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Summary: The reaction of 4,8 -methylenedioxyacetophenone  Scheme 1. Early-Metal Ortho-Metalated Imine Complexes

imine (L-H; 1) with "BuLi allows for the synthesis and isolation Produced by Cyano Insertion Reaction3
of a discrete ortho-lithiated imine (L-LB). Through the use of ML X,
salt metathesis pathways, this monoanionic, chelatingCN MLy NS HX ML,
ligand has been employed to produce a series of titanium and @ + RCN >\_© — = HNQ
zirconium complexes, including4X, (M = Ti, X = CI (5); R

M = Zr, X = CI (3), CH;SiMg; (4)) and L,Ti=NBu (6). . ) R
aM =Ti, Zr, Ta; R= alkyl, aryl, amino, phosphino; HX weak

The use of ortho-metalated ketones in late-metal catalysis hasacid, such as alcohol, amine, thiol.
become quite common in recent years. Notably, Crabtree has
shown that iridium hydrides supported by ortho-metalated the imine nitrogen. This direct synthetic route is unavailable
acetophenone ligands function as excellent catalysts for thefor early transition metals, as traditional early-metal starting
hydroalkoxylation and hydroamination of alkyrie¢dn addition materials typically contain metal centers in their maximum
to the use of ortho-metalated ketones, it has been shown thatoxidation states (eliminating the possibility for oxidative addition
the related imines also support a wide variety of late-metal of the aryl C-H bond). Additionally, due to the redox properties
chemistry3-15 Recently, Lai and co-workers reported the use of early metals, the use of starting materials with lower oxidation
of ortho-metalated imines in iridium-mediated hydroamination states generally results in reductive processes, rather than the
of alkenes and alkyné$.On the basis of these results, we desired C-H activation of these specié%!” To date, the only
hypothesized that ortho-metalated imines could likewise function reported route for the synthesis of early-metal ortho-metalated
as useful ancillary ligands foearly-metal organometallic imine complexes entails the insertion of a cyano group into a
complexes. metak-benzyne bond, yielding dianionic versions of these

Although late-metal complexes have been well investigated, ligands; this is a method which has been employed for
ortho-metalated imine ligands have seen only scant use withnitriles8-22 cyanophosphine®¥2° and cyanamidé8 (Scheme
highly Lewis acidic early transition metals. In fact, to date there 1). One major limitation of this synthetic route is that the nitro-
is no direct route for the synthesis of early-metal complexes gen (anionic following cyano insertion) can only be converted
employing these ligands. In the cases where late metals are usednto the parent unsubstituted imine (RS~ or RC=NH),
ortho-metalated imine complexes are readily produced by eliminating steric and electronic modification of this donor atom.
oxidative addition of the aryl €H bond following ligation of As a part of our research effort toward the design of new
unsymmetrical, bidentate ligand-supported complexes for use
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Scheme 3. Salt Metathesis of the Ortho-Lithiated Imine 2 R —
with ZrCl , Leading to L»ZrCl ; (3) as an Equilibrium of Two 333K 2.64
Structural Isomers: 3a and 3I? VAN N
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g /Ar 5.5 50 ppm
2L-Li (2) 1 _Ar C;'}‘ c o Figure 1. ExperimentalKeq values and representativel NMR
+ : N N o ‘7, ) spectra of the-OCH,O— region at various temperatures for the
zrcl, - 2HC Arcim 5l (o L o equilibrium betweer8aand3b. A small amount of ligand. (L-H)
o A N is present.
O ia b slowly warmed to ambient temperature overnight. The product
aAr = 2.6-EpCeHa. 3is insoluble in pentane and diethyl ether and sparingly soluble

in toluene, while slowly decomposing in THF and &3,

complexes yielding new catalytic and stoichiometric reactivity. Washing with pentane was used to remove excess ligand, and

thesized by the Schiff-base condensation off 3nethylene- All attempts to recrystallize this material were unsuccessful,
dioxyacetophenone with excess 2,6-diethylaniline in the pres- 91Ving ?nly a microcrystalline .SO|.Id.
ence of catalytip-toluenesulfonic acid? The reaction mixture The *H NMR spectrum of3 indicated the presence of two

was brought to reflux for 2 days, using a DegStark trap to highly symmetrical species in solution, most readily identified
collect the byproduct water upon formation. After organic Py the distinctive peaks for theOCH,O— resonances, appear-
extraction,1 was obtained by vacuum distillation, providing the ing as two weakly coupled doublets for each isomer. The two
ligand in 85% yield (Scheme 2). The product could be readily dlstlnct sets of peaks _observed fc_)r the two isomers showed
identified by NMR spectroscopy. Notably, a sharp singlet was Varying ratios, depending on solution temperature (Figure 1).
observed ab 5.28 in thetH NMR spectrum ofL, representative Thus, the presence of two compounds in solution is inferred,;
of the —OCH,O— moiety on the phenyl ring. there is not just one species with inequivalent ligands. On the

