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The aqueous solution of copolymers of N-(2-hydroxy-
propyl)methacrylamide (HPMA) and alkyl methacrylate (RMA,
alkyl : methyl or butyl ) with molar ratio of RMA more than 0.08
was found to exhibit the LCST though no phase transition
occurred for the case of the homopolymer of HPMA.

A kind of aqueous polymer solutions such as poly(ethylene
oxide)l and poly(N-isopropylacrylamide)? exhibit phase
separation at elevated temperature which is called the lower
critical solution temperature (LCST). Considerable attention
has been paid towards thermosensitive hydrogel showing
a reversible swelling change in response to temperature.
Particularly, crosslinked copolymers containing N-isopropyl-
acrylamide have a potential in the design of drug delivery systems
(DDS).3-6 On the other hand, Kopefek et al. have been
concentrated  on  poly[N-(2-hydroxypropyl)methacrylamide]
[poly(HPMA)] for possible application in biomedical field, for
instanse, the copolymer of HPMA being used for infusion
solution,7 DDS8 and protein carrier.9-11  In the course of our
study on biomedical materials with a hydrogel structure,12-13
we found the phase separation of aqueous solution of copolymers
containing the HPMA moiety in response to change in
temperature.

HPMA was prepared according to the method of Strohalm
and Kopetek. 14 A series of copolymer as written by
poly(HPMA-co-RMA)1-vIl (R = methyl and butyl) were obtained
by radical copolymerization of HPMA with methyl methacrylate
(MMA) or butyl methacrylate (BMA) initiated with 2,2'-azobis-
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isobutyronitrile (AIBN) as an initiator in ethanol, by changing the
molar ratio of RMA from 0 to 0.38. The results are
summarized in Table 1. The molar ratio of RMA in
poly(HPMA-co-RMA) was determined by 1H-NMR spectro-
scopy, measuring the areas at 3.67 ppm, 3.51 ppm, and 3.86
ppm assigned to H2 in HPMA, Hb in MMA, and H® in BMA,
respectively. The transmittance of aqueous poly(HPMA-co-
RMA) solution ( C =1 gdL, pH 5.550r C= 0.5 gdL-!) was
measured for each 2 °C rise in temperature from 10 to 70 °C by
spectrophotometry, measuring the absorption at 600 nm with a
Shimadzu UV-160A, as shown in Figures 1, 2.  The aqueous
solution of the poly(HPMA-co-RMA) with molar ratio of RMA
more than 0.08 exhibits remarkable phase change in response to
the change of temperature within 10 °C and 70 °C. The
poly(HPMA-co-MMA)Iv shows, for instance, transparency at
below 34 °C and it sharply turns opaque when the temperature is
raised to 38 °C. On the other hand, no phase transition
occurred for poly(HPMA) and poly(HPMA-co-RMA) with molar
ratio of RMA less than 0.05. The introduction of hydrophobic
monomer (hydrophobicity : BMA > MMA) and an increase in the
molar ratio of the RMA moiety in poly(HPMA-co-RMA) result in
a lowering the phase transition temperature (LCST) as shown in

Table 1. Results of copolymerization of HPMA and RMA ?

Molar ratio ©)

ool (HPMA-co RMA) RMA  Yield  [71°  incopolymer  LCST
mmol % dLlg! HPMA:RMA  <C
poly(HPMA) — 778 033 100 000 —
poly(HPMA-co-MMA) I 105 8996 034 095 005 —
poly(HPMA-co-MMA) It 210 9112 035 092 008 54
poly(HPMA-co-MMA) I 420 8985 037 08 014 50
poly(HPMA-co-MMA) IV 629 8939 041 079 021 34
poly(HPMA-co-MMA) V 840 8103 039 071 029 24
poly(HPMA-co-MMA) VI 1050 9188 050 069 031 20
poly(HPMA-co-MMA) VII 1260 9339  0.46 064 036 19
poly(HPMA-co-BMA) I 105 9012 037 096 004 —
poly(HPMA-co-BMA) It 210 9024 056 091 009 48
poly(HPMA-co-BMA) IIt 420 8989 058 084 016 28
poly(HPMA-co-BMA) IV 629 6337 062 074 026 26

@ Reaction condition : HPMA, 20.95 mmol ; AIBN, 0.2 mmol ; ethanol, 10 mL ; 60 °C, 8 h.

5 Measured at 1.0 g dLin ethanol at 25 °C.

€ Calculated from "TH-NMR spectroscopy with a Jeol EX-400.
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Figure 3. Consequently, it can be said that an appropriate
hydrophobic-hydrophilic balance of the copolymer is considered
an important factor in controlling LCST.6 A series of
poly(HPMA-co-RMA) were thus found to be thermosensitive
copolymers ; they form a hydrated and extended conformation at
low temperature and form extensively dehydrated and compact
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Figure 1. Effect of temperature on the transmittance (T) of
aqueous poly(HPMA-co-MMA) solution. A, B, C, D, E, F,
and H are 1.0 gdL:1of aqueous poly(HPMA-co-MMA)I, poly-
(HPMA-co-MMA)II, poly(HPMA-co-MMA)I, poly(HPMA-
co-MMA)LV, poly(HPMA-co-MMA)V, poly(HPMA-co-
MMA)VI, and poly(HPMA) solution, respectively. G is 0.62
gd'l of aqueous  poly(HPMA-co-MMA)VII  solution,
respectively.
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Figure 2. Effect of temperature on the transmittance (T) of
aqueous poly(HPMA-co-BMA) solution. A, B, and C are 0.5
gdL1of aqueous poly(HPMA-co-BMA)I, poly(HPMA-co-
BMA)IL, and poly(HPMA- co-BMA)IIL, respectively. D is 0.15
gdL'lof aqueous poly(HPMA-co-BMA)IV solution.

Chemistry Letters 1997
60
—0
50 T\
O 40
S B A
N
» L
8
-  30F
I ©)
20 ~——O—
10 L 1 L 1 L 1 L
0 0.1 0.2 0.3 0.4

Molar ratio of RMA in poly(HPMA-co-RMA)

Figure 3. Effect of molar ratio of RMA on the LCST of poly -
(HPMA-co-RMA). A and B are poly(HPMA-co-MMA) and
poly(HPMA-co-BMA), respectively.

chain conformation at high temperature.3,5,6 These co-
polymers are expected as a novel thermosensitive carrier which
can be controlled on - off switches for drug release.
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