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1. Materials and characterizations

Co(NO3)2:6H20 (99.9% metals basis), CoCl, (98% metals basis), Co(OAc): (98%
metals basis), Co(ClO4),#6H20 (98% metals basis), 1> N-NaNOs (99% metals basis),
Fe(NOs3)3:9H,0  (99.999% metals basis), triphenylphosphine (PPhs), 2,6-
dimethylbenzenethiol, 4-methylbenzenesulfonhydrazide, benzaldehyde, Lithium tert-
butoxide and 1-hexyne were purchased from Adamas chemical reagent Co. Ltd.
Ni(NO3).¢6H,0 (AR,98%) was purchased from Aladdin chemical reagent Co. Ltd.
Dichloromethane (DCM, 99.0%), petroleum ether (PE, 99.0%), ethyl acetate (99.0%),
n-hexane, n-pentane and sodium borohydride (NaBHs4) were purchased from
Sinopharm chemical reagent Co. Ltd. All the water used in experiments is ultrapure
produced by AIC pure water system.

All UV-vis absorption data were obtained on a P7 spectrophotometer at room
temperature. The single crystal X-ray diffraction (SCXRD) data was measured at low
temperature (T = 120 K), using a Stoe Stadivari diffractometer. A graphite-
monochromatized Cu Ko (A = 1.54178 A), Ga Ko (A = 1.34139 A) radiation were used
for the measurement. The structures were solved and refined using the SHELXT
software. Electron paramagnetic resonance (EPR) spectra were obtained by Bruker
EMX plus 10/12 (equipped with Oxford ESR910 Liquid Helium cryostat). X-ray
photoelectron spectroscopy (XPS) measurements were performed on a Thermo
ESCALAB 250, configured with a monochromated Al Ka (1486.8 eV) 150 W X-ray source,
0.5 mm circular spot size, a flood gun to counter Slcharging effects, and the analysis
chamber base pressure lower than 1 x 10° mbar. Data were collected with FAT = 20 eV.
IR spectra were obtained by Thermo Scientific Nicoiet iS50 FTIR Spectrometer. NMR
spectra were recorded at 400 MHz (*H) and 101 MHz (*3C), respectively. Chemical shifts
(8) are reported in ppm, using the residual solvent peak in TMS (*H NMR, 0 ppm), CDCl3
(33C NMR, 77.0 ppm) as internal standard, and coupling constants (J) are given in Hz.
Electrospray ionization mass spectra (ESI-MS) were acquired on a Waters Q-TOF mass
spectrometer equipped with a Z-spray source. The sample was directly infused into

the chamber at 5 puL/min. GC analysis was conducted using CEAULIGHT GC-7920
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spectrometer. Cyclic voltammograms were recorded on electrochemical workstation
CHI660E (Shanghai CH Instruments Co., Ltd.). All solvents were purified and dried
according to the standard procedures unless otherwise noted. Commercially available
substrates were purchased and used directly. Allene substrates'? were prepared

according to the literature procedures.
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2. Synthesis and characterizations of Co; nanoclusters

(1) Synthesis of Cos-1 and Coz-lI

Co(NOs3)2:6H,0 (65 mg, 0.22 mmol) and PPhs (66 mg, 0.25 mmol) were dissolved in
10 mL of THF in a flask with continuous stirring for 30 min (Fig. S1a). To the above
solution, 2,6-dimethylbenzenethiol (120 mg, 0.87 mmol) was added. Two minutes later,
cold solution of NaBH4 (130 mg, 3.44 mmol) in water (4 mL) was added in a whole. The
resulting mixture was then stirred at room temperature for 3 h. After the reaction was
complete, the black solution was dried and washed with water. The resulting crude
product was purified by PTLC with DCM/PE (1/1, v/v) as eluent (Fig. S1b) to give the
two nanoclusters (Coz-I: 25 mg, 52% vyield based on Co atom; Coz-ll: 18 mg, 31% vyield
based on Co atom). Black diamond-shaped crystals of Coz-l1 and Coz-ll using for SCXRD
analysis were obtained by slow evaporation of the purified product in DCM/n-hexane
and DCM/n-pentane solutions, respectively. The synthesis of °N-labelled Co,

nanoclusters followed the above procedure, with ®N-Co(NOs),-6H,0 used as the

cobalt source.

Fig S1. The synthesis of cobalt nanoclusters. (a) The reaction setup. (b) TLC picture of

Coz-l and Co7-Il with DCM/PE (1/1, v/v) as a developer.
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(2) Gram-scale synthesis of Co7-1 and Co7-ll

Co(NOs3)2:6H,0 (3.89 g 13.37 mmol) and PPhs (3.94 g, 15.00 mmol) were dissolved
in 300 mL of THF in a 1000 mL flask with continuous stirring for 30 min (Fig S2a). To
the above solution, 2,6-dimethylbenzenethiol (2.43 g, 17.47 mmol) was added. Two
minutes later, a cold solution NaBH4 (1.56 g, 41.24 mmol) in water (20 mL) was added
in a whole. The resulted mixture was then stirred at room temperature for 3 h. After
the reaction was complete, the black solution was dried and washed with water. The
resulting crude product was purified by flash column chromatograph with DCM/PE

(1/1, v/v) as eluent (Fig S2b). Coz-1: 1.23 g, 42% vyield that was based on Co atom.

Fig S2. The gram-scale synthesis of cobalt nanoclusters (a) The gram-scale reaction
setup. (b) Large-scale synthesis of Co7-1 nanocluster. The image was prepared using

ChemDraw.
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(3) Total structure

Fig S3. The total structure of Cos-l. Four stereoisomers are observed in the single
crystal structure. Color Labels: purple = Co; blue = N; yellow ='S; green = P; gray = C;

orange = O; All hydrogen atoms were omitted for clarity.

Table S1. The structure parameters of these four sterecisomers.

Isomer 1 2 3 4
/Co-NO 17271 17597 173.03 167.82
178.08 171.78 17456  170.95 171.28

Average

171.89  163.86 167.28 177.84

168.56  167.92 169.40 168.77

Bond length  1.157 1.172 1.166 1.142
N-O (A)

1.169 1.164 1.120 1.148 1.162
1.162 1.142 1.178 1.137
1.172 1.178 1.208 1.173

The structure parameters concluded from these isomers showed that the NO
bond length ranges from 1.12 to 1.21 A and Co-N-O angle varies from 163.9-178.1°,

with the average values (1.16 A, 171.3°) supporting a linear NO* structure.
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Fig S4. The total structure of Coz-1l. NO and hydroxyl ligands account for one-third and
two-thirds of the total, respectively. Color Labels: purple = Co; blue = N or O; yellow =
S; green = P; gray = C; orange = O; All hydrogen atoms except on the -OH group were

omitted for clarity.
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(4) Synthesis and characterizations of Co(OPPh3)2(NO3)2

8HNO; ——» 3Cu(NO;), + 2NO + 4H,0

il

Co(OAc), + PPh,

Fig S5. The reaction setup. The left apparatus is the NO gas generator. The right

apparatus is the setup for nanocluster synthesis.

Y
o

= Co(OPPh,),(NO,),
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Fig S6. The characterization of Co(OPPh3)2(NOs).. (a) TLC picture of the product with
standard sample of Coz-I with DCM/PE (1/1, v/v) as a developer. (b) The UV-vis

absorption spectra of Co(OPPh3)2(NO3);.
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Fig S7. The total structure of Co(OPPh3)2(NOs),. Color Labels: purple = Co; blue = N;

orange = O; green = P; gray = C; All hydrogen atoms were omitted for clarity.
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(5) Variations of other metal salts
SH

Fe(NO3)3*9H,0 + PPhy + \©/ + NaBH, M,

Fig S8. TLC picture of the reaction mixture using Fe(NO3)3*9H.0 as a metal source.

The mixed solvent DCM/methanol (10/1, v/v) was used as a developer.

SH

Ni(NO3)*6H,0 + PPh; + \@/ +  NaBHy ﬁ»

Fig S9. TLC picture of the reaction mixture using Ni(NOs),*6H,0 as a metal source.

The mixed solvent DCM/methanol (10/1, v/v) was used as a developer.
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(6) Variations of other cobalt salts

Co(OAc), CoCl,

Co(CIO,)ye 6H,0

N m/z=1486.6165

Intensity

1200 1400 1600 1800 2000 2200 2400
m/z (Da)

Fig S10. Variations of other cobalt salts. (a-d) TLC picture of the reaction mixture of
other cobalt salts with DCM/PE (1/1, v/v) as a developer. () HRMS spectrum of
products.

The TLC pictures (Figure S10a-510d) show that all of these cobalt salts fail to give
the nitrosyl cobalt nanocluster (Coz-l) albeit with similar polarity. Additionally, the
HRMS spectrum of these products indicates a species with m/z at ~1486, also excludes

the existence of Coz-l.
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(7) NO-trapping experiment

SH

Co(NOy)*6H,0 + A+ Pph, -0 C.20min, \@/ + NaBH, %» B
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Fig S11. The *H NMR spectrum of NO-trapping product B. The sample was recorded

using CDCls as the solvent.

Potassium(4-methoxyphenyl)trifluoroborate (A) was introduced the standard
conditions preparing cobalt nanoclusters, and the resulting NO-trapping product B was
readily accessed and isolated. The obtained *H NMR spectrum of B was in a well

accordance with the literature report3.
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(8) Triphenylphosphine oxide (TPPO) trapping experiment

Co(NO3),6H,0 + PPh, Tl:'_':> TPPO

2
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1 (ppm)

Fig S12. The *H NMR spectrum of TPPO. The sample was recorded using CDCls as the
solvent.

We isolated a triphenylphosphine oxide product during the phosphine complexation
with Co(NO3z)2¢6H,0 under nitrogen atmosphere. This result evidences that nitrate ion
can be reduced by triphenylphosphine. The *H NMR spectra of the product was in a

well accordance with the literature report®.
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(9) UV-vis absorption spectra

— Co-l

— Co,-ll
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Fig S13. UV-vis absorption spectra of cobalt nanoclusters Cos-l and Co-ll. DCM

solution of Co-1and Cos-ll was used for the analysis.

(10) EPR
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Fig S14. The variable temperature EPR spectrum of Cos-l. The EPR testing was

recorded at 2 K, 60 K and 120 K.
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Fig S15. The variable temperature EPR spectrum of Cos-ll. The EPR testing was
recorded at 2 K, 60 K and 120 K.

