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A general method for the preparatlon of feoth{azolium saI-ts

hae fnvolved the react{on of varf,orre 1,,2-dltlrlollum çal.ta with prl-
mary amlnes followed by rlng cJ-osure by focllne oxl_<lation of the

l--amfno prop-I-ene-3-thionee formed fn the reaction. Thls produced

fsothlazollum trllodfdes whlch were then converted to lsothlazollun
perchLorates.

In the process of devLefng a general metlrod for the eyntheala

of lsothlazollum sa1te, tr,ro 1r2-dithfolium salts, one amlnopropene-

thlone and seven leothlazolfum salts (two of Èhem as the methfoclldee

of leothfazole thlones) that have not appeared ln the llterature
before had been prepared.

\,-. Alr attempts to place an acylfdene sfde-chafn at the 3-poettfon

of lsothfazolfum salts unsubetftuted l-n that poaitLon ln an effort to
prepare the eza analogue of the thiothlophthene ByBtem had failed.
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INTRODUCTION



Tsothiazole (1) ls a five-membered heterocyclic system con-

taining two ireteroatoms, namely sulfur and nÍtrogen, rvhlch are

ad-Jacent. Accordlng to Longuet-llíggins' theory of isosterisml

a -cH=cH- group of an aromatic sysiem i.s electronicall.y sfmilar

to the formally bivalent -s- if partícipation of the sulfur 3ci

orbíta1s 'is taken into account. IsoÈhíazole ancl thiazole (Z)

should Ëhen be related to pvridÍne as thiophen (t+> is to benzene.

INTIìODUCTTOI!

General-
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1

'This is shor,¡n to be so bv the simílaritv

UOU
physícal propertíes as we1l, as their odor. In Fj.cure l the re-

sonance forms Í--v are Ëhe contributing structrtres of isothíazole

noÈ utílizing sulfur 3d orbitals rvhile structures vi--x are sÍg-

nlficant contribut.ing structures using d orbitals.
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PREPARATIONS O}' ISOTHTAZOLES

The thiazole syste*2 h"" been knov¡n since rgz5, rsothíazole

¡vas first prepared3 ín 1956 by rhe degradatfve oxidarion of 5-am-

ino-benz-d-fsothiazole (ff¡, benzlsothlazoles v¡ere known as early

as 1895T Flgure 2 fllustrates the procedures ínvolvecl ín the class-

ical preparatlon of isothiazole.
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The first step was Èhe nltration of o-chlorobenzalclehycle (6)

followed by sulfurizat,ion to procluce the dirneric compouncl (B) .

Treatment r¡ith bromíne cleaved the dímer to yíe1d 2-thlobromo-4-

nitrobenzaldehycle (9). Ring closure vras effectecl by passing ammo-

nía gas into a solutlon of compound 9, producíng 5-nitrobenz-â-

isothiazole (10) whÍch rvas then reducecl to the corresponding amino*

benzisothj.azol-e (1f-). Oxidation r¿iÈh alkalíne permanganare solutíon
yierded j.sothiazoLe-4,5-dícarboxylÍc aciil (Lz), evíclence of the

considerable stability of the isoÈhiazole ring. The ease of decar-

boxylation of cornpound 12 to form isothiazole-4-carboxylic acicl (13)

recalls the ease of decarboxylation of pyridine-3,1+-<ij.carboxvlic

acid to form the 3-carboxylic acid.S rn both cases it 1s the carbox-

yl group "para" to the ring nltrogen atom rvhich ís lost. Further

clecarboxylaEion was possible only via the curtius sequence of reac-

tions (13 -+ 17) to produce 4-amino isorhiazole (17). Tsorhiazole

I^¡as prepared bv d,íazotízation of tire aminol-sothiazole anci treai-

ment of the dÍazonirrm salt r¿itìr hypophosphor:ous ací.ci.

Simpler syntheses have been developed. One general metho<Ì involveci

tire oxidaÈion of acvclic intermecliates formeci ín additíon or conden-

sation reacËions. (See Figure 3, page 4.)

An example of such a proceclure \r'as the syntiresis of substitutecl

S-amino isot'liiazoles6 (20) by oxidation with hyclrogen Ðeroxide,

chloramine or persulfates of the compounds formecl by tìre adclitior¡

of hy<lrogen sulf ide to ß-lmino propionit,ríles (lS) .

Goerdel.er and coworkersT-11 independenÈly developeci a sj.nilar

method for the preparation of 5-amino isothiazoles (25) and 5-irnino

isothiazolines (24) hv rhe addltion of isorhÍocyanares (22) ro



It

n
primary (R = ll) and secondary enamines (ZI) foll-or¿ed bv cycl{zatíon

with hydrogen peroxide, chl.oramrne, bromíne or iocline ln pvrlcllne

or rvith bromine ln acetic acld. They extenclecl thefr reåë,hlons to pre*

pare 3-hydroxy, -alkoxy and -amino fsothiazoles by the oxiclatíve

cyclfzation of sultable intermedíaËes.

FIGURI 3
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Âctive nucleophíIlc metirylene groups strch as those fourrd fn

malononitrile (30) and phenylaceronltrlle (43) have been urí1ízecl

in the presence of a base to form Íntermecllate compounds whlch were

treated with sulfur to yÍeld isoËhiazoles. The base may s.erve as an

acÈivator of elementary sulfur su. The base may be an amine or â.ny

other base of comparable nucleophillc strength includlng any sulfíde,

polysulfide or sulfite r.rhicir .nay be formed during sulfrrrization.

The base may also be present to act as the proron acceptor fn the

formation of the actual nucleophlle (n). Carbon dlsulfÍ<le can add to

nucleophlles when such an auxilíary base ls Dresent.

I

-C_ H
I

n_

boss

--)

- ht+

Probl.ems arose when carbon disulflde reacted rvith the auxlliarv

base which ís also a nucleophile. ilenee ít ryas convenient to use

svstems r¡irlch were nucleophilic enough themselves to react with

carbon disulfíde without tire aid of an auxlliary base. Srrch nucleo-

phf.lic compounds are enamines, ciienamÍnes, schíff bases. alkynes

ancl cH-acid nitrilu"l3 n.g. malononítrile. sulfur, carbon disulffcte

and <lithioesters are all capable of reactíng rvith tirem. Figure 4

on the follor,ring page presents the reactions ÈhaE the methylene

groups irave been shown to unclergo in the preparation of varíous

isothiazol.es.

Malononitrile reacted with carbon disulf ícle with socllum h¡¡drox-

lde as the auxílÍary base to produce di(sodiomercapto)met-irylenemalono-

nitrile (31)+4 Treatment of compound 31 with excess chlorine fn carbon

tetrachlori,le gave 3r5-dicirloro-4-cyano isothiazoLe (32¡.

I
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Addition of acetonítrile ín triethylamine to a solutíon of

malononlËrfle in carbon clisulfidel5 affor.led cl1(trlethylammonio)-

methylenemalononftrile (33), analogous to compound 31. oxídation r,¿as

performecl under mild conditions by refluxing with sulfur {n metharroL.

3,5-Dí(methylthlo)-4-cyano isothlazo-l e (34) was proclrrced when metirvl

ioclide was aclclecl to the solution.

Gewald and }layer16 tt."t.cl malononitríIe r^rith sulfur ancl carbon

disulfide ln the presence of a base such as díethylamine or trlethyl-

amine (to act as actÍvator an<l proton acceptor) to prepare 4-cyano-

S-amino-l,2-dithiol-3-thione (35). Potassium hyclroxide effecte<l ring

openÍng by the sclssíon of the -S-S- bond. fsomerf.zatlon about the

carbon-carbon double bonct of compound 35 and ring clost¡re afforcled

d1-potassium-3,4-dithio-4-cyano isorhiazole (36). l,terhylarÍon of the

ì.arru.rgucl procluct producecl 3,5-dímercapto-4-cyano isothíazole (31¡.

Ìlalononitrile was thíoacylat".l 17 r,rith esters of díthiocarboxvlic.

t,hionocarboxylic, trithiocarboníc ancl xanthlc acids ín anhycirous

ethanol ruith a base such as soclium ethoxide as a catalvst to forrn

sodium vinyl sulfides (38). These sulfÍdes affordecl 3-amino-4-cyano

isothiazoles (39) ¡uhen rreated wíth chloramine.

The reactlon of one mole each of hydrogen sulfide and malono-

nitrile produced cyanothioacetamíde (40) r¡hich reacted rvith carbon

clisulficle in the presence of a base such as sodium alkoxide.lB t't"tllvl-

ation of the addítíon product yÍelrled the intermediate (41) which on

oxidation with ethanolÍc ioclíne gave 3,5-dimetirylthlo-4-cyano isothía-

zoLe (42).

Phenylacetonft,rile (43) treated witir carbon dísulfide rvíth sodium

hydride as the base and dimethylformamide as a catalyst procluced



a dithioic acÍd salt (44) as

by refluxing rvith sulfur in

3,5-dithio ísothíazole (45).

There are t\.ro examples of r,rhere acídic methyne groups have

been utllízed to prepare ísorhíazoles. (See Ftgure 5.)

FIGURE 5
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Addltíon of thiopl'ìosgene (47) to methyl- ß*aminocroronate (4rr)24

ln absolute ether in the presence of triethylamlne as a basic cataiyst

afforded methyl 3*methy-4-isoth.lazole carboxylate (48).
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Propynal (49, n=fi) treated wlth sodium thíosulfate or rvíth

thiocyaníc acíd yielded an intermecllate, v¡hich on eyclization with

liquíd ammonia produced isothfazole or a 3-alkyl l"sothl-azole .(íf a

propyne ketone were used ínstead of propynrl).21
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There are several otlter preparatfons of isothíazo1es, the equa-

tions of v¡hich appear Ín Flgure 6, page 10. The first reaction fs

unique in that símilar reactions have not appeared in Ëhe literacure;

the second reaction may be general but it has not yet been shor¿n to

be so; the third reaction is a general preparation of alkyl and aryl_

isothíazoles: the fourth has also been shov¡n to be quite general.

one meÈhocl has ínvolved tire oxidatíve cyclfzatÍon of ß-mercapËo-

propionitrlle (5Ð22 r¡1th chloríne or bromine l-n an inert solvent to

yield 3-ha1o lsothiazoles (5i). Three protons are lost in the

conversion but the details of Ëhe route are not knov¡n.

¡\nother preparation \ras the sulfurizatlon of a suitable

ß-imlno ketone such as ß-imino-ß:morpholinoethyl phenyl ketone (SZ¡

r'¡iÈh sulfur and phosphorus 1:entasulfide wíth pyrí¿íne as the so1vent.23

PyrÍdine, which is a base, would behave ås an activator of the

sulfu-': and of che thfone that is formed. Thus activatecl , the thlone

may then undergo ring closure to procluce 3-morpholino-5-phenyl íso-

thiazole (54).

