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Unsaturated Hetero Chains, VIII[°]
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Two mononuclear six-membered chelate PdCl2 complexes donor-acceptor interactions involving the terminal amino
group and the N3–Pd moiety of the molecule. The complex2a, b of the two different types of tetrameric oligonitriles 1a,

b have been synthesized. Both contain square-planar 2b is derived from the thiobenzoyl ligand 1b bearing a
terminal (R)-fenchylidene group. In 2b the sulfur atom S1palladium(II) with a cis arrangement of the chloride atoms. In

complex 2a of the ω-amino-substituted N-methoxycarbonyl and the nitrogen atom N2 are involved in complexation. In
contrast to 2a, strong bond-length alternation is observed inoligonitrile 1a the metal center is coordinated by the nitrogen

atoms N1 and N3. Within the chelate ring alternating bond 2b for the complexed and the non-complexed part of the
ligand. From the NMR spectra of both complexes nolengths for the C–N bonds are observed, whereas the non-

complexed, more flattened part of the oligonitrile chain indication for a migration of the PdCl2 unit along the chain
could be derived.shows almost equal C–N bond lengths, indicating strong

Introduction Results and Discussion

Recently, variably substituted oligonitriles became avail- Two different types of substituted oligonitrile molecules
able for the first time in monodisperse, well-defined have been used, both carrying four adjacent imino bonds
form.[124] Although these substances are isoelectronic with (“tetramers”) and one additional terminal C5X func-
polyacetylenes (polyenes), their structural and electronic tionality. Substance 1a bears a methoxycarbonyl moiety at
properties are entirely different. For instance they adopt nitrogen atom N1 whereas 1b is a thiobenzoyl derivative.
nonplanar three-dimensional structures (often helices in the For the formation of the complexes the ligands were dis-
crystalline state) without far-reaching conjugation. Of spe- solved in acetonitrile, and bis(benzonitrile)palladium di-
cial interest is their behavior in complexation and redox re- chloride was added. Crystallization was achieved by adding
actions as well as their electrical conductivity[5] and the a surplus of diethyl ether, yielding metal complex 2a, and
NLO properties. 2b. [6]

In this paper we report on our investigations of the com- Both new compounds 2a and 2b were subjected to X-ray
plexation ability of oligonitriles using palladium(II) as analysis. Both are mononuclear 1:1 complexes with a cis-
metal counterpart. Oligonitriles are expected to serve as po- PdCl2 unit.
tent polydentate ligands since each imine nitrogen atom is The methoxycarbonyl compound 1a leads to metal com-
a potential σ donor. Furthermore, the numerous C5N plex 2a by complexation of nitrogen atom N1 and N3 (crys-
bonds may give rise to π complexation. High molecular tallographic numbering) to Pd forming a six-membered che-
flexibility due to low barriers of rotation around the C2N late ring (Figure 1). The palladium center is tetracoordinate
single bonds is expected to facilitate complexation addition- forming the expected square-planar geometry[7] as indi-
ally. cated by the sum of angles around palladium (359.88°). Co-

ordinative bond lengths are in the typical range of
PdII2N(sp2) and PdII2Cl bonds. As expected for a pal-

[°] Part VII: ref. [3] ladium compound, coordination to nitrogen atoms is
[a] Institute of Organic Chemistry, Westfälische Wilhelms-Universi- clearly preferred over complexation to oxygen atoms of thetät,

methoxycarbonyl group. The chelate ring deviates stronglyCorrensstraße 40, D-48149 Münster, Germany
Fax: (internat.) 1 49(0)251/83-39772 from planarity leading to a twisted-boat-shaped structure.

