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ABSTRACT: A new acrylic monomer containing tetraphenyl-substituted bicycloheptenone moiety
was prepared through the designed reaction scheme. The reaction intermediates obtained during
the series of reaction were identified. The final product of white solid monomer (mp. : 202~ 204
T, MW : 593.7) was homopolymerized and copolymerized with methyl methacrylate (MMA) in N,N-
dimethylformamide (DMF) by using a radical initiator, 2,2'-azobisisobutyronitrile (AIBN). The copoly-
mer reactivity ratios of the monomer and MMA at high conversions were found to be 0.31 and
1.06, respectively, according to the calculation of Kelen-Tiidos method. UV, NMR and elemental
analysis were employed to determine the composition of the copolymer. The results from each
method were close within an experimental error range.

Introduction

Bicycloheptenone compounds, which were al-
ready known as bridge carbonyl compounds, have
been recently found to undergo photodecarbonyla-
tion' "% as well as to undergo thermal extrusion®
reaction due to the highly-strained bridge carbonyl
structure in its molecular skeleton. Thus, irradi-
ation of the bridge carbonyl anhydride 1 in dioxane
or acetonitrile with 254 nm light was found® to
generate the diene 2 which was then fragmented
with the evolution of CO and CO, to afford the
aromatic product 3 in gooc vyield as shown in
Scheme 1. It was also reportec® that bridge carbonyl
imide which has N-substituent instead of anhydride
experiences the same type of photochemical and
thermal extrusion reactions.

It has been needed to synthesize a tetraphenyl-
substituted bicycloheptenone imide which bears the
polymerizable acrylic or vinyl group in its molecular
structure in order to study' solid state photodecar-
bonylation of the polymeric systems such as coating
films having the bridge carbonyl moiety in polymer
backbones. In this paper, only the preparation and
characterization works on the monomer and its pol-
ymer are discussed. Thus, Fuchs’ bridge carbonyl
anhydride 1 was selected as a starting material
and then the anhydride site was converted to the
imide structure having a methacrylic group. Further
works®™ on the solid state photodecarbonylation will
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be covered by a separate paper.
Experimental

Instrumentation. UV spectra were obtained
with a Hewlett Packard 8451 Diode Array Spectro-
photometer. Infrared (IR) spectra were obtained
with a Beckman FT2100 Fourier Transform Spec-
trometer. Solid samples were embedded in KBr
discs. '"H-NMR spectra were obtained with either a
Varian T-60 NMR Spectrometer (T60-667) at 60
MHz or a Varian Gemini-200 at 200 MHz. Elemen-
tal analyses were performed by Galbraith Laborato-
ries, Inc., Knoxville, Tennessee. All melting points
were determined on a Mel-Temp melting point ap-
paratus and were uncorrected. GPC data were
obtained on a Waters 150-C ALC/GPC with tetrahy-
drofuran (THF) as the eluent. The GPC calibration
curve was determined using poly(methyl methacryl-
ate) (PMMA) standards. Intrinsic viscosity meas-
urements were made with a Cannon-Ubbelohde
viscometer immersed in a constant temperature
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bath at 20 or 30 C.

Reagents. AIBN (a-Product, Morton-Thiokol,
Inc.) was recrystallized from chloroform immedi-
ately before use. Ethanolamine (Aldrich Chemical
Co.) was fractionally distilled at 5 mm Hg immedi-
ately before use. Maleic anhydride (Lancaster Syn-
thesis Ltd.) was recrystallized from toluene. MMA
(Aldrich) was washed with 10% aqueous sodium
hydroxide solution two times by using a separatory
funnel. MMA was then washed with distilled water
until litmus paper indicated that all the base had
been removed. It was dried over anhydrous sodium
sulfate for 2 h and then distilled from cuprous chlo-
ride under dry nitrogen at reduced pressure im-
mediately before use. Anhydrous sodium acetate
(NaOAc) (Fisher) was dried for 18 h at 100 C un-
der reduced pressure before use. p-Toluenesulfonic
acid monohydrate (Lancaster) was used as received.
Triethylamine (TEA) (Fisher) was dried over KOH
for 24 h and then distilled from BaO prior to use.
Acetic anhydride [(Ac),0], ;05 and KOH were
used as received from Fisher. Benzil, 1,3-diphenyl-
acetone and methacryloyl chloride from Aldrich
were used as received.

