Supplementary Information (Sl) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2026

Supporting Information

Rhenium Catalyzed Stereoselective Hydrocarboxylation of
Alkynes and Olefins: Late-Stage NSAID Drug’s Diversification

Suman Bhowmick,®>t Mayank Singh,2b Khushboo Tiwari,»* and Dharmendra Kumar Tiwari*
ab

2 Department of Biological and Synthetic Chemistry, Centre of Biomedical Research (CBMR),
SGPGIMS Campus. Raebareli Road, Lucknow 226014, Uttar Pradesh, India.

b Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, Uttar Pradesh- 201 002,
Uttar Pradesh, India.

T Authors equal contribution



Table of Contents:

1. General information 2

2. General procedure for hydrocarboxylation of Internal alkynes: 3

3. Characterization data all the compounds (1 to 37) 3-18
3 General procedure for hydrocarboxylation of Olefines 18

4. Characterization data all the compounds (38 to 43) 18-21
5. Characterization data NSAID drug’s derivatization (44 to 51) 21-24
6. Spectral analysis of deuterated compound (52): 24

7. Controlled and stoichiometric experiments: 24-25
8. HRMS Data of intermediates 26-29
9. Soft copies of all NMR ('H and 13C) of all compounds (1-52) 30 - 88
10. | References 89

1. General information:
Reagent information:

Unless otherwise stated, all reactions were carried out under air atmosphere in screw cap
reaction tubes or in screw capped sealed tube. L; to Lg¢ are commercially available and
purchased from Sigma Aldrich. All rhenium catalysts were purchased from Sigma Aldrich. All
the solvents were bought from Merck, TCI and Spectrochem to ensure sealed bottles and were
used as received. Benzyldehydes, heterocycles, boronic acids, silyl alkynes and other reagents
were bought from Sigma Aldrich, TCI, and Spectrochem. For column chromatography, silica
gel (100-200 mesh) from SRL Co. was used. A gradient elution using petroleum-ether, diethyl
ether, and ethyl acetate was performed, based on Merck aluminium TLC sheets (silica gel

60F254) and visualized with ultraviolet light (A = 254 nm).
Analytical information:

'H and '3C were recorded on Bruker 400 MHz and 800 MHz NMR spectrometers. All coupling
constants are apparent J values measured at the indicated field strengths in Hertz (s = singlet,
d = doublet, t = triplet, q = quartet, dd = doublet of doublets, bs = broad singlet, dt = doublet
of triplets, td = triplet of doublets, ddd = doublet of doublet of doublets, ttt = triplet of triplet




of triplets). High resolution mass spectra (HRMS) were obtained at the Centre of Biomedical
Research Mass Spectrometry Service Center using a Waters GCT Premier instrument run on
electron ionization (EI) direct probe or a Waters QTOF Ultima instrument run on electrospray

ionization (ESI+).

2. General procedure for hydrocarboxylation of Alkynes:

Re,(CO)4o (2-3 mol%
o Ar €2(C0)49 (2-3 mol%) o Ar
L . NaOAc (10 mol%) L
PR “OH | - PR 0T
Toluene (0.3), 140 - 150 °C Ar
Ar 912 h
0.2 mmol (0.4 mmol)

An oven-dried screw-capped sealed tube with a magnetic stir-bar was charged with Re-catalyst
(3 mol%, 0.006 mmol), carboxylic acid (0.2 mmol, 1.0 equiv.), internal alkyne (0.4 mmol, 2.0
equiv.), and NaOAc (10 mol%) followed by HPLC-grade toluene (PhCHj3, 0.3 mL) was added
by micropipette under air. A cap screwed the reaction tube and was vigorously stirred in a
preheated oil bath at 140-150 °C for 10-12 h. When the reaction was complete, the reaction
mixture was cooled and diluted with ethyl acetate (EtOAc, 5 mL). The mixture was filtered
through the short-celite pad and washed with EtOAc (10 mL). The filtrate was concentrated
and purified by silica gel (100-200 mesh size) column chromatography using petroleum

ether/EtOAc (90/10, v/v) as eluent to give the corresponding pure enol-ester products.

3. Characterization data for hvdrocarboxvlation of Alkynes:

(Z)-1,2-diphenylvinyl benzoate (1):
o Ph TLC: R¢=0.5.

©)Lo)%l Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph

Appearance: White semi solid.

Isolated yield: 88% (52.8 mg).

'TH NMR (400 MHz, CDCl5) 6 8.30 — 8.25 (m, 2H), 7.72 — 7.66 (m, 1H), 7.63 (dd, /J=8.2, 1.2
Hz, 2H), 7.60 — 7.54 (m, 4H), 7.38 (tdd, /= 7.0, 4.6, 2.1 Hz, 3H), 7.30 (t, /= 7.5 Hz, 2H), 7.26
—7.21 (m, 1H), 6.84 (s, 1H).

13C NMR (101 MHz, CDCl;) 6 164.41, 146.76, 135.79, 134.37, 133.91, 130.40, 129.35,
128.90, 128.89, 128.83, 128.77, 128.70, 127.77, 124.93, 117.27.

HRMS (ESI) m/z: [M+Na]* calcd for C,;H;s0,Na* 323.1043, found 323.1026.



(Z)-1,2-diphenylvinyl 2-chlorobenzoate (2):

o o pn  TLC:R;=05.
0)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph  Appearance: Colourless semi-solid.

Isolated yield: 91% (60.9 mg).
'TH NMR (400 MHz, CDCl;) 6 8.16 — 8.09 (m, 1H), 7.67 (d, J= 7.3 Hz, 2H), 7.60 — 7.50 (m,
4H), 7.43 (t, J= 7.6 Hz, 3H), 7.39 — 7.30 (m, 3H), 7.29 — 7.23 (m, 1H), 6.83 (s, 1H).
13C NMR (101 MHz, CDCls) & 162.87, 146.56, 135.46, 134.77, 134.12, 133.43, 132.19,
131.63, 129.45, 128.77, 128.71, 128.61, 128.54, 127.70, 126.82, 125.01, 117.39,.
HRMS (ESI) m/z: [M+Na]* calcd for C,;H;5sC1O,Na* 357.0659, found 357.0637.

(Z)-1,2-diphenylvinyl 3-chlorobenzoate (3):

o pn  TLC:Ri=0S5.

C|\©)Lo)ﬁ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph Appearance: White semi-solid.
Isolated yield: 94% (62.9 mg).

TH NMR (400 MHz, CDCl;) 6 8.27 (s, 1H), 8.17 (d, /= 7.8 Hz, 1H), 7.70 (d, J= 8.1 Hz, 1H),
7.63 (d, J = 7.0 Hz, 2H), 7.59 — 7.51 (m, 3H), 7.46 — 7.38 (m, 3H), 7.35 (t, J/ = 7.5 Hz, 2H),
7.31—7.27 (m, 1H), 6.88 (s, 1H).

I3C NMR (101 MHz, CDCl3) & 163.29, 146.53, 135.47, 135.12, 134.18, 134.01, 131.05,
130.35, 130.27, 128.92, 128.90, 128.84, 128.77, 128.50, 127.92, 12491, 117.43.

HRMS (ESI) m/z: [M+Na]* calcd for C,;H;5sC1O,Na* 357.0659, found 357.0630.

(Z)-1,2-diphenylvinyl 4-chlorobenzoate (4):

o)ﬁ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
cl Ph

Appearance: White solid
Isolated yield: 90% (60.26 mg).

'H NMR (400 MHz, CDCl5) & 8.22 (d, J = 8.5 Hz, 2H), 7.62 (d, J= 7.1 Hz, 2H), 7.56 (d, J =
8.5 Hz, 4H), 7.45 — 7.37 (m, 3H), 7.36 — 7.27 (m, 3H), 6.85 (s, 1H).



13C NMR (101 MHz, CDCl3) & 163.63, 146.60, 140.57, 135.58, 134.25, 131.77, 129.34,
128.89, 128.85, 128.76, 127.89, 127.77, 124.90, 117.38.
HRMS (ESI) m/z: [M+Na]* calcd for C,;H;5sC10,Na* 357.0659, found 357.0631.

(Z)-1,2-diphenylvinyl 3-bromobenzoate (5):

Br\©)‘\o)ﬁ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph

Appearance: White solid.
Isolated yield: 86% (65.23 mg).

TH NMR (400 MHz, CDCl;) 6 8.41 (t,J= 1.7 Hz, 1H), 8.24 —8.16 (m, 1H), 7.83 (ddd, /= 8.0,
1.9, 1.0 Hz, 1H), 7.61 (dd, J = 8.2, 1.3 Hz, 2H), 7.55 (d, J = 7.3 Hz, 2H), 7.48 — 7.31 (m, 6H),
7.28 (dd, J=5.7,4.5 Hz, 1H), 6.86 (s, 1H).

13C NMR (101 MHz, CDCl;) & 163.16, 146.50, 136.92, 135.43, 134.15, 133.25, 131.21,
130.51, 128.94, 128.92, 128.89, 128.83, 128.77, 127.92, 124.89, 123.01, 117.42.

HRMS (ESI) m/z: [M+Na]* calcd for C,;H;sBrO,Na*™ 401.0153, found 401.0167.

(Z)-1,2-diphenylvinyl 4-bromobenzoate (6):!

o  Ph TLC: R¢=0.5.
o )\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
. ph Appearance: White solid.
Isolated yield: 89% (67.5 mg).
'TH NMR (400 MHz, CDCl;) 6 8.07 (d, J = 8.6 Hz, 2H), 7.66 (d, J = 8.6 Hz, 2H), 7.55 (dd, J
=8.1, 1.3 Hz, 2H), 7.49 (d, J= 7.3 Hz, 2H), 7.34 (tdd, /= 6.9, 4.6, 2.2 Hz, 3H), 7.28 — 7.19
(m, 3H), 6.79 (s, 1H).
13C NMR (101 MHz, CDCl;) 8 163.76, 146.55, 135.52, 134.21, 132.32, 131.85, 129.28,

128.87, 128.82, 128.74, 128.18, 127.88, 124.87, 117.36.
HRMS (ESI) m/z: [M+Na]* calcd for C;;H;sBrO,Na*™ 401.0153, found 401.0108.

(Z)-1,2-diphenylvinyl 3-fluorobenzoate (7):

o pn | TLC:R;=05.

F\©)Lo)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph

Appearance: White solid.
Isolated yield: 84% (53.48 mg).



