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General Remarks and Materials:

All reactions and manipulations were carried out under an argon atmosphere, in a flame-dried or
oven-dried flask containing magnetic stir bar. All *H NMR, and **C NMR spectra were recorded
using a Brucker 400 MHz or 500 MHz spectrometer in CDCl3. Tetramethylsilane (TMS) served as
an internal standard (8 = 0) for '"H NMR, and CDCl; was used as internal standard (8 = 77.0) for *C
NMR. 85% HsPO, was used as external standard for **P NMR. Chemical shifts are reported in
parts per million as follows: chemical shift, multiplicity (s =singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad). HRMS (ESI) Mass spectra were recorded on lonSpec FT-ICR
mass spectrometer. HPLC analysis was performed on Dalian Elite (UV230+ UV/Vis Detector and
P230P High Pressure Pump). Chiralpak AD-H, IA was purchased from Daicel Chemical Industries,
LTD. The racemic standards used in HPLC studies were prepared according to the general
procedure by using racemic BINOL derived phosphoric acid catalysts. Dichloromethane (DCM),
1,2-dichloroethane (DCE) and toluene was distilled over calcium hydride. Glyoxylate derived
imines were prepared from condensation of the corresponding aldehydes with amines according to
the literature method.™ Chiral phosphoric acids (PPAs) 5a-g were prepared according to the
literature procedure.

General Procedure for Optimization of Reaction Conditions (Table 1):

Running the reaction at room temperature: A mixture of Rhy(OAc), (0.004 mmol, 1.7mg),
phosphoramidate 2 (0.26 mmol) , imine 3a (0.2 mmol), PPAs (as indicated in table 1), and 4A MS
(0.1 g) in 5.6 mL under an argon atmosphere was stirred under the indicated temperature in table 1.
Diazo compound 1a (0.26 mmol) in 2.8 mL toluene was then added over 1 h via a syringe pump at
room temperature. After completion of the addition, the reaction mixture was filtrated and the
filtrate evaporated in vacuo to give the crude product. And then the crude product was purified by
flash chromatography on silica gel (EtOAc/light petroleum ether = 1:20 ~ 1:5) to give the pure
product.

General Procedure for the Enantioselective Three-Component Reactions (Table 2):

A mixture of Rhy(OAc), (0.004 mmol, 1.7mg), chiral phosphoric acid 5f (2.5 mmol%),
phosphoramidate 2 (0.26 mmol) , imine 3 (0.2 mmol) and 4A MS (0.1 g) in 5.6 mL of toluene
under an argon atmosphere was stirred under rt. Diazo compound 1 (0.26 mmol) in 2.8 ml of
toluene was then added over 1 h via a syringe pump. After completion of the addition, the reaction
mixture was filtrated and evaporated in vacuo to give the crude product. The crude product was
purified by flash chromatography on silica gel (eluent: EtOAc/light petroleum ether = 1:20 ~ 1:5) to
give the pure product.
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'H NMR, *C NMR data, **P NMR and HPLC data of compounds:

(2R,3R)-4-ethyl 1-methyl 2-((diphenoxyphosphoryl)amino)-3- ((4-methoxyphenyl)
amino)-2-phenylsuccinate (4a).

© (2R,3R)-syn-4a: 85% ee; 'H NMR (400MHz, CDCly):
) @ 7.17-7.37 (m, 14H), 6.89 (d, J = 8.4 Hz, 2H), 6.75 (d, J = 8.8
@—O—I—NH;\
. lCOzCHs Hz, 2H), 6.68 (d, J = 8.8 Hz, 2H), 5.39 (d, J = 10.4 Hz, 1H),
H3CH,CO,C

N
“Oocm 5.18 (d, J = 8.4 Hz, 1H), 4.61 (d, J = 10.4 Hz, 1H), 3.98-4.02
(2R, 3R)- syn-4a

