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Experimental Section

General: Reactions were carried out in oven-dried glassware under a nitrogen atmosphere. Indium and
pdadbas were purchased from Aldrich Chemical Co. and were used as received. Commercial available
reagents were used without purification. NMP was dried by distilling the benzene-water azeotrope from
an NMP-benzene mixture. THF was purified by distillation from sodium-benzophenone ketyl under
nitrogen. DMSO was purified by distillation from CaH, under nitrogen. DMF was purified by distillation
from CaH; under nitrogen. All reaction mixtures were stirred magnetically and were monitored by thin-
layer chromatography using silica gel pre-coated glass plates, which were visualized with UV light and
then, developed using either iodine or a solution of anisaldehyde. Flash column chromatography was
carried out using silica gel (230-400 mesh). '"H NMR (400 MHz), °C NMR (100 MHz), spectra were
recorded on NMR spectrometer. Deuterated chloroform was used as the solvent, and chemical shift
values (8) are reported in parts per million relative to the residual signals of this solvent (8 7.26 for 'H and
8 77.0 for "*C). Infrared spectra were recorded on FT-IR spectrometer as either a thin film pressed
between two sodium chloride plates or as a solid suspended in a potassium bromide disk. Mass spectra
were obtained from the KBSI on high resolution mass spectrometer. Melting points were determined in

open capillary tube using Electrothermal 9100 apparatus.
Additional Data for Optimization of Reaction Conditions

Table 1. Optimization of Solvent”

0]
@)
In, LiCl cat. Pd (2 mol %)
C Tmsc
(BrCHy), I@COZEI COEt
la 2a 3a
entry cat. solvent T (°C) t (h) yield (%)
1 Pd(OAc), / SPhos THF 70 18 21 (18)° (18)°
2 Pd,(dba)s THF:NMP (2:1) 70 12 67 (16)° (16)°
3 Pd,(dba)s THF:DMF (2:1) 25 12 41 (8)°(36)°
4 Pd,(dba)s THF:DMSO (2:1) 25 12 45 (25)° (16)°
5 Pd,(dba)z DMF 90 5 31 (27)°
6 Pd,(dba); DMSO 90 12 0
7 Pd,(dba)s NMP 25 3 86

8 1a (1.5 equiv) and 2a (1 equiv) were used in the presence of In (3 equiv), LiCl (3 equiv), TMSCI
(6 mol %), and (BrCH,), (15 mol %). ® Numbers in parenthesis are isolated yield of
4,4'-diethoxycarbonyl-1,1'-biphenyl (4). ¢ Benzil (3m).
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Table 2. Optimization of Ligand®

O
i In, LiCl Pd,(dba); (2 mol %)
¢l Twmsci 60°C, 6 h O O
(BrCH,), |Ocoza CO,Et
la NMP 2a 3a

entry ligand (mol %) yield (%)P

1 Xantphos (8) 0

2 DPEphos (8) 0 (48)

3 PPh;3 (16) 0 (44)

4 PCys (16) 56

5 P(Biphenyl)Cy, (16) 53

6 P(furyl); (16) 20 (12)

7 P(o-tolyl)3 (16) 0

a1a (1.5 equiv) and 2a (1 equiv) were used in the presence of In (3 equiv), LiCl (3 equiv),
TMSCI (6 mol %), and (BrCH,), (15 mol %) in NMP (1 mL). ® Numbers in parenthesis are
isolated yield of 4,4'-diethoxycarbonyl-1,1'-biphenyl (4).

Table 3. Optimization of Additive”

O
i In,LiCl  Pdy(dba)s (2 mol %)
Cl Twmsci 60°C,18 h O O
(BrCH,), IOCOZEt CO,Et

1a NMP 2a 3a
entry additive (equiv) yield (%)?

1 ; 0 (55)

2 LicI (1) 53 (15)

3 LiCl (2) 30 (13)

4 LiCI (3) 86

5 LiCl (4) 61 (33)

6 LiBr (3) 64 (21)

7 Lil 3) 68 (19)

8 KBr (3) 0

9 Kl (3) 0

@1a (1.5 equiv) and 2a (1 equiv) were used in the presence of In (3 equiv) TMSCI (6 mol %),
and (CH,Br), (15 mol %) in NMP (1 mL). ®» Numbers in parenthesis are isolated yield of 4,4'-
diethoxycarbonyl-1,1'-biphenyl (4).
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Table 4. Control Experiment Using Benzoyl Chloride
1) In, LiCI |©—40
0 TMSCI, (BrCH,), Me 0
o NMP, 40 °C, 3 h 2i (1 equiv)
2) cat. Pdy(dba); 0°C—=25°C,4h O O Me

1a 3i
O
1a In LiCl TMSCI (BrCHa), 1y (o/\a
entry (equiv) (equiv) (equiv) (mol %) (mol %) yield (%)
1 2.0 3.0 3.0 - 15 39 (26)
2 2.0 3.0 3.0 6 - 42 (19)
3 2.0 3.0 3.0 - - 37 (22)

@ Numbers in parenthesis are isolated yield of 4,4'-dimthoxycarbonyl-1,1'-biphenyl (4).

General procedure for indium insertion : First, LiCl must be dried as follows: LiCl was placed in a
nitrogen-flushed flask and dried for additionally 5-10 min with a heat gun under high vacuum. NMP (1
mL) was added to In (104.0 mg, 0.9 mmol) and LiCl (38.0 mg, 0.9 mmol) in test tube and then, TMSCI
(2.0 mg, 15 mol %) and 1,2-dibromoethane (8.5 mg, 6 mol %) were successively added at 25 °C.

Preparation of acylindium from benzoyl chloride (1a) : Benzoyl chloride 1a (84.0 mg, 0.6 mmol) was

added to above mixture at 25 °C and then, it was stirred at 40 °C for 3 h, producing acylindium reagent.

Preparation of acylindium from m-methylbenzoyl chloride (1b) : m-Methylbenzoyl chloride 1b (93.0
mg, 0.6 mmol) was added to above mixture at 25 °C and then, it was stirred at 40 °C for 3 h, producing

acylindium reagent.

Preparation of acylindium from tert-butylbenzoyl chloride (1c) : tert-Butylbenzoyl chloride 1b (118.0
mg, 0.6 mmol) was added to above mixture at 25 °C and then, it was stirred at 80 °C for 3 h, producing

acylindium reagent.

Preparation of acylindium from p-methoxybenzoyl chloride (1d) : p-Methoxybenzoyl chloride 1d
(102.0 mg, 0.6 mmol) was added to above mixture at 25 °C and then, it was stirred at 80 °C for 3 h,

producing acylindium reagent.

Preparation of acylindium from p-chlorobenzoyl chloride (1e) : p-Chlorobenzoyl chloride 1e (105.0
mg, 0.6 mmol) was added to above mixture at 25 °C and then, it was stirred at 80 °C for 3 h, producing

acylindium reagent.
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General procedure for cross-coupling reaction of acylindium reagent generated in situ from
benzoyl chloride with ethyl 4-iodobenzoate (Table 1-3) : Above pre-preapred organoindium reagent in
NMP was carefully transferred to solution of Pd,(dba); (2 mol %) in NMP (0.3 mL) using syringe at 0 °C.
After ehtyl 4-iodobenzoate (82.8 mg, 0.3 mmol) was added, the reaction mixture was stirred at 25 °C.
After the completion of the reaction (checked by TLC), the reaction mixture was quenched with NH4Cl (2
mL) and water (2 mL). The aqueous layer was extracted with ethyl acetate. The combined organic
extracts were dried over MgSQO,, filtered, and concentrated under reduced pressure. Silica gel fresh
column chromatography (ethyl acetate:hexane = 1:10) gave ethyl 4-benzoylbenzoate (65.6 mg, 0.26

mmol, 86%) as white solid.

