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1. General method and materials

General. All reactions were performed in oven-dried or flame-dried glassware under argon atmosphere.
Reactions were monitored by TLC on Merck silica gel 60 F254 plates visualized by UV lump at 254 nm.
Column chromatography was performed on Merck silica gel 60 and preparative TLC was performed on
Merck silica gel 60 F254 0.5 mm plates. NMR spectra were measured on a JEOL AL-400 NMR
spectrometer at 400 MHz for 'H spectra and 100 MHz for "°C spectra. For '"H NMR, tetramethylsilane
(TMS) (3 = 0) in CDCl; served as an internal standard. For *C NMR, CDCl; (8 = 77.0) served as an
internal standard. Infrared spectra were measured on a SHIMADZU IR Prestige-21 spectrometer (ATR).
High-resolution mass spectra (HRMS) were measured on a JEOL JMS-T100TD time-of-flight mass
spectrometer (DART) and JMS-T100GC gas chromatography mass spectrometer. Melting point was
measured using a YAZAWA MICRO MELTING POINT BY-1.

Materials. Commercially obtained chemicals including Pd catalysts and ligands were purchased from
commercial supplier and used as received. All solvents, triethylamine, and tributylamine were purified by
distillation prior to use. Spectral data of 18b—d, 22 were identical to those of commercially available
compounds, respectively.

S2



2. Representative procedure of the synthesis of phenyl formates (Table 1, entry 1)

HCOOH (5 equiv) O.__H
Ac,0 (4 equiv) N

OH AcONa (0.5 equiv) o

Formic acid (19 mL, 500 mmol, 5.0 equiv) was added to acetic anhydride (38 mL, 400 mmol, 4.0 equiv)

at rt. The mixture was stirred at 60 °C for 1 h and cooled to rt. The resulting solution was poured to the
flask containing phenol (9.4 g, 100 mmol) and AcONa (4.1 g, 50 mmol, 0.5 equiv). The mixture was
stirred for 4 h in water bath and then diluted with toluene (150 mL), washed with H,O (100 mL) three
times, dried over MgSQy,, filtered, and concentrated to afford the desired product 1a (8.7 g, 71 mmol,
71%) as a colorless oil. This product was used for carbonylation reaction without further purification.
Phenyl formate (1a)'

'H NMR (400 MHz, CDCl5) § 8.28 (s, 1H), 7.39 (ddd, 2H, J = 8.3, 7.8, 2.4 Hz), 7.25 (tt, 1H, J=7.8, 1.9
Hz), 7.10 (ddd, 2H, J = 8.3, 2.4, 1.9 Hz); C NMR (100 MHz, CDCl5) § 159.2, 149.8, 129.6, 126.3, and
121.0.

3. General procedure of decarbonylation of phenyl formates (Table 1)

0 /@ NEt | O

)J\ P 3 > /\/ + CO
H™ 0 \R CDCl, rt HO™ R

1a-g

NEt; (69 pL, 0.50 mmol, 1 equiv) was added to a solution of phenyl formates (1a—g, 0.50 mmol) in
CDCl; (1 mL). The reaction was carried out at rt. The conversion of 1a—g was analyzed by 'H-NMR at
the suitable interval.

4. Representative procedure of the synthesis of alkenyl triflates

PhNTf, (1.3 equiv)
1.0 M t-BuOK/THF

0 (1.3 equiv) oTf
THF, -20to 0 °C

2b 2z

The solution of S-tetralone (3.0 g, 21 mmol) in THF (90 mL) was cooled to —20 °C. 1.0 M -BuOK in
THF (27 mL, 27 mmol, 1.3 equiv) was added dropwise to the solution over 10 min. The mixture was
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warmed to 0 °C, stirred for 1 h, and then cooled to —20 °C. PhNTf; (9.5 g, 27 mmol, 1.3 equiv) was added
to the solution and the mixture was stirred for 1 h, then warmed to 0 °C, and stirred for 4 h. The mixture
was diluted with EtOAc, washed with H,O and brine, dried over MgSOy, filtered, and concentrated. The
obtained residue was purified by silica gel column chromatography (SiO,, hexane/EtOAc 200/1) to afford
2b (4.9 g, 18 mmol, 86%) as a colorless oil.

3,4-Dihydronaphthalen-2-yl trifluoromethanesulfonate (2b)

'H NMR (400 MHz, CDCL3) § 7.21-7.18 (m, 2H), 7.15-7.13 (m, 1H), 7.08-7.05 (m, 1H), 6.48 (s, 1H),
3.05 (t, J = 8.4 Hz, 2H), 2.69 (t, J = 8.4 Hz, 2H); C NMR (100 MHz, CDCl;) & 150.0, 132.9, 131.1,
128.4,127.5,127.3, 127.0, 118.6 (q, "Jer = 319.9 Hz), 118.5, 28.5, and 26.5; IR (ATR) 1665, 1416, 1202,
1136, 1063, 986, 895, 824, 752, and 610 cm™; HRMS (TOF) [M+H]" calcd for C;;HoF305S: 279.0297;
found 279.0291.

1H-Inden-2-yl trifluoromethanesulfonate (2z)

2z was obtained from 2-indanone as a colorless oil. Yield: 73%.

'H NMR (400 MHz, CDCl3) & 7.38 (m, 2H), 7.31 (t, J = 7.2 Hz, 1H), 7.28-7.24 (m, 1H), 6.69 (s, 1H),
3.66 (s, 2H); C NMR (100 MHz, CDCl3) § 153.2, 140.1, 137.3, 127.2, 126.1, 123.8, 122.1, 119.5, 118.6
(q, "Jer = 320.7 Hz), and 37.7; IR (ATR) 1618, 1423, 1244, 1206, 1136, 1103, 1090, 907, 835, 750, and
608 cm™'; HRMS (TOF) [M+H]" calcd for C1oH;F305S: 265.0141; found 265.0147.

5. Representative procedure of room-temperature carbonylation (Method A, Table 2. entry 13)

Pd(OAc), (3 mol %)

Cl Cl xantphos (6 mol %) OCI Cl
[ O NEt; (2.0 equiv)
SaR P
H™ O PhCFs, rt

Cl 17 h

Pd(OAc), (3.3 mg, 0.015 mmol, 3.0 mol %), xantphos (17.1 mg, 0.029 mmol, 6.0 mol %), and 1f (221 mg,
0.98 mmol, 2.0 equiv) were added to a 10-mL test tube. The test tube was evacuated and backfilled with
argon three times. Then, a degassed solution of iodobenzene (2a) (100 mg, 0.490 mmol) in PhCF; (0.5
mL) was added to the test tube under flowing argon. The mixture was stirred for 5 min. Right after the
addition of degassed NEt; (136 uL, 0.98 mmol, 2.0 equiv) to the mixture, the test tube was quickly sealed
by a plastic screw cap and the mixture was stirred for 17 h at rt. The reaction mixture was diluted with
Et,0, filtered, and concentrated. The obtained residue was purified by PTLC (SiO,, hexane/EtOAc 10/1)
to afford the 3a (148 mg, 0.49 mmol, >99%) as white crystal.
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6. Representative procedure of the carbonylation of aryl bromides (Method B, Table 3, entry 6)

Pd(OAc), (3 mol %) Cl Cl
Cl Cl xantphos (6 mol %) 0O
Br O NBu5 (2.0 equiv)
I Wk - °
“/ H 0 toluene, 100 °C Cl
Cl
3c

2c 1f

Pd(OAc), (33 mg, 0.15 mmol, 3.0 mol %), xantphos (168 mg, 0.29 mmol, 6.0 mol %), and 2-
bromonaphtalene (2¢) (1.00 g, 4.83 mmol) were added to a 50-mL flask. The flask was evacuated and
backfilled with argon three times. Then, a degassed solution of NBu; (2.3 mL, 9.7 mmol, 2.0 equiv) in
toluene (5 mL) was added to the flask equipped with argon balloon. The mixture was warmed to 100 °C
and stirred for 5 min. The degassed solution of 1f (1.3 g, 5.8 mmol, 1.2 equiv) in toluene (9 mL) was
added to the mixture over 3 h with syringe pump. After additional stirring at 100 °C for 1 h, the mixture
was cooled to rt and concentrated. The obtained residue was purified by silica gel column
chromatography (SiO,, hexane/EtOAc 100/1) to afford 3¢ (1.5 g, 4.3 mmol, 89%) as a white crystal.

7. Transformation of 2.4.6-trichlorophenyl ester (3a) (Scheme 2)

7.1. Synthesis of benzoic acid (22)

o)

Cl Cl
O
: O
cl THF-2.5M aq.NaOH
3a

2:1)
60°C,3h 22

To a solution of 3a (100 mg, 0.332 mmol) in THF (1 mL) was added 2.5 M aq. NaOH (0.5 mL). The
mixture was warmed to 60 °C, stirred for 3 h, and cooled to rt. After the addition of 1 M aq. HCI, the
mixture was extracted with CH,Cl, twice. The combined organic layer was dried over MgSQ,, filtered,
and concentrated. The obtained residue was purified by PTLC (Si0,, hexane/EtOAc 1/1) to afford 22 (38
mg, 0.31 mmol, 94%) as a white crystal (m.p. 122 °C).

'H NMR (400 MHz, CDCls) § 11.09 (brs, 1H), 8.12 (d, J = 7.6 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.48 (t, J
= 7.6 Hz, 2H); °C NMR (100 MHz, CDCl;) § 172.4, 133.8, 130.2, 129.3, and 128.5.
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7.2. Representative procedure of esterification

OH
Cl Cl
e} CSH17OH or ©/L(1 5 eqUiV) (0] (0]
(e} K3PO4 (20 eqUiV) OCBH17 (0]
Cl or

DMF, 80-100 °C, 24 h
3a 19a 19b

K;5PO,4 (141 mg, 0.66 mmol, 2.0 equiv) was added to a solution of 3a (100 mg, 0.33 mmol) and n-octanol
(79 pL, 0.50 mmol, 1.5 equiv) in DMF (1 mL). The mixture was warmed to 100 °C, stirred for 24 h, and
cooled to rt. The mixture was diluted with EtOAc, filterd, and concetrated. The obtained residue was
purified by PTLC (SiO,, hexane/EtOAc 10/1) to afford 19a (65 mg, 0.28 mmol, 84%) as a colorless oil.

Nn-Octyl benzoate (19a)2

'H NMR (400 MHz, CDCl3) § 8.05 (d, J = 7.8 Hz, 2H), 7.55 (t, J= 7.8 Hz, 1H), 7.44 (t, J = 7.8 Hz, 2H),
4.32 (t, J = 6.9 Hz, 2H), 1.80-1.73 (m, 2H), 1.48-1.41 (m, 2H), 1.34-1.28 (m, 8H), 0.88 (t, /= 6.9 Hz,
3H); *C NMR (100 MHz, CDCl;) & 166.7, 132.8, 130.5, 129.5, 128.3, 65.1, 31.8, 29.24, 29.18, 28.7, 26.0,
22.6, and 14.0.

1-Phenylethyl benzoate (19b)’

19b was obtained from 3a and 1-phenylethyl alcohol as a colorless oil. The reaction was conducted at
80 °C for 24 h. Yield: 84%.

'H NMR (400 MHz, CDCl;) & 8.07 (d, J = 7.5 Hz, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.44-7.41 (m, 4H), 7.36
(t, J=7.5 Hz, 2H), 7.29 (t, J= 7.3 Hz, 1H), 6.13 (q, J = 6.6 Hz, 1H), 1.67 (d, J = 6.6 Hz, 3H), °C NMR
(100 MHz, CDCl3) 8 165.7, 141.7, 132.9, 130.5, 129.6, 128.5, 128.3, 127.8, 126.0, 72.9, and 22 4.

7.3. Representative procedure of thioesterification

Cl Cl C1oHo5SH or
0 127725 (1.3 equiv) O 0
0 K3PQOy4 (1.5 equiv) R SC1oHys S
Cl DMF, 60 °C, 4-12 h or

3a 21a 21b

K;5PO4 (106 mg, 0.50 mmol, 1.5 equiv) was added to a solution of 3a (100 mg, 0.33 mmol) and 1-dodecyl
mercaptan (103 pL, 0.43 mmol, 1.3 equiv) in DMF (1 mL). The mixture was warmed to 60 °C, stirred for
12 h, and cooled to rt. The mixture was directly purified by PTLC (SiO,, hexane/EtOAc 20/1) to afford
21a (96 mg, 0.31 mmol, 94%) as a colorless oil.
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Dodecyl benzothioate (21a)*

'H NMR (400 MHz, CDCl3) § 7.96 (d, J = 8.0 Hz, 2H), 7.54 (t, J = 8.0 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H),
3.06 (t, J = 7.6 Hz, 2H), 1.72-1.65 (m, 2H), 1.49-1.35 (m, 2H), 1.35-1.20 (m, 16H), 0.88 (t, J = 7.2 Hz,
3H); ®C NMR (100 MHz, CDCl;) § 192.0, 137.3, 133.1, 128.5, 127.1, 31.9, 29.61, 29.60, 29.56, 29.54,
29.47,29.3,29.1, 29.0, 28.9, 22.7, and 14.1.

Benzyl benzothioate (21b)’

21b was obtained from 3a and benzyl mercaptan as a colorless oil. The reaction time was 4 h. Yield: 95%.
'H NMR (400 MHz, CDCl;) § 7.98-7.96 (m, 2H), 7.58-7.54 (m, 1H), 7.46-7.42 (m, 2H), 7.39-7.37 (m,
2H), 7.33-7.30 (m, 2H), 7.27-7.24 (m, 1H), 4.32 (s, 2H); *C NMR (100 MHz, CDCl;) § 191.3, 137.5,
136.8, 133.5, 129.0, 128.7, 128.6, 128.5, 127.3, 127.2, and 33 .4.

7.4. Representative procedure of amidation

cl cl morpholine (1.5 equiv)

o} NEt, (2 equiv) 0
0,
j I o DMAP (5mol %) : /”\N/\
Cl THF Lo
3a 45°C, 13 h 18a

Morpholine (44 pL, 0.50 mmol, 1.5 equiv) and DMAP (2.0 mg, 0.017 mmol, 0.05 equiv) were added to a
solution of 3a (100 mg, 0.33 mmol) and NEt; (92 uL, 0.66 mmol, 2.0 equiv) in THF (1 mL). The mixture
was warmed to 45 °C, stirred for 13 h, and cooled to rt. The mixture was concentrated and directly
purified by PTLC (SiO,, hexane/EtOAc 1/1) to afford 18a (62 mg, 0.33 mmol, 98%) as a white crystal
(m.p. 73 °C).

