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Synthesis of Chiral Salen Mn(IlI) Complex Immobilized on Phenoxy—modified
AIPS—PVPA as Catalysts for Epoxidation of Olefins
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Abstract Chiral epoxides are versatile intermediates that can be readily converted into a wide variety of enantiomerically
pure compounds by means of region- and stereo-selective ring opening reactions. The asymmetric epoxidation of unfunction-
alized olefins is an important approach for synthesizing optically active epoxides, and thus is widely used in the synthesis of
fine chemicals, such as pharmaceuticals, agrochemicals and perfumes. Chiral salen Mn(III) complexes have demonstrated
activities and selectivities for the enantioselective epoxidation of unfunctionalized olefins under homogeneous conditions.
Compared with the homogeneous asymmetric catalysts, the heterogeneous ones have the advantages of easy catalyst/product
separation and simple catalyst recycling. And more and more interests have been focused on the studies of heterogenization
of chiral complexes. New types of supported catalysts are obtained by anchoring chiral salen Mn(III) complex on a series of
phenoxy-modified aluminium poly(styrene-phenylvinylphosphonate)-phosphate (AIPS-PVPA) in the text. All the prepared
catalysts are characterized by FT-IR, UV-vis, XPS, SEM, TG and elemental analysis. The catalytic capabilities are investi-
gated with m-CPBA as an oxidant and with indene and a-methylstyrene as substrates for asymmetric epoxidation of unfunc-
tionalized olefins. The supported catalysts indicate superior catalytic activities in the asymmetric epoxidation of
o-methylstyrene and indene with m-CPBA as oxidative system, compared with the corresponding homogeneous catalyst (ee,
>97% vs. 54% and >99% vs. 65%). The steric properties of the linkages really play vital impacts on the configuration of
the transition state for the asymmetric reactions. Contrary to most of the literatures reported, the results show that the hetero-
geneous catalysts 3a~3d exhibit excellent catalytic activities, and their conversions and ee values increase remarkably in the
absence of N-methylmorpholine N-oxide (NMO) under the same catalytic conditions. The structures of the immobilized cat-
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alysts similar to the N-oxide ligand act as axial ligands leading to the unusual phenomenon. Simultaneously, additives are
generally regarded as axial ligands on the transition metal catalyst, which make for activating the catalyst either toward oxi-
dation or toward reactivity with the olefin. Thus, there is a steric hindrance when the N-oxide ligand is added and the optimal
geometric configuration of the reactive intermediate salen Mn(V)=0 was altered. It is steric hindrance that makes olefins
approaching salen Mn(V)=0 difficult and lower ee values are obtained. Furthermore, these catalysts are easily separated and
are relatively stable and reused nine times without significant loss of activities.

Keywords aluminium poly(styrene-phenylvinylphosphonate)-phosphate; phenoxy-modified; salen Mn(IIl); unfunctional-

ized olefins; asymmetric epoxidation

1 5|8

I8 Je AN 5ot R B SR A S L TE A HLAS X BR A B LA
HEMEH, BRI AEEZ . K2y, F
B RS A0k 2 fH AU B A 5 A A, AT R B
F salen Mn(IIDHEALFZEIEE BEAL A BT BRI E AL
A LRI AR 2 — 1) SR, SRR S
FEVIMECL O B ANRIT [EDSORIAE PR F A5 1] . i ok
X — [l T AR Sk an ] 3R A5 = & HL B B0 2 A T 1
salen Mn(II)fE AT O A TAEZ A0 FL I R 2
#[4~7]

IAESR, BATRBA BT BT salen
Mn(ID AT IR AL TAE, A RCT — RIMEERR LMk
i R — Tl TR S A (ZSPP)® 1O %(ﬁaﬁg—ﬁﬁ%%ﬂﬁ
PR )~ Tk 2 & 55 (ZPS-TPPAY' Y . B (K 0% 7K 0% Fk I
T )~ IR S (ZPS-PVPA)' 231 B (O 2007 F— 5 T 0 ik
IR~ BR £ (ZnPS-PV PP P 4R AR [ 4 1) -1 salen
Mn(IIDEAFI. TEA RIS T, XL 2 F L)
WIRH T LA T salen Mn(TIT) AL 751 58 010 AR %o sk
e 358 R B A Al A

