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1. General Information 

All manipulations with air-sensitive reagents were carried out under a dry nitrogen 

atmosphere and all reactions were performed under N2 or CO2 atmosphere unless otherwise 

noted. All commercial reagents were used without additional purification. Solvents were 

dried using standard methods and distilled before use. TLC was performed on silica gel plates 

(Merck silica gel 60, f254), and the spots were visualized with UV light (254 and 365 nm) or 

by charring the plate dipped in KMnO4 or vanillin charring solution. 
1
H NMR was recorded 

at 300 MHz, 400 MHz and 600 MHz   frequency and 
13

C NMR spectra were recorded at 75 

MHz 100 MHz  and 150 MHz frequency  in CDCl3 and D6-DMSO as a solvent using TMS as 

the internal standard. Proton decoupled 
19

F NMR spectra were recorded in CDCl3 and D6-

DMSO solvent using hexafluorobenzene as the internal standard. Chemical shifts were 

measured in parts per million (ppm) referenced to 0.0 ppm for tetramethylsilane. Cyclic 

voltammograms were recorded on an electrochemical station (CHI600E). TCSPC life-time 

was measured in HORIBA DeltaFlex system. Visible light irradiation was performed with a 

custom-built blue LED strip chamber (48W, λirr. = 425 ± 25 nm) for photocatalytic reactions. 

10 m LED strip was attached inside the 4.0 cm radius chamber and one water container is 

placed inside the LED chamber for maintain constant temperature. Reaction was placed 

middle of the water container, at 4 cm distance from the light source. Palladium acetate 

Pd(OAc)2, Xantphos, Xphos, t-Buxphos, Davephos, Ruphos, Johnphos, Sphos, Cesium 

carbonate, Ru(bpy)3Cl2.H2O, Ir(ppy)3, Mes-Acr.BF4 were purchased from Sigma-Aldrich. 

Ir[dF(CF3)ppy]2(dtbpy)(PF6) 1
1
, Ir(4-F-ppy)2(dtbpy)(PF6) 2

1
, Ir(ppy)2(dtbpy)(PF6) 3

1
, 

(COD)Pd(CH2TMS)2
2
 4CzIPN

19
, 5CzBN

19
, 3DPAFIPN

19
 were prepared according to the 

published methods. Decarboxylation-carboxylation reactions were performed inside the 

Sytracks CO-ware (inside total volume 20 mL) is sealable, two-chamber glassware consisting 

of two reaction vessels connected by a bridge allowing gas-transfer between the chambers. 

The following abbreviations were used to explain multiplicities: s = singlet, d = doublet, t = 

triplet, q = quartet, pen = pentet, sex = sextet, m = multiplet, br. = broad. Coupling constants, 

J were reported in Hertz unit (Hz). HRMS (m/z) were measured using EI and ESI techniques. 
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2. Experimental procedures 

A. General Procedure of Carboxylation Reaction (Scheme 2) 

A DMA solution (2.0 mL) of an aryl or vinyl triflate (0.20 mmol) with palladium acetate (2.2 

mg, 0.01 mmol, 5.0 mol %), davephos (7.8 mg, 0.02 mmol, 10.0 mol %), 

Ir(ppy)2(dtbpy)(PF6) 3 (3.6 mg, 0.004 mmol, 2.0 mol %), Cs2CO3 (130 mg, 0.40 mmol, 2.0 

equiv.) and i-Pr2NEt (70 µL, 0.4 mmol, 2.0 equiv.) was prepared in a teflon screw cap glass 

vial (7 mL)  under a nitrogen atmosphere. Then the solution was bubbled with CO2 through a 

needle for 15 min to replace nitrogen with CO2 gas. The preparation of reaction mixture is 

done in benchtop. Then the reaction vial was kept in a water bath which is placed at the 

middle of the customized blue LED strip chamber. The resulting mixture was irradiated under 

blue LED (48 W) light by balloon pressure of CO2 for 36 h in the closed system. After 

irradiation, the reaction mixture was quenched with H2O and 2N HCl solution then the 

mixture was extracted with EtOAc three times. The combined organic layer was washed with 

H2O and dried over Na2SO4. The solvent was evaporated under reduced pressure, and the 

crude product was purified by column chromatography (SiO2, eluting with hexane/ethyl 

acetate) to afford the desired carboxylation product. 

B. General Procedure for Screening of Carboxylation Reaction Conditions (Table 1) 

A DMA solution (2.0 mL) of 2-naphthyl triflate 1a (27.6 mg, 0.10 mmol) with metal (0.01 

mmol, 10.0 mol %), a ligand (0.02 mmol, 20.0 mol %), a photoredox catalyst (0.002 mmol, 

2.0 mol %), additive (0.3 mmol, 3.0 equiv.) and reducing agent (0.3 mmol, 3.0 equiv.) was 

prepared in a teflon screw cap glass vial (7 mL)  under a nitrogen atmosphere. Then the 

solution was bubbled with CO2 through a needle for 15 min to replace nitrogen with CO2 gas. 

The preparation of reaction mixture is done in benchtop. Then the reaction vial was kept in a 

water bath which is placed at the middle of the customized blue LED strip chamber. The 

resulting mixture was irradiated under blue LED (48 W) light by balloon pressure of CO2 for 

24-36 h in the closed system. After irradiation, the reaction mixture was quenched with H2O 

and 2N HCl solution then the mixture was extracted with EtOAc three times. The combined 

organic layer was washed with H2O and dried over Na2SO4. The solvent was evaporated 

under reduced pressure, and the crude product was purified by column chromatography 

(SiO2, eluting with hexane/ethyl acetate) to afford the desired carboxylation product. 