A fairly efflcient anci simple preparation of alkyl an<l aryl

isothiazoles was introduceci by Hubenett, Flock ancl lloffm.n.'4 ta

involved the reaction of olefins r¡íth three or more carbon atoms with

sulfur dioxide and ammonia at temperatures of 300-35ooc. over suit-

able catalysts, for example, activated alumina or silica ge1 containing

oxides of alumÍnum, titanium or other multívalent metals.25 (55 * 56¡

The autilors found that n-butenes invariably gave mixtures of 3-nethyl

and S-methyl ísothiazoles rvhi-le both allyl benzene (57) and a-methyl-

styrene (58) yielded only 5-phenyl isothrazore. fr aprreared
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that the n-butenes reacted as an equiribrium mixture of the 1-

and 2-butene whíle the aryl butenes had theÍr equilibrlum dis-
placed largely toward the o -methyrsÈyrene forrnll whlch is the more

stable form due to conjugatÍon. rt was t,hen assumecl that the nicro-

gen entered the position Y to the benzene ríng and the sulfur aclded

at the double bond to form a reactive sulfur-nl-trogen compound

which cyclized to form isothiazole.

rsothíazoles have been prepared by the reaction of certain

1,2-dithiolium salts (59) rvith ammonia in ethanol or wlÈh ammonlum

acetate ín acetic acid.26'27 Unsymmet.rical <iitìriolium salEs reacted

preferenËial1y in one direciion. rt rvas dete-rmined that the opera-

tive mechanism \4ras one of aclclition-elimination followed by rí.ng

closure vÍa displacement of the sulfhydricle Íon by the nucleophilic

,titrogun of the NH2 group of the lntermediate non-ísolat.e<Í open

chaln compound (60).The mechanism 1s shor¿n in Figure 7.
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72

dioxíde and ammonfa just mentioned analogous sulfur heterocycles

were formed which then reacted with ammonia to proc{uce ísothi,azoles,

rsothiazole,was obtained as a minor product on the treatment,

of 1,2-díthiolíum salt,s with aqueous ammonÍa Ín the Dresence of

ammonium chloríde.28

FTGURE B
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Tornetta29 hod assigned the struc,ture of 5-phenyl-3-a¡rino-

1,2-díthiolium caÈion to the product obtained by the reaction ot

phosphorus pentasulfide with cyanoacetophenone. Hor¿ever, the behav-

íour of the compound led the auÈhor to bell-eve that the correct
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structure was Èhac of the 5-phenyl-3-imíno-lrz-clithiolium carion

(61) rvhÍch can also be represented as a carboníum ion (6ra). Tn

a manner somewhat similar to the adclition of ammonia to the 1,2-

dtthiolium salts to produce isothiazoles compound 61 has been shown

to unclergo nucleophilic attack aÈ the 3-positíon by morpholine30

with subsequent elirnination of lL\, ring cleavaqe, tiren ring closure

via the displacement of the sulfhydride ion by the nucl.eorrhÍIic

nitrogen of the ímino group to yiel<l 3-morpholino-5-phenyl isothía-

zole (63) with the evolution of hydrogen sulficle.

Treatment of the 5-phenyl-3-imino-1,2-dithíolium salt rvich

ammonia and alcoholic poias,síum Ìrydroxlcie promotecl isomerí,zation

to 3-mercapto-5-pirenyl isotiriazole.30 rh" proposed mechanism ín-

volved the cleavage of the dithiol ríng vritir formation of a nitrile

ìntermediate. conciorelli, Pappalardo and rornetta30 fo.r.,d further

evidence for the nitrile intermediate in the interpretaiion of the

formatíon of imino-pyrazolones obtained by the action of hycirazíne

and phenvlhydrazíne on compound 61.. (see Figure 9) Tn Fisure 9 it

FTGURE 9
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observed that the hydrazine displaces the -s-s-li chaln before rhe

nítrogen of the nitrile had an opportunity to cr isplace the sur.f-

hydríde ion by nucleophilic attack as was sho.r¡n in Fisure g.

TsothÍazoles have arso been obt.aíneci by the reaction of iso-
thiazolium salts wiËh ammonia.3l th. mechanism is similar to thar
observed Ín the reaction of 1,2-dithiolÍum salts r,¡ith ammonia and

wfll be dl-scussed with the other r:eactions of isothíazolirrm salcs.

T4



Isotiriazolfum salts (65) are lsothfazol-es wíth the ring nltro-
gen atom quaternízed. They are isoelectronlc w1t-h thfazollum salts

(66), pyrÍdinlum salts (67) and with benzene (5).
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expected to be negllgible because of the high energy requiremenr

for two adJacent positive cenËres. Experlments on rates of denro-

tonation32 h".r. shown proton loss to occur in positJ-ons 3 and 5,

with exchange rates higher for the 5-position than for the 3-pos-

ItÍon. This is indeed surprising since ir is contrary to L.C.^.O.

molecular orbital calculatÍons or even simple consÍderation of
lnductive or coulombic effects. llosË of the positive charge should

be on the nitroÊen atom. This sErange behaviour was explained by

the fact Èhat d-orbital overlap of tire sulfur atom would stabltíze

the deprotonated species.32 ¡¿¿Írional evidence for the lower

electron density at the 5-posltion than at the 3-posítion is the

nuclear magnetic resonance spectrum of ísothíazol e in sulfuric

.l"td 
(i.e.of isothiazoltum hydrsgen sulfate),

L6

¡vhich sirowed peaks at r for Il-, = 0.4, t for II, = 0.9 and r for HL = 2. 1.33

rn agreernent wi th these observations, it would seem that of tne

structures not r-rtilizine sulfrrr d-orbltals, 65(vi and vii) present

a signíficant contributj-on. and of the structures using d-orbjtals,

65(ix) ruould be the most sÍ-gnificant.

P -*-u' il so;
u,\äH'

d+



The react,lons of isothÍazolium salts have vec to be e;cten-

sively studied. The salts rvould be expect.ed to be reactive to nlr-

cleophllíc reagents and unreactirre Èo electrophilíc reaßents. l'lreír

react.fons would be expecteci to paral-le1 those of 1,2-dithiolium

salts (59), thfazolium salts (66) and N-substiturecl pvrfclíníum

salts (67)

ISOTHIÄZOLIUI SALTS

Reac t ions

From the dfscussion on deprotonation rates and n.m.r. srrectt:a

of isothíazolirrm salts (page l5), it is f.aLrry obvious thar nucleo-

philic aÈt.ack on the isotiriazolium nucleus would occur in either

of positions 3 or 5, but preferentiall-v in posÍtíon 5 if both pos-

itíons are unoccupied. In fact nucleophilíc atEack has been shor.m

io o"crrr wiËil two fsothj-azoliurn salts (65 a, b), rvf th sulfur at-

tacking the unoccupiecì. 3-position to produce isothiazole-3-Ëhíones

rvhich \'/ere Èreated with methyl íoctide ancl isolated as the corres-

ponding 3-methylthio isothiazolium iodides. Klingsb org34 has sho,.¡r

that 1,2-dithío1ium salts with eÍËher position 3 or 5 unsubstiruted

undergo a sÍm1lar oxidation by sulfur ín bolling pyridine to pro-

vide the correspondlng 1,2-dlthiol-3-thiones. Thíazolíum salrs also

readily form thia zoLe-2-thiones under similar con.litío.,s.35

Another example of nucleophilic attack on tl"le ísothiazolium

system rvas shovm by Landesberg and olofson.3l rir. formatíon of iso-

thiazole by the nucleophilíc attack of amrnonia on 2-ethy1-4-phenyl-

isothiazolium fluoroborate has been shor.¡n to proceed via an addi-

tion-elimination pathway Figure 11, p. 26. A(idiÈion of ammonia at tire 3-

posítíon results in ring cleavage to produce t,he lntermediace 68íi.

L7
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Thís intermediate then undergoes ring closure when the electrons

of the imino nitrogen atom dÍspl.ace the ethvl.amino qroup to give

4-phen¡rl isothiazole. Other nucleophíles have reacte<l rvith iso-

thiazolium cat.ions to yielcl ad<litional heterocyc.l es Í.n analogous

reactions. 3-phenyl isothlazol,ium perchlorate reactecl r,¡ith

hydrazine to give 3-phenyl pyrazole ancl r,¡ith phenyl hvclrazine to

give a mixture of 1,3-cliphenyl ancì 1,5-ciiphenyl pvrazole.

1,2-dithiolium salts in general_ have been sjror.m to react

¡viE.h ammonia to produce isotliiazoles. The 3-pirenvt-1.,2-ditt'tiolj.um

cation reacts rvith phenyl hvclraz j.ne to qive a m j,xtrrre of 1.s-cli-

olrenyl and 1,3-<líphenyl pyrazole in â manner simí]nr üo tlrat of

the 3-phenyl ísothiazo-l.ium cation.27

Isotiriazolium salts32 as rvell as 1,Z-ciithiolirrm sal r" ,36
??

thiazolíum saltsJ/ 
"r,,1 

pyr:icl inium salts3B all- decompose on treat-

ment rvitir bascr. Pyridinium salts require ireaÈ for decomposition

to talte p lace .



There are generally two methods of obtainíng isothíazo1íum

salts and that is by i) alkylation of isothiazoles ancl ií) ring

closure of suitable comoounds.,

IsoËhiazoles have been alkylated by being allor¿ed to stancl

for prolonged periods of time v¡ith methyl or ethyl íodicle,39 b,

refluxing with benzylbromide,'n ot by aclciition of criethyloxoníum

fluoroborate?i The obv.tous limitation ro this aoproach is that

N-aryl isothiazolium sal-ts cannot be prepareci Ín an analogous

manner.

GoercleierS h"d suggested Ëhat treatment of 2-etho>lycarbonyl-
/+0

3-methylamino-l.i-phenyl-thíobut-2-ene-amide (69) wíth bromi.ne

-migt,t 
produce an isothiazolium salt. Using this approach, Faust4l

synthesized 5-(methvlthio)-isoËliÍazolium brorníde and tribromide (727

by dehydrogenation of 3-aminodítÏrioacrylares (71) wíth one or

two moles of bromine respectively.

TSOTHT,AZOLIIIM SALTS

Prepara Èions

19
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N-aryl isothiazoLium salts can be prepared only by r:ing svn-

thesis, or more specifically, the oxidatlon of suítable íntermedlate

compounds. This paper shall deal with the preparation of N-aryl

and N-alkvl isoËhiazolium salts by these means.
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The compound obtained by the treatment of díacetyl aeetone

rvith phosphorus pentasulfÍcle in benzene was erroneously qiven the

structure of a seven-membered ring disulf ide by Ârncit.42 ,ro,ou.ru.,
43

P,ezzí, I'fammi & Garbuglio gave the compound so obtained the thio-

thiophthene structure (73), correcrly named as {1,2}-dithiolo(1,5b)-

{L,2} <lithío1-7-STV rn""e authors also reported tl-rat tire mol.ecule

rvas characÈerized by single bonci-no bon.d resonance vrhích conferreci

an aromatic character on tlte tqTo rings.

