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Influence of Chelate Effects on the Water-Exchange Mechanism of Polyaminecarboxylate
Complexes of Iron(lll)
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The effect of temperature and pressure on the water-exchange reactions of complexes of thé' tipg-[Fe).] ",

where L= edtd~ (ethylenediaminetetraacetate), Hédtgmonoprotonated form of edta), cdta(trans1,2-
diaminocyclohexanetetraacetate), €dds,s-ethylenediaminedisuccinate), 1,3-pttél,3-propylenediaminetetra-
acetate), andx,S-eddadp(a,S-ethylenediaminediaceatedipropionate), was studied by empldyidgNMR
techniques. The effect of potentially hexadentate ligands, covering a systematic variation of the size, substituents,
and overall coordination geometry, on iron(lll) complexes was investigated in terms of the lability of the coordinated
water and the underlying exchange mechanism. For most of the systems studied, the results are in agreement
with a dissociatively activated water-exchange mechanism for the seven-coordinate complexes. The absolute
magnitudes of the volumes of activation are small and fit améchanism. The results contribute to a better
understanding of the nature, reactivity, and substitution mechanism of the selected complexes in solution.

Introduction Scheme 1

Polyaminecarboxylate chelates have a very wide application Structures Abbreviations
in coordination chemistry. Their use in analytical chemistry is
well-known. We have an ongoing interest in their use as TN N\ S0
scavengers for species such as NO in environmental applica- -00c—"" h N¥coo- edta”
tions! There is a complex interplay between factors such as
the overall coordination geometry and the number and lability 00C~ N Coo
of coordinated solvent (usually water) which controls the JN N\_ Hedta™
substitution behavior and other properties of such metal chelates. Tooc cooH
Recent reports have demonstrated how polyaminecarboxylate
chelates can introduce a changeover from six- to seven- ro0e Q o0 .
coordination on an iron(lll) center resulting in complex spe- WN N/_ phdta™
ciation depending on the concentration and?3H. 00— N oo

A fundamental aspect of the mechanistic behavior of such
[FE"(L)(H.0)]" complexes concerns the lability and mech-
anism of the exchange and substitution of coordinated solvent, TO0e— P cdta®
as well as the ways in which this can be tuned by the selected _/N N¥
chelate. We have now studied the water-exchange reactions of
a series of complexes of the type [R&)(HO),"™ using?’O

-00C: [elelo g

: . . -00C VRN Co0
NMR line broadening techniques. The chelates chosen, sum- _}N N—Q
. . . . -00C \ / [eeley edds™
marized in Scheme 1, are potentially hexadentate ligands and H H
cover a systematic variation of the diamine function in terms
of the nature of the bridging groups (edtagdta~, and phdtér) -ooc~< PN >-coo
and the chelate size (edtaand 1,3-pdt&), the introduction N N a-eddadp®
-00C; Coo
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of substituents on the carboxylate groupssddadp™), and the

lengthening of the carboxylate arm (eéidsind -eddadp-).
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On the basis of the available structural information, signifi-
cantly different reactivities as well as mechanistic behavior for

These ligands should affect the nature of the coordination the water-exchange reactions of these complexes might be
geometry around the iron center and as a result allow us to probeexpected. A tuning of the chelate and the coordination sphere,

their effects on the lability of the coordinated water.

along with particular experimental conditions, could lead to a

The structures of & complexes of polyaminecarboxylates variety of reactivities and water-exchange mechanisms.
are of particular interest because they can adopt six- and seven- In this work, we have studied the water-exchange reactions

coordination as a result of the critical radius of the Feation

(0.79 A) and the spherically symmetricdl electronic config-

uration of the metal ion. Several structures of'Fand Fé

of the series of [P&(L)(H,0),|"~ complexes as a function of
both temperature and pressure to obtain a complete set of
activation parameters. Mizuno et al. reported such measurements

complexes are known where the hexadentate ligand is boundfor the [Fé' (phdta)HO]~ system and, based on a volume of
to a single iron center forming an octahedral coordination sphere,activation of+4.6 cn? mol~, assigned anglmechanism for
or, in other cases, an additional labile water molecule is the water-exchange reacti8hAV* has been demonstrated to

coordinated at the seventh positibri! Such seven-coordinate

be a sensitive mechanistic indicator, especially when dealing

complexes can adopt two geometrical configurations: pentagonalwith symmetrical solvent exchange reactions, where there are
bipyramidal and monocapped trigonal prismatic. Since these no major contributions from changes in electrostricfiér® In
geometries are energetically very similar, it often happens that this context, it is relevant to note the very different activation
the molecule adopts an intermediate geometry. Except for volumes reported for water exchange on aquatet] iethe

Fé''(a-eddadp), crystal structures of all the"Feomplexes

absence of a chelating ligad@?' The values of-5.4 and+7.0

investigated in this study are known and discussed in more detailcm?® mol~* for water exchange on [FefB®)s]*" and [Fe(HO)s-

below.

