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Cobalt() porphyrin complexes catalyze reactions between
ethyl diazoacetate (EDA) and styrenes to give the corres-
ponding cyclopropanes with trans selectivity. The reactions
of other diazoalkanes and other olefins have also been car-
ried out, and the mechanism of the reaction has been invest-
igated. Kinetic data and stoichiometric reactions support the
formation of a diazoalkane cobalt-porphyrin complex that re-
acts with the olefins to generate the cyclopropane. Diethyl

maleate and fumarate are not formed in the presence of an
excess of olefin. On treatment of EDA with Co''(TPP) (TPP =
dianion of meso-tetraphenylporphyrin) in the absence of the
olefin, an alkyl cobalt(ir) complex Co'™(TPP)(CH,CO,Et) was
isolated, and its structure has been solved by X-ray diffrac-
tion.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

A vast number of investigations into metal complex-cata-
lyzed cyclopropanations of alkenes with diazo compounds
have recently been reported.['l A variety of transition metal
compounds have been employed as catalysts for diazo de-
composition, and the most efficient compounds have been
found to be based on copper? and rhodium.P!

In the last few years, transition metal-porphyrin com-
plexes of iron, rhodium,!™ osmium,!® and ruthenium{’—°!
have been extensively employed as catalysts in the cyclopro-
panation of olefins and, in the case of ruthenium, excellent
enantioselectivity was obtained in this reaction.

The mechanism of the metal—porphyrin-catalyzed reac-
tions has also been investigated. Carbene complexes have
always been implicated, and the molecular structures of
these carbene complexes have in several cases been deter-
mined by X-ray diffraction. Carbene complexes of ruthe-
nium-,[7-2%101 jron-,4&111 and osmium-porphyrins!!®>12l are
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known. In the case of rhodium, while no stable carbene
complex has been isolated from reactions involving diazo
compounds, one has been spectroscopically characterized
and its reactivity investigated.!'3] A stable rhodium-porphy-
rin carbene complex has been obtained by a different route
and crystallographically characterized, but its reactivity
with olefins was not investigated.[!4]

Recently we have reported on the catalytic activity of co-
balt() porphyrin complexes in the amination reactions of
olefins!'>l and benzylic C—H bonds,'®! with aromatic azides
as aminating agents. Since diazo compounds are isoelec-
tronic with aryl azides, we considered that cobalt(i) por-
phyrin complexes may also act as catalysts for the cyclopro-
panation reaction, and the results of our studies are re-
ported here.

To the best of our knowledge, this is the first time that
cobalt(i) porphyrin complexes have been used as catalysts
for cyclopropanation reactions, though cobalt(ir) Schiff ba-
sest!7-18 and dioximato complexes!!®! are excellent catalysts
for the cyclopropanation of olefins. Several reports con-
cerning stoichiometric reactions between cobalt porphyrins
and diazo compounds have been published.?°~2?I Both co-
balt(1) and cobalt(i1) porphyrin complexes have been used
as substrates, but in the latter case the reactions were always
performed in CHCI; and in air, so chloride-containing co-
balt(r) complexes were obtained as products in any case.
The chloride anion clearly derives from a radical activation
of the solvent, and in the only reaction employing

1434—1948/03/0407—1452 $ 20.00+.50/0 ~ Eur. J. Inorg. Chem. 2003, 1452—1460



Cyclopropanation of Olefins with Diazoalkanes, Catalyzed by Co'(porphyrin) Complexes

FULL PAPER

Co'"(OEP) and ethyl diazoacetate with exclusion of air, the
same cobalt(11) chloride complex was obtained as in the
presence of air, although after a longer time and in a lower
yield.[?%4 The identity of the major product depends on the
amounts of the reagents and the identity of the diazo com-
pound, but with ethyl diazoacetate the primary product
from Co(OEP)%! or Co(TPP)?°! was Co'(porphyrin)-
(CI)(CHCOOEL), with a carbene group bridging cobalt and
one of the pyrrole nitrogen atoms. Relevantly to this work,
all attempts to trap the carbene group by treatment with an
olefin failed, indicating that the cobalt(1) carbene complex
is not an active species in cyclopropanation reactions. No
cyclopropanation activity has been reported even for the
other complexes obtained under different experimental
conditions or with other diazo compounds or porphyrins.

Results and Discussion

Catalytic Reactions

Ethyl diazoacetate reacts with an excess of olefin, in the
presence of catalytic amounts of Co(porphyrin) complexes
(1%), to give the corresponding cyclopropanes in good
yields [Equation (1)]. The results are listed in Table 1. Fum-
aric and maleic acid esters were never detected in these reac-
tions, consistently with literature data, which show that
these by-products are not generally formed when catalytic
systems based on cobalt complexes are employed.l'” 11 It
is also important to note that no polystyrene was formed
either, as evidenced by the lack of any signal in the —CH,—
region in the '"H NMR spectra of reactions run in deuter-
ated solvents (see also later).
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Table 1. Reactions of EDA with olefins catalyzed by Co'(porphyrin)

The reaction between styrene (R = H) and EDA (R’ =
H, R"" = Et) in refluxing CH,Cl,, catalyzed by Co(TPP)
(TPP = dianion of meso-tetraphenylporphyrin), gave a mix-
ture of trans- and cis-cyclopropanes (1) in 85:15 ratio
(Table 1, entry 1).

The most active catalyst for the synthesis of cyclopro-
panes, although slightly less diastereoselective as far as the
transl/cis ratio is concerned, is Co(p-CITPP) (p-CITPP = di-
anion of meso-tetra-p-chlorophenylporphyrin) (entry 2).
Co(p-OMeTPP) (p-OMeTPP = dianion of meso-tetra-p-
methoxyphenylporphyrin) and Co(OEP) (OEP = dianion
of beta-octacthylporphyrin) are also effective catalysts (ent-
ries 3 and 4).

With methyl phenyldiazoacetate (MPhDA, R’ = Ph,
R'" = CH3) as the diazoalkane and again with styrene as
the olefin and Co(p-CITPP) as catalyst, a slower reaction
was observed, as would be expected in view both of the
greater stability of the starting diazo compound and of the
steric hindrance of the derived carbene. The cyclopropane
(2) was obtained in a 40% yield. Surprisingly, the most
abundant cyclopropane isomer is the one with two phenyl
groups in a cis arrangement (39:61 trans/cis ratio). The use
of MPhDA will be investigated further, because many metal
catalysts afford excellent trans selectivities,?>323 but only a
few examples showing cis selectivity have been reported.[*4]

With other diazoalkanes such as ethyl diazoacetacetate
(EDAA, R’ = COCH3;, R = Et) and with the diethyl ester
of diazomalonic acid (EDM, R’ = COEt, R"" = Et) we did
not observe any reaction.

