Improving Reaction Conditions for the Production of a Degradable Polyester
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Introduction:

Plastics have been integrated into nearly every aspect
of our lives due to their versatility as a material. The major
issue with this reliance is the amount of waste that is

Experimental:

A limitation to polymerizing o-hydroxycinnamic acid via
melt-polymerization is that it degrades at its melting point.
As a result, it became critical to synthesize derivatives with
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Results:

produced apd the po!lutlon Ehat oceurs resu.ltl.ng from its lower melting points. However, these derivatives still 1 ethyl TsOH, heated to 110°C oligomers
manufacturing and disposal.? Nearly 400 million tons of needed to undergo condensation polymerization. To
plastic waste is generated every year.? By the year 2030, it accomplish this, we synthesized ester derivatives of o- 2 ethyl TsOH, heated to 140°C short
is estimated that some 53 million tons of plastic waste will hydroxycinnamic acid. More specifically, we synthesized an polymers
exist within ouroceans, rivers, a.nd Iak.es alo.ne.3 | ethyl ester derivative and an isopropyl derivative using 3 |isopropyl| TsOH, heated to 110°C | no reaction
A possible SOIL.Jt'On to this 'szje s the |m!olementat|on acid-catalyzed esterification conditions (Scheme 1). These 4 licopronvl| DBSA heated to 140°C olicomers
?f deg;adable, eFr.1V|ronr1nent$:y-fr|endIy”plastlcs that comﬁ groups were targeted because they provided variation in PTOpY ’ 5
rom biomass { |gur§ a). | € .natura y occurring s.n?a melting point, boiling point, and reactivity. Both derivatives 5 ethyl DBSA, heated to 100°C short
molelcule o-hydro>fycmnam|c. ?C]'cd hahs shov:/jn promlsfmg have a lower boiling point than the free acid precursor; for 3 hours & then 130°C polymers
results as a starting material for the production of a AT : L
olymer (i.e.. po (oigh Hrowycinnanmic acicfl)) ot i able to however, the ethyl derivative is more reactive because it is 6 ethyl Dowex, heated to 140°C oligomers
POly A polylo-ny Y | . . less hindered, but the isopropyl group has a higher boiling
degrade in the presence of UV light (Figure 1b). point, allowing the temperature of the reaction to be 7 ethyl Fe(acac);, heated to oligomers
a) o increased further. Both of these attributes are important. 100°C
UVlight O O O O O Scheme 1. Synthesis of o-Hydroxycinnamic Acid Derivatives. 8 ethyl AlCl3, heated to 1407 no reaction
o O O O O OH o OH o 9 ethyl Al(acac),, heat to 100 °C oligomers
N H2804, ROH N /R
po|ymer small-molecule product OH g O 10 ISOprOpyl ZInC acetate, 1OOOC NO reaCt|On
R = ethyl, 71% : :
b) o} 5 isopropyl, 61% 11 |isopropyl| Sn(Oct),, heat to 100 °C | no reaction
O ~
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H{o _ O/n Y H< 0 Once we synthesized, pur|f|ed,.and characterlzgd Qur Within these experiments we primarily tested three
> > | monomers, we turned our attention to polymerization . .
" , , factors, the impact of the ester group, the acid catalyst,
conditions. To accomplish this goal, we melted our . .
, , and the temperature of the reaction. Initially we tested BLA
. . . monomers in the presence of an acid catalyst (Scheme 2). .
poly(o-hydroxycinnamic coumarin catalysts. Under a variety of temperatures we saw modest

acid) Ultimately, we tested two different acid catalysts in an
effort to synthesize the desired polymer. One set of
conditions utilized Bronsted-Lowry acid (BLA) catalysts, and
the second set used Lewis acid (LA) catalysts. Under both
sets of reaction conditions, the monomer was heated

results with the ethyl group and poor results with the
isopropyl group. We believe this may be due to steric
hindrance resulting from the bulkier group. Simultaneously
we tested LA catalysts under similar conditions. However,

Figure 1: (a) General depiction of a depolymerization process in
the presence of UV light. (b) Depiction of the photodegradation
of poly(o-hydroxycinnamic acid).

Our goal: above the melting point in the presence of the catalyst ;I]telrgi;e,lsy' the Lewis acid catalysts were less effective than
Previously, poly(o-hydroxycinnamic  acid)  was overnight. While at this elevated temperature, reduced | ]
synthesized using thionyl chloride to form an acid chloride pressure was used to remove the corresponding alcohol Conclusion:

followed by condensation polymerization under reduced
pressure. However, thionyl chloride is toxic and harmful to
the environment. Our goal is to develop a strategy to
synthesize poly(o-hydroxycinnamic acid) using greener

byproduct being produced, allowing a transesterification
polymerization reaction to occur.

While progress was made in our goal to synthesize the
desired polymer under greener conditions, we were not
able to reach the efficiency seen using thionyl chloride.
However, we will continue to explore alternative green

Scheme 2. Synthesis of Poly(o-Hydroxycinnamic Acid) from o-
Hydroxycinnamic Acid derivatives via Melt Polymerization.

reaction conditions. More specifically, we aim to use a 0 reaction conditions for this polymerization.
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