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o- and w-Bonding Modes of Pyridine and Imidazole Type Ligands in the Transition States
of Their Reactions with [Co"' (protoporphyrin IX dimethyl ester)(MeO)(MeOH)] in
Methanol®
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The rates of replacements of MeOH by pyridine (py) and imidazole (imH) type ligandsAiCR-py, 3CN-py,
3Cl-py, 4Cl-py, py, 4Et-py, 4Me-py, 4NHpy, 4(Me}pN-py; 4,5(Clp-imH, 4,5(CN}-imH, Bz-imH, imH, 1Et-
im, 1Me-im, 2Me-imH, 2Et-imH) in [(C# P(MeO)(MeOH)] (P= protoporphyrin IX dimethyl ester) were measured
by stopped-flow techniques. The methoxide ligand is firmly held while the MeOH ligand is labile and is replaced
by L in a dissociative (D) mechanism. The MeQorienting” ligand, an excellent electron donor, favors entry
of the least basic L, not the most basic as usually observed. The pldk@gflrs pK, of pyridine and its derivatives
exhibits a minimum rate atKy of about 5. The “V” diagram is explained as being due to a change in the
electronic structure of the transition state, from predominantipnding (descending branch) to the predominantly
o bonding (ascending branch). Imidazoles show similar trends, but their rates level oK foalues above 7.
The free energy of activation for the reaction between'[E(MeO)] and L is more sensitive to the change in the

strength of ther bond than to that of the bond.

Introduction

In an earlier papérwe studied the rates of replacements of
MeOH by pyridine (py) and imidazole (imH) in (dimethyl-
3,7,12,17-tetramethyl-8,13-divinylporphyrin-2,18-dipropionato)-
(methanol)(methoxo)cobalt(lll), [P (MeO)(MeOH)]. It was
assumed that the transition state in the reaction with py is
stabilized byo bonding and metal to ligang bonding, while
that in the reaction with imH involves mainky bonding. It
was recently observédthat the structure of [(tetramethyl-
porphinato)F¥L,] (L = pyridine type ligands of various
basicities) varies in a smooth manner asdhegasicities of L's

decrease, suggesting a progressive change in the electroni

structure. It has also been pointed %that the o-bonding

interactions between metal and the axial ligands are less

important than ther-bonding interactions.

In this paper we present rates, energies, and entropies o
activation €, AS) for a variety of L replacing MeOH in
[Co"P(MeO)(MeOH)] in methanol. The entering ligands L
vary in basicity, some forming bonds in the reaction transition
state and some forming+xz bonds of variable strengthse,
andAS increase with increasingqa of LH*. The plot of the
logarithms of the observed rate constants vs tkgvalues of
the entering pyridine ligands exhibits a minimum as the
basicity of L is systematically increased. Imidazole ligands also

f

exhibits no observable rate acceleration probably because
imidazole itself is already a good donor, much better than
pyridine (see Table 1).

The replacements of coordinated,® in the cobalt(lll)
corrinoid aquacyanocobamide by amines, pyridines, and dia-
zines? as well as the replacements of the coordinate® ki
the iron(lll) porphyrin microperoxidase-8 by various azdles,

were studied recently. The authors have concluded that “group-

specific factors” and basicities of entering amine ligands are
the dominant factors which determine the preference of the metal
for a certain class of amine ligand, thebonding being of

econdary importance. Our results suggest that, with VO

e “orienting” ligand,r bonding is very important. We noticed
earliet->%that the methoxide group, a very good electron donor,
strongly increases the electron density intifa@s axial position,
the [Cd"'P(MeQ)] intermediate favoring therefore the entry of
the least basic amine ligand, not the most basic as usually
observed. It appears that “orienting” methoxide ligand promotes
metal to ligandr bonding, while electron-withdrawing orienting
ligands, such as cyanide, e.g. in aquacyanocobafrfaegr o
bonding.

