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o P e 2 4 J KR A AL 5 B B P B A
RZ , w4 e 0] D B BRaUR] AR
AU M A A AR AR R AR A L A
WK . W5 ML Gt miase | #tk
B, PR S P E AR & BT7 7]
BIZ M, T Y SN L T
TRATI G T — P TR L AL S 1 4a A
XTSI a - FTHENEL G PIRTT 12 .

1 SEIGERSY

L1 iXF 5138

R.R-12- “ B0 W AL E A 2= AU A F]
— KA AR R | AR R B . LSRRI
T 15 BACFE B AR A BR A s — /K G BT L
ZRIABH AR A FR A w5 AT 50 T4 15 T
AL TAHBRA .

SRS AL (FL S . 979011, i VL AE ST AL 252
A )5 ARG LR D AL (B . Bruker AVANCE 111

400MHz &Y, it Bruker 247 ); i/ BRI (AL

Impact 11 UHR-TOF #! |, %tj-1- Bruker 28 A ) ; R 20K
AHEREL (S . LC-20ATvp B, HAKHY).
WREREE "H NMR (400 MHz ) Fi1 °C NMR ( 100

toluene, reflux, 6 h
2. K,CO;, DCM

MHz ) 5 LA CDCL, Ji A DMSO &5y 3 550 #4701t
A LL 8 =7.26, BI%LL 8 =77.0 E M AL2E AL )
FoE ; BREEGE T R s R —FE Y
wig REEDSBIHFEE s, doty q. m Fon 5 L
Hh it R A R0 AT R AR A 5 K BE F e S A
5, Wl (e 10 mg/mL, 7)) ; GC Hdlith
SRS T i AR A5 (R #8257« FID;
F M B BB 414 #E( Chirasil Dex CB column, 25 m
Length x 0.32 mm x 0.25 mm film thickness ) ) ; HPLC
B4 i e B3O AR T g A A

12 RFHE

1.2.1 FPEBEBEM L & W 4ary & B LA
2) SRR AR OB 2K 20 mL, R.R-1,2-
HHZ (20 g 94.2 mmol), AP PK — H R lF(14.0
g 94.2 mmol) LA B — 7K & X B 2R 1t iR (16.2 ¢ 94.2
mmol), SRR R1 3 5207 6 h, i FHHEE (i ik
i, HETEEFARG T T — 8. i
F IR L RS IE R, DR RN R
VSR e I A U e A U A HLAE , A HLAR
FHTC/KBRER N 8  52 Ah EAS 2 S,
VR P e 2 7% e ASOH 4 28 TR i LA, A
WA AT A 2 A B Z R AP I RO R-1,2- — 0K

Ph
‘ Ph
1. p-TsOH.H,0 N K‘/ Ph Ph
o
N _o PhPOCL EGNC O \—< o
DCM Ph,P NH N
0°C~r.t, 4 h 0
1 2

J\ Ph Ph
| , K,CO, o

Ph Ph
N,H, H,0, EtOH o
—_— 1] N
reflux, 2 h Ph,P —NH  NH, CH,CN, 80 °C,

T (
Ph,P —NH HN

reflux, overnight

3
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Fig.2 Synthesis route of chiralphosphoramide 4a

S LA .

#EREEw 1 ZE AW, = Ok(114 ¢
113.0 mmol ) MIA KN, #Eif 0~5 CHEFESAMET |
W18 B DCM 5 B J5 19 — 28 JE Jp 15k 580( 22.3 ¢ 94.2
mmol ) ZZ M AR, A S8 BN S A4 3R T
TEZEZ RPN 2 h J5EER 30 min {8 FH 2 @
PR SO, HETAEY 1 BIAEH T R —

ARAE . RSB A VKK 5 0 h HEA KT
TR AT A AU, AU HI TR B R
BT 30 min, BEFESS AR FHh ISR, Uk
TRl e % A8 A AR A 1, T PR e 4 0 £

*Ig*ﬁﬁ%ﬁﬁ?ﬁ%%z@( VC4H802 : V(:ﬁHM:l 13 )s
LAY 2 (44.0 g, 725 86% ). m.p. 134~135 °C ;

