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Several intermediates and final products of the reactions of [Rhy(u-CH3CO0)4(CH3;OH),] with a tridentate ligand
bis(2-pyridylmethyl)amine (bpa) and bidentate 2-(aminomethyl)pyridine (amp) have been isolated, and the chelation
processes of these ligands to the dirhodium(ll) center are discussed. The reaction of a 2 equiv amount of bpa in
chloroform afforded three products, [Rha(u-CH3COQ),(17*-CH3COO)(bpa)s]* ([1]1), Ca-[Rhy(-CHsCOO)y(bpa)y)*
([2a]**), and Cs-[Rhy(u-CH3COO0),(bpa),]?* ([2b]?*), where C, and Cs denote the molecular symmetry of the two
geometrical isomers. X-ray crystallography revealed that [1]* contains ax-eq chelated bidentate and ax-eg-eq tridentate
bpa and that [2a]** and [2b]?* have two ax-eg-eq tridentate bpa ligands (ax denotes the site trans to the Rh—Rh
bond, and eq, the site perpendicular to it). The reaction is initiated by almost instantaneous monodentate or inter-
Rh,-unit bridging coordination of bpa at the ax sites, which is followed by very slow ax-eq chelate formation and
then ultimate ax-eqg-eq tridentate coordination. The reaction of [Rhy(u-CH3COO)4(CH3OH),] with amp in 1:2 ratio in
chloroform initially gives an insoluble polymer in which amp interconnects the ax sites of the dirhodium(ll) units.
Further reactions afforded [Rhy(u-CH3COO),(17*-CH;COO)(amp)2]* ([4]7) and [Rhy(u-CH3COO),(amp)a)* ([5]2).
The X-ray structural studies show that [4]" has one ax-eq and one eg-eq chelate and [5]** two eg-eq chelates.
More rigid tridentate ligands 2,2":6',2"-terpyridine (tpy) and 4'-chloro-2,2":6",2"-terpyridine (Cl-tpy) have been introduced
at ax sites in a monodentate mode ([Rhy(«-CH3COO)4(tpy)s] (8) and [Rhy(-CH3COO)4(Cl-tpy)] (9)). While the
Rh-Rh distances of these complexes and [Rh(u-CHsCOO),(2,2"-bipyridine),(py)2]?* ([7]>*) are practically unchanged
(2.56-2.60 A) except for 8 and 9 (2.4 A), the Rh—N, distances range from 2.11 to 2.35 A. Relatively short distances
are found for the compounds with ax-eq or ax-eq-eq chelates (<2.22 A). Longest distances (2.32—2.35 A) found
for 8 and 9 may be due to the steric effect. The distances of other complexes fall in the normal region. The visible
band of the s7*rn—rn — O*rn—rn transition in solid-state reflectance spectra shows a red-shift as the Rh—N, distances
becomes longer.

Introduction ions such as Mo(ll) and Re(lll) form the highest quadruple
bonds, d metal ions such as Rh(ll) give a single baid.
The dinuclear complexes having these structural units receive
continuous attention as they are quite stable and can be used
to construct various new derivatives including supramolecular
assemblie4.?3 Substitution of the bridging ligands has been

Dinuclear metal complexes where two metal centers are
bridged by one to four carboxylate and analogous ligands
take a range of single to quadruple metal-to-metal bonds
depending on the number of d electrdnd/hile d* metal
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often an important strategy to gain access to such derivatives, Substitution reactions of the bridging ligands should be
but only limited information is available on the mechanisms of multistep nature, and the characterization of various
and kinetic aspects of the substitution reacti#hd? The intermediate species formed during the reaction course should
exchange reaction between free trifluoroacetate ions and thebe important to visualize the reaction pathways. Considering

bridging ones in [Meg(u-CFCOQ)] in acetonitrile proceeds
rapidly on the time scale dfF NMR spectroscopy ((1.%

the substitution inert nature, the dirhodium(ll) center is more
appropriate for the investigation of the stepwise reactions

0.1) x 10* st at 25°C).% It has been suggested that even on the dimetal centers. In fact, the reactions of tetrakis-

faster coordination of trifluoroacetate at the axiak)(site
(trans to the Me-Mo bond) precedes the exchange reactfon.

(carboxylato)dirhodium(Il) complexes with bidentate ligands
such as 2,2bipyridine (bpy) and 1,10-phenanthroline

On the contrary, stepwise substitution of trifluoroacetate for (Phenj?~** gave both [REu-RCOO}(bpy)]* and [Rh(u-

the acetate ligands in [R{u-CHsCOO)(py).] in neat tri-
fluoroacetic acid requires refluxing conditions to monitbr.
The ligand substitution at thex sites is quite rapid, however,

CH;COO)(bpy)(CHCN),]?", where the former contains the
axial-equatorial &x-eq) chelate and the latter trezreqone.
The former is regarded as a precursor to the latter. On the

as revealed by the study of the pyridine exchange reactioncontrary, onlyececchelated [Me(u-RCOOk(bpy)]*" (R

at theax sites of [Rh(u-CH:COO)(py);] in H,O (1P~ 1CF
M~ st at 25°C).3! The different substitution lability at the

= CF;, CHF,) was isolated in the case of the dimolybdenum-
(I1) complexesi>#¢ It appears that the slow substitution of

egsites is also seen in doubly carboxylate bridged complexesthe €dsites of dirhodium(l) complexes makes possible the

[M2(u-RCOO}(CH:CN)J2" (M = Mo, Rh). While the
exchange of equatorial GBN ligands of the dimolybdenum
complex proceeds even a#5 °C in CD;CN, the exchange
half-life t1» is ca. 4 h for the dirhodium complex at 100.2
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isolation of the stepwise substitution products. For the
substitution of tridentate 2,8',2"-terpyridine (tpy), two
complexes, [REu-RCOO)(tpy),] and [Rh(u-RCOO)-
(tpy)2]®", have been isolated*”*8In the former complex
the tpy ligands coordinate as a monodentate ligand taxhe
sites, while in the latter as a tridentate chelate at tlege
sites of each metal center. Th&ec-chelated intermediate
species may be unstable due to steric rigidity of the tpy
ligand. Facile coordination of the third pyridyl group would
follow the formation of theax-ec-chelated intermediate. Thus
the characterization of the intermediate species for the
substitution of tridentate ligands is restricted as far as the
rigid ligands are employed.

