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Abstract — The stereoselective synthesis of chiral terminal epoxide is of immense interest due to their utility as ver-
satile starting materials as well as chiral intermediates. In this study, new chiral Co(salen) complexes bearing cobalt(II)
chloride, iron(IIl) chloride and zinc(Il) nitrate have been synthesized and characterized. The mass and EXAFS spectra
provided the direct evidence of formation of complex. Their catalytic activity and selectivity have been demonstrated for
the asymmetric ring opening of terminal epoxides such as styrene oxide and phenylglycidylether by hydrolytic kinetic
resolution technology and for the synthesis of glycidyl buthylate. The easily prepared complexes exhibited very high
enantioselectivity for the asymmetric ring opening of epoxides with H,O nucleophile, providing enantiomerically
enriched terminal epoxides (>99% ee). The newly synthesized chiral salen showed remakablely enhanced reactivity with
substantially low loadings. The system described in this work is very efficient for the sinthesis of chiral epoxide and 1,2-
diol intermediates
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Ak 22 29 (R,R)-N,N-Bis (3, 5-tert-butylsalicylidene)-1,2-
cyclohexanediamine- YEF|XAFE FH F41ato] AGlo] 1ol
F ARSI OH, # olgke Foll TLEMPRHHIOIERDS 1.2
T lsle] SR IUES =it

'H-NMR (400 MHz, CDCl): 8=1.21(s; 18H), 1.36(s; 18H), 1.56
(m; 2H), 1.88(m; 6H), 3.2-3.4(m; 2H), 3.4-3.6(m; 2H), 6.97(d; J~2.2
ArH), 6.98(d; J=2.2Hz ArH), 7.25(d; J=2.2Hz ArH), 7.29(s; 2H),
7.30(d; J=2.2Hz ArH), 8.30(s; 2H). *C-NMR (400 MHz, CDCl;)
5=24.4, 29.4, 314, 33.3, 34.0, 34.9, 72.4, 117.7, 125.9, 126.6, 136,
139.7, 157.8, 165.66. C3Hs,N,O, ¢ C, 79.07; H, 9.95; N, 5.12; O,
5.85. Found C, 79.1; H, 9.93; N, 5.2; O, 5.59

2-1-2. Oﬂi}i‘%E(IIV} A FUE 7|2 ] A

= N N...
CoCLEH0
THF, r.t.

H=—'H
=N_ N=
Co.
tBud{){\ \p%}‘Bu
Bu Z:'Bu
U9l SRS SIS St 7124 S AY

A
e 2 59 v 2k 94 71ER Co () BRE=
(1.00 g, 0.0016 moles, 1 equiv.) & & 71ZAIZ] 100 ml SR~
o] Y1 HEzkslo] S FIHTHE, 25 ml)ell £3IA7) T8 2715
ol WREAIZITE 5ml9] THFO v]g] =<l cOc12 6H,0 (0473 g,
0.0019 mole 1.2 equiv)s Ze}A= Yol 87 @1 £33t} o]
w goo] AMZE Aol wWAelM = AL AAow waglon
ZN2 2ARE FRF wRkeRivh. el g2 Zigtstel A gl
5 TUAIA TAR F58 o oA MCell 5 ARRs F gt
AIBATH1.19 g, 0.00162 moles, 98% yield).
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'H-NMR (400 MHz, DMSO-d®): §=1.28(s; 18H), 1.50-1.62(m;
2H), 1.72(s; 18H), 1.80-1.95(m; 4H), 1.96-1.98(m; 2H), 3.1-3.2(m;
2H), 3.5-3.7(m; 2H), 7.40(d; J=2.4Hz, 2H), 7.45(d; J=2.4Hz 2H),
7.78(s; 2H). P*C-NMR (400 MHz, DMSO-d®). §=24.1, 29.5, 30.3,
31.5,35.7, 69.21, 118.2, 129.9, 134.5, 141.6, 158.1, 161.8.164.2. FI-
IR (KBr): [em’1] =2954, 2866, 1637, 1611, 1525, 1465, 1369, 1249,
1202, 1165, 1023, 925, 835, 782, 754, 636, 595. FAB+ MS, m/z: 603
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'TH-NMR (400 MHz, DMSO-d®): §=1.27(s; 18H), 1.55-1.68(m;
2H), 1.71(s; 18H), 1.86-1.95(m; 4H), 1.96-2.20(m; 2H), 3.0-3.2(m;
2H), 3.5-3.8(m; 2H), 7.41(d; J=2.4Hz, 2H), 7.59(d; J=2.4Hz 2H),
7.76(s; 2H). BC-NMR (400 MHz, DMSO-d®). §=24.5, 25.8, 29.3,
30.9, 31.5, 35.7, 69.21, 119.3, 128.4, 134.1, 142.3, 158.5, 162.1.164.8.
FT-IR (KBr): [em™]=2954, 2866, 1634, 1609, 1511, 1459, 1365,
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1251, 1208, 1169, 1035, 985, 834, 785, 734, 640, 597. FAB+ MS,

