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Summary: The synthesis, isolation, and metalation of the tri-
anionic NCN-pincer ligand [2,6-iPrNCNLi3] 2 (2) is described.
The terdentate coordination ability of2 is demonstrated in the
synthesis of the hafnium dichloride anion [2,6-iPrNCNHfCl2]-
[Li(DME)3] (3-DME). Complex3-DME is distorted square
pyramidal in the solid state, but NMR eVidence indicates the
complex is fluxional and trigonal bypyramidal in solution.
Straightforward ligand modification proVides the additional
trianionic pincer ligand [3,5-MeNCNLi2]2[Li 2(DME)6] (5). This
sterically smaller ligand leads to the hafnium pincerate dianion
complex [(3,5-MeNCN)2Hf][Li 2(DME)2] (6), which contains two
trianionic pincer ligands. The new compounds are characterized
by elemental analysis, multinuclear NMR, and X-ray diffraction
crystallography.

Introduction

Shaw described the synthesis of the first pincer ligand, 1,3-
bis[(di-tert-butylphosphino)methyl]benzene, in 1976 and its
coordination to Rh(III), Ir(III), and group X(II) ions.1 Since then,
both the pendant arms and backbone architecture of the parent
PCP model pincer ligand have been systematically modified.2

These modifications enable exquisite control over the electronic3

and steric environment imparted to the metal ion of interest and
have yielded a rich and diverse chemistry4 including some chiral
variants.5 Pincer ligands are typically monoanionic6 and are most

often used as ancillary ligands for late transitions metals.7 The
soft-hard-soft (SHS-pincer) arrangement of donor atoms is a
common pincer attribute, best suited for soft metals, and can
result in remarkably stable complexes.2,4 To alter the pincer
architecture so that it matches an early transition metal, we
sought a hard-hard-hard (3H-pincer) combination. As such,
we began synthesizing ligands that can chelate via amido-
arylide-amido linkages. Herein we report the synthesis and
isolation of the two trianionic pincer ligand precursors, [2,6-i-
PrNCNLi3]2 (2) and [3,5-MeNCNLi2]2[Li 2(DME)6] (5), and their
hafnium pincerate complexes.

Results and Discussion

While double N-H deprotonation of1 is straightforward and
has been previously demonstrated,8 the Ar-H proton proved
difficult to remove. Access to the trilithio salt [2,6-iPrNCNLi3]2

(2) was eventually accomplished by refluxing the parent
derivativeN,N′-[1,3-phenylenebis(methylene)]bis-2,6-diisopro-
pylaniline (2,6-iPrNCNH3) (1) in toluene with MeLi (eq 1). The
solid-state structure of2 was determined by X-ray diffraction,
which revealed theC2-symmetric dimer presented in Figure 1.
Two aryl-Li atoms (Li1 and Li1A) sit within a 16-membered
twisted macrocycle similar to that previously described for the
dilithio derivative [2,6-iPrNCNHLi2]2.8 One LiCipsoLiC ipso and
two LiNLiN rhombi comprise the hexalithio core. The central
rhombus contains two lithium atoms that bridge the Cipso pincer
backbone with an average Li-Cipso distance of 2.219(12) Å.9

Additional close contacts to adjacent nitrogen atoms range from
2.161(9) to 2.243(9) Å, thus rendering Li1 and Li1A four
coordinate. The remaining lithium cations are also four coor-
dinate, including close interactions with the central aryl Cipso

observed for each (Li2-C1A ) 2.229(10), Li2A-C1 ) 2.222-
(10), Li3-C1A ) 2.284(10), and Li3A-C1 ) 2.362(10) Å).

Dimer2 is readily soluble in tetrahydrofuran (THF), toluene,
and 1,2-dimethoxyethane (DME), but only sparingly soluble in
diethyl ether (Et2O), benzene, and aliphatic hydrocarbons. Group
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IV metalation reactions were attempted in various solvents, but
THF provided the best result. The hafnium complex [2,6-i-
PrNCNHfCl2][Li(THF) 2(Et2O)] (3) was obtained as a colorless
crystalline solid by treating2 with HfCl4(THF)2 at -35 °C in
THF (eq 2).

