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ABSTRACT

A variety of isothiazolium salts has been prepared and allowed to
react with sédium benzoylacetate. 2—Benzoy1thiophenes.werevobtained,
suggesting that the position of initial nucleophilic attack is at the
sulfur atom of the heterocyclic cation. Reaction with hydrogen sul-
fide gave acyclic reduction products, or 1,2-dithiole derivatives, de-
pending on the'type of substituent on nitrogeﬁ in the isothiazolium
salts. The study also included the reaction with other commbnly avail- "~
able nucleophiles such as sodiodiethylmalonate,_sulfbnium ylids, Wittig
reagents, cyclopentadienyl, and indenyl anions,‘and was found to be of
synthetic value for the preparation of various heterocyclic systems
especially pseudoazulenes and thienoisothiazolium salts.

Reactionslof certain 3—bromothio-l,2—dithiolium bromides with pri-
nary amines produced isothiazoline-5-thiones. These compounds were
found to form adducts of varying stability with acetylenic reagents.
Comparison of their reacﬁivity with tﬁe isomeric isothiazoline—3-thiones
indicates that while the former react rapidly to form only monoadducts,
the létter react more slowly to form monoadducts which react more
rapidly to form.diadducts. Thioacylmethylenethiazoles have been pre-
pared and were found.to form mono and/or diadducts with dimethyl
acetylenedicarboxylate depending on the polarity of the solvent.

Thioacylmethyleneisothiazoles have been also prepared and their NMR

. . . : v, .. ...
spectra studied in comparison with those of 1,6,6a S trithiapentalenes,
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and evidence was found to favour the hypothesis that invokes the use of

sulfur d-orbitals in the bonding of the central sulfur atom imn the

last system to explain its symmetry in solution.
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INTRODUCTION




GENERAL INTRODUCTION

This thesis concerns the syntheses and reactions of a number
of compounds containing the isothiazole nucleus, namely the isothia-
zolium salts, and the isothi;zoline;3-.and -5-thiones.

Such compounds Woﬁld be useful éubstrates for the investiga-
tion of various reaétions, such as nucleophilic attack, and 1,3-dipolar
cycloadditions. Moreover they may serve as a syﬁthetic route to
various other interesting heterocyclic systems, eépecially the 3-thio-

IV

acylmethyleneisothiazoles which are aza-analogues of the 1,6,6aS -

trithiapentalenes.




ISOTHILAZOLES

I. DESCRIPTION OF THE MOLECULE

Isothiazole 1 , is an.unsaturated five—membered.hetéro— :
éyclic molecule containing two adjacent heteroatoms, namely sulfur and
nitrogen. The sulfur atom contributes-a free pair of electrons ﬁo

the mesomeric bond system.’

1 2

Both fhe isothiazole;l , and the isomeric system, the

N
3
thiazole 2 , have a physical and chemical similarity to pyridine 3 ,
f;om which they cén be formally derived by replacement of the 2 - 3 , or
4 - 5 carbon to carbon double bonds by a formally bivalent sulfur atom
.—S;Ql). quever,‘taking'into account the participétion of sulfur d-
orbitals, the repiacement of =8= group for.a =Cﬁ—CH= group is also pos-
-sible: Like pyridine, these systems may also be represented by deloca-

lized structures.

The following contributing structures Lli.' 1] may be drawn
for the isothiazole molecule. Structures [lyi= 1x] utilize the sulfur

3d-orbitals.
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II.  SYNTHESES OF ISOTHIAZOLES

Since the first preparation of the systems by Adams and '
Slack(z), numerous routes have been devised for tﬁe syntheses.of iso-
thiazoles. These have been a subject of a recent revieﬁ by
quldridge(B). Two of these methods are closeiy related to the'prepara—

tion of isothiazolium salts and therefore will be discussed briefly in

the following:

1. Synthesés involving an oxidépive,N-S-bond formation ¢
In this approach the isothiazoles are obtained by the oxidation of acy-

clic intermediates formed in an addition or condensation reaction.

Numerous routes have been devised to these precursors including the

.addition of hydrogen sulfide to g—iminopropionitriles(a), the addition

of isocyanates to primary and secondary enamines(5—7), the thionation of
B—iminoketones(8), and the reduction of isoxazole by Raney Nickel,
fﬁllowed by.thionatioﬁ(g). &arious oxidizing agents have also been used‘
including hydrogen peroxide, chloramine, halogens, persulfate, or ele-—

mental sulfur.‘




2. Syntheses from dithiolium salts: Leaver'ggugl.(lo"lz)

obtained the isothiazoles by treatment of 1,2-~dithiolium salts with

ammonia.

SH
§—5 'NHg

k) ———%hpLNHZ A th

IT1I. THE CHEMICAL PROPERTIES OF ISOTHIAZOLES

The chemistry of isothiazoles have been discussed in detail

(3

mentionéd earlier. Although the ring

nitrogen is only weakly basic (pKa = -0.51 * 0.04 at ZSOC)(B)

be induced to form quaternary deriVatives(l6). This observation is of

in the review by Wooldridge

, it can

special 1nterest for the preparation of isothiazolium salts. Electro-

(13)

philic attack is reported to take place at the 3-position . Nucleo-

(14)

philic attack was found to take place at the ring sulfur atom

BN RSS CN
ctls Mot > ==
N & CN

Crow ggugl.(IS)found that while the nucleophilic attack upon the S-N
bond of 3-hydroxyisothiazole has a reversible character, previous pro-
»tonation of the substrate results in a thousand-fold increase in the

" rate constant. This was explained by the weakening of S-N bond in the

isothiazolium cation.
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Hydrogen exchange is reported to take place at 5-position

very rapidly under basic conditions, and therefore treatment of iso-

thiazoles with butylllthlum affords the 5 lithio derlvatlves(17). How-

ever nucleophilic attack on the ring sulfur also takes place leading

(3)

to ring cleavage
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ISOTHIAZOLIUM SALTS

I. DESCRIPTION OF THE MOLECULE

The isothiazolium cation 4 , 1is the quaternization product
of the isothiazole's ring nitrogen. It 1is isoelectronic with the

thiazolium 5 , and pyridinium 6 , as well as tropylium 7 cations.

S-———-+/R &/R I[—\\)lws.
< b

I

/R | "/R [sl :
g © ©
5 6 A

—

6

The resonance structures of-isothiézolium system may be re-
presented by the following contrlbutlng structures [41 - 41J in which
the structures [4yii— 4x] utilize sulfur d-orbitals. . Structures

(41l ﬁy} with two adjacent positive centers are of negligible import— -

ance.

/ + / 1+ % + +/ + 4/ / /. sl - v/ - s/
s_N.& N &N 5N SN S_N S—N S_N S_N S_N
§ //-K/)Q\)/\@*/ PEPER

Qi dvi Gvi dx Sx

According to the inductive, couiombié or LCAO molecular orbi-
‘tal considerations, most of the positive charge sﬁouldlbe on the nitro-
gen.. However deprotonation s;udies(lg) have shown proton loss to occur

at position 3 and 5 , with higher exchange rates for the 5-position,
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which suggests that another factor such as sulfur d-orbital overlap

would stabilize the deprotonated specles. This stabilization would be -

greater when the carbanion center is adjacent to the sulfur atom.
Nuclear magnetic résonance studies on isothiazolium hydrogen

sulfate also suggest a lower electron density at the 5-position than at

the_3—position(18). (1t for HS = 0.4 , T for H, = 0.9 , and

3
-1 for H& = 2.,1) .
' (20)

have

Struptural investigations of 1,2-dithiolium salts
shown that the sulfur-sulfur bénd in the 1,2-dithiolium cation 8 is
shortened_tb;ough 'E'bonéing. The sulfur-sulfur bqnd in 8 is 2.00 A,
as compared with the sulfur-sulfur éingle bond length of 2.10 A in a cis

planar disulfide group. By analogy, the sulfur-nitrogen bond in an iso-

thiazolium cation 4 is expected(Zl) to be 1.65 A in comparison with a

nitrogen-sulfur single bond of 1.75 A (22)

{
i
§
{
i
l

31'65 / SZ-OOS

S O

4.

——— - v ——

1L SYNTHESLIS OF ISOTHIAZOLIUM SALTS
The several methods available for the preparation of this

system could be classified under four general approaches.

1. The Alkylation of Isothiazoles
Isothiazoles were found(l6) to undergo alkylation to isothia=-
zolium iodides when kept for prolonged periods with simple alkyl iodides.

Heating led to gross decomposition, while the presence of solvent would

slow the reaction. Other reagents were also successfully used including
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benzyl halides(16 , triethyloxonium fluoroborate , dimethyl

sulfate(ZA) and methyl tosylate(l6)’(25).

U . Mel _ 5 o
N 2. HC\,04 RN\’ C‘l‘ 04 :

Intramolecular quaternization of isothiazoles afforded a bicy-

(28)

clic system

S(j\ " HBr S-—-——'*‘X‘\l
S McoleH Yo A _

This approach, however, presupposes the availability of a

suitable alkylating agent and the required'isothiazole,'and has the ob-

vious disadvantage of being inapplicable to the synthesis of N-aryl
.isothiazolium salts.

2. The Alkylation of Isothiazolinethiones:

Both 3- and 5-thiones have been alkyiated by alkyl halides to

give the corresponding alkylthioisothiazolium salts(zs—z?). The ap-—

proach is restricted, however, to the preparation of isothiazolium

salts carrying an alkylthio substituent on the 3- or 5-position.

N3

?\\/ks e MSMe |

Ry I




3. Oxidation of Isothiazolinethiones;:

Bachers and. co—workers(zg) obtained 2,4-diphenylisothiazolium

perchlorate by the oxidation of the corresponding 2,{-diphenyl-3-thione

with hydrogen peroxide in acetic acid. The method was extended later

by Loosmore(?’o) to other thiones.

h .
; 5 2-HCIO, = \Ph _

4, Oxidative Formation of the N-S Bond:

Goerdeler et al. (31), prepared the first isothiazolium cation

by dehydrogenation of 3-methylamino-N-phenylbut-2-ene-thiocamide derivative

with bromine.

S NHMe | o
B
PhHNUMe 2 o PhHNUMQ

Following the same approach, Faust

S-methylthioisothiazolium bromide and the corresponding tribromide.

NHMe Bry S—-——-Ithe

MesK/' T Tor 1:? Me s _

Br or

Bra

£ (32) synthesized the 2-methyl =




10

By treating 1,2-dithiolium salts with primary amines, McKinnon

and Robak(24)

obtained 1—aminopropene—3-thiones. By oxidation with
iodine; a variety of isothiazolium triiodides were obtained which were

-converted into the corresponding perchlorate on treatment with per— '

chlbric acid in acetic acid or nitromethane.

+ ' /’SH | i
S—S RNHp 'S NR _g S NHR [0 s—nNR

o5 Uy —2 1 b ——> T ln
RBK\R{R‘ | iR e | RS%W

- R
R3=Ph ClO, RZ

The availability of 1,2-dithiolium salts and the generality
of the reaction make this approach a convenient one for the preparation

of N-aryl isothiazolium salts. However if R3 = H , the reactivity of the
intermediate thial precludes the synthesis pf 5-unsubstituted isothia-
zolium salts by this method, and phenylmalondialdehydedianils are ob-

tained instead(33).

¥ : | |
S——IS PANH, _ s| NHPh PhNH’ZPth HNPh
J SR e v

Ph Tlo, L P Ph

, N—aryi—B—alkylthio (or phenylthio) were also obtained(34) by

the iodine oxidation of the 3-alkylthio or (arylthio)~l-arylamino-2-

propen-l-thione, which were obtained from the reaction of Grignard re-

by , . :
agents with N-(5-aryl-3-H-1,2-dithiole~3-ylidine)arylamines.

S : v.‘_ | +
MeMgl 5 HNPh 1o S——NPh

5—§
thl\_l,Ph — MSMe ”——‘%PthMe




Oxidation of 2—pyridy1thioacetamide or 2-(2-benzylthiovinyl)

(35)

pyridines afforded isothiazolo [2,3-a] pyridinium salts , which could .

be regarded as an ' isothiazolium cation fused with a pyridine ring.

III. REACTIONS OF ISOTHIAZOLIUM SALTS

(19)

The deprotona;ion studies mentioned earlier éhowed that
" the proton oﬁ the 5—p§sition is lost at higher rate tﬁan the proton on.
tﬁe 3¥position;

| Similarly to a reaction of 1,2-dithiolium with sulfur in

(36 (24)

pyridine - )5 McKinnon and Robak found that certain isothiazolium

salts reagted also under the same conditions to giye isothiazoline-3-
thiones. In a more detailed investigation, Bacheré and'co—workers(zg)
found that while 5—unsubstituted isothiazolium salts give the corres-
ponding isothiazoline-5-thiones, the 3-unsubstituted salts give either
the correspondingjisothiazoline—B—thibne if the nitrogen is alkyl sub-
stituted, Qr'1,2-dithiole-3~imings if the nitrogen 1s aryl substituted.
The mechanism shown in iéchéme 1] was suggested to explain the forma-
tion of the different products, with [ path la] being favored when the

'substituent on nitrogen is aryl, and [ path 1b] being favored when the

substituent is alkyl. Inductive effects appear to be important.
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+ R . R
T —N” S——-—l’ 5 _ZNR
X oH TR S A —mg/lk(&c

scheme’] o \‘ l .
K S = S"SS—SP9

Alternatively the reaction could involve direct nucleophilic
‘ 33
- attack by the activated polysulfide anion [scheme 2]( ).

. S—NR 5 NR S-———-NR'
Prj\v' T Pu5565 ZPhixs HSSSP9 Pl As T
. ) HSSS--.:

scheme 2
Howevef,an isothiazolium salt with both 3 and 5 pgsitions unsgb-
stituted gave only a product derlved from attack at the 5 position. Tﬁié
Was taken by the authors as ev1dence for deprotonatlon as the flrst stage in
the reaction ' Nucleophillc attack on a carbon atom would be favored
. 0 ) .

at the 3-position by inductive and coulombic consideration
‘Landesberg and Olofson(23) examined the nucleophilic attack of.

ammonia on isothiazolium salts. They suggested that the reaction takes
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place at the 3-position, causing ring cleavage followed by ring closure

‘to form isothiazoles.

S—NEt  yn S__N
w - U
Ph: BE Ph 9

S—NE NHg |
Phl\) Ph‘V. 10

_Of the four plausible mechanisms for the reaction [scheme

3], "2 and "b" have been excluded on the basis that the 3-phenylisothia-
zolium salt, thougﬁ'it does’not have>thé proton in the 3-position
required by these mechanisms, still reacts to yield 3-phenylisothia-
éole. Path "d" is less favorable than path "c" since 5-phenyl-
isothiazole 10 is fqrmed in higher yield than the 4-phenyl 9. The
4—phenylisothiazoliumlcation sﬁould be less sterically hindered in

the displacement mechanism ”d”

-+ Et //fS \H 4;;8 ‘;

va

NEt
HNEL
T S
= T
| o x
i SH NE \\P{’(
.S Hy S—NEt___ ST t  _SK™NH 5—N
D | _3€>f\\v//lr | f———“€> —
. k§/) : BW5 L§b/lNH2 &EgaLﬁEt k§/u

Ph P 1 Ph Ph H ~ Ph

scheme 3
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scheme 3 cont.

. Kl |
N" NH S——Nl:t NH —N
Ph ' Ph Ph
+N§t NH2 S 5—
¢ Q———ﬁé (e — T e T
Ph Ph Ph
Reactions w1th hydra21ne and phenylhydrazine afforded pyra-
zoles and phenylpyrazoles respectively(ZB)’(38).
UR NH2NHR' Nl’ R’
/ .
—BF4 =H or Ph

(37N

Hydroxyl ions are reported to attack the quarternary iso-
thiazoles on the carbon atom 5 , leading to the formation of an enamino-

‘aldehyde.

-  OCH
oH . NHMe

COMe COMe

(38)

Recently, Sykes and Ullah studied the nucleophilic reac-
tions of hydroxylamine Wiéh 5-phenyl or 3,5-diphenyl substituted isothia-
zolium cations wﬁigh afforded isoxazole and isothiazole N-oxide. The
reaction seems to proceed by initial attack of nitrogén nucleophiles on

the 3-position of isothiazolium cations, followed by ring opening.

(mechanism "C" of Landesberg and Olofson).
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NHMe

| Pdfizﬁjki S —NMe

| pMR >PMRNHOH ‘ PJTK/\—*NOH —

0—N

| N—0
ReHorPh Phl\/)’?. PA\)R PhUR

The formation of both 3 and 5-phenylisoxazole (1:4 mixture)

from the reactidn of hydroxylamine with 5-phenylisothiazolium salt
indicatgs that the nuclebphilic attack on isothiazolium salts does
_ take place on carbon 5 as well as on carbon 3.

Unspbstituted salts under the same conditions, yielded neither
isoxazole nor isothiazoie N-oxide probably owing to the instability of
both potential products under the basic conditions of.the reaction.

5-substituted isothiazolium cations feact with aniline and
benzylémine to yield the corresponding ring opened anilinothiones
llg. , and beﬁzylaminothiones 11b. respectivély. Similar.results were
found for the disubstituﬁed salts with benzylamine but no reaction was

observed with aniline.