Other olefins were also tested. The reaction between 1,1-
diphenylethylene (R = Ph) and EDA (R’ = H, R’ = Et),
catalyzed by Co(TPP), was fast and gave high yields of the
cyclopropane (3, entry 5). With this olefin the most efficient
catalyst appears to be Co(TPP), while Co(p-XTPP) (X = ClI,
OMe) and Co(OEP) were less active and less selective. How-
ever the differences are not marked enough to allow any
speculation about the electronic effects of the porphyrin ring.
Again, with a hindered and more stable diazoalkane such as
EDAA, a slower reaction was observed (4, 42% yield).

Entryf Substrate Catalyst t/hl®] Cyclopropane yield%o[! trans/cis ratiold!
1 styrene Co(TPP) 21 62 (1) 85:15
2 styrene Co(p-CITPP) 22 99 (1) 75:25
3 styrene Co(p-OMeTPP) 22 80 (1) 76:24
4 styrene Co(OEP) 24 71 (1) 83:17
5 1,1-diphenylethylene Co(TPP) 7 99 (3) -

6 1,1-diphenylethylene Co(p-CITPP) 10 88 (3) -

7 1,1-diphenylethylene Co(p-OMeTPP) 19 85 (3) -

8 1,1-diphenylethylene Co(OEP) 20 65 (3) -

9 a-methylstyrene Co(TPP) 19 95 (5) 70:30
10 a-methylstyrene Co(p-CITPP) 17 91 (5) 75:25
11 a-methylstyrene Co(p-OMeTPP) 20 72 (5) 77:23
12 a-methylstyrene Co(OEP) 21 65 (5) 85:15

[al Reaction carried out in refluxing dichloromethane (10 mL), with 1.2:1073 mmol of catalyst and a catalyst/diazoalkane/styrene ratio of
1:100:500. ™ Time required to reach complete conversion of EDA. [l Isolated yields, calculated with respect to the initial amount of the

diazoalkane. [9 Determined by '"H NMR spectroscopy.
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The reaction between o-methyl styrene (R = CHjs) and
EDA, catalyzed by Co(TPP), gave good yields of the cyclo-
propanes (5, entry 9). The dominant isomer is the cyclopro-
pane with the phenyl and the —CO,Et groups trans to each
other. Small variations were observed on using the other
porphyrin complexes as catalysts, while the use of the more
hindered and stable EDAA gave slower reactions both when
using Co(TPP) (6, 29% yield, 62:38 = trans/cis ratio) and
when using Co(p-CITPP) (6, 40% yield, 60:40 = trans/cis ra-
tio).

The reactions between other olefins, such as norbornene
and indene, and EDA with Co(p-CITPP) as catalyst gave
the corresponding cyclopropanes in low yields in mixtures
with other compounds.

With 1-octene and cyclohexene, Co(p-CITPP) as catalyst
and EDA as the diazoalkane, we observed no derivatives
originating from the attack of the carbene moiety on the
alkene. On the other hand, we observed the products of
coupling of two carbene units — that is, diethyl maleate and
fumarate — for the first time. The formation of these coup-
ling products when unreactive olefins are employed is in line
with the results of the mechanistic study described below.

Preliminary studies were carried out with 2,3-dimethyl-
1,3-butadiene as a representative diene. The efficiency of
the catalytic system was checked under the same reaction
conditions, and we observed the complete consumption of
the EDA. Analysis of the 'H NMR of the crude product
verified the formation only of the monocyclopropanation
derivative, and no coupling products were detected

Finally, when a 4:1 ratio between EDA and Co(TPP) was
used, the products of the attack of the carbene on C—H
bonds of the organic compounds used as solvent were ob-
served in low amounts by GC-MS (Scheme 1).

EtO2CCH;

cyclohexane toluen CHaCHCORE
H>©<—————— Co(TPP) + EDA —l®, Q/

lbenzene
.COgEt

Ej/CHzCOzEt . O/CH\CHzCOzEt

Scheme 1

Intermolecular C—H activation by highly reactive metal
carbenoid intermediates formed from diazo compounds has
already been reported,>)! but alkylation of a C—H bond as
stable as the one in benzene is rare.[*®! These reactions will
be investigated further.

Mechanistic Studies

The mechanism of the reaction between diazoalkanes
and olefins with cobalt-porphyrins as catalysts was investig-
ated by use of styrene as the olefin, EDA as the carbene
precursor, and Co(TPP) as the catalyst. We first describe
the experimental results and discuss them together in the
end.
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A series of kinetic measurements was performed; the re-
actions were followed by IR spectroscopy (disappearance of
the absorptions of the diazo group at 2108 cm™!), in ben-
zene as solvent, at 50 °C. Some reactions showed an excel-
lent first order dependence of the rate on the EDA concen-
tration up to its complete consumption, but in several cases
deviation from first order was observed after a variable
time. We thus decided to calculate the kinetic constants for
all reactions by the initial rates method (see also the Exp.
Sect.). In all those cases in which first order behavior was
observed throughout the reaction, good agreement was ob-
served between the values obtained by the initial rates
method and those obtained by fitting log[EDA] versus time
for all the data points. The collected data show that the
reaction rate is first order in EDA and in the catalyst (Fig-
ure 1 and Figure 2, see Exp. Sect.). In the latter case, the
straight line in the plot of k.. versus the concentration of
Co(TPP) showed an intercept on the axis of the concentra-
tion. The dependence of the reaction rate on the styrene
concentration is more complex and has a bell shape, with
styrene concentrations over 0.125 M inhibiting the reaction
(Figure 3). Moreover, it has been observed that the diazoal-
kane is not completely consumed for concentrations of
EDA higher than 0.05 mol/L.
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Figure 1. Dependence of the initial reaction rate on the initial EDA
concentration; kqpeq. = {{EDA]y — [EDA]}/t, R = 0.990

One of the previously described experiments (kypeq. =
0.0149 min~"') was repeated in the presence of several com-
pounds capable of interfering with the formation of the
cyclopropanes. In the presence of diethyl maleate (kopeq. =
0.0139 min~!), diethyl fumarate (kypsq = 0.0132 min~ '),
and diethyl succinate (kopsg. = 0.0133 min~') the reaction
rate is about 10% lower, but the reaction is still first order
in EDA. This is probably due to the interaction of the metal
center with the ester group of the added compound. In the
absence of styrene, diethyl maleate reacts with EDA in the
presence of Co(TPP) to give the corresponding cyclopro-
pane in low yields. This last reaction is noteworthy, since it
has never been reported with other catalytic systems based
on metal-porphyrin complexes and it is usually performed
with cobalt(0) or nickel(0) complex as catalyst.?”7 On the

