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1. General information

All reactions were carried out under a moisture- and oxygen-free nitrogen atmosphere. Toluene,
hexane and tetrahydrofuran (THF) were taken from a solvent purification system (PS-400-5, Unilab
Mbraun, Inc.). Glassware was pre-dried in an oven at 120 <C for several hours and cooled prior to
use. HBpin and part of alkynes were obtained commercially from Energy Chemical, J&K, Acros,
Alfa Aesar or TCI without further purification. All liquid alkynes are stirred overnight with CaHzand
then distilled under reduced pressure. Ln[N(TMS).]3 was synthesized according to the corresponding
literatures.['! Deuterated solvents were obtained from Cambridge Isotope. *H NMR, **C NMR and
1B NMR spectra were recorded on a JEOL ECA-500 NMR spectrometer (FT, 500 MHz for 'H; 125
MHz for 13C) at room temperature. All chemical shift values are quoted in ppm referenced to an
internal tetramethylsilane at 0.00 ppm for *H NMR and relative to residual CHCI3 at 77.16 ppm for
13C unless otherwise noted. The following abbreviations were used to describe peak splitting patterns
when appropriate: br = broad, s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet. Coupling
constant (J) was reported in Hz unit. GC-MS analyses were measured on a Focus GC-ISQ MS

instrument.

2. General procedure for the samarium(l11) catalyzed hydroboration of alkynes

2.1 General procedure for the samarium(l11) catalyzed synthesis of 2a

/
= _ SmN™S (1 mol %) (,)
+ HBpin > > _B-
n-hex. (1 mL), 100 °C, 24 h ©N ©

(3 eq) " HY "
1a standard conditions 2a

In a nitrogen-filled glovebox, to a 10 mL Schlenk reaction tube equipped with a magnetic stirrer,
Sm[N(TMS)2]; (2.5 mg, 0.004 mmol), hexane (1 mL), HBpin (168 puL 1.2 mmol) and the
corresponding alkene (0.4 mmol) were added in sequence. The reaction mixture was then heated at
100 °C (oil bath) with vigorous stirring for 24 hours. After the reaction equilibrium, the reaction was
quenched by exposing the solution to air and diluted with CH>Cl> (30 mL). The mixture was filtered
through silica gel to remove the metal salt, the crude mixture was monitored by 'H NMR analysis
using hexamethylbenzene or 1,3,5-trimethoxybenzene as internal standard. The crude mixture was
purified by flash column chromatography using PE/EtOAc as the eluent to give the corresponding

products.
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2.2 General procedure for the samarium(l11) catalyzed synthesis of 2zc

/ / .
Z 1) 1 mol% Sm[N(TMS),]3 4 X _BPin
0,
/O . HBpin hexane, 100 °C, 24 h HO . HO

(0]

2) 1M NaOH/MeOH, 2 h

In a nitrogen-filled glovebox, to a 10 mL Schlenk reaction tube equipped with a magnetic stirrer,

Sm[N(TMS)]3 (2.5 mg, 0.004 mmol), hexane (1 mL), HBpin (168 uL 1.2 mmol) and 1z¢ (0.4 mmol)

were added in sequence. The reaction mixture was then heated at 100 °C (oil bath) with vigorous

stirring for 24 hours. After the reaction equilibrium, the solution was quenched with 1 M

NaOH/MeOH (2 mL) and then stirred at room temperature for 2 hours. Next, the reaction mixture

was transferred to a separation funnel. The solvent was evaporated under reduced pressure. Then, the

crude mixture was purified by flash column chromatography with SiO> using PE/EA (5:1) as eluents.

3. Reaction conditions screening for hydroboration of inner alkyne 2zf2

Ph—=—=—Ph + HBpin —mNTMS)s (5 mol%) __ o
solvent (1mL) Ph Ph
entry solvent T (°C) yield (%)
1 hexane 100 26
2 toluene 100 41
3 DCE 100 27
4 THF 100 36
5 1,4-dioxane 100 34
6° toluene 100 56
7 toluene 120 48

8 All the experiments were carried out with internal alkynes (0.4 mmol),
HBpin (1.2 mmol), Sm[N(TMS),]5 (5 mol%), solvent (1 mL), No, 24 h,
isolated yields. ® 0.5 mL solvent was used.

Table S1: Reaction conditions screening for hydroboration of 2zf

The the optimal reaction conditions can be summarized as follows: 0.4 mmol

1,2-diphenylethyne and 1.2 mmol HBpin in toluene (0.5 mL) with 0.02 mmol Sm[N(SiMe3):]3 at

100 °C for 24 h.

S4



4. General method for the synthesis of deuterium phenylacetylene and DBpin

4.1 The synthesis of deuterium phenylacetylenel?

gz
7" 1)2.0eqK,CO3,4h Z
2)10 eq D,O, rt, 8 h
97% D-incorporation
95% vyield

D

10 mmol

A flame dried 10 mL 2-neck round-bottom flask was charged with phenylacetylene (1.02g, 10.0
mmol), potassium carbonate (2.76 g, 2.0 equiv.) and dry MeCN (10 mL). The reaction mixture was
stirred under N2 atmosphere for 4 h. To this mixture, D-O (2.0 mL, 10.0 equiv.) was added and left
to stir for additional 8 h. The resulting crude reaction mixture was diluted with CH2Cl, (10.0 mL) and
transferred to an oven dried separating funnel. The organic layer was separated and dried over
MgSOs, filtered and solvent removed under reduced pressure. The crude product was separated
through column chromatography using distilled hexane to afford 969.0 mg (95%) deuterated
phenylacetylene as colorless liquid. Spectral data are in accordance with the reported data.®

4.2 The synthesis of deuterium DBpint!

I HO  OH 0
NaBD, 2 -~ [ B,Dj } - B-D
diglyme, 0 °C hex. r.t. (@)

A Schlenk was charged with NaBD4 (0.5 g, 12.2 mmol) and was suspended in diglyme (25 mL).

To a second Schlenk pinacol (0.48 g, 4.08 mmol) was dissolved in hexane (25 mL). A canula was
fitted between the two Schlenks with the canula submursed in the hexane solution. An exit needle
was fitted to this flask. lodine (1.55 g, 6.11 mmol) was dissolved in diglyme (25 mL) and this was
added dropwise over 1h to the NaBD4 suspension. On completion of the addition, a gentle stream of
nitrogen was passed through the hexane for 1 hour to remove unreacted B2De, the hexane solution of
DBpin (b.p. = 110 °C) was distilled to give pure DBpin. The product was then analyzed by NMR.

Spectral data are in accordance with the reported data.>
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Figure S1: *H NMR (CsDs, 500 MHz ) spectra of DBpin

5. Mechanistic Investigation

5.1. Deuterium labelling Experiments

A sealed Schlenk tube equipped with a magnetic stirring bar was charged with Sm[N(TMS)2]s
(2 mol %, 0.004 mmol), pinacol borane (3 equiv, 1.2 mmol), phenyl acetylene-d; (1 equiv, 0.4 mmol)
and 1 mL of hexane. The reaction mixture was heated at 100 °C for 24 hours. *H NMR of vinyl

borate shows that the hydrogen has been deuterated, which indicates a cis orientation of deuterium

and phenyl group in 2a-D.

D
= | SmNTMS (194 H 0
+ HBpin > X B\O
n-hex. 100 °C, 24 h

92% isolated yield

1a-D 2a-D
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Figure S2: *H NMR (CsDs, 500 MHz ) spectra of 2a-D.
A sealed Schlenk tube equipped with a magnetic stirring bar was charged with Sm[N(TMS)2]s
(1 mol %, 0.004 mmol), pinacol borane-d: (3 equiv, 1.2 mmol), 1a (1 equiv, 0.4 mmol) and 1 mL of
hexane. The reaction mixture was heated at 100 <C for 24 h. *H NMR of vinyl borate shows that the

hydrogen has been deuterated, which indicates a cis orientation of deuterium and Bpin unit in 2a-D”.

y 0.83
DH O
Z . DBpin SmNTMS (1) ]
n-hex, 100 °C, 24 h ©)\/ 0

91% isolated yield H

1a 2a-D"
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Figure S3: *H NMR (CsDs, 500 MHz) spectra of 2a-D".

5.2 Intermediate capture
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Figure S4: '"H NMR (CDs, 500 MHz) spectra of SmN™S+ HBpin + phenyl acetylene (1:1:1)
Subsequent addition of phenyl acetylene (1a, 0.02 mmol) to the above reaction mixture showed
an upfield shift for acetylenic proton of 1a from 2.991 ppm to 2.72 ppm, which implies the side on
coordination of la with samarium centre. After careful observation of 'H NMR spectrum of

“SmNT™S + HBpin+ phenyl acetylene” reveals two set of distinct doublets at & = 5.60 and 5.07 ppm,
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which is growing in intensity upon increasing the time. The transient doublets can be assigned to
Sm-alkenyl ¢ complex which may formed because of hydride migration from Samarium centre to
alkyne.

I2 quenching experiment!®:

[Sm] | |
smN™S & HBpin + ¢ V= - = — 2 - =
— Ph Ph

In order to confirm the existence of Sm-alkenyl intermediate, I> quenching experiment was
carried out. In a NMR tube I» solution in C¢Ds was added to the reaction mixture of SmN™5(0.1
mmol) + HBpin(0.1 mmol) + 1a(0.1 mmol). GC-MS analysis of the reaction mixture further
confirmed the formation of (2-iodovinyl)benzene, m/z = 230 .

5.3 TH NMR-monitoring the model reaction

In a glovebox, Sm[N(SiMez)2]s (1pL, 1 mmol/mL Sm[N(TMS)2]s in toluene-ds) and
pinacolborane (0.0384 mg, 0.30 mmol) were weighed into a NMR tube equipped with a Teflon valve
(J-Young). Then, to which a mixture of 1a (10.2 mg, 0.1 mmol) in toluene-ds (0.5 mL) was added via
syringe. The ensuing catalytic reaction was monitored by 'H NMR spectroscopy. After 24 h at 100
°C 1in an oil bath, the catalytic reaction reaches > 99% completion.

= SmM"™2 (1 mal %) Q
+ HBpn &~ ————— - N
tal.<dg (0.5 mL), 100 °C. 24 h ©/\/ o

1a 2a

Heating for 24 h

Heating for 18 h / t l ‘
TR W i , ,l . ,J«'I‘L A

eating for 12 7 } N H\. | Au\_ LI

RI. 10 min

No catalyst }

Figure S5: 'H NMR spectra for the progress of the reaction of 1a using Sm[N(SiMes)2]s as catalyst
in toluene-ds at 100 °C.
5.4 Kinetic Studies!®!
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a. General procedure for typical reaction Kinetics

For the reaction 1a of (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS):]3 (0.005

mmol) in 2 mL hexane:

In a glovebox, Sm[N(SiMe3)2]3 (3.2 mg, 0.005 mmol) was added to a Schlenk tube equipped
with a magnetic stirring bar and a Teflon cap. Then, pinacolborane (153.6mg, 225uL, 1.5 mmol), 1a
(51.0 mg, 56 uL, 0.5 mmol) with 2 mL hexane was added in sequence. The sealed tube was taken out
from the glovebox, and was stirred at 100 °C taken out at 5, 10, 15, 20, 30, 60, 90, 120, 240, 360, 480,
600, 720, 1080, 14400, 21600, 28800, 36000, 43200, 64800, 86400 minutes. The sample was
analyzed by 'H NMR. The percentage vyields of the product 2a were calculated by
hexamethylbenzene as an internal standard, which were then converted to molar concentrations. A
duplicate reaction was also run under otherwise identical conditions and an average value was taken
for each time point. The yields in molar concentrations are presented in Table S2. The molar
concentrations of the product 2a were plotted against the reaction time to obtain a typical reaction
kinetic profile.

Table S2: The molar concentraion of product 2 at different time interval.