(m, 1H), 3.86-3.86 (m, 4H), 3.74 (s, 3H), 1.02(t, J = 7.2 Hz,
3H ); ¢ NMR (100 MHz, CDCly): 6 13.85, 53.71, 55.69, 61.39, 62.41, 67.31, 67.35, 114.77,
115.50, 120.27, 120.31, 120.40, 120.45, 124.83, 125.00, 127.64, 128.28, 128.53, 129.46, 129.60,
136.47, 139.87, 150.69 (d, Jcp = 12.8 Hz), 150.79 (d, Jcp =11.3 Hz), 171.81; 3'P (162 MHz,
CDCl,) 6 -4.73; HRMS (ESI) Calcd. for C5,H33N,NaOgP (M+Na)* 627.1867, Found: 627.1923;
HPLC (Chiral AD-H, A = 254 nm, hexane/2-propanol/MeOH = 80/10:5, Flow rate = 0.5 mL/min),

tr(syn) = 16.52 min, 19.02 min.

(2R,3R)-4-ethyl  1-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-3-
((4-methoxyphenyl)amino)-2-phenylsuccinate(4b)

(2R, 3R)-syn-4b: 95% ee; "H NMR (400MHz, CDCly); 7.38-7.40
’ o; @ (m, 2H), 7.20-7.22(m, 3H), 6.89-6.97 (M, 6H), 6.68-6.76(m, 4H),
O*Fl’fNH_g
6 corcr 5.41 (d, J = 10.0 Hz, 1H), 5.25 (d, J = 6.4 Hz, 1H), 4.63(d, J =
HyCH,CO,C H\Q\
OCH; 10.4 Hz, 1H), 3.94-3.96(m, 1H), 3.71-3.74 (m, 7H), 2.22 (s, 6H),
(2R, 3R)- syn-4b

2.15 (s, 6H), 0.93 (t, J = 7.2 Hz, 3H ); *C NMR (100 MHz,
CDCly): 6 13.76, 17.23, 17.27, 53.54, 55.68, 61.26, 62.29, 67.27, 67.32, 114.75, 115.52, 124.77,
124.86, 127.50, 128.18, 128.30, 128.80, 128.99, 130.36, 130.39, 130.43, 136.83, 139.82, 148.24(d,

Jop =3.56 Hz), 148.33(d, Jcp = 1.94 Hz), 152.89, 172.03; *'P (162 MHz, CDCl;) ¢ -6.07; HRMS
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(ESI) Calcd. for C3sH4N,NaOgP (M+Na)*™ 683.2493, Found:683.2548; HPLC (Chiral AD-H, A =

254 nm, hexane/2-propanol = 15/1, Flow rate = 1.0 mL/min), tg(syn) = 6.49 min, 8.05 min.

(2R,3R)-4-ethyl 1-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-
(4-fluorophenyl)-3-((4-methoxyphenyl)amino)succinate(4c)

Q\ . (2R, 3R)-syn-4c: 91% ee; *H NMR (400MHz, CDCly): 7.32-7.35
C.’NH@ (m, 2H), 6.96-6.98 (m, 3H), 6.82-6.90(m, 5H), 6.67-6.76 (m,
Il < CO,CH,

HH,COuC N@ 4H) ,5.39 (d, J = 10.8 Hz, 1H), 5.23 (d, J = 7.2 Hz, 2H), 4.54 (d,
OCH,

(2R, 3R)- syn-de J =10.0 Hz, 1H), 3.97-4.00 (m, 1H), 3.74-3.80(m, 7H), 2.25 (s,

6H), 2.15 (s, 6H), 1.57(s, 3H), 0.97 (t, J = 7.2 Hz, 3H ); *C

NMR (100 MHz, CDCly): ¢ 13.79, 17.19, 17.28, 53.66, 55.67, 61.41, 62.35, 66.80, 66.84, 114.80,

115.03, 115.55, 124.85, 124.96, 128.86, 129.04, 129.53, 129.62, 130.30, 139.55, 148.08(d, Jcp

=15.71 Hz), 148.29 (d, Jcp =14.90 Hz), 153.03, 171.84; *'P (162 MHz, CDCly) § -5.14; HRMS

(ESI) Calcd. for CssHaoFN,NaOgP (M+Na)* 701.2399, Found:701.2422; HPLC (Chiral AD-H, A

= 254 nm, hexane/2-propanol = 10/1, Flow rate = 1.0 mL/min), tz(syn) = 5.06 min, 6.17 min.

