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Abstract
The 13C NMR spectra of atactic copolymers of methyl methacrylate (MMA) and benzyl methacrylate (BnMA) show
complicated resonance patterns due to variations in their configurational sequences and monomer sequences in the
macromolecular chains. Principal component analysis (PCA) was found to be useful for extracting information regarding the
chemical composition and monomer sequence from the complicated resonances of the copolymers. To assess the feasibility
for monomer sequence analysis, a PCA approach was applied to the spectra of MMA-BnMA copolymers prepared by partial
modification of atactic poly(benzyl methacrylate) through catalytic hydrogenolysis, acidic debenzylation, saponification, and
transesterification and by two-step esterification of atactic poly(methacrylic acid) (PMAa). The analysis clearly showed the
formation of highly blocky copolymers via hydrogenolysis, as well as the formation of copolymers with a somewhat
alternating tendency via acidic debenzylation, saponification, and transesterification in the late processes of the reactions.
The copolymers formed in early processes of these reactions were essentially random sequences. The analysis also revealed
that the copolymer prepared through partial methylation of PMAa with diazomethane was a random copolymer, while the
copolymer prepared through partial benzylation of PMAa with benzyl bromide was a blocky copolymer.

Introduction

Manufactured plastics and rubbers largely consist of copo-
lymers comprising several different types of monomer. The
chemical and physical properties of a copolymer depend on
the ratio and distribution of repeating units within the
macromolecular chains, and thus, their analysis is essential
to understanding the structure-property relationships of the
copolymer. For this purpose, high-resolution nuclear mag-
netic resonance (NMR) spectroscopy is usually the method
of choice.

Determination of the monomer sequence in a copolymer
by NMR has been the subject of several publications.
Binary vinyl copolymers that have been investigated
include those obtained by copolymerization of styrene-
methyl methacrylate (MMA) [1–4], vinylidene chloride-
vinyl chloride [5–7], acrylonitrile-MMA [8, 9], butadiene-
acrylonitrile [10], butadiene-styrene [11], styrene-maleic

anhydride [12], acrylonitrile-styrene [13], ethyl acrylate-
MMA [14], and vinyl ether-N-phenylmaleimide [15]. Much
attention has also been directed toward the vinyl copoly-
mers obtained by polymer reactions (partial modification) of
poly(vinyl acetate) [16–19] and stereoregular poly-
methacrylates [20–26].

Generally, atactic copolymers of methacrylates give
NMR spectra with complicated resonance patterns due to
the superposed influence of monomer sequences and con-
figurational sequences. Therefore, assigning the sequence
and configuration for each individual resonance is trouble-
some [27, 28], and acquiring quantitative information about
the monomer sequence distribution is even more difficult.
Klesper and coworkers studied the 1H NMR spectra of
MMA-methacrylic acid (MAa) copolymers derived from
syndiotactic (92% in triads) poly(methyl methacrylate)
(PMMA) by partial saponification [20, 21] or partial
hydrolysis [22]. The simple resonance patterns arising from
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the stereoregular copolymers allowed investigation of the
relative abundance of monomer sequence triads. The 1H and
13C NMR spectra of MMA-MAa copolymers obtained by
partial modification of syndiotactic, isotactic, and atactic
PMMAs were also studied subsequently in terms of
monomer sequence distribution [23, 24]. Kawauchi and
coworkers reported the 1H and 13C NMR spectra of random
copolymers of methacrylates prepared by two-step ester-
ification of highly syndiotactic (96% in triads) or highly
isotactic (98% in triads) poly(methacrylic acid) (PMAa)
[25]. A recent paper by Kitaura and coworkers showed the
1H NMR spectra of random and blocky copolymers
obtained by a partial click reaction of highly isotactic poly
(propargyl methacrylate) with organic azides [26].

