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Influence of Secondary Functionalities on the However, the exact reasons for the enhancement in
Reaction Behavior of Monovinyl (Meth)Acrylates reactivity have been elusive to d&t&:1>The copolymeri-
zation ratios of the acrylates with other monomers were also
Harini Kilambi," Sirish K. Reddy, Eric R. Beckel* observed to be altered drastically upon incorporation of the
Jeffrey W. Stansbur§and Christopher N. Bowmari® secondary functionaliti€$.The kinetic studies to investigate
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Dentistry, Unversity of Colorado Health Sciences Center, contribution to the radical photopolvmerizatihia 141 the
Denver, Colorado 80045-0508 i photopolym ' :
addition of the secondary functionality alters the radical-

Receied January 9, 2007 vinyl chemistry, it may impact the reaction behavior of the

Photoinitiated polymerization of acrylates and meth- acrylic monomers toward _other .reactions as well. In thig
acrylates is currently being used for various applications Study, we attempted to investigate these (meth)acrylic

including dental materials, contact lenses, coatings, polymeric onomers, for reactivity toward nucleophilic addition reac-
membranes, stereolithography, and drug delivery appli- fions. We conducted a series of Michael addition reactions,

cations! 5 Because of the wide variety of potential and Which are base-catalyzed 1,4-nucleophilic addition reactions
current applications, development of high performance acrossa-unsaturated carbonyl compourids® involving
(meth)acrylates has been the focus of great interest. In thelNtérmediates of anionic nature.
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Figure 1. Acrylate conversion versus time for Michael addition. (1) CCA  Figure 2. Acrylate and methacrylate conversion versus time for Michael
(k=2 x 1072, (2) HA (k=1 x 1075), and (3) propylene carbonate (HA  addition of (1) HA k = 6 x 1073), (2) cyclic carbonate methacrylate £
= 1:1 molark =1 x 10~4). Reaction conditions: 2.5 wt % triethylamine, 9 x 1073), (3) cyclic carbonate carbamate methacryldte=(2 x 1073),
temperature= 25 °C, 1:1 molar ratio of acrylate and butyl mercaptopro-  (4) phenyl carbamate ethyl methacrylate= 2 x 1073), and (5) lauryl
pionate. The complete kinetics for HA were obtained in the time scale of methacrylate (no reaction in the observed time scale of 0.5 h). Reaction
hours. The experimental data points and the curve fit are depicted in the conditions: 2.5 wt % triethylamine, temperature25 °C, 1:1 molar ratio
inset. Because CCA was observed to undergo considerable conversion inof acrylate and butyl mercaptopropionate thiol, in 50 wt % dimethyl
the initial few seconds of placing the sample in the apparatus, the initial sulfoxide. The kinetics of the monomers for the first few seconds could
conversion has been accounted for at the time the kinetics started to benot be obtained. For the monomers which are reactive toward Michael
monitored (see Supporting Information). addition, the initial conversion has been accounted for at the time the kinetics
started to be monitored.

Amine-catalyzed Michael addition reactions of thiéls

were performed on a variety of acrylic and methacrylic ;:

monomers incorporating carbamaikeacyl carbamate, car- 08

bonate, and cyclic carbonate functionalities. Approximate 071 1cca

reaction kinetic constants were calculated to fit the experi- 5 ol

mental conversiontime profiles, assuming a reaction first g 0.5

order in both the thiol and the (meth)acrylate concentrations. S 04 S 2.CCA: HA, 1:1 molar ratio
These studies revealed that the incorporation of a secondary 0.3+

functionality in an acrylate or a methacrylate compound 0.2

increases the Michael addition reaction rates by 1 to 3 orders 0.1 S CCA: HA, 3:7 molar ratio
of magnitude (Figure 1). 007 500 1000 1500

Surprisingly, the methacrylated monomers with secondary Time (s)
functionalities also exhibited Michael addition reaction rates gy e 3. Acrylate conversion versus time for Michael addition. kija
comparable to or greater than traditional acrylic monomers =2 x 1072 (2) keca = 2 x 1073, kya = 5.5 x 1075 and (3)keca = 2 x
Such as hexyl acrylate (HA Flgure 2) 104, A = 1.4 x 1075, Reaction conditions: 2.5 wt % triethylamine,
. L temperature= 25 °C, 1:1 molar ratio of acrylate and butyl mercaptopro-
This enhanced reactivity of the (meth)acrylates upon pionate.
incorporation of secondary functionalities suggests an in-

volvement of these functionalities, either in catalyzing the incorporation into the monomer and not upon addition as a

nucleophilic addition reaction or altering the overall medium solvent, thereby suggesting the contribution of an intra-
polarity which could impact the Michael addition kinetics. molecular conformational effect.

