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ASSTNACT

A varÍety of isoËhiazol-ium sal-ts has been prepared and al-lowed to

react with sódium benzoyl-acetate. Z-ßenzoyLthiophenes r¡Iere obtaínecl,

suggesting that Ëhe posÍtion of Ínitíal nucleophílic attack is at the

sulfur aËom of the heËerocyclic cation. Reaction \^IiËh hydrogen sul-

fide gave acyclic reductÍon products, oï 1,2-díthiole derivatives, de-

'r¡no nf crrhsrifrr¡ in the isothiazol-iumpending on the type of substituenË ori niËrogen :

salts. The study also included the reaction wíth other corurnonly avail--

abl-e nucleophiles such as sodíodiethylmalonaLe, sulfonÍun y1ids, !üÍttig

reagents, cyclopentadienyl, æd indenyl anions, æd was found to be of

synthetíc val-ue for Ëhe preparation of varíous heterocyclic systerns

especÍ-ally pseudoazulenes and thienoisothiazolium salts.

Reactíons of certaÍn 3-bromoÈhío-lr2-dithiolium bro¡n:ides r,iith pri-

mary araines produced isothia2oline-S-thíones. These corryounds were

found Ëo form adducts of varying stabílity with aceËylenic reagents'

ComparÍson of theír reactivity with Ëhe isomeric ísothiazoline-3-thíones

indicaËes that rvhil-e the ,former react rapídly to form only monoadducts,

the látter react more slor¿1y to form rnonoadducËs which react more

rapidly to form diadducËs. ThioacylmethyleneËhíazoles have been pre-

pared and were fowrd to form mono and/or diadclucËs r¡lith dinelhyl

acetylenedicarbo:ry1-ate depending on the polarity of the solvent.

ThioacyS-methyl-eneisothiazoles have been also prepared and their NlfR

spectra sËudied in conparispn wÍth those of 1r6r6" SIV trithÍaPentalenes'

':',::'.! ¡ ....'.'
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and evidence v¡as found to favour cire hyporhesis EhaE invokes the use of

sulfur d-orbitals in the boncling of the central sulfur atom in the

l-ast sysE,em to expfain lts syrunetry Ín solution'
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INTRODUCTION



GENERAL INTRODUCTION

This thesis concerns Èhe syntheses and reactions of a number

of compor:nds containíng the isothiazole nucleus, namely the isothia-
:

zol-ír¡m salts, and the isothiazoline-3-.and -5-thiones'

Suctr corryounds would be useful subsËTates for the invesËiga-

tion of various reactÍons, such as nucleophÍlÍc attack, and 1-r3-dipolar

cycloadditions. Moreover they 4ay seTve as a syntheËj.c route Ëo

varíous other ínteresting heterocycl-ic systems, especial-ly the 3-thio-

acyl-nethyleneisothiazoles which axe aza-aÍLa1-ogues of the J-r6 r6aSIV-

trÍthiapenÈalenes.

t..'



ISOTTTIAZOLES

I. DESCRTPTION OF THE MOLECI.ILE

Isothiazole 1 , is an unsaturat.ed five-mernbered hetero-

cycl-ic moLecule containing thro adjacent heteroatoms, namel-y sulfur and

nitrogen. The sulfur. at,om conËributes a free palr of electrons to

the mesomeric bond system.

N-S
\¿

1

Both the isoËhiazofe ! I and the lsonerÍc system' the

thiazol-e.å , have a physícal arrd cÏrernicaL siníl-aríty to pyridÍne J ,

from whlch they can be formally derived by replacenient of the 2 - 3 , or

4 - 5 carbon Èo carbon double bonds by a formally bívalenÈ sulfur atout

-s-(1). Ilowever, takíng into account Ëhe partfcipation of sulfur d-

orbiUals, the replacernenÈ of =$= group for a =C[I-'CH= group is also pos-

sibLe¡ Like pyridine, these systems may also be represented by deLoca-

lized structures.

U
The followlng contributfng structures

for the lsothíazol-e molecule. Structures [vf

3d-orbÍtals.
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tlf - !*J t"y be drawn

1"1 uËÍ112e the sulfur
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IT. SYNTIIESES OT' ISOTIIIAZOLES

. SÍnce the first preparation of the sysËens by Adar¡s and I ', 
,

St""t 
(2), 

numerous routes have been devlsed for the syntheses of iso-

thiazoles. These have been a subject of a recent review by

l,Ioo1-dridg"(3). T\¿o of these methods are cLosely re1-ated to the prepara-

tíon of Lsothiazol-ium salts and therefore will be díscussed brÍefly Ín

the foll"owing:

1. syntheses invol-ving an oxldative N-s bond formaÈion :

In ttrls approach the ísoËhÍazoles are obtaLned by the oxÍdation of acy-

clic internedlates fonned in an adûition or condensatíon reactíon.

HS NH

orV*,
R2

loì S-N
R"\/qeR2

.j_ :: ..

i;,r1:.'.i
i.-...-

Numerous routes have been devised Ëo 
.these 

precursors lnel-udfng the

addirion of hydrogen sulfide to g-iurinopropionítrft."(4), t'he additíon

of isocyanaËes to prlnary and secondary enamfnes(5-7), the thionatlon of

g -iminoketones(8), and the reduction of lsoxazol-e by Raney NJ'ckel,

folLowed by thlonatton(9). Varfous oxidizlng agents have also been used

incJ-uding hydrogen peroxider. chlorarnlne, halogens' persul-faÈe, or ele-

mental sulfur.



2. Syntheses from

obtained the isoËhiazol-es

aÐnonia.

dithiol-iun salts:

by treatrnent of

( 10-12)Leaver ef, aI.

1, z-dithi;; sal-ts wÍth

tro+

ITI. TTiE CTTEMICAI PROPERTIES OF ISO]HIAZOLES

The chernistry of isothiazoles have been discussed Ín detail-

j.n the review by !üooldridge(3) mentÍoned earlier. Although the ring

níËrogen ís only weakly basíc (pKa = -0.51- t 0.04 at 25oC)(3), ia 
""r,

be induced Ëo form quaternary derivatives(16). This observaLíon is of

special inËerest for the preparation of isothiazol-ir:m sal-Ës. El-ectro-

phílic attack is reported to take place at the 3-posíLion(13). Nucl-eo-

phil-íc aËtack r.ras fornrd Ëo take place at the ríng sulfur atorn(l4).

R S-r"3-ru
cr\y'r,

CN

-ct..--.---.---.*
RSS CN

l-ì*
Crow et ^f. 

(15) fognd that while the nucleophÍlíc attack upon the S-N

bond of 3-hydro:ryisothÍazol-e has a reversible character' previous pro-

tonaËion o.f the substraËe result,s in a thousand-fold íncrease Ín the

raLe cofisËant. This was expl-ained by the weakening of S-N bond in the

ísoËhiazolium cation.

ii,.
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N:ao, S-NR
\,Äo

------>

-

N -s------.NR

$o --s N-

-

NCS tJxrril\

S NHZ

\,Åo
S-NH
\^

+ NCH v
\../' \ S-+lH,/

Tlydrogen exchange is reporËed to take pl-ace at S-position

very rapÍdly r.urder basic conditíons, and therefore treatÐent of iso-

thíazoles ÍríLh butyllithiun affords the S-lithio d'erívatives(17). How-

ever nucl-eophilic aËtack on the ring su1-fur al-so takes place leading

Ëo rÍng "1.t.r"g.(3).

s 
-N 

r_ BuL¡ s 

-NW'l----- ;Þ uiVnrñ2ry

'Ü- t-BuLi :'ì*iii
vq

S HNR

\,\'

i:.:.1:.:a:.:-;r
i'.:ì.:-:::r):

+
H

,/ \,Ào\*,

N c \jlor,

Bu

Hr0L.-

-7

\,|lq
ts

R2



ls the quaÈernÍzation Product

Ísoel-ectronic with the

as tropylLum 7 caËions.

R
-Nl

U
R

0
6

+

o
@
7

.^

Ç

R+s-Nv
/R,R

Q. 

-xr/iõ'ì\2
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ISOTIIIAZOLI U}'1 S ALTS

I. DESCRIPTION OF THE }IOLECULE

The ÍsothiazoLiurn cation 4 '

of the isothiazole's ring nitrogen' It fs

thiazolium 5, and pyridlnium 6, as well

rdl\v,
5
5

The resonance st,ructures of isothÍazoLiun system may be re-

pïesented by the followlng contríbuÈing structures t3.r - lxl , in whfch

the structures lhiii-Éx] utLlize sulfur d-orbital-s. structures

tSii- þl wÍth Ëwo adjacent posíiÍve centers are of negligÍble Ímport-

i 4.i¡ Aiii 4-,, 4-v Avi 4-vii Av¡¡i 4r* 4 x

According to the inductive, coul-ombic or LCAo noLecular orbi-

tal consÍderations, nost. of the positive charge should t" o" the nitro-

gen. However deprotonation studi."(19) have shor'¡n Prot'on loss to o.ccur

at position 3 and 5 , with hfgher exchange rates for the S-position' ì:,. :i:
: J1. ..

4



whLch suggests that another factor such as sulfur d-orbÍtal- overlap

would stabillze the deprotonated species. Thls stabflizatÍon would be

greaËeï r.rhen the carbanLon cenLer 1s adj acent to the suLfur atom'

Nuclear magnetíc resonance studies on ísothlazoLium hydrogen

sulfate al-so suggest a Lower electron densíty at the S-positlon than at

the 3-positior,(18). (t for II, = 0.4 , t for H3 = 0'9 ' md

t for HO = 2,!)

srructural investigatlons of 1r2-dithiollun sal¡s('0) htt"

shshm thaË the sulfur-sul-fur bond ín the lr2-dithlol-íum catlon 81s

shortened th^rough -If bondíng. The su}fur-sulfur bond in B fs 2'00 A '

as coDpared wíth Ëhe sulfur-sulfur singLe bond length of 2'l-0 A ín a cis

planar disulflde group. By analogy, the sulfur-nftrogen bond in an íso-

ôrì 4 is expe"tu¿(21) to be 1.65 A Ín couparl-son with athiazoLium catlon 4 is exPecLe

nltrogen-suLfur slngle bond of 1' 75 A \zz) '

'ö: 'ö,

II. SYNTIIESIS OF ISOTTIIAZOLII]M SAITS

The several methods availabl-e for the preparation of thls

system could be classified r:nder four general approaches'

1. The Alkylation of. Isothlazoles:

rsothiazores were rorro¿(16) Ëo r:ndergo alky1atlon to isothia-

zol-ium lodldes when kept for prolonged perÍod's with slrryLe a1kyL lodj'des'

HeaLing Led to gross deco4osítlon, while the Presence of sol-vent would

slor¡ the reaction. Other reagents were also successful-ly used incl-uding



benzyl hal-ides(16), triethyloxonium fluoroborra"(23), dinethyl-

=,ri-f".u(24) and rnethyl tosylate(16) ' 
(25) 

'

)4"

CIO;
¿1

of ísothiazoLes afforded a bicY-

Br

+

U i' iål u; ='S

In tramole cular quaLerni zat ion

clic syst.r(").

s --+l l-l Br \
Vtto{cr$oE-

Thís approach, however' presupposes the avaiJ'abÍLÍty of a

suitable alkylatíng agent and the required isothiazole, a¡rd has the ob-

vÍous dísadvantage of beÍng inapplícable to the synthesis of N-aral

isothiazolíum sal-ts.

2. The' Alky1-ation of IsothíazolÍnethionesÍ

Both3.andS-tþioneshavebeenalkylatedbyalkylha]-ídesto

give rhe corresponding alkyLttrioÍsothÍazol-iu¡a salËsQ5-27) ' rhe ap-

proach is restricted, however, to t.Lre preparation of isothiazo]-íu¡n

salts carrying an alkylthio substituenL on the 3- or 5-posiuion'

-U.3 t4el=
LRt uÇm"LR1



3. Oxidatíon of Isothlazolinethionesi

Bachers and co-v¡ott.r"(29) obtained 2r4-diphenyLísothiazol-ium

perchl-ora.luytheoxi-datfonofËhecorrespondíng2,/*.dipheny1.-3-thíone

with hydrogen peroxide in acetic acid. The neËhod was extended l-ater

by Loosmot"(lo¡ Lo other thiones

Phs-ñ Phs-N+V
Ph

t-Hzoz
L ilËTtf*

CI O;

S NH l'4e

PhH u\y'ra. B'2 
-=

c02Et

Following the sane aPProach'

5-ne chyl-thioÍs.othiazolÍum b rorn:ide and

\,.Åt
Ph

4. Oxidative Formation of the N-S Bond:

Goerdel-er et- a1. 
(31), prepared the first isothÍazoliun catíon

by dehydrogenarion * ,-r"rny1-anino-N-phenyl-but-2-ene:thioamide derJ-vêtive

with brouuine.

5 

-i¡¡¡6PhHN$Jra*
C02Et B r

r",r"t(32) synthesÍzed the 2-methyl*'

the corresponding tribronide.

N HMe
+

$ 

-\þls14es\/
Br or

Bts

Brz
1:1 ort4esJl..7/
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By treatíng 112-dlthíolium salts with primary amfnes, McKlnnon

a¡rd Robak(24) otr"íned l-aminopropene-3-thiones. By oxidation wÍËh

iodlne, a variety of isothiazoLium trllodídes !{ere obtained which were

converted into the corresPonding perchlorate on tTeatment wíth Per-

chl-oríc acrd rn acetic acid or nitromeËhane.

.SH ì

S 

-S 
RNHc S/- NR - s S NHR l-Ol s ---+ln

M-.- 
¿>-,$t Rl+-Vt'

lh=Ph ctoa ¿

- The availability of lr2-dithioliurn salts and the general-fty

of the reactíon rnake this approach a convenfent, one for the preparation

of, N-aryJ- ísothiazoLit¡m salts. However if R3 = II , the reacLlrrity of the

ínternedÍate thial precludes the synthesís of 5-r:nsubstiËuted isothia-

zolLum sal-ts o-y this mêthod, and phenyl-malondial-dehydedianÍLs are ob-

taíned io"t."¿(33).

" [ -l ,rr. r,

U phNHz= 
I'\i,-rPhl 

rudnp*
Èn tro, L Þn J Ph

L+

N-ary1--3-alkylthlo (or phenylthio) r+ere also obtair,"a(34) uy

the iodine oxidation of the 3-a1-kyl-thfo or (arylthio)-1-ary1arn:ino-2-

propen-l-thÍone, whích qr:re obtained from the reaction of Grignard re-

agen rs wÍrh N- ( 5- ary r- rJui 1, 2- ûithíole- 3-y lÍdine ) ary Lârnines .

¡\ _\
.J \', S l-lNPh t ,., S 

jN 
Pf'

Qy'svr. PhvsrdeI/ e l'49I
l::f .

f
Ph\,^NPh 

lYre 'rs r >



Oxidation of 2-pyrídylthloacetam:ide ox .2-(2-benzyl-thÍovinyl)

pyridfres afforded lsoËhiazolo 12,3-al pyridinium salËs(35), whÍch coul-d

be regarded as an isothiazolÍum cation fused wíth a pyrídine típg.

N-s

::;t¡_'.:.1i1,;ri.:y':j.';jr,1,f,'::i.:r::í::r.:--1:::llï1!ìfJìi:ii1.ìtíîií::"i-,j:.,i_ìii_:i.:.í.]i-::.1:t':' l': '

ll

c[ 0,
4

1.H.,0 cMe2ffi !,Ç/r'r14e,

CH2Ph Br Z ,
R

Br

III. REACTIONS OF ISOTIIIAZOLIUM SALTS

The deprotonation studles mentíoned ."t1i.t(19) showed that

'Ëhe proton on the 5-position fs lost, at higher rate than the proton on

the 3-posiÈion.

Sirdlar|y to a reaction of 1,2-dithfoliurn wÍth sulfur fn

pyrídine(36) , ucKinnon and noU"t 
(24) for¡rd thaË cerËaín ísothiazolir:m

salts reacËed also r¡rder the same conditíons to give isoËhiazoline-3-

thiones. In a more detailed l-nvesËfgation, Baehers and co-r¿otk.t"(29)

fornd that whíle 5-tmsubst,lEuted isothÍazoliun salts give the corres-

ponding ísothiazol-íne-5-thÍones, the 3-unsubstiruted s"its give either

the correspondfng isothiazoline-3-thione íf the nitrogen is alkyL sub-

sEÍtured, 91 1,2-diLhlole-3-fmlnes ff the nf trogen fs aryI subsËftuted.

The nechanism shown in [schene 1] was suggested to explaln the forma-

tl-on of the different products, wlËh I path la] being favored when the

subsLlEuenL on nJ-trogen ís aryl-, and I path 1o-] betng favored r¿hen the

sr:bsËiËUenE ls alkyl-. InducLlve effects appear to be irportant

N-S



l:r:.:tì.1

/2

s cheme 1

AlternatfvelY the reactlon could

attack by the actfvated polysulfide anion

'NR

luo 
{

ñn

involve direct, nucleophÍlic

lscheme 2l 
(33)

V;L{-V'L v_€)v.
*-R

S 

-N-
S

\^*

1l

+ S-NR * S-NR
rrp* + Égssrs+ph(-ïss6sËo-ortJ; +
scheme 2 t.9ìf

Howeverran isothiazolium salr with both 3 and 5 positions unsub-

stÍË,uted gave only a producË derived from aEtack aL the 5 position. This

.was taken by the auLhors db evÍdence for deprotonatíon as the first stage Ín

the reacLfon . NucleophÍIic atËack on a carbon atom r.roul-d be favored

at Èhe 3-p.osfEion by lnductive and coulombfc consideratlonçZl) '

Landesberg at d olofsorr(?3) .*"*irred the nucleophiLic attaclc of

annnonia on isothiazolíum sal-Ës. They suggested that the reaction takes



l7

place at the 3-position,

'to form isothiazoles.

{'s-NErV
Phr

+

s_NEr

*Et

causing ring cleavage followed by ring closure

Of the four plausible mechanisms for Ëhe reaction [scheme

3], ,,",' and "b" have been excluded. on the basis that the 3:phenylisothia-

zolium salt-, though ít does not have the proton in the 3-posÍtion

required by these mechanÍsms, still reacÈs to yÍeld 3-phenylÍsothia-

zoLe. paEh 'rdil is less favorable than paEh "c".since 5-phenyl-

isoEhiazole 10 is formed in higher yleld than the 4-phenyl 9' The

4-phenylisotltiazolium cation should be less sterically hindered in

the displacenìenf mechanism "d"'

S 
-NU

Ph

+ 
¿'s NH^ ¿t ,,ì-llEt -[1 Nh¡ =\- ,NHv-:n\r=*foþ¡Ér' 

HNEt 
I: S-N NH - IV:-"VlHEt+

Ph Ph r¡

9

to
s -Nh\-JJPh\,JJ

N Hr-_--_o-->
BF

/+

N Hs \
--_f

BF- P
'/,

S 
-çza: \l -:*

Ph

*Et
S 

-N, 
NHW'

Pn

þ: ''U**U-iUi;*U
Ph rr Ph Þ Ph t-l Ph

scheme 3
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scheme 3 ccnt,

q 

-,NF\¡r-l -ryErc: VëçirÑ*tPlr Ph

+s-N I4e

Vt"
C 021'4e

N HEt*u--*u)
d: üF-rr*+*t+(;p5*L-q

Reactions with hydrazíne and phenylhydxazíne afforded pyra-

zores and pheny LpyrazoLes respecËivetr(23) ' 
(38).

U- NH^NHR'= []R'
ÞF,

4
Hydro:ryl ions are t"pott.d(37)

Ëhiazoles on the carbon atom 5 , J-eading

aldehyde.

Ph Ph

R=l{ or Ph

to attack the quarternary Íso-

to the formation of an enan-ino-

oH -o 
c.l-NHl4e

----.-s

-?,-coz

RecenËry, sykes,an¿ utt"rr(38) studied the nucleophil-ic reac-

tions of hydro:<yl-anlne wÍth 5-phenyl- or 3,5-díphenyl- substituted isothía-

zolium cations whigh afforded isoxazol-e and isoth1tazole N-oxide. The

reaction seens to proceed by ÍnitiaL attack of nitrogen nucleophíles on

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

(mechanist rtçtt of Landesberg and Olofson).
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s03F

,MnrK-io*r^'d:
R=Hs¡ Ph

I 
The formatlon of both 3-,¡and S-phenylisoxazole (1!4 rnixture)

I from the reacÈíon of hydro:rylamfne r.tith s-phenyLisoËhÍazolÍr:m salt

, J.ndicates that the nucleophlllc attack on isoËhiazol-1um salts does

, lake place on carbon 5 as wel-l- as on carbon 3'

; UnsubsÈituted salts r¡rder the same conditÍons, yielded neither

i.i rsoxazol-e nor isothlazoLe N-oxide probably owing to the lnstablLity of

I uoth pot,ential- products un_der the basic conditions of the reaction.

ir S-substituted isothfazolium caËions react with aníl-Íne and

benzylern'íne to yíe1-d the corresponding ring opened anil-inothÍones

ì 11e. , and benzyl-an:inothÍones 11b. respectively. Sínilar results were

for¡nd for the dísubstituted salts r¿Íth benzyÞnine buÈ no reacËion was

observed with .anll-íne.