C. General Procedure of Carboxylation Reaction in 1 mmol scale 



5 
 

A DMA solution (8.0 mL) of 2-naphthyl triflate 1a (276 mg, 1 mmol) with palladium acetate 

(11 mg, 0.05 mmol, 5.0 mol %), davephos (39.3 mg, 0.1 mmol, 10.0 mol %), 

Ir(ppy)2(dtbpy)(PF6) 3 (18 mg, 0.02 mmol, 2.0 mol %), Cs2CO3 (650 mg, 2 mmol, 2.0 equiv.) 

and i-Pr2NEt (350 µL, 2 mmol, 2.0 equiv.) was prepared in a teflon screw cap glass vial 

under a nitrogen atmosphere. Then the solution was bubbled with CO2 through a needle for 

15 min to replace nitrogen with CO2 gas. The preparation of reaction mixture is done in 

benchtop. Then the reaction vial was kept in a water bath which is placed at the middle of the 

customized blue LED strip chamber. The resulting mixture was irradiated under blue LED 

(48 W) light by balloon pressure of CO2 for 36 h in the closed system. After irradiation, the 

reaction mixture was quenched with H2O and 2N HCl solution then the mixture was extracted 

with EtOAc three times. The combined organic layer was washed with H2O and dried over 

Na2SO4. The solvent was evaporated under reduced pressure, and the crude product was 

purified by column chromatography (SiO2, eluting with hexane/ethyl acetate) to afford the 

desired carboxylation product in 71% yield. 

3. Optimisation 

Table S1. The screening of metals 

 

Entry Metal Yield (%)
a
 

1 Ni(COD)2 5 

2 NiBr2 8 

3 

4 

Pd(PPh3)4 

Pd(PPh3)4 

45 

20
b
 

5 Pd2(dba)3 15 

6 

7 

Pd(PPh3)2Cl2 

Pd(OAc)2 

23 

25 

a
 Yields are determined by isolated yield. 

b
 without ligand. 



6 
 

Palladium showed the active catalyst for this transformation due to the oxidative addition was 

faster than nickel. 

 

Table S2. The screening of photocatalyst 

 

Entry Photocatalyst Yield (%)
a
 

1 Ir[dF(CF3)ppy]2(dtbpy)PF6 1 25 

2 Ir(ppy)3 4 n.d. 

3 Mes-Acr
+
.BF4

-
 6 n.d. 

4 Ru(bpy)3Cl2.6H2O 5 30 

5 Ir(F-ppy)2(dtbpy)PF6 2 45 

6 Ir(ppy)2(dtbpy)PF6 3 50 

a
 Yields are determined by isolated yield.  

 

The yield of the desired carboxylic acid was improved with Ir(F-ppy)2(bpy)PF6 2, 

[Ir(ppy)2(dtbpy)]PF6 3 having higher reduction potential. 

 



7 
 

Table S3. The screening of phosphine ligand 

 

Entry Ligand Yield (%)
a
 

1 Xantphos 50 

2 Xphos 75 

3 DPPF 0 

4 DPPE 0 

5 PPh3 10 

6 CyJohnphos 15 

7 PCy3 n.d. 

8 TFP 20 

9 i-pr.HCl 0 

10 P[(4-CF3)-Ph]3 25 

11 t-BuXPhos 50 

12 Johnphos 50 

13 Ru-Phos 76 

14 

15 

Davephos 

Sphos 

91 

72 

a
 Yields are determined by isolated yield.  
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The desired carboxylic acid 2a was produced by using xantphos and monodentate phosphine 

ligands containing a biphenyl moiety. Biphenyl containing cyclohexyl moiety onto the 

phosphorous centre preferable to Xphos or Ruphos or Davephos was showed high affinity 

towards reaction outcome. 

 

Table S4. The screening of reducing agent 

 

Entry Reducing Agent Yield (%)
a
 

1 Triethyl Amine n.d. 

2 TEOA 30 

3 Hantzsch Ester 39 

4 TMEDA n.d. 

5 

6 

DIPEA 

1-Adamantane carboxylic acid 

91 

22 

a
 Yields are determined by isolated yield.  
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The carboxylic acid 2a was furnished in a higher yield by using i-Pr2NEt as a sacrificial 

electron-donor. 

 

Table S5. The screening of solvent 

 

Entry Solvent Yield (%)
a
 

1 DMF 76 

2 DMSO 80 

3 DMA 91 

4 NMP 65 

5 CH3CN n.d. 

a
 Yields are determined by isolated yield.  

The carboxylic acid 2a was produced in a higher yield in basic solvent and with DMA 

showed highest yield. 
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Table S6. The screening of additive 

 

Entry Additive Yield (%)
a
 

1 Cs2CO3 91 

2 NaOAc n.d. 

3 NaHCO3 20 

4 K2CO3 35 

5 Na2CO3 30 

a
 Yields are determined by isolated yield.  

This carboxylation reaction was improved by the addition of Cs2CO3 as a base. 

 

Table S7. The amount of reagent screening 

 

Entry 
V mol % 

Pd(OAc)2 

W mol % 

Davephos 

X mol % 

Ir(ppy)2(dtbpy)PF6 

Y equiv. 

Cs2CO3 

Z equiv. 

DIPEA 

Yield (%)
a
 

1 10.0 20.0 2.0 1.5 1.5 77 

2 10.0 20.0 1.0 1.5 1.5 74 

3 7.5 15.0 2.0 1.5 1.5 65 

4 5.0 15.0 2.0 1.5 1.5 75 



11 
 

5 5.0 10.0 2.0 1.5 1.5 82 

6 5.0 10.0 2.0 2.0 2.0 89 

7 2.5 5.0 2.0 2.0 2.0 55 

a
 Yields are determined by isolated yield.  

By using 5.0 mol % Pd(OAc)2, 10 mol % Davephos, 2.0 mol % [Ir(ppy)2(dtbpy)]PF6, 2.0 

equiv. Cs2CO3, 2.0 equiv. DIPEA, the carboxylation reaction produced the highest yield. 

 

Table S8. The screening of organic dye 

 

Entry Dye Yield (%)
a
 

1 4CzIPN 8 

2 5CzBN 13 

3 3DPAFIPN 16 

a
 Yields are determined by isolated yield.  