(2R,3R)-4-ethyl  1-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-
(4-chlorophenyl)-3-((4-methoxyphenyl)amino)succinate(4d)
Q\ o (2R, 3R)-syn-4d: 90% ee; ‘H NMR (400MHz, CDCly): 7.27

¢ (d, J=9.2 Hz, 2H), 7.25 (d, J = 8.8 Hz, 2H), 6.90-7.00(m, 6H) ,
HAGH,CO,C NOOCHS 6.75 (d, J= 8.8 Hz, 2H), 6.68 (d, J = 8.8 Hz, 2H), 5.40 (d, J = 7.6
(2R, 3R)- syn-4d Hz, 1H), 5.22 (d, J = 7.6Hz, 1H), 4.52 (d, J =10.8 Hz, 1H),
3.98-4.00 (m, 1H), 3.74-3.79 (m, 7H), 2.26(s, 6H), 2.14 (s, 6H),

0.98 (t,J=7.0Hz, 3H); BC NMR (100 MHz, CDCls): 6 13.80, 17.17, 17.29, 53.73, 55.68, 61.45,
62.15, 66.87, 66.92, 114.83, 115.54, 124.87, 124.99, 128.18, 128.90, 129.07, 130.28, 134.24,
135.40, 139.50, 148.25, 148.34, 153.05, 171.77; 3'P (162 MHz, CDCly) ¢ -6.12; HRMS (ESI)
Calcd. for C3sHaoCIN,NaOgP (M+Na)* 717.2103, Found:717.2133; HPLC (Chiral IA, A = 254 nm,

hexane/2-propanol = 15/1, Flow rate = 1.0 mL/min), tr(syn) = 6.63 min, 7.37 min.

(2R,3R)-dimethyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-3-
((4-methoxyphenyl)amino)-2-phenylsuccinate(4e)
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Q\ (2R, 3R)-syn-4e: 98% ee; 'H NMR (400MHz, CDCly):
ofngHQ 7.42-7.43(m, 2H), 7.25-7.28(m, 3H), 6.93-7.03(m, 6H), 6.79(d, J

H,CO, N

(2R, 3R synde 5.29 (d, J = 6.4 Hz, 1H), 4.68 (d, J =10.8 Hz, 1H), 3.80(s, 3H),

TR CO,CH;
I = 8.4 Hz, 2H), 6.72(d, J = 8.4 Hz, 2H), 5.54 (d, J = 10.4 Hz, 1H),
C N
\©\OCH3

3.77 (s, 3H), 3.39 (s, 3H) 2.27 (s, 6H), 2.18 (s, 6H); *C NMR
(100 MHz, CDCl,): ¢ 17.23, 17.27, 52.05, 53.72, 55.67, 61.77, 67.38, 67.42, 114.86, 115.34,
124.79, 124.90, 127.52, 128.24, 128.34, 128.83, 129.09, 130.34, 130.37, 130.41, 136.84, 139.70,
148.22 (d, Jop =8.10 Hz), 148.32 (d, Jcp =9.72 Hz), 152.90, 172.60; *'P (162 MHz, CDCls) 6 -5.61;
HRMS (ESI) Calcd. for CssHigN,NaOgP (M+Na)® 669.2336, Found:669.2354; HPLC (Chiral
AD-H, 1 = 254 nm, hexane/2-propanol = 30/1, Flow rate = 1.0 mL/min), tg(syn) = 14.56min,

18.96 min.