Time (s) | Yield of 2a (M)
0 0
300 0
600 0
900 0
1800 0.006571
3600 0.010960
7200 0.035072
14400 0.083297
21600 0.118369
28800 0.149057
36000 0.166594
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43200 0.192898

64800 0.206050

86400 0.217010

0.2 4

0.1

= 0.5 mmol Phenylacetylene
1.5 mmol HBpin
0.005 mmol M Sm"™*

Yield of 2a (M)

Time (s)
Figure S6: Plot of the rise of product 2a from the reaction of 1a (0.50 mmol), pinacolborane (1.50
mmol) and Sm[N(TMS)2]3 (0.005 mmol) in 2 mL hexane. The reaction in different time interval at

100 °C.

b. General procedure to determine the dependence of reaction rate on the concentration of

pinacolborane

For the reaction of 1a (0.50 mmol), pinacolborane (0.50 mmol) with Sm[N(TMS):]3 (0.005

mmol) in 2 mL hexane:

In a glovebox, Sm[N(SiMe3)2]3 (3.2 mg 0.005 mmol) was added to a Schlenk tube equipped
with a magnetic stirring bar and a Teflon cap. Then, pinacolborane (153.6mg, 225ul, 1.5 mmol), la
(51.0 mg, 56 uL, 0.5 mmol) with 2 mL hexane was added in sequence. The sealed tube was taken out
from the glovebox, and was stirred at 100 °C taken out at 5, 10, 15, 20, 30, 60, 90, 120, 240 minutes.

The sample was analyzed by '"H NMR.

For the reaction of 1a (0.50 mmol), pinacolborane (1.00 mmol) with Sm[N(TMS)2]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of

pinacolborane (0.50 mmol), pinacolborane (1.00 mmol) were added in the reaction.
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For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS):]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of

pinacolborane (0.50 mmol), pinacolborane (1.50 mmol) were added in the reaction.

For the reaction of 1a (0.50 mmol), pinacolborane (2.00 mmol) with Sm[N(TMS):]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of

pinacolborane (0.50 mmol), pinacolborane (2.00 mmol) were added in the reaction.

For the reaction of 1a (0.50 mmol), pinacolborane (2.50 mmol) with Sm[N(TMS):]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of

pinacolborane (0.50 mmol), pinacolborane (2.50 mmol) were added in the reaction.

The percentage yields of the product 2a were calculated by hexamethylbenzene as an internal
standard, which were then converted to molar concentrations. A duplicate reaction was also run
under otherwise identical conditions and an average value was taken for each time point. The molar
concentration of product 2a (only the data corresponding to the linear portion of the graph, typically
< 40% vyield was used) was plotted against the reaction time and the slope of linear portion of the
curve was used to determine the initial rates of the reaction. The table showing molar concentration
of product 2a in different concentration of pinacolborane, graph showing the rate at different
concentration of pinacolborane, table with ki, in value and the graph showing ki, in versus [HBpin]

are shown below.

Table S3: The molar concentration of product 2a in different concentration of HBpin at different

time interval

Yield of 2a (M)
Time(s)
0.2346 M 0.4533 M 0.6576 M 0.8489 M 1.0284 M
1800 0.000000 0.002267 0.005633 0.005900 0.005348
3600 0.006258 0.006346 0.010960 0.011800 0.015631
5400 0.012513 0.012897 0.018698 0.017678 0.026121
7200 0.018771 0.019334 0.028496 0.029499 0.036405
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9000 0.025035 0.032185 0.033976 0.042445 0.055327

10800 0.031276 0.038758 0.050855 0.059000 0.070136
12600 0.037541 0.045104 0.056554 0.064941 0.080412
14400 0.050047 0.051678 0.068391 0.082556

Table S4: The kin value of product 2a in different concentration of HBpin

HBpin (M) kin

0.2346 3.76519E-6

0.4533 | 4.16733E-6

0.6576 5.08748E-6

0.8489 6.2117E-6

1.0284 | 7.21048E-6

0.0000075

0.0000070 -

® y=4.4749E-6x + 2.40409E-6
2
0.0000065 - R® = 0.95487

0.0000060

0.0000055 -

k, (Ms™)

0.0000050 -

Yield of 2a (M)

0.0000045 -

0.0000040 -

0.0000035

T T T T T T T ) T T T T T
0 2000 4000 6000 8000 10000 12000 14000 16000 0.2 0.4 0.6 0.8 1.0
Time(s) [ HBpin ]

Figure S7: (A) Plot of the rise of product 2 from the reaction of 1a (0.5 mmol) with 0.5 mmol, 1.0
mmol, 1.5 mmol, 2.0 mmol and 2.5 mmol of HBpin in different time interval at 100 °C. The curve
depicts the results of an unweighted least-square fit to y = a*x + b (0.5 mmol: a = 3.76519 x10° | b
=-0.782 <102, R? = 0.98638; 1.0 mmol : a = 4.16733 x10°, b = -0.768 <10, R?>= 0.98648; 1.5
mmol : a =5.08748 x10°, b =-0.701x102, R? = 0.98276; 2.0 mmol : a=6.2117 x10° , b =-1.109
%102, R?=0.97581, 2.5 mmol: a = 7.21048 x10° , b = -1.058 %10, R?= 0.98811. (a) Plot of kin
versus [HBpin] from the reaction of 1a (0.5 mmol) with 0.5 mmol, 1.0 mmol, 1.5 mmol, 2.0 mmol
and 2.5 mmol of HBpin. The curve depicts the results of an unweighted least-square fit to y = a*x +
b (a=4.4749 %1078, b = 2.40409 %10, R? = 0.95478).

¢. General procedure to determine the dependence of reaction rate on the concentration of
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Sm[N(TMS)2]3 catalyst

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS):]3 (0.005

mmol) in 2 mL hexane:

In a glovebox, Sm[N(SiMe3):]3 (3.2 mg 0.005 mmol) was added to a Schlenk tube equipped
with a magnetic stirring bar and a Teflon cap. Then, pinacolborane (153.6mg, 225uL, 1.5 mmol), 1a
(51.0 mg, 56 uL, 0.5 mmol) with 2 mL hexane was added in sequence. The sealed tube was taken out
from the glovebox, and was stirred at 100 °C taken out at 5, 10, 15, 20, 30, 60, 90, 120, 240 minutes.

The sample was analyzed by '"H NMR.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS)2]3 (0.01 mmol)
in 2 mL hexane: The procedure for this reaction was the same as above but instead of

Sm[N(TMS)2]3 (0.005 mmol), Sm[N(TMS)2]3 (0.01 mmol) were added in the reaction.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS):]3 (0.015
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of

Sm[N(TMS)]3 (0.05 mmol), Sm[N(TMS).]3 (0.015 mmol) were added in the reaction.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS)2]3 (0.02 mmol)
in 2 mL hexane: The procedure for this reaction was the same as above but instead of

Sm[N(TMS)]3 (0.05 mmol), Sm[N(TMS)2]3 (0.02 mmol) were added in the reaction.

The percentage yields of the product 2a were calculated by hexamethylbenzene as an internal
standard, which were then converted to molar concentrations. A duplicate reaction was also run
under otherwise identical conditions and an average value was taken for each time point. The molar
concentration of product 2a (only the data corresponding to the linear portion of the graph, typically
< 40% yield, was used) was plotted against the reaction time and the slope of linear portion of the
curve was used to determine the initial rates of the reaction. The table showing molar concentration
of product 2a in different concentration of Sm[N(TMS)2]3, graph showing the rate at different
concentration of Sm[N(TMS),]s, table with ki, in value and the graph showing ki, in versus
Sm[N(TMS)]3 are shown below.

Table SS: The molar concentration of product 2a in different concentration of catalyst at different

time interval
s14



Yield of 2a (M)

Time(s)
2.129E-3 M 4.384E-3 M 6.576E-3 M 8.768E-3 M

1800 0.005699 0.005918 0.011837 0.019728
3600 0.016221 0.017098 0.032661 0.035072
5400 0.029220 0.034416 0.052609 0.067953
7200 0.035072 0.040991 0.065761 0.080447
9000 0.040925 0.059184

10800 0.051447

Table S6: The ki, value of product 2a in different concentration of catalyst

0.08

0.06

0.04 A

yield of 2a (M)

0.02

0.00

SmNTMS (V) kin
2.129E-3 | 4.90006E-6
4.384E-3 | 7.24583E-6
6.576E-3 | 1.00956E-5
8.768E-3 | 1.19466E-5

0.005 mmol Sm"™*
0.010 mmol Sm"™*
0.015 mmol M Sm"™*
0.020 mmol Sm"™*

L]

.

a

v
v 79

T
2000

T
4000

T T T 1
6000 8000 10000 12000

Time (s)

0.000013

0.000012

B y=261764E-6x+0.00109
R® = 0.99125

0.000011 4

0.000010 4

0.000009

0.000008 4

k,(Ms")

0.000007 4

0.000006 4

0.000005

0.000004

(b)

T T T T T T T T
0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009

[ Sm™s 1

Figure S8: (B) Plot of the rise of product 2a from the reaction of 1a (0.5 mmol), HBpin (1.5 mmol)

with 0.005mmol, 0.01mmol, 0.015mmol and 0.020mmol of [SmN™S] respectively in different time

interval. The curve depicts the results of an unweighted least-square fit to y = a*x + b (0.005 mmol: a

=4.90006 x<10°, b =-0.111 %102, R?= 0.97806; 0.010 mmol: a = 7.24583 x10°, b = - 0.761 x
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102, R? = 0.9801; 0.015 mmol: a = 1.00956 < 10° , b = - 0.471 %102, R? = 0.98519); 0.020 mmol:
a = 119466 x10°, b =-0.296 x 102, R? = 0.95352. (b) Plot of ki, versus [SmN™S] from the
reaction of 1la (0.5 mmol), pinacolborane (1.50 mmol) with 0.005 mmol, 0.010 mmol, 0.015 mmol
and 0.020mmol of SmN™S_ The curve depicts the results of an unweighted least-square fit to y = a*x

+b (a=2.61764 x10°, b =0.109 %102, R? = 0.99125).

d. General procedure to determine the dependence of reaction rate on the concentration of 1a

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS):]3 (0.005

mmol) in 2 mL hexane:

In a glovebox, Sm[N(SiMe3)2]3 (3.2 mg, 0.005 mmol) was added to a Schlenk tube equipped
with a magnetic stirring bar and a Teflon cap. Then, pinacolborane (153.6mg, 225uL, 1.5 mmol), la
(51.0 mg, 56 uL, 0.5 mmol) with 2 mL hexane was added in sequence. The sealed tube was taken out
from the glovebox, and was stirred at 100 °C taken out at 5, 10, 15, 20, 30, 60, 90, 120, 240, 360, 480,
600, 720, 1080, 14400 minutes. The sample was analyzed by '"H NMR.

For the reaction of 1a (1.00 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS)2]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of la

(0.50 mmol), 1a (1.00 mmol) were added in the reaction.

For the reaction of 1a (1.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS)2]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of la

(1.50 mmol), 1a (1.50 mmol) were added in the reaction.

For the reaction of 1a (2.00 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS)2]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of la

(0.50 mmol), 1a (2.00 mmol) were added in the reaction.

For the reaction of 1a (2.50 mmol), pinacolborane (1.50 mmol) with Sm[N(TMS)2]3 (0.005
mmol) in 2 mL hexane: The procedure for this reaction was the same as above but instead of la

(0.50 mmol), 1a (2.50 mmol) were added in the reaction.

The percentage yields of the product 2a were calculated by hexamethylbenzene as an internal

standard, which were then converted to molar concentrations. A duplicate reaction was also run
516



under otherwise identical conditions and an average value was taken for each time point. The molar
concentration of product 2a (only the data corresponding to the linear portion of the graph, typically
< 40% yield, was used) was plotted against the reaction time and the slope of linear portion of the
curve was used to determine the initial rates of the reaction. The table showing molar concentration
of product 2a in different concentration of 1a, graph showing the rate at different concentration of 1a,

table with ki, in value and the graph showing ki, in versus [1a] are shown below.

