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Summary

Radical polymerization of the methacryloyl isocyanate containing 1-adamantanol
(Ad-MAI) with AIBN in different solvents at 60°C was investigated. It is observed that
polymerization is slower in polar solvents than inonpolar ones. The ate of
polymerization for Ad-MAI was found to be slower than those of Adph-MAI and MMA
both in photopolymezation and in thermal polymerizah. Copolymereation of Ad-
MAI (M) with styrene (M) in benzene was studied at 60°C. The monomer reactivity
ratio was calculated to be=0.53 and f0.76 according to themethod of Fieman-Ross.
The prominent glass transition temperatufer poly(Ad-MAI) was observed at 142°C
from global TSC spctrum.

Introduction

Adamantane is a rigid ring system comprised of tfosed chair confenation
cyclohexane rings. It has the same structure as aodidrattice (1). Its exellent thermal
stability, bulkiness and tetrahedral geometry lead tqrave physal propeties such as
higher Tg and good solility.

Matsumoto et al. (2) reported that the introdon of the bulkyl adamantylgroups
increases its polymerization rate compared with other methacrylate such as methyl
methacrylate and cyclohexyl methacrylate, because of a decrease in the bimolecular
termination rate between polymeric radicals.

Methacryloyl isocyanate (MAI) can react with alols or pmary amines (3, 4).
Although Ad-MAI is smilar to adamantyl methacrylate, their differences in several
propeties such as solubility, melting point, and rate of polymerization are also interesting
due to the amidgroup in Ad-MAI.
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Scheme I Synthesis of Ad-MAI

Experimental

Reagents

Methacryloyl isocyanate (MAI) (NMpon Paint Co. ) was prepaed from
methacrylamide and oxalyl chloride, anpurified by digillation under reduced pressure
52 0O 53 °C [/ 39mmHg). 1-Agmantanol (ACROS) was used Rout further
purification. The solvents were purifiedaccording to standardsmethods. AIBN was
purified by recrysllizationfrom methanol.

Monomer preparation(Scheme 1)

1-Adamantanol (15.2g, 0.10 mol ) and ethyhcetate ( 50 ml ) were charged into a
flask ( 150 ml ). The mixture was stirred at rodemperatureunder argon. MAI ( 12.1 g,
0.11 mol) was added by dropping funnel in a period of 30 mins. After letimp of the
addition, the mixture was stirred at rootemperaturefor 4 hr. The product was purified
by recrystallizationfrom ethyl acetate and dried in vacuum abom temperature. Yield :
85%, mp:1581155°C.

IR and NMR spectroscopics and elemental analyssifitned the structure. The
monomer was soluble in methanol, ethyl ether, omdibrm, benzene, toluene, pyridine,
1,4 dioxane, tetrehydrofuran (THF), dnethyformamide DMF), dimethylsufoxide
(DMSO) and 1methyl pyrrolidone IMP) but insoluble im-pentane and ater.

IR (KBr) ulcm™ v ,,(3256), v (1739, 1675 ), v .. (1629). 'H NMR (Figure
1, 400 MHz, DMSO4d,), “C NMR (100 MHz, DMSO<,): & (ppm) 167.66, 150.24,
139.57, 122.75, 80.79, 41.37, 36.10, 30.74, 18.8demental analysis: (G4, O.N)
Calculated. C:68.42%. H: 8.04%, N: 5.32%. Found. C: 68.32%, H: 8.03%, N: 5.37%.
These results agree satisfactorily with pineposed structure.

In comparison with the rate of polymerization of Ad-MAI, methacryloyl isocyanate
containing 4-(1-acamantyl) phenol (Aph-MAI) was synthagzed by the orresponding 4-
(1-acamantyl) phenol with MAI.

