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Oxalate salts are cheap and available reagents used in organic
photochemistry as C1-synthons, single-electron transfer (SET)
reductants, and hole scavengers. Relying on these multiple

1. Introduction

Oxalic acid (C,H,0,), known since the second half of the 18™
century, is the simplest dicarboxylic acid, a relatively strong
“weak” acid (pK,;=1.25; pK,,=3.81), whose name relates to
Oxalis (wood-sorrels) plants." Naturally occurring in fruits and
vegetables, it is largely used in many industrial processes,” as a
bidentate ligand in coordination chemistry (i.e., as a chelating
and a precipitating agent), with one of the most representative
applications being the anticancer drug oxaliplatin. Oxalic acid is
also the most abundant dicarboxylic acid in the atmosphere
and can influence clouds’ formation.” Recently, it has been
suggested as a chemical intermediate for carbon capture and
utilization.” In synthetic organic chemistry it has been shown
that the oxidative fragmentation of oxalic acid dianion (C,0,)*"
under visible light photo(redox) catalytic conditions affords
carbon dioxide (CO,) and carbon dioxide radical anion (CO,*").”!
The latter is a strong single-electron transfer (SET) reductant (E;,
,=—2.2V vs SCE), whereas both CO, and CO,*” can act as a C1-
source.”' It is worth noting that, given its redox potential, the
direct SET reduction of CO, to CO,*” is challenging, thus
indicating oxalic acid dianion (E,,=+0.06V vs SCE) as the
most convenient source of CO,"."" Alternatively, the latter can
be formed upon hydrogen atom abstraction by means of a
hydrogen atom transfer (HAT) agent from formate salts.”'?
Oxalic acid is also a H-donor and a hole scavenger (in
heterogeneous photocatalysis). The aim of the current article is
to foreground oxalate salts as cheap and available reagents in
synthetic organic photochemistry. Representative applications
from recent literature are organized in different sections
focused on: oxalate salts as CO,*~ precursors; oxalate salts in
the formation of electron donor-acceptor (EDA) complexes; and
oxalate salts as hole scavengers. A final section spotlights the
UV photolysis of transition metal oxalate complexes. A com-
parative analysis of the mechanistic pathways draws the ration-
ale to switch among different chemo-selective reactivity
patterns.
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roles, a critical comparison of recent applications provides a
roadmap to the diverse reductive functionalizations, highlight-
ing the unmet challenges and the future developments.

2. Oxalate Salts as CO,* Precursors via
Photoredox Catalysis

Pioneering studies reporting the formation of CO,*” via
oxidative decomposition of oxalate salts date back to the 80s of
the last Century.™ More recently, in 2018 and 2020, the groups
of A. J. Bard and D. W. Bahnemann reported the generation of
CO,*" via either electro-oxidation or photo-oxidation of C,0,>,
respectively. Early applications in organic synthesis rely, among
others, on its use as a sacrificial electron donor to reduce
methyl viologen.""'*"” In 2016, Y. You etal. harnessed [Ir-
(dFppy),(bpy)IPF¢ as a photoredox catalyst to generate CO,*",
the latter acting as a co-reactant in the SET reduction of CF;l
(E,.q=—0.91V vs SCE) to generate, upon mesolytic fragmenta-
tion, the trifluoromethyl radical CF;*."® Later on, in 2023, T. U.
Connell et al. showed that the photoredox catalytic oxidative
degradation of C,0,%" enabled to exploit the highly reductive
redox potential of CO,"” in the reduction of aryl halides,
including challenging substrates such as 4-bromoanisole (E,=
—2.72V vs SCE).'" According to Scheme 1, anisole 2 was
obtained in 68 % yield with [Ir(ppy),(phen)IPF; (1.5 mol%) as the
photoredox catalyst and tetra-n-butylammonium oxalate
(TBAO) as an organic soluble salt (5 equiv.).

