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(R, R)-L4a: R=Bn
(R, R)-L4b: R=sec-propyl
(R, R)-L4c: R=t-Bu
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(R, S)-L5a: R=Bn
(R, S)-L5b: R=sec-propyl
(R, S)-L5c: R=t-Bu
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(S, R)-L3a: R=Bn
(S, R)-L3b: R=sec-propyl
(S, R)-L3c: R=t-Bu

(S, S)-L6a: R=Bn
(S, S)-L6b: R=sec-propyl
(S, S)-L6c: R=t-Bu
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Fig.1 Structure of the chiral polyether-oxazoline ligands L1-6

L3c-L6c¢ 8%} L3a-L6a HA7 A[a] Y23 [a] £ BH 4544
FATTEO ) F 3 2 R TPk R ik T2 B R BE fh v
B0 2 35 T X e 5 5 o R 1) 3 ) 3 7 ok 3R
A5 FL A ] o A8 TR0 - 4 110 2R ik - el bk . A 1) A A
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SCHIT A 4 S Ak i SRR 3 e T B SR A AR
PRITHZER AL L. A28 FH AT, H4 VO & 0K i (THF)
T (CH,CL,) Al PhCH, JH 4570 42 178 &
SRY T E 2R TP Al A I i A 3R RN e
(ECH) i [ Sigma-Aldrich 2\ . f# Fi BRUKER
AVANCE 400 MHz A% fifh He 4% A LA B G AR S 05 3K 45
"H NMRAI"C NMR J¢i%. fifi F ATAGO POLAX-2L
5223 HUF A SEEALAE 365 nm KT A Rk
YR EEGLEEE. GPC 43 HT & 7E SHIMADZU-GPC
ARG LR, ARG H DG4404 RS AL, LC-
20AD %, RID-20A iU #% A1 RPL-D2000-plus A4 i
AL, I IS B ER Sepax Mono GPC-100 #E
JEEAE (BE A =5.0 mg/mL; Ji# =1.0 mL/min) ,
il APSC 4L H) BRI L AmAL e 1. I FAE
AR A% FE (Chiralpak AD-H, Chiralcel OD-H, DAI-

CEL OJ-H, DAICEL CHIRALCEL OD-3) Fl Astec
CHIRALDEX B-DM SUPELCO 4% S AH (0 154 58
it HPLC Fl GC 2 #r#fi . R A1 S B IR A AL 7= 1 1Y
1.22-(2,3-AEREE) TE4-BTE-1,3-FEMem
1.2.1 (R) FI(S)-2-( ZBFRFLIRIL ) -4-hg Fe-1, 3- W
Wk(R)-9a/9b/9c FI(S)-9a/9b/9c  1EN,X
SR, B 2-FRFIKNE 7(1.0 g, 5.23 mmol) , N AY
FrEEFEEE 8(6.3 mmol) , T MY ZnCl,(0.018 g,
0.13 mmol ) ¥ fift 76 TG /K 2K (20 mL) . K e b {4
ZRAE 110 °CFHEFE 22 h. SR )5 8 1 0 R 28 18 bk L 4%
WAy, TR S 25% F E AL 73R 530 min.
RAWH CH,CLZEE, AW BeH TR 508, 8
VRO AR I O REL 3 A R AT G i ik (A - LR
ZlR=5: 1) IRk, 15304 9.

(S)-2-( 4 72 B 2R ) 41 -1, 3T s ok
(S)-9a: ;f"%K. 2%, [a]})=-72.4(c=10 mg/mL,
THF), (R)-9a;: /"%, 90%, [a]¥® =+ 71.6(c=
10 mg/mL, THF). 'H NMR (400 MHz, CDCl,) &
12.22(s, 1H), 7.66(d, J = 8.0 Hz, 1H), 7.45-
7.34(m, 3H), 7.34-7.29 (m, 3H), 7.18-6.98
(m, 1H),6.92(t, J=7.6 Hz, 1H), 4.66(dd, J=
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13.8, 7.4 Hz, 1H), 4.46(t, J]=9.0 Hz, 1H), 4.20
(t,J=7.9 Hz, 1H), 3.15(dd, J=12.6, 5.8 Hz,
1H), 2.88(dd, J=14.0, 8.0 Hz, 1H). " C NMR
(100 MHz, CDCl,) 8165.72, 159.76, 137. 60,
133.44, 129.28, 128.69, 128.07, 126.73, 110.44,
71.23, 66.78, 41.95.