 

Organic dyes were provided the carboxylated product 2a in low yield. 
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Table S9. Control experiments 

 

 

Entry Conditions Yield (%)
a
 

1 standard conditions 89 

2 no Pd(OAc)2 and no Davephos  0 

3 no Ir(ppy)2(dtbpy)PF6 3 0 

4 no DIPEA 0 

5 no Cs2CO3 15 

6 under N2 instead of CO2 0 

7 Under dark 0 

a
 Yields are determined by isolated yield. 

In this carboxylation reaction, palladium catalyst, photoredox catalyst, reducing agent, photo-

irradiation and CO2 gas were all necessary, and absence of any component suppressed the 

reaction. 

D. General Procedure C of Decarboxylation-Carboxylation Reaction (Scheme 3d) 

 

Figure S1. Schematic design of decarboxylation-carboxylation reaction. 
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A DMA solution (2.0 mL) of an aryl triflate (0.10 mmol) with palladium acetate (1.1 mg, 

0.005 mmol, 5.0 mol %), davephos (3.9 mg, 0.01 mmol, 10.0 mol %), Ir(ppy)2(dtbpy)(PF6) 3 

(1.8 mg, 0.002 mmol, 2.0 mol %), Cs2CO3 (65 mg, 0.20 mmol, 2.0 equiv.) and i-Pr2NEt (35 

µL, 0.2 mmol, 2.0 equiv.) was prepared in one side (carboxylation chamber, B) of the 

SyTracks H-type screw vessel (total inner volume 20 mL) and another side (decarboxylation 

chamber, A) a mixture of 2,6-dimethoxybenzoic acid (550 mg, 3.0 mmol, 1.0 equiv.), iodine 

(3.0 gm, 4.0 equiv.) with K3PO4 (0.6 gm, 1.0 equiv.) was prepared. Then the vessel was 

degassed three times with N2 and finally the chamber was vacuumed. After adding the MeCN 

in the decarboxylation chamber (A), immediately, whole reaction vessel was transfer on to 

the magnetic stirrer where carboxylation chamber (B) was irradiated under blue LED (48 W) 

light for 36 h in the closed system. After that both product were separated by column 

chromatography (SiO2, eluting with hexane/ethyl acetate) to afford the desired carboxylation 

product and decarboxylative iodination product (90% yield). 

Table S10. The amount of decarboxylative reaction screening 

Entry X mmol Decarboxylative Reaction Yield (%)
a
 

1 1.5 20 

2 2 45 

3 3 65 

4 4 n.d.
b
 

a
 Yields are determined by isolated yield. 

b
 Reaction was bumped over to the other arm (B) in 

our reaction set up (< 60 psi). 

From the accidental point of view, we used the optimal pressure inside the H-type vessel. The 

reaction under a special high pressure H-type reactor may provide better yield. 
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E. Decarboxylation-Carboxylation Products 

 

4. Reaction Set-up: 

 

Figure S2. (a) Customized blue LED strip chamber. (b) Carboxylation reaction set-up. (c) H-

type decarboxylation-carboxylation reaction vial (total inner volume 20 mL). 

 

5. Characterization Data for Carboxylation Product: 

 

2-naphthoic acid, 2a: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 30.6 mg (89% yield).
3
 mp 181-182 

o
C,

 1
H NMR (300 MHz, D6-DMSO): δ 8.61 (s, 1H), 
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8.12 (d, J = 7.8 Hz, 1H), 8.03-7.96 (m, 3H), 7.68-7.58 (m, 2H); 
13

C NMR (75 MHz, D6-

DMSO): δ 167.5, 134.9, 132.2, 130.5, 129.3, 128.3, 128.2, 128.1, 127.7, 126.8, 125.2. 

 

6-methoxy-2-naphthoic acid, 2b: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 26.3 mg (65% yield).
7
 mp 201-202 

o
C, 

1
H NMR (600 MHz, CDCl3): δ 8.64 (s, 1H), 

8.09 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 9.0 Hz, 1H), 7.81 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 9.0 

Hz, 1H), 7.19 (s, 1H), 3.97 (s, 3H); 
13

C NMR (150 MHz, D6-DMSO): δ 171.3, 159.8, 137.6, 

131.8, 131.1, 127.8, 126.9, 126.1, 124.1, 119.7, 105.7, 55.4. 

 

6-bromo-2-naphthoic acid, 2c: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 32.4 mg (65% yield).
8
 
1
H NMR (400 MHz, CDCl3): δ 8.57 (s, 1H), 8.25 (s, 1H), 8.03 

(d, J = 8.8 Hz, 1H), 7.96-7.95 (m, 2H), 7.68 (dd, J = 8.8 Hz, 2.0 Hz, 1H); 
13

C NMR (100 

MHz, D6-DMSO): δ 167.7, 136.5, 131.9, 131.2, 130.9, 130.4, 130.1, 129.1, 128.0, 126.8, 

122.3; HRMS (ESI, m/z) calcd. for C11H6BrO2 [M - H]
 
: 248.9551, 250.9531; found: 

248.9542, 250.9516.  

 

1-naphthoic acid, 2d: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 21.0 mg (61% yield).
4
 mp 160-162 

o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 13.13 (br.s, 

1H), 8.85 (d, J = 8.4 Hz, 1H), 8.15 (t, J = 8.4 Hz, 2H), 8.01 (d, J = 7.8 Hz, 1H), 7.64 (t, J = 

7.2 Hz, 1H), 7.59 (t, J = 7.8 Hz, 2H); 
13

C NMR (150 MHz, D6-DMSO): δ 169.1, 133.9, 

133.4, 131.1, 130.3, 129.0, 128.1, 128.0, 126.6, 125.9, 125.3. 
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benzoic acid, 2e: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 16.3 mg (67% yield).
3
 mp 120-122 

o
C, 

1
H NMR (300 MHz, CDCl3): δ 8.14 (d, J = 7.2 

Hz, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H); 
13

C NMR (75 MHz, D6-DMSO): δ 

172.2, 133.8, 130.2, 129.3, 128.5. 

