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residue was dissolved in 8 ml. of methyl alcohol and then neutral- 
ized with 1.38 g. (0.023 mole) of acetic acid. Gas phase chroma- 
tographic analysis showed a formamide content of 0.27 g. (26%). 
Under the conditions of analysis isobutyramide could not be 
distinguished from VI.’3 Infrared analysis of the gas in the buret 
system indicated a trace (< l%) of carbon monoxide; no other 
gas was observed. 

Treatment of N-Methyl-N-isobutyrylformamide (VII) with 
Sodium Methoxide .-Treatment of VI1 with sodium meth- 
oxide was conducted as described for VI. From 2.83 g. (0.021 
mole) of VI1 and 1.11 g. (0.021 mole) of sodium methoxide were 
obtained 0.04 g. (4%) of methyl formate, 0.24 g .  (36%) of methyl 
alcohol, and 0.43 g .  (20%) of methyl isobutyrate. The yield of 

N-methylformamide amounted to 24y0. N-Methylisobutyr- 
amide and VI1 had the same retention time with the g.p.c. column 
used for analysis.** It was observed that gas evolution began 
immediately upon mixing the reactants. Infrared analysis 
showed the gas to be solely carbon monoxide. The total amount 
of carbon monoxide evolved was 207 ml. (4070). 
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From a number of N-alkylimidoyl chlorides and HC1, HBr, DC1, and DBr, a series of N-monoalkylamide 
halides (N-alkylimidoyl chloride hydro or deuterio halides) was prepared. This is the first instance of the 
preparation and description of this type of compound. Certain new N,N-dialkyl-substituted amide chlorides 
were prepared from the corresponding N,N-disubstituted 2-furamides with COCL, or, in less pure form, with 
PClb. The amide chlorides were identified also ae N,N’-disubstituted or N,N,N’-trisubstituted amidines by 
reaction with the corresponding primary amines. On the basis of infrared spectra and other properties the 
amide chlorides appear to have an immonium salt structure. 

By the reaction of N-ethyl-2-furamide with phos- 
phorus pentachloride Wallach5 prepared a very hygro- 
scopic product, analysis of which approximated that 
required for the amide chloride, C4H30. CC12NHC2H5. 
The compound, however, was not further characterized. 
From N-phenylbenzimidoyl chloride and hydrogen 
iodide Lander and Laws6 obtained a mixed amide halide 
and suggested a covalent structure, C6H6CC11~HC6H5. 
Subsequently, a number of contradicting structure 
assignments have been reported. In  accord with 
Stephen’s’ results N-phenylbenzimidoyl chloride re- 
acted with 2 moles of hydrogen chloride to give a co- 
valent amide chloride salt, [CeH6CC1~IL”&6H6] +el-, 
whereas Bosshard and Zollinger* suggested an immon- 
ium chloride hydrochloride structure, [C6H&(C1)=NH- 
C,&] +€IC&- for this compound. Klagess reported 
that the addition of 2 moles of hydrogen bromide to 
N-methylbenzimidoyl chloride gave an “imidoyl chlo- 
ride hydrobromide,” while the addition of 3 moles of 
hydrogen chloride produced an “imidoyl chloride sesqui- 
hydrochloride.” The structures of the compounds, 
however, were not specified. To the addition products 
of hydrogen halides with nitriles, in the presence of a 
metal salt, Meleerweinlo assigned an immonium salt 
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structure, [RC(Cl)=NH2] +(MeCl, + 1) -. This is in 
contrast to the nitrilium salt structure assigned to simi- 
lar compounds by Hantzsch.” 

Owing to the growing interest in amide chlorides and 
related compounds,12 we have examined the addition 
reaction of hydrogen and deuterium halides to N-alkyl- 
and N-aryl-2-furimidoyl chlorides. From our data, in 
contrast to the previous reports,?-’l the K-alkylamide 
halides appear to be the only stable addition products. 
Under the same conditions, N-aryl-2-furimidoyl chlo- 
rides reacted with hydrogen chloride to give products 
which were crystalline but spontaneously dissociated at  
room temperature and atmospheric pressure. 

As we have found earlier,’ N-aryl-2-furamides react 
with phosphorus pentachloride with the evolution of 
hydrogen chloride to form N-aryl-2-furimidoyl chlo- 
rides. However, N-methyl-, N-ethyl-, and N-iso- 
propyl-2-furamides reacted with the formation of the 
corresponding amide chloride as crystalline solids sensi- 
tive to moisture but stable in a dry atmosphere. We 
found the amide chlorides to be practically insoluble in 
nonpolar solvents and were unable to prepare analyti- 
cally pure samples by this method, except in the case 
of compound I, which could be purified by vacuum 
sublimation, and proved to be identical with the 
amide chloride prepared by the hydrogen chloride 
procedure. 