The aryl halide reductions (9 examples, 86-99 % yield) were
run in acetonitrile as the solvent (0.0 5M) and required
irradiation with two 5 W blue LEDs (A =457 nm) for up to 8 h. It
is worth noting that replacing the oxalate electron donor with
triethylamine (TEA) led to 0% yield, probably due to the
inability of TEA a-amino alkyl radical (E° ~ —1.6V vs SCE) to
engage such challenging substrates.”” Later on, J. Wu and Y. Lu
exploited C,0,>~ as a traceless linchpin to perform cross-
coupling reactions of electron-deficient alkenes (Scheme 2).2'%2
The latter occurs via a two-step cascade photoredox process
initiated by the addition of the CO,*” (generated upon visible
light photoredox oxidative fragmentation of C,0,) to an
alkene 3 to provide a hydrocarboxylated intermediate 4. De-
carboxylation affords a C-centered radical Il, which adds to a
second alkene substrate 5 eventually affording cross-coupling
products 6. A dual photocatalyst system to selectively activate
C,0,7 and the carboxylate intermediate 4 relies on the use of

H
[Ir(ppy)2(phen)] PFes (1.5 mol%)
TBAO (5 equiv.), CH;CN, 8 h, Ar
2 x 5 Whblue LEDs
OMe OMe
1 2, 86%

Scheme 1. Reductive dehalogenation of 4-bromo anisole.
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r.t., 12 h, blue LEDs | 4
4 '

not isolated,
O = amides, nitriles, and esters H

one-pot

O g .
co,” —=—— coy

-CO, 4DPAIPN®™
C,04%
Hydrocarboxylation .
+
4DPAIPN*

hv\ 4DPAIPN

e ketones

- Z 5
H2C204 (1.1 equiv.), TMG (1.1 equiv.) ! ' /\O
O\/ 4DPAIPN (2 mol%), DMF (0.05 M) ! O\/\CO o

IF(dFCF3ppy)y(ctobpy)PFg (2 mol%) O\/\/\O
i 100°C, 48 h, blue LEDs 6

46 examples,

= arenes, amides, esters, and 16-70% yield

Decarboxylative
Cross-coupling [Ir]

[Ir]* le

Scheme 2. Use of oxalate as a traceless linchpin for the reductive cross coupling of alkenes.

1,3-dicyano-2,4,5,6-tetrakis-(diphenylamino)-benzene (4DPAIPN)
(2 mol%) and Ir(dFCF;ppy),(dtbbpy)PF, (2 mol%), respectively.
The C,0,>~ was formed in situ by adding 1,1,3,3-tetramethylgua-
nidine (TMG) (1.1 equiv.) as the base, since the use of cesium
oxalate as the source of CO,*” was less efficient due to solubility
issues. Optimal reaction conditions for one-pot protocol
featured N,N-dimethylformamide (DMF) as the solvent and
irradiation with two 50 W blue LED lamps (A=456 nm). The
hydrocarboxylation step occurs at room temperature, while the
decarboxylative cross-coupling requires heating at 100°C. As for
the reaction scope o,p-unsaturated amides were reacted with a
range of a,0-biarylalkenes to afford the cross-coupling adducts
in good yields (46 examples, 16-70% yield). Shortly after, A.
Matsumoto, K. Maruoka etal. reported a one-pot stepwise
sequential photocatalytic process to access 1,4-dicarbonyls 10
from alkenes 3 and 5 by harnessing a formyl-stabilized
phosphonium ylide 7 as an ambiphilic radical linchpin serving
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as both a nucleophilic and an electrophilic C-centered radicals’
source (Scheme 3).”® The first step, leading to carbonyl
derivative 8, relies on the formation of radical Il followed by its
addition to a Michael acceptor 3 and requires an oxidizing
photocatalyst, with 4CzIPN identified as the best performing
one (Scheme 3). As for the second step, the need for a reducing
photocatalyst is overcome by harnessing CO,*™ as a strong SET
reductant, whose formation from an oxalate salt is promoted,
indeed, by an oxidizing photocatalyst. Accordingly, the Authors
showed that the addition of oxalic acid promoted the formation
of an oxalate phosphonium salt IV from ylide 8, able to quench
the excited state 4CzIPN* to undergo oxidative fragmentation
to CO,*” and CO,. The former acts as a reductant to promote
the formation of the radical intermediate VI, which adds to
alkene 5 to afford an intermediate giving the products 10 upon
HAT. A 20 mol% of methyl thiosalicylate 9 was necessary to
promote the HAT to 1,4-dicarbonyl adduct 10, under irradiation
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~ sor at the University of Naples-Federico I,
| Department of Pharmacy. Her research inter-
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Qs

