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We report the synthesis of a mer-triaqua Rh™ complex using
terpyridine as a meridional tridentate ligand. This is the first
example of a structurally characterized six-coordinated mer-
triaqua complex for any second- or third-row element from the
main transition-metal groups (groups 5—11). This is also the first
example of a structurally characterized mer-triaqua complex
with terpyridine for any transition metal. Acid dissociation
constants, pK,; and pKy,, of the triaqua complex are determined
to be 3.0 and 6.9, respectively.

Transition-metal aqua complexes are attractive as good
synthetic precursors since the aqua ligands are easily replaceable
with other ligands.'® Although many first-row fac- and mer-
triaqua transition-metal complexes have been reported,>> no
X-ray structure of mer-triaqua complexes for any of the second-
or third-row elements of the main section of the transition metals
(groups 5-11) has been reported until now (Figure 1). These
elements, of course, incorporate the catalytically important
precious metals and so a precious metal mer-triaqua complex
would be useful for constructing novel catalytic topologies.
Here, we report the synthesis of just such a mer-triaqua Rh™
complex, using the mer-type terpyridine ligand. This complex
is also notable as being the first example of a structurally
characterized terpyridine-bearing mer-triaqua compound.

A triaqua complex [Rh"(terpy)(H,0);](NO3); {[1](NO3)s,
terpy: 2,2":6",2"-terpyridine} was synthesized by the treatment
of [Rh(terpy)Cl;] with three equivalents of AgNOs in H,O at
pH 2.0. Complex 1 is based on a Rh™ core tethered to a
terpyridine ligand, and has three aqua ligands. Recrystallization
of [1](NOs); in CH30H gave pale yellow crystals suitable for
X-ray analysis (Figure 2).

The X-ray structure reveals that the Rh atom adopts a
distorted-octahedral coordination including the three aqua
ligands in a mer-configuration. The bond lengths between the
Rh atom and the O atoms of the aqua ligands are 2.013(2),
2.049(2), and 2.022(2) A for Rh1-O1, Rh1-02, and Rh1-03,
respectively. These bond lengths are slightly shorter than those
found in a monohydroxido diaqua Rh™ complex [Rhm(terpyo)-
(OH)(H20),](NO3)>  {[2](NO;3)2}  {2.060(1) and 2.057(1) A,
Figure S1 in Supporting Information}®° and much shorter than
those found in a fac-triaqua Rh™ complex [Rh™(CsMes)-
(H,0)3]%+ {2.213(8), 2.137(8), and 2.131(8) A}.>* The shorter
Rh-O bond lengths in 1 seem to originate from the lower
electron density of the Rh! center: the negative CsMe;s ligand
has stronger electron-donating ability than the neutral terpy
ligand.
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Figure 1. (a) mer- and (b) fac-Triaqua complexes. M: transi-
tion metals. L: supporting ligands.

Figure 2. An ORTEP drawing of [1]J(NO3);-1.5H,0 with
ellipsoids at 50% probability. The counter anions (NOs3),
solvents (H,O), and hydrogen atoms of terpy are omitted for
clarity. Selected interatomic distances (I /A) and angles (¢/°):
Rh1-O1 = 2.013(2), Rh1-02 = 2.049(2), Rh1-03 = 2.022(2),
Rh1-N1 = 2.033(2), Rh1-N2 = 1.922(2), Rh1-N3 = 2.037(2),
O1-Rh1-02 = 86.15(7), 02-Rh1-03 =93.01(8), Ol-Rhl-
03 =178.09(7), O1-Rh1-N1=289.69(7), OI1-Rhl1-N2 =
92.79(7), O1-Rh1-N3 = 89.94(7), O2-Rh1-N1 = 100.26(7),
02-Rh1-N2 = 177.90(8), O2-Rh1-N3 = 96.63(8), O3-Rhl-
N1 =88.78(7),  O3-Rh1-N2 =88.12(8),  O3-Rhl1-N3 =
91.86(8), N1-RhI1-N2 = 81.54(8), NI1-Rh1-N3 = 163.05(8),
N2-Rh1-N3 = 81.55(9).

