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The synthesis and mesomorphic (liquid crystal) properties of new hinuclear dihalocopper(ll) complexes derived
from N- and ring-substituted salicylaldimine Schiff bases are reported, together with the mesomorphic properties of
their monomeric precursor complexes. With just N-substituents both the dichlorodicopper(ll) binuclear complexes
and their mononuclear analogues are waxy solids with melting points that increase with their N-chain length. However,
with both N- and ring-substituents in the 4-positions, the mononuclear and binuclear complexes are each liquid
crystalline or mesogenic, except in case of the mononuclear complexes where the N-substituent is straight chain
alkyl. The other mononuclear complexes exhibit a variety of liquid crystal phases: smectic A, C, and E (Sa, Sc,
and Sg, respectively). The liquid crystal phase Sa is observed in the binuclears with shorter chain N-substituents
p-R—0—CeHs— and shorter chain ring-substituents. The chain lengths were increased until the phase behavior
expanded to a further form Sc in the case of an N-substituent p-Ci4H200-CsHs— and a —OCi2H,s ring sub-
stituent. This points the way toward achieving multiphase behavior with these binuclear systems. The Cu—Br
analogues of the binuclear complexes behave similarly but with significant qualitative differences, specifically
lower mesophase stability and higher melting temperatures. The structures of the nonmesogenic binuclears
([Cu(N-dodecylSal)X],, X = Cl, Br) were determined with the aid of X-ray crystallography. These are prototypes for
the structures of the binuclear complexes and especially for the shape of the central Cu,O, X, core in the
binuclears: distorted planar coordination about the copper with distortion toward tetrahedral measured by a
characteristic twist angle = (0° planar; 90° tetrahedral). The binuclear complexes also show magnetic coupling
which can be used to estimate the geometry. For [Cu(N-dodecylSal)X], = > 36°, which corresponds to weaker
coupling than observed in the mesogenic binuclears where a stronger magnetic coupling indicates a geometry
closer to planar (r = 25°). The mesophases were characterized by differential scanning calorimetry (DSC) analysis
and optical polarized microscopy.

Introduction Transition metal complexes not only afford new pathways
Compounds that combine the properties of liquid crystals to unusual geometries but their properties are conducive to

(mesogens) with those of transition metals are an attractivethe production of compounds with unique features such as
target of chemical research and have led to a wide varietyh'gh birefringence, polarizability, paramagnetism, and color.

of structural types, incorporating a wide range of metdls. NeW approaches by several groups use metal complexes for,
e.g., photopolymerizatiohthe generation of blue phasgs,
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Binuclear Copper(ll) Complexes

Scheme 1. Examples for Binuclear Complexes

Ra R, R
@ L0 SO )
' -
7 0:
ol as 00 SR 7
Pd

) cl ' cd
N’N\Pd/ D i \bu N
N~ \N”N\ O’ ‘o’ \o :O / \ O
Cl Pd | /O On\
R4 X R4 R
® g )
Ri Rq R
Rz Rs Rz

aleft to right: dinuclear azopalladium(ll) compléX,alkoxy-substituted bis(1,5-diphenyl-1,3,5-pentanetrionato)dicopper(ll) cortplexgd dinuclear
tetraalkanoatecopper(ll) complexs

Scheme 2. Synthetic Route to Ring- and N-Substituted Salicylaldimine Compl&xes
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on metallomesogens is dominated by mononuclear com-bonding!’ or the distance can be intermediate, at around 3.0
plexes, but introducing further metal centers could lead to A with bridging ligand atoms linking the metal&lt is also
very interesting effects such as ferromagnetism, antiferro- the intermediate metalmetal separations that lead to the
magnetism, or mixed oxidation states from which new mag- most magnetic coupling. In magnetically nondilute com-
netic or electronic behavior and materials may arise. Al- plexes, the electronic structure, as revealed by magnetic
though a variety of binuclear complexes are known, the coupling, is determined by molecular structure, so magnetic
search for new geometries and structures is still a challengingmeasurements can be key in structure elucidation. Even over
goal for chemist8:** Binuclear mesogen complexes are still  |ong distances, e.g., a 10 A pathwyhe metals in binuclear
limited mainly to copper carboxylates and dithiocarboxylates, ¢ complexes can show magnetic coupling. The ability to
ortho- or cyclopalladated compounds, and dicogpelike- control the location and orientation of transition metals in
tonate angs-enaminoketonate complex€sxamples forthe mytinuclear complexes allows the design of new materials
structures of binuclear complexes are given in Scheme 1.,,ih useful magnetic and electronic properfi&g4 Our

~ Polynuclear complexes have intermetallic distances rang-approach uses the conversion of mononuclear salicylaldimine
ing from very large, e.g., 6.524 A and 17.802 A in the same

moleculel® to very small, e.g., 2.17 A with metametal
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complexes of typ& (Scheme 2) with metal halides to obtain
suitable dicopper complexés.?*
Complexes3 can be prepared via two different routes. The

selection of the method depends on the intended substitution

pattern and the relative solubilities @& and2. Scheme 3
shows the binucleation for a chloro complex of typ& 24

The analogous dibromodicopper(ll) complexdsare pre-
pared similarly.

