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Abstract Six amino-alcohol modified S-cyclodextrins CD-1~CD-6 were synthesized by nucleophilic substitution from
mono(6-O-p-tolylsulfonyl)-B-cyclodextrin with the yields of 34%~58%, and were verified by 'H NMR, C NMR and
ESI-MS techniques. These f-cyclodextrin derivatives were applied to the asymmetric epoxidation of trans-chalcone by H,0,.
And the results implied that the dosage of the S-cyclodextrin derivatives and the structure of the modified group had an im-
portant effect on the enantioselectivity in the reaction. Among them, CD-1 exhibited the best performance in the asymmetric
epoxidation of trans-chalcone employed H,0, and NaHCO; as oxidant, and 25.7% ee value was obtained It were showed from
the spectra of 2D-'H ROESY NMR that, CD-1 could form inclusion complex with frans-chalcone and self-inclusion existed in
all the B-cyclodextrin derivatives CD-1~CD-6, which affected the enhancement of the ee value. And the two kinds of inclu-
sion complexes were confirmed by quantum chemistry calculation too.

Keywords p-cyclodextrin; asymmetry; epoxidation; trans-chalcone

ARTICLE

POWIKE (CD) A2 B D-AH it 76 2 1% PR sl o 1,4-BE
PR IR TR RE, % IS A o-, p-F1 y-
AR, 5l 6,7 A1 8 /> D-MLW ) % Wi F 2 Rk, BA
WA 7> 7 B “CEHK, SMEESE/K” MR TR AR LS 4,
fEHAE KA P BB %A KRR TSP,
TESr TR, AN AN 25 )% i3 3 40 S5 A0S 21 )2 M
F. 4k Cramer! 2 BURRIAS B (2 1t i 300 i) B e A5 B B

* E-mail: jihb@mail.sysu.edu.cn; Tel.: 020-84113658, Fax: 020-84113654.

J&&, Tabushi® 1 Bender Z£12°1/) B4R I8 1 2-F JE-1,4- 251
1E B-IIKE e N — B e A O A e 4E AR R K (B
K,), Colonna ZEPHRIE T FMIAE AT fli 44 3 K, IS5 HI2K
A 2-2FFk-1,4-Z5 R A A= P I 0 B S B Af (ee) it
B 48%, &, NTZEHA R GENE LIPRIR A E 22 5
KEGHEACT. W R, DL P B A PR Y 2
PRI KE 13 B B AT AR P Re e 140, T LF- 4 B8 A= P 1k

Received December 17, 2015; revised February 19, 2016; published online April 5, 2016.
Project supported by the National Science Fund for Distinguished Young Scholars (No. 21425627).

B 2% 2 i 4R Rl 3 4 (No. 21425627) B BhIi H .

Chin. J. Org. Chem. 2016, 36, 1907 ~1914

A ©2016 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1907



BIHE

R

) 5 B AR S L. FRIRS AR B sk kit 2 F 1 43 7,
ST —RET DLHEAT TR, FORRS B TR )
AT LLERE “ = HEE7 M B8 SRS R R
R I A 2 P AN AN R DA v IR 1) 45 b A EA 2
RE, WIAMRPESE, T BLAS IS B SEAN H E E IR o
R b, 3] DA IR R A5 A7 10 A 52 e H 5 )i
W5y FHITF QL TERE. RN, B-FRMIkS & AT AP
B BEA LA R N EARTEAKA R HET, 6“4k
1 #E. DRk, B- SRR A7 A D TE KA IR SR S B 45
PO IR . BB i B B 4 H AT T
IR AP, FEES T A S R AN X e P,
HEF s e

AN AE R A Ak PR e L ) — R S B, R
& BT B-FRHIRE 7 A AL ) 2 B 2R Y, B
MMMTﬂMﬂ%ﬁ%ﬁ%KN%%§%;M$%WW

T DL (6- g% 158 R - i 40 )-B- O RIAS A hy SR A A i 4
%iﬂwm%iﬁﬂm,ﬁ%uﬁﬁKEMNgm%a
B, I ORUT . FEMIBRCAN YR T B RN, 4
BB, 1% B-IRIAS AT AL YNt % Al g 07 1 AN 55 2 R A
HAT AL R BT, Xk e 2 S R, RILHE 15
S R, PO AT I R LA 1 o P
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Figure 1 Schematic structures of CD-1~CD-6
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trans-2x SR B B S 5o BRI B AL SR