IR AR R = & I R4 1, TEIRPM 40 B AL
B R F BTG VIAE T2 MM
FAUO21 ok, LR A Y- N AL (B RS 1
A2 R 5 T PRI 9 50 6 A O, K I T [ T
salen Mn(II)AC &Y HIHRE R E D, BTk, A SCHE
BRFIGFAET, AT — R ERAESHIILRY-
%mﬂmm R OK LI~ IR IR - B B (AIPS-
PVPA), F£¥5 HAE i fb 2k, &t By A B2 )5,
Bz 1 salen Mn(IIDES S0 % 2 AR, LL
m-CPBA AR, a-WHIK LI e IR, F52 M
HE AT E AN X6 R A S e I H ) A e R 778 A e P
PERE
2 KIGES
21 RAFISEE

(1R2R)-1,2-¥F O i (4EFE >99%), a-F B2 24
(21 >99%), Bi(4lifE >90%), £k, I\&d 7K H g
(m-CPBA), N-HEEMEIREEMYI(NMO) H Alfa Aesar

], HABATE. JGR M (VarioEL A1 Thermoi-
CAP 6300); FT-IR @ Bt 2L A ek A (£ E Bruker-
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RFS100/S); DR UV-2550 B4 4h—n0] W7 66T (H
A Shinadu); ESCALAB250 % X 52k 16X
KYKY-EM 3200 A4 4534 1 S35, SBTQ600 (USA)AY
E PTG GC-2014 SA A FE((H A Shimadzu), FID
K 2$(HP19091 G-B213, 30 m < 0.32 mm X 0.25 pm).
22 LEEE
221 BRI RCRUH R TR BER)-
(AIPMPS-PVPA) Ak 895~ 5%,(2)
RS AL B TR O L2 &0 B2 B R ) - 1 R
(AICMPS-PVPA, 1)l #% /71522 3CHM™. [ 100 mL
= FU R I GCF A (AICMPS-PVPA, 1) (3.0 g, 4.1
mmol)F1 40 mL Z &%, %K 1 h, A @ [n(Cl) : n(f)
=1:5], K,CO; (2.8 g, 20.5 mmol). N, f##" F, 70 CJx
N 24 h. AR JEAE, e, H2E T K& OBk
B, 60 CHZT T SR 1.

~T—@5L"[-En

CH30CH,CI
B ———
ZnCl,

Al(NaPOy)1 o[O3PCCH,(CHCH,),l0 5 -yH20

AIPS-PVPA

(|3H2 (|3H2 CH, diphenol, NaOH
_— >
c Cca ¢ N, reflux

(C® = AIPS-PVPA)

2a R®= O

CH2 CH2 CH2

.- RS I RO
R | R | 5_
CH,  CH, 2R . . OH

Bl 1 AIPMPS-PVPA [{) & 2%
Figure 1 Synthetic route of AIPMPS-PVPA.
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222 AIPMPS-PVPA %) B #F14 salen Mn(II#EAL
7 698 A(3)

¥ AIPMPS-PVPA (0.5 g)iA 50 mL =i,
A 20 mL PYSHRRRE, 40 C¥AK 1 h, FIMATF-1 salen
Mn(III) C1 (2.5 g)F1 NaOH (0.1 g), 2218 FHiR & 2 [mlifiE
B, fiEEE 24 h BRMNEAE=ERESE, HEE 1K
Al CH,Cl, /5'6/%‘/)*’3@? E@féﬂﬁ? 28 5 RSORS00 I i
TAEAE, 60 CHEHZ T, BRI R ARE A, &R
%WLI&(;‘@%(AAS)*"«U'J I*dd%ﬂc i 3a~3d 4RI 1 2K
4 0.63~0.76 mmoleg ', & ELL L 2.
223 ¥AEFH salen Mn(II AL F] & 5] &

W2 FAE TP salen Mn(IIDAEAL T A 1) 45 7
LB CHER[24). AR LR L 3.
2.3 fELER o-REX BN TRIAE L

PRELAEALTI(S.0 mol%, LAGRICE NIEAE), A
J2(0.5 mmol), L4E(90 pL, 0.5 mmol), #RJ5 A 3 mL
CH,CL, ##E34%5]. A #mA m-CPBA (1.0 mmol), 7E
0 CTFHiHE 1 ho RMERZJE, MA NaOH (1
mol/L, pH=11.5, 1.5 mL)FIIE e, NIE &Y E
Z, W EEGHMAEI, KRBT, ik,
BrIsitor & ke, LSAHEIE ST