'+,^\liffi*U lì"
*: 1l''2 

a' R3=P¡ 
,

S0gF
Rl=M. or Ph,R2=H or ph b'R3= CH2Ph

Dianlls l-2 were obtalned from the reactfon with the isothíazo'

lium cations lacking 3 or S-substítuents. These must also arise from

preferabLe aËrack of the initiaL nucleophflÍe at C-5 fol-lrued by loss of

suLfur.



HS
+

u' :Ïkp"t,ou'u \i'2c 
tPh

Br
12

an Ns-btdentate nucleophil-e, 2-anr:inoethanthiol-, was employed

to Ínvestigate wheLher'attack on isothiazolíum nucleus occurred prefer-

entially through its nitrogen ol lts sul-fut atom. The attack exclusivel-y took

place through the nucleophllet s nitrogen to yíeld the thioethyLaminothiones l-3 .

oV*g
Ko4 Ct 0

S HNPh

olVo,' l'(z

14
a
b

4
Rt sz Rg

SMe Ph H

sEt H ph

sykes and urt"rr(38),

of hydrogen sulfide in aqueous

on the other hand, studied

soluLions; ËheY fourd that

the reactlon

isothiazolir:m

+

s _NMe
Ph\/!lR

s03F

The reaction of lsothiazolium sa1Ës wlth hydrosuLfide anlon

HS- , rìras reported by Bacters33, to yÍeld only Ëhe oPen chain producË

l--a¡rlLino-3-roethylthtopropeneËhiorre 1-4 . It was suggested that forma-

tion of 14 tight trave occuræd through nuc.leophílic attack on rlng

sulfur or nitrogen.

!!!z(c!àsH -- i H N' (cH2)2 srì

-.-----¿-€ 
Ph\y'R

ll=florPh 13'

s-NPh , -,nSH
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sal-ts lacking a 3-subst,ituenË reacted readily to yield the bis-l,2-

diLhioi-yl sulfide 15 , ¡þs original 2-subsËituent being lost as Ëhe

correspondíng arnine. The unsubstituËed sulfides vlere ext'remely r¡rstable'

The reaction was e>ç1-aÍned as taking place by lnitial nucleophllíc

at,tack on the ring sulfur (nechanÍsm rtd'r of Landeçberg and Olofson) '

s03 F

H S:? + 
,rS 

H S_S
,,rUL-'^.\.,FNR --- nnV¡no ttt '

s _s s_s
Lq pn\zkst-/Pn

/ ^ ^\
BenzenethÍol was ,fourd(38) to react with various isoLhiazolium

salts to yield the aLkylarrinothiones 16 . Its fornaEion was erçlaíned

in terms of ÍniLial attack on sulfur, followed by the reactlon of the re-

sultant nixed disutfide L7 wiuh a second moLecule of benzenethioL'

significantly, diphenyl- dísul-fide is formed durÍng the reaction'

PhS:>./ SPh

f-Ñl¿. s' Nl'4e Fì, r\r , s HNtt¡e

PhÇlJ hVRÆphVR PnssPn

s03F 17 16 R=Hor ph

Further investigation of this reaction reveaLed(3g) the exis-

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

molecul-ar formula CZO Htg NZ Sg ; the exacL structure is not as yet de-

finite but it is e>çected to be one of at leasÈ three possfble Ëautor

eric sLructures 18 , 19 , 29 , which have the general representation 21



18

NHl4e 
Pn Í

S

18 19
Ph-t 13\¿. \Ii )uu.p¡ffi"=

s- - --N(t{)-- s
14e

21

Ph17S PhvÆ\

ñArNH'-4eenfi{}u'YìN-S
l'4e

S NHS
Me

2Q

.Y\
S
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4-I S OTTIIAZOLINE- 3-TITIONES

I. DESCRTPTION OF TITE MÓLECI]LE

The 4-isoËhiazoline-3-thione system 22 , consÍsts of an Íso-.

Èhiazole nucleus bearing a Ëhione functÍon at the 3-positíon and usuai-Iy
I

a substj-Ëuent on the nítrogen atom of the isothÍazole.

-:ÇH''q
'22

s 
-NH 

S-N
Rl*,tfolsA*'Rz 'R2

No data are avail-abl_e for the possÍble tautomerism of. 22 ,

whÍch, when R3 = H , contains a potential mercaPto grouP. However the

isomeric thiazole-2-thiones 23 nave been shown by infrared(4o) and ultra-

oiol"r(41) '(+z¡ srudies to exisË mainly i-n the thione form. SimiLar re-

sults are also reporËed fox oxazo.Le-2-thÍo n"" z4Q7) .

Iherefore it, seems more 1-ikely that the 4-ÍsothÍazo1ine-3-

thione molecule should acËua1-ly exisË as the thione form raËher than as

the 3-mercaPLo form.

Çx'- çÀ* Çiî:qi,-
24

II. SYNTHESES OF 4-ISOTTIIAZOLINE-3.TTIIONES

The preparation of 4-isothiazol-ine-3-thiones was first, re-

ported by McKinnon and noUut 
(24), from the reaction of isoÈhÍazol-ium

salts with sulfur in boil-ing pyridine

23
i::,1
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+

SNR
d'\-)

R'

S / PU ? -*R,-''9 rË.ÇÅt
?2

In

is

case of N-aryI cornporrtdsf Ëhe isomeric syst'em l-'2-diLhiole-3-iuine 25

Jr:

obÈaÍned Ínstead by a rnechanism indicaËed earlier'

Le coustumer and ttor-j-ier(27) '(44) in their studíes of the

reaction of 5-aryL-3-thlonethyL-1r2-diUhiolium salts with primary a1-i-

phatic ainines expected, in analogy Ëo the reactíon with aromaËic

arn-ines(a5), ro obraín 5-ary1-3-aryliníno-1r2'dithíol-es ,tG'¡. Ilovrever,

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

having the thíone structure 22 .

The evÍdence for sLructure 22 ísz

1) The product reacted wÍth benzonÍtrÍl-e oxide to give. the corresponding

^,uis.4"j%^,Kii 
+

I22

4-is o thiazoline- 3- thione.

2) The Nr5- enriched product reacted wÍÈh

which showed oo N15- rnethyl coupling which

formed from the írnino compoutd and urethyl

e-q

A'LÃS SMe

rnethyl iodide. giving the salt 26

would have been evídent Ln 27

iodide.

"lP. /2
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2L

+
S+IR

Ar\/rÞ4e _

26 I

+s-so,ÇI{i'
27 I

g) The corryotmd was couparable to the one obtained alt'ernatively by

the reaction of isothiazolÍum salts l¡ith sulfur in pyriôine'

However, it is obvious that these tç¡o roethods are inappLicable

to the synthesis of N-arylisothiazoLine-3-thiones, as ín this case the

lr2-dithiol-e-3-irnines aïe obtained instead. As wiltr be discussed later,

a suitable precurs ot fot the N-aryl thÍones was for¡nd to be the N-aryl

-3-alkylthioisothÍazolium salts prepared by Boberg(34)'

4-IsothiazolÍne-3-thÍones should also be avaiLabl-e by the

ËhÍonaLion of the corresponding 4-isothíazol-ine-3-one 28 . Such ketones

are accessible by the oxidation of the appropriaEe N-substiËuted thio-
(47),(48)

aeylacetaruide'

B ro S --$ll'4e
PhCSCH2CONHI'4 " 

-''t' >ph\^O

28
cror^¡ and L"on"td(49¡ ' 

(50) 
developed another method aLong

LÍnes suggested by the isothiazole synthesis of l¡Jille, capel-1er and

Sceiner(St). #-t-Thiocyanoarylam:ides were obtained by the addition of

hydrogen thiocyanate Èo the propiolan-ides. Conversion to the corres-

ponding substituted-3-isothiazolones was then effecEed readiLy by treat-

ment with acid.

i - 1,'-':::.-l.



Hc=c-coNHR Hscl'r > Nc-540 --à {-7t tHcN
HR R

Leonard and l¡il,soo(SZ¡ reported the formation of 3-isothia-

zol-one nucl-eous by ring contraction of the Lr4-thiazepine rÍng system.

Lewls and Miller(53) prepared 4-isothiazoline-3-ones by the chlorine or

sul.furyl chloride lnduced cyclÍzation of 3'3t-dithlodipropionemídes. A

urajol advantage of this preparatLon route is the.ready avaÍlabil-ity of

the 3, 3t- dlthtodipropfonamide inLemediaËes' convenlentl-y prepared by

aurldaÈÍon via the acÍd chloride of the correspondLng diacÍds.

22

- (s c F{zcHR'-c o- NHR)2 
#

s 
-NR\zto

R.

III. REACTIONS OF 4.ISOTIIIAZOLINE-3-TITIONES

4-IsothÍazol-Íne-3-thiones undergo 
. 
alkylation rêactions with

meËhyl- lodi-de to yleld 3-alþlthlofsothiazolium salËs 
(24) 

'(44) .

ReacËÍon with benzonltril,e o>dde l-eads to the formatfon of un-

stable adduct whích decouposes to form Ëhe corresponding ketone(44).

S 

-NReR,\.Å;' o,

-0-ru
rl 

->

\r
+ C-Ph

S
-PhNcs ?-\n¡_1V
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Oxidation wÍth hydrogen peroxide in acetic acíd r¿as found to

afford the corresponding isoËhiazoliun salt"(S+¡, as mentÍoned earlier.
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3- I S O TI1IAZOLINB. 5. TI1IONE S

I. DESCRIPTION OF THE }CILEClJLE

3-Is othi az o line-5- Ëhione

zoline-3-Ëhione, consisLing of an

fr:nction at tÞe five Position, and

?9 is isomeric r,ríth 4-isothia-

isothiazole nucleus bearing a thione

usually a substituent on Ëhe niLrogeò

II. SYNTHESES OF 3-ISOTHIAZOLINE'5-TI{ONES

These cornpor4¿s were firsË prepared by ¡layer and -l.rrt.r"h(55)

from Ëhe Ëreatment of ketin:ines wiËh carbon disulfide and elemental

sulfur. The ketimines fÍrsL react with carbon disulfide to form isolable

dithio acids which, in the presence of sulfur' can be either S-ËhionaËed

into lr2-dÍthiole-3-thiones, with elimination of auline, or dehydrogen-'

ated into 3-isothiazoline-5-thiones wíth the eliraination of hydrogen sul-

fide. The reaction product is tenPeÏaËure dependent, isothiazol-ine-

rhiones being formed between 15-20oC, and dithiole thiones at higher

ÈeryeraËures.

atom.

TauËomerism to a thiol form when

R^ = H is aþain possible, alËhougþ for the
5

the 4-isothiazoline-3-thÍones, it ís perhaps

exisËs almost, entiïely in the thione form'

HN- S 

- 
N-q

æ_vtrM_
sane reasons rentioned in

unlikelY and the molecule

cs2,o,'1:î,I: s,:Lf[i
fQTNHR^H\

R1 CH2l nz
<-

NR.
ó

R CH-C Ro
1tL

N HR3

ql:lRz
SAS zS
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The dehyclrogenatlon can also be broughf about by other oxidiz:

ing agents such as iodine.

'i3) found that 3-methyJ-thio- 4-.¡nen/r-L,2'McKinnon and Bachers\-

dithioliurn saltsron treatrnen¡ with aniline,under:vrent nucleophllic attack

at,.carbon fi-ve, followed by ring opening to the'díthioester 30 r.

whictr on iodine oxidation gave 2, 4-diphenyl-5-methylthioÍpothiazolíum

cation. Denethylagion of thfs cation ylelded 2,4-diphenyl-3-isothiazolÍne

-5-thlone 29 .

T-l 1l4ezSO4-

\/tãtrct04-
Ph

+

+

S 

-S 
phNHr PhNH S"VrM-Ì:-:-+ 

Vsnu
Ph 30

fiz ,
2,HCI O,

4
P h Ct04

Ph 29

s-sV'
Ph

B r.,L-é--

+

^b-)

ÇJIs',
Ph

PhNll2

Br

[s-s. I g-g
lÇi5¡'+'Ç}u5¡l r'?o-=+NPh
L P-h Ph i i Br- Ph

BuE Bachers and co-workers(29) found Ëhis reacuíon actually

follows Ëhe..same pathway described for the methvlthÍo comPound to atford

the thione ?9 , probably according Eo the foll-owing mechanism

PhN-E Pu Phl\l-$
: UsMe+\>tPh ct%

T,he reaction of 3-bromothio-4-phenyl-1r2-dithiollum salts t¡iLh

aniline was incorrectly reported by Adelfang(56) to give a lithiol-einine

according Ëo the scheure shown.
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..s

+_
PhNH, S) PhNH SBr PhN_S

WrB-\Àr-$,Ph Ph Ph

The strucLure of. 29 was proved by the fact that ic forms

S-nethy lËh ío-2,4-dipheny l-ís o thiaz ol-ium pe rchloraËe on treatmen t wÍth

diroethyl- sulfaLe followed by perchlorÍc acíd' Ëhat it is oxidízed by

hydroge;r peroxide to än isoËhiazol-ium sa1t, and also Ëhat it forrned a

monoadduct rÀri¡h dinethyl acetylenedicarbo:rylate. Had the co@ound been

¿hs J-inino-l,Z-dithiol-e claiued by Adel-fang, Ëhe reaction with dimeËhyl

acetyleneclicarborrylaËe would probably have yíel-ded an unstable *ri"t(57).

l'111?0. i^uÌ;.
z'HCt 04 Þn 

cro.,4

PhN--{
\/'

Ph

tro,
¿+
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PhN-s
\/'

Ph

ry tjpffiil;
Ph

S q --ìC 0214e

Ç\ )ro2rnu
Ph

q 
-q Meo2 cc:cc o2l'4e-

\,/:rurn
Ph

Furthermore, it w¡s ro,-¿(58) that on Ëreating the product

with Grignard reagents folLowed by hydrolysis ' it afforded the open

chain intermediate 1-ary1-arninopropene-3-thione 30 ' proposed to be

formedinthereactionrouLeofthe3-alkylthioconpourrds.

Ph
l4e f'4g X \

-

onç}
Ph

NH S1'4

\^
Ph

e

S

30

III. REACTIONS OF 3-ISOTHIAZOLINE'5'TIIIONES

AsmenËionedin,thePrevioussecLion,3-isothiazoline.S.

thiones were found t'o undergo al-kylation into isothiazoLium salts(43) '

oxidaËíon by hydrogen peroxide to form isothiazolium salLs(s+), adduct

redicarbonyt"a.(33), æd ring cleavage

Ëo acyclic products on ËreaËment with Grignard reager,t"(58).
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NOMENCLATURE
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I.

Several names can be for¡nd in the liËerature for ËhÍs system

including lL,zl dithiol-o []-,5-bl ÍL,21 dithíol-e, thÍothiophËhene, æd

thiaUhiophthéne. The l-atËer Ís the most conmon naÍIe. Hov¡ever it is con-

t1.axy to IIIPAC nomenclatuïe to derive a repl-acement nane from Lhe tri-

vial nane of a heterocyclic system' thíophËhene(59). More acceptabl-e ís

Ëhe name 116r6aslv-trithiapental-ene based on the pental-ene system. IË

should be r¡rderstood that the choice of this nanne, however, based mainly

on practical nouenclaüure consideratÍons, does not define Ëhe real elec-

tronic strueture of the mol-ecu1e(59), "hi"h wíll be discussed in the

foi-1-owÍng secËion. In this thesis, for convenience, Ëhe name ËríËhia-

pentalene will be ernPloYed.

II. DESCRT.PTION OF TIIE MOLECULE

The electronic sËructure of the trithi-apentalene ring system

Ís one of consi.derable interest and has been of some contïoversy. The

symrcËry of the molecule and the utílization of the central sul-fur

d-orbitaLs are two poínts of major Ínterest. TLre classical- theoïy of

o andlI orbÍta[s does not, explain all the properties of these compor-urds,

and various theoreËical e:<p1-anations have been puË fo:rnrard. Several- re-

views were published on Ëhe srrbject which give a good summaqy of Ëhe pro-

'59-62)d67)bl-ens involved\' .

The X-ray invesrigatiorr(63) indicated ËhaË Ëhe trithiapenta-

lenes had the sËrucËure 31 , with the three sulfur atoms co-linear and

equal-ly spaced. The rÍng carbon atoms are separated by L.37 to L.38 A

.:.:.-.

: .r:

-:' 1:.):



and the sulfur-sul-fur bond distances are

an alÍphatic disulfide R-SS-R ' indicat-

tmity.

31

From these bond orders and dístances ÍË was proposed origin-

aLIy Ëhat Ëhe molecule should be represented as a resonzmce hybrid of

trïro contributÍng Kekulá Ëype structures, where there is a double bond-

singJ-e bond resonance of carbon-carbon bonds and singl-e bond-no bond re-

son¿mce ín sulfur-sulfur bond.

31 u

RecenË studies by gaseous el-ectron dÍffraction at a nozzle-típ

te@eraËure of t80oc also suggested a syrnmeËrica1 sËrucËure wiËh sulfur-

sulfur atoms equal-ly 
"p.""å93)Or, 

at. other hand, X-ray investigaËions of
(65-66) rn aunsymetrical trithiapenËalenes suggest ufisynnetrical sËrucËurè

ïecenË investigation by Lozacth and co-wotk"t"(64) it was found that Ëhe

unsynmetrical- strucÈure charaeÈerized by different carbon-carbon lengËhs,

dífferent peripheral carbon-sulfur l-engËhs and different sulfur-sul-fur

bond Lengths, appears to be favoured in the case of symnetricaLly sub-

stiËuted trithiapentalenes.

-'^-'- -ii;:::':,''

29

indicating an aromatic system'

2.36 Ã, compared to 2.04 A in

ing a bond order of less than

2.3 6 2,36

l#
þo-

/o%I

c\¡
c9

,tó,
?

a?
/. /o\2

31u

S -S
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However Clark and Kíl-casË(68) for.¡nd through molecular orbítaL

calculations that the ring system is 1-ike1-y Ëo be susceptible to ínter-

mol-ecular forces, and that factor alone may be sufficient to reconcÍl-e

apparenËly confl-icËing data obtained by different sPectroscopic tech-

níques. Sulfur-sulfur bonds Ínvolving d-orbital-s seem vel:y sensitíve to
I

extramolecular influences ín the crystal l-attice and to intramolecular

perturbaËions such as unsynoetricaL subsLitutíon. Unequal spacing of

the sulfur aËoms may perhaps also result from sËeric ínteraoËions between

syrmretrical-Iy placed sr¡bstituents .

Leaver .t 
"1. 

(69) orígina1-ly argued that the specÍa1- proper-

ties of trÍthiapentalenes níght be caused by rapid tautonerism Ínstead

of single bond-no bond reson€mce, but these data r¿ere laËer re-evaluated

ín Ëerns of ËeËravalenË sul-fur.

Íhe molecular orbital- calculations carried out ty t"taeda(70-72)

has shown that o bonding betvreen sul-fur aËoms could result from Ëhe par-

ticipation of the d-orbítal in the hybridization of the central sul-fur

atom. GleÍter 
"rrd 

ttofft"rro(73) showed that when hybridized p d orbÍtals

are used for the central sul-fur atom, the calcul-ated enerry curves showed

a very flat energy rnlnimum when the cenËral sul-fur atom is approximatel-y

equidistant from the external sulfur atoms, allowing a dispJ-acemenË of

the centïal atom of approximately 10.2 A from the symnetrícal position.

Sin:il-ar resulËs we:re al-so'for.lnd. uy .ct"tt (74).

The sulfur 3d-orbital- participation have also been suggesËed

by Johnstone and w"r¿(50) and by Brown, Leaver, and McKinnorr(zs). The

CNDO/2 calcularions showed(68) '(76) a rel-atively hÍgher d-orbital- popu1a-

tíon on 56, t" compared I^Iith Ëhe terminal sulfurs. Ct"ti.(68) argued,

however, thaË the absoluËe values of suctr calculations cannot be Ëaken



I

too seriously sfnce CNDO/2 calculations fncLuding d-orbltaLs a1most, cer-

tainly exaggerate Ëheir iuportance.

,From the previous discusslon, one can concl-ude thaË

characteristics of the trÍËhiapentalenes have been attributed

r:nique

31

the

to:

1. Síng1e bond - no bond resonance
2. Rapfd tautomerism
3. Utíl-lzatíon of sulfur d-orbítal-s

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

count of the speciaL properties of 3l- , the theorÍes lnvolving d-orbitals

appear to provlde the mosË satlsfactory er<p1-anaËions. It was of Ínterest,

to deternrine to what exËent the symneËrlcal propertíes of trithÍapenta-

lenes couLd be approached or paraLleled by re1-aËed systerns Ín whfch the

cenËral aton nrighË not be capable of val-ence shell e>çanslon. Such sys-

tems tn{ght exhibít singLe bond - no bond resonance'or val-ence tautomer-

Ísm.

III. TITE AZA ISOSTERES OF TRITTIIAPENTALENES

. Several aËËeryts ürere carrÍed out by MeKÍnnon eË aL. to PïePare

3-thioacyhnethyleneisothiazolÍne systexn 32 , with the nitrogen group

at the 6a-positlon being Íncapable of valence sheLl e>rpansion.

ì,:

D

s_ Ñ3

R5

32
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The reactÍon of isothiazolíum sa1ts with various nethyl and methylene

carbonyl containing corrpounds gave no identifiabl-e products (77) 
, .^l-

though thís is a nethod of producÍng Ëïithiapentalene precuïsors. NucLeo-

phÍLic att,ack of sodir¡m benzoylacetate on 2rS-diphenylÍsoÈhíazol-ium salts

was fowrd to yíe1d only decompositÍon products(33). Ihis reaction has

been re-investigaËed below.

