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1. General and Materials.

The starting materials were obtained from commercial suppliers and used as received unless otherwise
noted. Solvents were also purchased from commercial suppliers, and dried over molecular sieves (MS
4A). Mechanochemical reaction was carried out using grinding vessels in a Retsch MM400 mill
(Supplementary Figure 1). Both jar (25 mL) and ball (diameter: 10 mm) are made of stainless
(Supplementary Figure 1). NMR spectra were recorded on JEOL INM-ECX400P and JNM-ECS400
spectrometers ('H: 392, 396, 400 or 401 MHz, 3C: 99, 100 or 101 MHz, 3'P: 160 MHz).
Tetramethylsilane ('H), CDCl; ('H, '*C) and H;POs (*'P) were employed as external standards,
respectively. Multiplicity was recorded as follows: s = singlet, br, s = broad singlet, d = doublet, t =
triplet, quint = quintet, sext = sextet, sep = septet, m = multiplet. Dibromomethane or 1,2-
diphenylethane were used as an internal standard to determine NMR yields. GLC analyses were
conducted with a Shimadzu GC-2014 or GC-2025 equipped with ULBON HR-1 glass capillary
column (Shinwa Chemical Industries) and a FID detector. High-resolution mass spectra were recorded
at the Global Facility Center, Hokkaido University. Melting points were measured using an ATM-02,
AS ONE melting point apparatus. Single crystal X-ray structural analyses were carried out on a Rigaku
XtaLAB PRO MMO007 diffractometer using graphite monochromated Mo-K,, radiation. The structure
was solved by direct methods and expanded using Frontier techniques. Non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were refined using the riding model. All calculations were
performed using Olex crystallographic software package except for refinement, which was performed

using SHELXL.!

Supplementary Figure 1. Retsch MM400 mill (left) and ball milling vessels (right).
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2. General Procedure for Synthesis of Palladium Dialkyl Complex 3.

Pd > O
<~ NCH,TMs solvent (0.1 M), rt Q /" “CH,TMS
PPh,

1, 0.10 mmol 3

(=

P

] ,CHTMS 2(1.0equiv) N\ _CH,TMS
Pd

1

(COD)Pd(CH,TMS), 1 was prepared by according to the reported procedure.” The material 1 is
thermo-sensitive and must be stored at a temperature of —20 °C or lower to avoid decomposition, while
the material can be stored out of glovebox and used in air.

1 (38.9 mg, 0.10 mmol) and Xantphos (2) (57.9 mg, 0.10 mmol, 1.0 equiv) were placed in an oven-
dried reaction vial, then MeCN (1.0 mL) was added. The reaction mixture was stirred at room
temperature for 20 minutes, then the solvent was removed under reduced pressure. The crude product
was washed with pentane and Et,O and dried under reduced pressure to afford the palladium complex
3 as a yellow solid (66.5 mg, 0.0773 mmol, 78% yield).

"H NMR (396 MHz, CDCl3, 8): —0.34 (s, 18H), 0.37-0.54 (m, 4H), 1.68 (s, 6H), 6.90-7.42 (m, 24H),
7.51(dd, J=1.6, 7.1 Hz, 2H). '*C NMR was not assigned due to poor resolution and peak broadening
in several common NMR-solvents; spectrum recorded in CDCl; is shown in appendix. *'P NMR (160
MHz, CDCls, §): 8.9. HRMS-ESI (m/z): [M-TMSCH:]" calcd for C43H30P2PdSi, 771.1593; found,
771.1587.

Gram-scale synthesis of palladium complex 3 by mechanochemistry

Phy

2 (1.0 equiv) O P
| \Pd/CHZTMS THF (0.20 uL/mg) N 5 \ _CH,TMS
AN Pd

in air, 5 min PPh,

CHzTMS ball milling (25 HZ) O / \CHQTMS

1, 3.0 mmol 3
97% yield (2.50 g)

1 (3.0 mmol) and 2 (3.0 mmol, 1.0 equiv) were placed in a ball milling vessel (stainless, 25 mL) loaded
with two grinding balls (stainless, diameter: 10 mm), then THF (0.58 mL, 0.20 uL mg™') was added
via syringe. After the vessel was closed in air without the purge with inert gas, the vessel was placed
in the ball mill (Retch MM400, 5 min at 25Hz). The crude product was washed with pentane and Et;O
and dried under reduced pressure to afford the corresponding palladium complex 3 as a yellow solid

(2.50 g, 2.9 mmol, 97% yield).
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3. Single Crystal X-Ray Analysis of 3.

Supplementary Table 1. Summary of X-ray crystallographic data for 3.

CCDC number
Empirical Formula
Formula Weight
Crystal System

Crystal Size / mm’

alA
b/A
c/A
al®
ple
yl°
VA
Space Group
Z value
Dearc / g-em?
Temperature / K
No. of Reflections
Measured
Residuals: R;
1>2.006 (D)) /%
Residuals: wR»
(All reflections) / %
Goodness of Fit (GOF)

Maximum peak in Final Diff. Map / A3
Minimum peak in Final Diff. Map / A®

1938978
C47H540P,PdSi
859.42
monoclinic
0.55 x 0.08 x 0.09
20.6034(4)
11.5855(2)
35.7054(8)

90
97.7204(19)
90
8445.6(3)
C2/c
8
1.352
123(2)
53737
7717 (Rine = 0.0720)
0.0337

0.0821

1.075

0.76 e~
-0.60 e




Supplementary Figure 2. Single-crystal structure of 3 (thermal ellipsoids set at 50% probability;

hydrogen atoms have been omitted for clarity).
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4. General Procedure for Cross-Coupling Reactions.

C—N Coupling with amides

’ O»_R1 4mol % 3 O>_R1
(o o
\ Cs,CO3 (1.4 equiv) \
R? dioxane, 100°C R?
6 7 8
0.50 mmol 1.2 equiv

3 (0.015 mmol), 6 (0.50 mmol), 7 (0.60 mmol) and Cs>CO3 (0.70 mmol) were placed in an oven-dried
reaction vial. After being sealed with a screw cap containing a Teflon-coated rubber septum, the vial
was connected to a nitrogen line through a needle. After 1,4-dioxane (1.0 mL) was added, the reaction
mixture was heated to 100 °C for the specified time. After cooling to room temperature, the reaction
mixture was passed through a short silica gel column. The crude mixture was purified by flash column

chromatography (SiO», EtOAc/hexane, 0:100-30:70).

N-(o-Tolyl)benzamide (8a)

Q
N—ph
o

Me
8a

The reaction was carried out for 8 h with 3 (19.1 mg, 0.02 mmol), 1-bromo-2-methylbenzene (85.1
mg, 0.50 mmol), benzamide (72.7 mg, 0.60 mmol) and Cs,CO3 (135.1 mg, 0.70 mmol). The product
8a was obtained in 86% yield (90.6 mg, 0.43 mmol) as a white solid (m.p. = 145-146 °C).

"H NMR (401 MHz, CDCls, 8): 2.35 (s, 3H), 7.13 (td, J= 1.1, 7.4 Hz, 1H), 7.21-7.31 (m, 2H), 7.48~
7.54 (m, 2H), 7.58 (tt, J= 1.8, 7.3 Hz, 1H), 7.66 (br, s, |H), 7.90 (d, J="7.2 Hz, 2H), 7.98 (d, J=7.6
Hz, 1H). *C NMR (100 MHz, CDCls, §): 17.8 (CHs), 123.1 (CH), 125.3 (CH), 126.9 (CH), 127.0
(CH), 128.8 (CH), 129.3 (C), 130.5 (CH), 131.8 (CH), 135.0 (C), 135.7 (C), 165.6 (C). HRMS-EI
(m/z): [M] calcd for Ci14Hi3NO, 211.0997; found, 211.1002.

N-(4-Cyanophenyl)benzamide (8b)

0
N—ph

8b
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The reaction was carried out for 7 h with 3 (21.5 mg, 0.025 mmol), 4-bromobenzonitrile (91.3 mg,
0.50 mmol), benzamide (72.5 mg, 0.60 mmol) and Cs>COs (134.7 mg, 0.70 mmol). The product 8b
was obtained in 95% yield (105.9 mg, 0.48 mmol) as a white solid (m.p. = 171-172 °C).

"HNMR (392 MHz, CDCl3, §): 7.50-7.56 (m, 2H), 7.61 (tt, J= 1.6, 7.4 Hz, 1H), 7.68 (dt, J= 2.0, 9.0
Hz, 2H), 7.80 (dt, J = 2.2, 9.0 Hz, 2H), 7.85-7.90 (m, 2H), 7.94 (br, s, 1H). *C NMR (100 MHz,
CDCls, 6): 107.3 (C), 118.8 (C), 119.9 (CH), 127.1 (CH), 129.0 (CH), 132.5 (CH), 133.3 (CH), 134.1
(0), 142.0 (C), 165.9 (C). HRMS-EI (m/z): [M] calcd for Ci14H10N20, 222.0793; found, 222.0796.

N-(3-Methoxyphenyl)benzamide (8c)

0
N—ph
QNH

MeO
8c

The reaction was carried out for 3 h with 3 (21.4 mg, 0.025 mmol), 1-bromo-2-methylbenzene (93.5
mg, 0.50 mmol), benzamide (72.7 mg, 0.65 mmol) and Cs,CO3 (135.2 mg, 0.70 mmol). The product
8c was obtained in 65% yield (74.1 mg, 0.33 mmol) as a white solid (m.p. = 113—114 °C).

"H NMR (392 MHz, CDCls, §): 3.84 (s, 3H), 6.72 (dd, J = 2.4, 8.2 Hz, 1H), 7.09 (dt, /= 0.9, 8.0 Hz,
1H), 7.22-7.32 (m, 1H), 7.45 (t,J= 2.2 Hz, 1H), 7.47-7.59 (m, 3H), 7.78 (br, s, 1H), 7.87 (d, J= 8.2
Hz, 2H). *C NMR (100 MHz, CDCls, §): 55.2 (CH3), 105.8 (CH), 110.4 (CH), 112.4 (CH), 127.0
(CH), 128.6 (CH), 129.6 (CH), 131.7 (CH), 134.8 (C), 139.2 (C), 160.0 (C), 166.0 (C). HRMS-EI
(m/z): [M] calcd for Ci14Hi13NO3, 227.0946; found, 227.0949.

1-Phenylpyrrolidin-2-one (8d)
0}

axe

8d
The reaction was carried out for 20 h with 3 (21.4 mg, 0.025 mmol), bromobenzene (78.1 mg, 0.50
mmol), pyrrolidin-2-one (51.1 mg, 0.60 mmol) and CsCO;3 (135.4 mg, 0.70 mmol). The product 8d
was obtained in 63% yield (50.6 mg, 0.31 mmol) as a beige solid (m.p. = 67-68 °C).
"H NMR (396 MHz, CDCls, §): 2.17 (quint, J = 7.6 Hz, 2H), 2.62 (t, J = 7.9 Hz, 2H), 3.87 (t,J= 6.9
Hz, 2H), 7.12-7.18 (m, 1H), 7.34-7.41 (m, 2H), 7.58-7.64 (m, 2H). *C NMR (100 MHz, CDCls, 5):

17.9 (CH), 32.6 (CH»), 48.6 (CH>), 119.8 (CH), 124.3 (CH), 128.7 (CH), 139.2 (C), 174.1 (O).
HRMS-EI (m/z): [M] caled for CioH11NO, 161.0841; found, 161.0847.
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C—N Coupling with aryl amines

0.5mol % 3
@ ;
Na(O-t-Bu) (1.4 equiv)

Me toluene 80°C

10
1.0 mmoI 1.2 equw

3 (0.005 mmol), 6 (1.0 mmol), 9 (1.2 mmol) and Na(O-z-Bu) (1.4 mmol) were placed in an oven-dried
reaction vial. After being sealed with a screw cap containing a Teflon-coated rubber septum, the vial
was connected to a nitrogen line through a needle. After toluene (2.0 mL) was added, the reaction
mixture was heated to 80 °C for the specified time. After cooling to room temperature, the reaction
mixture was passed through a short silica gel column. The crude mixture was purified by flash column

chromatography (SiO,, EtOAc/hexane, 0:100—10:90).

