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Summary

Five copolymers from N-(hydroxyethyl)ethyleimine as nuclephilic monomer
and phenylsuccinic rdnydride (PhSAn) aselectophlic monomer, were synthesized
according to the spontaneous copolyizetion concept. These opolymers were
characterized by elemental analysis,-IRT ‘H-NMR, and “C-NMR spectroscopy. The
copolymer compasgon determined from the 'H-NMR spectra showed that the
copolymers are natlternatng. According toall the data, it wasuggested a copolymer
structure which includes ester and anhydride bonds. THecmiar weights determined
by vapor pressure osmmetry ranged between 5.100 and 6.100 g/mol.

Introduction

Usually, polymerizations require an initaf catalyst, or high radiation ergy.
However, it has been informed by several authors (1-11) of the spontaneous
copolymeization, which occurs through ziterion intermediates. It is based on the
organic clemistry reactions of nuabphilic and elecbphlic reagents. In this
copolymeization an eleecbphlic monomer (ME) reacts pontaneously with other
nucleophilic nmnomer (MN) to yield alternating or statisticalpolymers. The intection
between these two monomers produces an inteéateedpecieSMNME- called "genetic
zwitterion" which is the key in both initiation apdopagtion reactions.

MN  + ME o ‘MNME = (1)
1 + 1 - ‘MNMEMNME -
In general:
‘MN(MEMN) ME™ + AMNME = - "MN(MEMN) . ME’ (m >1)

According to this copolymeéation concept, we have previouslypogted the
synthesis of copolymers from deophilic nmonomers (oxazolines, aziridines) and
electophlic monomers (anhydridedactones, acrylic acid, acrylic acid derivatives) (3-
11). Theaim of this paper is the synthesis of nawmctional copolymer under different
experimental onditions from N-(hydroxyethyl)ethylemmine (MN) and phenylsuccinic
anhydride (ME). These copolymers taim different groups such asmino, hydroxyl,
and carboxiyc.
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Experimental Part

Reagents N-(hydroxyethyl)ethyleaimine, HEEI (Fluka) waspurified by digillation.
Phenylsuccinic ahydride, PhSAn (Merck, 98%) was used without further pmaifon.
The solvents were purifiegiccording to the publishedethods (12).

Copolymerization General procedure: In a polymerization glass, a mixture of
comonomers with different mol ratios was prepared keeping constant the total mol
number (0.04). 10 mL ofacetonitrile were addedinder N. The copolymeeation
reaction was kepfor the time and temperature desired. After that, it was precipitated in
diethyl ether, the copolymers seated by centfugation and purified by repcipitation

in DMSO/dethyl ether. They were dried to constant weight.

Measurements: The FT-IR spctra were remded on a Magna Nitet 550
spectrophotmeter. The'H-NMR and “C-NMR were recorded on a Bruker AC-250 P
spectrometer at 29°C using TMS as internal stahddhe mdecular weights were
determined irDMSO at 85°C by a Knauer pressure osmeter.

Results and Discussion

Five copolymeizations anong HEEI and PhSAn varying the feed mo#io but
keeping constant the total mol number, were carried out. ®pelyameization is lightly
exothermic. The @polymers are gllowish hygroscopic solids. The conidns and some
results are summarized in Table 1.

Table 1. Conditions and results of the copolymerization between HEEI and PhSAn

at 30°C for 48h.
Copolymer | Monomer ratio in Copolymer Yield Molecular Weight
N° the feed composition (%) .
HEEl/ PhSAn | HEEl/ PhSAn" Mn x 107"

1 3.0:1.0 177 : 1.0 43 5.1
2 1.5:1.0 1,21 : 1.0 49 5.2
3 1.0: 1.0 0.50: 1.0 51 5.5
4 0.67:1.0 048 : 1.0 33 5.8
5 0.33: 1.0 0.32: 1.0 2.6 6.1

“Obtained from "H-NMR spectra
®Determined by vapor pressure osmometry at 85°C in DMSO.

The copolymeeation yields were low, the highest yield wa$%, being snilar
to those obtainedor the copolymers from HEEI and a&tinic anhydride (7). The
molecular weights ranged betwe&i00 and 6100 increasing as the incoapion of
PhSAn moieties was increased. Thepalymer compason depended on the feed
monomer ratio.