H NMR (400 MHz, CDCls) § 8.00 (d, J= 7.7 Hz, 1H), 7.88 (dd, J= 9.1, 1.8 Hz, 1H), 7.55
(d,J=7.1 Hz, 2H), 7.52 — 7.46 (m, 3H), 7.33 (ddd, J= 11.7, 7.7, 4.6 Hz, 4H), 7.29 — 7.19
(m, 3H), 6.79 (s, 1H).

13C NMR (101 MHz, CDCly) & 164.09, 163.36, 163.33, 161.63, 146.57, 135.52, 134.21,
131.50, 131.42, 130.67, 130.59, 128.91, 128.90, 128.86, 128.76, 127.91, 126.16, 126.13,
124.92, 121.20, 120.99, 117.42, 117.36, 117.12.

1F NMR (376 MHz, CDCl3) 5 -111.46, -111.47, -111.48, -111.49, -111.50, -111.52.
HRMS (ESI) m/z: [M+Na]" calcd for CoHsFO,Na* 341.0954, found 341.0936.

(Z)-1,2-diphenylvinyl 4-fluorobenzoate (8):

O)Lo)ﬁ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph
F

Appearance: Colorless semi-solid.

Isolated yield: 82% (52.2 mg).

TH NMR (400 MHz, CDCl3) 8 8.30 — 8.23 (m, 2H), 7.59 (dd, /= 8.2, 1.2 Hz, 2H), 7.54 (d, J
=7.4 Hz, 2H), 7.37 (ddd, J= 8.4, 7.8, 3.7 Hz, 3H), 7.29 (t, /= 7.4 Hz, 2H), 7.25 - 7.19 (m,
3H), 6.82 (s, 1H).

I3C NMR (101 MHz, CDCl;) 8 167.71, 165.17, 163.48, 146.65, 135.67, 134.30, 133.08,
132.99, 128.85, 128.73, 127.84, 125.61, 125.58, 124.90, 117.35, 116.28, 116.06.

HRMS (ESI) m/z: [M+Na]* calcd for C,;HsFO,Na* 341.0954, found 341.0929.

(Z)-1,2-diphenylvinyl 3-(trifluoromethyl)benzoate (9):

0] Ph TLC: Rf: 0.5.

F3C\©)LO)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph

Appearance: Yellow solid.

Isolated yield: 94% (69.2 mg).

H NMR (400 MHz, CDCls) & 8.53 (s, 1H), 8.45 (d, J=7.9 Hz, 1H), 7.96 (d, J = 7.8 Hz, 1H),
7.72 (t, J = 7.8 Hz, 1H), 7.65 — 7.60 (m, 2H), 7.56 (d, J = 7.4 Hz, 2H), 7.46 — 7.37 (m, 3H),
7.36 —7.27 (m, J= 12.7, 4.7 Hz, 3H), 6.88 (s, 1H).

13C NMR (101 MHz, CDCl) § 163.21, 146.54, 135.40, 134.14, 133.51, 131.86, 131.53,
130.48, 130.45, 130.23, 129.69, 128.99, 128.92, 128.83, 128.78, 127.98, 127.25, 127.21,
124.93, 122.34, 117.55.



1YF NMR (376 MHz, CDCl3) § -62.76.
HRMS (ESI) m/z: [M+Na]* caled for Cy,H;sF50,Na* 391.0922, found 391.0903.

(Z)-1,2-diphenylvinyl 2,3,4,5,6-pentafluorobenzoate (10):

F O Ph TLC: R¢=0.6.

O"™Y  Eluent: petroleum ether/ethyl acetate (95/5, v/v).
Ph

F F Appearance: Light-yellow solid.

IsolatZd yield: 79% (61.6 mg).

TH NMR (400 MHz, CDCl;) § 7.63 (dd, J = 8.2, 1.3 Hz, 2H), 7.51 (d, J = 7.3 Hz, 2H), 7.45 —
7.33 (m, 5H), 7.30 (dt,/=4.7, 1.8 Hz, 1H), 6.83 (s, 1H).

13C NMR (101 MHz, CDCl;) & 156.91, 146.16, 145.18, 136.72, 134.76, 133.70, 131.55,
129.19, 128.98, 128.78, 128.21, 126.71, 125.20, 118.09.

19F NMR (376 MHz, CDCls) 6 -136.54, -136.55, -136.57, -136.58, -136.61, -136.62, -136.64,
-146.70, -146.71, -146.76, -146.77, -146.78, -146.82, -159.45, -159.47, -159.48, -159.51, -
159.52, -159.54, -159.55, -159.58, -159.59, -159.61.

HRMS (ESI) m/z: [M+Na]* calcd for C,H;1FsO,Na* 413.0577, found 413.0564.

(Z2)-1,2-diphenylvinyl 4-nitrobenzoate (11):

o Ph TLC: R¢=0.7.

/@)LO)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
O.N Ph Appearance: Yellow solid.

Isolated yield: 51% (35.2 mg).

TH NMR (400 MHz, CDCl;) & 8.48 — 8.32 (m, 4H), 7.63 — 7.55 (m, 2H), 7.52 (d, J= 7.5 Hz,
2H), 7.44 —7.34 (m, 3H), 7.33 - 7.25 (m, 3H), 6.87 (s, 1H).

13C NMR (101 MHz, CDCl;) & 162.49, 151.02, 146.29, 135.00, 134.46, 133.86, 131.33,
128.96, 128.82, 128.67, 128.63, 127.93, 124.75, 123.95, 117.48.

HRMS (ESI) m/z: [M+Na]* calcd for C;;H;sNO4Na* 368.0899, found 368.0865.

(Z)-1,2-diphenylvinyl 4-methoxybenzoate (12):

o) Ph TLC: Rf: 0.3.

/©)LO)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
MeO Ph

Appearance: White solid.
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Isolated yield: 90% (59.4 mg).

TH NMR (400 MHz, CDCl3) 6 8.21 — 8.16 (m, 2H), 7.61 — 7.51 (m, 4H), 7.37 — 7.23 (m, 5H),
7.19 (dd, J= 8.4, 6.3 Hz, 1H), 7.02 — 6.97 (m, 2H), 6.78 (s, 1H), 3.89 (s, 3H).

I3C NMR (101 MHz, CDCl;) 6 164.22, 164.15, 146.84, 136.00, 134.50, 132.57, 128.90,
128.80, 128.68, 127.70, 124.92, 121.69, 117.17, 114.19, 55.68.

HRMS (ESI) m/z: [M+Na]" calcd for Cy;H;30O3Na" 353.1154, found 353.1130.

(Z)-1,2-diphenylvinyl 3,5-dimethoxybenzoate (13):

0 Ph TLC: Rf= 04.
MeO O)\ Eluent: petroleum ether/ethyl acetate (85/15, v/v).

Appearance: White solid.
OMe
Isolated yield: 89% (64.1 mg).
TH NMR (400 MHz, CDCl3) & 7.49 — 7.41 (m, 4H), 7.27 — 7.09 (m, 8H), 6.68 (s, 1H), 6.64 (t,
J=2.3 Hz, 1H), 3.74 (s, 6H).
13C NMR (101 MHz, CDCl;) & 164.25, 161.08, 146.74, 135.73, 134.34, 131.16, 128.92,
128.85, 128.81, 128.76, 127.83, 124.95, 117.26, 107.93, 106.70, 55.82.
HRMS (ESI) m/z: [M+Na*] calcd for Cy3H,,04Na™ 383.1260, found 383.1231.

(Z)-1,2-diphenylvinyl 4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)benzoate (14):

0] Ph TLC: Rf:051

o /©)‘\o)\ Eluent: petroleum ether/ethyl acetate (80/20, v/v).

Appearance: Brown-yellow solid.

o Isolated yield: 93% (73.54 mg).

'TH NMR (400 MHz, CDCl;) 6 8.35 (d, J = 8.7 Hz, 2H), 7.63 — 7.57 (m, 4H), 7.54 (d, J=17.3
Hz, 2H), 7.40 — 7.28 (m, 5H), 7.26 — 7.22 (m, 1H), 6.91 (s, 2H), 6.82 (s, 1H).

13C NMR (101 MHz, CDCl3) & 169.04, 163.59, 146.57, 136.30, 135.58, 134.61, 134.24,
131.34, 128.88, 128.85, 128.79, 128.27, 127.88, 125.73, 124.88, 117.36.

HRMS (ESI) m/z: [M+Na]* calcd for C,sH;NO4Na* 418.1056, found 418.1063.

(Z)-1,2-diphenylvinyl 4-(dimethylamino)benzoate (15):

TLC: R¢=0.51.



Eluent: petroleum ether/ethyl acetate (80/20, v/v).
Appearance: Colorless semi-solid.

Isolated yield: 81% (55.6 mg).

H NMR (400 MHz, CDCl3) § 8.12 (d, J = 9.0 Hz, 2H), 7.62 — 7.55 (m, 4H), 7.37 — 7.26 (m,
5H), 7.20 (d, J= 7.3 Hz, 1H), 6.76 (d, J= 8.2 Hz, 3H), 3.10 (s, 6H).

13C NMR (101 MHz, CDCl3) & 164.60, 153.49, 147.06, 136.32, 134.69, 132.35, 128.95,
128.89, 128.84, 128.75, 128.65, 128.57, 127.56, 124.95, 117.02, 111.81, 40.67.

HRMS (ESI) m/z: [M+Na]* caled for Co;H, NO,Na* 366.1470, found 366.1446.

(Z)-1,2-diphenylvinyl [1,1'-biphenyl]-4-carboxylate (16):

0O Ph TLC: Rf:051

/©)Lo)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph
Ph

Appearance: White solid.
Isolated yield: 73% (55.0 mg).

H NMR (400 MHz, CDCLy) 5 8.28 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 7.66 — 7.61
(m, 2H), 7.61 — 7.57 (m, 2H), 7.55 (d, J = 7.4 Hz, 2H), 7.47 (dd, J = 14.8, 7.7 Hz, 3H), 7.40 —
7.28 (m, 5H), 7.21 — 7.16 (m, 1H), 6.80 (s, 1H).

13C NMR (101 MHz, CDCl;) & 164.31, 146.77, 146.69, 139.91, 135.79, 134.38, 130.94,
129.14, 128.90, 128.84, 128.78, 128.72, 128.50, 127.99, 127.78, 127.58, 127.46, 124.93,
124.87, 117.27.

