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The isocyanate group reacts quantitatively with 
a wide variety of active hydrogen compounds to 
give condensation products with the general struc- 
ture shown in the equation: 
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RNCO + R'H & RNH--CR' 

If a diisocyanate and a symmetrical compound 
with two active hydrogen atoms is used, these reac- 
tions can at least theoretically lead to high poly- 
mers : 
R(NC0)z + HR'H - 

[ 7  7 1  
--CNH-R-NH-&R'- n 

A number of such systems has been successfully 
exploited. Thus, simple glycols and diisocyanates 
have given polyurethanes. Similarly, hydroxyl- 
terminated polyesters and polyethers have given 
segmented copolymers2 with rub ber-like proper ties. 
Reaction of certain diamines with diisocyanates has 
given po lyurea~ ,~~~3  while a combination of a host 
of other active hydrogen compounds with iso- 
cyanates has been suggested or described in the 
l i t e r a t~ re .~  The properties of such polymers as 
have been reported have ordinarily been outside of 
the range of usefulness for films or fibers. Thus, 
they are described as low molecular weight friable 
solids of limited solubility and thermal stability. 
It is the purpose of this communication to describe 
some condensation polymers made from diisocya- 
nates and dioximes, which have high molecular 
weight and can be fabricated to tough films and 
fibers. 

REACTION OF ISOCYANATES WITH OXIMES 

There appears to be very little literature on the 
reaction of isocyanates with oximes. Thus, Gold- 
schmidt6 reported that phenyl isocyanate reacted 
exothermically when mixed with benzaldoxime in 
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benzene solution. Evaporation of the solvent left 
a white mass of O-carbanilidobenzaldoxime (CsHr 
NHC02N=CHCsH5). This substance was ob- 
tained as a crystalline product in unspecified yield. 
It decomposed vigorously at or above its melting 
point (135") evolving carbon dioxide, and leaving 
a residue of diphenylurea and benzonitrile. Similar 
results were noted with other aldoximes. With ke- 
toximes, the addition products reverted a t  the 
melting point to the oxime and the isocyanate. 
Petersen4 has studied diisocyanates with monox- 
imes, and noted similar results. Hydroxylamine 
itself also reacts with phenyl isocyanate, preferen- 
tially at the amino group,6--8 then at the hydroxyl. 

It would thus appear that oximes react predicta- 
bly with isocyanates, and that the reaction of equi- 
molar amounts of diisocyanate with a dioxime 
should lead to a linear high polymer. 

POLYMERS FROM DIISOCYANATES AND DIOXIMES 

Four symmetrical dioximes, 1,4-~yclohexanedione 
dioxime, dimethylglyoxime, terephthaldehyde di- 
oxime, and 2,6-pyridine dialdoxime have been poly- 
merized with a variety of diisocyanates. 

The usual method of polymerization consisted in 
mixing dimethyl sulfoxide solutions of the diiso- 
cyanate and the dioxime, and heating the resulting 
solution under nitrogen to 80-100" for about 2 hr. 
The polymers were isolated by pouring the reaction 
mixture into water. 

Of the three catalysts tried, triethylamine proved 
to be the most effective and general one. Copper 
dichloride which was reported to be an effective 
catalyst for reactions of isocyanates with alcoholsg 
was used successfully in the preparation of polymer 
from hexamethylene diisocyanate and dimethyl- 
glyoxime. Cobalt naphthenate, which is effective 
in catalyzing reactions of isocyanates with some 
active hydrogen-containing substances,'O did not 
act as a catalyst in the above system. 
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Most of the polymers obtained were of low 
molecular weight, gave only brittle films, and 
charred or decomposed at  their melting points. 
The two exceptions were polymer from 4,4'-bi- 
phenylene diisocyanate and cyclohexanedione di- 
oxime, and polymer from dimethylglyoxime and 
hexamethylene diisocyanate. 

