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Supplemental Figures
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Figure S1. The X-ray structure of 1 (CCDC 2235110, 50% probability ellipsoids)
Related to Scheme 2.
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Figure S2. The X-ray structure of 42 (CCDC 2235111, 50% probability ellipsoids)
Related to Scheme 3.
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Figure S3. The X-ray structure of 69 (CCDC 2396572, 50% probability ellipsoids)
Related to Scheme 4.
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Figure S4. The X-ray structure of Cu-L9 (CCDC 2235107, 50% probability
ellipsoids)
Related to Scheme 6.
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Figure S5. The X-ray structure of Cu-L6 (CCDC 2235106, 50% probability
ellipsoids)
Related to Scheme 6.



Figure S6. The O-to-S replacement pushes the C4' stereocenter closer to the copper
center

a and b, X-ray structures of Cu-L9 and Cu-L6, respectively, with the labelled distances
between the copper centers and the C4' substituents. Angles of N(quinoline)-Cu—
N(oxazoline/thiazoline) were shown in grey.

Related to Scheme 6.
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Figure S7. The stacked "’F NMR spectra (376 MHz, CDCl;)
Related to Scheme 6.
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Figure S8. Stereochemical outcome of the reaction (stereochemistry of the SPO
and the product)

Related to Scheme 6.
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Figure S9. High-resolution mass spectrum (HRMS) of the L9Cu(A-3) complex
Related to Scheme 6.
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Figure S10. HRMS spectrum of the L9ICu(A-16) complex
Related to Scheme 6.
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Figure S11. Schematic reaction mechanism for C—P coupling leading to product 1
Related to Scheme 6.
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Figure S12. Proposed free-energy profiles for the enantioselective C—P coupling
reactions, together with the optimized structures

The major pathway corresponds to formation of product 1, whereas the minor pathway

corresponds to formation of the minor enantiomer (1-Minor).
Related to Scheme 6.



Figure S13. Penetration map of Intl with the electrostatic potential mapped onto
the van der Waals surface
Related to Scheme 6.



Supplemental Schemes

A a-Carbonyl alkyl halides

o) 5 Reaction conditions A: o O
! P )]\
Ph” Fl’\H + Ph)J\/Cl CuOAc (10 mol %), L9 (15 mol %) Ph/,- | Ph
'Bu Rb,CO3 (2.5 equiv), benzene, 10 °C, 96 h Bu
A-1(0.10 mmol) B-40 (1.3 equiv) P1, 48%, 6% ee
- . ., (@) (@)
||:|) (0] Reaction conditions A II3|> )k
PN + > -
Ph” | °H mHNJ\/Br Ph” | NHPh

'‘Bu
A-1(0.10 mmol)  B-41 (1.3 equiv)

B Unactivated alkyl iodides

(IF?’ o Reaction conditions A (IF?’
PRTIH T > e Aben
'‘Bu ‘Bu
A-1(0.10 mmol) B-42 (1.3 equiv) P3, 0% yield

‘Bu
A-1(0.10 mmol) B-43 (1.3 equiv) P4, 0% yield

C Allylic bromides
9 Me Reaction conditions A
P p—
P 1>H Me)vBr ”
'‘Bu
A-1 (0.10 mmol)  B-44 (1.3 equiv)

PN N Reaction conditions A
Ph” I H  *  pp” Ry >

A-1(0.10 mmol)  B-45 (1.3 equiv)

Scheme S1. Results for other types of alkyl halides
Related to Scheme 2.

'‘Bu
P2, 32%, <5% ee

>90% recovered

+ A1

O | . . (,?
I Reaction conditions A P
S T N > Pl
i Cbz” (Cbz = benzyloxycarbonyl) Bu NCbz

100% recovered

P Me
Ph™ | 7S
P5, 71%, 73% ee

I
P Ph
'Bu
P6, 77%, 53% ee



» CyO

K,COj3 (2.5 equiv), Et,0, 10 °C, 96 h

~

Ph
(n) Br Reaction conditions B: (”) /©/
(':vO’FI)TH - CuOAc (10 mol %), L9 (15 mol %) .

IV

C-19 (0.10 mmol) B-1 (1.3 equiv) P7,42%, <5% ee

0] 0]
1 . . 1
P Reaction conditions B P Ar
PP 1 H + A B > P+ c20
OPh (Ar = 4-PhCgHy) OPh
C-20 (0.10 mmol) B-1 (1.3 equiv) P8, 0% yield decomposed
o o Ar
O—-R—H , = 0-R
~ Reaction conditions B
T AT B > +  c21
D+ 770 ~mamana ~ ()
C-21(0.10 mmol) B-1 (1.3 equiv) P9, 0% yield decomposed

Scheme S2. Results for other types of SPOs
Related to Scheme 3.



Reaction conditions A:
CuOAc (10 mol %), L9 (15 mol %)

L

Reaction conditions A

Rb,CO3 (2.5 equiv), benzene, 10 °C, 96 h

Y
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Y
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Y

Scheme S3. Results with oxygen- and nitrogen-centered radicals

Related to Scheme 2.
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Supplemental Tables

Table S1. Optimization of reaction conditions

Standard conditions:

o) Br Ph
P CuOAc (10 mol %), L9 (15 mol %) %

PA™ | H  + > P
' Ph Ph"

Bu Rb,CO3 (2.5 equiv), ,Blu
A1 B-1 (1.3 equiv.) benzene, 10 °C, 96 h 1
L11, R Bn
L12, R=Ph
Entry Variation from standard conditions® Yield (%)” Ee (%)C
| none 95 96
2 At rt for 48h 88 93
3 L10, instead of L9 63 92
4 L11, instead of L9 41 77
5 L12, instead of L9 16 75
6 L13, instead of L9 55 -71
7 Cul, instead of CuOAc 61 86
8 CuTc, instead of CuOAc 47 87
9  Cu(MeCN)4PFs, instead of CuOAc 43 79
10 Cu(OAc):, instead of CuOAc 63 85
11 K2CO:s3, instead of Rb2CO3 67 91
12 Cs2C0:3, instead of Rb2CO3 85 93
13 K3POs, instead of Rb2CO3 65 83
14  LiO'Bu, instead of Rb2CO3 0 -
15 Dioxane, instead of benzene, at rt for 48h 95 89
16 DCM, instead of benzene 12 86
17  EtOAc, instead of benzene 62 92
18  PhMe, instead of benzene 73 95
19  PhCI, instead of benzene 38 94
20  PhF, instead of benzene 45 94
21 1.2 equiv of B-1 89 96
22 l.4equivof B-1 95 95
23 2.0 equiv of Rb2CO3 90 96
24 3.0 equiv of Rb2CO3 95 96
25 5.0 mol % of CuOAc and 7.5 mol % of L9 75 95
26 2.5 mol % of CuOAc and 3.75 mol % of L9 53 91
27  Without CuOAc 0 -
28  Without L9 0 -
29  Without Rb2COs3 0 -




“Standard conditions: racemic A-1 (0.025 mmol), p-phenylbenzyl bromide B-1 (1.3
equiv), CuOAc (10 mol %), L9 (15 mol %) and Rb2COs3 (2.5 equiv) in benzene (0.50
mL) at 10 °C under argon stirred for 96 h. *Yields were based on 3'P NMR analysis
using trimethyl phosphate as an internal standard. “Ee values were determined by chiral
HPLC analysis. Tc, 2-thiophenecarboxylato.

Related to Figure 1.



Table S2. Condition optimization for doubly enantioconvergent C—P cross-
coupling?

o) Br PRI 4
a CuOAc (10 mol %), L (15 mol %) Q ; N
Ph7 I H  + Me > b : X

O'Pr base (2.5 equiv), solvent, rt, 96 h

R :
(0.050 mmol) Ph Me AW t
i ' Bu
C-1 (1.0 equiv) D-1 (1.3 equiv) 58, R = O'Pr L6, X=0
1, R='Bu L9, X=8S
0
|IDI
Ph” | H
'Bu

Entry L Base Solvent  Yield (%) Dr¢ Eel (%)? Ee2(%)?

1¢ L9 RbCOs benzene 27 5:1 90 19
2 L9 RbCO;3 benzene 50 6:1 91 85
3 L6 RbCO;3 benzene 30 16:1 98 65
4 L6 Rb2CO3 benzene 41 14:1 96 42
5 L6 Rb2CO3 DCM 66 8:1 97 60
6 L6 Rb2COs THF 60 8:1 98 63
7 L6 Rb2CO3 dioxane 49 11:1 96 61
8 L6 Rb2COs Et2O 52 20:1 99 46
9 L6 Rb2COs Pr20 32 >20:1 94 -
10 L6 K2COs Pr20 26 10:1 79 45
128 L6 Cs2COs3 Pr20 0 - - -
13 - Cs2COs Pr20 0 - - -
14 L6 - Pr20 0 - - -

“Reaction conditions: racemic H-phosphinate C-1 (0.050 mmol, 1.0 equiv), 4-(1-
bromoethyl)-1,1'-biphenyl D-1 (1.3 equiv), CuOAc (10 mol %), L (15 mol %) and base
(2.5 equiv) in solvent (0.50 mL) at rt under argon stirred for 96 h. *Isolated yields based
on preparative thin-layer chromatography (PTLC) analysis and referred to as total
yields of the diastereomeric products. ‘Dr values were determined by crude 3'P NMR
analysis. “Ee values were determined by chiral HPLC analysis, with eel corresponding
to the major isomer and ee2 corresponding to the minor isomer. “‘Racemic A-1 (0.050
mmol, 1.0 equiv) was used instead of C-1 and the reaction was performed at 10 °C.
/Reaction was performed at 10 °C. éWithout CuOAc.

Related to Scheme 4.



Table S3. Results of stereochemical studies

Time (h) Yield of A-1 (%)

Ee of A-1 (%)

Yield of 1 (%)

Ee of 1 (%)

6
12
24
36
48
60
72
96

91
88
81
67
52
35
20
<5

0.8
1.3
0.7
0.7
0.8
1.0
0.8

6
10
15
31
47
62
78
93

95
95
96
96
96
96
96
96

Related to Scheme 6.



Table S4. Optical rotation data of A in literature

Entry Absolute configuration [a] Reference
(0]
I [l =-21.6
P “A-
I P (9)-A-2 (¢ = 0.23, CHCl3) Rej 16
Me
(0]
2 Po. (R)-A4 [a]3 =+20.5 Ref. 16
~ s G .
Ph’néu H (c = 0.58, CHCl3)
(0]
I [a]d =—22.0
\‘P - - .
3 Ph E‘;\H (S)y-A-4 (¢ = 0.60, CHCl3) Rej 16
u
(0]
4 B A6 [0 =—48.8 Ref 16
Ph“,Fg\H (S)-A- (c = 0.42, CHCl) o
r
(0]
5 I RLALL [a]® =+16.0 This work
Ph” é\H (R)-A- (¢ = 0.50, CHCl3) 15 wor
'‘Bu
0 20 _
6 P [oo 211 This work

Ph\“'i\H (S)-A'l

(¢ = 1.00, CHCl3)

Related to Scheme 6.



Table S5. Results of control experiments on the racemization of A-1

Entry Condition variation Ee of recovered A-1 (%)
1 None 2
2 Without L9 43
3 Without Rb2COs3 86
4 Without L9, Rb2CO3 79
5 Without CuOAc 95
6 Without CuOAc, Rb2CO3 96
7 Without CuOAc, L9 96
8 Without CuOAc, L9 and Rb2CO3 96

Related to Scheme 6.



Table S6. Energy decomposition analysis of Intl (major pathway to product 1)
and Intl' (minor pathway to the minor enantiomer, 1-Minor)

. Energy (kcal/mol)
Energy term Int1 Int1'
AEint —158.98 -157.13
AEPpauli 151.89 150.08
AEclestat —201.08 —197.26
AEorb —85.24 —84.00
AEdis —24.54 —25.94

“AEint, AEpauli, AFelestat, AEorb, and AFEdis represent the total interaction energy, Pauli
repulsion, electrostatic interaction, orbital interaction, and dispersion interaction,
respectively, between the cationic Cu fragment and the anionic P fragment, where AEint
= AEPauli + AEelestat + AEorb + AEdis.

Related to Scheme 6.



Supplemental Methods

General information

Reactions were carried out under argon atmosphere using Schlenk techniques. Reagents
were purchased at the highest commercial quality and used without further purification,
unless otherwise stated. CuOAc (CAS No. 598—54-9), CuBr (CAS No. 7787-70—4)
and Cu(OTf)2 (CAS No. 34946—82-2) were purchased from TCI Shanghai
Development Co., Ltd. Cu(MeCN)4PFs (CAS No. 64443—05—6) was purchased from
Adamas Reagent Co., Ltd. Rb2CO3 was purchased from Shanghai Maclin Biochemical
Co., Ltd, and pretreated prior to use by heating at 100 °C under reduced pressure for 2
h. K2CO3 was purchased from Shanghai Titan Scientific Co., Ltd, and pretreated prior
to use by heating at 100 °C under reduced pressure for 2 h. NaOTMS and ‘BuOLi were
purchased from Shanghai Maclin Biochemical Co., Ltd. Anhydrous benzene and 1,4-
dioxane were purchased from Beijing J&K Scientific Co., Ltd. Anhydrous diethyl ether
(Et20) was purchased from Shanghai Lingfeng Chemical Reagent Co., Ltd, which was
pretreated by 4 A molecular sieve and distilled after refluxing with sodium and
benzophenone prior to use.

Analytical thin layer chromatography (TLC) was performed on precoated silica gel
60 GF254 plates. Flash column chromatography was performed using Tsingdao silica
gel (60, particle size 0.040—0.063 mm). Visualization on TLC was achieved by use of
UV light (254 nm), iodine on silica gel or basic KMnOs4 indicator. NMR spectra were
recorded on Bruker DRX-400 spectrometer at 400 MHz for '"H NMR, 100 MHz for '3C
NMR, 162 MHz for *'P NMR and 376 MHz for '°F NMR, respectively, in CDCl3 with
tetramethylsilane (TMS) as an internal standard. The chemical shifts are expressed in
ppm and coupling constants are given in Hz. Data for 'H NMR are recorded as follows:
chemical shift (3, ppm), multiplicity (s, singlet; d, doublet; t, triplet; g, quarter; p, pentet,
m, multiplet; br, broad), coupling constant (Hz), integration. Data for '*C NMR were
reported in terms of chemical shift (6, ppm). Mass spectrometric data were obtained
using Bruker Apex IV RTMS. Enantiomeric excess (ee) was determined using
SHIMADZU LC-20AD with SPD-20AV detector (at appropriate wavelength). Column
conditions were documented in the experimental section that followed. X-ray
diffraction was measured on a 'Bruker APEX-II CCD' diffractometer with Cu—Ka

radiation.



General procedure for the synthesis of chiral ligands

The synthesis of L7 was outlined as the general procedure, and L8—-L13 were prepared
by analogy.

oN H,N  OH
@[ 7/ ZnCl, (2.0 equiv) P>Ss5 (1.5 equiv)
+ N > >
Bu PhCL 130°C,24h TN Q

NH PhMe, 110 °C, 12 h
2 (S)-tert-Leucinol N\_)
(40 mmol) (1.1 equiv) s1 By
EDCI (1.5 equiv), DMAP (20 mol %
WA Ys . _N (1.5 equiv) ( o)= NH )—s
N\) DCM, rt, 24 h = N\)
B Picolinic acid N\ /N i
s-2 Bu (1.2 equiv) L7 Bu

According to the modified literature procedure.’!! To a solution of 2-

aminobenzonitrile (4.72 g, 40 mmol, 1.0 equiv) and (S)-fert-leucinol (5.16 g, 44 mmol,
1.1 equiv) in chlorobenzene (100 mL) was added ZnClz (10.91 g, 80 mmol, 2.0 equiv)
at room temperature. The resulting mixture was stirred at 130 °C for 24 h. Upon
completion (monitored by TLC), the reaction mixture was cooled to approximate 60 °C
and quenched with water (20 mL) and tetramethyl ethylenediamine (TMEDA, 20 mL).
The resulting mixture was then stirred at 60 °C for 30 min before being cooled to room
temperature. Then saturated NH4Cl (40 mL) was added under stirring until the mixture
becomes clear. The reaction mixture was extracted with EtOAc (100 mL x 2). The
combined organic layers were washed with water (200 mL) and brine (200 mL x 2),
dried over anhydrous NaxSOs, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate 10:1) to give S-1 as a white solid (8.12 g, 93% yield).

To a solution of S-1 (4.37 g, 20 mmol, 1.0 equiv) in toluene (60 mL) was added P2Ss
(6.67 g, 30 mmol, 1.5 equiv) at room temperature. The reaction mixture was stirred at
110 °C for 12 h. Upon completion (monitored by TLC), the mixture was diluted with
EtOAc (40 mL) and quenched with NaOH (2 M, 20 mL). The resulting mixture was
stirred at room temperature for 30 min and extracted with EtOAc (50 mL x 2). The
combined organic layers were washed with water (100 mL) and brine (100 mL x 2),
dried over anhydrous Na2SOs, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate 10:1) to give S-2 as a yellow oil (2.82 g, 60% yield).

To a solution of S-2 (1.17 g, 5.0 mmol, 1.0 equiv), picolinic acid (0.74 g, 6.0 mmol,
1.2 equiv) and 4-dimethylaminopyridine (DMAP, 122.2 mg, 1.0 mmol, 20 mol %) in
anhydrous DCM (20 mL) was added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI, 1.44 g, 7.5 mmol, 1.5 equiv) in portions at room temperature.
The reaction mixture was then stirred at room temperature for 24 h. Upon completion
(monitored by TLC), the mixture was quenched with water (20 mL) and extracted with
DCM (20 mL x 2). The combined organic layers were washed with brine (50 mL x 2),



dried over anhydrous Na2SOu, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate 20:1) to give L7 as a colorless oil, which was slowly solidified during storage
at room temperature (1.62 g, 95% yield).

(S)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)aniline (S-1)

HN )0

N

Bu

S-1 is a known compound.[5?
'H NMR (400 MHz, CDCl3) § 7.67 (dd, J = 7.9, 1.7 Hz, 1H), 7.24 — 7.15 (m, 1H), 6.70
(d,J =82 Hz, 1H), 6.68 — 6.61 (m, 1H), 6.15 (br s, 2H), 4.28 — 4.19 (m, 1H), 4.15 —
4.04 (m, 2H), 0.93 (s, 9H).
13C NMR (100 MHz, CDCl3) § 163.4, 148.6, 131.8, 129.5, 115.9, 115.6, 109.1, 76.3,
66.8, 33.8, 25.9.
HRMS (ESI) m/z caled. for C13Hi1oN20 [M + H]" 219.1492, found 219.1488.

(S)-2-(4-(tert-butyl)-4,5-dihydrothiazol-2-yl)aniline (S-2)

HoN S

N/\)
tB:u
TH NMR (400 MHz, CDCl3) § 7.44 (dd, J = 7.9, 1.5 Hz, 1H), 7.16 (ddd, J = 8.4, 7.1,
1.5 Hz, 1H), 6.72 — 6.61 (m, 2H), 6.24 (br s, 2H), 4.39 (dd, J = 10.8, 8.6 Hz, 1H), 3.20

(dd, J=10.8, 8.6 Hz, 1H), 3.06 (1, J = 10.8 Hz, 1H), 1.05 (s, 9H).

BC NMR (100 MHz, CDCl3) 6 167.2, 147.6, 132.1, 131.3, 116.1, 115.9, 115.0, 88.1,
35.0,32.2, 26.9.

HRMS (ESI) m/z calcd. for Ci3H19N2S [M + H]" 235.1263, found 235.1258.

(S)-N-(2-(4-(tert-butyl)-4,5-dihydrothiazol-2-yl)phenyl)picolinamide (L7)

(@)
NH S
— N\)
N N
\ / Bu

'H NMR (400 MHz, CDCls) § 13.20 (br s, 1H), 8.98 (dd, J = 8.4, 1.2 Hz, 1H), 8.65 —
8.57 (m, 1H), 8.33 — 8.24 (m, 1H), 7.87 (td, J= 7.7, 1.7 Hz, 1H), 7.70 (dd, J= 7.8, 1.6



Hz, 1H), 7.53 — 7.39 (m, 2H), 7.15 (td, J= 7.6, 1.2 Hz, 1H), 4.54 (dd, J = 11.0, 8.6 Hz,
1H), 3.27 (dd, J = 11.0, 8.6 Hz, 1H), 3.15 (t, /= 11.0 Hz, 1H), 1.17 (s, 9H).

13C NMR (100 MHz, CDCL3) § 167.5, 164.2, 150.9, 148.1, 137.9, 137.2, 131.6, 131.5,
126.1, 123.1, 122.9, 121.0, 120.8, 89.1, 35.2, 32.6, 26.9.

HRMS (ESI) m/z caled. for CioH22N30S [M + H]" 340.1478, found 340.1471.

(5)-N-(2-(4-(tert-butyl)-4,5-dihydrothiazol-2-yl)phenyl)-6-methylpicolinamide (L8)

(@)
NH y S
— N\)
N p
N\ / By
Me

According to the general procedure, L.8 was prepared as a white solid (1.61 g, 91%
yield in the final step).

'TH NMR (400 MHz, CDCl3) & 12.85 (br s, 1H), 8.86 — 8.75 (m, 1H), 8.06 (d, J = 7.7
Hz, 1H), 7.75 (t, J=7.7 Hz, 1H), 7.67 (dd, J= 7.9, 1.6 Hz, 1H), 7.52 — 7.42 (m, 1H),
7.30 (d, J= 7.6 Hz, 1H), 7.19 — 7.09 (m, 1H), 4.66 (t, J = 8.8 Hz, 1H), 3.31 (dd, J =
11.0, 8.8 Hz, 1H), 3.21 (dd, J=11.0, 8.8 Hz, 1H), 2.65 (s, 3H), 0.99 (s, 9H).

13C NMR (100 MHz, CDCl3) & 167.1, 164.7, 157.3, 150.9, 137.9, 137.3, 131.5, 131.4,
1259, 123.1, 121.3, 121.0, 120.4, 88.5, 35.8, 32.2, 26.7, 24.7.

HRMS (ESI) m/z calcd. for C20H24N30S [M + H]" 354.1635, found 354.1627.

(S)-N-(2-(4-(tert-butyl)-4,5-dihydrothiazol-2-yl)phenyl)quinoline-2-carboxamide
(L9)

According to the general procedure, L9 was prepared as a slightly yellow oil, which
was slowly solidified during storage at room temperature (1.85 g, 95% yield in the final
step).

'TH NMR (400 MHz, CDCl3) 6 13.20 (br s, 1H), 8.89 (dd, J = 8.4, 1.2 Hz, 1H), 8.37 —
8.30 (m, 2H), 8.21 (d, J = 8.5 Hz, 1H), 7.89 (dd, J = 8.1, 1.4 Hz, 1H), 7.79 (ddd, J =
8.5,6.9,1.5Hz, 1H),7.71 (dd,J=7.9, 1.6 Hz, 1H), 7.63 (ddd, /= 8.2, 6.9, 1.2 Hz, 1H),
7.55-7.47 (m, 1H), 7.17 (td, J= 7.8, 1.2 Hz, 1H), 4.72 (t, /= 9.0 Hz, 1H), 3.33 (dd, J
=11.0,9.0 Hz, 1H), 3.22 (dd, J=11.0, 9.0 Hz, 1H), 0.95 (s, 9H).

13C NMR (100 MHz, CDCl3) 8 167.3, 164.7, 151.4, 146.5, 138.0, 137.4, 131.6, 131.5,
130.3,129.7,129.3, 127.9, 127.8, 123.2, 121.2, 120.9, 119.6, 88.6, 35.7, 32.2, 26.8.
HRMS (ESI) m/z calcd. for C23H24N30S [M + H]" 390.1635, found 390.1627.



(S)-N-(2-(4-isopropyl-4,5-dihydrothiazol-2-yl)phenyl)quinoline-2-carboxamide
(L10)

According to the general procedure, .10 was prepared as a white solid (1.74 g, 93%
yield in the final step).

'TH NMR (400 MHz, CDCl3) & 13.74 (br s, 1H), 8.99 (d, J = 8.4, Hz, 1H), 8.41 — 8.29
(m, 2H), 8.20 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.83 — 7.75 (m, 1H), 7.70
(dd,/=17.8, 1.6 Hz, 1H), 7.66 — 7.59 (m, 1H), 7.55 — 7.46 (m, 1H), 7.20—7.12 (m, 1H),
491 (ddd, /=9.0, 7.8, 5.7 Hz, 1H), 3.39 (dd, /= 10.9, 9.0 Hz, 1H), 3.18 (dd, /= 10.9,
7.8 Hz, 1H), 2.43 — 2.29 (m, J = 6.6 Hz, 1H), 1.03 (d, /= 6.9 Hz, 3H), 0.94 (d, /= 6.8
Hz, 3H).

13C NMR (100 MHz, CDCl3) & 167.3, 164.5, 151.2, 146.6, 138.3, 137.4, 131.7, 131.6,
129.9, 129.8, 129.3, 127.9, 127.8, 123.0, 120.8, 120.5, 119.5, 84.4, 32.9, 32.8, 19.7,
18.1.

HRMS (ESI) m/z calcd. for C22H22N30S [M + H]" 376.1478, found 376.1470.

(S)-N-(2-(4-benzyl-4,5-dihydrothiazol-2-yl)phenyl)quinoline-2-carboxamide (LL11)

According to the general procedure, 11 was prepared as a white solid (1.93 g, 91%
yield in the final step).

"H NMR (400 MHz, CDCls) § 14.06 (br s, 1H), 9.06 (d, J = 8.4 Hz, 1H), 8.43 — 8.29
(m, 2H), 8.23 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.80 — 7.68 (m, 2H), 7.62
(t,J=17.5Hz, 1H), 7.53 (t,J= 7.9 Hz, 1H), 7.30 — 7.05 (m, 6H), 5.39 — 5.28 (m, 1H),
3.48 (dd, J=13.7,4.7 Hz, 1H), 3.32 (dd, J=11.0, 8.3 Hz, 1H), 3.17 (dd, J=11.0, 5.7
Hz, 1H), 2.93 (dd, J=13.7, 9.5 Hz, 1H).

13C NMR (100 MHz, CDCl3) & 168.5, 164.4, 151.0, 146.6, 138.5, 137.9, 137.4, 132.0,
131.9,129.9,129.8, 129.3, 128.5, 127.9, 127.8, 126.5, 123.0, 120.6, 120.1, 119.4, 79.1,
40.1,35.4.

HRMS (ESI) m/z calcd. for C26H22N30S [M + H]" 424.1478, found 424.1471.



(5)-N-(2-(4-phenyl-4,5-dihydrothiazol-2-yl)phenyl)quinoline-2-carboxamide (L.12)

O,
N

H s
— N\)
Ph

W

According to the general procedure, L.12 was prepared as a white solid (1.84 g, 90%
yield in the final step).

'"H NMR (400 MHz, CDCIs) 6 14.06 (br s, 1H), 9.11 (d, J = 8.4 Hz, 1H), 8.32 (d, J =
8.5 Hz, 1H), 8.23 (d, J = 8.5 Hz, 1H), 7.88 — 7.81 (m, 1H), 7.75 (d, J = 8.1 Hz, 1H),
7.60 —7.42 (m, 4H), 7.37 —7.26 (m, 4H), 7.23 — 7.16 (m, 1H), 6.86 (d, J= 8.5 Hz, 1H),
6.00 (dd, J=10.7, 8.5 Hz, 1H), 3.76 (dd, J = 10.7, 8.5 Hz, 1H), 3.23 (t, /= 10.7 Hz,
1H).

13C NMR (100 MHz, CDCl3) & 170.1, 164.5, 150.4, 146.4, 142.0, 138.7, 137.2, 132.3,
132.2,129.9,129.5,128.9, 128.8, 127.8, 127.7,127.2,126.9, 123.0, 120.7, 120.1, 119.0,
81.7, 40.0.

HRMS (ESI) m/z calcd. for C2sH20N30S [M + H]" 410.1322, found 410.1313.

N-(2-((3aR,8aS5)-3a,8a-dihydro-8H-indeno[1,2-d]thiazol-2-yl)phenyl)quinoline-2-
carboxamide (L13)

According to the general procedure, L13 was prepared as a white solid (1.83 g, 87%
yield in the final step).

'"H NMR (400 MHz, CDCl3) & 14.32 (br s, 1H), 9.06 (d, J = 8.4 Hz, 1H), 8.48 — 8.30
(m, 3H), 7.95 (d, J=8.2 Hz, 1H), 7.78 (t,J= 7.7 Hz, 1H), 7.69 — 7.58 (m, 2H), 7.55 (d,
J=7.8Hz, 1H), 7.49 (t, J= 8.0 Hz, 1H), 7.31 — 7.18 (m, 2H), 7.11 (t, J= 7.6 Hz, 1H),
7.01 (t, J= 7.4 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 4.88 —4.77 (m, 1H), 3.63 (dd, J =
17.2,7.4 Hz, 1H), 3.39 (d, J=17.2 Hz, 1H).

13C NMR (100 MHz, CDCl3) 6 168.6, 164.3, 151.1, 146.7, 141.0, 139.6, 138.7, 137.5,
132.0,131.9,130.2, 130.0, 129.4, 128.5, 128.0, 127.9, 127.5,125.7, 125.1, 122.9, 120.5,
119.9, 119.5, 88.4, 50.5, 39.6.

HRMS (ESI) m/z caled. for C26H20N30S [M + H]* 422.1322, found 422.1314.



General procedure for the synthesis of substrates

1. The structures and synthesis of racemic SPOs and H-phosphinates
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The racemic secondary phosphine oxides A-1-A-9 and A-15-A-18, and
H-phosphinates C-1-C-18 were prepared according to the literature procedure, and the
analytical data were consistent with those reported in the literature.[S>-57)

General procedure for the synthesis of A-10—A-14

MgBr 9 ] 9 Me
OEt P. 'BuMgBr (2.0 equiv)
L O e Jones
Eto” NOEt THF, 80 °C, 12 h THF, -20°Ctort, 12 h H

(10 mmol) S-3 (1.5 equiv) S-4 A-10-A-14

According to the modified literature procedure.[®®! To a solution of the freshly
prepared Grignard reagent S-3 (15 mmol, 1.5 equiv) in anhydrous THF (40 mL) was
added triethyl phosphite (1.71 mL, 10 mmol, 1.0 equiv) at room temperature. The
resulting mixture was stirred at 80 °C for 12 h. After cooling to room temperature, the
reaction mixture was quenched with HCI (1 M) to approximate pH = 2 before being
filtered through a pad of celite. The filtrate was concentrated under reduced pressure to



remove the organic solvent. Then the remaining aqueous phase was diluted with DCM
(50 mL), washed with saturated water (50 mL) and brine (50 mL x 2). The organic layer
was separated, dried over anhydrous Na2SOu, filtered and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel
(DCM/MeOH 80:1) to afford the pure product S-4 as a colorless oil.

To a solution of above prepared S-4 in anhydrous THF (20 mL) was dropwise added
‘BuMgBr (2.0 M solution in THF, 10 mL, 20 mmol, 2.0 equiv) at —20 °C under argon
atmosphere. Then the resulting mixture was warmed to room temperature and stirred
for 12 h. Upon completion (monitored by TLC), the reaction mixture was quenched by
saturated NH4Cl (20 mL) and concentrated under reduced pressure to remove the
organic solvent, and the remaining aqueous phase was extracted with EtOAc (20 mL X
3). The combined organic layers were washed with brine (50 mL x 2), dried over
anhydrous Na2SOs, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate 1:1) to
give the desired product.

isobutyl(o-tolyl)phosphine oxide (A-10)
Me O Me

S

According to the general procedure, A-10 was prepared as a colorless oil (0.72 g, 37%
yield over two steps).

'"H NMR (400 MHz, CDCl3) & 7.61 (ddd, J = 15.1, 7.6, 1.5 Hz, 1H), 7.56 (ddd, J =
461.8,5.9,2.0 Hz, 1H), 7.39 — 7.32 (m, 1H), 7.27 — 7.20 (m, 1H), 7.18 (dd, J=17.7, 4.7
Hz, 1H), 2.47 (s, 3H), 2.16 — 2.03 (m, 1H), 2.03 — 1.90 (m, 1H), 1.79 — 1.68 (m, 1H),
1.01 (d,J=6.6 Hz, 3H), 0.99 (dd, J = 6.6, 1.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 140.7 (d, J = 11.4 Hz), 132.8 (d, J=9.1 Hz), 132.3 (d,
J=2.6Hz), 131.1 (d,J=9.1 Hz), 129.3 (d, /= 96.1 Hz), 125.4 (d, /= 11.9 Hz), 38.7
(d, J=67.1 Hz), 24.2 (d,J=10.3 Hz), 23.4 (d, /= 8.6 Hz), 23.2 (d, /= 3.7 Hz), 21.3
(d,J=3.2 Hz).

3P NMR (162 MHz, CDCl3) § 25.2.

HRMS (ESI) m/z calcd. for C11HisOP [M + H]" 197.1090, found 197.1090.

(3,5-dimethylphenyl)(isobutyl)phosphine oxide (A-11)
O Me

]
ReOas

Me



According to the general procedure, A-11 was prepared as a colorless oil (0.98 g, 47%
yield over two steps).

'TH NMR (400 MHz, CDCl3) 6 7.51 (ddd, J = 461.7, 5.8, 1.8 Hz, 1H), 7.34 — 7.27 (m,
2H), 7.18 (s, 1H), 2.37 (s, 6H), 2.25 — 2.12 (m, 1H), 2.05 — 1.92 (m, 1H), 1.85 - 1.75
(m, 1H), 1.12 (d, /= 6.6 Hz, 3H), 1.07 (dd, /= 6.6, 1.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 138.6 (d, J = 13.0 Hz), 134.0 (d, J = 2.9 Hz), 130.7 (d,
J=96.9 Hz), 127.2 (d, /=109 Hz), 39.3 (d, /= 67.4 Hz), 24.2 (d,J=10.3 Hz), 23.4
(d, /J=8.2 Hz),23.1 (d,/=3.7 Hz), 21.1.

3P NMR (162 MHz, CDCl3) § 25.4.

HRMS (ESI) m/z calcd. for C12H200P [M + H]" 211.1246, found 211.1245.

(4-fluorophenyl)(isobutyl)phosphine oxide (A-12)
O Me

L
A

According to the general procedure, A-12 was prepared as a colorless oil (0.89 g, 45%
yield over two steps).

TH NMR (400 MHz, CDCl3) 6 7.80 — 7.65 (m, 2H), 7.59 (ddd, J = 465.2, 5.7, 1.7 Hz,
1H), 7.27 — 7.14 (m, 2H), 2.26 — 2.10 (m, 1H), 2.05 — 1.92 (m, 1H), 1.89 — 1.77 (m,
1H), 1.12 (d, J= 6.6 Hz, 3H), 1.07 (d, J= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 165.0 (dd, J = 253.5, 3.3 Hz), 132.0 (dd, J = 12.2, 8.8
Hz), 127.2 (dd, J=98.5, 3.4 Hz), 116.1 (dd, J = 21.6, 13.4 Hz), 39.4 (d, J = 68.2 Hz),
24.1 (d,J=10.8 Hz), 23.3 (d, J= 8.6 Hz), 23.2 (d, /= 3.8 Hz).

3P NMR (162 MHz, CDCl3) § 23.5.

YF NMR (376 MHz, CDCl3) 6 —106.1.

HRMS (ESI) m/z calcd. for C1oH1sFOP [M + H]" 201.0839, found 201.0838.

isobutyl(4-methoxyphenyl)phosphine oxide (A-13)
O Me

N
P.
/©/ |\)\Me
H
MeO

According to the general procedure, A-13 was prepared as a colorless oil (0.71 g, 33%
yield over two steps).

'TH NMR (400 MHz, CDCl3) 8 7.55 (dd, J = 12.6, 8.7 Hz, 2H), 7.45 (ddd, J = 460.9,
5.5,1.9 Hz, 1H), 6.93 (dd, /= 8.7, 2.1 Hz, 2H), 3.76 (s, 3H), 2.15 — 2.00 (m, 1H), 1.95
—1.81 (m, 1H), 1.79 — 1.67 (m, 1H), 1.01 (d, J= 6.6 Hz, 3H), 0.96 (dd, J= 6.6, 1.0 Hz,
3H).



13C NMR (100 MHz, CDCl3) 8 162.2 (d,J = 3.0 Hz), 132.8 (d, J = 11.5 Hz), 122.1 (d,
J=103.0 Hz), 114.5 (d, J=13.5 Hz), 55.3,39.5 (d, /= 68.3 Hz), 24.2 (d, /= 10.3 Hz),
23.5(d,J=8.6 Hz), 23.4 (d, J=3.7 Hz).

3P NMR (162 MHz, CDCl3) § 24.2.

HRMS (ESI) m/z caled. for C11H1802P [M + H]" 213.1039, found 213.1037.
isobutyl(naphthalen-2-yl)phosphine oxide (A-14)

9Me

P.
H

According to the general procedure, A-14 was prepared as a white solid (1.24 g, 53%
yield over two steps).

'TH NMR (400 MHz, CDCl3) & 8.36 — 8.29 (m, 1H), 8.00 — 7.86 (m, 3H), 7.71 (ddd, J
=463.2, 5.5, 1.8 Hz, 1H), 7.67 — 7.55 (m, 3H), 2.29 — 2.15 (m, 1H), 2.12 — 2.00 (m,
1H), 1.97 — 1.87 (m, 1H), 1.14 (d, /= 6.6 Hz, 3H), 1.07 (dd, J = 6.6, 1.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 134.9 (d,J = 2.6 Hz), 132.6 (d, J = 13.2 Hz), 131.9 (d,
J=99 Hz), 128.8 (d, J=12.3 Hz), 128.5 (d, /= 96.6 Hz), 128.7, 128.2, 127.9, 127.1,
1242 (d,J=11.8 Hz), 39.6 (d, /= 67.6 Hz), 24.4 (d,J=10.9 Hz), 23.6 (d, /= 8.8 Hz),
23.5(d,J=4.0 Hz).

3P NMR (162 MHz, CDCl3) & 24.6.

HRMS (ESI) m/z calcd. for C14H1sOP [M + H]" 233.1090, found 233.1088.



2. The structures of alkyl bromides
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The (hetero)benzyl bromides B-1-B-38 and D-1-D-13 are commercially available,
or can be readily prepared following the literature procedure.[5*5!% Propargyl bromide
B-39 was prepared according to a known method,’®'!! and the analytical data were

consistent with those reported in the literature.



General procedure for the synthesis of products

General procedure A

(o) O 2
Tl ~ CuOAc (10 mol %), L9 (15 mol %) ‘B\/RQ : NH N/ S

ahsn - B R _ e 3
R Rb,CO3 (2.5 equiv), benzene, 10 °C, 96 h R1 A\ N Y

A (0.10 mmol) B (1.3 equiv) 1-29, 32-56 |
L9

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), L9 (5.8
mg, 0.015 mmol, 15 mol %), Rb2CO3 (57.7 mg, 0.25 mmol, 2.5 equiv) and anhydrous
benzene (2.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic secondary phosphine oxide A (0.10 mmol, 1.0 equiv) and bromide B (0.13
mmol, 1.3 equiv) were sequentially added into the mixture. The resulting mixture was
stirred at 10 °C for 96 h. Upon completion (monitored by TLC), the reaction mixture
was filtered through a short pad of celite and rinsed with EtOAc (5 mL) and DCM (5
mL). The filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (gradient eluent: DCM/MeOH 100:1-50:1) to
afford the desired product.