DISCUSSION

Ob-ject of Research

2l

o

2.36 A

. H3 cH;
(-Þ

t.5

6 fls

17I '-/

a3b

From the diagram of che bond lengths and bond anqles of the

thiothiophthene system: one observes that the boncì lengths of L,37-

1.38 Å berween the rine carbon atoms indicare that the nucleus is

aromatic. The f act t.hat Eire sulfur to sulfur bond is 2.36 ¿Î. r.rhereas

in dithio cornpounds R-S-S-R Ít is 2.04 ß, indicates that the sulfur-

q.2"

2q,

ísg

¡.78

t.37

r.5+
c H,



sulfur bond orcler ís less than unÍty. Leaver ancl lfcKi.nnor,44"ro,rn.l

that although proton magnetic re.sonance indicaËecl a syrnmetrical

structure for compound 73, this may be caused b-rr rapici tautomerism

rather than by single boncì-no bonci resonance. Tn support of this

vieru they showed that the uliraviolet spectra an<l visible spectra

of tlte thiothiopirthene systeûì (74) rvere similar to those of compounds

75 and 76 ín neíther of which resonance oi the tyoe descríbed for

compound 74 ís possible. iJavelengths of vísible maxima of compouncls

74, 75, and 76 díff.ered from Ëhose of the corresponcline l{.etones (77,

78, 79) by rougl'rly the same increment (67, 69 and 60 mu resDectively)

22

o^*Ç!fu,^

,ru^ff*^
ì'faeda4) has investigated the participation of the str.lfur d-orbi-

tals in tire hybridization of the sulfur âtoms formíng the linear

S-S-S bonds of thiothiophthenes. The calculations, involving simple

L.C.A.O. approiimations shor,¡ed that participation of tire 3p, ori:ital

of the sulfur atoms v/as more líhe1v than that of 3d*o orbitals.

Single bond-no bond resonance r.¡as also consídereci to make mínor

contributions to the structure of dithiolocyanine perchloraa""46 (80)

75

77

Ph

79



due to the existence of an

internal sulfur aÈoms (3.0

23

unusually short dlstance between t.he two
o

- 3.1 A.)

BO

rÂrs P-rArr\ )t | | lt JlVA,vApAN/Vri'
E+ EL

81

Easton, Leaver and McKinnon4t hor+ever argued that i) no eví-

dence had yet been presented to inclicate that the S-S bon<ls ín the

dichiol nucleus are rrnusually long and that íí) tire central S-S dls-

tance is longer than the value of 2.95 Å. founcl for the phosphacvanine
l.o(Bl)r*' in ¡vhich singte bond-no bond resonance is highly i.mprobable.

They regarded'the partial interannular bonding of the dithíolocya-

nines as a result of tl're expansíon of the valence shells of the tr.¡o

internal sulfur atoms. i.e. as a result of the rrtilization of

sulfur 3d orbitals which have a greater extension ln space than do

3p, orbitals and whose probability to overlap Ís thus greater.

It }as been suggested that the long S-S bond found in thíothí-

ophthenes can be better explainecl by the delocalization of all n-elec-

trons to form an B-centred system (5 carbon atoms and 3 sulfur atoms),

the S-S bonds being purely n-bonds rvithout any ô-bonding,48 
"í*ilot

to the structure of the N-N bonct in tlrOrlg



i{ence tre are presented rvith three possible explanations for

t-he symmetry of thiothiophthenes: í) single ironcl-no boncl r:esollancc'

i.e. delocalization of all r-electrons Lo form an 8-centreci svstem

íí) rapid tautomerism iii) utilizatjon of sulfur d-orbitals.

Repl-acing the central srrlfur atom of S-S-S in tlie thiothÍoph-

thene system by a terti,ary nitroflen to form S-N-S ruorrlct leave a

molecule v¡hich may or nlay not be symmetr:ica1. cìepencl inq on which

of the three aforementioned factoi:s plays a leaci ing role. ilnlíke

tire sulfur atom, the nitr:ogen atom has no cl-orbitals available

to allow for expansion of its valence shel-l . Ilence if the rnol.ecule

rvere found to be s¡rmmetrical, it could not be due to iii. lÌhe prepa-

raEion of these aza analogues of thiothiophtÌrenes rectuired the

avaj-labi1ity of isothj.azolium sa1ts. The ob.ject of this r:esearch

'nJas to devise a general. preparation of isotiriazolium salts and

l-c, attempE synthesis of thís aza analogue of the thí.othiopht.hene

system. A paper, "Synthesis of sorne j-sothiazolium sal.ts" by

D.Ì"f . IIcKinnon ancl E.A. ,R.obak has heen publishecl in tlre Canaci ian

Journal of Chemistry, 4q, 1855 (1968), clealing with the general

preparation of ísothiazolíum salcs devised in our laboratory.

24
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Material"s

It was clecidecl to start from 1,2-díthiolíum salts since these

arè readlly avaflable ancl it hñ6 been observed50 thf,t Ëreätrnent of

these salts wiÈh prÍmary amines gave subStítuted l-amínopropene thí-

ones. Since these are sÈrucÈurally related Eo earlier pecursors (7L)

of isothiazoliun salts, it seemed reasonable that they too t¡ould

oxídize to form ísothíazolium sa1ts.

Two of the dírhiolium salts (59a,d) hacl been preparecl 1r.fot"36'51

but two new ones (59b,c) were synthesíze<l by an adaptatíon of known

methods. An attempt was made to prepare a knor,¡n 1.2-dithíole-3-Ëhione

by a method different from that found 1n the.l.iterature. This thíone

could then be oxidized to produce a ne\^/ díthiolium salt. An unex-

.-,pected product rvas obtained.

The 1,2-dithiolÍum salts vlere treated wiËh primary amínes to

produce l-arylamino and l-alkylamino prop-1-ene-3-thiones (82). One

of these thiones r^las nevl (B2d), E\^7o had been made before (B2b,c),50

and two others (B2a,c) rvere not isolated but were oxidfzed in the

solution ín which they had been formed. Six different isothiazolium

salts \^rere prepared by oxidation of the propeneËhiones. Of these six,

five had not been prepared before and one (65a) had been previously

prepared by N-methylation of S-phenyl isothiazoLe. One cation was íden-

Èified as rhe perchlorate (65d) and as the trífodíde (65f) salt.

Since the productÍon of isothiazolium salts involves Ëhe loss

of a irydride ion from Ëhe aminoproene EhÍone precursors ' it would be

expected that 2,3,5-Èriphenyl isothiazolium perchlorate (65e) could

be synthesized dírect1-y from l-anilino-l,3-dÍphenyl prop-l-ene-

3-thíone (82e) usíng triphenylmethyl perchlorate (92) ' a reageflt



knoç¡n to abstract hydride ions.52 ning closure, however, \^/as not

ef f ecËed: N-tritylaËion occured j.nsteacl .

FIGURE 11

9 -ç" RilJi+. 5; N HR Òxn f - Ñ- R

o'Vç"' "+ 
p; $R,,, ë o'\**"'

ç,, p" ("
59 aZ 65

Rt p.tt l? t r Ìì t Rtt Rr' ? Iì R r Rrr Rt.tt

u) Ph H lt a) Ph n IT lla a) Pir lr Ir

b) Ph Me H U) Ph l:1 H Ph ir) Ph li Il

c)Ph Ph H c) Ph Ph tl Ph c) Ph ?h ìl

d).Ph lr PÌr d) P1ì H Ph }le d) Ph H I'ìr

e) Ph i{ Ph Ph e) Ph }l P}r

f) Ph Il Pli

e ) Ph ll Sì'Íe

h) Ph Il Slfe

26

Isothiazolium salts have been shorvn Eo underao oxi<lation lvit.Ìr sul-

fur in pyricline53 ao pto.ride the corresponding isotl'riazole-3-thiorres.

This is exacLly analogous to the reaction of 1,2-dithiolium sai,ts r.rith
34sulfur in pyricìine"' to produce 1,2-dithiol-3-thiones.

Certain 1.,2-dithiolium sa1ts. rvere shorvn Eo react r.¡ith methyl- and

methylene carbonyls rvhich on sulfurization v¡ith phosphorus pentasulfi<ie

producecl various thiothíophthenes.'u Si*ilar reactíons r{ere attemntecl

rvitir isothiazolium salts.

x-

Xe

Ph

Ph

ìfe

.'iE

i'{e

Ph

c10,
.+

c]o 
4

c1.o /,

c1o/,

cro /,

r.
J

I

T

2,5-diphenyl- isothiazolium perchlorate r\'as treated r¡ith dinethvl

formamide in an attempt to prepare a car:bene in a manner analogous



to the preparation of carbenes from thíazolium *n1r".35

An attempt was made to cletermíne r+hether the aminopropene thíones

beiraved as dienes by refluxin¡¡ one of the thiones (82e) rviÈh a

dÍenophile such as dimethyl acetylene clicarboxylaEe (1.00).

11



The 1,2-dithioliurn salts 59a, 59b, anci 59c rvere prenared by the

peracetÍe acicl ox:Í-clation of thc cÕrre.spoûclin¡1 1 ,2-clithfoi.-3-thiones,
viz. 5-phenyl*1, 2-díttriol-3-thior", 36 4-merhyt-5-phenyl-1 . 2-d iËhío1-

3-thione,)) 
"rrd 

4,5-dÍphenyl-l,2-cli.thiol-3-rhj.one56'57 respectÍvely.

3,5-¡iphenyl-l ,2-dithiolium perchr-orate \^ras preparecl bv the method

of Beir::inser ancl Grimm.5l

The preparation of 5-ptienyl-l,2-clithiol-3-thione involvecl reflux-

ing ethyl cinnamate wÍtir su1f,rr36 nr.l sulftrrizatíon of the 5-phenvl-

1'2-clithiol-3-one wiÈh phosphorus pentasul-f i<1e. Tt was bel jevecl that

4,S-diphenyl-l,2-clithiol-3-thione could be nreparec by refluxing ethyl

a-phenyl cinnamate tvith sr¡lfur folloleci by treatment r.ríth phosphorus

-pentasulficle. Hov¡ever it ¡vas founcl that after an hor¡r anii a hatf of

ref luxing sulfur and o-phenyl cinnarnic ester, tetrapl-renvi tÌriophen

rn'as obtained instead. (See Fi¡¡ure LZ, page 29)

A possible seq.uence of reactíons would be the conciensation of

t\'/o ester molecules to form the tetraphenyl qrrinone Ínte::ineciiat.: (BS¡

rqhích may then react v¡ith si¡lfur to form first the 1,4-ti-rio¡rl¡.â.;oû€

intermediate which could extrude sulfr¡r to procluce tetraphenvlcyclo-
5Bpentadieneone (87), wirich has been repo-rteci by Diltìrey to reacr r,/íth

sul-fur at refirrx temperatures to produce teEraphenylthiophen (sg).

llne tetraohenlrl quinone may also react rvith tr+o gram atom.s of sulfur

to pro<Ìuce tìre 1r4-dithiin rvhich may lose sul-fur at high temperatures

to prociuce the tetraphenylthiophen. Tt is possible that the Íncrease<l

acidity of the CII-proton due Eo con-jugation beiru'een the trvo phenyl

groups through the double bond or the presence of ímpurities in the

stariing materÍal may have ireen responsible for the reaction to have

Preparations of 1,2-dithiolium sal.rs

2B
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Preparations of I-arylamino- and 1-a1kv1amíno-prop-1-ene-3-thiones

