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1.) PROJECT ACTIVITIES COMPLETED DURING THE REPORTING PERIOD. (Describe project 
progress specific to goals, objectives, and deliverables identified in the project workplan.) 
 
Alkyl Lactates to Acrylate Esters 
 
During Q4, the Tonks and Hillmyer groups have continued our efforts towards the synthesis of methyl 
acrylate (3), particularly focusing on optimizing the pyrolysis of methyl 2-(propionyloxy)propanoate (2, 
Figure 1).  
 

 
Figure 1. Synthesis of methyl acrylate from methyl lactate. 
 
One of the main pieces of criticism from our previously submitted manuscript is that the yield of methyl 
acrylate from the pyrolysis reaction is low, and so we sought to improve upon this. Specifically, we 
altered our previous pyrolysis apparatus by implementing tighter temperature control, flow control, and 
switching to silicon carbide or silicon dioxide as the packing materials. With these improvements, we 
were able to increase the yield of methyl acrylate to approximately 50% yield. Increasing the loading of 
packing material significantly decreased the product yield, and led to qualitatively greater amounts of 
carbon decomposition deposited over the course of the reaction. However, further changing the pyrolysis 
conditions, such as the flow rate of the carrier gas or amount of packing material, did not lead to 
improvements in the yield of methyl acrylate. In order to test whether this was innate to the chemistry, we 
did a control reaction using methyl 2-acetoxypropanoate, which has been fairly extensively studied in the 
literature and shown to pyrolyze readily at 550 C to give high substrate conversions and yields of methyl 
acrylate. Under our typical conditions, we also obtained a yield of approximately 50% for methyl 2-
acetoxypropanoate. Thus, we believe that the issues with our low observed yields likely have more to do 
with the engineering of our apparatus rather than the innate pyrolysis chemistry of compound 2. 
 



In addition to these efforts, we are currently exploring the hydroesterification of methyl lactate with 
bioderived olefins, such as methyl oleate, isoprene, and myrcene. Preliminary reactions with isoprene and 
myrcene have shown these olefins to be unsuitable for hydroesterification, with our particular catalyst 
system, and so we are investigating the use of other catalysts in this chemistry, particularly other Pd(II) 
salts. 
 
 
Polymerization of Hydroxymethyl Styrene (HMS) and Chavicol Type Monomers  
 
Continuing our work towards understanding the polymerization of ene-ol type monomers (Figure 2), we 
have sought to understand the origins of the limited molecular weights that we’ve been observing. We 
investigated the conversion of monomer vs. time and found that monomer conversions >95% are readily 
achieved after ~ 16 h. However, extending the reaction time well beyond this, even to 88 h, results in no 
changes to the molecular weight. We hypothesized that this might be due to catalyst decomposition, and 
so we tried adding a second bolus of catalyst to a high conversion reaction, and then running it again. Still 
this resulted in no changes. However, MALDI analysis of the resulting polymer suggests that perhaps the 
olefinic end-groups are being converted to carboxylic acid in a terminating hydroxycarbonylation reaction 
with adventitious water, which comes from the hydrated form of p-toluenesulfonic acid added to form the 
Pd catalyst. Thus, we suspect that perhaps molecular weight can be increased if water is more rigorously 
excluded from the reaction, and we are currently exploring this.  
 

 
 
Figure 2. Polymerization of HMS and termination of olefinic end groups. 
 
In addition, we have also been exploring the origins of the poor polymerization reactivity of chavicol and 
eugenol type monomers. As an initial test, we ran control experiments with phenol/guiacol, CO, and 
ethylene to probe whether these phenolic based alcohols can be readily hydroesterified (Figure 3). To our 
surprise, these reactions readily go to 100% conversion with PPh3 as the ligand, suggesting that these 
alcohols are at least nucleophilic enough to be hydroesterified under our standard conditions. Our next 
goal is to probe whether 4-hydroxystyrene will undergo hydroesterificative polymerization. This 
monomer should not be plagued with the olefin isomerization problems experienced by chavicol and 
eugenol, and should also be a useful model monomer to study.  
 



 
 
Figure 3. (Left) Hydroesterification of phenol/guaiacol. (Right) Proposed hydroesterification of 4-
hydroxystyrene as a model polymer for chavicol. 
 
