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ABSTRACT: Polymethacrylate derivatives containing both nucleic acid bases and methylated 
nucleic acid bases were prepared by free radical copolymerizations of the corresponding monomers 
to study the effects of methylation of nucleic acid bases on specific interactions. The methacylate 
monomer containing 3-methyluracil was prepared by methylation of 1-(2-hydroxyethyl)uracil 
followed by a reaction with methacrylic anhydride. The free radical copolymerization of this 
monomer with a monomer containing uracil gave the polymethacrylate containing uracil and 3-
methyl uracil units. The polymethacrylate containing adenine and N 6-methyladenine units was also 
prepared using a similar procedure to that for the uracil derivative. 
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Much attention has been directed to com

monly used alkylating agents such as alkyl 
sulfonate, alkyl halides, and nitrosoamines, by 

which a plenty of organic synthesis has been 
carried out. These compounds are very potent 
mutagens in bacteria as well as in higher 
organisms. They alkylate nucleic acids ex

tensively both in vitro and in vivo, giving rise to 
several alkylated nucleic acid bases. The 
chemical basis for their biological effects has 
not been established, although a number of 
papers and reviews have been published on the 
subject. 1 - 5 However, it is important to study 
the alkylation of polymers having nucleic acid 

bases, and the effects of the alkylation of 
nucleic acid bases on the specific interactions 
of these bases. 

A number of nucleic acid analogs have been 
prepared and were used for the study of the 
specific interaction.6 For the polymethacrylate 

derivatives of nucleic acid bases, the copolym
erization of complementary monomers,7 for
mation of the polymer complex,8 and template 
polymerization9 have been reported. In the 
preceding papers, 10 •11 methylations of the 
polymethacrylate derivatives of uracil and 
adenine, and the effects of methylation on the 
polymer complex formation were studied. The 
methylation reaction of polymers having nu
cleic acid bases seemed rather complicated. 
For the uracil containing polymer, methyl
ation by dimethyl sulfate gave a methylated 
polymer containing 3-methyluracil and 3-
methyl-5-sulfonyluracil units. 1° For the ade
nine containing polymer, methylation by 
methyl iodide gave the methylated polymer 

contammg 1-methyladenine and l, N 6 -di
methyladenine unitsY Thus, it was necessary 
to prepare a polymer containing 3-methyl
uracil or N 6-methyladenine units by the co-

t For Part CXXI, seeS. B. Fang, Y. Inaki, and K. Takemoto, J. Polym. Sci., Polym. Chern. Ed., in press. 
• Present Address: Institute of Chemistry, Academia Sinica, Beijing, China. 

433 



S.-B. FANG, Y. INAKI, and K. TAKEMOTO 

polymerization of the corresponding mono
mers so as to study in detail the effects of 
alkylated nucleic acid base units on the for
mation of the polymer complex by the specific 
interaction of nucleic acid bases. 

The present paper concerns the preparation 
of the methacylate monomer containing 3-
methyluracil and its copolymerization with the 
uracil containing monomer by a free radical 
initiator. The methacrylate monomer contain
ing N 6 -methyladenine was also prepared and 
copolymerized with the adenine containing 
monomer. A study of the interactions between 
these copolymers is presented in the successive 
paper.Iz 

EXPERIMENTAL 

Monomer Synthesis 
1-(2-Hydroxyethyl)uracil (3): Uracil (1) was 

silylated with hexamethyldisilazane to give bis
( trimethylsilyl)uracil (2). 13 Compound 2 was 
reacted with 2-bromoethyl acetate, followed 
by hydrolysis to give compound 3.14 

1- (2-M ethacrylo yloxye thy/) uracil ( 4) 
(MAOU): The methacrylate monomer of 
uracil (4) was prepared by the reaction of 1-(2-
hydroxyethyl)uracil (3) with methacrylic an
hydride in pyridine solution. 15 

1-( 2-Hydroxyethyl)-3-methyluracil (5): To a 
solution of 1-(2-hydroxyethyl)uracil (3) (15 g, 
0.1 mol) in 200 ml of dimethyl sulfoxide, 
methyl iodide (1 0 ml, 0.16 mol) and potassium 
carbonate (20 g, 0.14 mol) were added, and the 
mixture was stirred for 45 hr at room tem
perature in the dark. After the reaction, the 
solvent was evaporated under vacuum, and the 
residue was recrystallized from acetone to give 
colorless crystals (11.3 g, 69%), mp 139-
i400C. NMR (D20, ppm): 7.65 (d, lH), 5.91 
(d, lH), 3.92 (s, 4H), and 3.32 (s, 3H). 

