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STUDIES OF ACYL ISOCYANATE—IV!
SYNTHESIS OF DIOYL DIISOCYANATES®
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Research Institute of Industnal Science, Kyushu University, Hakozaki, Fukuoka, Japan

(Received in Japan 26 May 1967 accepted for publication 22 September 1967)

Abstract An attempt has been made to prepare aliphatic and aromatic dioyl dusocyanates according
10 Speziale’s method. The reactions of sebac-, phthal-, 1sophthal- and terephthalamide with oxalyl chlonde
progressed smoothly, forming the corresponding 1socyanate, which 1n turn gave quantitatively the corre-
sponding bifunctional acylurea on treatment with amhine 1n all cases except phthaloyl isocyanate. In the
reaction of succin- or adipamide. however, the amide required a large amount of oxalyl chlonde. and in
addition to the expected 1socvanate, 1,.2-bis{2-(1,3-0xazolidine-4,5-dione)) ethanediylidene or 1,3-adipoyhi-
midazoline-2,4.5-tnone was obtained. The hydrazinolysis and anilinolysis of the above by-products
are also presented

ALTHOUGH an excellent method? for the preparation of acyl isocyanates has been
reported, no information is available for the preparation of dioyl diisocyanates. In
previous papers in which the di- or trimerization? and dipolar cycloaddition reaction*
of benzoyl or thiobenzoy!l isocyanates were investigated, it was shown that 1,2-
and 1,d4-dipolar cycloaddition products were formed.

The preparation of the dioyl diisocyanate from aliphatic or aromatic diamides
was investigated by application of Speziale’s method in order to provide starting
material for the synthesis of new heterocyclic compounds and interesting poylmers.

The preparation of dioyl diisocyanates (II) was generally undertaken in the
following manner : a mixture of the corresponding amide (I; 0-02 mole) and oxalyl
chloride (006 mole) in dichloroethane (30 ml) was refluxed for 3 hr. In the case of
sebac- (Ic), phthal- (1d). isophthal- (Ie) or terephthalamide (If), the reaction progressed
smoothly with evolution of carbon monoxide and hydrogen chloride, and the
corresponding diisocyanate was obtained in excellent yield.

R/(’ONH, _(C()Cl), R/('o NCO
“CONH, CONCO
I ]
a R =(CH,), b.R = (CH,), c:R =~ (CH,),

* A part of this work was presented at the 19th Annual Meeung of the Chemical Society of Japan
Yokohama, March (1966).
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The same reaction using succin- (1a) or adipamide (Ib) formed the corresponding
diisocyanate in poor yield, leaving a large amount of unreacted amide.

By varying the amount of succinyl isocyanate (IIa) and the reaction time, the
resulis were as foilows: for times for 2, 3, 5 and i2 hr, the yieid of 1ia was 17, 34, 33
and 339, respectively. After the reaction of Ia by the above general procedure for
3 hr. an additional 006 mole of oxaly! chloride was added and the reaction mixture
refluxed for 7 hr. It wes found that 1la and yellow needles (I11), m.p. 189" dec, were
formed in 79 and 139 yield, respectively.

In the reaction of Ib with oxalyl chlonde for 15 hr according to the general pro-
cedure, adipoyl isocyanate (IIb) was formed only in 129 yield and the unreacted
Ib recovered. When three equal parts of oxalyl chloride (006 mole x 3) were added
to the reaction mixture at intervals of 3 hr and the mixture heated under reflux for
1S hr, 1Ib and white crystals (IV), m.p. 312° dec, formed in 40 and 279 yield, res-
pectively, and a small amount of Ib was recovered.

With the exception of isophthaloyl (Ile} and terephthaloyl isocyanate (IIf),* the
above diisocyanates decomposed on vacuum distillation, yielding the corresponding
nitrile. Consequently, except for lle and IIf, the yields of 11 are those of the corres-
ponding bifunctional acylureas (V) which were obtained by the reaction with
aniline.t The yields and properties of Il and V are summarized in Table 1.

The properties of ethyl- (VI) and phenylurethaanes (VII) of II, which were obtained
by the reaction with ethanol and phenol, respectively, are shown in Table 2.

However, the reaction of I1d with ethanol or phenol did not give the corresponding
urethanes, but phthalimide was obtained quantitatively. The formation of phthali-
mide is due to decomposition of the urethanes, as no phthalimide was obtained in
the reaction of 11d with aniline.