3 HR5HE
3.1 LIAMNEESR(FT-IR)

[ 5 (#1671 3a~3d Fll Jacobsen’s catalyst [ZL4ME
W, Wik 4 Fros. XFEE Jacobsen’s catalyst ] FT-IR [
P, R E A 2965~2850 cm™' I FH Py Y4 )0
THE, WHER w(C—H)MR I 7€ 1613~1645
em 'VEHH, WBETE 1623 cm ' AN C=N KIHZEIRBIR
U, 75 1599, 1492, 1450 em " Ab 1R SO I IR F- 2838
HREE R P AE RSN %, 7E 560~525 om !, UEMH
1E 541 cm 15Lt|ﬁ)”l§’]§iffﬁju/zﬁ’]”&4&mﬂﬂ £F Mn—N
BRI AR IR RS U, X 2ok SR B Jacobsen’s catalyst
or¥ R B 23 2 f& AIPMPS-PVPA L.

3.2 EIM-FIRIRULSEIE (DR UV-vis)

A F1E salen Mn(IID)ELLF] 3a~3d FIEIAH
Jacobsen’s catalyst ] DR UV-vis [, @il 5 fros. M
HRTLAE HH, 840 Jacobsen’s catalyst 7F 437+ 513 nm 4b
ARSI, K Jacobsen’s catalyst ff ] e Az 21|k 4
EVUR, 437 nm A RORFIET IS4 5 RS 22 421 (32).426
(3b)- 428 (3¢)F1 428 (3d) nm; 513 nm Ab FRIERAE I Wi g
% 499 (3a). 503 (3b). 504 (3c)f1 507 (3d) nm. DR
UV-vis Y1l 7 H7 [F#£:% B Jacobsen’s catalyst il ZS2 8L T
EE=4

AIPS:PVPA
Q 3a Ré= o—@—o
P o o}
=N, N= Q i . 3b Ré=
M THF, NaOH RG CHa RG
t-Bu O | ©° tBu+2a~2d ————— R6
& reflux 24 h CH CH2 o
t-Bu ||| t-Bu 3¢ R°= 0 O O 0
AIPS- PVPA
3

B2 BT 3a~3d & kL
Figure 2 Synthetic routes of the immobilized catalysts 3a~3d

B3 MR 4a~4b 195 R L

Figure 3 Synthetic routes of the homogeneous catalysts 4a~4b
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Figure 4 IR spectra of immobilized catalyst 3a~3d and the Jacobsen’s
catalyst

7 Jacobsen's catalyst

Absorbance
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B 5 AEXMIMEALT] 3a~3d F Jacobsen’s catalyst [ {425 4 1%
Figure 5 The diffuse reflectance UV-Vis spectra of heterogeneous salen
Mn(III) catalysts 3a~3d and Jacobsen’s catalyst

3.3 JEEFREIEMZE(XPS)

FVE Jacobsen’s catalyst Fl[dE # fiE 4L 7] 3¢ HIGHF
At iE, il 6 Fian. XPS WY R H &8 A& 1
45 B —FEET B, TR FHSENER, AR
ANEEF ARS2SNERP OBRTHEGRTEN
[FIfI 52, Hi2k a /& Jacobsen’s catalyst [ XPS &, MK
FRE] %N, Jacobsen’s catalyst H] Mn 2ps, H T4 EHEN
642.1 eV. HiZk b 253 T 1% salen Mn(I11) 5 1 [E 2484
7 3¢ 19 XPS &, MEIHT] A, 3¢ 1) Mn 2ps, HF 245G fE
N 642.5 eV, LY Jacobsen’s catalyst H' Mn 2ps), FJHL
TR R, LI aE R, IAH Jacobsen’s catalyst
ZHE)E Mn R TR T % E DS, BT45A 080K,
5 SCHRARIE O — 50 M T REA N T B # S Mn
JEE Je L P PRS2 BB AR 1 AL JE - I 520 T R
AT AR
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Binding energy/eV

B 6 Jacobsen’s catalyst (a)Fl[E # M1k 7] 3¢ (b)IFI HLF BEIE
Figure 6 The XPS spectra of the Jacobsen’s catalyst (a) and immobi-
lized catalyst 3¢ (b)

