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1. General methods

NMR spectra were acquired on a Bruker Ascend 600 spectrometer or a Varian 400 spectrometer, running at
600 MHz for *H, 150 MHz for **C, 162 or 243 MHz for *'P and 376 or 564 MHz for *°F. Chemical shifts (§) are
reported in ppm relative to internal standard signals (tetramethylsilane TMS, 0.00 ppm for 'H NMR;
chloroform CDCls, 77.16 ppm for *C NMR; phosphoric acid H;PO,, 0.00 ppm for *'P NMR). The following
abbreviations are used to indicate the multiplicity in NMR spectra: s, singlet; d, doublet; t, triplet; q, quartet;
p, pentet; m, multiplet; bs, broad signal. >*C NMR spectra were acquired in a broad band decoupled mode.
For characterization of isomeric mixtures, *denotes minor isomer, “denotes overlap of signals from both
isomers. Electrospray ionization high-resolution mass spectra (ESI-HRMS) were recorded on a Bruke P-SIMS-
Gly FT-ICR mass spectrometer. Analytical thin layer chromatography (TLC) was performed using silica gel
(Si0,, 8+2 um = 80%) visualized by ultraviolet irradiation or KMnQ, dip. For flash chromatography (FC) silica
gel (SiO,, 200-300 mesh) was used. For high performance thin layer chromatography (HPTLC) silica gel (SiO,,
10-40 um) was used. Unless otherwise noted, commercially available reagents were used without further
purification.
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2. Synthesis of substrates

Numbering of starting materials

Secondary phosphine oxide (1):
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Secondary phosphine oxide 1a, 1d and 1i are commercially available. Secondary phosphine oxide 1b-c and
le-h were prepared according to the procedure reported.' Secondary phosphine oxide 1j was prepared
according to known procedure.? Secondary phosphine oxide 1k was prepared according to known
procedure.? All spectroscopic data are identical to those reported.

w. Huang, J. Byun, I. Rérich, C. Ramanan, P. W. M. Blom, H. Lu, D. Wang, L. C. Silva, R. Li, L. Wang, K. Landfester, K. A. I.
Zhang, Angew. Chem., Int. Ed., 2018, 57, 8316.

’G. Peters, J. Am. Chem. Soc. 1960, 82, 4751.

3 (a) Y. Bai, N. Liu, S. Wang, S. Wang, S. Ning, L. Shi, L. Cui, Z. Zhang, J. Xiang, Org. Lett., 2019, 21, 6835; (b) Q. Xu, C.-Q.
Zhao, L.-B. Han, J. Am. Chem. Soc., 2008, 130, 12648.
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3. Screening results

OH

cat. 1 (5.0 mol%)

0 KsPO, (1.5 equiv) O
Ph=P—H + NN blue LED (30W) =~ PP A~
ue
Ph anhydrous solvent (0.5 M) Ph
1a 2a Ar, overnight 3aa
(2.0 equiv)
Entry Anhydrous solvent NMR yield
1 42%
2 DMSO 40%
No 3aa was obtained,
3 MeOH .
94% NMR vyield of Ph,P(O)OMe
4 MeCN 32%

All reactions were performed using 1a (0.1 mmol), 2a (0.2 mmol), 5.0 mol% cat.1, 1.5 equivalent K3sPO, and
0.2 mL anhydrous solvent under 30W blue LED irradiation in argon atmosphere. Yields were determined by
crude '*H NMR using 1,2-dichloroethane (CICH,CH,CIl) as internal standard.

OH

cat. 1 (5.0 mol%)

(.). base (1.5 equiv) (.).
Ph—l?—H + NN biue LED (30W) > Ph—F\/\/\/
ue
Ph H,0 (0.5 M) Ph
1a 2a air, overnight 3aa
(2.0 equiv)
Entry base NMR yield

1 KsPO, 71%
2 KH,PO, 17%
3 KHF, 48%
4 KF 48%
5 KCl 59%
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6 KBr >59%

7 KI 18%
8 KOH 60%
9 KOMe 56%
10 KO'Bu 67%
11 K,CO; 79%

All reactions were performed using 1a (0.1 mmol), 2a (0.2 mmol), 5.0 mol% cat.1, 1.5 equivalent base and
0.2 mL distilled H,0 under 30W blue LED irradiation in air atmosphere. Yields were determined by crude ‘H
NMR using 1,2-dichloroethane (CICH,CH,CI) as internal standard.

OH

cat. 1 (5.0 mol%)

(.). base (1.5 equiv) (.).
Ph—l?—H + NN biue LED (30W) > Ph—F\/\/\/
ue
Ph H,0 (0.5 M) Ph
1a 2a air, overnight 3aa
(2.0 equiv)
Entry base NMR yield

1 Li,CO; 64%
2 Na,CO; 79%
3 Cs,CO; 56%
4 Ag,CO; 17%
5 NaHCO; 59%

All reactions were performed using 1a (0.1 mmol), 2a (0.2 mmol), 5.0 mol% cat.1, 1.5 equivalent base and
0.2 mL distilled H,0 under 30W blue LED irradiation in air atmosphere. Yields were determined by crude *H
NMR using 1,2-dichloroethane (CICH,CH,Cl) as internal standard.
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OH

cat. 1 (5.0 mol%)

Q Na,COj (x equiv) 0
Ph—l?—H + NN biue LED (30W) > Ph—}:\/\/\/
ue
Ph H,O (0.5 M) Ph
1a 2a air, overnight 3aa
(2.0 equiv)
Entry Na,CO3 NMR yield
1 0.5 equiv 26%
2 1.0 equiv 73%
3 2.0 equiv 83%
4 3.0 equiv 78%

All reactions were performed using 1a (0.1 mmol), 2a (0.2 mmol), 5.0 mol% cat.1, Na,CO; and 0.2 mL
distilled H,O under 30W blue LED irradiation in air atmosphere. Yields were determined by crude 'H NMR
using 1,2-dichloroethane (CICH,CH,Cl) as internal standard.

cat. x (5.0 mol%)

0 Na,COs (2.0 equiv) .
Ph—P—H + NN\ e LED Gow) Ph—P o~~~
ue
Ph H,0 (0.5 M) Ph
1a 2a air, overnight 3aa
(2.0 equiv)
CHO CHO CHO CHO
CHO CHO i .OH i .OH i HO: i :OH
OH i :OH
H H H H
HO OH 0] CHO OHC CHO
OH CHO OH OH
cat. a cat. b cat. c cat. d cat. e cat. f
CHO OH
cat. g cat. h
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Entry catalyst NMR yield

1 Cat.a 31%
2 Cat.b <5%
3 Cat.c 56%
4 Cat.d 23%
5 Cat.e 68%
6 Cat. f 44%
7 Cat. g 80%
8 Cat. h 50%

All reactions were performed using 1a (0.1 mmol), 2a (0.2 mmol), 5.0 mol% catalyst, 2.0 equivalent Na,CO3
and 0.2 mL distilled H,O under 30W blue LED irradiation in air atmosphere. Yields were determined by crude
'H NMR using 1,2-dichloroethane (CICH,CH,CI) as internal standard.