Results

The complex [CH P(MeO)(MeOH)] was prepared in metha-

show a similar trend, the only difference being that there appearsnol solution as previously describédThe replacements of

to be a leveling off of the rates at high values #f,ffabove 7).
It seems that increasad donation of substituted imidazoles

MeOH and MeO ligands proceed consecutively in that order
(egs 1and 2). The differences in rates of the two replacements

T Taken in part from the thesis submitted by B. Cetiriar@k in partial
fulfillment of the requirements for the Ph.D. degree at the University of
Zagreb, 1995.
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[Co"P(MeO)(MeOH)]+ L — [Co" P(MeO)(L)] + MeOH of rates akopsOf the overall process and kgk-1, respectively,
(1) a small difference should be expected. The latter presentation

is more adequate since we are concerned with the rates of
[Co"P(MeO)(L)]+ L — [Ca"P(L),]" + MeO™ (2) reaction of the intermediate &(MeO) and L, i.e. withk, (k-1
being a constant, independent on the nature of L, as already
are large enough to permit independent spectrophotometricmentioned).
determination of the first step at 417 nm, using stopped-flow ~ The plot of Inkz/k-1) values vs the K. values of the
techniques. When we previously meas@fgtie replacement  imidazoles is shown in Figure 2. BetweeK4%6.9 and 8 the
rates of MeO by L (4CN-py < py < 4Me-py < 4NH.-py), at rates are practically independent of the basicity of L. This is
about 50 times larger concentrations of L than those in supported by a statistical treatment. The correlation coefficients
replacements of MeOH, we found that the more basic the I for all eight and for the first six points are almost equal, i.e.
entering ligand, the faster the replacem@tiin, agreement with —0.95 and—0.94, respectively. On the other hand the last five
the literature (e.g. with ref 4). On the other hand, it was a great Points have am value of only —0.65, while thet-test of the
suprise when we observed that the rate of replacement of MeOHregression coefficient is 1.5, which is far below the theoretical
by L according to (1) shows a different kinetic behavior; i.e., Value of 3.18 (fore. = 0.05). Thus Inkz/k-4) for the last five
the least basic amine ligand L exhibited the largest rate of entry. points should be considered a constant (mean 5.3). The straight
Since such a kinetic behavior is contrary to expectations, we lines Inkz/k-1) = 5.3 and Ink/k—1) = —0.464K, + 8.68 cross
felt obliged to present a large number of replacement kinetic at pka = 7.28.

data. Table 1 contains the ratds, and ASF for the overall Table 1 also shows that the entropies of activativg’, are
replacement reactions of MeOH with various pyridines and most negative with entering ligands that are electron acceptors
imidazoles. The reactions folloa D [Sy!(lim)] mechanisnf:6 (increased “order” due ta bonding and solvent association).
The observed rate consta is given by eq 3, wheré . .
Wi IS g yeq ' Discussion
Kops = Kiko[L]/(k_,[MeOH] + k;[L]) 3) The imidazole ring is an essential component of many

. . L biological systems. Imidazole is an electron-donating ligand
andk_; are rate constants of dissociation and association of the: g Y 99

ligand MeOH, respectively ank, is the rate constant of the in both theo and thexr sense, much more electron donating
; ' ) ; - than the majority of other nitrogen heterocyclesOn the other
reaction of the intermediate [#®(MeO)] with L. Since the Jorty g 4

) hand, imidazole is a considerably pooreracceptor than
concentrations of L are small and equal (0.002 molgnand pyridinel® There are cases where imidazalelonation is or

the concentration of MeOH is large (MeOH is the solvekd)s is not important. (E.g., [(NB)sCO(5CH-imH)]3* is a case

= kikg[L/ k-1[MeOH] and the equatioRons/Kobs " = ke" Tke"" where donation is not importari) Co(lll), a low-spin ¢
must hOIdL, ConseqLigntIEa(obs& o Eacobsf iy Eago)" — Eato)" ion, has no emptyr orbitals at low energy and cannot be an
andAS'ops” — ASTope” = ASy" — ASg"". Itfollows that egreciive acceptor. Unlike Co(lll), low-spin Fe(lll) and