Ethyl 4-benzoylbenzoate (3a)' : Ry = 0.3 (EtOAc: hexane = 1:20); Yellow oil; 'H NMR (400 MHz,
CDCls) & 8.15 (dt, J = 8.22 Hz, 1.73 Hz, 2H), 7.84 (dt, J = 8.34 Hz, 1.72 Hz, 2H), 7.81-7.79 (m, 2H),
7.65-7.60 (m, 1H), 7.52-7.48 (m, 2H), 4.42 (q, J = 7.12 Hz, 2H), 1.42 (t, J = 7.12 Hz, 3H); *C NMR (100
MHz) & = 196.1, 165.8, 141.2, 136.9, 133.5, 132.9, 130.1, 129.7, 129.4, 128.4, 61.4, 14.3; IR (film): 1729,
1714, 1660, 1597, 1447, 1367, 1276, 1104, 1020, 768 cm™; HRMS (EI): m/z caled for CisH 405 :

254.0943; found : 254.0943
O

‘ ‘g “CO,Et

3a

Benzophenone (3b)” : Rr= 0.3 (EtOAc: hexane = 1:15); White solid. Melting point: 48-50 °C; 'HNMR
(400 MHz, CDCls) § 7.99-7.96 (m, 4H), 7.70-7.65 (m, 2H), 7.54-7.50 (m, 4H); *C NMR (100 MHz,
CDCls) 6 194.5, 134.9, 132.9, 129.9, 129.0; IR (film): 1681, 1671, 1595, 1449, 1211, 1175, 873, 684 cm’

l; HRMS (EI): m/z calcd for C13H;00 : 182.0732; found : 183.0732
@]

3b

3-Methylbenzophenone (3c)’: R, = 0.3 (EtOAc: hexane = 1:15); Pale yellow oil; "HNMR (400 MHz,
CDCls) & 7.81-7.79 (m, 2H), 7.63-7.62 (m, 1H), 7.61-7.56 (m, 2H), 7.51-7.46 (m, 2H), 7.42-7.34 (m,
2H), 2.42 (s, 3H); *C NMR (400 MHz, CDCl3) § 197.0, 138.1, 137.7, 137.6, 133.1, 132.3, 130.4, 130.0,
128.2, 128.0, 127.3, 21.3; IR (film): 3060, 2923, 1660, 1598, 1447, 1316, 1280, 1178, 719 cm™'; HRMS
(EI): m/z calcd for Ci4H 20 : 196.0888; found : 196.0888
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0]

Me

3c

4-Methylbenzophenone (3d)’ : R, = 0.3 (EtOAc: hexane = 1:30); Pale yellow oil; '"HNMR (400 MHz,
CDCls) & 7.80-7.71 (m, 2H), 7.72 (dt, J=8.17 Hz, 1.72 Hz, 2H), 7.60-7.56 (m, 1H), 7.49-7.45 (m, 2H),
7.30-7.26 (m, 2H), 2.44 (s, 3H); °C NMR (400 MHz, CDCls) & 196.5, 143.2, 137.9, 134.8, 132.1, 130.3,
129.9, 128.9, 128.2, 21.6; IR (film): 3058, 2921, 1657, 1605, 1446, 1314, 1277, 1177, 922, 700 cm™;
HRMS (EI): m/z calcd for C14H ;0 : 196.0888; found : 196.0890

sael

3d

3-Trifluoromethylbenzophenone (3e)* : Ry = 0.3 (EtOAc: hexane = 1:30); White solid. Melting point:
51-53 °C; "H NMR (400 MHz, CDCl3) & 8.06 (s, 1H), 7.98 (d, J = 7.76 Hz, 1H), 7.87-7.83 (m, 1H), 7.81-
7.78 (m, 2H), 7.66-7.61 (m, 2H), 7.54-7.50 (m, 2H); °C NMR (100 MHz) § 195.2, 138.3, 136.7, 133.1,
133.0, 131.0 (q, /= 32.9 Hz), 130.0, 128.9, 128.85 (q, J = 3.6 Hz), 128.6, 126.7 (q, J = 3.7 Hz), 123.7 (q,
J=1272.5 Hz); IR (film): 1665, 1336, 1267, 1127, 1073, 713, 692, 659 cm'l; HRMS (EI): m/z calcd for

Ci4HoF30 : 250.0605; found : 250.0604
O

CF3

3e

4-Trifluoromethylbenzophenone (3f)* : Rr= 0.3 (EtOAc: hexane = 1:30); White solid. Melting point:
107-110 °C; '"H NMR (400 MHz, CDCl;) & 7.89 (d, J = 8.00, 2H), 7.82-7.79 (m, 2H), 7.76 (d, J = 8.03,
2H), 7.66-7.61 (m, 1H), 7.53-7.48 (m, 2H), ; *C NMR (100 MHz) & 195.6, 140.7, 136.7, 133.7 (q, J =
32.8 Hz), 133.1, 130.15, 130.1, 128.5, 125.4 (q, J = 3.7 Hz), 123.6 (q, J = 271.1 Hz); IR (film): 1650,
1576, 1447, 1407, 1335, 1168, 1115, 857, 695 cm™'; HRMS (EI): m/z caled for Ci4HoF;0 : 250.0605;
found : 250.0602
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3f

3-Benzoylbenzaldehyde (3g)° : R;= 0.3 (EtOAc: hexane = 1:15); Pale yellow oil; 'H NMR (400 MHz,
CDCls) 6 10.09 (s, 1H), 8.28(t, J = 1.46 Hz, 1H), 8.12 (dt, J = 7.64 Hz, 1.44 Hz, 1H), 8.08 (dt, J = 7.70
Hz, 1.49 Hz, 1H), 7.83-7.80 (m, 2H), 7.68 (t, J = 7.66 Hz, 1H), 7.66-7.62 (m, 1H), 7.54-7.50 (m, 2H);
C NMR (100 MHz) § 195.5, 191.4, 138.5, 136.8, 136.3, 135.4, 133.0, 132.6, 131.3, 130.0, 129.2, 128.5;
IR (film): 1700, 1659, 1596, 1447, 1278, 1200, 972, 712 cm'l; HRMS (EI): m/z caled for Ci4H;00; :

210.0681; found : 210.0683
O

CHO

39

3-Acetobenzophenone (3h)* : R, = 0.3 (EtOAc: hexane = 1:5); Pale yellow oil; 'H NMR (400 MHz,
CDCls) 6 8.37 (t, J = 1.54 Hz, 1H), 8.19 (dt, J = 7.83 Hz, 1.46 Hz, 1H), 7.99 (dt, J = 7.66 Hz, 1.45 Hz,
1H), 7.82-7.79 (m, 2H), 7.65-7.58 (m, 2H), 7.53-7.48 (m, 2H), 2.65 (s, 3H); *C NMR (100 MHz) & 197.3,
195.8, 138.0, 137.1, 137.0, 134.2, 132.9, 131.7, 130.0, 129.7, 128.7, 128.5, 26.7; IR (film): 1692, 1661,
1597, 1578, 1447, 1425, 1358, 1240, 968, 719 cm’™'; HRMS (EI): m/z caled for CisHp 0, : 224.0837,
found : 224.0841

O O

Me

3h

4-Acetobenzophenone (3i)° : Rr= 0.3 (EtOAc: hexane = 1:7); White solid. Melting point: 83-85 °C; 'H
NMR (400 MHz, CDCl;) & 8.06 (dt, /= 8.26 Hz, 1.75 Hz, 2H), 7.87 (dt, J = 8.26 Hz, 1.75 Hz, 2H) 7.82-
7.79 (m, 2H), 7.65-7.61 (m, 1H), 7.52-7.49 (m, 2H), 2.67 (s, 3H); °C NMR (100 MHz,) & 197.5, 195.9,
141.3, 139.5, 136.9, 133.0, 130.1, 130.0, 128.4, 128.1, 26.9; IR (film): 1687, 1660, 1596, 1578, 1402,
1357, 1316, 1276, 925, 700 cm™'; HRMS (EI): m/z caled for CysH;,0, : 224.0837; found : 224.0837
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T L e

)
3i

Ethyl 3-benzoylbenzoate (3j)’ : Rr= 0.3 (EtOAc: hexane = 1:15); Pale yellow oil; 'H NMR (400 MHz,
CDCls) 6 8.45 (t, J = 1.70 Hz, 1H), 8.27 (dt, J = 7.75 Hz, 1.49 Hz, 1H), 7.99 (dt, J = 7.72 Hz, 1.50 Hz,
1H), 7.82-7.79 (m, 2H), 7.64-7.58 (m, 2H), 7.56-7.48 (m, 2H), 4.40 (q, /= 7.16 Hz, 2H), 1.40 (t,J=7.21
Hz, 3H); °C NMR (100 MHz) & 195.8, 165.8, 137.9, 137.0, 133.9, 133.1, 132.8, 130.9, 130.0, 128.4,
61.3, 14.3; IR (film): 2358, 1719, 1661, 1600, 1247, 1103, 798, 711 cm™'; HRMS (EI): m/z calcd for

Ci6H1403: 254.0943; found : 254.0943
0

“‘ ! C02 Et

3)

