Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2020

Electronic Supplementary Information

Magnesium-Mediated sp> C-H Activation in Cascade Cyclization of
1-Arylethynyl-2-Alkyl-o-Carboranes: Efficient Synthesis of

Carborane-Fused Cyclopentanes
Jie Zhang," Cen Tang,” and Zuowei Xie*

Department of Chemistry and State Key Laboratory of Synthetic Chemistry, The Chinese University

of Hong Kong, Shatin, N. T., Hong Kong (China). E-mail: zxie@cuhk.edu.hk

Table of Contents
Experimental Section S2
Deuterium Labelling Experiments S10
Control Experiments S15
Crystal Data and Summary of Data Collection and Refinements S17
References S19
NMR Spectra S20

S1



Experimental Section

General information. All reactions were carried out under an atmosphere of dry
argon with the rigid exclusion of air and moisture using standard Schlenk techniques or
in a glovebox unless otherwise specified. *H NMR spectra were recorded on a Bruker
DPX 400 spectrometer at 400 MHz or a Bruker DPX 500 spectrometer at 500 MHz. 2H
NMR spectra were recorded on a Bruker DPX 400 spectrometer at 61 MHz or a Bruker
DPX 500 spectrometer at 77 MHz. *C{*H} NMR spectra were recorded on a Bruker
DPX 400 spectrometer at 100 MHz or a Bruker DPX 500 spectrometer at 125 MHz.
1B{'H} NMR spectra were recorded on a Bruker DPX 400 spectrometer at 128 MHz
or a Bruker DPX 500 spectrometer at 160 MHz. *°F NMR spectra were recorded on a
Bruker DPX 500 spectrometer at 470 MHz. All signals were reported in ppm with
reference to the residual solvent resonances of the deuterated solvents for proton and
carbon chemical shifts, to external BFs ‘OEt, (0.00 ppm) for boron chemical shifts and
to external CFCls (0.00) for fluorine chemical shifts. The data were reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quadruplet, p =
pentet, m = multiplet or unresolved, dd = doublet of doublets), coupling constant,
integration and assignment. Mass spectra were obtained on a Thermo Q Exactive Focus
Orbitrap Mass Spectrometer. All organic solvents were freshly distilled from Na-K
alloy or CaH. immediately prior to use. 1-Arylethynyl-2-alkyl-o-carboranes 1! and
3,4,5,6,7,11-Ds-0-carborane? were synthesized according to the reported literatures. All
other chemicals were purchased from either Aldrich or Acros Chemical Co. and used

as received unless otherwise specified.

Synthesis of 1a-d3;. To a THF solution (5 mL) of 1-phenylethynyl-o-carborane
(244 mg, 1.0 mmol) was slowly added "BuL.i (1.6 M in hexane, 0.69 mL, 1.1 mmol) at
0 °C, and the mixture was stirred at room temperature for 2 h. After addition of CDzl
(172 mg, 1.2 mmol) at 0°C, the reaction mixture was further stirred at room temperature
for 12 h. Reaction was then quenched with water (5 mL) and extracted with diethyl

ether (20 mL x 3). The ether solutions were combined and concentrated to dryness in
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vacuo. The residue was subjected to flash column chromatography on silica gel (230 -
400 mesh) using n-hexane as eluent to give la-ds.

1a-ds: White solid. Yield: 80%. *H NMR (400 MHz, CDCls): ¢
7.48 (m, 2H), 7.42 (m, 1H), 7.37 (m, 2H) (aromatic CH). 2H NMR
(77 MHz, CHCIs): 6 2.30 (s, 3D) (CD3). BC{*H} NMR (100 MHz,
CDCls): ¢ 132.3, 130.0, 128.5, 119.9 (aromatic C), 82.5, 81.7

(alkynyl C), 66.5 (cage C), another cage C and CD3 carbon were not observed. *'B{*H}
NMR (128 MHz, CDCls): 6 -3.1 (1B), -6.5 (1B), -8.4 (2B), -10.1 (6B). HRMS (EI):
m/z calcd for C11H15'°Ba''BsDs[M]: 261.2605. Found: 261.2603.

Synthesis of 1a-ds. To a THF solution (5 mL) of 3,4,5,6,7,11-Ds-0-carborane (150
mg, 1.0 mmol) was slowly added "BuL.i (1.6 M in hexane, 0.69 mL, 1.1 mmol) at 0 °C,
and the mixture was stirred at room temperature for 2 h. After addition of CuCl (140
mg, 1.4 mmol), the reaction mixture was stirred at 40 °C for 1 h, to which was added
phenylethynyl bromide (252 mg, 1.4 mol). The reaction was further stirred at room
temperature for 12 h. After quenching with water (10 mL), the resultant solution was
extracted with diethyl ether (20 mL x 3). The ether solutions were combined and
concentrated to dryness in vacuo. The residue was subjected to flash column
chromatography on silica gel (230 - 400 mesh) using n-hexane as eluent to give 1-
phenylethynyl-3,4,5,6,7,11-Ds-0-carborane (245 mg, 98%).

To a THF solution (5 mL) of 1-phenylethynyl-3,4,5,6,7,11-Ds-0-carborane (250
mg, 1.0 mmol) was slowly added "BuL.i (1.6 M in hexane, 0.69 mL, 1.1 mmol) at 0 °C,
and the mixture was stirred at room temperature for 2 h. After addition of Mel (171 mg,
1.2 mmol) at 0°C, the reaction mixture was further stirred at room temperature for 12
h. Reaction was then quenched with water (5 mL) and extracted with diethyl ether (20
mL x 3). The ether solutions were combined and concentrated to dryness in vacuo. The
residue was subjected to flash column chromatography on silica gel (230 - 400 mesh)
using n-hexane as eluent to give 1-phenylethynyl-2-methyl-3,4,5,6,7,11-Ds-0-

carborane la-ds.
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1la-ds: White solid. Yield: 76%. *H NMR (400 MHz, CDCls): ¢
7.49 (m, 2H), 7.43 (m, 1H), 7.36 (m, 2H) (aromatic CH), 2.21 (s,
3H) (CHs). ?H{*'B} NMR (77 MHz, CHCl5): 6 2.68 (s, 2D), 2.55
(s, 2D), 2.49 (s, 2D) (BD). ®°C{*H} NMR (126 MHz, CDCl3): ¢

132.3, 130.0, 128.5, 119.9 (aromatic C), 82.6, 81.6 (alkynyl C), 76.6, 66.5 (cage C),
23.8 (CHs). 'B{*H} NMR (128 MHz, CDCls): ¢ -2.4 (1B), -5.9 (1B), -7.8 (2B), -9.6
(6B). HRMS (EI): m/z calcd for C11H12'°B>!'BsDs[M]: 264.2794. Found: 264.2789.

Optimization of reaction conditions

Table S1. Optimization of Reaction Conditions?

2 equiv MeMgBr (A\
THF/toluene (1:10) @’ O
2a

7 CHj 80°C,36h
"Standard Conditions"

Entry  Deviation from standard conditions Yield [%]°
1 None 80

2 MeMgCl in place of MeMgBr 13¢

3 PhMgCI in place of MeMgBr 301

4 "BuLi in place of MeMgBr 0°

5 24 h 60

6 No THF 0°

7 No toluene 0°

8 1 equiv of MeMgBr 32¢¢

#Reactions were conducted on 0.1 mmol scale of 1a in 0.8 mL solvent in a closed flask.
PIsolated yield. A mixture of multi-B-alkylated o-carboranes detected by GC-MS.

dDeboronation detected by *B NMR. ®Starting materials recovered.
Synthesis of Carborane-Fused Cyclopentanes 2
General synthetic procedure A. Methyl magnesium bromide (3.0 M in Et20,

0.067 mL, 0.2 mmol) was added to 1-arylethynyl-2-alkyl-o-carborane 1 (0.1 mmol),
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followed by the addition of THF (0.067 mL) and toluene (0.667 mL), and then the
Schlenk flask was closed. The mixture was stirred at 80°C for 36 h. Reaction was
quenched with water (1 mL) and extracted with diethyl ether (10 mL x 3). The ether
solutions were combined and concentrated to dryness in vacuo. The residue was
subjected to column chromatography on silica gel (230-400 mesh) using n-hexane as
eluent to give product 2.

2a: Colorless crystals. 80% yield. '"H NMR (400 MHz, CDCls): §
7.34 (m, 2H), 7.27 (m, 1H), 7.18 (m, 2H) (aromatic CH), 4.05 (
Qe . , , 1. , , 1. , » .U (P,

2a J=9.7 Hz, 1H), 2.90 (dd, J= 13.6, 9.6 Hz, 2H), 2.63 (dd, J = 13.6,
9.9 Hz, 2H). *C{'H} NMR (100 MHz, CDCl3): 5 140.4, 129.1, 127.6, 127.1 (aromatic
0), 99.9, 82.3 (cage C), 53.1, 43.0 (alkyl C). "B{'H} NMR (128 MHz, CDCls): § -7.0
(4B), -10.1 (1B), -11.0 (2B), -12.4 (1B), -13.3 (2B). HRMS: m/z caled for
C11H20'°B,!'"'Bs [M]: 260.2574. Found 260.2576.

2b: Colorless crystals. 77% yield. 'H NMR (500 MHz, CDCl5):
@. O 6 7.15(d, J=17.9 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H) (aromatic
QD . , : , 2H), 7. , : ,

2 CH), 4.02 (p.J = 9.7 Hz, 1H), 2.87 (dd, J = 13.6, 9.7 Hz, 2H),
2.61(dd,J=13.6,9.9 Hz, 2H), 2.34 (s, 3H). 3C{'H} NMR (126 MHz, CDCls): § 137.4,
137.3, 129.7, 126.9 (aromatic C), 82.34 (cage C), 52.8, 43.1, 21.0 (alkyl C). '"B{'H}
NMR (160 MHz, CDCL): 6 -6.5 (4B), -9.7 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B).
HRMS: m/z calcd for C12H22!'°B2!'Bg [M]: 274.2730. Found 274.2732.

2¢: Colorless crystals. 78% yield. '"H NMR (500 MHz,

@. O CDClLz): 06 7.17 (t, J = 6.5 Hz, 2H), 7.09 (m, 2H) (aromatic
QD 3):8 7. , . , 2H), 7. ,

2 CH), 4.03 (m, 1H), 2.87 (m, 2H), 2.62 (m, 4H), 1.23 (m, 3H).

BC{'H} NMR (126 MHz, CDCl:): & 143.8, 137.6, 128.5, 127.1 (aromatic C), 82.4

(cage C), 52.8, 43.1, 28.4, 15.5 (alkyl C). "B{'H} NMR (160 MHz, CDCL): & -6.5

(4B),-9.7 (1B), -10.5 (2B), -12.0 (1B), -12.9 (2B). HRMS: m/z caled for C13H24'°B,''Bg

[M]: 288.2887. Found 288.2890.

2d: Colorless crystals. 80% yield. 'H NMR (500 MHz,

@’ O CDCl3): 6 7.35 (d, J= 8.3 Hz, 2H), 7.11 (d, J= 8.2 Hz, 2H)

2d (aromatic CH), 4.03 (p, J=9.7 Hz, 1H), 2.87 (dd, J = 13.6,
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9.6 Hz, 2H), 2.62 (dd, J = 13.6, 9.9 Hz, 2H), 1.30 (s, 9H). *C{'H} NMR (126 MHz,
CDCl): 6 150.7,137.3, 126.8, 125.9 (aromatic C), 82.4 (cage (), 52.7,43.0, 34.5,31.2
(alkyl C). "B{'H} NMR (160 MHz, CDCl3): § -6.6 (2B), -7.0 (2B), -9.7 (1B), -10.6
(2B), -12.0 (1B), -12.9 (2B). HRMS: m/z calcd for CisHas'°B2'"Bs [M]: 316.3200.
Found 316.3201.
2e: Colorless crystals. 72% yield. 'H NMR (500 MHz,
O/ CDCl3): 8 7.09 (m, 2H), 6.85 (m, 2H) (aromatic CH), 4.01 (p
Ve 10 7. ,2H), 6. , , 4. ,
2 J=9.7Hz, 1H), 3.79 (s, 3H), 2.86 (dd, /= 13.6, 9.6 Hz, 2H),
2.57 (dd, J = 13.6, 9.9 Hz, 2H). 3C{'H} NMR (126 MHz, CDCl:): & 158.9, 132.3,
128.2, 114.4 (aromatic C), 82.3 (cage C), 55.3, 52.5, 43.2 (alkyl C). "B{'H} NMR (160
MHz, CDCl3): 6 -6.5 (4B), -9.8 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B). HRMS: m/z
caled for C12H22!'"B2!''BsO [M]: 290.2683. Found 290.2679.
AS 2f: Colorless crystals. 76% yield. '"H NMR (500 MHz,

&Vﬁ’ O O CDCl3): 6 7.57 (m, 4H), 7.46 (m, 2H), 7.38 (m, 1H), 7.26

z (m, 2H) (aromatic CH), 4.11 (m, 1H), 2.94 (dd, J = 12.9,
10.2 Hz, 2H), 2.69 (m, 2H). *C{'H} NMR (126 MHz, CDCls): & 140.6, 140.3, 139.3,
128.9, 127.7, 127.6, 127.0 (aromatic C), 82.3 (cage C), 52.8, 43.2 (alkyl C). ''B{'H}
NMR (160 MHz, CDCl3): 6 -6.5 (4B), -9.7 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B).

