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1. General information

All reactions were carried out under N, atmosphere except noted. All experiments
were carried out using standard Schlenk techniques under dry nitrogen. Solvents were
purified and dried according to conventional methods prior to use. All reagents were
purchased from commercial suppliers and need to be purified by adding molecular
sieves or were prepared according to literature procedures. Purification of reaction
products was carried out by flash column chromatography on silica gel (300-400 mesh).
Chemical yields refer to pure isolated substances. NMR tube reactions were performed
in resealable NMR tubes (J. Young). 'H and '*C NMR spectra in C¢Dg were obtained
using a Bruker DPX-600 or Bruker DPX-500 spectrometer. All coupling constants (J
values) were reported in Hertz (Hz). All chemical shifts were quoted in ppm and 6.72

ppm for mesitylene as an internal standard.
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List of abbreviation

Entry Chemical name Abbreviation
1 Deuterated benzene CeDg
2 1,2-Dichloroethane CICH,CH,Cl1
3 Trichloromethane CHCl;
4 Acetonitrile CH;CN
5 Tetrahydrofuran THF
6 1,2-Dimethoxyethane DME
7 Dichloromethane CH,Cl,

2. 'HNMR details

We used the Grotjahn method [ to calculate the yield of olefin product and the
amount of remaining materials. In each case, the signal integration value of the internal
standard mesitylene (6.72 ppm) was set to 1.00 integration units. The 'H resonance of
the H atom in the double bond was used to determine the conversion and yield of the
internal olefin (see below).

Table S1. Conversion and yield calculated by Grotjahn method (0.29 mmol 1-octene)

N
B(C¢Fs); (10%) Z” "nCsHy E-2a other internal

nCSH“ > + +
CeDg, 120°C, 12h = alkenes
1a (0.29 mmol) h nCsHy; Z-2a

\/\/\/H\ 0.63 0.07
5.745-5.826 ppm

MH 1.33 0.04

H  4.975-5.057 ppm

Units per proton ¢ 0.653 0.036

% starting material remaining ® 100 5.5
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H H 0 1.26
/\/\)\rﬁ \/\)\ﬁﬂ\
H H

H
W\/
H 5.373-5.523 ppm
Units per proton ¢ 0 0.63
% yield of total internal alkenes © 0 96.4

 Calculated by taking the average of integrations of the specified resonances.

b Calculated by dividing the unit protons of the starting material after 12 hours by the
unit protons of 0 hours. For example, in this case, the percentage of starting material
remaining after 12 hours: 0.036/0.653 = 5.5%. ¢ Calculated by dividing the number of
unit protons in the olefin double bond after 12 hours by the number of unit protons in
the starting material after 0 hours. For example, in this case, the yield percentage of 2-
olefin after 12 hours: 0.63/0.653 = 96.4%.

The yields of (E)-2-alkene, (Z£)-2-alkene, and other alkenes were determined by
assigning the '"H NMR signal of the CH; group (see below for an example of 1-octene
isomerization). The triplet characteristic peak of the CH; group of (E)-3-alkene is
sometimes partially overlapped by other signals. For example, as shown by the
isomerization of 1-octene in the figure, the left peak of this triplet state overlaps with
the impurity signal (the impurity remains intact throughout the isomerization process).
In this case, the resolved peak of the triplet state was used to calculate the yield. Note
that in most cases, other olefins refer primarily to (£)-3-alkenes, as the number of (Z)-
3-alkenes and higher homologues is too small to allow a definitive determination.
Calculation of (E)-2-octene, E/Z ratio and (E)-3-octene:

(E)-2-octene =96.4%x0.56/ (0.56+0.19+0.04) =68.3%
(E)-2-octene:(£)-2-octene =0.56:0.19=2.95:1
(E)-3-octene =96.4%x0.04/ (0.56+0.19+0.04) =4.9%
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Figure S1: 'TH NMR spectrum of specific CH; group for 12 hours

3. General Experimental Procedures and Characterization Data for

Starting Materials

Preparation of catalyst

Bis(pentafluorophenyl)borane [HB(CgFs),] [!: To a Schlenk flask of B(CgF5); (7.68
g, 15.00 mmol) in toluene (75 mL), Et;SiH (1.74 g, 15.00 mmol) was added. The flask
was sealed, then heated to 80 °C and stirred for 3 days. The flask was cooled to room
temperature, resulting in a precipitate, which was vacuum filtered and washed with cold
toluene and pentanes to yield the target product as a white crystalline powder (3.11 g,
59.9 %). '"H NMR (500 MHz, CDCls) 6 2.18 (s, B-H). '°F NMR (471 MHz, CDCl3) &
-132.27 (d, J = 14.4 Hz, 2F), -147.21 (t, J = 20.2 Hz, 1F), -158.89 (td, /= 7.6, 20.9 Hz,
2F).

