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(ZMRFAFHIEZR, 2 730000)

WE. GMUFRIE T 245 AH 2 REEGRH 1Y H 2 T Salen((R,R)-N,N'-[2,2/ - B (WK %4 He kW B )| XL [4-(ML W AN, N - 2
B H)-6-(1, 1- 28U T )R -1,2- 70 2 Ze) (5)FI(R,R)-N,N'-[2,2"-BL (WA He ik FBE) |3 [4-( P 6N N - L B 3 )-6-(1, 1-
TORUCT R -1,2- TR L TR (6)10 Mn(DFEC &4 7 A1 8, Lhnk e S (PyNO) A B AL ) NaClO > %0465 | 72 K Fn —
G e WURE B By A ZR T BIFSE T G A 7 R 8 X AR AE TR kR IR AL I A R AL AT SRR 2 AN A R LR 2 AR A
BIT Ry IS 10 109 AN X ik B A A S 7 3 LA g B AR SR | 43 A B 32.3%~52.9% F1 72.8%~89.7% 1 ee {8 ; 4k 70 FH 32 0 3 T4
FEMIE 10mol%MIAE L T B AT 7E 0.5 h ARS8, BF98 & IRAE[BMIM|PF(BMIM|*=1-T J&-3- 11 BL 0k i BH 85 1) 8§ 7 W AF7E /Y
FAFT ML 8 FT LA A 4 R, H. ee fHIRA W RA TR,
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Synthesis and Catalysis of Chiral Salen Mn(l) Complexes
Containing Multihydroxyl Substituents
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Abstract: Two chiral Salen((R,R)-N,N'-[2,2" -bis (nitrilomethylidyne)] bis [4-(methylene-N,N’ -diethanolamino)-6-
(1,1-dinethylethyl)phenoloto|-1,2-cyclohexanediamine and ((R,R)-N,N'-[2,2'-bis (nitrilomethylidyne)]bis [4-(methyl-
ene-N,N' -diethanol amino)-6-(1,1-dinethylethyl)phenoloto]-1,2-diphenyldiamine) Mn () complexes 7 and 8
containing multihydroxyl groups were synthesized and employed in the asymmetric epoxidation of
unfunctionalized alkene with NaClO as oxidant in the presence of pyridine N-oxide (PyNO) as co-catalysts in
CH,Cly/H,0. The epoxidations of styrene give enantioselectivities from 32.3% to 52.9% and the epoxidations of
indene give ee from 72.8% and 89.7%; When 10mol% catalyst based on the olefins was used, the reaction can
be completed within half an hour. Catalyst 8 could be effectively recycled for 3 times without a significant

decrease of selectivity in the presence of ionic liquid [BMIM|PF, ((BMIM]* = 1-butyl-3-methylimidazolium).
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BC A W AE SR AN X AR BR SR AR A A ) ) 48 % R R
Horh F4E Salen Mn(IDEC A 99 % AEF AE % 2 315 4
A S —Fh A R 36 PETR = AL RO Jacobsen F1
b 7 S5 55 /N 2l S TR BR AN (9 NaClO ¥ W LA
BILIE 7B R R 2 IO A 3R 4R 77 M 0 R X6 R 3 S
13 2R b7 A% ik #EM: ; (HJL-F A Salen 2EA 1Y
BC& AR T K, XA AR AL R 7E NaClO 7K %
YL/ AL S R A P B PR AN 08 R DB
AR K s AR T 2 S 24
F& IR 4548 55019 Salen Mn(EC A4 7 F1 8,
ARG FNZ8 55 [ 22 5 08 A A 1) S R 1) gl
R JE T Ay [l A fy R0 PR AR R T B A AR 4
VoS il M AN R P 1Y B - WRTE B Ol AR RZ B T AR
PNIP S AL - S X (o E SRS R ]
i IR0 AR R SR i TE U2 WK s AR B - Y [BMIM]
PF¢ I A6 T-H Salen Mn(I)F 484k 52 37 79 35 57, A
M 52 BRAREAL R A ER A 1T, 2 T DL 25 08 JRATTHE
B R RAE 2 A8 F P Salen Mn(IDEC A 4 ) &
fith b ST T LAZR 2 MU A IR, B F W [BMIM]
PFs. S W %t b A HLA  PyNO 1E by Bh 4 1L 51 |
NaClO ¥ ¥ $2 0I5 1Y 14 22, % Salen Mn(IDAC 5 4

