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Novel ortho-palladated phenylpyrimidine-1,3-diketonato organyls with successively increasing
numbers of alkyl chains were synthesized and investigated by polarizing optical microscopy
and X-ray diŒraction. A discontinuous transition from a lamellar to a columnar organization
is observed, dependent on the number of chains: molecules with four or � ve chains from
smectic phases (SmA, SmC), the related compound with six chains in the molecule is non-
mesomorphic, whereas molecules with seven or eight chains form hexagonal columnar
mesophases.

1. Introduction
The design of novel molecules close to the calamitic/

discotic cross-over point is of real interest in liquid
crystal research. Such materials can show especially
interesting liquid crystalline phases, such as cubic
phases [1], discotic lamellar phases [2] and lamello-
columnar [3] phases, as well as potentially biaxial nematic
phases [4]. Several diŒerent approaches have been tested
to obtain such molecules. At � rst, calamitic molecules
were grafted with several alkyl chains at their terminal

Figure 1. Mesogenic species with (a) K-shape and (b) rod/ends (polycatenar compounds) [5]. Furthermore, the
half-disc shape.number of chains attached to disc-like molecules was

systematically reduced [2, 6], disc-like molecules were
stretched into a board-like shape [2, 7], and molecular diŒerent types of such metallomesogens have been reported
discs were combined with one or more molecular rods in the past. Smectic phases were found for dinuclear
[8, 9]. An alternative way could be the combination halogen-bridged cyclopalladated diarylazines [11], azo-
of rod-like molecules with laterally attached half-discs benzenes [12], diarylimines [13] and phenylpyrimidines
to obtain novel mesogens with a shape intermediate [14], whereas binuclear and tetranuclear multichain
between rod-like and disc-like mesogens; see � gure 1 (b). diarylimine derivatives with a disc-like molecular shape

As is well known, metal-containing liquid crystals formed columnar phases [15]. Mononuclear cyclo-
allow the creation of quite unusual molecular geometries palladated complexes can be easily obtained from
that are di� cult to achieve with purely organic molecules such dinuclear m-chloro palladium complexes by ligand
[10]. In this context, palladium-containing metallo- exchange reactions with various bidentate ligands to give
mesogens especially attracted our interest, because readily neutral (with 1,3-diketonate s) or cationic (with bipyridines)
available N-containing rod-like molecules can be ortho- compounds [16]. Also K-shaped mesogenic molecules
palladated to create new mesogenic structures. Several with smectic phases have recently been obtained in

a series of mononuclear ortho-palladated complexes
incorporating a SchiŒ’s base unit and a 1,3-diketonate*Author for correspondence;

e-mail: Tschierske@Chemie.Uni-Halle.de ligand [17].
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1262 T. Hegmann et al.

Here, we report a novel concept for controlling the Compounds 3b and 3d with unsymmetrically substituted
mesophase structure of mononuclear ortho-palladated 1,3-diphenylpropan-1,3-dionat e units, were obtained as
complexes by the combination of a calamitic disub- mixtures of isomers, diŒering in the coordination of the
stituted 2-phenylpyrimidine core with a 1,3-diketonate diketonate unit with respect to the 2-phenylpyrimidine
unit having a successively increasing number of alkyl core. The ratio of these isomers is approximately 1 : 1 as
chains, so providing a step by step transition from a determined by 1H NMR spectroscopy.
K-shaped geometry to a molecular shape combining a The compounds were � rst investigated by polarizing
calamitic and a half-disc unit (� gure 1). optical microscopy using a heating stage. The results

are summarized in the table. Compound 3a with only
2. Results and discussion four chains shows an enantiotropic SmA phase identi� ed

The palladium(II)organyl 1 and the thallium-1,3- by its typical fan-like texture and regions with homeo-
diketonates 2 were prepared and characterized according tropic orientation. On further cooling, the transition to
to literature procedures [16, 18]. The preparation of the a tilted smectic phase (SmC phase) takes place; this
mononuclear ortho-palladated complexes was carried could be detected by the formation of a typical schlieren
out as described in the scheme, in a similar manner texture in the homeotropically aligned regions of the
to that published by Serrano and coworkers [17]. SmA phase. Enhancing the number of alkyl chains

reduces the stability of the SmA phase. Hence, for com-

pound 3b, only a monotropic SmA phase was found,
which on further cooling rapidly crystallizes. Compound

3c shows no liquid crystalline behaviour; on heating

above 115 ß C, the crystalline solid melts and on cooling no
mesophase can be detected down to a temperature of

95 ß C, when crystallization begins.

However, a further increase in the number of chains
gives rise to regeneration of liquid crystalline behaviour.

