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Bis (3-chloro-4-dodecyloxyphenyl) malondialdehyde copper(II), as well as its nickel(II)
homologue have been synthesised. The copper(II) complex shows a narrow (15 °C) nematic
phase below its clearing temperature. The nickel(II) complex is polymeric in nature.

Introduction
T he interest in transition metal com plexes which
show m esophases lies in the potential o f com bining
a metal centre w ith an organic ligand with or w ithout
liquid crystalline properties [1 - 3].
The ability o f suitably substituted m alondialdehydes to act as m esogenic ligands when com plexed
such as in 1 has been dem onstrated [4 - 8 ], H ow 
ever, the high m elting points o f such com plexes,
often w ith decom position, have precluded the study
o f their m esophases and the exploitation o f their
properties [5].
R elated to the synthesis [6 ] o f several bis(4-alkyloxyphenyl)m alonaldehyde copper(II) and nickel(II)
com plexes o f form ula 2 we report the synthesis o f
tw o new copper(II) and nickel(II) dialdehyde co m 
plexes.
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Chipperfield and co-w orkers [7] have described,
via a sim ilar approach, the synthesis o f related copper(II) and oxovanadium (IV ) com plexes. Variations
in the arom atic ring substitution (alkyl or alkoxy
chains), as well as in the chelating part o f the ligand
were studied, producing high m elting m etallom eso
gens. Selective fluoro substitution in C-2 and C-3
o f the ring resulted in low er m elting and clearing
tem peratures at ca. 30 °C, com pared to the unsub
stituted com plexes.
In an attem pt to decrease the transition tem per
atures o f com plexes 2 (X = H), a chlorine atom
was introduced at carbon 3 o f the arom atic ring to
m odify the structural anisotropy o f the com plexes.
Results and Discussion
The synthesis o f the ligand as well as that of
the m etal com plexes corresponds to m ethods de
scribed in the literature [6 , 9] w ith some m odifi
cations w hich are outlined in Schem e 1. Thus 3chloro-4-hydroxyphenylacetic acid 1 was converted
into its m ethyl ester 2 by standard procedures. Alkylation [10 ] o f the phenolic hydroxide of 2 was
achieved w ith dodecylbrom ide and K 1 C O 3 in D M F
at r.t. for 48 h to give 3. H ydrolysis o f 3 gave com 
pound 4 w hich was converted into the dim ethylim onium perchlorate 5 via A rnold, V ilsm eier-H aack
[11] form ylation o f 4 follow ed by salt form ation
with aqueous NaClCU solution. Solution l3C N M
R as w ell as D EPT 135° o f 5 in C D C I 3 indicated
the presence o f three m ethyl groups at 13.81 (C H 3,
aliphatic), 39.52 (C H 3)2N and 48.92 ppm (C H 3) 2N,
this being evidence o f equivalence o f the m ethyls
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Table I. Transition temperatures (°C) and, in parenthesis,
enthalpies (Jg_ l) for the ligands and complexes.
Compound

Transition T°C

6 (X=H, n=l 1)
6 (X=C1, n=l 1)
7a (X=H, n=l 1)

C -1
C -1
C, - C2
C. - N
N -1
7a (X=C1, n=l 1) Ci -C 2
C2 -N
N-1
7 b (X = C l,n = ll) C

a = Cu b = Ni

{A H /Jg~1)

104
( 96.2)a
102
(125.5)a
(45.7)a
101
(61.4)
210
235
(17.1)
80
(47.3)a
151
(29.3)
166
(3.8)
decomposes at « 344 °C
without melting.b

C = crystalline, N = nematic, I = isotropic. Heating rate
10 (a) and 30 (b) K/min.

R = (CH2)n-C H 3
X = H, CI

Scheme 1. Reagents and conditions: i)M eO H ,H +,ii)RBr,
K2CO 3, DMF, r.t., iii) KOH, EtOH, H20 , reflux, iv)H30 +,
reflux, 3 h, v) DMF, OPCI3, 18 h, vi) NaC 104, vii) NaOH,
MeOH, H 2O, reflux, viii) HjO*, ix) Cu(OAc)2, MeOH,
reflux, 3h or NiCh-öI-FO, EtOH reflux, 3h.
in each dim ethylam ino group. T hree C H 's in the
arom atic region at 164, 133, 131 and one CH at
113 ppm for both equivalent CH 's o f the im onium
salt skeleton are supporting evidence o f the struc
ture. H ydrolysis o f 5 gave 6 w hose spectral data
are in good agreem ent w ith the proposed structure.
The optical and therm al data o f the ligands and the
com plexes as well as those o f the non-chlorinated
com pounds [4] are shown in Table I. C om pared to
the non-halogenated 4-dodecyloxyphenyl m alondi
aldehyde ligand, 6 ( n = l l , X=H), the halogenated
ligand, 6 ( n = ll, X=C1) show s a sm all decrease in
the m elting point. In the copper com plex the pres
ence o f a chloro substituent in C-3 o f the arom atic
ring lowers the m elting and clearing tem peratures
by ca. 60 and 70 °C, respectively, com pared to the
unsubstituted com plex [4, 5]. The introduction o f
a chlorine atom causes not only a change in the
dipolar m om ent o f the com pound but also a steric
effect due to its larger size. The presence o f chlorine
depresses the m elting point o f the ligand by only a
few degrees, w hereas in the case o f the com plex it
changes the m elting point by nearly 60 degrees.
The nickel com plex was not studied due to its
polym eric nature and low solubility w hich is in
agreem ent with the findings o f Fackler, Cotton [12],
and Chipperfield [7] for sim ilar system s. R ecrystal-