E. and AS" in Table 1 are not absolute values, but their Ru(lll) can act to accept electron density from a donor atoth.
d|fferen_ces for a certain ligand L are exact, and useful _for In contrast to the good donor imidazole, pyridine is a much
comparison. Equation 3 can be modified into eq 4, from which weakerz donor, because pyridine does not have a high-energy

— HOMO as does imidazol®. The z-acceptor properties of
= +
ks = (ko [MeOHIiI)(L/L]) + 1A “) pyridine are moderate because its LUMO is not as low in energy

the ratiosko/k_1 were determined by the least-squares method, &S €-- that of pyrazine, known as a goodcceptor® It can
using a computer program. In Table 1 the pyridines and be concluded that, with pyridine and imidazole entering ligands

imidazoles are ordered according to their increasédvalues. ~ @nd their derivatives, we have primarily to consider ligands
The dependence of lkgk_1) on increased I, values of exhibiting o and Co(lll}~ligand = bonding. Since electron-

pyridines shows a minimum at &gof about 5, as depicted in  Withdrawing ligands will promoter bonding, while electron-
Figure 1. These results represent a correction of our earlierdonating ligands will favowr bonding, the stabilization of the
data regarding the rates of entry of 4Me-py vs5p§. In refs transition state between reaction m_termt_eo_llaté”[B@/IeO)] and

5a and 6 the overall first-order rates of entkys{ of 4Me-py the entering I|gand. L should have_lts minimum at a cgrta(a p
are in general smaller than those of py (at &£ x 10~ mol of LH+: It.can be |nf§r.red from.Flgure 1 that Co(I-Hjhgand
dm2 the rates are equal). Using the computerized stopped-“ bon(_jmg in the transition state is more important (higher rates)
flow instrumentation (see Experimental Section), we establishedthaﬂI ligando bonding. As early as 1984 we found that the
that the rates with py, expressedka_1, are smaller than those [Ca'P(MeO)] intermediate favors the entry of the least basic

with 4Me-py (see Figure 1). Besides, between the presentationamine ligand, not the most basic, as usually observed, which
we elaborated in subsequent papers.

(7) Cattalini, L.; Guidi, F.; Tobe, M. LJ. Chem. Soc., Dalton Trans Recently the_ imidazole adducts of (octaeth_ylporphinato)-
1993 233. _ ’ _ . iron(lll) methoxide, [Fe(OEP)(MeO)], were studié¥.It was
(8) Dokuzovic Z.; Ahmeti, Xh.; Pavlovi¢ D.; Murati, |.; A%erger, S. found that equilibrium constait is dependent on thekp(LH ™)

Inorg. Chem 1982 21, 1576. . . . o -
(9) Handbook of Chemistry and Physi&Srd ed.: The Chemical Rubber ~ Values of 2R-imH (sterically hindered imidazoles) in a way that

Co.: Cleveland, OH, 1972; pp D1%#218. Kirby, A. H. M, the larger the value oK, the smaller the Ig,. It has been
Neuberger, ABiochem. J1938 32, 1146. claimed that the formation of hydrogen bonding between the

8(3 wg:tg:’ E ﬁ'.J'RAe?;' gheg;”(seo‘igzg g’fh]llé’r?ém S04984 106 methoxide ligand and the NH moiety of 2R-imH weakened the

6888.

(12) Catala, J.; Claramunt, R. M.; Elguero, J.; Laynez, J.; Mae® M.; (15) Johnson, C. R.; Jones, C. M.; Asher, S. A.; Abola, Jnérg. Chem
Anvia, F.; Quian, J. H.; Taagepera, M.; Taft, R. M. Am. Chem. 1991,30, 2120.
Soc.1988 110, 4105. (16) Johnson, C. R.; Shepherd, R.IBorg. Chem 1983 22, 3506.