Experimental Section

General. All solvents were purified and dried by standard
procedures. C, H, N and CI, Br analyses were carried out on a
Carlo Erba 1102, a Leco CHNS-932 microanalyzer, and a Fisons
Instruments EA 1108 CHN elemental analyzer, and by Galbraith
plc. '"H NMR spectra were recorded on a Bruker WP 200 and a
Varian Unity 500 with TMS as an internal standard. B\s spectra

were recorded on a Perkin-Elmer Lambda 19. IR absorption spectra

were measured using a FT-IR-Spectrum 1000 Perkin-Elmer, a
Perkin-Elmer 983G infrared spectrometer, and a Perkin-Elmer 882

infrared spectrometer. The textures and mesophases were studied ' ™"

with an optical microscope “OPTIPHOT-2" (NIKON) equipped
with polarized light and a Linkham hotstage TMH 600/S. Measure-
ments of transition temperatures were carried out using a Perkin-
Elmer DSC-7 calorimeter with a heating or cooling rate of 10
°C/min. 4n-Alkyloxy-2-hydroxybenzaldehydes were obtained ac-
cording to literature methods.

Synthesis of the 4a-Alkyloxy-2-hydroxybenzaldimines 2.To
a stirred solution of 5 mmol #-alkyloxy-2-hydroxybenzaldehyde,

1, in 20 mL ethanol were added a tracepafoluensulfonic acid, a
drop of acetic acid, and an equimolar amount of the amine diluted
with 20 mL of ethanol. The solution was refluxed for 30 min. The
yellow solid was filtered off and recrystallized from methanol
(average yield 60%) (example below).

N-p-n-Decyloxyphenyl-4n-decyloxy-2-hydroxybenzaldi-
mine. Anal. Found: C 77.34, H 10.42, N 2.89%. Calcd foglds:N
O3 (MW =509.7): C 77.75, H 10.08, N 2.75% NMR (CDCl;,

270 MHz): 6 = 0.9 (t, 6 H, 2 CH), 1.2-1.8 (m, 32 H, Alkyl-
CHy), 6.45 (d, 2 H, Aryl-H), 6.9 (d, 2 H, Aryl-H), 7.3 (m, 3 H,
Aryl-H), 8.5 (s, 1 H,—CH=N-), 13.9 (s, 1 H, A-OH). IR (KBr
(cm™1)): 2920 (s), 2840 (s), 1620 (s), 1510 (m, s), 1470 (m, s),
1290 (m), 1250 (s), 1190 (m), 1045 (m), 830 (s) 720 (w), 540 (w).
Cr 75 & 127 1.

Synthesis of the Substituted Bis(salicylaldimine)copper(ll)
Complexes 3To a stirred solution of 2.5 mmol of the 4-substituted
salicylaldimine2 in 30 mL warm ethanol was added a solution of
1.25 mmol Cu(OAcyH,0 in 20 mL of hot methanol or ethanol/
H,O (1:1). The mixture was refluxed for another 30 min. The
complexes precipitating from the solution can be recrystallized from
methanol/CHCI, (yield 50-80%) (example3.22 below).

Bis[(N-n-dodecyl)(4-dodecyloxysalicylaldimine]copper(l) 3.22.

IR (KBr (cm™1)): 3448 (s), 2919 (s), 2851 (s), 1621 (s), 1530 (M),
1469 (m), 1442 (w), 1397 (m), 1322 (m), 1242 (w), 1178 (m), 1145
(m), 1028 (w), 841 (w), 774 (m), 719 (w). 604 (w), UV (nm): 264,
298, 361.

Bis(N-n-dodecylsalicylaldimine)copper(ii) 3.25.Salicylalde-
hyde (0.5 cr, 0.61 g, 5.0 mmol) was dissolved in methanol (10
cm?), and 1-aminododecane (0.9 §n®.59 g, 10.00 mmol) was
added. After a few minutes the Schiff base precipitated as yellow
plates. Dichloromethane was added until the solid dissolved. This
solution was added slowly with stirring to a solution of copper(ii)
acetate monohydrate (0.50 g, 2.50 mmol) in hot methanol (59.cm
Sodium acetate trihydrate (0.40 g) and sodium hydroxide (0.20 g)
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Table 1. Xray Crystallographic Parameters for
Dichlorobis(N-n-dodecylsalicylaldimine)dicopper(l1%.25a and
Dibromobis(N-n-dodecylsalicylaldimine)dicopper(l1%.25b

4.25a 4.25b
formula, fw [CUClONQgHgo]z, [CUBI’ONClgHso]z,
774.90 863.80
crystal dimens/mm  0.38Q 0.350x 0.230  0.340x 0.280x 0.230
cell params
alA 7.848(3) 7.924(3)
b/A 18.043(3) 18.064(7)
c/A 7.724(4) 7.830(3)
o/deg 93.36(3) 92.79(4)
pldeg 116.32(3) 116.64(8)
yldeg 97.60 (3) 98.06(3)
VIA3 963(1) 984(2)
space group/ P1(No.2),1 P1(No.2),1
Deaidg cmi2 1.336 1.457
u(Mo Ka) 12.79 31.27
T/°C, 20maideg 23,50.1 23,50.1
reflns: total, 3690, 3417 3768, 3491
unique
observations, 2854, 208 2066, 208

undvariables

0.039; 0.041; 4.32 0.045; 0.045; 2.27

ax, min 0.51,-0.64 0.87,-0.65
peaks/e A3
t/deg (Figure 2) 36.5 38.9

were added and the solution heated almost to reflux. The heat was
removed and the mixture stirred (30 min) and allowed to stand (16
h). The product was filtered off, washed with water, crystallized
from methanol, and dried in vacuo to yield the title compound as
a brown powder (1.18 g, 73%).