CL,.
OH

cat. 1 (2.5 mol%)

O Na,COs (x equiv) 0
Ph—P—H + NN e LED (30W) - PP~~~
ue
Ph H,0 (x M) Ph
1a 2a air, overnight 3aa
(2.0 equiv)
Entry Na,CO; H,O0 NMR yield
1 2.0 equiv 0.5M 89%
2 2.5 equiv 0.5M 90%
3 2.5 equiv 1.0M 95%
4 2.5 equiv 0.33M 86%
5 2.5 equiv 0.25M 88%

All reactions were performed using 1a (0.1 mmol), 2a (0.2 mmol), 2.5 mol% cat.1, Na,CO; and distilled H,O
under 30W blue LED irradiation in air atmosphere. Yields were determined by crude 'H NMR using 1,2-
dichloroethane (CICH,CH,Cl) as internal standard.
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4. General procedure for the salicylaldehyde catalyzed
hydrophosphinylation and spectroscopic data of novel
compounds

CL,,
OH

/\R cat. 1 (2.5 mol%)

] )||< Na,CO3 (2.5 equiv) ot
R'-P—H + or R-P_~
R2 blue LED (30W) g2 - R
=R H,O (1.0 M), air
1 20r4 3or5

In a screw cap glass vial equipped with a magnetic stirring bar, secondary phosphine oxide 1 (0.2 mmol),
Na,COs (0.5 mmol), distilled water (0.2 mL), alkene 2 or alkyne 4 (0.4 mmol) and catalyst 1 (0.005 mmol) was
added. The two phase solution was stirred under the irradiation of 30W blue LED for noted time. After full
conversion of 1, the reaction was extracted with ethyl acetate, dried over Na,SO,4, and purified by FC or
HPTLC.

Hexyldiphenylphosphine oxide (3aa):
Following the procedure (3h), 3aa was obtained after FC on silica gel (Petro
(I)I ether/EtOAc 1:1-1:4) in 90% vyield (51.2 mg) as colorless oil. *H NMR (600 MHz, CDCl;) &
\/\C4Hg 7.77-7.71 (m, 4H), 7.52 = 7.43 (m, 6H), 2.30 — 2.23 (m, 2H), 1.67 — 1.58 (m, 2H), 1.43 -
1.35 (m, 2H), 1.28 — 1.22 (m, 4H), 0.84 (t, J = 6.6 Hz, 3H). **C NMR (150 MHz, CDCl;) &
133.15 (d, J = 97.7 Hz, 2C), 131.64 (d, J = 2.7 Hz, 2C), 130.77 (d, J = 9.2 Hz, 4C), 128.62
(d, J = 11.5 Hz, 4C), 31.26, 30.65 (d, J = 14.6 Hz), 29.74 (d, J = 72.1 Hz), 22.40, 21.39 (d, J = 3.9 Hz), 14.00.>'P
NMR (243 MHz, CDCl3) 6 33.18 (s). HRMS (ESI) m/z: [M+H]" Calcd for C,5H,,0P* 287.1565; found: 287.1562.

3aa

Hexyldi-p-tolylphosphine oxide (3ba):
Following the procedure (3h), 3ba was obtained after FC on silica gel (Petro
(P. ether/EtOAc 1:1-1:4-EtOAc) in 94% yield (58.5 mg) as colorless oil. *H NMR (600
4©7P\/\C4H9 MHz, CDCl;) § 7.64 — 7.58 (m, 4H), 7.28 — 7.23 (m, 4H), 2.37 (s, 6H), 2.25 — 2.18
(m, 2H), 1.64 — 1.56 (m, 2H), 1.41 — 1.34 (m, 2H), 1.28 — 1.22 (m, 4H), 0.84 (t, J =
6.9 Hz, 3H). *C NMR (150 MHz, CDCl3) 6 141.95 (d, J = 3.1 Hz, 2C), 130.78 (d, J =
9.6 Hz, 4C), 130.06 (d, J = 100.3 Hz, 2C), 129.32 (d, J = 11.9 Hz, 4C), 31.28, 30.68
(d, ) = 14.3 Hz), 29.91 (d, J = 72.8 Hz), 22.41, 21.54 (2C), 21.45 (d, J = 4.1 Hz),

14.00. *'P NMR (162 MHz, CDCl5) & 33.69 (s). HRMS (ESI) m/z: [M+H]" Calcd for CyoH,sOP* 315.1878; found:
315.1880.

3ba
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Hexyldi-m-tolylphosphine oxide (3ca):
Following the procedure (overnight), 3ca was obtained after FC on silica gel

9 (Petro ether/EtOAc 1:2) in 77% yield (48.1 mg) as colorless oil. *H NMR (600 MHz,
P\/\C4H9 CDCl5) 6 7.60 (d, J = 11.8 Hz, 2H), 7.50 — 7.44 (m, 2H), 7.37 — 7.28 (m, 4H), 2.38 (s,
6H), 2.28 — 2.20 (m, 2H), 1.66 — 1.57 (m, 2H), 1.45 — 1.34 (m, 2H), 1.30 — 1.21 (m,

@\ 4H), 0.84 (t, ) = 6.2 Hz, 3H). *C NMR (150 MHz, CDCl;) & 138.53 (d, J = 11.0 Hz),
133.16 (d, ) =97.1 Hz), 132.42 (d, ) = 2.9 Hz), 131.40 (d, J = 8.7 Hz), 128.48 (d, J =

3ca 12.0 Hz), 127.68 (d, J = 9.0 Hz), 31.29, 30.70 (d, J = 14.9 Hz), 29.78 (d, J = 71.9 Hz),

22.45,21.47 (2C), 21.42 (d, J = 4.2 Hz), 14.03. 3'P NMR (243 MHz, CDCl;) 5 33.37 (s). HRMS (ESI) m/z: [M+H]*
Calcd for CyoHs0P* 315.1878; found: 315.1880.

Bis(3,5-dimethylphenyl)(hexyl)phosphine oxide (3da):
Following the procedure (3h), 3da was obtained after FC on silica gel (Petro
% ether/EtOAc 1:1-1:4-EtOAc) in 77% yield (52.3 mg) as white solid. *H NMR (600
P\/\C4H9 MHz, CDCl3) 6 7.34 (d, J = 11.6 Hz, 4H), 7.11 (s, 2H), 2.34 (s, 12H), 2.27 — 2.16 (m,
2H), 1.66 — 1.52 (m, 2H), 1.44 — 1.36 (m, 2H), 1.30 — 1.22 (m, 4H), 0.85 (t, ) = 7.0 Hz,
/@ 3H). 3¢ NMR (150 MHz, CDCl3) 6 138.23 (d, J = 12.0 Hz, 4C), 133.52 — 132.76 (m,
4C), 128.30 (d, J = 8.8 Hz, 4C), 31.26, 30.68 (d, J = 15.0 Hz), 29.69 (d, J = 71.8 Hz),

3da 22.42, 21.44 - 21.26 (m, 5C), 14.01. p NMR (162 MHz, CDCl;) 6 33.55 (s). HRMS
(ESI) m/z: [M+H]" Calcd for C,,H3,0P" 343.2191; found: 343.2164.

Hexylbis(4-methoxyphenyl)phosphine oxide (3ea):

o Following the procedure (overnight), 3ea was obtained after FC on silica gel
. . . a1
Meo4<;>7|';',\/\C4Hg (Petro ether/EtOAc 1:2) in 86% vyield (59.3 mg) as colorless oil. "H NMR (600
MHz, CDCl;) & 7.69 — 7.54 (m, 4H), 6.97 (d, ) = 8.1 Hz, 4H), 3.83 (s, 6H), 2.27
—2.11 (m, 2H), 1.62 — 1.53 (m, 2H), 1.41 — 1.33 (m, 2H), 1.28 — 1.21 (m, 4H),
0.84 (t, J = 6.7 Hz, 3H). **C NMR (150 MHz, CDCl;) § 162.25 (d, J = 2.7 Hz,
MeO 2C), 132.70 (d, J = 10.6 Hz, 4C), 124.82 (d, J = 104.1 Hz, 2C), 114.23 (d, ) =
3ea 12.4 Hz, 4C), 55.43 (2C), 31.42, 30.82 (d, J = 14.7 Hz), 30.35 (d, J = 72.9 Hz),
22.54,21.65 (d, ) = 3.8 Hz), 14.12.

3p NMR (162 MHz, CDCl;) 6 33.40 (s). HRMS (ESI) m/z: [M+H]" Calcd for C,oH,50sP* 347.1776; found:
347.1768.