(S)-2-( SR FRFE A I ) -4- 5 T -1, 3-ME e o
(S)-9b; FZF. 96%. [a]})) =-83.25(c=4 mg/mL,
THF), (R)-9b: =%, 94%. [a]} =+ 82.12(c=
4 mg/mL, THF). ' H NMR (400 MHz) (8, x107°);
12.32(1H, OH), 7.63-7.61(dd, J = 7.9 Hz, 2.0
Hz, 1H), 7.35(dd, J = 8.8 Hz, 2.2 Hz, 1H), 7.02
(dd, J =9.2 Hz, 1.3 Hz, 1H), 6.87-6.83(m, 1H),
4.45-438(m, 1H), 4.15-4.08(m, 2H), 1.77(m,
1H), 1.04(d, J=7.2 Hz, 3H), 0.95(d, J=
7.0 Hz, 3H)."” C NMR (100 MHz) ; 8163.4, 158.8,
132.2, 126.9, 125.6, 117.5, 115.6, 71.6, 69.8,
33.1, 18.7.

(S)-2-( SBFRFE AR I ) 4B T -1, 3-ME M opk

(S)-9¢: F%%F. 92%. [a]?=-80.14(c=4 mg/mL,
THF). (R)-9¢c: =% 90%. [a]} =+ 81.33(c=4
mg/mL, THF). ' H NMR(400 MHz, CDCl,): 11.59
(brs, 1H, OH), 7.63(dd, J=1.6 Hz, 8.0 Hz, 1H) ,
7.36(dt, J=2.2 Hz, 8.2 Hz, 1H), 6.98(dd, J=0.62
Hz, 8.8 Hz, 1H), 6.87(dt, J]=0.92 Hz, 8.0 Hz,
1H), 4.36(dd, 1H, J]=9.0 Hz, 9.8 Hz), 4.22(t,
J=7.8) Hz, 1H), 4.11(dd, 1H, J=8.2 Hz, 10.0
Hz), 0.97(s, 9H). ® C NMR (100 MHz, CDCI, ) :
165.2, 160.0, 133.3, 128.1, 118.6, 116.8, 110.7,
75.1, 68.1, 33.7, 25.8.
1.2.2 2'-(2,3-FR N 5L ) AR FE-4-e -1, 3 - M ok
(S, rac)-13a, (R, rac)-13a fI(R/S, R/S)-13a/
13¢/13¢  [A¥ARA 9(25 mmol) , JEALDY T JEd%
(5 mmol) 1 KOH (25 mmol) AY7K (100 mL) &K
ZRIN10(3.5 mL, 30 mmol). S IR W7 E IR TR
FUP P RN 24 h. ] SR RUE, RS H &2
10 °C, 3 UEH-FH Z MG Ve VEDE DR, DBV o Jok 1 vk 46
B2 0. M ™ W ad o A 5 (RE RS, 0.050 ~
0.038 mm, EA : PE = 1:5)#F—4ifk, 15513
(70% ~T74%) , A € .

