


SUMMARY

In the present work, acrylic and methacrylic
esters of N-hydroxyphthalimide were synthesized and
polymerized. The synthesis of N-acryloyloxy- and
N-methacryloyloxyphthalimides were accomplished in fair
yield by the reaction of acryloyl and methacryloyl chlo-
rides with N-hydroxyphthalimide in the presence of
triethylamine. Also, N-acryloyloxy- and N-methacryloylo-
xyphthalimide mOnomMers were prepared from the reaction
of acrylic and methacrylic acids with N-hydroxyphthali-
mide in the presence of N,N-dicyclohexylcarbodiimide.

The prepared monomers Wwere polymerized by solution poly-
merization and the polymers were collected by filtration,
washed and dried. The ability of the prepared activated
polymers to enter an exchange reactions with amines
(ethylamine, piperidine and p-anisidine) and alcohols
(phenol and cyclohexanol) and the percent exchange react-
jons were glmost guantitative as indicated by elemental

and spectrophotometric analysSeE.

Similarly, methacrylic ester of N-hydroxytetrabro-
mophthalimide was synthesized and polymerized. The
synthesis of N—methacryloyloxytetrabromophthalimide was
carried out by the reaction of methacryloyl chloride
with N-hydroxytetrabromOphthalimide in presence Of tri-
ethylamine, and also, from the reaction of methacrylic

acid with N-hydroytetrabromophthalimide in presence
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of N,N-dicyclohexylcarbodiimide as dehydrating agent.
The exchange ability of the prepared poly-N-methacrylo-
yloxytetrabromophthalimide with amines and amino acids
was calculated from bromine analysis and the percent
exchange was found to be: 85.75, 88.24, 92.52, 72.11
and 75.11 % for aniline, p-toluidine, p-anisidine,
o-aminobenzoic acid and p-aminobenzoic acid, respecti-
vely. The percent exchange reaction of poly-N-methac-
ryloyloxytetrabromophthalimide with hydroxylated comp-
ounds was also studied and calculated from bromine
analysis and was found to be: 84.09, 84.19, 61,61 and
67.08 % for phenol, cyclohexanol, o-hydroxybenzoic acid

and p-hydroxybenzoic acid, respectively.

Also, a direct comparison between the exchange
reactions of poly-N-methacryloyloxyphthalimide and
poly~-N-methacryloyloxytetrabromophthalimide with p-ani-
sidine (as an example of amines) and cyclohexanol (as
an example of hydroxylated compounds) was carried out
at various times (15-120 min.,) at 60°C, and the percent
exchange reaction in each case was calculated from
1H NMR spectroscopy and elemental analysis. The results
indicate that the percent exchange reactions of p-anis-
idine with both polymers was almost the same at various
times of reaction, while in case of cyclohexanol the
percent exchange reactions with poly-N-methacryloyloxy-
tetrabromophthalimide were much higher than those with

poly-N-methacryloyloxyphthalimide.
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Copolymerization reactions of N-~acryloyloxyphtha-
limide (NAP) and N-methacryloyloxyphthalimide (NMP)
with methyl acrylate (MA), methyl methacrylate (MMA)
and acrylonitrile (AN) were studied and the copolymer
composition for each sample was calculated from 5 mMR
spectroscopy. The monomer reactivity ratios for the
systems studied were determined according to the
Fineman-Ross and Kelen-Tid8s methods as illustrated

in the following Table:

system Fineman-Ross method Kelen-Tudbs method
M!-M2 r, r2 r, r,
NAP-MA 0.922 1. 146 0,961 1.164
NAP-MMA 0,292 1.799 0.297 1.811
NAP-AN 1o124 1.336 1,051 1.289
NMDPMA 14147 0.170 1,223 0,208
NMP-MMA 1.370 0.641 T.441 0.704

NMP-AN T+ 400 0s223 1.496 0.228
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The r,r, values for NAP-MMA, NMP-MA and NMP-AN
systems (0.540, 0.254 and 0.341, respectively) indicate
that the copolymers in both cases should have a random
distribution of the monomer units, while for the NAP-MA,
NAP-AN and NMP-MMA systems, the r,r, values (1,120, 1.34
and 1.014, respectively) illustrate a low tendency of
the monomers to alternate and the copolymer should be
composed mainly of small sequences of monomeric units
of the same type. In all systems studied no azeotropic

copolymers appear.

Also, in the present investigation, four
terpolymer systenms involving NAP or NMP with AN and
MA or MMA were prepared. A computer program based on
the terpolymer-composition equation was used to facili-
tate the calculations of the ternary monomer-polymer
composition relationship. Tn all cases no ternary
azeotropies appear. Selective feed compositions corre-
spondinrg to unitary and binary azeotropies for each
terpolymer system were polymerized to low conversions.
The experimental terpolymer compositions agreed well
with the predicted values which indicate the correctness
of the determined monomer reactivity ratio values. It
was concluded that the free radical terpolymerization
reactions of the systems studied followed the classical

copolymerization theory.
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The svuthegis of Neacryloyloxy- and N-methaeryloyloxyphthalimides were accomplighed in fair yield Ly reactiom of
acryloy]l and methacryloyl chlorides with N-lly(lrox}'phlh:l]imidt- in the presenee of sricthylamine. The resalting
wonemers were polymerized. The ability of the prepared activated pulymers to enter exchitnge reactions with hydvo-

sylated conpounds and amines was lested.

Puly-N-ucrylogloxy- und -N-methacrylogloryphthalingde als-alitivierte Mateix zur Fivierung con Pharmaba
N-Acrylovloxy- und N-Methaeryloyloxyphthalimide wurden dureh die Reaktion dey Acrvloyl- und Methaerslozl-
chlopide mit N-hydroxyphihalimid in Gegenwarl von Tricthylamin in guier Ausheute synihetisiert. The Monaseye

wurden polymerisiert. The Eignung der so erhaltenen

Hydroxylverbindungen wurde unlersuchit.

aktivierien Polyvinere §iir Austauschreaktionen it Aminen vl

Hoan-N-akpuaowtorci- U XA ARPUAGHAORCU I EATAHIU 6 KEUCCIme gEmER e R APl dag direanny

JeneBHBLE senjechtd

N-ARpPL.IONIOKCH- 1 - N-MeTAKPIIONIOKCHTATIMIAE € XOPOLIIIN BLIX010M GLITH MoAYHelN peasiinedi agpiaoen.-
N MeTARPHITONIXIOPHI0BE C N-rugpoxcndTaTHMII0N B TPHCYTCTRIN TpHaTHIAMHHA. 3aTeM OTI MONOMCDH noau-
mepnanposamick. Buaa neeleonana BO3MOMHOCTD NPHMCHCHIA MOJYHCHNLX AKTHDRPOBANHLX BOTNIMCDOB 3R
peaKiit oOMERa C AMNHAMI 11 FIAPOKCHALHHMI COCANHEHNAMN,

1. Intreduction

One of the most iuteresting topics in the ficld of pharmacolo-
gically active pohymers is the preparation of polvmeric drugs
in which drugs arc atiached 1o the polymeric backbone via
covalent bonds with limited stability to biological environments
{1, 2]. Il the drug molecule contains hvdroxy or amino groups,
the polymeric drugs are best prepared by reacting the drug
with the presvnilwesized polymer with functional side groups
able to react selectively with the above groups, giving ester vr
amnido bonds [1, 3]. Several activated esters and amides of
acrylic and methacrylic acids and thieir pelymers have been
deseribed [4—7). The aim of the present work is 10 find the
optimal general conditions for the synthesis and polvmerization
of some new monomerie phthalimides as well as the exchange
reactions of 1heir polymners with some aminated and hydroxy-
lated model compounds,

2. Experinental
2.1. Synthesis

N-aervlovloxy- (IV) and N-methaervloyloxyphthalimides
(V) were prepared as follows: To a well-stirved cold solution
it to 5°C) of N-hydroxyphthalimide {0.2 mol), triethylamine
(0.2 mal) in 250 ml dry chloroform, acrvloyl or methacryloyl
chloride (0.2 mol) was added dropwise. The reaction mixture
was hen allowed 1o stand at room lemperature for 21 and
poured in excess petroleum ether (40 to 60°C) to reprecipitate
the tricthylamine bydrochlaride. After filtration the filtrate
was exiracted with water to remove any residual triethylamine
]1_\'d|'och|oride. and evaporated 1o dryness in vacuo. The residue
was recrystallized from henzene/petroleurn ether {20/80). The
vields of yeerystailized products usually rauged from 87 to

93%5,. mp = 118.-120°C and 112--114°C for menuviners 1w
and V, respectively. (All meling puints are uncorrected.)

Anal.: Cale. for IV (C;, ;X012 G, 60,820, 2 11,3229, N, 6.459,
Found: C, 60.64%: H, 3.36%: X, 6.40%,.
Cale. for V {C,HNO,): €, 62.33%; 1, 3.89%; N, G.06%,.
Found: C, 61.820: H, 3.80%,: N, G.04%,.

2.2. Pulymerization

Salutions [20%5) of the meanomers in dimethylormamide
(DMF) were treated with azobisisobulyronitrile  (ATBN)
(1 mole-9g). After purging with deoxypenated nitrogen, the reae-
tion mixture was allowed to stand at 0 *C for 6 h. The polymers
(VI and VII} were obtained by reprecipitation in methanol,
and were collected by filtration, washed, dried and weighed.
The yiclds are 86 and 952, Tor polymers VIand V11, regprectively.

