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1. Selected optimization results 

Table 1. Investigation of additives at 125 oCa 

 
Additive Yield (%) Additive Yield (%)b 

none 14 CuCl2 31 
CoCl2 31 CuI 12 

Co(acac)2 17 CuCl 25 
CoI2 17 Cu(OAc)2 26 
NiCl2 37 Ag2CO3 14 

NiCl2(PPh3)2 37 Ag2CO2CF3 25 
NiCl2(bipyridyl) NPc AgOTf 22 

NiBr2 25 AgOAc 25 
aReaction conditions: benzoic acid 1a (0.2 mmol), [Rh(nbd)Cl]2 (5 mol%), MnO2 (0.6 mmol), 
additive (0.05 mmol), H2O (0.5 mL), in sealed tube, 125 oC, 24 h. b NMR yields. c No product. 
 
 

Table 2. Investigation of ligands at 125 oCa 

 

Ligand Yield(%)b Ligand Yield(%)b 
L-1 13 L-8  33 
L-2  14 L-9 25 
L-3 21 L-10 14 
L-4 32 L-11 20 
L-5  20 L-12 27 
L-6  trace L-13 0 
L-7  trace   
aReaction conditions: benzoic acid 1a (0.2 mmol), Rh catalyst prepared by [Rh(nbd)Cl]2 (5 mol%)  
and ligand (5 mol%), MnO2 (0.6 mmol), NiCl2 (25 mol%), H2O (0.5 mL), in sealed tube, 125 oC, 24 
h. b NMR yields.  
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Table 3. Investigation of oxidants at 125 oCa 

CO2H
[Rh(nbd)Cl]2 (5 mol%)

oxidant, H2O (0.5 mL)

F CO2H

HO2C F

F

1a 2a
125 oC, 24 h

NiCl2 (25 mol%)

 
Oxidant (equiv) Yield (%)b Oxidant (equiv) Yield (%)b 

NaCrO2 (3) 67 KIO4 (3) 0 
KIO3 (3) 54 NaClO2 (3) 91 

LiClO4 (3) 0 NaClO2 (4) 100 
aReaction conditions: benzoic acid 1a (0.2 mmol), [Rh(nbd)Cl]2 (5 mol%), NiCl2 (25 mol%), oxidant, 
H2O (0.5 mL), in sealed tube, 125 oC, 24 h. b NMR yields. 
 
 

Table 4. Further investigation of additives at 80 oCa 
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Additive (equiv) Yield (%)b Additive (equiv) Yield (%)b 
NiCl2 (0.25) 21 acetic acid (0.25) 38 
CoCl2 (0.25) 20 1-adamantoic acid (0.25) 35 
MgCl2 (0.25) 29 pivalic acid (0.25) 23 
CaCl2 (0.25) 25 acetic acid (1) 48 
NaNO2 (0.25) 32 acetic acid (1)c 45 

formic acid (0.25) 36 acetic acid (1)d 96 
aReaction conditions: benzoic acid 1a (0.2 mmol), [Rh(nbd)Cl]2 (5 mol%), NaClO2 (0.8 mmol), 
additive, H2O (0.5 mL), in sealed tube, 80 oC, 24 h. bNMR yields. cAdding 0.25 equiv of NiCl2. d 

Heating at 100 oC. 
 

 

Table 5. Investigation of different rhodium catalyst at 80 oCa 

 
 

Catalyst (mol%) Yield (%)b Catalyst (mol%) Yield (%)b 
none 0 Rh2(OAc)4 (5) trace 

RhCl3•H2O (10) 15 Rh(PPh3)2(CO)Cl (10) trace 
Rh(CO)2(acac) (10) 30   

aReaction conditions: benzoic acid 1a (0.2 mmol), rhodium catalyst, NaClO2 (0.8 mmol), acetic acid 
(1 equiv), H2O (0.5 mL), in sealed tube, 80 oC, 24 h. b NMR yields.  

