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The Reaction of N-Sulfonyl Sulfilimine with Cyanide Ion in DMSO
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Recently we reported that N-sulfonyl sulfilimines having a-protons
react with DdSO or diethyl sulfoxide at elevated temperature giving

1) The mechanism of the

ungymmetric disulfides in substantial yields.
above reaction is postulated to involve the initial formation of an
egquilibrium mixture of ylide and ylene followed by the nucleophilic

attack by sulfoxide oxygen.
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1f the reaction proceeds by way of the above mechanism the addition

of cyanide ion, a good carbon nucleophile, is expected to give a-cyano-
sulfide, When N-sulfonyl sulfilimines were actually heated with

sodium or potassium cyenide in DMSO or DMF, the major product was

the original sulfide instead of a-cyanosulfide. Besides cyanide ion
thiophenol, thiophenolate anion, triphenyl phosphine and thiocyanate
anion were also found to resct with sulfilimines giving rise to the
corresponding sulfides nearly in quantitative yields. In this communi-

cation, we wish to report this new reduction of N-sulfonyl sulfilimine
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with nucleophnilic reagents and discuss its mechanism.

The reaction was carried out by heating a mixture of sulfilimine
and metal cyanide in DMSO or DuF at various temperatures for 12 hrs.
After the reaction, the reaction mixture was poured into water., The
products were isolated and identified by comparing their IR, Nk and
GLC bpenhaviors with those of the authentic compounds separately prepared.
The results and reaction conditions are summarized in Table 1.

The results reveal thet the yield of the sulfide depends very
much on the structure of the sulfilimine. Diphenyl sulfilimine does
not react and is completly recovered even after heating at high
temperature for a prolonged period. Aryl methyl or aryl benzyl
sulfilimine gives the corresponding sulfide quantitatively, however,
the yield decreases in tne case of dimethyl or dibenzyl sulfilimine
and byproducts such as nitrile and aldehyde are formed substantially.
Meanwhile, N-tosyl urea was found among the products and identified by
comparing it with the authentic sample, prepared from urea and toluene

sulfonamide with sodium hydroxide.Z)

The product analysis indicates
that the reaction is likely to proceed through the initial attack of
cyanide anion on the sulrinyl sulfur atom., In the subsequent step the
substitution orf tosylamide group on the cyano carboun atom 1is considered
to take place to give the final products, i.e., the sulfide and N-tosyl
cyanamide. The latter product is then hydrolyzed to N-tosylurea.

fhe above reaction route which involves the initial attack by cyanide
ion on the sulfur atom, seems to be supported by the following
observations ; 1) HN-Sulfonyl sulfilimine reacts with various nucleo-
philes such as PhS~, PhBP and ~SCN similarly all giving the sulfide

as shown in Table L., 2) The kinetic study was carried out using

a few N-tosyl-p-substituted vhenyl methyl sulfilimines. <T[he results
indicate that the reaction can be correlated by the ususl 2nd order

kinetic egquation i.e., Rate=k2[su1filiminelf%N], namely, first order

dependence on both the sulfilimine and cyanide icn respectively.
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Table 1 The Reaction of N-Sulfonyl Sulfilimine with ~CN
and Other Nucleophiles

R.E-R'

®5rs Reaction Condition Products and Yield (%)
R R’ Temp, Time Sulfige Other Products

(°c) (hr) R-S-H
Cellcs cuja) 100 1 )95 TeNH,(8), TeNHCONH, (47)
P-CH,CcH,, CH, 100 1 295 TsNHCONH,,
p-C1C H,, CH, 70 3 )95
p-N0206H4, CH3 70 3 73
p-CH3006H4, ca3 ) 70 3 295
_ ~ 4 A i

CeHCHy, Cohig r.t. 3 295 ©sNHCONH, (31)

" " 100 3 )95 La8H, (52)
csuscue, 06H50H2 60 1 57 CGHSCHO(SG), 06H5CHZCN(41)
CHy, cﬁ3 100 2 49 TsNHCONH,,
i-Pr, i-pr>) 100 2 3 CH30h=CH2,((CH3)20HS)2(37)

‘(CHg)q'4) 100 2 trace recovered(94)

-(Cﬁz)s— 100 2 16 recovered(65)
Cgligs Cé}i,5 100 4 0 recovered 095)

" " 180 24 0 " (Bl )
CeoCH, &Ts )gc 6H5 + 100 2 295 PnSSPh, Telid,
PnSia

"+ PaSd 100 2 )95 Pn3sPn(90) TeNid,

" + KSCH 100 2 94

" | C) "

+ Pn,P 100 2 )95 Po,Pi7s(92)

The mole ratio ; sulfilimine / Nucleophiles excent Ph,.P =1/3

3
a)Solvents used were both DiSO and DidF,

b)Methanol was used as a solvent, The products were an original sulfide

and p-TsNdz. A lower boiling product detected by G.L.C. was probably

CH3OCN.

¢)The mole ratio ; sulfilimine / Pn,P=1
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As a8 typical example, the observed value of 11:2 for ((361-{,5§(?1T.s)01-13 +
©N in DMSO at 70°C) is 0.98 x 10”4 1 mole™’ sec™ and the activation
parameters are AH’=22. 3Kca1/mol, AS*=-—7.3 e,u, respectively while
the Hammett p value is +0,92.

Apparently all these results indicate that the reaction proceeds
through the typical Sn2 reaction mechanism on the sulfur atom involving
the rate determining nucleophilic attack by cyanide ion on the sulfur

atom, Thus the whole scheme of the reaction may be illustrated as

shown below, )
DASO ¢y
® o . |
R=—8S—R + CN —h R-——-§—-—-R
slow !
Ts NTs
CN H,0

2

R— k—R ONpg ——= R— S——R + TenCN ———= TsNHCONH,,

The reaction is quite interesting, since it is not only a new reduction

metnod of sulfilimine but also impling that the sulfilimine can serve

as another useful compound to study the nature of the substitution
reaction on the sulfur aton,
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3) 1In this case, Ei reaction is favored over the substitution reaction,

4) Wnen cyclic sulfilimines are heated into DMSO, decomposition takes
place. Therefore the best result is obtained at 100°C, The thermal
decomposition of cyelic sulfilimines will be reported soon.

5) An alternative pathway, namely the initial attack of cyanide anion
on the nitrogen atom of sulfilimine forming both sulfide and
H-tosyl cyanide s2ems to be ruled out since in the case of 6 and 7
membered sulfilimines, the former compound was hydrolyzed 100 times
slower than the latter. The Sn2 type reaction on the sulfur atom

of the ring S-compound will be published by S, Oase and S. Tamagaki.
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