Another approach to the complicated spectra of copoly-
mers is the application of multivariate chemometric meth-
ods [29–31]. Multivariate analysis is a statistical tool that
can transform complex information into more useful sets of
information and extract vital differences from data that may
look similar using conventional approaches. Among the
standard procedures for multivariate analysis, principal
component analysis (PCA) [32, 33] is one of the simplest.
In our previous papers, the 13C NMR spectra of atactic
copolymers of MMA and tert-butyl methacrylate with
various chemical compositions were subjected to PCA,
together with the spectra of homopolymer blends (PMMA

and poly(tert-butyl methacrylate)) with various blend ratios
[29, 30]. The analysis successfully and separately extracted
information regarding chemical composition and monomer
sequence as the first and second principal components (PC1
and PC2), respectively. This procedure does not require
assignment of individual resonance peaks.

The objective of the present paper is to assess the fea-
sibility and limitations of this PCA approach for the
monomer sequence analysis of copolymers. A binary sys-
tem of MMA and benzyl methacrylate (BnMA) was
selected because copolymer series with a variety of
sequence distributions, ranging from blocky to alternating
tendencies, were expected to be obtained by partial mod-
ifications of poly(benzyl methacrylate) (PBnMA) through
catalytic hydrogenolysis [34, 35], acidic debenzylation,
saponification, transesterification, and two-step esterifica-
tion of PMAa [25, 36–38] (Fig. 1) and by free-radical
copolymerization of MMA and BnMA.

Experimental section

Materials

BnMA monomer (98%, Mitsubishi Rayon Co. Ltd., Tokyo,
Japan) and toluene (Kishida Chemical Co. Ltd., Osaka,
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Fig. 1 Preparation of MMA-BnMA copolymers using various polymer
reactions (catalytic hydrogenolysis with H2/Pd, acidic debenzylation
with TFA, saponification with H2O/KOCH3/18-crown-6,

transesterification with CH3OH/KOCH3, benzylation with
C6H5CH2Br/DBU, and methylation with CH2N2)
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Japan) were distilled immediately prior to use. Tri-
fluoroacetic acid (TFA), N-methyl-N-nitroso-p-toluene-
sulfonamide, 2-(2-ethoxyethoxy)ethanol, tert-butyl methyl
ether, 5% palladium on carbon (wetted with approximately
55% water), benzyl bromide and 1,8-diazabicyclo[5.4.0]
undec-7-ene (DBU) were purchased from Tokyo Chemical
Industry Co., Ltd. (Tokyo, Japan). Potassium methylate
(KOCH3), potassium hydroxide (KOH), 18-crown-6,
methanol, dioxane, dimethyl sulfoxide (DMSO), tetra-
hydrofuran (THF), and n-hexane were purchased from
Kanto Chemical Co., Inc. (Tokyo, Japan).

Polymerization and copolymerization

Polymerization was performed in a three-necked 300-mL
round-bottom flask equipped with a magnetic stirrer and
nitrogen supply. To a 20 wt% solution of BnMA in toluene,
AIBN (0.5 mol% of the monomer) was added, and the
solution was stirred at 60 °C for 24 h. The polymer was
recovered by precipitation in excess methanol and dried
under vacuum for 24 h. Copolymers of MMA and BnMA
with various compositions were prepared in a similar
manner. Table 1 summarizes the chemical composition
(mol% in MMA units) and molecular weight of the polymer
samples used in the present work. The nine copolymers and
two homopolymers were abbreviated as C-14 to C-93 and
H0 to H100, respectively; the number corresponds to the
percentage of MMA units. Table 2 lists the chemical
compositions of the blends of PMMA (H100) and PBnMA
(H0) as determined by 1H NMR.