The successive deprotonation processes of 1, which are
associated with pK,; and pK,, were clearly monitored by
"HNMR (Figure 3) and UV-vis spectroscopy (Figures 4 and 5)
by changing the pH (pD) of the solution. The pK,; and pK,,
values of 1 were determined to be 3.0 and 6.9, respectively, in
the range of pH (pD) about 1-9. "THNMR spectrum of the terpy
ligand in 1 in D,0 at pD 1.2 shows the signals at 8.12 (5- and
5"-H), 8.56 (4- and 4”-H), 8.61-8.75 (3-, 3’-, 4'-, 5'-, and 3"-H),
and 9.17 (6- and 6”-H) ppm, which are assigned by H-H COSY
(Figure S2 in Supporting Information).® As shown in Figure 3,
these signals are shifted upfield to 7.97, 8.40, 8.45-8.59, and
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Figure 3. pD-dependent 'HNMR spectra of 1 (1.0mM) in
D,O in the range of pD 1.2-9.0. Experiments were performed
by the titration of 1 with NaOD/D,0.

8.87ppm by increasing the pD value from 1.2 to 9.0. The
distinct spectral changes are observed around pD 3.0 and 6.9,
and the changes are reversible.

The pK, values of 1 determined by 'HNMR titration
experiments are consistent with those determined by UV-vis
spectroscopic titration. The pH-dependent UV—vis spectra of 1
show that the sharp intense bands at 340 and 357 nm disappear
by increasing the pH value from 1.6 to 5.6 (Figure 4). When the
pH is further increased to 9.0, a shoulder band around 360 nm
decreases with an isosbestic point at 369 nm (Figure 5). These
UV-vis spectral changes are also reversible as was confirmed in
the '"HNMR titration experiments.

Based on the isolation and structural characterization of the
monohydroxido diaqua Rh™ complex [2](NO3),, it is proposed
that the first deprotonation process of 1, which is associated with
pKa, generates 2 (eq 1). In the range of the second- or third-row
triaqua transition-metal complexes of groups 8 and 9, the pKj,
values previously reported for the triaqua transition-metal
complexes, which include multi-deprotonation in one step, are
as follows: fac-triaqua organometallic complexes [Ru'(C¢Hg)-
(H0)31* (3.5),* [Ru'(CeMeg)(H,0)31** (3.5)," [Rh"(CsMes)-
(H,0):]%* (3.6),>* and [Ir'(CsMes)(H,0)s]** (2.8);" fac-triaqua
1,4,7-triazacyclononane (tacn) complexes [Rh(tacn)(H,0);]>*
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Figure 4. pH-dependent UV-vis spectra of 1 (54 uM) in H,O
in the range of pH 1.6-5.6. The inset gives a plot of absorbance
(A =357nm) versus pH. Experiments were performed by the
titration of 1 with NaOH/H,O.
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Figure 5. pH-dependent UV-vis spectra of 1 (54 uM) in H,O
in the range of pH 5.0-9.0. The inset gives a plot of absorbance
(A =357nm) versus pH. Experiments were performed by the
titration of 1 with NaOH/H,O.

(6.1)°¢ and [Ir'"(tacn)(H,0)3]** (5.9);> mer-triaqua terpy com-
plexes  [Ru'(terpy)(H20):°"  (2.1),%  [Os"!(terpy)(H,0)3]**
(2.2),% [Ru'(terpy)(H,0)s]** (5.3), and [Os"(terpy)(H,0)3]**
(6.3).% Thus, the pK,; value (3.0) of the mer-triaqua RA™ terpy
complex 1 is higher than those reported for the mer-triaqua Ru'"
and Os' terpy complexes and lower than those reported for mer-
triaqua Ru'’ and Os” terpy complexes.

OH, |3+ OH |2+
7 N 7 N 4 - 7 AS
P AT oo g T
/_\ N \Rh”' <H+— /_* N \Rhm ( )
“SOH, | OH,
OH, OH,
1 2

With regard to the second deprotonation species {dominant
species at pH values higher than 6.9 (pKj,)}, the possible species to
be formed in our system is a mononuclear dihydroxido complex,
dinuclear bis(p-hydroxido) complex, or the other deprotonated
species. However, at the moment, the isolation and character-
ization of the two deprotonated species has not been achieved yet.

In conclusion, we have first characterized the mer-triaqua
Rh™ terpy complex 1 by X-ray analysis. This is also the first
example of a structurally characterized mer-triaqua complex
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with terpyridine for any transition metal. The mer-triaqua
arrangement and unique pK, values of 1 would be useful to
construct a novel pH-dependent catalyst in aqueous media.
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