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1. General

All reagents were purchased from commercial sources and used without further purification,
unless otherwise indicated. Deuterated solvents were purchased from Aldrich. Solvents were
distilled over Na, or NaH, or CaH, respectively before use. Phenylmagnesium bromide (1.0
mol/mL in THF), p-tolylmagnesium bromide (1.0 mol/mL in THF), 4-anisylmagnesium bromide
(1.0 mol/mL in THF), 3-fluorophenylmagnesium bromide (1.0 mol/mL in THF), 4-
fluorophenylmagnesium bromide (1.0 mol/mL in THF), phenylmagnesium chloride (1.0 mol/mL
in THF), and p-tolylmagnesium chloride (1.0 mol/mL in THF) were also purchased from Sigma-
Aldrich. o-tolylmagnesium bromide (1.0 mol/mL in THF), m-tolylmagnesium bromide (1.0
mol/mL in THF), 2-thienylmagnesium bromide (1.0 mol/mL in THF), and m-tolylmagnesium
chloride (2.0 mol/mL in THF) were purchased from Energy Chemical. 2-pyridinemagnesium
bromide (1.0 mol/mL in THF) and 3-pyridinemagnesium bromide (1.0 mol/mL in THF) were
prepared according to the general procedure by us. Column chromatography was performed on
silica gel (200-300 mesh) with petroleum ether (solvent A)/ethyl acetate (solvent B) gradients,
unless otherwise specified. All yields were referred to isolated yields (average of two runs) of
compounds. The known compounds were partly characterized by melting points (for solid
samples), 'H NMR, and compared to authentic samples or the literature data. Melting points were
measured with a RD-II digital melting point apparatus and are uncorrected. 'H NMR data were
acquired at 300 K on a Bruker Advance 600 MHz spectrometer or Avarian Inova 500 MHz
spectrometer using CDCl; as solvent. Chemical shifts are reported in ppm from tetramethylsilane
with the solvent resonance as the internal standard (CDCl; = 7.26). Spectra are reported as follows:
chemical shift (5 = ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz), integration, and assignment.

2. Optimization of reaction conditions for other four reaction systems

2.1 Optimization of reaction conditions for Pd(OAc),

In the study on the Pd(OAc),-catalyzed homo-coupling reaction using phenyl magnesium
bromide as a model substrate under N, atmosphere, the exploration of several frequently-used
anhydrous solvents in cross-coupling reactions such as toluene, THF, ethyl ether and CH,Cl,
revealed that toluene was appropriate because of higher boiling point (Table 1, entry 7 vs. 2-5).
Toluene provided lower yield at 25 °C (Table 1, entry 1 vs. 2-4). 75% yield was obtained when the
temperature was increased to 100 °C (Table 1, entry 7). Several oxidants were then screened. It
was found that inexpensive LiClO4 was excellent oxidant for the homocoupling, giving biphenyl
in 98% yield (Table 1, entry 8 vs. 9 and 10). Thus, in the presence of 10 mol% Pd(OAc), and 1.0

equiv. of LiClQy, the homo-coupling was highly efficient in toluene at 100 °C for 15 h.
Table 1 Screening of reaction conditions on the homocoupling of PhMgBr with Pd(OAc),[?

Entry Solvent  Oxidant T (°C) Yield® (%)
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Toluen -

1 25 31
e
2 THF - 25 55
3 Et,O - 25 40
4 CH,Cl, - 25 32
5 THF - 65 68
Toluen -
6 65 53
e
Toluen -
7 100 75
e
Toluen
8 LiClOy4 100 98
e
Toluen
9 K,Cr,0; 100 46
e
Toluen
10 Cu(AcO), 100 39
e
11 THF LiClO4 65 81

[ Reaction conditions: phenylmagnesium bromide (0.3 mmol), Pd(OAc), (10 mol%), oxidant (1 equiv.), solvent

(2.0 mL), time (15 h), N,. [Pl Tsolated yield.

2.2 Optimization of reaction conditions for Ni(OAc),

First, several solvents were examined for the Ni(OAc),"4H,0-catalyzed homo-coupling of
phenylmagnesium bromide. It was found that CH,Cl, was a good solvent for the homo-coupling,
giving biphenyl in 56% yield at 25 °C in the presence of 10 mol% Ni(OAc),-4H,0 (Table 2, entry
4 vs. 1-3). Several oxidants were then screened and Ag,O provided the higher yield (Table 2, entry

7 vs. 5-6, 8). Fortunately, 95% yield was obtained when the Ni(OAc), was used (Table 2, entry 9).
Table 2 Screening of reaction conditions on the homocoupling of PhMgBr with Ni(OAc),[?!

