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Aromatic and aliphatic isocyanates are converted in high yield to carbodiimides under mild conditions using a phospholene 
oxide catalyst. 

Carbodiimides as a class of compounds have not 
been studied extensively, probably because of the 
rather involved methods of synthesis and the tend
ency of the compounds to polymerize on standing. 
Methods of preparation used have included desul-
furization of thioureas by metal oxides2a 'b by sodium 
hypochlorite,3 or by ethyl chloroformate in the 
presence of a tert iary amine4; halogenation of 
ureas and thioureas followed by dehydrohalogena-
tion of the N,N'-disubst i tuted carbamic chloride,5 

and by dehydration of disubstituted ureas using 
^-toluenesulfonyl chloride and pyridine.6 Khorana 
has reviewed the early methods of synthesis7; the 
processes are in general multi-step with, in many 
cases, difficult purification procedures. 

I t has now been found tha t isocyanates can be 
converted to carbodiimides in high yields under 
mild conditions using a phospholene oxide catalyst8 

(I) according to the equation 

2RNCO > R X = C = N R + CO2 (1) 

The most active catalyst used was 3-methyl-l-
ethyl-3-phospholene-l-oxide. The corresponding 
phenyl derivative 

a, R1 = C H 5 ; R2 = CH3 
f b, R1 = C6H5; R2 = CH3 

R1 ^ 0 

Ib was also used and, although somewhat less 
reactive, has the advantage of being more readily 
accessible.9 

Experimentally, the carbodiimides are prepared 
by treating the isocyanate, either in bulk or in 
solution, with approximately 0 . 1 % by weight of the 
catalyst at room temperature or slightly above. 
Results with some representative isocyanates are 
shown in Table I, which includes comparative 
yields obtained by other methods of preparation. 
The yields, in most cases, deviate from 100% only 
because of losses in handling or traces of impurities 

(1) To w h o m inquir ies should be addressed . 
(2) (a) S. Hun ig , H. L e h m a n n and G. Gr inner , Ann., 679, 77 (1953); 

(b) E. S c h m i d t and F . Moosmul le r , ibid., 597, 235 (1955). 
(3) E. S c h m i d t . M . Seefelder, R. G. J ennen , W. S t r i ewsky and H. V. 

M a r t i u s , ibid., 671, 83 (1951). 
(4) R. F . Coles and H. A. Levine , U. S. P a t e n t 2,942,025 (1960); 

C. A., 64, 24464 (1960). 
(5) H. Eilingsfeld, M . ' eefelder and H. Weidinger , Angew. Chem., 

72, 836 (1960). 
(6) G. Amia rd and R. H e y m e s , Bull. soc. chim. France, 1360 (1956). 
(7) A. G. K h o r a n a , Chem. Revs., 53 , 145 (1953). 
(8) W. B. M c C o r m a c k , U. S. P a t e n t 2,663,737; C. A., 19, 7601n 

(1955). 
(9) W. B. M c C o r m a c k , Org. Syntheses, in press. 

in the isocyanates. The quanti ta t ive nature of the 
reaction is indicated by the fact t ha t high mole
cular weight condensation polymers can be pro
duced from diisocyanates.10 If the reaction were 
not quanti tat ive, chain termination would occur 
with production of low polymers. 

TABLE I 

2RXCO > R N C N R + CO2 

R 

C 6H 8 

0-CHsCsH4 

!M-CHsCsH4 

^ - C H i C H . 
0-CH 3 OCeH, 
P-CH 3 OCsH 4 

IM-ClCsH4 

P-ClCaHs 
0-NO2CsH4 

In-NO2CsH4 

P-NOsCoH4 

Q-CIOHT 

B - C 4 H S 

2-CsH? 

° Yields 

Yield 

% 
94 
87 
98 
88 
92 
99 
99 
91 
95 
91 
52 
99 
60 
89 

b a s e d < 

Yield, <• 
, l i t . , 

% 
531 

81> 
9 6 ' 

81i 
801 
831 

3Qi 

50 ' 
9 0 ' 

on final 

Calcu l a t ed , % 
C 

8 0 . 4 
8 1 . 0 
8 1 . 0 
8 1 . 0 
7 0 . 8 

5 9 . 2 
5 9 . 2 
5 4 . 9 
5 4 . 6 
5 4 . 9 

step 

H 

5 .2 
6 . 3 
6 . 3 
6 . 3 
5 . 5 

3 . 0 
3 . 0 
2 . 8 
2 . 8 
2 . 8 

N 

1 4 . 4 
1 2 . 7 
1 2 . 7 
12 .7 

1 1 . 1 

1 9 . 7 
9 . 5 

18 .2 

F o u n d , 
C 

8 0 . 5 
8 1 . 3 
8 0 . 7 
8 0 . 8 
7 0 . 8 

5 9 . 3 
5 9 . 3 
5 4 . 8 
5 4 . 7 
5 4 . 8 

of conventional 
i.e., oxidation of thiourea to carbodiimide. 