UR PhCHNHp 5} HNR,

PR R2 or PhNHz Phj\/)R2 __1_ a-R3=Ph
Ry=Me orSO3F | | : b-R3=CH,Ph
1= h:Ro=H or Ph 2

Dianils 12 were obtained from the reaction with the isothiazo-

lium cations’laékipg 3 or 5-substituents. These must also arise from
preferable attack of the initial nucleophilie at C-5 follwed by loss of

sulfur.




NS

| HS
+
5—NCHPN Ry, 5—NCHFh RN NCHoP

Br RHN

An NS-bidentate nucleophile, 2-aminoethanthiol, was employed

16

NHZCHZPh

to investigate whether attack on isothiazolium nucleus occurred prefer-

entially through its nitrogen or its sulfur atom. The attack exclusively took

place through the nucleophile’ s nitrogen to yield the thioethylaminothiohes‘lg ‘

+ o :
5—"‘”‘49  NH2:(CHl:sH Sl H
Phix R ~ > Ph

HS , was reported by Bachefs;S, to yield only the open. chain product
1-anilino-3-methylthiopropenethione 14 . It was suggested that forma-

tion of 14 might have occurmd through nuqleophilic attack on riﬁg

. The reaction of isothiazolium salts with hydrosulfide anion

sulfur or nitrogen.

TP
i

of hydrogen sulfide in aqueous solutions; they found that isothiazolium

+ .

S —NPh - - S HNPh

SH
e — . O
Ry = ~ R
? 2
| clLo,
Ry By By o "’“"] 4
SMe ph H '
SEt H ph
' (38)

Sykes and Ullah

N- (CHz)éSH

, on the other hand, studied the reaction
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salts lacking a 3—sﬁbstituent reacted readily to yield the bis-1,2-
dithiolyl sulfide 15 , the originél 2-substituent being lost as the
‘corresponding amine. :The ﬁﬁsubstituted sulfides wére extremely unstable.
The reaction was expléined as taking place by initial nucleophilic

attack on the ring sulfur (mechanism "q" of Landesberg and Olofson).

Siz - |
NHR _H2S.
Phb —_— Phi\/Y_NR — Ph'\/P — s
SOLF | R
3 » X p
15 P A,y 'hv

Benzenéthiol wasqfound(38) to react With various isothiazolium
salts to yield the alkYiaminothiones 16 . Its formation was explained
" in terms of initial attack on sulfur, followed by the reaction of the re-
sultant mixed disulfide 17 with a second molecule of benzenethiol.

'Significantly;diphenyl‘diéulfide is formed during the reaction.

P-hS? . Spn

: + / ' A
S —NMe s~ NMe S HNMe
PhK)R AR Ph~R

PhSSPh

803!-: . LZ | 1_.6_ R=H ¢or Ph
(39)

Further investigation of this reaction revealed the exis-—

tence of another product obtained only when R=H . The product has the

molecular formula C20 H18 N2 33 ; the exact structure is .not as yet de—-

' finite but it is expected to be one of at least three poséible tautom-

eric structures 18 , .19 , 20 , which have the general representation 21 .
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4~TSOTHIAZOLINE-3-THIONES

I. DESCRIPTION OF THE MOLECULE
The 4-isothiazoline-3-thione system'22 , consists of an iso-
thiazole nucleus bearing a thione function at the 3-position and usually

: i
a substituent on the nitrogen atom of the isothiazole.

No data are available for the'poséible tautomerism of 22 ,

which, when R3 = H , contains a potential mercapto group. However the
(40)

isomeric thiazole-2-thiones 23 have been shown by infrared and ultra-

(41), (42) studies to exist mainly in the thione form. Similar re-

@7)

violet

sults are also reported for oxazole-2-thiones 24
Therefore it seems more likely that the 4—iéothiazoline-3—

thione molecule should actually exist as the thione form rather than as

the 3-mercapto form.

[;tlsti [s—/hl\ SH ENFS;& E)—l/NLSH

3 y 24

IT. SYNTHESES OF 4-TSOTHIAZOLINE—~3~THIONES
The preparation of 4-isothiazoline-3-thiones was first re-—
ported by McKinnon and Robak(24), from the reaction of isothiazolium

salts with sulfur in boiling pyridine.




S —_NPh s———s

) | S/P

R
R ‘ S

V

In case of N-aryl compounds, the isomeric system 1,2-dithiole-3-imine 25

*.
is obta:med instead by a mechanism indicated earlier.

(27), (44)

vLe Coustumer and Molller in their studies of the
vréaction of 5-aryl—3-thiomethy-l—-l,'Z—dithiolium salts with primary ali-
phatic amines expectgd, in analogy to the reaction with aromatic
anlines(45), to obtain S—aryl—B—arylimino—l,Z—dithioles _2_5_(46). However,

on the basis of .evidence described below, the main product was confirmed as

having the thione structure 22 .

RNH —NR ST 4 RU ‘

AT SM*———29 Al ks AR RS T AT SMe
I A
| 22
The evidence for structure 22 is:

1) The product reacted with benzonitrile ox:'_Lde to give. the corresponding
4-isothiazoline-3-thione.
2) The le— enriched product reacted with methyl 1od1de giving the salt 26

which showed no le—' methyl coupling which would have been evident in 27

formed from the imino compound and methyl iodide.

P, 19
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+ +

—NR | 7 Me
Ar\lSMe Ar\lN\,
: _- . R -
;igé I_ : 2{7 : I
3) The compoﬁnd was comparable to the one obtained alternatively by
the reaction of isothiazolium salts with sulfur in pyridine.

However, it is obvious that these two methods are inapplicable
to the,synthésis of N-arylisothiazoline-3-thiones, as in this case the
1,2—dithiole—3—imine$ are obtained instead. As will be discussed:later,
a suitable precursor fof the N-aryl thiones was found to be the N-aryl
—3—alkylthi$isothiazolium salts prepared by Boberg(BA).

'44130thiazoline—3—£hiones should also be available by thg
thionation. of the corresponding t-isothiazoline-3-one gg..' Such ketones "
are accesSiblg by the.oxidation of the appropriate N-substituted thio-

acylacetamide(47)5(48).

Bry S——NMe
PhCSCHy CONHMe "——‘_}tho
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Crow and Leonard(ég)’(so)_developed another method along |

lines suggested By the isothiazole synthesis of Wille, Capeller and
Steiner(SI); gig—BfThiocyanoaryiamides were obtained by the addition of
hydrogen thiocyanate to the propiolamides. Conversion to the corres-
ponding substituted—ﬁ—isothiazolones was then effected readily by treét—

ment with acid.
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HC=C-CONHR E_S_QN_; NC—S—;—— 0 -—9£:N— LO +HCN

H R

Leonard and Wilson(sz) reported the formation of 3-isothia-

zolone nucleous by ring contraction of the 1,4-thiazepine ring system.

Lewis and Miller(53) prepared 4—isothiazoline—3—6nes by the chlorine or
su;furyl chloride induced c&clizationlof 3,3'-dithiodipropionamides. A
majo; advantage of this preparation route is the ready availability of

the 3,3"'-dithiodipropionamide intermediates, conveniently prepared by

amidation via the acid -chloride of the corresponding diacids.

(SCH,CHR-CO-NHR), —— 2 ~ SR
K T2 o 50,0l &R,/EO

IIT. REACTIONS OF 4—ISOTHIAZOLINE-3—THIONES

4—Isoth1azoline—3—th10nes undergo alkylation reactions with

methyl iodlde to yield 3—alky1thioisothiazollum salts (24) (44)

_ Reaction with benzonitrile oxide leads to the formation of un-

“4)

stable adduct which decomposes to form the corresponding ketone

S—NR3  O—N | | _phncs  $—NRa
R1§/Ks + \é — Ry \\“—'—.—;’R]R/ko
R, PR Ph Ry
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Oxidation with hydrogen peroxide in acetic acid was found to

(54)

afford the corresponding isothiazolium salts , as mentioned earlier.
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3~ISOTHIAZOLINE~5-THIONES

I. DESCRIPTION OF THE MOLECULE
3-Isothiazoline-5-thione 29  is isomeric with 4-isothia-
zoline-3-thione, consisting of an isothiazole nucleus bearing a thione

function at the five position, and usually a substltuent on the nitrogen

HN N—-—S

‘atom.
T : SH
Tautomerism to a thiol form when ] R
2

R3 = § is again possible, althoughffor the same reasons mentloned in

the 4-isothiazoline-3-thiones, it is perhaps unlikely and the molecule

exists almost entirely in the thione form.

1I. SYNIHESES OF 3—ISOTHIAZOLINE—5—THONES‘

These compounds were first prepared by Mayer and Jentzch(ss)
from:the treatment of ketimines with carbon disulfide and elemental
sulfur. The ketimines firet react with carbon disulfide to form isolab1e>
dithio acids which, in the presence of sulfur, can be either S—-thionated
into 1,2—dithiole—3—thiones, with elimination of amine, or dehyd:ogen—-
ated into 3—isothiazoline—5—thiones with the elimination of hydrogen sul-

fide. The reactlon product is temperature dependent, isothiazoline-

thiones being formed between 15 20° C, and dithiole thiones at higher

temperatures.

'Ry CH2C Ry RCH=CR, CSz RC=CR, s
TG N A A S

5}4 \\\Ei
- TR
SPNg.AS
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The dehydrogenation can also be brought about by.other oxidiz—

ing agents such as iodine.
) (33) .

McKinnon and Bachers found that 3-methylthio-4-phenyl-1l,2-
dithiolium salts,on treatment with aniline,underwent nucleophilic attack
at carbon five, followed by ring opening to the dithioester 30,
which on iodine oxidation gave 2, 4-diphenyl-5-methylthioigothiazolium
cation. Demethylation of this cdtion Y£elded 2,4~diphenyl—3—isothiazoline

~5—-thione 29 .

S—5S 1?%92504 "“’F PhNHz PhNH ? 112

STHCLY, ~ X -sMe _ = vSMe'ZHCLOA

Ph . .- Ph ClO - Ph A

| : R 30

PAN—23 Py PhN—S
_______.____;. l
~—~5Me Lit/ji:s
Ph ClOZ Ph 2__9_

The reaétion.of 3—bromothip—4—phenyl4l,2~dithioliumysalts with
aniline was incorrectly repofted by Adelfang<56) to give a iithiolgimine
according to the schéme‘shown.

S—S  Bry S——--—IS” PhNH
N X _oBr a7
Ph R Ph
S+ S—S —S
NHoPh - NHPRh ?\\/)t '
Nspr = SHBr NPh
Ph | Ph .+ B . »

But Bachers and co—workersczg) found this reaction actually
follows the;same pathway described for the methylthio compound to atford

the thiomne gg_, probably according to the following mechanism.
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+ +

S IS PhNH2 353 PhivH 5 -5
> SBr PAN"~NZSB, £ ~SB; -
Pn 4 Pn Ph
Br
) B
PhNH: S) PhNH SBr PhN—S
) S >
";/ SBr K\P/bs vs
h h "Ph

" The structure of 29 was proved by the fact that it forms
S—methylthio—Z,4—diphenylisothiazolium.perchlorate on treatment with
diﬁethyl sulfate followed by perchloric acid, that it is oxidized by
hydrogen peroxide to an isothiazolium salt, and also that it formed a
monoadduct with dimethyl acetylenedicarboxylate. Had the compound been
the 3—imino—l,2—dithiole claimed by Adelfang, the reaction with dimethyl

acetylenedicarboxylate would probably have yielded an unstable thial

| __o +
PAN—/S 4, MeyS 0, PhNUi
X5 Halo = R SMe
il ) oh ClO

4

67




Ph
MeQ,CC=CCOMe lej\gj‘
. > -
~Ph T

S—S  Me0yCC=CCOyMe

>W

Furthermore, it was found(5 ) that on treating the product

with Grignard reagents followed by hydrolysis, it afforded the open
chain intermediate l—arylaminopropene—3—thione ég , proposed to be

formed in the reaction route of the 3-alkylthio compounds.

PhNH SMe

k/‘ss

J

&

REACTIONS OF B;ISOTHIAZOLINE—S—THIONES'

As mentioned in the previous section, 3-isothiazoline-5-—
thiones were found to undergo alkylation into iso‘thiazolium salts
n by hydrogen peroxide to form isothiazolium salts
formation with dimethyl acetylenedicarboxylate and ring cleavage

to acyclic products on treatment w1th Grignard reagents
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1,6,6aSIV—TRITHIAPENTALENES AND AZA ANALOGUES

I. NOMENCLATURE

Several names can be found in the literature for this system
including [1,2] dithiolo [1,5-b] [1,2] dithiole, thiothiophthene, and
thiathiophthéne. The latter is the most common name. However it is con-—
trary to IUPAC nomenclature to derive a replacement name from the tri-

vial name of a heterocyclic system, thiophthene(sg)

. More acceptable is
the name 1,6,6aSIV—trithiapentalene based on the pentalené system. It

should be understood that the choice of this name, however, based mainly
on practical nomenclature considerations, does not define the real elec-.

(59), which will be discussed in the

tronic structure of the molecule
following section. In this thesis, for convenience, the name trithia-

pentalene will be employed.

II. DESCRIPTION OF THE MOLECULE

The electronic structure of the trithiapentalene ring system
is one of éonsiderable interést and has been of some controversy. The
symmetry of the molecule.and the utilization of the central sulfur
d-orbitals are two points of major interest. The classical theoiy of
¢ and ‘T orbitals does not; explain all the properties of these compoundé,
and various theqretical explanations have been put forward. Several re-
views were published on the subject which give a.good summary of the pro-

blems involved(59_62)£67).

(63)

The X-ray investigation indicated that the trithiapenta-
lenes had the structure 31 , with the three sulfur atoms co-linear and

equally spaced. The ring carbon atoms are separated by 1.37 to 1.38 A
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indicating an aromatic system, and the sulfur-sulfur bond distances are
2.36 A, compared to 2.04 A in an aliphatic disulfide R-SS-R , indicat-

ing a bond order of less than umity.

From these bond orders and distances it was proposed origin-
ally that the molecule should be represented as a resonance hybrid of
two contributing Kekulé type structures, where there is a double bond-
single bond resonance of‘carbon—carbon bonds and single bond-no bond re-

sonance in sulfur-sulfur bond.

Recent studies by gaseous electron diffraction at a nozzle-tip
temperature of 180°C also suggested a symmetrical structure with sulfur--
sulfur atoms equally spacéé@B)On the other hand, X-ray investigations of

. o1 s . (65-66)
unsymmetrical trithiapentalenes suggest unsymmetrical structure «In a

(64)

recent investigation by Lozac'h and co-workers it was found that the
unsymmetrical structure characterized by different carbon~-carbon 1engths;
different peripheral carbon-sulfur lengths and different sulfur-sulfur

bond lengths, appears to be favoured in the case of symmetrically sub-

stituted trithiapentalenes.
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(68)

However Clark and Kilcast found through molecular orbital

calculations that the ring system is likely to be susceptible to inter-
molecular forces, and that factor alone may be sufficient to reconcile
apparently conflicting data obtained by different spectroscopic tech-

niques. Sulfur-sulfur bonds involving d-orbitals seem very sensitive to
. ;

extramolecular influences in the crystal lattice and to intramolecular
perturbations such as unsymmetrical substitution. Unequal spacing of
" the sulfur atoms may perhaps also result from steric interactions between

symmetrically placed substituents.

(69)

Leaver et al. originally argued that the special proper-

ties of trithiapentalenes might be caused by rapid tautomerism instead
of single bond-no bond resonance, but these data were later re-evaluated

in terms of tetravalent sulfur.

The molecular orbital calculations carried out by Maeda(70-72)

has shown that o bonding befween Sulfﬁr atoms cduld result from the par-
ticipation of}the d-orbital in the hybridization of the central sulfur
atom. Gleifer and Hoffmann(73) shoﬁed that when hybridized p d orbitals
are used for the central sulfur atom, the calculated energy curves showed
a very flétAenergy minimum when the central sulfur atom is approximately
equidisﬁant from the external sulfur atoms, allowing a displacement of

the central atom of approximately *0.2 A from the symmetrical position.

Similar results were also'found.by.Clark(74).

The sulfur 3d-orbital participation have also been suggested

by Johnstone and Ward(so) and by Brown, Leaver, and McKinncn(75). The

(68),(76)

CNDO/Z calculations showed a relatively higher d-orbital popula-

tion on S6 as compared with the terminal sulfurs. Clark(68) argued,

a

however, that the absolute values of such calculations cannot be taken
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too seriously siﬁce‘CNDO/Z calculations including d-orbitals almost cer-
tainly exaggerate'their importance.
-From the previous discussion, one can conclude that the unique

characteristics of the trithiapentalenes have been attributed to:

1. Single bond - no bond resonance
2. Rapid tautomerism
3. Utilization of sulfur d-orbitals

Even though no siﬁgle one of the above hypotheses gives a thorough ac-

count of the special properties of 31 , the theories involving d-orbitals

appear to provide the most'saﬁisfactory explanations. It was of interest
to determine to what extent the symmetrical'properties of trithiapenta—‘
lenes could be approached or paralleled by related systems in which the
central atom might not be capable of valence shell‘expansion. Such sys?
tems might exhibit single bond - no bond resonance"or valence tautomer- |
ism.
ITI. THE AZA ISOSTERES OF TRITHIAPENTALENES

Several attempts were carried out by McKinnon‘ggﬂgl. to prepare
3—thioacylmethyleneisothiazoline system 32 » with the nitrogen group

at the 6a-position being incapable of valence shell expansion.
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The reaction of isothiazolium salts with wvarious methyl and methylene

carbonyl containing compounds gave no identifiable products(77)

, al-
though this is a method 6f producing trithiapentalene precursors; Nucleo~-
philic attack of sodium benzoyiacetate on 2,5-diphenylisothiazolium salts
was found to yield only decomposition products(33). This reaction has
been re-~investigated below.