(13) This work: determined by pH measurements of an aqueous solution (17) Schaefer, W. Plnorg. Chem.1987, 26, 1820. Henderson, W. W.;
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Perrin, D. D.J. Chem. Socl965 5590. Y. Inorg. Chem.1991, 30, 4322.
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Table 1. Observed Rates of Replacements of MeOH in'[€MeO)(MeOH)], 5x 1075 mol dn73, by L, 2 x 102 mol dn13, in Methanol
(5% v/v Benzene), and Observed Energies and Entropies of Activation

Kopds™
L 14°C 20°C 25°C 30°C 35°C 41°C
Pyridines
4CN-py 14.2+0.38 17.4+0.78 20.5+ 0.65 23.2+£0.72 25.3+ 0.63 27.9+0.82
3CN-py 12.94+0.89 17.0+£ 1.1 18.6+ 0.98 21.9+0.81 248+ 1.1 29.1+1.1
3Cl-py 6.6+ 0.91 9.0+ 0.81 11.2+0.99 13.5+0.72 15.5+ 0.63 17.1+0.79
4Cl-py 7.7+£0.81 8.9+ 0.95 10.9+ 0.93 13.5+0.78 17.9+ 0.61 22.14+0.86
py 2.4+0.19 5.0+ 0.5 6.4+ 0.49 7.9+ 0.41 9.0+ 0.44 11.2+0.70
4Et-py 2.6+ 0.40 5.9+ 0.90 8.1+ 0.91 12.0+£ 0.92 14.4+ 0.72 17.7+ 0.67
4Me-py 3.9+ 0.49 6.3+ 0.42 7.8+ 0.56 10.7+0.95 14.1+0.82 18.0+ 0.84
4NH,-py 3.840.34 8.1+ 0.41 11.0+£ 0.62 15.6+ 0.42 18.5+ 0.22 21.6+0.33
4Me;N-py 2.9+ 0.37 6.2+ 0.57 9.7+ 0.6 13.4+ 0.54 16.7+ 0.66 19.6+ 0.49
Imidazoles
4,5Ch-imH2 1.65+ 0.02 2.13+ 0.02 2.64+ 0.02 3.63+ 0.04 4.64+ 0.03 7.21+0.1
4,5(CN)-imH2 0.72+0.01 0.97+ 0.01 1.404+ 0.02 1.81+0.04 2.38+ 0.05 2.97+ 0.08
Bz-imH? 0.58+ 0.01 0.75+ 0.01 1.05+ 0.03 1.55+ 0.09 2.37+£0.11 3.27+0.15
imH2 0.12+ 0.005 0.17+ 0.004 0.47+ 0.015 0.64+ 0.03 1.07+ 0.09 1.58+ 0.05
1Et-im 0.13+ 0.006 0.29%+ 0.02 0.47+ 0.015 0.72+ 0.04 1.56+ 0.04 2.25+0.08
1Me-im 0.144+ 0.007 0.28+ 0.01 0.46+ 0.013 0.79+ 0.02 1.43+0.04 2.424+0.06
2Me-imH 0.1+ 0.005 0.26+ 0.007 0.37 0.015 0.52+ 0.02 0.95+ 0.06 1.53+0.08
2Et-imHe 0.09+ 0.003 0.16+ 0.006 0.3%+ 0.01 0.48+ 0.01 0.9+ 0.035 1.38+ 0.09
L EJ/kJmolt  AS/JImoltK! pKa(LHT) L EskJmolt  AS/J moltK pKa(LH™)
Pyridines
4CN-py 18.9+1.3 —165.0+ 4.3 1.121.97 4Et-py 44.8+ 2.9 —86.0+9.7 5.87
3CN-py 21.8+1.1 —155.6+ 3.7 1.4522.08 4Me-py 43.7+ 1.6 —89.5+5.2 6.0279°
3Cl-py 26.7+ 2.2 —1440+7.4 284 ANHy-py 471+ 6.1 —76.2+10.1 9.179
4Cl-py 30.6+ 2.0 —130.2+ 6.7 3.84 4MeN-py 52.8+ 3.4 —-58.6+11.1 9.76
py 40.0+ 3.1 —104.6+ 10 5.257:9105,224
Imidazoles
4,5Ch-imH? 376+ 14 —120+ 3 3.3%3 1Et-im 79.9+ 3.7 8.8+ 6.1 7.033
4,5(CN)-imH2 40.6+ 1.5 —113+5 3.413 1Me-im 79.7+ 1.2 8.1+ 4.1 7.0617.331
Bz-imH? 50.4+ 2.9 —83.2+9.6 5.18105.534 2Me-imH? 745+ 4.8 —-11.74+8.0 7.54
imHa 75.9+ 6.1 —-6.8+9.4 6.65116.95°7.1112  2Et-imH? 785+ 5.1 0.3+ 8.5 7.87