[a 17'78.5 (¢ 1.00, CH,CL,); '"H NMR (400 MHz,
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CDCl,) 6 4.43(t, J=10.2 Hz, 1H), 5.41 (q, J=20.2
Hz, 1H), 5.81 (d, J=9.2 Hz, 1H), 7.04-7.23 (m,
10H ), 7.26-7.47 (m, 8H), 7.59-7.72 (m, 4H ), 7.73-
7.78 (m, 2H ); “C NMR ( 100 MHz, CDCl,) & 56.7,
61.3, 123.2, 127.1, 127.2, 127.7, 127.0, 128.0, 128.1,
128.2, 128.3, 129.1, 131.4, 131.5, 131.6, 131.7, 131.8,
131.9, 132.2, 132.4, 132.5, 133.1, 133.7, 136.4, 140.8,
168.6. HRMS ( ESI ) : ( m/z ) caled. for C3,Hy4N,O4P
[ M+H ]*: 543.1759, found: 543.1766.

=R MR A TG K £ B 100 mL, LA
P12 (44.0 g, 81.0 mmol ), K& (81 mL) J [0l i
P FE SN 120 min. fff FHWE (A kAT h 4, B
ZIALG Y 2 T4 )5 AT T — P Bl 2 R N 45
IR RN B A R K TR AT R IR, SR
JEIR R 30 CHF, o FH e 28 AN S I i A4 T 98
FEWR DG W AR . A W 4 W Im A To K B 1 TG
IKETE , RS R 2R HL 30 min 5 #1700
FhUE ] T AR UE R o A TG K B R EM A B T4 30
min. fUEFS IS , UEWVR 4 2 T8 S AT AR JE AT
i t(Vemo, * Ven, =1 ¢ 3), BALG W3 (324
o % 97% ). mp. 215~216 C; s [ a 127?769 (c
1.00, CH,CL, ); '"H NMR (400 MHz, CDCL,) & 4.45
(t,J=10.2 Hz, 1H ), 5.41 (q, J=20.4 Hz, 1H), 5.82
(d, J=9.2 Hz, 1H), 7.03-7.24 (m, 10H ), 7.23-7.45
(m, 8H), 7.56-7.73 (m, 4H ), 7.75-7.81 (m, 2H );
“C NMR (100 MHz, CDCL;) & 61.18, 61.41, 126.72,
127.13, 127.21, 127.73, 128.14, 128.11, 128.16,
128.21, 128.23, 131.31, 131.33, 131.48, 131.52,
132.01, 132.08, 132.11, 132.24, 132.46, 132.64,
133.68, 141.54, 141.52, 142.4; HRMS (ESI): (m/
z ) caled. for C,gHyN,OP [ M+H ]*: 413.1704, found:
413.1902.

] 5 L AR O AL A 9 3 (31.2 ¢, 78.0
mmol ), Z i . BRFREF(21.6 g 156.0 mmol ) K £t
SERBE(26.5 g, 156.0 mmol ), K5 ST IA T
TP 2 3, BEPE N 2 h 5 O R, B
Vo S I YR ol PR T B 7% R ASCHEA Tl R MR 4 A5 e 4 4
WA I A SR B R TCALEL , AP —
AR AE BTl I JCK SRR AN Tk e it A JZ A e et
9EEY) 4a (28.7 g WK 81% ) . m.p. 204~207 C ;
[ o ];°18.5 (¢ 1.00, CH,CL ); 'H NMR ( 400 MHz,
CDCL,) 6 0.89(d, J=6.2 Hz, 3H ), 0.97 (d, J=6.4 Hz,
3H), 2.51-2.65 (m, 1H ), 4.00 (d, J=6.0 Hz, 1H ),