On the other hand, McKinnon and Wong(78)

obtained 7-acetyl-3-
methyl—2,l—benzisoxazole 33 by reduction of 2,6-diacetylnitrobenzene.
Treatment of 33 with phosphorus pehtasulfide in pyridine gave the benz-

isothiazole derivative 34 which has some structural similarities to the

compound 32 above.

—

0 N0, O e/ O—N O
| 225
MeJ K tMe ME Me Mﬁ

)

The NMR spectra of ‘33 in deuterochloroform showed only one'meth&ll

P285 S——]N

IO ,
Me
yl

(N
(N

peak at 0-20°¢ , at other temperatures, however, two peaks were obtained;
In hexadeuterobenzene, because of its aromaticisolvent effect , ﬁide
separation of the two methyl groups was obtained. Un&er no circum—
stances wéé an A32 type pat;grn obtained from the ring protons, only
ABX type were evident.

Similarly.7—thioacy1—2,l—benzisothiazole.§§ , has been prepared

by Chauhan and McKinnon(79).
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NO, 0 SnClo/Ao §

}428(%3 ()'_"rl (?
EMeO OMe ~ OI\//1‘9\©/)\ MeO X OH

| 00— 0
CHaNo N0 PeSs
—"> | , >
MeO OMe  MeO
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" The NMR spectrum in dimethyl sulfoxide over the temperature

range studied (40—20000), showed that the methyl groups in 36 were not

equivalent although some approach of T values and line broading was evi-

dent. The cofresponding 2,1-benzisothiazole Qé_; exhibited coalescence
at 200°C.

 The failure of this system to demonstrate symmetry by suitably
rapid tautomerism suggested that valency-tautomerism was inadequate in

explaining the special properties of the trithiapentalenes. Likewise,

doubt was also cast on the existence of single bond-no bond resonance in '

this system.

However it could be a?gued that rapid tautomerism'ﬁould be less
favoured in the above systems than in the case of trithiapentalenes owing
to the ring strain arising from fusion onto the benzene ring. Indeed
(75)

similar effects have been noted between trithiapentalene derivatives

It would, therefore, be highly desirable to synthesize the system 32 and




.34

test its propertiés.

Although no such system has been as yet known, Sykes and
Ullah(39) reported obtaining a compound of structural formula
020 ng N2 S3 . Even though the exact structure of this compound has nof
as yet been absolutely determined, the proposed struétures 18- 21,

mentioned before, contain similar moieties to the 3-thiocacylmethylene iso-
thiothiazoles. |

' Rgplacement of one or two of the terminal sulfur atoms of tri-
thiapentalene with N-R group, would afford l,6a}SIY—dithiar6—azapentalene

37, or 6a.SIV—thianl,6—diazapenta1ene.§§ . Both systems are known

. R Meo, 1901 ~ 1948,, -Me
. . yd
S2364518871\] | .N S: Nl\

0L

: jﬂ-l Ei ' Eg 2

Ph Zdﬁ%; u(éﬂ27,<593
N7 7.

Ph 37

(21)

(83—84), and 38

Crystallographic studies of 37 indicate
that their structure and bonding is similar to that of trithiapentalenes.
The ni;rogen—sulfur bonds are 1.887 A for 37 and average of 1.925 A for
38, aboﬁt 10% longer than the nitrogen—sulfur single bond. Thié'agrees

with the lengthening of sulfur-sulfur bonds in trithiapentalenes 31

which is 12.4% , the selenium~sulfur bond in 39 - 10.4% and the selenium~

(21).

selenium bond in 40 - 10.3% relative to the respective single bond

Sem—S—S  Se—Se—Se 0—S —S

—s
IS A ~ - PRSI

29 40 1

——en

(80-82)
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‘NMR studies(gs)

,on 1,6a-dithia-6-azapentalenes 37 , show that
the protons are more deshielded than those in the corresponding l-oxa
—6,6a—dithiapentaienes, but much less deshielded than those in the cor- -
responding trithiapentalenes. Thus the ring proton chemical shifts for
trithiapentalene 31 , 6—methylfl,6a—dithia—6;azapentalené.21 , and
l-oga—é,6a?dithiapentalene 41 are respectively

Z;H ( 5-H in 41 )1: § 9,18 , 8.86 , and 7.98

3-H ( 4-H in 41) : 6 7.96 , 7.45 , and 7.23

44 ( 3-Hin 41) :8 7.96 , 7.05 , and 6.86

The chemical shifts of substituentS'in 1,6a-dithia-6-aza-
pentalines also are intermediate in magnitude betﬁeen those of 31 and
41 . This phenomencn of progressive increase in. deshielding of ring pro-.
tons and'substituents_along the series 41 §£~ _gl , Was attributed to

a corresponding increase in size of the ring current.




 SPECIAL PART

Discussion of Results



OBJECT OF RESEARCH

1. To study the effect of nucleophiles on isothiazolium salts,
in order to}detérmine the position of nucleophilic aftack, the effect
of substituents and other factors on the reaction products, and the

utility of the reaction as a synthetic route to various heterocyclic

systems.

2. To study the dipolar cycloaddition reactions of isothiazoline-

thiones with acetylenic reagents to establish the nature of products.

3. To investigate the preparation and properties of certain
3~-thioacylmethyleneisothiazoles, which have someAéimilar structural and
electronic features to 1,6,6a SIV trithiapentalenes, to determine to
what extent their properties approach those of the trithiapentalene
system.

Both isothiazolium salts and isothiazdlinethiones have high potential

as starting materials for this investigation.
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STUDIES ON THE NUCLEOPHILIC ATTACK ON
TSOTHIAZOLIUM SALTS
‘While the studies of nucleophilic attack on isothiazoleésx(86)

(14), (15)

and isothiazolones indicate the attack takes place at the ring

sulfur atom, the situation with isothiazolium salts is by no means as
clear.

Various reactions of isothiazolium salts with nucleophileé

* fe!
have been interpreted as occurring at carbon 3(23)’(37)’('3)

v z
" of Landesberg and Oldfson)(ZB)

, (mechanism

"C

, but in these reactions the products

obtained could also have been formed by initial attack at sulfur

)(23)

(mechanism "d" of Landesberg and Olofson

. The reaction with sulfur
(29) '

in pyridine is reported to take place‘through initial deprotonation

at carbon 3 or 5 of the isothiazolium cation (mechanism "a" of Léndesberg

)(23)

. The reaction of certain 5-methylthioisothiazolium
(29)

and Olofson
salts with hydrosulfide has been suggested to occur at ring sulfur
or nitrogen.l Moreover during the progress'of this work, a recent publi-
cation(38) has demoﬁstrated attack at carbon.atoms3dr 5 by nitrogen nucleo-
philes, énd-at sulfur by hydrogen sulfide, although some of the products
' obtained-could equally be formed thrqugh»a‘different mechanism._

A further investigation was then carried out in order to pro-
vide more_evidence on the position of nucleophilic attack, and in the
light of this evidence, a discussion of the previous reports will be con-
ducted in order to form a general pattern for the site of nucleophilic'
attack on isothiazolium cations;

A variety of isothiazolium salts 4 a-4kwere used in the in-

vestigation. Most of these, except-2-methyl—3—pheny1—5¥methy1thio—

* P /2-]8
#C/S' /3




isothiazolium perchlorate 4h, and the 3-

thiazolium perchlorate 44

1| ZI.

Ry
H
b Ph
c Ph
a Ph-
e Ph:
£ Ph
g SMe
h SMe
i H
j Ph
k 3

1 Ph

The 2-methylisothiazolium salt 4a had been isolated previously

S-———PJ

S

4

H
Ph
SMe
B
Ph
H
H
H
cl

chloro—2—methyl-5-phenyliso=’

, had been made before.

Me'
Ph

Ph
_Me
Ph

Ph
Ph

_Me

€10

X

ClO4
ClO4
ClO4

c1o,
c10,
1
C10
€10
€10
€10
c10

B

P
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B /
as its iodide(16), either by treatment of the me thyltoluene p-sulfonate

salt with sodium iodide, or directly when the isothiézole and meth§1

iodide were allowed to stand at room iemperature for 20 days.

1t is

simpler, however, to alkylate the commercially available isothiazole by

dimethyl. sulfate and isolate the salt as its perchlorate.

The 2 4—diphenyl—5—methylthioisothiazolium perchlorate ég

was smoothly prepared by alkylation of 2 4—d1phenylisoth1az011ne—3—

thione, the reverse of a reaction previously described™

(29)
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The Z—methyl—4—phen§1—5—methylthioisothiézolium perchlorate
4h  which was ﬁew, was prepared by iodine oxidation of methyl-3-methyl-
aminodithiocinnamate 42 ., similar to the knoﬁn method by McKinnon and
Robak(24). |

+
MeNH S 4.1,  MeN—S
PR | Me 9. F*(3l(lg i F’hLl\;j3k5h4e

42 - 4n Y9

——

The dithioester ﬁg;was prepared by treatmeﬁt of 3-methylthio
—S—phenyl—l,Zfdithiolium iodide with methylamiﬁe according to the method
of Le Coustumer ‘and Molller( 7). It is reported to be accompanied by
2—methyl—5—phenylisothia201inef3—thione and 5-phenyl-1,2-dithiole-3-
thione. Re-investigating the reaction, it was f0und that the former‘
compound was accompanied by greater or lesser amounts of N-me thyl-3-
methylaminothiocinnamate_ﬁg » depending on the qgantity of methylamine

used, and in fact, when a large excess of methylamine was used, the iso-

thiazolinethione was not found and the amide_was'obtained instead.

—5 MeNH S 5—s S MenH s
PR 'SMe T PhK)SMe prlas bg T phlas ks Priny Uonmme
S S S HNMe a3 |

'_-—— T ppll_Jsme

Treatment of the isothiazolinethione with methylamine gave no

reaction, suggesting that the thione is not a precursor of the thio-
amide, andAthaﬁ the 7Tlatter arises instead through some mechanistic

change in the reaction of the dithiolium salt with the amine as shown

* P 20
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in the following scheme.

+ : f’S

$—3 | S—S 7 S "
= HMe > NG e

PH Hse PR gMme PP oMe

is B[’H

B Gu
Pr\ S P S —NHMe

h SMe

 MeNH S HNM, 1| ,\]\S) HNMe

| MeHoN
4D P hJ\\)‘l\lle I—-}vb/k\)\ SMe hj\/)‘SMe

The isothiazoline-3-thione from the above reaction was
smoothly converted by thionyl chloride into 3-chloro-5-phenyl~
isothiazole, which was treated with dimethyl sulfate to afford the

isothiazolium cation ﬁl’ obtained as the perchlorate.

s S—N 5§
. S;C)(:lz Me 92 55(34 N+
PhMS PR | Cl Ph> | Cl

Treatment of the isothiazoline—B—fhione obtained above with
hydrogen beroxide inlacetic acid afforded the 2-methyl-5-phenyl-
isothiaéolium cation, isolated as its perchlqrate 4b. Likewise,
2—methy1—43S—diphenylisothiazoline—3Fthione, prepared by reaction of
3—methylthio;4,5—diphenyl—l,2—dithiolium iodide with methylamine wés

converted to 2-methyl-4,5-diphenylisothiazolium perchlorate.’
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+
Ph&/l CLO

4,

+
—NMe
Ph™X l -

h ClO
4y

—

4

These oxidations by hydrogen peroxide in acetic acid are re-

lated to reactions of isothiazoline—S—thiones

© 90)

(48)

zoles s

(29)

« Since N—alkyllsothiazollum salts can be de-alkylated to isothis-

the reactlon would represent another synthesis of these from

dithiolium salts, although this was not studied here.

The salts obtained by the above method were identical to ones

*(29)

prepared by methylation of'isothiazoles

, and by another method

through the treatment of 1, 2—d1thlolium salts with methylamine to form

B-methylamlnopropenthlones( 2 Iodine- oxidatlon was then carried out to

obtain the N-methylisothiazolium salts 4b , 4d isolated as perchlorate.

-+

HNMe

NHoMe T
Ri\ijRS — - 3>R$\<5JR3
'\2 _ ' . N F%Z ‘

S—NMe

ok,

)

Yields by this last method were rather poor, comparablé to one such

*\E;B-Ii;>

, and dithiolethioneés-i—
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(24)

reaction previously studied by McKinnon and Robak , but it does at
least reptesent a quick synthesis of N-alkylisothiazolium salts from the

readily accessible 1,2-dithiolium salts.

REACTION OF ISOTHIAZOLIUM SALTS WITH SODIUM BENZOYLACETATE

Trithiapentalené precuréors (3-acylmethylene-1,2-dithioles)

(92)

. have been prepared via the nucleophilic attack of sodium benzoyl-

acetate on 3-methylthio-5-phenyl-1,2-dithiolium iodide.

v §0 S_5 5

0 o o e
—3 ] —S O
~ CHyCOP PS5 |
- Ph?%/”SMe 1 h'\P th TP hWh

Isothiazolium salts with good leaving groups at the 3-carbon

atom were initially expected to undergo the same reaction to afford .

compound 32:

F\JM‘QOO"" c— e 5 Mr\ei s
————— e ———— A——
1 CH,COPh ?\/l\/'l Py S5 1

- | - YR

R = good 1eéving group

Both'3-methylthio~ and 3-chloro-5-phenylisothiazolium perchlor— .
ate were allowed to react with sodium benzoylacetate in boiling ethanol.

ﬁethyl mercaptan and carbon dioxide were evolved, and in both cases the

solution,on evaporation, yielded mainly 3-methylamino-2-benzgy

phenes 44 , as proved by NMR spectra and elemental analysisf

OF MANITOBA

\itléﬁngﬁg
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S__NMe COO
PR > PR NHMe

R=Cl or SMe - 44

B
1 . .

In fact treatment 6f all the other.isothiazolium salts 4 with
sodium benzdylécetate,yielded 2—$enzoy1th10phenes 45 in all cases. The -
formation of these can be explained by nucleophiiic attack of a phenacyl
ion (actuél or potentiél) derived from the sodium benZoylacetate:on riﬁg ,
sulfur, to give ring opening. This is followed by attack of the activated

me thylene group on the imine function to give recyclization to thiophenes.

Crbcoph | © COPh
S  s—\H  S—COPh

é: 2COPh -~ M iag
RW O AN R R
RKETRR T TR

The fact that isothiazolium salts ﬁg , 4f , and 4h .underwent
this reaction excluded the possibility of an initial deprotonation as a
proper mechanism for this reaction, since, in these three cations, both
the .3 and 5 positions car}y substituents.

The results from the 3-chloro and 3—.ér'S—alkylthioisothiazo~
lium cations, 4e , 4f , 4g , and ﬁh*, afe especially striking. By ana-
logy with other related heterocyclic systems, had nucleophilic attack |
occurred at carbon 3 or 5 , acylmethyleneisothiazoles would have been

expected, as shown earlier.

TIn all cases, except where carbon 3 carries chloro cor alkylthio

- 9238 o
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substituent, Cycliéation occurs by loss of amine, but in these two cases,
4e and 4f , the better leaving group chloride or methylthiolate anion
is lost instead, with formation of a 3—amino—2—benzoylthiophene 44 . The
retention of the amino function in this ﬁosition indicatés clearly the
inability - éf the nucleophilic attack on carbon to explain this reaction.
In case of the 3-alkylthioisothiazolium salt 4f , am acyclic
" reduction product 46 was obtained in (15%) yield.
This could have arisen by reaction of eliminated methanethiolate ion with
another molecule of starting isothiazolium cation, either by reduction,
or by nucleophilic attack. Similar produéts have been obtained for the
(38)

attack of benzenethiol or benzenethiolate anion on isothiazolium

salts as will be discussed below.

KN
| MeN~—-S SMe MeN:) S SMe - SMe MeNH lS
Mesk/lph Me sKo}Ph o H? Mes&/lPh

-1t was obvious from these studies that direct attack of a
ﬁhenacylidene group precursor on isothiazolium salts would take place
‘at the sulfuf atom and‘thetefore be of no use iﬁ the preparation of

3~-thioacylmethyleneisothiazole system 32 . However, as will be seen

later, it was possible to make use of steric and reactivity factors to.
obtain sqitable precursors from isothiazolium salts.
REACTION OF TSOTHIAZOLIUM SALTS WITH HYDROGEN SULFIDE AND HYDROSULFIDE
ION.

The attack of hydrosulfide ion on two alkylthioisothiazolium

*
salts in ethanol was reported(zg) to afford the reduction product 14 .

A/
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-

This could be rationalized as occurring by a route similar to that lead-

ing to 46 above.