miz: 603.

HQ‘H
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Co.
Budo’ \obta Z“_(r':::s)zsﬂzo - _d b
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Bu gy Bu{ @y
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'H-NMR (400 MHz, DMSO-d®): §=1.25(s; 18H), 1.54-1.64(m;
2H), 1.71(s; 18H), 1.80-1.90(m; 4H), 1.95-1.97(m; 2H), 3.1-3.2(m;
2H), 3.5-3.6(m; 2H), 7.40(d; J=2.4Hz, 2H), 7.42(d; J=2.4Hz 2H),
7.74(s; 2H). P*C-NMR (400 MHz, DMSO-d%). §=24.3, 25.1, 29.5,
30.5, 31.5, 33.5, 38.8, 40.1, 67.0, 69.2, 118.5, 128.6, 129.0, 135.8,
141.7, 161.8, 164.4. FT-IR (KBr): [em™]=2950, 2863, 1635, 1608,
1523, 1461, 1361, 1253, 1200, 1172, 1026, 926, 833, 783, 744, 640,
597. FAB+ MS, m/z: 603.

2-2. EEES

25 mL&e] Zekaaol e 71= AIE9(0.04 mmol, 0.2
mol%)2} EhAY AFALO]I = (40 mmol, 1.0 equiv.)E E1 WHEAZ]
Fof| £(H,0, 0.396 g, 22 mmol. 0.55 equiv.y& 3] 27}alHA
7RI, SlEee W55 7150 % 0.15~0.3 mol% <17} &
55 Zrkete] vgid 7leEeliibe-S skt ofee] XA
24 BElake ARgsle] 712HR)-E o9 E 2 23| =2(ECH)Y °l
FAR|E a2l ol AYE St EA Ajzo] g 71 A
Azuje] A W FeAele Aol Aoz AL
enantiomeric excess(ee%) k> AlZFER AFH S A RE AZvIED
el 23t GC (71224 ¥; CHIRALDEX G-TA and A-TA, 20 m
x0.25 mm id (Astec)) ¥ HPLC ¥-2J(3%17]7], Chiralcel® OD Z
2(24 cmx0.46 cm i.d.; Chiral Technologies, Inc.) == Regis (S,S)
Whelk-O1 at 254 nm)= 5510] FH3IATE A 72 o ZA0]
1= Kugelrohr 5-577](Eyela KRD100, Tokyo Rikakikai Co. Ltd.)&
AREBEe] 2kl 0 °CE WZ5tod 1H, BC NMR ¥ [o]? 3t &
Akt Fule]l uv AFEHL UV-Vis spectrophotometer
(Optizen 2120 UV)E ARE3EH, IR A E7]2 PERKIN-ELMER
Spectrum 2000 Explorers ARg-3to] Z73I30ct. Fuje] F-x34s
$]8Fo:i= X-ray Absorption Spectroscope (Rigaku, X-RAS; Cobalt
K-edge energy (7708.9 V), Ga K-edge energy (10367.1 eV))=
Extended X-ray absorption fine structure 35 S83}5] 0,
o]X A¥}= FEFFEZ IR0 R 5] A5t Ao} v, HEs}
ST} HE A3 Sl Ate] $A13 Fab-d 344171 JEOL IMS-
600 W)= S7g3H3ict.