On Ëhe other hand, McKinnon and l^Iong(78) obtaÍned 7-acetyL-3-

rnethyl-2, l-benzisoxazole J¿ ty reduction of 2 rí-dlacetyl-nitrobenzene.

Treatnent of 33 with phosphorus pentasulfide in pyrÍdlne gave the benz-

ÍsothÍazole derívative 34 whích has some structural sinilariÈies Ëo the

corpound 32 above.

33
ïhe NMR. specLra of 33 Ín deuterochloroform showed only one methyl

peak at 0-20oC , at other tenperatures, however, Llro peaks were obtained.

In hexadeuterobenzene, because of its aromaËic solvent effect, wide

separatíon of the truo methyl groups was obtaÍned. Under no circurr

stances was * Æ2 type pattern obËained fron the ring protons, only

ABX type were evident.

Siní1-ar1-y 7-thioacyl-2r1-benzLsothiazole 35 , has been prepared

by Charfian and l"IcKÍnnon(79)
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36 35
The NMR spectru.m in dinethyl- sulfoxide over Ëhe temPerature

range studj-ed (40-ZOOoC), showed thaË the meLhyl groups in 36 r¡Iere riot,

equivalent althougþ sone approach of t val-ues and line broading vras evi-

dent. The corresponding 2rL-benzísothiazole ë- , extribited coalescence

at 20OoC.

1'he failure of this system Ëo demonstrate synmetqy by suiËably

rapÍd tautomerism suggested thaË valency-tautomerism r¡Ias Ínadequate in

explaÍning the special properties of the trithíapentalenes. Likewise'

doubt was also casË on Ëhe existence of síngl-e bond-no bond resonance in

this system.

However iË could be argued that rapid tautomerism would be less

favoured in Ëhe above systenrs Ëhan in the case of Ërithiapentalenes owÍng

to the ring sËrain arising from fusion onto Ëhe benzene rÍng. Indeed

sim'ilar effects have been noËed between triËhi-apenËalene derivat,ives(75).

It would, therefore, be highly desirabl-e to synthesize the sysLem 32 arrd,

-lir ì

0
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Ëest its Properties.

A1-thougþ no such system has been as yeË known, Sykes and

Ui-i-"h(39) reported obtainÍ.ng a coqound of sËrucËuraL formul-a

CZO HtA NZ S¡ . Even though the exact structure of this corrpound has not

as yeË been absoluËely deterrn-ined, the proposed structures LB - 2I ,
1

mentioned before, contain sini.lar moieËies to the 3-thioacyl-methylene iso-

thiothiazoles.

RepJ-acernenË of one or two of Ëhe Ëernri-nal- sul-fur aËoms of tri-

rhiapentalene with N-R group, woul-d afford Lr6a SlV-dithia-}'azapentalene

37 , or 6r.SlV-thia-1-r6-diazapentaLene 38 . Both systens are knoçm(80-82).

3B
crystallographÍc sËudies or gz(83-84), and 38(21) indicate

that their s¡rucËure and bonding is sinil-ar Ëo thaË of trithiapental-enes.

The nÍtrogen-sulfur bonds are 1.887 A f.ox 37 and average of L.925 A for

g , about LOi| longer Ëhan Ëhe níËrogen-sulfur singl-e bond. This agrees

wÍth the lengthening of s'ulfur-sulfur bonds in ËríthÍapenËa1-enes 3l-

which ís L2.4% , Ëhe seleniursulfur.bond in 39 - 1-0.4% ar.d the selenium-

selenir¡m bond in 40 - 10. 37" reLatLve Ëo the respective single Uor,¿(21).

- 5: 
!$51.887 N'R "u:* 

t,so1 s €ÉgNlMu

Mìen'l,rff<¿-fú 
ZT

sese 
-se\A4se-s 

-s
39 A.O 41



NMR studles(85)¡oD l¡6a-dithla^6-azapental-enes 37 , show that

the proÈons are more deshlelded than those Ín the corresPondlng l-oxa

-6r6a-dithiapentalenes, but much less deshielded than those ln the cor-

respondlng Ërlthiapental-enes. Thus the ring proton chenical shifts for

trithiapentâlene 31, 6-uethyl-lr6a-dithÍa-6-azapental-ene 37, and

1-oxa-6r6a-dithiapentalene 41 are resPeculvely

z-H ( 5-H Ín 41 ) : ô 9.18, 8.86 , and 7.98

3-It ( 4-tt ín 4L ) : ð 7.96, 7.45, artd 7.23

4-H. ( g-ti an 4! ) : ô 7.96, 7.05 , and 6.86

The che¡o1cal shifts of subsËltuenÈs

pentaLlnes also are fntermediate Ín magnltude

41 . This phenomenûtlt of progresslve Íncrease

tons and s¡:bstituents aLong Ëhe series 4L

a corresponding increase Ín size of the ring

ln 1,6a-dlthia-6-aza-

between those of 31 and

1n. deshfelding of ring pro-

32 31 , was attrÍbuted to

current.

Ì:. :::'l'
: : .:-
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OBJBSI OF RESEARCH

1. To study the effecË of nucleophiles on ísothiazolium salLs,

in order Ëo determ:ine Ëhe position of nucleophilíc attack, the effect

of subsËftuents and other facËors on the reactíon products, and the

utility of the react,Íon as a synthetic route to various heterocyelic

syst,ens.

2, To study the'dipolar cycloaddition reactions of isothiazoline- ',".

thiones with acetylenic reagents t.o establísh the nat,ure of products.

3. To investigate Ëhe preparatíon and properties of certain

3-thioacylneËhyleneisoËhiazo,les, which have some sirnllar st,ructural and

electroníc feaËures to lr6r6" SIV trithiapentalenes, to determine to

what extent their properties approach those of the trithiapentalene

sysLem.

Both isothiazolium salts and isothiazolinethiones have high potential

as starting naÈerials for this invesLigation
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STIIDIES ON TIIE NUCLEOPHILIC ATTACK ON

ISOTHIAZOLITIM SALTS

I^Ihtle the studíes of nucl-eophilic attack on isothiazoles(3)'(86)

and ísothíazol-ones(14)'(15) indicate the aËtack takes p1-ace at' the ring
''''.'

" sulfur atom, the sítuation wíth Ísothíazol-ium salts Ís by no meaîs ¿t€¡ ':i"'

clear.

Varlous reacËions of ísothiazol-ium salts wlth nucleophiJ-es
'' 

oeen Ínterpreted as occurïing aÈ 
".tborrt3(23¡ '(37) ' 

( 3 ) , (mechanísm .:t.,,:Jl: have been Ínterpreted as occurring aÈ carbon 3'--" \-" ' \ - ', (mechan 
. ..:.

,, "ç" of Landesberg and otorsof) (23) 
, but in these reactíons the products :,. : .,

:: ,:. rt:.it,, obtained could al-so have beên formed by inítial attack at sulfur

: (mechanlsm t'd" of Landesberg arid olofson) 
(23) . The reaction wi.th sulfur

I Ín pyrÍdíne ís reported(2g) to take place througþ inÍtiaL deprotonatíon

i "t carbon 3 or 5 of the fsothiazolíum cation (mechanism t'att of Landesberg

i .rrd Olofson, 
(21¡. 

The reaetíon of certaín S-nethylthioÍsothÍazolÍum

i salts wÍth hydrosulfide(2g) has been suggested to occur at ring sul-fur

,, or niËrogen. Moreover during the progress of thís work, a ïecent publi-
I

c"tior,(38) has demonstrated attack at carbon atoros3 ctr 5 by nítrogen nuileo- :

..:-I::' ':
: obtaíned coul-d equally be forned througþ a dÍfferent mechanism. ,..'

.: .-: ::':
:'i: ::

A further invesËfgatíon was. then carried out Ín order to pro- . '' ''

r yide more. evldence on the positfon of nucleophÍlic attack, and in the

light of this evfdence, a dlscusslon of Èhe prevlous reports wll-L be con-
.l;.:: :, ducted Ín order to form a general pattern for the site of nucl-eophii-ic ,r'¡::': :

attack on ísothiazolium catÍons

A variety of isothiazolfum salts 4 a-1lkwere used in the ín-

vestlgatíon. Most of these, except 2-rnethyL-3-phenyl-5-rrethylthlo-

"Q.rz-ß.gr. ,l 3
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-^-^r-1nrøro â?r ro-2-methyl-5-phenyliso--isothiazolír:m perchloraËe !h ,, and the 3-chlo

' thiazol-ium perchlorate 4 1 , had been'made before'

+ _fts-N/ /.

, quY-, r
Rt Rz *3 *4

HHH¡4eC104
PhHHMeCl04
Ph 'H H Ph ct04

Ph Ph H l"Ie C104

ph H Ph Ph c104

Ph H Slde Me I

Sl"le Ph H Ph Cl04

SMe H Ph Me C104

H Ph H ph c104

ph ph H ph c104

H Ph H Me C104

Ph H cl- Me C104

The 2-methylfsothíazolium salt 4a had been ísolated previously '.,"¡',"'''.','
l,-:..; ::.::'::

as iËs iodiae(16), "ither 
by treaúnenu of the neLhylLoi-uene p-sulfonate ':'" ',¡,.-,','.

salt wíttr sodium íodide, pr directly when the ísothi-azoLe and meËhyl

Íodidewerea1].owedtostarrdatroom.tenperaËurefor20days.Itis

sirrpler, however, to alkylate the commercíally availabl-e ÍsothÍazole by 
¡';.-' ''.'..'.,.,
i::1.i:,:::,1r:i:.: :,-.: l

dirnethyl. sulfate and isolaËe the salË as its perchlorate

The2,4-diphenyl-5-roethyl-thioÍsothiazoliurnperchlorate49

rnras smooËhl-y prepared by alkyl-atton of 214-diphenyllsothiazoline-3-

thione, the reverse of a reaction previously descttu"¿(29). :

-;l.a', .,r',;;,

a

b

q

d

e

f
g

h

Í
j
k

t-
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The 2-roe Ëhy l--4-pheny 1- 5 -ure thy lthi oís o thi az olium pe rch 1o raËe

gh which hlas ne\^I, was prepared by íodine oxidation of nethyl-3-nethyl-

a¡dnodithiocínnamate 4,2 ' sírnil-ar to Ëhe known method by McKinnon and

nou"t 
(24)

42 4 n cto4

The dithíoester !rï-*u prepared by treatrnenË of 3-nethylthio 
,,:

-5-phenyl--1,z-dithÍolium iodÍde wlth rnethyl-arnÍne according to the urethod

of Le coust,umer and MolliltQl¡. rt Ís reported Èo be accompanied by

2-urethyl-S-phenyl-isoËhiazolíne-3-thione and S-phenyl-l-,2-dirhío1e-3-

thione. Re-ínvestÍgating the reactÍon, it was found that the former

compornd was accompanied by greater or lesser amottrtts of N-methyl-3-

meËhy1afrÉnothÍocinnamate43,dependingonthequantiËyofnrethy1anrine
'

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

thiazol-inethione T¡ras not found and the aur-i-de was obtained ínstead.

s-b M.NH s s s s-Kln MeNH s l,

n r..,$s pr;--pr'\jJsu f n r^,$stpr' | > [ fn r,$I NH M e'' 
]

T
.t 4.2 4.3S HNMC

P¡(7,lsr"re
Treatment of the

reactÍon, suggesÈ1ng that

an:ide, æd that thezlatter

change in the reaction of

isothíazolinethlone with methylanÍne gave no

the thione is not a precursor of Ëhe thio-

arÍses ínstead through some ¡¡echanisËic

Èhe dithioliun salt with the aulíne as shown

*Í>. Qo
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in the fo11-owÍng scheme.

4/

S_b S-S S +

p Ñ/s"rff 
' 
;We -+ Ph\Æ il! "

, Þ-NMe 
-E*rt"* 4.1

*U;=N}' Ph\ödHMe
I sl'&

\t,

@4,Uïi;.&
MeNH S H

ph\}ffi--'lx
Ph

The isothíazoline-3-thione from the above reactíon was

suroothly converted by thionyl chloride into 3-chloro-5-phenyl-

isothiazole, which \das treated with dirnethyl sulfate Ëo afford the

isothÍazolium catÍon 4.,, obtained as the perchJ-orate.

Treatrnent of the isothÍazoline-3-thione obtaÍned above with

hydrogen peroxide in acetic acid afforded the 2-urethyl-5-phenyl-

isothiazoliurn catÍon, isolated as its perchlorate 4b. LikewÍse,

2-nethyl--4, 5-diphenylis othiazoline- 3-ËhÍone' p repaïed by reaction of

3-rneËhy lthio-4, 5- diphenyl- 1, 2- dithiolium iodi de with methylanine vras

converted to 2-urethyl-4,5-dÍphenyl-isothiazolium perchlorate.

Me

HNM

ry



Ph

4"

ü0:
4

4I

s _Nt4e
pÑ.Ås

i

s 

-Nt\4enn\,Às'
Ph

+

S Nf4e

,NV
4.b

+

s 
-{\t4eonV

CI O,
4

1, t42O2 \#
2.HCt04

These oxidations by hydrogen peroxide in acetÍc acid are re-

La¡ed r,o reacrions of isoÈhíazolíne-5-thiones 120) , and dithíoLethioneÁ 87-

90) . Sfnce N-alkyl.isothf azol-ium salËs can be de-alkyJ-ated to isothís-

zoles(48), the reactíon woul-d represenÈ another synËhesis of these from

dithÍollum saLts, although this was not studíed here.

Itre salts obtained by the above method were identÍcal to ones

prepared by methylation of isothi.rot.Ë Q9) , and by another nethod

Ëhrough the treatment of 112-dirhiollum salts with methylamíne to forn

ß-methylaminopropen.thiorr""(91) Iocline- oxldaEion was then carrled out to

obtain the N-methyJ-isothiazolj-uur salts 4b , trd isolated as perchLorate'

-H^,ï-V[ z--V[,
YÍeJ-ds by

"9.?
this l-ast nethod were rather Poor, comparable to one such
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reaction prerniously studied by McKinnon and no¡"t (24), 
buË ít does at

Least represent a quick synthesís of N-a1-ky1Ísothiazol-ium salÈs from the

readÍly accessible 1-r2-dithioLium sa1Ës

REACTION OF ISOTHIAZOLIUM SALTS i^IITH SODIIM BENZOYLACETATE

TrithÍapental-ene pïecursors ( 3-acJl-methylene-1, 2-dithioles)

have been pr"prt"d(92) vra the nucleophilíc attack of sodium benzoyl-

acetaÈe on 3-rnethyl-thlo-5-phenyl--1-, 2-dtthlolium loiiide.
i
i.

+s-s
er,Ç)sr,re

ç00

UtÅ^-&tu-=,,þL)fn
Isothiazolium salts with good l-eaving grouPs at the 3-carbon

atom were inítially expected to undergo the same reacLíon to afford

conpound !.

+ C00 Me 14e

,,KlJ* rrltso'.U\ S_N S

pr,ëp,NA/rn
32

X

¡¡ = good leavÍng group

Both 3-rnethylËhÍo- and 3- chloro-S-pheny liso ËhiazolÍum perchlor-

ate were allowed to react with sodíum benzoylacetate in boiling ethanol.

Uethyl nercaptan and carbon dioxíde were evolved, and in both cases Ëhe

solution, orr evaporation, yielded mal-nly 3-rnethylam:ino-2-ben

0

phenes 44 , as proved by NMR spectra and elemenËal. anal-ys
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s_Ñr. Çoo _ s__-coph

;ü;'' öFtco\r;u*r,ï.

R=C[ or Sl4e ,

In fact treatment of all the other isothlazol-l-um salts 4 wfth

sodium benzoylacetate yielded }-benzoylthlophenes 45 ín al-L cases' The

formatLon of these can be explained by nucleophtlic aËtack of a phenacyl

ion (actuål ot potenË|al) derived from the socllum benzoylaeetate 'on ring

sulfur,togiveríngopening.ThisisfollowecibyaËLackoftheactivaÈed

methylene group on the irÉne funccion to give recyclÍzation to thiophenes''

COPh

1.4,

s--L n
I tVt'
l\.4=tr

zR3
4s

ThefactLhaEisothiazoliumsalts4e,lf,and!hunde::ç¡ent

this reaccÍon excluded the possibillty of a¡i initial- deproeonatíon as a

proper mechanism for this reaction, slnce, in these three catlons, both

the 3 and 5 posltl-ons "ttþ 
substl-tuents'

The resul-Ës from rhe 3-chl-oro and 3- or 5-alkytthioísothiazo-

l-ium cations, 4e , 4f , 4g , and !h , are especially striking. By ana-.

logy wlth other related heterocyclic sysÈems, had nucleophilic attack

occurred at carbon 3 or 5 , acylurethyleneisoEhiazoles would have been

expected, as shor,m "tril"-.

?.sa
In all cases, excepË, where carbon 3 carries chloro cr alkylthio
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subsËiËuent, cye!ízatíon occurs by l-oss of a¡Éne, but in these t[,7o casest

le and $ , the better leavlng group chloride or methylthlolate anion

ls lost ínsËead, wiËh foruuatíon of a 3-amino-2'benzoyl-thiophene 44 . The 
, ,. :

reËentÍon of the arnino fr-¡nctÍon in this posítlon indícates cJ-early the ""1

ínab1llty . of the nucleophílic att,ack on carbon to erçJ-ain this reactlon.

In case of the 3-alkyl-thioísothiazol-ium sal-Ë Éf , an acycl-ic
'¡,, t 

".treduction product 46 I^Ias obtained Ín (L5%) yíel-d. r,'1.1i'

Thfs coul-d have arisen by reactÍon of el-ininated nethanethíolate l-on w1Ëh 
;.,.,,. ,,

another molecul-e of sËarËÍng ísothÍazolium catLon, eiÈher by reduction, ::1:: : :l

or by nuc1eophilic attack. Simllar producËs have been obtained for the

aËtack of benzenetfriol(38) or b"rrrenethioLate anion on lsothÍazol-íum
I

salËs as will be dlscussed belov¡. 
i

*t^
l4e N -S S Vle Me N 1 SrSl'4e SMe - l4eNH S

,åïUtn M;;(ziËt 
- 

"r r¿esVP^
.l

4.6
'. it_.:.r_..:l

It was obvious from these studfes that direct atËack of a t.'.'
.t._ r1,,:-,...

phenacylidene group precursoï on isothfazol-ium salts would take place ::rr'r: :i:r

at Ëhe sulfur atom anå therefore be of no use in the preparaËÍon of

3-thloacyhnethyleneisothiazole syste+ 32 . However, as l¡Í11 be seen

l-ater, it r¡as possible to make use of sËeric and reactivity facLors to- ;".''."'
l::i,,'.:.¡¡.

obtain suítable precursors from Lsothlazolium salts'

REAcTIoN OF ISOTTIIAZOLIIM SALTS IilI.TÌT TTYDROGEN SIIIFIDE AI:{D IÍYDROSIILETDE

ION

T'he atËack of hydrosulffde fon on two alkylthioisothiazolium 
i:...,.-¡,.,,

\'Q9) to af ford the reducËíon product l-4 i " 
'''

salts ín ethanol was reported'

"9./6
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n\.,ÀsrR

R1=H, R2=Ph
R1= Ph, R2= H

45

ThÍs could be ratlonal-ized as occurri¡g by a rouËe similar to that Lead-

ing to 46 above

sykes and u11i(38), however, fot¡nd that attack of hydrogen

sulfíde on the iso.thiazolium system ín aqueous solution gave bis-l-r2-

dithíoL-3-y]- sulfide 15 lnstead of the reduction products 14 '

+

tsu{i:
'q JI

SH

-
SH

-vq^ R1 R2
a. Sl'/e Ph

b. SEt H

Is
Ph

*Me ^/)SNHcI
P tJ ért LuMffpÅJ.lH Mejzs--

S03F

47

a.
b.

1_Þ ''Ñ\'f)'n
Accordingl-y, a nuniber of lsothiazolium salLs were treated with

hydrosulfide ion ln eËhanol or hydrogen suJ-flde in vlater' and the pro-

ducts examined. Lítt]-e if any dífference I¡/as for:nd in the reaction pro-

ducts derLved frorn eíther rethod (see tabl-e 2) , and the 'course of the

reactÍon appears to depend maÍnly on whether the original isothlazoLir:m

catÍon fs N-aryl or Ñ-alkyl subsËítuÈed. 1'he former give mainly reduc-

tfon products, $-amínopropenethfone .or derÍvative !4 , whll-e Ëhe 1aÈter

gíve reduction, bl-s-l-r2-dÍthiol-3-y1 sulfides

Þ r or Ëhe dithiole-3-thione 47

Ihe differences ín the ProducLs

obtaÍned grobably arise from changes ín the

mechanism shown in the fo1lowlng scheme.

-P./7
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S-S
Çrrln \¡run

34'g l"o" ù\Y s-s S -s

l-l ^,o 
\Å'{¿' \ÆNR ¡ 

15
l-s

lv NR s HNR

V- \/ 14

The Íntermediate disul-fide ímine 48 could eíther add to the ,,'', ''

iuine group (paËh [a") to gÍve an auinodithíole with evenËual formation

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

.

ß-anrinothione derivaËÍve.