4.29-437(m, 1H), 4.45-4.65(m, 1H), 7.05-7.16 ( m,
5H),7.17-7.22(m, 2H ), 7.23-7.33 (m, 7H ), 7.34-7.44
(m, 2H), 7.51-7.61 (m, 2H ), 7.65-7.75 (m, 2H );
“C NMR ( 100 MHz, CDCL, ) & 21.6, 24.1, 45.3, 60.9,
66.0 (d, J=6.8 Hz ), 126.9, 127.1, 127.3, 127.7, 127.9,
128.0, 128.04, 128.1, 128.3, 131.24, 131.28, 131.36,
131.4, 131.7, 131.8, 132.1, 132.2, 133.1, 133.14,
140.67, 140.69, 140.8; *'P NMR ( 162 MHz, CDCI,)
S 22.4;. HRMS (ESI): ( m/z ) caled. for CooH3,N,OP
[ M+H ]*: 455.2174, found: 455.2183.

122 HABTFIEwE RGN G Tk
e B A5 10 4b B B BN T« db & T 75 4a
LT —20, AR AR S P e B 4 Ay AR
Bt , ARG .

FIEEBEIALEY 5 AR « 5 A
Tk E L SCER [ 27 .

FHEBBHRAL G 6 BIEHUNT & 6 AR
JTIEFEULSCHR [ 26 ].

123 (k&M TIRIEESE  (9)-()-1-2K3E-1-14
Fist(7a): Y32 919%; TCEAIRAA s 94% ) ee (B E M T T
P HPLC A A5 [ A3 . 40 °C, ty = 7.5 min (S), t, =
7.9 min (R) |; '"H NMR (400 MHz, CDCl;: & 7.41-7.22
(m, 5H), 4.60 (t, ] = 6.4 Hz, 1H), 1.90 (s, 1H), 1.87-1.68
(m, 2H), 0.92 (1, J = 7.4 Hz, 3H); °C NMR (100 MHz,
CDCL): 6 144.8,128.6, 127.6, 126.1, 76.2, 32.0, 10.3.

(R )-(-)+1-(2- FFEZRIE »-1- TNEE( b ): WOR -
95%; oA ; 87% 1) ee {ELZIH 3 F: HPLC £
SR [FEIR - 40 °C Lt = 163 min (S), t, = 19.3
min (R ) ]; "H NMR (400 MHz, CDCl;: & 7.46(d,J =
7.6 Hz, 1H ), 7.28-7.08 (m, 3H ), 4.87 (t, ] = 6.4 Hz,
1H), 2.34 (s, 3H), 1.81-1.69 (m, 3H ), 0.98 (1, J =
7.4 Hz, 3H); "C NMR ( 100 MHz, CDCl;): & 142.9,
134.8, 130.5, 127.3, 126.4, 125.4, 72.3, 31.1, 19.2,
10.5.

(R ) (- )1-(3- FIBEEREL - 1- (7 ): WOR -
90%; TN ; 82% 1Y ee {H 218 3 T-1 GC A&
AR FEIR - 140 °C, t, = 30.88 min (S ), t, = 31.72
min (R ) ]; "H NMR (400 MHz, CDCl;: 8 7.62-6.67
(m, 1H), 7.19-6.53 (m, 3H ), 4.94-3.99 (m, 1H ), 2.36
(s,3H),1.92-1.63(m,3H),0.92(t,] =74 Hz, 3H );
“C NMR (100 MHz, CDCl, ): & 141.8, 137.3, 129.2,
126.1,76.1, 32.0, 21.2, 10.3.

(R )-(-)-1-(4- FIEZRIE -1- NEE( 7d ): WOR -
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92%:; TCOIAL 5 84% 1) ee H 258 1 T+ HPLC ¥
MFRAS [ AEUR : 40 °C L ;= 1274 min (R ), t, = 17.89
min (S) } "H NMR (400 MHz, CDCl;: 6 7.24-7.22(m,
2H ), 7.17-7.15(m, 2H ), 4.56(m, J = 6.8Hz, 1H ), 2.35
(s,3H),1.92-1.64(m,3H),091(t,J =74 Hz 3H);
“C NMR (100 MHz, CDCL, ): & 144.7, 128.5, 126.8,
123.2,76.2,32.0, 21.6, 10.3.

