from Aldrich chemical Company' Ethyl

tetrolate (105c) was obtaíned from J.T. Baker Chemical Company' These

esÈers l¡tere stored in the cold prior to use'

Díbenzoylacetylene

Dlbenzoylacetylene \,Ias prepared from tyans-DLbenzoylethylene

using the method of Lutz and srnith.y2Oor m.p. 109-1l1oc. tz'ans-

Dibenzoylethylene was obtained from Aldrích Chemical Company.

General Procedure for SeparaËíon of ReactÍon Míxtures

The work-up used in all the reactions described in ParÈ I of

the Experfmental was the same. The fol-lowÍng is a general descríption

of the work-up

Af ter completion of reaction, the solvent T¡Ias flash evaporated

and the reacÈion mixture was separated by Ë.1.c., usíng multiple

development of the plates. lrfhere bands were not completely separated,

each fract.ion was re-chromatographed using Ëhe same developing rnixtures

but wtÈh only a maximum of 50 mg. on each plate'

Also Ëhe methods used in identification of compounds that are

isolaLed in these reactlons whích have previously been prepared' 1.e',

startLng materials, or whJ-ch have been characterized in a reaction

described el-sewhere in the Experimental- r^rill be indicated in square

brackets after the compound. The rnethods used were eiËher a coillparison

of i.r. spect,ra, n.m.r. spectra or m.p. with those of an auËhentlc

sample (or a combl-nation of any of the three) .
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SecËlon A: Reactions Involving 4rS-Diphenyl-

1, 2-dlthlole-3-thione (27 ) .

ration of 4.5-D 1-l-. 2-dithloLe-3-thioné (27)

The thlone 27 was prepared by r.eaction of a-methyl stíIbene

v¡ith su1f,rt160 and was purified by column chromatography usíng peËroleum

(pet.) erher: benzene (U1) as the eluenÈ. The thione 27 was then

recrystallized from ethanol, m.p. = 159-161oc' [Lit' m'p' = tooocJ160'

Reaction of 4.5-Di 1-l-.2-dithiole=3-thione (27) wfth Díurethy!

Acetylenedicarboxylate to forrn the Mono-adduct [93a] '

The thlone 27 (38L mg., 1.33 m.mole) and the acetylenic esÈer

(185 mg., 1.33 m.mole) in benzene (60 m1.) were stirred together at

room temperature for 18h. The solution quickl-y turned from reddlsh-

orange to dark green. The solutíon was evaPorated to give a dark-

green solld whLch \^ras separaËed by t. 1. c . (petroi-eum (peÈ . ) ether /

C6H6 = L/3, C6H6, CHCL3IC6H6 = L/3, L/L, 3/L). Three bands were found'

The bror¿n main band (b) had the nedium R¡ value.

a) The orange band (highest R¡ value) was found to be unchanged thíone

2J [I.R., M.P.], (80 me.).

Mono-adducÈ 93¿t

b) Elution of the brown main band gave a dark-green powder (370 urg. 
'

66%) whLch on recrystall-ization from ethanol gave the product Z3a as

dark-green needl-es¡ m.P. = l-58.5-160.5oC'

Infrared spectrum IFle... II],: abeorptions (cn-l¡ at' L725,

1750 (ester C=o).

Nucl-ear MagneÈic Resonance SpecÈrum [Fig. ÐOWIII]: see Tabl-e III.

Anal-ysis:
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Calculated for C21H16O4S3: C' 58.88i H, 3.74; S' 22'43;

Found; C,58.84; Hr 3.72; S' 22.24'

c) Elutíon of the third band (yellow) gave the di-adduct 944 [I.R. '

N.M.R.], (60 rng., L6%). Characterizatlon of this compound is described

below.

Reactlon of 4.5-Di 1.2-dÍthío1e-3-thione (27) wiÈh Dímethyl

Acetvlenedicarboxvlate to form the Di-adduct l,gkJ

The thione 27 (285 me., 1- m.mole) and the ester (282mg',

2 m.mole) in benzene (30 n1.) \,Iere refluxed together for 15h. The

reddish-brown product obtaLned on evaporatíon \Àtas separated by t'1'c'

(C6,H6, CHCJ-3/C6H6 = L/3, L/L,3/L, CHC13). Four main bands \¡rere found

along wíth one oÈher which contaíned a trace of materíaL (t'L-Z ng.).

The major band had the second lowest R¡ value.

a) The orange band (hfghest R¡ value) on elutíon hlas found to be the

unchanged thtone 27 [I.R., M.P.], (50 me.).

b) The brown band (second trighesË R¡ value) on eluÈíon lTas found to be

Èhe mono-adducÈ [I.R., N.M.R. ], (40 urg., 9iÐ.

Di-adduct 94a

c) The yell-ow maJor band on elution gave a light yellow powder which

on recrystallization from eÈhanol gave the product 94a as yellow prisms'

m.p. = lll--113oC.

Infrared spectrum [Fig. III]: absorpËíons (cm-l¡ at 1700,

1725, l-740 (ester C=O).

Nuclear Magnetlc Resonance spectrtrm [Fig. xxxü]: see Table IV.

Analysis:



r40

Calculated for C27H22O653: Cr 56.84; I1r 3.86; S' L6.863

Found: C, 56.961' H, 3.75; S' l-6-80.

d) The purple fourth band on el-ution gave a víolet oil (10 mg.) which

crystalll-zed from ethanolr m.p. 161-163oC.

Infrared spectrum [Fig. IV]: absorpÈions (cm-t, at 1700-

1740 (unresolved, ester, C=O).

Mass spectrum: lí,+/e (7. of base peak last twelve peaks are

glven, >100 peaks are evÍ.dent in Ëhe spectrunr) 5L8(40%>, 487(L3i(),

460(<4î¿), 455(L3îÐ, 430(.L7"), 429(L0i¿), 428(<17!), 427(LLT¿), 4L5(<3%),

403(<Li¿) , 396(207") , 395(L00%, base peak).

React lon of Dimethyl 2- (a-Phenylthiophenacylídene-1, 3-dithíole-4, 5-

dicarboxylate (93a) wfrh 4,S-Diphenyl-l,2-díÈhío1e-3-thlone (27) and

Dime thyl Acetyl enedicarboxylate

The mono-adduct 93a (85 m8.,0.2 m.mole), the thíone 27 (28 mg.,

0.1- m.mole) and Ëhe ester (28 mg., 0.2 ur.mole) in benzene r¡Iere refluxed

together for I5h. Separation of Ëhe reddish-orange paster remaining

after evaporation of the solvent, by t.l.c. (CHC13, MeOH/CHC13 = L/99)

gave three bands. These were found to be the unchanged thíone 27

II.R., I'f.P.] (23 mg.), the di-adduct 9És tI.R.' N.M.R.l (95 mg., B4%>

and the violet powder, described ín Ëhe prevlous experiment [I.R.]

(^,4 mg. ) .

The mono-adduct 934 (43 mB., 0.1 m.nole) 1n benzene (10 m1.)

was heated for 15h. and examínation of the reaction mixture by t.1.c.

(MeOH/CHCL3 = L/gg) revealed thaË the mono-adducÈ 93a was unchanged.

The mono-adduct 93¿l (43 m8., 0.1 m.mole) and Ëhe thione 27

(14 mg., 0.05 m.nol-e) were heated in boillng benzene for 15h. and examÍnation
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of the reaction mixture by Ë.1.c. (MeOH/CHCL3 = L/99) revealed that both

Èhe mono-adduct 93a and the Ëhione 27 were unchanged.

The mono-adduct 93a (43 m8., 0.1 m.mole) and dimethyl acetylene-

dfcarboxylaÈe (14 mg., 0.1 m.mole) in benzene (10 ml.) were refluxed

rogeEher for 15h. The di-adduct 94a [I.R., N.M.R.] (50 mg., 88%) was

recovered by t.1.c. separation (cH3oH/CIIcl3 = I/99).

Treatment of Dimethyl 2- (a-Phenvlthlophenácylldene) -1, 3-diÈhiole-4, 5-

dicarboxylat,e (93a) with Phosphorus Pentasulfide

The mono-adduct 93a (L20 mB., 0.28 m.mole) and phosphorus penta-

sulfide (80 mg.) in tetralin (10 rnl.) were refl-uxed for th. Af ter

coollng, the brown solutíon \¡Ias poured into benzene (30 ml .). The

black solid, remalnlng in the flask was washed with benzene (20 ml.).

The conbíned benzene extracËs were washed with watet (20 rnl.)' 10%

sodium hydroxlde (20 m1.), water(20 rnl.), dried (Na2SO4) and the solvent

was removed under reduced pressure. The black past.e remainíng was

separared by t.1.c. (coHo, cHCL3/C6H6 = L/3). One main band was found

and on eluËfon gave 4,5-diphenyl-l,2-díthiole-3-thione (27) [I.R. '
M.p.l, (40 rng., 50%). Four oËher bands were found to contain trace

amounts of materÍal (n1-5 mg.).

Reac t lon o f Dfmeth vL 2- (cr-Phenvl thiophenacyl-íd ene ) -1' 3-d iühiq1e:4r-L

dlcarboxylate (93a) r¿iÈh Ethyl ProplolaËe t93Þl

The mono-adduct 93a (151 mg., 0.35 rn.mole) and ethyl propíol-aÈe

(51 mg., 0.52 m.nole) in benzene (40 m1.) were refluxed Èogether for

4 days. Flve bands were obtained from a Ë.1-.c. separaÈion (C6H6'

CHC13/C6,H6 - L/3, CHCI-3/C6H6 = LIL). The band roriËh the highesË R¡

value on elution gave unchanged mono-adduct 9-9g [I.R.] (10 mg.).
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Dl-adduct 93þ

The major band fuellow, 2nd lowest R¡ val-ue) on elution gave a yellow

powder (115 mg., 62%) whLch on recrystallj.zation from ethanol gave the

mixed di-adduct 9åb as yelJ-ow needlesr m.P. = l-48-50oC'

Infrared spectrum [Ffe. V]: absorptions (crn-l¡ at 1680, 1700,

L725 (ester, C=O)

N.M.R. Spectrum [Fig. IJ.]: see Table IV

Analysis:

Calculated for C26H22O6S3z C' 59.32i H, 4.18; S' L8'25;

Found: C, 59 .Lzt H, 4.04; S, 18 . 17 .

The other three bands were found to contain 3-6 rng. of material each.

