This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 19 February 2013, At: 14:30

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Double Melting Behavior

of Disk-like Complexes
Substituted by Long Chains, 1:
the Substituent Effect

Kazuchika Ohta ? , Hiromitsu Muroki 2 , Koh-Ichi
Hatada ? , Iwao Yamamoto ? & Kei Matsuzaki 2

& Department of Functional Polymer Science, Faculty
of Textile Science & Technology, Shinshu University,
Ueda, Nagano, 386, Japan

Version of record first published: 20 Apr 2011.

To cite this article: Kazuchika Ohta , Hiromitsu Muroki , Koh-Ichi Hatada , lwao
Yamamoto & Kei Matsuzaki (1985): Double Melting Behavior of Disk-like Complexes
Substituted by Long Chains, 1: the Substituent Effect, Molecular Crystals and Liquid
Crystals, 130:3-4, 249-263

To link to this article: http://dx.doi.org/10.1080/00268948508079515

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508079515
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:30 19 February 2013

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 14:30 19 February 2013

Mol. Cryst. Liq. Cryst., 1985, Vol. 130, pp. 249-263
0026-8941/85/1304-0249/$20.00/0

© 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd.
Printed in the United States of America

Double Melting Behavior of Disk-like
Complexes Substituted by Long
Chains, 1 : the Substituent Effect

KAZUCHIKA OHTA,+ HIROMITSU MUROKI, KOH-ICHI HATADA,
IWAO YAMAMOTO, and KEI MATSUZAKI

Department of Functional Polymer Science, Faculty of Textile Science &
Technology, Shinshu University, Ueda, Nagano 386, Japan

(Received November 13, 1984, in final form March 20, 1985)

The bis (B-diketonato) copper (II) complexes, 2¢ and 2d, exhibit double melting
behavior; 2¢ (m.p. of K,:122.4 — 122.8°C, m.p. of K,:135.2 — 135.6°C), 2d (m.p. of
K,:168.8 — 169.2°C, m.p. of K,:208.3 — 208.6°C). The corresponding B-diketone
ligands, 1c and 1d, also exhibit double melting behavior; 1c (m.p. of K,:83.4 — 83.9°C,
m.p. of K;:84.9 — 85.4°C), 1d (m.p. of K,:103.5 — 103.6°C, m.p. of K,:108.1 —
108.2°C). 2¢ and 2d are the first examples exhibiting double melting behavior in the
disk-like transition metal complexes substituted by long chains. Because the previously
reported complexes (2a and 2b) exhibit discotic mesomorphism, the double melting
behavior of 2c and 2d is thought of as thermal behavior close to mesomorphism. The
chief determining factors which lead to either mesomorphism or double melting be-
havior are the substituent effect and the effect of central metal.

INTRODUCTION

Organic transition metal complexes substituted by long alkyl chains
have been synthesized for various purposes. To date, five properties
of these complexes have been reported. : (1) good solubility in al-
kane,'? (2) micelle formation,? (3) unusual thermochromism,? (4)
double melting behavior,* and (5) mesomorphism.>® In focusing our
interest on the fourth and fifth properties, two new disk-like com-
plexes, bis[1,3-di(p-n-octylthiophenyl)propane-1,3-dionato] copper
(II) (2¢) and bis{1-(p-n-octylthiophenyl),3-(p-n-octylsulfonyl-
phenyl)propane-1,3-dionato]copper(II) (2d), have been synthesized.
It was found that each of the complexes (2c and 2d) exhibits double
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(1a, 1b) (2a, 2b)

melting behavior, and that each of their corresponding B-diketone
ligands (1c and 1d) also exhibits double melting behavior. 2c and 2d
are the first examples exhibiting double melting behavior in the disk-
like transition metal complexes substituted by long chains. On the
other hand, in the previous paper’ we reported that two related disk-
like complexes, 2a and 2b, exhibit discotic mesomorphism, and that
each of their corresponding B-diketone ligands (1a and 1b) also ex-
hibit classical mesomorphism. Interestingly, the molecular structures
of these complexes (2a and 2b) are very similar to the present com-
plexes (2c and 2d): all these complexes (2a,2b,2c, and 2d) have the
same disk-like core complex parts with slightly different side chains.
Comparing these complexes, it is obvious that the double melting
behavior is related to the mesomorphism of this type of complexes.
The investigation on the double melting behavior of 2c and 2d serves
to elucidate the problem of the relationship between mesomorphic
property and its molecular structure. We wish to report here the
double melting behaviors of 2¢,2d, and 1c,1d, and we would like to
point out the two determining factors of these thermal behaviors.

