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B-INAFEITE DB S NasMoO, 1L H.O, RN FRE L ZE AR

hiER AR
(PR ZEARZE S TR M 510275)

WE LU(6-O-p- T RIS )-B- WD O 5 k), T SRR R A T 5 AR I SCHRARGE (I ERAR S IR BEE M B-2R
Bks CD-1~CD-5, W2 36%~68%, H:4HZ5d 'TH NMR, *C NMR #1 ESI-MS ST R AEHIN. KX e g-FRlks 229
CD-1~CD-5 12} NaMoO, IR, BT Hy00 AR FRAEAE P, 708 R Bow, RNAFUR pH {0 1% R AR
ZA RN W B HAT B 5. B 44 CD-4 75 pH 7.0, 1 mol/L CH;COONa-HCl 71, 55 Na,MoO, fi 4k H,0, A% Fk
AT R, ee {H 0 21.25%. i) 2D-'TH ROESY NMR ik, F£HHIZ) CD-1~CD-5 7% S Na;MoO, #f1L H,0, A~
S MR AE ALK BRI S S T ee (3R 10 E K 2 CD-1~CD-5 (2> TN BT N, IF L% AU RSN E T1h
W A2 THEsE.

KA PO, AXIRR L, RMGEE, Bag;

Asymmetric Oxidation of Thioanisole with H,O, Catalyzed by
Na,MoQO, and Induced by B-Cyclodextrin Derivatives

Shen, Hai-Min Ji, Hong-Bing*
(School of Chemistry and Chemical Engineering, Sun Yat-sen University, Guangzhou 510275)

Abstract Five new cycloamino-alcohol modified f-cyclodextrins CD-1~CD-5 were synthesized via nucleophilic substitu-
tion from mono(6-O-p-tolylsulfonyl)-B-cyclodextrin in the yields of 36%~68%, and were characterized by 'H NMR, “*C
NMR and ESI-MS techniques. Then these S-cyclodextrin derivatives were applied to the asymmetric oxidation of thioanisole
as the ligand of Na,MoO, using H,O, as oxidant. It was demonstrated that the pH value of the reaction medium presented an
important effect on the enantioselectivity in this reaction system. For the better one, CD-4, in aqueous CH;COONa-HCl buffer
solution (pH 7.0), 21.25% ee value was obtained in the asymmetric oxidation of thioanisole with H,O, catalyzed by Na,MoO,.
The result of 2D-'H ROESY NMR demonstrated that the origin of the low ee value was the self-inclusion of CD-1~CD-5 in

the asymmetric oxidation of thioanisole, which was also confirmed by quantum calculation.
Keywords cyclodextrin; asymmetry; oxidation; thioanisole; self-inclusion
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B S AT LA RN R S5 N RN X S P, LA
IS N PR % Tl 32 % 17