 
 

Table 6. Investigation of solvent effect at 80 oCa 

 
Solvent Yield (%)b Solvent Yield (%)b 

acetonitrile 0 dichloroethane 0 
dioxane 0 1,2-dimethoxyethane 0 

aReaction conditions: benzoic acid 1a (0.2 mmol), [Rh(nbd)Cl]2 (5 mol%), NaClO2 (0.8 mmol), 
HOAc (1 equiv), solvent (0.5 mL), in sealed tube, 80 oC, 24 h. b NMR yields.  
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Table 7. Turn-Over-Frequency (TOF) calculationsa 

Product TOF of catalyst (h-1) 

2a 0.75 

2b 0.65 

2c 0.59 

2d 0.61 

2e 0.55 

2f 0.63 

2g 0.63 

2h 0.57 

2i 0.53 

2j 0.48 

2k 0.68 

2l 0.69 

2m, 2n 0.68 

2o 0.73 

2p 0.67 

2q, 2r, 2s 0.73 

a TOF of the catalyst = (mole of benzoic acid conversion) / (mole of catalyst × reaction time) 

 
 

2. General synthetic procedure and characterization data for all 

products 

General procedure 

The mixture of benzoic acid 1 (0.2 mmol), sodium chlorite (72 mg, 0.8 mmol), [Rh(nbd)Cl]2 (4.6 mg, 

0.01 mmol, 5 mol%), and acetic acid (12 mg, 0.2 mmol) was heated in water (0.5 mL) in a sealed 

tube at 100 oC for 24 h under an atmosphere of air. The reaction mixture was then cooled to room 

temperature and acidified by dilute HCl, and then water was evaporated in vacuo. The residue was 

purified by preparative thin-layer chromatography (TLC) on silica gel to give the desired product 2. 
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Characterization data for all products 

CO2H

CO2H

F
F

2a  

3,3'-Difluorobiphenyl-2,2'-dicarboxylic acid (2a) Colorless solid; Yield 90%; 1H NMR (500 MHz, 

acetone-d6) δ 7.12 (d, J = 7.5 Hz, 2H), 7.27 (t, J = 8.5 Hz, 2H), 7.50–7.54 (m, 2H); 13C NMR (125 

MHz, acetone-d6) δ 165.4, 159.2 (d, J = 250 Hz), 139.7, 130.8 (d, J = 9.0 Hz), 125.7, 123.1 (d, J = 

15.6 Hz), 115.3 (d, J = 21.9 Hz). 

CO2H

CO2H2b
 

3,3'-Dimethylbiphenyl-2,2'-dicarboxylic acid (2b) Colorless solid; Yield 78%; 1H NMR (500 MHz, 

acetone-d6) δ 2.41 (s, 6H), 7.05 (d, J = 7.0 Hz, 2H), 7.28–7.33 (m, 4H); 13C NMR (125 MHz, 

acetone-d6) δ 170.5, 138.1, 134.9, 134.6, 129.5, 128.5, 127.0, 19.1; HRMS (ESI) m/z [M-H] calcd 

for C16H13O4 269.0814, found 269.0820.          

CO2H

CO2H

OMe
MeO

2c  

3,3'-Dimethoxybiphenyl-2,2'-dicarboxylic acid (2c) Colorless solid; Yield 71%; 1H NMR (500 

MHz, acetone-d6) δ 3.88 (s, 6H), 6.87 (d, J = 7.5 Hz, 2H), 7.71 (d, J = 8.5 Hz, 2H), 7.38 (t, J = 8.0 

Hz, 2H); 13C NMR (125 MHz, acetone-d6) δ 168.1, 156.0, 138.3, 129.7, 124.9, 121.6, 110.8, 55.4. 