Solvents. DMF from Fisher was stored over
4 & molecular sieves (Aldrich) and then distilled
under reduced pressure prior to use. N,N-Dimeth-
ylacetamide (DMAc) from Aldrich was heated at
reflux over BaO for 1 h and then fractionally distil-
led under reduced pressure. Dioxane was used as
received from Aldrich as a spectrophotometric
grade. CH.Cl, from Fisher was dried b}g slow distil-
lation from P,O; and stored over 4 A molecular
sieves. p-Xylene was used as received from Aldrich.
All the other solvents were used as received from
Fisher.

Monomer Synthesis. endo-1,2,3,4-Tetraphen-
ylbicyclo[ 2.2.1]-hept-2-en-7-one-5,6-dicarboxy-
lic anhydride (1): The starting material 1 was
prepared from tetraphenylcyclopentadienone (tetra-
cyclone) and maleic anhydride in refluxing toluene
by the reported procedure.! Tetracyclone was syn-
thesized from the reaction of benzil with 1,3-diphe-
nylacetone in toluene according to Schuster’s meth-
Od'13

N-(2-Methacryloylethyl)endo-1,2,3,4-tetraphen-
ylbicyclo[ 2.2.1 Jhept-2-en-5,6-dicarboxylic imide
(6): (a) Reaction of 1 with Ethanolamine. To
a suspension of 1 (0.120 mol) in 180 mL of N N-
Dimethylacetamide (DMAc), was added a solution
of freshly distilled ethanolamine (0.180 mol) in 20
mL of DMAc. The addition was carried out at 0~3
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T for 1 h. Then, the mixture was gradually heated
to 60 C. After adding 0.012 mmol of anhydrous
NaOAc and 0.03 mol of TEA as a single aliquot,
a solution of acetic anhydride (0.15 mol) in 20 mL
of DMAc was added dropwise over 30 min. The
solution was stirred for an additional 10 h at 80~90
C and then poured into water. The precipitate that
formed was collected by filtration and washed with
water and ethanol alternatively. The dried product
was 59.8 g of a light vellow powder to afford 88%
yield; pmr & (De-DMSO): 1.70 (s, -CH3), 3.85 (t,
-CH,-0), 4.25 (t, -CH,-N), 4.60 (s, 3° C-H), 4.97 (s,
O-H).

(b) N-(2-Hydroxyethyl)endo-1,2,3,4-tetraphenyl-
bicyclo[2.2.1]hept-2-en-7-one-5,6-dicarboxylic
imide (4). A mixture of 30.0 g of the above crude
product and 1.9 g of p-toluenesulfonic acid mono-
hydrate in absolute ethanol was heated at reflux for
2 h. An azeotropic mixture of ethanol and ethyl
acetate was then removed through a partial take-
off column, while fresh ethanol was added dropwise
to the flask. The white fluffy precipitate 4 that form-
ed after cooling was collected by filtration and
dried to afford 20.5 g of white crystal; mp, 208~210
C; IR (KBr pellet) 3541 (O-H), 1784, 1702 (CO-N-
C0O), 1398 (C-N), 1168 (C-OH) cm™!; pmr & (De-
DMSO): 3.72 (overlapped, N-CH,CH,-0), 4.67 (s, 3°
C-H), 5.00 (s, O-H).

(c) Reaction of 4 with Methacryloyl Chloride. A
solution of 4 (0.006 mol) and dry TEA (0.006 mol)
in 50 mL of dry CH,Cl, was added to a solution
of methacryloyl chloride (0.014 mol) and dry TEA
(0.0071 mol) in 35 mL of dry CH,Cl,. Nitrogen was
continuously passed through the flask, which was
cooled in an ice bath. The solution was allowed
to room temperature after 4 h stirring. The solution
was then added to diethyl ether to precipitate the
generated salt. It was removed by filtration and
the filtrate was concentrated at reduced pressure.
The residue was then added to petroleum ether.
The precipitate that formed was collected by filtra-
tion, and washed with water and petroleum ether
several times. The product was recrystallized from
absolute ethanol to afford 2.05 g white fluffy crystal;
mp, 202~204 C; Anal. Calcd for CyH;NOs: C, 78.
90; H, 5.26; N, 2.36. Found: C, 78.80; H, 549; N,
2.33.

Homopolymerization. A solution of 0.002 mol
of the monomer 6 and 16.57 mg of AIBN in 4 mL
of DMF was placed in a glass polymerization bottle
fitted with a rubber septum. After the bottle was
purged with dry nitrogen for 30 min, it was placed
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in an oil bath and heated at 60 C for 24 h. The
polymer solution was then diluted with an equal
volume of CHCl; and poured into 200 mL of metha-
nol. The precipitate formed was collected by filtra-
tion and reprecipitated from CHCl; into methanol.
The polymer was recollected by filtration, washed
with petroleum ether, and dried under reduced
pressure for 24 h at 80 C. The yield of polymer
was 87%.