Aniline and methylamine (the conmercial 4071 aqueous soluEíon) re-

acted with 1r 2-dithiolium sa1.ts (59a, c E, d) sr"rspenclecl 1n ethanol j.rnme-

diatell¡ producíng a reci colo-¡eci soluiion r,¡iti.¡ an aclclitÍon Trroclucc

suspencìed in Ít. This involvecl siiirirle adclition of the amine lo the

3-Positíon of the 1,2-ciitÌriolÍuni oerchlorate r,.¡ith elimínatíon of per-

chloric acid to procuce the ínte::¡-necliate addiËion prodrrct (91, Fís-

ure 13). lleatí:ng the mixiru:e ßent1y producecl a homogeneous red sol-

FIGUI{iI 13
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ution which on cooLing prodrrced the aminopropene thione-s e.s orenqe ro

deep reo orecipitates as ¡^¡ell- as a small amount of su1frir rvhich haC

been extruded during the course of the reaction. Heatinq the acTclitj.on

oroducË resulted in the openina of tl-re dithiol rinq r.ri.th a non-bon<1-

ing electron of the nitrogen for:ming a Coub1e bonci. lleatine rhe Cisrrl-

fide so produced resulteci in the loss of a sulfur atom. Electron t:eai.-

rangement produced the 1-amino-prop-1-ene-3-tirione r.¡hich ¡qas isolated

1) t.
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\,,hen the solution r,as cooled. 4-l'teth1rl-5-phen1zl-1.,2-clithiol.iurn per-

chlorate could not be successfully t.reated with an amine because it

decomposed on heating in etiranol. An attempt to perform ti-re reaction

in benzene rûas unsuccessful. Treatment of 3-phenyl.-l ,2-dirhiolitrm

perchlorate rvith meÈhylamine produced l-methylamino-3-pheny1.-prop-

l-ene-3-thione rvhich, because it rvas unstable, \¡/as not analysed 1>r¡t

used immediately in Ehe oxidation step to produce 2-methyl-5-phenyl

isothiazolium perchlorate (65a). The aminopropenethÍone from lr,5-di-

phenyl-I,2-dÍthiolium perchforate and aniline coul<i not be obtainecl

when the reaction was done in ethanol anci could u''e obtai.ned as an

amorpi'rous recl solid in low yielci when the reacËion was performed in

benzene.



r.r'na.¡ ¡mì¡^lropenethíones \,rere treated rvith ioclíne ín hot ethanol,l;r¡gla dr¡rIrrv f, I vlrsrre

methanol or benzene solutíon. immediate brclrvn precipiEates ç,ere f orm-

ed lvhich a¡ralysis sÌrorvecl io be isothiazolium trí.iodicìes. Sínce the

propenetlìíone f rom 4,5-aipheny--i,2-dithíolium perchl.orate ruas clif f i-

cult to i-solate, the iocii:-:e soiution i.¡as acicleci dircctlv to the solu-

tion containing the thione. The coirversion of the tríiodicles to per-

chlorates rvas ef fected by treatrnent w:-til a nitr:omethane-perchl.oric

acid solution and dllution rvith etl'rer 'úo prociucc isothiazolium pcr-

chlorates.

Preparations of i-sothÍazolium salts

llerhvlat.ion of 5-pirenyl isotìriazoie by heating rvj.ih climethyl-

sulfate gave 2-rnethyl-5-pìrenyl isothiazolium rnechylsul.rate ¡¡irich

\rrâs coiìVêrted to the perchl,orate. Thls perchlora e hacl the rneltíng

''-^j-È ¡rr¡l i¡F-ra. recl Soectrum idenliCal ruiCh that of ihe compoundirurr¡L fJrru rÀ¡rrd

producecl b1r oxiäation. of l-met-irvr.arn:i-no-3-pirenvl-prop-1-*:ne-3'-tirione.

Tjris evicience confirmed tjrat tiie ori¡ÍnaJ- synthesis had proceeclecl

as iiacl been expected.
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ReactÍon of tríphenvlnethyl percJ"orate rvíth

l.-anilino-1. 3-diohenyl prop-1-ene-3-thíone

Since fornrallv all tÌr¿rE is requirecl in ihct conversion of an

aminopropenethione to the j-sothiazoliu¡r salt is the rernoval of a hy-

dricle ion, CrÍphenylmethyl perchlorate (92), a reagent lcno¡*n to air-

ts 1-..1v; .l ^ ; 52ÞL!de! ¡ryu! ruc rorrs - r¡ouii ce eiiÐected co be a suitable reagent f or

converting anínopropeneiìrÍones ci ircctt.¡ into tire corresponcling iso-

tiriazo1iur. pcrch-loraÈes . ìIÍ>:ing 1-anilino-1 , 3-(1 iphcn.¡l-pron-I -ene-

3-thíonc r+ith trityl perchlorâte (92¡ in acetone qave a color change

from-.i:ecl Co yel1o\r. Addition of ether proclucecÌ a c-ioucliness anrl

^f l-- - --^1'l^" ^-^^-í^-'e^Èuvç!r!(¡dr-L-y <! j/srrvw l/! sLrr/rL(:Lu, Lltc rllciì>S s¡rcu uli)fL Aní. :. .Í,ì ' f . SpgC-

trun of r¡hich indicated the presence of ether molccirl-cs íncorporate<1

in che crystal laEtice or in the molecule itself to prooucc an

etirerate. Eienental analysis indj.cateci that the compound r,¡as not

a 1:1 a<lduct of etl'rer anci sta::ti1r( Traterj-¿r1s. lìecrv-stall ization of

this compound obtained in acetic aciiì r^¡itll soÌre perch.l.orÍc acicl

present rernovecl the ether, as sìior':n ì:-y Lìle r. .r;-. .':: . spcctrum . .\na.Lvsis

of this recr.¡stailized substance siror"'eci ít to.be che ìi-tritylated

producÈ (9:¡. Boiling compound 93

1 ?-¡ i ^hôñ.''l --rnn-] -ono-?-l. J¡ i nn o¡rJ ur[/¡rerr-yr l/!

nanrflrin¡¡' ;rrr¡ h^ F^^jl .;¡-t^,1 1..
Hvr..? e¡^¡v.A - e racl-rl-LaLco Dy

phenyJ-methyl cation.
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.i¡* ?,^t'oí- *nu-r1, IÊ 

Ph

eìVp¡ a i<\ 'n
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.).,
1.2-díthiolium salts-- unsul>stiËuteci in positíons ad.jacent to

aq
t,he sul-fur atom ancl thiazolium s¿rl Ès" unsubstítutecl in the 2-/'
.^^j*{^.''*.ì^-^^^..j'1.-j^.L..^.'.'|.:''-.i.'].^i1;
liuÞf,LluIr urlLigläu u.\rudLavrr u_y ùulrul rÀt t/vrrrÀrË lr-Ylru¡t¡s LU l/!l

the corresponcìÍng ÈhÍones. l{cnccl it scciilcci prohable thaË isol-hía-

zolium salts unsubstitute<i in tÌre 3-posítior-r v¡ould for¡n i.sothiazole-

3-thione uncier si-¡ri1ar condítions. In fact crvo of the isothiazolium

salts studíecì (65a ,b) have i>roclucccl tire corresûond ing isothiazole-3-

thiones (96) lvhich ¡vere ísoiateci as thcir methioi.rdcs, formulaËed

').,as 3-meihylthio isothiazoliuni Íociides. Ditliiole thioncs-'- ancï thiazole

thiones'- react sirnilariv rvÍth nechyl ioclide. A.l.kylation of the

sulfur is more líkely than alirl'lation of the nítrogen fo¡: several.

i \ .'.ì-^ nhenVl Of :,teflrr¡r -.- +l-^ *ina ¡i t--na. - '.'i iltçdùvrtù. I/ rttç vr¡çrr-yJ. vr r ìi^.(/\.!/ 4L Lits Lrl^E l¡rLrv;içlr v/aJ

provide some sEeric hini::ar¡ce fci: tlre inconing methyl group ii) The

C=S borrd is a higÌ,iv poia:: bonci rvlii"ch r+ou1ci tencì io ruithcir:e.r+ electrons

frnm tlrp ní:rnq..* -.,.r--'-* -'-- 1------ -¡j jrr r !'<r^r!r! ¡u rsss reactive towai:cis netÌrr¡l- iodiCe, It

*.r^Ì-+ ì.- -^È--1 *h;rt flr{) -N-C=S ;^ ,,^-," ^j.nilar to tl.at Of a¡¡rIËllL Us ITVLUU LrrdL Llre l, Y-.) Þ.yÞLsllr aò vsl-y Þ
tl

thíoamidc. iii) Forrnation of tire ne;hy1i-hio conìpound restorcs tne

Reaction of isotiriazolium salts wíth sul.fur

5¿+

aroiì1a:icitV of the isoEhiazolíun ring.

There are t\'ro possible sciìer,1es ruirereby these ísotÌrÍazole thiones

may be evolved. One such scileme (a) l.roulci ínvolve the loss of a proton

fron the 3-position (the 5-position is substituted) to fo¡:a a carbene

(see Fígure L4, paße 35) ¡.¡hicir is oxidized by sulfur, possiblv afcer
2(

dirnerization, to form Èhe thione. I{anzlíclt-- has snor¿n thai certain

thiazoiium salts lose a p-roton on treatnent with a base to DroCuce

a carbene r,¡hich, fo1lor.ri:rq ciirnerization, r\ras convertecl to the thiazole-

2-thiones.
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The loler yields of isothiazoLe'"-3*thíones as compared r.rith the

yields of dil-hiole-3-thioncs and thiazol-e-2-thiones mav be accounËed

for by the presence of a compctínq reactj.on leaC.íng to tl're formation

of a thiol.:etimíne (98) rviiir ensuing decoinposition. Tt has 'been shor¡n

that isoxazolium salts Ìlrodlrce lietol<etimines r¡iren tr:eat.eC t¡ith ter-
JJtiary amj-r'les. i.reilce a s j-inil-ar reaction. of isotl-riazolirrm salts in

the presence of pvridíne cannot bc dis;lissccl.

The o'Eher possíb1e rnecìranisrn (b, Tii;1ure 14) nav :involve clí,rect

nucleophilic attacl< on llre 3-posi.t:-oa of the j.sothiazoL; ii: salt

by the activa:ci j)ol.\,su1f -'cie anion to procluce the isotiii¡¿zol.e-3-thíone.

iriricir rnecÌianisr¡ is opera'tive (a or b) cannot be clecíciecl at this

1'^^-.''-^ rxnerimení::l'l v- titese trvo rnecli¿inisms cannot be clístin-òL(-!lis i/sL¿t(!¡u. s-\i/u!rilrurLLGrrJi, I

guishccr rvítìr any certaíntv. It ni qht be no tei i-lc::c . hor,reve:: " thaL

lvhen :lsot.l-riazol.ium saf ls are nl-acecì in oyrid j.ne ¿iione, a rt?d to blrre

solrrtion ::esul.is ímnedi.arelr¡. 'l'hi.s nrav be evi.<',ence 'ioi: the f ormati.on

of a carbene or tiri: irighly conj r:gatcrj cl j.rncr, or i-t nay ire the nlaní-

f estatÍon of the formation of tne ti"rioiietimine.