4,4'-Biphenylene diisocyanate reacted readily 
with cyclohexanedione dioxime when solutions of 
the reactants were mixed at  80-100°C. : 

had inherent viscosities of 0.9 to 1.1 in dimethyl 
sulfoxide, and a polymer melt temperature of 160". 
Tough, clear film was cast from the polymerization 
solutions. They were also wet-spun into aqueous 
50% ethylene glycol to give fairly tough fibers. 
Both film and fiber could be stretched over a hot 
surface. The drawn and undrawn samples were 
amorphous, but the stretched yarn had a very high 
orientation (Fig. 1). 

H O N = ~ = N O H  + OCN-co - __ --+ 

r 0 1  

The dry polymer was easily soluble in dimethyl 
sulfoxide and had inherent viscosities of 0.81 to 
1.26 in this solvent. This viscous polymer solution 
could be cast to clear, tough film, or wet-spun by 
extrusion into 50% aqueous dimethylformamide to 
give tough fibers. 

The thermal and hydrolytic stability of the cast 
films was poor, e.g., asample was completely de- 
stroyed in a few seconds a t  225" in a Carver press, 
while samples of film decomposed rapidly in boiling 
alkali, acid, or water. 

Fig. 1. X-ray fiber diagram of polymer from hexamethyl- 
Fiber stretched ene diisocyanate and dimethylglyoxime. 

600% a t  125°C. 

The reaction of dimethylglyoxime and hexa- 
rnethylene diisocyanate was best carried out in 
dimethyl sulfoxide with triethylamine or copper 
chloride as catalyst. The resulting polymer 

OCN(CHz)6NCO + HON=C-C=NOH __f 

I 1  
CHI CHI 

EXPERIMENTAL 

(All melting points determined on Kofler Hot 
Stage with polarizing microscope.) 

Cpclohexanedione Dioxime 

A mixture of 39 g. of cyclohexanedione, 50 g. of 
hydroxylamine hydrochloride, 200 ml. of pyridine, 
and 200 ml. of absolute alcohol was refluxed for 4 
hr. The resulting homogeneous solution was 
poured into a crystallizing dish and the solvents al- 
lowed to evaporate in a stream of air. Four hun- 
dred milliliters of water was added and the slightly 
greenish solid was filtered. It was recrystallized 
from 90% ethanol giving a pure white crystalline 
solid melting a t  201-202". (Piloty and Steinbock" 
give lSS".) We noted a phase transformation, but 
no melting in this range. 

Anal. calc'd. for C&&OO&~: N, 19.7. Found: N, 
19.7, 19.9. 

Terephthalaldehyde Dioxime 
A mixture of 25 g. of terephthalaldehyde, 29 g. 

of hydroxylamine hydrochloride, 150 ml. of pyri- 
dine, and 150 ml. of absolute alcohol was refluxed 
for 4 hr. then evaporated in a crystallizing dish. 
The next day the mixture was treated with water 
and the solid was filtered and recrystallized from 
absolute alcohol two times. The colorless crystal- 
line product had a crystalline melting point of 226". 
(Westenberger12 reports a melting point of 200", 
and Rosenmund13 gives a value of 198°C.) 

Anal. calc'd. for C~H~OZNI: N, 16.4. Found: N, 16.6, 
16.4. 
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Polymer from 1,4-Cyclohexanedione Dioxime and 
Biphenylene Diisocyanate 

A solution of 2.93 g. of biphenylene diisocyanate 
in 15 ml. of dimethylformamide was mixed with 
1.76 g. of cyclohexanedione dioxime in 10 ml. of 
dimethylformamide at  about 80-100°C. An im- 
mediate reaction was noted and the solution rapidly 
became viscous. After approximately l/z hr., the 
solution, which had become somewhat cloudy, was 
poured into water and the polymer was isolated by 
filtration. It was ground up, washed thoroughly 
with water, and dried in a high vacuum. The 
yield was 4.35 g. The infrared spectrum was con- 
sistent with the proposed structure of the polymer. 

Anal. calc'd. for (CZOH,,O~N~),,: N, 14.8. Found: N, 
14.4, 14.4. 

