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Co'l(salen)t derivatives whose ethanediyi moiety carries an w-alkenyl side chain react with oxygen and methanol or
ethanol to give, via interaction between intermediate Co'!' species and the pendant olefin, alkylated products with a
B-alkoxy substituted carbon bridge between cobalt and the equatorial ligand; the corresponding intermolecular
reaction between Co'(salen) and hex-1-ene does not take place.

Since the discovery of the importance of the cobalt-carbon
o-bond in coenzyme Bj, (5'-deoxyadenosylcobalamin) with
respect to the mechanism of B> dependent isomerization
reactions, there has been great interest in this bond and its
reactivity, both in B, and in model compounds.! We are
interested in the formation and breaking of the Co-C bond in
model systems of B, in which cobalt and functional groups are
forced to stay in close proximity, i.e. a mimic of the situation
that exists in the holoenzyme.2 In this context, we have now
investigated whether under this condition a bonding interac-
tion can occur between cobalt(1) and an unactivated carbon-
carbon double bond, a type of reaction that normally does not
take place with simple alkenes.3# For that purpose, we have
prepared Co(salen)t derivatives 1a and b with an w-unsatu-
rated side chain attached to the ethanediyl moiety of the
equatorial ligand. Here, we describe the synthesis and
characterization of 1a and b, and the discovery of ring closure
of these compounds resulting in the formation of a Co—~C bond
and, thereby, a carbon bridge between the ligand and cobalt.

The Hjsalen derived ligands 2a,b required for the synthesis
of 1a and b, respectively, were prepared from methyl glycinate
in a six-step procedure as shown in Scheme 1. Reaction of 2a,b
with cobalt(11) acetate in DMFY gave,> after evaporation of
DMF in vacuo, thorough washing with deaerated water to

t Hjsalen = 2,2'-[1,2-ethanediylbis(nitrilomethylidyne)]diphenol;
TEA = triethylamine; THF = tetrahydrofuran; LDA = lithium
diisopropylamide; DMF = N,N-dimethylformamide.

remove residual DMF and drying in vacuo, complexes 1a and
1b as bright red, microcrystalline products. The UV-VIS
spectra of these paramagnetic products in deaerated dichloro-
methane showed typical Coll(salen) bands [Am./nm (&
dm3 mol-1 cm—1) 1a = 350 (e = 1.1 x 104), 408 (¢ = 1.1 X
104), 490sh (& = 2.5 X 103); Anax 1b = 350 (¢ = 9.4 X 103), 406
(e = 8.7 x 103), 485sh (¢ = 1.9 x 103)]. Oxidation of 1a,b by
iodine (large excess of I, pyridine) gave diamagnetic iodo-
cobalt(1) complexes, which were characterized by 'H NMR
{CsDsN, 200 MHz, [1a: & 8.72 and 8.67 (2s, 2H, N=CH), 5.8
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Scheme 1 Reagents: i, benzaldehyde, TEA, MgSOy, CHZClz,6 ii, (a)
allyl ethyl carbonate, Pd(PPh;)s, THF;? (b) LDA, 4-bromobutene,
THF;8 iii, (1) HCl, H,O; (2) NH3, MeOH;?8 iv, LiAlH,, THF:® v,
salicylaldehyde, EtOH:10 vi, Co(OAc),, DMF5}
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Scheme 2 Possible mechanism of formation of 7, 8 and 9 from 1a,b via cobalt(u)-olefin 7-complex B
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(m, 1H, CH=), 5.1 (m, 2H,=CH,); 1b: 0 8.64 and 8.60 (2s, 2H,
N=CH), 5.8 (m, 1H, CH=), 5.1 (m, 2H, =CH,)]}. Additional
signals at & 2.59, 2.67 and 8.07 revealed slight contamination
by DMF, as also indicated by the cobalt analysis (la:
C19H13N202C0025 DMF; 1b: C20H20N202C0020 DMF)

Like Coll(salen),!! 1a and b are stable compounds under
anaerobic conditions at room temperature but are, analo-
gously, very rapidly oxidized in methanol by dissolved oxygen.
The UV-VIS spectral changes that accompany this oxidation
are quite similar in shape and extinction for la, 1b and
Coll(salen), which is known to give a mixture of methoxo- and
hydroxo-cobalt(i1) complexes under exactly the same condi-
tions.!1 However, where these complexes are end-products in
the case of Coll(salen), the corresponding Co!l complexes
derived from la and b exhibit a further slower reaction
showing UV-VIS spectral changes that, finally, lead to.the
spectrum of alkylCol!l(salen) compounds.?2 Spectroscopic
analysis (‘H and 13C NMR, UV-VIS, MS) of the reaction
products revealed that the olefinic bond had disappeared and
that intramolecularly alkylated cobalt(1i1) complexes had been
formed containing a methoxy substituent at the B-carbon
atom. Starting from compound 1a, a bridged compound 7 with
three carbon atoms between cobalt and the salen ligand was
obtained in 76% yield after concentration in vacuo and
chromatographic purification. Compound 1b gave a mixture
of two isomers (ratio 2 : 1) of which the major component 8 has
a four-carbon atom bridge with a -methoxy group and the
minor constituent 9 has a three-carbon atom bridge with an
«-methoxymethyl substituent. Sofar, we have been unable to
detect diastereoisomers of 7, 8 and 9 in the reaction mixtures.