36



Reaction of isothiâzolium salis rvith methyl ancl metÌrylencl ca;:ironyls

Thíothíophthene clerivatives r.,/ere orr¡na:-r,'d by the condensatj.on of

{+-plienyi- and 3-phenyi-l ,2-clit}rioiium s¿r1t.s r.,¡i.tli r:cl-ì1./l ancl methvlene

carbonyls follor.¡ed by trea¡,nenË r¡ich niro.spÌror:iìs reììtrrsüj,í:iri,:. Tiie jat-

ter salt gave pooï yÍe1cls:. i'' Ia i'ras beiievecl thai si;ni-iar t.i:eatment

of isothiazolium sal-i:s r.¡oi.tii prodiice the aza a;laJ-oques of thiotiriopir-

thenes:

Y

-À/-R
\-*H +

¡

v
{t

Y<-C H;C- Ph

ß-
I

nr\ S-Ñ 9r-eÞs > I I li'^, \...\,r^phi/^ -v 

Ì 

¡!-\

R= Mn' Ph

y = P,, Nl; , cDz[t, Co.No-

n-

-.'..'....-.._>

Certain isothiazolium saits \{€r€ tr:eated r¡ith aceton;ienon¿ in

reflu>:iirg ethanol but onlv starting r:raterials r,¡ere obtainec. The salts

rvere also treate<l t¡ith diazoacetopheron.60 in va-riorrs mecìie - n-¡;:icl ine.

-'{ ^+i.-.f ^*i-^ ----'-^a i- ^ - - lrrl-etilytamlne, guinoline and nethvlene chloricie - but no producc r+as

ÍdentÍfied.

K
I

2,5-dipirenyl isochiazolium perchi-orate \^/as ref iu;:ed r,¡itll echvl

hcnzn"l-^^+-+^ i- rtr ^ -*^^^-^^ ^F --,,*-'i-'.^^ ---.*LuerlzoylacetaEe }n tne DfeSenCe Or vy!r(rr.r¡e v¿ruLr âCe'tiC aCl.l aS thg

solvent. One product rvas isolated bv col-.imn chroinatograpirv. The nelt-

in.g point. (113-115o C) and elementai ane],r,sj.e vc::if iecl that the com-

PA
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ñ^!r6-t +l^-F 1-^J L^^- i ^^1^L^-l --- /. opuuno LrraE. nao Deen isolated \,7as acetanilide (c.H-ìlo, ñp. 1j.4 c,)
' "9This series of reactions could explLlin ics formatíon - tlie formation

of the thiokeiimine (9Sb) by the ac'cion of pvridÍne on rhe isorhía-

zolirrn salÈ (6SU¡, hyd-rolysis of 1_he thiokerirnine to form anilrne

ancì. a ltetene (99 ) , and tìre reaciion of aniline so f or-mecl r¡it1-r acetic

acici rvhich r.¡as tire soivent.

Py o f ^4AI?h 
Þ\.Ò>f 

^./c+pt"Ntl,P'{"'l- PIV ./
võ il

In a reaction anal.ogous fo one done ivith

2,5-clílhenyl isothiazolium perchlorate r.¡as hea

zovlacetaie. No product rvas obtaÍneC.

PhNþI

/l

tl
n

-:ral 'ì'^i l;J-aLÇ Lci I ll ilCe

r,tl, t1 
3

1 ,2-d j.thíol ium sal ùs

tecl r"'icl: sociiun ì:cn-

61



rn an attempt to ísolate a carbene or dímer from the ísothia-
zolium sart, the salt and dímethylformamicle were mixed, procluclng an

immediaÈe recl colour. To this mixture triethylamíne v¡as aclrled. The

solution was not heated but rather kepË ln the f.teezer. particles of

non-isolab1e seml-solid were observed in the oily reci mass. An ex-

tracrion with ether r./as done after leaving the liquid exposed to the

vacuum line for two days. The ínfra recì spectrum of the ether soluble

portion indícated a strong peak at 1660 cn-l. inclicaríve of the

earbonyl of dimethvlfornamide or of a C=C stretcìr of the dlmer (ruhich

would not be expectecl to be a strong absorptíon since the ciimer ryor¡ld

.be symmetrical) and another strong pealc inclícatÍve of the perchlorate

aníon (whicir is not understandable since perchlorates are generally

insoluble in ether).

Reaction of. 2,-5-diphenyl ísothiazolíum perchlorate

in dirnetl-rylformamicle v¡ith a base
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An attempt was macle to determine rvhether aminopropenethiones

tvould behave as di.enes rvhen subjected to prolonged reflux wíth a typi.-

cal dienophí1e such as 'acetylene diearboxylic esEer (10û). Tirus

Reactíon of an aminopropenethione wíth a clienonhile

l-anilino-1,3-diphenyl prop-l-ene-3-thione and dí.methvl acecylene

dicarboxylate rvere refluxed for truenty-four irours. A large amounE

of the thione startin¡¡ materiaj- r¿as ol¡taineci. Thin layer chromatog-

raphy of the soltrtíon l-ef c after removal of tire irropenethíone revealecl

the presence of several sul:stances, the maior component beíng isolated

The n.m.r. soectrum of this substance r¡as fairly sJ-rnp1.e (see Experí-

ment.al section): the mass specLrum gave m/e 396 as the Darent peak and

m/e 395 as t-he base pealt (.see llx¡rer-inrerrtal .çecri.on). Even with

this informatj-on ancl the infra recl spectr:um, t.he substance has vet

to be identified.

Refluxing the tv¡o starl-ing material-s for f íf ty-si>r iror-rrs gave a

smaller amount of the tìrÍone starting matería1. Thín layer chroma-

tography once nore showed the.presence of severa,l, substances, t]-¡e most

abundant one being isolated. The substance obtalned \ras a yellors

semi-solíd, the n.m.r. and i.nfra red spectrum of rvllich \,,'ere more com-

40

plex than those of the substance isolateci after tr¿enty-four hours of

ref l.ux. This substance rvas not identíf iecl eíther. (See Experimental

section. )

Sll | + t\eo,cc=c corúe. 
--)?#/e^

N}IPh

85e 1CO
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A general method for the preparation of ísoEhiazollum sal-ts

hae Ínvoi"vecl the reactfon of varfous l-r2-df thlol.Lum sa].te wf th pri-

mary amines followecl by ring closure by íodíne oxj.datíon of the

l-amino prop-1-ene-3-thiones formed ln the reaction. Tiris produced

ísothiazolium triiodides which \,,rere then converted to isothiazolíum

perchlorates in saËisfactory ylelds.

Tn the process of devising a general metllod for the syntTresis

of isothiazollum salts, tl^lo 1r 2-ciítÏriolium salts, one amlnoproperre-

thione and seven isoËhiazolium salts (Ërvo of them as the methioclides

of isotiriazore thÍones) that have not appeared in the l.iterature

before had been nrepared.

COi'iCLUSIONS

., All atÈempts to place an acylidene síde-cl-rain at the 3-position

of ísothiazolium salts unsubsËituted in that position in an effort to

prepare the aza analogue of tl're thiothí-ophthene system have failed.

ilecause of the low yields of methyltìrio isothiazolium ioclides

obtained from the reaction of isothíazolírrm perchlorates rvith sulfur

in pyridine, Ít seems that the'approach to the preparation of the aza

analogue of the tiriothíophthene system utilizing Ehe reaction of tl're

rnethylthio isothíazolíum foclide rvith a ¡rethvl or metirvlene carbonvl

should be usecl onlv if no other methocl can be founci.

r+L

:,.;'}1Ìi*- '*-,. jit-:. \ã.
'l:tÎi

¡,i
iî
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A general'method for the preparation of lsothíazollum salts

has Lnvolved the reacÈlon of varfous 1,2-dlthl-ollum .salts with pri-

mary amines followed by rlng closure by fodlne oxldatlon of the

l-amíno prop-1-ene-3-thiones formed fn the reactlon. This producecl

isothiazolium trilodides whfch !¡ere then converted to lsothl-azolium

perchlorates in satlsfactory ylelds.

In the process of deviel-ng a general rnethod for the syn¡hesls

of lsothiazollum salts, tl.to l-r2-dtthlollum salts' one aminopropene-

thione and seven lsothíazol-ium salts (two of them as the methio<lides

of lsothlazoLe thlones) that have not appeared ln the literature

before had been prepared.

All attempts to place an acylidene sl-de-chaln at the 3-position

of lsothiazolíum salts unsubstltuted in that poslt{on in an effort to

prepare the aza analogue of the thiothlophthene system have faile<l.

IJecause of the low yields of methylthlo isothiazolium ioclicìes

obÈalned frorn the reactlon of tsothlazolium perchlorates rviËh sulfur

in pyridine, it seems that the approach to the preparation of the aza

analogue of the thlothiophthene system utlllzing the reactíon of the

rnethylthio tsothiazolium lodfde with a methyl or methylene carbonvl

should be used only tf no other nethod can be found.

CONCLUSIONS

4L



All rnel-tfng poínEs given were determLned on the Fischer-Johns

meIËfng polnt apparâtus and are uncorrec,te<l .

Solutlons were clried over calcium chloricle.

Column chromatography rvas performecl on alumfnum oxlcle made

by Camag, 504-C aciciic Rrockmann No. 808123, obÈalnecl from

Mondray Ltd., 4180 de Courtraf , Ilontreal , P.Q,. Canacla

macle by Camag, obtalned from }{ondray Ltd., 4180 de Courtraf-, Montreal.

Infrared spectra v¡ere obtafned on a Perkln-Ðlmer Model 137

Infrared Spectrometer.

Thin layer chromatography rvas performecl on silica gel DSF-5,

The n.m.r. spect,ra rvere performecl by l"fr. Robert Fitch on a

Varian L-56/60A spectrometer, using cleuterate<l chl.oroform (99.87. D)

containing teEramethylsílane as ttre ínternal sË.anclarcì.

The mass spectra rvere performed by Mr:. Charles ReicherÈ and

Mr. Denis Lin on a llitachi Perkin-Elmer RlfiJ-6D mass spectrometer.

The elemental analyses were done by Alfrecl Bernhardt,

Microanalytical Laboratory, Ì'fax Planck Instltute, !¡33 ltiiltreim (Ruhr),

I'Ies t Germany .
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5-phenvl--1.2-clíthiol ium perchlor:ate (59a) \./as Þrepared from 5-p¡eny1-

1,2-ciithtol-e-3-tl¡1one bv oxlclation 1n acetic aclcl solrrt.lon r.rl-tl-r

three equivalents of 302 iìvcirogen peroxi.t..36

3.5-dirrirenvl-l ,2-clirh:¡'-ol.i*ni perchi oi:ate (59cì) \das prepared by rhe

methocl of BehrínÊer an,j Grimn.5l

4-meEhvl-5-pìrenvl-1.2-clithío.l.ium nei:chlorate (591r) \,üas prepared by

di.ssolvi'g 4-metl-ry1-5-prrenyl-1,2-dirhiole-3-thione (4. a e.)55

in a .so.Lrrtion of acetic acicl (100 m1 .) ancl 3oií hyclroccn per-

oxide (6 ml . ) . the solrrtÍo¡r was lcept belorv 30oc. f or t\^'entv

mirrutes. Perchloric acici (1 02,, 1 ml . ) was aclcl ecl anrl tire so_l u-

tion then clíluted v¡ith ether to proclrrcc pa] e yellow crvstal s

. of m.p. i59-i6OoC. (íriZ, yielcl). Ânalysis forrncl C, 1r0.90:

Il, 2.91.: S, 22.04: Cl, L2.9I, Cl0H9S 
?-CIOt, reqrrí_res C, 4]-.03:

II, 3.08; S, 21.88; 01, 12.L2.