The most widely studied complex is the '"Hedta) sys-

OHJ?" were interpreted in terms ofyland L exchange
mechanisms, respectively. In this case the changeover in

tem236-812Depending on the counterions, it has been isolated mechanism accompanying the deprotonation of a coordinated
in the solid state as either a six- or seven-coordinate specieswater molecule is ascribed to the trans effect of coordinated
with edta always acting as a hexadentate ligand with or without hydroxide on the departing ligand. This deprotonation also
an additional water molecule as the seventh ligand. The causes an acceleration of the water-exchange rate constant by
possibility of an eight-coordinate structure has been discissed. ca. 16. The objective of the present study was to allow a more

In acidic medium, an octahedral 'fecomplex has been

systematic analysis of the influence of chelate effects on the

crystallized with protonated edta acting as a pentadentate ligandwater-exchange mechanism of chelated emplex ions.

with one nonbonding protonated carboxylate arm and a water
molecule in the sixth coordination positiéri.There is also an
iron(ll) structure known where two of the carboxylate arms are
protonated, but both are coordinated to thé Eenter, and an

Experimental Section

Synthesis. Hsedta, a-eddadp (Aldrich),trans-cdta, Fe(ClQ)s x
9H;0, NaCIQ (Fluka), a-/-eddadp (Sigma), edds, 1,3-pdta (Akzo

additional water molecule completes the seven-coordinate Nobel) and HO'Y 10-at. % (Deutero GmbH) were used as supplied

geometry?
In the cases of P§cdta)® Fé'' (phdta)i® Fe' (4-Cl-phtda)ts

and Fé' (4-methyl-phdta}f? exclusively seven-coordination has

been observed. For the 'Ffecomplexes of 1,3-pdté;1115

o-eddadp~ 11 and (S,S-edds);6 only octahedral geometries

without further purification. For the syntheses of [R&)(H.O)]",
Fe(ClQy); x 9H.0 (113,6 mg, 0,22 mmol) was added to a solution of
H4L (10% more than the stoichiometric ratio) in deionizegOH(10

mL, | =0.55 M (NaClQ), pH=5 (NaAc)). The bright yellow solution
was stirred for some minutes. The final pH of the solutions was close
to 4.0 (see Table 1). The solutions for the variable temperature and

have been reported, i.e., without a coordinated water molecule pressure measurements were deoxygenated on a vacuum line by-freeze

in the solid state. It seems that in the case df (eglta), when

thaw technique or by bubbling Ar through the solution for 10 min.

the chelate is only capable of forming five-membered chelate After addition (of 0.08 mL) of 10-at. % F’O enriched water to (0.72
rings, the central metal is slightly too large to be enclosed in mL) complex solution, transfer to the NMR tube or high-pressure NMR
an octahedral environment. The enlargement of the chelate ringgube was performed under Ar atmosphere using Schlenk techniques.

in pdtet~ anda-eddadf- allows the formation of the octahedral

Measurements Variable-temperature/pressure Fourier transf&ion

six-coordinate complex. The exact coordination geometry of NMR spectra were recorded at a frequency of 54.24 MHz on a Bruker

these complexes in solution remains a more open question.

(5) Cohen, G. H.; Hoard, J. L1. Am. Chem. S0d.966 88, 3228.
(6) Solans, X.; Font-Altaba, M.; Garcia-Oricain Akta Crystallogr.1985
Sect. C525.
(7) Kennard, C. H. LInorg. Chim. Actal967 1: 2, 347.
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1964 3, 34.
(9) Mizuta, T.; Wang, J.; Miyoshi, Kinorg. Chim. Actal995 230, 119.
(10) Mizuno, M.; Funahashi, S.; Nakasuka, N.; Tanaka/mMdrg. Chem.
1991, 30, 1550.
(11) Yamamoto, T.; Mikata, K.; Miyoshi, K.; Yoneda, Hhorg. Chim.
Acta 1988 150, 237.