Eur. J. Inorg. Chem. 2003, 1452—1460
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Figure 2. Dependence of the initial reaction rate on the initial
Co(TPP) concentration; kgnq. = {{EDA]y — [EDA],}/[EDA]yt,
R = 0.982
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Figure 3. Dependence of the initial reaction rate on the initial styr-
ene concentration; kopsq. = {{EDA]y — [EDA]}/[EDA]yt

other hand, when dimethyl fumarate is used as substrate,
only the cyclopropane derivative obtained from diethyl ma-
leate (formed by carbene coupling from EDA) is obtained.
This result emphasizes the importance of steric effects in
this reaction. When we repeated the catalytic cyclopropan-
ation reactions in the presence of the free radical trap
TEMPO (2,2,6,6-tetramethylpyperidine-oxyl), we did not
observe complete conversion of EDA, and a very slow reac-
tion occurred. Since no irreversible reaction occurs between
Co(TPP) and TEMPO alone,'®! this indicates that some in-
termediates in which unpaired spin density is present on the
organic moiety must be formed during the reaction, al-
though this should not be taken as an evidence of the
formation of free organic radicals. An analogous outcome
was observed for related amination reactions.!!>:1¢]

Several reactions were performed in order to clarify the
reaction mechanism. In the absence of the olefin and with
use of a Co(TPP)/EDA ratio of 1:100, 35% of the EDA
reacts to form diethyl maleate and a complex that has been
identified as Co™(TPP)(CH,CO,Et) (7). A different syn-
thesis of this complex has previously been reported in the
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literature,'*®! but the product was then only characterized
spectroscopically. We have now unequivocally characterized
complex 7 by X-ray crystallography, and its structure is de-
scribed in the next section. It is important to note that 7 is
inactive as a catalyst. It may be this species that explains
why an intercept on the axis of the concentrations is ob-
served on the plot of kyn Vversus the concentration of
Co(TPP).

By carrying out the catalytic reaction in a 'H NMR tube,
with a Co(TPP)/EDA/styrene ratio of 1:10:50, we observed
that if EDA is added first and then styrene, diethyl maleate
is immediately formed, followed by the cyclopropane deriv-
atives. On the other hand, if styrene is added first to the
Co(TPP) solution and then EDA, only the cyclopropanes
can be detected.

The stoichiometric reaction between Co(TPP) and EDA
in the absence of styrene and at 50 °C in benzene was fol-
lowed by IR spectroscopy, a spectrum being recorded every
10 minutes. It was possible to observe the steady disappear-
ance of EDA (vco = 1685 cm™!) and, after 30 minutes, the
formation of an absorption at 1722 ¢cm™!. This new signal
is attributable to an unstable intermediate (8), since it
gradually disappeared and at the end of the reaction only
the absorptions due to diethyl maleate (vco = 1730, 1750
cm ') and Co™(TPP)(CH,CO,Et) (7) (veo = 1710 cm™ 1)
were detected (Figure 4).

diethyl maleate Co"(TPP)(CH,CO,E®) (7)

Absorbance ——»

(a)
1620

1770 1720 1670

-1
-y /cm

Figure 4. IR spectra of the reaction between Co(TPP) and EDA
(stoichiometric ratio = 1:3); a) EDA; b) 30 min after the addition
of Co(TPP); c) after 60 min (end of the reaction)

The absorption due to the diazo group at 2108 cm™!

gradually disappears, but no shift of this signal was de-
tected. Even spectra subtraction techniques (Figure 5)
failed to find any absorption attributable to a diazo group
associated with the intermediate absorbing at 1722 cm™!.

When the same reaction was run in C¢Dg and followed
by 'H NMR spectroscopy, it was possible to observe the
formation of a new paramagnetic species of cobalt(1) (8 =
22.2 ppm) in the range from & = 25 to 10 ppm while the
signals of Co(TPP) (13.2, 16.3 ppm) gradually disappeared
(Figure 6).

As with the experiment followed by IR spectroscopy, only
the signals of Co™(TPP)(CH,CO,Et) (7) and diethyl male-
ate were observed at the end of the reaction. From these
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Figure 5. IR spectrum of the intermediate 8 obtained by sub-
tracting spectrum (a) in Figure 4 from spectrum (b)
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Figure 6. "H NMR spectrum of the reaction of Co(TPP) with EDA
(stoichiometric ratio = 1:5). a) Co(TPP); b) 30 min after the addi-
tion of EDA

observations, we suggest that an intermediate carbene com-
plex, Co™(TPP)(CHCO,E) (8), is formed. However, it was
not possible to isolate it, since a fast reaction with EDA (to
give diethyl maleate) occurs. We propose that the carbene
group should be bridging between the cobalt and a pyrrole
nitrogen atom, rather than being terminally bound only to
cobalt, because related cobalt(i) complexes display this
bonding mode,?*~22 and Tatsumi and Hoffmann’s theoret-
ical treatment of metalloporphyrin-carbene complexes>”!
shows that an increase in the electron count on the metal
stabilizes the bridging mode with respect to the terminal
one. The bridging mode should thus be even more favorable
for a cobalt(i) complex than for the cobalt(1r) analogues.
It should be noted that terminal cobalt(i1) carbene com-
plexes have been proposed as intermediates in cyclopropan-
ation reactions catalyzed by cobalt Schiff base and dioxim-
ato ligands,['”~!] but these are different ligands and the
formation of bridged complexes was apparently not taken
into consideration.

The kinetic and reactivity data collected is not unequi-
vocal in indicating the correct reaction mechanism. Given
the observation of a transient carbene complex 8, it is very
tempting to point to this as the intermediate responsible for
the production of both cyclopropane (by reaction with an

1456

olefin molecule) and diethyl maleate (by reaction with an-
other EDA molecule). If this is the case, however, it is diffi-
cult to explain the bell-shaped dependence of the rate of
cyclopropanation with the styrene concentration. The des-
cending part of the curve may be due to competitive forma-
tion of a Co'(TPP)(styrene) complex (9), inactive as cata-
lyst, a mechanism for which there are precedents in related
copper chemistry.[?30-311 [n this case, however, explanation
of the ascending part of the curve would require that the
reaction between 8 and styrene proceed at a rate slower
than, or at least comparable with, that of the formation of
8 itself. If this did not occur and the reaction between 8
and styrene were much faster than the formation of 8 from
Co(TPP) and EDA, then the reaction rate should not de-
pend on the styrene concentration and only the previously
mentioned inhibiting effect should be observed. However,
the assumption of a slow reaction between 8 and styrene
contrasts with the failure to observe 8 in the presence of
that olefin. We also tried to fit the kinetic data quantitat-
ively to a model of this kind by a multivariate regression,
but the results were inconsistent. In recent work in our
laboratories!!®l we have investigated the mechanism of the
amination reaction of benzylic hydrocarbons by aryl azides.
It turned out that the species responsible for the activation
of the hydrocarbon is a reversibly formed complex in which
the aryl azide is still coordinated as such, rather than a
nitrene complex. By analogy, we can propose the mechan-
ism shown in Scheme 2 for the cyclopropanation reaction.