[b] Institute of Inorganic Chemistry, Westfälische Wilhelms-Univer- The two other nitrogen atoms N4 and N5 are not involvedsität,
Wilhelm-Klemm-Straße 8, D-48149 Münster, Germany in complexation. This observation may be explained by
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Figure 1. Molecular structure of 2a (hydrogen atoms omitted for
clarity); selected bond lengths [Å], bond angles [°], and torsional
angles [°]: bond lengths [Å]: Pd2Cl(1) 2.282(1), Pd2Cl(2) 2.276(1),
Pd2N(1) 2.041(2), Pd2N(3) 2.017(2), O(1)2C(2) 1.187(4),
C(2)2N(1) 1.434(4), N(1)2C(3) 1.295(4), N(2)2C(3) 1.381(4),
N(2)2C(10) 1.285(4), N(3)2C(10) 1.407(4), N(3)2C(17) 1.322(4),
N(4)2C(17) 1.330(4), N(4)2C(24) 1.328(4), N(5)2C(24) 1.322(4);
bond angles [°]: Cl(1)2Pd2Cl(2) 92.93(3), N(1)2Pd2N(3)
83.45(10), Cl(1)2Pd2N(1) 91.04(7), Cl(2)2Pd2N(3) 92.46(7),
O(1)2C(2)2N(1) 123.4(3), C(2)2N(1)2C(3) 120.2(3), N(1)2
C(3)2N(2) 120.7(3), C(3)2N(2)2C(10) 121.0(3), N(2)2C(10)2
N(3) 120.6(3), C(10)2N(3)2C(17) 118.8(2), N(3)2C(17)2N(4)
118.3(3), C(17)2N(4)2C(24) 124.2(3), N(4)2C(24)2N(5)Scheme 1 118.1(3); torsional angles [°]: O(1)2C(2)2N(1)2C(3) 258.8,
C(2)2N(1)2C(3)2N(2) 162.0, N(1)2C(3)2N(2)2C(10) 45.0,
C(3)2N(2)2C(10)2N(3) 3.5, N(2)2C(10)2N(3)2C(17) 113.2,
C(10)2N(3)2C(17)2N(4) 7.1, N(3)2C(17)2N(4)2C(24) 2149.2,
C(17)2N(4)2C(24)2N(5) 2153.5, N(4)2C(24)2N(5)2C(31)strong interactions of the two chlorine atoms to the pal-
2164.4

ladium center which could not be replaced by the nitrogen
functionalities. [7] In the six-membered chelate ring of 2a
alternating C5N double bonds (1.2921.30 Å) and C2N
single bonds (1.3821.41 Å) are found. This structural fea- (R)-fenchyl group, which was introduced enantiomerically
ture is typical for the free oligonitriles which form non- pure into the molecule, a chiral space group is required for
planar solid-state structures with alternating bond the crystallization of the substance. However, good adap-
lengths. [1] [2] Similarly, UV/Vis spectra of oligonitriles in- tion was achieved by calculating for the monoclinic space
cluding 1a do not indicate long-range conjugation in solu- group P21/c whereas refinement assuming chiral space
tion. Much in contrast to this, the exocyclic oligonitrile groups was unsuccessful. Large Uiso values of fenchyl C
chain (N3 to N5) of 2a bears C2N bonds with almost atoms, which were refined isotropically, and high residual
equal bond lengths (1.3221.33Å). This (Z,E,E)-configured electron density around the fenchyl group may in part be a
part of 2a does not deviate much from planarity as the tor- consequence of the structure solution in the achiral space
sional angles indicate (see Figure 1). Both observations group. Attempts to apply a split-atom model to the fenchyl
indicate a strong conjugative donor2acceptor interaction group were unsuccessful; however, it is quite likely that (E/
of N5 (lone pair) and PdII coordinated to N3, similar to 2- Z) isomers with regard to the N52C29 bond of 2b give
azavinamidinium-type structures. [8] Unfortunately, in- rise to these difficulties. The C2N bond lengths alternate
terpretation of the UV/Vis spectra of this chromophore is strongly in the chelate ring and 2 in contrast to 2a 2 also
difficult due to strong UV absorptions of PdII. These favor- in the uncomplexed part of the chain. This observation sup-
able electronic interactions as well as steric factors based on ports the postulated donor2acceptor interaction in 2a,
the bulky substituents at N4 may lead to the unexpected since the imine nitrogen atom N4 and the fenchyl group in
regioselectivity of the complexation reaction which does not 2b do not have the donor properties of N5 in 2a. All C5N
involve the nitrogen atoms N2, N4 or N5 which present double bonds show (Z) configuration as it is often found in
better donor groups than the acceptor-substituted N1. the structures of oligonitriles. [2]