HRMS (ESI) m/z: [M+Na]* calcd for C,7H,00,Na* 399.1361, found 399.1328.

(Z2)-1,2-diphenylvinyl 4-methylbenzoate (17):

o Ph TLC: R¢=0.51.

/@)(O)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph Appearance: White solid.

Isolated yield: 82% (51.5 mg).
'TH NMR (400 MHz, CDCl;) 6 8.12 (d, J = 8.2 Hz, 2H), 7.60 — 7.51 (m, 4H), 7.38 — 7.30 (m,
5H), 7.25 (dd, J=12.1, 4.3 Hz, 2H), 7.19 (d, J= 7.3 Hz, 1H), 6.78 (s, 1H), 2.46 (s, 3H).

13C NMR (101 MHz, CDCl;) & 164.50, 146.78, 144.85, 135.88, 134.42, 130.49, 129.64,
128.90, 128.82, 128.74, 128.70, 127.73, 126.59, 124.91, 117.19, 21.94.



HRMS (ESI) m/z: [M+Na]* calcd for Cy,H;30,Na* 337.1205, found 337.1186.

(Z)-1,2-diphenylvinyl 4-cyanobenzoate (18):

o  Ph TLC: R¢=0.55.
/©)LO)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
NC Ph Appearance: White solid.

Isolated yield: 71% (E:Z = 8:1; 46.2 mg).

'H NMR (400 MHz, CDCls) 6 8.23 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.51 — 7.45
(m, 2H), 7.41 (d, J= 7.3 Hz, 1H), 7.34 — 7.24 (m, 2H), 7.22 - 7.11 (m, 3H), 6.75 (s, 1H).

13C NMR (101 MHz, CDCl3) & 162.72, 146.27, 135.03, 133.87, 132.89, 132.58, 130.63,
128.90, 128.78, 128.63, 128.62, 127.87, 124.71, 117.76, 117.41, 117.20.

HRMS (ESI) m/z: [M+Na]* calcd for C,,HsNO,Na* 348.1001, found 348.1011.

(Z)-1,2-diphenylvinyl cinnamate (19):

o Ph TLC: R¢=0.45.

ph/\)l\o)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Appearance: White solid.
Isolated yield: 79% (51.5 mg).

'TH NMR (400 MHz, CDCl5) 6 7.93 (d, J=16.0 Hz, 1H), 7.67 — 7.55 (m, 3H), 7.50 — 7.45 (m,
2H), 7.45 — 7.33 (m, 3H), 7.43 - .40 (m, 1H), 7.30 — 7.23 (m, 1H), 6.79 (s, 1H), 6.73 (d, J =
16.0 Hz, 1H).

13C NMR (101 MHz, CDCl;) 6 164.60, 147.18, 146.47, 135.62, 134.30, 134.04, 130.88,
129.02, 128.75, 128.67, 128.58, 128.42, 127.64, 124.80, 116.92, 116.79.

HRMS (ESI) m/z: [M+Na]* calcd for Cy3H;30,Na™ 349.1205, found 349.1180.

(Z)-1,2-diphenylvinyl thiophene-2-carboxylate (20):

Ph  TLC: R¢=0.51.
Eluent: petroleum ether/ethyl acetate (90/10, v/v).

Ph

o Appearance: White solid.

Isolated yield: 68% (41.7 mg).
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'TH NMR (400 MHz, CDCls) 6 8.08 (dd, J= 3.7, 1.2 Hz, 1H), 7.76 (dd, J = 5.0, 1.2 Hz, 1H),
7.70 —7.63 (m, 4H), 7.48 — 7.35 (m, 6H), 7.33 — 7.25 (m, 2H), 6.87 (s, 1H).

13C NMR (101 MHz, CDCl;) & 159.83, 146.34, 135.62, 135.09, 134.22, 133.92, 132.60,
129.01, 128.83, 128.81, 128.72, 128.37, 127.83, 124.92, 117 .46.

HRMS (ESI) m/z: [M+Na]* calcd for C;oH40,SNa* 329.0613, found 329.0593.

(Z)-1,2-diphenylvinyl furan-2-carboxylate (21):

@\«O% Eluent: petroleum ether/ethyl acetate (90/10, v/v).
@)

Ph

o Appearance: Brown-yellow liquid.

Isolated yield: 74% (43.0 mg).

H NMR (400 MHz, CDCLy) § 7.72 — 7.68 (m, 1H), 7.58 (ddd, J=11.7, 6.1, 4.5 Hz, 4H), 7.44
(dd, J=3.5, 0.6 Hz, 1H), 7.40 — 7.36 (m, 2H), 7.32 (ddd, J = 15.1, 9.0, 4.5 Hz, 3H), 7.25 - 7.21
(m, 1H), 6.80 (s, 1H), 6.63 (dd, J = 3.5, 1.7 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 156.22, 147.55, 146.01, 144.07, 135.51, 134.21, 129.16,
128.99, 128.84, 128.73, 127.88, 124.99, 119.82, 117.58, 112.41.

HRMS (ESI) m/z: [M+Na]" caled for C1oH;40sNa* 313.0841, found 313.0823.

(Z)-1,2-bis(4-(tert-butyl) phenyl)vinyl 4-methylbenzoate (22):

g, TLC:Re=071

O Eluent: petroleum ether/ethyl acetate (90/10, v/v).
0]

Appearance: colorless liquid.

/©)Lo Xy  Isolated yield: 82% (70.0 mg); Z:E = 6:1
Me

O TH NMR (400 MHz, CDCl;) 6 8.18 (d, J=8.2 Hz, 2H), 7.51 (t, J =
By 8.7 Hz, 4H), 7.37 (dd, J=8.2, 6.3 Hz, 4H), 7.30 (d, J = 8.5 Hz, 2H),
6.76 (s, 1H), 2.49 (s, 3H), 1.32 (s, 9H), 1.28 (s, 9H).
I3C NMR (101 MHz, CDCl;) & 164.61, 151.64, 150.64, 146.25, 144.72, 133.13, 131.72,
130.53, 129.63, 128.63, 126.80, 125.75, 125.66, 124.53, 116.27, 34.75, 34.70, 31.36, 31.33,
21.94.
HRMS (ESI) m/z: [M+Na]* calcd for C30H340,Na™ 449.2451; found 449.2427.

(Z)-1,2-bis(4-methoxyphenyl)vinyl 4-methylbenzoate (23):

11



OMe

C
A

OMe

TLC: R¢=0.41

Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Appearance: colorless liquid.

Isolated yield: 69% (59.1 mg).

IH NMR (400 MHz, CDCls) § 8.14 (d, J = 8.2 Hz, 2H), 7.48 (dd,
J=10.7,8.9 Hz, 4H), 7.34 (d, J = 8.1 Hz, 2H), 6.88 (d, J = 8.9 Hz,

2H), 6.80 (d, J= 8.8 Hz, 2H), 6.64 (s, 1H), 3.78 (d, J = 17.0 Hz, 6H), 2.48 (s, 3H).
13C NMR (101 MHz, CDCly) & 164.59, 159.83, 158.86, 145.08, 144.74, 130.47, 130.02,
129.62, 128.69, 127.39, 126.75, 126.08, 114.99, 114.21, 114.12, 55.45, 55.32, 21.93.

0T\

Me O

8.1 Hz, 2H), 6.64 (s, 1H),

(Z)-1,2-di-p-tolylvinyl 4-methylbenzoate (23a).

TLC: R¢=0.5
Eluent: petroleum ether/ethyl acetate (90/10, v/v).

Appearance: colorless liquid

TH NMR (400 MHz, CDCl;) & 8.20 — 8.08 (m, 2H), 7.54 (t, J = 7.4
Hz, 1H), 7.44 — 7.31 (m, 6H), 7.05 (d, J = 8.1 Hz, 2H), 6.96 (d, J =
2.23 (s, 3H), 2.17 (s, 3H).

13C NMR (101 MHz, CDCl;) & 164.26, 146.01, 138.38, 137.29, 133.63, 132.90, 131.438,
130.20, 130.00, 129.33, 129.31, 129.22, 129.09, 128.91, 128.80, 128.68, 128.60, 128.55,
128.44, 124.55, 116.11, 21.16.

HRMS (ESI) m/z: [M+Na]* calcd for C,4H,,0,Na* 365.1512; found 365.1516

(Z)-1,2-bis(4-fluorophenylvinyl 4-methylbenzoate (24):

F

L

F

TLC: Ry=0.51
Eluent: petroleum ether/ethyl acetate (95/5, v/v).
Appearance: colorless liquid.

Isolated yield: 92% (64.5 mg).

12



'TH NMR (400 MHz, CDCl;) 6 8.11 (d, J = 8.2 Hz, 2H), 7.58 — 7.48 (m, 4H), 7.35 (d, J = 8.0
Hz, 2H), 7.05 (t, J= 8.7 Hz, 2H), 6.96 (t, J = 8.7 Hz, 2H), 6.68 (s, 1H), 2.48 (s, 3H).

'F NMR (376 MHz, CDCl3) 8 -112.61, -112.63, -112.64, -112.65, -112.66, -112.67, -112.69,
-113.30,-113.32,-113.33, -113.33, -113.34, -113.35, -113.36, -113.36, -113.38.

I3C NMR (101 MHz, CDCls) 6 164.38, 164.30, 163.36, 161.83, 160.89, 145.71, 145.15,
132.06, 132.03, 130.53, 130.45, 129.75, 126.84, 126.76, 126.32, 115.99, 115.84, 115.77,
115.63, 21.95.

HRMS (ESI) m/z: [M+Na]* calcd for Cy,H;4F,0,Na* 373.1011; found 373.0993

(Z)-1,2-bis(4-(trifluoromethyl)phenyl)vinyl 4-methylbenzoate
CFs (24a):

O TLC: R¢=0.5
O
/O)J\O X Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Me

O Appearance: colorless liquid

CF; | 'H NMR (400 MHz, CDCl;) & 8.14 (d, J = 7.3 Hz, 2H), 7.63 - 7.50
(m, 7H), 7.51 — 7.43 (m, 4H), 6.80 (s, 1H).

13C NMR (101 MHz, CDCl;) 6 163.99, 147.14, 138.72, 137.16, 134.34, 131.04, 130.72,
130.27, 130.12, 129.92, 129.60, 129.25, 129.16, 129.03, 129.01, 128.70, 128.44, 125.88,
125.85, 125.81, 125.77, 125.65, 125.61, 125.58, 125.54, 125.27, 125.22, 122.58, 122.51,
117.77.

