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slowly over a period of 10 min during which time a slow exo-
thermic reaction was noted and the temperature increased to 38°,
then quickly subsided. The reaction was continued for 24 hr
after which the methanol was removed at reduced pressure on a
rotatory evaporator leaving a two-phase system. The organic
phase was extracted thoroughly with ether; the ether extracts
were combined, and dried over anhydrous magnesium sulfate.
After removal of the ether, the dark liquid residue was distilied
at reduced pressure to give 4.92 g (58%) of 1,2-bis(difluoramino)-
ethanol (III), bp 40-42° (18 mm), n*p 1.3937. The infrared
spectrum showed intense absorption in the region 10-12 (NFy)
and at 2.93 » (OH). After standing for several hours at ambient
temperature, absorption at 5.7-5.75 u (C==0) was observed in
the infrared spectrum which increased in its intensity with time
indicating the instability of the alcohol. All the analytical data
were obtained immediately after distillation.

Anal. Caled for C;HJFiN:0: C, 16.22; H, 2.70; F, 51.35;
N, 18.92. Found (for III): C, 16.41; H, 2.86; F, 50.97;
N, 18.76.

Attention: It is imperative that caution be exercised in work-
ing with the reactions and products discussed in this report. It
is important to remember that these reaction mixtures constitute
explosion hazards and the reactions must be conducted with
this possibility considered. Compounds II and III are com-
paratively more sensitive to impact than is nitroglycerin while
compound I is slightly less sensitive.

Registry No.—I, 13084-45-2; II, 13084-46-3; III,
13084-47-4; tetrafluorohydrazine, 10036-47-2.
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Since the first application of N,N’-dicyclohexylearbo-
diimide for phosphorylation reactions! and for the syn-
thesis of peptides,? this compound has been inereasingly
used for dehydration reactions.®*—® The common by-
product of these reactions is N,N’-dicyclohexylurea.
Although many good general methods are available for
the preparation of N,N’-dicyclohexylcarbodiimide from
the corresponding thiourea, only a few methods®—3
for its conversion from N,N’-dicyclohexylurea are
known. Amiard and Heymes have reported® the prep-
aration of N,N’~dicyclohexylearbodiimide from the cor-
responding urea by p-toluenesulfonyl chloride in pyri-
dine in 829, yield while they claim a 499, yield in a
patent’ by the same method. The other method?
involves the conversion of the urea to imidochloride
followed by dehydrohalogenation by a base.

The application of our recent method of dehydration -

of N-substituted amides to give ketenimines?® looked
very promising. It was found that the dehydration of
N,N’-dicyclohexylurea with phosphorus pentoxide is
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indeed a very convenient method for the synthesis of
the carbodiimide. A 769, yield of the carbodiimide
(I) was obtained upon refluxing the urea with a five-

P20s/] Dyr‘iidine,
san
RNHCONHR ——————>» RN=C=NR
I, R = cyclohexyl
II, R = phenyl
III, R = p-chlorophenyl
IV, R = p-ethoxyphenyl

fold excess of phosphorus pentoxide in pyridine for
2.25 hr. Since the product, carbodiimide, possesses
a very strong band around 4.7 u, the progress of the
reaction can be followed by the infrared measurements.
In this work, however, no attempt was made to find
the conditions for optimum yields by increasing the
time of refluxing or by changing the nature and amount
of the tertiary amine.

The structure of the carbodiimides was established
by their physical properties including the infrared spec-
trum?!® and their acid-catalyzed hydrolysis to starting
ureas. The yield of recrystallized urea was above 809,
in all cases.

Experimental Section

Apparatus and Reagents.—The apparatus was flame dried be-
fore use and was protected from moisture with a Drierite or cal-
cium chloride drying tube. Sand was dried by heating over a
free flame for 15 min and while still hot was transferred to the
reaction flask. Pyridine was distilled and stored over phos-
phorus pentoxide.

N,N’-Dicyclohexylcarbodiimide (I).—A stirred mixture of 19.7
g of N,N’-dicyclohexylurea, 100 g of phosphorus pentoxide, 175
g of sand, and 700 ml of pyridine was refluxed for 2.25 hr.
Stirring was not possible after about 30 min. The mixture was
filtered and the residue was extracted with 100 ml of pyridine.
From the combined solution, pyridine was removed on a flash
evaporator, and the residual oil was extracted with two 100-ml
portions of boiling petroleum ether (bp 60-80°), followed by 100
m! of ether. The combined extract was washed with three 80-m!
portions of ice water, dried over calcium chloride, and filtered.
The solvents were removed from the filtrate under reduced pres-
sure to give 17.4 g of an oil, which on distillation yielded 13.7 g
(75.69%) of a clear, colorless liquid, bp 143° (3.5 mm), which
solidified in the receiver, mp 34-35° [lit.® mp 35°, bp 148-152°
(11 mm)].

N,N’-Diphenylcarbodiimide (IT).—From a mixture of 7.0 g of
N,N’-diphenylurea, 35.0 g of phosphorus pentoxide, 70.0 g of
sand, and 400 ml of pyridine, after work-up as that used to ob-
tain 1, was obtained 3.42 g (53.49) of the title compound, bp
110° (0.2 mm) [lit." bp 163-165° (11 mm)].

p,p’-Dichlorodiphenylcarbodiimide (III).—From a mixture of
28.1 g of p,p’-dichlorodiphenylurea, 100 g of phosphorus pentox-
ide, 150 g of sand, and 750 ml of pyridine was obtained, after the
usual work-up, a solid residue which on recrystallization from
petroleum ether afforded 14.8 g (566.29) of the product of mp
53-54° (lit.}* mp 54°).

p,p’-Diethoxydiphenylcarbodiimide (IV).—From a mixture of
3.0 g of p,p’-diethoxydiphenylurea, 12.0 g of phogphorus pentox-
ide, 300 g of sand, and 200 ml of pyridine, after 3.0-hr refluxing
and work-up, was obtained 2.42 g (869%,) of the diimide as white
needles, mp 46-47° after recrystallization from hexane.

Anal. Caled for CyH;gNO:: C, 72.32; H,6.32. Found: C,
72.38; H, 6.66.

Registry No.—1I, 538-75-0; II, 622-16-2; III, 838-
98-2; 1V, 13084-49-6.
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{10) The carbodiimides possess a strong characteristic absorption band
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(11) H. Lehman and G. Grimmer, Ann., 579, 77 (1853).