Synthesis of the 4-Substituted Bis[halogend-subst(ring-
subst-2-hydroxybenzylidene)amine,u-O)-copper(ll)] Com-
plexes, 4 (Chloro) and 4b (Bromo).To a stirred and refluxed
solution of 0.5 mmol of the appropriate Mispryl(salicyladimine)-
copper(ll)] complex3 in 15 mL ethanol was added chloroform
dropwise until the solid dissolved completely. To form the chloro
or bromo complexes, a concentrated ethanolic solution of 0.128 g
(0.75 mmol) CuCG}-2H,0 or 0.168 g (0.75 mmol) CuBrrespec-
tively, was added and the reaction mixture was refluxed for another
15 min. After evaporation of one-third of the solvent and allowing
the solution to stand for some days the resulting green solid was
filtered off, washed with diethyl ether, and dried under vacuum
(yield 20-50%) (examplet.22 below).

Dichlorobis(N-n-dodecyl-4-decylsalicylaldimine)dicopper-

(1) 4.22. IR (KBricm=1): 3449 (s), 2922 (s), 2852 (s), 1618 (m),
1551 (w), 1498 (s), 1405 (w), 1361 (m), 1296 (w), 1231 (m), 1194
(m), 1125 (m), 982 (w), 826 (m), 808 (w), 721(w), 637 (w), UV
(nm): 260, 300, 332.

X-ray Diffraction Crystals for Dihalobis( N-n-dodecylsali-
cylaldimine)dicopper(ll) (Halo = Cl, 4.25a, and Br, 4.25b)Bis-
(N-n-dodecylsalicylaldimine)copper(ll) (1.00 mmol) was dissolved
in methanol (20 cr¥), small portions of chloroform being added
as necessary to facilitate dissolution. The appropriate copper(ll)
halide (anhydrous or dihydrate, 1.40 mmol) was added. The mixture
was heated to reflux for 10 min, and the product crystallized either
on cooling or on standing for a day. The product was filtered off
as a dark brown powder, washed with methanol, and dried in vacuo.
Suitable crystals for single-crystal X-ray work were chosen from
the samples.

X-ray Data Collection and Processing for [CuN-dodecylSal)-

Cl],, 4.253 and [Cu(N-dodecylSal)BrL], 4.25b. A summary of

the crystallographic data is given in Table 1. Black prismatic crystals
of 4.25aand4.25bmounted on glass fibers were used for unit cell
and structure determination. Measurements were carried out as
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previously described, using thescan method on a Rigaku AFC6S
diffractomete?® with graphite monochromated ModKradiation
and were corrected for Lorentpolarization effects and absorp-
tion.26 The intensities of three representative reflections measured
after every 150 reflections declined by 0.13% 40253 for which

a linear correction was applied, while there was no changé.&5h

The metal and halogen positions #R225awere determined from

a 3-D Patterson function. Isomorphism was used to deterniid

This phased the data sufficiently to locate the other atoms from
difference Fourier maps. Full-matrix least-squares refineffietit

on 2854 #.259 or 2066 @.25b reflections withF,?2 > 30(F.?)
gave unweighted and weighted agreement factoR of Y {||Fo|

— |Fel[}/3|Fo| = 0.039,Ry = [XW(IFo| — [Fcl)¥3 (WF)]¥2 = 0.041

for 4.25aandR = 0.045,R, = 0.045 for4.25h The weighting
scheme was based on counting statistics and included a factor (
= 0.01) to downweight the intense reflections.

Results and Discussion

Synthesis.The starting materials for the dicopper com-
plexes are the bis(salicylaldimine)copper(ll) comple8es
(Scheme 2) which can be prepared via two different routes
(A) and (B), of which (B) is better for the production of
libraries of small molecule complexes. However for the large

molecules here, we preferred route (A) because of better
yields and shorter reaction times. The Schiff base derivatives

2 were reacted with copper(ll) acetate to produce brown or
green complexes which can be recrystallized from methanol
CH,CIl,. The identity of the complexes was confirmed by
elemental analysis and IR and UV/vis spectroscopy. The
binucleation reaction is shown in Schemé*$ In the

presence of a solvent which can coordinate to copper(ll) and

in which the CuC] can ionize, the binuclear complexds

are formed. Although the color change associated with the

formation of the dicopper(ll) complex occurs immediately,
it can take days until the solid complex is precipitated. The

Scheme 3. Conversion of Mononuclear Ring- and N-Substituted

Salicylaldimine Complexe8 to Dicopper Complexes
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e
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Ligand field spectroscopy and crystallography show that
a trend from planar to tetrahedral stereochemistry is observed
when the substituents become bufyj#363"This must be
taken into consideration because our ligands may intensify
this effect, and the metaligand geometry influences the
nature of the liquid crystalline phases formed, and even
whether liquid crystal formation occurs at all. The binuclear
complexegt are deep green or deep red in color and insoluble
in many organic solvents. The identity of the complexes was
confirmed by elemental analysis, IR, and UV spectroscopy.