N-(4-Methoxyphenyl)-(1,1'-biphenyl)-4-amine (10a)

Ph—@—NH

&

OMe
10a

The reaction was carried out for 2 h with 3 (4.2 mg, 0.005 mmol), 4-bromo-1,1'-biphenyl (233.2 mg,
1.0 mmol), 9 (148.2 mg, 1.2 mmol) and Na(O-z-Bu) (134.2 mg, 1.4 mmol). The product 10a was
obtained in 89% yield (244.3 mg, 0.89 mmol) as a white solid (m.p. =126 °C).

"HNMR (401 MHz, CDCl3, §): 3.81 (s, 3H), 5.58 (s, 1H), 6.85-6.92 (m, 2H), 6.94-7.01 (m, 2H), 7.08
—7.15 (m, 2H), 7.27-7.31 (m, 1H), 7.40 (t, /= 7.8 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.55 (d, /= 7.6
Hz, 2H). *C NMR (100 MHz, CDCls, §): 55.6 (CH3), 114.7 (CH), 115.7 (CH), 122.4 (CH), 126.3
(CH), 126.4 (CH), 127.9 (CH), 128.7 (CH), 132.3 (C), 135.4 (O), 141.0 (C), 144.6 (C), 155.4 (C).
HRMS-EI (m/z): [M] calcd for Ci19H7NO, 275.1310; found, 275.1311.

Bis(4-methoxyphenyl)amine (10b)

MeO—@—NH

&

OMe
10b

The reaction was carried out for 24 h with 3 (4.3 mg, 0.005 mmol), 1-bromo-4-methoxybenzene (187.1
mg, 1.0 mmol), 9 (148.1 mg, 1.2 mmol) and Na(O-#-Bu) (134.1 mg, 1.4 mmol). The product 10b was
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obtained in 64% yield (147.3 mg, 0.64 mmol) as an off-white solid ( m.p. = 103—104 °C).

"H NMR (396 MHz, CDCls, §): 3.78 (s, 6H), 5.28 (br, s, 1H), 6.82 (dt, J= 2.8, 9.8 Hz, 4H), 6.94 (dt,
J=2.9,9.5 Hz, 4H). *C NMR (99 MHz, CDCls, 8): 55.4 (CH3), 114.6 (CH), 119.3 (CH), 137.8 (C),
154.0 (C). HRMS-EI (m/z): [M] calcd for C14HisNO», 229.1103; found, 229.1106.

4-[(4-Methoxyphenyl)amino]benzonitrile (10c)

NCONH

&

OMe
10c

The reaction was carried out for 1 h with 3 (4.3 mg, 0.005 mmol), 4-bromobenzonitrile (182.2 mg, 1.0
mmol), 9 (148.4 mg, 1.2 mmol) and Na(O-#-Bu) (134.6 mg, 1.4 mmol). The product 10¢ was obtained
in 86% yield (210.7 mg, 0.86 mmol) as a white solid (m.p. = 102—-103 °C).

"H NMR (396 MHz, CDCls, §): 3.82 (s, 3H), 5.87 (br, s, 1H), 6.79 (dt, J= 2.3, 9.1 Hz, 2H), 6.91 (dt,
J=2.8,9.8 Hz, 2H), 7.12 (dt, J=2.7, 9.7 Hz, 2H), 7.43 (dt,J= 2.3, 9.1 Hz, 2H). *C NMR (100 MHz,
CDCls, 8): 55.3 (CH3), 99.6 (C), 113.5 (CH), 114.6 (CH), 120.2 (C), 124.6 (CH), 132.4 (C), 133.5
(CH), 149.6 (C), 156.7 (C). HRMS-EI (m/z): [M] calcd for C14H12N20, 224.0950; found, 224.0952.
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C=S Coupling with thiols

5 mol % 3 R?
Br + HS-R' J
DIPEA, dioxane, 100°C

6 1" 12
0.50 mmol 1.0 equiv

3 (0.015 mmol), 6 (0.50 mmol) were placed in an oven-dried reaction vial. After being sealed with a
screw cap containing a Teflon-coated rubber septum, the vial was connected to a nitrogen line through
a needle. 1,4-Dioxane (1.0 mL), DIPEA (174 pL, 2.0 mmol) and 11 (0.50 mmol) were added to the
mixture, then the reaction mixture was heated to 100 °C for 1 h. After cooling to room temperature,
the reaction mixture was passed through a short silica gel column. The crude mixture was purified by

flash column chromatography (SiO2, EtOAc/hexane, 0:100-10:90).

(4-Methoxybenzyl)(phenyl)sulfane (12a)

12a

The reaction was carried out for 1 h with 3 (21.4 mg, 0.025 mmol), bromobenzene (79.5 mg, 0.50
mmol) and (4-methoxyphenyl)methanethiol (69 pL, 0.50 mmol). The product 12a was obtained in
95% yield (110.2 mg, 0.48 mmol) as a white solid (m.p. = 86—87 °C).

"H NMR (396 MHz, CDCls, 8): 3.79 (s, 3H), 4.08 (s, 2H), 6.82 (dt, J = 2.6, 9.2 Hz, 2H), 7.15-7.34
(m, 7H). *C NMR (100 MHz, CDCl;, §): 38.4 (CH>), 55.2 (CH3), 113.8 (CH), 126.2 (CH), 128.8
(CH), 129.3 (C), 129.7 (CH), 129.9 (CH), 136.5 (C), 158.7 (C). HRMS-EI (m/z): [M] calcd for
C14H 1408, 230.0765; found, 230.0769.

(4-Methoxybenzyl)(3-nitrophenyl)sulfane (12b)

ON 12b

The reaction was carried out for 1 h with 3 (21.5 mg, 0.025 mmol), 1-bromo-3-nitrobenzene (101.0
mg, 0.50 mmol) and (4-methoxyphenyl)methanethiol (69 pL, 0.50 mmol). The product 12b was
obtained in 97% yield (133.2 mg, 0.48 mmol) as a yellow solid (m.p. = 58-59 °C).

"H NMR (396 MHz, CDCl;, §): 3.79 (s, 3H), 4.17 (s, 2H), 6.84 (dt, J = 2.4, 9.4 Hz, 2H), 7.21-7.29
(m, 2H), 7.40 (t, J="7.9 Hz, 1H), 7.54 (dt,J= 1.0, 7.7 Hz, 1H), 7.99 (dd, /=2.2, 8.1 Hz, 1H), 8.12 (4,
J =22 Hz, 1H). *C NMR (100 MHz, CDCl3, 8): 37.5 (CH>), 55.1 (CH3), 114.0 (CH), 120.5 (CH),
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122.8 (CH), 127.7 (C), 129.3 (CH), 129.9 (CH), 134.3 (CH), 139.5 (C), 148.2 (C), 158.9 (C). HRMS-
EI (m/z): [M] calcd for C14H13NOsS, 275.0616; found, 275.0616.

5-[(4-Methoxybenzyl)thio]-2-methylpyridine (12¢)

N /—Q—OMe
Me—’ \ S

12c

The reaction was carried out for 1 h with 3 (21.5 mg, 0.025 mmol), 5-bromo-2-methylpyridine (85.9
mg, 0.50 mmol) and (4-methoxyphenyl)methanethiol (69 pL, 0.50 mmol). The product 12¢ was
obtained in 92% yield (112.4 mg, 0.46 mmol) as a white solid (m.p. = 58-59 °C).

"HNMR (396 MHz, CDCls, 8): 2.51 (s, 3H), 3.78 (s, 3H), 4.00 (s, 2H), 6.80 (dt, /= 2.5, 9.2 Hz, 2H),
7.02 (d, J=8.2 Hz, 1H), 7.14 (dt, J = 2.6, 9.4 Hz, 2H), 7.45 (dd, J=2.3, 8.2 Hz, 1H), 8.41 (d,/=2.3
Hz, 1H). *C NMR (100 MHz, CDCl3, §): 24.0 (CH3), 39.3 (CH2), 55.2 (CH3), 113.8 (CH), 123.1 (CH),
129.1 (C), 129.9 (CH), 139.4 (CH), 151.3 (CH), 156.9 (C), 158.8 (C). HRMS-EI (m/z): [M] calcd for
C14H15NOS, 245.0874; found, 245.0875.

2-Methyl-5-(phenylthio)pyridine (12d)

-

Me—/ H—s
_12d

The reaction was carried out for 1 h with 3 (21.5 mg, 0.025 mmol), 5-bromo-2-methylpyridine (85.7
mg, 0.50 mmol) and benzenethiol (51 pL, 0.50 mmol). The product 12d was obtained in 81% yield
(81.0 mg, 0.40 mmol) as a pale yellow liquid.

"H NMR (396 MHz, CDCls, §): 2.55 (s, 3H), 7.11 (d, J= 8.3 Hz, 1H), 7.21-7.31 (m, 5H), 7.57 (dd, J
=2.2,8.1 Hz, 1H), 8.51 (d, J= 2.4 Hz, 1H). 3*C NMR (100 MHz, CDCl;, §): 24.0 (CH3), 123.6 (CH),
127.0 (CH), 128.8 (C), 129.2 (CH), 130.2 (CH), 135.4 (C), 139.6 (CH), 151.6 (CH), 157.5 (C). HRMS-

EI (m/z): [M] calcd for C12H NS, 201.0612; found, 201.0618.
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Suzuki-Miyaura Cross-Coupling Reaction

0.25 mol % 3
K3POy4 (2.0 equiv)
13 THF/H,0 (3:1), 80°C
0.50 mmol 1.2 equiv

14

3 (1.25 pmol), 6 (0.50 mmol), 13 (0.60 mmol) and K3PO4 (1.0 mmol) were placed in an oven-dried

reaction vial. After being sealed with a screw cap containing a Teflon-coated rubber septum, the vial

was connected to a nitrogen line through a needle. THF (1.0 mL) and H>O (0.33 mL) were added, then

the reaction mixture was heated to 80 °C for 3—24 h. After cooling to room temperature, the reaction

mixture was extracted three times with CH»Cl,, washed with brine and dried over MgSOs. The crude

mixture was purified by flash column chromatography.

Supplementary Table 2. Optimization of reaction conditions for Suzuki-Miyaura cross-coupling

reaction.
0.10-2.0 mol % 3
@—Br + (HO)ZB—QOMe W O O OMe
0.50 mmol 1.2 equiv solvent, 80°C 14a
isolated yield (%)
Entry Base Solvent (mL) Catalyst (mol %) Time (h)  Yield of 14a (%)
1 K>CO;s DMF (1.0) 2.0 6 78
2 K3PO4 DMF (1.0) 2.0 24 92
3 K3PO4 THF (1.0) 2.0 1 88
4 K3PO4 THF (1.0) 1.0 1 94
K3PO4 THF (1.0) 0.50 7 92
6 KsPOs  THF (1.0) + H,O (0.33) 0.50 1.5 94
7 KsPOs  THF (1.0) + H,O (0.33) 0.25 1 95
8¢ K3PO4 THF (3.0) + H2O (1.0) 0.10 6 96

“The reaction was conducted in 1.5 mmol scale.
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0.25 mol % 3
() + wos~ed) -
K3PO4 (2.0 equiv)
6 13 THF/H,0 (3:1), 80°C 14
0.50 mmol 1.2 equiv

R = H: not detected (X = Cl) trace (X = Cl) trace (X = Br)
R = Me: trace (X = Cl)

O

not detected (X Br) 13% yield (X = Br)

Supplementary Figure 3. Unsuccessful substrates in C-C coupling reaction.

4-Methoxy-1,1'-biphenyl (14a)

¢ Nome

14a
The reaction was carried out for 1 h with 3 (1.1 mg, 1.25 pmol), 1-bromo-4-methoxybenzene (78.9

mg, 0.50 mmol), (4-methoxyphenyl)boronic acid (91.2 mg, 0.60 mmol) and K3PO4 (212.5 mg, 1.0
mmol). The product 14a was obtained in 95% yield (88.3 mg, 0.48 mmol) as a white solid (m.p. =
89 °C) by flash chromatography (SiO2, hexane/CH,Cl,, 100:0 to 80:20).

"H NMR (396 MHz, CDCls, §): 3.85 (s, 3H), 6.98 (dt, J = 2.4, 9.2 Hz, 2H), 7.30 (tt, J = 1.4, 7.3 Hz,
1H), 7.42 (tt,J= 1.7, 7.7 Hz, 2H), 7.54 (tt, J = 2.1, 8.3 Hz, 4H). 3*C NMR (101 MHz, CDCl3, §): 55.2
(CH3), 114.1 (CH), 126.59 (CH), 126.65 (CH), 128.1 (CH), 128.7 (CH), 133.6 (C), 140.7 (C), 159.1
(C). HRMS-EI (m/z): [M] calcd for Ci3H120, 184.0888; found, 184.0887.

