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Abstract - Isothiazolium salts were allowed to react with a 
number of nitrogen nucleophiles including ammonia, hydrazine 
phenylhydracine, hydroxylamine, and benzylamine. The products 
obtained suggest that the position of initial nucleophilic 
attack is at the sulphur atom of the heterocyclic cation. 

The nucleophilic attack on iaothiazolium salts has been the subject of COntrO- 

versy for some time. The earlier works interpreted these reactions as taking 

place via an initial attack at carbon atom 3 of the heterocyclic cation le3. We 

have demonstrated later, that the reaction with sulphur af: 711 as carbon 

nucleophiles, does in fact take place on the ring sulphur - . Sykes and 

Ullah 7 reported similar results with sulphur nucleophiles. On the other hand, 

they proposed carbons 3 and 5 as the preferential sites of attack of nitrogen 

nucleophilic reagents. Contrary to both inductive end coulombic considerations, 

some products seems to result from attack at carbon 5 as the favourite reaction 

site, some have been obtained from attack at the most hindered carbon atom. 

In this work we wish to report some of our results on the nucleophilic 

reactions of isothiazolium salts with several nitrogen nucleophiles which would 

provide evidence on the initial site of nucleophilic attack 

Treatment of isothiacolium salts I with ethanolic ammonia yielded the corres- 

ponding substituted isothiazoles II as previously reported 3'7. However the 

isothiacoles obtained from unsymmetrically substituted cations were of mecha- 

nistic value. The reaction with 2,3-diphenyl or with 2-methyl-j-phenylisothia- 

zolium salts Ib and I, gave 3-phenyl-isothiazole II, as the sole identified 

heterocyclic product. Similarly, 2-methyl-3-phenyl-+methylthioisothiazolium 

salt I, afforded 3-phenyl-5-methylthioisothiazole IIb. On the other hand, 

2-methyl-3-methylthio-+phenylisothiazolium salt Id afforded 3-methylamino-+ 

phenylisothiazole II,. 

Formation of isothiasoles from these reactions may be rationalized by nucleo- 

philic attack on either carbon 3 or the ring sulphur atom, except the last case 
where formation of II, could only be explained by initial attack on the sulphur 

atom. In all cases recyclization to isothiaaole is accompanied by loss of mine. 

In the case of Id, however methanethiolate anion, a better leaving group, is lost 

instead with the formation of isothiacole 11, (Scheme 1). Nucleophilic attack on 

carbon would certainly be favored at J-position by inductive and coulombic con- 

siderations a . Moreover had nucleophilic attack of smmonia taken place on c-5, 
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substituted pyrazoles would have been expected, 

