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A series of new four-coordinate Ir(I) complexes IrCI(N,CsX,)(PR;); (X = Cl, Br; R = phenyl, p-fluorophenyl, p-tolyl)
has been prepared by allowing the neutral diazo molecule to react with “IrCI(PR;),”. The complexes have been characterized
spectroscopically: Ir is in a square-planar environment with trans phosphine ligands and with the N,CsX, ligand attached
in the singly bent fashion through the terminal nitrogen atom. The complex IrCI(N,C;Cl;)(PPh,), reacts with PMe,;, PMe,Ph,

PMePh,, +-BuNC, and NO™ to form the respective five-coordinate complexes.

In these complexes, which have been

characterized by the usual analytical and spectroscopic techniques, the N,CsCl, molecule remains coordinated in an !
fashion. The complex IrCI(N,C;sCly)(PPhj); reacts with HCI to form the six-coordinate Ir(I1I) oxidative addition product.
Reaction of this complex, prepared in situ, with N-methyl- N-nitroso-p-toluenesulfonamide yields the six-coordinate nitrosyl/diazo

complex IrCl(N,CsCly)(NO)(PPh;),. An orthometalated hydrido species IrHCI(2,7-Br,;N,C;H;s)(PPh,), is formed in
the reaction of IrCI(N,)(PPh,); with 2,7-dibromo-9-diazofluorene in the presence of ethanol. The analogous four-coordinate
Rh systems, RhCI(N,CsX4)(PR;); (X = Cl, Br; R = Ph, i-Pr, p-FC¢H,, Cy, r-Bu), were generated as transient intermediates
but could not be isolated even at low temperature. The significant differences in the chemistries of IrC1(N,C;Cly)(PPh;),

and IrCI(N,Ph)(PPh,),* are contrasted.

Introduction

In various transition-metal systems aryldiazo and aryldi-
azene ligands have been of great interest in recent years be-
cause of their close relationship to dinitrogen and nitrosyl
ligands. Recent work has shown that diazo ligands can be
prepared from coordinated dinitrogen in Re, Mo, and W
complexes,' that diazene ligands can be prepared from diazo
ligands by reaction with protic acids,>% and that diazene lig-
ands in Rh and Pt complexes can be reduced under mild
conditions by using hydrogen in the presence of a catalyst>$
to form hydrazine ligands. These reactions suggest the pos-
sibility of reducing dinitrogen through this chemical route
under mild conditions with the aid of transition metals. Indeed,
Parshall® and Sutton’ have suggested that aryldiazene com-
plexes may be useful models for studying the reduction of
dinitrogen in synthetic and biological systems.

Until recently the majority of the synthetic, structural, and
reaction chemistry studies of organonitrogen ligands coordi-
nated to transition metals has focused on the aryl- and al-
kyldiazo cations RN,*. However, at this time the complex-
ation properties of neutral diazo molecules, RN, as well as
their versatile reaction chemistry are just beginning to be
explored. The interaction of neutral diazo molecules with
organometallic complexes generally proceeds in one of two
ways: (1) loss of dinitrogen to form.a transient carbene species
which may or may not be stabilized by the metal or (2) co-
ordination of the intact diazo molecule. A number of or-
ganometallic carbene species have been strongly implicated
in the polymerization of olefins® and in the formation of cy-
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clopropanes.>!!  In a few instances, stable organometallic
carbene complexes have been isolated.!?  Aliphatic diazo
compounds are also important precursors in the formation of
stable u-methylene complexes, where the -CH, moiety acts
as a bridging group between two metal centers.'*!* A number
of complexes have been reported recently where the diazo
molecule is bonded to one metal center in 2 monodentate or
bidentate fashion®!15-19 or where the intact diazo molecules
are incorporated into the products as unusual bridging spec-
ies, 222 To date the interactions of neutral diazo molecules
with Ir and Rh systems and of neutral aromatic diazo mole-
cules with transition metals in general are virtually unexplored.
We now report the syntheses and characterization of a variety
of new Ir complexes of the type IrCI(N,CsX,)(PR;), (X =
Cl, Br; R = Ph, p-FC¢H,, p-tol),?* IrCI(N,C,Cl,)(PPh;),L
(L = NO*, -BuNC, PMe;, PMe,Ph, PMePh,), and
IrClzL’(N2C5C14)(PPh3)2 (L’ = H, NO). We also report the
attempted isolation of RhCl(N2C5X4)(PR3)2 X=CI,Br;R

= Ph, i-Pr, p-FC¢H,, Cy, t-Bu). The preparation and char-

e ]

acterization of IrHCI(2,7-Br,;N,C,;H;)(PPh;),, an ortho-
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Table I. Analytical Data for Iridium Diazo Complexes

Schramm and Ibers

% found (calcd)