The dry polymer was eaeily soluble in dimethyl 
sulfoxide. It had an inherent viscosity of 0.81 in 
this solvent and could be cast to clear, tough film. 
In other preparations, inherent viscosities as high 
as 1.26 were obtained. A solution of polymer pre- 
pared as above was extruded from a mechanically 
driven syringe into 50% aqueous dimethylform- 
amide contained in a long steel trough. Fiber was 
wound up easily on a mechanical windup. The yarn 
was amorphous, but was fairly tough after stretch- 
ing. 

Thermal and Hydrolytic Stability 

Small samples of cast film were boiled with 10% 
sodium hydroxide, 10% sulfuric acid, and water. 
The sodium hydroxide treated film was nearly com- 
pletely dissolved after 30 min. The sulfuric acid 
treated film was black and too brittle to handle 
after 30 min. The film treated with boiling water 
showed very little change during the first hour. 
However, after 2 hr. it had darkened and was too 
brittle to handle. The film was completely de- 
stroyed in a few seconds a t  225" in a Carver press. 

Polymer from Cyclohexanedione Dioxime and 
Methylene Bis(4-Phenyl Isocyanate) 

To a solution of 2.13 g. (0.015 mole) cyclohexane- 
dione dioxime in 15 ml. of dimethyl sulfoxide was 
added 3.75 g. of diisocyanate in 15 ml. of dimethyl 
sulfoxide followed by 2 ml. triethylamine. The re- 
sulting solution was heated with stirring under 
nitrogen to 100" for about 2 hr. After this period, 
a clear, coherent film was cast from the solution. 
The solid polymer was isolated and worked up as 
previously. The yield was 5.2 g. (88%) of a light 

tan powder, PMTI*'* = 210°, qi = 0.08 (di- 
methylformamide) . 

Anal. calc'd. for (CzIH18N404).: N, 14.1. Found: N, 
13.85, 13.83. 

Polymer Bom 1,4-Cyclohexanedione Dioxime and 
3,3'-Dimethoxy-4,4'-Biphenylene Diisocyanate 

To a solution of 2.13 g. (0.015 mole) of cyclo- 
hexanedione dioxime in 15 ml. of dimethyl sulfoxide 
was added a solution of 4.44 g. (0.015 mole) 3,3/- 
dimethoxy-4,4'-biphenylene diisocyanate in 15 ml. 
of dimethyl sulfoxide, followed by 2 ml. of tri- 
ethylamine. The resulting solution was heated 
with stirring under nitrogen to 110"; in about 20 
min. the solution turned cloudy. After one and a 
half hours heating, the polymer was isolated as 
previously. The yield was 5.5 g. (84%) of a light 
brown solid, with PMT of 220" with charring. 

Anal. calc'd. for (C2zHzzN40~): N, 12.8. Found: N, 
12.06, 12.15. 

Polymer from 1,4-Cyclohexanedione Dioxime 
and Hexamethylene Diisocyanate 

To a solution of 5.04 g. (0.03 mole) hexamethylene 
diisocyanate in 25 ml. of dimethyl sulfoxide was 
added with stirring 4.26 g. (0.03 mole) cyclohexane- 
dione dioxime dissolved in 25 ml. of dimethyl sulf- 
oxide. The resulting clear, colorless solution was 
stirred at  100-120". After 10-15 min., the solu- 
tion became somewhat viscous and cloudy. Stirring 
and heating were continued for 11/2 hr., the sus- 
pension was then poured into 300 ml. water. A 
filterable precipitate settled out overnight, it was 
washed twice with water in a home mixer and dried 
in a vacuum oven at  110". Yield: 7.0 g. (75%) of 
a light tan powder, with PMT of 240" (with char- 
ring). 

Anal. calc'd. for ( C I J I Z ~ N ~ O ~ ) Z :  N, 18.0. Found: N, 
17.98, 17.91. 

Polymer from Terephthalaldehyde Dioxime and 
Hexamethylene Diisocyanate 

To a solution of 1.64 g. (0.01 mole) terephthalalde- 
hyde dioxime in 7 ml. of dimethyl sulfoxide was 
added with stirring 1.68 g. (0.01 mole) hexamethyl- 
ene diisocyanate in 8 ml. of dimethyl sulfoxide. 
The resulting solution was heated with stirring 
under nitrogen at  120" for 2l/2 hr. The solution 
turned cloudy on cooling; the suspended polymer 
could not be dissolved on reheating the suspension 

* PMT = polymer melt temperature. 
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to 120". The product was isolated and worked up 
as in the above experiments. Yield: 1.5 g. (45%), 
PMT: 110". 