(12) Lopez-Alcala, J. M.; Puerta-Vizcaino, M. C.; Gonzales-Vilchez, F.

Acta Crystallogr.1984 Sect. C 939.
(13) Sanchiz, J.; Dominguez, S.; Mederos, A.; Brito, F.; Arrieta, Jnigkg.
Chem.1997 36, 4108.

(14) Hernandez-Padilla, M.; Sanchiz, J.; Dominguez, S.; Mederos, A,;

Arrieta, J. M.; Zuniga, F. JActa Crystallogr.1996 Sect. C 1618.
(15) Okamoto, K.; Kanamori, K.; Hidaka, Acta Crystallogr.199Q Sect.
C, 1640.
(16) Pavelcik, F.; Kettmann, \Collect. Czech. Chem. Commu983 48,
1376.

Avance DRX 400WB spectrometer equipped with a superconducting
BC-94/89 magnet system. The temperature dependence btiae
broadening was obtained over as wide a temperature range as possible
for each system (273 to 388 K). A homemade high-pressure probe
described in the literatutéwas used for the variable-pressure experi-
ments which were conducted at the selected temperature (see Table 1)
and at ambient, 30, 60, 90, 120, and 150 MPa pressure. A standard 5
mm NMR tube cut to a length of 45 mm was used for the sample
solutions. The pressure was transmitted by a movable macor piston,
and the temperature was controlled as described else#here.
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Table 1. Summary of All Kinetic and Activation Parameters for Water Exchange on Complexes of the Typg )JfF&O)."

T00Z ‘ST "ON ‘O "[oA ‘Ansiway) auebiou) z,9¢

Kex at AH?, AS, AV*, k (1 bar)2 k (temp)bd
system experimental conditions 298 Kdst kJ mor? JKtmol™ A cm® mol~t st st ref
[Fe'" (cdta)(HO)]~ 21 mM, pH4.08] =0.5M 1.4x 10/ 28+1 —14+4 7.3x 10° I
[Fe" (cdta)(HO)]~ 29 mM, pH4.07] =05M 1.3x 10 25+1 —25+4 7.1x 10°
[Fe'(cdta)(HO)]~ combined data 1.3 10 27+1 —-18+4 7.1x 10°
[Fe" (cdta)(HO)]~ 21 mM, 283 K,pH4.1] =05M +4.04+ 0.2 (6.5+£0.1) x 10° 7.0x 1C°
29 mM, 283K, pH4.1] =0.5M +4.04+0.1 (6.8+£0.1)x 1°  7.0x 10°
[Fe' (edta)(HO)]~ 45 mM, pH3.91=0.5M 6.8x 10’ 24.44+ 0.3 —13.0+ 0.8 6.5x 10° c
[Fe'" (edta)(HO)]~ 30mM, pH3.91=05M 7.6x 10 23.1+0.2 —16.5+ 0.5 7.3x 10
[Fe' (edta)(HO)]™ 29mM,pH3.91=05M 7.7x 10 24.7+ 0.2 —11.0+ 0.6 6.8x 10°
[Fe'"(edta)(HO)]~ combined data 7.2 10 24.3+0.7 —13+£2 6.9x 10°
[Fe' (edta)(HO)]™ 45 mM, 298 K, pH4] =0.5M +1.6+ 0.3 6.3+ 0.1) x 107 7.3x 10
30 mM, 298K, pH4] =0.5M +2.2+40.3 6.2+ 0.1) x 107 7.3x 107
combined data +1.9+ 0.3
[Fe'"(Hedta)(HO)] 30mM, pH1.0l=05M 7.8x 10 22+1 —20+3 6.4x 10° c
[Fe'" (Hedta)(HO),] 30mM, pH1.0l=05M 3.8x 107 22+1 —26+3 3.2x 1¢°
[Fe" (Hedta)(HO)] 30mM, 294 K, pH 1.0/ =0.5 M +2.140.2 (5.5£0.1)x 100  6.8x 107
[Fe" (phdta)(HO)]~ see ref 10 1. 10 26+ 3 —22+9 8.2x 10° +4.6+ 0.2 - - 10
[Fe"(a-eddadp)(HO)]~ 20 mM, pH 4.3] =0.5 M, 9.4x 107 26+ 2 —-5+6 6.7x 10° c
T <303K, (1)
[Fe'"(a-eddadp)(HO)]~ 20 mM, pH 4.3] =0.5 M, 3.1x 10° 33+3 —29+7 6.8x 1C°
T> 303K, (2)
[F€"(a-eddadp)(HO)]~ 20mM, pH4.3] =0.5 M, (1)2.3x 1¢° 36+ 4 +36+ 14 1.3x 10
all param floated (1),(2) (2)2.5 10° 2442 —42+ 4 2.2x 10°
[F€"(a-eddadp)(HO)]~ 20 mM, pH 4.3 =1.0 M, (1)2.6x 1C° 33+2 +27+ 8 1.2x 109
all param floated (1),(2) (2)2.8 10° 3242 —14+6 2.7x 10°
[Fe"(o-eddadp)(HO)]~ 20 mM, 294K, pH4.3] =0.5M +3.0+0.4 (1.7£01)x 18 2.2x 108 c
[Fe'(edds)(HO)]~ 20mM,pH4.41 =05M 4.3x 10° 48+ 2 +24+9 1.9x 108 c
[Fe" (edds)(HO)] 20 mM, 293K, pH 4.4] =0.5 M -14.4404  (1.2£01)x 10  3.0x 10°
[Fe" (H0)g)3* see ref 20,21 1.6 10 64+ 2 +12+7 - -5440.4 - - 20, 21
[Fe" (H20)s(OH)?" see ref 20,21 1.4 10 42+1 +5+4 - +7.0+0.3 - - 20,21