UV—Visible Spectra. The UV—visible spectra of the
complexes3 and 4 are similar but also show consistent
changes in the charge-transfer region. The biggest change

/is a shift of ca. 30 nm to higher energy in the lowest energy

band (e.g., 360.9 nm to 332.0 nm from mononucikaeto
binuclear4.22 389.1 nm to 361.3 nm frorB.10to binuclear
4.10).

Infrared Spectra. Although the infrared spectra of the
complexes3 and 4 have a considerable complexity, it is
obvious that the conversion to the binuclear complexes leads
to significant characteristic changes. The most dramatic
change is the shift of the bands associated with the bridging

rate-determining step therefore seems to be the coordinatior®Y9€ns, e.g., the band near 1530 émassigned to the €0

of the halide?* and the most likely mechanism is shown in
Scheme 4.

(25) Backhouse, J. R.; Lowe, H. M.; Sinn, E.; Suzuki, S.; Woodward, S.
J. Chem. Soc., Dalton Tran$995 1489.

(26) An empirical absorption correction, based on azimuthal scans of several

reflections, was applied which resulted in transmission factors ranging
from 0.89 to 1.09 fo#.25aand 0.81 to 1.22 fo#.25h

(27) Least-squares: Function minimized3isv(|Fo| — |F¢/)2 wherew =
4F20%(Fo?); 04(Fod) = [SX(C + R)2B) + (pF?)?3/Lp% S= scan rate;
C = total integrated peak courR = ratio of scan time to background
counting time;p = p-factor; B = total background count; Lp=
Lorentz—polarization factor.

(28) TEXSAN-TEXRAY Structure Analysis Package, Molecular Structure
Corporation, 1985.

(29) The standard deviation of an observation of unit weight([Fo.| —
[Fe))?(No — Ny)]¥2whereN, = number of observationdl, = number
of variables) was 208.

(30) Neutral atom scattering factors were taken from Cromer and \Waber.
Anomalous dispersion effects were included-ii;®? the values for
Af and Af" were those of Crome®

(31) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,
Table 2.2 A.

(32) Ibers, J. A.; Hamilton, W. CActa Crystallogr 1964 17, 781.

(33) Cromer, D. TlInternational Tables for X-ray Crystallographiyrhe
Kynoch Press: Birmingham, England, 1974; Table 2.3.1, Vol. IV.

(34) Sinn, E.; Harris, C. MCoord Chem Rev. 1969 4, 391. Sinn, E.
Coord. Chem. Re 197Q 5, 313 and references therein.

(35) Sinn, E. InBiological and Inorganic Copper Chemistrikarlin, K.
D., Zubieta, J., Eds.; Adenine Press: Guilderland, NY, 1986 and
references therein.

stretching vibration for which shifts to higher energy of ca.
20 cn1! result from the increased constraint introduced by
the oxygen bridging3+3637 Another indication for an
increasing constraint upon the vibrations is a distinctive shift
to higher energy in the bands near 1470, 1180, and 776.cm

Relation of Structure to Liquid Crystal Behavior and
Magnetic Coupling. A view of the single molecules of both
the X = Cl (4.259 and X = Br (4.25h forms of the
binuclear [CuN-dodecylsalicylaldimine)X] complexes are
shown as the ORTEPrepresentation in Figure 1. The other
lower melting complexes could not be crystallized readily
so 4.25aand 4.25b were chosen as representatives of the
long-chain class of binuclear complexes for X-ray crystal-
lographic characterization.

Mononuclear 8) and binuclear 4, 4b) complexes with
R! = H and with long chain N-substituents?Rare waxy
solids with melting points that increase with their N-chain
length but with no mesogenic properti€4? Of these the
binuclears show strong intramolecular antiferromagnetic
coupling like all previous examples of tydebinuclears and

(36) Sinn, E.Inorg. Chem 1976 15, 358; 366; 2698.

(37) Butcher, R. J.; Sinn, Bnorg. Chem.1976 15, 1604.

(38) Johnson, C. KORTEPI} Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.
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Scheme 4. Proposed Mechanism of Binuclear Complex Formation
N/-\O A N/-\ 0 2
\Cl( + Cu(solv)* (S°|V>CQ,,»'C“(5°'V)2+‘—_~ \Cv( \Cu(solv)
/ /AN /\N/
(solv) j
N

A

c19

Figure 1. ORTEP view of [CulN-dodecylSal)CH, 4.25a(X = Cl), and
[Cu(N-dodecylSal)Br], 4.25b (X = Br).

their many analogue®:243435Also, appropriate ring- and

Figure 2. Distortion angler at the coordination sphere of a binuclear
complex.

magnetism and the molecular structure, and then to consider
the application of this knowledge to the liquid crystal
binuclears. Strong superexchange interactions lead to the
signature coupling of the bridging @D, core in Figure 2
for all the binuclears. The magnitude 2J, from the Hamil-
tonian 77'= —2JS,-S,) is greatest for the optimal superex-
change pathway at= 0 when the ¢_,2 unpaired electrons
see each other through tlebond to the aryl oxygen, and
decreases with increasing?*3* The relationship holds
whether X in Figure 2 is CI (as id), Br, or O, whether a
ligand ring substituent is present and whether the N-
substituent is aryl or short alkyl. It applies to a wide series
of type 4 complexes currently under study where the spec-
troscopic bands again support the correlaffofihe magni-
tude of the coupling-2J value of 300 cm? for the ring—
O—Cyp chloro complexd with N—CgH,—O—C,() calibrates
the geometry about the metal atom as near planar, with a
distortion angler of about 253, indicating a somewhat more
flattened configuration than i#.25&° (—2J = 200 cm!
for a r value of 36.8).