Anal. Calcd for C7 H10N20 3 : C, 49.41 %; H, 
5.92%, N, 16.46%. Found: C, 49.36%; H, 
5.87%; N, 16.37%. 

1-( 2-Methacryloyloxyethyl) -3-methyluracil 
(6) (Me-MAOU): To a solution of 5 (5 g, 
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0.03 mol) in pyridine ( 40 ml), methacrylic 
anhydride (5.1 ml, 0.04 mol) was added at 0°C, 
and the solution was stirred for 65 h at room 
temperature. After evaporation of the sol
vent, a saturated aqueous solution of potas
sium bicarbonate was added to the residue, 
and the product was extracted with diethyl 
ether. After evaporation of the diethyl ether, 
the residual crystals were purified by recrystal
lization from cyclohexane to give colorless 
crystals (5.3 g, 75%), mp 56-57°C. IR (KBr, 
cm- 1): 1730,1700,1650,1620,1460, 1160,and 
800. NMR (CDC13 , ppm): 7.22 (d, lH), 5.88 
(d, 2H), 5.73 (d, lH), 4.27 (m, 4H), 3.35 (s, 
3H), and 1.94 (s, 3H). UV (H20): Amax• 266nm 
(e9900); (ethanol): Amax• 264nm (e9000); (di
methyl sulfoxide/ethylene glycol, 3/2, vjv): 
Amax• 266nm (e9000). 

Anal. Calcd for C11 H14N20 4 : C, 55.46%; H, 
5.92%; N, 11.76%. Found: C, 55.28%; H, 
5.90%; N, 11.72%. 

9-(2-Hydroxyethyl)adenine (8): The hy
droxyethyl derivative of adenine (8) was pre
pared by a reaction of adenine (7) with 
ethylene carbonate. 16 

9- (2-M ethacryloyloxyethyl) adenine (9) 
(MAOA): The reaction of compound 8 with 
methacrylic anhydride in dimethylformamide 
gave the methacrylate monomer 9. 16 

1-Methyl-9-( 2-hydroxyethyl)adenine (10): 
To a solution of 9-(2-hydroxyethyl)adenine (8) 
(lOg, 0.056mol) in dimethylformamide (400 
ml), methyl iodide (10 ml, 0.16 mol) was add
ed, and the solution was stirred for 12 h at 
room temperature. Methyl iodide (5 ml, 0.08 
mol) was further added to the solution which 
was stirred for an additional 12 h at room 
temperature. After the solvent had been 
evaporated under vacuum, the residue was 
washed with acetone (1200 ml), and recrystal
lized from ethanol to give colorless crystals of 
1-methyl-9-(2-hydroxyethyl)adenine as hydro
gen iodide salt (13.5 g, 76%), mp 265-267°C. 

Anal. Calcd for C8 H 12N5 01: C, 29.92%; H, 
3.77%; N, 21.81%; I, 39.52%. Found: C, 
29.92%; H, 3.73%; N, 21.78%; I, 39.51%. 
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N 6 -Methyl-9-( 2-hydroxyethyl)adenine (12): 
A solution of 1-methyl-9-(2-hydroxyethyl)
adenyl iodide (10) (5 g, 0.016 mol) in 0.3 N 
NaOH aqueous solution (120 ml) was stirred 
for 3 hat IOOoC. The solution was then cooled 
to room temperature, neutralized with 0.2 N 
hydrochloric acid, and concentrated to dryness 
under vacuum. The residue was recrystallized 
from ethanol to give colorless crystals (2.5 g, 
83%), mp 171-172°C. NMR (D20, ppm): 
7.95 (s, IH), 7.90 (s, IH), 4.14 (m, 4H), and 
2.79 (s, 3H). 

