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REACTION OF ISONITRILE WITH NITROALKENE’ 
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Abstrti-The novel reaction of isonitrile (2) with nitroalkene (1) to produce isocyanate and a-cyano- 
a-substituted acetamide (3) is described. This involves the oxidation of 2 with 1. In the reaction of lb 
and 2b. the primary product 3bb further reacted with lb to give the Michael adduct 4bb. 

IN THE reaction of isonittile with nitro compounds, we found the abstraction of 
oxygen from nitrogen oxides by isonitrile producing isocyanate and molecular 
nitrogen.’ We now report a new reaction of isonitrile with nitroalkene, such as 
1-nitropropene (la) and o-nitrostyrcne (lb), both of which have a hydrogen attached 
to the carbon atom and to the nitro group. The new reaction also involves the 
oxidation of isonitrile. 

RESULTS AND DISCUSSION 

Isonitrile reacts with nitroalkene to produce isocyanate and a-cyano-a-substi- 
tuted acetamide (3) as shown by the following Eq I. 

H 

RCH=CHNOI + 2R’-NC -+ R’--NC0 + R-C-_CONHR’ (1) 

kN 

la: R-CHJ 28 R’=t-Bu 3 

lb: R=C,H5 2b: R’= 0 H 

The product (3) has an acidic hydrogen and reacts further with nitroalkene to form 
a-cyano-a$disubstituted y-nitrobutyramide (4) in a mode of the Michael reaction. 

H R--CHXH,NO, 

I I 
R---C-CONHR’ f RCH=CHNOI d RX--CONHR’ (2) 

I I 
CN CN 

3 1 4 

Some results are shown in Table 1. 
In the reactions of 1-nitropropene, no Michael addition products were detected 

under the conditions given in Table 1. On the other hand, o-nitrostyrene gave 
two products, 3 and 4. Reaction of equimolar amounts of ‘lb and ‘2b produced 
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TABLE I. REAC~ON OF NITROALKENE WITH LSOIWRILE 

R of 

RCH==CHNO, R’ ;‘m”nl;sr,” 

(mmoi) 

Solvent 

(ml) 

Reaction 

conditions 

(“) (hr) 

Product (mmol) 

CH3 (Ia) t-Bu @a) 

200 400 

CH, (14 

100 

C,H, (lb) 

200 

- 

0 H @b) WL, 

200 3.0 

0 H (2b) 

300 

0 H (2b) 

200 

&H&H, 

100 

C,H,CH, 

100 

60 3 t-BUNCO 

3aa (R=CH,, R’=t-Bu) 

60 3 o- H -NC0 

3ab (R==CH,, R’= H I 0 
loo 5 NC@ 

%b (R==CsH,,R’= H ) 0 
4bb (R=C,HS,R’= H ) 0 06 

100 8 
o- 

H NCW 

4bb (R==C,H,, R’= H 0 ) 

107 

11.0 

7.0 

7.3 

3.4 

2.8 

62 

5.8 

a Isolated as N,N’-dicyclohexylurea. 

exclusively the Michael addition product. The following scheme may be taken to 
explain the formation of 3. The first step of the reaction is probably the nucleophilic 
attack of isonitrile on the P-carbon atom of 1 to form the 1Jdipolar type intermediate 
(A), since it has been known that the nucleophilicity is the genera1 feature of isonitrile 
reactions.3 The intermediate (A) will be converted into an unstable ring intermediate 

RCH=CHNO* + R’NC Z 
RCH-ZHNO, - RCHCH=N 

I 
R’N=C+ 

(A) 

(B) 
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R’N=C--OH 

I 

/ 

CkN40 

/ 
RCH 

\ 
c--o 

/ 

R’NH 

I 
R’NC 

R’NHCCHCN + R’NCO 

zt 

3 

(B), whose ring opening reaction gives rise to the_nitrile oxide species (E) through (C) 
and (D). The deoxidation of(E) with the second molecule of isonitrile will give the 
product 3. In this step, the second isonitrile molecule is converted into the corre- 
sponding isocyanate. The deoxidation of nitrile oxide by isonitrile has been estab- 
lished4 

The Michael addition of 3 to nitroalkene may have been catalyzed by isonitrile 
which has base character. In a separate experimen4 the Michael addition of this com- 
bination was smoothly carried out in the presence of triethylamine catalyst, i.e., a 
mixture of 10 mmol of 3bb and 15 mmol of lb catalyzed by 1 mm01 of triethylamine 
in toluene at 60” for 05 hr, gavebbb quantitatively. 

EXPERIMENTAL 

Materials. I-Nitropropene (la) was prepared by dehydration of 2-nitroisopropyl alcohol’ with phthalic 
anhydride at reduced pressure.6 

o-Nitrostyrene (lb) was prepared’ by dehydration of benxaldehyde and nitromethane with alkali, 

mp. 57”. t-Butyl and cyclohexyl isocyanides were prepared according to Ugi et al.’ 

