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The ligand substitution reactions wans{Co'" (eny(Me)H,0]%*, a simple model for coenzyme B were studied

for cyanide and imidazole as entering nucleophiles. It was found that these nucleophiles displace the coordinated
water molecule trans to the methyl group and form the six-coordinate cottnafes{Co(eny(Me)L]. The complex-
formation constants for cyanide and imidazole were found to be#837) x 10* and 24.5+ 2.2 M1 at 10 and

12 °C, respectively. The second-order rate constants for the substitution of water were found to-b® (B. X

10% and 198+ 13 M1 s7! at 25°C for cyanide and imidazole, respectively. From temperature and pressure
dependence studies, the activation parametets ASF, andAV* for the reaction ofrans{Co" (en)(Me)H,0]?+

with cyanide were found to be 58 4 kJ molt, 0 £ 16 J K mol™1, and+7.0 & 0.6 cn® mol™%, respectively,
compared to 53- 2 kJ moll, =22 + 7 J K- mol~1, and+4.7 & 0.1 cn® mol~1 for the reaction with imidazole.

On the basis of reported activation volumes, these reactions follow a dissociative mechanism in which the entering
nucleophile could be weakly bound in the transition state.

Introduction

Many octahedral organometallic complexes of Co(lll), such
as cobaloximk® and Costa’s complé® (a mixed Schiff base
oxime complex with a uni-negative Nequatorial ligand), and
those with a Schiff basE;2such as N,Nethylenebis(actylace-
toneiminato);® N,N'-ethylenebis(salicylideneiminatd)and the
dianion of disalicylidene-O-phenylenediamifie have been
suggested as models for the vitamif, Boenzyme because of
their similarity to either the nature of the active site or a specific
function of the enzyme. Much work has been carried out on
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these model complexes and has provided a basis for understand-
ing the behavior of the more complex vitaminBnolecule?1®
Substitution and CeC bond cleavage reactions at the axial
positions in such models are related to the reactions oéithe
and -positions in the natural cobalamin. Ligand substitution
reactions of vitamin B in general follow a dissociative type

of mechanisni®17 In the case of the coenzyme, however,
evidence for an associative substitution mode was recently
reported, and it was postulated that attack of the first nucleophile
(cyanide) occurred at thg-(5'-deoxy-3-adenosyl) site rather
than at thea-dimethylbenzimidazole sit€. To gain further
insight into the reasons for this unexpected mechanistic
changeover, since it is generally expected that the introduction
of a metat-carbon bond will induce a dissociatve substitution
reaction in the trans position, we have now turned to the study
of model systems that include a cobatarbono-bond.

Brown et al'®20 reported kinetic and equilibrium data for
the binding of various nitrogen ligands to methylcobaloxime.
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They also extended their work and studied different alkylco- of the convenient ligands that can be used to probe both the
baloximes to understand the mechanism of axial ligand substitu-trans effects of a second axial ligand and the cis effects of the
tion reactions, the relative importance of metal-to-ligand equatorial macrocyclic ligand since it has minimum steric

donation, and the possible existence of stable pentacoordinateequirements.

species in aqueous solutihThe kinetics of the substitution
reaction of tetra(4-N-methylpyridyl)porphinediaquacobalt(ll)

In addition, this study will reveal information on the order
in which equatorial ligands such as corrin, porphyrin, and

was studied, and it was found that the reaction of this complex cobaloximes exert remarkable cis effects on ligand substitution

with NCS~ occurs via a limiting dissociative (D) mechanism,

in the axial positior?132 This cis effect was demonstrated by

whereas the reaction with halide ions occurs via a dissociative Ponr#® when the rate constants for the hydrolysis of'\Qd.,)

interchange ¢) mechanisn? The simplest model for coenzyme
Bi, was synthesized by Kofod in 198%nd consists of a Co(lll)

complexes were determined and found to increase with the
extent of unsaturation of the equatorial ligand, varying in the

metal center surrounded by five ammine ligands and one methylratio of 1:36:270 as Nwas changed from 1,4,8,11-tetraazacy-

ligand. This complex is stable in a solution of high ammonia

clotetradecane to 1,4,8,11-tetraazacyclotetradeca-1,7-diene and

concentration (ca. 3 M) but undergoes a rapid ligand substitution to cobaloxime. A comparison of the second-order rate constant

