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First Transition Metal Complex of 1,8-Bis(dimethylamino)naphthalene (proton sponge)
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First transition metal complexes of 1,8-bis(dimethyl-ami-
no)naphthalene (proton sponge), N,N'-chelated Pd(Il) com-
plexes, were prepared and the strong coordination ability of
the proton sponge was demonstrated. The high transition energy
for the coordination could be lowered by the existence of the in-
termediate charge-transfer complex which was isolated.

If a large steric interference around the N-donor atom exists
in the base, the coordination ability decreases greatly. 1,8-Bis-
(dimethylamino)naphthalene (N::N) is one of the strongest N-
bases (pK, 12.34)! but a very weak nucleophile, so it is called
a “proton sponge.” Nearly two hundred papers about the chem-
istry of this proton sponge, with particular interest shown in an
isolated strong hydrogen bond in (N:H:N)™, have been written.
But to the best of our knowledge no paper has yet reported a tran-
sition metal complex with N::N, while 1,8-bis(alkylamino)naph-
thalene usually coordinates as a diamido(2-) type chelating or
bridging ligand. N::N reacted with bis(hexafluoroacetylacetona-
to)palladium(IT), [Pd(hfac),]? in n-hexane immediately deposit-
ing dark violet crystals of the charge-transfer (CT) complex
[Pd(hfac),](N::N) 1 in an 80% yield. When the reaction mixture
was allowed to stand at room temperature for 1 week without
separating 1, the crystals of 1 disappeared and red crystals of
[Pd(hfac)(N::N-N,N')](hfac) 2a gradually grew (63%). 2a react-
ed with S-diketones in Et, O to give the yellow crystals of [Pd(S-
dik-0,0")(N::N-N,N")](hfac) (B-dik; acac: 2b, dbm: 2¢) in 50—
80% yields.? Figure 1 shows the X-ray structure of 2¢.* The co-
ordination plane of Pd is slightly distorted from a square plane.
The dihedral angle between a least squares plane of the naphtha-
lene ring and the PAN,O, plane is 43.2(2)°. The ipso carbons,
C(5) and C(13), deviate slightly from the naphthalene plane in
the opposite direction from each other, 0.15(6) and —0.13(6) A,
respectively. The torsion angle between C(5)-N(1) and C(13)-
N(2) is 34.7(6)°. The N1-N2 distance (2.94(6) A) is larger than
an idealized value, 2.51 A. This distortion of N::N could come
from the stress caused by the required width of the bite angle
in coordination with Pd(II). Some transition metal complexes
of 4,9-dichloroquino[7,8-%]quinoline (another proton sponge)
have been reported and the structure of the Pt(II) complex is sim-
ilar to 2¢.” The high energy barrier for coordination is also due to
the strong electrostatic repulsion between two nonbonding elec-
tron pairs which need to be the same direction (syn) as each other
along the naphthalene’s plane for coordination to proceed. How-
ever these electron pairs are arranged in the opposite direction
(anti) in the free ligand.® This high transition energy for the re-
arrangement could be lowered by the existence of the intermedi-
ate CT complex 1 which would decrease the electron density of
the lone pair electrons of N::N in 1. The trial to obtain the NMR
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Figure 1. ORTEP drawing of the complex cation in 2c. Ellip-
soids are shown at the 50% probability level. All hydrogen
atoms are omitted for clarity. Selected bond distances (A) and
angles (°): PdI-N1 2.086(6), Pd1-N2 2.056(6), Pd1-Ol
1.990(5), Pd1-02 2.012(5), NI-C5 1.485(9), N2-C13
1.472(10), N1-Pd1-N2 90.7(2), O1-Pd1-02 90.4(2).

spectra of 1 resulted in a mixture of [Pd(hfac),] and N::N. Un-
fortunately a suitable crystal of 1 for X-ray analysis has not
yet been obtained. IR absorption bands of complex 1 in the
C=0 and C=C stretching region exist between 1620 and
1520cm™! being different from those of [Pd(hfac),] (1590—
1530 cm™").2 The Pd-O(hfac) bonds in 2a appear to weaken be-
cause of the ligand-to-metal charge transfer. Figure 2 shows the
"H NMR spectra of the free N::N and 2a. All signals showed
down field shift in the coordination state relative to the free li-
gand state. The 'H chemical shifts and multiplicity of N::N in
2a, 2b, and 2c are similar to those of [N:H:N]™ except the
NMe signal (see the data of (N:H:N)* in 3), the former is a sin-
glet and the latter is a doublet coupled with H'. In solution the
N::N plane in 2 flips up and down quickly along the coordination
plane because only one kind of N-Me signal ('H and '3C) was
observed for 2a, 2b, and 2¢ at room temperature but the signal
in 2¢ broadened at —100°C. The hfac-CH signal ('H and *C)
and -CF; signal ('°F) in 2a were a singlet at room temperature,
but these signals split into two at low temperatures through their
coalescences. The high field one is assigned to the hfac™ as a
counter anion and the other to the O,0’-chelate.” Thus the che-
lating hfac ligand and counter hfac anion in 2a exchange with
each other on NMR time scale, but the other chelating S-diket-
onate ligand in 2b and 2c¢ does not exchange with the counter
hfac anion. Complex 2a gradually reacts with a small quantity
of water in solution to afford (N:H:N)"[{Pd(hfac)},(u-
CF;CO0,)((t-CHCO-CF3)]™ 3 as the results of the nucleophillic
attack of OH™ on one carbonyl carbon in hfac, following the
CF5C(0)-CHC(O)CF; bond rupture.® But the N::N chelate in
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Figure 2. '"HNMR spectra of (a) free N::N and (b) 2a in CDCl;
(RT).

2a is generally not reactive with other weak Brgnsted acids as
shown in the reaction with B-diketones. The thermodynamic sta-
bility of 2 could be brought about by the overcoming advantages
of the strong Pd-N bond energy and the removal of the electro-
static repulsion between the two electron pairs.
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