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Summary

The first metal carbonyl complexes with the uninegative tridentate
1,3-bis(arylimino)isoindoline (BAII) ligand have been prepared. Rhodium(I)
forms a 4-coordinate complex of the type RhL(CO) and iridium(l) a
S-coordinate IrL(CO), complex. Changes in remote substituents on the BAII
ligand are reflected in changes in the metal carbonyl stretching frequencies
demonstrating the ability to selectively modify the electron density at the
metal center. The coordinatively unsaturated RhL(CO) is quite reactive :
toward oxidative addition; stable alkyl- and acyl-thodium(IIl) complexes have -
been prepared and isolated.

Reported herein are the first d® and d® transition metal carbonyl com-
plexes with the unique 1,3-bis(arylimino)isoindoline (BAII) ligand system [1-3].
The chemistry of low valent rhodium and iridium complexes with new ligand-
systems continues to be of interest because of the well recognized catalytic
properties of these metal ions and the recently uncovered bioclogical activity -
of rhodium with certain nitrogen-donor ligands [4]. The potential to modify
their donor properties without introducing significant changes in coordination
geometry stimulated our interest in the BATI ligands. We found that a number
of BAII ligands form stable carbonyl complexes with rhodium(I) and iridium(I);
their preparation, characterization, and some prehmmary reactlwty stud1es ‘
are presented below. ~

The BAITI ligand system is a unmegatlve or less frequently a neutral, tn- ‘
dentate ligand with three N-donor sites.. Unlike the polyhyrazolylborates, the .
only extensively studied mononegative - tridentate N-donor ligands [5], the - -
BAIl’s are expected to prefer a planar configuration with the three con]ugated
" donor nitrogen atoms coplanar with the metal center. Prepared from phthalo- -
nitrile and a primary aromatic amine [1,6], the BAIT ‘may be- convemently
modified by varying the amine; differences in'donor, steric, and physical . = . -
(e-g: 'solubility) properties resulting from such modlﬁcatlons have been obse 'ed
- for both ligand and metal complex [7]. ' Lo e , LT
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Preparatzon and stabzlzty

- The BAII ligand, 1 3-b15(2-pyr1dyhmmo)1somdohne, (I) reacts readlly with
II(CO)g (acac)® in the presence of a catalytic amount of DABCO (1,4-diazabi-
cyclo[2.2.2]octane) to afford in good yield a stable dicarbonyl in which the
o-donor acetylacetonate anion has been replaced by the g-donor BAII anion
as shown in Scheme 1. Although moderately air-sensitive in solution the
coordinatively saturated dicarbonyl complex is air-stable in the solid state. The
reaction with Ir(CO), (acac) is general for a variety of substituted BAII where
the pyridine rings bears substituents or has been replaced by another aromatic
heterocyclic as shown in Table 1. The preparation of a 5-coordinate IrL'(CO),
complex failed only when methyl substituents were present « to the pyridyl
nifrogens (e.g., 6-position on the pyridine ring of I) thus hindering the approach
of the metal ion to the coordination sites.

The BAII ligands did not react with IrCI{(CO)(PPh; ), under mild condi-
tions but did react with [IrCl(COD)], to form the BAII-COD complex
IrLL(COD). This presumably 5-coordinate COD complex reacted rapidly with
CO to afford the dicarbonyl complex as described in Scheme 1.

Treatment of the BAII ligand I with either Rh(CO), (acac) and a catalytic
amount of DABCO or [RhCl(CO), ], and one equivalent of DABCO led to
formation of the apparently square planar rhodium(I) mono-carbonyl com-
plex RhL(CO)*. The preference of rhodium(I) for 4-coordination versus that
of iridium(I) for 5-coordination has been observed with certain other multi-
dentate ligand systems [8]. The preparation of RhL(CO) appears to be general

SCHEME 1 @
N o
|
IrL(COD) € . -1r-F0
1 1 Yco
N

RAL(CONCOCH )1

Rh(COY), (acac) RAL(CONCH )T
or

AN
[Rnciccor,], C“V RRL(COCHSKI)P{OMe),
=
je

* At room temperature in CH, Cl, or CHCLl, the reaction time is 24 hours or less.
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TABLE 1
NEW RHODIUM AND IRIDIUM COMPLEXES WITH BATII LIGANDS