compd color C H N Cl or Br

IrCI(N,C,ClL, )(PPh,),-C.H, () dark green 52.50 (53.66) 3.41(3.54) 2.66 (2.61) 16.68 (16.51)
IrCI(N,C,ClL, )(P(p-tol), ), (11) dark green-brown  52.75 (52.93) 4.06 (3.94) 241 (2.41) 16.88 (16.63)
[rCI(N,C,Cl, Y}Pw-FCH,),), (II) dark green 46.05 (45.15) 1.90 (2.20) 2.51 (2.57) 15.85 (16.27)
[rCI(N,CBr, }PPh,), (IV) dark green 42.73 (42.45) 2.62(2.59) 2.32(2.41) 26.06 (27.58)
IrCI(N,C,Br, )(P(p-CH,C,H,);),-C.H, (V) olive green 47.00 (48.53) 4.42 (3.75) 1.96 (2.10)  20.83 (23.94)
[rCI(N,C,Br J(P(»-FC H,),), (VI) dark green 36.79 (38.83) 1.73 (1.89) 1.98 (2.21) 25.37 (25.22)
IrCI(N, C,Cl,)(PMe, )(PPh,), (VII) yellow-orange 49.52 (49.93) 3.71 (3.69) 2.22 (2.65) 17.31(16.76)
IrCI(N, C.Cl, )(PMe, Ph)(PPh, ), (VIII) red 52.78 (52.53) 4.28 (3.66) 2.10(2.50) 14.18 (15.83)
1rCI(N,C,Cl, )(PMePh, )(PPh,), (IX) red-brown 54.50 (54.85) 3.94 (3.64) 1.87 (2.37) 13.23 (15.00)
IrCl(N, C,Cl,)(+-BuNC)(PPh,),-1/,CH,Cl, (X) dark purple 50.08 (50.37) 3.71 (3.61) 3.47(3.79) 18.33 (19.20)
[I:CN,C,CL, )INO)(PPh,), ][PF, ]-CH,CN (XI)  yellow-orange 43.44 (43.09) 3.02(2.76) 4.70 (4.68) 14.01 (14.80)
IrCl1,H(N, C, Cl,)(PPh, ), (XIla) yellow-orange 48.27 (48.34) 3.21 (3.05) 2.55 (2.75)

IrCl,(N,C,CL, )(NO)(PPh,), C,H, (XIII) yellow 49.38 (50.58) 3.29 (3.34) 3.25(3.69) 17.66(18.68)
|

IrtHCI(N,C,; H,Br,)(PPh,), (XIV) orange-yellow 50.00 (49.16) 3.40 (2.95) 2.09(2.29)

metalated product of diazofluorene with iridium, are also
reported. A preliminary report of this work has appeared.’

Experimental Section

All reactions were performed in freshly distilled solvents under a
nitrogen atmosphere. Typical reactions involved ca. 0.1 mmol of metal
complexes. The following compounds were synthesized by the re-
spective literature methods: IrCI(N,)(PPhs),,2* [IrCI(CsH14);],5,%
N,CsCl,,28 N,CsBr,,2” 9-diazofluorene,?® 2,7-dibromo-9-diazo-
fluorene,? tert-butyl isocyanide,’® [RhCI(CgHys),15.3!  All of the
precious metal was obtained from Johnson Matthey, Inc., Malvern,
Penn. All the phosphines used were purchased from Strem Chemicals,
Inc., Newburyport, Mass.; the anhydrous HCI gas was from Matheson
Gas Products, Joliet, Ill.; 9-fluorenone was purchased from Aldrich
Chemicals, Milwaukee, Wis., and was used without further purifi-
cation. Elemental analyses were performed by H. Beck of the
Northwestern University Analytical Services Laboratory and by
Micro-Tech Laboratories, Inc., Skokie, Ill. The results of these
analyses appear in Table I. Infrared spectra were recorded in
perfluorohydrocarbon, hexachlorobutadiene, and Nujol mulls by using
a Perkin-Elmer 283 double-beam spectrometer and calibrated by using
a polystyrene film. The NMR spectra were obtained on Varian
CFT-20 ('"H) and JEOL FX90Q (*'P) spectrometers, with CgD; or
CDCl, as the solvent using Me,Si and 85% phosphoric acid as the
respective external reference standards. The resonance Raman spectra
of the majority of these complexes were recorded on a 0.85 Spec 1401
double-monochromator spectrometer with photon-counting detection.’?
A light-stabilized Spectra Physics 164 Ar* laser was employed; the
spectra were taken at room temperature with 4579-A excitation by
utilizing the 180° backscattering geometry and spinning samples. To
avoid excessive decomposition, we employed a power of 20 mW, with
10 mW at the sample.

Syntheses.  Bis(triphenylphosphine)(tetrachlorodiazocyclo-
pentadiene)chloroiridium, IrCI(N,Cs;Cl,)(PPh;); (I). Method a.
Equimolar quantities of IrCI(N,)(PPh;),; and N,C;Cl, were djssolved
in a minimum amount of solvent®® at 0 °C. The solution immediately
became dark green and was stirred at 0 °C overnight. Hexane was
added and the product isolated as dark green microcrystalline powder.
The yield was 96% on the basis of the IrCI(N,)(PPh;), starting
material. The material crystallizes from toluene as the monosolvate.

Method b. Di-u-chloro-tetrakis(1,5-cyclooctene)diiridium(I) and
triphenylphosphine were combined in a 1:4 molar ratio in a minimum
amount of solvent®? for 20 min at room temperature. This solution

(24) Coliman, J, P.; Hoffman, N. W.; Hosking, J. W. Inorg. Synth. 1970,
12, 8-11.

(25) van der Ent, A.; Onderdelinden, A. L. Inorg. Synth. 1973, 14, 94-5.

(26) Disselnkotter, H. Angew. Chem. 1964, 76, 431-2.

(27) Cram, D. J,; Partos, R. D. J. Am. Chem. Soc. 1963, 85, 1273-7.

(28) Schénberg, A.; Awad, W. L; Latif, N. J. Chem. Soc. 1951, 1368-9.

(29) Dewhurst, F.; Shah, P. K. J. J. Chem. Soc. C 1970, 1737-40. Mur-
ahashi, S.; Moritani, I.; Nagai, T. Bull. Chem. Soc. Jpn. 1967, 40,
1655-60.

(30) Otsuka, S.; Mori, K.; Yamagami, K. J. Org. Chem. 1966, 31, 41704,

(31) van der Ent, A,; Onderdelinden, A. L. Inorg. Synth. 1973, 14, 92-3.

(32) Shriver, D. F.; Dunn, J. B. R. Appl. Spectrosc. 1974, 28, 319-23.

of “IrCI(PPh,),”* was cooled to 0 °C, 2 equiv of the diazo molecule
was added, and stirring was continued overnight at 0 °C. A dark
green microcrystalline solid was isolated as in method a, washed with
diethyl ether to remove the cyclooctene, and dried in vacuo.