BTSN TR, M THAA LA R
N, H T A AR T I 1 b A e H IR A A
7. Dong 243 I PA 2,2'- XL (2- M 48 -B- AR K )~ 6,6'-
TRU(6- AR -B-FRRN R )« 6,6-T X (6- Mt A -B-FRIRE ) A
FL(6- AT 3 -6- 10 40 )-B- FR RS S 25 IO TP It A A g A
RIMELL 3-FRIE-4-REFE AR A SR HoOyy R4 T 1
RS BUT JE2K . W4 IR W, B H AT 1R
SRIGAEAL TG M, 5 2RIk A (PhSeSePh)AH LL, 2,2'- - fifi
R (2- it 48~ B- PR W RS )5 S N i PR3 v T IIE 200000 1%,
6,6'- Tl X (6- M. 2 -5~ P10 K ) 5 e N3 P g vy Tk
100000 fi5. Ff H s Wik K RS 1k Rert, 5%
JoEH TR A8 SR L, 3-FR JE-4- i SE 2R AR 19 5 5 15 -
IWIRG Y TE L 45 25 51, AL RNV IEAT. B-IARIKE
XS ML EE VR, S %Mt A R AL A
IR BEPE I ek, BT, Hu 25D o-FF O JiiefiT 2k
Yyn] LLEA WA R AT FR Aldol [V, Lh o-FF
JAEH p-IRRKG, RGN T, A KA A 6 R
Aldol XM, 7= ee {Hf i nlik 99%, JERILHARGRT
ST UUNEE ). T MR T4 )8m, Hartbi
AARENEME 10 BL-EHEE I 2 A AR AR R R4 i (5 5%
P-450 A5 . French 51T LA HAT BN B-FRMIDAS G nb
WRATT A=k 4 SR T B 7 AR, TE & IR A &9, BN
BL-THE b RAAEIRE AL AR BA- TS bRk
BT, TR BA-THE MRS B-HMIRE 43 TE
BWEEKEY), ¥ BL-THE bFE C(15)=CA5")EE 48
BN 1 By a, A4 A0 24 AR S Y. v 38 B 1 b R A A
C(15)=C5A4, A=l i, Breslow 2755 LA
HA 2 N804 A B-ERDRS 5 TG R bR A= E h 42 )8 15
+F Mn(UID)FECAER, B4 40 M (5 35 P-450 B R Ak S [
Ak A DR AR ISR SOV, Ry B PR T M S T A 288 [
&Y C-9 N1 E A FRFEAL, B-HRIRE 43 6 I ()
AR, RN C-9 {7 & [ e 75 44k 35 P bt
Mn(IDFE, & %A AR R R AT S P i DG

WATREASIN p-IRBRE K, FFR T —RIEHL
B UYL HE AR L PR RE I A R R A
1o Tk 1) 86 A 2 P T ARURIDA, A 7K A8 00 B8 4 D o1 6 A N
(RS RO S5, AESR3ERE I, AR SCUARRREIERHE 1 p-24
WIXE, &RCT 5 A B-HWIRENTAEY) CD-1~CD-5, Jf
HAEH NayMoO, IIECHE, T HaOr AN R A
TRk, ) ee (Hftmnik®] 21.25%, WA T — & X
VEPENE. (E15HE I FORIRS AT A= P 1 11 A0 25 02 I 29560
I P v 1 D L A
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HAT—ORARG, )X WO PE RS fE AL S5 |\ 21
Yo S N ) Re THIER, Si THT, A3 32 IR0 BRI PR
AT AL S A B- PRI (0 5 7K 2 s AT I
R, BT SEBRMIAE p-PRIRG /K 2 i rh AR A5 T e,
Gy AR AR B-ARIREAT AR B S R A —
SERIGKYE, AL R B BB I . S A
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B 1 p-IRRIRE AT A < T TR s G WA K R
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Figure 1 Two optimal conformations of the complexes formed
by S-CD derivatives and metal ions in water
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HHEAIETE R4 3 TR G, e K i
ARG 1 RIS B BoR, R T B-FRRIRS 1) i
IR fs A G B R R EA T .

ST UL Rix e 8 FATCAEA — @ iK1 2-5
BN CRE . 3-F IR OWE . 4-Z IR OBE . -5k
PR 3-8 Jk-4- 32 5L DU AW A B MG 141, T8 S A% X
RENART -ABRERTAEY CD-1~CD-5, ¥ 3Lk
i NayMoOy [CAR, N TR N Hy0, SRR AL
R, 5ROV R IR B- RIS AT A
CD-1~CD-5 1] J5 { b i B.(6-O-p- F R o 3 )-B- IR b
R 5 A ) EREAETC K DMF s B il 1, ek
1 36%~68%, L s W IR R ) 2 R 3
an P Al E 4 B BER, AR B B K
PE, EA BRI TR R, (HITAEE Al B AR L,
"H NMR 43 #7 4 WAT A 24 .