Catalytic hydrogenolysis (CH) of PBnMA

PBnMA (H0, 0.5 g, corresponding to 2.8 mmol in BnMA
units) was dissolved in a mixture of THF and methanol (5:1
v/v, 30 mL) in a one-necked 100-mL round-bottom flask
fitted with a tap and balloon. To this solution, 0.25 g of Pd/C
(5%) catalyst was added, with stirring, under a hydrogen
atmosphere (1 atm) at ambient temperature. After the reac-
tion, the solution was filtered to remove solid catalyst
residues, and the resultant copolymer was recovered
through precipitation in excess n-hexane. The copolymer of
MAa and BnMA was converted to MMA–BnMA copoly-
mer through methylation with diazomethane. Complete
chemical conversion was confirmed by 1H NMR spectro-
scopy. Table 3 lists the experimental conditions required to
obtain the copolymer products CH18–CH65 and their
chemical compositions.

Acidic debenzylation (AD) of PBnMA

PBnMA (H0, 0.5 g) was dissolved in 15 mL of TFA in a
one-necked 100-mL round-bottom flask fitted with a serum
cap. After stirring at a predetermined temperature for a
predetermined time, TFA was removed from the reaction
mixture by evaporation. The resultant copolymer was
recovered by precipitation in excess n-hexane. Subse-
quently, the copolymer of MAa and BnMA was converted
to MMA–BnMA copolymer through methylation with
diazomethane. Complete chemical conversion was con-
firmed by 1H NMR spectroscopy. The experimental con-
ditions required to obtain the copolymer products
AD12–AD91 are shown in Table 3.

Saponification (SP) of PBnMA

PBnMA (H0, 0.5 g) was dissolved in 15 mL of toluene or
dioxane containing a 15-fold excess of KOH or KOCH3

Table 1 Homopolymers and copolymers of MMA and BnMA
prepared by radical polymerization in toluene at 60 °Ca

Sample code MMA (mol%) Yield (%) Mn
c / 104 Mw/Mn

c

Feeda Copolymerb

H0d 0 0 94.0 5.1 2.6

C14 9.9 14.1 89.1 6.9 1.8

C27 20.0 26.6 87.9 7.1 1.7

C39 30.0 38.5 87.7 5.6 2.8

C49 39.8 48.7 86.8 5.6 1.8

C59 48.9 59.4 88.0 5.3 2.7

C69 60.1 68.6 84.7 5.7 1.7

C77 70.0 77.2 81.1 5.8 2.3

C84 79.7 83.9 79.2 5.5 1.6

C93 90.0 92.9 85.3 4.9 1.5

H100e 100 100 81.8 5.3 1.4

a AIBN was used as the initiator (0.5 mol% of the monomer)
b Determined by 1H NMR in CDCl3 at 55 °C
c Determined by SEC calibrated against standard PMMA samples
d Stereoregularity in triads, rr: rm: mm= 60.0: 35.6: 4.4
e Stereoregularity in triads, rr: rm: mm= 62.0: 33.8: 4.2

Table 2 MMA unit compositions of blends of PMMA (H100) and
PBnMA (H0)

Sample code MMA (mol %)a

B12 11.8

B20 19.3

B30 29.7

B39 38.8

B49 48.5

B59 58.2

B69 68.7

B78 77.7

B86 86.1

a Determined by 1H NMR in CDCl3 at 55 °C
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(42 mmol, solution in 2 mL of water) and 18-crown-6 (0.7
mmol) in a one-necked 100-mL round-bottom flask fitted
with a condenser. After the reaction, aqueous HCl was
added to the solution for neutralization, and the mixture was
stirred overnight at room temperature. Subsequently, THF
was added to the mixture to remove KCl by filtration. The
THF was removed from the mixture by evaporation, and the
copolymer was recovered by precipitation in excess n-
hexane. The resultant copolymer of MAa and BnMA was
converted to MMA–BnMA copolymer through methylation
with diazomethane. Complete chemical conversion was
confirmed by 1H NMR spectroscopy. The experimental
conditions required to obtain the copolymer products
SP50–SP63 are also shown in Table 3.