7 F1 8 LT B A TR AT
=0
1 2
/~OH

R R
Hy—(H
=N. __N=
Mn
N,
\/\OH

HO Vi’
/\</\N o’ &o
HO

Mn-L
7:RR=-(CH,),-
8: R=-Ph

1 LEES

1.1 MR R 5 F

Elementar Vario EL &Y JG & 43 #7 1 ;Satellite
FTIR(Thermo Mattson)£L 4G5 4%  KBr JE /1 ; Varian
300 B G AR B IE A, CDCL, VRV TMS 2 A5
APEX 1A 37 b A5 486 -2 - [l g L 4% o2 335 A (FT-ICR
MS); UV-Vis Spectrophotometer Tu-190 % 25 #h W it
3% 1% ; Chiral Column OD-H & A & 3% F % # |
Waters 1= ZCBAH L 1A

3BT -2 B R DA 380 T -5
DRI (R R)-1,2-FF 00— W 73 £
L I B T W [BMIMPF "4 HE SCHk 5 i A B, 2BUT
FEORM ORI BT A Aldrich 23 ®] 5 SME
JE O M L-(+)-15 A R 45 W - Alfa Aesar 23 H ;
JOKMEACH 2 RWEE T IR AR AR L0
W A B 2 AR b A 2R A B v R
L N A BRI Bl TR A R ] IRAE T
Bl B F T LR AL T A R A 5 1- T LRk g v
B AR iR T i 0 A Al a5 T K
P,
1.2 F 1% Salen Mn(DEL & W HI & B

BC AR FITC & P24 s B 1 BT B BB LY

=0 =0
n jj HO _~
i
OH — — OH
Cl HO/\/N
3

4
/

H,L
5:R,R=-(CH,),-
6: R=-Ph

Reagents and conditions: (i) paraformaldehyde, anhydrous SnCl,, 2,6-dimethylpyridine, toluene, Ny (i) paraformaldehyde, conc. HCI,
tetrabutylammonium bromide, 40 °C, 72 h; (iii) N,N-diethanolamine, toluene, EsN, 85~90 °C, 7 h; (iv) (1R,2R)-(+)-diphenyldiamine or (1R,2R)-
(=)-diaminocyclohexane, K,CO;, EtOH/H,0, EtOH, reflux, 8h; (v) (1) Mn(OAc),-4H,0, EtOH, N,, reflux, 4 h, (2) LiCl-H,0, rt, 3 h.

Scheme 1  Synthesis of chiral salen-Mn(ll) complexes 7, 8

12,1 3-BUT F-5-(N,N- Z BEFE 38 K Ay
L&Y 4 A K
W 3BT HE-5-GH K (5.66 ¢,25 mmol)

= LT E (2.63 2,25 mmol) Al = Z F#(3.75 2,37 mmol)
TR ZAW K 50 mL, PeFE T8 O Bz 85~
90 °C,TR-HFILIRE 7 h, [N 45 35 Dl 5 28 B i 57 O
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i A 2R FHE Salen Mn(IDEC & 47 049 5 -5 A0 4 393

