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Dual-Catalytic Decarbonylation of Fatty Acid Methyl Esters to 
Form Olefins 
Megan E. Fieser,a† Sydonie D. Schimler,a† Lauren A. Mitchell,a Emily G. Wilborn,a Alex John,a Levi T. 
Hogan,a Brooke Benson,a Anne M. LaPointe,b* and William B. Tolmana,c*

The homogeneous dehydrative decarbonylation of fatty acid 
methyl esters (FAMEs) to form olefins is reported. In order to 
facilitate cleavage of the unactivated acyl C–O bond of the alkyl 
ester, a one pot dual-catalytic directing group strategy was 
developed through optimization of the individual 
transesterification and decarbonylation reaction steps. 

An important chemical feedstock derived from fossil fuels, 
olefins also are being targeted for synthesis from sustainable 
biomass.1–3 An attractive route is the catalytic dehydrative 
decarbonylation of bio-derived carboxylic acids (Scheme 1).4–16 
Homogeneous variants of the process typically require 
prefunctionalization of the carboxylic acid to activate it for the 
decarbonylation, presumably by facilitating the initial oxidative 
addition of the catalyst at the acyl C–O bond. A common 
example uses a stoichiometric amount of a sacrificial anhydride 
to yield an intermediate mixed anhydride, now susceptible to 
oxidative addition (Scheme 1a).5–9,11–15 We recently reported an 
alternative route whereby p-nitrophenol esters of carboxylic 
acids are converted to α-olefins with a palladium catalyst 
(Scheme 1b), but this process requires the synthesis of the p-
nitrophenol esters prior to the desired transformation.17,18 
Additive-free conversion of fatty acids to a mixture of olefins 
has been effected using Ni catalysts, although a terminal 
reductant (PPh3 or 1,1,3,3-tetramethyldisiloxane (TMDS)) is 
required (Scheme 1c).16 In efforts aimed at developing new, 
efficient, and potentially industrially relevant variants, we 

considered fatty acid methyl esters (FAMEs) as potential 
substrates. 
 FAMEs are primary constituents of biodiesel and are 
currently produced via transesterification of vegetable oils or 
natural triglycerides with methanol.19 Several deoxygenation 
routes for FAMEs and triglycerides have been reported using 
heterogeneous catalysts at high operating temperatures.20–22 
However, most of these strategies suffer from poor reaction 
control and product selectivity, yielding mixtures of saturated 
and unsaturated hydrocarbons. A key challenge for the 
development of homogeneous versions is the stability of the 
saturated alkyl ester, which renders it recalcitrant toward 
activation under relatively mild conditions.23–25 Nevertheless, 
routes for homogeneous decarbonylation of alkyl esters have 
been reported using Ru-, Rh- or Ni-based catalysts to form new 
C–C, C–H or C–Sn bonds.26–30 Yet, these catalytic systems have 
not been extended to catalytic decarbonylation of FAMEs to 
produce olefins. 

Scheme 1. Catalytic decarbonylation of carboxylic acids and esters. 
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Scheme 2. Proposed dual-catalytic route to decarbonylation of FAMEs. 

 

 Herein, we report the application of a dual-catalytic method 
for the conversion of FAMEs to olefins (Scheme 2), using methyl 
palmitate as a representative of the broader class. This strategy 
relies on an initial catalytic transesterification that converts 
FAMEs to alkyl esters that contain an appended directing group. 
This directing group would then bind to a second metal-
containing catalyst, bringing it in close proximity to the acyl C‒
O bond and facilitating oxidative addition. Directing group 
strategies have been used for various catalytic applications,31–38 
including recent reports on the decarbonylation of ketones or 
alkyl esters.26–28,39 We report initial development of the dual-
catalytic system using high-throughput experimentation (HTE) 
and larger scale batch experiments, resulting in the successful 
application to the synthesis of olefins from FAMEs. 
 As a proof of concept, we initially examined the 
decarbonylation of a fatty acid ester containing a directing 
group by evaluating a number of catalysts and ligands through 
HTE. A palmitic ester containing a pyridine-2-methylene unit (1) 
was targeted, as this directing group was used to enhance both 
cleavage of the acyl C‒O bond and decarbonylation (although 
these studies did not include FAMEs as substrates and did not 
report formation of olefins).26,36 We found that Ru3(CO)1226,40 

was the most active catalyst among a number of others 
screened (see ESI for details), providing up to 72% conversion of 
1 to a mixture of olefins (Table 1, entry 3) with PCy3 as the 
optimized ligand. It is worth noting that the reverse 

