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1. Experimental studies

1.1 General information

All experiments were conducted with a schlenk tube. Flash column chromatography was performed
over silica gel (200-300 mesh). 'H NMR and '3C NMR spectra were recorded at ambient
temperature using Bruker 400M spectrometers and JEOL 500M spectrometers, chemical shifts (in
ppm) were referenced to CDCl; (8 = 7.26 ppm) as internal standards.'*C NMR spectra were obtained
by using the same NMR spectrometers and were calibrated with CDCl5 (8 = 77.0 ppm). Data for 'H
NMR are recorded as following abbreviations: multiplicity (s = singlet, d = doublet, t = triplet, q =
quarter, m = multiplet), coupling constant (J, Hz). High resolution mass spectroscopy (HRMS)
analyses were performed at an Exactive Plus (Thermo Scientific) or Agilent Mass Spectrometer.
Unless otherwise noted, materials obtained from commercial suppliers were used without further
purification.

1.2 General procedure for preparation of a-diazo phosphonates

General procedure A: Synthesis of a-diazo phosphonates (1a-1p, 1r-1C):

N

Ny
Pd(PPh 5 mol%
_ OMe (PPh3), (5 mol% ) I ome
11"OMe . A P om
fo) K>COs3 ( 2 equiv. ) o e
CH3OH: toluene = 1:1

Ar—I +

Pd(PPh3)4 (0.29 g, 5 mol%), KoCOs3 (1.38 g, 10.0 mmol) were suspended in methanol (10 mL)
and toluene (10 mL) in a 100 mL flask under argon. Aryl iodide (5.0 mmol) and dimethyl (1-diazo-
2-oxopropyl)phosphonate (1.25 g, 1.3 equiv) was then added, and the resulting solution was stirred
at room temperature for 12 h. Then, this reaction was quenched by 20 mL HO, extracted with ethyl
acetate, dried over Na SO4, and evaporated in vacuo to remove the volatile materials. The crude
residue was purified by column chromatography (silica gel, petroleum ether:ethyl acetate = 3:1) to

afford the final products. !
General procedure B: Synthesis of a-diazo phosphonates (1q-1p, 4a-4c):

O (0] NNHTs
g P(OR"),R2 N P,0R1 TsNHNH N JOR'
R1—: P R1—: P o “R2 R1—: P o “R2
N>
Na,CO5 N /P:on
R P o R
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To a 50 mL flask was added acid chloride (10 mmol, 1.0 equiv) under argon at 0 °C. Then
P(OR"),R? (10 mmol, 1.0 equiv) was added dropwise and the mixture was stirred at room
temperature for 4 h. The resulting yellow oil A was used in the next step without further purification.

A suspension of TSNHNH, (1.86 g, 10 mmol, 1.0 equiv) in THF (10 mL) in a 25 mL flask was
chilled to 0 °C and then concentrated HCI (0.42 mL, 5.0 mmol, 0.5 equiv) was added. The resulting
solution was stirred at 0 °C while the resulting yellow oil A was added dropwise. The flask was
stoppered and the mixture was allowed to warm to room temperature and stirred for 12 h. The
organic layers were concentrated under reduced pressure to yield the crude product B (the
corresponding N-tosylhydrazone).

Na,COs (2.4 g, 22 mmol, 2.2 equiv) was added to the corresponding N-tosylhydrazone B
without further purification. Then water (25 mL) and Et,O (5 mL) was added and the mixture was
stirred at room temperature for 24 h. When the stirring was complete, the mixture was extracted
with ethyl acetate three times, washed with water and brine, dried over Na,SO4 and concentrated
under reduced pressure. The crude residue was purified by chromatography (silica gel, PE: EtOAc
=3:1), to give final product. 3

Dimethyl (diazo(phenyl)methyl)phosphonate (1a)

D)

_OM
ﬁ\OMZ
o}

1a

Following the procedure A on 5 mmol scale, orange oil, yield: 62% (700.6 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported.!

'H NMR (400 MHz, Chloroform-d) § 7.38 — 7.32 (m, 2H), 7.18 — 7.11 (m, 3H), 3.80 (d, /= 11.9 Hz,
6H).

Dimethyl ((4-chlorophenyl)(diazo)methyl)phosphonate (1b)
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M
P:O e
(I)I OMe
Cl

1b

Following the procedure A on 5 mmol scale, orange oil, yield: 60% (781.1 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported. 2

'H NMR (500 MHz, Chloroform-d) 5 7.33 — 7.29 (m, 2H), 7.10 — 7.06 (m, 2H), 3.80 (d, /= 11.9 Hz,
6H).

Dimethyl (diazo(4-(hydroxymethyl)phenyl)methyl)phosphonate (1¢)

Ny

_OM
ﬁ\OM:
o}
HOH,C

1c

Following the procedure A on 5 mmol scale, orange oil, yield: 55% (704.0 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported. 2

IH NMR (500 MHz, Chloroform-d) 5 7.36 — 7.31 (m, 2H), 7.15 — 7.07 (m, 2H), 4.62 (s, 2H), 3.77 (d,
J=11.9 Hz, 6H), 2.68 (s, 1H).

Dimethyl (diazo(4-methoxyphenyl)methyl)phosphonate (1d)

N>

_OM
jope
¢}
MeO

1d

Following the procedure A on 5 mmol scale, orange oil, 53% (678.2 mg), column chromatography
(silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those previously
reported. 2

'H NMR (500 MHz, Chloroform-d) § 7.09 — 7.05 (m, 2H), 6.92 — 6.87 (m, 2H), 3.79 — 3.75 (m, 9H).

Dimethyl (diazo(p-tolyl)methyl)phosphonate (1e)
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Following the procedure A on 5 mmol scale, orange oil, yield: 67% (803.9 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported. 2

'H NMR (500 MHz, Chloroform-d) 5 7.19 — 7.15 (m, 2H), 7.07 — 7.03 (m, 2H), 3.80 (d, /= 12.0 Hz,
6H), 2.32 (s, 3H).

Dimethyl (diazo(4-(methylthio)phenyl)methyl)phosphonate (1f)

NP

_.OM
e
(¢}
MeS

1f

Following the procedure A on 5 mmol scale, orange oil, yield: 31% (421.6 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) § 7.28 — 7.24 (m, 2H), 7.10 — 7.07 (m, 2H), 3.81 (d, J= 12.0 Hz,
6H), 2.47 (s, 3H).

13C NMR (126 MHz, Chloroform-d) 6 135.4, 127.9, 123.1 (d, J=4.6 Hz), 122.9 (d, J = 9.7 Hz), 53.1
(d, /=52 Hz), 16.1.

3Ip NMR (202 MHz, Chloroform-d) § 21.41.

Dimethyl (diazo(4-nitrophenyl)methyl)phosphonate (1g)

\P)

_OM
ﬁ\OM:
0

19

Following the procedure A on 5 mmol scale, orange oil, yield: 74% (1.0 g), column chromatography
(silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those previously

reported.!
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'H NMR (500 MHz, Chloroform-d) 5 8.23 — 8.19 (m, 2H), 7.30 — 7.26 (m, 2H), 3.86 (d, J = 11.9 Hz,
6H).

Methyl-4-(diazo(dimethoxyphosphoryl)methyl)benzoate (1h)

N

_OM
|D\O e

5 OMe
MeO,C

1h

Following the procedure A on 5 mmol scale, orange oil, yield: 77 % (1.10 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported. 2

TH NMR (500 MHz, Chloroform-d) 3 7.99 — 7.96 (m, 2H), 7.19 — 7.15 (m, 2H), 3.87 (s, 3H), 3.80 (d,
J=12.0 Hz, 6H).

Dimethyl (diazo(4-fluorophenyl)methyl)phosphonate (1i)

Following the procedure A on 5 mmol scale, orange oil, yield: 65% (793.7 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported. 2

'H NMR (500 MHz, Chloroform-d)  7.15 — 7.10 (m, 2H), 7.08 — 7.03 (m, 2H), 3.80 (d, /= 11.9 Hz,
6H).

Dimethyl ((4-bromophenyl)(diazo)methyl)phosphonate (1j)

Following the procedure A on 5 mmol scale, orange oil, yield: 63% (961.1 mg), column

chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
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previously reported. 2
'H NMR (500 MHz, Chloroform-d) 5 7.46 — 7.43 (m, 2H), 7.03 — 6.99 (m, 2H), 3.79 (d, J = 11.9 Hz,
6H).

Dimethyl (diazo(4-(trifluoromethyl)phenyl)methyl)phosphonate (1k)

Following the procedure A on 5 mmol scale, orange oil, yield: 68% (1.0 g), column chromatography
(silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) 6 7.57 (d, J = 8.3 Hz, 2H), 7.24 (d, J = 8.3 Hz, 2H), 3.81 (d, J =
11.9 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) & 131.2 (d, J=9.9 Hz), 127.1 (q, J = 32.8 Hz), 126.1 (q, J = 3.9
Hz), 124.0 (q, J=271.6 Hz), 122.3 (d, J= 4.5 Hz), 53.2 (d, J = 5.1 Hz).

3P NMR (162 MHz, Chloroform-d) § 19.19.

F NMR (376 MHz, Chloroform-d) 5 -62.48.

Dimethyl ([1,1'-biphenyl]-4-yl(diazo)methyl)phosphonate (11)

NP

.OM
O g
0
Ph

11

Following the procedure A on 5 mmol scale, orange solid, yield: 47 % (709.2 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported. 2

'H NMR (500 MHz, Chloroform-d)  7.62 — 7.56 (m, 4H), 7.46 — 7.42 (m, 2H), 7.37 — 7.33 (m, 1H),
7.25-7.22 (m, 2H), 3.84 (d, /= 11.9 Hz, 6H).

Dimethyl ((4-(benzyloxy)phenyl)(diazo)methyl)phosphonate (1m)
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N

M
l3:0 e
5 OMe
BnO

im

Following the procedure A on 5 mmol scale, orange solid (mp: 41.3 — 42.5 °C), yield: 34% (564.9
mg), column chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'"H NMR (400 MHz, Chloroform-d) § 7.45 — 7.30 (m, 5H), 7.13 — 7.07 (m, 2H), 7.02 — 6.97 (m, 2H),
5.05 (s, 2H), 3.80 (d, J=11.9 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) 5 156.8, 136.7, 128.5, 127.9, 127.3, 124.3 (d, J = 4.4 Hz), 117.7
(d, /=9.6 Hz), 116.0, 70.0, 53.0 (d, /= 5.1 Hz).

3P NMR (162 MHz, Chloroform-d) § 21.57.

Dimethyl ((4-cyanophenyl)(diazo)methyl)phosphonate (1n)

N

M
P:O e
5 OMe
NC

1n

Following the procedure A on 5 mmol scale, orange oil, yield: 64% (803.8 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported.’

'H NMR (500 MHz, Chloroform-d) 5 7.62 — 7.59 (m, 2H), 7.24 — 7.21 (m, 2H), 3.82 (d, J= 11.9 Hz,
6H).

Dimethyl (diazo(3-methoxyphenyl)methyl)phosphonate (10)

N

MeO l:,/OMe
1"OM
! e

10

Following the procedure A on 5 mmol scale, orange oil, yield: 67% (858.7 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those

previously reported. 2
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H NMR (500 MHz, Chloroform-d) & 7.25 (t, J = 8.0 Hz, 1H), 6.75 — 6.71 (m, 1H), 6.70 — 6.66 (m,
2H), 3.81 — 3.77 (m, 9H).

Methyl 3-(diazo(dimethoxyphosphoryl)methyl)benzoate (1p)

N

MeO,C P/OMe
1" OMe
(0]

1p

Following the procedure A on 5 mmol scale, red oil, yield: 62% (880.6 mg), column chromatography
(silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) & 7.80 — 7.76 (m, 2H), 7.41 (t, J = 7.2 Hz, 1H), 7.37 — 7.34 (m,
1H), 3.90 (s, 3H), 3.80 (d, J = 11.9 Hz, 6H).

13C NMR (126 MHz, Chloroform-d) § 166.3, 131.1, 129.2, 127.2 (d, J= 9.8 Hz), 126.6 (d, J= 3.7 Hz),
126.1, 123.1 (d, J= 5.1 Hz), 53.1 (d, J= 5.1 Hz), 52.1.

3P NMR (202 MHz, Chloroform-d) § 20.6.

Dimethyl (diazo(3-iodophenyl)methyl)phosphonate (1q)

Following the procedure B on 10 mmol scale, orange oil, yield: 50% (1.73 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) § 7.49 — 7.39 (m, 2H), 7.14 — 7.00 (m, 2H), 3.79 (dd, J=11.9, 3.7
Hz, 6H).

13C NMR (101 MHz, Chloroform-d) § 134.1, 130.8 (d, J = 4.8 Hz), 130.6, 128.9 (d, J= 9.8 Hz), 121.7
(d,J=4.1 Hz), 95.0, 53.2 (d, J = 5.1 Hz).

3P NMR (162 MHz, Chloroform-d) § 19.65.

Dimethyl (diazo(2-fluorophenyl)methyl)phosphonate (1r)

S9



Following the procedure B on 10 mmol scale, orange oil, yield: 70% (1.71 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported.?

TH NMR (500 MHz, Chloroform-d) § 7.31 — 7.26 (m, 1H), 7.18 — 7.13 (m, 1H), 7.12 — 7.07 (m, 1H),
7.07 —7.01 (m, 1H), 3.79 (m, 6H).

Dimethyl ((3-chloro-4-fluorophenyl)(diazo)methyl)phosphonate (1s)

N

cl P/OMe
(I)I\OMe
F

1s

Following the procedure A on 5 mmol scale, orange oil, yield: 40% (558.2 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) 5 7.15 — 7.02 (m, 2H), 7.00 — 6.91 (m, 1H), 3.74 (d, J = 12.2 Hz,
6H).

13C NMR (101 MHz, Chloroform-d) & 155.6 (d, J = 248.1 Hz), 124.3 (d, J = 4.4 Hz), 123.7 (dd, J =
9.8,3.8 Hz), 122.2 (dd, J= 7.0, 4.4 Hz), 121.9 (d, J= 18.6 Hz), 117.2 (d, J = 21.7 Hz), 53.1 (d, J= 5.0
Hz).

3Ip NMR (162 MHz, Chloroform-d) & 19.49.

F NMR (376 MHz, Chloroform-d) 5 -119.61.

Dimethyl (diazo(4-methyl-3-nitrophenyl)methyl)phosphonate (1t)

N

O,N P/OMe
B\OMe
Me

1t

Following the procedure A on 5 mmol scale, orange soild (mp: 67.5 — 68.6 °C), yield: 38% (541.9
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mg), column chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) 5 7.74 (d, J = 2.0 Hz, 1H), 7.36 — 7.29 (m, 2H), 3.85 (d, J= 11.9
Hz, 6H), 2.56 (s, 3H).

13C NMR (101 MHz, Chloroform-d) 5 149.8, 133.6, 130.0, 126.5 (d, J = 4.2 Hz), 126.4 (d, J = 10.0
Hz), 118.1 (d, J=4.9 Hz), 53.3 (d, J= 5.2 Hz), 19.8.

3P NMR (162 MHz, Chloroform-d) § 19.00.

Dimethyl (diazo(3,5-dimethoxyphenyl)methyl)phosphonate (1u)

N2
MeO F)/OMe
11"OMe
(0]

OMe
1u

Following the procedure A on 5 mmol scale, orange oil. yield: 53% (753.6 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) 5 6.28 (d, J = 2.1 Hz, 2H), 6.22 (t, J= 2.2 Hz, 1H), 3.77 (d, J =
12.0 Hz, 6H), 3.74 (s, 6H).

13C NMR (101 MHz, Chloroform-d) 5 161.3, 128.4 (d, J = 9.6 Hz), 100.9 (d, J = 4.6 Hz), 97.0, 55.1,
53.0 (d, J = 5.0 Hz).

3P NMR (162 MHz, Chloroform-d) § 20.55.

Dimethyl (diazo(9H-fluoren-2-yl)methyl)phosphonate (1v)

N
_OMe

. ﬁ\OMe
& °

1v

Following the procedure A on 5 mmol scale, red solid (mp: 88.0 — 88.9 °C), yield: 55% (863.3 mg),
column chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (500 MHz, Chloroform-d) § 7.76 — 7.72 (m, 2H), 7.54 — 7.50 (m, 1H), 7.38 — 7.34 (m, 2H),
7.29 (td, J=7.4,1.2 Hz, 1H), 7.17 (dd, J= 8.2, 1.8 Hz, 1H), 3.88 (s, 2H), 3.84 (d, /= 12.0 Hz, 6H).
13C NMR (126 MHz, Chloroform-d) & 143.6 (d, J=219.0 Hz), 140.1 (d, J = 202.8 Hz), 126.7 (d, J =

12.1 Hz), 124.9, 124.1 (d, J= 9.6 Hz), 121.3 (d, J= 4.7 Hz), 120.6, 119.6, 119.2 (d, J= 4.5 Hz), 53.1 (d,
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J=5.0 Hz), 36.8.
3P NMR (202 MHz, Chloroform-d) § 21.84.

Dimethyl (diazo(1H-indol-5-yl)methyl)phosphonate (1w)

N
_OMe
4 i oMe
N (0]
H
1w

Following the procedure A on 5 mmol scale, red oil, yield: 42% (448 mg), column chromatography
(silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d)  8.67 (s, 1H), 7.48 (s, 1H), 7.40 (d, J = 8.6 Hz, 1H), 7.21 (t, J =
2.8 Hz, 1H), 7.01 (dd, J= 8.6, 1.9 Hz, 1H), 6.53 — 6.48 (m, 1H), 3.82 (d, J = 11.9 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) 5 134.3, 128.8, 125.4,117.8 (d, J= 4.5 Hz), 116.2 (d, J= 9.0 Hz),
115.6 (d, J= 4.2 Hz), 112.2, 102.1 (d, J= 1.9 Hz), 53.1 (d, J = 5.0 Hz).

3P NMR (162 MHz, Chloroform-d) § 22.8.

Dimethyl (benzo[d][1,3]dioxol-5-yl(diazo)methyl)phosphonate (1x)

Following the procedure A on 5 mmol scale, red solid (mp: 68.2 — 68.8 °C), yield: 33% (446 mg),
column chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) & 6.78 (d, J = 8.2 Hz, 1H), 6.66 (d, J = 2.0 Hz, 1H), 6.60 (d, J =
8.2 Hz, 1H), 5.92 (s, 2H), 3.77 (d, J = 11.7 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) § 148.6, 145.7, 119.1 (d, J = 9.6 Hz), 116.3 (d, /= 4.8 Hz), 109.1,
104.0 (d, J= 4.4 Hz), 101.2, 53.0 (d, J = 5.1 Hz).

3P NMR (162 MHz, Chloroform-d) § 21.17.

Dimethyl (diazo(dibenzo[b,d]furan-1-yl)methyl)phosphonate (1y)
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0 oM
P oMe
o

1y

Following the procedure A on 5 mmol scale, orange oil, yield: 65% (1.02 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) & 7.89 (d, J = 7.4 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.58 — 7.41
(m, 5H), 3.82 (d, J=11.8 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) § 156.6, 156.3, 127.6, 127.5, 124.1, 123.3, 122.5, 122.4, 119.8,
119.7, 111.6, 111.5, 53.3 (d, J= 5.5 Hz).