General procedure B

o) Bu Ph
B Br Br CuOAc (20 mol %), L9 (30 mol %) Phj L-Bu
Ph ; | "H + > I} Il
Bu Rb,CO5 (5.0 equiv), benzene, 10 °C, 7 d o o
A-1 (2.4 equiv) B-30 (0.10 mmol) 30
P .
(I? = JBu
Ph/P\ Br CuOAc (20 mol %), L9 (30 mol %) 9 ﬁ
B > ppf ©
Rb,CO3 (5.0 equiv), benzene, 10 °C, 7 d Bu
A-1 (2.4 equiv) B-31 (0.10 mmol) 31

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (2.5 mg, 0.020 mmol, 20 mol %), L9 (11.7
mg, 0.030 mmol, 30 mol %), Rb2COs3 (115.5 mg, 0.50 mmol, 5.0 equiv) and anhydrous
benzene (4.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic secondary phosphine oxide A-1 (43.7 mg, 0.24 mmol, 2.4 equiv) and bromide
B-30 or B-31 (26.4 mg, 0.10 mmol, 1.0 equiv) were sequentially added into the mixture.
The resulting mixture was stirred at 10 °C for 7 d. Upon completion (monitored by
TLC), the reaction mixture was filtered through a short pad of celite and rinsed with
EtOAc (5 mL) and DCM (5 mL). The filtrate was concentrated under reduced pressure.
The residue was purified by column chromatography on silica gel (gradient eluent:
DCM/MeOH 50:1-25:1) to afford the product 30 or 31.



General procedure C

o) Ph
n Br CuOAc (10 mol %), L9 (15 mol %) Q

Ph/ \H + > WP
! Ph Ph'

OPr KoCOj (2.5 equiv), E,0, 10 °C, 96 h (‘),-Pr

C-1 (0.10 mmol) B-1 (1.3 equiv) 57

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), L9 (5.8
mg, 0.015 mmol, 15 mol %), K2CO3 (34.6 mg, 0.25 mmol, 2.5 equiv) and anhydrous
Et20 (2.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic H-phosphinate C-1 (18.4 mg, 0.10 mmol, 1.0 equiv) and bromide B-1 (32.1
mg, 0.13 mmol, 1.3 equiv) were sequentially added into the mixture. The resulting
mixture was stirred at 10 °C for 96 h. Upon completion (monitored by TLC), the
reaction mixture was filtered through a short pad of celite and rinsed with EtOAc (5
mL) and DCM (5 mL). The filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (gradient eluent:
DCM/MeOH 200:1-120:1) to afford the product 57.

General procedure D

o o LQ
! R? CuOAG (10 mol %), L6 (15 mol %) IS NH )0
P A2 )
AT N

P<, + > "
AT H . ALY V=
(|)R1 Br” “A? Cs,CO; (2.5 equiv), ProO, rt, 96 h R0 R2 PN :\5)
! B
C (0.10 mmol) D (1.3 equiv) 5887 u
L6

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), L6 (5.6
mg, 0.015 mmol, 15 mol %), Cs2CO3 (81.5 mg, 0.25 mmol, 2.5 equiv) and anhydrous
Pr20 (2.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic H-phosphinate C (0.10 mmol, 1.0 equiv) and bromide D (0.13 mmol, 1.3 equiv)
were sequentially added into the mixture. The resulting mixture was stirred at room
temperature for 96 h. Upon completion (monitored by TLC), the reaction mixture was
filtered through a short pad of celite and rinsed with EtOAc (5 mL) and DCM (5 mL).
The filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (gradient eluent: hexane/EA 4:1-2:1) to afford
the desired product.



General procedure for the synthesis of racemates
General procedure E

0
i CuOAc (10 mol %), Lrac (15 mol %) A ;\/

ACTSH ¢ BrTR ;
R! NaOTMS (2.5 equiv), 1,4-dioxane, rt, 48 h

1-29,
A (0.10 mmol) B (1.3 equiv) ;:z 32_57 Lrac

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), Lrac (4.4
mg, 0.015 mmol, 15 mol %), NaOTMS (28.0 mg, 0.25 mmol, 2.5 equiv) and anhydrous
1,4-dioxane (2.0 mL). The mixture was stirred at room temperature for 30 min. After
that, racemic secondary phosphine oxide A (0.10 mmol, 1.0 equiv) and bromide B (0.13
mmol, 1.3 equiv) were sequentially added into the mixture. The resulting mixture was
stirred at room temperature for 48 h. Upon completion (monitored by TLC), the reaction
mixture was filtered through a short pad of celite and rinsed with EtOAc (5 mL) and
DCM (5 mL). The filtrate was concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (gradient eluent: DCM/MeOH
100:1-50:1) to afford the racemic product.

General procedure F

Ph
1] 1]
N Br Br  'BuOLi (5.0 equiv) Ph<3, LBu
CTR 8 8
1,4-dioxane, 40 °C, 48 h
A

-1 (2.0 equiv) B-30 (0.10 mmol) rac-30

9 t . . | S
_P< Br BuOLi (5.0 equiv) (IDI P
Ph g, 0o B o R 0
u $

1,4-dioxane, 40 °C, 48 h
A-1 (2.0 equiv) B-31 (0.10 mmol) rac-31

Y

\

To a mixture of racemic secondary phosphine oxide A-1 (36.4 mg, 0.20 mmol, 2.0
equiv) and bromide B-30 or B-31 (26.4 mg, 0.10 mmol, 1.0 equiv) in anhydrous 1,4-
dioxane (2.0 mL) was added ‘BuOLi (40.0 mg, 0.50 mmol, 5.0 equiv). The reaction
mixture was then stirred at 40 °C for 48 h. After cooling to room temperature, the
reaction mixture was filtered through a short pad of celite and rinsed with EtOAc (5
mL) and DCM (5 mL). The filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (gradient eluent:
DCM/MeOH 50:1-25:1) to afford the rac-30 or rac-31.



General procedure G

0 :
§ R2  CuOAc (10 mol %), Lrac (15 mol %) Lozt Q
DTN - = R0y NH- =0
r OR' Br™ “Ar?  Cs,COj; (2.5 equiv), PryO, rt, 48 h Ar' g2 V= Y N%
C (0.10 mmol) D (1.3 equiv) rac-68-87 . \_/ Lrac

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), Lrac (4.4
mg, 0.015 mmol, 15 mol %), Cs2CO3 (81.5 mg, 0.25 mmol, 2.5 equiv) and anhydrous
Pr20 (2.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic H-phosphinate C (0.10 mmol, 1.0 equiv) and bromide D (0.13 mmol, 1.3 equiv)
were sequentially added into the mixture. The resulting mixture was stirred at room
temperature for 48 h. Upon completion (monitored by TLC), the reaction mixture was
filtered through a short pad of celite and rinsed with EtOAc (5 mL) and DCM (5 mL).
The filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (gradient eluent: hexane/EA 4:1-2:1) to afford
the racemic product.



Analytical data for products

(R)-([1,1'-biphenyl]-4-ylmethyl)(isobutyl)(phenyl)phosphine oxide (1)

Ph
e
II:I>
Ph

A
'Bu

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 1 as a
white solid (31.2 mg, 90% yield, 96% ee).

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 10.139 min, tr (minor) = 18.347 min.

[a]y =—46.2 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCls) & 7.66 — 7.59 (m, 2H), 7.56 (d, J = 7.7 Hz, 2H), 7.53 —
7.39 (m, 7H), 7.32 (t,J=7.3 Hz, 1H), 7.14 (dd, /= 8.1, 2.2 Hz, 2H), 3.32 (d, /= 14.3
Hz, 2H), 2.12 — 1.93 (m, 2H), 1.91 — 1.81 (m, 1H), 1.05 (d, /= 6.4 Hz, 3H), 0.87 (d, J
= 6.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 140.6 (d, J= 1.3 Hz), 139.5 (d, J= 3.1 Hz), 132.4 (d, J
=92.4 Hz), 131.5 (d, J=2.9 Hz), 130.8 (d, /= 7.8 Hz), 130.7 (d, /= 8.6 Hz), 130.2 (d,
J=4.9 Hz), 128.7,128.4 (d, J=11.2 Hz), 127.2, 127.1 (d, J = 2.7 Hz), 126.9, 39.6 (d,
J=62.3 Hz), 369 (d, /J=68.2 Hz), 24.6 (d, /=9.0 Hz), 24.5 (d, /= 8.5 Hz), 23.4 (d, J
=4.1 Hz).

3P NMR (162 MHz, CDCls) § 36.9.

HRMS (ESI) m/z calcd. for C23H260P [M + H]" 349.1716, found 349.1713.

(R)-benzyl(isobutyl)(phenyl)phosphine oxide (2)

2 I
II:I’
Ph )

'‘Bu
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-3 (22.2 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 2 as a
white solid (21.1 mg, 78% yield, 95% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 14.855 min, tr (minor) = 19.448 min.
[a]y =—20.8 (¢ 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.61 — 7.54 (m, 2H), 7.52 — 7.47 (m, 1H), 7.45 — 7.39
(m, 2H), 7.25 - 7.17 (m, 3H), 7.09 — 7.03 (m, 2H), 3.30 (t, /= 15.2 Hz, 1H), 3.26 (t, J
=15.2 Hz, 1H), 2.10 - 1.89 (m, 2H), 1.87 - 1.78 (m, 1H), 1.03 (d, J= 6.5 Hz, 3H), 0.86
(d, J=6.5Hz, 3H).
13C NMR (100 MHz, CDCl3) & 132.3 (d,J = 92.6 Hz), 131.8 (d, J = 7.6 Hz), 131.5 (d,
J=3.0Hz), 130.7 (d, /J=8.7 Hz), 129.8 (d, /J=5.0 Hz), 128.4 (d, /=2.5 Hz), 128.3 (d,
J=11.3Hz), 126.7 (d,J=3.0Hz), 39.9 (d, /= 62.5 Hz), 36.8 (d, /= 68.4 Hz), 24.6 (d,
J=9.1Hz),24.5(d, J=8.6 Hz), 23.4 (d, /J=4.1 Hz).



3P NMR (162 MHz, CDCl3) 8 37.0.
HRMS (ESI) m/z calcd. for C17H220P [M + H]" 273.1403, found 273.1392.

(R)-(2-fluorobenzyl)(isobutyl)(phenyl)phosphine oxide (3)

o) q j
II:I’
Ph™ )

'Bu F

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-2 (24.6 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 3 as a
white solid (23.0 mg, 79% yield, 93% ee).

HPLC analysis: Chiralpak IF (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) =29.179 min, tr (minor) = 32.353 min.

[a]y =—24.4 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.66 — 7.58 (m, 2H), 7.54 — 7.48 (m, 1H), 7.46 — 7.40
(m, 2H), 7.25 —7.15 (m, 2H), 7.04 (t, /= 7.5 Hz, 1H), 6.97 (t, J= 9.1 Hz, 1H), 3.41 —
3.24 (m, 2H), 2.09 — 1.81 (m, 3H), 1.03 (d, J = 6.4 Hz, 3H), 0.85 (d, J= 6.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 160.5 (dd, J = 245.2, 5.7 Hz), 132.2 (d, J = 93.0 Hz),
132.0 (t, J=3.9 Hz), 131.6 (d, J = 2.9 Hz), 130.6 (d, J = 8.8 Hz), 128.5 (dd, J = 8.2,
3.1 Hz), 128.3(d,J=11.3 Hz), 124.2 (t,/J=3.2 Hz), 119.2 (dd, J=15.5,7.4 Hz), 115.2
(dd,J=22.1,2.5Hz), 36.9 (d, /= 68.5 Hz), 32.3 (dd, /= 63.0, 2.2 Hz), 24.5 (d,J=9.4
Hz), 24.4 (d,J=8.5 Hz), 23.4 (d, /= 4.2 Hz).

3P NMR (162 MHz, CDCl3) § 37.2 (d, J = 3.5 Hz).

F NMR (376 MHz, CDCl3) § —117.1 (d, J = 3.5 Hz).

HRMS (ESI) m/z calcd. for C17H21FOP [M + H]" 291.1309, found 291.1395.

(R)-(2-bromobenzyl)(isobutyl)(phenyl)phosphine oxide (4)

o) q j
II:I>
Ph™ )

‘Bu Br

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-4 (32.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 4 as a
colorless oil (28.5 mg, 81% yield, 96% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 10.001 min, tr (minor) = 11.892 min.

[a]y =—26.6 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.70 — 7.64 (m, 2H), 7.55 — 7.49 (m, 2H), 7.48 — 7.40
(m, 3H), 7.24 (t,J="7.2 Hz, 1H), 7.12 — 7.05 (m, 1H), 3.66 —3.57 (m, 1H), 3.50 — 3.40
(m, 1H), 2.02 — 1.88 (m, 3H), 1.00 (d, J = 6.3 Hz, 3H), 0.82 (d, J = 6.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 132.8 (d, J = 2.5 Hz), 132.5 (d, J = 93.0 Hz), 132.1 (d,
J=74Hz),131.8(d,J=4.1 Hz), 131.6 (d,J=2.8 Hz), 130.7 (d, J=9.0 Hz), 128.5 (d,



J=3.1Hz), 128.4(d,J=11.4 Hz), 127.6 (d, J=2.7 Hz), 124.8 (d, J = 6.6 Hz), 39.3 (d,
J=61.8 Hz), 37.1 (d,J=68.2 Hz), 24.5 (d,J=9.7 Hz), 24.4 (d, J= 8.8 Hz), 23.4 (d, J
= 4.2 Hz).

3P NMR (162 MHz, CDCl3) § 37.6.

HRMS (ESI) m/z caled. for C17H21BrOP [M + H]" 351.0508, found 351.0505.

(R)-(2-iodobenzyl)(isobutyl)(phenyl)phosphine oxide (5)

o) q j
II:I’
Ph™ )

'Bu |

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-5 (38.6 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 5 as a
slightly yellow oil (31.0 mg, 78% yield, 96% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 7.016 min, tr (minor) = 8.703 min.

[a]y =—33.7 (c 1.0, CHCI).

'"H NMR (400 MHz, CDCls) & 7.78 (d, J = 8.0 Hz, 1H), 7.73 — 7.65 (m, 2H), 7.56 —
7.42 (m, 4H), 7.32 — 7.27 (m, 1H), 6.91 (t, J= 7.7 Hz, 1H), 3.66 — 3.56 (m, 1H), 3.49
(t,J=15.4 Hz, 1H), 2.03 — 1.87 (m, 3H), 1.00 (d, /= 6.2 Hz, 3H), 0.82 (d, /= 6.2 Hz,
3H).

13C NMR (100 MHz, CDCl3) 8 139.6 (d, J=2.3 Hz), 135.7 (d,J= 7.3 Hz), 132.4 (d, J
=92.8 Hz), 131.6 (d, /J=2.9 Hz), 130.8 (d, /= 4.5 Hz), 130.7 (d, /= 9.2 Hz), 128.6 (d,
J=19Hz), 128.5(d,J=2.3 Hz), 128.4 (d,J=11.3 Hz), 101.7 (d, /= 7.1 Hz), 44.2 (d,
J=61.4Hz),37.3 (d,J=68.1 Hz), 24.5 (d,/=9.4 Hz), 24.4 (d,J=8.5Hz),23.4 (d, J
=4.2 Hz).

3P NMR (162 MHz, CDCl3) § 37.5.

HRMS (ESI) m/z calcd. for C17H2:110P [M + H]" 399.0369, found 399.0380.

(R)-isobutyl(2-methylbenzyl)(phenyl)phosphine oxide (6)

o)

II:I’

Ph“ |
‘Bu Me

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-6 (24.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 6 as a
slightly yellow solid (24.2 mg, 85% yield, 94% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 11.163 min, tr (minor) = 14.410 min.

[a]y =—20.0 (¢ 1.0, CHCI3).



'H NMR (400 MHz, CDCl3) & 7.58 — 7.47 (m, 3H), 7.44 — 7.37 (m, 2H), 7.14 — 7.02
(m, 4H), 3.39 — 3.23 (m, 2H), 2.08 (d, J= 1.4 Hz, 3H), 2.07 — 1.94 (m, 2H), 1.93 — 1.83
(m, 1H), 1.05 (d, J = 6.4 Hz, 3H), 0.85 (d, J = 6.4 Hz, 3H).

13C NMR (100 MHz, CDC13) § 137.1 (d, J= 5.1 Hz), 132.6 (d, J=91.7 Hz), 131.4 (d,
J=2.8Hz), 130.6 (d,J=8.7 Hz), 130.5 (d, J= 3.0 Hz), 130.4 (d, J= 7.6 Hz), 130.2 (d,
J=4.4Hz),128.3 (d,J=11.2 Hz), 126.8 (d,J=3.2 Hz), 125.8 (d, J=2.9 Hz), 37.1 (d,
J=62.5Hz), 36.8 (d, J= 68.0 Hz), 24.5 (d, J= 9.0 Hz), 24.4 (d, J= 8.6 Hz), 23.4 (d, J
=4.1 Hz), 19.9 (d, /= 1.3 Hz).

3P NMR (162 MHz, CDCl3) & 37.3.

HRMS (ESI) m/z caled. for CisH24OP [M + H]* 287.1559, found 287.1559.

(R)-(2,6-dimethylbenzyl)(isobutyl)(phenyl)phosphine oxide (7)

OMe

1]
NoS

'‘Bu Me
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-7 (25.9 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 7 as a
white solid (22.3 mg, 74% yield, 93% ee).
HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 98/2, flow rate 0.5 mL/min, A = 220
nm), tr (major) = 17.375 min, tr (minor) = 24.594 min.
[a]y =—15.5 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) & 7.65 — 7.57 (m, 2H), 7.53 — 7.47 (m, 1H), 7.45 — 7.39
(m, 2H), 7.05 — 6.93 (m, 3H), 3.39 (d, J = 14.6 Hz, 2H), 2.21 (s, 6H), 2.06 — 1.93 (m,
2H), 1.92 - 1.82 (m, 1H), 1.03 (d, /= 6.3 Hz, 3H), 0.83 (d, /= 6.3 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 137.3 (d,J = 4.7 Hz), 133.6 (d, J = 90.8 Hz), 131.4 (d,
J=2.7Hz), 130.5 (d, J=8.6 Hz), 129.6 (d, /= 8.2 Hz), 128.4 (d, /= 10.9 Hz), 128.3
(d, /=29 Hz), 126.5 (d,J=3.3 Hz), 37.7 (d, J=67.1 Hz), 34.7 (d, J = 62.8 Hz), 24.6
(d,J=9.0Hz),24.5 (d,/J=8.3 Hz), 23.5 (d,/J=4.3 Hz), 21.0 (d, J= 1.4 Hz).
3P NMR (162 MHz, CDCl3)  37.8.
HRMS (ESI) m/z calcd. for C19H260P [M + H]" 301.1716, found 301.1726.

(R)-(2-bromo-5-methoxybenzyl)(isobutyl)(phenyl)phosphine oxide (8)

S QN
Ph“f'f OMe

'‘Bu
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-8 (36.4 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 8 as a
colorless oil (30.6 mg, 80% yield, 95% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 11.572 min, tr (minor) = 13.265 min.



[a]y =—30.4 (c 1.0, CHCI).

'"H NMR (400 MHz, CDCl3) § 7.72 — 7.65 (m, 2H), 7.55 — 7.49 (m, 1H), 7.49 — 7.42
(m, 2H), 7.37 (d, J = 8.8 Hz, 1H), 6.96 — 6.93 (m, 1H), 6.66 (ddd, J= 8.8, 3.1, 1.8 Hz,
1H), 3.72 (s, 3H), 3.61 — 3.52 (m, 1H), 3.47 — 3.36 (m, 1H), 2.04 — 1.88 (m, 3H), 1.01
(d, J=6.3 Hz, 3H), 0.83 (d, J = 6.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 158.7 (d, J=2.9 Hz), 133.2 (d, J=2.5 Hz), 133.0 (d, J
=7.3 Hz), 132.5 (d, J=92.8 Hz), 131.6 (d, J=2.8 Hz), 130.7 (d, J= 9.0 Hz), 128.4 (d,
J=11.3 Hz), 116.1 (d, J=4.1 Hz), 115.5 (d, J=2.9 Hz), 115.1 (d, J = 6.7 Hz), 55.4,
39.5(d, J=61.6 Hz), 37.1 (d, J = 68.1 Hz), 24.5 (d, J=9.1 Hz), 24.4 (d, J = 8.7 Hz),
23.4 (d, J=4.3 Hz).

3P NMR (162 MHz, CDCls) § 37.7.

HRMS (ESI) m/z caled. for CisH23BrO2P [M + H]* 381.0614/383.0593, found
381.0610/383.0587.

(R)-(3-chlorobenzyl)(isobutyl)(phenyl)phosphine oxide (9)

9\/@\
P
PR} Cl

'‘Bu
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-9 (26.7 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 9 as a
white solid (24.5 mg, 80% yield, 90% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 16.186 min, tr (minor) = 19.804 min.
[a]y =—19.7 (¢ 1.0, CHCI3).
'"H NMR (400 MHz, CDCl3) § 7.63 — 7.56 (m, 2H), 7.52 (t, J = 7.4 Hz, 1H), 7.48 —
7.42 (m, 2H), 7.21 - 7.11 (m, 2H), 7.02 (d, J = 2.2 Hz, 1H), 7.00 — 6.95 (m, 1H), 3.33
—3.16 (m, 2H), 2.13 - 1.91 (m, 2H), 1.90 — 1.79 (m, 1H), 1.05 (d, J= 6.6 Hz, 3H), 0.88
(d, J=6.5Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 134.1 (d, J=3.0 Hz), 133.8 (d,J= 7.4 Hz), 131.9 (d, J
=93.6 Hz), 131.7 (d, J=2.9 Hz), 130.6 (d, J= 8.8 Hz), 129.7 (d, /= 5.0 Hz), 129.6 (d,
J=2.8Hz), 128.4 (d,/J=11.8 Hz), 127.9 (d,J=4.9 Hz), 126.9 (d, J= 2.9 Hz), 39.5 (d,
J=62.1Hz),36.9 (d,/J=68.7 Hz), 24.5 (d,J=8.5 Hz), 24.4 (d,/=8.0 Hz), 23.4 (d, J
=4.3 Hz).
3P NMR (162 MHz, CDCl3) & 36.6.
HRMS (ESI) m/z calcd. for C17H21CIOP [M + H]" 307.1013, found 307.0999.

(R)-(3-bromobenzyl)(isobutyl)(phenyl)phosphine oxide (10)

9\/©\
Ph“fFf Br

‘Bu



According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-10 (32.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 10 as a
white solid (28.4 mg, 81% yield, 89% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 9.607 min, tr (minor) = 11.156 min.

[a]y =-22.5 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) 6 7.61 — 7.50 (m, 3H), 7.48 — 7.42 (m, 2H), 7.35 — 7.30
(m, 1H), 7.17 - 7.14 (m, 1H), 7.09 (t, /= 7.8 Hz, 1H), 7.05 — 7.00 (m, 1H), 3.30-3.16
(m, 2H), 2.12 — 1.83 (m, 3H), 1.05 (d, J = 6.6 Hz, 3H), 0.88 (d, J= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 134.1 (d, J= 7.7 Hz), 132.6 (d,J= 5.1 Hz), 131.9 (d, J
=93.4 Hz), 131.7 (d, /J=2.8 Hz), 130.6 (d, /= 8.7 Hz), 129.9 (d, /= 2.8 Hz), 129.8 (d,
J=3.1Hz),128.5(d,J=11.4 Hz), 128.4 (d,J=5.0 Hz), 122.3 (d, /= 3.1 Hz), 39.5 (d,
J=61.6 Hz), 36.9 (d, /= 68.6 Hz), 24.5 (d,/=9.2 Hz), 24.4 (d,J=8.5 Hz), 23.4 (d, J
=4.1 Hz).

3P NMR (162 MHz, CDCl3) & 36.5.

HRMS (ESI) m/z calcd. for C17H21BrOP [M + H]" 351.0508, found 351.0504.

(R)-isobutyl(3-methoxybenzyl)(phenyl)phosphine oxide (11)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-11 (26.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 11 as a
slightly yellow solid (25.3 mg, 84% yield, 90% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 10.615 min, tr (minor) = 15.273 min.
[a]y =-27.1 (c 1.0, CHCI5).
'TH NMR (400 MHz, CDCl3) & 7.55 — 7.48 (m, 2H), 7.45 — 7.40 (m, 1H), 7.39 — 7.32
(m, 2H), 7.06 (t, /= 7.9 Hz, 1H), 6.70 — 6.64 (m, 1H), 6.58 (d, /= 7.7 Hz, 1H), 6.52 —
6.47 (m, 1H), 3.61 (s, 3H), 3.25 - 3.12 (m, 2H), 2.04 — 1.83 (m, 2H), 1.81 — 1.71 (m,
1H), 0.97 (d, J= 6.6 Hz, 3H), 0.79 (d, J= 6.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 159.4 (d, J=2.7 Hz), 133.2 (d,J= 7.5 Hz), 132.4 (d, J
=92.7Hz), 131.5(d, J=2.8 Hz), 130.7 (d, J=8.7 Hz), 129.3 (d, /= 2.6 Hz), 128.3 (d,
J=113Hz), 122.1 (d, J=5.1 Hz), 115.0 (d, /= 4.9 Hz), 112.7 (d, J = 3.0 Hz), 55.0,
40.0 (d, J=62.3 Hz), 36.7 (d, /= 68.4 Hz), 24.5 (d, J=9.1 Hz), 24.4 (d, J = 8.6 Hz),
23.4 (d,J=4.1 Hz).
3P NMR (162 MHz, CDCl3) & 37.0.
HRMS (ESI) m/z calcd. for C1sH2402P [M + H]" 303.1508, found 303.1494.



(R)-(benzo[d][1,3]dioxol-5-ylmethyl)(isobutyl)(phenyl)phosphine oxide (12)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-12 (28.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 12 as a
white solid (23.9 mg, 76% yield, 92% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 19.656 min, tr (minor) = 25.004 min.

[a]y =—54.7 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.66 — 7.57 (m, 2H), 7.55 — 7.49 (m, 1H), 7.48 — 7.41
(m, 2H), 6.67 (d, J = 7.9 Hz, 1H), 6.59 (t, J = 1.8 Hz, 1H), 6.50 (dt, J = 8.0, 2.2 Hz,
1H), 5.91 (s, 2H), 3.20 (d, J=13.9 Hz, 2H), 2.11 — 1.89 (m, 2H), 1.87 — 1.76 (m, 1H),
1.04 (d, /= 6.5 Hz, 3H), 0.86 (d, /= 6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 147.6 (d, J=2.6 Hz), 146.4 (d, J= 3.0 Hz), 132.3 (d, J
=929 Hz), 131.5 (d, J=2.8 Hz), 130.7 (d, J = 8.7 Hz), 128.4 (d, J=11.3 Hz), 125.1
(d,J=8.0Hz), 122.9 (d,/J=5.8 Hz), 110.2 (d,/J=4.4 Hz), 108.2 (d, J=2.7 Hz), 100.9,
39.4 (d, J=63.2 Hz), 36.8 (d, /= 68.2 Hz), 24.5 (d, /= 9.1 Hz), 24.4 (d, J = 8.5 Hz),
23.4(d,J=4.1 Hz).

3P NMR (162 MHz, CDCl3) & 37.0.

HRMS (ESI) m/z calcd. for C1sH2203P [M + H]" 317.1301, found 317.1292.

(R)-isobutyl(3-nitrobenzyl)(phenyl)phosphine oxide (13)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-13 (28.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 13 as a
white solid (20.1 mg, 63% yield, 87% ee).
HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 23.629 min, tr (minor) = 30.453 min.
[a] =—25.4 (c 1.0, CHCI3).
'"H NMR (400 MHz, CDCls) & 8.07 — 8.02 (m, 1H), 7.82 (d, J = 2.1 Hz, 1H), 7.63 —
7.56 (m, 2H), 7.55 — 7.43 (m, 4H), 7.40 (t, J= 7.9 Hz, 1H), 3.44 (t, J = 14.5 Hz, 1H),
3.31(dd, J=14.5,12.0 Hz, 1H), 2.15-1.98 (m, 2H), 1.96 — 1.87 (m, 1H), 1.06 (d, J =
6.4 Hz, 3H), 0.90 (d, J = 6.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 148.0 (d, J=2.7 Hz), 136.0 (d, J= 4.4 Hz), 133.9 (d, J
=7.8 Hz), 132.0 (d, J=2.8 Hz), 131.4 (d, /=94.2 Hz), 130.5 (d, /= 8.8 Hz), 129.3 (d,
J=2.5Hz),128.7(d, J=11.5Hz), 124.4 (d,J=5.1 Hz), 121.8 (d, J= 2.8 Hz), 39.4 (d,
J=60.7Hz), 37.4 (d, /= 68.5 Hz), 24.5 (d,J=9.3 Hz), 24.4 (d,J=8.6 Hz), 23.5 (d, J
=4.1 Hz).
3P NMR (162 MHz, CDCl3) & 36.5.



HRMS (ESI) m/z caled. for C17H21NOsP [M + H]" 318.1254, found 318.1247.

methyl (R)-3-((isobutyl(phenyl)phosphoryl)methyl)benzoate (14)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-14 (29.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 14 as a
white solid (19.2 mg, 58% yield, 86% ee).
HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A =230
nm), tr (major) = 16.747 min, tr (minor) = 22.720 min.
[a]y =—24.4 (c 1.0, CHCI3).
'"H NMR (400 MHz, CDCls) & 7.91 — 7.85 (m, 1H), 7.71 (d, J = 2.2 Hz, 1H), 7.62 —
7.55 (m, 2H), 7.54 — 7.48 (m, 1H), 7.47 — 7.40 (m, 2H), 7.33 — 7.29 (m, 2H), 3.88 (s,
3H), 3.39-3.25 (m, 2H), 2.12 - 1.97 (m, 2H), 1.91 — 1.80 (m, 1H), 1.04 (d, J = 6.6 Hz,
3H), 0.87 (d, J= 6.6 Hz, 3H).
13C NMR (100 MHz, CDCls) & 166.8, 134.3 (d, J = 4.6 Hz), 132.3 (d, J = 7.6 Hz),
132.0 (d, J=93.1 Hz), 131.6 (d, J = 2.9 Hz), 130.7 (d, J = 5.2 Hz), 130.6 (d, J = 8.7
Hz), 130.2 (d, /= 2.5 Hz), 128.5 (d, /= 2.4 Hz), 128.5 (d, J=11.2 Hz), 128.0 (d, J =
2.8 Hz), 52.1,39.6 (d, /J=61.8 Hz), 36.9 (d, J = 68.4 Hz), 24.5 (d, /J=9.1 Hz), 24.4 (d,
J=8.5Hz),23.4(d,/J=4.2 Hz).
3P NMR (162 MHz, CDCl3) & 36.8.
HRMS (ESI) m/z calcd. for C19H2403P [M + H]" 331.1458, found 331.1455.

(R)-(3,5-dimethylbenzyl)(isobutyl)(phenyl)phosphine oxide (15)
Me
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-15 (25.9 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 15 as a
white solid (26.1 mg, 87% yield, 91% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 10.860 min, tr (minor) = 13.671 min.
[a]y =-16.1 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.62 — 7.55 (m, 2H), 7.53 — 7.47 (m, 1H), 7.46 — 7.40
(m, 2H), 6.83 (s, 1H), 6.65 (t, J = 2.3 Hz, 2H), 3.29 — 3.11 (m, 2H), 2.21 (s, 6H), 2.11
—1.99 (m, 1H), 1.98 — 1.88 (m, 1H), 1.85 - 1.75 (m, 1H), 1.03 (d, J= 6.6 Hz, 3H), 0.86
(d, J=6.6 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 137.8 (d, J = 2.6 Hz), 132.6 (d, J=92.3 Hz), 131.5 (d,
J=17.5Hz),131.4 (d,J=2.8 Hz), 130.8 (d, /J=8.6 Hz), 128.3 (d,/=3.1 Hz), 128.2 (d,



J=11.3Hz), 127.7 (d, J= 5.0 Hz), 39.8 (d, J= 62.7 Hz), 36.5 (d, J= 68.3 Hz), 24.5 (d,
J=8.8Hz),24.4 (d,J=28.6 Hz), 23.4 (d, J= 4.2 Hz), 21.1.

3P NMR (162 MHz, CDCl3) & 37.1.

HRMS (ESI) m/z caled. for CioH260P [M + H]* 301.1716, found 301.1725.

(R)-(3,5-di-tert-butylbenzyl)(isobutyl)(phenyl)phosphine oxide (16)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-16 (36.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 16 as a
white solid (32.7 mg, 85% yield, 90% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 6.880 min, tr (minor) = 9.300 min.
[a]y =—14.8 (¢ 1.0, CHCI3).
'"H NMR (400 MHz, CDCl3) 6 7.52 — 7.43 (m, 3H), 7.42 — 7.35 (m, 2H), 7.24 — 7.20
(m, 1H), 6.78 (t, J=2.1 Hz, 2H), 3.39 - 3.21 (m, 2H), 2.17 - 2.05 (m, 1H), 2.04 — 1.93
(m, 1H), 1.89 — 1.78 (m, 1H), 1.22 (s, 18H), 1.06 (d, J = 6.6 Hz, 3H), 0.89 (d, /= 6.6
Hz, 3H).
13C NMR (100 MHz, CDCl3) & 150.6 (d,J = 2.7 Hz), 132.4 (d, J=92.7 Hz), 131.3 (d,
J=2.8 Hz), 130.8 (d, /= 8.5 Hz), 130.7 (d,J=7.9 Hz), 128.2 (d, /= 11.2 Hz), 124.2
(d, /=49 Hz), 120.4 (d,J=3.2 Hz), 40.4 (d, /= 62.4 Hz), 36.4 (d, /= 68.0 Hz), 34.6,
31.3,24.6 (d,J=8.9 Hz), 24.5 (d, J=8.5 Hz), 23.4 (d, J=4.1 Hz).
3P NMR (162 MHz, CDCl3) § 37.5.
HRMS (ESI) m/z calcd. for C25sH3sOP [M + H]" 385.2655, found 385.2660.

(R)-(4-chlorobenzyl)(isobutyl)(phenyl)phosphine oxide (17)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-17 (26.7 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 17 as a
white solid (25.5 mg, 83% yield, 90% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 9.471 min, tr (minor) = 12.397 min.
[a] =—33.4. (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.62 — 7.55 (m, 2H), 7.54 — 7.48 (m, 1H), 7.47 — 7.40
(m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 6.99 (dd, J = 8.5, 2.2 Hz, 2H), 3.32 — 3.16 (m, 2H),



2.11 - 1.99 (m, 1H), 1.98 — 1.78 (m, 2H), 1.04 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.6 Hz,
3H).

13C NMR (100 MHz, CDCl3) § 132.7 (d, J = 3.7 Hz), 132.0 (d, J= 93.0 Hz), 131.6 (d,
J=2.9Hz), 131.0 (d,J=4.9 Hz), 130.6 (d, J= 8.7 Hz), 130.3 (d, J= 7.8 Hz), 128.5 (d,
J=2.6Hz), 128.4 (d,J=11.3 Hz), 39.1 (d, J = 62.2 Hz), 37.0 (d, J = 68.4 Hz), 24.5 (d,
J=9.0 Hz), 24.4 (d, J= 8.5 Hz), 23.4 (d, J = 4.1 Hz).

3P NMR (162 MHz, CDCl3) & 36.6.

HRMS (ESI) m/z caled. for C17H21CIOP [M + H]* 307.1013, found 307.1011.

(R)-(4-bromobenzyl)(isobutyl)(phenyl)phosphine oxide (18)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-18 (32.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 18 as a
white solid (26.6 mg, 76% yield, 92% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 230
nm), tr (major) = 17.446 min, tr (minor) = 23.486 min.

[a]y =-25.2 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.62 — 7.55 (m, 2H), 7.54 — 7.48 (m, 1H), 7.47 — 7.41
(m, 2H), 7.33 (d, J = 8.3 Hz, 2H), 6.94 (dd, J = 8.5, 2.2 Hz, 2H), 3.31 — 3.15 (m, 2H),
2.12-1.78 (m, 3H), 1.04 (d, /= 6.6 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 132.0 (d,J = 93.0 Hz), 131.6 (d, J = 2.8 Hz), 131.5 (d,
J=2.6 Hz), 131.4 (d,J=5.0 Hz), 130.8 (d,J=7.7 Hz), 130.6 (d, J= 8.7 Hz), 128.4 (d,
J=11.3 Hz), 120.8 (d, /= 3.8 Hz), 39.2 (d, /= 62.0 Hz), 37.0 (d, /= 68.4 Hz), 24.5 (d,
J=9.1 Hz),24.4 (d, J=8.6 Hz), 23.4 (d, /= 4.2 Hz).

3P NMR (162 MHz, CDCl3) & 36.5.

HRMS (ESI) m/z calcd. for C17H21BrOP [M + H]" 351.0508, found 351.0507.

(R)-(4-(tert-butyl)benzyl)(isobutyl)(phenyl)phosphine oxide (19)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-19 (29.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 19 as a
white solid (25.8 mg, 79% yield, 92% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 10.944 min, tr (minor) = 14.140 min.

[a]y =-27.7 (c 1.0, CHCI3).



'H NMR (400 MHz, CDCl3) & 7.64 — 7.56 (m, 2H), 7.53 — 7.47 (m, 1H), 7.46 — 7.39
(m, 2H), 7.25 (d, J = 8.1 Hz, 2H), 7.01 (dd, J = 8.3, 2.3 Hz, 2H), 3.34 — 3.16 (m, 2H),
2.10 — 1.89 (m, 2H), 1.87 — 1.75 (m, 1H), 1.28 (s, 9H), 1.02 (d, J = 6.4 Hz, 3H), 0.84
(d, J= 6.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 149.6 (d, J = 3.3 Hz), 132.6 (d, J=92.1 Hz), 131.4 (d,
J=2.8Hz), 130.7 (d,J=8.7 Hz), 129.4 (d, J= 4.9 Hz), 128.6 (d, J= 7.7 Hz), 128.3 (d,
J=11.2 Hz), 125.4 (d, J= 2.7 Hz), 39.3 (d, J= 63.1 Hz), 36.8 (d, J = 68.2 Hz), 34.3,
31.3,24.5 (d, J=9.0 Hz), 24.4 (d, J= 8.5 Hz), 23.4 (d, J = 4.1 Hz).

3P NMR (162 MHz, CDCl3) & 37.0.

HRMS (ESI) m/z caled. for C21H300P [M + H]* 329.2029, found 329.2023.

(R)-isobutyl(phenyl)(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y)benzyl)phosphine oxide (20)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-20 (38.6 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 20 as a
white solid (29.0 mg, 73% yield, 93% ee).

HPLC analysis: Chiralpak IG (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 230
nm), tr (minor) = 48.736 min, tr (major) = 51.710 min.

[a]y =—43.6 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCls) & 7.66 (d, J = 7.7 Hz, 2H), 7.60 — 7.53 (m, 2H), 7.52 —
7.46 (m, 1H), 7.45 — 7.38 (m, 2H), 7.06 (dd, J = 8.1, 2.1 Hz, 2H), 3.40 — 3.24 (m, 2H),
2.12 -1.88 (m, 2H), 1.86 — 1.75 (m, 1H), 1.33 (s, 12H), 1.03 (d, J = 6.6 Hz, 3H), 0.85
(d, J=6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 135.0 (d, J= 7.5 Hz), 134.8 (d, J= 2.6 Hz), 132.1 (d, J
=93.9 Hz), 131.5 (d, J=2.6 Hz), 130.7 (d, /= 8.7 Hz), 129.2 (d, /= 5.0 Hz), 128.3 (d,
J=11.3 Hz), 83.7,40.2 (d, J=61.6 Hz), 36.6 (d, /= 68.4 Hz), 24.8, 24.7,24.5 (d, J =
9.4 Hz),24.4 (d,J=8.2 Hz), 23.3 (d,/J=4.1 Hz).

3P NMR (162 MHz, CDCl3) 8 37.0.

HRMS (ESI) m/z calcd. for C23H33BO3P [M + H]" 399.2255, found 399.2251.

(R)-(4-(benzyloxy)benzyl)(isobutyl)(phenyl)phosphine oxide (21)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-21 (36.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 21 as a
white solid (26.8 mg, 71% yield, 92% ee).



HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
220 nm), tr (major) = 14.450 min, tr (minor) = 19.382 min.

[a]s =-30.5 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.61 — 7.54 (m, 2H), 7.52 — 7.46 (m, 1H), 7.45 — 7.28
(m, 7H), 6.97 (dd, J = 8.7, 2.3 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 5.01 (s, 2H), 3.29 —
3.14 (m, 2H), 2.11 — 1.87 (m, 2H), 1.86 — 1.75 (m, 1H), 1.03 (d, /= 6.6 Hz, 3H), 0.85
(d, J=6.6 Hz, 3H).