New Ligands for Hydroesterification 
 
Given the challenges faced with performing hydroesterification reactions of phenolic monomers, we have 
also been exploring the synthesis of several new classes of ligands for Pd and Ni hydroesterification 
catalysis. The hypothesis behind this work is that rapid insertion chemistry (both acyl insertion and alkene 
insertion) are needed to reduce the amount of isomerization of eugenol-like phenylpropenes to unreactive 
b-methyl styrenes. We envision that making very electron-deficient catalysts increase insertion rates, and 
are designing ligands that are capable of recruiting Lewis acids that will render the Pd or Ni site more 
electron deficient. So far, we have synthesized several new bipyridine and pyridine-appended ligands that 
are advances on our previously published work, which we used for ethylene polymerization catalysts 
(Figure 4). By generating a library of related structures, we will be able to determine structure-activity 
relationships to improve hydroesterification catalysis. 
 

 
 

Figure 4. New ligands for Pd- and Ni-based hydroesterification catalysts. 
 
The Hoye group continues to build on our interest to exploit the opportunities provided by the 
polyfunctional molecule chloromethylfurfural (CMF, Figure 5). For example, the facile conversion of 
CMF to 2,5-furandial (A) provides a number of possibilities. We continue to examine various 
condensative reactions with appropriate Knoevenagel partners, as described in previous Reports. In a new 
thrust, we have begun to examine the possibility of a mild oxidative conversion of this dialdehyde to 2,5-
furandicarboxylic acid esters B. In a little used reaction, it has been reported that aldehydes can be 
efficiently oxidized with a solution of I2 and KOH in alcohol solvent. In methanol or ethanol, this could 
give the dimethyl ester or diethyl ester versions of B. These molecules are monomers used for the 
production of  polyethylene furanoate (PEF) by transesterification polymerization with ethylene glycol. 
PEF is of considerable contemporary interest as a replacement for polyethylene terephthalate (PET), the 
ubiquitous polymer most notably found in plastic water bottles. In our work, we can even imagine a 
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scheme in which dialdehyde A can be oxidatively coupled directly to PEF in a single operation using 
ethylene glycol as the alcohol.  
 

 
 
Figure 5 
 
2.) IDENTIFY ANY SIGNIFICANT FINDINGS AND RESULTS OF THE PROJECT TO DATE.  
 
Alkyl Lactates to Acrylate Esters 
 
We have shown that low yields of methyl acrylate from the pyrolysis of methyl 2-
(propionyloxy)propanoate are most likely due to engineering deficiencies in our pyrolysis apparatus, and 
not in the fact that we have extended the ester linkage by 1 carbon compared to methyl 2-
acetoxypropanoate.  
 
Polymerization of Hydroxymethyl Styrene (HMS) and Chavicol Type Monomers 
 
We have identified a set of purification conditions for the HMS derived polyester, and analysis of the 
purified polymer by MALDI-TOF MS has identified hydroxycarbonylation as a likely termination 
reaction arising from the presence of adventitious water in the reaction mixture. 
 
Towards the polymerization of chavicol type monomers, we have shown through model compound 
studies with phenol and guiacol that the phenol moiety itself is in fact nucleophilic enough to serve as a 
suitable nucleophile in the alkoxycarbonylation of ethylene, thus supporting the notion that issues with 
polymerizing these types of monomers has more to do with the formation of β-methyl styrene. 
 
In a new thrust (Figure 6), the Hoye group has explored some novel reactions of levulinic acid (LA), 
available from the well-known hydroxymethylfurfural (HMF). A very promising lead is its bromination 
to form, as the major isomer, 5-bromolevulinic acid (BLA). We have discovered that BLA can be 
lactonized to the novel monomer 4-ketovalerolactone (KVL). In preliminary studies, we have observed 
that KVL can be polymerized and are beginning to explore its properties. 

 
 
Figure 6 
 
 
3.) CHALLENGES ENCOUNTERED. (Describe any challenges that you encountered related to project 
progress specific to goals, objectives, and deliverables identified in the project workplan.) 
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A key challenge in studying the polymerization of HMS and chavicol/eugenol is in getting reliable 
molecular weight information. The small nature of these polymers makes analysis by GPC difficult, and 
difficulties in purification have complicated the identification of polymer end groups in the NMR spectra.  
 
4.) FINANCIAL INFORMATION (Describe any budget challenges and provide specific reasons for 
deviations from the projected project spending.) 
 
Nothing to report 
 
5.) EDUCATION AND OUTREACH ACTIVITES. (Describe any conferences, workshops, field days, 
etc attended, number of contacts at each event, and/or publications developed to disseminate project 
results.) 
 
The CSP developed 4-H modules for grades K–2 (available at 4hpolymers.org) were recently approved 
through the National 4-H Council Peer Review process.  
 
Plans continue to develop for the high school teacher green chemistry workshop. 22 teachers have 
registered to date. The workshop will be held July 17-19 at the Minneapolis campus of the University of 
Minnesota. 
 