Morpholino(phenyl)methanone (182a)°
'H NMR (400 MHz, CDCl3) § 7.41 (brs, 5H), 3.72 (brs, 8H); *C NMR (100 MHz, CDCl;) § 170.3, 135.2,
129.7, 128.4, 127.9, 127.0, and 66.8.

0]

©)LNH2

Benzamide (18b)

18b was obtained from 3a and 3 equiv of 0.5 M NHs/dioxane as a white solid (m.p. 125 °C). The reaction
time was 13 h. Yield: 98%.

'H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.4 Hz, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.44 (dd, J= 8.4, 7.6 Hz,
2H), 6.29 (brs, 2H); °C NMR (100 MHz, CDCl3) & 169.7, 133.4, 131.9, 128.6, and 127.3.
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N-tert-Butylbenzamide (18¢)

18¢ was obtained from 3a and 2 equiv of tert-butylamine as a white solid (m.p. 136 °C). The reaction was
conducted at 60 °C for 21 h. Yield: 99%.

'H NMR (400 MHz, CDCls) & 7.73-7.69 (m, 2H), 7.48-7.35 (m, 3H), 6.01 (brs, 1H), 1.47 (s, 9H); °C
NMR (100 MHz, CDCl;) 8 166.9, 135.9, 131.0, 128.4, 126.6, 51.5, and 28.8.

0]

sppe

N-benzylbenzamide (18d)

18d was obtained from 3a and benzylamine as a white solid (m.p. 104 °C). The reaction time was 13 h.
Yield: 97%.

'H NMR (400 MHz, CDCl3) § 7.80-7.75 (m, 2H), 7.48-7.43 (m, 1H), 7.38-7.21 (m, 7H), 6.82 (brs, 1H),
4.57 (d, J = 5.6 Hz, 2H); "C NMR (100 MHz, CDCl;) § 167.4, 138.2, 134.3, 131.4, 128.6, 128.4, 127.7,
127.4,127.3,126.9, and 43.9.

0]

Ej)L N~ >CO,Et
H

Ethyl-2-benzamidoacetate (18¢)’

18e was obtained from 3a and glycine ethyl ester hydrochloride as a white solid (m.p. 61 °C). The
reaction time was 13 h. Yield: 97%.

'H NMR (400 MHz, CDCl3) 5 7.82 (d, J = 8.0 Hz, 2H), 7.49 (t, J = 6.8 Hz, 1H), 7.41 (dd, J = 8.0, 6.8 Hz,
2H), 6.79 (br, 1H), 4.28-4.20 (m, 4H), 1.31 (t, J = 7.0 Hz, 3H); >C NMR (100 MHz, CDCl;) § 170.0,
167.5, 133.6, 131.6, 128.5, 127.0, 61.5, 41.8, and 14.0.

7.5. Synthesis of N-methoxyl-N-methylbenzamide (20)"

H HCI

N,

OCl Cl Me”OMe (2.5 equiv) o

o K3POy4 (5.0 equiv) ©)LN,OMe
> I
DMF, 80 °C, 5h Me
Cl
3a 20

K;5PO4 (352 mg, 1.66 mmol, 5 equiv) and N,0-dimethylhydroxylamine hydrochloride (81 mg, 0.83 mmol,
2.5 equiv) was added to a solution of 3a (100 mg, 0.33 mmol) in DMF (1 mL). The mixture was warmed
to 80 °C, stirred for 5 h, and cooled to room temperature. The mixture was diluted with EtOAc, filtered,
and concentrated. The obtained residue was purified by PTLC (Si0,, hexane/EtOAc 4/1) to afford 20 (48
mg, 0.29 mmol, 87%) as a colorless oil.
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'H NMR (400 MHz, CDCLy) 8 7.66-7.64 (m, 2H), 7.46-7.35 (m, 3H), 3.55 (s, 3H), 3.36 (s, 3H); °C NMR
(100 MHz, CDCl3) § 169.9, 134.1, 130.5, 128.1, 128.0, 61.0, and 33.8.

8. Analyvtical data of phenyl formates (1b—g)

o
Ph

4-Phenylphenyl formate @avy’

1b was obtained from 4-phenylphenol as a white crystal (m.p. 58 °C). 8 equiv of Ac,O, 10 equiv of
HCOOH, and 1 equiv of AcONa were used. Yield: 96%.

'H NMR (400 MHz, CDCL3) & 8.34 (s, 1H), 7.63-7.54 (m, 5H), 7.46-7.42 (m, 2H), 7.38-7.33 (m, 1H),
7.22-7.18 (m, 2H); *C NMR (100 MHz, CDCl3) § 159.2, 149.2, 140.1, 139.6, 128.8, 128.4, 127.5, 127.1,
and 121.4; IR (ATR) 1726, 1599, 1518, 1483, 1217, 1184, 1169, 1098, 858, 750, and 685 cm™'; HRMS
(TOF) [M+H]" calcd for C13H;00,: 199.0754; found 199.0753.

oy

4-Fluorophenyl formate (1¢)"

1c was obtained from 4-fluorophenol as a colorless oil. Yield: 66%.

'H NMR (400 MHz, CDCl;) & 8.28 (s, 1H), 7.14-7.04 (m, 4H); *C NMR (100 MHz, CDCl;) § 160.5 (d,
"Jer = 244.7 Hz), 159.1, 145.6 (d, *Jcr = 3.3 Hz), 122.6 (d, *Jor = 8.8 Hz), 116.3 (d, 2Jor = 23.2 Hz); IR
(ATR) 1763, 1736, 1499, 1180, 1090, 862, 793, and 704 cm™'; HRMS (TOF) [M+H]" calcd for C;HsFO,:
141.0346; found 141.0356.

SO

4-Chlorophenyl formate aay’

1d was obtained from 4-chlorophenol as a colorless oil. Yield: 95%.

'H NMR (400 MHz, CDCl;) & 8.26 (s, 1H), 7.35 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H); °C NMR
(100 MHz, CDCl;) 6 158.7, 148.2, 131.7, 129.6, and 122.5; IR (ATR) 1763, 1741, 1485, 1190, 1163,
1105, 1082, 860, 777, 611, and 513 cm™; HRMS (TOF) [M+H]" calcd for C;H5ClO,: 157.0051; found
157.0057.
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o7
F1sC

4-Trifluoromethylphenyl formate (1e)"’

1e was obtained from 4-trifluoromethylphenol as a colorless oil. Yield: 91%.

'H NMR (400 MHz, CDCl;) & 8.31 (s, 1H), 7.68 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H); °C NMR
(100 MHz, CDCl3) & 158.5, 152.3, 128.7 (q, “Jer = 33.0 Hz), 127.1 (q, *Jeor = 3.7 Hz), 123.8 (q, "Jor =
272.0 Hz), and 121.8; IR (ATR) 1770, 1744, 1612, 1512, 1323, 1202, 1167, 1120, 1099, 1059, 1016, 870,
737, 594, and 571 cm™; HRMS (CI) [M+H]" caled for CsHsF30,: 191.0314; found 191.0320.

Cl OY

o)

H

Cl Cl

2,4,6-Trichlorophenyl formate an'

1f was obtained from 2,4,6-trichlorophenol as a pale yellow crystal (m.p. 68 °C). 8 equiv of Ac,0, 10
equiv of HCOOH, and 1 equiv of AcONa were used. Yield: 98%.

'H NMR (400 MHz, CDCl3) & 8.28 (s, 1H), 7.40 (s, 2H); °*C NMR (100 MHz, CDCl;) & 156.2, 141.9,
132.5, 129.2, and 128.7; IR (ATR) 3078, 1732, 1562, 1447, 1418, 1385, 1368, 1227, 1084, 1055, 849,
818, 804, 687, and 561 cm™'; HRMS (CI) [M+H]" caled for C;H;C1;05: 224.9271; found 224.9279.

FOY

)

H

F
2,6-Difluorophenyl formate (1g)
1g was obtained from 2,6-difluorophenol as a colorless oil. Yield: 53%.
'H NMR (400 MHz, CDCl3) § 8.28 (s, 1H), 7.26-7.16 (m, 1H), 7.03-6.96 (m, 2H); °C NMR (100 MHz,
CDCls) 8 156.7, 155.0 (dd, " Jor = 251.2, 4.1 Hz), 126.0 (t, *Jor = 15.7 Hz), 126.9 (t, *Jor = 9.0 Hz), and
112.2 (dd, **Jer = 17.3, 5.0 Hz); IR (ATR) 1748, 1612, 1493, 1477, 1292, 1248, 1196, 1076, 1011, 770,
and 694 cm™; HRMS (CI) [M+H]" caled for C;H4F,0,: 159.0252; found 159.0259.

9. Analytical data of carbonylation products

@iOQ

Phenyl benzoate (6)1
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6 was obtained from 1a and 2a as a white crystal (m.p. 68 °C) by method A. Yield: 10%.

'H NMR (400 MHz, CDCls) 8 8.21 (ddd, J = 7.3, 2.0, 1.0 Hz, 2H), 7.62 (tt, J = 7.3, 2.0 Hz, 1H), 7.50
(ddd, J=17.8, 7.8, 1.0 Hz, 2H), 7.42 (ddd, J = 7.3, 7.3, 1.0 Hz, 2H), 7.26 (tt, J= 7.8, 1.4 Hz, 1H), 7.21
(ddd, J = 7.8, 1.4, 1.0 Hz, 2H); °C NMR (100 MHz, CDCl3) & 165.1, 150.9, 133.5, 130.1, 129.5, 129.4,
128.5, 125.8, and 121.7.

o

Phenyl 3,4-dihydronaphthalene-2-carboxylate n"

7 was obtained from 1a and 2b as a white crystal (m.p. 55 °C) by method A. Yield: 30%.

'H NMR (400 MHz, CDCl;) 8 7.76 (s, 1H), 7.40 (t, J = 7.8 Hz, 2H), 7.30-7.15 (m, 7H), 2.93 (t, J = 8.3
Hz, 2H), 2.72 (t, J = 8.3 Hz, 2H); >*C NMR (100 MHz, CDCl;) & 165.8, 151.0, 138.2, 137.1, 132.3, 129.9,
129.4, 128.7, 128.6, 127.7, 126.8, 125.6, 121.7, 27.5, and 22.3; IR (ATR) 1721, 1626, 1566, 1481, 1450,
1260, 1186, 1161, 1109, 1049, 734, and 689 cm™'; HRMS (TOF) [M+H]" caled for Ci;H;505: 251.1066;
found 251.1074.

Ph

2
©)}\O
4-Phenylphenyl benzoate (8)
8 was obtained from 1b and 2a as a white crystal (m.p. 139 °C) by method A. Yield: 5%.
'H NMR (400 MHz, CDCl5) § 8.22 (d, J = 7.6 Hz, 2H), 7.66-7.55 (m, 5H), 7.52 (t, J = 7.6 Hz, 2H), 7.44
(t, J = 7.6 Hz, 2H), 7.37-7.32 (m, 1H), 7.29 (d, J = 8.8 Hz, 2H); °C NMR (100 MHz, CDCL;) & 165.2,
150.4, 140.4, 139.0, 133.6, 130.2, 129.6, 128.8, 128.6, 128.2, 127.3, 127.1, and 122.0; IR (ATR) 1730,

1597, 1485, 1450, 1402, 1263, 1230, 1217, 1167, 1063, 878, 756, 700, and 687 cm’'; HRMS (TOF)
[M+H]" calcd for CoH;40: 275.1067; found 275.1071.

1,1'-Biphenyl-4-yl 3,4-dihydronaphthalene-2-carboxylate (9)

9 was obtained from 1b and 2b as a white crystal (m.p. 113 °C) by method A. Yield: 17%.

'H NMR (400 MHz, CDCl;) & 7.79 (s, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.44 (t, J =
7.2 Hz, 2H), 7.37-7.20 (m, 7H), 2.95 (t, J = 8.4 Hz, 2H), 2.75 (t, J = 8.4 Hz, 2H); °C NMR (100 MHz,
CDCl;) 6 165.9, 150.5, 140.4, 138.8, 138.4, 137.1, 132.3, 129.9, 128.8, 128.6, 128.2, 127.8, 127.3, 127.1,
126.8, 122.0, 27.6, and 22.3 (One aromatic carbon signal is missing.); IR (ATR) 1732, 1624, 1564, 1447,
1379, 1275, 1238, 1200, 1182, 1167, 1134, 1109, 1022, 959, 906, 854, 817, and 729 cm™'; HRMS (TOF)
[M+H]" calcd for C,3H;505: 327.1380; found 327.1386.

S11



es
©)’LO
4-Fluorophenyl benzoate (10)
10 was obtained from 1c and 2a as a white crystal (m.p. 49 °C) by method A. Yield: 30%.
'H NMR (400 MHz, CDCl;) & 8.21-8.18 (m, 2H), 7.64 (tt, J = 7.6, 2.0 Hz, 1H), 7.52 (t, J= 7.5 Hz, 2H),
7.20-7.15 (m, 2H), 7.14-7.08 (m, 2H); °C NMR (100 MHz, CDCl3) & 165.2, 160.3 (d, "Jcr = 243.8 Hz),
146.7, 133.7, 130.2, 129.3, 128.6, 123.1 (d, *Jer = 8.2 Hz), 116.1 (d, “Jer = 23.9 Hz); IR (ATR) 1730,
1599, 1499, 1450, 1267, 1240, 1184, 1061, 1024, 1012, 876, 818, 763, and 698 cm™; HRMS (TOF)

[M+H]" calcd for C3HoFO,: 217.0659; found 217.0662.

4-Fluorophenyl 3,4-dihydronaphthalene-2-carboxylate (11)

11 was obtained from 1c and 2b as a colorless oil by method A. Yield: 35%.

'H NMR (400 MHz, CDCls) § 7.75 (s, 1H), 7.29-7.19 (m, 4H), 7.16-7.05 (m, 4H), 2.93 (t, J = 8.4 Hz, 2H),
2.71 (td, J = 8.4, 1.2 Hz, 2H); >C NMR (100 MHz, CDCl3) § 165.9, 160.1 (d, "Jcr = 243.8 Hz), 146.8 (d,
*Jer = 2.5 Hz), 138.5, 137.1, 132.2, 130.0, 128.8, 128.3, 127.8, 126.8, 123.0 (d, *Jor = 8.2 Hz), 116.0 (d,
?Jer =23.1 Hz), 27.5, and 22.3; IR (ATR) 1717, 1624, 1501, 1275, 1260, 1204, 1173, 1148, 1110, 1047,
968, 831, 758, 746, and 718 cm™'; HRMS (TOF) [M+H]" calcd for C,,H3FO,: 269.0972; found 269.0980.