2.3. Exchange reactions

To a 109, solution of polymer in DMF 2 equivalents of amine
was added. The reaction mixturce was allowed 10 stand at 60°C
for 6 ). Similarly, the exchange reaction with hydroxylated
compounds were carried out except that the tricthylanine
(2 equivalents) was also added 1o the reaction mixture. T all
cases, the products were jsolated by pouriug the reaction 1mix-
ture into an excess of diethy) ether, filtering, dissolving in DMF,
reprecipitating with dicthyl ether and dryiug.

2.4. Speclromeiry )

IR speetra were yun on & Unicam SP-1200 spectrophote-
meter. TH XMR specira were measured on a 90 MHz Varian
EM-390 spectronieter in deuterated dimethylsulloxide (DMS0)
with tetrametlivlsilane as the internal standard.

R 0 R
) 1 = {CaHs13N |
CH=C-C-CL + 1 [ N-oH ———> =G+ (CaHg)aN HEL (1)
0 =0
9
1,0 il 0-_N__0
1,IV : R=H
n,V : R=CHy Wy

Schemne 1
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Pabde 1. 18 and Y NMI speetra of maneners 3V aned V' wied theiv palymers Viand V11
IR gpectra 1] NMR spectra
Conprouid ro- o Yoo et Clhiemical shift
(ester) {exelic iy ' Segment
cmr? em! cm~? ppm
v 1735 1840, 1740 1625 cn,]=1(311— 15-1,--;,6-9
— e, — 1.4
AY 1735 1835, 17495 1625 CHp=C— a.&!), 6.5
—11, ::.1
—CeHy— 7.9
Vi 1735 1810, 1585 — —((':]:],-A(ZH — 1 .ﬂ:‘-; Y
~C —_ i
alls
Vil 1785 1505, 1780 -~ —CHy—, —CH; 0.8.-2.1
—CH,— 7.9

3. Besults and discussion
3.1. Polymerization

‘The monomers <leseribed in this work have been pre-
pared in fair yields by reaction of the acid chlorides (1
and 11} with N-hydroxyphthalimide (111} in the presence
of triethylamine (equation (1), Scheme 1 see p. 143). The
menomers were a white crystalline sobd, easilv soluble
in most organic solvents, but sparingly soluble in aliphatic
hvdrocarbons such as n-hexane and petroleum ether.

The monomers were readily pelymerized in solution with
AIBN as a [ree radical initiator. The polymers VIand VIl
are soluble in cold DMF and DMSO but insoluble in water
and most organic solvents.

'.* i
CHz=C CHy-C4:,
. AIBN 1 ir
1 60°C [ (2
0 o}
' i
0= M0 D M0
W,V Vi Vil

V- R=H ond Y]]: R=CH;y

Sclieme 2

Vi = 1 R= Gl R = Gl NH
IN: R = CHy: R' = Clls: R = ClINI
N: R=H;R'= OH; R" = C, Mo\
X}: R = Cii;; R = OH, R = Gyl
X1l: R=H;R' = p-CHO—Cellas

R" = p-(‘.HaO—CﬁH‘—I\'H
N1l R=CHg R = p-CHZ0—Cella:

R" = p-CHsO-CGH,-—]-\']}

The vield of the exchange Teaction was ca‘lrulat(ﬁd from
nitrogen analysis. In all cases the exchange reaction was
almost practically quantitative (Table 2). This was con-
firmed by IR spectroscopy. In the speetra of compounds
V411 to X111 the bands at about 1730 and 1780, 1810em™Y,
present in the spectra of polymers V1 and VIL which are
attributed to rc.g of ester and cyclic imdes, r(jspccn\'ely,
entirely disappeared after 1he exchange reaction. At the
same time, new strong bands at ahout 16301650 cm™?
and 1310...1530 em™? assigned 10 ¥c.o (amide 1 and 11),
respectively, appeared.

This was also confirmed by TH XMR spectroscopy.
Table 3 illustrates the 13 NMR data of the exchange
reactions of po]y—N-acr_\'lo}'}uxy- and -I\-nwihan:_\'}‘n}'}-
oxvphthalimides with amines. From Tables 2 and 3t

Table 2. Exchange reactions of polymers VI and VI with amines

N
The structure of the monomers and polymers were
stabli 1 5 ara (Ts Cale. for
established from 1R and *H NMR spectra (Table 1). Polymer | Co-reactant 1009, ex- | Found Exchange
hange
3.2, Heaclions of the polyners with amines ¢ I:}Z:t a or
The ability of polymers V1 and V11 to enter an exchange -
reaction with amines were tested with ethylamine, piperi- Vi Ethylamine 14.14 1:]-'-’3 165(;
dine and p-anisidine. In a typical experiment, a 109, Piperidine 10.07 10.10 92
. . r T , - p-Anisidine 7.90 7.80

solution of polymer V1 or V11 in DMF was treated with 2 Vi Ethylamine 12.39 12,02 92
equivalents of amine (equation (3)), and the reaclion Piperidine 945 815 86
mixture was allowed to stand a1 60°C for 6 h (Scheme 3). p-Anisidine 7.33 7.44 100

R T i

| f

«CH-CH,  + amne — AoHCR * N-RC (3D

C= c=0

=0 i 0

0 0

§ i

PLNPR R
yili 1o Xill
ViV

Scheme 3



SHAARAN, ARIEF ¢1 al: Poly-N-acryloyleay- andd
-x-ll‘lt‘iliil(‘F_\']\l}'l()S_\'lll!l}l:l'ill!idcs

Talle 3. 11 NMI speciral datu of the crelange

Acta Polymerica 39 (1¥88) Nr. 3

147

reaclivns of polymers V1 and V1 with awines

Exchange Segments Chemical shift Exc(l,mnge
producis ppm 2
VI Cll,—, CHy,—C—, —C—CH—- 1.1,1.5 21 81
—CH,N— 34
—CH,—1) 7.9
—NH~— 55
X CH,—C—, —CH,~C— 1.0, 1.75 a5
2, —N— 3.0
C,H,—) 7.9
—KH- 6.0
X —{CH,)y—, —Cl,y--CH— 1.5 (broad) 97
—CH,—N~—CHy— 33
—CH,~) 7.4
X1 CHy— G v — (CHaly—; CHy—C— 1.9, 1.8 87
ZCH, S N—CH— 3.3
—CH,—Y 7.9
X1l —CH,—CH— 1.5 (broadj %0
—OQCH, 3.65
—CH,— 6.5.--7.5
""Ct.Ha_]] 7.9
—NH - 5.9
X1 CH,—C—, —CH,—C~ 14, 1.0 93
ZdcH, 33
—CH,= G477
_ Gyt 7.9
—NH—- 6.0

1 Due to the unexchanged phthalimide residues

Table 4. 1H NAIR spectral data of the exchange reactions of poly-  seen that the yickis of the exchange reactions calculated
mers V1 and V11 with hydroxyl compounds from nitrogen analysis are in agrecment with those ob-

- 1ained from *H NMR spectroscepy.
Excliange cgmens | o | Prehenee |
products ppm o 3.3. Reaciions of the polymers with hydroxyl compornds
. . The ability of polymers V1 and VI for exchange reac-
xn E‘ﬁ%}:i_cu_' 15.:-2;'; 100 tions with hydroxyl cm‘nlmunds was 1ested \\'il])él'nh(-nul
v Ol G—CHy— 0723 100 andT_('_\'c]ohexanul (equation {4), Scheme 4).
C,,]?;,— z G 6T - Nitrogen was absent 1 al! exchange prmluds.‘This
VI (CH,py—, Cliy—Cl— 4.0..9.3 89 moanslthftt 1the (-:.r:(-hangc reactions were almost Px-acllr.’aﬂ_\'
el 0— L6 quantitative. This was also confirmed by TH NMR spec-
—C,H,—1 7.9 troscopy (Table 4) for the exchange products of both
xVI1 | CH—C—CH,—, —(CHyls— 0.7--2.2 92 polymers with phenal and evelohexanol. It was observed
—CH_01— 4.6 that cvclohexanol is Jess reactive than phenol. These
—CeHe—Y) 79 results are in agreement with the results olitained by

1 Due to the unexchanged phthalimide residues. FERRUTI ct al. [7). They reperted that cvelohexanel s

o}
R {C,Hy) N A
*CHz“}'*n + R-OH -('CHz—(;.-}-‘n +  ON-OH (4)
i | 0
(‘) OR’
DNz 0
X1V 1o XV
Vi, Vi

XI¥ : R=H, R'= CgHs
Xy - R=CHj, R'= CgHg
XVl : R=H; R= CgHn

p A R= CH:;.- R'= CﬁHn

Sclieme 4
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less reactive than phenol and met hano] when reacted with
1-methacryloyl Lenzotriazoles in the presence of tricthyl-

aine.
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N—Acryluyluxyphlelimidu was preparcd by the reaction of surylic acid with N-hydroxyphthalunide in the presvoce
of N,N'-dicyclulmxyicarbudiimidc. The monvmer reaclivity ratios for the copulymerization of N-scryluyloxyphibali-

iide wilh wethyl acrylate, methyl methacrylate, and acrylonitrile,

Lruscopy.
N-aeryluyloxyphthalimide were oalculated.

The copolymer compusitivus were determined from TH-NMR spectroscopic

respegtively, were estimated by 1H-NMR spee-

data, The @ amib ¢ values Tor

Bindre Copolymerisation von N-Acrylnyloryph!halimid mit Methylacrylat, Methylmethacrylat und Acrylnitril

N-Acryloyloxyphthatimid wurde durch die
N,N'-l)'.cycluin‘xg,'lcnrbodiimiul syuthetisiert, Die

wurden berechinet.

