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Alkene cross-coupling provides a simple and efficient approach for constructing C-C bonds using readily
accessible alkene feedstocks. Despite significant progress in C-C bonds formation through the difunction-
alization of alkenes, analogous reaction involving two distinct alkenes remains extremely limited. Herein,
we report the excited-state palladium(0) catalyzed alkenylcarboxylation of two distinct alkenes with CO,,
delivering a variety of carboxylic acids in moderate to excellent yields. This reaction features high regio-
& chemoselectivity, broad substrate scope (>70 examples), and facile derivatization of products. Mecha-
nistic studies indicate that the key step for this new strategy lies in the reductive activation of electron-
deficient alkenes with the excited-state palladium complex to generate alkene radical anions. The current
single-electron reduction strategy for alkenes catalyzed by photoexcited palladium(0) not only broadens
the scope of excited palladium chemistry but also provides a mild approach for alkenes activation. Fur-
thermore, this method serves as an efficient tool for the rapid construction of multiple C-C bonds in a

one-pot operation using two distinct alkenes.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

C-C bonds formation is a key challenge in modern organic
chemistry [1,2], and the development of novel strategies for con-
structing C-C bonds remains a focus of intensive research. Alkenes,
as the most abundant and readily accessible feedstocks in the
chemical industry, serve as key building blocks for synthesizing
complex functional molecules [3-5]. In the past decades, the for-
mation of C-C bonds by two-component reaction of two distinct
alkenes has been extensively studied (Scheme 1A) [6-18], for ex-
ample, alkenes metathesis reactions, hydroalkenylation, oxidative
or reductive cross-coupling. Based on the nature of atom- and
step-economy, multicomponent reactions (MCRs) will provide a
valuable strategy for simultaneous construction of multiple C-C
and C-X (X =heteroatom) bonds in a one-pot operation. This ap-
proach offers an operationally simple and highly modular method
for the synthesis of structurally diverse molecules from abundant
feedstocks [19,20]. However, three-component reactions of two dis-
tinct alkenes face several challenges: (1) Control of the regio-
& chemoselectivity; (2) Various competitive two-component reac-
tion; (3) Alkenes dimerization (Scheme 1B).

To date, only a few examples of three-component reactions
involving two different alkenes have been reported [21-25]. For
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example, in 2023, the Glorius group employed metal-free pho-
tosensitized radical relay 1,4-carboimination across two distinct
olefins, with alkyl carboxylic acid-derived bifunctional oxime esters
[21]. The same year, the Yin group reported a three-component
cross coupling of two distinct olefins and arylboronic acids, us-
ing strategy of an organometallic-radical relay, to achieved alkenes
1,1-difunctionalizations [23]. Recently, the Huang group developed
an approach for palladium-catalyzed hydrocarbonylative cross-
coupling between electron-rich and electron-deficient olefins in
the presence of CO to produce structurally diverse B-ketoaldehyde
surrogates [24]. Despite the progress achieved in the field, it is still
necessary to develop diversified three-component coupling cat-
alytic systems to enrich the MCR types of two distinct alkenes.
CO,, widely recognized as a greenhouse gas, is inexpensive,
non-toxic, and has been considered as an ideal one-carbon feed-
stock for chemical transformations aimed at synthesizing high-
value-added chemicals [26-28]. The development of photocat-
alytic transformations of readily available alkenes and CO, has re-
cently attracted substantial attention [29-35]. In this field, many
groups have reported photoredox-catalyzed regioselective silacar-
boxyaltion [36], thiocarboxylation [37], phosphonocarboxylation
[38], arylcarboxylation [39], dicarboxylation [40], aminocarboxyla-
tion [41], cyancarboxylation [42] and alkynylcarboxylation [43] of
alkenes and CO, under mild conditions. These methods serve as
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Scheme 1. Cross-coupling of alkenes.

powerful tools for the synthesis of structurally diverse carboxylic
acid derivatives. So far, the alkenylcarboxylation of two distinct
alkenes with CO, has not been reported, primarily due to the com-
petitive two component reaction of alkenes and uncontrollable of
regio- & chemoselectivity.