4'-Methoxy-N,/N-dimethyl-(1,1'-biphenyl)-4-amine (14b)

\
/

14b
The reaction was carried out for 24 h with 3 (4.3 mg, 5.0 pmol), 4-bromo-N,N-dimethylaniline (100.2

mg, 0.50 mmol), (4-methoxyphenyl)boronic acid (91.5 mg, 0.60 mmol) and K3PO4 (211.4 mg, 1.0
mmol). The product 14b was obtained in 86% yield (97.4 mg, 0.43 mmol) as a white solid (m.p. = 158
—159 °C) by flash chromatography (SiO,, hexane/CH>Cl,, 90:10 to 0:100).

"H NMR (400 MHz, CDCls, 8): 2.98 (s, 6H), 3.84 (s, 3H), 6.80 (dt, J= 2.7, 9.2 Hz, 2H), 6.95 (dt, J =
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2.3,9.3 Hz, 2H), 7.43-7.51 (m, 4H). 3C NMR (101 MHz, CDClL, 3): 40.6 (CHs), 55.2 (CHs), 112.8
(CH), 114.0 (CH), 127.2 (CH), 129.0 (C), 133.8 (C), 149.5 (C), 158.1 (C). HRMS-ESI (m/z): [M+H]*
caled for CsH;sNO, 228.1383; found, 228.1381.

4-Methoxy-4'-methyl-1,1'-biphenyl (14¢)

14c

The reaction was carried out for 3 h with 3 (1.1 mg, 1.25 pmol), 1-bromo-4-methylbenzene (85.9 mg,
0.50 mmol), (4-methoxyphenyl)boronic acid (91.6 mg, 0.60 mmol) and K3PO4 (212.3 mg, 1.0 mmol).
The product 14¢ was obtained in 72% yield (71.6 mg, 0.36 mmol) as a white solid (m.p.=110-111 °C)
by flash chromatography (SiO», hexane/CH>Cl,, 50:50).

"H NMR (400 MHz, CDCl3, 8): 2.39 (s, 3H), 3.85 (s, 3H), 6.97 (dt, J= 2.7, 9.5 Hz, 2H), 7.23 (d, J =
7.6 Hz, 2H), 7.45 (dt,J= 1.8, 8.3 Hz, 2H), 7.51 (dt, J=2.7, 9.5 Hz, 2H). *C NMR (101 MHz, CDCl;,
8): 21.0 (CHs), 55.2 (CH3), 114.1 (CH), 126.5 (CH), 127.9 (CH), 129.4 (CH), 133.6 (C), 136.3 (O),
137.9 (C), 158.8 (C). HRMS-EI (m/z): [M] calcd for C14H140, 198.1045; found, 198.1043.

1-[4'-Methoxy-(1,1'-biphenyl)-4-yl]ethan-1-one (14d)

14d

The reaction was carried out for 3 h with 3 (1.1 mg, 1.25 pmol), 1-(4-bromophenyl)ethan-1-one (99.2
mg, 0.50 mmol), (4-methoxyphenyl)boronic acid (91.0 mg, 0.60 mmol) and K3PO4 (212.0 mg, 1.0
mmol). The product 14d was obtained in 92% yield (104.3 mg, 0.46 mmol) as a white solid (m.p. =
158-159 °C) by flash chromatography (SiOa, hexane/EtOAc, 97:3 to 60:40).

"H NMR (400 MHz, CDCls, 8): 2.64 (s, 3H), 3.87 (s, 3H), 7.01 (dt, J= 2.5, 9.5 Hz, 2H), 7.59 (dt, J =
2.7, 9.5 Hz, 2H), 7.65 (dt, J = 1.9, 8.5 Hz, 2H), 8.01 (dt, J = 1.5, 8.8 Hz, 2H). *C NMR (101 MHz,
CDCls, 3): 26.6 (CH3), 55.3 (CH3), 114.3 (CH), 126.5 (CH), 128.3 (CH), 128.9 (CH), 132.1 (C), 135.1
(0), 145.2 (C), 159.8 (C), 197.7 (C). HRMS-EI (m/z): [M] calcd for CisH1402, 226.0994; found,
226.0994.
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1-[(1,1'-Biphenyl)-4-yl]ethan-1-one (14e)
XO-O
Me

The reaction was carried out for 3 h with 3 (1.1 mg, 1.25 pmol), 1-(4-bromophenyl)ethan-1-one (99.6
mg, 0.50 mmol), phenylboronic acid (73.2 mg, 0.60 mmol) and K3PO4 (212.3 mg, 1.0 mmol). The
product 14e was obtained in 92% yield (90.6 mg, 0.46 mmol) as a white solid (m.p. = 122-123 °C)
by flash chromatography (SiO», hexane/EtOAc, 100:0 to 85:15).

"H NMR (400 MHz, CDCls, 8): 2.65 (s, 3H), 7.41 (tt, J = 1.6, 7.3 Hz, 1H), 7.48 (tt, J = 1.7, 7.3 Hz,
2H), 7.61-7.66 (m, 2H), 7.70 (dt, J= 1.9, 8.5 Hz, 2H), 8.04 (dt, J = 1.9, 8.5 Hz, 2H). '*C NMR (101
MHz, CDCls, §): 26.5 (CH3), 127.06 (CH), 127.13 (CH), 128.1 (CH), 128.80 (CH), 128.83 (CH),
135.7 (C), 139.7 (C), 145.6 (C), 197.6 (C). HRMS-EI (m/z): [M] calcd for C14H120, 196.0888; found,
196.0889.

1-[4'-Fluoro-(1,1'-biphenyl)-4-yl]ethan-1-one (14f)
O,
OO

The reaction was carried out for 24 h with 3 (1.1 mg, 1.25 pmol), 1-(4-bromophenyl)ethan-1-one (99.3
mg, 0.50 mmol), (4-fluorophenyl)boronic acid (83.2 mg, 0.60 mmol) and K3PO4 (212.2 mg, 1.0 mmol).
The product 14f was obtained in 85% yield (79.4 mg, 0.43 mmol) as a white solid (m.p. = 105-106 °C)
by flash chromatography (SiO», hexane/EtOAc, 98:2 to 60:40).

"H NMR (400 MHz, CDCl3, 8): 2.65 (s, 3H), 7.17 (tt, J = 2.4, 9.1 Hz, 2H), 7.57-7.62 (m, 2H), 7.64
(dt, J=2.0, 8.5 Hz, 2H), 8.03 (dt, J= 1.9, 8.7 Hz, 2H). '*C NMR (101 MHz, CDCls, §): 26.5 (CH3),
115.8 (d, /=21.2 Hz, CH), 126.9 (CH), 128.8 (CH), 128.9 (CH), 135.7 (d, J=13.5 Hz, C), 144.5 (C),
161.6 (C), 164.1 (C), 197.6 (C). HRMS-EI (m/z): [M] calcd for C14H11FO, 214.0794; found, 214.0794.

1-[4'-Methyl-(1,1'-biphenyl)-4-yl]ethan-1-one (14g)

The reaction was carried out for 24 h with 3 (1.1 mg, 1.25 pmol), 1-bromo-4-methylbenzene (85.1 mg,
0.50 mmol), (4-acetylphenyl)boronic acid (98.6 mg, 0.60 mmol) and K3PO4 (212.3 mg, 1.0 mmol).
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The product 14g was obtained in 84% yield (88.3 mg, 0.42 mmol) as a white solid (m.p. = 122-123 °C)
by flash chromatography (SiO», hexane/ CH2Cl,, 100:0 to 0:100).

"H NMR (400 MHz, CDCl3, 8): 2.42 (s, 3H), 2.64 (s, 3H), 7.29 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.0
Hz, 2H), 7.68 (d, J = 8.8 Hz, 2H), 8.02 (d, J = 8.8 Hz, 2H). *C NMR (101 MHz, CDCls, §): 21.0
(CH3), 26.5 (CH3), 126.8 (CH), 126.9 (CH), 128.8 (CH), 129.6 (CH), 135.4 (C), 136.7 (C), 138.1 (C),
145.5 (C), 197.6 (C). HRMS-EI (m/z): [M] calcd for Ci5H140, 210.1045; found, 210.1043.

1-[2’,4’-Dimethyl-(1,1’-biphenyl)-4-yl]ethan-1-one (14h)
Me,

14h

The reaction was carried out for 24 h with 3 (1.1 mg, 1.25 pmol), 1-(4-bromophenyl)ethan-1-one (99.8
mg, 0.50 mmol), (2,4-dimethylphenyl)boronic acid (90.0 mg, 0.60 mmol) and K3PO4 (212.4 mg, 1.0
mmol). The product 14h was obtained in 94% yield (105.7 mg, 0.47 mmol) as a colorless liquid by
flash chromatography (SiO2, hexane/CH>Cl, 100:0 to 0:100).

"H NMR (400 MHz, CDCls, 8): 2.25 (s, 3H), 2.38 (s, 3H), 2.65 (s, 3H), 7.06-7.15 (m, 3H), 7.42 (dt,
J=1.9, 8.3 Hz, 2H), 8.00 (dt, J= 2.0, 8.4 Hz, 2H). '*C NMR (101 MHz, CDCl;, §): 20.2 (CH3), 21.0
(CH3), 26.5 (CH3), 126.6 (CH), 128.1 (CH), 129.35 (CH), 129.39 (CH), 131.2 (CH), 134.8 (C), 135.2
(0), 137.5 (0), 137.7 (C), 146.8 (C), 197.7 (C). HRMS-EI (m/z): [M] calcd for Ci6H160, 224.1201;
found, 224.1201.

1-[4-(Benzo[b]|thiophen-3-yl)phenyl]ethan-1-one (14i)

el 3
9

14i

The reaction was carried out for 24 h with 3 (1.1 mg, 1.25 pmol), 1-(4-bromophenyl)ethan-1-one (99.8
mg, 0.50 mmol), benzo[b]thiophene-3-boronic acid (106.7 mg, 0.60 mmol) and K3PO4 (212.3 mg, 1.0
mmol). The product 14i was obtained in 98% yield (124.6 mg, 0.49 mmol) as a pale pink solid (m.p.
= 92-93 °C) by flash chromatography (SiO,, hexane/CH,Cl,, 90:10 to 0:100).

"H NMR (400 MHz, CDCls, §): 2.67 (s, 3H), 7.39-7.46 (m, 2H), 7.51 (s, 1H), 7.71 (dt, J = 1.9, 8.7
Hz, 2H), 7.89-7.97 (m, 2H), 8.09 (dt, J = 1.8, 8.4 Hz, 2H). '3C NMR (101 MHz, CDCl3, §): 26.5
(CHa3), 122.5 (CH), 122.9 (CH), 124.49 (CH), 124.54 (CH), 124.7(CH), 128.5 (CH), 128.7(CH), 135.8
(0), 136.7 (0), 137.2 (C), 140.5 (C), 140.6 (C), 197.5 (C). HRMS-EI (m/z): [M] calcd for CisH120S,
252.0609; found, 252.0602.
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1-[4-(Furan-2-yl)phenyl]ethan-1-one (14j)
O

14]
The reaction was carried out for 24 h at 40 °C with 3 (12.9 mg, 0.015 mmol), 1-(4-bromophenyl)ethan-
1-one (99.2 mg, 0.50 mmol), 2-furylboronic acid (67.1 mg, 0.60 mmol) and K3PO4 (212.0 mg, 1.0
mmol). The product 14j was obtained in 79% yield (73.5 mg, 0.39 mmol) as a white solid (m.p. = 104
—105 °C) by flash chromatography (SiO», hexane/ CH,Cla, 90:10 to 0:100).
"H NMR (400 MHz, CDCls, §): 2.62 (s, 3H), 6.52 (q,J = 1.7 Hz, 1H), 6.81 (dd, J= 0.8, 3.6 Hz, 1H),
7.54 (dd, J = 0.8, 2.0 Hz, 1H), 7.75 (dt, J= 1.9, 8.7 Hz, 2H), 7.98 (dt, J = 1.8, 8.5 Hz, 2H). *C NMR
(101 MHz, CDCls, 6): 26.4 (CH3), 107.4 (CH), 112.0 (CH), 123.4 (CH), 128.8 (CH), 134.7 (C), 135.3
(C), 143.2 (CH), 152.7 (C), 197.2 (C). HRMS-EI (m/z): [M] calcd for Ci2H1002, 186.0681; found,
186.0675.