Polymer from Terephthalaldehyde Dioxime and 
Methylene Bis(4-Phenyl Isocyanate) 

To a solution of 1.64 g. (0.01 mole) terephthalal- 
dehyde dioxime in 10 ml. of dimethyl sulfoxide was 
added 2.5 g. (0.01 mole) methylene bis(4-phenyl 
isocyanate) dissolved in 10 ml. of dimethyl sulfoxide 
and 1 ml. triethylamine. The resulting solution 
was heated at 110" with stirring and under nitrogen 
for 2 hr. After this period, a coherent but very 
brittle film was cast from the solution. The solid 
polymer was isolated and worked up as previously. 
Yield: 3.1 g. (75%) of a yellow solid. PMT: 
170", g i  = 0.15 (dimethylformamide). 

13.64, 13.59. 
Anal. calc'd. for (C2~H&40)2: N, 13.5. Found: N, 

Polymer from Pyridine-2,6-dialdoxirne and 
Methylene Bis(4-Phenyl Isocyanate) 

In  a 3-necked flask equipped with a stirrer and 
outlet tube and a nitrogen inlet was placed 8.25 g. 
of pyridine-2,6-dialdoxime (Aldrich Chemical Com- 
pany) followed by 50 ml. of dimethyl sulfoxide. 
A solution of 12.5 of methylene bis(4-phenyl iso- 
cyanate) in 50 ml. of dimethyl sulfoxide was then 
added with stirring. However no reactionoccurred. 
Onecubic centimeter of triethylamine was added and 
the solution became viscous. After 24 hr., the 
solution was poured into water and the solid poly- 
mer was filtered, washed, and dried. It was soluble 
in cold dimethyl sulfoxide and in cold N-methyl- 
pyrrolidone. It had inherent viscosity of 0.12 in 
N-methylpyrrolidone and a PMT above 320"C., 
with discoloration at about 260°C. 

Polymer from Dimethylgly oxime and 
Hexamethylene Diisocyanate 

To a solution of 5.80 g. (0.05 mole) of dimethyl- 
glyoxime in 30 ml. of dimethyl sulfoxide was added 
a solution of 8.40 g. (0.05 mole) hexamethylene 
diisocyanate in 30 ml. of dimethyl sulfoxide fol- 
lowed by 0.5 ml. of triethylamine. The resulting 
clear solution was heated under nitrogen with 
stirring at 80-90" for 11/2 hr. After this period, a 
clear, tough, film was cast from one portion of the 
solution and dried in a forced draft oven at 80" for 
11 /2  hr. Another portion of the solution was 
manually wet-spun into a 50/50 water-ethylene 
glycol precipitating bath, while the remaining por- 

tion was precipitated in water, washed three times 
with water in a home mixer, and dried in a vacuum 
oven at 80" overnight. This sample had an in- 
herent viscosity of 0.88 in dimethyl sulfoxide, and a 
polymer melt temperature of 160". 

The film was soaked in 100 ml. of water for 6 hr., 
it turned opaque but on drying in air became clear 
again. Thin strips of this filmwas drawn 3 X at 90" 
on a hot surface. Both the drawn and undrawn 
films were amorphous and showed no orientation 
when submitted to x-ray analysis. 

The wet spun yarn was extracted in water, dried 
in air, and was drawn 6X on a hot surface at 125". 
The drawn yarn was amorphous and had very high 
orientation as determined by x-ray (see Fig. 1). 

In another experiment 1.16 g. dimethylglyoxime 
was dissolved in 15 ml. of dimethyl sulfoxide and 
1.68 g. of hexamethylene diisocyanate was added 
followed by two drops of triethylamine. An im- 
mediate exothermic reaction took place, the solution 
became increasingly viscous and turned to a gel in 
20 min. A sample of the gel was dissolved in ad- 
ditional hot dimethyl sulfoxide. The remaining 
portion of the gel was worked up in water, washed 
with water and methanol, and dried in air. This 
product had an inherent viscosity of 0.98 (dimethyl 
sulfoxide) . 