Bis(4-chlorophenyl)(hexyl)phosphine oxide (3fa):
(IDI Following the procedure (overnight), 3fa was obtained after FC on silica gel
CI@P\/\C‘;HQ (Petro ether/EtOAc 1:1-1:4-EtOAc) in 71% yield (50.0 mg) as colorless oil. *H
NMR (600 MHz, CDCl3) § 7.60 — 7.55 (m, 4H), 7.40 — 7.36 (m, 4H), 2.19 - 2.11
(m, 2H), 1.56 — 1.45 (m, 2H), 1.38 — 1.27 (m, 2H), 1.23 — 1.13 (m, 4H), 0.77 (t, J
= 6.8 Hz, 3H). *C NMR (150 MHz, CDCl;) § 138.57 (d, J = 3.2 Hz, 2C), 132.19 (d,
J =10.0 Hz, 4C), 131.38 (d, J = 99.0 Hz, 2C), 129.21 (d, J = 12.0 Hz, 4C), 31.30,
30.65 (d, J = 15.0 Hz), 29.71 (d, J = 72.8 Hz), 22.45, 21.37 (d, J = 4.1 Hz), 14.05.
3p NMR (162 MHz, CDCl;) & 32.25 (s). HRMS (ESI) m/z: [M+H]" Calcd for C15H,,Cl,OP* 355.0785, 357.0756,

359.0726; found: 359.0705, 357.0730, 355.0772.

Cl
3fa
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Bis(4-fluorophenyl)(hexyl)phosphine oxide (3ga):

0 Following the procedure (overnight), 3ga was obtained after FC on silica gel
F‘@*B\/\ (Petro ether/EtOAc 1:1-1:4-EtOAc) in 80% vyield (51.1 mg) as colorless oil. *H
CsHs  NMR (600 MHz, CDCl5) & 7.64 (dd, J = 14.0, 8.9 Hz, 4H), 7.09 (t, J = 8.3 Hz, 4H),
2.16 (m, 2H), 1.56 — 1.46 (m, 2H), 1.40 — 1.27 (m, 2H), 1.21 — 1.13 (m, 4H), 0.77
(t, J = 6.5 Hz, 3H). *C NMR (150 MHz, CDCl;) § 165.02 (d, J = 253.1 Hz, 2C),
F 133.27 (t, ) = 9.5 Hz, 4C), 129.06 (d, J = 100.8 Hz, 2C), 116.19 (dd, J = 21.6, 11.9
3ga Hz, 4C), 31.30, 30.65 (d, J = 14.2 Hz), 30.07 (d, J = 73.1 Hz), 22.45, 21.42 (d, J =
2.5 Hz), 14.03. *'P NMR (162 MHz, CDCls) § 32.24 (s). *°F NMR (564 MHz, CDCl;) § -106.82 — -107.08 (m).

HRMS (ESI) m/z: [M+H]* Calcd for C15H,,F,0P* 323.1376; found: 323.1368.

Bis(3,5-bis(trifluoromethyl)phenyl)(hexyl)phosphine oxide (3ha):
Following the procedure (overnight), 3ha was obtained after HPTLC (Petro

Pt ether/EtOAc 1:1) in 59% yield (65.7 mg) as white solid. *H NMR (600 MHz,
'FL\/\C4H9 CDCl;) & 8.23 (d, J = 11.0 Hz, 4H), 8.08 (s, 2H), 2.44 (d, J = 5.4 Hz, 2H), 1.70 —

FiC 1.60 (m, 2H), 1.50 — 1.42 (m, 2H), 1.32 — 1.24 (m, 4H), 0.86 (t, J = 6.9 Hz, 3H). **C
NMR (150 MHz, CDCl;) § 135.63 (d, J = 95.2 Hz, 2C), 132.94 (qd, J = 34.0, 11.4

FaC CFsy Hz, 4C), 130.81 (d, J = 6.4 Hz, 4C), 126.39 (d, J = 3.0 Hz, 2C), 122.79 (q, J = 273.3
3ha Hz, 2C), 31.18, 30.44 (d, J = 14.6 Hz), 29.31 (d, J = 73.1 Hz), 22.39, 21.16 (d, J =

4.2 Hz), 13.94.3'P NMR (162 MHz, CDCl;) § 29.26 (s). “°F NMR (376 MHz, CDCl;) & -63.10 (s). HRMS (ESI) m/z:
[M+H]* Calcd for C,,H,0F1,0P* 559.1060; found: 559.1050.

Hexyldi(naphthalen-2-yl)phosphine oxide (3ia):

Following the procedure (overnight), 3ia was obtained after FC on silica gel
O (IP? (Petro ether/EtOAc 1:1-1:4-EtOAc) in 85% vyield (65.5 mg) as colorless oil. *H
Q \/\C4Hg NMR (600 MHz, CDCl;) 6 8.43 (d, J = 13.1 Hz, 2H), 7.91 (dd, J = 14.3, 5.4 Hz,
4H), 7.85 (d, ) = 8.0 Hz, 2H), 7.71 (t, ) = 8.9 Hz, 2H), 7.61 — 7.51 (m, 4H), 2.44
O (dt, J = 27.0, 13.5 Hz, 2H), 1.73 — 1.64 (m, 2H), 1.49 — 1.38 (m, 2H), 1.31-1.20
(m, 4H), 0.83 (t, J = 6.9 Hz, 3H). *C NMR (150 MHz, CDCl;) § 134.69 (d, J = 1.8
3ia Hz, 2C), 132.85 (d, J = 8.3 Hz, 2C), 132.70 (d, J = 12.7 Hz, 2C), 130.37 (d, J =98.0
Hz, 2C), 128.96 (2C), 128.60 (d, J = 11.3 Hz, 2C), 128.17 (2C), 127.91 (2C), 127.04 (2C), 125.79 (d, J = 10.6 Hz,
C), 31.36, 30.80 (d, J = 14.9 Hz), 29.70 (d, J = 72.2 Hz), 22.49, 21.58 (d, J = 3.5 Hz), 14.07. *'P NMR (162 MHz,

CDCl;) 6 33.58 (s). HRMS (ESI) m/z: [M+H]" Calcd for Cy¢H,5sOP* 387.1878; found: 387.1851.

Hexyldiphenylphosphine sulfide (3ja):
Following the procedure (overnight), 3ja was obtained after FC on silica gel (Petro
Ph—Ig\/\ ether/EtOAc 1:2) in 50% yield (30 mg) as colorless oil. *H NMR (600 MHz, CDCl;) & 7.85
/ C4Hg —7.78 (m, 4H), 7.51 —7.41 (m, 6H), 2.48 — 2.38 (m, 2H), 1.67 — 1.55 (m, 2H), 1.42 — 1.34
(m, 2H), 1.29 —1.22 (m, 4H), 0.84 (t, J = 6.7 Hz, 3H). **C NMR (150 MHz, CDCl5) 6 133.12
(d, J =79.6 Hz, 2C), 131.48 (d, J = 2.8 Hz, 2C), 131.18 (d, J = 10.1 Hz, 4C), 128.71 (d, J =
12.0 Hz, 4C), 32.69 (d, J = 56.5 Hz), 31.39, 30.42 (d, J = 16.4 Hz), 22.55, 22.22 (d, J = 2.9 Hz), 14.10.>'P NMR
(162 MHz, CDCl;) 6 43.35 (s). HRMS (ESI) m/z: [M+H]" Calcd for CygH,4PS" 303.1336; found: 303.1316.