3.4 RES

i TG. DTG A1 DSC £k 7 nf LAE i, [E i1l
FICCAMEAR T 3 MBI K B FE EE ) =AM B 58—
MY, 7E 25~150 C, KREZHN 8.89%, MELFIE
TR B K AN e K R O e Ry 38 AN B, 7 150~
600 C, REZRN 33.44%, B A HLIEE B EL D7,
FPE salen Mn(IID)FFURWIERL, Fpk b A AL RR 55 45
A AIPO,; 5 =B, 7E 600~800 C, REZHA
8.63%, AT AIPO, #14EH AIPO,-25PC. it (15
MR 260 H, PTDLE HIZ R FRIZE 150 CHREATY
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Figure 7 TG. DTG and DSC curves of the heterogeneous catalyst 3¢
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TERCT JLAK BB 90K 00 0 IE, X4 = ZmiE 1
KT AT LR THAR, AT 9 fE AL S S Atk 1 fE % 1)
LI T, BUSE RV RE U oy BT S RE G, H
TEM B w50, AT 3 F0k I/ B iy, Sa 5%
Z LA s, BE N HE AL S 8 5 (i B 22 Vs PR 1
XA [ BAEAG T 3¢ BEEAS LLIAAH Jacobsen’s catalyst
S PR A 1 ) B 5 A

ag 7S

B8 [ EEALT) 3¢ M6 i BT v 18] (a) A A L 51 L (b)
Figure 8 The SEM (a) and TEM (b) of heterogeneous catalyst 3¢

3.6 XSmRS

AIPS-PVPA J [E#AEALF 3¢ 1 XRD iK1 9
Fizn. M4k a ARTA ML R TEHL 4018 (B ) IR 42
AIPS-PVPA ] XRD i &, 45 &R R7E 3.00~4.7°76 [ N
W o B TN EIfT 3G, @it Bragg equation (nA=
2dsind) 73 #r 1T 5 0 &1 AIPS-PVPA (1] J2 [8] i YU [ 76
1.88~2.94 nm 2 [ #h£k b LK 2 AT Jacobsen’s
catalyst fiEfL.7 3¢ ] XRD &, EI/RULAITE 20=2.36°
AR g, R Z B 3.74 nm. SLIRLERE
B, #fk AIPS-PVPA %1% F 1 Jacobsen’s catalyst /5 /2 [H]
FEHEK 0.80~1.86 nm. iX AT Jacobsen’s catalyst(EL
B2 1.61 nm)[E 2 BG PL-TEHL LB (B BRER 11
ZEIEZE A LU, BUEH HL- AL B R S Z R Y 5K,
JZ 18] PR K.
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I 201()

Mobdar Al
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PR e O
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20/(°)
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B9 AIPS-PVPA (a) %Ml (L7 3¢ (b)if) XRD i
Figure 9 XRD patterns of AIPS-PVPA (a) and the immobilized catalyst
3¢ (b)
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3.7 FL#Z. LEFRERKR Mn EENHH

] F AT 3¢ AL A W& 10 Frs, AEH
ATLLE H 3¢ N ERFLAR 0 AT F E A AE 3.06~4.05 nm
JEFE, 5 XRD THE AT H 2518 4H— 3. AIPS-PVPA %
IEIIFLAR ST A 1.29~3.40 nm?”, #if&k AIPS-PVPA fit
# T Jacobsen’s catalyst f5 HALIZHE K 0.65~1.77 nm,
X5 XRD Fif3 i 45 AHIE.
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B 10 [ EAELR 3c HIFLAR i 18]

Figure 10 Pore diameter distribution curve of immobilized catalyst 3¢

£ 77 K T, 30 5E 2 AR E Ny AR,
A BET B HEMAFIR L RmA, HER1y T+
F 1 R A A E AL LR TN 69.85~
78.40 m’eg !, Jrr AIPS-PVPA #HAAMIEL EH A 6.20
mPeg ' BAR, ¥JHH Jacobsen’s catalyst 2 [ # 2 5, £
AT R AR I 7. BT
Jacobsen’s catalyst 77 F5I N, EAAKIERSER] TIRK
Pk, ERIPERE A, PR AR I, A4
P B e A AR TEE TEAS.
R FEEAMEF 3a~3d FIELET & Mn & =5