Chee eyl el BeS 217 Ao ALgste] ECHY
2kE o} G AR sehadloltt,

2-2-1. Propionic acid-3-choloro-2-hydroxy-propyl ester

'H NMR (CDCl,, 400 MHz) &: 1.34 (t, 3H, CH3), 2.2 (s, 1H,0H)
2.41 (q, 2H, CH2), , 3.72 (d, 2H, CH2Cl), 4.51 (m, 1H, CHOH), 4.63
(d, 2H, CH20 ppm; 3C NMR (CDCly) &: 9.53 (CH3), 27.5 (CH,),
49.3 (CH,CI), 71.0 (CH,0), 76.2 (CHOH), 174.7 (CO) ppm. Elemental
anal. caled for C,H,,ClO5:C, 43.27; H, 6.65. Found: C, 43.23; H, 6.70.
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2-2-2. Butyric acid-3-choloro-2-hydroxy-propyl ester

'H NMR (CDCI3, 400 MHz) &: 0.98 (t, 3H, CH3), 1.81-1.91 (m,
2H,CH2), 2.1 (s, 1H,0OH), 2.31 (t, 2H,CH2), 3.56(d, 2H, CH2Cl),
4.19 (m, 1H, CHOH), 4.29 (d, 2H,CH20), ppm; *C NMR (CDCl,)
8: 13.62 (CHy), 18.36 (CH,), 35.9 (CH,), 48.8 (CH,), 71.5 (CH,0),
752 (CHOH), 173.1 (CO) ppm. Elemental anal. Calcd for C;H,5ClO5:
C, 46.55; H, 7.25. Found: C, 46.85; H, 7.15.
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Fig. 1. Mass spectra of starting cobalt salen ligand(A), Cobalt-Salen
CoCl, A(B) and Cobalt-Salen Zn(NOs), C(C).
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Fig. 2. Spectra of (A) reference FeCl, salt, (B) FeCl; combining cobalt-
salen catalyst C, (C) Raw EXAFS data(kz-weighed) of reference
FeCl; salt, (D) Fourier Transform of EXAFS of reference
FeCl, salt, (E)Raw EXAFS data(k>-weighed) of FeCl; combin-
ing cobalt-salen catalyst C, (F)Fourier Transform of EXAFS
of FeCl; combining cobalt-salen catalyst C, (G) Raw EXAFS
data of CoCl, combining cobalt-salen catalyst A, (H)Fourier
Transform of EXAFS of CoCl, combining cobalt-salen cata-
lyst A.
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st A= € =l AlASE vf Qioh 1.
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Table 1. EXFAS Results of Chiral [Co(Salen)]-Type Complexes by
Curve Fitting with FEFF6 Program

Pair R[AT CNP®

Co-O 1.76 2.20

Catalyst A (Co-CoCl,) Co-Cl 1.98 247
Co-Co 246 1.38

FeCl, salt (Ref Fe-O none none
:am; IS: Ka:t:rcegge Fe-Cl 239 2.92
Fe-Co none none

Fe-O 1.85 1.44

Catalyst B (Co-FeCly) Fe-Cl 2.20 3.10
Fe-Co 2.98 1.01

*Bond length. °Coordination number.

u, O|F FAIRARSI] Felo HEAIZ] Sdd e} S USR] 9
71 SRS Al 42 AukE vluwste] vehd AdEe)
7} 22y (D), (F) 2 (H) °Ith. 13 (A)2} (By= Sl Alzd=l
AH M o] ol A Feje] AAFuice X F5 2
Efeld), AuEu)c Soll= IUEY Ho|Lo] FEIh= e
4 ATHFig. 2(B). B AMNS Eofl Z gajl=]7] ufjio] A
S cE 8] BE AlFstke] vnkg Ak S AlA
2Jefolw, sk iy} co! Al Y= AR o2 AdE
= EFERAME SASH] gt webA o] AR Ao
5D Col Akl g7k=g) st skl Ak o] FaL g
& = Qlrt.