4.5-diphenvl-1 .2-d j.th j,ol-ir,ri;r nerclr iolate (.59c) r\ras prepar:ecl by tire

o>-ida tion o f. 4 .5-<i ipìrerryl-r . 2-critrriole-3-ti,ione56, 5 7r=i.g p"r-

acetic acici accorcling to the methocl descríbecl in the above

preparation. Lemon yelloru neeclles of m.p. 230-23r.5oc. ,ourr"

formecl in 6771, yield. Ana.lysis founcl C,50.90; H, 3.51.: S, 17.69:

Cl , 9.70: Cr qll,.S^CIO, rectuires C, 50.78: Ì-l , 3.10: S, 18.06:

ct , 10. 00.

Te trapirenv.l ti"rioplien

}1]{PERÏMINTAI,
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lthyl o,-phenvl cínnanare (50 tÌ) and srrlfur (9 s

to 2B0oC. then allorveci to remaÍn at 210oC. foi:

tÍme of thÍrty minutes. Startíng materia l.s ruere

unreacte<i ester r.ras further heated rvith sulfrlr

. ) rvere heated

a total heating

obtained. The

(79.) for an



irour airci a ha1f. Ethanol r.¡as adcìed to the darl.t soi.ii'cion ancl ilia

ni:iiute heated: a cl;iik oi1 rvas f o;:;iìed ¿ii tlte botton of the f l.a:,;h,

'i'he cilisnol r":i¡l il cc¡-i'.teil ailc cooi.ccl , nlctlucin: r.r'lri:c crysta i s.
ô

m. p. 13(r-133'-C. (c':hiinol) . lf itc ilai:i: o.i: ,,.¡,-.::; dissol-vccl jn o.L

benzeire ancj 1ef t 'to cool cverniczl'rt. Crystal s r.:i:re oirta:incrl an¡1

r+ere f ound io be a ,;ri:':tul:c: of sulf'rrr (so1.ubl-e in boiì iilg ethancii )

anC sorre r;-iiÍrc c::¡zstal s (ort-1.-., spe::iní:ìiv ¡;ol-ui>1.e i n lroi..l i.nc

ethanol) . 'llhese r+hÍte c:-ys;:i Ls r¡e::c cli sso.lvecl by heatÍn¡, in

benzcne. AcÌclition cf etìta.-iol- to tlie Ìlot li¡:nzene so.l-ntion pr:o-

ducecl r.¡h j.te crystals m. a . 1

'i:cnzene alone flave .::-r¡s iu I s

-o^It)/.)-1ùJ.) U.¡ íi;:ql 1.:or1 iì.i

I-l.e¡ienta;- analvsis Ì:r,'

sul.Srrr - ,\.ccorcl inq ro

Li4

ac .l S4-iS5oC. t.Iarming tire luli,.:e cr-vslal s in acc

r.¡i;l, ,rt'i;:ocen pero*i¿oí13 f{¿1ve a ve1.L.or,, coinDoun(i

I' c c -ra. oitenr¡i ciriophen- S " S-C io:< ic'i e i,r e i i s

l-¿:1-li.¡ianino ancl 1.-¿r::l¡l-ar:l:tnc pi:on-i.-ene-3-tli

-.,"o^ii..;-:..ii¿; C. '-'.a':c:-r,'s ¡¿rii i.zati-on f rom

o
or.- ¡-,. ¡r. ici,l ; " . f ron ni,tronetìrane,

Cl:ìûÌ-IOi-,/ )C;i14i:rì3 sol.:;ti.ori m.p. 193-.'i S4oC.

fr-rs-ion i¡i.ch socl Íti:i -r,'iet¿:1. i,ras

62uhc i:;cretu-re. - leiralhc::.',

General líethocl:

The 1,2-ditirio-Lium saiis (0.5 g. ) susne;:cieC in a srri¿:. i.,1, qiiarititv

of ethanol (7 nl . ) were trea.üed r.¡ich a sligìrt excess of the

primarv amines (0.5 mr. anilir:e or i.0 rni. conrnercia). 4AZ aciueoris

methylani:re solution were used). f iie mixtr..re r.'es heaicd qently

unlil i'ro^nogeneo:rs âÍlci a1l-or,¡ed to cooi. The thione preoioita'I eci

r./as cryscaliized fron etiranol.

1 -n e thr'I anin o- 3 -nh env,1- ni:o c -i -ene-3 - tir ion c:

.-^^-'&i--^ r:^-
f/uÞILf.vg I(r!

:.-r:.ooiren i-¡el. ts

lon

3-phei: yi--1 .2-dirl,^o; ium perchiorate anct ¡rethvlamine. Hor.¡ever.

-.. i,¡: :l¡:i.cì solilt1on

^Í -. .- '):.< .l-t¡Or\/r .a\,))-L /\/ \,.

o-12ír5oC.

(s2 )

(Sl3a) r.ras oiìtajnecì fron



thÍs compound rvas guitc unstable and in rnost cases rvas used

inrnedÍaÈcly ir: tne next step f o-r: the precaraiion of tìre i:;o-

tiriazolium salt, viz. oxideËion r¿ith iocline solutio¡r. Tn one

case Ëile thione rvas col-1ecte(i to gir"'e a yieici of 0. 221,. , 647"

Due to che r¡-rther ranid clecoin¡osiuioa of the nroire:rcthionc

the melting Þoini \,ras not i.¿;llen r nor r,;as the el-ementai analr¡sis
'

performed.

l-anilino-3-phcnyl proo-l -ene-3-tirionc (S2b ) rvas ob'caí:red f roE i:he

reactÍon oi 3-phenyi-l,2-diLhiolium perchlora'le r^¡ith

The yíe1c1 was 0.33 g., 77%: nt,¡. I05oC.: I j-i:erature

1-an i,Ì. i¡o - 2 . 3 -cl i ol ienv.l- i:i:i: : - -l -cr.:---i - t:iLio;r <¡ ( il 2 c )

The ii:eatmen¿ of 4,5-¿iphenyl-i,2-iir.-.;.o1 íunr pcrci'r.1-o-raie in
'irot eilianol rvith aniiine i:¡roci-,icecl no cl:vstals oi-t cooling. The

ditili-ol-íum sa ì ì: (0.25 r . ) r,;,as iteaied in a mixtrli:e of ¿iniline

(ii; nl . ) ancì benzerie (ii; ni . ) îo^t 5 ninutes . Coolinq ove;:ni th-.

11ì-^.i,r^ r,¡1 nn nrrrc¡¿ I c. PetlOleuüi Ctþei: VaS aClcleCl CO ihe ùi-iiCk

---.ì ^^ì,,+-:^- -Êi-----..r -:- +1^-.. .lJCe:lteC. I'lrÍS \..'eS l-.:t.ìAtCi:LCU Þ()ruLI\JIi, bL.Ll:.91, lir, L:^(:li (.

scveral tímes uniil- a red ano,:plrous soj. j,cl r¡as f o:::..-:l¡i . Thj.s

so1icl \,,'ârs noi analvzecl but rê- cÌrer risecÌ in the next steD inire éiatel¡¡

Lo Trrociuce tlìe isothiazol:-trm t::iiodicle. Tn nost cases, hor..-cver

tire tirione was not isolated but o:'ri<lized as it t¡as fo;:lneci in

i-nethvla¡¡ino-1. 3-díphenvl prop-1-ene-3-lhione

tiie benzene,/aniline solution.

aniline.
-o^ 50n.D..ì,\/).) u.

iro¡r 3 ,5-diphenyl-i " 
2-dithio,Liun perchlorate and nethvl¡.nii:c.

The ¡rield rgas 0. 2

found C, 75.81: lì,

t / \ :{\, u \ L¡ /.vt tJ.vJ. Ltt J.tr.

8. , 567";

J . ) V 7 I\ t

N 1) r-)¡t t

mnl ri¡c naini

t? 7?. c q
*' . 

' 
J \ v,

i s, 5.52.

(82d) ves Drepared

r.¡as S3-S¿;o(1 . ,¡inaivsi-s

53: C,,il ì,S rec'.i:.:es
-Lo i:



1-aní1ino-l,3-c1íphenyl prop-l-ene-3-thíone (82e)

3,5-diphenyl-1,2-díthio1íum perchlorate and

yield rvas 0.32 grams , 72"Á; m. p. 156-158oC. ;

rvas gíven r" 158oc.i'o

l-ani1íno-2-rnethyl-3-phen.¡1 nrop-J.-ene-3-thione coulci not ire obtained

by Èhe react:i-on of 4,5-diphenr¡1-1,2-dithíolium perchlorate

rvith aniline in eËhanol because símply heating the sa1t ín

ethanol led to íts decomposiEion. Replacíng ethanol with ben-

zene díci not lead to the formation of the thlone eítlrer on

aclciition of aníline.

Isothiazo.i.irinr sal ts

¡,. By oxiciatlon of 1-amínoprop-1*ene-3-t.hiones

rüas prepare<l from

aniline. The

llterature m.p.

The thione rras dissol.vecl in tlie minimum quantity of hot ethanol.

The solution was heated and to it rvas added a saturated etìranolic

iodine solution (metTranolÍc and benzene-íodíne sol.utj-ons r.¡ere

also used) uncil precípitation rvas conrplete. The bror,¡n precipi-

t.ate was recrystali.ísed from nitromethane. One of the isotiria-

zoliuln salts obtainecl in tiris manner rvas identifíed as tlìe stabl.e

isothiazolium triiocl jcle (65f ). The triiodides ¡vere generally

converted to the perchlorates by heating with a minimum amount

of nitromethane/perchloric acícl solution (20/I) ín a steam ìrath

or over a gentle flame. PourJ-ng the warm solution inLo etl-rer

46

afforded the requíred isothiazolium sa1Ès.

The percent yields quoted were calculated as the overall percentage

yield from the 1,2-dithío1ium salts, rvhich were the startlng

materíaIs.



2-n..etilr¡1.-5-plienvl. iso thj.azc¡ 1irr¡r nerch.l,ora i:e ( (r5a )

YÍelci - L97; m.p. L44-L45oC.; col-o:: - Lan

Änalysi.s founci C, t¡3.73:'li,3.70; ií, 4.92--

C,^11,,^\SC10, requircs C, 43,65: il, 3.63; N,IU IL, t¡

cl, 12. S7.