RRCN; &,
R " .
N~ M= RR‘Cll(\Jzz NACRR!
N—i=N ki NN N—=N
QLD L2, QD
R N —
K3
R" —
RR'C=CRR’ §C7 ‘Rt Kaq
N> R/ \R N2
R
Y
CHRR'
N’\_Lm“/N> ME(@N>
<, <C:\N NN

(WE) = Co(TPP)

Scheme 2

As shown in Scheme 2, the starting Co(TPP), which is in
equilibrium with the catalytically inactive complex 9, reacts
with EDA to form the unstable intermediate 10. This last
complex can either react with the olefin to afford the cyclo-
propane derivative or lose dinitrogen to give the observed
intermediate 8. This is then responsible for the formation
of diethyl maleate by reaction with an additional EDA mo-
lecule. The reaction with the olefin is much faster than the

Eur. J. Inorg. Chem. 2003, 1452—1460
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loss of dinitrogen, and the formation of the maleate is un-
observable in the presence of an excess of olefin. Both of
these reactions regenerate the active Co(TPP). Alternatively,
complex 8 can be oxidized to the catalytically inactive
Co™(TPP)(CHRR) (7). The source of the “hydrogen rad-
ical” necessary to transform 8 into 7 is uncertain, but it
may be connected with a decomposition reaction of EDA.
Indeed, 7 is formed more easily when a larger amount of
EDA is present. We recall that incomplete consumption of
the diazoacetate is observed at EDA concentrations higher
than 0.05 M. This appears to be related to the formation of
the catalytically inactive 7. In this scenario styrene can
either promote the reaction, by trapping the reversibly
formed 10, or inhibit it, by coordinating to Co(TPP) to
form 9. Formation of the cyclopropane even by reaction
between the carbene complex 8 and styrene cannot be ex-
cluded, but it should not be the only route for its produc-
tion.

To derive a kinetic equation for the process in Scheme 2
we can make the following assumptions:

a) The steady state approximation can be applied to in-
termediate 10.

b) Coordination and de-coordination of the olefin are
fast in comparison with the overall reaction. We call K., =
kilk_y.

¢) The total concentration of cobalt at the beginning of
the reaction (where data have been determined) is essen-
tially the sum of the concentrations of Co(TPP) and 9:
[Colior = [Co(TPP)] + [9].

d) The process associated with k, is slow with respect to
that associated with k3, in agreement with the selectivity
data, and so can be neglected.

Under these assumptions the following kinetic equation
is derived:

—d[EDA]/dt = kyk5[Co]io[EDA][styrene]/(k_> + kj[styr-
ene])(Kq[styrene] + 1)

which is in qualitative agreement with the observed
trends, although the number of parameters and the limited
number of data points available did not allow a more
quantitative fitting.

Although Scheme 2 justifies all of the observed data, we
must admit that a quite different mechanism is also consist-
ent with the kinetic data. In this new scenario the interme-
diate reacting with ethyl diazoacetate would be Co(TPP)-
(styrene), presumably in equilibrium with both Co(TPP)
and an inactive diolefin complex Co(TPP)(styrene),. A sim-
ilar mechanism has been shown to operate in the case of a
rhodium(mr) porphyrin catalyst.['3¢134] In the case of our
system, we view the alternative mechanism as less likely,
since no data, either collected by us or reported in the liter-
ature, supports the formation of a Co™(porphyrin) complex
with two olefins.

X-ray Structure of Co"(TPP)(CH,CO,Et) (7)

An ORTEP view of the Co™(TPP)(CH,CO,Et) (7) mole-
cule with the atom numbering used is shown in Figure 7.
Selected interatomic distances and angles are reported in
Table 2.

The complex consists of neutral molecules in which the
trivalent cobalt atom is pentacoordinate through the four
nitrogen atoms of the divalent TPP anion and one carbon
atom of the -CH,CO,Et moiety, and displays a distorted
square-pyramidal coordination geometry. The four nitrogen
atoms are coplanar within * 0.08 A, and the cobalt atom
is displaced from this plane 0.108(1) A towards the axial
—CH,CO,Et ligand. The average Co—N bond length is 1.957
A, and is consistent with the range of nitrogen-cobalt bond
lengths observed in five-coordinate organocobalt(1r) com-

C(62)

C(63)

Figure 7. ORTEP drawing of the Co"(TPP)(CH,CO,Et) (7) molecule; thermal ellipsoids are drawn at 30% probability

Eur. J. Inorg. Chem. 2003, 1452—1460

1457



FULL PAPER

S. Cenini et al.

Table 2. Selected interatomic distances (A) and angles (°) for
Co™(TPP)(CH,CO,EY) (7)