Copolymerization. MMA and 6 were copoly-
merized in 5 mL of DMF using 2 mol% of AIBN
as the initiator. The total monomer concentration
in the DMF solution containing AIBN was fixed
at 0.0025 mol, and the mole fraction of 6 in feed
was varied from 0.100 to 0.856. The reaction condi-
tions were the same as described above. Products
were purified by Soxhlet extraction with absolute
ethanol for 48 h, and then were dried. The yields
of the copolymers were >53%. Each copolymer’s
composition was calculated from its 'H-NMR spec-
trum.

Results and Discussion

Monomer Synthesis. A multi-step synthetic
route was followed to prepare the desired monomer
6 from compound 1 (Scheme II).

(a) 1st Step (Reaction of 1 with Ethanolamiae):

To afford the amic acid, freshly distilled ethanol-
amine was treated with compound 1 at low temper-
ature. The mixing ratio of NaDAc, TEA and (Ac),O
for the chemical imidization was found to be the
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best to affect high yield of ring-closed imide com-
pound. It was found that the hydroxyl group in
the ethanolamine moiety was also acetylated. In
fact, it had been previously reported'® that the con-
current acetylation of a hydroxyl group usually
takes place during the imidization reaction of p-hy-
droxyphenylamine with maleic anhydride to prepare
N-(p-hydroxyphenyl)maleimide, which is almost the
same case as here. The IR spectrum of the product
showed the complete imidization. 'H-NMR spec-
trum, however, showed that 61 mol% of the hydrox-
yl groups had been acetylated. The hydroxyl pro-
ton absorption at 4.97 ppm, methyl protons at 1.70
ppm and the multiplets of four methylene protons
between 3.85 and 4.25 ppm were used to estimate
the degree of acetylation.

(b) 2nd Step [N-(2-Hydroxyethyl)endo-1,2,3,4-
tetraphenylbicyclo[2.2.1 Jhept-2-en-7-one-5,6-
dicaraboxylic imide] (4): The mixture of the
product that was obtained from the previous reac-
tion was treated with p-toluenesulfonic acid in
ethanol. Under these conditions, transesterification
took place to regenerate the free hydroxyl group.
To shift the equilibrium reaction to the forward
direction, excess ethanol was used, and the gener-
ated ethyl acetate was continuously removed by dis-
tillation. 'H-NMR and IR spectra of the purified
product showed that the acetyl group was quantita-
tively removed under this condition. The methyl
proton peak at 1.70 ppm in NMR spectrum of the
starting material was completely disappeared. The
fact that OH stretching vibration at 3541 cm™! in
IR spectrum of this product was clearly visible,
while no ester carbonyl absorption at 1725 c¢m™!
could be detected, provided additional evidences
that the compound was completely hydrolyzed.
(c) 3rd Step (Reaction of 4 with Methacryloyl
Chloride): To maintain an excess of the acyl chlo-
ride, a solution of 4 in CH,Cl, was added drop-
wise to the CH,Cl, solution of methacryloyl chlo-
ride. The reverse addition resulted in a poor yield
of the product. The hydrogen chloride generated
during the reaction was neutralized with TEA. In
fact, since the compound 4 was quite soluble in
TEA, the reaction was carried out with a solids
content of 6.2% (w/v). The final product after puri-
fication was quite soluble in acetone, ethyl acetate,
CHCl;, and CH.Cl, and was moderately soluble in
isopropanol. It was insoluble in petroleum ether,
diethy! ether, hexane and MMA. 'H-NMR spectrum
of 6 shown in Figure 1 contained a singlet at 4.18
ppm, which was assigned to the two protons at ter-
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Figure 1. 'H-NMR (200 MHz) spectrum of the mono-
mer 6 in CDCl;.
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Figure 2. IR spectrum of the monomer 6.

tiary carbons (3° C-H) in the bicycloheptenone
imide moiety. The vinyl proton peaks appeared at
554 and 6.04 ppm and the methyl protons at 1.86
ppm. IR spectrum of 6 contained asymmetric and
symmetric stretching bands of the imide carbonyl
at 1792 and 1703 cm ! (Figure 2). The weak but
sharp absorption band at 1642 cm™' was attributed
to the characteristic C=C stretching vibration of
the vinyl group.

Homopolymerization. The molecular weights
of the obtained polymers were determined by GPC
measurements. The GPC calibration curve was de-
termined using PMMA standards. The characteri-
zation data of the obtained homopolymer are as
follows: M,, 2.7X10% M,, 1.3X10% DP,, 47; Tg,
117 C; [n]; 0.14, where the intrinsic viscosity was
obtained in toluene at 30.0+ 0.1 C. The degree of
polymerization and the number average molecular
weight of the polymer showed that it underwent
significant polymerization. Although the monomer
has bulky tetraphenylsubstituted bridge carbonyl
group on one side, it is believed that the bulky
site does not sterically affect the polymerizability
of methacrylic group probably due to the ethylene
spacer unit between them.