Reactíon of 4,S-Diphenyl-lr2-dfthiole-3-thione (27) wíth EËhyl ProPiolate

[9Þ' ] and 19þ' l

The thíone 27 (213 me.' 0.75 m.mole) and Èhe ester (74 mg.'

0.75 m.mole) in benzene (50 mJ-.) were refluxed 24h. After evaPoration'

the crude mÍxture ï¡ras separated by t.l.c. (COH6 , CIiCl3/C6\16 = L/3,

L/L, 3/L). Of Ëhe elght bands found, five contaíned trace amounts of

materfal-.

a) The band with the hfghest R¡ value on elution gave unchanged thione

2J [r.R., M.P.] (4o ms.).

b) Mono-adduct 93êl

The band wfth Èhe third highesË R¡ value on elutíon gave a brown pasÈy

solfd (77 mg., 297") wlnLch on recrystali-izatíon from ethanol:benzene

(1/1) gave the mono-adduct 93at as greenlsh-brown needles' m.P. =

L7 5-1780C.
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Infrared specËrun [Fíg. vIJ; absorprion 1.or-1) at L740

(esrer, GO) .

N.M.R. Spectrum lffg. I]; see Table III'

Analysis:

CalculaÈed for C2¡H16O2S3: C, 62.50i H, 4'L7; S, 25'00;

Founds C, 62.383 H, 4'33; S' 24'90'

nl ll-adduct 93g'

The band wfÈh the third lowest R¡ value on elutíon gave a yellow powder

(L27 mg., 707") w:nlrch on recrystillizatÍon from ethanol gave the di-

adduct 94ar (l:OO1á theoretical yield = 181 mg') as yellow prisms'

m.P. = 149-151oc.

Infrared Spectrum [Fíg. VII]: absorptÍ-ons (crn-l¡ at L7LO,

1730 (ester, C=0).

N.M.R. Spectrum [Fig. XLI]: see Table IV'

AnalysJ-s:

Calcul-ated for C25H22O4S3z C, 62.24; H, 4'563 S, L9'92;

Found¡ C,61.98; H,4'6Il' S' 19'83'

When the thlone 27 (286 urg., 1.0 n.nole) and the ester (98 mg' ' 1'0

m.mole) ín benzene (40 ml.) were stírred ÈogeËher aË room temPerature

for 24]n. the colour of the solutfon slowly darkened. After removal-

of the solvent and separatíon of the resul-tíng dark orange resÍdue

by t.1.c. (cHC1r/C6Hu = 1/1) three bands were found. They were found

ro be unchanged thione !l [M.P.] (340 rng.), Èhe mono-adducË 93a'

[I.R. , N.M.R. ] (35 ng . " 
g7") and the di-adduct 94a' [I'R'] (ru5 mg"

37.> .
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Preparation of tine 2- (o-Phenylphenacylidene) -1, 3-dithiole [].-E-k' l

A hot solution of excess necuric oxide (red) in glacial acetic

acid (20 m1.) rvas added to the mono-adduct 93at (149 mg., 0.39 m.nole)

The clark colour of the mono-aclduct 93at disappeared almost instantaneously

The resultíng mixture r'ras diluted r,¡ith r,¡ater (100 ml .) ancl extracte<l with

benzene (3 X 50 fn1 .). The yellorn, oil remaining af ter removal of the

benzene crystallized after one day (116 mg., B5%). RecrystallizaLíon from

eËhanol:benzene (f/1) gave the ketore181"' as yellorv plate;r m.P. = 170-172oC.
_1

Infrared spectrum [Fig. VIII]: absorpËions (cm -) at L725

(ester, C=0), 1590 (ketone, C=O)

N .If .R. Specrrum lFig . ,ït II l : see Table III .

Analysis:

Calculated for CrOHt603S2: C, 65.2Ii lI, 4.35; S, L7,39;

Found: C, 65.18; H, 4.79; S, I7-4L-

thiophenacylidene)-1, 3-dithiole-4 ot 5-qqtbo*y1tt. (93t') tt
( a-Phenylphenacylidene) -1, 3-díthiole-4 or 5-carboxyla te (1:91c I )

The mono-adduct 93at and the oxygen analogue 1j9!t in saturaLed

deuteriochloroform solution rüere examined at temperatures betr¿een 4OoC and

95oC. No change in the spectrum'was observed. In the case of the mono-

adduct 9ët, a higher resolution spectrum \^Ias obtained [Fig. XLIII].

Propío1aËe

The thione 27 (325 mg., 1.13 m.nole) and the ester (195 mg.,

1.12 m.moles) in xylene (25 m|.) were refluxed for 24h. The solvent

vras removed under reduced pressure, and the residue l,74S separated by

r.1.c. (CeHo, CHC131C 6H6 = I/3, L/L), Tþo main bands \./ere found. The

band r¡ith the highest Rf value was found to be the thione 27 [I.R., M.P.]

(85 rng.). The other band on elution gave a black porvder (287 mg., 56%)

which on recrystalLízatíon from ethanol gave the mono-adduct 21br as

greenish-b1ack platesr m.p. = 183-1B5oC.

I g:¡'l

Iligh Ternperature Nuclear t'{agnetic Resonamce St"dJ of Ethyl 2-(o-Ph

Reaction of 4,S-DiphenyL-L,2-dithiole-3-thíone (Z) with Ethyl Phen
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Infrared sPectrum [Fig. IX]: absorption (cnr-l¡ at 1725

(ester, C=O).

N.M.R. Spectrum [Fig. XLIV]: see Table III'

Analysls:

Calculated for Cr5H2go2Sr: C, 67.82i H, 4.35; S, 20'87;

Found: C, 67 .62; H, 4.30; S, 20 ,85 "

When the reactlon was carrÍed out ln boiltng benzene for 2 days, a

snall yleld of the mono-adduct gJbt ('J'87") was obtained'

Ifhen the reactlon of the thíone 27 (143 ng., 0.5 m.nole) and

two equf-valents of ethyl phenylpropiolate (L74 mg., 1.0 m.mole) was

carrfed out fn boíling xylene (10 m1.) for 24h.ragaín only the mono-

adduct 93br (168 mg., 53%) and the Ëhione 27 (25 urg.) were obtained ín

sizeable amounts.

Arr ed ReacËfon of the Mono-adduct I with Ethvl PhenYlproPiolate

The mono-adduct 93bt (200 ng., 0.435 m.rnole) and the ester

(76 ng., 0.435 rn.mole) in xyl-ene (15 rnl.) were refl-uxed fot 24h. No

colour change was observed and on separation of the crude mlxture by

t.1.c. (CAHO, CHCl3/C 6H6 = l/3), the startlng materials were recovered'

Reaction of 4.5-Dí 1-1.2-dithiole-3-thione (27) with DibenzoJlacetylene

[eë] and telll
The thione 27 (171- rne., 0.60 m.mole) and the acetylene (139 rng. '

0.60 m.mole) in benzene (10 ml.) were stirred togeÈher at room temPerature

for Zin. The solutÍon rapidly became dark. AfÈer the solvent was

removed, the residue rJl¡'as separaËed by t.l-.c. (CHC13/C6H6 = L/3, L/L).

Three bands were found. The band with the hÍghest R¡ value on elution

gave the thlone 27 [I.R., M.P.] (10 ng.).
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2- (o-phenylrhiophenacyl idene) - 4, 5-dib enzoyl-1, 3-d ithiole (93f )

The band with the seeond híghesË R¡ value on elution gave a bro¡'rn powder

(254 ng., B3%) which on recrystaLLLzatíon from nit,romethane gave the

mono-adduct 93f as greenish-brown platesr m.P. = 209-210oC.

Infrared spectrum [Ftg. X]: absorptions (cur-l¡ at 1680,

L660 (ketone C=o).

N.M.R. SpecËrum: 2.09'2.40t (20 H' rn. ) .

Analysis:

Calculated for C3'HZOOZS3t C' 70.98i H, 3.92; S, l8'82;

Found; C, 70.76; H, 3'96; S' 18'75'

Dí-adduct 9fk!

The last band on elution gave a yellow powder (35 rng., L3i¿) whíeh on

recrystallízation from eühanol gave the dí-adducË 94<! as yellow needles,

m.p. = 106-1-O8oc.

Infrared spectrum [Fíg. XI]: absorptions lcnt 1) at L660,

broad, L645, shoulder, (ketone, C=O)

N.M.R. Spectrum: I.93-L.4h (30 H' ur.)'

Analysis:

Calculated for C47H3gO4S3: C' 74.80i H,3'98; S' L2'73;

Found¡ C, 75.03: H' 3'88; S, 12'68'

Inlhen the reaction \.tas carried out in boiling benzene with two equívalents

of the acetylene, only Èhe di-adduct 94d was found, i'e', the thione 27

(179 mg., 0.62 rn.mole) and the acetylene(300 urg', l-'28 m'mole) in

benzene (20 ml.) were refluxed Èogether for th. After evaporation of

the solvent the yellow powder, remalning, \,Ias recrystallized from

erhanolr m.p. 106-1O8oC (353 mg., 76%). The moËher l-iquor did not
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conEain any mono-adduct 93f as indfcated by

the resldue of the mother llquor.

t.l-. c. examination of

Atte¡npted Sulfurization of 2-(c-4igly1thlo cvlidene) -4.5-dtbenz

1,3-dithlole (93f)

Two sulfurizatfons ü¡ere atËempÈed by the treatment of the mono-

adduct 93f with phosphorus pentasulfide in boil-ing pyrl-dine' In both

cases, tr¡ro main fractions were found and ldentífíed as 4rS-diphenyl-

1,2-dlthíol-e-3-rhtone (27) [I.R., M.P.] and unchanged mono-adducË

g3f. tI.R.]. ivfany fractlons fn Èrace amounts vrere also found. The

procedure used ln both cases ís described below'

The thlone 27 (l-05 ng. , o.2L m.nole) and phosphorus pentasulfide

(43 mg.) fn pyrldÍne (1.5 m1.) r¡ere refluxed for 3h. The mixture was

rhrown into water (20 ml.) and extracted wlth benzene(4 x 10 ml-')'

The dried benzene extracÈs (Na2so4) I¡Iere evaporated, and the resl-due

r¡ras separated by t.l.c. (pet. ether/C6H6 = LlL, Ll3 and C6H6)' The

thlone 27 (30 mg., 50%) and the mono-adduct 93f (25 ng.) ¡¿ere recovered'