The obvious EPR signals of the two nanoclusters confirm that they both have
unpaired electrons. The flexible NO structure of Cos-l gave rises of variation of EPR

signal at high temperature, while Coz-ll largely maintains its EPR single.
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(11) Synthesis of *>*N-cobalt(ll) nitrate

a) H,0, evaporation

15 -
CoCl, + NaPNOs b) acetone, filtration, 80°C

NaCly + Co("®NOs),"6H,0 ¢
[

To the solution of CoCl; (324.6 mg, 2.5 mmol) in of H,0 (5 mL), Nat°>NOs (429.95
mg, 5 mmol) was added and the resulting reaction was heated to 80 °C for 1 h. After
the reaction was completed, the crude product was condensed under vacuum. The
resulting mixture was then dissolved in acetone (20 mL) to precipitate the byproduct
sodium chloride, and removed it by centrifuge method. The resulting >N-cobalt(Il)
nitrate hexahydrate (586 mg, 80%) was separated out after condensing the

supernatant.
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(12) HRMS
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Fig $16. HRMS spectra of Cos-l and Cos-I-*°N. (a) HRMS spectra of Cos-l. (b) HRMS

spectra of Coz-I-°N.
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Fig S17. HRMS spectra of Cos-ll and Co7-11-**N. (a) HRMS spectra of Coz-Il. (b) HRMS

spectra of Coz-II-*°N.

The HRMS spectra of Coz-ll exhibited a major peak at 1818.7118 and a minor peak

at 1832.7206 (Fig S17a), corresponding to the OH- and NO-containing structure,

respectively. Coz-1I->N led to a protonated °N-labelled cluster (1834.7360), further

validating the NO structure (Fig S17b).
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(13) IR

— Cosll

—— Co,-II-"5N

Transmittane (%)
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Fig S18. IR spectra of Cos-ll and Cos-1I->N. The IR spectra were recorded using KBr
pellets containing the samples.
As shown above, the stretching vibration of NO of Co7-ll was identified at 1734 cm”

!, evidencing the existence of NO*.
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(14) XPS
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Fig $19. XPS spectra of Co7-I. (a-f) The full, C Is, N 1s, P 2p, S 2p, and O 1s XPS spectra
of freshly prepared Coz-1 samples. Coz-l was deposited onto a clean SiC substrate for

XPS analysis.
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Fig S20. XPS spectra of Coz-ll. (a-f) The full, C 1s, N 1s, P 2p, S 2p, and O 1s XPS spectra
of freshly prepared Coz-1l samples. Coz-ll was deposited onto a clean SiC substrate for

XPS analysis.
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(15) Stability test of Co-I

Absorbance (a.u.)

1 ! 1 ¥ 1 ! I ! I ! 1
300 400 500 600 700 800
Wavelength (nm)

Fig S21. Time-dependent UV-vis spectra of Cos-l. The testing sample was dissolved in

DCM under room temperature and aerobic atmosphere.
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3. Electrochemical property investigation

(1) Cyclic voltammograms of catalysts and substrates
The electrochemical analysis was demonstrated with Ag wire as a reference
electrode, which is not a stable reference electrode. CVs can be calibrated using

ferrocene as an external reference. (Fig S22) Ep/2(Fc/Fc*) = (0.094-0.013)/2 = 0.0405V.

—— Ferrocene

1.5x10°

1.0x10°%

5.0%10®

0.0

Current (A)

-5.0x10°®

-1.0x10°®
1 " 1 " 1 i 1 " 1 " 1

-0.4 -0.2 0.0 0.2 0.4 0.6 I 0.8
Potential (V) vs. Ag/Ag*

Fig S22. Cyclic voltammogram of ferrocene. The sample of ferrocene (0.05 M) was
tested in 0.1 M "BusNBF4 (DMF 3mL), using a glassy carbon working electrode and Pt
wire, Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s

scan rate.
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Fig $23. Cyclic voltammogram of Coz-l. The sample of Coz-1 (0.003 mmol) was tested
in 0.1 M "BusNBF4 (DMF 3 mL), using a glassy carbon working electrode and Pt wire,
Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s scan

rate.
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Fig S24. Cyclic voltammogram of Co7-Il. The sample of Coz-11 (0.003 mmol) was tested
in 0.1 M "BusNBF4 (DMF 3 mL), using a glassy carbon working electrode and Pt wire,
Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s scan

rate.
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Fig S25. Cyclic voltammogram of allene 1a. The sample of 1a (0.08 mmol) was tested
in 0.1 M "BusNBF4 (DMF 3.0 mL), using a glassy carbon working electrode and Pt wire,
Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s scan

rate.
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Fig $26. Cyclic voltammogram of benzaldehyde 2a. The sample of 2a (0.05 mmol) was

tested in 0.1 M "BusNBF4 (DMF 3.0 mL), using a glassy carbon working electrode and

Pt wire, Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s
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scan rate.
As shown in the Fig S25-S26, the reduction peak of substrate 2a is at -2.64V (vs.
Fc/Fc*), while that of 1a is at -2.34V (vs. Fc/Fc*). Therefore, 1a is more prone to be

reduced at the cathode.

6.0x10°

——HOAc
4.0x10°

2.0x10% |

— 0.0 |-
< i
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=
O
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Potential (V) vs. Fc/Fc*

Fig S27. Cyclic voltammogram of HOAc. The sample of HOAc (0.05 mmol) was tested
in 0.1 M "BusNBF4 (DMF 3.0 mL), using a glassy carbon working electrode and Pt wire,

Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 1 V/s scan rate.
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Figure $28. Cyclic voltammogram of NOBF4. The sample of NOBF4 (0.003 mmol) was

tested in 0.1 M "BusNBF4 (DMF 3.0 mL), using a glassy carbon working electrode and
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Pt wire, Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s

scan rate.

6.0x10° |
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3.0x10° | *

0.0 | +
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Figure S29. Cyclic voltammogram of Int-A. The sample of Int-A (0.003 mmol) was
tested in 0.1 M "BusNBF4 (DMF 3.0 mL), using a glassy carbon working electrode and
Pt wire, Ag/AgNOs (0.1 M in CH3CN) as counter and reference electrodes at a 100 mV/s

scan rate.
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4. GC and UV-vis experiment

GF(+)-SS(-), cat 1 (5 mol%) .
HOAc » GC anlysis
DMF, "BuyNBF,4, 100 mA-36 min

1a, 0.5 mmol
To verify the catalytic activity of Coz-l in HER, we also conducted a GC analysis for
the reaction atmosphere. After electrolysis, the headspace atmosphere of the reaction
tube was subjected to GC analysis. As shown in the GC spectra, substantial amount of
hydrogen was detected by comparing with the standard sample containing H, Oz, N».

The result clearly confirmed the HER process and the hydrogen byproduct (Fig S30).

a 9r b 400
3.6 min H,

N7
80

~
=]
T

Voltage (mV)
3 3
Voltage (mV)

1.5min 2.5min
H, 0,

&
=)
-
-
ot

30 1 L 1 L 1 ) 0

Time (min) Time (min)

Fig $S30. GC experiment. (a) GC spectra of standard sample (containing Hz, Oz, N2). (b)

GC spectra of the headspace atmosphere (after reaction).

X n _ _ " %
JBU S0 _GF(+)-88(), Corl (05 mol%) oo
DMF, "BusNBF,, 800 mA-4 h
1a, 40.0 mmol 2a, 20.0 mmol

To verify the hydrogen byproduct during the reaction of 1a with 2a, we also
conducted a GC analysis for the large-scale electrolysis reaction atmosphere. After
electrolysis, the collected gas was subjected to GC analysis. As shown in the GC spectra,
substantial amount of hydrogen was detected by comparing with the standard sample

containing Hz, Oz, N2. The result clearly confirmed the HER process and the hydrogen

byproduct (Fig S31).
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Fig S31. GC spectra of the collected gas. The gas generating from the gram-scale
reaction was collected using balloon and subjected to the testing.
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Fig S32. Setup of UV-vis spectroelectrochemistry. The electrochemical cell consisted
of a zinc wire anode and a stainless-steel wire cathode.

We conducted the cathodic electrolysis of 1a (1.0 pL) and Coz-l (0.01 mg) in the
solution of DMF (3.0 mL) containing "BusNBF4 (0.1 M) under constant current (2.0 mA).
To identify the species generating in the reaction, the reaction solution of 1a and Coz-
| was also recorded with UV-vis spectrophotometer (Fig S33). By comparing UV
absorption curves with allene carbanion reported in the literature,® the intermediate

generating over cathode should be allene carbanion.

—0s

—20s
—60s
—120s
—140 s
—160 s
—180s

335nm

Absorbance (a.u.)

¥
325 350 375 400 425
Wavelength (nm)

Fig $33. Monitoring of carbanion intermediates. UV—vis spectra of electrolyzed

solution of 1a (in the presence of Cos-I).
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5. Optimization of reaction conditions

Table S2. Optimization of reaction between allene 1a and benzaldehyde 2a°

OH
©A V\Ph
"By

S HER cat
©/\‘%/"Bu +@o cat

1 mol%), 100 mA-36 min, 0 °C

"BuyNBF4(0.1 M)
GF(+)-SS(-), undivided cell, DMF

1a 2a

Entry Catalyst Electrodes Solvent Current(mA) Time Yield (%)°
1 Coy-l GF(+)-SS(-) DMF 10 6h 73
2 Co-ll GF(+)-SS(-) DMF 10 6h 52
3 none GF(+)-SS(-) DMF 10 6h 26
4 Coy- GF(+)-SS(-) DMA 10 6h 51
5 Co-l GF(+)-SS(-) MeCN 10 6h trace
6 Coy- GF(+)-SS(-) THF 10 6h 32
7 Cor-I GF(+)-Ni(-) DMF 10 6h 70
8 Co-l GF(+)-Pt(-) DMF 10 6h 38
9 Co7-l C rod(+)-SS(-) DMF 10 6h 49
10 Co-l Zn(+)-SS(-) DMF 10 6h 27
11 Cor-I GF(+)-SS(-) DMF 100 36min 69 (68)°
12 Co-l GF(+)-SS(-) DMF 200 18min 60
13 Co7-l GF(+)-SS(-) DMF 300 12min 53
14 Cos-ll GF(+)-SS(-) DMF 100 36min 23
15 cat1 GF(+)-SS(-) DMF 10 6h 54
16 cat 1 GF(+)-SS(-) DMF 100 36min 27
17 cat 2 GF(+)-SS(-) DMF 10 6h 51
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18 cat 2 GF(+)-SS(-) DMF 100 36min 26

19 cat3 GF(+)-SS(-) DMF 10 6h 53
20 cat 3 GF(+)-SS(-) DMF 100 36min 26
21 cat 4 GF(+)-SS(-) DMF 10 6h 58
22 cat 4 GF(+)-SS(-) DMF 100 36min 27

9 Reaction conditions: 1a (1.0 mmol), 2a (0.5 mmol), Coz-I (0.005 mmol), solvent (10 mL),
electrolyte (1.0 mmol), electrodes, undivided cell, 0 °C, 4.48 F/mol. ? Isolated yield. ¢ The yield in

the parentheses is obtained under nitrogen atmosphere.

At the outset, HER catalysts were screened (Table S2, Entry 1-3) and Co7-l proved to
be more efficient than Coz-ll. Further investigation on solvent effect (Entry 4-6),
revealed other solvents failed to give better yield. Subsequently, electrode (Entry 7-10)
variations showed that graphite felt anode and stainless-steel plate cathode were the
optimal electrodes. Finally, the effect of current density was studied, and 100 mA/cm"

2 was chosen to balance the reaction performance and the practical utility.
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6. General procedure for the electrochemical C(sp?)-H functionalization

Tig O K
i i

Fig S34. Electrolysis setup. A graphite felt and a stainless-steel plate (width: 1.8 cm;

immersion depth: 0.56 cm) were used as the electrodes.