3ja
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Hexyl(methyl)(phenyl)phosphine oxide (3ka):
Following the procedure (overnight), 3ka was obtained after HPTLC (EtOAc) in 67%

(0]
Ph_ll:l’\/\ yield (49.8 mg) as colorless liquid. *H NMR (600 MHz, CDCl;) § 7.74 — 7.69 (m, 2H), 7.55
HaC CaHo  _7.47 (m, 3H), 1.99 — 1.84 (m, 2H), 1.70 (d, J = 12.7 Hz, 3H), 1.66 — 1.55 (m, 1H), 1.53 —
s 1.42 (m, 1H), 1.40 — 1.31 (m, 2H), 1.30 — 1.21 (m, 4H), 0.85 (t, J = 6.9 Hz, 3H).*C NMR
a

(150 MHz, CDCl5) & 133.79 (d, J = 95.6 Hz), 131.65 (d, J = 2.2 Hz), 130.08 (d, J = 8.9 Hz,
2C), 128.72 (d, J = 11.1 Hz, 2C), 31.84 (d, J = 70.5 Hz), 31.33, 30.64 (d, J = 14.9 Hz), 22.46, 21.65 (d, ) = 4.0 Hz),
16.08 (d, J = 69.6 Hz), 14.07. *'P NMR (162 MHz, CDCl;) & 38.37 (s). HRMS (ESI) m/z: [M+H]" Calcd for
C13H,,0P* 225.1408; found: 225.1413.

Octyldiphenylphosphine oxide (3ab):

o) Following the procedure (overnight), 3ab was obtained after HPTLC (Petro
Ph—f:I’\/\CGH13 ether/EtOAc 1:1) in 83% yield (52.3 mg) as white solid. *H NMR (600 MHz, CDCl;) &
Ph 7.72 - 7.58 (m, 4H), 7.46 — 7.32 (m, 6H), 2.20 — 2.14 (m, 2H), 1.58 — 1.49 (m, 2H), 1.34
3ab —-1.26 (m, 2H), 1.20-1.10 (m, 8H), 0.77 (t,J = 7.1 Hz, 3H). B¢ NMR (150 MHz, CDCl;) 6

133.21 (d, J = 97.9 Hz, 2C), 131.67 (d, J = 2.2 Hz, 2C), 130.80 (d, J = 8.9 Hz, 4C), 128.65
(d, ) = 11.8 Hz, 4C), 31.78, 31.00 (d, J = 14.4 Hz), 29.76 (d, J = 72.0 Hz), 29.06, 29.04, 22.63, 21.43 (d, J = 3.5
Hz), 14.11. *P NMR (162 MHz, CDCls) & 33.28 (s). HRMS (ESI) m/z: [M+H]* Calcd for CyoH,sOP* 315.1878;
found: 315.1880.

(3,3-Dimethylbutyl)diphenylphosphine oxide (3ac):
Following the procedure (overnight), 3ac was obtained after HPTLC (Petro ether/EtOAc

0
Ph_'F', 1:2) in 77% yield (44.1 mg) as white solid. *H NMR (600 MHz, CDCl;) & 7.68 — 7.64 (m,
PH 4H), 7.46 — 7.36 (m, 6H), 2.17 — 2.10 (m, 2H), 1.46 — 1.39 (m, 2H), 0.81 (s, 9H). *C NMR
(150 MHz, CDCl5) 6 133.14 (d, J = 97.9 Hz, 2C), 131.73 (d, J = 2.8 Hz, 2C), 130.84 (d, ) = 8.9

3ac

Hz, 4C), 128.72 (d, J = 11.8 Hz, 4C), 34.81 (d, J = 3.7 Hz), 30.60 (d, J = 14.0 Hz), 28.89,
25.11 (d, J = 72.6 Hz). *'P NMR (162 MHz, CDCls) § 34.23 (s). HRMS (ESI) m/z: [M+H]" Calcd for Cy5H,,0P*
287.1565; found: 287.1562.

(2-Cyclohexylethyl)diphenylphosphine oxide (3ad):
9 Following the procedure (overnight), 3ad was obtained after HPTLC (Petro
Ph-P ether/EtOAc 1:1) in 80% yield (50.2 mg) as white solid. *H NMR (600 MHz, CDCl;) &
Ph\/\O 7.76 - 7.70 (m, 4H), 7.53 — 7.42 (m, 6H), 2.30—2.21 (m, 2H), 1.74 — 1.64 (m, 4H), 1.64 —
1.59 (m, 1H), 1.55 — 1.47 (m, 2H), 1.31 — 1.05 (m, 4H), 0.91 — 0.83 (m, 2H). **C NMR
(150 MHz, CDCl;) 6 133.21 (d, J = 98.0 Hz, 2C), 131.66 (d, J = 2.4 Hz, 2C), 130.80 (d, J =
9.7 Hz, 4C), 128.65 (d, J = 11.9 Hgz, 4C), 38.68 (d, J = 14.1 Hz), 32.79 (2C), 28.53 (d, J = 4.2 Hz), 27.22 (d, J =
72.2 Hz), 26.50, 26.20 (2C). *'P NMR (162 MHz, €DCl;) § 33.78 (s). HRMS (ESI) m/z: [M+H]" Calcd for

Cy0H260P* 313.1721; found: 313.1720.

3ad

Diphenyl(3-phenylpropyl)phosphine oxide (3ae):
0 Following the procedure (overnight), 3ae was obtained after HPTLC (Petro
Ph—lg\/\/Ph ether/EtOAc 1:2) in 70% yield (45.1 mg) as white solid. *"H NMR (600 MHz, CDCl;) 6 7.62
Py —7.56 (m, 4H), 7.44 — 7.33 (m, 6H), 7.20 — 7.16 (m, 2H), 7.13 — 7.08 (m, 1H), 7.05 — 7.00
(m, 2H), 2.64 (t, ) = 7.4 Hz, 2H), 2.21 — 2.13 (m, 2H), 1.92 — 1.84 (m, 2H). **C NMR (150
MHz, CDCl;) 6 140.92, 133.03 (d, J = 98.1 Hz, 2C), 131.78 (d, J = 2.5 Hz, 2C), 130.85 (d, J
=9.4 Hz, 4C), 128.77 (2C), 128.65 (d, J = 11.8 Hz, 4C), 128.52 (2C), 126.21, 36.74 (d, ) = 15.1 Hz), 29.02 (d, J =

3ae
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72.0 Hz), 23.10 (d, J = 3.5 Hz). *'P NMR (162 MHz, CDCl;) & 33.15 (s). HRMS (ESI) m/z: [M+H]" Calcd for
C1H»,0P* 321.1408; found: 321.1395.

Diphenyl(3-(trimethylsilyl)propyl)phosphine oxide (3af):
Following the procedure (overnight), 3af was obtained after HPTLC (Petro
Ph—lg\/\/Si(Me)3 ether/EtOAc 1:2) in 77% yield (48.7 mg) as white solid. *"H NMR (600 MHz, CDCl;) &
Py 7.74 — 7.69 (m, 4H), 7.52 — 7.43 (m, 6H), 2.33 — 2.25 (m, 2H), 1.68 — 1.58 (m, 2H),
0.65 — 0.58 (m, 2H), -0.08 (s, 9H). *C NMR (150 MHz, CDCls) 6 133.36 (d, J = 97.2
Hz, 2C), 131.72 (d, J = 2.3 Hz, 2C), 130.85 (d, J = 9.6 Hz, 4C), 128.72 (d, J = 11.1 Hz,
4C), 33.77 (d, ) = 69.8 Hz), 18.94 (d, J = 12.9 Hz), 16.49 (d, J = 4.2 Hz), -1.64 (3C).>'P NMR (162 MHz, CDCl;) &
32.65 (s). HRMS (ESI) m/z: [M+H]" Calcd for CigH,60PSi* 317.1491; found: 317.1487.