4CzIPN (4 mol%),
DMSO or CH;CN

25°C, 6 h, blue LEDs ! 8 0O
g

0
PPy L |
7

: s
thiol 9 (20 mol%)
(COzH)»+2H,0, DMSO/H,0 (9:1)

O~ ~0

100°C, 48 h, blue LEDs
) o 10
not purified,
O = EWG (-COzR) one-pot 49 examples,
e 26:91%yield ..
O\/ SET /\O
Phsp\)l\ ﬁ 2 PhaP\) . pphy COz <0, R53H9
4CZ|PN - m lo} E’Pha 3 ' 10

+ H*

m,\ 4CzIPN

Scheme 3. Synthesis of 1,4-dicarbonyls from alkenes.

o

with blue LEDs (1 =448 nm). The reaction scope was illustrated
by 39 compounds with yields in the range 26-83% and an
exquisite functional group tolerance towards halogens, ester,
carbamate, carbonyl, sulfonyl, phosphonate, hydroxyl, silyl,
amide, and ethers (including a ring-strained epoxide). Further-
more, a set of ten structurally complex derivatives (60-91%
yields) were synthesized from alkene derivatives of biorelevant
scaffolds including for example deoxycholic acid, ibuprofen,
vinclozolin, the carbohydrates D-glucofuranose and D-galac-
tose, and amino acids such as L-proline, L-cysteine, and L-serine.
As shown by J. Wu etal., the strong reducing properties of
CO,*” can be harnessed to achieve the photoredox catalytic
reductive functionalization of aryl alkynes 11, 14, and 16 via the

4DPAIPN (2 mol%)
_4DPAIPN (2 molve)

N
O\ CH4CN (0.1 M), rt.,

O/\/COZH
17

H 4CzIPN 7"
o, +H* RSH9
B (CozH)z
O\/a\f(\Pph —— PPhs 4CzIPN

\'

cozHc:o2

o

4CzIPN*

formation of alkyne radical anions | (Scheme 4).* More in

detail, the tetramethylguanidium salt of oxalic acid, generated
insitu (3-5 equiv. of both H,(,0, and TMG), undergoes
oxidative degradation to CO,*” and CO, upon reductive
quenching of the excited photocatalyst 4DPAIPN (2 mol%). The
reaction was run in DMA (0.1 M), at room temperature for
15 hours, and under blue LEDs irradiation (1=456 nm). De-
pending on the alkyne substitution patterns, different adducts
13, 15 and 17 can be obtained (Scheme4a, b, and ¢
respectively). As for the reaction mechanism, the photogen-
erated CO,*” forms, upon SET, an alkyne radical anion I, whose
protonation affords a vinyl radical intermediate 1l (Scheme 4d).
The latter can undergo different fates, such as radical addition

a)
12 pd)
(CO,H), (5.0 equiv.) 1
N TMG (5.0 equiv.) ;
CO,R 4DPAIPN (2 mol%) CO,R . 002.7
DMA (0.1 M), rt., 13 ' 18— x_CO;R
OO het 1|5 h, blue LEDs 43 examples, alkene
= (hetero)ary! 48-85% yield intermediate
b) R= CO,Me, radical addition
12 G : R= SO,Ph R . _ .
(CO,H), (3.0 equiv.) ‘15 H X Coy N\
oH) (3. . ' B — - .
\\ TMG (3.0 equiv.) ' radical_ adeition- O\/LV H | \\ R
14 'SO,Ph _4DPAIPN (2 mol%) ! cyclization- - R
DMA (0.1 M), rt., 15 : elimination B ] 1,14, 16
O O - anl 10 h, blue LEDs : R= H, reduction-
& 12 examples, protonation
35-71% yield '
o) . : co;™ . M
(CO,H), (3.0 equiv.) ' 17
TMG (3.0 equiv.) ' alkene
! intermediate