4-Benzoylbenzonitrile (3k)’ : Ry = 0.2 (EtOAc: hexane = 1:15); Pale yellow solid. Melting point: 110-
113 °C; "H NMR (400 MHz, CDCl3) & 7.89-8.86 (m, 2H), 7.81-7.77 (m, 4H), 7.67-7.63 (m, 1H), 7.54-
7.49 (m, 2H); >C NMR (100 MHz) & 195.0, 141.2, 136.3, 133.3, 132.1, 130.2, 130.0, 128.6, 118.0,
115.6; IR (film): 2228, 1697, 1649, 1596, 1447, 1279, 1251, 1112, 857, 695 cm’™; HRMS (EI): m/z caled
for C14HoNO : 207.0684; found : 207.0685

saol

3k

3,4-Dihydronaphthalen-1-yl(phenyl)methanone (3I) : R, = 0.3 (EtOAc: hexane = 1:20); Pale yellow
oil; "H NMR (400 MHz, CDCls) & 7.88-7.86 (m, 2H), 7.57-7.49 (m, 1H), 7.43 (t, J = 7.7 Hz, 2H), 7.27-
7.25 (m, 1H), 7.20-7.12 (m, 3H), 6.49 (t, J = 4.7 Hz, 1H), 2.88 (t, J = 8.01 Hz, 2H), 2.52-2.47 (m, 2H);
BC NMR (100 MHz) & 197.1, 138.8, 138.0, 136.5, 135.8, 132.9, 132.0, 130.0, 128.4, 127.85, 127.8,
126.7, 125.8, 27.6, 23.3; IR (film): 2359, 1665, 1603, 1434, 1335, 1205, 1168, 1073 cm’; HRMS (ED):
m/z calcd for C;7H140 : 234.1045; found : 234.1045
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3l

3'-Methyl-3-trifluoromethylbenzophenone (3m) : R,= 0.3 (EtOAc: hexane = 1:50); Pale yellow oil; 'H
NMR (400 MHz, CDCl3) & 8.06 (s, 1H), 7.97 (d, J=7.7 Hz, 1H), 7.84 (d, J=7.84 Hz, 1H), 7.62 (t, J =
7.84 Hz, 2H), 7.55 (d, J = 7.44 Hz, 1H), 7.46-7.37 (m, 2H), 2.43 (s, 3H); *C NMR (100 MHz) & 195.4,
138.5, 138.4, 136.8, 133.8, 133.1, 131.0 (q, J = 32.7 Hz), 130.4, 128.8, 128.7 (q, J = 3.6 Hz), 128.3, 127.3,
126.7 (q, J = 3.9 Hz), 123.7 (g, J = 272.6 Hz), 21.3; IR (film): 3064, 2925, 1721, 1666, 1434, 1335, 1275,
1204, 1168, 1130, 798, 742 cm™; HRMS (EI): m/z caled for C1sH 1 F30 : 264.0762; found : 264.0762

(@)
MGWO 48
3m

3-(3-Methylbenzoyl)acetophenone (3n) : R, = 0.3 (EtOAc: hexane = 1:10); Pale yellow oil; 'H NMR
(400 MHz, CDCl3) & 8.36 (td, J = 2.5 Hz, 0.4 Hz, 1H), 8.19 (ddd, J=7.8 Hz, 1.7 Hz, 1.3 Hz, 1H), 7.98
(dt, J=7.66 Hz, 1.45 Hz, 1H), 7.63-7.55 (m, 3H), 7.45-7.36 (m, 2H), 2.65 (s, 3H), 2.43 (s, 3H); °C NMR
(100 MHz) 6 197.3, 196.1, 138.4, 138.2, 137.1, 137.0, 134.2, 133.6, 131.6, 130.4, 129.7, 128.7, 128.3,
127.3,26.7, 21.3; IR (film): 3062, 2922, 1688, 1660, 1597, 1424, 1305, 1254, 798, 739 cm’'; HRMS (ED):
m/z calcd for Ci¢H140, : 238.0994; found : 238.0994

0 0
MeMe
3n

Ethyl 4-(3-methylbenzoyl)benzoate (30) : R, = 0.3 (EtOAc: hexane = 1:15); Pale yellow oil; 'H NMR
(400 MHz, CDCls) & 8.15 (dt, J = 8.24 Hz, 1.74 Hz, 2H), 7.83 (dt, J = 8.24 Hz, 1.74 Hz, 2H), 7.63-7.55
(m, 2H), 7.44-7.35 (m, 2H), 4.42 (q, J = 7.29 Hz, 2H), 2.42 (s, 3H), 1.42 (t, J = 7.14 Hz, 3H); °C NMR
(100 MHz) & 196.3, 165.8, 141.4, 138.3, 137.0, 133.7, 133.5, 130.5, 129.7, 129.4, 128.2, 127.4, 61.4, 21.3,
14.3; IR (film): 3048, 2981, 1720, 1662, 1367, 1273, 1104, 730 cm”; HRMS (EI): m/z calcd for
C17H160; : 268.1099; found : 268.1097
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(@)
Me
CO,Et
30

3-(3-Methylbenzoyl)benzonitrile (3p) : Ry = 0.3 (EtOAc: hexane = 1:15); White solid. Melting point:
108-110 °C; 'H NMR (400 MHz, CDCI;) 6 8.06 (td, J = 2.5 Hz, 0.6 Hz, 1H), 8.04 (dt,J=7.8 Hz, 1.5
Hz, 1H), 7.86 (dt, J = 7.74 Hz, 1.43 Hz, 1H), 7.62 (td, J = 11.7 Hz, 0.6 Hz, 1H), 7.61-7.59 (m, 1H),
7.55-7.52 (m, 1H), 7.47-7.45 (m, 1H), 7.42-7.38 (m, 1H), 2.44 (s, 3H); *C NMR (100 MHz) & 194.6,
138.8, 138.7, 136.4, 135.3, 134.1, 133.8, 133.5, 130.4, 129.4, 128.5, 127.3, 117.9, 112.8, 21.4; IR (film):
3064, 2922, 2231, 1663, 1600, 1426, 1294, 1173, 821 cm’'; HRMS (ED): m/z caled for C;sH;NO :

221.0841; found : 221.0838
O
MeW!!CN
3p

1-(4-(4-tert-Butyl benzoyl)phenyl)ethanone (3q) : Ry= 0.2 (EtOAc: hexane = 1:15); Pale yellow oil; 'H
NMR (400 MHz, CDCls) 6 8.05 (d,J= 7.9 Hz, 2H), 7.86 (d,J=7.9 Hz, 2H), 7.76 (d, J= 8.0 Hz, 2H),
7.51 (d, J = 8.0 Hz, 2H), 2.67 (s, 3H), 1.37 (s, 9H); °C NMR (100 MHz) & 197.9, 196.0, 157.3, 142.2,
139.8, 134.6, 130.6, 130.3, 128.5,125.8, 35.6, 31.5, 27.3; IR (film): 2964, 1687, 1660, 1402, 1266, 931
cm'l; HRMS (EI): m/z caled for C19H,00; : 280.1463; found : 280.1464

(@]
O O Me
t-Bu
(@]

3q

Ethyl 4-(4-tert-butylbenzoyl)benzoate (3r) : Ry= 0.3 (EtOAc: hexane = 1:10); Pale yellow oil; 'H NMR
(400 MHz, CDCl3) & 8.15 (d, J = 8.2 Hz, 2H), 7.83 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H),
7.51 (d, J= 8.4 Hz, 2H), 4.43 (q, J= 7.1 Hz, 2H), 1.42 (t, J=7.11 Hz, 3H), 1.37 (s, 9H); *C NMR (100
MHz) 6 196.2, 166.3, 157.2, 142.0, 134.9, 133.8, 130.6, 129.8, 125.8, 124.5, 81.8, 35.6, 31.5, 14.7; IR
(film): 2360, 1683, 1652, 1540, 1473 cm'l; HRMS (EI): m/z calcd for Cy)H,05 . 310.1569; found :
310.1569
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(0]
t-Bu” ‘ ‘ “CO,Et
3r

3-(4-tert-Butylbenzoyl)benzonitrile (3s) : R, = 0.2 (EtOAc: hexane = 1:15); Pale yellow oil; 'H NMR
(400 MHz, CDCl3) 6 7.87 (dt, J=8.38 Hz, 1.61 Hz, 2H), 7.79 (dt,J=8.2 Hz, 1.7 Hz, 2H), 7.73 (dt, J =
8.5 Hz, 1.95 Hz, 2H), 7.52 (dt, J = 8.48 Hz, 1.94 Hz, 2H), 1.37 (s, 9H); °C NMR (100 MHz) & 195.1,
157.7, 142.1, 134.0, 132.5, 130.5, 126.0, 118.5, 115.8, 35.6, 31.5; IR (film) 2231, 1661, 1604, 1277, 932,
771 cm'l; HRMS (EI): m/z caled for C;sHj7NO @ 263.1310, found : 263.1307

o)
t-Bu” ‘ '! CN
3s

1-(4-(4-Methoxybenzoyl)phenyl)ethanone (3t)* : Ry=0.2 (EtOAc: hexane = 1:10); White solid. Melting
point: 110-112 °C; "H NMR (400 MHz, CDCl;) & 8.05 (d, J = 8.0 Hz, 2H), 7.84-7.77 (m, 4H), 6.98 (d, J
= 8.6 Hz, 2H), 3.90 (s, 3H), 2.67 (s, 3H); >C NMR (100 MHz) & 197.6, 194.7, 163.7, 142.2, 139.3,
132.6, 129.7, 129.5, 128.1, 113.8, 55.6, 26.9; IR (film): 2460, 1684, 1644, 1600, 1508, 1261, 1025 cm;
HRMS (EI): m/z calcd for C16H ;403 : 254.0943; found : 254.0943