HRMS: m/z caled for C17H24'°B>!"Bs [M]: 336.2887. Found 336.2886.

2g: Colorless crystals. 35% yield. "TH NMR (500 MHz, CDCl5):

TR .
ng#" O F§7.15 (m, 2H), 7.02 (m, 2H) (aromatic CH), 4.04 (p, J=9.7

29 Hz, 1H), 2.89 (dd, J = 13.6, 9.6 Hz, 2H), 2.58 (dd, J = 13.6,
9.9 Hz, 2H). 3C{'H} NMR (126 MHz, CDCl3): § 162.0 (d, 'Jc.r = 246.8 Hz), 136.1 (d,
“Jcr =3.3 Hz), 128.7 (d, *Jcr = 8.1 Hz), 115.9 (d, 2Jc.r = 21.5 Hz) (aromatic C), 82.1
(cage C), 52.3,43.1 (alkyl C). "B{'H} NMR (160 MHz, CDCl3): § -6.5 (4B),-9.7 (1B),
-10.6 (2B), -12.0 (I1B), -12.9 (2B). '°F NMR (470 MHz, CDCl;): & -114.5 (s, 1F).
HRMS: m/z caled for C11H19'°B,''BsF [M]: 278.2479. Found 278.2482.
@. O _ 2h: Collorless crystais. 74% yield. 'H NMR_ (500 MHz,
\, . CDCls): & 7.30 (d, J = 8.3 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H)

2h (aromatic CH), 4.03 (p, J = 9.7 Hz, 1H), 2.90 (dd, J = 13.6,
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9.7 Hz, 2H), 2.58 (dd, J=13.6, 9.9 Hz, 2H). *C{'H} NMR (126 MHz, CDCls): § 138.8,
133.5, 129.2, 128.5 (aromatic C), 82.0 (cage C), 52.3, 42.9 (alkyl C). 'B{'H} NMR
(160 MHz, CDCl3): § -6.4 (4B), -9.7 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B). HRMS:
m/z caled for C1iH19'°B,'"BsCl [M]: 294.2185. Found 294.2182.

D) 125t o e 1,705 1 8 o 2
Q2 : , 1, 4. , 1H), 7. , 1H), 6. ,

9
! (aromatic CH), 4.02 (p, J=9.7 Hz, 1H), 2.88 (dd, J=13.6, 9.6

Hz, 2H), 2.63 (dd, J= 13.6, 9.9 Hz, 2H), 2.34 (s, 3H). *C{'H} NMR (126 MHz, CDCl:):

5 140.3, 138.8, 128.9, 128.3, 127.8, 124.1 (aromatic C), 82.3 (cage C), 53.0, 43.0, 21.4
(alkyl C). "B{'H} NMR (160 MHz, CDCL): § -6.5 (4B), -9.7 (1B), -10.6 (2B), -12.0

(1B), -12.9 (2B). HRMS: m/z caled for C12H22!°B,!"'Bs [M]: 274.2730. Found 274.2733.

VA\\« . O 2k: Colorless crystals. 72% yield. 'H NMR (500 MHz, CDCl3):
i
F

6 7.30 (m, 1H), 6.97 (m, 2H), 6.88 (d, J=9.6 Hz, 1H) (aromatic

= CH), 4.04 (p, J=9.6 Hz, 1H), 2.91 (dd, J=13.2, 10.0 Hz, 2H),

2.61 (dd, J=13.1, 10.3 Hz, 3H). 3C{'H} NMR (126 MHz, CDCl;):  163.0 (d, 'Jc.r =

247.4 Hz), 142.8 (d, *Jcr = 7.0 Hz), 130.7 (d, *Jc-r = 8.4 Hz), 122.7 (d, *Jcr = 2.8 Hz),

114.6 (d, 2Jcr = 21.0 Hz), 114.1 (d, 2Jc.r = 21.8 Hz) (aromatic C), 81.9 (cage C), 52.5,

42.8 (alkyl C). "B{'H} NMR (160 MHz, CDCls): § -6.4 (4B), -9.6 (1B), -10.6 (2B), -

12.0 (1B), -12.9 (2B). I°F NMR (470 MHz, CDCl3): § -111.7 (s, 1F). HRMS: m/z calcd

for C11H19'°B2!"BsF [M]: 278.2479. Found 278.2482.

21: Colorless crystals. 74% yield. '"H NMR (500 MHz, CDCls):

6 7.27 (m, 2H), 7.17 (s, 1H), 7.07 (d, J = 6.9 Hz, 1H) (aromatic

2l Cl' CH), 4.02 (p, J=9.7 Hz, 1H), 2.91 (dd, J = 13.6, 9.7 Hz, 2H),

2.61 (dd, J = 13.6, 9.9 Hz, 2H). 3C{'H} NMR (126 MHz, CDCls): § 142.3, 134.9,

130.4, 127.9, 127.4, 125.3 (aromatic C), 81.9 (cage C), 52.5, 42.8 (alkyl C). ''"B{'H}

NMR (160 MHz, CDCI): 6 -6.4 (4B), -9.6 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B).
HRMS: m/z caled for C11H19'°B,''BsCl1 [M]: 294.2185. Found 294.2184.

A 2m: Colorless crystals. 45% yield. '"H NMR (500 MHz, CDCl5):

0 7.24 (m, 2H), 7.15 (m, 2H) (aromatic CH), 4.33 (p, /= 9.7 Hz,

2m 1H), 2.84 (dd, J = 13.5, 9.6 Hz, 2H), 2.59 (dd, J = 13.5, 9.9 Hz,
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2H), 2.32 (s, 3H). *C{'H} NMR (126 MHz, CDCl3): § 138.4, 135.4, 130.7, 127.3,
127.0, 126.1 (aromatic C), 82.3 (cage C), 48.2,42.3,19.7 (alkyl C). ''B{'H} NMR (160
MHz, CDCls): § -6.5 (4B), -9.7 (1B), -10.6 (2B), -11.9 (1B), -12.9 (2B). HRMS: m/z
caled for C12H22!°B,''Bs [M]: 274.2730. Found 274.2735.

2n: Colorless crystals. 43% yield. '"H NMR (500 MHz, CDCls): &
@’ O 7.26 (m, 1H), 7.21 (m, 1H), 7.13 (m, 1H), 7.04 (m, 1H) (aromatic

2n F CH), 4.28 (p, J = 9.8 Hz, 1H), 2.86 (dd, J = 13.4, 9.6 Hz, 2H),

2.69 (dd, J=13.4, 10.0 Hz, 2H). 3C{'H} NMR (126 MHz, CDCl5): & 160.5 (d, 'Jcr =
246.6 Hz), 129.4 (d, *Jcr = 8.5 Hz), 128.5 (d, *Jcr = 4.1 Hz), 126.8 (d, 2Jcr = 13.6 Hz),
124.7 (d, *Jcr = 3.6 Hz), 116.0 (d, 2Jcr = 22.4 Hz) (aromatic C), 82.0 (cage C), 46.1,
41.1 (alkyl C). "B{'H} NMR (160 MHz, CDCls): 6 -6.5 (4B), -9.7 (1B), -10.5 (2B), -
12.0 (1B), -12.9 (2B). '°F NMR (470 MHz, CDCl5): § -116.4 (s, 1F). HRMS: m/z caled
for C11H19'°B2!'BsF [M]: 278.2479. Found 278.2483.

2p: Colorless crystals. 77% yield. 'H NMR (500 MHz, CDCls): §
@’ O 734 (t, J= = =
Qv 34 (t,J=17.2Hz 2H), 7.28 (d,J=7.4 Hz, 1H), 7.19 (d, J= 7.2

Hz, 2H) (aromatic CH), 3.36 (m, 1H), 2.80 (m, 2H), 2.54 (m, 1H),

* 1.51 (m, 1H), 1.40 (m, 2H), 1.11 (m, 1H), 0.76 (t, /= 6.3 Hz, 3H).

BC{'H} NMR (126 MHz, CDCl3): § 140.1, 129.0, 127.7, 127.7 (aromatic C), 86.3,

82.1 (cage C), 60.5, 53.5, 43.2, 35.5, 20.7, 13.8 (alkyl C). 'B{'H} NMR (160 MHz,

CDCl3): 6-5.9 (2B), -6.7 (2B), -10.3 (2B), -11.8 (1B), -13.4 (3B). HRMS: m/z calcd for
C14H26'°B2!'Bs [M]: 302.3043. Found 302.3045.

2q: Colorless oil. 27% yield. '"H NMR (400 MHz, CDCls): § 7.30

(m, 5H), 7.20 (m, 3H), 7.12 (d, J = 6.8 Hz, 2H) (aromatic CH),

4.24 (m, 1H), 4.14 (d, J=10.8 Hz, 1H), 3.01 (dd, J=13.7,9.0 Hz,

1H), 2.81 (dd, J = 13.7, 9.9 Hz, 1H). *C{'H} NMR (126 MHz,
CDCls): § 139.0, 135.1, 128.9, 128.8, 128.6, 128.0, 127.7, 127.3 (aromatic C), 85.9,
80.2 (cage C), 59.4, 57.8,42.3 (alkyl C). "B{'H} NMR (160 MHz, CDCl5): 5 -5.9 (1B),
-7.1 (3B), -10.3 (4B), -13.4 (2B). HRMS: m/z calcd for C17H24''B>"'Bs [M]": 336.2887.
Found 336.2889.

S8



1-Bn-2-CcHsCH=C-0-C,B10H 12 was also isolated as colorless oil
in 60% yield. '"H NMR (400 MHz, CDCl3): 6 7.48 (m, 2H), 7.42
(m, 3H), 7.31 (m, 3H), 7.12 (m, 2H) (aromatic CH), 7.07 (d, J =

15.7 Hz, 1H), 6.39 (d, J = 15.7 Hz, 1H) (alkenyl CH), 3.44 (s,
2H). *C{'H} NMR (126 MHz, CDCl;): & 141.8, 135.4, 134.2, 130.2, 129.9, 129.0,
128.5,127.9,127.2, 120.8 (aromatic C), 80.8, 79.8 (cage C), 41.3 (CH>). 'B{'H} NMR
(160 MHz, CDCl3): § -3.9 (2B), -10.2 (8B). HRMS: m/z calcd for C17Has''B,'Bs [M]
336.2887. Found 336.2888.

General synthetic procedure B. A suspension of MgH2(THF)o23® (8.5 mg, 0.2
mmol) and 1-arylethynyl-2-methyl-o-carborane 1 (0.1 mmol) in a mixed solvent of
THF (0.067 mL) and toluene (0.666 mL) in a closed Schlenk was stirred at 80°C for 36
h. Reaction was then quenched with water (1 mL) and extracted with diethyl ether (10
mL x 3). The ether solutions were combined and concentrated to dryness in vacuo. The
residue was subjected to column chromatography on silica gel (230-400 mesh) using
n-hexane as eluent to give product 2.