For aliphatic irÉnes 48 , the former would be the preferred 
:

route,butwherethei¡úneisstabi]-izeð'byconjugaLionwÍt'hanaromatic
l

ring, the latter would be preferred leading to an acyclíc reductíon pro- 
i

ducË. Path ¡'a" ís anal-ogous to a step in the fornatíon of. Lr}-díthiolir:m

salts from lr3-diketones wíth hydrogen dÍsul-fide ín acidic t"¿i"(90) r ,,,,.,,,
::r;-' : i.. :::.

whil-e path t'bt' is analogous t,o steps in Ëhe knoçm reacËions of. LrZ- . , i

-,',.,t,t,'

dithiol-ium sal-ts with basês, partícularly with prímary aromatíc :''::

amínes([).

rn path ttatt , the conversion of the arninodithiole to the sul-- 
i, 

,...,,,

fide could be acconpl-íshed by nucleophilÍc exchange between the anino- ::i::::

dithiole and hydrogen sulfide, as has been 
".tgg."rud(11) 

for reactÍons

of l-r2-dithioles. Internedíate formatÍon of a Lr}-díthiolir-m 
""tíorr(38)

may be involved.
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ryi^-a_Ç:-
RHñVVX+ l-8 su

v_----_->
q-q

\X:'. <1'{å
NHR

Wittr ttre s al-t 2-nethyl--5-rne tJ-ry l-thio- 3-pheny f-is o thí azolium

perchlorate !h , Ëhe acyclic product 14 was obtained. The other pro-

duct isolaËed was not a bís-díËho1yl- sulfide 1-5 , but was 5-pheny!-Lr2-

dithiole-3-thione 47a .

-

+S-îllt4e SU $ HNI'4e S-S
r,le sÇ.[on + ]res ÇJer, + PhçÅs

14 4.7 a

I^Ihíle the exact mechanism leading to this is r¡rknov¡n, it Ís noL Etrea-

sonabl-e thaË it could be derived from a conpound of the type 49 forned

by cyclization of the íntermediate disulfíde {B suggested in the scherne

above.

4 h cto4

HSì +

P-¡;,\Me
taesVpn

4r-, tt

--+ ,ru;u.9r-rr(Å
47^
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The reactions J-eadÍng to Lhe formaËion of 476 and 47a f.rom

2-naethyl--3-nethylthio-5-phenylisothiazol-Íum Íodide $ , and 2,4-diphenyl

-5-nethyLthioisoËhiazolÍr:m perchlorate t+g , likely foi-l-otnr a siuilar

scheme' 
.: . ...: _..

Thç isolaËíon of only the thione 47a from the reactíon of ,'r,;':-::::.'.

2-nethyl-4-phenylisoËhiazolÍum cation +t , irr"tead of a disulfide 15b ,

presents sone difficulty. However, the thione does aPpear to be derived

from Ëhe sulfÍde. To verífy this, the sulfide was prepared from the :.:,':.: :,:..:'

reacËíon of 4-phenyl-dÍrhiolium saLt r^riËh hydrogen suLf'de(94). It was 
i'i t.
;-'-,.,,r. .,:.¡l:

separated from the thione gbtained as a co-product durÍng its preparaËion, ::ri:-'r:'

and was subjected to prol-onged ËreatmenË vrith hydrogen sulfide or sodir¡m

hydrosulfide to gíve the ühíone 47a .

Ph -ct o,+

sH tç-.-(>l _"*Ç!,

- 
LX líj ' 

Þr,

47u

U"

Ph Ph

During Èhe dÍscussion of nucleophilic atËack of hydrogen sul-

fíde or hydrosulfíde ion on the isothiazolíum caËions, only the possi- 
¡,,11..¡1¡,

bil-ity of nucleophilic attack on Ëhe ring sul-fuï hlas mentíoned, and that

I \^ras also the case ín Ëhe study carried out by Sykes and UlLaïr(38). A1-

iì ::,.,

Ëhough that proved saËisfactory to e>rplain all the producËs, a díscussion
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H\sin
dA)Ç--'R2

of the other possible mechanisms is due. The initial deprotonaËion

rnechanism (nechanÍsm rtarr in Landesberg and otor"orr) 
(23) 

could noË be in

operatÍon since cations lacking both 3 and 5 protons were found Ëo be

as reactj-ve as Ehose carrying such protons and give coryaraËive yields.

0n the oËher'hand, nucleophilíc attack on carbon 5 , has been suggest,ed

by Bachers(33) as a possible mechanÍsm to e:rplaÍn the formatÍon of the

acyclic product 14 .

s-NR ,t\* sHNR

'ryR;-rVRs*J,V%
Nucl-eophilic attack

tíon of the sulfide

carbon 3 coul-d aLso be used

and subsequentl-y the thione

e:çlain the forna-

by nucl-eophÍlic

of sterÍc and

attack at carbon

-,$?e,
'R2

to

47

on

15

-l\JR

ìr\K
'R

Rs
,ñr1ns

sH+R'W
1 ,Rz

S *S'
r\)H'v

S -S ' S-S S-SsVnlæn$rt#-,
17 R2 

15

I^Ihether the isothiazolir:m caËÍon would react

aËtack at carbon 3 or 5 r¿ould depend on a cornbinatíon

elecËronÍc factors. Coul-ombic factors would indicate

.-t'. -1 -. ..:i
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next to nlt,rogen, but undoubÊed1y, steric factors musE al-so be inportant.

N-aryJ- cornpouncls would then undergo nucleophilic attack at carbon 5 (less

steric Ínterference by sulfur) more than N-alkyl groups excePË possibly

ll-terËiary butYl-.

Althougþ ÍL seems possible to e>ç1-ain the formation of the

reaction proclucts equal-ly by nucleophilic aÈtack on suLfur as on carbon'

the only reason for this ambiguous situat,Íon remaining Ís the difficulty

in differentiaËing Ëhe products between the sulfur derived from the orÍ-

gína1 isothiazol-ium r-íng and that fron the attacking hydrogen sul-fÍde.

REACTION OF ISOTIIIAZOLITIM SALTS WITII SODIIT}4 BENZENETT1IOLATE

Treatment of 2, 3, 5-tríphenylisothíazoliu¡r perchlorate jle ,

and 2-nethyl-5-phenyliso thiazolium perchlorate !b with sodiun benzene-

thiolate in eÈhanol gave Ëhe acyclÍc reductíon products 14 , and diphenyl

ôisu[fÍde. These results are comparable to other such studies roade by

* /1a\
Sykes and Ul1ah(38). Cornpound 14 seems to be formed eíther by nucleo-

philic attack on the rÍng sul-fur or alternatively through a redox tyPe

(elecuron transfer) nechanism.

PhS
+

PhN-S
pKlr

+

l'4e N 
-SÇ4n

sPn 

"nÌ! 
fr *prrssPh

ptiV./ph

Phgr ß-"

Ep r¡ Me N¡ (+ =sPh l4e N H s
ï'"'þrn i -vrn+PhssPh

*p. lV

-c[ o,
4

14a
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The reactíon of the first cation demonstrates cLearly that

initial deprotonation mechanLsm Ls not invol-ved. I^ihíl-e the seeond catíon

shor,¡s that nucleophÍlic attack at carbon need noË necessarlly be invol-ved

in thfs reacËíon (and simtl-arly ín the reactíon r,ÍíËh hydïogen su1-fíde or

hydrosulfide) sfnce Ín this case nucl-eophil-Íc at,tack woul-d be favoured at

carbon 3, and fn such case the coqound t{d woul-d not be the rÍght

product.

Lt was ncn¡ desíred to study the effect of other conrmonly avail-

abl-e nucleophíles on Ísothlazolíum sal-Ës to detem:Íne Ëheir synthetíc

utÍ1Íty.

REAGIION WITÍI SODIT]M CYA}IIDE

Treatnent of. Zr5-diphenyl-Ísothiazolir¡m perchlorate wíth sodÍun

cyanÍde in ethanol afforded several ba¡rds of r:nÍdentified decoqositíon

products.

CN
/

,^UPh 
ru >rk ü 

- 

decomp'

-bro,
tl

ThÍs dÍd not appear to be very proruisí¡rg and the approactr was abandoned.

REAqTION !üITI{ SODIODIETITYLMATONATE

Ttre 2-rne tfiy 1- 3-me thyl thio- 4, 5- dipheny 1ís o thi az ol-í r¡m io di de, on

treaËment wÍth sodiodlethylmalonate in etha¡roL, afforded the 3-imínothío-

phene derÍvatÍvê 50.
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The reactÍon seems¡ Ëo'fol-Lorv a route sLnilar to thaË of the

reactíon of Lsothiazolium sal-ts wíth sodium benzoyl-acet,ate, nucLeophilic

attack of dlethyl malonate .antron on the rfng sulfur to give ríng opening,

followed by aËLack of the activated urethyJ-ene group on the fmÍne fr:nction

to give xecycLízation to the thiophene, with the el-lninatíon of rnethane-

thi-olate 1on.

Neither nucleophÍlic aLËack on carbon, nor initÍal deproËona-

tion mechanisms could explain Ëhe formatton of 50 . Cornpor:nd 50 could

be of some syntheËic potentíal . However, the fact that this reaction

requires a good J-eawing group at carbon 3 liurits the synthetÍc utility of

the reactÍon. The lnportance of Ëhe reactíon lies ín the fact that íË 1s

another demonst,raLlon that the nucleophilic attack of carbon nucLeophlles

takes place at the rÍng sulfur.

REACILON I^IITH SUIFONI1M YLIDS

Dimethyl-methylenesulfurane was l-nítial1y e>çected to react

with isothÍazolÍu¡n cations accoudíng to the followlng scheme to afford

!-emjns, or 2-aurlnothfophenes dependlng on the substftuent R, . If it 1s

hydrogen the reâctlon may take path "ail tq afford a 3-aninothiophene,

othen¡ise path ilb[ v,rou]-d be preferred leading to a 2-aminothiophene.

tu u2-'

r r-f c02Et
t 

_^ ph\lNl4e
5U Ph
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However iE was of Ínt,eresE to find that Ehe reaction does noL
:

exactly follor¿ the above scheme.3-unsubsEituted isochiazoliurn salEs indeed

af forded 3 amÍnoEhiophenes as expected.l'lowever Ehese were found to carry mechyl-

lhio groups on carbon2,as proved by Nl,fR and nrass specEra. Tl¡us 2-rnethylthfo-4-

phenyl--3-anilinothíophene¡52a, and 2,S-dimeuhytLhio-4-phenyt-3-anilino-

thiophener 52b , vrere obtained from the reaction of 2,4-diphenylisothia-

zolium salL 4i , ancl 5-methylthio-2r4-diphenylisothiazolium salt 4g ,

respectivelY.



A possíble mechanism for the formation of 52 would ínvol-ve

the internediaËe 51, whfch, insread of extruding dtmethyl sulfider âc-

tual-ly urdergoes deprotonaE,Lon to form a second sulfonium ylÍd 53 ,

whích undergoes rearrangemenË,a¡rd loss of rnethane' int.o 2-rnethylthÍo-3-

aruinothlophen,es 52. AlternaEivc-ly, the intermediate 53, rnay urdergo oxidation

before 1t rearranges fnto 52'
CHc

T.?1q, s -ås*¡iH"'å .ïe-- -...,\ffi; ï* Vi',tr-NR\/\-r\r\ r 'NHR 't I
s1 

H */ 5E ,r'Þe
pHÍcH. 4"¡

iì:Hä=rp.Viffij
lcHs

S

\-l.¡rn - \z\[, -ü-h- \].NHR

t\

VI¡en suþstítu¡ed sulfonium ylids such as p-nÍtrobenzylidened.imethyl:'

sulfurane, v,crc arllcrr,¡ed Ëo react rlÍth 2r4-diphenyl-isothiazolium salt 4Í '

an lnEermediate 54 equivalent to the íntermediate 51 probably was

formed. llor+ever in this case, beeause of lack of hydrogen at carbon 2 ,

no second ylid could be for¡ned and the correspondingly substiuuted 3-

aminothlophene 55 was obtalhed.

HC CHA
3r^/ \''

O2

tttr, lH,*S *Ph/-\-r S 'Nl
or*vcH+ v ,------>

+s
N0"L\

------)
-S( CH3 )

.NHPh

Ph -croa
54

It was also fourd that o<-keto substituted sulfonium ylids reacted

sirLilarly to afford the Z-ketosubstituted-3-arninothiophenes

S

\
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COPh
Ph

S--1N
Ph\jj

tto,

The 2-benzoylthio-3-aminothfophene 56 , obtained from anr" t.""Jo-rr,

was Ídentícal to the ones obtafned from the reactlon of sodir¡n benzoyJ--

aceËate wÍth certain isothiazolíum salts discr:ssed earLíer. It fs thus

a nethod of nakfng 2-acyl-3-aninothíophenes r¡ithout the necessfËy of

preparatlon of 3-alkyLthíoisothlazol-Íum saLts, for whíctr methods of syn-

theses are unsatlsfactory. Coupotmds 56 were found Ëo be of inËeresË-

ing synthetÍc utiliËy as wil-l be discussed 1aÈer ln the preparation of

thienoisothiazoliun s al-ts

As r^ras Ëhe case ln thg reacËíon wÍth sodíum benzoyl-aceËate

the retentíon of the anino group in the product elininates the possÍbil-

Íty of nucleophillc atËack on carbon 3 as a probable mechanÍsm. The

rechanism of Ínltial deprotonatlon coul-d be used to erçlaín the forma-

tion of Ëhe products obtained from Ëhe reactlons of sr:bstítuted yi-ids as

shown ín the mechanism belonr, but is not val-Íd for the reactÍon of the

unsr¡bsËituted ones.

+l
. h,\R' _Ht

Me Me\c/
+Y

|j:;l¡HCoPh

I .úOPh

-mt--ph\)NHPh 56

i :r¡.1 ¡,1¡

Ì



REACTION I^IITH \^IITTIG REAGENTS

As expected, the reactíon fol-lowed the same PatËern for most

reactions described so far, i.@- nucleophilic aËËack on the ring su1-fur

followed by ring opening. Attack of the actÍvaËed methylene grouP on

the im:ine furct,ion then leads to 1ecycl-ízatíon into thÍophenes ' Thus

dieËhyl benzylphosphonaËe reacÈed \,üith 2,4-diphenylísothiazolium per-

chlorate Eo give 2,4-diphenylthiophene 57 
+ ,O=

P h7C H-P<OEI
+ e'ì OEts-ñpn *zo ì t

\/ _ + PhcHfP. oEt ------+ VÆNPh
ph Cl.O, -O Et Þn

t+

Tn Y-Bu's_=--$ilït---7
Ph

0

íSl -ì .rPhñpr, \/
|'Ph

However,useofethor<ycarbonylmethyldiethyl.phosphonateon

2-roethyl--4r5-diphenylisothiazol-ium perchlorate, gave a 3-ardnothiophene

esLer. The elimination thus appeaïs to proceed via an al-Ëernatíve
:

mechanism. ïhe reason for thj-s is not clear but may rePresent, the dif-

ference ín stability ín the different possible arninophosphorus species'
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-Nl'4ePh\,JJ +
Ph
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Ph
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![hile it Ís possible to e>çlain

phene 5Z , through nucleophilic artack at

case with Lhe aninothiophene derivative 5B

the formatíon of diphenylthto-

carbon 3 , thÍs is not the

TlL¡,e;,' I nl -oEt
p¡\l5NHM*--*

Ph

s _,GQEI

tn\}ruir"ru

sg

REACTION WITH }ETEYLLITHIUM. .

Thè nucleophilic attack of nethyllithtun on 2-methyl-4-phenyl

-5-,roethylthÍofsothiazolir:m salE in anhydrous ether appears to take

place on tae ring sulfur lead.Íng to the acyclÍc propene derivative I¿ .

Ttris was *r"t"b1" and atteryted. isolatj.on 1ed to hydrolysis and decom

posítíon. Hcrçrever perforn,ing the reáctíon urder nitrogen and Ëreaclng

¡9 in situ ç¡ith dímethyl aceËylenedÍcarbo><ylate gave a small anoult

of material ç¡hose mass specErum correspondi to the adduct 60 or fts Ísomcr.

Ttre reaction proceeds with too læ¡ a yield to be of any synthetic va1ue.
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REACTION $TITH CYCLOPENTADIEMLLITÍTITJM
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NMe -'''- --- PhE E

Mes^-
PùJ

0*
;\l-NPh

Ph

TreatmenË of 2r4-díphenyl- lsothlazol-ft¡m catíon !i , or 5-måthyl-

thio-2r4-diphenyL ísothiazoLium catfon 4h, with cyclopentadfaryllíthium

afforded pseudoaàul-ene derívatives 62 , as deep bLue-bl-ack crystalLine

material. The sËructure of these s¡as proved by its NMR spectra which

r¡ras courparable to that of azulenes r (for more details see the e:<peri-

nental section) r by lts mass sPect,ra afid elernental analysis

The fornation of pseudoazulenes can be expl-ained by initial-

nucleophllic attack on Ëhe ring sulfur which led to rÍ.ng opening. Loss

of a proton from the cyõlopentadlene ring and rearrangenent affords the

lntermediate 6L . Attack of the cycl-opentadienyl moiety on Ëhe íniine

frsrctlon leads to recyclízatlon, aromatization is'then gafned by loss

of aml-nogroup and adjacent hydrogen at,om to afford the pseudoazulene 62

as shown in the scheme below.
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. It is \,¡orth notíng Ëhat formation of. 62 , could neither be ex-

plained Ëhrough nucleophilic aËËack on carbon 3, nor Lhrougþ an initÍal

deproËonatÍon nechanism, since Ín both cases an acyclic product would

be formed which wÍ1l not l-íkely recycl-ize to Pseudoazulene.

U'4'R
Ph

++
S -NPh S 

-NPhR\) -r-J ,-R$lt --+

,NPh H
S.

- I --fiì

-R\õrU -2
Ph

.kW,ÅP*Hph*?

Ph

Ph

REACTION WITH THE INDENYL ANION

The reacËion of 2 r4-diphenyl-5-methyLthioisothÍazolium Per:

chlorate wiËh the indenyl anion, carried out Ín anhydrous ether under

níËrogen, afforded a corryound of molecular weighË 399 . Three struc-

tures could be assigned to such courpor:nd, supposing that if is fomed

througþ nucJ-eophilíc aËtack on the ríng sulfur sím_i lar to Ëhe reacËion

with cyclopentadÍene anion. These sËrucËures aïe: the open chain
j

struct'ure 63 , Ëhe spiro coupound 64 , and the aminopseudoazulene struc-

ture 65

N HPh

Ph

fi.lr-
t::.

NPhS NPI

r,1esÇlH
63 Ph

Ph

65

{

SMe

64
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The first structure 63 was excluded on the basÍs Ëhat the

second peak Ín the mass specËrrm was 367 , correspondí¡rg to a l-oss of

sulfur atom; such a loss could not be afforded by structuîe 63 without

breaking ínto parts. The presence of N-II peak j-n the I.R. Spectrr:m

-1'(frequency 3500 cn t) a1-so heLps to exclude structure 63 . On Ëhe

other hand, structure 65 is Less favored tll.ar. 64 since an o;guínonoid

internediate 66 would be necessary fn its formation, and even if Ít is

fo::med, it woul-d be expected to l-ose the anino group and adjacenË

hydrogen to form the aromatíc structure 67 , slmílar to 62 obtained in

the reactíon nith cyclopentadÍene a¡rÍon. However the relatively 1-ow

yield of the reactl-on dl-scouraged further invesËÍgations.

MeS
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Ph 66
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64
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GENERAI DISCUSSION ON NUCLEOPIITLIC ATTACK ON ISOTHIAZOTIUM SAJ,TS

The prevlous results demonstrate cl-early thac the nucleo-

ph1líc attack of sul-fur nucleophlles and carbon nucleophÍles do take

p1-ace at the ring sulfur aËom (nechanism rrdrr of Landesberg and

olof"oo)(23).

Nitrogen nuôl-eophiles has not been lncluded fn thÍs study,

however the tvio ïeports(23) t(38) abouË the subject agree that it Ëakes

pl-ace at carbon 3, and to a lesser extent, at carbon 5. A few pofnÈs

in these reports need to be discussed briefly in the followÍng.

The nucleophlllc atËack of ammonía on isothiazol-iurn ""tt"(23)
gave a hlgher yield of isothlazol-e l-0 rather Ëhan 9

.+
I -f\lEt N He
S- Y r-Þ
H BFt

*15

,p'':rJut*,

9

10

The authors argue that nucl-eophfl1c attack at carbon nay be preferred to

nucleophilic attack aË su]-furr Assurning sËerfc factors are Èhe most ir

portant fn deËermfning the relative rates of Ëhese reactÍons, the sulfur

atom Ín the second reacËfon is more sterically hfndered and therefore

Ìras expecËed to give a lcwer yield of 10 if the atËack takes p1-ace at

suLfur. Hcrvrever, the lorser yield of I nay as well be a result of Ëhe



steríc effeet, of the phenyl- group at the carbon 4 on the nucLeophilíc

attack at carbon 3. Moreover Ëhe absence of a substituent on carbon 5

would increase the probabÍ1-íty of Ëhe l-ess favoured nucleophilÍe at,t,ack

at carbon 5, whích Ëends to reduce the yield of 9 . This effecË is
.-.1t,

more noËieeaþle with increasing the size of the substituent on Ëhe :::'::

nitrogen.
f ?Rì

Sykes an¿ uttatr\38) reported ËhaÈ whí1e 2-nethyl--3r5-diphenylisothíazo- 
:,,:.:

LÍum caËion .reacËed wíth benzyl-¡mine to form benzylaminothiones 68 re- , ,1'.,

sulting from nucleophilic attack on'carbon 3, tlrre 415 r:nsubstiËuËed

Z-benzyLisothiazolium catíon, on the other hand, afforded the dianil

salts 69 obtained from preferential aËËack at carbon 5. No expl-anation

was given for thís alteratÍon of Ëhe reacËíon mechanism. Hor¡ever it

seerns that the large substÍt,uent on Ëhe níËrogen in Ëhe second case

allowed Ëhe less favoured attack on carbon 5 to become Ëhe predoninant

reaction.