H 

5 . 3 
6 . 3 
6 .3 
6 . 2 
5 . 8 

3 . 1 
3 . 1 
3 . 0 
2 . 9 
2 . 9 

% 
N 

14.4 
12 .6 
12 .4 
12 .4 

1 1 . 1 

1 9 . 9 
9 . 8 

1 8 . 0 

synthesis, 

The structure of the isocyanate has a strong in
fluence on the ease of formation of the carbodiimide. 
With aromatic isocyanates, electron-withdrawing 
groups increase the rate of reaction markedly. For 
example, molten ^-nitrophenyl isocyanate at 60° 
reacted almost explosively. Conversely, electron-
donating groups decrease the reaction rate with the 
most pronounced effect being found in the o-sub-
sti tuted derivatives. 

The carbodiimides so produced may advanta
geously be used in solution without isolation, par
ticularly highly reactive species. Thus, for example, 
p-nitrophenyl isocyanate was converted to his-(p-
nitrophenyl)-.'-butyl guanidine in excellent over-all 
yield without isolation of the intermediate carbodi
imide. 

N O 2 - ^ _ V - N C O —-

N O 2 - ^ - V - N = C = N - ^ _ ] V - N O 2 

(-C4H9NH2 / /7~~\ \ 

— — * N°2 X=/ NH c = N C ^ H « - j 

(10) T. W. Campbe l l , J. Am. Chem. Soc, 8 1 , in press (1962) ; U. S. 
P a t e n t 2,941,966 (6, '21/6O) to du P o n t . 



3674 T. W. CAMPBELL, J. J. MONAGLE AND V. S. FOLDI Vol. 84 

Aliphatic isocyanates react more slowly with the 
phospholene oxide catalysts. For example, n-
butyl isocyanate gave only a 17% yield of product 
when refluxed for 20 hr. with 1.4% by weight of 
catalyst Ia. However, use of a high boiling solvent 
raised the yield to 60% with a much shorter reac
tion time. With a higher boiling isocyanate, the 
reaction was rapid; 2-octyl isocyanate gave an 8 9 % 
yield of carbodiimide in two hours at 140-160°. 

Although the cyclic phosphine oxides are by far 
the most active catalysts, other phosphine oxides 
and phosphine derivatives and certain amine and 
stibine oxides also show appreciable catalytic 
activity.11 

In the course of this work, the reaction of phenyl 
isocyanate in the absence of any catalyst was also 
investigated. Stalle1- reported the formation of 
diphenylcarbodiimide in unspecified yield by heat
ing phenyl isocyanate in a sealed tube a t 180° for 
24 hr. I t has now been found tha t refluxing phenyl 
isocyanate for 46.5 hr. gives no carbodiimide with 
9 7 % recovery of the isocyanate. However, repeti
tion of the experiment with slow passage of a 
stream of nitrogen through the system gave 56% 
of the theoretical amount of carbon dioxide. Dis
tillation of the reaction mixture yielded diphenyl
carbodiimide in fair yield. Evidently, an equilib
rium is established which lies far on the side of 
unchanged phenyl isocyanate 

2 C6HoNCO ^ Z i C6H5N=C=NC6H6 + CO2 

The nitrogen apparently removes carbon dioxide 
and shifts the equilibrium toward carbodiimide 
formation. Although there is no evidence for the 
intermediate, one is forced to the conclusion tha t a 
structure such as 

C 6 H 5 - N - C = O C 6 H 5 N - C = O 

C 6 H 5 N = C - O B C 6 H 5 N = C - O 

is probably involved. 
The mechanism proposed for the catalyzed reac

tion13 involves the intermediate formation of a 
phosphinimide with subsequent reaction of the 
imide with a second molecule of isocyanate with all 
species capable of equilibration 

R3PO + R'NCO ^ ~ 7 R3P=NR' 4- CO2 (2) 

R 3P=NR' + R'NCO J*T" R ' N = C = N R ' + R3PO (3) 

In connection with this proposed mechanism, it 
was interesting to speculate on the reaction of re
lated compounds with the phospholene oxides. 
With benzoyl isocyanate, it would be predicted 
tha t the first step would be the production of the 
postulated phosphinimide followed by an internal 
reaction of the imide group with the adjacent car-
bonyl group to yield benzonitrile 

O " O 

C6H5CNCO + R3PO • 

C6H5CN + R3PO 

C6H5CN=PR3 + CO2 

0 - P R 3 

C6H5C=N 
(11) J J. Monagle , J. Am. Client. See., 84, in press (1002), 
(12) R. Stalle, Her.. 41 , 112.r« (1908). 
(IM) J. J. Monagle , T. W. Campbe l l ami H. F . M c S h a n e . Jr . . ./ Am. 

Chem. Sue., 84, in press (1)102). 