In a sealed capillary tube, under nitrogen, the pre- 
pared amide halides were observed to melt sharply 
without decomposition. The ease of addition of hy- 
drogen halides to the N-alkyl-Bfurimidoyl chlorides, 
and the fact that the derived amide halides were in- 
soluble in nonpolar solvents and were easily dehydro- 
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halogenated with pyridine or in refluxing benzene,' in- 
dicated that in our case the amide halides I-IX were 
of an ionic character. The examination of their in- 
frared spectra showed the characteristic >C=N< 
absorption in the region of 6 1.1 (Table I), as was ob- 
served for similar chromophores by Witkop and 
Patrick,13 Leonard and Gash,I4 Bosshard and Zollin- 
ger18 and Arnold and H01ly.I~ This indicated that the 
amide halides I-IX had an immonium salt structure, 
[ArC(Cl)=NHR]+X- (X = C1, Br). 

In  order to locate the position of the N-H band, we 
measured the spectra of the corresponding N-D com- 
pounds (111, IV, and IX), but were unable to make as- 
signments for the N-H or N-D absorptions. This 
might be attributed to the low intensity of the N-D 
band or masking by other bands. The broad absorp- 
tion bands in the region of 3.5-5.5 p support the pro- 
posal of an ionic structure, as these could be attributed 
to the hydrogen bonding between the N-H proton and 
the halogen ion. Similar bands were observed by Wit- 
k0p13,16 for the hydrochlorides of Schiff bases. 

The amide halides I-IX were also identified by con- 
version to the corresponding N ,"-disubstituted ami- 
dines by reaction with aniline. 

A considerable effort has been made in the past by 
many investigators to isolate in a pure state and 
characterize the amide chlorides derived from N ,N- 
disubstituted amides. l2  Although they were not iso- 
lated as such, amide chlorides were suggested as inter- 
mediates in some s y n t h e ~ e s . ~ ~ ~ ~ ~ ~ ~ ~  However, some 
authors expressed their doubts concerning the existence 
of stable or isolable amide  chloride^.^^^^^ 

It was only recently that the preparation and charac- 
terization of several amide chlorides, derived from N,N- 
disubstituted amides of formic, acetic, and benzoic acid, 
were reported.8p21 Bosshard and Zollinger proposed an 
immonium salt structureJ8 contrary to the then gen- 
erally accepted covalent formulation, as suggested by 
von Braun.lZb Recently Smithz2 and FawcettZ3 re- 
ported the preparation of amide fluorides. It is in- 
teresting, however, that the n.m.r. spectra and volatility 
of Fawcett's compounds, e.g., HCFzN(CC13)z and 
CeH5CFzN(CC13)2, indicate a purely covalent struc- 
ture. 

In this paper we describe the preparation of several 
N,N-dialkyl-substituted amide chlorides (X-XII). 
From N,N-dimethyl- and NlN-diethyI-2-furamide and 
KIN-dimethylbenzamide with phosphorus pentachlo- 
ride we were able to prepare only impure amide chlo- 
rides. They were identified by conversion to N,N,N'- 
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trisubstituted amidines and the corresponding picrates. 
Pure amide chlorides X-XI1 (Table I) were prepared 
from N,N-disubstituted amides and liquid phosgene, 
by reaction in a sealed ampoule. These products are, 
like imidoyl chloride hydrohalides, white crystalline 
substances of relatively high melting points, insoluble 
in nonpolar solvents and stable in a dry atmosphere. 
Their infrared spectra showed the strong absorption 
bands of >C=N< in the region of 6 1 . 1 , ~ , ~ ~ , ~ ~  which 
were consistent with the. infrared spectra of imidoyl 
chloride hydrohalides I-IX and indicated an immon- 
ium salt structure, [ArC(Cl)=NR2]+Cl-. The broad 
hydrogen-bonding band in the region of 2.80-6.00 p was 
absent. 

N-Methyl-N-phenyl-, N-ethyl-N-phenyl- and N ,N- 
diphenyl-2-furamide failed to react with phosgene even 
after prolonged heating at  100" in a sealed ampoule. 

+ 

Experimentalz4 
Imidoyl chloride hydro or deuterio halides I-IX were prepared 

by the following general procedure. Pure, freshly distilled 
imidoyl chloride was dissolved in 15-80 vol. of petroleum ether 
(b.p. SO-SO") and a stream of hydrogen halide or deuterium 
halide, diluted with a tenfold volume of nitrogen, was bubbled 
in. An immediate precipitation occurred. The suspension 
was transferred to a drybox, purified by three to five washings 
and decantations with petroleum ether, and dried. 