The overall structures each resemble a ribbon or ladder
with a kink in it. This is best seen in the interplanar angles.
The two aryl rings in each molecule are mutually parallel

N-substituents Rand R lead to mesogenic properties. The (zero interplanar angle imposed by the crystallographic
binuclears therefore combine magnetic coupling and liquid nyersion center), but the dihedral angle between the central
crystal properties, vide infra. It therefore becomes relevant ¢, 0, bridging plane and the aryl rings is 27 #r the chloro

to relate the electronic structure as determined by the complex4.25aand 27.5 for the bromo complex.25a

(39) Liebsch, S.; Paschke, R.; Sinn, IlBorg. Chem. Commur2002 5,

525. J. R. Chipperfield, J. M. Elliott, S. Liebsch, R. Paschke, and E.
Sinn. ACS 35th Midwest Regional Meeting, St Louis MO, Oct

25-28, 2000 (114).

(40) Oakley, M. A. Dissertation, Hull, 1995 (X-ray and other characteriza-

tion data available electronically).
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Mesomorphic Properties. The ligands themselves may
be mesogenic, e.gN-p-n-Decyloxyphenyl-4n-decyloxy-2-
hydroxybenzaldimine has a smectic A range-127 °C.

Bis(salicylaldimine)copper(ll) Complexes 3.Salicyl-
aldimine complexes of the tyf2have been investigated by
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Table 2. Mesomorphic Phase Transition TemperatuiBsand EnthalpiesAH) for the New Mononuclear Complex&s T/°C [AH/kJ mol1]

H
R1
\
/N—Rz
O0—Cu-Q
> 7/
R —N\
R1
H
Compound R' R Cr, |Cr Sk Sc Sa I
3.1 OCsH,7 |p-C7H,50-CsHy 124 136 158 165
32 OCsH,7 | p-CsH,70-CsHy 126 138 156 162
33 OCgHy;7 | p-CioH20-CsHy 140.6 - 153 159.4
[59.1] [0.6] | [11.0]
3.4 OCsH;7 | p-Ci2Ha5s0-CeHa 122 - 132 140.3
[41.7] [0.6] | [7.7]
3.5 OCsH;7 | p-Ci4H200-CsHs 99.7 121 - 131.9 145.3
37711 [37.0] [0.8] | [10.0]
3.6 OCsHy; | CioHas 91.6 97.7 - - -
[28.8]| [60.9]
3.7 OC8H|7 C18H37 87.8 - - -
[91.0]
3.8 OC8H|7 p-C7H15-C6H4 145 - - 147
[48.7] [11.5]
3.9 OC oHy, | p-CyH1s0-CoHy 1339 | 93) | 149 160
47.8] | 27.31] .21 | [10.9]
3.10 OC,oHy; | p-CsH,70-CsHy 134.5 95) 151.7 156.7
[39.7] | [29.01 | [0.8] | [11.0]
3.11 OCyoHy; | p-C1oH2,0-CsHy 131 125.6) 144 146
[39.5] | [6.4] [8.8]
3.12 OCyoH,; | p-C12H250-CsHy 134 - 147 151
[44.8] [10.9]
3.13 OC;oHz; | p-Ci14H200-CsHy 105.2 | 1249 - - 142
[21.0]]| [39.4] [9.8]
3.14 OCioH,; | Ci2Has 95.0 98.9 - - -
[25.5]] [44.1]
3.15 OCjoH,; | CisH37 - 93.0 - - -
3.16 0C|0H21 p-C7H15-C6H4 - 133 . 137 140
3.17 OC ,Hys | p-CyH,s0-CeH, 93.0 | 1264 - N 1574
[10.5]] [35.2] [10.5]
3.18 OC;,H,s | p-CsH;70-CeHy - 124 - 142 150
3.19 0C|2H25 p-C10H210-C5H4 - 127 - 145 147
3.20 OC|2H25 p-Clezso-C5H4 - 119 - - 134
3.21 OC,,H;s | p-C14H200-CsHy 105.8 122 (80) 131.5
[31.5]1] 3471 | [26.3] [4.1]
3.22 OC,,H,s | C2Has 74 94.1 - - -
[41.5]] [64.9]
3.23 OC,Hys | CisHsr - 98 - - -
[119]
3.24 OCy,H,s | p-C7H;s-CsHy 78.4 124.8 84.5 107) 140.7
(691 [25.11 | [6.0] | [02] | [11.5]
3.25 H CroHas 57-59 - - - N

many groups=° and a large number of compounds with 2) completes this class of substances. Of the complexes in
alkyl, alkyloxy, and especially alkyloxybenzoyloxy substit-
uents have been reported. Our series of complexes (Tablebeen previously reported. These literature results were

the present study only compour@ld 1, 3.13 and3.14* have

(41) Caruso, U.; Roviello, A.; Sirigu, ALig. Cryst.1988 3, 1515.
(42) Polishchuk, A. P.; Antipin, M. Yu.; Timofeeva, T. V.; Struchkov, Yu.
T.; Galyametdinov, Yu G.; Ovchinnikov, I. \Kristallografiya 1991,

36, 642.