3af

(4-Bromobutyl)diphenylphosphine oxide (3ag):

Following the procedure (12h, 2.0 equivalent extra alkene was added and reacted
Ph_g\/\/\ for additional 12h), 3ag was obtained after HPTLC (Petro ether/EtOAc 1:2) in 50%
Ph/ Br  yield (33.8 mg) as white solid. "H NMR (600 MHz, CDCl5) & 7.72 — 7.63 (m, 4H), 7.56 —
7.37 (m, 6H), 3.30 (t, ) = 6.7 Hz, 2H), 2.25 — 2.17 (m, 2H), 1.96 — 1.83 (m, 2H), 1.77 -
1.67 (m, 2H). *C NMR (150 MHz, CDCl;) § 132.89 (d, J = 98.4 Hz, 2C), 131.95 (d, J =
2.2 Hz, 2C), 130.88 (d, J = 9.5 Hz, 4C), 128.85 (d, J = 11.4 Hz, 4C), 33.61 (d, J = 14.1 Hz), 32.72 (s), 28.92 (d, ) =
71.9 Hz), 20.48 (d, J = 3.6 Hz). *'P NMR (162 MHz, CDCl;) & 32.74 (s). HRMS (ESI) m/z: [M+H]" Calcd for
C16H1sBrOP* 337.0357, 339.0336; found: 337.0328, 339.0338.

3ag

(5-Hydroxypentyl)diphenylphosphine oxide (3ah):

(IDI Following the procedure (overnight), 3ah was obtained after HPTLC (MeOH/DCM
Ph‘F\/\/\/OH 1:10) in 69% vyield (39.5 mg) as colorless liquid. *H NMR (600 MHz, CDCls) 6 7.68 —
Ph 7.61 (m, 4H), 7.46 — 7.36 (m, 6H), 3.51 (t, J = 6.2 Hz, 2H), 2.24 — 2.16 (m, 2H), 1.61 —
3ah 1.53 (m, 2H), 1.51 — 1.37 (m, 4H). *C NMR (150 MHz, CDCl;) 6 133.00 (d, J = 98.1

Hz, 2C), 131.85 (d, J = 2.7 Hz, 2C), 130.84 (d, J = 9.5 Hz, 4C), 128.78 (d, ) = 11.8 Hz,
4C), 62.27 (s), 32.18 (s), 29.63 (d, J = 71.9 Hz), 27.12 (d, J = 13.9 Hz), 21.30 (d, J = 4.1 Hz). *'P NMR (162 MHz,
CDCl3) 6 33.71 (s). HRMS (ESI) m/z: [M+H]" Calcd for Cy7H,,0,P* 289.1357; found: 289.1355.

(3-Phenoxypropyl)diphenylphosphine oxide (3ai):

0 Following the procedure (overnight), 3ai was obtained after HPTLC (Petro
F,h_'F',\/\/O\ ether/EtOAc 1:2) in 74% yield (49.8 mg) as white solid. *H NMR (600 MHz, CDCl;) &
Py Ph 772 — 7.64 (m, 4H), 7.47 — 7.34 (m, 6H), 7.23 — 7.09 (m, 2H), 6.88 — 6.82 (m, 1H),

6.81 —6.73 (m, 2H), 3.92 (t, J = 5.9 Hz, 2H), 2.45 — 2.36 (m, 2H), 2.09 — 1.98 (m, 2H).
13C NMR (150 MHz, €DCl;) 6 158.69, 132.91 (d, J = 98.9 Hz, 2C), 131.88 (d, J = 2.7 Hz,
2C), 130.86 (d, J = 9.0 Hz, 4C), 129.54 (2C), 128.79 (d, J = 11.9 Hz, 4C), 120.91, 114.54 (2C), 67.51 (d, J = 14.2
Hz), 26.50 (d, J = 72.9 Hz), 21.89 (d, J = 3.2 Hz). *'P NMR (162 MHz, CDCl;) 6 33.17 (s). HRMS (ESI) m/z:
[M+H]" Calcd for C,;H,,0,P" 337.1357; found: 337.1342.

3ai

(2-Ethoxyethyl)diphenylphosphine oxide (3aj):

0 Following the procedure (overnight), 3aj was obtained after HPTLC (Petro
Ph_lg\/\o/\ ether/EtOAc 1:2) in 45% yield (23.4 mg) as colorless liquid. *H NMR (600 MHz, CDCls) &
PH 7.70 — 7.65 (m, 4H), 7.46 — 7.37 (m, 6H), 3.67 (dd, J = 16.4, 7.8 Hz, 2H), 3.32 (q,J = 7.0
33 Hz, 2H), 2.60 — 2.55 (m, 2H), 1.00 (t, J = 7.0 Hz, 3H). *C NMR (150 MHz, CDCl;) &
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133.05 (d, J = 99.7 Hz, 2C), 131.89 (d, J = 2.7 Hz, 2C), 130.82 (d, J = 9.7 Hz, 4C), 128.72 (d, J = 11.5 Hz, 4C),
66.37, 63.89, 30.99 (d, J = 70.8 Hz), 15.07. 3'P NMR (162 MHz, CDCl;) & 30.46 (s). HRMS (ESI) m/z: [M+H]*
Calcd for Ci6H200,P* 275.1201; found: 275.1207.

Cyclohexyldiphenylphosphine oxide (3ak):

Following the procedure (overnight), 3ak was obtained after HPTLC (Petro ether/EtOAc 1:1)
Bh_ in 85% yield (48.0 mg) as white solid. *"H NMR (600 MHz, CDCls) § 7.73 — 7.68 (m, 4H), 7.45 —
by \O 7.36 (m, 6H), 2.21 — 2.12 (m, 1H), 1.77 = 1.70 (m, 2H), 1.69 — 1.59 (m, 3H), 1.52 — 1.40 (m,
2H), 1.24 — 1.14 (m, 3H). *C NMR (150 MHz, CDCl;) 132.18 (d, J = 94.7 Hz, 2C), 131.56 (d, J =
3ak 2.2 Hz, 2C), 131.20 (d, J = 8.6 Hz, 4C), 128.66 (d, J = 11.0 Hz, 4C), 37.31 (d, J = 73.1 Hz), 26.49
(d, J = 13.2 Hz, 2C), 25.89, 24.90 (d, J = 2.9 Hz, 2C). *'P NMR (162 MHz, CDCl;) & 35.11 (s).

HRMS (ESI) m/z: [M+H]* Calcd for C15H,,0P* 285.1408; found: 285.1387.

Bicyclo[2.2.1]heptan-2-yldiphenylphosphine oxide (3al):
o Following the procedure (overnight), 3al was obtained after FC on silica gel (Petro
Ph—IIZI’ ether/EtOAc 4:1-1:1-EtOAc) in 90% yield (53.3 mg) and 1:1 dr as white solid. *H NMR (600
P/h\() MHz, CDCl;) 6 7.83 — 7.71" (m, 4H, 4H*), 7.51 — 7.40" (m, 6H, 6H*), 2.51 — 2.47" (m, 1H,
1H*), 2.36" (d, J = 4.1 Hz, 1H, 1H*), 2.29" (td, ) = 7.8, 7.1, 1.8 Hz, 1H, 1H*), 1.98 — 1.88" (m,
3al 1H, 1H*), 1.85" (dt, ) = 9.8, 2.0 Hz, 1H, 1H*), 1.58" (ddt, ) = 11.1, 7.6, 3.4 Hz, 2H, 2H*), 1.42"
(dddd, J = 12.2, 9.6, 7.6, 2.5 Hz, 1H, 1H*), 1.35 — 1.22" (m, 2H, 2H*), 1.17" (dt, J = 10.0, 1.7
Hz, 1H, 1H*). **C NMR (150 MHz, CDCl;) § 133.60" (dd, J = 95.6, 46.0 Hz, 2C, 2C*), 131.41" (dd, ) = 9.7, 2.2 Hz,
2C, 2C*), 131.12 — 130.82" (m, 4C, 4C*), 128.57" (dd, J = 15.6, 11.3 Hz, 4C, 4C*), 40.00" (d, J = 73.0 Hz, 1C,
1C*), 38.20" (1C, 1C*), 37.35" (1C, 1C*), 36.48" (d, J = 2.4 Hz, 1C, 1C*), 32.17" (d, ) = 14.7 Hz, 1C, 1C*), 31.50"
(d, J = 4.3 Hz, 1C, 1C*), 28.73" (1C, 1C*). *'P NMR (162 MHz, CDCl;) & 34.43" (s, 1P, 1P*). HRMS (ESI) m/z:
[M+H]" Calcd for C19H,,0P* 297.1408; found: 297.1386.