HRMS (ESI) m/z: [M+Na]* calcd for Cp4H,,FsO,Na* 473.9467; found 473.9463

(Z)-1,2-diphenylvinyl 2-(1 H-indol-3-yl)acetate (25):

Ph TLC: Rf: 0.6.

Ph o Eluent: petroleum ether/ethyl acetate (90/10, v/v).
5 Appearance: Brown semi-solid.
N Isolated yield: 89% (62.9 mg).

Iz

TH NMR (400 MHz, CDCl;) § 8.14 (s, 1H), 7.65 (d, J= 7.9 Hz, 1H), 7.44
(dd, J= 6.7, 3.0 Hz, 2H), 7.40 — 7.35 (m, 3H), 7.29 (dd, J = 4.9, 1.7 Hz, 3H), 7.24 — 7.21 (m,
1H), 7.18 — 7.13 (m, 5H), 6.67 (s, 1H), 4.05 (s, 2H).
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I3C NMR (101 MHz, CDCl;) 6 169.54, 146.77, 136.22, 135.71, 134.29, 129.09, 128.93,
128.88, 128.71, 128.66, 128.51, 128.41, 127.63, 127.38, 124.90, 123.68, 122.51, 120.05,
119.05, 117.00, 111.33, 107.47, 31.69.

HRMS (ESI) m/z: [M+Na]* calcd for C,4H;oNO,Na* 376.1308, found 376.1286.

(Z)-1,2-diphenylvinyl 1H-indole-2-carboxylate (26):

%OH TLC: Ry=0.62.
N O  Eluent: petroleum ether/ethyl acetate (90/10, v/v).

Ph\/)\Ph

Appearance: Yellow semi-solid.

Isolated yield: 85% (57.7 mg).

TH NMR (400 MHz, CDCl;) 6 9.59 (s, 1H), 7.58 (d, J= 8.4 Hz, 1H), 7.50 — 7.47 (m, 2H), 7.42
(ddd, J=9.6, 5.3, 2.4 Hz, 5H), 7.27 — 7.19 (m, 6H), 6.98 (t, /= 7.4 Hz, 1H), 6.81 (d, /= 8.3
Hz, 1H).

13C NMR (101 MHz, CDCl;) 6 157.38, 149.68, 140.12, 135.12, 133.08, 130.79, 129.25,
129.20, 128.62, 128.56, 128.07, 127.98, 127.17, 123.18, 122.66, 121.19, 121.10, 116.57,
112.82.

HRMS (ESI) m/z: [M+Na]* calcd for C,3H;7,0,Na* 362.1151, found 362.1169.

(Z)-1,2-diphenylvinyl 2-(naphthalen-1-yl)acetate (27):

TLC: R¢=0.41.

o P
OO O)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph Appearance: Colorless semi-solid.

Isolated yield: 90% (65.0 mg).

TH NMR (400 MHz, CDCl;) & 8.05 — 8.00 (m, 1H), 7.92 (dd, /= 6.9, 2.4 Hz, 1H), 7.87 (d, J
= 8.0 Hz, 1H), 7.55 — 7.48 (m, 4H), 7.36 — 7.32 (m, 2H), 7.29 — 7.24 (m, 5H), 7.17 — 7.10 (m,
3H), 6.61 (s, 1H), 4.30 (s, 2H).

13C NMR (101 MHz, CDCl;) & 168.90, 146.74, 135.65, 134.16, 134.03, 132.30, 129.62,
128.88, 128.80, 128.76, 128.65, 128.59, 128.46, 127.60, 126.74, 126.11, 125.70, 124.91,
124.08, 117.08, 39.71.

HRMS (ESI) m/z: [M+Na*] calcd for Cy¢H,00,Na*™ 387.1356, found 387.1348.

(Z)-1,2-diphenylvinyl 2-phenylacetate (28):

14



©\/ﬁ\ Ph TLC: R¢=0.5.
0)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).

Ph Appearance: White solid.

Isolated yield: 86% (54.1 mg).

H NMR (400 MHz, CDCl3) § 7.33 — 7.25 (m, 9H), 7.28 — 7.26 (m, 3H), 7.20 — 7.16 (m, 3H),
6.62 (s, 1H), 3.83 (s, 2H).

13C NMR (101 MHz, CDCl;) § 168.76, 146.51, 135.50, 134.10, 132.90, 129.63, 128.77,
128.70, 128.58, 128.55, 128.43, 127.52, 127.49, 124.71, 116.93, 41.75.

HRMS (ESI) m/z: [M+Na]* caled for C5,H;5s0,Na 337.1199, found 337.1189.

(Z)-1,2-diphenylvinyl 4-(4-methoxyphenyl)butanoate (29):

TLC: Rg=0.41.

MeO O Ph
\©\/\)J\O )ﬁ Eluent: petroleum ether/ethyl acetate (90/10, v/v).

Ph  Appearance: White solid.
Isolated yield: 87% (64.8 mg).

IH NMR (400 MHz, CDCl3) & 7.54 — 7.48 (m, 4H), 7.41 — 7.32 (m, 5H), 7.27 (d, J = 6.0 Hz,
1H), 7.09 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.70 (s, 1H), 3.80 (s, 3H), 2.61 (dt, J =
15.0, 7.4 Hz, 4H), 2.05 — 1.97 (m, 2H).

13C NMR (101 MHz, CDCl;) 6 171.25, 158.11, 146.81, 135.89, 134.54, 133.33, 129.54,
128.84, 128.80, 128.76, 128.66, 127.74, 124.96, 117.00, 114.02, 55.42, 34.20, 33.66, 26.52.
HRMS (ESI) m/z: [M+Na]* calcd for C,5H,403Na 395.1618, found 395.1609.

(Z)-1,2-diphenylvinyl 9H-fluorene-9-carboxylate (30):

TLC: R¢=0.5.
Eluent: petroleum ether/ethyl acetate (90/10, v/v).

Appearance: White solid.

Isolated yield: 86% (66.8 mg).

TH NMR (400 MHz, CDCl3) 6 7.87 (d, J= 7.6 Hz, 2H), 7.66 (d, J = 7.5 Hz, 2H), 7.53 (t,J =
7.6 Hz, 3H), 7.40 (dd, J=7.9, 7.1 Hz, 3H), 7.30 (s, 4H), 7.19 (dd, J = 7.2, 4.2 Hz, 4H), 6.58
(s, 1H), 5.04 (s, 1H).
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I3C NMR (101 MHz, CDCl;) 6 168.87, 146.71, 141.95, 140.11, 135.76, 133.95, 128.96,
128.79, 128.69, 128.66, 128.62, 128.44, 127.78, 127.59, 127.56, 125.96, 125.06, 124.87,
120.49, 117.40, 116.91, 54.25.

HRMS (ESI) m/z: [M+Na]* calcd for CpgH,00,Na 411.1356, found 411.1334.

(Z)-1,2-diphenylvinyl 9H-xanthene-9-carboxylate (31):

TLC: R¢=0.41
O O Ph
0)\ Eluent: petroleum ether/ethyl acetate (85/15, v/v).
0 O Ph  Appearance: White solid.

Isolated yield: 92% (74.4 mg).

'TH NMR (400 MHz, CDCl5) 6 7.47 — 7.42 (m, 2H), 7.37 — 7.33 (m, 2H), 7.28 (dd, /= 8.2, 0.9
Hz, 2H), 7.22 -7.11 (m, 6H), 7.06 (t,J = 7.5 Hz, 2H), 6.98 (d, /= 7.3 Hz, 2H), 6.96 — 6.91 (m,
2H), 6.50 (s, 1H), 5.14 (s, 1H).

13C NMR (101 MHz, CDCl;) 6 168.38, 151.67, 146.39, 135.62, 133.90, 129.79, 129.45,
128.78, 128.53, 128.49, 128.48, 127.42, 124.63, 123.62, 117.71, 117.50, 117.22, 46.61.
HRMS (ESI) m/z: [M+Na]" calcd for CygH,;,03Na 427.1305, found 427.1323.

(Z)-1,2-diphenylvinyl cyclobutanecarboxylate (32):

D)j\o)\ Eluent: petroleum ether/ethyl acetate (95/5, v/v).

Ph
Appearance: White solid.

Isolated yield: 64% (35.6 mg).

TH NMR (400 MHz, CDCls) & 7.55 — 7.47 (m, 4H), 7.41 — 7.32 (m, 5H), 7.28 — 7.25 (m, 1H),
6.70 (s, 1H), 3.44 (pd, J = 8.6, 0.9 Hz, 1H), 2.46 — 2.26 (m, 4H), 2.12 — 1.88 (m, 2H).

13C NMR (101 MHz, CDCl3) § 172.94, 146.82, 136.00, 134.56, 133.30, 129.61, 128.92,
128.82, 128.78, 128.71, 128.57, 127.69, 127.03, 124.93, 116.97, 38.27, 25.31, 18.63.

HRMS (ESI) m/z: [M+Na]* caled for C1oH;50,Na* 301.1199, found 301.1183.

(Z)-1,2-diphenylvinyl cyclopentanecarboxylate (33):

@)
O)Lo)\ Eluent: petroleum ether/ethyl acetate (95/5, v/v).

Ph
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Appearance: White solid.
Isolated yield: 70% (40.9 mg).

H NMR (400 MHz, CDCls) § 7.53 (dt, J = 8.6, 4.5 Hz, 4H), 7.41 — 7.32 (m, SH), 7.28 — 7.24
(m, 1H), 6.69 (s, 1H), 3.02 (p, J= 8.1 Hz, 1H), 2.09 — 1.99 (m, 2H), 1.97 — 1.87 (m, 2H), 1.74
(ddd, J=9.7,5.6, 2.8 Hz, 2H), 1.69 — 1.60 (m, 2H).

13C NMR (101 MHz, CDCl;) 6 174.32, 146.93, 136.10, 134.56, 128.91, 128.77, 128.67,
128.55, 127.66, 124.94, 117.00, 44.17, 30.07, 25.85.

HRMS (ESI) m/z: [M+Na]" calcd for CyoH,00,Na*™ 315.1361, found 315.1344.

(Z)-1,2-diphenylvinyl cyclohexanecarboxylate (34):

o  Ph TLC: R;=0.61

O)Lo)ﬁ Eluent: petroleum ether/ethyl acetate (95/5, v/v).