Bis(tri-p-tolylphosphine) (tetrachlorodiazocyclopentadiene) chloro-
iridium, IrCI(N,C,Cl,) (P(p-tol),), (II). This compound was prepared
exactly as was I in method b using tri-p-tolylphosphine in toluene or
dichloromethane. The solution of “IrCIP,” was cooled to -78 °C,
2 equiv of the diazo ligand was added, and stirring at ~78 °C was
continued for 3 h. Chilled hexane was added to precipitate a dark
green-brown solid which was filtered quickly at room temperature,
washed with chilled diethyl ether, and dried in vacuo. The yield was
27%.

Bis(tris(p-fluorophenyl)phosphine)(tetrachlorodiazocyclo-
pentadiene)chloroiridium, IrCI(N,C,ClL,)(P(p-FCsH,);), (III). This
compound was prepared exactly as was II by using tri-p-fluoro-
phenylphosphine. The yield was 70%.

Bis(tri-p-tolylphosphine) (tetrabromodiazocyclopentadiene)chloro-
iridium, IrCI(N,C;sBr,)(PPh,), (IV). This compound was prepared
in the manner of Ia by using N,CsBr, as the diazo ligand in chloroform
solution. The dark green product was filtered, washed with diethyl
ether, and dried in vacuo. The yield was 70%.

Bis(tri-p- tolylphosphine) (tetrabromodiazocyclopentadiene)-
chloroiridium, IrCI{N,C;Br,)(P(p-tol);); (V). This compound was
prepared by using N,CsBr, as the diazo ligand and the procedure for
II. The yield was 389%.

Bis(tris(p- fluorophenyl) phosphine) (tetrabromodiazocyclo-
pentadiene)chloroiridium, IrCN,CsBr,)(P(p-FC¢H,);), (VI). This
compound was prepared in the manner of III by using N,CsBr, as
the diazo molecule. The yield was 50%.

Bis(triphenylphosphine) (trimethylphosphine) (tetrachlorodiazo-
cyclopentadiene)chloroiridium, IrCI(N,CsCl,) (PMe;)(PPh;), (VII).
Compound I was generated in situ in toluene or dichloromethane
solution by method a and cooled to ~78 °C. One equivalent of PMe;
was added to give a dark red solution which was stirred for 30 min
at —78 °C, The complex was precipitated with chilled hexane, filtered
at low temperature, washed with chilled hexane, and dried in vacuo
to yield a yellow-orange product. The yield was 71% on the basis
of the IrCl(N,)(PPh,), starting material.

Bis(triphenylphosphine) (dimethylphenylphosphine)(tetrachloro-
diazocyclopentadiene)chloroiridium, IrCI(N,C;Cl,) (PMe,Ph) (PPh;),
(VIII). This compound was prepared exactly as was VII by using
1 equiv of dimethylphenylphosphine. The yield of bright red solid
was 87%.

Bis(triphenylphosphine) (methyldiphenylphosphine) (tetrachloro-
diazocyclopentadiene)chloroiridium, IrCI(N,C;Cl,) (PMePh,) (PPh;),
(IX). The same procedure as for VII was used with 1 equiv of
methyldiphenylphosphine. The yield of red-brown solid was 66%.

Bis(triphenylphosphine)(terz-butyl isocyanide) (tetrachlorodiazo-
cyclopentadiene)chloroiridium, IrCI(N,CsCl,)(#-BuNC)(PPh,), (X).
This compound was prepared in the manner of VII by using 1 equiv

(33) Solvents used included toluene, chloroform, dichloromethane, acetone,
and tetrahydrofuran.

(34) van der Ent, A.; Onderdelinden, A. L. Inorg. Chim. Acta 1973, 7,
203-8.
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of tert-butyl isocyanide. Yield of dark purple solid was 80%.

Bis(triphenylphosphine)nitrosyl(tetrachlorodiazocyclo-
pentadiene)chloroiridium Hexafluorophosphate, [IrCI(N,CCl,)-
(NO)(PPh;),][PF¢] (XI). Compound I was generated in situ in
chloroform solution by method a. One equivalent of NOPF in
acetonitrile was added to give an orange-brown solution. Stirring was
continued overnight at 0 °C. The solvent was removed, and the crude
product was recrystallized from dichloromethane/hexane to yield a
yellow-orange semicrystalline solid. The yield was 80%.

XIIa from Reaction of IrC1(N,C;Cl,) (PPh;), with HCl. Compound
I was generated in situ in toluene by method a and cooled to -78 °C.
One equivalent of HCI*® was added, and the solution was stirred at
—78 °C for 8 h to yield a deep red solution. Chilled hexane was added.
The resultant yellow-orange product was filtered at low temperature,
washed with hexane, and dried in vacuo. The yield was 84% of a
complex which analyzes correctly for the HCI adduct.

XIIb from Reaction of IrCI(N,C;Cl,)(PPh;); with DCl. This
compound was prepared exactly as was XIIa by using 1 equiv of DC1.%
The yield was 87% of a complex which analyzes correctly for the DCI
adduct.

Bis(triphenylphosphine)nitrosyl(tetrachlorodiazocyclo-
pentadiene)dichloroiridium (XIII). Compound XIIa was generated
in situ at 78 °C in dichloromethane. An acetonitrile solution con-
taining 1 equiv of N-methyl-N-nitroso-p-toluenesulfonamide was added
and the solution warmed to 0 °C. Stirring was continued overnight
at 0 °C to yield an orange-brown solution. The solvent was removed
and the residue recrystallized from toluene/hexane to give a yellow
solid which was washed with copious amounts of methanol and then
diethyl ether and dried to give a light yellow solid. The yield was
76% of the crude product. The IR spectrum of this material still
showed significant N-methyl-p-toluenesulfonamide impurity (vny =
3178 em™, vg—o = 1182 cm™). Hexane was allowed to diffuse slowly
into a dichloromethane solution of the crude product to yield a
yellow-orange microcrystalline solid, which was filtered, washed with
ether, and dried in vacuo.