(2R,3R)-4-ethyl  1-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-
(4-bromophenyl)-3-((4-methoxyphenyl)amino)succinate(4f)

Q\ . (2R, 3R)-syn-4f: 97% ee; ‘H NMR (400MHz, CDCls):
b @ 7.23-7.30 (m, 4H), 6.93-7.01(m, 4H), 6.78(d, J = 8.8 Hz, 2H),
& Y-co,ch;

O 6.71 (d, J = 8.8 Hz, 2H), 5.44 (d, J = 10.8 Hz, 1H), 5.24 (d, J =
(2R, 3R)- syn-4f o 7.2 Hz, 1H), 456 (d, J = 10.8 Hz, 1H), 3.99-4.07(m, 1H),
3.77-3.83 (m, 7H), 2.29 (s, 6H), 2.17 (s, 6H), 2.13 (s, 6H), 1.01 (t,

J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCl5): 6 13.83, 17.19, 17.31, 53.76, 55.67, 61.46, 62.03,
66.92, 66.97, 114.84, 115.52, 122.58, 149.90, 124.99, 128.92, 129.06, 129.39, 130.28, 131.14,
135.95, 139.48, 147.97(d, Jcp =15.39 Hz), 148.30(d, Jcp =14.42 Hz), 153.06, 171.77; HRMS (ESI)
Calcd. for CysHaoBrN,NaOgP (M+Na)* 761.1598, Found:761.1587; *'P (162 MHz, CDCls) 6 -6.12;
HPLC (Chiral 1A, 2 = 254 nm, hexane/2-propanol = 10/1, Flow rate = 1.0 mL/min), tz(syn) = 5.55

min, 6.23 min.

(2R,3R)-4-isopropyl 1-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-
(4-bromophenyl)-3-((4-methoxyphenyl)amino)succinate(4g)

S5



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Q\ . (2R, 3R)-syn-4g: 95% ee; 'H NMR (400MHz, CDCly):
02 7.26-7.28 (m, 4H), 6.94-7.01 (m, 6H) , 6.78(d, J = 8.4 Hz, 2H),
& Y-co,ch;

o0 N @ocm 6.71(d, J = 8.4 Hz, 2H), 5.24-5.32 (m, 2H), 4.84 (m, 1H), 4.54 (d,
(2R, 3R)- syn-4g J=10.4 Hz, 1H), 3.77 (s, 3H), 3.70 (s, 3H), 2.33 (s, 6H), 2.20 (s,

6H), 1.08 (d, J = 6.0 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H); *C

NMR (100 MHz, CDCly): ¢ 17.23, 17.37, 21.40, 21.50, 53.51, 55.68, 62.90, 67.10, 67.14, 69.60,
114.75, 115.71, 122.50, 124.87, 125.00, 128.94, 129.04, 129.31, 130.26, 131.02, 136.03, 139.66,
147.94 (d, Jep =15.23 Hz), 148.52 (d, Jep =15.07 Hz), 153.09, 171.14; *'P (162 MHz, CDCls) ¢
-6.10; HRMS (ESI) Calcd. for Cs;H4,BrN,NaOgP (M+Na)™ 775.1754, Found:775.1760; HPLC
(Chiral 1A, A = 254 nm, hexane/2-propanol = 15/1, Flow rate = 1.0 mL/min), tg(syn) = 7.69 min,

9.74 min.

(2R,3R)-4-tert-butyl 1-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)
-2-(4-bromophenyl)-3-((4-methoxyphenyl)amino)succinate(4h)

/@\ o (2R, 3R)-syn-4h: 84% ee; 'H NMR (400MHz, CDCls):
QOONHG 7.27-7.29 (m, 4H), 6.94-7.04 (m, 6H) , 6.80 (d, J = 9.2 Hz, 2H),
Il CO,CH,
6.73 (d, J = 8.8 Hz, 2H), 5.26 (d, J = 8.0 Hz, 1H), 5.18 (d, J =
(Hsc)scochL\H©\om-I3 ( ) ( ) (
(2R, 3R)- syn-4h 10.4Hz, 1H), 4.48 (d, J = 10.4 Hz, 1H), 3.78 (s, 3H), 3.65 (s, 3H),