 

4-methoxybenzoic acid, 2f: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 24.3 mg (80% yield).
3
 mp 184-186 

o
C,  

1
H NMR (300 MHz, D6-DMSO): δ 7.89 (d, J = 

8.7 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 3.80 (s, 3H); 
13

C NMR (75 MHz, D6-DMSO): δ 167.1, 

162.9, 131.4, 122.9, 113.9, 55.5. 

 

4-chlorobenzoic acid, 2g: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 22.8 mg (73% yield).
3
 mp 236-238 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 7.94 (d, J = 

8.7 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H); 
13

C NMR (75 MHz, D6-DMSO): δ 166.5, 137.8, 131.2, 

129.7, 128.8. 

 

benzo[d][1,3]dioxole-5-carboxylic acid, 2h: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 28.2 mg (85% yield).
5
 mp 234-236 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 12.80 (br.s, 
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1H), 7.54 (d, J = 8.1 Hz, 1H), 7.36 (s, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.12 (s, 2H); 
13

C NMR 

(75 MHz, D6-DMSO): δ 166.7, 151.2, 147.5, 125.1, 124.7, 108.8, 108.1, 102.0. 

 

2-methylbenzoic acid, 2i: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 21.8 mg (80% yield).
4
 mp 100-102 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 12.79 (br.s, 

1H), 7.81 (d, J = 7.8 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.29 (d, J = 7.5 Hz, 1H), 2.51 (s, 3H); 

13
C NMR (75 MHz, D6-DMSO): δ 168.7, 139.0, 131.8, 131.5, 130.5, 130.2, 125.9, 21.3. 

 

4-cyanobenzoic acid, 2j: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 19.1 mg (65% yield).
3
 mp 215-217 

o
C, 

1
H NMR (300 MHz, CDCl3): δ 8.21 (d, J = 8.4 

Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H); 
13

C NMR (75 MHz, D6-DMSO): δ 166.1, 134.8, 132.7, 

129.9, 118.2, 115.1.  

 

4-(trifluoromethoxy)benzoic acid, 2k: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 31.3 mg (76% yield).
9
 mp 146-148 

o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 13.22 (br.s, 

1H), 8.05 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H); 
13

C NMR (150 MHz, D6-DMSO): δ 

166.6, 151.8, 132.1, 130.2, 121.1, 120.3 (d, JC-F = 256.2); HRMS (ESI, m/z) calcd. for 

C8H4F3O3 [M - H]
 
: 205.0113; found: 205.0116; 

19
F NMR (376 MHz, CDCl3): δ -60.88. 
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4-fluorobenzoic acid, 2l: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 17.4 mg (62% yield).
3
 mp 185-187 

o
C, 

1
H NMR (400 MHz, D6-DMSO): δ 12.98 (br.s, 

1H), 7.96-7.93 (m, 2H), 7.29-7.25 (m, 2H); 
13

C NMR (100 MHz, D6-DMSO): δ 166.9, 165.4 

(d, J = 249.4 Hz), 132.6 (d, J = 9.4 Hz), 127.9 (d, J = 2.4), 116.1 (d, J = 21.7 Hz); 
19

F NMR 

(376 MHz, CDCl3): δ -107.37. 

 

4-(trifluoromethyl)benzoic acid, 2m: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 26.2 mg (69% yield).
3
 mp 217-219 

o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 13.50 (br.s, 

1H), 8.12 (d, J = 7.8 Hz, 2H), 7.87 (d, J = 7.8 Hz, 2H); 
13

C NMR (150 MHz, D6-DMSO): δ 

166.6, 135.0, 132.9 (d, JC-F = 31.3 Hz), 130.5, 126.0 (q, JC-F = 3.6 Hz), 124.2 (d, JC-F = 

270.9); HRMS (ESI, m/z) calcd. for C8H5F3O2 [M - H]
 
: 189.0163; found: 189.0159; 

19
F 

NMR (376 MHz, CDCl3): δ -66.49. 

 

2,4,6-trimethylbenzoic acid, 2n: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 24.6 mg (75% yield).
4
 mp 153-154 

o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 12.93 (br.s, 

1H), 6.86 (s, 2H), 2.22 (s, 3H), 2.21 (s, 6H); 
13

C NMR (150 MHz, D6-DMSO): δ 171.2, 

138.4, 134.0, 132.9, 128.4, 21.1, 19.7. 

 

[1,1'-biphenyl]-2-carboxylic acid, 2o: 
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Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 29.7 mg (75% yield).
10

 mp 110-112 
o
C, 

1
H NMR (400 MHz, CDCl3): δ 7.95 (dd, J = 

7.6 Hz, 1.2 Hz, 1H), 7.56 (td, J = 7.6 Hz, 1.2 Hz, 1H), 7.44-7.32 (m, 7H); 
13

C NMR (100 

MHz, CDCl3): δ 172.5, 143.4, 141.1, 132.1, 131.3, 130.7, 129.3, 128.6, 128.2, 127.5, 127.3. 

 

2-isopropyl-5-methylbenzoic acid, 2p: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 14.2 mg (40% yield).
6
 
1
H NMR (300 MHz, CDCl3): δ 7.74 (s, 1H), 7.37-7.31 (m, 2H), 

3.88 (sep, J = 6.9 Hz, 1H), 2.36 (s, 3H), 1.26 (d, J = 6.6 Hz, 6H); 
13

C NMR (100 MHz, D6-

DMSO): δ 173.9, 148.0, 135.2, 133.6, 131.3, 128.2, 126.5, 29.1, 24.2, 20.8. 