16 12 h, blue LEDs,
then 2N HCI (aq.),

O = (heteroyaryl Tt 10 min

25 examples,
47-85% yield

Scheme 4. Photoredox catalytic reductive functionalization of aryl alkynes.
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to an alkene to finally afford hydroalkylated products 13, upon
consecutive SET reduction of the olefin intermediate (Sche-
me 4a). Alternatively, in the presence of an aryl sulfonyl moiety,
the radical addition can be followed by a cyclization-elimination
sequence to afford arylalkenylated products 15 (Scheme 4b).
With terminal alkynes, the vinyl radical intermediate Il under-
goes reduction-protonation to give an alkene intermediate, and
further nucleophilic addition of the CO,*~ enables the formation
of hydrocarboxylated adducts 17 (Scheme 4c). The substrate
scope (75 examples, 35-85%) revealed an exquisite functional
group tolerance, while the synthetic value of the developed
procedure was further probed in the modification of complex
bioactive scaffolds such as citronellol, myrtenol, and D-glucose
as well as in the gram scale synthesis of the anti-inflammatory
drug Nabumeton by high-speed circulation flow. At the same
time, L. Yin, D. Guo, X. Zhu et al. showed that by irradiating with
blue LEDs (A=450 nm) alkynes 18 in DMF, in the presence of
4DPAIPN (2 mol%) (E*.q=—1.53 V vs SCE), (nBuyN),C,0, (TBAO,
3 or 4equiv.), and 15 equiv. of deuterium oxide (D,0), it is
possible to get deuterocarboxylation derivatives 19 or 20
(Scheme 5).2

Mechanistically, the oxalate salt TBAO undergoes oxidative
fragmentation to CO,*” and CO, upon photoinduced electron
transfer (PET) by quenching the excited state 4DPAIPN*. The
CO,*" adds to the d,-alkyne d-18 forming the vinyl radical
intermediate I. The latter regenerates the ground-state photo-
redox catalyst, thus getting reduced to anion Il. Deuteration of
Il leads to d,-alkene llI, undergoing reduction by means of SET
mediated by CO,*~ and deuteration to IV. Further reduction of
IV (by either 4DPAIPN*~ or CO,*"), provides V, finally deuterated
to carboxylate VI. Acidic work-up (HCl solution) affords the final
carboxylic acids 19. Reaction conditions enabled a 4 mmol scale
deuterocarboxylation of ethynylbenzene to d,-propionic acid in
71% vyield. The reaction scope was broad (34 examples, 14—
97 % yields), with high efficiencies of d-incorporation (78-99 %)
and tolerated functional groups involving fluorine, nitrile, ester,
ether, aromatic amine, and free carboxylic acid.

R 4DPAIPN (2 mol%),
O/ TBAO (3 or 4 equiv.), pp o bp @
18 DeO({Sedu) OMF 01M) OH or oH
Ny rt., blue LEDs, 12-48 h D D D alkyl/aryl

34 examples, 20

O = (hetero)aryl; R= H, alkyl, aryl
14-97% yield

H D (0] o)
= POz N  4DPAIPN"” -
o T o AN -
18 base d-18 O
- I
D D ]

P ACEEE R R oo : lDzo
1 C204% CO, + COy:
1 ! D O

4DPAIPN* 4DPAIPN "~ i D O col” o
\ : : L o
o | o 750 "
CO,

4DPAIPN : 0w D

»/4DPAIPN .

D O DD O .
_ acidic
D'pV

D Dwv

Scheme 5. Photoredox catalytic deuterocarboxylation of alkynes.
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A similar photoredox catalytic set up (4 CzIPN (2 mol%) and
TBAO (2 equiv.), in the presence of TMG as a base (2 equiv.))
was reported shortly after by X. Zhu et al. to engage acylated
alcohols 21 in a deoxygenative carboxylation reaction
(Scheme 6).2° Differently from the previous reports, here, the
CO, generated upon oxidative fragmentation of TBAO is not
merely waste, but acts as an electrophilic C1 source, while
CO,*” is key to reduce via SET the acylated alcohols 21
(Scheme 6).