2'-(2,3-FRAE N SRR ) AR B4 BE- 1 3R M b
13a; (S, rac)-13a, K 60.5%, [a]=-78.4(c=
5 mg/mL, THF ); (R, rac)-13a, F*8 69%, [a]} =

+81.6(c=5mg/mL, THF); (R, R)-13a, ;=%
65.2%, [a])=+92.5(¢=5 mg/mL, THF);(S, S)-
13a, K 66.1%, [a]}’ =-102.5(c=5 mg/mL,
THF) ; (R, S)-13a, /“% 65%, [a]y =+ 100.8(c=
5 mg/mL, THF) ; (S, R)-13a, F*3% 67%, [a]} =
-101.2(¢=5 mg/mL, THF), "H NMR (400 MHz,
CDCL,)87.71(d, J=17.7 Hz, 1H), 7.35-7.20 (m,
5H), 7.21-7.06(m, 3H) , 4.66(d, J=7.2 Hz, 1H) ,
4.25-4.11(m, 2H), 4.05-3.94(m, 2H), 3.66(d,
J=8.8 Hz, 1H), 3.34-3.23(m, 1H), 3.15-3.08(m,
1H), 2.84(dd, J=13.5, 6.4 Hz, 1H), 2.56(dd, J=
14.0, 8.6 Hz, 1H). “C NMR (100 MHz, CDCI,)
8155.94, 141.18, 134.52, 129.32, 128.39, 127.31,
126.67, 126.08, 125.22, 122.95, 121.61, 120.92,
73.71, 71.75, 69.67, 55.28, 40.63, 30.32.

2'-(2,3- AN AL ) R4S Y -1, 3 e
Wk 13b: (R, R)-13b, /%% 68.0%, [a]) =+ 112.0
(¢=5 mg/mL, THF ); (S, S)-13b, /=% 70.1%),
[a]}’=-116.8(c=5 mg/mL, THF); (R, S)-13b,
TR 65%, [a]) =+ 96.8(¢c=5 mg/mL, THF) ; (S,
R)-13b, "R 74.4%, [a]}’=-108.5(¢=5 mg/mL,
THF). ' H NMR (400 MHz, CDCl,)87.63(d, J=7.6
Hz, 1H), 7.26(t, J=6.8 Hz, 1H), 7.16-6.93(m,
2H), 4.69(d, J=7.18 Hz , 1H) , 4.35(dd, J=8.22,
6.91 Hz, 1H), 4.15(d, J=12.8 Hz, 1H), 4.07(dd,
J=8.48, 3.5 Hz, 1H), 3.95(d, J=12.8 Hz, 1H),
3.75(d, J=9.1 Hz, 1H), 3.23(t, J=8.2 Hz, 1H),
2.78(dd, J=10.2, 7.2 Hz, 1H), 1.57(dt, J=13.5,
6.8 Hz, 1H), 0.84(dd, J=13.9, 7.0 Hz, 6H). " C
NMR ( 100 MHz, CDCI,)8155.76, 134.96, 128.92,
125.07, 122.68, 121.41, 74.45, 73.56, 68.78,
56.85, 40.15, 32.36, 19.34.

2'-(2,3- AN AR ) R FE-4-RUT JE-1, 3
Wk 13c: (R, R)-13c, Fo% 72.2%, [a]) = + 97.2
(¢=5 mg/mL, THF); (S, S)-13¢c, /=% 75.2%,
[a]?=-108.4(c=5 mg/mL, THF); (R, S)-13c,
FEERT18.0%, [a]l=+ 111.7(c=5 mg/mL, THF);
(S, R)-13¢c, /=%, 79.1%, [a]}) =-105.4(c=5
mg/mL, THF), '"H NMR (400 MHz, CDC,) 67.55
(d, J=7.5Hz, 1H), 7.24-7.12(m, 1H), 7.09-6.88
(m, 2H), 4.62(d, J=6.8 Hz, 1H), 4.34-4.24(m,
1H), 4.08(dd, J=10.2, 5.5 Hz, 2H ), 3.89(d, J=
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12.58 Hz, 1H), 3.79-3.62(m, 1H), 3.29-3.08(m,
1H), 2.66(d, J=7.1 Hz, 1H), 0.73(s, 9H) " C
NMR ( 100 MHz, CDCl,)8155.82, 134.88, 128.81,
125.55, 122.48, 121.23, 75.82, 73.58, 66.74,
57.76, 43.14, 34.24, 26.12.