 Table 1. Decarbonylation of fatty acid esters containing a directing group.a 

entry Ligand Conv. to Olefins (%)b 
1 none 48 
2 PPh3 65 
3 PCy3 72 
4 SIMesc 46 
5 DPEPhos 21 
6 DPPE <1 

aConditions: 1 (0.31 mmol, 1 equiv), Ru3(CO)12 (15 mol % Ru), and ligand (15 mol 
%) were heated in DMPU (0.5 mL) at 190 °C for 20 h. bConversion of 1 was 
determined by 1H NMR spectroscopy. cSIMes generated in situ by the 
deprotonation of 1,3-dimesitylimidazolium chloride with 15 mol % KOtBu.  

reaction has been reported with Ru- and Rh-based 
catalysts.32,37,38 Monodentate ligands with a 1:1 ratio of Ru 
metal centers to ligand were more efficient than bidentate or 
multidentate ligands (entries 2–4 vs. entries 5‒6). In a 
demonstration of the critical role of the directing group, a 
variant of 1 with a phenyl ring instead of the pyridyl group was 
unreactive (only trace amounts of olefin products observed).  
 With the identification of conditions for the decarbonylation 
of 1, we next examined conditions for the transesterification of 
methyl palmitate (2) with 2-pyridinemethanol (3) (Table 2). 
Interestingly, reactions without a Lewis acid showed reasonably 
high conversion to 1 of 34% (entry 1).  Using HTE methods, 
several Lewis acids were identified as promising 
transesterification catalysts (see ESI for more details). Three 
Lewis acids were scaled up and were all found to increase the 
conversion of 2 to 1 (entries 2–4). 
 A time study of the transesterification reaction with ZnCl2 
and 2 revealed that 20 h is not needed to reach high conversion. 
Instead, 39% conversion is obtained after 6 h (see ESI). 
Additionally, the reaction of 1 with 1 equiv. MeOH in the 
presence of catalytic ZnCl2 lead to 53% conversion to methyl 
palmitate 2. This indicated a possible equilibrium between 2 
and 1. We hypothesized that this reaction could be shifted to 
the formation of 1 by the removal of MeOH from the reaction. 
To test this hypothesis, molecular sieves were added to the 
reaction. Gratifyingly, the addition of molecular sieves 
improved the average conversion to 50% (entry 5), although 
results were less consistent between individual runs. 
 These three equivalent Lewis acid catalysts were then tested 
for compatibility with the decarbonylation catalysts discussed 
previously (Table 3). The presence of ZnO or LaCl3 seemed to 
inhibit decarbonylation of 1, lowering the conversion to olefins 
(entries 2‒3) relative to the reaction without added Lewis acid 
(entry 1). On the other hand, ZnCl2 enhanced the 
decarbonylation conversion, giving a high conversion of 92% 
(entry 4). We speculate that this enhancement may be due to 
activation of the C=O bond of the ester by ZnCl2, as previously 
seen in the literature with an aluminum Lewis acid.41 

 The optimized decarbonylation and transesterification 
conditions were then applied to the dual-catalytic 
decarbonylation of FAMEs (Table 4). This dual-catalytic  

Table 2. Transesterification of methyl palmitate.a 

entry Lewis acid Conv. to 1 (%)b 
1 none 34 
2 ZnCl2 40 
3 ZnO 37 
4 LaCl3 39 
5c ZnCl2 50d 

aConditions unless specified otherwise: 2 (0.31 mmol, 1 equiv), Lewis acid (25 mol 
%), and 3 (100 mol %) in DMPU (0.5 mL) were heated at 190 °C for 20 h.  
bConversion of 2 was determined by 1H NMR spectroscopy. cThree molecular sieves 
were added (4Å). dReactions with molecular sieves were often inconsistent, with 
the average presented (see ESI for more information). 