Ph Appearance: White solid.

Isolated yield: 77% (47.2 mg).

H NMR (400 MHz, CDCls) & 7.56 — 7.46 (m, 4H), 7.41 — 7.31 (m, 5H), 7.27 — 7.25 (m, 1H),
6.69 (s, 1H), 2.58 (tt, J = 11.4, 3.6 Hz, 1H), 2.08 (dd, J = 13.1, 2.9 Hz, 2H), 1.88 — 1.78 (m,
2H), 1.75 — 1.64 (m, 1H), 1.63 — 1.50 (m, 4H), 1.41 — 1.25 (m, 3H).

13C NMR (101 MHz, CDCl3) § 173.64, 146.85, 136.10, 134.55, 128.90, 128.76, 128.67,
128.55, 127.66, 124.95, 117.05, 43.57, 29.05, 25.81, 25.57.

HRMS (ESI) m/z: [M+Na]* caled for Cy;H,0,Na* 329.1512, found 329.1505.

(Z)-1,2-diphenylvinyl 2-((3r,5r, 7r)-adamantan-1-yl)acetate (35):

o Ph TLC: R¢=0.55

O)\ Eluent: petroleum ether/ethyl acetate (95/5, v/v).
Appearance: Yellow solid.

Isolated yield: 72% (53.6 mg).

H NMR (400 MHz, CDCl5) & 7.58 — 7.50 (m, 4H), 7.42 — 7.32 (m, 6H), 6.66 (s, 1H), 2.36 (s,
2H), 1.97 (s, 3H), 1.67 (d, J = 14.8 Hz, 12H).

13C NMR (101 MHz, CDCl;) § 169.53, 147.12, 136.26, 134.60, 129.18, 129.11, 128.94,
128.71, 128.66, 128.57, 128.45, 128.29, 127.65, 127.25, 125.22, 120.16, 117.13, 48.70, 48.36,
42.48, 42.33, 36.82, 33.29, 33.11, 29.85, 28.72, 28.67.
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HRMS (ESI) m/z: [M+Na]* calcd for CyH,350,Na™ 395.1987, found 395.1961.

(Z)-1,2-diphenylvinyl tridecanoate (36):

/\/\/\/\/\/\H/OW/ Eluent: petroleum ether/ethyl acetate (95/5, v/v).

O Ph
Appearance: White solid.

Isolated yield: 84% (65.9 mg).

TH NMR (400 MHz, CDCl;) 6 7.55 — 7.49 (m, 4H), 7.41 — 7.33 (m, 5H), 7.30 — 7.26 (m, 1H),
6.70 (s, 1H), 2.58 (t,J = 7.5 Hz, 2H), 1.72 (dt, J = 14.9, 7.4 Hz, 2H), 1.27 (s, 18H), 0.89 (t, J =
6.8 Hz, 3H).

13C NMR (101 MHz, CDCl;) 6 171.53, 146.83, 135.94, 134.56, 128.85, 128.77, 128.72,
128.63, 127.71, 124.95, 116.94, 34.56, 32.07, 29.82, 29.79, 29.74, 29.59, 29.51, 29.41, 29.30,
24.86, 22.84, 14.27.

HRMS (ESI) m/z: [M+Na]" calcd for C,7H340,Na*™ 415.2608, found 415.2625.

(Z)-1,2-diphenylvinyl palmitate (37):

Ph TLC: Rf: 0.71

/\/\/\/\/\/\/\H/ Oj) Eluent: petroleum ether/ethyl acetate (95/5,

O Ph v/v).
Appearance: White solid.
Isolated yield: 81% (68.1 mg).

TH NMR (400 MHz, CDCl3) 6 7.52 (dt, J= 14.0, 4.6 Hz, 4H), 7.40 — 7.32 (m, 5H), 7.29 — 7.26
(m, 1H), 6.69 (s, 1H), 2.58 (t, J= 7.5 Hz, 2H), 1.71 (dt, J = 15.0, 7.6 Hz, 2H), 1.26 (s, 22H),
0.88 (t, /= 6.8 Hz, 3H).
13C NMR (101 MHz, CDCl;) & 171.55, 146.83, 135.94, 134.56, 128.86, 128.78, 128.73,
128.64, 127.72, 124.96, 116.95, 34.57, 32.08, 29.84, 29.81, 29.75, 29.60, 29.51, 29.41, 29.31,
24.87,22.84, 14.28.
HRMS (ESI) m/z: [M+Na]" calcd for C30H4,0,Na*™ 457.3077, found 457.3048.
(Z£)-1,2-diphenylvinyl acetate (37a):

o Ph TLC: R;=0.8

H3C)l\o)ﬁ Eluent: petroleum ether/ethyl acetate (95/5, v/v).
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Appearance: White solid.
Isolated yield: 85% (35 mg).

'TH NMR (400 MHz, CDCl;) 6 7.58 - 7.53 (m, 4H), 7.45 — 7.34 (m, 5H), 7.31 - 7.28 (m, 1 Hz,
1H), 6.74 (s, 1H), 2.34 (s, 3H).

13C NMR (101 MHz, CDCl;) & 168.58, 146.56, 135.51, 134.33, 128.65, 128.55, 127.64,
124.73, 116.76, 77.32, 77.00, 76.68, 21.08.

HRMS (ESI) m/z: [M+Na]" calcd for C;¢H;40,Na" 261.0886, found 261.0892.

3. General procedure for hydrocarboxylation of Olefines:

o Re,(10)40 (2.0 mol% o
.+ e 2(10)19 ( 0 i§
R" “OH Toluene 140 °C R N0
9-12 h
(0.2 mmol) (0.4 mmol)

An oven-dried screw-capped sealed tube with a magnetic stir-bar was charged with [Re;(CO);q
(2.0 mol%; 0.004 mmol), carboxylic acid (0.2 mmol, 1.0 equiv.), olefin (0.4 mmol, 2.0 equiv.),
followed by HPLC-grade toluene (PhCH3;, 0.3 mL) was added by micropipette under air. A cap
screwed the reaction tube and was vigorously stirred in a preheated oil bath at 140-150 °C for
9-12 h. When the reaction was complete, the reaction mixture was cooled and diluted with
ethyl acetate (EtOAc, 5 mL). The mixture was filtered through the short-celite pad and washed
with EtOAc (10 mL). The filtrate was concentrated and purified by silica gel (100-200 mesh
size) column chromatography using petroleum ether/EtOAc (90/10, v/v) as eluent to give the

corresponding pure products.

1-phenylethyl 4-methylbenzoate (38):?

TLC: R¢=0.65
Me\l/© Eluent: petroleum ether/ethyl acetate (95/5, v/v).
Ox© Appearance: colorless liquid.
Isolated yield: 69% (36.0 mg).
Me TH NMR (400 MHz, CDCl3) 6 7.99 (d, J = 7.4 Hz, 2H), 7.46 (d, J = 7.8 Hz,

2H), 7.38 (t, J= 7.4 Hz, 2H), 7.33 — 7.30 (m, 1H), 7.24 (s, 2H), 6.14 (dd, J= 12.9, 6.4 Hz, 3H),
2.42 (s, 3H), 1.74 — 1.62 (d, J = 6.6 Hz, 3H).
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13C NMR (101 MHz, CDCl3) & 166.02, 143.70, 142.07, 129.81, 129.17, 128.65, 128.59,
127.94, 126.15, 72.80, 22.57, 21.78.
HRMS (ESI) m/z: [M+Na]" calcd for C;sH;s0,Na*™ 263.1043, found 263.1040.

I-phenvylethyl [1,1'-biphenyl]-4-carboxylate (39)

TLC: R¢=0.61
Me Eluent: petroleum ether/ethyl acetate (95/5, v/v).

O 0O

Appearance: colorless liquid.

Isolated yield: 63% (37.0 mg).

Ph TH NMR (400 MHz, CDCl;) 6 8.19 (d, /= 8.2 Hz, 2H), 7.70 (d, J = 8.2 Hz,
2H), 7.66 (d, J = 7.2 Hz, 2H), 7.50 (dd, J = 7.0, 5.6 Hz, 4H), 7.46 — 7.38 (m, 3H), 7.36 (d, J =
7.0 Hz, 1H), 6.20 (q, J = 6.5 Hz, 1H), 1.73 (d, /= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCls) 6 165.76, 145.70, 141.84, 140.07, 130.22, 129.26, 128.98,
128.61, 128.18, 127.95, 127.33, 127.08, 126.10, 77.39, 77.08, 76.76, 72.98, 22.50.

HRMS (ESI) m/z: [M+Na]" calcd for C;;H;30,Na™ 325.1199; found 325.1163.

I-phenylethyl 4-methoxybenzoate (40)

TLC: R¢=0.62
Me\|/© Eluent: petroleum ether/ethyl acetate (95/5, v/v).
oy Appearance: colorless liquid.
Isolated yield: 65% (33.0 mg).
OMe '"H NMR (400 MHz, CDCls) 8 8.12 (d, J = 8.9 Hz, 2H), 7.51 (d, J = 7.3 Hz,

2H), 7.42 (t, J = 7.4 Hz, 2H), 7.35 (t , J = 7.3 Hz, 1H), 6.97 (d, J = 8.9 Hz, 2H), 6.18 (q, J =
6.6 Hz, 1H), 3.87 (s, 3H), 1.72 (d, J= 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl;) & 165.58, 163.37, 142.05, 131.69, 128.55, 127.83, 126.03,
122.92, 113.60, 77.48, 77.16, 76.84, 72.55, 55.40, 22.52.

HRMS (ESI) m/z: [M+Na]" calcd for CisH;703Na*™ 279.0992; found 279.0953.

1-(4-fluorophenyl)ethyl 4-methylbenzoate (41):

Fl TLC: R¢=0.55
M
© Eluent: petroleum ether/ethyl acetate (97/3, v/v).
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Appearance: colorless liquid.

Isolated yield: 62% (35 mg).

TH NMR (400 MHz, CDCl;) & 7.95 (d, J = 8.2 Hz, 2H), 7.41 (dd, J = 8.6, 5.4 Hz, 2H), 7.26 —
7.21 (m, 2H), 7.04 (t, J = 8.7 Hz, 2H), 6.09 (q, J = 6.5 Hz, 1H), 2.41 (s, 3H), 1.64 (d, J = 6.6
Hz, 3H).