13C NMR (100 MHz, CDCls) & 157.6 (d, J = 3.0 Hz), 136.8, 132.4 (d, J = 92.2 Hz),
131.4 (d, J=2.7 Hz), 130.7 (d, /= 5.2 Hz), 130.6 (d, J = 8.9 Hz), 128.5, 128.3 (d, J =
11.1 Hz), 127.9, 127.4, 1239 (d, J= 7.7 Hz), 114.8 (d, J = 2.6 Hz), 69.9, 38.8 (d, J =
63.5 Hz), 36.7 (d, J = 68.1 Hz), 24.5 (d, /= 9.0 Hz), 24.4 (d, /= 8.6 Hz), 23.3 (d, J =
4.1 Hz).

3P NMR (162 MHz, CDCl3)  37.2.

HRMS (ESI) m/z calcd. for C24H2802P [M + H]" 379.1821, found 379.1819.

(R)-isobutyl(phenyl)(4-(trifluoromethoxy)benzyl)phosphine oxide (22)

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-22 (33.2 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 22 as a
white solid (29.1 mg, 82% yield, 90% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 11.064 min, tr (minor) = 15.056 min.

[a]y =-21.1(c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.63 — 7.55 (m, 2H), 7.54 — 7.48 (m, 1H), 7.47 — 7.40
(m, 2H), 7.13 —7.03 (m, 4H), 3.37 - 3.18 (m, 2H), 2.12 - 1.99 (m, 1H), 1.99 — 1.81 (m,
2H), 1.05 (d, J = 6.6 Hz, 3H), 0.87 (d, J= 6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 148.0 (d,J = 1.7 Hz), 131.9 (d, J = 93.1 Hz), 131.7 (d,
J=2.7Hz),131.0 (d,J=4.8 Hz), 130.6 (d,J=7.1 Hz), 130.5 (d, /= 8.8 Hz), 128.5 (d,
J=11.4Hz), 120.9 (d, J= 2.5 Hz), 120.3 (q, J = 257.1 Hz), 39.0 (d, /= 62.1 Hz), 37.1
(d, J=68.4 Hz), 24.5 (d, J=9.5 Hz), 24.4 (d, J= 8.8 Hz), 23.4 (d, /= 4.1 Hz).

3P NMR (162 MHz, CDCl3) & 36.6.

YF NMR (376 MHz, CDCls) § —57.9.

HRMS (ESI) m/z calcd. for CisH21F302P [M + H]" 357.1226, found 357.1220.

(R)-4-((isobutyl(phenyl)phosphoryl)methyl)phenyl acetate (23)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-23 (29.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 23 as a
white solid (22.9 mg, 69% yield, 95% ee).

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
220 nm), tr (major) = 14.544 min, tr (minor) = 20.332 min.

[a]y =—26.8 (¢ 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.62 — 7.55 (m, 2H), 7.54 — 7.48 (m, 1H), 7.47 — 7.40
(m, 2H), 7.07 (dd, J = 8.6, 2.2 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 3.28 (d, /= 14.1 Hz,
2H), 2.27 (s, 3H), 2.13 — 1.90 (m, 2H), 1.89 — 1.78 (m, 1H), 1.04 (d, J = 6.5 Hz, 3H),
0.86 (d, /= 6.5 Hz, 3H).

13C NMR (100 MHz, CDCls) & 169.4, 149.5 (d, J = 3.4 Hz), 132.0 (d, J = 93.4 Hz),
131.6 (d,J=2.6 Hz), 130.7 (d, J=9.0 Hz), 130.6 (d,/=4.9 Hz), 129.4 (d, /= 7.4 Hz),
128.4 (d, J=11.3 Hz), 121.6 (d, J = 2.8 Hz), 39.2 (d, J = 62.3 Hz), 36.9 (d, J = 68.5
Hz),24.5(d,J=9.1 Hz), 24.4 (d,J=8.6 Hz), 23.4 (d,J=4.1 Hz), 21.1.

3P NMR (162 MHz, CDCl3) & 37.0.

HRMS (ESI) m/z calcd. for C19H2403P [M + H]" 331.1458, found 331.1460.

(R)-isobutyl(phenyl)(4-(trifluoromethyl)benzyl)phosphine oxide (24)

CF
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-24 (31.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 24 as a
white solid (25.8 mg, 76% yield, 90% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 7.555 min, tr (minor) = 10.216 min.
[a]y =-16.7 (c 1.0, CHCI5).
'"H NMR (400 MHz, CDCl3) § 7.63 — 7.56 (m, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.49 —
7.41 (m, 4H), 7.18 (d, J = 7.9 Hz, 2H), 3.42 — 3.24 (m, 2H), 2.13 — 1.99 (m, 1H), 1.98
—1.82 (m, 2H), 1.05 (d, /= 6.5 Hz, 3H), 0.87 (d, /= 6.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 136.0 (d,J = 8.0 Hz), 131.9 (d, J = 93.5 Hz), 131.8 (d,
J=2.8Hz), 130.6 (d, /= 8.9 Hz), 130.0 (d, /=4.9 Hz), 129.0 (qd, J = 32.7, 3.4 Hz),
128.6 (d, J=11.4 Hz), 125.3 (dq, /= 3.3, 6.9 Hz), 124.1 (qd, J=271.8, 1.4 Hz), 39.7
(d, J=61.1 Hz), 37.2 (d, J = 68.5 Hz), 24.5 (d, /= 9.5 Hz), 24.4 (d, /= 8.7 Hz), 23.5
(d, J=4.1 Hz).
3P NMR (162 MHz, CDCl3) & 36.6.
F NMR (376 MHz, CDCl3) § —62.5 (d, J= 2.0 Hz).
HRMS (ESI) m/z caled. for C1sH21F3OP [M + H]" 341.1277, found 341.1260.



(R)-4-((isobutyl(phenyl)phosphoryl)methyl)benzonitrile (25)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-25 (25.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 25 as a
white solid (19.2 mg, 65% yield, 92% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =230
nm), tr (minor) = 33.951 min, tr (major) = 38.534 min.

[a]y =—131.3 (c 1.0, CHCl3).

'"H NMR (400 MHz, CDCl3) 6 7.64 — 7.41 (m, 7H), 7.23 — 7.12 (m, 2H), 3.48 — 3.20
(m, 2H), 2.14 — 1.83 (m, 1H), 1.06 (d, J = 6.4 Hz, 3H), 0.89 (d, J = 6.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 137.6 (d, J= 8.0 Hz), 132.0 (d, J= 2.6 Hz), 131.9 (d, J
=2.8Hz), 131.5(d,/=93.7 Hz), 130.5 (d, /= 8.6 Hz), 130.4 (d, /J=4.5 Hz), 128.6 (d,
J=11.6 Hz), 118.7 (d,J=1.7 Hz), 110.6 (d, /= 3.3 Hz), 40.0 (d, /= 60.1 Hz), 37.5 (d,
J=68.6 Hz), 24.5 (d,J=9.3 Hz), 24.4 (d, /= 8.5 Hz), 23.5 (d, /= 4.2 Hz).

3P NMR (162 MHz, CDCl3) § 36.4.

HRMS (ESI) m/z caled. for C1sH21NOP [M + H]" 298.1355, found 298.1353.

(R)-isobutyl(4-(methylsulfonyl)benzyl)(phenyl)phosphine oxide (26)

\\ ‘

‘Bu

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-26 (32.4 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 26 as a
white solid (23.6 mg, 67% yield, 91% ee).

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, A =
230 nm), tr (major) = 25.888 min, tr (minor) = 30.733 min.

[a]y =-23.1(c 1.0, CHCI3).

'"H NMR (400 MHz, CDCls) & 7.78 (d, J = 8.2 Hz, 2H), 7.65 — 7.58 (m, 2H), 7.56 —
7.50 (m, 1H), 7.49 — 7.42 (m, 2H), 7.28 (dd, J = 8.5, 2.1 Hz, 2H), 3.47 — 3.26 (m, 2H),
3.02 (s, 3H), 2.11 — 2.01 (m, 1H), 1.99 — 1.85 (m, 2H), 1.05 (d, J = 6.5 Hz, 3H), 0.88
(d, J=6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 138.8 (d, J=3.3 Hz), 138.5 (d,J= 7.8 Hz), 131.9 (d, J
=2.7Hz), 131.5(d,/J=94.0 Hz), 130.6 (d, /= 4.7 Hz), 130.5 (d, /= 9.0 Hz), 128.6 (d,
J=11.4Hz), 1274 (d,J=2.5 Hz), 44.4,39.7 (d, J= 60.1 Hz), 37.5 (d, J = 68.6 Hz),
24.5(d,J=9.4Hz),24.4 (d,/J=8.4 Hz),23.5(d,J=4.1 Hz).

3P NMR (162 MHz, CDCl3) § 36.4.

HRMS (ESI) m/z calcd. for C1sH2403PS [M + H]" 351.1178, found 351.1176.



(R)-(4-(1H-pyrazol-1-yl)benzyl)(isobutyl)(phenyl)phosphine oxide (27)
SO
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-27 (30.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 27 as a
white solid (28.4 mg, 84% yield, 95% ee).
HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 18.285 min, tr (minor) = 26.444 min.
[a]y =—45.5 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.88 (d, J = 2.5 Hz, 1H), 7.70 (d, J= 1.7 Hz, 1H), 7.64
—7.53 (m, 4H), 7.53 - 7.48 (m, 1H),7.47 —7.41 (m, 2H), 7.15 (dd, /= 8.7, 2.2 Hz, 2H),
6.45 (t,J=2.1 Hz, 1H), 3.38 —3.23 (m, 2H), 2.13 - 1.91 (m, 2H), 1.90 — 1.81 (m, 1H),
1.05 (d, J=6.5 Hz, 3H), 0.87 (d, J= 6.5 Hz, 3H).
13C NMR (100 MHz, CDCls) & 141.0, 138.9 (d, J = 3.3 Hz), 132.0 (d, J = 92.5 Hz),
131.6 (d, J=2.8 Hz), 130.7 (d, J=4.6 Hz) 130.6 (d, /= 8.4 Hz), 130.0 (d, J=7.9 Hz),
128.4 (d, J=11.3 Hz), 126.6, 119.1 (d, J = 2.7 Hz), 107.5, 39.2 (d, J = 62.4 Hz), 37.0
(d, J=68.3 Hz),24.5(d, J=9.1 Hz), 24.4 (d, /= 8.5 Hz), 23.4 (d, /= 4.2 Hz).
3P NMR (162 MHz, CDCl3) & 36.8.
HRMS (ESI) m/z calcd. for C20H24N20P [M + H]" 339.1621, found 339.1617.

(R)-isobutyl(naphthalen-1-ylmethyl)(phenyl)phosphine oxide (28)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-28 (28.7 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 28 as a
white solid (27.0 mg, 84% yield, 91% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 9.276 min, tr (minor) = 13.709 min.

[a]s =—30.6 (c 1.0, CHCI5).

'TH NMR (400 MHz, CDCls) 6 7.88 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.72
(d,/=8.0 Hz, 1H), 7.58 — 7.50 (m, 2H), 7.46 — 7.38 (m, 3H), 7.37 — 7.30 (m, 3H), 7.27
—7.23 (m, 1H), 3.85 - 3.67 (m, 2H), 2.06 — 1.91 (m, 2H), 1.90 — 1.79 (m, 1H), 0.98 (d,
J=6.2 Hz, 3H), 0.81 (d, /= 6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 133.7 (d, J = 2.2 Hz), 132.4 (d, J = 92.1 Hz), 132.0 (d,
J=39Hz), 131.4 (d, J=2.8 Hz), 130.6 (d, /= 8.7 Hz), 128.5 (d, /= 8.5 Hz), 128.4,
128.3 (d,/J=4.1 Hz), 128.2 (d, /= 11.0 Hz), 127.5 (d, J= 3.6 Hz), 125.9, 125.6, 125.1
(d,/=3.3 Hz), 124.1 (d,J= 1.4 Hz), 36.9 (d, /= 62.4 Hz), 36.8 (d, J = 68.2 Hz), 24.5
(d,/=9.1 Hz), 24.4 (d, /= 8.4 Hz), 23.4 (d, /J=4.1 Hz).



3P NMR (162 MHz, CDCl3) 8 37.5.
HRMS (ESI) m/z calcd. for C21H240P [M + H]" 323.1559, found 323.1545.

(R)-isobutyl(naphthalen-2-ylmethyl)(phenyl)phosphine oxide (29)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-29 (28.7 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 29 as a
white solid (27.9 mg, 87% yield, 90% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 11.130 min, tr (minor) = 15.020 min.
[a] =-39.4 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.81 — 7.75 (m, 1H), 7.73 — 7.67 (m, 2H), 7.64 — 7.55
(m, 2H), 7.54 —7.46 (m, 2H), 7.46 — 7.37 (m, 4H), 7.19 (d, /= 8.6 Hz, 1H), 3.52 —3.36
(m, 2H), 2.13 - 1.91 (m, 2H), 1.90 — 1.79 (m, 1H), 1.03 (d, J = 6.5 Hz, 3H), 0.85 (d, J
=6.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 133.3 (d,J = 2.7 Hz), 132.3 (d, J = 92.6 Hz), 132.1 (d,
J=2.2Hz),131.5(d,J=2.7Hz), 130.7 (d, J=8.6 Hz), 129.4 (d, J="7.7 Hz), 128.5 (d,
J=6.5Hz), 128.3 (d, J=11.2 Hz), 128.0 (d, J=2.2 Hz), 127.9 (d, J=3.8 Hz), 127.5
(d,J=1.4Hz),127.4(d,J=1.3 Hz), 126.0, 125.6 (d, /= 1.2 Hz), 40.1 (d, /= 62.3 Hz),
36.8 (d,J=68.3 Hz), 24.5 (d,J=9.1 Hz), 24.4 (d, J=8.5 Hz), 23.4 (d, /= 4.1 Hz).
3P NMR (162 MHz, CDCl3) & 37.0.
HRMS (ESI) m/z calcd. for C21H240P [M + H]" 323.1559, found 323.1557.

(1R,1'R)-(1,3-phenylenebis(methylene))bis(isobutyl(phenyl)phosphine oxide) (30)

Bu Ph
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According to the general procedure B, substrates A-1 (43.7 mg, 0.24 mmol, 2.4 equiv)
and B-30 (26.4 mg, 0.10 mmol, 1.0 equiv) were employed to yield the product 30 as a
white solid (29.7 mg, 64% yield, 99% ee, >20:1 dr as determined by 3'P NMR analysis
of the isolated product).

HPLC analysis: Chiralpak IF (hexane/i-PrOH = 75/25, flow rate 1.0 mL/min, A = 220
nm), tr (major) =21.494 min, tr (meso-) = 27.416 min, tr (minor) = 34.849 min.

[a] =—165.5 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.61 — 7.52 (m, 4H), 7.51 — 7.46 (m, 2H), 7.45 — 7.38
(m, 4H), 7.08 — 7.02 (m, 1H), 6.97 — 6.86 (m, 3H), 3.21 (d, J = 14.0 Hz, 4H), 2.06 —
1.95 (m, 2H), 1.94 — 1.76 (m, 4H), 1.05 — 0.99 (m, 6H), 0.88 — 0.82 (m, 6H).

3C NMR (100 MHz, CDCl3) § 132.3 (d,J=92.7 Hz), 132.1 - 131.9 (m), 131.6 — 131.3
(m), 131.3 —131.1 (m), 130.6 (d, /= 8.4 Hz), 128.6 — 128.4 (m), 128.3 (d, /= 3.3 Hz),



128.2 — 128.1 (m), 39.6 (d, J = 62.4 Hz), 36.9 (d, J = 68.4 Hz), 24.5 (d, J= 9.1 Hz),
24.4(d, J= 8.4 Hz), 23.4 (d, J= 4.0 Hz), 23.3 (d, J = 3.9 Hz).

3P NMR (162 MHz, CDCl3) & 37.0.

HRMS (ESI) m/z caled. for CasH3702P> [M + H]* 467.2263, found 467.2261.

(1R,1'R)-(1,4-phenylenebis(methylene))bis(isobutyl(phenyl)phosphine oxide) (31)
Ph
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According to the general procedure B, substrates A-1 (43.7 mg, 0.24 mmol, 2.4 equiv)
and B-31 (26.4 mg, 0.10 mmol, 1.0 equiv) were employed to yield the product 31 as a
white solid (26.7 mg, 57% yield, 99% ee, 15:1 dr as determined by *'P NMR analysis
of the isolated product).

HPLC analysis: Chiralpak IF (hexane/i-PrOH = 75/25, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 31.583 min, tr (meso-) = 40.411 min, tr (minor) = 51.648 min.

[a]y =—114.6 (¢ 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) & 7.58 — 7.47 (m, 6H), 7.45 — 7.38 (m, 4H), 6.95 — 6.89
(m, 4H), 3.23 (d, J = 13.7 Hz, 4H), 2.08 — 1.98 (m, 2H), 1.94 — 1.86 (m, 2H), 1.83 —
1.74 (m, 2H), 1.03 (d, /= 6.6 Hz, 6H), 0.85 (d, J = 6.5 Hz, 6H).

13C NMR (100 MHz, CDCl3) 6 131.6 — 131.5 (m), 130.7 (d, J = 8.5 Hz), 130.4 — 130.2
(m), 130.0 — 129.8 (m), 128.4 (d, J=11.1 Hz), 39.41 (d, J=62.3 Hz), 36.8 (d,J=67.8
Hz), 24.5 (d,J=9.4 Hz), 24.4 (d,J=9.0 Hz), 23.4 (d, /= 4.0 Hz).

3P NMR (162 MHz, CDCl3) & 37.0.

HRMS (ESI) m/z calcd. for C2sH3702P2 [M + H]™ 467.2263, found 467.2262.

(R)-isobutyl(phenyl)((5-(trifluoromethyl)furan-2-ylymethyl)phosphine oxide (32)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-32 (29.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 32 as a
white solid (26.9 mg, 82% yield, 90% ee).

HPLC analysis: Chiralpak IF (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 19.164 min, tr (minor) = 21.507 min.

[a]y =—83.3 (c 1.0, CHCl).

'"H NMR (400 MHz, CDCl3) 8 7.63 — 7.51 (m, 3H), 7.50 — 7.42 (m, 2H), 6.68 (d, J =
3.3 Hz, 1H), 6.23 — 6.13 (m, 1H), 3.50 — 3.31 (m, 2H), 2.18 — 1.99 (m, 2H), 1.98 — 1.87
(m, 1H), 1.08 (d, /= 6.5 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 149.4 (dq,J=7.9, 1.4 Hz), 141.0 (qd, J=42.8, 3.1 Hz),
132.0 (d, J=2.7 Hz), 131.7 (d, /= 94.7 Hz), 130.4 (d, /= 8.9 Hz), 128.6 (d, /= 11.6



Hz), 118.9 (qd, J = 266.7, 0.9 Hz), 112.9 (dq, J = 5.6, 2.7 Hz), 109.5 (d, J = 5.9 Hz),
37.4 (d, J= 68.7 Hz), 32.7 (d, J = 62.8 Hz), 24.5 (d, J = 9.2 Hz), 24.4 (d, J = 8.8 Hz),
23.5(d, J=4.1 Hz).

3P NMR (162 MHz, CDCl3) § 35.2.

1F NMR (376 MHz, CDCls) § —64.1 (d, J=2.5 Hz).

HRMS (ESI) m/z caled. for Ci6H19F302P [M + H]" 331.1069, found 331.1069.

(R)-(benzofuran-2-ylmethyl)(isobutyl)(phenyl)phosphine oxide (33)

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-33 (27.4 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 33 as a
white solid (23.0 mg, 74% yield, 81% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 16.851 min, tr (minor) = 19.979 min.

[a]y =—54.7 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.67 — 7.59 (m, 2H), 7.55 — 7.49 (m, 1H), 7.49 — 7.37
(m, 4H), 7.26 — 7.16 (m, 2H), 6.46 (dd, J= 3.5, 0.9 Hz, 1H), 3.62 —3.41 (m, 2H), 2.17
—2.05 (m, 2H), 1.99 — 1.89 (m, 1H), 1.07 (d, J= 6.1 Hz, 3H), 0.90 (d, /= 6.4 Hz, 3H).
13C NMR (100 MHz, CDCls) & 154.7, 149.3 (d, J = 8.5 Hz), 132.1 (d, J = 94.2 Hz),
131.8 (d, J=2.8 Hz), 130.6 (d, J = 8.9 Hz), 128.6 (d, /= 2.5 Hz), 128.5(d, /=114
Hz), 123.8, 122.8, 120.6, 110.8, 105.7 (d, /= 6.9 Hz), 37.4 (d, J = 68.6 Hz), 33.4 (d, J
=63.0 Hz), 24.6 (d, J=9.2 Hz), 24.5 (d, J = 8.8 Hz), 23.5 (d, J = 4.1 Hz).

3P NMR (162 MHz, CDCl3) & 35.6.

HRMS (ESI) m/z calcd. for C19H2202P [M + H]" 313.1352, found 313.1349.

(R)-(benzofuran-3-ylmethyl)(isobutyl)(phenyl)phosphine oxide (34)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-34 (27.4 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 34 as a
white solid (25.5 mg, 82% yield, 90% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 7.172 min, tr (minor) = 10.040 min.

[a]y =-37.1(c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.71 — 7.62 (m, 2H), 7.53 — 7.46 (m, 2H), 7.45 — 7.34
(m, 4H), 7.29 — 7.22 (m, 1H), 7.19 - 7.13 (m, 1H), 3.40 — 3.23 (m, 2H), 2.13 — 1.96 (m,
2H), 1.94 — 1.83 (m, 1H), 1.04 (d, J= 6.4 Hz, 3H), 0.86 (d, /= 6.4 Hz, 3H).



13C NMR (100 MHz, CDCls) § 154.8, 143.1 (d, J = 7.4 Hz), 132.2 (d, J = 93.2 Hz),
131.7 (d, J = 2.8 Hz), 130.6 (d, J = 8.6 Hz), 128.5 (d, /= 11.3 Hz), 127.7 (d, J = 4.0
Hz), 124.3,122.5, 119.5, 111.3, 110.7 (d, J= 7.9 Hz), 37.1 (d, J = 68.4 Hz), 27.5 (d, J
= 66.0 Hz), 24.5 (d, J=9.1 Hz), 24.4 (d, J = 8.7 Hz), 23.5 (d, J = 4.2 Hz).

3P NMR (162 MHz, CDCl3) & 37.0.

HRMS (ESI) m/z caled. for C1oH220:P [M + H]* 313.1352, found 313.1348.

(R)-isobutyl(phenyl)(thiophen-3-ylmethyl)phosphine oxide (35)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-35 (23.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 35 as a
white solid (22.6 mg, 81% yield, 88% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 11.744 min, tr (minor) = 13.643 min.
[a]y =—62.3 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.64 — 7.56 (m, 2H), 7.54 — 7.48 (m, 1H), 7.47 — 7.40
(m, 2H), 7.21 (dd, J = 4.9, 3.1 Hz, 1H), 6.93 (d, J = 3.1 Hz, 1H), 6.83 (d, J=4.9 Hz,
1H), 3.41 —3.25 (m, 2H), 2.13 — 1.89 (m, 2H), 1.88 — 1.77 (m, 1H), 1.04 (d, J= 6.6 Hz,
3H), 0.87 (d, J= 6.6 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 132.4 (d,J = 92.4 Hz), 131.5 (d, J = 2.7 Hz), 131.1 (d,
J=17.5Hz), 130.6 (d, /= 8.6 Hz), 129.0 (d, /= 3.3 Hz), 128.4 (d, J=11.2 Hz), 125.6
(d,/J=1.6 Hz), 123.0 (d, J= 7.2 Hz), 36.9 (d, J= 68.5 Hz), 34.3 (d, J = 64.4 Hz), 24.5
(d,/=9.1 Hz), 24.4 (d, /= 8.8 Hz), 23.4 (d, /J=4.1 Hz).
3P NMR (162 MHz, CDCl3) & 36.5.
HRMS (ESI) m/z calcd. for C1sH200PS [M + H]" 279.0967, found 279.0954.

(R)-(benzo[b]thiophen-2-ylmethyl)(isobutyl)(phenyl)phosphine oxide (36)

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-36 (29.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 36 as a
white solid (23.5 mg, 72% yield, 85% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =220
nm), tr (major) = 8.768 min, tr (minor) = 11.083 min.

[a]y =—76.4 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.75 — 7.61 (m, 4H), 7.56 — 7.49 (m, 1H), 7.49 — 7.41
(m, 2H), 7.33 = 7.22 (m, 2H), 7.04 (dd, J = 3.2, 0.9 Hz, 1H), 3.57 (d, /= 13.9 Hz, 2H),



2.15-2.01 (m, 2H), 1.96 — 1.86 (m, 1H), 1.06 (d, J = 6.2 Hz, 3H), 0.89 (d, J = 6.3 Hz,
3H).

13C NMR (100 MHz, CDCl3) § 139.9 (d, J=2.8 Hz), 139.7 (d, J= 1.6 Hz), 133.7 (d, J
=8.6 Hz), 131.9 (d, J=93.7 Hz), 131.8 (d, J= 2.9 Hz), 130.7 (d, J = 8.8 Hz), 128.5 (d,
J=11.5Hz), 124.2, 124.1 (d,J= 7.1 Hz), 123.9 (d, J= 1.1 Hz), 123.1 (d, J = 1.1 Hz),
121.9 (d, J=0.7 Hz), 37.0 (d, J = 68.6 Hz), 34.8 (d, J = 63.4 Hz), 24.5 (d, /= 9.2 Hz),
24.4(d, J= 8.5 Hz), 23.5 (d, J= 4.1 Hz).

3P NMR (162 MHz, CDCl3) & 36.0.

HRMS (ESI) m/z caled. for C1oH220PS [M + H]* 329.1123, found 329.1121.

(R)-(benzo[b]thiophen-3-ylmethyl)(isobutyl)(phenyl)phosphine oxide (37)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-37 (29.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 37 as a
white solid (25.7 mg, 78% yield, 88% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =220
nm), tr (major) = 7.464 min, tr (minor) = 10.499 min.

[a]y =-98.5 (c 1.0, CHCl3).

'"H NMR (400 MHz, CDCl3) 6 7.85 — 7.77 (m, 1H), 7.65 — 7.55 (m, 3H), 7.49 — 7.43
(m, 1H), 7.41 —7.35 (m, 2H), 7.33 - 7.27 (m, 2H), 7.20 (d, /= 3.4 Hz, 1H), 3.62 — 3.46
(m, 2H), 2.12 — 1.94 (m, 2H), 1.92 — 1.81 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H), 0.84 (d, J
= 6.4 Hz, 3H).

13C NMR (100 MHz, CDCls) & 139.8, 138.7 (d, J = 3.8 Hz), 132.3 (d, J = 93.0 Hz),
131.6 (d, J=2.8 Hz), 130.6 (d, J = 8.7 Hz), 128.4 (d, /= 11.3 Hz), 126.0 (d, J = 7.7
Hz), 124.6 (d, J=7.2 Hz), 124.3, 124.0, 122.7, 121.7, 37.0 (d, J = 68.2 Hz), 32.3 (d, J
=64.5 Hz), 24.5 (d,J=9.1 Hz), 24.4 (d, J = 8.5 Hz), 23.5 (d, J = 4.2 Hz).

3P NMR (162 MHz, CDCl3) & 36.9.

HRMS (ESI) m/z calcd. for C19H220PS [M + H]" 329.1123, found 329.1121.

(R)-isobutyl((6-methylpyridin-2-yl)methyl)(phenyl)phosphine oxide (38)

Ph SN e

'‘Bu
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-38 (24.2 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 38 as a
slightly yellow oil (18.6 mg, 65% yield, 73% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =220
nm), tr (major) = 7.589 min, tr (minor) = 8.624 min.
[a]y =—67.9 (c 1.0, CHCI3).



'H NMR (400 MHz, CDCl3) § 7.69 — 7.60 (m, 2H), 7.53 — 7.39 (m, 4H), 7.05 (d, J =
7.7 Hz, 1H), 6.99 (d, J=7.8 Hz, 1H), 3.57 — 3.42 (m, 2H), 2.49 (s, 3H), 2.13 — 1.85 (m,
3H), 1.01 (d, /= 6.1 Hz, 3H), 0.85 (d, J = 6.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 158.0 (d, J=2.2 Hz), 152.2 (d, J= 7.4 Hz), 136.8 (d, J
=2.4 Hz), 132.6 (d,J=93.0 Hz), 131.5 (d, J= 2.8 Hz), 130.6 (d, /= 8.8 Hz), 128.3 (d,
J=11.4Hz), 121.7 (d, J=4.1 Hz), 121.3 (d, J=2.7 Hz), 42.4 (d, J= 60.4 Hz), 37.2 (d,
J=68.3 Hz), 24.5 (d,J=9.0 Hz), 24.4 (d, J = 8.8 Hz), 24.3, 23.3 (d, J= 4.1 Hz).

3P NMR (162 MHz, CDCl3) § 37.5.

HRMS (ESI) m/z caled. for C17H2sNOP [M + H]* 288.1512, found 288.1501.

(R)-isobutyl(phenyl)(3-(triisopropylsilyl)prop-2-yn-1-yl)phosphine oxide (39)
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According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-39 (35.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 39 as a
colorless oil (24.6 mg, 65% yield, 87% ee).
HPLC analysis: Chiralpak IC (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 214
nm), tr (major) = 24.928 min, tr (minor) = 28.225 min.
[a]y =—11.8 (¢ 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.96 — 7.89 (m, 2H), 7.58 — 7.53 (m, 1H), 7.50 — 7.44
(m, 2H), 3.13 (t, J=17.6 Hz, 1H), 2.99 (t,J = 17.6 Hz, 1H), 2.33 — 2.23 (m, 1H), 2.21
—2.08 (m, 2H), 1.11 (d, J= 6.3 Hz, 3H), 1.06 (s, 21H), 0.99 (d, J = 6.3 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 132.3 (d, J = 94.0 Hz), 132.0 (d, J = 2.8 Hz), 130.7 (d,
J=8.6 Hz), 128.4 (d, J=11.6 Hz), 99.0 (d, /= 8.4 Hz), 85.6 (d, /= 7.0 Hz), 36.3 (d, J
=70.4 Hz), 24.7 (d, J= 64.6 Hz), 24.5 (d, J= 8.2 Hz), 24.4 (d,J= 7.6 Hz), 23.5 (d, J
=4.1 Hz), 18.5, 11.2.
3P NMR (162 MHz, CDCl3) & 36.1.
HRMS (ESI) m/z calcd. for C22H3sOPSi [M + H]" 377.2424, found 377.2421.

(R)-([1,1'-biphenyl]-4-ylmethyl)(methyl)(phenyl)phosphine oxide (40)
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According to the general procedure A, substrates A-2 (14.0 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 40 as a
white solid (22.3 mg, 73% yield, 82% ee).

HPLC analysis: Chiralcel OJ-3 (hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A =254
nm), tr (major) = 11.617 min, tr (minor) = 15.224 min.

[a]ly =-29.3 (c 1.0, CHCI3).



'H NMR (400 MHz, CDCl3) § 7.69 — 7.61 (m, 2H), 7.59 — 7.39 (m, 9H), 7.36 — 7.30
(m, 1H), 7.17 (dd, J = 8.2, 2.1 Hz, 2H), 3.44 — 3.25 (m, 2H), 1.71 (d, J = 12.7 Hz, 3H).
13C NMR (100 MHz, CDCl3) § 140.5 (d, J= 1.2 Hz), 139.7 (d, J= 3.3 Hz), 132.9 (d, J
=96.7 Hz), 131.8 (d, J=2.7 Hz), 130.7 (d, J= 7.9 Hz), 130.3 (d, /= 9.1 Hz), 130.1 (d,
J=5.1Hz), 128.7,128.5 (d, J=11.6 Hz), 127.3, 127.2 (d, J= 3.1 Hz), 126.9, 40.0 (d,
J=64.3 Hz), 14.7 (d,J=71.1 Hz).

3IP NMR (162 MHz, CDCl3) 5 35.3.

HRMS (ESI) m/z caled. for C2oH200P [M + H]* 307.1246, found 307.1245.

(R)-([1,1'-biphenyl]-4-ylmethyl)(ethyl)(phenyl)phosphine oxide (41)
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According to the general procedure A, substrates A-3 (15.4 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 41 as a
white solid (28.1 mg, 88% yield, 90% ee).

HPLC analysis: Chiralcel OJ-3 (hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A =254
nm), tr (major) = 9.886 min, tr (minor) = 27.488 min.

[a]y =-28.4 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCls) & 7.67 — 7.59 (m, 2H), 7.55 (d, J = 7.8 Hz, 2H), 7.52 —
7.37 (m, 7H), 7.32 (t, J= 7.3 Hz, 1H), 7.17 (dd, J = 8.2, 2.2 Hz, 2H), 3.44 — 3.28 (m,
2H), 2.11 — 1.84 (m, 2H), 1.17 — 1.05 (m, 3H).

13C NMR (100 MHz, CDCl3) 8 140.6 (d, J= 1.1 Hz), 139.6 (d, J= 3.2 Hz), 131.6 (d, J
=2.8Hz), 131.2(d,/=91.8 Hz), 130.8 (d, /= 8.7 Hz), 130.7 (d, /= 7.7 Hz), 130.1 (d,
J=5.0Hz), 128.7,128.4 (d, J=11.3 Hz), 127.2, 127.1 (d, J = 2.6 Hz), 126.9, 38.0 (d,
J=62.3Hz),21.2(d,J=70.3 Hz), 5.3 (d,J=5.2 Hz).

3P NMR (162 MHz, CDCls) 8 39.7.

HRMS (ESI) m/z calcd. for C21H220P [M + H]" 321.1403, found 321.1400.

(R)-([1,1'-biphenyl]-4-ylmethyl)(n-butyl)(phenyl)phosphine oxide (42)
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According to the general procedure A, substrates A-4 (18.2 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 42 as a
white solid (27.5 mg, 89% yield, 80% ee).
HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 10.531 min, tr (minor) = 13.327 min.
[a]y =—37.3 (c 1.0, CHCI).



'H NMR (400 MHz, CDCl3) § 7.66 — 7.58 (m, 2H), 7.58 — 7.54 (m, 2H), 7.53 — 7.50
(m, 1H), 7.49 — 7.39 (m, 6H), 7.36 — 7.30 (m, 1H), 7.16 (dd, J = 8.3, 2.2 Hz, 2H), 3.43
—3.28 (m, 2H), 2.08 — 1.86 (m, 2H), 1.70 — 1.56 (m, 1H), 1.49 — 1.31 (m, 3H), 0.85 (t,
J=17.2Hz, 3H).

13C NMR (100 MHz, CDCl3) § 140.6 (d, J= 1.0 Hz), 139.6 (d, J=3.3 Hz), 131.8 (d, J
=92.9 Hz), 131.6 (d, J=2.7 Hz), 130.8 (d, J= 7.6 Hz), 130.7 (d, J = 8.5 Hz), 130.2 (d,
J=5.0Hz), 128.7, 128.4 (d, J=11.3 Hz), 127.2 (d, J= 2.6 Hz), 127.1, 126.9, 38.6 (d,
J=62.1Hz), 28.0 (d, J= 69.4 Hz), 24.0 (d, J= 14.6 Hz), 23.3 (d, /= 4.2 Hz), 13.6.
3IP NMR (162 MHz, CDCl3) 5 38.1.

HRMS (ESI) m/z caled. for C2sHasOP [M + H]* 349.1716, found 349.1714.

(R)-([1,1'-biphenyl]-4-ylmethyl)(n-pentyl)(phenyl)phosphine oxide (43)
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According to the general procedure A, substrates A-5 (19.6 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 43 as a
white solid (26.8 mg, 74% yield, 89% ee).

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 18.936 min, tr (minor) = 23.217 min.

[a]y =—40.3 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.65 — 7.59 (m, 2H), 7.58 — 7.54 (m, 2H), 7.53 — 7.39
(m, 7H), 7.36 — 7.30 (m, 1H), 7.19 - 7.13 (m, 2H), 3.42 — 3.28 (m, 2H), 2.07 — 1.83 (m,
2H), 1.69 — 1.57 (m, 1H), 1.51 — 1.38 (m, 1H), 1.36 — 1.26 (m, 4H), 0.83 (t,J= 7.1 Hz,
3H).

13C NMR (100 MHz, CDCl3) 6 140.6 (d, J= 1.2 Hz), 139.6 (d, J= 3.4 Hz), 131.8 (d, J
=93.1 Hz), 131.7 (d, J=2.9 Hz), 130.8 (d, /= 7.9 Hz), 130.7 (d, /= 8.7 Hz), 130.2 (d,
J=5.1Hz), 128.7,128.5 (d,J=11.2 Hz), 127.3, 127.2 (d, J = 2.8 Hz), 126.9, 38.6 (d,
J=62.1 Hz), 33.1 (d, J = 14.2 Hz), 28.3 (d, /= 69.3 Hz), 22.1, 20.9 (d, J = 4.2 Hz),
13.8.

3P NMR (162 MHz, CDCls) 6 38.1.

HRMS (ESI) m/z calcd. for C24H2s0P [M + H]" 363.1872, found 363.1869.

(9)-([1,1'-biphenyl]-4-ylmethyl)(isopropyl)(phenyl)phosphine oxide (44)
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According to the general procedure A, substrates A-6 (16.8 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 44 as a
white solid (30.1 mg, 90% yield, 93% ee).



HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A =
254 nm), tr (major) = 11.887 min, tr (minor) = 19.337 min.

[a]y =—47.5 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCI3) 8 7.65 — 7.57 (m, 2H), 7.53 (d, J = 7.7 Hz, 2H), 7.48 (d,
J=7.4Hz, 1H), 7.46 — 7.37 (m, 6H), 7.31 (t,J=7.3 Hz, 1H), 7.21 — 7.15 (m, 2H), 3.47
(t, J=14.7 Hz, 1H), 3.42 — 3.32 (m, 1H), 2.24 — 2.10 (m, 1H), 1.30 (dd, J=15.6, 7.1
Hz, 3H), 1.07 (dd, J=16.5, 7.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 140.6 (d, J= 1.2 Hz), 139.4 (d, J= 3.0 Hz), 131.5 (d, J
=2.7Hz), 131.2 (d, /= 8.0 Hz), 130.8 (d, /= 7.4 Hz), 130.3 (d, /= 90.1 Hz), 130.2 (d,
J=5.0Hz), 128.6, 128.2 (d, /= 11.0 Hz), 127.1, 127.1 (d, J = 2.5 Hz), 126.9, 35.0 (d,
J=60.3 Hz), 27.1 (d,J=69.4 Hz), 15.8 (d, /= 2.4 Hz), 15.0 (d, /= 3.2 Hz).

3P NMR (162 MHz, CDCls) & 43.5.

HRMS (ESI) m/z calcd. for C22H240P [M + H]" 335.1559, found 335.1557.

(5-([1,1'-biphenyl]-4-ylmethyl)(cyclopentyl)(phenyl)phosphine oxide (45)
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According to the general procedure A, substrates A-7 (19.4 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 45 as a
white solid (27.8 mg, 77% yield, 91% ee).

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 28.035 min, tr (minor) = 46.369 min.

[a]s =—55.1 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 8 7.64 — 7.52 (m, 4H), 7.51 — 7.37 (m, 7H), 7.32 (t, J =
7.3 Hz, 1H), 7.15 - 7.08 (m, 2H), 3.38 (d, J = 14.5 Hz, 2H), 2.44 — 2.31 (m, 1H), 2.10
—1.88 (m, 2H), 1.79 — 1.58 (m, 5H), 1.56 — 1.46 (m, 1H).

13C NMR (100 MHz, CDCl3) 8 140.6 (d, J= 1.1 Hz), 139.4 (d, J= 3.2 Hz), 131.7 (d, J
=91.8 Hz), 131.4 (d, /= 2.6 Hz), 131.1 (d, /= 8.2 Hz), 130.2 (d, /= 4.9 Hz), 128.7,
128.2 (d,J=11.0 Hz), 127.2, 127.0 (d, J = 2.7 Hz), 126.9, 37.5 (d, /= 60.9 Hz), 36.3
(d,/=72.3Hz),26.9 (d,J=8.5Hz),26.7 (d,J= 1.5 Hz), 26.4 (d,J=9.1 Hz), 25.8 (d,
J=1.9 Hz).