A moderate yield of benzonitrile was obtained 
from this reaction; however, the reaction path is not 
clear. On addition of catalyst to benzoyl isocya
nate, a copious crystalline precipitate is formed, 
with evolution of carbon dioxide. This crystalline 
product appears to have the empirical structure 
022Hi5NsO2, and decomposes on further heating to 
carbon dioxide, benzonitrile and unidentified prod
ucts. I ts structure is not presently known, but it 
may arise from a 1,4-dipolar reaction of the inter
mediate 

oe 
C6H5C <—> C6H5C 

N9- -PR3 

\ 
N - P R 3 

With phenyl isothiocyanate, the reaction was not 
clean cut. After refluxing in xylene for 20 hr. with 
catalyst Ia, no carbodiimide bands were found in 
the infrared spectrum of the reaction mixture. 
However, a small yield of a carbodiimide fraction 
was obtained after prolonged heating of neat phenyl 
isothiocyanate with 4 % of catalyst. Infrared 
analysis showed that this fraction was predominantly 
diphenylcarbodiimide contaminated with isocya
nate and isothiocyanate. 

The fact tha t phenyl isothiocyanate can be con
verted to carbodiimide suggested tha t this, too, 
probably involved an equilibrium such as 

R'NCS + R3PO y ^ R 'N-PR 3 + COS 

R 'N-PR 3 + R 'NCS : R ' N C N R ' + R3PS 

This would imply tha t phospholene sulfides are 
good catalysts, which they are. 

In connection with a s tudy of solvents for carry
ing out the polymerization of diisocyanates to 
polycarbodiimides,10 it was found tha t benzalde-
hyde reacted with methylene bis-(4-phenyl iso
cyanate) in the presence of catalyst to give a Schiff 
base14 

OCN' CH ; -NCO + 2C6H5CHO 

<^3~CH = N-<T~VcH2-<r^N=CH—<f3 
The catalyst is necessary, since in its absence only 
undefined substances could be isolated. 

Experimental 
All melting points were taken on a Kofler hot-stage with 

a polarizing microscope. 
Preparation of l-Ethyl-3-methyl-3-phospholene-l-oxide.s 

—A 2-1. 4-necked flask was fitted with a spiral condenser 
topped with a Dry Ice condenser, thermometer, 1-1. drop
ping funnel with pressure equalizing side arm and a magnetic 
stirrer. To this flask was added 1 g. of copper stearate, 
780 g. (5.96 moles) of dichloroethylphosphine'-5 and from the 
dropping funnel 447 g. (6.56 moles) of freshly distilled iso-
prene. The reaction mixture was stirred and refluxed 
under nitrogen for 42 hr., cooled and allowed to stand for 
2 days and then refluxed without stirring for 5 days. Excess 
isoprene was distilled from the mixture and 850 ml. of water 
was added drop wise with stirring to the reaction flask, 
which was cooled in an ice-bath. The dark brown aqueous 
solution was transferred to a 5-1. flask and 1250 ml. of 30% 
sodium hydroxide solution was added gradually to make the 

(14) H. S taud inger , Be!-.. 50, 1042 (1917). 
(15) M. S. K h a r a s e h , K. V. Jensen and S. Weinhouse , J. Org. Chem., 

14, 42!) (1949). 
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solution slightly alkaline (pK 8). The mixture was filtered 
and the aqueous solution was extracted continuously with 
chloroform for 12 days. The chloroform was distilled and 
the residue was vacuum distilled through a 25-cm. Vigreux 
column to give 435 g. (51%) of water-white liquid with 
a slight odor of phosphine. The product was further puri
fied by oxidation at 50° with excess 3 % hydrogen peroxide 
for 6 hr. The aqueous mixture was extracted continuously 
with benzene and the oxide was recovered by distillation, 
b.p. 115-119° (1.2-1.3 mm.), n25D 1.5050. Anal. Calcd. 
for C7H13OP: C, 58.4; H, 9.0; P, 21.5. Found: C, 58.3; 
H, 8.8; P, 21.6. 

Preparation of Diphenylcarbodiimide.16—Fifty milli
liters (54 g., 0.45 mole) of phenyl isocyanate was pipetted 
into 50 ml. of dry benzene under nitrogen. Catalyst (0.25 
mole, 0.2 g.) was added and the solution was heated to 
50° with stirring. Evolution of carbon dioxide was vigorous. 
Heating and stirring were continued for 2.5 hr. at which 
point gas evolution was very slow. Solvent was removed 
under reduced pressure and the residue was vacuum distilled 
to vield 41.1 g. (94%) of an oil, b.p. 119-121° (0.40-0.45 
mm.), K25D 1.6372. Anal. Calcd. for C3H10N2: C, 80.4; 
H, 5.2; N , 14.4. Found: C. 80.5; H, 5.3; N, 14.4. 

In an at tempt to prepare diphenylcarbodiimide from 
phenyl isothiocyanate, a mixture of 25 g. of the isothiocyanate 
and 25 ml. of xylene was refluxed with 0.3 g. of the pre
ferred phospholene oxide catalyst. After refluxing for 
20 hr., an examination of infrared spectrum showed that no 
chemical change had occurred in the solution. 