I 

as R1=H, R2=Ph, R3=Me, X=ClO 

bt Rx-H, R2=R3*Ph, X~~l~~ 

ct R1=SMe, R2-Ph, R3=let X=C104 

ds RpPh, R2=SMe, R3rlYfe, X=1 

II 

ar R1=W, R2=Ph 

br Rl=SMe, R2=Ph 

cx R1=Ph, R2=~~~ 

(Scheme 13 

Phenylhydrazine reacted with unsymmetrical isothiazolium salts E to give pyra- 

soles III, 2-lethyl-j-PhenyLiaothiazolfum salt I, afforded a rn~xt~~ of 1,3-diphe- 

~~~py~&~o~e IIf, and 1,~.d~phenylpyra~ol~ fIIb" with relative ratfo (ilirl), The 

reaction with 2-methyl-3-phenylisothiazolium salt 1, gave only one pyrazole, the 

1,5-diphenylpyrazole ffXb* Similarly I, afforded the l,+diphenyl.-J-methylthio- 

pyrazole III,, 1,3-Diphenyl-3-methylaminopyraeole l[IPd was the only pyrazole 

obtained from the reaction of ~8Oth~a~O~i~ salt Id, 

or product in the reaction of X, ~~~~# ta result fsm ~r~~~~~~ti~ 

attack on the ring sulphur atom (path 8 in scheme 2). On the obther hand the 

minor product could ha8 been resulted frum attack on the subsidiary reaction site, 

the sterically unhindered carbon 3 (path b). Formation of the pyrazole mixture 

from compound fe could not be explained by two competing reactions on Cg and C5, 

since in this case the major product woULd have been derived from the initial 

attack on the sterically hindered carbon atom. 

ar 

c: 

dr 

er 

I - XII 

R1=H, R2=Ph, R3=He, X=CIO1) 81 R1=Phl R2=H 

R*=SMe, RZ=Ph, R3=Ye,X=C104 ba Rl=H, R2=Ph 

Rl-Ph, R2=SMe, R3=Ye, X=1 CI Rl=SWe, R2=Ph 

R1=Ph' R2=H, Rqscle, X=C104 dr Rl=Ph, R2=NHWe 

It is difficult to expkiin the formatian of IIId on the basis of initial 

nucleophilic attack at C-3 or C-5, but simple in term8 of initial attack on the 

ring sulphur atom (path a), Similarly, fowation of TIIb and XXI, seems to re8ult 
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initial attack on the ring ~~~p~u~ atom. The 
to result frQD 

ost ~rub~b~y ZWEU.- 



Accordingly, 4-phenylisothiazolir salt fg and 44olylisothiasolium slalt Ih 

were treated with ~%~~y~~~~e under similar ~~~d~tion~ to yield m acycl3_c thio~~ 

of structure VII. 

Ig. R=Ph 
VT1 a* R=Ph 

h.R=p.tol b. R=pCtol 

Isothi&~~~i~ salts with ~ub~t~tue~t~ on Car an 3 or j or both afforded 8 mixture 

of acyclic thiones whew treated with 1 equiv, of be~~~~~~ne. In each ca8e a 

mixture of two thiones was obtained; a methylaminothione of structure VII, as well 

as a benzylaminothione of structure VIII. Only the beneylaminothione VIII was 

obtained when threefuld excess of b~~2yl~~~a was used, ~~weve~~ the throne VIII 

does not appear to be derived from VIL since prolonged treatment of the latter 

with benzylamine failed to afford VIII. 

I a: Rl=H, R2=Ph 

er Rl=Ph,R2=H 

c t Rl=sMe, RfFh 

a: Rl=H, R2=Ph 

br Rl=Ph,R2=# 

c e Rp=SMe ,R2=Ph 

VII 
CI Rl=H, R2=Ph 

dr Rl=Ph,R2=H 

8% RI=Sm, R2=Ph. 

In the reaction with 2-methyl-3-methylthia-j-phenyl iodide Id , the J-methyl- 

~~~o~3~rnethylth~o-l-phe~y~~rope~e~l~thione V~Ifwas obtained, Howevert the other 

product was not a b~~~yl~~~ot~io~~~ but wa8 the 2-benzyl-3-methylim~~o-j-phenyL_ 

ksothiazoline IX, 

Id IX VIIf 

The retention of the ~~~~b8titu~~t in the acyclic dianil VI, 

the initf attack of ben~y~ ine doea rrot take place on carbon 

d~mon~tr~t~ that 

34 In the same 

time retention of the thio group in the acyclic products VIZ and VISI indicates 

that carbon 5 is not the site of initial attack even when it is unaubstituted. 11 

is most ~~babl~ that the three acyclic products Vf, VfI, and VIII arise fmm a 

logon intermediate X formed from 811 initial attack on the ring aulphur. 

In the absence of phenyl substituents, intermediale X may undergo further 

attack by another molecule of benzyl.amine on the ene-imine function to give the 

dianil VI, On the other hand a phenyl or tolyl groub at R2 in X facilitates the 

loss of the benzylamine group and formation of the thione VII, by its stabilizing 

conjugative effeot with the forming thio group, The presence of methylthfo group 

at C-3 render the imine function in the intermediate X, mare susceptible to 
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tion of the isathiazoline derivative IX. Finally, 

R3 (or both) of the ~~t%~%d~at% X ~a~~~~tat~e the 

with ~~t~~~ mo~%~ul% of b%~~Yl in% to afford the 

VII (Scheme 4). 