Transesterification (TE) of PBnMA

PBnMA (H0, 0.5 g) was dissolved in 16 mL of dioxane
containing 8 mL of methanol and KOCH3 (42 mmol) in a
one-necked 100-mL round-bottom flask fitted with a con-
denser. After the reaction at 85 °C, aqueous HCl was added
to the solution for neutralization, and the mixture was stir-
red overnight at room temperature. Subsequently, THF was

added to the mixture to remove KCl by filtration. Excess
THF was removed by evaporation, and the copolymer was
recovered by precipitation in excess n-hexane. The experi-
mental conditions required to obtain the copolymer pro-
ducts TE23–TE92 are shown in Table 3. The absence of
MAa units in the TE copolymers was confirmed by 1H and
13C NMR spectroscopy.

Two-step benzylation-methylation (BM) of PMAa

PMAa was prepared by full debenzylation of PBnMA (H0)
with TFA in the manner described above (AD, 80 °C, 24 h).
In a one-necked 100-mL round-bottom flask, 0.4 g of PMAa
(4.64 mmol in MAa units) was dissolved in 20mL of
DMSO. To the solution, 0.397 g of benzyl bromide (2.32
mmol) and 0.354 g of DBU (2.32 mmol) were added, and the
mixture was allowed to stand overnight at room temperature.
The copolymer was recovered by precipitation in excess
water. The resultant copolymer of MAa and BnMA was
converted to MMA–BnMA copolymer through methylation
with diazomethane. The chemical composition of the copo-
lymer was 57.0% in MMA units, and thus, the sample code
BM57 was assigned to this copolymer (Table 3).

Table 3 Reaction conditions for the preparation of MMA-BnMA copolymers by partial modification of PBnMA through catalytic hydrogenolysis
(CH), acidic debenzylation (AD), saponification (SP), and transesterification (TE) and by two-step esterification of PMAa (BM and MB)a

Sample code MMA (mol%)b Reactant Catalyst Solvent Temp.(°C) Time (h)

CH18 18.0 H2 Pd/C THF/MeOH r.t. 1

CH44 44.0 H2 Pd/C THF/MeOH r.t. 3

CH50 50.0 H2 Pd/C THF/MeOH r.t. 4

CH65 65.0 H2 Pd/C THF/MeOH r.t. 5

AD12 12.0 TFA — — 50 1

AD32 32.0 TFA — — 50 2

AD34 33.7 TFA — — 50 3

AD41 41.0 TFA — — 50 4

AD52 52.0 TFA — — 50 6

AD64 64.0 TFA — — 60 4

AD91 91.0 TFA — — 70 8

SP50 50.2 H2O/KOH 18-crown-6 Toluene 100 48

SP59 59.0 H2O/KOCH3 18-crown-6 Toluene 85 48

SP63 62.4 H2O/KOCH3 18-crown-6 Dioxane 85 48

TE23 22.9 MeOH KOCH3 Dioxane 85 12

TE33 33.2 MeOH KOCH3 Dioxane 85 24

TE49 48.8 MeOH KOCH3 Dioxane 85 36

TE85 85.4 MeOH KOCH3 Dioxane 85 48

TE92 92.0 MeOH KOCH3 Dioxane 85 60

BM57 57.0 Benzyl bromide DBU DMSO r.t. 24

MB49 49.3 CH2N2 — DMSO/MeOH r.t. 24

a Degree of polymerization for copolymers is reasonably assumed to be the same for the original PBnMA (sample code H0,Mn 51,000) because the
main-chain structure remains unchanged during chemical modification of the side chains
b Determined by 1H NMR in CDCl3 at 55 °C
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Two-step methylation–benzylation (MB) of PMAa

In a one-necked 100-mL round-bottom flask, 0.4 g of PMAa
was dissolved in 20 mL of a mixture of DMSO and
methanol (8:2 v/v). A diazomethane solution (0.5 eq) was
added to the polymer solution, and the mixture was stirred
overnight at room temperature. The solvent was removed
from the reaction mixture by evaporation, and the resultant
copolymer of MMA and MAa was recovered by pre-
cipitation in excess n-hexane. The MMA-MAa copolymer
was converted to MMA-BnMA copolymer (MB49 in
Table 3) using a procedure similar to that described above
(BM).