The FT-IR spctra showed, aomg other absorption bands, iyal absrptions

for v(OH) at approx. 3400 ch v(C-H) aranatic at @prox. 3021 cm, and the
stretching absrption band of carbonyl ester at 1732 “ciisee Figure 1). This figure
shows that the intensity of the broad absorption ranging between 3600 and 3200 cm
decreases as the content of PhSAn moiety increases, while the intensity ofoimtiabs
band at 1732 cihis increased. This evidence allows us to postulate a partial esterification
of the hydroxyl groups coming from HEEI by increasing the content of PhSAn in the
copolymer.
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Figure 1. FT-IR spectra of copolymers HEEI/PhSAn samples 1, 3 and S,

The '*H-NMR spectra allow to determine thepolymer compdsion by using as
reference the signal corresponding to thematic protons (7.3 ppm) (see Table 1 and
Figure 2A). The exp@nental areas of the diasterotopiotons are informed in Table 2.

Table 2. Experimental proton arcas obtained from 'H-NMR of HEEL/PhSAn
copolymers at different chemical shifts.

Copolymer [ Signal at 7.3 ppm [ Signal at 4.2 ppm [ Signal at 3.4 ppm [ Signal at 2.9 -
N° COOCH, + CH,-N-CO + 3.3 ppm
C-H aromatic C,H,-CH-COO N-CH, CH,COO +
N-CH,
1 7.0 2.80 5.1 16.20 |
2 10.2 6.2 3.41 16.35
3 18.95 e 0.9 17.80
4 17.65 8.12 0.7 15.35
I 5 18.95 7.7 0.4 13.25
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Figure 2. A) '"H-NMR spectra of copolymers HEEI/PhSAn samples 1, 3 and 5 (250
MHz, room temperature, DMSO-d,, TMS). B) BC-NMR spectra of copolymers
HEEI/PhSAn samples 1, 3 and § (room temperature, DMSO-d,, TMS).
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The copolymer structure A is suggestaedcording to the copolymer comjoen,
spectroscopic data, and experimeptaiton areas :

STRUCTURE A

© ©

i
(CH,CH N-), .. (CH,CH,NCOCHCH,COOCH,CH,N), -.. -(CH,CH,NCOCHCH,COOH),

CH, CH, CH, CH,

EH, CH, CH, CH,
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Considering this general structure, the conegian of the different basic unitX( to
X, Y, andz) in the copolymers wasetermined (see Table 3).

Table 3. Concentration of the basic units in the copolymers.

N° X, Y Z. | Copolymer composition
HEEI/PhSAn
0 1 2 3 4 Calculated*  Experimental

1 ] 1.08]0.92 0 0 0 0 0.48 | 1.77:1.00 } 1.77 : 1.00
2 10871078 0 0 0 0.40 0 1.22:1.00 } 1.21: 1.00
3 0 [035]045| 0.0 0 0.25 0 0.50: 1.00 | 0.50: 1.00
4 0 [028(1033(062] O 0.20 0 0.48 : 1.00 | 0.48: 1.00
5 0 |0.08{0.09]0.13]0.71] 0.10 0 0.32: 1.00 | 0.32: 1.00

*)According to the equation : (X, + X, + X, + X, + X, + 2Y + Z2)/( X, + 2X, + 3X, +
4X, +3Y + Z)

The before mentioned eation allows to calculate the composition of each
copolymer based on the concextion of the basic units given in Table 3. There is a very
good concordance between the expental and the calculated values. lopolymer1,

65% of PhSAn is incorpated to the side chains and the esterifyliygroxyl groups of

HEEI. The remaining PhSAn uniterm part of the backbone. Due to that copolyrhes

richer in HEEI units, a high concentration of free ,OH groups emains (seeX, in

Table 3). Copolymer shows free CEDH and some PhSAn units incorpted to the

main chain.Copolymers3 and4 were similar wihout free CHOH (seeX, in Table 3).