 

4-allyl-2-methoxybenzoic acid, 2q: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 19.2 mg (50% yield). 
1
H NMR (300 MHz, CDCl3): δ 8.09 (d, J = 8.1 Hz, 1H), 6.97 (dd, 

J = 8.1 Hz, 1.5 Hz, 1H), 6.87 (s, 1H), 6.01-5.87 (m, 1H), 5.17-5.09 (m, 2H), 4.06 (s, 3H), 

3.44 (d, J = 6.6 Hz, 2H); 
13

C NMR (75 MHz, D6-DMSO): δ 165.4, 158.1, 148.4, 135.6, 

133.8, 122.5, 117.2, 115.4, 111.7, 56.6, 40.3; HRMS (ESI, m/z) calcd. for C11H12O3Na [M + 

Na]
+ 

: 215.0684; found: 215.0681. 

 

2-allylbenzoic acid, 2r: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 27.6 mg (85% yield).
11

 
1
H NMR (400 MHz, CDCl3): δ 8.05 (dd, J = 8.0 Hz, 1.6 Hz, 

1H), 7.49 (td, J = 7.6 Hz, 1.6 Hz, 1H), 7.33-7.29 (m, 2H), 6.09-5.99 (m, 1H), 5.06-5.05 (m, 
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1H), 5.04-5.01 (m, 1H), 3.83 (d, J = 6.4 Hz, 2H); 
13

C NMR (100 MHz, D6-DMSO): δ 173.1, 

142.9, 137.4, 133.2, 131.7, 131.3, 128.3, 126.4, 115.9, 38.7. 

 

2,3-dihydro-1H-indene-5-carboxylic acid, 2s: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 12.9 mg (40% yield).
18

 
1
H NMR (600 MHz, D6-DMSO): δ 7.76 (s, 1H), 7.71 (d, J = 7.8 

Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 2.90-2.87 (m, 4H), 2.02 (pen, J = 7.8 Hz, 2H);
 13

C NMR 

(150 MHz, D6-DMSO): δ 167.9, 149.7, 144.6, 129.2, 128.0, 125.5, 124.6, 32.8, 32.4, 25.4. 

 

5,6,7,8-tetrahydronaphthalene-2-carboxylic acid, 2t: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 20.4 mg (58% yield).
5
 
1
H NMR (600 MHz, D6-DMSO): δ 12.70 (br.s, 1H), 7.63-7.61 

(m, 2H), 7.15 (d, J = 7.8 Hz, 1H), 2.77-2.74 (m, 4H), 1.73 (pen, J = 3.6 Hz, 3.0 Hz, 4H); 
13

C 

NMR (150 MHz, D6-DMSO): δ 167.9, 142.5, 137.3, 130.4, 129.5, 128.3, 126.7, 29.3, 29.0, 

22.9, 22.8. 

 

[1,1'-biphenyl]-4-carboxylic acid, 2u: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 25.7 mg (65% yield).
3
 mp 218-220 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 13.02 (br.s, 

1H), 8.02 (d, J = 7.8 Hz, 2H), 7.79 (t, J = 7.8 Hz, 2H), 7.73 (d, J = 7.5 Hz, 2H), 7.50 (t, J = 

7.2 Hz, 2H), 7.42 (t, J = 7.2 Hz, 1H); 
13

C NMR (75 MHz, D6-DMSO): δ 167.2, 144.3, 139.1, 

129.9, 129.6, 129.1, 128.3, 126.9, 126.8. 
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4-isopropyl-2-methylbenzoic acid, 2v: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 17.8 mg (50% yield).
12

 
1
H NMR (600 MHz, CDCl3): δ 7.93 (d, J = 2.4 Hz, 1H), 7.33 

(dd, J = 7.8 Hz, 1.8 Hz, 1H), 7.20 (d, J = 7.8 Hz, 1H), 2.94 (sep, J = 6.6 Hz, 1H), 2.62 (s, 

3H), 1.27 (d, J = 7.2 Hz, 6H); 
13

C NMR (150 MHz, CDCl3): δ 172.6, 146.4, 138.5, 131.9, 

131.0, 129.4, 128.1, 33.5, 23.8, 21.6; HRMS (ESI, m/z) calcd. for C11H13O2 [M - H]
 
: 

177.0916; found: 177.0916. 

 

3,5-dimethoxybenzoic acid, 2w: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 23.7 mg (65% yield).
3
 mp 175-177 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 7.05 (d, J = 

2.4 Hz, 2H), 6.73 (t, J = 2.4 Hz, 1H), 3.78 (s, 6H); 
13

C NMR (75 MHz, D6-DMSO): δ 167.0, 

160.4, 132.9, 106.9, 104.9, 55.5. 

 

2-(methoxycarbonyl)thiophene-3-carboxylic acid, 2x: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 14.9 mg (40% yield).
5
 

1
H NMR (300 MHz, D6-DMSO): δ 7.89 (d, J = 5.1 Hz, 1H), 

7.32 (d, J = 5.1 Hz, 1H), 3.81 (s, 3H); 
13

C NMR (75 MHz, D6-DMSO): δ 171.3, 165.1, 161.4, 

139.2, 132.0, 128.5, 52.7. 
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1-(tert-butoxycarbonyl)-1H-indole-4-carboxylic acid, 2y: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 33.9 mg (65% yield).
13

 mp 167-170 
o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 13.04 (br.s, 

1H), 8.33 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 7.8 Hz, 1H), 7.81 (d, J = 3.6 Hz, 1H), 7.43 (t, J = 

7.8 Hz, 1H), 7.21 (d, J = 3.6 Hz, 1H), 1.63 (s, 9H); 
13

C NMR (150 MHz, D6-DMSO): δ 

160.0, 149.3, 135.6, 130.4, 128.4, 125.7, 124.2, 123.1, 119.5, 108.1, 84.7, 28.0. 