a phenyl substituent at Rl or 

~%~~t~o~ of the fmins f~~t~~~ 

acyclic thione VIII* as well as 

All m%lt~n~ point8 were taken cm a ~~%~%~-~~~% %~ti~ paint ~~p~~t~~ and 
are uncorract ed, tra were measured with a U icam S.P 20 6, and U.V, 
spectra with a Pe er 554 r@~o~d~~ ~~~~t~o~~otomet~r* P H-NMR 
obtained on a Varizm 56/60 

spectra were 
A. 

the cal,culat%d values, 
Unlass indicated C, W;, N antiyais w%ra + O,4 $ af 

an 
Center‘ 

wer% ~%rf~~%d by Cairo University Micor-analytical 

REACTIONS OF IS~~XA~LI~ SAZTS Wf!PH CONGA: 

(A) 2n~et~~~3-~h~~yl~~ 

(B) 2,3=Diph enylieathiacolium parchlorate Ix8 

snt of fb (169 mg, 0.5 nmol) affurdsd 3-ph%nylieothiatol%2~~ $1. 

feS ~%t~l-~-~h~~y~ -5 -m%thylthlairrotfiiaeoliunr ~~r~h~o~at~ f,r 

Tr~~~%~t of Ic (soo mg, 1.56 
afforded ~-rn~thy~th~o-3-ph%~yli~o 

onia under the above canditiuns 

dimsthy s~~~h~t~ (1 ml> at lOO* for 1 h . 
h was ~ky~~t~d by ~~at~n~ with 

The mixture then was treated with 
%th%r and the ~~e~ipit%t% diss lvad in acetic 
ric acid (UC5 ml) to afford Xc 

acid and treated wrlth 70 JG parohlcr- 



1890 M. E. HASSAN et al. 

(D) 2-Methyl-3-methylthio-5-phenylisothiazolium iodide Id' 

Treatment of I (500 mg, 1.56 mmol) with ammonia under the same conditions 
afforded 3-methyl&no-5-phenylisothiazole II C, 
benzene-pet. 

which was recrystallised from 

Hl6 3.00 
ether as pale yellow prisms m.p. 88-90°C.(53% yield) h max 265, NMR 

(3H doublet, J=l.O Hz, the N-Me); 4.81 (lH broad, the NH proton), 6.70 
(1H singlet, the isothiazole C4 proton), 

63.70; H, 4.93; N, 2 

7.3-7.7 (5H bsnds,Sthf6a;;mat~;i.c$cns). 
Analysis for ClOHlON S Calc: C, 63.15; H, 5.26; N, 14.74; , . . , 

1 .37; S, 17.27. 

REACTIONS OF ISOTHIAZOLIUM SALTS WITH PHENYLHYDRAZINE I 

(A) 2-Methyl-3-phenylisothiazolium perchlorate I,, 

Phenylhydrazine (108 mg, 1 1) i 15 ml than01 was added dro wise to a 
stirred solution of Ia (275 rngy1" mmo?) in lgeml ethanol. After 2 ! h the solvent 
was removed under vacuum, and the residue extracted with chloroform. T.L.C.(silica; 
toluene-chloroform 10 46) afforded 1,5-diphenylpyrazole9 (110 mg, 48%). 

(B) 2-Methyl-5-phenylisothiazolium perchlorate Ie: 

Similar treatment of Ie afforded 1,5-diphenylpyrazoley (25 mg, 11.4 %) and 1,3- 
diphenylpyrazole9 (95 mg, 43 %). 

(C) 2-Methyl-3-phenyl-5-methylthioisothiazolium perchlorate Ic: 

Similar treatment of Ic (321 mg, lmmol) 
pyrazole IIIc, (125 mg, 47%) m.p. 153 *C. 

afforded 1,5-diphenyl-3-methylthio- 

H, 5.26: N, 10.52; S, 12.03. 
Analysis for Cl6Hl4N2S Calc. C,72.18; 

Found C, 72.61; H, 5.82; N, 10.19; S, 11.49. 

(D) 2-Methyl-3-methylthio-5-phenylisothiazolium iodid I,: 

Under the same conditions, Id(321 mg, 1 mmol) affordtd 1,3-diphenyl-5-methyl- 
aminopyrazole IIId (92 mg, 37%) m.p. 160~~. Analysis for Cl6Hl5N3 Calc. C,77.11; 
H, 6.02; N, 16.87. Found C, 76.85; H, 6.47; N, 17.12. 