It is interesting to investigate the reactivity of stereochemi-
cally more flexible di- and tridentate ligands such as
2-(pyridylmethyl)amine (amp) and bis(2-pyridylmethyl)-
amine (bpa) toward the carboxylate-bridged dirhodium(Il)
centers. Previously, it was reported that the reaction of amp
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with [Rhy(u-CH3;COO)(CH3OH),] in a 1:1 ratio gave an  microcrystals of I]JPF:1.5H,0O were filtered out, washed
insoluble one-dimensional pink polymer, [Rir-CH;COO):- with a small amount of water, and then dried in air. Yield:
(amp)},, without substitution of the bridging acetate ligaritls. 49 mg (13%). Anal. Calcd for £Hs:FsNsO7sPRh: C,

In our preliminary account on the same reaction in 2:1 ratio 37.79; H, 4.02; N, 8.81. Found: C, 37.85; H, 3.78; N, 8.82.
(in ligand excess), however, we reported the isolation of Recrystallization from a mixed solvent of methanol/water
discrete complexes with a different coordination mode of (1/1 v/v) gave crystals suitable for X-ray structural analysis.
amp, [Rh(u-CH;COO)(17*-CH;COO)(amp)|ClO, ([4]ClO.,) IH NMR (270 MHz, CDC}, TMS)/6 (ppm): acetate, 1.00
(ax-egandegeqchelates), [Ri{u-CHsCOO)(amp}](ClO4)2 (3H, s), 1.81 (3H, s), 2.43 (3H, s); bpaCH,—, 3.33 (1H,
([5](ClO4),) (eeqchelates), and [Riu-CH;COO)(amp)- dd), 3.41 (1H, d), 3.70 (1H, d), 4.00 (1H, dd), 4.31 (1H,d),
(py)2l(PFs)2 ([6](PFs)2) (ecreqchelates}® Also, the rate of 4.43 (1H, d), 4.70 (1H, d), 5.36 (1H, dd); bpa aromatic rings,
interconversion fromax-eq to ecqeq namely from #]* to 6.97 (1H, dd), 7.12 (1H, d), 7.37 (1H, dd), 7.50 (2H, m),
[5]?", has been measured ((250.1) x 10*s™* (I = 0.075 7.56 (1H, d), 7.61 (1H, dd), 7.79 (1H, dd), 7.82 (3H, d),
M (LiClOy), pH = 6.5) at 75°C).>° The result quantitatively ~ 7.89(1H, dd) 7.95 (1H, dd), 8.75 (1H, d), 9.05 (1H, d), 9.37
proved the substitution-inert nature of tleg sites of the (2H, d). UV—vis/nm /M~ cm™): in CH.Cl,, 486 (410),
dimeric rhodium(ll) center. In this paper, we wish to report 295 (22 400); in CHCN, 494 (460), 296 (26 200), 254
on the products of the reaction of bpa with PRirCHs- (15 400).

COO)(CH30H);], together with the details on the study of The second band was eluted with aqueous 0.15 M NacCl
the reaction of amp. When the above-mentioned tpy com- solution. To the eluate was added an aqueous solution (10
plexes of dirhodium(ll) were publishédwe had also been  mL) of 1.0 g of NHPR. The orange solid ofZa)(PFs).
studying similar reactions independently to investigate the precipitated immediately, which was filtered out, washed
steric requirement of the tridentate ligand. Some of our with water, and then dried in air. Yield: 146 mg (36%). Anal.
relevant results on the reaction with tpy and its analogue Calcd for GgHs.F1:,NgO4PRh,: C, 33.22; H, 3.19; N, 8.30.
4-chloro-2,2:6',2"-terpyridine (Cl-tpy) are also included in  Found: C, 32.99; H, 3.24; N, 8.23H NMR (270 MHz,

this paper. CD,Cl,, TMS)/S (ppm): acetate, 2.26 (6H, s); bpaCH,—,
. . 2.56 (2H, dd), 3.56 (2H, d), 4.06 (2H, d), 4.68 (2H, dd);
Experimental Section bpa—NH—, 4.82 (2H, br); bpa aromatic rings, 6.89 (2H,

Preparation of the Complexes[Rh(u-CHsCOO(CHs- d), 7.46 (4H, m), 7.55 (2H, dd), 7.69 (2H, dd), 7.85 (2H,
OH),]5! and bis(2-pyridylmethyl)amirté were prepared as ~ dd), 8.76 (2H, d), 8.98 (2H, d). UVvis/nm /M~* cm™):
described in the literature. All manipulations were performed N CH:Cl, 456 (710), 325 (sh), 287 (28 300); in GEN,
under aerobic conditions. 458 (650), 326 (Sh), 285 (28 OOO), 248 (15 000), in the solid

[Rh(s-CH3COO),(5-CHsCOO)(bpa)]PFs ([1]PFs) and state, 454. Recrystallization from _methanol gave crystals
[Rh(u-CH3COO0),(bpa)z](PFe)2 (C, Isomer, [2a](PFy)z; Cs suitable for X-ray structural analysis.

Isomer [2b](PFs),). Two geometrical isomers have been The third band was eluted also with 0.15 M NaCl solution.
obtained for [R(u-CHsCOO)(bpa}]?. They are abbrevi-  T0O the eluate was added an aqueous solution (10 mL) of 1.0
ated asC, and C; isomers by considering their molecular 9 ©f NHsPFs. The orange solid ofJo](PFs). was precipitated
symmetry (vide infra). immediqtely_, which was filtered out, washed with water, and

A chloroform solution (10 mL) of bpa (155 mg, 0.8 mmol) then dried in air. Yield: 47 mg (11%). Anal. Calcd for
was added to a suspension of JRRCH;COO)(CH;OH),] CagHaoF12N6OaPR-4H0: - C, 31.01; H, 3.72; N, 7.75.
(200 mg, 0.4 mmol) in 30 mL of chloroform. The complex Found: C, 30.60; H, 3.20; N, 7.98H NMR (CDCI,,
quickly dissolved to give a clear solution, the color of which  TMS)/0 (ppm): acetate, 1.98 (3H, s), 2.55 (3H, s); bpa
changed immediately from green to purple. The solution was ~CHz—, 3.97 (2H, d), 4.26 (2H, d), 4.59 (2H, dd), 4.77 (2H,
continuously stirred at 26C for 6 d, during which time the ~ dd); bpa—NH—, 6.68 (2H, br); bpa aromatic rings, 6.86 (2H,
color of the solution further changed to orange. The solvent d), 6.98 (2H, dd), 7.34 (2H, dd), r.47 (2H, dd), 7.57 (2H,
was then evaporated to dryness, and the residue wag). 7-91 (4H, m), 8.88 (2H, d). U¥vis/nm (/M~* cm™):
dissolved in 150 mL of water. The orange solution was N CH:Clz, 467 (560), 295 (26 100); in GIEN, 467 (580),
poured onto a cation-exchange column of SP-Sephadex C-25292 (28 700). The single crystals for X-ray analysis were
(Na* form, 2.5 x 30 cm). An orange band was held at the ©btained as the BF salt, [2b](BF.),, by the addition of an
top of the column. The first band was eluted with aqueous @dueous solution of NiBF, to the eluate.