3a as example

- 0, _ H o
\-%/”Bu Xo Col (l mol%), 100 mA-36min, 0 °C \.ﬁ)\Ph
+ Buy,NBF4(0.1 M) N

electrodes, undivided cell, solvent u
1a 2a 3a

An undivided cell was equipped with a magnet stirrer, stainless steel plate (1.8*0.56
cm?), and graphite felt (1.8*%0.56 ¢cm?), as cathode and anode, respectively (the
electrolysis setup is shown in Fig S34). The substrate aldehyde (51 pL, 0.5 mmol), allene
1a (172 mg, 1.0 mmol), Coz-l (8 mg, 0.005 mmol), and "BusNBF4 (329 mg, 1.0 mmol)
were added to the solvent DMF (10 mL). The resulting mixture was allowed to stir and
electrolyze under constant current conditions (100 mA, J = 100 mAecm2) at 0 °C for 36
min. The reaction mixture was subsequently poured into water (100 mL) and extracted
with ethyl acetate (40 mL x 3). The combined organic phases were washed with
saturated brine solution (100 mL). The volatile solvent was then removed with a rotary
evaporator, and the residue was purified by column chromatography (PE/EA = 20/1-
10/1, v/v) on silica gel to afford the desired product 3a (96 mg) in 69 % yield.

When Int-A was used as the catalyst in the reaction, the desired product 3a (97 mg)

was obtained in 70% yield.
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&.’/ Before the reaction After the reaction 3.4gYield: 61%

Fig S35. Large-scale electrolysis setup. A graphite felt and a stainless-steel plate (width:

4.5 cm; immersion depth: 8.0 cm) were used as the electrodes.

(S (oSt s A
1a ”a GF(+)-SS(-), undivided cell, DMF 34 "Bu

An undivided cell was equipped with a magnetic stirrer, stainless steel plate (4.5*8
cm?), graphite felt (4.5*8 cm?), as cathode and anode, respectively (the electrolysis
setup is shown in Fig S35). The substrate 1a (6.88 g, 40 mmol), 2a (2.03 mL, 20 mmol),
Co7-1 (150 mg, 0.1 mmol), "BusNBF4 (2.63 g, 8 mmol) were added to the solvent DMF
(80 mL). The resulting mixture was allowed to stir and electrolyze under constant
current condition (800 mA, J =22 mA-cm™) at 0 °C for 4 h. The reaction mixture was
subsequently poured into water (400 mL) and extracted with ethyl acetate (100 mLx3).
The combined organic phases were washed with saturated brine solution (300 mL).
The volatile solvent was then removed with a rotary evaporator, and the residue was
purified by column chromatography (PE/EA = 20/1-10/1, v/v) on silica gel to afford the

desired product 3a (3.4 g) in 61% vyield.
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7. Mechanism investigation

(& D,
s S
After
Corl After
o, electrolysis

Corl electrolysis

Fig S36. Experiments for trapping the catalytic intermediate. (a-b) Electrolysis setup
of divided cell and the TLC picture of reaction products.
(1) Electrolysis of Coz-1 in divided cell

Two divided cells were each equipped with a magnetic stirrer, stainless steel plate
(1.2*1.0 cm?), graphite felt (1.2*1.0 cm?), as cathode and anode, respectively (the
electrolysis setup is shown in Fig S36). The substrate "BusNBF4 (461 mg, 1.4 mmol)
were added to the solvent DMF (14 mL). Co7-l (5 mg) was added to the cathode
chamber of the two split divided cells. The resulting mixture was divided equally
between anodic and cathodic chambers. The divided cell system was allowed to stir
and electrolyze at constant current condition (5 mA) at room temperature for 3 min.
Int-A was only detected in the cathode chamber or directly observed in undivided cell.

Int-A-°N was synthesized from Coz-I-*N following the above conditions.

—— Int-A
—— Int-A-">N
<
(0]
£ 1657
£
7]
c
©
h 5
1646
M 1 " 1 M 1 " 1
2200 2000 1800 1600 1400

Wavenumber (cm™)
Fig S37. IR spectra of Int-A and Int-A-°N. The IR spectra were recorded using KBr

pellets containing the samples.

S34



(2) >N NMR experiment

Int-A-"°N
— Co,--"*N

1886.91 ppm © 197.86 ppm

234.14 ppm

906.42 ppm

1200 : 10IOO | B(I)D : 6[I)0 4(I]0 2[I)0 I 0
{ppm)

Fig S38. 15N NMR experiment for the Int-A and Int-A-°N. The samples (30 mg) were

tested using CDClI; as the solvent.

(3) HRMS experiment

a mna| D —— Int-A-SN
1510.5575 - 15147191
- A
= =
c c
2 2
= a c 4
-— 1512 1514 -— ‘ 1516 1518
miz (Da) i imiz (D)
00 1200 1400 1600 1800 2000 2200 2400 2600

1000 1200 1400 1600 1800 2000 2200 2400 2600 10
m/z (Da)

¢ — coqt"n| d

m/z (Da)

Int-A-"*N

negative mode negative mode 1514.6241

\ —Eaxp,
cal,

Intensity

Intensity

1516 1518
miz (Da)

.

1525 1400 1425 1450 1475 1500 1525

1400 1425 1450 1475 1500
m/z (Da)

m/z (Da)
Fig $39. HRMS experiment for Int-A and Int-A-'>N. (a-b) HRMS spectra (positive mode)

of Int-A and Int-A-**N. (c-d) HRMS spectra (negative mode) of Co7-I-*N and Int-A-1°N.
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a Coqd+pPhc=o0| b Int-A + PhC=0
15106122 1617.8486 15106116 1617.6693
2 2
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widia Xl
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Fig S40. Investigation of the interaction between catalytic species and benzaldehyde.

(a-c) HRMS spectra of mixture of benzaldehyde with Cos-l, Int-A and Int-A-1°N.

(4) Radical suppression experiment

radical scavengers (1.5 equiv) OH

\-V”Bu N __Cor (1 mol%), 100 mA-36min, 0°C \\)\Ph
+ "Bu,NBF,(0.1 M)
"Bu

electrodes, undivided cell, solvent
1a 2a 3a

An undivided cell was equipped with a magnet stirrer, stainless steel plate (1.8*0.56
cm?), and graphite felt (1.8*0.56 cm?), as cathode and anode, respectively (the
electrolysis setup is shown in Fig S34). The benzaldehyde 2a (51 pL, 0.5 mmol), allene
1a (172 mg, 1.0 mmol), Coz-1 (8 mg, 0.005 mmol), "BusNBF4 (329 mg, 1.0 mmol) and
radical scavengers (1.5 equiv.) were added to the solvent DMF (10 mL). The resulting
mixture was allowed to stir and electrolyze under constant current conditions (100 maA,
J =100 mAecm) at 0 °C for 36 min. The reaction mixture was subsequently poured

into water (100 mL) and extracted with ethyl acetate (40 mL x 3). The combined
536



organic phases were washed with saturated brine solution (100 mL). The volatile
solvent was then removed with a rotary evaporator, and the residue was purified by
column chromatography (PE/EA = 20/1-10/1, v/v) on silica gel to afford the desired
product 3a. When 1,1-diphenylethylene (135mg, 0.75mmol) was used as the radical
scavenger in the reaction, the desired product 3a (81 mg) was obtained in 58 % vyield.
When TEMPO (117mg, 0.75mmol) was used as the radical scavenger in the reaction,
the desired product 3a (95 mg) was obtained in 68 % yield. When P(OEt); (125mg,
0.75mmol) was used as the radical scavenger in the reaction, the desired product 3a

(72 mg) was obtained in 52 % yield.

(5) Deuterium incorporating experiment

1a + 2a + D,O (6 equiv) standard conditions _ 35 (trace)

D D
. recovered
Ph 1a-D "Bu
ogge S B5835 FEN2N35Y5IBR5S 8
[ (=R =R W AT AT AT Ao} [ RN R RN e e ol = N R =1 <
5 Ry R N
083D
Ph S By
1a-d\\‘r
034D

400 MHz, CDCls, 298 K

g,__
17

L
o] &

.

C

5.00{
0173 =
91066

w
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1 (ppm)

©
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o
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o
=~
o
~
o
o
o
=
o

Fig S41. The *H NMR spectra of recovered substrate 1a-D. The sample was recorded

using CDCls as the solvent.
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An undivided cell was equipped with a magnet stirrer, stainless steel plate (1.8*0.56
cm?), and graphite felt (1.8*%0.56 cm?), as cathode and anode, respectively (the
electrolysis setup is shown in Fig S34). The substrate aldehyde (51 pL, 0.5 mmol),
allene 1a (172 mg, 1.0 mmol), Co7-I (8 mg, 0.005 mmol), "BusNBF4 (329 mg, 1.0 mmol)
and D0 (60 mg, 3 mmol) were added to the solvent DMF (10 mL). The resulting
mixture was allowed to stir and electrolyze under constant current conditions (100 maA,
J =100 mAecm) at 0 °C for 36 min. The reaction mixture was subsequently poured
into water (100 mL) and extracted with ethyl acetate (40 mL x 3). The combined
organic phases were washed with saturated brine solution (100 mL). The volatile
solvent was then removed with a rotary evaporator, and the residue was purified by

column chromatography (PE) on silica gel to afford the recovered substrate 1a-D.

(6) Divided cell experiment

+1a 1a: Standard conditions

P+ + divided cell

' 2 !

a __________ 2a anode chamber, 0
cathode anode cathode chamber, 51%

chamber  chamber

A divided cell was equipped with a magnetic stirrer, stainless steel plate (1.2*1.0
cm?), graphite felt (1.2*1.0 cm?), as cathode and anode, respectively (the electrolysis
setup is shown in Fig S34). The substrate allene 1a (172 mg, 1.0 mmol), aldehyde (51
uL, 0.5 mmol), Coz-1 (8 mg, 0.005 mmol), and "BusNBF4 (461 mg, 1.4 mmol) were added
to the solvent DMF (14 mL). The resulting mixture was divided equally between anodic
and cathodic chambers. The divided cell system was allowed to stir and electrolyze at
constant current condition (10 mA) at room temperature. In the cathode chamber, 3a

(36 mg, 51% yield based on 0.25 mmol) was detected.
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(7) Kinetic isotope effect study with a parallel experiment

N
Ph/\°%/”Bu (1a)

> 3a
parallel experiment _
2a standard conditions kn/kp ~2.0/1.0
3a-d
"Bu
:< (1a-d)
F’h/_ D

To access accurate kinetic rates, parallel KIE experiments were conducted under a

low current electrolysis (15 mA) and the initial stage results were collected.

