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Cyclopalladation of 6�ferrocenyl�2,2´�bipyridine and 2�ferrocenyl�1,10�phenanthroline in
the presence of the N�acylamino acid salt as the asymmetric catalyst was performed. Some
reactions of the resulting bicyclic palladium derivatives with tridentate (N,N,C) ligands were
studied.
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Asymmetric cyclopalladation of prochiral amines and
imines using external optically active catalysts allows
the synthesis of planar chiral palladacycles based on
metallocenes, particularly, on ferrocene, in high enantio�
meric yields.1—4 In this connection, it is of interest to
perform this reaction with such substrates as 6�ferrocenyl�
2,2´�bipyridine (1) and 2�ferrocenyl�1,10�phenanthro�
line (2).5,6 This may provide a route to optically active
derivatives of these systems, which have found use in
photophysics.7,8 Earlier,9,10 cyclopalladation of analogous
2�aryl�substituted systems, which are not prochiral and,

consequently, cannot give optically active derivatives, has
been documented. For these systems, the chelate unit
with the tridentate (N,N,C)PdCl ligand was demonstrated
to be very stable. In the case of ferrocenyl�substituted
systems,5,6 (1,5�cyclooctadiene)palladium dichloride,
which cannot be, in principle, involved in the asymmetric
reaction with external chiral catalysts, was used as the
metalating agent.

We performed asymmetric cyclopalladation of com�
pounds 1 and 2 in methanol under pH control catalyzed
by an N�acetyl�D�leucine salt1 and obtained palladium
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Scheme 1

bicyclic compounds 3 and 4, respectively, in high
yields (Scheme 1). In the case of phenanthroline de�
rivative 2, two equivalents of the salt were required to
prevent the formation of the L2PdCl2�type complex.
We failed to measure the optical rotation of the cyclo�
palladated products at 589 nm (the standard D line of a
sodium lamp) because of high absorption by the inten�
sively violet solution. Attempts to determine the enantio�
meric compositions of 3 and 4 by HPLC on chiral col�
umns failed. Hence, we performed a chiroptical study by
circular dichroism, which confirmed optical activity of
both compounds.

The reactivity of metallabicycles with tridentate
(N,N,C) ligands has received little study. The reaction of
aryl isocyanide with metallabicycles is the only recently
described reaction11 accompanied by cleavage of the
metal—carbon bond. A detailed study of the behavior of
compound 3 in a number of reactions typical of pallada�
cycles with bidentate (N,C) ligands also demonstrated
that this compound is very stable. The latter remained
unconsumed after an attempt to perform its carbonylation
in methanol, after refluxing with tolan in toluene, and
after heating with alkyl acrylates in the presence of tri�
ethylamine.12 The reaction with tin metal is the only re�
action accompanied by the Pd—C bond cleavage, which
was successfully performed; however, unlike the original
studies with cyclopalladated tertiary amines,13,14 the start�
ing compound 1 rather than the tin chelate was obtained
as the reaction product. On the contrary, the reactions at
the Pd—Cl bond proceed in a standard fashion to give
quaternary phosphonium salt 5 and moderately unstable
borofluoride 6, for which we failed to obtain satisfactory
elemental analysis data.

Experimental

The starting compounds 1 and 2 were synthesized in
80% yield according to our procedure.15 The 1H NMR spectra
were recorded on a Bruker instrument (400 MHz).

[2�(2,2´�Bipyridin�6�yl)ferrocen�1�yl]palladium chloride (3).
A solution of compound 1 (0.25 g, 0.735 mmol) in MeOH
(15 mL; since compound 1 is difficultly soluble, the solution was
slightly warmed to dissolve the precipitate) was added to a solu�
tion of Na2PdCl4 (0.216 g, 0.735 mmol) and N�acetyl�D�leucine
(0.1273 g, 0.735 mmol) in MeOH (10 mL) brought to pH 7.42
with a solution of NaOH (0.0294 g, 0.735 mmol) in H2O (5 mL).
The reaction mixture was stirred for 6 h (until the spot of the
starting compound 1 in the TLC chromatogram disappeared;
MeOH : CHCl3, 1 : 10, as the eluent). Then the solvent was
evaporated, the residue was dissolved in chloroform and washed
with water, the organic layer was dried (Na2SO4), and the sol�
vent was removed in vacuo. Product 3 was obtained in a yield of
0.34 g (96%).

Found (%): C, 49.87; H, 3.11; N, 5.61; Cl, 7.29.
C20H15ClFeN2Pd. Calculated (%): C, 49.93; H, 3.14; N, 5.82;
Cl, 7.37. 1H NMR (CDCl3), δ: 4.20 (s, 5 H, C5H5); 4.54 (t, 1 H,
C5H3, J = 2.3); 4.64 (d, 1 H, C5H3, J = 2.8 Hz); 4.92 (d, 1 H,
C5H3, J = 2.6 Hz); 7.24 (d, 1 H, Hpyr, J = 8.0 Hz); 7.54—7.60
(m, 2 H, Hpyr); 7.78 (t, 1 H, Hpyr, J = 8.0 Hz); 7.94—8.04
(m, 2 H); 8.96 (d, 1 H, Hpyr, J = 4.3 Hz).