(38) , however, found that attack of hydrogen

Sykes and Ullah
sulfide on the isothiazolium system in aqueous solution gave bis-1,2-

dithiol-3-yl sulfide 15 instead of the reduction products 14 .

b CTsH wph -
RSBy - T TR R3 R Ry Ry

a-SMe Ph H
b.SEt H  Ph

o
N

Ve SH
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| N _HoS s g H,S
A NHM A

SO3F - 15 Pﬁij( @Ph

Accordingly, a number of isothiazolium salts were treated with
hydfosulfide ion in ethanol or hydfogen sulfide in water, and the pro-
ducts examined. Little if any difference Wae found in the reaction pro-
ducts derived from either method (see table 2) , and the .course of the
reaction appears to depend malnly on whether the original 1sothiaz011um
catiqn is N~-aryl or N-alkyl substituted. The former give mainly reduc-
tion products, .B-aminopropenethione or Qerivative_lﬁ s while the latter
give reduction, bisfl,Z—diehiol—B-yl sulfides . |

15 , or the dithiole-3-thione 47 .

The differences in the products _ 1 R 7

obtained probably arise from changes in the

mechanism shown in the following scheme. - a. R1: H ., RZ: Ph.
H

P>
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The intermediate disulfide imine 48 could either add to the
imine group (path "a") to give an aminodithiole with eventual formation

of a bis-dithiolyl sulfide, or extrude sulfur (path "b") to give a

B—aminothione derivative.

For aliphatic imines £§_; the former would be the preferred
_route, but where the imine is stabilized by conjugation with an aromatic
ring, the latter would be pfeferred leading to an acyclic reduction pro-
duct. Path "a" is analogous to a step in the formation of 1,2-dithiolium
salts from 1,3-diketones with hydrogen disulfide in acidic media(go),
while paeh "b" is analogous to steps in the known reactions of 1,2—‘
dithiolium salts with bases, particularly with primary aromatic

amines(li).

In path "a" , the conversion of the aminodithiole to the sul-~

fide could be accomplished by nucleophilic exchange between the amino-

(11) for reactions

(38)

dithiole and hydrogen sulfide, as has been suggested
of 1,2-dithioles. Intermediate formation of a 1,2-dithiolium cation

may be involved.




47

S5 SH SH R
RHNY, Y ——> l\/k//ﬁ >.2;)k >

With the salt 2—methy1—5-methylthlo—B-phenyllsothlazollum

perchlorate 4h , the acyclic product 14 was obtained. The other pro-

duct isolated was not a bis—ditholyl sulfide 15 , but was 5-phenyl-1,2-

‘dithiole-3-thione 47a .

S—fiMe S HNMe  S—S
PdeSl\\/JPh >r4ele<;JPh"F Phh§>/ES

4, o9 14 474

While the exact mechanism leading to this is umknown, it is not umrea-
sonable that it could be derived from a compound of the type 49 formed

by cyclization of the intermediate disulfide 48 s{uggested in the scheme

above.

HSY .. _SH |
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The‘reactions leading to the formation of 47b and 47a from
2-methyl-3-methylthio-5-phenylisothiazolium iodide 4f , and 2,4-diphenyl
-5-methylthioisothiazolium perchlorate 4g , likely follow a similar
scheme.

The isolation of only the thione 47a from the reaction of
2-methyl-4~phenylisothiazolium cation 4k ; instead of a disulfide 15b ,
presents some difficulty. However, the thione does apﬁear to be derived
from the sulfide. To verify this, the sulfide was prepared from the

reactlon of 4~phenyldithiolium salt w1th hydrogen sulflde(94). It was

separated from the thione obtained as a co-product during its preparation,
and was subjected to prolonged treatment with hydrogen sulfide or sodium

hydrosulfide to give the thione 47a .

e e >®S’S\j i—:\s

Ph- "clo,
a4

S .
RN e : — NS
Ph Ph Ph

During the discussion of nucleophilic'attack of hydrogen sul-

ar,

fide or hydrosulfide ion on the isothiazolium cations, only the possi-

bility of nucleophilic attack on the ring sulfur was mentioned, and that

(38)

A was also the case in the study carried out by Sykes and Ullah Al-

though that proved satisfactory to explain all the products, a discussion
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of the other possible mechanisms is due. The initial deprotonation

)(23)

mechanism (mechanism "a" in Landesberg and Olofson

could not be in
operation since cations lacking both 3 and 5 protons Weré found to be

as reactive as those carrying such protons and give comparative yields.
On the other hand, nucleophilic attack on carbon 5 , has been suggested

(33) ’

by Bachers as a possible mechanism to explain the formation of the

acyclic product 14 .

: . : ‘ HS
XS" R S—-NR S NR: . S HNR
R

1 .

@ 3 R 3 1

R, 1 R, R 1 R

Nucleophilic attack on carbon 3 could also be used to explain the forma-

tion of the sulfide 15 and subsequently the thione 47 .

SNHR4q

H RZ RZ’

Ra . 5
N3~ R3 STxS° o
Rp/ =H., R1\Br' SH —— R]I_\\)H ——*RM;H
R, R |
2 2 -

$—S S-S 58
S‘K;)RP?W\N Rl%sﬁkﬁ)/)m
a7 ? 95 2 7
Whether the isothiazolium cation Woﬁld react by nucleophilic

attack at carbon 3 or 5 would depend on a combination of steric and

electronic factors. Coulonmbic factors would indicate attack at carbon 3

—— ) —_— 3
R, NS IR r L Jr R R
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next to nitrogen, but undoubtedly, steric factors must also be important.
N~aryl compoundé would then undergo nucleophilic attack at carbon 5 (less
steric interfefence by sulfur) more than N-alkyl groups except possibly
N-tertiary butyl.

Although it seems possible to explain the formation of the
reaction products equally by nucleophilic atta;k on sulfur as bn carbon,
the only reason for this ambiguous situation remaining is the difficulty
in differentiating the products between the sulfur derived from the ori-

ginal isothiazolium ring and that from the attacking hydrogen sulfide.

REACTION OF ISOTHIAZOLIUM SALTS WITH SODIUM BENZENETHIOLATE

Treatment of 2, 3, 5-triphenylisothiazolium perchlorate fe ,
aﬁd 27meﬁhyl—5-phenyiisothiazolium perchlorate 4b with sodium benzene-
thiolate in ethanol gave the acyclic redﬁction products 14 , and diphényl
.disulfideafhese results are comparable to other such studies made by
Sykes and . Ullah(38). Compound 14 seems to be formed either by nuéleo—

philic attack on the ring sulfur or alternatively through a redox type

(electron transfer) mechanism.
S
—_— [ T PhSSPh

Mel—S SPh MeNy (§ "SPh ! MelH
— | | -+ PhSSPh
Uph . & Ph ‘\/lPh ]

'—Cl04 o - | L4_;d
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The reaction of the first cation demonstrates clearly that
initial deprotonation mechanism is not involved. While the second cation
shows that nucleophilic attack at carbon need not necessarily be involved

_in this reaction (and similarly in the reaction with hydrogen sulfide or
hydrosulfide) since in this case nucleophilic attack would be favoured at
carbon 3, and in such.case the compound;lﬁd would not be the right

product.

It was now desired to study the effect of other commonly avail-

able nucleophiles on isothiazolium salts to determine their synthetic

utility.

REACTION WITH SODIUM CYANIDE
Treatment»of.2,5—diphenylisothiazolium perchlorate with sodium
cyanide in ethanol afforded several bands of unidentified decomposition

products.

CN

o /
S——NPh TN - NPh ,
-.-__-__;. ‘| _—> decomp.
F)hl\\\//J F)h V p

Lo,

This did not appear to be very promising and the approach was abandoned.

REACTION WITH SODIODIETHYLMALONATE

The 2-methyl-3-methylthio-4,5-diphenylisothiazolium iodide, on

treatment with sodiodiethylmalonate iﬁ‘ethanol, afforded the 3-jminethio-

phene derivative 50.
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The reaction seems to follow a route similar to that of the

HSMe = -+

r.eaction of isothiazolium salts with sodium benzoylacetafe, nucleophilic
“attack of diethyl mé;onate.anion on the ring sulfur to givé ring opening,
fqllowed by attack of thé activated methylene group on the imine function
to give recyclization to the thiophene,‘with the elimination of methane-
thiolate ion. |

| Neither nucleophilic attack on carbon, nor initial déprotona—
tion mechanisms could explain the formation of 50 . Compound_ég could
be of some synthetic potential . However, the fact that this reaction
requires a good leaving groﬁm at carbon 3 limits the synthetic utility of
_ thelreaction. The importance of the reaction lies in the fact that it is
énother demonstration that the nucleophilic attack of carbon nucleophiles

takes place at the ring sulfur.

REACTION WITH SULFONIUM YLIDS
Dimethylmethylenesulfurane ﬁas initially expected to react
with isothiazolium cations according to the following scheme to afford

3-amino, or 2¥aminothiophenes‘depending on the substituent R If it'is

3 L]
hydrogen the reaction may take path "a" to afford a 3-aminothiophene,

otherwise path "b" would be preferred leading to a 2-aminothiophene.
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However it was of interest to find that the reaction does not
exactly follow the above scpeme;3~Unsubstituted isothiazolium salts indeed

‘afforded 3 aminothiophenes as expected.However these were found to carry methyl—:

thio-groups on carbon2,as proved by NMR and mass spectra. Thus 2-methylthio-4— S

'pheny1—3—aniliﬁothiophene,égg , and 2,S—dimethylthio—h—phenyl—3—anilino—
thiophene,égp ,'wefe obtained from the reaction of 2,4-diphenylisothia-
zolium salt 4i , and 5—methylthio—2,A—diphenylisothiazolium salt 4g ,

respectively.

. —NPh . | eie
S—CH. + R _ > RO UNHPRH
Hoo 2 :

Ph - Ph -
3 4 ST
i.R=H . - a.- R=H
g. R=SMe | b. R=SMe




A possible mechanism for the formation of 52 would involve

‘the intermediate 51 , which, instead of extruding dimethyl sulfide, ac-
tually undergoeé deprotonation to form a second sulfonium ylid 53 ,
which undergoes rearrangement,and loss of methane, into 2-methylthio-3-

aminothiophenes 52. Alternatively,thé intermediate 53, may undergo oxidation

before it rearranges into 52.

CH3

When substituted sulfonium ylids such as p-mitrobenzylidenedimethyl-~

sulfurane, vere allowed to react with 2,4-diphenylisothiazolium salt 4i ,

an intermediate 54 equivalent to the intermediate 51 probably was
formed. However in this case, because of lack of hydrogen‘at carbon 2 ,
no second ylid could be formed and the cOrrespondinglyvsubstituted 3-

aminothiophene §§_ was obtailned.

HBC CHS.

It was alsd'found that C*fketo substituted sulfonium ylids reacted

similarly to afford the 2-ketosubstituted-3-aminothiophenes.
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The 2-benzoylthio-3-aminothiophene 56 , obtained from this reaction,

was identical to the ones obtained from the reaction of sodium benzbyl-'

acetate with certain isothiézolium:salts discussed earlier. It is thus
abmethoa of making 2-acyl-3-aminothiophenes without the necessity of
préparation of 3—a1kylthiois§thiaquium salts, for‘which methods of syn-
theses are unsatisfactory. Compounds 56 were found to be of interest-
ing syntheti; utility as ﬁill Be discussed later in the preparation of
thienoisdthiazolium salts.

As was the case in the reaction with sodium ﬁenzoylaéetate
the retention of the amino group in the product eiiminates the possibil-
ity of nuéleéphilic attack on carbon 3 as é probable mechanism. The
mechanism of‘initiél'deprotonation could be used to explain the forma-
tion of the producté'obtained from the reactions of substituted ylids as
shown in the mechaniém.below, but is not valid for the reaction of the

unsubstituted ones.
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REACTION WITH WITTIG REAGENTS

As expected, the reaction followed the same pattern for most
reactions described so far, i-@.nucleophilic attack on_the ring sulfur
followed by ring opening. Attack of the activated methylene group on
the imine function then leads to recyclization into thiophenes. Thus
diethyl benzylphosphohate reacted with 2,Q—diphenylisothiazolium per-
chlorate to give 2,4-diphenylthiophene 57 . _ ' -
. : +,0

| - | Ph.CH-PZ0E

+ , : - ~
- S—NPh _ +/O S '\ OEt
W+ PRCHPZOEt ————> I =P
Ph Clo, OEt P

Phs Q.  Ph ,O-__ |
- s—-B08! s_——l——ﬁfgﬁ S ——Ph
——> (NS U I e T k—\' )
Ph

57 NPh <7 Ph

However, usé of etho#ycarbonylmethyldiethyl phosphonate on
2—methylf4,S—diphenylisothiazolium pérchlorate; gavé a 3-aminothiophene
ester. The elimination thus appears to proceed via an alternative
mechanism. The reason far this is not cleaf but may represent the dif-

ference in stability in the different possible aminophosphorus species.

Y
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While it is possible to explain the formation of diphenylthio-
phene 57 , through.nucleophilic attack at carbon 3 , this is not the

case with the -aminothilophene derivative 38 .

.REACTION WITH METHYLLITHIUM--

The nucleophilic attack.of methyllithium on 2-methyl-4-phenyl
~5-methylthiolsothiazolium salt in anhydrous ether appears to-take‘
place onAthe ring sulfur 1eading to the acyclié propene derivative 29 .
This was unstable and attempted isolation led to hydroly31s and decom~
position. However performlng the reaction under nltrogen and treating
29 in situ with dimethyl acetylenedicarboxylate gave a small amount
of material.whose mass épectrum corresponds to the adduct fﬁlor.its.isomer-

The reaction proceeds with tpo low a yield to be of any synthetic value.
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REACTION WITH CYCLOPENTADIENYLLITHIUM ' Fﬂw——-

: Treatment of 2 4-d1phenyl isothiazolium cation 4i , or S-methyl-
Kth10-2 A—dlphenyl isothiazolium cation 4h , with cyclopentadiavlllthlum
afforded pseudoazulene derivatives 62 , as deep blue-black crystalline
material. The structure of these was proved by its NMR spectra which
was comparable to that of azulenes ,(for more details see the experi-
mental sectionj, by its mass spectra and elemental analysis.

The formation of pseudbazulenes can be explained by initial
nucleophilic attack on the ring suifur which led to ring opening. Loss
of a proton from the cyclopentadiene ring and rearrangement affords the
intermediate 61 . Attack of the cyclopentadienyl moiety on the imine
function leads to recyclization, aromatization is-then gained by loss
of aminogroup and adjacent hydrogen atom to-afford the pseudoazﬁlene 62

as shown in the scheme below.
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It is worth noting that formation of 62 , could neither be ex-
plained through nucleophilic attack on carbon 3, nor through an initial
deprotonation mechanism, since in both cases an acyclic product would

be formed which will not likely recyclize to pseudoazulene.

@ Ph S,NPhH
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REACTION WITH THE INDENYL ANION

The reaction of 2,4-diphenyl-5-methylthioisothiazolium per-—
chlorate with the indenyl anion, carried out in anhydrous ether under
.nitrogen, afforded a compound of molecular weight;_ 399 . Three struc-
tures could be assigned to such compound, supposing that it is formed
‘through nucleophilic attack on the ring sulfur similar to the reaction
ﬁith cyclopentadiene anion. Thése(structures are: the open chain
structure 63 , the spiro' compound 64 , and the aminopseudoazulene struc-

ture 65 .

T
S~ ~Ph
SMe

65
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Tﬁe first structure 63 was excluded 6n.the basis that the
second peak in the mass spectrum was 367 , corresponding to a loss of
sulfur atom; such a loss could not be afforded by structure 63 without

breaking into parts. The presence of N-H peak in the I.R; Spectrum
~(frequency.3500 cﬁ—;) also helps to exclude structure 63 . On the
other hand, structure 65 is less favored than éﬁ_ siﬁce an O-quinohoid
intermediate 66 would be necessary in its formation, and even if it is
formed, it‘wéuld be expected to lee' the amino group and adjacent
hydrogen to form the ardmatic structure 67 , similar to 62 obtained in

the reaction with cyclopentadiene anion. However the relatively low

.yield of the reaction discouraged further investigationé.

. .
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GENERAL DISCUSSION ON NUCLEOPHILIC ATTACK ON ISOTHIAZOLIUM SALTS

The previous.results demonstrate clearly that the nucleo-
philic attack of sulfuf nucleophiles'and carbon nucleophiles do take
place at the ring sulfur atom (mechanism "d" of Landesberg and
OIofson)(23)- |

.Nit:ogén nuéledphiles has not beeﬁ included in this study,

howéver the two repbrts(23):(38)

about the subject agree that it takes
place at carbon 3, and to a lesser extent, at carbon 5. A few points
in these reéorts need to bé discussed bxiefly in thg following.

The nucleophilic attack of ammonia on isothiazolium salts(23)

~gave a higher yield of isothiazole 10 rather than 9.
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The authors argue that nucleophilic attack at carbon may be preferred to
nucleophilic attack at sulfur, Assuming‘steric factdfs are the most im-
portant in determining the relative rates of thése reactions, the sulfur
atom in the second reaction is more sterically hindered and therefore
ﬁas'expegted to give a lower yield of 10 if thé attack takes place at

sulfur., However, the lower yield of_g_méy as well be a result of the
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steric effect of the phenyl group at the carbon 4 on the nucleophilic
attack at carbon 3. Moreover the absence of a substituent on carbon 5
would increase the probability of the less favoured nucleophilic attack .
at carbbn 5,.which tends to reduce the yield of 9 . .This effect is

more noticeable with'increasing the size of the substituent on the
nitrogen.