BT U EEE, R FRIE R ERER B RS,
Wl R-F ARG, SRR, OB, LR, LB
BN (1S2R)-2- Fa-1,2- — K 20, it §.(6-0-x] F
RTEIEHL)-B- IR 5 | R, A7 SRR IR
i p T B-FAMIENT A CD-1~CD-6, N H] T /KAH
H,0, NIFRINEA trans-F2 IR, It RGH %2 T AT
(1 52 % A 5 A P 66 A S5 I KT S B (R 52 . T4
SIRRNRERTAEVICRAE 34%~58%, T H 2T EL M
IR AR RO, 4 TH NMR A 2397 A I 2% .
1.2 BREEOANTRIFEL

LA Hy0, ZKAHASKI AR EAL trans-15 /KB AR
N, RFEHEE B-HMIRENTEY CD-1~CD-6 HIAXTFRIE
SHERE, FEERT BB AT AE S A A S5 F A A
N SO R PE T ES . BL NaHCO; A1 30% H,0,
A RNEAT, KNVEF, 25 CibAT B, HaERnE
1 R, SRS REIR, BB % B-MIRHT A 90%) Hy0,

KA RN EAL trans-B /R B BA — € B E 1
(IR 30%~53%). B3 [ 25 R 0t s I %) e it ¢ L
HHKE. CD-1 il CD-2 2 AN 1B 1% Bl &
FER a5t/ 2, CD-1 W EUE A R s ee H
25.7%, T CD-2 {LH 17.4%. M3 1 diRa] LA, A
BRI 6 A B-IRRIRE T AW, BEEABEE ] TR AR 1)
HEK, PR BARANK, (H ee I FFK, XL
CD-1, CD-2, CD-3(8: &5z 1A H1)F1 CD-4, CD-5,
CD-6(A R EEMEMiHE D), 7T LAE BT U B-R MR
FTLEWAE 1 5 [ 40 1 PR R ER R T a8 6 PR BRI, X
B T AL A 7 TR R, B K IG5, B- Rk
FERTAEY) B RS AT N S PR K M2 i, & U B4 T
5 B-IWIRE AT S A 2B, X T p- RS T AR
B R S IEEI, CD-1~CD-6 23 H AR AL FH & 5 %)
ML RIS N KR, BiE CD-1~CD-6 F &3, i
KA ee HABZWIEE, 20%IN BB AL, dkaLishn p-
WIS AR &, P B RIFR R %, WA AR

1 trans-BIRE KT FRIAEAL [N ¢

Table 1 Asymmetric epoxidation of trans-chalcone

* 20,
=z Modified /-CD P
O O Water, H,0, O O
Entry CD derivative Catalyst/mol% Conversion’/% Yield’/% ee/% (Conf.%)
1 5 63.2 43.6 17.9 (25,3R)
2 CD-1 10 67.3 48.9 23.1 (25.,3R)
3 20 68.7 53.2 25.7 (25.,3R)
4 30 61.9 52.3 18.9 (2S,3R)
5 5 313 20.2 7.5 (2S,3R)
6 CD-2 10 333 239 11.1 (25,3R)
7 20 53.5 34.5 17.4 (2S,3R)
8 30 41.7 31.2 8.2 (2S,3R)
9 5 41.7 36.4 8.7 (28,3R)
10 CD-3 10 42.5 36.9 14.9 (28,3R)
11 20 45.8 37.8 18.3 (25,3R)
12 30 42.6 37.6 17.9 (25,3R)
13 5 439 33.2 6.9 (28,3R)
14 CD-4 10 455 35.8 8.1 (28,3R)
15 20 472 38.1 10.7 (28,3R)
16 30 43.6 33.8 10.6 (25,3R)
17 5 46.1 28.1 9.9 (28,3R)
18 CD-5 10 49.6 30.0 11.1 (28,3R)
19 20 50.3 32.6 13.7 (28,3R)
20 30 46.5 28.8 13.5 (25,3R)
21 5 58.3 30.4 3.4 (25,3R)
22 CD-6 10 61.7 30.6 5.1 (25,3R)
23 20 86.4 35.9 <3 (2S,3R)
24 30 70.5 34.9 <3 (2S5,3R)

