Rhodium and Iridium Complexes of Biimidazole

interaction of the C(8) methyl group with palladium and to
the subsequent blocked rotation around the C(6)~C(7) axis.
[PA(C-N)(PEt3)2Cl] is thus in an intermediate state, which
precedes nitrogen recoordination.  The first stage of this
intramolecular nucleophilic substitution reaction probably
involves distortion of the palladim coordination plane and
simultaneous rotations of the ortho-metalated phenyl ring
about the Pd—C(1) bond and of the C(7)-N(1) bond about
the C(6)-C(7) axis.

Registry No. [(n-Bu)4N][Pd(C-N)CIBr], 53488-34-9; [Pd(C~
N)(PEt3)2Cl], 56550-92-6. ,

Supplementary Material Available: Tables III and IV listing
structure factor amplitudes (18 pages). Ordering information is given
on any current masthead page.
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Complexes of univalent rhodium and: iridium with the monoanion and dianion of 2,2’-biimidazole (H;Bilm) have been
investigated. In this paper we describe the syntheses and characterizations of M(COD)(HBiIm), M(CO),(HBiIm), and
M;(COD);(BiIlm) (where M = Rh(]), Ir(I), COD = 1,5-cyclooctadiene, HBilm = 2,2’-biimidazole monoanion, and Bilm
= 2,2’-biimidazole dianion). The comiplexes of HBiIm are monomeric square-bonded species in which HBilm is bidentate.
These compounds show little tendency to add ligands and form saturated valency (18-electron) compounds, although HCIl
will add oxidatively. The addition of triphenylphosphine to Rh(CO);HBilm displaces CO to give Rh(CO)P(CsHs)3(HBilm).
The quadridentate planar bridging between two metals by Bilm was confirmed by a three-dimensional, single-crystal x-ray
diffraction study on Rh(COD);(Bilm), done by counter methods. The yellow complex of RhyC2H23Ny4 was found to
crystallize in the monoclinic space group P2;/c with a = 9.842 (2) A, b = 14.590 (3) A, ¢ = 13.929 (3) &, 8 = 90.45
(2)°, and Z = 4 molecules/cell. The structure was refined by full-matrix methods to final R = 0.032 and Ry = 0.038
for 2531 nonzero reflections. The Rh(Bilm)Rh moiety is planar with an average Rh—N distance of 2.134 (5) A. The
Rh-Rh nonbonded distance across the bridge is 5.455 (3) g The COD groups assume their normal tub conformation
and complex as diolefins, normal to the rhodium square coordination planes. The average bonded distance from the rhodium

_to the midpoint of the double bonds is 2.003 (6) A. This is the first time the very weak proton acid H,Bilm has been found

complexed as the dianion.

Introduction

The molecule 2,2’-biimidazole, 1, has unique properties as
a coordinating ligand. As a bidentate chelate it can complex
as the neutral molecule, H;BiIm, the monoanion HBiIm, 2,
or the dianion, Bilm, 3. In the case of the dianion, qua-
dridentate chelation between pairs of metal ions is feasible.
Not all of these possibilities have been experimentally realized,
and in general biimidazole has not been heavily investigated.

Reactions of HoBilm with Ag(I),! Hg(ID),! Pt(II),2 and
Pt(IV)!:2 were reported early but were often incompletely
characterized. More recently, complexes with Cu(II),3
Ni(11),3#4 Co(II),? Fe(II),® and Mo(I)? have been prepared

*To whom correspondence should be addressed at The University of
Michigan.
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and are generally well characterized. The crystal structure
of the nickel complex, Ni(H;BiIm)2(H20)2(NO3)3, 4, has
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been determined by x-ray diffraction.* The neutral ligand
H;BiIm bonds to the metal in a bidentate manner through the
two pyridine-like nitrogen atoms forming a strictly planar
coordination geometry. The addition of hydroxide ion to
aqueous solutions of the latter complexes results in the
precipitation of intractable complexes reportedly containing
the monoanion HBiIm, 2.3 Complexes of the dianion Bilm,
3, are hitherto unknown.

The purpose of this paper is to describe the mononuclear
reaction products of HBiIm and the hetero- and homodinuclear
reaction products of Bilm with rhodium(I) and iridium(I).
The molecules are of the types 5 and 6 containing the
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M = Rh(D), Ir(I)
L = (COD), ,,,CO
5

M = Ri(D), Ir(1)
L =(COD), ,
6

monoanion HBilm and the dianion Bilm, respectively. The
preparation and properties of 6, L = CO, are the subjects of
another paper.® A portion of these results has been com-
municated previously.” The detailed crystal and molecular
structures of Rha(COD);Bilm are described herein.

Experimental Section

Unless otherwise noted all syntheses and solution manipulations
of rhodium(I) and iridium(I) complexes were performed with
Schlenk-type apparatus under argon, The argon was purified by
passing it through successive columns of heated BASF catalyst R3-11,
Drierite, and P2Os. All reactions were nearly quantitative with absolute
yield being limited by recovery losses.

Reagents. Reagent grade solvents were deaerated and stored over
molecular sieves (Linde Type 4-A) or freshly distilled from calcium
hydride under purified argon. [M(COD)Cl]2,%° [M(COD)(OMe)]2,%
and H;Bilm310.11 were prepared by methods previously described.
The dimers [M(COD)CIl]; were also purchased from Strem Chemicals,
Inc. Deuterated NMR solvents were obtained from Stohler Isotope
Co.

Physical Measurements. Infrared spectra (4000-250 cm™!) of
samples suspended in KBr pellets or Nujol mulls placed between KBr
plates were recorded on a Perkin-Elmer Model 457 grating spec-
trophotometer. Routine solution spectra of the carbonyl stretching
region were recorded on a Perkin-Elmer Model 237 spectrophotometer.
Carbonyl stretching frequencies accurate to £0.5 cm™! between 2100
and 1800 cm™! were obtained on a Perkin-Elmer Model 180 infrared
spectrophotometer. Proton NMR spectra were recorded on a Bruker
HX-60 spectrometer. Due to low solubility of the complexes, 10-mm
diameter sample tubes were used with TMS as a reference and a lock
signal. Low-resolution and high-resolution mass spectral services were
performed by Shrader Analytical and Consulting Laboratories, Inc.,
Detroit, Mich. 48210. The solid sample was introduced directly into
the ionization chamber. Elemental analyses were performed by Spang
Microanalytical Laboratory, Ann Arbor, Mich. 48106.

Preparation of Rh(COD)(HBilm). A mixture of 305 mg (0.630
mmol) of [Rh(COD)(OMe)]; and 166 mg (1.238 mmol) of HpBilm
in 30 ml of methylene chloride was heated to boiling under reflux
for 4 h with the formation of a bright yellow solid and a yellow solution.
After reflux, the solution was concentrated to one-third volume under

Rasmussen et al.

reduced pressure and then cooled to 0 °C. The bright yellow
microcrystalline complex was collected by filtration. Anal. Calced
for C14H17NsRh: C, 48.85; H, 4.98; N, 16.27. Found: C, 48.92;
H, 4.60; N, 16.37.