In a second experiment, 2.3 g. (0.016 mole) of catalyst 
was added to phenyl isothiocyanate (56.2 g., 50 ml., 0.42 
mole). The solution was stiired and heated slowly. At 
60-70°, a moderate evolution of gas, which gave a precipi
tate with calcium hydroxide solution, was observed. The 
reaction mixture was then heated at 177-185° for 13.5 hr. 
Distillation yielded 44.9 g. of phenyl isothiocyanate, b .p . 
108-109° (23 mm.), an intermediate fraction, 6.4 g., b.p. 
109-126° (23 mm.) , and high boiling fraction, 3.9 g., b.p 
142-144° (2.8-3.4 mm.). An infrared spectrum showed 
the presence of diphenylcarbodiimide along with isothio
cyanate and isocyanate contaminants. 

Preparation of 4,4'-Ditolylcarbodiimide.116—One hun
dred grams (0.75 mole) of unpurified />-tolyl isocyanate was 
diluted with 150 ml. of xylene and refluxed. Catalyst 
was added and the mixture was refluxed for 4 hours. Carbon 
dioxide was evolved in copious quantities during this period. 
The reaction mixture was distilled. After removal of xylene, 
the boiling point rose abruptly to 165° (2.4 mm.) at which 
temperature 73 g. (88%) of ditolvlcarbodiimide melting 
at 56.6-57.5° was obtained. Anal. Calcd. for C15HiA1-: 
C, 81.1; H, 6.31; X, 12.61. Found: C, 80.8, 80.9; 
H, 6.18, 6.22; N, 12.42,12.46. 

Preparation of 3,3'-Ditolylcarbodiimide.117—A mixture 
of 25.3 g. (0.19 mole) of w-tolyl isocyanate and 0.06 g. 
(0.0004 mole) of catalyst was maintained at room tempera
ture in vacuo (10 mm.) for 16 hr. The next day, infrared 
examination of the mixture showed that essentially no iso
cyanate remained and the product was essentially pure 
carbodiimide. The yield of product was 20.6 g. (98%). 
Without further purification, it was analvzed. Anal. 
Cahd. for C5H14X2: C, 81.1; H, 6.3; N, 12.6. Found: 
C, 80.7, 80.7; H, 6.27, 6.28; N, 12.4, 12.5. The product 
boiled at 151° (1.1 mm.). 

Preparation of Di-o-tolylcarbodiimide.—A mixture of 25 
ml. (25.5 g., 0.2 mole) of o-tolyl isocyanate and 0.25 g. 
f0.0017 mole) of catalyst was heated at 50-55° for 9.5 hr. 
The reaction mixture was distilled through a Claisen head 
to vield 19.3 g. (87%) of di-o-tolvlcarbodiimide, b.p. 118-
122° (0.15-0.10 mm.), KMD 1.6230. Anal. Calcd. for 
C5H14X2: C, 81.0; H, 6.3; X, 12.6. Found: C, 81.4, 
81.3; H, 6.3, 6.3; X, 12.6, 12.6. 

Preparation of Bis-£-methoxyphenyl)-carbodiimide.4— 
One hundred grams (0.671 mole) of ^-methoxyphenyl iso
cyanate diluted with 100 ml. of xylene was converted to 
carbodiimide bv refluxing with a trace of catalvst for 4 
hr. The product boiled at 193-194° (1.3 mm.) . " I t was a 
pale yellow oil obtained in virtually quantitative yield 
(84.2 g., 99% ) which crystallized on standing. The product 

(16) V. Zetsche , et al.. Ber., 71B, 1512 ( I M S ) ; 73B , 467 (1040). 
U7) I.. C. Raif, ,rd and W. T . Oiiildow, J. Am. Chem. Soc, 53 , 1552 

(l'.Kil). 

without further purification melted at 52-53°. Anal. 
Calcd. for C6Hi4O2N2: X, 11.1. Found: N , 11.1, 11.0. 

Preparation of Bis-(o-methoxyphenyl)-carbodiimide.— 
A mixture of 26.7 g. (0.18 mole) of o-methoxyphenyl iso
cyanate and 0.06 g. (0.0004 mole) of catalyst was allowed 
to stand a t room temperature in a moderate vacuum for 
16 hr. Next day, the mixture had crystallized partially. 
Infrared spectra snowed that the mixture consisted of ap
proximately 6 5 % carbodiimide and 3 5 % isocyanate. The 
reaction was completed by warming at 100° for 1 hour. The 
hot residue was diluted with equal volume of cyclohexane 
and the mixture was allowed to cool to room temperature. 
The crystalline product was filtered, washed with a small 
amount of cold cyclohexane and dried. The product (19.4 
g., 85%) melted" at 73.5-74.5°. The combined filtrates 
were evaporated to approximately one-fourth of their vol
ume to give an additional 2.1 g. of crystals melting at 68-
73°. Complete evaporation of the solvent gave approxi
mately 0.3 g. of non-crystallizable oil. The second crop 
of crystals was recrystallized a second time from cyclohexane 
to give an additional 1.5 g. of pure product, m.p. 73.5-74°. 
The total yield of pure bis-(o-methoxyphenvl)-carbodiimide 
was thus 20.9 g. (92%). Anal. Calcd. for CoFLO2K2: 
C, 70.8; H, 5.51. Found: C, 70.7, 70.9; H, 5.78, 5.81. 