Table 1 The surface area data and Mn content of immobilized catalysts
3a~3d

Supported catalyst BET surface area/(m*sg ') Content of Mn/(mmoleg ')

3a 78.40 0.63
3b 69.85 0.66
3c 76.57 0.76
3d 74.21 0.72
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MR 1R LA, FEEEATI NSRS REN S &
N 0.63~0.76 mmoleg . X i3 B PU RN HAT A [ K B 5% 2
FE P D REAC IR AR ) [E FR AR FEANH], mT RE VA R T iEHe3E
[ 1) 2 (B2 BH S K BEA ], 818 84k 5 F- 14 Jacobsen’s
catalyst N A MFEEAFE, H&SFE A E WA
[A].
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Yo, VEIBRT T T [ E T salen Mn(IID)HEALTRCE AN
PRI AL SN (AL TE RE A AR I PERE(E 1), IF
IPHT T ATRERI ROMIALEE. SRER SR INER 2 BIR 5 R,

R R® catalyst RO R?
Oxidant * *
+ xidan —>3 R4>Q<R3

=N’ ;’N_
“Mn.
t-Bu o’ ‘ob—t-su
tBu !
YR

t-Bu

R R?

Al(NaPOQy)4 o[03PCH(Ph)CH,(CHCH3)mlo.50-yH20

B 11 AR R AR FRER AL SR
Figure 11 Asymmetric epoxidation of olefins catalysed by immobilized
catalysts

R 2 ZHIMATN 3a~3d. salen Mn(OPh-R)fEL7] da~4b
Jacobsen’s catalyst fH {4 Ji S AN X BRI E AN I RE I 45

Table 2 Asymmetric epoxidation of alkene catalyzed by heterogeneous
salen Mn(I1I) catalysts 3a~3d, catalysts 4a~4b and Jacobsen’s catalyst
with m-CPBA as oxidant’

Ent. Sub. Cat. Oxidant ee/%  Conv./%
1 Jaco  m-CPBA/NMO 65.0"  99.9
2 4a m-CPBA 93.1° 93.2
3 4b m-CPBA 98.5° 95.5
4 3a m-CPBA 86.7" 96.9
5 3b m-CPBA 863" 717
6 3c m-CPBA 99.2° 98.6
7 3d m-CPBA 93.0° 97.2

Jaco m-CPBA/NMO 52.0° 99.9

9 4a m-CPBA 63.5¢ 89.8
10 4b m-CPBA 65.5¢ 90.8
11 @AZ 3a m-CPBA 79.5¢ 91.4
12 3b m-CPBA 59.8° 90.8
13 3c m-CPBA 97.1 99.9
14 3d m-CPBA 86.4° 99.9

¢ Reactions were carried out in CH,Cl, (4 mL) at —40 ‘C with alkene (1
mmol), n-nonane (internal standard, 1 mmol), NMO (5 mmol), catalysts (5
mol%) and m-CPBA (2 mmol). The conversion and the ee value were deter-
mined by GC with chiral capillary columns HP19091G-B233, 30 mX25

umx0.25 um. ” Epoxide configuration 1R, 25.%*) ¢ Epoxide configuration
5.2

3.8.1 #EAEI A 69 KEATHAL R 69 %R

W 2 fiow, A 3c S b 3a SR EAL R
e B, JUHRMEE, ee [ 99.2% vs. 86.7%,
AL R 98.6% vs. 96.9% (Entries 4 vs. 6); A i 5[ &
b B N, RLBRIE DN, IR TR S SR
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Mn(V)=0 &AL, AT R A6 135, A
7 3d EE 3¢ A m e A7 Jik A B — 28, (H XS BRI
FRIENS AT /0 (Entries 6 vs. 7 F11 13 vs. 14); AJRERI R IA
ST, XFECBCOR T ELZR AL AT, XY A SERR B ANOR T
) Fe Az 2 B R 2= A P, &A% T Mn-oxo 3% 1 A 0Bl
VN ER N INET O NTTR .  O) SSivk = & S il N R T
KRB, AT 3b @ (A A AR SRS, 5 3a Al
EL ee 1E(86.3% vs. 86.7%, Entries 4 vs. 5)f5 — & &K,
pe.g = 175 i R R TR A =W = 5 A v e S R SR i
Ae 7y, 41548 Mn 0 Lewis BRVEFRAR, fEALIEER