[2�(1,10�Phenanthrolin�2�yl)ferrocen�1�yl]palladium chlo�
ride (4). A solution of compound 2 (0.268 g, 0.735 mmol) in
MeOH (15 mL) was added to a solution of Na2PdCl4 (0.216 g,
0.735 mmol) and N�acetyl�D�leucine (0.1273 g, 0.735 mmol) in
MeOH (10 mL) brought to pH 7.36 with a solution of NaOH
(0.0294 g, 0.735 mmol) in H2O (5 mL). The reaction mixture
was stirred for 6 h, N�acetyl�D�leucine (0.1273 g, 0.735 mmol)
was again added, and the mixture was stirred for 6 h. Then the
solvent was evaporated, the residue was dissolved in chloroform
and washed with water, the organic layer was dried (Na2SO4),
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and the solvent was removed in vacuo. The residue was dissolved
in a 9 : 1 chloroform—methanol mixture and passed through a
thin layer of SiO2, the solvent was evaporated, and the com�
pound was crystallized from CH2Cl2. Product 3 was obtained in
a yield of 0.353 g (95%). Found (%): C, 46.09; H, 2.64; N, 4.62.
C22H15ClFeN2Pd•CH2Cl2. Calculated (%): C, 46.82; H, 2.90;
N, 4.75. 1H NMR (CDCl3), δ: 4.20 (s, 5 H, C5H5); 4.65 (t, 1 H,
C5H3, J = 2.5 Hz); 4.73 (d, 1 H, C5H3, J = 2.3 Hz); 5.07 (d, 1 H,
C5H3, J = 2.3 Hz); 7.52 (d, 1 H, Hphen, J = 8.5 Hz); 7.76—7.81
(m, 3 H, Hphen); 8.20 (d, 1 H, Hphen, J = 8.7 Hz); 8.39 (dd, 1 H,
Hphen, J = 1.6 Hz); 9.05 (dd, 1 H, Hphen, J = 1.6 Hz).

(Triphenylphosphine)[2�(2,2´�bipyridin�6�yl)ferrocen�1�
yl]palladium chloride (5). Triphenylphosphine (0.0545 g,
0.208 mmol) was added to a solution of compound 3 (0.1 g,
0.208 mmol) in benzene (30 mL). The reaction mixture was
refluxed for 4 h. Then benzene was evaporated, and the residue
was washed with diethyl ether and dried. Compound 5 was ob�
tained in a yield of 0.09 g (58%) and was crystallized from CHCl3.
Found (%): C, 54.69; H, 3.34; N, 3.61. C38H30ClFeN2PPd•

•CHCl3. Calculated (%): C, 54.23; H, 3.59; N, 3.24. 1H NMR
(CDCl3), δ: 3.83 (s, 5 H, C5H5); 3.27 (br.s, 1 H, C5H3); 4.29
(br.s, 1 H, C5H3); 4.76 (br.s, 1 H, C5H3); 6.76—6.78 (m, 1 H);
7.06 (br.s, 1 H); 7.37 (d, 1 H, J = 8.6 Hz); 7.53—7.62 (m, 9 H,
PPh3); 7.78—7.84 (m, 6 H, PPh3); 8.15 (br.s, 1 H, Hpyr); 8.27
(br.s, 1 H, Hpyr); 8.78 (br.s, 1 H, Hpyr); 9.27 (br.s, 1 H, Hpyr).

Reaction of complex 3 with tin metal. Activated tin (0.105 g)
was added to a solution of complex 3 (0.021 g, 0.044 mmol) in
toluene (50 mL) and refluxed for 2.5 h. (The tin powder was
preliminarily shaken with a 10% NaOH solution for approxi�
mately 10 min, and then the precipitate was filtered off, washed
several times with water and methanol, and dried.) The color of
the solution changed from violet to yellow. The precipitate was
filtered off, the filtrate was concentrated, and the residue was
dissolved in a 1 : 1 methanol—chloroform mixture and passed
through a thin layer of SiO2. After evaporation of the solvent,
compound 1 was obtained in a yield of 0.010 g (68%). 1H NMR
(CDCl3), δ: 4.06 (s, 5 H, C5H5); 4.42 (t, 2 H, C5H4, J = 2.1 Hz);
5.04 (t, 2 H, C5H4, J = 2.1 Hz); 7.30—7.35 (m, 1 H, Hpyr); 7.44
(dd, 1 H, Hpyr, J = 1 Hz); 7.73 (t, 1 H, Hpyr, J = 7.67 Hz);
7.83—7.89 (m, 1 H); 8.22 (dd, 1 H, Hpyr, J = 1 Hz); 8.59 (d,
1 H, Hpyr, J = 8.3 Hz); 8.68—8.70 (m, 1 H).

(Acetonitrile)[2�(2,2´�bipyridin�6�yl)ferrocen�1�yl]�palla�
dium tetrafluoroborate (6). Silver tetrafluoroborate (0.0145 g,
0.074 mmol) was added to a solution of complex 3 (0.0358 g,
0.074 mmol) in acetonitrile (30 mL), and the reaction mixture
was stirred for 4 h (until the starting compound 3 was consumed,
TLC monitoring, MeOH : CHCl3, 1 : 10, as the eluent). The
precipitate that formed was filtered off, the filtrate was concen�
trated, the residue was washed with diethyl ether and dried, and

compound 6 was obtained in a yield of 0.035 g (92%). 1H NMR
(DMSO�d6), δ: 4.30 (s, 5 H, C5H5); 4.70 (br.s, 1 H, C5H3); 4.76
(br.s, 1 H, C5H3); 5.02 (br.s, 1 H, C5H3); 7.78 (d, 1 H, Hpyr, J =
8.0 Hz); 7.93—7.97 (m, 1 H, Hpyr); 8.20—8.31 (m, 2 H);
8.38—8.43 (m, 1 H, Hpyr); 8.6 (d, 1 H, Hpyr, J = 8.0 Hz); 9.2 (d,
1 H, Hpyr, J = 6.2 Hz).
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