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Alkene Synthesis by Photocatalytic, Chemoenzymatically-
Compatible Dehydrodecarboxylation of Carboxylic Acids and 
Biomass
Vu T. Nguyen, Viet D. Nguyen, Graham C. Haug, Hang T. Dang, Shengfei Jin, Zhiliang Li, Carsten 
Flores-Hansen, Brenda S. Benavides, Hadi D. Arman, and Oleg V. Larionov*

Department of Chemistry, The University of Texas at San Antonio, San Antonio, Texas 78249, United States 

ABSTRACT: Direct conversion of renewable biomass and bioderived chemicals to valuable synthetic intermediates for organic 
synthesis and materials science applications by means of mild and chemoselective catalytic methods has largely remained elusive. 
Development of artificial catalytic systems that are compatible with enzymatic reactions provides a synergistic solution to this 
enduring challenge by leveraging previously unachievable reactivity and selectivity modes. We report herein a dual catalytic 
dehydrodecarboxylation reaction that is enabled by a crossover of the photoinduced acridine-catalyzed O−H-HAT and cobaloxime-
catalyzed C−H-HAT processes. The reaction produces a variety of alkenes from readily available carboxylic acids. The reaction can 
be embedded in a scalable triple-catalytic cooperative chemoenzymatic LACo process that allows for direct conversion of plant oils 
and biomass to long-chain terminal alkenes, precursors to bioderived polymers.

KEYWORDS acridines, alkenes, biomass, carboxylic acids, dual catalysis, photocatalysis.

1. INTRODUCTION
Alkenes are key synthetic intermediates and commodity 
chemicals in the industrial production of polymers, adhesives, 
detergents, surfactants, and plasticizers.1 In organic synthesis, 
alkenes play central roles in the construction of C−C, C−O, 
and C−N bonds en route to active pharmaceutical ingredients, 
biological probes, and advanced functional materials.2 Given 
the critical position of alkenes in organic chemistry, 
significant efforts have been directed towards development of 
methods of alkene synthesis. For example, Claisen and oxy-
Cope rearrangements enable installation of C=C bonds in 
remote - and -positions,3 while olefination reactions 
allow for the synthesis of alkenes from aldehydes and 
ketones.4 Applications in polymer chemistry and industrial 
production of commodity chemicals rely on alkenes that are 
typically produced by oligomerization of coal- and petroleum-
derived ethylene.5 The process is limited to long-chain linear 
-alkenes with an even number of carbon atoms. In addition, 
reliance on ethylene as a precursor limits applications of long-
chain alkenes, e.g., in production of polyethylene-like 
polymers by chain-walking polymerization.6

Carboxylic acids are ubiquitous chemicals that are produced 
industrially or derived from biomass.7 For example, long-chain 
fatty acids are key constituents of glycerol triesters, 
triglycerides that are the main components of vegetable and 
algal oils. Oils are renewable feedstock materials that are 
increasingly used as sources of bioderived chemicals and 
biofuel.8 However, there are few processes that directly 
convert triglycerides into functionalized organic materials. 
Typically, isolation of fatty acids by saponification is required, 
before other reactions can take place. We envisioned that 
triglycerides can be directly converted to alkenes by a 
cooperative chemoenzymatic process that combines enzymatic 

hydrolysis of triglycerides and dehydrodecarboxylation of the 
intermediate fatty acids by an efficient chemical catalytic 
reaction. Cooperative chemoenzymatic processes merge the 
chemoselectivity and efficiency of enzymatic reactions with 
the reactivity of chemical catalysts.9 However, enzymatic and 
chemical catalytic reactions typically operate under mutually 
incompatible conditions. For example, enzymatic reactions 
operate in controlled-pH aqueous solutions at near-ambient 
temperatures, while chemical catalytic reactions may require 
anhydrous conditions and elevated temperatures. Cooperative 
chemoenzymatic processes, therefore, remain rare and are 
described for a limited number of reactions. Despite these 
challenges, recent seminal studies on cooperative 
chemoenzymatic processes provide a proof of principle and an 
impetus for further work on this approach.10 
Dehydrodecarboxylation of widely available and biogenic 
carboxylic acids can provide an efficient entry to alkenes 
(Figure 1). Despite the synthetic potential of this reaction, 
available methods of dehydrodecarboxylation suffer from 
drawbacks that have largely impeded its application. For 
example, stoichiometric amounts of toxic lead tetraacetate are 
required for the direct copper-catalyzed 
dehydrodecarboxylation.11 Other catalytic methods allow for 
by-passing toxic reagents, but require prior conversion of 
carboxylic acids to acid chlorides or anhydrides, noble metal 
catalysts and high temperatures (110−400 oC).12 Recently, 
several photoinduced dehydrodecarboxylation methods have 
been reported that enable conversion of carboxylic acids and 
their derivatives to alkenes at near-ambient temperatures. 
Glorius13 and Shang14 reported photoinduced 
dehydrodecarboxylation of N-hydroxy-phthalimide esters of 
carboxylic acids. However, these methods require 
prefunctionalization of carboxylic acids. On the other hand, 
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Ritter15 and Tunge16 developed photocatalytic methods for 
direct dehydrodecarboxylation of unprotected 
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Figure 1. Catalytic dehydrodecarboxylation of carboxylic acids.  

carboxylic acids with cobaloximes as a hydrogen atom transfer 
(HAT) catalysts.17 Additionally, several other types of 
cobaloxime-catalyzed dehydrogenative coupling reactions 
were also recently reported.18 
In order to develop a catalytic system for 
dehydrodecarboxylation that is compatible with an enzymatic 
reaction, we turned our attention to acridines A as 
photocatalysts for decarboxylative radical formation (Figure 
1). Unsubstituted acridine is known to effect a hydrogen atom 
transfer from the strong O−H bond (BDE 112 kcal/mol)19 in 
carboxylic acids that results in generation of alkyl radicals by 
decarboxylation, however, acridines have not been used as 
photocatalysts for synthetically important reactions.20 The 
alkyl radical that is formed in the acridine-catalyzed 
photoinduced O−H-HAT step21 would then undergo the -
C−H-HAT process with a cobaloxime catalyst (Co).15,16,22 The 
cobaloxime catalyst would then enable the turnover of the 
acridine catalyst by dehydrogenation of dihydroacridine H2A 
that is formed from acridine-derived radical HA. Although 
acridine is weakly basic in the ground state (pKa = 5.6 in 
water), it is substantially more basic in the singlet excited state 
(pKa = 10.7 in water).23 Thus, unlike iridium and acridinium 
photocatalysts, acridine will not require pre-generation of 
carboxylate salts, since the photoinduced O−H-HAT process 
takes place within the acridine−carboxylic acid hydrogen bond 
complex or the ion pair. Furthermore, we envisioned that the 
photocatalytic properties of acridines could be readily fine-
tuned by introducing substituents into the acridine core. These 

structural modifications will provide an opportunity to 
introduce a family of organic photocatalysts with a modus 
operandi that is distinct from the Ru, Ir, as well as N-alkyl- 
and arylacridinium photocatalysts that currently dominate the 
photocatalytic methodology.24 Indeed, our experimental and 
computational studies point to a distinct mechanism of 
photocatalysis in the case acridines, enabling a biointerfaced 
triple catalytic cycle that is not attainable with Ir and 
acridinium photocatalysts.   

