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Some Reactions of Vinyl Isocyanate
and Its Copolymers*

GEORGE B. BUTLER and STUART B. MONROE{}

Department of Chemistry
University of Florida
Gainesville, Florida 32601

SUMMARY

Linear, soluble copolymers of vinyl isocyanate with styrene and methyl
methacrylate were obtained when the comonomer:vinyl isocyanate ratio in
the copolymer was greater than 9:1. When the comonomer to isocyanate
ratio was less than 2:1, the copolymers were insoluble. Infrared evidence
indicated that spontaneous cross-linking through the isocyanate function
occurred by a mechanism similar to the known reaction by which isocyanates
undergo dimerization and trimerization. The soluble copolymers retained the
reactive isocyanate moeity as was shown by their reactivity with n-butylamine
and ethanol to produce, respectively, the corresponding polyurea and poly-
carbamate, and with ethylenediamine and water to produce cross-linked
polymers. The intrinsic viscosity [n] for the 9:1 methyl methacrylate:
vinyl isocyanate copolymer was 0.22 dl/g while that for the corresponding
ethyl carbamate was 0.24 di/g.

*Taken from the Ph.D, Dissertation of Stuart B. Monroe, University of
Florida, February, 1962.

tPresent address: Department of Chemistry, Randolph Macon College,
Ashland, Virginia 23005.
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1064 G. B. BUTLER AND S. B. MONROE
INTRODUCTION

In 1950 the suggestion was made that copolymers of l-alkenyl isocyanates,
e.g., vinyl isocyanate, might be prepared {1]. Iwakura, Sato, Tamikado, and
Mizoguchi [2], Hart [3], and others [4] carried out low conversion copo-
lymerizations of vinyl isocyanate as well as reactions of vinyl isocyanate with
ammonia and amines to yield unsaturated ureas which were then polymerized
to low-molecular weight products. Recently, Overberger, Ozaki, and Mukamal
prepared ladder polymers from vinyl isocyanate by reacting the monomer
first through the isocyanate group, followed by reaction through the double
bond, and vice versa [5].

This investigation involved addition polymerization and copolymerization
of vinyl isocyanate through the double bond to yield polymers with reactive
isocyanate side groups. The reactions of these products with mono- and
difunctional active hydrogen-containing materials were then examined.

RESULTS AND DISCUSSION

Vinyl isocyanate was synthesized by means of the Curtius rearrangement
following the reaction between sodium azide and acrylyl chloride. The
corresponding N-vinylurea was prepared by reacting the isocyanate with am-
monia. Instability of this derivative was apparent upon heating or standing
at atmospheric conditions, Similar results have been observed by others
(3, 6], and the instability has been attributed to tautomerism of the N-
ethylene compounds into imine forms: e.g.,

H, 0=CH-NHCONH, 2 H;C-CH=NCONH, (1)

would be expected to be quite susceptible to hydrolysis by atmospheric moisture.

Vinyl isocyanate was polymerized in bulk and in solution to yield insol-
uble, infusible products. These results were consistent with those obtained
by Overberger [5] and Hart [7]. Infrared spectra of the insoluble polymers
exhibited no evidence of unsaturation in the region of 1000-800 cm ~%; but
showed strong absorptions characteristic of -NCO (2265 ¢cm ™), thus indica-
ting polymerization through the vinyl group. There were also bands in the
region between 1800 and 1700 cm ~! which are believed to be due to ab-
sorptions representative of dimer and trimer formation. Copolymers of
vinyl isocyanate, which contained comonomer to isocyanate ratios of less
than 2:1, were also insoluble. Again, infrared absorption bands between
1800 and 1700 ! were prominent.
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Linear, soluble copolymers with reactive isocyanate moeities (strong - NCO
absorptions in infrared) were prepared from vinyl isocyanate and styrene or
methyl methacrylate. These were isolated and caused to react with either n-
butylamine, ethanol, or ethylenediamine to yield polymeric products with
different properties than those of the starting materials. Infrared specra of
these products showed complete absence of ~-NCO absorption in addition to
new absorptions in the regions 1640-1600 and 1600-1550 ¢cm ™ !, The
former were attributed to amide band I and the latter to amide band II
and NH deformation. The product of the reaction between the soluble, low
melting, vinyl isocyanate—styrene copolymer and ethylenediamine exhibited
limited solubility and increased melting temperature, thus indicating that cross-
linking had taken place. Representative data and results pertaining to polymer-
izations and reactions of copolymers are given in Table 1, 2, and 3.