Preparation of Bis-^-chlorophenyO-carbodiimide.1'13— 
A mixture of 50 g. (0.32 mole) of p-chlorophenyl isocyanate 
and 0.06 g. of the catalyst was allowed to stand at room 
temperature in a vacuum desiccator for about 2 hr. The 
evolution of carbon dioxide was brisk and the liquid soon 
turned to a mass of crystals. Without further purification, 
this material (42.3 g., 99%c) melted at 54-56°, leaving a trace 
of high-melting crystalline residue. For purification, 2.0 
g. of the as-formed" product was dissolved in isodctane and 
filtered free of insoluble matter. The filtrate was evapo
rated to dryness to give 1.83 g. (91%) recovery of a crystal
line product which melted sharply at 56-57°. Anal. Calcd. 
for C13H8X2Cl2: C, 59.2; H, 3.04. Found: C, 59.3, 
59.4; H, 3.09, 3.19. 

Bis-fm-chloropheny^-carbodiimide1 was prepared in es
sentially the same manner as that described for the p-
chloro compound. A 99% yield of unpurified product which 
melted sharplv at 42-43° was obtained. Anal. Calcd. for 
C3H8XoCl2: C, 59.2; H, 3.04. Found: C, 59.3, 59.2; 
H, 3.16, 3.08. 

Preparation of Bis-(£-nitrophenyl)-carbodiimide.—A solu
tion of 69.6 g. (0.424 mole) of pure ^-nitrophenyl isocyanate, 
m.p. 56-57°, in 1 liter of carbon tetrachloride was placed 
in a three-neck flask fitted with reflux condenser, nitrogen 
inlet, magnetic stirrer and a rubber septum. The flask 
was swept with a stream of dry nitrogen; catalyst, 0.348 g., 
diluted with 5 ml. of carbon tetrachloride was added from 
a hypodermic. An exothermic reaction took place with the 
vigorous evolution of carbon dioxide. The temperature 
of the reaction was slowly raised over 2 hours to 62° and 
held at this temperature for 2 additional hours. In this 
length of time, 9.04 g. (0.21 mole) of carbon dioxide was 
evolved and trapped in Ascarite-filled weighing tubes. 
During the evolution of the carbon dioxide, a yellow crystal
line solid formed and precipitated. The reaction mixture 
was cooled to room temperature and the solid filtered to 
give 57.5 g. (95%) of X,X'-di-p-nitrophenvlcarbodiimide, 
m.p. 166-167°. 

In a second experiment, ^-nitrophenyl isocyanate (21.0 
g., 0.128 mole) was melted and treated with 0.03 g. of cata
lyst at about 60°. Carbon dioxide was evolved almost 
explosively, and in a matter of 1-2 min. the mixture had set 
to a crystalline mass. The last traces of carbon dioxide were 
removed in vacuo and 18 g. of a yellow crystalline solid 
melting at 165-170° was obtained. The solid was dis
solved in chloroform at room temperature and the solution 
treated with decolorizing carbon and filtered. Bis-(/>-
nitrophenyl)-carbodiimide was precipitated as fine pale 
yellow needles by addition of petroleum ether to the chloro
form solution. The product melted at 166°, with subse
quent recrystallization on the slide to orange leaflets melting 
in the range 335-350°. Anal. Calcd. for CsHsX1Oi'. C, 
54.9; H, 2.81; N, 19.7. Found: C, 54.8, 54.7; H, 
2.88,3.02; N, 19.9,20.0. 

Preparation of Bis^wz-nitrophenyO-carbodiimide.1—m-
Xltrophenyl isocyanate (41 g., 0.25 mol?) was melted and 
treated with 0.06 g. of catalyst. The mixture evolved 

(18) C. X. Ingold, J. Chem. Sx.. 1J2 , 100 (19'.M). 
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carbon dioxide copiously and in a few minutes set to a pale 
yellow mass of crystals. These melted sharply at about 160° 
without Unmelted residue. The yield of unpurified crystal
line product was 35 g. (98%). For purification, 3 g. of the 
solid was dissolved in a mixture of 50 ml. of xylene and 50 ml. 
of cyclohexane. The product (2.8 g., 93%, recovery) 
crystallized as fine vellow needles, m.p. 157-159°. Anal. 
Calcd. for Cj3H8N4O4: C, 54.9; H, 2.81. Found: C, 
54.6,54.9; H, 2.87, 3.08. 

Preparation of Bis-(o-nitrophenyl)-carbodiimide.—A solu
tion of 3.0 g. (0.018 mole) of o-nitrophenyl isocyanate in 25 
ml. of cyclohexane at about 50° was filtered free of some 
insoluble matter. Catalyst (0.03 g.) was added and a 
rapid evolution of carbon dioxide was noticed. After a 
few minutes, a copious crystalline precipitate was obtained. 
In 15 tnin., the vellow-orange solid was filtered and dried. 
The yield was 2.45 g. (96%). melting at 93-96° but leaving 
a trace of high-melting crvstalline residue. Anal. Calcd. 
for Ci3H8N4O4: N, 19.7. Found: N, 19.2. 