(S)- (-)-1- (2- FEAEL) -1- NEE( Te ): WO
89%; Tl IRAK ; 83% 1Y ee 4218 14 T-1 HPLC ¥
WIFRAS[AFIR - 40 C, t, =9.98 min (S), t; = 11.10
min( R ) ]; "H NMR (400 MHz, CDCl,: 6 7.50-7.57 (m,
1H),7.35-7.25(m,2H ), 7.19 (m, 1H ), 5.50-4.62 ( m,
1H), 1.99 (m, 1H), 1.90-1.66 (m, 2H ), 0.99 (t, J =
7.4 Hz, 3H); "C NMR (100 MHz, CDCl;): & 142.1,
132.2, 129.5, 128.5, 127.3, 127.2, 72.2, 30.6, 10.2.

(S)-(-)-1- (3-FEAEIL)-1- WEE(7f) K .

96%; TR ; 76% 11 ee {H &0 1 F1 HPLC K
WA [ AEIR : 40 °C Lty = 16.13 min (S ), ty = 21.43
min (R ) ]; 'H NMR (400 MHz, CDCl;: 6 7.35-7.33
(m, 1H), 7.30-7.16 (m, 3H ), 4.60-4.55(m, 1H ), 1.98
(s, 1H), 1.84-1.67 (m, 2H ), 0.91 (t,J = 7.4, 3H);
“C NMR (100 MHz, CDCL, ): & 146.8, 134.5, 129.8,
127.7,126.3, 124.3,75.5, 32.1, 10.1.

(5)- (-)-1- (4- FEARIL) -1- WEE( Tg) MO

97%:; TCIBAL 5 78% I ee H 38 1 Tk HPLC 5
TARAS [ AT : 40 °C, 1, = 11.98 min (S, t;, = 14.82
min (R ) ]; '"H NMR (400 MHz, CDCLy: 8 d 7.32-7.25
(m,4H),4.58(t,J =64 Hz, IH), 1.93 (s, 1H),
1.84-1.66(m, 2H ), 0.90 (t,J = 7.4 Hz, 3H ); "C NMR
(100 MHz, CDCl;): & 143.2, 133.3, 128.7, 127.5,
75.4,32.1, 10.1.

(S)-(-)-1- (2- FAIE) -1- NEE( Th) JOF .

88%; JCMRAK ; 93% 11 ee {H & id i T-¥ HPLC K
AR [N 40 C Lty = 17.77 min(R ), t = 18.39
min (S)]; '"H NMR (400 MHz, CDCl,: & 7.43 (m,
1H), 7.25-7.19 (m, 1H ), 7.13-7.09 (m, 1H ), 7.01-
6.96(m, 1H),4.89(1,J]=6.8 Hz, 1H),2.48 (s, 1H ),
1.81-1.72(m, 2H ), 091 (t,J =7.4 Hz, 3H ); "C NMR
(100 MHz, CDCL, ): 6 159.9(d,J=245.1Hz), 131.6
(d,J=13.0Hz), 128.8(d,J=8.1 Hz ), 127.4(d, ] =
46 Hz), 1243(d,J=3.1Hz), 1153 (d, J = 22.0
Hz ), 69.6,31.0, 10.0.

(S)- (-)-1- (3- ORI )-1- NEE( 71 ): WO -

84%; T IRAK ; 92% 1Y ee (H 218 4 T HPLC 6
W ARAS[ AR - 40 °C Lt = 6.99 min (R ), ty= 7.32
min (S)]; 'H NMR (400 MHz, CDCl;: & 0.90 (t, ] =
7.4 Hz,3H), 1.65-1.85(m, 2H ), 2.71 (m, 1H ), 4.55
(t,J]=6.6 Hz, 1H), 6.91-7.01 (m, 1H), 7.01-7.11
(m, 2H), 7.22-7.34 (m, 1H) ; °C NMR ( 100 MHz,
CDCly): & 1629(d,J=2458Hz),1474(d,J=6.6
Hz),129.8(d,J =82Hz), 121.6(d, J =2.8 Hz ),
1142(d,J=21.2Hz),112.8(d, J=21.4 Hz ), 75.2(d,
J=1.6Hz),31.8,909.

