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Summary: trans-[Co(CkCl)(tmsalen)(S)] undergoes metalla-
cyclization in water/methanol, affording the glorganometallic
derivative [Co(tmsalenCH)(S)]CIl. The presence of N-donor
ligands, L, increases the cyclization rate mainly by electronic
effects. The reaction imlves the substitution of the s@int by

L in a fast preequilibrium step, both [Co(GBI)(tmsalen)(S)]
and [Co(CHCI)(tmsalen)(L)] undergoing the cyclization reac-
tion. As the cyclization iolves the formation of ions from a
neutral complex, the large negaé actwation entropy is
attributed to the freezing of the s@nt around the incipient
ions in the transition state.

Introduction

Metal complexes with tetradentate Schiff base ligands derived
from salicylaldehyde and diamines (salen-type ligands) generally

adopt atransplanar geometry, in which two unidentate ligands
occupy the apical positions (Chart 1)n some instances, the
quadridentate ligand may assume a foldextonfiguration, in
which the ancillary ligands areis to each other, being either
both in the equatorial positionsi§ o) or one in the equatorial
and one in the apical positiowié 5) (Chart 1).

In the last years, the interest in thés S metal Schiff base
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We have recently reported thétans planar [Co(CHCI)-
(tmsalen)(S)]1, (tmsalen= 4,4,7,7-tetramethylsalen and S
solvent) undergoes a cyclization reaction in coordinating
solvents to afford the racemids 5 organometallic derivative
[Co(tmsalenCH)(S)]CI (Chart 2)7 The cyclization leads to the
formation of a monocationic complex containing a seven-
membered ring and to the loss of chloride from the axial
chloromethyl group. A qualitative evaluation of the cyclization

complexes has been renewed, as they are well suited, N6 in CROD by means ofH NMR spectroscopy showed that
principle, for enantioselective catalysis, being chiral and having {pe cyclization was almost complete within about 2 dayse

two labile mutuallycis coordination site Furthermore, agans
andcis 8 configurations of metallosalen complexes are inter-

product of the cyclization, which presumably contains two
solvent molecules irtis position, is not stable in methanolic

changeable in appropriate reaction conditions, the possibility go\ytion, and further reactions occur after the cyclization is

that atrans metallosalen complex reacts @s 5 configuration
should be consideredGenerally, thecis S configuration is
induced either by a bidentate ligarttiat occupies twais sites

complete. If the reaction occurs in the presence of py, the
cyclization is faster and the cyclized complex, which contains
an equatorial py and an axial water molecule, is stable in

in the coordination sphere or by the bonding nature of the two \\athanolic solutior.

unidentate ligands, which strongly demandiscoordinatiortt

A lengthening of the polymethylenic chain bridging the two
imine nitrogen atonfsand an increase of the size of the central
metal atorfimay also favor a strained nonplanar configuration.

Previous examples of intramolecular reactions of X@kial
groups (X= ClI, Br, I) with imino—oxime or amine-oxime
equatorial ligands have been descriB€dn both cases the
generation of an equatorial negatively charged nitrogen is
required and the reaction occurs only in strongly basic medium.

*To whom correspondence should be addressed. E-mail: dreos@ The cyclization of1, owing to the presence of negatively
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Figure 1. Plots of the pseudo-first-order rate constépss, versus
[N-Melm] (@), [py] (®), and [4-CNpy] Q) for the cyclization of

1; for the experimental conditions see the Experimental Section.
The solid lines show the fit based on eq 2 of the text with the
parameters reported in Table 1.
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law is given in eq 2, wher represents the equilibrium constant
for the substitution of the solvent by L arkd andk, are the
cyclization rate constants of [Co(GEI)(tmsalen)(S)] and [Co-
(CH.Cl)(tmsalen)(L)], respectively.

kgt kKL

oS 14 K[L] @
The value ofk; has been independently determined carrying
out the cyclization reaction in the absence of L (Table 1). It
has been previously shown that the cyclization rate is indepen-
dent of pH in the range 5-611,1° so that the same value applies
also to the reaction with 4-Nygyridine, carried out in buffer
at pH 10 to avoid the protonation of the ligand (Figure S1).
Preliminary estimates d¢ andK have been obtained from the
linear plots of 1/kps — ki) versus 1/[L]. The final values were
calculated from a nonlinear fit okyps versus [L] and are
summarized in Table 1.