EXPERIMENTAL

All temperatures are uncorrected and reported in degrees Centigrade.
Melting point determinations of polymeric materials were performed on a
Kofler micro hot-stage and viewed through a Unitron polarizing microscope.
Infrared spectra were obtained on a Perkin-Elmer Infracord or a Perkin-Elmer
Model 21 Spectrophotometer. Intrinsic viscosities were calculated from
efflux times of benzene of N N-dimethylformamide solutions through a
Cannon-Ubbelohde semimicro dilution viscometer set in a 25° constant tem-
perature bath. Ultraviolet radiation was supplied by a Black-Ray long-wave
ultraviolet lamp, model XX-15. Microanalyses were preformed by Galbraith
Laboratories, Inc., Knoxville, Tennessee.

Vinyl Isocyanate

Into a kliter, three-necked flask, equipped with a reflux condenser fitted
with a calcium chloride drying tube, mechanical stirrer, thermometer, and
additional funnel, were placed 106 g (1.6 moles) of purified sodium azide
(Fisher), 300 ml of water, and 1.0 g of hydroquinone. The reaction vessel
was immersed in an ice-water bath, and a mixture of 100 g (1.1 moles) of
acrylyl chloride and 300 ml of benzene was added at such a rate that the
reaction temperature remained at 10-15°. The mixture was cooled at 0°
and stirred for 6 hr. The organic layer was removed and dried over calcium
chloride for 24 hr. The azide solution and 1.0 g of hydroquinone were
added to 1.0 liter of dry benzene in a 2-liter, three-necked flask equipped
with a magnetic stirring bar, thermometer, and Dry Ice-acetone reflux con-
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Table 3. Reactions of Soluble Copolymers of Vinyl Isocyanate

Melting Intrinsic

Polymer Description of range viscosity
No. Reactant product °0) (dl/g)
4 n-Butylamine White, chalky solid 130-140 0.38
Ethylenediamine  Partially soluble > 300
white solid
5 Ethanol White, powdery solid 120-130 0.24

denser guarded by a calcium chloride drying tube. The reaction mixture
was heated, with stirring, to 70-80° until the evolution of nitrogen was nil
and then distilled through a 12-in. Vigereux column fitted with an ice-water
condensor backed by a Dry Ice-acetone trap. The latter was guarded by a
calcium chloride drying tube. Distillation was continued until a vapor tem-
perature of 80° was reached. The distillates in the receiving flask and Dry
Ice-acetone trap were combined and redistilled from 1.0 g of hydroquinone
through a 12-in., helix-packed column into a receiving flask that contained
200 ml of dry benzene and 1.0 g of hydroquinone. The receiving flask was
immersed in a Dry Ice-acetone bath, The product was 40 g (53%) of vinyl
isocyanate, bp 39°, np?° 1.4180; reported [6] bp 39°, np?° 1.4188. In-
frared analysis revealed the following absorption bands (cm ~'): 3100 (C-H);
2270 (NCQ); 1630 (C=C); 1460, 1380, 1310 (CH deformations); 957 (=CH-);
895 (CH,=); 835 (CH deformation). This compound was a severe lachry-
mator.

Analysis calculated for C3H3;NO: C, 52.16; H, 4.38; N, 20.26. Found:
C, 51.93; H, 4.31; N, 19.91.