2i: Colorless crystals. 60% yield. 'H NMR (500 MHz,

CFa CDCL): 8 7.60 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H)
A\

2i (aromatic CH), 4.11 (p, J=9.7 Hz, 1H), 2.94 (dd, J = 13.6,

9.7 Hz, 2H), 2.63 (dd, J= 13.6,9.9 Hz, 2H). 3C{'"H} NMR (126 MHz, CDCl3): 5 144.3,

130.1 (q, 2Jc-r = 32.7 Hz), 127.6, 126.1 (q, *Jcr = 3.7 Hz), 124.0 (q, 'Jc-r = 272.1 Hz)

(aromatic C), 81.8 (cage C), 52.5, 42.8 (alkyl C). '"B{'H} NMR (160 MHz, CDCls): §

-6.4 (4B), -9.6 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B). '°F NMR (470 MHz, CDCl;):

§-62.7 (s, 3F). HRMS: m/z calcd for C12H19'°B, "' BgF3 [M]': 328.2448. Found 328.2449.

S 20: Colorless crystals. 75% yield. 'H NMR (400 MHz, CDCl;): &

732 (dd, J=5.0,2.9 Hz, 1H), 6.99 (m, 1H), 6.91 (dd, /= 5.0, 1.3

20 Hz, 1H) (aromatic CH), 4.17 (p, J=9.6 Hz, 1H), 2.90 (dd, J=13.5,

9.6 Hz, 2H), 2.61 (dd, J=13.5,9.7 Hz, 2H). 3C{'H} NMR (126 MHz, CDCl5): & 141.4,

127.2, 125.9, 120.9 (aromatic C), 82.1 (cage C), 47.9, 42.4 (alkyl C). "B{'H} NMR
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(160 MHz, CDCl3): & -6.5 (4B), -9.7 (1B), -10.6 (2B), -11.9 (1B), -12.9 (2B). HRMS:
m/z calcd for CoHis'°B2!'BsS [M]: 266.2138. Found 266.2141.
Xé\zq 57.29 = = =
AN\ O 29 (t,J=17.5Hz,2H), 7.21 (t,J=7.3 Hz, 1H), 7.12 (d, J =
2 7.2 Hz, 2H) (aromatic CH), 2.88 (m, 1H), 2.68 (m, 2H), 2.54
(m, 2H), 2.20 (m, 2H), 1.76 (m, 2H). *C{'H} NMR (126 MHz, CDCl5): § 140.7, 128.6,
128.1, 126.3 (aromatic C), 83.0 (cage C), 47.4,41.2,37.9,34.2 (alkyl C). "B{'H} NMR
(160 MHz, CDCl3): & -6.8 (4B), -9.5 (1B), -10.7 (2B), -11.5 (1B), -12.9 (2B). HRMS:

m/z caled for C13H24!"B,!"'Bs [M-H]: 287.2808. Found 287.2812.

Deuterium labelling experiments

Reaction of 1a with MeMgBr in a mixed solvent of THF-ds/toluene-ds (0.8 mL,
1/10 in V/V). A suspension of MeMgBr (3.0 M in Et20, 0.067 mL, 0.2 mmol) and 1-
phenylethynyl-2-methyl-o-carborane (1a; 25.8 mg, 0.1 mmol) in a mixed solvent of
THF-dg (0.067 mL) and toluene-dg (0.667 mL) in a closed Schlenk flask was stirred at
80°C for 36 h. Reaction was then quenched with water (1 mL) and extracted with diethyl
ether (10 mL x 3). The ether solutions were combined and concentrated to dryness in
vacuo. The residue was subjected to column chromatography on silica gel (230-400
mesh) using n-hexane as eluent to give product 2a (20.8 mg, 80%).

Reaction of 1a with C2DsMgBr. A suspension of C;DsMgBr* (1.0 M in THF, 0.2
mL, 0.2 mmol) and 1-phenylethynyl-2-methyl-o-carborane (1a; 25.8 mg, 0.1 mmol) in
toluene (0.6 mL) in a closed Schlenk flask was stirred at 80°C for 36 h. Reaction was
then quenched with water (1 mL) and extracted with diethyl ether (10 mL x 3). The
ether solutions were combined and concentrated to dryness in vacuo. The residue was
subjected to column chromatography on silica gel (230-400 mesh) using n-hexane as
eluent to give product 2a (13.0 mg, 50%).

Quenching with D20. A suspension of MeMgBr (3.0 M in Et.O, 0.067 mL, 0.2
mmol) and 1-phenylethynyl-2-methyl-o-carborane (1a; 25.8 mg, 0.1 mmol) in a mixed
solvent of THF (0.067 mL) and toluene (0.667 mL) in a closed Schlenk flask was stirred
at 80°C for 36 h. Reaction was then quenched with DO (1 mL) and extracted with

2r: Colorless crystals. 82% yield. "H NMR (500 MHz, CDCI;3):
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diethyl ether (10 mL x 3). The ether solutions were combined and concentrated to
dryness in vacuo. The residue was subjected to column chromatography on silica gel
(230-400 mesh) using n-hexane as eluent to give product 2a-d: (20.4 mg, 78%).

D 2a-d;: Colorless crystals. 78% yield. '"H NMR (500 MHz, CDCl5):

A&
5 734 (m, 2H), 7.28 (m, 1H), 7.18 (dd, J = 5.2, 3.3 Hz, 2H)

2a-d, (aromatic CH), 4.04 (m, 1H), 2.90 (dd, J = 13.6, 9.6 Hz, 1H), 2.63
(dd, J = 13.5, 9.9 Hz, 2H). 2H NMR (77 MHz, CHCl5): 2.92 (s, 1D). *C{'H} NMR
(126 MHz, CDCl3): 6 140.4, 129.1, 127.6, 127.1 (aromatic C), 82.3, 82.2 (cage C), 53.0,
43.0,42.7 (t, Jc.o = 21.1 Hz) (alkyl C). "B{'H} NMR (160 MHz, CDCls): § -6.5 (4B),
-9.7 (1B), -10.6 (2B), -12.0 (1B), -12.9 (2B). HRMS: m/z caled for C11H19D'°B,"'Bs

[M]:261.2636. Found 261.2638.

a)
1
III‘IIII
I
e B o - N o
—
2
T T T T T T T T T T T T T T T T T T 1
.0 85 8.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0.
f1 (ppm)
M ) __JLJ———-ﬁ,\
A b L
588 8 s &
e = b R
T v T " T § T v T v T v T " T v T v
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 1]
f1 (ppm)

Figure S1. a) 2H NMR spectrum of 2a-d; in CHCl3; b) "H NMR spectrum of 2a-d; in
CDCls.

Reaction of 1a-d; with MeMgBr. A suspension of MeMgBr (3.0 M in Et20, 0.067
mL, 0.2 mmol) and 1-(PhC=C)-2-CDz-0-carborane (la-ds; 26.1 mg, 0.1 mmol) in a
mixed solvent of THF (0.067 mL) and toluene (0.667 mL) in a closed Schlenk flask

was stirred at 80°C for 36 h. Reaction was then quenched with water (1 mL) and
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extracted with diethyl ether (10 mL x 3). The ether solutions were combined and
concentrated to dryness in vacuo. The residue was subjected to column chromatography
on silica gel (230-400 mesh) using n-hexane as eluent to give product 2a-ds (20.0 mg,
76%).
2a-ds: Colorless crystals. 76% yield. 'H NMR (400 MHz, CDCl3): §
| E 7.34 (t,J=17.3 Hz, 2H), 7.28 (d, J= 7.2 Hz, 1H), 7.18 (d, J= 7.3 Hz,
@%‘;Ph 2H) (aromatic CH), 4.03 (d, J=9.5 Hz, 1H), 2.88 (d, J=9.5 Hz, 1H).
za-53 2H NMR (77 MHz, CHCl3): 2.88 (s, 1D), 2.61 (s, 2D). 3C{'H} NMR
(126 MHz, CDCl3): 6 140.3, 129.1, 127.6, 127.1 (aromatic C), 82.2 (cage C), 52.8,42.7
(t, Je-p = 21.0 Hz) (alkyl C). "B{'H} NMR (128 MHz, CDCl5): §-6.9 (4B), -10.1 (1B),
-11.0 (2B), -12.5 (1B), -13.3 (2B). HRMS: m/z calcd for Ci;H17D3'°B2!'Bs [M]:
263.2762. Found 263.2758.

a)
f\
" .'I |
VA
\/
e L S ~~—ey o
S ulanel
T T T T T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.
f1 (ppm)
Y ) I S O
S T I
a88 g 8
NaA = A
r T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 L5 1.0 0.5 0.
f1 (ppm)

Figure S2. a) ’H NMR spectrum of 2a-d3in CHCI3; b) 'H NMR spectrum of 2a-d; in
CDCls.

Reaction of 1a-ds with MeMgBr. A suspension of MeMgBr (3.0 M in Et20, 0.067
mL, 0.2 mmol) and 1-phenylethynyl-2-methyl-3,4,5,6,7,11-De-0-carborane (la-ds;
26.4mg, 0.1 mmol) in a mixed solvent of THF (0.067 mL) and toluene (0.667 mL) in a
closed Schlenk flask was stirred at 80°C for 24 h. Reaction was then quenched with

water (1 mL) and extracted with diethyl ether (10 mL x 3). The ether solutions were
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combined and concentrated to dryness in vacuo. The residue was subjected to column
chromatography on silica gel (230-400 mesh) using n-hexane as eluent to give the
starting material 1a-ds (10.0 mg, 38%), product 2a-d; (6.7 mg, 25%) and a mixture of
3 and 2a-d7 (1.6 mg, 6%). In addition, an inseparable mixture of multi-B-methylated o-
carboranes 1a-Me, (24%) were detected by GC-MS.

18 p 2a-dr Colorless crystals. 25% yield. '"H NMR (500 MHz, CDCl3): &
@?ﬁ% 7.34 (t,J=7.4Hz, 2H), 7.28 (d,J=7.4 Hz, 1H), 7.18 (d, J=7.4 Hz,

2a-d; 2H) (aromatic CH), 4.04 (p, J = 9.5 Hz, 0.44H), 2.90 (dd, J = 13.6,
9.4 Hz, 2H), 2.63 (dd, J = 13.5, 9.1 Hz, 2H). 2H{!'B} NMR (77 MHz, CDCls): 4.04 (s,
0.56D) (CD), 2.39 (s, 4D), 2.29 (s, 2D) (BD). *C{'H} NMR (126 MHz, CDCl;): &
141.8, 140.4, 140.3, 129.1, 127.6, 127.1 (aromatic C), 82.1 (cage C), 53.0, 52.7 (t, Jep
=20.3 Hz), 42.9 (alkyl C). "B{'H} NMR (160 MHz, CDCl;): & -6.6 (4B), -9.8 (1B), -
10.7 (2B), -12.0 (1B), -13.0 (2B). HRMS: m/z calcd for C11H;3D7!°B,!'Bs [M-H]:
266.2940. Found 266.2950.
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2 g
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T T T T T T T T T T T T T T T T T T )
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 L5 1.0 0.5 0.
f1 (ppm)

e———
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35 30 2.5 2.0 1.5 1.0 0.5 0.
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& | 0T e
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2151
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Figure S3. a) ’H{!'B} NMR spectrum of 2a-d7in CHCIs; b) 'H NMR spectrum of 2a-
d7in CDCls.
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3 was obtained as a mixture of 3 with 60% D incorporation and 2a-

Ph

H/D
CH;

d7 in a molar ration of 0.15:1 by 'H NMR. Compared 'H NMR

spectra of the mixture, 2a-d7 and 1-phenylethenyl-2-methyl-o-

carborane, the resonances at 7.40 (m, 0.75H) (aromatic CH), 6.98

(m, 0.15H), 6.27 (d, J= 15.6 Hz, 0.06H) (alkenyl CH), 1.98 (s, 0.46H) (CH3) ppm were

assigned to 3 (Figure S4b). A resonance at 6.30 ppm in 2H NMR spectrum of the

mixture supported the incorporation of D at the alkenyl C (Figure S4a).
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Figure S4. a) 2H NMR spectrum of the mixture of 3 and 2a-d7in CHCl3; b) 'H NMR
spectrum of the mixture of 3 and 2a-d-in CDCl3; ¢) 'H NMR spectrum of 1-

phenylethenyl-2-methyl-o-carborane in CDCls.