The thiobenzoyl-substituted oligonitrile 1b also forms a
six-membered chelate 2a on reaction with PdCl2(PhCN)2,
but now the sulfur atom is involved in coordination to the NMR Spectra
palladium center (Figure 2). This is not unexpected in view
of the high affinity of the soft PdII ion for S ligands. Again The 1H-NMR spectra of complexes 2a and 2b at 25 °C

in CDCl3 display broad and poorly resolved signals for thea square planar coordination geometry of the palladium
center (sum of angles 360.0°) is observed. Due to the chiral phenyl protons and the piperidyl and fenchyl protons,
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PdCl2 Complex of N-Methoxycarbonyl-2,4,6,8-tetraphenyl-8-piperi-respectively, due to dynamic properties of the complexes.
dino-1,3,5,7-tetraazaoctatetraene (2a): 27 mg (0.049 mmol) of 1a [2]However, the presence of a single, sharp CO2CH3 signal of
was treated at room temperature with 19 mg (0.049 mmol) of2a at δ 5 3.8 (0.3 ppm downfield relative to 1a in CDCl3[2])
(PhCN)2PdCl2 in 1 mL of acetonitrile. After stirring for 10 min, aindicates that the N12N3 coordination in the solid state is
clear, orange solution was formed, which was treated with 1 mL ofretained in solution since metal coordination at N1 reduces
diethyl ether. Later, 10 mL of diethyl ether and 10 mL of pentane

the electron density of the ester group. Alternatively, mag- were added carefully in such a way that an upper layer was formed.
netic anisotropy caused by sterically hindered phenyl After 5 d, red crystals of 2a were collected [31 mg (0.042 mmol),
groups may be responsible for this chemical shift. At 21% yield]. 2 UV/Vis(CDCl3): λmax [nm] (ε) 5 445 (100), 375
250 °C the phenyl and the alkyl signals of 2a are much (shd), 300 (2900). 2 1H NMR(600 MHz, 298 K, CDCl3): δ 5 1.31

(br., 4 H, CH2), 1.52 (br., 2 H, CH2), 3.07 (br., 4 H, NCH2), 3.80sharper but the CO2CH3 signal is very broad. We interpret
(s, 3 H, OCH3), 6.35, 6.85, 7.10, 7.35, 7.54 (br., phenyl-CH), 7.55,this effect by a sterically hindered, slow rotation of the ester
7.63 (t, phenyl-CH), 7.80, 7.99 (s, br., phenyl-CH), 8.25 (br., phe-group around the C22N1 bond. The 13C-NMR spectrum
nyl-CH). 2 13C NMR(150.85 MHz, 298 K, CDCl3): δ 5 23.72,of 2a at both 20 °C and 250 °C supports the presence of a
24.78, 26.40 (CH2), 49.76 (NCH2), 54.71 (OCH3), 128.19, 128.64,single isomer in CDCl3 solution. No indications for a mi-
128.89, 128.98, 130.42, 130.60 (CH), 131.69, 132.51 (Ci), 132.91,gration of the PdCl2 unit along the chain could be detected
133.24 (CH), 137.68 (Ci), 157.94, 162.54, 164.85, 166.76 (CN, CO).

in the temperature range used.
2C35H33Cl2N5O2Pd · Et2O (807.08): calcd. C 57.71 H 4.97 N 9.09;
found C 57.26 H 5.13 N 9.02.

X-ray Diffraction Analysis of 2a · Et2O (C35H33Cl2N5O2-
Pd · Et2O): [9] The red single crystals were analyzed with a Siemens
P3 diffractometer using Mo-Kα radiation (λ 5 0.71073 Å) and a
graphite monochromator at 170(2) K. Crystal system: monoclinic,
space group P21/n with cell parameters a 5 10.186(2), b 5

22.633(5), c 5 16.221(3) Å, β 5 95.73(3)°, V 5 3720.9(13) Å3,
ρcalcd. 5 1.441 g cm23, Z 5 4. Crystal size: 0.38 3 0.34 3 0.15 mm.
8573 reflections were collected leading to 8118 independent and
6422 observed [I > 2 σ(I)] reflections. Absorption coefficient µ 5

0.687 mm21, no absorption correction, 452 refined parameters.
Non-hydrogen atoms were refined anisotropically. H atoms were
geometrically positioned (riding model). R(F) 5 0.0417, wR(F2) 5

0.0904; residual electron density: 0.551/21.097 e Å23. The struc-
ture was solved and refined using SHELXS-86 and SHELXL-
93.[10]

Figure 2. Molecular structure of 2b (hydrogen atoms omitted for PdCl2 Complex of 2,4,6,8-Tetraphenyl-8-(1,3,3-trimethylbicyclo-clarity); selected bond lengths [Å], bond angles [°], and torsional
[2.2.1]hept-2-ylidene)amino-1-thia-1,3,5,7-octatetraene (2b): 24 mgangles [°]: bond lengths [Å]: Pd2Cl(1) 2.341(1), Pd2Cl(2) 2.291(1),