©)J\O

4-Chlorophenyl benzoate (12)

12 was obtained from 1d and 2a as a white crystal (m.p. 72 °C) by method A. Yield: 81%.

'H NMR (400 MHz, CDCl3) § 8.18 (dd, J = 7.6, 1.6 Hz, 2H), 7.63 (tt, 1H, J = 8.0, 1.6 Hz, 1H), 7.50 (dd,
J =8.0, 7.6 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 8.8 Hz, 2H); °C NMR (100 MHz, CDCl;) &
164.9, 149.4, 133.7, 131.2, 130.2, 129.5, 129.1, 128.6, and 123.1; IR (ATR) 1730, 1485, 1450, 1261,
1215, 1200, 1159, 1078, 1059, 1024, 1013, 1001, 876, 806, 799, 702, and 683 cm™; HRMS (TOF)

[M+H]" calcd for C,3HoClO,: 233.0364; found 233.0360.
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4-Chlorophenyl 3,4-dihydronaphthalene-2-carboxylate (13)

13 was obtained from 1d and 2b as a white crystal (m.p. 67 °C) by method A. Yield: 8§7%.

'H NMR (400 MHz, CDCL3) & 7.74 (s, 1H), 7.37-7.33 (m, 2H), 7.30-7.18 (m, 4H), 7.13-7.09 (m, 2H),
2.92 (t,J = 8.4 Hz, 2H), 2.70 (td, J = 8.4, 1.2 Hz, 2H); >*C NMR (100 MHz, CDCl3) § 165.5, 149.5, 138.6,
137.1, 132.2, 130.9, 130.0, 129.4, 128.8, 128.2, 127.7, 126.8, 123.1, 27.5, and 22.2; IR (ATR) 1732, 1719,
1618, 1481, 1258, 1159, 1085, 1045, 1012, 877, 770, and 716 cm'; HRMS (TOF) [M+H]" calcd for
C,7H;5ClO,: 285.0677; found 285.0673.

4-Trifluoromethylphenyl benzoate (14)

14 was obtained from 1e and 2a as a white crystal (m.p. 96 °C) by method A. Yield: 94%.

'H NMR (400 MHz, CDCl;) & 8.20 (dd, J = 8.4, 1.2 Hz, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.66-7.62 (m, 1H),
7.51 (t, J = 8.0 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl;) & 164.6, 153.5, 133.9,
130.2, 128.9, 128.7, 128.1 (q, “Jeor = 33.0 Hz), 126.8 (q, *Jer = 3.2 Hz), 123.9 (q, "Jer = 272.0 Hz), and
122.2; IR (ATR) 1732, 1610, 1599, 1516, 1452, 1333, 1261, 1225, 1207, 1157, 1115, 1099, 1051, 881,
702, and 683 cm'l; HRMS (TOF) [M+H]" calcd for C,4HoF30,: 267.0627; found 267.0623.

4-Trifluoromethylphenyl 3,4-dihydronaphthalene-2-carboxylate (15)

15 was obtained from 1e and 2b as a white crystal (m.p. 103 °C) by method A. Yield: 91%.

'H NMR (400 MHz, CDCl5) § 7.78 (s 1H), 7.66 (d, J = 8.8 Hz, 2H), 7.31-7.19 (m, 6H), 2.94 (t, J = 8.0 Hz,
2H), 2.72 (t, J = 8.0 Hz, 2H); *C NMR (100 MHz, CDCl3) & 165.3, 153.6, 139.0, 137.2, 132.1, 130.2,
128.9, 128.0, 127.9 (q, “Jer = 33.1 Hz), 127.8, 126.9, 126.7 (q, *Jep = 4.1 Hz), 123.9 (q, "Jer = 272.0 Hz),
122.2,27.5, and 22.2; IR (ATR) 1724, 1622, 1611, 1327, 1260, 1215, 1163, 1101, 1066, 1042, 1016, 984,
953, 880, 862, 762, and 716 cm™; HRMS (TOF) [M+H]" calcd for C,gH;3F30,: 319.0940; found 319.0931.
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2,6-Difluorophenyl benzoate (16)

16 was obtained from 1g and 2a as a colorless oil by method A. Yield: 99%.

'H NMR (400 MHz, CDCl;) § 8.22 (dd, J = 8.4, 1.2 Hz, 2H), 7.65 (tt,J= 7.6, 1.2 Hz, 1H), 7.52 (t,J = 8.4
Hz, 2H), 7.24-7.16 (m, 1H), 7.04-6.99 (m, 2H); *C NMR (100 MHz, CDCl3) § 163.3, 155.5 (dd, " *Jcr =
250.4, 4.1 Hz), 134.1, 130.5, 128.7, 128.0, 127.5 (t, °Jor = 14.9 Hz), 126.4 (t, "Jer = 9.1 Hz), and 112.1
(dd, ? “Jop = 17.4, 4.9 Hz); IR (ATR) 1749, 1605, 1501, 1479, 1452, 1292, 1258, 1246, 1202, 1179, 1076,
1045, 1011, 772, 702, 685, 520 and 513 cm™; HRMS (TOF) [M+H]" calcd for C,3HgF,0,: 235.0565;
found 235.0569.

)

2,6-Difluorophenyl 3,4-dihydronaphthalene-2-carboxylate (17)

17 was obtained from 1g and 2b as a colorless oil by method A. Yield: 94%.

'H NMR (400 MHz, CDCl;) & 7.83 (s, 1H), 7.30-7.15 (m, 5H), 7.00 (t, J = 8.0 Hz, 2H), 2.95 (t, J = 8.4
Hz, 2H), 2.74 (td, J = 8.4, 1.6 Hz, 2H); *C NMR (100 MHz, CDCl3) & 163.9, 155.6 (dd, "’ Jcr = 250.5,
4.2 Hz), 139.7, 137.2, 132.1, 130.2, 129.0, 127.8, 127.6 (t, °Jor = 15.7 Hz), 126.9, 126.8, 126.1 (t, *Jor =
9.1 Hz), 112.0 (dd, > “Jer = 17.3, 5.7 Hz), 27.4, and 22.3; IR (ATR) 1730, 1622, 1599, 1501, 1477, 1292,
1275, 1260, 1246, 1200, 1165, 1155, 1109, 1011, 959, 770, 752, and 714 cm™'; HRMS (TOF) [M+H]"
calcd for C7H;,F,0,: 287.0878; found 287.0869.

Cl Cl
0]
)
Cl
2,4,6-Trichlorophenyl benzoate (3a)
3a was obtained from 1f and 2a as a white crystal (m.p. 55 °C) by method A. Yield: >99%.
'H NMR (400 MHz, CDCl;) & 8.23 (dd, J = 8.0, 1.2 Hz, 2H), 7.66 (tt, J = 7.2, 1.2 Hz, 1H), 7.53 (dd, J =
8.0, 7.2 Hz, 2H), 7.41 (s, 2H); °C NMR (100 MHz, CDCl;) & 162.9, 143.2, 134.2, 132.0, 130.5, 129.8,
128.7, 128.6, and 127.8; IR (ATR) 1753, 1447, 1258, 1227, 1045, 1018, 862, 696, 509, and 503 cm™;

HRMS (TOF) [M+H]" calcd for C;3H,C1;05: 300.9584; found 300.9592.

Cl Cl

2,4,6-Trichlorophenyl 3,4-dihydronaphthalene-2-carboxylate (3b)

3b was obtained from 1f and 2b as a white crystal (m.p. 73 °C) by method A. Yield: >99%.

'H NMR (400 MHz, CDCl;) & 7.85 (s, 1H), 7.38 (s, 2H), 7.31-7.19 (m, 4H), 2.96 (t, J = 7.6 Hz, 2H), 2.75
(t, J= 7.6 Hz, 2H); C NMR (100 MHz, CDCl;) & 163.5, 143.3, 139.9, 137.2, 132.0, 131.7, 130.3, 129.8,
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129.0, 128.5, 127.8, 126.9, 126.7, 27.4, and 22.2; IR (ATR) 1732, 1624, 1562, 1447, 1379, 1274, 1238,
1200, 1184, 1169, 1020, 957, 854, 756, 731, and 714 cm™; HRMS (TOF) [M+H]" caled for C;7H;,Cl;05:
352.9897; found 352.9887.

coisd

2,4,6-Trichlorophenyl 2-naphthoate (3¢)

3¢ was obtained from 1f and 2¢ as a white crystal (m.p. 115 °C) by method B. Yield: 90%.

'"H NMR (400 MHz, CDCl;)  8.84 (s, 1H), 8.19 (dd, J = 8.8, 2.0, 1H), 7.97 (d, J= 7.6 Hz, 1H), 7.95 (d, J
= 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.64-7.54 (m, 2H), 7.40 (s, 2H); *C NMR (100 MHz, CDCl;) &
163.1, 143.3, 136.1, 132.6, 132.4, 132.0, 130.5, 129.8, 129.5, 129.0, 128.6, 127.8, 127.0, 125.4, and
125.0; IR (ATR) 1746, 1562, 1447, 1277, 1219, 1184, 1124, 1040, 947, 908, 856, 818, 758, and 731 cm';
HRMS (TOF) [M+H]" calcd for C,7;HoC1;05: 350.9741; found 350.9742.

Cl Cl
(0]
0y
MeO cl

2,4,6-Trichlorophenyl 4-methoxybenzoate (3d)

3d was obtained from 1f and 2d as a colorless oil by method A. Yield: 82%.

'H NMR (400 MHz, CDCl;) & 8.18 (d, J = 8.8 Hz, 2H), 7.40 (s, 2H), 7.00 (d, J = 8.8 Hz, 2H), 3.89 (s,
3H); *C NMR (100 MHz, CDCl3) § 164.4, 162.6, 143.4, 132.7, 131.8, 129.9, 128.5, 120.0, 114.0, and
55.5; IR (ATR) 1744, 1605, 1510, 1449, 1258, 1227, 1167, 1138, 1043, 1024, 1003, 843, 818, 756, 689,
and 610 cm™; HRMS (TOF) [M+H]" calcd for C4HoC1305: 330.9690; found 330.9688.

oCI Cl
)@AO
Cl cl

2,4,6-Trichlorophenyl 4-chlorobenzoate (3e¢)

3e was obtained from 1f and 2e as a colorless oil by method A. Yield: >99%.

'H NMR (400 MHz, CDCl;) & 8.16 (d, J = 6.8 Hz, 2H), 7.50 (d, J = 6.8 Hz, 2H), 7.41 (s, 2H); °C NMR
(100 MHz, CDCl;) 6 162.1, 143.0, 140.9, 132.2, 131.8, 129.7, 129.1, 128.6, and 126.2; IR (ATR) 1746,
1591, 1566, 1447, 1402, 1387, 1256, 1223, 1175, 1142, 1090, 1076, 1011, 845, 820, and 746 cm™'; HRMS
(TOF) [M+H]" calcd for C3HsCl140,: 334.9195; found 334.9192.
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Cl Cl

J@AO
Br cl

2,4,6-Trichlorophenyl 4-bromobenzoate (3f)

3f was obtained from 1f and 2f as a white crystal (m.p. 74 °C) by method A. Yield: >99%.

'H NMR (400 MHz, CDCl;) & 8.09 (dd, J = 8.0, 1.2 Hz, 2H), 7.68 (dd, J = 8.0, 1.2 Hz, 2H), 7.41 (d, J =
1.2 Hz, 2H); °C NMR (100 MHz, CDCl) § 162.3, 143.0, 132.23, 132.18, 132.0, 129.7, 128.7, and 126.7
(One aromatic carbon signal is missing.); IR (ATR) 1745, 1587, 1564, 1449, 1387, 1258, 1225, 1175,
1140, 1043, 1007, 820, and 743 cm™'; HRMS (TOF) [M+H]" calcd for C;3H¢BrC1;0,: 378.8690; found
378.8683.

Cl Cl

Cl
NC

2,4,6-Trichlorophenyl 4-cyanobenzoate (3g)

3g was obtained from 1f and 2g as a white crystal (m.p. 106 °C) by method A. Yield: 94%.

'H NMR (400 MHz, CDCl;) & 8.34 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H), 7.44 (s, 2H); °C NMR
(100 MHz, CDCl;) & 161.4, 142.6, 138.4, 132.5, 131.6, 130.9, 129.5, 128.7, 117.65, and 117.57; IR
(ATR) 2232, 1751, 1560, 1447, 1258, 1236, 1082, 1055, 1018, 854, 756, and 682 cm™'; HRMS (TOF)
[M+H]" calcd for C;4HsC1sNO,: 325.9537; found 325.9528.

Cl Cl
O
(0]
Cl
0]

2,4,6-Trichlorophenyl 4-acetylbenzoate (3h)

3h was obtained from 1f and 2h as a white crystal (m.p. 129 °C) by method A. Yield: >99%.

'H NMR (400 MHz, CDCl3) & 8.32 (d, J = 8.0 Hz, 2H), 8.10 (d, J = 8.0 Hz, 2H), 7.43 (s, 2H), 2.68 (s,
3H); "C NMR (100 MHz, CDCl;) § 197.3, 162.1, 142.9, 141.2, 132.3, 131.5, 130.8, 129.6, 128.7, 128.4,
and 26.9; IR (ATR) 1746, 1686, 1566, 1450, 1389, 1229, 1082, 1051, 1011, 856, 758, and 689 cm;
HRMS (TOF) [M+H]" calcd for C;5sHyC1;05: 342.9690; found 342.9697.

Cl Cl
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2,4,6-Trichlorophenyl 4-formylbenzoate (3i)

3i was obtained from 1f and 2i as a white crystal (m.p. 93 °C) by method A. Yield: 99%.

'H NMR (400 MHz, CDCl3) & 10.20 (s, 1H), 8.40 (d, J = 8.0 Hz, 2H), 8.05 (d, J = 8.0 Hz, 2H), 7.43 (s,
2H); °C NMR (100 MHz, CDCl3) § 191.3, 162.0, 142.8, 140.0, 132.6, 132.4, 131.1, 129.7, 128.7 and
128.0; IR (ATR) 1757, 1705, 1564, 1449, 1387, 1227, 1200, 1140, 1045, 1013, 854, 820, and 746 cm™;
HRMS (TOF) [M+H]" calcd for C,4H,C1;05: 328.9534; found 328.9536.