TA 100 mL ZE0 K | FH 50 H %8 (3x30 mL) A HUZ
B, AP LEAHH 50 mL AR ER K B A
oK R B T4 5, ok v V5 700 08 R 78 T /5 3 o
JERTEA(SIOL, V sl V cmem=1/1), P70 B A0
R (4.72 o), 7% 64%, 'H NMR (300 MHz,
CDCly) 8y, ppm:1.37(s,9H,C(CH,),),2.76(t, 4H , J=5.4
Hz,CH,),3.67(t,4H,]=5.4 Hz,CH,),3.73(s,2H,CH.-
Ar),7.38 (s,1H,ArH),7.48 (s,1H,ArH),9.86(s,1H,
CHO),11.75 (s,1H,ArOH), FT-ICR MS(m/z):Calcd.
295.1;Found 295.2,
122 AR A R

B A 5 (14 5 (RLR)-F8 © e 44 iR £6.(1.06
g,4.05 mmol) I TE7K K,CO4(1.12 g,8.10 mmol)i& T 5
mL ZZ KGN B 20 mL, In#RIE  H0E T
10 mL & BERI LG 4(2.40 g,8.1 mmol) A JZ Ji;
Wb, PG E O IE ARSI 8 hy Ik 25 BRI 7
Ji A B € R VR R EE R AR T 50 mL S e
A HURE AT 28 18 /K 6 (225 mL) AR FI & #h 7K
VE(2x25 mL), JoK R RR A0 T4 o U8 | W25 T /5 14
L™ i, SRR AR (SI0,, V aundV 2 u=2/1),"4)
R A [ A(2.03 @), % 75%, 'H NMR(300 MHz,
CDCLy) 8y,ppm:1.38 (s, 18H,C (CHs);),1.62 ~2.05 (m,
8H,CH,),2.41 (s,4H,0H),2.64 (t,8H,CH,),3.30 (m,
2H,CH),3.54 (m,8H,-CH,0H),3.54 (s,4H,CH,-Ar),
6.89(s,2H, ArH),7.17(s,2H, ArH), 8.26(s,2H, CH=N),
13.87(s,2H,ArOH), FTIR(KBr) v/em™:2 600~2 800
(br,w,ArO-H),1 628(vs,C=N),1 265(m,Ar-OH),, FTICR
MS(m/z) : Caled. for [M+H]"669.45 ; Found 670.3 ; Anal.
caled. for CxHeN,Og (%): C,68.23;H,9.04;N,8.31;
Found(%):C,68.34; H,8.99; N,8.35, UV-Vis(CH,Cl,)
A/mm (ex10* L-mol™+cm™):236(3.67),,264(2.90) nm,

Bk 6 15 . Kk 59 4 (0.59¢,2 mmol)Fil
1R 2R-(+)-— AR5 £ ZJ(0.21,1 mmol)#E T° 15 mL
oK CEEH AR 8 b, I8 A5 B VA R S 15 5 B
O AR =Y, B2 HT(SI0,,V mumlV 2 n=41)4
4l 15 3 H [ R = 90(0.65 g), 7% 84%, 'H NMR
(300 MHz,CDCly) 8,,ppm:1.42 (18H,s,C (CH3),),2.63 (1,
8H,N-CH,),2.63 (s,4H,0H),3.54 (m,8H,CH,0H),3.54
(s,4H,CH,-Ar),4.71(s,2H,CH),6.91(s,2H, ArH),7.19
(s,12H,ArH),8.35(s,2H,CH=N), 13.78(s, 2H,ArOH).,
FTIR (KBr) v/em™:2 600~2 800 (br,w,ArO-H),1 628
(vs,C=N),1265 (m,Ar-OH), FTICR MS(m/z):Calced
for [M+H]* 767.5;Found 767.5, Anal. Caled. for

C4eHeN,O6 (%) :C,72.03;H,8.15;N,7.30; Found (%) :
C,72.33;H,8.09;N,7.33, UV-Vis(CH,Cl,) A/nm (ex
10* L-mol™+em™):235(3.60) ,264(2.82) nm,