(CsFs)H,B-SMe, BB1: An excess of H3B-SMe, (2.40 mL,25.3 mmol) was added to a
solution of (C¢F5);B-OEt, (4.36 g, 7.4mmol) in toluene (60 mL). The solution was
heated to 80 °C for 2 h before an aliquot was checked by '°F and "B NMR to ensure
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the reaction had gone to completion. The volatiles were removed under reduced
pressure to yield a colorless solid. Colorless crystals were obtained by recrystallization
at -25 °C in dichloromethane-light petroleum solution. The product was obtained by
filtration (3.95g, 73%). '"H NMR (500 MHz, C¢Dg): 6 2.84 (2H, m, BH;), 1.20 (6H, s,
CH3).3C NMR (126 MHz, C¢Dg): 8 22.2 (CH3). ''B NMR (160 MHz, C¢Dg): & -17.2
(1B, t, Jgg=105 Hz).!"F NMR (471 MHz, C¢Dg): 6 -130.4 (2F, d, Jge= 17 Hz), -157.6
(1F, t, Jgg = 20 Hz), -163.8 (2F, m).

General procedure for the synthesis of but-3-en-1-ylbenzene (1m) [

\/\MgBr
©/\Br (2.0 equiv.) ©/\/\
THF, r.t.

Under Nitrogen atmosphere, benzylbromide (855 mg, 5.0 mmol) was dissolved in

THF (2 mL/mmol) and allylmagnesium bromide (1.0 M in Et,0, 12.0 mL, 12.0 mmol)
was added dropwise. The reaction mixture was stirred at room temperature and
refluxing for 4 h. Then the reaction progress was monitored by gas chromatography.
Upon full consumption of starting material, the reaction mixture was cooled in an ice
bath and NH4CI (saturated aqueous solution) was added to quench the reaction. The
aqueous phase was then extracted with CH,Cl, (3 X 2 mL/mmol substrate). The
combined organic layer was dried over MgSO, and concentrated under reduced
pressure. The obtained crude was further purified by column chromatography. But-3-
en-1-ylbenzene was obtained in 93% yield (617 mg, 4.66 mmol) as a colorless liquid
after purification by column chromatography (pentane). '"H NMR (500 MHz, CDCl5) &
7.33 -7.27 (m, 2H), 7.23 - 7.16 (m, 3H), 5.87 (ddt, /= 16.9, 10.2, 6.6 Hz, 1H), 5.09 -
5.02 (m, 1H), 4.99 (ddt, J=10.2, 2.2, 1.2 Hz, 1H), 2.75-2.70 (m, 2H), 2.43 - 2.35 (m,
2H).
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Figure S2. '"H NMR spectrum of 1m.

General procedure for the synthesis of but-3-en-1-ylbenzene %]

O

)J\ Z

Cl

W (11equiv) 0
OH CH2C12, r.t. O)K

A 25 mL flask was charged with o-allylphenol (5.3 mmol) and dichloromethane (6

mL), cooled to 0 °C, and triethylamine (2.31 mL, 5.0 mmol) was added. After 1 min,
acetyl chloride (5.5 mmol) was slowly added, and the reaction stirred at r.t. for 6 h.
Then, ethyl acetate (10 mL) was added and the mixture washed with saturated aqueous
NH,4CI (5 mL). The organic layers were dried (MgSQO,), concentrated and subjected to
Si0; flash column chromatography. 'H NMR (500 MHz, CDCl3) 6 7.17 (t, J= 6.9 Hz,
2H), 7.11 (t,J=17.1 Hz, 1H), 6.96 (d, J= 7.8 Hz, 1H), 5.87 — 5.78 (m, 1H), 5.03 — 4.96
(m, 2H), 3.23 (d, /= 6.6 Hz, 2H), 2.22 (s, 3H).
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Figure S3. "H NMR spectrum of but-3-en-1-ylbenzene.