(43) Galyametdinov, Y.; Ovchinnikov, I. V.; Bolotin, B. M.; Etingen, N.
B.; Ivanova, G. |.; Yagfarova, L. Mzy. Akad. Nauk SSSE984 2379.

(44) Ghedini, M.; Armentano, S.; Bartolino, R.; Rustichelli, F.; Torquati,
G.; Kirov, N.; Petrov, M.Mol. Cryst. Lig. Cryst.1987 15, 1 75.

(45) Ghedini, M.; Armentano, S.; Bartolino, R.; Torquati, G.; Rustichelli,
F. Solid State Commuri987 64, 1191.

(46) Ghedini, M.; Armentano, S.; Bartolino, R.; Kirov, N.; Petrov, M.;
Nenova, SJ. Mol. Lig. 1988 38, 207.

(47) Marcos, M.; Romero, P.; Serrano, J. L; Bueno, C.; Cabeza, J. A.; Oro,
L. A. Mol. Cryst. Lig. Cryst.1989 167, 123.

(48) Marcos, M.; Romero, P.; Serrano, J.J..Chem. Socl989 1641.

(49) Marcos, M.; Romero, P.; Serrano, J.Chem. Mater199Q 2, 495.

(50) Ovchinnikov, I. V.; Galyametdinov, Y.; Ivanova, G. |.; Yagfarova,
L. M. Dokl. Akad. Nauk SSSF984 276, 126.

(51) Marcos, M.; Romero, P.; Serrano, J. L.; Bueno, C.; Cabeza, J. A.;
Oro, L. A. Mol. Cryst. Lig. Cryst.1989 167, 123.
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Figure 3. Polarized micrographs observed for the &d $ phases 08.21

carefully reexamined with the newly resynthesized com- and polarizing microscopy. The phase transitions and ther-
plexes. We observe both qualitative and quantitative devia- modynamic data for the mononuclear N- and/or ring-
tions from the reported phase transitions and phase behaviosubstituted salicylaldimine copper(ll) complexes are sum-
in the literature. For compouri13Marcos et aP! reported marized in Table 2. The behavior of all but tiealkyl

the following phase changes: Ir10.7 Cp 129.4 § 145.3 substituted mononuclear bis(salicylaldimine)copper(ll) com-
S, 147.3 |1, whereas we determined the phase transitions Cr plexes3 is enantiotropi¢ which means that they are liquid
105.2 Cp 124.9 G 142 | (Table 2). In the case &.11we crystalline above their melting points. Representatives with
have established an additional liquid crystal phase not shorter alkyloxy chains show smectic A, C, and E&,(S,
previously discovered despite the earlier studies, a smecticand $) phases whereas longer chain substituents cause a
E, S phase, which isnonotropic i.e., observed only on  |oss of the § and & phases. Although in some cases

supercooling from the melt. pseudoisotropic S phases occur, the compounds usually
Examination of analogous mesogenic salicylaldimine show the typical textures for the corresponding phases. This
copper(ll) complexes with wide-angle X-ray diffractiér* is illustrated by Figure 3, which shows polarized micrographs

proved that there is no significant difference from the observed for the Sand $ phases of3.21 (substituent
structural features characterizing classical liquid crystals. It OC;,Hys on the ring 4-position and substitugnCy4H,00—
therefore seemed appropiate to study the liquid crystalline C4H, on the imine nitrogen). TheN-alkyl substituted
behavior of all complexe3 and4 by thermal analysis (DSC)

(53) Borchers, B.; Haase, WWol. Cryst. Lig. Cryst.1991, 209, 319.
(52) Barbera, J.; Levelut, A. M.; Marcos, M.; Romero, P.; Serrano, J. L. (54) Tian, Y.; Su, F.; Xing, P.: Zhao, Y.; Tang, X.; Zhao, X.; Zhou, E.
Lig. Cryst.1991 10, 119. Lig. Cryst.1996 20, 139.
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Table 3. Mesomorphic Phase Transition TemperatuiBsand EnthalpiesAH) for the New Binuclear Chloro Complexds T/ °C [AH/kJ molY]

H R
=N_ Ol R
Cu
O/ \O
N
Cu
R' /ON=
Cl /
R? H
Compound R R? Cry Cr, Sc Sa I
43 OCgH;7 | p-CioH210- CeHs 73 - 132
[23.7] [2.9]
44 OCgH,7 | p-C12Ha50- CeHy 124 - | 1444 .
[19.5] [5.2]
4.5 OC3H17 p-C14H290- Csl‘[4 78.5 - 132
[35.2] [2.1]
4.6 OCgH,; | CiHas 119.7 | - (92)
[43.8] [3.1]
4.7 OCgH,; | CisHsy 122 - (96)
[51.4]
4.8 OCgH,; | p-C7H,s- C¢Ha 1189 - [130.8 .
[30.6] [9.8]
4.9 OCoHy; | p-C7H;50- CeHy 86 - 130
[9.8] [4.5]
4.10 OCyoH,; | p-CsH;70- CeHy 85 - 128
[6.5] [5.5]
4.11 OC]()Hz] P'C10H210' C5H4 91 - 125
[10.5] [6.5]
4.12 OCioHz; | p-Ci2Has0- C¢Hy 81.9 - 127.2 .
[26.8] [3.9]
4.13 OCyoH,; | p-Ci4H290- C¢Hy 84.5 - 123.7 |.
[27.8] [5.5]
4.14 OCyoHy; | CioHas 519 | 1214 | - |[1283
[14.5]] [61] [9.3]
4.15 OC,oH,; | CisHsy - 109 - | (102)].
[39.0] [2.0]
417 OC1oHas | p-CyHys0- CeH, - 934 - [1267].
[16.5] [1.5]
4.18 OC;Hys | p-CsH;70- CeHy - 103 - 129
419 OC 2Hys | p-CioHaO- CeH, - o5 [ - [ 127
420 OCHys | p-Ci2Has0- CeHy - 94 - 130
421 OCpHos | p-CraHaoO-CoHa - [ 104 |115. 1358 (.
[59.11| 2 | [7.3]
[3.7]
4.22 OCioHys | CoHos - 120 - 94
[49.2]
423 OCp,Hy; | CrsHyy 1o | - | 9
[43.7]
4.24 OC12H25 p-C7H 15~ C6H4 78.2 112.4 - 133.5
[11.4]][13.2] [34]
4.25a H C|2H25 134 - - -

