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Abstract

Ž . Ž . Ž .The reaction of styrene with ethyl diazoacetate, promoted by the complexes of two bis oxazolines with Cu I and Cu II
Ž .salts chloride and triflate , was studied in CH Cl and nitroethane. The use of nitroethane reduces the selectivity with2 2

regard to the diazoacetate, and also slightly reduces the transrcis selectivity. In the reactions carried out with triflates the
use of nitroethane gives rise to a slight decrease in the enantioselectivity, whereas the reverse is true for copper chlorides.
The influence of the solvent and the counterion on the enantioselectivity is explained on the basis of their influence in the

Ž . Ž . Ž .disproportionation of Cu I to Cu II and Cu 0 , the latter acting as a non-chiral catalyst. The rate of this side reaction also
Ž .depends on the structure of the bis oxazoline ligand. q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Catalytic enantioselective cyclopropanation of
olefins is of great interest in organic chemistry
due to the role of cyclopropanes as valuable
intermediates in organic synthesis and to the
frequent presence of these structures in biologi-

w xcally active compounds 1,2 . In this respect, a
good number of metal complexes bearing chiral
ligands are able to promote the transfer of car-
bene from diazo compounds to alkenes, through
metal–carbene complexes, with high enantiose-

Ž w x.lectivities for a recent review, see Ref. 3 .

) Corresponding author. Tel.rFax: q34-976762077; E-mail:
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Ž .Bis oxazoline –copper complexes are among
w xthe best catalysts for this kind of reaction 4–6 ,

and enantiomeric excesses of up to 99% have
been reported.

w xRecently we have shown 7 that cationic
Ž . Ž .bis oxazoline –Cu II complexes, supported by

cation exchange into clays, are efficient hetero-
geneous catalysts for these reactions. The sol-
vent used to carry out the cationic exchange has
a noticeable influence on the results of the
reaction, the best being obtained using ni-
troethane. It has also been reported that the use
of nitromethane and nitroethane leads to signifi-
cant improvement in the catalytic properties of

Ž . Ž .bis oxazoline –Cu II complexes in a hetero-Di-
w xels–Alder reaction 8 . The role of nitroethane
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in the clay-catalysed reactions may be related to
the creation of microenvironments of this sol-
vent surrounding the cationic complexes in the
clay. We therefore considered it of interest to
assess the influence of this solvent, as compared
with methylene chloride, in the benchmark reac-

Ž . Ž .tion of styrene 1 with ethyl diazoacetate 2 ,
Ž .promoted by bis oxazoline –copper complexes

under homogeneous conditions.

2. Experimental

Ž .The appropriate copper salt 0.25 mmol was
Ž . Žadded to a solution of bis oxazoline 0.25

. Ž .mmol in the appropriate solvent 10 ml under
argon and the mixture was stirred for 15 min.

Ž .After this time, styrene 2.5 mmol and n-de-
Ž .cane 500 mg in 15 ml of the same solvent was

Ž .added, and then ethyl diazoacetate 1.25 mmol
was added during 2 h using a syringe pump.
The reaction was monitored by gas chromatog-
raphy and, after the consumption of the diazoac-
etate, a second portion of this reagent was added
in the same way. When the CuCl had been2

used, the solution of the complex was heated at
408C for several minutes with a few drops of
ethyl diazoacetate, prior to the addition of
styrene.

The results of the reactions were determined
by gas chromatography. FID from Hewlett-
Packard 5890-II; cross-linked methyl silicone
column: 25 m=0.2 mm=0.33 mm; helium as
carrier gas, 20 p.s.i.; injector temperature:
2308C; detector temperature: 2508C; oven tem-

Ž .perature program: 708C 3 min , heat at 158C
y1 Ž .min to 2008C 5 min ; retention times: ethyl

Ž . Ž .diazoacetate 2 4.28 min, styrene 1 5.03 min,
n-decane 6.93 min, diethyl fumarate 8.73 min,
diethyl maleate 9.04 min, 6, 7 9.38 and 9.54

Ž .min, cis-cyclopropanes 5 11.84 min, trans-
Ž .cyclopropanes 4 12.35 min.