Experimental procedure:
B(CgFs)3

R\/\ R A+ R~ +
1 CeDs E-2 z-2

other internal
alkenes

In a nitrogen filled glovebox, 1-alkenes (0.29 mmol), mesitylene (0.145 mmol, 17.4
mg, used as internal standard) and dry deuterated C¢Dg (0.5 mL) were added to a J-
Young NMR tube and an initial NMR spectrum was acquired. Back to the glove box,
tris(pentafluorophenyl) (5 or 10 mol%) was added to the mixed liquid. The reaction
was allowed to proceed at the setting temperature and monitored by 'H NMR
spectroscopy. The conversion, (E)-2-alkene and other internal alkenes, and E/Z ratio
were determined by integration of suitable '"H NMR signals. After all the volatiles were
removed under reduced pressure, the resulted crude product was further purified by
flash column chromatography (hexane or CH,Cl,). Finally, the yield was calculated
from the residue.

The unreacted starting material was not separated from the product, so the conversion

and E/Z ratio were determined by integrating the appropriate 'H NMR signal.
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4. NMR Data of the E-Olefins Products

Oct-2-ene (2a):

.

'H NMR (500 MHz, C¢Dg) & 5.49 — 5.38 (m, 2H), 2.07 — 1.92 (m, 2H),

1.61 (E, d, J=4.9 Hz, 3H), 1.56 (Z, d, J = 5.6 Hz, 3H), 1.38 — 1.18 (m, 6H), 0.98 —

0.86 (m, 3H). *C NMR (126 MHz, C¢Dy) 6 129.3, 123.4, 30.4, 28.4, 24.7, 21.8, 16.7,

12.9. The spectroscopic data correspond to reported data [°l. 'H NMR analysis revealed

that the mixture contained 1% of unreacted starting material, 96% of dec-2-ene, E/Z

ratio of 78:22.
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Figure S4. '"H NMR spectrum of product mixture from isomerization of 1a.
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Figure S5. 13C NMR spectrum of product mixture from isomerization of 1a.

Hex-2-ene (2b):

s
2 THNMR (500 MHz, C¢Dg) 5 5.50 — 5.35 (m, 2H), 2.04 — 1.93 (m, 2H),

1.60 — 1.57 (E, m, 3H), 1.55-1.53 (Z, m, 3H), 1.44 — 1.33 (m, 2H), 0.91 (t, J = 6.9 Hz,
3H). BC NMR (126 MHz, C¢Dg) & 130.3, 123.6, 24.6, 21.7, 16.7, 12.5. The
spectroscopic data correspond to reported data [¢. "TH NMR analysis revealed that the

mixture contained 1% of unreacted starting material, 95% of hex-2-ene, E/Z ratio of

76:24.
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Figure S6. 'TH NMR spectrum of product mixture from isomerization of 1b.

- I~
=8 SER
S © ©~ oS
™ N <t — O N
e NN~ —
| | A e
S,
l ‘I A .nl|\l[ n
200 180 160 140 120 100 80 60 40 20 0

f1 (ppm)

Figure S7. 3C NMR spectrum of product mixture from isomerization of 1b.
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Dec-2-ene (2¢):

s
6 H NMR (500 MHz, C¢Dg) & 5.45 — 5.36 (m, 2H), 1.99 — 1.96 (m, 2H),

1.64 - 1.58 (E, m, 3H), 1.57 — 1.53 (Z, m, 3H), 1.38 — 1.18 (m, 10H), 0.88 (t, /= 6.9
Hz, 3H). 3C NMR (126 MHz, C¢D¢) 8 130.0, 124.4, 32.7, 31.4, 29.7, 22.7, 13.9. The
spectroscopic data correspond to reported data [®). '"H NMR analysis revealed that the
mixture contained 5% of unreacted starting material, 90% of dec-2-ene, E/Z ratio of

79:21.

—7.160

CcD; L
L. J |
¥ o 25
S S 3 3=
. : . . - ; - c' . . . QO s . .
10 9 8 7 6 5 4 3 . 1 0 .
f1 (ppm)

Figure S8. 'H NMR spectrum of product mixture from isomerization of 1c.
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Figure S9. 13C NMR spectrum of product mixture from isomerization of 1c.