reaction with ethylenediamine (en) to forois-[Co(enk(Me)-
NHz]2*, which slowly isomerizes to the more stable and
isolatable trans isoméf. A potential advantage of the planar

for substituting the KO molecule by an incoming ligand (L)
in Co(Ill) complexes with N-donor equatorial ligands{/shows
that the approximate lability ratio of the metal ion toward

bis(ethylenediamine) arrangement around the Co(lll) center is substitution in the corrin, porphyrin, cobaloxime, and ammine
the flexibility of the chelates, an aspect that has been suggestedcomplexes is 19108:10%1.17.22.34

to be important for the biological activity of the coenzy@ie.

There is indeed a need to study ligand substitution reactions EXPerimental Section

trans to the axial alkyl ligand in coenzymeBand various
model complexes in comparison to all the work carried out on
substitution reactions trans to nonalkyl ligands, since it is known
that methylcobalamin and coenzyme;Bindergo substitution

of their axial benzimidazole ligand with a protein histidine

Materials. All chemicals used were p.a. grade and used as received
without further purification. CAPS buffer was purchased from Sigma.
NaClO, and NaCN were purchased from Merck. ImH was supplied by
Aldrich. Ultrapure water was used for all measurements. All prepara-
tions and measurements were carried out in diffuse light, since the

residue during complexation to the enzymes methionine synthasecomplex was found to be light sensitive.

and methyl malonyl coenzyme A mutase, respectiveny.

There have been some discrepancies in the literature regardin

the mechanism of the axial ligand substitution reactions of
vitamin By, its derivatives, and model complexes. The D
mechanism is favored by some auth8rsyhereas in other
reportst’ the ly mechanism is favored, since the incoming ligand
participates in the transition state. It is well known that high-
pressure kinetic techniquiscan assist the elucidation of

inorganic and bioinorganic reaction mechanisms through the
calculated activation volume obtained from the pressure de-

pendence of the rate constant. This technique was found to b
very efficient in differentiating betweery bnd D substitution
mechanisms in Co(Ill) complexé&:¢2829This has led us to
study the ligand substitution reaction tins{Co(en)(Me)-
H,01?* by applying this technique to ligands such as imidazole
(ImH) and cyanide (CN). ImH is known to be an interesting
ligand in bioinorganic chemistry for a variety of reasons, such
as the presence of an ImH group of histidine as a ligand in
most of the known haemoproteiffsand CN- is considered one
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trans{Co(enk(Me)NH;]S,0s was prepared as described by Kofod
by reacting Co(ll) nitrate with methylhydrazine in the presence o NH
% give [Co(NH;)sMe](NOs), and then reacting this complex with
ethylenediamine to giveis{Co(eny(Me)NH;]?*, which was isomerized
slowly to givetrans{Co(eny(Me)NH;]?" and then isolated in the solid
form astrans{Co(en}(Me)NHs]S,0s. This complex, upon dissolving
in buffer solutions, givesrans{Co(en}(Me)H,OJ?*. The complexes
were charaterized by elemental analysis and-Wi and NMR
spectroscopy, and the results were in agreement with literaturé>data.

Instrumentation. The pH of the solution was measured using a
Mettler Delta 350 pH meter. The pH meter was calibrated with standard
buffer solutions at pH 4 and 7. UWis spectra were recorded on
Shimadzu UV-2101 or Cary 1 spectrophotometers.

Kinetic measurements were carried out on an Applied Photophysics
SX 18MV stopped-flow instrument coupled to an online data acquisition
system. At least eight kinetic runs were recorded under all conditions,
and the reported rate constants represent the mean values. All kinetic
measurements were carried out under pseudo-first-order conditions, i.e.,
the ligand concentration was in at least 10-fold excess. Measurements
at high pressure were carried out using a homemade high-pressure
stopped-flow uni€® The kinetic data were analyzed with the OLIS
KINFIT program. All instruments were thermostated to the desired
temperature£0.1 °C).

Potentiometric titrations were carried out to determine tKe fpr
[Co(enk(Me)HO]?". A 2.5 x 102 M sample of this complex! (=
0.1 M NaClQ) was titrated with HCIQ (3.85 x 1073 M) at 25 °C.