Reaktion von Acrylsiure mit

N-Hydroxyphthalimid in Gegenwart van

leaktivitatsverhillinisse der Mononere fir dic Copolymerisation von
N-J\rr_\'luylusyphllmlimill it Methiylaerylan, Methy
Copolymere warden it ille dor A NMR-Spehtrosk

luethaerylal und Acrylnitril sowie die Zusamienselzung der

opic cruiittelt. Die Q- il e-WWerte fir N-Acryloyloxyphitadioid

I)uimpuuﬂ COMUJ“M&’JW&I{M N-aﬁ'pu::umum:ufﬁmaﬁu.nrulu (4 awn’cu.f;aﬁpu.uumu.u, MEFHW”IQKPMGIHUM U (ARpue-

Humpu.’lu.n

N-ARpHACHAORCHPTANEHEL CHITEIN PUBAIACH W3 AKDPHAUBOR KUCIOTH # N-THAPOKCHGTANMMIIA 1B UPUCYTUTHAY

N, N - AHUNKIOPe KGR PHOTHHMUGE.

Guao onpeaeeso CoOTIOWeNHE peaii'rmmocm

MOHUMCHOD nAH cobudin-

Mepusall ¢ METIAARPUJEATOM, METHIAMCTAKPHILATOM ] 'dlilHIJlDHllTpHJIOII , & TdlKHW H COCTaH CON0AMMEpA Ullpﬂ)l.t'.JlHJll'.H

¢ HoMUILLIO

1. {wtruduction

Activated vsters of acrylic and methacrylic acids may be
used as precursors of some elasses of multifunctional polymers
[1]. We have already reporied the synthesis and pulynierization
of the aceyliv aml methacrylic esters of N-hiydroxyphthuhinide
as well as the ability of the resuliing polvioers to react with
campoumds bearing hy draxyl or amine groups 2] bor this
reasun, they provide a very convenient neans {or the preparas
tion of some clusses of imaeramolecular drugs. Free radical
copulymerization of these actjvited esters with vinyl monomers
i6 a method of modifyiug the properties of polymers.

The incorporistion of high proporlious of aglive monomers and
their brtter distribution within the palymer cliain can be achiev-
ed theough  fundiamental studies of the copolymerization
paramelers under specified reaction vonditions. Sprelroscopic
methods such o3 VE-NMBR O speetroscupy ofler a simple and
rapil evaluation of copulymer compusition [3—25] comjpared to
1he obher teehnigues |6, 7] In recent years, the value of *H-
NMR spectroscopy in the analysis of copalyiiers amd deter-
snination of the sequence distribution of munuvmers bas been
fully vecognized. L the present waurk, the extimaiion of nunenier
reaclivily o Neaeryluy loxy-
phtbaliide with methixh aerylate, oeihsl wethacrylate and
actytonitede fro -0 it spectral data are repurted.

patius Jur copolymueizatioes,

2. Erperimentul

N-Acrylovloxyplithslimide (NAP) was prepared by the
yeaction of servlie acid with N-hydroxyphthalimide in the
preseice of N.N-.liryvlnln('.\\'h-urlmdiimidc (BeCh). Tof
3 covled solution (0 1o HC) of 163 (0.1 ) of N-hydroxy-
phibalimide and 7.2 ¢ (0.1 moly of acryhe acid i meth-
ylene chloride (50 ml} was added 20,6 2 (111 mol) of DCCL
wat b stireiage, After 4 hostiering at rovn temperature, the
precipitated dieyclohexyl urva was removed by Tilteration
and the Giteate was evaporaled todryness in vacuu, The
n.'.slclm"w'.n.-; then reerystallized frane béazene, g, A
(Bt 12] 118 —120°C; yiekl 182 g (834990).

Methyl aceylate (MA), methyl wethaceylate (MMA) and
acryluniteile (AN) (E. Merck, Darmstadt, Fed. Rep. Ger-

many) were freed from inhibitors by distillation wnder

2.

1H- 51 M P-cnesrpockonni, Buuncunmtcl suaienns ¢ B e it

N-aKPHAOHACKCHYPTANHMIAL .

reduced pressure and the middle cuts retained for use,
Avobisisobutyronitrile (AYBN) was purificd by reerystabli-
zatioa from absolute alcobol (mp. 102°C).

The copolymers were obtained by selution pulymuei-
zation. Solutions of predeterinined amounts of thie comonn-
mers in dinethylormamide (1 molfl) were proheated to the
apprupriate pnlymerizution temperature (707G} The poly-
serization was conunenced by adding ATBN {1 mol %),
The copalymers were precipitated by pouring  the
polymerization mixtures into methanol  Aller several
successive reprecipitations front dimethyformamide st
methanol, the samples were washed, dried and weighed.
The conversions were kept below 109, in all preparations.

1H-NMR spectra of the copolymer sumples (in DM»0)-d6
or CDC as a sulvent and using TMS as zero reference} wiere
recorded using a Varian
at YO Mz,

EM-390 sprectraineler opera ting

3. Results and discussion

In the presenot investigation the copalymerization of
NADP with MA, MMA, and AN is studied, and the reaclions

can be written as shown in scheme 1.

R R
CH2=(lZH +. CHZ::(:: -— CHz—?H CHz-'(|I:
I=0 r Cl.—_O R”
0 0 Jn F
Oay N0 05 N2 0
My —M2 114 R*
NAP —MA H COOCH3
NAP-MMA CH3 COOCH3
NAP-AN H C=N

Scheme 1
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Table 1. Analytical data for copelymerization of NAFP with MA
C .
o) onv‘;ors!un b1y

1.5000 1.3 1.3333

1.0000 6.8 0.9286

| 0.666.7 5.4 0.5833

0.42806 1.4 0.3749

0.2500 8.1 0.2307

0.1111 6.4 0.0978

——jh( —7 0.0526 74 0.0441

L ) i 1 1 \ 1 i L 1 1
10ppm 9 8 7 3 5 4 3 2 1 0 1) a — the mular ratio of M, aud M, in the feed, and b — the
§ molar fativ of M, and M, in the copulymcr

Fig. 1. *11-NMR spectruin of an NAP-MA copolymer sample in
CHOCL, propared at molur fraction f) «= 0.1
Figure 1 shuws a typical spectrum of un NAP-MA cu-
pulywer sainple us an examnple. The *H-NMR spectra of
NAP-MMA cupolymers have similar characteristic peaks
except thut the bighest peak due to the a-methyl protons

50 R )
oH3 of the MMA unit is centered at é = 1.0 ppm. Also, the
peak due to the —ClH,— group of the MMA unit is over-
lappod with the —CUL,—CH— group of the NAP unit
and present at the highest ficld of & = 2.4 to 1.5 ppm.
Figure 2 shows the 1I-NMIt spectruin {ur un NAP-MMA
cuplymer,
o T o — md— L i J. A A 1 G
Wppm 7 8 7 [ 55 4 3 2 2
Fig. 2. 1I-NM§ spectrumn of an NAP-MMA copolymer sample 107
in PMSO-t prepared at molar Fraciion [; = 0.50 2

AN
N

, -10F »
v | A,
i /
K [L o35, -20F / .

e : ) 1 /A ./

5pom s -30F i

- e/ .

1a;

-40[

—_— = 4 i j P S /

10spm q 5

6
-50F
Fig. 3. L-NMR speetra of (a) an NAP-AN copolymer saniple I
in DMSU-d, prepared at mwlar fraction fi = 010 and (b} a
pulyacrylouitrile sample -6.0T
I all studied systems the distribution of protuns iy an -70
important factor W distingaish the uaits in the copulymer

clugn, The ME-NMR speetra of NAP-MA copolymers show .
the fullowing characteristic puaks: Fig. 4. KuLEN-TiDOS stats for copu!ymeri‘/.nliuus of NADP with
(1) MA. (2) MMA, and (3) AN.

(i) One Peak at & = 1785 ppm due to phenyl protons of
B the NAP uails; E= @ and g = w(b — 1)

(i) one peak at 8 == 3.65 ppm due the methoxy group of ab + o ob + @*
the MA umits; '

. . . whore ¢ and b ure the molar rativs IM /M) of the comonuimee
(i) 1wo ‘l"‘““k“ (broad) in the highest field centered at in the feed and copuolyiner, respectively, and

A = 2% ppi und & = 1.8 ppm due Lo the methine and

methylene protuns, respectively, of both NAY and Smin - Smax

, -
MA units, @ Pmin - bmaslt
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Tabls 2. Monomer reactivity rativs for wpo!ynwrimliam

Acta Petymarion 48 (1999) e ¥

&7

of NAP with MA, MMA and AN

F1NEMAN-Ross KxLpx-THDOS
M,-M,
r | r rn | ry | o
NAI-MA 0.422 4 0.038 1.156 + 0.0067 0.961 + G026 1.164 4+ 0.023 0.825
NAP-MMA 0.292 & 0.006 1.799 + 0.019 0.297 + 0.0u8 1.641 4 0.033 2.221
NAP-AN 1.424 4 0.056 1.336 4+ 0.018 1.051 1+ 0.026 1.289 £ 0.021 0.186
1.0
o8l (b} fe)
NAP - MMA NAP - AN
o6t
W
car
02
R | RN T | i 1 1 U S |
0 02 04 06 o8 0.2 & 0.6 o8 02 04 o6 oe 10
fs s fr
Fig. 5 Composilicn curves for copulyserizilions of NAP with {a) MA, (L) MMA, and {c} AN. Lines represeul calculated valuce

and { o) represent experimental values, fi

The *H-NMIL spectra of NAP-AN

show the following characteristiv peaks:

{1

copolymer samples

Une peak at & = 7.9 ppm due 1o the phenyl protuns ol
the NAP units;

(i) ene peak contered at & = 3.15 ppm due Lo the methine
protons of the AN units;

{iii) one prak centered ut d

2.4 ppm due to the methylene
\
protous ol the AN units and to the —Ci{,—Cil—
protuns of the NAP units,
{Thgure 4 shows typical spretrum of an NAP-AN copoly-
wer sample ax well as of |mlyiu:|:ylunilrih' fur eomupartson,
Phe approach ol GRASSIE et wl. [B] B
estimite the copulymer copposition of each sample. From
the capolyer stroclure the [ollowing
derived:

s been ussl Lo
1-.xprc:~ﬁiun.~'- cun be

4« tnumiber of NAP units in the eliain)

conmndwer of MA or MMA units in the chaan)

"«_il. ~
fou n, ™ -
Iow

~1-

(number of AN vaits in the chain)

where 1er, Tocn, and Iy are the integrated peaks of the
—.(..,Il‘-, ~ 00, and —CH— prutons, respuetively. 1
b is the mular ratio of My and M, the copolymer, then

feadloen, = 43 {1)
for NAP-MA or NAP-MMA copolywers ad
fendlen = b &

for NAP-AN copolysmer. Table 1 ilustrates Lhe analytical
data for the copulymerization reaction of NAP with MA
as an example,

From the vialues of feed and copolymer compositions, the
mongmer reactivily ralios  were evaluated using  the
FiNgMAN-Hess |9) and KRLEN-TUDOS [10] methods. Fig-
ure 4 whows the KELEX-TODOs plots for the tree studied

molar fraction of My

in feed und #, — molur fraction of M, in copolywer

values of r, and ry from the KeLex-Topds
almost identical to those obtained by the
IFsNEMAN-HKoss method. Typical values obtuined by the
two methods are tabulated in Table 2. The ryr, value for
NAP-MMA (0.54) indicates that the copolyiner should have
a random distribution of the munomer units, while for the
NAP-MA and NAP-AN systems the rifz values (1.12 and
1,34, respectively) illastrate a low tendeucy of the mono-
wners Lo laternate, and the copulymer should be composed
mainly of simall sequences of monomeric units of the same
type. The composilion eurves of the three binary copely-
merization reactions studied are ilustrated in Figure b,
which indicates that all studied systoms gave o gzeoltopie
copHymners,

The ¢ and e values [or NADP wede
ALFREY-PRICE equations i11:

systems. The
method are

culculated by using the

e =est —ln )R (X}
Oy = (0ulr2) eXp | —eaten o)) 14}

() and ¢ values for NAP were obtained by using
rativs determined in the presenl
work us well as the hiterature values [12] of G and e for the
MA, MMA and AN. The product nyre for the NAP-MA und
NAP-AN systems was found 10 be > 1 and was thus set
equal to 1 50 that equation (3) could be solved. The averuge
¢ and e values for NAD' were found to be (= 0.48 and
e = 1.02, which is in ugrecment wilh those reported io
the literature [12] for esters ol acrylic acid.

v
i'he average
the monomer reactivity

Heferences
{1] FERRUTL, .2 Ruwctions on Pulymurs {Ed. J. A . MOURK),
pp. —101. Dordreeht: D. Reided & Co. 1973.
[2] SuAABAK, A. F., Amgr, M. M. M., Kuaun, A A., and
Mussima, N, N.: Acta Polywerica 89 {1988} 145 —148.
{3) Rireny, W. M., and Bass, L. B J. Pulymer Sci., Part B:
Palymer Lett. 4 (1966) 557 —D6G.
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center cuts retained for use. Azobisisobutyronitrile (AIBN) was purified by
recrystallization from absolute alcohol (m.p. 102°C).

The copolymers were obtained by solution polymerization. Predetermined
amounts of the comonomers were placed in glass tubes, and diluted with
dimethylformamide so that the total monomer composition was about
1.5 mol /L. Polymerization was commenced by adding AIBN in & concentra-
tion of 1 mol/100 mol monomers. The tubes were flushed with oxygen-free
nitrogen for 10 min, capped, and thermostatted at 60°C for 30-60 min
depending on the comonomer pairs and composition. The conversions were
kept low (7-10%) and all copolymers were purified by reprecipitation from
methanol, washed several times, dried, and weighed.

IH NMR spectra of all the copolymer samples (in DMSO-c6 as a solvent
and using TMS as zero reference), were obtained with & Varian EM-390
Spectrometer operating at 90 MHz.

RESULTS AND DISCUSSION

In the present investigation, the copolymerization parameters for NMP-MA,
NMP-MMA, and NMP-AN systems were studied. The copolymer composition
of each sample was calculated from 'H NMR spectroscopy. The structure of
the copolymer systems can be written as:

il I P
- CH,—C— CHZ—-(il
- i,
} o |
| f
N
0 0
R’ R”
NMP-MA H COOCH,
NMP-MMA CH, COOCH,
NMP-AN H C=N

The '"H NMR spectra of NMP-MA copolymer samples showed the following
characteristic peaks: (i) one peak at §7.8 due to the phenyl protons of NMP
units.'® (ii) one peak at §3.6 due to the methoxy protons of MA unit. (iii) one
broad peak in the highest field centered at 81.5 due to the a-methyl, methyne,
and methylene protons of both NMP and MA units. Figure 1 shows typical
spectrum for NMP-MA copolymer sample as an example. -

The *H NMR spectra of NMP-MMA copolymer samples have the similar
characteristic peaks except that the highest peak due to the a-methyl and
methylene protons of both NMP and MMA units was centered at §1.2. Figure
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_

1 ] |
L 9 [ 7 6 5 4 3 2 1 0

pemi $)

Fig. 1. 'H NMR spectrum of NMP-MA copolymer sample prepared at molar fraction
f, = 0.40.

K0

I

h | ) i 1 il 1 L

0, 9 B 7 [ 5 & 3 2 1 0
ppm { )

Fig. 2. 'H NMR spectrum of NMP-MMA copolymer sample prepared at moler fraction
§, = 0.30,

|

2 illustrates the 'H NMR spectrum for a copolymer sample of NMP-MMA, as
an example.

The 'H NMR spectra of NMP-AN copolymer samples illustrates the
following characteristic peaks:

1. One peak at §7.9 due to the phenyl protons of NMP units.

2. One peak centered at §3.2 due to methyne proton of AN units.

3. One peak centered at 52.2 due to methylene protons of both NMP and AN
units. ,

4. One peak at 81.65 due to a-methyl protons of NMP units. Figure 3 shows
typical spectrum for a sample of copolymer NMP-AN as example, as well
as a sample of poly(acrylonitrile).
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DMSO

{b)

ol
|

| )| 1 1 I 1 1 1

7 6 3 ) 3 2 1 0
ppm ( §)

Fig. 3. 'H NMR spectra of (a) ‘NMP-AN copolymer sample prepared at molar fraction
f; = 0.10 and (b) polyacrylonitrile.

w1
a4

L]

The approach of Grassie et al.'® has been used to estimate the copolyrper
composition of each sample. From the copolymer structure, the following
expressions are derived:

I¢n, @ 4(No. NMP units in chain)
Iocn, @ 3(No. MA or MMA units in chain)

Icy « (No. AN units in chain)

in Whi(:h 1¢,n,» Locu, and I¢y are the integrated tracers of >C6H4, —OCH,
and /CH—— protons, respectively. If & is the molar ratio (M,/M,) in the
copolymer, then:
I,/ Tocs, = 4/3b (1)
for NMP-MA or NMP-MMA copolymers and
Iou,/Ion = 4b 2

for NMP-AN copolymer.

Tables I to III give the analytical data for copolymerization reactions of
NMP with MA, MMA, and AN. From the values of feed and copolymer
compositions, the monomer reactivity ratios were evaluated using the
Fineman-Ross'? and Kelen-Tuidés'® methods. Figure 4 shows the Kelen-Tudds
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TABLE 1
Analytical Data for Copolymerization of NMP with MA
Feed Copolymer
composition % composition
(a) Conversion M)
2.3333 9.7 3.3750
1.5000 84 24827
1.0000 79 1.9883
0.6667 8.8 1.4353
0.4286 71 0.9681
0.2500 7.0 0.7045

*a and b are the molar ratios of M, and M, in the feed and copolymer, respectively.