Sykes and Ullah3®

reported that while 2-methyl-3,5-diphenylisothiazo~
lium cation -reacted ﬁith benzylémine to formﬁbenzylaminothiones 68 re-
sulting from nuéleoﬁhilic attack on carbon 3, the 4,5 unsubstituted
2—benzy1isothiazolium cation, on the other hand, afforded the dianil
salts 69 obtaiﬁed from preferential attack at carbon 5. No explanation
was given for this alteration of the reaction mechanism. However it
seems that the large substituent on the nitrogen in the seéond case

allowed the less favoured attack on carbon 5 to become the predominant

.reaction.
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A mechanism including nucleophilic attack on the ring sulfur could be
invoked to explain the formation of 68 and 69 . However nucleophilic

attack at carbon seems to be more consistent with the other results.
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Sykes and Ullah(38)

also reported that the attack of hydroxyl-
amine on the unsymetrically 5-substituted cation 70 , afforded the pro-
ducts 71 , 72 , and 73 in 16%Z , 4% , and 407 yield respectively.
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S—RAMe NHoOH_ 0—N 0—N §—}
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PhK\/l _ N h+ Ph‘%) + SO

70 %% 7] 72 73

s

T 16% 4% 40 %
Compound 71 which must be formed by initial attack on the sterically
hindered carbon 5 , is surprisingly obtained in a higher yield relative
to 72 formed from attack on the sterically free carbon 3. The authors

argue that the product ratio is controlled by the greater difficulty of
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lone pair attack on Cc in the intermediate 74 (formed from attack on
carbon 5), than on-'Ca in 75 (formed from attack on carbon 3) rather
‘than by the relative ease of initial nucleophilic attack on carbon 3

versus on carbon 5.

/ot S /R oy
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This argument does not fit very well with some of.the‘ results mentioned -

above. TFor example, from the reaction of isoth"i‘éz'oliutn salts with
sodium benzoylacetate, the intermediates'_7_6_‘ and 77 are comparable to
. 74 and 75 respecti\}ely, and here no effect of such greater difficulty

o_fvlone pair attack on Cc in 76 *'as compared with 77 was noticed as

v Yiel;dslwere comparable. - \
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The results of Sykes and Ullah(38) could simply be explained by two
competing reactions at carbon 3 and carbon 5 . The first leads to
formation of compound 72 as well as 73 for a total yield of 44%,

While the attack at carbon 5 affords 71 which accounts fér only a 16%

yield.
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However formation of 71 and 73 could also be explained as taking place

through initial nucleophilic attack on the ring sulfur.
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Nucleophilic attack of hydroxylamine on 1,2-benzoisothiazolium salts

(93)3(95)-, The 2,1-benzo-

(96)

seems to take place also at the ring sulfur

isothiazolium system, on the other hand, is reported to undergo
nucleophilic attack by amines on carbon rather than on the ring sulfur.
Nucleophilic attack of sulfur nucleophiles on 1,2-benzoisothiazolium

®n to take place at the ring sulfur. However the

salts is reported
comparisbn with benzoisothiazolium salts should be taken with great
caution , - due to the effect of the fused bénzene ring on the
reactivity of the isothiazolium nucleus.

Oﬁe may conclude, fherefore, that nucleophilic attack of

sulfur nucleophiles as well as carbon nucleophiles on isothiazolium

salts seems to take place at the ring sulfur. The nucleophilic attack

of nitrdgen nucleophiles,; on the other hand, seems to take place at
carbon 3, and to a lesser extent, at carbon 5. Steric factors might,
however, cause the nucleophilic attack at carbon 5 to become predomin-

ant .
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PREPARATION AND CYCLOADDITION REACTIONS -
OF ISOTHIAZOLINETHIONES

Although cycloaddition reactions of 1,;2-dithiole-3-thiones
with various acetylenic and other reagents have been widely :

. (57 ),(98-100)

studied s much less has been reported on these reactions

applied to the isoelectronic and structurally related isothiazoline

=-3- and -5-thiones, 22 and 29 respectively.

. . *

Reactions of two N—-alkylisothiazoline-5-thiones and one
5—iminoisothiazoliﬁe with ‘dimethyl acetylenedicarboxylate are
(43)

reported to give 1,3-dithiol and thiazole derivatives respectively,

2,4-diphenylisothiazoline~5-thione reacted similarly with dimethyl
(29)

Only -one such reaction is reported for the isomeric isothiaf
zoline-3-thiones. The 2-methyl-5-phenyl compound reacted with ben-
zonitrile oxide to form an unstable adduct which decomposed to form

2-me thyl-5-phenylisothiazoline—~3-one and‘phenylisothiocyanate(ZI).

It seemed desirable to study in more detail the cycloaddition
reactions of these compounds to determine to what extent these paral-

leled those of the 1,2—dithiole¥3—thiones, in particular with respect

- to the effect of the ring nitrogen, and the effect, if any, of sub-

stituents on reactivity and. products.

With{n’recent years, certain isothiazoline~3- and -5-thiones

ha#e become available through a variety of syntheses. N-Alkyl-3-

(44)

thiones are prepared By reaction of 3-alkylthio-1,2-dithiolium

xP. 27

P 22
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~ salts with aliphatic amines or by sulfurization of N-alkylisothiazolium
(29) . .

salts T

| + | | | , o .
S—S —NR —8  RN7 S
Ar .-_SMG' A NS Ar NS ArMSMe
[ ¢ - ,
+ ~
s —NMe ‘ S—NMe
| | Sg/P
P N a -——————ji—e> [3k1\\\ S
h .
. Clo,

These methods are inapplicable to the synthesis of N-aryl-

isothiazolihe—3—thiones, as 1,2-dithiole-3-imines are obtained

inste d(29) (101). Recently, however, a synthesis of a 2,S—diphenyl\

—3—methylthlolsothlazollum salt by oxidation of a B-amlnothlone was

’

reported( )Dealkylatlon of this in pyridine was then carried out to

=1get the-desired 2,5-diphenyl isothiazoline-3-thione 22b.

’

—_— ' e HN | _____
. 5S—> MeMg] S TNPh 12 PPh ” s NPh
Ph-SNPh NP SMe \\ SMe

¢ ——

. *
N-Alkylisothiazoline-5-thiones are obtained by treatment of

(55), but this method is inappli-

certain imines with carbon disulfide
cable to the N—éryl compoﬁnds. These méy be prepared(zg) by- dealkyla-
tion.of the cofresponding S—alkylfhioisothiazolium salts, or in one' 
case, by treatment of 3—bromothio—4—phenyl—l,2—ditﬁiolium bromide with

aniline.

+P.DL-DF
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. In fact, further studies 6f this last reaction demdnstrated_
that it is aiso applicable to other aromatic amines and to aliphatic:
amines as well. The bromide salt reacted vigorously with alcoholic
solutions of priﬁary amines tovform the new thiones 29 - 294,

conveniently and in good yield.

S—NR a-
Sa\% . b~ =~'Me.'
Ph . c~ =PhC§2.
d- = (CH3)2CH

= CHZ— (CH2)4—CH -
CH, p- CH_3

— 674
& R G, ome Gy
hT = 06H4 o . CH3

]
i

W oW oW W W W W oW W
|

= C6H4 p+ OCH
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REACTIONS OF ISOTHIAZOLINE-5-THIONES

| 2,4—Diphenylisothiazoline—S—thione‘gga reacted rapidly with
dibenzoylacetylene to give a dibenzoyl—l,B—dithiole derivative 74 ,

similarly to known reactions of dithiolethiones(loz),.

PhN—5 . | Ph'N S COPh
K\HQS -+ PhCOC=CCOPh |

Ph %_9a | N | Ph 74

It also reacted with phenylacetyléné'but the product formed

v

_could not be crystallized. In this case, reaction of the thione with
‘the unsymmetrically substitﬁted acetylene could give two geometrically

(103)

isomeric products « These probably mutually interfére with

crystallization.

The adducts.also‘appear to be unstable and revert to start-
ing material, fdr_althougﬁ a satisfactorj mass spectrum indicating the
parent ions wereobtained,starting thione was always detectable on
chromatpgréphy, even after repeated attempts at purification. Reaction
with diphenylacétylene'was‘similar. Chromatography indicated the .

v formatipn of a red compound But attempted crysta%lization‘gave only

starting material.

Reaction of the thione with N-phenylmaleimide gave an adduct




71

which appears to be'thevl,3—dithiqlanedicarbdximide 75 , but reaction

with diethyl azodicarboxylate gave only decomposition products.

PhN—5 | \NPh | PhN‘ NPH
| M.S ~+ > ~ S /
Ph 0 | Ph 0

G

Reaction of N-—alkylisothiaéoline—S—_thiones with dimethyl
acetylenedi’vcarbox_ylate also pfoceecied rap:'..dly.' The N-methylthione 29b
gave a crystalline"aldiminé adduct 76 in good yieid, but from the.
reaction of the N-benzyl éoxnpoun'd 29c , an oil was obtained. Tritura—-
tion of this with ethanol gave oﬁiy the aldehyde 77 , presumably by
hydrolysis of the initially formed aldimine. This aldehyde had been
previously reported as a product from the reaction of 4-phenyl-1,2-

dithiole~3-thione with dimethyl acetylenedicarboxylate(104).

MeN—/S MeN S CO,Me
‘\):5+Meoc COMe-———> k/L -2

_ ~ S COzM@
Ph
o ggb Ph 'Z§
Ph.CI—EN ‘ Ph. Cl'éN COZMG

“ —I— MeOZC“'COéVIe-_____;. %

Ph 29

O Me

O| S __jC Me ’ OH
K/As C |
Ph
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REACTIONS OF ISOTHIAZOLINE~3-THIONES

In contrast to thevabove rapid reactions of the 5-thiomes,
the 3-thiones 22 reacted much more slowly with dimethyl acetylene-

dicarboxylate. Treatment of 2-methyl-5-phenylisothiazoline-3—thione

22a with the ester in boiling benzene for 24 hours gave a mixture of
w : . .

products from which were obtained starting thione and an orange oil,

formed by combination of thione with two moles of ester. This is pro-

bably the spiran diadduct 79 .

s c-—‘ e
AL o+ veopmanpe oy R _UTTCS

22a
78

Me 0oC=COMe |
FAST

79 E=coMe
No monoadduct 78 could be isolated, suggesting that the rate

of the second reaction is greater than .that of the first. These reac-

(101)

tions correspond to reactions of the dithiole series , and it is

imu%ﬁ%tMtmmdmsﬂBwaMMmﬂJ%ﬁMM%wuhﬁmmﬂ
acetylenedicarboxylate give only diadducts of type 79 . None of the

intermediate monoadducts of type Z§'Was'obtained there either.

E

i + EC=CE SIS ]
thNPh‘ ‘ SLOW phJ'\/\N E

E ==<:()2h4@
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A
W

EC=CE —
2~ Ph Ph
One possibility is that the 2-methyl-5-phenylisothiazoline
-~3~-thione cdhld undergo thermal rearrangement'to Z-mefhylimino—S—
phenyl-1,2-dithiole, as has been found for the benzb-compound(104),
and that the iminodithiole underwent the subsequent reactions.

However, the isothiazolinethione was unchanged in boiling benzene indi- .

cating that it is a direct precursor of the mono- and diadducts.

The marked difference in reactivity of the two isoelectronic
thione systems 22 and 29 , with dimethyl acetylenedicarboxylate, is
interesting. It could be explained as a result of the steric effect
exerted'by the substituent on the nitrogen on the course of the reac-
tion in 22 .  The sulfur atom in 29 does not suffer from such effect.
Alternatively, that difference in reactivity may actually be due to the
facf that étructures such aé 8l , involving sulfur d-orbital participa-
tion might be involved as intermediate in the reactions of the iso-

thiazoline-5-thiones 29 .

RiaN—S5 EC=CE R N——S—F RN S—F
A s [T I ——2A e
RJ%/J:S'. N E RN NS
1 lq1l\\v//l\\5

R, Ry

E-;-_COZMe | 81
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The intermediate 8l , corresponds to contributing structures of
2-thioacylmethylene=-1,3-dithioles, or intermediates in their formation

5 . . .
( 9). Since no such intermediates are

from 1,2-dithiole-3~thiones
possible in the reactions of the isothiazoline-3-thiones 22 , the reac-

tion may proceed with greater difficulty, however once the monoadduct

f .
1

in this case is formed,'it rapidly underwent further reaction to form

the diadduct.

2—Méthyl—4,5—diphenylisothiazoline—B—thione 22¢ also reactéd
with the ester. A crystalline diadduct was obﬁained, along with a small
amount of deep:red material. The mass spectrum and analysis inaicated
that it contains one sulfur atom less than the spiran diadduct. On
this Easis and because of its deep color, it was tentatively assigned

the conjugated thiopyran structure 82 .

_ : - ¢ Me
5 Me 'ECE:-‘CEA E E N< g _
‘PhL§§//J:5 2 S_____ >< S ’ £ —+
PR Ph Ph

22¢

Compodnd_§g could have arisen from thé diadduct by extrusion
of sulfur by‘a mechanism analogous to a step in the sulfur catalyzed
rearrangements of 2-thiophenacylidene-1,3-dithioles to 3—thiophena¢yli—

dene-1,2-dithioles (trithi&pentalenes)(105).
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2,5—Diphenylisothiazoline—3—thione ggb also reacted with
dimethyl acetylenedicarboxylate. The product here was the known di-

adduct 80 . Once more, no monoadduct was obtained.

£ Ph

. S—NPh EC=CE _ i——~>< I[

Phk\/lts | - — A Vg3
Ph

22, 80

Attempts to synthesize the diadduct from the imine adducts

nm

formed from the isothiazoline-5-thiones were unsuccessful. Thus com—
pound 83 , was recovered from further treatment with dimethyl acetylene-
dicarboxylate.v Compound 76 gave the aldehyde 77 by hydrolysis during

the work-up.

> NO REACTION
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. These results are comparable to those of Behringer

et al.('43)

, and may reflect the different electronic effects of the
nitrogen and sulfur containing side chains in the isomeric systems 84

and 85 . The steric effect of the nitrogen substituent may also play

a role in this reaction.

B
'

| | R3
R,N S—R S NE—R
3l s | B )4
RH\R%kS Re | | R1J\7\'\S Rg;
2

I
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REACTION WITH PHOSPHORUS YLIDS
' The reaction of ketostabilized phosphorus ylids with aldehydes

and ketones is reported to take place through a Wittig type of reaction

to afford olgfine derivatiyes(106).
=0t PPhy
PhRCH=0 4 | ' "3 —-—-——-—>PhC,3H-—CClCOPh
-C
ClCOPh o PPy,

—_— . <= PhCH— CCl COPh

O-'—‘PPh
L 3

On a similar basis, one would expect the thione group in the
isothiazoline~3~thiones 22 , on treatment wlth phenacylidenetriphenyl- .

phosphorane, to afford 3-phenacylidene substituted isothiazoles 86 s

k4

which would be precursors of the 3-thioacylmethylenelsothiazole system.32 .

* P2 31
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Treatment of 2—methyl—5—phénylisothiazoline;3—thione 22a ,

with phenacylidenetriphenylphosphor;ne or p-methylphenacylidenetri-
phenylphosphorane, did not, in fact, afford substituted isothiazoles of
structure 86 . Instead it gave the 1,3-thiazole adducts 87a , and 87b .
The reaction probably proceeds via intermediate of structure 88 ,

formed through a 1,3-dipolar cycloaddition reaction.

[ Me
B |73
Me - + Ph ~ S () Me
S—N CH-PPh, OR S
. ' Ar
iR T deo —— e w ol I
Ar SI N—_—W_?
22a Ph\ & ‘\S/-—P Phy 7

Although these reaction products are not what would be ex-
pected on the bases of similarity to the reactions of phosphoranes with
ketones described above, there is evidence that some reactions of the

phosphoranes with azides does take a similar reaction pathway(107).
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Ph, Peee-- !
CH=P Ph ey, HG==CR
, 2T R Ng,————>H. - C——CR™ .NQN/NR+Ph3P 0

FOR

Steric factors seem to play én important role in this réac—
tion, since while thé reaction of the phosphoranes with 22a gave the
thiazole derivatives §1§ and‘§1b in reasonable yields :(36% and 41%
respectivel&), the reaction with 2,5-diphenylisothiazoline-3-thione
22b | proceeds‘only with very low‘yiéld (>10%) and in case of 2-methyl
~4,5-diphenylisothiazoline-3-thione 22c | thefe was almost no reactioﬁ

and the starting thione was recovered unchanged.

In ofder to prove the thioacylmethy1enethiézole structure 87
and determine the direction of addition and the orientation of the‘aryl
.group in §lv, an alternative synthesié was necessary. The first attempt

in this direction wés the condensation of the isothiazoline-3-thione
- 22a with phenylacetylene. The reactiqn, howeQer, proceeds very slowly,

with extremely low yield.

—NCH - S~ S N :
3 L = - Ph
[”jQD/LS HQ_CPh - Phl'// S

224
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The following approach was found to be more fruitful. Hetero-
cyclic thiones are reported by Knott(108), to undergo condensation
reactions with «-bromoketones to afford the salt 89 , which on treat-

ment with pyridine or triethylamine extruded sulfur via intramolecular

nucleophilic attack to give the ketone 90 . This ketone could then be

easily treated with phosphorus pentasulfide to give the desired thione.