Anal. Calcd for C8 H11 N50: C, 49.73%; H, 
5.74%; N, 36.25%. Found: C, 49.75%; H, 
5.67%; N, 36.32%. 

N 6 -Methyl-9-( 2-methacryloyloxyethyl)
adenine (13) (Me-MAOA): To a solution of 
N 6 -methyl-9-(2-hydroxyethyl)adenine (12) 
(2. 7 g, 0.14 mol) in dimethylformamide (50 ml), 
methacrylic anhydride (2. 7 ml, 0.02 mol) and 
small amount of triethylamine were added. 
After the solution was stirred for 5 days at 
room temperature, the solvent was evaporated 
under vacuum, and the residue was washed 
with diethyl ether. The obtained product was 
recrystallized from ethyl acetate to give color
less crystals (1.7 g, 46%), mp 125-126°C. IR 
(KBr, cm- 1): 3260, 1720, 1610, 1600, 1320, 
1310, 1290, 1150, and 1010. NMR (CDCI3 , 

ppm): 8.38 (s, !H), 7.75 (s, !H), 5.80 (d, 2H), 
4.29 (s, 4H), 3.19 (s, 3H), and 1.90 (s, 3H). UV 
(H20): A.max' 268nm (s 15700); (ethanol): A.max, 

268 nm (s 15700); (dimethyl sulfoxide/ethylene 
glycol, 3/2, vjv): A.max' 270nm (s 14600). 

Anal. Calcd for C12H15N50 2 : C, 55.16%; H, 
5.79%; N, 26.80%. Found: C, 55.16%; H, 
5.73%; N, 26.93%. 

Copolymerization: The copolymerization 
was carried out in a sealed tube at 60°C using 
azobisisobutyronitriJe ((1-2) X 10- 3 moll-1) 
as the initiator. The solvents used were di
oxane and dimethyl sulfoxide purified in a 
usual way; the total concentration of the 
monomers was 4 x 10- 2 moll- 1. The copoly
mer(s) was obtained as precipitates by pour
ing the content into a large excess of metha-
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no!. After filtration, the polymer was dried 
throughly under vacuum. Contents of the co
polymer were measured by NMR spectra. 

Instrumentation: NMR spectra of the 
monomeric compounds and copolymers were 
obtained with a JNM-PS-100 spectrometer. 
UV spectra were measured by a UNION 
SM-401 spectrophotometer at 25oC. 

RESULTS AND DISCUSSION 

Polymethacrylate Containing Uracil and 3-
Methyluracil 
It is known that the methylation of DNA 

gives predominantly 7-methylguanosine as the 
product, and adenine and cytosine bases are 
also methylated. Uridine is of low reactivity 
toward most alkylating agents except di
azoalkane.1-4 In our preceding study/0 the 
methylation of poly[l-(2-methacryloyloxy
ethyl)uracil] (polyMAOU) by dimethyl sulfate 
was found to proceed in dimethylformamide 
solution at 100°C, but hardly so in dimethyl 
sulfoxide.10 In methylation using dimethyl 
sulfate in dimethylformamide, it was conclud
ed that the N 3 atom of the uracil base was 
methylated, and the C5 atom of the base, 
sulfonated. PolyMAOU was also readily 
methylated by methyl iodide in dimethyl sul
foxide at room temperature. 10 By reactions 
using different molar ratios of methyl iodide to 
uracil units in the polymer, polyMAOU hav
ing different degrees of methylations was ob
tained and is abbreviated as Me-polyMAOU. 

