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UNCATALYZED INSERTION REACTION OF ISOCYANIDES INTO A CARBON-SULFUR BOND 
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swmvlry Tert-butylzsocyanide and tert-0ctyZieocyanzde insert znto the carbone-eutftcr bond 

of actzvated sulfuies 2 yiekizng thzoimidatee S which rearmnge to enamnes g. 

Isocyanldes are stable nucleophllic carbenes. They gave Insertion reactions into 

carbon-halogen bonds 192 or heteroatom-hydrogen bonds 133 . These last reactions can be cata- 

lyzed by groups IB and IIB metals and their salts, by acids or radical initiators '*3. some 

uncatalyzed a-addition reactions to N-S bond 
4 
, S-H bond 5 and S-Cl bond 6 are also known. 

In the present communication, we wish to report a new uncatalyzed formal insertion of iso- 

cyanide C atom into a carbon-sulfur bond activated by two electronegative groups. 

Sulfides gwere prepared by sulfenylation reaction of C%-cyanoester anions 1 with 

N-alkylthio or N-phenylthiosuccinirdes 7. The reaction of isocyanides J_ (R' = tert-Bu, 

R' = tert-BuCH2CMe2) with sulfides was carried out without solvent at room temperature 

(method A) or in refluxing acetonitrlle (method B), according to the reactivity of the sul- 

fides 2. The method A allows to Isolate most of the thlolmldates x with R2 given In ta- 
0 ble1 . Thioirmdates ,5A, except when R3 = Ph, are unstable ln solution. They rearrange at 

room temperature to give enarmnes $& (two isomers). In other cases (R* = aryl, PhCH2), 

the insertion reaction, slow at room temperature, reqmres a heating (method B) and yields 

the enarmnes 6B only (table II)8 - ThioiMdates 2, precursors of compounds 6B, probably very 

unstable, were not obtaned even through method A. 
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Table I - Thloirmdates 2 end enarmnes & (method A) 

R' R2 R3 
Reactlon 

Thloirmdates 2 Enarmnes 6A - 

time (hr)a m.p.("C) yields m.p.(°C)C yzld(%)(~+z)~ 

tert-Bu ph2c( cl Me 1-f 136 40 177 40 

tert-Bu Ph2C(‘3) Ph 112 130 84 

Ph2C(QJ) PhCH2 18 145 75 

d 

tert-Bu 192 6 

tert-Ott 48 108 

tert-Bu 

Ph2C(CN) Me 

0 

LLk 

CN Me 

0 

(PhCH2)2C(CN) Me 

113 

37 158, 12ae 50 

228 82 

tert-Bu 66 

tert-Bu Ph(Me)C(CN) Me 114 94g 45 

tert-Ott Ph(Et)C(CN) Me 72 125g 36 

156, 125e 

165 

118 

60 

10 

10 

a - Reactlon time corresponding to the complete conversion of the starting product 2 In 
the presence of 3 eqmv. of lsocyanlde. Yields of J& were optlmlzed. b - Isolated product 
yield. c - One purlfled Isomer (E or Z). d - The rearrangement 2 * 5 was not observed. 
e - Two purlfled Isomers. f - Observed by NMR. A pure compound was not obtalned. g - Only 
one dlastereoisomer was observed. 
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Table II - Ensrmnes 6B (method B) - 

R' 

tert-Bu 

tert-Bu 

tert-Bu 

R2 

pCl-C6H4 

PMeC6H4 

pMeOC6H4 

R3 

Me 

Me 

Me 

Reaction 
time (hrla 

Yield (b) (E+Z) m.p. ("C) 

7 94 114 b 

48 75 a 154, 81 c 

68 82 100 = 

tert-Bu 110 e 

tert-Bu PhCH2 Me 144 f 19 74 b 

tert-Bu Ph Ph 20 50 66-68 b 

tert-Bu PMeC6H4 PhCH2 22 90 130, 100 c 

tert-Ott PClC6H4 Me 6 40 88 b 

s - Reaction time corresponding to the complete conversion of the starting products. Isola- 
ted enarmnes yield. b - one purlfled isomer E or Z. c - two purlfled isomers. d - The anarm- 
ne 6 was formed along with the coupling product7(pMeC H 

nitromethan$.4 
C(CN)C02Me)2 (8 % ylela). 

e - rmxture of two isomers. f - solvent 

We suggest that the first step of the reaction occurs via the heterolytlc and rever- 

sible cleavage of the C-S bona of the sulfide giving an ion pair (C), according to the three 

following observatiok 

Pure thlolmlclate 2, R' = t-BuCH2CMe2, R2 = Ph2C(CN), R3 = Me was dissolved in 

CDC13 at room temperature. After 23 hr, NMR spectra of the solution showed the formatlon of 

a rmxture of two isomers 6A snd a small quantity of the starting sulfide 2. - 

When the reaction of tert-butyllsocyanlde with a pure dlastereolsomer & 

R2 = Ph(Me)C(CN), R3 = Me, was stopped before the total conversion of the sulfide, we obser- 

ved the formation of one dlastereolsomer 2 and a mixture (60 40) of two dlastereolsomers 2. 

This eplmerlzatlon of the sulflcle 1s In agreement with the reversible formation of the ion 

pwr C. 

Treatment of 2, R2 = Ph2C(cN), R3 = Me, with tert-butyllsocyanlde at room temperatu- 

re in the presence of N-methylsnlllne (excess) ylelded cyanoester I(70 %) and isothlourea 

8 
10 

(one isomer, 83 %). This result 1s in agreement with the trapping of anion 3 and nltri- 

llum cation 3 (ion pair C) by the N-methylsnlllne. 
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CO Me 
I 2 

Ph C--F-sMe + 2l 
ted- &NC 

PhNlfM. 
> Ph$-C-H + tert-BuU*N=C 

,SMe 

CN CN LN :N 
\ 

N-Ph 
I 

7 8 Me 

We have shown that the isocyanlde C atom can Insert into some S-C bonds glvlng 

thioirmdates which have been assuming much importance as lntermetiates in organic synthe- 
9 

SlS . However, the reaction 1s restrlcted to electrophilic sulfides with good llvlng group. 

For example, sulfides 2 and 10 do not react with isocyanides. Reactions of the sulfides 2 - 

with isocyanides that carry 811 a-hydrogen atom and the mechanism of the transposition 

I-+ 6 are under investigation. 

Me-CO-CH(Ph)SPh Ph-C(Me)(CN)-SMe 

9 10 
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