Attempted Synthesis of Bis(phosphine)(tetrachlorodiazocyclo-
pentadiene)chlororhodium. Di-u-chloro-tetrakis(1,5-cyclooctene)di-
rhodium(I) and phosphine®” were combined in a minimum amount
of solvent (dichloromethane, toluene, or acetone). The red-orange
“RhCIP,” solution was cooled to =78 °C, and 2 equiv of the diazo
molecule was added. The solution immediately became dark green
or green-brown, indicative of the formation of the RhCI(N,C;Cl,)P,
product. However, attempts to isolate these complexes proved un-
successful. ;

Reaction of IrCI(N,)(PPh;), with 9-Diazofluorene. Equimolar
quantities of IrCI(N,)(PPh;), and 9-diazofluorene were dissolved in
a minimum amount of solvent®® at room temperature. The resultant
deep red-brown solution was stirred in the dark for 1-2 h. The product
was chromatographed on Fluorisil to yield bright red crystals of
fluorenone ketazine?® (75% yield). This reaction was repeated by using
shorter reaction times and lower temperatures (0, -78 °C), and in
each case the ketazine was obtained.

p—

Synthesis of IrHCI(N,C,sH;Br,)(PPh;); (XIV). Equimolar
quantities of IrCI(N,)(PPh;), and 2,7-dibromo-9-diazofluorene were
dissolved in a mixture of chloroform/ethanol (3:1 volume ratio) at
0 °C with stirring for 3 h. A bright red-orange solution was obtained
-from which a 50% yield of the orange-yellow orthometalated product
was isolated. When the reaction was carried out in the absence of
ethanol, no nitrogen-containing products were obtained.

Reaction of IrCI(N,C;Cl,) (PPh;), with CO and SO,. Compound
I was generated in situ in toluene and cooled to =78 °C. CO or SO,
was bubbled through the solution for about 2—3 min, during which
time the solution changed from dark green to bright yellow. Hexane

(35) Owing to the extremely small quantities of HCI for this reaction
(~0.1-0.2 mmol), dry, degassed benzene was saturated with anhydrous
HCl gas. An aliquot of this solution was suspended in water and titrated
to determine the concentration (usually 0.17-0.18 mM). A stoichio-
metric amount of HCI could then easily be used for subsequent reac-
tions.

(36) Anhydrous DCI gas was generated from benzoyl chloride and D,0O
according to the method of: Shoemaker, D. P.; Cowland, C. W.
“Experiments in Physical Chemistry”; McGraw-Hill: New York, 1962;
p 314. Dry, degassed benzene was saturated with the anhydrous DCl1

gas.
(37) Phosphines used included PPh,, P(i-Pr,), P(p-FCgH,)s, P(p-tol);, PCys,
and P(¢-Bu,). ’ .
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was added, and the product was filtered at low temperature. The
products, identified by their infrared spectra and elemental analyses,
are IrCI(CO)(PPh,),* and IrCI(SO,),(PPh,),*® (n = 1, 2).
Reaction of IrCI(CS) (PPh;), or IrCI(CO)(PPh;), with N,C;Cl,.
Equimolar quantities of IrC1(CS)(PPh,),* and the diazo molecule
were dissolved in toluene at room temperature, and the solution was
stirred for 2 days. Precipitation with hexane gave only the thiocarbonyl
starting material. Under similar conditions no reaction occurred
between IrC1(CO)(PPh;); and N,C;Cl,.
Discussion

Preparation and Characterization of Four-Coordinate Com-
plexes. The neutral diazo molecules N,CsCl; and N,C4Br,
react smoothly with IrCI(N,) (PPh;), with evolution of N, gas
to afford the four-coordinate complexes IrC1I(N,CsX,)(PPh,),
(X = C1 (), Br (IV)) (eq 1). The diazo molecules also react

IrCI(N,)(PPh,), + N,C.X, —
IrCl(N2C5X4)(PPh3)2 + N2 (1)

with “IrCIP,”, generated from the u-chloro-bis(cyclo-
octene)iridium(I) dimer and 4 equiv of phosphine,? to yield
the analogous four-coordinate complexes (eq 2). These
[IrCl(C3H14)2]2 + 4PPh3 + 2N2C5X4 -
ZIrCI(N2C5X4)(PPh3)2 + 4C3H14 (2)

complexes are thermally unstable in solution; the triphenyl-
phosphine systems decompose within a week at room tem-
perature, while the p-tolylphosphine derivatives decompose
within 1 day.*!

The structure of complex I has been determined.'>#2#* The
geometry of the #'-coordinated diazo molecule is singly bent,
consistent with the value of the NN stretching frequency (1872
cm™) obtained by resonance Raman experiments. The other
four-coordinate iridium diazo complexes (II-VI) also exhibit
Raman bands in the region 1858-~1915 cm™ [¥(NN)], and thus
the diazo ligands in these complexes also assume the singly
bent geometry. The trends (Table II) of the solid-state NN
stretching frequencies with change of phosphine in these
four-coordinate complexes are interesting. The phosphines,
which are of approximately equal steric bulk, increase in
basicity in the order P(p-FC¢H,); < PPh; < P(p-tol);.# On
the basis of observed trends* with other #-ligand systems we
would expect the NN stretching frequency to decrease as the
basicity of the phosphine increases. This does not occur here.
In the known structure of the PPh; complex the disposition
of the diazo molecule is very effective for creation of an ex-
tended delocalized w system utilizing the carbon px orbitals
of the Cp ring, the N pr orbitals, and the filled d,, orbitals
of Ir.#* With the resultant delocalized system there may be
competition between metal and Cp ring for = donation into
the =* orbitals of the NN fragment, competition to which the
NN stretching frequency would be sensitive. This disposition
of the Cp ring, known for the PPh, system, could depend on
solid-state packing effects, since the N-C(Cp) bond has only
partial double-bond character and rotation of the Cp ring about
this bond is possible in response to packing demands brought
about by change of phosphine. It may be that changes in the

(38) Collman, J. P.; Sears, C. T., Jr.; Kubota, M. Inorg. Synth. 1968, 11,
101-4.