aRate constant at atmospheric pressure extrapolated from the pressure dependefid@atiatzonstant from the temperature dependence data extrapolated to the temperature at which the pressure
dependence was studigdlhis work. 9 kex quoted at 298 K and at the temperature of the pressure measurements is calculated from the relevant activation parameters and is subjectridtthseerrors i
guantities.
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Data Treatment. The rates of exchange of solvent molecules 1 L ! | 1
between the bulk and a coordination site on the paramagnetic

[Fe" (L)(H20)]"~ complexes were determined B0 NMR. From the 1647 B
observed line widths, wher&vq,s and Avsoventare the half widths of
the’0O NMR signal of solvent in the presence and absence of the Fe 16.2 © -

complex, the reduced transverse relaxation ratds(tan be calculated
for each temperature and pressure. According to the Swift and Connick 4.0 L
equatiorz324T,, is related torm, the mean coordinated solvent lifetime,
andT.m, the transverse relaxation time of coordinated water in the inner
sphere of Fe(lll) in the absence of chemical exchange. The exchange
rate constant between coordinated and bulk waddgr= 1/tn,. The

relationships between these is summarized in eq 1. g 1567 B
1_1)1 1 1 1947 i
T2r Pm [TZ Tg} T Pm ( Vobs 1/s,olven)
15.2 =
—2 -1 2
1 T2m + (TZme) + Awm 1
T 1, 12 > (T T @) 15.0 — -
Im| (Tomt7,) +Awp, 208 Dl T T T T T
2.8 3.0 3.2 3.4 3.6 3.68x10 °
UT (K

Pm is the mole fraction of solvent in the exchanging site compared
to the bulk solventAwn is the difference between the resonance Figure 1. Plot of In(1/Tx) versus 1T for water exchange on
frequency of oxygen-17 nuclei of solvent in the metal ion first [F€"(cdta)HO]- at ambient pressure Exp. conditions: circles: "[Fe
coordination sphere and in the bulk. The outer-sphere contributions to (cdta) 0] = 20.6 mM; 1= 0.5 M (NaCIlQ); pH = 4.1, squares: [Fe
Tz, arising from long-range interactions of the paramagnetic unpaired (Cdta)#O] = 28.7 mM; 1= 0.5 M (NaClQ); pH = 4.1, curve fit
electron of the iron complex with the water outside the first coordination AHT = 27'17 kglmo‘rl, AS = -182JK1mol, A =7.1x 1, kex
sphere are represented Bys =12x10°s™

The temperature dependence &b was assumed to be simple time will be given by eq 5, wher®,, is the conventional total mole

reciprocal functlorNT., whereA,? was determined asa pa_rameter " fraction of exchanging sites arfdis the fraction of the first isomer. If
the treatment of the line broadening dafay,, where it was included there is only one isomer, eq 5 reduces to eq 1
in the data treatment, was assumed to have a temperature dependence ’ '
given by 1Mom = Ay expEn/RT).