1.2.3 FEAWY T 8 1A AL

RARYN, BFHRAK S (0.67 g,1 mmol)Fil
Mn(OAc),+4H,0(0.49 g,2 mmol)¥% f# F 10 mL JE 7K
CEEH AR 4 b, BEEMRC B AR, ROV
Ol A LiC1-H,0(0.24 g,4 mmol), 4k Z2 fin #4 [A] i 3
h, G R ZEBR AR BRI T 40 mL —&H
Pi, KRR EE (2x30 mL), HMAIEERKYE (2x30
ml), TCARKBRER A T4, 0l | D ZE BRI 1), 15 31K
FEEEIAIE S Y 7(0.49 ¢), 7 % 65%., FTIR(KBr)
viem™:3 407.2(w,H,0),1 613.4(vs,C=N), 1 234.7(m,
Ar-OMn),510.4(w,Mn-0),310.9(w,Mn-N), Anal.caled.
for C3sHeN,O,MnCl  (C3HssN,OMnCl -H,0) (%):C,
58.87;H,7.80;N,7.23;Found (%):C,58.75;H,7.82;
N,7.27, UV-Vis(CH,Cl,) A, (ex10* L-mol™-cm™). 241
(4.12),318(1.60),445(0.38),501(0.25) nm,

BL &9 8 MG Wik 7 77 % 64% ., FTIR
(KBr) v/em™:3394.0(w,H,0), 1 609.5(vs,C=N), 1234.8
(m,Ar-OMn),513.6 (w,Mn-0),302.7 (w,Mn-N), Anal.
caled. for C,sHeuN,O:MnCl (CisHgN,OsMnCl - H,0)(%)
C,63.26;H,7.17;N,6.41 ;Found(%): C,63.12;H,7.19;
N,6.43, UV-Vis(CH,Cl,) A,u(ex10* L-mol™-cm™): 239
(3.90),320(1.30),439(0.39),503(0.21) nm,

1.3 BRAVELEEAMBAEUHIESE

Salen Mn(IDAC &4 7 F1 8 43 IAE 14 551 >
A K I AN KPR R A RN, R 7 3 i 5 2% SCHRUT,
1 2 mL Na,HPO, /KW (0.05 mol - L") F1 10 mL
13% NaClO KIFW RS , #5111 mol - L' HCI /K #K
1 1mol - L' NaOH 7K ¥ WA TR A W 1 pH B3 75
F11.3,0 CTFHFEm%, fEAEMLFIFH, K2
mmol #i%E 0.2 mmol #ELF] (10mol%, H& T HilEny
1),0.4 mmol B AL I ML IE Z ALY (20mol% , K
FiEr &), A 4 mL CHCL,IR&G¥2,0 CF
e, VORI IFIFET B S AR 202 i n 21 1R
CHCL, ¥ W b i n5g B8 J5 FF a3 H i, TLC Mol 2
N AT SO 5E S IR 20 mL CHLCL, Fi B 7
A HLZE MU KRR A& K B, T /K it R B
TH LR WU 2R AR A E AT (SI0,, Vo
IV nn=2/1), FRER ALY R Al
Yy vl P e 280WRE €35 4 B, R e AR i
(Determined by HPLC over a Daicel Chiralcel OD-H
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column (V, jeae:Vinon=99:1,as eluent)),
1.4 MABFRELEERTHRASEMHILR

-,H;EB%[IZ]