0.05 M NaCl solution. To the eluate was added an aqueous [{Rh2(#-CH3COO)4}s(bpa)e]. (3). A methanol solution
solution (10 mL) of 1.0 g of NHPFs. The solution was (10 mL) of bpa (16 mg, 0.08 mmol) was added to that (20

allowed to stand for several days. The resulting orange-redML) 0f [Rhx(-CH;COOL(CH:OH),] (21 mg, 0.04 mmol).
The clear solution was stirred at 20C. The solution

(49) Crawford, C. A.; Day, E. F.; Streib, W. E.; Huffman, J. C.; Christou, immediately turned to purple in color, from which a pink

G. Polyhedron1994 13, 2933-2943, i ithi i irpi
(50) Yoshimura, T Umakoshi. K.. Sasaki, Chem. Lett1999 267 solid separateq out Wlthln 5 min. After further_stlrrlng for 1
268. h, the pink solid was filtered out, washed with methanol,
(51) 1Rge7rgple:|%, SC-FAé:lLegzdins, P.; Smith, H.; Wilkinson, I8org. Synth. and then dried in vacuo. Yield & 18 mg (76%). Anal.
(52) Sugimot’o, H.; Matsunami, C.; Koshi, C.; Yamasaki, M.; Umakoshi, Caled for GgHedNeO24Rhe: C, 33.43; H, 3.62; N, _4'87'
K.; Sasaki, Y.Bull. Chem. Soc. Jpr2001, 74, 2091—2099. Found: C, 33.16; H, 3.61; N, 5.13. When the reaction was
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carried out in the 1:1 ratio (0.060 mmol each) in methanol
(40 mL), similar pink precipitate was obtained within a few

(4H, dd), 7.92 (2H, dd), 8.38 (4H, d). UWis/nm /M~
cmrY): in CH,Cly, 495 (450), 310 (sh), 288 (28 500); in GH

minutes after the mixing. The elemental analyses (C, 33.51; CN, 530 (250), 340 (sh), 285 (28 000), 267 (20 000); in the

H, 3.55; N, 5.12) of the product are again consistent with

the 3:2 ratio of the dimeric unit to the ligand.
[Rh(u-CH3COO),(51-CH3COO)(amp)]ClO 4 ([4]CIO )

and [Rhy(u-CH3COO0),(amp)2](CIO 4)2 ([5](CIO 4)2). A chlo-

roform solution (10 mL) of amp (64 mg, 0.6 mmol) was

added to that (100 mL) of [Rfu-CHsCOO)(CH;OH),] (200

mg, 0.4 mmol). While the clear solution was stirred at 20

solid state, 508. Recrystallization from methanol gave crystals

suitable for X-ray structural analysis.
[Rh2(-CH3COO)2(bpy)2(py)2](PFe)2 ([7](PFe)2). To a

methanol solution (50 mL) of [Riu-CH;COO)(CHzOH),]

(200 mg, 0.2 mmol) and 2:bipyridine (62 mg, 0.4 mmol)

was added a methanol solution of 0.12 M of HCI (3.3 mL,

0.4 mmol), and the mixture was refluxed for 1 h. The color

°C, its color changed immediately from green to purple, and of the solution changed from green to brown within 5 min.
pink solid appeared after 15 min. The suspension was The volume of the solution was then reduced to 20 mL, and

continuously stirred fo3 d to give clear purple solution.

the solution was allowed to standrft d in arefrigerator.

The solvent was removed, and the residue was dissolved intaBrown microcrystalline solid ([Rifu-CHsCOO)(bpy)Cl2])
10 mL of water. To this aqueous solution was added an was filtered off, washed with a small amount of methanol,

aqueous solution (10 mL) of NaClH,O (300 mg, 2.13
mmol), and the mixture was allowed to stand for several

and dried in vacuo.
To an aqueous solution (10 mL) of [Rh-CH;COQO)-

days, during which time purple crystals appeared. The (bpy)Cl;] (50 mg, 0.083 mmol) was added pyridine (&D,

crystals of B]CIO, were collected and washed with small
amount of water and dried in air. Yield: 111 mg (40%).
Anal. Calcd for GgH2sN4O1CIRN,: C, 30.94; H, 3.61, N,
8.02. Found: C, 29.83; H, 3.64; N 7.961 NMR (270 MHz,
D,0, DSS)b (ppm): acetate, 1.72 (3H, s), 2.02 (3H, s), 2.26
(3H, s); amp—CH,—, 4.01 (3H, m), 4.30 (1H, m); amp
—NH,—, 3.80 (1H, br), 4.50 (1H, br), 4.94 (1H, br), 6.25
(1H, br); amp aromatic rings, 7.38 (1H, dd), 7.42 (1H, d),
7.54 (1H, d), 7.62 (1H, dd), 7.91 (1H, dd), 8.02 (1H, dd),
8.32 (1H, d), 8.96 (1H, d). UMvis/nm /M-t cm™ in
H.0): 536 (220), 311 (8700), 274 (18 300).

The filtrate was allowed to evaporate slowly to give a

0.62 mmol), and the mixture was stirred at 20 for 1 h.
The color of the solution changed from brown to orange.
Addition of an aqueous solution (10 mL) of NP (200
mg, 1.23 mmol) gave an orange precipitate, which was
filtered off, washed several times with a small amount of
water, and dried in vacuo. Yield: 54 mg (66% based on
[Rhg(ﬂ-CHe,COOk(bpy)zC'z]) Anal. Calcd for GaH3F1oNg-
O4P,Rh: C, 37.66; H, 2.97; N, 7.75. Found: C, 37.09; H,
2.90; N, 8.12H NMR (270 MHz, CBQ,Clp, TMS)/6 (ppm):
acetate, 2.53 (6H, s); bpy and py, 7.32 (4H, dd), 7.38 (4H,
dd), 7.79 (2H, dd), 7.88 (2H, m), 7.97 (4H, d), 8.30 (4H, d).
UV—vis/nm /M-t cm™® in CH;CN): 411 (3200), 348

green microcrystalline solid, which was collected, washed (7100), 268 (41 500), 253 (48 300), 223 (45 000). Single
several times with small amount of water, and then dried in crystals suitable for X-ray structural analysis were obtained