2.37(s, 6H), 2.23(s, 6H), 1.30(s, 9H ); *C NMR (100 MHz,
CDCl,): 6 7.59, 16.17, 16.28, 16.44, 26.71, 28.68, 44.81, 52.31, 54.66, 81.81, 113.50, 113.70,
114.80, 121.36, 123.81, 123.93, 127.93, 128.02, 128.13, 128.40, 128.67, 129.20, 129.83, 129.89,
135.16, 138.84, 146.92 (d, Jop =15.39 Hz), 147.69 (d, Jcp =15.55 Hz), 152.08, 169.68; *'P (162
MHz, CDCls) 6 -6.12; HRMS (ESI) Calcd. for CsgHasBrN,NaOgP (M+Na)" 767.2091,
Found:767.2083; HPLC (Chiral 1A, 24 = 254 nm, hexane/2-propanol = 15/1, Flow rate = 1.0

mL/min), tg(syn) = 7.11 min, 9.76 min.

(2R,3R)-dimethyl
2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-(4-bromophenyl)-3-((4-metho
xyphenyl)amino)succinate(4i)
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Q\ . (2R, 3R)-syn-4i: 96% ee; *H NMR (400MHz, CDCls):
2 N 7.17-7.26 (m, 4H), 6.89-7.00 (m, 6H) , 6.75 (d, J = 8.8 Hz, 2H),

! \"CO,CH,3
CIN ©OCH, 6.66 (d, J = 9.2 Hz, 2H), 5.49 (d, J = 10.8Hz, 1H), 5.20 (d, J =
(2R, 3R)- syn-4i 7.2 Hz, 1H), 4.54 (d, J = 10.8 Hz, 1H), 3.79 (s, 3H), 3.72 (s, 3H),
3.39 (s, 3H), 2.26 (s, 6H), 2.13 (s, 6H) ; *C NMR (100 MHz,
CDCly): 6 17.18, 17.30, 52.22, 53.92, 55.69, 61.52, 67.05, 67.09, 114.94, 115.32, 122.62, 124.93,
125.02, 128.95, 129.14, 129.38, 130.26, 131.20, 139.39, 147.73(d, Jcp =15.55 Hz), 148.25 (d, Jcp
=14.58 Hz), 153.06, 172.34; *'P (162 MHz, CDCl;) § -6.23; HRMS (ESI) Calcd. for
CasHaoBIN,OgP (M+H)™ 725.1622, Found:725.1615; HPLC (Chiral 1A, A = 254 nm,

hexane/2-propanol = 30/1, Flow rate = 1.0 mL/min), tr(syn) = 11.24 min, 12.84 min.

(2R,3R)-dimethyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-
(4-chlorophenyl)-3-((4-methoxyphenyl)amino)succinate(4j)

Q\ o (2R, 3R)-syn-4j: 96% ee; ‘H NMR (400MHz, CDCly): 7.25

0 (d, J = 8.8Hz, 2H), 7.10 (d, J = 8.4Hz, 2H), 6.90-6.98 (m, 6H) ,

A "‘Scozcm
CJ:N\Q\OCH:, 6.76 (d, J = 9.2 Hz, 2H), 6.66 (d, J = 8.8 Hz, 2H), 5.54 (d, J =
(2R, 3R)- syn-4j 10.8 Hz, 1H), 5.20 (d, J = 7.2 Hz, 1H), 453 (d, J = 10.8 Hz, 1H),
3.79 (s, 3H), 3.73 (s, 3H), 3.40 (s, 3H), 2.26 (s, 6H), 2.13 (s, 6H);
BC NMR (100 MHz, CDCl): ¢ 17.16, 17.27, 52.19, 53.88, 55.66, 61.59, 66.96, 67.01, 114.91,
115.32, 124.89, 124.99, 128.24, 128.90, 129.05, 129.11, 130.25, 130.28, 134.26, 135.37, 139.38,
148.00(d, Jop =15.55 Hz), 148.22 (d, Jop =14.42 Hz), 153.03, 172.35 ; *P (162 MHz, CDCl,) &
-6.21; HRMS (ESI) Calcd. for CgsH3CIN,OgP (M+Na)™ 703.1947, Found:703.1947; HPLC
(Chiral 1A, 2 = 254 nm, hexane/2-propanol = 40/1, Flow rate = 1.0 mL/min), tg(syn) = 12.10 min,

15.12 min.