1a as substrate

Reaction time 0 min 10 min 20 min 30 min 40 min
Reaction yield 0% 10.3% 17.5% 25.2% 31.6%
35
20 y=0.781x + 1.3 e
R2=0.9926 -
25 0
20
."....
15
10 ‘
5
0e
0 5 10 15 20 25 30 35 40 45

Fig S42. Reaction rate testing with 3a as the substrate. The reaction rate was
calculated via linear fitting between reaction time and yield.
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1a-d; as substrate

Reaction time 0 min 10 min 20 min 30 min 40 min
Reaction yield 0% 5.1% 8.8% 12.6% 15.8%

18

* y = 0.391x + 0.64 e

14 Rz =0.9928 .

o
12
10
[ B
8
6
9.

4

2

0

0 5 10 20 25 30 35 40 45

Fig S43. Reaction rate testing with 3a-d as the substrate. The reaction rate was

calculated via linear fitting between reaction time and yield.

The KIE is determined to be 2.0/1.0 (ku/ko = 0.781/0.391) in the electrochemical

transformation.
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8. Single crystal data

Table S3. Single crystal data and structure refinement for Cos-I

Identification code Cos-l
Empirical formula Cs4H45C07N404P3Se
CCDC number 2516965
Formula weight 1511.72
Temperature/K 197.00
Crystal system triclinic
Space group P1
a/A 12.4958(3)
b/A 22.0416(5)
c/A 23.1887(6)
a/° 90.0030(10)
B/ 93.038(2)
v/° 90.0020(10)
Volume/A3 6377.8(3)
VA 4
Pcalcg/cm3 1.574
u/mm- 16.811
F(000) 3036.0

Crystal size/mm3

0.12 x0.11 x0.09

Radiation

Cu Ka (A =1.54184)

20 range for data collection/®

4.008 to 137.274

Index ranges

Reflections collected

106523

Independent reflections

Data/restraints/parameters

40395/4191/2378

Goodness-of-fit on F2

1.062

Final R indexes [I>=20 ()]

R1=0.0693, wR2> =0.1706

Final R indexes [all data]

R1=0.0925, wR; = 0.1863

Largest diff. peak/hole / e A3

0.59/-0.82

Flack parameter

0.368(4)
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Table S4. Single crystal data and structure refinement for Co7-ll

Identification code Cos-ll
Empirical formula C234H218C021NO3P9S27
CCDC number 2517092
Formula weight 5473.96
Temperature/K 120
Crystal system trigonal
Space group R-3
a/A 21.205(2)
b/A 21.205(2)
c/A 29.174(2)
o/° 90
B/® 90
v/° 120
Volume/A3 11361(2)
VA 2
Pcalcg/cm3 1.600
w/mm-t 14.978
F(000) 5574.0

Crystal size/mm3

0.03 x0.03 x0.03

Radiation

Cu Ko (A = 1.54186)

20 range for data collection/®

8.34 t0 139.802

Index ranges

-25<h<16,-25<k<24,-29<1<35

Reflections collected

18325

Independent reflections

4663 [Rint = 0.0377, Rsigma = 0.0348]

Data/restraints/parameters

4663/162/252

Goodness-of-fit on F2

1.034

Final R indexes [I>=20 ()]

R1=0.0467, wR2 = 0.1037

Final R indexes [all data]

R1=0.0609, wR2 = 0.1129

Largest diff. peak/hole / e A3

0.73/-1.43
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Table S5. Single crystal data and structure refinement for Co(OPPhs);(NOs)2

Identification code Co(OPPh3)2(NOs3)2
Empirical formula C36H30CoN20sP2
CCDC number 2489029
Formula weight 739.49
Temperature/K 120(2)
Crystal system monoclinic
Space group P21/n
a/A 10.30570(20)
b/A 9.89975(16)
c/A 33.7011(7)
o/° 90
B/ 92.1267(17)
v/° 90
Volume/A3 3435.95(11)
JA 4
Pcalcg/cm? 1.430
u/mm-?t 5.261
F(000) 1524.0
Crystal size/mm3 0.05 x 0.03 x 0.025
Radiation CuKa (A =1.54186)
20 range for data collection/® 5.248 to 147.43
Index ranges -12<h<12,-12<k<7,-41<1<41
Reflections collected 19401
Independent reflections  [6734 [Rin: = 0.0385, Rsigma = 0.0355]
Data/restraints/parameters 6734/2/436
Goodness-of-fit on F? 1.053
Final R indexes [I1>=20 (1)] R1=0.0468, wR; =0.1128
Final R indexes [all data] Ri =0.0550, wR, =0.1170
Largest diff. peak/hole / e A3 0.35/-0.45
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9. Experimental data of products

OH
Ph

"Bu

1-Phenyl-2-(2-phenylvinylidene)hexan-1-ol (3a): 96 mg, 69% yield; ~ 1/1 dr; pale
yellow oil; TH NMR (400 MHz, CDCls): § 7.42 (m, 2H), 7.31 (m, 7H), 7.21 (m, 1H), 6.47
(g, J =4 Hz, 0.4H) (isomer), 6.42 (q, J = 2.7 Hz, 0.4H) (isomer), 5.24 (s, 0.4H) (isomer),
5.14 (s, 0.4H) (isomer), 2.36 (br, 1H), 1.97 (m, 2H), 1.40 (m, 2H), 1.27 (m, 2H), 0.81 (t,
J=6.0Hz, 3H); 3C NMR (101 MHz, CDCls): 6200.7, 200.2, 142.13, 142.07,134.8, 134.7,
128.6, 128.38, 128.35, 127.83, 127.80, 127.10, 127.07, 126.70, 126.65, 113.8, 113.4,
99.9, 99.3, 74.8, 74.7, 29.9, 29.7, 28.5, 28.2, 22.43, 22.40, 13.8. These data are in
accordance with the literature.®

OH

)

Ph
"Bu

2-(2-Phenylvinylidene)-1-(p-tolyl)hexan-1-ol (3b): 92 mg, 63% vyield; ~1/1 dr; pale
yellow oil; TH NMR (400 MHz, CDCls): § 7.31 (m, 5H), 7.19 (m, 4H), 6.48 (q, J = 2.7 Hz,
0.4H) (minor isomer), 6.44 (q, J = 2.7 Hz, 0.5H) (major isomer), 5.21 (s, 0.5H) (major
isomer), 5.11 (s, 0.4H) (minor isomer), 2.35 (s, 3H), 2.26 (br, 1H), 1.94 (m, 2H), 1.40 (m,
2H), 1.27 (m, 2H), 0.81 (t, J = 8.0 Hz, 3H); 13C NMR (101 MHz, CDCls): 6 200.5, 199.9,
139.13, 139.08, 137.6, 137.5, 134.9, 134.8, 129.10, 129.07, 128.64, 128.62, 127.1,
127.0, 126.70, 126.68, 126.64, 126.59, 113.9, 113.0, 99.9, 99.3, 74.6, 74.5, 29.8, 29.7,
28.6, 28.4,22.5, 22.4, 20.8, 13.9. These data are in accordance with the literature.®

OH
PR

"By
Et

1-(4-Ethylphenyl)-2-(2-phenylvinylidene)hexan-1-ol (3c): 101 mg, 66% vyield; ~1/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCls): § 7.32 (m, 5H), 7.17 (m, 4H), 6.46 (q, J = 2.7
Hz, 0.5H) (major isomer), 6.42 (q, J = 2.7 Hz, 0.4H) (minor isomer), 5.21 (s, 0.4H) (minor
isomer), 5.11 (s, 0.5H) (major isomer), 2.64 (g, J = 8 Hz, 2H), 2.31 (br, 1H), 1.95 (m, 2H),
1.40 (m, 2H), 1.28 (m, 2H), 1.23 (t, J = 8.0 Hz, 3H), 0.81 (t, J = 6.0, 3H); 13C NMR (101
MHz, CDCIs3): 6 200.6, 200.1, 143.90, 143.85, 139.4, 139.3, 134.9, 134.8, 128.6, 127.88,
127.85, 127.03, 127.01, 126.72, 126.70, 126.6, 113.8, 113.5, 99.8, 99.3, 74.6, 74.5,
29.8,29.7, 28.6, 28.5, 28.3, 22.44, 22.41, 15.5, 13.8. These data are in accordance with
the literature.®
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OH

)

Ph
"Bu ,
'Pr
1-(4-1sopropylphenyl)-2-(2-phenylvinylidene)hexan-1-ol (3d): 99 mg, 62% vyield; ~1/1
dr; pale yellow oil; *H NMR (400 MHz, CDCls): 6§ 7.33 (m, 5H), 7.22 (m, 4H), 6.48 (q, J =
2.7 Hz, 0.5H) (major isomer), 6.44 (q, J = 2.7 Hz, 0.4H) (minor isomer), 5.22 (s, 0.4H)
(minorisomer), 5.12 (s, 0.5H) (major isomer), 2.90 (m, 1H), 2.30 (br, 1H), 1.95 (m, 2H),
1.41 (m, 2H), 1.25 (d, J = 8.0 Hz, 8H), 0.81 (t, J = 8.0 Hz, 3H); 33C NMR (101 MHz, CDCl3):
6 200.5, 200.1, 148.6, 148.5, 139.5, 139.4, 134.9, 134.8, 128.64, 128.62, 127.1, 127.0,
126.74, 126.72, 126.65, 126.64, 126.49, 126.45, 113.8, 113.5, 99.9, 99.4, 74.6, 74.5,
33.8, 29.8, 29.7, 28.7, 28.4, 23.99, 23.96, 23.94, 22.5, 22.4, 13.9. These data are in
accordance with the literature.®

OH
PR

"Bu -
1-(4-(tert-Butyl)phenyl)-2-(2-phenylvinylidene)hexan-1-ol (3e): 119 mg, 71% yield;
~1/1 dr; pale yellow oil; *H NMR (400 MHz, CDCls): § 7.38 (m, 2H), 7.33 (m, 6H), 7.21
(m, 1H), 6.48 (q, J = 2.7 Hz, 0.4H) (isomer), 6.44 (q, J = 2.7 Hz, 0.4H) (isomer), 5.22 (s,
0.4H) (isomer), 5.12 (s, 0.4H) (isomer), 2.26 (br, 1H), 1.97 (m, 2H), 1.42 (m, 2H), 1.31
(m, 11H), 0.81 (t, J = 8.0 Hz, 3H); 13C NMR (101 MHz, CDCls): & 200.6, 200.1, 150.9,
150.8, 139.1, 135.0, 134.9, 128.7, 128.6, 127.06, 127.05, 126.73, 126.67, 126.5, 126.4,
125.4, 125.3, 113.8, 112.6, 99.9, 99.4, 74.53, 74.48, 34.5, 31.3, 29.8, 29.7, 28.7, 28.4,
22.5, 22.4, 13.9. These data are in accordance with the literature.>