2. RESULTS AND DISCUSSION
Synthetic studies. After initial optimization with 
unprotected deoxycholic acid (1), we found that the dual 
acridine (A1)/cobaloxime (C1)-catalyzed photoinduced 
dehydrodecarboxylation reaction proceeded cleanly in 88% 
yield in a mixture of dichloromethane and acetonitrile 
under LED (400 nm) irradiation in the absence of additives 
and activating reagents (Table 1). The reaction did not 
proceed in the absence of light and required both catalysts 
to achieve a high yield of alkene 2. No protection was 
required for hydroxy groups in acid 1, in contrast to the 
previously developed NHPI ester-based 
dehydrodecarboxylation reactions. However, the use of 
methanol as a co-solvent precluded formation of alkene 2, 
likely because it disrupts the hydrogen bonding interaction 
between substrate 1 and acridine photocatalyst A1. 
Advantageously, the acridine motif can be readily accessed 
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by a variety of synthetic methods, including the classic 
Bernthsen reaction.25 Several substituted acridines were 
explored as photocatalysts. Structural changes in the 
cobaloxime catalyst have also been studied (Figure 2). 
Although acridine (A1) and cobaloxime C1 were found to 
be suitable catalysts for dehydrodecarboxylation of acid 1, 
catalysts A2-A5, and C2-C6 proved to be useful for 
achieving high yields with other substrates. In addition, the 
acridine catalyst loading can be reduced to 8 mol% with 9-
mesitylacridine catalyst A4. 
Table 1. Reaction conditions for dehydrodecarboxylation 
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Entry Change in the reaction conditions 
a Yield, % b

1 none 88c

2 no irradiation 0

3 no acridine (A1) 0

4 no cobaloxime C1 0

5 methanol instead of acetonitrile 12

6 acridine A2 instead of A1 75

7 acridine A3 instead of A1 65

8
acridine A4 (8 mol%) instead of A1 

and 8 mol% cobaloxime C1
92c

9 cobaloxime C2 instead of C1 66

10 cobaloxime C3 instead of C1 63

11 cobaloxime C4 instead of C1 54

a Reaction conditions: acid 1 (0.3 mmol), 
dichloromethane/acetonitrile (2 : 1, 2.2 mL), Co catalyst C1 (5 
mol%), acridine catalyst A1 (20 mol%), LED ( = 400 nm), 
25−27 °C, 36 h. b Determined by 1H NMR spectroscopy with 1,4-
dimethoxybenzene as an internal standard. c Isolated yield. 

The scope of the dehydrodecarboxylation reaction was 
studied next (Figure 3). A variety of alkenes were produced 
from readily available carboxylic acid precursors. The 
reaction is suitable for the synthesis of allylic () products 
(3-7) that are difficult to access by other methods, due to 
the ease of isomerization to the conjugated -position. 
The synthetically challenging homoallylic () (8-11), and 

more remotely unsaturated (e.g., ) functionalized 
products 12 and 13 are also readily accessible, due to the 
availability of the industrially-produced precursors (e.g., 
adipic acid for ketone 10). The scope of the reaction was 
further evaluated with substrates that are derived from 
natural products and active pharmaceutical ingredients. 
Alkenes derived from azelaic (13) and 
dihydromycophenolic (14) acids, as well as biotin (15), B-
secocholestanoic acid 16, and bile acids (2, 17, and 18) 
were obtained in good yields. The reaction also affords the 
synthetically challenging protected vinylglycine 19 from 
the corresponding readily available protected glutamic acid. 
Similarly, pinonic acid afforded the ring opening product 
20 in 69% yield. Alkenes derived from chlorambucil (21) 
and sulfonamide antibiotics (22 and 23) were also readily 
produced. Products 24 and 25 derived from acids that 
contain the terminal alkynyl group were obtained in good 
yields. Carboxylic acids bearing the medicinally important 
fluoro and trifluoromethyl groups were also suitable 
substrates (26 and 27). Other halogen substituents were 
also tolerated, and alkenes bearing chloro (28), bromo (26) 
and iodo (29) groups were obtained in good yields. The 
acridine/cobaloxime-catalyzed dehydrodecarboxylation 
performed very well with a substrate featuring basic 
functional groups, e.g., a primary amino group and a 
pyridine ring (30), highlighting excellent functional group 
tolerance of the new catalytic system. Due to the recent 
increased interest in organoboron building blocks,26 
carboxylic acids bearing a boryl group were tested, and the 
products were obtained in good yields (31 and 32).
Given our focus on the development of the cooperative 
chemoenzymatic method of conversion of triglycerides to 
long-chain -alkenes, we then proceeded with the 
investigation of the dehydrodecarboxylation of fatty acids, 
as well as their derivatives and analogues. Alkenes derived 
from stearic (33), palmitic (34), myristic (35), linoleic (36) 
and euricic (37) acids were produced in good to excellent 
yields. Interestingly, dehydrodecarboxylation of oleic acid 
allows for a one step synthesis of alkene 38 that is a 
pheromone of the Oxelytrum discicolle beetles, previously 
prepared in 7 steps.27 Epoxy- and erythro-dichlorostearic 
acid-derived alkenes 39 and 40, as well as erythro-aleuritic 
acid-derived unsaturated triol 41, the bisacetylene-
containing alkene 42 and pentadecanolide-derived alkene 
43 were also readily accessible. We further explored the 
scope of secondary and tertiary carboxylic acids. Alkenes 
44 and 45 were produced in good yields from santonic and 
camphoric acids. 
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Figure 2. Acridine and cobaloxime catalysts used for dehydrodecarboxylation. 
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Figure 3. Scope of photoinduced dehydrodecarboxylation. Carboxylic acid (0.3 mmol), DCM/MeCN (2:1, 2.2 mL), 2×36W LED ( = 400 
nm) for 8 parallel reaction vessels, 25−27 oC, 36 h. Catalysts A1 (20 mol%) and C1 (5 mol%) were used unless otherwise specified. a 
Green color denotes the position of the four-membered ring in pinonic acid. b Catalysts A4 (8 mol%) and C1 (8 mol%) were used. c 
Isolated as trans-2-phenylcyclobutanol in 62% yield after treatment with BH3·THF followed by H2O2. 