62
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S-NMe
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PhcHzNHzo 
,^¡_ä;izPh
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PhÇH2 
++s_ NCv H2Ph ph c HzN Hz --

\äHCHzPh

69
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A rnechanism incl-uding nucleophilic aËtack on the ring su1-fur could be

Ínvoked to erçl-ain the formation of 68 and 69 . However nucleophÍlic

aËtack at carbon seens to be more consistent with the other result,s.

)tH CH2Ph

ryffi'h '

ir 
cHzPh

?.,To NH2 cH2Ph
'\-/-Y

IV . r',n

J**2cH2ph

\l \Ç'i" ' 't"l-2
Ph H20.HN+? - -

f s'fNR' Phlpi--stj Væ
Sykes an¿ u["rr(38) also reported that the

Ëhe unsynetrÍcally 5-substiËuted caËÍon 70 ,

, 2 , and 73 in L67" , 4% , and 40% yield

RH*ll " >

attack of hydro:ryi--

afforded Ëhe pro-

respectivel-y.
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Coryound 7l- which musË be forned by inÍtial attack on the sterically

híndered carbon 5 , is surprisÍngly obta:ined Ín a higþer yíe1-d relaËive

to 72 formed from attack on the sterically free carbon 3. The authors

argue thaË the product raËío is controlled by the greaËer difficulty of
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Lone pair attack on C" Ín Ëhe internediate 74 (formed frop aËtack on

carbon 5), than on C- fr, iS (fo:med'from attack on carbon 3) rather
a

than by Ëhe rel-atfve ease of initial nucleophilic attack on carbon 3

versus on carbon 5.

14eHN

,rtsry .d(J, Ph\y'

:OH
t

N
I

S
/

0-N

s03F prí"clí
D ru G

Ër8*X"

):r SH

i \+' .\
N_0

PhV

4o/o

arr"^s03Ë

NMe

t-6 ^ 7s
This argument does not fÍ-t very we1-1- with some of the resuLts urentioned

above. For 
1xaæle, 

from the reaction of isothíazolium salts wíth

sodium benzoylacetate, the intermediates 76' artd, 77 are conparabLe to

74 and 75 respecËívely, and here no effect of such greater diffíeul-ty

of lone pair attack on C" ín 76 ' ,u coryared wÍ.tf- 77 was notl-ced. as

yiel-ds râIere coryarable.

+ COO- CH?COPh$-l)'lMeI-: $l'Ñu. f-Ocoen
vresÇJph cqcoP,9 

^ i- \-¡i"''---- laes$nn
It oo Ì'4 es-uu\íto-tl^ -- 

74o/o

76

+ ç o o- çHôc 
oPh

s-NMe ö;;oPh- $ \ï,t'ph\)_ -î;6bcic,
4

S 

-.'COphPhv
77

68 o/o
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ïhe resul-ts of sykes ana utt"t C38) could simply be explaÍned by two

coupeting reactíons at carbon 3 and carbon 5 . The first leads to

fornation of compor:nd 72 as wel-l- as 73 for a total yield of. 447",

I,rrhil-e the attack aË carbon 5 affords 71 which accounts for only a i¡6"Å

yÍe1d. 
,,

lio,,-*,ö1L*
s03F r-r 

il I
':

o-N MeH*;rfo.,Ï

Ph\) ê-- pìK/H

G 
^or"

0s{.
PÑ)
re 1oo/o

r,lery-ffiH2oH- 
T-ð_,sezfps'k\Z -Ph

S03 F Þ; NHOH

l,4e

formaËion of. 7L and 73 could

initial nucleophÍlic attack on

HS /H
r¡u.Ñ Ptru o-NtK/tn-------à \)on

71 
,6o/o

al-so be expLained as taki¡rg place

the ring sulfur.

llowever

througþ

+

,^t$$e 
NH2'H '

PH

Ph\,1--l
l-l

rs"ítI s-ÉÑ
X'Ñte---->rr\>K,HMeÞr,\)1fñn

-(r
/NH0HSI

Hr 
-,t ,og-(*

pn\-!H

rc

i.:
t.

s03f
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+

,rUìTe 
NH''H '

s03F

q--NHoH ,d..^ ,

,;(S'e-p,.R"hHMe

fi-r- NH2Me

N-0
,n\),

u
NucleophÍl-i c aËtack o f hydro><y lanine on L r2-b enzoÍs othiazoLium s alts

seens to Ëake p1-ace also at the ring 
",rlf,rr(93) '(95). The 2rl-benzo-

isothÍazolÍum systern, on Ëhe oËher hand, is reported(96) to r.ndergo

nucleophilj.c attack by am:ines on carl:on raËher than on the ring sulfur.

Nucleophil-ic attack of sulfur nucleophíles on 1r2-benzoisothiazolium

sa1Ës is reporËed(g7) Ëo talce place at the ring sulfur. Hov¡ever the

conparison with benzoísothiazol-Íum salts should be Ëaken wíth great

cauËíon, due to the effect of the fused benzene ring on the

reactÍvity of the isoËhiazol-ium nucleus.

One may concl-ude, therefore, thaË nucleophilic attack of

sulfur nucleophiles as wel-L as carbon nucleophiles on isothiazolÍum

sa1Ës seetrìs t,o Ëake place at the ring sulfur. Ihe nucleophilic aËtack

of nÍtrogen nucleophiles ¡ r oo the other hand, seens Ëo take place aË

carbon 3, and Ëo. a lesser extent,, aË carbon 5. Steric fact,ors mighË,

however, cause the nucleophílic attack at carbon 5 to becorne predomÍn-

anË.

ii:..rr.:
r': i -:r l
lr - :.. ..



PREPARATION A}ID CYCLOADDITION REACTIONS

OF ISOTHIAZOLINETHIONES

Al-though cycLoaddition reactlons of 1r2-dÍthiole-3-thiones

wfLh varlous acetylenic and other reagents have been wfdel-y :

studied(57 )'(g8-l-00), muctr less has been reporËed on these reactions

applied to the ÍsoelectronÍc and structurally related ÍsothiazolÍne

-3- and -S-thÍones, 22 ærd 29, respectiveLy.

ReactionJ of two N-alkyJ-isothíazol-ine-5-thíones and one

S-íuinois o thÍazo l-íne wíËh' dineËhy J- ace ty lene dl carb orry late are

reported(43 ) t,o gÍve 1r3-dithlol and thÍazole derivatives respectfvely,

2, 4- diphenylls othf azoline-5-thione reacted sÍmil-arly with dine tJ:yl-

acety lene di carbo>ryt"t. 
(29 ) .

Only one such reactíon fs report,ed for the fsoreríc isothÍa-

zolÍne-3-thiones. The 2-nethyl-5-phenyl coryor:nd reacted wfth ben-

zonitrile oxide to form an r¡nsËabLe adduct whictr decou4rosed to form

2-me thy l-S-pheny lÍsothiazo lfne- 3-one and pheny lis o thio cy *ru{"(Zl ) .

IË seemed desirabl-e Èo study ín more detail the cycloaddition

reactÍons of Ëhese coupor.rrds to determine to what, exËent these paral-

l-el-ed those of the l-r2-dithÍo1e-3-thlones, in partfcul-ar r+Íth respecË

to Èhe effect of the ring nltrogen, and the effect, Lf any, of sub-

stÍËuents on reactivity and products.

llithtn recent years, cerLain Lsothiazollne-3- and -5-thiones\
have becone aváilable through a varÍety of syntheses. N-A1ky1-3-

thÍones are prepar.a (44) by reaction of 3-alkylthio-l,Z-dlthiolium

2Y
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salËs r¡ríth aliphatlc amlnes or by sulfurlzaË1on of N-alkyl-isothÍazollurn

salEs QÐ .

68

s-S S-NR
a,Ä,ils¡¡u 3!!2' A.\jsno,
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- 

Nt/e
pn\-Ås

Ii
+

S 

-Nl'/ 
e

onUa,oo

u,.^î[3o,.

Ihese methods are inapplicable t'o the synthesÍs of N-aryl-

isothiazollne-3-thiories, as 1, 2-dlthÍol-e-3-irnines ale obt.ained

inst,ead(2g) '(101). Recently, however, a synËhesís of a 2r5--diphenyl

-3-nethy1thíoisothiazol-ium sal-t by oxi-datíon of a ßjarLinothione was

,"porr.d(3i) o."rtylat,ion oí trrrs in pyridirre rüas then carried out to

get the deslred 2r5-díphenyL ísothlazoLine-3-thÍone 22b.

*
N-AlkylisothÍazo1íne-5-thiones are obtaíned by

certaln fnlnes wÍth carbon disulflde(55). but thÍs method

Pared(29)cable to the N-.aryl conpotrnds. These rnay be pre

tlon of the correspondfng 5-al-kylthioÍsothl-azollum salts,

case, by treatment of 3-bromothío-4-phenyl-Lr2-dithiolir¡m

anÍline.

sg /Pu

-->

22,
treatment of

fs lnappll*

by dealkyla-

or in one

bromide wÍth

*Ø.D rr-e V
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P1C H 1ç

+'s-s
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Ph e?

s_N Àlrú

s\2n"
R1 L

csz?
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f)
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R2

- 
QcH-

NR^lr
cRz

HN P.| '3
R,1=c Rz

oc-.
S- SH

a-

b-
c-

d-

e-

f.-

ft=
fl=
ft-
ft=
ft=
f,=
ft=
ft=
R_

Ph

Me

phcHz

(Gr3) 
2cH

fl12- GHz) ¿-ffi
C6H4 p . ffig
CUHO.m. ffig
c6H4 0 . ffi:
COH4 p . Offig

o-ö

h-
f-

ph NH2> ,ry'n
Ph

. In fact,, further studíes of this last reaction denonstrated

that it ís also appl-fcabJ-e to other aromatic amÍnes and to aLfphatic

amines as well. The brornide saft reacted vigorously w1Èh alcohollc

solutfons of primary arnines Ëo form the new Ëhfones 29b - zgi,

conveniently and in good yíeld.

s_N R

t) ,/l
Ph

29
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t^U5+ 
Phc=cH

Ph ?otJa

REACTIONS OF ISOTTIIAZOLINE-5.TTTIONES

' 2r4-DiphenylisothlazolÍne-5-thlone 29a reacted rapidly with

dÍbenzoyJ-aceËylene to give a d.fbenzoyl--1r3-dithlole derivatlve ]! r

simíIarly to kno,rn reactions of dÍthfoLethÍones(1oz¡.

Phl),1-5, Ph .N 5 

-ifc 
o Ph* pncoc=ccoPh + \Z\rJl.orn

Ph 2)^ Ph 71
It also réacted with phenylaeetylene but the product forrued

could not, be crystal-l1zed. In this case, reactlon of the thlone wlth

the unsyrunetrically strbstituted aceÈylene could give tT,tro geoneËrlcalLy

lsomeric products(103). These probabl-y rnutually int,erfere with

crystal1-lzatlon.

Ph Ph

The adducts.also appear to be unsËable and revert to start-

fng naterial, for al-though a satisfactory nass spectrum lndicating the

parent ions were obtainedrstartlng thLone was always detecLable on

chromatography, even after ÌepeaËed attenpts at purificatfon. Reactfon

wlth diphenylacetylene was sLrnllar. Chromatography fndicated the

fornation of a red courpound but attenpted crystal-$zatfon gave onl-y

starËing material.

Beaction of the thlone with N-phenylnaleiT{de gave an adducË
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which appears to be Ëhe 1r3-dithiolanedicarboximide 75 , but reaction

wiEh diethyl azodicarboxylate gave only deconposition products.

0

PhrN-E /\.i"Vs+ 
V*Ph0

N,P h

75
Reaction of N-alkylisothiazoline-S-thÍones wÍth dimeÈhyJ_

acetylenedicarbo:çylate'àlso proceeded rapidly. The N-rnethylthione 29b

gave a crystalline'aldinine adduct 76 ín good yield, but from the

reacËion of the N-benzyl corupor:nd Þ" , an oil was obtained. TriËura-

tion of this with ethanol gave only the aldehyde 77 , presumably by

hydrolysis of the initially forned al-dinoine. ThÍs aldehyde had been

previously ïeported as a product from the react.j-on of 4-phenyL-L,2-

dithiole-3-thÍone wiËh dimethyl acetylenedÍcarbonylate(f04) .

Vlu}-l -L M eN S--- ,r0Ocf\4e

\at' Meor.=corr4e 

-> 
Ç;ç.LrolunPh zg, Ph_b ,, 

76

i.' j .:

P h'c o\lr*, 
u orc = co/ve is\iJ::li:

Ph 29"

U

O S 

---C\^sjlc

Ph
'¡ ::' .
1. ._:

Ph
orf4e

tf,son
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REACTIONS OF ISOTIIIAZOLINE-3-TTIIONES

In contrast Èo the above rapid reactions of the S-thíones,

the 3-thiones 22 react,ed much more slow1y wÍËh dinethyl acetyl-ene-

di carb o>rylate. Treatment o f 2-rethyl-S-phenylÍs othiazol-ine-3- thíone

22a wiÈh the ester Ín boiling benzene f.or 24 hours gave a nixLure of

products from which rn¡ere obtained starting thione and an orange oÍ.1-,

formed by conbínation of thÍone with two moles of esËer. This Ís pro-

bably Ëhe spiran diadduct 79

S-Nf4e
Ph\}S

22u
E El4e
Ê\,\Et\:Xrilu

Ph
79

5--{
Ph \/NPh + E'c -c'E

E = C O2l4e

Me' 0 c C: C0"l'4e r

: L -L t

FAS T

7B

S g-7E
ph{z(N jIE

+ l4eOrC-CO/ae

E = C O2lae

No monoadduct 78 could be Ísolated, suggestíng that the rate

of the second reacËÍon is greaËer than -thaË of the first. Ihese reac-

tions correspond to reactions of the dithiole series(fOf), and Ít ís

interesting that reacËions of 3-phenylimine-1,2-dithío1es u¡ith dÍnethyl

acetylenedÍcarb.oxylate gÍve on1-y dÍadducts of type 79 . None of the

Íntermediate monoadducËs of type 78 was obtaÍned there either.

1...1

SLOW

Ph
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Ela:ôFt- L, 
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t-ffi iffiÏBO

RsT-ï
R,,vh'R2

One possibiLiÊy is that the 2-nethyl-5-phenylisothiazoline

-3-thÍone co'rrt¿ undergo thermaL rearrangement to 2-nethyl-ÍnÍno-5-

phenyL-1r2-dÍthiole, as has been found for Ëhe benzo-coqo,-d(104),

a¡rd that the irninodithiole rnde:r.renË the subsequent reactions.

However, the isothiazol-inethione was r.nchanged in boíling benzene indi-

cating ËhaË it,,Ís a direct precursor of the mono- a¡rd dfadducts.

Ihe marked difference in reactivity of the two Ísoel-ectronic

thione syst,ens 22 ar.d 29 , with dinethyl- aceËylenedÍcarbo:ry1-ate, is

ÍnËerestÍng. rË could be e>çlained as a resulÈ of the steric effect

exerted by the substÍtuent on the nítrogen on Ëhe course of the reac-

ti-on in 22 . The sulfur at,om Ln 29 does not suffer from such effect.

Alternatively, that difference i.n reactivity may actually be due to the

fact that structures such as 81 , Ínvolving sulfur d-orbítal particípa-

¡is¡1 m'í ght be invoLved as ÍnËerrnediate j.n the reactíons of the iso-

thiazol-íàe-5jthion es 29

E-r\ 
- 

r^. f-
L re, _. L,, l,_

-Þ

c

i:.:.;

E =C$l'4e B1
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82

74

The interinediate 81 , corresponds to contrÍbuting structures of

2-thioacylnethylene-1-,3-dithioles, or internediates fn Ëheir fornacion

Írom L,Z-dithiole-3-thiones(59). Sínce no such ínter¡nediates are

possibi-e in the reacËions of the isoËhiazolÍne-3-thiones 22 , ttre reac-

Ëion may proceed with greaËer difficul-ty, however once the monoadduct
,l

in this case is formed, Ít rapid.l-y undertrent further reacËion to fo:m

the diadduct.

2--Methyl- 4, 5- dipheny 1-Ísothiazol-ine- 3 - throrre 22 c a1s o re acted

with the ester. A crystalline diadducË was obtained, a1-o.ng with a snall-

arnount of deep'red materíal-. The mass spectrum and anal-ysis indicated

that Ít contains one sulfur atom less than the spiran diadducË. On

this basís and becar¡se of its deep eolor, iË was tenËatively assigned

the conjugaËed thiopyran sLrucLure 82 .

E E \I'/CÌ4e

!-'¡* Ec =cEPhv\ --#Ph

22c
Coqodnd 82 could have arisen from the díadduct by extrusÍon

of sulfur by a nechanism, analogous Ëo a st,ep in the sulfur catal-yzed

rearrangements of 2-thlophenacyl-idene-1r3-díthioles to 3-thiophenacyli-

dene-l, 2-dithioles (ttittriapentalenes) (105) 
.

S

Ph Ph
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reacted wi.th

the knorm di-

t.:

E l4e.-( N\-r
+=cK );->

PhPh

.$:
Ph Ph

dÍnethyl

adduct B0

B2

2 r5-Diphenyl-ísothiazoline-3-thione 2Zb a\so

acetyJ.enedicarbo:<y1ate. The product here was

. Once more, no monoadduct was obtained.

S-N Ph

nr-,Ç,À5

22a

EC=CE

t- Ph
l- l- rr

ã,Ì:Ph Bo
AËLeryts to synËhesize Ëhe dÍadduct from the inine adducËs

forned from Ëhe isothÍazol-Íne-5-Ëhiones r¡rere unsuccessful-. Thus com-

por:nd !3 r was recovered from further treaËnent with dírnethyl acetyLene-

dicarbo>rylate. cornpound 76 gave the al-dehyde 77 by hydrolysÍs during

the work-up.

"\Å?:
Ph

EC:CE
NO REACTION

B3
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These results are comparable to Ëhose of.Behringer

eË aI.( 43), 
and may reflect the differenË electronlc effects of the

nitrogen and sulfur contaíning sJ-de chains in the fsomeríc systems 84

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

a role Ín this reactíon.

îwr Rr
S N:-;ll{-K 

''H;'Rz

B4

REACTION WITH PHOSPHORUS YLIDS

ïhe reactíon of ketostabí Lízed phosphorus yllds with aldehydes 
'

and ketones ís rep'orted to t,ake pLace througþ a Wlttig type of reaction

to afford olefine derivatives(106) l

¡1..':":

B5

Pn.CH:O +
+ DDl
i"'3 --+PhCH-CCtCoPh

-cctcoPh I I

_o *PPn,

Ph c r.r _ççlcoPh*q r' 
[--iri:oPh.J

....,...i

On a stnilar basls r one would expect the thfone group 1n the

isothiazolÍne-3-thÍones 2 ¡ on treat,nent wfth phenacylídenetriphenyl-

phosphorane, to afford 3-phenacylÍdene substituted fsothiazoles 86 ,
+

whÍch would be preeursors of the 3-thloacyJ-rnethylenelsothf azole systen 32 . 
t.:,;,.1,,

'k 9gl
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RoE-Ìf , cHc oPn

q\/f.åon, 
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22
Treatment of 2-rnethyl-5-phenylÍsothiazoline-3-thione 22a,

wiËh phenacylidenetriphenylpfrospt oråne o r p-methylphenacylidene tri-

phenyl-phosphorane, üd not, Ín fact, afford subst,ÍtuËed isothiazoles of

structure 86 . Instead it gave the 1 r3-i.itr1.azole adducts B7a , and €7b .

The reaction probably proceeds via lnterrnedÍate of structure 88 ,

formed througþ a 113-dipolar cycloaddition react,ion.
I

:

'

;

iMe s N-]-il Ph3
j

Ys + Phv(r+dY 
Mes-N CH.PPh^ 0R g 'Ñ__

,n-\.Äst å=o 
"3 > Me Ar =rn(ÆotAr f; Ñ-+0

?2u Ph\Z\s.LÞen, BZ

!

Although these reaction

pecÈed on the bases of sirdl-arity

ketones described above, there ís

phosphoranes with azides does take

)pn 
--*+

P Ph3

ee
a.Ar- Ph
b.Ar= P.ts['

products are not r,rhat wòu1d be ex-

to the reactions of phosphoranes with

evidence that sone reactíons of the

a sim:ilar reactíon pathvray(107) .

86
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PhgP, ----'9 HC:OR'
Î T 

P Phs+ R Ns 

-Hi 
-qi- '{**.ùRlPhsP 

o

,1îo n,o*ÄR

or$!'+ Hc=cPh= - rnfl7'n
4u

i'.!.::::

Steric factors seem to play an lryortant role Ín this reac-

tion, since while the reaction of the phosphoranes wLth 22a gave Ëhe

thÍazole derivatives 87a and 87b 1n reasonable yields:(36% and 4L%

respectively), the reactíon r,¡Lth 2 r5-dlphenyl-isothiazol-Íne-3-thione

22b proceeds onl-y wlth very lon yieLd (>L0Z) and in ca-.e of 2-rnethyL

-4r5-diphenyl-isothlazoline-3-thione 22c there was almosË no react,lon

and the starting thÍone was recovered uncfranged.