Page 2 of 4ChemComm



Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

Table 3. Decarbonylation of fatty acid esters containing a directing group in the presence 
of Lewis acids.a 

entry Lewis acid Conv. to Olefins (%)b 
1 none 72 
2 ZnO 62 
3 LaCl3 56 
4 ZnCl2 92 

aConditions: 1 (0.31 mmol, 1 equiv), Lewis acid (25 mol %), Ru3(CO)12 (15 mol % 
Ru), and PCy3 (15 mol %), in DMPU (0.5 mL) were heated at 190 °C for 20 h. 
bConversion of 1 was determined by 1H NMR spectroscopy. 

approach was successful in the decarbonylation of methyl 
palmitate 2, giving ~38% conversion to a mixture of olefins using 
catalytic quantities of 2-pyridinemethanol 3 (20 mol %), Lewis 
acid (25 mol % ZnCl2 or LaCl3), Ru3(CO)12 (15 mol % Ru), and PCy3 
(15 mol %) (Table 3, entries 1–2). Under these conditions, 
unreacted transesterification product (1) was not observed.  
While the use of ZnO provided comparable conversion to ZnCl2 
for the transesterification reaction, it did not match the 
performance in dual catalysis (entry 3). Unlike the 
transesterification reaction, a Lewis acid was necessary for the 
dual-catalytic reaction (entry 4). Similar to the 
transesterification reactions, addition of molecular sieves 
increased conversion of 2 to olefins to 47%, presumably due to 
the removal of MeOH from the reaction solution (entry 5). 
Further attempts to remove additional MeOH were not found 
to increase the conversion to olefins (see ESI). The extension of 
these dual-catalysis conditions for the decarbonylation of 
palmitic acid was not successful (Table S19). 
 Further attempts to improve the reaction were explored. 
Increasing Ru3(CO)12/PCy3 provided marginal improvement in  

Table 4. Dual-catalytic decarbonylation of FAMEs.a 

entry Lewis acid reaction vessel Conv. to Olefins (%)b 
1 ZnCl2 8 mL vial 38 
2 LaCl3 8 mL vial 39 
3 ZnO 8 mL vial 8 
4 none 8 mL vial <1 
5c ZnCl2 8 mL vial 47e 

6c,d ZnCl2 8 mL vial 52e 
7 ZnCl2 25 mL round bottom 47 
8 ZnCl2 35 mL pressure vessel 64 

aConditions unless specified otherwise: 2 (0.31 mmol, 1 equiv), Lewis acid (25 mol 
%), Ru3(CO)12 (15 mol % Ru), PCy3 (15 mol %), and 3 (20 mol %) in DMPU (0.5 mL) 
were heated at 190 °C for 20 h. bConversion of 2 was determined by 1H NMR 
spectroscopy. cThree molecular sieves were added to the reaction vessel (4Å). d30 
mol % Ru3(CO)12/PCy3. eReactions with molecular sieves were often inconsistent, 
with the average presented (see ESI for more information). 

Scheme 3. Optimized conditions for transesterification, decarbonylation, and 
dual-catalysis, using a sealed 35 mL pressure vessel. 

 

conversion (entry 6). The addition of catalytic reagents after 
shorter reaction times similarly provided only slight increases in 
conversion (see ESI). 
 Exploration of different reaction vessels led to the discovery 
of our best conditions. The use of a round bottom flask, with a 
reflux condenser under a positive N2 pressure, did not result in 
a significant increase in the conversion (47%) to olefins (entry 
7). However, the use of a sealed 35 mL pressure vessel led to 
significant improvement in the dual catalytic reaction (entry 8). 
Examination of all three reactions studied above provided 
higher conversion in the sealed 35 mL pressure vessel, when 
compared to the associated conditions in sealed 8 mL vials 
(Scheme 3). High conversion from 1 to olefins of 95% was 
achieved, while greatly improved conversion of 64% was 
observed for the dual-catalytic decarbonylation of 2 to olefins. 
Current efforts are aimed at trying to understand why the use 
of this vessel provides such an improvement. 
 In conclusion, using a combination of high-throughput 
experiments and scale-up experiments, the dual-catalytic 
decarbonylation of fatty acid methyl esters (FAMEs) to olefins 
was accomplished. A combination of a Lewis acid catalyst 
(ZnCl2) and directing group alcohol (2-pyridinemethanol, 3) was 
found to convert methyl palmitate (2) to a new alkyl ester 
containing a directing group (1) in up to 67% conversion. 
Decarbonylation of 1 to form olefins was accomplished using a 
combination of Ru3(CO)12 and PCy3, with conversions reaching 
95%. One pot reactions were accomplished in which 2 was 
converted to olefins in up to 64% conversion in the presence of 
catalytic ZnCl2, 3, Ru3(CO)12, and PCy3. These results are 
distinguishable from other reported directing group 
decarbonylation methods with respect to their extension to 
FAMEs, the use of a dual catalysis strategy, and the generation 
of olefin products. With the ability to convert FAMEs to olefins 
via homogeneous catalysis now demonstrated, current efforts 
are aimed at addressing process limitations (e.g. lack of 
selectivity for terminal olefins, use of a precious metal, Ru), with 
the ultimate goal being the development of an efficient and 
large scale process for transforming bio-derived fatty acids or 
derivatives to useful olefin feedstocks. 
 