vacuo. Yield of p](ClO,),: 20 mg (6.5%). Anal. Calcd for
Ci6H22N401.ClI,Rh,: C, 26.00; H, 3.00; N, 7.58; CI, 9.59.
Found: C, 26.22; H, 3.16; N, 7.56; Cl, 9.37. FAB-MS
(M*): m/z 639.*H NMR (270 MHz, DO, DSS)H (ppm):
acetate, 2.26 (6H, s); ampCH,—, 2.0 (2H, dd), 3.88 (2H,
d); amp—NH,, 4.11 (2H, br); amp aromatic rings, 7.32 (2H,
d), 7.54 (2H, dd), 7.97 (2H, dd), 8.57 (2H, d). YVis/nm
(e/M~1cmtin HO): 577 (150), 310 (8500), 266 (16 900).
The chloride salt of§|Cl; (yield 76 mg, 29%) was prepared
by the similar method except for dissolving the residue into
an aqueous solution (15 mL) of sodium chloride (500 mg,
8.5 mmol) instead of an aqueous solution of NagEkO.
[Rh(u-CH3COO)2(amp)a(py)2](PFe)2 ([6](PFe)2). Pyri-
dine (50uL, 0.62 mmol) was added to an aqueous solution
(10 mL) of [5]Cl; (25 mg, 0.04 mmol) with stirring at 20
°C. The color of the solution changed immediately from
green to pink. Afte 1 h anaqueous solution (10 mL) of
NH4PF (200 mg, 1.23 mmol) was added to the reaction
mixture to give a pink solid, which was filtered off, washed
several times with a small amount of water, and dried in
vacuo. Yield: 27 mg (70%). Anal. Calcd forgElsF1:NsO4P-
Rhy: C, 31.60; H, 3.26; N, 8.50. Found: C, 31.45; H, 3.25;
N, 8.73.'H NMR (270 MHz, CDQCl,, TMS)/ (ppm):
acetate, 2.23 (6H, s); ampCH,—, 2.25 (2H, d), 3.85 (2H,
d); amp—NH,, 3.50 (2H, br); amp aromatic rings, 7.19 (2H,
d), 7.70 (2H, dd), 7.95 (2H, dd), 8.68 (2H, d); pyridine, 7.50

by slow evaporation of the filtrate.

[Rh2(u-CH3COO)4(tpy)2] (8). An acetone solution (20
mL) of an excess amount of tpy (93 mg, 0.4 mmol) was
mixed with that (50 mL) of [RE(u-CHsCOO)(CHs;OH),]

(50 mg, 0.1 mmol). Slow evaporation of the reaction mixture
gave purple crystals, which were collected, washed with
ether, and dried in air. Yield: 80 mg (89%). Anal. Calcd
for CsgH3aNgOsRhy: C, 50.24; H, 3.77; N, 9.25. Found: C,
50.28; H, 3.82; N, 9.39. UMvis/nm (in the solid state): 561.

[Rh2(u-CH3COO)4(Cl-tpy) 2] (9). A methanol solution (40
mL) of an excess amount of Cl-tpy (107 mg, 0.4 mmol) was
mixed with that (50 mL) of [RE(u-CHsCOQO)(CHs0H),]

(50 mg, 0.1 mmol). Slow evaporation of the reaction mixture
gave purple crystals, which were collected, washed with
dichloromethane, and dried in air. Yield: 79 mg (82%). Anal.
Calcd for GgH3CloNgOsRh: C, 46.70; H, 3.30; N, 8.60;
Cl, 7.25. Found: C, 46.64; H, 3.18; N, 8.62; CI, 7.31. YV
vis/nm (in the solid state): 561.

Crystallographic Studies. The crystals of 28](PF)a,
[2b](BF4)2, 8, and9 were mounted on a glass fiber, while
those of [JPFs-1.5H,0 and [/](PFs).-0.5CHOH were sealed
in a thin-walled glass capillary. The data fa2gJ(PFs)2,
[2b](BF4),, and8 were collected on a MacScience MXC18,
and those forT](PFs).:0.5CHOH and9 on a Rigaku AFC-
5R diffractometer at 296 K. X-ray data fot]PFs-1.5H,0
were collected at ambient temperature on a Rigaku AFC-7S
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Table 1. Crystallographic Data for [Riu-CHsCOOY(7'-CHsCOO)(bpaj]PFe+1.5H.0 ([1]PFs+1.5H0) Co-[Rhy(u-CH:COOY(bpaY](PFs)z ([28](PFs)2),
(Cs[Rhy(u-CH3COO)(bpa)](BF4)2 ([2b](BF4)2), [Rha(u-CHsCOOR(bpy)(py)2](PFes)2:0.5CHOH ([7](PFe)2:0.5CHOH), [Rhy(u-CH3COOX(tpy)2] (8),
and [Rhy(u-CHsCOOX(ClI-tpy).] (9)

[1]PFs1.5H,0 [28](PFs)2 [2b](BF4)2
formula GogH3sF12N60s sPRh, CogH32F12NsO4P2RM, CagH32B2FsN204R M
fw 953.44 1012.34 896.02
space group P1 (No. 2) P2;/a (No. 14) P1 (No. 2)
alA 13.569(2) 25.974(9) 10.672(1)
b/A 16.015(2) 12.469(4) 12.441(2)
clA 9.056(1) 11.288(3) 12.915(2)
a/deg 103.98(1) 90 80.55(1)
Bldeg 101.025(10) 92.91(3) 82.25(1)
yldeg 74.808(10) 90 88.41(1)
VIA3 1825.7(4) 3651(2) 1675.9(4)
z 2 4 2
T/°C 25 -110 —90
MA 0.710 69 0.71073 0.71073
dealedg cmr 3 1.734 1.842 1.776
u(Mo Ka)/em2 10.31 10.78 10.55
R2 (Ra)? 0.052 (0.098) 0.050 (0.064) 0.049 (0.064)

[7](PFe)2-0.5CHOH 8 9
formula G4 3H34F12N6O4 sP2R, C3gH34NsOgRM, CsgH32Cl2NsOsRh
fw 1100.43 908.53 977.42
space group P1 (No. 2) P1(No. 2) P1 (No. 2)
alA 15.553(2) 10.043(2) 9.652(2)
b/A 21.871(3) 13.433(3) 14.198(2)
c/A 13.338(2) 8.012(2) 8.013(1)
a/deg 106.60(1) 104.83(2) 97.98(1)
Bldeg 91.77(1) 94.64(1) 112.78(1)
yldeg 87.07(1) 69.23(1) 72.63(1)
VIA3 4341(1) 976.9(3) 966.0(3)
z 4 1 1
T/°C 23 23 23
MA 0.710 69 0.71073 0.710 69
deaiedg cm 3 1.683 1.540 1.680
(Mo Kaoy)/em 2 9.29 8.86 10.38
R3 (Ry)® 0.070 (0.081) 0.029 (0.037) 0.050 (0.059)

3P = X||Fo| — |FcI/Z[Fol. P Ry = [EW(|Fo| — [Fc|)/Zw|Fo|*2.
diffractometer. Unit cell parameters &d|(PFs)2, [2b](BF4)-, given in Table 1. Listings of selected bond distances and

and 8 were obtained by least-squares refinement of 26 angles are summarized in Table 2.

reflections (25= 26 =< 35°), while for those of 1]PFs Other Measurements. The *H NMR spectra were ob-

1.5H,0, [7](PFs)2:0.5CHOH, and9 25 reflections (25< tained at 270 MHz with a JEOL JNM-EX270 spectrometer.