TABLE I1
Analytical Data for Copolymerization of NMP with MMA
Feed Copolymer
composition % composition
(a) Conversion (b)

2.3333 74 3.4351

1.5000 6.5 2.1464

1.0000 6.3 1.4000

0.6667 8.2 0.9138

0.4282 : 7.6 0.6389

TABLE I1]
Analytical Data for Copolymerization of NMP with AN
Feed Copolymer
composition % composition
(a) Conversion (b)

0.4286 8.3 1.0522

0.3333 8.5 0.8616

0.2500 6.8 0.7665

0.1765 7.5 0.5157

0.1111 8.3 0.4227

0.0526 7.1 0.1899

plots for the three systems studied. The values of r, and r, from the
Kelen-Tiid8s method are almost identical to those obtained by the Fineman-
Ross method. Typical values obtained by the two methods are tabulated in
Table IV. The r,r, values for NMP-MA and NMP-AN systems (0.254 and
0.341, respectively) indicate that the copolymers in both cases should have a
random distribution of the monomer units with a tendency toward alterna-
tion, while for the NMP-MMA system the ryr value (1.014) illustrates a low
tendency of the monomer units to alternate and the copolymer should be
composed mainly of small sequences of the same type. Figure 5 illustrates the
composition curves and indicates that all systems studied gave no azeotropic

copolymers.
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n

204 -

1.0

-5.0F

Fig. 4. Kelen-Tudds plots for copolymerizations of NMP with (O) MA, (#) MMA, and
{a) AN.

a? 4 a(b-1)
abraz OO 1" b+ a?

f=

where a and b are the molar ratios (M;/M,} of the comonomer in the feed and copolymer,
respectively, and

a . -a

in mex

" (e )"

TABLE IV
Monomer Reactivity Ratios for Copolymerizations of NMP
with MA, MMA, and AN

Fineman-Ross method Kelen-Tiidds method
M, - M, N £ n i nn
NMP-MA 1.147 + 0.049 0.170 + 0.039 1.223 1 0.097 0.208 + 0.029 0254

NMP-MMA 1.370 1 0.254 0.641 £ 0.239 1.441 £ 0179 0.704 x 0.110 1.014
NMP-AN 1.400 + 0.211 0.223 + 0.021 1.496 + 0.162 0.228 + 0.019 0.341
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(a) (b) (¢}
0.8 L L

0.6+ - L

-n

0.4} 2 L

0.2F - L

07 dafds ) 07 04 06 08 0z 04 06 08
\ 1 fy
Fig. 5. Composition curves for copolymerizations of NMP with (a) MA, (b) MMA, and (c) AN,
Line represents calculated values and (O) represent experimental values. f, = molar fraction of
M, in feed and F, = molar fraction of M, in copolymer.

0.0

The @ and e values were calculated by using the Alfrey-Price equations™:

el=92i(_1“rlr2)]/2 (3)

Q, = (Qu/n)exp —ex(e; — &) (4)

The Q and e values that represent the extent of resonance stabilization and
polarity of the double bond, respectively, in a monomer and its radical are
extensively tabulated by Young® from earlier copolymerization data. Thus,
the Q and e values for NMP were obtained by using the monomer reactivity
ratios determined for the copolymer systems NMP-MA, NMP-MMA, and
NMP-AN (Table IV) and using the @ and e values for the MA, MMA, and
AN.? The product r,r, value for NMP-MMA system was found to be > 1
and was thus set equal to 1 so that Eq. (3) could be solved.2! The average @
and e values for NMP monomer were calculated and were found to be
Q = 090 and e = 001, respectively, and are in agreement with those reported
in the literature? for the esters of acrylic acid.
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CHAPTER (I)

INTRODUCTION

The rapid increase in the range of manufactured
products resulted directly from the development of a
broad range of new fibres, plastics, elastomers, adhes-
ives and resins. These new materials are polymers and
their impart on our present way of 1ife is almost ince
alculable, In 1920 Staudinger1 published the key paper
in the development of the modern view of polymer struc-

ture and specifically proposed chain formulas for poly-

styrene and polyoxymethylene.

uM~CH2-CH-CH?i%§;~ m—CHZ--O—CHz—OMM
Carothers2 demonstrated that condensation reactions
could be used to form high polymers. He also established
several important principles that underlie synthetic
polymer chemistry to this day: (1) that monomers must be
at least bifunctional; (2) that monomers must be relati-

vely pure; and (3) that reactions used must be such as to

proceed in nearly 100 % yield.

Polymers are classified according to the tyves of

reactions involved in their synthesis. The three main

polymerization reaction types are: (1) condensation
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reactions, (2) addition reactlonus, and (3) ring opening
polymerizations. Polymerization by condensation is used
as o basis for the manufacture of many important polymers,
such as nylon, polyesters, phenol-formaldehyde, and urea-
formaldehyde resins, as follows:

0 0
HEI'T -R —N'H2 + HO -C ~

0 0
] ] ¢
HO —-C =R =C—0H + HO =R -—0H ——c

0 0
it T /
Hﬂ—OEC—R—C—O—R—On H

) 0 ~H,0
Hyt=C— I, + CLO  ———
n o H

] 1] \
—Eo —CH,, ~ C—N—Cliﬂ_n

Addition polymers are macromolecules formed DY the z2ddi-
tion reactions of olefins, acetylenes, aldehydes, or

other compounds with unsaturated bonds,

H

~ /’*
N
H H
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Many well-knovm thermoplestics are addition-type polyii-
ers, the differences between the various materials being
mainly connected with the presence of different substit-

uent groups attached to the main chain.

The treatment of some cyclic compounds vith catal-
ysts brings about cleavage of the ring followed by poly-

merization to yield high-molecular welght PoOlymers.,

0
]
n (CH2)5 —_— 'LNH"'(CHZ)B'C}IE

Free-Radicel Addition Polymerization:

Tn a free-radical addition polymerization, the
srowing chain end bears an unpaired electron. Acddition
of each monomer molecule to the chain end involves an
ettack by the radical site on the uncaturated monomer.
Thus, the unpaired electron is treneferred to the nevw
chain end at each addition step. Free-radiczl polymeri-
zation reactions are of enormous imvortance in technolo-
ny. The monomers for these reasctions are available in
lerpe quantities from the petrochemical industry (e.g.
from reaction sequences that start from ethylene, acety=-
lene, or acetone), and the polymers obtained from these

monomers form the foundation of much of the polymer

industry.
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Many common synthetic materials, such as polyeth-
Ylene, polystyrene, and polymethyl methacrylate, are
made by free-radical polymerization, All these polyme-
rizations involve the same mechanistic sequence, First
a free radical initiator adds to a monomer and produce
a new free radical.

=CHX ——» R-CH.-CH-X

R* + CH2 >

The new radical starts.a chain by adding to another

monomer.,
R-CHe-éHX + CH,=CHX —

R-CH -CHX-CHZ-éHX

2

This step repeats, increasing the chain by one monomer
unit at a time. The chain terminates by coupling with

another free radical, or by disproportionation,

A free radical is usually obtained by homolysis
of an ordinary covalent bond. Examples include peroxide
dissociation, halogen photolysis, and azo compound
decomposition:

R-0-0-R —2 . 2 R-0°*

Ci-C1 _1.1.!_,. 2 Cl*

CHB—N=N-CH3-—- 2 HBC + N=N



N 0
cnj—-?—N:N_.cl:_c:HB —> 2 CH3—C" + 1
CN oN oN

A free radical can also form in a one-electron

oxidation-reduction reaction. Ferrous ion and cumene

xide produce OXYy radicals even at o°c.

hydropero
Ch3 o
Fe?" + ph~0—0—0H —— Feo© + ph-C~0" + OH™
cH
3 s

Mkyl radicals, the type responsible for propaga-

tion can be destroyed in two ways, by combination and by

disproportionation:
; ;
R—CH> ---(i‘ + ("J-—CHE-R —p
X ).4
=L 2—-—('3H - fIJH —CH > —R
X X
7 ;i
—— Ll . + iy —— — ®
R ~-CH» 9. R CH2 ? —_—
X X

R -CH, -CHpX + R -CH =CHX

In the first case, the product contains two initiator

units per molecule. In the second case, half the product

mol ecules are terminal olefins.
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Begides terminating oy combination of disproportio-
nation, a chain may abstract an atom from another molecule.
This terminates the original chains growth, but it cree-
tes another free radical.

R —-C'H2 -CH, + R -H —— R -CH, -CHz + R

Thig reaction is called chain transfer and may occur
with initiator, monomer, solvent, polymer, Or an impurity.
A material deliberately added to a system to control
molecular weight by chain transfer is called chain-tran-
sier agent., The new radical derived from the chain-iran-

sfer agent may initiate a new chain in the usual woye.

R* + CI-I2 =CH —= R -CHa -CH

l
X X

Because the process does not decrease the concent—
ration of radicals in the system, it does not affect the
overall rate of polymerizétion. It does, however, reduce

the molecular weight of the product.

Kinetics of Free-Radical Polymerization~3'6

The overall rate of polymerization as well as the
length of the polymeric chains formed in addition poly-
merization are determined by the rates of the individual

processes of initiation, propagation, and termination.
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The overall mechanism for the conversion of monomer to
polymer by use of a typical free-radical initiator, I,

can be described by the following set of rate equations 3

kg
I —_— 2R
K initiation
R* + M —=—— R -NM*
kp .
RM* + M —— Rwaww FIM* propagation
kg
R M*® — s Rewl =lwwR
I termination
R 11® -——-t—--b RwwnMH + RmwrM

By making several assumptions relatively simple express—

ion for the rate of polymerization (RP) may be obtained:

1~ The rate of formation of free radical is equal to the
raté of consumption of free radical se

>-. In the propagation step, redical activity is indepen-
dent of chain length,

2. The rate of production of chain radicals is equal to

the ratc of termination of chain radical, 1.€.
am”)

=0
dt overall

r. = rt and

4~ The rate of polymerization is equall to the rate of
propagation.
During termination reactions two chain radicals Reww~ M’

combine to give a polymer molecule and the rate equation

is:



- A(Rww M) _ .
£ = = -—k.t(RIV\WM )

at the steady state:

- y2 _.

Hence, the rate of polymerization is equal to the rate
of propagation, the rate equation becomes:

= - a[n] K, [M] [Rowanne 11°]

p at

—————

S %m - [v)

- )

The rate of polymerization equation predicts that the

rate of formation of polymer should be proportional to
the square root of the initiator concentration and the
first power of the monomer concentration.