Entry  Solvent Oxidant Yield™ (%)
(equiv.)
1 Toluene - 30
2 THF - 15
3 Et,0 - 44
4 CH,Cl, - 56
5 CH,CL, LiClOy4(1.0) 66
6 CHClL  AgNO;(1.0) 73
7 CH,Cl, Agy)0 (1.0) 87
8 CH,Cl, Agy)SO4 (1.0) 85
9 CH,CL, Ag)0 (1.0) 95lel
10 CH,Cl, Ag)0 (1.2) 95lel

[ Reaction conditions: phenylmagnesium bromide (0.3 mmol), Ni(OAc),-4H,0 or Ni(OAc), (10 mol%), solvent
(1.5 mL), time (18 h), N,. [’ Isolated yield. [*! Ni(OAc), was used.
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2.3 Optimization of reaction conditions for Cul

Subsequently, Cul-catalyzed homo-coupling of phenylmagnesium bromide was investigated
under air atmosphere. The examination of solvents showed that toluene was suitable for the homo-
coupling because of its higher boiling point, giving biphenyl in 79% yield at 100 °C in the
presence of 5 mol% Cul (Table 3, entry 6 vs. 1-5). Then we tested the influence of the amount of
Cul on the yield. When the catalyst loading increased to 15 mol%, 95% yield was obtained (Table

3, entry 8 vs. 6 and 7).
Table 3 Screening of reaction conditions on the homocoupling of PhMgBr with Cull?]

Entry Solvent Cul (mol%) T (°C) Yield™ (%)

Toluen 5

1 25 42
e
2 THF 5 25 60
3 Et,0 5 25 33
4 CH,Cl, 5 25 45
5 THF 5 65 63
Toluen 5
6 100 79
e
Toluen
7 10 100 87
e
Toluen
8 15 100 95
e
Toluen
9 20 100 95

€

[l Reaction conditions: phenylmagnesium bromide (0.3 mmol), Cul, solvent (2 mL), time (15 h), air. [ Isolated

yield.

2.4 Optimization of reaction conditions for nano-Fe;0y

The investigation was conducted using nano-Fe;Oy as a catalyst and the results are summarized
in Table 4. Toluene was still found to be a good solvent for the homo-coupling, giving biphenyl in
65% yield in the presence of 10 mol% nano-sized Fe;04 at 100 °C (Table 4, entry 7 vs. 1-6). Then
the effect of oxidants was tested. 84 % yield was obtained when AgNO; was used as an oxidant
(Table 4, entry 10 vs. 8-9 and 11-12). Moreover, 93% yield was provided when 1.2 equiv. of
AgNO; was adopted (Table 4, entry 13).

Table 4 Screening of reaction conditions on the homocoupling of PhMgBr with nano-Fe;0,!

Oxidant )
Entry  Solvent ] T (°C) Yield® (%)
(equiv.)
Toluen
1 - 25 29
e

2 THF - 25 28

3 Et,O - 25 Trace

4 CH,Cl, - 25 8

5 Toluen - 60 44
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€

Toluen

6 - 80 50
e
Toluen
7 - 100 65
e
Toluen )
8 LiClO4 (1.0) 100 9
e
Toluen
9 CuCl, (1.0) 100 71
e
Toluen
10 AgNO; (1.0) 100 84
e
Toluen
11 Ag)O (1.0) 100 73
e
Toluen
12 AgrS0, (1.0) 100 67
e
Toluen
13 AgNO; (1.2) 100 93
e
Toluen
14 AgNO; (1.5) 100 91

(S

[l Reaction conditions: phenylmagnesium bromide (0.3 mmol), nano-sized Fe;0,4 (10 mol%), solvent (2 mL), time

(20 h), N,. [Pl Isolated yield.
3. Proposed mechanism

3.1 A proposed mechanism for the Cul-catalyzed homocoupling

A proposed mechanism is depicted in Figure 1 for the Cul-catalyzed reaction. A low-valent
copper species is first generated through reduction by the Grignard reagent which is also a strong
reducing agent in the catalytic cycle. The oxidative addition of molecular oxygen to a low-valent
copper species A then forms a peroxo-copper (II) intermediate B, which is the key step for this
catalytic cycle. Subsequently, it reacts with two equivalents of RMgX to give intermediate C and
XMgOOMgX. At last, the intermediate C undergoes rapid reductive elimination to provide the
homocoupling product R-R and release the low-valent copper species A.