20 =< 30°) were used. All data were corrected for Lorentz 14 chemical shifts were measured relative to the methyl

and polarization effects, and absorption corrections were resonance of TMS or DSS (fod]ClO, and B](ClO4),).

applied for each data set. UV—visible and reflectance spectra were recorded on a
The crystal structures of 1JPFs-1.5H,0, [2b](BF,)a, Hitachi U3410 spectrophotometer.

[6](PFs)2, 8, and9 were solved by direct method (SIR92),

while those of Ral(PFs), and [7](PFs).:0.5CHOH were Results and Discussion

solved by the heavy atom method (DIRDFE)he positional

and thermal parameters of non-hydrogen atoms were reﬁanridentate Ligands toward the Dirhodium(ll) Center. We

anisotropically by the full-matrix least-squares method. . : .
Hydrogen atoms were included at calculated positions with h‘?"e isolated several reaction produc.ts fr_om the reaction
mixture of [Rhy(u-CH3sCOO)(CH3;OH),] with bidentate amp

fixed displacement parameters (1.2 times the d|splacement0r tridentate bpa ligand. On the basis of the structures of
parameters of the host atom).

) _ these complexes (vide infra), the reaction pathways are
Calculations were performed using CRYSTANfor

summarized in Schemes 1 and 2 for the reactions of am
[28](PFs)2, [2b](BF.),, and 8 and TEXSAN® for [1]PFs, P

0.5CH0 4 h f hic d and bpa, respectively. Coordination of the chelating ligands
[7)(PFs)20.5CHOH, and9. Further crystallographic data are 1,5y e initiated by rapid coordination at taesites. Because
3 A o e PP— of the low solubility, polymeric species quickly precipitate
tomare, A.; Cascarano, G.; Glacovazzo, C.; Guagliardi, A.; Burla, H : H
M. C.; Polidori, G.; Camalli, M.J. Appl. Crystallogr.1994 27, 435. where the che_latm_g I|gz_and (amp or bpa) acts as a b“d_ge
(54) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; Garcia- between the dimeric units. In the presence of an excessive

Granda, S.; Gould, R. O.; Smits, J. M. BIRDIF; Crystallography i i i i
Laboratory, University of Nijmengen: Nijmengen, The Netherlands, amount of the ligand, the polymeric species could be in

1992. equilibrium with discrete species in solution in which the

(55) Edwards, C.; Gilmore, C. J.; Mackay, S.; Stewart, QRYSTAN ax sites are occupied by the nonbridging monodentate amp
MacScience: Yokohama, Japan, 1995. or bpa. The discrete species then undergo very siow
(56) TEXSAN Molecular Structure Corp.: The Woodlands, TX 77381, pa. p g y q

1992. chelate formation, followed by thex-eqto egqeqrearrange-

Stepwise Chelating Processes of the Bidentate and
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Table 2. Selected Bond Lengths (A) and Angles (deg) for JRRCH3COO)(;71-CHsCOO)(bpa)]PFs1.5H0 ([1]PFs:1.5H,0),
Co-[Rhy(u-CH3COOR(bpa)](PFe)2 ([28](PFe)2), Cs[Rha(u-CH3COOR(bpa)](BFa)z ([2b](BFa4)2), [Rha(u-CHsCOOX(bpy)(py)2l(PFe)2:0.5CHOH
([7(PFe)20.5CHOH), [Rhy(u-CHsCOO)(tpy)2] (8), and [Rhy(u-CH3COO)(Cl-tpy)s] (9)

[1]PFs-1.5H,0 [23](PFs)2 [2b](BF4)2
Bond Lengths
Rh---Rh 2.565(1) 2.568(1) 2.600(1)
Rh—O(bridging acetate) 2.040(#R.059(7) 2.039(6)2.076(6) 2.042(3)y2.059(3)
av 2.056 2.053 2.050
Rh—O(monodentate) 2.047(7)
2.008(8) 2.000(7), 2.000(7) 2.000(4), 2.007(3)

Rh—Nedpy)
av

Rh—N(amine)
av

Rh—N aX(py)
av

Rh---Rh—O(bridging acetate)

av

Rh---Rh—O(monodentate acetate)
Rh-+-Rh—Ne(py)

Rh---Rh—N(amine)
av
Rh+Rh—Nax(py)
av

2.056(8), 2.069(8)
2.063

2.183(8), 2.253(8)
2.218

Bond Angles
84.4(2B5.6(2)
84.9

98.2(2)
98.5(2)

101.3(2), 104.7(2)
103.0

172.6(2), 173.2(2)
172.9

2.000
2.058(7), 2.061(7)
2.059
2.179(7), 2.198(7)
2.189

84.2(2)-84.9(2)
84.5

100.4(2), 100.9(2)
100.7

102.1(2), 103.3(2)
102.7

172.5(2), 173.7(2)
1731

2.004

2.052(4), 2.054(4)
2.053

2.157(4), 2.203(4)
2.180

83.9(1)85.7(1)
84.6

96.2(1), 99.7(1)
98.0
105.3(1), 106.0(1)
105.7

170.7(1), 171.5(1)
711

[7)(PFe)2+0.5CHOH 8 9
Bond Lengths
Rh--Rh 2.584(2), 2.593(2) 2.408(1) 2.405(1)
Rh—0O(bridging acetate) 2.04(£R.069(9) 2.032(2)2.048(2) 2.032(4)2.046(4)
av 2.05 2.039 2.039
Rh—Ne(py) 1.97(1)-2.00(1)
av 1.98
Rh—Na(py) 2.20(1)-2.27(1) 2.323(2) 2.359(6)
av 2.23
Bond Angles
Rh--Rh—O(bridging acetate) 84.0(385.4(3) 87.2(1)-88.4(1) 86.7(1)-88.5(1)
av 84.9 87.8 87.7
Rhe++Rh—Neg(py) 95.0(3)-99.3(3)
av 97.3
Rhr+*Rh—Nay(py) 166.3(3)-169.0(4) 176.8(1) 174.2(1)
av 167.5
Scheme 1 Scheme 2
| :
N x
amp ~ _ bll) _ @ _ \r?‘,
o[ s 2
o ote | B | E o 02 .
R N R N Y
FN® | - [ - RRRIC
G | by Spo T\ Y
coordination RhQy MeOH  coorination fb _CRRY.
at ax sites g&l«}‘ e N ’61 -
N L o )
L — 3
I:\I ax-eq chelate ‘
\Keq chelate -~ >
N~ /@ @(@ ECK@
/>_ N— LRAS— & TR /ha
R Bpd~ -— L5 i
: o] 35S W B
N l conversion l onversion pS chelate \ chelate ]
from ax-eq from ax-eq b 1 < and >
5 to eq-eq 4  toeg-eq
@ : pyridyl nitrogen when need to be specified (@EINJ %O:Rni %g:ih}
. . \/@h ax-eq-eq N hJ ax-eq-eq _5 N> h
ment and/or further tegeq chelation (in the case of bpa). chelate \@D chelate
Further details are discussed below. 2a =

When the reaction of [Riu-CH3;COO)(CH3OH),] with reactants ratid® Further stirring of the suspension for 1 week
amp is carried out by using 2 equiv of amp, the pink solid afforded the soluble purple compled]f. It is possible that
precipitated initially as in the case of the reaction in a 1:1 the discrete species, [Rp-CH;COO)(amp}], which may
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be in equilibrium with the polymeric species, would undergo
slow ax-eqchelation accompanied by the detachment of the
bridging acetate. Successive rearrangement of one @ithe
eg chelate rings to thegeq mode affords the asymmetric
complex cation4]*. It was reported that thegeqchelating
mode is thermally more stabie#!

