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Abstract. Interaction of zwitter-ions 1 with arylisocyanates (a-c) and phenylisothiocyanate leads 
to the stable zwitter-ions 3(a-¢) and 4 which probably represent rearrangement products of the 
initially formed adducts 2. The molecular structure of compounds 4 was confirmed by X-ray 
diffraction study. The formation of zwitter-ions 3 and 4 is a result of the insertion of 
iso(thio)cyanate~ into the C-C bond of the starting zwiner-ion 1, under the action of the 
positively charged phosphorus atom (intramolecular electrophilic catalysis). 
© 1997 Elsevier Science Ltd. 

Quite a lot o f  the insertion reactions of  isocyanates into carbon-element and element-element 

bonds, have been documented,  whereas the insertion reactions of  iso(thio)cyanates into the C-C bond 

were to our knowledge as yet unknown. 

We have shown that zwitter-ion 12 reacts with isocyanates (a-e) under mild conditions (r.t., 

solution in acetonitrile) and forms stable insertion products 3(a-e)3 with the yields of  80-90%, Scheme 1. 

i - P r 3 P + - C H 2 - C ( C N ) - C O O E t ( 1 )  + A r - N = C = O  . . . . . .  > 

Ar = Ph(a), l-Nf(b), p-CIC6H4(e), m, p-2CIC6H3(d), p-OzNC6H4(e) 

. . . . . .  > [ i - P r 3 P + - C H 2 - C ( C N ) - ( C O O E t ) - C ( O ) - N - - A r ]  (2)  . . . . . .  > 

. . . . . .  > i - P r 3 P + - C H 2 - C - ( C N ) - C ( O ) - N ( A r ) - C O O E t  (3)  

Scheme 1 

The structure of  products 3 follows from the N M R  0H,  13C, 31p), IR spectra and elemental 

analysis data. Fo r  all the compounds  3(a-e) analyses on C, H, N,  P, CI were satisfactory. 

The negative charge in 3 is not  stabilized by the shift of  a proton to anionic carbon as its basicity 

is significantly reduced because of  the delocalization of  the charge; the high degree of  the delocalization 

was confirmed by the IR  data,. 
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The molecular structures of compounds 3f and 3g were established earlier2.5 by X-ray diffraction 

studies. The X-ray results confirmed the structure of compounds 3f-g but the place of insertion of the 

isocyanate moiety in 3f-g could not be determined. 

A I k 3 P + - C H 2 - C - ( C N ) - C ( O ) - N R - C ( O ) - O E t ,  A I k 3 P + - C H 2 - C - ( C N ) - C ( O ) - N R - C ( O ) - O E t  

A B 

3f(Alk = n-Pr, R = Ph), 3g (Alk = i-Pr, R = Me) 

The position of RNCO in compounds 3 is of primary importance as the formation of structure A 

is the result of migration of the COOEt substituent from carbon to the nitrogen atom in the 

intermediate 2; structure B is produced by the shift of the OEt group to the carbon atom of the inserted 

isocyanate. The first case corresponds to the insertion reaction of RNCO into the C-C bond of zwitter- 

ion 1, the second one reflects the insertion reaction of RNCO into the C-OEt bond of starting 1. 

We could find the place of insertion using phenylisothiocyanate (Scheme 2). The latter reacts with 

the zwitter-ion 1 under more severe conditions 6 and affords zwitter-ion 4, the structure of which was 

determined by IR, NMR spectra 7 as well as the X-ray diffraction studys. 

i -P r3P÷-CH2-C- (CN)-COOEt  + P h N C S  . . . .  > i - P r 3 P ÷ - C H 2 - C - ( C N ) - C ( S ) - N P h - C O O E t  

4 

Scheme 2 
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Figure 1. The structure of compound 4 in crystal 

(one of the three independent molecules is shown). 

The molecular structure of compound 4 is shown in Fig.I. Details will be published elsewhere 8. 

The main conclusion based on IR and the X-ray diffraction studies indicates that PhNCS is inserted 
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into the C-C bond of the starting zwitter-ion 1. As it is well known that the reactivities of isocyanates 

and isothiocyanates towards carbanions are similar, it is logical to state that the Schemes 1 and 2 show 

the new type of  insertion reactions of  iso(thio)cyanates, viz. the insertion reaction into the C-C bond. 

One may assume that the rearrangement of the initially formed adduct 2 into more stable zwitter- 

ion 3 is promoted by the positively charged phosphorus atom which facilitates nucleophilic attack of the 

N-anion at the carboxylic group (intramolecular electrophilic catalysis) 9. 
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