“Reaction condition: frans-chalcone (0.1 mmol), NaHCO; (1.2 mmol), and 30% H,0, (0.1 mL) in water (1 mL) for 96 h at 25 °C.” Determined by HPLC analysis
employing toluene as internal standard. ¢ Determined by HPLC analysis with a Chiralcel OD-H column [F(i-PrOH) : V(hexane)=5 : 95]. ¢ Determined by compari-

son of the eluting sequence of the enantiomers with literature!"*!.
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AR R E. 5 N CD-1/trans- £ /R i 8 & Y 1E
ONIOM (B3LYP/6-31G (d): PM3)7K*F- I, H Gaussian 09
PR A A Bt i g, &l 5 AT, CD-1 5
trans- B /R BTG BT AP RLESLACIRES, AT BER KA,
faReA e UE, YWHZELS RN RS, H5 A
B P ELELIRAS (U BE B 2 2 LU, BT BMETE LB 54
R, X E AT AT LLEE AEPE, A B ag RS
WA . K S BoRRAAIRZE T CD-1 M1 trans- £ /K B
ZE4 015, 15 2D-"H ROESY NMR ¥ B 4347 43 3] (.45
L —F B, trans-25 /KB AT DACEFRRITRS K 3 520N
FimPi NI AL S - MRERT A&, s oAk HIA I
2, AFA IR PR X LI 5 1 SR AR

HRAE — 4k '"H ROESY NMR #% i 43 Hr fl i Tt
HASH, ERMENART rans-B/REAI)— MR
Wi 5 5 73 AT DB 60 55 7R IR RIS S s A, (R IR AE AR
CD-1~CD-6 MBI BT84k B A 4h. JHE XS sk
BRI, REBMR B-FRIRSAIN BB E AR H0,
HEWNEM trans-BI/REAR N, JLT-BA R BRIEEEANE,
Ui A I A1 7E 7= AR AN FR 15 3 F IR FRp e 4. T
FIREFTE, AR R BIAKFRGE SHLEEHE 0 6 B
(P CD-1 9, 2 ML A Jy: (1) B45 4% G
TERR, B-IRERTAEY) CD-1 5 R BEY) trans-15 /R TE
AL SYID); (2) Hy0, 5 HCOs B it IR IR
F, HEERMIR AL AN, X rans- 2R 2
BRI BORISERZELUE, TR T (28,3R) N AR
WA A AL (D)5 (3) 5L 7 W) FA) R TR A4 711 ) 3 TR
(D). AZ ML B U P AR A A T

Chin. J. Org. Chem. 2016, 36, 1907 ~1914



Chinese Journal of Organic Chemistry

CD-1 hydrogens d
b
(E)-chalcone hydrogens ] ® g f cb 2
AR e
0 L
—_— ! 1 < ’34
2 o~ i
3 ", T 3.6
[P ' “ttg © r ©
) | == rewicoe | 38
& ' r5 T r
6 F4.0
% 'n/./ ! [ 4.2
" a MASARBABARARERARS MDRARRARRARRARA RS
—— e 79 (6 73 0 6.7 64
80 70 60 50 1.0 S
S
o]
h /i e
f 3 b
g h e a
f [

(©)

B4 (a) CD-1/trans-25/REAELE7E D,O H#) 2D 'H ROESY NMR #£ K. (b) CD-1/trans-15 /REH A&7 D,O 1 HI#4 2D 'H
ROESY NMR 1 [ #l(c)trans-#5 /R B 43§ H ARTE