Base-Free Suzuki-Miyaura Cross-Coupling

.
0 K" —o_ 3.0 mol % 3 0
O - G - SO
Mé o DMF/H,0 (5:1), 80°C, 9 h ¢

0.50 mmol 15 16
1.1 equiv 81%

3 (13.0 mg, 0.015 mmol), 1-(4-bromophenyl)ethan-1-one (99.6 mg, 0.50 mmol) and 15 (142.0 mg,
0.55 mmol) were placed in an oven-dried reaction vial. After being sealed with a screw cap containing
a Teflon-coated rubber septum, the vial was connected to a nitrogen line through a needle. DMF (1.25
mL) and water (0.25 mL) were added, then the reaction mixture was heated to 80 °C for 9 hours. After
cooling to room temperature, the reaction mixture was extracted three times with EtOAc, washed with
brine and dried over MgSOs. The crude mixture was purified by flash column chromatography (SiOa,
EtOAc/hexane, 0:100-6:94). The product 16 was obtained in 81% yield (85.7 mg, 0.41 mmol) as a
white solid (m.p. = 122123 °C).

"H NMR (392 MHz, CDCl3, 8): 2.41 (s, 3H), 2.64 (s, 3H), 7.28 (d, J = 8.1 Hz, 2H), 7.54 (dt, J = 2.0,
8.4 Hz, 2H), 7.68 (dt, J= 1.9, 8.7 Hz, 2H), 8.02 (dt, J= 1.9, 8.4 Hz, 2H). '3*C NMR (99 MHz, CDCls,
8): 21.1 (CH3), 26.5 (CHz3), 126.8 (CH), 127.0 (CH), 128.8 (CH), 129.6 (CH), 135.4 (C), 136.8 (C),
138.1 (C), 145.5 (0), 197.6 (C). HRMS-EI (m/z): [M] caled for C5H140, 210.1045; found, 210.1037.
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5. Monitoring the Progress of the Reductive Elimination from 3.

Ph,
¢+
N _CHTMS 2 (4equiv) ™S

0 Pd —_— J/ + 4
/ \CHZTMS dg-toluene ™S
8
3 5
4.8 pmol NMR vyield

2 (11.0 mg, 19 umol), 3 (4.1 mg, 4.8 umol) and 1,2-diphenylethane (3.0 mg) as an internal standard
were placed in the NMR test tube, then ds-toluene was added. The mixture was heated to 40, 60 or

80 °C and the yield of 5 was determined by 'H NMR analysis.

Supplementary Table 3. Monitoring the reductive elimination at different reaction temperatures.

NMR yield of 5 (%)
Temperature
10min 20min 30min 40min 50 min 60 min
40 °C 9 14 18 22 28 32
60 °C 47 71 81 88 91 94
80 °C 98 102 - - - -
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6. Stability of 3 for the Long-Term Storage.
3 in the nitrogen purged vials were stored at room temperature (desiccator), 10 °C (refrigerator),
—20 °C and -30 °C (freezer) respectively. The purity of them were determined by "H NMR analysis

using dibromomethane as an internal standard.

Supplementary Table 4. Purity of 3 for three months from the synthesis.

Purity of 3 (%)

Storage conditions

1 month 2 months 3 months
-30°C 98 98 98
-20°C 99 97 98
10 °C 97 94 95
room temperature 93 73 72
100 $=ee== e
90
o 80 ®-30C
‘G _20°C
Z 70 10°C ) i b
0:3 @ room temperature
60
50
0 1 2 3

Storage term [month]

Supplementary Figure 4. Monitoring the purity of 3 depending on the storage temperature.
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7. Comparison of the Catalytic Performance of 3 with Those of Other Catalyst Precursors.

Supplementary Table 5. Results of C—N coupling with various catalyst precursors.

o)
B 0 4.0 mol % Pd/Xantphos N—ph
+  )—Pn > NH
H,oN Cs,CO3, dioxane, 100°C

Me

Me

0.50 mmol 1.2 equiv 8a
GC yield

GC yield of 8a (%)“
Precursor
1h 3h 6h
3 30 63 83
Xantphos Pd G3 32 66 85
Pd(OAc), / Xantphos 9 13 16
Pd(dba), / Xantphos 4 6 5

“Determined by GC analysis using 4,4'-di-tert-butyl-1,1'-biphenyl as an internal standard.

100
80
S
‘;‘ M Xantphos Pd G3 @ (Xantphos)Pd(CH,TMS); (3)
o
s 40
S A Pd(OAc), / Xantphos
E 20 @ Pd(dba), / Xantphos —
0 * —+
0 3 6

Time [h]

Supplementary Figure 5. Comparison of the catalytic performance of 3 with those of other

catalyst precursors in C—N coupling.
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Supplementary Table 6. Results of C—N coupling with various catalyst precursors.

H2N Ph—@—NH
0.50 mol % Pd/Xantphos

Ph—@—Br + >
Na(O-t-Bu), toluene, 80°C

OMe OMe
1.0 mmol 1.2 equiv 10a
GC yield
GC yield of 10a (%)*
Precursor
lh 3h 6h 18 h

3 94 - - -
Xantphos Pd G3 99 - - -
Pd(OAc), / Xantphos 0 0 1 4
Pd(dba), / Xantphos 97 - -

“Determined by GC analysis using 1,4-di-tert-butylbenzene as an internal standard.

100
@ (Xantphos)Pd(CH,TMS), (3)
80 B Xantphos Pd G3
@ Pd(dba), / Xantphos

— 60
S
3 40
=
20
Pd(OAc), / Xantphos
0 A A A A »
0 6 12 18

Time [h]

Supplementary Figure 6. Comparison of the catalytic performance of 3 with those of other

catalyst precursors in C—N coupling.
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Supplementary Table 7. Result of C—S coupling of with various catalyst precursors.

5.0 mol % Pd/Xantphos
HS DIPEA, dioxane, 100°C s

0.50 mmol 1.0 equiv 12a
GC yield
GC yield of 12a (%)*
Precursor
lh 3h 6h 24 h
3 100 - - -
Xantphos Pd G3 103 - - -
Pd(OAc), / Xantphos 17 40 52 93
Pd(dba), / Xantphos 26 59 84 80

“Determined by GC analysis using 4,4'-di-tert-butyl-1,1'-biphenyl as an internal standard.

B Xantphos Pd G3

100 @ (Xantphos)Pd(CH,TMS), (3) /
— 80 m— e
R
& 60 @ Pd(dba), / Xantphos
&
; 40 Pd(OAc), / Xantphos
)
< 20
0
0 6 12 18 24
Time [h]

Supplementary Figure 7. Comparison of the catalytic performance of 3 with those of other

catalyst precursors in C—S coupling.
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8. Investigation of C-Heteroatom Cross-coupling Reaction with Low Catalyst Loading”.

QBr . o) : 0.50-1.0 mol % 3 @
Me H,oN Cs,CO3 (1.4 equiv)

1,4-dioxane, 100°C, 24 h

0.50 mmol 1.0 equiv
0.50 mol % [Pd] not detected

1.0 mol % [Pd]: 3.4%

@_ C 050-1.0mol %3 /—©—0Me
DIPEA (2.0 equiv) QS
1,4- dloxane 100°C, 24 h
0.50 mmol 1.0 equiv 12a

0.50 mol % [Pd]: 4.5%
1.0 mol % [Pd]: 61%

“Yields were determined by "H NMR analysis using dibromomethane as an internal standard.
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10. NMR Spectra
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Supplementary Figure 8. "H NMR spectrum of 3a.
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Supplementary Figure 9. 3C NMR spectrum of 3a.
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Supplementary Figure 12. 3C NMR spectrum of 8a.
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Supplementary Figure 13. '"H NMR spectrum of 8b.
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Supplementary Figure 14. *C NMR spectrum of 8b.
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Supplementary Figure 15. '"H NMR spectrum of 8c.
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Supplementary Figure 16. 3C NMR spectrum of 8c.
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Supplementary Figure 17. 'H NMR spectrum of 8d.
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Supplementary Figure 18.

13C NMR spectrum of 8d.
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Supplementary Figure 19. '"H NMR spectrum of 10a.
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Supplementary Figure 20. 3*C NMR spectrum of 10a.
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Supplementary Figure 21. "H NMR spectrum of 10b.
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Supplementary Figure 22. 3C NMR spectrum of 10b.
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N Author = element
2 Experiment = single pulse.ex2
2 Sample_id = S#461508
s jolvent = CHLOROFORM-D
B Creation_time = 28-MAY-2019 12:10:19
Pt Revision_time = 28-MAY-2019 13:00:45
3 } Current_time = 2B-MAY-2019 13:00:55
H 2 | t = single_pulse
1 < Data_format = 1D COMPLEX
13 J Dim_size =13
- Dim_title = 1
Dim_units = [ppm]
Dimensions =x
Site = ECX 400P
Spectrometer = DELTA2_NMR
i Field_strength = 9.2982153([T] (400[MHz
| X_acq_duration = 2.20725248(s]
24 _ | X_domain = 1H
| X_freq = 395.88430144 (MHz]
X_offset = 5[ppm]
X_points = 16384
X_prescans =1
n X_resolution = 0.45305193 [Hz]
X_sweep = 7.42280285 [kHz]
Irr_domain = 1H
Irr_freq = 395.88430144 [MHz]
Irr_offset = 5[ppm]
domai: = 1H
] req = 395.88430144 [MHz]
Tri_offset = 5[ppm]
Clipped = FALSE
3 Mod_return =1
g Scans =8
3 Total_scans =8
E X_90_width = 13.2[us]
“ J X acq_time = 2.20725248(s]
o AT X_angle = 45[deg]
X atn = 3.5[aB;
T T T T T T T T T T T X_pulse = 6.6[us] |
9.0 80 7.0, 60 50 4.0 30 20 1.0 -10 Irr_mode = off
'ri_mode = Off |
Dante_presat = FALSE
Initial_wait = 1ls]
= Recvr_gain = 40
3234888 g 2 8 Relaxation_delay = 5[s]
3595888 2 & g Repetition_time = 7.20725248(s]
AV e i “ S Temp_get. = 22.1[4c]
| X : parts per Million : 1H
. 1
Supplementary Figure 23. '"H NMR spectrum of 10c.
ol NC NH -~ PROCESSING PARMMETERS —-—-
w' dc_balance : 0 : FALSE
{ sexp : 2.0[Hz] : 0.0[s]
| trapezoid3 : 0[%] : 80[%] : 100([%]
1 zerofill :
| 1 ££€ : 1 : TRUE : TRUE
machinephase
ppm
! OMe
1oc Derived from: TKH-623_dept90-1.jdf
S
<
| Filename = TKH-623_dept90-3.jdf
| Author = element
‘ Experiment = dept.ex2
| sample_id =1
| Solvent = CHLOROFORM-D
| Creation_time = 28-MAY-2019 12:51:56
| - Revision_time = 28-MAY-2019 13:33:38
| - Current_time = 28-MAY-2019 13:47:26
| Comment: = DEPT with decoupling
Data_format 1D COMPLEX
| Dim_size = 26214
Dim title 13c
Dim_units [ppm]
Dimensions =X
Sit = ECX 400P
Spectrometer = DELTA2_NMR
3 | Field_strength = 9.2982153([T] (400 [MHZ
| X_acq_duration = 1.048576[s]
X_domain = 13
X_freq = 99.54517646 [Miz]
| X_offset = 100 [ppm]
X_points = 32768
‘ X_prescans =4
X_resolution = 0.95367432[Hz]
‘ X_sweep = 31.25[kHz]
| Irr_domain =1
| - Irr_freq = 395.88430144 [MHz]
| =1 Irr_offset = m]
| Clipped = FALSE
| Mod_return 1
cans = 50
1 Total_scans = 50
g X_acq_time = 1.048576[s]
i = 3.4
g X_pulse = 10.1[us]
2 Irr_atn = 3.5[aB
| [ Irr_atn_dec = 22.3[dB]
° Irr_noise 2
Irr_pulse
T T T T T T T T T T T T T T T T T T T T T T T T Decoupling
220.0 2100 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 800 70.0 60.0 500 40.0 30.0 200 100 0 -100 -20.0| Initial wait
J_constant.
| Recvr_gais 54
Relaxation delay = 2[s]
Selection angle = 90[deg] |
Selection _pulse = 13.2[us] H
Temp_get. = 22.3[4c] |

