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In order to design sustainable materials from vegetable oil-
based fatty acids, we propose herewith a method to obtain
unsaturated dicarboxylic acids as a polymerizable monomer
through metathesis reaction of oleic and linoleic acids with the
2nd generation Grubbs catalyst. Subsequently, functional green
polyester was produced from dicarboxylic acids and aromatic
diol. Dicarboxylic acid having similar structure i.e., octadec-9-
enedioic acid was successfully obtained from metathesis of
both oleic and linoleic acids. Condensation polymerization of
octadec-9-enedioic acid with 1,6-hexanediol and 4,4’-biphenol
was carried out and it was shown that polymer with aromatic
backbone had higher glass-transition temperature than aliphatic
polyester.

There has been increased interest in renewable resources
from both academia and industry due to worldwide concern over
the shortage of nonrenewable resources such as petroleum.! The
huge demand for polymers and other chemicals has opened the
potential of vegetable oils to be used as feedstock as it contains
different composition of triglycerides.? Since vegetable oils are
abundantly available, have various chemical structure due to the
variety of triglyceride composition and are biodegradable, fatty
acid derivatives from vegetable oils have been an attractive
resource for the production of polyester materials.> Among all
fatty acids, oleic and linoleic acids can be found in most
vegetable oils.*

In recent years, studies on synthesis of polymer from fatty
acids have made great progress. Metzger et al., (2009) reported
that linear diacids derived from fatty acid can be valuable
renewable monomers for polyesters, polyamides, and poly-
urethanes.’ Though fatty acids as starting materials have been
extensively employed to synthesize polymer materials, many
researchers are concerned with the design of well-defined
polymer from green materials only.® Recently, new routes for
synthesis of diacid from unsaturated fatty acid through olefin
cross-metathesis reaction in the presence of the second gener-
ation Grubbs catalyst (G2) have been proposed.” Dicarboxylic
acids derived from fatty acid can be easily provided to design
greener materials. Consequently, aliphatic homo- and copoly-
esters can typically be prepared by polycondensation of difunc-
tional monomers such as diols and diacids.!® Most often, the
mechanical performance of these aliphatic polyesters can be
improved by synthetic chain extension and addition of aromatic
moieties to the polymer structure.'’!> Herein, a proposal of
fabrication for functional greener polymers is provided through
reaction between green chemicals and petrochemicals for giving
more control functionalities as additional value to greener

Table 1. Synthesis of dicarboxylic acids from vegetable oil fatty
acids

Fatty acid® G2 Reduced Time Temp Yield

Entry

/mmol /umol  pressure®  /h /°C /%
1? (3%2) 32 X 24 50 437
2 (305/;) 32 @) 24 50 62.0
3 (3L,5.A7) 32 X 72 50 275
4 (3L51i“7) 32 @) 24 50 359

2Control conditions.'® POA: oleic acid, LA: linoleic acid. *x:
no reduced pressure applied, O: reduced pressure applied.

polymer. Following these circumstances, we have attempted to
provide functionalities in polymers that consist of green diacid
and petro-diol having liquid crystalline properties.

Most studies on synthesis of diacid from unsaturated fatty
acid using olefin cross-metathesis reactions have focused on the
conversion of mono-olefinic fatty acid such as oleic acid, selinic
acid, and erucic acid. However, the synthesis of diacids derived
from multiolefinic fatty acids such as linoleic, linolenic, and a-
eleostearic acid has rarely been examined because of their
complicated coupling reactions under various combinations.
Thus, if metathesis of different fatty acids can produce the same
structure of diacid, it is expected that the product would be a
desirable monomer compound for design of greener polymer.

As starting materials for the synthesis of long-chain
symmetrically unsaturated o,0-dicarboxylic acid, oleic and
linoleic acids were used as listed in Table 1. Though metathesis
reaction of oleic acid has been extensively investigated, few
reports have been conducted using linoleic acid for dicarboxylic
acid production using G2 because the two double bonds on its
structure may cause the formation of various different com-
pounds. In this study, olefin metathesis of oleic acid led to the
formation of octadec-9-enedioic acid when G2 was used in bulk.
The conditions were based on the methodology of previous
research'® and has been used as control conditions for the other
reactions, resulting in symmetrically unsaturated o,m-dicarbox-
ylic acid (Entry 1) with product yield of 44%. The diacid was
isolated for further analyses by 'H, 3C NMR, and FT-IR spectra
(Supporting Information).'* Tn order to increase the yield, the
reaction was carried out in vacuo. From the results (Entry 2),
this condition was an effective method which gave higher yield
than control conditions. Additionally, reactions were performed
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Scheme 1. Copolymerization of dicarboxylic acid derived from
oleic or linoleic acid with 1,6-hexanediol or 4’4-biphenol.

at 90 and 120°C with yield of diacid at 28% and 32%,
respectively. This attempt was to avoid solidification of the
reaction mixtures and to enable a maximum removal of by-
product.'’> However, the resulting yield of products was
decreased because of suppression of the G2 activity at high
temperature in spite of removed by-products.