Co—N(1) 1.962(2) Co—N(2) 1.957(2)
Co—N(3) 1.952(2) Co—N(4) 1.957(2)
Co—C(21) 2.013(3) O(1)—C(22) 1.201(4)
0(2)-C(22) 1.364(4) 0(2)—C(23) 1.463(4)
N(1)—-C(1) 1.389(3) N(1)—C(18) 1.381(3)
N(2)-C(3) 1.386(3) N(2)—C(6) 1.385(3)
N(3)—C(8) 1.389(3) N(3)—C(11) 1.382(3)
N(4)—C(13) 1.383(3) N(4)—C(16) 1.383(3)
C(1)-C2) 1.373(4) C(2)—C(3) 1.384(4)
C(6)—C(7) 1.382(4) C(7)—C(8) 1.385(4)
C(11)—C(12) 1.383(4) C(12)—C(13) 1.391(4)
C(16)—C(17) 1.378(4) C(17)—C(18) 1.387(3)
C(21)-C(22) 1.438(5) C(23)—C(24) 1.423(6)
N(1)-Co—N(2) 89.6(1) N(1)-Co—N(3) 168.8(1)
N(1)-Co—N(4) 89.9(1) N(1)-Co—C(21)  103.6(1)
N(2)-Co—N(3) 90.0(1)  N(2)—Co—N(4) 178.4(1)
N(2)-Co—C(21) 92.1(1)  N(3)—Co—N(4) 90.3(1)
N(3)-Co—C(21) 87.6(1)  N(4)—Co—C(21) 89.5(1)
C(22)-0(2)-C(23) 117.23)  Co—N(1)—C(1) 128.1(2)
Co—N(1)-C(18)  127.52) C(1)-N(1)-C(18)  104.4(2)
Co—N(2)—-C(3) 127.4(22)  Co—N(2)—C(6) 127.1(2)
CB3)-N(2)—C(6)  104.9(2) Co—N(3)—C(8) 127.7(2)
Co—N@3)-C(11)  127.622) C(8)-N(3)—C(11)  104.5(2)
Co—N@)—-C(13)  126.6(2) Co—N@)—-C(16)  126.4(2)
C(13)-N@)—C(16) 105.122) N(1)-C()-C(2)  125.3(3)
N(1)-C(1)-C(20)  109.73)  C(2)-C(1)~C(20)  124.9(3)
C()-C(2)—-C(3)  1224(3) C(1)-C(2)—C(30)  119.8(3)
C(3)-C(2)-C(30) 117.73) N@2)-C(3)-C(2)  125.9(3)
N(2)-C3)-C@)  109.73) C(2)-C3)—C@)  124.3(3)
N(Q2)-C(6)-C(5)  110.13) N@2)-C(6)-C(7)  125.0(3)
C(5)-C(6)—-C(7)  12453) C6)-C(—C@®)  122.93)
C(6)-C(7)—C(60)  118.2(3) C(8)—C(7)—C(60)  119.0(3)
N(3)-C@8)—-C(7)  1252(3) N@B3)-C(®)-C©)  110.2(3)
C(7)-C(8)—C(9)  1244(3) N(3)—C(11)-C(10) 110.1(3)
N(3)-C(I)—C(12) 1254(3) C(10)—C(11)~C(12) 124.2(3)
C(11)—C(12)—C(13) 122.6(33)  C(11)—C(12)—C(50) 119.4(3)
C(13)-C(12)—C(50) 117.93) N@)—C(13)-C(12) 125.2(3)
N@4)-C(13)—C(14) 109.93)  C(12)—C(13)—C(14) 124.9(3)
N@4)-C(16)—C(15) 109.83) N@)—C(16)-C(17) 125.7(3)
C(15)-C(16)—C(17) 124.4(3) C(16)—C(17)—C(18) 122.3(3)
C(16)—C(17)—C(40) 118.4(3) C(18)—C(17)—C(40) 119.3(3)
N(1)-C(18)—C(17) 1253(3) N(1)-C(18)—C(19) 110.8(2)
C(17)-C(18)—C(19) 123.83) Co—CQ21)—C(22)  110.0(2)
0(1)-C(22)-0(2) 118.6(4) O(1)-C(22)—C(21) 128.8(4)
0(2)-C(22)-C(21) 112.6(33) 0O(2)—C(23)—C(24) 105.0(4)

plexes (1.948—1.969 A).32 The porphyrin core shows signi-
ficant displacements of the atoms from the mean plane of
the 24-atom core. The pattern of displacements conforms
to an idealized D,,; symmetry with the pseudo-twofold axes
passing through the methine carbon atoms C(2), C(12) or
C(7), C(17) and the pseudo-dihedral mirror planes passing
through N(1), Co, N(3) and N(2), Co, N(4).

The Co—C bond is 2.013(4) A. Tetrahedral geometry is
maintained at C(21) with a Co—C(21)—C(22) angle of
110.0(3)°; a significant distortion with respect to the ideal
trigonal geometry is observed at C(22), the carbonyl carbon
atom [C(21)—C(22)—0(2) 112.6(3)°, C(21)—C(22)—0(1)
128.8(4)°, O(1)—C(22)—0(2) 118.6(4)°], but the four-atom
moiety is planar and the plane also includes atom C(23).
The conformation of the -CH,CO,Et axial appendage is
such that the C(21)—C(22) bond almost projects onto the
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Co—N(1) bond. This orientation produces a
C(21)—Co—N(1) angle [103.6(1)°] substantially larger than
the other three C(21)-Co-N angles (see Table 2). A similar
feature has also been observed in, for instance, (acetonyl)-
Co(TPP).33

Experimental Section

General Procedures: Unless otherwise specified, all reactions and
manipulations were performed under a N, atmosphere by use of
standard Schlenk apparatus and magnetic stirring. Solvents were
dried and distilled by standard procedures and stored under dini-
trogen. TPP, p-CITPP, p-MeOTPP?4 and their cobalt complexes!*3
were synthesized by methods reported in the literature. All other
starting materials, including Co(OEP), were commercial products
and were used as received. Alkenes, EDA, EDAA, and EDM were
purchased from Aldrich. MPhDAPS was prepared as reported in
the literature. Products 1,371 2,381 3 39 and 549 have previously
been reported in the literature and were characterized by compar-
ison of their analytical data with those reported in the literature or
obtained from independently synthesized samples. Gas chromato-
graphic analyses were performed on a Dani 8610 capillary gas chro-
matograph equipped with a PS 255 column. Ri values (Ri = re-
sponse factor, relative to naphthalene as an internal standard) were
determined by the use of solutions of the compounds of known
concentrations. GC-MS analyses were performed on a Shimadzu
GCMS-5000 instrument. NMR spectra were recorded on a Bruker
AC 300 FT machine (300 MHz) at room temp. IR spectra were re-
corded on a Bio Rad FTS-7 FT-IR spectrophotometer. Elemental
analyses and mass spectra were recorded in the analytical laborat-
ories of Milan University.

Catalytic Reactions

The olefin (6.31 mmol) was added under an inert atmosphere to a
solution of the diazo compound (1.26 mmol) and cobalt porphyrin
catalyst (1.26:1073 mmol) in CH,Cl, (10.0 mL). The solution was
heated at reflux with magnetic stirring. The reaction was run to
complete consumption of the diazo compound (TLC analysis). The
solvent was evaporated in vacuo and the products were purified by
flash chromatography on silica gel. The determination of the molar
ratio of the two diastereoisomers was carried out by '"H NMR spec-
troscopy.

Compound 4: 'H NMR (300 MHz, CDCls): § = 7.45—7.22 (m, 10
H), 431 (q, J = 7.2 Hz, 2 H), 2.38 (s, 3 H), 2.21 (s, 1 H), 1.65 (s,
1 H), 1.24 (t, J = 7.2 Hz, 3 H)

Compound 6 cis: "H NMR (300 MHz, CDCl5): § = 7.36—7.20 (m,
5 H), 419 (q, J = 7.2 Hz, 2 H), 2.40 (s, 3 H), 2.25 (s, 1 H), 1.60
(s, 1 H), 1.27 (s, 3 H), 1.24 (t, / = 7.2 Hz, 3 H)

Compound 6 trans: '"H NMR (300 MHz, CDCl5): § = 7.38—7.24
(m, 5 H), 4.02 (q, J = 7.2 Hz, 2 H), 2.37 (s, 3 H), 2.10 (s, 1 H),
1.81 (s, 1 H), 1.25 (s, 3 H), 1.21 (t, J = 7.2 Hz, 3 H)