Preparation of Rh(CO),(HBiIm). Carbon monoxide was passed
through a solution of Rh(COD)(HBiIm), 150 mg (0.435 mmol), in
40 ml of methylene chloride for 3 min. The solution darkened slightly
and the formation of bright orange needles followed. The complex
was collected by filtration and dried in vacuo. Anal. Caled for
CsHsN4O2Rh: C, 32.90; H, 1.73; N, 19.18. Found: C, 33.27: H,
1.87; N, 19.42.

Preparation of Rh(CO)[(C¢H;s);P](HBiIm). To a suspension of
50 mg (0.171 mmol) of Rh(CO)2(HBilm) in 30 m! of methylene
chloride was added 44.9 mg (0.171 mmol) of triphenylphosphine.
Carbon monoxide evolved immediately and a light yellow solution
formed. The solution was filtered and concentrated with a stream
of argon. The light yellow needles which formed were identified as
Rh(CO)(PPh3)(HBilm). Anal. Caled for CosHoN4OPRh: C, 57.05;
H, 3.83; N, 10.65; P, 5.89. Found: C, 57.02; H, 3.83; N, 10.58; P,
5.45.

Preparation of Rh2(COD)2(Bilm). Method A, To 20 ml of
methylene chloride were added 605 mg (1.250 mmol) [Rh-
(COD)(OMe)]; and 166 mg (1.240 mmol) of HyBilm with stirring,
After 3 h of reflux, 10 ml of solvent was removed under reduced
pressure and the mixture cooled to 0 °C. The bright yellow mi-
crocrystalline solid' was collected by filtration. Anal. Caled for
C2H2sN4Rhy: C, 47.77; H, 5.09; N, 10.11. Found: C, 47.35; H,
4.71; N, 9.90. '

Method B. Rh(COD)(HBilm), 38 mg (0.110 mmol), was added
to a 10-ml methylene chloride solution of 26.7 mg (0.55 mmol) of
[Rh(COD)(OMe)]; with stirring. The mixture was refluxed for 30
min and the solvent removed by distillation to near dryness. The bright
yellow solid was collected by filtration and identified as Rhs-
(COD),(Bilm) by comparison of the ir spectrum with that of an
authentic sample.

The corresponding iridium complexes were prepared in an analogous
manner. Ir(COD)(HBilm) was isolated as an orange microcrystalline
material. Anal. Caled for Ci4H7N4lr: C, 38.79; H, 3.95; N, 12,93,
Found: C, 38.88; H, 3.71; N, 12.92. Ir(CO),(HBiIm) formed as
a black, highly insoluble powder. Anal. Caled for CgHsNsOalr: C,
25.19; H, 1.32; N, 14.69. Found: C, 24.91; H, 1.54; N, 13.62.
Ir,(COD)2(Bilm) was obtained as a red microcrystalline material,
Anal. Calcd for CypHagNalrs: C, 36.05; H, 3.85; N, 7.65. Found:
C, 36.04; H, 3.85; N, 7.62.

Crystal Structure Determination of Rhy(COD)»(Bilm)

Data Collection and Reduction. Single crystals of Rhy-
(COD)2(BiIm) [RhyC22H28N4] were obtained by slow evaporation
of a toluene solution of the complex using argon as a flow gas. The
experimental density was determined by flotation in a solution of
carbon tetrachloride and methylene bromide. A summary of data
collection ard crystal parameters is given in Table I.

A well-formed parallelepiped elongated along the ¢ axis was chosen
and mounted in air on a Syntex PI four-circle diffractometer with
the ¢ axis slightly misaligned from the spindle axis. The space group
was determined: from axial photographs and systematic absences.
Lattice parameters were determined from a least-squares refinement
of 15 reflection settings obtained from a diffractometer centering
routine.

Intensity data were collected using Mo Ke radiation mono-
chromatized from a graphite crystal whose diffraction vector was
perpendicular to the diffraction vector of the sample. The §-26 scan
technique was used with variable-scan rate determined as a function
of peak intensity in order to obtain comparable counting statistics.
Backgrounds were measured at each end of the scan for a total time
equal to a fixed fraction of the scan time. As a check on the stability
of the instrument and the crystal, three standard reflections were
measured every 50 reflections. '

The data were reduced by procedures similar to those previously
described.!? Estimated standard deviations, #(J), were calculated with
the equation ¢(I) = [ocountec?? + (0.041)2}}/2 where oeounter = (I +
K2B)1/2, [ is the net intensity, B is the total background counting
time, and X is the ratio of scan time to background time. The data
were not corrected for absorption due to the small difference between
maximum and minimum transmission factors as calculated from I/Iy
= ¢ ¥ where 7 is the maximum or minimum cross section of the crystal.
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Table . Summary of Crystal Data and Intensity Collection for

Rh,(COD), (Bilm)

Space group P2, /c

a, A 9.842 (2)

b, A 14.590 (3)

¢ A 13.929 (3)
o=+, deg 90

8, deg 90.45 (2)

V, A3 2004.8

Mol wt 554.286

Z 4

dgpsds &/cm? 1.818 (5)
dcalcd: g/cm3 1.836

Cryst dimensions, mm 0.175 X 0.120 x 0.080
Cryst vol, mm? 0.01 76

Cryst shape Parallelepiped

Radiation, A A(Mo Ke) 0.710 69, mono-
chromatized from graphite
crystal

Takeoff angle, deg 4.0

Linear absorption coeff, u 16.00

cm™ (Mo Ka)
Transmission factors 0.82-0.88

Scan speed, deg/min

Scan range, 26, deg
Ratio of background scan time
to peak scan time

Variable, 1.5-15.0, determined as
function of peak intensity

Mo Ke, —~ 1.0 to Mo Ke, + 1.1

0.8

Std reflections (200), (020), (002)
Dev of standards during data 2-3%
collection
26 limit, deg 50
Reflections collected 3942
Reflections with F2 > 30(F?) 2531
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Table II. Final Position Parameters for Rh,(COD),(Bilm)¢

Atom X . y z

Reflections for which F2 = 3¢(F2) formed the data set used in
subsequent calculations.

Solution and Refinement of the Structure, The structure was solved
by conventional Patterson and Fourier syntheses.!2 The function
S w(lFol - |F])? was minimized, where |Fo| and |F¢| are the observed
and calculated structure factor amplitudes, respectively. Least-squares
refinements incorporated agreement indices R = 3 [|Fo| — |F|l/ 2| Fol
and Ry, (the weighted R factor) = [Cw(|Fo| — [Fel)?2/ - wFs*]1/2. The
atomic scattering factors for nonhydrogen atoms were taken from
Cromer and Waber.!3 Those for hydrogen and anomalous dispersion
correction terms Af”and Af” due to rhodium were obtained from ref
14. The average deviation in an observation of unit weight is [ > w(]F|
— |Fe)?/(m ~ n)]1/? where m is the number of reflections and n is
the number of refined parameters.