A similar experiment was carried out using about 
0.05 g. of cupric chloride as catalyst. A viscous 
solution resulted which was stable for 2 hr.; how- 
ever, after this period, solid particles started to 
separate out. At this point the polymerization 
solution was precipitated in water and the polymer 
worked up as above. This product had an inherent 
viscosity of 1.10 (in dimethyl sulfoxide). 

Polymerization a t  room temperature in the ab- 
sence of a catalyst was unsuccessful. 

Polymer from Dimethylglyoxime and Methylene 
Bis(4-Phenyl Isocyanate) 

To a solution of 2.90 g. (0.05 mole) dimethyl- 
glyoxime in 25 ml. of dimethyl sulfoxide was added 
6.25 g. (0.025 mole) methylene bis(4-phenyl iso- 
cyanate) in 25 ml. of dimethyl sulfoxide followed by 
2 ml. of triethylamine. Immediately on addition 
of the amine, the solution turned viscous. The 
solution was heated with stirring under nitrogen a t  
110" for 1 hr.; after this period, a clear, coherent 
film was cast. The solid polymer was isolated and 
worked up as previously. The yield was 8.1 g. 
(88%) of a light tan powder with PMT of 190". 
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Polymer from Dmethylglyoxime and 
3,3'-Dimethoxy-4,4'-Biphenglene Diisocyanate 

To a solution of 2.90 g. (0.025 mole) of dimethyl- 
glyoxime in 25 ml. of dimethyl sulfoxide was added 
a solution of 7.40 g. of 3,3'-dimethoxy-4,4'-bi- 
phenylene diisocyanate in 30 ml. of dimethyl sulfox- 
ide followed by 2 nil. triethylamine. On addition 
of the amine, the solution turned very cloudy and 
the suspension did not clear up on heating to 110" 
with stirring under nitrogen. After 11/2 hr. heating, 
the suspension was poured into 200 ml. water and 
a solid separated which was worked up as previously, 
yield: 7.7 g. (75%) of a light tan substance 
that turned dark brown on standing in air. It de- 
composed a t  ahout 260" without melting. 

12.86, 12.85. 
Anal. calc'd. for (CZOHZON~O&: N, 13.5. Found: N, 
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Synopsis 
Diisocyanates condense readily with the two active hydro- 

gen atoms in dioximes to give high molecular weight linear 
condensation polymers. In several cases these polymers, 
such as the one from cyclohexanedione dioxime and 4,4'-bi- 
phenylene diisocyanate, 

r 0 0 1  

may be converted to tough films or fibers. Thermal, hy- 
drolytic, and light stability of these polymers were in general 
poor. 

RdsumQ 
Les diisocyanates condensent facilement avec les deux 

atomes d'hydroghne actifs des dioximes et  forment des 
dolycondensats lineaires de haut poids mol6culaire. Dans 
pe nombreux cas ces polymhres, tels celui de la dioxime de 
la cyclohexanedione et  du 4.4'-diisocyanate de biphenylhe 

r 0 0 1  

peuvent etre transformees en films durs ou fibres. En general 
la stabilit6 thermique, hydrolytique et  la stabilit6 la 
lumikre Btaient faibles. 

Zusammen fassung 
Diisocyanate kiinnen leicht mit den beiden aktiven 

Wasserstoffatomen von Dioximen unter Bildung hochmo- 
lekularer linearer Kondensationspolymerer kondensiert wer- 
den. In  einigen Fallen konnen diese Polymeren, wie z.B. 
das aus Cyclohexandiondioxim und 4,4'-Biphenylendiiso- 
cyanat, 

r 0 0 1  

zu ziihen Filmen oder Fasern verarbeitet werden. Im all- 
gemeinen war die thermische und hydrolytische Bestandig- 
keit sowie die Lichtbestandkeit dieser Polymeren nur gering. 
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