The solvent-exchange rate constegt= 1/t = (ks T/h)exp{ (AS ===+ (4)
R) — (AH*/RT)}. The contribution of Iy, and 1M,0sto /T, was found T, Tg T Ty
to be negligible in most of the systems studied, so that eq 1 reduces to

1 1) Pn  Pn

eq 2. 11 F . (1-F
T_ = ﬂp_ {Avobserved_ AVsolven} = T_' + T (%)
2 2r m 2r 2r
1 = 1 ﬂ (2)
T To |12+ A, Results and Discussion

_ _ Experiments on the water exchange on'[f&ita) 0]~ were
The exchange rate constant is assumed to have a simple pressurggyried out with 21 mM and 29 mM ttecomplex atl = 0.5 M
dependence given by (NaClQy) and pH= 4.0; the data were analyzed separately and
simultaneously. Preliminary experiments indicated that the
measured exchange rate constants did not depend on the excess
0 . chelating ligand and buffer concentration employed. An example
wherek,, is the rate constant for solvent exchange at 1 bar. In the of the temperature dependence of the reduced transverse

systems described here, our approach was to carry out pressure- laxation rate for th tem is sh in Fiaure 1 d th
dependent measurements at a temperature as close as practicable {g'axation r rthe sys IS shown In Figuré 1, an €

the optimal exchange region (generally around the maximum in In(1/ Pressure dependence of the exchange rate constant in included
Tz) vs 1MT). The reduced relaxation timd@, and the value ofAwn, in Figure 4. A fit of the data to egs 1, 2, and 3 as described
(calculated using the value ok determined from the temperature ~above leads to the activation parameters in Table 1. The form
dependence and assumed to be pressure indep&haent substituted of the plot and the kinetic and activation parameters are very
into eq 2 to determine #4 at each pressure. In all cases, plots okdf)( similar to those reported by Mizuno et al. for water exchange
vs P were linear within experimental error and the volumes of activation on the structurally almost equivalent [Fghdta)HO]~ com-
could be calculated directly from the slopeAV*/RT). The extrapolated plex1°Based in particular on the activation volume values, the
values fork?, from the pressure dependence measurements, were iNmechanism is concluded to be in character (see further
good agreement with the corresponding values Kg;{ from the Discussion).
temperaturt_a—dependent measurements qt ambient pressure, calculated The [Fé' (edta)HO]~ complex at pH= 4 showed a similar
at that particular temperature as shown in Table 1. .

behavior to the cdta complex except that the curvature was less

As will be shown below, the line-broadening experiments for the " .
[Fe(o-eddadp)(HO)]~ system show a complex temperature dependence Prenounced and no maximum in Infk/) was observed up to

which we have interpreted as arising from the presence of two isomers /T = 3.7 x 1073 (0 °C, the lowest temperature studied). At

each of which can undergo solvent exchange in solution. In that case,PH = 1, the monoprotonated edta complex produced a very
the excess broadening will have contributions from both exchange similar set of data to the nonprotonated complex. The similarity
processes as summarized in eq 4, wh&geand P}, refer to the mole in the rate constants at 298 K and in the activation parameters
fractions of solvent in each isomeric water site and Taeare the for the edta, cdta, and phdta systems, including the activation
respective reduced relaxation times. The measured reduced relaxation

(25) Bloembergen, NJ. Chem. Physl957 27, 595.
(23) Swift, T. J.; Connick, R. EJ. Chem. Phys1962 37, 307. (26) Newman, K. E.; Meyer, F. K.; Merbach, A. H. Am. Chem. Soc.
(24) Swift, T. J.; Connick, R. EJ. Chem. Phys1964 41, 2553. 1979 101, 1470-1476.

1, = k,, = K exp{ (- AV'IRT)P} (3)
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Figure 2. Plot of In(1/Tx) versus 1T for water exchange on [F¢a-
eddadp)HO]~ at ambient pressure. Exp. conditions: '[Fe-eddadp)-
H,0] = 20 mM; | = 0.5 M (NaCIlQy); pH = 4.3. Dashed curve is fit
for data afT < 303 K assuming single exchange process givihf
=259kImot}, AS =-5JKImol, A=6.7x 10, kexy=1.1 x

1 s Solid curve is fit for all temperatures assuming two exchange
processes withH* = 25.9 kJ mot!, AS = -5 J K 1mol!, A=6.7

x 10, kex = 1.0 x 10 s Y(parameters fixed) andlH* = 33.0 kJ mot?,

AS = —29 JKImol, A=6.8x 10, kexy = 2.9 x 10° s'L. The
results for the simultaneous fit are included in Table 1.