complexes 3.6, 3.7, 3.14 3.15 3.22 3.23 exhibit no binuclears with shorter chain N-substitueptR—O—CgHs—
mesomorphism at all. and shorter chain ring substituents, the only liquid crystal
Binuclear Complexes 4.Table 3 summarizes the phase phase observed ispSIn a search for the possibility of
transitions and thermodynamic data for the binuclear N- and/ additional phases, the ring and N-substituent alkyl chain
or ring-substituted salicylaldimine dichlorodicopper(ll) com- lengths were increased until the phase behavior expanded
plexes4. Since some of the complexes crystallized only to include an additional form, S This occurs in complex
partially, the DSC values for the melting points of some 4.21where the N-substituent {&C,4H,s0—CsH,— and the
compoundst are lower than expected. In each case for the ring-substituent is-OC,,H;s, the longest chain N- and ring-
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Figure 4. Polarized micrographs observed for thegBase of the binuclear
4.21 (Rl = OC12H25, R2 = p-C14H290—C6H4).

substituents in the series. A polarized photomicrograph of
the new % phase is shown in Figure 4. This result points

the way toward getting multiphase behavior with these
dichlorodicopper(ll) binuclear systems: the use of still longer

Paschke et al.

chemical stability. It is therefore fairly surprising that the
binuclearN-alkyl-substituted complexe&6, 4.7, 4.14, 4.15
4.22 and4.23 exhibit monotropic and enantiotropic liquid
crystalline behavior, while the monomeric precurs@s$,(
3.7, 3.14 3.15 3.22 and3.23 do not. This was also found
for dinuclear ortho-palladated 4-alkyl-dlkoxyazobenene-
complexe® and emphasizes the quality of the anisotropic
molecular architecture of those binuclear complexes.
Bromo Complexes 4b.Table 4 summarizes the phase
transitions for the binuclear N- and/or ring-substituted
salicylaldimine dibromodicopper(ll) complexéb. Although
the bromo analoguesb, of the complexeg above, show
qualitatively similar phase behavior to those of the chloro
complexes, there are significant quantitative differences. The
mesophase stability of the bromo complexes is lowered
whereas their melting temperatures are higher (Figure 6).
As in the case of the dichlorodicopper(ll) complexgshe
textures of analogous phases,XSn the mononuclear
complexes3 and in their dibromodicopper(ll) binuclear
derivatives4b exhibited the same appearance, again indicat-
ing very similar mechanisms of formation of the mesophases
in the monomers and the bromo binuclears. It remains true
for the bromo binuclearéb that, regardless of the difference
in molecular shapes betwedi and those of their mono-
meric precursors, the molecules prefer to form layers in each
case, and at least for the complexes studied there is no
indication of a columnar (“discotic”) phase. The less stable
dibromodicopper(ll) complexes were not investigated to the
same detail, and therefore, although their chain length
dependent behavior is similar to that of their chloro
analogues, we can only speculate that sufficiently increasing
the N- and ring-substituent chain lengths would also result
in additional liquid crystal phases.

chain substituents can promote the production of new phasesConclusions

The textures of analogous phases, () in the mono-
nuclear complexe8 and the binucleard exhibit analogical
appearance, indicating very similar anisotropism of the
molecular geometry. Despite the differences in molecular

shape between the mono- and binuclears, both sets ot

molecules form layers. The wider binucledrsio not form

a columnar (“discotic”) phase; this is analogous to observa-
tions with some Pd dimers, vide infta.In addition to
showing only the g phase, most typé binuclear complexes

(i.e., all but4.21discussed above) have a lowered mesophase

stability compared to that of the mononuclear compleXes
(Figure 5).

We have shown that it is possible to transform liquid
crystalline bis(salicylaldimine)copper(ll) complex8snto
the corresponding binuclear copper(ll) compleXdeshich
Iso exhibit mesophases, and which in some cases have
mesophases even when the parent complexes do not. The
introduction of a central core which consists of the binuclear
copper(ll) unit deeply influences the molecular architecture.
The greater length-to-breadth ratio of compkes than of
3.6is shown schematically in Figure 7.