In order to prove the thioacylnethylenethiazole structure I 7

and deternine Ëhe direction of addition and Ëhe oríentatlon of the aryL

group Ír 9, an alternatÍve synthesis rüas necessary. The ffrst atteryt 
,, ,,,:.,:-,,, 

:

;. 1 .'.',. :. '

in Ëhfs direcË:lon was thê condensatÍon of the lsothiazoLfne-3-thione 
,,¡¡,-,,,,:1
;: 

: 
. 

i 

, 

r : 

, 

--, 
: 

, 

ì 

, 

: :

22a wÍ-th phenylacetylene. The reacËfon, however, proceeds very slowly'

wÍth extrernely lour YÍeldo
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The following approach was found to be more fruitful. Hetero-

cyclic thiones are reported by Knott(108), Èo undergo condensation

reactÍons ¡¿Íth a(-bromoketones to afford the salt 89 , which on Ëïeat-

nent r,lÍËh pyridine or Ëriethylamine extruded sul-fur via inËramol-ecul-ar

nucl-eophiLic attack to give the ketone 90 . This ketone could Ëhen be

easí1y treaded with phosphorus pentasulfide to give the desired thione.

üqx

^,-þ î -pzss 
Rl

D\ry"f4

r**t,cor:[d*Ï
Be 

lr,
ú

B;

R,
Nr'

-[..

9C

I,lhil-e the starting thÍazoline Èhiones could be prepared

through several- routes, the following two approaches were fot¡nd to be

more convenient and give betËer yields

In one method the alky1-thíothiazoliun saLt 92 , r¡¡as prepared

in one step by Ëhe condensation ofoc-bromoketone wíËh methyl N-urethyl-

dÍthiocarbamate. The saLt 92 was Ëhen Ëreated wiÈh pyridine to gÍve

Ëhe thÍone 93 .

ì t-:,:--::r,

IC=0,l
\ cl{ Br

HN R2+ s)-,* = lçlÏ,**lçX
92 E' 93
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A more direct approach r¿as avaiLabl-e through q generaL

method ,*pott"d(109) for the preparation of N-alkylthiones.' This method

was used with cerEain modifications and was exlended Lo Èhe preparatlon 
;ì : r.'.. :.:.:r_-. .

of N-aryl-Ehiones as wel-1. Therefore N-phenyl or lt-'-mechylantmonium dithiocarba- ,,:-:,:.::.: :'::-

mate r,ras condensed r1g¡ o{-haLoketones to afford the hydroxyËhlazo.lÍdine-

thiones. These were dehydrated by BO7" sulphuric acid solutíon to
:. .:..:.. -

afford the thiazoLine-2-thlones 93 . j:,,:',..,,¡,,,,;,¡;

,. . . . .,

-oH .^^ ñR.,g=o H\Rs qËì% F{zsoa =&-\*r
1l

93
Rl Rz Rg

aHPhPh
bPhPhMe

'cHP.TolMe
dHPhMe
e P:h H ì'fe

f. -benzo- 
Me

of the thiones, the.ffrse three r g3^, ålb , and 93c vIêËê rêw¡ The

benzocompound 93f was not prepated by th.ls neËhod but was obLafned

conrerclaLLy.

' These thfones were further treated $liËh phenacyl bromide,

p.nethylphenacyl bromfde, or desyL ctrLoride accordlng to the procedure

descríbed by Knott(108). It was. obserl"a, to""ver, thaE when Ëhe salt's

obtaÍned fron Èhe above reacËÍon r,rere treated wÍth pyridine' they gave'

besides the expected ketone 90 , a varfable âmotriË of the starting
-::..'--r:-:;-
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thione 93 (30-352 yield) Ehrougtr a dealkylation proc¿ss:

+d)*iW-=rl
Be a' içx

S\i-,tei

Rt R^
J

Ìle

Me

ì,fe

Me

Ph

Me

Me

\

Ph

H

P'tPl
Ph

Ph

Ph

benzo 
-

R4 *5

ph

Ph

p.Tol
Ph

ph

ph

Ph

' a: .1: -.

'.''..''.:

H

H.

H

H

H

ph

H

H

Ph

H

Ph

H

H

ê

b

c

d

e

f
I

The kecones 90 were sruoothly thionated by phosphorus penta-

sulfide, The keÈon" 29f did noL urdergo

thÍonaEion on treaturenE with phosphorus

pentasulfide for a prolonged tÍne. This

was mosE, probably due to the sEeric hind-

rarì.ce of the tr,to Phenyl groups on the side

chain. I

The exacg st,ructure of conpound B7a was Èhen seEÈIed by the

couparison of its NMR specErum, the xoelt'íng poÍn¡, and mÍxed 'np-lting

point wich the thiones 91a and 91b . Corçouqd !¡ô was also compared

to thione 9lc obtained by thís new approach. It, was for:nd thaC

coupotnds B7a and €7b are in facc identical Ëo corPounds 91a and 91c

in cont,radic¡ion to earlier expecEation based on elecE,ronic factors.
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elu ri\Ärlon
zell.ger et al. (110) 

has demonstrated by variable temperature N¡ÍR

studies that theq<-ketophosphorus yl-Íds of the type used in Ëhis work

exist exclusivel-y Ín the cis-enolate configuration. Consequently the

cycloaddÍtj.on step Ís e>çecËed to proceed. by a concerËed meehanÍsm, ín

the same way described by ttuisgen(lll) for 113-dípoJ.ar addiríon to

aLkenes and a1-kynes, where both directíon of addition produces Ëhe sare

amourt of o bond. enerry, Ëhe interplay of electronic and steric
effects Ís responsíble for the orÍent,ation, with the l-ast factor

donrinant.

The fact Ëhat the sterÍc factors are the predonrlnant in Èhis

react,ion is clearly demonstraËed by the poor yj.e1-d obtained fron the

reaction wíËh the N-phenyl-ísothiazolíneËhÍone, and the coupl-ete obsËruc-

tÍon of the reactíon by Ëhe extra phenyl in the 4rl-diphenylisottria-

zolineËhione. The phenyl group in Ëhe 4-positÍon would certaÍnly Ínter-
I

fere with the triphenylphosphonío group in the orientaËion shown below,

r¡hich seeüìs to be the orienËation followed in this reactÍon.



The presence of phenyJ- substituent on the nitrogen wouJ-d certainl_y

interfere with Ëhe phenyl of the phenacyl group, however thls effect

Ís less drastic than that of the phenyl in the 4-position wlth the

bulky trLPhenylphosphonío group and therefore, although ft reduces the

reaction yiel-d sharply, ÍË does not eLírninate the reacËfon conpl-etely

The thloacylnethylene st,ructure of All was further proved by
:

Ëhe facË that ít was found to undergo further cycloaddf.tlon reactfon ,.
:.

q7iËh dinethyL acetylenedlcarbonylate to form the adducË 94 ,slmilarly i',

Eo the dLadducËs 79 and B0 mentioned above. But in thfs case 
'

the adduct appears to decotrpose inËo two conrpounds, separated by

chronatography. Their NMR arrd mass spectra Índlcated thaË they have

the structure 95 and 96

Me.. Ïi r E

"Ç\lPh+ Ec:cEJ^qX=
_Ph

87 %. 
1

E E EE I

,E:-\ IMe.N{ -þ + s{-Þa-)E./- \-1pn ph
E=COOMe 96 95

,t, '. .

Compotnàs 95 and 96 seem to be formed from Ëhe adduct by i"':'

loss of species corresponding to ph.C.CHNMe or CII.CphS, respecËÍveJ-y..

Ihe exact fate of these species is not known. It is possible, however,

that they have been extruded as phenylthflrene ñ, /La , or phenyl-

azírine, its oitrogen analog"" phANMe, ïhese nay decoryose Later i,",'
l
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to phenylt"uryr.Íå12). Both phenyLthlirene and pheny1azfrine are anri-

aromatÍc ring systens, lÍke that of cyclobutadiene with only 4 Tt

electrons. The Ëhiirene molecule has been det,ected several times fn

the photorearrangemenr, of fsorhiazoles(113) and dlrhtoles(112). The

stabillty of these and oËher sÍ¡n1lar specÍes were the subject of an

lnteresting recent dís cusslon(114)

The reacËÍon of the thfazole derÍvatlve 87 , with diuethyJ.

aceËylenedicarbo>ry1at,e, gave besídes conpounds 95 and 96 , a red

crTstalline materlal forured by conibination of gZ wLth two molecuLes of

the esterr as proved by NMR, mass spectra and eLement,al analysfs. Thls

adduct seens to exist Ín Ët,ro Ísoneric forms separable by thin layer

chromatography.

several structures are possÍble for these dl-adducts. Í'hey

could possibly be formed fron the spiran adduct 94 , by cycloadditÍon

reactíon (Oiets-elder type), to the diene system in the thio-

PYran rlng. ÍhÍs r,roul-d afford structures 97 and 99. ,(oro.diasteriorer=)

fowever structures 97 and 98 are not eLpected to be stabLe a¡rd should
readily extrude sul-fur.

Me

T lon

,^ö5
9B

I
Er

Ph

Ph

Ph
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another alternatíve structural possÍbility is inltiated by

eLecËron shift from the thiopyran ríng sul-fur, leadfng to the openi.ng

of the thÍazole ring of the spiro corryornd 94 , cyeloaddition Ëhen

l-eads to the new spirans 99 and 100

l4e 14e
N
I

h

lCO

phd N- 

^ 
E.C=C,E

2\/V- --+Pl'{g., E E ,/ 
e' ph"çq

r\- \
\*

99

\/ffut EC:'E
\ r l1 

--

Y
E= C02l4e

Thís possÍbíl-ity gaÍns some supporË from the fact that the

tt^ro other producËs of this reaction, nameJ.y conqpounds 95 and 96, are

also for¡ned througþ the openÍng of the thÍazole ring.

Finally, structures 101 and 102 coul-d also be suggest,ed. lhe
i

mechanism of their formatÍon Ís sim:ilar to a known reactÍon of pyrrore

wÍuh dÍme thyl- ace tylene di carboxy IaËe 
( 1l-5 )

E.CKRE

l4e\r\r

"(iEivPh

lol

-Fh

ELg

E= C O/,]e
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- '/ 'nPh
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l

FormaËion of eonpor:nds 95 and 96 coul-d

sÍnilar mechanism.

,w
also be orpi.aÍned

ET
ãsd 's
E-/

Ph

E'-
r\JJnn

Me

Ph
A*lt'C-\#J

Ç.4\

However Ëhe fact that neiËher the pyrrole nor the thiophene side-

products has been detected fron thís reactfon, rright he1-p to excl-ude

such a mechanism.

on the other hand, the dÍadduct could have been formed by

the direct reactíon of tire thíazole derivatLve 87 , with Ëwo mol-ecules

of the ester r+j-thouÈ Ëhe ínËernedÍary of the spirocorpor¡rd. This

could take place in one of Ëu¡o r¡rays; the fírst is by the cycloadditÍon

of fi¿o moLecules of the ester to the thiophenacyldiene sÍde ctrain, to

form the spiro-structure 103 ThÍs reaction, if iË does take place,

has to be a two-step reactÍon and not concerted. since it invol_ves

4 paírs of el-ectrons, Ít would be thermal-ly disaltor"d(116).

14e

íT S

lE: t- ;t\lEL!\ /æ\,
.X-Fì \-{

Ph

r4eNfi, + _tnltn*Ë( gg E\s'2
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Ph Ph

E=C 021'4e

Conpor:nd l-03 , again ís e>çected to easily r-urdergo suLfur extrusion ,

and moreover, Ít can only exíst in one ísoneric forn whil-e the obtaíned

diadduct e>dsLs in two isorneric forms

T.lre oËher possibility is that the tr^Io ester mol-ecules r.urdergo

cycloaddiÈion to the thÍone group Ëo form the six mernbered thiopyrane

ring structure l-04. This is sinil-ar to Ëhe additÍon of two molecqles

of dinethyl acetyl-enedicarboxylate to the Ëhíone group of thiazol-ine

-2-thiones 
(117)

lon
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the origlnal- thiazole derivaËÍve

ín the isomeric forn 105

to4

87, rhe adduct

104 ,

-_à

In order Ëo Ëry to distÍnguÍsh between Ëhese varj.ous possi-

bil-itÍes, a series of differently sr:bstÍtuted structures of the thia-

zol-e derivative 87 rüas prepared, and their reactíon wfth dinethyl

acetylenedicarbo:qylate was studied to gíve information about, the

sËructure of the diadduct and the factors J-eading to the formation of

the spÍ.ran nonoadduct 94 and/or the diadduct.

TreatnenÊ of the series of thiones 91 , prepared earl_ier,

with equivalent amorrrts of dirnethyJ- acetylenedicarbo:rylate afforded in

most cases studied (91a , 91b , 91c , and 91f) the diadduct as welL as

Ëhe products 95 r arld 96 obtained from the deconposÍtÍon of the mono-

adducË. The N-phenyl equivalent of. 96 was obtained Ínst,ead in the case

DependÍng on

could al-so exist

Þ

B7 105

l,'.-.,,,,.'
.:-::I

l:: :.:11

E

\

lt4e
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of N-phenyl compor-urd 9L'.

Ilowever Ln trdo cases, namely the benzo- and the 4r5-diphenyl

corpor:nds 91d , *d 9!g , only the monoadduct was obtained. No diad-

duct was fotnd. Themonoadducf was quite stable 1n both cases. Thf-s may

be due to,stabllfzatLon effect exerted by the benzo- or the ext,ra

phenyl group. FurËher ËreaEmenË of the monoadduct with excess diurethyl

acetyLenedlcarbo:<yLate for prolonged tines did not l-ead to the fonra-

tíon of dfadduct, ãnd the monadduct was recovered r:nchanged.

On the other hand, t,reatment of the starting thlones 9l-d or

9!g , r,rith four equival-ent dinethyl aceËyl-enedicarbo>ryIate gave a

mixture of boËh monoadduct a¡rd diadduct. The sanÞ. results were also

obtained by carrylng ouË the reactlon in a polar solvent as dloxane

wlth an equival-ent, amount of dimethyl- aeetyl-enedicarbor<y1ate.

EEEE
"çfurni=5'ör*r¿e-ö +

Ph Ph ",' ,.o,l _ | rr r ¡r
J I<T DIADDUCT .: .

-]{çeLEEEr^ç\ion%t€r*r¿un¡es+ ,,

g l-u 
Ph Ph

DIADDUCT

i::j: ::'::

DIÀDDUCT91.
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This result suggests thaE the monoadducÈ ls noÈ a precursor

for the diadduct and thus elirrinates all the structures based on thaÈ

assumption 97 - L02

It also suggesÈs that, forrnatÍon of the monoadduct and/or the

diadduct is actual-ly a result of Lhe two coûpetití.re üenå reactÍons,
j

the 1r4 - versus the 1r2-reaction mechanisns. The L14-mechanism is

more favourabl-e in all cases and gives the higher yield product, (the

monoadduct).. Under certain condltions, the 1r2-mechanlsm r^rÍl-1 al-so'

take place. This condit,ion was found to be ín this case, the Ín-

creased polarity of the soLvent, or the excess dirnethyl acetylene-

dicarbo>rylate, which rnight just increase the polarity of the solvent.

The Ínterestlng observatÍon here is that, the formation of the diadduct

should be a nonconcerËed reactíon, otherwÍse increasing of the solution

polarÍty would have no effect, on iËs formation.

The tr.ro ísomers of the dfadduct were therefore, tentatívely

formulated as havÍng structures 104 and 105 nentioned above. Further

proof of the struciure woul-d requlre chenLical degradatfon such as de-

sulfurizatlon. This however, seerrri t,o be extrenely difficult in view

of the 1ow yield of the coryounds.

Ra
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P REPARATION O F 3.THIOÀCTL}IETIIYLENEISOTHIAZOLES

Simllarly to the scheue applled to the preparaEion 2-thio-

acylnethylene-lr3-thiazoles 91 , one would expecE the following scheme

to be atso useful in the preparatíon of the elusíve 3-thfoacylmethylene-

fsothiazole systen 32 .

ote[, qco c nR.Br 
>

'R2

Rz

0
I

./
q

3

It was e:<pected that steric facÈors 1n l-06 would force the Íntra-

molecul-ar nucleophílic attack. of the activated rnethylene Sroup to take

place at carbon atom 3 rather than at the ring sulfur, and therefore
.j

afford the intermediate 107 which would extrude sulfur to give the

keto-precuïsor of. 32 cornpound 108 .

As a ffrst trÍal in Èhis dÍrect,fon, the preParation of

2r5-diphenyl-3-thiophenacylisothiazo1-.e 32a was aEternpted. It was

supposed that this corpound, being heavlly subsËítuted wlth phenyl

groups, would be more stable than other analogues.

-ßgl-'ì 9'Rñ {')RsI r: 'c *\/-,.? rîllr
u+

pLl,>
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ñ2 E ''5
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The re f ore t reat,nent, of 2, 5- díphenyliso uhiazoline-3-thione

with phenacyl bronide j-n boÍJ-ing benzene afforded the bromide saLt 106

This, on treatmenË \rith pyridine, r.rrderwent tr¡ro compet,ing reacÈions,

pïot,on el-ininaËion to afford the intennediate 107, which ext,ruda,t

sulfur to give the ketone 108 (28% yíeld) orralternatively, rhe salt

rmderwent a dealkylat,ion reaction to give back the starting thione

(402 yíeld).

108
ThLonatíon of 108 , with phosphorus pentasulfide Ín boiliag

benzene afforded the Èhione 32a, as deep pink erysÈals. The ËhÍone

was stable at room teryerature and at. leasË at elevated terryeratures

over Íts nel-Ëing point (128oC). The thíone also gave saËÍsfactory mass
I

spectrun a¡rd elemental analysis. Although Ít gave a saËisfactorT NMR

spectrum, ft was of no value for intended variabJ-e teryerature NMR

studies, since ft on1-y showed a Large conplicaËed peak fn the aromatic

region. However the facÈ that this coryotrrd was obtained, a¡rd was

stable, proved that rhis system could exist, a¡rd, that a rlore usefuL ana-

logue could probably be obtalned. This ¡vas of certain value in regard

'dt.)* ',,.Çx,+rn.$J*
Þ.

106
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to Èhe previous unsuccessful atteurpts Ëo prepare such system.

The second conpound Ín this series ç¡ae the 2-methyl-5-phenyl

-3-thlophenacyJ-l-sothlazole 32b, obtained from 2-methyl-5-phenyl-

Ísochiazolinethione, following the same react,fon cheure descrÍbed before

for the preparaÈfon of 32a . The NMR of this compound which showed, an

N-rnethyl peak besides the phenyl protons was again of no greâE value

for the NMR studles due to the ÍndistingulshabflÍty of the tl,¡o phenyJ-

groups in the NMR spectrum.

'lt4e

lhe corrp ound 2-ne thyl-S-p . toly 1- 3-p . me thy l-thÍ.opheoacylf dene-

isothiazole 32c , Ís expected to gÍve more valuable NlfR spectra f.or

the intended variable teÍperaE,ure sËudies

Ihis corryormd was prepared from 2-rnethyl-5-p-toly1isoËhia-

zoline-3-thlone 109 . Thts thione, whlch was new, !,tas prepared accord-

fng to the following scheme

lt4es_N

32t,

t.+co-cHs + csz o SH

110
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s-s
PcSq -\l

I

111 112 109

f|e 'di¿hiolethione lll , was Prepared by an aPProach sloilar

ro one described by 1.nullier and Vialle(ll8) ' 
with cerEain nodlfLcaElons.

!-p.To1y1-3, 3-dirærcap Eop rop-2-enot= 4, was obtaÍned from the cooôensa-

tlon of p.æEhylacetophenone wÍEh carbon d.isulfide fn a soluEÍou of

soditul tertiary butoxide in 80% yield. The procedure

CescrLbed for thLonat,Lon of 110 in :rylene and coluene Proved to be Èl-ne

and ¡naÈerial consu¡ning while ttrat in benzene gave J-otJer yield'.' I't r¡as

t'r. 
""""enlenE, 

not"']"t, to carry ouE, the thionar'ion by ¿iìoll'f"g the

dinercap¡"r, 
=¡10 

fn excess benzene, æd refluxing for four hours with

excess (tr.ro equivalent) phosphorus pencesulfide. The ç¡ork-up fn.this

approach was,Iess laborious and the yteld, was higher (7Q7. versus 622

reported for the reaction in >ryIene) '

The thione obtained f rorn the above wa¡¡ then alkylaEed. wLth

eeÈhyl ÍodÍde to afford the dirhioliun iod1.d.e 11-2. This, on treaÈEenE

w.iÈh ¡neChylarnine in ethanol according t,o the roeEhod of Le Coustuner and'

Uotli"t(44), gave the desl'red isothiazollue thione I '.