133.8185
124.9567
114.9549
113.8340

X : parts per Million : 13C

Supplementary Figure 24. 3C NMR spectrum of 10c.
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o OMe ---- PROCESSING PARAMETERS -
e IS dc_balance( 0, FALSE )
sexp( 0.2(Bz], 0.0(s] )
0 trapezoid3( 0[8], 80[%], 100[%] )
— zerofill( 1)
12a ££6( 1, TRUE, TRUE )
'::‘ machinephase
ppm
©
24 BATICHI%: : TKHE-620_H 2-1.3df
g
< = TKE-620_H_2-2.jdf
- = element
- = single pulse.ex2
-1 = s#542234
= FORM-D
Sk = 29-MAY-2019 23:
- = 29-MAY-2019 1
~] = single pulse
— = 1D COMPLEX
= 13107
2_ = 1H
=18
o] = [ppm]
S =X
= ECX 400P
o0 4 B3 = DELTA2_NMR
2 2
- Field Strength = 9.2982153(T] (400[MHz])
g S ! X_Acq Duration = 2.20725248(s]
= 1H
v = 395.88430144 [MHz]
< = 5[ppm]
= 16384
v =1
S = 0.45305193 [Hz]
it = 7.42280285 [kHz]
S = 1H
) = 395.88430144 [MHz]
] = 5[ppm]
S =18
= 395.88430144 [MEz)
g_ = 5[ppm]
8 ‘ : FALSE
£5] =
_5 S o, 't bl Relaxation Delay = 5[s]
CId ! Recvr_Gain =38
T T T T T T T T T T T emp_Ge = 21.6[dc]
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 X_90_Width = 13.2[us]
X Acq_Time = 2.20725248(s]
AL |l hoars  Gfoas
X _Atn = 3.5[dB]
22585288 88 3 X_Pulse = 6.6[us]
M2 XX RRRR S = S Irr_Mode = off
IR SR RERER R < S Tri Mode = Off
X : parts per Million : 1H Danfe, Presat = FALSE

|
|
| OMe TERS —--—
|1 dc_balance : 0 : FALSE
| 1 S sexp : 2.0[Hz] : 0.0[s]
|l trapezoid3 : 0[%] : 80[%] : 100[%]
“1 zerofill : 1
fft : 1 : TRUE : TRUE
12a machinephase
| | ppm
| | Derived from: TKH-620_C-1.jdf
1 1
] | |
s | i
| = I I
| Filename = TEH-620_C-3.jaf
Author = element
| 1 eriment = single pulse dec
11 i Sample_id =4
| I | Solvent = CHLOROFORM-D
Creation_time = 27-MAY-2019 23:57:20
i { Revision time = 28-MAY-2019 13:44:14
‘é \V\Nr\,.wu Current_time = 28-MAY-2019 13:45:24
| H
| | - Comment = single pulse decouple
| | = = = Data_format = 1D comMPLEX
1 | Dim_size = 26214
| | | Dim_title = 13c
| ! Dim_units = Ippml
| 2z s s Dimensions =x
B 2 £ i site = ECx 400P
EE B A ] Spectrometer = DELTA2_NMR
b Field_strength = 9.2982153[T] (400[MHz
¥_acq duration = 1.048576[s]
= 13C
= = 99.54517646 [uHz]
X_offset = 100[ppm]
X_points = 32768
X_prescans =4
X_resolution = 0.95367432[Hz]
X_sweep = 31.25[kHz]
rr_domain = 1H
Irr_freq = 395.88430144 [MHz]
Irr_offset = 5[ppm]
Clipped = FALSE
Mod_return =1
Scans = 800
Total_scans = 800
3
g X_90_width = 10.1[us]
8 X_acq_time = 1.048576(s]
g X_angle = 30[deg]
-E X_atn = 3.4[dB]
" " ) " J it XUl = 3.36666667 [us]
" mem v 4 Irr_atn_dec = 22.3[aB]
Irr_atn_noe = 22.3[aB]
T T T T T T T T T T RARAE AR T T T T T T T ™| Irr noise = waLTz
2200 210.0 200.0 190.0 180.0 170.0 1600 150.0 140.0 130.0 120.0 1100 100.0 90.0 80.0 70.0 60.0 500 400 30.0 200 100 0 -10.0 -20.0| Decoupling = TRUE
| \ A\ Initial wait = 1ls]
| Noe = TRUE
Noe_time = 2[s]
Recvr_gain = 50
g 3 283 & 2 Relaxation delay = 2[s]
8 @ asE S 2 Repetition_time = 3.048576[s]
é % RRE k4 ] X = 22.214c]

| X : parts per Million : 13C

Supplementary Figure 26. *C NMR spectrum of 12a.
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kI OMe - PROCESSING PARAMETERS -
kN S dc_balance( 0, FALSE )
PEIL H sexp( 0.2[Hz], 0.0[s] )
— 757755 15 781 3 trapezoid3( 0[%], 80[%], 100(3] )
i zerofill( 1 )
OoN ££6( 1, TRUE, TRUE )
_ ) \ ) \ 2 12b machinephase
: ok AR 1 ! L
288 2§ § BUTICEIs: : TKH-610_H-1.3df
x: fakpE vition: 1~ © -
<]
- | Filename = TKE-610_H-2.jaf
ol ¢ - H Author = element’
S ° I A Experiment = single pulse.ex2
[ | Sample Id = S#477590
Solvent = CHLOROFORM-D
*®4 Actual_Start Time = 28-MAY-2019 21:
Sl Revision_Time = 29-MAY-2019 1
2o
2 Comment = single pulse
=3 80 Data_Format = 1D COMPLEX
d Dim Size = 13107
’ “ - X_Domain =1m
. o H Dim_Title =18
E 2528 2 Dim Unit; = [ppm]
= X: piAd per i Dimensions =X
Site = ECX 400P
| Spectrometer = DELTA2_NMR
be) S
< Field Strength = 9.2982153(T] (400[MHz])
I X_Acq Duration = 2.20725248(s]
)'% X Domain =11
<3| 53 [ X Freq = 395.88430144 [MHz]
= ! - f X Offset = 5[ppm]
i | X Points = 16384
P10 | X Prescans =1
EIFEE 1 I X_Resolution = 0.45305193[Hz]
CEIN | X8 = 7.42280285[kHz]
o | Irr_Domain =18
| Irr_Freq = 395.88430144 [MHz]
~ | | Irr Offset = 5ippm]
CE 2az | | TriDomain =18
bl | | Tri_Freq = 395.88430144 [MHz]
X Ry | mriOffset = 5[ppm]
Q —~ Clipped =F
g S =38
ki | l Total_Scans =8
32 o4 AN L i,0) X J A Relaxation Delay = ié”
< Recvr_ n -
T T T T T T T Temp_Get = 22.2(dC]
5.0 4.0 3.0 2.0 1.0 0 -1.0 X_90_Width = 13.2[us]
X Acq_Time = 2.20725248(s]
| ’ X_Angle = 45[deg]
X At = 3.5[dB]
2 3 X Pulse = 6.6[us]
= -% 8 Trr Mode = off
< S Tri_Mode = off
Dante_Presat. = FALSE
. 1
Supplementary Figure 27. "H NMR spectrum of 12b.
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o
3 OMe :
i s sexp : 2.0[Hz] : 0.0[s]
P trapezoid3 : 0[%] : 80[%] : 100[%]
] zerofill
] £ : 1 : TRUE : TRUE
~ O N machinep! e
s 2 12b
Derived from: TKH-610_C-1.jdf
i Filename = TKH-610_C-3.jdf
Author = element
Experiment = single_pulse_dec
Sample_id =3
Solvent = CHLOROFORM-D
B Creation_ti = 27-MAY-2019 23:07:42
< Revision_time = 29-MAY-2019 15:02:23
Current_time = 29-MAY-2019 15:04:28
Comment = single pulse decouple
Data_format = 1D COMPLEX
Dim_size = 26214
= Dim_title = 13
hd Dim units = [ppm]
Dimensions =
site = ECX 400P
Spectrometer = DELTA2_NMR
Field strength = 9.2982153[T] (400[MHz
a X_acq_duration = 1.048576[s]
°9 = 13¢C
1 X_freq = 99.54517646 [MHz]
X_offset = 100 [ppm]
X_points = 32768
X_prescans =4
X_resolution = 0.95367432(Hz]
b2 B X_sweep = 31.25[kHz]
hd Irr_domain = 1n
Irr_freq = 395.88430144 [MHz]
Irr_offset = 5[ppm]
Clipped = FALSE
Mod_return =1
Scans = 800
;’ Total_scans = 800
X_90_width = 10.1[us]
X_acq_time = 1.048576[=]
X_engle = 30[deg]
X_atn = 3.41a8]
X_pulse = 3.36666667 [us]
° Irr_atn dec = 22.3[aB]
Irr_atn_noe = 22.3[as]
T T T T T T T T T RABAT AR T T T T T T T T T Irr_noise -
220.0 210.0 2000 190.0 180.0 170.0 160,0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 50.0 d0.0 300 200 100 0 -10.0 -20.0, becoupling = TRUE
| (O | | Initial_wait = 1[s]
| AN | Yoo 2 o
! Noe_time = 2[s]
- - Recvr_gain = 50
2 2 ] 2532883 S8% = 2 Relaxation delay = 2[s]
2 F g 5!;,335;2%; S35 5] § Repetition time = 3.048576[s]
£ % f3dafeds FEE & & remp_get =zt

X : parts per Million : 13C

Supplementary Figure 28.

13C NMR spectrum of 12b.
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s I = 7\ PROCESSING PARAMETERS -
=7 I {‘ | It I f‘ = | Me S dc_palance : 0 : FALSE
| EH I ‘“‘« H ‘”\ I } — P erotds bra i Bo ks : 10011
| i "\ 1 rapezoid3 : : :
| g0 Y i Uy U\\g 12 zerofill : 1
| 2] - - — C £ft : 1 : TRUE : TRUE
S T 7l a | machinephase
TR TR TR e M H\ ‘ oo
i H Derived from: TKHE-613_H-1.jdf
2 Filename = TKH-613_H-4.jaf
Author = element
Experiment single_pulse.ex2
Sample_id S#473797
Solvent =
2 Creation_time 28-MAY-2019 12:30:49
Revision_time = 29-MAY-2019 15:27:08 I
Current_time 29-MAY-2019 15:27:10
Commen single_pulse
24 Data_format 1D COMPLEX
Dim_size 13107
Dim title Yy
Dim units [ppm] |
Dimensions
< site ECX 400P
b Spectrometer DELTA2_NMR
Field strength 9.2982153[T] (400 [MHz
X_acq_duration 2.20725248(s]
=] X_domain 1H
= X_freq = 395.88430144 [MHz]
X offset = 5ippml
X_points 16384
X prescans 1
< X_resolution 0.45305193 [Hz]
“ X_sweep = 7.42280285 [kHz]
rr_domain = 1H
Irr_freq = 395.88430144 [MHz]
Irr_offset = 5[ppml
=] X Tri_domain
« | freq = 395.88430144 [MHz]
| offset 5 [ppm]
] 1 ped = FALSE
@ i Mod_return =1 |
g = ] Scans =8 |
8 = l | Total_scans =8
] I i
12 | ‘ | x_90_wiath |
e i | X_acq_time
N . _ L
o = T T T T 7 T T - 6.6Mus]
9.0 8.0 7.0 60 50 4.0 30 20 10 -10 N ot
1 | k | | mode = off
A N | | pante_presat FALSE
| : Initial wait 1ls]
~ Recvr_gain 36
EH geraase 58 g g Relaxation delay = 5[s]
5§ 3392352 & & I g Repetition_time = 7.20725248[s]
Ea SRRRREE @ 3 3 Prcagien I3 atacs
X : parts per Million : 1H
. 1
Supplementary Figure 29. "H NMR spectrum of 12c.
|
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N OMe
7\ ---- PROCESSING PARAMETERS
Me S dc_palance : 0 : FALSE
__ sexp ¢ 2.00Hz] : 0.0[s]
trapezoid3 : O[%] : BO[%] : 100[%]
12c zerofill : 1
t : 1 : TRUE : TRUE
machinephase
ppm
Derived from: TKH-613_C-1.jdaf
o L S
3
Filename TKH-613_C-4.jdf
element
single_pulse_dec
2
CHLOROFORM-D
27-MAY-2019 21:56:08
= 27-MAY-2019 22:37:1!
= 27-MAY-2019 22:37:27
C mt single pulse decouple
Data_format 1D COMPLEX
Dim_size 26214
Dim_title 13c
Dim_unit Ippa]
Dimensions
site ECX 400P
Spectrometer = DELTA2_NMR
- Field_strength 9.2982153[T] (400[MHz
2 X_acq duration = 1.048576[s]
X_domais 13c
X_freq = 99.54517646 [MHz]
X_offset = 100 [ppm]
X_points = 32768
X_prescans N
X_resolution 0.95367432[Hz]
X_sweep 31.25[kHz]
Irr_domain 1H
Irr_freq 395.88430144 [MHZ]
Irr offset 5 [ppm]
Clipped FALSE
Mod_return 1
Scans 87
Total_scans 87 |
g X_90_width 10.1[us]
k-1 X_acq_time 1.048576[s]
E X_ang’ 30[deg]
2 o WWWW X_atn -4[dB]
i I X pu = 3.36666667 [us]
Irr_atn_dec = 22.3[aB
r_atn_noe = 22.3[aB]
SRS SRS RS e AR R S LA Sa e s LR R R AR T Tz noise 2 warz
2200 2100 2000 190.0 180.0 170.0 160,0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 400 30.0 200 100 0 -10.0 -20.0 becoupling TRUE
) | Initial wait 1(s]
\ | o0 =
Noe_ti: 2[s]
Recvr_gain 48
22§ g 588 @ e8% K g ] Relaxation delay = 2[s]
oE § § 38 I 58% 2 1 & Repetition_time = 3.048576[s]
2% 5 & 338 ¢ RRE 9 a K Temp_get 22.21dc]
X : parts per Million : 13C |