13C NMR (101 MHz, CDCl;) 6 165.99, 163.68, 161.24, 143.85, 137.89, 129.80, 129.22,
128.03, 127.95, 127.79, 115.64, 115.43, 72.16, 22.55, 21.81.

19F NMR (376 MHz, CDCls) 6 -114.49, -114.50, -114.51, -114.53, -114.54, -114.55, -114.56.
HRMS (ESI) m/z: [M+Na]" calcd for C;sH;sFO,Na*281.0948; found 281.0952.

I-(4-chlorophenyl)ethyl 4-methylbenzoate (42):

Cll TLC: R¢=0.61
Me\|/©/ Eluent: petroleum ether/ethyl acetate (95/5, v/v).
Os 0O
Appearance: colorless liquid.
Isolated yield: 62% (34.0 mg).
Me 'H NMR (400 MHz, CDCl3) 6 7.95 (d, J = 8.2 Hz, 2H), 7.39 — 7.31 (m,

4H), 7.24 (d, J= 8.1 Hz, 2H), 6.07 (q, /= 6.6 Hz, 1H), 2.41 (s, 3H), 1.64 (d, J= 6.6 Hz, 3H).
13C NMR (101 MHz, CDCl;) 6 165.94, 143.90, 140.61, 133.72, 129.81, 129.24, 128.86,
127.69, 127.60, 72.11, 22.49, 21.81.

HRMS (ESI) m/z: [M+Na]* calcd for C;sH;5sC1O,Na*™297.0653; found 281.0652.

I-phenylethyl furan-2-carboxylate (43):

TLC: R¢=0.60
Me\'/© Eluent: petroleum ether/ethyl acetate (95/5, v/v).

Ox° Appearance: colorless liquid.

05 Isolated yield: 51% (27.0 mg).

'TH NMR (400 MHz, CDCl3) 8 7.62 — 7.56 (m, 1H), 7.50 — 7.44 (m, 2H), 7.40 (dd, J = 11.3,
4.2 Hz, 2H), 7.35 - 7.30 (m, 1H), 7.26 — 7.22 (m, 1H), 6.51 (dd, /= 3.4, 1.7 Hz, 1H), 6.17 (q,
J=16.6 Hz, 1H), 1.70 (d, J= 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl;) & 158.01, 146.33, 144.83, 141.28, 128.55, 128.01, 126.11,

117.98, 111.81, 72.88, 22.27.
HRMS (ESI) m/z: [M+Na]" calcd for C{3H;,03Na™ 239.0679; found 239.0650.
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(Z)-1,2-diphenylvinyl 2-(benzo/d]/1,3]dioxol-5-yl)acetate (44):

o TLC: R¢=0.45
< O Ph
0 O)\ Eluent: petroleum ether/ethyl acetate (80/20, v/v).

Ph' Appearance: White solid.

Isolated yield: 79% (56.6 mg).

TH NMR (400 MHz, CDCl3) 8 7.44 —7.39 (m, 2H), 7.37 (dt, J= 3.3, 1.8 Hz, 2H), 7.34 — 7.31
(m, 2H), 7.29 — 7.23 (m, 4H), 6.82 (t, /= 4.8 Hz, 3H), 6.67 (s, 1H), 5.98 (s, 2H), 3.77 (s, 2H).
13C NMR (101 MHz, CDCl;) & 169.02, 148.06, 147.17, 146.71, 135.65, 134.29, 128.89,
128.76, 128.58, 127.72, 126.63, 124.90, 123.01, 117.11, 110.23, 108.57, 101.27, 41.44, 29.85.
HRMS (ESI) m/z: [M+Na]* calcd for Cp3H;304Na* 381.1097, found 381.1080.

(Z)-1,2-diphenylvinyl 3-(4,5-dimethyloxazol-2-yl)propanoate (45):

TLC: R¢=0.55

O Ph
Ph Ojl/\)l\o)\ Eluent: petroleum ether/ethyl acetate (80/20, v/v).
\S\/N Ph
Ph

Appearance: White solid.
Isolated yield: 71% (49.3 mg).

'TH NMR (400 MHz, CDCl3) 6 7.65 (dd, J= 8.0, 1.5 Hz, 2H), 7.58 — 7.50 (m, 6H), 7.40 — 7.31
(m, 9H), 7.24 (d, /= 7.5 Hz, 3H), 6.71 (s, 1H), 3.24 (s, 4H).

13C NMR (101 MHz, CDCl;) & 169.91, 146.74, 135.48, 134.42, 132.59, 129.10, 129.04,
128.93, 128.83, 128.79, 128.77, 128.74, 128.71, 128.63, 128.53, 128.34, 128.23, 128.09,
127.81, 126.69, 124.96, 117.00, 31.24, 23.35.

HRMS (ESI) m/z: [M+Na]* calcd for C5,H,sNO3;Na*™ 494.1727, found 494.1631.

(Z)-1,2-diphenylvinyl 2-(4-isobutylphenyl)propanoate (46):

o ph TLC: R¢=0.35
O)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph Appearance: White solid.

Isolated yield: 90% (69.2 mg).
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TH NMR (400 MHz, CDCls) 6 7.33 (dd, J = 10.0, 6.2 Hz, 4H), 7.29 — 7.24 (m, 5H), 7.23 —
7.17 (m, 5SH), 6.63 (s, 1H), 3.99 (q, J = 7.1 Hz, 1H), 2.53 (d, J = 7.2 Hz, 2H), 1.92 (dp, J =
13.6, 6.8 Hz, 1H), 1.59 (d, J= 7.2 Hz, 3H), 0.96 (d, /= 6.6 Hz, 6H).

13C NMR (101 MHz, CDCl;) 6 172.05, 146.71, 141.22, 136.56, 135.87, 134.29, 129.65,
128.87, 128.60, 128.57, 128.49, 127.89, 127.55, 124.83, 117.04, 45.53, 45.22, 30.43, 22.54,
18.05.

HRMS (ESI) m/z: [M+Na]" caled for C,7H30,Na*™ 407.1982, found 407.1965.
(Z)-1,2-diphenylvinyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate
47):

0 TLC: R¢=0.31
C|‘©\</ Ph
Eluent: petroleum ether/ethyl acetate (80/20, v/v).

N 0

\

0 Ph  Appearance: White solid.

d Isolated yield: 87% (93.2 mg).

TH NMR (400 MHz, CDCl3) 8 7.65 — 7.59 (m, 2H), 7.48 — 7.41 (m, 4H), 7.39 — 7.28 (m, 5H),
7.18 —7.12 (m, 3H), 6.98 (dd, /= 5.7, 3.1 Hz, 2H), 6.73 (dd, J=9.1, 2.5 Hz, 1H), 6.67 (s, 1H),
3.91 (s, 2H), 3.77 (s, 3H), 2.41 (s, 3H).

13C NMR (101 MHz, CDCl;) & 168.30, 168.21, 156.20, 146.52, 139.35, 136.15, 135.46,
134.04, 133.75, 131.17, 130.81, 130.47, 129.14, 128.91, 128.64, 128.61, 128.36, 128.20,
127.60, 124.73, 117.02, 115.02, 112.17, 111.56, 101.10, 77.32, 77.00, 76.68, 55.67, 30.61,
13.47.

HRMS (ESI) m/z: [M+Na]" calcd for C33H,sCINO4Na* 558.1443, found 558.1410.

(Z)-1,2-diphenylvinyl 2-(3-benzoylphenyl)propanoate (48):

TLC: R;=0.65
O Ph

Ph 0)\ Eluent: petroleum ether/ethyl acetate (85/15, v/v).

o Ph Appearance: Colorless semi-solid.

Isolated yield: 89% (77.0 mg).

H NMR (400 MHz, CDCl;) 5 7.84 — 7.78 (m, 2H), 7.73 (d, J = 7.3 Hz, 2H), 7.56 (ddd, J =
23.8,14.4,7.7 Hz, 3H), 7.44 (t, J= 7.7 Hz, 2H), 7.36 — 7.27 (m, 7H), 7.20 — 7.15 (m, 3H), 6.64
(s, 1H), 4.08 (q, J= 7.1 Hz, 1H), 1.62 (d, J = 7.2 Hz, 3H).

23



I3C NMR (101 MHz, CDCl;) 6 196.49, 171.48, 146.64, 139.66, 138.31, 137.48, 135.72,
134.13, 132.70, 132.02, 130.19, 129.82, 129.46, 129.00, 128.78, 128.75, 128.73, 128.51,
128.48, 127.69, 124.85, 117.25, 45.74, 18.15.

HRMS (ESI) m/z: [M+Na]* calcd for C30H,403Na*™ 455.1618, found 455.1613.

(Z)-1,2-diphenylvinyl (S)-2-(6-methoxynaphthalen-2-yl)propanoate (49):

TLC: R,=0.51

MeO
O Ph
OO o )\ Eluent: petroleum ether/ethyl acetate (85/15, v/v).

Ph Appearance: White solid.

Isolated yield: 88% (71.9 mg).

H NMR (400 MHz, CDCl3) § 7.78 — 7.71 (m, 3H), 7.48 (dd, J = 8.6, 1.5 Hz, 1H), 7.32 — 7.28
(m, 2H), 7.25 — 7.17 (m, 7H), 7.08 (t, J = 7.4 Hz, 1H), 6.98 (t, J = 7.6 Hz, 2H), 6.60 (s, 1H),
4.15(q,J=17.1 Hz, 1H), 3.96 (s, 3H), 1.67 (d, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl) § 172.01, 157.96, 146.72, 135.91, 134.44, 134.14, 129.55,
129.14, 128.81, 128.64, 128.58, 128.38, 127.54, 127.51, 126.75, 126.71, 124.88, 119.28,
117.14, 105.73, 55.49, 45.83, 18.20.

HRMS (ESI) m/z: [M+Na]* caled for CagH403Na* 431.1618, found 431.1589.

(Z)-1,2-diphenylvinyl 2-(2-fluoro-[/1,1'-biphenyl]-4-yl)propanoate (50):

TLC: R; = 0.45
Ph @) Ph

Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph Appearance: White solid.

Isolated yield: 91% (76.9 mg).

TH NMR (400 MHz, CDCl;) & 7.56 (d, J = 8.0 Hz, 2H), 7.47 — 7.31 (m, 6H), 7.29 — 7.23 (m,
5H), 7.22 = 7.19 (m, 1H), 7.18 — 7.12 (m, 4H), 6.61 (s, 1H), 4.00 (q, /= 7.1 Hz, 1H), 1.58 (d,
J=7.2Hz, 3H).