CO2H

CO2H

F

F

2d
 

5,5'-Difluorobiphenyl-2,2'-dicarboxylic acid (2d) Colorless solid; Yield 73%; 1H NMR (500 MHz, 



S8 
 

acetone-d6) δ 7.04 (dd, J = 9.0, 2.5 Hz, 2H), 7.26 (td, J = 8.5, 2.5 Hz, 2H), 8.13 (dd, J = 8.5, 6.0 Hz, 

2H); 13C NMR (125 MHz, acetone-d6) δ 165.8, 164.3 (d, J = 250 Hz), 145.8 (d, J = 9.0 Hz), 132.8 (d, 

J = 10.0 Hz), 126.0, 116.9 (d, J = 22.5 Hz), 114.0 (d, J = 21.3 Hz). 

CO2H

CO2H

Cl

Cl

2e  

5,5'-Dichlorobiphenyl-2,2'-dicarboxylic acid (2e) Colorless solid; Yield 66%; 1H NMR (500 MHz, 

CDCl3) δ 7.31 (d, J = 2.0 Hz, 2H), 7.54 (dd, J = 7.5, 2.0 Hz, 2H), 8.06 (d, J = 7.5 Hz, 2H); 13C NMR 

(125 MHz, acetone-d6) δ 166.0, 144.4, 136.8, 131.8, 129.9, 128.6, 127.4; HRMS (ESI) m/z [M-H] 

calcd for C14H7Cl2O4 308.9721, found 308.9730. 

CO2H

CO2H
2f  

5,5'-Dimethylbiphenyl-2,2'-dicarboxylic acid (2f) Colorless solid; Yield 75%; 1H NMR (400 MHz, 

acetone-d6) δ 2.40 (s, 6H), 6.99 (d, J = 0.8 Hz, 2H), 7.25 (ddd, J = 8.0, 1.6, 0.4 Hz, 2H), 7.90 (d, J = 

8.0 Hz, 2H); 13C NMR (125 MHz, acetone-d6) δ 167.3, 144.0, 141.3, 130.9, 130.0, 127.4, 127.3, 

20.4; HRMS (ESI) m/z [M-H] calcd for C16H13O4 269.0814, found 269.0820. 

CO2H

CO2H
2g  

3,3',5,5'-Tetramethylbiphenyl-2,2'-dicarboxylic acid (2g) Colorless solid; Yield 76%; 1H NMR 

(500 MHz, acetone-d6) δ 2.32 (s, 6H), 2.40 (s, 6H), 6.86 (s, 2H), 7.12 (s, 2H); 13C NMR (125 MHz, 

acetone-d6) δ 170.5, 138.7, 138.6, 134.9, 131.4, 130.3, 127.6, 20.2, 19.1; HRMS (ESI) m/z [M-H] 

calcd for C18H17O4 297.1127, found 297.1132. 
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CO2H

CO2H2h  

Biphenyl-2,2'-dicarboxylic acid (2h) Colorless solid; Yield 68%; 1H NMR (500 MHz, acetone-d6) 

δ 7.21 (dd, J = 7.5, 1.0 Hz, 2H), 7.46 (td, J = 7.5, 1.5 Hz, 2H), 7.56 (td, J = 7.5, 1.5 Hz, 2H), 8.00 (dd, 

J = 7.5, 1.0 Hz, 2H). 13C NMR (125 MHz, acetone-d6) δ 167.3, 143.6, 131.0, 130.3, 130.1, 129.8, 

126.9.  

CO2H

CO2H2i  

2,2'-Binaphthyl-1,1'-dicarboxylic acid (2i) Colorless solid; Yield 63%; 1H NMR (500 MHz, 

acetone-d6) δ 7.48 (d, J = 7.5 Hz, 2H), 7.61–7.66 (m, 4H), 8.02–8.05 (m, 4H), 8.14–8.16 (m, 2H). 

13C NMR (125 MHz, acetone-d6) δ 169.8, 136.3, 132.9, 132.3, 129.5, 128.9, 128.2, 127.3, 127.2, 

126.5, 125.7; HRMS (ESI) m/z [M-H] calcd for C22H13O4 341.0814, found 341.0814. 