In addition, alkene 46 was readily prepared from the 
corresponding 2-adamantanone-derived carboxylic acid 

precursor. Tetrahydropyridine 47 was also prepared in 
good yield. Facile preparation of cyclic styrenes 48 and 49 
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indicates that conjugated -unsaturated functionalized 
compounds can also be prepared by the A/Co-catalyzed 
dehydrodecarboxylation. Remarkably, the 
dehydrodecarboxylation reaction proceeds efficiently even 
in the case of strained cyclobutene product 50 that was 
converted to trans-2-phenylcyclobutanol in 62% yield by 
treatment of the reaction mixture with borane and then 
hydrogen peroxide (see SI). This result also shows that the 
developed dual catalytic reaction can be readily combined 
with other follow-up transformations in a sequential one-
pot fashion. Exocyclic dehydrodecarboxylation product 51 
was favored in the case of glycyrrhetinic acid, suggesting 
that steric factors may be important in determining the 
regioselectivity of the Co-mediated C−H-HAT step. 
Similar preference for the terminal double bond was 
observed for gemfibrozil (52). Interestingly, the 
regioselectivity was higher with the present acridine-based 
catalytic system than in the case of the Ir/Co-catalyzed 
process,[15] indicating that substantial regiocontrol can be 
achieved in dehydrodecarboxylation of structurally 
complex carboxylic acids. Enamine 53 was also accessible 
from the corresponding aspartic acid-derived precursor. 
The reaction demonstrated excellent functional group 
tolerance, and the oxidation-prone and reactive functional 
groups (e.g., unprotected indole 3, unprotected primary and 
secondary alcohols 2, 7, 11, 17, 18, thiophene 10, sulfide 
15, aniline 21, iodide 29, primary amine 30, boronic esters 
31 and 32) were not affected. The reaction also performed 
well with N-heterocyclic substrates (22, 23 and 30), 
indicating that N-heterocycles do not interfere with the 
acridine catalysis. Other reactive functional groups, 
including carbonyl, amide, epoxide and internal and 
terminal alkynes were also tolerated. Several alkenes were 
prepared on gram scales (17, 18, 33, and 34), further 
supporting the synthetic potential of the present catalytic 
dehydrodecarboxylation protocol. Although acridine (A1) 
and cobaloxime C1 were suitable catalysts for most 
carboxylic acids, the reaction proceeded with diminished 
efficiency with some substrates. Subsequent optimization 
showed that the yields of alkenes can be improved by using 
modified acridine catalysts A2-A5, as well as cobaloximes 
C2-C6. (Figures 2 and 3). These results demonstrate that 
structural modifications in the acridine and cobaloxime 
catalysts can have significant effects on the efficiency and 
selectivity of dehydrodecarboxylation. Furthermore, in line 
with the result obtained for alkene 2, 9-mesitylacridine 
catalyst A4 was generally more efficient, and the acridine 
catalyst loading can be reduced to 8 mol%, as shown for 
alkenes 10, 12, 18, 20, 33, 34, 36, 38, 44, 53. 
Development of the chemoenzymatic LACo process. We 
next proceeded with the development of the proposed 
cooperative chemoenzymatic LACo (Lipase-Acridine-
Cobaloxime) process for conversion of triglycerides to 
long-chain alkenes. Initial experiments with stearin 
(glyceryl tristearate, 54, a constituent of plant oils) as a 
substrate and a variety of lipases in mixtures of DCM and 
acetonitrile with water or respective optimal pH buffer 
solutions produced alkene 33 in low yields (Tables 2 and 
S1). Analysis of the reaction mixtures indicated that the 
hydrolysis was slow and incomplete. In contrast, the use of 

Amano lipase PS from Burkholderia cepacia resulted in a 
complete hydrolysis of triglyceride 54, and alkene 33 was 
isolated in 74 % yield. A lower yield was observed with 
water instead of a pH 7 buffer solution, while very little 
product was formed in the absence of the lipase or the 
aqueous buffer solution. Remarkably, the 
acridine/cobaloxime catalytic system proved to be the only 
catalytic system that enables the triple catalytic conversion 
of triglycerides directly to long-chain alkenes, as no 
product was observed with iridium-15 and acridinium16 salt-
based photocatalytic systems (Table 2, entries 9−10 and 
Table S1, entries 19−21). The lipase can be reused without 
deterioration in yields. The LACo process can be carried 
out on a gram scale (Figure 4) and can be extended to other 
triglycerides, for example glycerol tripalmitate (palmitin, 
83% yield). Furthermore, the reaction can be carried out 
with hydrogenated sunflower, corn, canola, and soybean 
oils, producing alkenes 55 in 62−83% yields. Additionally, 
sunflower, canola, corn, and soybean oils can be directly 
converted to alkenes 55 in good yields, indicating that the 
LACo process can be used 

Table 2. Reaction conditions for cooperative 
chemoenzymatic LACo process

L NA N
Co N

N

N

O

O
O

OH

H

H3C
CH3

CH3

H3C

X

Py
Co

O

O

O

O

n-C17H35

n-C17H35

O

n-C17H35
O

H17C8
Burkholderia cepacia lipase
A1 (20 mol%) C1 (5 mol%)
DCM/H2O/MeCN (10 : 4 : 1)

LED, 25-27 oC, 60 h

54 33

Entry Change in reaction conditions a Yield, 
% b

1 none 74c

2 lipase from Candida rugosa 10

3 lipase from Penicillium camemberti 9

4
lipase from Pseudomonas 

fluorescens 
33

5 lipase from Mucor javanicus 20

6 water instead of pH 7 buffer 61

7 no pH 7 buffer 11

8 no lipase 8

9
Ir[dF(CF3)ppy]2(dtbpy)PF6 

(1 mol%) instead of A1 
0d,e

10
[Mes-Acr-Me]+ClO4

− (5 mol%) 

instead of A1
0e,f

a Reaction conditions: triglyceride 54 (0.1 mmol), 
dichloromethane/acetonitrile (10 : 1, 1.6 mL), aqueous solution 
(0.7 mL), Co catalyst C1 (5 mol% per stearyl residue), acridine 
catalyst A1 (20 mol% per stearyl residue), lipase from 
Burkholderia cepacia, 27 oC, LED ( = 400 nm), 60 h. b 