The tl.lone 109 was then treated'with p.rneEhylphenacyl brornlde.

af forcting the salt !!}, ç¡hich on EreatoenE w!Èh pyrlcllne gave 114 the

ket,one precurso r of 32c (ín 257! yleld). lhls !¡as thLonated, r¿-tth phos-

phorus penrasulfide ln benzene to glve the thlone 32c (lu 60% yield)-
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Cornpound 32c was then subjected to nuclear nagnet,f c resonance

examinatlon to tesL Ëhe validity of the three hypouheses whlch have been

pu¡ foruard to explain the symmetry of trithiapentalenes (see Introduc-

tion). Because the cencral at,om of 32c is incapable of valency strelI

expansfon¡ any synmetry features, extríbited by 32c rvould have to be due

to single bond - no bond resonãtce or rapid tautomerism; and tf these

processes are important,, the NMR spectra shoul-d l-ndicaËe the equivalence

of the two p.meÈhyl grouPs.

1

hrhen the rtt NMR spectroscopy of. 32c was performed in deutero-

chloroform solut,ion over a temperature range be¡ween -40 and OtC ,
j

the two para-methyl groups çlere. nonequivalent. The protons of the two

phenyl grorrps were also distlnguishable whÍLe those beJ-onging to the

phenacylldene sfdechain phenyL appeared as four LH singlets' the pro-

. tons of the phenyl group at the 5-posLtfon of the fsothiazol-e ríng

appeared'as one 4It sÍnglet.

The spectr.a run fn perdeuterotol.uene, because of its aromatic

32"
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solvent effects(L19-121) gave a bet,ter separatíon of the two methyl

groups.A sLnilar effecË was also observed 1n the egee1..te run fn tetïa-

chl-orobenzene.

No coalescence was observed l-n the specËra run 1n perd.euter-

otoluene or 1n tetractrlorobenzene, neither at room tenperature nor at

hígþer Ëetrperatures up to L90oc (the higþer safety range for the NMR

¡nachlne), indfcating that there is rather a hfgh energr barrier to

interconversion'of the tr¡o Ídentícal valency tautomers.

The fallure of coryound 32c to demonstrate suitable syrnrnetry

suggest,s that neither valency Ëautomerism nor sLngle bond - no bond

hypotheses are adequate Ín expl-aÍ*iog.the special properÈies of symmetry

e:*ribiced by the trithiapen.Èalenes. The above results seem to àupport

the hypotheses lnvolving sulfur d-orbitals as to prowide the most saËls-

faccory e>cplanatlon of the special propertÍes of the,tríEhLapentalenes.
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PREPARATION OF THIENOISOTI1IAZOLIUM SALTS

0f the

115-120,none

fRs

si;c possible isomers

Ís as yeE known.

P-r-?
R.\./\y'NR"1 R^ R,*-l"'¿ 4 x

of thienoisothiazolÍum salLs

+

s _,_NR
$,Ç¡''slR^R,-."'¿ "4 

X

117

i+

l1s

-viiïL-Çii;

116

S--r--r R,

R.\-\^'.¿
,¡ìe Rz iìår 119

ùR¿
s_NR -i,+ 3^

IË would be expecÈed

alkylarion, usíng meEhyl iodide

lL7 However this approach is

3-aruino subs EituEed derivatives

Ø
that conpound 121 would undergo siurple

or dimethyl sulfate, to afford the salt

restrícted to the preparation of the

of thíenoisothiazolium salr LL7 .

*'ÇJl-:¡R,.,v+
¿\

/,

0f the Ëhienoisothíazole system itself, only 3-am:inothieno

[2,3-c)isothíazole 121 has been pr.p"."d(122) fron 2-audno-3-cyanothio-

phene by treatment, with hydrogen sulfide followed by oxidative ring

closure of the resulting 2-am:ino-3-ËhíeopheneËhiocarboxamíde.
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l'4e I
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121 , 117
Another approach has beên developedã- prepare thieno[SrZ-cJ

ls.oEhiazoliuur salt 118 and its derfvetlves. It r.ras noticed during the

sEudy of nucleophtlic aÈtack on fsoËhÍazollum salts, that the reactÍon

of sodiun benzoylacetaEe with 3-methylthloisothiazolÍum salts afforded

Z-benzoyL-3-arninothlophenes 44 . Treatnent, o.f these corupor:nds with

phosphorus pentasulflde ln benzene would afford the thj-one L22 , æd

this thlone ís expecËed Ëo undergo oxfdaËíon by iodine ln eËhano1 to

afford'the thÍenoÍsothíazolir:m salts 118 , a. process similar to the

o:ddative preparation of isothiazolÍun salts developed by McKÍnnon and

no¡"t (24), Followlng this approach, the 1r3r5-triphenyl thieno[3,2-c]

isothlazolium cation rì'as oUtairre¿ as Íts iodide. TreaturenË with per-

chlorlc acid in aceË1c acl"d afforded the perchJ-orate ll8a 1

Ph

Pz ss

Ph

s-As
PNÅNHPh

a

4 44

Ph -t

122

:lPh
"+
Ph

\,-å ---P#\Tro,

Sr2
---.-->

PhN

118 u
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It was advisable to isolate Ëhe catÍons as the perchlorate

rather than the iodide, since the lat.ter tends to exist as a ruixt,ure of

rnonoiodide and trliodide, which give very poor elemental analysis.

The method described above, successfully afforded the expected

3-phenyl substituted thieno13,2-c)isothiazolium salË !þa , and pro-

bably could be extended to the preparation of the 3-a1ky1 substÍËuted

derivat,ives (118 , R4 '= ¿lkyl). However the main lisútatlon of the

procedure is due t,o the fact ËhaË the starting 3-methylthioitsothiazol.ium

salts are available through one source, thaË is the alkyJ-ation of the

isothiazoline-3-thiones, whÍch could only be obtained i.n 1ow yield by

the method of Le Coust,umer and Molli er3|)

A more general approach was then needed for the preparation

of thieno[3r2-cJisothiazo]-íum salts, and this v¡as found in the nucleo-

philic att,ack of sulfonium ylids on ísothiazolium salt,s. As ¡nentioned

earlier c<-keto substituted sulfoniun ylids reacted with isothiazolir¡m

salts, lacking 3-substituenËs, t,o afford the 2-keËosubstituted-3-amfno-

thÍophenes 56 .

T¿

l'4e+ - ç ,,AO
r¿)s,cHcot -+ -,,\|NHR3

¿t-t^ Db

s-NR2
R\,,H +'R2 X

4
Compor:nd 56 could undergo thionation and subsequent oxidat,ion

to af ford.thieno [3r2-c]isothiazolium salt,s. Since the st,arting isothia-

zolium salt 4 are available in good yield with a variety of substítuents,

and the sulfoníum ylid Ís also available r¿ith both alkyl or ary1 sub-

stÍtuent (R,. = alkyl or arf t) , this method appears to afford a wÍde and4-
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general method

salrs 118.

for the preparatl-on of thleno[312-c) fsothíazolium

a-

b-
c-

d-

e-

Rt

ph

H

Ph

H

H

Rz

H

H

H

Ph

H

*3

ph

Me

Ph

ph

H

R.
&

ph

ph

Me

Ph

ì,fe

The thienoisothiazolíum salt wíth no substituents on

the thiophene ring was obtained from the reaction of 2-methylisothÍa-

zolium perchloratd I,rÍ th phenacylidenedime thy ls ulf urane, f oJ-lowing the

above pathwayr In order to prepare the salË ll8e with no sub-

sEituents on both rings except the nÍtrogen substituent,, 2-methyliso-

Èhiazolium salt was treated' ç¡ith dietho>qyethylidenedimethylsulfurane.

This was prepared from the reaction of dimerhyl sulfide wlth bromo-

aceLaldehyde diethylacetal, then treatment with sodium ethoxide.

Me

l1B.---1r

SN*rl
Ü'; * lii;d-õu 

c H (o c2H5) z-
I

PcSq s ôs 12

------------- 
l_- ll\ NHt4e

'ç¡'il:czHs)z
123

H

124
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Thionatíon of the diacetar derivatÍve L23 , fol_l-owed by sub-

sequent oxidation afforded only a minute amorÍit of the sal-t 1l-Be

This poor yield seens Ëo be a resulË of the instabÍLity of the thio-

aldehyde corupor-md 'L24 , obËaÍned from the thionaËion of 123 . Thio-

al-dehydes are knornm for their instabilitr(SZ ).
,t

i.:.'



. 2,3-PTRIDIN0-4,5-BENZOISoTHTAZOLIIrM SALTS

IsothiazolÍum salts condensed to a benzene ring are known to

exist in Ëwo qerl-es, L12'and 2rl-benzoisothiazolium saLt,s, I25 and 126

respecgively. Isothf.azolÍum salts conclensed to heterocyclic rlng are

rarely knoç¡n. In the lasL few pages, the preparaEion of one such systern'

the thienol-sothLazoliun salts llB , has been discussed. The PreParät'Íon

of anogher such syst,en, isothÍazolopyridinium salt,s I27 , has been re-

pqrted recentry by Leaver er, al. (35).

126

Dt\

\.
s
x

\

125 118 127

IE is of interest to prepare Ehe 2r3-Pyridino'4,S-benzo-

isothiazoliruo salC LZB , in whièh the isothiazole sysÈem is condensed

both co a benzene ring and to a heterocyclÍc ring'

AEterPt at PreParatLon of sucÏ¡ a

corpound ç¡as .carried ouE according to Ehe follow-

ing scheme. 2,3, a¡rd 4-o-Nltrophenyf,pyrldines

lrere prepared from_¿-niËroaniline by the roethod

of Butten¡orEh and coworkers 
(123) . The 2 r 3, 128

and 4 coqonents of the producE mixture were

preferably separated by chronafography rather tha¡r fract'ional crystaliza-

tion. The 2-componenE was t,hen subjected to reducLion by stannolls



L04

chloride in hydrochloric acid Ëo afford the 2-(0.amlnophenylpyridine)

L29 .

Diazotízation of 129 followed by Coupling wiËh poËassÍr'm

ethyl xanthate, afforded Ëhe xanËhate derj-vative 1-30 . ThÍs, on hydro-

lysô:srgave the mercaptan 131. The nercaptan obÈained was expected to
':

r-urdergo oxidation by either hydrogen peroxÍde Ín acetic acid or iodine

in eËhanol to afford the dibenzoisothiazolium salt L28 . While the

first oxidation method did not appear to work, the second rnethod afforded

a very minute amoutt of sal-t-like maËerial whÍch was, however, too littl-e

to characLeri-ze.

N0co'ï e SnCt/Hcr_

-

130

Na0H

ìN9
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SUGGBSTIONS FOR FTIIURE RBSEARCH

1. Evidence from the presenË work and from the last published

literaËure appears to favour the hypothesis that invokes the use of

sulfur d-orbitals uo e>çlain the synmetry of tríthiapeptalenes in

solution. Further proof could be gained from the preparaËion and

study of the two model conpounds , L32 and 133 .

The first is incapable on valency shel-l e>rpansion and therefore is

e>pecËed to show properties sirnilar to those of conpound 32. 0n the

oËher hand, conpormd 133 ís expecËed to show proþertíes sirn-ilar Ë,o

those of Ërithiapentalenes.

2. I,trhile the att,erupted synËhesís of dibenzoisothiazolium salts

128 was not very successful, a recent publication by Cn"p*tr(130)

reported the preparat,ion. of the ísomeric Ëhiazole fsomer . Fol1owíng

Ëhe same approach, a possÍble rout,e to 128 may be outlined j-n the

scheme below.

133

CN

Offtruc'cHzcozrt, GJfco2Et

132
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:.ra,tr,1: :.-:.a

l,oxidation
2 hydrolysis

I 3 decarboxy[ation

128

interestíng possibÍliËy for future research

of a thÍrd ísomeric sysËem in the Ëhíeno

possible route to the preparation of thieno

ouËlined in the following scheme.

r',u *K].rffi-,R,[V'Þ+,3^c. + tt 
õ,oo

HCt/H2Q2
l:2

hvclrorvsis o 
@,tH2c02Hr*, @t2c02Et

ÇHzC 02Et

@
DMA

CH2CHZC OMe

pd/c rm

DMA - dimethylacetam icJe

3. Iinally, an

involves the synthesis

isothiazole series. A

¡2,+-CJ isothíazole is

DMA

,ñf*Hî^Vii#ç^Vlffim,^Uct cN 
^d' -hi
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E)CERTMBNTAI

. Nuclear magnetic resonance spectra \¡Iere recorded on a ,.,'.',"

Varian A-56/60A spectromeÈer using CDC13 as solvenË. Mass spectra

T^rere recorded on a Finnigan 1015 rnass spect,rometer. Melting poinÉs

I¡Ieïe measured on a Fisher-Johns melting point aPpaïatus and are un- ,,,,,',,
ttt,,- 

,t,, ,t 
.t 

,

correct.ed. Microanalyses were performed by Alfred BernhardÈ 
.,,._.,,,

Laboratorium, 5251 Elbach 'rlber Engelskirchen , Frítz-Pregl-Strasse l'- 
'1""

L4-L6, West Germany

The alumina for col-urlrr chromatography rvas Camag band 507C

strpplied by Mondray Ltd. The silica ge1 for coLunn chromaËography

was supplied by Davison Chemical vlith a mesh of 60-200, Grade H. The

silica ge1 for thick or thin layer chromatography was Camag DSF-5

supplÍed by Mondray LÊd. Thick layer chrornaËographíc plaËes were

L mm. thÍck and prepared from a \,rater base.

!.::.-tr:.

.,:rÌ
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PREPARATION OF ISOTHIAZOLIUM SALTS

2-METIiYLIS OTHI AZOLI IIM P E RCHLORATE

rsothiazole (.85g , 0.01 mol) and climethyr sulfate (lml) were

heated. at 100oC for one hour. The rnixture vras treated with ether and the

precipitated oil dissolved in acetic acid, and treated with 707" per-

chloric acid (0.5 ml). Colourless needles m.p. 145oC were obtained in

6I% yj-eJ-d. .'

A sample of the perchlorate treated with aqueous sodium iodide gave the

iodide ídentical (nixed m.p. and rR) rvirh an aurhenric sanple(16).

2-¡{ETHY L- 4-PHENYLI S OTH IAZOL I iIM P E RCITLORATE

The method of Bachers, McKinnon, and Bucirstri¡ní2g), was used

to obtain the salt as off-whit,e needles, m.p. 10ZoC, yietd B5Z.

2 _ YfE T HY L- 5 - P ENY LI S O TIT I AZO L I iIM P E RCIILO RAT E

. (A) From 2-methyl-s-phenylisothíazoline-3-thione:

The thíone \^tas prepared frorn the reaction of 3-rnethylthio-5-phenyl

-1,2-dithiolium iodide with merhylamine, as desctiu"a(44) except Ëhar

the equivalent quantiÈy of 40% ethanolic methylanine soluËÍon rìras used..
j

Work up gave 5-phenyl-1,2-dithiole-3-thione, methyl-3- methylamino-

dithiocinnamare, and 2-methyl-5-phenylisothiazoline-3-thione as des-

críbed. I^Ihen the reaction was performed with a fourfolcl excess of the

arnine solution and the rn-ixEure worked up as above, chromatography on 57"

deacËivated alurnina gave iniËially 5-phenyl-lr2-dithiole-3-thione and

nreÈhyl-3-methylanr-inodithiocínnamate. Extraction of a broad, strong.ly

lr.:'.t:r,1
ir:': ' :
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adsorbed band with aceËone gave a yel]-ow oil- which crystali-ized on

scraËchÍng. RecrystallizaEion from ethanol gave pale-yellow prisms,

m.p. 96 - gBoC in 35% yíeLd of N-nethyl-3-rnethylanrinothiocinnam:ide.

Analysis for C* Ht4 NZ S ,

1

CalculaLed: C, 64.2L ; H, 6.83 i N, 13.59 i S, 15.55

For¡rd: C, 63.92 ; H, 6.89 i N, 13.52 i S, L5.64

NMR spectrrqmz f 7.28 (3H doublet, J = 3.2 11à, the amid:ic methyl-),

7.00 (3H doublet, J = 3.2 Hz, the arnine ¡rethyl) , 5.OZ (1H singl-et,

wÍnylic proton), 3.40 (1H band, the anidic t{H), 2.68 (5H nultipl-er, Ëhe

aromaËÍc protons), - 1.20 (1JI band, the auúne NH, hydrogen bonded Ëo

C = S).

ïhe mass spectrum: U+ 206, ealculated 206, ]]73 (U-Stt¡.

The 2-methyl-5-phenylisothiazoline-3-thione, obËained above,

(103.5 *g, 0.5 m mol-) in acetic acíd (4 m1) was Ëreated. wíth 302

aqueous hydrogen peroxide (0.15 url). The sol-id dissolved almost im-

mediately and the sol-utÍon became dark-ye11or+. After one hour, the

soluËÍon rras treated with ether, and the precipÍtated oÍ1 treated r¿Íth

70"/" peuhloric acid. (0.1n1). The oil- solidified and was recrystaLLízeð,

from acet,ic acid as pale-yelloru plates identical (m.p. and I.R.) with

an authentic speeio*rr(ZO¡, yield B0%.

(B) From 3-phenyl-1,2-dÍthiolium perchloraËe:

The perchlorate (1.035 g, 5 m mol) in ethanol (10 ml) was t,reaËed with

40% ethanolic methyl-amine solution (2 m1) and warmed gently wÍth stír-

ring r-rrËil homogeneous. The red solution sras Ëreated with saturated

1..:,:'.:..t..
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eËhanolic iodine soluËion (2 nl) , and 70% perchloric acid (1- rnl-) added.

Dilution with ether and scratching gave a brovm precipitaLe whieh was

recrysËallÍzed from acetic acÍd containÍng perchloric acid, as ye[low

plates n.p. L44 - 745oc, identical (uLixed rn.p. and rR) with Ëhe above,

yieLd 207". ì

2 -ME THy L- 4, 5 - DI PHENYLI S OTHI AZ oLI UM p ERCIILO P,ATE

(A) From 2-methyl-4,5-díphenylisorhíazolíne-3-thione:

The thione I¡Ias prepared from the reactÍon of 3-nethylthio-4rs-diphenyl

-1,2-dithÍolium iodide (4.2g g, 0.01 rnol) ín ËeËrahydrofuran (70 n1),

wit};' 407. nethylarnine solutíon in ethanol (6 ml-) at room Ëenperature

and sËirred until homogeneous. The soluËion was evaporaËed and the

residue ctrromaËographed in benzene on 5% deactÍvated alunina. Two

bands r^¡ere obËained, a red. band which gave 4r5-diphenyl-lr2-díËhíole

-3-thione (31i1) on el-utíon, and a st,rongly adsorbed yell-ow bard,

which T¡ras extracted with acetone. Evaporat,íon of the solution gave

a yellow solid which r¡ras recrystallized from ethanor as pale-yellow

need.les, m.p. 1330 , 28% yíeld. Analysis for CrU H13 * 52 ,

Cal-culated: C, 67.85 ; H, 4.59 i N, 4.g4 i S, 22.62
!

Found: C, 67.82 ; H, 4.45 ; N, 5.01 i S, LZ.BL

NMR specËrum: I ø.Zt (3H singler,, Ëhe nerhyl proËons) , 2.53 - Z.g7

(10 H bands, ih. aromatic proËons).
J.

The mass spectrum: M' 283, calculat,ed 283.

The thione r¡ras Ëreated with hydrogen peroxide as for the

previous corpound. Pale-yellor¿ needlesr m.p. ggo , ï¡rere obËained in
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75% yíeLd,, vrhich r¿ere identical (ml-xed rn.p. a¡rd I.R.) to an authentlc

. (zg)
speclmen.

(n) From 3,4-Diphenyl-1r2-dlthlolf.un Perchlorate:

This reacEion was carrled out as described for Ëhe prevLous

synthesis, except that recrystallization was effected from acetone

conËaining perchloric acid. Pale-yell-ow needles of the sal-t were

obtafned (257.), identical (rnixed m.p. and I.R.) to an authentlc sPeë,lmen.

z-METHYL-5 -METHYLTHIO - 3-PHENYLISOTHIAZOLITJT4 PERCIILORATE

l,fethyl-3-rnethylarninodithl-ocinnamate (446 mg, 2 m rnol) in

ethanol (5 ml) r{as treated wlth saturated Íodlne sol-utíon untfl there

hras a slight permanent cloudiness. 70% perchlorlc acld (1 ml) was

added, and dilution with ether produced yellou cfystals. The product

üras recrystallized frgm aceËic acid containing perchlorlc acid, as

yellow needl-es m.p. 184 - f-86: 83% yteld

20.55 ;

20.08 ;

singl-et,,

2.L5 (sn
L . ,:,:. 1.: :
i..,..4

AnalysJ-s for Cr, ,t, N SZ Cl 04

Calculated: C, 41.05 ! H, 3.73 i N'

Found: C, 4L.07 i H, 3. 86 i N,

NMR, specÈrum: ln dimethylsulfo:dde - dU , 17.21- (3H

group), 5.99 (3H slnglet, the N - cII3 group), 2.5I -

aromatic proÈons).