Table S7: The molar concentration of product 2a in different concentration of la at different time

interval
Yield of 2a (M)
Time(s)

0.2192 M 04279 M 0.6221 M 0.8130 M 0.9980 M
1800 0.006234 0.006134 0.005761 0.005736 0.005367
3600 0.012470 0.012266 0.011522 0.017209 0.016102
5400 0.031171 0.030659 0.028803 0.034411 0.026826
7200 0.037418 0.036800 0.034571 0.040163 0.037565
9000 0.049890 0.049059 0.051846 0.045894 0.048303
10800 0.056116 0.055199 0.057611 0.057358 0.059042
12600 0.068583 0.067458 0.069121 0.068841 0.069780
14400 0.074814 0.073599 0.074886 0.080304 0.075130

Table S8: The kin value of product 2a in different concentration of 1a

la (M) kin

0.2192 5.60802E-6
0.4279 5.51649E-6
0.6221 5.7908E-6
0.8130 5.65283E-6
0.9980 5.71506E-6
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Figure S9: (C) Plot of the rise of product 2a from the reaction of 1a (0.5 mmol) with 0.5 mmol, 1.0
mmol, 1.5 mmol, 2.0 mmol and 2.5mmol of 1a in different time interval at 100 °C. The curve depicts
the results of an unweighted least-square fit to y = a*x + b (0.5 mmol : a = 5.60802 % 10°, b =
-0.334 <102, R? = 0.98529; 1.0 mmol : a = 5.51649 x10° , b = -0.329 <102 , R? = 0.98533; 1.5
mmol : a=75.7908 <10, b = -0.514 <10, R? = 0.98348); 2.0 mmol : a = 5.65283 %10 , b = -0.205
%102, R? = 0.98497; 2.5 mmol : a = 5.71506 x<10° , b = -0.403 <102, R? = 0.99558. (c) Plot of kin
versus [1a] from the reaction of HBpin (1.5 mmol) with 0.5 mmol,1.0 mmol, 1.5 mmol, 2.0 mmol
and 2.5 mmol of 1a. The curve depicts the results of an unweighted least-square fittoy = a*x + b (a

=1.80187 <107, b =5.54564 <10, R? = 0.04303).

e. General procedure to determine the dependence of reaction rate on the concentration of

BH3-THF

In a glovebox, pinacolborane (153.6mg, 225 uL, 1.5 mmol), 1a (51.0 mg, 56 pL, 0.5 mmol)

with 2 mL hexane was added to a Schlenk tube equipped with a magnetic stirring bar and a Teflon
cap. Then, BH3-THF (1 mol/L in THF, 50 uL) was added. The sealed tube was taken out from the

glovebox, and was stirred at 100 °C taken out at 1 2, 4, 6, 8, 10, 15, 20 minutes. The sample was
analyzed by '"H NMR.

The percentage yields of the product 2a were calculated by hexamethylbenzene as an internal
standard, which were then converted to molar concentrations. A duplicate reaction was also run
under otherwise identical conditions and an average value was taken for each time point. The yields

in molar concentrations are presented in Table S9. The molar concentrations of the product 2a were
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plotted against the reaction time to obtain a typical reaction kinetic profile.

Table S9: The molar concentraion of product 2 at different time interval.

Time (s) | Yield of 2a (M)

0 0

60 0.025712
120 0.042964
240 0.067032
360 0.090683
480 0.102302
600 0.114423
900 0.129329
1200 0.146865

0.144 1.5 mmol HBpin
0.05 mmol BH,

Yield of 2a (M)

T T T T T T T
0 200 400 600 800 1000 1200
Time (s)

Figure S10: Plot of the rise of product 2a from the reaction of 1a (0.50 mmol), pinacolborane (1.50

mmol) and BH3-THF (0.05 mmol) in 2 mL hexane. The reaction in different time interval at 100 °C.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with BH3-THF (0.05 mmol) in 2

mL hexane:

In a glovebox, pinacolborane (153.6mg, 225 uL, 1.5 mmol), 1a (51.0 mg, 56 uL, 0.5 mmol)

with 2 mL hexane was added to a Schlenk tube equipped with a magnetic stirring bar and a Teflon
s19



cap. Then, BH3-THF (1 mol/L in THF, 50 uL) was added. The sealed tube was taken out from the
glovebox, and was stirred at 100 °C taken out at 2, 4, 6, 8, 10 minutes. The sample was analyzed by
'"H NMR.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with BH3 (0.04 mmol) in 2 mL
hexane: The procedure for this reaction was the same as above but instead of BH3-THF (0.05 mmol),

BH3 (0.04 mmol) were added in the reaction.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with BH3 (0.03 mmol) in 2 mL
hexane: The procedure for this reaction was the same as above but instead of BH3-THF (0.05 mmol),

BH3 (0.03 mmol) were added in the reaction.

For the reaction of 1a (0.50 mmol), pinacolborane (1.50 mmol) with BH3 (0.02 mmol) in 2 mL

hexane: The procedure for this reaction was the same as above but instead of BH3-THF (0.05 mmol),

BH3-THF (0.02 mmol) were added in the reaction.

The percentage yields of the product 2a were calculated by hexamethylbenzene as an internal
standard, which were then converted to molar concentrations. A duplicate reaction was also run
under otherwise identical conditions and an average value was taken for each time point. The molar
concentration of product 2a (Only the first 10 minutes of data were taken) was plotted against the

reaction time and the slope of linear portion of the curve was used to determine the initial rates of the
reaction. The table showing molar concentration of product 2a in different concentration of BH3-THF,
graph showing the rate at different concentration of BHj3, table with k£, in value and the graph

showing ki, in versus BH3-THF are shown below.

Table S10: The molar concentration of product 2a in different concentration of BH3-THF at different

time interval

Yield of 2a (M)
Time (s)
0.0214500 M 0.017234 M 0.019814 M 0.00869187 M
120 0.042960 0.029132 0.021043 0.019268
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240 0.067032 0.041210 0.038580 0.036037
360 0.090683 0.074813 0.057387 0.051293
480 0.102302 0.087681 0.070342 0.064796
600 0.100548 0.089632 0.077751
Table S11: The ki, value of product 2a in different concentration of BHs.
BH; (M) Kin
0.869187 E-2 | 1.21438E-4
1.29814 E-2 | 1.40783E-4
1.72340E-2 | 1.57753E-4
2.14500E-2 | 1.68064E-4
= 0.05 mmol BH, ® y=0.00369x + 9.13305E-5
® 0.04 mmol BH, R?=0.97589 .
_ .
100 200 Eoiime (S;OO 500 600 . g - - A - 8 A .

Figure S11: (D) Plot of the rise of product 2a from the reaction of 1a (0.5 mmol), HBpin (1.5 mmol)
with 0.05 mmol, 0.04 mmol, 0.03 mmol and 0.02 mmol of [BHz3] respectively in different time
interval. The curve depicts the results of an unweighted least-square fit to y = a*x + b (0.05 mmol: a
= 1.68064E-4, b = 0.02532, R?= 0.96717; 0.04 mmol: a = 1.57753E-4, b = 0.00989, R? = 0.95359;
0.03 mmol: a = 1.40783E-4, b = 0.00471, R? = 0.99614); 0.02 mmol: a = 1.21438E-4, b = 0.00611,
R? = 0.99599. (d) Plot of kinversus [BHs] from the reaction of 1a (0.5 mmol), pinacolborane (1.50
mmol) with 0.05 mmol, 0.04 mmol, 0.03 mmol and 0.02mmol of BHs. The curve depicts the results

of an unweighted least-square fit to y = a*x + b(a = 0.00369, b = 9.12748E-4, R? = 0.97589).
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6. Product Transformations
Procedure for the synthesis of 2-phenylacetaldehyde (3-1) from 2all

The vinyl boronate ester 2a (0.23 g, 1 mmol) was dissolved in acetone (10 mL) and cooled to
0 C, Oxone solution (0.3 g, 1.5 mmol in 15 mL H20) was then added dropwisely and further stirred
for 1 h. Upon completion the reaction was quenched with 1M HCI (5 mL) and extracted with DCM, the
combined organics were washed with water, brine and dried with MgSOas. The solvent was evaporated
under reduced pressure, and the crude product was isolated on silica gel using flash chromatography

(PE: EA = 10:1).

Procedure for the synthesis of trans-potassium trifluoroborate (3-2) from 2al’l

The vinyl boronate ester 2a (0.23 g, 1 mmol) was dissolved in 5 mL MeOH and cooled to 0 C
then a solution of KHF2 (0.392 g, 5 mmol) in H2O (5 mL) was added dropwisely whereupon the
mixture was stirred at rt for 2 h. The volatiles were removed under reduced pressure, water was added
and the mixture was lyophilized. The crude product was dissolved in minimal amounts of dry acetone,

filtered and evaporated to yield 3-2 as white powder.

Procedure for the synthesis of (1E,3E)-1,4-diphenylbuta-1,3-diene (3-3) from 2al”]

The vinylboronate ester 2a (0.23 g, 1 mmol), Cu(OAc). (0.181 g, 1 mmol), DMF 2 mL and 0.5
mL EtOH were added in a 10 mL reaction tube and stirred under ambient condition at 60 C for 8 h
before quenching with 1 M HCI (3 mL). Then the solution was extracted with Et,O (10 mL x 3). The
combined ether layer was washed with ag. NaHCOgz and brine and dried over MgSOs. Then the solvent

was removed and the product 3-3 was obtained after column chromatography (PE as eluent).

Procedure for the synthesis of (E)-(2-iodovinyl)benzene (3-4) from 2al’]

The vinyl boronate ester 2a (0.23 g, 1 mmol) was dissolved in 5 mL Et.O in 25 mL round
bottom flask, then 5 mL aqueous solution of NaOH (3 M) was added dropwisely at 0 C.
Subsequently, a solution of 0.381 g I> (1.5 mmol) in 10 mL Et>O was added slowly and stirred for 30
mins before quenching with a saturated solution of sodium thiosulfate. The organic solution was

separated, and the aqueous solution was washed with Et,O. The combined organic layers were dried
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with MgSOs, the solvent was evaporated and the crude product was isolated on silica gel using flash

chromatography (PE as eluent).

Procedure for the synthesis of (3-5) from 2al’l

A 25 mL of Schlenk tube equipped with a magnetic stir bar was charged with Pd(PPhz)s (5
mol%) and Cs,COs (3.0 equiv). Then toluene (2.0 mL), H20 (7.0 equiv), 2a (1mmol, 1.0 equiv) and
3-iodopyridine (2 mmol, 2.0 equiv) were added under nitrogen, respectively. The Schlenk tube was
screw capped and heated to 80 °C (oil bath). After stirring for 24 h, the reaction mixture was cooled
to room temperature. Then the reaction mixture was diluted with EtOAc and filtered with a pad of
cellite. The filtrate was concentrated, and the residue was purified with silica gel chromatography to

give product (PE: EA =10:1).

Procedure for the synthesis of vinyl ether(3-6) from 2al’l

The vinylboronate ester 2a (0.23 g, 1 mmol), Cu(OAc)2 (0.362 g, 2 mmol), EtsN (404 mg, 4
mmol, 4 equiv) and EtOH 2 mL were added in a round bottom flask and stirred under ambient
condition for 16 h, then the solvent was removed and the product 3-6 was obtained after column

chromatography (PE as eluent).

