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Abstract

The catalytic activity and regioselectivity were studied of the salenCo(llI)OAc complex in the reaction of addition of aliphatic carboxylic
acids to a series of terminal epoxides (epichlorohydrin, 1,2-epoxybutane, propylenetexideityl glycidyl ether and 2,3-epoxypropyl
phenyl ether). The reduction in the activity in the order: acetic > acrylic > methacrylic acid was found. The regioselectivity of the addition was
independent on carboxylic acid nature and depended on the nature of the epoxide. The best regioselectivity for the addition to epichlorohydrin
was observed. The catalytic activity and regioselectivity of salenCo(llI)OAc were compared with those for chromium(lll) acetate catalyst.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Epoxide; Carboxylic acid; Ring opening; Salen cobalt(lll) complex

1. Introduction In particular, the mentioned findings concerning ring-
opening reactions made easier the synthesis of different vic-

For about 15 years, i.e. since asymmetric epoxidation of inal chiral amino alcohols, on one side, and chiral epoxides,
non-functional olefins in the presence of chiral salenMn(lll) diols and hydroxy ethers, on the other. The first can be used as
complexes was discover¢t,2] a great deal of interest was precious ligands for asymmetric catalysis or chiral interme-
focused on the study of catalytic activity of metal salen com- diates, and the second, as the chiral intermediates for asym-
plexes[3—11] metric synthesis of pharmaceuticals.

Besides the asymmetric epoxidation, salen catalysts are In our present study, we tested the catalytic activity of
very often explored in the asymmetric ring-opening reac- salenCo(lll)OAc complexc) in the addition of aliphatic
tions involving epoxides. The Jacobsen group has showncarboxylic acid to terminal epoxideS¢heme 1. The aspects
that chiral salenCr(lll) complexes are very useful in the ring- of the regiochemistry of reactions and reagent reactivity were
opening epoxides by trimethylsilyl azifi&2,13] They were particularly explored.
also tested in reactions of epoxides with thidl4] and ben-
zoic acid[15]. Chiral salenCo(lll) complexes turned out to
be very effective catalysts in the addition of pherj@B] and 2. Experimental
water hydrolytic kinetic resolution[17] to terminal epox-
ides. Cobalt(l1l) complexes were also explored in other ring- 2.1. Materials
opening reactions, namely in alcoj@B] and aromatic acid
addition[15] to epoxides. Carboxylic acids (acetic, acrylic and methacrylic)

and racemic terminal epoxides (epichlorohydrin, 1,2-
epoxybutane, propylene oxidert-butyl glycidyl ether and

* Corresponding author. 2,3-epoxypropyl phenyl ether) were reagent grade from
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Scheme 1. General scheme of the addition.

Cobalt(ll) acetate tetrahydrate {85Co04-4H,0) and
(+)-trans1,2-diaminocyclohexane were reagent grade from
Aldrich or Fluka.

Salen ligand 1a) was obtained in the classic way in the
reaction of 3,5-diert-butylsalicylaldehyde and)-trans
1,2-diaminocyclohexane in 96% ethanol solut[@®]. 3,5-
Di-tert-butylsalicylaldehyde was obtained accordingo].
SalenCo(ll) complexeslp), the precursor of complex¢),
were synthesized from salen liganda) and cobalt(ll)

2.2. General procedure

Small vials (5ml) were charged with salenCo(lll)OAc
complex (Lc) (0.2—-1.0 mol%) and equimolar mixtures of car-
boxylic acids and epoxides (1 ml). The reaction mixtures
were stirred for 10-48 h in a glycerine bath. Progress of the
reaction was monitored by capillary GC analysis (HP-FFAP
capillary column). The molar fractions of isomeric products
4 and5 were calculated by measuring the surface of area of

acetate in dichloromethane/methanol solution according chromatographic peaks of regioisomers.

to the procedure described [@1]. The salenCo(lll)OAc
catalyst (c) was prepared from the salenCo(ll) com-
plex (lb) by using the procedure described by Jacob-
sen and coworkerf21] and was used without any further
purification.

Table 1
Molar fraction of regioisomersd(and5) in the reaction of acetic acid with
epichlorohydrin in the presence of different catalytic systems

3. Results and discussion

Our previous study on the reaction of aliphatic carboxylic
acids with epichlorohydrin (ECH) has shown that complex-
ing chromium(lll) ions by salen ligand exert a disadvanta-
geous effect on their catalytic activity and regioselectivity
in comparison with simple salt: chromium(lll) acet§®2].