2.5-Ciphen.¡l isotÌriazol.irrn oercÌriorate (65b)

Yield - 597"; m.p. 194-r9fi"C.: color - orangish-bror.ri-r

Analysis founcl C, 54.63; IÌ, 3.70: Ìi, 3.69: S, 9.25 Cl, 9.t)g:

C,.I{_^NSC10á requires C, 53.40; lI, 3.56: N 4.1.5: S, g.48: C1, I0.50.r) t?
2. 4 . 5-tri-niien.¡.1- Ísotiria:¿o1r..li::. lercirl.or:ate (65c)

Yie1ci - 5L7, ; m.p. 2û3oC.; coior - yeiiow

Anal-ysis íoiin<ì C. óC.31i: _ì , :;.9¡l: li, 1.1.,;;

C? I llr ..ìisclti recÌuires C, ír0. 94 ; lÌ, 3 . 910; Ìi,

2-me'¿hvl--3 . !-cl -; llteilvl j-.:;o:li i,a:;c-i.:i,u¡r oerch.i.o::a ie

Yietci - 4A'i,; ijl .p . i52-i(r3oC. : col or - ta.l

Analysis f ouncl C, 5/i .95 : j-l , L, .05; ü, 3 .7 6,:

Cií,ÌÌ1r,NSC10¿, reciuires C " 54.70i ',;, 4.A2: li"

2,3 ., -i-ti: j.lj-le-nr,¡1 ísot1-ij-az:o lru¡t ¿rrci,. l or:ace (ó5e )

Yield - 532¡ m.p. 250-253; color- yeiloiv

Analysis íound C , 61, .03 ; Ii, 3 .94; ì\ . 3 .25 --

C2lHt6ì{SC10^ recui-res C " 60.94; iì, 3.90: }i.

ltJ

q 1ì qi. 11 1a 1--.\, '

5 n.q- q i-" ao'

2-¡rethvl-3 ,5-i j rÌiei-iv.j- isocilÍ,azol_iuil tr j_iodicl e

Yielcl - 45"1: n.p. 150-i5i color - bTo,:u'n

Analysis found C,30.22: H,2.18: ìi,2.09: S,5.09: I, 6A.24:

Ct,.iÌt4iiSI? requires C, 30.44: H, 2.?3; ì'i,2.2i: S, 5.07: i, 50.05.

c 7 Qr. n] e /,a.9t \/!a t).1t).

3.33: S, 7 .71;: Cl. S.l¡7.

( í;5ci )

v1

? G2- (
.r t

o ?7.
).Jl .

cl I Q. 11 rl^l r'rv-t,Iv. aI.

S, 7.8tj: Cf. 3.1i9:

i.lli: S" 7.7¿,: Ct.S.ó7.



ll. By methylatj-on of 5-pìienyl isothíazole

5-phenyl ísothiazoi-e (0.5 g. ) and cine'chyi suifate (li ml. ) r.re-re

o
heaied at 100 C. f or tr¡o ilours. )ilution of ihe solution r.¡ith

ciiier arfor<ìeci ¿rn oii-/ o;:ccipiic.ie i.riríclr r.ras cry.stel-rrzccl

fron acetÍc acid con'iaÍr'ling a f er.r d.-ops oi 7AZ perchlo::ic ârcicl .

Diiution r.¡ith eti-ier g¿ìve 2-;-"c:Ìryi-5-irirer-lvi iso'chíazol_iun

perchlorate as iig¡hc tan p;.i.-"es, î,.j1 .p. :i:t,-:-450C. , ín 4O'Z ),iel-r'i

The infra::ec] socct::il::r anci'r,ir-;ti'-¡1 i>oi;.c i.r::te :icjcrtical r,¡ítir

tirose of tire coirDouici l;::e',.'ia::ci by ineiiiod .,\.

iìeacLicn of iscih-iazolíliil .sa-i.t¡; *ncl sul.i_u:: i.n o.¡riciii're

Tì:e :¡.socir-; ezoliu¡r s¿i,i (65a or 65b) (f .0 g.) l+as sl,c.;,r.'ly aclcl eci

to e satu;aieC soli.rCi-on of sr.rl fiir in boiii¡r¡¡ pvricl i,;li (10 n1. ) .

Tìie mi::cure becaine cleeD ::eci in coio:: arìc1 ,¡¡¿ts rrf l.ii;.rr:ii ¡laif an

hour, Dilucion r¡:crr r..'at¿f ;{ãVr :;tecipírates r¡hicl: nì': i:Ìte:

e::traction and evaooration p¡:ocli:cecj a i>ror..;n pes,tf :.i., ^.ici . ',llte

crude ísotÌriazcie-3-;iLione \.ras ci;-ssoivecì ín nethl'1, jccl iie anci

af teilir.renty--'cui: ìlours a yc-r I oiv so-i icl t.:'as f i1'Le¡:::rì oiii ¿-.:-lci

rec-rysta j l:zeci f -¡on nit::onecÌiane.

2 -¡n e tin' l'- 3 -¡r e ihv I r-ir. -i-o - 5 -n lr env i- i sr o'; ìr ;. a z: o

Yield - 47i(: m. p . 1ó2-l-(r3 r.ritlr

Àna lys 1s l'oui'lC C , 37 "7 2 :. ':', 
,

C1.i'iizllS2I resulres C, 3li ;65: l'i.

Yiel.d - 237 .ln.p. 2L7-2L4 r¡iih cÌecomoo;*tÍcn

rn'n;i-lsis founci C, 45.1¡7: \:i, 3.42: li, 3.34:. S, 16.2i

C-.-..,1;SrI requires C, 46.50: li. 3.39: )1" 3.39: S.
ii/ i,i L ^

(659)

JV . LJ .



Reactj.on of 2-methvl*5-rrhenyl jsothiazol-i.trm pe::chlorate (65a) wi.th

acetophcnone

2-me thyl-5-phenyl

phenone (0.4 mi.. )

hours then cool.ecl

i ¡ ^ * - I nv ¡' - 1¡.rli r¡ra Ler rq¿ .

Reaction of. 2"5-dirrhenyl. isothi-azr:lium ne::chl.orate (65b) r,rith dlazo-

isothíazo1.í um perchlora te (0 . 9 g . ) ancl aceto-

r.¡ere ref lrrxerì irr ethanol (I2.5 m1.) for two

The crvstals f or:merl rvere forrncl to i.'¡e starË-

2,5-diphenyl lsothiazol.ium perchlorate (0.2 g. ) anci cl j azoaceto-

phenone (0.1 g) were mixecì , pvri cl ine (5 mi . ) was adrlecl anci

the mixture rnras hcaied over a flame unt.i.l, Lhe so.l.uti,on turned

reddísh. I\iater \ras aclcì e(i ancl the aqueous solLltí.on v/as extract-

ecl r¿itir benze¡e r+hiclì was c.lrÍec1 anri then removecl uncler recluced

pressure to leave a deep redclisir brown o11. Chromatographv

-*-.ì.......¡ Ã^--- r.--r- --^1r -. 1^r]_ess ancl Ìtrorrrn.t/r.9(l\¡LELr LUr¡L UdlrrlS - vgll.uv/1 uL¿titE,\:r L(¡l-u

I'iie yell.or'¡ ìrand prociuced a yel.l.o\{ oi1 vrith a smel-1 reminiscent

of a cinnamate wl-rich disappeai:eri on stanclíng for a r¡eek. The

infrareci spectrum of the oil in methylene chloricle had peaks

aE 2900,2e,40, \730, I650, 1610, 1590, 1590, 1540. 1500, 1315,

1205 , l.L7 5 , 1095 . 1020 ancl 867 cnrll Âf ter stancling f or a rveek,

the same peaks'ç¡ere still present except that the peaks \730-

1i75 cm-1 ancl 867 cm-1 1-ra.1 ßreatly dininished relative to the

peaks at 2900, 2840, 1095, ancl 1020 cmll

in triethvlarnine

acetonhcn.,nu60 in n.¡ri.<j jne.

49

The salt (0.5 g.) and diazoacetophenone (0

rvith trietliylamine (f 0 ml. ) to produce a

spectl:um of this oil shor,¡ed peaks at 3080,

.2 y-. ) v.rere heatecì

red oil. ;\.n ínfrared

3000, 2140, 1630 .



1605, 1585 , 1500, L47 5 , 1lr0C, 1380, L370 , 1110, 938. 81;0 . 87?. 
"

79!r, 7 69 , ancl 705 .n'. -i îire peait et 2IL0 crn. 
-1 

íncl íciitecl the

presence of unreactci di¿.:oa.ceiopìrenorLe. É.ciciition of r.rater

folior¡ed bI¡ ext-raction r¡ith bc-rrzene;:esu.i.t.eci in rire coil.ect1on

of a precioita.te ar the inierf ace of th.e ir.¡o l.avei:s " llhís

precioitate \./es founc'i to be unreactecl 2,5-d j.nhenyJ. :isoth-lazo.l-i¡in

Derchl-oTate.

in orrinol i.ne

The salt (0.4 p: ), i; :¿r::oaci-:co)l'icnon¿ (Û.2

(10 n:. ) rvcrc hcarcc.

ii:.:,-.¿rl :-a tel-v . Cocl-i¡-,q

tion. Àn inf raieci s,rectrun of ¿hi,' red sol.ution sl:oi;¡:cl cirat

c1ìazo¡-:cc,.oÐiìe-¡ione \./{-,s no -:..o;r.c-¡ i)feserìt. l)il.ilte t:.-.:lr .^¡chloric

50

{:c.-- \;'ts ¿r;il.ci ro a.le

le .".:r.ltc. Af lcr cìrvil'.1 ,

.r7,accìi-aô I rt¡¡¡ii¡r - ì..--at.tr
,r,.U.lr)ul u, .LU.rvIr¡: <l lrrVV,'l¡

biroi.tn oil siror.red tires;e DeâÌ(s:

-161.0, Lsf5, l-550,75-ia" i500. i

1i30. 1i55, it_05, i075, i030,

-15il c.l . - Ti"le red oi-i i'res rhcil

coiunn. Tire bands e¿De¿ii:ecl as in cLìe

oi-1 . An inflarer]

tiri:neci r:ecl

33CC, 30 j.C,

,"::^ '/.=f\
-¡ _.,rir r

r.00j, 9ú','.

ËRovu,N

CRA\JGi

Y ELLod( 7tt ù,-!axr,r'r')

ORANGE

ñl:D

PIN K

YE LLq¡/ ( gote, d-i![-')

L_.:_

Í-l r:o-.-¡s,^p¡i vol l.oi.r l:¡.^-...

a'c 3í¡60 . 29L0, 286A. i7

,5S0, i500, 1J.20. -_::,i,.

'./.: i-l an i j/. 1

395. 868 and E?2 c¡r.-j

910

e i uin i.na

i2lc,

UrIIU! rUe. /

ilac!

30



Tìre inf ;arecl spectr:um of tÌre red layer sitoi.¡ed pcra'ils af- 3f;50.