7. Characterization of products

(E)-4,4,5,5-tetramethyl-2-styryl-1,3,2-dioxaborolane (2a) Eluent: petroleum ether/ethyl acetate
(100:1). Colourless oil (85.6 mg, 93% yield). '"H NMR (500 MHz, Chloroform-d, ppm) & 7.49 (d, J
=7 Hz, 2H), 7.40 (d, J = 18 Hz, 1H), 7.35 - 7.28 (m, 3H), 6.17 (d, J = 18 Hz, 1H), 1.31 (s, 12H).
13C NMR (125 MHz, Chloroform-d, ppm) & 149.6, 137.5, 128.9, 128.6, 127.0, 83.3, 24.8. "B NMR
(160 MHz, Chloroform-d, ppm) 6 30.29. Spectroscopic data are in agreement with those previously

reported.!”]
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(E)-4,4,5,5-tetramethyl-2-(4-methylstyryl)-1,3,2-dioxaborolane (2b) Eluent: petroleum ecther/ethyl
acetate (100:1). Colourless oil (92.7 mg, 95% yield). *H NMR (500 MHz, Chloroform-d, ppm) &
7.40 - 7.36 (m, 3H), 7.12 - 7.10 (m, 2H), 6.11 (d, J = 18 Hz, 1H), 2.31 (s, 3H), 1.29 (s, 12H). 13C
NMR (125 MHz, Chloroform-d, ppm) & 149.5, 138.9, 134.8, 129.3, 127.0, 83.2, 24.8, 21.3.

Spectroscopic data are in agreement with those previously reported.[”]

(E)-2-(4-ethylstyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2¢) Eluent: petroleum ether/ethyl
acetate (100:1). Colourless o0il (94.9 mg, 92% yield). 'H NMR (500 MHz, Chloroform-d, ppm) &
7.41 - 7.37 (m, 3H), 7.15 (d, J = 8 Hz, 2H), 6.12 (d, J = 18 Hz, 1H) 2.62 (q, J = 8 Hz, 2H), 1.32 (s,
12H), 1.21 (t, J = 8 Hz, 3H). 3C NMR (125 MHz, Chloroform-d, ppm) & 149.6, 145.3, 135.1,
128.1, 127.2, 115.4 (br, C-B), 83.3, 28.8, 24.9, 15.5. Spectroscopic data are in agreement with those

previously reported.®!

s
tBu

(E)-2-(4-(tert-butyl)styryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (2d) Eluent: petroleum
ether/ethyl acetate (100:1). White solid (104.1 mg, 91% yield). 'H NMR (500 MHz, Chloroform-d,
ppm) & 7.45 - 7.35 (m, 5H), 6.12 (d, J = 18 Hz, 1H), 1.31 (s, 21H). 3C NMR (125 MHz,
Chloroform-d, ppm) & 152.2, 149.5, 134.9, 126.9, 125.6, 83.4, 34.8, 31.4, 24.9. "B NMR (160 MHz,
Chloroform-d, ppm) 6 30.19.

Spectroscopic data are in agreement with those previously reported.!”!
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(E)-2-(2-([1,1'-biphenyl]-4-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2e) Eluent:
petroleum ether/ethyl acetate (100:1). Pale yellow solid (101.6 mg, 83% yield). *H NMR (500 MHz,
Chloroform-d, ppm) 6 7.60 - 7.55 (m, 6H), 7.46 - 7.41 (m, 3H), 7.35 - 7.32 (m, 1H), 6.21 (d, J = 18,
1H), 1.32 (s, 12H). 13C NMR (125 MHz, Chloroform-d, ppm) & 149.1, 141.7, 140.6, 136.6, 128.9,
127.6, 127.5, 127.3, 127.0, 83.4, 24.9. Spectroscopic data are in agreement with those previously

reported.!”]

(E)-N,N-dimethyl-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinylaniline  (2f) Eluent:
petroleum ether/ethyl acetate (100:1). White solid (87.4 mg, 80% yield). 'H NMR (500 MHz,
Chloroform-d) 5 7.39 (d, J = 9 Hz, 2H), 7.33 (d, J = 18 Hz, 1H), 6.66 (d, J = 9 Hz, 2H), 5.92 (d, J =
18 Hz, 1H), 2.98 (s, 6H), 1.30 (s, 12H). 23C NMR (125 MHz, Chloroform-d, ppm) & 151.1, 149.9,
128.5, 126.1, 112.1, 83.1, 40.4, 24.9. Spectroscopic data are in agreement with those previously

reported.!”]

(E)-2-(4-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (2g). Eluent:  petroleum
ether/ethyl acetate (100:1). Colorless oil (82.2 mg, 79% yield). *H NMR (500 MHz, Chloroform-d,
ppm) & 7.43 (d, J = 9 Hz, 2H), 7.36 (d, J = 18 Hz, 1H), 6.86 (d, J = 9 Hz, 2H), 6.02 (d, J = 18 Hz,
1H), 3.81 (s, 3H), 1.31 (s, 12H); 13C NMR (125 MHz, Chloroform-d, ppm) & 160.3, 149.1, 130.4,

128.4, 114.0, 83.1, 55.1, 24.8. Spectroscopic data are in agreement with those previously reported.”’
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(E)-3-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)phenol (2h) Eluent: petroleum
ether/ethyl acetate (5:1). Colorless oil (44.3 mg, 45% yield), 'H NMR (500 MHz, C¢D¢, ppm) & 7.72
(d, J = 18 Hz, 1H), 6.92 (d, J = 5 Hz, 2H), 6.75 (s, 1H), 6.58 (dt, J = 6, 2 Hz, 1H), 6.43 (d, J = 18 Hz,
1H), 4.69 (d, J = 15 Hz, 1H), 1.11 (s, 12H). 3C NMR (125 MHz, CsDs, ppm) 8.157.0, 150.4, 139.6,
130.1, 127.9, 120.2, 116.7, 113.8,83.5, 24.9.

(E)-2-(4-fluorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2j) Eluent: petroleum ether/ethyl
acetate (100:1). White solid (87.3 mg, 88% yield). tH NMR (500 MHz, Chloroform-d, ppm) & 7.46 -
7.44 (m, 2H), 7.35 (d, J = 18 Hz, 1H), 7.02 (m, 2H), 6.07 (d, J = 18 Hz, 1H), 1.31 (s, 12H). 13C
NMR (125 MHz, Chloroform-d, ppm) & 163.3 (d, 1J = 246 Hz), 148.3, 133.9 (d, J c.r= 4 Hz), 128.8
(d, 3Jc-F = 8 Hz), 115.7 (d, 2Jc-r = 21 Hz), 83.3, 24.7. ''B NMR (160 MHz, Chloroform-d, ppm) &
30.21. F NMR (470M, Chloroform-d, ppm) & 112.4 Hz. Spectroscopic data are in agreement with

those previously reported.!”]

(E)-2-(4-chlorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2k) Eluent: petroleum ether/ethyl
acetate (100:1). White solid (88.7 mg, 84% yield). 'H NMR (500 MHz, Chloroform-d, ppm) & 7.41
(d, J = 8 Hz, 2H), 7.36-7.29 (m, 3H), 6.13 (d, J = 18 Hz, 1H), 1.31 (s, 12H). 3C NMR (125 MHz,
Chloroform-d, ppm) & 148.2, 136.1, 134.7, 128.9, 128.4, 83.6, 24.9. Spectroscopic data are in

agreement with those previously reported.[”!
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(E)-2-(4-bromostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2I) Eluent: petroleum ether/ethyl
acetate (100:1). White solid (102.3 mg, 83 % yield). *H NMR (500 MHz, Chloroform-d, ppm) &
7.46 - 7.50 (d, J = 8 Hz, 2H), 7.35 - 7.30(m, 3H), 6.14 (d, J = 18 Hz, 1H), 1.31 (s, 12H). 3C NMR
(125 MHz, Chloroform-d, ppm) ¢ 148.0, 136.4, 131.7, 128.5, 122.8, 83.3, 24.8. Spectroscopic data

are in agreement with those previously reported.!!’!

28
FsC

(E)-4,4,5,5-tetramethyl-2-(4-(trifluoromethyl)styryl)-1,3,2-dioxaborolane (2m) Eluent: petroleum
ether/ethyl acetate (100:1). Yellow solid (98.9 mg, 83% yield). 'H NMR (500 MHz, Chloroform-d,
ppm) & 7.60-7.58 (m, 4H), 7.40 (d, J = 18 Hz, 1H), 6.26 (d, J = 18 Hz, 1H), 1.32 (s, 12H). 13C NMR
(125 MHz, Chloroform-d, ppm) & 147.7, 141.0, 130.7 (q, 2Jc¢= 33 Hz), 127.3, 126.4 (q, YJcr = 270
Hz), 125.7 (g, “Jc-r = 4 Hz), 123.2, 83.8, 25.0. °F NMR (470M, Chloroform-d, ppm) & 62.7 Hz.

Spectroscopic data are in agreement with those previously reported.!”!

(E)-4.,4,5,5-Tetramethyl-2-(3-methylphenyl-1-enyl)-1,3,2-dioxaborolane (2n) FEluent: petroleum
ether/ethyl acetate (100:1). Colourless oil (86.9 mg, 89% yield). '"H NMR (500 MHz, Chloroform-d,
ppm): & 7.38 (d, J= 18 Hz, 1H), 7.29 (m, 2H), 7.21(m, 1H), 7.09 (d, /= 8 Hz, 1H), 6.15 (d, J= 18 Hz,
1H), 2.33 (s, 3H), 1.29 (s, 12H). 3C NMR (125 MHz; Chloroform-d, ppm): 149.8, 138.1, 137.6,
129.8, 128.5, 127.8, 124.3, 83.3, 24.9, 21.4. Spectroscopic data are in agreement with those

previously reported.”’!
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(E)-2-(3-chlorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (20) Eluent: petroleum ether/ethyl
acetate (100:1). Colourless oil (95.0 mg, 90% yield). *H NMR (500 MHz, Chloroform-d, ppm) &
7.61 (s, 1H), 7.50 - 7.46 (m, 2H), 7.40 - 7.39 (m, 2H), 6.33 (d, J = 18 Hz, 1H), 1.46 (s, 12H). °C
NMR (125 MHz, Chloroform-d, ppm) 6 147.8, 139.5, 134.6, 129.8, 128.7, 127.0, 125.2, 83.5, 24.8.

Spectroscopic data are in agreement with those previously reported.[”)

(E)-2-(3-bromostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2p) Eluent: petroleum ether/ethyl
acetate (100:1). Pale yellow oil (102.3 mg, 83% yield). 'H NMR (500 MHz, Chloroform-d, ppm): &
7.61 (s, 1H), 7.39 (t, J = 8 Hz, 2H), 7.30 (d, J = 18 Hz, 1H), 7.18 (t, J = 8 Hz, 1H), 6.16 (d, J = 18 Hz,
1H), 1.31 (s, 12H) 3C NMR (125 MHz, Chloroform-d, ppm) & 147.6, 139.6, 131.5, 130.0, 129.8,

125.5, 22.7, 83.3, 24.7. Spectroscopic data are in agreement with those previously reported.!’!

(E)-2-(2-fluorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2g) Eluent: petroleum ether/ethyl
acetate (100:1). Colourless oil (82.3 mg, 83% yield). *H NMR (500 MHz, Chloroform-d, ppm) &
7.62 - 7.54 (m, 2H), 7.26 - 7.22 (m, 1H), 7.10 (t, J = 7 Hz, 1H), 7.04 - 7.00 (m, 1H), 6.24 (d, J = 18
Hz, 1H), 1.31 (s, 12H). $3C NMR (125 MHz, Chloroform-d, ppm) & 160.8 (d, “Jc.r = 250 Hz), 141.4
(d, 2Jc-F = 4 Hz), 130.3 (d, 3Jc-r =8 Hz), 127.5 (d, *Jc.r = 4 HZ), 125.4 (d, 3Jcr = 11 Hz), 124.2 (d,
3Jc.F = 4 Hz), 115.8 (d, Yc.r = 21 Hz), 83.5, 24.8. °F NMR (470M, Chloroform-d, ppm) & 117.7 Hz.