Copol:;rmer‘12:'3‘1:ion7"9

The simultaneous polymerization of two or more
monomers is called copolymerization. A copolymer is thus
defined as a polymer having at least two different mono-

mers incorporated into one polymeric chain. Interest

has been centered on copolymerization, because it is
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often found that the copolymer has more desirable

mechanical properties than the respective homopolymerse.

One may also introduce a comonomer into a polymer to
render it receptive to dyes or provide sites for
cross-linking the polymer chains. Many commercial poly-

mers are copolymerse

Binary Copolymerization Reactions:

To be able to predict the composition of a copoly-
mer before the polymerization.is extremely useful. This
can be accomplished by the copolymer composition equat-
jon., The four possible propagation steps in a copolymer-

ization are the followlng:

Growing Monomer
Chain Added Rate
(1) wwem” o+ M S emyt Ry fay] ]
Ko
(ii) ,,wwm.l" + HE —— mn-ma' k12[m'1.] [MZ]
(111) wwemy® + My Sat, ey ka1 [ma'][M,,]
(iv) roemy” 4 My _Eéé_* MmmZ. k22[m21 [MZ]

where M1 and M2 are monomer one and two, respectively,

m.* denotes the polymer chain with a terminal monomer

1
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one, and ma' is the polymer chain with a terminal mono-
mer two, (i.e,there is no penultimate unit effect).
The analysis is further simplified by a steady-state
assumption: the rate of disappearance of a chain end
equals the rate of its appearaicCe. Therefore, the rate

of reaction (ii) must equal the rate of reaction (iii):

k12[m1°][M2] = x,7 ;] [M1]

[=,7] =kz1[M1]
2] Ko M)

The rates of disappearsnce of monomers one anc two are:

) ) kg {mp P ] ko [ma] (1]

at

-d([:ig] = wap[np] [M2] * wre[m ][]

After combining and rearranging, these equations, we

obtain:
afmy] _ [1] Gy iy [M] ¥ [ME]
afuy) [ (ko/ %) [ [4]

We can now define the important guantities termed the

monomer reactivity ratios (r, and r,) as follows:

k k

r1 :.__lL and T :,_éé_
K 2k

12 21

Thus the copolymer composition equation can be obtained

as:
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am] [} ()]

afuy] [ o] + [

Monomer Reactivity Ratios

If r< 1 the growing chaln prefers to add the
comonomer rather than its own kind, and if r >t the
growing chain prefers to add its own kind rather than
the other comonomer. There are a number of different
combinations of reactivity ratio values that are of
special interest:

(a) r;>1 and r,>1 : In this case, two homopol-
ymers would be formed.

(b) rqry, =1 3 A copolymer that is described by
the above reactivity ratios is termed an ideal copolymer,
in which the monomers are randomely distributed through-
out the chain. The amount of any monomer incorporated
into a polymer chain is simply dependent on the concent-
ration of that monomer on the feed and the relative reac-
tivities of the two nmonomers.

(¢)r, =1, #0 : An alternating copolymer results
from a system having the above reactivity ratios. The
copolymer has alternating units of the two monomers
because each monomer reacts exclusively with the other
monomer, There are msny monomers, cuch as maleic anhydr-
ide, which do not nomopolymerize except under special

conditions but readily form copolymers.
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Methods of Determination of Monomer Reactivity Rat10510

(i) Direct Curve Fitting

Reactivity ratios may be obtained from direct
curve fitting of polymer-monomer composition curvese
This is not a favored method, nowever, beacuse the comp-
osition curve is insensitive to small changes in the

reactivity ratios.

(i1) Mayo and Levis Method ||

The most common method used is that of Mayo and
Lewis. Rearranging the copolymer composition equation
into the form of the equation for a straight line

(y = mx + b) as follows:

(el Dl
° 2] [‘“1]1 [} [}

Every set of My, M2 and my, My values produces & strai-

-1

ght line. By setting r, equal to arbitrary values, cOrr-
esponding values of r, can be found and a straight line
drawn for a specific set of Mo, M, and Mg, M valuese.
Phe propaple values of ry and T, ]ie in the area cut out

by the intersecting lines.

(i1i) Fineman-Ross method 12

Fineman and Rosg were the first who arrange the
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differential copolymer composition equation in the

following form:

2
a &a
St Ty
Mﬂ -
where a = —=— , the molar ratio of monomer feed, and
2
m
b = — » the molar ratio of the copolymer.
m
2

By plotting a - a/b as the ordinate aganist a2/o

as abcissa, the slope of the straight line is T

and the intercept is —TI,. When the polymer composition
measurements are precise, this method is very convenient

and frequently used due to its simplicity and accuracy.

(iv) Joshi-Kapur method13

This method eleminates the subjective error in the

jocation of the best point in the intersection method of

Mayo-Lewis plot.

(v) Tidwell-Mortimer method1u

In detalied critical treatises, Tidwell and
Mortimer pointed out the defects of the different methods,
and suggested a standared computerized procedure; the
nonlinear least square method. This method presumes that
there is no possible experimental error in the independent

variable; the monomer composition of the feed; and that
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the absolute error in the copolymer composition 1s

independent of its value or constant.

(vi) Yezrielev—Brokhina-Roskin_method15

Yezrielev, Brokhina and Rogkin transformed the
1inear equation of copolymer composition into the symme-

trical form as:

a/b%.r1 - b%/a.r2 + (1/bJ‘f - b%) = 0

where a = Mi'/M2 (molar ratio of the two monomers in the
comonomer mixture).
and b = m1/m2 (molar ratioc of the two monomers in the

copolymer)e.

In this method the theoretical line is situated
evenly between the experimentaljpoints of positive and
negative error which leads to determination of reactiv-

ity ratios more accurate.

(vii) Kelen-Tudos method‘-6

Kelen and Tudos published a method for calculating
the monomer reactivity ratios based on a new graphically

evaluable linear equation as follows:

r r
= (= ""z.za-)i'-o—%—
where:

2
42 =._..——-——a(b- 12) > t:-—-———a > and
b + 4 b + &
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a8in. X %max.

Jgﬁin. X bmax.

The variable Zi,cannot take any positive value, only

o =

thoge in interval of (70-1. . Thus, plotting the
values as the function of tj= 0 to C5= 1 gives - r /kt

and Ty, respectively (both as intercepts).

Factors affecting monomer reactivity ratios

With respect to free-radical c0polymerization, it
may be stated that reactivity ratios are comparatively
1ittle influenced by most common variables such as
conversion, solvent and method of polymerization17. In
the range of temperatures from room temperature to about
100°C there is little variation in reactivity ratios in
binary copolymerizations. However,, there is a tendency
for the ryT, product to approach 1 as temperature incre-
ases. Copolymerization has been affected at temperature
as -—?BOC and temperature as high as 15000, with large
change in reactivity ratios. Wwith respect to the solvent,
numerous studies have veen made which indicate that a
change of solvent has little effect on monomer reactivity
ratios. Accordingly, a highly polar or nonpolar solvent,
does not appear to influence the value of reactivity
ratios. The effects of dilution on reactivity ratios

have been studied and it has been concluded that no



-16=

substantial effect exists. Also, polymerization by
solvent-nonsolvent techniques gives reactivity ratios
similar to those of hohogeneous system, that is the
precipitation of copolymers during polymerizafion does not
alter reactivity ratios. Monomer reactivity ratios have
also been found to vary with pressure, for example,
copolymerization of methyl methacrylate and acrylonit-
rile,18 the product of r,r, increased from 0,16 {at atm-
ospheric pressure)} to 0.91 (at 1000 atmosphere) indicat-
ing that increased pressure increases the tendency for

this system towards blocks.

Individusl Monomer Reactivity in Copolymerization :

In a copolymerization reaction the reactive end of
the growing chain is a free radical derived from one of
the two monomers., Obviously, two types of reactive ends
can excist and for this reason, reactivity ratios must
be determined in pairs. Moreover because the values
obtained experimentally are relative values, the reacti-
vity ratios must be determined experimentally for each
pair of monomers. A correlation procedure that permits
the assignment to each monomer of a reactivity parameter
that is applicable to its copolymerization with a1l other
monomers would represent a great economy in data accumul-
ation and tabulation. One approach to developing such

correlation tskes into account the resonance and polar
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factors inherent in the monomers and is called the
Alfrey-Price Q—e relationshi;pj9 Q is a measure of
the resonance stability of a monomer in copolymerization,

and e is a polar factor, The fundamental equations are

given as :
ry = (kpy/kyp) = [Q/%]exes - e (e = €5)
r, = (kyp/k5y) = [a,/Q,) exe - €alez - ey)

r,r, = eXp. {- (e - ea)Z]
in rry = - (eq - 62)2

Price chose styrehe as the standard monomer with the
values @ = 1 and € = -0.8, The Q and e values of any
monomer that has been copolymeriz.ed with styrene can

be calculated from the T, and T, values given in liter-
ature. Conversely, knowing the Q and e for any two mono-
mers, the r, and I, values can be calculated for this
monomer pair, whether or not they have ever been copoly-
merized., While the predicted behaviour is not always
exactly like the experimental result, the Al frey-Price
Q —e scheme nevertheless leads at least to a good appro-
ximations. The major shortcoming of the Q—¢€ scheme is
that all radical polymerizations involve not only reson-
ance and polar factors, but also steric factors. It is
certainly conceded that steric factors limit the applic-

ability of the scheme which is considered as an empirical
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method of correlation.