(17, 3Z)-cycloocta-1,3-diene (2d):

@ 'H NMR (500 MHz, C4Dg) 6 5.84 (d, J = 10.4 Hz, 2H), 5.56 (dd, J = 17.6,
7.3 Hz, 2H), 2.12 (s, 4H), 1.41 (dd, J= 5.6, 2.7 Hz, 4H). 3C NMR (151 MHz, C¢Dy) &
130.2, 125.3, 27.3, 22.4. The spectroscopic data correspond to reported data 7). 'H
NMR analysis revealed that the mixture contained 1% of unreacted starting material,

90% of (17, 3Z)-cycloocta-1,3-diene.
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Figure S10. 'H NMR spectrum of product mixture from isomerization of 1d.
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Figure S11. 3C NMR spectrum of product mixture from isomerization of 1d.
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Prop-1-en-1-ylbenzene (2e):

A
m "H NMR (500 MHz, C¢Dg) 6 7.18-7.03 (m, 5SH), 6.29 (dd, /= 15.7, 1.4

Hz, 1H), 6.03 (dq, J = 15.7, 6.6 Hz, 1H), 1.71 (Z, dd, J = 6.7, 1.7 Hz, 3H), 1.65 (E, dd,

J=6.7,1.7 Hz, 3H). *C NMR (126 MHz, C¢Dg) 6 137.3, 130.5, 127.6, 125.9, 125.19,

124.3, 13.4. The spectroscopic data correspond to reported data 8. 'TH NMR analysis

revealed that the mixture contained 1% of unreacted starting material, 90% of prop-1-

en-1-ylbenzene, E/Z ratio of 93:7.
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Figure S12. 'TH NMR spectrum of product mixture from isomerization of 1e.
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Figure S13. 13C NMR spectrum of product mixture from isomerization of 1e.

1-methyl-4-(prop-1-en-1-yl)benzene (2f):

N

m "H NMR (500 MHz, C¢Dg) 6 7.18 (t, J=9.0 Hz, 2H), 6.98 (d, /= 7.9
Hz, 2H), 6.33 (d, J=16.5 Hz, 1H), 6.04 (dd, J = 15.7, 6.6 Hz, 1H), 2.13 (s, 3H), 1.76
(Z, dd, J = 6.6 Hz, 3H), 1.68 (E, dd, J = 6.6 Hz, 3H). °C NMR (126 MHz, C¢Dg) &
136.1,135.4,131.3, 129.1, 125.9, 124.0, 20.7, 18.1. The spectroscopic data correspond
to reported data . 'TH NMR analysis revealed that the mixture contained 1% of
unreacted starting material, 90% of 1-methyl-4-(prop-1-en-1-yl)benzene, E/Z ratio of
92:8.
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Figure S15. 3C NMR spectrum of product mixture from isomerization of 1f.
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1-fluoro-4-(prop-1-en-1-yl)benzene (2g):

F

\©\/% "H NMR (500 MHz, C¢Dg) 6 6.99 — 6.93 (m, 2H), 6.78 (t,J=8.7 Hz,
2H), 6.14 (d, J=15.7 Hz, 1H), 5.83 (dd, /= 15.7, 6.7 Hz, 1H), 1.74 (Z, d, J = 6.6 Hz,
3H), 1.62 (E, d, J = 6.6 Hz, 3H). The spectroscopic data correspond to reported data
(91, BC NMR (126 MHz, C¢Dg) & 136.1, 128.9 (d, J = 7.8 Hz), 128.0, 115.7, 114.5,
114.1, 113.9, 111.7, 38.9, 38.1. '"H NMR analysis revealed that the mixture contained
1% of unreacted starting material, 78% of 1-fluoro-4-(prop-1-en-1-yl)benzene, E/Z

ratio of 99:1.
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Figure S16. '"H NMR spectrum of product mixture from isomerization of 1g.
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Figure S17. 3C NMR spectrum of product mixture from isomerization of 1g.

