
form, producing a light yellow coloration, while they are 
insoluble in water and petroleum ether. 

Derivatives of Anils. p -  Nitrophenyl hydrazones, 2,4-di- 
nitrophenyl hydrazones, semicarbazones, and the oximes of 
the above anils were prepared by the usual methods. These 
derivatives were crystallized from absolute alcohol except 
the p -  nitrophenyl hydrazone of 0 -  toluidine which could 
be crystallized from methanol. The yield of the derivatives 
was almost quantitative. The characteristics of the above 
derivatives are given in Table 11. 

The oximes give color reactions with alcoholic solution of 
heavy metal ions, especially copper, cobalt, nickel, and iron 
(ic). The colors are all green of varying shades ranging from 
yellow green (nickel), to bright green (copper) and dark 

green (cobalt). With ferric ions color response is given by 
only two of the above oximes-uiz., phenacylidene 6-naph- 
thylamine and phenacylidene o - toluidine oximes which 
give reddish orange and violet colors. 
ACKNOWLEDGMENT 

Thanks are due C.S.I.R., New Delhi, for the grant of 
research scheme No. 1(205)/63-E.I1., under which this work 
has been carried out. 
LITERATURE CITED 

(1) Riley, H.A., Gray, A.R., “Organic Syntheses,” Coll. Vol. 11, 
p. 509, Wiley, New York, 1959. 

RECEIVED for review December 16, 1964. Accepted October 5 ,  1965. 

Chemistry of lmidoyl and Amide Chlorides 
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N-Monosubstituted-2-furamides C4HgO-CONHR, where R = aryl or n-C3H;-, 
n-C4H9-, or CeH&H2-, on reaction with PCls gave new imidoyl chlorides, GH3- 
C(CI)=NR; with R = CH3-, C2H5-, and iso-CsH;-, however, amide chlorides, 
C4H30-CC12NHR, subsequently convertible to imidoyl chlorides, were obtained; with 
R = tert-CaHs-, the alkyl group was eliminated to form 2-furonitrile and tert-butyl 
chloride. The new imidoyl chlorides were converted with primary amines tu a num- 
ber of new N,N’-disubstitutad-2-furamidines and their salts. 

ALTHOUGH a large number of imidoyl chlorides have 
been prepared (3 ,  15) ,  the present paper reports the first 
isolation and characterization of such derivatives obtained 
from N-substituted amides of 2-furoic acid. 

Depending upon the nature of the N-substituent in the 
2-furamide, the product of the reaction with phosphorus 
pentachloride may be either the imidoyl or the amide chlo- 
ride ( 9 ) ,  or fragmentation products. 

The eleven N-arylimidoyl chlorides (I-XI) were obtained 
in good yield, either as viscous yellow oils or as crystalline 
solids. The reaction between N-alkyl-2-furamides and PCL, 
however, does not follow the same pattern. Thus,  N-(n-  
propyl) - and N- (n-butyl) -2-furamides reacted with evolu- 
tion of hydrogen chloride yielding the imidoyl chlorides 
(XIV, XVI),  but N-methyl-, N-ethyl-, and N-isopropyl- 
2-furamides reacted without evolution of hydrogen chloride 
to yield the amide chlorides. The amide chlorides, similar 
to  the ones reported previously (3, 9 ) ,  were extremely sensi- 
tive to moisture and not isolable in a pure state. Heating 
of the amide chlorides in dry benzene resulted in the imidoyl 
chlorides (XII ,  XII I ,  XV). Dry pyridine can be used in 
place of benzene with the same result. 