The asymmetric inductions of the reactions
were also determined by gas chromatography.
FID from Hewlett-Packard 5890-II, Cyclodex B
column: 30 m=0.25 mm=0.25 mm; helium as

carrier gas, 20 p.s.i.; injector temperature:
2308C; detector temperature: 2508C; oven tem-
perature program: 1258C isotherm; retention

Ž . Ž .times: 1S,2 R -cyclopropane 5b 28.9 min,
Ž . Ž .1 R ,2 S -cyclopropane 5a 29.8 min,
Ž . Ž . Ž .1R,2 R -cyclopropane 4a 34.3 min, 1S,2S -

Ž .cyclopropane 4b 34.9 min. The peaks were
assigned to the corresponding enantiomers by
comparison with previously described results
w x6 . The cis and trans stereochemistry was as-
signed by comparison of the peak ratios with
those obtained with the non-chiral column.

3. Results and discussion

Table 1 shows the results obtained in the
Ž .reaction of styrene 1 with ethyl diazoacetate

Ž . Ž . Ž . Ž .2 catalysed by bis oxazoline –Cu I and Cu II
complexes, using two different counterions
Ž .Scheme 1 , in methylene chloride and ni-
troethane.

Ž . Ž .As can be seen, the use of Cu II or Cu I
does not have a significant influence on the

Ž .reaction results. Although Cu I is the active
Ž .species, it is known that Cu II is reduced to

Ž .Cu I by diazoesters. This reduction is con-
firmed by the disappearance of the UV–VIS
band at a l near to 730 nm, which corre-max

w xsponds to the d–d transition 9 . Given the small
proportion of catalyst used, the only effect of

Ž .using Cu II is, in some cases, a slight decrease
in the selectivity with regard to diazoacetate.
The effects of the solvent and the counterion are
far more important, and there is a close relation-
ship between the nature of the ligand, the coun-
terion and the solvent.

Ž .With Cu TfO the replacement of CH Cl2 2 2

by nitroethane leads to a slight decrease in both
the transrcis and the enantioselectivities, and
to a marked decrease in the selectivity with

Žregard to diazoacetate 56 to 18% with 3a and
.53 to 14% with 3b . Given that the amount of

maleate and fumarate formed does not depend
on the solvent used, the lower selectivity with
regard to diazoacetate may be due to the forma-
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Table 1
Ž . Ž .Results obtained in the reaction of styrene 1 with ethyl diazoacetate 2

a a b b,c b,cŽ . Ž . Ž .Ligand CuX Solvent 1:2 t h % Conversion % Selectivity 1 % Selectivity 2 4:5 % ee 4 % ee 5n
Ž .styrene

3a CuTfO CH Cl 2 2 32 86 55 2.1 69 632 2

1 7 73 79 58 2.0 65 59
Ž .3a Cu TfO CH Cl 2 2 34 83 56 2.1 62 562 2 2

1 7 69 85 58 2.1 59 53
Ž .3a Cu TfO EtNO 2 2 10 90 18 2.0 57 482 2

1 7 19 89 17 1.8 55 45
3a CuCl CH Cl 2 5 7 82 12 2.6 4 62 2

1 21 18 81 14 2.7 2 4
3a CuCl EtNO 2 5 12 43 11 1.8 37 352

1 7 14 88 13 1.8 35 32
3a CuCl CH Cl 2 5 13 48 12 2.4 5 82 2 2

1 21 24 60 15 2.5 5 3
3a CuCl EtNO 2 5 5 60 6 1.7 47 422 2

1 8 16 70 11 1.8 46 41
3b CuTfO CH Cl 2 2 42 84 70 2.5 94 922 2

1 7 89 82 72 2.4 94 91
Ž .3b Cu TfO CH Cl 2 2 36 74 53 2.4 90 872 2 2

1 7 81 75 61 2.4 91 88
Ž .3b Cu TfO EtNO 2 2 17 41 14 2.1 80 772 2

1 7 22 61 13 2.1 78 74
3b CuCl CH Cl 2 5 18 73 27 2.3 3 82 2

1 21 40 74 29 2.4 3 7
3b CuCl EtNO 2 5 10 74 14 2.0 26 252

1 21 21 75 16 2.0 13 12
3b CuCl CH Cl 2 5 18 60 22 2.2 2 72 2 2

1 21 33 74 24 2.3 2 7
3b CuCl EtNO 2 5 13 72 19 2.2 18 172 2

1 21 22 89 20 2.2 5 4

a Determined by gas chromatography using n-decane as the internal standard.
b Determined by gas chromatography.
c4a and 5a are the major enantiomers.

tion of some other by-products. These solvent
effects are observed with both ligands, 3a and

3b, but the influence of the solvent on the
enantioselectivity is more noticeable with 3b.