In last few years, visible-light-induced palladium catalysis has
emerged as a highly vibrant and promising field of research [44].
Since the first report of photoexcited Pd and aryl iodides gen-
eration of carbon radicals by the Gevorgyan group in 2016 [45],
a wide variety of transformations have been established based
on excited-state Pd complexes, which efficiently reduce various
electrophiles, such as C-X (X=F, Cl, Br, I, OTf) [46-67], oxime
esters [68-71], diazo compounds [72], N-hydroxyphthalimide es-
ters [73-75] and ketones [76], as radical precursors via single-
electron transfer (SET). Inspired by these works, we envisioned
that photoinduced excited-state Pd(0) species could selectively re-
duce electron-deficient alkenes through SET to generate alkene
radical anions. It would be trapped by CO,, leading to new car-
bon radicals, followed by Heck-type coupling with electron-rich or
electron-neutral alkenes (Scheme 1C). The successful realization of
this method, which overcomes the undesired two-component re-
actions of alkenes, will open up new chemical spaces in cross-
coupling reactions and enable the alkenylcarboxylation of densely
functionalized and complex alkenes.

To validate our hypotheses, we commenced our study with ex-
amining the three-component reaction of readily available ethyl
acrylate (S1), styrene (S2) and CO, as the model substrates (Table
1). The reaction was carried out using palladium as a photocatalyst,
Cs,CO3 as the base, and HMPA as the solvent under 1 atm of CO,,
with irradiation by a 455 nm blue LEDs at 40-50 °C. After extensive
screening of reaction parameters, we were pleased to obtain a 70%
isolated yield of 1 (Table 1, entry 1). When the reaction conditions
were modified, a significant increase in the amounts of several side
products was observed, including hydroalkenylation (1b), hydrocar-
boxylation (1c), isomerization (1d), and oligomerization (1e) [10].
Reducing the Pd catalyst loading to 5 mol% and the ligand loading

Chinese Chemical Letters 37 (2026) 111304

Table 1
Optimization of reaction conditions.?

Pd(PPhg), (10 mol%) CO,Et
PPh; (30 mol%), ZnCl, (2.0 equiv.) _ \ieo,c P
Cs,CO03 (2.0 equiv.), HMPA: 2.0 mL
blue LEDs, 40~50°C, 16 h
then Mel (3.0 equiv.)

Side products
CO,Et CO,Et EtO,C  CO,Et
- MeOZCV\CO;EI MeO,C e MeO,C. F
1b 1c 1d 1e
Entry Variations from standard conditions Yield (%)
1 None 78 (70)°
2 Pd(PPhs3), (5 mol%), PPh; (15 mol%) 71
3 Pd(OAc), as Pd catalyst 32
4 Xantphos as a ligand N.D.
5 P(4-OMeCgH,)3 as a ligand 45
6 PCy; as a ligand N.D.
7 DMSO as solvent 25
8 DMACc as solvent 34
9 K,CO3 as base 61
10 without ligand 43
11 without ZnCl, 59
12 without Cs,CO3 48
13 $1:52=1:1 52
14 no light, up to 160°C N.D.
15 without Pd(PPh;s)4 0

2 Reaction conditions: S1 (0.2mmol, 1.0 equiv.), S2 (0.4mmol, 2.0 equiv.),
Pd(PPhs)4 (10 mol%), Cs;CO; (0.4mmol, 2.0 equiv.), ZnCl, (0.4mmol, 2.0 equiv.),
HMPA (2.0mL), irradiation with 10W 455nm blue LEDs at 40-50°C under CO,
(1 atm) for 16 h, and then Mel (0.6 mmol, 3.0 equiv.) was added to react at room
temperature for 4h. N.D.=Not detected. DMSO = Dimethyl sulfoxide. DMAc = N,N-
dimethylacetamide. HMPA = Hexamethylphosphoramide.

b Yields determined by GC analysis. Isolated yields in the parentheses.

to 15 mol% led to a slightly lower yield (Table 1, entry 2). Pd(OAc),
could also act as a catalyst, but a lower yield (32%) was obtained
(Table 1, entry 3). For Pd(II) precatalysts, the anions are expected
to influence the reduction rate of Pd(II) to Pd(0) species [53], thus
affecting the reaction outcome. Replacing PPhs with other ligands
led to either complete cessation of the reaction or a substantial re-
duction in yield (Table 1, entries 4-6). Alternative solvents, such
as DMSO and DMACc, gave lower yields (Table 1, entries 7 and 8),
which confirmed HMPA as the optimal solvent. Using K,CO3 as the
base, the yield of 1 decreased (Table 1, entry 9). Additionally, the
absence of ligands, additives, or bases in the reaction system signif-
icantly decreased the yield of 1 (Table 1, entries 10-12). The use of
equimolar amounts of S1 and S2 leads to an increase in oligomer-
ization products 1e (Table 1, entry 13). Control experiments con-
firmed the importance of both the palladium catalyst and blue
light in this photoinduced palladium-catalyzed systems (Table 1,
entries 14 and 15).

