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Application of Chiral 1,1'-Bi-2-naphthol Polymers in Asymmetric
Epoxidation of (E)-a,B-Unsaturated Aryl Ketones
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Abstract Most small chiral molecule catalysts are suffered from a rigid process in both product separation and recovery.
Therefore more attention has been drawn to the soluble polymer-supported catalyst which could be easily recycled. In this
paper, a new type of reusable chiral binaphthol polymer-supported diethylzinc catalyst was synthesized and applied in the
asymmetric epoxidation of (E)-a.f-unsaturated aryl ketones. The scope of this reaction was explored. Various (E)-a,f-aryl
ketones could be easily prepared in good yield (up to 88%) and high ee value (up to 94%) via this asymmetric epoxidation
process. Ligands were recovered to explore the inductive effect of the reaction. Recovery experiments of this binaphthol poly-
mer-supported diethylzinc catalyst were conducted. The results indicate that the asymmetric induction ability of the reclaimed

chiral polymer 1,1'-bi-2-naphthol did not decrease significantly.

Keywords 1,1'-bi-2-naphthol, Et,Zn, chiral polymer, asymmetric addition, aromatic ketone
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SN 45 BB UF(GR 1, Entries 1~4). 1A 2 B 254440 )
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XA SR AN [F RS20, OSSR, =Xt
WL PR LT (3% 1, Entries 2, 5~7). (LR EE
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B, DRI, S35 R 5 A 2 B Ak Sl 0 I B AT AR AL, i
1A poly-1 5 = Z JEEF P BC LL [RIRE XS I B 45 B2 1R K
(3% 1, Entries 2, 8~10), A" ee {EFE* poly-1/Zn
e b 38 oA AN et s s TR RE; 24 poly-1/Zn (1)
FEEE 91 D 1A, SR Z ik 95%, {HILIN ee {H AL
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N 60%; 124 poly-1/Zn FIBCEL A 10 1.2 B, 2R 5
ee HASFHXTEAT, PHIIEREEER poly-1/Zn L LA
1:1.2. A)a, MEAVHHENM 5 mol%if® 15
mol%, 7#3R [ 70%3% & 88% (Entries 5, 11~12). 5[H
B, ROBERT R A — AN B E B R R, &
J5i %% . LB poly-1 TEAEALIEFEF BT 1E . 24
T IR PN 12 mol%, poly-1 [N 0 I, &tk
FEVNANETE, 1 poly-1 FEASKEFRAE Ak AR5 X i de 5 14
EEREEH. ¥ CHEEMHEN 0, M poly-1 I
BN 10 mol%Hf, M ICHEAF=, Wi 7E ML I R
o 2 IR . DR R AT S PR B R = 2,3 4R
RE = OB EZ RN, RIAEGTE poly-1, 4
FEYNER SN E(ER 1, Entries 13~17)®, B FATIARN —
CHEREIE Lewis B2, W0 T ANHURIER, 1 [FIBS 12 AR
ENMTEESEN Lewis . 255 R ERARER, H&
1 5E B 26 14F M, poly-1 (10 mol%), Et,Zn (12 mol%),
AL E T TR (CMHP) B AL (1.1 equiv.), M i &
N0 C, IR DY SRR
R PR

Table 1 Optimization of the reaction condition.

Poly-1 (x mol%)

9] Et,Zn (y mol%) o AR
O = O CMHP (1.1 equiv.)
- = aS 0
Solvent, T/°C, 10 h
a b
Entry Solvent Pr(:(})ll_ 0;) / C(z:zlli:; T/°C Yield/% ee/%
1 Et,0 10  Et,Zn (12) 25 90 48
2 THF 10  Et,Zn (12) 25 92 60
3 CH)(Cl, 10  Et,Zn (12) 25 92 55
4  Toluene 10 Et,Zn (12) 25 95 50
5 THF 10  Et,Zn (12) 0 85 80
6 THF 10  Et,Zn (12) —25 55 81
7 THF 10 Et,Zn (12) =75 20 83
8 THF 10  Et,Zn (8) 0 70 68
9 THF 10  Et,Zn (10) 0 85 70
10  THF 10  Et,Zn (14) 0 95 60
11 THF 5  Et,Zn (6) 0 70 76
12 THF 15  Et,Zn (18) 0 88 78
13 THF 0 EtZn(12) 0 90 0
14  THF 10 — 0 0 0
15 THF 0 (CsH;0);La(10) 0 92 0
16  THF 10  (C3H;0);La (10) 0 89 0
17  THF 0 Et;Al(10) 0 80 0

© 2019 Chinese Chemical Society & SIOC, CAS

“ The amount of poly-1 was based on a BINOL monomer. ” Isolated yield.
¢ Determined by HPLC using a Chiralcel AD-H column.