Indeed, the distonic radical anion | undergoes fragmenta-
tion to give the alkyl radical Il, which gets reduced to carbanion
Ill upon regeneration of the ground-state photoredox catalyst.
Interestingly, the interaction of | with the counterion of the
oxalate salt was shown to be crucial to promote the f-
fragmentation to IlI, with the tetrabutylammonium (TBA) being
the only one to enable satisfactory yields, probably by forming
stable ion pairs with the anion Il and thus favoring carbox-
ylation over protonation. Additionally, the use of oxalate as
CO,*" precursor was key to get carboxylated adducts, since the
use of formate salts in the presence of a HAT catalyst afforded
only deoxygenated products due to the rapid HAT quenching
of the C-centered radical intermediate.”” A library of twenty-
four examples (36-87% yields) accounted for the good sub-
strate scope including the synthesis of the anti-inflammatory
drugs ibuprofen, naproxen, and flurbiprofen (74, 75 %, and 78 %
yields, respectively) from their acyl alcohols precursors. More
recently, Y. Uozumi et al. harnessed ammonium oxalate as a
traceless reductant to achieve a 4-electron reduction of
aromatic esters 23 to benzyl alcohols 24 promoted by a
diazabenzacenaphthenium photocatalyst N-BAP under irradia-
tion with 40 W blue LEDs (4,,,,=462 nm), in a 1:1 MeCN-H,0O
solvent mixture, at 45°C (Scheme 7).%¥ The reaction scope
involved twenty aromatic esters (methyl-, ethyl-, isopropyl-, and
phenyl- derivatives), with yields ranging from 92% to 50% and

OAc 4CzIPN(2 mol%),

/}\ TBAO (2equiv.), CO,H
NS TMG (2equiv), DMF (0.1M) N g
R sealed tube, rt., blue LEDs, 12 h R?
21 22
24 examples,
36-87% yield
(o} nBuyN*

R2 __________________ R'"! "R3 !
! (MBugN*), C04% CO, + COy:
E 4CzIPN*  4CzIPN°~ fragmentation
E hv4\ ) -nBugsNOAc
; 4CzIPN :
- 4CzIPN*~
22 «— & R1/'\R3 -~ R1/’\2R3
acidic R2 R
workup m M

Scheme 6. Photoredox catalytic deoxygenative carboxylation of acylated
alcohols.
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o N-BAP (2-5 mol%) e 3. Oxalate Salts in the Formation of Electron
o) ' I\ '
1 TBAO (2.2- 4 equiv.), et _NeN_Et: Donor-Acceptor (EDA) Complexes

1:1 CH3CN/H,0 (0.06 M ' )

Ar” TOR SCN/HZ0 ( ) A" OH | |
blue LEDS (Amax= 462 nm), ' Et Et !

23 25-45°C, 3-36 h 24 : ?

20 examples, :

50-92% yield N-BAP

Scheme 7. Photoredox catalytic reduction of aromatic esters to benzyl
alcohols.

electron-rich substrates such as methyl 4-methoxybenzoate
being unreactive (0% yield) under the developed conditions,
probably due a very negative reduction potential.

Ar TBAO 2equiv).  Ho,c "
M DMF (0.13 M)
— A ERW .
25 Np, rt., blue LEDs, 12-48 h CO,H
26
O =H, (hetero)aryl
41 examples,
O = H, aryl, alkyl 23-95% yield
Ar 25 Ar 25 Ar
N Ay \M SET O/K*/O
o. 9 - o. 9 I (nBugN*)
PBuN® N nBuN® O
O nBuN' nBuN +C0; + CO,
EDA complex | EDA complex I* aggregate
CO,
26 ~——— 2 A
acidic -
Ar workup O)j/:o
D
O>‘\(O - DO oo
acidic m

27 COH  workup

Scheme 8. Carboxylative 1,2-difuctionalization of alkenes via EDA complex

formation.
X
[¢) Ar
Ar |N A: TBAO (1.2 equiv.), I CO.Me
Bu-TMG (2 equiv.) 2
DMF (0.1 M), rt, 12 h, blue LEDs ~ CH3l
. B: 3DPAFIPN (2 mol%), 29

O =aryl TBAO (1.2 equiv.), TMG (1 equiv.),
DMF (0.1M), r.t., 5 h, blue LEDs
O = aryl, methyl