Fully methylated polyMAOU can be ob
tained by polymerization of the corresponding 
monomer containing 3-methyluracil. The 
polymers having various content of methylat
ed uracil units can be obtained by copolym
erization of the 3-methyluracil containing 
monomer with the uracil containing monomer. 
The copolymerization, however, may give 
polymers with different degrees of polymeri
zation, while the polymer reaction gives poly
mers with the same degree of polymerization, 
depending on the starting polymer. The dis-
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(d) 
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o:l__N 
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CH2CH20H 

3 MAOU 
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Scheme 1. (a) Me3SiNHSiMe3; (b) (i) CH3COOCH2CH2Br (ii) CH30H; (c) [CH2 =C(CH3)COlz-O; (d) 
CH31, CH3SOCH3 . 

tribution of the methylated uracil units along 
the polymer chain may also differ between the 
copolymer and methylated polymer obtained 
by the polymer reaction. Thus it was of interest 
to study the effects of uracil unit distribution in 
the polymer chain on the ability of the polymer 
to form complexes. 

The methacrylate monomer having uracil 
(4) (MAOU) was prepared by a reaction of 1-
(2-hydroxyethyl)uracil (3) with methacrylic 
anhydride, as shown in Scheme 1. Alternative
ly, monomer 4 can be prepared by a reaction 
of the silylated uracil (2) with 2-bromoethyl 
methacrylate. 17 For the preparation of 1-(2-
hydroxyethyl)uracil (3), a variety of methods 
have been reported. 14 _, 7 Among them, the 
following method is convenient and gives the 
product in a high yield: the silylated uracil (2) 
is reacted with 2-bromoethyl acetate, followed 
by hydrolysis (Scheme 1).14 The methacrylate 
monomer ( 4) was prepared by a reaction of 1-
(2-hydroxyethyl)uracil (3) with methacrylic 
anhydride in pyridine solution at room tem
perature in a high yield (80%). 

The methylation of 1-(2-hydroxyethyl)uracil 
(3) was found to proceed almost quantitatively 
by methyl iodide in dimethyl sulfoxide solu
tion at room temperature. Methylation in di
methylformamide, however, did not proceed 

436 

under the same conditions to the dimethyl 
sulfoxide solution, and gave only the starting 
material. The methylated uracil monomer, 1-
(2-methacryloyloxyethyl)-3-methyluracil ( 6) 
(Me-MAOU) was obtained by a reaction of 
the hydroxyethyl derivative (5) with methacryl
ic anhydride in pyridine solution (Scheme 1). 

Free radical copolymerizations of Me
MAOU with MAOU were carried out at 60°C 
in dimethyl sulfoxide or in dioxane solution 
initiated by azobisisobutyronitrile. The results 
of the copolymerization are tabulated in 
Tables I and II, where the content of Me
MAOU units in the copolymer was obtained 
from NMR spectra (Figure 1), and the 
monomer reactivity ratio was obtained from 
Fineman-Ross plots. Previously, 7 the free 
radical copolymerization of the methacrylate 
monomer containing nucleic acid bases was 
studied in a variety of solvents at different 
temperatures. From these studies, the specific 
interaction between nucleic acid bases was 
found to influence on the copolymerization 
behavior, depending on both solvents and 
temperature. The results in Table II also show 
solvent dependency, suggesting the presence of 
an interaction between monomers. In dioxane, 
the r1 and r2 values were found to be similar. 
In dimethyl sulfoxide, however, these values 
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Table Ia. Copolymerization of MAOU (M1) with 
Me-MAOU (M2 ) in dimethyl sulfoxide• 

M2 in monomers Conversion M2 in copolymersb 

mol% % unit mol% 

0 11.9 0 
10 11.8 15.5 
20 14.0 23.0 
30 19.7 36.0 
40 11.5 51.0 
60 7.2 67.0 
80 18.6 85.0 

100 10.9 100 

• At 60°C for 30min. [Total monomer]=4x 10- 2, 

[Initiator]= I X I0- 3 moll- 1 . 

b From NMR spectra in dimethyl sulfoxide-d6 at 90oC. 

Table lb. Copolymerization of MAOU (M 1) with 
Me-MAOU (M2) in dioxane• 

M2 in monomers Time Conversion M2 in copolymersb 

mol% min % unit mol% 

10 50 8.9 14.0 
20 50 10.9 22.0 
30 35 5.2 28.0 
40 30 7.6 40.5 
60 25 7.8 57.5 
80 25 6.8 81.0 

• At 60°C. [Total monomer]=4x 10- 2 , [Initiator]= 
2xl0- 3 moll- 1• 

b From NMR spectra in dimethyl sulfoxide-d6 at 90°C. 