3590, 2390. 1730" L640, i610, 15Ii0" i525.,1500, L280, ]24A,

1060, I C30 anci 863 cn" -l (cìone in meihylene ciiio¡:ic1 e) .

i.n neth¡¡lelre chi oi:i.cle r,¡i,tir nrr:-ir:i.i-:c

Tlire salc (0.5 g. ) , cìiazoace:ophcrnone (0. i5

(0.20 g. ) r:rethf iene cilioricle (2C n,. . ) a'rli

v¡ere refl-uxecl for

had becone e -5roi..tn

ofÍ alri : <:i-.-^fl lo ;;

s :a::;.-,:. ::.ii:¿l:-::i. .

d ri.ell . : il¿ netii-y1ene cl:i.ori¡l c \.J¿rs

I , -,r¡i -o :' I -i¡rr-i i l¡.¡t-¡i ¡i -'rr.-) r.¡-i í-ì'ru\t v *-r.) G ¿-\isru \l/_r - ^\--.¡r\. / .: L ¿..

pi',enonc) . No oiirer pío¿luct coiil.ci

aì

5l

i; en z c._, _-1. e c e t a L e

q. ) sorli'.r,;l cari)cnate

p-v'ri(ij,rc (1 ni.)

rrls tc..l-L \\/.9J

(0.4 mi. ) i.rci:c:

fii¡-ecr-L ilorrrs.

isoiiri¿.zo.l i.u,l

r.rí¡s r.¡¡.: siiecl r,;,i- tir

'j icir-í à i;,:r¡-i:c a So1.j_d reS j_¿".ie, jjc;'lze'r-te cji.ssoir¡eci 1¡,,::.it of clre, ¡esr -rr<

*-,-^--'^ I -- ^--,{ -:-^^1.,ì-: ^^:.rLÉ!lcr!r :scvrrr¡{ d!¡ iir-)uf.ur*= .-ê.1 soL.ic1, lìcci'r's;t:,.;.;.'-.1;i ;:-.

e'il-icnoi, tlte solii r..'as l1g.rt -:¡'-ci..',-r in coi-our r.;:.tli :. :.-¿rl ti.nr.

roiirì- :-ânñe o'F 26,4-23OoC. l'he i;rf rarùo snectì:ì..iì ùi ;:. Þ s.': ^ 
'

in nujol in<licateci pealçs at 320C,3i00,3040, lír3i. jil0. jt30.

-. ' - ?. 1 1î -r 1?\5 . 11,7., I 1C0 I 1.ì <n 1^?^ '',t nrìn 75i ::rc ó7Ê cn. -I:'.'rl/) -JJJ, LLJJz LLlr? f,*.uVr;wJV, JVJVT IL,L,\rr

i:: ailcÍ cooiì to thcsc oi nu j oi . Tire siroi-lg peail et il 00 .o. -ì

ii':.iicaceci tire presence of a perchlorete salt. Ii r+as not stal:t-

1ng maieriai, r.rhicir :-ias a ne1ting point o: i9l-196oC.

t.r¡r'.e -Ìre sol-utíon

::enove,:1 uncle::

.. ,.' ]: i

c clrvL

.r:ie ci i n

> c i: c,i. ]. o'íe t ('

t.¡atcr i-ircrt

VE CULì¡ì C]:

¡r:o¡.¡l,acetaie (:1.0 g.) en,.i rvr:¡iiile

¡,i.-rci.:.j ¿rccÍjc ecicl (19 n.i.) for

l¡-l; :rn. \^ras riscci j.n t:eno.¡a1 of ;,,c

j,i (c1 i,azoaceto-

lrr,l



The benzene solutj.on \ras cili:onìetof:raplreC a¡ ¿l.r,rnina io nrociuce

thrce b¡.'.nds. The iirst h¿:.c1 no vl'-sib1e co1or" tÌle second r,¡as

yelioi+ ancr :ìle t.r:--¡<i wi,s ):c'irn. Tìic iirs: portion produccrl a

so1ícl :r. ir. r13-l15oC " r'¡1ti: a p1.ea,:an; oclo,:r-- . Cilci¡ j c¿i,1. and

el erleätai anai..1'sis siroiu'ei 'ciris compounci co be C..il,,IiO. acet-

---'li-1.-¿:rirills I

iìeaciion oi l.L

in.P

; _:

i,e ;-::c1,1¿¿ctic ¡c j.ci (0 . 04 g " ) r'rich soiiiiri iij. i);í) '¡ . ) in etÌranol

(¿r i,rl . ) l;as Ìlcacei r'¡i-Lit ci:e s¿rl.t (0.09 g " ) urrtil the solution

\1r.ts ì,oiioierleous, i'io procìuct ìir¿Ìs isoi.ate<.1 .

r: ¡o¡

.:,rire^:v.i.

f o::i¡e'rr:i.rìr:.

A:r iinä.ccl-,¿:,:e :;- ;o-.;,:

abso iute i inc¡hyi r o::,ra¡t

t::ietÌr"yiainile (0.4 iri" ) r'ri'rs ad<lcci . Tiie soi:-rtior', r,'ir.:j :.3Di cver-

niqÌit a t ¿ teîrìDcr¡iLli:c of -2CcC - Sci:r:i-sol-Ícl p¡':::lcr.¿rs ha,:l

-io:necl in iL-Le tiricii leci iiqu-i cl " ü'irc r;c l.iiricl r+as -¡ì-,i::l 1ef i

connec ì:eci iooseiy ':o i: lre v:ìcculÌì l-ine f or cr':o d avs to rrol. -rce

a cia::k ::ec1 mass. Sort¿ of ctre natcrial ¡l-i 5¡;¡11r36- in ¿c:re:: " rhe

,:enaiüi¿¡: \1,âs f ounci Lo i)e tri-e:hv1ar.li-¡iE '-':::chlo;laie. ilhc i:the;

l.Jâs ïs.,toved unde;: ;:c.ucc¡i l).f.esstli. è. -rc:.t'.- .. ' i r¿lc. )a.s:e :"'-rose

^i :-:1':-¡reri siìecf:ïu:ìr -il:letiryieae ci-ilorlci¿::.,¡,¡:¡.cl pea:':s at 2.3 10,

_1'¿siA, L66Ct, i580, iLiJ5, 14C0, 110C" 1C75, -:il-î, I c;',-. - TÌ'icì teaii
_1

ai i100 ci¡ .-'(sc--olrg) índicateC the irleseiìcê o,: e D¿rCiìlorate

---: ^É À ^^-.^iì j 9r-ate sait iS not usuaii\¡ soì.ibie i'n e:Ìrer.úl-!VlI. !1 ysl U¡tM o Lç JG¡ u Io !¡v

i. ít Cl

IOiliiìCú i.r'rc sai i (t, .(')í: F:. ) ancl

n-'i-rj(..'l-c; l-lri:l sttl-iiCi.on



Iì eac t Íon oÍ c r iphenvl-¡ne'cii-,,'i. p er c jì 1oi

prop-i-ene-3-ilrione (82e)

Tire p-ropenecirione (0.2 g. ) in acetone (10 rnl . ) rvas sti-rred rvith

a sJ-Íght e:.:cess of iripr:e¡.¡lniechyi pei:cìl.i.or:ate. îllc -;:.,c1 solrrEion

becanre .¡eJ,1or+ j.n a f ers -ninutes. DiluLion \rith ctilc.-r: ti-o(iiic¿cl

ye1lor.r crystals ei.p. f89oC. r.¡iicse n.n!.i:. SDectrum ¿lncl inas;s

Õñê^r-'-i1ir inrl-í r:¡r-ec tì're 'DieseI'cc cf s;er¡¿::ai eil-ie:: mol-ecul-esÞi çL Li

inco-rpora'iei Í:iic rllc

ac;J. co:.;- ..:'--'ni: : i.,:oi)

l-anif -i i-io-l , 3-riip^lei-ryi

Ànaiysis 'iounci C"

C¿0il3rüSCJ-0r, rcqi:i::es C,

^'._\7. 
-:, !

53

?:o¡- 1..-l:te*3-iiij.on¡ r.'i-';'¡ ¿-;ll;:rc;-1.

'i'l:e -'¿e.iio1.t per:chlo::al-e sai¿ (ii"¿; 3-) clissoivecl ìn

t.ras ireated gernti¡r ioi t\'Io I j-i:ilie s. Til¿ :-;cliiticil '":

beconie at cicep ::ecj cc-i..or: - O'i: coo Lng, i-¡rl:-r 'i--i';lo-- - ;

Dlto:r-r--.-::'le-l -: ilioì-ie ìi' D - 1 5 3o C . \''ra s ore-c'i n i ia i:' r'.i''

ila

i. -:.r n,l i- :i.no- i " 3 -<ì i .oir ony i ir-,'o il - 1 - ene- 3 -i:i.: i o:' ¡

ii-l:e tirione (1 g. ) anci acetvl ene dic¡lr')oi:.¡iate ( }l: . ) r':e::e

;¡f fi-i::ecl f or tr'¡en-l¡¡,'-i'ou:: Ìlou:s' t\ ilor ¡lon of the so'iu:ion i"'¿:'ç

i¡¿iì f:e¡ìoveci ancl ch:onatOgr:aphed cn al-u:;,ine in '!¿n::'''l-'e ' lll --r': 'rc'<:

rhione \fas present it reiaiivel.,z 1a:qe cuû;ìti tv , -r'. ';': 
-: io:: ::.ncl

ai-ì Or3;:ge band ,¡e::e COiiecreC toçreti'rcr. ììeno\,'al- o.i -.i3 So1\/e;it

'by ;educed i¡r:essu-rc fol.lorvei b-,' illin l-a.,'e-¡: chro.:.;.;¡ ::.1ìrr-

revealeci several clif ie;ent subs;ances. Tlie s;i:irsiaÌ1ce in the

r¡ icrae oicarbo:':.¡.1-ate

.--'ì,.

-!l i ::tg;t /f,

il r¡i I

r--l-y
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majòr band was lsolated. Peaks ln the lnfrared sPectrum occurted

at 3690, 361-0 , 2940, L740, 1620, 1600, 1580, 1535, l-500, 1380'

1300, LZ3O,1"130, 1075, 1060, 865 and 860 cm.-1 (Ln methylene

chLorlde). Tl-re mass spectrum of thls yelloqt sol1d, Í.P. around

B5oc., showéd the foLlor^rLng m/e peaks (followed by per cent

of peak helght relatl-ve to base peak helght. ) Peaks under 102

have been omltted' except for the flrst one'

398 (9 . O) , 3g7 (28 .2) , 396 (gI .7) , 39s (100) 366 (11 . 1) , 339 (1'2 .5) '

191(16.0), 164(1-1.1), L63(75.0), i 1.61 (17.4), 749(25'7), L2l(L5'3)'

l-11(10.0), 109(10.0), 1.05(25.0), 97 (]4.('), 95(14'6), 9l (24'3)'

ss(ls.3), 83(21.5), 82(10.0), 81(11.4), 77(36.8), 7l(L9,4),

69(22,2), 57(29.2), 5s(22.9), 45(1.6.7) , 44(rI.1), 43(31.3). 4l(15

41(15.3), 29(r3.2), 28(16.0)

The,remaÍnlng portlon of the solutlon was allowe<l to reflux

a further twenty-four hours. The solution was treatecl {n a man-

ner sfmflar to the ffrst, the maJor component belng lsol-ated

from the TLC plate. The substance \^7as a very thlck vellow llqutd'

The infrared spectrum of thls substance in methylene chlorlde

revealed the following peaks: 3020' 2960' 2925, 2860, 1970, 1760'

L748, 1735, 1725,l-705, L675,1665, 1610, 1590, 1550, 1545, 1530'

1515, L500, 1460, 1390, l-355, l-330, 1310, 1225,1205' 1170, L]-zo'

1100,1090, L075, l-035,1020,1015,1010,963 and 962 cm.-l

The n.m.r. spectrum of the flrst compound obtalned :the vello¡r

solld-consisted of two slnglets, óne ât "c=2.78 and the other at

t=6.27. The Il .t[.t. spectrum of the second substance was too com-

pllcated to be lnterpreted satlsfactorilv.
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