Equilibrium Measurements. A 1-5 x 102 M sample of [Co(eny
(Me)NH3]S;Og, dissolved in CAPS or phthalate buffér<€ 0.1 M using
NaClQy), was placed in a 1.0 cm path length cuvette in the themostated
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cell block of the spectrophotometer for280 min. This solution was 1,0 ¢
titrated by the addition of small volumes of a concentrated stock solution
of the ligand, using a Hamilton syringe. The ligand solution was
prepared in the same buffer, and the ionic strength was also adjusted
to 0.1 M using NaCl@ The titrations were carried out in duplicate
and were monitored at several wavelengths where the largest change
in absorbance occurred. The values of the equilibrium constamtere
obtained by fitting the absorbance versus concentration curve, after
correction for dilution, to the appropriate equation (see Results and
Discussion).

08

0,4

Absorbance

Results and Discussion °2
The UV—vis spectrum ofrans{Co(enk(Me)NH3]S;0¢ dis- 00 ' :

solved in different buffers at pH-511 showed bands at 364 300 a00 500 600 700

and 470 nm (134 and 80 M cm™1, respectively). However, in Wavelength, nm

pure NH; solution, these bands_ are Iocated at 354 and 463 NM Eigyre 1. UV —vis spectra ofrans{Co(eny(Me)H.OJ?* in the presence

(142 and 63 M* cm™, respectively), with a shoulder at 290  of various concentrations (0.060.025 M) of CN" at pH 6, 10°C,

nm (171 M1 cm™1). These observations suggest that the andl = 0.1 M (NaCIQ).

complex under investigation has an aqua ligand in the trans

position when it is dissolved in aqueous buffers, whereas an

NH; ligands is coordinated trans to the methyl group when the =4* ; .
complex is dissolved in high ammonia concentration. This in a MiXing the solutions and recording the spectra. The values of

good agreement with the results of Kofod et3lvjz., trans- K were det_erm_ined spectrophotometrically in duplicate experi-
[Co(eny(Me)H.OJ2" in water exhibits two bands at 365 and Ments by titrating ca. 5 107 M trans{Co(enk(Me)H,0F"
472 nm (137 and 74 M cm, respectively), andrans- with a concentrated stock solution of the ligand to minimize
[Co(eny(Me)NH]2" in 5 M NHglexhibits two b'ands at 355 the effect of dilution. Figure 1 shows the spectrophotometric
and 464 nm (133 and 56 M cm, respectively), with a titration of trans{Co(eny(Me)H,O]>" with CN~ at pH 6,1 =
shoulder at 289 nm (156 M cm™Y). 0.1 M (NaClQ), and 10°C. The value ofK; (kdk,) was

It was found thattrans{Co(eny(Me)H:O]>" decomposes determined at pH 6, since the value is large and correction for
upon exposure to UV light, suggesting that the-@ bond the acid dissociation of HCN K = 9.04)%7° could be made. It
can be cleaved photochemically. This was observed for all is clear from Figure 1 that the reaction is characterized by clean
Co(lll) complexes containing alkyl groups coordinated to the isost_)estic point_s, indicating that a simple equ?libr!um gxist_s with
cobalt atom in the axial positicH. Preliminary experiments O Sign of the interference of a second equilibrium in this pH
showed that decomposition of this complex by the light beam "@19€, such as the formation of a dicyano complex. Figure 1

of the spectrophotometer was negligible. Despite the lower light also shows that ther_e is a significant shift in+ th_e s
sensitivity of this complex as compared to other alkylcobalt spectrum upon formation éfans{Co(eny(Me)CNJ" with Amax

71 .
species, special care was taken to protect this complex from Values at 331 and 446 nm (235 and 62'\¢m™, respectively).

photochemical decomposition, and all solution preparations and<0fod et al® reportedimax \_/?Iues for this complex at 332 and
measurements were carried out in diffuse light. 445 nm (218 and 53 M cm™1, respectively), which are in close

In the present study, the displacement of the axiaDH agreement with our findings. Spectral changes slightly different
molecule intrans{Co(eniz(Me)Hzo]H by CN~ and ImH was from those reported in Figure 1 were observed for the reaction

investigated, for which the general reaction can be representedWiEq Iml:|1, andlmax_ occurre_d at 356 and 464 nm (123 and 64
by eq 1, where L is CN or ImH. M~1cm3, respectively), with a shoulder at 292 nm (167 M

was observed, indicating that CNs the binding nucleophile.
Equilibrium 1 was established within the time required for

cm).
K, The spectrophotometric titrations were monitored by follow-
trans{Co(en)Z(Me)HZO]2+ +L - ing the increase in absorbance at 332 nm or the decrease in