Kinetic Measurements

Co(TPP), styrene, and EDA were introduced in that order, under
N, into a Schlenk flask. The flask was capped with a rubber sep-
tum and immediately placed in an oil bath, preheated at 50 °C.
The solution was stirred for one minute to dissolve all reagents and
a 0.20 mL sample of the solution was withdrawn for IR analysis.
The consumption of EDA was monitored by IR spectroscopy
(Va2 = 2108 cm™1). The apparent kinetic constants were calculated
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by use of the initial rate method. The data for different initial EDA
concentrations were fitted to the equation [EDA], — [EDA], =
kobs't, where [EDA], and [EDA], are the initial molar concentra-
tion of EDA and the molar concentration of EDA at the time ¢.
The data for the series at different Co(TPP) or different styrene
concentrations were fitted to the equation: ([EDA], — [EDA],)/
[EDA]y = kops't-

i) Determination of the Kinetic Order with Respect to EDA:
Co(TPP) (10.0 mg, 1.49-10~2mmol) was dissolved in benzene
(30.0 mL) together with EDA (21 pL, 0.20 mmol) and styrene
(0.430 mL, 3.75 mmol). The resulting red solution was heated at 50
°C. The consumption of EDA was monitored by recording an IR
spectrum every 10 min (kopsq. = 1.90-10~* M min~'). The same re-
action was repeated three more times with three different amounts
of EDA [a)50puL, 048 mmol, kypsq =2.30-107* Mmin~!;
b) 90 uL, 0.86 mmol, kopsq. = 4.28:107% mMmin~!; ¢) 128 uL,
1.22 mmol, kypeq. = 6.29:-107* M min~'].

ii) Determination of the Kinetic Order with Respect to Co(TPP):
Co(TPP) (15.0 mg, 2.23:10"2mmol) was dissolved in benzene
(30.0 mL) together with EDA (157 uL, 1.49 mmol) and styrene
(0.430 mL, 3.75 mmol). The resulting red solution was heated at 50
°C. The consumption of EDA was monitored by recording an IR
spectrum every 10 min (kopsq. = 2.62:1072 min~!). The same reac-
tion was repeated three more times with three different amounts
of Co(TPP) [a) 13.0 mg, 1.94-10~2 mmol, kopeq. = 1.85:1072 min~';
b) 10.0 mg, 1.49-1072mmol, kopsg. = 1.49-1072min~"; ¢) 7.0 mg,
1.0-1072 mmol, kypeq. = 0.76:1072 min~1].

iii) Determination of the Kinetic Order with Respect to Styrene:
Co(TPP) (10.0 mg, 1.49:-1072mmol) was dissolved in benzene
(30.0 mL) together with EDA (157 uL, 1.49 mmol) and styrene
(0.172 mL, 1.50 mmol). The resulting red solution was heated to
50 °C. The consumption of EDA was monitored by recording an
IR spectrum every 10 min (kopsq. = 1.02:1072 min~'). The same re-
action was repeated four more times with four different amounts
of styrene [a)0.260 mL, 2.25mmol, Kkgpeq = 1.31-1072 min~1;
b) 0.430 mL, 3.75mmol, kypeq = 1.49:1072>min~!; ¢)0.520 mL,
454 mmol, kypsq = 1.44-1072min~'; d)0.680 mL, 5.94 mmol,
kobsa. = 0.88:1072 min 1.

Typical Procedure for the 'TH NMR Analysis of the Reaction Pro-
gress: Co(TPP) (3.1 mg, 4.6:10~3 mmol) was dissolved in C¢Dg
(0.75mL) in an NMR tube. The substrates were added and the
solution was then heated to 50 °C inside the probe. An NMR spec-
trum was recorded every five minutes.

i) EDA (4.7 uL, 4.5-1072 mmol) was added to a C¢Dg solution of
Co(TPP), and an NMR spectrum was immediately recorded, show-
ing the presence of diethyl maleate (6 = 5.83 ppm, s 2 H, -CH=
CH-). Styrene (26 pL, 2.3-10~! mmol) was then added to the mix-
ture and the reaction was run to complete consumption of EDA.
The progress of the reaction has already been described in the re-
sults and discussion section.

i) Styrene (26 pL, 2.3:10~! mmol) was added to a C¢Dg solution
of Co(TPP), and an NMR spectrum was immediately recorded. No
new peaks were detected, nor was any shift of those of Co(TPP)
and styrene. EDA (4.70 pL, 4.47-10~2 mmol) was then added to
the mixture and the reaction was run to complete consumption of
EDA. The progress of the reaction has already been described in
the results and discussion section.

Stoichiometric Reaction between Co(TPP) and EDA
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i) IR Analysis: Co(TPP) (10.0 mg, 1.49 10-2mmol) and EDA
(4.7 uL, 4.5 1072 mmol) were dissolved in benzene (5 mL) at room
temperature. The solution was heated at 50 °C and the consump-
tion of EDA was monitored by recording an IR spectrum every
S min. The progress of the reaction has already been described in
the results and discussion section.

ii) "TH NMR Analysis: Co(TPP) (3.2 mg, 4.8 103 mmol) was dis-
solved in C¢Dg (0.75 mL) with CH,Cl, (6.0 uL) as an internal
standard. EDA (2.5 pL, 2.4 10~2 mmol) was then added to the mix-
ture. The solution was heated at 50 °C and an NMR spectrum was
recorded every 5 min. The progress of the reaction has already been
described in the results and discussion section.

Preparation of Co'"(TPP)(CH,CO,Et) (7): EDA (15.7 pL,
1.49-10~! mmol) was added under an inert atmosphere to a solu-
tion of Co(TPP) (100 mg, 1.49-10~! mmol) in CH,Cl, (15.0 mL).
The resulting red solution was stirred for 12 h at room temperature,
by which time EDA had been completely consumed. The solution
was evaporated to dryness under vacuum and the crude product
was purified by chromatography on silica gel with CH,Cl,/n-hex-
ane = 4:6 as eluent (68 mg, 60% yield). The analytical data (‘H
NMR, IR, elemental analysis) are in agreement with the data re-
ported in the literature.l*?! Crystals suitable for X-ray analysis were
obtained by crystallization from CH,Cl,/n-hexane.