CO2H

CO2H

2j  

2,2'-Binaphthyl-3,3'-dicarboxylic acid (2j) Colorless solid; Yield 57%; 1H NMR (500 MHz, 

acetone-d6) δ 7.62–7.70 (m, 4H), 7.84 (s, 2H), 7.99 (d, J = 8.0 Hz, 2H), 8.13 (d, J = 8.0 Hz, 2H), 

8.67 (s, 2H); 13C NMR (125 MHz, acetone-d6) δ 167.1, 140.3, 134.7, 131.8, 130.8, 129.4, 128.9, 

128.7, 128.2, 127.6, 126.5. 

CO2H

CO2H2k  

4,4'-Dimethylbiphenyl-2,2'-dicarboxylic acid (2k) Colorless solid; Yield 82%; 1H NMR (500 MHz, 

acetone-d6) δ 2.43 (s, 6H), 7.08 (dd, J = 7.6 Hz, 2H), 7.36 (dd, J = 8.0, 1.2 Hz, 2H), 7.80 (s, 2H); 13C 
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NMR (125 MHz, acetone-d6) δ 167.6, 140.7, 136.3, 131.6, 130.5, 130.2, 130.1, 20.1; HRMS (ESI) 

m/z [M-H] calcd for C16H13O4 269.0814, found 269.0819. 

CO2H

CO2H

CF3

F3C 2l  

4,4'-Bis(trifluoromethyl)biphenyl-2,2'-dicarboxylic acid (2l) Colorless solid; Yield 83%; 1H NMR 

(500 MHz, acetone-d6) δ 7.53 (d, J = 8.0 Hz, 2H), 7.98 (dd, J = 8.0, 1.0 Hz, 2H), 8.34 (d, J = 1.0 Hz, 

2H); 13C NMR (125 MHz, acetone-d6) δ 165.6, 146.5, 131.1, 130.8, 129.2 (q, J = 32.5 Hz), 127.3 

(dd, J = 163, 3.8 Hz), 125.1, 123.0; HRMS (ESI) m/z [M-H] calcd for C16H7F6O4 377.0249, found 

377.0253. 

CO2H

CO2H

Cl

Cl 2m  

4,4'-Dichlorobiphenyl-2,2'-dicarboxylic acid (2m) Colorless solid; Yield 63%; 1H NMR (500 MHz, 

acetone-d6) δ 7.28 (d, J = 8.5 Hz, 2H), 7.63 (dd, J = 8.0, 2.0 Hz, 2H), 8.01 (d, J = 2.0 Hz, 2H); 13C 

NMR (125 MHz, acetone-d6) δ 165.7, 141.3, 132.6, 132.1, 131.7, 131.2, 129.6. 

CO2H

CO2HCl

Cl

2n  

4,6'-Dichlorobiphenyl-2,2'-dicarboxylic acid (2n) Colorless solid; Yield 18%; 1H NMR (500 MHz, 

acetone-d6) δ 7.20 (d, J = 8.5 Hz, 1H), 7.51 (t, J = 8.0 Hz, 1H), 7.65 (dd, J = 8.0, 2.5 Hz, 1H), 7.69 

(dd, J = 8.0, 1.0 Hz, 1H), 7.98 (dd, J = 8.0, 1.0 Hz, 1H), 8.07 (d, J = 2.0 Hz, 1H); 13C NMR (125 

MHz, acetone-d6) δ 170.5, 140.7, 139.2, 133.8, 132.9, 132.2, 132.0, 131.5, 129.8, 128.7, 128.5. 
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CO2H

CO2H
F F

F

F

2o
 

4,4',6,6'-Tetrafluorobiphenyl-2,2'-dicarboxylic acid (2o) Colorless solid; Yield 88%; 1H NMR 

(500 MHz, acetone-d6): δ 7.39–7.43 (m, 2H), 7.69–7.72 (m, 2H); 13C NMR (125 MHz, acetone-d6) 

δ 164.7, 162.2 (dd, J = 250, 12.5 Hz), 160.1 (dd, J = 250, 12.5 Hz), 133.6, 119.5 (dd, J = 18.8, 3.8 

Hz), 113.2 (dd, J = 23.8, 3.3 Hz), 107.2 (t, J = 26.3 Hz); HRMS (ESI) m/z [M-H] calcd for 

C14H5F4O4 313.0124, found 313.0131. 