lization o f this com pound was not possible. T her
mal gravim etric analysis and DSC studies show ed
decom position without m elting at 344 °C.
Experimental
All melting points are uncorrected. IR spectra were
recorded with a Magna 550 (Nicolet) FT- IR spectropho
tometer, NMR spectra with a Bruker AC-250 P (250 MHz)
spectrometer. Elemental analyses were carried out with a
Perkin Elmer PE-2400 (Series II) elemental analyzer.
DSC analyses were performed with a simultaneous
thermal analyser STA 625, Polymer Laboratories. Optical
observations were done by using a polarizing microscope
(Leitz Orthoplan Pol) with a Mettler FP-82 and FP-83 hot
stage.
Methyl 3-Chloro-4-hydroxyphenylacetate (2)

3-chloro-4-hydroxyphenylacetic acid (5.0 g, 26.8
mmol), (25 ml) of absolute methyl alcohol and 0.5 g
(0.3 ml) of concentrated sulfuric acid were refluxed for
4 h. The ester was isolated by standard procedures (85%
yield) and was used without further purification.
IR (film) c m '1: 3413, 3040, 3020, 2952, 1728, 1623,
1512, 1176. - 'H NMR (CDCb): 7.21 (d, H2, J2,6 = 2.10),
7.03 (dd, H6, J5.6 = 8.31, J2,6 = 2.10), 6.85 (d. H?, J5,6 =
8.31), 3.68 (s, 3H, OCH3), 3.50 (s, 2H, CH2).
(200.62)
Calcd C 53.88 H 4.52%,
Found C 53.46 H 4.80%.

C 9 H 9 O 3CI

Methyl-3-Chloro-4-dodecyloxyphenylacetate (3)

A solution of dodecylbromide (6.30 g, 27.2 mmol), 2
(4.60 g, 22.9 mmol), potassium carbonate (6.33 g, 45.8
mmol) and (40 ml) of DMF was stirred for 48 h at r.t.
The solid was filtered and the solution poured on water.
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The mixture was extracted with ether (2 x 20 ml), dried
(CaCl2) and filtered.
Removal of the solvent followed by flash column chro
matography (CHCI3) gave 3 as an oil; Yield (6.50 g, 76%).
IR (film) c m '1: 3030, 2926, 2857, 1742, 1609, 1501,
1464, 1526, 1156. - 'H NMR (CDCI3): 7.15 (d, H2, J2,6
= 2.01), 6.95 (dd, H6, J5.6 = 8.43, J2,6 = 2.01), 6.72 (d,
H5, h.e = 8.43), 3.86 (t, 2H. CH 20 ), 3.55 (s, 3H, OCH3),
3.39 (s, 2H, CH2), 1.70 (q, 2H, CH2), 1.50- 1.10(m.20H,
CH 2's), 0.78 (t, 3H, CH3).
C .iH 330 3C1 (368.94)
Calcd C 68.37 H9.01%,
Found C 68.29 H9.21%.
3-Chloro-4-dodecyloxyphenylacetic acid (4)

A solution of 3 (6.38 g, 17.3 mmol) and KOH (1.50
g, 26.0 mmol) in ethanol/water (60/20 ml) was heated
under reflux for 5h. After cooling, 6 M HC1 (10 ml) were
added to the cool solution and the resultant solution was
heated under reflux for a further 3 h. Ethanol was distilled
off and the aqueous layer was extracted with CH 2C12 (2
x 20 ml), dried (CaCl2) and the solvent removed under
vacuum. Column chromatography (ethyl acetate) gave 4
as an oil; Yield (5.52 g, 90 %).
IR (film) cm “ 1: 3700 - 3200, 2926, 2858, 1737, 1616,
1502, 1464, 1255, 1155, 1029, 820, 730. - 'H NMR
(CDCb): 12.0 (s, 1 H, C 0 2H), 7.19 (d, H2, J 2,6 = 2.1),
7.00 (dd, H6, J5,6 = 8.4, J2,6 = 2 .1 ), 6.75 (d, H5, J5.6 = 8.4),
3.90 (t, 2H, CH 20 ), 3.45 (s, 2H, CH2), 1.75 (q, 2H, CH2),
1.50- 1.00 (m, 18H,CH2's), 0.85 (t, 3H, CH3).
C,„H 3]0 3C1 (354.92)
Calcd C 67.68 H 8.80%,
Found C 67.45 H 9.00%.
3 Chloro-4 '-dodecyloxyphenyl-2-dimethylaminodimethyl-imonio acraldehyde perchlorate (5)