Table II. Monomer reactivity ratios of MAOU 
and Me-MAOU 

Monomers 
Solvent 

MAOU Me-MAOU Dimethyl sulfoxide 0.79 1.43 

Dioxane 0.85 0.91 

differed, while the r1 and l/r2 values were 
almost the same and smaller than unity. This 
suggests that the reactivities of the growing 
radicals ofM1 (MAOU) and M2 (Me-MAOU) 
in dimethyl sulfoxide solution are the same but 
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the reactivity of MAOU is lower than that of 
Me-MAOU. The low reactivity of MAOU in 
dimethyl sulfoxide may be caused by the self
association of MAOU. 10 

The NMR spectra of the copolymers are 
shown in Figure 1. With increasing the content 
of Me-MAOU units in the copolymers, the 
N3-H peak (11.0 ppm) tended to decrease, 
while the W-CH3 peak (3.16ppm), to in
crease. In the case of Me-polyMAOU ob
tained by methylation ofpolyMAOU, a higher 
field shift by 0.1 ppm was observed for the 
N3-H peak above 10% methylation of the 
uracil units. 10 The down-field shift is known 
for the N3-H peak of the uracil base by 
hydrogen bonding, 15 and thus, it was con
cluded that the self-association of the uracil 
units in polyMAOU was released by partial 
methylation of the uracil units, followed by 
conformational change of the polymer. 10 On 
the other hand, the higher field shift for the 
N3-H in poly(MAOU-co-Me-MAOU) ob
tained by copolymerization was negligible, 
suggesting the conformational change of the 
copolymer by the Me-MAOU units to be small 
and the self-association of the uracil units to be 
still present in the copolymer. Consequently, it 
may be assumed that the distribution of Me
MAOU units in poly(MAOU-co-Me-MAOU) 
differs from that in Me-polyMAOU. 

The UV spectra of the copolymers are 
shown in Table III. The Amax values are con
stant (266 nm), and the Bmax values tend to 
decrease only slightly with an increase in the 
Me-MAOU units in the copolymers. In the 
case of Me-polyMAOU, however, the Bmax 

value increased by increasing the methylated 
uracil units in the polymer. 10 The UV data 
suggest that the uracil units in poly(MAOU
co-Me-MAOU) are self-associated and the 
uracil units in Me-polyMAOU are hardly un
dergo any self-association. 

The conformational transition of the meth
acrylate polymer is reported to be observ
able from viscosity measurements of the poly
mer.18·19 In the case of Me-MAOU, the vis-
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Figure 1. NMR Spectra of poly(MAOU-co-Me-MAOU) in dimethyl sulfoxide-d6 at 90°C. Me-MAOU 
units in the copolymers(%): a) 85; b) 67; c) 51; d) 36; e) 23; f) 16. 

Table III. Copolymers of MAOU with Me-MAOU 

Me-MAOU in copolymers 
Viscosity," 

UV spectra• 
[I]] 

unit mol% dlg- 1 )"max em ax 

16 0.31 266 7500 
23 0.38 266 7000 
36 0.82 266 6800 
51 0.22 266 6900 
67 0.34 266 6400 
85 0.74 266 6700 

100 0.30 266 6700 

• In dimethyl sulfoxide at 25°C. 
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cosity was found to increase with increasing 
the content of methylated uracil units in the 
polymer, and showed a maximum value 
around 20% methylation. 10 This was attribut
ed to the decrease in self-association of uracil 
units in the polymer by increasing the methyl
ated uracil units, accompanied by confor
mational transition of the polymer. Viscosity 
data on the copolymers are tabulated in Table 
III. High viscosity values were observed for 
copolymers having 36 and 85% Me-MAOU 
units. However, the relationship between vis-
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cosity and conformational transition of the 
copolymers is difficult to show since the degree 
of copolymerization may be different. 