a pK, value should be corrected for the presence of 2torrection—0.3) because of the facile tautomeric proton shift between the two nitrogens;
see ref 2. B, of MeOH is 15.5; see ref 26. Uncertainties are standard errors of the mean of five to seven runs. The undieriinkep are used
in Figures 1 and 2.
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Figure 1. Dependence of lig/k 1) in replacements of MeOH of  Figure 2. Plot of Infa/k-y) in replacements of MeOH of [Ct>(MeO)-
[Co"P(MeO)(MeOH)] (5x 106 mol drm3) by various pyridine type (MeQH)] by imidazole type ligands vs theirKp values. Reaction
ligands (2x 10-2 mol dnm?) on their (K, values, in methanol (5% v/v ~ conditions were as for Figure 1.
benzene), at 28C. The descending branch is inferred to correspond
to the decrease in metaligand & bonding and the ascending branch  imidazole adducts remained the same: the smallerkhegue,
to the increase of bonding. the higher the rate. Recently the equilibrium constaqter
Fe—OMe bonding. On the other hand, the authors observed the substitution of coordinated.B in the iron(lll) porphyrin
that the equilibrium reaction of [Fe(OEP)(MeO)] with unhin- microperoxidase-8 by various azoles have been deterthined
dered imidazoles proceeded to form the six-coordinated ferric 20% aqueous MeOH and a linear relationship betweerklog
low-spin complexes; the correlation of the equilibrium constant and Ky(LH*) was found. The authors have pointed out that
to pKa values displayed the opposite trend; i.e., the larger the important factors which determine the preference of iron(lil)
K, the larger the K. We also observed steric hindrance with  porphyrins for imidazole (as histidine) over pyridine and amines
4,5(CN)-imH (slower rate of entry than expected; see Figure are group-specific factors> basicity > & bonding. The
2), but the general trend with sterically hindered and unhindered equilibrium constanK for the substitution of coordinated,B
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in the cobalt(lll) corrinoid aquacyanocobinamide (vitamiz)B as an alternative explanation of our kinetic results has no support
by various amines and six-membered heterocycles in agueousndeed. The original observation by Mohr and ScHélexiates
solution determined by the same autfdras a special relevance  only to the alkaline aqueous solution (pHLO) of protohemin.

to our work. In their experiments the CNigand is very firmly As already mentioned, they attributed the s interaction to
held and can be considered as inert (at least in the dark), whileelectrostatic attraction between the propionylic groups of the
the HO ligand is kinetically very labile. Their reaction took porphyrin and the positively charged pyridinium ion. In our

place in aqueous solution and is dissociative in natyrsgE'). case, the propionylic groups are blocked in the form of dimethyl
Analogously, in our [C P(MeO)(MeOH)] replacements, meth-  esters.
oxide is firmly held while the MeOH ligand is kinetically labile. Furthemore the formation of the—x adduct should be an