This was corrobated by the almost disappearance of fiieton signal at 3.4 ppm
attributed to CHOH and CHCON- (see Figure 2A). It was also observed that the basic
unit Y decreased, due to that PhSAn was preferentiallgrpmated to the side chain
through the anhydride bonds. It was corra@bed by FFIR deconvolutiontechnique
(see X, and X, in Table 3). Copolymebs (HEEI/PhSAn = 0.32/1.00) was caitsted
basically by a main chain of HEEI units where all the @H side groups were
esterified, forming short anhydride chains (see structure B). Theafmn of basic units

X, was directly related with the decrease of the basic uXitsX,, and X,. “C-NMR
spectra of theseopolymers showed that the copolymer conmpms depends on the
monomer feed ratio. The aliphaticrbans for the copolymers HEEI/PhSAn 3 and 5

show chemical shifts at low field due to that all the sprbons were linked to the
heteroatoms (see Fig. 2B). In figure 2B a decrease of the number of signals is observed
as the copolymers are richer in PhSAn units. This is ireagent with the simplification

of the number of methylene carbons in the copolymer structure. Structure B is suggested
for copolymers:

STRUCTURE B

(CH,CH,N-), 55 (CH,CH,N), o5 (CH,CH,N),;5 (CHICHZI\J )u_n(CHzCHzl\llCOCHCHZCOOCHzCHZIINI),)_m

CH, CH, CH, CH, e, CH,
CH, CH, CH, CH, CH, CH,
0 0 0 o O 0
o o (o) €9 co Co

©fF Of OF OF OF ©f
CH CH, CH, CH, CH2 CH2
o to o to co co
0 o, o, 0., 0 5
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In this structure, the presence of the methylene carbons,HCEIH which
absorb at 56.38 ppm (NCHand at 58.99 ppm (CBH) respectively, is not observed,
being present in the spectrum of copolymefsee Figure 2B). Moreover, this structure
shows a high regularity in the methylene carbons of the HEEI units in the first 4 basic
units (X;; X,; X, and X,), observing only two types of methylene carbons:,@ED
which absorbs at 62.30 ppm and the Bkt 52.30 ppm. The teary carbons (CH.-
CH) present in this structure absorb at 47.19 ppm (coratdadrby DEPT135) and the
methylene carbons_CBOO at 37.78 ppm, corresponding to PhSAn units. The
methylene carbons (C}NCO of the basis uni¥ absorb at approx. 43 ppm, appearing
as a broad signalttributed to the character dbuble bond of themidebond. In Figure
2B, an important increase of the intensity of the signal at 47.19 ppH)-QEl) when
PhSAnN units are increased in the copolymers, was observed.

A simplification of the cebonyl carbon signals and the aratic cabons was observed in
the copolymers HEEI/PhSAnN (see Figure 2B, copolyf)er

The assignment of the signals was carried out considering the chemical shifts of
the poly(HEEI) and the low molecular weight avgiie compoundy

To verify the suggested general structue the areas which would rise the
different protons present in the copolymer structure wekeulated aaurding to the
values given in Table 3. The experimental and calculated area values are summarized in
Table 4.

Table 4. Comparison of the calculated and experimental ( ) proton areas of the
copolymers HEEI/PhSAn at different chemical shifts.

Copolymer Signal at 7.3 Signal at 4.2 ppm | Signal at 3.4 ppm | Signal at 2.9 -
N° Ppm COOCH, + CH,-N-CO + 3.3 ppm

C,H,-CH-COO N-CH, CH.COO +
C-H aromatic N-CH,

1 7.0 (7.0) 2.8 (2.8) 2l D09 16.24 (16.20)

2 10.2 (10.2) 6.1 (6.2) 3.42 (3.41) 16.50 (16.35)

3 18.9 (18.95) 7,85 (7.9) 1.0 (0.9) 17.0 (17.80)

4 17.0 (17.65) 7.l (3.12) 0.8 (0.7) 1403 (15.35)

5 18.95 (18.95) 6.41 (7.7) 0.4 (0.4) 14.21 (13.25)

From Table 4 it is concluded that the model of the structure proposed (structure
A) describes adequately the structure of the HEEI/Ph®fnlgmers.
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