It cannot be taken for granted a priori that the new
binuclear structures would still be able to form mesophases,

Elongation of the alkyloxy chains affects clearing and and it is also conceivable that there would be a complete

melting temperatures to a lesser extent than in the case o
the mononuclear compoundsThe chemical stability is also
diminished compared to the mononuclear complé&xd&nth
effects can be explained by the differences in chemical

structure. While the increased length-to-breadth ratio and the

already mentioned trend to go from partially tetrahedral to

1Joss of mesophase behavior.

In case of the ortho-palladated binuclear complexes a
brick-like or sanidic geometry was proposed to explain the
formation of mesophas&$From X-ray investigation we can
conclude that the new binuclear structures act as “bricks”
after reaching the melting point and that this anisotropy of

planar stereochemistry influence the mesophase stability ofth€ Structure causes the formation of smectic layers. In

the binuclears}, the weaker C+Cu bond causes the lower

(55) Ghedini, M.; Armentano, S.; Neve, F.; Licoccia, 5.Chem. Sa¢
Dalton Trans 1988 1565
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suitable cases, with appropriate ring-substitutions, crossovers
to a columnar (“discotic”) phase can be realizéd?

(56) Demus, DLig. Cryst 1989 75.



Binuclear Copper(ll) Complexes

170
160
150
140
130
120
110
100

90

80

70

TI°C

010H2104Q_<

OCHH2n01

O—Cu
OC1oH21
H

*
R
[ ]
* o N .
[ .
—_—
6 8 10 12 14 16

oK
m SE
ASC
e SA

n

H
C1oH210 A
TOOCnH2n¢1

O\Cu\

Cl
CI—cU/\ l

H2n01CnOON \
OC1oH21
H

170
160
150
140
130 oo

120 * ®
110
100
90 .

80 . A
70 T n

6 8 10 12 14 16

oK
e SA

TI°C

Figure 5. Mesophase behavior of the mono- and binuclear compl8xesd 4 with ring-substituent fixed£OCygH>1), as a function of the chain length
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Figure 6. Mesophase behavior of the chloro comple4én comparison
to the corresponding bromo complexes.

Table 4. Mesomorphic Phase Transition TemperaturBsf¢r the New
Binuclear Bromo Complexe4b, T/°C

H R
1
=N_ Br R
Cu
O/ \O
N
/Cu\
R’ BrY TN=
M2
Compound R' R? Cr |sa |1
4.10b OC|0H21 p-CanO- C6H4 118 128
4.11b OC]oHZ] p-C|0H2|O- C@H4 108 120
4.12b OCoHz | p-Ci2Hps0- C¢Hy 109 | 119
4.25b H CioHos 107 -

The central core of the binuclear complexXespecially
the additional copper(ll) and the chloro ligand, markedly could not be interpreted further without crystal structure
increases the polarity of that region and introduces additional determinations of both solid phases. The surprising fact that
van der Waals and dipole interactions. This leads to an the ring-substitutedN-alkyl-substituted complexeZexhibit
improved segregation of the alkyl chains. Evidently the no mesomorphism at all, whereas the corresponding binucle-

greater length-to-breadth ratio is no hindrance for the ars4 exhibit at least monotropic behavior where at least one
formation of mesophases.

The distortion of the planar geometry in complexes

\,0\ o

(\/\

ﬁu%‘:“

Figure 7. Models of the mononuclear and binuclear comple3#sand
4.6 (left) in comparison to the X-ray structure of the binuclear complex
4.25a(right). Different length-to-breadth ratio leads to rodlike and sanidic
molecular shapes.

of the melting temperatures. No liquid crystal behavior is
observed in the mononuclear complexes which have straight
chain alkyl N-substituents. This applies specifically to the
complexes3.6, 3.7, 3.14 3.15 3.22 3.23,and3.25 DSC
measurements do show tt&a6, 3.14,and3.22undergo solid
state to solid state phase changes (designatee~CEr; in
Table 2), but these are not important here and in any case

liquid crystal phase occurs upon supercooling from the melt,
demonstrates the remarkable capability of those ribbonlike

causes a lowering of the mesophase stability and a decreasstructures to form anisotropic phases.

(57) Elliott, J. M.; Chipperfield, J. R.; Clark, S.; Sinn, Fiorg. Chem.
2001, 40, 6390.
(58) Elliott, J. M.; Chipperfield, J. R.; Clark, S.; Sinn, Fiorg. Chem.
Commun2002 5, 99.

The alkyl substituents in complex8<annot maintain the
necessary rigidity of the rod which is a prerequisite for the

(59) Paschke, R.; Balkow, D.; Sinn, Fiorg. Chem 2002 41, 1949.
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formation of the liquid crystalline state. The ribbonlike criteria for selecting appropriate materials.Since future priori-
(sanidic) architecture of complexdseems to provide more ties for the properties cannot yet be foreseen, founding new
stability, and this is the presumed reason for their observedclasses of materials remains of high importance.

liquid crystal properties when none are observed in some of It is in this context that we view our work in this

their mononuclear counterparts. area.
The new binuclear structures enhance materials chemistry -~ Supporting Information Available: Tables of microanalytical
in the area of binuclear metallomesogens. and crystallographic data. This material is available free of charge

For all future applications of the field of metallomeso- Via the Internet at http://pubs.acs.org.
gens, it is important to draw from a wide range of com-
pounds and classes of substances, in order to optimize thec0301021
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