The reaction ofl with a stoichiometric amount ¢BuLi in basis of the observed symmetry, the empirical formula, and the
pentane resulted in deprotonation at thep@sition to yield 1~ Propensity for six-coordinate zirconium complexes to have cis-
equiv of butane, with concomitant formation of the ortho- chloride ligands, we suggest that the two observed species are
lithiated imine ligand (L-Li;2) (Scheme 2). As the reaction was the Cz-symmetric LbZrCl, isomers 3ab (Scheme 3). The
very rapid and exothermic, cooling in an ice bath was used to ObservedC, symmetry necessitates that either the carbons or
minimize byproduct formation. Following the reaction, the the nitrogens of the two ligands be arranged in a trans
mixture was slowly warmed to room temperature. The product, configuration. Variable-temperature (V)i NMR spectroscopy
an air- and moisture-sensitive yellow solid, was washed liberally "evealed that one isomer (denoa) was more thermodynami-
with pentane and dried under vacuum, affordiip excellent ~ cally stable than the otheBlf) in the temperature range 253
yield. Quenching of the lithiated species with@confirmed 333 K?*and the thermodynamic parameters of the equilibrium
the regioselective lithiation, with quantitative recovery of 2~ Were investigated. Equilibrium constant&) were calculated
d-1. The lithiated ligand2 could also be readily characterized throughout the temperature range, according to the equation
by its NMR spectroscopic data, with the most notable peak again Keq= [3al/[3b], where the relative ratios of the two species were
being the—OCHZO_ resonance, now appearing as a Sing|et at obtained from the integl’ation of theOCHZO— prOton reso-
S 4.81. nances. The standard enthalpy (6.6 kJ THoland entropy

In order to demonstrate the utility of ortho-metalated imines changes (28 J mot K~) were estimated from a van’t Hoff
as ancillary ligands in early-metal organometallic chemistry, a Plot (Figure 2). These small isomerization enthalpy and entropy
series of group IV metal complexes were targeted, with salt values support near-equal concentrations of the two isomers at
metathesis reactions being the preferred method of synthesis@pproximately—40 °C. o o
Two equivalents of were found to react readily with Zrgto Compound3 was further functionalized by reaction with 2
form the complex LZrCl, (3), where two halide ligands were ~ €quiv of LICH;SiMes to produce the dialkylated speciesZr-
replaced by two bidentate ortho-metalated imines (Scheme 3).(CHzSiMes)2 (4) (Scheme 4) in moderate yietNotably, the

The reaction was carried out a*G and then the mixture was ~ H NMR spectrum ot showed the presence of only one isomer
in solution, as evidenced by the equivalence of thMei

(27) An earlier report details the synthesis of a related aldimine species
(3,4'-methylenedioxybenzaldehyde cyclohexyl imine) and its in situ lithia- (28) TheC; isomer with ligand carbon donor atoms in a trans orientation
tion, as determined by quenching experiments: Ziegler, F. E.; Fowler, K. was ascribed to the more stable isomer on the basis of the crystal structure
W. J. Org. Chem1976 41, 1564. of the dialkylated specie4, detailed below.
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Figure 2. van't Hoff plot for thermodynamic analysis of the
equilibrium of 3a and 3b.

Scheme 4. Reaction of 3 with LICHSiMe; Leading to
LzZI’(CH 25iME3)2 (4)a
o,
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aAr = 2,6-EtCeHa.

resonances)(0.22) as well as the presence of only two weakly
coupled doublets for the diastereotopi©CH,O— protons. The
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Figure 3. ORTEP diagram (50% probability) oLEr(CH,SiMes),

(4). Disordered methyl groups, hydrogen atoms, and cocrystallized
ether have been removed for clarity. Bond lengths (A) and angles
(deg): Zr1+-C1=2.228(3), Zrt-C5=2.223(3), Zrt-C9= 2.297-

(3), Zr1—C28= 2.295(3), Zrt-N1 = 2.540(3), Zrt-N2 = 2.510-

(2); C1-Zr1-C5= 90.2(1), C+Zr1—C9 = 99.9(1), C+Zr1—
C28=107.3(1), C+Zr1—N1=87.5(1), Cx-Zr1—N2 = 174.8(1),
N1-Zr1—-N2 = 95.7(1).

in a wide range of organic solvents, making its complete
isolation and characterization untenable. In addition to poor
solubility, 5 exhibited little or no reactivity with a diverse array
of lithium reagents, including MeLi, LiCkSiMes, LiNEt,, and

lack of isomerization in this species can be attributed to the | jNH(2,6-i-Pr.C¢Hs). The reactions were invariably slow and
steric demands of the large alkyl groups employed, forcing the proceeded to poor conversion, even with heat and in a variety

complex to adopt the more sterically favored isomer. X-ray-

quality crystals of4 were obtained from diethyl ether at25

of solvents. This was somewhat surprising, as titanium was
expected to be more reactive than its heavier congener zirco-