i i 1 1 | 1
17 ] | I_

16 —

15 —+

In(1/T2r)

14

13

T T T T T T T T T
24 26 28 30 32 34 36 4.0x10 *

T (K")

Figure 3. Plot of In(1/T2) versus 1T for water exchange on [Péa-
eddadp)HO]~ at ambient pressure in comparison to the data fitl for
= 0.5 M (solid line). Experimental conditions: circles [Her-eddadp)-
H,0] = 20 mM; | = 1.0 M (NaCIlQ); pH = 4.3 First exchange
process:AH* = 25.1 kJ mot!, AS = —6.6 J K mol™, A= 6.2 x
10, kex = 1.1 x 10® s7%. Second exchange proces&H* = 42.5 kJ
mol}, AS =52 JK*mol, A=1.1x 10 kex=4.1 x 1P sL.

volumes, all of which are small positive values, strongly

Schneppensieper et al.

| { | 1
17 -

16 — -

14 — -

In(k)

13 - -

11 - -
! T T !

0 50 100 150
pressure, MPa

Figure 4. Plots of Ink) versus pressure for water exchange on
[Fe" (cdta)rO]~ (T = 283 K) and [Fé(edds)] (T = 293 K).
Experimental conditions: squares are for'{fedta) O] = 28.7 mM;

I = 0.5 M (NaClQ); pH = 4.1; givingAV¥ = + 4.0 cn® mol. Circles
are for [Fd'(edds)]= 20 mM; | = 0.5 M (NaClQy); pH = 4.4 giving,
AVF = —14.4 cn§ mol™.

of the type [Fé&' (Hedta)HO]. This contrasts with observations

in the solid state where only an octahedral complex, in which
the protonated carboxylate group is not coordinated, was isolated
from acidic mediun¥’ though as noted above, 'Feomplexes

are known where protonated carboxylate arms remain coordi-
nated to the metal center. The second model is that the
protonated arm becomes pendant, and the site is taken up by
another solvent molecule in a species'[Bdedta)(H0O);]; in

this situation there are twice as many exchanging sites per metal
center, and this doubling &, has been accounted for in the
data in Table 1. The mechanistic conclusions, however, are the
same, and anylprocess is indicated for this complex also. The
very close similarity of the rate and activation parameters to
those of [Fé'(edta)HO]- complex we believe indicates that
the carboxylate remains coordinated.

The [Fé" (eddadp)HO]~ complexes form a very interesting
group. Thet’O NMR measurements for thfeeddadp complex,
where two carboxylate arms are coordinated via six-membered
rings, showed no significant line broadening. The structures
adopted by all of the Pe-diaminetetracarboxylate systems seem
finely balanced; the range of structures identified for the edta
complex and referred to above, depending on the counterions
and crystallization conditions such as pH, are testament to this.
In contrast to the previous systems described, we propose that
the elongated carboxylate arms can now fully encapsulate the
Fe! center to form an octahedral complex and exclude the
coordination of a water molecule as a seventh ligand. The system
possesses no exchangeable solvent moiety.

In contrast, solutions of [P a-eddadp)HO]~ shows sub-
stantial line broadening. The temperature dependence of the
reduced relaxation rate is complex and is shown in Figure 2

suggests the maintenance of the seven-coordinate geometry ofor | = 0.5 M. While sections of the data could be analyzed

the edtaH complex in solution and agrhechanism for the

separately, the dependence was also fully fitted on the assump-

water-exchange process. There are two models which wouldtion that two independent water-exchange reactions contribute
meet this criterion. First, at low pH the protonated carboxylate to T,. Treatment of the data above 303 KT 3.3 x 1079)
group remains coordinated to retain a seven-coordinate complexas a single process, below 303 K as a single process and the
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Table 2. Variation in Two-site Fitted Parameters for relaxation parameters were large and a satisfactory fit could not

[Fe" (a-eddadp)HO]~ *O Line Broadeningl(= 1.0 M) as a be achieved. Nevertheless, the observations suggest that a

Function of Proposed Isomeric Site Occupancy mechanism for solvent exchange is available. It is possible that

occupancy of site 1, F 0.10 0.50 0.90 a small proportion of the complex in solution exists as a seven-