Polymethacrylate Containing Adenine and N 6-

Methyladenine 
The reactive sites of 9-substituted adenine 

bases, such as adenosine, are the ring nitrogen 
atom (N\ N 3, and N 7) and exocyclic amino 
group (C6-NH2). Direct alkylation of adeno
sine, however, gives only l-alkyladeno
sine.20-23 Thus 1-methyladenosine was ob
tained in a quantitative yield using either 
methyl iodide or methyl p-toluenesulfonate in 
dimethylacetamide. 20 Treatment of !-methyl
adenosine with mild alkali causes the Dimroth 
reaarangement to afford the N 6-methyl de
rivative. 20·23 - 25 When methylation is per
formed at approximately pH 8, the products 
include, besides 1-methyladenosine, N 6 -me
thyladenosine and 1 ,N6 -dimethyladenosine. 22 

In these reactions, 7-methyladenosine and 3-
methyladenosine are minor products. 

The amino group at 6-position of adenine 

base is important for bringing about a specific 
interaction with uracil or thymine bases, and 
the alkylation of N 6-position inhibits this in
teraction. As shown in the preceding paper, 
poly[9-(2-methacry loy loxyethyl)adenine ]
(polyMAOA) can be methylated by methyl 
iodide in dimethyl sulfoxide solution to give 
the methylated polyMAOA (Me-poly
MAOA).11 The methylated polymer, however, 
was found to contain adenine, 
adenine, and l,N6-dimethyladenine units. It 
was thus necessary to prepare the polymer by 
copolymerization of the corresponding mono
mers instead of the polymer reaction to obtain 
the polymer having a N 6-methyladenine unit. 

The methacrylate monomers containing 
adenine (9; MAOA) and N6-methyladenine 
(13; Me-MAOA) were prepared according to 
Scheme 2. The reaction of adenine (7) with 
ethylene carbonate catalyzed by sodium hy
droxide gave 9-hydroxyethylated adenine (8) 
in a high yield. 16 From compound 8 with 
methacrylic anhydride, MAOA (9) was pre
pared.16 Alternatively, monomer 9 can be 

N-H2 N-H2 

N:XN, N:):) 
C=CH 
1 2 

H CH2CH20H CH2CH20C=O 

l !!. 9 
-MAOA 

I- +5: w.CH3 HN,CH3 

N' (d) H2-N:,xN, 
N:)c' ( 8) ---'-"-'-7 

- N OHC-.N N N I I I 
CHlH20H H CH2CH20H CH2CH20H 

lQ L! g 

Me-MAOA 

Scheme 2. (a) ethylene carbonate; (b) methacrylic anhydride; (c) methyl iodide; (d) NaOH aq. 
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prepared by a reaction of 2-bromoethyl meth
acrylate with sodium salt of adenine. 17 

The methylation of 9-(2-hydroxyethyl)
adenine (8) was carried out using methyl 
iodide in dimethylformamide at room tem
perature to give 1-methyl-9-(2-hydroxyethyl)
adenine as iodide salt (10). The selection of the 
solvent was important for this reaction. For 
example, the starting hydroxyethyl derivative 
(8) was recovered for the reaction in ethanol, 
and a small amount of methylated product 
(10) was obtained for the reaction in dimethyl 
sulfoxide. When dimethylformamide was used 
as the solvent, product 10 could be obtained in 
a high yield (76%). The 1-methyladenine de
rivative (10) was then treated with 0.3 N 
NaOH aqueous solution for 3 h at 100°C to 
give the N 6-methyladenine derivative (12). 
This reaction is known as the Dimroth re
arrangement which forms intermediate 11.26 

The reaction of the N 6-methyl derivative 
(12) with methacrylic anhydride proceeded at 
room temperature in dimethylformamide 
with a small amount of triethylamine to 
give Me-MAOA monomer (13). 