Hexan-2-yldiphenylphosphine oxide + hexan-3-yldiphenylphosphine oxide (3am):
Following the procedure (overnight), 3am was obtained after FC on

Ph
9 Ph—IIDZO silica gel (Petro ether/EtOAc 1:1) as white solid. For substrate (E)-2-
Ph_/PY\C3H7 + hexene, the yield is 75% (42.7 mg), 3am’:3an = 1.1:1; for substrate
Ph CH,4 CaH7 (2)-2-hexene, the yield is 62% (35.5 mg), 3am’:3an = 1.5:1. *H NMR
CHs3 _ N * B .
(3am’) (3an) (600 MHz, CDCl;) 6§ 7.83 — 7.76" (m, 4H, 4H*), 7.52 — 7.43" (m, 6H,

6H*), 2.39 — 2.31 (m, 1H), 2.22 — 2.16* (m, 1H*), 1.81 — 1.70* (m,
3am (mixture of 3am® and 3an) 1H*), 1.70 = 1.52* (m, 1H, 3H*), 1.52 — 1.41 (m, 2H, 1H*), 1.31 - 1.12
(m, 6H, 1H*), 0.94* (t, J = 7.4 Hz, 3H*), 0.85 — 0.78" (m, 3H, 3H*). *C NMR (150 MHz, CDCl5) § 133.27* (d, J =
93.5 Hz, 2C*), 132.58 (dd, J = 94.3, 14.9 Hz, 2C), 131.53 (dd, J = 7.6, 2.7 Hz, 2C), 131.44* (t, ) = 2.4 Hz, 2C*),
131.14 (dd, J = 8.6, 1.9 Hz, 4C), 131.03* (dd, J = 8.5, 4.5 Hz, 4C*), 128.72 — 128.55" (m, 4C, 4C*), 38.46* (d, ) =
70.9 Hz), 32.04 (d, J = 72.3 Hz), 29.74 (d, J = 12.6 Hz), 29.17* (d, J = 1.9 Hz), 28.54 (d, J = 2.0 Hz), 22.49,
21.31%, 20.70* (d, J = 1.9 Hz), 14.25*, 13.98, 12.68* (d, J = 9.5 Hz), 12.14 (d, J = 2.7 Hz). 3'P NMR (243 MHz,
CDCl;) & 37.48* (s, 1P*), 36.87 (s, 1P). For substrate (E)-2-hexene: HRMS (ESI) m/z: [M+H]" Calcd for
CigH,4OP" 287.1559; found: 287.1559. For substrate (Z)-2-hexene: HRMS (ESI) m/z: [M+H]" Calcd for
C1gH,40P" 287.1559; found: 287.1559.
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Hexan-3-yldiphenylphosphine oxide (3an):

o Following the procedure (overnight), 3an was obtained after FC on silica gel (Petro
Ph—lg ether/EtOAc 1:1) as white solid. For substrate (E)-3-hexene, the yield is 50% (28.5 mg);
Ph Y\CZHE’ for substrate (2)-3-hexene, the yield is 72% (41.1 mg). '"H NMR (600 MHz, CDCl;) § 7.83
CaHs —7.77 (m, 4H), 7.51 — 7.43 (m, 6H), 2.23 — 2.16 (m, 1H), 1.81 — 1.70 (m, 1H), 1.70 — 1.52

3an (m, 3H), 1.52 — 1.42 (m, 1H), 1.29 — 1.20 (m, 1H), 0.94 (t, J = 7.5 Hz, 3H), 0.81 (t, J = 7.3

Hz, 3H). *C NMR (150 MHz, CDCl5) 6 133.20 (d, J = 93.7 Hz, 2C), 131.45 (t, J = 2.2 Hz, 2C), 131.01 (dd, J = 8.6,
4.4 Hz, 4C), 128.62 (d, J = 11.0 Hz, 4C), 38.43 (d, J = 70.9 Hz), 29.15 (d, J = 1.7 Hz), 21.27 (d, J = 9.8 Hz), 20.68
(d,J = 1.9 Hz), 14.24, 12.67 (d, J = 9.3 Hz). >'P NMR (243 MHz, CDCl;) & 37.22 (s). For substrate (E)-3-hexene:
HRMS (ESI) m/z: [M+H]" Calcd for CigH,,OP" 287.1559; found: 287.1558. For substrate (Z)-3-hexene: HRMS
(ESI) m/z: [M+H]" Calcd for C;5H,,0P* 287.1559; found: 287.1561.

((4-Methyltetrahydrofuran-3-yl)methyl)diphenylphosphine oxide (3ao):
Following the procedure (4.0 equivalent of corresponding alkene was used; overnight),
(I?\ro 3am was obtained after HPTLC (DCM/MeOH 10:1) in 40% vyield (24.1 mg) and 4.7:1 dr as
F’h—;D white solid. *H NMR (600 MHz, CDCl;) § 7.72 — 7.65" (m, 4H, 4H*), 7.48 — 7.37" (m, 6H,
Ph 6H*), 3.90 — 3.80* (m, 2H*), 3.76 (ddd, J = 25.2, 8.5, 6.7 Hz, 2H), 3.40 — 3.35 (m, 2H), 3.33
3ao —3.29*% (m, 1H*), 3.17* (t, J = 8.2 Hz, 1H*), 2.51" (ddtt, J = 15.0, 11.3, 7.7, 4.0 Hz, 1H,
1H*), 2.35 (ddd, J = 15.8, 11.8, 4.4 Hz, 1H), 2.26 (hd, J = 6.9, 4.1 Hz, 1H), 2.14" (dtd, J = 15.1, 10.5, 5.1 Hz, 1H,
1H*), 2.01 — 1.95* (m, 1H*), 1.91* (p, J = 7.3 Hz, 1H*), 0.92* (d, J = 6.6 Hz, 3H*), 0.89 (d, J = 7.1 Hz, 3H). **C
NMR (150 MHz, CDCl;) 6 133.62 — 132.59" (m, 2C, 2C*), 132.05 — 131.90" (m, 2C, 2C*), 130.94 — 130.71" (m,
4C, 4C*), 128.94 — 128.73" (m, 4C, 4C*), 74.64, 74.24*, 73.80* (d, ) = 4.1 Hz), 71.90 (d, J = 4.7 Hz), 41.62* (d, J
=12.5Hz), 41.03* (d, J = 3.3 Hz), 36.74 (d, ) = 9.9 Hz), 36.37 (d, J = 3.3 Hz), 32.78* (d, J = 71.0 Hz), 28.14 (d, )
= 72.8 Hz), 15.82*, 13.56. *'P NMR (162 MHz, CDCl;) § 31.83 (s), 31.01* (s). HRMS (ESI) m/z: [M+H]" Calcd

for C15H,,0,P* 301.0357; found: 301.1367.