(2R,3R)-dimethyl
2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-(3-chlorophenyl)-3-((4-metho
xyphenyl)amino)succinate(4k)

/@ (2R, 3R)-syn-4k: 93% ee; ‘H NMR (400MHz, CDCly): 7.47(s,
QC' 1H), 7.17-7.37(m, 3H), 6.95-7.06(m, 6H), 6.82 (d, J = 8.8Hz,

NH >
o —CO,CH;,

2H), 6.74 (d, J =8.8 Hz, ZH), 5.562 (d, J=10.8 Hz, 1H), 5.29 (d,
N
H,CO,C H\©\00H3

Q
0-P-

(2R, 3R)- syn-ak J=6.8 Hz, 1H), 4.55 (d, J = 10.8 Hz, 1H), 3.81 (s, 6H), 3.78 (s,
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6H), 3.44 (s, 3H), 2.32 (s, 6H), 2.23(s, 6H); *C NMR (100 MHz, CDCls): & 17.25, 17.29, 52.23,
53.84, 55.66, 62.16, 67.35, 67.39, 114.93, 115.67, 124.97, 125.03, 125.92, 127.95, 128.60, 128.91,
129.14, 129.36, 130.26, 130.29, 130.35, 134.12, 139.52, 148.13 (d, Jep =15.71 Hz), 148.29 (d, Jcp
=14.90 Hz), 153.23, 172.21; *P (162 MHz, CDCl;) § -5.93; HRMS (ESI) Calcd. for
CasH3sCIN,OgP (M+Na)* 703.1947, Found:703.1964; HPLC (Chiral AD-H, 4 = 254 nm,

hexane/2-propanol = 30/1, Flow rate = 1.0 mL/min), tz(syn) = 12.08 min, 19.61 min.

(2R,3R)-dimethyl2-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-(4-methoxyp
henyl)-3-((4-methoxyphenyl)amino)succinate(4l)

Q\ ocH, (2R, 3R)-syn-4i:  94% ee: *H NMR (400MHz, CDCly): 7.27 (d,
J28 J = 8.8Hz, 2H), 6.88-6.97 (m, 6H), 6.66-6.75 (m, 6H) , 5.48 (d, J
Il \CO,CH,
= = 10.4 Hz, 1H), 5.21 (d, J = 6.4 Hz, 1H), 4.62 (d, J = 10.4 Hz,
H;c0,c” N
”Oocm
(2R, 3R syndi 1H), 3.77 (s, 3H), 3.71 (s, 6H), 3.36 (s, 3H), 2.23 (s, 6H), 2.15 (s,

6H) ; *C NMR (100 MHz, CDCls): 6 17.27, 17.30, 52.06, 53.72,
55.18, 55.67, 61.76, 66.99, 67.03, 113.55, 114.87, 115.27, 124.78, 124.90, 128.84, 128.88, 129.10,
130.33, 130.37, 130.42, 139.75, 148.23, 148.33(d, Jcp =3.24 Hz), 152.86, 159.33, 172.66; *'P (162
MHz, CDCls) d -5.95; HRMS (ESI) Calcd. for Cs5HaoN,0P (M+H)* 677.2622, Found:677.2632;
HPLC (Chiral 1A, A = 254 nm, hexane/2-propanol = 20/1, Flow rate = 1.0 mL/min), tg(syn) =

11.55 min, 13.38 min.