The rearrangement of the remainimgegamp chelate of
[4]" to eqeq mode took place at elevated temperature to
give C, symmetric p]*. Although the relative yield ofg] "
is rather low under the synthetic conditions, kinetic studies
reported in our preliminary communication indicated almost
complete conversion of]* to [5]". Kinetics parameters of
the conversion were reported (the first-order rate constant
in aqueous solutionl (= 0.075 M (LiCIQy)), (2.54+ 0.1) x
10“stat 75°C (AH* = 91 £ 5 kJ mol! andASf = —54
+ 13 J K'mol™1)).5° The C, symmetry of p|™ was
confirmed by'H NMR spectra (vide infra). A geometrical
isomer with Cs symmetry is possible for5]*, but the'H
NMR spectra as well as the kinetic studies indicated the Figure 1. ORTEP drawing of [R(u-CHsCOOY(;!-CHsCOO)(bpa)] *
exclusive formation of§]* from [4]*. It is concluded that  ((1]+). Ellipsoids are drawn at the 40% probability level, and hydrogen
the conversion takes place stereoselectively, simply by theatoms are omitted for clarity.
attack ofax-coordinated pyridyl nitrogen to expel thest
coordinated monodentate acetate. Thesomer could be ~ Monodentate acetate and pyridyl donor sites at thedwo
formed from the corresponding isomer @i in which the planes is different. Although the isomer was not isolated, it
relative orientation of thecteqamp ligand is reversed. None ~May be involved in the reaction mixture. The total yield of
of these isomers were isolated in this study or confirmed in the three species (60%) is not very high even if the
the reaction mixture due to its complicated NMR spectra. Purification procedures are taken into account.

Considering the relatively low yield o#4]* and B]* (total For the reaction of [Rifu-CH;COO),(CH;OH),] with a
yield, 46.5%), however, it is well possible that these isomers tridentate tpy, two coordination modes have been folind.
could be formed in the reaction mixture. One is a monodentate coordination at thesites of Rh-

The reaction of [RE(u-CHsCOOY(CHsOH),] with triden- Rh bond through one of the outer pyridyl groups, as
tate bpa in methanol also gave an insoluble pink solid, which eéxemplified by 8 and 9. The other one is a tridentate
was assigned as a polymer compoufiH(u-CHsCOO)} s- coordination at theqplanes, [RB(u-RCOO)(tpy}|*" (R =
(bpa}].. When the reaction was carried out in chloroform, CHs,*" CsHs*). The latter complexes were prepared by
no pink precipitate separated out, although the color of the refluxing the mixture of [Ri(u-RCOO)] and tpy in EtOH’
reaction mixture turned purple immediately. It seems that Or by stirring the acetonitrile solution of [Rftpy)(CHs-
the discrete species [R-CHsCOO)(bpa)] may be pre-  CN)4*" and BuN(CsHsCO,).** Monodentate coordination
dominant in chloroform. With samples being stirred for occurs only through one of the peripheral pyridyl groups.
several days, further reactions proceeded as the purpleCOOl’dination of the central pyridyl nitrogen seems difficult
solution @max = 534 nm) turned to orange red.(x = ca. due to the steric hindrance of peripheral pyridyl groups. The
460 nm). Three complexes have been separated by cationstepwise chelating reaction of [{h-CH;COO)] with tpy
exchange column chromatography. The asymmetric complexor Cl-tpy was not observed at ambient temperature probably
[1]* contains two types of bpa, i.e., akeqgbidentate mode  because of the destabilization of any intermediate species
with a free pyridyl group and a full coordinatioaxX-ecgeq) by steric hindrance.
mode. Complex catiorl]* may be regarded as a precursor  Structures of the Dirhodium(ll) Complexes. Steric
to [248)>" and/or Rb]?", which have two fully coordinated  structures of most of the complexes discussed in the previous
bpa ligands. If the monodentate acetate ligand 1t [is section have been verified by the X-ray crystal structure
directly replaced by the free pyridyl group of the bpa, the analysis. Figure 1 shows the ORTEP drawing of the complex
Csisomer (Rb]?") should be formed. An alternative mech- cation [L]* ([Rha(u-CH3COO)(57*-CH3COO)(bpa)]*). The

anism is possible, i.e., the rearrangementagsdpyridyl cation has an asymmetric structure with one of the two bpa
nitrogen to theegsite by expelling the monodentate acetate ligands acting as a tridentate ligand occupyaxeegeqsites
followed by the coordination of free pyridyl nitrogen &x of one Rh atom (Rh2) and the other bpa functioning as a
site. By this mechanism also, th&, isomer is obtained.  bidentate chelate at ttex-eqsites of another Rh atom (Rh1).
Therefore, 1]* may be regarded as a precursor 2b]f+. One pyridyl group remains uncoordinated, and a monodentate

Since no isomerization betweer2g?" and Rb]?* was acetate occupies one of the equatorial sites of Rh1l. The
observed in solution, facial coordination is stable when once complex cations 4a]?>" and Rb]>" (Figures 2 and 3,
formed. TheCs isomer Ra]?" should be formed from the  respectively) are geometrical isomers of JRRCH;COO)-
unisolated isomer tol]" where the relative location of (bpa}]?". In each of them, two bpa ligands are equivalent
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Figure 4. Molecular structure of4]* (left) and [B]2* (right).

(o}

Figure 2. ORTEP drawing ofC,-[Rhy(u-CHsCOO)(bpa}]?t ([2a)%1).
Ellipsoids are drawn at the 50% probability level, and hydrogen atoms are
omitted for clarity.