13C NMR (101 MHz, CDCls) & 171.35, 161.15, 158.68, 146.66, 140.70, 140.62, 135.74,
135.56, 135.55, 134.11, 131.13, 131.09, 129.11, 129.08, 128.83, 128.75, 128.73, 128.70,
128.46, 128.35, 127.95, 127.67, 124.88, 124.23, 124.19, 117.29, 115.98, 115.74, 45.36, 18.04.
HRMS (ESI) m/z: [M+H]" calcd for Cy9H,4FO," 423.1755, found 423.1807

(Z)-1,2-diphenylvinyl 2-(2,4-dichlorophenoxy)propanoate (51):
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TLC: R¢,=0.51

Cl O Ph
D/O%o)\ Eluent: petroleum ether/ethyl acetate (90/10, v/v).
Ph
Cl

Appearance: Colorless semi-solid.

Isolated yield: 80% (66.1 mg).

'TH NMR (400 MHz, CDCl3) 6 7.53 (t, /= 8.3 Hz, 1H), 7.48 — 7.39 (m, 5H), 7.38 — 7.27 (m,
7H), 6.98 (dd, J = 8.8, 2.5 Hz, 1H), 6.73 (s, 1H), 6.64 (d, /= 8.8 Hz, 1H), 4.92 (q, /= 6.8 Hz,
1H), 1.78 (d, J= 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl;) 6 168.97, 152.15, 146.45, 135.13, 134.00, 130.46, 129.02,
128.96, 128.80, 128.71, 128.61, 127.94, 127.69, 127.48, 125.06, 117.68, 116.68, 74.57, 18.36.
HRMS (ESI) m/z: [M+Na]* calcd for C,3H;3Cl,05;Na*™ 435.0525, found 435.0500.

(Z)-1,2-diphenylvinyl-2-d benzoate (52):

0O Ph IH NMR (400 MHz, CDCls) § 8.26 (d, J = 7.6 Hz, 2H), 7.68 (t, J = 7.4
pn” ~o" X P Hz, 1H), 7.61 (dd, J = 8.0, 1.0 Hz, 2H), 7.57 (d, J = 7.6 Hz, 4H), 7.39 (dt,

J=11.9, 3.0 Hz, 3H), 7.29 (t, J = 7.5 Hz, 3H), 7.24 — 7.20 (m, 1H), 6.83

4. Controlled and stoichiometric experiments:

a. Control Studies: :
30%D 40% D

Rex(CO)1o (2 mol%) o ph 3 Rex(CO)1q (2 mol%) o ph
NaOAc (10 mol%) 0 NaOAc (10 mol%)
PhCOOD ph)l\o)\(w D ! PncooD : Ph)l\o Xy P
Toluene, 140 °C, 12 h ' Toluene, 140 °C, 12 h
o Ph—=—=—FPh Ph 0 o Ph—=—Ph B
> D 7 D > D
(>99% D) open air 49 (68%) (>99% D) adaty 49 (61%)@
b. Intermediate Identification (through HRMS):
iment- . Ph
@ Experiment-1 o Fd
PhCOOH Re(CO)1o (0.05 - 0.1 mmol) i O Re(CON0A)
(0:lmmol) NaOAc (0.05 mmol)
+ : Re-1(0.5h) + Re-2(1h) + Re-3(0.5h) + Re-4(0.5h, 1h)
Ph—=——Ph PhCHg3, 140 “C., time (h) : Ph
(0.1 mmol) open air } }—O Re-2

3 Re(CO)(OAc)
@ Experiment-2 (no Alkyne)

Ph
Re,(CO)1o (0.05 mmol) !
PhCOOH NaOAc (0.05 mmol) ; 0" "0
No Re-complex ' Ph .~
(0.1 mmol) PhCH3, 140 °C, 0.5 h : Ph Re-3
open air : Re(CO);(0Ac)
@ Experiment-3 (no Benzoic Acid) ' Ph
Re»(CO)1 (0.05 mmol) 3 o’go
Ph—=——ph NaOAc (0.05 mmol) e . ‘ e
— '0 Re-complex '
PhCH3, 140 °C, 0.5 h : Ph Re-4
(0.1 mmol) open air : Re(CO),(OAc)
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HRMS Data Intermediate Re-1

Compounds

%10 4 [Cpd 1: C13 H8 OB Re: +ES| EIC(458,9638, 459.9716, 4609666, 461.9744 ) Scan Frag=118.0V..
1.7541 0.225 1
15 12 2
1.25
1
0.75
05
0.25

0 e AL A A e A A A A A A A At

01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1.7 18 1.9 2
Counts vs, Acquisition Time (min)

x10 3 [Cpd 1: €13 HB O8 Re: + FBF Spectrum (0.158-0.383 min) SB- 644-30 min.d Subtract

495.0149
7 Ph (M+NH4)+

g Q

5 O Re(CO),(OAc)

4 Re-1

3 [M+NH,]* = 495.0087 497.0014
2 (M+MNH4 )+
1 .

4] | |

479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498
Counts vs, Mass-to-Charge (m/z)
Peak List

[== Z |Abund JFormula Ton
478.9789] 1 59.12|C13HBOBRe M=+
495.0149] 1 | 6900.93JC13H12MN0O8Re (M+NH4)+

496.018] 1 | 1234.78]C13H12NOBRe (M+NH4)+
49?.["]}.1' 1 | 1981.54JC13H12MN08Re (M+NH4)+
498.0116] 1 | 372.77|CL3H12NOBRe (M NH)+

HRMS Data Intermediate Re-2
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Compounds

x10 3

3l

2.5
2
1.5

-

0.5

%103

Cpd 1: C11 H8 O6 Re: +ESI EIC(402,9739, 403,9818, 404, 9767, 4059846 ..,

0,305
14212

%W S L LA A

} Scan Frag=118.0V...

1

02 03 04 05 06 07 0.8 08 11 1.2 1.3 14 15 16 1.7 1.8 18
Counts vs. Al:qulsmon Time (min)

Cpd 1: C11 HB OB Re: + FBF Spectrum (0.213-0.496 min) SB- 644-1h.d Subtract

Ph

Compounds

HRMS Data Intermediate Re-3

Q
0.8 d Re(CO)(0AC)
06 Re-2
0.4 Mass = 422.9878
422.9941
0.2 s
o4 - - |
406 408 410 412 414 416 418 420 422 424 426 428 430 432 434 436 438 440
Counts vs. Mass-to-Charge (miz)
Peak List
T Z [Abund_[Formula Ton
404.9723] 1 | 1027.B3|C11H605Re M*+[-H20]
405.9737] 1 41.22|C11H605Re M=+[-H20]
422.9941] 1 81.04]JC11HBOGRe M=+
441.0243] 1 63.98|C11H12NOGRe (M+NH4)+

x10 3

3511

3
25
2
15
1
0.5
0

x10 2

Cpd 1: C26 H18 O7 Re: +ES| EIC(609.0471, 610.0549, 611.0500, 612.0578 ..

0.261
16111

ﬂM A A M, A A A

.} Scan Frag=118.0..

01 02 03 04 05 06 0.7 08 09 1 11 1.2 13 14 15 16 1.7 1.8
Counts vs, Acquisition Time (min)

1.8

2

Cpd 1: C26 H18 O7 Re: + FBF Spectrum {0.133-'0.3.19 min) 38-651.d Subtract

Re(CO);3(0Ac)
Re-3
M+H]* = 630.0683

630.0674
(M+H)+

612 614 616 618 620 622 624 626 628 630 632 634 636 G638 640 642 644 646 648 650
Counts vs. Mass-to-Charge (m/z)

Peak List
m/z z |Abund [Formula Ion
612.0523| 1 65.24]C26H1706Re (M+H)+[-H20]
630.0674| 1 114.43JC26H1907Re (M+H)+
649.0292| 1 361.18|C26H16K06Re (M+K)+[-H20]
650.018] 1 212.82|C26H16K06Re (M+K)+[-H20]
651.0123| 1 339.19|C26H16K0ERe (M+K)+[-H20]

HRMS Data Intermediate Re-4
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Compounds

x1p 4 |Spd 1: C25 H18 O6 Re: +ESI EIC(581.0522, 5820600, 583.0551, 584.0629 ...} Scan Frag=118.0..
0236

. 1?-‘p?3
- \
25 |
: !
15
F
0.5

1] e Tt L MR A e s e M R el T CRRRT s O h_e JLAL

01 02 03 04 05 06 0.7 08 0.9 1 1.1 12 1.3 14 15 16 1.7 1.8 1.9 2
Counts vs. Acquisition Time (min)

win 3 |Gpd 1 C25 H1E Q6 Re) + FEF Spectrum (0, 186-0.319 min) 5B-851.d Subtract

641.0415
1.75 Fh (M4
1.5 o Yo
195 Ph~ -
Ph 639.0252
1 Re(CO),(OAc) (M)
0.75 Red
i
0.5 [M+K]* = 640.0292
0.25 |
|

622 623 624 625 626 627 628 620 630 631 632 633 634 635 636 637 638 630 G640 641 642
Counts vs. Mass-to-Charge (mi'z)

Peak List

m/z z |Abund JFormula Ton
622.0179) 1 385.69 |C25H16K05Re 14K+ [-H20]
623.0059] 1 204,91 |C25H16K05Re (MK + [-H20]
623.9964] 1 131.7B|C25H16K05Re (14K + [-H20]
639.0252] 1 B48.82 |C25H1BKDER: 14K+
&40.0273) 1 40988 |C25H1BKDER: (14K +
&41.0415) 1 | 1709.77|C25H1BKOGRe (14K +
G42.0427) 1 579.25 |CI5H1BKDGER: 1K) +

KIE experiments in different reaction tubes

To an over-dried 10 mL reaction tube equipped with a magnetic stir bar was added Re,(CO);
(2.1 mg, 0.002 mmol, 2 mol%), benzoic acid (0.1 mmol, 12.2 mg), diphenyl acetylene (0.2
mmol, 35 mg), dodecane (10 uL) as internal standard. Dry toluene was added to make sure
the volume of the reaction solution is 0.3 mL, then the tube was put into preheated oil bath at
140 °C. The reactions were monitored by GC at different reaction times 10 — 80 minutes. We

have observed that the reaction initiated at 40 min.

