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Poly(glycidyl methacrylate) and its copoly
mers have attracted much attention for 
their use as reactive polymers. 1 Previously, 
we reported the synthesis of photosensitive 
polymers by the addition reaction of 
poly(glycidyl methacrylate-co-methyl meth
acrylate) (PGMA) with carboxylic acids. 2 

However, gel compounds were produced at the 
final stage of the reaction due to a side reaction 
of pendant epoxide groups with the resulting 
hydroxyl groups. Recently, we also reported3 

the synthesis of polymers having pendant cin
namic ester and chloromethyl groups by the 
addition reaction of PGMA with cinnamoyl 
chloride. This method has been found best for 
the synthesis of photosensitive polymers from 

-----fCH2-Cl-;]- RlCOOR2 

I Q+X-

co -CH -CH-CH 
2 2 " 1 2 

0 

The PGMA (epoxide equivalent was 251, as 
determined by the reported method. 5 The in
herent viscosity was 0.23, measured at 0.5 
gdl- 1 in DMF at 30oC) 1.004g (4mmol) were 
dissolved in 10 ml of sulfolane followed by the 

PGMA, since no gel compounds form during 
the reaction. However, the polymers with 
pendant cinnamate groups prepared by these 
two methods were not sufficiently photo
sensitive and low molecular weight photo
sensitizers were necessary. 

This communication describe a successful 
synthesis for highly photoreactive polymers 
having pendant cinnamate and 4-nitrophenyl 
or 4-nitro-1-naphthyl ether as photosensitizing 
groups for the cinnamate group,4 by the ad
dition reaction of PGMA with 4-nitrophenyl 
cinnamate5 (NPC) or 4-nitro-1-naphthyl cin
namate (NNC) using quaternary salts as 
catalysts. 

CH 3 
I 

-----fCH 2 l-;]-

CO -CH -CH-CH -0-R 
2 2 I 2 2 

OCO-R1 

addition of 1.077 g (4mmol) of NPC and 
0.066 g (0.4 mmol) of tetraethylammonium 
chloride (TEAC). The reaction mixture was 
stirred at 130°C for 24 h and then poured 
into ethanol. The reaction product was puri-
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fied by reprecipitating twice from THF into 
methanol and finally dried in vacuo at 50°C. 
The yield of the recovered polymer was 1.68 g. 
The degree of reaction was 95.1 mol% (calcu
lated from the elemental analysis of nitrogen). 
The inherent viscosity of this polymer was 
0.21 (0.5 gdl- 1 in DMF at 30°C). The IR 
spectrum (film) of the polymer showed ab
sorptions at 1720 em - 1 due to C = 0 stretch
ing (s), 1640 cm- 1 due to C=C stretching 
(s), and 1520 and 1340 cm- 1 due to -N02 

stretching (m). The 1H NMR spectrum 
(CDC13) of this polymer showed signals of 
C-CH3 protons at 6=0.95 ppm, C-CH2-C 
protons of main chain at 6 = 1.90 ppm, O
CH3 protons of methyl methacrylate at 6 = 
3.50 ppm, O-CH2-C protons of the side chain 
at 6=4.30 ppm, C-<;:H-0 proton at 6=5.50 

c 
ppm, C-CH = CH-C protons of cinnamate 
at 6=6.4 and 7.7 (doublet) ppm, and aro
matic protons of cinnamate and 4-nitro-

phenoxide at 6=6.95-8.20 ppm. The de
gree of addition calculated from the intensity 
ratio of the 1 H NMR spectrum was consistent 
with the value obtained from elemental anal
ysis. Recently, Funahashi6 reported the selec
tive synthesis of 1-methyl-2-phenoxyethyl ace
tate by the reaction of methyloxirane with 
phenyl acetate using basic catalysts. This sug
gests that poly[2-cinnamoyloxy-3-( 4-nitro
phenoxy)propyl methacrylate-co-methyl meth
acrylate] (PCNPMA) is synthesized by the 
selective addition reaction of PGMA with 
NPC, using TEAC as the catalyst. 

Other reactions of PGMA with esters such 
as NPC, NNC, 4-nitrophenyl benzoate (NPB), 
4-chlorophenyl benzoate (CPB), phenyl ben
zoate (PB), and 4-methoxyphenyl benzoate 
(MPB) were carried out in a similar way and 
the reaction products were confirmed by ele
mental analysis, IR and 1 H NMR spectra. 