OCI Cl
jon:
[
EtO,C c

2,4,6-Trichlorophenyl 4-ethoxycarbonylbenzoate (3j)

3j was obtained from 1f and 2j as a white crystal (m.p. 99 °C) by method A. Yield: 85%.

'H NMR (400 MHz, CDCl;) § 8.30 (d, J = 8.4 Hz, 2H), 8.20 (d, J = 8.4 Hz, 2H), 7.43 (s, 2H), 4.44 (q, J =
6.8 Hz, 2H), 1.43 (t, J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCl;) & 165.4, 162.2, 143.0, 135.5, 132.3,
131.4, 130.4, 129.8, 129.7, 128.7, 61.6, and 14.2; IR (ATR) 1746, 1717, 1566, 1447, 1267, 1254, 1229,
1105, 1045, 1012, 849, 880, and 725 cm™'; HRMS (TOF) [M+H]" caled for C¢H;;CL04: 372.9796; found
372.9800.

Cl Cl
0]
Q)ko
Cl
Me

2,4,6-Trichlorophenyl 4-methylbenzoate (3k)

3k was obtained from 1f and 2k as a white crystal (m.p. 68 °C) by method B. Yield: 81%.

'H NMR (400 MHz, CDCL3) & 8.12 (d, J = 8.4 Hz, 2H), 7.41 (s, 2H), 7.33 (d, J = 8.4 Hz, 2H), 2.46 (s,
3H); C NMR (100 MHz, CDCl3) & 162.9, 145.3, 143.3, 131.9, 130.6, 129.9, 129.5, 128.6, 125.1, and
21.8; IR (ATR) 1742, 1611, 1564, 1447, 1387, 1260, 1225, 1179, 1042, 1015, 854, 818, and 741 cm™;
HRMS (TOF) [M+H]" calcd for C1,HoCl305: 314.9741; found 314.9746.

OCI Cl

L
Cl

Cl
2,4,6-Trichlorophenyl 2-chlorobenzoate (3m)
3m was obtained from 1f and 2m as a white crystal (m.p. 57 °C) by method A. Reaction temperature was
45 °C. Yield: 96%.
'H NMR (400 MHz, CDCL3) & 8.18 (d, J = 8.0 Hz, 1H), 7.55-7.52 (m, 2H), 7.43 (s, 2H), 7.42-7.39 (m,
1H); "C NMR (100 MHz, CDCl3) § 161.2, 142.8, 135.1, 133.8, 132.3, 132.2, 131.5, 129.7, 128.6, 127.5,
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and 126.8; IR (ATR) 1753, 1589, 1564, 1445, 1387, 1219, 1130, 1086, 1016, 856, 820, and 740 cm’;
HRMS (TOF) [M+H]" caled for C13HCL,0,: 334.9195; found 334.9196.

Cl Cl
O
0]

Cl
Me

2,4,6-Trichlorophenyl 2-methylbenzoate (3n)

3n was obtained from 1f and 2n as a colorless oil by mthod A. Reaction temperature was 45 °C. Yield:
82%.

'H NMR (400 MHz, CDCl3) & 8.23 (d, J = 7.2 Hz, 1H), 7.52-7.49 (m, 1H), 7.42 (s, 2H), 7.40-7.36 (m,
2H), 2.67 (s, 3H); *C NMR (100 MHz, CDCls) & 163.3, 143.3, 141.8, 133.3, 132.0, 131.9, 131.5, 129.9,
128.6, 127.1, 126.0, and 21.7; IR (ATR) 1751, 1562, 1447, 1385, 1287, 1244, 1219, 1130, 1011, 858, 818,
804, 791, and 731 cm™'; HRMS (TOF) [M+H]" calcd for C,4HyCl30,: 314.9741; found 314.9748.

Cl Cl
O

Cl (@]
) Cl

Cl Cl ©
Bis(2,4,6-trichlorophenyl) terephthalate (30)
30 was obtained from 1f and 20 or 20a as a white crystal (m.p. 179 °C). Yield: 75% from 20 by method A
(2.5 equiv of 1f and 4 equiv of NBu; were used in the presence of 5 mol % of Pd(OAc), and 10 mol % of
xantphos). Yield: 92% from 20a by method B (3 equiv of 1f and 3 equiv of NEt; were used in the
presence of 5 mol % of Pd(OAc), and 10 mol % of xantphos).
'H NMR (400 MHz, CDCls) & 8.40 (s, 4H), 7.45 (s, 4H); *C NMR (100 MHz, CDCls) & 161.9, 142.9,
132.8, 132.4, 130.8, 129.6, and 128.7; IR (ATR) 1751, 1562, 1447, 1254, 1227, 1136, 1049, 1011, 853,
820 and 708 cm'l; HRMS (TOF) [M+H]" calcd for CHgClsO4: 522.8627; found 522.8636.

Cl

Cl Cl

2,4,6-Trichlorophenyl 1-naphthoate(3p)
3p was obtained from 1f and 2p as a white crystal (m.p. 94 °C) by method A. Reaction temperature was
45 °C . Yield: 99%.
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'H NMR (400 MHz, CDCl;) & 8.98 (d, J=9.2 Hz, 1H), 8.56 (dd, J=7.6, 1.2 Hz, 1H), 8.11 (d, /= 8.4 Hz,
1H), 7.90 (d, J = 8.4 Hz, 1H), 7.65 (ddd, J = 7.6, 6.8, 1.6 Hz, 1H), 7.59-7.53 (m, 2H), 7.43 (s, 2H); °C
NMR (100 MHz, CDCl;) & 163.2, 143.2, 134.9, 133.8, 132.0, 131.8, 131.7, 129.9, 128.7, 128.6, 128.5,
126.6, 125.5, 124.5, and 124.2; IR (ATR) 3071, 1740, 1560, 1447, 1229, 1182, 1099, 1072, 966, 862, 804,
and 768 cm™'; HRMS (TOF) [M+H]" calcd for C;7HoC130,: 350.9741; found 350.9741.

OCI Cl
D
N Cl

2,4,6-Trichlorophenyl picolinate (3q)

3q was obtained from 1f and 2q or 2qa as a white crystal (m.p. 121 °C). Yield: 88% from 2qa by method
A. Yield: >99% from 2q by method A (The reaction temperature was 45 °C).

'H NMR (400 MHz, CDCl;) & 8.90-8.87 (m, 1H), 8.32 (d, J = 8.0 Hz, 1H), 7.95 (td, J = 8.0, 1.6 Hz, 1H),
7.61 (ddd, J = 7.2, 4.4, 1.6 Hz, 1H), 7.43 (s, 2H); °C NMR (100 MHz, CDCL3) & 161.4, 150.4, 145.9,
143.1, 137.2, 132.2, 129.5, 128.6, 127.9, and 126.2; IR (ATR) 1746, 1564, 1450, 1437, 1288, 1233, 1080,

1067, 1043, 739, and 694 cm™'; HRMS (TOF) [M+H]" calcd for C;,HsCIsNO,: 301.9537; found 301.9545.

Cl Cl

2,4,6-Trichlorophenyl nicotinate (3r)

3r was obtained from 1f and 2r as a white crystal (m.p. 47 °C) by method B. Yield: 86%.

'H NMR (400 MHz, CDCl;) 3 9.44 (d, J = 2.0 Hz, 1H), 8.91 (dd, J=4.8, 1.2 Hz, 1H), 8.48 (ddd, J = 8.4,
2.0, 1.2 Hz, 1H), 7.50 (dd, J = 8.4, 4.8 Hz, 1H), 7.44 (s, 2H); °C NMR (100 MHz, CDCl5) § 161.7, 154.6,
151.6, 142.7, 137.8, 132.4, 129.6, 128.7, 124.1, and 123.6; IR (ATR) 1751, 1587, 1562, 1450, 1420, 1267,
1229, 1061, 1016, 862, 725, and 696 cm™; HRMS (TOF) [M+H]" calcd for C;,H¢CIsNO,: 301.9537;
found 301.9543.

oC! Cl
| Nﬁ)ko
@N Cl

2,4,6-Trichlorophenyl pyrimidine-2-carboxylate (3s)

3s was obtained from 1f and 2s as a colorless oil by method A. Yield: 74%.

'H NMR (400 MHz, CDCl;) & 9.07 (d, J = 4.8 Hz, 2H), 7.62 (d, J = 4.8 Hz, 1H), 7.45 (s, 2H); °C NMR
(100 MHz, CDCl5) 6 159.4, 158.2, 155.0, 142.9, 132.6, 129.4, 128.8, 128.0, and 123.9; IR (ATR) 1771,
1562, 1447, 1304, 1234, 1109, 1090, 1063, 856, 820, 766, 752, 685, and 629 cm™; HRMS (TOF) [M+H]"
caled for C;;HsC13N,0,: 302.9489; found 302.9483.
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2,4,6-Trichlorophenyl pyrimidine-5-carboxylate (3t)
3t was obtained from 1f and 2t as a white crystal (m.p. 75 °C) by method B. Yield: 74%.
'H NMR (400 MHz, CDCl3) § 9.51 (s, 2H), 9.50 (s, 1H), 7.46 (s, 2H); °C NMR (100 MHz, CDCl;) &
162.3, 160.1, 158.6, 142.2, 132.8, 129.5, 128.8, and 122.5; IR (ATR) 1761, 1584, 1562, 1450, 1435, 1269,

1233, 1121, 1062, 1020, 862, 818, and 710 cm; HRMS (TOF) [M+H]" caled for C;HsCL;N,O,:
302.9489; found 302.9481.

2,4,6-Trichlorophenyl quinoline-3-carboxylate (3u)

3u was obtained from 1f and 2u as a white crystal (m.p. 143 °C) by method B. Yield: 90%.

'H NMR (400 MHz, CDCl3) § 9.61 (d, J = 2.4 Hz, 1H), 9.07 (d, J = 2.0 Hz, 1H), 8.22 (d, /= 8.8 Hz, 1H),
7.98 (d, J=8.4 Hz, 1H), 7.90 (ddd, J = 8.8, 8.0, 1.2 Hz, 1H), 7.67 (ddd, J = 8.4, 8.0, 1.2 Hz, 1H), 7.43 (s,
2H); *C NMR (100 MHz, CDCl3) § 161.8, 150.3, 149.9, 142.8, 140.1, 132.6, 132.4, 129.7, 129.6, 129.3,
128.7, 127.8, 126.6, and 120.8; IR (ATR) 1749, 1618, 1562, 1449, 1287, 1221, 1123, 966, 860, 789, and
760 cm™; HRMS (TOF) [M+H]" calcd for C;sHsCl;NO,: 351.9693; found 351.9702.

Cl

Cl Cl
0.0

X
_N

2,4,6-Trichlorophenyl isoquinoline-4-carboxylate (3v)

3v was obtained from 1f and 2v as a white crystal (m.p. 156 °C) by method B. Yield: 76%.

'H NMR (400 MHz, CDCl3) § 9.54 (s, 1H), 9.48 (s, 1H), 8.96 (d, J = 8.8 Hz, 1H), 8.09 (d, J = 8.4 Hz,
1H), 7.89 (dd, J = 8.4, 7.6 Hz, 1H), 7.73 (dd, J = 8.8, 7.6 Hz, 1H), 7.46 (s, 2H); °C NMR (100 MHz,
CDCl;) 8 162.5, 158.2, 148.0, 142.9, 134.0, 132.9, 132.3, 129.8, 128.7, 128.5, 128.1, 124.7, and 118.3
(One aromatic carbon signal is missing.); IR (ATR) 1744, 1562, 1375, 1225, 1213, 1157, 1121, 1096, 980,
957, 856, 770, and 748 cm™'; HRMS (TOF) [M+H]" calcd for C;sHgCLsNO,: 351.9693; found 351.9702.
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Cl
2,4,6-Trichlorophenyl thiophene-3-carboxylate (3w)
3w was obtained from 1f and 2w or 2wa as a white crystal (m.p. 44 °C). Yield: 98% from 2w by method
A. Yield: 84% from 2wa by method B.
'H NMR (400 MHz, CDCl;) & 8.40 (dd, J= 2.8, 1.2 Hz, 1H), 7.69 (dd, J = 4.8, 1.2 Hz, 1H), 7.40 (s, 2H),
7.39 (dd, J = 4.8, 2.8 Hz, 1H); >C NMR (100 MHz, CDCl5) & 158.5, 142.9, 135.2, 132.0, 130.9, 129.8,
128.6, 128.2, and 126.7; IR (ATR) 1746, 1562, 1449, 1396, 1387, 1229, 1177, 1045, 854, 816, 802, and
733 cm™'; HRMS (TOF) [M+H]" calcd for C;;HsCL30,S: 306.9149; found 306.9149.

Cl Cl
o) o)
al s Cl

Cl Cl
Bis(2,4,6-trichlorophenyl) thiophene-2,5-dicarboxylate (3x)
3x was obtained from 1f and 2x as a white crystal (m.p. 205 °C) by method A (3 equiv of 1f and 3 equiv
of NEt; were used in the presence of 5 mol % of Pd(OAc), and 10 mol % of xantphos). Yield: 76%.
'H NMR (400 MHz, CDCL3) & 8.07 (s, 2H), 7.44 (s, 4H); °C NMR (100 MHz, CDCl) & 157.4, 142.4,
137.5, 135.4, 132.7, 129.7, and 128.7; IR (ATR) 1753, 1740, 1566, 1449, 1260, 1217, 1126, 1015, 997,
843, 818, 733, and 719 cm’'; HRMS (TOF) [M+H]" caled for CsHsC1s04S: 528.8191; found 528.8200.

Cl
g 9o
oCI Cl
2,4,6-Trichlorophenyl cinnamate (3y)
3y (E/Z=97/3) was obtained from 1f and 2y (£/Z = 87/13) as a colorless oil by method A. Yield: 88%.
E-form: "H NMR (400 MHz, CDCl;) & 7.94 (d, J = 16.0 Hz, 1H), 7.60-7.56 (m, 2H), 7.46-7.32 (m, 3H),
7.36 (s, 2H), 6.66 (d, J = 16.0 Hz, 1H); *C NMR (100 MHz, CDCl3) § 162.9, 148.3, 143.1, 133.7, 131.8,
131.1, 129.7, 129.0, 128.50, 128.45, 115.2.
Z-form: "H NMR (400 MHz, CDCly) & inter alia 7.73-7.70 (m, 2H), 6.24 (d, J= 12.8 Hz, 1H).