1.2 FHEFBHOAHIRE L

N T 5% B-RIRSAT AE W) CD-1~CD-5 (A FR 1%
FERE, DAZK FR IR AN R AL s N AR s B, &R
G T B-IRRIRS T AR ) CD-1~CD-5 [ 45 ¥ Je [ v A
JEUIR) pH AERS S S0 IR REPE (1) s, Ha5 q e 1 fr
N R 1 B TTLUE Y, B-IRRIRE R A= 6 2548 s
M AY R pH AEISXE S B ik B 2 — e 5.
XL CD-1 Fi1 CD-4 1 ee W LA H, &L [ 1) 45 #a 5F
TR AR FR 0 WO B AR 2, CD-1 ]
CD-4 f{Z—A CH, BT, H CD-4 A3 MH K ee
21.25%, 1 CD-1 4 14.77%, Ft H EATIAS 55 ee I
N A1) pH A AN ). B-FRRIRS AT A= 40018 1 2 DG JEAS
IR FBE ) I sg A T BLAKT LG CD-1, CD-2 #1 CD-3
S CD-4 F1CD-5 152590 45 B, BRI i 2 5+
REAT 51 R N ee {EL IR 225 AN ). 0T VA5t pH{E %

R IRBEE A RS

Table 1 Asymmetric oxidation of thioanisole

Entry CD derivative pH Conversion’/% Yield®/% /% (Conf.%)
1 5.5 100.00 91.30 4.14 (S)
2 6.0 100.00 91.43 9.29 (S)
3 CD-1 6.5 100.00 92.37 12.71 (S)
4 7.0 100.00 93.42 10.82 ()
5 7.5 94.60 90.00 14.16 (S)
6 8.0 91.19 86.22 14.77 (S)
7 5.5 100.00 89.96 7.62 (S)
8 6.0 100.00 94.58 8.46 (S)
9 CD-2 6.5 100.00 93.99 9.36 (S)
10 7.0 100.00 94.41 10.02 (S)
11 7.5 95.56 89.44 13.08 (S)
12 8.0 92.36 86.68 13.02 (S)
13 5.5 100.00 91.37 9.40 (S)
14 6.0 100.00 92.30 11.28 (S)
15 CD3 6.5 100.00 93.85 11.78 (S)
16 7.0 100.00 94.64 8.81 (S)
17 7.5 91.01 82.57 4.51(S)
18 8.0 87.58 78.34 3.48 (S)
19 5.5 100.00 97.40 6.59 (S)
20 6.0 100.00 97.41 7.73 (S)
21 CD-4 6.5 100.00 96.28 9.33(S)
22 7.0 100.00 92.10 21.25(S)
23 7.5 99.56 89.18 17.23 (S)
24 8.0 96.20 86.90 15.41 (S)
25 5.5 100.00 98.30 5.39(S)
26 6.0 100.00 96.16 6.72 (S)
27 CD-5 6.5 100.00 97.03 6.62 (S)
28 7.0 100.00 93.74 5.27(S)
29 7.5 98.09 89.41 4.86 (S)
30 8.0 91.49 84.75 5.19 (S)

“ Reaction conditions: thioanisole (0.5 mmol), CD derivatives (0.05 mmol), NaM0oO4*2H,0 (0.05 mmol) and 30% H,O, (0.05 mL) in aqueous CH;COONa-HCl
buffer solution (10 mL, 1 mol/L) for 8.0 h at 0 ‘C. * Determined by HPLC analysis employing toluene as internal standard. ¢ Determined by HPLC analysis with a
Chiralcel OD-H column. ¢ Determined by comparison of the eluting sequence of the enantiomers with the authentic sample and literature.
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SN BRI B K 5%, CD-1~CD-5 F 3 AR [ (1) pH
55 5% W PR N R, X T HERE R 4F 1Y CD-4, Bl
IR A TR pH BRI T 1, SN R eI £ 4 0 7 48 o,
MR NA T pH HM 5.5 BEmE 7.0 1, 729 ee {HM
6.59%_FF+31 21.25%, pH {E A4 7.0 1], CD-4 J 453 H 5 4
(R PEPE. AREEIIN R N A I pH AR, S WXk
TEPENE A 1) T PR, X BB T R NA R pH {HHR
KIS 2 B- IR K AT A e K i P R 7, b
S 2] 5N R0 e PRk