(0]
T U
MeO ©
(0]
3t

Ethyl 4-(4-methoxy benzoyl)benzoate (3u)° : Ry= 0.2 (EtOAc: hexane = 1:15); White solid. Melting
point: 86-88 °C; 'H NMR (400 MHz, CDCl3) & 8.15 (dd, J = 6.8 Hz, 1.6 Hz, 2H), 7.84-7.77 (m, 4H),
6.97 (dd, J = 6.8 Hz, 2.0 Hz, 2H), 4.42 (q, J = 7.1 Hz, 2H), 3.90 (s, 3H),1.42 (t, J = 7.19 Hz, 3H); "°C
NMR (100 MHz) & 195.2, 166.3, 164.0, 142.4, 133.5, 133.0, 130.0, 129.9, 114.1, 61.8, 55.9, 14.7; IR
(film): 1711, 1601, 1279, 1105, 843 cm’'; HRMS (EI): m/z calcd for C7H 604 : 284.1049; found :

284.1050
0
MeO~ ‘ ‘ “CO,Et
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3u

1-(4-(4-Chlorobenzoyl)phenyl)ethanone (3v)'’ : R,= 0.3 (EtOAc: hexane = 1:5); Yellow solid. Melting
point: 125-127°C; 'H NMR (400 MHz, CDCly) & 8.07 (dt, J = 8.26 Hz, 1.77 Hz, 2H), 7.84 (dt, J = 8.30
Hz, 1.79 Hz, 2H), 7.76 (dt, J = 8.88 Hz, 2.21 Hz, 2H), 7.48 (dt, J = 9.00 Hz, 2.16 Hz, 2H), 2.67 (s, 3H):
BC NMR (100 MHz) ¢ 197.4, 194.7, , 140.9, 139.7, 139.6, 135.2, 131.4, 129.9, 128.8, 128.2, 26.9; IR
(film): 3055, 2913, 1658, 1311, 1263, 974, 754 Cm_l; HRMS (EI): m/z caled for C;sH;ClO; : 258.0448;
found : 258.0448

(0]
Cl O O Me
(0]
3v

Experiments with isotopically-labeled substrates

1. In (3 equiv), LiCl (3 equiv)
0 (BrCH,), (15 mol %), TMSCI (6 mol %) O

cl NMP, 40 °C, 3 h _ D
2. 10% DCI (one-pot)
25°C,0.5h
la 5a

The general procedure was followed using indium powder (104.0 mg, 0.9 mmol), LiCl (38.0 mg, 0.9
mmol), TMSCI (6 mol %), 1,2-dibromoethane (15 mol %) in NMP (1 mL). Benzoyl chloride 1a (84.0 mg,
0.6 mmol) was added. The mixture was stirred at 40 °C for 3 h and provided the indium reagent. Then,
10% DCI was added. The resulting mixture was stirred under N, at 25 °C for 0.5 h. After the completion
of the reaction (checked by TLC), the aqueous layer was extracted with ethyl acetate. The combined
organic extracts were dried over MgSQO,, filtered, and concentrated under reduced pressure. Silica gel
fresh column chromatography (ethyl acetate:hexane = 1:10) gave benzaldehyde-d; (64.2 mg, 60%) as
colorless oil. Ry = 0.3 (EtOAc:hexane = 1:3); Colorless oil; 'HNMR (400 MHz, CDCls) § 10.02 (s,
0.01H), 7.90-7.88 (m, 2H), 7.66-7.62 (m, 1H), 7.56-7.51 (m, 2H); *C NMR (100 MHz, CDCls) d 192.0 (t,
J=26.7Hz), 136.3 (t, J=3.54 Hz), 134.4, 129.7, 129.0; IR (film): 3061, 2942, 2242, 1843 cm™'; HRMS
(EI): m/z calcd for C;HsDO : 107.0481; found : 107.0480
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Current Data Parameters
HAME

SIM-524
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120918
Time 19.28
INSTRUM spect
FROBHD 5 mm PABEO BB/
PULPROG zg30
™ 65536
SOLVENT cbcl3
NE 16
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 127.32
D 60.800 usec
DE 6.50 usec
TE 2%9€.6 K
Dl 1.00000000 sec
TDO 1

== CHANNEL f1 =

1H
Pl 15.00 useec
PLW1 12. 60000038 W
SFO1 400.1324710 MHz

F2 - Processing parameters
81 €5536

SF 400. 1300086 MHz
WDW EM

558 1]

LB 0.30 Hz
GB o

FC 1.00

Current Data Parameters
HAME

SIM-527
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120920
Time 15.20
INSTRUM spect
FROBHD 5 mm PABEO BB/
PULPROG zg30
T™ 65536
SOLVENT cbcl3
NE 16
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 114.24
D 60.800 usec
DE 6.50 usec
TE 297.8 K
Dl 1.00000000 sec
TDO 1

== CHANNEL f1 =
15.00 useec

PLW1 12. 60000038 W
SFO1 400.1324710 MHz

F2 - Processing parameters

€553¢
SF 400. 1300087 MHz
EM

LB 0.30 Hz
FC 1.00

S14



D O D [ W D
e e o + D iy = O
L O R B F Current Data Parameters
s >l 2EER NAME SIM-370-2
58888 - 3R e EXENO 1
L FROCNO 1
Date_ 20120608
Time 16.3%
INSTRUM spect
PROBHD 5 mm PABBO BB/
FULPROG 2g30
™D 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 8223.685 H
FIDRES 0.125483
AQ 3.9845889 sec
RG 87.66
W €0.800 usec
DE 50 usec
TE 293.2 K
Dl 1.00000000 sec
TOO 1
———————— CHANNEL f] ===s====
NUC1 1H
Pl 15.00 usec
PLW1 12. 60000038 W

518 § g
Si% & B

1 I 1 I I T I 1 I I T
70 65 60 55 50 45 40 35 3.0 25 20 15 1.0

215.129
396.285

1 I I
95 90 85 80 75

400.1324710 MHz

FZ - Processing parameters
65536

400,1300074 MHz
EM

0.30 Hz

1.00

CO,Et

3a

ppm
- - [ Current Data Parameters
= uwy [ 0 U DD D R - - NAME SIM=-370=-2
*. . Sanann Ty I8¢ E gxeno 2
o wr D SO O - - - PROCHO 1
@ w LR RG] ~ w0 — -
i N R e - N F2 - hoquisition Parameters
\\\\ \W \V | Date_ 20120614
Time 1.02
INSTRUM (=14
PROBHD 5 mm PABBO BB/
PULFROG zgpg30
Py 65536
SOLVENT CDC13
NS 1024
Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53
oW 20.800 usec
DE 6.50 usec
TE 294.6 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
ucz 1H
CPDPRG([2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40
o]
CO,Et
y 3a
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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LT
L L @ Current Data Parameters
> T S NAME SIM-388
. cocoa S EXPNO 1
A883 r EREL 2
l‘g F2Z - Acquisition Parameters
20120621
7.17
PULPROG
D
SOLVENT
NS
DS 2
SWH 8223.€85
FIDRES 0.125483
AQ > 9 sec
RG
DWW usec
DE usec
TE 294.2 K
D1 1.00000000 sec
TDO 1
-------- CHANNEL f1 m=smm=m=
NUC1 1H
Pl 15.00 usec
PLWL 12. 60000038 W
sFOL 400.1324710 MHz
F2 - Processing parameters
s 65536
400,1300091 M
EM
0
Q.30
o
1.00
O
e hE 3b

i

(R I B T M e T T T T T M I T T T

90 85 80 7. 70 65 60 65 50 45 40 35 30 25 20 15 10 0.5 ppm

388.619
404

Current Data Parameters
HNAME

& aame ao SJm-388

“ anne mog Eroc :

- e k] B PROCHO 1

o 00 oo =~

o e it e F2 - hoquisition Parameters

\l l/ \V Date_ 20120622
Time
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
Py 65536
SOLVENT cDCl3
NS 1024
Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53
DW 20.800 usec
DE 6.50 usec
TE 295.4 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.56228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
ucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40
o}
" " J _ 3b
- AP " . " .