I^Ihen Èhe reaction was allowed to proceed for 5h. using the same

amount of startlng materlal, Ëhe yield of Èhe Ëhione 27 lncreased

(36 rng ., 607.) r¿hile the amount of Ëhe mono-adduct g3frrecovered,

decreased (15 me.).

ed Reactfon of 4.5-Df l--1.2-dithiole-3-thione (27) with

úrøzs -Dib enzoylethyLene

The thfone 27 (286 rng., l-.0 n.mole) and the oleffn (230 ng.l

1.0 n.rnole) in benzene (30 m1.) were refluxed f.or 4 days. The evaporated

mfxture was examlned by È.1.c. Only the startJ-ng maÈerials r¡ere recovered'

Similar results r¡ere obtained when equimolar quantitl-es of Èhe

thione 27 and the olefin 1n xy1-ene $tere refluxed fot 2 days.
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Section B: Beactions Involvíng 5-Phenyl-

1, z-diÈhiole=3-thíone (50b)

Preparation of 5-Phenyl-1, 2-dithiole-3-thione (50b)

The thione :.qÞ v/as prePared by the method of Kling"b"tg3

and was further purifíed by column chromaËography using peË. ether:

benzene (1/1) as eluent. The thione 50b r^ias recrystallízed from

ethanol as orange needlesl *.p. = L23-L25}C. [Lít. m.p. = L25-l27oCf3

Reaction of 5-Phenyl-l,2-dithiole-3-thione (50b) with Pímethyl. Acetylene-

dicarboxylate to f orm Dimethyl 2-Thiophenacylidene-l, 3-dithl4!ei1.!:

dicarboxylate (93c)

. The ¡1-t1ens 50b (210 mg., 1.0 m.mole) and the ester (142 mg.,

1.0 m.mole) in benzene (40 ml.) were stirred together f.or 24h. Af ter

evaporation of solvent, the crude mono-adduct 93c rvas purified by

Ë.1.c. and then recrystaLLLzed from eËhanol:benzene (L/L), dark-green

needres, m.p . = L49-L5Loc (264 mg., 747") - [Lit. m.p. = 152-153oç1154

In.frared specËrum: absorptions (cm-l¡ aL 7740, L770 (ester, C=O)

N.M.R. Spectra (CDC13 and C6D6): see Table III, IFíg. (CDC13)

xLVl, IFig. (c6D6) xLVr]

Atternpted Reaction of Dimethyl 2-Thiophenacylidene-l,3-dithiole-4, 5-

dicarboxylate (93c) with Ethyl Phenylpropiolate

The mono-adduct 93c (176 mg., 0.5 m.mole) and the ester (87 mg.,

0.5 m.mole) in x)'lene (10 ml.) rvere refluxed for 10 h. AfËer removal

of the solvenË under reduced pressure, the starting materíals were.

recovered.
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Reactton of 5:Phenyl-l,.2:-dithlole-3-Fhigne .(50b) with Erhyl Fhelyl-
propiolate to fórn Ethyl 2-Thlophenacylidene-4, or S-phenyl-lr3-dithiole-

4 or 5-dl-carboxyl-ate 93cr)

The thlone 5!Þ (21-0 mg., 1.0 n.nnole) and Ëhe ester (L74 mg.,

1.0 m.rnole) in xylene (20 m1.) were refluxed for 10 h. AfËer the solvent

I¡las removed under reduced pressure, the bl-ack residue was purÍfied by

t.1.c. and then recrystallized from ethanol:benzene (L/L) to gíve

greenish-black needles m.p. = L2]-]-23oC (230 rng., 60"/.). [Known m.p. =

tzz-tzsocll62

Infrared spectrum: absorpËÍon (cm-l) "a 1690 (ester, C=O)

N.M.R. Spectrum [Fig. XLVII]: see Table III

I^Ihen the thlone 50b and two equfvalenËs of the ester in xylene were

heated f.or 2 days, símílar resuLts ¡¿ere obtaíned.

Attempted Reaction of the Mono-adduct 93ç-t with EËhyr phenylpropiolate

The mono-adduct 93cf (L92 mg., 0.5 ur.rnole) and the esÈer (87 mg.,

0.5 m.mole) in xylene (20 ml.) were refl-uxed for 24h. No colour change

vras observed. After removal of the solvent under reduced pressure,

the residue r¡Ias examined by t.I.c. The sÈartíng materials were found.

Reactlon of S-Phenyl-l,2-díthío1e-3-thíone (50b) with Díbenzoylacetvlene

leg'l

The thione 5iÞ (1.04 8., 5.0 m.mole) and Ëhe aceËylene (1 .34 g.,

5.7 rn.mole) in benzene (50 ml.) were stírred together for 18h. The

solution rapidly turned dark brown. After the sol-vent was removed,

the crude mono-adduct 9è lras recrJlstall-lzed from nitromethane as a

brown powder¡ m.p. = l-41-143oC (1.7S g,, 807").

Infrared spectrum [Eig. XII]: absorptlons (cm-l¡ at L660,

shoulder, L645 (ketone, C=O)
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N.M.R. Spectrum; 2,8L - 2.4h (15H, n) and L.7Lt (lH,s)

Analysls;

Calculated for C25Lly6O2S3z C' 67.57 i H, 3.60; S' 2L.62;

Found : C , 67 .5L; H, 3 .48; S ' 2L '57 "

The residue from the nitromeÈhane mother lÍquor vlas separated by Ë'1'c'

(CHC4/C6HU = I/3, L/L). Three bands were found. The band r^rith the

hlghest R¡ value was found to be the thlone ÐÞ [I.R., M.P.], (100 rng.).

The band wlth the second hfghest R¡ value was found to be Ëhe mono-

adduct 93e [I.R.] (50 mg.). The last band on elution gave an orange

powder which was found to be the dí-adduct 94c [I.R.] (SO ng.). The

preparatlon of this di-adduct 94c Ís described below.

Reaction of 5-Phenyl-l,2-dithtole-3-thione wíth Two Equivalents of

( 2-phenyl-5, 6-dibenzoylthiopyran) [ (94c) ]

The rh1on.5_9Þ (520 mg., 2.5 rn.mole) and the acetylene (l-.34 9.,

5.7 m.mole) ln benzene (30 rnl.) were refluxed togeËher for th. The

orange solution vras evaporated under reduced pressure and the crude

product recrystali-ized from niÈromethane as an orange powderr il.P. =

191-193oC (1.6 g ., 951¿)

Infrared Spectrum [Fig. XIII]: absorptíon (cm-l¡ at L665,

broad, (ketone C=O)

N.M.R. Spectrum: 2.99 - 2.L6t (25 H, n) and 3.L2'r (1H, )

Analysis:

Calcui-ated for C41H26O4S3z C, 72.57i Hr 3.83; S, L4.223

Found: C, 72.47; H, 3.93; S, L4.07 .

Dlb enzovlacetvlene to f orm 4 . 5-Dib en zoyL-L, 3-díÈhioLe'2-spír o' 4-
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At tenpted Sulf urf zatlons of . 2-Thiophertacylidene-4, 5-dibenzoyl-1, 3-

dithlole (93e)

The sul-furlzatlons r¡rere attenpted by treatment of the mono-

adduct 93e with phosphorus penËasulfide (freshly recrystallízed from

carbon disul-flde) in a variety of solvents. In all cases, the main

and only ldentiflable product r¡Ias S-phenyl-l,2-dithiole-3-thione (lOb)

fn 18-33% yfelds. Many other fractíons Ln trace amounËs were also

found. The solvents used l^tere pyridine, benzene, xylene and carbon

disulfíde (both cormnercfal and anhydrous). Reaction times varíed from

l--3h. I.rlhen carbon dfsulfíde was used as the solvent, the thione 5iÞ

(L8%) and the mono-adduct 93e (307. recovery) were isolated. A typical

reaction is outlined below.

The mono-adduct 93e(222m8.r0.5 m.mole) and phosphorus pentasulfide
(120 mg.) in pyridine (5 m1.) were refluxed for 1.5h. The mixture

was diluted wlth Ì,raÈer (25 url.) and extracted wiËh benzene (3 X 20 url.).

The dried benzene extracts (Na2SO4) r¡rere evaporaËed, and the residue

r¡ras separated by t.l.c. (pet. ether/C6H6 = L/3, C6HQ. The thione

5qr [I.R., M.P.] was obtained (35 mg., 33%).

SuLf urf zation of 4,5-Dibenzoyl-l ,3-díthíol-e-2-spiro- 4-.'2-phenyl-5,6-

dibenzoylthlopyran) (e+c¡ L?fl81

The di-adduct 94c (240 ng., 0.35 m.moles) and phosphorus

pentasulflde (160 rne.) Ín pyridine (7 ml.) were refluxed for 3h.

The pyridlne was removed under reduced pressure and the residue was

separared by t.1.c. (peÈ. ether/cuH6 = L|L, L/3, C6H6). The sulfurLzed

dI - adduct268 r¡ras recrystaLlized from ethanol:benzene (2/L) as

brown felted needles, m.p. = 2L9-22LoC (80 mg.,337.).
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Infrared spectrum [Fig. xIV]; absence of carbonyL absorptions.

Analysís;

Calculated f or C4fHZOSS3 C, 72.57 ! Hr 3.83; S, 23.62;

Found: C , 72.92; H, 3.66; S, 23.69 .

Artempred Reactfon of 5iPhéúy1-j1;2-díËhiolè:3iÉhione (50b) lsíth ¿røn6-

Dibenzoylethyl-ene

The thione 50b (210 mg., 1.0 m.mole) and Èhe olefin (230 ng.,

1.0 m.mole) in benzene (25 ml.) were refluxed for 3 days. After

removal of the solvent, the resídue sras separated by Ë.1.c. Only

the sËartlng materials were recovered.

Símflar results were obÈained when equimolar quantities of the

thl-one 50b and the olef in in xylene \¡rere ref luxed for 2 days.
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Section C: Reactlons Involving 1'2-DíÈhío1e-3-thione (58)

The thials 198a and !, isolated" vrere unstable and decomposed

on standing or in sol-ution, as indicaËed by a Ë.1.c. examination of

the thfals. No streaklng of .the thiaL bands on thln layer chromatograms

was observed, thus this decomposl-tion-does not occur whl-le the thials

are being separated by t.1.c., but the possibllity that some deconposl-

tlon occurs on the t.1.c. pl-aÈes prlor to developíng cannot be excl-uded'

The thials r_9-9g and b, employed 1n further reactl-ons, were used

irnmediatel-y af Ëer separation by t.1.c. In the separation of Èhe

reactlon mixÈures by t.1.c., discussed in this Section, a considerable

amount of orange materlal (rrp to 307. of Èhe starting materials) could

not be separated using benzene:chloroform mixtures as the developing

medium, but was parÈialLy separaËed usfng a methanol:chloroform

mÍxture (LlLg), and was found to contafn many fracÈlons. In all the

experiments, lnvolving the appl-ication of heat (descrfbed in thís

Sectton), sulfur was found ín varyfng amounÈs on the chromatograms

at the solvent fronË.