EXPERIMENTAL

Synthesis

Syntheses of the present B-diketone ligands and their corresponding
copper (II) complexes were carried out according to the route illus-
trated in Scheme I. The B-diketone ligands, 1c and 1d, were prepared
by the method of Kopecky et al.®

The first target molecule was ligand 1c, but a mixture of 1c(5%)
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and 1d(95%) was obtained unexpectedly. The mass spectroscopy re-
vealed that partial oxidation of octylthio groups to octylsulfonyl groups
occurred in the carboxylation by sodium hypochlorite solution. The
separation of them was carried out by column chromatography.

p-n-Octyithioacetophenone

p-n-Octylthioacetophenone was synthesized by alkylation of thio-
phenol with n-octylbromide in ethanolic solution of potassium hy-
droxide, followed by Friedel-Crafts acylation in the manner of Ref.
4. Overall yield was ca. 90%, based on thiophenol. The products
were recrystallized from n-hexane to give white plate-like crystals;
m.p.: 51-52°C, L.R.: 1660 cm ! (v, _,,, KBr disk), N.M.R. §,,,(CDCl,,
TMS): 2.5 (3H, s, COCH,).

p-n-Octylthiobenzoic acid and p-n-octylsulfonylbenzoic acid

A solution of p-n-octylthioacetophenone (15.0 g, 57 mmol) in dioxane
(150 ml) was poured into 255 ml of 10% sodium hypochlorite solution
(342 mmol) in an ice bath and then heated up to 70°C, and stirred
for 7 hours. After cooling to room temperature, 36 g of sodium
bisulfite was added to the solution, which was kept vigorously stirring
for 1 hour. After acidifying the basic solution with concentrated hy-
drochloric acid, the product was extracted with chloroform. Evapo-
ration gave 19.7 g of a crude mixture of p-n-octylthiobenzoic acid
and p-n-octylsulfonylbenzoic acid. This mixture product was recrys-
tallized from benzene to give white plate-like crystals; I.R.: 2650,
2490 cm~! (COOH). MS (m/e): 266 (M* of p-n-octylthiobenzoic
acid), 298 (M* of p-n-octylsulfonylbenzoic acid).

Ethyl p-n-octyithiobenzoate and ethyl p-n-octylsulfonylbenzoate

To a stirred solution of the mixture obtained above (10g) in ethanol
(200ml) was added dropwise 25 ml of concentrated sulfuric acid. After
refluxing for 4 hours and then cooling to room temperature, the
products was extracted with 1:1 (v/v) ether-ethyl acetate. Evaporation
gave 9.6 g of a crude mixture of ethyl p-n-octylthiobenzoate and ethyl
p—n—octylsulfonylbenzoate. I.R.: 1710 cm ™! (ester).

Ligands: 1c and 1d

A solution of the mixture of esters obtained above (9.0g) in dry
dimethoxyethane (120 ml) was added dropwise to 4.9 g of 60% sodium
hydride which had been washed several times with dry n-hexane.
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Then a solution of p-n-octylthioacetophenone in dry dimethoxy-
ethane (120 ml) was added dropwise and the solution was refluxed
for 5 hours. After cooling to room temperature, a small portion of
water was added very carefully to the resulting yellow stew, and then
the solution was acidified with concentrated hydrochloric acid. This
product was extracted with dichloromethane. Evaporation gave
14.7 g of a crude mixture of 1,3-di(p-n-octylthiophenyl)propane-1,3-
dione (1c) and 1-(p-n-octylthiophenyl),3-(p-n-octylsulfonyl-
phenyl)propane-1,3-dione (1d).