N-alkyl-2-furimidoyl chlorides are thermally. less stable 
and more sensitive than the N-aryl analogs. The ease of 
thermal decomposition on varying the nature of the alkyl 
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group increases in the order prim. < sec. < tert. 
Consistent with the results of Degnan and Pope (8) is the 

authors’ observation that  the reaction of N-tert-butyl-2- 
furamide with PClj  gives 2-furonitrile and tert-butyl chlo- 
ride, presumably by immediate decomposition of the un- 
stable intermediate imidoyl chloride. This can be ration- 
lized in terms of a considerable fragmentation effect of the 
tert-butyl group. The instability of N-phenylsulfonyl-2- 
furimidoyl chloride, which spontaneously decomposes into 
furonitrile and benzenesulfonyl chloride, may also be noted. 
This had not been anticipated since the corresponding 
N-phenylsulfonylimidoyl chlorides of other aliphatic and 
aromatic counterparts are very stable ( 4 ) .  

Existence of any syn-anti equilibria in the prepared 
imidoyl chlorides, otherwise found in sterically similar 
compounds (11, 13) ,  was not apparent. A recent attempt 
to detect the presence of syn-anti isomers of imidoyl chlo- 
rides indicated only the presence of anti isomers (10). This 
appears to  be consistent with the stereochemistry of imidoyl 
chlorides prepared from oximes (7) .  

In  addition to  direct identification, all the imidoyl chlo- 
rides were converted to N,N’-disubstituted-2-furamidines 
(8, 12). Contrary to  Degnan and Pope’s observation ( 8 ) ,  
N-aryl-2-furamides can be converted to N-aryl-N’-alkyl-2- 
furamidines via the imidoyl chlorides in the presence of an  
alkyl amine. I n  this case, however, a considerable excess of 
the alkyl amine has to  be used. 

The experimental results obtained are presented in Tables 
I and 11. All melting points are uncorrected. Crystalline 
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analytical samples were derived by 2 to  3 recrystallizations 
from a suitable solvent followed by drying a t  0.5 to  15 mm. 
for 2 to 10 hours at room temperature over P2Oj. 

The N-monosubstituted-2-furamides were prepared from 
2-furoyl chloride and the appropriate primary amine, ac- 
cording to  the Schotten-Baumann method, or by use of 
pyridine assolvent (1 ,2 ,5 ,6 ,  14) .  

N-Substituted-2-furimidoyl chlorides (I-XVII) . The imidoyl 
chlorides (Table I )  were prepared by the following general 
procedure: In  a Claisen flask equipped with a reflux con- 
denser and a drying tube, an intimate mixture of the 
N-monosubstituted amide and FC15, in approximately 
1- to -1 ratio, was heated from 15 minutes to 3 hours over 60" 
to 140" C. After completion of the reaction, the phosphorus 
oxychloride was removed under reduced pressure at  40" to 
50°C., after which the remaining imidoyl chloride was 
distilled under vacuum. An analytical sample was obtained 
by redistillation. 

If the reaction product was a stable amide chloride (XII ,  
XIII ,  XV), the POCl, was removed under vacuum and the 
residue boiled under reflux of benzene for 1 to 2.5 hours, 
followed by removal of solvent; the resulting imidoyl chlo- 
ride was purified as before. 

N,N'-Disubstituted-2-furamidines. 2-Furamidines (Table 
11) were prepared in the following general way: In  an Erlen- 
meyer flask equiped with a drying tube, the imidoyl chloride 
was dissolved in 2.5-10-fold amount of dry benzene, and a 
sufficient amount of primary amine was added to give a 20 
to 400% molar excess. The mixture was allowed to stand 
at  room temperature. The crystalline amidine hydrochloride 
was filtered, washed with benzene, and recrystallized from 
a mixture of ethanol-ether. The free amidine was liberated 
from an aqueous solution by addition of concentrated 
ammonia. The crude solid was filtered, washed with water, 
and recrystallized from either ethanol-water, methanol- 
water, or 60" t o  80" C. petrol ether. If the crystalline reac- 
tion product consists of the amine hydrochloride, the free 
aniidine may be obtained by filtration followed by evapora- 
tion of the benzene, and the amidine purified as above. 
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