3P NMR (162 MHz, Chloroform-d) § 20.79.

Dimethyl (diazo(dibenzo[b,d]thiophen-4-yl)methyl)phosphonate (1z)

Following the procedure A on 5 mmol scale, orange oil, yield: 28% (646.3 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) § 8.20 — 8.13 (m, 1H), 8.14 — 8.07 (m, 1H), 7.93 — 7.85 (m, 1H),
7.55—7.46 (m, 4H), 3.83 (d, /= 11.9 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) 3 138.6, 138.3 (d, /= 6.4 Hz), 136.8, 135.5, 127.3, 126.7, 125.5,
124.8,122.8, 121.8, 121.0, 120.0 (d, J= 9.7 Hz), 53.4 (d, J = 5.3 Hz).

3Ip NMR (162 MHz, Chloroform-d) & 20.89.

Dimethyl (diazo(phenanthren-9-yl)methyl)phosphonate (1A)

Following the procedure A on 5 mmol scale, orange oil, yield: 58% (946.3 mg), column
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chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) § 8.80 — 8.73 (m, 1H), 8.67 (d, J = 8.3 Hz, 1H), 8.17 — 8.08 (m,
1H), 7.95 (s, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.75 — 7.66 (m, 3H), 7.62 (t, J= 7.4 Hz, 1H), 3.83 (d, J =
11.7 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) 5 131.3, 131.1, 130.7 (d, J = 2.6 Hz), 130.4, 130.2 (d, J= 4.2 Hz),
128.9,127.5,127.3,127.0 (d, /= 1.9 Hz), 124.6, 123.5, 122.5, 120.7 (d, /= 8.2 Hz), 53.4 (d, /= 5.8 Hz).
31p NMR (202 MHz, Chloroform-d) § 22.57.

Dimethyl (diazo(naphthalen-2-yl)methyl)phosphonate (1B)

N

_OMe
ﬁ\OMe
o}

1B

Following the procedure A on 5 mmol scale, orange oil, yield: 45% (620.8 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

'H NMR (400 MHz, Chloroform-d) § 7.84 (d, J= 8.7 Hz, 1H), 7.78 (t,J = 8.8 Hz, 2H), 7.59 (d, J=2.0
Hz, 1H), 7.51 — 7.45 (m, 1H), 7.45 — 7.40 (m, 1H), 7.28 (dd, J= 8.7, 2.1 Hz, 1H), 3.85 (d, /= 12.0 Hz,
6H).

13C NMR (101 MHz, Chloroform-d) § 133.7, 131.1, 129.1, 127.6, 127.2, 126.7, 125.5, 123.4 (d, J =
9.5 Hz), 120.9 (d, J = 5.0 Hz), 120.6 (d, J= 4.1 Hz), 53.1 (d, J= 5.1 Hz), 50.2 (d, J = 227.8 Hz).

3P NMR (162 MHz, Chloroform-d) § 20.90.

Dimethyl (diazo(naphthalen-1-yl)methyl)phosphonate (1C)

L
_OMe
'I:I’\OMe
o}

1C

Following the procedure A on 5 mmol scale, orange oil, yield: 55% (759.5 mg), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported.*

'H NMR (500 MHz, Chloroform-d) & 8.04 — 8.00 (m, 1H), 7.93 — 7.90 (m, 1H), 7.88 — 7.84 (m, 1H),
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7.65 — 7.60 (m, 2H), 7.57 — 7.53 (m, 1H), 7.50 (dd, J=8.2, 7.2 Hz, 1H), 3.80 (d, /= 11.7 Hz, 6H).

Diethyl (diazo(phenyl)methyl)phosphonate (4a)

Following the procedure B on 10 mmol scale, orange oil, yield: 67% (1.71 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported.*

'H NMR (500 MHz, Chloroform-d) & 7.36 — 7.32 (m, 2H), 7.19 — 7.15 (m, 2H), 7.15 — 7.11 (m, 1H),
4.26 — 4.08 (m, 4H), 1.33 (td, J= 7.1, 0.8 Hz, 6H).

Diisopropyl (diazo(phenyl)methyl)phosphonate (4b)

Following the procedure B on 10 mmol scale, orange oil, yield: 40% (1.12 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v). Spectroscopic data are in agreement with those
previously reported.*

'H NMR (500 MHz, Chloroform-d) & 7.36 — 7.31 (m, 2H), 7.19 — 7.16 (m, 2H), 7.13 — 7.08 (m, 1H),
4.75 (dp, J = 8.2, 6.2 Hz, 2H), 1.39 (d, J= 6.2 Hz, 6H), 1.24 (d, J = 6.2 Hz, 6H).

Dihexyl (diazo(phenyl)methyl)phosphonate (4¢)

N, r|1-hexyl

.0
oy g

4c

o=

Following the procedure B on 10 mmol scale, orange oil, yield: 58% (1.13 g), column
chromatography (silica gel, PE: EtOAc = 3:1, v/v).

TH NMR (500 MHz, Chloroform-d) § 7.36 — 7.31 (m, 2H), 7.19 — 7.15 (m, 2H), 7.12 (t, J = 7.4 Hz,
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1H), 4.18 = 3.99 (m, 4H), 1.69 — 1.62 (m, 4H), 1.38 — 1.30 (m, 4H), 1.28 — 1.20 (m, 8H), 0.85 (t, /= 6.9
Hz, 6H).
3C NMR (126 MHz, Chloroform-d) § 129.1, 126.7 (d, J = 9.6 Hz), 125.0, 122.6 (d, J = 4.5 Hz), 66.8
(d, J=5.2Hz),31.2,30.1 (d, J= 7.0 Hz), 25.1, 22.4, 13.9.
3P NMR (202 MHz, Chloroform-d) § 18.11.
1.3 General procedure C for preparation of phosphine-borane adducts

A solution of phosphine (1.0 equiv) in anhydrous THF (20 mL) was added a borane-tetrahydrofuran
complex solution (1.0 mol/L in THF) (20 mL, 20 mmol, 2.0 equiv) dropwise at 0 °C. The resulting
mixture was stirred overnight. The solution was then slowly added sat. NaHCO3 (10 mL) and extracted
with ethyl acetate (3 x 20 mL). The combined organic layer was dried over anhydrous Na,SO4 and the
solvent was evaporated. The crude residue was purified by column chromatography (silica gel, PE:
EtOAc =10:1) to afford the final products.

Methyldiphenylphosphane borane (2a)

Following the procedure C on 10 mmol scale, white solid, yield: 95% (2.03 g), column
chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.’

TH NMR (500 MHz, Chloroform-d) 5 7.70 — 7.63 (m, 4H), 7.51 — 7.46 (m, 2H), 7.46 — 7.41 (m, 4H),
1.87 (d, J=10.2 Hz, 3H), 1.41 — 0.58 (m, 3H).

Ethyldiphenylphosphane borane (2b)

Following the procedure C on 10 mmol scale, white solid, yield: 92% (2.09 g), column

chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
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previously reported.®

'H NMR (500 MHz, Chloroform-d) & 7.7 — 7.6 (m, 4H), 7.5 — 7.4 (m, 6H), 1.9 (d, J = 10.2 Hz, 3H),

1.4 - 0.6 (m, 3H).

Isopropyldiphenylphosphane borane (2¢)

BH3

!

0

2c

Following the procedure C on 10 mmol scale, white solid, yield: 93% (2.25 g), column
chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.’

'H NMR (400 MHz, Chloroform-d) 5 7.82 — 7.70 (m, 4H), 7.51 — 7.39 (m, 6H), 2.72 (dhept, J = 14.0,
7.0 Hz, 1H), 1.16 (m, 9H).

Dimethyl(phenyl)phosphane borane (2d)

BH,3
!

P\
Me” 1M
ePhe

2d

Following the procedure C on 10 mmol scale, white solid, yield: 91% (1.37 g), column
chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.

'H NMR (500 MHz, Chloroform-d) 5 7.76 — 7.69 (m, 2H), 7.52 — 7.43 (m, 3H), 1.56 (d, J = 10.4 Hz,
6H), 1.12 - 0.41 (m, 3H).

Diethyl(phenyl)phosphane borane (2¢)

BH,
!

Et” P~ Et
Ph

2e

Following the procedure C on 10 mmol scale, white solid, yield: 94% (1.69 g), column

S17



chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.’

'H NMR (500 MHz, Chloroform-d) § 7.76 — 7.65 (m, 2H), 7.53 — 7.42 (m, 3H), 1.94 — 1.80 (m, 4H),
1.05 (dt, J=16.5, 7.6 Hz, 6H), 1.00 — 0.31 (m, 3H).

Dicyclohexyl(phenyl)phosphane borane (2f)

f
SLe
2f

Following the procedure C on 10 mmol scale, white solid, yield: 91% (2.61 g), column

chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.?

'H NMR (400 MHz, Chloroform-d) & 7.68 (t, J = 8.3 Hz, 2H), 7.52 — 7.39 (m, 3H), 2.15 — 2.00 (m,
2H), 1.94 (d, J=10.5 Hz, 2H), 1.85 — 1.55 (m, 8H), 1.37 — 1.05 (m, 10H), 0.61 (q, J = 81.0Hz, 3H).

Trimethylphosphane borane (2g)

BH;

i
M /|:I>\M
e Me e

2g

Following the procedure C on 10 mmol scale, white solid, yield: 80% (0.71 g), column
chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.’

'H NMR (500 MHz, Chloroform-d) § 1.32 (d, J = 10.6 Hz, 9H), 0.82 — 0.16 (m, 3H).

Tributylphosphane borane (2h)

BH,3

!

/P‘
"Bu” | "Bu
Bu

2h

Following the procedure C on 10 mmol scale, colorless oil, yield: 94% (2.05 g), column
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chromatography (silica gel, PE: EtOAc =10:1, v/v). Spectroscopic data are in agreement with those
previously reported.’

'H NMR (500 MHz, Chloroform-d) 5 1.60 — 1.51 (m, 6H), 1.50 — 1.32 (m, 12H), 0.92 (t, /= 7.1 Hz,
9H), 0.74 — 0.06 (m, 3H).

Trimethylphosphite borane (2i)

BH3

}

/P\
MeO” 1 OM
¥ oMe©

2i

A solution of phosphine (1.0 equiv) in anhydrous THF (20 mL) was added a borane-tetrahydrofuran
complex solution (1.0 mol/L in THF) (20 mL, 20 mmol, 2.0 equiv) dropwise at 0 °C. The resulting
mixture was stirred overnight at rt. The solution was then slowly added sat. NaHCO; (10 mL) and
extracted with ethyl acetate (3 x 20 mL). The combined organic layer was dried over anhydrous Na>SO4
and the solvent was evaporated. The crude residue was purified by column chromatography (silica
gel, PE: EtOAc =10:1) to afford the final products. colorless oil, yield: 85% (1.18 g). Spectroscopic
data are in agreement with those previously reported.’
'H NMR (500 MHz, Chloroform-d) § 3.70 (dd, J= 11.0, 1.6 Hz, 9H), 0.76 — 0.04 (m, 3H).
1.4 General procedure D for the synthesis of chiral a-boryl phosphonates

In air, a 25 mL schlenk tube was charged with Cu(MeCN)4PF¢ (5 mol%), L1 (6 mol%). The
tube was evacuated and filled with argon for three cycles. Then, 2 mL of CPME , 1 or 4 (0.20 mmol,
1.0 equiv) and 2 (0.40 mmol, 2.0 equiv) was added under argon. The reaction was allowed to stir at
20 °C for 12 hours. Upon completion, proper amount of silica gel was added to the reaction mixture.
After removal of the solvent, the crude reaction mixture was purified on silica gel (petroleum ether

and ethyl acetate) to afford the desired products.

(S)-dimethyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(3aa)
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3aa

Following the general procedure D, dimethyl (diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0
equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford 3aa as a white solid in 86% yield (71.1 mg) with 92% ee.

mp: 128.0 —129.3 °C

R;=0.50 (silica gel, EtOAc:PE = 3:1).

'H NMR (500 MHz, Chloroform-d) 5 7.52 — 7.38 (m, 8H), 7.35 — 7.30 (m, 2H), 7.14 — 7.07 (m, 4H),
7.05—7.00 (m, 1H), 3.60 (dd, J = 14.9, 10.5 Hz, 6H), 2.50 — 2.39 (m, 1H), 1.30 (d, J = 10.2 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) § 141.5 (dd, J= 8.7, 5.4 Hz), 131.8 (dd, J = 25.7, 8.9 Hz), 131.1
(dd, J=127.9, 2.5 Hz), 129.7 (d, J = 58.1 Hz), 129.4 (d, J = 7.7 Hz), 128.8 (dd, J = 30.4, 9.9 Hz), 128.0
(d, J=2.8 Hz), 127.8 (d, J=55.4 Hz), 125.0 (d, /= 3.5 Hz), 52.7 (dd, /= 66.7, 6.9 Hz), 9.2 (d, /= 36.8
Hz).

B NMR (160 MHz, Chloroform-d) & -26.40.

3P NMR (202 MHz, Chloroform-d) § 39.31 (d, J = 83.6 Hz), 6.28.

HRMS (ESI): caled for (M+H)" C22H2sBO3P2" 413.1601; found 413.1611.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 60/40, 1 mL/min, A = 254
nm, tr (major) = 15.135 min, tr (minor) = 11.938 min, 92% ee.

[a]®p: +73.2 (¢ 0.5, CHCl3).
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
11938 MMm 242 18.26 0.53 3.83
15.135 BB 3.55 457.99 10.56 96.17
Sum 476.25

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-chlorophenyl)methyl)phosphonate(3ba)

L

BH

2

_OMe
P
(\3\ OMe
Cl

3ba

J

Following the general procedure D, dimethyl ((4-chlorophenyl)(diazo)methyl)phosphonate (0.20

mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and

stirred at 20 °C for 12 h to afford 3ba as a colorless oil in 87% yield (77.9 mg) with 95% ee.

Ry=0.60 (silica gel, EtOAc:PE = 3:1).

'H NMR (500 MHz, Chloroform-d) § 7.51 — 7.39 (m, 8H), 7.36 — 7.30 (m, 2H), 7.06 — 6.99 (m, 4H),
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3.60 (dd, J=14.2, 10.5 Hz, 6H), 2.50 —2.36 (m, 1H), 1.44 (d, /= 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 5 140.2 (dd, J = 8.0, 5.8 Hz), 131.7 (dd, J = 24.0, 8.9 Hz), 131.2
(dd, J=28.4,2.5Hz), 130.6 (d, J="7.7 Hz), 130.5 (d, J=4.3 Hz), 129.1 (d, J= 57.9 Hz), 128.8 (dd, /=
25.0, 10.0 Hz), 127.9 (d, J=2.9 Hz), 127.8 (d, J=55.8 Hz), 52.7 (dd, /= 61.2, 7.1 Hz), 9.5 (d, J=37.3
Hz).

B NMR (160 MHz, Chloroform-d) & -26.85.

3P NMR (202 MHz, Chloroform-d) § 38.54 (d, J = 81.0 Hz), 6.05.

HRMS (ESI): calcd for (M+H)* C2xH26BClOsP," 447.1212, found 447.1212.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 25.642 min, tr (minor) = 28.328 min, 95% ee.
[(l]ZSD: +95.8 (C 0.5, CHC13).

WD1A Wavelength=254 nm
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Signal: VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name

25.905 BB 2.38 384.13 9.35 50.25

28.287 BB 287 380.29 7.32 49.75

Sum 764.43
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
25.642 BB 2.69 939.28 22.11 97.44
28.328 MMm 1.97 24.68 0.51 2.56
Sum 963.96
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-(hydroxymethyl)phenyl)methyl)
phosphonate(3ca)

o S
\
o
\
BH,
HOH20/©)\

3ca

L J

Following the general procedure D, dimethyl (diazo(4-(hydroxymethyl)phenyl)methyl)
phosphonate (0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv)
were employed and stirred at 20 °C for 12 h to afford 3ca as a colorless oil in 87% yield (77.0 mg)
with 91% ee.

R;=0.18 (silica gel, EtOAc:PE = 3:1).

'H NMR (400 MHz, Chloroform-d) 5 7.52 — 7.38 (m, 8H), 7.36 — 7.29 (m, 2H), 7.09 (s, 4H), 4.57 (d,
J=1.7 Hz, 2H), 3.59 (dd, J = 17.0, 10.6 Hz, 6H), 2.52 — 2.37 (m, 1H), 1.34 (d, J = 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 140.7, 137.9 (d, J= 3.1 Hz), 131.8 (dd, J=24.6, 8.9 Hz), 131.1
(dd, J=30.7, 2.0 Hz), 129.8, 129.4 (d, J = 7.8 Hz), 128.8 (dd, J = 29.7, 9.9 Hz), 127.8 (d, J = 55.6 Hz),
126.8 (d, J=2.6 Hz), 65.0, 52.7 (dd, J=52.7, 6.8 Hz), 9.3 (d, J = 37.0 Hz).

1B NMR (128 MHz, Chloroform-d) § -26.06.

3P NMR (162 MHz, Chloroform-d) § 38.76 (d, J = 83.0 Hz), 5.55.

HRMS (ESI): calc’d for (M+H)" Co3H30BO4P," 443.1707, found 443.1707.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A = 254
nm, tg (major) = 12.609 min, tg (minor) = 14.270 min, 91% ee.

[a]®p: +62.9 (¢ 0.5, CHCls).
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RT [min) Type Width [min) Area Height Area% Name
12.609 Be 1.78 770.36 33.36 95.70
14270 MMm 118 34.61 1.36 4.30
Sum 804.97

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-methoxyphenyl)methyl)phosphonate(3da)
o
P
\
BH,
_OMe
* P
/[::j/i\o OMe
HsCO

3da

Following the general procedure D, dimethyl(diazo(4-methoxyphenyl)methyl)phosphonate (0.20
mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and

stirred at 20 °C for 12 h to afford 3da as a colorless oil in 96% yield (85.3 mg) with 90% ee.
Ry=0.50 (silica gel, EtOAc:PE = 3:1).
'"H NMR (400 MHz, Chloroform-d) § 7.52 — 7.37 (m, 8H), 7.36 — 7.28 (m, 2H), 7.03 (dd, J = 8.6, 2.6

Hz, 2H), 6.65 (d, J = 8.3 Hz, 2H), 3.72 (s, 3H), 3.59 (dd, J = 15.1, 10.5 Hz, 6H), 2.46 — 2.30 (m, 1H),
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1.34 (d, J = 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 157.2 (d, J= 3.5 Hz), 133.1 (dd, /= 8.9, 4.8 Hz), 131.8 (dd, J =

18.3, 8.8 Hz), 131.1 (dd, J = 22.4, 2.5 Hz), 130.2 (d, J = 7.6 Hz), 129.7 (d, J = 57.7 Hz), 128.7 (dd, J =

23.6,9.9 Hz), 127.9 (d, J = 55.6 Hz), 113.4 (d, J = 2.8 Hz), 55.1, 52.6 (dd, J = 48.4, 7.0 Hz), 9.4 (d, J =

36.9 Hz).

B NMR (128 MHz, Chloroform-d) & -26.16.

3P NMR (162 MHz, Chloroform-d) § 39.09 (d, J = 84.4 Hz), 5.76.