TheK values relative to the formation of the precursor show
relatively large standard errors, as it is often found for the
equilibrium constants determined by kinetic methods, which are
less precise than conventional methéH&)nfortunately, an
independent determination of the equilibrium constants for the
preequilibrium by spectrophotometric titration is hampered by
the relatively fast subsequent cyclization reaction. In the above
reaction scheme, the preequilibrium step has been interpreted
as the substitution of the axially coordinated solvent by the
entering ligand. A further possibility is the nucleophilic attack
of L in equatorial position, with the contemporaneous detach-
ment of one of the two oxygens of the chelate. The latter
mechanistic picture could explain in a more direct way the fact
that the reaction product bears the N-donor ligand in equatorial
position, when the cyclization is carried out in the presence of
pyridine” A comparison of theK value with the equilibrium
constant relative to the axial ligation of py by [Co(tmsalen)-
(CH.CF3)(S)], which can be determined by spectrophotometric

Furthermore, a temperature-dependent kinetic study has beenjtration, because the GEH, derivative does not undergo

carried out for pyridine andN-methylimidazole, to gain some
insight into the intimate reaction mechanism.
Results and Discussion
The cyclization ofl, which occurs according to eq 1,
[Co(CH,Cl)(tmsalen)(S)l- L —
[Co(tmsalenCH)(L)(S)]" + CI™ (1)

cyclization, may be relevant to this point. Similar values for
the axial ligation constants are to be expected because the two
R groups have close polar substituent constah@92 for Ck-

CH,, and+1.05 for CHCI)!2 and comparabléransinfluence

in other organocobalt complex&sThe value effectively found

for [Co(tmsalen)(CHCF;)(S)] (31.6+ 0.3 MY) is very close

to theK value reported in Table 1 (25:56 4.3 M™1), supporting

an axial ligation in the preequilibrium step. In this hypothesis,
the presence of py in equatorial position in the structurally
characterized reaction prodéiés due to a fast rearrangement

has been carried out in the presence of an excess of L, Wher%llowing the rate-determining step.

L = pyridine (py), 4-CNpyridine (4-CNpy), 4-Ngbyridine (4-
NHzpy), andN-methylimidazole (N-Melm), in 60% methanol/
40% water (v/v),I = 0.1 M using NaCIlQ@, at 25°C. A
preliminary experiment showed that the time-resolved UV/vis

The N-donor ligands increase the cyclization rate to a different
extent. Both electronic and steric factors could concur in this
effect, but the data of Table 1 suggest that the steric effect is
less important. Indeed, for 4-Xpyridines (¢ CN, H, NH,)

spectra ofL in the presence of py in the range 300 to 500 "M he steric bulk may be considered constant, but tKevalues
exhibit a clean isosbestic point at 313 nm, whereas the IargestSpan from 1.7 for 4-CNpy to 9.11 for 4-NHpy. The data of

change in absorbance takes place at 325 nm. Therefore, thergpje 1 show that thé values increase remarkably with the

reaction progress was monitored by foIIowing t.he changes in pKa of L. Therefore, the accelerating effect is mainly due to
absorbance at the latter wavelength. The kinetic traces reveakna electron-donor power of the ligand, which increases the
perfect first-order behavior. The plots ks versus [L] show = giectron density on the equatorial chelate and, in particular,

nonzero intercept and significant curvature at high nucleophile ,5kes more nucleophilic the oxygen atoms. The strong ac-
concentration (Figure 1 and S1).