3P NMR (162 MHz, CDCls) 6 41.6.

HRMS (ESI) m/z calcd. for C24H260P [M + H]" 361.1716, found 361.1713.



(5-([1,1'-biphenyl]-4-ylmethyl)(cyclohexyl)(phenyl)phosphine oxide (46)
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According to the general procedure A, substrates A-8 (20.8 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 46 as a
white solid (27.6 mg, 74% yield, 90% ee).

HPLC analysis: Chiralcel OJ-3 (hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A =254
nm), tr (major) = 9.476 min, tr (minor) = 12.098 min.

[a]s =-16.9 (¢ 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.65 — 7.37 (m, 11H), 7.31 (t, J = 7.3 Hz, 1H), 7.20 —
7.14 (m, 2H), 3.46 (t, J= 14.8 Hz, 1H), 3.40 — 3.31 (m, 1H), 2.17 — 2.08 (m, 1H), 2.05
—1.83 (m, 3H), 1.80 — 1.62 (m, 3H), 1.55 - 1.41 (m, 1H), 1.39 — 1.30 (m, 1H), 1.24 —
1.13 (m, 2H).

13C NMR (100 MHz, CDCls) & 140.6, 139.4 (d, J = 3.0 Hz), 131.5 (d, J = 2.8 Hz),
131.2 (d, J= 8.1 Hz), 130.8 (d, J = 7.3 Hz), 130.4 (d, /= 90.9 Hz), 130.2 (d, /= 4.8
Hz), 128.7,128.2 (d,J=11.0 Hz), 127.2, 127.1 (d, J= 2.5 Hz), 126.9,37.4 (d, /= 69.5
Hz), 34.7 (d, J= 60.4 Hz), 26.2 (d, J=13.3 Hz), 25.7,25.4 (d,J=2.6 Hz), 24.8 (d, J =
3.3 Hz).

3P NMR (162 MHz, CDCls) & 40.7.

HRMS (ESI) m/z calcd. for C25sH2s0P [M + H]" 375.1872, found 375.1871.

(R)-([1,1'-biphenyl]-4-ylmethyl)(benzyl)(phenyl)phosphine oxide (47)
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According to the general procedure A, substrates A-9 (21.6 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 47 as a
white solid (25.9 mg, 68% yield, 87% ee).

HPLC analysis: Chiralcel OJ-3 (hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A =254
nm), tr (minor) = 23.765 min, tr (major) = 39.179 min.

[a]y =—52.2 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 8 7.59 — 7.51 (m, 4H), 7.50 — 7.36 (m, 7H), 7.32 (t, J =
7.2 Hz, 1H), 7.26 — 7.16 (m, 5H), 7.15 — 7.10 (m, 2H), 3.45 — 3.33 (m, 4H).

13C NMR (100 MHz, CDCls) & 140.5, 139.6 (d, J = 3.5 Hz), 131.7 (d, J = 2.8 Hz),
1313 (d, J=7.6 Hz), 131.0 (d, J = 8.5 Hz), 130.9 (d, /= 98.7 Hz), 130.4 (d, J="7.9
Hz), 130.3 (d,/=5.3 Hz), 129.9 (d, /= 5.2 Hz), 128.7, 128.5 (d, J=2.5 Hz), 128.3 (d,



J=11.4Hz), 127.2 (d,J=3.1 Hz), 127.1,126.9, 126.8 (d, J= 3.2 Hz), 37.5 (d, J= 63.4
Hz), 36.9 (d, J = 63.4 Hz).

3IP NMR (162 MHz, CDCl3) 5 35.0.

HRMS (ESI) m/z caled. for C2sH24OP [M + H]* 383.1559, found 383.1556.

(R)-(]1,1'-biphenyl]-4-ylmethyl)(isobutyl)(0-tolyl)phosphine oxide (48)
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According to the general procedure A, substrates A-10 (19.6 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 48 as a

white solid (27.8 mg, 77% yield, 95% ee).

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 254

nm), tr (major) =20.910 min, tr (minor) = 27.769 min.

[a]y =—36.5 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) 6 7.62 — 7.52 (m, 3H), 7.48 — 7.35 (m, 5H), 7.35 — 7.29

(m, 1H), 7.25 - 7.19 (m, 2H), 7.13 (dd, J = 8.3, 2.2 Hz, 2H), 3.49 — 3.27 (m, 2H), 2.57

(d,/J=1.2 Hz, 3H), 2.15-2.03 (m, 1H), 2.02 — 1.88 (m, 2H), 1.04 (d, J= 6.5 Hz, 3H),

0.94 (d, J= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 141.3 (d, J= 8.3 Hz), 140.6 (d,J= 1.1 Hz), 139.5 (d, J
=3.2 Hz), 132.3 (d,J=9.5 Hz), 131.8 (d, /= 10.6 Hz), 131.5 (d, J=2.7 Hz), 131.1 (d,

J=17.8 Hz), 130.3 (d, /= 89.3 Hz), 130.2 (d, /= 5.0 Hz), 128.7, 127.2, 127.0 (d, J =

2.7Hz), 126.9,125.5(d,J=11.3 Hz), 39.3 (d,/=61.5 Hz), 37.4 (d, /= 68.0 Hz), 24.6

(d,/=9.6 Hz), 24.4 (d, /= 7.8 Hz), 23.6 (d, /= 3.9 Hz), 21.6 (d, /= 2.7 Hz).

3P NMR (162 MHz, CDCls) & 39.3.

HRMS (ESI) m/z calcd. for C24H2s0P [M + H]" 363.1872, found 363.1870.

(R)-(|1,1'-biphenyl]-4-ylmethyl)(3,5-dimethylphenyl)(isobutyl)phosphine oxide
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According to the general procedure A, substrates A-11 (21.0 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 49 as a
white solid (24.1 mg, 64% yield, 91% ee).

HPLC analysis: Chiralpak AD-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 7.907 min, tr (minor) = 14.993 min.

[a] =—15.4 (c 1.0, CHCI3).



'H NMR (400 MHz, CDCl3) § 7.59 — 7.54 (m, 2H), 7.50 — 7.39 (m, 4H), 7.36 — 7.30
(t, J=7.3 Hz, 1H), 7.20 (d, J= 11.2 Hz, 2H), 7.15 (dd, J = 8.3, 2.2 Hz, 2H), 7.13 (s,
1H), 3.39 — 3.21 (m, 2H), 2.33 (s, 6H), 2.11 — 2.00 (m, 1H), 1.99 — 1.90 (m, 1H), 1.87
—1.78 (m, 1H), 1.04 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 140.7 (d, J= 1.1 Hz), 139.6 (d, J= 3.3 Hz), 138.0 (d, J
=11.9 Hz), 133.3 (d, J = 2.8 Hz), 132.0 (d, J = 92.5 Hz), 131.1 (d, J= 7.7 Hz), 130.3
(d,J=5.1 Hz), 128.7, 128.4 (d, J= 8.7 Hz), 127.2, 127.1 (d, J = 2.7 Hz), 127.0, 39.7
(d, J=62.0 Hz), 36.8 (d, J = 68.0 Hz), 24.7 (d, J = 9.4 Hz), 24.6 (d, J = 8.9 Hz), 23.4
(d,J=4.0 Hz), 21.3.

3IP NMR (162 MHz, CDCl3) 5 37.3.

HRMS (ESI) m/z caled. for C2sH30OP [M + H]* 377.2029, found 377.2028.

(R)-([1,1'-biphenyl]-4-ylmethyl)(4-fluorophenyl)(isobutyl)phosphine oxide (50)

Ph
Q
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A
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According to the general procedure A, substrates A-12 (20.0 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 50 as a
white solid (19.8 mg, 54% yield, 89% ee).

HPLC analysis: Chiralpak AD-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (major) = 11.765 min, tr (minor) = 14.853 min.

[a]y =—14.3 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCls) & 7.64 — 7.53 (m, 4H), 7.47 (d, J = 8.0 Hz, 2H), 7.45 —
7.39 (m, 2H), 7.36 — 7.30 (m, 1H), 7.16 — 7.08 (m, 4H), 3.31 (d, /= 14.5 Hz, 2H), 2.12
—2.02 (m, 1H), 2.01 — 1.94 (m, 1H), 1.89 — 1.79 (m, 1H), 1.06 (d, /= 6.5 Hz, 3H), 0.88
(d, J=6.5 Hz, 3H).

13C NMR (100 MHz, CDCls) & 164.8 (dd, J = 252.8, 3.3 Hz), 140.5 (d, J = 1.4 Hz),
139.6 (d, J=3.3 Hz), 133.2 (dd, J=10.0, 8.6 Hz), 130.6 (d, /= 7.7 Hz), 130.2 (d, J =
5.0 Hz), 128.7, 128.2 (dd, J = 94.6, 3.4 Hz), 127.3, 127.2 (d, J = 2.8 Hz), 126.9, 115.7
(dd,/=21.3,12.2 Hz), 39.7 (d,J=62.8 Hz), 37.1 (d, /= 68.6 Hz), 24.6 (d, /= 2.9 Hz),
24.5(d,J=2.6 Hz), 23.5 (d, J=4.2 Hz).

3P NMR (162 MHz, CDCls) § 36.4.

YF NMR (376 MHz, CDCl3) & —107 4.

HRMS (ESI) m/z calcd. for C23H2sFOP [M + H]" 367.1622, found 367.1620.

(R)-(|1,1'-biphenyl]-4-ylmethyl)(isobutyl)(2-methoxyphenyl)phosphine oxide (51)

Ph
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A
'Bu
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According to the general procedure A, substrates A-13 (21.2 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 51 as a

white solid (34.1 mg, 90% yield, 93% ee).

HPLC analysis: Chiralpak AD-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =

254 nm), tr (minor) = 26.933 min, tr (major) = 29.575 min.

[a]y =—22.6 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.60 — 7.49 (m, 4H), 7.49 — 7.38 (m, 4H), 7.36 — 7.29

(m, 1H), 7.13 (dd, J = 8.3, 2.2 Hz, 2H), 6.94 (dd, J = 8.8, 2.2 Hz, 2H), 3.84 (s, 3H),

3.29 (d, J = 14.5 Hz, 2H), 2.11 — 2.01 (m, 1H), 1.99 — 1.89 (m, 1H), 1.86 — 1.76 (m,

1H), 1.05 (d, J= 6.6 Hz, 3H), 0.87 (d, J= 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3)  162.1 (d, J=2.9 Hz), 140.6 (d, J= 1.4 Hz), 139.4 (d, J
= 3.3 Hz), 132.6 (d, J=9.9 Hz), 131.1 (d, J = 7.6 Hz), 130.2 (d, J = 4.9 Hz), 128.7,

127.2,127.1 (d,J=2.7 Hz), 126.9, 123.2 (d, J=98.5 Hz), 113.9 (d, /= 12.2 Hz), 55.2,

39.8 (d, J=62.7 Hz), 37.1 (d, J = 68.7 Hz), 24.6 (d, J = 8.9 Hz), 24.5 (d, J = 8.5 Hz),

23.4(d,J=4.1 Hz).

3P NMR (162 MHz, CDCls) 8 36.9.

HRMS (ESI) m/z calcd. for C24H2802P [M + H]" 379.1821, found 379.1818.

(R)-([1,1'-biphenyl]-4-ylmethyl)(isobutyl)(naphthalen-2-yl)phosphine oxide (52)

Ph
@
\"P
|
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According to the general procedure A, substrates A-14 (23.2 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 52 as a

white solid (27.9 mg, 70% yield, 93% ee).

HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =

254 nm), tr (major) = 23.293 min, tr (minor) = 48.408 min.

[a]s =-30.3 (c 1.0, CHCI).

'"H NMR (400 MHz, CDCI3) 6 8.30 (d, J = 12.7 Hz, 1H), 7.93 — 7.84 (m, 3H), 7.63 —

7.47 (m, SH), 7.47 — 7.37 (m, 4H), 7.31 (t, /= 7.3 Hz, 1H), 7.20 — 7.11 (m, 2H), 3.40

(d,J=14.3 Hz, 2H), 2.13 - 2.02 (m, 2H), 2.00 — 1.90 (m, 1H), 1.07 (d, J= 6.2 Hz, 3H),

0.86 (d, /= 6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 140.6 (d, J= 1.2 Hz), 139.6 (d, J= 3.3 Hz), 134.5 (d, J
=2.4Hz),133.3(d,J=7.2 Hz), 132.5 (d, J=12.2 Hz), 130.8 (d, /= 7.7 Hz), 130.2 (d,

J=5.0Hz), 129.4 (d,J=92.4 Hz), 128.8, 128.7, 128.1 (d, /= 11.3 Hz), 128.0, 127.7,

127.2,127.1 (d, J = 3.0 Hz), 126.9, 126.8 (d, /= 3.6 Hz), 125.3 (d, /= 10.4 Hz), 39.5

(d, J=62.5 Hz), 37.0 (d, J = 68.3 Hz), 24.6 (d, /= 9.1 Hz), 24.5 (d, J = 8.5 Hz), 23.5

(d, J=4.1 Hz).

3P NMR (162 MHz, CDCls) § 36.9.

HRMS (ESI) m/z calcd. for C2sH3002P [M + H]" 399.1872, found 399.1871.



([1,1'-biphenyl]-4-ylmethyl)(phenyl)(0-tolyl)phosphine oxide (53)
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According to the general procedure A, substrates A-15 (21.6 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 53 as a

white solid (26.7 mg, 70% yield, 82% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 85/15, flow rate 1.0 mL/min, A = 254

nm), tr (major) = 13.326 min, tr (minor) = 25.620 min.

[a] =-25.4 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 8 7.70 (ddd, J = 12.7, 7.7, 1.3 Hz, 1H), 7.57 — 7.49 (m,

4H), 7.49 —7.35 (m, 8H), 7.34 — 7.27 (m, 2H), 7.23 (dd, J=7.7, 4.1 Hz, 1H), 7.15 (dd,

J=18.2,2.2 Hz, 2H), 3.82 (t,J = 14.6 Hz, 1H), 3.73 — 3.62 (m, 1H), 2.38 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 142.9 (d, J= 7.6 Hz), 140.7 (d, J= 1.1 Hz), 139.5 (d, J
=3.1 Hz), 133.0 (d, /= 98.3 Hz), 132.1 (d, J=10.1 Hz), 132.0 (d, /= 2.1 Hz), 131.5

(d, J=2.9 Hz), 131.4 (d, J = 10.9 Hz), 131.0 (d, J = 9.5 Hz), 130.6 (d, J = 5.2 Hz),

130.5(d,/=97.3 Hz), 130.2 (d,J=7.8 Hz), 128.7, 128.3 (d, /= 11.8 Hz), 127.1, 126.9,

125.4 (d,J=12.0 Hz), 37.3 (d, /= 66.5 Hz), 21.3 (d, /= 4.2 Hz).

3P NMR (162 MHz, CDCls) § 30.8.

HRMS (ESI) m/z calcd. for C26H240P [M + H]" 383.1559, found 383.1556.

([1,1'-biphenyl]-4-ylmethyl)(2-methoxyphenyl)(phenyl)phosphine oxide (54)
Ph
b T
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According to the general procedure A, substrates A-16 (23.2 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 54 as a

white solid (31.5 mg, 79% yield, 86% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254

nm), tr (minor) = 22.373 min, tr (major) = 26.772 min.

[a] =—18.1 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.89 (ddd, J = 12.9, 7.5, 1.7 Hz, 1H), 7.82 — 7.74 (m,

2H), 7.55 - 7.43 (m, 4H), 7.43 — 7.33 (m, 6H), 7.29 (d, J=7.2 Hz, 1H), 7.26 — 7.19 (m,

2H), 7.06 — 6.98 (m, 1H), 6.92 (dd, J= 8.3, 5.4 Hz, 1H), 3.97 — 3.88 (m, 1H), 3.86 (s,

3H), 3.81 (t,J=15.2 Hz, 1H).

13C NMR (100 MHz, CDCl3) 8 159.4 (d, J= 4.5 Hz), 140.7 (d, J= 1.1 Hz), 139.2 (d, J
=3.3 Hz), 1349 (d, /= 5.1 Hz), 133.9 (d, /= 2.2 Hz), 133.6 (d, /= 100.7 Hz), 131.3

(d,J=2.8Hz), 131.0 (d,/=8.7 Hz), 130.7 (d, /=9.6 Hz), 130.2 (d, /= 5.5 Hz), 128.5,



128.0 (d,J=11.8 Hz), 127.0, 126.9 (d, /= 2.9 Hz), 126.8, 121.1 (d, /= 10.8 Hz), 119.5
(d,J=97.7 Hz), 110.5 (d, J= 6.9 Hz), 55.2, 36.7 (d, J = 67.6 Hz).

3IP NMR (162 MHz, CDCl3) § 29.2.

HRMS (ESI) m/z caled. for C26H2402P [M + H]* 399.1508, found 399.1508.

([1,1'-biphenyl]-4-ylmethyl)(2-ethoxyphenyl)(phenyl)phosphine oxide (55)
O\/©/ A
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According to the general procedure A, substrates A-17 (24.6 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 55 as a

white solid (26.4 mg, 64% yield, 77% ee).

HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254

nm), tr (minor) = 17.343 min, tr (major) = 21.337 min.

[a]y =—16.5(c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 8 7.90 (ddd, J = 12.8, 7.5, 1.7 Hz, 1H), 7.82 — 7.72 (m,

2H), 7.55 — 7.48 (m, 2H), 7.48 — 7.33 (m, 8H), 7.28 (t, /= 7.3 Hz, 1H), 7.26 — 7.19 (m,

2H), 7.04 — 6.97 (m, 1H), 6.87 (dd, J = 8.3, 5.5 Hz, 1H), 4.20 — 4.11 (m, 1H), 4.06 —

3.98 (m, 1H), 3.98 — 3.79 (m, 2H), 1.35 (t, /= 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 158.7 (d, J= 4.6 Hz), 140.7 (d, J= 1.3 Hz), 139.2 (d, J
=3.4 Hz), 135.0 (d,J=4.9 Hz), 133.8 (d, /= 101.0 Hz), 133.9 (d, /= 2.1 Hz), 131.2

(d,J=2.9Hz), 131.0(d,J=8.7Hz), 130.7 (d, /J=9.6 Hz), 130.2 (d, J= 5.5 Hz), 128.5,

128.0 (d,J=11.9 Hz), 127.0, 126.9 (d, /= 2.8 Hz), 126.8, 120.9 (d,/=10.9 Hz), 119.2

(d,/J=98.3 Hz), 111.0 (d, /= 6.9 Hz), 63.7, 36.4 (d, /= 67.5 Hz), 14.4.

3P NMR (162 MHz, CDCls) § 29.3.

HRMS (ESI) m/z calcd. for C27H2602P [M + H]" 413.1665, found 413.1667.

([1,1'-biphenyl]-4-ylmethyl)(tert-butyl)(methyl)phosphine oxide (56)

Ph
(I?\/©/
P*
Me™ |
Bu

According to the general procedure A, substrates A-18 (12.0 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 56 as a
colorless oil (25.4 mg, 89% yield, 97% ee).

HPLC analysis: Chiralpak IF (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 25.623 min, tr (minor) = 31.664 min.

[a]y =-21.1 (c 1.0, CHCI).



'H NMR (400 MHz, CDCL3) & 7.61 — 7.53 (m, 4H), 7.47 — 7.37 (m, 4H), 7.36 — 7.31
(m, 1H), 3.31 —3.20 (m, 1H), 2.99 (dd, J= 14.4, 7.4 Hz, 1H), 1.25 (d, J= 10.8 Hz, 3H),
1.24 (d, J = 14.6 Hz, 9H).

13C NMR (100 MHz, CDCl3) § 140.8 (d, J= 1.0 Hz), 139.7 (d, J=2.8 Hz), 131.5 (d, J
=8.0 Hz), 130.3 (d, J= 4.8 Hz), 128.8, 127.4 (d, J=2.4 Hz), 127.2, 127.0,32.9 (d, J =
63.0 Hz), 32.3 (d, J=72.9 Hz), 24.5, 9.0 (d, J = 64.7 Hz).

3IP NMR (162 MHz, CDCl3) & 52.9.

HRMS (ESI) m/z caled. for CisH24OP [M + H]* 287.1559, found 287.1558.

isopropyl ([1,1'-biphenyl]-4-ylmethyl)(phenyl)phosphinate (57)

Ph
E?v@r
P*
Ph” |

O'Pr
According to the general procedure C, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 57 as a
white solid (28.6 mg, 82% yield, 71% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 8.673 min, tr (minor) = 12.433 min.
[a]y =-23.4 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) & 7.70 — 7.62 (m, 2H), 7.58 — 7.54 (m, 2H), 7.53 — 7.48
(m, 1H), 7.47 — 7.38 (m, 6H), 7.35 - 7.29 (m, 1H), 7.17 (dd, J = 8.3, 2.5 Hz, 2H), 4.63
—4.50 (m, 1H), 3.30 (d, J=17.7 Hz, 2H), 1.34 (d, /= 6.2 Hz, 3H), 1.18 (d, /= 6.1 Hz,
3H).
13C NMR (100 MHz, CDCl3) 8 140.7 (d, J= 1.5 Hz), 139.4 (d, J= 3.7 Hz), 132.1 (d, J
=2.9 Hz), 131.9 (d, J=9.6 Hz), 131.6 (d, /= 7.8 Hz), 131.0 (d, J = 125.6 Hz), 130.4
(d,/J=5.8Hz), 128.7,128.2 (d,J=12.5 Hz), 127.2, 127.0, 126.9, 70.1 (d, J = 6.8 Hz),
38.2(d,J=95.5 Hz), 24.5 (d, J= 3.4 Hz), 24.0 (d, /= 4.8 Hz).
3P NMR (162 MHz, CDCls) & 38.5.
HRMS (ESI) m/z calcd. for C22H2402P [M + H]" 351.1508, found 351.1512.

isopropyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (58)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 58 as a
white solid (29.2 mg, 79% yield, 99% ee, >20:1 dr).
HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 20.985 min, tr (minor) = 29.593 min.
[a]s =—48.1 (c 1.0, CHCl3).



'H NMR (400 MHz, CDCL3) & 7.69 — 7.59 (m, 4H), 7.55 — 7.50 (m, 3H), 7.49 — 7.41
(m, 4H), 7.39 — 7.34 (m, 1H), 7.32 — 7.27 (m, 2H), 4.60 — 4.48 (m, 1H), 3.32 —3.21 (m,
1H), 1.54 (dd, J=17.5, 7.4 Hz, 3H), 1.24 (d, J= 6.1 Hz, 3H), 1.17 (d, J= 6.1 Hz, 3H).
13C NMR (100 MHz, CDCl3) § 140.8 (d, J= 1.5 Hz), 139.6 (d, J= 3.2 Hz), 137.0 (d, J
=7.0 Hz), 132.3 (d, J= 9.2 Hz), 132.0 (d, /= 2.7 Hz), 130.7 (d, J = 121.9 Hz), 129.4
(d,J=5.5Hz), 128.7, 128.1 (d, J= 12.2 Hz), 127.2, 127.0, 126.7 (d, J = 2.7 Hz), 69.9
(d,J=7.0 Hz), 41.6 (d, J=95.2 Hz), 24.2 (d, J= 3.7 Hz), 24.0 (d, J= 4.5 Hz), 14.5 (d,
J=2.4Hz).

31P NMR (162 MHz, CDCls) § 42.5 (isomer), 5 41.6.

HRMS (ESI) m/z caled. for C23H2602P [M + H]" 365.1665, found 365.1660.

methyl (S5)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (59)
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According to the general procedure D, substrates C-2 (15.6 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 59 as a
white solid (18.5 mg, 55% yield, 95% ee, >20:1 dr).
HPLC analysis: Chiralpak ADH (hexane/i-PrOH = 94/6, flow rate 0.8 mL/min, A =254
nm), tr (major) =24.531 min, tr (minor) = 51.642 min.
[a]y =—56.7 (¢ 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) & 7.69 — 7.60 (m, 4H), 7.58 — 7.52 (m, 3H), 7.49 — 7.42
(m, 4H), 7.39 — 7.34 (m, 1H), 7.34 — 7.29 (m, 2H), 3.60 (d, /= 10.7 Hz, 3H), 3.33 (dd,
J=17.2,7.4Hz, 1H), 1.55 (dd, J=17.7, 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 140.7 (d, J= 1.1 Hz), 139.8 (d, J= 3.2 Hz), 136.6 (d, J
=7.0 Hz), 132.4 (d, /=9.2 Hz), 132.3 (d, /= 2.7 Hz), 129.3 (d, /= 5.6 Hz), 128.8 (d,
J=120.8 Hz), 128.6 (d, /= 12.2 Hz), 127.1 (d, J=2.8 Hz), 51.7 (d, J= 7.0 Hz), 41.0
(d, J=95.3 Hz), 14.7 (d, J= 2.2 Hz).
3P NMR (162 MHz, CDCls) 6 45.0 (isomer), & 45.7.
HRMS (ESI) m/z calcd. for C21H2202P [M + H]" 337.1352, found 337.1347.

ethyl (5)-((5)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (60)
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According to the general procedure D, substrates C-3 (17.0 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 60 as a
white solid (19.7 mg, 59% yield, 95% ee, 12:1 dr).
HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 28.986 min, tr (minor) = 54.784 min.



[a]y =-78.7(c 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) & 7.66 — 7.57 (m, 4H), 7.53 — 7.47 (m, 3H), 7.46 — 7.39
(m, 4H), 7.37 — 7.31 (m, 1H), 7.30 — 7.24 (m, 2H), 4.04 — 3.94 (m, 1H), 3.90 — 3.80 (m,
1H), 3.34 — 3.24 (m, 1H), 1.53 (dd, J=17.6, 7.4 Hz, 3H), 1.22 (t, J= 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 140.7 (d, J=1.1 Hz), 139.7 (d, J= 3.2 Hz), 136.8 (d, J
= 6.9 Hz), 132.3 (d, J = 9.2 Hz), 132.1 (d, J= 2.7 Hz), 129.3 (d, J = 5.5 Hz), 128.7,
128.2 (d,J=12.1 Hz), 127.2, 126.9, 126.8 (d, J=2.7 Hz), 61.0 (d, J= 6.9 Hz), 41.3 (d,
J=95.0Hz), 16.3 (d, J= 6.3 Hz), 14.6 (d, J=2.5 Hz).

3P NMR (162 MHz, CDCl3) & 43.9 (isomer), & 43.2.

HRMS (ESI) m/z calcd. for C22H2402P [M + H]* 351.1504, found 351.1508.

isobutyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (61)
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According to the general procedure D, substrates C-4 (19.8 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 61 as a
white solid (23.1 mg, 65% yield, 94% ee, 12:1 dr).
HPLC analysis: Chiralpak IG (hexane/i-PrOH = 96/4, flow rate 0.8 mL/min, A = 254
nm), tr (major) =29.979 min, tr (minor) = 43.036 min.
[a]y =—119.3 (¢ 1.0, CHCl3).
'"H NMR (400 MHz, CDCl3) & 7.64 — 7.56 (m, 4H), 7.53 — 7.48 (m, 3H), 7.46 — 7.38
(m, 4H), 7.36 — 7.31 (m, 1H), 7.30 — 7.25 (m, 2H), 3.79 — 3.67 (m, 1H), 3.50 — 3.42 (m,
1H), 3.36 - 3.24 (m, 1H), 1.92 - 1.81 (m, 1H), 1.55 (dd, J=17.5, 7.4 Hz, 3H), 0.86 (dd,
J=6.7,3.9 Hz, 6H).
13C NMR (100 MHz, CDCl3) 8 140.8 (d, /= 1.1 Hz), 139.8 (d, J= 3.4 Hz), 136.8 (d, J
=7.1 Hz), 132.4 (d, J=9.1 Hz), 132.2 (d, /= 2.7 Hz), 129.5 (d, /= 5.5 Hz), 129.4 (d,
J=120.7 Hz), 128.8, 128.3 (d, J = 12.1 Hz), 127.2, 127.0, 126.9 (d, J = 2.7 Hz), 70.7
(d, /=73 Hz),41.4 (d,J=95.4 Hz), 29.3 (d, J= 6.6 Hz), 18.8 (d, /= 10.4 Hz), 14.5
(d,J=2.6 Hz).
3P NMR (162 MHz, CDCls) 6 43.5 (isomer), & 42.6.
HRMS (ESI) m/z calcd. for C24H2802P [M + H]" 379.1821, found 379.1815.

pentan-3-yl (S)-((5)-1-(|1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (62)
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According to the general procedure D, substrates C-5 (21.2 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 62 as a
white solid (23.4 mg, 63% yield, 88% ee, 10:1 dr).

HPLC analysis: Chiralpak AZ3 (hexane/i-PrOH = 94/6, flow rate 0.8 mL/min, A =254
nm), tr (minor) = 37.484 min, tr (major) = 47.462 min.

[a] =—70.4 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) & 7.68 — 7.57 (m, 4H), 7.53 — 7.49 (m, 3H), 7.47 — 7.39
(m, 4H), 7.35—-7.28 (m, 3H), 4.27 - 4.17 (m, 1H), 3.32 - 3.21 (m, 1H), 1.57 — 1.40 (m,
7H), 0.72 (t,J = 7.4 Hz, 6H).

13C NMR (100 MHz, CDCl3) 6 140.8(d, J = 1.1 Hz), 139.6 (d, J=3.3 Hz), 137.1 (d, J
=17.2 Hz), 132.2 (d, J=9.2 Hz), 131.9 (d, /= 2.7 Hz), 130.9 (d, /= 121.7 Hz), 129.5
(d, /J=5.6 Hz), 128.7 (d, J=3.8 Hz), 128.1 (d, /= 12.2 Hz), 127.1, 127.0, 126.8 (d, J
=2.6 Hz), 78.8 (d,J="7.5 Hz), 41.6 (d, J=95.7 Hz), 26.9 (d, /= 3.4 Hz), 26.7 (d, J =
4.0 Hz), 14.7 (d, J=2.1 Hz), 8.9, 8.5.

3P NMR (162 MHz, CDCls) 6 42.1 (isomer), & 41.2.

HRMS (ESI) m/z calcd. for C2sH3002P [M + H]" 393.1978, found 393.1972.

cyclopentyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (63)

o Ph
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According to the general procedure D, substrates C-6 (21.0 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 63 as a
white solid (24.2 mg, 65% yield, 92% ee, 14:1 dr).

HPLC analysis: Chiralpak IG (hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 254
nm), tr (major) = 84.899 min, tr (minor) = 115.909 min.

[a]ly =-96.7 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.65 — 7.56 (m, 4H), 7.53 — 7.47 (m, 3H), 7.47 — 7.38
(m, 4H), 7.36 — 7.30 (m, 1H), 7.29 — 7.23 (m, 2H), 4.76 — 4.66 (m, 1H), 3.28 —3.17 (m,
1H), 1.86 — 1.56 (m, 7H), 1.51 (dd, J=17.5, 7.4 Hz, 4H).

13C NMR (100 MHz, CDCl3) 6 140.8(d, J = 1.1 Hz), 139.6 (d, J=3.3 Hz), 137.1 (d, J
=17.2 Hz), 132.2 (d, J=9.2 Hz), 131.9 (d, /= 2.7 Hz), 130.9 (d, /= 121.7 Hz), 129.5
(d, /J=5.6 Hz), 128.7 (d, J=3.8 Hz), 128.1 (d, /= 12.2 Hz), 127.1, 127.0, 126.8 (d, J
=2.6 Hz), 78.8 (d,J="7.5 Hz), 41.6 (d, J=95.7 Hz), 26.9 (d, /= 3.4 Hz), 26.7 (d, J =
4.0 Hz), 14.7 (d, J=2.1 Hz), 8.9, 8.5.

3P NMR (162 MHz, CDCls) & 42.6 (isomer), & 41.7.

HRMS (ESI) m/z calcd. for C2sH2s02P [M + H]" 391.1821, found 391.1815.



cyclohexyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (64)

According to the general procedure D, substrates C-7 (22.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 64 as a
white solid (24.7 mg, 61% yield, 91% ee, 14:1 dr).

HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak IG
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm), tr (major) = 57.233 min,
tr (minor) = 71.720 min.

[a]ly =—89.5 (c 1.0, CHCl3).

"H NMR (400 MHz, CDCl3) 7.66 — 7.57 (m, 4H), 7.53 — 7.48 (m, 3H), 7.47 — 7.38 (m,
4H), 7.36 — 7.31 (m, 1H), 7.30 — 7.25 (m, 2H), 4.31 — 4.21 (m, 1H), 3.30 — 3.19 (m,
1H), 1.53 (dd, J=17.5, 7.4 Hz, 3H), 1.68 — 1.15 (m, 10H).

13C NMR (100 MHz, CDCl3) 8 140.8 (d, J= 1.3 Hz), 139.6 (d, J= 3.3 Hz), 137.1 (d, J
=7.1 Hz), 132.2 (d, /= 9.3 Hz), 131.9 (d, /= 2.8 Hz), 130.8 (d, /= 121.9 Hz), 129.4
(d, /J=5.4Hz), 128.7,128.1 (d, J = 12.2 Hz), 127.1, 126.9, 126.7 (d, /= 2.6 Hz), 74.5
(d, J=7.3 Hz), 41.6 (d, J=95.4 Hz), 33.7 (d, /= 3.3 Hz), 33.5 (d, /= 4.1 Hz), 25.2,
23.3(d,J=53Hz), 14.4 (d,J=2.5 Hz).

3P NMR (162 MHz, CDCls) 6 42.5 (isomer), & 41.6.

HRMS (ESI) m/z calcd. for C26H3002P [M + H]" 405.1978, found 405.1974.

benzyl (S)-((5)-1-(|1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (65)

o Ph
199
PR | X
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According to the general procedure D, substrates C-8 (23.2 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 65 as a
white solid (27.6 mg, 67% yield, 96% ee, 10:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak ADH
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm), tr (major) = 49.117 min,
tr (minor) =79.312 min.
[a] =—70.4 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) & 7.70 — 7.62 (m, 2H), 7.62 — 7.57 (m, 2H), 7.54 — 7.48
(m, 3H), 7.45 — 7.40 (m, 3H), 7.37 — 7.25 (m, 7H), 7.22 — 7.16 (m, 2H), 4.98 (dd, J =
12.0, 6.8 Hz, 1H), 4.75 (dd, J = 12.0, 6.3 Hz, 1H), 3.41 —3.30 (m, 1H), 1.54 (dd, J =
17.8, 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 140.8 (d, J = 1.5 Hz), 139.9 (d, J = 3.3 Hz), 136.6 (dd,
J=1.3,73Hz),132.4,132.4(d,/J=9.2 Hz), 132.4,129.5 (d,J=5.5 Hz), 128.8, 128.4



(t, J=6.1 Hz), 128.1, 127.5, 127.3, 127.0, 127.0 (d, J = 2.8 Hz), 66.2 (d, J = 6.6 Hz),
41.4 (d,J=94.2 Hz), 14.6 (d, J=2.1 Hz).

31P NMR (162 MHz, CDCls) & 45.0 (isomer), & 44.2.

HRMS (ESI) m/z caled. for C27H2602P [M + H]" 413.1665, found 413.1659.

2-methylbenzyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (66)

Me

According to the general procedure D, substrates C-9 (24.6 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 66 as a
white solid (25.6 mg, 60% yield, 94% ee, 11:1 dr).

HPLC analysis: Chiralpak IG (hexane/i-PrOH = 94/6, flow rate 0.8 mL/min, A = 254
nm), tr (major) = 95.447 min, tr (minor) = 135.572 min.

[a]y =—43.4 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.69 — 7.62 (m, 2H), 7.61 — 7.57 (m, 2H), 7.52 — 7.48
(m, 2H), 7.47 — 7.40 (m, 4H), 7.38 — 7.27 (m, 4H), 7.21 — 7.09 (m, 4H), 4.99 (dd, J =
12.1, 6.1 Hz, 1H), 4.75 (dd, J = 12.1, 6.0 Hz, 1H), 3.40 — 3.29 (m, 1H), 2.16 (s, 3H),
1.54 (dd, J=17.9, 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 140.8 (d, J= 1.5 Hz), 139.9 (d, J= 3.2 Hz), 136.6 (d, J
= 8.1 Hz), 136.5, 134.6 (d, J= 7.1 Hz), 132.4 (d, J = 9.4 Hz), 132.4 (d, J = 2.8 Hz),
130.2,129.5 (d,J=5.6 Hz), 129.3 (d,J=121.1 Hz), 128.8, 128.5, 128.4, 128.3 (d, J =
5.1 Hz), 127.3, 127.0, 127.0 (d, J = 2.8 Hz), 125.9, 64.6 (d, /= 6.5 Hz), 41.4 (d, J =
94.3 Hz), 18.7, 14.6 (d, J=2.0 Hz).

3P NMR (162 MHz, CDCls) 6 45.0 (isomer), & 44.2.

HRMS (ESI) m/z calcd. for C2sH2sO2P [M + H]" 427.1821, found 427.1815.

2-bromobenzyl (1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate (67)

Me

O

M
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According to the general procedure D, substrates C-10 (31.1 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 67 as a
white solid (25.1 mg, 51% yield, 92% ee, 12:1 dr).



HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak IG
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254 nm), tr (major) = 106.421 min,
tr (minor) = 136.734 min.

[a]y =—34.2 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) § 7.75 — 7.64 (m, 2H), 7.62 — 7.41 (m, 10H), 7.39 — 7.32
(m, 3H), 7.21 - 7.17 (m, 2H), 7.15 - 7.06 (m, 1H), 5.02 (dd, /= 13.1, 7.3 Hz, 1H), 4.85
(dd, J=13.1, 6.4 Hz, 1H), 3.44 - 3.33 (m, 1H), 1.57 (dd, J=17.9, 7.4 Hz, 3H).

13C NMR (100 MHz, CDCIs) & 140.8 (d, J = 0.9 Hz), 136.5 (d, J = 7.2 Hz), 132.5,
132.4(d,J=9.4 Hz), 129.5 (d,J=5.6 Hz), 129.4,129.2 (d, /= 120.7 Hz), 129.0, 128.8,
128.5(d,J=12.3Hz), 127.4,127.3,127.1,122.3, 65.6 (d,J= 6.0 Hz), 41.4 (d, /=94 .4
Hz), 14.7 (d, J= 1.8 Hz).

3P NMR (162 MHz, CDCls) & 45.3 (isomer), & 44.5.

HRMS (ESI) m/z calcd. for C27H25BrO2P [M + H]" 490.0697, found 490.0694.

2,6-di-tert-butylbenzyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(phenyl)phosphinate

(68)
1]
P
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Bu Bu

According to the general procedure D, substrates C-11 (34.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 68 as a
white solid (27.8 mg, 53% yield, 93% ee, 9:1 dr).

HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (major) = 11.566 min, tr (minor) = 35.875 min.

[a]y =-23.6 (c 1.0, CHCI3).

TH NMR (400 MHz, CDCl3) 8 7.67 — 72.56 (m, 4H), 7.53 — 7.49 (m, 3H), 7.46 — 7.36
(m, 5H), 7.34 — 7.30 (m, 3H), 7.08 (d, /= 1.9 Hz, 2H), 4.99 (dd, /= 11.9, 6.8 Hz, 1H),
4.78 (dd, J=11.9, 6.3 Hz, 1H), 3.41 — 3.30 (m, 1H), 1.55 (dd, /= 17.8, 7.4 Hz, 3H),
1.28 (s, 18H).

13C NMR (100 MHz, CDCl3) 6 150.9, 132.5,132.4,132.2,129.4 (d, /= 5.6 Hz), 128.7,
128.3, 127.7 (d, J = 103.2 Hz), 126.9 (d, J = 4.0 Hz), 122.0, 121.7, 34.8,31.4 (d, J =
2.9 Hz).

3P NMR (162 MHz, CDCls) 6 44.7 (isomer), & 43.9.