From the initial three-dimensional Patterson map, the atomic
coordinates of the two rhodium atoms per asymmetric unit were
calculated. The difficulties in locating general position peaks associated
with single Rh—Rh vectors precluded unambiguous assignment of
coordinates related to a common origin. Thus, one rhodium atom
of the asymmetric unit with coordinates determined from the Patterson
map was used to assign phases to the structure factors (R = (.56,
Ry, = 0.63). A difference Fourier map was generated and the second
rhodium atom of the asymmetric unit was located. These heavy-atom
positions and assigned isotropic temperature factors were refined with
one least-squares cycle and used to phase the structure factors.
Agreement factors R = 0.22 and Ry, = 0.30 indicated the probable
correctness of the model. A difference Fourier revealed all of the
nonhydrogen atoms of the asymmetric unit.

Two cycles of refinement on all nonhydrogen atoms using individual
atom isotropic thermal parameters gave R = 0.058 and Ry, = 0.071.
Further refinement with anisotropic thermal parameters reduced the
residuals to R = 0.041 and Ry = 0.052. A new difference Fourier
map revealed the positions of all 28 hydrogen atoms associated with
the COD and Bilm rings. No attempt was made to refine the hydrogen
atom coordinates or temperature factors. Instead, fixed hydrogen
atom contributions at appropriate positions were added to the re-
finement. Three cycles of refinement on all nonhydrogen atoms, using
anisotropic parameters, including fixed hydrogen atom contributions,
led to final convergence with R = 0.032 and Ry = 0.039.

On the final refinement cycle no individual parameter shift was
greater than 0.23 of the parameter’s estimated standard deviation.
The average deviation in an observation of unit weight was 1.57 before

Rh(1)  0.166 25 (5) 0.057 85 (3) 0.355 38 (3)
Rh(2) 0.166 03 (5) 0.64399 (3) 0.45770 (4)
N(1) 0.169 9 (5) 0.046 1 (4) 0.508.3(3)
N(2) 0.0351 (5) —0.005 5 (4) 0.627 5 (3)
N(3) 0.167 5 (5) 0.497 6 (3) 0.448 4 (4)
N@4) 0.024 5 (5) 0.379 9 (3) 0.4771 (4)
C) 0.051 0 (6) 0.009 8 (4) 05340(4)
CQ2) 02377 (M 0.054 5 (5) 0.595 9 (5)
C(3) 0.156 5 (7) 0.0237 (5) 0.667 1 (4)
C4) 0.048 4 (6) 0.469 0 (4) 0.4809 (4)
C(5) 0.228 5 (7) 0.416 8 (4) 0.419 2 (5)
C(6) 0.1420 (7) 0.346 0 (4) 0.4369 (5)
(6(@))] 0.380 3 (6) 0.052 0 (5) 0.345 0 (5)
C(8) 0.421 6 (7) 0.000 0 (5) 0.257 3 (5)
CO) 0.321 0 (8) 0.008 8 (5) 0.174 4 (5)
C(10) 0.177 0 (7) 0.027 0 (5) 0.206 5 (4)
C(11) 0.124 0 (7) 0.115 5 (5) 0.2186 (4)
C12) 0.200 8 (8) 0.202 9 (5) 0.206 6 (5)
C(13) 0.3387 (8) 0.203 5 (5) 0.256 5 (5)
C(14) 0.339 8 (6) 0.144 2 (5) 0.346 6 (5)
C(13%) 0.3113 (7 0.6619 (4) 0.349 9 (5)
C(16) 0.296 4 (9) 0.752 8 (6) 0.297 8 (6)
camn 0.168 2 (8) 0.804 4 (5) 0.325 4 (6)
C(18) 0.114 1 (7) 0.7800 4) 0.422 9 (5)
C(19) 0.191 6 (8) 0.7805 (4) 0.507 0 (5)
C(20) 0.3384 (9) 0.807 3 (5) 0.5115 (6)
C(21) 0.4361(9) 0.727 8 (6) 0.496 4 (7)
C(22) 0.376 7 (7) 0.652 0 (5) 0.437 3 (5)

@ Standard deviation for the last significant digit is given in
parentheses.

inclusion of fixed hydrogen atom contributions and 2.07 after the final
cycle. The number of reflections () was 2531 and the number of
refined parameters (n) was 253 yielding an m:n ratio of 10:1. The
final difference Fourier synthesis showed no peak of height greater
than 0.53 e/A3 throughout the map.

Final nonhydrogen positional parameters with their estimated
standard deviations are collected in Table II. Anisotropic thermal
parameters with their estimated standard deviations are listed in Table
III. Calculated hydrogen atom positions and assigned isotropic
temperature factors are given in Table IV. A listing of observed and
calculated structure factor amplitudes is available. (See paragraph
at end of paper regarding supplementary material.)

Results

2,2’-Biimidazole. Previous reports of physical and spec-
troscopic data for HoBilm are scanty. QOur results, gathered
to aid in the characterization of the complexes, are presented
first.

The mass spectrum showed the parent molecular ion at m/e
134.0591 (calcd m/e 134.0592). The complete spectrum is
easily interpreted by comparison with that of imidazole. The
fragmentation pattern of imidazole consists of loss of H- and
HCN to form the aziridine cation, C;H,N*.15  Likewise,
H,Bilm successively eliminated H: and/or HCN as evidenced
by multiplets around m2/e 107, 80, and 53. Homolytic cleavage
of the bis-ring structure occurs to give fragments characteristic
of imidazole.

The infrared absorption spectrum is dominated by a broad
intense absorption from 3200 to 2500 cm™!, assigned to
hydrogen-bonded N-H stretching. The remainder of the
spectrum may be assigned empirically by comparison with that
of imidazole.!6:!7- Attempts to deuterate the N-H site of
H,Bilm in order to assign N—H vibrational bands in the
remainder of the infrared spectrum resulted in nonselective
and incomplete deuteration. Similar observations have been
reported for imidazole.!®

The 'H NMR spectrum of H3Bilm in hexamethyl-
phosphoramide at room temperature consists of singlet
resonances at 6 13.13 and 6.92 with an integrated peak ratio
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Table ITI. Final Anisotropic Thermal Parameters for ha(COD)z(BiIm)“'b