1,2,3.4,5-pentafluoro-6-(prop-1-en-1-yl)benzene (2h):

F
F F

F
F 'H NMR (500 MHz, C¢Dy) & 6.33 — 6.21 (m, 1H), 6.04 (dd, J = 28.9,

17.1 Hz, 1H), 1.59 (Z, d, J = 7.5 Hz, 3H), 1.54 (E, d, J = 6.6 Hz, 3H). 3C NMR (126
MHz, C¢Dg) 6 136.6, 132.6, 128.7, 128.0, 127.2, 124.3, 116.3, 35.9, 20.3. '"H NMR
analysis revealed that the mixture contained 70% of unreacted starting material, 25%

of 1,2,3,4,5-pentafluoro-6-(prop-1-en-1-yl)benzene, E/Z ratio of 92:8.
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1-methoxy-4-(prop-1-en-1-yl)benzene (2i):

MeO

Q\%» 'H NMR (500 MHz, C¢D¢) & 6.90 (d, J = 8.7 Hz, 2H), 6.47 (d, J =
8.8 Hz, 2H), 6.02 (d, J = 15.7 Hz, 1H), 5.67 (dd, J = 15.7, 6.6 Hz, 1H), 3.05 (s, 3H),
1.48 (Z, dd, J = 6.7, 1.7 Hz, 3H), 1.42 (E, dd, J = 6.7, 1.7 Hz, 3H). 3C NMR (126
MHz, C¢Dg) & 157.6, 137.2, 128.7, 126.2, 122.0, 114.2, 53.6, 38.5, 17.3. The
spectroscopic data correspond to reported data °l. "TH NMR analysis revealed that the
mixture contained 1% of unreacted starting material, 87% of 1-methoxy-4-(prop-1-en-

I-yl)benzene, E/Z ratio of 94:6.
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Figure S20. '"H NMR spectrum of product mixture from isomerization of 1i.
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Figure S21. 13C NMR spectrum of product mixture from isomerization of 1i.

1,2-dimethoxy-4-(prop-1-en-1-yl)benzene (2j):

Meoj@\/”a
%
MeO 'H NMR (500 MHz, C¢Dg) 6 6.85 (d, J=5.9 Hz, 2H), 6.59 (d, J =

8.7 Hz, 1H), 6.33 (d, J = 15.7 Hz, 1H), 5.99 (dd, J = 15.7, 6.6 Hz, 1H), 3.46 (s, 3H),
3.42 (s, 3H), 1.82 (Z, dd, J = 6.6 Hz, 3H), 1.73 (E, dd, J = 6.6 Hz, 3H). The
spectroscopic data correspond to reported data 1. 13C NMR (126 MHz, C4Dy) & 157.3,
136.9, 130.7, 128.5, 128.2, 114.0, 112.8, 53.4, 38.3, 11.3. '"H NMR analysis revealed
that the mixture contained 1% of unreacted starting material, 96% of 1,2-dimethoxy-4-

(prop-1-en-1-yl)benzene, E/Z ratio of 93:7.
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Figure S22. '"H NMR spectrum of product mixture from isomerization of 1j.
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Figure S23. 3BC NMR spectrum of product mixture from isomerization of 1j.
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1,2,3-trimethoxy-4-(prop-1-en-1-yl)benzene (2k):

OMe
MeO

Meoﬁjv/% 'H NMR (500 MHz, C4Dy) & 6.84 (s, 1H), 6.63 — 6.57 (s, 1H), 6.33
(d, J=16.7 Hz, 1H), 5.99 (dd, J = 15.6, 6.6 Hz, 1H), 3.50 — 3.40 (m, 9H), 1.81 (Z, dd,

J = 8.0 Hz, 3H), 1.74 (E, dd, J = 8.0 Hz, 3H). The spectroscopic data correspond to
reported data °1. BC NMR (126 MHz, C¢Dy) 8 136.1, 133.5, 129.1, 128.2, 126.0, 125.6,
125.4, 125.0, 124.5, 19.9, 18.4, 17.4. '"H NMR analysis revealed that the mixture
contained 1% of unreacted starting material, 90% of 1,2,3-trimethoxy-4-(prop-1-en-1-

yl)benzene, E/Z ratio of 94:6.
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Figure S24. 'TH NMR spectrum of product mixture from isomerization of 1Kk.
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Figure S25. 13C NMR spectrum of product mixture from isomerization of 1Kk.