(S)- (-)-1- (4- FARKE) -1- NEE( 7)) - O
83%; T IRAK ; 90% 1Y ee (H 218 4 T HPLC 6
MRS AR : 40 °C L t; =179 min(R), t, = 185
min (S)]; "H NMR (400 MHz, CDCl;: 8 0.87 (t,]J =
7.6 Hz, 3H), 1.55-1.85(m, 2H ), 2.80 (s, 1H ), 4.51
(t, ] =6.6 Hz, IH), 6.91-7.06 (m, 2H ), 7.15-7.34
(m, 2H); "C NMR ( 100 MHz, CDCL, ): & 162.1 (d,
J=243Hz),1403(d,J=2.7Hz), 127.6(d, J = 8.1
Hz),115.1(d,J=21.0Hz ), 75.2, 31.9, 10.0.

(R)- (-)-2-Z85E -1- N BE( 7k ) : Y% . 97%;
TCEAK 5 87% 11 ee 218 i P HPLC £l 3
S A 40 °C Lty = 10.34 min (R ), ty = 12.76 min
(S)]; "H NMR (400 MHz, CDCl;: & 7.89-7.80 (m,
3H),7.78 (m, 1H), 7.54-7.42 (m, 3H), 4.77 (1, J =
6.6 Hz, 1H), 1.99 (s, 1H), 1.96-1.79 (m, 2H ), 0.95
(t,J =7.4 Hz, 3H); "C NMR ( 100 MHz, CDCl,): &
142.1, 133.5, 133.2, 128.4, 128.1, 127.8, 126.3, 125.9,
124.9, 124.3,76.3, 32.0, 10.3.

(R)- (-)-1-Z83 -1- N EE(T1): W% . 92%;
TR ; 89% 1) ee {H 238 ik FPE HPLC A6l 51
RFER : 40 C Lty = 17.9 min (R ), t; = 18.5 min
(S)]; "H NMR (400 MHz, CDCL;: & 8.12(d, J=7.8
Hz, 1H),7.88(m, 1H),7.78(d, ] =8.0 Hz, 1H ), 7.64
(d,J=6.8Hz, 1H),7.60-7.41 (m,3H),541(1,]=5.8
Hz, 1H),2.11-1.83(m, 3H ), 1.04 (t,] = 7.4 Hz, 3H ) ;
“C NMR (100 MHz, CDCL; ): & 140.4, 134.0, 130.7,
129.1, 128.1, 126.1, 125.7, 125.6, 123.4, 123.1, 72.8,
31.3, 10.7.

(S)- (+)-2- 73 -1- NEE( Tm ) : POK : 84%;
Te AR 5 82% 1 ee {H 238 i Tk HPLC Al 4%
LA IR . 40 °C L ty=17.9 min (S), t; = 18.5 min
(R)]; 'H NMR (400 MHz, CDCl,: 8 7.48-7.45 (m,
2H ), 7.39-7.35(m, 2H ), 7.29-7.25 (m,1H ), 1.93-1.82
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(m,2H), 1.81 (s, IH), 1.58 (s, 3H), 0.83(t, ] =
7.4 Hz, 3H ) ; "C NMR ( 100 MHz, CDCl,): & 147.9,
128.2, 126.6, 125.0, 75.1, 36.8,29.7, 8.4.

(R)-2- (%R H 28 3L
88%; T IRAK ; 84% 1 ee (H 218 i T HPLC ¥
MARAS[ A - 40 C Lty = 16.1 min (R ), ty = 17.7
min (S)]; 'H NMR (400 MHz, CDCl;: 6 7.52-7.43
(m, 1H),7.53-7.32(m,3H),2.61 (s, 3H ), 2.03-1.94
(m,2H), 1.71 (s,3H), 090 ( t,J = 7.4 Hz, 3H);
“C NMR (100 MHz, CDCl, ): 8 144.6, 135.4, 132.4,
126.7,126.7, 125.3,76.0, 34.4,28.7,22.2, 8.4.