The free radical copolymerization of 
MAOA (9) with Me-MAOA (13) was carried 
out under the same conditions as those for the 
uracil derivatives and the results are tabulated 
in Tables IV and V. The monomer reactivity 
ratios in Table V are quite different from those 
of the uracil derivatives in Table II. In the case 
of the adenine derivative, the r1 and r2 values 
in dimethyl sulfoxide were almost the same but 
were smaller than unity in dioxane solution, 
suggesting low homopolymerizability and high 
alternating tendency. This may arise from 
difference in solvation between adenine and 
uracil bases, as was the case for the methyl
ation reaction. 

The NMR spectra of the copolymers of the 
adenine derivatives are shown in Figure 2. The 
spectra were measured in D20-DC1 where the 
adenine base is present in a protonated form. 
With increasing the content of Me-MAOA 
units in the copolymer, the N 6-methyl peak 
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Table IVa. Copolymerization of MAOA (M 1) with 
Me-MAOA (M2 ) in dimethyl sulfoxide" 

M2 in monomers Conversion M2 in copolymersb 

mol% % unit mol% 

0 14.1 0 
10 12.9 10 
20 8.6 20 
30 11.1 29 
50 11.1 50 
60 10.5 62 
80 9.4 83 

100 9.4 100 

' At 60°C for 30 min. [Total monomer] =4 x 10- 2 , 

[Initiator]= I x 10- 3 moll- 1. 

b From NMR spectra in D2 0-DCI at 90°C. 

Table IVb. Copolymerization of MAOA (M1 ) with 
Me-MAOA (M2 ) in dioxane' 

M2 in monomers Time Conversion M2 in copolymersb 

mol% min % unit mol% 

10 75 13.7 10.2 
20 120 8.5 22.0 
30 !50 11.8 30.5 
40 180 14.3 39.1 
60 180 13.7 55.0 
80 240 17.3 77.7 

' At 60°C. [Total monomer] =4 x 10- 2 , [Initiator]= 
2 X J0- 3 moll- 1 . 

b From NMR spectra in D20-DCI at 90°C. 

Table V. Monomer reactivity ratios of MAOA 
and Me-MAOA 

Monomers 
Solvent 

MAOA Me-MAOA Dimethyl sulfoxide 1.01 1.06 

Dioxane 0.76 0.56 

(3.9 ppm) tended to increase, and the 2-H and 
8-H peaks of the adenine base (9.2 ppm) and 
N 6-methyl peak shifted to a higher field. 
However, it was difficult to compare the data 
for the copolymers with those for Me-poly-
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2,8-H 

f 

e 

]\_ d 

J c 

1 

9 8 7 6 5 4 2 0 

[)(ppm) 

Figure 2. NMR Spectra of poly(MAOA-co-Me-MAOA) in D20-DC1 at 90°C. Me-MAOA units in the 
copolymers(%): a) 83; b) 62; c) 50; d) 29; e) 20; f) 10. 

Table VI. Copolymers of MAOA with Me-MAOA 

Me-MAOA in copolymers Viscosity," 
UV spectra' 

[IJ] 

unit mol% dlg- 1 
)·max cmax 

10 0.28 268 9700 
20 0.20 269 9300 
29 0.23 269 9800 
50 0.26 270 9800 
62 0.22 270 9900 
83 0.26 271 9900 

100 0.26 271 10200 

a In dimethyl sulfoxide-ethylene glycol (3: 2, v/v) at 
25°C. 

MAOA prepared by the polymer reaction, 
since the latter polymer contained both !
methyl and l,N6-dimethyladenine units. UV 
and viscosity data for the copolymers are 
tabulated in Table VI. With an increase in the 
Me-MAOA units in the copolymers, the A.max 
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values shifted to longer wavelengths and e 
values increased, since the N 6 -methyladenine 
derivatives had substantially longer A.max and 
higher e values than those of the adenine 
derivatives. As for the viscosity values, no 
considerable difference was observed for all 
the copolymers measured. Thus, no remark
able change in conformation seems to occur by 
increasing the Me-MAOA units in poly
(MAOA-co-Me-MAOA). 

