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Complexation of the NOBIN-derived Schiff base ligand 1
with Pd(CH3;CN),Cl, has been observed to result in a novel
Pd-C bonding mode and theoretical calculations based on
B3LYP density functional theory have been carried out to
clarify the reaction mechanism.

As an analog of BINOL, chira 2-amino-2’-hydroxy-1,1'-
binaphthyl (NOBIN) is enjoying increasing application in the
construction of chiral ligands for asymmetric catalysis.1
Among the NOBIN-derived ligands, the Schiff bases have
attracted additional interest owing to their intriguing features,
such as their unique chiral biaryl structure, facile synthesis and
easy modification. However, substantialy less has been done
about the organometallic features of these NOBIN-derived
Schiff bases, and there has, to date, been no report on the well-
characterized X-ray crystal structure of this kind of Schiff base
complex. Herein we report interesting results of the formation
of anovel C,—Pd bonding modein aPd(i1) complex of NOBIN-
derived Schiff base 1 and a relevant mechanistic investigation
with DFT calculations.

We began our investigation with the readily available
racemic 2-(2-pyridinylmethyleneamino)-2’-hydroxy-1,1’-bina-
phthyl 1. The imine was prepared in situ by stirring a mixture of
NOBIN and a dlight excess of 2-pyridinecarbaldehyde (1.2
equivalents) in dichloromethane for one hour a ambient
temperature in air.4a2 The in situ generated Schiff base ligand
was treated with PACl>(CH3CN), (1 equivalent).t After stirring
for 1 h, a mixture of yellow and red precipitate appeared,
indicating that at least two kinds of compounds were formed in
this reaction. The compounds are air-stable and display very
low solubility for most of the solvents. Considering that
2-pyridinecarbal dehyde might function as both a reagent and a
base, another experiment was conducted in dichloromethane
with equimolar amounts of pure Schiff base 1 and
Pd(CH3CN).Cl, as reagents. After overnight stirring, only the
yellow precipitate was observed. However, upon the addition of
1 equivalent of sodium acetate, the yellow precipitate became
soluble and the yellow solution turned red in a few minutes.
This observation confirmed our assumption that in the first
experiment 2-pyridinecarbaldehyde has dual functionsasboth a
reagent and a base. It also implied that the formation of the red
compound involved a multi-step process: the formation of the
yellow compound without the involvement of base followed by
abase-promoted reaction generating the red compound. Thered
solution was allowed to stand for 3 daysin air, and red crystals
suitable for characterization via X-ray analysisformed.t Single
crystals of the yellow compound suitable for X-ray diffraction
study were obtained by dissolving the compound in warm
DM SO followed by standing for over 1 week.

T Electronic supplementary information (ESI) available: ORTEP plots and
crystal datafor 2 and 3. See http://www.rsc.org/suppdata/cc/b3/b303477a/

1666

The yellow paladium complex 2t crystalises in the
monomeric form with two chloride atoms (Cl 1 and Cl2) and two
nitrogen atoms (N1 and N2) of the bidentate ligand forming the
square-planar coordination sphere around the palladium center
(see Fig. S1). The paladium aom is positioned in the
coordination plane N1-N2-Cl1-Cl2 (0.0198 A above the
calculated plane) as the average off-plane deviation is 0.061 A.
The square-planar structure is dlightly deformed due to the
narrow N1-Pd—N2 angle [80.58(8)°]. The two naphthyl planes
are perpendicular to each other, asindicated by adihedral angle
of 90.9°. Asaresult of the existence of a bulky binaphthyl ring
on the N1 side, the palladium-imino bond Pd-N1[2.038(2) A]
is slightly longer in comparison to Po-N2 [2.035(2) A].