We expected salenCo(IlI)OAc complex to be more active and

Catalyst TemperaturéC) Ratio of4:5 selective than the earlier tested chromium(lll) compounds.
Chromium(lll) acetate 60 92.1:7.9 The study of the catalytic activity dfc was started from
SalenCr(lI1)Cl 60 87.8:12.2 the reaction of acetic acid with epichlorohydrin. It turned
SalenCo(ll)OAc 60 87.6:12.4 out that the activity of the salenCo(lll)OAc complekd in
SalenCo(llOAC 40 91.5:8.5 this reaction was clearly higher than in the case of previous
SalenCo(Ill)OAc 25 93.6:6.4

tested chromium catalysFig. 1). Unfortunately, there was
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Table 4

The catalytic activity of the salenCo(Ill)OAc complex and chromium(lll)
acetate in the reactions of acrylic acid with a series of epoxides (temperature:
25°C; time: 24 h)

Catalyst (1 mol%) Conversion @b (%)

100

®
<
T

3a 3b 3c 3d 3e
Chromium(lil) acetate 82 94 88 76 92

N
=3
T

Conversion of AcOH, %
2
T

SalenCo(lll)OAc 84 91 70 72 93
20 ./ —m— 1%-mol. salenCo(IIN)OAc
—®— 1% mol. chromium(IIT) acetate
—A— 2% mol. salenCr(INCI Tables )
0 L L 1 N The catalytic activity of the salenCo(lll)OAc complex and chromium(lll)
0 10 20 30 40 50 acetate in the reactions of methacrylic acid with a series of epoxides (tem-
Time, h perature: 25C; time: 24 h)
. . . . ) . o Catalyst (1 mol%) Conversion @k (%)
Fig. 1. Conversion of acetic acid in the reaction with epichlorohydrin in the
presence of different catalytic systems (temperaturé5 3a 3b 3c 3d 3e
Table 2 Chromium(lil) acetate 83 96 81 76 89
aole SalenCo(lll)OAc 11 25 10 21 32

The catalytic activity of the salenCo(Ill)OAc complex and chromium(lll)
acetate in the reactions of acetic acid with a series of epoxides (temperature:
25°C; time: 24 h)

0, i 0,
Catalyst (1 mol%) Conversion dh (%) (the order: epichlorohydrin tert-butyl glycidyl ether < 2,3-
Sa 3 3¢ 3d 3e epoxypropyl phenyl ether) can be explained in terms of the
Chromium(lll) acetate 73 83 82 55 70 increasing partial charge of the more substituted carbon atom
SalenCo(lll)OAc 81 96 8 8 9% in epoxy ring. Unfortunately, the reduction of the regioselec-

tivity in the case of propylene oxide and 1,2-epoxybutane is
not consistent with this explanation.

Further study on the addition of acrylic and methacrylic
acids to the same group of oxiranes were carried out in the
presence of completc. This catalyst was found less ac-
tive in these reactions in comparison with acetic acid ad-
dition (Tables 4 and b Consequently, its catalytic activity
became similar to that observed for acrylic acid addition in
the presence of chromium(lll) acetate (only in the case of
f 1,2-epoxybutane chromium(lll) acetate was more active cat-
alyst). On the other hand, its activity in the reactions with
methacryclic acid was weaker than that of chromium(lll) ac-
etate.

Acrylic and methacrylic acids similarly acetic acid showed
the best regioselectivity in the addition to epichlorohydrin
(Table §. However, no influence of the acid nature on the
regioselectivity was observed as it had been found in the
g Presence chromium(lll) acetatz3].

no improvement in the addition regioselectivitaple J).
The molar fraction of the abnormal addition prod&ét the
presence olcat 60°C was comparable to that observed for
the salenCr(III)Cl complex and higher than in the presence
of chromium(lll) acetate. In the presence of comples) (he
improvement of regioselectivity was possible after reducing
reaction temperature.

Further experiments have shown that catalisturned
out to be more catalytically active in the case of addition o
acetic acid to propylene oxidert-butyl glycidyl ether or 2,3-
epoxypropyl phenyl etheiTable 9. Among the epoxy com-
pounds only 1,2-epoxybutan8dj reacted with acetic acid
with similar yield both in the presence of the salenCo(lll)OAc
complex and chromium(lll) acetate.

In the presence of salenCo(llI)OAb reacted with acetic
acid most readily an8aat the lowest rateTable 3. Among
all explored oxiranes, the best regioselectivity of acetic aci
addition was observed for epichlorohydrifaple 3.

An increase of molar fraction of isomér with grow-

ing acceptor character of the substituents in the epoxy ring Table 6
Molar fraction of regioisomers4j and 6) in the reactions of acrylic2b)
and methacrylicZc) acids with a series of epoxide3)(n the presence of

Table 3

1c (temperature: 25C
Molar fraction of regioisomersi(and5) in the reactions of acetic aci@®) ( - P ) -
with a series of epoxideg)in the presence dfc (temperature: 25C) Epoxide Ratiot:5
Epoxide Ratiod:5 2b 2c
3a 85.6:14.4 3a 85.6:14.4 86.4:13.6
3b 93.6:6.4 3b 97.0:3.0 95.4:4.6
3c 84.1:15.9 3c 85.8:14.2 85.0:15.0
3d 89.3:10.7 3d 94.8:5.2 91.7:8.3

3e 85.3:14.7 3e 90.1:9.9 83.6:16.4
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