HRMS (ESI): calc’d for (M+H)* CosH30BO4P," 443.1707, found 443.1707.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 14.597 min, tr (minor)

[0]p: +51.4 (¢ 0.5, CHCL).

= 12.354 min, 90% ee.
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Sum 901.95
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(p-tolyl)methyl)phosphonate(3ea)

s
P
N

BH,
o

3

J

Following the general procedure D, dimethyl (diazo(p-tolyl)methyl)phosphonate (0.20 mmol, 1.0
equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford 3ea as a colorless oil in 74% yield (63.3 mg) with 94% ee.

Ry=0.63 (silica gel, EtOAc:PE = 3:1).

'H NMR (500 MHz, Chloroform-d) & 7.51 —7.39 (m, 8H), 7.35 — 7.30 (m, 2H), 7.00 (dd, J = 8.1, 2.4
Hz, 2H), 6.90 (d, /= 7.7 Hz, 2H), 3.60 (dd, J=10.5, 8.7 Hz, 6H), 2.48 —2.35 (m, 1H), 2.24 (s, 3H), 1.33
(d, J=10.3 Hz, 3H).

3C NMR (126 MHz, Chloroform-d) & 138.1 (dd, J = 8.3, 5.7 Hz), 134.3 (d, J = 3.6 Hz), 131.8 (dd, J =
26.4, 8.8 Hz), 131.0 (d, J = 32.2 Hz), 129.8 (d, J = 58.0 Hz), 129.2 (d, J = 7.6 Hz), 129.1 — 128.4 (m,
3C), 128.0 (d, J=55.2 Hz), 52.6 (dd, J= 64.8, 6.8 Hz), 20.9, 9.3 (d, J = 36.7 Hz).

1B NMR (128 MHz, Chloroform-d) § -26.02.

8P NMR (202 MHz, Chloroform-d) & 39.64 (d, J = 84.2 Hz), 6.39.

HRMS (ESI): calcd for (M+H)* C23H30BOsP," 427.1758, found 427.1758.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 92/08, 1 mL/min, A =254 nm,
tr (major) = 36.832 min, tr (minor) = 32.049 min, 94% ee.

[a]*p: +76.8 (¢ 0.5, CHCl5).
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RT [min] Type Width [min]) Area Height Area% Name
32.049 MM m 3.46 18.50 0.26 321
36,832 BB 7.06 556.96 5.22 96,79
Sum 575.45

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-(methylthio))methyl)phosphonate(3fa)

Me Q
\
O
N
BH,

_OMe

* Pl
e

H3CS

3fa

Following the general procedure D, dimethyl (diazo(4-(methylthio)phenyl)methyl)
phosphonate (0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv)
were employed and stirred at 20 °C for 36 h to afford 3fa as a yellow oil in 44% yield (40.6 mg)
with 92% ece.

Ry=0.58 (silica gel, EtOAc:PE = 3:1).
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'"H NMR (400 MHz, Chloroform-d) § 7.52 — 7.38 (m, 8H), 7.37 — 7.29 (m, 2H), 7.07 — 6.97 (m, 4H),
3.60 (t, J=10.8 Hz, 6H), 2.41 (s, 4H), 1.40 (d, /= 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 138.7 (dd, J= 8.6, 5.6 Hz), 134.1 (d, J= 4.0 Hz), 131.8 (dd, J =
20.9, 8.9 Hz), 131.1 (dd, J=23.1, 2.5 Hz), 129.9 (d, /= 7.8 Hz), 129.5 (d, /= 58.4 Hz), 128.8 (dd, /=
21.0, 10.0 Hz), 127.9 (d, J = 55.6 Hz), 126.9 (d, J= 2.8 Hz), 52.7 (dd, J = 49.3, 7.0 Hz), 16.3, 9.5 (d, J
=37.2 Hz).

B NMR (128 MHz, Chloroform-d) & -26.09.

3Ip NMR (162 MHz, Chloroform-d) 5 38.44 (d, J = 82.2 Hz), 5.53.

HRMS (ESI): calcd for (M+H)* C23H30BOsP.S™ 459.1478, found 459.1477.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 80/20, 1 mL/min, A = 254
nm, tg (major) = 52.985 min, tr (minor) = 49.269 min, 92% ee.

[(l]ZSD: +79.0 (C 0.5, CHC13).
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Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min] Ares Height Area’% Name
491186 BB 459 2917 .99 324 4993
53.584 BB 5.81 2926.61 30.82 50.07
Sum 5844.60
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VWD1A Wavelength=254 nm
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
49.269 BB 3.79 248.38 292 3.97
52.985 BB 6.79 6015.18 61.43 96.03

Sum 6263.57

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-nitrophenyl)methyl)phosphonate(3ga)

Ra
a-
\

BH2

3ga

L

Following the general procedure D, dimethyl (diazo(4-nitrophenyl)methyl)phosphonate (0.20 mmol,
1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
at 20 °C for 36 h to afford 3ga as a colorless oil in 70% yield (64.3 mg) with 96% ee.

Ry=0.49 (silica gel, EtOAc:PE = 3:1).

'H NMR (500 MHz, Chloroform-d) 5 7.89 — 7.84 (m, 2H), 7.50 — 7.36 (m, 8H), 7.35 — 7.30 (m, 2H),
7.25—17.20 (m, 2H), 3.63 (dd, J = 10.6, 6.2 Hz, 6H), 2.67 —2.54 (m, 1H), 1.56 (d, /= 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 3 150.8 (dd, /= 8.0, 6.1 Hz), 145.3 (d, J=3.6 Hz), 131.7 (dd, J =
15.5,9.0 Hz), 131.4 (dd, J=21.4,2.5 Hz), 129.7 (d, J=7.9 Hz), 128.9 (dd, /= 19.4, 10.1 Hz), 128.4 (d,
J=158.2 Hz), 127.7 (d, J=57.0 Hz), 123.1 (d, J= 2.4 Hz), 52.9 (dd, J = 55.4, 7.0 Hz), 9.6 (d, J = 38.2
Hz).

B NMR (160 MHz, Chloroform-d) & -26.62.

3P NMR (202 MHz, Chloroform-d) § 36.86 (d, J = 73.4 Hz), 5.50.

HRMS (ESI): calcd for (M+H)* C22H27BNOsP," 458.1452, found 458.1452.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,
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tr (major) = 15.233 min, tr (minor) = 12.811 min, 96% ee.

[0]%p: +90.4 (¢ 0.5, CHCl3).

VWDIA Wavelangth=254 nm
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1 2 3 4 5 6 7 L} 9 10 " 12 13 14 15 16 17 18 19 20 21 22 23 24
Tima [min]
Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Helght Area% Name
12.600 BB 3,20 3916.24 119.70 4997
15876 BB 593 3921.31 10042 50.03
Sum 7837.55
VWD1A Wavelength=254 nm
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o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.811 MM m 1.71 25.51 0.78 1.90
15.233 BB 4.65 1315.11 33.28 98.10
Sum 1340.62

(S)-methyl-4-(((methyldiphenylphosphane)boryl) (dimethoxyphosphoryl)methyl)benzoate(3ha)

e
\
(O
\
BH,
joR:
O
MeO,C

3ha

Following the general procedure D, methyl-4-(diazo(dimethoxyphosphoryl)methyl)benzoate (0.20

mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and

stirred at 20 °C for 12 h to afford 3ha as a colorless oil in 80% yield (75.6 mg) with 94% ee.
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Ry=0.49 (silica gel, EtOAc:PE = 3:1).

IH NMR (500 MHz, Chloroform-d) & 7.74 (d, J = 8.5 Hz, 2H), 7.50 — 7.37 (m, 8H), 7.33 — 7.28 (m,
2H), 7.16 (dd, J = 8.4, 2.3 Hz, 2H), 3.85 (d, J = 1.2 Hz, 3H), 3.62 — 3.55 (m, 6H), 2.59 — 2.46 (m, 1H),
1.35 (d, J = 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d)  167.2, 147.8 (dd, J = 8.1, 5.5 Hz), 131.7 (dd, J = 23.7, 8.9 Hz),
131.2 (dd, J = 29.3, 2.6 Hz), 129.2, 129.2, 128.8 (dd, J = 30.0, 9.9 Hz), 127.5 (d, J = 56.0 Hz), 126.7
(d, J =3.4 Hz), 52.7 (dd, J = 64.3, 7.0 Hz), 51.8, 9.4 (d, J = 37.4 Hz).

B NMR (160 MHz, Chloroform-d) § -26.79.

3P NMR (202 MHz, Chloroform-d) 6 37.99 (d, J = 80.3 Hz), 5.89.
HRMS (ESI): calc’d for (M+H)* C,4H30BOsP," 471.1656, found 471.1656.
HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 20.630 min, tg (Minor) = 14.240 min, 94% ee.
[a]*p: +95.8 (¢ 0.5, CHCl5).

VWD 1A Wavelength=254 nm
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Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
14.254 BB 2.20 3615.81 141.62 50.02
20.737 BB 3.36 3613.47 94 .40 49.98

Sum 7229.28
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
14.240 BB 1.72 287.74 11.23 2.98
20.630 BB 3.42 9359.54 244.57 97.02

Sum 9647.28

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-fluorophenyl)methyl)phosphonate(3ia)

o
BH,
Bon

3ia

L

Following the general procedure D, dimethyl (diazo(4-fluorophenyl)methyl)phosphonate (0.20
mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and
stirred at 20 °C for 12 h to afford 3ia as a orange solid in 76% yield (65.5 mg) with 92% ee.

mp: 149.3 - 150.2 °C

Ry=0.51 (silica gel, EtOAc:PE = 3:1).

'H NMR (400 MHz, Chloroform-d) & 7.52 — 7.37 (m, 8H), 7.37 — 7.30 (m, 2H), 7.11 — 7.03 (m, 2H),
6.76 (t, J = 8.6 Hz, 2H), 3.66 — 3.53 (m, 6H), 2.52 — 2.35 (m, 1H), 1.40 (d, J = 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 160.7 (dd, J = 242.9, 3.8 Hz), 137.0, 131.7 (dd, J = 17.5, 8.9
Hz), 131.2 (dd, J = 21.0, 2.5 Hz), 130.6 (t, J = 7.6 Hz), 128.8 (dd, J = 21.3, 10.1 Hz), 128.6 (dd, J =
148.0, 56.7 Hz), 114.6 (dd, J=20.9, 2.8 Hz), 52.7 (dd, J=47.4, 7.0 Hz), 9.5 (d, J= 37.3 Hz).

B NMR (128 MHz, Chloroform-d) & -25.98.

3P NMR (162 MHz, Chloroform-d) § 38.37 (dd, J = 82.2, 5.7 Hz), 5.50.

19F NMR (376 MHz, Chloroform-d) § -118.73 (t, J = 4.6 Hz).

HRMS (ESI): calc’d for (M+H)* C»H»;BFO3P," 431.1507, found 431.1507.
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HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A = 254
nm, tg (major) = 9.875 min, tr (minor) = 8.944 min, 92% ee.

[0]%p: +53.0 (¢ 0.5, CHCl3).
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’ Name
8945 BB 1.06 477.88 33.04 50.00
9 896 BB 1.15 476.23 2928 49 91
Sum 954.11
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8.944 BB 0.86 27.76 1.92 3.79
9.875 BB 1.30 704.36 43.26 96.21
Sum 73212

(S)-dimethy(((methyldiphenylphosphane)boryl)(4-bromophenyl)methyl)phosphonate(3ja)

Me\
@PS
N
BH,
_OMe
" Some
(0]
Br

3ja

Following the general procedure D, dimethyl ((4-bromophenyl)(diazo)methyl)phosphonate (0.20
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mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and
stirred at 20 °C for 12 h to afford 3ja as a white solid in 76% yield (74.4 mg) with 94% ee.

mp: 132.0-132.9 °C

Ry=0.58 (silica gel, EtOAc:PE = 3:1).

'H NMR (500 MHz, Chloroform-d) § 7.51 — 7.38 (m, 8H), 7.36 — 7.31 (m, 2H), 7.17 — 7.13 (m, 2H),
7.00 — 6.96 (m, 2H), 3.60 (dd, J = 13.6, 10.5 Hz, 6H), 2.48 —2.36 (m, 1H), 1.45 (d, /= 10.2 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) & 140.7 (dd, J= 9.0, 5.5 Hz), 131.7 (dd, J = 24.9, 9.0 Hz), 131.3
(d, /=2.6 Hz), 131.1, 131.0 (d, /= 5.3 Hz), 130.9 (d, /= 2.8 Hz), 128.8 (dd, J=23.7, 10.0 Hz), 128.4
(dd, J=162.0, 57.2 Hz), 118.6 (d, J= 4.4 Hz), 52.7 (dd, J= 61.1, 7.0 Hz), 9.5 (d, J = 37.3 Hz).

B NMR (160 MHz, Chloroform-d) & -26.68.

3P NMR (202 MHz, Chloroform-d) § 38.33 (d, /= 78.7 Hz), 5.98.

HRMS (ESI): calc’d for (M+H)* C,2H27BBrOsP,* 491.0706, found 491.0706.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,
tr (major) = 25.949 min, tr (minor) = 28.827 min, 94% ee.

[a]*p: +92.0 (¢ 0.5, CHCl5).

VWD1A Wavelength=254 nir
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Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
25.963 BB 2.51 427.93 10.48 50.36
28.543 BB 3.15 421.83 8.33 49.64
Sum 849.76
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VD 1A Waveiength=254 nm

25049

> 404 J
E 351
301
25
204
154 M
10
5 &
ol A i
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
25.949 BB 3.13 1533.38 35.49 97.15
28.827 MM m 2.23 44.99 0.92 2.85

Sum 1578.37
(S)-dimethyl(((methyldiphenylphosphane)boryl)( 4-(trifluoromethyl)phenyl)methyl)

phosphonate(3ka)

Following the general procedure D, dimethyl (diazo(4-(trifluoromethyl)phenyl)methyl)
phosphonate (0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv)
were employed and stirred at 20 °C for 36 h to afford 3ka as a colorless oil in 83% yield (80.0 mg)
with 96% ee.

Ry=0.47 (silica gel, EtOAc:PE = 3:1).

'H NMR (400 MHz, Chloroform-d) 5 7.51 — 7.37 (m, 8H), 7.38 — 7.25 (m, 4H), 7.21 (d, J= 6.1 Hz,
2H), 3.63 (t, J=9.9 Hz, 6H), 2.66 — 2.48 (m, 1H), 1.52 (d, /= 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 146.2, 131.7 (dd, J=19.7,9.0 Hz), 131.2 (dd, J = 17.6, 2.5 Hz),
129.4 (d, J=7.8 Hz), 128.8 (dd, J = 14.9, 10.0 Hz), 128.3 (dd, J = 83.4, 57.2 Hz), 127.0 (dd, J = 32.2,
3.6 Hz), 124.7 (q, J = 3.5 Hz), 124.4 (d, J = 271.1 Hz), 52.8 (dd, /= 46.0, 7.1 Hz), 9.5 (d, /= 37.8 Hz).
B NMR (128 MHz, Chloroform-d) & -26.03.

3P NMR (162 MHz, Chloroform-d) § 37.34 (d, /= 78.7 Hz), 5.15.
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YF NMR (376 MHz, Chloroform-d) & -62.18 (d, J = 2.8 Hz).
HRMS (ESI): calc’d for (M+H)* C3Ha7BF303P," 481.1475, found 481.1474.
HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 85/15, 1 mL/min, A = 254 nm, tg

(major) = 20.838 min, tr (minor) = 22.634 min, 96% ee.
[a]*p: +51.4 (¢ 0.5, CHCl5).

VIWDYA Wissmergth=204 nm
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Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min) Area Height Area% Name
20.745 B8 163 7249 233 4941
22434 88 225 7422 1.86 50.59
Sum 146.71
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
20.838 88 1.92 503.11 15.26 98.25
22634 MMm 1.38 845 0.25 1.65

Sum 511.56
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(S)-dimethyl(((methyldiphenylphosphane)boryl)( [1,1'-biphenyl]-4-yl)methyl)

phosphonate(3la)

3la

J

Following the general procedure D, dimethyl ([1,1'-biphenyl]-4-yl(diazo)methyl)phosphonate
(0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were

employed and stirred at 20 °C for 12 h to afford 3la as a colorless oil in 87% yield (84.9 mg) with

93% ee.

Ry=0.47 (silica gel, EtOAc:PE = 3:1).

'H NMR (400 MHz, Chloroform-d) & 7.56 — 7.37 (m, 12H), 7.37 — 7.25 (m, 5H), 7.19 (dd, J=8.3,2.5

Hz, 2H), 3.64 (t, J=9.9 Hz, 6H), 2.62 — 2.45 (m, 1H), 1.43 (d, /= 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 141.0 (d, J= 1.5 Hz), 140.7 (dd, J= 8.3, 5.8 Hz), 137.6 (d, J =

3.7 Hz), 131.8 (dd, J =23.1, 8.9 Hz), 131.0 (dd, J = 25.6, 2.5 Hz), 129.7 (d, J = 7.8 Hz), 129.2, 128.7

(dd, J=21.0, 10.0 Hz), 128.6, 128.0 (d, J = 55.7 Hz), 126.7, 126.7, 126.5 (d, J = 2.9 Hz), 52.7 (dd, J =

48.9,7.0 Hz), 9.4 (d, J=37.0 Hz).

1B NMR (128 MHz, Chloroform-d) § -25.86.

3P NMR (162 MHz, Chloroform-d) § 38.54 (d, J = 81.9 Hz), 5.57.

HRMS (ESI): calc’d for (M+H)* C2sH3,BO3P," 489.1914, found 489.1914.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 70/30, 1 mL/min, A =254 nm, tg

(major) = 14.542 min, tr (minor) = 8.101 min, 93% ee.

[0]®p: +84.5 (¢ 0.5, CHCl3).
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8117 BB 224 384068 261.37 50.03
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Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’% Name
8101 B8 161 561.36 3760 349
14.542 BB 299 15539.46 535.21 96,51
Sum 16100.81

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-(benzyloxy)phenyl)methyl)

phosphonate(3ma)

wo 5
(
\
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_OMe

* P\
5 OMe

BnO

3ma

Following the general procedure D, dimethyl ((4-(benzyloxy)phenyl)(diazo)methyl)phosphonate (0.20

mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and

stirred at 20 °C for 12 h to afford 3ma as a colorless oil in 85% yield (88.1 mg) with 90% ee.

Ry=0.37 (silica gel, EtOAc:PE = 3:1).
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'H NMR (400 MHz, Chloroform-d) § 7.52 — 7.27 (m, 15H), 7.03 (dd, J = 8.6, 2.6 Hz, 2H), 6.74 (d, J =
8.2 Hz, 2H), 4.99 (s, 2H), 3.60 (dd, J = 16.3, 10.4 Hz, 6H), 2.49 — 2.32 (m, 1H), 1.32 (d, /= 10.2 Hz,
3H).

13C NMR (101 MHz, Chloroform-d) 5 156.4 (d, J = 3.5 Hz), 137.2, 133.3 (dd, J= 8.9, 5.7 Hz), 131.7
(dd, J=19.1, 8.9 Hz), 131.0 (dd, J = 22.4, 2.5 Hz), 130.2 (d, J = 7.6 Hz), 129.6 (d, J= 58.4 Hz), 128.7
(dd, J=23.0,10.0 Hz), 128.4, 127.8 (d, /= 55.3 Hz), 127.7,127.4, 114.5 (d, /= 2.9 Hz), 69.8, 52.6 (dd,
J=48.1,7.0 Hz), 9.3 (d, /= 36.8 Hz).