cu'

'/~ RMgX

R
I |
Cu'< gk cu'<T
C
>—< B
XMgOOMgX 2RMgX



Figure 1. A proposed mechanism for the Cul-catalyzed homocoupling
3.2 A proposed mechanism for the nano-Fe-catalyzed homocoupling
According to the reported literatures concerning iron salts catalysis, a possible mechanism is
proposed as follows (Figure 2): iron species ([Fe]") can be first rapidly reduced in situ into an iron
species A by the Grignard reagent. Then this species A reacts with Grignard reagent to generate an
iron intermediate B in the presence of AgNOs;. This intermediate B could then give the homo-
coupling product C by reductive elimination and release the activated iron species ([Fe]?).

R-[Fe] ™!
A
?o¢ RMgX
RMgX o

[Fe] " R-[Fe]"R
B

R-R
(]

Figure 2. A proposed mechanism for the nano-Fe-catalyzed homocoupling

4. General reaction procedure

4.1 General procedure for homocoupling of Grignard reagents mediated by I,

To a tube equipped with a magnetic stir bar were added I, (61.0 mg, 0.8 equiv.) and 0.3 mmol
of phenylmagnesium bromide in turn. Subsequently, the solvent (toluene, 2.0 mL) was added
under N, atmosphere. The reaction system was then heated to 110 °C and stirred for certain time.
At last, the reaction mixture was purified by silica gel column chromatography with petroleum

ether or petroleum ether/EtOAc to afford the desired coupling product.
4.2 General procedure for homocoupling of Grignard reagents catalyzed by Pd(OAc),

To a tube equipped with a magnetic stir bar were added Pd(OAc), (6.7 mg, 10 mol%), 1.0 equiv.
of LiClOy4 (32.0 mg, 0.3 mmol) and 0.3 mmol of phenylmagnesium bromide in turn. Subsequently,
the solvent (toluene, 2.0 mL) was added under N, atmosphere. The reaction system was then
heated to 100 °C and stirred for certain time. At last, the reaction mixture was purified by silica
gel column chromatography with petroleum ether or petroleum ether/EtOAc to afford the desired

coupling product.

S6 S



4.3 General procedure for homocoupling of Grignard reagents catalyzed by Ni(OAc),

To a tube equipped with a magnetic stir bar were added Ni(OAc), (5.4 mg, 10 mol%), 1.0 equiv.
of Ag,O (37.2 mg, 0.3 mmol) and 0.3 mmol of phenylmagnesium bromide in turn. Subsequently,
the solvent (CH,Cl,, 1.5 mL) was added under N, atmosphere. The reaction system reacted at
room temperature and stirred for certain time. At last, the reaction mixture was purified by silica
gel column chromatography with petroleum ether or petroleum ether/EtOAc to afford the desired

coupling product.
4.4 General procedure for homocoupling of Grignard reagents catalyzed by Cul

To a tube equipped with a magnetic stir bar were added Cul (8.6 mg, 15 mol%) and 0.3 mmol
of phenylmagnesium bromide in turn. Subsequently, the solvent (toluene, 2.0 mL) was added
under air atmosphere. The reaction system was then heated to 100 °C and stirred for certain time.
At last, the reaction mixture was purified by silica gel column chromatography with petroleum

ether or petroleum ether/EtOAc to afford the desired coupling product.
4.5 General procedure for homocoupling of Grignard reagents catalyzed by nano-Fe;0,

To a tube equipped with a magnetic stir bar were added nano-Fe;O4 (6.9 mg, 10 mol%), 1.2
equiv. of AgNO; (61.4 mg, 0.3 mmol) and 0.3 mmol of phenylmagnesium bromide in turn.
Subsequently, the solvent (toluene, 2.0 mL) was added under N, atmosphere. The reaction system
was then heated to 100 °C and stirred for certain time. At last, the reaction mixture was purified
by silica gel column chromatography with petroleum ether or petroleum ether/EtOAc to afford the

desired coupling product.

5. Characterization data for homocoupling products

Biphenyl®!

Rf = 0.6 (Petroleum ether); White solid; M.p. = 65-66 °Cl?l; TH NMR (600 MHz, CDCl3): 6 =

7.36-7.39 (m, 2H), 7.46-7.48 (m, 4H), 7.62-7.64 (m, 4H) ppm.

O O 2, 2'-Dimethylbiphenyl!?]

