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Abstract. (1-Naphthyl){2,6-bis[(dimcthylamino)methyl]pyridine }palladium(II) trifluoromethane-
sulphonate (1b, [Pd(1-C,,H;)(NN'N)]JOTf) was prepared in 60% yicld starting {rom
bis(dibenzylidencacetone)palladium(0) (Pd(dba),) and 1-iodonaphthalenc. (1-Naphthoyl)({2,6-
bis[(dimethylamino)mcthyl]pyridine} palladium(II) trifluoromethanesulphonate (2b, [Pd(C(O)-1-
C,,H,)INN'N)]OTY), characterized by X-ray crystallography, was obtained by insertion of carbon
monoxide into the palladium-carbon bond of 1b in acetone solution. This insertion process was
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shown to be reversible.

Insertion of carbon monoxide into mctal-carbon bonds 1s a
kcy process with widespread applicatons 1n homogencous
catalysis with organometallic compounds.!-> The 1nscrtion
process for four-coordinate d® transition-metal compounds
with monodentate ligands is gencrally assumed to follow
either a dissociative or an associative routc depending on
the base strength of the ligands. Complexes with strongly
basic ligands favour inscrtion from five-coordinate specics,
while the complexes with less basic ligands preler the
dissociative route. To provide evidence for these
mechanisms, extensive kinctic studics in solution by
spectroscopic mecthods have been carried out.4¢  For
complexes with chelating ligands the inscrtiion mechanism
of carbon monoxide 1s not clear. In most cases a wcakly
coordinating chelating ligand seems to be required to allow
inscrtion. It 1s, however, unknown 1f insertion of carbon
monoxide from five-coordinatc species can take place for
chelate compounds.

Solid state structural studies of palladium-acyl complcxes
arc very limited due to the instability of most acyl
complexes towards deinsertion of carbon monoxide. All
known structures are of ncutral compounds, such as trans-
PdC1(C(O)C(O)OMe)(PPh,),” and trans-PdCl(n-
heptanoyl)(PPh,),,? which bear monodcentate phosphorus
ligands.”-11 In this report we present the results of the first
dctailed structural study of a cationic palladium-aroyl
complex. This compound [Pd(C(O)-1-C,,H;)(NN'N)JOTI
(2b) bears the new ncutral, terdentate aminc ligand 2,6-
bis[(dimethylamino)mcthyl]pyridinc (NN'N).

Reccently we synthesized a new class of cationic mono-
organopalladium(Il) complexcs with the gencral formula
[PAR(NN'N)]OTf. We obtained the phenyl'2 (1a, 85%) and
1-naphthyl!3 compounds (1b, 60%) as ycllow crystalline
materials by the route outlined 1in Scheme 1. The aryl
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compounds 1a (R = phenyl) and 1b (R = 1-naphthyl)
show rcversible inscrtion of carbon monoxide.
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The reaction of 1b with carbon monoxide (1 atm, 25 °C),
in acctone, results in the formation of the 1-naphthoyl
compound (2b).!4 Heating or bubbling a slow stream of
nitrogen through this solution of 2b rcsults in the
decinsertion of carbon monoxide yiclding 1b quanutauvely
after several hours. Crystals of 2b, suitable for X-ray
structurc analysis,!> were obtained by slow disullation of
pentanc into an acctone solution of 2b under a CO
atmosphere.

The moleccular structurc of the cation [Pd(l1-
naphthoyl)(NN'N)]* is shown in the figurc.!> In this
square planar palladium(IT) complex the naphthoyl ligand
is bonded by the carbonyl carbon atom in trans position Lo
thc pyridine nitrogen atom N(1). The nitrogen atoms of
thc CH,NMe, groups, N(2) and N(3), arc bonded mutually
trans, so forming two PANCCN(1) five membcered chelate
rings. The Pd-N(1) bond length (2.042(4) A) is very short
in comparison with the Pd-N bond length of 2.131(4) A
found for the 2,2'-bipyridyl nitrogen atom trans to the
mcthyl group in the cationic complex [PdMe(2,2'-
bipyridyl)(y -picoline)]™.1¢ The short Pd-N(1) bond 1s
accompanicd by a small N(2)-Pd-N(3) angle (159.67(19)°)
which is an indication of considcrable steric strain. These
structural fcatures arc duc to the terdentate bonding modc as
was also found for the related complexcs [PdMe(2,2%:6,2"-
terpyridyl)]C1.2H,0!7 and [PdCI1(2,2':6,2"-lcrpyri-
dyD]C1.2H,0.!8 In 2b, the Pd-C distance (1.966(6) A) is
comparable to the Pd-C distances found in ncutral
complexes with a chloride, instcad of a nitrogen atom,
trans to an acyl group (1.97(2) A7 and 1.960(10) A%). This
indicates that the Pd-C bond distance 1s little affected by
the group trans Lo 1L.

The carbonyl group of the l-naphthoyl ligand shows a
normal Pd-C(13)-O anglc (119.0(5)°) and must hence be
n] -bonded to the palladium; for an 772-b0ndcd carbonyl
group onc would expect the Pd-C(13)-O angle to be much

[Fig. ORTEP drawing (50 % probability level) of
compound 2b with the adopted numbering scheme.
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Scheme 2.

smaller. An cxample of such an nz-bonding modc was
found in TiClI(COMe)Cp,, which shows an acute T1-C-O
angle of 79.7(6)°.1 The normal Pd-C(13)-O angle in 2b
also indicates that there i1s no rcpulsion between the
palladium centre and the oxygen atom of the carbonyl
group, as was found for trans-PdCI(C(O)C(O)OMe)-
(PPhj),.”