Page 3 of 4 ChemComm



COMMUNICATION Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

Funding for this project was provided by the Center for 
Sustainable Polymers, an NSF Center for Chemical Innovation 
(CHE-1413862).  This work made use of the NMR facility at 
Cornell University which is supported, in part, by the NSF under 
award number CHE-1531632.   

Conflicts of interest 
There are no conflicts to declare.  

Notes and references 
 
1 M. A. Hillmyer, Science, 2017, 358, 868. 
2 D. K. Schneiderman and M. A. Hillmyer, Macromolecules, 

2017, 50, 3733. 
3 P. N. R. Vennestrøm, C. M. Osmundsen, C. H. Christensen 

and E. Taarning, Angew. Chem., Int. Ed., 2011, 50, 10502. 
4 T. A. Foglia and P. A. Barr, J. Am. Oil Chem. Soc., 1976, 53, 

737. 
5 L. J. Gooβen and N. Rodríguez, Chem. Commun., 2004, 724. 
6 J. Le Nôtre, E. L. Scott, M. C. R. Franssen and J. P. M. Sanders, 

Tetrahedron Lett., 2010, 51, 3712. 
7 J. Le Nôtre, E. L. Scott, M. C. R. Franssen and J. P. M. Sanders, 

Green Chem., 2011, 13, 807. 
8 G. A. Kraus and S. Riley, Synthesis, 2012, 44, 3003. 
9 S. Maetani, T. Fukuyama, N. Suzuki, D. Ishihara and I. Ryu, 

Chem. Commun., 2012, 48, 2552. 
10 E. Santillan-Jimenez and M. Crocker, J. Chem. Technol. 

Biotechnol., 2012, 87, 1041. 
11 M. O. Miranda, A. Pietrangelo, M. A. Hillmyer and W. B. 

Tolman, Green Chem., 2012, 14, 490. 
12 Y. Liu, K. E. Kim, M. B. Herbert, A. Fedorov, R. H. Grubbs and 

B. M. Stoltz, Adv. Synth. Catal., 2014, 356, 130. 
13 J. Ternel, T. Lebarbé, E. Monflier and F. Hapiot, 

ChemSusChem, 2015, 8, 1585. 
14 A. John, M. O. Miranda, K. Ding, B. Dereli, M. A. Ortuño, A. 

M. LaPointe, G. W. Coates, C. J. Cramer and W. B. Tolman, 
Organometallics, 2016, 35, 2391. 

15 A. Chatterjee, S. H. Hopen Eliasson, K. W. Tornroos and V. R. 
Jensen, ACS Catal., 2016, 6, 7784. 

16 A. John, M. A. Hillmyer and W. B. Tolman, Organometallics, 
2017, 36, 506. 

17 A. John, L. T. Hogan, M. A. Hillmyer and W. B. Tolman, Chem. 
Commun., 2015, 51, 2731. 

18 A. John, B. Dereli, M. A. Ortuno, H. E. Johnson, M. A. 
Hillmyer, C. J. Cramer and W. B. Tolman, Organometallics 
2017, 36, 2956. 