SRR RSB 45 RN 2 R, B 2 W LUE H,
JERAINA R A R B AT A T, R R ER R RS 2 L
HLTJE(K 2, Entries 2~4, 8~9), iBRA R THGE 2,
Entries 5~6), JXSLF % (72% ~ 88%%) Fl Xt it 34k %
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Table 2 Asymmetric epoxidation of various enone with CMHP
catalyzed by zinc complex of poly-1

Poly-1 (10 mol%)
0 EtoZn (12 mol%) 0

1)]\A " CMHP (1.1 equiv.) 1)}\(#’,‘?2
=
R R® T THF 0°c 10h R XL R

Entry” R! R? Yield®/% €%
1 Ph Ph 85 80
2 Ph 4-FCgH, 72 79
3 Ph 4-BrCgH, 83 89
4  Ph 4-CIC¢H, 88 81
5  Ph 4-OMeCgH, 74 90
6  4-OMeC¢H, Ph 85 83
7 2-Naphthyl Ph 88 94
8  4-NO,C¢H, Ph 86 83
9  4-CIC¢H,  4-CIC¢H, 81 82
10 Ph -Bu 83 88

“ Reactions were carried at 0 ‘C for 10 h. The amount of poly-1 was based on
a BINOL monomer. * Isolated yield. ¢ Determined by HPLC using a Chiralcel
AD-H column. ¢ The absolute configures were determined by comparing with
the reported literature. >34l

TEZ BT R 0 HR FRATTUE SE T 1677 poly-1 REFEINL
HHEHTIHESHEES = LR RSN,
T HACRAR L. Rk, AT AS 5w R4 B ) poly-1 3t
AT T IS FH S B8 7.

T, B RN TE S PR 2 g T 20 mL JUA
R I N EEBR(2 mL), i ERR ENVEW 5 s e T
A FEE(100 mL)H. 7EAT HS [ 5 3R T ShdE, I8 A
FEEVRIE IR, BEJGAE 40 C FEZ T8 8 h R
EEW. KR A EER T AR . HAF]
(TSR A S22 Rk 3 For. R 3 ALV H,
MR ERTT LU 2 5 M el UAr, A FE R R A4 375 ek A
BRI A BT TR, TR 4 AR Z
85% T B3 65%, 72 ee (M 80% T B&H] 72%. HiLLAT

®3 REW-1WECRIA
Table 3 Recycled and reused of poly-1

Cycle Yield”/% ee/%
1 85 80
2 76 76
3 70 75
4 65 72

“Reaction condition: 10 mol% recycled poly-1 (based on the repeating unit), 1
mmol of enone, 0.16 mL of CMHP , 3 mL of THF carried out at 0 ‘C for 5 h.
" Isolated yield. © Determined by HPLC using a Chiralcel AD-H column.
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FRAEF A ULEH, A il im) e I S8 G R4 A 21 B 4 A
FHR. S8 o A5 FH P DY S0k i R R 2 2 E 80U R A8
AN T 5 72085 5 81/, "H NMR 6% /276 Bruker
ARX 400MHz Yt i {3 b I 5 43 21 (fdF A DY A 2L Ak e
(TMSYE NN FF).

32 ZWHE

7E0 C ¥ Z3EE(Et,Zn)(0.12 mL, 0.3 mmol)/il
AZ| 3 mL poly-1 FIPUEMRIERF, HAEZER FES
AEAHEE 30 min. 2R)E, SIAMEER(1 mmol T 2 mL PU
SRME A HFEEE 15 min, FIVES2E5] N CMHP (0.16
mL, 1.1 mmol), KMIEAVITEM FRE THAT 10 h. ¥
SSHRE Y 2 mL A NH,CLAWRE K, H ELO K.
HEHMBENIZH MgSO, T, i iEHHksn = LE7A.
I IR A RS VR A [V ) (LR L BR) =
25 1 1], 1521 %E A=), FH Chiralcel AD-H A1t
HPLC 3 ee fA.

FRG-F A L H-2-2) PO 2% 85%,
80% ee, [a]p —165.5 (¢c=1.0, CH,Cl,) [V(n-hex- ane) :
V(isopropanol)=95 : 5, 1.0 mL/min, #,=18.86 min, t,=
19.87 min]; '"H NMR §: 8.01 (d, J=4.0 Hz, 2H), 7.63 (t,
J=4.0 Hz, 1H), 7.52~7.48 (m, 2H), 7.44~7.26 (m, 5H),
431 (d, J=4.0 Hz, 1H), 4.09 (d, J=4.0 Hz, 1H).

HIHEG-G- AT A L Fe-2-F) FEA ) 2R
72%, 19% ee, [a]h —138.5 (¢=1.0, CH,Cl,) [V(n-hexa-
ne) . V(isopropanol)=95 : 5, 1.0 mL/min, #,=20.39 min,
£,=22.32 min]; 'H NMR &: 8.02 (d, J=8.0 Hz, 1H),
7.53~7.47 (m, 2H), 7.41~7.26 (m, 5H), 7.10 (t, J=4.0
Hz, 2H), 4.28 (s, 1H), 4.07 (s, 1H).