HRMS (ESI) m/z calcd. for C3sH4202P [M + H]" 525.2917, found 525.2914.



isopropyl (S)-((S9)-1-([1,1'-biphenyl]-4-yl)ethyl)(2-methoxyphenyl)phosphinate
(69)
OMe
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According to the general procedure D, substrates C-12 (21.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 69 as a
white solid (26.8 mg, 68% yield, 99% ee, >20:1 dr).
HPLC analysis: Chiralpak AZ3 (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (major) =41.215 min, tr (minor) = 54.113 min.
[a] =—188.1 (¢ 1.0, CHCl3).
'TH NMR (400 MHz, CDCl3) & 7.99 — 7.89 (m, 1H), 7.63 — 7.56 (m, 2H), 7.55 — 7.48
(m, 3H), 7.46 — 7.39 (m, 4H), 7.36 — 7.29 (m, 1H), 7.07 — 7.00 (m, 1H), 6.96 — 6.89 (m,
1H), 4.47 —4.37 (m, 1H), 3.89 (s, 3H), 3.69 — 3.58 (m, 1H), 1.42 (dd, /J=19.2, 7.5 Hz,
3H), 1.09 (d, J= 6.2 Hz, 3H), 1.04 (d, /= 6.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 160.6 (d, J= 4.6 Hz), 141.0 (d, J= 1.3 Hz), 139.3 (d, J
=3.2 Hz), 137.5 (d, J= 8.5 Hz), 136.0 (d, J= 5.8 Hz), 134.0 (d, J = 2.2 Hz), 129.6 (d,
J=5.8 Hz), 128.6, 127.0 (d, J= 6.1 Hz), 126.6 (d, /= 2.6 Hz), 120.6 (d, J=11.2 Hz),
118.9 (d,J=117.8 Hz), 110.6 (d, J= 7.5 Hz), 69.3 (d, J = 7.4 Hz), 55.4, 40.0 (d, J =
97.7 Hz), 24.1 (d, J=4.0 Hz), 23.6 (d, J=4.3 Hz), 14.5.
3P NMR (162 MHz, CDCIs) 8 41.0 (isomer), 5 40.5.
HRMS (ESI) m/z calcd. for C24H2803P [M + H]" 395.1771, found 395.1764.

isopropyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(3-methoxyphenyl)phosphinate
(70)
Ph

According to the general procedure D, substrates C-13 (21.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 70 as a
white solid (24.9 mg, 63% yield, 91% ee, 14:1 dr).

HPLC analysis: Chiralpak AZ3 (hexane/i-PrOH = 94/6, flow rate 1.0 mL/min, A =254
nm), tr (minor) = 71.416 min, tr (major) = 89.772 min.

[a]l =-93.9 (¢ 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.61 — 7.56 (m, 2H), 7.53 — 7.48 (m, 2H), 7.46 — 7.41
(m, 2H), 7.36 — 7.26 (m, 4H), 7.25 - 7.18 (m, 1H), 7.09 — 7.01 (m, 2H), 4.58 — 4.46 (m,
1H), 3.72 (s, 3H), 3.28 — 3.18 (m, 1H), 1.53 (dd, J=17.5, 7.4 Hz, 3H), 1.23 (d, /= 6.2
Hz, 3H), 1.15 (d, /= 6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) & 159.1 (d,J = 15.3 Hz), 140.8 (d, J = 1.4 Hz), 139.6 (d,
J=3.3Hz), 137.1 (d,J=6.9 Hz), 132.0 (d, /= 120.9 Hz), 129.4 (d, /= 5.5 Hz), 129.3
(d,/=14.4Hz), 128.7, 127.2, 126.9, 126.7 (d, /= 2.6 Hz), 124.5 (d, /=8.8 Hz), 118.6



(d,J=2.8 Hz), 116.5 (d,J=10.3 Hz), 69.9 (d, J= 7.2 Hz), 55.2, 41.6 (d, J = 95.4 Hz),
24.2 (d, J=3.5 Hz), 24.0 (d, J= 4.6 Hz), 14.5 (d, J = 2.6 Hz).

3P NMR (162 MHz, CDCls) § 42.5 (isomer), & 41.5.

HRMS (ESI) m/z caled. for C24Has0sP [M + H]* 395.1771, found 395.1767.

isopropyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(4-methoxyphenyl)phosphinate
(71)
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According to the general procedure D, substrates C-14 (21.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 71 as a
white solid (24.5 mg, 62% yield, 91% ee, 12:1 dr).
HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 31.786 min, tr (major) = 36.070 min.
[a]y =—51.7 (¢ 1.0, CHCl3).
'TH NMR (400 MHz, CDCl3) 6 7.62 — 7.58 (m, 2H), 7.55 — 7.48 (m, 4H), 7.46 — 7.41
(m, 2H), 7.36 — 7.31 (m, 1H), 7.29 — 7.23 (m, 2H), 6.92 — 6.86 (m, 2H), 4.55 — 4.44 (m,
1H), 3.84 (s, 3H), 3.26 — 3.16 (m, 1H), 1.52 (dd, J=17.4, 7.4 Hz, 3H), 1.23 (d, /= 6.1
Hz, 3H), 1.14 (d, /= 6.1 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 162.5 (d, J=2.9 Hz), 140.8 (d,J= 1.2 Hz), 139.5 (d, J
=3.3 Hz), 137.3 (d, J= 6.8 Hz), 134.2 (d, J=10.5 Hz), 129.4 (d, J = 5.5 Hz), 128.7,
127.1,126.9,126.7 (d,J=2.7 Hz), 121.8 (d, /= 128.6 Hz), 113.6 (d, /= 13.1 Hz), 69.6
(d, J=17.0 Hz), 55.2, 41.8 (d, J=96.4 Hz), 24.3 (d, /= 3.6 Hz), 24.0 (d, J = 4.6 Hz),
14.6 (d,J=2.6 Hz).
3P NMR (162 MHz, CDCls) & 42.8 (isomer), & 41.9.
HRMS (ESI) m/z calcd. for C24H2803P [M + H]" 395.1771, found 395.1765.

isopropyl (S)-[1,1'-biphenyl]-4-yl((S)-1-([1,1'-biphenyl]-4-yl)ethyl)phosphinate
(72)

Ph
Q
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According to the general procedure D, substrates C-15 (26.0 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 72 as a
white solid (30.8 mg, 70% yield, 92% ee, >20:1 dr).
HPLC analysis: Chiralpak AZ3 (hexane/i-PrOH = 94/6, flow rate 1.0 mL/min, A =254
nm), tr (minor) = 65.718 min, tr (major) = 84.322 min.
[a]y =—36.1(c 1.0, CHCI3).



'H NMR (400 MHz, CDCl3) & 7.71 — 7.59 (m, 8H), 7.55 — 7.50 (m, 2H), 7.49 — 7.39
(m, SH), 7.37 — 7.28 (m, 3H), 4.60 — 4.48 (m, 1H), 3.35 — 3.21 (m, 1H), 1.55 (dd, J =
17.6, 7.4 Hz, 3H), 1.24 (d, J= 6.1 Hz, 3H), 1.17 (d, J= 6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 144.6 (d, J= 2.8 Hz), 140.7(d, J= 1.1 Hz), 139.9, 139.6
(d,J=3.3 Hz), 137.0(d, J= 6.7 Hz), 132.8 (d,J=9.5 Hz), 129.5 (d, J = 5.6 Hz), 128.9,
128.7,128.1, 127.2 (d, J= 4.4 Hz), 127.0, 126.8 (d, J= 2.6 Hz), 126.7 (d, J= 12.4 Hz),
70.0 (d, J = 7.3 Hz), 41.6 (d, J = 95.6 Hz), 24.2 (d, J = 3.7 Hz), 24.0 (d, J = 4.5 Hz),
14.6 (d, J = 2.6 Hz).

31P NMR (162 MHz, CDCls) § 42.6 (isomer), & 41.7.

HRMS (ESI) m/z caled. for C2o0H3002P [M + H]" 441.1978, found 441.1974.

isopropyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(naphthalen-2-yl)phosphinate (73)

'PrO Me
According to the general procedure D, substrates C-16 (23.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 73 as a
white solid (29.4 mg, 71% yield, 90% ee, 10:1 dr).
HPLC analysis: Chiralpak AZ3 (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
254 nm), tr (minor) = 28.048 min, tr (major) = 31.173 min.
[a]y =—41.1 (c 1.0, CHCI3).
'"H NMR (400 MHz, CDCI3) & 8.29 (d, J = 12.9 Hz, 1H), 7.92 — 7.80 (m, 3H), 7.62 —
7.49 (m, 7TH), 7.47 — 7.41 (m, 2H), 7.37 — 7.28 (m, 3H), 4.59 — 4.50 (m, 1H), 3.38 —
3.27 (m, 1H), 1.55 (dd, J=17.6, 7.4 Hz, 3H), 1.24 (d, /= 6.2 Hz, 3H), 1.14 (d, /= 6.1
Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 140.8 (d, J= 1.1 Hz), 139.6 (d, J= 3.3 Hz), 137.0 (d, J
=7.1Hz), 134.8 (d,J=1.1 Hz), 134.6 (d,J=2.5 Hz), 132.3 (d,/J=13.4 Hz), 129.5 (d,
J=5.4Hz), 129.0, 128.7, 128.1, 127.9 (d, /= 120.7 Hz), 127.8 (d, /= 6.8 Hz), 127.7,
127.2,126.7, 126.8 (d, J = 2.6 Hz), 126.7, 70.0 (d, J = 6.9 Hz), 41.6 (d, J = 95.8 Hz),
242 (d,J=3.6 Hz),24.0 (d, /J=4.5 Hz), 14.6 (d, /= 2.4 Hz).
3P NMR (162 MHz, CDCls) & 42.5 (isomer), & 41.6.
HRMS (ESI) m/z calcd. for C27H2802P [M + H]" 415.1821, found 415.1817.

isopropyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(naphthalen-1-yl)phosphinate (74)

X "



According to the general procedure D, substrates C-17 (23.4 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 74 as a

white solid (24.0 mg, 57% yield, 95% ee, 12:1 dr).

HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254

nm), tr (major) =20.018 min, tr (minor) = 51.503 min.

[a]y =—41.6 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) 6 8.69 — 8.62 (m, 1H), 8.18 — 8.08 (m, 1H), 8.05 — 7.99

(m, 1H), 7.93 — 7.88 (m, 1H), 7.59 — 7.41 (m, 9H), 7.37 — 7.30 (m, 3H), 4.70 — 4.58 (m,

1H), 3.51 - 3.38 (m, 1H), 1.42 (dd, J=18.2, 7.4 Hz, 3H), 1.19 (d, /= 6.1 Hz, 3H), 1.11

(d, J=6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 140.9 (d, J= 1.1 Hz), 139.6 (d, J= 3.1 Hz), 137.1 (d, J
=7.9 Hz), 134.8 (d, J=17.6 Hz), 133.6 (d, J=10.7 Hz), 133.3, 133.2 (d, J = 3.2 Hz),

129.5(d,J=5.5Hz), 128.9 (d,J= 1.3 Hz), 128.7, 128.3 (d,J=57.9 Hz), 127.1 (d, J =

1.7 Hz), 127.0, 126.8 (d, J = 2.6 Hz), 126.5 (d, J = 2.9 Hz), 126.1, 124.5 (d, J=13.2

Hz), 70.4 (d, J= 7.1 Hz), 42.1 (d, J = 94.1 Hz), 24.2 (d, /J=4.0 Hz), 23.9 (d, /=43

Hz), 14.6 (d, /= 1.4 Hz).

3P NMR (162 MHz, CDCls) 6 42.7 (isomer), & 42.2.

HRMS (ESI) m/z calcd. for C27H2802P [M + H]" 415.1821, found 415.1814.

isopropyl (S)-((S)-1-([1,1'-biphenyl]-4-yl)ethyl)(thiophen-2-yl)phosphinate (75)
Ph

According to the general procedure D, substrates C-18 (19.0 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 75 as a

white solid (27.0 mg, 73% yield, 96% ee, 10:1 dr).

HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254

nm), tr (major) =23.001 min, tr (minor) = 32.969 min.

[a]y =—170.5 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.68 — 7.61 (m, 1H), 7.63 — 7.56 (m, 2H), 7.55 — 7.47

(m, 2H), 7.48 — 7.36 (m, 3H), 7.37 - 7.26 (m, 3H), 7.15 — 7.08 (m, 1H), 4.65 — 4.50 (m,

1H), 3.35-3.21 (m, 1H), 1.59 (dd, J=18.2, 7.4 Hz, 3H), 1.25 (d, /= 6.2 Hz, 3H), 1.19

(d, J=6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 140.6 (d, J= 1.5 Hz), 139.7 (d, J= 3.4 Hz), 136.8 (d, J
=9.9 Hz), 136.7 (d, /= 6.9 Hz), 133.5 (d, /= 5.1 Hz), 130.6 (d, /= 131.7 Hz), 129.3

(d, /=59 Hz), 1279 (d,J=14.4 Hz), 127.2, 126.9, 126.7 (d, /= 2.8 Hz), 70.5 (d, J =

7.4 Hz), 42.4 (d, J=103.2 Hz), 24.2 (d, /= 3.3 Hz), 23.8 (d, J=4.9 Hz), 14.6 (d, J =

3.2 Hz).

3P NMR (162 MHz, CDCls) 6 37.0 (isomer), & 36.3.

HRMS (ESI) m/z calcd. for C21H2402P [M + H]" 371.1229, found 371.1223.



isopropyl (S)-phenyl((S)-1-phenylethyl)phosphinate (76)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-2 (24.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 76 as a
white solid (18.5 mg, 47% yield, 90% ee, 9:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak IG
(hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 62.888 min,
tr (minor) = 70.960 min.
[a] =-59.4 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.62 — 7.54 (m, 2H), 7.52 — 7.47 (m, 1H), 7.41 — 7.35
(m, 2H), 7.28 — 7.18 (m, 5H), 4.54 — 4.43 (m, 1H), 3.24 — 3.13 (m, 1H), 1.49 (dd, J =
17.5,7.4 Hz, 3H), 1.19 (d, J= 6.2 Hz, 3H), 1.13 (d, /= 6.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 137.9 (d, J= 6.8 Hz), 132.2 (d,J=9.1 Hz), 131.9 (d, J
= 2.8 Hz), 130.6 (d, /= 121.9 Hz), 129.0 (d, /= 5.5 Hz), 128.1 (d, /= 4.9 Hz), 128.0
(d, /J=4.7Hz), 126.8 (d, J=3.0 Hz), 69.9 (d, /= 7.1 Hz), 41.9 (d, /= 95.4 Hz), 24.1
(d,/J=3.6 Hz),23.9 (d, /J=4.5 Hz), 14.5 (d, /= 2.5 Hz).
3P NMR (162 MHz, CDCls) 6 42.8 (isomer), & 41.8.
HRMS (ESI) m/z calcd. for C21H2202P [M + H]" 289.1352, found 289.1348.

isopropyl (S)-((S)-1-(3-chlorophenyl)ethyl)(phenyl)phosphinate (77)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-3 (28.6 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 77 as a
white solid (17.1 mg, 53% yield, 91% ee, 9:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak IG
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 230 nm), tr (major) = 23.875 min,
tr (minor) = 27.095 min.
[a]y =—56.3 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) & 7.65 — 7.56 (m, 2H), 7.56 — 7.50 (m, 1H), 7.45 — 7.38
(m, 2H), 7.25 - 7.14 (m, 3H), 7.13 - 7.08 (m, 1H), 4.57 — 4.43 (m, 1H), 3.21 —3.11 (m,
1H), 1.46 (dd, J=17.5, 7.4 Hz, 3H), 1.21 (d, J= 6.2 Hz, 3H), 1.14 (d, /= 6.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 8 140.0 (d, J= 6.9 Hz), 133.8 (d,J= 2.8 Hz), 132.2 (d, J
=9.1 Hz), 132.2 (d, /= 3.1 Hz), 130.3 (d, J = 122.8 Hz), 129.3 (d, J = 2.6 Hz), 129.1
(d,/=5.5Hz),128.2 (d,J=12.2 Hz), 127.2 (d, /= 5.4 Hz), 126.9 (d, /= 3.0 Hz), 70.1
(d,/=7.0Hz),41.6 (d,/=95.2 Hz), 24.1 (d,J=3.6 Hz), 23.9 (d, /J=4.7 Hz), 14.3 (d,
J=2.4Hz).
3P NMR (162 MHz, CDCls) 6 41.8 (isomer), & 41.0.



HRMS (ESI) m/z calcd. for C17H2102P [M + H]" 323.0962, found 323.0958.

ethyl 3-((S)-1-((S)-isopropoxy(phenyl)phosphoryl)ethyl)benzoate (78)

(I)I\/©\
.P.
Ph | CO,Et

'PrO Me
According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-4 (31.6 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 78 as a
white solid (21.6 mg, 55% yield, 85% ee, 10:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak ADH
(hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 38.447 min,
tr (minor) = 43.238 min.
[a]y =-28.7 (¢ 1.0, CHCI3).
'"H NMR (400 MHz, CDCl3) 6 7.95 — 7.89 (m, 1H), 7.89 — 7.85 (m, 1H), 7.64 — 7.57
(m, 2H), 7.54 — 7.49 (m, 1H), 7.43 - 7.31 (m, 4H), 4.55 — 4.45 (m, 1H), 4.40 — 4.33 (m,
2H), 3.30-3.21 (m, 1H), 1.50 (dd, J=17.5, 7.4 Hz, 3H), 1.39 (t,/=7.2 Hz, 3H), 1.19
(d,J=6.1 Hz,3H), 1.13 (d, /= 6.2 Hz, 3H).
13C NMR (100 MHz, CDCls) & 166.5, 138.4 (d, J = 6.8 Hz), 133.4 (d, J = 5.2 Hz),
132.2 (d, J=9.3 Hz), 132.1 (d, J = 2.6 Hz), 130.5 (d, /= 122.0 Hz),130.3 (d, /=23
Hz), 130.2 (d,/=6.3 Hz), 128.2 (d,J=12.2 Hz), 128.0 (d, /=29 Hz), 70.1 (d, J=7.2
Hz), 60.9, 41.7 (d, /=953 Hz), 24.2 (d, J=3.7 Hz), 23.9 (d,/=4.7Hz), 144 (d, /=
2.5 Hz), 14.3.
3P NMR (162 MHz, CDCls) 6 42.0 (isomer), & 41.1.
HRMS (ESI) m/z calcd. for C20H2604P [M + H]" 361.1563, found 361.1558.

isopropyl (S)-((S)-1-(4-chlorophenyl)ethyl)(phenyl)phosphinate (79)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-5 (28.5 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 79 as a
white solid (20.7 mg, 64% yield, 92% ee, 11:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak [A
(hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 33.423 min,
tr (minor) = 41.290 min.
[a]y =—44.9 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) & 7.66 — 7.56 (m, 2H), 7.55 — 7.49 (m, 1H), 7.45 — 7.37
(m, 2H), 7.27 - 7.20 (m, 2H), 7.16 — 7.11 (m, 2H), 4.55 — 4.44 (m, 1H), 3.22 —3.11 (m,
1H), 1.45 (dd, J=17.4, 7.4 Hz, 3H), 1.21 (d, J= 6.1 Hz, 3H), 1.13 (d, /= 6.2 Hz, 3H).



13C NMR (100 MHz, CDCL3) § 136.5 (d, J= 6.9 Hz), 132.6 (d, J= 3.6 Hz), 132.2 (d, J
=9.3 Hz), 132.1 (d, J=2.8 Hz), 130.4 (d, J= 121.4 Hz), 130.3 (d, J = 5.5 Hz), 128.2
(d, J=5.0 Hz), 128.2 (d, J = 4.8 Hz), 70.0 (d, J= 7.2 Hz), 41.2 (d, J = 95.6 Hz), 24.2
(d,J=3.5Hz),23.9 (d, J= 4.7 Hz), 14.5 (d, J = 2.4 Hz).

31P NMR (162 MHz, CDCls) § 42.0 (isomer), & 41.2.

HRMS (ESI) m/z caled. for C17H21C102P [M + H]* 323.0962, found 323.0957.

isopropyl (S)-((S)-1-(4-bromophenyl)ethyl)(phenyl)phosphinate (80)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-6 (34.3 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 80 as a
white solid (19.8 mg, 54% yield, 91% ee, 12:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak [A
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 230 nm), tr (major) = 16.800 min,
tr (minor) = 20.195 min.
[a]s =—50.8 (¢ 1.0, CHCl5).
'TH NMR (400 MHz, CDCl3) 6 7.64 — 7.56 (m, 2H), 7.54 — 7.49 (m, 1H), 7.45 — 7.35
(m, 4H), 7.13 — 7.02 (m, 2H), 4.55 — 4.44 (m, 1H), 3.20 — 3.10 (m, 1H), 1.44 (dd, J =
17.5,7.4 Hz, 3H), 1.21 (d, J= 6.2 Hz, 3H), 1.13 (d, /= 6.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 137.0 (d, J= 6.9 Hz), 132.2 (d,J=9.2 Hz), 132.1 (d, J
=2.8 Hz), 131.1 (d, /= 2.5 Hz), 130.7 (d, /= 5.5 Hz), 130.3 (d, /= 121.4 Hz),128.2
(d,J=12.3 Hz), 120.7 (d,/=3.9 Hz), 70.0 (d,/J="7.1 Hz), 41.3 (d, /= 95.4 Hz), 24.2
(d,/=3.4Hz),23.9(d,/=4.7Hz), 14.4 (d,J=2.5 Hz).
3P NMR (162 MHz, CDCls) 6 41.8 (isomer), & 41.0.
HRMS (ESI) m/z calcd. for C17H21BrO2P [M + H]" 367.0457, found 367.0453.

isopropyl (S)-phenyl((S)-1-(4-(trifluoromethyl)phenyl)ethyl)phosphinate (81)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-7 (32.9 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 81 as a
white solid (21.0 mg, 59% yield, 93% ee, 8:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak [A
(hexane/i-PrOH = 96/4, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 32.109 min,
tr (minor) = 44.263 min.

[a]¥ =-30.1 (¢ 1.0, CHCL).



'H NMR (400 MHz, CDCL3) § 7.66 — 7.57 (m, 2H), 7.55 — 7.50 (m, 3H), 7.44 — 7.40
(m, 2H), 7.36 — 7.32 (m, 2H), 4.56 — 4.45 (m, 1H), 3.31 — 3.21 (m, 1H), 1.48 (dd, J =
17.4, 7.4 Hz, 3H), 1.18 (d, J= 6.2 Hz, 3H), 1.13 (d, J= 6.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 142.3 (d, J = 6.9 Hz), 132.2, 132.1, 130.3 (d, J= 122.9
Hz), 129.3 (d, J = 5.4 Hz), 128.3, 128.2, 125.0 — 124.8 (m), 70.2 (d, J= 7.1 Hz), 42.3,
41.3,24.1 (d,J=3.5Hz), 23.9 (d, J= 4.6 Hz), 14.4 (d, J= 2.3 Hz).

31P NMR (162 MHz, CDCls) § 42.5 (isomer), & 41.7.

15F NMR (376 MHz, CDCl3) § —62.4 (d, J = 2.3 Hz), —62.5 (d, J = 2.1 Hz) (isomer).
HRMS (ESI) m/z caled. for CisH21F302P [M + H]* 357.1226, found 357.1220.

isopropyl (S)-((S)-1-(naphthalen-2-yl)ethyl)(phenyl)phosphinate (82)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-8 (30.1 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 82 as a
white solid (23.0 mg, 68% yield, 80% ee, 7:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak IG
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm), tr (major) = 56.059 min,
tr (minor) = 125.898 min.
[a]y =—41.9 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.83 — 7.78 (m, 1H), 7.77 — 7.71 (m, 2H), 7.64 — 7.57
(m, 3H), 7.51 — 7.47 (m, 1H), 7.46 — 7.42 (m, 2H), 7.40 — 7.34 (m, 3H), 4.55 — 4.45 (m,
1H), 3.41 -3.32 (m, 1H), 1.57 (dd, J=17.5, 7.4 Hz, 3H), 1.17 (d, /= 6.1 Hz, 3H), 1.12
(d, J=6.2 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 135.6 (d, J= 7.1 Hz), 133.2 (d,J= 2.6 Hz), 132.4 (d, J
=2.4 Hz), 132.3, 132.2, 132.0 (d, J = 2.6 Hz), 130.7 (d, J = 122.0 Hz), 128.1 (d, J =
12.1 Hz), 127.7 (d, J = 3.3 Hz), 127.6 (d, J = 3.7 Hz), 127.5, 127.4 (d, J = 4.3 Hz),
125.9,125.6,70.0 (d, J= 7.0 Hz), 42.0 (d, J=95.4 Hz), 24.2 (d,J=3.7 Hz), 24.0 (d, J
=4.6 Hz), 14.7 (d, /= 2.4 Hz).
3P NMR (162 MHz, CDCls) 8 42.5 (isomer), & 41.7.
HRMS (ESI) m/z calcd. for C21H2402P [M + H]" 339.1508, found 339.1504.

isopropyl (S)-phenyl((S)-1-(thiophen-2-yl)ethyl)phosphinate (83)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-13 (24.8 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 87 as a

white solid (19.3 mg, 64% yield, 98% ee, 10:1 dr).



HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak IC
(hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 230 nm), tr (major) = 62.074 min,
tr (minor) = 66.642 min.

[a]y =—45.7 (c 1.0, CHCl3).

'TH NMR (400 MHz, CDCl3) 6 7.59 — 7.51 (m, 2H), 7.51 — 7.46 (m, 1H), 7.42 — 7.35
(m, 2H), 7.26 — 7.20 (m, 1H), 7.05 - 6.99 (m, 1H), 6.97 — 6.92 (m, 1H), 4.58 — 4.50 (m,
1H), 3.41 -3.29 (m, 1H), 1.47 (dd, J=17.2, 7.4 Hz, 3H), 1.27 (d, /= 6.2 Hz, 3H), 1.16
(d, J=6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 138.0 (d, J= 6.7 Hz), 132.2 (d,J=9.1 Hz), 131.9 (d, J
=2.8 Hz), 130.4 (d, J= 122.4 Hz), 128.4 (d, /= 3.4 Hz), 128.0 (d, /= 12.2 Hz), 124.8
(d, /=18 Hz), 122.2 (d, /= 8.2 Hz), 69.9 (d, J= 7.1 Hz), 37.5 (d, /= 97.6 Hz), 24.3
(d,/J=3.5Hz),24.0 (d,/=4.7 Hz), 14.6 (d, /= 2.6 Hz).

3P NMR (162 MHz, CDCls) 6 42.1 (isomer), & 41.3.

HRMS (ESI) m/z calcd. for C1sH2002PS [M + H]" 295.0916, found 295.0913

isopropyl (S)-phenyl((S)-1-phenylpropyl)phosphinate (84)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-9 (25.88 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 84 as a
white solid (16.7 mg, 55% yield, 92% ee, 10:1 dr).
HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak ADH
(hexane/i-PrOH = 96/4, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 28.791 min,
tr (minor) = 34.137 min.
[a]y =—42.8 (c 1.0, CHCI3).
'TH NMR (400 MHz, CDCl3) 6 7.60 — 7.53 (m, 2H), 7.50 — 7.45 (m, 1H), 7.40 — 7.34
(m, 2H), 7.28 — 7.23 (m, 3H), 7.20 — 7.15 (m, 2H), 4.50 — 4.41 (m, 1H), 2.94 — 2.85 (m,
1H), 1.97 = 1.90 (m, 2H), 1.16 (d, J = 6.2 Hz, 3H), 1.10 (d, J = 6.2 Hz, 3H), 0.77 (4,
3H).
13C NMR (100 MHz, CDCl3) 6 136.0 (d, J= 6.7 Hz), 132.2 (d,J=9.1 Hz), 131.8 (d, J
=2.7Hz), 131.1 (d, J=113.3 Hz), 129.7 (d, /= 5.9 Hz), 128.1 (d), 128.0 (d, J=11.0
Hz), 126.8 (d, J=3.0 Hz), 69.7 (d, J= 7.2 Hz), 50.1 (d, /= 95.5 Hz), 24.1 (d, /= 3.6
Hz),23.9 (d,J=4.7 Hz), 21.7, 12.6 (d, J= 15.5 Hz).
3P NMR (162 MHz, CDCls) 6 42.2 (isomer), & 40.8.
HRMS (ESI) m/z calcd. for C1sH2402P [M + H]" 303.1508, found 303.1504.



isopropyl (S)-phenyl((S)-1-phenylbutyl)phosphinate (85)
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According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-10 (27.7 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 85 as a
white solid (16.1mg, 51% yield, 92% ee, 10:1 dr).

HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak TA
(hexane/i-PrOH = 96/4, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 31.304 min,
tr (minor) = 34.886 min.

[a]y =—52.2 (c 1.0, CHCI3).

'"H NMR (400 MHz, CDCl3) & 7.59 — 7.52 (m, 2H), 7.49 — 7.45 (m, 1H), 7.39 — 7.33
(m, 2H), 7.27 — 7.22 (m, 3H), 7.19 - 7.15 (m, 2H), 4.50 — 4.41 (m, 1H), 3.05 —2.96 (m,
1H), 1.98 = 1.91 (m, 2H), 1.28 —= 1.19 (m, 2H), 1.17 (d, /= 6.1 Hz, 3H), 1.10 (d, /= 6.2
Hz, 3H), 0.79 (t, /= 7.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 136.2 (d, J= 6.9 Hz), 132.2 (d,J=9.1 Hz), 131.8 (d, J
=2.7Hz), 131.1 (d,J=121.9 Hz), 129.6 (d, /= 5.9 Hz), 128.1, 128.0 (d, /= 10.5 Hz),
126.7 (d, J=3.0 Hz), 69.7 (d, /= 7.2 Hz), 48.0 (d, J=95.5 Hz), 30.2 (d, /= 1.7 Hz),
24.1 (d,J=3.6 Hz),23.9 (d,/=4.7 Hz), 20.8 (d, /= 15.0 Hz), 13.6.

3P NMR (162 MHz, CDCls) 6 42.3 (isomer), & 41.0.

HRMS (ESI) m/z calcd. for C20H2802P [M + H]" 317.1665, found 317.1661.

isopropyl (S)-((S)-4-chloro-1-phenylbutyl)(phenyl)phosphinate (86)
O
1]
- P\/©

According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-11 (32.2 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 86 as a
white solid (20.7 mg, 59% yield, 93% ee, 8:1 dr).

HPLC analysis: Chiral resolution was achieved by using two tandem Chiralpak [A
(hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A = 230 nm), tr (major) = 35.056 min,
tr (minor) = 44.766 min.

[a] =-28.0 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.59 — 7.52 (m, 2H), 7.50 — 7.47 (m, 1H), 7.40 — 7.34
(m, 2H), 7.28 — 7.23 (m, 3H), 7.18 — 7.14 (m, 2H), 4.52 — 4.42 (m, 1H), 3.41 (t,/=6.9
Hz, 2H), 3.05-2.95 (m, 1H), 2.17 - 2.05 (m, 2H), 1.67 — 1.56 (m, 2H), 1.18 (d, /= 6.1
Hz, 3H), 1.11 (d, J = 6.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 135.6 (d, J= 6.9 Hz), 132.2 (d,J=9.2 Hz), 132.0 (d, J
= 2.8 Hz), 130.7 (d, /= 123.0 Hz), 129.5 (d, /= 5.8 Hz), 128.3 (d, /= 2.5 Hz), 128.1
(d,/=12.3 Hz), 127.1 (d,J=3.0 Hz), 70.0 (d, J= 7.1 Hz), 47.7 (d, J = 95.6 Hz), 44 .4,
30.7 (d,J=14.9 Hz), 25.7, 24.1 (d,J=3.5 Hz), 23.9 (d, /= 4.6 Hz).



31P NMR (162 MHz, CDCls) & 41.7 (isomer), & 40.2.
HRMS (ESI) m/z caled. for CioH2sCl02P [M + H]* 351.1275, found 351.1272.

isopropyl (S)-((S)-2,3-dihydro-1H-inden-1-yl)(phenyl)phosphinate (87)

P
PR | %
'PrO -

According to the general procedure D, substrates C-1 (18.4 mg, 0.10 mmol, 1.0 equiv)
and D-12 (25.6 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 87 as a
white solid (18.0 mg, 62% yield, 86% ee, 6:1 dr).

HPLC analysis: Chiralpak ID (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =214
nm), tr (major) = 16.081 min, tr (minor) = 20.997 min.

[a]s =+8.4 (c 1.0, CHCI3).

'TH NMR (400 MHz, CDCl3) 6 7.70 — 7.63 (m, 2H), 7.51 — 7.48 (m, 1H), 7.46 — 7.36
(m, 3H), 7.17 - 7.12 (m, 3H), 4.70 — 4.61 (m, 1H), 3.71 — 3.62 (m, 1H), 2.82 —2.73 (m,
2H), 2.32 - 2.15 (m, 2H), 1.41 (d, J= 6.1 Hz, 3H), 1.24 (d, /= 6.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 144.9 (d, J=7.1 Hz), 138.2 (d,J= 6.0 Hz), 132.3 (d, J
=9.1 Hz), 132.2 (d, J=9.1 Hz), 132.0 (d, /= 2.7 Hz), 130.8 (d, /= 121.5 Hz), 128.2
(d, J=11.9 Hz), 127.2 (d, J = 3.0 Hz), 126.1 (d, J = 2.8 Hz), 126.0 (d, J = 3.5 Hz),
124.5 (d, J=2.5 Hz), 69.9 (d, J = 6.8 Hz), 46.1 (d, J=99.3 Hz), 31.6 (d, J = 2.7 Hz),
26.2,24.5(d,J=3.4 Hz), 24.1 (d, J= 4.7 Hz).

3P NMR (162 MHz, CDCls) 6 41.0, & 41.6 (isomer).

HRMS (ESI) m/z calcd. for C1sH2202P [M + H]" 301.1352, found 301.1348.

(1-([1,1'-biphenyl]-4-yl)ethyl)(isobutyl)(phenyl)phosphine oxide (1')

Ph
Q
P*
Ph") Y-

'‘Bu Me
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and D-1 (34.0 mg, 0.13 mmol, 1.3 equiv) were employed to yield the product 1' as a
white solid (9.8 mg, 27% yield, dr 5:1, 90% ee for the major isomer, 19% ee for the
minor isomer).
HPLC analysis: Chiralpak IG (hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, A = 254
nm), tr (1) = 57.426 min, tr (2) = 64.487 min, tr (major) = 69.941 min, tr (minor) =
130.733 min.
[a]s =-9.2 (c 0.5, CHCI3).
'H NMR (400 MHz, CDCls) 8 7.75 — 7.67 (m, 2H), 7.61 (d, J = 7.2 Hz, 2H), 7.57 (d,
J=28.0 Hz, 2.2H), 7.55 — 7.41 (m, 6.6H), 7.40 — 7.32 (m, 3.6H), 7.02 (dd, J = 8.4, 2.2
Hz, 0.4H), 3.40 — 3.28 (m, 0.2H), 3.19 — 3.07 (m, 1H), 2.11 — 2.01 (m, 0.4H), 1.88 —
1.79 (m, 2H), 1.78 — 1.76 (m, 0.2H), 1.74 — 1.71 (m, 1H), 1.59 (dd, J = 15.2, 7.3 Hz,



0.6H), 1.43 (dd, J=15.5, 7.4 Hz, 3H), 1.09 (d, J = 6.2 Hz, 0.6H), 0.92 (d, /= 6.5 Hz,
3H), 0.87 (d, J= 6.4 Hz, 0.6H), 0.74 (d, J = 6.5 Hz, 3H).

13C NMR (100 MHz, CDCl3) 8 140.7 (d, J= 1.0 Hz), 139.9 (d, J= 2.9 Hz), 137.6 (d, J
=5.5Hz),132.2(d,/=879Hz), 131.4 (d,J=2.8 Hz), 131.0 (d, /= 8.3 Hz), 129.2 (d,
J=5.3Hz), 128.8, 128.5 (d, /= 10.9 Hz), 127.3, 127.0, 126.9 (d, J= 9.4 Hz), 42.5 (d,
J=63.8 Hz), 35.8 (d, /J=67.8 Hz), 24.7 (d, /=9.8 Hz), 24.2 (d,J= 7.6 Hz), 23.4 (d, J
=4.1 Hz), 14.8 (d, J= 2.9 Hz). Selected signals for the minor isomer: 131.6 (d, J= 8.0
Hz), 129.1 (d,J=4.8 Hz), 128.7, 127.9 (d,J=11.2 Hz), 126.7 (d, J = 2.6 Hz), 42.4 (d,
J=62.2Hz),23.6 (d,J=4.2 Hz), 14.0 (d, /= 3.0 Hz).

3P NMR (162 MHz, CDCls) 8 42.0 (minor), 41.3 (major).

HRMS (ESI) m/z calcd. for C24H2s0P [M + H]" 363.1872, found 363.1869.

2-(isobutyl(phenyl)phosphoryl)-1-phenylethan-1-one (P1)

(I'I) O
Ph” T\)J\Ph

'‘Bu
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and 2-chloro-1-phenylethan-1-one B-40 (20.1 mg, 0.13 mmol, 1.3 equiv) were
employed to yield the product P1 as a white solid (14.3 mg, 48% yield, 6% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254
nm), tr (1) = 9.652 min, tr (2) = 13.836 min.
'"H NMR (400 MHz, CDCl3) 6 7.95 — 7.85 (m, 2H), 7.78 — 7.67 (m, 2H), 7.58 — 7.33
(m, 6H), 3.84 —3.68 (m, 2H), 2.29 - 2.15 (m, 1H), 2.13 — 1.98 (m, 2H), 1.06 (d, /= 6.2
Hz, 3H), 0.90 (d, /= 6.2 Hz, 3H).
13C NMR (100 MHz, CDCls) & 193.8 (d, J = 5.1 Hz), 136.9 (d, J = 1.4 Hz), 133.6,
132.2(d,J=95.6 Hz), 131.9 (d, /J=2.8 Hz), 130.6 (d, J=9.2 Hz), 129.0, 128.6 (d, J =
11.7 Hz), 128.5, 44.6 (d, J=53.5 Hz), 37.9 (d, /= 69.6 Hz), 24.5 (d, /= 9.9 Hz), 24.4
(d,/J=9.0Hz), 23.5(d, /J=4.1 Hz).
3P NMR (162 MHz, CDCls) § 34.3.
HRMS (ESI) m/z calcd. for C1sH2202P [M + H]" 301.1352, found 301.1355.

2-(isobutyl(phenyl)phosphoryl)-N-phenylacetamide (P2)
1]

Ph” '|3 NP

Bu H

According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)

and 2-bromo-N-phenylacetamide B-41 (27.8 mg, 0.13 mmol, 1.3 equiv) were employed

to yield the product P2 as a white solid (10.1 mg, 32% yield, 3% ee).

HPLC analysis: Chiralpak 1G (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 254

nm), tr (1) = 10.810 min, tr (2) = 12.135 min.

'"H NMR (400 MHz, CDCl3) & 9.08 (br s, 1H), 7.86 — 7.74 (m, 2H), 7.66 — 7.59 (m,

1H), 7.59 — 7.49 (m, 4H), 7.37 — 7.28 (m, 2H), 7.16 — 7.08 (m, 1H), 4.49 (dd, J=15.0,



9.2 Hz, 1H), 4.28 (dd, J= 14.9, 11.6 Hz, 1H), 2.22 — 1.92 (m, 3H), 1.12 (d, J = 6.5 Hz,
3H), 1.01 (d, J= 6.5 Hz, 3H).

13C NMR (100 MHz, CDCL3) § 165.7 (d, J = 5.0 Hz), 137.2, 133.1 (d, J = 2.8 Hz),
131.5 (d, J= 10.2 Hz), 129.2 (d, J = 120.7 Hz), 129.1 (d, J = 12.5 Hz), 129.0, 124.6,
119.9, 64.3 (d, J= 7.3 Hz), 38.0 (d, J= 97.6 Hz), 24.3 (d, J= 7.4 Hz), 24.2 (d, J= 6.2
Hz), 23.4 (d, J= 3.3 Hz).

3IP NMR (162 MHz, CDCl3) & 49.8.