NMR measurement and PCA procedure

The 1H and 13C NMR spectra of the samples were mea-
sured in chloroform-d (8% w/v) at 55 °C using a JEOL
ECX400 spectrometer equipped with a 10-mm multi-
nuclear probe (1H: 45° pulse (8.5 μs), pulse repetition=
8.90 s, 16 scans; 13C: 45° pulse (7.5 μs), pulse repetition=
2.73 s, 5000 scans, with 1H broadband decoupling). A line-
broadening factor of 2.0 Hz was applied before Fourier
transformation of the 13C NMR data. The chemical com-
position was determined from the relative intensities of 1H
NMR signals from the ester groups of the MMA and
BnMA units. Tetramethylsilane and the residual chloro-
form in CDCl3 were used as an internal reference at 0.00
and 7.27 ppm in 1H NMR and at 0.00 and 77.0 ppm in 13C
NMR.

Bucket integration was performed for the spectral regions
15–23 ppm (the α-methyl groups) and 175–179 ppm (the
carbonyl groups) at an interval of 0.01 ppm. The sum of the
integral intensities in each spectral region was normalized to
100. The average integral intensity was subtracted from
each integral intensity. Each dataset thus obtained com-
prised 32 mean-centered bucket integral values. The bucket
integration and PCA of the datasets were performed using
Alice2 ver.5 for metabolome ver.1.6 software (JEOL Ltd.,
Tokyo, Japan). The calculation of PC1 and PC2 values
followed the standard procedure of PCA [33].

Size-exclusion chromatography (SEC) measurement

Size-exclusion chromatography was performed using an
HLC 8220 chromatograph (Tosoh Corp., Tokyo, Japan)
equipped with the TSK gel columns SuperHM-M (6.5 mm
ID× 150 mm) and SuperHM-H (6.5 mm ID× 150 mm) and
a PL-ELS-2100 evaporative light scattering detector
(Polymer Laboratories Ltd., Church Stretton, UK). THF
was used as the eluent (0.35 mLmin−1, 40 °C), and the
molecular weight was calibrated against standard PMMA
samples.

Results and discussion

Principal component score plots for 13C NMR spectra
of radical copolymers and homopolymer blends:
constructing the reference framework for monomer
sequence analysis

In the 13C NMR spectra of MMA-BnMA copolymers, the
influence of monomer sequences and configurational
sequences appeared mostly in the resonances due to the α-
methyl groups and carbonyl groups. Figure 2 illustrates the
resonance patterns for the homopolymers (H0 and H100), a
blend of the homopolymers (B49), and a radical copolymer
(C49). The resonance patterns for the homopolymers are
typical of polymethacrylates obtained by free-radical poly-
merization, reflecting the configurational triads (α-methyl
groups) or pentads (carbonyl groups) in the atactic (or
syndiotactic-rich) polymer chains. The triad tacticities (rr:
rm: mm) determined from the α-methyl resonances were
60.0: 35.6: 4.4 for H0 and 62.0: 33.8: 4.2 for H100. It is
clear that the resonances for the copolymer are broader than
those for the homopolymer blend with a similar chemical
composition. The broadness of the resonances arises from

Fig. 2 13C NMR spectra for α-methyl and carbonyl regions of (a)
PMMA (H100), (b) radical copolymer of MMA and BnMA (C49), (c)
a blend of PMMA and PBnMA (B49) and (d) PBnMA (H0) in
chloroform-d at 55 °C and 100MHz
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MMA-BnMA cross-linkages that do not exist in the
homopolymer blend. However, further information about
the monomer sequences is not directly available from the
broad resonances.