OH
PhN

"Bu
Ph

1-([1,1'-Biphenyl]-4-yl)-2-(2-phenylvinylidene)hexan-1-ol (3f): 112 mg, 63% yield; ~1/1
dr; pale yellow solid, m.p. 89-92 °C;H NMR (400 MHz, CDCls): § 7.59 (m, 4H), 7.46 (m,
4H), 7.33 (m, 5H), 7.21 (d, J = 8.0 Hz, 1H), 6.50 (q, J = 2.7 Hz, 0.5H) (major isomer), 6.46
(q,4=2.7 Hz, 0.3H) (minor isomer), 5.30 (s, 0.3H) (minor isomer), 5.20 (s, 0.5H) (major
isomer), 2.33 (br, 1H), 2.00 (m, 2H), 1.43 (m, 2H), 1.29 (q, J = 8.0 Hz, 2H), 0.82 (t, J =
8.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 200.7, 200.2, 141.2, 141.1, 140.79, 140.75,
134.8, 134.7, 128.8, 128.7, 127.3, 127.2, 127.1, 126.74, 126.69, 126.6, 113.8, 113.4,
100.0, 99.5, 74.6, 74.5, 29.8, 29.7, 28.6, 28.3, 22.5, 22.4, 13.9. These data are in
accordance with the literature.>
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1-(4-Methoxyphenyl)-2-(2-phenylvinylidene)hexan-1-ol (3g): 105 mg, 68% vyield; ~1/1
dr; pale yellow oil; *H NMR (400 MHz, CDCl5): & 7.34 (m, 5H), 7.23 (t, J = 8.0 Hz, 2H),
6.88 (m, 2H), 6.48 (q, J = 2.7 Hz, 0.5H) (major isomer), 6.44 (q, J = 4 Hz, 0.4H) (minor
isomer), 5.19 (s, 0.4H) (minor isomer), 5.09 (s, 0.5H) (major isomer), 3.81 (s, 3H), 2.28
(br, 1H), 1.92 (m, 2H), 1.41 (m, 2H), 1.28 (m, 2H), 0.81 (t, J = 6.0 Hz, 3H); 3C NMR (101
MHz, CDCls): 6 200.4, 199.9, 159.28, 159.26, 134.9, 134.8, 134.2, 128.6, 128.0, 127.9,
127.08, 127.05, 126.7, 126.6, 114.0, 113.81, 113.76, 113.7, 113.6, 100.0, 99.4, 74.3,
74.2, 55.3, 29.8, 29.7, 28.7, 28.5, 22.5, 22.4, 13.9. These data are in accordance with
the literature.’

OH
PhN

"Bu
F

1-(4-Fluorophenyl)-2-(2-phenylvinylidene)hexan-1-ol (3h): 87 mg, 59% yield; ~1/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCls): 6 7.37 (m, 2H), 7.30 (m, 4H), 7.22 (m, 1H),
7.03 (m, 2H), 6.46 (q, J = 2.7 Hz, 0.5H) (isomer), 6.42 (q, / = 2.7 Hz, 0.5H) (isomer), 5.22
(s, 0.5H) (isomer), 5.13 (s, 0.5H) (isomer), 2.39 (br,1H), 1.94 (m, 2H), 1.40 (m, 2H), 1.28
(9, J = 4 Hz, 2H), 0.81 (t, J = 8.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): 6 200.5, 200.1,
162.3 (d, Jr.c = 247.5 Hz), 137.9, 137.84, 137.81, 137.78, 134.6, 134.5, 128.7 (d, Jr.c =
1.0 Hz), 128.4 (d, Jr.c = 3.0 Hz), 128.3 (d, Jr.c = 3.0 Hz), 127.2 (d, Jrc = 3.0 Hz), 126.7,
126.6,115.2 (dd, Jr.c=3.0Hz, Jr.c=21.2Hz),113.7,113.4,100.0,99.5, 74.1, 74.0, 29.73,
29.65, 28.5,28.2,22.43, 22.40, 13.8. These data are in accordance with the literature.?

OH
PR

"Bu
Cl

1-(4-Chlorophenyl)-2-(2-phenylvinylidene)hexan-1-ol (3i): 102 mg, 65% yield; ~1/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCl3):  7.33 (m, 8H), 7.22 (m, 1H), 6.47 (q, /= 4.0
Hz, 0.5H) (major isomer), 6.42 (q, J = 2.7 Hz, 0.3H) (minor isomer), 5.23 (d, J = 4.0 Hz,
0.3H) (minor isomer), 5.14 (d, J = 4.0 Hz, 0.5H) (major isomer), 2.33 (br, 1H), 1.94 (m,
2H), 1.41 (m, 2H), 1.28 (m, 2H), 0.81 (m, 3H); 33C NMR (101 MHz, CDCl3): § 200.7, 200.2,
140.7, 140.6,134.6,134.5, 133.5, 128.7, 128.54, 128.51, 128.04, 128.01, 127.3, 127.2,
126.69, 126.65, 114.0, 113.5, 100.0, 99.5, 74.2, 74.0, 29.8, 29.7, 28.5, 28.1, 22.44,
22.41, 13.8. These data are in accordance with the literature.”
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1-(4-Bromophenyl)-2-(2-phenylvinylidene)hexan-1-ol (3j): 104mg, 58% yield; ~1/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCls): & 7.46 (m, 2H), 7.30 (m, 6H), 7.22 (m, 1H),
6.48 (g, / = 4 Hz, 0.5H) (major isomer), 6.43 (q, J = 2.7 Hz, 0.4H) (minor isomer), 5.22
(s, 0.4H) (minorisomer), 5.12 (s, 0.5H) (major isomer), 2.33 (br, 1H), 1.94 (m, 2H), 1.40
(m, 2H), 1.28 (m, 2H), 0.82 (m, 3H); 33C NMR (101 MHz, CDCl3): & 200.6, 200.1, 141.2,
141.1, 134.52,134.47,131.48, 131.46, 128.70, 128.65, 128.42, 128.39, 128.35, 127.3,
127.2, 126.71, 126.68, 126.65, 121.7, 121.6, 113.5, 113.1, 100.1, 99.6, 74.3, 74.1,
29.73, 29.65, 28.4, 28.1, 22.5, 22.4, 13.9. These data are in accordance with the
literature.®

OH
PR

"Bu SMe
1-(4-(Methylthio)phenyl)-2-(2-phenylvinylidene)hexan-1-ol (3k): 91 mg, 56% yield;
~1/1 dr; pale yellow oil; *H NMR (400 MHz, CDCls): 6 7.32 (m, 6H), 7.22 (m, 3H), 6.48
(g, J = 4.0 Hz, 0.5H) (major isomer), 6.43 (q, J = 2.7 Hz, 0.4H) (minor isomer), 5.21 (s,
0.4H) (minorisomer), 5.11 (s, 0.5H) (major isomer), 2.48 (s, 3H), 2.29 (br, 1H), 1.96 (m,
2H), 1.41 (m, 2H), 1.29 (m, 2H), 0.82 (t, J = 6.0 Hz, 3H); 13C NMR (101 MHz, CDCls): &
200.6, 200.1, 139.03, 138.98, 138.00, 137.95, 134.8, 134.7, 128.7,127.3,127.2, 127 .1,
126.71, 126.65, 126.6, 126.5, 113.7, 113.3, 100.0, 99.5, 74.4, 74.3, 29.8, 29.7, 28.6,
28.3,22.5,22.4,15.9, 13.8. These data are in accordance with the literature.”

OH
PR

"Bu
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1-(4-(Diphenylamino)phenyl)-2-(2-phenylvinylidene)hexan-1-ol (3l): 134 mg, 60%
yield; ~1/1 dr; pale yellow oil; *H NMR (400 MHz, CDCls): 6 7.29 (m, 5H), 7.21 (m, 6H),
7.06 (m, 6H), 7.00 (t, J = 6.0 Hz, 2H), 6.42 (q, J = 2.7 Hz, 0.3H) (minor isomer), 6.41 (q,
J = 2.7 Hz, 0.5H) (major isomer), 5.20 (s, 0.5H) (major isomer), 5.11 (s, 0.3H) (minor
isomer), 2.28 (br, 1H), 2.02 (m, 2H), 1.44 (m, 2H), 1.30 (g, J = 8.0 Hz, 2H), 0.84 (t, J =
8.0 Hz, 3H); 3C NMR (101 MHz, CDCls): 6 200.6, 200.4, 147.7, 147.49, 147.45, 136.1,
134.8, 134.7, 132.5, 129.2, 128.7, 128.6, 127.7, 127.6, 127.1, 126.7, 126.6, 124.2,
123.8,123.7,122.8,113.8,113.7,100.7,99.4,74.4, 29.9, 29.8, 28.9, 28.5, 22.44, 22 .41,
13.9. These data are in accordance with the literature.>
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1-(4-lodophenyl)-2-(2-phenylvinylidene)hexan-1-ol (3m): 119 mg, 59% vyield; ~1/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCl5): 6§ 7.68 (d, J = 8.0 Hz, 1H), 7.41 (m, 1H), 7.31
(m, 5H); 7.23 (m, 1H); 7.16 (g, J = 4.0 Hz, 1H); 6.48 (m, 0.5H) (isomer), 6.43 (m, 0.5H)
(isomer), 5.20 (s, 0.5H) (isomer), 5.11 (s, 0.5H) (isomer), 2.30 (br, 1H), 1.98 (m, 2H),
1.40 (m, 2H), 1.29 (m, 2H), 0.82 (m, 3H); 23C NMR (101 MHz, CDCls): & 200.4, 199.9,
159.28, 159.26, 134.9, 134.8, 134.2, 128.6, 128.0,127.9, 127.08, 127.05, 126.7, 126.6,
114.0, 113.81, 113.77, 113.69, 113.64, 100.0, 99.4, 74.3, 74.2, 55.3, 29.8, 29.7, 28.7,
28.5, 22.5, 22.4, 13.9. These data are in accordance with the literature.®

OH
PR

"By

2-(2-Phenylvinylidene)-1-(o-tolyl)hexan-1-ol (3n): 83 mg, 57% vyield; ~1/1 dr; pale
yellow oil; TH NMR (400 MHz, CDCls): § 7.49 (m, 1H), 7.29 (m, 4H), 7.18 (m, 4H), 6.40
(d, J=4.0 Hz, 1H), 5.47 (s, 0.4H) (isomer), 5.44 (s, 0.4H) (isomer), 2.38 (d, J = 8.0 Hz,
3H), 2.19 (br, 1H), 1.97 (m, 2H), 1.41 (m, 2H), 1.29 (m, 2H), 0.82 (m, 3H); 3C NMR (101
MHz, CDCls): 6 201.3, 201.1, 139.8, 139.6, 135.9, 135.7, 134.9, 134.7, 130.51, 130.45,
128.60, 128.58, 127.7,127.6, 127.0, 126.73, 126.70, 126.6, 126.4, 126.1, 126.0, 112.8,
112.7,99.3,99.2, 71.6, 71.5, 29.0, 29.8, 28.7, 28.3, 22.5, 19.3, 19.1, 13.9. These data
are in accordance with the literature.”