EZ, MO PR I M A AR R T Lk PR i
JE LA, CD-1~CD-5 8 H EL A 22 ()0 e 6k
2D-'H ROESY NMR FAEIEW], CD-1~CD-5 7E /K
O GRS T H GRS, BUKPERIE ML 4] 5
SEAE B-RNRE B K S s v, XA S SE A ek S
HABATEER NayMoO, HEA T4 7, WX [ W 2K
FBR R HE N B-FARIDRE (570 7K 2 s 7 AR B, T o Fi
B B AE /K VR B 5 1K) NapMoOy AL [ v, 77k R
SR FETER =Y. B’ 2 CD-4 1 D,O ' 2D-H
ROESY NMR 31—, ME 2 o i) 8 %5 3
CD-4 B A 2-F2 IR RIL Z SE FcHR B H R 5
B-IRRIRE K 28 s P 1) H-3, H-5 FAT A8 X, B qi] L
AW AR EAE R, BOWILE KR ARG AT N AT
e, IXAUEN T CD-4 5 Na,MoO, 14 &, WIS T
CD-4 5 W2 P Bk L gh, BRI T RN ee {H 4.
FiAk, 1 ARSI E T T D TR 2] T E
52, [ 3 &) CD-4 4 Gaussian 03 T, 78 PM3 K-
AR B b ) BA B RT DA B U I gl
SE4E CD-4 (23, TR B RE.

JWJL‘J}\M\W
: 34
TR L 3.6

H-s (\ )
=Pl
42
44

2.15 1.95 1.75 1.55 1.35 1.15
o

E 2 CD-4 7 D,0O H({%4 2D-"H ROESY NMR &l
Figure 2 Partial 2D-'H ROESY NMR spectrum of CD-4 in
D,0

1.3 TXRIFSHIE
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Kl 3 CD-4 7 PM3 /KF EAR BRI H B (a, MUK b, 1if
LKD)
Figure 3 Optimal conformation of CD-4 (a, side view; b, ver-
tical view) obtained at the level of PM3

A LKA s, (I & D AR IE b T B-
FRRDRS AT DB 1 5 b BroR), dEm A Tk
FIRUR. ARNAKR T, ASRFRE SRR, BN
LR P 4 Frs(LL CD-4 4. 3% 5 W HLEE a] K ARk
A& EXEWIE, B-HRIKHTAEY) CD-4 it
iR OH 5 Na,MoO, &4, G &% G H();
QUGB EMMILK, B-HWKEATEY CD-4 £ 5
Na,MoO, JE S &5, 5 RV )R FHm Ik Y Rt 45
HEYIAD; G)EMN, 5 SIS AEY CD-4 %4511
Na,MoO, ff At HyO, AP A B Bk (11); (4)7 =PI B¢
TR TR V). &% ALEE R FE, e AL
SNARZR A, N R I B A R AR 5 T AE

2 %t

DLEAT — 8 Bk PR IR RS B- MRS, &
BT 5 AR I SCHRARE Y B- RS AT 424 CD-1~CD-5,
F¥ HAE N Na,MoO, IIECAA, N T H,0, AXTRREAL
R, W SCR B, B 3 (A1 45 A R0 s IV A i)
pH {EX & N WU R A B g, Hrh CD-4 )
NRCREAE, pH A 7.0 I, 77Y) ee fiif, &35
21.25%. 2D-"H ROESY NMR & b 245 R A0 R W,
LRI ee $ i 1) F2 BER 2 B B-WIHS 1) 4+
W BBLAT N, 7T W BB AU TR RCEA 3
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Figure 4 Schematic mechanism of the asymmetric induction

5 HAHEATE T Na,MoO, HEAT48 4, W PHES T 16
B-HRIR 5 YR Rk .4, FECY) ee AN, 1%
WO I — BBt G B-ARIRETT A, TR N T
A PG RN B —E NS H M.
3 KEEHH
31 XEHIKH

NMR: Bruker Avance" 400, f%[H Bruker 2\ l;
HPLC: SHIMADZU LC-20AT &0 A0 i%4%, Chiral-
cel OD-H #F ; GC-MS: GCMS-QP2010, H A&
SHIMADZU /A #]; HPLC-MS: LCQ DECA XP, [
Thermo A 7.