X-ray Structure Determination of Co(TPP)(CH,CO,Et) (7):
Crystal data: CygH35CoN,4O,, f.w. 758.73, monoclinic, space group
P2,/c (no. 14), a = 13.098(1), b = 24.840(3), ¢ = 12.552(1) A, p =
116.11(1) °, Z = 4, deye = 1.374 Mg'm 3, p = 5.156 cm ™!, F(000)
1576. A crystal sample of dimensions 0.14 X 0.15 X 0.25 mm, ob-
tained by diffusion of n-hexane into a CH,Cl, solution of the com-
plex, was mounted on a glass fiber in air at room temperature on
a Siemens SMART CCD area-detector diffractometer. Graphite
monochromatized Mo-K,, radiation (A = 0.71073 A) was used, with
the generator working at 50 £V and 35 mA. 31789 intensity data
were measured in the full sphere (o scan method) with sample-
detector fixed at 5cm, of which 6648 were independent; 2100
frames (20 s per frame, Ao = 0.3°) were collected and the first 100
frames were recollected for monitoring of crystal decay, which was
not observed. An absorption correction was applied by use of the
SADABS routine.*!! Transmission factors are in the 0.84—1.00
range. The structure was solved by direct methods (SIR, 97)[*?1 and
refined with full-matrix, least- squares (SHELX93)™3 on the basis
of 3113 independent reflections with / > 2c(/); R = 0.036, R, =
0.072. Anisotropic displacement parameters were assigned to all
non-hydrogen atoms. Hydrogens were riding on their carbon atoms.
CCDC-190083 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK; Fax: (internat.) +44—1223/336—033; E-mail:
deposit@ccdc.cam.ac.uk].

Acknowledgments

We thank the MIUR (Programmi di Ricerca Scientifica di Rilev-
ante Interesse Nazionale) for financial support. One of us (A. P)
thanks the University of Milan for a fellowship.

' M. P. Doyle, C. D. Forbes, Chem. Rev. 1998, 98, 911.

(21 2al M. M. Diaz-Requejo, A. Caballero, T. R. Belderrain, M. C.
Nicasio, S. Trofimenko, P. J. Pérez, J Am. Chem. Soc. 2002,
124, 978 and reference therein. ?®! A, Pfaltz, K. M. Lydon,
M. A. McKervey, A. B. Charette, H. Label, in Comprehensive

1459



FULL PAPER

S. Cenini et al.

Catalysis II E. N. Jacobsen, A. Pfaltz, H. Yamamoto (Eds.)
1999, chapter 16, p. 513.

3l M. P. Doyle, M. A. McKervey, T. Ye, in Modern Catalytic
Methods for Organic Synthesis with Diazo Compounds, John
Wiley & Sons, New York, 1998.

[41 4al D, Mansuy, J. P. Mahy, in Metalloporphyrins Catalyzed Ox-
idations, F. Montanari, L. Casella (Eds.), Kluwer Academic
Publishers, 1994, 175, and references therein. “?! C. G.
Hamaker, G. A. Mirafzal, L. K. Woo, Organometallics 2001,
20, 5171.

51 A. G. M. Barret, D. C. Braddock, 1. Lenoir, H. Tone, J. Org
Chem. 2001, 66, 8260.

[l [6al C, G. Hamaker, J.-P. Djukic, D. A. Smith, L. K. Woo, Or-

ganometallics 2001, 20, 5189. °®I D, A. Smith, D. N. Reynolds,

L. K. Woo, J Am. Chem. Soc. 1993, 115, 2511. I L. K. Woo,

D. A. Smith, Organometallics 1992, 11, 2344.

[7al W.-C. Ho, C.-M. Che, K. F. Cheng, T. C. W. Mok, Chem.

Commun. 1997, 1205. 7?1 C.-M. Che, J.-S. Huang, F.-W. Lee,

Y. Lee, T.-S. Lai, H.-L. Kwong, P-F. Teng, W.-S. Lee, W.-C. Ho,

S.-M. Peng, Z.-Y. Zhon, J Am. Chem. Soc. 2001, 123, 4119.

81 M. Frauenkron, A. Berkessel, Tetrahedron Lett. 1997, 38, 7175.

Pal E. Galardon, P. Le Maux, G. Simonneaux, Chem. Commun.

1997, 927. °® E. Galardon, P. Le Maux, L. Toupch, G. Simon-

neaux, Organometallics 1998, 17, 565. 1°! G. Simonneaux, E.

Galardon, C. Paul-Roth, M. Gulea, S. Masson, J. Organomet.

Chem. 2001, 617, 360. °4 E. Galardon, P. Le Maux, G. Simon-

neaux, Tetrahedron 2000, 56, 615. °l G. Simonneaux, P. Le

Maux, Coord. Chem. Rev. 2002, 228, 43 and references therein.

1011102} j _p. Djukic, V. G. Young, Jr., L. K. Woo, Organometallics
1994, 13,3995, [101 C.-M. Che, J.-S. Huang, Coord. Chem. Rev.
2002, 231, 151 and references therein.

M C, J. Ziegler, K. S. Suslick, J Organomet. Chem. 1997, 528, 83
and references therein.

U121y, Li, J.-S. Huang, Z.-Y. Zhou, C.-M. Che, J Am. Chem. Soc.
2001, 723, 4843.

3113l Y J. Callot, E. Schaeffer, Nouv. J. Chim. 1980, 4, 311. [13P]
J. Maxwell, T. Kodadek, Organometallics 1991, 10, 4. 131 J. L,
Maxwell, K. C. Brown, D. W. Bartley, T. Kodadek, Science
1992, 256, 1544. 1341 D. W. Bartley, T. Kodadek, J. Am. Chem.
Soc. 1993, 115, 1656. 13 J. Robbin Wolf, C. G. Hamaker, J.-P.
Djukic, T. Kodadek, L. K. Woo, J. Am. Chem. Soc. 1995, 117,
9194. 13 K. C. Brown, T. Kodadek, J. Am. Chem. Soc. 1992,
114, 8336.

U4 T, Boschi, S. Licoccia, R. Paolesse, P. Tagliatesta, G. Pelizzi, F.
Vitali, Organometallics 1989, 8, 330.

[51'S. Cenini, S. Tollari, A. Penoni, C. Cereda, J Mol Catal. A:
Chem. 1999, 137, 135.

1161 162l S Cenini, E. Gallo, A. Penoni, F. Ragaini, S. Tollari, Chem.
Commun. 2000, 2265. [1%°1 F. Ragaini, A. Penoni, E. Gallo, S.
Tollari, C. Li Gotti, M. Lapadula, E. Mangioni, S. Cenini,
Chem. Eur. J., 2003, 9, 249.

17101721 T Uchida, B. Saha, T. Katsuki, Tetrahedron Lett. 2001, 42,
2521. 7°1 T, Niimi, T. Uchida, R. Irie, T. Katsuki, Adv. Synth.
Catal. 2001, 343, 79. 7¢I T. Niimi, T. Uchida, R. Irie, T. Kat-
suki, Tetrahedron Lett. 2000, 41, 3647.