The reaction of PGMA with NPC pro
ceeded to a high degree of conversion using 

Table I. Addition reaction of PGMA with esters 
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Solvent 
Temp Conversion 

Ester Catalyst a 

(4mmol) (0.4mmol) (lOrn!) 1Jspfc oc mol% 

NPC None Sulfolane 100 12.9 Gel 
NPC TEA Sulfolane 100 71.4 0.52 
NPC TEAB Sulfolane 100 93.7 0.20 
NPC TPAB Sulfolane 100 92.8 0.20 
NPC TBPB Sulfolane 100 89.0 0.18 
NPC TEAC Sulfolane 90 49.5 0.23 
NPC TEAC Sulfolane 100 59.6 0.23 
NPC TEAC Su1folane 130 95.1 0.21 
NPC TEAC Dig1yme 90 66.3 0.23 
NPC TEAC NMP 90 67.9 0.22 
NNC TEAC Sulfolane 100 34.4 6.31 
NNC TEAB Sulfolane 100 70.5 0.33 
NNC TEAC Sulfolane 100 53.6 0.32 
NNC TEAC Sulfolane 130 83.5 0.30 
NPB TBAB Sulfolane 100 89.4 
CPB TBAB Sulfolane 100 71.8 
PB TBAB Sulfolane 100 8.7 
MPB TBAB Sulfo1ane 100 2.6 

The reaction was carried out with 4 mmol of PGMA, 4 mmol of an ester and 0.4 mmol of a catalyst in 10 ml of 
solvent for 24 h. 

a Measured at 0.5gdl- 1 in DMF at 30oC. 
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Figure 1. The disappearance rate of the C = C group of 
cinnamate in the polymers: ( 0 ), PCNPMA with the 
cinnamate of 94 mol%; (L,), PCNNMA with the cin
namate of 72 mol%; (e), PCCMA with the cinnamate 
of99 mol%. 

other quaternary salts such as tetraethylam
monium bromide (TEAB), tetra-n-propyl
ammonium bromide (TPAB), and tetra-n
butylphosphonium bromide (TBPB) in sul
folane, diglyme or N-methyl-2-pyrrolidone 
(NMP). In addition, the degree of conversion 
of this reaction increased with the reaction 
temperature. The reaction did not proceed to a 
high degree of conversion in the absence of a 
catalyst and gel polymer was obtained. PGMA 
and NPC reacted to give a 71.4 mol% con
version at 100°C in sulfolane using triethyl
amine (TEA) as the catalyst. The inherent 
viscosity of the resulting polymer by this re
action was higher than that of the polymer 
obtained by the reaction using quaternary 
salts. 

The reaction of PGMA with NNC also 
proceeded at 100-130°C in sulfolane using 
quaternary salts as catalysts, but gave a poly
mer with higher viscosity in the presence of 
TEA. The reactions of PGMA with NPB and 
CPB took place to relatively high degree of 
conversion at lOOoC in sulfolane using tetra-n
butylammonium bromide (TBAB) as a cata
lyst, while the reactions of PGMA with PB 
and MPB occurred hardly at all under essen-
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tially the same reaction conditions. 
The reaction of PGMA with active esters, 

having electron attractive groups in the phen
oxide, is thus very useful for synthesizing 
polymers with two different functional 
groups in one step. In addition, some quater
nary salts are excellent catalysts for the selec
tive addition of PGMA to esters. 

A THF solution of the polymer obtained 
was cast on a KRS plate and dried. The film 
(8 f.lm) on the plate was irradiated with a high
pressure mercury lamp (Ushio Electric Co., 
USH-250D) without a filter at a distance of 
30 em. The disappearance rate of tl).e ab
sorption of the C = C group at 1640 em -l 
was measured by IR spectroscopy (JASCO 
model A-202). As shown in Figure 1, the dis
appearance rate of the C = C bond of cinna
mate in PCNPMA and poly[2-cinnamoyloxy-
3-( 4-nitro-1-naphthyloxy)propyl methacrylate
co-methyl methacrylate] (PCNNMA) was 
higher than that of the C = C bond in poly
(2-cinnamoyloxy-3-chloropropyl methacryl
ate-co-methyl methacrylate) (PCCMA), pre
pared by the reaction of PGMA with cin
namoyl chloride according to the reported 
method.3 This indicates that the photochemi
cal reaction of the pendant cinnamic ester in 
PCNPMA and PCNNMA may be sensitized 
by intramolecular pendant 4-nitrophenoxy 
and 4-nitro-1-naphthyloxy groups, respective
ly. 
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