B NMR (128 MHz, Chloroform-d) & -25.98.

3P NMR (162 MHz, Chloroform-d) § 39.14 (d, J = 85.2 Hz), 5.75.

HRMS (ESI): calc’d for (M+H)* C29H34BO4P," 519.2020 found 519.2020.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A = 254
nm, tr (major) = 17.916 min, tr (minor) = 15.814 min, 90% ee.

[0]p: +76.4(c 0.5, CHCl3).
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Signal: VWD 1A Wavelength=254 nm
RT [min) Type Width [min] Area Height Areca% Name
15.824 BB 1.98 000.69 32.39 49.98
17.979 BB PN 910.25 2813 50.02
Sum 1819.94
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Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name

15814 BB 1.53 74.00 267 507
17.916 BB 1.91 1384 51 43.02 94.93

Sum 1458.52

(S)-dimethy(((methyldiphenylphosphane)boryl)( 4-cyanophenyl)methyl)phosphonate(3na)

a e
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NC/@)\
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Following the general procedure D, dimethyl ((4-cyanophenyl)(diazo)methyl)phosphonate (0.20
mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and
stirred at 20 °C for 48 h to afford 3na as a white solid in 80% yield (70.3 mg) with 96% ee.

mp: 110.2 -111.5°C

Ry=0.33 (silica gel, EtOAc:PE = 3:1).

'H NMR (500 MHz, Chloroform-d) & 7.51 — 7.37 (m, 8H), 7.36 — 7.28 (m, 4H), 7.18 (dd, /= 8.3, 2.3
Hz, 2H), 3.61 (t, J = 9.6 Hz, 6H), 2.59 — 2.46 (m, 1H), 1.52 (d, /= 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 148.2 (t,J=7.3 Hz), 131.7 (d, /= 8.8 Hz), 131.6 (d, /= 8.9 Hz),
131.3 (dd, J=21.5, 2.5 Hz), 129.9 (d, J=7.7 Hz), 128.9 (dd, J=19.0, 10.0 Hz), 128.1 (dd, J = 102.2,
57.6 Hz), 119.3, 108.3, 52.8 (dd, J=55.3, 6.9 Hz), 9.5 (d, /= 38.0 Hz).

B NMR (128 MHz, Chloroform-d) & -26.18.

3P NMR (202 MHz, Chloroform-d) § 37.21 (d, /= 75.1 Hz), 5.60.

HRMS (ESI): calc’d for (M+H)* C23H27BNOsP, ™ 438.1554, found 438.1554.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A = 254
nm, tg (major) = 16.937 min, tg (minor) = 15.614 min, 96% ee.
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[a]%p: +48.2 (¢ 0.5, CHCL;).
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4 sl AR 2N
6 1 2 3 &4 6 6 r 8 9 0 11 12 13 14 15 W 7 18 19 20
Temo jmend
Signal: VWD1A Wavelength=254 nen
RT [min] Type Width [min] Area Height Area% Name
15705 Bv 145 181397 6851 4995
17 064 V8 3 1817 65 6243 5005
Sum 3631.62
Al T 3
s
300
2151 ]
2501 p
2254 ;
oo h
= 1754
T 150
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1004
o 18
304 g \
254
0 — ¥ =
0 1 2 ) a 5 I ' " 9 10 11 12 13 W 14 1B 1 1w W 20
Time jmin|
Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min] Area Height Area¥% Name
16614 88 121 138.96 544 217
16.937 88 240 6263.30 217.46 97.83
Sum 640226

(S)-dimethy(((methyldiphenylphosphane)boryl)(3-methoxyphenyl)methyl)phosphonate(30a)

Me\
Qpﬁ
\
BH,
Meo\©)\P/OMe
11 "OMe
O

3oa

Following the general procedure D, dimethyl ((3-methoxyphenyl)(diazo)methyl)phosphonate (0.20

mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and

stirred at 20 °C for 12 h to afford 3oa as a colorless oil in 88% yield (78.2 mg) with 94% ee.

Ry=0.33 (silica gel, EtOAc:PE = 3:1)
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'H NMR (400 MHz, Chloroform-d) & 7.51 — 7.38 (m, 8H), 7.37 — 7.30 (m, 2H), 7.01 (t, J = 8.1 Hz,
1H), 6.69 (dd, J = 4.6, 2.3 Hz, 2H), 6.62 — 6.54 (m, 1H), 3.68 (s, 3H), 3.62 (t, J = 10.6 Hz, 6H), 2.54 —
2.36 (m, 1H), 1.35 (d, J=10.3 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 159.2 (d, J=2.7 Hz), 142.7 (dd, J=8.7,5.1 Hz), 131.8 (dd, J =
24.5,8.9 Hz), 131.2 (dd, J = 24.8, 2.5 Hz), 129.6 (d, J = 57.5 Hz), 128.8 (d, /= 2.6 Hz), 128.8 (dd, J =
25.4,10.0 Hz), 127.8 (d, J=55.4 Hz), 121.9 (d, /= 8.0 Hz), 114.7 (d, /= 7.7 Hz), 111.1 (d, /= 3.4 Hz),
55.0,52.9 (dd, J=48.8, 7.1 Hz), 9.3 (d, J=37.0 Hz).

B NMR (128 MHz, Chloroform-d) & -26.15.

3P NMR (162 MHz, Chloroform-d) § 38.78 (d, J = 84.8 Hz), 5.54.

HRMS (ESI): calc’d for (M+H)* C23H30BO4P," 443.1707, found 443.1714.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 70/30, 1 mL/min, A = 254 nm, tg

(major) = 13.742 min, tg (minor) = 8.597 min, 94% ee.
[a]*p: +42.8 (¢ 0.5, CHC]l5).

VWD1A Wavalongth=254 nim

8t
50+
45
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20+
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] o | A ] R :
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=AU

01 2 3 a4 6 6 7 B 8 10 11 12 19 14 1 16 17 18 {9 20
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8538 MMm 2.27 129.68 7.49 49.95
13,936 MMm 2.56 129,96 4.34 50,05
Sum 259.64
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Aroa Height Area’% Name

8.597 MM m 0.97 4948 3.03 3.10

13.742 MM m N 1548.09 368.99 96.90

Sum 1597.58

(S)-methyl-3-(((methyldiphenylphosphane)boryl) (dimethoxyphosphoryl)methyl)benzoate (3pa)

~

a2 e
BH

2

Me020\©)\

3pa

L

Following the general procedure D, methyl 3-(diazo(dimethoxyphosphoryl)methyl)benzoate (0.20
mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and
stirred at 20 °C for 12 h to afford 3pa as a colorless oil in 85% yield (79.9 mg) with 94% ee.
Ry=0.33 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) & 7.70 — 7.62 (m, 2H), 7.50 — 7.36 (m, 9H), 7.35 — 7.26 (m, 2H),
7.16 (t, J= 7.7 Hz, 1H), 3.84 (s, 3H), 3.60 (dd, J = 10.5, 5.0 Hz, 6H), 2.59 — 2.44 (m, 1H), 1.42 (d, J =
10.1 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 167.2, 140.5 (dd, J = 8.8, 5.6 Hz), 134.1 (d, J = 6.8 Hz), 131.7
(dd,J=15.3,8.9 Hz), 131.1 (dd, J=18.7, 2.5 Hz), 130.4 (d, /= 8.5 Hz), 129.6 (d, J=2.5 Hz), 129.1 (d,
J=57.9 Hz), 128.8 (dd, J = 19.4, 10.1 Hz), 128.0 (d, J = 2.8 Hz), 127.9 (d, J = 56.2 Hz), 126.3 (d, J =
3.3 Hz), 52.7 (dd, J=46.4,7.0 Hz), 51.8, 9.5 (d, J=37.4 Hz).

B NMR (128 MHz, Chloroform-d) & -25.93.

3P NMR (162 MHz, Chloroform-d) § 37.85 (d, J=79.1 Hz), 5.34.

HRMS (ESI): calc’d for (M+H)* C24H30BOsP>" 471.1656, found 471.1655.
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HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A = 254 nm, tg

(major) = 21.276min, tg (minor) = 12.364 min, 94% ee.
[@]*p: +30.6 (¢ 0.5, CHCl5).

wlengtit= 254 re
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454
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284
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=X
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204 =
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104 ]\
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] sl = . .
0 1 2 3 4 5 8 7 8 9 10 11 32 13 14 15 16 17 18 9 20 21 22 23 24 25 2
Tire [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.371 B8 385 460.69 17.15 50.43
21.701 ]:) 3.99 452.82 11.04 49.57
Sum 913.50
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| Dy B = X e
Y 2 3 4 5 6 T B8 % 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 325 2%
Tiene [min|
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.364 88 1.83 45.18 175 324
21276 88 475 1347.88 3363 96.76

Sum 1383.07

(S)-dimethyl(((methyldiphenylphosphane)boryl)(3-iodophenyl)methyl)phosphonate(3qa)

Me\ Q
&
N
BH,
| _OMe
" Some
o)

3qga

Following the general procedure D, dimethyl (diazo(3-iodophenyl)methyl)phosphonate (0.20 mmol,

1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
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at 20 °C for 12 h to afford 3qa as a colorless oil in 79% yield (84.7 mg) with 95% ee.

Ry=0.47 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) § 7.53 — 7.39 (m, 8H), 7.38 — 7.30 (m, 3H), 7.27 (d, J = 2.1 Hz,
1H), 7.18 (d, J = 7.8 Hz, 1H), 6.82 (t, J = 7.8 Hz, 1H), 3.61 (dd, J = 10.6, 4.2 Hz, 6H), 2.44 — 2.28 (m,
1H), 1.41 (d, J=10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 144.1 (dd, J = 8.4, 5.5 Hz), 138.0 (d, J = 8.7 Hz), 134.0 (d, J =
3.5 Hz), 131.7 (dd, J = 15.7, 8.9 Hz), 131.3 (dd, J = 15.7, 2.5 Hz), 129.7 (d, /= 2.9 Hz), 129.0 (d, J =
58.2 Hz), 128.8 (dd, J = 23.2, 10.0 Hz), 128.6 (d, J = 7.1 Hz), 127.6 (d, J = 56.0 Hz), 94.0 (d, J = 3.0
Hz), 52.8 (dd, J=45.3, 7.1 Hz), 9.5 (d, J = 37.7 Hz).

B NMR (128 MHz, Chloroform-d) & -25.96.

3P NMR (162 MHz, Chloroform-d) § 37.71 (d, J = 81.2 Hz), 5.34.

HRMS (ESI): calc’d for (M+H)* C2,H27BIOsP," 539.0568, found 539.0586.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 85/15, 1 mL/min, A = 254 nm, tg

(major) = 15.157 min, tr (minor) = 12.817 min, 95% ee.
[(l]ZSD: +37.6 (C 0.5, CHC13).
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Time jmn
Signal: VWD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area’% Name
12693 BB 204 591.94 2332 50.24
15.242 BB 213 586.17 19.54 49.76

Sum 1178.10
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VWD1A Wavelength=254 nrr
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0 1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.817 MM m 0.88 17.51 0.89 257
15.157 BB 2.16 662.94 22.70 97.43
Sum 680.44

(S)-dimethyl(((methyldiphenylphosphane)boryl)(2-fluorophenyl)methyl)phosphonate(3ra)

arl”
F BH,

3ra

L

Following the general procedure D, dimethyl (diazo(2-fluorophenyl)methyl)phosphonate (0.20 mmol,
1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
at 20 °C for 12 h to afford 3ra as a white solid in 90% yield (77.1 mg) with 95% ee.

mp: 119.3 -120.6 °C

Ry=0.53 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) 5 7.65 — 7.60 (m, 1H), 7.50 — 7.34 (m, 8H), 7.31 — 7.26 (m, 2H),
6.94 — 6.87 (m, 2H), 6.75 — 6.64 (m, 1H), 3.59 (dd, J = 10.5, 6.5 Hz, 6H), 3.03 — 2.89 (m, 1H), 1.58 (d,
J=10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 3 160.7 (d, J=9.7 Hz), 158.3 (d, J= 9.9 Hz), 131.7 (dd, J=11.9,
9.0 Hz), 131.0 (dd, /= 18.7, 2.5 Hz), 128.9, 128.7 (dd, J= 18.0, 10.0 Hz), 128.2 (d, J = 14.4 Hz), 126.1
(dd, J=8.2, 3.5 Hz), 123.7 (t, J = 3.5 Hz), 114.2 (dd, J = 23.6, 2.6 Hz), 52.6 (dd, J = 44.9, 6.9 Hz), 9.0
(d, J=37.5 Hz).

1B NMR (160 MHz, Chloroform-d) § -26.96.
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3P NMR (202 MHz, Chloroform-d) & 38.75 (d, J = 80.8 Hz), 5.78.

19F NMR (471 MHz, Chloroform-d) § -119.96.

HRMS (ESI): calc’d for (M+H)* C2,H27BFO5P,* 431.1507, found 431.1519.

HPLC analysis: DAICEL CHIRALCEL AS-H, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,
tr (major) = 26.975 min, tr (minor) = 10.328 min, 95% ee.

[@]*p: +40.2 (¢ 0.5, CHCl5).

VWD1A Wavelength=254 nm
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Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
10.361 BB 247 336.94 10.21 50.47
27.105 BB 5.14 330.63 3.03 49.53
Sum 667.57
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Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
10.328 MM m 204 1429 045 236
26975 BB 540 591.35 544 9764

Sum 605.64
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(3-chloro-4-fluorophenyl)methyl)

phosphonate(3sa)

o
BH

2

o

Cl
3sa

L

Following the general procedure D, dimethyl ((3-chloro-4-fluorophenyl)(diazo)methyl)phosphonate
(0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed
and stirred at 20 °C for 12 h to afford 3sa as a white solid in 88% yield (82.1 mg) with 94% ee.
mp: 132.0-132.9 °C

R;=0.28 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) & 7.51 — 7.38 (m, 8H), 7.37 — 7.30 (m, 2H), 7.06 — 6.96 (m, 2H),
6.80 (t, J = 8.8 Hz, 1H), 3.62 (dd, J=10.5, 5.5 Hz, 6H), 2.51 — 2.31 (m, 1H), 1.53 (d, J = 10.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 157.0 (d, J = 3.9 Hz), 154.5 (d, J = 3.9 Hz), 138.6, 131.7 (dd, J
=14.3,9.0 Hz), 131.3 (dd, J = 16.2, 2.5 Hz), 131.0 (d, J = 8.1 Hz), 128.8 (dd, J = 17.7, 10.0 Hz), 128.5
(d, J=34.3 Hz), 127.8 (d, J=56.6 Hz), 119.8 (dd, J = 17.4, 3.1 Hz), 115.7 (dd, J = 20.6, 2.9 Hz), 52.8
(dd, J=43.4,7.0 Hz), 9.6 (d, J = 37.8 Hz).

B NMR (128 MHz, Chloroform-d) & -26.10.

3P NMR (162 MHz, Chloroform-d) § 37.49 (dd, J = 79.2, 5.8 Hz), 5.16.

15F NMR (376 MHz, Chloroform-d) 5 -121.19 (d, J = 5.6 Hz).

HRMS (ESI): calc’d for (M+H)* C,,H2sBCIFO3P," 465.1117, found 465.1110.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,
tr (major) = 27.683 min, tr (minor) = 23.646 min, 94% ee.

[0]®p: +54.4 (¢ 0.5, CHCl3).
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VWDTA Wavelangtt=204 nm

mAL

0933 TRREEEES B
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Tira [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
23.224 BB 447 607.47 899 50.14
27.656 BB 4.14 604.12 925 49.86

Sum 1211.58
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Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area%h Name
23646 MMm 274 26,76 0.43 2,85
27683 B8 498 91275 13.31 97.15

Sum 939.51

(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-methyl-3-nitrophenyl)methyl)

phosphonate(3ta)

o
BH,

_OMe
« Pl
Il 'OMe
(0]
Me

NO,
3ta

Following the general procedure D, dimethyl (diazo(4-methyl-3-nitrophenyl)methyl)phosphonate
(0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed

and stirred at 20 °C for 12 h to afford 3ta as a colorless oil in 89% yield (84.3 mg) with 94% ee.
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Ry=0.22 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) & 7.52 (t, J = 2.4 Hz, 1H), 7.48 — 7.34 (m, 9H), 7.33 — 7.27 (m,
2H), 6.98 (d, J=7.9 Hz, 1H), 3.62 (dd, J = 10.6, 2.2 Hz, 6H), 2.59 — 2.37 (m, 4H), 1.58 (d, J=10.0 Hz,
3H).

13C NMR (101 MHz, Chloroform-d) & 148.4 (d, J= 2.6 Hz), 141.3 (dd, J= 8.2, 5.7 Hz), 134.1 (d, J =
6.6 Hz), 132.1 (d, J=2.9 Hz), 131.7 (t, /= 9.5 Hz), 131.2 (dd, J = 23.4, 2.6 Hz), 129.7 (d, J = 2.7 Hz),
128.8 (dd, J=15.6, 10.0 Hz), 128.4 (d, J=45.5 Hz), 127.8 (d, J=45.1 Hz), 125.0 (d, /= 8.8 Hz), 52.8
(dd, J=39.4,7.0 Hz), 19.9, 9.6 (d, J = 38.0 Hz).

B NMR (128 MHz, Chloroform-d) & -26.09.

3P NMR (162 MHz, Chloroform-d) 5 37.05 (d, J = 76.4 Hz), 5.07.

HRMS (ESI): calc’d for (M+H)* C23H20BNOsP,* 472.1609, found 472.1628.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,
tr (major) = 15.027 min, tr (minor) = 12.719 min, 94% ee.

[(l]ZSD: +35.0 (C 0.5, CHC13).
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Teme [min)
Signai: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Hoight Area’% Name
12615 BB 245 1622.42 61.81 49.64
15.100 BB 427 1826.88 54.30 50.06
Sum 3649.29
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area Name
12719 B8 1.88 62.13 217 308
15.027 BB 568 1951.42 58.15 96.91
Sum 2013.54

(S)-dimethyl(((methyldiphenylphosphane)boryl)(3,5-dimethoxyphenyl)methyl)

phosphonate(3ua)

o
P
\

BH,
MGOQ)*\

Following the general procedure D, dimethyl (diazo(3,5-dimethoxyphenyl)methyl)phosphonate (0.20

J

mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and
stirred at 20 °C for 12 h to afford 3ua as a colorless oil in 81% yield (76.2 mg) with 93% ee.
Ry=0.19 (silica gel, EtOAc:PE = 3:1)

'"H NMR (400 MHz, Chloroform-d) & 7.52 — 7.36 (m, 8H), 7.35 — 7.27 (m, 2H), 6.29 (t, J = 2.4 Hz,
2H), 6.13 (q, J = 2.2 Hz, 1H), 3.67 — 3.56 (m, 12H), 2.48 — 2.32 (m, 1H), 1.40 (d, /= 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 160.2 (d, J=2.6 Hz), 143.5 (dd, J=7.8, 5.4 Hz), 131.7 (dd, J=
26.6,8.9 Hz), 131.1 (dd, J=26.0, 2.6 Hz), 129.6 (d, /= 58.1 Hz), 128.7 (dd, J=26.5, 9.9 Hz), 127.8 (d,
J=55.7Hz),107.3 (d,J=8.1 Hz),97.7 (d, /= 3.2 Hz), 55.0, 52.8 (dd, J=42.3,7.0 Hz), 9.2 (d, /= 37.1
Hz).