The ínfrared spectra of the thfals 198" and b and of the oils or

glasses, described in this Sectlon were obtained using methylene

chloride solutlons of the samples on a Perkin-Elmer model 700 i.r.

spectrophotometer (for the thÍal 199Þ, the 1.r. spectrum was obÈained

on a perkln-ELmer 137). The methylene chl-oride solutlons of the thlals

198a and b were obtained by eluting the síl1ca. ge1- bands conÈaíning

these thlals with methylene chlorlde.

Preparatlon of Li 2+Dlthlôle+3¿thfone (58)

The thlone 58 r¡as prepared by the method of l{essely and SiegeLíT
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and was purifled by t.l.c. just prior Ëo use, m.P. = 77-79oC.

llit. m.p. = 79-g7oç167

N.M.R. Spectrum: 4.32r(1H' d, J = 6 Hz.), 3'20t(1H' d, J =

6 Hz.)

Reaction of 1,2-Dlthlole-3-thtone (58) wlth DirneËhyl Acetylenedicarboxy-

late to form Dfunethyl 2-Thlotornylrnethyl-ene-lr3-dithiole-4rS-dicarboxY-

late [ (198a) ]

The thione 58 (134 mB., 1 m.mole) and Ëhe ester (L42mg.,

1 m.mole) in benzene (30 n1-.) were sËirred at room tenperature for

3h. The solutlon rapLdly became dark. The sol-vent Íras removed in the

cold under reduced pressure and the resulting resldue was separated

by È.1.c. (COHO, CHC13/C6HC = L/3, L/L). Of the fÍve bands found, Èwo

contaíned trace amounÈs. The band with the híghest R¡ value, on

elutfon,gave unchanged thlone 58 [I.R.], (14 mg.), and the band with

the second lowest R¡ value, on eluÈíon gave the buten" 2_g as a purple

solld [I.R. ] , (n,5 rng. ) . The characterizatlon of thís butene 2-L0a is

descrlbed beLow.

Thial 1_9€e

The band with the second híghest Rg value, on elution, gave the thíal

198a as a bror.¡n paste (209 ng., 76%) whtch coul-d not be purífied

further.

Infrared Spectrum [Fie. XV]: absorption (cn-l¡ at' L725

(broad, esÈer, C=O).

N.M.R. Spectrum [Ffg. XTVIII]: see Tabl-e III.

Reactlon óf i-,2:Dlthló1è;3:Ëh1öné (58) \i¡fËh Dlmêthyl. êceËy+enedicarboxy-

lare ro f örú TêÈráfiêÈhyl ; 1,4j.Bútêñêd 1y1idênê:2 ; 2 r -biÈ (l-;3:df thlole-4 ,5-

dtcarboxylate [ (200a)]
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The rhíone 58 (134 ng., 1 m.mole) and Èhe ester (L42 mg.,

I n.nole) fn benzene (30 rr1.) were refluxed for 18h. After the sol-vent

I¡Ias removed, the reddlsh-orange oLl was separated by Ë.1.c. (CHC13/C6H6 =

1, 3, L/L,3/L, and CHC13). Of Èhe five bands found, two \'Iere found

to contain trace amounts.

a) The band wiËh the hlghest R¡ value, on elution, gave unchanged

thione II.R.], (16 nne.).

TeÈraxnêthyl- 1' 4nBúËenediyl:idêúe-z 
' 

2 | -b is (l-,3-

dlthioLe-4 , s-dlgárboxvlaËe ( 200a)

b) The band v¡ith the third highest R¡ value, on elutíon' gave a purple

solfd (90 mg., 4L%) which on recrystaLLizaLlon from nitromethane gave

the butene 2OOa as purple matted needlesr m.P. = 195-1g7oC'

Infrared spectrum [Fig. XVI]: absorptions (cn-l¡ in the carbonyl

reglon vlere not properly resolved. They r¡ere resolved when the í'r'

spectrum was performed on a Perkin-Elrner model 337 i.r. spectrophoto-

meter: L740, L725, 1710 (sharp' esÈer, C=O).

N.M.R. Spectra were taken fn CDC13 [Fie. XLIX] and in C6D6

[r1g. L] as solvent. The n.m.r. daËa is listed ín Table v.

Analysís:

Calculated for C1gH16OgS4: C, 44.27; H, 3'28; S' 26'23;

Found: C,44.543 H,3.06; S, 26,33.

c) The band v¡Íth the second l-ovrest R¡ value, on eluÈion' gave an

orange oLl which on further separation by È.1.c. (CHC13/C6H6 = L/L,

3/L, CHCL3T CH3OH/CHCl3 = 2/98) gave Ëhree bands. Two of these bands

gave orange glasses taf and rb' (each 30 mg.) and the Èhird band gave

a yellow o11 in trace anounts. These three fractlons had sinllar R¡
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values(tat > rbr > yellow oi1).

The ínfrared specËrum of glass ta! gave ester carbonyl peaks

at L74O .*-1 (sÈrong, broad) and at 1700 cm-l (medíur¡ shoulder),

and the n.m.r. spectrum consisted of two slngleËs 4.72t and 6,L7t

ín the ratfo of L/LZ.

The lnfrared specËrum of glass tbt gave ester carbonyl peaks

at 1750 "r-1- lstrong, broad) and at 1700 "*-l 
("."k) and the n.m.r.

spectrum showed absorptíons at 3.5t, 4.28t, 4.42r, 4.7At16.L7t and 6.22t

in the ratlo of 6/L/I/8/2L/2L.

Sinflar results were obtained when the thione vtas allowed Ëo reacË

with 2 equivalents of the acetyleníc ester.

Convers lon of Dímethyl 2-Thioformyknethylene-l ,3-diÈhiole-4 , 5-di-

carboxylate (198a) into Tetranethy

(1, 3-dithiole-4, 5-dicarboxylate (2004)

The thfal- l_98a (100 rng., 0.3 m.moles) in benzene (25 m1.) was

refluxed for 24h. SeparaËfon of the resulting reddish-orange oil by

r.l.c. (CHCL3/C6H6 = LIL' 3/L and CHC13) gave one maín band. sÍx other

bands gave only traces of materíal-. The main band (second highest R¡

value), on elution, gave the buten" 2OO^ [I.R., N.M.R. ] ' (35 mg., 40i¿).

Reaction of 1,2-Dithiole-3-thione (58) with Díbenzoylacetylene

t1e8Þl and t2!tbl

The thione 58 (134 mB., 1.0 m.mole) and the aceÈylene (234 rng.,

1.0 m.mole) l-n benzene t{ere sÈírred together f.ot 2.5h. The solvent

r¡ras removed 1n the cold under reduced pressure, and Èhe resldue r¡ras

separated by t.J-.c. (cHcl-3/c6[6 = L/3' L/L' 3/L). Of the seven bands

found, five gave traces of materl-al .
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a) The band with the highest R, value, on elution, gave unchanged

Èhione I9 tf.R.l, (15 mg.).

Thlal L-98c!

b) The band wiÈh Ëhe second highest R¡ val-ue, on elutíon, gave Ëhe thial

198b as a brown pasty sol-íd, (273 mg,, 747!).

Infrared specËrum [Fie. XVII]: absorption (cm-1¡ at 1660

(broad, ketone C=0)

N.M.R. Spectrum [Fig. LI]: see Tabl-e III.

1,4-Butenediylfdene-2 ,2 I -bis (4,5-dibeneoyl-I,3-dithíole) ( 200b )

A repeat of the above reactlon for l8h in boilíng benzene, using

identlcal isolation procedures gave the thfal- 19Bb (15 mg., 47") ar.d

a dark sol-td (1-15 mg., 38%) whÍch on recrystallization from nitromethane

gave the butene 2O0b as dark green plat,esr m.p. = 203-205oC.

Infrared spectrum [Ftg. XVIII]: absorptíons (crn-l¡ aË 1630,

1655 (strong, keÈone, C=O)

N.M.R. Spectrum [Fie. LII]: see Table V.

Analysls:

CalculaÈed f or C3gH24O4S4: C, 67 .86 i II, 3 .57 ; S, 19.04;

Found: C,68.08i H,3.67; S, 18.97.

Ten other bands were also separated, but gave only trace amotrnt of

products. The Ëhial- band had the second híghest R¡ value whlle the

butene band had the fourth highest R, value.

Slmllar results were obÈaíned when Ëhe thione 58 was treated wÍth

two equivalents of the acetyl-ene.

Converslon of 4 r 5-Dibenzoyl-2-:thiof orrnylmethyl-ene-l-,3-dithiole (198b)

1nÈo 1,4-BútenediyLidênê-2, 2'- b is (4,s-dibènzoyl-l,3:dirhtôlê) (200b)

The thial l-98b (J-50 rng., 0.24 m.mole) in benzene (30 rnl.) was
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refluxed for 18h. Work up of the mixture usíng the procedures ouËlíned

1n the previous experimenË gave Ëhe butene 200b (53 ng. ' 43"Á) and ten

other minor fractLons. The butene band had the thlrd highesÈ R¡ value.

Reac t lon o f 4, 5-Dib ènzoyl-2-thLof orrnylrnerhylene-l, 3:dithiole (198b)

wlth Dlnethyl AcetylenedicârbóxÍlat,e

The thlal 198b (20 mB., 0.055 rn.rnol-e) and the ester 7.7 mg-,

0.055 m.mole) in benzene (5 rnl.) were refl-uxed for 3h. I,Iork up of the

mlxture using the procedure outlined ín. the previous experíment gave

the butene 2-9qÞ (n6 mg ., 33%), unchanged thial (ru4 rng.) and an orange

glass (ru10 mg. ) along with five other fractÍons.