 

3-acetylbenzoic acid, 2z: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 19.7 mg (60% yield).
3
 mp 167-169 

o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 13.27 (br.s, 

1H), 8.44 (s, 1H), 8.19-8.16 (m, 2H), 7.66 (t, J = 7.2 Hz, 1H), 2.62 (s, 3H); 
13

C NMR (150 

MHz, D6-DMSO): δ 197.8, 167.1, 134.4, 133.9, 132.8, 131.7, 129.6, 129.1, 27.3. 

 

3-((tert-butoxycarbonyl)amino)benzoic acid, 2aa: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 21.3 mg (45% yield).
3
 mp 181-183 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 9.55 (s, 1H), 

8.15 (s, 1H), 7.62 (d, J = 8.1 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.36 (t, J = 7.8 Hz, 1H), 1.48 

(s, 9H); 
13

C NMR (75 MHz, D6-DMSO): δ 167.3, 152.8, 139.8, 131.3, 128.8, 122.9, 122.3, 

118.8, 79.4, 28.1. 
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4-(benzyloxy)benzoic acid, 2ab: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 31.0 mg (68% yield).
6
 mp 172-174 

o
C, 

1
H NMR (300 MHz, D6-DMSO): δ 12.70 (br.s, 

1H), 7.89 (d, J = 8.7 Hz, 2H), 7.47-7.32 (m, 5H), 7.09 (d, J = 9.0 Hz, 2H), 5.18 (s, 2H); 
13

C 

NMR (75 MHz, D6-DMSO): δ 166.9, 161.9, 136.5, 131.4, 128.5, 128.0, 127.8, 123.2, 114.6, 

69.4. 

 

4-(4-chlorophenoxy)benzoic acid, 2ac: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 33.2 mg (67% yield).
14

 
1
H NMR (300 MHz, D6-DMSO): δ 7.95 (d, J = 8.7 Hz, 2H), 

7.49 (d, J = 8.7 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H); 
13

C NMR (75 

MHz, D6-DMSO): δ 166.7, 160.6, 154.1, 131.8, 130.2, 128.5, 125.6, 121.7, 117.5. 

 

9-methyl-9H-carbazole-2-carboxylic acid, 2ad: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 18.9 mg (42% yield).
15

 mp > 240 
o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 12.86 (br.s, 

1H), 8.23 (d, J = 8.4 Hz, 1H), 8.22 (d, J = 7.2 Hz, 1H), 8.17 (d, J = 1.2 Hz, 1H), 7.80 (dd, J = 

7.8 Hz, 1.2 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.53 (td, J = 7.2 Hz, 1.2 Hz, 1H), 7.24 (t, J = 

7.2 Hz, 1H), 3.93 (s, 3H); 
13

C NMR (150 MHz, D6-DMSO): δ 168.4, 142.3, 140.4, 128.1, 

127.4, 125.9, 121.6, 121.5, 120.4, 120.1, 119.6, 110.9, 109.9, 29.5. 
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(R)-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-carboxylic acid, 2ae:  

Using general procedure of for carboxylation reaction afforded the desired product as a white 

solid, 7.9 mg (20% yield). 
1
H NMR (400 MHz, CDCl3): δ 7.69 (d, J = 1.6 Hz, 2H), 2.78 (t, J 

= 6.4 Hz, 2H), 2.17 (s, 3H), 1.85-1.75 (m, 2H), 1.60-1.49 (m, 4H), 1.43-1.30 (m, 11H), 1.14-

1.01 (m, 6H), 0.86-0.81 (m, 15H); 
13

C NMR (100 MHz, CDCl3): δ 171.9, 157.3, 130.5, 

130.0, 126.5, 120.3, 119.5, 40.3, 39.4, 37.5, 37.46, 37.44, 37.3, 32.9, 32.7, 30.9, 29.4, 28.0, 

24.9, 24.5, 24.4, 22.8, 22.7, 22.2, 21.0, 19.8, 19.7, 16.1; HRMS (ESI, m/z) calcd. for 

C28H45O3 [M - H]
 
: 429.3369; found: 429.3375. 

 

3,4-dihydronaphthalene-2-carboxylic acid, 2af:  

Using general procedure of for carboxylation reaction afforded the desired product as a white 

solid, 15.7 mg (45% yield).
17

 
1
H NMR (600 MHz, CDCl3): δ 7.45 (s, 1H), 7.30 (d, J = 7.2 

Hz, 1H), 7.27-7.24 (m, 1H), 7.21 (t, J = 7.2 Hz, 2H), 2.79 (t, J = 8.4 Hz, 2H), 2.45 (td, J = 9.0 

Hz, 1.2 Hz, 2H); 
13

C NMR (150 MHz, D6-DMSO): δ 168.5, 136.9, 135.8, 132.7, 130.4, 

129.8, 128.7, 127.9, 127.1, 27.3, 22.3. 

 

(8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahydro-6H-

cyclopenta[a]phenanthrene-3-carboxylic acid, 2ag: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 23.8 mg (40% yield).
3
 
1
H NMR (600 MHz, D6-DMSO): δ 12.74 (br.s, 1H), 7.67 (d, J = 

8.4 Hz, 1H), 7.64 (s, 1H), 7.39 (d, J = 6.0 Hz, 1H), 2.91-2.88 (m, 2H), 2.45 (dd, J = 19.2 Hz, 
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8.4 Hz, 1H), 2.40-2.39 (m, 1H), 2.32-2.28 (m, 1H), 2.08 (ddd, J = 18.0 Hz, 9.0 Hz, 1H), 1.98-

1.94 (m, 2H), 1.77 (d, J = 10.8 Hz, 1H), 1.58-1.37 (m, 6H), 0.83 (s, 3H); 
13

C NMR (150 

MHz, D6-DMSO): δ 167.8, 145.3, 137.0, 130.2, 128.4, 126.9, 125.9, 50.0, 47.7, 44.5, 37.6, 

35.8, 31.7, 29.1, 26.1, 25.5, 21.6, 13.9. 