Control experiments

Reaction of 1a with MeMgBr in the presence of 1,1-diphenylethylene. A
suspension of MeMgBr (3.0 M in Et2O, 0.067 mL, 0.2 mmol), 1-phenylethynyl-2-
methyl-o-carborane (1a; 25.8 mg, 0.1 mmol) and 1,1-diphenylethylene (36.0 mg, 0.2
mmol) in a mixed solvent of THF (0.067 mL) and toluene (0.667 mL) in a closed
Schlenk flask was stirred at 80°C for 36 h. Reaction was then quenched with water (1
mL) and extracted with diethyl ether (10 mL x 3). The ether solutions were combined
and concentrated to dryness in vacuo. The residue was subjected to column
chromatography on silica gel (230-400 mesh) using n-hexane as eluent to give product
2a (20.8 mg, 80%).

Quenching with TMSCI. A suspension of MeMgBr (3.0 M in Et2O, 0.067 mL,
0.2 mmol) and 1-phenylethynyl-2-methyl-o-carborane (1a; 25.8 mg, 0.1 mmol) in a
mixed solvent of THF (0.067 mL) and toluene (0.667 mL) in a closed Schlenk flask
was stirred at 80°C for 18 h. Reaction mixture was then treated with TMSCI (21.7 mg,
0.2 mmol). After further stirring at room temperature for 12 h, the reaction was
guenched with water and extracted with diethyl ether (10 mL x 3). The ether solutions
were combined and concentrated to dryness in vacuo. The residue was subjected to
column chromatography on silica gel (230-400 mesh) using n-hexane as eluent to give

product 2a (9.9 mg, 38%) and 4 (11.6 mg, 35%).
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4: Colorless crystals. 35% yield. '"H NMR (400 MHz, CDCl3): § 7.45

-~ _P

e (m, 2H), 7.39 (m, 3H) (aromatic CH), 6.98 (d, J=15.7 Hz, 1H), 6.31

4 (d,J=15.7 Hz, 1H) (alkenyl CH), 1.59 (s, 2H), 0.14 (s, 9H). *C{'H}

NMR (100 MHz, CDCl3): ¢ 141.4, 134.4, 129.7, 128.9, 127.2, 121.2 (aromatic and

alkenyl C), 81.4, 81.1 (cage C), 26.3 (CH2). "B{'H} NMR (160 MHz, CDCl3):  -4.0

(1B), -5.1 (1B), -9.0 (2B), -10.6 (6B). HRMS: m/z calcd for C14Hs'°B,''BsSi [M-H]:
331.2892. Found 331.2885.

Quenching with L. A suspension of MeMgBr (3.0 M in Et20, 0.067 mL, 0.2 mmol)
and 1-phenylethynyl-2-methyl-o-carborane (1a; 25.8 mg, 0.1 mmol) in a mixed solvent
of THF (0.067 mL) and toluene (0.667 mL) in a closed Schlenk flask was stirred at
80°C for 36 h. Reaction mixture was then treated with I, (50.8 mg, 0.2 mmol). After
further stirring at room temperature for 12 h, the reaction was quenched with water and
extracted with diethyl ether (10 mL x 3). The ether solutions were combined and
concentrated to dryness in vacuo. The residue was subjected to column chromatography
on silica gel (230-400 mesh) using n-hexane as eluent to give product 5 (25.1 mg, 65%).

| 5: Colorless crystals. 65% yield. 'H NMR (500 MHz, CDCls): § 7.37

ph (m, 3H), 7.24 (m, 2H) (aromatic CH), 4.71 (d, J = 9.6 Hz, 1H), 4.03

5 (q,J=9.8 Hz, 1H), 2.78 (d, J=9.8 Hz, 2H). *C{'H} NMR (126 MHz,

CDCl3): 6 136.8, 129.3, 129.1, 128.5, 127.6, 127.1 (aromatic C), 84.0, 82.2 (cage O),

65.9, 42.9, 29.7 (alkyl C). "B{'H} NMR (160 MHz, CDCL): & -5.6 (1B), -6.5 (3B), -

7.9 (1B), -9.4 (1B), -10.4(1B), -13.1 (3B). HRMS: m/z calcd for C11Hi9''B>"'BsI [M-
H]: 385.1462. Found 385.1461.

Reaction of 1i with MeMgBr. A suspension of MeMgBr (3.0 M in Et20O, 0.067
mL, 0.2 mmol) and 1-[(4-trifluoromethyl)phenylethynyl]-2-methyl-o-carborane (1i;
32.6 mg, 0.1 mmol) in a mixed solvent of THF (0.067 mL) and toluene (0.667 mL) in
a closed Schlenk flask was stirred at 80°C for 36 h. Reaction was then quenched with
D20 (1 mL) and extracted with diethyl ether (10 mL x 3). The ether solutions were
combined and concentrated to dryness in vacuo. The residue was subjected to column

chromatography on silica gel (230-400 mesh) using n-hexane as eluent to give 2i-d;
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(2.3 mg, 7%) and 1i (26.1 mg, 80%) without any D incorporation, suggesting that the
cage-CHjs proton was not deprotonated by MeMgBr.

X-ray structure determination. The data of 2a, 2p and 2r were collected on a
Bruker APEX DUO diffractometer. An empirical absorption correction was applied
using the SADABS program.® All structures were solved by direct methods and
subsequent Fourier difference techniques and refined anisotropically for all non-
hydrogen atoms by full-matrix least-squares on F? using the SHELXTL program
package.® All hydrogen atoms were geometrically fixed using the riding model. Crystal
data and details of data collection and structure refinements were given in Table S2.

CCDC 1998059-1998061 (2a, 2p and 2r) contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The

Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Table S2. Crystal Data and Summary of Data Collection and Refinement

2a 2p 2r
formula Ci11H20B1o Ci14Ha6B1o C13H24B1o
crystal size (mm) 0.50x0.40x0.30  0.50x0.40x0.30  0.50%0.40%0.30
fw 260.37 302.45 288.42
crystal system Monoclinic Monoclinic Orthorhombic
space group P24/c P2i/n Pca2:
a, A 7.7202(4) 9.7246(5) 18.2149(7)
b, A 21.9059(12) 9.0634(4) 8.1437(4)
c, A 9.0867(6) 21.3352(10) 12.0108(4)
a, deg 90 90 90
S, deg 98.1207(17) 96.9612(15) 90
7, deg 90 90 90
v, A3 1521.31(15) 1866.58(15) 1781.64(13)
Z 4 4 4
Deated, Mg/m? 1.137 1.076 1.075
radiation (1) A 0.71073 0.71073 0.71073
2 Orange, deg 2.448 t0 25.238 2.423 to 25.250 2.236 to 25.249
4, mm’! 0.054 0.052 0.052
F(000) 544 640 608
no. of obsd reflns 2749 3366 3208
no. of params refnd 190 217 208
goodness of fit 1.054 1.107 1.064
R1 0.0701 0.0624 0.0409
wR2 0.1889 0.1804 0.1066
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Parameter Value
Title Zhjie181122-
CD3-sm-cdcl3-
H
Spectrometer spect
Solvent CDCI3
Temperature 294.5
Pulse Sequence zg30
Experiment 1D
Number of 8
Scans
Receiver Gain 36
Relaxation Delay 1.0000
Pulse Width 12.8000
Acquisition Time 4.08%4
Spectrometer 400.23
Frequency
Spectral Width  8012.8
Lowest -1544.9
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 65536

3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)
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Parameter Value

Title 1a-d3-

N CF-20200327-

o

5] Research

N Service Xe 53
Spectrometer  spect
Solvent CDCI3
Temperature 295.2
Pulse Sequence zg2h
Experiment 1D
Number of 32
Scans
Receiver Gain 64
Relaxation 0.0500
Delay
Pulse Width 300.0000
Acquisition Time 0.9996
Spectrometer  76.77
Frequency
Spectral Width  1535.6
Lowest -212.0
Frequency
Nucleus 2H
Acquired Size 1535
Spectral Size 4096
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Parameter Value

Title Zhjie181122-
CD3-sm-cdcl3-
C

Spectrometer spect

Solvent CDCI3

Temperature 294.7
Pulse Sequence zgpg30
Experiment 1D

Number of 24
Scans

Receiver Gain 203
Relaxation Delay 2.0000

Pulse Width 9.5000
Acquisition Time 1.1010
Spectrometer 100.64
Frequency

Spectral Width  29761.9
Lowest 4822.7
Frequency

Nucleus 13C
Acquired Size 32768
Spectral Size 65536
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Parameter Value

Title Zhjie181122-
~ CD3-sm-cdcl3-

< o Ln [ee]

o a < S B

o < hA S

o © ® - Spectrometer  spect

| | Savent cDoi3

Temperature 295.0
Pulse Sequence zgdc
Experiment 1D
Number of 8
Scans

Receiver Gain 181

Relaxation Delay 2.0000
Pulse Width 7.5000
Acquiisition Time 1.3631
Spectrometer 128.41

Frequency

Spectral Width  24038.5
Lowest -12091.7
Frequency

Nucleus 1B

Acquired Size 32768
Spectral Size 65536
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Parameter Value
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MINMOTMONDAINMOT OO —NT O ~ N d6CBSMcdcl3-
OO ONNLILYSTOMHOMOAN =000 WVWWOULN I T O o e}
NN A RN N 0 H
NINNNNNNNNNNNNNNNNNNDNDN o —
e e e e ——! Spectrometer  spect
Solvent CDCI3
Temperature 294.5
Pulse Sequence zg30
Experiment 1D
Number of 14
Scans
Receiver Gain 64
Relaxation Delay 1.0000
Pulse Width 6.7500
Acquisition Time 4.0894
Spectrometer ~ 400.13
Frequency
Spectral Width  8012.8
Lowest -1545.6
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
I |
!
II | |
T T
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f1 (ppm)
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N N

©n < Research

'\q '\\‘ 7 Service Xe 54
Spectrometer  spect
Solvent CDCI3

Temperature 295.4
Pulse Sequence zgig2h
Experiment 1D

Number of 32
Scans

Receiver Gain 207
Relaxation 0.0500

Delay

Pulse Width 300.0000
Acquisition Time 0.9996
Spectrometer  76.77
Frequency

Spectral Width  1535.6
Lowest -212.1
Frequency

Nucleus 2H

Acquired Size 1535
Spectral Size 4096
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130

120

T T T T T T T T T T T T T T T T T T T T T T 1
110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

10.0000
1.1010
125.76

29761.9
-2313.8

13C
32768
65536
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-30

[a2] ~— — O
< S 8 i3
N bt N @
| I
|
|
|
|
- T e
8 T B S
— — N [t
[ T T T T T T T T T 1
20 15 10 -5 -1 -15 -20 -25
f1 (ppm)

Parameter Value
Title Zhjie190523-
d6CBSMcdcl3-
B-
Spectrometer  spect
Solvent CDCI3
Temperature 294.6
Pulse Sequence zgig
Experiment 1D
Number of 36
Scans
Receiver Gain 181
Relaxation Delay 1.0000
Pulse Width 28.5000
Acquisition Time 1.2845
Spectrometer 128.38
Frequency
Spectral Width  25510.2
Lowest -12755.3
Frequency
Nucleus 11B
Acquired Size 32768
Spectral Size 65536
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7.356
7.353

7.349
7.336
7.332

7.320
7.317

7.288
7.284
7.281

7.272
7.266
7.260
7.251

7.248
7.245
7.192
7.188
7.183
7171

Parameter
Title

2.635
2.626
2.601
1.550

O AN AN
N O WO
o@D
NNN/N

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquiisition Time
Spectrometer
Frequency
Spectral Width

Lowest
Frequency

_~2.660

Y

Nucleus
Acquired Size
Spectral Size

2.06=
2.04—<

5.0

4.5
f1 (ppm)

» | 102

0 3.5

Value
Zhjie-6171-1-p-
cdcl3-H
spect
CDCI3
295.3
930
1D
32

203
1.0000

12.8000
4.08%4
400.23

8012.8
-1545.6

H
32768
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—140.363
129.070
127.631