Atom 811 B2z B33 Bia Bis Bas
Rh(1) 60.4 (5) 359 (3) 28.6 (3) 4.7 (3) 1.2(3) 0.2(2)
Rh(2) 68.5 (6) 24.8 (2) 40.1 (3) 2503 7.4 (3) 0.2 (2)
N(1) 62 (6) 47 (3) 30 (3) 7 (4) 1(3) -2
N(2) 78 (6) 39 (3) 30 (3) 1(4) -1(3) -1(2)
N(3) 71 (6) 29 (3) 43 (3) 13 114 3(2)
N4) 85 (7) 29 (3) 40 (3) 1(3) 8 (4) -0(2)
C(1) 63 (7) 35 (3) 31(3) -24) —-1(4) 0(3)
C(2) 80 (8) 50 (4) 44 (4) -2(5) ~10 (5) -6 (3)
C@3) 80 (8) 53(4) 34 (4) 0(5) -14 (4) -3(3)
C4) 71(7) 26 (3) 37 (4) 4(4) 7.(4) 8 (3)
C(5) 73 (8) 38 (4) 41 (4) 7 (4) 18 (4) 1(3)
C(6) 107 (9) 28 (3) 45 (4) 11 (5) 14 () 3(3)
C(7) 55(7) 44 (4) 47 (4 -94) 54 4(3)
C(8) 92 (9) 36 (4) 64 (5) -6 (5) 21 (5) 1(3)
C(9) 139 (11) 53(4) 39 (4) -2 (6) 19 (6) -503)
C(10) 108 (9 44 (4) 29 (3) -12 (5) 1(5) 0(3)
C(l1) 98 (9) 42 (4) 31 (4) -7 (5) -2(%) 5(3)
C(12) 115 (10) 39 4) 54 4) -16 (5) =5 (5) 12 (3)
C(13) 99 9) 38 (4) 62 (5) -9(5) 15 (5) 8 (3)
C(14) 65 (7) 38 (3) 50 (4) -5 (%) 5(4) -3(3)
C(15) 89 (8) 33 (4) 52 (4) -74) 24 (5) 2.(3)
C(le) 171 (13) 51(5) 71 (6) 3(7) 43 (7) 6 (4)
C(17) 115 (10) 38 (4) 65 (5) 2(5) 4 (6) 154)
C(18) 82 (8) 23 (3) 67 (5) -10 (4) 7(5) 8 (3)
c19) 117 (10) 23(3) 64 (5) -15(5) 16 (6) -4 (3)
C(20) 132 (11) 47 (4) 69 (5) —31(6) 0 (6) -12 (4)
C(21) 103 (10) 70 (6) 107 (7) =21 (") -1 —-28 (5)
C(22) 73 (8) 49 4) 59 (5) -7(5) 8 (5) 14

@ All values are multiplied by 10%. Standard deviation for the last significant digit(s) is given in parentheses. b The form of the
anisotropic thermal parameter is exp[—(h?8,; + k*8,, + [*Bs; + 2hKB,, + 2hIB,5 + 2KkiB,5)].

Table IV. Calculated Hydrogen Atom Positions and Assigned
Isotropic Thermal Parameters for Rh,(COD), (Bilm)

Atom X ¥y z B, A?
H(2)¢ 0.3280 0.7810 0.6056 4.6
H(3) 0.1797 0.0214 0.7350 44
H(5) 0.3176 0.4122 0.3912 4.0
H(6) 0.1598 0.2819 0.4243 4.3
H(7) 0.3817 0.0182 0.4042 4.2
H(8)-1 0.4520 -0.0624 0.2669 4.7
H(8)-2 0.4981 0.0337 0.2323 4.7
H(9)-1 0.3313 —-0.0430 0.1320 5.2
H(9)-2 0.3511 0.0621 0.1410 5.2
H(10) 0.1201 —0.0252 0.2210 4.4
H(11) 0.0285 0.1202 0.2358 4.3
H(12)-1 0.1380 0.2504 0.2245 5.2
H(12)-2 0.2109 0.2053 0.1387 5.2
H(13)-1 0.3628 0.2626 0.2829 49
H(13)-2 0.4158 0.1808 0.2213 4.9
H(14) 0.3106 0.1707 0.4065 4.3
H(15) 0.2700 0.6088 0.3194 4.5
H(16)-1 0.3206 0.7507 0.2310 6.3
H(16)-2 0.3644 0.7887 0.3303 6.3
H(17)-1 0.1027 0.7753 0.2814 5.2
H(17)-2 0.1676 0.8681 0.3117 5.2
H(18) 0.0199 0.7621 0.4266 4.4
H(19) 0.1490 0.7627 0.5679 4.8
H(20)-1 0.3594 0.8257 0.5752 5.8
H(20)-2 0.3648 0.8548 0.4682 4.8
H(21)-1 0.4696 0.7006 0.5561 6.9
H(21)-2 0.5154 0.7463 0.4610 6.9
H(22) 0.3835 0.5904 0.4627 49

% Number refers to carbon atom to which the hydrogen is
bonded. B(H) =B(carbon adjacent) + 1.

of 1:2. These are assigned to the imino and ring hydrogens,
respectively. Rapid exchange of the imino hydrogen among
the nitrogen sites renders the ring hydrogens equivalent.
Similar equivalence of C(4) and C(5) hydrogens has been
reported in imidazole.!® The corresponding imino and ring
hydrogen resonances for imidazole are observed at § 10-13.5
and 7.10, the position of the former being a function of
concentration, solvent, and temperature.!?

Complexes of HBilm. Complexes of the type M-
(COD)(HBilm) are obtained quantitatively by treating
[M(COD)(OMe)]2 with 2 mol of HyBilm. These reactions
go forward in the presence of a strong base, such as methoxide,
which takes up the pyrrole hydrogen of H>Bilm for which the
aqueous pK, is greater than 11.5.2 The attempts to prepare
these complexes from the reaction of HyBilm with chloro-
bridged metal reagents using Na>COj3 or triethylamine failed.

The M(COD)(HBiIlm) complexes are air stable and are
slightly soluble in common organic solvents, The rhodium
complex forms as bright yellow microcrystals and the iridium
complex as light orange microcrystals.

The complexes M(CO)»(HBiIm) are readily obtained when
carbon monoxide is passed through a benzene solution of
M(COD)(HBiIm) thus displacing the diene. Lustrous orange
needles of air-stable Rh(CO)2(HBilm) are obtained by this
method. The substance is very slightly soluble in dry, de-
oxygenated THF. The corresponding iridium derivative is a
highly insoluble black powder.

The low-resolution mass spectrum of Rh(COD)(HBiIm)
is consistent with the indicated stoichiometry, A parent
molecular ion corresponding to Rh(COD)(HBilm) was
observed at m/e 344. The dominant fragmentation pathway
is cleavage of coordinated ligands; the most intense peaks are
those due to biimidazole (m/e 133 and 134), cyclooctadiene
(m/e 108), and rhodium (m/e 103) or their fragments.
Rh(HBiIm) and Rh(COD) are also observed at #2/e 341 and
236, respectively. Few ion multiplets arising from simple
eliminations from the parent molecular ion are observed. The
spectra of HyBilm and COD are superimposed in the lower
mass ranges.

The infrared spectra in the biimidazole regions of ML;-
(HBilm) where L = (COD)1,; or CO are nearly identical with
those of the first-row transition metal complexes reported to
contain HBiIm.3 Only small changes in peak position and
intensity due to change of metal and perhaps coordination
geometry are noted. The broad structure from 3200 to 2500
cm™! indicates, by comparison with H2Bilm, the presence of
N-H remaining in the monoanion. Bands associated with
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. Figure 1. Molecular structure of Rh,(COD),(Bilm).

COD in M(COD)(HBiIm) are assigned by comparison with
the infrared spectrum of [Rh(COD)CI],.2 No absorptions
characteristic of a free C=C bond are observed indicating that
COD is coordinated as a diolefin.