(R)-2- (A 2K 3 ) T BE( 7o) W 79%; T
K 5 91% 11 ee fHZM T T GC RMIZRAT [ 4
i 2135 C Lty =953 min (R ), ty = 102.0 min (S ) ];
'H NMR (400 MHz, CDCl;: & 67.25-7.21 (m, 3H),
7.06-7.04 (m, 1H), 2.36 (s, 3H), 1.82 (m, J=7.4
Hz, 2H), 1.71 (s, 1H), 1.53 (s, 3H), 0.80 (t,
J=7.4 Hz,3H); "C NMR (100 MHz, CDCl,): & 147.6,
137.5, 127.9, 127.1, 125.5, 121.8, 74.9, 36.6, 29.7,

) T bE -2- BE(Tn) WK

21.7,8.4.

(S)-2- (XA RHL) TEE(Tp) UL . 89%;
T AK 5 80% 1) ee {H J2 38 & F M HPLC £ il
AR HEIR : 40 °C, t; = 20.78 min (S), t;, = 21.85
min (R )]; "H NMR (400 MHz, CDCl;: 6 0.79(t,J =
7.4 Hz, 3H ), 1.53(s,3H), 1.69 (s, 1H), 1.77-1.83
(m, 2H),7.28-7.38 (m, 4H ) ; "C NMR ( 100 MHz,
CDCly): 6 146.4, 132.3, 128.2, 126.6, 74.7, 36.7,
29.6,8.3.

HRSiHE

2.1 REFUBERREN SWRITHE

h T IR B AR ROR | RS 2
RIS, (ISP ee (EREE , TATT—
RIONMBEBE S P T T3, MAZE R nk
L, el PR S P 250 R DL R i ik e 2k
G, Kb FIEmEEREE L G 4 R GYES
R.R-12- “RILZ /i, 5 BEIBYIR I ZEEE | 6
N2EH RR-1.2- I e A hl .

R1 FHBERRELSWRIFE

Table 1 Screening of chiral phosphoramide compounds

[0}

chiral ligand (10 %)

)j\ + Et,Zn

Ph H

hexane, 0 °C, 10 h

4a R=i-Pr
4b R=CH,Ph 5 6
Entry Chiral phosphoramide compound R Yield/% ee"l% Config.”
1 4a i-Pr 94 69 R
2 4h CH,Ph 80 34 )
3 5 - 21 26 ©)
4 6 - 66 53 (R)

a. All reactions were carried out with benzaldehyde on a 0.5 mmol scale; b. Isolated yields;

c. Determined by chiral GC analysis and the absolute configuration was assigned by comparison of the sign of specific rotation value with

the literature value.
FATVE R R — R e LR kL, il
 10% (BEIRI3H0) i FHERE Bt &9 .
TR0 °C, JWIFIE] 10 h, SZEGZEF L 1. Bk

W, TFPERE I 28 A0 5 4b LA XS FR 52
i, 7a f ee {EHAUA 30% (£ 19 entry 2); i HF
PEBEBERC AL G 5 HEALAS XS FR R B 7a IR
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F ee (HPIME T 30% (1 7 entry 3); H4E4LF] K
TG 6 1), AR 7a () ee HH
SR O 53%, [ACRAAAE 66%, XA FITY H
FR(F 1 W entry 4); Y da 1B N F MBI LS
YAk R R B, AT PRAIE 4a OISR AE 94% 1 RIS,
ce TS E 69% (F 1 entry 1 ).
22 mfER M EHHITHE