The identity of3 and its assignment as a pincerate complex
was confirmed by X-ray crystallography and NMR spectros-
copy. Numerous attempts to isolate single crystals of the THF/
Et2O-solvated species were unsuccessful. Suitable crystals for
X-ray analysis could be obtained only from the synthesis of3
in THF followed by recrystallization from DME layered with
diethyl ether (Figure 2). The solid-state structure of3-DME
indicates that exactly three DME molecules encapsulate the
lithium ion. As a result, the lithium is well separated (10.8 Å)
from the Hf atom and provides an opportunity to analyze the
influence of the trianionic pincer ligand on the metal core
geometry (Figure 2).

The coordination sphere of the hafnium ion in3-DME is
considerably distorted from trigonal bypyramidal and more
closely resembles a square pyramid withCs symmetry. The
Cl1-N1-C1-N2 atoms occupy basal positions, and the sum
of their angles is nearly 360° (345° observed). The Hf center

sits above the plane described by N1-C1-N2 by 0.4 Å, and
the bite angle created by the pincer ligand is small (N2-Hf-
N1 ) 141.0(3)°). The Hf-C1 bond length of 2.217(8) Å is
reasonable, and a13C{1H} NMR spectrum of3 revealed a broad
resonance at 201.55 ppm, appropriate forCsp

2-Hf.
Cs symmetry is not maintained in solution. Instead, the basal

and apical chlorides are averaged over two positions providing
overall C2V symmetry. The1H NMR spectrum of3 indicated
the methine (4.00 ppm) and methylene protons (5.56 ppm) are
equivalent, and only two unique doublets are observed for the
iPr methyls at 1.49 and 1.25 ppm (J ) 6.0 Hz). Broad resonances
for the coordinated solvent molecules are observed and comple-
ment the solid-state structure findings.10

The synthesis of3 cannot be achieved above milligram
quantities due to separation complications from the presence
of LiCl. To improve the solubility and yield of these new
pincerate complexes, we altered the N-aryl substituent and
synthesized a trilithio salt bearing 3,5-CH3 groups. We also
anticipated the 3,5-substitution pattern would minimize steric
congestion around the metal core. When yellow511 is treated
with HfCl4 in benzene, the solution becomes colorless and a
white precipitate forms (eq 3), which is removed by filtration.
After all volatiles are removed a1H NMR spectrum of the crude
material revealed a symmetric complex with a broad singlet at
5.56 ppm that is typical of pincer arm methylene protons of at
leastC2V symmetry.

A single-crystal X-ray crystallography experiment identified
the pseudo-D2d symmetric dianionic hafnium pincerate complex
6, which features two trianionic pincer ligands and is displayed
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MeNCNH2Br (4) with 3.3 equiv ofnBuLi. See Supporting Information for
additional details pertaining to the synthesis of4.

Figure 1. Molecular structure of2 with ellipsoids drawn at the
50% probability level. Isopropyl groups and hydrogen atoms are
removed for clarity.

Figure 2. Molecular structure of3-DME with ellipsoids drawn at
the 50% probability level. Hydrogen atoms and lithium counterions
are removed for clarity.
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in Figure 3. The asymmetric unit consists of two crystallo-
graphically independent molecules. The lithium atoms (not
shown) bridge a pair of nitrogen atoms from opposed ligands
and are each coordinated by a molecule of DME. The two
trianionic pincer ligands are coordinated in a meridional fashion
and form a distorted octahedral coordination sphere about the
hafnium metal center. Small bite angles are again observed for
both the NCN ligands (N1A-Hf1-N2A ) 142.80(12)° and
N3A-Hf1-N4A ) 144.07(12)°), and the Hf1-C1A and Hf1-
C25A bond distances are both 2.277(4) Å, which is 0.06 Å
longer than in3. The major difference between3 and6 is the
orientation of the N-aryl groups. In3 the N-aryl rings are
perpendicular to the-CH2-N-Hf- plane, whereas in6 they
are nearly coplanar with an average dihedral angle of∼16°.
Clearly by locating the smaller methyl substituents in the 3,5-
positions, the N-aryl groups are able to rotate and allow a second
ligand to approach and bind to the hafnium ion.