Infrared carbonyl stretching absorptions of M(CO),-
(HBiIm) are consistent with a cis-dicarbonyl structure. Two
infrared carbonyl stretching bands are predicted by group
theory for square-planar cis-dicarbonyl complexes. Carbonyl
absorptions were observed at 2079 (s) and 2011 (s) cm™! for
M = Rh (THF solution) and at 2068 (s) and 2000 (s) cm™!
for M = Ir (KBr pellet). The frequencies of these bands are
in the range expected for rhodium(I) and iridium(I) cis-
dicarbonyl complexes.2® The carbonyl stretching band for
Rh(CO)(PPh3)(HBiIm) at 1985 c¢cm™! is consistent with
substitution of one carbonyl ligand by triphenylphosphine to
form a monocarbonyl complex.

The 'H NMR spectra of M(COD)(HBiIm) were obtained
in CDCl; solution. Spectra for M(CO)2(HBiIm) were not
obtained due to their low solubility. In the biimidazole ring
hydrogen region of the spectrum, two singlet resonances of
equal integrated area were observed (6 7.10, 6.60 ppm for M
= Rh; § 7.00, 6.55 ppm for M = Ir) and assigned to chemically
inequivalent HBilm ring hydrogens. Two broad multiplet
resonances (6 4.5, 2.3 ppm) in an integrated peak ratio of 1:2
are assigned to the unsaturated and saturated hydrogens of
COD, respectively. Total integration of peak ratios revealed
a 3:1 COD to ring HBiIm proton ratio consistent with the
M(COD)(HBilm) stoichiometry. The observed COD res-
onances are in the range expected for COD bound to rho-
dium(I) and iridium(I).2122° No imino hydrogen resonance
was observed, due to rapid exchange among the nitrogen sites.

Hydrogen chloride cleaves the coordinated HBilm forming
biimidazole as the hydrochloride salt and [Rh(COD)Cl]; in
preference to oxidative addition.

Complexes of Bilm. Complexes of the type M(COD),-
(BiIm) are prepared quantitatively by treating [M{(COD)-
(OMe)], with 1 mol of HBilm. As in the synthesis of
M(COD)(HBiIm), these reactions proceed in the presence of
strong base, such as methoxide. The complexes Mj-
(COD)2(Bilm) may also be prepared by the reaction of
M(COD)(HBiIm) with 0.5 mol of [M(COD)(OMe)],. Thus,
the mononuclear complex M(COD)(HBilm) may be regarded

Figure 2. Unit cell of Rh,(COD),(Bilm) viewed along the # axis.
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as an intermediate in the stepwise formation of complexes
containing the dianion. -

The M2(COD)2(Bilm) complexes are air stable and are
slightly soluble in common solvents. The rhodium complex
forms as bright yellow microcrystals and the iridium complex
as red microcrystals.

For Rhy(COD),(Bilm) a parent molecular ion was observed
at m/e 554, consistent with the indicated stoichiometry. The
dominant fragmentation pathway is cleavage of coordinated
ligands, as was observed with Rh(COD)(HBiIm). The most
intense peaks are those resulting from cleavage of one or more
coordinated ligands: Rh(COD)(Bilm), m/e 446; Rh-
(COD)(HBilm), m/e 343; Rh(Bilm), m/e 235; Rh(COD),
m/e 211; Bilm, m/e 132; COD, m/e 108; Rh, m/e 103. Each
species appears as a multiplet about the indicated mass due
to abstraction and loss of hydrogen. Many ion multiplets
arising from simple eliminations from the parent molecular
ion or major coordinated fragments, as listed above, are
observed, in contrast with what is ebserved for Rh(COD)-
(HBilm).

The 'H NMR spectrum of Rhy(COD),(Bilm) contains a
single resonance, §(CDCl3) 6.38 ppm and 86(CCls) 6.24 ppm,
assigned to biimidazole ring hydrogens, and two broad
multiplet resonances (6 4.5 and 2.3 ppm) in an integrated peak
ratio of 1:2, assigned to the unsaturated and saturated hy-
drogens of COD, respectively.

Hydrogen chloride readily cleaves Rhy(COD)2(Bilm) in
solution, forming protonated H;Bilm and [Rh(COD)CIl],.

Description of the Structure of Rh2(COD)2(BiIm). The
molecular geometry of the dinuclear complex Rho-
(COD)2(Bilm) is shown in Figure 1. The asymmetric unit,
Rhz(COD)2(Bilm), consists of halves of two similar, but
crystallographically independent molecules. Thus, half of the
asymmietric unit, which is identified by unprimed atom labels
in Figure 1, generates the dinuclear complex through a
crystallographic inversion center located at the midpoint of
the C(1)-C(1y bond. The primed atom label refers to
positions related by the crystallographic inversion center. The
second independent dinuclear complex is similarly generated.
In the ensuing discussion of this structure, the second dinuclear
complex will not be identified explicitly by atom labels.
Rather, in the discussion of the complex indicated in Figure
1, corresponding values for the second independent molecule
will be enclosed in parentheses. The packing of the dinuclear
complexes within the unit cell is shown in Figure 2.

The biimidazole dianion coordinates as a planar ligand in
a symmetrical tetradentate manner with two rhodium(I)
atoms. The geometry about each rhodium atom is ap-
proximately square planar with the coordination polyhedron
defined by two nitrogen atoms from the biimidazole ligand
and the midpoints of two olefin bonds from the 1,5-cyclo-
octadiene ring. The axis of the olefin bond is oriented normal
to the coordination plane. Intramolecular bond distances and

o=

ooy
i
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Table V. Intramolecular Bond Lengths for Rh, (COD)Z(BiIm)”’b

Bond Length, A Bond® Length, A
Bilm 1 Bilm 2
Rh(1)-N(1) 2.137 (5) Rh(2)-N(3) 2.141 (5)
Rh(1)-N(2)’ 2.138 (5) Rh(2)-N(4)’ 2.120 (35)
C(1)-N(1) 1.336 (7) C(4)-N(3) 1.327 (8)
N(1)-C(2) 1.392 (8) N(3)-C(5) 1.385 (7)
C(2)-C(3) 1.355(9) C(5)-C(6) 1.362 (9)
C(3)-N(2) 1.380 (8) C(6)-N(4) 1.380 (8)
N(2)-C(1) 1.332(7) N(4)-C(4) 1.322 (7)
C(1)-C() 1.405 (12) C(4)-C(4)’ 1.421(12)
N(1)-N(2)'’ 2.818 (7) N(3)-N4)' 2.807 (7)
Rh(1)-Rh(1)" 5.458 (3) Rh(2)-Rh(2)’ 5.452(3)
COD 1 COD 2