AH#, (kJ mol) 32.8 32.8 328 coordinate species with one exchangeable water molecule.
ASH (J K-TmolY) 40 27 22 The line width measurements on the [Redds)HO]™
A 6.0x 10° 1.2x10° 6.7x 10 complex showed a temperature dependence in which at tem-
keos (571 15x10° 27x10°  1.6x10° peratures above 310 K the data were not reproducible. Restrict-
AH*; (kJ mol?) 32.5 32.5 32.5 ing the analysis to points below 310 K leads to the data reported
AS’ (I K™ mol™) —20 ~14 -1 in Table 1. A number of features are notable. While still labile
Ay 15x 1¢° 2.7x 10° 1.4x 10% f . m | th te of h is signifi H
ous (5°7) 14x1F°  21x10F  10x 107 or an iron(lll) complex, the rate of exchange is significantly

slower at 298 K than the other complexes in the series. The
activation enthalpy and entropy are more positive; the activation
volume is significantly negative<14.4 cn¥ mol~1; data are
plotted in Figure 4). As outlined below, we are of the opinion
that the ligand may allow the formation of an octahedral
monoaqua complex and that the nature of the ligand creates an
option for an associative exchange mechanism.

The rate constants reported for water exchange on tHe Fe
chelates in Table 1 are all between 3 and 6 orders of magnitude
higher than for water exchange on [Fe®J)¢]3*. This accelera-
tion can partially be ascribed to the labilizing influence of the
polyaminecarboxylate chelate, and partially to the change in
: k . - coordination number from 6 to 7. This acceleration is in most
analyzed assuming a fixed value of fractional site occupancy, . . "

of the studied cases accompanied by small positive volumes of

F, though it is quite possible that this balance changes [ .. ~° L . a0
throughout the temperature range; data in Figures 2, 3 and Tableacuvatlon’ which in comparison to the data for the [F&h]

1 all assume= = 0.5. Comparison of the results la& 0.5 M system, suggests a changeover to a dissociatively activated
= o A reaction mode for the enhanced water exchange on the chelated
and|l =1.0 M indicate that the individual rate constants and

activation parameters are not significantly affected by ionic complexes. By way of comparison, the deprotonation of a

. o .
strength, although the balance of processes, driven presumablyCoordlnated water molecule on [FefB)]°" results in an

by a slight shift in relative concentration, is modified. Further- acqeler_anon of the water _exchange rate constant of cg. 10
. S which is also accompanied by a changeover to a more
more, the results in Table 2 show that the kinetic parameters . e X
oo dissociative mechanism (Table 1). A changeover to a seven-
are not qualitatively altered by the assumed value.dlthough - s e - .
S - coordinate complex will in a similar way to the introduction of
the kinetic parameters are necessarily affected by the value

oo . a hydroxo ligand induce a changeover to a more dissociative
assumed foF, the general observation is that over a wide range ! : - . .
; o . mechanism since we are then dealing with a 19 electron species.
of F, process 1 is faster, the activation enthalpies for both

- . - The lowest acceleration on introducing a chelate was observed

processes are essentially identical and process 1 has a mor o

" A : - or the edds system, and here the volume of activation suggests
positive activation entropy. Analysis of high-pressure measure- . L o . .

- the operation of a limiting associative mechanism, since the
ments at 294 K assumed, based on the relative valulkesasfd . .
: . e value is very close to that predicted for such a mechadism.

ko, that path 1 is the dominant kinetic route for exchange, so The diamine backbone of the chelate (etitadta—, and
that AV* is associated with that reaction. The activation volume & '

of +3.0+ 0.4 cn? mol~! matches those in the other complexes phdt#™) seems to have ”t.tle ianuencg on the Water-excha}nge
suggesting that ary mechanism is maintained for exchange in, rate constant and mechanism, though if the encapsulating ligand
the o-eddadp system is expanded slightly by extending the NN link, as in the pdta

. system, the labile seven-coordinate exchange seems to be
|
d\éVedcan SE’eCUIat? atf[ﬁui th_e pqssﬂgletg_)rr?s ofbthéd[Ee_ “turned down” as observed by the marginal line broadening,
edaa p)ljc] complex that give rise to this line broadening perhaps as a result of substantial changeover to a six-coordinate
behavior. For this ligand, two of the carboxylate sidearms have complex, leading to a reduction iR, and minimal excess
. . TTH ’ m

methyl SUb.St'FuemS’ and there exists the_p035|b_|l|ty of a range broadening. If two of the carboxylate arms are extended as in
of geometric isomers. In a pentagonal bipyramidal geometry, the edds system, exchange is “turned off’ completely; we have
POth the.mf’athylgt.ed splearms of tbeeddaqﬁ could occupy speculated that this is due to adoption of octahedral geometry
equatorial” positions in the seven coordinate complex, both

ial i links t ial and ¢ around the Fe(lll) ion.
occupy axial positions, or one links o an axial and one to an e turn to the influence of substituents on and extension
equatorial coordination site. In a capped trigonal prismatic