% 2 mL Na,HPO, /K% ¥ (0.05 mol-L™) #I 10
mL 13% NaClO 7KW RS, # 1 1 mol - L™ HCI 7K
W 1 mol - L™ NaOH 7K ¥ ¥R IR A W pH
EHIE] 11.3,0 CRHPFETE, EREAR S,
4 2 mmol # 42 0.2 mmol 1L 57 (10mol% , % T ¥
JEMHE), 0.4 mmol B 1 7] ik bE 42 AL 4 (20mol %,
HETHENE), A 4 mL [BMIM]PF-CH,CI, ¥ W
F(1:4,V/V),0 CF I, TEKKIEIHBIET HA
EFN 2 3] iR [BMIM]PF.-CH,CL, % | i
InsE YR TR TR, TLC WE I s i i AT, etk 5e
R, INA 10 mL CH,CL, 7 B 43 H A HLAH 1 A
KRR (2x15 mL), K BRER BE T4 D8R Z8 1R Bk
2 CH,CL, IAGE O ¢ (35 mL)E ik, Il 2045 1 J5 %
AR B ORI S TS i CH,CL P DA N —
WABIAEF A I IE O Be PR, IR Z8 1R B 2545 AL
A R ZHNSI0,,V eV —ms=2/1), FRE
AT 75 i ds 3R S Ak T e oA
TS BT, 0 XA S fE{H (Determined by HPLC
over a Daicel Chiralcel OD-H column (Ve Vipon=99:

1,as eluent)),

2 HR5WR

LT TSR B AT AT LA 21 609~1 629
em™ Abh C=N FRAEW g | BCAYIIE LA S C=N
R4 3R sh W e & A= 21 %% | X RN TE B & 0 )5

1

C=N # L &R R4 08 8 1 &4 T R, R4
J& d #UE AR RO R C=N SR RO E bR
KT C =N 8RR ULBEAR T C=N MHR s g% |
ven KU ECRE 3 181 Ui B AR AE 2 600~2 800 ¢m™
(i) 555 17 9 %) W WSO 0 T B 40— PN 05 ArO-HL fif1 4
P 2l 0 78 TC 5 ) iz A 4 B s W e T 2%, O BLAE
510.4~513.6 em™ AbF1 310.9~312.7 em™ ZbA5 H & F
Mn-O F1 Mn-N 2 787 06 2L i e n] WL Salen AL
Ry 2 AR TR 2 A EE T 548 EIE LT
i, MERAM AT WOGTE B T LB 1, D53 11
m—ar BRIE S A A 236~241 nm i 0 0 i
PEATIE A K 264 nm bk Salen BLA T C=N
Al ar—arx B FBRIE JE AL Mn FiC A 40 05 12 W e 21
& 318~320 nm &b, WIFM TW AR 25T
XT 4 JR A ELAL,, Mn BC S 437~439 nm 1Y W A1
25 R M—L [ HLfa i 4% BRAE | 501~503 nm &b 9 1K
WU SR BE 5 ) R Y d-d BRI,

TEXTAC A P AT RAE ) Rl L LUK 206 A el
RIRPIRTBCE ) 7 8 AL PE BT T T ST 45
m#E 1,

T4 NaClO Ak M & m A AL 9 1Y 77 3%,
SR pH HZERE R 11.3% 73 HIFEZ=E R 0 C&
R is FAEAR ] 8 X R 20 #EAT T R X FR 3 Ak
SN E5 R B R i ee (HN 49.3%M KT 0 CA A
TS ee fH, B N EEZERE T 0 °C, MRHER 15K
PEFRATAT LA 2] MEAL7] 7 F0 8 #R AT LAZE 20 min K
i 48 A 2R S AR S R 58 (5 SCRRBHIGE 1 5 h A HE
KRG 5T IR R]), I B A B AF 1Y ee fHA™

7[5 JER 90 B 3 RS FE IR R K R BT

Table 1 Enantioselective epoxidation at different substrate

+NaClO

L=

Catalyst, PyNO
_—

CH,CL,/H,0,0 C

o~
g’

Entry Alkene Catalyst Time* / h Yield" / % ee | % Config.!
1 A 7 0.25 83.1 323 R
2 A 8 0.25 75.8 529 R
3 B 7 0.33 75.8 72.8 1R2S
4 B 8 0.25 69.2 89.7 1R2S