2 BRIt

2.1 FHREE-EM A L1-6 B9 &

HRAE IR 1 7R i G B 2 il 28 B A 0T
13. /o, fEIKH R, DaE TR ZnClL LT
PR ERE 8 5 2- 2B KNE 7 46 110 C &M T I
G, 13 2- (AR BEARAE ) -4-e -1 3Nk 9. I
WK, TEMEALR AU T B4k 8 (TBAB) AAFE T, 2-
(BR-FRILTETL ) A -1 | 3-WEmR bk 9 2 S A ML AN AL
B, SFAR G 2- (4B IR ) -4-d -1, 3w
IRENER T PR, AN BE(ECH) 10 5 2-(4B-F2Jk

IREL) -1, 3-MEne b b 2 I A o A AT LA
TG 2'-(2, 3-FR AR N AU BE ) A -4 000 BE-1, 3 -0 e ipfc
13. 13 5 NaOH (0.08 mol/L) 7EJC/K FH 7K (120 C)
H R SR TN A5 B H bR 5 k- v R LR L1-L6 3K
8T BRIFIIICR (82% ~92%) . 1 T Pk Fii it &
B YIEAREE R, Fe AR R A T 2 B A L T — &R 5
WEMSBRIA A A 3, SRR T MW LI La-
L6a, L3b-L6b #l L3c-L6c( Bl7n 1). ZJFLLk#E
5, SNFERRCT EAE R ERE IR B, 2
KN 5T 2 R AR L, R 2B,
AR AT HE A S 045, 5 —Jrif, &
ATTHE I ZE R bk BRI 87 55 | A — ZR A AN [ o7 BEL A B
ARIET RE S 5| e B bt 110 2 [A) (57 FELAS PR DR A R
TR, DT it v R Bk e AN X B A i A v ) T
TR, BT AT X ST AL A W 0 25 fl 343 5 NMR,
MS, GPC FITGCE 4 HrifAT T FRAE.

o R 0=« O/YR O/YR
o~ N ZnCl N Cl 190 N NaOH N
n a
' HOVQ - KOH, TBAB * 0
OH R Toluene OH N 0—/</ 0
o
: ; 9 n wot =0k

L1-Lé6

Lla-Lé6a: R=Bn
L3b-L6b: R=sec—propyl
L3c-L6c: R=-Bu

KR 1 TSR k- TEMe bk L (A L1-L6 145 1
Scheme 1 Synthesis of the chiral polyether-oxazoline ligands L1-L6

2.2 FHERME L1-6 U IEBRATIFRIAEN
BAVEATIGE T —HF Mmoo T REES B LA
YHEAL BRI S AT FRA ML L, 3R A T XF
AR VE R 1K 99% ee HYTFHEF=H) >, KT,
FATE AT AL L5 A 1 R Bt L1-L6 J H 4 & i
B WITE I I 5 ot Bt AR B AR KRR A 48U A i
F, DUSBARTS BE )32 19 06 T L R FLARTE AL AN KRR
AP EE B AT R T — M s A
RAR R, R Ry H LR — R 9 T M R BRI 1
AIBCIAR , AR AN R IR B AL 3R AS A 1 A T
PR A, AR, AU 552N
Xof T e b B I 38 ) B g A8 /0 I R B AR s ) ik
TEPERIT B P, R HLEE 2w VR N 4 )R
PRI, ), FATLAAE Z M5 CMHP (1) 52 R
AEAL. Sy T VPG AT A SR RO A ) e R, =
REMT, BEEBCA L1-L6 (0.2 mol/L) Fil Me,Zn