FATTR Foe R SN SR A AT T |, A ke
Ykl — 3R TR 4a B0 FH L AS TR AR I
VTR AT S 1 s g B TR] B S vy ek BE R AT T AR
KAl , LA WL 2w e TRA T T e
FALE YR AT TR | SCRR R DL 2
entries 1-4, MR 7R | A R IBYIE . SERPERfl
PRI . AR Ta MU TS (0
AN | Ta 1Y ee (HHI 2 B P& X518 5
WG O, IR — RPN 2.0 eq I, WOR
HIRFHACT 3.0 eq BIUCR , (HITHS 7a 1 ee {ELAC 5
T ORI HE N 3.0 eq I . FEMFFE T — O FEL4F
M, FRAT SO T e e e 25 1k 5 4 )l
HE#E T TAIRN LA, SE38E DLER 2 7 entries
3, 5-6, Hulln £ WY TrEwE e Ak G W T &
10% W}, i 7a BYCRF ee (H1 5 20% B AHY |

R E| TR B S W M A T L ik
10% MO & . FRATE R T Tk, R
e PR R AR | A B RIE Ot , SERAS
L2 2 /1 entries 3, 7-8, 2418 H IE & e/ N S o %
U, FrA3 =4 Ta WCR I ee (Y N e,
BRSNS M IE CVE . LS, FRATTXT s iz Fisf [
AT T Ak, S EE L3R 2 1 entries 8-10, dE
FHA Y 1% 24 h I TS 7a YLF 5 5 h, 10 h AH2Y
0 ee fE M fem i, IR ROV HE 20 24 h. St
AR S I I B AT SE B AR UL 2 T entries 10-12,
FRATTAT LATE 28 b N EICH T 7 3, TR AN I ALK T
BRI H AR =) Ta () ee {8, (BARSERYE |
JE I RRAR AT R R AN T [ . Sl X IR ee
A%, AT RAEREE T 20 C . 1
ek, BT A RIS AL S BRI -
YR — B E ] 2 eq, AL 4a B9 N
10%, 1E CVe R OB, s g B [ R B 43 531 oy
24 h A1 =20 °C . N THAE RN 4a HOHEALAE ST, FRATT
i FH TSR 5 da A DAL TR SN, R A s
ULZ% 2 1 entry 13, Za#i 0, [MIUT4S 4a R8T
I da YA —FEMHILRCR

R2 REFHHML”

Table 2 Optimization of the reaction

0 OH Ph Ph
@ g+ EtZn(X equiv) SOlve:z i:mqp”i — ©/\/ thﬁ_ Y 4<
. 7a 4a
Entry X Y Solvents Temp./C Time/h Yield"/% ee’1%
1 0.8 10 toluene 0 5 33 26
2 1.5 10 toluene 0 5 87 42
3 2.0 10 toluene 0 5 90 53
4 3.0 10 toluene 0 5 96 35
5 2.0 20 toluene 0 5 92 54
6 2.0 5 toluene 0 5 95 22
7 2.0 10 CH,CI, 0 5 84 55
8 2.0 10 hexane 0 5 95 54




28 4 F O i 36 %
&k2:
Entry X Y Solvents Temp./C Time/h Yield"/% eel%
9 2.0 10 hexane 0 10 94 69
10 2.0 10 hexane 0 24 94 77
11 2.0 10 hexane -10 24 92 80
12 2.0 10 hexane -20 24 91 94
13 2.0 10" hexane -20 24 92 93

a. All reactions were carried out with benzaldehyde on a 0.5 mmol scale;

b. Isolated yields;

c. Determined by chiral GC analysis and the absolute configuration was assigned by comparison of the sign of specific rotation value

with the literature value;

d. Recovered chiral phosphoramide compound 4a

23 RV RE

R TR IRA TR E AT A SR A5 P LAY
TR RN, FRATTRIAS [R]85 b i 4 ik
1T THIESLIRAITY , SEaas A 53 3. 2SI HFIER
IRRRR BN 3 il | 3 SRR, Tt a -
J7 FENEEZEAL G W ORI TE 80% L L | ee HAR

HIHE 80% Lk [(3 3, entries 2-10 ) ; FAT2£iK I ZE
R AT AE VR RIS , LB a5 R, ifs « -
ZRHNBERA G DI ee (HI AT IREFTE 80% LI I,
[A) B 5% s AT PR REFE 90% UL (3 3, entries 11—
12), R A R R, S s AT AR R i iRl
R ee {H(FE 3, entries 13-16 ).