(39) Jesse, A, C,; van Baar, J. F.; Stufkens, D. J.; Vrieze, K. Inorg. Chim.
Acta 1976, 17, L13-4.

(40) Kubota, M. Inorg. Synth. 1979, 19, 206-8.

(41) Decomposition via loss of dinitrogen also occurs slowly in the solid state
for the four-coordinate iridium(I) complexes; within a few months at
room temperature a significant decrease (14-50%) in the nitrogen
analyses was observed. This general instability prevented us from
getting totally satisfactory analyses in some instances.

 (42) The data crystal for the X-ray structure determination came from the

same batch of crystals that was used for elemental analysis. While the
elemental analysis is poor, the structure determination establishes com-
position without a doubt.

(43) Schramm, K. D.; Ibers, J. A. Inorg. Chem. 1980, 19, 1231-6.

(44) Tolman, C. A. J. Am. Chem. Soc. 1970, 92, 2953-6.
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Table II. Infrared and Resonance Raman Spectral Data (cm™") for Iridium Diazo Complexes

v(NN)? _other

compd
IrCI(N,C,Cl,)(PPh,),-C.H, (I) 1872
IrCI(N,C,CL,)(P(p-tol),;), (II) 1874
IrCI(N,C,Cl, }P(p»-FC,H,);), dID 1858
IrCI(N,C,Br,)(PPh,), (IV) 1915
IrCI(N,C,Br,)(P(p-tol),),-C,H, (V) 1908
IrCI(N,C,Br,)(P(p-FC,H,);), (VD) 1867
IrCI(N,C,Cl,)(PMe, )(PPh,), (VID) 1541
IrCI(N,C, Cl, )(PMe , Ph)(PPh,), (VIII) 1635
IrCI(N,C,Cl,)(PMePh, )(PPh,), (IX) 1640

IrCI(N, C, C1,)(+-BuNC)(PPh, ), /,CH, Cl, (X)
[IrCI(N,C,Cl,)(NO)(PPh,), | [PF, ]-CH,CN (XI)
1rCl, H(N, C,CL, ) (PPh,), (XIIa)

IrC1, (N, C,CL, }(NO)(PPh, ),-C. H, (XIII)

N
IrHCI(N,C, , H,Br,)(PPh,), (XIV) e

1520, 1453¢

1525, 1485, 14484
1523, 1449¢
1614¢

1502, 1482, 14407
1504, 1443¢

»(I:Cl) 348; C.C1,2 1263 (5)

w(IrCl) 345

v(IrCl) 360

v(IrCl) 345; C,Br, 1249 (s), 1332 (m)
v(IrCl) 349

v(IrCl) 342

C,Cl, 1288

C,Cl, 1282
»(CN) 2210; v(IrC1) 314 (br)
C,C1, 1278 (m), 1232 (s)
»(NO) 1499, »(IrCl) 330
C,Cl, 1271; PF, 837

v(IzH) 2104; »(IrD) 1607
C.Cl, 1281; »(IxCl) 322 (br)
v(NO) 1490,9 »(IrCl) 306, 338
c,al, 1277

v(IrH) 2224; v(IrCl) 298

@ NN stretching frequencies obtained from the resonance Raman experiment using 4579-A excitation unless otherwise noted. ? Assigned
asa C,X, ring vibration. See: Reimer, K. J.; Shaver, A. Inorg. Chem. 1975, 14, 2707-16. € NN stretching frequencies observed in the

infrared.

The specific band assignments for »(NN) are made by comparison with other complexes. Positive identification of these bands

awaits !*N isotopic labeling studies. € The NN stretching frequency cannot be accurately assigned since it is obscured by fluorenyl bands

between 1400 and 1600 cm ™.

Table III. Proton and Phosphorus Nuclear Magnetic Resonance Spectra for Iridium Diazo Complexes®

compd

'H chem shift? 3P chem shift®

I:CI(N,C,Cl,)(PPh,),-C,H, (I)
IrCI(N, C, C1, )(P(»-tol), ), (II)

7.54 (m, C,H,)
2.28 (s, CH,, 18 H)

10.07 (s)@
8.81 (s)

7.29 (m, C,H,, 24 H)

IrCI(N,C,CL,)(P(»-FC, H,),), (1)
IrCI(N, C, Br, )(PPh, ), (IV)
I:CI(N,C, Br, }(P(p-tol),),-C.H, (V)

7.29 (m, C,H,)
7.40 (m, C,H,)
2.28 (s, CH,, 18 H)

8.00 (s)
10.25 (s)
9.09 (s)

7.36 (m, C, H,, 24 H)

IrCI(N,C,Br, }P(»-FC,H,),), (V)
IrCI(N, C, Cl,)(PMe, )(PPh,), (VII)

IrCI(N,C,Cl, )(--BuNC)(PPh, ),-!/,CH,Cl, (X)

7.30 (m, C4H,)

1.42 (m, CH,, 9 H)
7.49 (m, C;H,, 30 H)
1.17 (s, t-Bu, 9 H)

8.15 (s)

—16.33 (d, 2P) *J(PP)= 15 Hz
~51.86 (t, 1P)

—-10.22 (s)