(0.2 mol/L) 7E THF P b4 £ 4 M A AL S i, &5
WRELEFER 1 h. "TLIER, Frd 3R N 3 fE
RISEAT, IF H DL CMHP fE R A LT, 5 k- e
WRECS 4 Lla-L2a $0KF 58 20% (B IR 73 %0) I,
WAL R B . 7E A SR 1) CMHP/THF
¥IRAS T, Lla-L2a 2t 24 h (K 2GR 58 4
WAL, IR0 A AW ee (5358 39% Fi
45% ) AR (22 1, Entry 1 #1 Entry 2) . WX T8
A TSNS IEm b0 ) R B R G, L3a-Léa (197
PESE R IN, 2R L5 AL W) ee 1H R 59% ~
T1% , Xt W42 (% 1, Enuy 3-6). [
I, Z5ARATARTH & FHE R B R i F R4
GEHLIST AT DI L1-L6 fiY 58 Ik 4 b i TR R
FA R 55 A X FR B S A S5 7 (14 305 1 i e 2 A,
K. BTS2, 76365 B TR SNE e
Lo P18 2R ik P nA R T R 175 5 %) B 4804k B2 I EL AN Tié
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R1ENTENFHEERRLE L1-6 FSEZHENATITRIAEIL

Table 1 Examples of the zinc-mediated asymmetric epoxidation of styrene in the presence of chiral ligands L1-6

[0
X CMHP, Ligand, Me,Zn ©/Q
©/\ THF, r.t.

Entry* Ligand Yield"/% ee’/ % Configuration’
1 Lla 85 39 S
2 L2a 85 45 R
3 L3a 92 61 S
4 L4a 93 67 N
5 L5a 90 63 S
6 L6a 93 59 R
7 L3b 85 75 R
8 L4b 90 71 R
9 L5b 90 73 R
10 L6b 92 72 R
11 L3c 93 86 R
12 Ldc 96 81 S
13 L5c 95 83 S
14 Lé6c 98 83 S

a. Reactions were performed with: n(styrene)/n( CMHP)/Me,Zn/Ligand=1/2/0.2/0.2; Reaction time; 24 h; Reaction tempera-
ture: rt; b. The isolated yield; c. Enantiomeric excess was determined by GC using Astec CHIRALDEX B-DM SUPELCO; d. The

absolute configuration was assigned by comparing their specific rotations or the GC elution order with data from the literature.

R ik AL R R AL PR L R N A %, ™
YIRESRAF T =Y ee {H. 110, L1la 5 CMHP/Me,Zn
RFR 24 h iR M IR A AR B RS T 39% ee
(1, Enwry 1), 1i7E L3a LT, K ZIEHIH A
it 24 h KR53 T 61%ee( 52 1, Entry 3). X F4i7
AR R SR TR WE W AR T A ) R AR AL SN, ee {H (3R
1, 39%~67%, Entryl-6) JF /. 2K B nbk i 5
RIEF N F N EER, L3b-L6b 5 CMHP/Me, Zn
REAR B P A SO B %o B e P 4 i 3 71% ~75%
ee(F 1, Entry 7-10). 1M R f# L3c-Léc A T
B, HAAF 0 R SR AR U AT SE B 93% ~ 98%
=2 H1 81% ~86%ee( K 1, Entry 11-14). & 1
FREERKFE, AT EPITHECAR L3c-Léc 7E
CMHP/Me, Zn 4 F HH Ak 1Y 8 &0 A 0 FR 31 S Ak
PR S S5 N7 0T %8 L G B I DL 114 2Rk - e e e £ 5750) D
B2, PRI EM ee H(F 1, Entry 11-14

5 Entry 1-10 B9XFH) . SR EF L3c-L6c 47 P4 5%
FELH R T REME S S th AEZE B AU T R T, i SR
Fip e LA A 1Y & B B BE ). ZERTA I SR kR A
H, L3¢ BAH R EASWELER, AR AL
SV kAS 86%ee Fl 93%HIULH (K 1, Entry 14).
AT SRV, AN BRI 118 %o B 1 56 =27 TR E
VIR AL B A5 25, S T PRl gk
N, O T FHEREG YRR L3c 7E A
VL Z&AF PRI 0755 CMHP BRI BRI . 45
RN TR 2. FATEREDY ki, — G H e A R
K ELETME L. A6 2R T g E AT 0 SO A= 90%
HISCR RN 65% ee PR IR EALYI (£ 2, Entry 1),
AE S P BE 2R A7 1Y S0 2 (28 T ISR ee (H
W& A=) (2 2, Entry 2) . AHHCZ TR, DUV 6%
AR e G 3 I TR 2R 2 ol P O Sk g A Sy
BRI, P2W) ee (HIAE] 89%, 72N 93% (£ 2,
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R 2 BN SHFHREE L3c FSNEZ BRI TRA RN M F AL

