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A New Water-soluble and Acid-stable Dinuclear Organoiridium Dinitrate Complex
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A new water-soluble and acid-stable dinuclear organo-
iridium(III) dinitrate complex [{Cp*Ir(NO3)},(u-Cl),] (1,
Cp* = n’-CsMes) was synthesized by the reaction of a water-
insoluble organoiridium(IIl) complex [(Cp*IrCl),(1-Cl),] (2)
with two equivalents of AgBF, in aqueous nitric acid (1M
HNO3/H,0) at 23 °C for 12h. The structure of 1 with two mo-
nodentate NO; ™ ligands is discussed in comparison with struc-
ture of a mononuclear organoiridium(Ill) complex with one
monodentate and one bidentate NO5; ~ ligands, [Cp*Ir(NO3),] (3).

Reactions catalyzed by water-soluble organometallic com-
plexes in water are undergoing very rapid growth because of
many potential advantages such as alleviation of environmental
problems associated with the use of organic solvents and reac-
tion-specific pH selectivity.!”> Development of organometallic
catalysts to be used in water under acidic or basic conditions
is a worthy endeavor. We previously reported a water-soluble
and acid-stable “mononuclear” organoiridium(IIl) dinitrate
complex (with one monodentate and one bidentate NOz~ li-
gands), [Cp*I'™(NO;3),] (3, Cp* = 1°-CsMes),> whose struc-
ture was determined by X-ray analysis.>> However, the corre-
sponding water-soluble and acid-stable “dinuclear” organoiri-
dium(III) dinitrate complex has yet to be reported.

We report herein synthesis and structure of a water-soluble
dinuclear organoiridium(III) dinitrate complex (with two mono-
dentate NO3; ™ ligands), [{Cp*Ir'™(NO3)},(u-Cl1),] (1), which is
stable in aqueous nitric acid (1 M HNO3/H,0). Complex 1 was
synthesized by the reaction of a well-known water-insoluble or-
ganoiridium(IIl) complex [(Cp*Ir'™Cl),(1-Cl),;] (2) with two
equivalents of AgBF, in 1M HNO3/H,O. The structure of 1
was determined by X-ray analysis, IR, and 'H NMR spectrosco-
py, and electrospray ionization mass spectrometry (ESI-MS).
The NO;™~ ligands of 1 and 3 could serve as water-soluble li-
gands,>*> which were isotopically labeled by N'80;~ (50%
130), and were characterized by IR spectroscopy.

Complex 2 was prepared by the method described in the lit-
erature.® To a suspension of the water-insoluble 2 in 1 M HNO3/
H,0 was added two equivalents of AgBF, at 23 °C. The mixture
was stirred for 12 h giving a pale yellow solution and a precipi-
tate of AgCl, which was removed by filtration. On evaporation of
the solvent, a dark yellow powder of 1 was obtained at about
100% yield based on 2 (determined by 'HNMR, eq 1). In con-
trast to 2, complex 1 is soluble in water (6.5 mg/10mL at pH 3
at 23 °C) and acid-stable (below 1 M HNO3;/H,0). The reaction
of 2 with two equivalents AgNOj3 in H,O, however, gave 3 at
about 50% yield based on 2 (determined by 'HNMR, eq 2).
The use with a little AgNOj3 in eq 2 causes the fall of the yield
of the product of 3. It should be noted that no reaction between
2 and aqueous nitric acid (1 M HNO3/H,O) has occurred in the

absence of the silver salt.
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T: The yield was determined by 'H NMR. o (Yleld ca. 50% based on 2)"

Complex 1 was successfully crystallized from a 1 M HNO3/
H,O solution of 1.7 The structure of 1 was determined by X-ray
analysis as shown in Figure 1. Complex 1 has a dinuclear frame-
work with a crystallographic inversion center. Ir atom adopts
distorted-octahedral coordination which is surrounded by one
Cp*, one NO;~ ligand with a monodentate fashion, and two
bridging C1~ ligands. All bond lengths between Ir atom and car-
bons of the Cp* ring of 1 in the solid state are within 2.126—
2.141 A. A similar framework is found in a dinuclear organorho-
dium(III) nitrate complex [{Cp*Rh™(NO3)}»(1-Cl)] (4),
whose structure was previously determined by X-ray analysis.®
Ir--Ir distance {3.6428(4) z&} in 1 is slightly longer than Rh--Rh
distance {3.590(4) A} in 4. The Ir-O bond length {2.112(3) A}
of 1 for monodentate coordination mode is shorter than that
(average 2.1745 A) of 3 for bidentate coordination modes.?