7.47 (m, C,H,, 30 H)

[1CI(N,C,CL,)(NO)(PPh,),][PF,]-CH,CN (XI)

2.13 (s, CH,;, 3 H)

--15.38 (s)

7.51 (m, C,H,, 30 H)

IrCl, H(N,C,Cl, )(PPh, ), (XIla)
IrCL, (N,C,Cl,)(NO)(PPh, ),-C, Hy (XIII)

IrHCI(N,C,, H, Br,)(PPh, ), (XIV)

7.56 (m, C, H,)°
7.56 (m, C,H,)

7.53 (m, C,H,)

—17.34 (s)
-20.29 (s)

9.62 (s)

—26.93 (t, 'H) *J(PH) = 14.7 Hz

@ All spectra were obtained at —55 °C unless otherwise noted, The solvent was CDCL,. ? Chemical shift given in & referenced to Me,, Si.
¢ Chemical shift given in &; positive § indicates downfield from H,PO,. ¢ Spectrum obtained at room temperature. € Hydride resonance

not observed.

disposition of the Cp ring could be one factor in the unusual
trends seen in the NN stretching frequencies.

Comparison of the reaction chemistry of IrCI(N,CsCl,)-
(PPh;) with that of [IrC1(N,Ph)(PPh;),][PF]* (vide infra)
shows some very interesting differences which may indeed arise
from changes in the delocalization of electrons throughout the
M-N-N-R system in going from IrN,Cp to IrN,Ph*,

Preparation and Characterization of Five-Coordinate Com-
plexes. The compound IrCI(N,C;sCl,)(PPhs), (1) reacts with
phosphines at low temperature to give bright red solutions from
which highly colored five-coordinate products, IrCl-
(N,C;sCly) (PR;)(PPh;), (VII, VIII, IX), can be isolated.
Although these solids appear to be only slightly air sensitive,
they are thermally sensitive and decompose slowly at room
temperature. In solution these complexes decompose rapidly
at room temperature. The IR spectra of these complexes show
no bands attributable to »(NN). Presumably, as in the
four-coordinate complexes, the NN stretching frequencies of
these five-coordinate complexes are very weak in the infrared;
however, these complexes do exhibit resonance Raman bands
in the region 1640-1541 cm™, which we assign to »(NN)

(Figure 1). These values are comparable with those obtained
for related IrN,Ph* systems, i.e., IrCI(N,Ph)(PPh,);** (»-
(NN) = 1651 cm™) and IrCI(N,Ph)(PMePh,),* * (v(NN)
= 1644, 1569 cm™). From the known structure of [IrCl-
(N,Ph)(PMePh;);] [PF,]* it is likely that the present com-
plexes have the N,C;Cl, ligand attached to the Ir center in
a singly bent fashion, although it may be that in the PMe;
complex, which shows a markedly lower value of »(NN), the
attachment is intermediate between singly bent and doubly
bent.

The *'P NMR spectrum (Table III) of VII, the PMe; de-
rivative, consists of a 1:1 doublet and a 1:2:1 triplet with a P-P
coupling constant of 15 Hz, comparable with the value of 12
Hz reported for the complex IrCI(N,Ph)(PMePh,);*,* sug-
gestive of a similar geometry about the Ir center in the two
compounds. 3!P NMR spectra of the other two phosphine
complexes (VIII and IX) do not show this expected doub-
let—triplet pattern. Very complicated spectra were obtained

(45) Cowie, M.; Haymore, B. L.; Ibers, J. A. J. Am. Chem. Soc. 1976, 98,
7608-17.
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Figure 1. Resonance Raman spectra (4579-A excitation) of five-
coordinate phosphine complexes: A, IrCI(N,CsCl;)(PMe;)(PPhs),;
B, IrCI(N,CsCly)(PMe,Ph)(PPh;),; C, IrCl{(N,CsCly)(PMePh,)-
(PPhy),.

which may indicate that phosphine dissociation equilibria are
involved with these bulkier phosphines PMe,Ph and PMePh,.
Note that we could not isolate IrC1(N,C;sCly)(PPh,),.
Compound I, IrC1(N,CsCl,)(PPh,),, reacts with NOPF;
to form the stable five-coordinate complex [IrCI(N,C;Cl,)-
(NO)(PPh4),][PF¢} (XI). The infrared spectrum of this
complex is assigned in Table II, but in the absence of *N-
labeling experiments we cannot separate »(NO) from »(NN)
with certainty. But all of the possible bands are at low fre-
quencies (1523, 1499, 1449 cm™), and hence it is very likely
that this complex is a square pyramid with a bent NO ligand
at the apex. This assignment is consistent with the single
resonance at 5 —15.38 in the 3'P NMR spectrum cotresponding
to a trans disposition of P ligands in the base of the square
pyramid. In addition, the high value of 330 cm™ for »(IrCl)
in this system is consistent with a square-pyramidal geometry
(compare the values of 320 cm™* in IrCI(CO)(NO)(PPh,),*
and 329 ecm¥ in IrCl,(NO)(PPh,), both of which are
square-pyramidal complexes with bent, apical NO ligands as
established by diffraction studies*®*). The mode of attach-
ment of the N,C;Cl, ligand cannot be assigned on the basis
of the present data, although the almost certain five-coordinate
nature of the Ir center indicates an #! coordination for this
ligand. The low values for »(NN) suggest the possibility of
distortion away from an idealized singly bent geometry.
" Both #-BuNC and CH;CN react instantaneously with
IrCI(N,C;sCl,) (PPh,), to form bright purple solutions at —78
°C. The five-coordinate complex IrCl1(N,C;Cl,)(¢-BuNC)-
(PPh;), (X) is isolated at —78 °C; the dark purple solid is stable
for only a short period of time at room temperature. The
infrared spectrum of this complex is assigned in Table II.
-Assignment of the structure of this complex cannot be made
from the available data. The high value of »(IrCl) of 314 cm™
again is suggestive of a square-pyramidal coordination geom-
etry and is consistent with the single resonance at 6 —10.22
in the 3'P NMR spectrum. But the close correspondence of
the values of »(NN) to those in the NO* complex suggests
a similar disposition of the N,CsCl, ligand in the two systems.
If this ligand is in the basal plane of a square pyramid in the
t-BuNC complex X, this puts the r-BuNC in the apical pos-
ition, not a likely possibility. Clearly more spectral and es-
pecially more definitive structural data on a wider range of

(46) Reed, C. A,; Roper, W. R. Chem. Commun. 1969, 1459-60.