The l.r. spectrum of the orange glass (fourth hJ,ghest R¡ value) shor¿ed

both ester carbonyl absorptlons (1735 , J7L5 "*-1) and a ketone carbonyl

absorptlon (1660 
"*-1). This glass could possibly be a di-adduct of

the type l-99.
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Section D: Reactions Involving 4-Phenyl-

1, 2-dithiole-3-thione (164a)

The thlal-s l2E and d, when isolated, were unstabl-e, but not

to the same extent as Ëhe thlal-s 1æ and b, described in the prevlous

Sectlon. No streakíng of the thial bands on Ëhin layer chromatograms

was observed, Ëhus decomposition of Ëhe thials does not occur while

they are beÍng separated by t.l.c., but Ëhe.possibilíty that some

decomposÍtlon occurs on Lhe t.1.c. plates príor Ëo developÍng cannot

be excluded. The thfals 19Bc and d r¡hích were employed Ín further

reactlons were used ínmediateLy after separaLion by t.1.c. In all the

experlments, invol-víng the application of heaË, sul-fur was found ín

varylng amounts on the chromatograms at the solvenÈ front.

The infrared spectra of the thial" 1:gg and d, and of the oils

or glasses, described in this Sectl-on were obtalned using methylene

chLoríde solutions of the samples on a Perkl-n-Elrner model- 700 í.r.

spectrophotometer. The benzene used in these experíments \,ras "Analar",

anal-ytical reagent grade benzene, supplied by the British Drug Houses

Lrd.

Preparatíon of 4-Phenyl-1,2-dithiole-3-thíone (164a)

The thion " L34^ Ìvas prepared using Èhe method of Fie1d"36 "rd
was purtfted by column chromatography uslng benzene:peË. ether (U1)

as eluent and stored in the dark, príor to use, m.P. = 119-12LoC.

[Lit. m.p. = L22oC]36

Reaction of 4-P 2-dithtole-3-thlone wlth DirneËh

Ac etylened icarb oxyl-a t e [ 198c ]

The thione L64a (210 mg., l- m.mole) and Ëhe ester (L42 mg.,
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1 n.nole) 1n benzene (30 nl.) were stlrred ÈogeLher at room tenperature

for 1.5h. After removal- of the solvent, the brown paste was separaËed

by t.l.c. (COHO, CHCL3/C6I{6 = L/3). Three bands were found.

rhi"l lgg"

The main band (second hlghest R¡ value) on elutÍon, gave the Ëhia1

19Bc as a brown pasty solid (300 mg., 85%).

Infrared spectrum [Fie. XIX]: absorpËlor, 1"*-1¡ at L74O

(broad, ester, C=O)

N.M.R. Spectrun [Fle. LIII]: see Table III.

The band wfLh Èhe highest R¡ value, on elutlon, gave unchanged thione

L64a [I.R.], (15 me.).

The other band, on elution, gave the aldehyde ZOLa [I.R.] ("¡ mg.).

The characterizaËíon of this aldehyde 201-a wíll be descrlbed later in

Ëhis Section.

Convers ion of Dlme thyl o-Phgnylthigformylmethylene-l-, 3-dithÍol-e-4, 5-

dicarboxylate (198c) into Tetr¿i,methyl 1r4-Díphenyl-lr4-butenediyli-

dene-2, 2 t -bis (1, 3-dlthlole-4. 5-dicarbci>ry1-ate [ (200c) ]

The thtal 198c (230 mB., 0.65 m.rnol-e) in benzene (30 m1.) was

refluxed f.or 24h. After removal of soLvent, the resldue \^ras separated

by r.l.c. (ctIcL3/c6H6 = L/3, L/L, 3/1 and cHc13). Three bands were found.

Tgtrane thvl 1 .4-Dipþ-envl-1. 4-bl¡.tenedivl-ldene-Z. 2 | -bÍs

( 1. 3-dithiole-4.' 5-dicgrboxylate) ( 200c)

The band with the highest R¡ value, on elutÍonr gave unchanged thl-al-

19Bc [I.R., N.M.R.], (105 mg., 437") " The band with the second highest

R, value, on elution, gave the ai-dehyde 20La [I.R.], (n,8 ng., 3i¿).
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The other band, on elutlon, gave a purple solld (92 ng,, 43%) which on

recrystalLLzatLon from,nftromethane gave the butene 200c as reddish-

purple needlesr m.p. = 2L2-2L6oC,

Infrared spectrum [Fig. )Of] :

(ester, C=O)

N.M"R. Spectrum [Fle. i,IV]:

absorptions (crn-t, aË 1750 , L725

see Tabl-e V.

Analysis:

Calculated for C:OH24O'SO: C, 56.25i H, 3.75; S,20.00;

Found: C,56.L7; H, 3.75; S, L9.82.

I^Ihen the reactlon was perforned in boil-ing xylene, the yield was ralsed

to 80"/.. A smalL amount of the Èhfal 198c (n,5 mg.) and of the aldehyde

20þ ("S rng") was also obtained. SfuniLar results r¿ere obtained r¿hen

the reactfon r,ras carried out 1n anhydrous benzene or anhydrous xylene

under dry nltrogen.

Preparatlon of Dlmethyl- a-Phenylfornyhnethyl-ene-1, 3-díthfole-4, 5-

df carboxvl-ate [ ( 20la) ]

A hot solutlon of excess mecurlc acetate in acetíc acid (1-0 n1.)

was added to the thial Ug" (rzo mg., 0"34 m.nole). The dark col-our of

the thial dfsappeared almost instantaneously. The solution was díl-uted

with water (30 ur1.), and the aqueous solutlon !üas extracted vríËh benzene

(3 X 30 n1.). the residue obtalned from the benzene extracts r^¡as

purlfied by t.l.e. The orange oil, obtained, crystallized in two days

(83 ng., 802) and an recrystil-l-ization from ethanol-:benzene (1/1) eave

the aldehyde 201a as orange prf.sms, û.p. = L27-L29oC.

Infrared spectrum [Fig. )O(I]: absorptÍons (crn-t¡ at L770, L75Q

(ester, C=O) and 1590 (aldehyde, C=O)
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N.M.R. Spectrum [Flg. tVl: see Table III

Analysfs:

Cal-cuLated for C15H12O5S,: C, 53.53; H, 3.57; S, 19.04;

Found: C,53.61-; H,3.56; S, L9.2L.

Reactfon of Dimethyl a-Phenylthictfornylmethylede:l, 3-dithiole-4, 5-

dlcarboxylate (198c) with Dlmethyl Aceryleriedicarboxyl¿re t1g2gl

The thial L98e (274 mg., 0.78 m.mol-e) and the ester (L22 mg",

0.78 m.mole) fn benzene Írere refluxed for 3h. After the solvent r¡ras

removed, the orange g1-ass hras separated by t.1.c. (COHO, CHC13/C6H6 =

L/3, L/L, 3/L and CHCI-3). Of the seven bands found, five contafned

trace amounts of materlal and the band r¿íth the highest R¡ value was

found to be unchanged rhial- 198c [I.R.] (fO mg.)"

The maln fractlon (ttrir¿ highest Rg val-ue) was rechromatographed usíng

Èhe same developing mlxtures, but using only 30 mg./plate. This

fractlon was found to contaln four bands of which Ëvro contained trace

amounts of material-. The band with the highesÈ R¡ value r¿as found to

contaln the aldehyde 201-a [I.R. ] (18 me.) .

ui-adduc! 1-9Þ

The band with the second hÍghest R¡ value, on elutÍ.on, gave the d1-

adduct, 199a as an uncrystallizable orange glass (180 ng , " 46%> .

Infrared spectrum [Fig. ]O(III: absorptlon (crn-l) at L720

(broad, ester, C=O)

N.M.R. Spectrum [Fig" VI]: see Table IV

Mass spectrun showed a parent fon at l"f le t+94, calculated 494"

The base peak is at tù/e 435 (I-oss of COTCII3).
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AttempÈed Re¿iction of Dinpthyl g:Pþenylthiofo¡mylrnethylene-li3-dithiole-

4 . 5-di carbóxv 1 ate. (1-9 8c)-wi th . Ethyl Phényl"p rôp ioL-áËe

The thlal 198c (176 mg., 0.5 m.moLe) and the ester (87 rng.,

0.5 m,mole) in benzene (30 rnl.) were refluxed f.or 24h. The reddish-

orange oil rernaining afËer removal of solvent was separated by t.1.c.

(cHc13/c6Íl| = ]-¡3, ,rr, 3/1 and cl{c13). of rhe more rhan eighÈ bands

found, only two could be fdentífied. they were unchanged thial 198c

and the butene 2O0c. N.m.r. examinaÈion of the other fractíons indícated

none with an ethyl group.

Irradiatlon of Digeghyl_a-Phenylthiof ormylmethylene-1,3-dithiol--e-4, 5-

dicarboxvlate (198c) wlth Vísible Lig-ht and Ultraviolet Radiation

The thial 198c (106 mB., 0.30 rn.mole) in benzene (4 m1.) (ín

a pyrex flask) was írradiated using a Hanovia UltravioLet Quartz Lamp

type 30620 for 24h. at room temperaEure. The dark colour slowly

disappeared durÍng irradiatfon. The yellow oi1, remaining after

removal of the solvent was separated by t.l.c. (COHO, CHCL3/C6H6 =

L/3, L/L" 3/L and CHCI-3). The main band, on elutíon, gave a yellow

oil which crystallized on standing for 2 days (39 mg., 3B%). The i.r.

and n.m.r. spectra of thls compound were identical with those of an

authentic sample of the aldehyde 2OLa. Over ten other fractions in trace

amounts were also present.

SÍmllar results were obtalned when the thfal 1 98c r¿as irradiaÈed with

the same source, but in a quartz flask.

Reactfon of 4-Phenvl-l,2+dithiól

[198d] and t199bl

The thlon" LS4^ (420 ng., 2.0 m.mole) and the acelylene (464 ne.,
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2.0 ur.rnole) ln benzene (40 n1-.) were sËirred at room temperature for

2,5l:^" Af ter removal of solvenË, Ëhe brown paste vras separaËed by t.l_.c.

(cuut, G:ncL3/c6H6 = L/3, L/L). Three bands r¿ere found, The band wirh

higheet R¡ value, on elutlon, gave unchanged thíone 1f4a [I.R., M.p.],

(65 me.) .

rhial 1.9Sd

The band r¿iËh the second highest R¡ value, on elution, gave the thÍal-

199d (658 rng., 7L7") as a brornrn pasry scjlid.

Infrared specrrum [Tig. XXIII]: absorption (cm-l) ar l-655

(broad, ketone, C=O)

N.M"R. Spectrum [Fíg. LVII]: see Table III

Di-adduct 1-99þ

The other band, on elution, gave the di-adduct 199þ (99 mg., L4%) as a

yellow olL whtch crystallf zed from ethanol as a yellow powder, m.p. =

87-920c.