N-Vinylurea

To 2.0 ml of dry benzene in an open vial was added 0.50 g (0.072 mole)
of vinyl isocyanate. Gaseous ammonia was immediately bubbled into the
solution to yield a gelatinous, white precipitate which was separated by fil-
tration and dried under vacuum (25 mm) at 50°. The product was 0,50 g
(80%) of vinylurea, mp 68-70°: reported [3] mp 80-81°. The melting
point reported by Hart [3] was determined by means of a Kofler hot-stage.
Using this technique for the vinylurea prepared above also revealed a melting
point of 80-81°, Infrared analysis revealed the following absorption bands
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(em™1'): 3250 (N-H); 1665 (-CONH,); 1600 (-CONH-); 1550 (NH defor-
mation); 1410, 1325, 1225, 1135, 1075 (CH deformations); 980 (=CH-);
915 (CH,=); 850, 840 (CH deformations).

Analysis calculated for C3HgN,0: C, 41.86; H, 6.98; N, 32.56. Found:
C, 41.56; H, 7.25; N, 32.34,

Two separate preparations of vinylurea gave products with the respective
melting points of 72-73° and 73-74°. Attempts at recrystallizing the product
from ethanol resulted in a loss of the material. Vinylurea crystals were con-
verted to a viscous, yellow liquid while standing at room temperature in a
screw-capped vial for several weeks.

Preparation of Polymers

Polymerization reactions were carried out in 40 X 15 mm glass tubes
which had constricted necks to allow sealing by means of a gas-air flame.
The open end of a reaction tube was fitted with a rubber policeman and
weighed to the nearest milligram. Predetermined amounts of initiator,
comonomer (where applicable), and solvent (where applicable) were added
to the tube, and the tube and contents were weighed after each addition.
The isocyanate was distilled through a stainless steel spinning-band column
directly into the tube; the tube was capped and again weighed. The tube
was cooled in a Dry-Ice bath in a nitrogen atmosphere. The policeman was
removed, and the tube was flushed with nitrogen and promptly sealed. Po-
lymerizations were accomplished in the presence of ultraviolet light at room
temperature; benzoyl peroxide was used as initiator.

After the polymerization period, the tube and its contents were cooled
in a Dry-Ice bath, and the contents removed by breaking the tube. Insoluble
polymers were triturated with nonsolvent, and the solid was removed by fil-
tration, Solutions of soluble polymers were poured with stirring into 3 vol-
umes of reagent grade petroleum ether (Fisher) to precipitate the polymer.
The polymer was washed and reprecipitated twice more. All polymers were
dried at 15 mm of mercury and 50-100°.

Characterization of Polymers

Polymer solubilities were determined by addition of 5-10 mg of polymer
to 0.5-1.0 ml of solvent. If solution did not take place within a matter of
minutes, the mixture was heated to reflux and allowed to resume room tem-
perature. If no degree of solubility was observed in N,N-dimethylformamide,
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benzene, acetone, tetrahydrofuran, chloroform, carbon tetrachloride, meth-
ylene chloride, ethyl acetate, dioxane, or dimethylsulfoxide, the polymer
was classified as insoluble.

Melt temperatures of polymers were determined by heating until they
were liquified or until a temperature of 300° was reached. Infrared studies
were made on potassium bromide disks. Elemental analysis provided a
means of calculating the ratio of the number of comonomer units to iso-
cyanate units within a copolymer,

Reactions of Copolymers,

A sample of 25 mg of copolymer was dissolved in 0.5-1.0 ml of reagent
grade p-dioxane (Eastman) in a screw-cap vial, and either 0.1 ml of n-butyl-
amine (Matheson, Coleman and Bell) or absolute ethanol or a calculated e-
quivalent amount of ethylenediamine (0.2% in p-dioxane) was added. The
reaction vessel was flushed with dry nitrogen, and 1 drop of a 5% solution
of triethylamine in p-dioxane was added. The vial was immediately capped
and placed in an oven at 70-90° for 24 hr. The reaction mixture was
brought to room temperature and added to 3 volumes of water. The re-
sulting solid was removed by filtration and dried under vacuum (15 mm) at
50°. Products were characterized in the same manner as the polymers,
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