OH CI
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1-(2-Chlorophenyl)-2-(2-phenylvinylidene)hexan-1-ol (30): 103 mg, 66% yield; ~1/1 dr;
pale yellow oil; 'H NMR (400 MHz, CDCl3): § 7.56 (m, 1H), 7.41 (m, 1H), 7.29 (m, 5H),
7.19 (m, 2H), 6.37 (m, 1H), 5.69 (s, 0.3H) (minor isomer), 5.66 (s, 0.4H) (major isomer),
2.36 (br, 1H), 1.96 (m, 2H), 1.44 (m, 2H), 1.32 (m, 2H), 0.83 (m, 3H); 13C NMR (101 MHz,
CDCls): 6 201.5, 201.4, 139.6, 139.4, 134.6, 134.5, 132.9, 132.7, 129.42, 129.39, 128.9,
128.8, 128.7, 128.5, 128.3, 128.2, 127.08, 127.05, 127.0, 126.9, 126.8, 126.7, 112.8,
112.4, 99.7, 99.4, 71.1, 29.84, 29.80, 28.9, 28.8, 21.9, 13.8. These data are in
accordance with the literature.®

OH

)

Ph
"Bu

2-(2-Phenylvinylidene)-1-(m-tolyl)hexan-1-ol (3p): 88 mg, 60% yield; ~1/1 dr; pale
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yellow oil; TH NMR (400 MHz, CDCl3): & 7.31 (m, 4H), 7.21(m, 4H), 7.11 (d, J = 8.0 Hz,
1H), 6.47 (g, J = 2.7 Hz, 0.4H) (isomer), 6.43 (q, J = 2.7 Hz, 0.4H) (isomer), 5.21 (s, 0.4H)
(isomer), 5.10 (s, 0.4H) (isomer), 2.34 (s, 3H), 2.27 (br, 1H), 1.96 (m, 2H), 1.42 (m, 2H),
1.29 (m, 2H), 0.81 (m, 3H); 23C NMR (101 MHz, CDCl3): & 200.6, 200.2, 142.1, 142.0,
138.1, 138.0, 135.3, 134.8, 128.7, 128.6, 128.2, 127.4, 127.3, 127.08, 127.05, 126.72,
126.65,123.8,123.7,113.9, 113.5,99.9,99.3, 74.8, 74.7, 29.8, 29.7, 28.6, 28.2, 22.44,
22.41, 21.4, 13.8. These data are in accordance with the literature.”

OH
Ph X Cl

"Bu

1-(3-Chlorophenyl)-2-(2-phenylvinylidene)hexan-1-ol (3q): 86 mg, 55% yield; ~1/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCl3): § 7.41 (d, J = 8.0 Hz, 1H), 7.27 (m, 8H), 6.46
(g, J = 2.7 Hz, 0.5H) (major isomer), 6.43 (q, J = 2.7 Hz, 0.4H) (minor isomer), 5.22 (s,
0.4H) (minor isomer), 5.13 (s, 0.5H) (major isomer), 2.38 (br, 1H), 1.97 (m, 2H), 1.42
(m, 2H), 1.29 (m, 2H), 0.82 (m, 3H); 3C NMR (101 MHz, CDCl3): & 200.7, 200.5, 144.3,
144.2,134.48,134.45,134.3,129.6, 128.7,127.9,127.3,127.2,126.83, 126.77, 126.70,
126.66, 124.8, 113.3, 113.0, 100.0, 99.6, 74.3, 74.2, 29.73, 29.66, 28.4, 28.1, 22.42,
22.39, 13.8. These data are in accordance with the literature.”

OH
PR

"Bu

1-(3,5-Dimethylphenyl)-2-(2-phenylvinylidene)hexan-1-ol (3r): 92 mg, 60% yield; ~1/1
dr; pale yellow oil; *H NMR (400 MHz, CDCls): § 7.32 (m, 4H), 7.21 (m, 1H), 7.02 (d, J =
8.0 Hz, 2H), 6.91 (t, J = 8.0 Hz, 1H), 6.49 (q, J = 4.0 Hz, 0.4H) (minor isomer), 6.44 (s,
0.5H) (major isomer), 5.18 (s, 0.5H) (major isomer), 5.05 (s, 0.4H) (minor isomer), 2.31
(s, 6H), 2.24 (br, 1H), 1.97 (m, 2H), 1.42 (m, 2H), 1.29 (m, 2H), 0.82 (t, J = 8.0 Hz, 3H);
13C NMR (101 MHz, CDCls): & 200.6, 200.2, 154.9, 154.5, 142.1, 142.0, 137.9, 137.8,
135.0, 134.9, 129.5, 128.62, 128.59, 127.1, 127.0, 126.8, 126.7, 124.6, 124.5, 114.0,
113.5,106.3,99.9,99.3,74.81, 74.78, 29.8, 29.7, 28.7,28.3,22.5,22.4,21.9, 21.3, 13.7.
These data are in accordance with the literature.”

OH

"By OO

1-(Naphthalen-2-yl)-2-(2-phenylvinylidene)hexan-1-ol (3s): 84 mg, 51% yield; ~1/1 dr;
yellow oil; 'H NMR (400 MHz, CDCls): 6 7.83 (m, 4H), 7.50 (m, 3H), 7.28 (m, 5H), 6.51
(s, 0.5H) (isomer), 6.46 (s, 0.5H) (isomer), 5.41 (s, 0.5H) (isomer), 5.29 (s, 0.5H) (isomer),
2.48 (br, 1H), 1.97 (m, 2H), 1.40 (m, 2H), 1.25 (m, 2H), 0.78 (m, 3H); 3C NMR (101 MHz,

PR
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CDCls): 6 200.7, 200.1, 139.44, 139.38, 134.8, 134.7, 133.12, 133.09, 128.7, 128.32,
128.25, 127.99, 127.97, 127.7, 127.2, 127.1, 126.8, 126.7, 126.12, 126.10, 125.94,
125.92,125.7,125.6, 124.52, 124.50, 113.7, 113.3, 100.0, 99.4, 74.9, 74.8, 29.7, 29.6,
28.6, 28.2, 22.44, 22.41, 13.8. These data are in accordance with the literature.®

OH
PR
"Bu O

1-(Naphthalen-1-yl)-2-(2-phenylvinylidene)hexan-1-ol (3t): 95 mg, 58% yield; ~1/1 dr;
yellow oil; *H NMR (400 MHz, CDCls): 8.19 (m, 1H), 7.82 (m, 2H), 7.69 (t, J = 10.0 Hz,
1H), 7.50 (m, 3H), 7.25 (m, 5H), 6.46 (q, J = 4.0 Hz, 0.6H) (major isomer), 6.42 (q, J =
2.7 Hz, 0.5H) (minor isomer), 6.02 (s, 0.4H) (minor isomer), 5.90 (s, 0.5H) (major
isomer), 2.40 (br, 1H), 1.97 (m, 2H), 1.39 (m, 2H), 1.24 (g, J = 8.0 Hz, 2H), 0.77 (m, 3H);
13C NMR (101 MHz, CDCls): & 201.9, 201.4, 137.0, 136.8, 134.6, 134.5, 134.0, 133.8,
131.0, 130.8, 128.70, 128.68, 128.6, 128.5, 128.4, 127.0, 126.9, 126.1, 126.0, 125.6,
125.2,125.1,124.8,124.3,124.2,123.8,113.0,112.6,99.5,98.8,72.7,72.5, 29.9, 29.8,
28.7, 28.1, 22.4, 13.8. These data are in accordance with the literature.®

2-(2-Phenylvinylidene)-1-(thiophen-3-yl)hexan-1-ol (3u): 90 mg, 63% vyield; ~1/1 dr;
yellow oil; 1H NMR (400 MHz, CDCl3): & 7.29 (m, 6H), 7.22 (m, 1H), 7.09 (m, 1H), 6.45
(g, J = 2.7 Hz, 0.4H) (major isomer), 6.40 (q, J = 2.7 Hz, 0.3H) (minor isomer), 5.35 (s,
0.4H) (minor isomer), 5.26 (s, 0.5H) (major isomer), 2.26 (br, 1H), 2.01 (m, 2H), 1.43
(m, 2H), 1.30 (m, 2H), 0.83 (t, J = 8.0 Hz, 3H); 3C NMR (101 MHz, CDCls): & 200.7, 200.2,
143.60, 143.56, 134.73, 134.66, 128.7, 128.6, 128.4, 128.3, 127.13, 127.10, 126.7,
126.6,126.1,126.0, 122.0,121.9, 113.3, 113.0,99.8, 99.2, 71.2, 70.9, 29.8, 29.7, 28.6,
28.2,22.47, 22.45, 13.9. These data are in accordance with the literature.’

OH
PR s

hey L/

2-(2-Phenylvinylidene)-1-(thiophen-2-yl)hexan-1-ol (3v): 85 mg, 60% yield; ~2/1 dr;
pale yellow oil;XH NMR (400 MHz, CDCl3): § 7.33 (m, 5H), 7.23 (m, 1H), 7.08 (t, J = 4.0
Hz, 1H), 6.96 (m, 1H), 6.51 (q, J = 2.7 Hz, 0.6H) (major isomer), 6.46 (d, J = 4.0 Hz, 0.3H)
(minor isomer), 5.49 (s, 0.3H) (minor isomer), 5.40 (s, 0.6H) (major isomer), 2.43 (br,
1H), 2.03 (m, 2H), 1.47 (m, 2H), 1.32(m, 2H), 0.84 (m, 3H); 3C NMR (101 MHz, CDCls):
6 200.5, 199.7, 146.5, 134.5, 134.4, 128.7, 128.6, 127.3, 127.2, 126.9, 126.8, 126.61,
126.56,125.4,125.2,125.0,113.6,113.3,100.7,99.9, 70.8, 70.2, 29.8, 29.7, 28.9, 28.5,
22.5, 22.4, 13.9. These data are in accordance with the literature.’
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2,2-Dimethyl-4-(2-phenylvinylidene)octan-3-ol (3w): 53 mg, 41% yield; >15/1 dr; pale
yellow solid, m.p. 204-206 °C;*H NMR (400 MHz, CDCls): 6 7.30 (m, 4H), 7.20 (m, 1H),
6.34 (t, J = 4.0 Hz, 1H), 3.75 (s, 1H), 2.17 (m, 2H), 1.66 (br, 1H), 1.48 (m, 2H), 1.37 (m,
2H), 0.97 (s, 9H), 0.88 (t, J = 6.0 Hz, 3H); 13C NMR (101 MHz, CDCls): & 202.1, 135.0,
128.6,126.9,126.8,111.8,98.3, 80.6, 36.5, 31.7, 30.2, 26.2, 23.2, 14.6. These data are
in accordance with the literature.”