REACTIONS OF ISOTHIAZOLIDM SALTS WITH HYDROXYLAMINEI 

(A) 2-Methyl-3-phenylisothiazolium perchlorate I,: 

An ethanolic solution of hydroxylamine prepared from h droxylamine hydrochloride 
(0.695 gm 10 mmol) and ethanolic sodium ethoxide (10 mmol T in 50 ml ethanol, was 
added dropwise to a stirred solution of I (275 mg, 1 mmol) in ethanol (20 ml). The 
mixture was refluxed for ti h and then s&red for an additional 2 h at room temp. 
Dilution with ether, removal of the inorganic material by filtration, and subse- 
quent evaporation of the solvent yielded ayyellow oil. 
chloroform 5%) 

T.L.C. (Silica, toluene- 
affor ed 5-phenylisoxazole 

N-oxide (54 mg, 30%) 4 
(15 mg, 10%) and 3-phenylisothiazole 

. 
(B) 2-Methyl-5-phenylisothiazolium perchlorate I,: 

Similer treatment of Ie afforded 3-phenylisoxazole (21 mg, 14.5 %) 
isoxazole ( 5 mg, 3.5 5%) and 5-phenylisothiazole N-oxide (64 mg, 36 %!. 

5-phenyl- 

REACTIONS OF ISOTHIAZOLIUM SALTS WITH BENZYLAMINE: 

(A) 2-Methyl-4-phenylisothiazolium perchlorate I I 

Benzylamine (214 mg, 2.0 mmol) was added to an ethanolic solution (50 ml) of 
Ig (500 mg, 1.8 mmol) and the mixture was refluxed for 4 h. Removal of the sol- 
vent and T.L.C. (silica,toluene-chloroform 10 %) afforded one major band of 3- 
methylamino-2-phenylpropene-1-thione VIIa. Oxidation of VIIa by treatment with 
ethanolic iodine solution afforded Ig(51 46 yield). 

(B) 2-Methyl-4-p.tolylisothiazolium perchlorate Iht 

Similar treatment of Ih (500 mg, 1.73 mmol) afforded 3-methylamino-2-p.tolyl- 
propene-1-thione VIIb, which upon similar oxidation afforded Ih (55% yield). 

(C) 2-Methyl-3-phenylizothiazolium perchlorate I,: 

Treatment of I under similar conditions afforded a mixture of 3-benzylamino-3- 
phenylpropene-l-&one VIII 
thione VIIc (18%). 

a (265 yield)7, and 3-methylamino-3-phenylpropene-l- 
Both were oxidized to the corresponding isothiazolium salts. 

Repeating the reaction with a threefold excess of benzylamine gave 3-benzyla- 
mino-3-phenylpropene-1-thione VIII, (399% yield). Treatment of VII with a twofold 
excess of benzylsmine and reflux for 8 h yielded only unchanged ma erial. F 

(D) 2-Methyl-5-phenylisothiazolium perchlorate Ie: 

Similar treatment Of Ie (500 mg, 1.8 mmO1) afforded VIIIb (23% yield) and VIId 
(20% yield). Both were oxidized to the corresponding isothiazolium salts. 

(E) 2-Methyl-3-phenyl-5-methylthioisothiazolium perchlorate Ic: 

Similarly Ic (321 mg, 1 mmol) afforded VIIIc (24% yield), and VII,(l7% yield). 
Both afforded the corresponding isothiazolium salt when subjected to iodine oxida- 
tion as above. 
(F) 2-Methyl-3-methylthio-5-phenylisothiazolium perchlorate Idl 

The reaction, performed as above, gave VIIf (12 yield and 2-benzyl-3-methyl- 
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imino-+phenylisothiaeoline IX, m.p. 
N-methyl), 5.78 (2H.s., 

llo°C (i!o$ yield)lH-NHR (CD+) 6 3.6 (3H,s., 

s.# aromatic protons). 
PhCH2 ), 7.1-7.48 (5H bands, aromatic Protons), 7.61 (5H, 
Analysis for C17Hl6N2S talc. C,72.86; H,5.71; N, 10.00 . 

Found C, 72.51; H, 5.94; N, 9.73. 
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