A sample (1.0 g.) was recrystallized from 25 ml. of cyclo
hexane. The solution was filtered to remove a quantity of 
orange gum which was insoluble in the cyclohexane. The 
product (0.72 g.) recrystallized on cooling as fine, pale 
yellow needles, m.p. 97-98.5°. Some decomposition or 
polymerization occurred at the melting point since the melt 
on cooling recrvstallized to a product which remelted in the 
range 91-95°. Anal. Calcd. for Ci3H8N1O4: C, 54.9; H, 
2.81. Found: C, 54.8, 54.8; H, 2.99, 3.05. 

Preparation of (Di-a-naphthyl)-carbodiimide.1!>—A mix
ture of 25 g. (0.148 mole) of a-naphthyl isocyanate, 25 ml. 
of xylene and 0.1 g. of catalyst was refluxed for 4 hours. 
The solution was then evaporated to dryness to give a 
crystalline product which melted mostly in the range 91-
92° but left some unmelted crystalline particles. The solid 
was dissolved in benzene, treated with decolorizing carbon 
and filtered. The vield of product melting sharplv at 9 1 -
91.5° was 21.4 g. (99%). Anal. Calcd. for 6,H1 4N-: 
N, 9.52. Found: X, 9.72, 9.95. 

Preparation of (Di-w-butyl)-carbodiimide.2021—Fifty 
grams (0.5 mole) of butyl isocyanate was maintained 
at the boiling point in the presence of 0.7 g. of catalyst for 
15 hr. The reaction mixture was then distilled to give a 
vield of 6.2 g. of pure di-«-butylcarbodiimide, b.o. 82° 
(8 mm.) after a large forecut of unchanged »-butvl isocva-
nate. Anal. Calcd. for C9Hi8N,: N, 18.2. Found: N, 
18.0,18.1. 

Increasing temperature and catalyst concentration gave 
higher conversion of isocyanate to carbodiimide. Thus, a 
yield of about 4.6 g. of carbodiimide (60%) was obtained 
when a mixture of 10 g. (0.1 mole) of M-butvl isocvanate 
and 90 ml. of decahydronaphthalene was refluxed with 1.5 
g. of catalyst for 15 min. 

Conversion of 2-Octyl Isocyanate to Carbodiimide.— 
Catalyst I (2.8 g., 0.019 mole) was added to 21.5 g. (0.14 
mole) of 2-octyl isocyanate (b.p. 114-116° (100 mm.)) and 
the solution was stirred and heated slowly. At 135°, a 
moderate evolution of carbon dioxide began. The solution 
was heated at 140-145° for 0.5 hr. and at 150-160° for 1.5 
hr. Distillation of the reaction mixture vielded 1.8 g. of 
2-octyl isocvanate, b.p. 33-89° (10-50 mm.), and 16.5 g. 
of colorless oil, b .p . 108-109° (1.5 mm.) . The infrared 
spectrum indicated that the sample was carbodiimide con
taminated with a small amount of isocyanate. 

The Effect of Heat on Di-^-tolylcarbodiimide.—Five 
grams of ditolylcarbodiimide dissolved in 50 ml. of xylene 
was refluxed for 24 hr. An examination of the infrared 
snectrum indicated that little, if any, change had occurred. 
The solution was evaporated and heated in vacuo overnight 
on the steam-bath. Considerable carbodiimide (m.p. 
56°) sublimed to the top of the flask where it crystallized. 
However, a substantial residue remained which was solid 
at steam-bath temperature. This was submitted for in
frared examination. This new product, probably a cyclic 
trimer, showed a strong band at 6.02 /i. presumably due to 
the presence of a C=X" group. 

Preparation of Ditolyl-i-butylguanidine.—Three grams 
of ditolyl carbodiimide in 25 ml. of benzene was refluxed 
for 24 hr. with 15 ml. of /-butylamine. The benzene was 

(19) R. Rotter and E. Sehaudy, Monalsh., 58, 245 (1981). 
(20) H. Z. Lecher, R. P, Parker and R. S. Lang, U. 8. Patent 

2.479,498 (1949) to American Cyanamid Co. 
(21) K. Schmidt, F. Hitzler and E. I.ahde, Ber., 73, 1933 (1938), 

then evaporated under nitrogen on the steam-bath and the 
non-volatile residue was recrystallized two times from eth-
anol. The product melted at 126-126.5° and showed a 
strong band at 6.10 n in the infrared which is presumed 
to be due to the guanidine grouping. Anal. Calcd. for 
C19H,4N3: C, 77.39; H, 8.48; X, 14.20. Found: C, 77.4, 
77.2; H, 8.03, 8.04; N, 13.7, 13.9. 

An aqueous suspension of ditolyl-/-butylguanidine was 
treated with an excess of sulfuric acid on the steam-bath. 
A homogeneous solution resulted which crystallized on 
cooling. The product melted at 183-186° and showed again 
the band characteristic of the guanidine grouping at 6.10 
M. Anal. Calcd. for Ci9H24N3-H2SO4: C, 58.0; H, 6.9; 
N, 10.6. Found: C, 58.0, 58.1; H, 6.6, 6.5; N, 10.2, 
10.4. 