N,N-Dialkyl-substituted amide chlorides X-XI1 were pre- 
pared in an impure form by the phosphorus pentachloride 
procedure and identified as N,N,N'-trisubstituted amidines, 
using von Braun's procedure." Pure samples were prepared 
from the amide and phosgene by the following general procedure. 
The freshly distilled amide was placed in a precooled ampoule 
a t  -70' and a 35@550% molar excess of liquid phosgene was 
introduced. The ampoule was sealed and, when allowed to 
reach room temperature, a vigorous effervescent reaction took 
place, with simultaneous separation of a crystalline product. 
After completion of the reaction (1 hr.) the ampoule was cooled 
to -7O", opened, evacuated, refilled with dry nitrogen, and trans- 
ferred to a drybox. The product obtained in this way was 
analytically pure and was further characterized as the N,N,N'- 
trisubstituted amidine by suspension in dry benzene and treat- 
ment with a 300% molar excess of aniline in benzene. The 
amidines and the picrates were found to be identical with the 
products obtained by treating impure amide chlorides (prepared 
by the PClb procedure) with aniline. 

N-Methyl-2-furimidoyl Chloride Hydrochloride (I). Phos- 
phorus Pentachloride Procedure.-A mixture of 11.7 g. (0.094 
mole) of N-methyl-2-furamide and 19.5 g. (0.094 mole) of phos- 
phorus pentachloride was heated for 30 min. a t  100". After 
removal of the POCla, the remaining yellowish crystalline mass 
was transferred to a sublimation apparatus. Cautious heating 
at  0.02 mm. resulted in a sublimation of a white crystalline prod- 
uct, m.p. 103-104'. The mixture melting point of the sublimate 
and the product from N-methyl-2-furimidoyl chloride and hy- 
drogen chloride was undepressed. 

Anal. Calcd. for CsHTCLNO: C1,39.39. Found: C1,39.48. 
N-Methyl-N'-phenyl-2-f~ramidine.~--The amidine, m.p. 99 ', 

was prepared from N-methyl-2-furimidoyl chloride hydrochloride 
( I )  and aniline. The mixture melting point with the amidine 
prepared from the N-methyl-2-furimidoyl chloride and aniline 
was undepressed. 

(24) Melting points are uncorrected. The melting points of amide chlo- 
rides were measured in sealed capillary tubee under nitrogen. Unless stated 
otherwise, the samples were dried for 2-12 hr. at 0.01-0.1 mm. over phos- 
phorus pentoxide at room temperature. The N-monosubstituted amides 
and imidoyl chlorides were prepared 88 described previously.1 The N,N- 
disubstituted amides were prepared from acyl chlorides and the correspond- 
ing secondary amines in pyridine. Deuterium chloride and deuterium bro- 
mide were prepared from heavy water (99.7%) and phosphorus halides. 
All manipulations of amide chlorides were performed in a drybox. Infra- 
red spectra were measured on a Model 21 Perkin-Elmer spectrophotometer 
using sodium chloride plates. 
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N-Methyl-2-furimidoyl Chloride Hydrochloride (I) .  Hydro- 
gen Chloride Procedure.-A solution of 2.5 g. (0.017 mole) of 
N-methyl-2-furimidoyl chloride in 40 ml. of petroleum ether was 
subjected to a stream of hydrogen chloride, diluted with nitrogen. 
The product, 2.6 g., was dried for analysis a t  0.02 mm. for 2 hr. 

With aniline I gave the corresponding amidine, which was 
identical by mixture melting point with the product obtained 
from N-methyl-2-furimidoyl chloride and aniline. 

The other members (11-IX) were prepared in the same way, 
and the structures were verified by preparation of the amidines 
and determination of mixture melting points with the amidines 
prepared from the corresponding imidoyl chlorides (see Table 
I) .  

N-Methyl-2-furimidoyl Chloride Methochloride ( X )  .-A mix- 
ture of 1.7 g. (0.012 mole) of N,N-dimethyl-2-furamide'26 and 
4.0 g. (0.040 mole) of liquid phosgene in a sealed ampoule was 
treated as described in the general procedure. The product, 
2.3 g., was a white crystalline powder. For analysis the com- 
pound was dried a t  0.01 mm. for 4 hr. 

N,N-Dimethyl-N'-phenyl-2-furamidhe.-A suspension of X 
(1.6 g., 0.0084 mole) in 20 ml. of benzene was treated with a 
solution of 3.0 g. (0.0322 mole) of aniline in 10 ml. of benzene. 
The amidine (0.9 g. ,  52%) was a yellow viscous oil, b.p. 159- 
165" a t  14 mm. The product was identified as its picrate, m.p. 
122-123'. A mixture melting point with the picrate prepared 
from the methochloride, obtained by the phosphorus penta- 
chloride procedure, was undepressed. 
N,N-Dimethyl-N'-ethyl-2-furamidine was prepared from X 

and ethylamine, b.p. 95-99" at 12 mm. 
Anal.  Calcd. for CBHlINzO: C, 65.03; H ,  8.48. Found: 

C, 65.12; H,  8.56. 
A picrate was prepared from the amidine and picric acid. 