SR, AR 4b 2R H EE Jacobsen’s cat-
alyst B = AL LR X T a-H IR LM, ee {HM
52.0%38 1% 65.5%(3 2 7 Entries 8 vs. 10); X FEfi, ee
LM 65.0%38 %] 98.5%. X 3= B U= KT+ Wi 14 1) il v i
7 FE T T R MO B RN, S 36 45 SRR 0, Ik £ e
FRE AN ee (ARG N, IEZREBEMIEH. HEEER
FISTARAG 2R T, AN X R IR R A Js2 o7 T 4 Fr e 70 L
AREMNEW. EREREPE, YIHMENLT 4b AT
AIPS-PVPA LB, ee fEIE—2030: XF T o- IR 20,
M 65.5% S HBE N E] 97.1%(FK 2 H Entries 10 vs. 13); X}
Teli, M 98.5%IEINE] 99.2%. M2, #fk AIPS-PVPA
A R A S R 2 T ee BT HG .

FEAGTRIH Mn & &1 SO A 1t B A7 AE 52
# 3¢, 3d 5 3a, 3b HILLEL, 3¢ F13d () Mn S E T 3a
A1 3b, AHRAIHEAERE R R (ee, 99.2, 93.0 vs. 86.7,
86.3; Entry 6,7 vs. 4,5, £ 2). 3T 3¢ f13d, Mn Z &5
AL BE A IE H(ee, 99.2 vs. 93.0; Entry 6 vs. 7, 3 2).
XFF 3a F1 3b, Mn & & 5L RE Ut (ee, 86.7 vs.
86.3; Entry 4 vs. 5, 3 2).
3.8.2  BHEALA| O

A TA AT PR (R 3), TEEA BT NMO 12
5T, ZAMET 3¢ TR RN HE R ee EAFAL
F(ee, 99.2 vs. 45.9; conv%, 98.6 vs. 64.6; Entry 5 vs. 4).
KESCHRIRIE, BhEAATIRTMELZ A salen Mn(IIT)
A T e A s s PR AN X6 R A B A S I P 3 e ARk ke e ¢
RGP AN, Fise b, ¥ NMO BIA
RNAR B, X BB EAME A BN, T K H
i, Qo B 4k 70 20 86 I E AR R, ee fHM
99.2%F K2 45.9%, HALZEM 98.6%FFMIKE 64.6%(% 3
Entries 4 vs. 5), [FFERIILRAEMEAL o- FHEEIR L0 1O AR
FRIREA N H A Bl (ee, 97.1% vs. 55.6; conv.%,
99.9 vs. 81.8; Entries 10 vs. 9). iX— MBS, fE8RA]
W, HFRBYEBM ZPS-PVPA 73 FE salen
Min(TTL) R Ak ) R A Js A o B BA S A s i B U2V 2 4 4
. S, X RENIRE &k ZPS-
PVPP L%, Ifi-S5My% flmf i 5L A 56, % b 2 A
175 Bh AL NMO BISE A HE R I, 2 AR AL 77
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®3 ZHMEALR 3c. FI salen Mn(OPh-R)f# 4L 4b J% Jacobsen’s
catalyst ffEf¥ BT AN XS FRER A AL S5

Table 3 Asymmetric epoxidation of indene catalyzed by heterogeneous
salen Mn(III) catalyst 3¢, catalyst 4b and Jacobsen’s catalyst

Ent. Sub. Cat. Oxidant ee/%  Conv.%
1 Jaco m-CPBA/NMO 65.0°  99.9
2 4b  m-CPBA/NMO 776" 56.4
3 4b  m-CPBA 98.5* 955
4 3¢ m-CPBA/NMO 45.9°  64.6
5 3¢ m-CPBA 99.2°  98.6
6 Jaco m-CPBA/NMO 52.0°  99.9
’ 4b  m-CPBA/NMO 68.5° 33.1
8 <j/L 4b  m-CPBA 90.8°  65.5
9 3¢ m-CPBA/NMO 55.6°  81.8
10 3¢ m-CPBA 97.1°  99.9

“b¢ Same as in Table 2.