Rh(1)-C(7) 2.114 (6) Rh(2)-C(15) 2.098 (6)
Rh(1)-C(14) 2.127 (6) Rh(2)-C(22) 2.098 (7)
Rh(1)-C(10) 2.126 (6) Rh(2)-C(18) 2.105 (6)
Rh(1)-C(11) 2.121 (6) Rh(2)-C(19) 2.121 (6)
Rh(1)-M(1) 2.000 (6) Rh(2)-M(3) 1.975 (6)
Rh(1)-M(Q2) 2.005 (6) Rh(2)-M(4) 1.995 (6)
C(7)-C(8) 1.497 (9) C(15)-C(16) 1.518 (10)
C(8)~C(9) 1.521 (10)  C(16)-C(17) 1.521 (11)
C(9)-C(10) 1.513 (10) C(17)-C(18) 1.506 (10)
C(10)-C(11) 1.403 (9) C(18)-C(19) 1.393 (10)
C(11)-C(12) 1.493(9) C(19)-C(20) 1.497 (11)
C(12)-C(13) 1.520 (10) CQ0)-C(21) 1.523 (12)
C(13)~C(14) 1.524 (9) C(21)-C(22) 1.495 (10)
C(14)-C(7) 1.404 (9) C(22)-C(15) 1.381 (9)

¢ Standard deviation for the last significant digit(s) is given in
parentheses. b M(1) = midpoint of C(7)-C(14), M(2) = midpoint
of C(10)-C(11), M(3) = midpoint of C(15)-C(22), M(4) =
midpoint of C(18)-C(19). € The atoms designated in this column
comprise the second half of the asymmetric unit (see text) and are
not labeled in Figure 2 for the sake of clarity. Entries registered
on the same line in both columns refer to equivalent positions
between halves of the asymmetric unit.

Table VI. Intramolecular Angles for Rh,(COD),(Bilm)%?

Atoms®

Atoms Angle, deg Angle, deg

About Rh(1) About Rh(2)

N(1)-Rh(1)-N(2)’ 82.5 (2) N(3)-Rh(2)-N(4)’ 82.4 (2)
M(1)-Rh(1)-N(2)'  94.4 (4) M(3)-Rh(2)-N(4)' 93.4(4)
M(2)-Rh(1)-N(1) 94.4 (4) M(4)-Rh(2)-N(3) 94.0 (4)
M(1)-Rh(1)~-M(2) 82.5 (5) M(3)-Rh(2)-M(4) 83.1(5)
Bilm 1 Bilm 2
C(1)-N(1)-C(2) 102.4 (5) C(4)-N(3)-C(5) 102.6 (5)
N(1)-C(2)-C(3) 109.3 (6) N(3)-C(5)-C(6) 108.6 (5)
C(2)-C(3)-N(2) 108.9 (5) C(5)-C(6)-N(4) 109.2 (§)
C(3)-N(2)-C(1) 103.3 (5) C(6)-N(#4)-C(4) 102.7 (5)
N(2)-C(1)-N(1) 116.0 (5) N(4)-C(4)-N(3) 116.9 (5)
N(D-C(1)-C(1Y 121.5 (7) N(3)-C(4)-C(4)’' 121.6 (7)
N(2)-C(1)-C(1)’ 122.5 (7) N(#)-C(4)-C4)' 121.5(7)

COD 1 COD 2

C(14)-C(1)-C(8) 125.3 (6) C(22)-C(15)-C(16) 123.7(7)
C(71)-C(8)-C(9) 113.4 (6) C(15)-C(16)-C(17) 112.9 (6)
C(8)-C(9)-C(10) 113.3 (6) C(16)-C(17)-C(18) 114.3 (6)
C(9)-C(10)-C(11) 123.2 (6) C(17)-C(18)-C(19) 124.2 (6)

C(10)-C(11)-C(12) 125.7 (6) C(18)-C(19)-C(20) 123.9 (7)
C(11)-C(12)-C(13) 113.8 (6) C(19)-C(20)-C(21) 113.9 (6)
C(12)-C(13)-C(14) 112.0 (6) C(20)-C(21)-C(22) 113.2(7)
C(13)-C(149)-C(7) 122.0 (6) C(21)-C(22)-C(15) 125.9(7)

% Standard deviation for the last significant digit is given in pa-
rentheses. ? M(1) = midpoint of C(7)-C(14), M(2) = midpoint of
C(10)-C(11), M(3) = midpoint of C(15)-C(22), M(4) = midpoint
of C(18)~-C(19). ¢ The atoms designated in this column comprise
the second half of the asymmetric unit (see text) and are not
labeled in Figure 2 for the sake of clarity. Entries registered on
the same line in both columns refer to equivalent positions
between halves of the asymmetric unit.

bond angles are presented in Tables V and VI, respectively.
Equations of least-squares planes and the dihedral angles
between the normals to these planes are listed in Table VII

Rasmussen et al.

Table VII, Least-Squares Planes? in Rh,(COD),(Bilm),
Distances of Selected Atoms from the Planes, and Dihedral
Angles between Them

Plane  Atom Dist, A Plane Atom¢® Dist, A
14 N(1) 0.000 24 N(3) 0.001
N(2) —0.001 N4) 0.000
c() -0.004 C4) -0.004
C(2) 0.000 C(5) 0.000
C(3) 0.002 C(6) 0.001
3 C() 0.050 4 Cc(15) -0.050
C(10) -0.050 C(18) 0.049
C(11) 0.050 C(19) -0.049
C(14) —0.050 C(22) 0.050
5 Rh(1) 0.011 6 Rh(2) 0.022
N(1) 0.049 N(3) -0.014
N(Q2) -0.054 N(4) 0.004
M(1) -0.054 M(3) 0.003
M(2) 0.049 M(4) -0.015
Dihedral angle, Dihedral angle,
Planes deg Planes deg
1-5 3.8 2-6 5.4
3-5 89.2 4-6 88.3

@ Equations defining planes: (1) 0.378X —0.919Y - 0.111Z =
—-0.797;(2) —0.395X + 0.111Y - 0.912Z =-5.52;(3) 0.618X +
0.270Y -0.739Z2=-1.01;(4) 0.575X + 0.765Y — 0.291Z =7.66;
(5) 0.318X - 0.943Y — 0.096Z =—-0.752; (6) —0.447X + 0.035Y
—0.894Z =-6.06. Y Angle between normals to planes. € The
atoms designated in this column comprise the second half of the
asymmetric unit (see text). Entries registered on the same line in
both columns refer to equivalent positions between halves of the
asymmetric unit. ¢ The plane actually consists of the entire Bilm
ring. The symmetry-related positions differ only in the sign of the
perpendicular distance.

The biimidazole dianion is a strictly planar, tetradentate
ligand. A least-squares plane consisting of all atoms of the
Bilm ligand was calculated; no atom deviated more than 0.004
A (0.004 A) from that plane. The dihedral angle between the
two imidazolato rings comprising the Bilm ligand is ap-
proximately 0°. Dihedral angles of 1.2° between imidazole
rings in H,Bilm and 4.0° between imidazolato rings of Bilm
have been reported in x-ray crystal structures of [Ni-
(H,Bilm)2(H20):](NO3)2* and Rhs(CO)s(Bilm)y,° re-
spectively.

The bond lengths and interior angles for each imidazolato
ring are in the range reported for corresponding parameters
in complexes which contain bidentate imidazolato ligands,
(C3H3N3)~,2324 and in the complex Rhg(CO)s(Bilm)2,® which
contains the coordinated dianion Bilm. Corresponding bond
lengths and bond angles between the halves of the asymmetric
unit differ by no more than ~ 1¢, thus reflecting the similarity
of the two independent dinuclear complexes.