(2R,3R) -l-ethyl 4-methyl 2-((bis(2,6-dimethylphenoxy)phosphoryl)amino) -2
-butyl-3-((4-methoxyphenyl)amino)succinate

(2R, 3R)-syn-4m: 79% ee; 'H NMR (400MHz, CDCLy):

°© /- 6.97-7.04 (m, 9H), 6.62-6.77 (m, 6H), 4.84-4.89 (1.45, 2H),

o_ﬁ_NﬂiCOZCHZCHs
o N @ 4.65-4.72 (1.44 , 2H), 4.35-4.40 (m, 4H), 3.87-3.92 (m, 2H), 3.75
OCH;
(2R, 3R)- syn-4m (s, 6H), 2.48 (s, 6H), 2.42 (s, 3H), 2.32 (s, 3H), 2.27 (s, 7TH),
1.38-1.42 (qt, H), 1.29 (s, 7H), 0.94-0.97 (t ,5H), 0.80-0.83 (t,
5H): *C NMR (100 MHz, CDCly): § 1.03, 14.12, 17.30, 17.60, 29.71, 36.48, 37.75, 55.71, 55.79,
61.10, 62.76, 62.82, 63.64, 65.11, 67.53, 67.59, 114.77, 115.64, 124.96, 125.03, 129.09, 130.3,

130.34, 130.57, 130.60, 142.08, 148.52, 152.26, 171,22, 171.54, 172.83, 173.01; *'P (162 MHz,
S8
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CDCl;) 6 -2.35; HRMS (ESI) Calcd. for CsH,sN,NaOgP (M+H)" 663.2806, Found:663.2864;
HPLC (Chiral 1A, 2 = 254 nm, hexane/2-propanol = 50/1, Flow rate = 1.0 mL/min), tz(syn) = 8.03

min, 8.64 min.

(2R,3R)-ethyl
3-((bis(2,6-dimethylphenoxy)phosphoryl)amino)-2-((4-methoxyphenyl)amino)-4-
oxo-4-phenylbutanoate(4n)

(2R, 3R)-syn-4n: 85% ee; ‘H NMR (400MHz, CDCly):
7.90-7.92 (d, J = 8Hz, 2H), 7.40-7.58 (m, 5H), 7.05-7.06 (d, J =
5.2Hz, 3H), 6.87 (s, 3H), 6.72-6.74 (t, J = 3Hz, 2H), 6.578-6.60
H;CH,CO,c” N
H\rom (t, J = 3Hz, 2H), 5.50-5.53 (t, J = 5.1Hz 1H), 4.67 (m, 1H),
(2R, 3R)- syn-4n

4.48-452 (t, J = 6.1Hz, 1H), 4.36-4.37 (d, J = 5.6Hz, 1H),

3.77-3.98 (m, 2H), 3.74 (s, 3H), 2.42 (s, 6H), 2.21 (s, 6H); **P (162 MHz, CDCl3) ¢ -0.94; HRMS
(ESI) Calcd. for CasHgN,07P (M+H)* 631.2586, Found:631.2588; HPLC (Chiral 1A, A = 254 nm,

hexane/2-propanol = 6/1, Flow rate = 1.0 mL/min), tz(syn) = 12.30 min, 22.21 min.

Single Crystal X-ray Structure Determinations of Compound syn-4i

Bond precision: C-C=0.0127 A Wavelength=0.71073
Cell: a=16.9476(6) b=14.5627(5) c=15.6857(5)
alpha=90 beta=116.620(1) gamma=90

Temperature: 296 K
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Calculated Reported
\olume 3460.9(2) 3460.9(2)
Space group P21/c P2(1)/c
Hall group -P 2ybc ?
Moiety formula C35 H38 Br N2 O8 P ?
Sum formula C35H38BrN208P C35H38BrN208P
Mr 725.54 725.55
Dx,g cm-3 1.393 1.392
Z 4 4
Mu (mm-1) 1.287 1.287
FO00 1504.0 1504.0
Fooo' 1503.92
h,k,Imax 20,17,18 20,17,18
Nref 6100 6095
Tmin, Tmax 0.911,0.950 0.811,0.950
Tmin' 0.803

Correction method= MULTI-SCAN

Theta(max)= 25.010
wR2(reflections)= 0.2318( 6095)
Npar= 424

Data completeness= 0.999
R(reflections)= 0.0752( 3424)
S=1.040
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'H NMR and **C NMR spectra for new compounds
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Representative *P NMR spectra for new compounds
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HPLC spectra of compounds