Table 2 Optimization of the zinc-mediated asymmetric epoxidation of styrene in the presence of chiral ligand L3c

CMHP, L3¢, Me,Zn

[o]

A

solvent

-

Eny  Solvent T/ CMHP/ Me,Zn/ L3¢/ Yield/ Ee/ Config
°C (mol - L") (mol - L) (mol - L") %" %"

1 Toluene rt 2 0.2 0.1 90 65 R
2 CH,Cl, it 2 0.2 0.1 92 69 R
3 THF It 2 0.2 0.1 93 86 R
4 THF 0 2 0.2 0.1 90 87 R
5 THF -20 2 0.2 0.1 80 89 R
6 THF 0 1.5 0.2 0.1 70 87 R
7 THF 0 2.5 0.2 0.1 98 69 R
8 THF 0 2 0.1 0.1 88 80 R
9 THF 0 2 0.25 0.1 91 88 R
10 THF 0 2 0.2 0.2 90 92 R
11 THF 0 2 0.2 0.3 88 92 R
12 THF 0 2 0.2 0.4 88 90 R

a. Isolated yields; b. Enantiomeric excess was determined by GC using Astec CHIRALDEX B-DM SUPELCO; c. The absolute configu-

rations of the products were determined by comparison to the literature data, Reaction time: 24 h.

Entry 3). S8J5, FRATREAS T I8 B X1 5 0 14 5 1,
RIVEARILEE T 1Y ee EBSA N (3R 2, Entry 3-
5). BT O CHATHE, HAR =3RS 90%
KA 8T% 1) ee fH. [HZ, 4 S b il BERFF 2 -20 °C
if, FREEYICRFEEE 80% , ee h189% (K2, 5
5 T) . AP TR 0 TR T N 118 o) B 56 1 2 O R
(%2, Entry 5 F17-10). 1.5 mol/LCMHP 75 %] )4
R 7= 8K 70% , ee N 87% (3 2, Entry 6).
¥ CMHP AR INE] 2.5 mol/L, HARHAH Y5,
{H ee HHE FRF (£ 2 Entry 7). Ab, # Me,Zn )
TP E 10% (BEIRIYBO I, ee [HIFIRZE 80% (F
2, Entry 8). 7E 25% (BE/R 73 40) Me, Zn [IAFHE T,
AT IR = B 1 ee (EANSCR I0E A 3N (3 2,
Entry 9) . 5 i 40 770 (1) 12 th 0 20 480 Ak 52 I 14 44 1k
TR A R R AL FIAE O °C I 42 M
0.1 Hm#E] 0.4 | FHO ML PEME K IREE 5 (ee N

90% ~92%) , i ZEIEA WA L1k (88% ~90%)
(%2, Entry3, 10-12 ).

WETF L3¢ FEARAL TG A0 B 0 58 5 T A T
AR, X FCR B FH T 52 AR SR AL B M 9
IR T L A B Y38 i W SR, T
20% ( FEIR 4380 L3 Fl 20% (BE IR 4350 Me, Zn HYAF
FEFF 0 CH THF HififT 24 h |, SR A4 TR
3. gk 3 R, XMFRZHIGRIEY, L3c B
HA R X AR PR, XA A I T B 3
R R IR A, A5 R LB A X 45
BRI EACELF (32 3, Enty 1-6). fildn, ¥
JEWIHR 4-H R R i 4-20R IR, ee fEL
86% 1IN 95% (% 3, Entry 3 Fl4). 1E 4-TAE LW
IR X BEREE ()t A SR 98%ee (35 3,
Entry 6) , X H LA 20 R RS 1) 96% ee 1L 1.
PR & AE T XTI HEAT TR, 75328 T b 45 i
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=3 HAELT(L3c) ELELL CMHP A SXF N E BRI FRINENL