HRMS (ESI) m/z caled. for CisH23NO2P [M + H]* 316.1461, found 316.1463.

isobutyl(3-methylbut-2-en-1-yl)(phenyl)phosphine oxideisobutyl(3-methylbut-2-
en-1-yl)(phenyl)phosphine oxide (P5)

]

o Me

‘Bu Me
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and 1-bromo-3-methylbut-2-ene B-44 (19.37 mg, 0.13 mmol, 1.3 equiv) were
employed to yield the product PS5 as a colorless oil (17.8 mg, 71% yield, 73% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 95/05, flow rate 0.8 mL/min, A =214
nm), tr (major) = 25.883 min, tr (minor) = 38.422 min.
'"H NMR (400 MHz, Chloroform-d) 8 7.76 — 7.63 (m, 2H), 7.56 — 7.41 (m, 3H), 5.13
(q,J=7.2 Hz, 1H), 2.80 — 2.59 (m, 2H), 2.14 — 2.02 (m, 1H), 2.01 — 1.91 (m, 1H), 1.86
—1.77 (m, 1H), 1.69 (d, J = 4.6 Hz, 3H), 1.43 (d, J = 3.4 Hz, 3H), 1.06 (d, ] = 6.6 Hz,
3H), 0.88 (d, J = 6.6 Hz, 3H).
13C NMR (100 MHz, Chloroform-d) & 137.0 (d, J = 11.6 Hz), 133.2 (d, J = 91.3 Hz),
131.3 (d, J=2.7 Hz), 130.5 (d, J = 8.5 Hz), 128.4 (d, /= 11.0 Hz), 112.9 (d, /= 8.4
Hz),37.2 (d,J=67.7 Hz), 32.4 (d, J= 66.6 Hz), 25.8 (d, /= 2.8 Hz), 24.6 (dd, J=10.4,
8.7Hz),23.4(d,J=4.2Hz), 17.9 (d, J=2.4 Hz).
3P NMR (162 MHz, CDCls) & 38.4.
HRMS (ESI) m/z calcd. for C1sH230P [M + H]" 251.1559, found 251.1557.

cinnamyl(isobutyl)(phenyl)phosphine oxide (P6)

1]

Ph” TWPh

'‘Bu
According to the general procedure A, substrates A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and cinnamyl bromide B-45 (15.73 mg, 0.13 mmol, 1.3 equiv) were employed to yield
the product P6 as a colorless oil (25.62 mg, 77% yield, 53% ee).
HPLC analysis: Chiralpak IH (hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A = 254
nm), tr (major) = 11.732 min, tr (minor) = 16.989 min.
'"H NMR (400 MHz, Chloroform-d) & 7.81 — 7.68 (m, 2H), 7.59 — 7.46 (m, 3H), 7.32
(d, 2H), 7.29 (d, 2H), 7.25 (q, J = 4.4 Hz, 1H), 6.42 (dd, J = 15.8, 4.5 Hz, 1H), 6.21 —



6.06 (m, 1H), 2.94 (d, J=15.3, 7.7 Hz, 2H), 2.19 — 2.09 (m, 1H), 2.08 —2.01 (m, 1H),
1.93 — 1.83 (m, 1H), 1.09 (d, J = 6.4 Hz, 3H), 0.92 (d, J= 6.5 Hz, 3H).

13C NMR (100 MHz, Chloroform-d)  136.8 (d, J= 3.1 Hz), 135.1 (d, J = 11.7 Hz),
132.8 (d, J=92.2 Hz), 131.6 (d, J = 2.8 Hz), 130.6 (d, J = 8.6 Hz), 128.6 (d, J= 7.1
Hz), 128.5 (d, J = 4.0 Hz), 127.6, 126.2 (d, J = 1.8 Hz), 119.1 (d, J= 9.3 Hz), 37.5 (d,
J=11.0 Hz), 36.9 (d, J= 7.2 Hz), 24.6 (dd, J = 11.8, 8.7 Hz), 23.5 (d, J = 4.1 Hz).

3IP NMR (162 MHz, CDCl3) 5 37.3.

HRMS (ESI) m/z caled. for CioH230P [M + H]* 299.1559, found 299.1558.

cyclohexyl methyl ([1,1’-biphenyl]-4-ylmethyl)phosphonate (P7)

9\/©/ Ph
CyO’T

OMe
According to the general procedure C, substrates cyclohexyl methyl phosphonate C-
19 (17.8 mg, 0.10 mmol, 1.0 equiv) and B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were
employed to yield the product P7 as a white solid (14.4 mg, 42% yield, 3% ee).
HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 Ml/min, A =254
nm), tr (1) = 8.567 min, tr (2) = 11.276 min.
'TH NMR (400 MHz, CDCl3) & 7.66 — 7.49 (m, 4H), 7.48 — 7.28 (m, 5H), 4.46 — 4.29
(m, 1H), 3.67 (d, J=10.9 Hz, 3H), 3.20 (d, /= 21.7 Hz, 2H), 1.97 — 1.84 (m, 1H), 1.82
—1.61 (m, 3H), 1.53 — 1.15 (m, 6H).
13C NMR (100 MHz, CDCl3) 8 140.7 (d, J= 1.4 Hz), 139.7 (d, J= 3.9 Hz), 130.7 (d, J
=9.2 Hz), 130.2 (d, /= 6.6 Hz), 128.7, 127.3, 127.2, 127.0, 75.9 (d, J = 7.0 Hz), 52.5
(d, /=69 Hz),33.8(d,/=3.3Hz),33.5(d,J=4.8 Hz), 33.4 (d, /= 139.1 Hz), 25.1.
3P NMR (162 MHz, CDCls) § 26.7.
HRMS (ESI) m/z calcd. for C20H2603P [M + H]" 345.1614, found 345.1617.

isopropyl morpholino(phenyl)phosphinate (P11)

|I:I’*

~P=N
o (l)’Pr\\/O
According to the general procedure A, substrates C-1 (9.2 mg, 0.050 mmol, 1.0 equiv)
and 4-benzoyloxymorpholine (1.3 equiv) were employed to yield the product P11 as a
white solid (2.8 mg, 14% yield, 54% ee).
HPLC analysis: Chiralpak I1G-3 (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =
234 nm), tr (minor) = 23.836 min, tr (major) = 31.272 min.
'"H NMR (400 MHz, Chloroform-d) & 7.81 — 7.68 (m, 2H), 7.54 — 7.40 (m, 3H), 4.88 —
4.72 (m, 1H), 3.69 — 3.55 (m, 4H), 3.16 — 3.01 (m, J = 3.8 Hz, 4H), 1.39 (t, /= 6.0 Hz,
6H).
13C NMR (100 MHz, Chloroform-d) & 131.6 (d, J = 3.0 Hz), 131.1 (d, J = 9.4 Hz),
130.4 (d, J=174.7 Hz), 128.3 (d, J = 14.1 Hz), 69.3 (d, J = 6.0 Hz), 66.8 (d, /= 5.9



Hz), 44.1 (d, J = 1.3 Hz), 24.14 (d, J = 4.2 Hz), 23.97 (d, J = 4.5 Hz).
31P NMR (162 MHz, Chloroform-d) & 19.8.
HRMS (ESI) m/z caled. for C13H20NOsP [M + H]* 270.1254, found 270.1252.



Scalability and synthetic utility
1. Large scale synthesis (Scheme 5A)

o o Ph
i /©/\Br CuOAc (10 mol %), L9 (15 mol %) I
I > Ph)

iBy Rb,COj5 (2.5 equiv), benzene, 10 °C, 96 h By
A1 (2.0 mmol)  B-1 (1.3 equiv) 1, 87%, 95% ee

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (24.5 mg, 0.20 mmol, 10 mol %), L9 (116.9
mg, 0.30 mmol, 15 mol %), Rb2COs (1.15 g, 5.0 mmol, 2.5 equiv) and anhydrous
benzene (40 mL). The mixture was stirred at room temperature for 1 h. After that,
racemic secondary phosphine oxide A-1 (364.4 mg, 2.0 mmol, 1.0 equiv) and bromide
B-1 (642.6 mg, 2.6 mmol, 1.3 equiv) were sequentially added into the mixture, and the
resulting mixture was stirred at 10 °C for 96 h. Upon completion (monitored by TLC),
the reaction mixture was filtered through a short pad of celite and rinsed with EtOAc
(20 mL) and DCM (20 mL). The filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (gradient eluent:
DCM/MeOH 100:1-50:1) to afford the product 1 as a white solid (603.7 mg, 87% yield,
95% ee). HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0
mL/min, A =254 nm), tr (major) = 9.914 min, tr (minor) = 18.597 min.



2. The synthesis of antipode product ent-1 (Scheme 5B)

9 Br ;_
P /©/\ Standard conditions . II S
P I H  + > pp b Nj)

‘Bu with ent-L9 (15 mol %) By
A-1 (0.10 mmol) B-1 (1.3 equiv) ent-1, 92%, 93% ee E

Bu

ent-L9

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), ent-L9
(5.8 mg, 0.015 mmol, 15 mol %), Rb2CO3 (57.7 mg, 0.25 mmol, 2.5 equiv) and
anhydrous benzene (2.0 mL). The mixture was stirred at room temperature for 30 min.
After that, racemic secondary phosphine oxide A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and bromide B-1 (32.1 mg, 0.13 mmol, 1.3 equiv) were sequentially added into the
mixture, and the resulting mixture was stirred at 10 °C for 96 h. Upon completion
(monitored by TLC), the reaction mixture was filtered through a short pad of celite and
rinsed with EtOAc (5 mL) and DCM (5 mL). The filtrate was concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
(gradient eluent: DCM/MeOH 100:1-50:1) to afford the antipode product ent-1 as a
white solid (32.0 mg, 92% yield, 93% ee).

(9)-([1,1'-biphenyl]-4-ylmethyl)(isobutyl)(phenyl)phosphine oxide (ent-1)

O\/©/Ph

|IDI

Ph” =
'‘Bu

HPLC analysis: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =

254 nm), tr (minor) = 10.287 min, tr (major) = 19.214 min.
[a]s =+10.9 (c 0.5, CHCl3).



3. Stereospecific reduction of chiral phosphine oxide (Scheme 5C)

o Ph Ph
..\/©/ MeOTf (1.5 equiv), DCM, 50 °C, 4 h; ?f/@
WP > P

iBu then NaBH,4 (4.0 equiv), DCM/diglyme, 50 °C, 2 h
1 (0.20 mmol, 95% ee) 88, 65%, 93% ee

According to the modified literature procedure.!" To a stirred solution of 1 (95%
ee, 69.7 mg, 0.20 mmol, 1.0 equiv) in anhydrous DCM (2 mL) was dropwise added
MeOTT (34 L, 0.30 mmol, 1.5 equiv) under argon atmosphere at room temperature.
The reaction mixture was stirred at 50 °C for 4 h. After cooling to room temperature, a
dispersion of NaBH4 (30.2 mg, 0.80 mmol, 4.0 equiv) in diglyme (0.5 mL) was slowly
added into the mixture. The resulting mixture was then stirred at 50 °C for 2 h before
being cooled to room temperature and diluted with DCM (2 mL). The reaction mixture
was slowly quenched by water (5 mL) and extracted with DCM (5 mL x 2). The
combined organic layers were washed with water (10 mL) and brine (10 mL). The
organic layer was separated, dried over anhydrous Na>SOs, filtered and concentrated
under reduced pressure. The residue was purified by column chromatography on silica
gel (petroleum ether/DCM 5:1) to give the product 88 as a white solid (44.8 mg, 65%
yield over two steps, 93% ee).

(S)-([1,1'-biphenyl]-4-ylmethyl)(isobutyl)(phenyl)phosphine borane (88)

Ph
9
WP
Ph" |
'Bu

HPLC analysis: Chiralpak IF (hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 10.469 min, tr (major) = 12.436 min.

[als =+41.2 (¢ 1.0, CHCI3).

'H NMR (400 MHz, CDCl3) 8 7.64 — 7.58 (m, 2H), 7.57 — 7.54 (m, 2H), 7.48 (td, J =
7.3,1.5Hz, 1H), 7.45—-7.37 (m, 6H), 7.32 (t,J= 7.3 Hz, 1H), 6.97 (dd, /= 8.3, 2.1 Hz,
2H), 3.29 — 3.12 (m, 2H), 2.09 — 1.97 (m, 1H), 1.96 — 1.86 (m, 1H), 1.84 — 1.76 (m,
1H), 1.03 (d, J= 6.6 Hz, 3H), 0.77 (d, J = 6.6 Hz, 3H).

13C NMR (100 MHz, CDCl3)  140.4 (d, J= 1.3 Hz), 139.6 (d, /= 3.0 Hz), 132.4 (d,J
= 8.7 Hz), 131.4 (d, J = 6.9 Hz), 131.3 (d, J = 2.5 Hz), 130.3 (d, J = 4.1 Hz), 128.7,
128.5 (d, J=9.7 Hz), 128.3 (d, /= 50.5 Hz), 127.2, 126.9, 126.7 (d, J = 2.5 Hz), 35.7
(d,J=31.8 Hz), 32.4 (d, J=33.3 Hz), 24.9 (d, /=9.1 Hz), 24.4, 24.3 (d, /= 6.5 Hz).

3P NMR (162 MHz, CDCls) 6 14.4 (d, J = 74.9 Hz).

B NMR (128 MHz, CDCl3) 8 =39.3 — —41.2 (m).

HRMS (ESI) m/z caled. for C23H2sBP [M — BHs + H]" 333.1767, found 333.1768.



Experimental mechanistic studies

1. Preparation and catalytic efficiency of copper/chiral ligand complex

(1) The synthesis Cu-L6 complex

o) Q
— NS+ cuoT, > /= _cuN
\ N 2 DCM/MeOH (viv = 1/1), it N N
Bu OTf Bu
(1.1 equiv)
L6 (0.10 mmol) Cu-L6

To a solution of L6 (37.3 mg, 0.10 mmol) in DCM/MeOH (v/v = 1:1, 2 mL) was
added Cu(OTf)2 (39.8 mg, 0.11 mmol). The reaction mixture was stirred at room
temperature for overnight. The mixture was filtered through a short pad of celite and
rinsed with DCM. The filtrate was slowly diffused with Et2O and recrystallized to give
the pure Cu-L6 complex as blue crystals (44.6 mg, 76% yield). The structure of Cu-

L6 was confirmed by X-ray diffraction analysis.




(2) The synthesis Cu-L9 complex (Scheme 6A)

Q Q
NH  )—s N s
— N\) + CuOAc > = _cu N
\ N N DCM/MeOH (v/v = 1/1), 1t N N
Bu OAc Bu
(1.1 equiv)
L9 (0.10 mmol) Cu-L9

To a solution of L9 (39.0 mg, 0.10 mmol) in DCM/MeOH (v/v = 1:1, 2 mL) was
added CuOAc (13.5 mg, 0.11 mmol). The reaction mixture was stirred at room
temperature for overnight. The mixture was filtered through a short pad of celite and
rinsed with DCM. The filtrate was slowly diffused with Et2O and recrystallized to give
the pure Cu-L9 complex as blue crystals (42.5 mg, 83% yield). The structure of Cu-

L9 was confirmed by X-ray diffraction analysis.




(3) The catalytic activity of Cu-L9 complex (Scheme 6B)

Ph
|(':') /OABF Cu-L9 (12.5 mol %) 9\/@
PARN ) : ° - P
Pl H > PhY)

‘Bu Rb,CO3 (2.5 equiv), benzene, 10 °C, 96 h Bu
A-1(0.025 mmol) B-1 (1.3 equiv) 1, 88%, 95% ee

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with Cu-L9 (1.6 mg, 0.0031 mmol, 12.5 mol %), Rb2CO3
(14.5 mg, 0.063 mmol, 2.5 equiv), bromide B-1 (8.2 mg, 0.033 mmol, 1.3 equiv) and
anhydrous benzene (0.5 mL). The racemic secondary phosphine oxide A-1 (4.6 mg,
0.025 mmol, 1.0 equiv) was added into the mixture. The resulting mixture was stirred
at 10 °C for 96 h. The reaction mixture was filtered through a short pad of celite and
rinsed with EtOAc (1 mL) and DCM (1 mL). The filtrate was concentrated under
reduced pressure. The residue was initially subjected to *'P NMR analysis, employing
trimethyl phosphate as an internal standard for the determination of the yield of product
1 (88% yield based on *'P NMR analysis). The crude product was then purified by
preparative TLC on silica gel (DCM/MeOH 100:1) to afford the pure product 1 for
HPLC analysis (95% ee).

HPLC conditions: Chiralcel OJ-H (hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A
= 254 nm), tr (major) = 9.980 min, tr (minor) = 18.740 min.



2. Radical inhibition experiments
(1) Radical trap experiment with TEMPO (Scheme 6C)

Q Ph
i Br " @)
P Standard conditions IIZI’ O’N
Ph™ | "H + Ph > Ph\\“ +

‘Bu with TEMPO (2.0 equiv) By
A-1 (0.10 mmol) B-1 (1.3 equiv) 1, trace 89, 41%

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), L9 (5.8
mg, 0.015 mmol, 15 mol %), Rb2CO3 (57.7 mg, 0.25 mmol, 2.5 equiv) and anhydrous
benzene (2.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic secondary phosphine oxide A-1 (18.2 mg, 0.10 mmol, 1.0 equiv), bromide B-
1 (32.1 mg, 0.13 mmol, 1.3 equiv) and 2,2,6,6-tetramethylpiperidinooxy (TEMPO,
31.3 mg, 0.20 mmol, 2.0 equiv) were sequentially added into the mixture. The resulting
mixture was stirred at 10 °C for 96 h. The reaction mixture was filtered through a short
pad of celite and rinsed with EtOAc (5 mL) and DCM (5 mL). The filtrate was
concentrated under reduced pressure. The residue was initially subjected to *'P NMR
analysis using trimethyl phosphate as an internal standard. The results demonstrated
that the intended reaction was completely inhibited, and product 1 was not detected.
The crude product was then purified by column chromatography on silica gel (gradient
eluent: petroleum ether 100% to petroleum ether/EtOAc 50:1) to afford the product 89
as a white solid (17.1 mg, 41% yield based on the dosage of B-1).

Product 89 is a known compound.S'?!
1-([1,1'-biphenyl]-4-ylmethoxy)-2,2,6,6-tetramethylpiperidine (89)

N
/@/\O
Ph

TH NMR (400 MHz, CDCl3) § 7.62 — 7.54 (m, 4H), 7.48 — 7.39 (m, 4H), 7.37 — 7.30
(m, 1H), 4.87 (s, 2H), 1.65 — 1.45 (m, 5H), 1.40 — 1.32 (m, 1H), 1.28 (s, 6H), 1.17 (s,
6H).

13C NMR (100 MHz, CDCls) § 141.0, 140.3, 137.3, 128.7, 127.9, 127.2, 127.1, 127.0,
78.4, 60.0, 39.7, 33.1,20.3, 17.1.

HRMS (ESI) m/z caled. for C22H3oNO [M + H]* 324.2322, found 324.2324.



(2) Radical trap experiment with BHT (Scheme 6D)

Ph f
B Br . o) Bu
P. Standard conditions ]
P H o+ > P +
1 Ph PhY |} Ph 0

‘Bu with BHT (2.0 equiv) By t
A-1(0.10 mmol) B-1 (1.3 equiv) 1, 9%, 93% ee 90, 23% Bu

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (1.2 mg, 0.010 mmol, 10 mol %), L9 (5.8
mg, 0.015 mmol, 15 mol %), Rb2CO3 (57.7 mg, 0.25 mmol, 2.5 equiv) and anhydrous
benzene (2.0 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic secondary phosphine oxide A-1 (18.2 mg, 0.10 mmol, 1.0 equiv), bromide B-
1 (32.1 mg, 0.13 mmol, 1.3 equiv) and butylated hydroxytoluene (BHT, 44.1 mg, 0.20
mmol, 2.0 equiv) were sequentially added into the mixture. The resulting mixture was
stirred at 10 °C for 96 h. The reaction mixture was filtered through a short pad of celite
and rinsed with EtOAc (5 mL) and DCM (5 mL). The filtrate was concentrated under
reduced pressure. The residue was initially subjected to *'P NMR analysis using
trimethyl phosphate as an internal standard. The results revealed that the intended
reaction was largely inhibited, and the product 1 was detected (13% yield based on *'P
NMR analysis). Subsequently, the crude product was purified by column
chromatography on silica gel (gradient eluent: petroleum ether 100% to petroleum
ether/EtOAc 50:1 for the isolation of 90, and then DCM/MeOH 100:1-50:1 for the
isolation of 1) to afford the product 90 as a slightly yellow semi-solid (11.6 mg, 23%
yield based on the dosage of B-1) and the product 1 as a white solid (3.0 mg, 9% yield,
93% ee based on HPLC analysis).

4-([1,1'-biphenyl]-4-ylmethyl)-2,6-di-tert-butyl-4-methylcyclohexa-2,5-dien-1-one
(90)

AL
Ph (@]
‘Bu

TH NMR (400 MHz, CDC13) & 7.54 — 7.49 (m, 2H), 7.44 — 7.38 (m, 4H), 7.34 — 7.28
(m, 1H), 7.04 (d, /= 8.2 Hz, 2H), 6.50 (s, 2H), 2.86 (s, 2H), 1.29 (s, 3H), 1.16 (s, 18H).
13C NMR (100 MHz, CDCl3) & 186.0, 146.1, 145.9, 140.9, 139.5, 135.9, 130.5, 128.7,
127.1, 127.0, 126.2, 47.6, 40.9, 34.6, 29.3, 26.1.

HRMS (ESI) m/z calcd. for C2sH3s0 [M + H]™ 387.2682, found 387.2688.



3. Alternative benzyl radical generation via an intramolecular 1,5-hydrogen atom
abstraction (HAA) process (Scheme 6E)

o [Cu(MeCN),]PFg (10 mol %),

0o
p 1Bu L7 (15 mol %) -
PRI H ¥ N > Ph"
By M Rb,CO5 (2.5 equiv), !

e
A-1(0.10 mmol) E (1.3 equiv) benzene, 10 °C, 48 h

O

rQ

. NH S

U CONHBu | /T N
y

91,67%, 32% ee L7 Bu

o)

0O

Possible mechanism: benzyl radical generated via 1,5-HAA process
(0]

o) 0
NBY Cu)Lr NBU 15-HAA NBU Cu()L7, A
F : - Y Redicalvap
Me SET H adical trap

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with [Cu(MeCN)4]PF¢ (3.7 mg, 0.010 mmol, 10 mol %),
L7 (5.1 mg, 0.015 mmol, 15 mol %), Rb2CO3 (57.7 mg, 0.25 mmol, 2.5 equiv) and
anhydrous benzene (2.0 mL). The mixture was stirred at room temperature for 30 min.
After that, racemic secondary phosphine oxide A-1 (18.2 mg, 0.10 mmol, 1.0 equiv)
and substrate E (27.2 mg, 0.13 mmol, 1.3 equiv) were sequentially added into the
mixture. The resulting mixture was stirred at 10 °C for 48 h. Upon completion
(monitored by TLC), the reaction mixture was filtered through a short pad of celite and
rinsed with EtOAc (5 mL) and DCM (5 mL). The filtrate was concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
(gradient eluent: DCM/MeOH 100:1-50:1) to afford the product 91 as a slightly yellow
solid (24.8 mg, 67% yield, 32% ee).

Substrate E was prepared following the literature procedure.S!3

N-(tert-butyl)-N-fluoro-2-methylbenzamide (E)
0

4
.B
Sos
F
M

e
TH NMR (400 MHz, CDCl3) § 7.35 — 7.27 (m, 2H), 7.24 — 7.17 (m, 2H), 2.40 (s, 3H),
1.55 (d, J = 2.0 Hz, 9H).
13C NMR (100 MHz, CDCl3) § 175.0 (d, J = 10.9 Hz), 135.3 (d, J = 2.4 Hz), 135.0,
130.4, 129.9 (d, J= 1.1 Hz), 127.1 (d, J= 4.4 Hz), 125.3, 64.4 (d,J= 10.5 Hz), 27.2 (d,
J=5.7Hz), 19.3.
19F NMR (376 MHz, CDCl3) § —64.7.
HRMS (ESI) m/z caled. for C12H17FNO [M + H]* 210.1289, found 210.1291.



(R)-N-(tert-butyl)-2-((isobutyl(phenyl)phosphoryl)methyl)benzamide (91)

R
Ph“fF‘)

‘Bu CONHBuU
HPLC analysis: Chiralpak IF (hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A = 220
nm), tr (major) = 9.043 min, tr (minor) = 11.964 min.
TH NMR (400 MHz, CDCl3) & 8.09 (br s, 1H), 7.72 — 7.65 (m, 2H), 7.60 — 7.55 (m,
1H), 7.54 — 7.47 (m, 3H), 7.24 — 7.18 (m, 1H), 7.09 (td, J=7.6, 1.4 Hz, 1H), 6.62 (d, J
= 7.5 Hz, 1H), 3.66 — 3.56 (m, 1H), 3.33 — 3.22 (m, 1H), 2.07 — 1.96 (m, 3H), 1.49 (s,
9H), 1.04 (d, J= 6.1 Hz, 3H), 0.86 (d, /= 6.0 Hz, 3H).
13C NMR (100 MHz, CDCl3) & 168.8, 139.8 (d, J = 5.1 Hz), 131.9 (d, J = 2.8 Hz),
131.6 (d, J=93.4 Hz), 130.7 (d, J = 9.0 Hz), 130.0 (d, J = 4.1 Hz), 129.0 (d, J = 2.7
Hz), 128.8 (d, /= 3.0 Hz), 128.7 (d, J=11.4 Hz), 127.3 (d, /= 8.7 Hz), 127.0 (d, J =
3.1 Hz), 51.8, 37.8 (d, J= 67.7 Hz), 36.7 (d, J = 61.5 Hz), 28.8, 24.7 (d, J = 9.9 Hz),
24.4(d,J=7.6 Hz),23.4 (d,J=4.2 Hz).
3P NMR (162 MHz, CDCIs) § 39.6.
HRMS (ESI) m/z calcd. for C22H31NO2P [M + H]" 372.2087, found 372.2091.



4. Control experiment without racemic SPO (Scheme 6F)

©\/\Br CuOAc (10 mol %), L9 (15 mol %) O ©\/\Br
> +
E Rb,CO3 (2.5 equiv), benzene, 10 °C, 24 h O E
without A-1 F
B-2 (0.050 mmol) 92, not detected B-2, 100% recovered

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (0.6 mg, 0.0050 mmol, 10 mol %), L9 (2.9
mg, 0.0075 mmol, 15 mol %), Rb2COs3 (28.9 mg, 0.125 mmol, 2.5 equiv) and anhydrous
benzene (1.0 mL). The mixture was stirred at room temperature for 30 min. After that,
1-(bromomethyl)-2-fluorobenzene B-2 (9.5 mg, 0.050 mmol, 1.0 equiv) was added into
the mixture. The resulting mixture was stirred at 10 °C for 24 h. Then 1-bromo-3-
fluorobenzene (8.8 mg, 0.050 mmol, 1.0 equiv) was added as an internal standard, and
the reaction mixture was filtered through a short pad of celite and rinsed with CDCls (2
mL). The filtrate was directly subjected to '°F NMR analysis. The results revealed that
the anticipated radical dimerization product 92 was not detected, and B-2 was fully
recovered.

1,2-Bis(2-fluorophenyl)ethane (92) is a known compound, and the literature reported
1F NMR (376 MHz, CDCl3) § =119.0 — —119.1 (m).15!4]
1-(bromomethyl)-2-fluorobenzene (B-2): ’F NMR (376 MHz, CDCl3) & —116.9.
1-bromo-3-fluorobenzene (internal standard): '”F NMR (376 MHz, CDCl3) 6 —110.6.

Control experiment without A-1 ‘

B-2 + Internal standard ‘

1-(bromomethyl)-2-fluorobenzene <« )
(B-2) ‘
1-bromo-3-fluorobenzene <« S

(Internal standard)

T T T T | T T T T T T T T T T T T LA T T T T T T
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fl (ppm)

Figure S7. The stacked "’F NMR spectra (376 MHz, CDCls)



5. The stereochemistry of SPO and product during the reaction (Scheme 6G)

(I? Br CuOAc (10 mol %), O\/@/Ph 9
P. L9 (15 mol % L P.
Ph/ |\H + /©/\ ( 0) > Ph\"'i) + Ph/ |\H
Bu Ph Rb,CO;3 (2.5 equiv), iB ‘Bu
A-1 (0.025 mmol) B-1 (1.3 equiv) benzene, 10 °C 1 Recovered A-1

c

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (0.3 mg, 0.0025 mmol, 10 mol %), L9 (1.5
mg, 0.0038 mmol, 15 mol %), Rb2COs3 (14.5 mg, 0.063 mmol, 2.5 equiv) and anhydrous
benzene (0.5 mL). The mixture was stirred at room temperature for 30 min. After that,
racemic secondary phosphine oxide A-1 (4.6 mg, 0.025 mmol, 1.0 equiv) and bromide
B-1 (8.2 mg, 0.033 mmol, 1.3 equiv) were sequentially added into the mixture. The
resulting mixture was stirred at 10 °C for a specified period of time. The reaction
mixture was filtered through a short pad of celite and rinsed with EtOAc (1 mL) and
DCM (1 mL). The filtrate was concentrated under reduced pressure. The residue was
initially subjected to *'P NMR analysis using trimethyl phosphate as an internal
standard. The crude product was then purified by preparative thin-layer
chromatography (PTLC) on silica gel (DCM/MeOH 100:1), resulting in the recovery
of A-1 and the isolation of the desired product 1.

The ee values of the recovered A-1 and the product 1 were determined by HPLC
analysis. HPLC conditions for A-1: Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate
0.8 mL/min, A = 214 nm. HPLC conditions for product 1: Chiralcel OJ-H, hexane/i-
PrOH = 90/10, flow rate 1.0 mL/min, A = 254 nm.



Table S3. Results of stereochemical studies

Time (h) Yield of A-1 (%) Eeof A-1(%)  Yieldof1 (%) Eeofl (%)

6 91 0.8 6 95
12 88 1.3 10 95
24 81 0.7 15 96
36 67 0.7 31 96
48 52 0.8 47 96
60 35 1.0 62 96
72 20 0.8 78 96
96 <5 — 93 96
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Figure S8. Stereochemical outcome of the reaction (stereochemistry of the SPO
and the product)



6. Control experiments with enantioenriched SPOs (Scheme 6H)

(1) The preparation of enantioenriched SPOs

The enantioenriched secondary phosphine oxides (R)-A-1 and (S)-A-1 were prepared
from the racemic A-1 by semi-preparative HPLC separation using a preparative Daicel
Chiralpak AD-H column (Conditions: hexane/i-PrOH = 95/5, flow rate 5.0 mL/min, A
=214 nm).

The absolute configuration of (R)-A-1 and (S)-A-1 was assigned by comparison with

the optical rotation data of A, as reported in the literature.[S']

Table S4. Optical rotation data of A in literature

Entry Absolute configuration [a] Reference
0]
I [a]i =—21.6
1 WP -A-2 Ref. 1
O RTINCY (c = 0.23, CHCl3) ¢f- 16
Me
2 ('P)I (R)-A-4 [a]i =+20.5 Ref. 16
Ph” éu\H (c = 0.58, CHCL3) '
0
I [o2l =—22.0
WP -A-4 Ref. 1
. PR 1 ) (c = 0.60, CHC5) ¢ 16
u
4 -('F)"\ (S)-A-6 [a]3 = —48.8 Ref 16
PR™ F‘) H (c = 0.42, CHCI;) '
r
0]
I [a]? =+16.0 .
P R)-A-1 Th k
. PR7: " &) (c = 0.50, CHCL) o er
0]
I [a]p =—21.1 .
\\‘P -A-l Th k
6 i ) (c = 1.00, CHCl3) 15 wor




HPLC analysis of (R)-A-1 and (S)-A-1:
(R)-isobutyl(phenyl)phosphine oxide ((R)-A-1)

th%\H

Bu  (R)-A-1,96% ee
HPLC analysis: Chiralpak AD-H (hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A =
214 nm), tr (minor) = 26.454 min, tr (major) = 30.673 min.

mAU
e PDA Multi 2 214nm, ing
4 O
1 P
1000- Ph” | H o
e IBU i 2
. rac-A-1 "!1 rg
- 1 I}
500- I I
4 | l \
] ’1 |
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0 5 10 15 20 25 30 335 40
min
Peak Table
PDA Ch2 214nm
Peak#|Ret. Time Area Area%

1 26. 032 26012073 49. 492
2 30. 443 26546513 50. 508

mAU
s PDA Wulti 2 214nm, ing]
1 (@)
- :
1 Ph” = H
- (R)-A-1 g
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0 5 10 13 20 25 30 33 40
min
Peak Table
PDA Ch2 214nm
Peak#|Ret. Time Area Area%
1 26. 454 453741 1. 758
2 30.673 25465949 98. 242




(S)-isobutyl(phenyl)phosphine oxide ((S)-A-1)

Bu  (S)-A-1,95% ee
HPLC analysis: Chiralpak AD-H (hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A =
214 nm), tr (major) = 26.031 min, tr (minor) = 30.825 min.

mAU
1660 PDA Multi 2 214nm, ing]
(@]
I g
1 PRI H B
1000+ 'Bu ||'>||
| [
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|
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min
Peak Table
PDA Ch2 214nm
Peak#|Ret. Time Area Area%

1 26. 031 41533642 97. 608
2 30.823 1017855 2.392




(2) Control experiments for the racemization of enantioenriched SPO

q CuOAC (10 mol %), L9 (15 mol %), 0
Rb,CO5 (2.5 i P.
Ph” > 2605 (2.5 equiv) > Ph” = H
‘Bu benzene, 10 °C, 24 h ‘Bu
(R)-A-1, 96% ee (0.025 mmol) Condition Recovered A-1

General procedure for the reaction under Condition:

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a
magnetic stir bar was charged with CuOAc (0.3 mg, 0.0025 mmol, 10 mol %), L9 (1.5
mg, 0.0038 mmol, 15 mol %), Rb2COs3 (14.5 mg, 0.063 mmol, 2.5 equiv) and anhydrous
benzene (0.5 mL). The mixture was stirred at room temperature for 30 min. After that,
enantioenriched secondary phosphine oxide (R)-A-1 (4.6 mg, 0.025 mmol, 1.0 equiv)
was added into the mixture. The resulting mixture was stirred at 10 °C for 24 h. The
reaction mixture was filtered through a short pad of celite and rinsed with EtOAc (1
mL) and DCM (1 mL). The filtrate was concentrated under reduced pressure. The
residue was purified by preparative thin-layer chromatography (PTLC) on silica gel
(DCM/MeOH 100:1) to afford the pure recovered A-1 for HPLC analysis (HPLC
conditions: Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A =214 nm).

The procedure for the reactions under Condition variation was identical to that
described above, except that modified conditions as stated below were employed in a

specified reaction system.

Table S5. Results of control experiments on the racemization of A-1

Entry Condition variation Ee of recovered A-1 (%)
1 None 2
2 Without L9 43
3 Without Rb2CO3 86
4 Without L9, Rb>COs3 79
5 Without CuOAc 95
6 Without CuOAc, Rb2CO3 96
7 Without CuOAc, L9 96
8 Without CuOAc, L9 and Rb2CO3 96




7. HRMS analysis of L9Cu(A) complex

(1) HRMS analysis of L9Cu(A-3) complex
A mixture of A-3 (7.7 mg, 0.05 mmol, 1.0 equiv), L9-Rb salt (1.0 equiv), CuOAc
(1.0 equiv) and Rb2COs3 (1.0 equiv) in anhydrous THF (1.0 mL) was stirred at room
temperature for 1 h. The resulting mixture was directly subjected to HRMS analysis.
The desired L9Cu(A-3) complex was successfully detected: HRMS (ESI) m/z calcd.
for [C31H32CuN302PS]™ 604.1249, found 604.1254.
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Figure S9. High-resolution mass spectrum (HRMS) of the L9Cu(A-3) complex



(2) HRMS analysis of L9Cu(A-16) complex

A mixture of A-16 (11.6 mg, 0.05 mmol, 1.0 equiv), L9-Rb salt (1.0 equiv), CuOAc
(1.0 equiv) and Rb2COs3 (1.0 equiv) in anhydrous THF (1.0 mL) was stirred at room

temperature for 1 h. The resulting mixture was directly subjected to HRMS analysis.

The desired L9Cu(A-16) complex was successfully detected: HRMS (ESI) m/z

caled. for [C36H34CuN303PS]™ 682.1354, found 682.1358.
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Figure S10. HRMS spectrum of the L9Cu(A-16) complex



Computational mechanistic studies

1. Computational details
Quantum chemical calculations based on density functional theory (DFT) were
performed using the Gaussian 16 program.!5!®! The structures were optimized with the

18178181 together with Grimme’s dispersion

B3LYP exchange-correlation functiona
correction>!”! with Becke-Johnson damping (D3-BJ).52% The LANL2DZ basis set was
applied for Cu and the 6-31G(d) basis set was used for all other atoms. Unrestricted
calculations were carried out for open-shell species. Vibrational frequency calculations
were conducted to confirm the nature of the stationary points: transition states have one
imaginary frequency, whereas reactants, intermediates, and products have no imaginary
frequencies. Single-point energies were then calculated for all of the optimized
structures with the SDD basis set!>?! and pseudopotential for Cu and 6-311+G(d,p) for
all other atoms, including solvation effects using the solvation model based on density
(SMD)!322] with benzene as the solvent. The Gibbs free energies in solution were
corrected by 1.89 kcal/mol, which is the Gibbs free energy change from 1 atm in gas
phase to 1 mol/L in solution phase at 298.15 K. Energy decomposition analysis (EDA)
was carried out for selected optimized structures at the B3LYP-D3BJ level of theory

using ADF 2019.304 program, along with a small-core TZP basis set.[523:524]

Electrostatic potential (ESP) was evaluated using Multiwfn 3.8 program.[52>:526]

2. Discussion on Cu'-P Mediated C—P Bonding Mechanism of Benzyl Radical and
SPOs

Theoretical studies employing DFT calculations were conducted to elucidate the
reaction mechanism and the origin of enantioselectivity in the synthesis of product 1
using racemic SPO A-1, p-phenylbenzyl bromide B-1 and L9 ligand. As illustrated in
Figures S11 and S12, during the SET process between the phosphinito Cu' complex and
alkyl halides, the phosphinito Cu"" complex (Intl) and an alkyl radical (Int2) are
generated. Subsequently, they associate through a Cu—C interaction to form the closed-
shell singlet (CSS) intermediate Int3. The C—P coupling then proceeds via the transition
state TS-Major, yielding product 1 and the Cu' complex for the subsequent reaction
cycle. The formation of the C—P bond entails a free energy barrier of 8.7 kcal/mol,

suggesting superior catalytic activity towards product 1.



The formation of the minor enantiomer of product 1 (1-Minor) was also analyzed to
explain the observed enantioselectivity, as shown in Scheme 2 in the main text. In this
scenario, the C—P coupling has to overcome a higher free energy barrier of 11.0
kcal/mol, which aligns well with the high experimental ee value of product 1. Notably,
the phenyl ring on the phosphinito fragment and the thiazoline ring coordinated to Cu
are arranged in parallel throughout the reaction pathway for product 1. To investigate
the interaction mechanism, ESP was mapped onto the van der Waals (vdW) surface of
Intl, and the resulting penetration map was examined (Figure S13). An apparent
penetrating region is observed between the phenyl ring on the phosphinito fragment
and the thiazoline ring coordinated to Cu, suggesting a marked electrostatic interaction
that enhances the stability of this distinct structure and contributes to the excellent
enantioselectivity. Energy decomposition analyses (EDA) of Intl and Int1' in Table S6
further validate that the increased electrostatic attraction serves as the driving force for

enantioselectivity.
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Figure S11. Schematic reaction mechanism for C—P coupling leading to product 1
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reactions, together with the optimized structures
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Figure S13. Penetration map of Intl with the electrostatic potential mapped onto

the van der Waals surface



Table S6. Energy decomposition analysis of Intl (major pathway to product 1) and

Int1' (minor pathway to the minor enantiomer, 1-Minor)

; Energy (kcal/mol)

Energy term Int1 Int1'
AEint —158.98 —157.13
AEPauli 151.89 150.08
AEelestat —201.08 —197.26
AEorb —85.24 —84.00
AL is —24.54 —25.94

“AEint, AEpauli, AEelestat, AEorb, and AFEdis represent the total interaction energy, Pauli
repulsion, electrostatic interaction, orbital interaction, and dispersion interaction,
respectively, between the cationic Cu fragment and the anionic P fragment, where AFEint
= AEpauli + AEelestat + AEorb + AEdis.