The corresponding reaction of 1a and b in ethanol gives
ethoxy analogues of 7, 8 and 9. However, similar inter-
molecular addition of hex-1-ene to Coll(salen) in oxygen-
containing methanol or ethanol could not be accomplished,
the only products detected being alkoxo- and hydroxo-Colll-
(salen). This is in line with reported? behaviour of cob(i)-
alamines and cob(im)aloximes, and demonstrates that close
proximity is required for this unprecedented bond formation
between Colll and an unactivated olefin to occur.

1H NMR and 13C NMR data (CDCl;, 200 and 400 MHz,
respectively) of 7, 8 and 9 strongly resemble those of
intramolecularly bridged compounds without the methoxy
function.2 Compound 9 was easily characterized by the
specific high-field shift of one of the B-protons of the bridge,

resonating at & —0.46, and the presence of a MeOCH,CH
group giving resonances at o 3.18 (s, 3H), 3.23 (d, 2H) and
3.77 (m, 1H). Selected spectroscopic data of 7 are both
characteristic and representative: O('H) 3.33 (s, 3H,
CH3;0CH) and 3.25 (m, 1H, CH;0CH); 8(13C) 56.2 (q,
CH3;0CH) and 77.9 (d, CH;0CH); mass: 396.088 = 0.001
(calc.: 396.0884 for CyoH,1N,03Co0), UV-VIS (CH,CL): Agay
= 650nm (¢ = 1.6 x 10®dm3mol-1cm~1), typical for
(pentacoordinate) alkylCo(1r)(salen) complexes in non-coor-
dinating sovlents.2

Crystals of 8 suitable for X-ray structure analysis were
obtained by slow evaporation of a CDCl; solution. In the unit
cell two monomers, one dimer and four deuteriochloroform
molecules are found. One of the solvent molecules is bonded
via deuterium to both oxygen atoms of the equatorial ligand of
the monomer unit [D-O(1) = 2.50(3), D-0(2) = 2.29(3) A].
In the dimer, hexacoordination is established by bonding of an
oxygen atom of the equatorial ligand of one molecule to the
cobalt atom in the other molecule [Co-O = 2.29(1) A]. The
crystal structure of a monomeric species is shown in Fig. 1,
together with selected bond lengths and angles.i A striking
feature is the short C(19)-C(20) bond [1.41(4) A], possibly
even shorter than the corresponding bond in coenzyme B,
(1.45 A). Ttis also noted that C(19)-O(3) [1.48(4) A]is longer
than normally found for such bonds.!2

The formation of alkylcobalt compounds 7, 8 and 9 seems
related to several other reactions in the By, field, e.g the
addition of vinyl ethers to cob(mr)alamine and cob(i)alox-
imes in ethanol,? and the formal reversal of the acid-induced
decomposition of coenzyme B;;,13 of 3-hydroxy- and f-alkoxy-
ethyl-cobalamines and -cobinamides,!4 and of B-hydroxy-
and f-alkoxyethyl-cobaloximes.!> Mechanisms involving
cobalt(imr)-olefin m-complexes,? f-cobaltethyl cations stabi-
lized by cobalt—carbon hyperconjugation,!> and concerted
elimination!4 of water or alcohol and dealkylated cobalt(t)(li-
gand) species have been proposed for these reactions and may
be extremes in a structure dependent mechanistic continuum.
The interaction of Colll with a carbon~carbon double bond in
the present reaction leading to f-alkoxyalkylcobalt com-
pounds might proceed via similar mechanisms and interme-
diates as seems to be evinced by the shortening of the
C(19)-C(20) bond, lengthening of the C(19)-O(3) bond, and
attack of methanol trans to the incipient Co—O bond of 8
(Fig. 1). In either case, reaction of methanol at the former

1 Crystal data for 8: C4H4C0,N406.2(Cy3H23CoN,03).4CDCls, M,
= 2122.97, dark-brown crystal (0.05 x 0.2 x 0.2 mm), triclinic, space
group P1, a = 10.677(2), b = 13.0692), ¢ = 16.955(4) A, « =
90.05(2), B = 105.66(2), y = 99.94(1)°, V =2241.0(8) A3,Z=1,D_ =
1.573 g cm—3, 8267 reflections (8 < 25°, /20 scan, T = 150 K) were
measured on an Enraf Nonius CAD4T/rotating anode diffractometer
using graphite monochromated Mo-Ka-radiation (A = 0.71073 A).
Data were corrected for Lp and absorption/extinction (DIFABS,
correction range 0.73:1.29). The structure was solved with DIRDIF-
92 and refined by full-matrix least-squares analysis on F (SHELX-76)
to R = 0.098 (3159 reflections with I > 2.5 0o(f), 560 refined
parameters). H atoms were taken into account at calculated positions.
Atomic coordinates, bond lengths and angles, and thermal par-
ameters have been deposited at the Cambridge Crystallographic
Data Centre. See Notice to Authors, Issue No. 1.
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Fig. 1 Crystal structure and atom numbering scheme of cobalt
complex 8 (monomer). Selected bond lengths (A) and angles (°):
Co-C(20) 1.98(3), Co-0O(1) 1.836(17), Co-O(2) 1.860(15), Co-N(1)
1.859(18), Co-N(2) 1.876(18), C(19)-C(20) 1.41(4), C(18)-C(19)
1.49(4), C(7)-N(1) 1.30(3), C(10)-N(2) 1.30(3), C(19)-O(3) 1.48(4);
Co-C(20)-C(19) 122(2), C(18)-C(19)-C(20) 114(2), C(17)-C(18)-
C(19) 120(2), C(20)-Co-O(1) 88.5(11), C(20)-Co-O(2) 96.7(9),
C(20)-Co-N(1) 93.6(10), C(20)-Co-N(2) 99.0(11), C(19)-O(3)-
C(21) 117(2).