Supplementary Figure 30. 3C NMR spectrum of 12c.
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i N ~--- PROCESSING PARAMETERS ----
g I A dc_balance( 0, FALSE )
I Me— IS sexp( 0.2[Hz], 0.0[s] )
o} i trapezoid3( 0[%], 80[%], 100[%] )
] \ — zerofill( 1)
I - ££t( 1, TRUE, TRUE )
: 12d machincphase
76 7
<
“ H H BUFICEE: : TKE-614_H-1.3jdf
gEaa
s pans el 1
Filename TKH-614_H-2.jdf
Author element
Experiment single_pulse.ex2
Sample_Id S#481433
Solvent = CHLOROFORM-D
Actual_Start Time 28-MAY-2019 21:42:40
Revision_Time 29-MAY-2019 16:49:47
- Comment: = single pulse
& Data_Format
Dim Size
X Domain
Dim _Title
Dim Units
Dimensions
Site
Spectrometer DELTA2_ NMR
Field Strength 9.2982153[T] (400 [Mz])
X_Acq_ Duration 2.20725248(s]
X_Domain = 1H
X Freq 395.88430144 [MHz]
X Offset 5[ppm]
< 16384
- 1
0.45305193 [Hz]
| = 7.42280285 [kHz]
= 1H
| 395.88430144 [MHz]
. | 5lppm]
1 1H
| | = 395.88430144 [MHz]
| | = 5[ppm]
8 i S‘ALSE
_g Total_Scans 8
_g - A ) L Relaxation Delay = 5[s]
G} Recvr_Gain =38
T T T T T T T T T T Temp_Get 22.1[dC)
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 X_90_Width 13.2[us]
X Acq_Time = 2.20725248(s]
A /}\\%\\ X_Angle = 45[deg]
X Atn 3.5[dB]
So REAR2E8NS Q 8 X_Pulse 6.6lus]
hin nnanaaE== a S Izx_Mode ofs
608 MmN NS o = Tri Mo - off
X : parts per Million : 1H Dante_Presat = PALSE
. 1
Supplementary Figure 31. '"H NMR spectrum of 12d.
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3
| o]
| 1
B ~--- PROCESSING PARAMETERS ---—
N dc_balance : 0 : FALSE
7\ sexp : 2.0[Hz] : 0.0[s]
Me S trapezoid3 : O[%] : 80[%] : 100[%]
" _ zerofill : 1
2 £t : 1 : TRUE : TRUE
R machinephase
|- 12d ppm
Derived from: TKH-614_C-1.jdf
I
H
I e
o | TR e
< [ | | Filename - TRE-61a_c-3.5af
Author element
Experiment = single pulse_dec
g i H i sample_id =1
ER L i H Solvent = CHLOROFORM-D
Creation_time = 27-MAY-2019 21:33:20
Revision_time = 27-MAY-2019 22:19:35
i Current_time = 27-MAY-2019 22:23:07
@ | Comment = single pulse decouple
b4 | Data_format 1D COMPLEX
1 Dim_size = 262!
Dim_title = 13C
Dim_units = Ippm]
Dimensions =%
i = ECX 400P
Spectrometer = DELTA2_NMR
Field strength = 9.2982153[T] (400[MHz
o X_acq_duration = 1.048576[s]
< A = 13c
X_freq = 99.54517646 [MHz]
X offset = 100 [ppm]
X_points = 32768
X prescans :
X_resolution = 0.95367432[Hz]
X_sweep = 31.25[xaz]
Irr_domain = 1H
Irr_freq = 395.88430144 [1Hz]
- Irr_offset = 5[ppm]
3 Clippea - FALSE
Mod_return =1
Scans = 110
Total_scans = 110
g X_90_width = 10.1[us]
s X_acq_time = 1.048576([s]
H X_angle = 30[deg]
2 Xatn = 3.4[a8]
1se = 3.36666667 [us]
. " Irr_atn_dec = 22.3[88]
Irr_atn_noe = 22.3[as]
S —— - T T T r T - T T T T T T T T T T T T T T T Irr_noise = WALT:
2200 2100 200.0 190.0 180.0 170.0 160.0 1500 140.0 1300 120.0 110.0 1000 90.0 80.0 700 60.0 500 40.0 30.0 200 100 0 ~-10.0 -20.0| Decoupling -
Initial wait = 1ls)
) /N = .
Noe_time = 2[s]
Recvr_gain = 46
28 LRRIRse g83 4 Relaxation delay = 2ls]
25 I8]5I3R3T w38 z Repetition time = 3.048576[s]
55 2853588 RRE 3 Temp_get = 22.214C)
X : parts per Million : 13C

Supplementary Figure 32.

13C NMR spectrum of 12d.
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---- PROCESSING PARAMETERS ----
SE

de_balance( 0, FJ
sexp( 0.2(Hz], 0.0(s:

)

erlp-zode( ors), so[u, 100(%] )
)

zerofill( 1

££t( 1, TRUE, TRUE )

machinephase

UFICE:

TKH-734pure-1.3jdf

Filename
Author
Experiment
Sample_Id

Solvent
Actual_Start_Time
Revision_Time

omment.
Data_Format
Dim_Size
omain
Dim_Title
Dim _Units
Dimensions
site
Spectrometer

Field Strength

wd_
Clipped
Scans
Total_Scans

G =
X _Angle -

RN

Relaxation _Delay

TXE-734pure-2. ot

5#441267
CHLOROFORM-D
28-SEP-2019 20:30:49
28-0CT-2019 21:02:27

single_pulse
OMPLE!

ECX 400P
DELTA2_NMR

9.2982153([T]
2.20725248(s]
H

(400 (MHz])

395.88430144 [MHz]
5(ppm]
16384

1
0.45305193 [Hz]
7.42280285 [kHz]

18
39588430144 (MHz)
5 (ppm]

1H
395.88430144 [MHz]
5[ppm]

FALSE
8
8

5(s]
38
20.9[dc]

13.2[us]
2.20725248(s)]
[

(thousandths)

500 €0 700

400

20

[re——
o 100

O OMe

14a

---- PROCESSING Pmmnns ——ee

sexp( 2.0(Hz], 0.0[
cnpnexdz( o[\l. a0
zerofill( 1
££6( 1, 'mrn,
machinephase

TRUE )

ppm
thresh( 5(%], 1)

l\], 100(%) )

peak_pick( O[Hz), 0.1(ppm], Peaks, O[Hz) )

Derived from: TKH-73dpure CARBON-1-1.jdf
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Supplementary Figure 34.

13C NMR spectrum of 14a.
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PROCESSING PARAMETERS ----
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Supplementary Figure 35.

"H NMR spectrum of 14b.
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Supplementary Figure 36. *C NMR spectrum of 14b.
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Supplementary Figure 37. '"H NMR spectrum of 14c.
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Supplementary Figure 38. 3C NMR spectrum of 14c.
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Supplementary Figure 39. '"H NMR spectrum of 14d.
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Supplementary Figure 40. 3*C NMR spectrum of 14d.
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Supplementary Figure 41. "H NMR spectrum of 14e.
PROCESSING PARAMETERS ----
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S peak_pick( O[Hz], 0.1(ppm], Peaks, O[Hz] )
S s
n s 14e Derived from: TKH-747_CARBON-1-1.jdf
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Supplementary Figure 42. *C NMR spectrum of 14e.
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MEI zerofill( 1)
- F £££( 1, TRUE, TRUE )
- 9. machinepha:
<] @ < ° ppm
- 14f Derived from: TKH-745_PROTON-3-1.3jdf
il s 3 3
R §° go = TKH-745_PROTON-3-2.3d
- TeT5T S5 s 78 - :::::n.’xp
11| R
= CHLOROFORM-D
28 555 933 5453 £ 26 £33 2232 Aotual ur.ue Time = 26-OCT-2019 16:20:54
x p.és‘awu%gi« X el IR Froon X plper Ml Frded Revision_Time = 26-0CT-2019 16:28:13
2 Data_Format = 1D COMPLEX
Dim_Size = 26214
X_Domain = Proton
4] Dim_Title = Proton
S Dim_Units = [ppm]
Dimensions -
Spectrometer = JNM-ECZ400S/L1
%
<] Field Strength = 9.389766(T] (400 (MEHz)
X_Acq_puration = 4.37256192(s)
= Proton
S = 399.78219838 [MHz]
© = 5[ppm]
= 32768
© =0
<7 = 0.22869888 (Hz)
= 7.4940048 [kHz]
= 5.99520384 [kHz]
] = Proton
=7 = 399.78219838 [MHz]
= 5[ppm]
= Proton
34 = 399.78219838 (MHz]
© = 5[ppm)
= 2(us)
= FALSE
o
> 7] ‘ans -
< Total_Scans =8
a Relaxation Delay = ; ;.1
= 19.3[dC]
= 5.6[us]
8 =4 = 4.37256192(s]
g = 45(deg]
'5 = 5(dB)
5 J 28t
2o -
© T T T T T T T T T T T 1| o Tri Mo = c‘xo'g
1. Dante_Loop =
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 o s e
! Decimation_Rate =0
% ath = e:\Program Files\JEOL
© 2 Initial Wait = 1ls]
§%E§§§§§§§E§§§§§§ g g Phase = (0, 90, 270, 180, 180
e N I I N S S NS & 3 mroat e BN
X : parts per Million : Proton resat_Time Flag