R1]| Ry 1 BrCHR-COAT R1§“R3J A
: AN — T
Rb 53//i:53 ' | | R& | /lLYS":Zé B;-

| R R
3 30O
N Gy Py 0
While the starting thiazoline thiones could be prepared

through several routes, the following two approachés were found to be

more convenient and give better yields.

In one method the alkylthiothiazolium salt 92 , was prepared

in one step by the condensation of o¢-bromoketone with methyl N-methyl-
dithiocarbamate. The salt 92 was then treated with pyridine to give

-the thione 93 .

R0 HNR, B 3_H_$R2
RCIHBr Ts ~sme I:}SMQ S
o _9—2— . 93
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A more direct a@ﬁroach was available through a general
me thod reported(log) for the preparation of N-alkylthiones.' This method

was used with certain modifications and was extended to the preparation

of N-arylthiones as well. Therefore N-phenyl or N—methYlammoniUm dithiocarba-

mate was condensed with ®-haloketones to afford the hydroxythiazolldlne— '

thiones. These were dehydrated by 80% sulphuric acid solution to

afford the thiazoline~2-thiones 93 .

| - _oH o
R.C=0 HNR, R Ry HSO NR
2 R < ] L3 4 ] 3
‘l ._k HNS =S _ﬂ% /LS '80°A &

1
' 7,
99
Ry R, Ry
a H - _Ph Ph
b Ph Ph Me
e H p.Tol  ‘Me
d H Ph Me
e Ph H Me
£

— benzo — Me

vOf the ehiones, the-first three; 93a , 93b , and 93c were new. The
benzocompound‘ggﬁ.was not prepared by this method but was obtained
commerciallyi |
These thiones Werevfurther treated with phenacyl bromide,
p.methylphenacyl bromide, or desyl chloride according to the procedure
described by antt(los). It was observed however, that when the salts

obtained from the above reaction were treated with pyridine, they gave,

besides the expected ketone 90 , a variable amount of the starting
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thione 93 (30-35% yield) through a dealkylation process..

Ri™s — 4+ R’ 90 Y
a9 B RE—_)N:F% |
o . !’i S S
Ry % Rg Ry B
a H  Ph Me H rh
b Ph H Me H Ph
c H p.Tol Me o ~ p.Tol
d Ph Ph - Me H Ph
e H Ph . Ph H Ph
£ H Ph Me Ph ph
g Me H  Ph

— benzo —

The ketones 90 were smoothly thionated by phosphorus penta-
sulfides The ketone 90f did not undergo
thionation on 'tréatment with phosphorus

. pentasulfide for a prolonged. time. This
was most probably due to the ste#ic hind—-

rance of the two phenyl groups on the side

chain. _ '

The exact structure of compound 87a was then settled by the |

V‘comparison of its NMR spectrum, the melting p-oint, and rﬁxed melting
point with the thiones 9la and 91b .~ Compound 87b was also compare‘d‘.
,fo thione 91lc obtained by this new approach. 'It was found that
coméoun.ds 87a and 87b are in fact identical to compounds 9la and 9lc

in contradiction to earlier expectation based on electronic factors.
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Zeliger et al.(llo)

has demonstrated by variable temperature NMR
studies that thec{—ketophosbhorus ylids of the type used in this work
exist exclusively in the cis-enolate configuration. Consequently the
cycloaddition step is expected to proceed by a conberted mechanism, in

(11D for 1,3-dipolar addition to

the same way déscribed by Huisgen
alkenes and alkynes,.where‘both direction of addition produces the same
amount ‘of 0 bond energy, the interplay of electronic and steric
effects is responéiblebfor the orientation, with. the last factor
dominant.

Thé fact that the steric factors are the predominant in this
reaction is clearly demonstrated by the poor yield obtained from the
reaction with the N-phenylisothiazolinethione, and the complete obstruc-
tion of the reaction by the extra phenyl in the 4,5-diphenylisothia;
zplinethione. The phenyl group in the 4-position would certainly inter-
fere with the triphenylpﬁoéphonio group in the orientation shown below,
which seems to be the orientation followed in this reaction.

LG s Mo

. | | ——
PSS C_+ Ph~\ g ~—PPhg
| H  "PPhy ‘ Me
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The presence of phenyl substituent on the nitr_ogén would certainly
interfere wifh the phenyl of the phenécyl group, however this effect
is less drastic than that of the phenyl in the 4-position with the
.bulky triphenylphosphoﬁio_ group and therefore, although it reducés the

reaction yield sharply, it does not eliminate the reaction completely.

The thioacylmethylene structure of 87 was further proved by

the fact that it was found to undergo further cycloaddition reaction

with diméthyl acetylenedicarboxylate to form the adduct 94 ,similarly

to the diadducts 79 and 80 mentioned above. But in this case
the édduct' appears to decompose into two compounds, separated by
[ ;
l chromat_ography.' : Their NMR and mass spectra indicated that they have
b
1 .

the _stfuc_ture 95 and 96.

- Ph s PhN =
T + EC=CE
87

E=COOMe 9 Y

t————

Compouncxls' 95 and 96 seem to be formed from the - adduct by -
loss of species corresponding to ph.C.CHNMe.N or CH.CphS, respectively.
The exact fate of these species is not known. It is possible, however,

that they have been extruded as phenylthiirene Ph DS s or phenyl-

azirine, its nitrogen anal_oguephﬁNMe. These may decompose later
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to phenylacetylegélz). Both phenylthiirene and phenylazirine are anti-

aromatic ring systems, like that of cyclobutadiene with only &4 T
electrons. The thiirene molecule has been detected several times in

the photorearrangement of isothiazoles(lIB) and dithioles(llz). The

stability of these and other similar species were the subject of an

interesting recent dlscussion(ll4)

The reaction of the thiazole derivative 87, with dimethyl
acetylenedicarboxyléte, gave besides compounds. 95 and 96 , a red
crystalline material formed by combination of 87 with two molecules of.

. the ester, as proved by NMR, mass spectra and elemental analysis. This
adduct seems to exist in two isomeric forms separable by thin 1ayer.

chromatography.

Several étructures are possible for these diadducts. They
could possibly be formed from the spiran adduct 94 , by cycloaddition
réaction (Diels-Alder type),  to the diene system in the thio-
pyran ring. This would afford structures 97 and 98 (two|d1asterlomer§)

However structures 97 and 98 are not expected to be stable and should

'readlly extrude sulfur.

.MeEE
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Another alternative structural possibility is initiated by
electron shift from the thiopyran ring sulfur, leading to the opening
of the thiazole ring of the spiro compound 94 , cycloaddition then '

leads to the new spirans 99 and 100 .

| Me MeE_FE

e N7 E-c=CE NN /=
W e W
Me. E- E / | | Ph

E=CO,Me.
2
This possibility gains some support from the fact that the

two other products of this reaction, namely compounds 95 and 96, are

also formed through the opening of the thiazole ring.

Finally, structures 101 and 102 could also be suggested. The

mechanism of their formation is similar to a known reaction of pyrrole

with dimethyl acetylenedicarboxylate(115).
E'C$C.E
MeYE Y E E E
—\ : g
Ph[‘ $ s MeN " /7S o
> PR S‘\ /

101
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Formation of compounds 95 and 96 could also be explained

through a similar mechanism.

E E

— " E Ph
> MeN= S 4+ Ell || -
— -3

Ph 96

However the fact that neither the pyrrole nor the thiophene side-

products has been detected from this reaction, might help to exclude

such a mechanism.

On fhe other hand, the diadduct could have been formed by
the direct reaction of tﬁe thiazole derivative 87 , with two mblecules
of the ester without the intermediary of the spirocompound. This
could take place in one of two ways;‘the first is by the cycloaddition
of two molecules of the ester to the thiophenacyldiene side chain, to
form the spiro-structure 103 . This reéction, if it does take place,
has to be a two-step reaction and not concerted. Since it involves

4 pairs of electroms, it would be thermally disallowed(ll6).
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Compound 103 , again is expected to easily undergo sulfur extrusion,

and moreover, it can only exist in one isomeric form while the obtained

diadduct exists in two isomeric forms.

The other possibility is that the two ester molecules undergo

cycloaddition to the thione group to form the six membered thiopyrane
ring structure 104. This is similar to the addition of two molecules
of dimethyl acetylenedicarboxylate to the thione group of thiazoline

—2—thiones(ll7).

P
N HE + EC=CE
S4l\'s E N
Phy - e | PhN
C Sj‘t‘s_}_ EC=CE |E+ H,C= CH2
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Depending on the original thiazole derivative 87, the adduct

104 , could also exist in the isomeric form 105 .

Gy
s S Eoé‘
Phg N '_Ppyc%f
@0/
er - 105
In order to try to distinguish between these various possi-
bilities, é series of diffeiently substituted structures of the thia-
zole derivative 87 was prepared, and their reaction with dimethyl
acetylenedicarboxylate was studied to give information about the

structdre of the diadduct and the factors leading to the formation of

the spiran monoadduct 94 and/or the diadduct.

Treatment of the series of thiones 91 , prepared earlier,
with equivalent amounts of dimethyl acetylenedicarboxylate afforded in
most cases studied (91la , 91b » 91c , and 91f) the diadduct as well as
the prodﬁcts_gg » and 96 obtained from the decomposition of the mono-

adduct. The N-phenyl equivalent of 96 was obtained instead in the case
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of N-phenyl compound 91le -,

However in two cases, namely the benzo- and the 4,5-diphenyl

compounds 91d , and 91g , only the monoadduct waé obtained. No diad-

" duct was. found. The moncadduct was quite stable in both cases. This may
be due to:stabilization effect exerted by the benzo- or the extra

phenyl group. Further treatment of the monoadduct with excess dimethyl

acetylenedicarboxylate for prolonged times did not lead to the forma-

tion of diadduct, and the monadduct was recovered unchanged.

On the other hand, treatment of the starting thiones 91d or
91g , with four eduivalent dimethyl acetylenedicarboxylate ga&e a
mixture of both mqnoadd#ct and diadduct. The same. results were also
obtaiﬁed by carrying out the reaction in a polar solvent as dioxane

with an equivalent amount of dimethyl acetylenedicarboxylate.
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This result suggests that the monoadduct is not a precursor
for the diadduct and thus eliminates all the structures based on that

assumption 97 - 102 .

It also suggests that formation of the monoadduct and/or the

»

diadduct is'actually a result of the two competitive diene rgactions,
the 1,4 - versus the l;Z—reéction mechanisms. The 1,4-mechanism ia
more favoufable in all cases and gives the higher yield product (the .
monoadduct), Under certain conditions, the 1,2-mechanism will also’
take place. This condition was found to be inAfhis case, the in-
creased polarity of the solvent, or the excess dimethyl acetylgne—

‘»dicarboxyiate, which might just increase the polarity of the solvent.
The interesﬁing observation here is that the formation of the diadduct
should be a nonconcerted reaction, otherwise increasing of the solution
polarity would have no effect on its forﬁation.

The two isomers of the diadduct.were thefefore, tentatively
formulated as having structures 104 and 105 mentioned above. Further -
proof of the structure would require chemical degradation such as de-
“sulfurization. :This, howgver, seems to be extremely difficult in view
of the low yield of the compounds.

Ry . . R3E E
N s EC=CE R —_
~ .

I -
Rﬂ;-/w% T i-add~ Rl

WS G P
§ S/‘%)Ph_ 1,2-add- ™ X PHE/E




PREPARATION OF _3—THIOACYLMETHYLENEISOTHIAZOLES

Similarly to the scheme applied to the preparation 2-thio-
‘acylmethylene-1,3~thiazoles 91 , one would expect the following scheme
to be also useful in the préparation of the elusive 3—thioacylmethylené—
- isothiazole system 32 .
~ R
S—NR —N3

3 RCOCHRBr = 7. ¢ O Py
RS R

1T R 1

It was expected that steric factors in 106 would force the intra-
.molecular nuclebphilic attack. of the activated methylene group to take
place at.carbon atom 3~ra;her than at the ring sulfur, and thgrefore
afford the intermediate 107 which would extrude sulfur to give the

keto~precursor of 32 compound 108 .

As a first trial in this direction, the preparation of
2,5-diphenyl~3—thiophenacylisothiazole 32a was attempted. It was
supposed that this'compound, being heavily substituted with phenyl

groups, would be more stable than other analogues.
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2a

Therefore treatment of 2,S—diphenylisothiaéoline-B—thione

(N

with phenacyl bromide in boiling benzeéne afforded the bromide salt 106 .
This, on treatment with pyridine, underwent two competing reactions,
proton elimination to afford the intermediate 107, which extruded

sulfur to give the ketone 108 (28% yield) or,alternatively, the salt

underwent a dealkylation reaction to give back the starting thione

(40% yield).

Ph
—Ns ijh S—NP SN

Ph "phi R Phk,)\/yph
B

106 - 108

Thionation of 108, with phosphorus pentasulfide in boiling

benzene afforded the thione éga s, as deep pink crystals. The thione
was stable at room temperature and at least at elevated temperatures
over its_ﬁelting point'(iZSOC). The thione also gave éatisfactory mass
spectrum and elemental aﬁalysis. Although it gave a satisfactory.NMR
spectrum, it waé of no value for intended variable temperature NMR
studies, since it only showed a large complicated peak in the aromatic
region. However the fact that this compound was obtained and was
stable, proved that this system could exist and that a more useful ana-

logue could probably be obtained. This was of certain value in regard
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to the previous unsuccessful attempts to prepare such system.

The second compound in this series was the 2-methyl-5-phenyl
-3~-thiophenacylisothiazole 32b , obtained from 2-methyl-5-phenyl-
isothiazolinethione, following the same reactionsiheme described before

for the preparation of 32a . The NMR of this compdund which showed an
N-methyl peak besides the phenyl protons was again of no great value
for the NMR studies due to the indistinguishability of the two phenyl

groups in the NMR spectrum.

Me
S—N |S
PhWPh .
7 \
52,

"~ The compound Z-methyl—S—p.tolyl—3—p.methylthiophenacylidene-
isothiazole_égc y 1s expected to give more valuable NMR spectra for
the intended variable témperature studies.

This compound was prepareq from 2-methyl-5-p-tolylisothia-
zoline-3-thione 109 . This thione, which was new, was prepared accord-

ing to the following scheme.

MeO—co_CH 4+ Cs, S O SH
S /@ “SH
Me
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——NMe
A S

109

The ‘dithiolethione 111 , was prepared by an approach similar

to one described by Thuilier and vialle'®

:1—g4blyl-3,3—dimércaptoprop—z-enonegggq was obtained from the condensa-
tion of ps»methylacetophenone with carbon disulfide in a solution of |
sodium tertiary butoxide in‘80% yield. ‘ ihe:procedure
described for thionation of 110 in xylene and toluene proved to be time:
and material consuming while that in benzene gave lower yie;d.. It was
mé;e convenient, however, to carry out the thionation by dissolving the
dimercaptan 110 in excess benzene, and refluxing for four hours with |
excess (two equivalent) phosphorus pentasulfide. ‘The work—-up in.fhis'

approach was.less laborious and the yield was higher (70% versus 627

reported for';he reaction in xylene).

" The thione obtained from the above was then alkylated with
zethyl iodide to afford the dithiolium iodide 112. This, on treatment
with methylamine in ethanol according to the method of Le Coustumer and

Mollier(aa?, gave the desired isothiazoline thione 109 .

The thione 109 was then treated with pemethylphenacyl bromide.
affording the salt 113, whi;h on treatment with pyridine gave 1ll4 the
ketone precursor of 32c¢ (in 257 yield). This was thionated with phos=-

phorus pentasulfide in benzene to give the thione 32¢ (in 60% yield).

’, with certain modifications.

L=
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M@ Me
N+ O PH
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Compound 32c was then subjected to nuclear magnetic resonance

examination to test the validity of the three hypotheses which have been
put forward to explain the symmetry of trithiapentalenes (see Introduc-

tion). Because the central atom of 32c is incapable of valenpy-shell

'expansion, any symmetry features, exhibited by 32c would have to be due

to éingle bon& - no bond resonance or rapid tautomerism; and if thesg
processes are imbortant, the.NMR spectra should indicate the equiValence
of the two p.methyl groups.:

"When the lH NMR spectroscopy of 32c was performed in deu;eto4
chloroform solution over a temperature rangeibetween -40 and 0°C s

the two para-methyl groupé were_nonequivalent. The protons of the two

.phenyl groups were also distinguishable while those belonging to the

phenacylidene sidechain phenyl appeared as four 1H singlets, the pro-

_tons of the phenyl group at the 5-position of the isothiazole ring

appeared ‘as one 4H éinglet.

The spectra run in perdeuterotoluene, because of its aromatic
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(119-121)

solvent effects gave a better separation of the two methyl

groups.A similar effect was also observed in the speetra run in tetra-

chlorobenzene.

No coalescence was observed in the spectra ruﬁ in ﬁefdeuter—
otoluene or in tetrachlorobenzene, neither at room tem@érature nor at
‘ higher temperatpfes up to 1900Cl(the higher safety range for the NMR
machine); ihdicating that thefe is rathér a‘high energy barrier to

interconversion of the two identical valency tautomers.