E/Z-mixture: IR (ATR) 1740, 1632, 1445, 1217, 1194, 1103, 957, 854, 758, 731, and 702 cm’'; HRMS
(TOF) [M+H]" caled for C;5sHyCL305: 326.9741; found 326.9739.
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2,4,6-Trichlorophenyl 1H-indene-2-carboxylate (3z)
3z was obtained from 1f and 2z as a white crystal (m.p. 121 °C) by method A. Yield: 97%.
'H NMR (400 MHz, CDCL;) & 8.06 (s, 1H), 7.59 (dd, J = 6.4, 2.0 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.42-
7.33 (m, 2H), 7.39 (s, 2H), 3.85 (d, J = 1.6 Hz, 2H); "C NMR (100 MHz, CDCl3) § 160.7, 145.2, 144.8,
143.1, 142.2, 134.2, 131.8, 129.9, 128.54, 128.47, 127.1, 124.4, 124.0, and 38.4; IR (ATR) 1724, 1560,
1447, 1387, 1335, 1229, 1173, 1130, 1011, 850, 756, and 714 cm'; HRMS (TOF) [M+H]" calcd for
C1sHoCl130,: 338.9741; found 338.9751.
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11. NMR spectra of obtained compounds (1b—g, 2b, 2z, 3a—z, 8—17)
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LT T T oo COMMT TU-T43-130
U B < Dt i DATIM Fridun 15 1117:32 2012
CEEERRREALERES s oo OBNUGC 130
HimE i S e EXMOD BCM
'\%%,%%H“%%J '\l/ | | OBFRE 10040 MHz
OESET 126,00 KHz
OEFIM 10500.00 He
FOIMT 32763
FREGIL 2711264 He
SO ANS 266
ACETM 12083 sec
FO 1.7920 sac
P GAQuzec
IRMUC 1H
CTEMP 2300
SLWNT CooL:
EXREF TT.00 ppm
EF 1.20Hz
RIS AN 26
P
I
,
PEM
——— [ —
0 175 150 125 100 75 50 25 i
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F#¥JADS -Carbonylation MMRETU-841 1 NOMNE! FT.als

TU-g4
CFILE F¥JACS-Carbonyation MMR¥T L=
o O - W D Mmoo T DO @ W oW 0~ 0 D W T o - =] COMMT TU-84
R A - Bl e el o § DATIM Sun Jul 03 15:44:23 201 2
o e e i e e
L e 0T
OEFRE 399 55 MHz
OESET 12400 KHz
OEFIM 1050000 Hz
- POIMT 16334
=] FREGIL TOOZO He
25 SCANS 3
, ACETH 20500 sec
FD 40600 zec
=b P G20 uzec
i IRRUC 1H
T CTEMP 263 o
SLWNT COoLE
o = EXREF 000 ppm
=] 2 EF 012 Hz
T RGAIN 10
Cl Cl
O
(0)
S 5 ©
FEM c
1da an 10 6.0 50 30 10 0o
F# A0S -Carbonylation MMRST =54 —1 301 BCMEZ FT als
T8 -130
LFILE F#d A0S -Carbanylation MMRET U—
P T =T . T S AT R o B - B = COmMMT TU-241-120C
BREESSCX3BREYESS §§§ DATIM Sun Jul 08 15:53:20 2012
2288898885883 o] OBNUC 130
———————————————— EXMOD BCM
%‘L%%W—J W OEFRE 100,40 MHz
OESET 126,00 KHz
OEFIM 10500.00 He
FOIMT 32763
FREGIL 2711864 He
SO ANS 123
ACETM 12083 sec
FO 1.7920 sac
P GAQuzec
IRMUC 1H
CTEMP 263 o
SLWNT CooL:
EXREF TT.00 ppm
BF 120Hz
RIS A 26
,
I i
PEM
——— 7T T —
200 176 150 125 100 75 50 25
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F¥JACS-Carbonyation MMR¥ETIL-7761MOMNE12 FT als
TU-776

DFILE F:%.JA0 5 -0 arbonylation NMRET U=
oo @ = @ COMMNT TU-776
e F55 2 DATIM Fridun 22 16:39:51 2012
“‘K“’ T 5 OENUC 1H
H | EXMOD MON
OEFRE 399,65 MHz
0BSET 124.00 KHz
OBFIN 1050000 Hz
POINT 16384
FREQU 799201 Hz
SO ANS 3
ACETM 20500 sec
@ FD 49500 sec
o Pl 620 usec
r IRMUC 1H
CTEMP 241
! A SLWNT oDoL3
o & I EXREF 000ppm
BF 012 Hz
RG AIN 13
— Cl Cl
(0]
O
n
Cl
) J | MeO 3d
PPM
100 9.0 8.0 70 6.0 5.0 40 3.0 2.0 10 00
F¥.J A0S -Carbonylstion NMRETU-T76-1301 BOME33 FT.als
TU-776-13C
DFILE F¥JADS-Carbonylation NMRETL-
= o A R ] © oo I COMNT TU-776-130
T L LRt = o DATIM FriJun 22 19:08:43 201 2
B Fesa882 Lne @ OENUC 130
97 T EXMOD: BOM
HH | \\H/ H } '\l/' | OBFRE 100.40 MHz
0BSET 125.00 KHz
OBFIN 10500.00 Hz
POINT 32768
FREQU 2711864 Hz
SCANS 128
ASGTM 12083 sec
FC 1.7920 sac
Pt 650 usec
IRMUG H
CTEMP 247 ¢
SLYNT oDOL3
EXREF 77.00 ppm
BF 120Hz
RG AIN 27
' '
|
'
|
,
Ll
PPM
200 175 150 125 100 75 50 25 0
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FJACS-Carbonylation MMRETU-77 4 MNOMNES FT.alz
TU-774

DFILE AR S-C arbonylation NMRET -
oo T oo COMNT TU-774
tEtngRyg DATIM Thu Jun 21 20:44:31 2012
LT OEMUC 1H
'\W EXMOD NON
OBFRA 30965 MHz
OBSET 124,00 KHz
OEFIN 1050000 Hz
POINT 16334
FREGIL 799201 Hz
SCANS 8
ACEITM 2.0500 sec
FO 49600 sec
= % P 6.20 usec
o & IRNUIC H
CTEMP 2400c
SLWNT cooLs
EXREF 000 ppm
EF 012 Hz
i REAIN 1
Cl Cl
(@]
; i
O
Cl
L ; ; cl
3e
FEM
100 9.0 5.0 7.0 5.0 5.0 40 3.0 2.0 1.0 00
F#JACS-Carbonylation NMR¥TL-T74-13C1BCMEN 1 FT.als
TU-774-130
DFILE F#JADS-Carbonylation NMRETL—
I @y COMNT TU-774-130
5 S5-LREXED =8 DATIM Thu Jun 21 21:15:01 2012
2 $¥F¥s238%8 [ OENUD 130
=TT T T EXMOD BCM
| \I\I&h %/J W OEFRE 10040 MHz
OBSET 125.00 KHz
OEFIN 10800.00 Hz
POINT 32763
FREGIL 2711864 He
SCANS 128
ACETM 1.2083 sec
FO 1.7920 sac
P GAQuzec
IRMUC H
CTEMP 249
SLYNT CDCLE
EXREF 77.00 ppm
EF 120 Hz
RG AIN 26
' ' 4
|
FPM
———————— 7+ —
2q0 175 150 125 100 75 50 25 0
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F¥JACS-Carbonylation MMRETII-7731 MOMET FT .alz
TU-7742

DFILE F¥JACS-Carbonylation NMRYET U=
209 COMNT TU-770
8885 DATIM Fridun 22 10:40:58 2012
“ OENUC 1H
EXMOD MON
OEFRE 300,65 MHz
! OESET 124.00 KHz
o OEFIN 10500.00 Hz
POINT 16384
FREQL 790201 Hz
SCANS g
ACETM 2.0500 sec
FD 49500 zec
P G20 uzec
IRMUC 1H
CTEMP 247 ¢
SLWNT CDCLE
EXREF 0.00 ppm
BF 012 Hz
G AN 13
Cl Cl
C o)
(0]
> L | i Cl
Br 3f
PPM
100 a0 a0 7.0 6.0 5.0 4.0 20 20 1.0 0o
F¥JACS-Carbonylation NMR¥TU-T70-13C1 BCMES FT als
TU-770-13C
DFILE F¥JACS-Carbonylation NMRETU-
= [ R — o COMNT TU-770-13C
a maCHRZER Bl DATIM FriJun 22 10:50:42 201 2
2 ¥ esads mee OBMUG 130
ET EXMOD BCM
| '\N H//l W OEFRE 100.40 MHz
OESET 126,00 KHz
OEFIN 10600,00 Hz
POINT 32768
FREGL 2711864 Hz
SOANS 128
ACGTM 1.208% sec
FO 1.7920 sec
Pl 650 usec
| IRMUIC 1H
CTEMP 255 ¢
SLWNT CDCL?
EXREF 77.00 ppm
BF 1.20Hz
RiEAIN 28
, ; I
L
PPM
200 176 150 125 100 75 50 25 i
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F¥JACS-Carbonyation MMR¥ETIL-2081 MOME15 FT .als

TU-803

CFILE F2¥JAC S-Carbonyation MMRET -
owme o COMMT TI-508
£883% DATIM Fri Jun 20 21:44:08 2012

=T OENUC 1H
k]) | EXMOL HOM

OEFRE 39965 MHz

OESET 124,00 KHz

OEFIM 10500.00 Hz

POINT 16384

FREGIL 79920 He
o = SCANS 3

=
8 o5 ACOTH 20500 sec
2 = PC 49500 sec

[l 620 usec

IRMUC 1H

CTEMP 241 o

SLWMT CooLE

EXREF 0.00 ppm

EF 018 He

\ RIS AN 12
oCI Cl
oa 0
Cl
NC 39
ul I
100 ] 50 10 50 50 40 30 20 10 0o
P A0S -Carbonylation MMRETU-808-1 301 ECME! 9 F T als
TU-80E-130
CFILE F¥JACS-Carbonyation RMRET -
e CrTewsogeo =g COMMT TU-808-130
# EEEha¥rRael mgat DATIM FH Jun 20 22:20:00 201 2
T ¥E¥sREa&CC [ OEMUGC 130
mE Ermmin bisimoie EXMOD EiCh
| "\\ﬁH/ V W OEFRE 100,40 MHz

OBSET 125.00 KHz

OEFIM 10500.00 Hz

POIMT 32768

FREGIL 2711864 He

SCANS 128

ACETM 1.2083 sec

FO 1.7920 zac

Pl 650 usec

IRMUC H

CTEMP 247 &

. SLWNT COoLE

i EXREF 77.00 ppm
BF 120 Hz
RIS A 26

.
,
[
FEM
——— 7 — — — —
200 175 150 125 100 75 50 25 il
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F#¥JAGS —Carbonyation MMR¥TU-2091 MOMNE1 6 FT.als
TU-200

F¥JACS-Carboniation MMR¥T L=

) -V T TU-200
“mtd ¥48 p Fri Jun 20 215340 201 2
T e 1H
P i |
39965 MHz
124.00 KHz
10800.00 Hz
16384
7202.01 Hz
2
20500 sec
4.0500 sec
6.20usec
o iH
== 3 E}DE}EI;L1 ;
-
2 g T 000 ppm
012 Hz
13
Cl Cl
' 0}
O
R
i i Cl
] o 3h
FFH
B ] P B e P B e 0 T R
100 a0 a0 10 6.0 20 oo
F¥JADS-Carbonylation NMRETU-200-12C1 BCMEZOFT als
TU-209-13C
CFILE F¥ A0S -Carbonyation MMRET -2
i =11 o COMMT TU-200-120C
= = o DATIM Friun 29 22:47:30 2012
o i o OEMUC 130
5 nmn i EXMOD BCM
I\P OBFR: 10040 MHz
OBSET 126.00 KHz
OEFIM 10500.00 Hz
FOIMNT IETEE
FREQU 2711864 Hz
SCAMS 128
ADGTM 1.2083 sec
PD 17020 sec
P 6EDusec
IRMUC 1H
CTEMP 245 ¢
SLWMT coCLz
EXREF 77.00 ppm
EF 1.20Hz
o8
L)
'
H 1 ]
- ,
FFM
2DID 15!0
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F#¥JAGS —Carbonyation MMR¥TU-7821 NOMNEZ0FT als

TU-782
DFILE F#.JA0S-Carbonylation MMRET L=
@ oot e oW COMNT TU-782
- TR 5L 245 DATIM Thu Jun 21 226522 2012
& ®wowow o~ OENUC H
EXMOD MO
OBFRE 39965 MHz
OBSET 124.00 KHz
OBFIMN 10500.00 Hz
POIMT 16384
FREGIL 700201 Hz
SCAMS S
2 £ . ACETM 20500 sec
oo @ FD 40600 sec
- P G20uzec
IRMUC 1H
CTEMP 245
= SLWNT CoDoLE
s EXREF 000 ppm
BF 012 Hz
J' RGAIM 12
Cl Cl
(0]
(6)
H Cl
3i
(0]
110 100 a0 2.0 70 6.0 50 40 3.0 20 1.0 00 -1l
F¥JA05—Carbonyation NMRETU-782-1 301 BCM_E21 FT.als
TU-782-13C
CFILE Fi¥JA0 S-Carbonylation MMR¥TU-
@ - B B A I — s oo COMMT TU-782-130
b 5 =5 388388 ER-E=R DATIM Thu Jun 21 23:04:27 201 2
b T ¥LLEsaaa [ OBNUG 130
= = miE e e 0o EXMOLD BCM
| %\% w OEFRE 100.40 MHz
OBSET 125.00 KHz
OEFIN 10500.00 Hz
POINT 3276
FREGU 2711864 Hz
SOANS 128
ACRTM 1.2083 sec
FO 1.7920 sec
Pl 60 usec
IRMUC
CTEMP 247
) SLWNT CDCL3
: EXREF 77.00 ppm
BF 1.20 Hz
RiGAIN 26
\
.
\
|
FPM
———— 7T [ T[T [ T T T T
200 175 150 125 100 75 50 25 0
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F¥JACS-Carbonylation MMRETU-2071 NOMES FT.als
TU-807