R¢ = 0.6 (Petroleum ether); colorless liquid; 'H
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NMR (600 MHz, CDCLy): 6 = 7.24-7.25 (m, 4H), 7.19-7.22 (m, 2H), 7.09 (d, J = 7.2 Hz, 2H), 2.04

(s, 6H) ppm.

O O 3, 3'-Dimethylbiphenyl!’]

R;= 0.6 (Petroleum ether); colorless liquid; "H NMR (600 MHz, CDCL3): 6 = 7.37 (d, J = 13.8 Hz,

4H), 7.31 (t, J = 10.8 Hz, 2H), 7.14 (d, J= 11.4 Hz, 2H), 2.41 (s, 6H) ppm.

4, 4'-Dimethylbiphenyl?

Rf = 0.6 (Petroleum ether); White solid, M.p. = 118-119 °C[2]; R¢ = 0.6 (Petroleum ether); 'H

NMR (400 MHz, CDCLy): & = 7.47 (dd, J = 4.8, 1.2 Hz, 4H), 7.22 (d, J = 7.6 Hz, 4H), 2.38 (s, 6H).

ol oo
4, 4'-Bianisolel?]

R¢ = 0.3 (Petroleum ether/AcOEt = 30/1 v/v); light yellow solid; M.p. = 174-175 °C[2]; TH NMR

(600 MHz, CDCl3): § = 7.45-7.48 (m, 4H), 6.93-6.96 (m 4H), 3.83 (s, 6H) ppm.

)
4, 4'-Difluorobiphenyl™!

Rs= 0.6 (Petroleum ether); light yellow solid; M.p. = 64-66 °C[2l; 'TH NMR (600 MHz, CDCls): 6

=7.46-7.48 (m, 4H), 7.11 (t, J = 8.4 Hz, 4H) ppm.

T

F

3, 3'-Difluorobiphenyl*

R;= 0.6 (Petroleum ether); colorless liquid; '"H NMR (600 MHz, CDCl3): 6 = 7.37 (td, J= 6.0, 1.8

Hz, 2H), 7.33 (dd, J=5.4, 1.2 Hz, 2H), 7.24 (dt, J= 6.0, 1.8 Hz, 2H), 7.04-7.07 (m, 2H) ppm.
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g

1,2-Diphenylethanel’]
R¢ = 0.6 (Petroleum ether); colorless liquid; 'H NMR (600 MHz, CDCl5): 6 = 7.28 (t, J = 7.2 Hz,

4H), 7.19 (t, J = 7.2 Hz, 6H), 2.92 (s, 4H) ppm.

NG
w

\ 2-(thiophen-2-yl)thiophene!?!
R;= 0.6 (Petroleum ether); colorless liquid; '"H NMR (600 MHz, CDCl3): § =7.20 (dd, J=4.2, 1.2

Hz, 2H), 7.17 (dd, J = 3.0, 0.6 Hz, 2H), 7.00 (dd, J=3.6, 1.8 Hz, 2H) ppm.

;

\ /
N 7\ N 3, 3’-Bipyridinyl!

R¢= 0.4 (Petroleum ether/AcOEt = 20/1 v/v); white solid; M.p. = 67-68 °CI?; 'TH NMR (600 MHz,

CDCLy): 6 = 7.71-7.73 (m, 4H), 7.51-7.54 (m, 4H) ppm.

/
N N— 2,2°-Bipyridinyl’]
R;= 0.4 (Petroleum ether/AcOEt = 20/1 v/v); white solid; M.p. = 72-74 °C;151 'TH NMR (400 MHz,
CDCl): 6 =8.68 (d, J=4.4 Hz, 2H), 8.38 (d, J = 8.0 Hz, 2H), 7.79 (td, J = 6.0, 1.6 Hz, 2H), 7.29-

7.32 (m, 2H) ppm.

7N = \_ p
— 1,4-diphenylbuta-1,3-diynel®!
White solid; M.p. = 86-88 °C; Ry = 0.5 (Petroleum ether); 'H NMR (400 MHz, CDCL): & = 7.32 -

7.36 (m, 2H), 7.36-7.39 (m, 4H), 7.53-7.56 (m, 4H) ppm.

6. Reference

[1] a) T. Nagano and T. Hayashi, Org. Lett., 2005, 7, 491. b) X. Xu, D. Cheng, and W. Pei, J. Org.
Chem., 2006, 71, 6637.

[2] G. Cheng, M. Luo, Eur. J. Org. Chem. 2011, 2519-2523.

[3] X. Xu, D. Cheng, W. Pei, J. Org. Chem. 2006, 71, 6637-6639.