The yellow needles (I11) which were obtained in the reaction of Ia, were in agree-
ment with the formula C4H,O,N;. As is shown in Fig. 1, the IR spectrum of III
shows very distinct bands at 1830, 1740 and 1680 cm !, besides the weak band at
about 3200 cm ™.
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Fi; VIR spectra of 11, 1V and 1X in KBr disk.

® Recently, we learned that the reaction of terephthalamide with oxalyl chlonde in CCl, was inde-
pendently carmed out.?

+ It was made clear that Ile or 1If gave the corresponding urea quantitatively in the reaction with
amline.
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In addition, the reaction of III with hydrazine hydrate gave oxalic dihydrazide
(VIII) and succinhydrazide in 2:1 molar ratio.

A similar reaction of 2-benzylidene-1,3-oxazolidine-4,5-dione (1X),?® whose IR
spectrum is similar to that of Il as shown in Fig. 1, with hydrazine hydrate afforded
VIII and phenylacetohydrazide.

On the basis of these observations, the compound 1 is 1,2-bis[241,3-oxazolidine-
4,5-dione)]ethanedilylidene. The reaction course of 111 with hydrazine is illustrated
in Scheme 1.

Although the reaction course of amide with oxalyl chloride is not clear, Speziale
et al? postulated the possible path through the 1,3-oxazolidine-4,5-dione inter-
mediate. In fact, the thermal decomposition of IX gives phenylacetyl isocyanate.
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However, the isocyanate I11a was not formed on heating of 111 in dichloroethane or
xylene. It has been known that 2-benzylidene-1,3-thiazolidine-4,5-dione does not
give any phenylthioacetyl isocyanate.®

On the other hand, the white needles (IV) obtained in the reaction of Ib agree
with the formula CoH,OsN,. The mass spectrum of 1V shows the parent peak at
mje 224 and the IR spectrum exhibits characteristic bands in the region from 1840
10 1700 cm ™! as shown in Fig. 1.

When IV was treated with hydrazine hydrate, VIII and a new compound (X),
m.p. 318° dec, were obtained. Also, the treatment with aniline gave oxanilide and X.

The compound X agrees with the formula C,H,O;,N,, whose IR spectrum exhibits
characteristic bands at 3200 and about 1700 cm ™' ascribed to the NH and CO
groups, respectively. As illustrated in Fig. 2, the NMR spectrum in CF,CO,H
exhibits multiplets at ¢ 7-7 (2H), ¢ 7-15 (SH) and a broad singlet at t 10-27 (1H).
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FiG. 2. NMR spectrum of X in CF,CO,H.

Also, the mass spectrum is shown in Fig. 3.
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FiG. 3. Mass spectrum of X.

On the basis of the above observations, the structure of X is consistent with
3.3a,4,5-tetrahydro-7-azaindole-2,6-dione (Xa) or its isomer (Xb).
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2.4.5-trione, and its formation and aminolysis course are shown in Scheme 2.
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SCHEME 2
EXPERIMENTAL

M.ps and b.ps are uncorrected. IR spectra were recorded on a Nippon Bunko IR-S spectrophotometer.
NMR spectra were determined at 60 Mc with a Japan Electron Optics INM-3H-60 NMR spectrometer,
using TMS as internal reference. Mass spectra were obtained on a Hitachi RMU-6D instrument using a
heated inlet, an ionization energy of 70 eV, an inlet temp of 200-250°, and a source temp of 250°. Elemental
analyses were done by Mr. Eiji Shiozaki.

Materials. Commerical grades of succin- (1a), m.p. 260°, and phthalamide (Id), m.p. 228°, were used.
Adip- (Ib), m.p. 221°, sebac- (Ic), m.p. 173°, 1sophthal- (le), m.p. 275°, and terephthalamide (If), m.p. > 300"
were prepared by the reaction of the corresponding dichloride with conc NH,OH, and were purified by
recrystallization. Oxalyl chloride was prepared by the reaction of oxalic acid with PCl, and was purified
by fractional distillation : b.p. 58-64°.

General method for the preparation of isocyanate After oxalyl chloride (006 mole) was added to a sus-
pension of the corresponding amide (002 mole) in dichloroethane (30 ml), the mixture was refluxed for
3 hr. During this time a clear soln was obtained with evolution of CO and HC. In order to estimate the
yield of the 1socyante, after the solvent and oxalyl chloride were removed in vacuo aniline was added to
the residue, yielding the corresponding urea (V) which was purified by recrysullization from dioxan,
except for the reactions of le and If.