It is known that the monodentate NO3 ™ ligand exhibits char-
acteristic three stretching bands, i.e., asymmetric stretching vi-
bration v,(NO,) in the range of ca. 1410-1570 cm™!, symmetric
stretching vibration Vy(NO;) at ca. 1250-1320cm™!, and

Figure 1. An ORTEP drawing of 1. Selected interatomic dis-
tances (Z/A) and angles (¢/deg): Irl1-Cl = 2.141(4), Irl-
C2 = 2.136(4), Irl1-C3 = 2.134(4), Ir1-C4 = 2.126(4), Irl-
C5 =2.1394), Irl-Ir1* = 3.6428(4), Ir1-ClIl = 2.430(1),
Irl-CI1* = 2.439(1), Ir1-O1 = 2.112(3), O1-N1 = 1.253(5),
O2-N1 = 1.237(5), O3-NI = 1.268(5), Irl-Cll-Irl* =
96.85(4), Cl1-Ir1-CI1* = 83.15(4), Ir1-O1-N1 = 120.8(3).
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Figure 2. IR spectra in mineral oil of 2 (a), 1 (b), and 3 (c).

stretching vibration V(NO) at ca. 920-1050 cm™!.%1° The chelat-
ing bidentate NO3;~ ligand also exhibits characteristic stretching
bands, i.e., V(NO) at ca. 1440-1650cm™!, v,(NO,) at ca. 1220
1350 cm™!, and v(NO») at ca. 970-1050 cm~!.%-11:12

Figure 2 illustrates the IR spectra in mineral oil in the range
of 800-1800cm™" of 2, 1, and 3, whose structures are depicted
to the right of each IR spectrum. These results indicate that the
IR spectra of nitrate complexes could be used to distinguish be-
tween monodentate NO3;~ ligand and bidentate NO3;~ ligand.
Figure Sla'3 shows the IR spectrum in mineral oil in the range
of 800-1800cm™"' of 1 with N'O;~ ligands. The peaks at
1479, 1270, and 993 cm™! were assigned to V,(NO,), Us(NO,),
and V(NO), respectively. This assignment is made by isotopic
substitution of N'80;~ (50% '30) for N'®0;~, which results
in the predicted isotope shift to 1466, 1258 (and 1247), and
980cm™!, respectively (Figure S1b)."> Figure S2'3 shows
the IR spectra in mineral oil in the range of 800-1800cm™!
of N'%0;~ and N!B03;~ (50% '20) derivatives of 3. In
Figure S2a,'® the peaks at 1491-1569 cm™' were assigned to
V(NO). They shift to 1483-1562cm™" by isotopic substitution
of N'803;~ (50% '80) for N'6O;~ (Figure S2b).!3 The peaks at
1228 and 985cm™! in Figure S2a'® were assigned to v,(NO>)
and V;(NO,), respectively, based on the respective shift to
1222 and 975 (and 953) cm™~! by isotopic substitution of N'303~
(50% '30) for N'60O;~. It is noteworthy that IR spectra of 1 and 3
of KBr disks (prepared by pressing KBr pellets) show the ab-
sorption of uncoordinating NO3;~ anions at 1384 cm™! 34812
Therefore, we did not use KBr and performed the IR measure-
ment with mineral oil.

Figure S3'3 shows 'HNMR spectrum of 1 in 0.1 M DNO;/
D,0 (at pD 1). The signal at 1.62 ppm corresponds to the Cp*
protons {Cs5(CH3)s} of 1, which is different from the signal at
1.63 ppm of the Cp* protons of the mononuclear complex 3.
The positive-ion ESI mass spectrum of the same crystal used
in the X-ray analysis of 1 in 0.1 M HNO3/H,0 (100 uM, pH 1)
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shows the consistency with the formulation and the dinuclearity
of 1. A signal at m/z 788.0 {relative intensity (/) = 13% in the
range of m/z 100-1000, Figure S4a'3}, has a characteristic dis-
tribution of isotopomers (Figure S4b)!3 that matches well with
the calculated isotopic distribution for [1-NO;]* (Figure S4c).!3

In summary, we have synthesized and characterized a new
water-soluble and acid-stable dinuclear organoiridium(IIl) dini-
trate complex 1, providing a candidate as a water-soluble and
acid-stable catalyst in a variety of chemical transformations in
water under acidic conditions, e.g., hydrogenation of aqueous
nitric acid.
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