B NMR (128 MHz, Chloroform-d) & -26.05.

3P NMR (162 MHz, Chloroform-d) § 38.51 (d, J = 84.5 Hz), 5.41.

HRMS (ESI): calc’d for (M+H)* C,4H3,BOsP," 473.1813, found 473.1825.
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HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 70/30, 1 mL/min, A = 254
nm, tg (major) = 23.206 min, tr (minor) = 12.841 min, 93% ee.

[0]p: +41.6 (c 0.5, CHCL;).

YOVA Wnssdungths 254 nm
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Time (min|
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12.745 B8 167 194.00 794 50.09
23.069 B8 262 103.28 3.96 49.91
Sum 387.27
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Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area’s Name
12.841 BB 1.56 58,48 239 343
23206 BB an 1648 91 33.22 96.57
Sum 1707.40

(S)-dimethyl(((methyldiphenylphosphane)boryl)(9H-fluoren-2-yl)methyl)phosphonate(3va)

o

BH,
_OMe
. * T ome
& ’

3va

Following the general procedure D, dimethyl (diazo(9H-fluoren-2-yl)methyl)phosphonate (0.20 mmol,

1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
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at 20 °C for 12 h to afford 3va as a yellow oil in 95% yield (95.2 mg) with 94% ee.

Ry=0.27 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) § 7.69 (d, J = 7.5 Hz, 1H), 7.58 — 7.38 (m, 9H), 7.37 — 7.21 (m,
6H), 7.10 (d, J=17.9 Hz, 1H), 3.75 — 3.56 (m, 8H), 2.66 — 2.48 (m, 1H), 1.32 (d, /= 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 143.1, 143.0, 141.8, 139.9 (dd, J = 8.5, 5.7 Hz), 138.8 (d, J =
3.6 Hz), 131.7 (dd, J=27.7, 8.9 Hz), 131.0 (dd, J=32.3, 2.5 Hz), 129.5 (d, /= 57.9 Hz), 128.7 (dd, J =
27.0, 10.0 Hz), 127.9 (d, J = 8.3 Hz), 127.8 (d, J = 55.6 Hz), 126.5, 126.1, 126.0, 124.8, 119.3, 119.3,
52.8 (dd, J=47.9,7.1 Hz), 36.7, 9.4 (d, J=37.0 Hz).

B NMR (128 MHz, Chloroform-d) & -25.80.

3P NMR (162 MHz, Chloroform-d) 5 38.94 (d, J = 85.4 Hz), 5.53.

HRMS (ESI): calc’d for (M+H)* C29H3,BO3P," 501.1914, found 501.1924.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm, tg

(major) = 20.721 min, tg (minor) = 15.399 min, 94% ee.
[a]*p: +107.4 (¢ 0.5, CHCl5).
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Signal: VWD1A Wavalength=254 nm
RT [min] Type Width [min] Area Height Area% Name
15452 B8 265 2118.42 77.10 45995
20837 BB 3m 212257 55.28 50.05
Sum 4240.98
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
15.399 B8 1.48 136.83 5.01 3.14
20721 B8 a4 4224 39 108.81 96 86
Sum 4361.22

(S)-dimethyl(((methyldiphenylphosphane)boryl)(1H-indol-5-yl)methyl)phosphonate(3wa)

Me\ Q
o
\
BH,
oy
N
H

3wa

Following the general procedure D, dimethyl (diazo(1H-indol-5-yl)methyl)phosphonate (0.20 mmol,
1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
at 20 °C for 12 h to afford 3wa as a colorless oil in 85% yield (76.4 mg) with 89% ee.

Ry=0.13 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) 5 8.6 (s, 1H), 7.5 — 7.3 (m, 8H), 7.3 — 7.2 (m, 3H), 7.1 (d, /= 8.4
Hz, 1H), 7.1 (t, J=2.8 Hz, 1H), 7.1 (d, J = 8.3 Hz, 1H), 6.3 (s, 1H), 3.6 (dd, J = 28.8, 10.4 Hz, 6H), 2.6
—2.5(m, 1H), 1.2 (dd, J=10.3, 2.1 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 134.4, 131.8 (dd, J=24.3, 8.8 Hz), 131.0 (dd, J = 26.4, 2.5 Hz),
130.1 (d, J=57.8 Hz), 128.7 (dd, J=28.2, 9.9 Hz), 128.1 (d, /= 54.8 Hz), 127.9 (d, /= 2.3 Hz), 124.1,
124.0 (d, J=17.1 Hz), 120.9 (d, J = 9.1 Hz), 110.8, 101.9, 52.7 (dd, J = 47.3, 7.0 Hz), 9.3 (d, J = 36.5
Hz).

B NMR (128 MHz, Chloroform-d) & -25.15.

3P NMR (162 MHz, Chloroform-d) § 39.97 (d, J = 88.0 Hz), 5.92.

HRMS (ESI): calc’d for (M+H)* Co4HoBNOsP,* 452.1710, found 452.1709.
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HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 60/40, 1 mL/min, A = 254 nm, tg

(major) = 11.858 min, tg (minor) = 10.448 min, 89% ee.
[@]*p: +81.2 (¢ 0.25, CHCl5).

wlenygts 254
2.5
30.04
7.5
501
2.5
2001

% 1784
18.0+4
12.54
1004

754 ~
504 v v

257 gt / e N

Ol e
00 08 10 14 20 25 20 35 40 45 B0 55 60 65 70 75 80 BS 90 94 100 105 11.0 115120 128 150 138 140
Tima jmn)

Signal: VWD 1A Wavelengih=254 nm
RT [min] Type Width [min] Area Height Area% Name
10.543 BB 232 127 49 3.36 50.75
12.210 BB 205 123.74 345 4925
Sum 251.24
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o1 P o /!‘-<_ _/ —~——
00 05 %0 18 20 25 30 35 40 45 50 55 60 65 70 75 80 &5 20 95 100 %05 10,0 116 120 125 130 135 140
Timo jmin]

Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min) Area Height Area®% Name
10448 MMm 1.30 25585 7.52 553
11858 MMm 4.28 4371.36 113.62 84.47
Sum 4627.21

(S)-dimethyl(((methyldiphenylphosphane)boryl)(benzo[d][1,3]dioxol-5-yl)methyl)

phosphonate(3xa)

Me\ Q
=
\
BH,
.OMe
'} O

3xa

Following the general procedure D, dimethyl (benzo[d][1,3]dioxol-5-yl(diazo)methyl)phosphonate
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(0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed
and stirred at 20 °C for 12 h to afford 3xa as a colorless oil in 77% yield (70.5 mg) with 91% ee.
Ry=0.23 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) & 7.51 — 7.38 (m, 8H), 7.36 — 7.30 (m, 2H), 6.75 (t, J = 2.0 Hz,
1H), 6.51 (d, J=7.9 Hz, 1H), 6.48 — 6.42 (m, 1H), 5.85 — 5.78 (m, 2H), 3.61 (dd, /= 10.4, 7.4 Hz, 6H),
2.46 —2.33 (m, 1H), 1.46 (d, J= 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 147.1 (d, J= 3.0 Hz), 145.0 (d, J = 3.7 Hz), 135.0 (dd, /= 9.1,
5.7 Hz), 131.7 (dd, J=24.8, 8.9 Hz), 131.1 (dd, J=31.9, 2.4 Hz), 129.4 (d, J = 58.3 Hz), 128.7 (dd, /=
30.0, 9.9 Hz), 128.0 (d, J = 55.8 Hz), 121.9 (d, J=9.1 Hz), 110.0 (d, J = 6.6 Hz), 107.6 (d, J = 2.9 Hz),
100.5, 52.7 (dd, J=54.9, 7.1 Hz), 9.3 (d, J=37.0 Hz).

3P NMR (202 MHz, Chloroform-d) § 39.25 (d, J = 84.1 Hz), 6.19.

B NMR (160 MHz, Chloroform-d) & -26.79.

HRMS (ESI): calc’d for (M+H)* C23H2sBOsP>" 457.1500, found 457.1500.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 30.272 min, tr (minor) = 19.796 min, 91% ee.
[@]*p: +70.2 (¢ 0.5, CHCl5).
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Tierve fominr]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area¥% Name
19.746 B8 34 36769 7.56 4925
30483 21:] 530 37684 492 5075

Sum 746.53
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name

19.796 MM m 379 2348 052 445

30.272 BM m 7.82 504 53 7.00 95.55

Sum 528.01

(S)-dimethyl(((methyldiphenylphosphane)boryl)(dibenzo[b,d]furan-1-yl)methyl)

phosphonate(3ya)

e
\
s

\

B
)
3ya

. J

In air, a 25 mL schlenk tube was charged with Cu(MeCN)4PFs (10 mol%), L1 (12 mol%). The tube

Ha

was evacuated and filled with argon for three cycles. Then, 2 mL of CPME, dimethyl
(diazo(dibenzo[b,d]furan-1-yl)phosphonate (0.20 mmol, 1.0 equiv) and methyldiphenylphosphane
borane (0.40 mmol, 2.0 equiv) were employed and stirred at 20 °C for 12 h to afford 3ya as a
colorless oil in 77% yield (77.4 mg) with 85% ee.

Ry=0.52 (silica gel, EtOAc:PE = 3:1)

TH NMR (400 MHz, Chloroform-d) 5 7.67 (dd, J=7.0, 2.7 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.47 (d,
J=82Hz, 1H), 7.43 - 7.21 (m, 11H), 7.21 — 7.14 (m, 2H), 7.01 (t, J= 7.6 Hz, 1H), 3.59 (d, J= 10.5 Hz,
6H), 3.50 — 3.34 (m, 1H), 1.35 (d, J= 10.3 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 155.8 (d, J = 2.0 Hz), 155.7, 137.9 (dd, J = 8.5, 6.1 Hz), 131.7
(dd, J=8.9,5.0 Hz), 131.0 (dd, J=4.8, 2.5 Hz), 129.2 (d, J= 58.5 Hz), 128.7 (dd, J = 12.1, 10.0 Hz),
127.9 (d, J=56.2 Hz), 126.8 (d, J = 3.8 Hz), 125.9, 124.7 (d, J = 5.4 Hz), 124.4, 122.2 (d, J = 6.3 Hz),

122.0 (d, J= 9.6 Hz), 111.1, 107.9 (d, J = 3.7 Hz), 52.8 (dd, J = 56.7, 7.0 Hz), 9.6 (d, J = 37.0 Hz).

S57



B NMR (128 MHz, Chloroform-d) & -25.76.

3P NMR (162 MHz, Chloroform-d) 5 38.08, 5.22.

HRMS (ESI): calc’d for (M+H)* C2sH30BO4P2+ 503.1707, found 503.1707.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 80/20, 1 mL/min, A = 254 nm,

tr (major) = 36.510 min, tr (minor) =29.812 min, 85% ee.
[a]*p: -46.8 (c 0.5, CHC13)

A Warnsorygine 204 nr
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12 3 4.8 6.7 8 9 10111213 14 45 10 17 18 16 20 21 22 23 24 26 26 27 26 29 30 31 32 33 34 35 30 27 3 39 40 41 42
Time [min)
Signal: VWD1A Wavelength=254 nm

RT [min] Type  Width [min] Area Height Area% Name
30.024 BB 649 272155 3542 49,96
37.151 BB 8.31 2726.32 26.37 50.04

Sum 544787
VWD 1A Wavetangth=244 nm
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O 1 2 9 & 5 6 F B 0 10091213 14 15 16 17 18 10 20 21 22 29 24 25 26 27 28 29 30 31 32 33 34 35 3 47 38 30 40 41 42
Tiwe [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name

29.812 Be 402 406.63 571 7.32
36,510 B8 733 514935 50.72 9268

Sum 5555.98
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(dibenzo[b,d]thiophen-4-yl)methyl)

phosphonate(3za)

L

C ot

3za

J

Following the general procedure D, dimethyl (diazo(dibenzo[b,d]thiophen-4-yl)methyl)phosphonate

(0.20 mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed

and stirred at 20 °C for 36 h to afford 3za as a colorless oil in 79% yield (82.2 mg) with 98% ee.

Ry=0.13 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) 5 8.06 — 8.02 (m, 1H), 7.79 (dd, J = 7.8, 1.2 Hz, 1H), 7.76 — 7.70

(m, 2H), 7.47 — 7.39 (m, SH), 7.34 — 7.25 (m, 6H), 7.20 — 7.14 (m, 2H), 3.60 (dd, J = 28.8, 10.5 Hz, 6H),

2.85-2.71 (m, 1H), 1.47 (d, J = 10.2 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) § 139.4 (d, J=10.1 Hz), 138.8, 136.6, 136.1 (dd, J= 8.9, 5.0 Hz),

134.9, 131.6 (dd, J = 57.7, 8.9 Hz), 131.0 (dd, J = 45.2, 2.5 Hz), 128.8 (d, J = 9.9 Hz), 128.5 (dd, J =

64.0, 57.3 Hz), 128.4 (d, J = 10.0 Hz), 127.8, 126.2, 124.8, 124.1, 122.5, 121.4, 118.3 (d, J = 3.6 Hz),

52.8 (dd, J=51.3, 6.9 Hz), 9.2 (d, J= 37.0 Hz).

B NMR (160 MHz, Chloroform-d) & -26.64.

3P NMR (202 MHz, Chloroform-d) § 38.12 (d, /= 80.1 Hz), 5.28.

HRMS (ESI): calc’d for (M+H)* C2sH30BO3P,S+ 519.1478, found 519.1493.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 13.777 min, tr (minor) = 12.097 min, 98% ee.

[0]%p: -10.0 (¢ 0.5, CHCls).
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Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
11.924 BV 1.96 249234 03.12 49.01
13.806 VB 576 259279 79.44 50.99
Sum 5085.13
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Signal: VWD1A Wavelength=254 nm
RT [min] Type  Width [min] Aroa Height Aroa%h Name
12.087 88 1.06 B6.76 379 0.97
13.777 BBA 783 8864 01 263 58 99.03
Sum 8950.77

(S)-dimethyl(((methyldiphenylphosphane)boryl)(dibenzo[b,d]thiophen-4-yl)methyl)

phosphonate(3Aa)

Me Q
\
(O
\
BH,
_OMe
* PO
Il "OMe
o

3Aa

Following the general procedure D, dimethyl (diazo(phenanthren-9-yl)methyl)phosphonate (0.20

mmol, 1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and

stirred at 20 °C for 12 h to afford 3Aa as a colorless oil in 92% yield (94.2 mg) with 93% ee.

Ry=0.48 (silica gel, EtOAc:PE =3:1)
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'"H NMR (400 MHz, Chloroform-d)  8.63 (d, J = 8.3 Hz, 1H), 8.53 (d, /= 7.8 Hz, 1H), 8.11 (d, J =
4.4 Hz, 1H), 7.77 (t,J= 6.7 Hz, 2H), 7.58 — 7.43 (m, 3H), 7.42 — 7.32 (m, 2H), 7.31 — 7.18 (m, 7H), 7.15
—7.07 (m, 2H), 3.65 — 3.37 (m, 7H), 1.32 (d, J= 10.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 134.9 (dd, J= 8.3, 5.6 Hz), 131.7, 131.5 (dd, J = 28.4, 8.9 Hz),
131.2, 131.1, 130.8 (dd, J = 27.9, 2.5 Hz), 130.5, 129.3, 128.8, 128.5 (dd, J = 29.0, 10.1 Hz), 128.4,
128.3,128.0 (d, /= 52.1 Hz), 126.2, 126.0, 125.5, 123.8, 122.9, 122.0 (d, J= 1.6 Hz), 52.9 (dd, J=47.6,
7.1 Hz), 9.6 (d, J=37.0 Hz).

B NMR (128 MHz, Chloroform-d) & -25.37.

3P NMR (162 MHz, Chloroform-d) § 39.06 (d, J = 79.3 Hz), 4.90.

HRMS (ESI): calc’d for (M+H)* C30H3,BOsP," 513.1914, found 513.1914.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 26.488 min, tr (minor) = 17.401 min, 93% ee.
[@]*p: +48.2 (¢ 0.5, CHCl3).

VWD 1A Wavelength=254 nm
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Time [min]
Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
17.414 BB 2.98 4329.78 1156.22 49.01
26.717 BB 8.15 4505.25 73.54 50.99

Sum 8835.03
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min) Area Height Area¥% Name
17.401 B8 2.99 542.30 1465 340
26.488 B8 9.38 15405.00 267 61 96 .60
Sum 15947.30

(S)-dimethyl(((methyldiphenylphosphane)boryl)(naphthalen-2-yl)methyl)phosphonate(3Ba)

ade
BH

2

g ‘ *

3Ba

J

Following the general procedure D, dimethyl(diazo(naphthalen-2-yl)methyl)phosphonate (0.20 mmol,
1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
at 20 °C for 36 h to afford 3Ba as a colorless oil in 72% yield (66.7 mg) with 94% ee.

Ry=0.42 (silica gel, EtOAc:PE = 3:1)

TH NMR (400 MHz, Chloroform-d) 5 7.70 (d, J = 9.0 Hz, 1H), 7.64 — 7.55 (m, 2H), 7.50 — 7.29 (m,
12H), 7.28 — 7.20 (m, 2H), 3.62 (dd, J = 19.1, 10.5 Hz, 6H), 2.75 — 2.57 (m, 1H), 1.27 (d, /= 10.2 Hz,
3H).

13C NMR (101 MHz, Chloroform-d) § 139.0 (dd, J= 8.7, 5.4 Hz), 133.3 (d, J=2.6 Hz), 131.7 (dd, J =
26.5, 8.9 Hz), 131.6 (d, J= 2.4 Hz), 131.0 (dd, J=29.0, 2.5 Hz), 129.3 (d, J = 57.5 Hz), 128.7 (dd, J =
27.5,10.0 Hz), 128.4 (d, J = 5.8 Hz), 127.7 (d, J = 55.5 Hz), 127.4 — 127.2 (m, 3C), 127.1 (d, /= 10.4
Hz), 125.4,124.6, 52.7 (dd, J=50.3, 7.0 Hz), 9.4 (d, /= 37.1 Hz).

B NMR (128 MHz, Chloroform-d) & -25.99.

3P NMR (162 MHz, Chloroform-d) § 38.55 (d, /= 83.2 Hz), 5.51.

562



HRMS (ESD): calc’d for (M+H)* Cy6H30BOsP2" 463.1758, found 463.1770.
HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A = 254 nm,

tr (major) = 16.978 min, tr (minor) = 13.350 min, 94% ee.
[a]*p: +80.8 (¢ 0.5, CHCl5).