4.35 i S,

4.23 i S,

cl, l-r.05

cl, 10.92

the S - CII3

bands, the

2-METHYL- 3-METHYLTHIO-s-PHENYLISOTTIIAZOLIUM IODIDE

, The nethod of Le Cousturner and Mo1ll "t(4+) was used to obtaín

the salÈ as yellow needles of n.p. 165oC ln yteld 78%.
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5 -}ÍETHYLTH IO- 2, 4-DIPHENYLI S OTHIAZOLI UI'I PE RCIILO RATE

2,4-Diphenylisothiazorine-5-rhÍone(29) (0 .566 g, 2 rn rnol) in
n-butylacetate (10 ml) was rreaÈed with urethyl iodide (2 ml) and :

allowed Èo stand. An oily precipitate which was deposÍted inítially, 
,,,:,,,,,; ,,.,,.. .. .... :. : - ..crysËallized.,on further standing. The rnixture r¡ras díl,uted wiËh ether,

filÈered, and the salt converted to the perchloraËe in acetic acid

contai-ning perchloric acid. Recrystarlizat,íon from acetic acid gave 
r ,r,:,: ,,,,,:,,,:,

pale-yelJ-ow prisms r m.p. 15Boc, identicar (rnixed m.p. and r.R. ) ,¿ith .,1.r:.'''¡.,. ,:',

an authentÍc specirur,(29) ,l ",., ...'
. 1:. : :..t... . .

-:1_..:t::.: .''_. : .t a . .

2, 4-DIPHENYLISOTHIAZOLIUI,f pERC'IILORATE

The method of Bachers, McKinnon, and Buchshrib"r(29) was used

Ëo obtain the salt as yellow need.les m.p. 15goc, Ln 3h/. yield.

2, 5 -DIPHENYLTS OTHT AZOLIIIM PERCHLORATE

The method of McKinnon and. Robak('4) rr" used to obtain the
:

sa1tasye11owneed1es,m.P.,199oc,ín527,yie1d.

2, 4, 5 -T RIPHENYLISOTHIAZOLIIIM PERCHLORATE

The method of McKinnon and nourt 
(24) 

was used to obtain the

salË as yelIow nee$lesr m.p. ZL3}C, ín 45Z yield.

2, 3, 5 -T RIPIIENYLI S OTHTAZOLI ItM p E RCIILORATE

The meËhod of McKínnon and no¡rt (24) 
was used to obtaÍn the

salt as yel1ow needlesr r.p . Z56oC, ín 48% yíeld.

i. - -i.--'
it.-... . ..
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2-METHYL- 3- CTILORO-s-PHE}{YLIS OTHIAZOLII]M PERCX1LORATE

2-Merhyl-5-phenylisorhiazoline-3=Ëhiorr.(43) (0.207 g, 1 m mol)

in benzene (5 ml) and thionyl chloride (r mr) refruxed for one hour,

the clear yellowish soluËÍon ï¡ras evaporated off to gÍve a dark-yellow

oil which crystallized on cooling. RecrysÈall-ization from petroleum

ether grve yell0wish-pale needles m.p. ¡soc(L24). The 3-ch10ro

-5-phenylisothiazole obtained above T¡ras Ëreated with dÍmethyl sulfa¡e
(1 rnl) and heated at 100oC for one hour. The nixture vras Ëreated with
eËher and the precipitated oil dissolved in acetic acid and treated

wj-tt. 70% perchloric acid (0.5 n1), Ëhe salt was obËained as pale-

yeL1ow needles m.p. 97oc , yield 30%.
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REACTIONS OF ISOTHIAZOLIIIM SAITS

REACTION WITH SODIT]M BENZOYLACETATE

General Mrethod

'., , '

The Ísothíazolium salt.s (- 1 m mol) \,¡ere added to a suspension :t,,,.

in eËhanol of sodium benzoylaceËate (- 1.5 m mol), prepared by addÍtion

of benzoylacetic aci¿(125) to a molar solution of sodium ethoxide in

eËhanol. The mixture r¡ras stirred. and gently warned until homogeneous. ..,, ,

;:t"':"
The mixture was Ëhen diluted with r,rater, and the eËher extract dried. 

,,,:::,:

EvaporaËion gave either crystalline material directly or oils whÍch : '':

were purifíed by thin layer chromaËography prÍor to crystallizaËion.

ProducËs vrere recryst.allized from ethanol or eËhanol benzene, l:l
l

rnixture. ReacÈions and product,s are suflìrnarized in Table l. 
I

1

Trearrrent of 2-nethyl-3-merhylthio-4-phenylÍsothiazol-ium

perchlorate wiËh sodium benzoylaeet,aËe gave an oily product which, on

exauÉnation by thin layer chromat.ography, gave Ëhe corresponding

thiophene. However Lhe first band on elut.íon gave 30 mg of an orange

oil, whose NMR had a broad band aË -4.5r , typical of ß-arnino-

enethiones 
(128) . This 'hras not anal-yzed, buÈ an iodine oxidation in

Èhe presence of perchl-oric acid gave back Ëhe salt, confirnring its

sËructure as 3-phenyl--l-methylthio-l--methylarninoprop-l-ene-3-thione.

REACTIONS I^IITH HYDROGEN SI]LFIDE OR SODII]M HYDROGEN SI]LFIDE : : -._: .'

j1:,:.:.:.¡

General }4ethods

(a) lhe isothiazolium salts (- I ur ¡nol) Ín erhanol (lO ml) were

treaÈed with equivalent quanËitíes of ethanolic molar soclÍr:m hydro-

sulfide solutíon, and stirred until homogenous. The solutions were 
, .,.i

i] .! ::':



Table I

REACTIO}¡S OF ISOTHIAZOLIIIM SAJ.TS I'/ITH SODIiIM BENZOYLÀCETATE

compound p roduc t yield m.p.oC

analys fs
çalccL a Htound -

1r.71

¿r.84

9.41

9.51

115

N

¿r76

4.67

s

tdt tÇ.oPh 71o/o s7\"6)

* Me s-.-,rìoPh 6g "/" ßát")
,Ð rþcoPh
S-ñ9h S-rC Oph 6g % 1az

Ph\-,!J P'N,)

,ru'urþroPh 
6e%

i,fulï,Ë;:o' 
420/.

150-
152

101(t 
ttt)

c 91.13

F 81.17

S---itth S-rCOPh 77o/o 89-914'\1 *T''$
n.r$-;.tþ::tt 

74o/o 32-33

r(jt^ 
Uroph 

1oo/o e6

Pn.ue Ph
S ' ' rt.'- S 

-.'CQPþ 
50 "/" 103 -

nn$c¡ ,N/*HM. los
.Me

,,.$í,,.,piffi: 33'/.

+
S HNMC

c 6975
F 70.A7

c 6975
F 7ù01

c 7735
F 77.07

c 7351
F 73./-5

l-.52
1r.62

1r.52

4.6s.

lr-51

4.69

5.12
5.25

20.65
20.88

20.65
20.85

12.12
12.21

10.s5
10.91

efuy'sr"re 15 o/"
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diluted with water and ether-exËracted.

(b) The salts (-1 n no1) in water suspension \"rere treated with

hydrogen sulfide and boiled 10 rninutes. The rn:ixtures vrere cooled and

e ther-extracted.

fre, ether extracts from (a) or (b) vrere dried, evaporated,

and exarnined by thin layer chromatography. The results are summarized

in Table 2. There was liLt1e to choose betra¡een the Èwo methods, and

yields and p-roducts by each were corrparable when performed on identÍcal
compounds

The sulfÍde obtaíned from Lhe reacËíon of 2-rnethyl-4r5-dí-

phenylisothiazolium perchlorat,e with hydrogen sulfide, could noË be

isolated sufficienËly pure for analysis and rrras converted by treatmenÈ

with perchloríc acid Ínro 3,4-diphenyl-l,2-dithÍolfum perchlorate (24),

sirnirarly to knonm methods(11).

REACTTON OF 2, 3, 5-TRIPHENYLISOTIÍIAZOLIT]M PERCHLORATE I,TITH SODII]M
BENZENETHIOLATE

The isothiazolium salt (613.5 mg, 1_ m mol) in ethanol (20 r¡l)

\"Ias treated with the equivalent quantity of sodium benzenethiol-ate ín
ethanol (1 ml), and sËirred rgitil homogeneous. The dark-red solution
was díluted with r¡raLer and extracted hrith ether. chromat,ography

afforded l-anílino-l, 3-diphenyrprop-1-ene-3-Ëhione (Bt% yietd), iden-

tical (rLi.xed m.p. and r.R.) to an authenríc sarnple(11). Diphenyl

disulfide (89 mg) was also isolated from Ëhe reactr-on rnlxture.

REACTION OF 2- METHYL-5-METHYLTHIO- 3-PHEMLISOTHIAZOLII]M PERCHLORATE
I,TITH SODIIIM BENZENETHIOLATE

The reaction, performed as above, gave methyr ß-methyl-

t:.- :: _. :rl
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REACTIO:;S OF ISOTIiIAZOLII.ÊI
OR SODIUI,T }TYDROGEb¡

Table 2

SÀI.TS I{ITH HYDROGEI¡ SULFIDE }fethod (a)
SULITDE lfethod (b)

'sothlazollr:n salt lfeEhod Producis in order of eluÈion
Í yleld

+

,r,.ptn
s - Ñpn'rn\l

l

s 
-Ñuu.PhV

s- Ñpr,
p¡$!en

r+ S- NW

nn$Jsvre
s-NPh

uesÇ!
Ph

S'NME
r.,tes$en

S _NPh
Ph\/

rPh
'?J'.'i*-

Ph

,nutn 52

,npon 56

s_s s _s
pn\Ås\y'ro

Pn PhS HNPnnnQ/n 4s

S HNME

onqlsMe 32 ,

S. HN Ph

ueQ/ Æ '
Ph

S HNMC
vesQy'err ß j

$ HNPnPhV zo
s-s
\/' Fh 21

s-s
nnÇJ5

c-QJv

\,Àt
^ Ph^

,nÇ,

(a)

( a)

( b)

( b)

(a)

(b)

40

28

/tg

45
(b)

( b)

(b)
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aminodithiocinnamare (in 59i( yield), identícaL to an auËhentic
. (44\

spec]-rDen' ' .

REACTION OF BIS-4-PHEML-1,2-DITHIOL-3-YL SULFIDE I{IITH HYDROGEN SIILFIDE

The sulfide (94)(0.29¡ in war,er (r0 mr) was boiled and a

stream of hydrogen surfide passed through. After 10 rninutes the

ud-xture was cooled and ether-extracËed. The ext,ract, on examination by

thin layer chromaÈography, gave unreacêd material, and 4-phenyL-rrz-

dithiole-3-thione (30% yield). BoilÍng of rhe sulfide with sodium

hydrogen sulfide gave similar resulËs.

REACTION OF 2,s-DIPHENYLISOTHIAZOLIIIM PERCIILORATE I^IITH SODIUM CYÆ{IDE

The salt (0-238 g, 1m mol) in ethanol (5 m1) r,ras rreated

wÍth sodiurn cyanide (0.05 g, 1m mol). The mixt,ure \üas: $rarrred 5-10 mínuËes

in a water-bath unEil homogenous, then diluËed with r¿ater, and ext,rac¡ed 
t

wíth ether. The ether extract dried and evaporated Èo give dark

oil, whích on chromatography gave several- bands of unidentified de-

couposition products.

THE REACTION OF 4, s-DIPHEML- 2-METHYL- 3-METHYLTHIOISOTHIAZOLIU}I IODIDE
WITH SODIODIETIIYL },IALONATE

A solution of sodÍum erhoxide was prepared by addíng (0.02 g,

L m ¡nol) of sodium ro (5 ml) of super dry erhanol(131). To rhis
: :.:.-:..:. . ..' soLution t 0-799 (r.z mr¡ of diethyl malonate r^ras added wÍth stÍrring 1,;:,":.,,;,'';.,

then (0.55 g r 1.2 rn moI) of the salt was added. The stirring was

continued for 10 urinutes. The solution whÍch became red on adding the

salË, gradually became yellow and rnethyl mereaptan r¡¡as evolved. I"Iater

was then added and the organÍc J-ayer extracLed, by benzene. The benzene 
;., 

1,,, ,,,.,'
l__-: : :
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soi-ution was dried and evaporated to afford diethyl 4'S-diphenyl-

- 3-me thylÍmino-2 , 3- dihydrothiophen e'2 ,2- dicarb oxylate. Recrys cal-

lizaËion from toluene by díssolvíng in the rninimum quantity then

leawing at OoC for. three days, gave yellow prisms of the 3-inrinothío-

phene 50, m.p. g7oc.

Iìl\ICoAnalysis fox CrZ HZZ N t 04 :

Calculated: C, 67.48 i H, 5.62 i N, 3.42 i S, 7.Bz

Found: C, 67 .47 3 H, 5.44 i N, 3. 15 i S', 7.84

I

Mass spectrum: ì'1' 4O9, calculated 409. NMR spectrum: showed that

the cornpotnd existsin two isomers. t8.B - 9.1 ,(two superímposed

neÈhyf 6H triplets), 6.2 - 6.4 (two methylene 4H quartets and te¡o N-

methyl 3H sínglets, 2.6 - 2.9 (the aromatic protons).

I

REACTION OF DII'IETHYLMETHYLENESULFURA}IE WITH 2,4-DIPHEMLISOTHIAZOLII]M
PERCITLORATIi

Aso1utionof(lmno1)methy11irhiumínanhgdrouSetheÏ

' 
.r.ras added dropwíse over several mlnuÈes to a stÍrred suspension of ¡,..'.,,,1,,,,:.1:',

.. ;_. ::.: ;

(1.2 m mot) crimethylsulfonium f odíde, ín (a rnf¡ tetrahydrofuran :: :":.: ;.:'':

::,,: :,:,r : 
,: 

:;..:

under nitrogen at OoC. After sLirring for 5 minutes, Ëhe Ísothiazolium

salt (0.4 g, 1.2 m rnol) was added, stirríng r¡Ias continued for 30

mlnuEes at Ooc, and then for t hour ät 25oc' I^later was then added, 
ll.,:,.,.:, 

,,i, ,,,

the organf c layer then extracted in benzene. The benzene solutLon was ir i"' " ':'

dried, evaporat.ed, and the oil obtained was then chromatographed. The

fastest elurlng orange band afforded on evaporatlon orange oíl which

crystalllzed. on trÍturatÍon wlth methanol (30% yield), m.P. 2O4oC.
I] 

j-.:-i:-:
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Mass spectrun f 297, calculared 297. NMR specr,rum: ..7.2 (3H singtet,

Ëhe s-ì'fe group) , 2.7 - 3.1 (1LH bands, the aromaric protons), L.g (rhe

amino proton). The corupor:nd, however, seems to be unstable and att,empt

at purificatlon for analysis r¿as unsuccessful.

. REACTTON OF DrI'ÍETHYLI,ÍETHYLENE'SULFURANE wrTH 2,4-DrPHENYL-5-IÍETHYLTHI0-
I S OTITIAZOLI TJM P ERCHLORATE

The reaction performed as above afforded orange prísms' of

2,5-dimethylrhio-3-anillnorhiophene, m.p. lgBoC in 2BT" yieJ-d.

Mass spectrum: lrf+ Z4S Calculate d, 243.

REACTION OF p. NITROBENZYLIDENESIiLFURAI{E WITH 2,4-DIPHENYLISOTHIA-
ZOLIUI"I PERCHLORATE

The ylid (1 m rnol) !'tas prepared from the corresponding sul-

fonium salt by its treatment with molar quantÍty of sodíum ethoxide

in dry erhanol. A sllght excess of the isothfazoliurn salt (^.r 1.2 m

mol) was then added. After stirrfng for 15 minuleg, the rnixture was

diluted vlith vrat,er and the ether extract dried. Evaporatfon gave an

' oil whtrch on chromatography afforded a main orange band whÍch, on

extraction and recrystallization from ethanol, afforded 2-p.nitro-

phenyl-3-anilino-4-phenylthíophene, as yello\^r-orange prf-sms of m.p. l-58.

Analysis for CZZ 
"t6 

NZ t 0Z i

Calculated: C,70¿96 ; H,4.3 ; N,7.52 i S,8.6

Foundz C, 70.7L 3 H, 4.7 i N, 7.52 ; S, 9.10

l.: .

i.....

1..
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REACTTON 0F 2,4-DTPnENYLTSOTHTAZOLTUM PERCITLORATE tirrl DilITHYLBENZyL
PI{OSPHONATE -

The react.ion was performed according to the procedure of

Fi"""r(132), to afford 2,4-diphenylthiophene as white crystals

m.p. r2roc ltir tzto.r 
(]? 

18% yield.

REACTTON OF 4, 5-DTPIIENYL* 3-ì'IIITIIYLT SOTt{rAZOLrUt'f PERCHLORATE WrTH

E T}IOXY CARB ONY LI.{E TIIY L DI ETHY L P FIO S P HON AT E

The reaction perfor:me<1 as above tentatively af forded 3-methylarnino

-4r5-diphenylthíophene-2-ethyl carboxylaËe. Mass spectrum: M+ 337,

CalculaËed for aZO tttg S 0Z ,337. The yie1d, however, Ì,¡as too low

to allow for further investigaEion of the structure of the product.
ì

REACTION 2-I'ÍETIIYI,-5-I'ÍIITTIYL'IHIO_4-P}IIINYLISOlliIAZOLIUM PERCT{LORÂTE I^IITH

METHYLLITHIUI't 
.AND 

Dll'fETHYL ACE1YLENEDICARBO)ffLATE

ìfethyllithiumr (1 m mol) in eEher was addäd dropwise to a

i

stirred suspension of the isothiazo.liurn salt, (1.2 rn mol) in anhydrous 
:

ether, under níErogen. The stirrÍng conE,inuecl for 15 minuEes. Then 
,.,, ,,

(1 m moI) of dimethyl acetylenedicarboxylate vras added follorued by 20 mI r"'"'""'i'
,,:,;r.;,,;;.,;r:,.

of benzene; Ehe reaction n¡-ixture vlas heated gently to evaporate the ',',: ',,

ether, then refluxeci for 5 hours. On chromatography' many bands were

obt,ainecl. tlowever the yellow band at the bott,om of ttre plate afforded

t,he expeccecl producE 60 , as lndicaLed by fts mass speccrum M+ 317; ',r:::::
I.,irì.t.i:..

calculared for Cf* llfS S N 02, 3I7. The low yield of the reaction

clid not allow for further proof of the sEructure.
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REACTToN OF TTIE CYCLOPENTADTENYL ANrON I^IITH 2r4-DrpHENyL-5-
}ÍETHYLTHIOISOTHIAZOLI IJM PERCHLORATE

Cyclopentadiene was obtained from the diner according to
' '. 

".t. 

.,.,'

the method described in Organic SynthesÁå33). A solutLon of (L rn mol) ;;i:;':,ì''

rnethylliÈhium in anhydrous ether rras added to a sol-uËlon of (1.2 m mol)

cyclopentadiene 1n anhydrôus ether under nitrogen at the dry ice tenr,-
' 

'ot qf { rrino fnr ( nf ¡rrÊoa cú,a c-1+ l^ l, 't t - -^i\ i'"-']t'"'perature. After stl-rrÍng for 5 rninutes¡ the salt (0.4 gm , I.2 rn no1) r::::::::

was added, and stfrring èonËLnued for another 30 rninutes at room i, 
t

¡tt,:r':;',1,,'terçerature. The solutl-on was then diluËed r,rlth $rater and the ether

layer separated and drled. Evaporatíon gave dark oil whÍch was
i

chrornatographed. The top' dark blue band was extracted in benzene, 
i

whfch, on evaporation, afforded the crystalllne pseudoazulene 62b , j

i

m.p. 27}oc ln 6o7. yield. l"tass spectrum: tf zsa , calculaËed 256. ì

I

i

Anal-ysis for Cr, ,tZ SZ ,

l

. Calculated: C, 70.31 i H, 4.68 i S, 25.0 
;

I

For:nd: C, 69.69 H, 4.8 i S, 24.67 
:: : :j

NMR spect,rurn: 'c7.5 (3H singlet, the s-Me group) , 2.4 - z.g (9 H bands, ;t..t,.,
:a:: ,, : 

.:..: -).::

the aromati-c protons). ':,::'::':;

REACTTON OF CYCLOPENTADTENYL ANrON WrTIi 2,4-DTPHENYLTSOTHTAZOLTUM
PER.HL.RATE 

::' :''
fhe react,ion performed. as above ro afford the pseudoazulene ,"tt'"'-."'"''

92^ , as a dark grey pLates of m.p. 25OoC , mass spectrum 2l-0+ ,

calculate d, LLO. Analysís for CUr HtO S :

Calculated: C, 80.00 i H, 4.76 i S, 15.23 
,,,.,,.1

' ::i:l::j:- i:: l

Found: C, 79.20 i H, 4.97 i S, 14.91 ì. :r:: ':'
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. REACTIoN 0F THE INDENYL AITION WITH 2,4-DrPHENYL-5-IÍETHYLTHTOISOTHIA-
ZOLTUÌ"| PERCHLORATE

l{ethyllithÍurn (1 m mo1) , f.n eÈher !,ras added to lndene

, (1-"2 rnol) in anhydrous eËher (10 nl) under nitrogen. The solution was

stlrred for 30 rninutes, then Lsothiazol_Íurn saLt (0.4 g NL.Z m rnol)

was added. Stlrring vtas contÍnued for another 30 minutes, then the

: solutlon dtluted with waËer. The ether layer separaËed, driedr.

evaporaËed, and chronatographed 1n benzene. The major pink band,

" 
afforded a dark pink oiJ- (207" yíeld) whích could not be crystallized,

calculated for CZg HZt N SZ 399

I NMR spectrum: r7.5 (3H slnglet, the S-ì4e group) ,2.5 - 3.2 (tøn

I 
bands, the aromatic protons, and the amÍno hydrogen) . Although no

. 
specific band could be asslgned for the arnino proËon ln the NMR

sPecËrumr the I.R. specËrum.proved the presence of this group by its

characterlstic absorption at, frequency 3500 cmll