==== PROCESSING PMTERS eene
1 sexp( 2.0[Hz], 0.0(s]
trlp.loa.d.‘!( orel, aom, 100(8] )
o (o] zerofill( 1
b5 O Q F ££t( 1, TRUE, TRUE )
E machinephase
N ppm
CE I thresh( 5[%],
EE 14f peak_pick ( o[u:), 0.1(ppm], Peaks, O(Hz] )
- Derived from: TKH-745_CARBON-1-1.jdf
<4
]
EIE Filename = TKH-745_CARBON-1-2
) Author = delta
=L Experiment = carbon. jxp
Sample_Id = TKH-745
e Solvent = CHLOROFORM-D
o Actual_Start_Time = 26-0CT-2019 16:45:
EE Revision_Time = 26-0CT-2019 16:53:
- Data_Format 1D COMPLEX
o 10 100 Dim Size 26214
g A X_Domain Carbon13
- Dim_Titl Carbon13
3 58 a8 2 Dim Units [ppm)
- a3 R Dimensions X
X X s per Million : Carbot3 = Spectrometer TNM-ECZ400S/L1
3 Field Strength 9.389766(T] (400[M
X_Acq_Duration 1.03809024(s)
X _Domain bon13
X_Freq 100. 52530333 [Miz)
X Offset 100 [ppm)
X_Points 32768
= X_Prescans 4
= x Rasoluticn 0.96330739 [Hz)
3 weep 31.56565657 [kHz]
i swe.p ,_Clipped 25.25252525 [kHz)
o4 Irr_Domain = Proton
% Irr_Freq = 399.78219838 [MHz]
3 Irr_Offset = 5(ppm]
Blanking = 5[us]
o1 Clipped = FALSE
© Scans =128
E Total_Scans =128
o] Relaxation_Delay = 2[s]
A Recvr_Gain = 52
3 Temp_Get = 18.5(dc)
= X_90_Width = 10.6[us]
2ol X_Acq_Time = 1.03809024(s]
B X Angle = 30(deg
g X Atn = 8.8(dB]
g X_Pulse = 3.53333333[us)
2 o3 " " Lk & TIRTPPIPY Irr_Atn Dec 31.25[dB]
£ T W h L ey WM 1o Atn Dec_calc = 31.25(dB)
=3 Irr_Atn_Dec_Default Cale = 31.25[dB]
T T T T T T T T T T T T Irr Atn Noe = 31.25(dB)
220 0210 0200 0190 0180 0170 0]60 0150 0140 0130.0120.01 10 0100 090 0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0| Irr_Dec_Bandwidth Rz = 4.7826087 [kHz]
Irr_Dec_Bandwidth_Ppm = 11.96303566 [ppm]
\ / A\ /\ ’ Irr Dec_Freq = 399.78219838 MHz]
Xx‘x‘ Dex mtxt Factor
I 82 EER R T =88 S Irz_Decoupling
" g% NBYRRERES w3 % a Irr_Noe
8 3 I2888822 RRR & I“g;’;H N
- - = Irr, set_Default =5
X : parts per Million : Carbon13 Irr_Pwidth = offl;:lxml

Supplementary Figure 44. *C NMR spectrum of 14f.
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===-- PROCESSING PARAMETERS ----~
exp( 0.2(Hz), 0.0[s] )
trapezoid( 0[%], 0[], 8O[%], 100(8) )
zerofill( 1)
0 Me Ac ££t( 1, TRUE, TRUE )
= machinephase
ppm
phase( 1, 0, 50(8] )
14g . ;
Derived from: TKH-754pure_PROTON-1-1.3df
=4
<
= TKH-754pure_PROTON-1-
= delta
= proton. jxp
= TKH-754pure
i = CHLOROFORM-D
e Actual_Start_Time = 25-0CT-2019 19:15:43
Revision_Time = 25-0CT-2019 19:18:51
= 1D COMPLEX
= 26214
= Proton
24 = Proton
= [ppm)
Spectrometer = JNM-ECZ4008/L1
Field Strength = 9.389766(T] (400 [MHz)
< X_Acq_Duration = 4.37256192(s)
= Domain = Proton
= 399,78219838 [MHz)
= 5([ppm]
= 32768
] =0
X_Resolution = 0.22869888 (He]
« ] X_sweep = 7.4940048 [kBz]
< X_Sweep_Clipped = 5.99520384 [kHz]
TIrr_Domain = Proton
Irr Freq = 399.78219838 [MAz]
Irr_Offset = 5(ppm)
i = Proton
~ = 399.78219838 [MHz]
a4 = 5[ppm]
2[us)
Clipped = FALSE
Scant -
Total_Scans =8
— Relaxation_Delay = 4[s]
<7 Recvr_Gain =62
>_Ge = 19.2(dc)
8 X_90_Width = 5.6[us]
] X Acq_Time = 4.37256192(s]
3 X Angle = 45[deg)
X_Atn 51dB]
E ° A_J\,J JL X_Pulse 2.8[us]
G Irr_Mode £
T ARRRRAY T T T T T T T T T Tri_Mode = off
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 Dante_Loop = 400
Dante_Presat FALSE
j / }\ & | ' | Decimation Rate 0
Experiment_Path =c: \Progtm Files\JEOL
BT R Y an S Initial Wait = 1(s!
552&3%%3'& ¢ 83 g - = (o, sn 270, 180, 180
06 o8 N N N~ RN S = 4(s)
X : parts per Million : Proton Presat_Time_Flag = FALSE

Supplementary Figure 45. "H NMR spectrum of 14g.

B ===-- PROCESSING PARAMETERS ----
- sexp( 2.0(Hz], 0.0(s] )
24 trapazold3( OI81, B0[4], 100(4) )
— zerofill( 1)
o Me Ac £ft( 1, TRUE, TRUE )
] mchin-phl-.
< Thrash( 581,
= 14g peak_pick ( nuu), 0.1(ppm), Peaks, O(Hz) )
S Derived from: TKH-754pure CARBON-1-1.jdf
&4
=]
vl Filename = TKH-754pure_CARBON
- Author = delta
=) Experiment = carbon.jxp
= Sample_Id = TKH-754pure
Solvent = CHLOROFORM-D
2 1 Actual_Start_Time = 25-0CT-2019 19:46:
fad] Revision Time = 25-0CT-2019 20:16:
B Data_Format. = 1D COMPLEX
o = 26214
= Carbon13
24 = Carbonl3
- = [ppm]
- =x
=& = JNM-ECZ400S/L1
- = 9.389766(T) (400(M
4 = 1.03809024 [s]
= Carbon13
. = 100.52530333 [Muz)
2 = 100 [ppm]
* N = 32768
=) & =
2 = 0.96330739 (Hz]
= 31.56565657 [kHz)
=) = 25,25252525 [kHz]
&7 = Proton
= 399.78219838 [MHz]
S 7 = Slppm]
- = 5[us]
= FALSE
o] i, = 128
< YR TaaeT Total_Scans =128
<1 Relaxation Delay = 2(s]
« Recvr_Gai. =42
3 8 Temp_¢ = 18.5[dC)
=24 K g ] X_90_Width = 10.6(us]
2o X:pirtspe Millon: CarbonT X_Acq_Time = 1.03809024(s]
kS X_Angle = 30[deg)
g 23 CAtn = 8.8[dB
E X_Pulse = 3.53333333[us]
o Irr_Atn_Dec = 31.25[dB]
S o Irr_Atn Dec_Calc = 31.25[dB)
= Irr_Atn Dec_Default Calc = 31.25(dB]
T T T T T T T T T T T T T T T T T T T T T T T T T pe —Atn, N = 31.25([dB)
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0 xz:_nac_a-nawidm_n: = 4.7826087 [kHz]
1= Dec ] idth_Ppm = 11.
/////I \ | [ = 399.78219838 [MHz)
._Factor =2.2
S Sganooeg °sy © rr_Decoupling = TRUE
2 GEaggERe 283 g3 Teives o
Y SREEAESS BERE &a i“‘::; '« befault “5'?’-“)
2 xaaagddg rr Offse a ppm;
X : parts per Million : Carbon13 Irr Pwidth = 0.115[ms]

Supplementary Figure 46. *C NMR spectrum of 14g.
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- PROCESSING Pmnns -

Me xp( 0.2[Hz], 0.0(s]
- tr‘p-zoid( om, o(\h 80([%), 100(%) )
=] zerofill( 1

££e( 1, TRUI, TRUE )
. Ac Me machinephase
@ ppm

Derived from: TKH-755_PROTON-1-1.jdf

1
=
™
>

<]
s 3 Filename = TKH-755_PROTON-1-2. jd
- Author = delta
] Experiment. = proton. jxp
Sample_Id = TKH-755
Sol; = CHLOROFORM-D
! - - Actual_Start_Time = 26-0CT-2019 1
- = 26-0CT-2019 12:

I

744743742741 74 739

Revision_Time

-1 Data_Format = 1D COMPLEX
- Dim_Size = 26214
. X_Domain = Proton
ol | .|| S0 s i
_ ot W per Ml ton Dim Units = l[ppm]
Dimensions =
= Spectrometer = JNM-ECZ4008/L1
i Field Strength = 9.389766(T] (400 [MHz]
X Acq_nunuon = 4.37256192(s)
0 | = Proton
=] = 399.78219838 [MHz)
= 5(ppm]
~ = 32768
=] <) =0
X Rasolution = 0.22869868 [Hz]
© Sweep = 7.4940048 [kHz]
S i Sweep_Clipped = 5.99520384 [kHz)
Proton
- = 399.78219838 [MHz)
o = 5[ppm]
= Proton
= 399.78219838 (Miz]
| = 5(ppm]
< = 2[us)
= FALSE
0] -e
= Total_Scans =8
o Relaxation Delay = a[s]
o] Recvr_Gain = 62
= 18.5[dcC)
3 _ = 5.6[us]
23 = 4.37256192(s]
E = 45[deg]
Z o1
-g <
T T T T T T T T T T T T
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0
A N )1 i
g P - Experiment_Path :\Program Files\JEOL
g ® = =3 Initial Wait 1(s]
238 T 88 S Phase {0, 90, 270, 180, 180
Lallak N < Presat_Time 4[s)

Presat_Time Flag FALSE

Supplementary Figure 47. "TH NMR spectrum of 14h.

===~ PROCESSING pmnns m——
sexp( 2.0(Hz], 0.0

< trapezoid3( om. som. 100(8) )
zerofill( 1

££6( 1, mu: TRUE )
machinephase

|
<
(1)

¢
¢

ppm
thresh( 5(%], 1)
peak_pick( O[Hz], 0.1(ppm], Peaks, O[Hz] )

I
100

14h Derived from: TKH-755_CARBON-1-1.3df
Filename TKH-755_CARBON-1-2
E Author delta
2o Experiment. carbon. jxp
-1 1370 1360 1350 1340 1330 1320 1310 1300 1290 1280 1270 TKH-755

CHLOROFORM-D
26-0CT~2019 13:20:
26-0CT-2019 13:29:

Actual_Start_Time
Revision_Time

1

120 ——
1938
18350 —
128066
s

Carbonl3
Carbon13
[ppm]

X
JNM-EC24008/L1

|

Spectrometer

1.0 20 3.0 40 50 60 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0

Field Strength = 9.389766(T) (400(M
E X_Acq_Duration = 1.03809024 (s}
X_Domain = Carbonl3
4 = 100.52530333 [MHz]
= 100 (ppm)
= 32768
= 0.96330739 [Hz]
= 31.56565657 (kHz)
= 25.25252525 [kHz]
= Proton
E = 399.78219838 [MHz]
= 5(ppm]
= 5[us]
- = TRUE
128
Total_Scans =128
Relaxation_Delay = 2[s)
Recvr_Gaii =42
Temp_Get: = 18.4[dc)
- X_90_Width = 10.6[us]
23 X_Acq_Time = 1.03809024(s]
3 X_Angle = 30[deg]
g X Atn =8.
g X_Pulse = 3.53333333[us)
3 Irr_Atn_Dec = 31.25[aB]
£ o Irr_Atn Dec_Calc = 31.25[dB)
< Irr Atn I Dec ) Default _Calc = 31.25(dB]
T T T T T T T T T 77| Irr_Atn N = 31.25[aB]
220 02]0 0200 0190 0180 0170 0160 0150 0140 0130 0120 01 l() 0100 0 90 0 8 .0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0| 1=zt Dac_BandvzdLh Hz = 4.7826087 [kHz]
Irr_Dec_Bandwidth Ppm = 11.96303566 [ppm]
//// )\\ / /\ Irs Dec_Freq 399.76219836 [MHz)
Irr_Dec_Merit Factor =2.2
'n 2unIagae gy eg s g Irr Decoupling = TRUE
g g823888R8R =83 888 - o
= R e cES eSS = waLTZ
2 Iaooaoaoad see aaa rr_Offset Default = 5(ppm]
X : parts per Million : Carbon13 Ix'x “Pwidth = 0.115[ns]