S9 S



[4] M. Zeng, Y. Du, L. Shao, C. Qi, X. M. Zhang, J. Org. Chem. 2010, 75, 2556-2563.
[5] S. Sakashita, M. Takizawa, J. Sugai, H. Ito, Y. Yamamoto, Org. Lett. 2013, 15, 4308-4311.

[6] X. Jia, K. Yin, C. Li, J. Li, H. Bian, Green Chem. 2011, 13, 2175.

7. Spectra

BRUKER
;E‘%W NAME 201205255haczgongq1

EXPNO
PROCNO 1
Date_ 20120525
Time 10.31
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
D 65536
SOLVENT €DC13
NS 16
T T T 1 DS _ 2
7.6 7.5 7.4 epm SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 71.8
DW 40.533 usec
DE 6.50 usec
TE 299.2 K
D1 1.00000000 sec
CHANNEL f1
NUC1 1H
P1 12.60 usec
‘ SI 32768
SF 600.1300060 MHz
T T T T T T T T T T WDW EM
9 8 7 6 5 4 3 2 1 ppm SSB 0
LB 0.10 Hz
GB 0
o [in|o BC 1.00
@|m|o
ololo
<lsles

S10



7.254
7.249
7.247
7.244
7.222
T.218
7.210
7.201
7.195
7.103
7.091

e

3.684
2.316
2.000

7.394
7371
7.332
T:313
7.295
7.159
7.140

oo

3.988
2.004
2.001

o
=
2 CHg
o
l O O NAME 201305231iyingjun
HaC EXPNO 3
PROCNO ).
Date_ 20130523
Time 10.37
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 12335.526 Hz
epm FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 101
DW 40.533 usec
DE 6.50 usec
TE 300.3 K
D1 1.00000000 sec
======== CHANNEL fl ========
NUC1 1H
l Pl 14.00 usec
SI 32768
Ll = : SF 600.1300415 MHz
< ' " G K
2] < 1 PPM - 1m 0.10 Hz
GB 0
(o) C 1.00
[ee]
-
o
™
° BRUKER
o
NAME 4
EXPNO 10
PROCNO 1
Date_ 20130131
Time 18.04
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDCl3
NS 8
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 280.7 K
Dl 20.00000000 sec
TDO 1
== CHANNEL Fl sS=————ea
400.1324710 MHz
1H
9.70 usec
L ! ! ST 65536
2 0 -2 ppm gp £00.1300205 MHz
WDW EM
= = 6430 8
L . z
b GB 0
At PC 1.00

S11



7.485
7.481
7.469
7.465
7.241
7.222

—2.385

HgCCHg

NAME 2015-11-03 tylg-cht
EXPNO 10
PROCNO 1
Date_ 20151104
Time 9.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z2g30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
T T T T AQ 4.0894966 sec
7.5 7.4 T3 ppm RG 60.71
DW 62.400 usec
DE 6.50 usec
TE 292.9 K
D1 1.00000000 sec
DO 1
J L SFO1 400.1324710 MHz
L il NUC1 1H
Pl 9.70 usec
T T T T T T T T T ST 65536
8 7 6 ] 4 3 2z 1 ppm SF 400.1300174 MHz
WDW EM
55B 0
2l 3 LB 0.30 Hz
Sl = GB 0
<l 0 PC 1.00
eREEEDERLIY s BRUKER
LT T T AN NN @
HﬁOOCHs NAME 201305231iyingjun
EXPNO 4
PROCNO 1
Date_ 20130523
Time 10.43
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
j NS 16
DS 2
T T T T T T 1 SWH 12335.526 Hz
7.5 7.4 7.3 7.2 7.1 1.0 ppm FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 300.3 K
Dl 1.00000000 sec
CHANNEL £1
NUC1 1H
: Bl 14.00 usec
8T 32768
s . . . ) a = 3 : SF 600.1300228 MHz
8 o 6 ) 4 3 2 3 ppm [ggg EPSI
LB 0.10 Hz
—) e =) GB 0
o o = PC 1.00
@l e o
S12 S