Determined by 1H NMR spectroscopy with 1,4-
dimethoxybenzene as an internal standard. c Isolated yield. d In the 
presence of Cs2CO3 (20 mol%). e With blue LEDs. f The 
cobaloxime catalyst (3 mol%) was preactivated with sodium 
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6

triacetoxyborohydride as described previously, and the reaction 
was carried out for 36 h in MeOH/H2O.16a   

Sunflower seeds 80% 1.27 g, 60%
Methyl stearate 85% 1.29 g, 68%

R= C15H31 (33)

R = C13H27 (34) 83%

Hydrogenated sunflower oil
Hydrogenated corn oil 83%

69%

1.26 g, 68%

L NA N
Co N

N

N

O

O
O

OH

H

H3C
CH3

CH3

H3C

X

Py
Co

O

O

O

O

O
O

Burkholderia cepacia lipase
cobaloxime C1 (5 mol%)
acridine A1 (20 mol%)

DCM or PhCF3/H2O/MeCN
(10 : 4 : 1)

LED, 25-27 oC, 60 h

R

R

R ( )n

1.20 g, 64%

1.27 g, 62%

Sunflower oil 73% 1.16 g, 64%
Canola oil 85% 1.14 g, 61%
Corn oil 84% 1.42 g, 70%
Soybean oil 84% 1.15 g, 61%

Hydrogenated canola oil
Hydrogenated soybean oil

62%
64%

77%

( )k

( )l

( )m

N NNi
Br2

Et2AlCl

56
(4 mol%)

(13 mol%)
PhMe

57

Polyethylene-like polymer derived from palmitin,
canola, corn, soybean and sunflower oil.
Polymer was obtained in 76-99% yields with Mn
= 14.0-29.7 kg/mol and Mw/Mn = 1.19-1.57.

55

plant oil
triglycerides

Figure 4. Cooperative chemoenzymatic LACo process and polymerization of plant oil-derived alkenes. 

for production of long-chain alkenes from a variety of 
plant-derived feedstock materials.

GC-MS analysis of alkenes 55 produced from sunflower oil 
revealed presence of individual alkenes derived from 
stearic (33), palmitic (34), linoleic (36), and oleic (38) 
acids. The cooperative chemoenzymatic reaction can also 
be successfully used with methyl esters of fatty acids 
(MEFAs), − industrially important plant and algal oil-
derived chemicals, − as exemplified by conversion of 
methyl stearate to alkene 33 in 85% yield. Remarkably, the 
LACo process can be directly applied to unrefined biomass. 
For example, sunflower seeds (52% oil content) were used 
for production of alkenes 55 that were isolated in good 
yield (Figure 4). This result demonstrates the potential of 
the developed process for direct conversion of unrefined 
biomass to valuable synthetic intermediates. Moreover, the 
LACo process can be readily carried out on gram scales 
with the plant oils tested, and with unrefined biomass. As 
with the dehydrodecarboxylation of carboxylic acids, the 
LACo process can also be carried out successfully with 
reduced loading of acridine catalyst A4 (8 mol%), 
producing alkenes 55 in 78 and 73% yields from canola 
and soybean oils, respectively.

Plant oil-derived alkenes 55 obtained in the LACo process 
can find use as surfactants and detergents that are currently 
produced by oligomerization of petroleum- and coal-
derived ethylene. In addition, plant oil-derived chemicals 
have recently attracted significant attention as renewable 
feedstock monomers for polymer production.8 We, 
therefore, tested feasibility of conversion of plant oils to 
polymers produced from long-chain alkenes by a sequence 
of the LACo process and a chain-walking polymerization6 
with nickel catalyst 56 and diethylaluminum chloride as a 
co-catalyst. Gratifyingly, both palmitin-derived alkene 34 
and the alkenes produced from hydrogenated canola, corn, 
soybean and sunflower oils were readily converted to 
polyethylene-like polymer 57 in good yields (76-99%) with 
molecular weight (Mn) in the range of 14.0−29.7 kg/mol 

and narrow molecular weight distribution (Mw/Mn = 
1.19−1.57) (see SI for further details).

Mechanistic studies. Cobaloximes have been studied 
extensively as catalysts for photocatalytic hydrogen 
evolution.28 Mechanistic investigations demonstrated 
involvement of CoII and CoI cobaloxime species that are 
responsible for the absorptions in the 400−470 nm and 
560−620 nm ranges in the visible spectra of the hydrogen 
evolution reactions.29 Additionally, involvement of the 
putative cobaloxime hydride species CoIIIH as a key 
intermediate in the hydrogen evolution reaction (HER), 
possibly in equilibrium with other isomeric forms, was 
proposed.30 Cobaloximes are also used as catalysts in 
radical polymerization. 17-Electron CoII cobaloximes 
exhibit radical behavior and are known to react with alkyl 
radicals via -hydrogen abstraction (producing alkenes) 
and cross-termination (producing Co(III) 
alkylcobaloximes) at diffusion-controlled rates (>109–1010 
L/mol·s).31 The diffusion-controlled rates of 
cobaloxime/alkyl radical reactions combined with 
persistence of CoII cobaloximes enable the persistent 
radical (Ingold-Fischer) effect32 that results in the 
predominant reaction of alkyl radicals with cobaloxime,33 
outcompeting other possible pathways for alkyl radical 
sequestration, e.g., diffusion-controlled self-termination or 
a much slower (e.g., <102 L/mol·s)34 hydrogen atom 
transfer from solvent. The -hydrogen abstraction pathway 
is at the heart of the mechanism of the catalytic chain 
transfer (CCT) polymerization, while the reversible cross-
termination that produces alkylcobaloxime intermediates 
allows for an efficient end-capping in the living radical 
polymerization (LRP).31,35 With this mechanistic 
information in mind, we turned our attention to 
investigation of the mechanism of the dual catalytic 
dehydrodecarboxylation. 