1-(prop-1-en-1-yl)naphthalene (21):

=

OO "H NMR (500 MHz, C¢Dy) 6 8.05-7.66 (m, 3H), 7.46 (d, /= 7.1 Hz, 1H),
7.28 (dd, J=13.6, 7.5 Hz, 4H), 6.09 — 6.00 (m, 1H), 5.85 (d, /= 11.4 Hz, 1H), 1.73 (E,
dd, J= 6.6 Hz, 3H), 1.58 (Z, dd, J = 6.6 Hz, 3H). 3°C NMR (126 MHz, C¢Ds) 6 135.0,
133.1, 130.6, 127.6, 126.5, 124.7, 123.2, 122.7, 17.6, 13.4. The spectroscopic data
correspond to reported data [°l. 'TH NMR analysis revealed that the mixture contained
1% of unreacted starting material, 72% of 1-(prop-1-en-1-yl)naphthalene, E/Z ratio of
83:17.

S24



LG I~
88517

6ZL 1~
rA NS

P25
885°h+
6ZL'h 7
uy

or8's
£98'S
9109
620'9
1v0'9
0909/
6489,
6v0'2
09 Ew
65Z'L\
zm.hv
18T1° *
Log'2
6v¥'L]
vorz]
596°2
18521
6V9°L]
$99'2
ogi
550'8

_”
I E -
b (=%
i
| B
k=
[
I
—— 0G0
J,g.ﬁ
200
~=-81°0
Ll 00°L

4

f1 (ppm)

5

Figure S26. '"H NMR spectrum of product mixture from isomerization of 11.
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Figure S27. 3C NMR spectrum of product mixture from isomerization of 11.
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But-1-en-1-ylbenzene (2m):
NN

'"H NMR (500 MHz, C¢Dg) 6 7.16-7.05 (m, 5H), 6.31 (E, d,
J =15.8 Hz, 1H), 6.11 (E, dd, J = 22.4, 6.5 Hz, 1H), 5.57 - 5.48 (Z, d, J = 15.8 Hz,
1H), 5.41 -5.34 (Z, dd, J =224, 6.5 Hz, 1H), 2.08 — 2.02 (m, 2H), 0.96 (t, /= 7.5 Hz,
3H). The spectroscopic data correspond to reported data [°1. 13C NMR (126 MHz, C¢Dg)
6 137.0, 136.2, 131.0, 128.2, 127.4, 126.0, 125.7, 125.0, 25.0, 12.4. '"H NMR analysis
revealed that the mixture contained 1% of unreacted starting material, 94% of but-1-

en-1-ylbenzene, E/Z ratio of 89:11.
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Figure S28. 'TH NMR spectrum of product mixture from isomerization of 1m.
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Figure S29. 13C NMR spectrum of product mixture from isomerization of 1m.

Phenyl(prop-1-en-1-yl)sulfane:
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Figure S30. 'H NMR spectrum of product mixture from isomerization of Phenyl(prop-
1-en-1-yl)sulfane.
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Figure S31. "H NMR spectrum of product mixture from isomerization of 2-allylphenol.

2-(prop-1-en-1-yl)phenyl acetate:
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Figure S32. 'TH NMR spectrum of product mixture from isomerization of 2-
allylphenyl acetate.
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Figure S33. Effect of reaction temperature (a) and reaction time (b) on conversion rate.

5. gram-scale experiment

In a glovebox, allylbenzene (1.0 g, 8.0 mmol), dry deuterated C¢Dg (3 mL) and
B(C¢F5); (10 mol%) were added to a pressure bottle. The mixture was heated to 140 °C
for 12 h and cooled to room temperature. After all the volatiles were removed under
reduced pressure, the resulted crude product was further purified by flash column
chromatography (petroleum) to give prop-1-en-1-ylbenzene (870 mg, 87%). 'H NMR
(500 MHz, C6D6) 6 7.20-7.00 (m, 5H), 6.25 (dd, J=15.8, 1.1 Hz, 1H), 6.05 — 5.96 (m,
1H), 1.71 (Z, dd, J = 6.7, 1.7 Hz, 3H), 1.65 (E, dd, J = 6.7, 1.7 Hz, 3H). 'H NMR
analysis revealed that the mixture contained 1% of unreacted starting material, 99% of

prop-1-en-1-ylbenzene, E/Z ratio of 94:6.
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Figure S34. 'TH NMR spectrum of the isolated prop-1-en-1-ylbenzene of gram-scale

experiment.
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