The failure of cc'Jmpound 32c to demonstrate suitable symmetry
suggests that neither vaiency tautomerism nor.single bond - no bond
hypotheses ate adequate in éxplaining_the special properties of symmetry
exhibited by the trithiapentalenes. The>above results seem to support
the hypotheses in&dlving sulfur d-orbitals as to prdvide the ﬁost satig—

factory eXplanation'of the special'properties of the trithiapentalenes.




PREPARATION OF THIENOISOTHIAZOLIUM SALTS

Of the six possible isomers of thienoisothiazolium salts

- 115 - 120 , none is as yet known.

12 N Sk
UNSNR, RANANR, RN

I TR RS R, R, -
Rl==5 2 R 9 R

o

- Of the thienoisothiazole system itself, only 3-aminothieno

(122)

[2,3-c]isothiazole 121 has been prepared from 2-amino-3~cyanothio-
phene by treatment with hydrbgen sulfide followed by oxidative ring

closure of the resulting 2-amino-3-thieophenethiocarboxamide.

S ‘ PJP+2 F+ZS ; S l[ﬂfiz [CU S ____WJ
R1\ CN— > R CSNHQ“—>R1\ N

121

—

It would be expeéted that compound 121 would undergo simple
alkylation, using methyl iodide or dimethyl sulfate, to afford the salt

117 . However this approach is restricted to the preparation of the

3-amino substituted derivatives of thienoisothiazolium salt 117 .

~98
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| | | \
S ___f'\l Mel S —NMe-
RAS — T RIAS S -
"R,y 'R,
2 2 2 Mg

\]

121 17

Another approach has been developed to prepare thieno[3,2-c]

isothiazolium salt 118 and its derivatives. It was noticed dufing the -

study of nucleophilic attack on isothiazolium salts, that the reaction

~of sodium benzoy1acetate with 3—methy1thioisothiazolium salts afforded
2-benzoyl-3~aminothiophenes 44 . Treatment of these compounds with
phosphorus pentasulfide in benzene would afford the thione 122 , and
this thione is expectéd to undergo oxidétion by iodine in ethanol to
afford ' the thienoisothiazolium salts 118 , a process similar to the
oxidative preparation of isothiazolium salts developed by McKinnon and

Robak(24)

. Following this épproach, the 1,3,5-triphenyl thieno[3,2-c]
isothiazolium cation was obtained as its iodide. Treatment with per-

chloric acid in acetic acid afforded the perchlorate 118a .

je

___+o. GO0 S
P \"PCHCOPh T 7

P spe PR~ PH~X~"~NHPh
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It was advisable to isolate the cations as the perchlorate
rather than the iodide, since the latter tends to exist as a mixture of

monoiodide and triiodide, which give very poor elemental analysis.

The method described above, successfully afforded the expected
3-phenyl substituted thieno[3,2-clisothiazolium salt 118a , and pro-
bably could be extended to the preparation of the 3-alkyl substituted

derivatives (118 , R, = alkyl). However the main limitation of the

4
procedure is due to the fact that the starting 3-methylthicisothiazolium
salts are available through one source, that is'the alkylation of the
isothiazoline—B—thipnes, which could only be obtained in low yield by

the method of Le Coustumer and Mollier(44).

A more general approach was thenvneeded for the preparation
of thieno[3,2—c]isothiazolium salts, and this was found in the nucleo-
philic attack of sulfonium ylids on isothiazolium salts. As mentioned
~earlier <X—ké£o substituted sulfonium ylids reacted with isothiazolium
salts, lacking 3-substituents, to afford the 2-ketosubstituted=-3-amino-

thiophenes 56 .
R,
+ N

5— MR Me , 5—0
) 8-713F1C3CH“ —_—
Rlvt:i_ - me . RX NHR3

X .

Compound 56 could undergo thionation and subsequent oxidation
to afford thieno[3,2-c]isothiazolium salts. Since the starting isothia-
zolium salt 4 are available in good yield with a variety of substituents,
"and the sulfonium ylid is also available with both'alkyl or aryl sub-

stituent (R4 = alkyl or aryl), this method appears to afford a wide and
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general method for the preparation of thieno[3,2-c]isothiazolium

salts 118..
S, —R | |
\;\ ~ 5'4 ' ' R R - R R
R1\_ j;l/ 1 2 3 4
R2 Rg _ . .
Cle a-~ . Ph H Ph ph
"1163 . : b- H H Me Ph
—_— c- Ph H Ph Me
&- H  Ph Ph ph’

e~ . H ‘H H - Me

The thienoisothiazolium salt-l&ﬁb with no substituents on
the thiophene ring was obtained from the reaction of 2-methylisothia-~
zolium perchlofaté with phenacylidehedimethylsulfuréne,following the
above pathway s - .In order to prepare the salt ll§§ with ﬁo sub=-
stituents on both rings except the nitrogen substituent, 2-methyliso-
thiazolium salt was treated with diethoxyethyiidenedimethylsulfurane.

This was prepared from the reaction of dimethyl sulfide with bromo-

acetaldehyde diethylacetal, then treatment with sodium ethoxide.

Me | | |
S—N+  Me_, _ S CH(OC,H )
-+ S-CHCHOC,H,) | 2o

- =L —_—
N7 e 25’7 X NHMe
o 125
o H T
PoSs  $— s Ip S
- NHMe - \ (S_I
. e

124 o 8,



102

Thionation of the diacetal derivative 123 , followed by sub-
sequent oxidation afforded only a minute amount of the salt 118e .
' This poor yield seems to be a result of the instability of the thio-

aldehyde compound 124 , obtained from the thionation of 123 . Thio-
(57 )

aldehydes are known for their instability

!
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2 ,3~-PYRIDINO-4 ,5-BENZOLSOTHIAZOLIUM SALTS

Isothiazolium salts condensed to a benzene ring are known to

exist in two series, 1,2- and 2,l-benzoisothiazelium salts, 125 and 126
respectively. Isothiazolium salts condensed to heterocyclic ring are‘
rarely known. In the last few pages, the preparation of one such system,
the thienoisothiazolium salts 118 , has been discussed. The preparation
of another such system, isothiazolopyridinium salts 127 , has been re-

ported recently by Leaver et al.(SS).

1_@_5 e T 118 o 127

It is of interest to prepare the 2,3—pyridino-4,5-benzo-

isothiazolium salt 128 , in which the isothiazole system is condensed.
both to a benzene ring and to a heterocyclic ring;;
.Attempt at preparation of such a
compound was carried out according to the follow-
ing scheme. 2,3, and 4~04Nitrophenflpyridines
were prepared from o;nitééaniline by the method

of Butterworth and coworkers(123). The 2,3,

and 4 components of the product mixture were
preferably separated by chromatography rather than fractional crystaliza-

_ tion. The 2-component was then subjected to reduction by stannous
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chloride in hydrochloric acid to afford the 2-(0.aminophenylpyridine)
129 .

Diazotization of 129 followed by Coupling with potassium
ethyl xanthate, afforded the xanthate derivative 130 . This, on hydro-
lysis,gave the mercaptan 131. The meréaptan obtained was expected to
undergo oxid;tion By'either hydrogen peroxide in acetic acid or iodine
in ethanol to afford the dibenzoisothiazolium salt 128 . While the
first oxidation method did nﬁt appear to work, the second meﬁhod afforded

a very minute amount of salt-like material which was, however, too little

to characterize.

N0y TSN NO,
NG /
+ '|N/' > ~SnCUHCL,
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SUGGESTIONS FOR FUTURE RESEARCH

1. Evidence from the present work and from the last publishéd
literature appears to favour the hypothesis that invokes the use of
sulfur d~or§itals to explain the symmetry of trithiapentalenes in
solution. Further proof could be gained from the preparation and

study of the two model éompounds, 132 and 133 .

9S* G

N . ~ S

R1 R2 R] RZ
132 | 155

The first is incapable on valency shell expansion and therefore is
expected to show properties similar to those of compound 32. On the
other hand, compound;lgg is expected to show properties similar to
those of trithiapentalenes.

2. While the attempted synthesis of dibenzéisothiazolium salts
}g§_was'not very successful,»a recent publication by Chapman(lBO)
 reported the preparation of thevisomeric thiazole isomer . Following
‘the same apéroach,‘a possible route to 128 may be outlined in the
schewme below.

. . . qu
o' _NC-CHpCOsEt COEt
sN - g ANH
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CH,CO H
hydroysls (I—T 2-U2 @:{CHZCOZD

| CHQCOQEt GogMe.
H2C=CHC OMe | . — yMe
- DMA N _

\CHQCHQCOMe

;.:_.1OX|dat|on Pd/C @\Q
: 2 hydrolysis /El S/N zZ

-3 decarboxylation

128

DMA = dimethylacetamide
3. Finally, an interesting possibility for future research
involves the synthesis of a third isomeric syétem in the thieno

isothiazole series. A possible route to the preparation of thieno

[2,4-C] isothiazole is outlined in the following scheme.

N HOU/H0p U 1. Me] U MesS—CHyPh
Ph ) PR > CleC[Q4 Ph~ - Cl . i

L0,

Ph H209 S | Ph
NHMe ACOH PR NMe
|

e

S—7Ph CucN, Ph H23 S
ase
Ph _\: NHMe

5”42 hﬂiz .+ _
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EXPERIMENTAL

‘Nuclear magnetic resonance spectra were recofded on a‘
Varian A-56/60A spectrometer.using CDCl3 as solvent. Mass spectra
were fecorded,on a Finnigan 1015 mass spectrometer. Melting points
.were measured on a Fisher-Johns melting point apparatus and are un-
Eorrected. Microanalyses were performed by Alfred Bernhardt

Laboratorium, 5251 Elbach iuber Engelskirchen, Fritz-Pregl-Strasse

14~16, West Germany.

The alumina for columm chromatography was Camag band 507C

supplied by Mondray Ltd. The silicé gei for column chromatography

was supplied by Davison Chémical with a mesh of 60-200, Grade H. The

silica gel for thick or thin layer chromatography was Camag DSF-5
supplied by Mondray Ltd. Thick layer chromatographic plates were

1 mm. thick and prepared from a water base.
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PREPARATION OF ISOTHIAZOLIUM SALTS

2-METHYLISOTHIAZOLIUM PERCHLORATE

Isothiazole.(TSSg » 0.01 mol) and dimethyl sulfate (lml) were
heated at lO?OC for one hour; The mixture was treated with ether and the
precipitated oil dissolved in acetic acid, and treated with 70% per-
chloric acid (O.Slml). Colourless needles m.p. 145°%¢ Wefe obtained in
617% yield;

A sample of the éerchlorate treated with aqueoﬁs sodium iodide gave the

(16)

iodide identical (mixed m.p. and IR) with an authentic sample

2-METHYL~-4-PHENYLISOTHIAZOLIUM PERCHLORATE

29)

The method of Bachers, McKinnon, and Buchshribeé , was used

to obtain the salt as off-white needles, m.p. lOZOC, yield 85%.

2~-METHYL-5-PENYLISOTHIAZOLIUM PERCHLORATE

. (A) TFrom 2—methy145—phenylisothiazoline—3—thione:
The thione was prepared from the reaction of 3-methylthio-5-phenyl

(44)

~-1,2-dithiolium iodide with methylamine, as described except that
the equivalent quantity of 40% efhanolic methylamine solution was used.
‘Work up éave S—phenyl—l,é—dithiole—S—thione, methyl--3- methylamino~
dithiocinnamate; and 2-methyl-5-phenylisothiazoline-3-thione as des~
cribed. When the reaction was performed with a fourfold excess of the
 amine solution and the mixture worked up as above, chromatégrabhy on 5%

deactivated alumina gave initially 5-phenyl-1,2-dithiole-3-thione and

methyl-3-methylaminodithiocinnamate. Extraction of a broad, strongly
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adsorbed band with acetone gave a yellow oil which crystallized on
scratching. Recrystallization from ethanol gave pale-yellow prisms,
m.p. 96 - 98°¢C in 35% yield of N-methyl-3-methylaminothiocinnamide.

Analysis for»Cll th NZ-S ,

Calculated: C, 64.21 ; H, 6.83 ; N, 13.59 ; S, 15.55

.Found: C, 63.92 3 H, 6.89 3 N, 13.52 ; 8, 15.64

NMR spectrum: T 7.28 (3H doublet, J = 3.2 Hz, the amidic methyl),

7.00 (3H doublet, J = 3.2 Hz, the amine methyl), 5.02 (1H singlet,
vinylic proton), 3.40 (1H band, the amidic NH), 2.68 (5H multiplet, the
aromatic protons), - 1.20 (1H band, the amine NH, hydrogen bonded to

c

S).
The mass spectrum: M& 206, calculated 206, 173 (M-SH).

| The 2-methyl-5-phenylisothiazoline—-3~thione, obtained above,
(103.5 mg, 0.5 m mol) in acetic acid (4 ml) was treated with 30%
aqueous hydrogen peroxide (0.15 ml). The solid dissolved almost im—
mediately and the solution ﬁecame dark-yellow. After onme hour, the
solution was treated with ether, and the precibitated oil treated with
70% peréhloric acid (0.1 ml). The oil solidified and was recrystallized
from acetic acid as pale-~yellow plates identical (m.p. and I.R.) with

an authentic specimen(zg), yield 80%.

(B) From 3-phenyl-1,2-dithiolium perchlorate:
The perchlorate (1.035 g, 5 m mol) in ethanol (10 ml) was treated with
40% ethanolic methylamine solution (2 ml) and warmed gently with stir-

ring uwntil homogeneous. The red solution was treated with saturated
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ethanolic iodine solution (2 ml), and 70% perchloric acid (1 ml) added.
Dilution with ether and scratching gave a brown precipitaﬁe which was
recrystallized from acetic acid containing perchloric acid, as yellow

plates m.p. 144 - 1450C, identical (mixed m.p. and IR) with the above,

‘yield 20%.

2-METHYL-4, 5~-DIPHENYLISOTHIAZOLIUM PERCHLORATE

¢A) From 2-methyl-4,5-diphenylisothiazoline~3-thione:
The thibne was prepared from the reaction of 3-methylthio-4,5-diphenyl
-1,2-dithiolium iodide (4.28 g, 0.01 mol) in tetrahydrofuran (70 ml),
with 40Z methylamine solution in ethanol (6 ml) at room temperature
and stirred untii homogeneous. The solution was evaporated and the
residue chromatographed in benzene on 5% deactivated alumina. Two
bandé were obtained, a red band which gave 4,Sfdiphenyl—l,Z-dithiole
~3~thione (31%) on elution, and a étrongly adsorbed yellow band,
which was extracted with acetone. Evaporation df the solution gave
a yellow solid which was recrystallized from ethanol as pale-yellow

S

N ) o ” )
needles{ m.p. 133" , 28% yield. Analysis for C16 H13 N 9 *

Calculated: C, 67.8 ; H, 4,59 ; N, 4.94 ; S, 22.62

Found: Cc, 67.82 ;l H, 4.45 ; N, 5.01 ; S, 22.81 .
NMR spectrum: 7 6.21 (3H singlet, the methyl protons), 2.53 - 2.87
(101 bands,'%he aromatic protons).
The méss spectrum: M+ 283, calculated 283.
The thione was treated with hydrogen peroxide as for the

previous compound. Pale-yellow needles, m.p. 99° » Were obtained in
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75% yield, which were identical (mixed m.p. and I.R.) to an authentic

(29)
specimen.

(B) From 3,4-Diphenyl-1,2-dithiolium Perchlorate:

This reaction was carried out as described for tﬁe previous
synthesis, except that recrystallization was éffected from acetone
containing perchloric acid. Pale—yellow‘needles of the salt were

obtained (25%), identical (mixed m.p. and I.R.) to an authentic specimen.

2-METHY1-5~-METHYLTHIO-3-PHENYLISOTHIAZOLIUM PERCHLORATE

MEthyl-3—methylaminodi;hiociﬁnamate (446 mg, 2 m mol) in

" ethanol (5 ml) was treated with saturated iodine solution until there
was a sligh; permanent cloudiness. 70% perchloric acid (1 ml) was
added, and dilution with ether producéd yeilow crystals. The product -
was,recrystéilized from acetic acid containing perchloric acid, as

yellow needles m.p. 184 - 186, 83% yield.

Ana;ysis for C11 le N 82 Cl 04

Calculated: C, 41.05 ; H, 3.73 ; N, 4.35 ; S, 20.55 ; <C1, 11.05

Found: c, 41.07 ; H, 3.8 ; N, 4.23 ; S, 20.08 ; Cl, 10.92 .

NMRfspectrum: in dimethylsulfoxide-— d6 , T7.21 (3H singlet, the S - CH3

group), 5.99 (3H singlet, the N - CHj group), 2.51 - 2.15 (5H bands, the

aromatic protons). .

' 2-METHYL-3-~METHYLTHIO-5-PHENYLISOTHIAZOLIUM IODIDE

(44)

. The method of Le Coustumer and Mollier was used to obtain

the salt as yellow needles of m.p. 16500 in yield 78%.
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5-METHYLTHIO-2, 4~-DIPHENYLISOTHIAZOLI UM PERCHLORATE

2,4—Diphenylisothiazoline-S—thione(29)(0.566 g, 2 m mol) in
n-butylacetate (10 ml) was treated with methyl iodide (2 ml) and

allowed to stand. An oily precipitate which was deposited initially,

crystallized .on further standing. The mixture was diluted with ether,
filtered, and the salt converted to the perchlorate in acetic acid

containing perchloric acid. Recrystallization from acetic acid gave

pale-yellow prisms, m.p. 1580C, identical (mixed m.p. and I.R.) with

(29)

an authentic specimen .