- absorbance at 474 nm, where the largest change in absorbance
trans{Co(en)(Me)L]"" + H,O (1) occurred. Typical data for the reaction with Cldre shown in
Figure 2. The solid line represents the fit of the experimental

A pH titration oftrans{Co(enp(Me)H,0]?" with base indicated =~ data to eq 2
that the X, value of the coordinated water molecule must be
greater than 12, since there was no change observed in the pH A=A+ AKILI(L + K[L]) (2)
titration curve up to pH 12. This value is in line with that
expected for a weakly coordinated water molecule. Also, from
the trans effect order in the case of cobalt corrindidsd the
kinetic and the equilibrium results of this work, we expect a
pKa value of about 14, since this complex is similar to vinyl
and acetylidecobinamide (vinyl and acetylide are coordinate ) h
to the cobalt corrinoids in the axial position). Preliminary POtiNg [0g[(Ax — Ao)/(A- — Aq] versus log[L], which resulted
experiments in which the UWvis spectrum was scanned at 1" & good linear plot with slopes of 0.95 0.02 and 0.9%
range 256-600 nm showed that at pH-6.1, CN- and ImH (_).03 fo_r CN- ar_1d ImH, respectively, indicating tha'_[ only one
react rapidly withtrans{Co(eny(Me)H,O]%*. In the case of ligand is coordinated to the cobalt complex. The intercept of

CN-, no significant difference in the spectra at pH 6 and 11 this linéar plot gives the value of log, which is in excellent
agreement with the directly determined value described above.

(37) Pratt, J. M.Inorganic Chemistry of Vitamin #; Academic Press: The values oK of CN™ and ImH were found to be (8.3
London, 1972. 0.7) x 10* and 24.5+ 2.2 M1 at 10°C, respectively, from

where A, and A. represent the absorbance at 0% and 100%
formation of trans{Co(en)(Me)L]?*, respectively, andy, is

the absorbance at any given ligand concentration [L]. The values
of K and A, were calculated from nonlinear least-squares fits
g of the data to eq 2. The data were subsequently analyzed by
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Table 1. Kinetic Data for the Reaction of
trans{Co(en}(Me)H,0]*" with CN~ as a Function of Temperatdre

Hamza et al.

0,26 4

Absorbance at 332 nm

0,24
0,22 o

0,20 |

T L T
0,010 0,015 0,020

[CN),.... M

Figure 2. Changes in absorbance at 330 nm upon addition of @N
trans{Co(enk(Me)H,0]?**. The line is a fit of the data to eq 3 in the
text.

T T
0,000 0,005 0,025

350
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250 ]

< 2004

kobsy S

150 o

100

ICN-]to(al' M
Figure 3. Plot of koss VS [CN]iotal fOr the reaction betweenans{Co-

(enk(Me)H,0]?" and CN at pH 11, 10°C, andl = 0.1 M (NaCIlQ).
The best fit of the data (line) givds= 3.3 x 10° M~! s72,

which it follows that CN- binds much stronger than ImH to
this model complex. Brown et &E8found values oK for the
binding of CN™ to [Co(corrin)(Me)HO]?" and [Co(DMG)-
(Me)H,Q] (DMG = dimethylglyoximate) to be 84 and 0.34
10® M1, respectively. It follows that the affinity of CNfor
trans{Co(enp(Me)H,0]%>" is 1 times greater than for [Co-
(corrin)(Me)HO]?" and 1@ times smaller than for [Co(DMG)
(Me)H;0]?+. This comparison nicely demonstrates the cis effect,
i.e., the influence of the equatorial ligand on the substitiution
reaction of the axial ligand trans to the alkyl group. The trend
in the formation constants for the equatorial ligands is corrin
< (en)y < (DMG)..