The results have be interpreted in terms of the mechanism (11) Rossotti, F. J. C.; Rossotti, fhe Determination of the Stability
reported in Scheme 1. This scheme involves the substitution of Constants McGraw-Hill: New York, 1961; Chapter 14.

the solvent by L in a fast preequilibrium step, both [Co¢EH (12) Taft, R. W. InSteric Effects in Organic Chemistrilewman, M.
Cl)(tmsalen)(S)] and [Co(CkLl)(tmsalen)(L)] undergoing the

S., Ed.; Wiley: New York, 1956; Chapter 13.
(13) Brown, K. L.; Lyles, D.; Pencovici, M.; Kallen, R. @. Am. Chem.

cyclization reaction at different rates. The corresponding rate Soc.1975 97, 7338.
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Table 1. Kinetic and Activation Parameters for the Cyclization of [Co(CH,Cl)(tmsalen)(S)] in the Presence of Various Ligands
in 60% Methanol/40% Water (v/v), | = 0.1 M (NaClO,)

L T,°C PKa ky x 10P, 571 koK x 102, M~1s71 K, M1 ko x 104, 571
Py 16.2 5.52+ 0.01 1.59+ 0.01 38+ 5 42405
20.8 9.40+ 0.01 1.844 0.06 23+ 1 8.0+ 0.5
25.0 5.258 14.31+ 0.01 3.3 0.4 25+ 4 13+ 3
30.0 26.514+ 0.02 5.0+ 0.3 23+ 2 22+ 2
34.5 47.05+ 0,07 8.0+ 0.5 26+ 2 31+3
AH* =83+ 3 kJ mol? AH>* =78+ 4 kJ mol?
AS* =—-384+9JmoltK1 AS* = -394+ 14 I mot1K1
N-Melm 16.2 10.3+ 0.6 42+ 3 24+ 2
20.8 15+ 2 38+ 6 40+ 8
25.0 6.95 24+ 1 36+ 3 67+ 6
30.0 27+ 1 29+1 93+5
34.5 38+ 5 28+ 6 136+ 33

AHz* = 65+ 3 kJ moi

AS* = —68+11J moftK™!
4-CNpy 25.0 1y 0.72+0.1 20+ 3 3.7+£0.7
4-NHopy 25.0 9.1% 175+ 0.5 40+ 3 44+ 4

aRef 17.b Ref 18.

2.4x10° 345G formation of ions from neutral, the activated complex may
22x10° ’ be described almost as an ion pair or an exceedengly polar
2.0x10° complex a_lppr_oaching an ion pakThe Iarge_ negative value
1.8x10° of the activation entropy, due to the freezing of the solvent
16x10° 30.0°C around the incipient ions, is in accord with this picture.
1.4x10° A comparison of the reactivity of the chloromethyl derivative
"0 4 o010 1 with that of the corresponding bromo- and iodo-methyl
3 " . complexes would be interesting in order to evaluate the degree
x° 1.0x10 25.0°C . . L .
. of bond breaking in the transition state, as the dominant factor
8.0x10 . . . . pe .
6.0x10° 208°C that favors bromide over chloride was identified in the bond

£0x10° ) dissociatiop energy differenéé Unfortunately, sgveral efforts
20010 16.2°C to synthesize these complexes led to the cyclized complex or
’ 00 to mixtures of products. However, this result suggests that the
’ cyclization is faster for bromo- and iodo- than for the chlorom-
ethyl derivative.
Finally, it is noteworthy that in the few previously reported
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Figure 2. Plots ofk,psversus [py] for the cyclization df at various

temperatures. For the experimental conditions see the Experimentafax"Jlmples of intramolecular reaction between the axial X€H

Section. The solid lines show the fit based on eq 2 of the text with €O (X = halogen) group and the equatorial ligand, stable
the parameters reported in Table 1. N—Co—C three-membered rings are fornfetin this case the

cyclization leads to the formation of a seven-membered ring.
celerating effect of N-Melm cannot be entirely ascribed to its Both these results are compatible with processes involving the
electron-donor power, as evaluated on the basiskaf(fpable participation of a “neighboring group”. Indeed, it has been
1). However, it is worth noting that CeNax distances in [Co-  previously pointed out that “a neighboring group may be located
(Im(tmsalen)(N-Melm}]CIO, are significantly shorter than the  at any distance from the center of substitution, provided that in
Co—Ng distances in [Co(lll)(tmsalen)(pyCIO4, as expected  the transition state it can get near enough to the reaction center
on the basis of the smaller steric bulk of N-MetfiThe shorter  and can be suitably disposed geometrically to give a transition
bond may result in a consequent apparent higher electron-donosstate approximating that of §,2 reaction5
power of the ligand.