Pd2S 2.237(1), Pd2N(2) 2.039(4), S2C(1) 1.677(5), N(1)2C(1) (0.042 mmol) of 1b [3] was suspended in 1 mL of acetonitrile and
1.372(6), N(1)2C(2) 1.303(7), N(2)2C(2) 1.396(6), N(2)2C(3) treated with a solution of 18.8 mg (0.049 mmol) of (PhCN)2PdCl21.310(6), N(3)2C(3) 1.350(6), N(3)2C(4) 1.302(7), N(4)2C(4)

in 2 mL of acetonitrile. After stirring for 5 min, a clear, deeply red1.347(6), N(4)2C(29) 1.273(7); bond angles [°]: Cl(1)2Pd2Cl(2)
solution has formed, from which after 30 min a red, powder-like95.34(5), S2Pd2N(2) 89.57(12), S2Pd2Cl(2) 83.46(5), Cl(1)2

Pd2N(2) 91.63(12), S2C(1)2N(1) 122.9(4), C(1)2N(1)2C(2) solid precipitated. The solid was separated by filtration, washed
125.2(4), N(1)2C(2)2N(2) 122.0(5), C(2)2N(2)2C(3) 120.1(4), with little acetonitrile and dried in vacuo. Yield: 17 mg
N(2)2C(3)2N(3) 119.7(5), C(3)2N(3)2C(4) 125.2(4), N(3)2

(0.022 mmol; 53%). 2 IR (KBr): ν̃ [cm21] 5 3058 (w), 296222868C(4)2N(4) 125.0(5), C(4)2N(4)2C(29) 136.2(5), N(4)2
(w), 1734 (m), 1585 (m), 1560 (s), 1495 (s), 1478 (s), 1450 (s), 1345C(29)2C(39) 121.7(5); torsional angles [°]: S2(1)2N(1)2C(2)

238.6(7), C(1)2N(1)2C(2)2N(2) 211.8(8), N(1)2C(2)2 (m), 1323 (m), 1309 (m), 1285 (m), 1267 (m), 1205 (m), 766 (m),
N(2)2C(3) 2113.8(6), C(2)2N(2)2C(3)2N(3) 210.6(7), 696 (m). 2 C38H36Cl2N4PdS(758.07): calcd. C 60.20 H 4.78 N 7.39;
N(2)2C(3)2N(3)2C(4) 142.6(5), C(3)2N(3)2C(4)2N(4) 25.9(9),

found C 59.04 H 5.06 N 7.68.N(3)2C(4)2N(4)2C(29) 2100.5(8), C(4)2N(4)2C(29)2C(30)
2172.4(6) X-ray Diffraction Analysis of 2b (C38H36Cl2N4PdS): [9] The red sin-

gle crystals were analyzed at 170(2) K with a Siemens P3 dif-
fractometer using Mo-Kα radiation (λ 5 0.71073 Å) and a graphite
monochromator. Crystal system: monoclinic, space group P21/c
(see text) with cell parameters a 5 11.244(2), b 5 30.714(4), c 5Experimental Section 11.562(2) Å, β 5 118.42(3)°, V 5 3511.7(10) Å3, ρcalcd. 5 1.434 g
cm23, Z 5 4; crystal size 0.12 3 0.20 3 0.38 mm). 8037 reflectionsMaterials and Methods: Compounds 1a and 1b were prepared as

previously described. [2] [3] Commercially available solvents (p.a. were collected leading to 7657 independent and 5399 observed
[I > 2 σ(I)] reflections. Adsorption coefficient µ 5 0.773 mm21, noquality) were used without further purification. 2 CHN analyses

were performed with a DiaCHN 240 (Perkin2Elmer). 2 IR spectra absorption correction. 379 refined parameters. Non-hydrogen
atoms were refined anisotropically with exception of the fenchyl Cwere recorded with a Bruker FT-IR IFS 48 spectrophotometer as

KBr pellets. 2 UV/Vis spectra were recorded using an HP 8453 atoms which were refined isotropically. H atoms were geometrically
positioned (riding model). R(F) 5 0.0594, wR(F2) 5 0.1625; re-diode array spectrophotometer (Hewlett-Packard). 2 1H- and 13C-

NMR spectra were obtained using a Bruker AC 200 and Varian sidual electron density: 2.072/20.887 e Å23. The structure was
solved and refined using SHELXS-97 and SHELXL-97.[10]Unity 600 spectrometer.
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