This report establishes the synthesis of two new trianionic
NCN-pincer ligands and their coordination to Hf(IV). The
trilithio salts [2,6-iPrNCNLi3]2 (2) and [3,5-MeNCNLi2]2[Li 2-
(DME)6] (5) are dimers in both the solid and solution state and
can be synthesized in good yields. Complex3 can be made in
only milligram quantities but offers the first opportunity to
examine the influence of a trianionic NCN-pincer ligand on early
transition metal coordination geometry. The results from X-ray
crystallography indicate a rare square-pyramidal Hf(IV) core
in the solid state for3.12,13 By altering the ligand sterics the
hafniumate dianion (6) containing two pincer ligands can be
synthesized in moderate yield (54%). Three important findings
are established: (1) trilithio salts with classic pincer architecture

can be synthesized and are viable ligand precursors for early
transition metals, (2) the trianionic pincer ligand is capable of
coordinating in a meridional terdentate fashion analogous to
common monoanionic pincer ligands, and (3) choice of N-aryl
group sterics determines the metal complex composition and
geometry.

Experimental Section

General Procedures.Unless specified otherwise, all manipula-
tions were performed under an inert atmosphere using standard
Schlenk or glovebox techniques. Pentane, hexanes, toluene, diethyl
ether, tetrahydrofuran, and 1,2-dimethoxyethane were dried using
a GlassContour drying column. C6D6 (Cambridge Isotopes) was
dried over sodium-benzophenone ketyl, distilled or vacuum
transferred, and stored over 4 Å molecular sieves. Sublimed HfCl4

was purchased from Strem Chemicals and used without further
purification. MeLi, 1.6 M in diethyl ether, was purchased from
Acros. NMR spectra were obtained on Gemini (300 MHz), VXR
(300 MHz), or Mercury (300 MHz) spectrometers. Chemical shifts
are reported inδ (ppm). For1H and13C NMR spectra, the residual
protio solvent peak was referenced as an internal reference. GC/
MS spectra were recorded on an Agilent 6210 TOF-MS instrument.
Elemental analyses were determined by Robertson Microlit Labo-
ratories Inc. and Complete Analysis Laboratories Inc.

Synthesis of [2,6-iPrNCNLi 3]2 (2). To a solution of1 (10.0 g,
21.1 mmol) in 250 mL of toluene was added 46.1 mL of MeLi
solution (1.6 M, 73.8 mmol) via syringe at-35 °C. The solution
was allowed to warm to room temperature and then refluxed for
45 min. All volatiles were removed in vacuo, and the remaining
solid was suspended in diethyl ether, filtered, and washed with
liberal amounts of diethyl ether followed by pentane to yield2 as
a white powder. The product can be recrystallized from hot toluene
as colorless crystals; yield 7.28 g (15.3 mmol, 70%).1H NMR (300
MHz, C6D6, δ): 7.22-6.91 (m, 10H, Ar Hs), 5.25 (d,J ) 15 Hz,
4H, -CH2-), 4.35 (d,J ) 15 Hz, 4H,-CH2-), 3.39 (sept,J ) 6
Hz, 2H,-CH(CH3)2), 2.39 (sept,J ) 6 Hz, 2H,-CH(CH3)2), 1.30
(d, J ) 6 Hz, 6H, -CH(CH3)2), 1.23 (d,J ) 6 Hz, 6H, -CH-
(CH3)2), 0.61 (d,J ) 6 Hz, 6H,-CH(CH3)2), 0.16 (d,J ) 6 Hz,
6H, -CH(CH3)2). 13C{1H} NMR (75.36 Hz, C6D6, δ): 23.60
(-CH(CH3)2), 24.30 (-CH(CH3)2), 25.87 (-CH(CH3)2), 27.61
(-CH(CH3)2), 29.16 (-CH(CH3)2), 30.36 (-CH(CH3)2), 67.29
(-CH2-), 122.96 (s,CH, aromatic), 124.50 (s,CH, aromatic),
125.04 (s,CH, aromatic), 126.43 (s,CH, aromatic), 131.26 (s,CH,
aromatic), 143.09 (s,CH, aromatic), 148.19 (s,CH, aromatic),
153.62 (s,CH, aromatic), 156.45 (s, N-C, aromatic), 164.25 (br
s, C-Li, aromatic). Anal. Calcd for C64H82Li 6N4: C, 81.00; H,
8.71; N, 5.90. Found: C, 80.72; H, 8.44; N, 5.64.