Spectroscopic data are in agreement with those previously reported.!”!
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(E)-2-(2-chlorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2r) Eluent: petroleum ether/ethyl
acetate (100:1). Colourless oil (85.5 mg, 81% yield). *H NMR (500 MHz, Chloroform-d, ppm) &
7.79 (d, J = 18 Hz, 1H), 7.62 (m, 1H), 7.33 - 7.21 (m, 3H), 6.17 (d, J = 18 Hz, 1H), 1.31 (s, 12H).
13C NMR (125 MHz, Chloroform-d, ppm) & 145.0, 135.7, 133.9, 129.9, 129.8, 127.1, 126.9, 83.5,

24.9. Spectroscopic data are in agreement with those previously reported.”!

(E)-2-(2-bromostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2s) Eluent: petroleum ether/ethyl
acetate (100:1). Colourless oil (99.8 mg, 81 % yield). 'TH NMR (500 MHz, Chloroform-d, ppm): §
7.73 (d, J = 18 Hz, 1H), 7.60 - 7.52 (m, 2H), 7.26 - 7.11 (m, 2H,), 6.13 (d, J = 18 Hz, 1H,), 1.30 (s,
12H,). *C NMR (125 MHz, Chloroform-d, ppm) & 147.5, 137.4, 133.1, 129.9, 127.5, 127.3, 124.3,

83.5, 24.9. Spectroscopic data are in agreement with those previously reported.!!”!

(E)-4,4,5,5-tetramethyl-2-(2-(naphthalen-2-yl)vinyl)-1,3,2-dioxaborolane (2t) Eluent: petroleum
ether/ethyl acetate (100:1). Yellow solid (98.6 mg, 88% yield). *H NMR (500 MHz, Chloroform-d,
ppm) 5 7.83 - 7.78 (m, 4H), 7.70 - 7.68 (m, 1H), 7.57 (d, J = 18 Hz, 1H), 7.47 - 7.43 (m, 2H), 6.29 (d,
J = 18 Hz, 1H), 1.32 (s, 12H). C NMR (125 MHz, Chloroform-d, ppm) & 149.6, 135.1, 133.9,
133.6, 128.5, 128.4, 128.1, 127.8, 126.5, 126.4, 123.5, 83.5, 25.0. Spectroscopic data are in

agreement with those previously reported.l’”!

0
WB\
S o
3-(E)-4,4,5,5-tetramethyl-2-(2-(thiophen-2-yl)vinyl)-1,3,2-dioxaborolane (2u) Eluent: petroleum

ether/ethyl acetate (100:1). Yellow oil (60.4 mg, 64% yield). *H NMR (500 MHz, Chloroform-d,
S29



ppm) 7.47 (d, J = 18 Hz, 1H), 7.22 (m, 1H), 7.06 (m, 1H), 6.96 (m, 1H), 5.91 (d, J = 18 Hz, 1H),
1.28 (s, 12H). 13C NMR (125 MHz, Chloroform-d, ppm) & 144.0, 141.9, 127.7, 127.8, 126.3, 83.4,

24.8. Spectroscopic data are in agreement with those previously reported.[”!

o
W/B\O

(E)-2-(dec-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2v) Eluent: petroleum ether/ethyl
acetate (100:1), colourless oil (89.4 mg, 84% yield). *H NMR (500 MHz, Chloroform-d, ppm) &
6.62 (dt, J = 18 Hz, 1H), 5.41 (d, J = 18 Hz, 1H), 2.13(dd, J = 14 Hz, 2H), 1.41-1.38 (m, 2H), 1.25
(m, 22H), 0.87 (t, J = 6 Hz, 3H). Spectroscopic data are in agreement with those previously

reported.!!]

X
v Yo

(E)-2-(2-cyclopropylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2w) Eluent: petroleum
ether/ethyl acetate (100:1). Colourless oil (56.6 mg, 73% yield). 'H NMR (500 MHz, Chloroform-d,
ppm) & 6.05 (dd, J = 18 Hz, 1H), 5.46 (d, J = 18 Hz, 1H), 1.54 (m, 1H), 0.80 - 0.76 (m, 2H), 0.53 -
0.49 (m, 2H), 1.23 (s, 12H). *C NMR (125 MHz, Chloroform-d, ppm) & 158.6, 115.3 (br, C-B),

83.0, 24.9, 17.1, 8.0. Spectroscopic data are in agreement with those previously reported.®!

X
h/\/B\O

(E)-2-(3,3-dimethylbut-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2x) Eluent:
petroleum ether/ethyl acetate (100:1). Colourless oil (60.5 mg, 72% yield). "TH NMR (500 MHz,
Chloroform-d, ppm) & 6.64 (d, J= 18 Hz, 1H), 5.35 (d, J = 18 Hz, 1H), 1.28 (s, 12H), 1.02 (s, 9H).
13C NMR (125Mz, Chloroform-d, ppm) & 164.5, 112.6, 83.1, 35.1, 28.9, 24.9. Spectroscopic data are

in agreement with those previously reported.®!

/O>év
B\
:Si/\/ o)

|
(E)-trimethyl(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)silane (2y) Eluent: petroleum

ether/ethyl acetate (100:1). Colourless oil (66.9 mg, 74% yield). '"H NMR (500 MHz, Chloroform-d,
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ppm) & 7.12 (d, J = 21 Hz, 1H), 6.24 (d, J = 21 Hz, 1H,), 1.28 (s, 12H,), 0.07 (s, 9H). 3C NMR
(125Mz, Chloroform-d, ppm) & 158.1, 83.5, 25.0, -1.7. Spectroscopic data are in agreement with

those previously reported.?!

9&
B.
C|/M/ 'e)

(E)-2-(6-Chlorohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2z) Eluent: petroleum
ether/ethyl acetate (100:1). Colorless oil (87.8 mg, 90% yield). *H NMR (500 MHz, Chloroform-d,
ppm) & 6.60 (dt, J = 18 Hz, 1H), 5.45 (dt, J = 18 Hz, 1H), 3.53 (t, J = 7 Hz, 2H), 2.19 (m, 2H), 1.79
(m, 2H), 1.16-1.55 (m, 2H), 1.27 (s, 12H). 13C NMR (125 MHz, Chloroform-d, ppm) & 152.6, 83.2,

45.0, 35.0, 32.1, 25.5. 24.9. Spectroscopic data are in agreement with those previously reported.['*!

o)
/
Br\/\/B}OéT

(E)-2-(3-bromoprop-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2za) Eluent: petroleum
ether/ethyl acetate (100:1). Colourless oil (77.7 mg, 79% yield). 'H NMR (500 MHz, Chloroform-d,
ppm) 6.67 (dt, J = 18 Hz, 1H), 5.66 (d, J = 18 Hz, 1H), 3.96 (d, J = 7 Hz, 2H), 1.26 (s, 12H). 13C
NMR (125 MHz, Chloroform-d, ppm) 6 146.8, 83.7, 33.7, 24.9. Spectroscopic data are in agreement

with those previously reported.S]

(E)-2-(2-(cyclohex-1-en-1-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2zb) Eluent:
petroleum ether/ethyl acetate (100:1). Colourless oil (71.1 mg, 76 % yield). *H NMR (500 MHz,
Chloroform-d, ppm) & 7.02 (d, J = 18 Hz, 1H), 5.96 (m, 1H), 5.43 (d, J = 18 Hz, 1H), 2.16 - 2.15 (m,
4H), 1.70 - 1.56 (m, 4H), 1.28 (s, 12H). *C NMR (125 MHz, Chloroform-d, ppm) & 153.3, 137.3,
134.3, 112.0 (br, C-B), 83.1, 26.3, 24.9, 23.9, 22.5, 22.5. Spectroscopic data are in agreement with

those previously reported.%!]

=
HO

(4-ethynylphenyl)methanol (2zc-1) Eluent: petroleum ether/ethyl acetate (5:1). Colourless oil (18
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mg, 34% vield). "H NMR (500 MHz, Benzene-d, ppm) & 7.40 (d, J = 8 Hz, 2H), 6.93 (d, J = 8 Hz,
2H), 4.14 (s, 2H), 2.76 (s, 1H). 13C NMR (125 MHz, Benzene-d, ppm) 142.5, 132.4, 126.8, 121.6,
83.4,77.6, 64.4.

(E)-(4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)phenyl)methanol (2zc-2) Eluent:
petroleum ether/ethyl acetate (5:1). Colourless oil (80 mg, 77% yield). '"H NMR (500 MHz,
Chloroform-d, ppm)d 7.44 (d, J= 8 Hz, 2H), 7.37 (d, /= 18 Hz, 1H), 7.30 (d, /= 8 Hz, 2H), 6.11 (d,
J=18 Hz, 1H), 4.63 (s, 2H), 2.61 (brs, 1H), 1.30 (s, 12H). 3C NMR (125 MHz, Chloroform-d, ppm)
0 149.3, 141.9, 136.9, 127.3, 12.2, 83.5, 64.9,24.9. Spectroscopic data are in agreement with those

previously reported.['®!

1,4-Bis((E)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzene (2zd) Eluent: petroleum
ether/ethyl acetate (100:1). White solid (103.9 mg, 68% yield). '"H NMR (500 MHz, Chloroform-d,
ppM) & 7.46 (s, 4H), 7.38 (d, J = 18 Hz, 2H), 6.18 (d, J = 18 Hz, 2H), 1.31 (s, 24H); 3C NMR (125
MHz, Chloroform-d, ppm) 148.9, 138.1, 127.4, 83.4, 24.9. Spectroscopic data are in agreement with

those previously reported.'*!

7% : 9&

Q/B\/\©/\/B\o
1,3-bis((E)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzene (2ze) Eluent: petroleum
ether/ethyl acetate (100:1). White solid (96 mg, 63 % yield). 'TH NMR (500 MHz, Chloroform-d,
ppm) 6 7.58 (s, 1H), 7.44 - 7.41 (m, 3H), 7.37 (s, 1H), 7.37 - 3.39 (m, 1H), 6.18 (d, ] = 15 Hz, 2H),

1.31 (s, 24H). 3C NMR (125 MHz, Chloroform-d, ppm) & 149.2, 137.9, 128.9, 127.4, 126.1, 83.4,
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24.9. Spectroscopic data are in agreement with those previously reported.[!*]

9>{T 0.0
X

2zg-1 2zg-2
(£)-4,4,5,5-tetramethyl-2-(1-phenylprop-1-en-2-yl)-1,3,2-dioxaborolane (2zg-1) The NMR is
consistent with literature data.l’ '"H NMR data for major isomer is given below. Eluent: petroleum
ether/ethyl acetate (50:1). Colourless oil (52.7 mg, 54 % in mixture of two isomers). '"H NMR (500
MHz, Chloroform-d, ppm) 6 7.38 (d, /=7, 2H), 7.34 (m, 2H), 7.25 - 7.22 (m, 2H), 2.00 (d, J =7 Hz,
3H), 1.31 (s, 12 H).

(2)-2-(1,2-diphenylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane ~ (2zf) Eluent: petroleum
ether/ethyl acetate (100:1). White solid (31.8 mg, 26 % yield). 'H NMR (500 MHz, Chloroform-d,
ppm) & 7.37 (s, 1H), 7.27 - 7.25 (m, 2H), 7.21 - 7.20(m, 1H), 7.17 - 7.16 (m, 2H), 7.11 - 7.10 m, 3H),
7.06-7.05 (m, 2H), 130 (s, 12H). C NMR (125 MHz, Chloroform-d, ppm) & 143.3, 140.6, 137.2,
130.1, 129.0, 128.4, 128.0, 127.7, 126.4, 83.9, 24.9. Spectroscopic data are in agreement with those

previously reported.’!