Terpolymer composition equation

Chemists sometiumes polymerize mixture of three
(or more) monomers with the intent of preparing multi-
component polymers that will have the properties requ-
ired for a specific use. The commercial importance of
multicomponent polymerization has rapidly increased in
the last decade. Incorporation of a third monomer devel=-
oped gross effects on the properties of copolymers such
as heat resistance, tensile strength, elasticity, trans-
parency and solvent resistance. It is desirable to know
the relationship between the ratic of a glven set of
monomers and the corresponding copolymer composition.
It has been shown by Alfrey and Goldfinger20 that there
are nine propagation reactions in the determination of

terpolymer composition.

k k k
- 1 . 3 21 . . 51 . -

Kk k k
- 1 - i . - - 2 - . . 3 = .
--M1+Ma——% M, =M3 M2+M2-—5-M2 M3 mM5+M2——ZbuM5 M3

' k k k
* - . 1 - “M?| M 23 N Y.LE . . 5 - M

In order to predict the behaviour of a three comp-
onent system (Ml'-'Ma"MS)’ it is necessary to know the
copolymerization parameters of the three separated two-

component copolymerizations as follows @
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M, - M - M

1 - M2 My - Mg

2 3

ri=kqyfkip = T Ty kpokos = T3 ry=K, /K3 = T3
ro= k-aafk‘a-‘ = I‘~21 I‘2= k53/k32 = I‘;Z r2= k53/k3'l = I‘31

In a manner completely analOgous to that described
for the two component systems (page 9 ) the terpolymer-
ization composition equation, which relates the instant-
aneous terpolymer composition to the feed of monomers

(using the assumption of steady state), could be obtained

L"E:]a1+r£:‘2']32+r£}:i]23 [ ‘] ‘[Tz] szl
" _ [ .\ [v2] . [MB] [le +[M1L [Msr

2
Lr12r31 rypf3p 307132 { r'>q 1"23

i, b Bl Jfg ]

T3t TazTi2 r13rz3 rz1 Tzp

as :

oli] g -afr -

1
_.'.'.5."

M3

L

Terpolymerization composition equation has been
tested by a number of workers and has been found to
describe experimental copolymerization within the limits
to be expected from the accuracy of the reactivity

Valuesa1'22

am?u proposed a simpler expression for the terpo-

lymer composition equation when polar and steric effects



-20=

are absent or when polar effects between the various

radicals and monomers are similar so that :
rip Tp3 T3 = 13 T32 T

and the terpolymer composition equation was simplified

in the form :

M, Mj |
2 3
. - . - _—t =1
d@d : d Pﬂ .dWﬂ = M, My + :
T2 T3
r ] M MT
w2l | Zlaw, s 2
2__— -
T2 _rz1 To3
Tz M, M ]
M. 2| s = + M
3.[‘ r r 3
13| T3 T2

May025 reported that Ham’s equation is potentially

useful for bringing out inconsistencies between experim-
ental data are theoretical correlations and prediction
of behaviours of monomers in copolymerizations. Al so,
Ham’s probabilities are sometimes quite good and some-

times very poor.

Khan and Horowitzz6 studied the terpolymerization
of vinyl acetate-dioctyl fumarate-N-vinyl pyrrolidone
system and programmed the aifferential terpolymer compo-

sition equation on a digitel computer in the following

form :
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dM, ¢ dMZ:dM3=
My | Myrasrsp * MaT3i%23 MrzoTo| M2t M2 Mpryz * M r1é]
MMy 75T 5 * MaTsa M3Tyo 31][“2r21r23+ Mros * MsTpy):

Ma|MyT) oo * MaP1zTar * M3T 12r21][“3r31r32+ MyTzp * Marsi]
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LITERATURE REVIEW

Multifunctional Polymers

The last years have seen the rise in popularity
of the idea of attaching chemically reactive species to
insoluble supports. Applications have been found in
organic chemistry, inorganic chemistry, biochemistry,
and biology., With polymeric resins, the question of

whether to modify a preformed support chemically or to

~carry out a suspension copolymerization employing an

appropriately functionalized comonomer is usually
settled by the relative difficulty of the latter techn-
ique, and the ready availability of non-functionalized
supports of very high quality, Nevertheless, copolymeri-
zation techniques do have a number of advantages. Gener-
ally the degree of functionalization of the product is
more readily controlled, and the structure of the requ-
ired group can be ascertained unambiguously by analysis
of the relevant comonomer prior to polymerization. In
addition, it is possible to predict to some extent the

distribution of groups within the support.

The introduction of a functional group during
polymerization requires first of all an appropriately
substituted monomer to be made available., A wide
variety of vinyl-derivatized molecule can be obtgined

from commercial sources and be polymerized or copolym-

erized to produce an appropriately functionalized support.
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The synthesis of multifunctional polymers by
preparation and polymerization or copolymerization of
the correspoding monomers, however, may be difficult
Oor even impossible if complex structures are required,
or if the desired functions are able to interfere in
the polymerization processes. A convenient indirect
route to multifunctional polymers is to synthesize first
macromolecules with chemical functions able to select-
ively and quantitatively react with hydroxyl or amino
groups, giving ester or amidic bonds. By a subsequent
reaction step with alcohols or amines bearing the
desired groups attached as substituents, multifunctional

polymers may be obtained,

Iwakura et al.2’ reported that the acylation of
K-amino acids with acryloyl- or methacryloyl chloride
gave the corresponding acrylamide as methacrylamide

derivatives, respectively.

S
B NaOH
HzN-CH—CCOH + CHEHC-—C -~ C1 ,
R, O R

1
(R |
CH,=C —C—NH— CH— COCH

8 reported that cellulose acetate

Rozyakhuno et al.2
- methacrylate and cellulose acetate sorbate were prepared

by treatment of cellulose in CH2012 containing a HZSOA
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catalyst with mixtures of AcaO =ns nethacrylic or

orpic acid that had been boiled 5 min.. The introduct-
ion of methacrylate or sorbate ester groups into the
cellulose acetate increases its flexibility and exten-
sibility. Bthylene-vinyl acetate copolymer and methacr-
ylates were ester-exchanged in the presence of monoca-
rboxylic acid esters {as the viscosity-lowering a ent),
esp. Me acetate, beta-methoxyethyl acetate, and Me
lactate to give graft-activated copolymerag. Thus,
Tverflex 450 (19 wt., % vinyl acetate) 120, toluene
1.275, Me acetate 15, and Me methacrylate 233 were
stirred 2 hr at 70 deg., mixed with 35 m. mclos sxcess
BuOH soln. of NaOBu and reacted 2 hr to give an activa-
ted copolymer (0.206 m. mole/g methacrylic acid group).
Batz et 31.30 studied the reactivity of cyclchexylam-
ine and NH5 with polymers prepared from reactive acry-
lates, methacrylates, or N-vinyl-carpamates of N-hydro-
xysuccinimide, 1-hydroxy-1H-benzotriazole, and 2,4,5-tri-
chlorophenol (or the resp. copolymers with l-vinylpyrro-
lidinone, methacrylamide, acrylamide, or styrene) and
indicated that the polymers would react with pharmacol.-
ogically active compounds without racemization or side
reactions. Diels-Alder addition of trans-plperylene
with CH2=CMe002H or its Me ester was carried out at
20-260 degree and hydrogenated products were separated
by gas=liquid chromatography31. The structural and

steric orientation coeffs. were calculated and

correlated with the energy and entropy of activation of
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the formation of isomeric adducts., Polymers containing
acyl-activaﬁed ester groups were prepared through the
reaction of amino groups of oligomers containing end
carboxyl groups with nitrated N-{ 4~hydroxyphenyl) succi-
nimide polymers. Thus, 3 g N-(i-hydroxy-3-nitrophenyl)
succinimide polymers (OH sim. 9.1 m equiv.,) in 70 ml

DMF was mixed with 282 g benzyloxycarbonyl-glycine,
mixed 2 hr at 3 deg. with 2.8 g dicyclohexylcarbodiimide
in 10 ml DMF, and kept 18 hr at room temperature, to

give 3.76 g desired polymersBZ.

Ferruti et al.35 studied the preparation and poly-
merization of 1-acryloylbenzotriazole and reported that
the resulting poly-l-acryloylbenzotriazole, gave pure
polyacrylic esters and polyacrylamides by reaction under
mild conditions with alcohols and amines. Ferruti and
CottiCa34 studied the preparation and polymerization of
N-acryloxysuccinimide, N-methacryloxysuccinimide, and
1-acryloylbenzotriazole, as well as the exchange ability
of the resulting polymers with alcohols and amines,
Also, Ferruti and Vaccaroni35 reported that, pure
Nemethacryloylimidazole was easily prepared, but it
did not polymerize well by radical or ionic initiators.
They studied the reaction of poly(acrylic acid) and
poly(methacrylic acid) with N,N-carbonyldiimidazole
(CDI), and then treating the reaction mixture with

alcohols or amines, as follows:
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The reaction with poly(acrylic acid) was practically
quantitative, only partial conversion occured in the
case of poly(methacrylic acid). This may be due elther
to an incomplete formation of polyimidazole, or to an
incomplete reaction of the polyimidazolide itself with

alcohols or amines.
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Koester and Heidmann36 studied the polymerization
of ethoxycarbonylmethyl acrylate 17.8, dimethylacryla-
mide 1.8, and N;N-ethylenebis(N—methylacrylamide) O.49
in ag. soln. with azo-bis~-isobutyronitrile for 2 hr
each at 60, 70, and 80 degree to produce a reactive
polymer. Reaction of the polymer with MeZNH in

