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Polycondensation

Aromatic polyureas and polythioureas
by a new polycondensation reaction
using ethylene chlorophosphite as reagent

Constantin . Chiriac

“P.Poni” Institute of Macromolecular Chemistry, RO-6600 Jassy, Romania

Sunma

Aromatic polyureas and polythloureas are prepared from
aromatic diamines and carbon dloxide or carbon disulfide, by
& new direct polycondensation reaction with ethylene chloro-
phosphite as resgent in pyridine as solvent and ascceptor for
hydrochloric acid at 50-600 for 6-7 hours.

Introduction

In the last time, the reagents with phosphorus have
been gpplied with succegs for syntheses of polyureas and poly-
thioureas. Thus N.Yamazaki and cowerkersl used diphenyl or
triphenyl phosphite (reagents with aromatic structure) in
this field, obtaining polymers with high viscoslities.

Results and discusgsion

In our previous paper32’5 we showed that ethylene chlo=
rophosphite (reagent with aliphatic structure) were able to
promote the regction of carbon disulfide or gaseous carbon
dioxide with aromatic smines, resulting thioureas or ureas in
high yields, involving & mechanism with the following four~

centred transition state X
l IVG-?HQ
A r=NHe=Grem X
ANS \0-032
Ar-l—-H
Itl X=0, 8

In this paper we present a new application of this
reagent for syntheses of polyureas and polythioureas.

For the synthesis of aromatic polyureas, the polycon-
densation reaction was carried out by introducing gaseous
carbon dloxide into a 300 ml sutoclgve contalning ethylene
chlorophosphite (ECP) and a dlamine in pgridine. The best re-
sults were obtained with 4,4'-diaminodiphenylether (DADFE) in
pyridine as solvent and scceptor for hydrochloric acid. The
unsatisfactory results in the presence of N-methylpyrroclidone
or dimethylformamide (table 1) may be due to a ﬁegction of
ECP with thisesolvents, similar to other cases.”?
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Table 1. Polyureas from DADFPE and carbon dioxide (20-
25 atm.) in the presegce of ECP and varilous
amounts of solvents.@

o T T e T T S SR TR R

Solvent Polymer )
ml Yield % Yiph,??
15 (Py) 97 0,49
30 (Py) 98 0,85%)
40 (Py) 100 1,10/
50 (Py) 100 1,15%)
20/20( Py /NMP) 92 0, 38
30/10( Py/NMP) 97 0,51
20/20( Py /DMF) 94 0,42
L200(Ry/DNF) L I— Q.06

8)DADFE = BCP = 10 mmol.,bemperature 50~60°,time 6=7 h.
b)Measured at a concentration of 0.5% in NMP at 20°.
C)The polymer has been dissolved in NMP by heating.

The polycondensation reactions effectuated at higher
temperatures than 60°, give lower viscosities (at 70-809,
n}¥ﬁ=0o5-0.6 for DADFE),because the reactive intermedlary
w ECP is sensitive gt high temperature. Also, a pressure
of carbon dioxide higher than 20-25 atm.did not lmprove the
viscosity.

In a similar mannev to the reaction with carbon dloxids,
polythioureas result from carbon disulfide and aromatic diami-
nes, but with lower viscosities. Our investigations show that
the polycondensation reaction is completed during 6-~7 hours at
50-60° under pressure of nitrogen (15-20 atm.).In this condi-
tions DADPE gives polythiourea with Yinh O.32. When the sanme
reaction is kept 6~7 hours at 75-85°, the viscosity decreases.

The obtained polyureas and polythioureas present charag-
teristic absorption bands in IR spectra at 1650 and 1530 cm
Mewvwommowy

Experimental

The following materials were usedi 4,4'-diaminodiphenyl-
ether was recrystallized from ethanol end 4,4'~diaminodiphenyl
methane from benzene, wgi%a p-phenylenediamine and m~phenylene-
diamine were distilled.™

Polycondensation of DADPE with carbon dioxide

To 30 ml dry pyridine in 100 ml three-necked flask,2 g
(0,01 mole) DADPE were added., Then under stirring and cooling,
1.8 ml (0.02 mole) ethylene chlorophosphite were added. After
stirring one hour at room temperature, the obtalned nixture was
poured into 300 ml autoclave. The flask was washed with 10 ml
dry pyridine and the resulted solution was poured in autoclave
too. The reasction was carried out under pressure of carbon
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dfoxide (20-25 atm,) at 50-60° for 6-7 hours. At the end of
reaction, the obtained polymer was precipitated in 300 ml
methanol, collected by filtratlon and washed with 30-40 ml
methanol. Then, the obtained polyurea was stirred one hour
with 200 ml water, filtered and washed with 35-40 ml water.
After drying under vacuum at 60-80°, 2.26 g polymer with
inherent viscosity 1.1 were obtalned. Yield 100% (calculated
on DADPE employed).
Anal.Calculated fors C HlQNZO 10,69,003 H,4.503 N,12.38%.
Founds C,68.113 H, 4311 Nr01263%.

In similar conditions, the othser aromatic polyureas
(presented in table 2) were prepared.

Polycondensation of DADFE with carbon disulfide

To 30 mli dry pyridine in a 100 ml three-necked flask,
2 g (0,01 mole) DADPE-were added under stirring. When the
solution was clear, 0.6 ml (0.0l moles) carbon disulfide
were added and the stirring was-continued for omne hour at
room temperature,Then 1.8 ml (0,02 mole) ethylene chlorophos-
phite were added. After stirring one hour in the same condi-
tions, the reaction was carried out as gbove under pressure of
nitrogen (15-20 atm.) in autoclave. At the end of reaction, the
desired product was dried in the same conditions, affording
2.37 g polythioureas with viscosity 0.%2. Yield 98% (calcula-
ted on DADFE employed).
Anal.Calculated fory CyoH AN,0S; C,64.443H,4,163N,11.56%.
Foundt C,63,58; H,4.064R,10.83%.

In similar conditions, the other polythioureas (presen~
ted in table 2) were prepared.

Tgble 2, Polyureas and polythiouress obtalned byayeans

of ethylene chlorophosphite as reagent.

e T T T T T T TE— T E—— ———— "
Diamine 222082 Yi%ld M inn.P)
0, p'~Diaminodiphenylether c0, 100 1,10%)
D, pl-Dianinodiphenylmethane €O, 90 O, 4%
- Phenylenediamine C0, 98 0, 35
m=Fhenylenediamine CO, 9Y 0,23
o, p'-Diaminodiphenylether Cs, 98 0,32
D, p' ~Diaminodiphenylmethane Cs, 97 C,27
p~FPhenylenediamine 082 95 0,20
Fpihenylenediamine ng 96 0.25

e T T I = T T T e

8)phe polymers were identified by elementary analysis and
IR spectra.

®)1n NP (0.5%) at 20°.
¢)phe polymer has been dissolved in NMP by heating.



146

By this new synthesis we obtained aromatic polyureas
and polythioureas, which are difficult to obtain by the
heating of aromatic diamines with carbon dioxlde or carbon
disulfide.
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