Figure 3 shows a plot dfyps versus [CN] for the reaction
of trans{Co(en)(Me)H,OJ]?" with excess CN at pH 11 ([CN]
= 0.01-0.10 M,I = 0.1 M using NaCl@). The linear plot has
a negligible intercept, which indicates that the back reaction
does not contribute significantly and that no parallel reaction
takes place. The reaction is pseduo-first-order in {Cahd has
a second-order rate constant of (3:30.1) x 1®* M~ st at
10 °C. This behavior can be expressed by the rate law in eq 3,
where L represents CN

Kobs = KL ©)

T(°C) kax 1073 (M~1s7Y)
5.0 2.7+0.1
10.0 3.5+ 0.2
15.0 5.7+ 0.3
20.0 8.3+ 0.3
AH¥(kJ molY) 50+ 4
AS (J K™ molY) 0+15

a Experimental conditions: [Co(exfMe)OH;] = 1.2 x 103 M, pH
11,1 = 0.1 M (NaClQ).

35

314 ~

30 — T
40

60 80
pressure, MPa

T T
100 120 140

Figure 4. Plot of In kops VS pressure for the reaction betweteans-
[Co(eny(Me)H,0J?" and CN'. The best fit of the data (line) givesVv*
= 7.0+ 0.6 cnf mol~

but it was impossible to determine the rate constant for the
reaction of CN or any nitrogen bases with [Co(corrin)(Me)-
H,0]* because the reaction is too fast to be followed by stopped-
flow or temperature-jump techniqués.Thus, the order of
reactivity of the complexes for the different equatorial ligands
is corrin > (en) > (DMG),.

Costa and co-workets!? attempted to quantitatively order
the alkylcobalt chelate complexes in terms of the electrochemical
potentials for the reduction of [Co(chel)R]to [Co(che)R{-D+
and obtained this order of increasing ease of reduction:'-N,N
ethylenebis(acetylacetoneiminato) (baeN,N'-ethylenebisg-
methylsalicylideneiminatox N,N'-ethylenebis(salicylideneim-
inato) < O-phenylenebis(salicylideneiminats) cobalamin<
bis(dimethylglyoximato)< 1-(diacetylmonooximeiminato)-3-
(diacetylmonooximatoiminato)propaf&!? This order should
also be reflected by the kinetics of ligand exchange on the Co-
(chel)(R)L complexes if it accurately reflects the relative degree
of electron donation of the equatorial chelate to the metal center.
It is known that the strongly electron-donating ligands (such as
bae) are expected to more easily form a pentacoordinate
alkylcobalt compleX” and exhibit faster axial ligand exchange
than the more weakly donating chelate (DMQGJurther work
on saturated amines as equatorial ligands is needed to obtain a
complete picture of the cis effect or the role of the equatorial
ligands on the reactivity and mechanism of these ligand
substitution reactions.

The reaction betweetrans{Co(eny(Me)H,0]?*" and CN-
was studied as a function of temperature and pressure, for which
the results are reported in Table 1 and Figure 4, respectively.
Good linear correlations betweenkfi) versus IT and between

It was found that the second-order rate constant for the reactionln k versus pressure were obtained. The activation parameters

betweertrans{Co(DMG),(Me)H,0] and CN  is 14 M1 s11

(38) Brown, K. L.; Satyanarayana, $iorg. Chim. Actal992 201, 113.