IR (KBr) uvlcm™ v (3292), v (1760, 1692), v .. (1629). Mp.:174176°C.
'H NMR (400 MHz, DMSO-d,), 5.31, 5.68 (s, 2H, vidi), 6.83, 7.10 (d, 4H, aroatic),
909 (s, 1H, N-H), ®C NMR (100 MHz, DMSO-): & (ppm) 169.51, 155.21, 141.51,
140.07, 125.64, 124.20, 119.69, 114.83, 43.16, 36.46, 35.17, 28.54, 1BI8@ental
analysis: (GH,.O,N) Calculated. C:74.31%, H: 7.42%, N: 4.13%. Found. C: 74.12%, H:
7.51%, N: 4.12%.

Polymerization
The rate of polymerization in various solvents at 60°C was determined with a
gravimetric metod. The gas from an ampoule that teomed the mnomer, solvent and
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Fig.1. 400 MHz 'H NMR spectrum taken in DMSO-d at 25°C for Ad-MAI

AIBN was removed several times by fregaemp-thaw cgle and the apoule was
sealed. The polymer was precipitated in ethyl ether. Purification of polymer was carried
out by reprecipitationfrom THF solution into ethyl ether, dried under vacuum at 60°C
and weighted. The rate ofphotopolymeization at 308.01°C was measured in a
vacuum sealed dilatometer.Copolymerzation parameters were calculated by the
Fineman-Rosmethod (5).

Characterization and mesurements

'H NMR spectra were recded on a Bruker EM-360L'H NMR spectrometer at
400 MHz in DMSO-d,. IR spectra were recded on aJASCO IR-700 sgctrometer on
KBr pellets. Thermgraumetric analysis (TG) was permed on a Du Pont 2200
instrument at a heating rate of 10°C thinThe glass transition temperature was
determined by the global TSC (Thermally Stimula@®drent) spctrum.

Results and Discussion

Polymerization and polymer characterization

The homopolymer of Ad-MAI is a wte solid and is soluble in THFDMF, DMSO,
pyridine and NMP. On the other hal, it is insoluble in ethyl ethermethanol, acetone,
benzene, tetrachlocarbon and ater. The polymerization proceeded apparently
homogeneous in tetradibcarbon, acetone and benzene, hatugh the iskated poly(Ad-
MAI) was no longer soluble in these solvents. (Monomer conggotr is 0.2 M and the
conversion ismaller than 10 %).

The thermal propeties of poly(Ad-MAI) were determined by TGA, DSC and
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Fig.2. (A) TG and (B) DTG curves of Fig.3. Global TSC spectrum for
poly(Ad-MAI) at a heating rate of poly(Ad-MAI).
10°C /min under nitrogen.

TSC. The thermogrametric (TG) and DTG of poly(Ad-MAI) are shown in dtire 2.
The polymer starts to decompose at 200°C. The residue at 500°C was less than 10% of
the initial polymer weight.

The theraml property of the poly(Ad-MAI) was etermined by DSC and TSC.
Poly(Ad-MAI) showed no Tm in the DSC thermogram below its decomposition
temperature. The global TSC spectrum of poly(Ad-MAI) taken at a heating rate of 10°C
/min is shown in Fure 3. Prominent glass tratsn temperature (Tg)for poly(Ad-MAI)
was observed at 142°C.

Copdymerization ofAd-MAI (M) with styrene (M)

Coplymerzation of Ad-MAI (M, and styrene (M with AIBN was carried out in
benzene at 60°C. The copolynmation vyield in eachrun was less than 10%. The
copolymer compason was estimatettom the carbon content ®temental analysis.

Figure 4 shows a Feman-Ross plot used toetgrmine the reactivity ratiogor Ad-
MAI (M) and styrene (M. The reactivity ratios, ,rand t, for the monomer pair Mand
M,, can be determinefdom

F(£-1)/f=r,(F¥f)-r,

where f=d[{M,]/d[M,], F=[M,}/[M,].