CFILE F¥JACS -Carbonylation MMRET -
P SR SV ST R oo Do o COMNT TU-807
ARSI Ena22% 239z S DATIM Sat Jun 3013:30:1 4 2012
m%w ' VQLJ) 1 OEMUC 1H
/ kl)) EXMOD MO
OEFRE 399,65 MHz
OESET 124,00 KHz
OEFIN 10500,00 Hz
POINT 16384
2 FREGIL 7092.01 Hz
+ SOANS ]
@ ACGTM 2.0500 sec
ol FD 40600 sec
i i Pl 620usec
~ = IRMUC 1H
= CTEMP 252 ¢
SLWNT CDCLY
EXREF 0.00 ppm
BF 012 Hz
RiEAIN 11
|
, oC! cl
" 0
. Cl
EtO,C 3
1 I L
10.0 a0 a0 7.0 6.0 5.0 40 2.0 20 1.0 00
F¥JACZS-Carbonylation NMR¥TU-207-13C1 BOMES FT alz
TU-807-13C
CFILE F¥JAZS -Carbonyation MMRETL-!
22 2y eT o o~ - COMNT TU-807-130C
i I e e i = Y DATIM Sat Jun 301 3:42:06 2012
EE ¥E8sRa93 [ = ¥ OENUGC 130
s il et EXMOD BCM
H H '\\M% I\l/ | OEFRE 100,40 MHz
OESET 126.00 KHz
OEFIN 10500,00 Hz
POINT 32768
FREQL 2711664 Hz
SOANS 128
ACGTM 1.208% sec
' FO 1.7920 sec
Pl 650 usec
IRMUIC 1H
CTEMP 261 ¢
SLWNT CDCLY
EXREF 77.00 ppm
BF 1.20Hz
RiEAIN 26
,
|
i
I
y
PPM
200 176 150 125 100 75 50 25 0
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F¥JACS-Carbonyation MMRETII-8201 MOMES FT .alz

TU-320
CFILE F¥JACS-Carbonylation MMRET L=
RN - = ] 2 COMNT TU-820
T CZEFE 83 & 2 DATIM Wed Jul 04 11:02:41 2012
w \V/ 7 EXMOD MON
OBFRG 399,65 MHz
OBSET 124,00 KHz
OBFIN 10500.00 Hz
= POINT 16384
o FREQU 709201 Hz
o S0 ANS ]
= ACOTM 2.0500 sec
FD 49600 zec
g P 620 usec
o IRMUG TH
CTEMP 248 ¢
SLWNT CDoL3
EXREF 0.00 ppm
EF 012 Hz
y | RG AN 12
Cl Cl
O
[} ; O
' ! Cl
| l Me 3k
PPM
B P P e R T 1 A B R P RS LR
100 0.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 00
F¥JACS-Carbonyation NMRETU-86 4-1 301 EOME4FT als
TU-864-130
CFILE F¥JAZS -Carbonyation MMRETL-!
E Loge e ew o o COMNT TU—864-130
3 8588858 Ao a DATIM Wad Jul 13123657 2012
2 Y- RL98%8 oo = OBNUG 130
- sim v mimimie EXMOD ECM
| \I\ \I\V/K—) '\l/ OEFRE 100,40 MHz
OBSET 126,00 KHz
OEFIN 10500.00 Hz
POINT 32768
FREQU 2711864 Hz
SOANS 128
ADETM 12083 sec
P 1.7920 sec
=] BEDusec
IRMUC 1H
CTEMP 263 ¢
SLYNT CDOL3
EXREF 77.00 ppm
EF 1.20Hz
RGAIN 26
|
,
.
,
|
1 1 I d
[l
PPM
R L e T T T T T
200 175 150 125 100 75 50 25 il
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F¥JACS-Carbonyation MMR%TU-2081 MOMNEZS FT.als
05

TU-2
CFILE F¥JACS-Carbonyation RMRET -
co @ 0e o @ ew COMNT TU-505
ZCEEERYTEEE DATIM FriJun 20 13:27:01 2012
pi i O ERrOE it
ﬁﬁ‘ W EXMOD MR
OEFRE 300,65 MHz
OESET 124.00 KHz
OEFIN 10500.00 Hz
POINT 16384
FREQL 700201 Hz
SCANS ]
ACETM 20500 sec
o FD 49500 zec
= P 6.20 uses
- IRMUIC 1H
2 ( CTEMP 2ddc
o SLWNT CDCLY
EXREF 0.00 ppm
BF 012 Hz
j RiGAIM 13
Cl Cl
O
. O
Cl
' \‘ Cl
1| MU L L 1 3m
P
100 0.0 a0 0.0
F:¥JACS -Carbonyation MMR¥TU-805-1 201 BCME27 FT.als
TU-806-130C
CFILE F¥JAC S -Carbonylation MMRET L=
I = T A =] o D COMMT TU-805-13C
Cripan i i e e =& DATIM Fri Jun 20 13:48:08 201 2
TYenaRELN AN oo OEMUC 130
Mémots T mimle i EXMOD BOM
| \&%}M \)/ OEFRE! 10040 MHz
OBESET 126.00 KHz
OEFIN 10500.00 Hz
POINT 32768
FREQL 2711864 He
. SCANS 128
ACETM 1.208% sec
FD 1.7920 sac
P A0 uzec
IRMUC 1H
CTEMP 251 ¢
SLYNT CDCLE
EXREF 77.00 ppm
BF 1.20Hz
G AN 27
.
1
\
-
PPM
T T T | PR LT (A e L T T
200 176 150 125 100 75 50 25 0
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FJACS-Carbonyation MMR¥TU-2061 MOMNEZE FT als

TL-505
DFILE F¥JAZS -Carbonyation MMRETU-
_ o o O T W oo =] =+ =] COMMT TU-206
38599 Y¥EIY S & 2 DATIM FriJun 20 13:35:42 201 2
e O R = A i
RN l | T[S M
OEFRE 39965 MHz
OBSET 124.00 KHz
OEFIM 1 0500.00 Hz
FOIMT 16384
FRECILI 7992.01 He
o SOANS ]
+ ACETM 20500 sec
- FD 48500 sec
=] Pl 6.20usec
] IRMUC H
& i CTEMP 230 &
2 SLWNT CooLE
= EXREF 0.00 ppm
EF 012 He
J_' - RIS AIM 13
.
Cl Cl
O
(@)
" J‘ ' Cl
] 1
L Al J a l Me
PEM 3n
90 20 1o 50 50 40 30 20 10 0o
F# A0S -Carbonylation MMRETU-206-1 301 BOMEZE FT.als
TL-B06-130
CFILE F¥1ACS-Carbonyation MMRET -2
R R R B T O A B _ 5 COMNT TU-206-130
§ §3§333§§§§ Soghe B DATIM Fri Jun 29 1 3:59:50 201 2
T Eisisssl80% e = OEMUC 130
el s el m e = o T i EXMOD BCM
| %\MM '\l/ OEFRE 10040 MHz
OESET 125.00 KHz
OEFIM 10500.00 He
POIMT 32768
FREGIL 2711864 He
SCANS 128
ACQTM 12083 zec
FO 1.7920 sec
Pl 6E0usec
IRMUC H
CTEMP 2ddc
H SLWNT CDELS
EXREF TT.00 ppm
BF 120 Hz
FiS Al 1]
L]
;
.
,
Lo l
FEM
—1T T —
0 175 150 125 100 75 50 25 i
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F#¥JACS —Carbonylation MMRETU-7871 MNOMNET FT.alz

TU-787

DFILE F#JACS-Carbonylation NMR¥T U=
-3 ® COMNT TU-787
= o DATIM Sat Jun 23 16:20:03 2012
5 OENUC 1H
| Cl Cl EXMOD MOM
(0] OBFRG 39965 MHz
OBESET 124.00 KHz
= = OEFIN 10500.00 Hz
= = Cl O FOINT 16384
r FREQL 790201 Hz
{ (0] Cl SCANS 8
ACETM 2.0500 sec
FD 40600 zec
(0] 3o Pt 620 usec
Cl Cl IRMUC 1H
CTEMP 247 ¢
SLYNT CDELE
_) EXREF 0.00 ppm
BF 012 Hz
, REAIN 13
J Al 1 L I
PPM
100 a0 a0 70 6.0 5.0 40 20 20 10 00
F#JACS-Carbonylation MMR¥TU-787-1 3C1 BOMES FT als
TU-787-130
DFILE F#JADS -Carbonylation MMRETU-
= @ om o ©og o COMNT TU-787-13C
] e T EER - DATIM SatJun 23 163752 2012
= FEEEDE e OBNUC 130
T i geme EXMOD BCM
| \ &' |// \IJ/ OEFRG 100.40 MHz
OESET 126.00 KHz
OEFIN 10500.00 Hz
POINT 32768
FREGIL 2711864 He
, SOANS 128
ACGTM 1.2083 sec
FO 1.7920 sec
Pl 650 usec
IRMUC 1H
CTEMF 255 ¢
SLWNT CooL:
EXREF 77.00 ppm
BF 1.20 Hz
RiEAIM 28
N
| I
FPM
———— ———— —
200 175 150 125 75 50 25 i
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F#¥JACS—Carbonylation MWRET U-5021 MOMN EZ FT.alz

TU-302
DFILE F¥JAZS-Carbondation MMRETL-
EREEE R Rl R | DATIM Thu Jun 23 09:381 4 2012
i e e e i e e B i R o
M%WJJJJJJJ L1 T EXMOD MO
OBFRG 399.65 MHz
OBSET 124.00 KHz
e OBFIN 10500.00 Hz
2 FOINT 16384
FREQU 7992.01 Hz
SCANS a
ASGTM 2.0500 sec
P 48500 sec
o o oo Pt 620 usec
s S IRMUC TH
CTEMP 254 ¢
SLYNT CDoLE
] EXREF 000 ppm
; BF 012 Hz
RGAIN 1
Cl
Cl Cl
. l [ 1 O O
,
i . s ;
PP 3
N . P
100 9.0 3.0 7.0 6.0 5.0 40 30 20 10 00
F¥JADS-Carb onylation NMRETU-802-1 301 BOMET FT.als
TU-302-130
CFILE F¥JAZS -Carbonyation MMRETL-!
D NGO BELmE s~ N oo - oo COMNT TU-802-13C
NN E8REEEELER Y E=l DATIM Thu Jun 28 102037 201 2
R R I R - ~e e OEMUC 130
feditei
TR TTTTT S T T 7T EXMOD BCM
\%ﬂ% \)/ OBFRG 100,40 MHz
OBSET 125,00 KHz
OBFIN 10500.00 Hz
POINT 32768
FREQU 2711864 Hz
SCANS 128
ACETM 12083 sec
FO 1.7920 sec
f P EE0usec
IRMUG H
CTEMP 252 ¢
SLVNT oDoL3
EXREF 77.00 ppm
BF 120Hz
RGAIN 26
we|
\
|
,
PPM
———— T —
0 175 150 125 100 75 50 25 i
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F¥JACS-Carbonyation MMRETU-T771 NOMES FT.alz

TU-777
CFILE F¥JADE-Carbonylation MMRETU-
PRI =R = U= TR~ N S o I -V = 0o o oM - w0 COMMT TU-777
R EREELUERELEE0ABceReRREY DATIM Fri Jun 22 14:12:27 2012
o = = = = o [ S OBEMUC 1H
LL‘L%&? W EXMOD RO
OEFRE 399665 MHz
OESET 124.00 KHz
OEFIM 1 0500.00 Hz
POIMT 16384
= FREGL 799201 Hz
- SCANS 3
o = oo s ACETH 20500 sec
S = e b FD 40500 sac
- P 620 usec
IRHUC H
CTEMP 2402
' SLWNT CooLE
EXREF 0.00 ppm
EF 012 He
REAM 13
Cl Cl
0]
D
L | _N Cl
1 4 3q
100 90 40 30 20 10 0o
Fi#JA0S-Carbonylation MMRETU-TT7-1 301 BOME] OFT als
TU-777-130
CFILE F¥ AT E—Carbonylation MMRETU-
b =] S COMMT TU-777-130
28333588873 =N DATIM Fri Jun 22 151 440 201 2
CEEYFRIORLS me OBNUG 130
—————————— EXMOD BCM
H \\\I\\\h// W OEFRE 10040 MHz
OESET 125.00 KHz
DEFIM 10500.00 Hz
POIMT 32768
FRECIL 2711864 He
SOANS 1024
ACETH 12083 sec
FC 1.7920 sec
P 650 usec
IRMUC H
; CTEMF 245 o
SLWNT COoLE
EXREF T7.00 ppm
EF 120 Hz
RIEAM 26
,
1 0
L]
] :
i
FFH
—— T ] 4
200 175 150 125 100 75 50 25
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FJACS-Carbonylation MMRETU-8631 NOMET FT.als

TU-863
T o M e = S O = o O
T+ oF 0 = = D = - = O o i
TEEnL D e @ TEE DD E T T
it e ]

L 043

w089

L=

100

=)
&5
ol

J

DFILE
COMMT
DATIR
OBMUC
ExtOD
OBFRE
OBSET
OEFIM
FOIMT
FRECIL
SOAMNS
ATOTHM

Pl
IRMUC
CTEMP
SLWMT
ExXREF

RGAIN

F¥JACS -Carbonylation MMRET -
TU-863
‘Wed Jul 18 19:5400 2012
1H
[2lu]]
39965 MHz
124.00 KHz
10600.00 Hz
16384
7992.01 Hz
3

2.0500 sec
40500 sec
620usec
1H
255 ¢
coCcL:
000 ppm
012 Hz
12

Cl Cl
0]

N 0]
Cl

\

N 3r

100 a0 a0 7.0 6.0 5.0 40 3.0 20 1.0 00
FJACS—-Carbonylation NMRETU-362-13C1 BOMES FT als
TU-863-13C

CFILE F¥JACS—Carbonyation MNMRETL-

R R~~~ 4 - oo COMNT TU-863-13C

CEEEEES 88 @8 DATIM Wed Jul1g 20:04:58 2012

cec¥saaadg oo OBEMUC 130

TR ey S EXMOD BCH

H \H I\I\:\I\( g) W OEFRE 10040 MHz
OBSET 1£5.00 KHz
OEFIN 10500.00 Hz
POIMT 32768
FREGIL 2711864 Hz
SOAMS 128
ACETH 1.208% sec
FO 1.7920 zac

H P 550 usec
IRMUC 1H
CTEMP 268 o
SLWNT cooL?
EXREF 77.00 ppm
BF 120 Hz
RiGAIM 27
\
1 1 4
\
i
FPM
— T T T T T T T T T T — T T T T
175 150 125 100 75 50 25 0
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F¥JACS—-Carbonyation MMR¥ETIL-7301 MOM E15 FT .als
TU-790

- e - I = T
~ 5 LR
N1 oow E o
/ hkv/;j
o

(=]
=] 3
2y -

1.07

0.000

F¥JAC S-Carbonyation MMRET -
TU-790
Mon Jun 25 11:31:35 201 2
1H
MOM
J0065 MHz
124.00 KHz
10500.00 Hz
16384
T72092.01 Hz
2
20500 sec
49500 sec
620 usec
1H
240 c
coCL2
0.00 ppm
012 Hz