With the optimized conditions in hand, the scope of electron-
deficient alkenes was examined first (Scheme 2A). Electron-
deficient alkenes with different substitutions were identified as
suitable substrates for this transformation. Thus, a diverse array
of terminal acrylates substrates (2-7), including the free hydroxyl
group, exhibited excellent reactivity, providing the desired alkenyl-
carboxylation products in good to high yields. Similarly, acry-
lamides (8 and 9) were also well tolerated, and give the desired
carboxylic acids. Acrylonitrile afforded the three-component cou-
pling product (10) in moderate yield under mild reaction condi-
tions. In addition, 1,1-disubstituted electron-deficient alkenes, such
as acrylates and «,B-unsaturated lactones, efficiently participated
in this reaction, providing various alkenylcarboxylation products
(11-16) in good yields with excellent regio- & chemoselectivity.
To our delight, methyl 2-acetamidoacrylate was well performed to
generate (£) aspartic acid derivatives (12), thereby proving that
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Scheme 2. Substrate scope of electron-deficient alkenes. Reaction conditions: S1 or S3 (0.2 mmol), S2 (0.4 mmol), Pd(PPh3), (10 mol%), PPh; (30 mol%), Cs,CO5; (2.0 equiv.),
ZnCl, (2.0 equiv.), HMPA (2.0 mL), irradiation with 10W 455 nm blue LEDs at 40-50°C under CO, (1 atm) for 16 h, and then Mel (3.0 equiv.) was added to react at room
temperature for 4 h. Isolated yields. Unless otherwise stated, only E products were observed. @ Pd(tBusP), (10 mol%) was used as a catalyst, P(4-OMeCgH4); (15 mol%) was

used as a ligand and 2.0 equiv. of NH,4Cl was used.  Cs;CO; (1.0 equiv.) was used. ¢ The

this protocol has the potential to synthesize functionalized amino
acid derivatives. However, the ester exchange product (14) was ob-
tained when a precursor with an allylic alcohol portion was used.
Notably, even more challenging internal olefins, such as ethyl cro-
tonate and crotononitrile, successfully underwent alkenylcarboxy-
lation with vinyl arenes (17-19). Moreover, trisubstituted endo-
and exocyclic acrylates (20 and 21) were found to be capable sub-
strates for this alkenylcarboxylation reaction, which efficiently con-
struct highly complex dicarboxylic acid derivatives with alkenyl
functional groups and quaternary carbon centers.

We found that the reaction was not limited to acrylates sub-
strates, as electron-deficient vinyl aromatics (heteroarenes) can
also be reduced by excited-state Pd(0) species and successfully un-
derwent the alkenylcarboxylation to furnish monocarboxylic acid
derivatives (Scheme 2B). A series of vinyl arenes with electron-
withdrawing group, such as trifluoromethyl (22-24), nitrilea (25),
ester (26) and fluoro (27 and 28), underwent alkenylcarboxylation

ester exchange product. ¢ Diastereoselectivity was determined through 'H NMR.

efficiently, yielding the desired products in moderate yields. Ad-
ditionally, electron-deficient heteroarenes (29) proved to be com-
patible with the light-driven alkenylcarboxylation reaction. Build-
ing on these encouraging findings, we shifted our focus to ex-
ploring more challenging substrates. Instead of relying on transi-
tion metal-catalyzed defluorination to produce monofluoroalkenes
[77], this robust protocol facilitated the efficient carboxylation
of gem-difluoroalkenes, providing a straightforward route to di-
fluorocarboxylic acid products (30 and 31). Besides these, «-
trifluoromethylstyrene was also successfully subjected to the reac-
tion conditions, generating the desired product (32) in a reasonable
yield. Unfortunately, this methodology was proved to be incompat-
ible with several alkenes, such as 4-nitrostyrene, benzalmalononi-
trile, and gem-difluorocyclopropene.

