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Selective Epoxidation of Olefins Catalyzed by in Situ Prepared Iron(I) Complex
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(Key Laboratory of Green Chemistry and Technology, Ministry of Education,
College of Chemistry ,Sichuan University, Chengdu 610064, China)

Abstract: A ligand of 2-(2-pyridyl)-oxazoline (Pyrox) was prepared. The complex of containing Iron(Il) trifluome-
thanesulfonate, Pyrox and another auxiliary ligand can be in situ formed in acetonitrile solution. Quantum
chemistry calculations showed that the nitrogen rather than oxygen atom on the Pyrox coordinates with Iron. It
was found the terminal aromatic and aliphatic olefins could be efficiently epoxidized with H,0, catalyzed by this
Iron complex in acetonitrile at room temperature. The reaction with good selectivity was rapid, mild and in an
wide range of substrates. The influences of axial ligands, solvents and oxidants are sensitive to the activity and

selectivity of the reaction, and the effects have been investigated in detail.
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Table 1 Calculated bond lengths (nm) and bond angles (°) for Fe(l) complex with optimized geometry

Fe-N17 0.199 3 Fe-N23 0.204 7 Fe-N41 0.207 0
Fe-N6 0.206 1 Fe-N34 0.201 5 Fe-048 0.194 1
N6-Fe-N17 79.98 N23-Fe-N34 80.49 N41-Fe-048 83.26
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Fig.1 ESI-MS spectra of catalyst in situ prepared
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Fig.2 Optimized geometry of metal iron complex
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Table 2 Effect of various ligands on epoxidation of styrene”

Fe(OTf,) (0.5 mmol-L™'), ligand (1.0 mmol-L™),
X PCA (1.0 mmol-L™")

H,0, (0.1 mmol), CH,CN, 25 'C, 30 min

0]
CHO
o0
A B

Selectivity / %

Entry Ligand Conversion /%
A B
1 Vo 123 — 100
\ V" \_/
o o
2 [ 4 ] 55.2 78.2 15.6
N N
= 0
3 C>—< 873 97

* Conversion was determined by GC analysis; —: no reaction.

1.845

Syrene )

Internal standard
©/</ 4.447
2.572 /

\2,198
10

s Y . .
0 —

f N 1 N 1 .
50 2 4 6
¢t/ min

o]

Red line: before reaction; black line: after 30 min of reaction;

Tyren=0.05 mmol, nHZ(,Z:O.l mmol, ¢p=1.0 mmol - L,
Crea=Cryom,= 0.5 mmol - L7, T=25 C

Kl 3 RO AL NS 9 GC A
Fig.3 GC chart before and after epoxidation of styrene
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Table 3 Effect of auxiliary ligands on epoxidation of styrene *

6]
Fe(OTf), (0.5 mmol-L™"), ligand (1.0 mmol-L™") CHO
©/\ Auxiliary ligand (0.5 mmol-L™") ©/M n ©/
H,0, (0.1 mmol), CH,CN, 25 ‘C, 30 min
N A B

Selectivity / %

Entry Auxiliary ligand Conversion® / %
A B
1 No 8.5 - 100
o}
2 }gC/ﬂ\OH 20 67.5 32
3 Eii}—COOH 19.8 67.7 32
4 [::]\ 16.4 = 100
COOH
OH
TS ¢ - - -
COOH
COOH
X
6 | 9.5 = 97
N/
7 [;:1\COOH 65.6 823 12.8
H
8 [;:>\COOH 614 80.1 14.7
H
0
9 HN Iy 373 75.6 17.3
R X
10¢ | = = |
N”>cooH
X
1 | 100 87.3 9.7
N”>cooHn
X
12¢ | 45 952 —
N”cooH

*Reaction condition: styrene (0.05 mmol), Fe(OTf), (0.5 mmol - L), Pyrox (1.0 mmol - ™), Auxiliary ligand (0.5
mmol - L"), H;0, (0.1 mmol), CH;CN (5 mL), 30 min, 25 °C; * Conversion was determined by GC analysis, —: no reac-
tion; ©0.25 mmol - L™ PCA; 0.5 mmol-L™" PCA ; ©1.0 mmol- L™ PCA.

x4 AEPBFHEXZHERENRER RN

Table 4 Effect of different anions on epoxidation of styrene”

Entry Tron(Il) salt Time / h Conversion / % Selectivity of epoxide / %
1 Fe(OTf), 0.5 100 87.3
2 FeCl, 2 — —
3 FeSO, 2 — —
4 FeC,0, 2 — —

“Reaction condition: styrene (0.05 mmol), iron(Il) salt (0.5 mmol-L™), Pyrox (1.0 mmol-L™), PCA (0.5 mmol L), H,0, (0.1

mmol), CH;CN (5 mL), 30 min, 25 °C.
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Table 5 Effects of different solvents and oxidants on epoxidation of styrene”

Entry Solvent Oxidant Conversion / % Selectivity of epoxide / %
1 CH;CN H,0, 100 87.3
2 t-BuOH H,0, 42 75
3 Acetone H,0, — —
4 CHCl4 H,0, — —
5 THF H,0, — —
6 DCE H,0, — -
7 CH,CN m-CPBA 88 82.5
8 CH,CN TBHP 25 80
9 CH,CN BQ — —
10 CH,CN UHP — —
11 CH,CN NalO, — —

“Reaction condition: styrene (0.05 mmol), Fe(OTf), (0.5 mmol - L"), Pyrox (1.0 mmol - L"), PCA (0.5 mmol - L™'), oxidant

(0.1 mmol), solvent (5 mL), 30 min, 25 °C; Conversion was determined by GC analysis; —: no reaction.
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Table 6 Conversion and selectivity of epoxidation of various olefins by H,0,"

Entry Substrate

Product Conversion / %

Selectivity / %

H}c/©/u2b
0

/©/u 100 953
H,CO 2
Oﬁo

100 873

100 9155

100 85.1

NNNNF NNy
0
6 i 3 70.6 83.5
VAVAVAVAYAV RN AVAVAVAVAVA
7 Y 52.5 23.8
g 2g
NN
8 Ih - - -

*Reaction condition: substrate (0.05 mmol), Fe(OTf), (0.5 mmol - L"), Pyrox (1.0 mmol -L™), PCA (0.5
mmol - ™), H,0, (0.1 mmol), CH,CN (5 mL), 30 min, 25 °C; Conversion was determined by GC analysis; —

no reaction.
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Fig.4 Possible catalytic mechanism for epoxidation

of alkene
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