Data S2. X-Ray crystallographic data

The X-ray crystallographic data were collected on a Bruker D8 VENTURE
diffractometer using Cu-Ko radiation (A = 1.54178 A) at 100(2) K. Data collection and
reduction were performed using the Bruker APEX3/SAINT software package. The
structures were solved using SHELXT and refined using SHELXL within the Olex2
graphical interface. Refinement was carried out on F? by full-matrix least-squares
minimization.



Crystal data and structure refinement for CIF_of Product 1.

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

pre

y/°

Volume/A?

Z

Pealeg/cm’

w/mm:!

F(000)

Crystal size/mm’®
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

CIF of Product 1
C23H250P

348.40

100.0(2)
monoclinic

P2

12.0625(15)
5.8857(5)
13.1841(14)

90

93.434(8)

90

934.34(17)

2

1.238

1.342

372.0

0.1 x0.1 x0.1
CuKa (A= 1.54184)
6.716 to 137.16

-14<h<14,-7<k<7,-15<1<15

13838

3394 [Rint = 0.0502, Reigma = 0.0402]

3394/1/228

1.068

R = 0.0296, wR> = 0.0765
Ri = 0.0301, wR2 = 0.0770
0.22/-0.41

0.066(8)



Crystal data and structure refinement for CheckCIF _of Product 42.

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

pre

y/°

Volume/A?

Z

pcalcg/cm®

w/mm:!

F(000)

Crystal size/mm’®
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

CheckCIF of Product 42
Ca3H250P

348.40

100.01

monoclinic

P21

12.3738(13)
5.7549(6)
13.2212(13)

90

95.098(3)

90

937.76(17)

2

1.234

0.154

372.0

0.33 x0.31 x0.24
MoKa (A =0.71073)
4.322 t0 55.058

-16<h<16,-7<k<7,-17<1<17

12757

4313 [Rint = 0.0433, Rsigma = 0.0540]

4313/1/227

1.048

R = 0.0435, wR2= 0.0908
Ri=0.0555, wR2=0.0963
0.31/-0.30

-0.06(7)
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Crystal data and structure refinement for CheckCIF _of Product 69.

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

pre

y/°

Volume/A?

Z

Pealeg/cm’

w/mm:!

F(000)

Crystal size/mm’®
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

CheckCIF _of Product 69
C24H2703P

394.42

100.0(2)
monoclinic

P2

7.5834(9)
16.3940(14)
9.3741(13)

90

111.867(8)

90

1081.6(2)

2

1.211

1.288

420.0

0.1 x0.1 x0.1
CuKa (A= 1.54178)
10.792 to 144.072

-9<h<9,-20<k<19,-11<1<11

31933

4105 [Rint = 0.0396, Rsigma = 0.0253]

4105/1/257

1.060

R = 0.0244, wR2 = 0.0632
R = 0.0246, wR> = 0.0633
0.30/-0.22

0.049(4)



Crystal data and structure refinement for CheckCIF of Product Cu-L9.

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

pre

y/°

Volume/A?

Z

Pealeg/cm’

w/mm:!

F(000)

Crystal size/mm’®
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

CheckCIF of Product Cu-L9
C25H25CuN30O3S
511.08

293.15
orthorhombic
P212124

9.0502(2)

9.5202(4)
26.9293(14)

90

90

90

2320.22(16)

4

1.463

2.437

1060.0

0.1 x0.1 x0.1
CuKa (A= 1.54184)
11.782 to 136.738

-10<h<9,-11<k<11,-24<1<32

17809

4192 [Rint = 0.0212, Rsigma = 0.0199]

4192/0/303

1.122

Ri = 0.0195, wR> = 0.0532
Ri =0.0197, wR> = 0.0533
0.21/-0.35

0.035(17)



Crystal data and structure refinement for CheckCIF of Product Cu-L6.

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

pre

y/°

Volume/A?

Z

Pealeg/cm’

w/mm:!

F(000)

Crystal size/mm’®
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

CheckCIF of Product Cu-L6
C24H22CuF3N305S

585.04

293.15

orthorhombic

P212124

10.3556(5)

12.8024(7)

18.2703(10)

90

90

90

2422.2(2)

4

1.604

1.053

1196.0

0.1 x0.1 x0.1

MoKa (A =0.71073)

4.458 t0 55.084
-13<h<13,-16<k<16,-22<1<23
35244

5540 [Rint = 0.1278, Rsigma = 0.1039]
5540/0/338

1.020

R1=0.0579, wR2 =0.1027
R1=0.0973, wR2=0.1181
0.64/-0.89

0.04(3)



Data S3. NMR spectra

'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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'H NMR (400 MHz, CDCls)
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3P NMR (162 MHz, CDCI;)
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'H NMR (400 MHz, CDCls)
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3P NMR (162 MHz, CDCI;)
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'H NMR (400 MHz, CDCls)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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'H NMR (400 MHz, CDCls)
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3P NMR (162 MHz, CDCI;)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)

39.60

=T1=0

Ph

w
c

CONHBu
91




'H NMR (400 MHz, CDCls)

=)
n
~

Ph

S

Foo't
Fezo

0

o

3.0

(ppm)

13C NMR (100 MHz, CDCl3)

(/a1
SOpl
2341
S8pl
or'ET
PrET
19°€T
$9'€T
L1¥T
ST
99'%C
9L¥T
0S°SE~\
L19g 7
60°Tr
69°CH
€8Ty

89°9L

eLL
[ Ta
sL9Tl
68921
86'9C1
LTLe
68°LT1
00'8Z1
REER
£5°8T1 1
SL8TT
L0821
80°621
£1°621
81621
rT6Tl
$6°0€1
TOIEl
AR
Pr1El )
ss1€l
€9°1¢1 4
8LIE1
cozer ]
19°L€1 Q
99°'L€1
88°6€1 |
16°6€1
99°0¥1 1
L9°0p1 -

10

110

130

140

(ppm)



3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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3P NMR (162 MHz, CDCI;)
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Data S4. HPLC spectra
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2 25.004 954130 4. 148




e PDA Multi 1 254nm, ing
1 O
100 P g
1 Ph™ NO, 3
% ‘Bu o
757 2
i rac-13 &
50
25
0_-._1& Y o
[T ' 7 ¢
0 10 20 30 40 50
min
Peak Table
PDA Chl 254nm
Peak#Z|Ret. Time Area Area%
1 24. 146 7552505 50.079
2 30. 695 7528550 49, 921
mAU
100+ PDA Multi 1 254nm, 4nm
- O\/©\
i 1]
75 Ph“i i NO, 2
i Bu =
- 13
50+
25
G' A N o /-:‘;-.._
T T L] T I L] T T T l L] I T T I L] T T T
0 10 20 30 40 50
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 23.629 4721583 93. 486
2 30. 453 329006 6.514
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| PDA Multi 3 230nm, 4nm
4 O
I 1]
_P. S
1 Ph™ | CO,Me %
30+ ’Bu =
§ rac-14
25 o
c- S
T T T I T T T I I T T T T T ] L] T L] T I T
0 5 10 15 20 25 30
min
Peak Table
PDA Ch3 230nm
PeakZ|Ret. Time Area Area%
£ & 16. 991 2270636 30. 000
2 22. 747 2270646 50. 000
mAU
A PDA Multi 3 230nm, ing|
: Q
4001 WP E
1 Ph" } CO,Me b
g 'Bu 2
300
; 14
2001
1001 o
h _/—;\"h-_
T T T I T T T I I T I T T T T I T T T T 'I T
0 5 10 15 20 25 30
min
Peak Table
PDA Ch3 230nm
Peak#|Ret. Time Area Area%
1 16. 747 15941973 92. 334
b 22. 720 1323615 7. 666
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2 PDA Wulti 2 220nm, ing]
- Me
400 0 .
b ll ==
] P =
] Ph” | Me g
300 Bu o
] rac-15
200
1001
o] — ),
—T—  PTR i ) [ e FL o e a T T P S |
0.0 2.9 5.0 .9 10.0 12.5 15.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 10. 760 7154104 50. 331
2 13. 486 7059930 49. 669
mAU
125 -
4 PDA Multi 2 220nm, 4nn]
] Me
100] o) 2
- B 2
- \
754 Ph i‘ Me
] Bu
] 15
0]
251 =
S B T [T i P P i e P e FR e o e B T [T e e B |
0.0 2.5 5.0 5 10.0 12.5 15.0 1.5
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 10. 860 1655216 95. 520
2 13. 671 77627 4. 480




mAU

1 PDA Multi 2 220nm, 4nm
. ‘Bu
300 -
o =2
4 O o
- i
1 Ph™ | ‘Bu
200 Bu -
1 rac-16 o
100+
i LN
—— 7 T[T T
0.0 2.5 9.0 ] 10.0 12.5 15.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 6. 922 4933140 49, 982
2 9. 333 4936625 50.018
mAU
PDA Multi 2 220nm, 4nnf
f
500- Bu
2
- ]
o (0]
‘ :
Ph"' | Bu
‘Bu
250
_ 16
2
o
=
P e,
T T T T I T T T T I T T T T I T T T T I T T T T T T T T
0.0 2.5 50 -5 10.0 12.5 15.0
min
Peak Table
PDA Ch2 220nm
PeakZ|Ret. Time Area Area%
1 6. 880 6855784 94. 935
2 9. 300 3635761 5. 065
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4 cl PDA Multi 2 220nm, 4nmf
1 P )
- Ph”|
1 'Bu
900] rac-17 ]
250
T T LT T [T T T T T [ T T [ T T T =TT
0.0 %D 5.0 5 10.0 12.5 15.0 1.5
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%

1 9.430 9573942 50. 032
2 12,252 9561692 49. 968

mAU
| PDA Multi 2 220nm, 4nm
] Cl
. PR ) -
| 'Bu
500+ 17
250+
c 1 /"::_
T T T T 'I T T T T 'I T T T T l T T T T l T T T T I T T T T 'I T T T T l
0.0 2.5 5.0 .5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%

1 9. 471 10142350 94. 963
2 12. 397 538021 5.037
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3 Bl
300+ N PDA Multi 4 230nm, 4nn
| (0]
] P
J Ph” | 2
200 ‘Bu 5
1 =
1 rac-18 =
100+
-‘
] Ao T
T T T T I T T T I T I T I T T T T ] T T T T ! T T T T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Ch4 230nm
Peakz|Ret. Time Area Area%
1 17. 700 9968839 50. 033
2 23. 083 9955764 49. 967
mAU
1 PDA Multi 3 230nm, 4nm
300 o \/©/Br
o 1]
9 \P w
4 Ph\\. | =
4 IBu ~
200
1 18
100+
c T T I)hl { T T T I T 'I T T T l/\:hl T T T T I T T T T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Ch3 230nm
Peak#|Ret. Time Area Area%
1 17. 446 17346671 95. 758
2 23. 486 768401 4. 242
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1 2 29 .
3004 PDA Multi 2 220nm, 4nm
- tB
u
3 O
i B e
=]
200~ Ph/ I 2
] 'Bu z
i rac-19 =
100+
G- T T T T l $A-l_ T T I T T T T i T T T T i T T T T T T T T T T T T
0.0 2.9 5.0 .5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 10. 933 4610657 50. 145
2 14,014 4583956 49. 855
mAU
i PDA Multi 2 220nm, dng
1 8
E u
400 0 \/©/ :
4 3
| Ph\‘ff s
300*_ 'Bu
i 19
200
1001 -
G- _/-:h._
T T T T I- T T T T -I T T T L] —l- T T Ll T I T T T T I -l T T T -I T T T ': |
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Ch2 220nm
PeakZ|Ret. Time Area Areak
1 10. 944 6899348 95. 787
2 14. 140 303421 4.213
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400. PDA Multi 4 230nm, 4nm
Bpin
e
I s '
e Ph” | 8
‘Bu T
i g g
B rac-20
1001
0_-.___1\_
T T T I L] T T T I T T T T I T T T L] I T T L] T I T T L] T I
0 10 20 30 40 50 60
min
Peak Table
PDA Ch4 230nm
Peak#|Ret. Time Area Area%
1 47.126 24439449 49, 469
2 50. 926 24963687 50. 531
mAU
400. PDA Multi 4 230nm, 4nm
] Bpin
- 9\/@/ p
300+
i P ”
| Ph“ ) =
: 'Bu =
200+ 20
1001
c h
T Ll T 'l T T T Ll 'l T LI T T 'l Ll T T T l T Ll B T r T T T T 'I
0 10 20 30 40 50 60
min
Peak Table
PDA Ch4 230nm
PeakZ|Ret. Time Area Area%
1 48. 736 1042096 3. 732
2 51. 710 26878659 96. 268
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250- PDA Multi 2 220nm, 4nm|
ord OBn
200 2 9\/@/
- x P.
501 = Ph”
1350+ .
] '‘Bu
] rac-21
100+ g
] o
0
0:,_ A
T T T 'I- T T I T 'I_ T 'I T T T T 'I- T T T T I T T T T |
0 5 10 15 20 25 30 1_30
min
Peak Table
PDA Ch2 220nm
PeakZ|Ret. Time Area Area%
1 14. 480 6750274 50. 008
2 19. 699 6748016 49. 992
mAU
100 PDA Multi 2 220nm, ing]
] OBn
300+ 2 @
| # P
| = Ph™ |
1 'Bu
200+ 21
100+
o_—f\.n.r-—-__.— —
Tk T T T L N L L 2 L L TN 2T L D R P
0 -, 10 13 20 25 30 ?a
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area®
1 14. 450 11358969 95. 826
2 19. 382 494728 4,174
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%007 PDA Wulti 2 220nm, ing]
] OCF;
] I _
i Ph7] =
300 ‘Bu 2
. rac-22 =
200
100
ZELa el | T L2 S [T e B T Y R S e | P L e o ey 2 T
0.0 955 5.0 7.5 10.0 12 15.0 17.5 20.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 11. 001 7310081 49. 961
2 14.835 7321412 50. 039
mAU
2007 PDA Wulti 2 220nm, 4nd
i OCF
1501 P 2
- Ph" | o
I 'Bu
100 22
50—
X, s
T T T T 'l- T T T T 'I T T T T '{ T T T T T T T T T :I— T T T T 'l -' T T T
0.0 2.5 5.0 7.5 10.0 12 15.0 17.5 20.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 11.064 | 2771490 94, 821
2 15. 056 151386 5.179
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200 PDA Multi 1 220nm, 4nnf
i OAc
: o\/@/
i i -
150 |:>|—]/I|D e
! 'Bu -
] rac-23 ;
50+
0 h"‘ s
e e P e e e T [ e
0 3 10 13 20 25 30
min
Peak Table
PDA Chl 220nm
Peak#|Ret. Time Area Area%
1 14. 859 6095941 30. 086
2 20. 541 6075026 49. 914
mAU
00 PDA Multi 1 220nm, in|
] OAc
300 P =
- PhY |} e
1 ‘Bu
1 23
200+
100+
] g
- §
T T T T 'I T T T T 'I 'I 'I T T T 'I T T T T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 220nm
Peak#|Ret. Time Area Area%
1 14. 544 12169168 97. 386
2 20. 332 326671 2.614
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] PDA Multi 2 220nm, 4nm
1 CF
| P "
] Ph” 8
4 ,Bu ~
200+
j rac-24
100+ <
G —
T T T T I T T T T I T T T T I T T T T [ T T T T T T T T
0.0 2.5 5.0 1.5 10.0 12.5 15.0
min
Peak Table
PDA Ch2 220nm
Peak#[Ret. Time Area Area%
1 7.423 3321618 49. 498
2 9. 765 3389020 50. 502
mAU
S0 PDA Wulti 2 220nm, 4ng]
_ CF
] 0 °
b 8
- Ph\\‘ ‘ r-:‘
200+ ;
i 'Bu
] 24
100+
| ©
0 e
T T T T 'I T T T T 'I T T T T I T T T T 'I T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12:5 15.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%

1 7.355 3028499 94. 798
2 10. 216 166195 5.202
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PDA Multi 3 230nm, 4nn|

—
=]

[5]]
?llllcrl_lll_lilxll_:f‘llll_?l
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33,
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0 10 20 30 40 50 60 70
min
Peak Table
PDA Ch3 230nm
Peak#|Ret. Time Area Area%
1 33. 469 7708530 49. 356
2 39. 106 7909820 50. 644
mAU
B PDA Wulti 3 230nm, ing
i CN
. (0]
' P
200 Ph™ ) 2
| Bu %
i 25
100
G- . f—
TSR . E [ S S e L T T oL L LT T
0 10 20 30 40 30 60
min
Peak Table
PDA Ch3 230nm
Peak#|Ret. Time Area Area%
1 33. 951 1415672 3. 960
2 38. 534 34335115 96. 040




mAU

3

7]
=

PDA Multi 3 230nm, 4n]

Peak Table
PDA Ch3 230nm

min

Peak#[Ret. Time Area Area%
1 25. 759 8894215 49. 242
2 29. 997 9168134 50. 758
mAU
] PDA Multi 3 230nm, 4ng]
200 SO,Me
] 0 2
e ||:|> %
150+ Ph" ) g
] '‘Bu
100+
0]
1 A y
— — —r—r—r—r—r—
0 30 40
min
Peak Table
PDA Ch3 230nm
Peak#[Ret. Time Area Area%
1 25. 888 11892801 95. 695
2 30. 733 535069 4.305
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250+ _— PDA Multi 1 254nm, 4nm
: P
200 gp)\/O/ N £
1 Ph7] v
150 ‘Bu
] rac-27 <
1004 -
30
5]
T T T T '[ T T T I T T T T I T T T T l T T T T l T T T T T T T T
0 5 10 15 20 25 30 35 10
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 188 10459464 50. 064
2 25. 959 10432585 49, 936
mAU
1 PDA Multi 1 254nm, 4nm
300 '4>
i 5 Y/
] o 0 NN
[ 3 P
200~ Ph™" )
] 'Bu
i 27
100+
" -
T T T T I T T L] l Ll T T T I L] T T T I l T T T T I T T T L} I T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 285 13200014 97. 515
2 26. 444 336439 2. 485




mAU

PDA Multi 2 220nm, 4nm
500 9 ‘ R
J P. -
| PhT] s
'‘Bu .
| £
N rac-28 =
250+
T T T T [ T T T T 'i T T T T 'l T T T T I T T T T I T T T T I T T T T I T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 9. 299 7319259 50. 424
2 13. 687 7196202 49. 576
mAU
e PDA Multi 2 220nm, 4nnf
750
4 O
| I )
- Ph\“‘ ?1_
i 'Bu -
500
I 28
250
3 2
§ P
LE SR (N P L e e e B e RSN S S LA e [T S S AR D P R T T
0.0 P 5.0 1.9 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Ch2 220nm
PeakZ|Ret. Time Area Area%
1 9. 276 9577700 95. 305
2 13. 709 471844 4. 695
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40&- PDA Multi 2 220nm, 4nn|
i 0
' P
T P 5
A ’Bu o
! . &
T rac-29 Z
100+
S T e e e e e s e R e T T T S T T o A
0.0 2.5 5.0 15 10.0 12.5 15.0 17-5 20.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 11.112 5797994 50. 062
2 14. 973 5783710 49. 938

mAU
| PDA Multi 2 220nm, 4nm
150+ E?
b P g
. Ph" | s
] '‘Bu =
100 29
50+
i =
1 g
] )
] 7 e
- T T T T T T T T T
0.0 29 5.0 .5 10.0 12.5 15.0 115 20.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
i 11.130 2553993 94. 759
2 15. 020 141244 5. 241
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s I FDA Vulti 2 220na, ing
N 'Bu Ph .
] Ph\\P },/’BU N
300 I I 8
] ol 0 I
200 (rac + meso)-30 = _
100
c L] "\‘l-h L] T I L] T L) I T T I T L] T I T Ll L] L]
0 10 20 30 40 50
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 21.513 12962913 28. 122
2 26. 233 20196871 43. 815
3 | 33.266 | 12935556 28. 063
mAU
S , PDA Wulti 2 220nm, ing]
] By P
Pha= - JBu
' ~p p~ 3
d I I -
200+ O o s
1 30
100
& =3 =
T T T T I T T T I T T I T L) I L T T T
0 10 20 30 40 50
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 21. 494 13482471 98. 117
2 27.416 198240 1. 443
3 34.849 603560 0. 441




100 FDA Wulti 2 220nm, ing
5 u
0 P~
] P o
1 PhY) =
J 'Bu s 2
50 = %
1 (rac + meso)-31 § f
25]
(;_JIL
T T T T I L] T T T I T T T T I T T T T I T T T T I T T T T I T T T T
0 10 20 30 40 50 60 70
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area®
1 32, 317 4954496 33. 870
2 40. 136 4718115 32. 255
3 50. 685 4955153 33. 875
mAU
300 PDA Wulti 2 220nm, ng
i Ph "
1 < u -
. 0] p~ 2
i ||:|, 8 =i
2004 Ph“'}
1 'Bu
| 31
100
c. G J o =
ST B T L e T L e T T [T R e T ) [ S T T e [ S e R
0 10 20 30 40 50 60 70
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 31.583 | 18838015 93.614
2 40. 411 1230546 6. 115
3 51.648 54419 0.270




mAU

i PDA Multi 2 220nm, ing
i B .
- Ph™ ] © 2 g
i 'Bu % S
g rac-32 i
50+
c k P ——
T T T T l T Bl T T 'l T T T T 'I— T T T T T T T '["- T T
0 5 10 15 20 25
min
Peak Table
PDA Ch2 220nm
PeakZ|Ret. Time Area Area%
1 19. 192 3145097 50. 082
2 21. 489 3134856 49. 918
mAU
100 PDA Multi 2 220nm, 4ng
] 0
] 1] | A\
300 5 CFs 2
1 Ph™ | O E
1 ‘Bu
200+ 32
100+
G- A ~
T T T T 'l T T T T 'l T T T T |- T T Ll T T T T T |- T T T T
Peak Table 15 20 25 30
min
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 19. 164 7315474 94. 950
2 21. 507 389065 5. 050
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] PDA Multi 1 254nm, 4nm

—
16.671

19.735

200+ rac-33

Peak Table

PDA Chl 254nm

Peak#|Ret. Time Area Area%
1 16. 671 11295555 50. 003
2 19. 735 11294414 49. 997

mAU
257 PDA Multi 1 254nm, 4ng
100 O ~
] I | 2
. P ﬂJ‘
] PR @) e
75 'Bu
y 33
307
2 g
- 2
R Pl
T T T T '| L] T T T I Ll T T T I T T T T I T T T T I T T L] T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 16. 851 2653815 90. 261
2 19.979 286353 9. 739
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A PDA Multi 1 254nm, ing]
i 9 ’ (@)
300+ P
{  Ph7]
1 '‘Bu o
200 rac-34 5
100+
e e e ) I B i e | T =" 7 % ot T )
0.0 2:9 5.0 i 10.0 12.5 15.0
min
Peak Table
PDA Chl 254nm
Peak#®|Ret. Time Area Area%
1 7.172 3082020 30. 089
2 9. 997 3071053 49. 911
mAU
PDA Multi 1 254nm, 4nm
300 9 ’ Q e
] P b
Ph" | -
'Bu
] 34
250+
P, N, — 3
T [ Tt I Sl )
0.0 2.9 5.0 7.5 10.0 12.5 15.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 0 b 5294933 95. 068
2 10. 040 274672 4.932
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00 PDA Wulti 2 220na, 4ng]
] 0 ’ S
1]
- c 1y
- Ph” | 2
200 iBu = 2
] rac-35 2
100
JER T ST L R ) SR R . X i . L T I S
0.0 2.5 5.0 7.5 10.0 2.5 15.0 17.5 20.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 11. 774 4132157 49, 975
2 13. 548 4136356 50. 025
mAU
400 PDA Multi 2 220nm, 4no
i 0 ’ S
J 1] 3
1 \‘P\/[) 8
300+ PhY | =
] 'Bu
] 35
200+
100 -
] b
c- L] L] T T l T L] A:’-\I ‘ Ll T T T '| T T T T I T T L] T I T jlf-\l T I T T T T T T T T
0.0 P 5.0 7.5 10.0 12.5 19. 0 17.5 20.0
min
Peak Table
PDA Ch2 220nm
Peak# [Ret. Time Area Area%
1 11,744 6870655 93. 763
2 13. 643 457040 6. 237
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250 PDA Multi 2 220nm, 4na
.
A g
] Ph™ | S o
150+ 'Bu
] g
] rac-36 =
1001
50
i I, NP N
T T T l T T T T I 'I T T T I T T T l T T T T I T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 8. 800 2842886 50. 036
2 11. 090 2838749 49. 964
mAU
= PDA Multi 3 220nm, ing
g (0]
] . 3
500 Ph" | S o
T 'Bu
1 36
250
G- ~ S N Vs
T T T I T T T l I T T T I T T T I T T T T I T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
Peak Table
PDA Ch3 220nm
Peak®|Ret. Time Area Area%
T 8. 768 8573748 92. 721
2 11.083 673056 7.279
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PDA Multi 2 220nm, 4nn|
o o) S
500+ l',' | 2
1 Ph” %
- 'Bu
d rac-37 S
250
T T T T l T T T T l T T T T l T T T T I T T T T T T T T
0.0 2.5 5.0 .5 10.0 125 15.0
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 7.400 6162705 50. 033
2 10. 376 6154489 49. 967
mAU
i 2 929
3004 PDA Multi 2 220nm, 4nm|
] 0 ’ S
1 =
1 P %
4 Ph\\' ‘ ~
200 iBu
] 37
100+
1 A /"‘:L
T T T T '[- T T T T l T T T T l T T T T 'l T T T T T T T T
0.0 2.5 5.0 15 10.0 12.5 15.0

Peak Table

PDA Ch2 220nm

Peak#[Ret. Time Area Area%
1 7.464 3143471 93. 864
2 10. 499 205505 6. 136
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L PDA Multi 2 220nm, ind]
300 P X g 2
| Ph™} N™ "Me 2 =
: IBu - -]
2001 rac-38
100+
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T T T T I T L] T T E T T T ] L] T T T
0.0 2.9 5.0 7.5 10.0 12.5
min
Peak Table
PDA Ch2 220nm
Peak#|Ret. Time Area Area%
1 7.518 3574440 49. 942
2 8. 653 3582784 50. 058
mAU
PDA Multi 2 220nm, 4nof
] o) =z
500 Pl M | 2
1 Ph | N~ “Me .
i 'Bu
] 38
250
] 2
e T 2, R /‘\
e e B e T B e e B | Tl
0.0 %D 50 1.9 10.0 12.5
min
Peak Table
PDA Ch2 220nm
PeakZ|Ret. Time Area Area%
i 7.589 5230458 86. 266
2 8. 624 832704 13. 734
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4 PDA Multi 4 214nm, 4nm|
] o) TIPS
300+ P
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100+
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=11 § © L I L ] T &4 T L A T S
0 -] 10 13 20 25 30
min
Peak Table
PDA Chd4 214nm
Peak#|Ret. Time Area Area%
1 25. 187 12204885 49. 996
2 28. 397 12207014 50. 004
mAU
507 PDA Multi 4 214nm, dnd]
1 g? TIPS
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2007 \\P/ 5
] Ph™ 1 <
4 B o~
150: u
] 39
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3 h SENE
T T T I T T T T I T T T T I I T T L] T T I T T
0 ] 10 15 20 25 30
min
Peak Table
PDA Ch4 214nm
Peak#|Ret. Time Area Area%
1 24.928 8693672 93. 589
2 28. 225 595496 6.411
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0 5 10 13 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#[Ret. Time Area Area%
1 11.673 4083822 50. 095
2 15. 115 4068375 49. 905
mAU
4 PDA Multi 1 254nm, 4no
] o Ph =
1000 O \/©/ =
] P -
1 P
750.: Me
1 40
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T T T T I T T T T T I T T T T I T T T T l T
0 5 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#[Ret. Time Area Area%
1 11.617 27390626 91. 196
2 15. 224 2644128 8. 804
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2507 PDA Multi 1 254nm, 4nd
. Ph
| T
200~ P
i . Ph”
1 s Et
150 i
s rac-41
1004
50-
R | ot T e T e Bl o T L T T G e
0 -+ 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 904 3581538 50. 243
2 27. 359 3546880 49. 757
mAU
PDA Multi 1 254nm, 4nm
1 Ph
500 9 \/@/
J o ol
7 PR |
o Et
] 41
250+
] Z
G J ]
T L] T I L] T I T i T L] T T I T T T T I T T T I T T T T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area®
1 9. 886 9050173 95. 160
2 27. 488 460341 4. 840




mAU

PDA Multi 1 254nm, 4nnf

Ph
0
||:|’
Ph” |
"Bu

rac-42

9.937

12. 629

Peak Table
PDA Chl 254nm

Peak#|Ret. Time

Area

Area%

1 9. 937

8171615

50. 231

2 12. 629

8096301

49. 769

mAU

T
10 15 20 25
min

PDA Multi 1 254nm, 4nn

10.531
-
=
10=0
E_U
0

Peak Table
PDA Chl 254nm

-

Peak#|Ret. Time

Area

Area®

1 10. 531

5227839

90. 172

2 13. 327

569764

9.828

min



mAU

=

]
&3

18. 936

500 o Ph
] P
1 Ph” |
1 "Pe
. rac-43
250
e —
0 5 10
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 515 21883366 50. 452
2 22. 597 21491014 49. 548
mAU
150
] Ph
1 O
] P
1 PR}
100+ npe
50
0_-_f\._.__/\ —
0 5
Peak Table
PDA Chl 234nm
Peak#|Ret. Time Area Area%
1 18. 936 49108735 94. 626
2 23. 217 278884 5.374

PDA Multi 1 254nm, 4nn

PDA Multi 1 254nm, 4nn




mAU

PDA Multi 1 254nm, 4nm

Ph
= 9\/@ 2
] P i
1 Ph7 =
3004 'Pr
] rac-44
2007 2
1001
T T T T l T L] I T I T I T T T T
0 5 10 15 20
min
Peak Table
PDA Chl 254nm
Peak®|Ret. Time Area Area%
1 11. 794 12556964 50. 493
2 19. 082 12311824 49. 507
mAU
400_ PDA Multi 1 254nm, 4nm|
4 Ph
] ('F?’\/O Z
300+ " o
] PhY |
] Pr
200 44
100+
G — e —
e — T . T Il T T
0 3 10 15 20
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11. 887 10015260 96. 700
2 19. 337 341766 3.300




mAU

1400 PDA Multi 1 254nm, ing]
1 Ph
S
300 P.
1 Ph~
] &
2004 8
. rac-45
100 o
G T T T I T T I T I l T T 'I T T T T I T T T T
0 10 20 30 40 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 27. 796 16196595 50. 575
2 45. 786 15828332 49. 425
mAU
o PDA Multi 1 254nm, 4nd]
1 Ph
1 O
4 1]
75 PHY P.
50 2
} =
i 45 £
25+
| 2
-____V\___._.-.__/\_j\_ £
0_’ T T T I T T I T I l T T T T T T I T T T T
0 10 20 30 40 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 28. 035 2799727 95. 644
2 46. 369 127505 4. 356




mAU

400 FDA Multi 1 254na, in|
] Ph
. 9\/@/
300 P
1 Ph”
200
1 rac-46
100+
— — . — . —_— ey
0 b 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 528 9396377 50.012
2 12. 108 9391872 49, 988
mAU
S0 PDA Multi 1 254na, ing
| Ph
- ?
e ) o
1 &
200+
1 46
100
T oo
1 2
] e}
i e, .
— — T : T — T
0 3 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 476 8493003 95. 092
2 12. 098 438373 4. 908




mAU

75+ Ph PDA Multi 1 254nm, 4nn
& (0]
' p
- Ph/
50—
1 rac-47
25+ =)
X 8 L L I 2 . L L . L I L L ' . | . ! Y E
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area®
1 23.872 3224687 50. 107
2 40. 001 3210926 49. 893
mAU
150 o PDA Wulti 1 254nm, ing
i O\/@/
i 1]
1 enf
100
50 47
| TS s
S N — S e
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
PeakZ|Ret. Time Area Area®
1 23. 765 820422 6. 591
2 39.179 11627455 93. 409




mAU

g PDA Multi 1 254na, ing
| Ph
i Me O
150 f ||3|
] 8 |
| 'Bu
100+
i ;; rac-48
50+
1 o R
T T T 'l T T 'l T T 'I' T T T T 'l' T T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 20. 938 11423014 50. 804
2 27. 524 11061309 49. 196
mAU
E PDA Multi 1 254nm, 4nn
300 Ph
g I Me 9\/@/
] z Wb
b ]
200+ Bu
. 48
100
! =t e | T T O | (TR
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 20.910 19411804 97. 660
2 27.769 465211 2. 340




10007 PDA Multi 1 254nm, 4ng
i Ph
] ?
750+ Me P.
1 |
] 5 'Bu
| Me
1 = rac-49
1 =
250 o
0_ T T T T ] T T 'I 'l T T T T l T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
PeakZ|Ret. Time Area Area%
1 7.925 9212249 50. 752
2 14.909 8939321 49, 248
mAU
4 PDA Multi 1 254nm, 4nm
1000—: 0 \/©/Ph
] 1]
] = Me 3
i S o~ T
750 [ iBu
500+ Me
1 49
250 .
A | S T I I I S
0 o 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
i 7.907 12246253 95. 260
2 14. 993 609410 4, 740




mAU

b
] PDA Multi 1 254na, ing]
| Ph
] Q
150—_' = '3- IT
: F 3 Bu
1 F
100+
] rac-50
50+
— — T — 7
0 5 10 13 20 25 30
min
Peak Table
PDA Chl 254nm
PeakZ|Ret. Time Area Area%
1 11. 749 4656553 50. 458
2 14, 766 4572049 49. 542
mAU
5
250 PDA Multi 1 254na, ing]
4 Ph
T O
- W
. = A
1 ‘Bu
100+
] 50
50+
-
G T T T I T T T L] I T T T T /I\‘ T T T T I T T T T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11. 765 4874298 94. 503
2 14. 853 283525 5. 497




mAU

754 PDA Multi 1 254nm, 4nm
Ph
) O
E 1]
J P.
e
= u
50
i MeO 2
] o £
] rac-51 £ Z
25
c- SR ‘;_._,—-_
T T T I T T T T I T T T I T T T T I T T T T I T T T I T T T T I T T T T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 26. 805 1629939 50. 184
2 29. 606 1617967 49. 816
mAU
B o PDA Wulti 1 254na, ing
E O\Q/
4 1]
' i 2
100+ 'Bu o=
1 MeO =
] 51
50
: 2
_ &
—— Al Vs
r— LR B U L T T L 0t T}
0 5 10 15 20 29 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 26.933 169575 3. 486
2 29. 575 4694499 96. 514




mAU

PDA Multi 1 254nm, 4nnf

] Ph
] 9
150 I?