. ) Lo . of the carboxylate arms. The data for eeddadp complex in
structure, two isomeric possibilities occur, with the methylated y P P

id hari | fthe tri L ori dinat dthe lower temperature range, is once again in very close
St ea:rms S aring one plane ot the trigonal prism or coordinate agreement with the data for the edta, cdta, and phdta complexes,
in a “trans” arrangement to opposite corners of the structure.

Our observation of two simultan v exchanding sit nd from which it follows that the methyl substituent on the
ur observation ot two simultaneously exchanging sites a carboxylate arm has no significant effect on the water-exchange

our report that the cdta complex, like many others, is closest mechanism

to a trigonal prismatic structure, might support this as the best :

d inti fih uti trv for theeddad | In the case of the edds system, the water-exchange reaction
escription of the solution geomelry for adp COmpieX. s much slower than for the other complexes and the activation
When the nitrogernitrogen backbone of the chelate is

. . X . volume supports the operation of an associative mechanism.
elongated to give a six-membered ring as in the case of

[Fe''(1,3-pdta)HO], _0n|y a slight line broadening compared (27) Kowall, T.; Caravan, P.; Bourgeois, H.; Helm, L.; Rotzinger, F. P.;
to the pure solvent is observed (3 to 35 Hz). Errors on the Merbach, A. EJ. Am. Chem. Sod.998 120, 6569.

full data set, which is the result of five replicate experiments,
as two simultaneous kinetic processes, where the activation
parameters ané terms for each process are simultaneously
fitted, are all included in Table 1. The results are consistent,
suggesting two processes with similar activation energies which
differ in rate by around a factor of 100 throughout the
temperature range. At an ionic strength of 1.0 M, the balance
of the processes changes marginally (Figure 3), with the slower
process enhanced compared with behavior at 0.5 M ionic
strength.
The [Fé'(a-eddadp)HO]~ 7O line broadening data were
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We propose that this must be due to the formation of a six- Conclusions
coordinate complex in which edtsis a pentadentate ligand
and water occupies the sixth coordination site. It then seems .

reasorlaple that such a six-coordinate complex follqws an Fell(L)(H,0)]™ on the nature of the spectator chelate. Not
associative mode of water exchange as observed for instance,y goes this control the rate of the water-exchange process,
for [Fe(HO)e]*". The volume of activation is more negative i 550 the nature of the underlying mechanism. The work has
than the data for the hexaaqua complex, pointing to a limiting 4156 demonstrated the ability 60 NMR measurements,
A me.chanisn*?.7 This may result from the ability of the six- especially as a function of high pressure, to add to our
coordinate ground state to form a true seven-coordinate inter-,nqerstanding of fundamental processes related to the substitu-
mediate due to the particular structure of the edds chelate. Intjg pehavior of polyaminecarboxylate complexes in solution.
comparison to edtd; this chelate is expected to be less sterically - ajthough many structures of such complexes have been resolved
stressed due to the presence of two succinic groups. in the solid state, little is known about their nature, reactivity,
For most of the systems studied, the results are in agreementand substitution mechanisms in solution. This study demon-
with a dissociatively activated water-exchange mechanism for strates the way in which such systems can be studied and their
the seven-coordinate complexes. The absolute magnitudes obehavior can be resolved.
the volumes of activation are small and would fit most closely
with an ly mechanism. However, little is known about ground-
state labilization in such seven-coordinate complexes, with the
result that observed volumes of activation, although small, could
also be in line with a limiting D mechanism. Ground-state
labilization involving the lengthening of the F®H, bond, Supporting Information Available: Tables with water-exchange
could lead to a significant increase in the partial molar volume. rate constants as a function of temperature and pressure for the
In this situation, the extension of the £© bond length to reach investigated complexes. This material is available free of charge via
a limiting D transition state might be accompanied by a volume € Internet at http://pubs.acs.org.
increase of only a few cfrmol™1. IC001304P

The results of this study have demonstrated the sensitivity
the water-exchange process for complexes of the type
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