20 examples,
21-71% yield method A
50-99% yield method B

(6] o 0
A 0 A 0 M
Ar /N 0 hv Ar” N 0 SET Ar NN
O;b o R o0 1N O)b
28 co,

co, ]
l(:o2
(@] (@]

o o
)J\NJ\O' co,” Ar)]\NJ\O'

EDA complex I*

Scheme 9. Photoredox catalytic synthesis of a-amino acid esters from N-
benzoyl imines.
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Tetrabutyl ammonium has shown to be a noninnocent counter-
ion also in the formation of EDA complexes between TBAO and
alkenes (Scheme 8).? More in detail, TBAO is able to form
charge-transfer complexes | with aryl substrates via m-cation
interactions (Scheme 8). Under irradiation with 450 nm blue
LEDs a PET from C,0,% to the alkene substrate, thus inducing
the formation of CO,*” and CO,, which can both add to a
carbon-carbon double bond as in alkenes, dienes, trienes, and
indoles to afford 1,2- and 1,4-dicarboxylic acid derivatives (41
examples, 23-95 % yields). Mechanistically, the formation of the
benzyl anion Ill was supported by deuterium labelling studies
via formation of d-carboxylic acid derivative 27 (Scheme 8).
TBAO has been also reported in the formation of EDA
complexes with N-benzoyl imines 28 (Scheme 9).2% Similarly to
the previous procedure by X. Zhu et al., it is CO, to act as C1-
source.”® Here, the switch from oxalic acid (forming in situ a
TMG salt) to TBAO enables to suppress the formation of the
reduced amine while favoring the hydrocarboxylation to form
unnatural a-amino acids 29 (Scheme 9). Indeed, blue LEDs
irradiation of a DMF solution of N-benzoyl imines 28 and TBAO,
in the presence of tBu-TMG as a base, at room temperature, for
12 hours, leads to the formation of the corresponding a-amino
acids 29 in moderate to good yields (20 examples, 21-71%
method A). Alternatively, good to excellent yields (50-99 %) can
be achieved by using 3DPAFIPN (2 mol%) as a photoredox
catalyst and TMG (1.0 equiv.) as a base (method B, Scheme 9).
Unsuccessful substrates include monoarylbenzoyl imines and
simple aryl or benzyl imines (the benzoyl moiety is key to
confer an electron acceptor behavior to the imine). Mechanisti-
cally, the distonic radical anion Ill can be generated upon
addition of CO, to Il followed by SET reduction mediated by
CO,*” to give IV. Addition of CO, to IV and N-decarboxylation
affords the amino acid derivatives isolated as the corresponding
methyl esters 29. Deuterium labelling studies led the Authors to
exclude a radical- radical coupling between Il and CO,*".

4. Oxalate Salts as Hole Scavengers

The photocatalytic reduction of organic compounds such as
nitroaromatics is typically achieved by using methanol as both
the solvent and the sacrificial electron donor, whose aim is to
scavenge holes (h+) in heterogeneous photocatalytic systems
and thus reducing the recombination within the particles.®'-*%
In 2009, H. Kominami et al. showed that oxalic acid can be
considered as a “greener” hole scavenger as compared to
methanol, since the latter forms toxic formaldehyde as the
oxidized species (opposed to safer CO,). Oxalate ions, indeed,
are oxidized by h”, forming CO, and CO,*", the latter being
able to reduce nitrobenzene. Accordingly, the authors reported
that the photocatalytic reduction of nitrobenzene to aniline in
an aqueous suspension of titanium (IV) oxide (TiO,) particles
(Degussa P25 TiO,) was accomplished in 95% yield after 30
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minutes under photoirradiation at wavelengths >300 nm by a
high-pressure mercury arc (400 W) and at 25°C. The use of
oxalate salts was also previously shown to induce the photo-
catalytic reduction of nitrate in aqueous dispersions of TiO,.***®
More recent applications include the hydrogenation of phenol
to cyclohexanol over a Rhodium-loaded Titanium (IV) oxide
photocatalyst.®” Such phenol degradation was also selected as
a model reaction to investigate the effects of different
scavenger agents in heterogeneous photocatalysis.®?® D. Scheres
Firak et al. reported that at pH around 3 as the optimal one, the
oxalate dianion coordinates Ti** forming inner-sphere com-
plexes which favor electron transfer to the conduction band of
titanium atoms or to the photogenerated holes. Under visible
light the oxalate-TiO, complexes (C,0,>—TiO,) can promote the
decomposition of oxalate into CO, and CO,*" via direct electron
transfer from the oxalate to the conduction band of a Titanium
atom (the hole does not participate). Under UV(A) irradiation,
the Authors observed homolytic cleavage of the oxalate,
yielding 2 equivalents of CO,*", indicating that the charge
transfer can occur between the ligands and the photogenerated
holes.®® Representative applications of oxalate salts as hole
scavengers also involve graphene/semiconductor composites,””!
AVO, (A=Bi, Fe)-Carbon nanofibers (CNFs) heterostructures for
the degradation of Rhodamine B,*"" combined magnetic Ag/
Fe,0,/TiO, nanofibers (NFs)“? and bimetallic Mn—Fe MOFs™*¢
for the photocatalytic reduction of Cr(IV).