Table 3 Asymmetric epoxidation of alkenes catalyzed by homogeneous catalysts (L3c¢) with CMHP as oxidant systems®

Entry Substitute Yield"/% Ee/% Config!
AN
1 ©/\ 90 92° R
A
2 92 838¢ R
(o)
|
\ d
3 86 86 R
AN
4 89 95¢ R
Cl
AN
5 90 96¢ R
F
A
6 9 98¢ R
Br
7 95 86" IR, 2S
X
8 90 86° R
F
9 @\/O\Q/\ 94 93¢ R
Cl
11 \©/\ 95 0g¢ R
O;N
12 \©/\ 92 96° R
X
13 85 92°¢ R
NC
X
14 92 94° R
O:;N
A
15 9 91 R
F,C
16 O X O 86 80° R
17 ©\) 89 85¢ R
7
18 @I 86 60° R

a. All reactions were conducted at 0°C in THF in the presence of 20% L3¢ and 20% Me,Zn under nitrogen for 24 h; b. Isolated
yield; c. The ee was d Meermined by chiral GC ( Astec CHIRALDEX B-DM SUPELCO) ; d. The ee was d Meermined by HPLC
analysis ( Chiralpak AD-H, Chiralcel OD-H or DAICEL OJ-H) ; e. ee was d Meermined by HPLC analysis ( DAICEL CHIRAL-

CEL OD-3 column) ; f. The absolute configurations of the products were d Meermined by comparison to the literature data.
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X R e (86%ee) (3 3, Entry7).
AT R FT 200 Fe W, Bk L3c 9%
R ZEPEVES SR T RE IR TSR R oG, 1
AT, MR Dy k55 SRR 1 7R A W e b 5 53
FErEas A2 BH. R, TERME T8 EAAE R TR

Sprio(I)

P, ZRIR O3 S IR S 43 =22 1] f) £ 45 )2
I RTE, AT S S5O0 B 2R 1 1 B AR, X1 1)
REBURIFE 20 (323, Entry 9-12) , ZE3F Epg Ut
FEIF NG A T 2R sprio 1SRN, S5
SMA ee fEFHE. XTI AR AR 20 (3£ 3, En-
ry 13-15), BURFEA XTI AL A B 7 4 7=
A, RS 5 R A A O AR AR 2T
RO ee {H. (HE, WH T LA B TR
X IR ) B A T Y ee (H, X AR AT RE 2 HH
TR i B BRI T AR, A KA
FIFI2 T B 10 A, whxt e B, U
FE I A U 0 e ) S B A A0 X — R L
FK, A HATAR T 0 B T A 7003 i e 0t X
IIRTEARY . BN, M7E CMHP SRR,
i Zo (1) Bt &9 L3¢ AT IRY X 2K L6 30
AR, 315 80%ee. SR, & K ZEE AR LEH
) 46 T R AT 36%ee HYRTBEEREME (33,
Entry 16) (351 Wt (Z)-H %%Z%%D(E)—lﬁ%%
LIGAEALNT I, RIEY (Z) - R L0 R i
W R e EPE. IF HL, L3e X (E)-H AR LM
5 H R AN e B (6 3, Entry 17-18) , i
O LR IE 1) LB 4 s e & W i AR R % (E ) - R
AT R AR Ry e PR AR 22 .

Sk T 25 5% [ A8 T SR Tk - s bl £ 5] 1 T
ISC P T SR A, AT T3 88 s A2 ) Il i e
B L3c HEALAE 20 1 PR AL R N . A3 R Ak it
SEI , 8 ) RO R P AL RS I oK Y T
Pl L3c YLvE k. (A ITYe 8 1 il i o =) 24 7 7

Sprio(1I)

FIR 2 Mk 55 SR k- EmR b L3 PR U0 T RESE G ad WS

Scheme 2 Possible competing transition states for the epoxidation of olefins with polyether-oxazoline L3¢