The ORTEP plot of the structure of complex 37 (red crystal)
is shown in Fig. S2. Single crystal X-ray diffraction analysis
revealed the existence of an unusual Pd—C bond and the loss of
aromaticity of one ring. Obviously, this novel paladium
coordination modeisadirect consequence of steric strain relief,
allowing theligand to avoid unfavorable steric interactions. The
arrangement is evidenced by the bond distances of Pd—Cl, Pd—
01, C2-01, C1-C2 and C3-C4 [2.133(4), 3.266(3), 1.244(5),
1.474(6) and 1.325(6) A, respectively]. The metal adopts a
distorted square-planar coordination geometry with C1, N1, N2
and Cl1in aplane and Pd +0.0192 A out of this plane. The N1—
Pd—-C1 angle of 82.98(14)° is smaller than the standard val ue of
90° for anideal square planar complex, whereasthe C1-Pd-Cl1
angle of 102.72(11)° is significantly greater than 90°. The Pd—
C1 bond length of 2.133(4) A is longer than the sum of the
covalent radii (1.31 and 0.771 A for palladium and carbon).
This lengthening is attributed to the existence of a bulky group
ontheimineside. The Pd-N2 bond length [2.100(4) A] islonger
than Pd—N1 [1.973(3) A], reflecting the greater trans influence
of the Pd—C1 bond. Pd—C1 and Pd—C2 distances of 2.133(4) and
2.709(5) A rule out the formation of an2-Pd coordination mode.
The two binaphthyl rings are nearly perpendicular, as indicated
by a dihedral angle of 78°.

It should be pointed out that whether cyclopalladation
occurred or not proved to be strongly dependent on the presence
of aweak base. Thisfinding is similar to those obtained for the
cyclopalladation or cycloplatination of thioimines and ferroce-
nyl Schiff bases.6

The unusual Pd-C,, bonding mode originates from the unique
characteristics of both the ligand and the metal. The enolate
character of the Schiff base ligand 1 leads to enol—-keto
tautomerization and high reactivity at C1, which has been
observed in organic reactions with naphthyl-type substrates.”
Considering the softness of the Pd(i1) metal center,8 which
increases its carbophilicity relative to its oxophilicity, there is
no doubt that the Pd(i1) center readily coordinates to the softer
benzyl enolate carbon. Consequently, the high electrophilicity
of C1 coupled with the carbophilic nature of Pd(i) resulted in
the five-membered palladacycle ring rather than larger metal-
lochelate rings, consistent with the known inclination of Pd(i).°
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Similar phenomena have been observed in the coordination
chemistry of Pd(i) or Pt(ir).10-12

Since the yellow compound 2 can be converted to the red
compound 3 in the presence of awesk base, it is of interest to
examine whether the red complex 3 can be transformed to the
yellow compound 2 when treated with acid. Indeed, upon
addition of 1 equivalent of HCl solution to the mixture of
complex 3 and dichloromethane a room temperature, the
complex became solublein the solvent after stirring, and the red
color quickly changed to yellow followed by the appearance of
a yellow precipitate, indicating the formation of yellow
compound 2.

On the basis of the experimental observations described
above, it appears that the reaction of the NOBIN-derived Schiff
base ligand 1 with palladium chloride initially gave the yellow
dichloride complex 2 followed by a substitution reaction giving
either complex 4a or 4b. Since complex 4ais not expected to be
formed in the absence of a strong base,13 a plausible reaction
mechanism is proposed in Scheme 1 involving the formation of
complex 4b followed by an enol—keto-like tautomerization
process giving complex 5. The base-promoted deprotonation of
5 leads to the formation of the red complex 3.

Tofurther examinethefeasibility of the mechanism proposed
in Scheme 1, we study the important enol—keto-like tautomer-
ization step from complex 4b to complex 5 with the aid of
density functiona theory calculations.’4 The result of this
calculation indicates that the reaction from complex 4b to 5 is
energetically very favorable with a barrier of only 8.7 kca
mol—1, providing further support to the proposed reaction
mechanism. We also calculated the structure of complex 3, the
deprotonation product of complex 5. The experimental structure
is well reproduced theoretically. The calculated structures of
complexes 3 and 5 are quite similar to each other. Attempts to
locate a transition state linking complex 4a and 3 failed. This
result suggests that the presence of astrong base may lead to the
formation of 4a, and may prevent the tautomerization proc-
ess.

In conclusion, we have prepared and structurally charac-
terized Pd(n) complexes 2 and 3 containing Schiff base ligand
1 derived from NOBIN. In the presence of a weak base, the
novel Pd-C chelation mode was observed. The proposed
pathway for the formation of the Pd—C bond is consistent with
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DFT calculations. Further work to explore the application of
these complexes in catalysis and the examination of the
coordination chemistry of NOBIN-derived Schiff bases is in
progress.
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