(47) Crooks, G. R.; Johnson, B. F. G. J. Chem. Soc. A 1970, 1662-5,

(48) Hodgson, D. J.; Payne, N, C.; McGinnety, J. A; Pearson, R. G.; Ibers,
J. A. J. Am. Chem. Soc. 1968, 90, 4486-8.

(49) Mingos, D. M. P.; Ibers, J. A. Inorg. Chem. 1971, 10, 1035-42,
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these five-coordinate N,R complexes are needed before
structures may be reliably deduced from spectral data alone.

Other attempts to make five- or six-coordinate complexes
from the reaction of IrCI(N,C,Cl,)(PPh,), with various sub-
strates have been unsuccessful. The reaction with CO yields
IrC1(CO)(PPh;), with loss of the diazo molecule. Similarly,
reaction with SO, yields IrC1(SO,),(PPh,;), (n = 1, 2). Re-
actions with H,, HPFg, and NO have yielded uncharacterized
compounds which contain no nitrogen.

Preparation and Characterization of Six-Coordinate Com-
plexes. Complex I, IrCI(N,CsCl,)(PPh,),, reacts with a
stoichiometric amount of HCI at —78 °C to give a bright
yellow-orange solid (XII) which analyzes for 1 equiv of
HCI/Ir. On the basis of infrared and *'P NMR evidence,
compound XII is most probably the six-coordinate IrCl,H-
(N,C;sCl;)(PPh,), oxidative addition product. The trans
disposition of PPh, ligands is established from the 3P NMR
spectrum. A medium-weak band at 2104 cm™ in the infrared
region shifts to 1607 cm™ when the compound is prepared with
the use of DCl in place of HCl. This band is reasonably
assigned to »(IrH). However, there is no evidence for a hydride
resonance in the 'H NMR spectrum. It is conceivable that
in solution there is a rapid equilibrium between the six-co-
ordinate hydride and the five-coordinate product IrCl,-
(HNNC,Cl,)(PPh,), formed by transfer of the hydride ligand
to the coordinated diazo molecule. In this regard the reaction
of [IrCI(N,Ph)(PPh,),][PF,] with HCI yields the diazene
complex IrCly(HNNPh)(PPh;),.* The hydride ligand in XII
is certainly labile as judged by the reappearance of the
2104-cm™! band when the deuterated compound, in a Nujol
mull, is exposed to moist air. The reaction chemistry of XII
is also consistent with its formulation as an Ir(III) hydride.
When XII is allowed to react with N-methyl-N-nitroso-p-
toluenesulfonamide (MNTS), the nitrosyl complex IrCl,-
(N,C;5Cl,)(NO)(PPh,), (XIII) is obtained. Although the
reaction of MNTS or pentyl nitrite’! with preformed metal
hydride complexes to yield nitrosyl derivatives is well-known,
nitrosyl complexes have been generated from nonhydrido metal
species as well;*>5 Robinson and Uttley’>*? have proposed that
formation of these latter nitrosyl complexes occurs by attack
of NO on hydride intermediates formed in situ by the reaction
of metal halides with the alcoholic solvent. Thus, the formation
of an Ir(III) hydride in the reaction of IrCI1(N,CsCl,)(PPh,),
with HCI and the subsequent reaction of it with MNTS to
form the nitrosyl product appear entirely feasible.

The six-coordinate NO complex IrCl,(N,C;Cl)(NO)-
(PPh;), (XIII) shows a slight lowering of both ¥(NO) and
v(NN) (Table II) relative to the five-coordinate complex
[IrCI(N,C;Cl,)(NO)(PPh,),] [PF,] (XI). The single reso-
nance in the *'P NMR spectrum is consistent with a trans
disposition of PPh, ligands and the two Ir—Cl stretching fre-
quencies (306, 338 cm™) in the infrared spectrum suggest the
cis disposition of chloro ligands.

Reactions of Diazofluorenes with Ir(I) Systems. Among
many possibilities, we chose to extend our studies of the re-
actions of diazo molecules with Ir(I) systems through the use
of diazofluorenes, since diazofluorene itself was known to form
stable n? complexes with Ni(0),> Ru(0),*® and Pt(0).** The
reaction of diazofluorene with IrCI(N,)(PPh;), did not yield
a complex containing the diazofluorene molecule but rather
produced fluorenone ketazine. We believe that the instability
of the hypothetical IrCl(diazofluorene)(PPh,), molecule is

(50) Piper, T. S.; Wilkinson, G. J. Inorg. Nucl. Chem. 1956, 3, 104-24,
Laing, K. R.; Roper, W. R. J. Chem. Soc. A 1970, 2149-53; Chem.
Commun. 1968, 1556,

(51) Hieber, W.; Beck, W.; Tengler, H. Z. Naturforsch., B 1960, 15, 411.
Hieber, W.; Tengler, H. Z. Anorg. Chem. 1962, 318, 136-54.

(52) Robinson, S. D.; Uttley, M. F. J. Chem. Soc. A 1971, 1254~7.