VWD1A Wavelength=254 nm
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Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13.177 BB 3.67 528.25 18.72 50.27
16.917 BB 3.99 522.54 15.39 49.73
Sum 1050.78
VWD1A Wavelength=254 nm
80 =
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101 2
0 e = L
o 1 2 3 4 5 6 T 8 o6 1 11 12 13 14 15 16 17 18 19 20
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13.350 BB 2.66 67.16 2.28 2.96
16.978 BB 5.61 2200.44 60.00 97.04
Sum 2267.60

(S)-dimethyl(((methyldiphenylphosphane)boryl)(naphthalen-1-yl)methyl)phosphonate(3Ca)

e

BH,

_OMe
w Pl

Il "OMe
7

3Ca
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Following the general procedure D, dimethyl (diazo(naphthalen-1-yl)methyl)phosphonate (0.20 mmol,
1.0 equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
at 20 °C for 12 h to afford 3Ca as a colorless oil in 97% yield (89.8 mg) with 94% ce.

Ry=0.3 (silica gel, EtOAc:PE =3:1)

'H NMR (400 MHz, Chloroform-d) § 7.94 (dd, J=7.3, 3.7 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.56 (t,
J=18.9 Hz, 2H), 7.48 — 7.42 (m, 1H), 7.41 — 7.24 (m, 11H), 7.19 (t, J = 7.7 Hz, 1H), 3.56 (dd, J = 38.8,
10.5 Hz, 6H), 3.45 — 3.31 (m, 1H), 1.20 (d, /= 10.1 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 137.3 (dd, J = 8.0, 5.6 Hz), 133.7 (d, J = 2.0 Hz), 131.6 (dd, J =
17.3, 8.9 Hz), 131.0 (dd, J = 15.8, 2.5 Hz), 129.4 (d, J = 57.6 Hz), 129.0 — 128.3 (m, 3C), 127.8 (d, J =
55.5 Hz), 127.7, 127.7, 125.5 (d, J = 4.2 Hz), 125.4 (d, J = 4.1 Hz), 125.1, 124.7, 123.1, 52.7 (dd, J =
51.3,7.0 Hz), 9.3 (d, J = 36.7 Hz).

B NMR (128 MHz, Chloroform-d) & -25.28.

3P NMR (162 MHz, Chloroform-d) § 38.94 (d, /= 80.9 Hz), 5.17.

HRMS (ESI): calc’d for (M+H)* C26H30BOsP2" 463.1758, found 463.1770.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 13.785 min, tr (minor) = 10.270 min, 94% ee.
[a]*p: +80.8 (¢ 0.5, CHCI3).

Signal:

VWOD1A Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
10.254 BB 324 677 99 31.21 4965
13.985 BB a2 687 48 2275 50.35
Sum 1365.47
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
10270 MMm 1.61 29.92 149 3.05
13.785 BB 360 950.08 33.57 96 95
Sum 980.01

(S)-dimethyl(((ethyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(3ab)

ale
BH

.

3ab

L

Following the general procedure D, dimethyl(diazo(phenyl)ethyl)phosphonate (0.20 mmol, 1.0 equiv)
and ethyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at 20 °C for
12 h to afford 3ab as a colorless oil in 77% yield (65.5 mg) with 91% ee.

Ry=0.48 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) § 7.51 — 7.37 (m, 8H), 7.36 — 7.30 (m, 2H), 7.13 — 6.98 (m, 5H),
3.57 (dd, J=21.1, 10.4 Hz, 6H), 2.39 —2.23 (m, 2H), 1.99 — 1.83 (m, 1H), 1.45 —1.29 (m, 1H), 0.79 (dt,
J=17.2,7.5 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 141.4 (dd, J= 8.8, 4.7 Hz), 132.4 (dd, J = 34.0, 8.2 Hz), 131.0
(d, J=2.1 Hz), 129.3 (d, J = 7.9 Hz), 128.6 (dd, J = 18.4, 9.6 Hz), 127.8 (d, J= 2.9 Hz), 127.5 (t, J =
54.3 Hz), 125.0 (d, J=3.5 Hz), 52.6 (dd, J=43.5, 7.0 Hz), 16.0 (d, J = 34.4 Hz), 6.6.

B NMR (128 MHz, Chloroform-d) & -27.98.

3P NMR (162 MHz, Chloroform-d) § 38.90 (d, J = 84.3 Hz), 14.17.

HRMS (ESI): calc’d for (M+H)* Co3H3BOsP,* 427.1758, found 427.1778.

HPLC analysis: DAICEL CHIRALCEL AS-H, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 20.252 min, tg (minor) = 8.056 min, 91% ee.
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[0]%p: +54.8 (¢ 0.5, CHCl;).

VWD 1A Wavelength=254 nm

ity
70
60
50

AU

E 404

8.077

T T T T
8 9 0 11 12 13

1‘5 16 17 18 19 20 21 22 23 24

Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8.077 BB 1.86 636.19 19.80 50.16
20.476 BB 5.85 632.24 522 49.84
Sum 1268.43
VWD 1A, Wavelength=254 nm
80
70
60
- 50+
£ 401
304
20 ‘N‘,
101
1 2 3 4 5 & 8 98 10 11 12 13 15 16 17 18 19 20 21 22 23 24
Time [min]
Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
8.056 MMm 1.49 29.06 0.98 4.39
20.252 MM m 6.80 633.04 533 95.61
Sum 662.10

(S)-dimethyl(((isopropyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(3ac)

-

'Pr Q
AY
O
\
BH,
©/‘\ _.OMe
« P
Il "OMe
(0]

3ac

~

Following the general procedure D, dimethyl(diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0

equiv) and isopropyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at

20 °C for 12 h to afford 3ac as a colorless oil in 77% yield (68.1 mg) with 80% ee.

Ry=0.48 (silica gel, EtOAc:PE = 3:1)
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'H NMR (400 MHz, Chloroform-d) § 7.56 — 7.32 (m, 10H), 7.15 — 7.03 (m, 4H), 7.01 — 6.95 (m, 1H),
3.51(dd, J=21.4,10.4 Hz, 6H), 2.25 — 2.10 (m, 2H), 0.98 (dd, J= 14.5, 7.0 Hz, 3H), 0.89 (dd, /= 15.9,
7.0 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 139.9 (dd, J = 8.7, 3.9 Hz), 133.5 (dd, J=43.2, 7.8 Hz), 131.0
(dd, /= 18.0, 2.5 Hz), 129.6 (d, J = 7.7 Hz), 128.4 (dd, J=9.5, 2.8 Hz), 127.7 (d, J= 2.9 Hz), 125.3 (d,
J=16.0 Hz), 124.9, 124.8 (d, /= 10.5 Hz), 52.6 (dd, J=44.3, 7.1 Hz), 22.5 (d, /= 32.2 Hz), 16.8 (d, J
=2.9 Hz), 16.7.

B NMR (128 MHz, Chloroform-d) & -26.75.

3P NMR (162 MHz, Chloroform-d) § 39.07 (d, J = 81.2 Hz), 25.28.

HRMS (ESI): calc’d for (M+H)* C24H3,BOsP," 441.1914, found 441.1934.

HPLC analysis: DAICEL CHIRALCEL AS-H, hexane/isopropanol = 85/15, 1 mL/min, A =254 nm,

tr (major) = 24.569min, tr (minor) = 9.162 min, 80% ee.
[a]*p: +60.8 (¢ 0.25, CHCLs).

VWD1A Wavelength=254 nm

mAU

0 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Time [min]
Signal: VWD1A , Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
9.193 MM m 2.12 370.15 7.56 50.84
24.851 MM m 7.91 357.98 1.80 49.16
Sum 728.14
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70

60

mAU

od— A — . _,f -~ \ 4
3

I R e e A A e e P Iy S s
100 11 12 13 14 156 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30
Time [min)

Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min] Area Height Area% Name
09.162  MMm 2.43 45,29 0.94 9.78
24.569 MM m 10.25 417 68 2.09 90.22
Sum 462.97

(S)-dimethyl(((dimethyl(phenyl)phosphane)boryl)(phenyl)methyl)phosphonate(3ad)

\
e

Me—pP

BH,

©/*L

3ad

L

Following the general procedure D, dimethyl (diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0
equiv) and dimethyl(phenyl)phosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford 3ad as a colorless oil in 82% yield (57.7 mg) with 95% ee.

Ry=0.32 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) § 7.52 — 7.38 (m, SH), 7.21 — 7.16 (m, 2H), 7.12 (t, J = 7.5 Hz,
2H), 7.06 — 7.00 (m, 1H), 3.59 (dd, J=10.3, 8.2 Hz, 6H), 2.55 — 2.43 (m, 1H), 1.29 (d, J= 10.7 Hz, 3H),
1.17 (d, J=10.5 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 6 141.6 (t,J=7.1 Hz), 131.0, 130.5 (d, J= 8.6 Hz), 129.2 (d, J =
7.8 Hz), 129.2 (d, J= 54.8 Hz), 128.8 (d, /= 9.7 Hz), 128.0 (d, /= 2.7 Hz), 125.0 (d, /= 3.4 Hz), 52.6
(d,J=62.8 Hz), 11.5 (d, J = 39.2 Hz), 9.5 (d, J = 37.2 Hz).

B NMR (202 MHz, Chloroform-d) & -26.30 (d, J = 95.9 Hz).

3P NMR (160 MHz, Chloroform-d) § 39.27 (d, J = 77.6 Hz), -0.42.

HRMS (ESI): calc’d for (M+H)* Ci7H26BOsP," 351.1445, found 351.1457

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 85/15, 1 mL/min, A =254 nm,
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tr (major) = 14.190min, tr (minor) = 11.937 min, 95% ee.
[a]*p: +46.2 (¢ 0.5, CHCl5).

WA, Wirruergm=254 ry

a0
454
30+
251
2
£ 20
194 o
104 :
54 ,—ﬁa-_ /\.._ / g
g — — e " — - —
1 2 3 4 5 6 ' 8 ] 10 1" 12 13 " 15 16 17
Tierw e}
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
11.798 B8 288 197.37 548 4985
14.440 BB 322 198.54 4.69 50.15
Sum 395.90
I
404
35
»
251
3 201
151 {
104
[\
y N\
o
o e e - Y — — ]
0 1 2 3 ‘ 5 6 7 s ) w1 1z 13 4 W w37
Time jmin]
Signal: VWD1A Wavelength»254 nm
RT [min] Type  Width [min) Area Height Area% Name
11.937 MM m 1.78 10.80 042 251
14.190 88 347 419.69 9.98 97.49
Sum 430.50

(S)-dimethyl(((diethyl(phenyl)phosphane)boryl)(phenyl)methyl)phosphonate(3ae)

Qe

Et—P
\

BH,

_OMe
PN

Il "OMe
(0]

3ae

Following the general procedure D, dimethyl (diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0

equiv) and diethyl(phenyl)phosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at

20 °C for 12 h to afford 3ae as a colorless oil in 64% yield (48.4 mg) with 92% ee.
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Ry=0.22 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) 5 7.52 — 7.38 (m, SH), 7.21 — 7.17 (m, 2H), 7.12 (t, J = 7.4 Hz,
2H), 7.06 — 7.01 (m, 1H), 3.60 (dd, J = 17.5, 10.5 Hz, 6H), 2.49 — 2.37 (m, 1H), 1.78 — 1.64 (m, 2H),
1.56 — 1.45 (m, 1H), 1.43 — 1.32 (m, 1H), 0.95 - 0.87 (m, 3H), 0.87 — 0.78 (m, 3H).

13C NMR (126 MHz, Chloroform-d) 5 141.9 (dd, J=41.1,8.2, 5.1 Hz), 131.7 (d, J= 7.4 Hz), 131.0 (d,
J=2.5Hz),129.2 (d, J= 7.9 Hz), 128.7 (d, /= 9.1 Hz), 127.9 (d, J= 2.7 Hz), 126.0 (d, J = 51.6 Hz),
125.0 (d, J=3.4 Hz), 52.7 (dd, J= 62.9, 6.8 Hz), 15.8 (d, J=35.7 Hz), 14.0 (d, J=34.4 Hz), 6.5 (d, J =
2.4 Hz), 6.4 (d, J = 3.6 Hz).

B NMR (128 MHz, Chloroform-d) & -28.58.

3P NMR (202 MHz, Chloroform-d) 5 39.57 (d, J=77.7 Hz), 14.88.

HRMS (ESI): calc’d for (M+H)* C19H30BOsP," 379.1763, found 379.1755.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 80/20, 1 mL/min, A = 254

nm, tg (major) = 6.715min, tr (minor) = 6.190 min, 92% ee.

[0]p: +102.0 (¢ 0.1, CHCL).

5
704
501
50+
2
2
E 4 = 3
= S
30 Y -
204 I\ I\
|\ / |
1 | "» ,‘
rl \ \ ,’
0.000.250.500.751.001 251 501_752.002 252 502._753.003 253 503 754.004. 254 504 755 006 255 505 755,006 256 505.757 007 257 507 758 006 25 508.758.00
Time fmn]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6.187 BV 055 292 34 30.03 49986
6734 VB 1.06 292 84 2731 50.04

Sum 585.18
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0 f |
30 [ |
204 o ; ‘r\
101 =
= ¥ )
0.000 250,500 755 001 251 501 752 002 252 502 753,003 253 503,754 004 215554[4 ‘.‘5]5 006 255,505 755,006 256.506. 757 007 257 507 755 008 258 508 759,00
S [mn
Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6.190 BV 048 2465 259 3.83
6.715 vB 0.82 618.35 5828 96.17

Sum 64299

(S)-dimethyl(((dicyclohexyl(phenyl)phosphane)boryl)(phenyl)methyl)phosphonate(3af)

/Cy

Cy—P
\

3af

L

Following the general procedure D, dimethyl (diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0
equiv) and dicyclohexyl(phenyl)phosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
at 20 °C for 12 h to afford 3af as a colorless oil in 48% yield (46.2 mg) with 56% ee.

R;=0.61 (silica gel, EtOAc:PE = 3:1).

'H NMR (400 MHz, Chloroform-d) 3 7.62 — 7.53 (m, 2H), 7.47 — 7.32 (m, 5H), 7.17 (t, J = 7.5 Hz,
2H), 7.10 — 7.01 (m, 1H), 3.61 (dd, J = 47.0, 10.4 Hz, 6H), 2.72 — 2.55 (m, 1H), 2.16 — 2.04 (m, 1H),
1.86 — 1.44 (m, 11H), 1.30 — 1.03 (m, 7H), 0.91 (d, J= 12.5 Hz, 2H), 0.79 — 0.65 (m, 1H).

13C NMR (101 MHz, Chloroform-d) 5 142.1 (d, J = 7.8 Hz), 133.3 (d, J = 6.6 Hz), 130.8 (d, J = 2.5
Hz), 130.0 (d, /=7.6 Hz), 128.3 (d, /=9.0 Hz), 127.8 (d, /= 3.2 Hz), 124.9 (d, /= 3.9 Hz), 124.0 (d, J
=49.0 Hz), 52.8 (dd, J=49.6, 7.1 Hz), 30.9 (dd, J = 30.9, 20.4 Hz), 27.2 — 26.1 (m, 8C), 25.7 (d, J = 8.4
Hz).

3P NMR (162 MHz, Chloroform-d) § 39.12 (d, /= 78.9 Hz), 16.91.

B NMR (128 MHz, Chloroform-d) & -29.53.

HRMS (ESI): calc’d for (M+H)* C,7H42BOsP," 487.2697, found 487.2695.
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HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 15.159min, tr (minor) = 13.182 min, 56% ee.

[0]%p: +8.6 (¢ 0.5, CHCLs).

™AL

("
861
B
454
A0
35
304
264
20
151
104

1

o—

0

Signal:

RT [min]
13.241
15.106

mAU

VWD1A Wavelength=254 nm
Type Width [min]
BB 1.83

BB 282

Sum

fungttr=2dn4

Time [min]

272.84 845
270.79 646
543.63

Area’% Name
50.19
4981

Signal:

RT [min]
13,182
15.159

VWD1A Wavelength=254 nm
Type Width [min]
BB 195

BB 1.51

Sum

¥ " a 10
Tierws [rren]

Area Height
350,67 10.52

99.32 272
449.99

Area% Name
77483
2207

(S)-dimethyl(((trimethylphosphane)boryl)([1,1'-biphenyl]-4-yl)methyl)phosphonate(31g)

Me\ IMe
Me—p
\
BH,

_OMe
« P2
I "OMe
o
Ph

3lg

Following the general procedure D, dimethyl ([1,1'-biphenyl]-4-yl(diazo)methyl)phosphonate (0.20

mmol, 1.0 equiv) and trimethylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred
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at 20 °C for 12 h to afford 3Ig as a colorless oil in 62% yield (44.9 mg) with 94% ee.

Ry=0.15 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) § 7.61 — 7.53 (m, 2H), 7.51 — 7.44 (m, 2H), 7.44 — 7.36 (m, 4H),
7.32-7.27 (m, 1H), 3.67 (dd, J = 10.5, 2.8 Hz, 6H), 2.71 —2.53 (m, 1H), 1.12 (d, J= 10.8 Hz, 9H).
13C NMR (101 MHz, Chloroform-d) 5 141.2 (t,J = 8.4 Hz), 141.0, 137.8 (d, /= 3.5 Hz), 129.5 (d, J =
7.8 Hz), 128.6, 126.8 (d, J= 2.6 Hz), 126.8, 126.7, 52.7 (dd, J = 53.9, 7.0 Hz), 10.9 (d, /= 37.8 Hz).
B NMR (128 MHz, Chloroform-d) & -25.14 (d, J = 83.7 Hz).

3Ip NMR (162 MHz, Chloroform-d) 5 38.68 (d, J = 68.3 Hz), -5.94.

HRMS (ESI): calc’d for (M+H)* CisH23BO3P2" 365.1601, found 365.1601.

HPLC analysis: DAICEL CHIRALCEL ID-3, hexane/isopropanol = 80/20, 1 mL/min, A =254 nm,

tr (major) = 36.678 min, tr (minor) =26.971 min, 94% ee.
[a]*p: +36.8 (¢ 0.5, CHCl5).

VWD1A Wavelength=254 n

220
2004
180
160+
140
1207

-
<
£ 100
80
60
40+
201
0
012345678 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
26.895 BB 7.52 9493.18 142.67 50.07
37.327 BB 9.08 9467.34 79.54 49.93

Sum 18960.52
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Time [minj
Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min] Area Height Area% Name
26971 88 4,09 araev 65.04 2.88
36.678 8B 11,06 12796 93 107.25 97.12
Sum 1317590

(S)-dimethyl(((tributylphosphane)boryl)([1,1'-biphenyl]-4-yl)methyl)phosphonate(31h)

Following the general procedure D, dimethyl ([1,1'-biphenyl]-4-yl(diazo)methyl)phosphonate (0.20
mmol, 1.0 equiv) and tributylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford 3lh as a colorless oil in 82% yield (80.0 mg) with 93% ee.

Ry=0.72 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) 5 7.56 — 7.51 (m, 2H), 7.44 (d, J = 8.0 Hz, 2H), 7.42 — 7.37 (m,
4H), 7.30 — 7.26 (m, 1H), 3.66 (dd, J = 14.2, 10.5 Hz, 6H), 2.59 — 2.48 (m, 1H), 1.45 — 1.36 (m, 3H),
1.32 - 1.21 (m, 15H), 0.84 (t, J = 7.0 Hz, 9H).

13C NMR (126 MHz, Chloroform-d) 5 141.6 (dd, J= 8.7, 5.2 Hz), 141.1, 137.8 (d, J = 3.6 Hz), 129.5
(d, J=7.8 Hz), 128.5, 126.7, 52.7 (dd, J = 52.5, 7.0 Hz), 24.3 (d, J= 3.2 Hz), 24.2 (d, J = 6.6 Hz), 20.6
(d,J=33.3 Hz), 13.4.