Synthesis of Bis-(£-nitrophenyl)-/-butylguanidine.—A 
solution of 0.92 g. of p-nitrophenyl isocyanate in 50 ml. of 
benzene was heated to the boiling point and 1 drop of the 
phospholene oxide catalyst was added. The mixture was 
refluxed for 10 min., cooled to about 50° and treated with 
an excess of i-butylamine. The mixture was evaporated to 
dryness and the yellow solid was recrystallized from abso
lute alcohol. The yield of shiny orange leaflets melting at 
208-209.5° was 0.81 g. (74%). Anal. Calcd. for Cn-
Hi9N5O4: C, 57.1; H, 5.3. Found: C, 56.8, 56.7; H, 
5.3, 5.5. 

Synthesis of Bis-^-chlorophenyD-f-butylguanidine.—The 
preceding experiment was repeated substituting 1.0 g. of 
^-chlorophenyl isocyanate. The product was recrystal
lized from aqueous alcohol and dried. The yield was 0.78 
g. (71%) and the melting point was 140-142°. Anal. 
Calcd. for CnH19N3Cl2: C, 60.7; H, 5.66. Found: C, 
60.4,60.5; H. 5.4, 5.6. 

Uncatalyzed Conversion of Phenyl Isocyanate to Diphenyl-
carbodiimide.—Phenyl isocyanate (54.1 g., 0.45 mole) was 
refluxed for 46.5 hr. (161°). At the end of this period, distil
lation yielded 52.5 g. of phenyl isocyanate (97%) with a 
cloudy liquid residue of 0.6 g. 

In a second experiment, a slow stream of nitrogen was 
passed through refluxing phenyl isocyanate (100 g.) and the 
evolved carbon dioxide was trapped in an Ascarite tube 
and weighed. After 48 hr., the carbon dioxide amounted 
to 56% of the theoretical. The residue was distilled to give 
42 g. of unchanged isocyanate, and 41 g. (50%) of diphenyl-
carbodiimide, b.p. 121° (0 .5mm.) . 

Conversion of Phenyl Isothiocyanate to Diphenylcarbodi-
imide.—A mixture of 27 g. (0.2 mole) of phenyl isothiocya
nate and 1.08 g. (4% by weight) of phospholine oxide cata
lyst was heated at 120°" for 13.5 hr. Distillation of the re
sulting mixture yielded 3.1 g. (16%,) of a fraction, b.p. 
117-119° (0.4 mm.). Infrared analysis of this product 
showed it to be predominantly diphenylcarbodiimide con
taminated with isocyanate and isothiocyanate. 

Reaction of Methylene-bis-(4-phenyl Isocyanate) with 
Benzaldehyde.—(a) Seven grams of methylene-bis-(4-
phenyl isocyanate) was mixed with 50 ml. of purified benzal
dehyde and one drop of phospholine oxide catalyst. This 
mixture was heated at reflux for 4 hr. and poured into 400 
ml. of petroleum ether to give a crystalline precipitate. This 
product was collected and recrystallized three times from ab
solute ethanol to give 2.25 g. (20%) of a product, m.p. 
130.5-131.5°. The infrared spectrum confirmed the ex
pected structure N,N'-bis-(benzylidene)-4,4'-diaminodi-
phenylmethane, and showed the complete absence of iso
cvanate and carbonvl bands. Anal. Calcd. for C27H22N2: 
C, 86.6; H, 5.9; N, 7.5. Found: C, 86.3; H, 5.7; N, 
7.6. 

(b) Seven grams of methylene-bis-(4-phenyl isocyanate) 
was dissolved in 50 ml. of purified benzaldehyde and heated 
at reflux for 4 hr. This dark solution was poured into 400 
ml. of petroleum ether to give a small precipitate of dark 
gum. No crystalline product could be isolated. 

Reaction of Benzoyl Isocyanate in Presence of the Phos
pholine Oxide Catalyst.—Benzoyl isocyanate was prepared 
by the method of Hill and Degnan22 using dry carbon tetra
chloride as reaction medium; b.p. 94-96° (38 mm.) (lit.1 

88-91° (20 mm.)) . 
A solution of 4.52 g. of isocyanate in 50 ml. of dry (over 

CaH2) toluene was mixed with 2 drops of the phospholine 
oxide catalyst, and the flask was warmed to 45° in an oil-

(22) J. Hill and M. Degnan, J. Am. Client. Soc. 62, 1 S95 (1940). 
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bath. Carbon dioxide evolution started immediately, 
and in about 15 minutes a precipitate began to form. After 
1 hour, the precipitate was collected, the filtrate was evapo
rated to dryness, and both solids were dried over P2O6 in 
high vacuum. The product, 3.3 g., was recrystallized from 
chloroform-hexane. On standing, the compound developed 
a distind odor, reminiscent of benzaldehyde or benzo-

Percyanoalkynes1 2 and a percyanoalkene3 are 
known, but no percyanoalkane has been reported. 
We have now prepared hexacyanoethane, the first 
percyanoalkane, by treating sodium pentacyano-
ethanide4 with cyanogen chloride. 