The solvent is methanol, and the mechanism is also dissociativeassociative process, while we clearly measured the kinetics of
(D typef). Of course, the chelate is different and, what we reactions 1 and 2. Reaction 1 is a dissociative process of the
consider most important, the orienting ligainahsto the leaving D [Sn1(lim)] type: the pyridine type ligands (4CN-py, py, 4Me-
ligand is different: in our case this is methoxide, an excellent py) gave ideal limiting rateskfps= 57.8 s’ at 25°C) %8 gz—x
electron donor, while in the mentioned vitamimpBeplacements  adduct formation could not produce such kinetics.
the orienting ligand is cyanide, which can function as an  The spectrum of [CBP(MeO)(MeOH)] has a Soret peak at
electron-withdrawing ligand (Hammetts, ando, are 0.56 and 417 nm anda and 8 peaks at 565 and 532 nm. All spectral
0.66, respectively). The data in Table 1 also show the changes due to replacements (egs 1 and 2) are similar. There
importance of group factors: the replacement rates of pyridine are slight changes in the and 8 peaks and a bathochromic
derivatives are larger than those of imidazole derivatives. (Justshift of a Soret peak of about-4.0 nm, depending on ligand
the reverse observation was made by the previously mentionednature.
author in the replacements of coordinated®in the iron- Because of all the reasons quoted, we must reject the idea of
(1IN porphyrin microperoxidase-8.) Furthermore, the replace- »—; adduct formation.
ments in vitamin B, show the linear free energy relationship  Regarding the basicity of the methoxide orienting ligand, we
log K = a(pKa) + b, while in our replacements, generally  glready stressed that alkoxides are excellent electron donors.
speaking, the dominant trend is the smaller thg, phe larger  \ve observed the following sequence: methoxidesopro-
thekosps We believe that, besides all mentioned factors which poxide < secbutoxide. One should bear in mind that our
direct metat-ligand bonding such as theeffect, group-specific  yeplacements were performed in absolute methanol. As pure
factors, basicity of L, and bonding?*there can be a dominant  |iquids, methanol, ethanol, and other simple alcohols are weaker
influence of the orienting ligantrans to the leaving ligand. acids than when dissolved in aqueous solution. TKg fpr
This appears to be the case with our methoxo complex. methanol as a pure liquid is approximately 1Rufon =

One might try to find an alternative explanation for the kinetic [CH3OH,*][CH307] = 1.2 x 10-17 M2). Thus, methoxide in
data presented in this paper in the supposition that the kineticsmethanol is a stronger base than is hydroxide in Watand
we followed are in fact related to the- interactions between  obviously an excellent electron donor much better than hydrox-
the porphyrin ring and the entering ligands, e.g. pyridines. The ide in aqueous solution. The much smak&f.on, as compared
idea of z—x interactions in porphyrin systems was first put with K,,, comes in large part from the lower dielectric constant
forward by Mohr and Scheléf. They observed that in alkaline  of methanol (32.6:78.5). Greater energy is required to separate
aqueous solution (pkt 10) protohemin forms a green pyridine  methoxide from its proton (or from the positive metal center)
complex containing two ligands per hemin dimer. They also in methanol than for analogous separation of hydroxide in
found that similar hemin complexes are formed halkyl- aqueous solutio?f
pyridinium halides, the absorption spectra being nearly identical  Tobe and co-workers studied the influence of L on the rate
to those of the corresponding pyridine complexes, although thereof acid hydrolysis of Cl (enyLCI* yielding Cd'" (enyLH,0?*.
is no possibility of interaction with the positively charged hemin They arranged the groups L in order of decreasing tendency to
iron. Moreover, pyridinium cations have a higher affinity for donate electrons to cobalt and increasing tendency to accept
hemin than the neutral pyridines. This behavior they attributed electrong” The hydroxide ion is considered the strongest
to electrostatic attractions between the propionylic groups of electron donor among 21 ligands listed. The electron-donating
porphyrin and the positively charged pyridinium salts. They ability of CN- is placed much below that of OH On the other
also found that the substitution of pyridine in position 4 by a hand, there are repoté®4that CN- is a better donor than OH
cyano group increased the affinity for hemin. Marques, Byfield, Besides, it is difficult to discern the modes of bonding of ligands
and Praft! studied the coordination of ammonia, aniline, and which cano-bond and ligand to metal and metal to ligand
pyridine by the iron(lll) porphyrin microperoxidase-8 (MP-8) z-bond.
and found that all these ligands bind through coordination to
the metal, replacing coordinated,®l, and not throught—x Experimental Section
Ir'lte.raclt!ons with the porphyrin ring. They.fou.nd ObVIOU.S Materials. Methanol was Merck AR grade (99.8%). Pyridine, py
similarities in the spectra among all three entering ligands, which (Merck AR grade), was kept under KOH and freshly distilled before
supported the conclusion. On the other hand, the adduct of ;g 3Cl-py, 4Me-py, and 4Et-py (Fluka,97%) were also freshly
MP-8 at pH 12 with 1-methylpyridinium (which cannot act as