Our optimization experiments indicated that both acridine 
and cobaloxime catalysts were essential to effect 
dehydrodecarboxylation, and alkene products were not 
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7

observed, when either of the catalysts was omitted (Table 
1, entries 2 and 3). Given the possibility of an exchange of 
the chloride in cobaloxime C1 with carboxylate arising 
from deprotonation of the carboxylic acid by acridine, and 
the precedented thermal decarboxylation of cobalt(III) 
carboxylates,36 we interrogated a mechanistic scenario that 
involves the anion metathesis of chloride with carboxylate 
in cobaloxime catalyst C1. This step is followed by 
photoactivation of the cobaloxime carboxylate intermediate 
(See Fig S1, decarboxylation-on-cobaloxime mechanism). 
Subsequent photoinduced single-electron transfer from 
carboxylate to cobaloxime results in decarboxylation and 
formation of the alkyl radical and CoII intermediate that 
further produce the alkene product and cobalt intermediate 
CoIIIH. Given the ancillary role of acridine as a proton 
shuttle in this mechanism, it was expected to be readily 
replaceable with other bases. Accordingly, reactions were 
carried out with palmitic acid, catalytic cobaloxime C1, 
and various organic and inorganic bases in place of acridine 
(pyridine, triethylamine, diisopropylethylamine, K2CO3, 
Cs2CO3) in catalytic (20 mol%) and stoichiometric 
quantities (Table S2). In addition, solutions of cobaloxime 
C1 with sodium and potassium palmitate were subjected to 
the irradiation. Cobaloxime C1 was also pretreated with 
silver palmitate with subsequent exposure to the LED light 
after filtration. Furthermore, reactions were performed in 
the presence of TEMPO (2 equiv.) to trap any radical 
intermediates (Table S2, entries 18−21). In no case was 
formation of alkene 34 or any other products observed. 
Additionally, no carbon dioxide was detected by GC in the 
reactor headspace, when acridine was replaced by pyridine 
(Table S3, entry 5). We also tested the hypothesis that 
decarboxylation occurs at cobaloxime after an energy 
transfer from acridine by replacing acridine with eosin Y 

(Table S2, entries 22−23). Eosin Y is known to effect a 
highly efficient energy transfer to cobaloxime C1 at 
diffusion-controlled rates.37 As with earlier experiments, no 
decarboxylation products were observed in the absence or 
in the presence of TEMPO. Taken together, these 
experiments rule out the decarboxylation-on-cobaloxime 
mechanism.

In order to test the mechanistic proposal that involves 
photoinduced hydrogen atom transfer from carboxylic acid 
to the acridine catalyst (Figure 1, decarboxylation-on-
acridine mechanism), palmitic acid was reacted with 
TEMPO in the presence of acridines A1-A4 as 
photocatalysts (Figure 5 and Table S4). The product of 
cross-termination of the alkyl radical with TEMPO 58 was 
formed in 68% yield with A1 in the absence of cobaloxime 
(Figure 5A), and carbon dioxide was detected by GC in the 
reactor headspace (Table S3, entry 6), validating the 
decarboxylation-on-acridine mechanistic proposal. Similar 
reactivity was observed for other acridine catalysts (Figure 
5A and Table S4), with acridine A4 providing cross-
termination product 58 in the highest yield (77% in 
trifluorotoluene). Addition of TEMPO (2 equiv.) to the 
A4/C1-catalyzed dehydrodecarboxylation reaction of 
palmitic acid resulted in suppression of formation of alkene 
34, indicating that TEMPO disrupts the dual catalytic 
system via competitive trapping of the alkyl radical (Figure 
5A). In order to rule out the possibility that TEMPO shuts 
down dehydrodecarboxylation by reacting with cobaloxime 
C1, we carried out additional experiments with varied 
initial loadings of TEMPO (Figure 5B). The yield of alkene 
34 decreased monotonically in response to the increased 
initial loading of TEMPO, while the yield of product 58 
grew proportionately (lines a and b, respectively, in Figure 
5B). The reaction with TEMPO was

DCM/MeCN (2 : 1)
LED, 25-27 oC, 1 h

34PA 58
TEMPO (x mol%)

+

C1 (8 mol%)
A4 (8 mol%)

DCM/MeCN (2 : 1)
LED, 25-27 oC, 1 h

34PA
A4 (x mol%)/C1 (8 mol%)

A4 (8 mol%)/C1 (x mol%)
or

B. C.

H25C12

catalyst

DCM/MeCN (2 : 1)
LED, 25-27 oC, 4 h 34

H25C12

PA

CO2H H25C12

58

O
N

TEMPO (2 equiv.)
+

68%0%A1 (10 mol%)
A4 (10 mol%) 77%0%
A4/C1 (8/8 mol%) 61%2%

A.

Figure 5. Radical trapping experiments with TEMPO and the influence of varied initial catalyst loading on the photoinduced 
dehydrodecarboxylation reaction. (A) Reaction of palmitic acid (PA) with TEMPO in the absence and in the presence of catalyst C1. (B) 
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Influence of the initial loading of TEMPO on the A4/C1-photocatalyzed dehydrodecarboxylation of palmitic acid (PA) after 1 h. (a) ▬●▬ 
: yield of alkene 34 in the presence of varied amounts of TEMPO; (b) ▬▲▬ : yield of product 58 in the absence of catalyst C1; (c) ▬■▬ 
: yield of product 58 in the presence of catalyst C1. (C) Influence of the initial loading of catalyst C1 (▬■▬) or A4 (▬●▬) on the 
A4/C1-photocatalyzed dehydrodecarboxylation of palmitic acid (PA) after 1 h.

substantially faster than the dehydrodecarboxylation, as 
evidenced by the small effect of added catalyst C1 on the 
yield of TEMPO product 58 (lines b and c). On the other 
hand, the monotonic decrease in the yield of alkene 34 with 
increasing loading of TEMPO indicates that TEMPO does 
not shut down the dehydrodecarboxylation by deactivating 
catalyst C1. Collectively, data presented in Figure 5A,B 
demonstrate that TEMPO acts as a competitive inhibitor of 
the alkyl radical capture by the cobaloxime-derived 
reactive species after the acridine-catalyzed 
decarboxylation. Furthermore, experiments with varied 
catalyst C1 loadings showed that the optimal C1 loading 
was achieved in the range of 6−10 mol% with 8 mol% A4, 
while further increase in the C1 loading did not improve 
the reaction performance (Figure 5C). Similar observations 
were made in experiments with varied acridine A4 
loadings, wherein the optimal loading of A4 was achieved 
at 8 mol% (Figure 5C). These results indicate that a kinetic 
saturation is achieved with respect to the carryover of the 
alkyl radical from the acridine catalytic cycle to the 
cobaloxime catalytic cycle. 
In order to further support the conclusion that the alkyl 
radical that is produced in the acridine catalytic cycle is 
then intercepted by a Co(II) cobaloxime intermediate, the 
dehydrodecarboxylation reaction was performed in the 

presence of stoichiometric amounts of Co(II) cobaloxime 
C6, and the corresponding transient alkylcobaloxime 
intermediate (see below for further discussion) was 
observed by means of electrospray high resolution mass 
spectroscopy (Figure S2B).
Additionally, Stern-Volmer fluorescence quenching 
experiments showed that acetic acid was a competent 
quencher for fluorescent acridine catalyst A5 (but not for 
the cobaloxime catalyst, Figures S5, S9), indicating that the 
reaction is likely initiated by quenching the acridine with 
carboxylic acids.  