(39) Hamza, M. S. A.; Zou, X.; Brown, K. L.; van Eldik, R., submitted
for publication.
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180 Table 3: Kinetic Data for the Reaction of
160 hs / trans{Co(en}(Me)H,0]?" with ImH as a Function of Pressure at 10
] v e s °ca
. ¢ D -
[l R o« P (MPa) IMHI (M) kops(SD) ka(M71sD) ko (sD)
1207 / 10 0.05 534 51%07 29+0.2
100 ] Y 0.15 10.9
o 7 0.25 15.8
% 80 // P — 0.40 23.5
R P o 50 0.05 48 47518 28405
] e . P 0.15 10.4
+ e — o 0.25 14.5
ol T e I 0.40 21.7
'_4/{;,*«/’*’ 90 0.05 436 44208 23+02
=== = : — 0.15 9.13
0,0 0,1 02 03 0,4 05 06 0.25 13.5
[imidazole],,, M 0.40 19.9
Figure 5. Plot of kops vs [ImH] for the reaction betweetrans{Co- 130 8?55 511191 40405 21£01
(enk(Me)H,0]?" and imidazole as a function of temperature. Experi- 0.25 12.4
mental conditions: [Co(lll)}= 0.003 M, pH 9,1 = 0.1 M (NaClQ), 0.40 18.2
andT = 5.0°C (A), 12.0°C (B), 18.0°C (C), 25.0°C (D), and 30.0 ' '
°C (E). AV* (cnPmol-2) +474+0.1 +6.4+0.9
a . " . — 3
Table 2: Kinetic Data for the Reaction of 9 lgfgerllriegtillao(r&déné:g. [ColestMe)O] = 5 x 107 M, pH
trans{Co(eny(Me)H,O]?** with ImH as a Function of Temperatdre ’ ’ ’ ’
T(°C) ka(M~*s™) ko (s71)
5.0 41+ 2 1.44+0.6 5 [mH
12.0 80+ 3 4.0+0.8 '“é H0
18.0 119+ 8 13+2
25.0 198+ 13 28+ 4 g | CHICOlem,
30.;)(k . 319+ 10 38+ 2 % AV =447
AH* (kJ mo 5342 94+ 8 > AV =+64
AS (J K- mol?) 2247 +97+ 27 g (Cﬂsﬁﬁ“)zﬂp
a Experimental conditions: [Co(eifMe)OH;] = 5 x 1073 M, pH é ‘ (CH,)Co(en),ImH
9,1 = 0.1 M (NaClQ). g +H,0
0'-
)
AH*, ASf, andAV* were found to be 5@ 4 kJ mol?, 0+ 16 &
J K™t mol~1, and+7.0 & 0.6 cn? mol~1, respectively. } f
The reaction betweemans{Co(eny(Me)H,O]?" and excess Reactants Transition State Products
ImH at pH 9 ([ImH]= 0.05-0.50 M, = 0.1 M using NaClQ) Figure 6. Volume profile for the reactiotrans{Co(enk(Me)H,O]**

was studied at different temperatures. The results are shown int+ ImH = trans{Co(eny(Me)ImH]** + H:O.
Figure 5, from which good linear plots with significant intercepts

are obtained within the experimental error limits. Furthermore, . o .
the plots do not indicate any saturation at large [ImH]. This compared to the much higher activation enthalpy for the reaction
of the ImH complex (i.e., back reaction for the complex

behavior can be expressed by the rate law given in eq 4, where . . . o
ka andk;, represent the rate constants for the forward and reverseformat'on with _ImH). T_he entropies of activation for the
reactions in eq 1, respectively, and L represents ImH. The Valuescomplex:{ormzition reac'ﬂons were found to petCLG "?md_zz

of ky andky can be used to calculate K & ki/ky), which turns +7J K. mol™ for C'\.' and ImH, reSpeCt'V.ly'_ Itis known
out to be 20.1- 3.2 Mt at 12°C. This kinetically determined that_AS_* IS usually sub;ect(_ad to Iarg_e error I|m|ts_ be_cause of
value forK is in good agreement with that obtained spectro- the intrinsic extrapolation involved in its determmquo_n_ such
photometrically at the same temperature, Wz= 24.5+ 2.2 that these smal] absolute numbers are npt very significant in
ML The values ok andks as functions of temperature, along terms of the assignment of a mechani$m significantly more

with the corresponding activation parameters, are summarizegPOSitive value was f‘?uf‘d for ‘h? reverse aquation reaction of
the ImH complex, pointing to a dissociative activated transition

activation enthalpies for the substitution by Cland ImH, as

in Table 2.
state.
ko= kL] + K, 4) The pressure dependence of the reaction with ImH was
bs investigated as a function of [ImH], and the data are summarized
] ) in Table 3. Plots of Irk; and Ink, versus pressure give good
From a comparison of the valuesiaffor the reactions of CN linear relationships from whicAV* was calculated. FromV*,
and ImH withtrans{Co(en)(Me)H;0J*", viz., 3.3x 16° M~ it is possible to construct a volume profile for the substitution

s™! (at 10°C) and 198 M* s™* (at 25°C), respectively, itis  f trans{Co(enp(Me)H.O]2* by ImH (see Figure 6), from

seen that CNis a much stronger nucleophile, as expected. The yhich it can be seen that the substitution process is dissociatively
difference in the complex-formation constéqtviz., 8.3 x 10*
and 24.5 M* for CN~ and ImH, respectively, is even 2 orders  (40) Funahashi, S.; Inamo, M. Ishihara, K.; TanakaJidrg. Chem1982