L ' '
24. 117

o5}

c

100 rac-52
| g
50+
O'—A—‘“x,";,,,,
0 10 20 30 10 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 24. 117 8734348 50. 282
2 48. 204 8636330 49. 718
mAU
24 PDA Wulti 1 254nm, in
1 & Ph
5 wy
300 ‘Bu
200 52
1004 "
G T T ll T I T T T T l T T T T 'I T T T T I T T T T l T T T T 'I T T T T
0 10 20 30 40 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 23. 293 29115007 96.523
2 48. 408 1048931 3.477




mAU

] PDA Wulti 1 254nm, ing]
1 Ph
= 9\/©/
] = P
] % Ph”
150 - Me
100 =
1 8§ rac-53
50
0_-._'___—"‘-'--——.
R O L T L R T [T B ) P CL T B S S [P T B R
0 5 10 15 20 25 30 335 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 13. 361 6430462 50. 398
2 25.412 6328869 49. 602
mAU
480 PDA Multi 1 254na, ing]
] Ph
300 (.?
*
] 8 _P.
7 i Ph
] o Me
200
] 53
100+
0' P
T T T I T T T l T T T T '[ T T T T I T T T T l T T T T I T T T T I T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
4 13. 326 9360632 91. 040
2 25.620 921289 8. 960




mAU

400 PDA Multi 1 254nm, ing
] Ph
Ve
300 P.
] Ph™ £
] OMe o <
200 S
1 rac-54
100+
o _/\
T Ll L] T I T Ll L] T I T T T Ll I T T T T I T T T T I L] T T T E T L] L] T I T T Ll L]
0 5 10 15 20 25 30 33
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 22.076 14888936 50. 155
2 26. 726 14796877 49. 845
mAU
100 PDA Multi 1 254nm, ing
; Ph
u 9\/@/
300+ P& o
] Ph” =
. OMe b
200+
] 54
100+ =
o] DN
T T T T l T T T T T T T T T 'l T T T T l' T T T T 'I T T T T 'l' T T T T 'I T T T T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#Z|Ret. Time Area Area%
1 22.373 1530417 7.211
2 26. 772 19692310 92. 789
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SO0 PDA Wulti 1 254nm, ing
Ph
] O
] P
1 Ph” g
200+ OEt e
T rac-55
100+
0_ T T T T l T T T T 'I T T T T [ T T T T 'I T T T T I T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
PeakZ|Ret. Time Area Area%
1 17. 601 7674398 50. 194
2 21. 800 7615052 49. 806
mAU
800 PDA Wulti 1 254na, ing
J Ph
- * 3
200 Ph | .
J OEt
100+ 55
e T e e [ e e o P e e e P e P e
0 5 10 15 20 25

Peak Table

PDA Chl 254nm

Peak#|Ret. Time Area Area%
1 17. 343 1431708 11. 435
2 21. 337 11088292 88. 565
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ey PDA Wulti 1 254na, i
E Ph
e
200 P
] Me™ |
o tBU
] rac-56 &
- L"‘ 5
100+ ES ;
= L ) P T T T T | L O e e e
0 5 10 15 20 25 30 335
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 25. 577 5432795 50. 381
2 31.328 93350651 49. 619
mAU
206) PDA Multi 1 254na, ind
] Ph
4 9\/@/
75
i p*
] Me™ | 3
: tBU s
50 56
25
] 2
o—~— N =
T T T I T T T T I T T T I I I- T I T T T T I- T T T T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 25. 623 3293042 98. 487
2 31. 664 50577 1.513




mAU

e
2507 PDA Multi 1 254nm, 4ng
5 Ph
900: %L\//[:::]/
S P
] PhT r
150 O'Pr e
1 rac-57
100-
: z
50+ o
————T T T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
T 8. 431 1634848 50. 315
2 12. 184 1614372 49. 685

mAU
400 PDA Multi 1 254nm, 4nd]
1 Ph
& ICl){/<)/ :
- P -]
1 Ph7 “
i O'Pr
200
1 57
100+ =
m - AN,
T T T T 'l T T Ll T 'l' T T T T 'l T T T T 'I T T T T 'I T T T T 'I' T T T T |
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 8.673 4435104 83. 631
2 12. 433 744209 14. 369




mAU

PDA Multi 1 254nm, 4nd
50
1 z o Ph
| g i
- 2 P
. E3 = 'Pro Me
i rac-58
G - P
! i ! i I ' I I i I ' i ! '
0 10 20 30 10 50
min
Peak Table
PDA Chl 254nm
Peak&|Ret. Time Area Area®
i | 20. 808 1486928 30. 151
2 24. 755 993231 20. 140
3 26. 530 965164 19. 571
1 29, 542 1486351 30.139
mV
200 T
i Detector A Ch2 254nm
] Ph
il 8 O
150+ ; ll:l’
Z PR | X
1 'PrO Me
1004
1 58
50+
0] T Tt T T 1 T |"'|‘ L L B R I R
0 5 15 20 25 30 35 10
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areah
1 20. 985 5092297 95. 737
2 24.732 24585 0. 462
3 25. 872 171581 3. 226
1 29. 593 30592 0. 575




DAD1 A, Sig=254.4 Ref=360,100 (D:\Chem32\_.115-P-1 2024-10-17 19-15-41\HPJ-ADH-3-940608-80MIN-071-R1A D)

mAU ' Ph
250 -E ||3|
200
Pr” |
3 o 3
100 N ow = MeO Me
E |I ‘1- § g A 59
50 o rac-
| N
0 u _\N\ . _ .
10 20 30 40 50 60 70 =
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
o R e R |--mmeee ot |- |
1 24.656 BB 1.1666 9365.63574 121.32452 36.9@02
2 28.693 MM R 1.2522 2736.17944  36.41858 10.7864
3 30.622 MM R 1.4673 3413.48485 38.77080 13.4487
4 51.155 BB 2.8593 9865.78889 67.89376 38.8708
Totals : 2.53810e4 264.48767
DAD1 A, Sig=254,4 Ref=360,100 (D\IChem32\.115-P-1 2024-10-17 19-1541\LC-ADH-3-940608-80MIN-2115-P-1.D)
mAU Ph
700 % 9
600 5 P
00 ﬁ Ph“ ‘ 2
400 ;: 3
o i MeO Me
200 [\ 88 < 59
1% | \_&.8 %
0 - - JoNS .
% % % P % & o

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

88.8362

3.e851
5.4493
2.6294

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s] [mAU]
ol et |-=en]oeemee |=nmmmeee |-ommeeeee o :
1 24.531 MM R 1.3648 4.15894e4 507.89819
2 2B8.633 MM R 1.5422 1444.31299 15.68857
3 30.607 MM R 1.7106 2551.12988  24.85641
4 51.642 MM R 2.3069 1230.97937 8.89338
Totals : 4.68158e4 557.25656



DAD1 A, Sig=254 4 Ref=360,100 (D:\Chem32..-2115-P-2 2024-10-16 19-55-3NHPJ-1G-3-901010-60MIN-069-R2.0}
mALl Ph
400
I :
300 v g
Ph , I %
200 EtO Me i 2
e rac-60 !3 z
IS I J NN A SN
1I0 2|0 3'0 4|0 SIO mir

signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R B el B |--meeeees |--mneee- |---nmee |
1 28.938 BB 0.8796 1.51956e4  269.58945 41.2383
2 31.764 BB ©.9483 3111.@0439 51.53547 8.4427
3 36.666 BB 1.1876 3194.42432 45.14387 8.6691
4 54.259 BB 1.6289 1.53472e4  146.18185 41.6498
Totals : 3.68483e4  512.44985

DAD1 A, S1g=254,4 Rel=360, 100 (D\Chem32\.. 2115-P-2 2024-10-16 19-55-37\LC-1G-3-901010-60MIN-2115-P-2.D)
mALl
1750 0 Ph 2
1500 1] p
1250 P 0
1000 Ph™ | |”'
v |
750 EtO Me [
500 |\ 2
20 60 &8 g 2
| - =
0 = i
1I0 2‘0 3IO 4I|J 5'0 mir|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
o R |--eeemmees [ -=mmmmeee- |--eeeee 1
1 28.986 BB ©.8877 7.44298e4 1304.41589 87.7724
2 31.980 BB 9.9308 1804.24194 30.56097  2.1277
3 36.930 BB 1.1167 6539.55225 91.84570 7.7119
4 54.784 BB 1.6323 2025.04761 18.86603 2.3881
Totals : B.47986e4 1445.68860



DADT A, Sig=254 4 Ref=360,100 (D\Chem32\_IN-069-R2 2024-10-17 16-45-01HPJ1G-3-901010-60MIN-069-R2 D)
m.l\U_z 5 Ph .
120 I @
100 P f 8
E v i ]
603 | H N
o BuO Me fﬂé g f\
3 \ & = [\
20 rac-61 [} = /
O—E—"““"" Mo _./‘\“-_ — li M,
R R T T T
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 26.575 MM R ©.9334 5590.31836 99.81669 40.6489
2 28.608 MM R ©.9866 1324.00684 22.36656 9.6273
3 31.264 BB 1.8010 1300.50769  20.14944 9.4564
4 41.988 BB 1.3742 5537.85938 63.32793 48.2675

Totals : 1.37527e4  205.66061

DADI A, Sig=254,4 Ref=360,100 (D-\Chem32\..115-P-4 2024-10-16 22-29-21\LC-1G-3-960408-120MIN-2115-P-4 D)
mAL
Ph
3000
wo] :
P a
203 PR Y A
1503 IBUO Me I
1000 (e o @
(]
500 61, J \ a @ =
PR L2
0 - - - - - - - T 5T T 070 - 1
10 20 30 40 50 mir|
signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

e |--eefemmeees |- | -ommmmmeee | -mmmmeee 1
1 26.979 MM R ©.9381 1.15167e5 2046.20093 88.3445
2 29.273 MM R ©.9938 9258.58203 155.26587 7.1023
3 31.992 BB 1.0843 2554.61572 39.72242 1.9596
4 43.836 BB 1.3779 3381.00903 38.00635 2.5936

Totals : 1.38361e5 2279.19556



mAU

DAD1 A, 5ig=254 4 Ref=360,100 (D:\Chem32\.. 2115-P-6 2024-10-17 22-13-09\HPJ-AZ3-1-940608-70MIN-072-R5.D)

Ph
o}
|IDI
Ph” | @ g
Me O Me = 2
Me rac-62

R e R T — :
10 20 30 40 50 mir|

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
e |- mmee- |--enmmenee [--semneeee |--enee |
1 37.137 BB 1.5652 1.88722e4 177.10635 38.9733
2 41.256 BB 1.5150 5638.56635 560.02895 10.4051
3 44.719 BV 1.6593 4661.32861  40.84851 9.6262
4 48.870 VB 2.0762 1.98514e4  144.73044 48.9954
Totals : 4.84235e4  412.71425

DAD1 A, Sig=254.4 Ref=360,100 (D:\Chem32\...115-P-6 2024-10-17 22-13-09\LC-AZ3-1-940608-70MIN-2115-P-6.0D)

17503 0 Ph
3 i

1500 P

1250 3

Ph* | X

FETIRTET] FETTA IHTTY
37.484
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45107

[~
o 8

10 20 30 40

10003 O Me §
750 Me//i:r/ =
Me 62 /\\\\\_
S~
50

mir|

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
e B P R |mmmenne |mmmeee [
1 37.484 BB 1.8359 5936.03076 51.15084 5.7743
2 41.493 BB 1.5476 5020.10449 47.47585 4.8833
3 45.107 BV E 1.3108 3119.84888 37.18665 3.0348
4 47.462 VB R 2.1522 8.87251e4  626.52502 86.3075
Totals : 1.02801e5 762.33836



DAD1 A, Sig=254.4 Ref=360,100 (D:\Chem32\...2115-P-7 2024-10-18 21-10-17\HPJ-IG-3-950508-130MIN-072-R6.0)
mAU

1]
P
w0 Ph” | g

0 — P,

2 ek
2 rac-63 ? 5

T

20 40 60 120 miry
signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
el Rt |-emeemeeees R |-oeemeeee |- oeees |
1 86.568 BB 2.5681 5.43974e4  327.45193 38.6634
2 101.256 BB 2.7208 1.808349%e4 103.00050 12.8185
3 197.681 BB 2.7800 1.81266e4 95.43171 12.8836
4 118.232 BB 3.3227 5.01360e4 233.15517 35.6345
Totals : 1.40695e5  759.03931
DAD1 A, Sig=254.4 Ref=360,100 (D\CHEM32\_ 2115-P-7 2024-10-21 17-08-23\LC-1G-3950508-130MIN-2115-P-7.D)
mAU Ph
O L3
700 ||3| 3
600 = 3
500 Ph* | K f\
400 O Me A
200 | \ .
200 63 [ ? g5 g
100 / 2 8 2
0 o T " T 1
20 40 60 ' 100 120 mid
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
o e R R O |--mmee |
1 84.899 BB 2.3095 8.34828e4  538.83594 88.8314
2 99.734 BB 2.1956 5514.51221 35.31912 5.8678
3 185.678 MM R 2.6994 1412.87715 8.71855 1.5025
4 115.999 MM R 3.3893 3569.57886 17.55322 3.7983
Totals : 9.39790e4 600.42683



DADT A, 5ig=254,4 Ref=360,100 (D:\CHEMB32\.. 2024-11-04 15-24-07\LC-1G-2--3-901010-100MIN-2121-P-8-RAC D)
el Ph
600 Ph”|
400 [::j/o Me 8 $
] 0 o w© =
o4 3 =
200 f\ = @
] rac-64 j\ 8 &
0 1 L W . 7
R R e e I T B R
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
Y P P |-memmeenes |emmnne | mmmeee |
1 57.8e1 BV 1.3710 2.52643e4 289.24078 39.4174
2 60.523 VB 1.3974 7766.55566 85.68923 12.1174
3 67.676 BB 1.56857 6832.65967 71.06494 10.6603
4 71.464 BB 1.6543 2.42308e4 232.79332 37.8e49
Totals : 6.40942e4 678.78828
DAD1 A, 5Ig=254,4 Rel=360, 100 (D\CHEM32\_-8-1 2024-11-04 19-33-451LC-1G-2-3-901010-100MIN-2121-P-8.0)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
e R |- [nmmne |--eeeeeee |--semmneee [--eemne |
1 57.233 BV R 1.4514 2.00968e5 2144.37866 89.3191
2 60.578 VB E 1.3430 1.04964e4 120.88974 4.6651
3 67.866 BB 1.5208 4078.34302 41.56396 1.8126
4 71.720 BB 1.6494 9457.18652 90.33115 4.2032

Totals : 2.258@0e5 2397.16351



DAD1 A, Sig=254,4 Ref=360,100 (D\CHEM32\...3 2024-11-02 20-20-55\LC-ADH-2-3-501010-60MIN-2115-P-4-RAC D)
mkU_E Ph
5 0
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] 1 o W
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
e R R R |-memmeees | emm e | -mmeene
1 6.601 BB 0.2772 68.82755 4.83125 ©.2659
2 8.951 BB 0.2394 98.16512 6.17762 ©.3792
3 9.858 BB 9.2511  19.81226 1.19689 ©.0765
4 11.959 BB ©.4112 187.69742 6.94716 ©.7251
5 49,226 BB 1.4243 1.04387e4 110.08164 40.3238
6 56.025 BB 1.3820 2228.89204  24.71833 8.6069
7 59.451 BB 1.4978 2300.53735 22.86599 8.8868
8 79.467 BB 2.3073 1.05453e4 67.40092 40.7358
Totals : 2.58872e4  243.41180
DAD1 A, Sig=254 4 Ref=360,100 (D\CHEMB2\. 5-P-9 2024-11-03 15-12-29\LC-ADH-2-3-901010-60MIN-2115-P-9.0)
mAl Ph
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

ceo e I B |-=mmmmmees |-mmmneee- |--meemes |

49.117 BB 1.4135 2.29612e4  242.30580 89.e403

59.285 MM R 2.0848 688.09668 5.50092 2.6683

1
2 55.940 BB 1.3770@ 1719.88782 18.70096 6.6695
3
4

79.312 MM R 2.0721 418.22992 3.36402 1.6218

2.57874e4  269.87170



DAD1 A, Sig=254.4 Ref=360,100 {D:\%\WZ\ -.15-R10 2024-10-16 14-28-38\HPJ-1G-3-940608-120MIN-2115-R10.D)
[

mﬁU—g fo)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R B |-mmmeeeee | -mmmeeeee |--menee- !
1 94.509 BB 2.5634 4.10770e4  247.61099 33.7950
2 112.778 BB 2.8602 1.99352e4 103.81992 16.4011
3 120.828 BB 3.1410 1.97197e4 94.01809 16.2239
4 133.947 MM R 3.9113 4.08156e4 173.92014 33.5799
Totals : 1.21547e5 619.36914
DAD1 A, Sig=254 4 Ref=360,100 (DAChemaz\ . 150MIN-P-10 2024-10-16 17-12-52LC-1G-3-940608- 150MIN-P-10.0)
mAU 3 Ph
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R |-=ee]oeeeee |=nemmeeeee |--mmeee |--neeee- 1
1 95.447 BB 2.5517 4,05377e4  238.65341 86.2981
2 114.263 MM R 2.8200 1410.38635 5.85077 3.8025
3 122.491 MM R 3.6810 3770.18384 17.07033 8.0261
4 135.572 MM R 4.5539 1255.78088 4.59603 2.6733
Totals : 4.69741e4  266.17054



DAD1 A, Sig=254.4 Ref=360,100 (D:\Chem32\...8 2024-11-11 10-42-45\HPJ-IG-2&3-901010-120MIN-2115-18-RAC.D)

AU Ph
";.50 (IDI
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e
250 Ph™ | -
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W3 Br g = g 2
% 67 - A ¢
50 rac- P -
o - ~ ) JA_/\ AN
S S e P Po i —
signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
Rl ROSEE |--eefemeeee- |--meemeeee |--meemeeee |---oeeee |
1 106.421 BB 2,2951 3.11074e4  203.30426 77.9934
2 116.385 MM R 3.66B89 4230.47168 19.21782 18.6867
3 136.734 MM R 5.8690 3040.09424 8.63323 7.6222
4 143.915 MM R 3.0684 1506.71790 5.73998 3.7777
Totals : 3.98847e4 236.89529
DADT A, Sig=254 4 Ref=360,100 (D-\Chem32\_15-18 2024-11-11 1042-45HPJ-1G-283-901010-120MIN-2115-18.D)
mAL Ph
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® o 2 i
0 —= e N—- TS T —
20 40 €0 80 100 120 140 i
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

e [ P |--nnmeneee |=nmmmnee- |-=enne |
1 166.2306 BB 2.2591 1.88784e4  123.51855 34.7617

2 116.018 BB 2.2887 9084.93359 55.70630 16.7285
3 136.455 BB 2.8082 1.79011e4 93.30986 32.9620
4 143.673 BB 2.5748 8443.72559 42.92826 15.5478

Totals :

5.43082e4  315.46297



DADT A, Sig=254,4 Ref=360,100 (D\CHEM3Z\._. 15-P-19 2024-10-28 18-37-32\HPJ1G-3-901010-60MIN-072-R-13.D)
mAU . Ph
E 1]
1403 P
1203 PH/I
] 23 oM
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o3 A 5 3 rac-68
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] e R EaE R |-=mmmeeee R |
1 18.284 BB ©.3911 1120.26843 44.58593 17.71e8
2 11.583 BB 9.4341 2038.22400 73.36964 32.2231
3 21.923 BB ©.8869 1124.01331 19.66316 17.7700
4 35.795 BB 1.4452 2042.85059 21.25783 32.2962
Totals 6325.35632 158.87577

DAD1 A, Sig=254.4 Ref=360,100 (DACHEM32\...15-P-19 2024-10-28 18-37-32\LC-1G-3-901010-60MIN-2115-P-19.D)

mAL Ph
e
2000 .
8 PR | Y
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e o -
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

) |--me]omeeee |-mmmmeeee |-=mmeee |---mmev |

1 10,233 BB 9.3721 498.49472 20.91133  1.1458

2 11.566 BB ©.4293 3.6702%9e4 1332.72058 84.3650

3 21.949 BB 0.8944 5007.10156 87.39074 11.5093

4 35.875 BB 1.3987 1296.36975 13.14323 2.9798
Totals : 4.35048e4 1454.16589



DAD1 A, Sig=254,4 Ref=360,100 (DAChem32\ _5-P-15 2024-11-05 16-38-20\LC-AZ3-1-901010-80MIN-2115-P-15.D)

Ay OMe Ph
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %

e [ R R e |==eeneee |
31.147 BB 1.2518 4307.25098 51.92133 14.1088

: )

2 39.284 MM R 1.7837 4330.71387 40.46642 14.1857
3 42.574 MM R 1.7894 1.09723e4  102.19923 35.9489
4 54.659 BB 2.1707 1.09185e4 76.24689 35.7646

Totals : 3.05287e4  270.83386

DAD1 A, Sig=254 4 Ref=360,100 (DAChem32\__.P-15 2024-11-05 16-38-20L.C-AZ3-1-901010-80MIN-2115-RAC-15.D)
Al S OMe Ph
3 Il 0
IODOA% e P\/©/ ™~
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S, T T R ) P R
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

S et I B |=snmmmneee R |--menes |
30.979 BB 1.2135 2158.33960  26.68939  2.9146

1

2 38.794 BV E 1.2720 1408.20117 16.764€9 1.3144
3 41.215 VB R 2.1458 1.82280e5 758.19824 95.4683
4 54.113 MM R 2.7896 1288.52295 7.69844  1.2027

Totals : 1.87135e5  8@9.35016



DAD1 A, 5ig=254 4 Ref=360,100 (DAChem32\...P-16 2024-10-30 22-17-421HP.J-AZ3-1-940608-120MIN-2115-R-16.D)

mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
ol Rt B s |--mmeeeee R i |--nneee- !
1 59.877 MM R 2.7855 3.13882e4 193.31223 14.4818
2 70.361 MM R 2.9749 7.83843e4  439.14105 36.1741
3 77.848B MM R 3.3368 3.00955e4 1508.32265 13.889@
4 88.523 MM R 4.2538 7.68262e4 301.88897 35.4551
Totals : 2.16686e5 1883.78498
DADI A, Sig=254,4 Ref=360,100 (D-\Chem32\._-P-16 2024-10-30 22-17-42\LC-AZ3-1-540608-120MIN-2115-P-16.D)
mAy Ph
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signal 1: DAD1 A, Sig=254,4 Ref=360,100

Area
[mAU*s]

Peak RetTime Type Width
[min]

Height

sooe|eeees L B |=-mmeeee- |=mmmmnee- |=-memnes |

60.683 MM R 2.8789 2162.62891
71.416 MM R 3.3510 2309.56738
78.197 MM R 3.5841 5011.60742
89.772 MM R 4.1225 4.63750e4

Totals : 5.58588e4

12.51995
11.48695
23.308502
187.48628

234.79821

83.0218



DAD1 A, Sig=254 4 Ref=360, 100 (D\Chema2\..-6-17-19 2024-10-23 21-35-2NHPJ-1G-3-901010-60MIN-072-R10.0)
2000 g?
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i MeO ] 5 .
1000 PrO Me \ g e
50 rac-71 |\ @ ;\\_ g
o3 ) \/\,} AN
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
R P— ] P P |-mmmmeee I
1 31.527 BV 1.8848 7.41567e4 1061.86609 36.8683
2 33.856 W 1.1752 2.67546e4 352.62299 13.3015
3 36.962 VB 1.3221 7.37069%e4  870.28839 36.6447
4 43.200 BB 1.4896 2.65211e4 276.36734 13.1854
Totals 2.81139e5 2561.14481

DAD1 A, Sig=254,4 Ref=360,100 (D\Chem32\.. 8-17-19 2024-10-23 21-35-27\LC-1G-3-901010-60MIN-2115-P-17.D)
AU 5 Ph
e I g
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E o F’J' )
0 - . 2 + — :
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R e |--meeeee |--meeeeee |-=seeee {
1 31.786 MM R 1.0574 1.74487e4  275.03326 4.1094
2 33.973 BV R 1.0025 2.27094e4 362.69684 5.3484
3 36.070 VB 1.29082 3.73027e5 3404.81152 87.8538
4 43.459 BB 1.5014 1.14148e4 119.18035 2.6884
Totals 4.24599%e5 4161.72198



DAD1 A, Sig=254 .4 Ref=360,100 (DACHEM32\.. RE1 2024-10-22 14-11-40\HPJ-AZ3-1-940608-100MIN-072-R2-RE1.D)

mALl Ph
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R e B |--eeeeee R o |
1 47,957 BB 1.8196 8701.50879 72.63874 9,6168
2 65.7580 MM R 2.7944 3.68774e4  219.94859 40.7566
3 76.382 MM R 3.2612 8303.31543 42.43480 9.1768
4 84.657 BB 3.0143 3.65997e4  169.29091 40.4497
Totals : 9.04819e4  504.31305

DADT A, Sig=254,4 Ref=360,100 (D\CHEM3Z\_.1 2024-10-22 14-11-40\LC-AZ3-1-940608-100MIN-2115-P-11-RE1.D)
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R |--meemeee- |-mmee e R |
1 47.873 BB 1.7251 3361.89575 28.52241 5 b o
2 65.718 MM R 3.2513 2495.32202 12.79155 3.9478
3 76.258 MM R 2.7549 1799.25354 7.64414  2.8460
4 84.322 BB 3.8865 5.55640e4 253.37054 B87.8892
Totals : 6.32204e4 302.32864



DADIA, S5ig=254.0,4.0 Ref=360. 0, 100.0
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1234567 8 91011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40
Signal 1: DAD1A,Sig=254.0,4.0 Ref=360.0,100.0
RetTime [min] Type Width [min] ~ Area [mAU"s] Height [mAU] Area%
22.966 MM m 3.40 6127.50 96.77 12.62
28.005 MM m 3.59 18119.03 237.56 37.31
31.373 MM m 3.06 18042.83 200.22 37.16
34.058 MM m 4.09 6269.91 61.18 12.91
Totals 14.13 48559.26
DADIA, Sig=254.0,4.0 Ref=360.0, 100, 0
140
12004 0O Ph
I
1000 OO w-P ”
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< 'PrO Me 2
g 600+
4001 73 =
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Time[min]
Signal 1: DAD1A,Sig=254.0,4.0 Ref=360.0,100.0
RetTime [min] Type Width [min]  Area [mAU"S] Height [nAU] _ Area%
23.001 MM m 260 5503.86 90.99 7.84
28.048 MM m 3.06 314161 43.19 4.47
31.173 MM m 3.70 59454 .17 643.58 84.64
33.583 MM m 3.06 214363 26.92 3.05
Totals 12.41 7024327




DADI A, Sig=254.4 Ref=360,100 (D\CHEM32\__AC 2024-11-01 09-03-001LC-1G-1-901010-120MIN-2115-P-14-RAC D)
mAL ]
0. O o Ph
: I
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: R = 8§ 'PrO Me *
i i\ 2 E rac-74 3
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o- A N _ , 8
A T T T T T g T T T
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o P R |---nemeee- |-mmeeeeee |---eev |
1 28.572 BB 1.8816 2038.41181 29.66718 35.9796
2 29.314 BB 1.3908 703.30585 7.06843 12.4139
3 51.928 MM R 3.8657 2123.19434 11.54262 37.4761
4 99.947 MM R 6.2794 800.55518 2.12482 14.1304
Totals : 5665.46637 50.48304
DAD1 A, Sig=254,4 Ref=360,100 (D\CHEM32\..1-Br-8 2024-10-31 17-34-17\LC-1G-1-901010-100MIN-2115-P-14.D)
mAU =
200 % O o Ph
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150 | 4l!ii'".P
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[ R e— IJ! \L _._g,._'_- . T 74 —L..-i—._._'—‘
2IO 4|0 SIO BID I 160 ) ) 'rnin
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
] e e |--eeemeee |--mmmeee- R |
1 20.018 BB 1.9880 1.3316@e4  194.19543 86.3919
2 28.811 BB 1.2914 611.17334 6.24728 3.9652
3 51.563 MM R 3.8535 346.36206 1.49885 2.2471
4 99.317 MM R 6.5436 1139.94287 2.98346  7.3957

Totals : 1.54135e4  204.84422



DADI A, Sig=254.4 Ref=360,100 (D\CHEMS32\. -0923 2024-09-23 22-27-32HPJ-1G-3-901010-60MIN-072-RE1-R7.D)
sk Ph
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
o R R |- ooeee e |=emmeeeee- |--nneee |
1 23.635 BB @.7056 7080.00000 155.96280 35.0984
2 25.932 BB 0.7657 2953.18677 60.05820 14.6401
3 29.155 BB 9.8722 2976.85181 53.24889 14.7574
4 33.533 BB 1.0105 7161.82861 110.73772 35.5040
Totals : 2.01719e4  380.00680
DAD1 A, Sig=254,4 Ref=360,100 (D\CHEM32\_.15-P-13 2024-10-21 10-14-10\LC-1G-3-901010-60MIN-2115-P-13.D)
mAU Ph
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signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
R EREE |--ee]emeee- R |--oeeeeeee |--meeee- |
1 23.001 BV R ©.7635 1.89587e5 3384.81201 85.9659
2 25.6180 VB E ©.7962 3264.09644 63.24883 1.4881
3 28.663 BB ©0.8827 2.35955e4 417.91110 10.6991
4 32.969 BB ©.9880 4090.82861 64.66629 1.8549

Totals :

2.20537e5 3930.63023



DAD1 D, Sig=230,4 Ref=360,100 (DACHEM32\.. -1 2024-11-10 11-02-04\HPJ-1G-2&3-950508-100MIN-2121-2-RAC.D)
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Signal 4: DAD1 D, Sig=238,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
S p— | oo O on oo | -mmmeeee r
1 63.028 BB 1.3239 4966.08398 58.76769 41.0585
2 68.203 MM R 1.4515 1053.11218 12.09203 8.7052
3 70.723 MM R 1.5251 5028.12451 54.94693 41.5633
4 83.234 BB 1.40875 1050.18188 10.31732 8.6810
Totals : 1.20975e4  136.12396
DAD1 D, Sig=230,4 Ref=360,100 (D:\CHEM32\. 21211 2024-11-10 11-02-04\HPJ1G-2&3-550508-100MIN-2121-1.D)
mALl
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
S P Y P R |-mmmemeee |--emeeee |
1 62.888 BB 1.3090 4.34741e4 518.07446 87.9310
2 68.356 BB 1.1620 1788.68555  23.82317 3.6178
3 70.960 BB 1.2742 2289.87769  28.29456 4.6315
4 83.425 BB 1.5822 1888.49255 17.18360  3.8197
Totals 4.94411e4  587.37579



DAD1 D, 5ig=230,4 Ref=360,100 (D\Chem32\-18 2024-11-11 10-42-45\HPJ1G-283-901010-60MIN-2121-3-RAC D)
mAU 3
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500 F’h//' Cl 2 P
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2 N g/l a
1003 rac-71 W 2 /\ g
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R T s " mid
Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
S - [ |-nmmmeeee |=emmnee- |-enmmnee [
1 23.869 BB ©.4563 8974.87012 307.66663 42.5663
2 25.918 BV E ©.4852 1489.36792 48.37277 7.0638
3 27.843 W R ©.5264 9119.82324 269.78183 43.2538
4 28.201 VB E ©.5367 1500.38721 43.68887 7.1161
Totals : 2.10844e4 669.51010
DAD1 D, Sig=230,4 Ref=360,100 (D7Chemaz2\_2115-18 2024-11-11 10-42-45HPJ1G-283-901010-60MIN-2121-3.D)
rm\U_f o
250 I|:|> o
E ©
3 Pe Y Cl ?
150 . H f
] i .
100 PrO Me Iﬂ
50 77 | | 8 & 8
E N 1
o VAW 55 &
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R Rl s |--nmemeee O |--mne- |
1 23.875 BB 9.4558 4889.33350 167.85957 B85.191@
2 25.925 BB 0.4699 280.49728 9.40759 4.8873
3 27.059 BB 9.4873 326.16187 108.650893 5.6838
4 28.199 BB 0.5218 243.26869 7.43274  4.2387

Totals : 5739.26134 195.35083



DADID, Sig=230.0, 4.0 Ref=360.0, 100.0

10001
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800+ |C|)
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g Ph” CO,Et
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Time[min]
Signal 1: DAD1D,Sig=230.0.4.0 Ref=360.0,100.0
RetTime [min] Type Width [min]  Area [mAU"s] Height [MAU]  Area%
38.498 MMm 277 32049.07 462.94 3373
41.069 MMm 210 14078.44 194.21 14.52
43336 MMm 439 34403.72 42122 36.21
53429 MMm 659 1449262 147.36 15.25
Totals  15.85 95023.85
DADID, Sig=230.0,4.0 Ref=360.0, 100.0
14001
1200 lCl)
1000 P
- PR | Y COEt
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E PrO Me
600
4001 78
200
v T T T T T T T T T T T T
5 10 15 20 25 30 65 70 75 80 8 90 95
Signal 1: DAD1D,Sig=230.0,4.0 Ref=360.0,100.0
RetTime [min] Type Width [min]  Area [mAU"s] Height [nAU]  Area%
38.447 MMm 373 56531.38 718.00 84.24
40.956 MMm 184 426821 5148 6.36
43.238 MMm 236 4543 83 59.98 6.77
53317 MMm 296 1765.88 2120 263

Totals 10.89 67109.30




DAD1 D, Sig=230.4 Ref=360,100 (D\Chem32\... 2024-11-03 19-35-56\LC-IA-3-7-950508-60MIN-2121-Br-16-rac.D)

mAU 3 Cl
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
S [ [ - |-nnmeenee |-mnemnnen |-nemeeee |
1 33.417 MM R ©.8621 1.18725e4  229.51671 37.0731
2 36.313 MM R 1.0161 3998.12482 65.58031 12.4845
3 41.160 BB 1.0663 1.19277e4  169.63269 37.2455
4 47.224 BB 1.1704 4226.24219 54.16002 13.1968
Totals : 3.20246e4 518.88973
DAD1 D, 5ig=230,4 Ref=360, 100 (D\Cem32\._I-16 2024-11-03 19-35-56\L C-A-3-7-950508-60MIN-2121-Br-16.D)
rnh.U': CI
800 O
] B g
600 R 3
] Pt |
w3 PrO Me I
3 | e 2
200 79 !m 2 & &
o] R\~ N LS
o % "~ "% " " 4 T i

Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
] REEEES |-menfomemene O R |-emeeee |
1 33.423 BB 0.8299 2.95032e4  537.86145 88.5947
2 36.615 BB 0.9302 2102.28149 34.82885 6.3129
3 41.299 BB 1.9127 1241.73889  18.23034 3.7288
4 47.299 BB 0.9853 454.10962 6.69545 1.3636

Totals : 3.33013e4  597.616609



DAD1 D, Sig=230,4 Rel=360,100 (D\Chem32\...7 2024-11-02 20-32-06\LC-IA-3-7-901010-60MIN-2121-Br-4-rac.D)
mAU 3
3500 o Br
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Signal 4: DAD1 D, Sig=23@,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e BECEE R R [ | -=mmmeees |-meee |
1 15.661 W R ©.2356 4.43494e4 2293.36694 36.4278
2 18.018 VB E ©.79060 1.67364e4  343.74585 13.7469
3 20.696 BB 0.5676 4.42257e4 1201.86641 36.3262
4 23.301 BB 0.6563 1.64347e4  384.769@4 13.4991
Totals : 1.21746e5 4222.94824

DAD1 D, Sig=230,4 Ref=360,100 (D:\Chem32\.. A-3-7 2024-11-02 20-32-06\LC-1A-3-7-901010-60MIN-2121-Br-4.0)
24 o Br 3
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %
e RIS O P o e |=mmemeee |
1 16.800 MM R ©.5271 9.08433e4 2872.24438 B88.4742
2 18.144 MM R ©.4856 5405.84814 185.53296 5.2649
3 20.195 MM R ©.6058 4204.27783 115.66425 4.8946
4 23.426 MM R ©.4947 2224.32495 74.94222 2.1663

Totals : 1.02678e5 3248.38381



DAD1 D, 5ig=230,4 Ref=360,100 (D-\Chem32\...2024-11-03 13-58-22\LC-1A-3-7-960408-100MIN-2121-Br-10-rac.D)
mAU CF
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R B R e S |--eeeev |
1 32.841 BB ©.8683 1.3438%e4  233.90918 38.1865
2 40.401 BB 9.8212 4189.17969 77.43036 11.9035
3 43.093 BV 0.5922 4164.70117 106.04324 11.8339
4 44.638 VB ©.6865 1.34001e4  295.78366 38.0761
Totals : 3.51929%e4 713.16644

DAD1 D, Sig=230,4 Ref=360,100 (D\Chem32\...1-B 2024-11-03 13-58-22\LC-1A-3-7-960408-100MIN-2121-Br-10.D)
rnAU-; CF
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100 81 | k 3 32?
34— (. : 1 _z.+/-'-—._
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 32.1e9 BB 1.1475 2.85056e4  397.07935 90.9474

2 39.982 BB 1.8227 1485.51@e01  22.20029 4.7395

3 42.808 BB 0.3369 311.62894 12.76294 0.9943

4 44.263 BB ©.9924 1040.22095 15.16248  3.3188
Totals : 3.13430e4  447.20585



DAD1 A, Sig=254,4 Ref=360,100 (D\CHEM32\...C 2024-11-01 16-59-00LC-1G-2-3-901010-100MIN-2121-P-8-RAC D)
mALU O
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R P e |-mmmmeeee- |=-meeeee !
1 45,539 BB ©.9731 2956.08569 47.43071 13.8325
2 55.499 BB 1.2378 B383.43164 105.64564 36.9600
3 61.167 BB 1.3387 8371.86719 97.79945 36.9099
4 124.864 MM R 2.9580 2971.05933 16.74036 13.0985
Totals : 2.26824e4  267.61616
DADT A, 5ig=254.4 Ref=360,100 (D.\Chema2\.. -2121-8 2024-11-13 15-39-15\HPJ-1G2&3-901010- 150MIN-2121-8.0)
200 ||:|) g
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"I"; 'PrO Me 3 l e 3
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.505
-100 1 T T T T T
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
el |==eefmeeee- |-oeemeeee ot |-emmeeee 1
1 45.338 BB 0.9610 1460.44629 23.76394 9.0897
2 54.871 BB 1.2287 1.23320e4 156.26704 76.7535
3 60.776 BB 1.2834 1344.71448 16.05179 8.3694
4 122.984 MM R 2.939@ 929.85895 5.27312 5.7874

Totals : 1.60670e4  201.35589



DAD1 D, 5ig=230,4 Ref=360,100 (D:\CHEM32\.. 2024-11-03 19-35-47\LC-ADH-2-3-960406-45MIN-2121-Br-11-rac.D)
mAU
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rac-83 / o 5
04— S L R
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S R s |--mmeeeee |-mmmemeee |--eeee |
1 28.866 BB 1.1539 5479.32324  75.57388 44,2717
2 32.002 BB 9.9455 B840.21539 14.89373 6.7887
3 34.145 BB 1.0436 5237.81104 78.58275 42.3203
4 37.913 MM R 1.2364 819.24323 11.04324 6.6193
Totals : 1.23766e4 179.29360
DAD1 D, Sig=230,4 Ref=360,100 (DACHEM32\_-11 2024-11-03 20-31-08ILC-ADH-2-3-960408-45MIN-2121-Br-11.D)
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R e B R o [--emeeev |
1 28.791 BB 1.2493 1.12827e4 144.128081 98.55780
2 31.941 BB 1.8353 429.43347 6.73995 3.4467
3 34.137 BB 1.1090 485.46204 6.81587 3.8964
4 38.995 MM R 1.5748 261.62656 2.76881 2.8999
Totals : 1.24592e4  160.45264



DAD1 D, Sig=230,4 Ref=360,100 (D\Chem32\...2024-11-03 13-58-22\LC-1A-3-7-960408-100MIN-2121-Br-12-rac.D)
mAU
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signal 4: DAD1 D, Sig=23@,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
R s R T |-omemeee | e r
1 31.343 MM R ©.8911 21089.32007 39.45320 42.4413
2 32.877 MM R ©.9624 39B8.80463 6.90656 B.9243
3 34.851 BB 0.8116 2062.48999  38.22116 41.4998
4 37.416 BB 8.7785 399.35468 7.65636 8.0354
Totals : 4969.96936  92.23727
DAD1 D, Sig=230,4 Ref=360,100 (D\Chem32\_1-B 2024-11-03 13-56-22\L C-1A-3-7-960408-120MIN-2121-Br-12.D)
mAU 3
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 31.3e4 MM R 1.0865 1.02977e4  157.9691@ 85.0989
2 32.139 MM R ©.6803 922.63812 20.40920 7.6245
3 34.886 BB 0.8475 407.10431 7.20121  3.3642
4 37.534 MM R 1.4053 473.42346 5.61457 3.9123

Totals : 1.2188%e4  191.19409



DADID, S$ig=230.0,4.0 Ref=360.0, 100.0
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Time[min]
Signal 1: DAD1D,Sig=230.0,4.0 Ref=360.0,100.0
RefTime [min] Type Width [min] _ Area [mAU"s] Height [NAU]  Area%
35.150 MMm 405 843317 147.43 4203
39.829 MMm 244 1757.56 2932 8.76
41912 MMm 229 1662.77 2752 8.29
44.723 MMm 479 8210.53 12131 4092
Totals 1357 20064.03
DADLD, Sig=230.0,4.0 Ref=360, 0, 100.0
10004
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Time[min]
Signal 1: DAD1D,Sig=230.04.0 Ref=360.0,100.0
RetTime [min] Type Width [min] _ Area [mAU"s] Height (mAU]  Area%
35.056 MMm 497 2692691 46554 9169
39.821 MMm 267 1250.39 2128 426
41934 MMm 211 24632 479 0.84
44.766 MMm 205 944,87 17.39 322

Totals 11.79 29368.50




DADIC, Sig=214.0. 4.0 Ref=360.0, 100.0
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Time[min]
Signal 1: DAD1C,Sig=214.0,4.0 Ref=360.0,100.0
RetTime [min] Type Width [min]  Area [mAU"s] Height [mAU]  Area%
12.840 MMm  1.00 2695.26 119.20 27.83
15.769 MMm 128 2627.02 103.60 27.13
16.935 MMm 131 2187.93 80.91 22,59
21704 MMm 178 2174.30 6411 2245
Totals 536 9684 51
DADIC, Sig=214.0,4.0 Ref=360.0, 100,0
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Time[min]
Signal 1: DADIC,Sig=214.0,4.0 Ref=360.0,100.0
RetTime [min] Type Width [min] _ Area [mAU"s] Height MAU]  Area%
12.210 MMm 085 5902.98 307.33 7.68
15.068 MMm 091 7186.05 33155 934
16.081 MMm 155 5926488 2176.63 77.06
20.997 MMm 117 4557 47 14523 593

Totals 4.48 76911.38




DAD1 D, Sig=230,4 Ref=360, 100 (D-\Chem32\_ 22 2024-11-13 20-57-00\HPJ-IC2&3-901010-150MIN-2121-22-RAC D)
mAL O
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Signal 4: DAD1 D, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
e RECEEE |--o--eeenev |--eeeeeeee e |-emmmeee |
1 62.446 MM R 1.7267 1.72919e4 166.91817 34.1889
2 66.361 MM R 1.8428 1.73872e4 157.25286 34.3774
3 75.218 BB 1.7576 8815.46533 66.52740 15.8479
4 87.839 BB 1.9857 7882.87305 58.14432 15.5857
Totals 5.85775e4  448.83395
DAD1 D, Sig=230,4 Ref=360, 100 (D-\Chem32\_121-22 2024-11-13 20-57-00\HPJ-IC2&3-901010-150MIN-2121-22 D)
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Signal 4: DAD1 D, 51ig=238,4 Ret=360,100

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
S R e R |-mmmmneee [--nneee |
1 62.874 BB 1.7803 1.00143e5 870.39984 89.9224
2 66.642 BB 1.1780 948.16034 11.52328 ©.8514
3 75.519 BB 1.9919 6844.99512 49.60318 6.1464
4 87.520 BB 1.95@3 3429.88647 25.16136 3.0798
Totals : 1.11367e5 956.68766



mAU

5007 PDA Multi 1 254nm, dnd
: BH Ph
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0.0 2.5 5.0 D 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 10. 467 5197078 49, 992
2 12. 451 5198832 50. 008
mAU
1 PDA Multi 1 254nm, 4nm
400 Ph
1 BH
g |:'>\3/©/ s
1 0 b
300 Ph" ) o
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0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 10. 469 219689 3. 591
2 12. 436 5897980 96. 409




mAU

o] PDA Multi 1 254nm, 4nd]
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min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 58. 189 3591331 26. 981
2 65. 316 3566449 26. 794
3 71.101 3061776 23. 002
4 132. 450 3091171 23,223
mAU
g PDA Wulti 1 254nm, ind
J Ph
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min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 57. 426 1654201 9.574
2 64. 487 1130215 6. 542
3 69. 941 13736412 79. 505
1 130. 733 756573 4. 379
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AR PDA Multi 1 220nm, ing]
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0.0 2.9 5.0 D 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 220nm
Peak#|Ret. Time Area Area%
1 9. 051 5385184 49. 906
2 11.962 5405480 350. 094
mAU
4 PDA Multi 1 220nm, 4nm|
400 o)
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0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.56 20.0
min
Peak Table
PDA Chl 220nm
Peak#|Ret. Time Area Area%
1 9. 043 5986674 65. 977
2 11. 964 3087207 34.023




mAU

. PDA Multi 1 254nm, 4nm
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min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 548 19251004 49. 787
2 13.678 19416104 50. 213
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min
Peak Table
PDA Chl 254nm
Peak#Z|Ret. Time Area Area%
1 9. 652 6136378 52.972
3 13. 836 5447846 47. 02
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