CO2H

CO2H
F

F

F

F

FF

2p  

4,4',5,5',6,6'-Hexafluorobiphenyl-2,2'-dicarboxylic acid (2p) Colorless solid; Yield 80%; 1H NMR 

(500 MHz, acetone-d6) δ 7.95–7.99 (m, 2H); 13C NMR (125 MHz, acetone-d6) δ 163.9, 150.3 (ddd, 

J = 250, 10, 3.8 Hz), 148.7 (ddd, J = 250, 10, 3.8 Hz), 142.0 (dt, J = 250, 12.5 Hz), 126.5, 120.4 (d, J 

= 16.3 Hz), 115.0 (dd, J = 18.8, 3.8 Hz); HRMS (ESI) m/z [M-H] calcd for C14H3F6O4 348.9936, 

found 348.9941. 

CO2H

CO2H
F

F

F

F

2q  

4,4',5,5'-Tetrafluorobiphenyl-2,2'-dicarboxylic acid (2q) Colorless solid; Yield 34%; 1H NMR 

(500 MHz, acetone-d6) δ 7.29– 7.33 (m, 2H), 7.94–7.98 (m, 2H); 13C NMR (125 MHz, acetone-d6) 

δ 164.8, 151.5 (dd, J = 250, 12.5 Hz), 148.8 (dd, J = 250, 12.5 Hz), 139.7, 126.9, 119.4 (d, J = 18.8 

Hz), 119.2 (d, J = 18.8 Hz); HRMS (ESI) m/z [M-H] calcd for C14H5F4O4 313.0124, found 313.0132. 
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CO2H

CO2H
F

F

FF

2r  

4,5,5',6'-Tetrafluorobiphenyl-2,2'-dicarboxylic acid (2r) Colorless solid; Yield 31%; 1H NMR 

(500 MHz, acetone-d6) δ 7.39–7.42 (m, 1H), 7.47–7.52 (m, 1H), 7.95–7.99 (m, 1H), 8.03–8.07 (m, 

1H); 13C NMR (125 MHz, acetone-d6) δ 165.1, 164.6, 152.5 (dd, J = 250, 12.5 Hz), 151.8 (d, J = 

250, 12.5 Hz), 149.1 (d, J = 250,12.5 Hz), 147.4 (d, J = 250, 12.5 Hz), 133.3, 132.0 (d, J = 12.5 Hz), 

127.4, 127.1 (q, J = 4.0 Hz), 126.9, 119.8 (d, J = 18.8 Hz), 119.6 (d, J = 18.8 Hz), 116.1 (d, J = 17.5 

Hz); HRMS (ESI) m/z [M-H] calcd for C14H5F4O4 313.0124, found 313.0131. 

CO2H

CO2H

F

FF

F
2s  

5,5',6,6'-Tetrafluorobiphenyl-2,2'-dicarboxylic acid (2s) Colorless solid; Yield 22%; 1H NMR 

(500 MHz, acetone-d6) δ 7.54–7.59 (m, 2H), 8.02–8.05 (m, 2H); 13C NMR (125 MHz, acetone-d6) δ 

165.0, 152.5 (dd, J = 250, 13.8 Hz), 147.4 (d, J = 250, 13.8 Hz), 127.5, 127.3, 125.5 (d, J = 15.0 Hz), 

116.9 (d, J = 17.5 Hz); HRMS (ESI) m/z [M-H] calcd for C14H5F4O4 313.0124, found 313.0132. 