HIHEG-G-HEF A L Fe-2-F) F A3 P2
83%, 89% ee, [a]y —135.2 (¢=1.2, CH,CL,) [V(n-hexa-
ne) . V(isopropanol)=95 : 5, 1.0 mL/min, #,=14.06 min,

Chin. J. Org. Chem. 2019, 39, 1456~ 1459
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£»=16.69 min]; '"H NMR &: 8.01 (d, J=8.0 Hz, 2H),
7.65~7.62 (t,J=7.2 Hz, 1H), 7.55~7.47 (m, 5H), 7.27~
7.24 (d, J=11.0 Hz, 1H), 4.26 (s, 1H), 4.06(s, 1H).

FIEG-(A-FE RN A e -2- ) FEA (@) =R
88%, 81% ee, [a]y —195.5 (¢=1.0, CH,CL,) [V(n-hexa-
ne) . V(isopropanol)=95 . 5, 1.0 mL/min, ¢;=20.65 min,
£, =24.53 min]; '"H NMR ¢: 8.01 (d, J=7.4 Hz, 2H), 7.62
(d, J=6.8 Hz, 1H), 7.52~7.49 (t, J=9.4 Hz, 2H), 7.40~
7.26 (m, 4H), 4.26 (s, 1H), 4.06 (s, 1H).

L (3-(4- F AR 2R 3 IR 4R 2 Je -2- 6 ) FR R (5)!:
FEF T4%, 90% ee, [aly —185.5 (¢=1.0, CH,Cl,) [V(n-
hexane) . V(isopropanol)=95 : 5, 1.0 mL/min, t;=26.68
min, £,=29.40 min]; "H NMR §: 8.03 (d, J=10.4 Hz, 2H),
7.38 (d, J=7.4 Hz, 5H), 6.97 (d, J=12.4 Hz, 2H), 4.25 (s,
1H), 4.07 (s, 1H), 3.88 (s, 3H).

4- PR SE R IE (3- 2R B AR 2 e-2-55) R (6)!'Y): 7=
K 85%, 83% ee, [aly —171.8 (¢=1.0, CH,CL) [V(n-
hexane) . V(isopropanol)=95 : 5, 1.0 mL/min, t;=46.65
min, ,=>52.53 min]; '"H NMR ¢: 8.04 (d, J=11.8 Hz, 2H),
7.40 (d, J=4.0 Hz, 5H), 6.89 (d, J=12.0 Hz, 2H), 4.27 (s,
1H), 4.08 (s, 1H), 3.89 (s, 3H).

4-(2-ZEFE)-(3-FKFIL S 2 e -2-35) R (7)1 ;AR
88%, 94% ee, [a]y —146.9 (¢ =1.0, CH,CL,) [V(n-hexa-
ne) . V(isopropanol)=99 . 1, 1.0 mL/min, ¢{;,=18.23 min,
£»=19.40 min]; '"H NMR &: 8.03 (d, J=7.0 Hz, 2H),
7.90~7.80 (m, 4H), 7.62 (d, J=6.7 Hz, 1H), 7.55~7.45
(m, 4H), 7.43 (d, J=8.0 Hz, 1H).

4-THFE IR IE (- IR 2 pe-2-35) A (8)): =R
86%, 83% ee, [a]p —102.8 (¢=1.0, CH,CL,) [V(n-hexa-
ne) . V(isopropanol)=95 . 5, 1.0 mL/min, ¢{;,=15.42 min,
£,=18.20 min]; '"H NMR ¢: 7.88 (d, J=8.2 Hz, 2H), 7.65
(d, J=7.2 Hz, 2H), 7.31~7.43 (m, 5H), 4.25 (s, 1H), 4.09
(s, 1H);

4- I (3-4-FUR IR e -2- 7)) FEF () 7=
K 81%, 82% ee, [alhy —125.5 (¢=1.0, CH,CL) [V(n-
hexane) . V(isopropanol)=95 : 5, 1.0 mL/ min, ¢t;=24.38

Chin. J. Org. Chem. 2019, 39, 1456~1459
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min, £,=28.13 min]; 'H NMR &: 7.92 (d, J=9.0 Hz,
2H), 7.49 (d, J=7.4 Hz, 2H), 7.38 (d, J=9.4 Hz, 2H),
7.31~7.27 (t, J=7.8 Hz, 2H), 4.20 (s, 1H), 4.06 (s, 1H);

HHE((3-4-1F T HIAH L ke-2-F) FEA(10)!): =
83%, 88% ee, [al]p +35.1 (¢=2.0, CH,CL,) [V(n-hexa-
ne) . V(isopropanol)=99 : 1, 1.0 mL/min, ¢;=20.39 min,
£,=22.32 min]; '"H NMR ¢: 8.00 (d, J=7.4 Hz, 2H), 7.63
(t, J=7.4 Hz 1H), 7.54~7.49 (t, J=7.4 Hz, 2H), 4.15 (s,
1H), 2.97 (s, 1H), 1.04 (s, 9H).

i B4kl (Supporting Information) 7747 1~10 ] 'H
NMR 15 ] K AR B 3% el mT DL 4 2 AR T ) sy
(http://sioc-journal.cn/)_E T %K.
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