BEALAE . X T keI B AL B2, T IR ER sprio 1
FIRESE BRI A, RS IL AI-FTE IO 25w 41
S (R 2) . X T 480 UL R 2 0 (3% 3,
Entry 8) , HIR A AL SR ) R B B LE R 2 s AR
B 2292 AR T RE A T IE MR R sprio i 8 25

Planar(I1I)

FgihuE I KA S N BRI PR, R [ AR
FLAS TR BVRT TR — O 2 A A PR AR L S 5
BEA, A 1 W AR B 00 e 308 R A TR B 3
K. NF 4 IR T LU BUER 3 RAIE IR 2
J 8 I VR RSCHRUR € AR A 00 81 AR ) 2R I A
PRI . 35 4 PR R T 10 EZSEE
A JEIU1 R e A 3R st 6 AU A e (e Ak

x4 BEUF L3 EXZHE AN RAEN RHBEIFEF A
Table 4 The recycles of catalyst L3¢ in the asymmetric

epoxidation of styrene®

Cycle Catalyst leached"/%  Yield/%  Ee"/%
1 5 90 92
2 2 90 92
3 N.D. 90 92
4 N.D. 89 91
5 N.D. 88 91
6 N.D. 89 91
7 N.D. 88 91
8 N.D. 87 90
9 N.D. 88 90
10 N.D. 86 90

a. All reactions were conducted at 0 °C in THF in the pres-
ence of 20% reclaimed L3¢ and 20% Me,Zn under nitrogen
for 24 h; b. Determined by high performance liquid chroma-
tography; c. Isolated yield; d. Determined by GC using a
Astec CHIRALDEX B-DM SUPELCO; e. Expoxide configura-
tion R; f. N.D.=Not Detected
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F M 90%IEZE 86% ; ee: M 92%[%ZE 90%) . /i
AR AL AT RE A B T P A e R T A AT TR A R B
IR ISR S AL T AR /7 2 A0 RS i 4
AT BB UM A0 )2 LA P2 A v A0 35 M R it
PERRE. AL, TS LRI A E T S,
FA A FICARFR AT 0 R Bk Ak 77 o N Rl o3+ (]
MY IE , fULANZS B AR A3 b 2, PRI Rl BB 52 M
TC 57 2o Y 2 AR Bt T 0 1 R AT

3 &g

ST 2, 3 I I A — AR 51 5 k-
WHRAITSE 2% T A RAR SR A A X RN AL SO, & B
2L TR REALAR L0 AR T B REAL AR SRR AT
TR BREEREE. R, AT L3e Al UG PR H]
10 YA 22 7 H AR A A I 1. Jox 4 e b 2% ik
HEALTR T T M A ot B B S AL 19 i A RE 1 R 285
P, T AR AT (DGR T B4 R PSR S W A
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Highly Enantioselective Asymmetric Epoxidation of
Olefins Catalyzed by Chiral Polyethers

ZHANG An-lin"** | XU Hui’, PAN Chun-yue'*, DENG Ze-ping’, PENG Yuan-yuan’
(1. College of Chemisiry and Chemical Engineering, Ceniral South University, Changsha 410083, China;
2. Postdoctoral Scientific Research Cooperative R&D Center of Hunan Huateng Pharmaceutical Co. LTD,
Changsha 410083, China)

Abstract; Based on a series of stable polyethers derived from single oxazolines and epichlorohydrins, the immobi-
lized homogeneouscatalysts with adjustable steric hindrance of the oxazoline side chains have been successfully pre-
pared. Polyether-immobilized structure ensures that the catalysts can be well dispersed in most of organic medium,
which enhances the adsorption and coordination of organic substrate and significantly improves the reactivity in sol-
vent. The polyether-catalysts have successfully catalyzed the asymmetric epoxidation of olefins in tetrahydrofuran
with high enantio-selectivity and yield(up to 98% ee and 96% yield). Moreover, the catalysts can be easily recov-
ered and recycled at least ten times without significant loss of catalytic activity.

Key words: enantiomeric excess; styrene; recovery; asymmetric catalysis; polyether