 

 

 

 

 

 

 



S13 
 

3. Copies of 1H NMR and 13C NMR spectra for all products  
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4. Copies of HRMS for all new products 

 
 

 

160118-01ESIHR-Li-Yun Liu-LY-4_160118113450 #410-423 RT: 1.00-1.00 AV: 2 NL: 2.47E9
T: FTMS - p ESI Full ms [120.00-800.00]
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160118-01ESIHR-Li-Yun Liu-LY-4_160118113450 #410-423 RT: 1.00-1.00 AV: 2 NL: 2.47E9
T: FTMS - p ESI Full ms [120.00-800.00]
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160118-01ESIHR-Li-Yun Liu-LY-4_160118113450#422-423 RT: 1.00-1.00 AV: 2
T: FTMS - p ESI Full ms [120.00-800.00]
m/z= 269.06852-269.09483

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(mmu)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(mmu)

RDB 
equiv.

Composition

 269.08197  2503531008.0   100.00 33264.18     1.00  269.08193     0.15    10.5 C16 H 13 O4

160121-17ESIHR-Li-Yun Liu-LY-1-Ly-5 1/21/2016 2:40:43 PM

160121-17ESIHR-Li-Yun Liu-LY-1-Ly-5 #361-371 RT: 0.86-0.88 AV: 11 NL: 7.59E8
T: FTMS - p ESI Full ms [150.00-800.00]
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160121-17ESIHR-Li-Yun Liu-LY-1-Ly-5 #361-371 RT: 0.86-0.88 AV: 11 NL: 7.59E8
T: FTMS - p ESI Full ms [150.00-800.00]
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160121-17ESIHR-Li-Yun Liu-LY-1-Ly-5#361-371 RT: 0.86-0.88 AV: 11
T: FTMS - p ESI Full ms [150.00-800.00]
m/z= 308.95603-308.98552

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 308.97295  776963520.0   100.00 30710.02     1.00  308.97269     0.84    10.5 C14 H 7 O 4 Cl2

CO2H

CO2H
2b

CO2H

CO2H

Cl

Cl

2e
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160122-06ESIHR-Li-Yun Liu-LY-2 1/22/2016 1:08:31 PM

160122-06ESIHR-Li-Yun Liu-LY-2 #351-362 RT: 0.82-0.84 AV: 12 NL: 8.84E8
T: FTMS - p ESI Full ms [150.00-800.00]
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375.04274255.23252170.03613 291.06616212.07428 683.17080311.16793 418.99153 477.05626 705.15391455.07393

347.05633

504.99430 549.68509 635.26611 794.26311749.11673568.92214 599.97896

160122-06ESIHR-Li-Yun Liu-LY-2 #351-362 RT: 0.82-0.84 AV: 12 NL: 8.84E8
T: FTMS - p ESI Full ms [150.00-800.00]

340.7 340.8 340.9 341.0 341.1 341.2 341.3 341.4 341.5 341.6 341.7 341.8 341.9 342.0 342.1 342.2 342.3
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340.91199 341.24821 342.05262341.66938 342.25348341.91802341.01396

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 341.08142  895902592.0   100.00 28556.94     1.00  341.08063     2.31     9.5 C17 H 13 O 3 F4

160118-01ESIHR-Li-Yun Liu-LY-4 #300-307 RT: 0.71-0.72 AV: 8 NL: 3.69E9
T: FTMS - p ESI Full ms [120.00-800.00]
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303.04289

278.07800

539.17108323.05369225.09171181.10115

255.06626

561.15306359.12903 594.17409493.14332383.07521148.95144 421.22653 669.68590 750.43909690.46703450.77292 799.85293628.13484

160118-01ESIHR-Li-Yun Liu-LY-4 #300-307 RT: 0.71-0.72 AV: 8 NL: 3.69E9
T: FTMS - p ESI Full ms [120.00-800.00]

268.9 269.0 269.1 269.2 269.3 269.4 269.5 269.6 269.7 269.8 269.9 270.0 270.1 270.2 270.3 270.4
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269.02443