The insertion of CO into the Pd-C bond of 1a and 1b 1s a
moderately slow reaction which goes to completion within
30 min for 1a and 3 h for 1b. Particularly intercsting 1s
the reversibility of this process in solution since this 1S a
rclatively rarely observed phenomenon in palladium
chemistry 2021 The insertion and dcinsertion proccsses can
[ollow two possible routes (sece Scheme 2). At first sight,
the dissociative route (route a) seems to be the
cnergetically more feasible since the dissociation of the Pd-
N bond accomplishes two favorable things. Firstly, 1t
allows lengthening of the Pd-N(1) bond, thus rclieving the
moleccule of internal strain (vide supra). In the sccond
place, it Icaves an open site for CO coordination.
However, the insertion and deinsertion rates of the 1-
naphthyl specics are both lower than those of the phenyl
species, 1.¢. the insertion and deinsertion rates depend on
the size of the organic group. Route a cannot account [or
this observation. We suggest thercfore the rcaction Lo
[ollow thc associative route (route b) and attribute these
rate diffcrences to the different steric crowding in the five
coordinatc intermediates. Furthermore, for initial
coordination of CO at the palladium center in 1b, one of
the two potential coordination sites is blocked by the
proton bound to C22 (see Figure). Sccondary evidence for
the associative route comes from the observation that
crystallization of 2a has so far failed, whereas this
procecds rcadily with 2b. This can be cxplained by the
bulk of the naphthyl ligand, in the five-coordinate
intermediate, providing a kinctic barricr to the deinsertion
Proccess.
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To a solution of Pd(dba), (1.15 g, 2 mmol) in benzene (20
mL), under a nitrogen atmosphere, was added 1-
1odonaphthalene (0.52 g, 2 mmol) and N,N,N',N'-
tetramecthylethylenediamine (0.33 mL, 2.2 mmol). The

and L

solution was heated at 50 °C until the colour changed from
purple to dark green (2-5 min). After filtration of the
solution through a sintered-glass filter, the filtrate was
evaporated to dryness. The brown residue was washed with
dry dicthyl ether (4 x 60 mL) and was subscquently
dissolved in acetonitrile (10 mL). To this solution AgOTf
(0.51 g, 2 mmol) was added, whercupon a yellow solid and
a brown solution formed. The solution was filtered and the
residuc washed with acetone. After removing the volatiles
in vacuo, the resulting red oil was taken up in acctone (20
mL) and 2,6-bis[(dimethylamino)mecthyl]pyridine (0.45 g,

2.3 mmol) was added. The solution was stirred at 50 °C for
2 h after which the solvent was removed in vacuo. The
residuc was washed with acetone (3 x 50 mL) and the pure

product obtained by trituration with pentane. Yield 0.69 ¢
(60%) of 1b. 'H NMR (200 MHz, CD,COCD,): 8 2.63 (s,
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6H, NMe,); 2.77 (s, 6H, NMe,); 4.64 (m, 4H, -CH,-); 7.25
(dd, 1H, naphthyl); 7.41 (m, 1H, naphthyl); 7.53 (m, 2H,
naphthyl); 7.68 (d, J = 7.9 Hz, 2H, 3,5-1I(Py)); 7.77 (m,
2H, naphthyl); 8.17 (t, J =7.9 Hz, 1H, 4-1/(Py)); 9.29 (d,
J.=. 8.3 Hz, 1TH, naphthyl). 13€ NMR, (50 MHz.
CD3;COCD3): 0 52.73, 53.39 (NMe,); 74.27 (-CH,-);
11211::85:4(355-C(Ry)); 124 257 125415512571, +1'25.92"
129524, 7131098 13263, 134.95;, 139.39 (naphthyl);
141.56 (4-C(Py)); 156.92 (2,6-C(Py)); 161.89 (naphthyl).
A solution of 1b (300 mg, 0.5 mmol) in acetone (15 mL)
was treated with carbon monoxide (1 atm) for 3 h. After
filtration the volatiles were evaporated in vacuo. The
product was succesfully crystallized from acctone/pentane
1In a carbon monoxide atmosphere. No yicld was determined
but 'lH NMR spectroscopy shows the rcaction to be
complete after 3 h. 'H NMR (200 MHz, CD;COCD,): &
2.75 (s, 12H, NMe,); 4.52 (s, 4H, -CH,-); ca. 7.8 (m, 9H,
Py + naphthyl); 8.82 (d, J = 8.3 Hz, 1H, naphthyl).
IR(KBr): veo= 1615 cml.

Crystal data for 2b: Cy3H,F4N;O4PdS: space group P7; cell
dimensions a = 8.742(1) A, b = 12.303(1) A, ¢ =
13.563(1) A, ¢ = 116.33(1)°, B = 89.92(1)°, y =
103.47(1)°; Z = 2; V =1262.7(2) A3; d = 1.588 g.cm3.
X-ray data were collected on an Enraf-Nonius CAD-4
diffractometer [MoKa, A = 0.71073 A, 6._.. = 27.5°] for a

max
needle shaped crystal glued on top of a glass fiber. A tolal

of 6775 reflections were scanned, corrected for Lp and
absorption (DIFABS?2) and merged into a unique sct of
4201 reflections with 7> 2.56 (/). The structure was solved
with dircct methods (SHELXS8623) and refined on F to R =

0.055 with SHELX76.24 Atomic coordinates for this
structure have been deposited with the Cambridge
Crystallographic Data Center.
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