15

oo an 80 70 60 5.0 40 30 20 10 oo
FJADS ~Carbon yiation NMR¥TU-790-1 301 BOME28 FT.als
TU-790-130
DFILE F . ADS-Carbonylation NMRET -
gEs c-owoma e COMNT TU-790-130
FL2Y mLEEgZ bl DATIM Mon Jun 25 1 4:2457 2012
SEE F22 828 e OBNUC 130
At TTS 7T EXMOD ECM
\H H \ \I\H// \)/ OEFRE 10040 MHz
OBSET 125,00 KHz
OEFIN 1050000 Hz
FOINT 32768
FREGLI 2711864 Hz
S0ANS 128
ACETM 12083 sec
FDr 1.7920 sac
P 6E0usac
IRMUGC H
. CTEMP 255 o
SLWNT CDCLE
EXREF 77.00 ppm
EF 120 Hz
ARG AIN 25
.
.
i 1
ORI [ | 7 R P
% I i % 0
FRM
200 175 150 125 100 75 50 25 o
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F¥JACS-Carbonyation MMR¥ETU-866 FT.als
TU-266

CFILE F¥JACS-Carbonyation RMRET -
o oo COMMT TU-266
&£ =& o DATIM Mon Jul 22150719 2012
K OEMUC 1H
H H ExMOLD MO
OBFRE 399.65 MHz
OBSET 124.00 KHz
OEFIM 10500.00 Hz
POIMT 16384
FREC:L! 7992.01 Hz
- SOANS ]
g ACETM 2.0500 sec
- FL 40500 sec
= P 5.20 usec
o IRMUIC 1H
CTEMF 247 c
SLWNT coCcL2
EXREF 0.00 ppm
EF 012 Hz
RGAIM 12
'
Cl Cl
)
J . N™ X (@)
. L Cl
FEM N 3t
e L I L e I AR A
100 a.0 a0 10 6.0 5.0 4.0 20 2.0 1. oo
F¥JACS-Carbonylation MWMR¥TU-266-13C FT.als
TU-866-130C
CFILE F¥JACS—Carbonyation MNMRETL-
it on Lo e o= COMMT TU-266-120
2505 I gl =85 DATIM Mon Jul 23 17:58:34 2012
3EE ¥ gaad mo e OBMUC 130
ot hor e R ExMOLD ECM
\ \H | H HH H W OEFRE: 10040 MHz
OBSET 126.00 KHz
OBFIM 10600.00 Hz
POIMT 32T6E
FREGL 2711864 Hz
SCAMNS 16
ACGETM 1.2023 sec
P 1.7920 sec
=] 660 usec
' IRMUIC 1H
CTEMF 272 ¢
SLWMT cooL:
EXREF 77.00 ppm
BF 1.20Hz
RGAIM 28
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F#JADS -Carbonylation MMR¥TU-8621 MNOMNES FT.als

TU-868
CFILE F¥JACS-Carbonyiation MMR¥T L=
T T S S S = S SV COMNT TU-868
Ee Db oanaanamnaeen e ¥ DATIM Mon Jul 23 18:30:31 2012
== G ] i
OEFRE 399.65 MHz
OBESET 124.00 KHz
OEFIN 10500.00 Hz
= POINT 16384
bR FREQL 790201 Hz
= SOANS #
r AT 20800 sac
* 8 5 |8 PO 49500 sec
= R = - P 6.20usec
IRMUC 1H
CTEMP 263 ¢
j pi SLYNT CDELE
EXREF 0.00 ppm
BF 012 Hz
REAIN 12
Cl Cl
O
i 1
e X (0)
L N cl
3u
100
F#JACS-Carbonylation NMR¥TU-862-13C1 BCMEG FT als
TU-868-130C
DFILE F#JAGS—Carb onyation MMR¥T -
TowCo T oL DN En S — o COMNT TU-868-130
ELhaKS8sg88ERER @8 DATIM Mon Jul 23 19:48:57 2012
co9e¥e¥ygadganesd [ OBMUC 130
—————————————— EXMOD BCM
%A‘\L\%W W OEFRE 100,40 MHz
OESET 125.00 KHz
OEFIN 10500.00 Hz
POINT 32768
FREQL 2711664 Hz
SCANS 128
ACETM 1.2083 sec
FO 1.7920 zac
Pl 650 usec
IRMUIC 1H
CTEMP 263 ¢
! SLWNT CDCL3
EXREF 77.00 ppm
EF 1.20 Hz
RiEAIN 26
&
‘ l } |
0 175 150 125 100 75
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F#¥JA0S —Carbonylation MMRETU-8691 MOMNE! FT.alz

TI-864

CFILE F¥JAZS-Carbonydation MMR¥T L=
R R COMMT TU-860
c5 83285385 8R% DATIM Tue Jul24 081611 2012
“’K“‘ G s s OBNUG 1H
K H Kj/rzﬁAJ/J EXMOD MOM
OEFRE 39965 MHz
OESET 12400 KHz
OEFIM 1050000 Hz
FOIMT 16324
FREGIL TO9ZO He
- SOANS 3
= B AGETH 2.0500 sec
L FC 49500 sac
~ oo | P 620 usec
= =t IRMUC H
e CTEMP 265 o
J Jf SLUNT CooL3
/J EXREF 0.00ppm
BF 012 He
RS AN 13
I
Cl
.
Cl Cl
f
0.0
| A
PEM
100 ] 10 50 30 20 10 |
_N
F¥JADE—C arbonylation MMRETU-269-1 301 BOME2 FT als
TU-868-130
CFILE F¥JAC S -Carbonyation MMRET -
oo e B o o o R COMNT TU-860-130
FCLEEERSERIE LR nigan DATIM Tue Jul 24 03:25:28 2012
TE¥YEEEIEEEIE moe OENUGC 130
sriE mimissElniielomn i & EXMOC BiCM
'\\ \\%H 'A%—)/ W OEFRE 100,40 MHz
OESET 125.00 KHz
OEFIM 10500.00 Hz
FOINT 32768
FREGIL 2711864 He
SCANS 123
ACGTM 12083 sec
FO 1.7920 sec
Pl 580 usec
IRMUC 1H
CTEMP 277 e
SLWMT CooLE
EXREF TT.O00ppm
BF 120H:
RIS AN 26
, %
; b
,
,
| i
PEM
——— ——— "
200 175 150 125 100 75 50 25
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F¥JACS—Carbonylation MWRETU-7 781 MOMNES FT.alz

TU-778
DFILE F¥JADS-Carbonylation MMRET -
R = = COMMT TU-778
ER I e DATIM Friun 22 1 0:24:02 2012
P Sk e s S S i
ﬁ\&%w M ExMOC MNOM
OEFRE 399,55 MHz
OESET 124.00 KHz
OEFIM 1050000 Hz
a FOINT 16384
= FRECIL 799201 Hz
SOANS g
ACETH 20500 sec
P 48500 sec
-+ 2 Pt B20usec
o = IRMUG 1H
CTEMF 247 2
j J SLWNT CooLE
EXREF 0.00 ppm
] BF 012 He
REAIM 1z
Cl Cl
O
1 i / ’ O
l | 1 " 1 S 3 Cl
FPM w
100 an 20 10 5.0 50 40 a0 20 10 oo
Fi A0S -Carbonylation MMRTU=778-1 301 ECMES FT als
TU-778-130
DFILE F#J ADS—Carb onylation MMRETU-
- = o ow oo oo COMMT TU-778-130
? zacgzsde =N DATIM FriJdun 22 10:33:01 2012
SR EEE FEEE gBMUG LoD
i e B Rimldiiesin EXMOD =]
| l\l\\l\h% I\w OEFRE 100,40 MHz
OESET 126,00 KHz
OEFIM 10500.00 Hz
POIMT 32768
FREGIL 2711864 He
SCANS 128
ACETM 12083 sec
FO 1.7920 zac
Pl 650 usec
IRMUC H
CTEMP 255 o
. SLWNT CooLE
EXREF T7.00 ppm
EF 120 He
RIS AN 27
.
1 a
II
L ‘ \I‘
FPM
——— T T T T T T
200 175 150 125 100 75 50 25 i
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F¥JACS-Carbonylation MMRETU-T311MNOMNEZ 4 FT als
TU-7#1

DFILE F#JACS-Carbonyation NMRET U=
k4 o COMNT TU-781
=] - DATIM FriJdun 22 19:14:1 4 2012
T OBMUC 1H
T | Clo OCI cl EXMOD NOM
Cl S OEFRE 300.65 MHz
OESET 124.00 KHz
OEFIN 10600.00 Hz
g 0 \ / 0 POINT 16384
b FREGIU 709201 Hz
cl Cl SOANS ]
3x ACETR 2.0500 sec
FD 49500 sec
Pt G20 usec
g IRMNUC 1H
o CTEMP 2ddc
SLWNT CooL:
EXREF 0.00 ppm
EF 012 Hz
RGAIN 15
‘ i 1 Al L
P
100 9.0 a0 70 6.0 5.0 40 20 20
F#JACS-Carbonyation NMRETU-781-1 301 BGME3S FT.als
TU-781-130
DFILE F#JACS-Carbonyation NMRET U=
T oMo ye T woa COMNT TU-781-13C
A T =z 2 CATIM FriJun 22 19:23:33 2012
b ¥resd 8 m e OBENUC 130
i AT mhs - EXMOD BCM
| \\\! H/ \)/ OEFRE 100,40 MHz
OESET 126.00 KHz
OEFIN 10500.00 Hz
POINT 22768
FREQU 2711664 Hz
SOANS 128
ACETM 1.2083 sec
FD 1.7920 sec
H P 550 usec
IRMUG 1H
CTEMP 247 ¢
SLWNT CooL:
EXREF 77.00 ppm
EF 1.20Hz
RGAIN 28
,
F: .
! 1
| | ‘ ‘
FPM
———— ] ——— —
200 175 150 125 100 75 [0 25 i
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F¥JACS-Carbonylation MMRETII-7881 MOMES FT .alz
TiU-788

DFILE F# A0 S -Carbonylation MMRET -
o o o om0 oW oo oo o oo COMMT TU-T88
ERE R FTTTRERR DATIM Sun Jun 24 17:49:06 201 2
T " T i OENUC 1H
EXMOD HOM
OEFRE 39965 MHz
OESET 124,00 KHz
OEFIM 1050000 Hz
FOIMT 16324
& FREGIL 799200 He
= SO ANS 8
b7 ACGETM 2.0600 sec
{ FD 40500 sec
Py 620 usec
IRMUC 1H
CTEMP 261 o
g SLWNT CooL:
g 5 EXREF 000 ppm
2 EF 01¢ He
_}r e RiG AN [
Cl
= O
(0]
: I 1 I} 3y CI Cl
FEM
100 90 50 T 5.0 50 40 30 20 10 0o
F# A0S -Carbonylation MMRETU-T85-1 301 BOMES FT als
TU-788-130
DFILE F¥JADS—C arb onylation MMRETU-
R O = R R R — COMMT TU-788-130
2 38858R338" et DATIM Sun Jun 24181 402 2012
2 ¥F¥Esraiiniz T OEMUS 130
B w8 Sielieimise b EXMOD BCM
| \\\%"H%)/ W OEFRE 100,40 MHz
OESET 126,00 KHz
OEFIM 10500.00 Hz
FOIMT 32768
FREGIL 2711864 He
SCANS 123
ACETM 1.2083 sec
FO 1.7920 zac
y Pl 650 usec
IRMUC H
CTEMP 255 o
SLWNT COoLE
EXREF 77.00 ppm
BF 120 Hz
FiS AN 26
. . .
; |
‘ | . :
FEM
——— T [ [ [ ]
200 175 150 125 100 75 50 25 il
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F¥JADS -Carbonylation MRRETU-204 MOME1 2 FT.als

TU-504
CFILE F¥JACS-Carbonylation MMRETL-
DT = T e - o= I~ N Sy o Y @ =] COMMT TU-204
8828882593830 & 3 o g DATIM Thu Jun 28 11:5350 2012
e - o A o
OBFRG 399,65 MHz
0BSET 124.00 KHz
OBFIN 1050000 Hz
POINT 16384
& FREQU 799201 Hz
z SO ANS 8
ATETM 2.0500 sec
[ FO 49500 sec
o o Pt 520usec
= = IRMUG H
- CTEMP 252
2 SLWNT oDoL3
£ EXREF 0.00 ppm
j EF 012 He
| RG AIN 12
OCl
[}
. (0] Cl
l “ i i 3z |
PPM c
100 a0 8.0 7.0 6.0 5.0 40 3.0 2.0 10 00
F¥JADS-Carbonylation NMRETU-304-1 301 BOME 3 FT als
TU-804-13C
CFILE F¥ A0S -Carbonyation MMRET -2
nEneRLLAdL - BTe o o COMMT TU-804-13C
REREYCIRIETERS B8z g DATIM Thu Jun 28 12:02564 2012
2EFEFEEisnnEanAR e @ OEMUC 130
————————————— EXMOD BOM
\Rg%m\\\lv% '\l/ 0BFRG 10040 MHz
OBSET 125.00 KHz
OBFIN 1050000 Hz
POINT 32768
FREQU 2711864 Hz
SCANS 128
ACETM 12083 sec
' FO 1.7920 sec
sl .50 usec
IRMUG H
CTEMP 253 ¢
SLWNT oDoL3
EXREF 77.00 ppm
BF 120 He
RGAIN 26
3 I
i |
PPM
——— ] —— — —
200 175 150 125 100 75 50 25 0
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FJACS-Carbonyation MMR¥TU-8731 MONEZOFT als