(2)-hex-1-en-1-yldiphenylphosphine oxide (5aa):
O  C4Hg Following the procedure (overnight), 5aa was obtained after HPTLC (Petro ether/EtOAc
Ph—P. _~ 1:1) in 47% yield (26.6 mg) as white solid. *H NMR (600 MHz, CDCl3) § 7.70 — 7.63 (m,
Ph 4H), 7.44 — 7.33 (m, 6H), 6.61 (ddt, J = 40.5, 12.9, 7.7 Hz, 1H), 6.03 (dd, J = 25.6, 12.9 Hz,
1H), 2.49 — 2.41 (m, 2H), 1.29 — 1.20 (m, 2H), 1.20 - 1.10 (m, 2H), 0.72 (t, ) = 7.3 Hz, 3H).
3C NMR (150 MHz, CDCls) & 155.23, 134.66 (d, J = 103.7 Hz, 2C), 131.58 (d, J = 2.2 Hz,
2C), 131.01 (d, J = 9.8 Hz, 4C), 128.61 (d, J = 11.9 Hz, 4C), 121.37 (d, J = 100.8 Hz), 31.04 (d, J = 1.4 Hz), 30.77
(d, J = 7.8 Hz), 22.33, 13.90. *P NMR (162 MHz, CDCl;) & 21.60 (s). HRMS (ESI) m/z: [M+H]" Calcd for

C15H,,0P" 285.1408; found: 285.1387.

bSaa

(E)-hex-1-en-1-yldiphenylphosphine oxide (5aa’):

o Following the procedure (overnight), 5aa’ was obtained after HPTLC (Petro
Ph—IFI’\/\ ether/EtOAc 1:1) in 16% yield (9.2 mg) as white solid. *H NMR (600 MHz, CDCls) § 7.65
PH CaHo  _7.59 (m, 4H), 7.47 — 7.42 (m, 2H), 7.41 — 7.36 (m, 4H), 6.66 (ddt, J = 19.5, 17.1, 6.5 Hz,
1H), 6.16 (dd, J = 24.6, 17.0 Hz, 1H), 2.26 — 2.20 (m, 2H), 1.42 — 1.36 (m, 2H), 1.31 - 1.24
Saa’ (m, 2H), 0.83 (t, J = 7.3 Hz, 2H). *C NMR (150 MHz, CDCl;) § 153.13, 133.33 (d, J =
104.7 Hz, 2C), 131.81 (d, J = 2.8 Hz, 2C), 131.44 (d, J = 9.8 Hz, 4C), 128.64 (d, J = 12.0 Hz, 4C), 121.64 (d, J =
103.2 Hz), 34.38 (d, J = 17.2 Hz), 30.15, 22.39, 13.97. 3'P NMR (162 MHz, CDCl;) 6 24.13 (s). HRMS (ESI) m/z:

[M+H]" Calcd for C;5H,,0P* 285.1408; found: 285.1387.
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(2)-(5-chloropent-1-en-1-yl)diphenylphosphine oxide (5ab):

ci Following the procedure (48h), 5ab was obtained after HPTLC (Petro ether/EtOAc
Qj\/ 1:2) in 44% vyield (27.1 mg) as white solid. *H NMR (600 MHz, CDCl;) § 7.75 — 7.70
Php_ﬁp = (m, 4H), 7.54 — 7.49 (m, 2H), 7.48 — 7.43 (m, 4H), 6.68 (ddt, J = 39.7, 12.8, 7.7 Hz,
1H), 6.18 (ddd, J = 25.4, 12.8, 1.6 Hz, 1H), 3.45 (t, ) = 6.9 Hz, 2H), 2.76 — 2.70 (m, 2H),
1.87 (p, J = 7.1 Hz, 2H). **C NMR (150 MHz, CDCl;) 6 152.76, 134.32 (d, J = 104.3 Hz,
2C), 131.79 (d, J = 2.8 Hz, 2C), 130.98 (d, J = 9.9 Hz, 4C), 128.73 (d, J = 12.0 Hz, 4C), 122.89 (d, J = 99.6 Hz),
44.23,32.04, 28.40 (d, J = 7.8 Hz). *'P NMR (162 MHz, CDCl;) & 21.81 (s). HRMS (ESI) m/z: [M+H]" Calcd for

C,7H15CIOP* 305.0862, 307.0833; found: 305.0865, 307.0836.

5ab

(E)-(5-chloropent-1-en-1-yl)diphenylphosphine oxide (5ab’):

Following the procedure (48h), 5ab’ was obtained after HPTLC (Petro
I ether/EtOAc 1:2) in 19% yield (11.3 mg) as white solid. *H NMR (600 MHz, CDCl;)
Php_ﬁp\/\/\/c' 87.72—-7.66 (m, 4H), 7.56 — 7.51 (m, 2H), 7.49 — 7.44 (m, 4H), 6.73 (ddt, J = 19.2,
17.2, 6.6 Hz, 1H), 6.32 (dd, ) = 24.4, 17.0 Hz, 1H), 3.55 (t, ) = 6.4 Hz, 2H), 2.51 -
2.46 (m, 2H), 1.97 (p, } = 6.7 Hz, 2H). B¢ NMR (150 MHz, CDCl;) 6 150.57, 133.07
(d,J=104.9 Hz, 2C), 131.96 (d, J = 2.7 Hz, 2C), 131.38 (d, ) = 9.9 Hz, 4C), 128.72 (d, ) = 12.2 Hz, 4C), 123.39 (d,
J =102.3 Hz), 44.17, 31.64 (d, J = 16.8 Hz), 30.72. 3p NMR (162 MHz, CDCl;) & 23.62 (s). HRMS (ESI) m/z:

[M+H]" Calcd for Cy;H15CIOP* 305.0862, 307.0833; found: 305.0865, 307.0836.

O

5ab’

(2)-(4-hydroxybut-1-en-1-yl)diphenylphosphine oxide (5ac):
Following the procedure (48h), 5ac was obtained after HPTLC (DCM/MeOH 20:1) in
QJ\OH 66% yield and 5:1 dr (36.1 mg, mixture of Z- and E-configuration) as white solid. *H
Ph;h/P = NMR (600 MHz, CDCl5) 6 7.75 — 7.70 (m, 4H), 7.56 — 7.50 (m, 2H), 7.49 — 7.44 (m, 4H),
6.85 (ddt, J =39.9, 12.7, 8.5 Hz, 1H), 6.31 (dd, J = 26.9, 12.8 Hz, 1H), 4.19 (bs, 1H), 3.76
(t, ) = 5.8 Hz, 2H), 2.84 — 2.78 (m, 2H). **C NMR (150 MHz, CDCl;) 6 151.39 (s), 133.64
(d,J=105.1 Hz, 2C), 132.02 (d, J = 2.2 Hz, 2C), 131.13 (d, ) = 9.9 Hz, 4C), 128.83 (d, J = 12.1 Hz, 4C), 124.54 (d,
J=99.0 Hz), 60.35 (d, J = 1.9 Hz), 33.91 (d, J = 8.3 Hz). *'P NMR (162 MHz, CDCl;) & 24.65 (s). HRMS (ESI) m/z:

[M+H]" Calcd for Cy7H,50,P* 273.1044; found: 273.1054.

bSac

(E)-(3,3-dimethylbut-1-en-1-yl)diphenylphosphine oxide (5ad):

o Following the procedure (48h), 5ad was obtained after HPTLC (Petro ether/EtOAc 1:2) in
Ph—lg\/ 47% yield (26.7 mg) as white solid. *H NMR (600 MHz, CDCls) § 7.63 — 7.58 (m, 4H), 7.47
PH —7.41(m, 2H), 7.41 - 7.35 (m, 4H), 6.70 (dd, J = 20.4, 17.3 Hz, 1H), 6.04 (dd, ) = 24.4, 17.3
Hz, 1H), 1.03 (s, 9H). **C NMR (150 MHz, CDCl;) § 162.45, 133.44 (d, J = 104.6 Hz, 2C),

sad 131.75(d, J = 2.8 Hz, 2C), 131.39 (d, J = 9.8 Hz, 4C), 128.60 (d, J = 12.0 Hz, 4C), 116.50 (d, J

=103.5 Hz), 35.37 (d, J = 15.2 Hz), 28.73 (3C). *'P NMR (162 MHz, CDCl;) & 24.75 (s). HRMS (ESI) m/z: [M+H]*
Calcd for C15H,,0OP* 285.1408; found: 285.1387.