Infrared spectrum [Fig. XXIV]:

1675 (ketone, C=O)

N.M.R. spectrum [Flg. LVIII]:

absorptions ("r-1) at L64O,

see Table IV

Analysls:

Calculated for C41H26O4Srz C, 72.57 i H, 3.83; S, L4.22;

Found: C,72.47i H,3.80; S, 14.06.

Convegslon of 2-c-Phenvlthlofôrmvlméthvlene=4,S:dibenzovl-l,3-díthiole

(199d) 1n!o 1,4-Dtpberivl:l.4-butenedfvl-tdg¿;2. 2 | -bis (4,s-dlbenzovt-t, 3-

dfrhloLê) [(200d) J

The thl-al- 198d (l-60 mg., 0.36 n.rnol-e) in xylene (20 mL.) was

refluxed for 24h. After removal of the solvent under reduced pressure,
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the residue nas separaËed by r.Le.(CtlC\/C6H6 = L/3, I/L, 3/L and CHCI3).

Of the four bands found, three could be identffied, The band wiÈh rhe

hlghest R¡ value, on elutionn gave unchanged thial lg8d [r.R.], (17 mg.).

1. 4-Diphenyl-:l-, 4:butenedivlidene-2, 2 t -
¡is (4, s-¿rtenzovr-r, g-Jithiore) ( zô0g)

The band wlth the Ëhlrd highest R¡ value, on elutÍ-on, gave a purple

solid (76 mg., 51%) urhlch on recrystallfzaËl-on from nitromethane gave

the buten" 2!99 as purpl-e needlesr m.p. = 244-246oC.

Infrared spectrum [Fig. )üV]: absorption (cm:l) at L675,

unresolved (ketone, C=O)

N.M.R. Spectrum [Ffe. LIX]: see Table V

Analysls:

Calculated for C56H3204S4: C, 72.941' II,3.90; S, 15.54;

Found: C, 72.72; H, 4,04i S, 15.39.

The band with the lowest R, value, on elution, gave the aldehyd" 2jÞ
as an uncrystalLtzabLe orange oil [I.R.], (24 rlrg., L6"/.). The characterfzatÍon

of the aldehyde ls descrlbed Ín the next experiment.

When the converslon l¡/as carrÍed out in bo1l-íng benzene for 24h, the same

compounds were Ísolated but in dÍfferent proportions, 1.e., thial lg8d

(677"), the butene 2OOd (LL%) and rhe aldehyde 20tb (LL"/.).

P rep arat ion of 2-a.-Phenvlf or¡nvlmethv lene- 4 . 5-dib enz ovl- 1 .å-di thiofe

t (20Ib) l

Excess mecuric acetate ln boiling acetic acid (10 ml.) was added

to the thial- 198d (2oo mg., 0.45 rn.nole). The solution turned yellow

after 5 mfnutes of heaÈing, and the resulting mlxture \¡ras poured into

ütater (50 rnl.) and extracted r¡ith benzene (3 x 50 rnl.) EvaporaËion of
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oi1.

Infrared specÈrum [Flg. Ð(VI]:

(broad, ketone, C=O) and L625 (shoulder,

N.M.R. Spectrum [Ffg. tX]: see

Mass spectrum contalned a parent

428.
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an uncrystallizable orange

absorptions (cn-1¡ at 1655

aldehyde, C=O)

Table III

peak at M+¡e = 428, calculated

Reactfon ot 2-u-Phenvlthiofo J-methylene-4, 5-dibenzoyl-1. 3-dithiole
(198d) with Dibenzoylacerylene

The thlal 1-98d (165 mB., 0.47 m.rnole) and Ëhe acerylene (110 mg.,

0'47 n mole) were refluxed in benzene (20 m1.) for l8h. After the solvent

was removed, the resfdue was separated by t.l.c. (COHO, CHC13/C6H6 =

L/3, L/L' 3/L, cHcl3). Flve bands not completely separated, were

observed. The material from each band r+as rechromatographed using the

same developlng mixtures, but wlth only a maximum of 35 rng./plate. of
the ffve fractfons, four could be identffÍed. They were unchanged thial
19gd [r .R. ], (n 5 mg.) , rhe burene 200d [r.R. ] , (,r,8 mg. , 6%) , Ëhe

aldehyde 201-b [r.n. ], (ru8 mg., 6%) and. rhe di-adducr 199b [I.R. ], ç1gz

m8., 70"Á). These compounds had simíl-ar R¡ values (thlal>butene>aldehyde>

dl-adduct) .

The e¡¡s¡ band (lowest R¡ value), on eluÈion, gave an orange ofr which

crystalllzed from ethanol, m.p. = 190-L93oC.

rnfrared specrrum [Fie. )owrr]: absorprions ("r-1) at 1690

(medlum, c=o), 1650 (sËrong, c=o) and 1640 (medíum, shoulder, c=o)

N.M.R. Spectrum showed a rnultiplet 2.33-3.17r.

Mass specÈrum: last peak at u*/e = 573 and base peak at M+/e =

385.
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Analysis:

Found; C, 7I.50; H, 4"32; S, 13.69.

Another analysis was performed because Ít uras found thaË the sample was

not dry.

Found: C , 73.083 H, 3.88; % Ioss on drying , L,gg7..
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Section E: Reactions Involving 5_Methyl_

1, 2-dirhÍo1e-3-rhione (63)

Preparation_of 5-MeÈhvl-l, 2-dirhigte-3-thiône (63)

The thfone 63 was prepared by the meËhod of Thuillier and Vial1e56

and was purifÍed by colurur chromatography using benzene:pet.eLher (1/1),

m.p. = 33-34oC. [Lir. m.p. = 33oC]56

1, 3-dÍthiole-4, 5:dic¿rboxvlate [ (93d)]

The thfone 63 (296 mg., 2.0 m.mole) and dlnethyl acetylene-

dlcarboxylate (284 mg., 2.0 rn.mole) in benzene (g0 rnl.) were stfrred
together f.or 24h. After the solvent vras removed, the brorrm solid r¿as

recrystalllzed from ethanol-:benzene (U1) as light brown matted needles,

m.p.108-11OoC.

rnfrared spectrun [Fig. )üwrr]: absorption (cn-l¡ at L725

(ester, C=0)

N.M.R. spectrum: 2.23t (1H, s, methrne proton on srde chafn),

6.L2r (6H, s,- CO2CH3) and 7.18r (3H, s, - CH3 on side chain)

Analysls:

Calculated for C1gH1gO4S3: C, 41.3g; H, 3.45; S, 33.10;

Found: C,4I.40; H,3.54; Se 33.06.

At tenp Ëed Reactiog-of Dimethvl 2-Thfoacetonvlf dene-l, 3-dlthiole-4, 5-

dlcarboxvl-ate (9!d) ¡¿irh ErhvL TerrôláËe (l_05c)

The mono-adducr 9¿d (290 mB., 1.0 m.mole) and ethyl_ rerrolare
(105c) (11-2 rng., l-.0 m.mole) in xylene (20 ml-.) were refl-uxed for 24h.

No eolour change was observed and the startÍng material-s were recovered.

Reactlon of 5-Methyl-lr2-dlthioleJ3-rhrone (63) with Dímer

Ace t¿lenedlcarbo>iulale tô f orm Di*e thvf 2-IhåoaceronylÍdeE-
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naterials r¿ere heatedSimilar results were obËafned when the

fn boll-ing benzene or niËromethane.
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PAP,T II: Re"c,tt.T not i"v

Preparation of 3-phenylimino-5-phenyl-1, 2-dirhíole _(181)

The imine 181 was prepared by the method of Paulmier, Ifollier

anð. Lozacrnl40, m.p , = L27-72goC. [Lit. m.p. = t3loc]140

Reaction of 3-PhenÉímíno-5-phen:¡1=1, 2-dithiole (181) wirh Dimetþ.yl

Ase:Ly lenejli c arb oxyla te 1233al

The imine 181 (120 mg., 0.45 m.mole) and excess ester in benzene

(50 uL1.) were refluxed for 18h. The colour of the solution, after 20

mÍnuËes, changed from ye11ov¡ to red. The crude product 233a obtaíned

on evaporation was purified by t.l.c. and recrystaLLLzed from ethanol

as orange prismsr m.p . = L73-L75oC, (153 rng., 62%) .

Infrared spectrum lFig. XXIXI; absorprions ("*-1) at i'695,

L725, L775 (ester, C=0)

N.M.R. Specrrum [Fie. LXI]: 2

phenyl group); 2.62-2.83r (5H, m, due

síde chain) ; 3.75t (lii, s, proton on

-O-CH3) ; 6.32t (3H, s, -0-CH3) ; 6.20t

-o-CI{3) .

.73t (5H, s, due Ëo protons on N-

to protons on benzene ring on the

Ehe side chain); 6.42t (3H, s:

(3H, s, -O-CH3); 6.L2t (3t1, s,

Analysis:

CalculaËed for CrTH2rNOrSr:

Found: :

Unchanged imine 181 [Rf t Rt

t.1.c. (40 mg.).

c, 58.59;

c,58.46;

(di-adduct

H,4.L6;

H, 4 .10;

23þ) I was

N, 2.53; S, 11.58;

N, 2.68; S; II.69.

also recovered by

Inlhen the reaction was performed

reagents, the product \^/as a mixture of

imine 181.

with equimolar quantities of

the di-adduct 233a and unchanged
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neactlon of 3-phenvlinino-5-phenyl-1,2.ditliole (181) r¡ith Uthyl

PrEriolate [.2þ1

The imine 181 (400 mg., 1.49 n.mole) and rhe esrer (L50 mg.,

1-.53 m.mole) ln benzene (20 nL.) were refluxed for l8h. After removal

of the solvent, the residue $ras separated by t.l.c. (peË. ether/C6H6 =

L/3, C6H6t C'IrLCL3/C6H6 = L/3, L/L). of rhe four bands found, rhe rwo

wíth the lowest R¡ values conËained small- amounËs of maËerial (ru19 rt.,

each). The band wlth the highest R¡ value contained unchanged imine

lff CgO mC.). The other bandron elutíon, gave an orange powder (4L7 ng.,

757.) whi-ch on recrystal-lízaËion from eËhanol gave the mono-adduct 232a

as dark orange needles¡ m.p. = 22L-223oC.