Determination of the Reactivity Ratios of
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Table 1. Data Used in Determination of the Reac-
tivity Ratios of MMA and 6°

fy F,
(Mole fraction of  Conversion (Mole fraction of
6 in feed) (Wt%) 6 in copolymer)
0.100 53.0 0.097
0.275 776 0.220
0.500 83.1 0.379
0.693 80.4 0.616
0.856 84.5 0.774

“Concentration of monomers in DMF was 0.5 M. Con-
centration of AIBN was 0.01 M.

Q
0.6
0.3+ Slope = 1.28 °
Intercept = -0.97
0.0 0.2 a.4 0.6 0.8 1.0

Figure 3. Kelen-Tudos plot.

MMA and 6. To obtain the copolymer reactivity
ratios of the MMA and 6, the monomer was copoly-
merized with various amounts of MMA in DMF.
The total monomer and AIBN concentrations were
fixed, and the mole fraction of 6 was varied from
0.100 to 0.856. The copolymer compositions were
calculated from 'H-NMR spectra of the copolymers.
The values of F; (mole fraction of 6 in copolymer)
and corresponding values of f; (mole fraction of 6
in feed) are summarized in Table 1. To obtain the
reactivity ratios of the two monomers, the Kelen-
Tiidés method** was used. This method can be
used when copolymerizations are carried out to
high conversion. Figure 3 shows Kelen-Tudos plot,
where @ and Q represent the defined parameters
in their original papers. The reactivity ratio of 6
was 0.31 while MMA'’s was 1.06. These results indi-
cate that a polymer radical having a MMA end unit
has an equal preference to react with either the
MMA or the monomer 6, while a polymer radical
having a 6 end unit prefers to react with MMA
rather than the other monomer 6. The fact that
the product of the two reactivity ratios (rj-rz) is

Korea Polym. J., Vol. 1, No. 1, 1993
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Figure 4. UV spectra of homopolymer (PMMA) and
poly(MMA-co-6) in dioxane: (a) Homopolymer
(PMMA) (0576 g/L), (b) Poly(MMA-co-6) (0.576 g/L).

0.33 means that the copolymerization is neither
ideal nor random.' In addition, there is no azeotro-
pic crossover point because the value of r; is larger
than unity.?

The molecular weights and the molecular weight
distributions of the copolymers were determined
with GPC using a calibration curve obtained with
PMMA standards in THF solutions: M,, 2.0X10%
M,, 38x10°5. The intrinsic viscosities ((n]1>2.10)
of the copolymers were measured in CHCl; solution
at 20+ 0.1 . It was found that the copolymers had
moderately high molecular weights. These molecu-
lar weights were sufficient to permit thin film cast-
ing.

Methods for Determination of Copolymer
Composition. As mentioned before, the mol% of
the monomer 6 unit in the copolymer (F;) was cal-
culated from its 'H-NMR spectrum. A copolymer
[poly(MMA-co-6)], which was prepared from 6.7
wt% of 6 and 93.3 wt% of MMA as the initial feeds,
was selected as an example for further discussion.
In '"H-NMR spectrum of the copolymer, the aromat-
ic protons from tetraphenyl substituents in 6 unit
and the protons from the main chain backbone
could be clearly assigned. Therefore, the value of
F, could be calculated from the ratio of the phenyl
proton resonance area between 6.6~7.8 ppm to the
sum of the methylene and the methyl protons reso-
nance areas between 0.6~2.2 ppm. The copolymer
composition was also calculated using the carbon
content of the copolymer obtained from elemental
analysis; Anal. Found : C, 61.26; H, 8.02; N, <0.2.
Nitrogen content of the above mentioned copoly-
mer was too low to use in the calculation. Carbon
contents of MMA and 6 are 60.06 wt% and 78.90
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Table II. Absorbances of the Monomeric Com-
pound 6 at 260 nm in Dioxane

Concentration Absorbance
8.00xX10°°* M 0.88
4.00X10°° M 0.45
200x10° M 0.20
1.33X10° M 0.13

Table III. Determination of the Monomer Compo-
sition of a Copolymer of MMA and 6

Method of Mol% of 6
determination in Poly(MMA-co-6)
NMR 135
Elemental analysis 1.20
uv 1.23

wt%, respectively. Thus, the mol% of the 6 unit
in the copolymer (F,) was calculated from the car-
bon content of poly(MMA-co-6).