(53) Robinson, S. D.; Uttley, M. F. J. Chem. Soc., Dalton Trans. 1972, 1-5.
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Table IY. Comparison of the Reactions of
IrCI(N,R)(PPh,), with L

" N,R
L N,C,Cl,° N,Ph* ®

PR, IICI(N, C,C1,)(PR, )(PPh,), IrCI(N,Ph)(PR,)(PPh,),*

+-BuNC  1rCi(N, C,Cl, )(r-BuNC)- IrCI(N, Ph)(¢-BuNC)-

(PPh,), (PPh,),*

co 1rCI(CO)(PPh, ), 1rCI(N,Ph)(CO)(PPh, ),*

SO, 1rC1(SO, )(PPh, ), ?

NO* IrCI(N,C,C1,)(NO)(PPh,),*  IrCI(NO)(PPh,),*

HCI 1rC1,H(N, C,Cl,)(PPh,), 1:Cl, (HN, Ph)(PPh, ),*

2 This work. ? Reference 4.

electronic in origin, as space-filled models indicate that there
are no serious steric constraints on the molecule. A rough
indication of the electronic nature of a given N,R molecule
may be obtained from the pK, value of the parent R molecule,
as the ability to stabilize negative charge within the carbon
framework is certainly related to the stability of the possible
N,R complex. The pK, of CsCI,H, we estimate to be around
10-13 on the basis of the known pK, of cyclopentadiene
(18.0).** The pK, of fluorene is 22.6.>* Since the pK, of
2,7-dibromofluorene is 17.9,% we chose to study the reaction
of 2,7-dibromo-9-diazofluorene with Ir(I) systems. When
2,7-dibromo-9-diazofluorene is allowed to react with IrCl-
(N,)(PPhs), in the presence of ethanol, a yellow-orange solid,
X1V, is cbtained. The elemental analysis is consistent with
the formulation of one diazo molecule per iridium center. Such
a complex is not obtained in the absence of ethanol. The
compound is not the simple diazo adduct, as the proton NMR
spectrum exhibits a 1:2:1 triplet (3 = 14.7 Hz) at § —26.93,
indicative of a hydride ligand coupled to two equivalent
phosphorus nuclei. A very strong infrared band at 2224 ¢cm™
may be assigned to »(IrH). We believe that a possible
structure for compound XIV is the orthometalated hydrido
complex

where the positions of the H and C! ligands could equally well
be reversed. Such an orthometalated complex is similar to

(54) Bordwell, F. G.; Branca, J.; Fried, H., private communication.
(55) Bordwell, F. G.; McCollum, G. J. J. Org. Chem. 1976, 41, 2391-5.

Schramm and Ibers

known orthometalated aryldiazene complexes of iridium.
That these complexes also do not form in the absence of
ethanol has been discussed by Sutton and Gilchrist.*¢ Clearly
the reactions of substituted diazofluorenes with IrCI(N,)-
(PPhs), are interesting and deserving of further study.
Comparison of the Reaction Chemistry of IrCI(N,R)(PPh,),
(N,R = N,CsCl,, N,Ph*). The reaction chemistry of IrCl-
(N,C;sCl)(PPhs), resembles, to a point, the chemistry of the
cationic aryldiazonium complex [IrCI(N,Ph)(PPh;),] [PF¢].*
The chemistries are compared in Table IV. Both compounds
form five-coordinate complexes with phosphines and iso-
cyanides and exhibit similar decreases in the values of »(NN)
upon coordination of these ligands. However, the reactions
with CO, HCI, and NO* are very different. The coordination
of the nitrosyl ligand to IrCI(N,CsCl,)(PPhs), is especially
surprising since NO* displaces the phenyldiazonium ligand
from IrCI(N,Ph)(PPh;),*. Presumably the subtle electronic
changes engendered in going from N,Ph* to the presumably
poorer w-acceptor N,CsCl, are sufficient to alter the chemistry,

- even though the structures are very similar. Electronic changes

manifest themselves in other ways. Our attempts to isolate
discrete rhodium complexes RhCI(N,C;Cl,)P, were unsuc-
cessful, although these complexes were observed as transient
species in solution. Evidently the much decreased basicity of
the rhodium center does not provide the proper electronic
balance for the isolation of stable diazo complexes. Similarly,
the basicity** of the phosphine ligand is critical. When
“IrCI(PPh,(OMe)),”, generated in situ from the u-chloro-
iridium cyclooctene dimer and PPh,(OMe), was allowed to
react with N,CsCl,, no isolable diazo complex was obtained.
It is apparent that these neutral diazo molecules as well as the
diazonium cations are capable of coordinating only to those
metal systems which display rather specific electronic prop-
erties.

Acknowledgment, We are indebted to Johnson Matthey,
Inc., for the loan of precious metals used in this study. This
work was kindly supported by the National Science Foundation
(Grant CHE76-10335).

Registry No. I, 66973-33-9; I1, 73396-32-4; 111, 73396-31-3; IV,
73396-30-2; V, 73396-29-9; VI, 73396-28-8; VII, 73396-27-7; VIII,
73453-94-8; 1X, 66970-19-2; X, 66970-20-5; XI, 73465-12-0; XIIa,
73396-26-6; X1IIb, 73396-25-5; XIII, 73396-24-4; XIV, 73396-23-3;
IrCI{N,){(PPhy),, 21414-18-6; [IrCI{C3H 4),],, 12246-51-4; fluorenone
ketazine, 2071-44-5; 9-diazofluorene, 832-80-4; N-methyl-N-
nitroso-p-toluenesulfonamide, 80-11-5.

(56) Gilchrist, A. B,; Sutton, D. J. Chem. Soc., Dalton Trans. 1977, 677-82.
Cobbledick, R. E.; Einstein, F. W. B.; Farrell, N.; Gilchrist, A. B.;
Sutton, D, J. Chem. Soc., Dalton Trans, 1977, 373-9,