18] [18a] T Tkeno, M. Sato, H. Sekino, A. Nishizuka, T. Yamada,
Bull. Chem. Soc. Jpn. 2001, 74, 2139. 81 T, Tkeno, 1. Iwakura,
T. Yamada, Bull. Chem. Soc. Jpn. 2001, 74, 2151. 181 T. Tkeno,
I. Iwakura, S. Yabushita, T. Yamada, Org Lett. 2002, 4, 517.

1191 11%] A~ Nakamura, A. Konishi, Y. Tatsuno, S. Otsuka, J Am.
Chem. Soc. 1978, 100, 3443. [1°°1 A Nakamura, A. Konishi,
R. Tsujitami, M. Kudo, S. Otsuka, J Am. Chem. Soc. 1978,
100, 3449.

[201 20l A W. Johnson, D. Ward, P. Batten, A. L. Hamilton, G.
Shelton, C. M. Elson, J Chem. Soc., Perkin Trans. 1 1975,
2076. 2001 A 'W. Johnson, D. Ward, J. Chem. Soc., Perkin Trans.
11977, 720. 2°<1 P. Batten, A. L. Hamilton, A. W. Johnson, M.
Mahendran, D. Ward, T. King, J. Chem. Soc., Perkin Trans. 1
1977, 1623.

3

=

1460

(211 [21a] H J. Callot, E. Schaeffer, Tetrahedron Lett. 1977, 239. [21b]
H. J. Callot, E. Schaeffer, J. Organomet. Chem. 1978, 145, 91.
21T Y. J. Callot, E. Schaeffer, Nouv. J Chem. 1980, 4, 307. 214l
H. J. Callot, E. Schaeffer, J Organomet. Chem. 1980, 193, 111.
[2Ie] H. J. Callot, R. Cromer, A. Louati, B. Metz, B. Chevrier,
J. Am. Chem. Soc. 1987, 109, 2946.

(22112231 J-I. Setsune, D. Dolphin, Organometallics 1984, 3, 440.
[220] J 1. Setsune, D. Dolphin, J. Org. Chem. 1985, 50, 2958.

(231 A. Padwa, S. F. Hornbuckle, Chem. Rev. 1991, 91, 263.

(241 (24a] J 1. Maxwell, S. O’Malley, K. C. Brown, T. Kodadek,
Organometallics 1992, 11, 645. 41 M. P. Doyle, Q.-L. Zhou,
S. H. Simonsen, V. Lynch, Synlett 1996, 697. >4l H. Ishitani,
K. Achiwa, Synlett 1997, 781. 241'W. J. Seitz, A. K. Saha, M.
M. Hossain, Organometallics 1993, 12, 2604.

251 H. M. L. Davies, T. Hansen, M. R. Churchill, J 4Am. Chem.
Soc. 2000, 722, 3063 and references therein.

(261 (26a] M. A. McKervey, D. N. Russel, M. F. Twohig, J Chem.
Soc., Chem. Commun. 1985, 491. [2°1 N. Watanabe, Y. Ohtake,
S. Hashimoto, M. Shiro, S. Ikegami, Tetrahedron Lett. 1995,
36, 1491.

(27112721 K . Hiroyoshi, M. Hideki, J. Mol. Catal. 1985, 29, 157. [270]
K. Hiroyoshi, N. Yoshimasa, M. Hideki, Bull. Chem. Soc. Jpn.
1983, 56, 1592.

(281 J. Y. Watanabe, J. 1. Setsune, Organometallics 1997, 16, 3679.

(291 K. Tatsumi, R. Hoffmann, Inorg. Chem. 1981, 20, 3771.

[30] M. Mar Diaz-Requejo, T. R. Belderrain, M. C. Nicasio, F. Pri-
eto, P. Perez, Organometallics 1999, 18, 2601.

(311 B31al No stable Co''(porphyrin)(olefin) complex has ever been
observed, but some data indicate that interaction between Co'"
(porphyrin) complexes and olefins can occur.*!?! Evidence for
the formation of cobalt(1) porphyrin complexes with olefins
and acetylenes has been provided, although again no stable
complex has been isolated.?'¢=31el B1P] M Tsutsui, R. A. Vela-
poldi, L. Hoffman, K. Suzuki, A. Ferrari, J. Am. Chem. Soc.
1969, 91, 3337. Bl H. Sugimoto, N. Ueda, M. Mori, Bull.
Chem. Soc. Jpn. 1981, 54, 3425. 31l J_1. Setsune, Y. Saito, Y.
Ishimaru, M. Ikeda, T. Kitao, Bull. Chem. Soc. Jpn. 1992, 65,
639. B1el J 1. Setsune, S. Ito, H. Takeda, Y. Ishimaru, T. Kitao,
Y. Saito, M. Sato, H. Ohya-Nishiguchi, Organometallics 1997,
16, 597. B J_1. Setsune, H. Takeda, S. Ito, Y. Saito, Y. Ishim-
aru, K. Fukuhara, Y. Saito, T. Kitao, T. Adachi, Inorg. Chem.
1998, 37, 2235. Blel M. Uyemura, T. Aida, J Am. Chem. Soc.
2002, 124, 11392.

1321 J.S. Summers, J. L. Petersen, A. M. Stolzenberg, J. Am. Chem.
Soc. 1994, 116, 7189.

331 M. E. Kastner, W. R. Scheidt, J Organomet. Chem. 1978,
157, 109.

349 R. A. W. Johnstone, M. L. P. G. Nunes, M. M. Pereira, A. M.
d’A. Rocha Gonsalves, A. Serra, Heterocycles 1996, 43, 1423.

(351 3541 A Shirazi, H. M. Goff, Inorg. Chem. 1982, 21, 3420. 1351
A. D. Adler, F. R. Longo, V. Varadi, Inorg. Synth. 1976, 16,
213.

1361 E. Ciganek, J. Org. Chem. 1970, 35, 862.

(371 H. Fritschi, U. Leutenegger, A. Pfaltz, Helv. Chim. Acta 1988,
71, 1553.

[381'W. von E. Doering, L. R. Robertson, E. E. Ewing, J Org
Chem. 1983, 48, 4280.

391 C. J. Sanders, K. M. Gillespie, P. Scott, Tetrahedron: Asym-
metry 2001, 12, 1055.

(401 A, Nakamura, A. Konishi, Y. Tatsuno, S. Otsuka, J Am.
Chem. Soc. 1978, 100, 3443.

11 G. M. Sheldrick, SADABS, University of Goéttingen, Ger-
many, 1996.

421 A, Altomare, G. Cascarano, C. Giacovazzo, A. Guagliardi, M.
C. Burla, G. Polidori, M. Cavalli, J. Appl. Crystallogr. 1994,
24, 435.

431 G. M. Sheldrick, SHELX93-Program for the refinement of
Crystal Structure, University of Gottingen, 1993.

Received July 19, 2002
[102404]

Eur. J. Inorg. Chem. 2003, 1452—1460



