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Summ~ 

Aromatic polyureas and polythioureas are prepared from 
aromatic diamines and carbon dioxide or carbon disulfide, by 
a new direct polycondensation reaction with ethylene chloro- 
phosphite as reagent in pyridine as solvent and acceptor for 
hydrochloric. 

Intro duct ion 

In the last time, reagents with phosphorus have 
been applied with success for syntheses 9 f polyureas and poly- 
thioureas. Thus N.Yamazaki and coworkers ~ used diphenyl or 
triphenyl phosphite (reagents with aromatic structure) in 
this field, obtaining polymers with high viscosities~ 

Results and discussion 

In our previous papers 2'3 we showed that ethylene chlo- 
rophosphite (reagent with allphatlc structure) was able to 
promote the reaction of carbon disulfide or gaseous carbon 
dlo~ide with aromatic amines, resulting thloureas or ureas in 
high yields, involving a mechanism with the following fou~- 
centred transition state : N 

Jl .C-CH~ 
A~H-9.T~ ~-P ~ I ~ 

I X=O, S 
H 

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

For the synthesis of aromatic polyureas, the polycon- 
densation reaction was carried out by introducing gaseous 
carbon dlo~ide into a 300 ml autoclave containing ethylene 
chlorophosphite (ECP) and a dlamlne in pyrldlne. Thebest re- 
sults were obtained with 4,4'-dlamlnodlphenylether (DADrE) in 
pyridine as solvent and acceptor for hyd~ochlorlc acid. The 
unsatisfactory results in the presence of N-methylpyrrolAdone 
or dlmethylformamide (table l) may be due to a ~e~ctlon of 
ECP with this solvents, similar to other caseso~,P 
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Table i. Poly~reas from DADPE and carbon dioxide (20- 
25 arm.) in the presence of ECP and various 
amounts of solvents. ~ 
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ml Yield % " inh b) L 
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1 4 o  ( . ~ )  i z o o  , ,, 

15o ( :~)  lO, O 
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I 3 O / l O ( ~ n ~ P )  ...... 97 i i 

o.85o) 
...... l~lOC, ) 

, ,, 1 , 1 5  c )  

0 , ~  

i _  o , 5 1  

I 2 0 / a O ( ~ / D M F )  ...... 9~ ,  . . . . . . . . . .  O , 4 a  ,,, 

I ~O/IO(~LDMF_) _%t-, . . . . . . . . .  -O-'-~-t , , . ,~--_-___.-_ 
a)DADFE = ECP = i0 mmol.,temperatu~e 50-60~ 6-7 h. 

b)Measured at a concentration of 0.5% in NMP. 

C)The polymer has been dissolved in NMP by heating. 

The pclycondensatlon reactions effectuated at hingoher 
temperatures than 600, give lower viscosities (at 70-80 , 
n ~nh=0.5-0.6 for DADPE),because the reactive intermediary 
w~-E ECP is sensitive at high temperature. Also, a pressure 
of carbon dioxide higher than 20-25 arm did not improve the 
viscosity. 

In a similar manner to the reaction with carbon dioxide, 
polythioureas result from carbon disulfide and aromatic dlami- 
nes, but with lower viscosities. Our investigations show that 
the polycondensation reaction is completed during 6-7 hours 
at 50-60~ pressure of nitrogen (15-20 atm~).In this con- 
ditions DADPE gives polythiourea with n.._~0.32. When the same 

o reaction is kept 6-7 hours at 75-85 ,th~'~Iscosity decreases. 
The obtained polyureas and polythloureas present chara~- 

teristlc absorption bands in IR spectra at 1650 and 1530 om-" 
due to Vc: o and ~c=s 

Experimental 

The following materials were used: 4t4'-dlamlnodlphenyl- 
ether was recrystallized from ethanol and 4,4'-dlamincdlphe- 
nyl methane from benzene, whi~er~0-phenylenedlamlne and m-phe- 
nylenedlamlne were distilled. ~ 

Polycondensatlon of DADPE with carbon d l oxide 

To ~0 ml dmy pyrldlne in lO0 ml three-necked flask, 2q 
(O.01 mole) DADPE were added. Then under stlrri~g and cooling, 
1.8 ml (0.02 mole) ethylene chlorophosphite were added. After 
stirring one hour at room temperature, the obtained mixture 
was poured into 300 ml autoclave. The flask was washed with 
lO ml dry pyrldlne and the resulted solution was poured in 
autoclave too. The reaction was carried out under pressure of 
carbon dioxide (20-25 arm.) at 50-600 for 6-7 hours~ At the 
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end of reaction, the obtained polymer was p~eclpltated in 
300 ml methanol, collected by filtratlonand washed with 
40 ml methanol. Then, the obtained polyurea was stirred one 
hour wlth 200 ml water, filtered and washed with 35-40 mlwa- 
tero After drying under vacuum at 60-80v,2.26 g polymer with 
viscosity 1.1 were obtained. Yield 100% (calculated on DAD~E 
employed)~ 
Anal~Calculated for:G]xHloNo0~;C,69.00;H,~oS0|N,12,38%.Fo~nd! 
C,68Qll;H,4.31;N,11.6~% ~ 

In similar conditions, the other aromatic polyu~eas 
(presented in table 2) were p~epared. 

Polycondensatlon of DADPEwlth carbo n disulfide 

To 30 ml d~y pyrldlne in a lO0 ml three-necked flask~ 
2 g(0.O1 mole) DADPE were added under stlrrlng.When the solu- 
tion was clear, 0.6 ml (0.O1 moles) carbon disulfide were ad- 
ded and the stirring was continued for one hour at room tem- 
perature~ 1.8 ml (0.02 mole) ethylene chlorophosphite were 
added. After stirring one hour in the same conditlon, the reac- 
tion was carried ou~ as above under pressure of nitrogen (15- 
20 arm.) in autoclave.At the end of reactlon, the desired pro- 
duct was dried in the same conditions, affording 2~ g poly- 
thlourea with viscosity 0~ 98% (calculated on DADPE 
employed). 
Anal~Calculated forIClzH1nNo0S~C,64o44|H,4.16;N,11o56%~ 
G,63.58;H,4.06;N,10.8~%. ~ 

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

Table 2. Polyureas and polythloureas obtained by means 
of ethylene chlorophosphite as reagent, a~ 

Diamine C02or Yield 
US 2 % 

p,p'-Diaminodiphenylether C02 lO0 

p,p'-Diamlno~iphenylmethane C02 98 

~-Fnenyi'enediamlne CO 2 98 .... 

n'l~aenyl'enedlamine ~ ' 002 - ' 9 ' ~  ' 

�9 (inhob) 
..... 

0.47 

0, 5' 
0.2~ ' " 

, p ' -Diamlno'dlph'e nyl e'the r ..... CS 2 98 ....... 0'032 

~, p'"-Diamlno dip~e'nylme thane CS 2 97 " 0,27 

~Phenylene'dlamine ........ CS 2 95 '"0,20 "' 

~,Fnenyl ene dlamine ____. C__$2'__.._.___9_6 '____0_~ ~5_.~. 

a)The polymers were identified by elementary analysis and 
IR spectr~o 

b)In NMP (0.5%)at 20o~ 

C)The polymer has been dissolved in NMP by heating@ 

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