We next became interested in the scope of another alkenyl con-
jugations (Scheme 3). Such as, a wide variety of electron-neutral,
electron-donating (e.g., OMe, t-Bu, OAc) or electron-withdrawing
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Pd(PPh3), (10 mol%), PPhs (30 mol%)
ZnCl; (2.0 equiv.), Cs,CO;3 (2.0 equiv.), HMPA: 2.0 mL

+ CO,
(o) 455 nm blue LED, 40~50 °C, 16 h, then Mel (3.0 equiv.)
81 S2 1 atm
33,R = Me, 72%
34, R = OMe, 78%
CO,Et 35,R = Bu, 75% . COLEt . COzEt ok COz/Et
MeO,C — 36, R = SMe, 65% €0, F MeO,C X
37, R = OPh, 74% .
38,R= Ph, 57% in
R o R-F 60% ’ 42,R = Me, 67% 44, R = OMe, 63% 46, 60%
40. R = Ol. 53% 43 R=Cl, 57%° 45 R = Cl, 43%2°
41,R = OAC,72%
CO,Et
COEt MeO,C. CO,E COzEt ZEt
MeO,C G ‘ MeO,C % MeO,C Me MeO,C
. g es
47,65% 48, 68% N= 49,61% 50, 50% 51,31%
zE‘ COZEt CO,Et
EtO,C  Ph Et0,C
MeO,C MeO,C OMe \;\J\ MeO,C
O’ MeOZCMPh Me0,C o ‘
O
52, 56% 53, 62% 54, 66% 55, 51% 56, 41%
CO,Et EtO,C COZEt CO,Et 0,Et
MeOzC\/KC@ MEOZC\/H/\ph Me0,C O> MeO,C / | MeO,C F MeOzC\MD
Me 0 SN NoMe ol
57, 45% 58, 60%, E/Z = 4:1 59, 76% 60, 43%° 61, 68% 62, 46%

Scheme 3. Substrate scope of vinyl aromatics (heteroarenes). Reaction conditions: S1 (0.2 mmol), S2 (0.4 mmol), Pd(PPh3)4 (10 mol%), PPh; (30 mol%), Cs;CO5; (2.0 equiv.),
ZnCl, (2.0 equiv.), HMPA (2.0 mL), irradiation with 10W 455nm blue LEDs at 40-50°C under CO, (1 atm) for 16 h, and then Mel (3.0 equiv.) was added to react at room
temperature for 4h. Isolated yields. Unless otherwise stated, only E products were observed. @ Pd(PPh3), (5 mol%) was used and 12h. ® A mixture composed of the target
product and a dechlorination byproduct (for details, see Supporting information). ¢ Pd(*BusP), (10 mol%) was used as a catalyst, P(4-OMeCgH4); (15 mol%) was used as a
ligand and 2.0 equiv. of NH4Cl was used.

Pd(PPhs), (10 mol%), PPh; (30 mol%) EWG
SN Zhdd g . ZnCl, (2.0 equiv.), Cs,CO5 (2.0 equiv.), HMPA: 2.0 mL MeO,C N
EWG + [} + 2 - L
X 455 nm blue LED, 40~50 °C, 16 h, then Mel (3.0 equiv.) ™ yR
S1 S2 1 atm
Me
CoEt CO,Et CO,Et
2
MeO,C MeO
MeO,C o - 2 \/K/\@ /@
NTN
N= Me Me
CF3
from Estrone from Canagliflozin precursor from Celecoxib precursor from DL-Menthol
63, 64% 64, 73% 65, 40% 66, 67%
CO,Et COzE( o] 'Me
MeO,C OMe Z Me
MeO,C Z o 2 MeO,C MeO,C )
& Me
N
H Ph
from Ibuprofen from Naproxen from Citronellol from Isoborneol
67, 45% 68, 61% 69, 43%, dr > 20:1 70, 52%, dr=1:1
Me
i /@ e b O i /\/fj
N
MeO,C 07 Y MeO,C o>§/ MeO,C N N
~ . Me
N Me/\Me MEO.C N
e
Ph 2 PMP PMP
Ph -
from DL-Menthol from Cholesterol from Lercanidipine precursor from Betahistine
71, 75%, dr > 20:1 72, 67%, dr> 20:1 73,80% 74,70 %