Dimethylformamide (4.20 g, 57.7 mmol) was added
dropwise to 7.20 g (46.8 mmol) of phosphorus oxychloride. During the addition the temperature was maintained
at 30 °C by intermittent cooling. After the addition was
completed the mixture was stirred for 10 min, then a so
lution of 5.50 g (15.6 mmol) of 4 in 15 ml of DMF was
added over a period of 10 min. The resulting solution was
stirred at 70 °C for 18 h. The excess of DMF was distilled
off in vacuo and the residue decomposed by pouring on
ice. The solution was treated with sodium perchlorate
2.50 g (18.0 mmol) dissolved in water. After cooling, the
product was precipitated by shaking with a mixture of
methanol / ether. Filtration of the solid material gave 5,
as white crystals (Yield 5.12 g, 63%), which was used
without further purification.
IR (KBr) cm“ 1: 3030, 2925, 2854, 1590, 1504, 1401,
1289, 1107. - 'H NMR (CDC13): 7.70 (s, 2H, CHN), 7.20
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(d, 1 H, H2, y2,6 = 2.14), 7.13 (dd, 1 H, H6,7 5,6 = 8.32, J6,2
= 2.14), 6.90 (d, 1H, H5, 75,6 = 8.46), 4.00 (t, 2H. CH 20 ,
J = 6.44), 3.30 (s, 6 H, (CH 3)2N), 2.50 (s, 6 H. (CH 3)2N),
1.90-1.70 (q, 2H, CH2, J = 6.61), 1.55-1.10 (m, 18H,
CH 2's), 0.85 (t, 3H, CH3). - I3C NMR (CDC13): 163.95
(aromatic CH), 154.93 (aromatic quaternary C), 132.94
(aromatic CH), 131.57 (aromatic CH), 124.24 (aromatic
quaternary C), 122.67 (aromatic quaternary C), 112.75
(CHN), 104.05 (quaternary C, ligand), 69.06 (CH 20 ),
48.93 (CH 3N), 39.55 (CH 3N), 31.60 (CH2), 29.33 (CH2),
29.77 (CH2), 29.03 (CH2), 28.76 (CH2), 25.68 (CH2),
22.37 (CH2), 13.81 (CH3).
C 25H420 5N 2C12 (521.52)
Calcd C 57.58 H8.12%,
Found C 57.34 H 7.98%.
3'- Chloro-4'-dodecyloxyphenyl malondialdehyde (6)

To a stirred solution of 5 (3.50 g, 6.72 mmol) in 50 ml
of methanol were added 25 ml of 3 M aqueous NaOH.
The resulting two phase mixture was refluxed for 3 h af
ter which methanol was removed from the reaction. The
mixture was cooled and the sodium salt of the product
was filtered and washed with CH 2C12. The product was
dissolved in water/methanol, and acidified with 2M HC1.
After stirring lh at r.t., the solution was extracted with
CH 2C12 (2 x 20 ml). The organic solution was washed
with water, dried (CaCl2) and the solvent removed. The
resulting solid was recrystallized from ether; Yield 2.20
g (89 %). IR (KBr) cm“ 1: 2924, 2847, 2800, 2650, 1693,
1602, 1280. - 'H NMR (CDC13) 14.25 (broad, 1H, enolic
OH, D20 exchangeable), 8.55 (s, 2H, CH's, olefin, alde
hyde), 7.25 (d, 1H. H2, i 2,6 = 1.98). 7.05 (dd, 1H. H6, /5,6
= 8.39, J2.6 = 1-95), 6.90 (d, 1H, H5, /s ,6 = 8.46), 4.00 (t,
2H, CH 20 , J = 6.51), 1.90-1.70 (q, 2H, CH2), 1.60-1.10
(m, 18H, CH 2's), 0.88 (t, 3H, CH3).
C 2|H 3| 0 3C1 (366.93)
Calcd C 68.74 H8.51%,
Found C 68.53 H 8.34%.
Preparation o f complexes
M = Cu (7a)

Compound 6 (0.90 g, 2.45 mmol) was dissolved in
warm absolute methanol (5ml). To this solution copper
(II) acetate (0.22 g, 1.23 mmol) dissolved in methanol
(5ml) was added producing a dark green solid. After 2
h reflux, the solid was collected by suction filtration and
recrystallized from chloroform.
(795.38)
Calcd C 63.43 H 7.60%,
Found C 6 3 .ll H 8.04%.

C42H 6,)06C12Cu
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M = Ni (7b)
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