Figure 5. ORTEP drawing of [RE(u-CH3COOX(bpy)(py)]?t ([71%1).
Ellipsoids are drawn at the 50% probability level, and hydrogen atoms are
omitted for clarity.

atom. The axial site of the Rh2 atom is only weakly
coordinated by the oxygen (0O2) of a bridging acetate of the
neighboring dirhodium cation in the crystal (RB, 2.599
A). The two amp ligands are equivalent in the complex cation
[6]?* and form chelate rings aceq sites, the rest of the
equatorial sites and the axial positions being occupied by
Figure 3. ORTEP drawing ofCs[Rhy(u-CHsCOO(bpay]?+ ([2b]2H). two bridging acetates and pyridine ligands, respectively.
Ellipsoids are drawn at the 50% probability level, and hydrogen atoms are  The asymmetric unit of](PFs), consists of two crystal-
omitted for clarity. lographically independent dirhodium complex cations. The
taking an axeceq tridentate mode. One of the pyridyl complex cationT]?t ([Rhx(u-CH3;COOY(bpy)k(py).]?") has
nitrogens coordinates to tlex site. The difference between an approximateC,, symmetry and involveggeq chelates
the two cations is the relative steric arrangement of the two of bpy ligands (Figure 5).
bpa chelates in the molecule. The complex catkajq" has The Rh-Rh distances forl]* (2.565(1) A), pa]?* (2.568-
approximateC, symmetry, while fb]2t has an idealized (1) A), [2b]2* (2.600(1) A), B]* (2.5249(9) A), B]?* (2.587-
mirror plane normal to the RhRh bond. Thus,Za]?" and (1), 2.585(1) A), and)?* (2.584(2), 2.593(2) A) are very
[2b]?" may be abbreviated & andCsisomers, respectively,  similar to one another and also to those of othep(ih
as already mentioned above. RCOOQO) complexes. Furthermore, overall structural features
The structures of the complex catior§ 1 ([Rhy(«-CHs- of the Rip(1-CH;COOQO), unit in these complexes are similar
COOX(n*-CHCOO)(ampy] ) and B]?t ([Rhy(u-CHsCOOQ)- to those of other Rifu-RCOO) complexed:#1:43
(ampX(py)2]?") (Figure 4) have been reported in our previous  Figure 6 shows the perspective view of the Cl-tpy complex
communicatiort® The two amp ligands are not equivalent 9 ([Rhy(u-CH3;COQ)(Cl-tpy)]). The crystal structure of the
in [4]*. One of them forms a chelate ringat-eqpositions tpy complex8 was reported previously by Pruchnik et*al.
of one of the rhodium ions (Rh1), while the other does at We have also determined the structureBahdependently.
egeqsites of another rhodium atom (Rh2). A monodentate Interestingly, the space group of our cryst&@4)is different
acetate ligand coordinates at the remaingpsite of Rhl from that in the previous reporiC/c). Nevertheless, the
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Figure 6. ORTEP drawing of [RE(u-CHzCOO)(CI-tpy)2] (9). Ellipsoids
are drawn at the 50% probability level, and hydrogen atoms are omitted
for clarity.

reported molecular structure 8fis very similar to that of
ours. Both8 and9 have a crystallographically imposed center
of symmetry at the midpoint of the RtRh single bond. In

Yoshimura et al.

Rh—Na distance probably due to steric repulsion between
tpy or Cl-tpy ligand and bridging carboxylates.

A core structure similar to that fol6]*" is proposed for
[5]?* on the basis ofH NMR (vide infra) and other analytical
data. For insoluble pink soli8, a two-dimensional polymeric
structure where the R{CH;COOQO), units are bridged by the
bpa ligands is most likely, as has been considered for the
insoluble solid [Rb(u-CH;COO)(amp)].

Other Properties of the Dirhodium(ll) Complexes. (1)
H NMR Spectra. The two isomeric formsJa]?* and Rb]?*
are clearly distinguished by4 NMR spectra. While singlet
acetate methyl signal was observed at 2.26 ppm foiCthe
isomer Ra]?" in CD.Cl,, two methyl signals were found at
1.98 and 2.55 ppm for2pb]?*. The methylene signals of the
bpa ligands of these complexes were observed in fairly wide
range of magnetic field (2.564.77 ppm), reflecting various
chemical circumstances around the methylene groups. One
of the methylene protons o2§]?>" appeared at significantly
higher field (2.56 ppm) as compared with other methylene
protons of Ra]>" and all the methylene protons dZl]?*.
The steric structure oPg]?* shows that one of the methylene
protons is located over the adjacent pyridyl ring coordinated

these complexes, tpy and Cl-tpy act as a monodentate ligand® the opposite Rh atom in the molecule and should be under

at the ax site by the coordination of one of the terminal
pyridine rings. The RRRh distances 08 and9 are 2.407-
(1) and 2.4035(9) A, respectively, which are shorter than

the influence of pyridyl ring current. A similar upfield shift
was observed forg)?*, which also has methylene groups
over a pyridyl ring as verified by the X-ray structure.

those of other complexes mentioned above but in the range The !H NMR spectrum of the asymmetric bpa complex

usually observed in [Riju-carboxylatej] complexes.

The axial Rh-Nax (N: those of pyridine or pyridyl group)
distances of our complexes span a fairly wide range from
2.111(6) to 2.354(5) A. The distances may be classified into
three groups. Typical RANa bond lengths are found i+
(2.26 A) and 7]?* (2.24 A). These values are close to the
distances in, for example, [Rlx-CH3COOL(CH3;CN)4(py)2]-
(BF.)2 (2.235 A)57 [Rhy(u-CHsCOOY(py)el(CFsS Q)2 (2.234
A),58 and [Rh(u-CHsCOOX(py)s] (2.227(3) A and may
represent the distance without any significant steric require-
ment from the moieties at equatorial sites. Shorter-Rk
distances found in the three compounds[(2.218 A),
[24]2* (2.189 A), and 2b]?* (2.180 A)) may be accounted
for by theax-eq chelate formation of the tridentate ligand.
Similar short Rr-Nax bonds are found in [Rf-CH;COO);-
(bpnp)]" (bpnp= 2,7-bis(2-pyridyl)-1,8-naphthyridine) (2.195
A)° and [Rh(u-CHsCOOX(pynp)]* (pynp= 2-(2-pyridyl)-
1,8-naphthyridine) (2.204 A)where bpnp and pynp form
ax-eq chelate rings. The shortest distance found 4fi" [

[1]* was complicated because of low symmetry of the
complex. However, the observation of three sets of methyl
signals from the acetate ligands at 1.00, 1.81, and 2.43 ppm
as well as three sets ofpy signals at 8.75, 9.05, and 9.37
ppm both with integrated intensity ratio of 1:1:2 is consistent
with the solid-state structure as verified by the X-ray
diffraction. The'lH NMR spectrum of asymmetric amp
complex ]t at room temperature in O showed two sets

of amp and three acetate methyl signals as expected from
the X-ray structure. Foi5]?" not only the amp signal patterns
but also the chemical shifts in,D are similar to those of
[6]?" in CD.Cl,, where two amp ligands and two acetates
are respectively equivalent. This observation suggests that
[5]?* also has aC, symmetry with the two amp ligands
chelating ateqsites.'H NMR spectrum of the tpy complex

8 in acetoneds coincided with the sum of the spectra of
[Rhy(u-CHsCOOY),] and the free ligand. A similar spectrum
was observed fo®. Thus, the axial ligands fa8 and9 are

(2.111(6) A) may be regarded as an exceptional case, sincdlissociated in acetone.

the otherax site is only weakly coordinated (2.599(5) A) by
acetate oxygen of a neighboring dirhodium complex. The
third group 8 (2.322(2) A) and® (2.354(5) A)) has a longer

(57) Pimblett, G.; Garner, C. D.; Clegg, W. Chem. Soc., Dalton Trans.
1986 1257-1263.