olefinic carbon atoms would in principle give a mixture of two
isomeric products. Starting with 1b, indeed both 8 and 9 are
formed, in accordance with our finding that analogous
Co(salen) complexes with three- as well as four-membered
carbon bridges between cobalt and the equatorial ligand are
stable compounds.?2 After reaction of la, only 7 is found,
probably because a Co(salen) complex with a two-membered
carbon bridge is not stable under the reaction conditions.2 In
Scheme 2, a possible mechanism for the formation of 7-9 from
1a,b vig a cobalt(imr)-olefin n-complex B is shown.

The rate of formation of 7 from 1a is ca. 102 times faster at
pH 4 than at pH 7 suggesting that species such as A or C
(Scheme 2) are involved in the rate-determining step.$

§ In 90% (v/v) methanol-water the pH-rate profile, as measured with a
glass electrode calibrated for this solvent mixture,!6 follows a titration
curve and gives a pK, value of 7.6.
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Detailed mechanistic aspects and synthetic applications of
the reaction, as well as the significance of the results with
regard to Bi,-related chemistry are presently under investiga-
tion.

The investigations were supported in part (A. L. S.) by the
Netherlands Foundation for Chemical Research (SON) with
financial aid from the Netherlands Organization for Scientific
Research (NWO).

Received, 7th January 1993; Com. 3/00111C

References

1 For leading references, see B;;, ed. D. Dolphin, Wiley, New
York, 1982.

2 B. van Arkel, PhD Thesis, Free University, Amsterdam, 1992; B.
van Arkel, J. L. van der Baan, S. Balt, F. Bickelhaupt, M. W. G.
de Bolster, . E. Kingma, G. W. Klumpp, J. W. E. Moosand A. L.
Spek, J. Chem. Soc., Chem. Commun., 1991, 225; B. van Arkel,
J. L. van der Baan, S. Balt, F. Bickelhaupt, M. W. G. de Bolster,
I. E. Kingma, G. W. Klumpp, J. W. E. Moos and A. L. Spek,
J. Chem. Soc., Perkin Trans. 1, submitted for publication.

3 R. B. Silverman and D. Dolphin, J. Am. Chem. Soc., 1976, 98,
4626.

4 G. Costa, G. Mestroni and G. Pellizer, J. Organomet. Chem.,
1968, 11, 333; P. J. Toscano and L. G. Marzilli, Prog. Inorg.
Chem., 1984, 31, 105.

5 C. Floriani and F. Calderazzo, J. Chem. Soc. (A), 1969, 946.

6 G. Stork, A. Y. W. Leong and A. M. Touzin, J. Org. Chem.,
1976, 41, 3491.

7 D. Ferroud, J. P. Genet and R. Kiolle, Tetrahedron Lett., 1986,
27, 23.

8 D. Schirlin, F. Gerhart, J. M. Hornsperger, M. Hamon, J.
Wagner and M. J. Jung, J. Med. Chem., 1988, 31, 30 and
references cited therein.

9 A.R. Amundsen, J. Whelan and B. Bosnich, Inorg. Chem., 1979,
18, 206.

10 H. Diehl and C. C. Hach, Inorg. Synth., 1950, 3, 196.

11 A. Nishinaga, T. Kondo and T. Matsuura, Chem. Lett., 1985, 905.

12 Mi Kyung Yun, Young Ja Park, Whanchul Shin and B. M. Craven,
Bull. Korean Chem. Soc., 1989, 10, 335.

13 B. P. Hay and R. G. Finke, J. Am. Chem. Soc., 1986, 108, 4820
and references cited therein; L. E. H. Gerards and S. Balt, Recl.
Trav. Chim. Pays-Bas, 1992, 111, 411.

14 K. L. Brown, L. Salmon and J. A. Kirby, Organometallics, 1992,
11, 422.

15 K. L. Brown, S. Ramamurthy and D. S. Marynick, J. Organomet.
Chem., 1985, 287, 377.

16 D. D. Perrin and B. Dempsey, in Buffers for pH and Metal Ion
Control, Chapman and Hall, London, 1974.