Infrared spectrum [Flg. XXX]: absorption at L72O (ester, C=O)

N.M.R. Spectrum [Fíg. LXII]: 2.24r (1H, s, due ro eiËher the

proton on the side chain or the proton on the thiazole rÍng); 2.33-

2.92t (1LH, m, due to 10 protons on the two benzene rings and one proton

efther on the side chain or on the thiazole ring); 5.84r (2H, g, J =

7.0 Hz.,O-CH2-); 8.75"r (3H, t, J = 7.0 Hz,, -O-CH2-CH3).

Analysis:

Calculat,ed for C29H17NOrS2: C, 65.39i H, 4.63; N, 3.823 S, L7.44;

Found: C, 65.233 H, 4.66; N, 3.95; S, 17 .47.

Reagtjlon gf 3-Phenvlfmlno-5-phenyl-l-.2rdfrhióIe (181) hriËh EthJ¿l

Phenylproplolate l232bl

The imine 19J (SZg mB., 1.22 m.uole) and Èhe esÈer (200 rng.,

1.15 ur.mole) in xylene (20 ml-.) were refl-uxed for 14h. The sol-vent vras

removed under reduced pressure and the yell-owish-orange residue was

extracted with boilfng ethanoi- (80 nl.) to remove unchanged íurine 181.
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The insoluble mono-adduct 232b was coll-ecËed (140 mg.). Separation by

t.1.c. (peË " ether/C6[6 = L/3, C6H6r cllcL3/c6116 - I/3, 1/l-) of the

residue of the eÈhanol extract gave tlro main bands. The band wlth the

highest R¡ value contained unchanged imine fjJ (fZO ng.). The oËher

band contaLned more of the mono-adduct 232b (1BB mg., comblned yield =

64%) whíeh on recrystalllzation from ethanol:benzene (1/1) gave dark

orange needlesr m.p. = 26L-263oC.

Infrared spectrum [Ffg. XXXI]: absorption at 1695 (ester, C=0)

N.M.R. Specrrum [Fig. LXIII]: 2.37-3.22t (16H, n, due ro 15

protons on the three benzene rings and one proton on the side chain);

5.84t (2H, er J = 7.0 Hz, -o-cHä-); 8.82t (3H, t, J = 7.0 Hz, O-CH2-CH3)

Analysis:

Calcul-ated for C26H21NO.S2: C,70.43; H,4.74; N,3.16; S, L4"45;

Found: C,70,24; H, 4.86; N,3.26; S; 14.26.

Reaction of 3-Phenvl-tmino-5-phenyl-l-r2-dithiole-3-thione (181) with

DibenzE¡lacetyLene

The imfne ]A'l (Z0a mB., 1.0 m.mole) and the acetylene (234 mg.,

1.0 n.mol-e) in benzene (20 n1.) r¿ere refl-uxed togeËher for 18h. The

soLutfon $ras evaporaËed and Ëhe residue separated by Ë.1.c. (CHC13/C6H6

= L/3, L/I, 3/1, CHC13). Of the Èhree main bands, the one wíth rhe

hfghest R¡ value conËalned unchanged imlne lXl (ZOO mg.) and the one with

the lowest R¡ value contaLned dibenzoylaceËyl-ene (110 mg.). The other

bandron elutlon, gave an orange solld (150 ng.) whlch on recrystallization

gave an orange powder, m.p. = 268-272oC. The elementaL analysls dtd not

correspond to the structure of the mono-adduct 232c or Èo the sÈructure of

the df-adducÈ 233c.
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CHNS
Calculated for the mono-adduct 232ct 75.47 4,44 2.84 L2.98

c31H2 1N02s 2

Calculated for the di-adduct 233c | 76.54 4.75 1.90 8.68

,::":ii"" 7B.oB 4.34 2.44 s.31

Infrared specËrum [Fig. HXII]: absorptior, .t-1 at 1660

(ketone, C=0)

Prgpjrr.atíon of 3-phenylimino-4 , 5-diphenyl-1., 2-dithiole ( 231)

The imine 231 was prepared by the method of Paulrnier, Mollier

and Lozac'h140r m.p . = L74-L75oc. [Lit.m.p. = 173oc]140

Reaction of 3-Phenvlimino-4,S-díphenyl-l,2-dithío1e (231) v¡ith Dimethll

Acetylenedícarboxyl-ate [233b]

The imine 231 (330 urg., 0.96 m.mole) and the ester (136 urg.'

0.96 rn.mole) in xylene (30 url.) were refluxed for 72h. The solvent was

removed under reduced pressure and the orange residue was separated

by t.l.c. (COHO, CHCl3/C6H6 = L/3, L/L). 0f the Èwo main bands found,

the one r¡ith the highesË R¡ value conËained unchanged imine 231 (205 mg.).

The other band, on elution, gave a yellorv por+der (272 mg,, 752) v¡hich on

recrystallization from eËhano1 gave the di-adduct 233b as yellow prísm,

m.p. = 230-232oc

Infrared spectrum lFig. xXXIIII: absorptions (cm-l¡ at L740,

\7]-0 (ester, C=0)

N.M.R. Spectrum [Fig. LXIV] z 2.67-3.05r (15II, m); 6.37-6.57r

(12H, two main peaks but not properly resolved, -O-CH3).

Analysis:
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Calculated for C33HZ7N0BSZ,

Found:

c, 62 .97 ;

c, 62 .7 3;

4.29;

L !r7'

H,

H,

)-dr

N, 2.23; S , 10 .17;

N, 2.L7; S, IQ .2L.

AËtempted ReacËion of 3-Phen limino-4

(231) with Ethil Propiolâte

The imine 231 was treated

for 1 week. A t.rl =.ntration

envl-1 2-dithiole- 3-Ëhione

with excess esLer in boiling xylene

of the míxture indicated only startíng

materials.

AttempËed Reactíon of 3-Phenylimino-4,5-diphen 2-dithiole-3-thione

(231) with Ethyl Phenylpropiolât_e

The irnine 231 rvas treated ivith excess ester in boiling xylene

for I week. A t.1.c. separation of the mixture indicated only starting

materíals

Pr.epala-tion of Benzoylphenylacetorle

Benzoylphenylacetone \,ras prepared usíng the method of McKirlr,orrl23

Preparation of 3-Benzylidene-5-phenyl-1, 2-dith.ole-(l?!Ð

Sulfur (48 B.: 1.5 mole) was dissolved with warming in a

solution of anhydrous sodium sulfide (39 g., 0,5 mole) in.rvater (70 ml.).

The resulting red solution ruas added to cold concentrated hydrochloric

acid (1.5 l.) making sure Ëhat the ternperature did not rise above -10oC.

The ye11ow oil so formed, after decantation of the supernatant liquid

was added to a solution of benzoylphenylacetone (24 g.r 0.1 mole) in

ether:carbon disulfide , (L/L, lO0 ml.), saturaËed with hydrogen chloride.

The resulting solution rnras left standing for 2 v¡eeks. After a few days,

a colourless oil was deposited which slowly crystallized. The resulting

r¿hite solid, after decantatíon of the supernatant líquid r¡as treate.d

wiÈh sodium carbonate solut íon (57") and extracËed with benzene. From the
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benzene exËractsrthe 3-benzyl-idene-1-, 2-dithiole L24^ was obtained as

golden-brown plates and was purified by column chromaËography using

pet.ether:benzene (1/1), prior to use, m.p. = L7O-L7zoCr(1.4 g., 5%).

ll.lt. m.p. = tlZ-tlSoCll23

Reactlon of 3-Benzylidene-5:-phenvl-1.2-dÍthfole (124a) with Dímethvl

Ace tylene .dlcarboxylate

The dfthlole L24a (160 mg., 0.6 ur.rnole) and the ester (85 mg.,

0.6 m.mole) 1n benzene (25 ml-.) were refluxed for 18h. The solution

slowly changed from reddlsh-orange to yell-ow. After removal of the

solvent, the yellow ofl was separated by t.L.c. (C6H6, CH¿L3/C6H6 =

L/3, L/L, 3/L, CHC13). T\uelve main bands were found, each containing

between 10-20 ng. Other bands (>6) were also found, each conËaíning

trace amounts of maÈerial. An n.m.r. spectrum of the combined main

fracËions ehovred absorptfons between 6.1 - 6.9r (CO2CH3)

The dtthloLe L24a was recovered unchanged after lt was heated

fn boll-lng benzene for 18h.

PreparaSlon of N-PhenvL-5-phenvl-isothiazoliun Perchlorate (37a)

N-Phenyl-5-phenyllsothiazollum perchlorate (37a) was prepared

by the method of McKfnnon and nobak3l, m.p. = 195-1g7ol.

Reaction of N-Phenvl-5-phenvliSothiazol-jlun perchlóráte (37a) with

Sulfur 1n Pyrfdine

The saLt 37a (338 ng., 1.0 n.rnoLe) and excess sulfur in pyrídine

(5 m1-.) were refluxed for L/2h. The solutÍon turned a dark red. Dilution

wlth nraÈer (15 mJ-") depoeited a red pasty solfd whÍch vras extracted wfth

ether. The reddish resldue, remaining after the removal of Ëhe ether,

q¡as separated by t.1.c. (C6H6/Pet.ether = 7ß,U\3/L C6H6'CHC13/C6H6 = L/3).
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One main band (the second lor.¿est R, value) r.ras found along rvith three

other bands lvhich contained trace amounts. This band, on elution,

gave a yellorv solid (86 rng., 32"/") t+ini.ch on recrystallization from ethanol

gave 3-phenylimino-5-phenyl-1,2-dithiole (ltr) as yellorv platesr n.P. =

L24-L26oC. The infrared spectrum of this compound r,¡as identical with

that of an authentic samPle.

In another experiment, the red pastv solid, first obtained,

was dissolved in meËhyl iodide and left standing for 4Bh. A reddish-

yell-ow methiodide salt was deposited rvhich turned yellow on washinC

wiËh etherr m.p. = 273-215oC. The infrared spectrum and m.p. of this

salt T¡¡ere ident.ical r^iith those of an authentic "t*p1"179 
of the methiodide

salt of 3-ptr-enylimino-5-phenyl-1,2-díthiof" (l8l) .

Preoaratíon of 3-Phenvl-l. 2-dithíolíum Perchlorate (22b)

The salt 22b was prepared by the method of K1ing"b"tg3r m.P. =

a

I77-L7goC. [Lit.m.p. = lBO-182.5oC]'

Preparation of Phenyl Phosphine

Phenyl phosphine r,ras prepared by the rnethod of lfann arrd ltil1ar192

and was stored under nitrogen, prior to use, B.P. = 153-156oC. [i,it.