a ligand) showed a totally different spectrum, suggesting the (23) marques, H. M.; Bradley, J. C.; Brown, K. L.: Brooks, Bi.Chem.

formation of ar—sr adduct at this high pH. From this literature Soc, Dalton Trans.1993 3475.
survey-25 it can be concluded that the-s adduct formation ~ (24) Eg'g\;vlsn, D. A Betterton, E. A.; Pratt, J. M&. Afr. J. Chem1982
(25) szarque.s, H. M.; Bradley, J. C.; Brown, K. L.; Brooks, IHorg. Chim.
(19) Marques, H. M.; Munro, O. Q.; Cumming, B. M.; De NysschenJC. Acta, 1993 209 161.
Chem Soc., Dalton Trans1994 297. (26) Brown, W. H.Organic ChemistrySaunders College Publishing: New
(20) Mohr, P.; Scheler, WEur. J. Biochem1969 8, 444. York, 1995; p 324. Streitwieser, A., Jr.; Heathcock, Cliiroduction
(21) Marques, H. M.; Byfield, M. P.; Pratt, J. M. Chem. Sa¢ Dalton to Organic ChemistryMacmillan Publishing Co. Inc: New York,
Trans.1993 1633. 1976; pp 214-215.

(22) Baldwin, D. A.; Betterton, E. A.; Pratt, J. M. Chem. Soc., Dalton. (27) Basolo, F.; Pearson, R. ®lechanism of Inorganic Reaction&nd
Trans 1983 217. ed.; J. Wiley and Sons, Inc.: New York, 1958; pp +A172.
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distilled before use; 4CN-py, 3CN-py, and 4CI-p\CI (Fluka, >97%) (MeO)(MeOH)] can be also prepared from [(®(CI)]. Immediately
and 4NH-py and 4(Me)N-py (Merck, >98%) were recrystallized from on dissolution, chloride is released and the complex equilibrates to
EtOH before use. Imidazole, imH (Fluka, AR grade), and 2Me-imH, [Co"P(MeOH}] and [Cd"P(MeO)(MeOH)]. The methoxemethanol
2Et-imH, and 4,5(CN}yimH, 4,5(Clp-imH (Aldrich, >98%) were complex widely predominates. The spectra of the methamethanol
purified by sublimation, drieth vacuqg and placed in sealed containers. complex produced both ways are identical. The solutions of pyridine

Bz-imH (Aldrich, >98%) was recrystallized from hot water, drigd and imidazole adducts were prepared in methanol. The ionic strength
vacuo, and placed in a sealed container. 1Me-im (Aldrict98%) of all reaction solutions was the same ¥510~2 mol dn3) and was
and 1Et-im (Chamalog, purum) were distilled before use. achieved by addition of LiCIQ
Spectrophotometry. Absorption spectra were recorded on a Pye
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(MeO)(MeOH)] is formed in methanolic solution (dilution 1:10) after
2 days in the presence of,O The methanolic solutions of [(td>- 1C951506Z2