127122

v

Parameter
Title

Spectrometer
Solvent
Temperature

99.962
82,266
77.318
77.000
"\-76.683
53.093
43,039

A

Pulse Sequence

Experiment
Number of
Scans
Receiver Gain
Relaxation
Delay

Pulse Width

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

PR 1 i J ’ — o vw.‘,:‘l ‘.J.L " ol P

T T T T T T T T T T T T T T T T T T T T T T T T 1
120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Acquiisition Time

Value
Zhjie-6171-1-p-
cdcl3-C
spect
CDCI3
294.8
z9pg30
1D
512

144
2.0000

9.5000
1.1010
100.64

29761.9
-4821.0

13C
32768
65536
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%

7N

Vi

7

9

-6.973

_-12.396
~/-13.330

A -
[ =]
— O
S —
—

-30

\f
2a
s s =

S Ng888

< -
[ T T T T T T T T T T T 1
20 15 10 5 -5 -10 -15 -20 -25

f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-6171-1-p-
cdcl3-B
spect
CDCI3
295.6
zgdc
1D
32

362
2.0000

7.5000
1.3631
128.41

24038.5
-12091.7

1B
32768
65536
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7.260
7.154
7.138
7.079
7.063
4.062
4.043

A
N

4.024

4.004
3.985
2.897
2.878
2.870
2.851
2.628
2.609
2.601
2.582
2.335
1.558

%

2.04—=

» | 100

Parameter Value

Title Zhjie1903154-
Me-wu-p-cdcl3-H

Spectrometer  spect
Solvent CDCI3
Temperature 298.0
Pulse Sequence zg30
Experiment 1D
Number of 16
Scans
Receiver Gain 31
Relaxation 1.0000
Delay
Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency
Spectral Width  10000.0
Lowest -1924.2
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 65536
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<+ © [N

o ™M o N Mo v [s2) o o
™M ™M o MmMnoY [ed) o] [oo]
NN o O MANo™ ~ Q @
M ™M N N aANNO o ™ =
— — ONNN LN < N

00

190

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Parameter Value

Title 7hjie1903154-
Me-wu-p-cdcl3-C

Spectrometer  spect

Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 256
Scans

Receiver Gain 207
Relaxation 2.0000
Delay

Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer  125.77

Frequency

Spectral Width  29761.9
Lowest -2310.2
Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 65536
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Parameter Value

Title 7hjie1903154-
0 N LN Me-wu-p-cdcl3-B
2 eReS
Ln r‘{_ S - Spectrometer  spect
O o o -
| // \ \ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay

Pulse Width 15.0000
Acquiisition Time 0.6816
Spectrometer  160.46
Frequency

Spectral Width  24038.5

O o

2b Acquired Size 16334
Spectral Size 32768

10 5 -20 -25 -30
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7.260
7.181

7.166
7.155
7.109
7.098
7.094
7.086
7.083

4.054
4.044
4.035

<
é
|

4.025
4.015
4.005
2.901
2.894
2.881
2.874
2.867
2.855
2.847
2.658
2.642
2.632
2.617
2.605
2.595
2.585
—1.558

Parameter Value
Title Zhjie1812204-Et-
g wu-cdcl3-H
S Spectrometer  spect
Solvent CDCI3
Temperature 298.0
Pulse Sequence zg30
Experiment 1D
Number of 16
Scans
Receiver Gain 31
Relaxation 1.0000
Delay
Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency
Spectral Width  10000.0
Lowest -1924.2
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 65536

H T T
88 8 =2 3
N o~ o < ™M
T T T T T T T T T T T T T T T T T T T T T T T T T T r’
8.5 8.0 7.5 7. 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

S34


zhjie
图章


Parameter Value
Title Zhjie1812204-Et-
MmN © <+ wu-cdcl3-C
R 2 A5 NiRsSe 0 8 b S
g 5 g5 RS 2 g b a2 Spectrometer - spect
- o @ I~ P~ IS n < N i Solvent CDCI3
| | \ / \ W Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D
Number of 128
Scans
Receiver Gain 207
Relaxation 2.0000
Delay
Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer  125.76
Frequency
Spectral Width  29761.9
Lowest -2309.1
JA\ Frequency
M Nucleus 13C
N~ | Acquired Size 32768
2C Spectral Size 65536
|
|
| | | |
B | | -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 c (100 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Parameter Value

Title Zhjie1812204-Et-
N o wu-cdcl3-B
P IHhAR
n NS o Spectrometer  spect
O A o -
| /'/' '\ '\ Solvent None
Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D
Number of 16
Scans
Receiver Gain 207
Relaxation 1.0000
Delay
Pulse Width 15.0000
Acquiisition Time 0.6816
Spectrometer  160.46
Frequency
Spectral Width  24038.5
Lowest -12040.1
AN e
» q Nucleus 1B
m Acquired Size 16334
A\ Spectral Sz 32768
2c
T T T T T T T T T T 1
10 5 -20 -25 -30
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Parameter Value
Title Zhjie1812204-
aNOo o m — =N M NMTONT NN o < tBu~wu-cdcl3-H
momeaS 58838& SERLED 6 R n R
NNKNNKN I F T NNNANNNAA o Spectrometer  spect
N/ e —/ \&— | Solvent cboi3
Temperature 298.0
Pulse Sequence zg30
Experiment 1D
Number of 16
Scans
Receiver Gain 31
Relaxation 1.0000
Delay
Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency
‘i Spectral Width  10000.0
» Lowest 1924.7
AA Frequency
N\ Nucleus 1H
2d Acquired Size 32768
Spectral Size 65536
|
Lo
-
| |
i s i
T 7 T T T
5 3 8 2 2 i
N N — N N <))
T T T T T T T T T T T T T T T T T T T T T v/
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter Value

Title 7hjie1812204-
~ ~ < tBu-wu-cdcl3-C
& 5 R 2xs8¥ 2 o S @

2 Q 5 aR8N 8 3 A Spectrometer  spect
n [s2] AN N ANINN O o ™M < -
- T ‘1 /.-4 cﬂ} w o T T T Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 838
Scans

Receiver Gain 207

Relaxation 2.0000
Delay

Pulse Width 10.0000
Acquisition Time 1.1010

Spectrometer  125.76
Frequency

Spectral Width  29761.9

/A‘ Lowest -2309.6
X ) T
@ Acquired Size 32768

2d Spectral Sze 65536

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 17
190 180 170 160 150 140 130 120 110 c 1(00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Parameter Value

Title 7hjie1812204-
MmN tBu-wu-cdcl3-B
BB RCR=E
n & REegd Spectrometer  spect
O O (e R BRI ]
'\ /' /' /' '\ '\ Solvent None

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207

Relaxation 1.0000
Delay

Pulse Width 15.0000
Acquiisition Time 0.6816

Spectrometer  160.46
Frequency

Spectral Width  24038.5

Lowest -12040.1
Frequency
Nucleus 11B

Acquired Size 16334
\y Spectral Size 32768
2d
S unuillaluul oo
8 & 882
o ~— (N —= N
M T T T T T T T T T T 1
20 15 10 5 -5 -10 -15 -20 -25 -30
f1 (ppm)
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7.260
7.103
7.099
7.090
7.086
6.863
6.859
6.850
6.846
2.883
2.864
2.856
™-2.837
2.579
2.571
2.551
1.562

2598

Y

2.02—x

Parameter Value

Title Zhjie190314-4-
MeO-wu-p-cdcl3-
H

Spectrometer  spect

Solvent CDCI3

Temperature 298.0
Pulse Sequence zg30
Experiment 1D

Number of 16
Scans

Receiver Gain 51

Relaxation 1.0000
Delay

Pulse Width 11.2500
Acquisition Time 3.2768
Spectrometer  500.13

Frequency

Spectral Width  10000.0
Lowest -1924.2
Frequency

Nucleus 1H

Acquired Sizez 32768
Spectral Size 65536
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Parameter Value

Title Zhjie190314-4-
© n N © MeO-wu-p-cdcl3-
& 89 8 258e a8 2 c
<) INE] < NNOo™ N N
0 g = SRRR e ¢ Spectrometer  spect

|| NS || | Solvent cocis

Temperature 298.0

Pulse Sequence zgpg30

Experiment 1D

Number of 256

Scans

Receiver Gain 207

Relaxation 2.0000

Delay

Pulse Width 10.0000

Acquisition Time 1.1010

Spectrometer  125.77

Frequency

Spectral Width  29761.9

Lowest -2308.4

/A\ / Frequency
»vﬂ 0 | Nucleus 13
\f Acquired Size 32768
29 Spectral Size 65536
| | |
|
|
| | | ‘
|

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

80 70 60 50 40 30 20 10 0
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Parameter Value

Title Zhjie1903144-
©® T O MeO-wu-p-cdcl3-
n O N < <
a omn O B
< N o N
© 5 77 Spectrometer  spect
] Savent cDoi3

15

10

-20

-25

-30

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207

Relaxation 1.0000
Delay

Pulse Width 15.0000
Acquisition Time 0.6816

Spectrometer  160.46
Frequency

Spectral Width  24038.5

Lowest -12040.1
Frequency
Nucleus 1B

Acquired Size 16384
Spectral Size 32768
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7.582
7.577
7.574
7.571

7.566
7.562
7.477

7.463
7.456

7441

—

),

7.393
7.385
7.380
7.372

IS

AN

7.273

|

7.270
7.266

7.257
7.254

2f

4.150
4.131

4.112
4.092

4.075

2.962
2.941
2.936
2.915

Z .

Parameter
Title

2.706

2.703
2.682

b

2.659
2.656
1.560

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain
Relaxation Delay
Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

b R s T
5838 8 8 3
<t N~ i o o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Value

Zhjie181116-
wu-4-Ph-cdcl3-
H

spect
CDCI3
298.0
2930
1D

16

31
1.0000
11.2500
3.2768
500.13

10000.0
-1921.7

1H
32768
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Parameter Value

Title Zhjie181116-
358 Yvgy ‘o © o o wu-4-Ph-cdcl3-
S0 SRNR NQSK 2 3 C
AR R e R SRRR ] ¢ Spectrometer  spect
N SN NN Solvent cDoi3

Temperature 298.0
Pulse Sequence zgpg30

Experiment 1D
Number of 100
Scans

Receiver Gain 207
Relaxation Delay 2.0000
Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer 125.76

Frequency

Spectral Width  29761.9
Lowest -2310.7
Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 65536

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 17
190 180 170 160 150 140 130 120 110 c 1(00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Parameter Value

Title Zhjie181116-
Qo wu-4-Ph-cdcl3-
ol — O N O
o owmo & B
n No-d
© Qo Spectrometer  spect
/ / \ \ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30

Experiment 1D
Number of 32
Scans

Receiver Gain 207
Relaxation Delay 1.0000
Pulse Width 15.0000
Acquisition Time 0.6816
Spectrometer 160.46

Frequency
Spectral Width ~ 24038.5
Lowest -12040.1

R~ =

Spectral Size 32768

2f
|
|
|
BP SRSV

S S ooo

< — NN
T T T T T T T T T T T T T T T T 1
10 5 0 -5 -10 -15 -20 -25 -30

f1 (ppm)
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Parameter Value
Title Zhjie1906134-F-
OMMUOUAINNMOWLM Lo a9 NRERRBZ T 0 wu-p-cdel3-H
NRRRRRRRRES 33333 28333555 = Spectrometer  spect
T — e - &= Solvent cDei3
Temperature 298.0
Pulse Sequence zg30
Experiment 1D
Number of 16
Scans
Receiver Gain 31
Relaxation 1.0000
Delay
Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency
{A‘ Spectral Width  10000.0
Lowest -1924.2
M F Frequency
AN 77 Nucleus 1H
Acquired Size 32768
zg Spectral Size 65536
|
L
I |
| il
IfdH
T T T
S & 3 g =
AN — (g\] (g\]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 14
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter Value

Title Zhjie1906134-F-
INE=) N N M 0 N wu-p-cdcl3-C
28 88 R 8% 858¢ 88
o = OO 0P S 3 S NS~ [} — Spectrometer  spect
O O M ™M NN — ANININ O o ™M
,_\. ./_. V V V w\w IT T Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 64
Scans