* Monitored by TLC per half an hour, " Yield of the isolated epoxide, © Determined by HPLC over a chiral OD-H column, ¢ Absolute

configuration of major enantiomer was determined by comparison of the sign of [a]y to the literature® values.
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PEAE LR FAE Salen Mn(IDFC & 47 #4956 15 8 A S 395

FOMZ T ) 8 U FAER 7, th Tk
7 .8 7E Salen Mn(ID45#4) b 224~ 26 K M 1Y 2 2 H fig
(7 LGN T Ak 70 i A P AR B T
LR AHEE RS RE ) R T 5 &R ClOZs A, I
£ NaClO 7KW /CH,CL, PAH R AR R i 4 T

JOL R ], R T 52 R A #EA T

MZE T R R T & B 1 4 J R LI ) LA AR
HEAL TR B8 A 2 A A T T T, DR DA A4
7 8 S R L R ER T T A RIS AR R
AR R X AL RCR B2 S5 R Ik 2,

F2 BUFPAEXNRAFRIRIMLZN

Table 2 Effects of amount of catalyst on the asymmetric epoxidation

(0]
Catalyst, PyNO *
©/\ + NaClO —>CH1C1:/H20,0°C ©/<‘

Quantity 10% 5% 1%
Time* / h 0.25 1.33 2.00
Yield" / % 75.8 73.9 74.3
ee’ | % 52.90 52.38 50.86
TOFx10°* 8.42 3.08 10.30

* Monitored by TLC per half an hour, * Yield of the isolated epoxide, ¢ Determined by HPLC over a chiral OD-H column, ¢ TOF: Turnover

frequency, (mol of epoxide) / (mol of active metal centers X time), s™'.

M35 2 B vl LUE ) BRI AL B FH 25 ee
(BRI ™= BRI VA KRR AR AL | FUR A Ak B N i) e
AT — 5 R B In  Z5 A AR 0 i 5 5 0 A ] ok
E, HTIEY Imol %M L7 & 1L )5 1) TOF {H i
R EIRCR e

AR TR ) D05 0 R 25 R SR A 5
) B 7 W [BMIM|PF, 5 CHLCL, 7 i WF o8 T i
T3 8 e AR Ak 2R 20 1 S8 Ak N R ) 496 258 A
B EER LR 3,

MR B AT AT DL B WO A S 2R
— AL I ee fH HEARINA B F (£ 1, entry2) 1)
Tim e RN E TR BRI B R A L a R
0 IR A 0 A A 700 AR RS e A Sl — R B 2 5
AT LA B B AR 1) S B DAk B A5 1R A 1 5
ST LI E M 4 K ee HEA PRI TR, £/ %
R AR, AT UL S R I GRS T AL R4 B
i I B Y, (HANREAR & (9 38 4 M-O-M 1) 555
— 2 J R e A A T B0 P T B AR AR R I R

*3 #ELF 8 B FR[BMIMIPF, # &3 A
Table 3 Recovery and reuse of the ionic liquid [BMIM]PF, phase containing catalyst 8

(0]
\ Catalyst, PyNO
+ NaCl0 — .
[bmim]PF,/CH,CL,/H,0,0 C

o~

Run 1 2 3 4
Yield* / % 81.2 80.6 76.4 69.1
e’/ % 53.24 49.38 43.72 43.34

*Yield of the isolated epoxide, * Determined by HPLC over a chiral OD-H column.

3 & @B A P 2R B TR BR RO T Rl K fe

TATEI G BT &4 £ 523108 B F M Salen
Mn(IDEC &9 7 1 8, JFxF HAgg e BT 4T 7 0F5%
2 Y2 LA 10 5 | A A5 e A 500 A B 1 S Kk | A
FIT CLO- ARV W P 5 72 2R HLAH RO 1746
JEAN XS IR ER B A BN B HEA T, 4 ST SO I TR] 5 2
PR B T B B AR S 1mol% , ee TH TSR BEDR 47 5 S

TR AL B 22 i W 14 S B F S I AR BEAT

SE k.
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