Figure 4 (a) 2D 'H ROESY NMR spectrum of the inclusion complex of CD-1 and trans-chalcone, (b) partial 2D 'H ROESY NMR
spectrum of the inclusion complex of CD-1 and #rans-chalcone, and (c) annotation of the hydrogen in trans-chalcone
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98%, L-FUEmE: 95%, L-FHEmE: 99%, =R b2EiA
(L BERAT];, RHEERE: 99%, L Aladdin 75
FBRAFE; OlEf: AR, REKRFELFRA T, H6-0-
o F SRR I 3 )- - IR K - 99%, S8 % E #l; trans-£ /R
Fid: 98%, B REFHA R A w]; HAREGE i s

3.1

Chin. J. Org. Chem. 2016, 36, 1907 ~1914



Chinese Journal of Organic Chemistry

Mratish.
3.2 ZLWAHE
3.2.1 CD-1~CD-6 4 &

£ 25 mL AR RMNIRT, ¥ 1.29 ¢ (1.0 mmol)F:
(6-O-3%F FE ORI 55 ) - B- PR RRE AT 10 mmol 2 5174 T 10
mL JG7K DMF 1, N, 40T, 80 CHiRER L 36.0 h. HF
BT R NG H B RS, 28R nE] 200 mL G
KOTE, §E, HhiE, ¥R EAET 80 CTHES
T4 8.0 h, 4> AIIN/KIEAESE PR, A GBI A G
fi] 44

HL(6-R- 5 TN B % )-B- PR M FE (CD-1): (Bl 1, Ui
# 56%. m.p.>250 ‘C; 'H NMR (400 MHz, D,0) o:
5.16~4.88 (m, 7H), 3.96~3.72 (m, 24H), 3.67~3.44 (m,
12H), 3.40~3.30 (m, 1H), 3.10~2.94 (m, 1H), 2.79~
2.66 (m, 1H), 2.61~2.37 (m, 2H), 1.19~0.97 (m, 3H);
C NMR (400 MHz, DMSO-d;) 6: 102.64~102.29 (m),
83.98, 82.04, 73.52, 72.90~7125 (m), 65.65, 60.37,
57.64, 49.87, 21.91; MS (ESI) m/z: 1192.1 [M+H]",
1214.4 [M+Na]". Anal. calcd for C4;sH7;NOss: C 45.34, H
6.51, N 1.17; found C 45.26, H 6.75, N 1.02.

FL(6- 73 N )-p- WIS (CD-2): A (Ll A, 1o
47%. m.p.>250 ‘C; '"H NMR (400 MHz, D,0) 6: 5.11~
4.92 (m, 7H), 4.04~3.73 (m, 24H), 3.65~3.46 (m, 12H),
3.39~3.32 (m, 1H), 3.08~2.93 (m, 1H), 2.81~2.61 (m,
2H), 2.57~2.46 (m, 1H), 1.15~1.05 (m, 3H); *C NMR
(400 MHz, DMSO-dg) 6: 102.78~102.43, 83.65, 81.95,
73.52, 72.89, 72.49, 71.05, 65.85~65.75 (m), 60.37,
57.80, 22.05, 21.91; MS (ESI) m/z: 1192.0 [M+H]",
1214.7 [M+Na]". Anal. calcd for C4;sH7;NOss: C 45.34, H
6.51,N 1.17; found C 45.14, H 6.78, N 1.02.

B(6- LT J1%)-- I RIKS (CD-3): B il ik, i
58%. m.p.>250 ‘C; "H NMR (400 MHz, D,0) d: 5.09~
4.90 (m, 7H), 4.00~3.73 (m, 26H), 3.64~3.46 (m, 14H),
3.42~3.28 (m, 1H), 3.13~2.96 (m, 1H), 2.88~2.39 (m,
3H), 1.16~1.03 (m, 1H); *C NMR (400 MHz, DMSO-d;)
5 102.63~102.44, 83.70, 81.99, 73.52, 72.89, 72.50,
71.14, 60.88, 60.38, 52.05, 49.64, 22.04; MS (ESI) m/z:
1178.3 [M+H]", 1200.4 [M+Na] . Anal. calcd for
C4sH,sNOss: C 44.86, H 6.42, N 1.19; found C 44.62, H
6.63, N 1.06.