Receiver Gain 207
Relaxation 2.0000
Delay

Pulse Width 10.0000
Acquisition Time 1.1010

Spectrometer  125.76
Frequency

Spectral Width  29761.9

| Acquired Size 32768
29 Spectral Size 65536

— —
—

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 c (100 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Parameter Value

Title Zhjie1906134-F-
O M wu-p-cdci3-B
i SHs R
< CS A Spectrometer  spect
e} O~
i /' /' '\ '\ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay
Pulse Width 15.0000
Acquiisition Time 0.6816

Spectrometer  160.46
Frequency

Spectral Width  24038.5

4A\ Lowest -12040.1
F Frequency
AVA’ O Nucleus 1B
\r Acquired Size 16334
29 Spectral Size 32768
M T T T T T T T T T T T T 1
20 15 10 5 -5 -10 -15 -20 -25 -30
f1 (ppm)
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Parameter Value

Title Zhjie190618-4-F-
Ny wu-cdcl3-F(c)
:,_"- Spectrometer  spect
o Savent cboi3
Temperature 298.0
Pulse Sequence zgflgn
Experiment 1D
Number of 16
Scans
Receiver Gain 7
Relaxation 1.0000
Delay
Pulse Width 15.0000
Acquiisition Time 0.5767
Spectrometer  470.59
Frequency
4A\ Spectral Width  113636.4
» q. O F Lovest 103877.4
m Frequency
\f Nucleus 19F
29 Acquired Size 65536
Spectral Size 131072
|
T T T T T T T T T T T T T
-100 -105 -110 -115 -120 -125 -130

f1 (ppm)
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7.312
47.295
™-7.260
?7.121

7.104

Parameter Value

Title Zhjie190102-4-Cl-
2E88¢8 SRR 2 nroddsH
FEEE A NNNNNN N - Spectrometer  spect
Sl = &= Solvent cboi3

Temperature 298.0
Pulse Sequence zg30
Experiment 1D

Number of 16
Scans

Receiver Gain 31
Relaxation 1.0000

Delay

Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency

Spectral Width  10000.0

Lowest -1924.7
C | Frequency
Nucleus 1H

—_

Acquired Size 32768
Spectral Size 65536

2.00—=
2.00—=

1.074

2.09—=<
2.10—=

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter Value

Title 7hjie1901024-Cl-
— < 00 O wu-cdcl3-C
BeIE B58¢ g 5
A I SFR8X & =N Spectrometer  spect
Mm M AN AN — NN O o o
/.-. ‘-«\ ‘-«\‘-\« w\ lq ; IT T Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 128
Scans

Receiver Gain 207

Relaxation 2.0000
Delay

Pulse Width 10.0000
Acquisition Time 1.1010

Spectrometer 12577
Frequency

. O e
C I requenc .
M ijjeus ’ 13C

2h Acquired Size 32768
Spectral Size 65536

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Parameter Value

Title Zhjie190102-4-Cl-
©O o ™ wu-cdcl3-B
33 B R Sa
92 S22 I3 Spectrometer  spect
O O o - — -
.\ /. i i i -l Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000
Delay

Pulse Width 15.0000
Acquiisition Time 0.6816

Spectrometer  160.46
Frequency
Spectral Width 24038.5

Lowest -12040.1
Frequency
Nucleus 11B

Acquired Size 16334

\f Spectral Si 32768
ral olze
2h
|—|—|

e 53835

< N~ N
[ T T T T T T T T T T T T T 1
20 15 10 5 -5 -10 -15 -20 -25 -30

f1 (ppm)
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Parameter Value

Title Zhjie1907104-
Mmoo —“ N NMm — =M< LWL o CF3-wu-cdcl3-H
n 8 L8285 838588883 R
NN N FEF TS NAANANNNNA — Spectrometer  spect
N Sl —_ &= Solvent cooi3
Temperature 298.0
Pulse Sequence zg30
Experiment 1D
Number of 32
Scans
Receiver Gain 64
Relaxation 1.0000
Delay
Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency
ﬁ Spectral Width  10000.0
Lowest -1924.7
M C F3 Frequency
\f Nucleus 1H
. Acquired Size 32768
2i Spectral Sze 65536
|
It
L I
L_.J L
T T T
o (o) o (421
(g\] — o (g\]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T iS4
75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
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NQOQAAOVRNONMMMMOA LN
AIZa8R8ESESESING I58% & 8
SRR3R NSSSSJRY PANINIC § g
| == g—" NS
i W
\f
2i
I
I
' I
| i L )\
I T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

Parameter Value

Title Zhjie1907084-
CF3-wu-cdcl3-C

Spectrometer  spect
Solvent CDCI3
Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D
Number of 800
Scans
Receiver Gain 207
Relaxation 2.0000
Delay
Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer  125.76
Frequency
Spectral Width 29761.9
Lowest -2308.7
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
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Parameter Value

Title 7hjie1906184-
<+ 1o CF3-wu-p-cdcl3-
[e)} QL NM
— [celTolNe)Ne)] B
< N A
0 Qo Spectrometer  spect
/ / \ \ Solvent CDCI3
Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D
Number of 16
Scans
Receiver Gain 207
Relaxation 1.0000
Delay
Pulse Width 15.0000
Acquisition Time 0.6816
Spectrometer  160.46
Frequency
ﬁ Spectral Width  24038.5
» q Lowest -12040.1
AA C F3 Frequency
\f Nucleus 1B
2i Acquired Size 16384

Spectral Size 32768

10 5 0 -5 -10 -15 -20 -25 -30
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Parameter Value

Title Zhjie1907104-
S CF3-wu-cdcl3-F
ﬁ Spectrometer  spect
o
[ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgflgn
Experiment 1D

Number of 32
Scans

Receiver Gain 7
Relaxation 1.0000
Delay

Pulse Width 15.0000
Acquiisition Time 0.5767
Spectrometer  470.59

Frequency
Spectral Width  113636.4
Lowest -103877.4

R~ )-om o

Spectral Size 131072

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -15 -20 -25 -30 -35 -40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90 -95 -105 -115
f1 (ppm)
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7.260
7.239
7.236
7.224
7.207
7.091
7.090
7.076
6.985
6.972

|

Parameter Value

Title Zhjie190313-3-
© O MTOoOOoOMMLN o Me-wu-p-cdcl3-H
A SRR E3TI3H B
= o NANNNANANA A - Spectrometer  spect
~ | = Sovent cpci3

Temperature 298.0
Pulse Sequence zg30
Experiment 1D

Number of 16
Scans

Receiver Gain 31

Relaxation 1.0000
Delay

Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13

Frequency

Spectral Width  10000.0
Lowest -1924.2
Frequency

Nucleus 1H

Acquired Size 32768
Spectral Size 65536

0.94—=
1.91=

1.00-

2,15
2.21—=x
3.00—=

1 0.97—=

r/
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88 883% Nnse S 2
§% Z3NY NRRS = o Y
— - o o O NN n < o
\/ N N~
\f
2j
[
||||
H I I
1l
| |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ’I/
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Parameter Value

Title 7hjie190313-3-
Me-wu-p-cdcl3-C

Spectrometer  spect

Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 128
Scans

Receiver Gain 207
Relaxation 2.0000
Delay

Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer  125.76

Frequency

Spectral Width  29761.9
Lowest -2310.7
Frequency

Nucleus 13C

Acquired Size 32768
Spectral Size 65536
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Parameter Value

Title 7hjie190313-3-
™ T Me-wu-p-cdcl3-B
8 SERS omet
n o NoS A Spect er  spect
O O O =~ -
.\ /. /-/- -\ -\ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay

Pulse Width 15.0000
Acquiisition Time 0.6816
Spectrometer  160.46
Frequency

Spectral Width 24038.5
Lowest -12040.1
Frequency

Nucleus 1B

Acquired Size 16334
Spectral Sizz 32768

-5 -10 -15 -20 -25 -30

S59


zhjie
图章


7.324
7.309
7.295
7.280

N\-7.260

_6.981
6.966
6.950
6.892
6.872

!
t

Parameter Value

Title Zhjie190315-34-
M T 0w T 0O ® o wu-p-cdcl3-H
88388 SR80 3 R i

SELTE T NNNNNNN - Spectrometer  spect

~ | - &= Sovent cpci3

Temperature 298.0
Pulse Sequence zg30
Experiment 1D

Number of 16
Scans

Receiver Gain 31

Relaxation 1.0000
Delay

Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13

Frequency

Spectral Width  10000.0
Lowest -1925.2
Frequency

Nucleus 1H

Acquired Size 32768
Spectral Size 65536

3 =

0.98—<
0.95

- 2.02

4.5
f1 (ppm)
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Parameter Value

Title jie190315-34-
o NN = Mmoo NMQ wu-p-cdcl3-C
&3 ® o 83 BEX3ARI f58¢¥ 2 9

PN N o S ANNTEEST AN N 10 & Spectrometer  spect

O O T < mMm ™M NN - —\ NN O o o

T Y OGS ) 5 N Solvent coei3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 256
Scans

Receiver Gain 207
Relaxation 2.0000
Delay

Pulse Width 10.0000
Acquisition Time 1.1010

Spectrometer  125.77
Frequency

Spectral Width  29761.9

ﬁ | Lowest -2308.9
\ Frequency
M Nucleus 13C
AN 77 Acquired Size 32768
Spectral Size 65536
2k F
[
I '
|
I |
i | .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 17
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
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Parameter Value

Title 7hjie190315-3-
N = S wu-p-cdci3-B
=5 QRS
< ©Saa Spectrometer  spect
O A o -
| /' /' '\ '\ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay
Pulse Width 15.0000
Acquiisition Time 0.6816

Spectrometer  160.46
Frequency

Spectral Width  24038.5

Lowest -12040.1
Frequency
Nucleus 11B

Acquired Size 16334

\r Spectral Size 32768
2k F
1 PVl
— codoo
< —~ AN~ N
f T T T T T T T T T T T T 1
20 15 10 5 -5 -10 -15 -20 -25 -30
f1 (ppm)
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Parameter Value

Title Zhjie190315-34-
RRIK wu-p-cdel3-F
ﬁ f : : Spectrometer  spect
e Solvent cDoi3
V Temperature 298.0
Pulse Sequence zgflgn
Experiment 1D
Number of 16
Scans
Receiver Gain 7
Relaxation 1.0000
Delay
Pulse Width 15.0000
Acquiisition Time 0.5767
Spectrometer  470.55
Frequency
4A\ Spectral Width  113636.4
Lowest -103877.4
S0
AN\ Nucleus 19F
Acquired Size 65536
2k F Spectral Sze 131072
A
7 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T ™7
-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140

f1 (ppm)
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Parameter Value

Title 7hjie190313-3-Cl-
M ¥ 0w O MTLNHWODN o wu-p-cdcl3-H
8EE883& FReBBBIR R
FET TS NANANNNNNA — Spectrometer  spect
Sl =/ \&=" Solvent cooi3
Temperature 298.0
Pulse Sequence zg30
Experiment 1D
Number of 16
Scans
Receiver Gain 31
Relaxation 1.0000
Delay
Pulse Width 11.2500
Acquiisition Time 3.2768
Spectrometer  500.13
Frequency
Spectral Width  10000.0
Lowest -1923.2
Frequency
Nucleus 1H
21 Cl Acquired Sze 32768
Spectral Size 65536
|
11
[
T T
[0 o} ()]
S S o
— (o] (g\]

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter Value

Title 7hjie190313-3-Cl-
~N NOOLLoMm wu-p-cdcl3-C
— OO INKN® M gt o Ww o <+
3 zaxen 88X 2 R Spectrometer  spect
< MM ANANAN — NN O o o
— e R e R ] ONNN Ln < Solvent CDCI3
| \ \\I / \ \/ Temperature  298.0
Pulse Sequence zgpg30
Experiment 1D
Number of 128
Scans
Receiver Gain 207
Relaxation 2.0000
Delay
Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer  125.76
Frequency
ﬁ Spectral Width 29761.9
» < Lowest -231.0
m Frequency
A\ 7 Nucleus 13C
2' C | Acquired Size 32768

Spectral Size 65536

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm

S65


zhjie
图章


Parameter Value

Title 7hjie190313-3-Cl-
o — n wu-p-cdci3-B
o NR&RS
< L= RN Spectrometer  spect
O O o -
[ /' /' '\ '\ Solvent CDCI3