An analytical sample was obtained by recrystallization from 
aqueous ethanol, m;p. 106-109O. 

Anal.  Calcd. for CIIHI,N.50n: C. 45.57: H .  4.33: N. 17.72. , .  , .  
Found: C, 45.83; H, 41h6; N ,  17.83. 

N-Ethyl-2-furimidoyl Chloride Ethochloride (XI) .-A mixture 
of 1.3 g. (0.0078 mole) of N,N-diethyl-2-furarnidez8 and 4.2 g. 

(25) R.  I. Meltser, A .  D .  Lewis, and J. A. King, J .  A m .  Chem. Soc., 77 ,  
4062 (1955). 

(0.043 mole) of liquid phosgene was treated as described in the 
general procedure. The product, 1.6 g., was a white crystal- 
line solid. The sample was dried for analysis a t  0.1 mm. for 
4 hr. 
N,N-Diethyl-N'-phenyl-2-furamidine.-A suspension of XI 

(2.5 g., 0.0113 mole) in benzene was treated with a solution of 
4.2 g. (0.0451 mole) of aniline in 10 ml. of benzene. The ami- 
dine, 1.2 g. (447,), was a yellow viscous oil, b.p. 167-168" a t  
12 mm. The product was purified for analysis by fractional 
distillation. 

Anal.  Calcd. for Cl6HlaNZ0: C, 74.35; H,  7.49. Found: 
C, 74.25; H,  7.42. 

The picrate was recrystallized from aqueous ethanol; m.p. 

Anal.  Calcd. for CziH~lNaOs: C, 53.50; H, 4.49; N, 14.86. 
Found: C, 53.70; H,4.60; N, 15.01. 

N-Methylbenzimidoyl Chloride Methochloride (XII).*rz7- 
A mixture of 1.2 g. (0.00804 mole) of N,N-dimethylbenzamide 
and 4.2 g. (0.043 mole) of liquid phosgene gave 1.6 g. of a white 
crystalline product, which was dried for analysis a t  0.1 mm. for 
7 hr. and melted in a sealed capillary tube under nitrogen a t  
124-125" (see Table I ) .  
N,N-Dimethyl-N'-phenylbenzamidine was prepared from XI1 

and aniline in a 64y0 yield. The picrate was purified from aque- 
ous ethanol. 
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Synthesis and structure of stable sulfonium ylides containing the dicyanomethylide moiety is discussed. 
Physical properties of twelve 

A brief study of the chemical properties of sulfonium dicyanomethylides 
Specifically, 

Three methods of preparation are presented along with the limitations of each. 
sulfonium dicyanomethylides are listed. 
has shown these compounds to be inert compared with previously known classes of sulfonium ylides. 
they do not react with olefins or carbonyl reagents under conditions of the Wittig Reaction. 

The class of compounds known as ylides encompasses 
zwitterions of the type (+YCR2-) where Y is either 
R3P-, R3N-, RIAs-, or R,S--. Generally speaking, 
these compounds are unstable and are usually proposed 
as intermediates in various rearrangement and elimina- 
tion reactions.2-6 In the course of work on cyano 
compounds, we became interested in sulfonium ylides 
which were substituted with cyano groups. Of the sulfo- 
nium ylides previously described in the literature, only 
those which bore an aromatic group on the a-carbon 
could be isolated, and even these were relatively unstable. 

( 1 )  To whom all correspondence should be addressed at  Central Re- 

(2) S .  Trippett, Quart. Rezi. (London), 17, 406 (1963). 
(3) A .  M'. Johnson. et al. ,  J .  A m .  Chem. Soc.. 86, 518 (1064). 
(4)  E .  J. Corer and M. Chaykovsky. ibid., 84, 867, 3782 (1562). 
( 5 )  A .  W. Johnson, J .  Org. Chem., Z6, 183 (1560). 
(Gj F.  Krohnke, Ber.. 83, 253 (1950). 

search Department, Wilmington. Del. 

These included the fluorenyl-,' substituted fluorenyl-,8 
and phenylsulf~nium~ ylides. Xonaromatic sulfonium 
ylides of the type prepared by Corey4 were stable only 
in solution and at low temperatures. We wish to report 
now the synthesis of a new class of ylides, the sulfonium 
dicyanomethylides, which are unique in their chemical 
and thermal stability. 

This new class of sulfonium ylide can be represented 
by the followirig structures. The simplest member of 
the class, the dimethyl derivative was first prepared by 
the condensation of dimethyl sulfoxide with malono- 
nitrile in the presence of hydrogen chloride or thionyl 
chloride. The resulting dihydrochloride was then 
neutralized with base to give the free ylide in 41% yield 
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