Fig. 29] (D), (F) ¥ (H) ZFEFE 7272 wHole 4%
Ao} wi9lrE kEsgl o, ol uElsto] Table 1o YERASL
U} Table 19] AFjellA], Aola<&deH AR5 Hate} 4
go] 77} oF 1= vl s & 7 Jlom, U A &
AL A Tl ANFA o1 2719 v a2 AR
A=

Fig. 32 33t AI5m|E Aol AA7gslsto] A2 A5
Fekn Aplolnt, AulEvll= FA3o] opd A FEEA A

o o
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HES-EQL Efv]d o EAlo|=9) F5E Tefsio] vtk skl
HES(HKR)S 551900, A, B 9 CT222] 7124831 ok 1}
B MRS B e YSPHELge) ok vlwslo] Table 19] ek
UIck. o] WhgelA] Foldl WYSEEY B 3, 4] % WA
S IS TR SJORE A ol85 1 o 8
Fol, I T2 J|LREAL GIoRES TSRS She B0
FAAFITE o] 1) Fnje] Wlake Fnhge) muke F4oleg
NEoR Bug 2PN, 4 S0l B9l vush] 4
slo] 7ol Hhsle] 0.15-03%% WA 7SIl e Aol
4591 34 712 A0 Sz 2] ol EAOlE V0 032%
EASHAA WEARE AL ol bl ol EAtol= B g
St 9AlE FACKFsEe] 12522 ABA7|T 3240 o)
& Ui SOV 99%hces] & TR E Fol 2
ik

Table 21 UFERL Bt o], ofe] 2pAe] o EAto]=e] veh3
Ael Zakg Asiud A0 Quelelanis Ag 2
WS} O WL WSS S} e YSPHELYE ol ek 2
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Table 2. Optimization of chiral Co(salen) complexes in asymmetric HKR of racemic epoxides

OH
0.15-0.3 mol% Cat.A-C B
/& + py0 1203 molk Cal A /40\ + AOH
R™ (1) room temp. R R
1.0 0.55
equiv. equiv. >99ee%  >g5ee%h
Entry Recovered Epoxides® Catalyst/Catalyst Loading(mol%)° Time (h) % Yield (ee)*
A 0.3 3 45(99)
0 A 0.15 7 46(98)
1 B 0.3 5 41(95)
Cl B 0.15 10 40(94)
C 0.3 3 47(99)
C 0.15 8 46(99)
0O A 0.3 3 33(99)
2 B 0.3 5 32(95)
/Q C 0.2 4 34(99)
\/Z%
o A 0.3 5 39(98)
3 /\ﬂ/ C 03 4 40(98)
(o)
O
4 o _* A 03 6 38(98)
C 0.3 4 40(99)
(o)
Q 2.0 5 44(98)
5 ©}A C 1.5 6 43(98)
1.0 7 42(96)
1.0 3 41(>98)
6 @‘0 C 03 5 40(>98)
(0}
\—§ 0.1 10 42(98)
d o A 0.3 5 41(95)
7 g —ef C 0.3 5 40(96)
HsC
solated yield is based on racemic epoxides (theoretical maximum=50%).
%n mol% loading on a per [Co] basis to racemic epoxide.
‘ee % was determined by Chiral GC or chiral HPLC. ‘CH,Cl,:THF=2:1 (as solvent).
(A) (B) ;3 v o O3mo%CaC ,ﬂ o oH
R ® 2 room temp. /\/
10 055
equiv. equiv.
100 .——-:;
* eor / /
N 350 micron | e L
3 (o]
Fig. 3. The optical microscope photographs of isolated chiral salen crys- g 60 - Q— A
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Fig. 5. The effect of solvent nature on the catalytic activity in the
HKR of racemic styrene oxide by using chiral salen catalyst C.
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Fig. 6. The effect of solvent nature on the catalytic activity in the
HKR of racemic ECH by using chiral salen catalyst C.
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butylic acid at ambient temperature.
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