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
HAME EJM-464
EXPNO 1
PROCHNO 1

@
400, 1300096
EM

0.30

0]
Me
l | 3c
Fﬁﬁ 2l g
RISZEIE 3
bbbl Rl Rl ki Rkl T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm

Current Data Parameters
HNAME s

o O [~ 0 = 00 R JM-464
[~ [~ = 00 D U e D Mo o

- 1M D M OO k- o EXENO 2

I’ B Mo S g mam ne " PROCKO 1
o 1 0 e el e -~ —

i O e N F2 - hoquisition Parameters

&\\ ‘/% W Date_ 20120815

Time 1.00

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULFROG zgpg30

65536

CDCl3

2048

q
24038.461 Hz
0.366798 Hz
1.3631488 sec

186.53
20.800 usec
6.50 usec
296.9 K
2.00000000 sec
0.03000000 sec
1.89999998 sec

1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
ucz
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WO EM
S5B o
LB 1.00 Hz
GBE o
BC 1.40

o}
Me
3c

} T T T T T T T T T T T T T

T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm
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3 @ Current Data Parameters
o S NAME SIM-46%
ks S EXPNO 1
FROCNO 1
FZ - Acquisition Parameters
Date 2012081%
Time 18.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
FULPROG 2g30
™D 65536
SOLVENT cDCl3
NS 16
Ds 2
SWH 8223.685 H
FIDRES 0.125483
AQ 3.9845889 sec
RG 127.32
W €0.800 usec
DE 6.50 usec
TE 295.9 K
Dl 1.00000000 sec
TOO 1
-------- CHANNEL f] ===s====
NUC1 1H
Pl 15.00 usec
PLW1 12. 60000038 W
SFO1 400.1324710 MHz
FZ - Processing parameters
£1 65536
SF 400,1300102 MHz
WO EM
S5B 0
LB 0.30 Hz
GB o
PC 1.00
o}
Me
L J | A 3d
&l §E§ g
&5|8)3(8(8
gigie|EE 8
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
- o o e Current Data Parameters
o o A e w NAME SIM=469
9 i iehehehrht mag & e :
w e ] B . PROCHO 1
o TN NN =~ —
N AR e o F2 - Rhoquisition Parameters
\ \\\V/ \V Date_ 20120820
Time
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
Py 65536
SOLVENT CoCl3
NS 2048
Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53
DW 20.800 usec
DE 6.50 usec
TE 297.5 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.56228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
ucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40
o]
Me
L *
J ]
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters

HAME e
EXPNO 1
FPROCNO 1

F2 - Acgquisition Parameters
Date_ 20140115

Time 15.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zg30

i) 65536
SOLVENT CDC13

Hs 16

DS 2

SWH B8223.6B5 Hz
FIDRES 0.125483 Hz
O 3.9845889 sec
RG 127,32

oW 60.800 usec
DE 6.50 usec
TE 292.9 K

D1 1.00000000 sec
D0 1
mwmmwmws CHANNEL fl messswsew
NUCL 1H

Pl 15.00 usec
PLW1 12.60000038 W
SFOL 400.1324710 MHz

F2 - Processing parameters

BHNONNMNODTONOMMMTrOEMAhANTNOTTO
CROTOWARMONOMMMOOTMOOMNALMNO S GMe ~
B AN ARREENCBE W T M AN ISR DS 0o b Z
A TTMMANNNNN A A0SO T O0 00 L] .
A A AAAAAAAA A A H OO OO OO0 OO OOCOOOOM o L=
e R R e R R e R e N e e N e R N N N R R N R R N R R RS NS R w 1
o]
SA® .
3e
|‘M ‘ L
§a88E
2 2
< S
vl tNItNIN
T T T I I I T I I I
10 9 8 7 6 5 4 3 2 1 ppm
L= TNV OANMATEOAMNO O AT 0NN T
- W MODUONOTOOoOrMOEWWMa WS M bl ]
e clE LSt 6300 5 0 0 00 m i 26 850 S 40 mead
wy WOMMAAOO OO0 EEe D W00 NS EEEE
o LR s s B B I B B o B B I B o s ~~r~w
— o e e e e e e e e e e e ~r~r~r~
o]
C 0 CF3
3e
J Ll ! .
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

SI 65536

SF 400.1300092 Mz
WOW EM
SSB 0

LB 0.30 Hz
GB 0

BC 1.00

Current Data Parameters

NAME 3e
EXPNO 2
PROCHO 1

F2 - hoquisition Parameters
Date_ 20140115
Time 19.01
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30

Py 65536
SOLVENT CoCl3

NS 1024

Ds q

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53

DW 20.800 usec
DE 6.50 usec
TE 294.9 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C

Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768

SF 100.6127690 MHz
WOW EM

S5B o

LB 1.00 Hz
GE o

BC 1.40
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- o
o ]
. .. . . @ Current Data Param 5
S L e b4 = MAME SIM 1
2282888338853 2 § ExeNo 1
FROCNO 1
M¢/ﬁ lﬁ; FZ - Acquisition Parameters
Date_ 20120627
Time 20.24
INSTRUM spect
FROBHD 5 mm PABEQ BB/
PULFROG zg30
TD
SOLVENT
NS
Ds
SEWH
FIDRES
AQ
RG 127.32
oW €0.800 usec
DE 6.50 usec
TE 294.6 K
Dl 1.00000000 sec
TDO 1
CHANNEL f1
NUC1 1H
Fl 15.00 usec
PLW1 1 00038 W
SFOL1 400.1324710 MHz
F2 = Processing parameters
s8I 5.
SF 400.1300094 MHz
WDW EM
85B [}
LB 0.30 Hz
GB [}
PC 1.00

CF;

QNS
(38|18

33(8/8

Sl b g L]

204.38

T T T T T T T T T

T T T T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 ppm

Current Data Parameters

2 NYSE2283520E22853 oo N Sm-a80
i PR NSO T MM e o MD Moo EXPNO 2
. L R e e R=0"-]
u R i v i b i i L s ) R PROCHO 1
o Rl R R R R R N R M o R R N ) =~
- P g it R ek i e R el o e el e o -~ s
F2 - hoquisition Parameters
'\\,&f“\\ (/M/ v Date_ 20120821
Time 23.01
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
Py 65536
SOLVENT CoCl3
NS 1024
o Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53
CF5 DWW 20,800 usec
DE 6.50 usec
3f TE 297.3 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl .98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51
SF 100.6127690 MHz
WO EM
S5B o
LB 1.00 Hz
GE o
BC 1.40

W AT A P P A e b S

I T T T T T T T T T T T T T T T T T T

T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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54

3010

HAME
EXPNO
PROCHO

-0.08

FZ - Acqu
Date_
Time
INSTRUM

Current Data Param

isition Paramete
20120829
16.3¢

spect

5 mm PABEC BB/
zg30

€0.800 usec
6.50 usec
296.2 K
1.00000000 sec
1

CHANNEL f1
Nucl1
Fl usec
FLW1 W
SFOL1 MH=
F2 Processing parameters
81 3
SF
WIW
SSB Q
LE
GE 1}
PC
o}
CHO
I | 1 39
ot oo 5 g £=11=]
& N RIRIER
3 &(8[3[=[S(S[8
o |
T I T T T T I I I T T T
1 10 9 g 7 6 5 4 3 2 1 ppm
o o O o i Current Data Parameters
=] M N N O 0o - HAME SaM-483
uy NOMTPoOOMOoMN o O EXENO 2
& o BG Bl o w nes FROCNO 1
oo MMM~ =~
o LT e T el e F2 - hoquisition Parameters
| | \\.\\M% \V Date_ 20120830
Time 3.04
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
65536
cDC13
o 2048
q
CHO 24038.461 Hz
0.366798 Hz
1.3631488 sec
186.53
20.800 usec
3g 6.50 usec
297.6 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
1
100.6228293 MHz
13C
9.98 usec
52.09999847 W
400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLWZ 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WO EM
S5B
LB 1.00 Hz
GE
BC 1.40

B ]