Scheme 1.
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The change of counterion from triflate to
chloride leads to a significant decrease in the
selectivity with regard to the diazocompound,
and to an almost complete disappearance of the
enantioselectivity in the reactions carried out in
CH Cl . When the solvent used is nitroethane2 2

the decrease in the asymmetric induction is not
so great. The slight decrease in the transrcis
selectivity on changing from CH Cl to ni-2 2

troethane is also observed with copper chlo-
rides. Once again, the changes in the enantiose-
lectivity with the solvent depend on the nature
of the ligand and, surprisingly, in the reactions
carried out in nitroethane the enantioselectivity
obtained with 3a is higher than that reached
with 3b.

The use of nitroethane has three main effects:
a decrease in the selectivity with regard to
diazoacetate, a decrease in the transrcis selec-
tivity, and a modification of the enantioselectiv-
ity. The latter effect depends on the nature of
both the ligand and the counterion.

The reactions carried out in nitroethane do
not lead to greater amounts of fumarate and
maleate, meaning that other by-products must
be formed. In the reactions carried out in this
solvent with copper chloride, two new products
were detected by gas chromatography in con-
junction with mass spectrometry. These prod-
ucts could not be separated and isolated, and
they were analysed only by GC-MS. Both prod-
ucts have the same molecular weight of 372,
and this value, together with some of the frag-
mentations observed, allows us to tentatively

Ž .propose the pyrazolines 6 and 7 Scheme 2 as
the by-products. These compounds would be
obtained by 1,3-dipolar addition of ethyl dia-

zoacetate to diethyl maleate and fumarate, fol-
lowed by 1

D to 2
D isomerisation and carbene

insertion on the N–H bond.
These products were also detected by chiral

gas chromatography but, because they were not
resolved, the possible asymmetric induction in
the synthesis of 6 and 7 could not be analysed.

The influence of the different factors on the
enantioselectivity deserves a more detailed anal-
ysis. Firstly, in the reaction promoted by copper
triflate complexes, the use of nitroethane gives
rise to a slight decrease in the enantioselectivity.
These modifications may be related to small
changes, induced by the solvent, in the relative
energies of the transition states. In fact, the
changes in enantioselectivity experimentally ob-
served correspond to changes in the relative
energies of the transition states of less than 0.8
kcal moly1. A similar effect of the solvent on
the enantioselectivity has recently been de-
scribed in enantioselective Diels–Alder reac-

Ž .tions promoted by phosphino-oxazoline –
Ž . w xCu II complexes 10 . This solvent effect can

also account for the decrease in the endorexo
selectivity experimentally observed in these re-
actions when nitroethane is used as a solvent
w x10 .

The enantioselectivity is mainly influenced
by the change of counterion. The use of copper
chlorides in CH Cl gives rise to an almost2 2

complete loss of the enantioselectiviy, and this
cannot be accounted for by changes in the struc-
tures of the transition states alone, but in the
whole reaction mechanism. It may be specu-

Ž .lated that, under these conditions, the Cu I
complexes are unstable and disproportionate to

Ž . Ž .give Cu II complexes and Cu 0 . In fact, the

Scheme 2.
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solution has a red–brown colour due to col-
Ž .loidal Cu 0 from the outset of the reaction, and

Ž .the Cu 0 promotes the non-asymmetric cyclo-
propanation. This mechanism also accounts for
part of the decrease in selectivity with regard to
diazoacetate because, in this case, the amount of
diazocompound consumed in the reduction of

Ž . Ž .Cu II to Cu I increases. The use of a polar
solvent, such as nitroethane, has the effect of
decreasing the rate of disproportionation, and
hence a higher enantioselectivity is obtained.
However, the side reaction of disproportionation
is not completely eliminated and, in the case of
3b, the asymmetric induction decreases with
reaction time. The use of a polar solvent will
increase the ionic character of the copper–chlo-
ride bond, and this may be the cause of this
behaviour. In fact, the use of a less-coordinating
counterion, such as triflate, inhibits this undesir-
able side reaction.

Finally, the rate of disproportionation is also
Ž .influenced by the structure of the bis oxazoline

ligand. This process is faster with 3b than with
3a, which justifies the surprisingly higher enan-
tioselectivity obtained with 3a and copper chlo-
rides.

4. Conclusion

It can be concluded that the inhibition of the
Ž .disproportionation of Cu I is of prime impor-

tance in obtaining good results in asymmetric

cyclopropanation reactions catalysed by chiral
Ž .Cu I complexes, and that this reaction is not

only affected by the nature of the counterion,
but also by the nature of the solvent and the
chiral ligand.
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