4,4,5,5-tetramethyl-2-phenethyl-1,3,2-dioxaborolane (2zi) Eluent: petroleum ether. Colourless oil
(42.7 mg, 46% yield). '"H NMR (500 MHz, Chloroform-d, ppm) & 7.24 (d, J =7 Hz, 2H), 7.21 (d, J
=7 Hz, 2H), 7.14 (t, J = 7 Hz, 1H), 2.76(t, J = 8 Hz, 2H), 1.22 (s, 12H), 1.14 (t, J = 8Hz, 2H).
Spectroscopic data are in agreement with those previously reported.!”]

o
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2-phenylacetaldehyde (3-1) Eluent: petroleum ether/ethyl acetate (10:1). Yellow oil in 81% yield
(38.9 mg, 81% yield). 'TH NMR (500 MHz, Chloroform-d, ppm) & 9.69 (t, J = 20 Hz, 1H), 7.34 (t, J
=8 Hz, 2H), 7.28 (d, J = 8 MHz, 1H), 7.18 (d, J = 8 Hz, 2H), 3.64 (d, J = 2Hz, 2H). 13C NMR (125
MHz, Chloroform-d, ppm) 6 199.5, 131.9, 129.7, 129.0, 127.4, 50.5. Spectroscopic data are in

agreement with those previously reported.['®!

©/\/ BF3-K+

Potassium (E)-2-Phenylvinyltrifluoroborate (3-2) (63.8 mg, 76 % yield). 'H NMR (500 MHz,
Acetone-ds, ppm) 0 7.37 - 7.32 (m, 2H), 7.25 - 7.19 (m, 2H), 7.10 - 7.05 (m, 1H), 6.64 (d, /= 18 Hz,
1H), 6.39 - 6.29 (m, 1H). 13C NMR (125 MHz, Acetone-ds, ppm) & 141.0, 133.7, 128.1, 125.6, 125.6.

Spectroscopic data are in agreement with those previously reported.[”]
O X O

(1E,3E)-1,4-diphenylbuta-1,3-diene (3-3) Eluent: petroleum ether. White soild (45.3 mg, 55 %
yield). "TH NMR (500 MHz, Chloroform-d, ppm) & 7.42 (d, J = 8 Hz, 4H), 7.31 (d, J = 8 Hz, 4H),
7.21 (t, J = 8 Hz, 2H), 6.96 - 6.90 (m, 2H), 6.68 - 6.62 (m, 2H). 13C NMR (125 MHz, Chloroform-d,
ppm) 6 137.5, 133.0, 129.4, 128.8, 127.7, 126.5. Spectroscopic data are in agreement with those

previously reported.!”!

S

(E)-(2-iodovinyl)benzene (3-4) Eluent: petroleum ether. Yellow oil (91mg, 99% yield). 'H NMR
(500 MHz, Chloroform-d, ppm) 6 7.43 (d, J= 15 Hz, 1H), 7.34 - 7.28 (m, 5H), 6.82 (d, J = 15 Hz,
1H). BC NMR (125 MHz, Chloroform-d, ppm) & 144.9, 137.7, 128.7, 128.4, 126.0,

77.0Spectroscopic data are in agreement with those previously reported.!”!

=
XN

(E)-3-styrylpyridine (3-5) Eluent: petroleum ether/ethyl acetate (50:1). White solid (62.3 mg, 86%
yield). "TH NMR (500 MHz, Chloroform-d, ppm) & 8.76 (s, 1H), 8.52 (s, 1H), 7.83 (d, J = 8 Hz, 1H),
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7.39 (d, J= 8 Hz, 2H), 7.38 (t, J = 7 Hz, 2H), 7.31 - 7.28 (m, 2H), 7.17 (d, J= 16 Hz, 1H), 7.07 (d, J
= 16 Hz,1H). 3C NMR (125 MHz, Chloroform-d, ppm) & 148.6, 136.9, 133.2, 132.8, 131.0, 128.9,

128.4,126.8, 125.0, 123.7. Spectroscopic data are in agreement with those previously reported.[!”!

©/\/O\/

(E)-(2-ethoxyvinyl)benzene (3-6) Eluent: petroleum ether. Yellow oil (43.2 mg, 73 % yield). 'H
NMR (500 MHz, Chloroform-d, ppm) 6 7.24 - 7.20 (m, 4H), 7.13 - 7.09 (m, 1H), 6.97 (d, /= 13 Hz,
1H), 5.83 (d, J = 13 Hz, 1H), 3.84 (q, J = 7 Hz, 2H), 1.32 (t, J = 7 Hz, 3H). 3C NMR (125 MHz,
Chloroform-d, ppm) & 148.0, 136.7, 128.7, 125.7, 125.2, 106.1, 65.6, 14.9. Spectroscopic data are in
agreement with those previously reported.[”!

8. References

[1] D. C. Bradley, J. S. Ghotra and F. A. Hart, J. Chem. Soc. Dalton Trans., 1973, 1021-1023.

[2] S. Roy, S. K. Das and B. Chattopadhyay, Angew. Chem. Int. Ed., 2018, 57, 2238-2243.
[3] W. Jang, W. L. Lee, J. H. Moon, J. Y. Lee and J. Yun, Org. Lett., 2016, 18, 1390-1393.

[4] M. E. Viguri, S. E. Neale, N. T. Coles, S. A. Macgregor and R. L. Webster, J. Am. Chem. Soc., 2019, 141,

572-582.

[5] (@) P. Ye, Y. Shao, X. Ye, F. Zhang, R. Li, J. Sun, B. Xu and J. Chen, Org. Lett., 2020, 22, 1306-1310; (b) R. K.
Dhungana, B. Shrestha, S. Thapa, N. Khanal, P. Basnet, R. W. Lebrun and R. Giri, J. Am. Chem. Soc., 2018, 140,

9801-9805; (c) C. B. Hoyt, M. L. Sarazen and C. W. Jones, J. Catal., 2019, 369, 493-500.

[6] S. Mandal, P. K. Vermaa and K. Geetharani, Chem. Commun., 2018, 54, 13690-13693.

[7] X. Shi, S. Li and L. Wu, Angew. Chem., Int. Ed., 2019, 58, 16167-16171.

[8] A. Bismuto, S. P. Thomas and M. J. Cowley, Angew. Chem., Int. Ed., 2016, 55, 15356-15359.

[9] K. Nakajim, T, Kato and Y. Nishibayashi, Org. Lett., 2017, 19, 4323-4326.

[10] W. Lu and Z. Shen, Org. Lett., 2019, 21, 142-146.

[11] R. Mamidala, V. K. Pandey and A. Rit, Chem. Commun., 2019, 55, 989-992.

[12] M. Fleige, J. Mobus, T. Stein, F. Gloriusa and D. W. Stephan, Chem. Commun., 2016, 52, 10830-10833.
[13] S. Bera and X. Hu, Angew. Chem.; Int. Ed., 2019, 58, 13854-13859.

[14] H. E. Ho, N. Asao, Y. Yamamoto and T. Jin, Org. Lett., 2014, 16, 4670-4673.

S35



[15] J. Altarejos, D. Sucunza, J. J. Vaquero and J. Carreras, Eur. J. Org. Chem., 2020, 3024-3029.
[16] T. C. Stephens and G. Pattison, Org. Lett., 2017, 19, 3498-3501.

[17] E. Alacid and C. Na'jera, J. Org. Chem., 2008, 73, 2315-2322.

[18] Q. Feng, K. Yanga and Q. Song, |Chem. Commun., 2015, 51, 15394-1539.

[19] R. Cano, D. J. Ramon and M. Yus, J. Org. Chem., 2010, 75, 3458-3460.

S36



9. Copies of *H and *C NMR spectra

freemronznea z= - s
STTRERESE8ER =3 = =
o b e e s = <
. v/
|
)
o
y
[ 2] P
7
B
@/\/ o
ok ]
. I )
e T il
— o =) =
-gs g :
5= : i
P z =
0 8.5 8.0 7.8 7.0 6.5 6.0 5.5 8.0 4.5 4.0 3.8 3.0 25 20 1.5 1.0 0.5 0.0 -0
f1 (ppm)
1
H NMR spectrum of 2a (Chloroform-d)
w oo =N
w2 - Do o0 0 D = —
= =] o3 o 0 ol ol i ie) =
— -_ ——— 8 b b b a
[ Y
i
B.
©/\\/ \O
|
]
1
r T T T T T T T T T T T T T T T T T T T 1
0 180 170 1680 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10 ] -1
£1 (ppm)

3C NMR spectrum of 2a (Chloroform-d)

S37



—230.29

T T T T T T T T T T T T T T
80 70 60 50 40 30 20 10 0 -10 —20 —-30 -40 -50
£1 (ppm)

1B NMR spectrum of 2a (Chloroform-d)

S38



a00 "0-—

P

98 | —

L0% B —

580 "9~ y\&o
12197 - /

660 "4
91l .FV
15874
[ FW B
00b "4

=ak 21

e

‘liw 81°E

==F 00T

4.0

4.5

25

3.0

3.5
£1 (pom)

5.0

"H NMR spectrum of 2b (Chloroform-d)

16 1e—
18—

169
91744
1b L
72 58

202217,
0g 6217
28 FRl—~
68 "HE I~

asg 6kl —

a0
£1 (ppm)

100

110

120

130

140

150

160

170

180

0

13C NMR spectrum of 2b (Chloroform-d)

S39



ann -

61"

869 "
F19°
629 "
&N

822"
wae "

U
9

)
oy
¥
s
)

ILK S{VN

=00 21

= = 007¢

= 00’7l

‘

—— 0077

- = 00°%

4.0

4.5

25

3.0

3.5

5.0

£1 (ppm)

"H NMR spectrum of 2¢ (Chloroform-d)

L8 FE—
§L8g—

1694
9144
b i
62 78~

LTI
a1

Flgel—

4
&

t Gkl —
i1

=

a0
£1 (ppm)

100

110

120

130

140

150

160

170

180

0

"H NMR spectrum of 2¢ (Chloroform-d)

sS40



13C NMR spectrum of 2d (Chloroform-d)

S41

I 0 e
5
=="""0
‘ :
1.35 1.27
‘L I PR W
i T T
=1 = =
o — o .
od o — =]
T T T T T T T T T T T T T T T T T T T 1
5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
£1 (ppm)
1
H NMR spectrum of 2d (Chloroform-d)
—— oy T
=5 2 =8 P e
i < & nEe =
£2 Z &8 gEEE 55
[ Y VR W
o]}
|
B
S"""0
|
1
|
l | 1 L he
0 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 ) -1
f1 (ppm)



30,19

T T T T T T T T T T T T
50 40 30 20 10 0 -10 -20 30 -40 -50 60
£1 (ppm)

"B NMR spectrum of 2d (Chloroform-d)

542



00 "0—

L e e e L Sy A = T}

e

1021

S
oo oy
™
[ar]

T T T T T T T
50 4.5 40 3.5 2.5

55

6.0

3.0

£1 (ppm)

"H NMR spectrum of 2e (Chloroform-d)

06 "Fo—

1679,
914
0L
b 58"

an "Lzl
&t Lal
85421

08°421
g8 "8zl
95 "9el~
69 "0k~
ER N b

01 6kl—

a0
£1 (ppm)

100

110

120

130

140

150

160

170

180

0

13C NMR spectrum of 2e (Chloroform-d)

543



6. 665
6. 647

ool o =
eg=1 © S
= = =
[Taflsl ol —_
/ | |
|
[
|
/
7
B

0. 000

13C NMR spectrum of 2f (Chloroform-d)

S44

[ T T i
o
= — oy = =
oo (=] (=]
P - . ]
o~y — ™ — —
T T T T T T T T T T T T T T T T T
0 8.5 8.0 7.5 .o 6.5 6.0 5.5 50 45 4.0 3.5 3. 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum of 2f (Chloroform-d)
- _w .
58 =8 = R = -
= ; zzex 2 2
. o = = :
w = &1 ™ — o b= b=t = =
—_—— —_—— —_— 00 B B B~ T o
Y; 17 [ Y
O
|
B.
O/\/ A
\T
|
]
1
I‘ .
J
0 120 170 160 150 140 130 120 10 100 90 20 70 60 50 40 30 20 10 -1
f1 (ppm)