FL(6-O-p- T 2R B EHE )-B- IR . 99%, S5 =5 1l
% 2-S IR U 99%, TCI; 3-Z L3R O, 4-F 3L 2
BE: 97%, ALatEF MmN F R R AR 1,2-305
e 98%, TCL, 3,4-FRE VUSRI : 97%, il FWD
AR A A KRR 99%, Aladdin; A<H F L
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: 98%, Alfa Aesar; JLARFNIE AT E AR ZHRF.
32 XWAHE

32,1 2-RHAIRREEA 3-RHA-4-H K Ak ey o
R,

76 100 mL [ 75, # 20 mmol MR ki 5 50
mL 25%Z /K% T 20 mL AR, KR35 T 90
CTHB BN 24.0 h. KMNIEEE, ¥R 243
Hi, BHTERERCT 50 CRB IR, B
SRR DR 3 A0,

2-FIEIN LW R, R 99%. 'H
NMR (CDCl;, 400 MHz) d: 3.78~3.73 (m, 1H), 3.05~
2.99 (m, 1H), 2.45 (s, 3H), 2.04~1.95 (m, 2H), 1.78~
1.61 (m, 2H), 1.58~1.49 (m, 1H), 1.36~1.26 (m, 1H);
3C NMR (CDCls, 400 MHz) d: 79.87, 60.06, 32.40, 32.05,
19.77; MS (EI) m/z: 101 (M").

3-FHE-4-FR AL VUSRI B8 0 g R A, R
93%. "H NMR (CDCl;, 400 MHz) 6: 4.09~4.05 (m, 3H),
3.70~3.66 (m, 1H), 3.55~3.52 (m, 1H), 3.39~3.37 (m,
1H), 2.14 (s, 3H); °C NMR (CDCls, 400 MHz) J: 78.75,
74.30, 73.77, 59.79; MS (EI) m/z: 103 (M").

3.22 CD-1~CD-5 #94%,

7E 25 mL A NV, K 3.2230 g (2.5 mmol)
(6-O-p- T A LI )-B-AMIRE FI 12.5 mmol PRz LR
%1 10 mL JE/K DMF H1, T N, “URF, 80 CHitHE W
24.0 h. BT RNV IEA WA B =I5, S8R Ing
400 mL Afd, 4hug, 20 mL /K LB T4, 10
mL K E L g, HR TR A 10 mL NEIYE, 5 mL
JKYE, 80 C R ILAE T4 8.0 h, 75 [ (Aulfl 4.

BL[6-(2-F2 H PR T R LA PR RS (CD-1): (At
WA, W% 45%. mp.>265 C; 'H NMR (D,0, 400
MHz) d: 5.25~5.17 (m, 7H), 4.06~3.88 (m, 26H), 3.82~
3.67 (m, 14H), 3.53 (t, 1H), 3.18 (d, 1H), 2.98~2.93 (m,
1H), 2.74~2.66 (m, 1H), 1.89~1.33 (m, 8H); °C NMR
(DMSO-ds, 400 MHz) §: 101.94~101.71, 82.81, 82.00~
81.40, 72.88~71.87, 70.77, 67.30, 59.73, 58.15, 46.08,
30.64, 26.79, 22.39, 20.97; MS (ESI) m/z: 1232.4 ([M+
11, 1254.5 (IM+Na]"). Anal. caled for C4sHgNOss: C
46.79, H 6.63, N 1.14; found C 42.34, H 7.38, N 1.05.