HL(6-L- il E BE)-B- W k5 (CD-4): [ (il 4, iR
51%. m.p.>250 ‘C; '"H NMR (400 MHz, D,0) 8: 5.17~
5.02 (m, 6H), 3.91~3.77 (m, 21H), 3.68~3.29 (m, 14H),
3.27~3.09 (m, 2H), 2.90~2.23 (m, 4H), 1.99~1.49 (m,
4H); C NMR (400 MHz, DMSO-d) : 102.74~102.12
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(m), 84.76, 82.11~81.34 (m), 73.63~72.52 (m), 66.41,
64.53, 60.42~60.08 (m), 56.94, 27.85, 23.97; MS (ESI)
m/z: 1218.4 [M+H]", 1240.5 [M+Na]’. Anal. calcd for
C4H7oNO;s: C 46.34, H 6.54, N 1.15; found C 46.12, H
6.76,N 1.01.

FL(6-L- UL 2 )-B- TR AE (CD-5): A ik, Uk
# 34%. mp.>260 C; '"H NMR (400 MHz, D,0) o:
5.14~4.84 (m, 7H), 4.05~3.67 (m, 24H), 3.65~3.37 (m,
14H), 2.97~2.73 (m, 2H), 2.60~2.43 (m, 1H), 2.40~
2.11 (m, 3H), 1.11~0.82 (m, 5H); *C NMR (400 MHz,
DMSO-dg) 6: 102.42~102.27 (m), 83.55, 81.98~81.74
(m), 73.52~72.49 (m), 71.78, 68.31, 60.78~60.35 (m),
49.54,34.67,27.86; MS (ESI) m/z: 1234.4 [M+H]". Anal.
calcd for Cy,HgsNOss: C 46.71, H 6.78, N 1.13; found C
46.43,H 6.90,N 1.01.

BA[6-(18,2R)-2- 58 = -1,2- — K FE 2 W 1-B- H5 W) K6
(CD-6): EEE, YR 47%. mp.>280 C; 'H NMR
(400 MHz, D,0) J: 7.75~6.63 (m, 6H), 5.47~4.93 (m,
6H), 4.39~3.72 (m, 14H), 3.69~3.18 (m, 14H), 3.12~
2.34 (m, 3H); C NMR (400 MHz, DMSO-d;) J: 143.49,
141.68, 128.71~126.89 (m), 102.73~102.08 (m), 84.26,
82.04~81.19 (m), 76.55, 73.64~72.26 (m), 68.97, 61.58,
60.47~60.21 (m), 59.55, 48.19; MS (ESI) m/z: 1330.4
[M+H]", 1352.5 [M+Na]". Anal. calcd for CsHgsNOss:
C 50.56, H 6.29, N 1.05; found C 50.32, H 6.45, N 0.99.
3.2.2 trans-& REAG I ARIR B AL

f£ 10 mL BFEE S, A CD-1~CD-6 A
0.005, 0.01, 0.02, 0.03 mmol, 3T 1 mL /K, 25 CHi#k
1 hJ&, IO trans-#5 /KM 0.021 g (0.1 mmol), Zk&:4i
2 h, RJEMA 30%[ H,0, 0.1 mL, NaHCO; 0.1 g, T
25 CHiHER P 96 h. [ R MAR ZH A 5 mL 0.1 mol/L
Na,S,0; & K b A H,0,, N IE & %8 % H 2
mLX3), &HENA, Na,SO, TH, LE, W4as 3
V) PR PR R A Mg B B HPLC AT A V(R TR
%) © V(IESkE)=5 : 95, 0.5 mL/min, 254 nm].

HBh A4 &l (Supporting Information)  3CH & Jl [ 7S Ff
MRRE AT A R G v P o i P R A SR A = ) R A R
AL X e R AT B 4 9 A T I 35 (http://sioc-
journal.cn/) I F %k,
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