 

6H-benzo[c]chromen-6-one, 2ah: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 15.7 mg (40% yield). 
1
H NMR (600 MHz, CDCl3): δ 8.42 (dd, J = 7.8 Hz, 1.2 Hz, 1H), 

8.14 (d, J = 7.8 Hz, 1H), 8.08 (dd, J = 7.8 Hz, 1.8 Hz, 1H), 7.84 (td, J = 7.8 Hz, 1.2 Hz, 1H), 

7.60 (t, J = 7.8 Hz, 1H), 7.49 (td, J = 7.2 Hz, 1.2 Hz, 1H), 7.39-7.34 (m, 2H);
 13

C NMR (150 

MHz, CDCl3): δ 161.2, 151.3, 134.8, 134.7, 130.5, 130.4, 128.9, 124.5, 122.7, 121.6, 121.2, 

118.0, 117.8. 

 

6-(4-methoxy-3-((3aS,5S,7aS)-octahydro-1H-2,5-methanoinden-5-yl)phenyl)-2-

naphthoic acid, 2ai: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 56.9 mg (69% yield).
4
 mp > 240 

o
C, 

1
H NMR (600 MHz, D6-DMSO): δ 13.01 (br.s, 

1H), 8.59 (s, 1H), 8.21 (s, 1H), 8.14 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 9.0 Hz, 1H), 7.97 (dd, J 

= 8.4 Hz, 1.8 Hz, 1H), 7.88 (dd, J = 8.4 Hz, 1.8 Hz, 1H), 7.65 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 

7.57 (d, J = 2.4 Hz, 1H), 7.11 (d, J = 8.4 Hz, 1H), 3.86 (s, 3H), 2.13 (s, 6H), 2.06 (s, 3H), 

1.75 (s, 6H); 
13

C NMR (150 MHz, D6-DMSO): δ 167.9, 159.0, 140.6, 138.5, 135.9, 131.9, 

131.3, 130.7, 130.2, 128.8, 128.0, 126.4, 126.2, 125.9, 125.5, 124.5, 113.1, 55.8, 37.0, 36.9, 

28.8. 
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4-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydronaphthalene-2-carbonyl)benzoic acid, 2aj: 

Using general procedure of carboxylation reaction afforded the desired product as a white 

solid, 46.2 mg (66 % yield).
16

 mp 235-237 
o
C, 

1
H NMR (400 MHz, D6-DMSO): δ 12.83 

(br.s, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.09 (s, 1H), 7.02 (s, 1H), 5.85 

(d, J = 0.8 Hz, 1H), 5.21 (d, J = 0.8 Hz, 1H), 1.84 (s, 3H), 1.60 (s, 4H), 1.21 (s, 6H), 1.18 (s, 

6H); 
13

C NMR (100 MHz, D6-DMSO): δ 167.6, 148.7, 144.9, 144.3, 142.4, 138.3, 132.6, 

130.3, 130.1, 128.4, 127.8, 126.8, 117.8, 35.2, 34.2, 34.0, 32.2, 32.1, 20.0. 

 

6. Mechanistic Study of Carboxylation Reaction: 

A. Fluorescence quenching experiments: 

 

 

Figure S3. Luminescence spectra of Ir(ppy)2(dtbpy)(PF6) (1.0 × 10
-4

M) as a function of 

Pd(OAc)2 concentration was changed from 0 to 3.8 × 10
-4

M in DMA with excitation at 420 

nm. Inset is the Stern-Volmer plot of Ir(ppy)2(dtbpy)(PF6) by different concentration of Pd.  
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Figure S4. Luminescence spectra of Ir(ppy)2(dtbpy)(PF6) (1.0 × 10
-4

M) as a function with a 

mixture of Pd(OAc)2 and Davephos concentration was changed from 0 to 3.3 × 10
-4

M in 

DMA with excitation at 420 nm. Inset is the Stern-Volmer plot of Ir(ppy)2(dtbpy)(PF6) by 

different concentration of Pd and ligand (1:1) mixture.  

 

Figure S5. Luminescence spectra of Ir(ppy)2(dtbpy)(PF6) (1.0 × 10
-4

M) as a function of 

DIPEA concentration was changed from 0 to 3.7 × 10
-2

M in DMA with excitation at 420 nm. 

Inset is the Stern-Volmer plot of Ir(ppy)2(dtbpy)(PF6) by different concentration of DIPEA. 

B. Preparation of Ligated naphthylpalladium triflate Complex B: 
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In an nitrogen filled two neck reaction vessel was charged with dichloro(1,5 

cyclooctadiene)palladium(II) (250 mg, 0.9 mmol). The septum was replaced, and the flask 

was evacuated and refilled with nitrogen three times. Et2O (10 mL) was added. The mixture 

was cooled to -25 °C, and (trimethylsilyl)methylmagnesium chloride (2 mL, 1.0 M in Et2O) 

was added dropwise with rigorous stirring. The reaction was allowed to stir at -25 °C for 1.5 

h and quenched with dry acetone (0.2 mL). After stirring for five minutes, the septum was 

replaced with a glass stopper under positive nitrogen pressure, and the solvent was 

evaporated to dryness at -25 °C in vacuum. The flask was refilled with nitrogen, and the glass 

stopper was replaced with a septum. Dry hexane (10 mL) was added, the resulting suspension 

was shaken at -25 °C, and the hexane layer was transferred via cannula filtration to a second 

reaction vessel (dry, nitrogen filled) at 0 °C. This extraction procedure was repeated with an 

additional 10 mL of dry hexane. The combined extracts were then evaporated to dryness in 

vacuum at 0 °C to quantitative yield of A as a white solid. In an argon-filled glovebox, a 

cyclohexane solution (2.0 mL) of 2-naphthyl triflate (110.4 mg, 2.0 equiv.) with davephos 

(78.6 mg, 1.0 equiv.) and (COD)Pd(CH2TMS)2 (78 mg, 0.20 mmol, 1.0 equiv.) was prepared 

in a screw vial containing a magnetic stirring bar. The resulting mixture was stirred at room 

temperature for 9 h. After the reaction, the mixture was diluted with dry hexane (2 mL) and 

kept in -20 °C freeze for 6 h. The precipitation was filtered through a sintered filter funnel, 

and washed with hexane. The precipitate was collected to give the expected compound B as a 

brown solid (85 mg, 55%), which was used without further purification. 