Me.CO-HOAc gave a crosslinked poly(dimethylacrylamide),

2
which could not be obtained directly in pearl form
because of the miscibility of dimethylacrylamide with
most solvents., Partial hydrolysis of the latter polymer
gave a substrate suitable for solid-phase synthegis of
oligonucleotides. A styrene copolymer containing succi-
nimide was prepared by treating styrene-maleic anhydride
copolymer with p-H,NC,H OH and nitrating>’. This succi-
nimide~containing copolymer was esterified with
phCH,0,C-X-0H (X=Gly, Leu, Gly-Gly, Leu-Leu) to give

the corresponding active esters which were treated with
cyclohexylamine, glycine Et ester, or leucine Et ester
to give the amppropriate cyclohexylamide or peptide Et
ester. Fsterification of N-(tert-butoxycarbonyl)prolyl-
prolyl-B~-alanine with CF3002C6H4N02—p and trifluorocace=-
tolysis of the ester gave p-nitrophenyl prolylprolyl-p-

alanine av. yield 71 %-°,

2, 4=Dihydroxy-4-vinylbenzophenone was polymerized
with azo-bis-isobutyronitrile as initiator; radical copo-

lymerizations with methacrylic acid and styrene were also
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accomplished 39. In polymerizations with azo-bis-isobut-
yronitrile, no interference of the phenol groups of
2,4~dihydroxy-hivinylbenzophenone was observed. In copoly-
merization with styrene using benzoyl peroxide as initiator,
the molecular weight of a copolymer containing 3 mol %
2,4—dihydroxy-uivinylbenzophenone was found to be signifi-
cantly higher than that of styrene homopolymer prepared
under identical conditions. This effect vas also observed
in the polymerization of styrene in the presence of a model

corpound, 2,4-dihydroxy-4iethylbenzophenone:

CH =CH,, 4 =
0=0 AIBN a0
oH DMF OB
60°¢C
OH
CH—CiH —(CH —CH A—CH —Cll

© CH=CH, © @

AIBN or BPO_

: DUFE/60°C
0% OH

OH OH
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Via the phenyl group were prepared as reagents for the
synthesis of peptides and amides‘ha. Thus, chloromethy-
lated Merrifield resin (resin-C6H40H201) was treated
with phCHESH to give resin—C6H40HESCH2ph which was
oxidized by HZOE to give resin-CGHACHESOZCHzph, which
Was cyclized with (COEEt)2 in EtOH containing Na to give
thiophene (R=resin, R'= H), which was esterified with

COC1, to give cyclic carbonate (R = resin).

0 OR,
th
® 5
o, coc, o
0~ o

s/Lph

R 1

0,

Cyclic carbonate

Succinic and glutaric half-ester of polypropylene-
glycol have been prepared and transformed into the corr-

esponding imidazolides and benzotriazolides, The exchange
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reactions of the latter with hydroxylated and aminated
compounds have been‘studiedAB. The main purpose of
these studies was to develop new synthetic routes to
oligomeric or polymeric derivatives of pharmacologically

active compounds as follows:

0 0 G 0 O opr, cHCl,
HOG G 5 CO€CH— CH,0)- CEC 35 COH g5 .

N WNH

N\ 0 0 g3 o D/ _\
I [ It
NC(—CHZ-);{— CO&CH- CH,0 }n— C(_CHZ-)T CN

N::/ \nzzN

9 O CH, 0 0 benzotr., CHClg
HOCK CH -~ CO¢ CHCH ,0 }~ CECH 3 COH >

0-5%¢, DCCI

N=N_ 9 0 ™ iy 9 /N=N
! | i
- NO(CH 5 CORGH-CH 005 CECH )5 O
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Yosnida et al.™ studied the synthesis of
2(2—hydroxy-5~methylphenyl)-5ﬁvinyl-2H-benzotriazole
from 4-ethylaniline., Acetylation and nitration followed
by hydrolysis gave 2-nitro-4-ethylaniline which was di-
azotized, condensed with p-cresol, znd reduced to 2(2-
hydroxy—B—methylphenyl)—5—ethy1—2H~benzotriazole. The
ethyl group was transformed to the vinyl coapound by
bromination with N-bromosuccinimide and dehydrobromination
of the t=bromoethyl compound. The monomer 2(2-hydroxy-5-
methylphenyl)=5-vinyl-2ll-benzotriazole was polymerized and

conolymerized with styrene, methyl methacrylate, and n-butyl

acrylates
CH4CH, NO, CHzCH,  wo,
T:::f + HONO Diazotizat10n} w:::I .
N>

CH CH




-3

Lasne et al.li*5 studied the reaction conditions

for the activation of water-soluble, blocompatible

poly[N-(Z-hydroxypropyl)methacrylamide] by esterifica-

tion with 4-nitrophenyl chloroformate as follows:

CH; | ) o]
g Ne1
Vs
o/ Nrucp_cHen
2
i CH i,
- "
3 ;
% -
_——? -, - C -CH,
C
7 v
07 Sunon. oyon o7 NWHCHE. CHCH
207’ 3 86
o=¢"
L g0

w~(1-Imidazolyl) and w=[L( 5)-imidazolyl]alanoic acid

were grafted onto poly(vinylamine) to give water~soluble

catalysts of varying apolarity

containing both hydro-

phobic and electrostatic binding sites for neutral and
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charged substrateshé. The influence of side-chain
length, percent graft, and substitution in the imidazole
ring are described. These grafts exhibited slower rates
than poly[h(5)-viny1imidazole]. Among the esters examined
were p-nitrophenyl acetate and 4-butanoyloxy-3-nitro-
benzoic acid. Poly(ethylene glycol)s of molecular weight
200 and 1000 have functionalized by reaction with

N,N—carbonyldiimidazole47.

Wt

0
CDI(exc.) N=A_!
HO(CH.CH.O0) H . NCO(CH.CH.O) CN
27727 " GHCL,,reflux l—/ 27 e 'n =]

N
/—__
+ HN'__I
The resulting imidazolyl formates are able to react vith

model anines and hydroxylated compounds as:

HN ) q
1 : >
“M{CHacHEO}ﬁCN

CHClz

r—:
0)nN
wesk CHCH20 ) 1 __|

0
il
v CHCH 50 )—nCNH@
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HO(CH2)5CH3 %
—> ww{CHacHEO}E—CO(CH2)5CH3

§ o =Y cuci, HOCH(CHéza 0
CH ,CH 0 )=—CN __’ — wnk CH,, CH,,035=COCH( CH3) ,
— -HN
]

o5 0)-or 0
’ |
> -4CHacHZO}ﬁ—co-<::j>_CH3

2-1,8—Naphthalimidoethyl methacrylate was synthesized
and polymerizedqq The polymer obtained was observed to
exhibit a weak monomer emission band at 380 nm and a
broad emission band at 360 mm in 1,2~dichloroethane

solution.
0

il
_C
.
N Ho).—~0-C-C=
C 0 CH
i 3

0
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o-Methacryloyloxybonzoic acid was prepared by the
reaction of salicylic acid with methacryloyl chloride
using potassium carbonate as catalyst and acetone as
solvent in the presence of a little amount of hydroguin-
one. The momomer was polymerized at different temperat-
ure from 30-120°C, using 2,21azo-bis—isobutyronitrile
(AIBN) (0.3 mol %) and acetone or benzene as 501Vent549.

New flame-retarding epoxy is synthesized by react-
ing 3,5,3, 5-tetrabromophenolphthalein (TBPP) with epich-
lorohydrin and characterized in comparison with commerc-
ially available tetrabromobisphenol-A (TBBA) epoxy on
their flame retardancy and thermoBtabilitySO. TBPP
epoxy show better results in promoting flame resistance
than TBBA epoxy. However, TBPP epoxy exhibits a greater
effect on thermal decomposition temperature. The order
of char yield at 800°C under nitrogen for the cured
products is TBPP epoxy > phenolphthalein (PP) epoxy >

TBBA epoxy.

7N - o
HO~R-OH + Cl-CH,-CH—CH, 100-110 C |
NaCH (ag.)
N L0,
CHE—-CH-CHZ%O—R-O—CHa-FH-CHE-O-]—R-O-CHZ-CH#CHE
OH

where:



,@\ /@5, (TBPP-Epoxy)
c
C ( PP-Epoxy)

CH,
_@ ; _@ (TBBA-Epoxy)
|
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AIM OF THE PRESENT WORK

One of the most interesting topics in the field
of pharmacologically active polymers is the preparat-
ion of polymeric drugs in which drugs are attached to
the polymeric backbone via covalent bonds with limited
stability to biological environments, If the drug
molecule contains hydroxyl- or amino groups, the
polymeric dyugs are best prepared by reacting the drug
with presynthesized polymer with functional side Eroups
able to react selectively with above groups, giving
ester or amido bonds. It was aimed to determine the
optimal general condition for the synthesis and polym-
erization of some new monomeric phthalimides as well
as the exchange reactions of their polymers with some
aminated and hydroxyiated compounds as & model compou-
nds. Free radical copolymerization is a method of
modi fying the properties of polymers. The incorporat-
ions of higher properties of functional monomers and
its better distribution within the polymer chain can
be achieved through fundamental studies on copolymeri-
zation parameters under specified reaction conditions.
Tt was also aimed to estimate the copolymer composition
from 1H NMR measurments and to determine the monomer
reactivity ratios for copolymerizations of phthalimide

monomers with methyl acrylate, methyl methacrylate and
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acrylonitrile. It was also aimed to prepare terpoly-
mers involving activated monomer as well as acryloni-
trile to illustrate the variation of both instantane-
ous and average terpolymer composition on the basis of
determined monomer reactivity ratios. Thus, it may be
concluded that the new monomers described in this work
may be useful for preparation of polymer-adducts of

biomedical and pharmaceutical interest.