Ph

?)/

1-Cyclopropyl-2-(2-phenylvinylidene)hexan-1-ol (3x): 63 mg, 52% vyield; ~1/1 dr; pale
yellow oil; H NMR (400 MHz, CDCls): & 7.27 (m, 4H), 7.19 (m, 1H), 6.33 (q, J = 2.7 Hz,
0.4H) (isomer), 6.30 (q, J = 2.7 Hz, 0.4H) (isomer), 3.46 (m, 1H), 2.23 (m, 2H), 1.82 (br,
1H), 1.51 (m, 2H), 1.38 (m, 2H), 1.10 (m, 1H), 0.89 (t, J = 6.0 Hz, 3H), 0.56 (m, 2H), 0.33
(m, 2H) ; 3C NMR (101 MHz, CDCls3): 6 201.11, 201.08, 135.1, 135.0, 128.6, 128.5, 126.8,
126.54,126.50,113.0,112.7,98.3,97.8,75.0,74.9, 30.0, 29.9, 29.0, 28.2, 22.58, 22.55,
17.0,16.8,13.9, 3.2, 3.04, 3.00, 2.78. These data are in accordance with the literature.”

OH
1-(2-Phenylcyclopropyl)-2-(2-phenylvinylidene)hexan-1-ol (3y): Isomer | 29% vyield, 46
mg; Isomer Il 29% vyield, 46 mg; yellow oil; Isomers of products can be isolated by
column. Isomer I: *H NMR (400 MHz, CDCl3): 6 7.25 (m, 8H), 7.10 (m, 2H), 6.35 (q, J =
2.7 Hz, 0.3H) (minor isomer), 6.31 (q, J = 2.7 Hz, 0.4H) (major isomer), 3.80 (s, 0.4H)
(major isomer), 3.78 (s, 0.3H) (minor isomer), 2.20 (m, 2H), 2.02 (m, 1H), 1.81 (br, 1H),
1.59 (s, 1H), 1.49 (m, 2H), 1.36 (m, 2H), 1.02 (m, 2H), 0.88 (m, 3H); 13C NMR (101 MHz,
CDCl3): 6201.1,200.8,142.4,135.0,134.9,128.62, 128.60, 128.3,127.0, 126.9, 126.62,
126.56,126.0, 125.6, 113.0, 112.5,98.8, 76.7, 76.0, 74.8, 30.0, 29.9, 29.0, 28.5, 28.42,
28.38, 22.59, 22.55, 21.4, 20.8, 13.9, 13.6, 13.5; Isomer II: *H NMR (400 MHz, CDCl3):
67.21(m, 8H),7.00 (m, 2H), 6.33 (s, 0.3H) (minor isomer), 6.26 (s, 0.4H) (major isomer),
3.81 (s, 0.4H) (major isomer), 3.78 (s, 0.3H) (minor isomer), 2.22 (m, 2H), 1.92 (m, 2H),
1.60 (br, 1H), 1.47 (m, 2H), 1.35 (m, 2H), 1.10 (m, 1H), 1.00 (m, 1H), 0.85 (m,3H); 3C
NMR (101 MHz, CDCls): 6 201.0, 200.5, 142.2, 134.9, 134.8, 128.6, 128.5, 128.3, 128.2,
126.9, 126.6,125.9,125.8,125.6,125.5,113.2,112.6,99.0,98.3,76.0, 74.7, 30.0, 29.9,
29.1,28.7,28.24,28.18,22.6,21.3,21.2,14.0,13.9, 13.2; HRMS (ESI): calcd for C23H260
[M+H]*: 319.2056, found 319.2056.
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1-Phenyl-2-(2-(p-tolyl)vinylidene)hexan-1-ol (3z): 94 mg, 64% yield; ~2/1 dr; yellow oil;
1H NMR (400 MHz, CDCl3): & 7.36 (m, 5H), 7.22 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz,
2H), 6.47 (q, J = 4.0 Hz, 0.3H) (minor isomer), 6.42 (q, J = 2.7 Hz, 0.6H) (major isomer),
5.24 (s, 0.6H) (major isomer), 5.13 (s, 0.3H) (minor isomer), 2.34 (s, 4H), 1.95 (m, 2H),
1.41 (m, 2H), 1.28 (m, 2H), 0.81 (t, J = 6.0 Hz, 3H); 13C NMR (101 MHz, CDCls): § 200.1,
199.6, 142.2, 142.1, 136.99, 136.95, 131.8, 131.7, 129.4, 128.40, 128.37, 127.83,

127.80, 126.8, 126.7, 126.63, 126.57, 113.7, 113.4, 99.9, 99.4, 74.8, 74.7, 29.9, 29.7,
28.7,28.4,22.44,22.41, 21.2, 13.8. These data are in accordance with the literature.”

OH
\.
Ph "Bu

2-(2-([1,1'-Biphenyl]-4-yl)vinylidene)-1-phenylhexan-1-ol (3aa): 96 mg, 54% yield; ~1/1
dr; yellow oil; 'H NMR (400 MHz, CDCl3): & 7.58 (m, 4H), 7.38 (m, 10H), 6.53 (q, J = 2.7
Hz, 0.6H) (major isomer), 6.49 (q, J = 4.0 Hz, 0.4H) (minor isomer), 5.28 (s, 0.4H) (minor
isomer), 5.17 (s, 0.6H) (major isomer), 2.33 (br, 1H), 1.98 (m, 2H), 1.43 (m, 2H), 1.29
(m, 2H), 0.82 (t, J = 8.0 Hz, 3H); 3C NMR (101 MHz, CDCl3): & 200.9, 200.3, 142.12,
142.05, 140.7, 139.99, 139.97, 133.9, 133.8, 128.8, 128.5, 128.4, 127.92, 127.89,
127.41, 127.39, 127.3, 127.12, 127.06, 126.9, 126.8, 126.7, 113.9, 113.5, 99.6, 99.1,
74.8,74.7,29.8, 29.7, 28.7, 28.3, 22.47, 22.45, 13.9. These data are in accordance with
the literature.®

OH

\.
@A -
S "Bu

2-(2-(4-(Methylthio)phenyl)vinylidene)-1-phenylhexan-1-ol (3ab): 84 mg, 52% vyield;
~1/1 dr; pale yellow oil; *H NMR (400 MHz, CDCl5): 6 7.35 (m, 5H), 7.19 (m, 4H), 6.44
(g, J = 2.7 Hz, 0.5H) (major isomer), 6.39 (q, J = 2.7 Hz, 0.4H) (minor isomer), 5.25 (s,
0.4H) (minor isomer), 5.15 (s, 0.5H) (major isomer), 2.49 (s, 3H), 2.28 (br, 1H), 1.96 (m,
2H), 1.40 (m, 2H), 1.27 (m, 2H), 0.81 (t, J = 8.0 Hz, 3H); 13C NMR (101 MHz, CDCls): &
200.5, 200.0, 142.14, 142.08, 137.20, 137.16, 131.74, 131.67, 128.43, 128.40, 127.89,
127.86, 127.1, 127.04, 127.00, 126.95, 126.7, 126.6, 114.0, 113.6, 99.5, 98.9, 29.8,
29.7, 28.7, 28.3, 22.43, 22.40, 16.0, 13.8. These data are in accordance with the
literature.”
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2-(2-(4-Chlorophenyl)vinylidene)-1-phenylhexan-1-ol (3ac): 124 mg, 79% yield; ~4/1 dr;
pale yellow oil; *H NMR (400 MHz, CDCls):  7.34 (m, 7H), 7.23 (m, 2H), 6.41 (q, /= 2.7
Hz, 0.8H) (major isomer), 6.37 (q, J = 2.7 Hz, 0.2H) (minor isomer), 5.25 (s, 0.2H) (minor
isomer), 5.17 (s, 0.8H) (major isomer), 2.27 (br, 1H), 1.98 (m, 2H), 1.39 (m, 2H), 1.27
(m, 2H), 0.81 (t, J = 8.0 Hz, 3H); 3C NMR (101 MHz, CDCls): § 200.6, 142.0, 133.4, 132.7,
128.8, 128.4, 128.0, 127.8, 126.6, 114.2, 98.8, 74.7, 29.7, 28.6, 22.4, 13.8. These data
are in accordance with the literature.”

OH

\.
IO e
Br "Bu

2-(2-(4-Bromophenyl)vinylidene)-1-phenylhexan-1-ol (3ad): 121 mg, 68% vyield; ~2/1
dr; pale yellow oil; *H NMR (400 MHz, CDCls): 6 7.39 (m, 6H), 7.31 (m, 1H), 7.17 (m,
2H), 6.39 (q, / = 2.7 Hz, 0.6H) (major isomer), 6.35 (g, / = 2.7 Hz, 0.3H) (minor isomer),
5.25 (s, 0.3H) (minorisomer), 5.16 (s, 0.6H) (major isomer), 2.27 (br, 1H), 1.97 (m, 2H),
1.40 (m, 2H), 1.27 (m, 2H), 0.81 (t, J = 8.0 Hz, 3H); 13C NMR (101 MHz, CDCl3): § 201.1,
200.6, 141.2, 141.1, 133.9, 133.8, 131.7, 131.5, 128.5, 128.4, 128.2, 128.1, 128.0,
126.6,120.7,114.3,113.9,98.9,98.3,74.8,74.7,29.74, 29.66, 28.6, 28.2, 22.42, 22.40,
13.8. These data are in accordance with the literature.>

OH
\.

O

OMe
2-(Methoxymethyl)-1,4-diphenylbuta-2,3-dien-1-ol (3ae): 67 mg, 50% vyield; ~1/1 dr;
vellow oil; *H NMR (400 MHz, CDCl3): 6 7.44 (m, 2H), 7.31 (m, 7H), 7.22 (m, 1H), 6.38
(s, 0.4H) (minor isomer), 6.36 (s, 0.6H) (major isomer), 5.46 (s, 0.6H) (major isomer),
5.44 (s, 0.4H) (minor isomer), 4.02 (m, 2H), 3.35 (d, J = 4.0 Hz, 3H), 3.23 (br, 1H); 13C
NMR (101 MHz, CDCls): 6 203.0, 202.9, 142.1, 142.0, 133.7, 133.6, 128.68, 128.66,
128.3,127.7,127.4,127.0, 126.9, 126.23, 126.20, 109.0, 108.3,97.7,96.8, 74.1, 73.7,
71.6, 58.2, 58.1; HRMS (ESI): calcd for C1gH1802 (M+Na)* 289.1199, found 289.1208.

1,4-Dphenyl-2-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)buta-2,3-dien-1-ol (3af): 67 mg,

S53



40% yield; ~1/1 dr; yellow oil; *H NMR (400 MHz, CDCls): 6 7.45 (m, 2H), 7.30 (m, 7H),
7.23 (m, 1H), 6.38 (m, 0.5H) (major isomer), 6.34 (q, J = 4.0 Hz, 0.4H) (minor isomer),
5.49 (s, 1H), 4.63 (g, J = 4.0 Hz, 1H), 4.27 (m, 2H), 3.80 (m, 1H), 3.39 (m, 2H), 1.53 (m,
6H); 13C NMR (101 MHz, CDCls): § 203.3, 203.2, 142.02, 141.99, 133.8, 128.7, 128.6,
128.3,128.2, 127.61, 127.58, 127.33, 127.28, 126.94, 126.88, 126.29, 126.26, 109.1,
108.9, 108.6, 98.6, 98.5,98.14, 98.10, 97.9, 97.5, 66.2, 62.5, 62.4, 62.3, 30.5, 30.4, 25.2,
19.4, 19.3; HRMS (ESI): calcd for C22H2403 (M+Na)* 359.1618, found 359.1627.