1
H NMR (600 MHz, D6-DMSO): δ 7.88 (br. s, 1H), 7.81 (d, J = 7.2 Hz, 1H), 7.75 (br. s, 1H), 

7.63 (br. s, 2H),  7.55 (d, J = 6.6 Hz, 2H), 7.48-7.39 (m, 4H), 7.14 (d, J = 4.8 Hz, 1H), 7.11 

(d, J = 7.8 Hz, 1H), 7.04-7.02 (m, 2H), 2.91 (s, 6H), 2.39-2.29 (m, 2H), 1.99-1.44 (m, 13H), 

1.27-1.02 (m, 7H); HRMS (ESI, m/z) calcd. for C36H44NPPd [M – OTf + H]
 
: 627.2246; 

found: 627.2239; 
31

P NMR (160 MHz, D6-DMSO): δ 41.74; 
19

F NMR (376 MHz, D6-

DMSO): δ -80.15. 

C. Cyclic Voltammograms of Ligated naphthylpalladium triflate complex B and 

cationic Pd-complex: 

  All voltammograms were measured at room temperature using modified glassy carbon 

electrode (GCE) as working electrode, saturated Ag/AgCl as reference electrode, Pt wire as 

counter electrode. The conditions of the experiments were as follows: MeCN solution of 1.0 

mM naphthyl palladium complex and a scan rate of 50 mV/s. The potentials of Ligated 
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naphthylpalladium triflate B and cationic species (naphthylpalladium triflate:NaBAr
F 

= 1:1.2) 

were taken at half-height of the peak (Ep/2) since the reduction was non-reversible.  

 

Figure S6: Cyclic voltammograms (a) Ligated naphthylpalladium triflate B (1.0 mM) in 

MeCN under Ar. (b) Ligated naphthylpalladium triflate B (1.0 mM) in MeCN under CO2. (c) 

Ligated naphthylpalladium triflate cation (1.0 mM) generated from naphthylpalladium triflate 

B (3.7 mg, 0.005 mmol) and NaBAr
F
 (5.3 mg, 0.006 mmol, 1.2 equiv.) in MeCN in situ. 

Ligated naphthylpalladium triflate and Ligated naphthylpalladium triflate cation [Figure S6 

(a), (c)] both showed reduction potential (Ep/2) value less than -2.00 V which can’t reduce by 

reduced form of Ir. Figure S6(b) revealed a new weak peak around -1.15 V by measuring 

under CO2. Thus, a new species is supposed to be produced by exposing naphthylpalladium 

triflate B to CO2. 

D. TCSPC life-time measurement: 

 

Figure S7: Excited-state decay profiles for 10 µM Ir(ppy)2(dtbpy)(PF6) in DMA with respect 

to 100 µM DIPEA, Pd(OAc)2 and 2-naphthyl triflate. The data was collected by exciting the 

solution at 370 nm laser in room temperature. Solutions were prepared using DMA, and 

bubbled with argon (2 hrs) before measurement, λex = 370 nm. 
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E. Detection of Intermediate: 

A DMA solution (1.0 mL) of 2-naphthyl triflate (27.6 mg, 0.10 mmol) with palladium acetate 

(2.2 mg, 10.0 mol %), davephos (7.8 mg, 20.0 mol %), Ir(ppy)2(dtbpy)(PF6) 3 (1.8 mg, 2.0 

mol %), and i-Pr2NEt (52 µL, 3.0 equiv.) was prepared in a teflon screw cap glass vial (7 mL)  

under a nitrogen atmosphere. Then the solution was bubbled with CO2 through a needle for 

15 min to replace nitrogen with CO2 gas. Then the reaction vial was kept in a water bath 

which is placed at the middle of the customized blue LED strip chamber. The resulting 

mixture was irradiated under blue LED (48 W) light by balloon pressure of CO2 for 2 h in the 

closed system. The ligated naphthylpalladium triflate complex B was observed from reaction 

mixture in ESI HRMS. HRMS (ESI, m/z) calcd. for C36H43NNaPPd [M – OTf + Na]
 
: 

649.2066; found: 649.2064. 

7. Plausible Reaction Mechanism: 

Based on the above-mentioned results, a plausible reaction mechanism was proposed. 

     Initially a Pd(0) species (A) is formed via subsequent ligand exchang and 2e
-
 reduction 

which undergo oxidative addition to aryl triflates providing intermediate (B). It may undergo 

carboxylation with CO2 in reversible manner to form intermediate (C) (Path A). Subsequent 

single electron reduction would generate (ArCOO)Pd(I)(Davephos) (D) and X
-
 and it will 

further reduced by one e
-
 to give Pd(0) and ArCOO

-
. 

The other possibility of the reducible species is a CO2-coordinated ArPd(II)(OTf)(Davephos) 

E (Path B), which is reversibly form, after that one-electron reduction to give a CO2-

coordinated ArPd(I)(Davephos) species F,  which would have higher ability to undergo 

addition to CO2 to give (ArCOO)Pd(I)(Davephos) D. Which would give similar 

carboxylation product as described before (Path A). 
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Scheme S1. Proposed mechanism of carboxylation reaction. 

     The reductive quenching of the photoexcited Ir(III)* species by i-Pr2NEt formed Ir(II) as a 

reductive species and an amine radical cation. The one-electron reduction of Pd species 

proceeded by electron-transfer from the Ir(II) species. The produced amine radical cation 

likely released one or two protons and an electron to generate an iminium cation or enamine. 

 

Scheme S2. Reductive quenching cycle of Ir(ppy)2(dtbpy)(PF6). 
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