In the case of le or If, vacuum distillation of the above-mentioned residue afforded the corresponding
isocyanate Ile or 11f. The results are shown in Table 1.

When the ressdue or isocyanate was treated with ethanol or phenol in place of aniline, the corresponding
urethane, V1 or VII, was obtained. The results are summarized tn Table 2.

Reaction of 1a with oxalyl chloride. After a suspension of 1s (2:32 g) and oxaly! chlonde (76 g) in dichloro-
ethane (30 mi) was refluxed for 3 hr, oxalyl chloride (76 g) was added and heating under reflux continued
for another 7 hr. After cooling. a yellow ppt was collected by filtration. From the filtrate the solvent and
oxalyl chloride were removed in vacuo, and then aniline was added to the residue, yielding the corres-
ponding urea Va which was purified by recrystallization from dioxan; yield 56 g (79 %).
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Reprecipitation [rom the DMSO soln of the above yellow ppt by addition of ether gave 11l as yellow
needles, m p. 189° dec, yield, 057 g (13%). (Found: C, 4303; H, 2:21; N, 1267. Calc. for CqHO¢N;:
C.4287. H.1-80. N, 12:50°)

Reaction of 1b with oxalyl chloride. After a suspension of Ib (288 g) and oxalyl chloride (76 g) in
dichloroethane (30 ml) was refluxed for 3 hr, additional oxalyl chlonde (76 g x 2} was added at intervals
of 3 hr and it was refluxed for 12 hr. After it had cooled. a brown solid was collected by filtration. Treatment
of the filtrate as above gave Vb; yield 30 g (40°,).

Recrystallization of the brown solid from acetone using active charcoal afforded 1V as white needles,
m.p. 312" dec. yield, 1:2 g (27°,). (Found. C. 4829; H. 146. N, 1242 Cak. for CqH,O4N;: C, 4822;
H. 360, N, 12:50%,). IR (KBr) v, cm ': 1840, 1810 (sh), 1740, 1720 (sh) and 1700 UV 3 my (log ¢):
229 (3-96), 303 (1-95).

Reaction of 111 with hydrazine. A mixture of 111 (0-80 g. 36 mmole) and hydrazne hydrate (5 ml) in
EtOH (40 ml) was refluxed for 10 min. After the mixture had cooled, filtration afforded colourless needles
(0-42 g 64 mmole). m.p. 232, which were proved, by the admixed m p. and IR spectrum, to be 1dentical
with oxalic dihydrazide (VIII).

After the filtrate had been concentrated in vacuo, colourless needles. m.p. 161°, identical with the
authentic sample of sucain hydrazide were obtained, yield, 0-46 g (3 mmole).

Reaction of 2-benzylidene-1.3-0xazolidine-4.5-dione (1X) with hydrazine. A mixture of IX (19 g 10 mmole)
and hydrazne hydrate (7 ml) in EtOH (50 ml) was refluxed for 20 min. Trecatment as above gave 10 g
(8 mmole) of VIII and 1 1 g (7 mmole) of phenylacetohydrazide as colourless needles, m.p. 117 (lit.” 114°),
whose IR spectrum showed at 3300 and 1640 cm ' ascribed to the NH and CO groups. respectively,
and clemental analyses 1n agreement with the formula C4H,,ON,;. (Found: C,63-83, H,6:71; N, 18:55°,).

Reaction of IV with hydrazine. A mixture of IV (0-43 g; 19 mmole) and hydrazine hydrate (3 ml) in
EtOH (30 ml) was refluxed for 10 min. Treatment as above afforded 0-18 g (1-5 mmole) of VIll and 0-24 g
(16 mmole) which on recrystallization from acetone water (1-1) gave colourless needles of X. mp. 318

dec. (Found: C, 5525, H. 533 N, 1865. Calc. for C-HO,N;: C. 5525. H. 530 N, 1841 °)).

Reaction of IV with aniline. A suspension of IV (0-43 g: 19 mmole) in aniline (5 ml) was refluxed for
S mun. After the mixture had cooled. benzene was added, yielding colourless crystals which were extracted
with EtOH leaving 024 g (1'1 mmole)} of colourless needles, m.p. 246’ .°* whose IR spectrum (3320 and
1670 cm ' assigned to the NH and CO groups) and clemental analyses were in agreement with the
formula C, (H,,0;N,. (Found. C. 6981 H,490; N, 1188°).

The EtOH-extract was concentrated in tacuo, yielding 0-34 g (1-S mmole) of X.

® The m.p. given in the hiterature vanes from 245 to 254 .
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