The monomer reactivity ratios were determined by the FineR@ss method. (j=1.53
and =0.76). These values real that Ad-MAI shows a higher reactivity than styrene
irrespective of the kind ofpropagting ends. In addition, random copolymation occurs
between these different types of monomers. It is interesting to note that a rather
opposte parameters (F0.88 and f1.24) (6) are reported for N-phenyhethacrylamide
(M)/stryene (M) in polar solvent compared with Ad-MAI (Mstyrene (M) system in
nonpolar solvent such as benzene. Otsu et al. (6, 7) reportd thate#odivity of N-
phenyl methacrylamide PMAM) is stongly affected by the hydrogen bonding between
PMAM monomer and polar solvent, such as ethanol. The fact tkaE1.16 is geater
than unity and poly(Ad-MAI) is insoluble in benzene, implied that the interactioough
hydrogen bonding between polymer [poly(Ad-MAI)] and/or Ad-MAlI monomer is
significant.
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Rate of polymerization

The rate of  polymerization of  Ad-MAI was investigated both
photopolymeization and in thermal polymerizatio6, 7). In comparison the ate of
polymerization of Ad-MAI, Adph-MAI hving a more bulky group was also studied. The

in

rate of polymerizationfor Ad-MAI, Adph-MAI and MMA both in photopolymeization
and in thermal polymerization is discernible in Table 1. The rate of thermal
polymerization bottor MMA and Adph-MAl is larger than that of Ad-MAI in benzene.
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Fig.4. Determination of reactivity ratios for Fig.5. Relationship between rate of

the copolymerization of Ad-MAI
with styrene by method of Fineman-

polymerization ( R, ) for Ad-MAI
and the dielectric constant of various

Ross. solvents.
Table 1. Rate of polymerization of various monomers
Monomer Photo-polymerization® Thermo-polymerization®
Rp/10®* mol-L"s™ Rp /107 mol-L"s"
Ad-MAI 6.3 1.8
Adph-MAI 13.1 5.6
MMA 11.3 6.2

a Solvent : DMF,

[monomer] = 0.2 M,

[1,1'-Azobis (cyclohexanecarbonitrile)] = 6 X 10°M,
Temperature = 30 ‘C, by dilatometer method

Solvent: benzene,
[AIBN]=2X10"M ,

Adph-MALI :

The

[monomer] = 0.2 M,
Temperature = 60 “C, by gravimetric method

rate of Alph-MAI or MMA was &out thice of Ad-MAIL

AL,

CHy

In photopolymeization,
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found that polymer side chain with adantyl group shows e@markably higher rate of
polymerization thanMMA in benzene. However, we did not find such behavior on Ad-
MAI and Adph-MAI. It may be due to the stronger irgetion between solvents and
amide group of Ad-MAI than that between solvents and ester group ocamadtyl
methacrylate. Compared with the rates of polymerization of Ad-MAI ardphAVIAI, we
found that Adph-MAI having bulkier group have higheater of polymerization than Ad-
MAI. This fact was in acard with Matsumoto results (2).

Solvent effect on the rate of polymerization

Rates of polymerization(Rp) of Ad-MAI in various solvents were etermined at
60°C. As shown in Figure 5, the solvents sigmiftly affect the rate of polymerizat. It
is observed that polymerization is slower in polar solvents thannonpolar ones. A
similar phenomeon was observed in the polynmation of nonoimethacrylic esters
containing bisphenol-S (10). Liaw et al. (10) reported that the enhancedater of
polymerization in non-polar solvents is ascribed to the largater constant (kp) for
propag@tion. The polymer chain intects with its solvent. A polar solvent readily
interacts with the polymer chain, thysrobably resliing decreasing k Since the rate of
polymerization is proportional to k the dielectric constant may be used asraugh
measure of such interasti. Figure 5 shows a plot of log Ragainst the dielectric
constant of solvents. This result indicates that less polar solentshe polymeization
of Ad-MAI give a larger Rvalues.
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