B.P. = tsl-tsgoclL92

Reaction of Phenyl Phgsphine ruith 3-Phenvl-1,2-dithiolium Perchlorate (22b-)

To a stirred solution of the perchlorate saIE 22b (558 mg., 2.0 m.

mole) in ethanol (40 urf .) phenyl phosphine (220 mg., 2.0 m.mole) was

added rapidly under nitrogen. Immediately, the colour of the solution

changed from light brolrn to green-, and¡ after 3-6 seconds, to orange.

Af Èer 1-2 minutes, an amorphous yellolr por'rder (650 mg.) was deposited.

On evaporatíon of the ethanol solution to I/2 volurne (under reduced
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pressure) more of, the yeJ-low powder (100 mg.) was obtained. The col-our

of the powder changed progressfvel-y to grey wiËh exposure to air, over

a perlod of weeks. Attempted purificatlon by column chromaËography gave

fractlons whose i.r. spectra showed carbonyl absorptions whlch rnrere

not present in the i.r, specËrum of Èhe yellow powder [Flg. )OüIV].

The powder adhered to siLlca gel- and could not be separated by t.l.c.

A sarnple reprecípitated from benzene by additÍon of petroleum ether,

m.p. = 155-158oc, gave Èhe followÍng analysis: c, 59.86i H, 4.77;

P, 8.4L; S, L7 .74 .

ïn another serles of experiments, a saturated solution of iodlne

Ln ethanol was added to the solution of phenyl phosphine and the salt

22b at boËh the green and orange colour stages. In both cases, the

amorphous yellow powder was isolated.

To a stfrred solutlon of the yel1-ow powder (50 mg.) in benzene

( 5 m1.), exceas iodLne was added. After 2h. petroleum ether (5 m1.)

was added and the yelJ-ow powder was redeposi.ted.

Preparation of ú:rane -Cinnaaoyl Chloride

tz,øts-Ctnnamic acid (L00 8., 0.68 mole) and thLonyl chlorlde

(70 m1.) were refluxed for th. AfÈer the excess thionyl chloride was

removed by distil-l-ation, the resfdue r{as dtstilled under reduced pressure

and ty,qns-clnnamoyl chlorlde rìras col-lected as a llght yeJ-l-ow liquíd,

B.P. o-- = 96-98oC, which solidified on sÈanding. The sol-id r^ras dried
¿nm"

and stored, prior to use, Ln a vacuum dessicatorr m.p. = 37-39oC,

(95 t., 85i6) .

Preparátlon of SodÍum Thioclnnamate (257)

Anhydrous sodftrn sulfide Íras prepared ln the follow{ng manner.
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To half of a sLirred solutlon of sodlr¡¡n (1.6 g., 0.07 mole) Ln anhydrous

meÈhanol (55 m1.), hydrogen sulfide was passed through for 3.5h. The

other half of the methanol solution was added to Ëhe resulting greenish-

yellow solution, and the comblned solution r¡ras evaporated Ëo dryness '

To the resul-ting white solid, trans-cínnamoyl chlorfde (10 g.t

0.06 mole) and sand (10 g.) in anhydrous dioxane (250 ml.) was added.

The rnixture vras stLrred magneEically for 20h. and then used Ín Èhe

next stage.

Rgagtlon of Sodåum Thiocinnanate (257) with Pheriyldichlorophosphine (255)

To the greyish-green mixture of sodium cinnamate (?57), sand

and dl-oxane, phenyl-dichl-orophosphine (255) u ( 8.4 ml.,

0.06 mo1e, obtaíned from Al-pha Inorganic Ltd.)was added and the

resulting mixÈure was refluxed 24h. Hydrogen chlorÍde was liberated.

AfËer filtratíon of the mixture and removal- of dÍoxane, a greenísh-

yellow oily paste remafned. A t.1.c. separatíon of a sample of the

paste lndicated that iÈ contalned 9 main fractíons, and an i.r. spectrum

of the paste l-ndicaÈed the presence of a carbonyL function. This pasËe

was used dlrectly ln the next sËage.

Sul-furízatíon of the Product of Ëhe Reaction of Sodium Thioci.nnamaËe

(257) and Phenyldlchlorophosphíne (255)

The otly paste (5 e.) and phosphorus pentasulfide (15 e.) Ín

benzene (80 m1.) were refluxed for 3h. After cooling, the mixture was

flltered, and the orange filtrate washed w1Ëh water (2 X 100), dríed

(sodlum suLfate) and the benzene removed. The remaining orange paste

was found to contain more than 10 fractions, as indicated by a t.l.c.

separatlon of a sample of the paste.
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The orange paste (200 rne.) d{ssolved in methyl fodÍde (3 m1.)

r¿as left standing f.or 24h.. .No solld v¡as found.

AtEempted Reactlon of 1,3-Dlthió1ane:2:thioné (l-10á) wiÉh Dibeneoyl-

acetvLj¿ne

The Èhlone 110a (640 mg., 4.7 o.nol-e obtaÍned fron Aldrich

Chenlcal Co.) and dibenzoylaeetylene (1.0 g., 4.3 m.uroi-e) in xylene

(20 n1.) were refl-uxed 18h. The dark mixture vlas separated by t.l.c.

(COHO, CHCL3/C6H6 = L/3, L/L, 3/1). Many bands were found. 0f Ëhese

bands, the only one (highest R¡ value) thaË could be idenÈífíed, was

found to be unchanged 1,3-dithiolane-2-thione qlO¿r) (500 ng.).

When dtbenzoylacetylene was heated in boiling xylene for 18h.

Ëhe sol-utlon turned dark and a t.1.c. examínation of the solid, remainíng

after the removal of xylene, revealed that there r^ras some decomposiËion

of the acetylene.

Preparatlon of Desyl Chl-oride (272)

Desyl chloríde (2f2) hTas prepared by the nethod of w"td204.

Preparatlon of a-Phen¿lphenacyl Ethyl TrfthÍocarbonate (274) tllj

Ethanethiol (25 g., 0.4 mole) r,¡as adiled to a solution of sodium

(10 e., 0.48 rnole) díssolved in ethanoL (25O mI.). Carbon disulffde

(26.6 m1-., 0.5 mole) was added wlth sËírrfng and after I/2h. desyl

chl-oride (272) (7I e., 0.3 mole) in ethanol (gSO n1.) was added. After

3 mfnutes, the orange sol-ution turned cloudy and a whlte solid was

deposited. The mixture was allor,¡ed to stand for th., then fflËered.

A whfte solld which turned green on exposure to light was collected.

The orange flltrate was poured fnto water (2 L.) and after 5h. a yellow

sol-fd 274 was fLltered off (56.5 g., 56i(). This rnras used dírecËly in

the next stage.
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4 
" 
S-Oiphenv 1- 1, 3- thia.o.xo le- 3- Éhi onej 2.7 7 )

The llght sensitive powder (8.1 e", L0%) whlch on recrystall-lzation gave

the thlone 2I as colourless needles, m.p. = 1-33-134oC. [Lit. m.P. =

tzz-tggoc)205

Infrared spectrum [Eig. )OffV]: an absence of a carbonyl peak.

Mass spectrum: pârent ionM*/e = 270, ca1-culated' 270; other
.r

maJor peaks ,þ1'/e = 165, LzL, l-05, 77.

Anal-ysis:

Cal-culated for C15H10OSZ: C, 66.68:' H' 3"70; S, 23.70;

Found: C, 66.6Li H, 3.60; S, 23.90"

ration ot 4.5- l--2-ethvlthio-1. 3-dithiollum Perchlorate l(27 5

o-Phenylphenacyl ethyl trlthiocarborrate (274) (1g., 3.0 rn.rnole)

ln sulfurlc acld (10 m1.) was heated at l-00oC for 10 mínutes. The dark

solutlon was chilled and dll-uted with water (10 ml.) and ethyl acetate

(20 m1.) added. After standlng at OoC for several hours a dark orange

paste was obtained r,rhfch was dlssoLved in acetÍc acid (10 nL.) and 7O7.

perchlorLc acid (0.4 ml.) added. Cooling deposited pale purple crystals

of the saLt 275¡ m.p. = 121-123oC (623 ng., 51i¿).

Infrared spectnrm [Fig. )üXVl]: absence of a carbonyl absorption.

Anal-ysls:

Calculated for CtTHt5ClOOSr: C,49.L6; H,3.61; Cl,8.70; S' 23,L3i

Found: C" 49.203 H, 3.721 Cl, 8"70; S' 23"24.

Preparation of ¿.S-Ofpnenvftf ,¡'

2-erh\t1Ëhlo:1,3-dtthiól1lxn PerchlóraËe (275) l27L"l

The perchlorate saLt 275 (1.0 g., 2.42 m,mole) in ethanol (10 m1.)

v¡as treaÈed wlth a saturated sol-utlon of sodfum hydrogen sulfide ín
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ethanol (10 ml.) and heaËed unËil solution had occurred. Cooling afforded

yelJ-ow needles which r¡rere recrystallized frorn ethanolr E.p. = 119-12OoC,

(660 mg ., 96%) "

Infrared spectrum [Ffg. ÐüVII]: absence of absorptions for

perchlorate salt.

Analysis:

Calculated for C1SH'OS3! C, 62.gi-i H, 3.52; S, 33.59;

Found: C, 62.85i H, 3.61; S, 33.68.

Reactfon of 4,5-Dfphenyl--1,3-dithiole-2-thione (271¿) with DÍbenzovl-

acetylene

The thion" 2U (286 ng., 1.0 m.mole) and the acetylene (242 mg.,

1.0 rn.mol-e) in benzene (20 m1-.) were refl-uxed for 72h. The evaporated

mfxture was separated by t.1.c. (pet. ether, CUH6/Yet.ether =L/3, L/L,

3/L, C6H6). of the three bands found, only Èhe one with Èhe highest

R¡ value coul-d be identified. It r^¡as found to be unchanged thLone 27La

(180 mg.). The other two bands, on elution, gave uncrystaLLizable oils.

The 1.r. spectrum of each sho!,ted a carbonyl absorpË1on at 1650 cm-l

(broad) . One of the oíl-s (130 mg., lowest R¡ value) when separated

agaJ.n by t.l-.c. (C6H6, CHCL3/C6H6 = L/3, l-/1) was found to consisË of

seven fractl-ons.
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