(2)-(3,3-dimethylbut-1-en-1-yl)diphenylphosphine oxide (5ad’):

Following the procedure (48h), 5ad’ was obtained after HPTLC (Petro ether/EtOAc 1:2) in
0] 24% yield (13.5 mg) as white solid. *"H NMR (600 MHz, CDCl;) § 7.71 — 7.63 (m, 4H), 7.43 —
Ps 733 (m, 6H), 6.61 (dd, J = 43.5, 14.6 Hz, 1H), 5.89 (dd, J = 22.3, 14.6 Hz, 1H), 1.13 (s, 9H). **C
Ph NMR (150 MHz, CDCl;) & 164.70, 135.81 (d, J = 105.2 Hz, 2C), 131.41 (d, J = 2.2 Hz, 2C),
130.97 (d, J = 9.4 Hz, 4C), 128.59 (d, J = 12.0 Hz, 4C), 119.37 (d, J = 98.8 Hz), 35.60 (d, J = 5.5
Hz), 30.38 (3C). *'P NMR (162 MHz, CDCl;) & 20.18 (s). HRMS (ESI) m/z: [M+H]" Calcd for
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C1H,,0P" 285.1408; found: 285.1387.
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5. Computational studies

All calculations were performed with the Gaussian 09 package.” All species were fully optimized without
symmetry constraints with M062X> method in combination with 6-311+G(d,p) basis sets in solvent water (€
= 78.355) by using PCM model.® Harmonic vibration frequency calculations were carried out for all the
stationary points to confirm each structure being either a minimum (no imaginary frequency) or a transition
structure (one imaginary frequency). The reported relative energies are electronic energies in water (AE,

kcal/mol) at the M062X/6-311+G(d,p) level of theory without ZPVE corrections.

S1. Relative electronic energies in water at the M062X/6-311+G(d,p) level of theory.

Species E(a.u.) AE(kel/mol)
cat.1 -420.284183 0.0
cat.1* -420.197010 54.7
1a -880.402182 0.0
1la* -880.266790 85.0
1a' -880.400352 0.0
1a'* -880.295853 65.6
1a -880.402182 0.0
1a' -880.400352 1.1
.‘..a .“
JJ_..J J". a *.J‘ J. L J
,9 ‘__J 5 AE=41.2 kcl/mol . 9 o,
- .
cat.1* cat.1’ H-
-420.1970097 -419.6332429 -0.4981577

The acyl-H bond dissociating energy of cat.1* was about 41.2 kcal/mol.

M. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B.
Mennucci, G. A. Petersson et al. , Gaussian 09, Revision AQ; Gaussian, Inc., Wallingford CT, 2009.

>y, Zhao, D. G. Truhlar, Theor. Chem. Acc., 2008, 120, 215.

®). Tomasi, M. Persico, Chem. Rev., 1994, 94, 2027.
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:‘ 1 JIJ ‘\J‘v‘ + 9
’ i ff AE=87.7 kel/mol 999, A,&,
J
1a I H-
-880.4021819 -879.7642907 -0.4981577

The P-H bond dissociating energy of 1a was about 87.7 kcal/mol.

I“ o
i 2
- 4 |
2 Sl e ‘q-“-g' "\J‘u‘ + J
rh AE=86.5 kcl/mol s ? o, A,
- ’ ’
>
4
1a’ I H-
-880.4003523 -879.7642907 -0.4981577
The O-H bond dissociating energy of 1a’ was about 86.5 kcal/mol.
9
.‘.-J .‘J .I [ ] —
9 = e
'.‘ ". n " G ‘. J‘P |‘. 4 ‘J¢.
S99, ,9 2%, AE=5.5kclmol JJ._.*:_-.-J.J JJ‘ @
9 F] v 2
cat.1 cat.1* cat.1’ cat.1”’
-420.2841832  -420.19700973 -419.6332429 -420.8392369

The cat.1* interacts with a ground state molecule of cat.1 furnishing two radicals: the benzoyl radical cat.1’
and the hydroxybenzyl radical cat.1”. This radical-pair mechanism has been reported in 1970.”

S2. Calculated Cartesian coordinates of the stationary points

Cat.1

6 0 1.758623 0.756578 0.000027
6 0  0.349318 1.082372 -0.000541
6 0 -0.536435 -0.061800 -0.000218
6 0 -0.031872 -1.378260 -0.000124
6 0 1.319059 -1.638034 -0.000070

”(a) M. Cocivera, A. M. Trozzolo, J. Am. Chem. Soc., 1970, 6, 1772-1774; (b) G. L. Closs, D. R. Paulson, J. Am. Chem.
Soc., 1970, 24, 7229-7231.
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6. Photo of the reaction set up and spectral distribution of the blue
LED light

A photo of the blue LEDs (3 x 10W) and reaction set up is shown below.

The spectral irradiance for the blue LED was measured at National Institute of Measurement and Testing
Technology (No. 10, Yushuang Road, Chengdu, 610021, China), and the spectral distribution is shown blow.

— blue LED light spectral distribution — blue LED light
1204 spectral distribution
x =459 nm
100 o
8 8
c 80 c
o 8
el kel
Y Y
= =
= 60 4 =
[ [
° ©
g 8
» 40 7]
20 -
0 T T T T T 1 0 T T T T 1
350 400 450 500 550 600 300 350 400 450 500
wavelength (nm) wavelength (nm)
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7. UV-visible light absorption spectra of aldehyde catalysts and 1a

UV-visible light absorption spectra were measured by PerkinElmer Lambda 950 UV/VIS/NIR Spectrometer.
Sample (left): catalyst (10 mol/L) in distilled water.

Sample (right): catalyst (10 mol/L) and Na,COs (10" mol/L) in distilled water.

CHO cat. 1 ' ——cat. 1+Na,CO,
0,9 @: 0,9
0,84 OH 0,8 -
074 cat. 1 074
x =376 nm
c 06 c 064 y =0.6058
° 9
o 054 2 054
2 2
| o044 x =324 nm S 04l
y =0.3151
0,3 0,3 -
0,2 4 0,2
0,1 0,1
0’0 T T T T 1 0'0 T T T T 1
300 350 400 450 500 300 350 400 450 500
wavelength (nm) wavelength (nm)
1,0 q 1,0 1
CHO —cat. 2 ——cat. 2+ Na,CO,
0,9 ©/ 0,9
0,84 0,8 -
cat. 2
0,74 0,7
c 06 c 06
o o
Q05 Q054
o o
(%] 1%
S 04 ® 044
0,3 0,3
0,24 0,2
0,1 0,1
0,0 T T T T 1 O’O T T T T 1
300 350 400 450 500 300 350 400 450 500
wavelength (nm) wavelength (nm)
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Sample (left): 1a (10 mol/L) in distilled water.
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Sample (right): 1a (10 mol/L) and Na,COs (2.5 x10™ mol/L) in distilled water.
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8. Fluorescence emission spectra and fluorescence quantum yield
of salicylaldehyde

Fluorescence emission spectra of salicylaldehyde were measured by Horiba FluoroMax-4 Spectrofluorometer

under excitation at 376nm, 400nm, 417 nm and 425 nm (slit 2nm).

Sample: salicylaldehyde cat. 1 (10 mol/L) and Na,CO; (10 mol/L) in distilled water.

300000

250000

200000

—— cat.1 + Na,CO, (376nm excitation)

x =504 nm
y = 297340

300000 —

250000

200000

cat.1 + Na,CO, (400nm excitation)
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o o
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2 2

&) [8) 50000 —
) »

50000
0 0

The absolute fluorescence quantum vyield of salicylaldehyde was measured by Horiba Quanta-@

T
450

T T T T T 1
500 550 600 650 700 750

Wavelength (nm)

T
450

T
500

T T T T 1
550 600 650 700 750

Wavelength (nm)

Spectrometer at 417nm: 2.10 (abs error + 0.136, relative error + 0.06488).

Sample: salicylaldehyde cat. 1 (10 mol/L) and Na,CO; (10 mol/L) in distilled water.
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9. 1H NMR, 13C NMR and 31P NMR spectra of novel compounds
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