19 G. W. Huber, S. Iborra and A. Corma, Chem. Rev., 2006, 106, 
4044. 

20 N. Asikin-Mijan, H. V. Lee, G. Abdulkareem-Alsultan, A. 
Afandi and Y. H. Taufiq-Yap, J. Cleaner Prod., 2016, 167, 
1048. 

21 M. W. Schreiber, D. Rodriguez-Niño, O. Y. Gutiérrez and J. A. 
Lercher, Catal. Sci. Technol., 2016, 6, 7976. 

22 B. P. Pattanaik and R. D. Misra, Renew. Sust. Energ. Rev., 
2017, 73, 545. 

23 Y.-R. Luo, Comprehensive Handbook of Chemical Bond 
Energies; CRC Press: Boca Raton, 2007. 

24 X. Pu, J. Hu, Y. Zhao and Z. Shi, ACS Catal., 2016, 6, 6692. 
25 T. B. Halima, W. Zhang, I. Yalaoui, X. Hong, Y.-F. Yang, K. N. 

Houk and S. G. Newman, J. Am. Chem. Soc., 2017, 139, 1311. 
26 N. Chatani, H. Tatamidani, Y. Ie, F. Kakiuchi and S. Murai, J. 

Am. Chem. Soc., 2001, 123, 4849. 

27 D. V. Gribkov, S. J. Pastine, M. Schnürch and D. Sames, D. J. 
Am. Chem. Soc., 2007, 129, 11750. 

28 J. Wang, B. Liu, H. Zhao and J. Wang, Organometallics, 2012, 
31, 8598. 

29 H. Yue, C. Zhu and M. Rueping, Org. Lett., 2018, 20, 385. 
30 While our focus has been on the decarbonylation of alkyl 

esters, there is an abundance of research involving 
decarbonylation of aryl esters. A representation of this 
research can be seen in: R. Takise, K. Muto, and J. 
Yamaguchi, Chem. Soc. Rev., 2017, 46, 5864. 

31 T. W. Lyons and M. S. Sanford, Chem. Rev., 2010, 110, 1147. 
32 P. B. Arockiam, C. Bruneau and P. H. Dixneuf, Chem. Rev., 

2012, 112, 5879. 
33 S. Bhadra, C. Matheis, D. Katayev and L. J. Gooβen, Angew. 

Chem., Int. Ed., 2013, 52, 9279. 
34 M. Zhang, Y. Zhang, X. Jie, H. Zhao, G. Li and W. Su, Org. 

Chem. Front., 2014, 1, 843. 
35 O. Daugulis and J. Roane, L. D. Tran, Acc. Chem. Res., 2015, 

48, 1053. 
36 H. Tatamidani, K. Yokota, F. Kakiuchi and N. Chatani, J. Org. 

Chem., 2004, 69, 5615. 
37 K. Yokota, H. Tatamidani, Y. Fukumoto and N. Chatani, Org. 

Lett., 2003, 5, 4329. 
38 T. Asaumi, N. Chatani, T. Matsuo, F. Kakiuchi and S. Murai, J. 

Org. Chem., 2003, 68, 7538. 
39 T.-T. Zhao, W.-H. Xu, Z.-J. Zheng, P.-F. Xu and H. Wei, J. Am. 

Chem. Soc., 2018, 140, 586. 
40 Selected examples of decarboxylation of carboxylic acids 

using Ru3(CO)12: (a) G. Knothe, K. R. Steidley, B. R. Moser and 
K. M. Doll, ACS Omega, 2017, 2, 6473; (b) R. E. Murray, E. L. 
Walter and K. M. Doll, ACS Catal., 2014, 4, 3517; (c) B. R. 
Moser, G. Knothe, E. L. Walter, R. E. Murray, R. O. Dunn and 
K. M. Doll, Energy Fuels, 2016, 30, 7443; (d) K. M. Doll, G. B. 
Bantchev, E. L. Walter, R. E. Murray, M. Appell, J. C. Lansing 
and B. R. Moser, Ind. Eng. Chem. Res., 2017, 56, 864. 

41 L. Hie, N. F. F. Nathel, X. Hong, Y.-F. Yang, K. N. Houk and N. 
K. Garg, Angew. Chem., Int. Ed., 2016, 55, 2810. 

Page 4 of 4ChemComm