Supplementary Figure 48. 3C NMR spectrum of 14h.
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===~ PROCESSING PARAMETERS ----
sexp( 0.2(Hz], 0.0(s] )

trapezoid( 0(%], 0(%], 80[%], 100(%] )
o 2 zerofill( 1, TRUE )
“@ s b3 . ££t( 1, TRUE, TRUE )
3 14i machinephase
g PpPm
— Eu % “ BUFICHI%: : TKH-763pure_PROTON-1-1.jdf
Bl | \ 79 75 74
2EEEEE § § A2RBER 8 8 Filename = TKH-763pure_PROTON-1-
X piASYR WAl Prof iy B X:pit e Ml rs X:pelts per o Frosd Author C derea -]
Experiment = proton.jxp
sample_Id = TKH-763pure
Solvent = CHLOROFORM-D
o Actual_Start_Time = 7-Nov-2019 0
o Revision_Time = 7-Nov-2019 10:
Data_Format. = 1D COMPLEX
Dim_Size = 26214
X_Domain = Proton
Dim Title = Proton
Dim Units = [ppm]
Dimensions =X
Spectrometer = JNM-ECZ400S/L1
Field Strength = 9.389766(T) (400 MHz]
X_Acq_Duration = 4.37256192(s)
X_Domain = Proton
X_Freq = 399.78219838 [MHz]
X offset = 5([ppm
=Y X Points = 32768
~ X_Prescans =0
X Resolution = 0.22869888 [Hz]
X_Sweep = 7.4940048 [kHz]
X_Sweep_Clipped = 5.99520384 [kHz]
Irr_Domain = Proton
= 399.78219838 [MHz]
= 5[ppm]
= Proton
= 399.78219838 [MHz]
= Slppm]
= 2[us]
= FALSE
8 —8
g Total_Scans =8
S
5 | Relaxation _Delay = a[s)
&l Recvr_Gain =72
T T T T T T T T T 1|0 Temp_Get = 18.5[dC]
=1. X_90_Width = 5.6[us]
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 e A
X Atn 5(aB]
MoV NE-—V—aYO KBNS e X Pulse 2.8[us]
SS228558REE888RERS & Irr Mode ofe
B R X o Tri Mode = ofe
X : parts per Million : Proton Dante_Loop = 400

90 110 130
300 00

200

100

(Bousandtn)
[

g

L
X er Mio: Cabnt

1agss

e
12442 —

ms ——
1240

e e
1250 1280 1270 1260 1250 1240 1250

s "

0

)

14i

PROCESSING PARAMETERS -
sexp( 2.0(Hz], 0.0(s] )
trapezoid3( 0[%], 80[%], 100(%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )
machinephase

ppm
thresh( 5(%], 1)
peak_pick( O[Hz], 0.1(ppm], Peaks, O[Hz] )

BAFICH%: : TKH-763pure CARBON-1-1.jdf

(thousandths)

o

7.455

&
X : parts per Million : Carbon13

T T T T T T T T T T T
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.01 lb.OlOb.O 96.0

T T T T T T T T T AR
80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0

77.316
77.000
76.674

26.518

Filename

= TKH-763pure_CARBON
Author = delta

Experiment = carbon. jxp
Sample_Id = TKH-763pure
Solvent = CHLOROFORM-D
Actual_Start_Time = 7-NOV-2019 15:29:
Revision_Time = 7-Nov-2019 15:37:
Data_Format = 1D COMPLEX
Dim_Siz 26214

X_Domain = Carbonl3

Dim Title = Carbon13
Dim_Units {ppm]

Dimensions =X

Spectrometer = JNM-ECZ400S/L1

Field Strength
X_Acq_Duration

9.389766[T] (400 M
1.03809024[s]

X_Domain Carbonl3

X _Freq 100.52530333 [MHz]
X Offset 100 [ppm]

X_Points

32768
X_Prescans a
X_Resolution
X_Sweep
X_Sweep_Clipped

n

0.96330739 [Hz]
31.56565657 [kHz]
25.25252525 [kHz]

Irr_Domais roton
Irs_Freq 399.78219838 [MHz]
Irr Offset 5[ppm)
Blanking 5[us]

Clipped = FALSE

Scans =64
Total_Scans =64

Relaxation Delay = 2(s]
Recvr_Gain =52

Temp_Get = 19.3[dC]
X_90_Width = 10.6[us]

X Acq_Time 1.03809024 [s]
X Angle 30(deg]

X Atn 8.8[dB]

X Pulse 3.53333333[us]
Irr_Atn Dec = 31.25(dB]
Irr_Atn Dec_Calc = 31.25[dB]
Irr_Atn Dec_Default Cale = 31.25[dB]
Irr_Atn Noe 31.25[dB]

Irr_Dec_Bandwidth Hz

7826087 [kHz]

Irr_Dec_Bandwidth Ppm 11.96303566 [ppm]

Supplementary Figure 50. *C NMR spectrum of 14i.
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g : O
=9 3 3 °
© s g Ac \ l ---- PROCESSING PARAMETERS -
= < sexp( 0.2[Hz], 0.0(s] )
- g 14§ trapezoid( 0[%], 0[#], BO[#], 100(8] )
w] G | ) zerofill( 1, TRUE )
-7 3 ££6( 1, TRUE, TRUE )
3 machinephase
< ) Ppm
- 5 - s’ 5 g - BUFIC#I%: : TKH-768pure_PROTON-1-1.jdf
- °
- s 683 681 679 654 657 652 651
% il Il I 1]
-7 ERRERR 8838 zoes L Filename = TKH-768pure_PROTON-1-
S oM ports fef Viffon a2 gad9 Author = delta
_ X:pub PR X:pura e Wifle: X: o e lon: P 3 pats e il P Experinent = proton. 4xp
- Sample_Id = TKH-768pure
Solvent = CHLOROFORM-D
o Actual_Start Time = 7-NOV-2019 0!
= Revision_Time = 7-Nov-2019 1
o < Data_Format. = 1D COMPLEX
2 Dim_Size = 26214
X_Domain = Proton
: Dim Title = Proton
*] Dim Units = [ppm]
< F Dimensions =X
Spectrometer = JNM-ECZ400S/L1
~
E Field Strength = 9.389766(T] (400 [Miz]
X_Acq_Duration = 4.37256192(s]
© X Domain = Proton
< © X_Freq = 399.78219838 [MHz]
i X Offset = 5(ppm]
“ 0 X_Points = 32768
o7 X_Prescans =0
X Resolution = 0.22869888 [Hz]
< ) X_Sweep = 7.4940048 [kHz]
s 538802 X_Sweep_Clipped = 5.99520384 [kHz]
X plis fefMithon: Prof Trr_Domain = Proton
o = 39978219838 [MHz]
= = 5[ppm]
= Proton
~ = 39978219838 [MHz]
a4 = 5[ppm]
= 2[us]
o = FALSE
‘é = =8
g° 1 Total_Scans =8
& i
2 1 Relaxation Delay = als)
<< Recvr_Gain =62
T T T T T T T LN T T T Temp_Get = 19.5[dC]
9.0 8.0 7.0 6.0 4.0 3.0 2.0 1.0 0 -1.0 X_90_Width = 5.6[us]
//t\\ X Acq_Time = 4.37256192(s]
= 45[deg]
/ /N\ = s(aB]
FENCSRARGINBI288A8a2 ] = 2.8[us]
QAR EENNNNARR R RN 0NN ° = off
AT S S AR RV R RV R RV RV o = off
X : parts per Million : Proton = 400
. 1 .
Supplementary Figure 51. '"H NMR spectrum of 14;.
o) D
Ac \ | ---- PROCESSING PARAMETERS ----
sexp( 2.0(Hz], 0.0(s] )
. trapezoid3 ( 0[%], 80[%], 100(8] )
- 14j zerofill( 1, TRUE )
S f£ft( 1, TRUE, TRUE )
F machinephase
ppm
thresh( 5[%], 1)
peak_pick( 0{Hz], 0.1(ppm], Peaks, 0[Hz] )
EUFICHI%: : TKH-768pure CARBON-1-1.3jdf
Filename = TKH-768pure_CARBON
o Author = delta
S Experiment = carbon. jxp
a4 Sample_Id = TKH-768pure
Solvent = CHLOROFORM-D
Actual_Start_Time = 7-NOV-2019 15:13
Revision_Time = 7-Nov-2019 1
Data_Format = 1D COMPLEX
Dim_Size = 26214
i = Carbon13
= Carbonl3
o = tepm)
8 Spectrometer = JNM-ECZ400S/L1
Field Strength = 9.389766[T) (400(M
X_Acq Duration = 1.03809024 [s]
X_Domain = Carbon13
X Freq = 100.52530333 [MHz]
X Offset = 100 [ppm]
X Points = 32768
X_Prescans =4
X_Resolution = 0.96330739[Hz]
< X_Sweep = 31.56565657 [kHz]
= X_Sweep_Clipped = 25.25252525 [kHz]
- Irr_Domain = Proton
Irr_Freq = 399.78219838 [MHz]
Irr_Offset = 5[ppm]
Blanking = 5[us]
—~ Clipped = FALSE
2 Scans = 128
5 Total_Scans =128
g Relaxation Delay = 2[s]
F Recvr_Gain =52
£ o Temp_Get = 19.3[dC]
7] X_90_Width = 10.6[us]
USSR T T T T T T T T T T T T T T T T T T T T T T X Acq_Time = 1.03809024 (s]
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0|x Angle - Sué‘:ﬁ‘,ﬂ
X_Pulse = 3.53333333[us)
‘ | / \ ‘ | Irr_Atn Dec = 31.25[dB]
© o gonTg oo vow aQ Irr_Atn Dec Ca = 31.25[dB]
3 8 2 3AR=A & =3% @ Irr_Atn Dec Default _Calc = 31.25[dB]
= o @ wu¥xa —o =S < Irs_Atn = 31.25[dB]
2 2 ¥ 2288 =82 ses < Irr Dec Bandwidth Hz = 4.7826087[kHz]
X : parts per Million : Carbon13 Irr_Dec_Bandwidth Ppm = 11.96303566 [ppm]

Supplementary Figure 52. *C NMR spectrum of 14j.
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14.0

| T G JEOL

130

3 s Q
Q O Me ---- PROCESSING PARAMETERS ----
M dc_balance : 0 : FALSE

LE . . e sexp : 0.2[Hz] : 0.0[s]
d trapezoid3 : O%] : 80[%] : 100(%]
zerofill : 1
16 fft : 1 : TRUE : TRUE
21 a = machinephase
=
Derived from: TKH-627_H-1.jaf
=3
E¥ | |

1
i

a7 Filename = TKH-627_H-4.jaf
Author = element
bwnri.:;nt = single_pulse.ex2

32 Sample_id = S#390396

s D i i samie; : >
Creation_time = 25-MAY-2019 09:09:55
Revision_time = 25-MAY-2019 10:59:06
Current_time = 25-MAY-2019 10:59:09

21 ] Comment. single_pulse
Data_format 1D COMPLEX
Dim_size = 13107
3 Dim_title 1n
24 3 Dim_units [ppm]
e Dimensions x
8ite ECS 400
- s s Spectrometer TNM-ECS400
21 n n Field_strength 9.20197068[T] (390 [MH
X_acq_duration 2.228224 (8]
a X_domain 1
X_freq 391.78655441 [MHz]
2] 3 X offaet 5 (ppm]
i X_points 16384
3 X_prescans 1
0.44878791 [Hz]
o ’ X_sweep 7.35294118 [kHz]
3 . ¢ 1

© = 391.78655441 [MHz]
B W93 a0 T g T 1T = 5(ppm)
g ”l m l F = 391.78655441 [MHz]
it
= Fi E
e PR =1
=8
E =8
X_90_width = 11.04 [us]
] b acq_time = 2.228224 (8]
(UL L X_angle = 45[deg]
= 1.9[48]
T T T T T T T T T T = 5.52[us]
9.0 80 7.0 6.0 50 4.0 3.0 20 .0 =10 = Off
= off
NN || -
Initial wait = 1(s]
= ecvr_gain =54
52395523 E g L
S3giin Repetition_t. =7, 3
SR EERS & T Temp_get = 19.8[4C]

X : parts per Million : 1H

Supplementary Figure 53. "TH NMR spectrum of 16.
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PROCESSING PARAMETERS -

dc_balance( 0, FALSE )

. sexp( 2.0[Hz], 0.0[s] )

- 16 trapezoid3( 0[8], 80[8], 100[%] )
zerofill( 1)

££t( 1, TRUE, TRUE )

machinephase

ppm

EUFICHI%: : TKH-627_C-1.jdf

Filename TKH-627_C-2.3jdf
Author element’
Experiment = single_pulse_dec
Sample_Id =1
< Solvent = CHLOROFORM-D
IS Actual_Start _Time = 25-MAY-2019 1
Revision_Time = 29-MAY-2019 16:
Comment = single pulse decoupled ga
= 1D COMP]
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Supplementary Figure 54. 3C NMR spectrum of 16.
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