2,4-DIPHENYLISOTHIAZOLIUM PERCHLORATE

The method of Bachers, McKinnon, and Buchshriber(zg) was used

to obtain the salt as yellow needles m.p. 158°C, in 347 yield.

2,5-DIPHENYLISOTHIAZOLIUM PERCHLORATE

4)

The method of McKinnon and R.obak(2 was used to obtain the

salt as yellow needles, m.p., 199°C, in 52% yield.

2,4,5-TRIPHENYLISOTHIAZOLIUM PERCHLORATE

The method of McKinnon and Robak(24) was used to obtain the

salt as yellow needles, m.p. 213°C, in 45% yield.

2,3,5-TRIPHENYLISOTHIAZOLIUM PERCHLORATE

(24)

The method of McKinnon and Robak was used to obtain the

salt as yellow needles, m.p. 256°C, in 48% yield.
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2-METHYL-3-CHLORO-5-PHENYLISOTHIAZOLIUM PERCHLORATE

'2—Mbthyl—5-phenylisothiazoline~3—thione(43)(0.207 g, 1 m mol)
in benzene (5 ml) and thionyl chloride (1 ml) refluxed for one hour,

the clear yellowish solution was evaporated off to give a dark-yellow

oil which crystallized on cooling. Recrystallization from petroleum

350C(124)., The 3-chloro

ether gave yellowish-pale needles m.p.
—S—phénylisothiazole obtained above was treated with dimethyl sulfate

(1 ml) and heated at lOOOC for one hour. The mixture was treated with

ether and the precipitated oil dissolved in acetic acid and treated
with 70% perchloric acid (0.5 ml), the salt was obtained as pale~

yellow needles m.p. 97°¢ ,» yield 307%.




REACTIONS OF ISOTHIAZOLIUM SALTS

REACTION WITH SODIUM BENZOYLACETATE

General Method

114

The isothiazolium salts (~ 1 m mol) were added to a suspension

in ethanol of sodium benzoylacetate (~ 1.5 m mol), prepared by addition

(125) to a molar solution of sodium ethoxide in

of benzoylacetic acid
gthanol. The mixture was stirred and gently warmed until homogeneous.
The mixture.was then diluted with water, and the ether extract dried.
Evaporation gave either crystalline material directly or oils which

were purified by thin layer chromatography prior to crystallization.

Products were recrystallized from ethanol or ethanol benzene, 1:1

mixture. Reactions and products are summarized in Table 1.

Treatmeﬁt of Z—methyl—3—methylthio—4—phenylisothiazolium
perchlorate with sodium benzoylacetate gave an dily product which, on
examination by thin layer chromatography, gave the corresponding
thiophene. .quevgr the firsf band on elution gave 30 mg of an orange
oil, whose NMR had a broad band at -4.57 , typical of B-amino-

enethionés(lzg)

. This was not analyzed, but an iodine oxidation in
the presence of perchloric acid gave back the salt, confirming its

structure as 3-phenyl-l-methylthio-l-methylaminoprop~l-ene-3-thione.

REACTIONS WITH HYDROGEN- SULFIDE OR SODIUM HYDROGEN SULFIDE

General Methods
(a) The isothi;zolium salts (~ 1 m mol) in.ethanol (10 ml) were
treated with equivalent quantities of ethanolic molar sodium hydro-

-sulfide solution, and stirred until homogenous. The solutions were
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Table 1

" REACTIONS OF ISOTHIAZOLLUM SALTS WITH SODIUM BENZOYLACETATE

analysis
compound product yield @m.p.oC taled, H = | XN

+ hﬂe §126) found — —

S COPh 71°% 57
U l W |
(127)

Dt S——COPh 63°% 132
PM Phl\—_\jl | - |

Ph

- s—R"" s——COPh 63 % 132
PSS

- — —COPh 68% 150- G 818 471 94
PR ey 152 F 817 484 9.5
Ph, Ph Ph (128) |

| _ COPh 42% 101
%P P PRNS-Ph | | |
6975 ‘452 20.65

S—3° " s——COPh 77% 83-91 C
4eSL§$)J MeSLQ%%a | : - F 7007 4.62 ?20.88
i . h _
M o D ooph 74%% 32-33 C 6375 452 20.65
teslay. Mesk/Ph  F 7004 463 20.65
S——-N S——COPh 40% 86  C 7735 454 12.12
\% I : F 7707 4.6 12.2
Me I”h | | ‘ | -
g 1COPh 50% 103-  C 7351 512 1095 476
phJ\)m Ph\ UNHMe 109 F 7345 525 10.91 467
S—j~ COPh 33% | |
| IR
PhJQ/lSMePih\ D
S HNMe

P '//SMe 15 /o



diluted with water and ether-extracted.
(b) The salts (~1 m mol) in water suspension were treated with
hydrogen sulfide and boiled 10 minutes. The mixtures wefe cooled and

ether~extracted.

The ether extracts from (a) or (b) were dried, evaporated,
and examined by thin layer chromatography. The results are summarized

in Table 2. There was little to choose between the two methods, and

ylelds and products by each were comparable when performed on identical

compounds.

The sﬁlfide obtained from the reaction of 2-me thyl-4,5-di-
phenylisothiazolium perchlorate with hydrogen sulfide, c0u1d.not be
isolate& sufficiently pure for analysis and was converted by treatment
with perchloric acid into 3,4~diphenyl-1,2~dithiolium perchlorate(24),

similarly to known methods(ll).

REACTION OF 2,3,5-TRIPHENYLISOTHIAZOLIUM PERCHLORATE WITH SODIUM
BENZENETHIOLATE .

The isothiazolium salt (613.5 mg, 1 m mol) in ethanol (20 mi)

was treated with the equivalent quantity of sodium benzenethiolate in

ethanol (1 ml), and stirred wntil homogeneous. The dark-red solution
was diluted with water and extracted with ether. Chromatography
afforded l1-anilino-1,3-diphenylprop-l-ene-3-thione (817 yield), iden-

tiéal (mixed m.p. and I.R.) to an authentic sample(ll). Diphenyl

disulfide (89 mg) was also isolated from the reaction mixture.

REACTION OF 2- METHYL-5-METHYLTHIO-3-PHENYLISOTHIAZOLIUM PERCHLORATE
WITH SODIUM BENZENETHIOLATE

The reaction, performed as above, gave methyl R-methyl-
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Table 2

BEACTIONS OF ISOTHIAZOLIUM SALTS WITH HYDROGEN SULFIDE Mathod (a)
OR SODIUM HYDROGEN SULFIDE Method (b)

}sothiazolium salt Method Products in order of elution _ ;;;
‘ R % yield

S———-Nph | HNPh
NS Ph'\/'
~ s—fRien HNPh E .

(a) th 56

S —NMe . $—S $—s

AN D PhK\P{KSJ\dPh ‘0
- + Ph '

— NPh HNPh |

| Ph@Ph (b) 'Ph‘\)Ph 45

SN S HNwe g
: (a) . e ’ :

‘_ Uph S| HNPR —S

5 N .
. S—NMe NMe —S -
Mesly Upy - (P MGSVPh 43 7 ?%}s 45 e

 S—NPh | HNPh | I
B S = 20 | |
Ph : » ‘ | b

S —N\Me ' 4 S—sS -
) by Qs
Ph S « (B
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aminodithiocinnamate (in 59% yield), identical to an authentic

(44)

specimen

REACTION OF BIS-4-PHENYL-1,2-DITHIOL-3-YL SULFIDE WITH HYDROGEN SULFIDE

Th? sulfide (94)(0.2g) in water (10 ml) was_boiledland a
stream of hydrogen sulfide passed through. After 10 minutes the
mixture was cooled and ether-extracted. The extract, on examination by
thin layer chromatography, gave unreacted material, and 4-pheny1-1,2-
dithiole-3-thione (30% yield). Boiling of the éulfide with sodium

hydrogen sulfide gave similar results.

REACTION OF 2,5-DIPHENYLISOTHIAZOLIUM PERCHLORATE WITH SODIUM CYANIDE

The salt (0.238 g, 1 m mol) in ethanol (5 ml) was treated
with sodium cyanide (0.05 g, 1 m mol). The mixture was: warmed 5—10'miputes
in a water-bath until homogenous, then diluted with water, and extracted
with ether. The ether extract - dried and evaporated to éive dark
oil, which on chromatography gave several bands of unidentified de—
éomposition products.
THE REACTION OF 4,5-DIPHENYL-2-METHYL- 3-METHYLTHIOISOTHIAZOLI UM IODIDE
WITH SODIODIETHYL MALONATE

A éblution of sédium ethoxide was prepared by adding (0.02 g,

1 m mol) of sodium to (5 ml) of super dry ethanol(131).

To this
solutions 0.19g (1.2 ml) of diethyl malonate was added with stirring
then (0.55 g 5, 1.2 m mol) of the salt was added. The stirring was
continued for 10 minutes. The solution which became red on adding the

salt, gradually became yellow and methyl mercaptan was evolved. Water

was then added and the organic layer extracted by benzene. The benzene
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" solution was dried and evaporated to afford diethyl 4,5—dipheny1
-3-methylimino-2,3-dihydrothiophene~2,2~dicarboxylate. Recrystal-
.lization from toluene by dissolving in the minimum quantity then
leaving at 0°C for. three days, gave yellow prisms of the 3-iminothio-

phene 50, ﬁ;p; 97°C.

Analysis foer23 H23 N S5 04
Calculated: C, 67.48 3 H, 5.62 3 N, 3.42 ; S, 7.82

Found: . -~ C, 67.47 ; H, 5.44 ; N, 3.15 ; &, 7.84

Mass spectrum: M+.409, ;alculated 409. NMR spectrum: showed that
the compound existsin two isomgrs.“ 8.8 - 9.1 (two‘sﬁperimposéd
methyl 6H triplets), 6.2 - 6.4 (two methylene 4H quartets and two N-
:methyl 3H singlets, 2;6 - 2.9 (the aromatic protons).

REACTION OF DIMETHYLMETHYLENESULFURANE WITH 2,4-DIPHENYLISOTHIAZOLIUM
PERCHLORATE

A solution of (1 m' mol) methyl lithium in anhgdréus ether
‘was added dropwise over several miﬁutes to a stirféd suspension of
(1.2 m mol) trimethyisulfonium iodide, 'in (3 ml) tetrahydrofuran
under nitrogen at 0°c. After stirring for 5 minutes, the isothiazolium
salt (0.4 g, 1.2 m mol) w;s added, stirring was conpinued for 30
| minutesiat OOC, and then fér 1 hour at 250C. Water was then added,
. the ofganic layer then extracted in benzene. The benzene solution was
dried, eﬁaporated, and the 0il obtained was then chfomatographed. The
fastest eluting orange band afforded on evaporation orange oil which

crystaliized on trituration with methanol (30% yield), m.p. 204°¢.
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L :
Mass spectrum M 297, calculated 297. NMR spectrum: <t7.2 (3H singlet,
the S-Me groﬁp),A2.7 - 3.1 (114 bands, the aromatic protons), 1.8 (the
amino proton). The compound, however, seems to be unstable and attempt

at purification for analysis was unsuccessful.
'l

REACTION OF DI}ETHYLMETHYLENESULFURANE WITH 2, 4—DIPHENYL—5 METHYLTHIO-
ISOTHIAZOLIUM PERCHLORATE

The reaction performed as above afforded orange prisms .of

2,5-dimethylthio~-3~anilinothiophene, m.p. 198°C in 28% yield.
Mass spectrum: M 243 ‘Calculated 243.

REACTION OF »p. NITROBENZYLIDENESULFURANE WITH 2,4-DIPHENYLISOTHIA-
ZOLIUM PERCHLORATE

The ylid (1 m mol) was prepared from the corresponding sulf
fonium salt by its treatméntﬂwith molar quantity of sodium ethoxide
in dry ethanol. A slight excess of the isothiazolium salt (AJi.Z m
mol) was thgﬁ added. After stirring for 15 minutes, the mixture was
' diluted with water and the ether éxtract dried. Evaporation gave an

0oil which on chromatography afforded a main orange band which, on

extraction and recrystallization from ethanol, afforded 2-p.nitro-
phenyl-3-anilino-4-phenylthiophene, as yellow-orange prisms of m.p. 158.

Anglysis for 022 Hl6 .N2 S 02

Calculated: C, 70.96 ; H, 4.3 ; N, 7.52 ; S, 8.6

Found: c, 70.71 ; H, 4.7 ; N, 7.52 3 S, 9.10
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REACTION OF 2,4-DIPHENYLISOTHIAZOLIUM PERCHLORATE WITH DIETHYLBENZYL
PHOSTHONATE o

" The reaction was performed according to the procedure of

Fieser(l32), to afford 2 ,4~diphenylthiophene as white crystals

o (134)
m.p. 121°C [llt 121 °c1, in 18% yield.

REACTION OF 4 ,5-DIPHENYL-3-METHYLISOTHIAZOLIUM PERCHLORATE WITH
ETHOXY CARBONYLMETHYLDIETHYL PHOSPHONATE

The reaction performéd as above tentatively afforded 3-methylamino
: +

. ~4,5-diphenylthiophene~2-ethyl carboxylate. Mass spectrum: M 337,

Calculated for C20 Hi9 S 02 s 337. The yield, however, was too low

to allow for further investigation of the structure of the product.

REACTION 2-METUYL-5-METHYLTHIO-4-PHENYLISOTHIAZOLIUM. PERCHLORATE WITH
METHYLLITHIUM AND DIMETHYL ACETYLENEDICARBOXYLATE

}bthyliithiumx (l.m mol) in ether was added dropwise to a
stirred suspension of the isothiazolium salt (1.2 m mol) in anhydrogs
ether, under nitrogen. The stirring continued for‘15 minutes. Then
(1 m mol) of dimethyl acetylenedicarboxylate was added followed by 20 ml -
of benzene; the reactioﬁ mixﬁure was heated gently to evaporate the
ether, then refluxed for 5 hours. On chromatography, many bands were
obtained. Howéver the yellow band at the bottom of ﬁhe plate afforded
the expected product 60 , as indicated by its mass spectrum M+ 317;

calculated for C S NO,, 317. The low yield of the reaction

16 Y15

did not allow for further proof of the structure.
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REACTION OF THE CYCLOPENTADIENYL ANION WITH 2,4-DIPHENYL-5-
METHYLTHIOISOTHIAZOLIUM PERCHLORATE

Cyclopentadiene was obtained from the dimer according to

the method described in Organic Synthesé%33). A solution of (1 m mol)

methyllithium . in anhydrous ether was added to a solution of (1.2 m mol)
cyclopentadiene in anhydrous ether under nitrogen at the dry ice tem

perature. After stirring for 5 minutes, the salt (0.4 gm , 1.2 m mol)

was added, and stirring continued for another 30 minutes at room:

temperature. The solution was then ailuted with water and the ethér
layer separated énd'dried. Evaporation gave dark oil which was |
chfomatographed. The top dark blue band was extracted in benzene,
"which, on evaporation, afforded the crystalline pseudoazulene 62b ,
m.p. 278°C in 60% yield. -Mass spectrum: M+ 256 ,. calculated 256.

Analysis for C

15 H12 Sy ¢
Calculated: C, 70.31 ; H, 4.68 ; S, 25.0

Found: C, 69.69 ; H, 4.8 s S, 24,67 .

NMR spectrum: 7t7.5 (3H singlet, the S-Me group); 2.4 - 2.9 (9 H bands,’

the aromatic protons).

REACTION OF CYCLOPENTADIENYL ANION WITH 2,4-~DIPHENYLISOTHIAZOLIUM
PERCHLORATE

The reaction performed as above to afford the pseudoazulene
62a , as a dark grey plates of m.p. 250°¢ ,» Mass spectrum 210+ s

calculated 210. Analys1s for C14 HlO s

Calculated: C, 80.00 ; H, 4.76 ; S, 15.23

' Founds C, 79.20 ; H, 4.97 ; S, 14.91
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REACTION OF THE INDENYL ANION WITH 2,4-DIPHENYL-5-METHYLTHIOISOTHIA-
ZOLIUM PERCHLORATE o

Methyllithium (1 m mol), in ether was added to iﬁdene

(1.2 mol) in anhydrous ether. (10 ml) -under nitrogen. The solution was

stirred for 30 minutes, then isothiazolium salt (0.4 g~1.2 m mol)
was added. Stirring was continued for another 30 minutes, then the
solution diluted with water; The ether layer separated, dried,

evaporated, and chromatographed in benzene. The major pink band

afforded a dark pink oil (207 yield) which could not be crystallized,‘
and was not analjzed. However the mass spectrum was M+ 399 ,M{-9S8),367.
calculated for C25' HZl N 82 399 .

- NMR spectrum: <t7.5 (3H singlet, the S-Me group) , 2.5 - 3.2 (16H
bands,Athe aromatic protons, and the amino hydrogen). Although no

specific band could be assigned for the amino protdn in the NMR

spectrum, the I.R. spectrum proved the presence of this group by its

characteristic absorption at frequency 3500 cm:I