°C, and the crystal structure reveals that the carbons of the twonjym. Perhaps, since the titanium is smaller, the steric bulk of

ligands are in a trans orientation, while the two ligand nitrogen the ortho-metalated imine ligands is more pronounced,in
atoms and the methylene carbons of the (trimethylsilyl)methyl hindering access to the titanium center. It is also possible that

groups are each oriented in a cis arrangement (FiguieT3)e

liberated lithium chloride is retained within the metal complex,

observed Z+C distances are very similar to those observed in forming an “ate” Salt, which would serve to further reduce the

other Zr-CH,SiMe; complexes!—33 Additionally, a significant

reactivity of these speci€8 Numerous examples in the literature

intramolecularz-stacking interaction is observed between the have shown that small alkali-metal salts are often trapped in

ortho-metalated imine ligands. The-Mr and 3,4'-methylene-
dioxyphenyl planes are nearly parallel (average deviatiafr),

and the distance between the offset phenyl rings is approximately

3.4 A, a value indicative of strong-stacking interactiont
This contributes to the observed stabilityldbénd is also likely
an influence on the isomerization process observedfor

the coordination sphere of early transition metals, forming “ate”
salts of this type&—3°

In order to circumvent these solubility issues, we investigated
a titanium imido precursor as an entry point for this chemistry.
Two equivalents o were found to react readily with (py)i-
(=N'Bu)ChL*°to form L,Ti=N'Bu (6) (Scheme 5). The red solid

Titanium complexes with compositions similar to those of  that was obtained showed moderate thermal stability (the solid
the zirconium species discussed herein were also synthesizedgecomposes at 183C) and was soluble in most nonpolar

Two equivalents of the lithiated ligan2i reacted readily with
TiCl4 to yield L,TiCl (5). Compoundb was virtually insoluble

(29) The analogous ZrMe; species was synthesized similarly from
reaction of3 with 2 equiv of MeLi. Its solubility was virtually identical
with that of 3, preventing its isolation from unreact&dlt could be readily
observed spectroscopicallyH NMR (CsDg, 400 MHz) 6 7.14-7.01 (m,
6H), 6.90 (d, 2H, 8 Hz), 6.58 (d, 2H, 8 Hz), 5.32 (s, 4H), 2.59 (s, 6H),
2.56-2.38 (m, 8H), 1.75 (s, 6H), 1.15 (t, 12H, 8 Hz). B

(30) Crystal data: ggHg2N204SipZr+1/,CqH100, triclinic, P1, a =
11.4685(6) Ab = 12.6056(6) Ac = 18.3425(9) Ao = 81.983(1), 8 =
77.081(1y, y = 65.461(1), T= —138°C, R1= 0.068, wR2= 0.199 (all
data).
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solvents. Additionally, it showed no evidence of coordination
by a variety of coordinating solvents, supporting its formulation
as a five-coordinate titanium imido species. The NMR spectra
of 6 indicated the presence of a single, highly symmetrical

(35) A flame test indicated the presence of lithium in the sample, but
this may be representative of incomplete removal of LiCl from the material
on workup. A7Li NMR showed only a single resonance @0.00 ppm,
representative of LiCl. This still does not preclude the presence of “ate”
salts within the material, as it has only very low solubility in the NMR
solvent (GDg).
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Scheme 5. Synthesis of the Titanium Imido Derivative 6
and Its Subsequent Reactivity with Aldehydes To Form the
Analogous Oxo Product 7
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aAr = 2,6-EtCeHs; R = 'Bu; R = 3,4-methylenedioxyphenyl.

species, most likely a square-pyramidal complex with the two

Organometallics, Vol. 26, No. 17, 208097

a metat-oxo product (Scheme 5). The metathesis reactions
between metal imido complexes and carbonyl groups have been
well documented, generally occurring via a cycloaddition
reaction to yield an imine and an oxo prodtft.

In summary, the synthesis of a bidentate, monoanionic, ortho-
metalated imine ligand, which can be readily synthesized using
a Schiff base condensation and easily activated W8ith_i to
form the corresponding ortho-lithiated compound, has been
reported herein. The coordination chemistry of this new ligand
with titanium and zirconium precursors has been explored,
resulting in the synthesis of unprecedented ortho-metalated
titanium and zirconium complexes through salt metathesis
routes. We are currently investigating the use of these group
IV metal complexes in a broad range of stoichiometric and
catalytic applications. Additionally, we will continue to explore
the utility of these ortho-metalated imines as supporting ligands
for other early-metal centers.
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