Complex Ligand derived from & Color Kco) b Yield (%)
RhL(CO) 2-Aminopyridine Rust 1951 72
RBL'(CO) 2-Amino-4-methylpyridine  Red-Brown 1936 72
RhL'(CO) 2-Aminopyrazine Brown 1958 - 77
RhL'(CO) 2-Amino-5-nitropyridine Brown 1972 Low €
RhL'(CO)(CH;)I 2-Amino-4-methylpyridine  Orange-Red 2056 23
RLL'(COY(COCH,)I 2-Amino-4-methylpyridine Rust 2088 9 74

RhL’ (COCH:, Y(XP(OMe),; 2-Amino-4-methylpvridine Orange — e 21
IL(CO), 2-Aminopyridine Yellow-Orange 2047, 1968 50
Il:]Z-'(CO)z 2-Amino-4-propylpyridine Brown 2052, 1984 84
IrL'(CO), 2-Aminothiazole Red-Brown 2052, 1974 79

IrL’ (CO)2 2-Amino-5-chloropyridine Red-Brown 2060, 1974 60

L’ (CO),; 2-Amino-5-nitropyridine Dark-Brown 2078, 2003 a7
IrL(COoD) 2-Aminopyridine Brown — 78

@ligand derived from this amine and phthalonitrile. bKBr pellets. €Was not separated from unreacted ligand
due to low solubility. dAcyl: 1586 and 1578. €Acyl: 1576.

for a number of BAII ligands although as in the iridium(I) case the preparation
fails with methyl substituents in the 6-pyridyl positions of 1.

The rhodium(I) mono-carbonyl complex is unreactive toward excess CO
but is reactive toward O, even in the solid state. In solution, treatment with
O, led to rapid formation of an as yet uncharacterized material which exhibits
no carbonyl bands.

Spectra and physical properties

The ability to influence the donor properties of L by making substituent
changes on the aryl groups of the BAII ligand is shown in Table 1. Electron-
withdrawing substituents at remote sites on the ligand shift the metal carbonyl
stretching frequencies to higher wave numbers, an observation consistent with
reduced electron density at the metal center.

A major reason for the lack of attention afforded BAII type ligands in
the past may lie with the relatively low solubilities associated with metal
complexes of the simple BAII ligands such as I. We observed that the introduc-
tion of alkyl substituents (methyl, ethyl, n-propyl, etc.) in the 4-position of
the pyridyl ring of I significantly increases the solubility of the corresponding
metal complexes in organic solvents. The iridium dicarbonyl complex with
electron-withdrawing substituents (Cl or NO, ) on the pyridyl ring is only very
sparingly soluble in CH, Cl,, whereas the unsubstituted complex is modestly
soluble and the 4-n-propyl derivative is highly soluble even in a non-polar
solvent such as benzene.

Reactivity toward alkyl and acy! halides

As might be expected the coordinatively saturated 5-coordinate IrL(CO),
was considerably less reactive toward oxidative addition than was the coordi-
natively unsaturated RhL(CO). Unreactive toward methyl iodide at room
temperature, the iridium dicarbonyl complex reacted with acetyl chioride, not
to give a simple oxidative addition adduct but to undergo decomp051t10n toa
product containing no termmal CO groups.
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The square planar RhL(CO) exhibits a chemical reactivity similar to that
of some of the phosphine carbonyl complexes of rhodium(I). For example,
RhL(CO) reacts rapidly with methyl iodide (CH, Cl,, 25°C) to yield the ,
corresponding rhodium(III) oxidative addition adduct (¢(CO) 2056 cm™*).
Migratory insertion of CO in the methyl—rhodium bond occurs upon treat-
ment with CO to afford the corresponding acyl complex (»(CO) 2088 cm™ ).
Upon treatment with trimethylphosphite the corresponding trimethylphos-
phite substituted acyl complex is obtained as shown in Scheme 1.

Spectral data and elemental analyses obtained for the new ligands and
metal complexes supported the structures assigned in Table 1.

The preparation and isolation of RhL(CO) and IrL(CO), provide the
first examples of stable low valent 2nd and 3rd row Group VI metal com-
plexes with BAII ligands. As this work demonstrates, the easily modified ligand
may offer opportunities for tuning elecironically the chemistry at the metal
center without altering the geometry or steric considerations of the coordina-
tion sphere.

Current studies are focused on assessing the effects of remote substi-
tuents on the BAII ligand on the chemistry of the metal center.
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