AR NMO AU TS5 AECAL PR . S5 kAR, fE
9 B AT 0 2 U & A AR Y NMO, i
RSB, AMER] PR E A S Mn(V)=
O, W] LAYE 58 i 40 1 5 % P rp o0 1 T M IR0 g
BETUEGERER, UERNERTEMN NMO 25,
i 1) B 7 NMO 52 55 97 35 0 A0 771 19 2l ) e 2 5 T A
$o4r, $0H] salen Mn(V)=0 FIEAEF LK, HET g
TR 77 7 A S PR 0 1) 23 (R ALRH, AT 3 350
K ee [HAELALE.

—fEABEWL T, 7E salen Mn(IIDAC S 4004 S H 7
ARG NMO, 0] DA s R B 5, IR R
DL T e v, (RAEASCH, BL m-CPBA NS,
AT 3¢ /B NMO Wiy, Jifi 3k L NMO
IS OL R AL I e, WS OLT, BRG] NMO  HLEL
i, NETFEMEE AW SRk UL, AIPS-PVPA
I F salen Mn(IIDHEAL T 3¢ EA WAL 19 ol N F A
{H.

3.8.3 AIPS-PVPA B # F % salen Mn(IIT)## A7) &9 48 3R
1% ) P e

T %52 AIPS-PVPA [ #F1£ salen Mn(III) AL
FIFaE PRI B R P, A SRR T 5250 45 5 A B
AT 3¢, LL m-CPBA AT, BN M) %2
HESMAMR, SR TR 4 B —RRMERE,
AN AR R (B 12)dInIE Chilkis, BEESE LA
MU 13), ST0KBRERAN T, dkE, =T GC
RO, TUE H B 2 T B fE AL ), A 25 S K BRI,
50 CHEZTH, FICEATIE 95%UL k. 5 SR EE
iR,

W 4 fion, BT 3 FEMEIMEH 9 WG, 1Y
SR EA 82.4%H] ee HAT 80.2% 1AL, Z AL 3¢
Bk S f AR R R RE, L AT R AR A A7
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a4

B2 bRk &
Figure 12 The catalytic system

B3 AR E
Figure 13  Seperation of the catalyst

R4 ZARMEAR 3c MALETRITEINEH TR
Table 4 The recycling of bi-salen Mn(III) catalyst 3¢ in the asymmetric
epoxidation of indene”

Run Sub. Oxidant ee’/% Conv./%

Fresh 99.2 98.6
2 98.9 97.5
3 98.2 96.4
4 96.0 94.8
5 95.1 92.5

m-CPBA

6 92.7 90.0
7 90.1 88.5
8 88.5 84.3
9 82.4 80.2
10 77.2 70.1

“ Reactions were carried out in CH,Cl, (200 mL) with indene (50 mmol),
n-nonane (50 mmol), catalyst 3¢ (5 mol%) and m-CPBA (100 mmol). The
conversion and the ee value were determined by GC with chiral capillary
columns HP19091G-B233, 30 mX25 um X 0.25 pm. * Epoxide configuration
1R28.1¢

Ae A 250t ke G v 1 O I HEAR, AT 982D R3S w-oxo-
Mn(VD) ZRAR AL TGI8 9 IRJG, ee EANVEALRA
FEA, TTREIE PR T 7EPR S A OB HR A 1] R A LA+ 5
FUEATEPE R OER V. TEMMEA 9 IRJG4 AAS
7, BT 3¢ B E B PR A 0.46 mmol/g(HT it fiEfL
5l 3¢ F &N 0.76 mmol/g). — 71, 4L % IRIEH
SN S [ AL 7R AR AIPS-PVPA (1) JZ 0 45 ¥4 H B3
o, BARHRIEE . LIRS S g, AR T RS
Iy, A B PE R B FEK (BT 14).

http://sioc-journal.cn 721



$-4800 10.0kV 9.7mm x10.0k SE(M)

B 14 {465 3¢ #EEF 5 HI SEM
Figure 14 SEM of the catalyst 3¢ after recycling

4 L5

oy S8 A& 1 AIPS-PVPA il [n] [ 2% /1 F 1 salen
Mn(IID) Z AL FIZEE a-H A 206 AR FRIFEAL
SN R R AR A e R, 1% EAb
FEANGINBh AT NMO I, 2o H EL AR A Ak 77 5 £
AT, B2 S RIS, DR, 2% 280 AL T 41
FABM T salen Mn(11T) 22 A AL 75 H AT T AE 1 Tl
NN E.
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