Hence, the Michael addition studies of traditional acrylicand 1, investigate the contribution of the intramolecular

methacrylic compounds were conducted with equimolar ;qnformational effect further, Michael addition studies were
amounts of solvents such as propylene carbonate and ethylqnqycted for mixtures of CCA and HA in various stoichio-

N-ethyl carbamate, which contain the cyclic carbonate and meyric ratios (Figure 3), and the total acrylate conversion

carbamate secondary functionalities. It was observed that the,,55 monitored. CCA is observed to attain complete conver-
addition of these solvents caused minimal enhancement ingjon For a 50:50 mixture of CCA/HA, the acrylate conver-
the reactivity. Specifically, the kinetics for the addition of ¢jqny curve tapers around roughly 56% conversion (Figure
propylene carbonate are depicted in Figure 1. The additiong) ror 4 30:70 molar mixture, conversion curve tapers at
of propylene carbonate as a solvent caused approximately &,.5,nd 31% conversion (Figure 3).

10-fold enhancement in the reactivity of HA, but it remains
2 orders of magnitude less reactive than cyclic carbonate
acrylate (CCA). Thus, the secondary functionalities appear
to catalyze the Michael addition reaction only upon their

If the contribution to enhanced reactivity toward Michael
addition is primarily due to an intramolecular conformational
phenomenon, then we would expect the CCA to react faster
than the HA while being a part of the same mixture. It was
observed that the CCA and HA react over entirely different

(17) O’Donnell, M. J.; Delgado, F.; Dominguez, E.; de Blas, J.; Scott, W.

L. Tetrahedron: Asymmetr001, 12, 821-828. time scales and a single kinetic constant could not be used
(18) Hunt, D. A.Org. Prep. Proced. Int1989 21, 705-749. ~ to predict the conversioftime profiles (see Supporting
(19) ﬁgiieT'C\_("ES%%%nv]\.’ Loonsson AF'P%iyngr%}z%éf%nﬁgf -A% Information). Hence, two kinetic constants associated with

4436. the two acrylic monomers were used to fit the conversion
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time profiles. As the stoichiometric ratios of HA and CCA
were altered, a reduction in the kinetic constants of both CCA
and HA was observed with increasing HA fraction, which
may be due to the alteration in the medium polarity due to
dilution of CCA. Therefore, the alteration of the overall
medium polarity due to the addition of the secondary
functionality does contribute to the enhanced reactivity
toward Michael addition. However, the catalysis of the
Michael addition reaction through an intramolecular con-
formational phenomenon dominates that effect. The intra-
molecular conformational effect could lead to the stabilization
of the incipient transition state toward Michael addition, thus
lowering the activation energy.

The previous observations of diacrylates being distinctly
more reactiv® as compared to monoacrylates toward
Michael addition can also be explained similarly, wherein
the second ester functionality of the diacrylate intramolecu-
larly assists the Michael addition. Since the Michael addition
reaction involves a nucleophilic attack at the acrylic double
bond site, differences in electrophilicity of the acrylic double
bonds upon incorporation of the secondary functionality will
also impact the reactivity.

To sterically hinder the possible intramolecular confor-
mational stabilization of the incipient transition state, acry-

lates were designed and synthesized (see Supporting Infor

mation) with methyl groups in the spacer connecting the
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Figure 4. Acrylate conversion versus time for Michael addition of (1)
phenyl carbamate ethyl acrylate< 5 x 1074), (2) 8,3-dimethyl-substituted
phenyl carbamate ethyl acrylatk € 2 x 1074, and (3)a,a-dimethyl-
substituted phenyl carbamate ethyl acrylate=( 4 x 1075). Reaction
conditions: 10 wt % triethylamine, temperature25 °C, 1:1 molar ratio
of acrylate and butyl mercaptopropionate diluted 50 wt % in tetrahydrofuran.
As all of the monomers are solids at 26, the Michael addition reactions
were performed in solution.
photopolymerization and Michael addition reaction where
the acrylates characterized by secondary functionalities
exhibit enhanced reactivity toward both the reactions. The
Michael addition kinetic constants and bulk photopolymer-
ization rates have been summarized in Table 1 (see Sup-
orting Information) for various acrylate monomers. It

implies that the incorporation of the secondary functionality

intramolecularly impacts both of these reactions by altering

secondary functionality to the acrylic double bond. Because o radical-vinyl chemistry for these acrylates.

phenyl carbamate ethyl acrylate also demonstrated enhanced |, summary,

reactivity toward Michael addition, dimethyl substituted

we have demonstrated that functionalizing
(meth)acrylates with certain secondary functionalities also

phenyl carbamate ethyl acrylates were synthesized. Thejqhacts reaction behavior toward the amine-catalyzed Michael

kinetics presented in Figure 4 revealed that thgé-

substituted monomer underwent Michael addition at a rate

approximately 2.5-fold slower than phenyl carbamate ethyl
acrylate, while thex,a-substituted monomer underwent the

Michael addition at an order of magnitude slower rate. These
results further suggest that the enhanced reactivity toward

Michael addition is primarily due to an intramolecular
conformational effect. The dimethyl substitution may be

addition reaction with thiols and causes drastically enhanced
reactivity toward Michael addition. These studies also support
our previous hypothesis that incorporation of the secondary
functionalities contributes significantly to reactivity toward
photopolymerization by altering the radical-vinyl chemistry.
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acrylates were also observed to be affected in a similar This material is available free of charge via the Internet at
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