7.392
7.388
7.379
7.345
7.343
7.334
7.332
7.270
7.266
7.263
7253
7.250
7.246

7.073
7.072
7.069
7.068
7.058
7.055
7.054
7.046
7.044
7.042
7.040

L&W

S13

NAME 20131008zhangrui
O O EXPNO 5!
PROCNO 1,
Date_ 20131008
Time 15.4%6
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 8
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
: E ‘ ‘ AQ 2.6564426 sec
7.4 733 142 7.1 ppm RG 203
DW 40.533 usec
DE 6.50 usec
1E 296.1 K
D1 1.00000000 sec
I J
SF 600.1300283 MHz
T T T T T T T T 1 WDW EM
8 7 6 5 4 8 2 1 ppm SSB 0
LB 0.10 Hz
GB 0
Slale|s BC 1.00
Ao
NB;-—(N
N0V T NN W (:*f::><::—i>
WWEr-r-\OoNoN
TILILITTTITAAO
RIL[PIEES BRUKER
00 (>
NAME 201305231iyingjun
EXENO 5
PROCNO 1
Date_ 20130523
Time 10.48
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 8
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
T T T T 2O 2.6564426 sec
7.5 Tt 73 142 ppm RG 203
DW 40.533 usec
DE 6.50 usec
TE 296.1 K
Dl 1.00000000 sec
CHANNEL f1
N NUC1 1H
Pl 14.00 usec
T T T T T T T T = 32768
: ¢ v 7 1 ; . M o S00: 350028 ums
SSB 0
S| ég 0.13 Hz
< PC 1.00
x| [



N NOW@WYWN uwy
W~ OO o
NN o
P Ny o
NW O NAME 201312161iyingjun
Y- g
PROCNO 1
Date_ 20131216
Time 15.35
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 12335.526 Hz
. | . | FIDRES 0.188225 Hz
7.30  7.25 .20 ppm x 4:8304420 989
DW 40.533 usec
DE 6.50 usec
TE 295.5 K
D1 1.00000000 sec
", L
SF 600.1300268 MHz
T T T T T T T ‘ggg EXSI
7 [ S 4 3 1 ppm I 0.10 Hz
GB 4]
=15 ~ PC 1.00
[=]1ts} o
(=] e} {=3
<o -
e e BRUKER
NNANA A0 000
T N TN L'x)
W NAME 201401031livingjun
EXPNO 1
S PROCNO 1
7N\ Date_ 20140103
Time 15.45
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDCL13
NS 16
DS 2
SWE 12335.526 Hz
T T FIDRES 0.188225 Hz
7.2 7.1 ppm AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 291.0 K
D1 1.00000000 sec
CHANNEL fl ========
NUC1 1H
t Pl 14.00 usec
U A st 32768
SF 600.1300205 MHz
T T T T T T T T T Wow EM
9 8 7 6 5 4 3 2 1 ppm  SSB 0
LB 0.10 Hz
GB 0
e BEC 1.00
o) (=] (=]
i (\; o~
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Vamy
N S
T T T T T T T 1
8.6 8.4 8.2 8.0 7.8 7.6 7.4 pem
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
=] =} — sl
ol || |w
olo| o |
L (o) o il
OHNOWOT TSN
MONNAADTOONN A
[ el e ol e P W BT Yo BT o)
B
N\ #
N VAR N
T T T T T
7.70 7.65 7.60 7.55 ppm
T T T T T T T T T T
9 8 7 3 5 4 ] 2 1 ppm

3.796
4.000

S15

NAME 2015-10-29 tylg-chh
EXPNO 10
PROCNO 1
Date_ 20151029
Time 17.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 60.71
oW 62.400 usec
DE 6.50 usec
TE 293.4 K
Dl 1.00000000 sec
TDO 1
CHANNEL f1 =
400.1324710 MHz
1H
9.70 usec
65536
400.1300055 MHz
EM
0
0.30 Hz
0
1.00

NAME 201403181iyingjun
EXPNO 6
PROCNO 1
Date_ 20140318

Time 1506
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 65536
SOLVENT CDC13

NS

Ds 2

SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203

DW 40.533 usec
DE 6.50 usec
TE 296.9 K

D1 1.00000000 sec
======== CHANNEL fl ========
NUC1 1H

Pl 14.00 usec
SI 32768

SF 600.1300159 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



7.556
7.552
7.542
7537
71532
7.386
7.385
7.378
1,373
7.369
7.365
7.353
74350
7.346
15335
7.331
7.324

o
g

.000
3.766
2.199

4

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

2016-08-20 tyut-chh

1

20160820

21.43

spect

5 mm PABBO BB/
zg30

65536

CDC13

16

2

8012.820 Hz
0.122266 Hz
4.08943966
60.71

62.400

6.50

297.1
1.00000000
1

CHANNEL f1
400.1324710

1H

9.70

65536
400.1300095

EM

0
0.30 Hz
0

1.00