In conclusion, two kinds of copolymers, 
poly(MAOU-co-Me-MAOU) and poly
(MAOA-co-Me-MAOA) were prepared by 
copolymerization of the corresponding 
monomers. In these copolymers, the nucleic 
acid bases of the nucleic acid analogs, poly
MAOU and polyMAOA, are partially meth
ylated. These copolymers may serve as mod
els for methylated polynucleotides, in study
ing the effects of methylation of nucleic acid 
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bases on the ability of complementary poly
mers to form complexes. The results of an in
teraction study are reported in the successive 
paper.12 

REFERENCES 

I. P. D. Lawley, Nucl. Acid Res. Mol. Bioi., 5, 89 (1966). 
2. D. M. Brown, "Basic Principles in Nucleic Acid 

Chemistry," Vol. II, P. 0. P. Ts'O, Ed., Academic 
Press, New York, N.Y., 1974. 

3. B. Singer, Nucl. Acid Res. Mol. Bioi., 15, 219 (1975). 
4. W. Lijinsky, Nucl. Acid Res. Mol. Bioi., 17, 247 

(1977). 
5. A. Razin and J. Friedman, Nucl. Acid Res. Mol. 

Bioi., 25, 33 (1981 ). 
6. K. Takemoto and Y. Inaki, Adv. Polym. Sci., 41, 1 

(1981). 
7. K. Takemoto, M. Akashi, and Y. Inaki, J. Polym. 

Sci., Polym. Chern. Ed:, 12, 1861 (1961). 
8. M. Akashi, T. Okimoto, Y. Inaki, and K. Takemoto, 

J. Polym. Sci., Po/ym. Chern. Ed., 17, 905 (1979). 
9. M. Akashi, H. Takada, Y. Inaki, and K. Takemoto, 

J. Polym. Sci., Polym. Chern. Ed., 17, 747 (1979). 
10. S. Fang, Y. lnaki, and K. Takemoto, J. Polym. Sci., 

Polym. Chern. Ed., 22, 2455 (1984). 
11. S. Fang, Y. Inaki, and K. Takemoto, J. Polym. Sci., 

Polym. Chern. Ed., in press. 

442 

12. S. Fang, Y. Inaki, and K. Takemoto, Polym. J., 
17, 443 (1985). 

13. T. Nishimura and I. Iwai, Chern. Pharm. Bull., 12, 
352 (1964). 

14. Y. lnaki, H. Futagawa, and K. Takemoto, Org. 
Prep. Proc. Int., 12, 275 (1980). 

15. Y. Kita, Y. Inaki, and K. Takemoto, J. Polym. Sci., 
Polym. Chern. Ed., 18, 427 (1980). 

16. N. Ueda, K. Kondo, M. Kono, K. Takemoto, and 
M. lmoto, Makromol. Chern., 120, 13 (1968). 

17. M. Akashi, Y. Kita, Y. Inaki, and K. Takemoto, 
Makromol. Chern., 178, 1211 (1977). 

18. A. Dondos, P. Rempp, and H. Benoit, Makromol. 
Chern., 171, 135 (1973). 

19. I. Katie, C. R. Vera, and J. E. Figueruelo, Eur. 
Polym. J., 13, 451 (1977). 

20. J. W. Jones and R. K. Robins, J. Am. Chern. Soc., 85, 
193 (1963). 

21. J. A. Haines, C. B. Reese, and L. Todd, J. Chern. Soc., 
1406 (1964). 

22. A. Wacker and M. Ebert, Z. Naturforsch. B., 14, 709 
(1959). 

23. A. Coddington, Biochim. Biophys. Acta, 59, 472 
(1962). 

24. P. Brookes, A. Dipple, and P. D. Lawley, J. Chern. 
Soc. Sect C, 2026 (1968). 

25. H. G. Windmueller and N. 0. Kaplar, J. Biochem., 
236, 2716 (1961). 

26. 0. Dimroth, Ann., 373, 336 (1910). 

Polymer J., Vol. 17, No.3, 1985 


	Functional Monomers and Polymers CXXII. tSynthesis of Polymethacrylates Containing Nucleic Acid Basesand Their Methylated Derivatives by Copolymerization
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	REFERENCES