Synthesis of [(2,6-iPrNCN)HfCl 2][Li(THF) 2(Et2O)] (3). A
suspension of HfCl4(THF)2 (150 mg, 323µmol) in 5 mL of THF
was cooled to-35 °C and added dropwise to a solution of2 (153
mg, 161µmol) in 5 mL of THF at -35 °C. The solution was
allowed to warm to room temperature and stirred for an additional
60 min. The solvent was removed in vacuo, and the remaining solid
was extracted with diethyl ether (2× 5 mL). The organic layers
were combined, filtered, concentrated, and then recrystallized at
-35 °C. The product3 was filtered off as an off-white crystalline
powder; crude yield 51 mg (48µmol, 16%). To obtain analytically
pure samples, the crude product can be recrystallized multiple times
from a saturated diethyl ether solution at-35 °C. After multiple
recrystallizations THF solvent molecules were replaced with diethyl
ether.1H NMR (300 MHz, C6D6, δ): 7.22-6.91 (m, 10H, Ar Hs),
5.56 (s, 4H,-CH2-), 4.00 (sept,J ) 6 Hz, 4H, -CH(CH3)2),
3.10, (q,J ) 6 Hz, 4H, Et2O/-OCH2-) 3.07 (br s, 8H, THF/-
OCH2-), 1.49 (d,J ) 6 Hz, 12H,-CH(CH3)2), 1.25 (d,J ) 6
Hz, 12H,-CH(CH3)2), 1.24 (br s, 8H, THF/-CH2-), 0.96 (t,J )
6 Hz, 6H, Et2O/-CH3). 13C{1H} NMR (75.36 MHz, C6D6, δ):
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Figure 3. Molecular structure of6 with ellipsoids drawn at the
50% probability level. Lithium counterions and solvent molecules
are removed for clarity.
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15.45 (s, Et2O/-OCH3), 24.74 (s,-CH(CH3)2), 25.82 (s, THF/-
CH2-), 28.32 (s,-CH(CH3)2), 28.7 (s,-CH(CH3)2), 66.09 (THF/-
OCH2), 69.33 (s, Et2O/-OCH2-), 73.74 (s,-CH2-), 119.04 (s,
CH, aromatic), 124.33 (s, C(iPr)CH, aromatic), 124.99 (s,CH,
aromatic), 127.52 (s, C(iPr)CHCH, aromatic), 148.44 (s, C(CH2)-
CH, aromatic), 151.85 (s, C(CH2)CHCH, aromatic), 156.07 (s,
N-C, aromatic, 201.55 (s, Hf-C, aromatic). Anal. Calcd for
C44H71Cl2HfLiN 2O6: C, 53.90; H, 7.30; N, 2.86. Found: C, 53.84;
H, 6.63; N, 3.00.

Synthesis of 3,5-MeNCNH2Br (4). To a solution of 3,5-
dimethlyaniline (8.26 mL, 66 mmol) in 125 mL of THF was added
26.7 mL ofnBuLi solution (2.5 M in hexanes, 66 mmol) via syringe
at 0 °C. The solution was allowed to warm to room temperature,
and then 2-bromo-1,3-bis(bromomethyl)benzene (11.4 g, 33 mmol)
was added as a THF (30 mL) solution. The solution quickly turned
dark brown and was refluxed for 20 h. After removing all volatiles
the resulting brown oil was taken up in diethyl ether and washed
with H2O (2 × 10 mL). The organic layer was dried over MgSO4,
filtered, and then evaporated. The resulting light brown solid was
recrystallized from hot hexanes to provide3 as a tan microcrystalline
solid; yield 7.31 g (17.3 mmol, 52%).1H NMR (300 MHz, C6D6,
δ): 7.14 (d,J ) 6 Hz, 2H, CHCHCH), 6.86 (t,J ) 6 Hz, 1H,
CHCHCH), 6.35 (s, 2H, C(CH3)CHC(CH3)), 6.14 (s, 4H, N-CCH),
4.25 (d,J ) 6 Hz, 4H,-CH2-), 3.52 (t,J ) 6 Hz, NH), 2.10 (s,
12H,-CH3). 13C{1H} NMR (75.36, C6D6, δ): 22.02 (s,CH3), 49.28
(s,-CH2-), 111.53 (s,CHC(CH3)CHC(CH3)CH, aromatic), 120.49
(s, CHC(CH3)CHC(CH3)CH, aromatic), 124.37 (s,C-Br, aromatic),
127.92 (s, CHCHCH, aromatic), 128.33 (s,CHCHCH, aromatic),
139.17 (s, CHC(CH3)CHC(CH3)CH, aromatic), 139.94 (s,CCHCH,
aromatic), 148.61 (s, N-C, aromatic). ESI-MS (m/z): [M + H]+

calcd for C24H27BrN2, 423.144; found, 423.142. Anal. Calcd for
C24H27BrN2: C, 68.08; H, 6.43; N, 6.62. Found: C, 67.92; H, 6.61;
N, 6.62.