T T T T T

T T

200 190 180 170 160 150 140 130 120 110 100 90 80

T T T
70 60 50 40

T T
30 20

10 ppm
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W G C4 D B B il ot 02 et 09 [ ) S D ) [ DD = O B 0 D D -
o oo 1D S vt e O A0 ) S 0D [ 0 O D xR D 01 LD 01D S O o
. @ Current Data Param
oo e e e L T @ S NAME =3
= o € 04 £ 6 DT Mo A2 DO OO
R guly] A A A NSO OO0 0000000000000 = ©  EXPNO
Mmoo R R R R R e R R R R R ] — || e
%‘WW FZ - Acquisition Parameters
Date_ 20120711
Time 20.48
INSTRUM spect
FROBHD 5 mm PABEQ BB/
PULFROG zg30
D 6553¢
SOLVENT cDC13
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3,98456889 sec
RG
oW €0.800 usec
DE 6.50 usec
TE 294.6 K
Dl 1.00000000 sec
TDO 1
CHANNEL f1
NUC1 1H
Pl 15.00 usec
PLW1 1 60000038 W
SFOL1 400.1324710 MHz
F2 = Processing parameters
81 65536
SF 400.1300067 MHz
WDW EM
85B [}
LE 0.30 Hz
GB [}
PC 1.00
0O o
Me
3h
u i
e | fed = |w )= o
S[2|8|a[S]E 8
wiglslol g
T I T T T I T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
o N Current Data Parameters
T @ Mmoo m N o o NAME Sam-424
A SHSnarcnrn e g ExeHO 2
=~ 0 ) O 0 - PROCHO 1
@ o 0 0 e e el e ~ w0 w
o N e N F2 - Rhoquisition Parameters
\/ N\~ \/ Date_ 20120712
Time 2.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zgpg30
Py 65536
SOLVENT CDC13
NS 1024
Ds q
(o] o] SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
Me RG 186.53
oW 20.800 usec
DE 6.50 usec
TE 295.1 K
3h D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S22



1071

FZ - Acquisitien

Date_
Time
INSTRUM

Me
L , || . . O
3i
NV, M 3
h.|5.|3i @[S 8
Nle=lelele ]
I I I T I T T T I T T
10 9 8 7 6 5 4 3 2 1 ppm
& o P —— Current Data Parameters
= D el 0D ey @ NAME SIM-347
[r- MO OO T - =E= o EXPNO 2
= L nen “ PROCNO 1
@@ L ELEEEL -~ o w
I YTV oS g ™ F2 - Rhoquisition Parameters
\ NN v
Time 59
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zgpg30

65536

q
24038.461 Hz
0.366798 Hz
1.3631488 sec

186,53
Me 20,800 usec
5.50 usec
fo] 295.4 K
3i D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl .98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG(2 waltzlé
PCPD2 90.00 usec
PLWZ 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40

I T T T T T T T T T T T T T

T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S23



3383.54
3383.14

t_

200.000

303.916

195.869
165.842
77.333
77.015
76.698
—51.393

<

-

w
2]
-

o]
l COLEt
3

ppm

200 190 180 170 160 150 140 130 120 110 100 90 80

T T T T
30 20

10 ppm

Current Data Param

HAME &J
EXFNO

FROCNO 1

FZ - Acquisition Parameters
Date_
Time
INSTRUM

-1

Current Data Parameters

usec
W
MH=

NAME 5IM-463
EXPNO 2
FROCKO 1
F2 - Rhoquisition Parameters
Date_ 20120815
Time 9.04
INSTRUM spect
PROBHD 5 mm PABBO BE/
zgpg3l
65536
cDCl
a7z
q
24038.461 Hz
0.366798 Hz
1.3631488 sec
186.53
20.800 usec
6.50 usec
296.9 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG([2 waltzlg
PCPD2 90.00 usec
PLWZ 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WO EM
S5B o
LB 1.00 Hz
GE o
BC 1.40

S24



O P e O U ) e D O O O 0 0 ) e Gt O 00 4 D D D6 D
WD 0 0 DD ) [~ ) = ) 00 = 00 S D OV D G S G - 01 07 00 63 O i 0 i D
. @ Current Data Parameters
AREOAADNENLOmONNHRECNoRONdR 0N RE M Y = uamME SIM-468
o O O O T O VON O A A~ SO0 00
L e - . - - T © EXPNO 1
£ 60 00 ) P ) £ ) 6 ) ) B0 6 0 0 ) O £ 60 60} £7) 6 £ 60 60 6 60 ) 60 O £ 60 O T
PROCNO ik
w %ﬁ FZ - Acquisition Parameters
Date_ 20120816
Time 21.12
INSTRUM spect
FROBHD 5 mm PABEO BB/
PULFROG zg30
D 6553¢
SOLVENT CDC13
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 186.53
oW €0.800 usec
DE 6.50 usec
TE 296.1 K
Dl 1.00000000 sec
TDO 1
g CHANNEL £1
NUC1 1H
Pl 15.00 usec
PLW1 12. 60000038 W
SFOL1 400.1324710 MHz
F2 = Processing parameters
81 65536
SF 400.1300092 MHz
WDW EM
S58 Q
LB 0.30 Hz
GB 0
PC 1.00
o]
CN
1 3 3k
g[315[2
glglsle
T T T T I T T T T
10 9 8 7 6 5 4 3 2 1 ppm
- e e Current Data Parameters
] TEOTOTED M- M HAME SaM-468
< NMMANSe v o EXENO 2
wn HOMNOO®m @ . PROCND 1
@ TEOMEAAN o ~ w0
i ittt e F2 - hoquisition Parameters
\\\\ V/ \ ’ \V Date_ 20120821
Time 1.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zgpg30
(8] Py 65536
SOLVENT CDC13
NS 1024
Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
CN AQ 1.3631488 sec
RG 186.53
3k ] 20.800 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S25



FEHUNMODEATOOOED AR 0 M SO LR el ]
WM O MO T O 000NN - e O 0N uy
1] . . PR e v @ Current Data Parameters
cosgicsdorenggagngsdgs gnegssiis o S e 31
- - - E L L L ] - D00 GG @ o S EXPNO 1
LR s e s B B R R R B s R I R R R R N oA S w ] "
PROCNO 1
Qﬁ%’*ﬂ% “‘ W | | F2 - Acquisition Parameters
Date_ 20140127
Time 15.53
INSTRUM spect
o] PROBHD 5 mm PABBO BB/
PULFROG zg30
i1 65536
G . SOLVENT CDC13
NS 16
Ds 2
31 SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG B3.43
DW 60.800 usec
DE 6.50 usec
TE 294.0 K
D1 1.00000000 sec
D0 1
- == CHANNEL f1 == -
NUCL 1H
Pl 15.00 usec
PLW1 12.60000038 W
SFO1 400.1324710 MHz
F2 - Processing parameters
51 6
SF 400.1300137 MHz
WOW EM
558 o
LB 0.30 Hz
GB o
PC 1.00
Y N
2 §§§1§ 8 g 8
=l =1 - o
T T T T T T T T T T T T
80 75 70 65 60 55 50 45 30 25 20 15 1.0 05 ppm
Current Data Parameters
a ChRERaSISARE oo w o HAME 31
- RS R3E 8 8 ot :
= drdRd oA e e~ S0 L 4 PROCNO 1
o £ 0 6767 00 0 4 O e e ~ 0 ~ o
- AN e o F2 - hoquisition Parameters
K\\“W \L/ | | Date_ 20140126
Time
INSTRUM (=14
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
Py 65536
o SOLVENT cDC13
NS 1024
Ds q
24038.461 Hz
O ‘ FIDRES 0.366798 Hz
AQ 1.3631488 sec
3l RG 186.53
DW 20.800 usec
DE 6.50 usec
TE 294.9 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.56228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
ucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34909999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40
Il'\ ,
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S26



D O 0D e 03U O O3 et ) L) ) D D
DD NS HOMONOnomom 9 -
WD U e U O O e O ) D 0D [ O . =1
£ O 00 =P € W) U O 4 00 00 [~ [~ D WD D D W ]
e g e T - - Y - o
B L L L L LG L L B T R ) T
£/212/31212 g
8583|858 8
[~ | ©
T T T T T I T T T T T T T T T T I I
85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 ppm
oo CONOTOEEONMO R T 0N N0~ S oo T
I NTOCOTMNARMNACE MO MM NN T D00 - o w@
= B R e e o e e e =g B
" WD M OO0 00 000D o @ H
@ L LR R R R - —
- P e o Q- Qe i e e el e e el e e e b -~~~ o
o
Me CF,
3m
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Current Data Param
HAME &4