B NMR (128 MHz, Chloroform-d) & -28.05.

3P NMR (202 MHz, Chloroform-d) § 39.44 (d, J = 75.8 Hz), 9.29.

HRMS (ESI): calc’d for (M+H)* C7H4sBOsP2" 491.3010, found 491.3010.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 90/10, 1 mL/min, A = 254
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nm, tg (major) = 5.987 min, tr (minor) = 5.549 min, 93% ee.

[0]p: +45.0 (c 0.5, CHCL).

W

24007
220

20004
15004
004

V“_'r'\v
2 'mj» [
1000
8004 |
ux-'; l
ot |
0 ,‘ \ ;‘ \

e i
0.000.25) 500, 751 004251 S01, 752 D2 252 500757 O3 253 50, 754 004 254, 504 755,006 29 505,756, 005 256 508, 757 007 257 507 755.008.25. 50675 00
Tirne (pein)

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5537 w 045 1118792 1251.36 49.50
5990 w 072 11414 42 1144 .41 50.50
Sum 22602.34

VWD1A Wavelenglh=2564 nm

2400
22001
2000
1800
1600
1400

AU
5.987

?4»5 549

0.000.250.500.751.001.251.501.752.002.252. 502.753.008.253.503.754.004.254.504.755.005.255. 505.756.006.256.506.757.007.257.507.755.008.258.508.759.00
Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area%
5.549 A% 0.38 373.78 42.34 3.45
5.987 VB 1.86 10463.83 1062.27 96.55
Sum 10837.60

Name

(S)-dimethyl(((trimethylphosphite)boryl)([1,1'-biphenyl]-4-yl)methyl)phosphonate(3li)

MeQ OMe
MeO-p

BH,
_OMe
Pl
\C\) OMe
Ph

3li

Following the general procedure D, dimethyl([1,1'-biphenyl]-4-yl(diazo)methyl)phosphonate (0.20
mmol, 1.0 equiv) and trimethylphosphite borane (0.40 mmol, 2.0 equiv) were employed and stirred

at 20 °C for 12 h to afford 3li as a white solid in 71% yield (58.4 mg) with 93% ee.
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mp=71.9-725°C

R;=0.10 (silica gel, EtOAc)

'H NMR (500 MHz, Chloroform-d) § 7.59 — 7.55 (m, 2H), 7.47 (d, J = 7.9 Hz, 2H), 7.43 — 7.37 (m,
4H), 7.32 — 7.27 (m, 1H), 3.66 (dd, J = 33.9, 10.3 Hz, 6H), 3.53 (d, J = 10.6 Hz, 9H), 2.67 — 2.51 (m,
1H).

13C NMR (101 MHz, Chloroform-d) § 141.2 (dd, J= 8.2, 6.0 Hz), 141.0, 137.5 (d, J = 3.4 Hz), 129.5
(d, J=8.0 Hz), 128.6, 126.7, 126.7, 126.5 (d, J=2.6 Hz), 53.1 (d, J= 5.0 Hz), 53.0 (d, /= 6.8 Hz), 52.4
(d, J=6.9 Hz).

B NMR (160 MHz, Chloroform-d) § -32.52 (d, J= 105.6 Hz).

3Ip NMR (202 MHz, Chloroform-d) § 106.12, 39.16 (d, J=101.0 Hz).

HRMS (ESI): calc’d for (M+H)* C1sHasBOgP2+ 413.1449, found 413.1448.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 70/30, 1 mL/min, A = 254

nm, tg (major) = 6.109 min, tr (minor) = 5.149 min, 93% ee.

[0]p: +67.2 (¢ 0.5, CHCL).

X0
1.
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E 1004 Y
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LYY ) 15 2 26 ag 315 40 & €5 &0 a5 [ LY a0 85 100
Teme o)
Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’ Name
5.161 v 0.75% 83221 112,77 $0.04
6.133 Bv omn 830.84 9224 4996

Sum 1863.04
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5.149 BB 0.89 193.37 22.94 3.35
6.109 BB 1.29 5576.40 553.78 96.65
Sum 5769.78

(S)-diethyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(Saa)

o
BH,

Ph”

5aa

L

Following the general procedure D, diethyl (diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0
equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford 5aa as a white solid in 77% yield (67.8 mg) with 92% ee.

mp: 112.2-113.3°C

Ry=0.56 (silica gel, EtOAc:PE = 3:1)

'H NMR (500 MHz, Chloroform-d) & 7.53 — 7.37 (m, 8H), 7.32 (t, J = 7.5 Hz, 2H), 7.15 — 7.05 (m,
4H), 7.00 (t, J = 7.2 Hz, 1H), 4.04 — 3.80 (m, 4H), 2.48 —2.33 (m, 1H), 1.30 (d, /= 10.2 Hz, 3H), 1.17
(t, J=6.9 Hz, 3H), 1.11 (t, J= 7.0 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 141.8 (dd, J = 8.4, 5.6 Hz), 131.8 (dd, J = 20.9, 8.8 Hz), 131.0
(dd, s =21.6, 2.5 Hz), 130.1, 129.5 (d, J=7.8 Hz), 128.7 (dd, J=22.7, 9.9 Hz), 127.9 (d, J = 54.8 Hz),
127.8 (d, J=2.8 Hz), 124.8 (d, /= 3.4 Hz), 61.4 (dd, J = 61.0, 6.9 Hz), 16.3 (t, J= 5.7 Hz), 9.3 (d, J =
36.6 Hz).

B NMR (160 MHz, Chloroform-d) & -26.75.

3P NMR (202 MHz, Chloroform-d) § 36.86 (d, J = 82.3 Hz), 6.44.

HRMS (ESI): calc’d for (M+H)* C24H3:BO3P2* 441.1914, found 441.1926.
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HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 70/30, 1 mL/min, A = 254

nm, tg (major) = 7.087 min, tr (minor) = 5.908 min, 92% ee.

[0]%p: +29.8 (¢ 0.5, CHCl;).

VWD1A Wavelength=254 nm
0

1001
90-
80
701
601
50-
401
304
201
104

mAU

5.921

1M1

)

000.250.500.751,001.251.501,752.002.252.502.753.003.253.503,754.004.254,504.755.006, 265.505, 755,006, 256.506.757.007, 257.507.758.008. 258 508.759.00
Time [min]

oo

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5.921 BB 1.09 200.41 19.43 50.96
7111 BB 0.94 192.88 15.35 49.04
Sum 393.29
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Signal: VWD1A Wavelength=254 nm
RT [min) Type Width [min] Area Height Area% Name
59008 B8 0.59 21.62 217 407
7.087 88 1.59 510,07 40786 9593
Sum 531.69

(S)-diisopropyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(Sba)

ot

BH,

o
Ph)*\P//\ J\
5 0

5ba

Following the general procedure D, diisopropyl(diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0
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equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford Sba as a yellow oil in 94% yield (88.4 mg) with 90% ee.

Ry=0.67 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) § 7.51 — 7.36 (m, 8H), 7.35 — 7.28 (m, 2H), 7.15 — 7.02 (m, 4H),
6.98 (dd, J= 8.3, 6.1 Hz, 1H), 4.68 —4.42 (m, 2H), 2.33 (m, 1H), 1.29 (d, /= 10.2 Hz, 3H), 1.23 - 1.15
(m, 9H), 0.89 (d, J= 6.2 Hz, 3H).

13C NMR (101 MHz, Chloroform-d)  142.5 (dd, J= 8.3, 4.9 Hz), 131.8 (dd, J=20.3, 8.9 Hz), 131.0
(dd, J=20.5, 2.5 Hz), 130.0 (d, /= 58.9 Hz), 129.6 (d, /= 7.9 Hz), 128.7 (dd, J=21.8, 9.9 Hz), 128.1
(d, J =544 Hz), 127.6 (d, J = 2.7 Hz), 124.6 (d, J = 3.4 Hz), 69.3 (dd, J = 64.5, 7.3 Hz), 24.2 (dd, J =
23.4,3.0 Hz), 23.6 (dd, J= 64.6, 5.7 Hz), 9.3 (d, /= 36.3 Hz).

1B NMR (128 MHz, Chloroform-d) § -25.90.

3P NMR (162 MHz, Chloroform-d) 5 34.57 (d, J = 85.4 Hz), 6.20.

HRMS (ESI): calc’d for (M+H)* C2sH3sBO3P2* 469.2227, found 469.2227.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 90/10, 1 mL/min, A =254 nm,

tr (major) = 17.076 min, tr (minor) = 14.861 min, 90% ee.
[@]*p: +49.0 (¢ 0.5, CHCl5).

1
1004
*
80
704
- 04
R
E 5
D
30 e
204 ,."
104 P ; € = ’ v
04— —— —— B o —— )
) i 2 3 4 54 7 8 8 10 11 12 13 a4 1 18 1r 18 18 20
Tima fmin]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
14,783 BB 2.35 184 .37 597 5068
17157 BB 258 179 44 s21 4932

Sum 363.80
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
14 861 MM m 118 32.92 133 493
17.076 B8 an 634.45 16.90 95.07
Sum 667.36

(S)-dihexyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(Sca)

o
BH,

Ph”

5ca

L J

Following the general procedure D, dihexyl(diazo(phenyl)methyl)phosphonate (0.20 mmol, 1.0
equiv) and methyldiphenylphosphane borane (0.40 mmol, 2.0 equiv) were employed and stirred at
20 °C for 12 h to afford 5ca as a yellow oil in 91% yield (100.6 mg) with 92% ee.

Ry=0.86 (silica gel, EtOAc:PE = 3:1)

'H NMR (400 MHz, Chloroform-d) § 7.51 — 7.36 (m, 8H), 7.34 — 7.28 (m, 2H), 7.15 — 7.04 (m, 4H),
7.03 —6.95 (m, 1H), 3.95 — 3.74 (m, 4H), 2.49 — 2.33 (m, 1H), 1.56 — 1.40 (m, 4H), 1.31 (d, /=10.2 Hz,
3H), 1.27 — 1.14 (m, 12H), 0.83 (t, J = 6.7 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) § 141.9 (dd, J= 8.5, 5.3 Hz), 131.8 (dd, J=19.3, 8.9 Hz), 131.0
(dd, J=19.9, 2.5 Hz), 129.8 (d, J = 57.6 Hz), 129.5 (d, J = 7.7 Hz), 128.7 (dd, J = 22.1, 9.9 Hz), 128.0
(d, J=54.8 Hz), 127.7 (d, J=2.8 Hz), 124.8 (d, J= 3.5 Hz), 65.5 (dd, J=58.7, 7.2 Hz), 31.3, 30.5 (d, J
=6.3 Hz), 25.1 (d, J=2.6 Hz), 22.4 (d, J= 1.7 Hz), 13.9, 9.3 (d, J = 36.6 Hz).

3P NMR (162 MHz, Chloroform-d) § 35.94 (d, J = 84.0 Hz), 5.84.

B NMR (128 MHz, Chloroform-d) & -25.97.

HRMS (ESI): calc’d for (M+H)* C3,H4sBO3P>" 553.3166, found 553.3166.

HPLC analysis: DAICEL CHIRALCEL IA-3, hexane/isopropanol = 85/15, 1 mL/min, A =254 nm,
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tr (major) = 12.220 min, tr (minor) = 10.736 min, 92% ee.

[0]p: +36.4 (c 0.5, CHCL).

VWD1A Wavelength=254 nm

mAU

10.765

12.343

Signal:
RT [min]
10.765
12.343

VWD1A Wavelength=254 nm
Type  Width [min]
BB 1.58
BB 2.54
Sum

VWD1A Wavelength=254 nm

o
-

8 9 10

Time [min]

Area
303.63
305.89
609.53

Height
13.81
11.84

Area%
49.81
50.19

Name

mAU

o
I
™

Signal:
RT [min]
10.736
12.220

Width [min]
1.04
321
Sum

Type
MM m
BB

VWD1A, Wavelength=254 nm

8

o
~

9 10

Time [min]

Area
28.13
669.54
697.67

1.5 Further synthetic transformation

o

BH, 1) TMSBr, DCM
_OMe
* P ome 2) (COCI),,DMF (cat.), DCM
(6]
Br
3ja

1 mmol, 94% ee

Br

Height

1.40

24.86

Area%

95.97

Name

PhMgBr, THF

Br

79% yield, 94% ee

(S)- (((methyldiphenylphosphane)boryl)(4-bromophenyl)methyl)diphenylphosphine oxide

(62)

An oven-dried 25 mL vial with a magnetic

stir bar was

charged with (S)-

dimethy((methyldiphenylphosphane-boryl)(4-bromophenyl)methyl)phosphonate (3ja, 491.1 mg,
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1.0 mmol, 1.0 equiv) and capped under argon. DCM (10 mL) was added via syringe and the mixture
was stirred for 1 min. TMSBr (0.4 mL, 3.0 mmol, 3.0 equiv) was added dropwise under r.t., and the
mixture was stirred for 30 min under r.t.

Volatiles were removed under reduced pressure. The crude residue was redissolved in DCM
(10 mL) and DMF (50 pL) was added, followed by (COCIl); (0.35 mL, 4.0 mmol, 4.0 equiv) under
0 °C. The mixture was warmed to r.t. and stirred for 2 h.

The mixture was concentrated under reduced pressure and THF (10 mL) was added. Then,
PhMgBr (6.0 mL, 6.0 mmol, 6.0 equiv, 1.0 mol in THF) were added dropwise under -78 °C. After
the addition is completed, the mixture was warmed to r.t. and stirred overnight.

Aqueous NH4ClI (10 mL) was added and the mixture was extracted with EtOAc (5 mLx3). The
organic layers were combined, washed with brine (5.0 mL), dried over Na,SOj4, and concentrated
under reduced pressure. The crude product was purified by flash column chromatography to afford
6a as a white solid in 79% yield (462.7 mg) with 94% ee.!”
mp: 220.1 —221.1°C
Ry=0.31 (silica gel, EtOAc:PE = 3:1)

IH NMR (500 MHz, Chloroform-d) & 7.86 — 7.77 (m, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.46 — 7.38 (m,
8H), 7.36 — 7.31 (m, 4H), 7.30 — 7.26 (m, 2H), 7.20 (t, J = 7.2 Hz, 1H), 7.13 (td, J = 7.6, 2.6 Hz, 2H),
7.05 (d, /= 8.1 Hz, 2H), 6.96 (d, J= 6.4 Hz, 2H), 2.84 —2.72 (m, 1H), 1.30 (d, /= 10.1 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) 3 140.8 (dd, J=6.9, 3.1 Hz), 134.9 (d, J=92.5 Hz), 134.2 (d, J =
96.4 Hz), 131.8 (d,/=9.0 Hz), 131.6 (d, /=7.8 Hz), 131.4 (d, /= 8.1 Hz), 131.2 (d, /= 37.8 Hz), 130.8
(d,J=8.4 Hz), 130.7, 130.4 (d, J = 54.6 Hz), 129.4 (d, J = 58.1 Hz), 128.8 (dd, J = 32.3, 10.0 Hz), 127.7
(dd, s=35.1,11.2 Hz), 127.4 (d, J= 54.4 Hz), 118.4 (d, /= 3.8 Hz), 9.5 (d, /= 36.9 Hz).

1B NMR (160 MHz, Chloroform-d) § -26.84.

3P NMR (162 MHz, Chloroform-d) § 36.42 (d, J = 74.8 Hz), 7.11.

HRMS (ESID): calc’d for (M+H)* C32H3BBrOP,* 583.1121, found 583.1127.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 60/40, 1 mL/min, A = 254

nm, tg (major) = 14.894 min, tg (minor) = 13.333 min, 94% ee.

[a]%p: -20.8 (¢ 0.5, CHCL:).
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13.252 BMm 165 84915 2333 491
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13.333 BB 1.35 7.5 2m 323
14854 BB 343 232187 4943 96.77
Sum 2399.38
e e e
N 1) (COCl),, THF, rt N N
BH, ) (COCl)z, THF, BH, THF-BH,3 BH,
/©A\Piph 2) LiAH,, THF, rt /@A\Piph L pcPh
11"Ph Ph Ph
o Y
Br Br Br BH,
6a — —J 6b

75% yield, 94% ee

(S)-(((methyldiphenylphosphane)boryl)(4-bromophenyl)methyl)diphenylphosphane-borane

(6b)

Under argon, a mixture of 6a (58.3 mg, 0.10 mmol) in DCM (1.0 mL), oxalyl chloride (20.0

pL, 0.23 mmol, 2.3 equiv) was added dropwise at 0 °C, and then stirred to room temperature for 0.5

h. then the reaction mixture was evaporated to dryness in vacuo. To a solution of mixture in THF

(1.0 mL) was added LiAlH4 (0.1 mL, 0.25 mmol, 2.5 equiv, 2.5 mol/L in THF) at 0 °C, and then the
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stirred mixture to room temperature for 12 h.

BH;*THF (0.20 mL, 0.20 mmol, 2.0 equiv, 1 mol/L in THF) was then added dropwise to the
obtained mixture at 0 °C and stirred at the same temperature for 3 h. Then, aqueous NaHCO3 (5 mL)
was slowly added and the mixture was extracted with EtOAc (3 mLx3). The organic layers were
combined, washed with brine (5 mL), dried over Na,SOs, and concentrated under reduced pressure.
The crude product was purified by flash column chromatography to afford 6b as a colorless oil in
75% yield (43.6 mg) with 94% ee.!!

R;=0.10 (silica gel, EtOAc:PE = 1:10)

'H NMR (400 MHz, Chloroform-d) & 7.79 (t, J = 8.8 Hz, 2H), 7.56 (t, J= 7.5 Hz, 1H), 7.50 — 7.27 (m,
14H), 7.23 (d, J = 7.1 Hz, 1H), 7.16 (d, J = 7.5 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 8.0 Hz,
2H), 2.85 - 2.71 (m, 1H), 1.26 (d, J=9.7 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 5 140.9, 133.6 (d, J=8.1 Hz), 132.3 (d, J=5.7 Hz), 132.2 (d, J =
8.1 Hz), 131.8 (dd, J=12.3, 9.0 Hz), 131.3 (dd, J=26.9, 2.5 Hz), 130.5 (d, J= 2.9 Hz), 129.9, 129.7 (d,
J=22Hz), 129.4 (d, J=58.1 Hz), 128.9 (dd, J = 20.6, 10.0 Hz), 127.8 (dd, J = 27.3, 9.4 Hz), 127 .4,
118.9 (d,J=4.1 Hz), 9.5 (d, J = 36.3 Hz).

B NMR (160 MHz, Chloroform-d) & -26.72, -40.49.

3Ip NMR (202 MHz, Chloroform-d) & 26.75, 7.38.

HRMS (ESI): calc’d for (M-H) Cs;H32B2BrPy” 579.1354, found 579.1351.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 90/10, 1 mL/min, A = 254

nm, tr (major) = 13.199 min, tr (minor) = 9.667 min, 94% ee.