Synthesis of [3,5-MeNCNLi2]2[Li 2(DME)6] (5). To an orange
DME (3 mL) solution of4 (500 mg, 1.18 mmol) was added 3.3
equiv of nBuLi solution (1.56 mL, 2.5 M in hexanes, 3.89 mmol)
via syringe at-35°C. Upon warming to room temperature, a bright
yellow precipitate formed. After stirring for 5 min the solution was
filtered to provide a yellow solid that was washed with DME then
dried in vacuo to provide5 as a yellow microcrystalline solid; yield
366 mg (0.58 mmol, 50%. The yellow salt5 can be further purified
by recrystallization from hot benzene if necessary.1H NMR (300
MHz, C6D6, δ): 7.50 (s, 4H, CHCHCH), 7.50 (s, 2H, CHCHCH),

6.08 (br s, 4H, C(CH3)CHC(CH3)), 6.06 (s, 8H, N-CCH), 4.78 (s,
8H, -CH2-), 2.90 (br s, 36H, DME/-OCH3), 2.83 (br s, 24H,
DME/-CH2O), 2.19 (s, 24H,-CH3). 13C{1H} NMR (75.36,
toluene-d8, δ): 22.14 (s,CH3), 58.98 (s, DME/-OCH2), 60.89 (s,
-CH2-), 70.95 (s, DME/-OCH3), 111.92 (br s,C-Li, aromatic),
113.56 (s,CHCHCH, aromatic), 123.80 (s, CHC(CH3)CHC(CH3)-
CH, aromatic), 126.18 (s, CHCHCH, aromatic), 138.05 (s,
CHC(CH3)CHC(CH3)CH, aromatic), 142.43 (s,CHC(CH3)CHC-
(CH3)CH, aromatic), 156.99 (s,CCHCH, aromatic), 160.54 (s,
N-C, aromatic). Anal. Calcd for C72H110HfLi 6N4O12: C, 68.34;
H, 8.76; N, 4.43. Found: C, 68.12; H, 8.49; N, 4.55.

Synthesis of [(3,5-MeNCN)2Hf][Li 2(DME)2] (6). Benzene solu-
tions of 5 (300 mg, 0.24 mmol) and HfCl4 (76 mg, 0.24 mmol)
were combined at room temperature. The initial suspension quickly
dissolved, and then a white precipitate formed which was removed
by filtration. The product was precipitated as a white microcrys-
talline solid by addition of the filtrate (5 mL) to 100 mL of cold
pentane; yield 7.31 g (0.13 mmol, 54%).1H NMR (300 MHz, C6D6,
δ): 7.45 (s, 4H, CHCHCH), 7.45 (s, 2H, CHCHCH), 7.01 (s, 8H,
N-CCH), 6.16 (s, 4H, C(CH3)CHC(CH3), 5.56 (s, 8H,-CH2-),
2.89 (br s, 12H, DME/-OCH3), 2.78 (br s, 8H, DME/-CH2O),
2.00 (s, 24H,-CH3). 13C{1H} NMR (75.36, C6D6, δ): 21.97 (s,
CH3), 59.28 (s, DME/-OCH2), 69.26 (s, -CH2-), 71.48 (s,
DME/-OCH3), 117.01 (s, CHC(CH3)CHC(CH3)CH, aromatic),
118.76 (s,CCHCH, aromatic), 119.68 (s, CHC(CH3)CHC(CH3)-
CH, aromatic), 127.63 (s, N-C, aromatic), 137.66 (s,CHC(CH3)-
CH(CH3)CH, aromatic), 154.83 (s,CHCHCH, aromatic), 156.94
(s, CHCHCH, aromatic), 204.28 (s, Hf-C, aromatic). Anal. Calcd
for C56H70HfLi 2N4O4: C, 63.72; H, 6.68; N, 5.31. Found: C, 61.69;
H, 6.52; N, 5.31.
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