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay

Pulse Width 15.0000
Acquiisition Time 0.6816
Spectrometer  160.46
Frequency

Spectral Width 24038.5
Lowest -12040.1
Frequency

Nucleus 1B

Acquired Size 16334
Spectral Size 32768

-5 -10 -15 -20 -25 -30
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Parameter Value

Title Zhjie190314-2-
8IRAEY 8IBAR SYD=a SRR 2 \BurpodeiH
NNKKNKN TS NNNNNANANN N — Spectrometer  spect
~/ & Sl ~\ == Solvent cDCi3

Temperature 298.0

Pulse Sequence zg30

Experiment 1D

Number of 16

Scans

Receiver Gain 57

Relaxation 1.0000

Delay

Pulse Width 11.2500

Acquiisition Time 3.2768

Spectrometer  500.13

Frequency

Spectral Width  10000.0

Lowest -1924.7

Frequency

Nucleus 1H

A‘ Acquired Sze 32768
VA’ O Spectral Sze 65536
.~
2m
II |
i | L_J\_)l L
Idll
Y T Tror
a3 8 8 & 8
~ N ~— (o] (o] [ap]
T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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TEREE SRR 3 9 2
e R R ] ONNIN < < —
NS/ NS |
2m
|
| IJ | |
|1 |
L H -
[ T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 50 40 20

f1 (ppm)

Parameter Value

Title zhjie190314-2-
Me-wu-p-cdcl3-C

Spectrometer  spect
Solvent CDCI3
Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D
Number of 300
Scans
Receiver Gain 207
Relaxation 2.0000
Delay
Pulse Width 10.0000
Acquisition Time 1.1010
Spectrometer  125.77
Frequency
Spectral Width 29761.9
Lowest -2308.2
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
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Parameter Value

Title zhjie190314-2-
N T Me-wu-p-cdcl3-B
3 SRI&
< RS o Spectrometer  spect
O A o -
| /' /' '\ '\ Solvent CDCI3

U SN
Q eco Q-
< ~ N~ N
[ T T T T T T T T T T T T T 1
20 15 10 5 0 -5 -10 -15 -20 -25 -30
f1 (ppm)

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay
Pulse Width 15.0000
Acquiisition Time 0.6816

Spectrometer  160.46
Frequency

Spectral Width  24038.5

Lowest -12040.1
Frequency
Nucleus 11B

Acquired Size 16334
Spectral Size 32768
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7.284

Parameter Value
Title 7hjie190613-2-F-
HOVOTANANINMOININOINT M O MY W0 MTONOD NN < wu-P-cdcl3-H

T—_— e | =" Solvent cDei3

Temperature 298.0

Pulse Sequence zg30

Experiment 1D

Number of 16

Scans

Receiver Gain 31

Relaxation 1.0000

Delay

Pulse Width 11.2500

Acquiisition Time 3.2768

Spectrometer  500.13

Frequency

Spectral Width  10000.0

Lowest -1924.2

) L,

Spectral Size 65536

2.07=
2.13—=x

7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter Value

Title 7hjie190613-2-F-
<+ ™ DLNOMO MY OO — wu-P-cdcl3-C
$ 3 FRELELEIARSH 3588 9 g
= a FARBDBESE T S SNS K - O Spectrometer  spect
O N NANANANANANANN—A A ANINN O O —

— D i A A A s s M | OMNMNIN < < Solvent CDCI3
\ T/ Y NN | Trperdture 2080

Pulse Sequence zgpg30

Experiment 1D

Number of 128

Scans

Receiver Gain 207

Relaxation 2.0000

Delay

Pulse Width 10.0000

Acquisition Time 1.1010

Spectrometer  125.76

Frequency

Spectral Width 29761.9

Lowest -2309.6

Frequency

Nucleus 13C

4A\ Acquired Size 32768
M Spectral Sze 65536
\r ;
2n F
|
I | |
|
i L
I |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T — 17
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)
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Parameter Value

Title 7hjie190613-2-F-
o~ - O wu-P-cdcl3-B
%OZ Iaq. r'Q 2 N A Spectrometer  spect
© O o — - -
.\ /. -l i i -l Solvent CDCI3

15

10

-25

-30

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay
Pulse Width 15.0000
Acquiisition Time 0.6816

Spectrometer  160.46
Frequency

Spectral Width  24038.5

Lowest -12040.1
Frequency
Nucleus 11B

Acquired Size 16334
Spectral Sizz 32768
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-116.399

-75

-80

-85

-90

-95

-100

T
-105
f1 (ppm)

-110

-115

-120

-125

-130

-135

-140

Parameter Value

Title 7hjie190618-2-F-
wu-cdcl3-F

Spectrometer  spect

Solvent CDCI3

Temperature 298.0
Pulse Sequence zgflgn
Experiment 1D

Number of 32
Scans

Receiver Gain 7
Relaxation 1.0000
Delay

Pulse Width 15.0000
Acquiisition Time 0.5767
Spectrometer  470.59

Frequency

Spectral Width  113636.4
Lowest -103877.4
Frequency

Nucleus 19F

Acquired Size 65536
Spectral Size 131072
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7.334
7.327
7.322

/

7314

\-7.260

6.994
6.992
6.990
6.988
6.986
6.915

6.912
6.902
6.899

20

Parameter Value

Title zhjie191101-

SS3BIR NSFIRBEIZTS ] wup-thiophene-

N = G 0 @B WY OGN 10 cdel3-H

Al N ANANANANANANANN i

I\.\l/./ I\%/ \4/ Spectrometer  spect
Solvent CDCI3
Temperature 2954
Pulse Sequence zg30
Experiment 1D
Number of 24
Scans
Receiver Gain 181
Relaxation Delay 1.0000
Pulse Width 14.5000
Acquisition Time 4.08%4
Spectrometer  400.23
Frequency
Spectral Width  8012.8

S Lowest -1545.0
| Frequency
\ Nucleus 1H

Acquired Size 32768
Spectral Size 65536

ri T T T
&8 ) 3 =
o - ~— o o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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) 858 2188k 5 R
g Sk NRRS 23
— - ONNIN < <
[/ NS |
S
20
I
I
I |
|
| |
" " y " bl dideriotiond, Vw
T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 c (100 ) 90 80 70 60 50 40 30 20 10
1 (ppm

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Value
Zhjie190921-wu-

thiophene-p-
cdcl3-C

spect
CDCI3
2952
2gpg30
1D

110

207

Relaxation Delay 2.0000

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

9.7500
1.1010
125.76

29761.9
-2312.1

13C
32768
65536
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20

-6.511

\_.9.660

™\--10.563
_~-11.938
12904

15

10

-20

-25

-30

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Value
zhjie191101-

wup-thiophene-
cdcl3-B

spect
cDei3
2953
290930
1D

16

207

Relaxation Delay 1.0000

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

16.0000
0.6816
160.46

24038.5
-12040.1

1B
16384
32768
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Parameter
Title

.2/“\#/ Spectrometer

Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Value
Zhjie190313-
y nePh-Bu~wu-p-
cdcl3-H

spect
CDCI3
298.0
2330
1D
16

51

Relaxation Delay 1.0000

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

11.2500
3.2768
500.13

10000.0
-1924.7

1H
32768
65536
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Parameter

Title

g % e o N — —

S SIS RAyrs¥ o 5 e 3 8 S

= ARN MaNSN o N I i No®

KR AR R BSRRR 8 R ¢ «a R 9 Spectrometer

| Ny VNS | I I Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans
Receiver Gain

Value
Zhjie190313-
y nePh-Bu-wu-p-
cdcl3-C

spect
CDCI3
298.0
2gpg30
1D

128

207

Relaxation Delay 2.0000

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm

10.0000
1.1010
125.76

29761.9
-2309.2

13C
32768
65536
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Parameter Value

Title Zhjie190102-4-Br-
o N ) wu-cdcl3-B
oo 8 & 8
ARG g 5 o3 Spectrometer  spect
mn O N~ — i —
'\ '\ ,' i i i Solvent None

Temperature 298.0
Pulse Sequence zgpg30
Experiment 1D

Number of 16
Scans

Receiver Gain 207
Relaxation 1.0000

Delay

Pulse Width 15.0000
Acquisition Time 0.6816
Spectrometer  160.46
Frequency

Spectral Width  24038.5
Lowest -12040.1
Frequency

Nucleus 1B

Acquired Size 16334
Spectral Size 32768

2.14
0.99
1 3.04
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ANV OOVOVOLINODOVN Mmoo MmN O
TANOODONLOLMANOWUOUAN O NTYT NOLINLM
NNNNNNNNNNNNNRN TELEEE

/
\

mNZewOge K
SS g XRIBN o
MmO MmANANANAN N o
—_—| =" |
acetone

JUL

1.552
~1431
—1.253

water

exane

impurity in

Parameter Value

Title Zhjie200504-Bn-

© hplc-11-5-cdcl3-

O

Q H

o

| Spectrometer  spect
Solvent CDCI3
Temperature 298.3
Pulse Sequence zg30
Experiment 1D
Number of 64
Scans
Receiver Gain 203
Relaxation Delay 1.0000
Pulse Width 6.7500
Acquisition Time 4.0894
Spectrometer ~ 400.13
Frequency
Spectral Width  8012.8
Lowest -1545.6
Frequency
Nucleus 1H
Acquired Size 32768
Spectral Size 65536

H grease

/
ol

0.5 0.0
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Parameter Value

Title Zhjie200505-
g 888888y T T 32 2 Iz apie 5ol
0 LG B B NN IN QA TNE™ M N ™
uppiiapapagaia fal 83RER A g ]! 8 Spectrometer  spect
|| Ne=—" ERNT \/ \Y4 Solvent cocis
Temperature 295.1
Pulse Sequence zgpg30
Experiment 1D
Number of 8000
Scans
Receiver Gain 207
Relaxation Delay 2.0000
Pulse Width 9.7500
Acquisition Time 1.1010
Spectrometer 125.76
Frequency
Spectral Width  29761.9
Lowest -2308.6
Frequency
Nucleus 13C
Acquired Size 32768
Spectral Size 65536
acetone  impurityin
. \‘ /hexane
|
|

MMWW

[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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Parameter Value

Title Zhjie200505-
= © bnhplc-5-cdcl3-
S 3 @A = B
Qo =] ™
0w - - Spectrometer  spect
| | Solvent None

Temperature 295.2
Pulse Sequence zgpg30
Experiment 1D

Number of 500
Scans

Receiver Gain 207
Relaxation Delay 1.0000
Pulse Width 16.0000
Acquisition Time 0.6816
Spectrometer 160.46

Frequency

Spectral Width  24038.5
Lowest -12040.1
Frequency

Nucleus 1B

Acquired Size 16384
Spectral Size 32768

Q 8 g e
~— (s2] T o
[ T T T T T T T T T T T T T T T T T T T 1
20 15 10 5 -5 -10 -15 -20 -25 -30
f1 (ppm)
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r7.491
7.485
7,471
7.467
7.444
7.436
7.430
7.423
7.407
7.319

-
:

j

222RX R38R 2

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width

Lowest
Frequency

—1.566
—1.263

Nucleus
Acquired Size
Spectral Size

impurity in
/hexane

i O

f1 (ppm)

AW T T
$8388 & &
NMm O N o —

T T T T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35

1.5 1.0 0.5 0.0

Value

Zhjie190115-Bn-
p1-cdcl3-H

spect
CDCI3
294.9
z930
1D

16

0
1.0000
12.8000
4.08%4
400.23

8012.8
-1544.8

1H
32768
65536
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225
877
026
467

127.918
]

130
129
129
16

—141.837
128

/
v

} JM -

80.807
79.785
77.254
77.000
76.746
41.272

Y

b
“T——

T
100
f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Value

Zhjie190102-
c1Br-wu-p1-
cdcl3-C

spect
CDCI3
298.0
2gpg30
1D
25

207

Relaxation Delay 2.0000

Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

10.0000
1.1010
125.77

29761.9
-2310.3

13C
32768
65536

S84


zhjie
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-30

)
ANZd
|
|
T |—c|’—|
zlo 1|5 1|o | 1Is | |5 -1|0 -1|5 -zlo -2|5 I
f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Value
Zhjie190102-
c1Br-wu-p1-
cdcl3-B
spect
None
298.0
29pg30
1D
16