TU-57
CFILE F¥JACS -Carbonylation MMRET -
T D @ T O W~ DM m oD DD — ol o COMMT TU-879
EEEEEEEEE§§§§§§§§§§§$ 2 DATIM Mon Jul 301 4:25:08 2012
2 OEMUE H
JJJJJJJJJIIIIIIIIIrl/I_/_J T Qe 1k
OEFRE 39965 MHz
OESET 12400 KHz
OEFIM 1 0500.00 Hz
POIMT 16384
FRECIL 7002.01 He
SCANS 3
ACGTM 20500 e
FO 49600 sec
Pl 620usec
IRMUC H
CTEMP 297
SLWNT COoLE
EXREF 0.00 ppm
BF 012 He
FiE AN 13
Ph
0]
(0]
J
FEM 8
100 90 20 70 5.0 50 40 a0 20 1o 0o
F¥JADS-Carbonylation MMRETU-879-1 301 BOMEZ1 FT.als
TU-279-130
CFILE F¥ A0S -Carbonylation MMR¥T L=
comEyRoSsTooe g oo oo COMMT TU-279-130
223 3EBRR52EEE mihn DATIM Maon Jul 301 4:34:28 201 2
EEFREEASERLE A cme OENUC 130
————————————— EXMOD: =]
\ \%%%%}%%J/J \J/ OEFRE 10040 MHz
OESET 125.00 KHz
OEFIN 10500.00 H
FOINT 32768
FREGIL 2711864 He
SCANS 128
ACETH 12083 sec
FO 1.7920 zac
Pl BEOusec
IRMUIC H
CTEMP 304
SLWMT COCLE
3 EXREF T7.00 ppm
. BF 120 Hz
RIS AN 27
.
4 ) R
FPM
—— 7 —
200 175 150 125 100 75 50 25 ]
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FJACS-Carbonylation MMR%ETU-T7421 MOMNEI FT alz
TU-742

DFILE FJ ADS -0 arb on ylation NMRET U=
e S e~ == N S = T O ST - R VR o ] =] COMMT TU-T42
CEcabss¥ARIIERNIIHYE LERELR 55 DATIM Thu Jun 14 211 658 2012
B B i 'L'l? 9O JOT T “@g ? r»“ “\? Qe 1k
TN OBFRG 399,65 MHz
OBSET 12400 KHz
OBFIN 10500.00 Hz
POINT 16384
a FREQU 799201 Hz
= SCANS 8
ADEITM 20500 s2c
FO 49500 sac
o Pl 6.20 usec
= IRMUG H
CTEMP 220 ¢
e SLWNT oDoL3
A Rl EXREF 0.00 ppm
2 =z BF 012 Hz
2 J j [ RiG AIN 12
Ph
O
!
II
T . ¢
i i
A M
9
PP
9.0 8.0 7.0 5.0 50 40 3.0 20 10 0.0
F¥JAC S-Carbonylation NMRETU-742-1 301 BOME! 3 FT als
TU-742-13C
DFILE F¥JACS-Carbonylation NMRET U=
R I R R = - oo — COMNT TU-742-13C
2 IRECISRGEEREC-ZS Hern T DATIM Thu Jun 14 22:24:18 2012
EEFEEREIEEERERE [ oo OBNUG 130
HemLmen e Sism e s e s EXMOD BOM
\%%%*%F&éb I\l/ | | OBFRG 100.40 MHz
OBSET 125.00 KHz
OBFIN 1050000 Hz
POINT 32768
FREQU 2711864 Hz
SCANS 512
ACGTM 12083 sec
FD 1.7920 sec
Pt 650 usec
IRMUG 1H
. CTEMP 238 ¢
, SLWNT oDoL3
EXREF 77.00 ppm
BF 120Hz
RG AN 26
II L
o
\
,
,
L ‘ \ .
PPM
——— ] T :
0 175 150 125 100 75 50 25
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F#JA0S—Carbonylation MWMR¥TU-7GZ-21 NOMES FT .als

TU-762-2
DFILE F#JACS-Carbonylation NMRET LU=
(T = T R TR N = - =V - T + o COMMT TU-THZ -2
R oy - ] DATIM Mon Jun 18 15:50:30 201 2
OBMUG 1H
“LL;L_EL;I R T e o Al T il 1Hi
JLi OBFRG 399.65 MHz
s OBSET 124.00 KHz
OBFIN 10500.00 Hz
POINT 16384
FREQU 7992.01 Hz
= - SCANS 8
2 a ACETH 20500 zec
= FD 49500 sec
e Pt 620 usec
o IRMUC 1H
CTEMP 221 ¢
SLWNT oDEoL3
EXREF 0.00 ppm
BF 012 Hz
RG AIM 13
F
0]
(@)
10
PPM
9.0 3.0 70 6.0 5.0 4.0 3.0 20 10
F¥JACS-Carbonylation NMRETU-762-2~1 301 BCME! 2 FT als
TU-762-2-13C
DFILE Fi#J ACS—-Carb onylation NMR¥T U=
WO N TEOoO O T tE o COMNT TU-T62-2-130
SB35 RREE532838 e DATIM Maon Jun 18 17:46:24 2012
2s2 $282a8agee oo s OBMUG 130
Tm OTTTTTT T EXMOD BOM
\ \H \%ﬁ v P W OBFRG 100.40 MHz
OBSET 125.00 KHz
OEFIN 10500.00 Hz
: POINT 32768
FREQU 2711864 Hz
SO ANS 128
ACETM 1.2083 sec
FO 1.7920 zac
) P 550 usec
IRMUC 1H
CTEMP 231 ¢
SLWNT CDOLS
EXREF 77.00 ppm
BF 120 Hz
H RiGAIN 26
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F:¥%Carbonyation(TL) MMR¥ETU-7 201 MOM_EI FT alz

TU-720
DFILE F¥Carbonylation(T LI NMRET U-72C
P e LR Y2282 8s082Y52 =0 2 PRt O I COMNT Tu-720
R T - ER IR i DATIM Thu hay 31 104044 201 2
thc s e A R TR e e ol g el o el R R
SE R R A S T W S B S R Y %w gBhLG I
L] OBFRG 39965 MHz
OESET 12400 KHz
OEFIM 1 0500.00 Hz
i FOIMT 16384
o FRECILI 7992.01 He
SOANS ]
ACETM 20500 sec
FD 40600 sec
=] 620 usec
IRMUG H
CTEMP 2240
SLWNT COoLE
EXREF 0.00 ppm
e BF 012 He
S5 RGAIN 1
& ]
5
- j
F
(0]
1
. (6]
Ji L 11
100 ] 20 70 5.0 50 40 a0 20 1o 0o
F:#C arb onylation (TL) MMRY¥TU-720-1 301 EOME1 2 FT als
TU-T20-130
DFILE F#C arbonylation (TL) MMRYT U-72C
o T D T M - o B oo oo om @ oo P COMNT TU-720-130C
SEELRIESCZIsraediczyzs =2 B DATIM Thu May 31 1122202012
Cce¥¥aesRILILREOORZ oo e o OENUC 130
e R b i o EXMOD ECM
\%%%Q\WW/M '\l/ | | OBFRG 100,40 MHz
OESET 126,00 KHz
OEFIN 10500.00 H
POINT 32768
FRECIL 2711864 He
SOAMS 128
ACETH 12083 sea
FD 1.7920 sec
P 550 usec
IRMUC 1H
CTEMP 233
SLWNT oooL:
EXREF 7700 ppm
EF 120Hz
G AN 26
|II 1 ! X '
! 1
L |
= -~ b . P oy ,
FEM
—T 7 —————
0 175 150 125 100 75 50 25 i
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FJACS-Carbonylation MMRETU-7631 MOMNEE FT alz
TU-763

DFILE P ADE-C arb onylation MMRETLU-
P = B = SR = i R = ) COMNT TU-763
2225%%&5%%%%%%555525 DATIM Maon Jun 18 15:56:20 2012
OEMUC 1H
Lgl&%%l)JJJJJJJJJJ EnLD 1k,
LEN N OEFRE 399 65 MHz
OESET 124,00 KHz
OEFIM 10500.00 Hz
FOIMT 16384
FREGIL TO9Z.01 He
SOANS ]
) Slep ot ACEITHM 2.0500 sec
2 Pl FD 49500 sec
Pl 6.20 usec
o IRMUG 1H
2 CTEMP 225 o
SLWNT COoLE
EXREF 0.00 ppm
BF 012 He
RIS AN 10
Cl
;
- 0]
\
(@)
)
L 12
P
100 a0 50 10 5.0 50 40 30 20 10 oo
Fi A0S -Carbonylation MMRTU=755-1 301 ECMES FT als
TU-763-130
DFILE F#J ADS—Carb onylation MMRETU-
= T roI2noey =g COMNT TU-763-130
E S ANegHEEE z 2 DATIM Maon Jun 18 16:30:03 2012
z 23338 oo OBEMUC 130
— S EXMOD =]
| | l\\\% \)/ OBFRG 100,40 MHz
OESET 126,00 KHz
OEFIM 10500.00 Hz
POIMT 32768
FREGIL 2711864 He
SCANS 128
ACETM 12083 sec
FO 1.7920 zac
Pl 650 usec
IRMUC H
CTEMP 231 =
SLWNT CooLE
EXREF T7.00 ppm
EF 120 He
RIS AN 26
‘
. .
' ‘ M
FPM
200 175 150 125 100 75 50 25 i
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F¥JAGS—Carbonyation MMWRETU-7 44 MO E1 0 FT.als

TU-T44
DFILE F¥JADS-Carbonylation NMRETL-
T O MWW D MWW m = F Dt~ O o o oo O M O = oo o COMMT TU-T44
TREEIIRTERS883 88885 S SESARREE 2 DATIM FriJun 15 11:44:17 2012
AR R S S it iR R i
%W—‘ %q}il T EXMOD MO
OBFRG 399.65 MHz
OBSET 124.00 KHz
OBFIN 10500.00 Hz
POINT 16384
FREQU 7992.01 Hz
SCANS a
o ACETM 20500 sec
% FOC 4.9500 sec
Pt 620 usec
IRMUC 1H
o 33 CTEMP 220c
Fd ol o SLWMT [uls]uli]
=] ExXREF 000 ppm
8 BF 012 Hz
J RGAIN 10
Cl
O
1 ! O
Il 13
PPM
100 9.0 3.0 7.0 6.0 5.0 40 30 20 10 00
F¥JADS-Carbonylation NMRETLI-744-1301 BOMET 1 FT als
TU-744-130
DFILE F¥JADS - arbonylation NMRET U=
TrEERzOozLzeYy o~ + o COMNT TU-744-130
e e A W0z = DATIM FriJun 15 11:60:37 201 2
EFELIEEIBERLAEN [ oo OENUGC 130
T TTTTANTT T EXMOD BCM
H \K%%%%WJ '\l/ | | OBFRG 100,40 MHz
OBSET 125,00 KHz
OBFIN 10500.00 Hz
POINT 32768
FREQU 2711864 Hz
SCANS 256
ACETM 12083 sec
FO 1.7920 sec
Pl 650 usec
IRMUG H
CTEMP 228 ¢
SLVNT oDoL3
EXREF 77.00 ppm
BF 120Hz
RGAIN 26
,
PPM
———— T —
0 175 150 125 100 75 50 25 i
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F¥JACS-Carbonyation MMRETIL-7641 MOM E11 FT.als

TU-764
DFILE F-¥JACS-Carbonylation MMRETU-
o R B SN R T - R B - S QR ¥ COMMT TU-TH4
3§3§f§§§§§§§§5335§ DATIM Mon Jun 18 17:28:37 2012
OEMUC 1H
S g D T e R e EXMOD NON
LN OEFRE 399,65 MHz
OESET 124.00 KHz
OEFIM 10500.00 Hz
POINT 16384
FREGIL 790201 Hz
SOANS #
- ACGTM 2.0500 sec
- FD 40600 sec
2 P 6.20usec
et @
E = IRMUG
- o CTEMP Ao
SLWNT CDEoLY
EXREF 0.00 ppm
BF 012 Hz
RiE AN 1
0 CF3
(0]
14
FPM
100 a0 a0 7.0 6.0 5.0 4.0 20
F¥JAGS-Carbonyation NMR¥TU-764-1 301 BOME! 3 FT alz
TU-764-130C
; DFILE F#JACS—Carbonyation NMRETU-"
R = = R e R T = I i e S e B (T~ e Y con COMMT TU-764-13C
cE2AnSEEsc|EyERIES S g§§ DATIM Mon Jun 18 18:02:22 201 2
TERESEILESEsRENN D me gfﬂgg 18300M
\%L Ll LU I LAl ] W OEFRG! 100,40 MHz
TN OESET 125.00 KHz
OEFIN 10500.00 Hz
POINT 32768
FREQL 2711864 Hz
S0 ANS 128
ACETM 1.208% sec
FC 1.7920 sec
P 650 usec
IRMUC 1H
CTEMF 220 ¢
SLYNT CDELE
EXREF 77.00 ppm
EF 1.20 Hz
RGAIN 26
:
|
. .
PPM
———— — T :
200 176 150 125 100 75 50 25
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F¥JACS-Carbonylation MMRETII-7451 MOME4 FT alz

TU-745
DFILE F%JADS-Carbonylation NMRETLU-
Do D W oo F WD o~ WD 09 W o 0 o T oo ow OO0 o o COMMT TU-T45
iR memte G 8 B ERR T T - DATIM FriJun 15 10:27:05 2012
[ R A s ot
OBFRG 399,65 MHz
OBSET 124.00 KHz
OBFIN 1050000 Hz
POINT 16384
FREQU 799201 Hz
S0 ANS 8
ACGTM 20500 s2c
FO 49500 sac
Pl 620 uzec
IRMUG H
CTEMP 228 ¢
SLWNT cDoLS
g EXREF 0.00 ppm
S o BF 012 Hz
RG AN 10
o o CF;
O
i R I 15
PPM
100 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 10 00
F¥JACS-Carbonylation NMRETU-745—1 301 BOMES FT als
TU-745-130
DFILE F#JACS -Carbonylation NMR¥TU-
[ == T T R T = Lt - - - I + o COMMT TU-745-13C
BT YL EYEERSRREREnEZENSE = 2o DATIM FriJun 15 105614 2012
EERLUEERENLNNE 8882 rem s v OENUC 130
EXMOD: BCM
| | OEBFRE 100.40 MHz
OBSET 125.00 KHz
OBFIN 10500.00 Hz
POINT 32768
FREQU 2711864 Hz
SCANS 512
ACGTM 1.2083 sec
FO 1.7920 sec
P 550usec
IRMUG H
CTEMP 23.0¢
SLYNT cooLs
EXREF 77.00 ppm
' BF 120Hz
' RGAIN 26
,
1 1
L
|
|
‘ LL
PPM
———T T [ T T
0 175 150 125 100 75 50 25 0
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F¥JACS-Carbonylation MMR¥ETU-TE51 MOME! 9 FT.als
TU-T65

DFILE F¥JADS-Carbonylation MMRET -
~ & — o oo D o W T - 0~ DD Mmoo 00N 0N Do O =] COMMT TU-TES
HHanhBBoELeesnbRreTaaaano =222 3 88858534 = DATIM Mon Jun 18 183545 2012

g S e e i e o S S i St i
R e B R = I

OEFRE 30055 hHz

DESET 124,00 KHz
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