Chiralpak Column; AD-H
M.P: n-Hex/i-PrOH=70:30

UV: 254nm
1.0 ml/min
Injection Volume: 20ul
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Chiralpak Column; AD-H
M.P: n-Hex/i-PrOH/MeOH=80:10:5

UV: 254nm
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Injection Volume: 20ul
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Chiralpak Column; AD-H
M.P: n-Hex/i-PrOH=15:1

UV: 254nm
1.0 ml/min
Injection Volume: 20ul
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Chiralpak Column; AD-H
M.P: n-Hex/i-PrOH=10:1
UV: 254nm
1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column: 1A
M.P: n-Hex/i-PrOH=15:1
UV: 254nm

1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column:AD-H
M.P: n-Hex/i-PrOH=30:1
UV: 254nm

1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column: IA

M.P: n-Hex/i-PrOH=10:1

UV: 254nm
1.0 ml/min
Injection Volume: 20ul
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Chiralpak Column:1A
M.P: n-Hex/i-PrOH=15:1
UV: 254nm

1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column:1A
M.P: n-Hex/i-PrOH=15:1
UV: 254nm

1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column:1A

M.P: n-Hex/i-PrOH=30:1

UV: 254nm
1.0 ml/min
Injection Volume: 20ul
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Chiralpak Column:1A
M.P: n-Hex/i-PrOH=40:1

UV: 254nm
1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column:AD-H
M.P: n-Hex/i-PrOH=30:1
UV: 254nm

1.0 ml/min

Injection Volume: 20ul
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Chiralpak Column:1A

M.P: n-Hex/i-PrOH=20:1

UV: 254nm
1.0 ml/min
Injection Volume: 20ul
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Chiralpak Column:1A
M.P: n-Hex/i-PrOH=50:1
UV: 254nm

1.0 ml/min

Injection Volume: 20ul
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Time [Min.]
Mok
# M4 {5 IR ) (min) U i (mv) WEILR (mv.sec) MBLET 43 L (%)
1 Unknown 7.84 327.86 441210 51.3673
2 Unknown 8.47 297.24 4177.22 48.6327
il 625.10 8589.32 100
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(2R, 3R)- syn-4m
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750 812 874 9.36 998 10.60 121 1183 . . 1245
Time [Min.]
Hili e
# HIRIEY {3 BT IR ) (mmin) e (mv) U 1A (mv.sec) AT 45 T (%)
1 Unknown 8.03 169.68 2421.84 89.1115
2 Unknown 8.64 17.99 295.92 10.8885
il 187.67 2717.76 100
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Chiralpak Column:1A

M.P: n-Hex/i-PrOH=6:1

UV: 254nm
1.0 ml/min
Injection Volume: 20ul
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Time [Min.]
# Alor 4 AR5 1] (min) W (mv) W1 (mv.sec) A 75 (%)
1 Unknown 12.35 218.66 6250.77 48.9002
2 Unknown 22.48 11473 6531.94 51.0998
il 333.40 12782.70 100
808
<
o
E,’ 672
®
— o O
3 ! N\
< O-P—NH
536+ o
H;CH,CO,C H
OCH,4
4004
(2R, 3R)- syn-4n
o~
264 — ."“/\\
[
/ \
/ \
| A\
128 “‘ \
- I,"
/
e /
/
vl \ N o .
11.31 ‘\2‘3I 'I3‘31 'I4‘31 'IB‘CH ‘\5!31 17!31 ‘\3‘.31 ‘\9‘.31 20‘31 2‘\‘31 22‘31 23!31 2431 _Wl‘l
Time [Min]
# i {3 BT 1] (min) U (mv) IR A (mv.sec) TR 43 L (%)
1 Unknown 12.30 50.06 139468 7.3507
2 Unknown 22.21 291.66 17578.78 92.6493
#il 341.73 18973.46 100
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