EXPNO
FROCHO

F2 - Acqu
Date_
Time
INSTRUM
FROBHD
PULPROG

TD
SOLVENT
NS
Ds

400.1324710 MHz
FZ - Processing parameters
SI 65536
SF 400.1300094 MHz
WDW EM
S5B o
LB 0.30 Hz
GEB Qo
PC 1.00

o
Me CF4
3m

Current Data Parameters
NAME SIM=486
EXPNO 2
PROCHO 1
F2 - Rhoquisition Parameters
Date_ 20120830
Time 4.086
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zgpg30
Py 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53
oW 20.800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GBE o
BC 1.40

isition Parameters
20120829

spect
5 mm PABBO BB/
zg30
65536

50

296.1

1. 00000000
1

CHANNEL f1

1H
15.00
12. 60000038

usec
W

S27



W o - Rl = 0 ot et 0
o o I = 0 O LD o) 0O ) s O ~ =
lE - - © Current Data Param
w @ e DT 10 o . o S NAME =J
& o = 282232338 & = s S Exeno 1
b b= e @ e e e e ;e ;o - el i | PROCHO 1
% W | [ FZ - Acquisition Parameters
Date_ 829
Time .40
INSTRUM spect
FROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT CDC13
NS 1
DS
SWH
FIDRES
AQ 3.9845882 sec
RG 114.24
oW 60.800
DE 6.5
TE 296.2 K
Dl 1.00000000 sec
TDO 1§
= CHANNEL f1
1H
15.00 usec
12.60000038 W
.1324710 MHz
FZ - Processing parameters
SI 65536
SF 400.1300081 MHz
WDW EM
SSB o
LB 0.30 Hz
GEB Qo
FC 1.00
o o
Me
Me
3n
JLJ[ | 1
2(2(g| 513 &l
| o ] I ] e i
198 g2 8l
T I T I T T I I T I I T
11 10 9 7 6 5 4 3 2 1 ppm
— e e Current Data Parameters
- PO @ERNOOoW e w o~ NAME SJm-484
™ TNHoNeeTEEaM 435 25 ExeliO 2
~ o 0060 = OO B . . PROCHO 1
oo 16 01 00 0 ) ) 0 e e o -
o N e o F2 - Rhoquisition Parameters
\/ %N I% \V | | Date_ 20120830
Time 5.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zgpg30
Py 65536
SOLVENT CDCl3
NS 1024
Ds 4
SWH 24038.461 Hz
o o FIDRES 0.366798 Hz
Me AQ 1.3631488 sec
Me RG 186,53
oW 20.800 usec
DE 6.50 usec
TE 297.6 K
3n D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl - 98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GBE o
BC 1.40
" " ™ o~ L T e "
" e o y - e " iy " v .

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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. O =y D = et )
» wom 01— o - w oo ~
P e e e e s . . o = ey Current Data Param
- i oo . NAME S
Y oo ® =00 = © = SJ
-~ > o === [ [l il EXPNO 1
A ¢ 4 64 0 ot @ W n
T s \VZ \V/ e '

FZ - Acquisition Parameters

Date_ 20120808
Time 10.11
INSTRUM spect
FROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT CDC13
NS 1&
Ds
SWH
FIDRES
AQ
RG
oW
DE 6.5
TE 296.0 K
Dl 1.00000000 sec
TDO 1,
CHANNEL f1l
1H
15.00 usec
12.60000038 W
00.1324710 MHz
FZ - Processing parameters
SI 65536
SF 400.1300092 MHzZ
WDW EM
SSB o
LB 0.30 Hz
GEB Qo
PC 1.00
o]
Me
I CO,Et
| %

299.023

283.412

5 352 (57
8| [5(/8]5 g

T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 2

1
20 15 10 0.5 ppm

Current Data Parameters

a N SomEEaEnge P - o = NAME SM-449
& v e e nen K S PROCNO 1
o w TN NN -~ — — -
N N AN e - N N F2 - Rhoquisition Parameters
\\\\\ \V/’ \V | | | Date_ 20120809
Time 3.04
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
Py 65536
SOLVENT CoCl3
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
O RG 186,53
DW 20.800 usec
Me DE 6.50 usec
TE 297.2 K
D1 2.00000000 sec
dil 0.03000000 sec
002Et DELTA 1.89999998 sec
TDO 1
3o sF01 100.6228293 MHz
NUC1 13C
Pl .98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GBE o
BC 1.40

I T T T T T T T T T T T T T T T T T T

T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S29



|
|

- o Rt b R B R s U e Ll el =i - R vl el Bt
NENSAMPBer~ORR MO S AN D BO ANDONS BN =
0 [~ D D e OO [ O D0 1 00 D ) O e 3 1D D 0 D 00 0 0D D
NN A A A A DN QDN e el 0000000
NN NN NN A A A A A0S0 MO0 g oG
£ 6% 0 60 O O 0 ) O O O O 0 00 0 0 60 O O 07 O O £ £ 68 £ 60 £ ) 0 O O 0 0 £ £

977.20

-0.08

b hd 13
=] ©
T T T T T T T T
10 9 8 7 6 5 4 ppm
I|‘ N J
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Current Data Param
HAME &4

EXPNO
FROCHO

FZ - Acquisition Parameters

Date_ 20120829
Time 186,
INSTRUM spect
FROBHD 5 mm PABBO BB/
PULPROG zg30

™ 65536
SOLVENT CDC13

NS 1&

Ds 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845882 sec
RG 127.32

o €0.800 usec
DE 6.50 usec
TE 296.2 K
Dl 1.00000000 sec
TDO 1§

CHANNEL f1

1H
15.00
12. 60000038 W

usec

400,.1324710 MHz

FZ - Processing parameters
65536

sI 5
SF 400.1300086 MHzZ
WDW EM
S5B o
LB 0.30 Hz
GEB Qo
PC 1.00
o}
Me CN
3p
Current Data Parameters
NAME 5IM-485
EXPNO 2
FROCKO 1
F2 - hoquisition Parameters
Date_ 20120830
Time 6.09
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
Py 65536
SOLVENT CoCl3
NS 1024
Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 186.53
DW 20.800 usec
DE 6.50 usec
TE 297.6 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.56228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec

PLW2 12.60000038 W
PLW12 0.34909999 W
PLW13 0.28349999 W

F2 - Processing parameters

51

SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40
(o]
Me CN
3p

S30



3226.45
3218.57
3149.34
3141.46
3109.53
3101.53
3010.66
3002.62
——2906.78

£
e
~X
~

1068.63

— 548.66

»

3]
EXPNO
FROCKO

-0.04

Current Data Parameters
AME 3Ir

1
1

F2 - RAoguisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
pisl
SOLVENT
2}

Ds
SWH
FIDRES

== CHANMNEL fl ==

20140119

18.11

spect

5 mm PABBO BB/
zg30

65536

cDCl3

16

2
B012.820
0.122266

4.0894465

298.0
100000000
1

1H

15.00
12.58899975
400.1316005

Hz

sec

usec
usec

K
sec

usec
W
MHz

F2 - Processing parameters

A

o

60 55 50 45 40 35

130.179

129.936
125.462

128.116
77.350
77.032
76.714

——197.554
———195.619
——156.895
—141.753

——139.404
_—134.177

=
<
<

3.0

25

2.0

T T
1.5 1.0

——35.198
—31.114

—26.886

0.5 ppm

131072
400.1300094
EM

o
0.30

o
1.00

Current Data Parameters
HNAME 3r

EXPNO
PROCNO

2
1

MHz

Hz

F2 - hoquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULFROG

D
SOLVENT

NUCL1
Pl
PLW1
SFO2

ucz
CPDPRG[2
PCPD2
PLW2Z
PLW12
PLW13

51
SF
WDW
55B
LB
GB
BC

T T T T T T T T T T T T T

200 190 180 170 160 150 140 130 120 110 100 90 80

70 60

50 40

T T

30 20

T T

10 ppm

20140119

19.13

et

5 mm PABEQ BB/
zgpg30

65536

CcDC13

1024

4
24038.461
0.366798
1.3631488
201.85
20.800
6.50

298.0
2.00000000
0.03000000
1.89999998

1
100.6228293
13C

10.80
50.11899948

400.1316005
1H

waltzlé
a0.00
12.58899975
0.34968999
0.28325000

100.6127690
EM

1.00

1.40

Hz
Hz
sec

usec
usec
K

sec

sec
sec

usec

=

MHz

usec

W
W
W

F2 - Processing parameters
32768

MHz

Hz

S31



TToONMEOOo Smam
O oD o — & oo - o
I + . . R E=T-1 = Current Data Parameters
TNDOROEO N mweo s o
LHMNOCOD OO ] @ e . HAME 3s
SEEEEERES RERS Sh33 7 EEm 1
e R e R R R R BROCHO 1
\J \V V l W \// F2 - Acquisition Parameters
Date_ 20140117
Time 14.01
INSTRUM spect
(o] PROBHD 5 mm PABBC BB/
PULPROG zg30
1] 65536
SOLVENT CDC13
NS 16
Ds 2
t-Bu COzEt S 8012.820 Hz
FIDRES 0.122266 Hz
3r RO 4.0894465 sec
RG 123.33
oW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
DO 1
mmmmmm== CHANNEL fl ss==s==s
HUC1 1H
Pl 15.00 usec
PLW1 12.58899975 W
SFO1 400.1316005 MHz
F2 - Processing parameters
SI 131072
SF 400.1300099 MHz
WDW EM
58B ]
LB 0.30 Hz
GBE [+]
BC 1.00