OH

\o
O

OBn

2-((Benzyloxy)methyl)-1,4-diphenylbuta-2,3-dien-1-ol (3ag): 100 mg, 58% vyield; ~1/1
dr; yellow oil; *H NMR (400 MHz, CDCl3): & 7.42 (m, 2H), 7.30 (m, 12H), 7.21 (m, 1H),
6.48 (d, J = 4.0 Hz, 0.5H) (isomer), 6.37 (g, / = 2.7 Hz, 0.4H) (isomer), 5.49 (s, 0.5H)
(isomer), 5.47 (s, 0.5H) (isomer), 4.51 (m, 2H), 4.12 (m, 2H),2.02 (br, 1H); 3C NMR (101
MHz, CDCIs): 6 203.2, 203.0, 155.8, 142.0, 137.50, 137.45, 133.7, 133.6, 131.5, 128.71,
128.68, 128.4, 128.3, 127.9, 127.8, 127.7, 127.4, 127.0, 126.9, 126.3, 108.7, 108.4,
97.9, 97.6, 74.2, 73.7, 72.4, 72.4, 69.1; HRMS (ESI): calcd for CysH220, (M+Na)*
365.1512, found 365.1520.

OH

Ph
"Bu

1-Phenyl-2-(-2-phenylprop-1-en-1-ylidene)hexan-1-ol (3ah): 75 mg, 51% yield; ~1/1 dr;
yellow oil; *H NMR (400 MHz, CDCl3): 6 7.43 (m, 3H), 7.32 (m, 6H), 7.23 (m, 1H), 5.18
(s, 0.4H) (minor isomer), 5.14 (s, 0.6H) (major isomer), 2.34 (br, 1H), 2.17 (s, 3H), 1.96
(m, 2H), 1.39 (m, 2H), 1.27 (m, 2H), 0.82 (m, 3H); 3C NMR (101 MHz, CDCls): § 214.8,
198.93, 198.90, 142.5, 142.4,137.4,137.2,128.4,128.3, 127.72, 127.67, 126.9, 126.8,
126.72, 126.67, 125.64, 125.58, 111.6, 106.22, 106.16, 74.9, 74.8, 29.78, 29.75, 28.8,
28.7, 22.44, 22.42, 17.53, 17.48, 13.9; HRMS (ESI): calcd for C1H2401 (M+Na)*
315.1719, found 315.1730.

OH

Ph

F "Bu

2-(2-(4-Fluorophenyl)prop-1-en-1-ylidene)-1-phenylhexan-1-ol (3ai): 99 mg, 64% yield;
~4/1 dr; yellow oil; *H NMR (400 MHz, CDCl3): & 7.33 (m, 7H), 7.01 (m, 2H), 5.17 (s,
0.2H) (minor isomer), 5.15 (s, 0.8H) (major isomer), 2.27 (br, 1H), 2.15 (s, 3H), 1.96 (m,
2H), 1.38 (m, 2H), 1.28 (m,2H), 0.82 (m, 3H); 13C NMR (101 MHz, CDCls): 5 198.9, 161.9
(d, Jr.c = 241.4 Hz), 142.4, 128.4, 127.8, 127.2 (d, Jr.c = 8.1 Hz), 126.7, 126.6, 115.2 (d,
Jr.c=21.2 Hz), 111.8, 105.4, 74.9, 29.8, 28.7, 22.4, 17.7, 13.9; HRMS (ESI): calcd for
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C21H23FO (M+Na)* 333.1625, found 333.1636.

OH

S e
"Bu

2-(-2-(Naphthalen-2-yl)prop-1-en-1-ylidene)-1-phenylhexan-1-ol (3aj): 103 mg , 60%
yield; ~1/1 dr; yellow oil; *H NMR (400 MHz, CDCls):  7.78 (m, 5H), 7.61 (m, 1H), 7.44
(m, 2H), 7.33 (m, 4H), 5.23 (s, 0.5H) (isomer), 5.19 (s, 0.5H) (isomer), 2.34 (br, 1H), 2.29
(s, 3H), 2.02 (m, 2H), 1.42 (m, 2H), 1.29 (m, 2H), 0.82 (m, 3H); 13C NMR (101 MHz,
CDCl3): 6 199.9, 199.8, 142.53, 142.45,134.8,134.7, 133.6, 132.5, 128.4, 128.0, 127.74,
127.68, 127.6, 126.73, 126.66, 126.2, 125.7, 124.9, 124.8, 123.5, 123.4, 111.9, 111.8,
106.5, 106.4, 75.0, 29.83, 29.80, 28.8, 22.4, 17.54, 17.50, 13.9; HRMS (ESI): calcd for
CasH260 (M+Na)* 365.1876, found 365.1883.

OH

"Bu

2-(2-Cyclopropyl-2-phenylvinylidene)-1-phenylhexan-1-ol (3ak): 97 mg, 61% yield;
~4/1 dr; pale yellow oil; 'H NMR (400 MHz, CDCls): 6 7.58 (t, J = 8.0 Hz, 1H), 7.35 (m,
6H), 7.24 (m, 3H), 5.17 (s, 0.2H) (minor isomer), 5.15 (s, 0.7H) (major isomer), 2.19 (br,
1H), 1.95 (m, 2H), 1.63 (m, 1H), 1.30 (m, 4H), 0.89 (m, 2H), 0.80 (m, 3H), 0.48 (m, 2H);
13C NMR (101 MHz, CDCls): 6 197.62, 197.59, 142.4, 137.6, 137.4, 128.3, 128.11,
128.05, 127.8, 127.7, 127.2, 127.0, 126.8, 126.7, 126.2, 126.1, 125.4, 114.8, 114.4,
106.2, 74.93, 74.88, 29.90, 29.86, 29.0, 28.8, 22.5, 13.9, 11.3, 7.2, 7.10, 7.06, 6.9;
HRMS (ESI): calcd for CasHa60 [M+H]*: 319.2056, found 319.2055.

N

2-Cyclopropyl-1,4-diphenylbuta-2,3-dien-1-ol (3al): 94 mg, 72% yield; ~5/4 dr; pale
yellow oil; H NMR (400 MHz, CDCls): & 7.47 (t, J = 6.0 Hz, 2H), 7.35 (t, J = 8.0 Hz, 2H),
7.28 (m, 5H), 7.20 (m, 1H), 6.45 (s, 0.5H) (major isomer), 6.42 (s, 0.4H) (minor isomer),
5.38 (s, 0.4H) (minor isomer), 5.30 (s, 0.5H) (major isomer), 2.39 (br, 1H), 1.11 (m, 1H),
0.66 (m, 2H), 0.41 (m, 2H); 13C NMR (101 MHz, CDCls): 6 199.4, 199.0, 142.3, 142.2,
134.5, 134.4, 128.67, 128.65, 128.33, 128.30, 127.8, 127.3, 126.8, 126.71, 126.66,

126.6, 117.3, 117.0, 100.7, 100.3, 76.7, 75.1, 75.0, 9.5, 9.3, 7.7, 7.6, 7.0; These data
are in accordance with the literature.®

OH
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1,4-Diphenylbuta-2,3-dien-1-ol (3am): 30 mg, 27% yield; yellow oil; *H NMR (400 MHz,
CDCl3): 6 7.43 (d, J = 8.0 Hz, 2H), 7.36 (t, J = 8.0 Hz, 3H), 7.29 (m, 3H), 7.22 (m, 2H), 6.35
(m, 1H), 5.85 (m, 1H), 5.34 (m, 1H), 2.48 (br, 1H); 13C NMR (101 MHz, CDCl3): § 203.8,
203.5, 142.8, 142.7, 133.62, 133.60, 131.6, 128.7, 128.6, 128.5, 127.9, 127.8, 127.31,
127.27, 126.9, 126.8, 126.04, 125.97, 100.0, 99.9, 98.1, 97.8, 72.4, 72.2. HRMS (ESI):
calcd for C16H140 (M+Na)* 245.0937, found 245.0946.
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10. NMR spectra of compounds
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3b 'H NMR
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3c 'H NMR
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3d 'H NMR
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3e 'H NMR
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3f 'H NMR
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3g 'H NMR
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3j 'H NMR
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3k 'H NMR
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3m !H NMR
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3p 'H NMR
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3r 'H NMR
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3s 'H NMR
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3t 'H NMR
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3u 'H NMR
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3ad 'H NMR
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3ae 'H NMR

00—

PGS~
97 s

9e'9
mm.wk
ocL
oL
ETL
9L
8TL
0EL
cEL
veL
9g°L

A%
EVL
Lars
S¥L

OH

C
OMe

~
o0
(@)}
(gl
o
O
[m)]
(@]
<
T
=
o
o
<
Lﬁmvm
Lo
w
520| 1
&
Lo
~
001
Froz
00Z| 1
N

1 (ppm)

i,

Tm.c
00t
Foozr

SE0
*mm.o r

650
A@ﬁ.o

=001
Fios
=002 |

1.0 0.5 0.0 -0.5

1.5

3.0 2.5 2.0

35

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.5

1 (ppm)

3ae 13C NMR

LL8S
wfmmv

95°1L
Nm‘mp/
Nﬁ—ﬂ#

89°9L
00°LL
0T'LL

ZELL

92°96

PLLE~
2804
mm.mﬁf/
0z 9zl
ET9CL
06°9Z1
SG 9Tk
9t’LT)
L9LCL
oeezl
99'8z1
Boezl
E9EEL
e
mc.NS‘V.

BET0T
B6Z0Z >

Ph

OH
4
Ohe

0z'921
gzoel
06'921
S6'921

LT
JLyee
08821~
99°'6Z1

89824 >

101 MHz, CDCls, 298 K

126

127
1 (ppm)

128

124

125

129

130

210 200

-10

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

190

S88



3af 'H NMR
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3ag 'H NMR
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3ah 'H NMR
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3ai 'H NMR

00—

NeE8RRIRARRBARNE
B L AR

SLG~
2157

F

y

L
2K
oo

400 MHz, CDCls, 298 K

F00¢g|

Fooz

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

A

=10e
=202

00T

ooz
> 00¢
180

L0
Amvd

002

FooL

1.0 0.5 0.0 -0.5

1.5

80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

8.5

3ai 3CNMR

88°EL
89°2L—
AN

PL BT~
6L62

9e'S0L—

PeLLL~
90°GLL
8¢ m_.,.v
199zt
69'9C1H
[ Wr4%
0z'2zZh
LLLzh
9e'8Zl

rrevi—

89091 —
L0€81—

18'86L—

)

OH

o

101 MHz, CDCls, 298 K

19°9Z 1~
69921

[ A%

(At

e —

9eeel—

128.5 128.0 1275 127.0 126.5 126.0

D S WY VSN

1 (ppm)

loovbbla

190

170 160 150 140 130 120 410 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180

200

S92



3aj 'H NMR
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3am H NMR
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