To extract useful information about the monomer
sequences from the resonances, PCA was performed for the
dataset comprising the α-methyl and carbonyl resonances
of the two homopolymers, nine radical copolymers with
various compositions (C14 to C93 in Table 1) and nine
blends of homopolymers with various blend ratios (B12 to
B86 in Table 2). Figure 3 shows the principal component
score plots produced by the analysis. The contribution rates
for the first and second principal components (PC1 and
PC2) were 84.8 and 12.6%, respectively, indicating that
spectral information from the dataset was explained well by
these two parameters (a cumulative contribution rate of
97.4%). The plots of homopolymers and homopolymer
blends showed a linear relationship with PC1, while the
plots of the copolymers exhibited a parabolic relationship
between PC1 and PC2. PC1 scores were proportional to the
MMA composition of the samples. PC2 showed a mini-
mum near the plot of copolymer C49, which has a nearly
equimolar composition of MMA and BnMA. Therefore,
PC2 is reasonably assumed to correlate to the abundance of
MMA-BnMA cross-linkages. The products of comonomer
reactivity ratios r1× r2 for the free-radical copolymeriza-
tion of MMA and BnMA in the literature (0.90–1.08) [39]
suggest that copolymers C14 to C93 are statistical copo-
lymers with ideally random sequences. The principal
component score plots for the datasets are thus suitable as a
reference framework for the sequence analysis described
below.

Principal component analysis of monomer
sequences in MMA-BnMA copolymers prepared by
various polymer reactions

Partial modification of homopolymers is well known to
sometimes afford copolymers with various sequence dis-
tributions, from blocky to alternating tendencies, which
cannot currently be achieved through direct copolymeriza-
tion. Monomer sequences of this kind are often explained
by the neighboring group effect (or anchimeric assistance)
[26, 40–42] during reaction processes. For example, alka-
line hydrolysis of syndiotactic PMMA gives MMA-MAa
copolymers with monomer sequences with approximately
random, blocky, or alternating tendencies, depending on the
reaction conditions [22].

To assess the feasibility of the monomer sequence ana-
lysis by PCA, several series of MMA-BnMA copolymers
were prepared by partial modification of PBnMA through
CH, acidic AD, SP, and TE and by two-step esterification of
PMAa (BM and MB) (Table 3). Because the degree of
polymerization and the stereoregularity of the copolymers
remain unchanged during the polymer reactions, the che-
mical composition and monomer sequence in the copoly-
mers are the only factors affecting the resonance patterns.

Figure 4 illustrates the carbonyl resonances of the
copolymer samples CH50, AD52, SP50, and TE49 with
nearly equimolar MMA-BnMA compositions. The reso-
nances of the copolymer samples BM57 and MB49 are
shown in Fig. 5. Although all of these resonances appear to
be similar, small but significant differences are found in the
line widths of resonances and the relative intensity of minor
splittings, reflecting differences in the monomer sequences
of the copolymer samples.

The resonance data for the four CH series (CH18 to
CH65), seven AD series (AD12 to AD91), three SP series
(SP50 to SP63), five TE series (TE23 to TE92), and two
BM/MB series (BM57 and MB49) were combined into the
reference dataset mentioned above, and the resulting dataset
comprising the resonance data of the total of 41 samples
was subjected to the PCA procedure. Figure 6 shows the
score plots. The contribution rates for PC1 and PC2 chan-
ged to 72.4 and 20.9%, respectively, from the values
described above. The increase in the contribution rate for
PC2 from 12.6% indicates the improvement of the sensi-
tivity in monomer sequence analysis.