[a]®p: -46.4 (¢ 0.5, CHCL5).
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
9.667 BMm 0.68 40.37 249 3.02
13.189 BB 1.94 128513 60.12 96,95
Sum 1335.50
MeQ OMe
MeO—p
OH
H 0
BH, 202 (30%) . P,ov\/le
~p OMe 5\0Me
CH)\OMe CH30H, 65 °C, 12 h Ph
Ph
3li 6¢c

51% yield, 93% ee
(R)-dimethyl([1,1'-biphenyl]-4-yl(hydroxy)methyl)phosphonate (6¢)

Under agron, to a solution of 3li (41.2 mg, 0.10 mmol, 1.0 equiv) in 0.50 mL MeOH, 0.25 mL
30% H20; was added one portion. The resulting mixture was heated to 65 °C for 12 h. After cooling
to room temperature. The aqueous layer was extracted with EtOAc (3 x 5 mL). The combined

organic extract was washed with brine, then dried over anhydrous Na>SOs, filtered, and concentrated
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to give crude product. The crude product was purified by silica gel column chromatography to afford
6¢ as a white solid (14.8 mg, 51% yield, 93% ee).!?

mp = 120.1 - 121.8 °C

Ry=0.22 (silica gel, EtOAc:PE = 1:1)

'H NMR (400 MHz, Chloroform-d) & 7.66 — 7.53 (m, 6H), 7.44 (t, J=7.5 Hz, 2H), 7.35 (t, J= 7.3 Hz,
1H), 5.11 (d, J=11.0 Hz, 1H), 3.79 — 3.60 (m, 7H).

13C NMR (101 MHz, Chloroform-d) 5 141.2, 140.5, 135.1 (d, J = 2.6 Hz), 128.8, 127.5, 127.4, 127.2
(d, J=2.5Hz), 127.1,70.5 (d, J= 159.4 Hz), 53.8 (dd, J = 12.8, 7.3 Hz).

3P NMR (162 MHz, Chloroform-d) § 23.41.

HRMS (ESI): calc’d for (M+H)* Ci5sH;304P* 293.0937, found 293.0933.

HPLC analysis: DAICEL CHIRALCEL AD-H, hexane/isopropanol = 85/15, 1 mL/min, A = 254

nm, tr (major) = 8.237 min, tr (minor) = 7.704 min, 93% ee.
[a]*p: +16.8 (¢ 0.5, CHCI3).

10

100
90>
B>
70
o &
"4
L a0
A0 ’ o
X
204 |\ {
AL N
1 \
b — - —;7_’ o - >77V"j’- P— - - ™ g ™ . = — 2, acy -~ - 1 w3 -
a0 05 10 15 20 25 k K1) 3s 40 45 50 55 60 65 70 75 8o BS 90 85
Thma [mn)
Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
7741 BV 085 385.33 3270 4932
8.280 VB 152 395 90 30.68 50.68
Sum 781.23
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VWD1A Wavelength=254 nm
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
7.704 MM m 0.56 199.12 17.19 3.68
8.237 MB m 2.01 5216.70 408.34 96.32
Sum 5415.82
MeQ OMe
MeO—-pP
\ D
BH, Q/L
/@A\ CD;0D, 80°C, 12 h Ph
Ph
3li 6d

85% yield, 98% D

dimethyl ([1,1'-biphenyl]-4-ylmethyl-d)phosphonate(6d)

Under agron, to a solution of 3li (41.2 mg, 0.1 mmol, 1.0 equiv) in 1 mL CD3;OD, the resulting
mixture was heated to 80 °C for 12 h. After cooling to room temperature, concentrated to give crude
product. The crude product was purified by silica gel column chromatography to afford 6d as a
white solid (23.6 mg, 85% yield, 98% D).
mp = 65.6 — 66.9 °C
Ry=0.30 (silica gel, EtOAc:PE = 1:1)

'H NMR (400 MHz, Chloroform-d)  7.61 — 7.53 (m, 4H), 7.43 (t, J = 7.6 Hz, 2H), 7.39 — 7.31 (m,
3H), 3.70 (d, J = 10.8 Hz, 6H), 3.20 (d, /= 21.7 Hz, 1H).

13C NMR (101 MHz, Chloroform-d) & 140.6 (d, J = 1.6 Hz), 139.9 (d, J = 3.9 Hz), 130.2 (d, J = 9.4
Hz), 130.1 (d, J=6.6 Hz), 128.7, 127.3 (d, J= 3.1 Hz), 127.3, 127.0, 52.9 (d, /= 6.9 Hz).

3P NMR (162 MHz, Chloroform-d) § 28.86.

HRMS (ESID): calc’d for (M+H)* CsH17DO3P* 278.1051, found 278.1051.

1.6 Mechanism Study of the B-H bond insertion reaction

(A) Deuterium labeling experiment
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"BusP
Cu(MeCN),PFg (5 mol% )

D
L10 (6 mol% )
+  "BugP —-BD, *
Ph CPME, 20°C, 12 h Ph

80% yield, 93% ee

In air, a 25 mL schlenk tube was charged with Cu(MeCN)4PFs (5 mol%), L10 (6 mol%). The

tube was evacuated and filled with argon for three cycles. Then, 2 mL of CPME , dimethyl ([1,1'-
biphenyl]-4-yl(diazo)methyl)phosphonate (0.20 mmol, 1.0 equiv) and tributylphosphane borane-ds (0.4
mmol, 2.0 equiv) was added under argon. The reaction was allowed to stir at 20 °C for 12 hours.
Upon completion, proper amount of silica gel was added to the reaction mixture. After removal of
the solvent, the crude reaction mixture was purified on silica gel (petroleum ether and ethyl acetate)

to afford the desired products as a colorless oil in 80% yield (78.6 mg) with 93% ee.

(B) Procedure for One-Pot competition KIE experiment

"BusP
N, "BuzP —BHj, Cu(MeCN)4PFg (5 mol%) y BX,
/@)k (0.2 mmol) L10 (6 mol% ) /@)k
+ *
Ph "BUAP —» BD CPME, 20 °C,15 min Ph
3 3
(0.2 mmol) (0.2 mmol) X=HorD

In air, a 25 mL schlenk tube was charged with Cu(MeCN)4PFg (5 mol%), L10 (6 mol%). The
tube was evacuated and filled with argon for three cycles. Then, 2 mL of CPME ,dimethyl ([1,1'-
biphenyl]-4-yl(diazo)methyl)phosphonate (0.20 mmol, 1.0 equiv), tributylphosphane borane (0.20
mmol, 1.0 equiv) and tributylphosphane borane-ds (0.20 mmol, 1.0 equiv) was added under argon.
The reaction was allowed to stir at 20 °C for 15 minutes. Upon completion, proper amount of silica
gel was added to the reaction mixture. After removal of the solvent, the crude reaction mixture was
purified on silica gel (petroleum ether and ethyl acetate) to afford 3lh and 3lh-ds as the mixture of

colorless oil (50.1 mg). KIE was determined by 'H NMR.
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1.7 Crystal structure of compound 3aa
For 3aa: the data was collected by using molybdenum (Mo) irradiation source at room

temperature. The crystal sample of 3aa was recrystallized from a mixture of DCM and PE.

we
&z
\
BH,
_OMe
Pl
Il "OMe
o

3aa

CCDC 2312601
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Table 1 Crystal data and structure refinement for LLL00011_0m.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

[e]

o/
p/e

y/°
Volume/A3
Z

pcalcg/ cm?®
w/mm?
F(000)

LLL0O0011 Om
C22H27BO3sP2
412.18
296.15
monoclinic
P21
10.778(2)
9.8031(17)
11.594(3)

90
117.183(7)
90

1089.8(4)

2

1.256

0.219

436.0
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Crystal size/mm? 0.15 x0.12 x0.014

Radiation MoKa (A =10.71073)

20 range for data collection/<3.95 to 63.78

Index ranges -13<h<15,-14<k<12,-15<1<16
Reflections collected 20561

Independent reflections 5636 [Rint = 0.0487, Rsigma = 0.0560]
Data/restraints/parameters ~ 5636/1/264

Goodness-of-fit on F 1.072

Final R indexes [[>=2c (I)] R:1=0.0358, wR> = 0.0809
Final R indexes [all data] R1=0.0572, wR2 = 0.1021
Largest diff. peak/hole / e A® 0.34/-0.41

Flack parameter -0.01(3)
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3. NMR spectra

Diethyl (diazo(phenyl)methyl)phosphonate (1a)
'H NMR (400 MHz, Chloroform-d)
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Dimethyl ((4-chlorophenyl)(diazo)methyl)phosphonate (1b)
'H NMR (500 MHz, Chloroform-d)
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Dimethyl (diazo(4-(hydroxymethyl)phenyl)methyl)phosphonate (1c)

'H NMR (500 MHz, Chloroform-d)
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Dimethyl (diazo(4-methoxyphenyl)methyl)phosphonate (1d)

'"H NMR (500 MHz, Chloroform-d)
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Dimethyl (diazo(p-tolyl)methyl)phosphonate (1e)
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Dimethyl (diazo(4-(methylthio)phenyl)methyl)phosphonate (1f)
'H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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Dimethyl (diazo(4-nitrophenyl)methyl)phosphonate (1g)
'H NMR (500 MHz, Chloroform-d)
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Methyl-4-(diazo(dimethoxyphosphoryl)methyl)benzoate (1h)
'"H NMR (500 MHz, Chloroform-d)
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Dimethyl (diazo(4-fluorophenyl)methyl)phosphonate (1i)

'H NMR (500 MHz, Chloroform-d)
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Dimethyl ((4-bromophenyl)(diazo)methyl)phosphonate (1j)

'H NMR (500 MHz, Chloroform-d)
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Dimethyl (diazo(4-(trifluoromethyl)phenyl)methyl)phosphonate (1k)

'H NMR (400 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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Dimethyl ([1,1'-biphenyl]-4-yl(diazo)methyl)phosphonate (11)

'H NMR (500 MHz, Chloroform-d)
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Dimethyl ((4-(benzyloxy)phenyl)(diazo)methyl)phosphonate (1m)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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Dimethyl ((4-cyanophenyl)(diazo)methyl)phosphonate (1n)
'H NMR (500 MHz, Chloroform-d)
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Dimethyl (diazo(3-methoxyphenyl)methyl)phosphonate (10)

'H NMR (500 MHz, Chloroform-d)
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Methyl 3-(diazo(dimethoxyphosphoryl)methyl)benzoate (1p)

'H NMR (500 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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Dimethyl (diazo(3-iodophenyl)methyl)phosphonate (1q)
'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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Dimethyl (diazo(2-fluorophenyl)methyl)phosphonate (1r)
'H NMR (500 MHz, Chloroform-d)
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Dimethyl ((3-chloro-4-fluorophenyl)(diazo)methyl)phosphonate (1s)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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1F NMR (376 MHz, Chloroform-d)
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Dimethyl (diazo(4-methyl-3-nitrophenyl)methyl)phosphonate (1t)
'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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Dimethyl (diazo(3,5-dimethoxyphenyl)methyl)phosphonate (1u)

'H NMR (500 MHz, Chloroform-d)
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3P NMR (162 MHz, Chloroform-d)
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Dimethyl (diazo(9H-fluoren-2-yl)methyl)phosphonate (1v)

'H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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Dimethyl (diazo(1H-indol-5-yl)methyl)phosphonate (1w)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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Dimethyl (benzo[d][1,3]dioxol-5-yl(diazo)methyl)phosphonate (1x)

'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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Dimethyl (diazo(dibenzo[b,d]furan-1-yl)methyl)phosphonate (1y)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)

?\
=
I
/ \\
= N
OY\)\P:OME
| | rome
N 0
1y
10 ) ) @ @ 40 @ 20 0 ™ 0 @ - -0 1% -1 -6 15 0
1 S
Dimethyl (diazo(dibenzo[b,d]thiophen-4-yl)methyl)phosphonate (1z)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-
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Dimethyl (diazo(phenanthren-9-yl)methyl)phosphonate (1A)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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Dimethyl (diazo(naphthalen-2-yl)methyl)phosphonate (1B)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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Dimethyl (diazo(naphthalen-1-yl)methyl)phosphonate (1C)
'H NMR (500 MHz, Chloroform-d)
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Diethyl (diazo(phenyl)methyl)phosphonate (4a)
'"H NMR (500 MHz, Chloroform-d)
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Diisopropyl (diazo(phenyl)methyl)phosphonate (4b)
'H NMR (500 MHz, Chloroform-d)
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Dihexyl (diazo(phenyl)methyl)phosphonate (4¢)

'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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Methyldiphenylphosphane borane (2a)
'H NMR (500 MHz, Chloroform-d)
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Ethyldiphenylphosphane borane (2b)

'"H NMR (400 MHz, Chloroform-d)
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Isopropyldiphenylphosphane borane (2¢)
'H NMR (400 MHz, Chloroform-d)
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Diethyl(phenyl)phosphane borane (2e)

'H NMR (500 MHz, Chloroform-d)
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Dicyclohexyl(phenyl)phosphane borane (2f)

'H NMR (400 MHz, Chloroform-d)
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Trimethylphosphane borane (2g)
'H NMR (500 MHz, Chloroform-d)
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Tributylphosphane borane (2h)
'"H NMR (500 MHz, Chloroform-d)
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Trimethylphosphite borane (2i)

'H NMR (500 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(3aa)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-chlorophenyl)methyl)phosphonate(3ba)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-(hydroxymethyl)phenyl)methyl)
phosphonate(3ca)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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B NMR (128 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-methoxyphenyl)methyl)phosphonate(3da)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(p-tolyl)methyl)phosphonate(3ea)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-(methylthio))methyl)phosphonate(3fa)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-nitrophenyl)methyl)phosphonate(3ga)
'"H NMR (500 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-methyl-4-(((methyldiphenylphosphane)boryl)(dimethoxyphosphoryl)methyl)benzoate(3ha)
H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-fluorophenyl)methyl)phosphonate(3ia)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethy(((methyldiphenylphosphane)boryl)(4-bromophenyl)methyl)phosphonate(3ja)
'H NMR (500 MHz, Chloroform-d)
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B NMR (160 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)( 4-(trifluoromethyl)phenyl)methyl)

phosphonate(3ka)

'H NMR (400 MHz, Chloroform-d)
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B NMR (128 MHz, Chloroform-d)
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1F NMR (376 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)( [1,1'-biphenyl]-4-yl)methyl)phosphonate(3la)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-(benzyloxy)phenyl)methyl)
phosphonate(3ma)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)

v._ov. J—— | s

1£°6

RETS
sPTs A R
RIS
t6'es
SR'GY B
899L
N0'LL

0pLTl & 8O'ST~
05°LT1
TLLe ] =
SO'REL
LE'RTL - ——
VE'RTI -2
V9'8T1
LL'RTI o
LYRTI -5

vzl
£6'621
§LOEL
9z 081
o0yl
S6'08 1
rIigl
LUTED ik L&
REIE1
Lo1El
LLTEL v
cx._:.ﬁ $

fa

T
100

|

B NMR (128 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethy(((methyldiphenylphosphane)boryl)( 4-cyanophenyl)methyl)phosphonate(3na)

'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethy(((methyldiphenylphosphane)boryl)(3-methoxyphenyl)methyl)phosphonate(30a)

'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-methyl-3-(((methyldiphenylphosphane)boryl) (dimethoxyphosphoryl)methyl)benzoate (3pa)

'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(2-fluorophenyl)methyl)phosphonate(3ra)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(3-chloro-4-fluorophenyl)methyl)

phosphonate(3sa)

'H NMR (400 MHz, Chloroform-d)
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B NMR (128 MHz, Chloroform-d)
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1F NMR (376 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(4-methyl-3-nitrophenyl)methyl)

phosphonate(3ta)

'"H NMR (400 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(3,5-dimethoxyphenyl)methyl)
phosphonate(3ua)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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B NMR (128 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(1H-indol-5-yl)methyl)phosphonate(3wa)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(benzo[d][1,3]dioxol-5-yl)methyl)

phosphonate(3xa)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(dibenzo[b,d]furan-1-yl)methyl)
phosphonate(3ya)
'H NMR (400 MHz, Chloroform-
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(dibenzo[b,d]thiophen-4-yl)methyl)

phosphonate(3za)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(dibenzo[b,d]thiophen-4-yl)methyl)

phosphonate(3Aa)
'"H NMR (400 MHz, Chloroform-d)

-
“

vy
£

8.6

+8.64

*x

—

~
>
——

\g.52

Ir

-

o >

i S TSSO

2SS Soaasas

=S — —fN~ s
T

e
i
s
~
L3 o 1.5
1 pm

5183



13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((methyldiphenylphosphane)boryl)(naphthalen-2-yl)methyl)phosphonate(3Ba)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((ethyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(3ab)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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R6'LT—

-

-850

~f

»

@0

o

5190



3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((isopropyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(3ac)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)

cc.c_
PROI

1¥°TT
£9 Nn\

0E'T8
LETsd
pL'TS
IR'ZS
89°0L7
00°LLY
TELL
vLYTl
S8VTI
LA R |
9Tt
sl
LY'LZ1
0L LT1
0F'8TI
e8I
0P8zl
14|
15621
05621
68 0¢!
6oLl
LOTE]
01'1el
9T'tel
VEEET
0LEET
LLEE I~
00'rel
v vl

-850

F

&
-20

pn
pn

5192

@

@

»

)

1

0

150
@0

B NMR (128 MHz, Chloroform-d)




3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((dimethyl(phenyl)phosphane)boryl)(phenyl)methyl)phosphonate(3ad)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (160 MHz, Chloroform-d)
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(S)-dimethyl(((diethyl(phenyl)phosphane)boryl)(phenyl)methyl)phosphonate(3ae)
'H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((dicyclohexyl(phenyl)phosphane)boryl)(phenyl)methyl)phosphonate(3af)
'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((trimethylphosphane)boryl)([1,1'-biphenyl]-4-yl)methyl)phosphonate(31g)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dimethyl(((tributylphosphane)boryl)([1,1'-biphenyl]-4-yl)methyl)phosphonate(31h)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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B NMR (128 MHz, Chloroform-d)

SO'8C—

-0 -0

-#1

»

[

)

5202



3Ip NMR (202 MHz, Chloroform-d)
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(S)-dimethyl(((trimethylphosphite)boryl)([1,1'-biphenyl]-4-yl)methyl)phosphonate(3li)
'H NMR (500 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-diethyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(Saa)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (202 MHz, Chloroform-d)
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(S)-diisopropyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(Sba)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)-dihexyl(((methyldiphenylphosphane)boryl)(phenyl)methyl)phosphonate(Sca)
'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)- ((methyldiphenylphosphane-boryl)(4-bromophenyl)methyl) diphenylphosphine oxide

(6a)
'"H NMR (500 MHz, Chloroform-d)
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13C NMR (126 MHz, Chloroform-d)
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B NMR (160 MHz, Chloroform-d)
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3Ip NMR (162 MHz, Chloroform-d)
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(S)- ((methyldiphenylphosphane-boryl)(4-bromophenyl)methyl) diphenylphosphane-borane
(6b)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3P NMR (202 MHz, Chloroform-d)
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(S)-Dimethyl ([1,1'-biphenyl]-4-yl(hydroxy)methyl)phosphonate(6c)

'"H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3P NMR (162 MHz, Chloroform-d)
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Dimethyl ([1,1'-biphenyl]-4-ylmethyl-d)phosphonate(6d)

'H NMR (400 MHz, Chloroform-d)
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13C NMR (101 MHz, Chloroform-d)
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3P NMR (162 MHz, Chloroform-d)
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