R3 RWERER"

Table 3 Scope of the catalytic reaction

Ph Ph
0 ligand 4a (10 %) OH
)L +  EtZn )*\/ o
Ar . hexane, 24 h, =20 °C Ar Ph,P—NH HN
4a
Entry R Product Name Yield"/% Ee‘l%
OH
1 H @N (8)-7a 9] 94
OH
2 H fjv (R)-Th 95 87
QH
3 H O (R)-Te 90 82
QH
4 H @N (R)-7d 92 84
Cl OH
5 H @/’v (§)-7e 89 83
OH
6 H C‘@/V (5)-7f 96 76
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HR3:
Entry R Product Name Yield"/% Eel%
7 H u /@35 (8)-7g 97 78
F OH

8 H fj/'v (S)-7h 88 93
OH

9 H FWQ/'V -7 84 )
OH

10 H . Q/k/ ($)-7j 83 90
QH

1 H (R)-7k 97 87

OH-.

12 H R)-7 92 89
OH

13 Me DN (S)-7m 84 78
OH

14 Me (5/5 (R)=Tn 88 84
OH

15 Me W@f (R)-To 79 91
QH

16 Me JOLN ($)-7p 89 80

a

a. All reactions were carried out with aromatic aldehydes on a 0.5 mmol scale;

b. Isolated yields;

c. Determined by chiral GC analysis and the absolute configuration was assigned by comparison of the sign of specific rotation value

with the literature value
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ST LL B A=A T 0 Zn TR R . DU 24 55 ik

Ar H
g
v Ph

oS A RS TR AL B W) 4a I SN BE
FEFMET , P53 M) 23 [ a7 BEAE 8K R B AR
A E 3, hEEs 2); M5 EEDE S TR
B 4a P STEREEAE M, RERTRN, 5
SN 3 B T 23 ) A7 B A DS | i P RROE
BEEA ] TR AP S 1 (&3, s 1), B2 R
W5 T A PUTE AL A« S TE3ed 2 s W i
FHAE - REUTS o - F5 LN BERAC A YA S Af ST
RGP
H Ar!)

el T

OH

ligand 4a (10 %) Ph
)OJ\ + Et,Zn s ° Z‘l‘l ——O\Z ’N Z'n——O\ z ,N _— *
’ n / n
Ar H toluene, 24 h, —20 °C Bt ™ o \ or oy A 0. Ar
Sp N~ T Ph Np-N" T Ph
<N\ <N\

Ph

Intermediate State 1

Ph

Ph Ph

Intermediate State 2

P13 SR ALER A

Fig.3 Proposed mechanism of the reaction
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Asymmetric Synthesis of a -Arylpropanol Compounds by Chiral
Phosphoramide Compounds Catalysts

GE Wei-wei', KONG Fan-hua’, HUANG Li-hua”
(1. Linyi City Eco-Environment Monitoring Center, Linyi 276001, China,; 2. Linyi Eco-Environment Monitoring

Center; Linyi 276001, China; 3. Linyi University, Linyi 276005, China )

Abstract: Chiral « -arylpropanol compounds with important biological activity were synthesized with high yield
and catalytic efficiency from thiophosphoramide 4a(N-( (1R,2R)-2-(isopropylamino)-1,2-diphenylethyl)-P.P-
diphenylphosphinicamide) as catalyst, aromatic aldehydes and diethylzinc as reactants by catalytic asymmetric
reduction reaction. The raw materials for 4a are cheap and easy to obtain. Under the optimal conditions(the usage
amount of 4a is 10%(Mole fraction) ), chiral « -arylpropanol compounds can be synthesized with high yield and
e.e. value. 4a was very convenient to recycle and reuse in this system. It is proposed that the intermediate states
containing quaternary and six-member transition states and steric hindrance formed during the catalytic reactionare
beneficial to improve the enantioselectivity of the reaction.

Key words: chiral phosphoramide compound; asymmetric catalysis; « -arylpropano