[ap R Tal lnje ol o ol =] w
TNEm O Do I =
T ool 0600 = = =]
A = =1 S o3 —
YRS ¥ r [
\'
[
I [ ‘
I/ - / |

3.00 =

0. 000

T T T T T T
5.0 4.5 4.0 3.5 3.0 25 2.0
£1 (ppm)

2L 00 9=

,a
=1 12. 02—J‘—
"

=)
o
o

"H NMR spectrum of 2g (Chloroform-d)

= © o w
= S o = o=t = = =
. . —_—=_x = =
= = =1 = R . .
w = o — o b= b=t w =
= = == = 56 Jes N
| VY N
g
B
/Q/‘\\/ -
c‘)
|
|
|
|
|
|
J i .
r T T T T T T T T T T T T T T T T T
0 120 170 160 150 140 130 120 10 100 90 20 70 60 50 40 30 20
f1 (ppm)

13C NMR spectrum of 2g (Chloroform-d)

S45



4. T05
4. 675

114

g
1
2
2
0.99

T T T T T T T T T T T T T
8.0 7.5 7.0 8.5 6.0 55 5.0 4.5 4.0 3.5
f1 (pom)

@
o
M
o
ra
=1

"H NMR spectrum of 2h (Benzene-d)

—157. 01
—150. 39
—129. 60

83. 50

—24. 88

T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 g0
£1 (ppm)

13C NMR spectrum of 2h (Benzene-d)

S46

150000

140000

130000

120000

F110000

100000

90000

50000

FT0000

60000

50000

20000

10000

FE U

20000

19000

18000

F17000

16000

15000

14000

13000

12000

~11000

F10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

-0

F-1000




a00 "0-—

G0%1——

4§80
260

2004
! ;_.W
L
POE LA
>
bl
apl
bt
091"
191
1

610
LE0

1%

O~
s

B b b b b b

=50 21

[

T
4.0

£1 (ppm)

4.5

= 01|
:.l_w ¥0gr

= 001
= 20 ZF

25

3.0

3.5

5.0

"H NMR spectrum of 2j (Chloroform-d)

o6 ke —

1694
g1 LL
1k LL
16 88—

08821
98 .mm_v

62 "8k 1—

G2 291~
9z "l

a0
£1 (ppm)

100

110

120

130

140

150

160

170

180

0

13C NMR spectrum of 2j (Chloroform-d)

S47



a0, 21

T T T T T T T T T T

T T T T T
60 50 40 30 20 10 0 -10 -20 30 -40 -50 60 -70 -80

90 80 70 -
"B NMR spectrum of 2j (Chloroform-d)
g
n
I
1
e}
b
o~
.
E‘U 4’0 3'0 2‘0 I‘U !’, —‘lU —éU —‘30 —;IU —éU —éU —%U —éU —éU —I‘UU —l‘lU —erU —IISU —II'JU —1‘50 —erU —1‘7‘0 —IIBU

£1 (ppm)

F NMR spectrum of 2j (Chloroform-d)

548

2600

2400

2200

2000

1800

1600

1400

1200

1000

=200




cown—x <o —
ESECR == =
T NN —— o3
R e =
iy e N4 ‘

‘

|

=0. 000

o o — T R
™
=20 = =
oo o -
[ R — —
T T T T T T T T T T T T T T T T 1
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0
f1 (ppm)
1
H NMR spectrum of 2k (Chloroform-d)
w oo
-— ST =
=5 £
oo WO osr 00 oo .
= TN N =
= 2288 =t
VAR
(o]}
5
Q/\/ -
Cl
1
|
il
I ,
0 120 170 160 150 140 130 120 10 100 20 70 60 50 40 30 20 10 o -1

a0
£1 (ppm)

13C NMR spectrum of 2k (Chloroform-d)

549



_~B. 167
B 130

—1.307
0. 000

1
‘ I
YR i
oW =
oo =
oded —
T T T T T T T T T T T T T T
a.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 2.5

£1 (ppm)

"H NMR spectrum of 21 (Chloroform-d)

oy uw oW
. AP R =
e oS = cf od LT .
= === [ &
STTS VR
o)
5
/E:ij/ﬂﬁw/.\o
Br
i
| LJ
T T T T T T T T T T T T T T T
0 120 170 160 150 140 130 120 10 100 90 20 70 60 50
£1 (ppm)

13C NMR spectrum of 21 (Chloroform-d)

S50



a00 "0-—

ae

ara O~
642797

£HE A
0zt .k_.%u
085 "4
LLS7A

484 ;_.W
2094

w

=760 Tl

4.0

4.5

== 001

No
= —

o
o =

25

3.0

3.5
£1 (pom)

5.0

"H NMR spectrum of 2m (Chloroform-d)

V6 ke —

1694
Gl °LL
1k L
4L 68—

a1 'tzl
99 "571
69 521
a4 Gal
54521
0% "AZ1~

72 0%
G "0el
547081

107151
L6 Ok —

18 "Ak1—

100

%0
£1 (ppm)

180 17 160 150 140 130 120 110

n

13C NMR spectrum of 2m (Chloroform-d)

S51



~BZ. 65

0
|
B
S0
F
E
T T T T T T T T T T T T T T T T T T T T T T T
50 40 30 20 10 -0 -20 -30 -40 -50 -80 -0 -80 -80 -100 -110 -120 -130 -140 -150 -160 -170 -180

f1 (pom)

F NMR spectrum of 2m (Chloroform-d)

S52

16000

15000

F14000

13000

~12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

o

1000

F=2000




13C NMR spectrum of 2n (Chloroform-d)

S53

el ol et = e R e ] oy o9 = = 8
SEESES88E 29 5 £ g
[ e e R -3} od - T
S ¥ [
,
|
I/ “
ey s J |
i
B
="""o
i I JL
b T f il
N — = o3 tO—
oo o o (= .
i — o5 =
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 25 2.0 .5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum of 2n (Chloroform-d)
-
= S oo
= R g2
= od - b tg = —
= gEEE g5
[ N [
)
B
="""o
b
I
]
1
|
I
0 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 )
f1 (ppm)



crosoooss o = g
5523522585 52 z g
oSS S T oo oo ~ =
e e el o e 3% - T
R v/ |
\
" |
i / /
P
B
S0
Cl
IM, |
AL‘ u LK;
PaL T — L
o
=209 = =
oo o (=] B
P - ]
—N — —
T T T T T T T T T T T T T T T T T T 1
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 1.5 1.0 0.5 0.0 -0
f1 (ppm)
1
H NMR spectrum of 20 (Chloroform-d)
o o O T ke o
g2 2IVI5s oo <
S SEEESS gz2x E
ol = B = R iy T e .
= s kS RS | o8 b b i =
= ZE355S BEEE 5
I TNESNT [
7
B
S0
cl
|
|
I ]
| |
1
il )I .
———
0 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 ) -1
f1 (ppm)

13C NMR spectrum of 20 (Chloroform-d)

S54



- =00 = O SO0 = —
CoEL D ZEx e == =
e e legte) -
e = Ne |
I
[ ‘
rl/ s < /

O

|

B

="""0

—0. 000

T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 Lo
£1 (ppm)
1
H NMR spectrum of 2p (Chloroform-d)
= N
w [T=1 SO U _—— O =
. B ESEEs =seg =
P =-% :
£ 2 zE23E8s BEEE 5
N % Y
i
B
S="""0
Br
1 1
]
|
]
T T P ————r
0 120 170 160 150 140 130 120 10 100 90 20 70 60 50 40 30 20
f1 (ppm)

13C NMR spectrum of 2p (Chloroform-d)

S55



a00 "0-—

LU R

H18 "
492

e p

i

011
L0°T
6501
£0a

T
4.0

£1 (ppm)

4.5

25

3.0

3.5

5.0

"H NMR spectrum of 2q (Chloroform-d)

0L°1e
18 ‘vmv.

1694
Gl °LL
1k L
05 28—

8651~
qL 7191

100

%0
£1 (ppm)

180 17 160 150 140 130 120 110

n

3C NMR spectrum of 2q (Chloroform-d)

S56



~117. 67

-10

T T T T T T T T T T T T T T T T
-20 -3 -4 -50 -60 -70 -BO -90 -100 -110 -120 -130 -140 -150 -160 -170 -1B0O
f1 (pom)

F NMR spectrum of 2q (Chloroform-d)

S57

50000

45000

40000

35000

25000

20000

15000

10000

F3000




PN
f
o

ok b= =
&x 2 g
=Lt} - =1
\/ I

; |

7o /

M
ik U T T -
o~ = ™ =
o — (=]
[~ 3 —
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 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum of 2r (Chloroform-d)
2 P -
> Z32% 2
g i ] =
= gEES =t
| [
I
O
;
C(\\/ ~a
cl
1
1
1
I
0 180 170 160 150 140 130 120 110 100 a0 80 0 60 a0 40 30 20 10

f1 (ppm)

13C NMR spectrum of 2r (Chloroform-d)

S58



O3 010 G0 w= = DL _— o =
Tooommol o wno = =
SEREEEES =S E g
e WS - [=
SR ¥ [ [
s Jr) r |
O
5
m ~0
Br
1 1 1
: B Y | WU
T T T
= 0 o3 o3 %
oo [ o B
— ™ ] — —
T T T T T T T T T T T T T T T T T
20 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 .
f1 (ppm)
1
H NMR spectrum of 2s (Chloroform-d)
2 oo o
_ gzex 2
© ===
- oF b= b= tD =
= HEEE 3
[ i
o]
;
(j\’A\/ ™0
Br
]
]
1 1
1
|
I J{
———— ; ———— — ———— ; —
0 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30
f1 (ppm)

13C NMR spectrum of 2s (Chloroform-d)

S59



00 "0—

Fan 11—

LT O~
019"
82l
38
LbF
S50
491"
b
685 "
ity
489
104"

LLLT
g8L "
FhL "
208"
1"
128"
fed

L e i e e e R A e N L

e P

=00 21
JJ

=== 0071

1
M
.
2883
= i

2.5

T

3.0

3.5

T T
4.5 40
£1 (pom)

50

55

6.0

"H NMR spectrum of 2t (Chloroform-d)

96 "Fe—

1694
g1 4L
1P L
16 88—

20 10

30

T T T T T T T T T
170 160 150 140 130 120 110 100 90
£1 (ppm)

T
180

0

3C NMR spectrum of 2t (Chloroform-d)

S60



—_
o o
g

N

— —1.284

—=0. 000

13C NMR spectrum of 2u (Chloroform-d)

S61

LAl T X
= o oYW = =
e — —
T T T T T T T T T T T T T T T T T T T 1
L0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)
1
H NMR spectrum of 2u (Chloroform-d)
= E=
=53 S -
> zsex 2
e T=5
o NN el el = =
SES BEEE S
e N
O
/
B
N/
| o
1
|
|
|
J o - sl
——— T ——————
30 120 170 160 150 140 130 120 110 100 a0 20 70 60 50 40 30 20 10 1] -1
f1 (ppm)



H48E
el 'Y

GHG

419"
08g "
Eleh
289"

09z "

087

1.23

125
£1 (ppm)

1 (ppm)

142 1.40

1.44

= 0T

=007

4.0

T
£1 (ppm)

4.5

T

5.0

"H NMR spectrum of 2v (Chloroform-d)

S62



06
P04
014
G157
925
ggL
0LL
G8L
064
ans
628"
151
ask
[
etsl o
£6k "
€05 "
G167
bas”

geg "

N
S]]
910"
GE0
090"
£80

082"

!IJT cla
ulnww el a

=05 7]
w1071
!