(58) Dikareva, L. M.; Golubnichaya, M. A.; Baranovskii, . BRuss. J.
Inorg. Chem.1988 33, 1179-1182.

(59) Christoph, G. G.; Koh, Y. BJ. Am. Chem. Sod.979 101, 1422.

(60) Tikkanen, W. R.; Binamira-Soriaga, E.; Kaska, W. C.; Ford, P. C.
Inorg. Chem.1984 23, 141-146.
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(2) Electronic Spectra.As representative examples, the
UV—vis spectra of I]PFs, [2al(PFs)2, [2b](PFs)2, and
[6](PFs)2 in CH.CI; solutions are shown in Figure 7. Tetra-
and dicarboxylate-bridged dirhodium(ll) complexes are
known to exhibit a visible band at around 45600 nm. The
band are assigned to tle¢ — o* transition of the RR-Rh
bond!? It has been suggested that the transition energy
depends significantly on the nature and the bond distances
(to Rh) of axial ligands but not on the nature of equatorial



Stepwise Chelating Processes of amp and bpa
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Figure 7. UV —vis absorption spectra of [Riu-CHz;COO)(1-CHzCOO)-
(bpaj]PFs ([1]PFs, solid line), Co-[Rha(u-CH;COOM(bpay|(PFe)2 ([28](PFe)2,
dashed line)Cs[Rha(u-CHsCOO)(bpa)](PFe)2 ([2b](PFs)2, dotted line),
and [Rh(u-CH3COO)(amp)(py)2(PFs)2 ([6](PFs)2, dashed-dotted line)
in CH2C|2.
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Table 3. Rh—Na(py) Bond Length (A) and Electronic Absorption
Peak Maximum of*rh-—rh — 0*rn—rh Transition for fl]*, [2&]2*,
[2b]2T, [4]7, [6]2F, [7]%F, 8, and9

Rh—Rhy—g
Rh—Na dist solid state in CiLCl,

[21* 2.183(8), 2.253(8) (av 2.218) 486
[24)%+ 2.179(7), 2.198(7) (av 2.189) 454 456
[2b]2t  2.157(4), 2.203(4) (av 2.180) 467
[4*a 2.111(6) 538
[6]2F2 2.233(9)-2.281(9) (av 2.26) 495 508
[712* 2.20(1)-2.27(1) (av 2.23)
8 2.323(2) 561
9 2.359(6) 561

aReference 500 In H0.

ones?>3%1 For example, the band maximum of [Rir-CHs-
COO)L,] (L = Hz0, CH,CN) is close to that of [Rifu-
CH,COO)(bpy or phen)L]?*.22343t is thus assumed that
the different ligand combinations of the equatorial sites in
[Rhy(u-CHsCOO)L 5] and [Rhy(u-CH3;COOR(amp)L )%t do

not give significant influence on the visible band energies.

each other and also similar to that of [RirCH;COQ)] in
acetone. The band at 603 nm in acetone is significantly red-
shifted from that (561 nm) in the solid state for b&land

9. The axial ligands must be liberated from the {&H;-
COO), core in acetone, being consistent with flieNMR
measurements (vide supra). Addition of an excess amount
of tpy or Cl-tpy to the corresponding acetone solution caused
a significant blue shift of the band, suggesting the coordina-
tion of these ligands to thax sites to some extent.

Thes* —o* transition band in 2a](PFe), in solution @max
= 458 nm in CHCN, 456 nm in CHCI,) was observed in
the region similar to that in the solid state (454 nm). The
band of Pb](PFs)2 (467 nm in both CHCN and CHCI,)
was also observed in the similar region. Thus, in the case of
[28](PFs)2 and Rb](PFs)2, the axial pyridyl nitrogens remain
attached to the Rh atom in the solution. This may be due to
the chelating effect incorporating with tlegjdonor groups.
The lowest energy band ir6J{PFs), was observed at 495
nm in CHCIl, which is close to the band maximum of the
solid state (508 nm), suggesting that the axial pyridine ligands
are retained in this solvent. However, the band shifted to
532 nm in acetonitrile, where the pyridine ligands may
partially dissociate from the axial sites.

Complex B](ClO,), was isolated in the form without axial
ligands. The visible band irB](CIO,4), was observed at 577
nm in aqueous solution. The maximum is close to those (568
nm) in [Rhuy(u-CH3COO)(bpy or phenyH;0),] in aqueous
solution® It is very likely that the axial sites ob are
occupied by solvent water molecules.

Summary

Substitution-inert nature of theq sites of the acetate-
bridged dirhodium(ll) center enabled us to isolate several
intermediate species during the reaction of JRHCHs-
COO)(CH3;0H),] with bidentate amp and tridentate bpa.

Since the axial ligands are often dissociated in solution, the Different from the reactions with diphosphingg?these li-
visible band in the solid-state reflectance spectra (bandgands coordinate only to one metal center as a chelating li-
maxima given in the Experimental Section) is discussed first gand. Bridging coordination has not been observed. The che-

by referring the crystal structural analyses. The—Rhy
distances and the* — ¢* transition energies are sum-
marized in Table 3. The visible bands &g](PFs). (Rh—
N distance, average 2.189 AB](PF). (2.26 A), and9

lation process is preceded by the almost instantaneous co-
ordination at theax sites. The following steps involvingx-

eg and theregeq chelate formation take days to complete
at room temperature. The geometrical isomerism of the che-

(2.354 A) were observed at 454, 508, and 561 nm, respec-lated complexes enables us to discuss further insight into
tively. It is obvious that the absorption band shows a red the chelation mechanisms. The isolation of a series of dirho-

shift with increasing RhN,y distances. Destabilization of
the o* orbital may be less significant when the RNy

distance is longer. In the case of asymmetric complex

[4]CIQy, the visible band (536 nm) is out of the energy range
expected for the short RN bond (2.111(6) A). Influence
of the short but sole RAN,« bond may be canceled out by
the fairly long Rh-O distance of the oppositx site. The
reflectance spectrum of the polymer comp@exhibited
the band at 534 nm, suggesting that the-Rh, distances
would be around 2.3 A-3

The electronic spectra &and9 in acetone are similar to

(61) Handa, M.; Watanabe, M.; Yoshioka, D.; Kawabata, S.; Nukada, R.;
Mikuriya, M.; Azuma, H.; Kasuga, KBull. Chem. Soc. Jpril999
72, 2681-2686.

dium(ll) complexes makes possible the systematic studies
of the steric structures and electronic drtINMR spectra.
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