The length of the C(1)-C(1) bond joining the two imi-
dazolato rings, 1.405 (12) A (1.421 (12) A), is slightly shorter
than the values 1.441 and 1.449 A reported for [Ni-
(H2BiIm)»(H207)2](NO3)2* and Rhs(CO)s(Bilm)2,° re-
spectively, The bidentate distance between N(1) and N(2)’
is 2.818 (7) A (2.807 (7) A). This inter-ring nitrogen
separation is slightly larger than corresponding values 2.625
and 2.744 A for Rh4(CO)s(Bilm);® and [Ni(H»Bilm),-
(H20):](NO3)2,* respectively. The latter values, however,
reflect significant rotation of the imidazole rings toward the
coordinating metal. The intramolecular Rh(1)-Rh(1)’
distance through the bridging Bilm ligand is 5.458 (3) A
(5.452 (3) A).

The coordination geometry about each rhodium atom is
planar. A least-squares plane, consisting of Rh(1), N(1),
N(2), M(1), and M(2), where M(1) is the midpoint of
C(7)-C(14) and M(2) is the midpoint of C(10)-C(11), was
calculated and showed deviations of 0.011-0.055 A
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(0.004-0.0022 A) from that plane.

The N(1)-Rh(1)-N(2) angle of 82.5 (2)° (82.4 (2)°)
departs markedly from square-planar geometry. Corre-
sponding N-M-N angles near 80° have been reported in
phenanthroline complexes, in which the pyridyl rmgs cannot
rotate significantly toward the coordinating metal.?’

The M(1)-Rh(1)-M(2) angle of 82.5 (4)° (83. 1 (4)°),
containing the olefin bonds of cyclooctadiene, also deviates
from square geometry. This value is slightly smaller than those
found in iridium complexes with COD, 83,2-86.4°.27
However, an angle of 90° has been reported in the rhodium
complex, [Rh(COD)Cl],.28.

Other angles of the square plane, N(1)-Rh(1)-M(2) = 94.4
(4)° (94.0 (4)°) and N(2)'~Rh(1)-M(1) = 94.4 (4)° (93.4
(4)°), merely reflect the distortion induced by metal-bi-
imidazole and metal-olefin bonding geometries.

The average Rh-N bond length, 2.134 (12) A, is signif-
icantly larger than the value 2,073 A found in Rh4(CO)g-
(Bilm),.6 This is clearly related to the longer inter-ring
N(1)-N(1)’ distance in Rhy(COD)y(Bilm): 2.812 A,
compared with 2.625 A, for the carbonyl complex.

The range of distances between rhodium and the dou-
ble-bond centers of COD is 1.975 (6)-2.005 (6) A, similar to
values 2.00-2.14 A found in heavy-metal complexes with
COD.277"2% A value of 2.00 (4) A is observed in [Rh(C-
OD)Cl1],.28 ‘

The calculated least-squares plane for the Rh(1) coor-
dination plane forms a dihedral angle of 3.8° (5.4°) with the
Bilm ligand. Rh(1) lies 0.112 A below the plane of the BiIm
ligand. Similar results have been reported for complexes
containing imidazolato ligands.23:24

The 1,5-cyclooctadiene ligand takes its customary “tub”
conformation The coordinated double bonds, C(7)-C(14) and
C(10)-C(11), have lengths of 1.404 (9) (1.381 (9)) and 1.403
(9) A (1.393 (10) A), respectively, compared to an urco-
ordinated olefinic distance of 1.34 A.27 The average co-
ordinated olefin bond of COD in [Rh(COD)Cl]; is 1.44 (7)
A.28 Carbon-carbon single-bond distances range from 1.493
(9) to 1.524 (9) A, results typical for 1,5-cyclooctadiene
bonded to a heavy metal.?’

The olefin bonds of COD are oriented approximately normal
to the coordination plane with each bond twisted slightly about
an axis joining the midpoint of each C=C. Solid-state packing
of the molecular units is probably responsible for these
deviations.?’ A'least-squares plane consisting of C(7), C(10),
C(11), and C(14) was calculated and all atoms deviated
identically in absolute magnitude from it, 0.050 A (0.049 A).
This plane makes a dihedral angle of 89.2° (88. 3°) with the
Rh(1) coordination plane.

Discussion

The reaction stoichiometry and the spectroscopic data for
M(L2)(HBilm) are consistent with 5 containing HBiIm
coordinated as a bidentate ligand to the metal. The crystal
structure determinations of complexes containing the bi-
imidazole 'dianion have shown strictly coplanar, or slightly
twisted, imidazole rings. The coordinated HBilm ligand thus
is presumed planar, or nearly planar. NMR studies of
coordinated imidazole!9 and the x-ray structure determination
of [Ni(H;BiIm)2(H70),]2* 4 show that coordination of
imidazole or H2BiIm to a metal does not occur through the
pyrrole-like nitrogen but rather through the pyridine-like
nitrogen as proposed in 5. The COD ring presumably bonds
as'a diolefin to the metal in the normal manner with the double
bonds oriented normal to the coordination plane.

The M(CO)2(HBilm) complexes are anglogous to M-
(CO)a(acac) (where acac is the anion of acetylacetone) which
has stacking of the molecular planes one above another 30 The
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flatter HBiIm should allow closer approach of molecular planes
and promote metal-metal interaction. However, orange
Rh(CO)2(HBiIm) shows no dichroic response to transmitted
and reflected light presumably indicating negligible met-
al-metal interaction. The black color (most Ir(I) complexes
are yellow or orange) and insolubility of Ir(CO)2(HBilm)
perhaps indicates a polymeric structure with metal-metal
interactions for it.

For M;(COD)2(Bilm) the reaction stoichiometry, the
spectroscopic data, and the x-ray crystal structure deter-
mination of the rhodium complex indicate Bilm coordinated
as a tetradentate ligand bridge between two metals.- The
results demonstrate that the hitherto unknown dianion of
2,2’-biimidazole can serve as a quadridentate, bridging ligand
between two metals. The physical properties of this novel,
conjugated, bridging structure are under further investigation.
Preliminary results also indicate that interesting mixed-metal
complexes LyM(BiIm)M’L’; form using ML2(HBiIm) as an
intermediate in the stepwise formation of dinuclear complexes.

Registry No. Rh(COD)(HBilm), 54937-01-8; Rh(CO)»(HBilm),
54936-01-5; Rh(CO)[(CeHs)sP](HBilm), 60184-32-9; Rhy-
(COD)»(Bilm), 54937-05-2; Ir(COD)(HBilm), 54937-02-9; Ir-
(CO)2(HBiIm), 54936-02-6; Irp(COD)2(Bilm), 54937-06-3;
[Rh(COD)(OMe)],, 12148-72-0; 2,2’-biimidazole, 492-98-8.