ky Experiment:
O 0O Ph
)j\ standard
Ph OH > Ph (O )M
conditions
0.1 mmol Ph

To an over-dried 10 mL reaction tube equipped with a magnetic stir bar was added Re,(CO);q
(2.1 mg, 0.002 mmol, 2 mol%), benzoic acid (0.1 mmol, 12.2 mg), diphenyl acetylene (0.2
mmol, 35 mg), dodecane (10 uL) as internal standard. Dry toluene was added to make sure
the volume of the reaction solution is 0.3 mL, then the tube was put into preheated oil bath at

140 °C. The reactions were monitored by GC at different reaction times 10 — 80 minutes. We
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have observed that the reaction initiated at 40 min. The reactions were monitored by GC. The

initial rate of two reactions showed that the KIE was 1.

kp Experiment
0O O Ph
)]\ standard )]\ D
Ph” ~OD i T PhTOTY
conditions
0.1 mmol 52 Ph

@ Stndard Substrate @ Deuterated Substrate

25

~ 20
X
=

o 15
>
©

3 10

5

0 -
0 10 20 30 40 50 60 70 80 90
Time (min)
5. NMR Spectra:

'H NMR of 1 in CDCl; at 400 MHz
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'H NMR of 2 in CDCI; at 400 MHz
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'"H NMR of 3 in CDCl; at 400 MHz
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'H NMR of 4 in CDCI; at 400 MHz
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'H NMR of 5 in CDCI; at 400 MHz
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1

H NMR of 6 in CDCl; at 400 MHz

SE'L
8v'L
vS'L
vSL

95°L
S9'L~_
e
908
20'8
808
808

Mar20-2023
SB-263-1H

Br

7.9 7.7 . 7.3 7.1 6.9
f1 (ppm)

8.1

0.0

0.5
Ph
N

25 20 15 10
0

3.0

3.5

¥8'9L
9T'LL W
8v'LL

4.0

4.5

5.0
f1 (ppm)

I3C NMR of 6 in CDCl; at 100 MHz

5.5

i

88°LTT
vL8CT W

6.0

z8'8z1
18821
87'62T /_

mw.ﬁmﬁ\
zeTET \
TTYET \
z5'seT

SS'9PT —

7.5 7.0 6.5

8.0

9L'€9T —

9.5 9.0 8.5

10.0
Mar23-2023
SB-263-13C

Br
60 50 40 30 20 10

70

90 80

100
f1 (ppm)

180 170 160 150 140 130 120 110

190

200



'"H NMR of 7 in CDCl; at 400 MHz
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F NMR of 7 in CDCl; at 100 MHz
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I3C NMR of 8 in CDCl; at 100 MHz
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'H NMR of 10 in CDCl; at 400 MHz
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F NMR of 10 in CDCl; at 100 MHz
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f 11 in CDCI; at 100 MHz
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3C NMR of 12 in CDCl; at 100 MHz
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NMR of 13 in CDCl; at 400 MHz
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'H NMR of 14 in CDCl; at 400 MHz
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'H NMR of 15 in CDCl; at 400 MHz
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'H NMR of 16 in CDCl; at 400 MHz
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'H NMR of 17 in CDCl; at 400 MHz
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'H NMR of 18 in CDCl; at 400 MHz

NC

"H NMR; 400 MHz

\

842

wN.n/
om.n/
oLt
e —
YLLA
oLL

T8~
ves

Ero'ct

phLe
I80°€
MNQ.N

10T
5002

F10'T

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)
in CDCI; at 400 MHz

11.0

]

13C NMR of 1

NC

J

13C NMR; 100 MHz

89'9L
OO.NNW
Te'LL

0T’ L1T
LTt V.

7
L8°LTT ”
[4:k:141

mi

o

N
€«
ol
-

€9'0€T
8S'TET

LTIYT —

TL'TIT —

200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20
1 (ppm

210

49



'H NMR of 19 in CDCl; at 400 MHz
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'H NMR of 20 in CDClI; at 400 MHz

Ph
\ O\/)
Ph

Mar28-2023
SB-271-1H

Ol
)
S L
= .
689
sv'L
s9L
992 I
19°¢
69°L e
—
L0°8
L0°8 —
80°8
80°8

£8'9
NN.NQ
hN.hg
8z
0€°Z
[
o' |
8L |
oq.WJ
[A a5
[Aa%
vy LA
SY'L
LWL A
gt
nw.L
69°L

S,

mN.MJ
9L'L
e

L0,
09
80'8
80'8

=

58

100"

Foor
B
Foor

o

Fs6"

82 80 78 76 74 72 7.0 68 6.6 6.4
f1 (ppm)

A

002
Ryyg
L00p

V0T

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6}%( )
ppm
BC NMR of 20 in CDCl; at 100 MHz

11.5

Ph
\ O\\/)

/

Ph

vw.oh
w.n.hh W
8v'LL

e

£8°LTT
LE°8TT
[44:141
18'8CT

£8°8TT

uo.mﬂﬂ
Nm.mm.-
NN.QMﬂ
60°SET

vEIWT —

€8°65T —

Mar28-2023
SB-271-13C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

51



'"H NMR of 21 in CDCl; at 400 MHz

%99
€99
£€9'9
€99

T it

Ph
Y

/

Ph

29'9
£9'9
£€9'0 4
089 1
£TL
9T'L
67,
1€
€€
€€ |
SE'L
o€°L
8€°L
oL
oL
SY°L
SY'Ly
SS'Z
£S'L
182
85°L

85°L

09'L
09'L b

oL'L
oL'L N.
oL'L

7.0 6.8 6.6 6.4

f1 (ppm)

7.2

7.6

7.8

660
=00'T

T
WPNN.M
£80C
M«wo;

0
)ﬂo.

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
Ph
\ O%

95 90 85 80 75 70 65 60 55 5'f01( )
ppm
BCNMR of 21 in CDCl; at 100 MHz

10.0

/

¥8'9L
9T LL W
8v'LL

WerT —

8S°LIT —
12210
€L'8TT
¥8'8TT W
66'8ZT

TTYET ~
TS'SET —

LOPYT ~
T0'9VT —
SSLYT

TT9ST —

SB-462

Ph

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

52



'"H NMR of 22 in CDCl; at 400 MHz
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'H NMR of 23 in CDCl; at 400 MHz

OMe

8t —

9LE~_
08€

¥9'9

6,9 S
189 V
L8°9—F
68'9

9TL—
8v'L—

SB-636-A-Down

07 X

OMe

Me

¥9'9 — -
fao\
17~
9T°'L

€€°L /
mn.h/

'L ~
:14 W/
-1 404

ose
8L

ET'8~_
9T'8 " ~

00T

o2
F907

== F+0'q

Fsoy

JTQN

82 80 78 76 74 72 70 68 66 64
f1 (ppm)

I

1909

00T
0T
90T

0T
80t

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
13C NMR of 23 in CDCl; at 100 MHz

10.0

€6'TT —

TE'SS
St'SS >

¥8°9L
9T LL W
8v'LL

Nﬂ.—;ﬂ
TTYIT V-
66'PTT /

80°9ZT
SL'9TT /
6€°LTT

69871
79621 -F
Z0'0€T \
LY'OET

YLYYT
80°SPT

98'85T —
eg6sT/
65Y9T ~

SB-636-A-Down

OMe

07 X

Me

OMe

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

54



1D NOE of 23

T T
[921.1

e,

e N

Me

[ppmj

4
1

'"H NMR of 23a in CDCl; at 400 MHz

L1t
m.n.NW
| Y4
MN.N \

®

0]

07
"H NMR, 400 MHz

Me

¥9'9 —

foa\
v0'L—+
905/

veL
9€°L V
8€°L
ov'L
WL
€vL
vs'L

€T'8
€T'8 W
ST'8

=010

Foo't

== 1797
== F81C

= [e09

—==186'0

E6C°0

= oz

T

T T T T T T
84 82 80 78 76 74 72 7.0 68 6.6 6.4

T

T

T

f1 (ppm)

_ zC0'E
=== X,0¢

4 —01°0
- F00'T

29T
fer'e

=== Te09

== 860

=620
== k1o

0.5

1.0

1.5

3.0

5.0 4.5 4.0 3.5
f1 (ppm)

5.5

9.5

T
10.0

55



3C NMR of 23a in CDCl; at 100 MHz
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BCNMR of 24 in CDCl; at 100 MHz
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'"H NMR of 24a in CDCl; at 400 MHz
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°F NMR of 24a in CDCl; at 100 MHz

CF3

07N

Me

CF3

98°29-
8L°T9-
€L°T9-
cLTY-
99°79-

-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-100
f1 (ppm)

-20 -30 -40 -50 -60 -70 -80 -90
'H NMR of 25 in CDCl; at 400 MHz

-10

10

7 Szl

7 Ph
Ph’(
o)
o)

SOy — —_—

@ —

9T'L
JA Y
(e -
9L~ - ——
8T'L _
6L T
ogL [
og'L
LeL
Y8 — S~—

SB-603

80 78 76 74 72 70 68 6.6
f1 (ppm)

8.2

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 1.0 0.5 0.0
f1 (ppm)

10.0

59



3C NMR of 25 in CDCl; at 100 MHz
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3C NMR of 26 in CDCl; at 100 MHz
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BC NMR of 27 in CDCl; at 100 MHz
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f'28 in CDCl; at 100 MHz
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BC NMR of 29 in CDCl; at 100 MHz
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B3C NMR of 30 in CDCl; at 100 MHz
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B3C NMR of 31 in CDCl; at 100 MHz
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B3C NMR of 32 in CDCl; at 100 MHz
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B3C NMR of 33 in CDCl; at 100 MHz
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3C NMR of 34 in CDCl; at 100 MHz
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3C NMR of 35 in CDCl; at 100 MHz
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3C NMR of 36 in CDCl; at 100 MHz
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3C NMR of 37a in CDCl; at 100 MHz
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3C NMR of 41 in CDCl; at 400 MHz
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'H NMR of 42 in CDCl; at 400 MHz
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'H NMR of 43 in CDCl; at 400 MHz
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'H NMR of 45 in CDClI; at 400 MHz
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'H NMR of 46 in CDCl; at 400 MHz
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'H NMR of 47 in CDCl; at 400 MHz
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"H NMR of 48 in CDCl; at 400 MHz
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BC NMR of 49 in CDCl; at 100 MHz
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'"H NMR of 51 in CDCl; at 400 MHz
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'H NMR of 52 in CDCl; at 400 MHz
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