Although amines are typically sufficiently basic to 
deprotonate carboxylic acids and form carboxylate salts in 
aqueous solutions (e.g., pKBH

+ = 10.6 for n-butylamine,38 
and pKa = 4.8 for acetic acid39 in water), the relative acidity 
relationship is inverted in less polar solvents (e.g., pKBH

+ = 
18.3 for n-butylamine, and pKa = 21.6 for acetic acid in 
acetonitrile),38 making formation of carboxylate salts 
thermodynamically unfavorable. Instead, formation of 
hydrogen-bonded heteroconjugated species (e.g., 
RH2N−HOAc, heteroconjugation constant K = 2089) is 
observed.38 Attenuation of amine basicity leads to a further 
decrease in interactions between amines and carboxylic 
acids in solvents of lower polarity. 
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52.1

N

H
O

O
N

OH
O +

N
H

O-
O

+

S0

T1

S1

N
H

O
O

c
a

b

h HA/RCO2

0.0 1.7

6.3

72.8 74.2

43.9 45.7

50.6

A + RCO2H HO2CRA RCO2
-AH+

1A* + RCO2H

3A* + RCO2H HO2CR)*3(A

HO2CR)*1(A

3(AH+RCO2
-)*

78.5

1A*

3A*

1(AH+RCO2
-)*

Figure 6. Computational studies (B97X-D/6-311-G**/SMD(DCM), G, kcal/mol) of the photoinduced PCET in the acridine−carboxylic 
acid system. In figures 6−8, the blue arrow depicts vertical excitation that is followed by vibrational relaxation, as well as internal 
conversion and intersystem crossing to lower energy singlet and triplet excited states. 

For example, lower heteroconjugation constant (K = 98) is 
observed for the less basic 4-methylimidazole (pKBH

+ = 
12.2 in MeCN).38 Given the comparable basicity of acridine 
(pKBH

+ = 12.7 in MeCN40) and the presence of the less 
polar cosolvent ( = 9.1, ET(30) = 40.7 kcal/mol for 
dichloromethane,  = 37.5, ET(30) = 45.6 kcal/mol for 
acetonitrile),41 the acridine‒carboxylic acid system is 
expected to be dominated by the uncomplexed amine and 
acid, as well as hydrogen-bonded conjugated species, with 
negligible involvement of acridinium carboxylate. Indeed, 
absorption spectra of a solution of acridine in the presence 
of acetic acid showed a weak bathochromic shift (Figures 
S11−S16) that is evident in the difference absorption 
spectrum (Figure S15) and correlates with the appearance 
of a light yellow color of a previously colorless acridine 
solution upon addition of acetic acid (Figure S17). 
However, the acridine‒acetic acid system spectra did not 
show a characteristic broad shoulder with a max in the 
400‒430 nm range that is known to be observed for 
acridinium salts and that can be clearly seen in the 
absorption spectra of acridine in the presence of 
trifluoroacetic acid (pKa = 12.7 in MeCN,39 Figures 
S18−S22) and triflic acid TfOH (pKa = 2.6 in MeCN,39 
Figures S23−S27) and is particularly evident in the 
respective difference absorption spectra (Figures S19 and 

S24). For comparison, no changes were observed in the 
absorption spectra of cobaloxime C1 upon addition of 
acetic acid (Figures S28−S33).
DFT computational studies of the acridine−butyric acid 
system at the (U)B97X-D/6-311+G**/SMD(DCM) level 
of theory corroborate these observations (Figure 6). While 
acridinium butyrate (AH+O2CR−) is substantially (6.3 
kcal/mol) less stable than the uncomplexed reactants, 
pointing to the very low concentration of the acridinium 
carboxylate in the reaction mixture, heteroconjugated 
hydrogen-bonded complex A−HO2CR is close in 
thermodynamic stability to the reactants (1.7 kcal/mol). 
Although the concentration of acridinium ions is negligible 
in the ground state, it can be formed by a proton transfer 
(PT) in the singlet or triplet excited state of A−HO2CR 
complex, or via the protonation of the excited acridine. 
These processes are thermodynamically unfavorable (see 
Figure 6), however, given the energy attained in the 
intersystem crossing and internal conversion after the 
vertical excitation, they may take place in the lowest singlet 
and triplet states. Subsequent electron transfer (ET) from 
carboxylate to acridinium may produce radical pair 
HA/RCO2 (i.e., pathways a and b in Figure 6). However, 
the process is thermodynamically unfavorable in the triplet 
state, potentially making the stepwise triplet PT-ET a less 
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unlikely pathway for the formation of radical pair 
HA/RCO2, while the singlet excited state PT-ET may not 
be competitive with an efficient HAT process from the 
singlet excited A−HO2CR complex (c, see below). Our 
experimental evidence supports this consideration. 
Protonation is substantially more favorable in the more 
polar solvent methanol, and concentrations of ammonium 

carboxylate salts are much higher for amine−carboxylic 
acid systems in methanol (e.g., pKa = 8.02 for 4-
methylimidazole and 7.26 for AcOH in MeOH, formation 
of the salt is thermodynamically favorable).38 However, the 
dehydrodecarboxylation (Table 1, entry 5) and the reaction 
with TEMPO (Table S4, entry 7) do not take place in 
methanol, despite the higher concentration of

HA+

0.0

20.8

H2A

9.9

2.4

71.0
3H2A*

h

C1

H2A

TS1
34.4

CoII
Cl-

HA

+

Cl-+

A

HA+

C1
CoII

Cl-+

C1

CoII

N
Co NN

N

O
OO

OH

H

H3C
CH3

CH3

H3C
N

N

N

H
H

H

N

HH

H

Figure 7. Computed energy profile (B97X-D/6-311-G**/SMD(DCM), G, kcal/mol) for the reduction of Co(III) cobaloxime catalysts -
induced acridine−carboxylic acid system. 