270.20790

160118-01ESIHR-Li-Yun Liu-LY-4#300-307 RT: 0.71-0.72 AV: 8
T: FTMS - p ESI Full ms [120.00-800.00]
m/z= 269.06782-269.09172

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 269.08185  3747176704.0   100.00 33882.58     1.00  269.08193    -0.29    10.5 C16 H13 O 4

 269.08221    -1.32    12.0 C17 H12 O N Na
 269.08086     3.67    12.5 C15 H10 N4 Na
 269.08059     4.70    11.0 C14 H11 O3 N3

CO2H

CO2H

2k
Me

Me

CO2H

CO2H2i
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160121-21ESIHR-Li-Yun Liu-LY-1-Ly-4 1/21/2016 3:25:04 PM

160121-21ESIHR-Li-Yun Liu-LY-1-Ly-4 #227-236 RT: 0.54-0.56 AV: 10 NL: 3.85E9
T: FTMS - p ESI Full ms [150.00-800.00]
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377.02529

755.05783

188.00809 289.04424 777.03960410.98652332.02793269.03827212.07425 440.99310

393.01813

521.04057496.53022 697.17016 731.47713542.31638 607.33398

160121-21ESIHR-Li-Yun Liu-LY-1-Ly-4 #227-236 RT: 0.54-0.56 AV: 10 NL: 3.85E9
T: FTMS - p ESI Full ms [150.00-800.00]

376.8 376.9 377.0 377.1 377.2 377.3 377.4 377.5 377.6 377.7 377.8 377.9 378.0 378.1 378.2 378.3 378.4
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160121-21ESIHR-Li-Yun Liu-LY-1-Ly-4#227-236 RT: 0.54-0.56 AV: 10
T: FTMS - p ESI Full ms [150.00-800.00]
m/z= 377.00906-377.04456

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 377.02529  3856136960.0   100.00 28894.84     1.00  377.02540    -0.30    10.5 C16 H 7 O 4 F 6

 377.02654    -3.33     6.5 C13 H8 O5 F7

160122-05ESIHR-Li-Yun Liu-LY-1 1/22/2016 12:56:44 PM

160122-05ESIHR-Li-Yun Liu-LY-1 #473-483 RT: 1.13-1.16 AV: 11 NL: 3.30E8
T: FTMS - p ESI Full ms [150.00-800.00]
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313.01305

255.23278
249.01633157.12226 212.07459 283.26422 334.99477 376.98357 448.98877412.85978 511.47355488.23817 539.50456 580.81130 627.03257 668.83961 799.76992776.65264688.86772 726.91698

160122-05ESIHR-Li-Yun Liu-LY-1 #473-483 RT: 1.13-1.16 AV: 11 NL: 3.30E8
T: FTMS - p ESI Full ms [150.00-800.00]

312.4 312.5 312.6 312.7 312.8 312.9 313.0 313.1 313.2 313.3 313.4 313.5 313.6 313.7 313.8 313.9 314.0 314.1 314.2 314.3 314.4 314.5 314.6 314.7
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313.07067

160122-05ESIHR-Li-Yun Liu-LY-1#473-483 RT: 1.13-1.16 AV: 11
T: FTMS - p ESI Full ms [150.00-800.00]
m/z= 313.00044-313.02389

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 313.01305  330436960.0   100.00 31511.27     1.00  313.01294     0.35    10.5 C14 H 5 O 4 F 4

 313.01180     4.00    14.5 C17 H4 O3 F3

CO2H

CO2H

CF3

F3C 2l

CO2H

CO2H

F

F F

F

2o
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160121-18ESIHR-Li-Yun Liu-LY-1-Ly-1 1/21/2016 2:57:19 PM

160121-18ESIHR-Li-Yun Liu-LY-1-Ly-1 #305-317 RT: 0.72-0.75 AV: 13 SB: 11 0.80-0.82 NL: 3.10E8
T: FTMS - p ESI Full ms [150.00-800.00]
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313.01323