207

Relaxation Delay 1.0000

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

15.0000
0.6816
160.46

24038.5
-12040.1

1B
16384
32768

S85
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7.310
7.295
7.280
7.260
7.229
7.214
7.199
7.127
7113

i
¥

2
I

2r

2.928
2.910
2.89%4
2.877
2.859
2.843
2.826
2.694
2.675
2.668
2.649
2.553
2.538

\2.522

|

2.18—=
{1 2.26—=

Parameter
Title

Spectrometer
Solvent

Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-7175-
CH2CH2Ph-p2-
cdcl3-H

spect
CDCI3
298.0
2930
1D

16

31
1.0000

11.2500
3.2768
500.13

10000.0
-1924.2

1H
32768
65536

S86
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Parameter
Title

140.665

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width

Lowest
Frequency

2r Nucleus
Acquired Size
Spectral Size

128,581
%-128.119
\-126.275
—47.427
~41.230
—37.889

_-34.164

50

A7

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm

Value
Zhjie-7175-
CH2CH2Ph-p2-
cdcl3-C-

spect
CDCI3
298.0
zgpg30
1D

64

207
2.0000

10.0000
1.1010
125.76

20761.9
-2310.8

13C
32768
65536

S87
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-6.827
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n
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—~-10.718
—-11.532
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-25
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Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-7175-
CH2CH2Ph-p2-
cdcl3-B-

spect
CDCI3
298.0
zgpg30
1D

16

207
1.0000

15.0000
0.6816
160.46

24038.5
-12040.1

1B
16384
32768

S88
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2.07~,

7.278
7.270
7.266
7.260
7.254
7.251

7.189
7.186
7.182
7.171

MM < o
N — O
SS95 5 & ©
<+ T NN

L
%
;

2.09/%

1.10—=

™-2.873
_~2.654

Y

1.97—=

2.634
2.627
2.607

1.550

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

1.0 0.5 0.0

Value

Zhjie181116-wu-
D-cdcl3-H

spect
CDCI3
298.0
z330
1D

16

SX]
1.0000
11.2500
3.2768
500.13

10000.0
-1924.2

1H
32768
65536

S89
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Parameter Value

Title CF-20200327-

Q Research

2_ Service Xe 51
Spectrometer  spect
Solvent CDCI3
Temperature 295.1
Pulse Sequence zg2h
Experiment 1D
Number of 32
Scans
Receiver Gain 64
Relaxation 0.0500
Delay
Pulse Width 300.0000
Acquisition Time 0.999
Spectrometer  76.77
Frequency
Spectral Width  1535.6
Lowest -212.0
Frequency
Nucleus 2H
Acquired Size 1535
Spectral Sz 409

|

o

=

i

7.5

7.0

6.5

6.0

55

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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279
227
746

129.073
127.628
77.254
77.000

76
42.725
42.557

LN
[eo]
o™
o
<
i

127117
82
82
—53.012
43.041
42.894

£
L

_—~43.041
—42.8%4

—42.725
—™~-42.557

44 43 42
f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

10 0

Value

Zhjie181116-wu-
D-cdcl3-C-2

spect
CDCI3
298.0
z9pg30
1D
1024

207
2.0000
10.0000
1.1010
125.76

29761.9
-2309.6

13C
32768
65536

S91
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™N--10.609
_~-11.986
12919

-30
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20 15 10 -5 -10 -15 -20 -25
f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain

Value

Zhjie181116-wu-
D-cdcl3-B

spect
CDCI3
298.0
z9pg30
1D

32

207

Relaxation Delay 1.0000

Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

15.0000
0.6816
160.46

24038.5
-12040.1

1B
16384
32768

S92
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4043
-4.020

Parameter
Title

2889
-2.865
1.564

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

1.00—=

212+,
{ 0.96-%=
2,004~

7.5 7.0 6.5 6.0 55 5.0 4.5

f1 (ppm)

Value

Zhjie-7041-2-
cd3wu-16-cdcl3-
H

spect
CDCI3
294.9
2930
1D

33

144
1.0000

12.8000
4.08%4
400.23

8012.8
-1545.5

1H
32768
65536

S93
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Parameter Value

Title CF-20200327-
© 9 Research
® © Service Xe 52
o o

| | Spectrometer  spect

Solvent CDCI3

Temperature 295.2

Pulse Sequence zg2h

Experiment 1D

Number of 32

Scans

Receiver Gain 64

Relaxation 0.0500

Delay

Pulse Width 300.0000

Acquisition Time 0.999

Spectrometer  76.77

Frequency

Spectral Width  1535.6

Lowest -212.0

Frequency

Nucleus 2H

Acquired Size 1535

Spectral Sz 409

|
|
A
o (o))
S S
i o

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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—140.343
129.073
127.621

N127.111

S

82212
77.254
77.000

\-76.746

£

—52.839
42.857
42.691
42.523

_~42.857
—42.691

™-42.523

43 42
f1 (ppm)

T
100
f1 (ppm)

60 50 40 30 20

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-7041-2-16-
cd3wu-cdcl3-C
spect
CDCI3
298.0
z9pg30
1D
79

207
2.0000

10.0000
1.1010
125.76

29761.9
-2309.3

13C
32768
65536

S95
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-6.943
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i

—-11.012

—-12.487
—-13.326

15

10

-20

-25

-30

Parameter
Title

Spectrometer
Solvent

Temperature
Pulse Sequence
Experiment

Number of
Scans

Receiver Gain

Relaxation
Delay

Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width

Lowest
Frequency

Nucleus
Acquired Size
Spectral Size

Value
Zhjie-7041-2-
cd3wu-l6-cdcl3-
B

spect
CDCI3
295.3
zgdc
1D

24

287
2.0000

7.5000
1.3631
128.41

24038.5
-12001.7

1B
32768
65536

S96
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7.353
7.338
7.323
7.285
7.270
7.260
7.190
7.175

/
}

-
e

4.085

4.066
4.047

4.027
4.008

Parameter
Title

2.633
2.625
2.606
1.551

—
AN
*x
o~

[cele)] o~
— ~
S & © ©
NN /N

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Spectrometer
Frequency
Spectral Width

Lowest
Frequency

_~2.652

Y

Nucleus
Acquired Size
Spectral Size

0.44—1

2.04—=<
2,151

3.0 2.5 2.0 1.5 1.0 0.5 0.0

Value
Zhije-8153-
wud7-cry-
cdcl3-H
spect
CDCI3
2952
z330
1D
16
103
1.0000
10.0000
3.2768
500.13

10000.0
-1924.7

1H
32768
65536

S97
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Parameter Value

Title CF-20200327-
= =) Research
S MmN Service Xe 55
< NN
\ , Spectrometer  spect
Solvent CDCI3
Temperature 2954
Pulse Sequence zgig2h
Experiment 1D
Number of 32
Scans
Receiver Gain 207
Relaxation 0.0500
Delay
Pulse Width 300.0000
Acquisition Time 0.999
Spectrometer  76.77
Frequency
Spectral Width  1535.6
Lowest -226.5
Frequency
2a-d Nucleus 2H
7 Acquired Size 1535
Spectral Sz 409
|
|
|
e N N
Xo] — ~N
0 o o
o ™ (o]
T T T T T T T T T T T T T T T T T T T T T T T T T l
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter

Title
BBY 283 S5 ge SBRE B
§§§ 355 EEEE EZ‘*ZEE é Spectrometer
NNV NS ~N | Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
g g ~ § Acquisition Time
BRAGR trometer
Ny oy
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size
(!
L L L L
56 55 54 53 52 51
f1 (ppm)
|
|
J |
T T S e Aoy i MMJ-J A i)
M T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

Value
Zhije-8153-
wud7-cry-
cdcl3-C
spect
CDCI3
2952
2gpg30
1D
1024
207
2.0000
9.7500
1.1010
125.76

29761.9
-2311.0

13C
32768
65536

S99
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Parameter Value

Title Zhije-8153-
w9 m wud7-cry-
L RS ™
© SRR Spectrometer spect
/ / \ \ Solvent CDCI3

Temperature 295.1
Pulse Sequence  zgpg30
Experiment 1D
Number of Scans 32
Receiver Gain 207
Relaxation Delay 1.0000
Pulse Width 16.0000
Acquisition Time  0.6816
Spectrometer 160.46

Frequency

Spectral Width ~ 24038.5
Lowest -12040.1
Frequency

Nucleus 1B

Acquired Size 16384
Spectral Size 32768

$100
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7.460
7.455
7.440
7.437
7.417
7.413
7.408
7.403
7.395
7.386
7.380
7.377
7.368
7.364
7.260
7.004
6.964

_~6.328

é

=

™-6.289

Ph

TMS

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquiisition Time
Spectrometer
Frequency
Spectral Width

Lowest
Frequency

——1.593

\-1.563
~1.256
—0.136

™\-1.435

Nucleus
Acquired Size
Spectral Size

impurity in
hexane

/b

1.00-1

9.06—=<

5.0

4.5

. 4.0
f1 (ppm)

0.0

Value
zhjie-6183-1-p1-
cdcl3-H
spect
CDCI3
294.6
2930
1D
32

203
1.0000

15.0000
4.08%4
400.13

8012.8
-1545.3

H
32768

S$101
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Parameter Value
Title zhjie-6183-1-p1-
< NOToO © cdcl3-C
™M noomo o)) numnNoao ~
ToIeaq o BOm8d a Spectrometer  spect
< M AN NN o~ — = NI\ O O
— — o — 0 0 N l\/l\ [ Solvent CDCI3
| \ K\\/ | k\§ Temperature 204.6
Pulse Sequence zgpg30
Experiment 1D
Number of 288
Scans
Receiver Gain 203
Relaxation 2.0000
Delay
Pulse Width 9.5000
Acquiisition Time 1.3631
Spectrometer  100.61
Frequency
~— Ph Spectral Width  24038.5
Lowest -1961.6
Frequency
Nucleus 13C
T™ S Acquired Size 32768
4 Spectral Size 65536

[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 190 180 170 160 150 140 130 120 110 c %00 ) 90 80 70 60 50 40 30 20 10 0
1 (ppm
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[ T T T T T T T T 1
20 15 10 -5 -10 -15 -20 -25
f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-6183-1-wu-
tms-cdcl3-B
spect
CDCI3
2951
z9pg30
1D
128

207
1.0000

16.0000
0.6816
160.46

24038.5
-12040.1

1B
16384
32768

S$103
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7.395
7.382
7.368
7.350
7.337
7.260
7.241
7.226
4.064
4.044
4.024
4.005

—1.563

—1.260

4719
-4.700
2792
2772

z
x
/
\

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquiisition Time
Spectrometer
Frequency
Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-6183-2-wu-
I-cdcl3-H
spect
CDCI3
295.2
930
1D
12

93
1.0000

10.0000
3.2768
500.13

10000.0
1917

H
32768
65536

impurity in
hexane

/

1.0 0.5 0.0

S$104
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—136.819
127.116
84.047
82.201
77.254
77.000
76.746

s
kv
Z
yA
<

Ph

—65.937

42.888

29.701

T T T T T T T T T T T T T
130 120 110 100 90 80
f1 (ppm)

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquiisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-6183-2-wu-
|-cdcl3-C
spect
CDCI3
2951
z9pg30
1D
128

207
2.0000

9.7500
1.1010
125.76

20761.9
-2311.6

13C
32768
65536

S$105
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Ph

—-5.626
—-6.475

—-7.908

—-9.389
—-10.429

-13.087

15

10

-20

-25

-30

Parameter
Title

Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of
Scans

Receiver Gain
Relaxation
Delay

Pulse Width
Acquisition Time

Spectrometer
Frequency

Spectral Width
Lowest
Frequency
Nucleus
Acquired Size
Spectral Size

Value
Zhjie-6183-2-wu-
I-cdcl3-B
spect
CDCI3
295.3
z9pg30
1D
16

207
1.0000

16.0000
0.6816
160.46

24038.5
-12040.1

1B
16384
32768

S$106
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