Finally, the copolymer composition was also cal-
culated from the UV absorption spectrum of the
copolymer solution. Since the PMMA homopolymer
has no absorption band above 255 nm, the absorb-
ance of a dioxane solution of the copolymer between
255 and 310 nm could be attributed entirely to the
monomer unit in the copolymer (Figure 4). Hence,
by measuring the absorbance of the poly(MMA-co-
6) solution at a given wavelength between 255 nm
and 310 nm, the unknown molar concentration of
6 unit could be calculated. The absorbances of four
dioxane solutions of 6 with different concentrations
were measured. The data are shown in Table IL
The absorbances were plotted as a function of the
concentration to get a calibration curve that was
used to determine the unknown molar concentra-
tion of 6 in the copolymer. Thus, since the copoly-
mer solution (0.576 g/L) was found to have an ab-
sorbance of 0.74 at 260 nm, the concentration of
6 in the solution was calculated to be 6.65X10 °
M. This value corresponds to the weight concentra-
tion of 3.95X10°* g/L. Then the weight concentra-
tion of the MMA unit in the copolymer solution
could be obtained as (0.576 —0.0395) g/L. This value
was converted to molar concentration, and then the
mol% of both units were calculated. The results
of the three different methods for determining the
copolymer composition of poly(MMA-co-6) are sum-
marized in Table III. All of the values are consist-
ent, although the value from 'H-NMR is slightly
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higher than the others. UV method was thought
to be the most convenient and precise way to de-
termine the copolymer composition in this case.

Conclusion

A new monomeric solid compound, in which bi-
cycloheptenone moiety was chemically attached to
methacryloylethyl group (6), was prepared through
the series of synthetic reaction routes and then
identified. The monomer afforded homopolymer
with considerable M, of 2.74X10* and M, of 1.30
X 10°. The reactivity ratios of the copolymerization
of 6 with MMA in DMF were found to be 0.31
and 1.06, respectively, using Kelen-Tudos method.
UV  spectrophotometric calculation method was
additionally proposed to determine the copolymer
composition. UV absorbance cf the copolymer solu-
tion, which is attributed to the chromophore from
the one monomer unit (6) of the two repeating
units in the copolymer, was used to calculate the
copolymer composition.

References

(1) B. Fuchs, Israel J Chem. 3, 44 (1965).
(2) B. Fuchs and S. Yankelevich, Israel | Chem., 6, 511
(1968).

26

Um

(3) B. Fuchs, /. Chem. Soc, (C), 68 (1968).

(4) B. Fuchs and G. Scharf, /. Chem. Soc., Chem. Comm.,
226 (1974).

(5) B. Fuchs and G. Scharf, /| Org. Chem, 46, 5395
(1981).

(6) B. Fuchs, Israel | Chem., 6, 517 (1968).

(7) B. Fuchs and G. Scharf, J. Chem. Soc., Chem. Comm.,
244 (1975).

(8) B. Fuchs and G. Scharf, J. Org. Chem., 44, 604 (1979).

(9) C. F. H. Allen and L. ]J. Sheps, Can. ] Chem., 11,
171 (1934).

(10) W. Dilthey, U. S Pat. 2,097,854 (1937).

(11) C. F. H. Allen and J. V. Allan, /. Am. Chem. Soc.,
64, 1260 (1942).

(12) C. F. H. Allen, Chem. Rev., 62, 653 (1962).

(13) D. J. Schuster, H. F. T. Lee, A. Padwa, and P. G.
Gassman, J. Org. Chem., 30, 2262 (1965).

(14) Dalho Um and F. W. Harris, IUPAC Polymer Sympo-
sium Preprint, Molecular Design of Functional Poly-
mers, Seoul, Korea, June 26~28, 1989.

(15) Dalho Um, Ph.D. Dissertation, The Univ. of Akron,
May, 1990.

(16) C. H. Stiteler, U. S. Pat. 3,265,708 (1966).

(17) F. Tudos, T. Kelen, T. Folders-berlzsnich and B. Tu-
resanyi, J. Macromol. Sci, Chem., A 10(8), 1513
(1976).

(18) J. P. Kennedy, T. Kelen, and F. Tudos, J. Polym. Sci.,
Polym. Chem. Ed., 13, 2277 (1975).

(19) F. T. Wall, J Am. Chem. Soc, 66, 2050 (1944).

(20) G. Odian, Principles of Polymerization, 2nd Ed., John
Wiley & Sons, New York, 1981, Chap. 6.

Korea Polym. ], Vol. 1, No. 1, 1993