For compounds 3d and 3e with seven and eight chains,

enantiotropic mesophases were found in the ranges
72–134 ß C and 79–163 ß C, respectively. Both mesophases

are characterized by textures typical for columnar phases

(see � gure 2). X-ray scattering investigations con� rm the
results obtained by microscopy. Three sharp re� ections

corresponding to a ratio of their positions of 1 : Ó 3 : 2
were observed in the small angle region (Guinier � lm

camera); this con� rms a hexagonal lattice with a lattice

parameter ahex 5 2.84 nm for 3d and ahex 5 2.87 nm for
3e (Col

h
phases) . Additionally, there are two outer regions

of diŒuse scattering, one corresponding to 0.45 nm,

typical for molten alkyl chains, and a second one corres-
ponding to 0.36 nm, which is assigned to core–core

correlations. Therefore, the structure facilitates very close

intermesogen contacts of the organometallic centres, and
Pd–Pd interaction could be expected in the range of the

observed intermesogen spacing (d8 Õ d8—closed shell

Scheme. Synthesis of the mononuclear palladium complexes 3. interactions) [19] (see � gure 3).

Table. Phase transition temperatures for compounds 3a–3e.

Compound R1 R2 R3 R4 T / ß C

3a H H H H Cr 113 SmC 117 SmA 133 I
3b OC10H21 H H H Cr 117 (SmA 101) I
3c OC10H21 OC10H21 H H Cr 115 I
3d OC10H21 OC10H21 OC10H21 H Cr 72 Colh 134 I
3e OC10H21 OC10H21 OC10H21 OC10H21 Cr 79 Colh 163 I
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1263Multichain mononuclear Pd-mesogens

Taking into account the molecular dimensions obtained
from space � lling models, as shown in � gure 4 (a),
we decided on the model for the observed hexagonal
columnar phase shown in � gure 4 (b). The � at central
cores of the molecules, caused by the square planar
geometry of the Pd(II ) atoms, are arranged face to face
on top of one another and the Pd atoms may form
chains in the centres of the columns. The � uid alkyl
chains should e� ciently � ll the space around these polar
core regions. To obtain an optimal space � lling an anti-
parallel arrangement on average of the nearest neighbour
half-discs seems favourable [20].

Thus, a discontinuous transition from lamellar to
columnar mesophase behaviour takes place, controlled
by the number of alkyl chains attached to the 1,3-
diketonate unit. To study the transition from lamellar

to columnar mesophases in this system in more detail,Figure 2. Polarized optical micrograph of the hexagonal
the contact region between the SmA phase of 3b andcolumnar phase of 3e at 95 ß C.

the Colh phase of 3d was investigated. The schematic

Figure 3. X-ray diŒraction pattern
of 3e at 120 ß C.

Figure 4. (a) Space-� lling model of
3e with all-trans-conformation
of the alkyl chains (H atoms
are not shown) and (b) arrange-
ment suggested for the molecules
of 3d and 3e in the hexagonal
columnar mesophases.
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1264 T. Hegmann et al.

phase diagram of this binary system is shown in d 5 8.58 (br s, 2H, H-6 Py), 8.52 (br s, 2H, H-4 py),
7.59 (d, 3J(H, H) 5 8.2 Hz, 2H, H-6 ¾ ph), 6.97 (br s, 2H,� gure 5. In the contact region, the mesophases of the

pure compounds were destabilized and a new strongly H-3 ¾ ph), 6.66 (d, 3J (H, H) 5 8.4 Hz, 2H, H-5 ¾ ph), 4.01
(t, 3J (H, H) 5 6.2 Hz, 4H, OCH2 ), 2.58 (m, 4H, arCH2 ),birefringent mesophase with a non-speci� c texture (M)

was induced. It could not be homeotropically aligned. 1.80–1.76 (m, 4H, OCH2CH2 ), 1.62–1.26 (m, 48H, CH2 ),
0.87–0.84 (m, 12H, CH3 ). Elemental analysis: foundTherefore, it could be an intermediate phase, at present

unidenti� ed, but not cubic. (calc. for C54H82N4O2Cl2Pd2 ): C 58.61 (58.80), H 6.91
(7.49), N 5.11 (5.08)%.

2d: 1 - (3,4,5-Tridecyloxyphenyl )-3-(3,4-didecyloxy-
phenyl)propan-1,3-dionat o thallium(I) (2d ) was pre-3. Conclusions

In summary, it was found that the combination of pared following a published procedure [18]. Cr 78
(Col 77) I; ref. [18]: Cr 75 (Col 69) I( ß C).two molecular sub-units of diŒerent shape in mono-

nuclear ortho-palladated complexes leads to new liquid 3d: To a suspension of 0.073 mmol (80 mg) of 1 in 4 ml
of dry CH

2
Cl

2
, a suspension of 0.145 mmol (175 mg) ofcrystalline materials with a rich polymorphism and much

lower transition temperatures than the related dinuclear 2d in 4 ml of dry CH
2
Cl

2
was added all at once. The

resulting mixture was stirred for 18 h at room temper-chloro bridged organometallic compounds . By increasing
the number of � exible alkyl chains, a discontinuous ature. After complete reaction (TLC) the mixture was