Metathesis of linoleic acid was also carried out using a
similar method to obtain o,®-dicarboxylic acid. It was found that
a similar structure of diacid product was obtained, i.e., octadec-
9-enedioic acid.'® However the yield was lower at 29% even
when the experiment was prolonged to 72 h (Entry 3). There was
no product formation at 24h of reaction. Thus, reaction was
carried out under reduced pressure, and able to afford 34% of
linoleic diacid after 24 h of reaction time (Entry 4). This olefin
metathesis reaction proceeded intricately because linoleic acid
contains two cis-double bonds at positions 9 and 12.!7 In order
to purify diacids from the by-products, the reaction mixture was
dissolved in small amount of CHCIlj; and precipitated in MeOH.
The mixture was then filtered and the resulting solid was washed
with hexane to give a white powder as diacids. The filtered
solvent was evaporated under reduced pressure and the residue
was purified by column chromatography using hexane and
MeOH to obtain the by-products. Each segment of compounds
was analyzed by '"HNMR spectra, respectively.'®!° The sepa-
rated crude products obtained with dicarboxylic acid (a),
unsaturated aliphatic monoacids (b), and unsaturated aliphatic
hydrocarbon (c) are shown in Figure S-2 and Figure S-3
(Supporting Information).

The synthesis of greener polyester using octadec-9-enedioic
acid was tested by condensation polymerization with 1,6-
hexanediol and 4,4’-biphenol in the presence of isopropyl
titanate, respectively (Scheme 1). The polyesters with 1,6-
hexanediol (POH) were soluble in common organic solvents
such as chloroform and acetone because of their extended
aliphatic soft structures whereas polyester with 4,4’-biphenol
(POB) was insoluble in these solvents. Therefore, POH was
confirmed by 'HNMR and FT-IR (Supporting Information).'?
POB was confirmed by FT-IR and TOF-MS (Supporting
Information) because of insoluble compound. The thermal
behaviors of POH and POB were investigated with DSC and
conducted at a heating rate 10°Cmin~' after the Ist scan at
heating and cooling under the same rate. For POH with long
aliphatic spacer is seen a glass transition at —43.1 °C and a sharp
endotherm with a peak temperature at 36 °C corresponding to the

T, pos=-43.1°C

TnL P(JH:360C

Endotherm

Ty pos=38°C N “
T, pop=118°C  °

-100 -50 0 50 100 150 200
Temperature/°C

Figure 1. Differential scanning calorimetry data for POH (solid
line) and POB (dotted line) recorded at a rate of 10°C min~".

melting point. The rigidity of the backbone results in high T,
value at 38°C for POB against POH. Interestingly, DSC
thermogram of the POB shows some endothermic peak after a
glass transition at 38 °C (Figure 1). The DSC thermogram of
the POB shows an initial base line shift along with two broad
endothermic peaks at about 79 and 118 °C. Bagheri et al., (2008)
reported DSC thermogram of polyesters with a biphenyl unit in
the main chain which indicates thermotropic liquid crystallin-
ity.2? The DSC thermogram behavior of the POB show a similar
trend to their characterization. It is well known that the
thermotropic liquid crystalline behavior of polyesters consists
of aromatic moieties as stiff mesogenic units connected by soft
linkages such as ether and ester.?! This finding may indicate that
POB can easily change from one conformation to another
because each unit possesses a high degree of flexibility.

In conclusion, to provide greener materials with high
potential, we proposed and designed a reaction method and
combination with useful counterparts for higher efficient green
products using fatty acids as biomass. The synthesis of unified
diacid from oleic and linoleic acids was successfully obtained
via olefin cross metathesis reaction. Eventually, we succeeded in
preparing greener polyester through combination of petrochem-
icals and oleo chemicals. Further evaluation and combination of
the characteristics of greener and hybrid polyester will be needed
in order to clarify the potential as practical useful material.

Supporting Information is available electronically on J-STAGE.
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