(NX)3CC(CX)2Na + ClCN > (XC)3CC(CN)3 + NaCl 

In contrast to the usual cyanations of this type, 
the success of the reaction depends on the absence 
of a solvent for hexacyanoethane except for excess 
cyanogen chloride. Best results are obtained in the 
presence of aluminum chloride. 

Careful sublimation of the crude product gave 
hexacyanoethane contaminated by tetracyano
ethylene. The lat ter was removed by washing with 
benzene, in which hexacyanoethane is insoluble. 
The low yield of pure hexacyanoethane (17%) is 
caused by decomposition during isolation, for the 
infrared spectrum of the crude product is essentially 
that of hexacyanoethane. 

Hexacyanoethane is a colorless solid tha t de
composes in a sealed tube above 150°. I ts most 
striking property is its instability. I t can be sub
limed a t 75° (2 mm.), but some decomposition to 
tetracyanoethylene and, presumably, cyanogen 
occurs during sublimation. At room temperature 
it soon decomposes to tetracyanoethylene and poly
meric materials, but it has been stored a t —80° for 
long periods without change. Hexacyanoethane 
dissolved a t room temperature in ethyl acetate, 
tetrahydrofuran or dimethoxyethane decomposes 
completely overnight; this decomposition is ac
celerated greatly by base, moderately by acid. 

On several occasions when crude hexacyano
ethane was heated a t reduced pressure it decom
posed rather violently with the formation of tetra
cyanoethylene. This is reminiscent of the decom
position of isosteric hexabromoethane to the cor
responding ethylene.5 In view of the extreme sen
sitivity of hexacyanoethane toward base, we pro-

CD C. Moureau and J. Bongrand, Compt. vend., 170, 1025 (1928). 

(2) F. J. Brockman, Can. J. Chem., 33, 507 (19.55). 
(3) T. L. Cairns, R. A. Carboni, D. D. Coffman, V. A. Engelhardt, 

R. E. Heckert, E. L, Little, Edith G. McGeer, B. C. McKusick and 
W. J. Middleton, J. Am. Chem. SoC, 79, 2340 (1957). 

(4) O, W. Webster, W. R, Mahler and R. E. Benson, ibid., 84, 3678 
(1962). 

(5) M. A. Mouneyrat, Bull. soc chim. France, 19, 177 (1898); W. 
Taylor and A. M. Ward, J. Chem. Soc, 2007 (1934). 

nitrile. Anal. Calcd. for C22H15X8O2: C, 74.6; H, 4.3; X, 
11.9; O, 9.1. Found: C, 74.6, 74.1; H, 4.5, 4.4; X, 
11.64,11.78; 0 , 8 . 6 , 8 . 9 . 

Decomposition of the unknown compound at 220° gave 
a 20% yield of a distillate identified as crude benzonitrile, 
and an unidentified solid residue (nitrilc trinier ?) in addition 
to an undetermined amount of CO2. 

pose the following autocatalytic base-induced 
mechanism for this decomposition. 

f~N r N® 
Mil I^ 
„C CN B-C CN 

B —-*\ I K i 
NC-C-C-CN NC-C^C7-CN 

I T i I ^ 
CN CN [_ CN CN 

NC^ CN 
* BNC + r = C. •+- "CN 

NC CN 

Hexacyanoethane is assigned its structure on the 
basis of its composition, mode of formation, de
composition to tetracyanoethylene, and infrared 
and mass spectra. I t s infrared spectrum has only 
four peaks, which is consistent with a highly sym
metrical structure. A single peak at 4.40 M indicates 
the presence of just one kind of nitrile group, and 
tha t unconjugated. The mass spectrum shows no 
parent peak, but there is a large peak due to the 
tricyanomethyl fragment, and lesser ones corre
sponding to tetracyanoethylene and dicyanoacety-
lene. 

Hexacyanoethane might be expected, like di-
cyanoacetylene,6 cyanogen6 and tetracyanoethyl
ene,7 to have an exceptionally high flame tempera
ture. T h a t this is true is indicated by a calculation 
like those of Kirshenbaum and von Grosse6 based 
on an observed heat of combustion of about 990 
kcal./mole at 25° s ; this suggests a flame tempera
ture in the range 4000-46000K. Hexacyanoethane 
has a high endothermic heat of formation, estimated 
from the heat of combustion to be 240 kcal./mole at 
25°; this is in fair agreement with a value of 19o 
kcal./mole calculated from Pauling's9 bond ener
gies. 

(6) A, D, Kirshenbaum and A, Von Grosse, J. Am. Chem. Soc, 78, 
2020 (1956). 

(7) T. L. Cairns and B. C. McKusick, Angcw. Chem., 73, 520 
(1961). 

(8) The experimental results are only approximate because traces 
of nitrogen oxides were formed during the combustion, whereas the 
calculations are based in the reaction of CsNe + 8O2 —*• 8CO2 -f- 3NY 

(9) L. Pauling, "Nature of the Chemical Bond," Cornell University 
Press, Ithaca, N. Y., 1848. 
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The synthesis of hexacvanoethane, the first percyanoalkane, is described. 