the acridinium ion in this more polar solvent (G = 1.5 
kcal/mol in methanol, see Figure S42, cf. G = 6.3 
kcal/mol in dichloromethane). This result also highlights 
the importance of formation of heteroconjugated hydrogen-
bonded complex A−HO2CR, since heteroconjugation is 
known to be disrupted in methanol.38 In order to further test 
the involvement of acridinium carboxylate ion pair and the 
importance of hydrogen-bonded complex A−HO2CR, the 
reaction with TEMPO was carried out under the standard 
conditions with N-methylacridinium palmitate obtained in 
the anion exchange reaction with silver palmitate and N-
methylacridinium iodide, as well as with N-
methylacridinium iodide or tetrafluoroborate in the 
presence of palmitic acid with and without pyridine as a 
base or with tetrabutylammonium palmitate instead of 
palmitic acid (Table S4, entries 9−14). N-Methylacridinium 
ion can form ion pairs with carboxylates, but cannot 
produce a hydrogen-bonded complex of type A−HO2CR, 
while exhibiting an absorption spectrum in the visible 
range that is nearly identical to that of acridinium (cf. 
Figures S18 and S41). Significantly, in all cases, less than 
4% of TEMPO product 58 or no reaction was observed, 
further supporting the conclusion that the acridinium 

carboxylate ion pair of AH+O2CR− type is not involved in 
the acridine catalysis. 
Taken together, these experimental and computational 
results are in line with the general observation that 
preassociation and hydrogen-bonding are crucial features 
of proton-coupled electron transfer (PCET) processes.42 
The importance of formation of heteroconjugated 
hydrogen-bonded complex A−HO2CR in the photoinduced 
PCET en route to radical pair HA/RCO2 can be understood 
in the context of the short lifetime of the singlet excited 
state of uncomplexed acridine ( = 0.045 ns)43 that may be 
insufficient to engage in a productive bimolecular PCET 
process. Since the lowest singlet excited state of acridine is 
of the n→* type,44 the photoinduced PCET process 
(pathway c) can be described as a hydrogen atom transfer.42 
The lowest triplet excited state of acridine, on the other 
hand, is of the →* type,44 and the corresponding 
concerted PCET process en route to radical pair HA/RCO2 
will be a concerted electron proton transfer.42 The 
conversion to the radical pair HA/RCO2 from the lowest 
triplet of A−HO2CR is endergonic, potentially reducing the 
efficiency of the triplet pathway. This computational 
conclusion is corroborated by the prior experimental 
observations that oxygen, − a very efficient triplet quencher 
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for acridine and acridinium salts (Es(1g) = 22.5 kcal/mol, 
quantum yield for quenching of triplet acridine by oxygen 
 = 0.83)45 – does not have a detrimental effect on 
photoinduced reactions of acridine, and the molecular 
reactions of excited acridine are dominated by the singlet 
excited state.46 Indeed, the acridine A4-catalyzed reaction 
with TEMPO was not significantly affected by performing 
it in the atmosphere of oxygen (Table S4, entry 8), 
indicating that triplet states are unlikely to be significantly 
involved in the decarboxylation pathway. Collectively, the 
experimental and computational results point to the singlet 
excited state of the heteroconjugated hydrogen-bonded 
complex A−HO2CR as the key intermediate in the 
dehydrodecarboxylation. 
Acridinyl radical HA that is produced in the photoinduced 
PCET step can directly reduce cobaloxime C1, in parallel 
to the known single-electron reduction of C1 by 2-
hydroxypropyl radical.47 Indeed, the reduction of C1 by 
HA was found to be thermodynamically favorable (G = 
‒7.5 kcal/mol, Figure 7), providing a pathway for the 
regeneration of the acridine catalyst (via conversion of 
acridinium HA+ to acridine A in the HER pathway, see 
below) and formation of intermediate CoII that plays a key 
role in the interception of alkyl radicals en route to alkenes. 
This reduction pathway can be especially important for the 
production of CoII from Co(III) cobaloximes in the initial 
stages of the catalytic process.
In addition to the direct reduction of C1 to CoII, acridinyl 
radical HA can undergo disproportionation to 
dihydroacridine H2A and acridine catalyst A that is known 
to proceed with near diffusion-controlled rates (>108 
L/mol·s).48 Indeed, analysis of the reaction mixture by 
NMR spectroscopy points to substantial accumulation of 
dihydroacridine H2A (~6 mol % after 20 min). 
Hypothesizing that the regeneration of acridine catalyst A 
takes place by a cobaloxime-induced oxidation of 
dihydroacridine H2A, we studied the behavior of 
dihydroacridine (H2A) in the presence of cobaloximes C1. 
While no reaction was observed in the 
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dehydrodecarboxylation reaction.

absence of light, dihydroacridine (H2A) underwent 
photoinduced oxidation with cobaloxime C1 (Figure S43). 

Negligible amount (<1%) of hydrogen was produced in the 
reaction, as evidenced by GC studies of the reactor 
overhead space (Table S3), excluding substantial 
involvement of the hydrogen evolution reaction and 
hydridocobaloxime intermediates. Further studies showed 
that cobaloxime C1 is an efficient quencher of fluorescence 
of dihydroacridine (Figure S7). On the other hand, no 
fluorescence quenching was observed for the fluorescent 
cobaloxime C2 with a nonfluorescent amine 
(diisopropylethylamine, Figure S10. Thus, the reaction may 
be initiated by an electron transfer from the photoexcited 
dihydroacridine H2A to the cobaloxime catalyst, resulting 
in formation of Co(II) cobaloxime CoII. DFT 
computational studies (Figure 7) show that the step is 
exergonic from the triplet excited state (but endergonic in 
the ground state, in line with the experimental observation 
of no dark reaction). Radical cation H2A+· can then undergo 
a proton transfer (e.g., with acridine in the 
dehydrodecarboxylation reaction) to give acridinyl radical 
HA in an exergonic step (G = ‒9.3 kcal/mol, G≠ = 13.7 
kcal/mol), thus providing a pathway for regeneration of HA 
that can subsequently reduce C1 to CoII, as described 
above. Co(II) cobaloximes are common intermediates in 
photoinduced hydrogen evolution reactions (HER),28 and 
their formation is readily deduced from the reaction 
mixture absorption spectra, due to the appearance of a 
strong absorption band in the 400−470 nm range.29 
However, the acridinium ion also absorbs in the same range 
(Figures S18−S27), and the strong absorption band in this 
range that is indeed observed in the spectra of the 
photoinduced reaction of cobaloxime C1 with 
dihydroacridine may be due to the presence of both 
products (Figures S34, S35). The presence of CoII in the 
reaction mixture was, therefore, further confirmed 
experimentally by ESI-HRMS and EPR studies (Figure 
S3). 
The persistent radical behavior of Co(II) cobaloximes is 
known to enable an efficient cross-termination with alkyl 
radicals (persistent radical effect) that under thermal 
conditions produces Co(III) alkylcobaloximes. The 
selectivities for cross-termination with cobaloximes over 
self-termination of alkyl radicals can reach 105:1,33 and the 
reaction occurs at diffusion-controlled rates, effectively 
suppressing side reactions. Due to the weakness of the 
Co−C bond (21−29 kcal/mol),49 the reaction can be readily 
reversed both thermally and photochemically. 
Photoinduced cleavage of alkylcobaloximes is known to 
produce alkyl radicals and Co(II) cobaloximes that further 
undergo -hydrogen atom transfer to give alkenes.31,33,50 
Our experimental studies show that decarboxylation takes 
place in the acridine catalytic cycle, with the acridine 
catalyst turnover being assisted by the cobaloxime 
catalysis. Kinetic experiments with TEMPO and varied 
amounts of A4 and C1 catalysts (Figure 5) support the 
carryover of the alkyl radical from the acridine catalytic 
cycle to cobaloxime. Furthermore, as in the case of the 
photoinduced reaction of dihydroacridine with C1, ESI-
HRMS and EPR studies of the dehydrodecarboxylation 
reaction mixture (Figure S2A,C) demonstrated presence of 
cobaloxime CoII that is known to play a key role in the 
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interception of the alkyl radical and its engagement in a -
hydrogen abstraction en route to alkenes via 
photoreversible formation of alkylcobaloximes.51 As 
discussed above, ESI-HRMS studies of the 
dehydrodecarboxylation reaction mixture also confirmed 
the presence of the alkylcobaloxime intermediate (Figure 
S2B), further supporting the mechanism that involves 
acridine-catalyzed generation of the alkyl radical and its 
subsequent trapping by CoII. In order to further probe the 
involvement of alkylcobaloximes in the 
acridine/cobaloxime-catalyzed dehydrodecarboxylation, n-
octylcobaloxime was used as a catalyst, and the kinetic 
behavior of the reaction was found to be comparable to the 
C1-catalyzed reaction (Figure S44), indicating that 
alkylcobaloximes can be involved in the cobaloxime 
catalytic cycle. n-Octylcobaloxime was found to undergo 
rapid decomposition to give 1-octene under the LED 
irradiation (87% consumption in 10 min, Figure S45). 