Scheme 4. Late-stage modification of natural products and drug derivatives. Reaction conditions: S1 (0.2 mmol), S2 (0.4 mmol), Pd(PPhs), (10 mol%), PPh; (30 mol%), Cs,CO3
(2.0 equiv.), ZnCl, (2.0 equiv.), HMPA (2.0 mL), irradiation with 10W 455 nm blue LEDs at 40-50°C under CO, (1 atm) for 16h, and then Mel (3.0 equiv.) was added to react
at room temperature for 4h. Isolated yields. Unless otherwise stated, only E products were observed. # Pd(*BusP), (10 mol%) was used as a catalyst, P(4-OMeCgH,)3 (15
mol%) was used as a ligand and 2.0 equiv. of NH4Cl was used.
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a) Gram-scale reaction
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b) Product derivatizations
Mes-Acr-Me*ClO,4-
CO,H NaOH. MeOH 2,4,6-triisopropylbenzenethiol COEt
HO,C - . A ph
~ “Ph then HCI 2,4,6-collidine, DCM/H,0
75, 95% 30 W blue LEDs,36 h, r.t. 76, 81%
CO,Et Pd(OAc),, p-benzoquinone EtO,C (0]
MeO,C. 70% HCIO4 MeO,C
Ph Ph
MeOH, rt.,, 24 h MeCN, H,0, r.t., 12 h
77,90% 78, 60%
o Et0,C
CO,Et . MeO,C o,
K20s0,4" 2H,0 X, .OH 602 N
P NMO Ph)\N (S4) p
o 0 Ph acetone:H,0 = 5:1 EtzN, DCM, r.t,, 12 h Ph Ph
rt., 24 h

79, 56%, dr > 20:1

c) Synthesizing drug analogs

A Co,Et

c

Alkenylcarboxylation

co,

standard conditions

80, 43%, dr > 20:1

oL ./
N
A o
c—.—>

82, 50%

Fig. 1. Synthetic applications. Reaction conditions see Supporting information for experimental details. (a) cis-Octahydro-1H-isoindole, EDCI, HOBt, DMF, 70°C, 8 h; (b) Pd/C,
H; (1 atm), MeOH, r.t., 24 h; (c) NaOH, H,0, MeOH, 45°C, 4h; (d) N-hydroxybenzimidoyl chloride, Et3N, toluene, 4 A molecular sieves, reflux, 24 h.

(e.g., F, Cl,) groups were tolerant at the para (33-41), meta (42 and
43), and ortho positions (44 and 45) of the vinyl arenes moiety,
affording the corresponding products in moderate to good yields.
Notably, this method demonstrates good tolerance for reactive
functional groups on the vinyl arenes, including boronate (46), free
benzyl alcohol (47), and pyrazole (48). Disubstituted and trisubsti-
tuted styrene derivatives were also efficiently transformed into the
corresponding desired products (49-53). Besides monosubstituted
alkenes, 1,1-disubstituted alkenes (54 and 55) were exhibited good
reactivity under the standard conditions. To our surprise, when
o-methylstyrene was used as a radical acceptor, the alkene iso-
merization product (55) was obtained. Remarkably, more challeng-
ing internal alkenes, such as indene and 1,2-dihydronaphthalene,
were successfully delivered alkenylcarboxylation products (56-58)
in moderate to good yields. We were delighted to find that the
method tolerated a range of heterocyclic styrene derivatives, in-
cluding 1,3-benzodioxole (59), pyridine (60), benzofuran (61), and
thiophene (62). However, unactivated alkyl alkenes proved incom-
patible with these carboxylation conditions, generating only trace
amounts of the corresponding carboxylated products (for other un-
successful examples, see Supporting information).

Then, to prove the application potential of this new synthetic
strategy, the late-stage functionalization derived from drugs and
natural products was carried out, as shown in Scheme 4. Grat-
ifyingly, vinyl arenes containing estrone, canagliflozin intermedi-
ate, celecoxib intermediate, pL-menthol, ibuprofen and naproxen

derivatives furnished target products (63-68) in moderate to high
yields. Furthermore, acrylates derived from terpenes (70 and 71),
terpenoids (69 and 73), and cholesterol (72) exhibited excellent
compatibility in this reaction. Analogously, betahistine derivative
(74) was also tolerated in this method. This approach offers a novel
synthetic pathway for building diverse complex molecules to gen-
erate diverse chemical libraries, accelerating the discovery and de-
velopment of new drugs.

In order to further demonstrate the utility of this approach, we
performed a gram-scale reaction and product derivatizations, as
shown in Fig. 1 (For details, see Supporting information). Firstly,
the reaction was performed on a 2 mmol scale under standard con-
ditions, generating product 1a in moderate yield. Then, we per-
formed facile derivatization of the products to demonstrate their
potential synthetic applications. Hydrolysis of product 1a by us-
ing NaOH produced the diacid 75 in 95% yield. A highly efficient
decarboxylation of primary carboxylic acid 1a was accomplished
through synergistic photoredox and HAT catalysis, delivering com-
pound 76 in excellent yields. Additionally, the reduction of 1 un-
der the a H, atmosphere, catalyzed by Pd/C, successfully produced
the compound 77 in 90% yield. The double bond in 1 was oxi-
dized using the Wacker process, affording the corresponding ke-
tone 78. Surprisingly, performing dihydroxylation on compound
1 results in intramolecular cyclization, yielding the lactones 79.
Moreover, treatment of compound 1 with N-hydroxybenzimidoyl
chloride and triethylamine led to the formation of desired di-
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a. Radical trapping experiment
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b. Radical probe experiment
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Fig. 2. Mechanistic studies.