Reaction o/ I-nitropropene (la) and t-bury/ isocyanide (2a). A mixture of la (1.74 g: 20 mmol) and 20 

(332 g; 40 mmol) was heated at 60” for 3 hr. After the reaction, t-butyl isocyanate (0% g; 8 7 mmol) 
was trap@ by distillation at reduced pressure., and its structure was determined by comparing its IR 
spectrum with that of an authentic sample. The distillation residue was extracted with hot ligroin to give 

3aa (I.70 g: I I.0 mmol), m.p. 85-86” (from ligroin) Compound 3u was identified by IR and NMR spectra 
as well as elemental analysis. The IR spectrum showed bands at v, 3250 (s), 2280 (w) and 1650 (vs): 

NMR (in CLXI,) peaks appeared at T 8.62 (9H, singlet, t-Bu), 844 (3H, doublet, CH,<H(CN)), 668 

(lH, quartet, CH,--CH(CN)) and 3S4.3 (lH, broad, NH). (Found: C, 62.01: H, 915: N, 18.02 Calcd for 

CsH,,N20: C, 62.30: H, 915: N, 18.17). 
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A part of t-butyl isocyanate was converted to N,N’di-t-butylurea (1.0 mmol), which was isolated from 
the extract of ligroin by recrystallization. 

Reaction oj I-nrfropropene (la) and cyclohexyl isocyanide (241). A mixture of la (087 g: 10 mmol) 2b 
(2.18 g: 20 mmol) and 3 ml of benzene (solvent) was heated at 60” for 3 hr. Vacuum distillation of the 
mixture gave 3.7 g of distillate boiling at 30-76 (40 mm), which was analyzed by GLPC to contain cyclo- 
hexyl isocyanate (087 g : 7.0 mmol). The distillation residue was extracted several times with chloroform- 
ligroin to give crude 3hb (1.31 g; 7.3 mmol), m.p. 80-81” (from ligroin). 

The IR spectrum of jab showed bands at v,,,,~ 3260 (s), 2270 (w) and 1650 (vs); NMR (in CDCI,) showed 
peaks at r 8.42 (3H. doublet, CHsCH(ClU)), 7991 (lOH, broad, +ZH,),t). 662 (1H. quartet, CHsCH- 

(CN)), 6066(lH, broad, NXH(), and 3.641 (lH, broad, NH-). (Found: C, 6683: H, 9.14: N. 15.26. 

Calcd for CioHi6N,0: C, 6664: H, 8.95; N, 15.54). 
Reaction of o-nitrostyrene (lb) and cyclohexyl isocyanide (2b). To a mixture of .lb (1.49 g; 10 mmol) 

and 2b (3.27 g; 30 mmol) 10 ml toluene was added as solvent and the mixture was heated at loo” for 5 hr. 
After the reaction, a small amount of wet ligroin was added to the mixture and kept standing at room 
temp for one day. A crystalline material precipitated out and collected by filtration. On recrystallization, 
two crystalline compounds were obtained. One was shown to be N,N’-dicyclohexylurea (1.7 mmol) by 
its IR spectrum and identitied as the reaction product of cyclohexyl isocyanate and water. The other 
crystalline (068 g). m.p. 118”. was identified as 3bb (2.8 mmol) by IR and NMR spectra as well as elemental 
analysis. The IR spectrum showed v,, 3260 (s), 2280 (w) and 1650 (vs): NMR (in CDCI,) peaks appeared 

at 7 7.9-90 (1 OH, broad, -(CH,),-), 61-66 (1 H, broad, N-CH( ). 5.33 (1 H, singlet, CH(CN)), 3.640 

(lH, broad, --NH-), and 2.57 (SH, singlet, C,H,--). (Found: C, 74.57: H, 7.63: N, 11.51. Calcd for 
C,,H,,NO: C, 7435; H, 7.49; N, 11.56.) 

Addition of light petroleum ether to the filtrate gave the third crystalline compound, which was identi- 
lied as ‘&b (06 mmol), m.p. 154-155’ (from ligroin), by IR and NMR spectra, elemental analysis and 
molecular weight. The IR spectrum showed bands at v,, 3360 (s), 2280 (w), 1690 (vs), 1530 (vs), and 1370 

(s): NMR (in CDCl,) peaks appeared at 7 7.8~90(10H, broad, -(CH,),--), 60-65 (lH, broad, N-CH<), 

5.35 and 5.55 (lH, two doublets, -CH(C,H,)--CH,NO,), 4.98 and 4.87 (2H, two doublets, CH-CHr- 
NOs), 3.842 (lH, broad, NH-), and 2.98 and 2.73 (lOH, two.singletq C,H,-CH and C,H,-_C(CN)); 
molecular weight (VP0 in benzene). (Found: 391.5. Calcd for 4bb: 391.5. (Found: C. 7035: H, 626; N, 
1075. Calal for C,,H,,N,O,: C, 7057; H, 644; N, 10.74. A large quantity of tarry materials was obtained 
after the extraction. 

The reaction of lb (2.98 g; 20 mmol) with 2b (2.18 g; 20 mmol) in 10 ml toluene at loo” for 8 hr, gave 
3.1 mmol of N.N’dicyclohexylurea and 5.8 mmol of &II. A large amount of tarry materials was also 
formed in this case. 

REFERENCES 

* Presented at the 22nd Annual Meeting of the Chemical Society of Japan, Tokyo. April (1969) 
r T. Saegusa, S. Kobayashi and Y. Ito, Bul/. Cheat. Sot. Japan 43,275 (1970) 
3 I. Ugi, Isonitrile Chemistry. Academic Press, New York and London 
* P. V. Finzi and M Arbasino, Tetrahedron Letters 4645 (1965) 
s N. Leavy and C. W. Scaife, J. Chem. Sot. 1096 (1946) 
6 G. D. Buckley and C. W. Scaife, Ibid. 1471 (1947) 
’ D. E. Worrall, Organic Syntheses, Coll. Vol. 1, p. 413 (1941) 
* 1. Ugi and R. Meyr. Chem. Ber. 93,239 (1960) 