The plots of the CH series were found along the refer-
ence line for the homopolymer blends, suggesting that
copolymers prepared through the catalytic hydrogenolysis
were highly blocky. A study of the Pd/charcoal-catalyzed
cleavage of poly(benzyl acrylate) and PBnMA showed that
partial hydrogenolysis can lead to the formation of blocky
copolymers or mixtures of homopolymers depending on the
structure of the Pd/charcoal catalytic system [34]. In the

Fig. 3 Principal component score plots for α-methyl and carbonyl
resonances of PBnMA (H0, □), PMMA (H100, ■), blends of PMMA
and PBnMA with various blend ratios (B12-B86, ○), and radical
copolymers of MMA and BnMA with various chemical compositions
(C14-C93, ●). The contribution rates for the first and second principal
components (PC1 and PC2) were 84.8 and 12.6%, respectively
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present study, small differences in the PC2 scores between
the CH series and the homopolymer blends did not allow us
to discriminate between highly blocky copolymers and
mixtures of homopolymers. Because multivariate analysis is
a statistical approach, larger sets of reference and sample
data will be necessary to investigate these small differences.

The plots of AD91, TE92, and TE85 with positive PC1
values were found to be significantly below the parabolic
curve for ideally random sequences, whereas the plots of the
other samples for the AD and TE series with negative
PC1 scores were distributed such that they almost lie on the
parabolic curve. The neighboring group effects promoting
the formation of alternating sequences are suggested to have
become prominent as the acidic debenzylation or transes-
terification of PBnMA proceeded to conversions approxi-
mately above 80%. A similar tendency was observed for the

plots of the SP series, where the formation of copolymers
with an alternating tendency was clearly indicated for SP59
and SP63. Unfortunately, the saponification of PBnMA did
not proceed to conversions above 63%.

The plot of MB49, a copolymer prepared by half
methylation of PMAa with diazomethane followed by full
benzylation with benzyl bromide in the presence of an
organic base, was found on the parabolic curve. The result

Fig. 4 13C NMR spectra for carbonyl regions of MMA-BnMA copo-
lymers obtained through partial modification of PBnMA by (a) cata-
lytic hydrogenolysis [CH50] (highly blocky), (b) acidic debenzylation
[AD52] (nearly random), (c) saponification [SP50] (random with
alternating tendency), and (d) transesterification [TE49]. All samples
have nearly equimolar compositions of MMA and BnMA units

Fig. 5 13C NMR spectra for carbonyl regions of MMA-BnMA copo-
lymers obtained by (a) half benzylation of PMAa followed by full
methylation [BM57] (somewhat blocky) and (b) half methylation of
PMAa followed by full benzylation [MB49] (nearly random)

Fig. 6 Principal component score plots for α-methyl and carbonyl
resonances of MMA-BnMA copolymers obtained through partial
modification of PBnMA by catalytic hydrogenolysis (CH series, ●),
acidic debenzylation (AD series, ○), saponification (SP series, ◇), and
transesterification (TE series, ☓) and two-step esterification of PMAa
(BM57, ▲ and MB49, △). The reference framework of homopolymer
blends and random copolymers is shown as a straight line and a
parabolic curve accompanying small dot plots for H, B, and C series.
The contribution rates for the first and second principal components
(PC1 and PC2) were 72.4 and 20.9%, respectively
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is in accordance with a publication reporting the formation
of random copolymers in the partial methylation of syn-
diotactic PMAa with diazomethane [36]. The plot of BM57,
obtained by half benzylation of PMAa followed by full
methylation, was located significantly above the parabolic
curve, indicating a somewhat blocky monomer sequence. In
the literature, however, the formation of random copoly-
mers was claimed for the two-step esterification of highly
syndiotactic PMAa under similar conditions [25]. A possi-
ble reason for the discrepancy is the difference in the ste-
reoregularity and molecular weight of the PMAa used in the
esterification. Several papers have mentioned the marked
influence of stereoregularity and molecular weight on the
reactivity of polymethacrylates [34, 43–45].

There is growing interest in the synthesis of sequence-
controlled polymers by newly developed copolymeriza-
tions, as discussed in a recent review article [46] and in a
volume of symposia [47]. Partial modification of polymers
by chemical reactions can provide another strategy to con-
trol the monomer sequence of copolymers. The multivariate
approach to the NMR analysis shown in the present paper is
promising as a general tool to assist these studies.
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