===0071

=E 001

3.8

4.0

T
f1 (ppm)

4.4

5.0

"H NMR spectrum of 2w (Chloroform-d)

86 °4—

orar—

S8 '8

1604
91 L
I
00 "£8"

62 51—

9 HEl—

B-.._O

T T T T T T T T
160 150 140 130 120 110 100 90
£1 (ppm)

T
170

T
180

30

3C NMR spectrum of 2w (Chloroform-d)

S63



- mo oo o
ool o = o =
=33 = =1 S
[tegte) wd - - [=]
N N [

I
T i ot
=

[ — & <

(=2 o . O

o — — v

T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 8.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0
£1 (ppm)
1
H NMR spectrum of 2x (Chloroform-d)

2 g cooo s ==
. . 2z2x s 55

= oa e e e a
z = FEES ERE -
[ [ Y P

O
5
>(\/ ~o
]
1
|
A | ( D,J |
30 120 170 160 150 140 130 120 110 100 20 70 60 50 40 30 20

a0
£1 (ppm)

13C NMR spectrum of 2x (Chloroform-d)

S64



=Rl=1] D oo =
- (== = =
[ r= Rt - =1
S N | [
|
/ |
(o]
!
\S\/\\\‘/ ~0
7 |
| i L/\
# #
i I i A i »J
T T 1 t
= = = =
r T 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
.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 8.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2
f1 (ppm)
1
H NMR spectrum of 2y (Chloroform-d)
S . = -
. E =
P : : -
uw o = —
— [ =} o] i
|
(e}
.
\Si/\/ ~0
-
1
]
]
MWWWWWW
30 180 170 160 150 140 130 120 110 100 80 70 60 80 40 30 20 10 0 -1

a0
£1 (ppm)

13C NMR spectrum of 2y (Chloroform-d)

S65



00 "0—

§15°
825
abs

B\‘O

S

Cl

Lemo 71
i L1E
J_m 617

== 077

== 001

== 107

T
4.0

£1 (ppm)

4.5

25

3.0

5.0

"H NMR spectrum of 2z (Chloroform-d)

L88
g15
660
056

406
g1
¥l
a8l

695 7

B~
o
78—
pE—

al
m
m
o

S

B-
o

S

cl

I

13C NMR spectrum of 2z (Chloroform-d)

a0
£1 (ppm)

100

S66

180 170 160 150 140 130 120 110

0



= Ll e i M= [To ko | el
i= ooy oc = = w
g 225838 EF 5
[t RieR e RteRto X e} g —
|l Y. |
f
v 4 !
O
!
Bf\/\/ ~o
1
B e l o N | G
T T T i
w
= — L ™
[ (=) — .
. . ]
Z = o o
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 25 2.0 1.5
f1 (ppm)
1
H NMR spectrum of 2za (Chloroform-d)
B =D — = =
= 525 £ 8
= g E.
S HEEE EA
[ [ P
1
[0}
6 :
T.
\/\/ \'O
]
|
1
.
0 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 -1
f1 (ppm)

13C NMR spectrum of 2za (Chloroform-d)

S67



000 "0—

i85
866 1
£09 1
199714

Skl 2
A41 .mv

0F Y~
apb 5"

96 g

100 "4~
L0 L

= 6670

= 1071

= L60

4.0

4.5

£1 (ppm)

5.0

"H NMR spectrum of 2zb (Chloroform-d)

el
=iyt
L8 .vN.\uﬁw
L2798

16794
G1°LL
1P L

[
9z L8l —

o]

a0
£1 (ppm)

100

110

120

130

140

150

160

170

180

0

3C NMR spectrum of 2zb (Chloroform-d)

S68



F210000

200000

—4, 142
2. 756
212

190000

‘ | 180000
‘ 170000

/ 160000

| 150000
1140000
HO F130000
F120000
F110000
100000
F-90000
180000
70000
160000

30000

|
1 |
40000
30000
F20000
10000
|
L . s B Lo
T
(=
=}
i

-
u
= = (-10000
=

2. ()3

2. 00,

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 8.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 Lo 0.5 0.0
1 (ppm)

"H NMR spectrum of 2zc-1 (Benzene-d)

19000

F18000

—142. 63
28
—B3. 96
—77.62

64. 43

17000

16000

13000

14000

\

13000
HO 12000
11000
10000
9000
2000
FT000
6000
o000
4000
3000

2000

! '| k1000

-0

-1000

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 o 60 a0 40 30 20 10 0 -10
f1 (ppm)

13C NMR spectrum of 2zc-1 (Benzene-d)

S69



@@
=z

E-2r=}

N

—4. 63

—2.61

¥
7
102 ==

2.00 =

0. 00

280000

260000

240000

220000

200000

180000

160000

140000

120000

100000

20000

60000

40000

20000

20000

9.5

9.0

149, 25

T T T T T T T T T T T T
.0 55 5.0 4.5 4.0 3.5 3.0
f1 (pom)

‘4
i
- 12.11-1%—

-3
o
=)
=)
-1
o
=)
-3
o
o

"H NMR spectrum of 2z¢-2 (Chloroform-d)

127. 30
127. 20

—141. 87
—126. 90
—B2. 48

741

<

{?7 16
76.91

—64. 88
24. 85

HO

26000

F26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

2000

T
150

T T T T T T T T T T T T T
140 130 120 110 100 20 20 70 60 50 40 30 20
£1 (ppm)

13C NMR spectrum of 2zc-2 (Chloroform-d)

S70



3C NMR spectrum of 2zd (Chloroform-d)

S71

[ayiiefar} w aOs -~ =
asa 52 = g
o Lot} - [=]
Sl N I
.
O
/ / | !
B.
A/O/V \o
O\EI \\
1l I
IL “ JLL_
F) T T
x
— (=] =
oo [ .
B =
=3 [ ™
T T T T T T T T T T T T T T T T T T 1
[} 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 1.5 1.0 0.5 0.0 -0
f1 (ppm)
1
H NMR spectrum of 2zd (Chloroform-d)
- e w
= 5 3 JEp— -
; gzez =
N S=E :
- =0 o o8 b b i =
S HEEE 3
[ 1
O
5
/\/O/\\/ \O
0. R
B
|
o
I
|
0 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 ) -1
f1 (ppm)



~0. 00

EIFmE=s == =
g Y 1
R f
O/B\,/AQ/\/B\O
| I AJHL J
A ' -1
oy e = = o0 g
T T T Oc’i'_‘v_ll T = T T T T T T T T T T =
9.0 8.5 8.0 7.5 7.0 6.5 8.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
£1 (ppm)
"H NMR spectrum of 2ze (Chloroform-d)
= & =238 z23 2
£ B &35 £EE 5
NP i i

T T T T T

T T T T T T T T T
E 180 170 160 150 140 130 120 110 100 %0 & 70 60 50
£1 (ppm)

13C NMR spectrum of 2ze (Chloroform-d)

572



Pl =R e Rl = o
C-oT=SEn=So BT
EFaoaaa=_m=S==2E2

—1. 304

0. 000

I

5 9.0 8.5 8.0 7.5 7.0 6.5 8.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0 -0.5 -1.0 -1
£1 (ppm)
1
H NMR spectrum of 2zf (Chloroform-d)
A =
Bzes 2
o - b-eS =
PSR ]
[
1
I !
[
! , |
30 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10 0 -1
£1 (ppm)

13C NMR spectrum of 2zf (Chloroform-d)

S73



mve —i E]
SEE =& =S
o b o3 .
- - 7
b N
|
i ,
il I I
Nl
i
6,0 9
+ = BHO
=
1:18
1
.li_J“L - VR
L )
— U WD - (= g(ﬂ
ot oo Ao o3 —
T T T T T T T T T T T T T T T T 1
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 1.5 1.0 0.5 0.0 -0
f1 (ppm)

"H NMR spectrum of 2zg (Chloroform-d)

S74



OO =0 00T o = = - U b == g
[T e =N Talhs s | o fi=} W — s 0 S
1IN — —— =1 = = o= —— S
MERR R & o o . 7 Looooo
50000
n | f 70000
I [ i
Il | /
i I |
? 60000
B
o
50000
40000
R 30000
1, 3, 5-trimethoxvbenzene
| 20000
10000
|
] .
i i_,JvJ“L Lo
A T A
oo — B
SSS = S
. . o3
oj 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 1
9.5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 40 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5 . .

f1 (pom)

"H NMR spectrum of 2zi (Chloroform-d)

S75



9. 696
9. 691
9. 687

8

——0. 000

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

T T T T T T T T
.0 125 120 1.5 1.0 105 10.0 85 9.0 85 &80 7.8

— - — b _._,.JL,-»-_AAL_- — 1
if e i
= o3 o =
o0 fexiemigar] =
S —_— i
T
7

£1 (ppm)

"H NMR spectrum of 3-1 (Chloroform-d)

o L0 = 0]

= oo o _— =
. e e =y wy
2 SEES e =
— —— - b b [re
| N -

T T T T 1
0 65 60 &5 &0 45 40 35 3.0 25 20 L5 LO 05 00 -0.5 -1

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10
£1 (ppm)

BC NMR spectrum of 3-1 (Chloroform-d)

S76



6. 297

—-0. 000

O N G
oo == = o
= oo = =
P J S S
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 B.5 8.0 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 Lo 0.5 0.0
£1 (ppm)
1
H NMR spectrum of 3-2 (Acetone-ds)
-
£
=]
=3 o
=
IRV
©/%/BF37K+
1
]
i L
210 200 190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10 4} -10
£1 (ppm)

13C NMR spectrum of 3-2 (Acetone-dp)

S77



—0. 000

WO -0 oo s O U I Rl
o e e A KteRYsRleRle Rl Rl e RTe Rie o]
e e W R
B
I {
I
N
llJl l ]
O T TRy .
1
]
1
1 I
_J L A
e e
Rt A
oo o
= = eded
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 0.5 0.0
f1 (ppm)
1
H NMR spectrum of 3-3 (Chloroform-d)
o
23
]
EEE
)
O S Ry !
|
]
|
1
0 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 -1
f1 (ppm)

13C NMR spectrum of 3-3 (Chloroform-d)

S78



0. 000

a0
£1 (ppm)

BC NMR spectrum of 3-4 (Chloroform-d)

S79

F T

— O3 =

=9 =

—u3 —

T T T T T T T T T T T T T T T T T T T T
20 9.5 8.0 8.5 8.0 7.5 7.0 8.5 8.0 5.5 50 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum of 3-4 (Chloroform-d)

8w meo
2 B ess een
¥ & Lud e
= = oz tEER

T e L

|
‘ | ©/\/
I
I
A 1
0 180 170 160 150 140 130 120 110 100 80 0 60 a0 40 30 20 10 -1



—=0. 000

=
&
e
o
I

o
- = jap v sla e e ile )]
oy o O—MN—NO
= —ededed

T
.00 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 8.5 6.0 55 5.0
£1 (ppm)

"H NMR spectrum of 3-5 (Chloroform-d)

2 ——
. -—
of .
= b
- B
I ~
“ |
\\ \\ N
1
1
(
1
1 |
1
|
|
. | - .
r T T T T T T T T T T T T T T T T T T T T T 1
Lo 200 190 180 170 160 150 140 130 120 110 100 90 20 70 60 50 40 30 20 10 0 -1

£1 (ppm)

13C NMR spectrum of 3-5 (Chloroform-d)

S80



o= oY e o
S N Oy 60 WO <
oo 00 oo oo 00
v Aoicdod
W A
|
|
I |
|
|
| 1] [ | |
[y I |

4, 12\IL
L a==———

.
1
|
l 1) |
- L a
T L
[ o
= —
T
1.5

=0. 000

oo
[
[=X=
—
T T T T T T T T T T T T T T
o 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
£1 (ppm)

"H NMR spectrum of 3-6 (Chloroform-d)

- 2 ows o
= = gze 5 —em =
- BE . 25 3
2 & Ees c : :
= o [ Ko ] (=1 b= =0 u
£ 5 &85 £ SIS
N P

1l | 1

—14.94

T T T T T T T T T
0 180 170 160 150 140 130 120 110 100 a0 80 70 60 a0 40 30
£1 (ppm)

13C NMR spectrum of 3-6 (Chloroform-d)

S81