E

g @3z = 88
3| 885 5 g3
= |l o Ll
T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
Current Data Parameters
- - - 00 00 WD
- = ~ L oo - © r~ - NAME 3s
S W ea Rl 282 2 3 3 e :
I I w TS S Wy . - PROCHO 1
o w wy ol R R R N N ) =~ — o -
N N N RS e - o N F2 - hoquisition Parameters
| | | \\\V/ \V | | | | Date_ 20140117
Time 20.57
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG zgpg30
Py 65536
SOLVENT coCl3
NS 1024
o Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 201.85
DW 20.800 usec
t-Bu CO4Et DE 6.50 usec
TE 298.0 K
ar D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.6228293 MHz
NUC1 13C
Pl 10.80 usec
PLW1 50.11899948 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.58899975 W
PLW12 0.34968999 W
PLW13 0.28325000 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GE o
BC 1.40

L1 J |

T T T T T T T T T T T T T T T T T T T T T

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S32



WO MO 000000 WD 0 DD
NNTEHNTOOONYDONM -
O A et N T Y I 0 e “ 4 Current Data Parameters
Ao A HO00D o +  MNAME 3t
MM MMM e m e E e e e A § Exeno h
PROCNO 1
W | F2 - Acguisition Parameters
Date_ 20140112
Time 14.38
INSTRUM spect
PROBHD 5 mm PABEOQ BB/
(9] PULPROG zg30
ki 65536
SOLVENT CDCll
sae Ns w
DS 2
SWH B8223.6B5 Hz
t-Bu CN FIDRES 0.125483 Hz
3.9845889 sec
3s RG 127.32
oW 60.800 usec
DE 6.50 usec
TE 292.5 K
D1 1.00000000 sec
00 1
- == CHANNEL f1 == -
NUCL 1H
Pl 15.00 usec
PLWL 12.60000038 W
SFO1 400.1324710 MHz
F2 - Processing parameters
51 5!
5F 400.1300085 MHz
WDW EM
558 o
LB 0.30 Hz
GB o
BC 1.00
W L 1
g g
-
o
=l @
T T T T I I T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
Current Data Parameters
- w wy [ Rl Ko o
- I M @M Hm WO @ - HAME 3t
7 a @ wane A% gEes e EXENO 2
T ~ L =il oo B P PROCHO 1
o w - 07 0 o — ~ =~ 9o o
N N o o T o F2 - hoquisition Parameters
| [ N/ Y/ | | Date._ 20140113
Time
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
o} by 65536
SOLVENT cDC13
NS 1024
Ds q
SWH 24038.461 Hz
FIDRES 0.366798 Hz
t-Bu CN 1.3631488 sec
RG 186.53
3s DW 20.800 usec
DE 6.50 usec
TE 294.2 K
D1 2.00000000 sec
d1l 0.03000000 sec
DELTA 1.89999998 sec
DO 1
SFO1 100.56228293 MHz
NUC1 13C
Pl 9.98 usec
PLW1 52.09999847 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.60000038 W
PLW12 0.34999999 W
PLW13 0.28349999 W
F2 - Processing parameters
51 32768
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GBE o
BC 1.40
| I | Y .
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[~ 0D W ] ]
D [ o =] o
0 O ey 5 e i = o = ; Current Data Parameters
SEnhas g 22 2 g 3 S Exewo %
o - EXP
e o ede — — w T PROCHD 1
\\ \W | \/ F2 - RAoguisition Parameters
Date_ 20140120
Time 10.52
INSTRUM spect
PROBHD 5 mm PABEOQ BB/
PULFROG zg30
i) 65536
o0 SOLVENT CDC13
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
Me A 4.0894465 sec
MeO RG 177.8
oW 62.400 usec
o] DE 6.50 usec
TE 298.0 K
3t D1 1.00000000 sec
TDO 1
-------- CHANNEL f] =ssssams
NUCL 1H
Fl 15.00 usec
PLW1 12.58899975 W
SFO1 400.1316005 MHz
F2 - Processing parameters
SI 131072
5F 400.1300102 MHz
WDW EM
S5B o
LB 0.30 Hz
GB ]
PC 1.00

28 B g :
o e - L) L]
T T T T | | | | T T T T T T T T T
g0 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm

Current Data Parameters

Y 2 paiai: g 2 o ™ o HAME 3u
s -] S D AD U e ~ Mo w - EXENO 2
P « e caes o nee N - PROCNO 1
oo -l bl B o — -~ Lxl o
o o ettty - T o o F2 - Rhoquisition Parameters
] ’ | ] \V/ | \V | | Date_ 20140120
Time 13.10
INSTRUM spect
PROBHD 5 mm PABBO BE/
PULFROG zgpg30
(8] Py 65536
SOLVENT CoCl3
NS 1024
SWH 24038.461 Hz
MeO Me FIDRES 0.366798 Hz
AQ 1.3631488 sec
le] RG 201.85
DW 20.800 usec
DE 6.50 usec
3t TE 298.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
SFO1 100.56228293 MHz
NUC1 13C
Pl 10.80 usec
PLW1 50.11899948 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2Z 12.58899975 W
PLW12 0.34968999 W
PLW13 0.28325000 W
F2 - Processing parameters
51
SF 100.6127690 MHz
WOW EM
S5B o
LB 1.00 Hz
GBE o
BC 1.40
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FEENRCYIRESREARER & R 2
= o mro = - e om =
Current Data Parsseters
MAME jan=12
EXPND 15
PROCND 1
[o] E2 - Atquisition Paraseters
Date_
Tiee 212
INSTRUM spect
PAOEHD 5 sa Dual 130/
&0 CO,E PULPROG 1530
10 32768
SOLVENT coci3
3u o -
os o
S B223.685 Hz
FIORES 0.250967 Hz
2 1.59023444 500
RS 2874
o 60.800 ysec
DE 6.00 usec
TE 208.2 K
m 1.00000000 sec
MCREST 0.00000000 sec
MR 0.00500000 5o
wen CHANNEL f1 ssennwnn
™
11.00 usec
=2.00 o8
400, 1324710 MHz
F2 - Processing parameters
51 16334
= 4001300084 w4z
. o o
558 L]
La 0.30 Wz
=] Q
FC 1.00
10 KA plot parameters
=3 30.00 cm
o 20.00 ca
JL Fie 8,500 ppm
F1 340110 Mz
Fap -0.100 pea
2 40,01 Wz
g 8 ki A 3 B4 :!!’:t 0.26657 posicm
= = 4.7 .
H H 0| 3| H H g 184, 70393 Hz/o
T T T T LI T T T T
pom a 7 & 5 4 3 2 1 0
LOH-434
Current Dats Pacassters
- FrE T = o= el N pans12
R B 3 3388 s B3 £ & 5 e I
§ 83 Y 3m8R 2 REE 3 8 z Pede '
| [ I | |/ | ] i 2 - Acguisition Paraseters
| | I fate_ 201,
Time an
INSTRLM spect
PROBMD 5 wm Dual 13/
[s] BULPRDE gpg3
™o 65535
SOLVENT [=r 2kl
a ines
) 2
MeQ COzEt sl 1ea?. 133 He
FloRES 0.485589 Hz
AQ 1.0286652 sec
3u 5 36491
w 15,700 vsec
e B.00 wsec
TE 2882 K
o 2.00000000 sec
g1 0.03000000 sec
pELTe 189995098 sec
MIREST 0.00000000 sec
L= 0.01500000 sec
= CHINWEL ] snsssass
iC 13
P 10.50 usec
Al ~1.00 a8
o 100.6254356 MH
ssssasss CHIMEL 12 =esssnss
CPOFRGE waltz1g
Wz 1H
PCPO2 105.00 usec
Az -2.00 o8
an 18,00 o8
a3 #0.00 0B
sFo2 400, 1324708 Wi
72 - FrocRSEING DarasEters
st 327E8
SF 1006427290 Wa
WOn M
558 a
LB 1.00 W
e Q
#C 1.40
10 WA plot paraseters
cx 30.00 cm
cy 23.00 cm
Fip Z20.000 pom
Fi 2134.80 Hr
T I e P o T —T T T 7 T T - — o = ~3-000 pon
pom 200 180 168 140 180 100 - 80 & 20 (] -503.06 Hz
7.50000 ponfm
HECW 75480848 M fcn
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