The cyclization ofL in the presence of py and N-Melm, under
the above-described experimental conditions, has been studied
at various temperatures in the range 1632.5°C (Figure 2 General Information. All the manipulations were performed
and S2). The correspondinky, kp, and K values and the in the dark. [Co(lll)(CHCI)(tmsalen)}, 1, and [Co(lll)(CHCR)-
activation parameters, obtained from the linearized Eyring (tmsalen)} were synthesized as previously describfedlll the other

Experimental Section

equation (eq 3 and Figure S3), are reported in Table 1. reagents were analytical grade and used without further purification.
NMR spectra were recorded on a JEOL EX-408 &t 400 MHz
ki « AH*  AS* . and!3C at 100.4 MHz). Kinetic runs were recorded using a Uvikon
In T In h RT R =12 3 941 plus (Kontron Instruments). The pH of the solutions was

measured using a Radiometer PHM 220 pH meter.

The most relevant feature of these values is the considerably Kinetic Runs. The cyclization kinetics ofl were followed
negative activation entropy, which allows some insight into the spectrophotometrically in the mixed solvent 60% methanol/40%
intimate mechanism of the cyclization. The cyclization reaction
proceeds through the internal nucleophilic attack of the “neigh- y (I15) deBLa g/lgr?, _P.SB. Ed; Sme_ldlun,BB: 1tﬂqle SEGTQS% (grt]het(:ar?en

rin I ” n th xial chloromethv! ar with th alogen bon atal, S., - lley: bristol, , ) apter /.
zgtlachgm%rgfugf aO cﬁlortidz ?ona.‘ Acs tcr)u(e) C)?ctli;/at?o?]uilrjlvolt/e; t?le (16) Menger, . MACC. Chem. Red985 18, 128. .
(17)Handbook of Chemistry and Physicé/east, R. C., Ed.; CRC

Press: Cleveland, OH, 1974975.
(14) Dreos, R.; Nardin, G.; Randaccio, L.; Siega, P.; Tauzher, G; (18) Perrin, D. D.Dissociation Constants of Organic Bases in Aqueous
Vrdoljak, V. Inorg. Chim. Acta2003 349, 239. Solution Butterworth: London, 1965.
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H,O (v/v), | = 0.1 M using NaCIlQ. Generally, (2-4) x 104 M solution of the complex in 60% methanol/40%®(v/v) (I = 0.1
solutions of complex were used. As the complex did not dissolve M using NaClQ) at 25 °C was titrated with pyridine. As the
completely, the suspension was filtered before the addition of L. absorbance of py is not negligible at high concentratidas,the
The ligand concentration was in large excess (pseudo-first-order absorbance at 100% formation of the complex, was calculated from
conditions). For the reactions with 4-Npyridine, the solution was a plot of A — Ag)/[L] versus A. Subsequently, the data were
buffered at pH 10.2 with a borate buffer and the pH checked before analyzed by plotting log{ — Ag)/(A. — A) versus log [py], where
any kinetic run. The reactions with 4-CNpyridine and 4NH  Aqis the absorbance of the starting complex Arigl the absorbance
pyridine were studied at 28C; those with pyridine and N-Melm, at any L concentration. This plot was linear with a slope close to
at various temperatures in the range 1632.5°C. The reaction 1, indicating that only one L ligand has been coordinated to the
progress was monitored by following the changes in absorbance atCo atom. TheK value was calculated from the intercept of the
325 nm. Thek,srate constants were obtained from the linear plots plot.
of In(A — A.), whereA is the absorbance at the tim@nd A is
the final absorbance, versus time. Kinetic data were analyzed with
ORIGIN, version 6.

Equilibrium Study. The value of the equilibrium constant for
the ligation of py by [Co(lll))(CHCF;)(tmsalen)(S)] was deter-
mined by spectrophotometric titration at 325 nm. A<410~4 M OM060529Q

Supporting Information Available: Three figures reporting
kinetic data. This material is available free of charge via the Internet
at http://pubs.acs.org.