of magnitude larger due to the significant effeckgfthe reverse 1) %1) 447. ik bach. A i Chen2 12
; ; ; 41) (a) van Eldik, R.; Merbach, A. EEomments Inorg. Cheni. 12,
aq_IL_IﬁtI?P ;]elacﬁ!ﬁtn’ I? the (Iijt C((j)mpieX.ma C M 341. (b) van Eldik, R. InPerspecties in Coordination Chemistry
e high lability of coordinated water inans{Co(enj(Me)- Williams, A. F., Floriani, C., Merbach, A. E., Eds.; VCH: Weinheim,

H,0]? is also expressed by the relatively low and very similar Germany, 1992; p 55.
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activated. Similar results were reported for reactions of aqua- lead to a relatively low value okV*. Furthermore, the fact that

cobalamin with different ligands such as ENN3;~, pyridine no limiting rate constant typical fa D mechasnism is reached
and its derivatives, and thiourea and its derivati&< In these upon increasing the entering nucleophile concentration (see
casesAVF was found to be in the range betweed and+8 Figures 3 and 5) cannot be taken as evidence against the
cm?® mol4, i.e., similar to the values found for the reactions of existence ba D mechanism, since the limiting rate constant is
CN~ and ImH withtrans{Co(enk(Me)H,O]?*, and AV* was expected to be very high for the dissociation of a labile water

interpreted in terms of angImechanism. These values are molecule and will most probably not lie in the stopped-flow

signficantly smaller than those reported for substitution reactions time range. In terms of the limiting dissociative mechanism
of cobalt(lll) porphyrin systems. There it was found that the outlined in eq 8, the rate law in the absence of any deviation
values ofAV* for ligand substitution on [Co(TMPP)@®),]5* from a linear dependence &fps on [L] is given in eq 9.

and [Co(TPPS)(kD),]3~, where TMPP= meso-tetrakis(4-N- ot

methylpyridyl)porphine and TPPS meso-tetrakis(p-sulfonato-  trans{Co(enj(Me)H,0]"" =

phenyl) porphine, are-14.4 and+15.4 cn¥ mol™?, respec- [Co(eny(Me)]*" + H,0 KaK_s
tively,2%40 and these were assigned & D mechanism. The

volumes of activation in this study are also significantly smaller [Co(en)(Me)]*" + L = [Co(en)(Me)L]*" Kuk_, (8)
than those reported for the reaction of [Co(BMACH3)]2* with

ethylenediamine in formingis-[Co(eny(NH3)(CH3)]2*, as well Kobs = (Kgky[L] + K gk p)/(K,[L] + K )

as those for the subsequent cis-to-trans isomerization reaction,
for which ly mechanisms were suggestédt follows from this
comparison that the introduction of a single cobathrbon bond
significantly labilizes the coordinated water moleculdrams-
[Co(enp(Me)H,0]?F, as reflected by its high Ky value, but

= koLl K ; + k 9)

According to this rate lawk, = kska/k—4 = k3K4 such that
AVF(k)) = AVF(ks) + AV(Ky). In this case, the volume changes

v d ind imiti hani he basi associated withAV¥(ks) and AV(K4) are also expected to
apparently does not induce a limiting D mechanism on the SIS partially cancel each other, sinde/(ks) must be significantly

of the reportedAV* data (see Results and Discussion). positive, ca. 13 cthmolL, for the dissociation of a water
Thus, on the basis of the volume of activation data and the molecule from an octahedral complex and/(K;) must be

constructed volume profile, it is reasonable to conclude that the negative for the binding of B84 Thus, on the basis of the
reaction of trans{Co(enp(Me)H,OJ]** with ImH and CN- observed volumes of activation, it is not possible to distinguish
follows an b mechanism, where the entering nucleophile between andand a D mechanism in this particular case. We
partially participates in the transition state. The volume changescan only conclude that significant bond breakage must occur
during the complex-formation reaction are controlled by the in the transition state, giving it a dissociative character. Weak
lengthening of the CeH,0 bond, which should be independent bond formation with the entering nucleophile in the transition

of L. The reaction betweetrans{Co(eny(Me)H,0]?** and L state cannot be ruled out.
is presented in eq 5, and the corresponding expressiogor By way of comparisonAV* data have been reported for
is given in eq 6 complex-formation and ligand substitution reactiondrams