These results indicate that, if formed prior to -hydrogen 
abstraction en route to the alkene, alkylcobaloximes 
undergo rapid photoinduced homolysis. Halpern’s prior 
kinetic studies of photodecomposition of 
alkylcobaloximes51 determined that the new absorption 
band in the 410−470 nm range is due to the formation of 
CoII cobaloxime intermediate that is produced upon 
photoinitiated decomposition of hydridocobaloxime 
CoIIIH. 

The absorption band in the 400−470 nm range was also 
observed for the reaction mixture of the 
dehydrodecarboxylation reaction (Figures S36, S37), 
although acridinium can also contribute to the absorption. 
Hence, presence of CoII was additionally confirmed by 
EPR and ESI-HRMS, as discussed above. Finally, 
hydrogen was detected by GC in the reactor overhead 
space, along with carbon dioxide (produced in the acridine 
catalytic cycle) (Table S3),
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Figure 9. Mechanism of the acridine/cobaloxime dual catalytic photoinduced dehydrodecarboxylation reaction.  

supporting involvement of the hydrogen evolution reaction 
(HER) in the cobaloxime catalytic cycle.

In order to gain further insight into the mechanism of the 
dehydrodecarboxylation, DFT computational studies for 
the cobaloxime-catalyzed conversion of acyloxy radical R 
produced in the acridine catalytic cycle were performed 
(Figure 8). Decarboxylation of radical R was found to be 
exergonic (G = −19.6 kcal/mol) and occurring in a near 
barrierless fashion (G≠ = 0.4 kcal/mol), in line with prior 
experimental observations.52 The -hydrogen abstraction 
from alkyl radical R by CoII also proceeds exergonically 
(G = ‒3.5 kcal/mol), affording hydridocobaloxime CoIIIH 
and the alkene product.53 Alkyl radical R and CoII can also 
produce alkylcobaloximes CoIIIR that can undergo 
photoinduced homolysis from the triplet state. The reaction 
between CoIIIH and acridinium HA+ produces hydrogen 
and regenerates catalyst C1 in a hydrogen evolution 
reaction (HER) in a net exergonic step (G = ‒9.3 

kcal/mol). The mechanism of HER with proton sources, 
including protonated amines, was recently studied in detail 
computationally and experimentally, and involvement of 
ligand-protonated intermediates was proposed in addition 
to homolytic and heterolytic pathways.30,54 Taken together, 
the mechanism of the dehydrodecarboxylation reaction can 
be described as a dual catalytic process. The acridine 
catalytic cycle enables the photoinduced decarboxylation 
and feeds alkyl radical 59 into the cobaloxime catalytic 
cycle that effects -hydrogen abstraction en route to alkene 
product 60 directly or via the photoreversible formation of 
alkylcobaloxime AlkCoIII. The ensuing hydrogen evolution 
reaction from CoIIIH completes the cobaloxime catalytic 
cycle (Figure 9). The complex catalytic network also 
includes the cobaloxime-catalyzed turnover of the acridine 
catalyst via oxidation of acridinyl radical HA and 
dihydroacridine H2A. 
Given the general sensitivity and mutual incompatibility of 
biocatalyzed and chemically-catalyzed reactions, it is 
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remarkable that acridine catalysts enable the facile 
interfacing of the biocatalyzed ester hydrolysis and 
dehydrodecarboxylation in a triple catalytic process. It is 
especially remarkable in light of the failure of the iridium 
and acridinium photocatalysts to effect the biointerfaced 
triple catalytic process. The key to the success of the 
acridine system may lie in the directed (via hydrogen 
bonding) HAT-type character of the acyloxy radical 
generation event, as opposed to electron transfer that may 
require additives (e.g., bases to generate carboxylate 
anions) or may cause deleterious side reactions and off-
cycle photocatalyst quenching.  

3. CONCLUSION
In this paper, we describe a dual catalytic system for 
dehydrodecarboxylation of carboxylic acids that enabled 
development of a cooperative chemoenzymatic synthesis of 
alkenes from triglycerides and directly from unrefined 
biomass. The bioderived alkenes were readily converted to 
polymers, demonstrating the synthetic potential of the 
cooperative chemoenzymatic LACo process. We also 
showed that simple and inexpensive acridine photocatalysts 
can be efficiently used for photoinduced hydrogen atom 
transfer in a dual catalytic process. The scalable 
acridine/cobaloxime-catalyzed dehydrodecarboxylation 
reaction exhibits a broad substrate scope and functional 
group tolerance.
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