BL[6-(3-F2 HFR T R L AR RS (CD-2): (At
WA, W% 50%. mp.>265 C; 'H NMR (D,0, 400
MHz) d: 5.18~5.07 (m, 7H), 4.14~3.80 (m, 26H), 3.70~
3.58 (m, 14H), 3.48~3.38 (m, 1H), 3.22~3.12 (m, 1H),
2.93~2.76 (m, 1H), 2.65~2.55 (m, 1H), 2.22~0.98 (m,
8H); MS (ESI) m/z: 12324 ((M+1]"), 12544 ((M+
Na]"). Anal. caled for C4HgNOss: C 46.79, H 6.63, N
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1.14; found C 42.67, H 7.38, N 1.04.

FL[6-(4-FR IR CLAE ) B KL -B- AWK (CD-3): (1
WA, BE 68%. mp.>275 C; 'H NMR (D,0O, 400
MHz) §: 5.18~5.09 (m, 7H), 3.98~3.84 (m, 26H), 3.71~
3.58 (m, 14H), 3.47 (t, 1H), 3.19 (d, 1H), 2.84 (t, 1H), 2.57
(t, 1H), 2.02~1.95 (m, 4H), 1.36~1.18 (m, 4H); MS
(ESI) m/z: 1232.5 ((M+1]"), 1254.5 ((M+Na]"). Anal.
calcd for Cu,HgiNOss: C 46.79, H 6.63, N 1.14; found C
44.06, H 7.76, N 1.09.

FAL[6-(2- 3 L IR I ) S 1-5- TR RS (CD-4): 114
A, BE 48%. m.p.>265 C; 'H NMR (D,0, 400
MHz) §: 5.11~5.04 (m, 7H), 3.97~3.79 (m, 26H), 3.70~
3.53 (m, 14H), 3.45~3.35 (m, 1H), 3.18~3.01 (m, 1H),
2.95~2.88 (m, 1H), 2.83~2.76 (m, 1H), 2.03~1.33 (m,
6H); MS (ESI) m/z: 12184 ((M+1]"), 12404 (IM+
Na]"). Anal. caled for C4;sH7sNO;s: C 46.34, H 6.54, N
1.15; found C 43.55, H 7.34, N 0.97.

FAL[6-(4- 2 H DY &0 g -3- 24 56 ) ]-B- 0 K (CD-5):
AR, R 37%. mp.>250 °C; 'H NMR (D,0, 400
MHz) d: 5.09~5.06 (m, 7H), 4.31~4.23 (m, 1H), 4.13~
4.08 (m, 1H), 3.98~3.85 (m, 26H), 3.75~3.70 (m, 1H),
3.66~3.55 (m, 14H), 3.50~3.44 (m, 1H), 3.25~3.21 (m,
1H), 3.13~3.07 (m, 1H), 2.93~2.79 (m, 1H), 2.58 (s,
1H); MS (ESI) m/z: 12203 ((M+1]7), 12424 (M+
Na]+). Anal. calcd for C4sH77NO34: C 45.28, H 6.36, N
1.15; found C 42.63, H 7.52, N 1.04.

3.2.3 R W ELEL G R AR AL

7t 25 mL W K BUGENRH, #4 0.05 mmol B-FRHIKS
A CD-1~CD-5 1 0.0121 g (0.05 mmol) Na,MoO,e
2H,0 43 5l% T 10 mL pH 4 5.5, 6.0, 6.5, 7.0, 7.5 5% 8.0,
WE A 1 mol/L CH;COONa-HCI Z2 i, i FHtdE
1.0 h. SR I H 2R IEA ik 0.0621 g (0.5 mmol), =
WEHHEE 1.0 h B RNESWET 0 CRHHE, A
0.05 mL 30% H O, /KM, T°0 CFHiHE M. 8.0 h. [7]
NVARZRFIIA 5 mL 0.1 mol/L Na,S,05 ¥ KA 2 Wi [H]
H,0,, CH,Cl, 21 (10 mL X 3), & A HLE, 10 mL HiF1
NaCl /KEWLEITARANLZ, To7K NaSO, T4, kit
W, S OIRBUAE. HPLC 28T [VOE 24%) @ V(R
f5)=4 : 1, 0.9 mL/min, 254 nm].
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