hydroisoxazole 80. Notably, further transformation studies high-
lighted the practical value of the monoethyl succinate product. For
example, we successfully synthesized an analogue 81 of mitiglin-
ide [78], a drug for treatment of diabetes, in just three steps. Fur-
thermore, succinimide, an analog 82 of the nervous system drug
phensuximide [79], was also synthesized via a two-step procedure.
All these outcomes underscore the outstanding practical value of
our highly modular approach to the synthesis of structurally di-
verse molecules from abundant feedstocks, thus reinforcing their
potential application in the rapid and efficient synthesis of drug
molecule analogues.

To gain mechanistic insight into this photoinduced palladium
catalysis process, a series of experiments were carried out (Fig.
2). Firstly, when 2,2,6,6-tetramethyl-1-piperidiny-1-oxy (TEMPO) or
diphenyldiselenide (PhSeSePh) was added as a radical inhibitor un-
der standard conditions, the formation of product 1 was com-
pletely inhibited, which indicated that a radical intermediate was
involved in this transformation (Fig. 2a). In the radical probe
experiment, the cross-alkenylcarboxylation of acrylate S1 with
cyclopropyl-substituted styrene S5 produced dehydronaphthalene
83, seemingly through a radical rearrangement cascade (Fig. 2b).
After that, TEMPO completely suppressed the alkenylcarboxylation
reaction of 4-(trifluoromethyl)styrene S3, with HRMS analysis re-
vealing the formation of a possible alkyl-TEMPO adducts 84’ (Fig.

2¢, see Supporting information for more details). Secondly, when
D,0 was added as the hydrogen source in the model reaction of
ethyl acrylate and styrene under N,, the deuterated product 85
was obtained in 39% yield with 90% deuterium incorporation at
the B-position of the acrylate moiety (Fig. 2d). This result indi-
cates that the electron-deficient alkenes undergo SET reduction to
form radical anions, which subsequently undergo protonation at
the B-carbon [80]. Furthermore, neither formate (HCO,~) nor ox-
alate (C;04),~ was detected under the reaction conditions without
alkenes, suggesting that the reduction of CO, to CO,"~ is less fa-
vored (Fig. 2e). Finally, Stern-Volmer quenching experiments (Fig.
2f) revealed that the excited-state of Pd(0) catalyst was mainly
quenched by the electron-deficient acrylate S1 rather than styrene
derivatives S2.

Based on the above mechanistic investigations and previous
reports [10,41,42,80-82], we propose a possible reaction mecha-
nism (Fig. 2g). Initially, upon exposure to blue LED irradiation,
the excited-state Pd(0) can selectively reduce electron-deficient
alkenes via SET, to form hybrid Pd(I) alkyl radical anion species B.
It could react with CO, to generate the intermediate C. The inter-
mediate D is then formed by the addition of the carbon radical to
vinyl aromatics (heteroarenes), which subsequently undergo S-H
elimination to produce the Pd(II)-H species and carboxylated prod-
uct E. Finally, methylation of the carboxylated product E furnishes
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the target product, and the Pd(II)-H react with the base to regen-
erates the Pd(0) catalyst A.

In summary, we have developed the three-component cou-
pling of two distinct alkenes with CO, via visible-light induced
palladium-catalyzed process. The present method features high
regio- & chemoselectivity, broad substrate versatility and compati-
bility with complex molecules. The key to the success of reaction is
that the excited-state Pd(0) species can selectively facilitate the re-
ductive activation of electron-deficient alkenes, leading to the for-
mation of hybrid Pd(I) alkyl radical anion intermediates. Overall,
this methodology represents the first example of selective activa-
tion of two distinct alkenes via photoexcited Pd(0) catalysis, which
effectively suppresses the undesired two-component alkenes cou-
pling and enables the simultaneous construction of multiple C-C
bonds in a one-pot operation. This operationally simple and mod-
ular strategy provides a versatile platform for synthesizing struc-
turally diverse molecules.
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