5. Photolysis of Transition Metal Oxalate
Complexes

The oxalate dianion C,0,>~ is known to be a ligand in
coordination complexes with transition metals such as V(lll), Mn
(ly, Cr(iny, Te(v), Fe(ll, Ru(lll), Co(lll), Rh(lll), and Ir(ll).% It has
also been reported as a bridging ligand to form bi- and
polynuclear complexes.”**? Transition metal oxalates are largely
applied as energy storage materials.*”*® Ferrioxalate Fe"-
(C,0,);> is one of the most extensively investigated complex as
it is naturally occurring and it is used as an actinometer to
quantify photon flux thanks to its high absorbance and reaction
quantum yield.***® Its photolysis (UV light) generates CO,*~
able to reduce one more equivalent of ferrioxalate and to
induce the mineralization (degradation) of dissolved organic
matter (DOM) in natural waters and atmospheric aerosol
particles.®" The photolysis of ferrioxalate occurs via direct
photoexcitation, followed by ligand-to-metal charge-transfer
(LMCT) triggering iron reduction. The oxidized oxalate radical
anion undergoes fragmentation to CO,*~ and CO, via molecular
steps as revealed by ultrafast laser-based spectroscopic studies,
quantum mechanical simulations, and molecular dynamics.***
Interestingly, ferrioxalate is characterized by a broad absorption
band centered at A,,,=260nm, spanning toward the red
(A~500 nm).****! Notwithstanding these valuable features, appli-
cations of transition metal oxalate complexes in synthetic
photochemistry still represent a gap in the literature opened for
contributing new advancements in the field.

ChemPhotoChem 2025, 202400407 (7 of 8)

6. Summary and Outlook

Oxalate salts are cheap and available reagents in visible light
photoredox catalysis, useful as an electron reservoir and a C1-
source. Their redox potential enables a smooth oxidative
fragmentation to CO,*” and CO, under mild conditions. Up-to-
date-literature relies on the exploitation of CO,*” as a strong
“dark” reductant able to engage substrates such as aryl
bromides, alkenes, alkynes, acylated alcohols, and N-benzoyl
imines. The CO,*” either can react as a C1 source or it can
behave as a traceless linchpin in the reductive cross-coupling of
alkenes. Furthermore, its reductive properties can be harnessed
to get carbanion intermediates, able to undergo carboxylation
reaction with CO, Importantly, the generation of CO,*” via
oxidative fragmentation of an oxalate salt stands for a valuable
alternative to hydrogen atom abstraction from formate salts
when the presence of a HAT agent is not compatible with the
other reaction substrates (both as the starting materials and
products). Furthermore, oxalate salts stand for an efficient and
cleaner source of electrons as compared to more common
trialkylamines, with inert CO, as the only by-product. Worthy of
note, the poor solubility of inorganic oxalate salts (e.g., sodium
and potassium) is overcome by using either organic-soluble
salts (e.g., tetrabutylammonium) or by forming them in situ via
deprotonation with an organic base (e.g. tetramethylguani-
dine). Finally, the photochemistry of transition metal oxalate
complexes highlighted in section 5 lacks synthetic organic
applications, which would further expand the targetable
chemical space. All these features point towards the engage-
ment of even more complex and challenging substrates and
make oxalate salts as a herald of rich and fascinating chemistry.
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