Supplementary Material Available: Listing of structure factor
amplitudes (10 pages). Ordering information is given on"any current
masthead page.
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Carbonyl complexes of univalent rhodium and iridium containing the dianion of 2,2’-biimidazole have been investigated.
The syntheses and characterizations of My(CO)g(Bilm); (where M = Rh(I), Ir(I), Bilm = 2,2’-biimidazole dianion) are
described herein. The intermediate composition in the rhodium case Rhy(COD)2(CO)4(Bilm); (COD = 1,5-cyclooctadiene)
has also been isolated. Inequivalent ring hydrogens as shown by !H NMR spectra, inequivalent carbonyl groups as shown
by ir spectra, and a solution molecular weight all indicated a molecular complexity for M4(CO)s(Bilm); belied by the
empirical formula. The structural problem was solved by a three-dimensional, single-crystal x-ray diffraction study on
Rh4(CO)s(Bilm),, done by counter methods. The red complex of RhaC20HgOgNg was found to crystallize in the orthorhombic
space group Phcn with @ = 15.034 (3) A, b = 8.257 (1) A, ¢ = 20.891 (4) A, and Z = 4 molecules/cell. The structure
was refined by full-matrix methods to R = 0.032 and Ry, = 0.038 for 1771 nonzero reflections. The tetranuclear structure,
suggested by the solution molecular weight, persists in the solid state and has several novel features. The V-shaped complex
is better written as (CO);Rh(BiIm)[Rh2(CO)4](Bilm)Rh(CO), where the pair of rhodium atoms are at the bottom of
the V. The biimidazole dianjons are each bidentate to the terminal rhodiums and unidentate to each of the bridging rhodiums.
The latter rhodiums have the closest known Rh(I)~Rh(I) distance 2.975 (1) A. The biimidazole dianions are roughly planar
and lie parallel to the coordination planes of the terminal rhodiums and perpendicular to the coordination planes of the
bridging rhodiums. The latter planes have typical square-planar parameters except for the metal-metal bond. The four
carbonyl ligands point down from the bottom of the V and are staggered about the Rh~Rh axis by approximately 40°.
The “sawtooth” packing may be viewed as infinite chains of alternating V’s along the ¢ axis, viz., VAVA, etc. The intermolecular
distance between terminal Rh(I) atoms is 3.259 (2) A. The novel coordination exhibited by the biimidazole dianion bridge

in this structure is discussed.

Introduction

The selective preparation of rhodium(I) and iridium(I)
complexes with the monoanion and dianion of 2,2’-biimidazole
(H3BiIm) has been described.! The x-ray crystal structure
of Rha(COD)»(Bilm), 1, where COD is 1,5-cyclooctadiene
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u

1

and Bilm is the dianion of 2,2’-biimidazole, has been solved.!
The dianion coordinates in a symmetrical manner as a
quadridentate ligand with two rhodium(I) atoms forming a
strictly planar Rhy(Bilm) unit.

This paper describes the synthesis and characterization of
rhodium(l) and iridium(1) carbonyl complexes with the dianion
of 2,2’-biimidazole. This work was undertaken in an attempt
to form extended planar systems with low steric requirements
out of plane. These arrays were designed to allow stacking
in the solid state with parallel planes, permitting interaction
between the metal atoms. The physical properties of such
systems, e.g., highly anisotropic conductivity, have been
reviewed.2 Through replacement of the terminal COD ligands
in 1 with sterically compact carbonyl ligands, a novel dimeric
stacking unit was anticipated. However, ir and NMR data,
previously communicated,? were not consistent with a simple
analogue of 1. We now report the crystal structure of
Rh4(CO)s(Bilm),, assigned earlier as Rha(CO)4(Bilm).3

Experimental Section

Unless otherwise noted, all syntheses and solution manipulations
of rhodium(I) and iridium(I) complexes were performed with
Schienk-type apparatus under argon. The argon was purified by
filtration through successive columns of heated BASF catalyst R3-11,
Drierite, and P2Os. All reactions were nearly quantitative with absolute
yield being limited by recovery losses.

Reagents. Reagent grade solvents were deaerated and stored over
molecular sieves (Linde Type 4-A) or freshly distilled from calcium
hydride under purified argon. Rh(COD)(HBiIm),! Rh(CO);-

*To whom correspondence should be addressed at the University of Michigan.

(HBiIm),! M3(COD)3(BiIm),! Rh(COD)(acac)?* (using the method
described for Ir analogue where acac is the anion of acetylacetone),
and H>Bilm! were prepared by methods previously described. The
remaining compounds were purchased from the indicated commercial
sources: Rh(CO)z(acac), Strem Chemicals, Inc.; Ir(CO)z(acac),
Pressure Chemical Co.; 90% enriched !3CO and deuterated NMR
solvents, Stohler Isotope Co.

Physical Measurements. Infrared spectra between 4000 and 250
cm™! were recorded on a Perkin-Elmer Model 457 grating spec-
trophotometer. The samples were suspended in KBr pellets or Nujol
mulls placed between KBr plates. Routine solution spectra of the
carbonyl! stretching region were recorded on a Perkin-Elmer Model
237 spectrophotometer. Carbonyl stretching frequencies accurate to
+0.5 cm™! between 2100 and 1800 cm~! were obtained on a Per-
kin-Elmer Model 180 infrared spectrophotometer. The grating was
calibrated from water vapor modes at 1889.6, 1869.4, and 1844.2 cm™!.
Solutions of the samples were contained in a 0.57-mm cell with CaF,
windows with neat solvent in a matching cell as a reference.

Proton NMR spectra were recorded on Bruker HX-60 and Jeolco
JNM-PS-100 spectrometers, both equipped with variable-temperature
probes. Due to low solubility of the complexes 10-mm diameter sample
tubes were used in the Bruker HX-60 probe with TMS as a reference
and a lock signal. The Jeolco instrument was operated with 4-mm
diameter tubes, a deuterium lock signal obtained from the deuterated
solvent, and a TMS reference signal. Probe temperatures in both
instruments were calibrated with methanol below ambient temperature
and ethylene glycol above ambient temperature. The calibration
temperature was obtained from graphs of a specific chemical shift
for each standard vs. temperature as supplied with each instrument.

Proton-decoupled 13C NMR spectra were obtained on the Jeolco
JNM-PS-100 spectrometer described above operating in the pulsed
Fourier transform mode. Again 4-mm diameter sample tubes, a
deuterium lock signal, and a TMS reference signal were used.
Tris(acetylacetonato)chromium (0.05 M) was added as a shiftless
relaxation agent’ to shorten the long 7 relaxation times associated
with metal-bonded carbonyl carbons.

Low-resolution mass spectral services were performed by Shrader
Analytical and Consulting Laboratories, Inc., Detroit, Mich. 48210.
The solid sample was introduced directly into the ionization chamber.

Elemental analyses were performed by Spang Microanalytical
Laboratory, Ann Arbor, Mich. 48106. '

Solution molecular weights in methylene chloride at 39 & 0.2 °C
were determined by the Singer isopiestic method.6 [Rh(COD)Cl]s,
mol wt 493 in solution,’” was used as the standard.

The dc electrical resistivities on compressed powders and single
crystals were measured by the two-probe method using Aquadag
contacts (Acheson Colloids, Port Huron, Mich.). A 5-V battery