� ltered and the solvent removed under reduced pressure.transition from a lamellar to a columnar organization
of the molecules is observed, but no cubic phase could The crude material was puri� ed by column chromato-

graphy (silica gel; CH
2
Cl

2
/ethanol, 10 : 0.5) and crystal-be detected as an intermediate phase, as is known to

occur for polycatenar compounds [5] and amphiphilic lized from an ethanol/ethyl acetate mixture (5 : 1)
to give 173 mg (78% yield) of 3d as a yellow solidmolecules [21]. Moreover, compounds 3d and 3e are the

� rst mononuclear ortho-palladated phenylpyrimidine- (cis : trans ~ 1 : 1). 1H NMR (400 MHz, CDCl3 ): d 5 8.78,
8.76 (2d, 4J (H, H) 5 2.7, 2.5 Hz, 1H, H-6 py), 8.561,3-diketonato organyls that show thermotropic columnar

mesophase behaviour. (d, 4J (H, H) 5 2.5 Hz, 1H, H-4 py), 7.70 (d, 3J(H, H) 5
8.6 Hz, 1H, H-6 ¾ pyph), 7.66–7.56 (m, 1H, ar-H),
7.55–7.53 (m, 1H, ar-H), 7.28, 7.25 (2d, 4J(H, H) 5 2.3,
2.5 Hz, 1H, H-3 ¾ pyph), 7.24, 7.17 (2s, 2H, ar-H),4. Experimental

The synthesis of compound 3d is described as a 6.92–6.88 (m, 1H, ar-H), 6.73–6.69 (m, 1H, H-5 ¾
pyph), 6.56, 6.55 (2s, 1H, CH), 4.13–4.02 (m, 12H,representative example of the experimental procedures.

1: A suspension of 2.05 mmol (860 mg) of 2-(4-decyloxy- OCH
2
), 2.63–2.57 (m, 2H, arCH

2
), 2.04–1.74 (m, 12H,

OCH
2
CH

2
), 1.69–1.64 (m, 2H, arCH

2
CH

2
), 1.58–1.21phenyl)-5-heptylpyrimidine and 2.05 mmol (592 mg)

of bis(benzonitrile)-palladium (II) chloride in 80 ml of (m, 92H, CH2 ), 0.90–0.86 (m, 21H, CH3 ). 13C NMR
(100 MHz, CDCl3 ): d 5 183.2 (C), 183.1 (C), 182.8 (C),ethanol was stirred for 4 h at room temperature. The

resulting yellow solid was � ltered oŒ, washed successively 182.7 (C), 172.1 (C), 161.7 (C), 159.4 (CH), 155.6
(C), 155.5 (CH), 154.0 (C), 153.9 (C), 153.0 (C), 149.9with 50 ml portions of petroleum ether, acetone and

ethanol, and crystallized from chloroform/ethanol to (C), 142.1 (C), 136.7 (C), 136.4 (C), 135.7 (C), 134.0 (C),
133.8 (C), 132.0 (C), 131.9 (C), 128.4 (CH), 121.8 (CH),give 1.1 g (95% yield) of 1 as a yellow solid. Cr

1
125

Cr2 156 SmA 218 I( ß C). 1H NMR (400 MHz, CDCl3 ): 116.9 (CH), 116.6 (CH), 114.6 (CH), 114.0 (CH), 113.6
(CH), 113.1 (CH), 112.8 (CH), 107.7 (CH), 107.3
(CH), 95.9 (CH), 95.8 (CH), 74.6 (CH2 ), 70.4 (CH2 ),
70.3 (CH2 ), 70.1 (CH2 ), 68.8 (CH2 ), 61.3 (CH2 ), 32.8
(CH

2
), 32.7 (CH

2
), 32.6 (CH

2
), 31.6 (CH

2
), 31.4 (CH

2
),

31.3 (CH2 ), 31.2 (CH2 ), 30.7 (CH2 ), 30.6 (CH2 ), 30.59
(CH2 ), 30.54 (CH2 ), 30.49 (CH2 ), 30.45 (CH2 ), 30.40
(CH2 ), 30.32 (CH2), 30.30 (CH2), 30.27 (CH2), 30.14 (CH2),
30.0 (CH2 ), 29.9 (CH2 ), 27.2 (CH2 ), 27.14 (CH2 ), 27.10
(CH2 ), 27.05 (CH2 ), 26.9 (CH2 ), 23.6 (CH2 ), 23.5 (CH2 ),
23.4 (CH

2
), 15.06 (CH

3
), 14.95 (CH

3
), 14.90 (CH

3
).

Elemental analysis: found (calc. for C92H152N2O8Pd):
C 72.78 (72.67), H 10.09 (10.07), N 1.64 (1.84)%.

Figure 5. Schematic binary phase diagram of the system
This work was supported by the Deutsche Forschungs-3b/3d; M 5 birefringent mesophase with unknown structure;

crystalline phases are not shown. gemeinschaft and the Fonds der Chemischen Industrie.
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