[Rh(DMG),(R)H20], where DMG= dimethylglyoximate and
K R = CHs, CH,Cl, and CRCH,.*2 The data showed a systematic
2+ L 3y Al 2
trans{Co(en}(Me)H,0]"" + L = changeover in mechanism frogto I,, i.e., from small positive
24| =2 to small negative volumes of activation along the series of R,
[Co(en)(Me)H, O] - L k2 as a result of a decrease in thx@onor property of R. Similar
trans-[Co(en)Z(Me)L]” +H,0 (5) supstitution reactions otmansCo(DMG),(CHs)L, where L is,
for instance, MeOH, MeNCHO, MeNCHS, MeS, or (MeO)P,
Kops = KoK [LI/(1 + K[L]) +k_, (6) exhibit typical AV¥ data of between 6.8 and 16.8 Emol?,
_ depending on the size of the leaving group L, in line with a
Kobs = KoKy [L] + K, dissociative mechanisf.
= kL] + k, @) Furthermore, thegimechanism suggested above contradicts
the D mechanism favored in cases such as those for the reaction
of methylaquacobaloxime with thiofksThe operation of a D
mechanism was also supported by the presence of five-
coordinate species that result from the stabilizing-Cobond

The plots ofkyns Versus [L] are linear within the experimental
error limits, indicating that (& K;[L]) ~ 1; eq 6 reduces to eq
7, which is in agreement with the empirical rate law of eq 4, i, the Co(lll) complexes of bis(salicylaldehyde)ethylenediamine

wherek, = koKy andky = k. Thus, AV¥(ka) = AV¥(ko) + and bis(acetylacetone)ethylenediamine prepared by Costa and
AV(Ky), from which it follows that the volume changes o workerd314and from the crystal structure of pentacoordinate

associated withAV¥(k;) and AV(Ky) contribute to the overall  methy| derivatives of these complexi<s Evidence for the
observed value. It is reasonable to expect WelKy) will be existence of pentacoordinate species among the alkylcobin-
somewhat negativé,*'depending on the nature of the precursor  amjdes and alkylcobalamins was also found from the temper-
species formed. On the other hatd/#(k,) will be positive for ature dependence of UWis and pmr spectr#. This evidence

an ly mechanism such that these volume contributions will
partially cancel each other to account for the observed value. (42) Dicker-Benfer, C.; Dreos, R.; van Eldik, Rngew. Chenil995 107,

i Fi ; 2414,
However, the possibility o_f a limiting D mechan_lsm_ cannot (43) Moore, PPure Appl. Chem1985 57, 347.
be fully ruled out on the basis of the volume of activation data. (44) summers, M. F.; Marzill, L. G.; Bresciani-Pahor, N.; Randaccio, L

Since all observations point to a very labile coordinated water J. Am. Chem. S0d.984 106 4478. _ _
molecule, the ground state trans influence of the methyl group (45) AB&;'ESEQ%? Calligaris, M.; Nardin, G.; Randaccio,Ihorg. Chim.
could be so significant that only a relatively small bond ~(46) Firth, R A; Hill, H. A. 0.; Mann, B. E; Pratt, J. M.; Thorp, R. G.;

lengthening is required to reach the transition state, which will Williams, R. J. P.J. Chem. Soc. A968 2419.
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for the operation ba D mechanism was presented for co- more likely mechanism. The reason for the operation of an
baloxime and corrinoids, where there is a delocalization of associative substitution mechanism in coenzymegrBmains
electron density from the unsaturated equatorial ligands (DMG unresolved and requires further clarification.

and corrin) onto the Co(lll) center. This would, in part, induce Acknowledament. The authors aratefully acknowledae
a partial Co(ll) character onto the metal center and could accountfinancial su gort frdm the DeutschegForschaln S emeinsghaft
for the higher kinetic lability and the longer axial bond length Fonds der p(FZ)hemischen Industrie. and the gAIgexander von,
to the Co(lll) center. However, in the system investigated here, : .

. . Humboldt Foundation for a fellowship to M.S.A.H.
the chelate is fully saturated, and hence, amkchanism,
characteristic for Co(lll) substitution reactions, could be the 1C000023E