255.23288225.03244 283.26433 346.97397 575.09791159.93356 185.01825 375.07145 627.03454448.98793

325.18502

407.16870 511.47478 537.48950483.44351

299.21865

692.32094 798.36734712.41979649.03434 750.42408

160121-18ESIHR-Li-Yun Liu-LY-1-Ly-1 #305-317 RT: 0.72-0.75 AV: 13 SB: 11 0.80-0.82 NL: 3.10E8
T: FTMS - p ESI Full ms [150.00-800.00]

312.2 312.4 312.6 312.8 313.0 313.2 313.4 313.6 313.8 314.0 314.2 314.4 314.6 314.8 315.0
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313.15729312.86759312.30035 313.24756

160121-18ESIHR-Li-Yun Liu-LY-1-Ly-1#305-317 RT: 0.72-0.75 AV: 13
SB: 11 0.80-0.82
T: FTMS - p ESI Full ms [150.00-800.00]
m/z= 312.99839-313.02889

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 313.01323  311698400.0   100.00 30122.56     1.00  313.01294     0.92    10.5 C14 H 5 O4 F 4

CO2H
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F
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FF

2p
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160121-20ESIHR-Li-Yun Liu-LY-1-Ly-3 1/21/2016 3:18:40 PM

160121-20ESIHR-Li-Yun Liu-LY-1-Ly-3 #334-341 RT: 0.79-0.80 AV: 8 NL: 3.22E9
T: FTMS - p ESI Full ms [150.00-800.00]
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313.01315

249.01633 627.03303 649.01549273.00003159.93349 334.99452205.02488

295.02237

395.01861355.02421 692.97899425.02581 462.93742 502.97649 523.02667 768.97144 794.71892591.23376571.91705

160121-20ESIHR-Li-Yun Liu-LY-1-Ly-3 #334-341 RT: 0.79-0.80 AV: 8 NL: 3.22E9
T: FTMS - p ESI Full ms [150.00-800.00]

312.7 312.8 312.9 313.0 313.1 313.2 313.3 313.4 313.5 313.6 313.7 313.8 313.9 314.0 314.1 314.2 314.3
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314.01616

313.16116312.86452 312.91905

160121-20ESIHR-Li-Yun Liu-LY-1-Ly-3#334-341 RT: 0.79-0.80 AV: 8
T: FTMS - p ESI Full ms [150.00-800.00]
m/z= 312.99722-313.02900

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 313.01315  3245085184.0   100.00 30443.77     1.00  313.01294     0.64    10.5 C14 H 5 O 4 F 4

160121-19ESIHR-Li-Yun Liu-LY-1-Ly-2 1/21/2016 3:13:22 PM

160121-19ESIHR-Li-Yun Liu-LY-1-Ly-2 #266-271 RT: 0.63-0.64 AV: 6 NL: 1.13E9
T: FTMS - p ESI Full ms [150.00-800.00]
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255.23286 457.03204183.02537 346.97398283.26429 377.26951227.20128 479.01312 649.01533627.03247405.30117 670.99736

307.03731

553.08588 591.23510511.47314 729.35797 765.96556

160121-19ESIHR-Li-Yun Liu-LY-1-Ly-2 #266-271 RT: 0.63-0.64 AV: 6 NL: 1.13E9
T: FTMS - p ESI Full ms [150.00-800.00]

312.8 312.9 313.0 313.1 313.2 313.3 313.4 313.5 313.6 313.7 313.8 313.9 314.0 314.1 314.2 314.3
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160121-19ESIHR-Li-Yun Liu-LY-1-Ly-2#266-271 RT: 0.63-0.64 AV: 6
T: FTMS - p ESI Full ms [150.00-800.00]
m/z= 312.99948-313.02146

m/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Compositionm/z Intensity Relative Resolution Charge Theo. Mass Delta 
(ppm)

RDB 
equiv.

Composition

 313.01309  1135117440.0   100.00 31677.71     1.00  313.01294     0.46    10.5 C14 H 5 O 4 F 4
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