Separation and purification of 1¢ and 1d

The product mixture obtained above (14.7 g) was recrystallized from
1:10 (v/v) EtOH-acetone to give 6.9 g of yellow powder, which was
chromatographed on a silica gel column, eluting with dichlorometh-
ane, to give 0.2 g of 1c (5% relative yield, Rf = 0.92) and 5.5 g of
1d (95%, Rf = 0.56). Each of them was further purified by recrys-
tallization from acetone to afford the samples for elemental analysis
and differential scanning calorimetry measurements.

Ic; Anal. Found (Calcd. for C;,H,,0,S,):C 72.39% (72.61), H 8.43%
(8.65). MS(m/e): 512 (M*) I.R. (KBr disk, cm ~!): 1595 (v._,). 'H-
NMR (CDCl;, TMS): 8, = 4.5 (s, 0.07H, keto CH,), 6.8 (s, 0.96H,
enol =CH), 17.0 (s, 0.96H, enol OH); keto:enol = 0.04:0.96.

1d; Anal. Found (Calcd, for C3;;Hy,O,S,): C 68.30% (68.34), H 7.86%
(8.14). MS (m/e): 544 (M*) L.R. (KBr disk, cm™'): 1145 (v,,,), 1598
(v.-o)- '"H-NMR (CDCl;, TMS): 8, = 6.8 (s, 1.00H, enol =CH),
16.8 (s, 1.00H, enol OH); keto:enol = 0.00:1.00.

Copper (i) complexes; 2c and 2d

These complexes were obtained in the manner previously reported.’
The purification was carried out by recrystallization from dioxane for
2¢ and from acetone for 2d.

2c¢; Anal. Found (Calcd. for C4,Hg0,S,Cu): C 68.34% (68.50), H
7.84% (7.97). L.R. (KBr disk, cm~1): 1596 (v..,). Solid reflection
spectrum A, (nm): 595, 635.

2d; Anal. Found (Calcd. for Ce,HggOgS,Cu): C 64.28% (64.58), H
7.51% (7.69). L.R. (KBr disk, cm~'): 1586 (v..,). Slid reflection
spectrum A..(nm): 542, 640.

Measurements

Phase transformation behavior of these compounds was observed with
a polarizing microscope equipped with a heating plate controlled by
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a thermoregulator, Mettler FP 80 and 82, and measured with differ-
ential scanning calorimeters, Mettler FP 85 and Rigaku Denki Ther-
moflex TG-DSC.

RESULTS AND DISCUSSION

(1) PHASE TRANSITIONS OF LIGANDS (lc and id) AND THEIR
COMPLEXES (2c and 2d)

In Table I the phase transitions for the ligands (1c and 1d) and the
corresponding copper (II) complexes (2c and 2d) are summarized.
Each of the compounds has two solid polymorphs, K, (crystal of low
m.p.) and K, (crystal of high m.p.), and each metastable polymorph
K, exhibits so-called “double melting behavior”.® All K, phases of
these compounds observed here were prepared by the same manner,
i.e., by rapid cooling an isotropic liquid heated over the m.p. of K,

TABLE I

Phase* transition temperatures (T,) and enthalpy changes of K, phases (AH,) for
the B-diketone ligands (1c,d) and their corresponding cooper (II) complexes (2c,d)

Tt(°C)
Compound 8H,(keal/mol)
ca,37 84,9-85.4
QS Ty K2 e Ll T
1c 83,4-83,9 1,L, ﬂ Slow cooling 12.9

Rapid cooling

ca. i3 108.1-108.2
— K Ky IL.L. =
1d 103,5-103,8~ 1,1, 00, STow cooling 9.3

Rapid cooling

ca, 108 135.2-135,6_

> Kl \ } Kz I.L,
Arr—————
2c 122,4-122,8 T 1,1, “slow Slow cooling | 18.9

Rapld cooling

ca. 145 208,3-208,6
— K . —/‘7 — 1.
2d 168,8-169,2 T 1,L, TFast Slow cooling ‘ 11.6

Rapid cooling

“Phase nomenclature: K= Crystal, I.L. = isotropic liquid.
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phase down to room temperature. The detailed double melting be-
haviors of these K, phases are described in the following.

Double melting behavior of K, phase of 1c

Photomicrographs in Figure 1 show a sequence of the state changes
of Ic.
Film No. 29: a K, crystal was crystallized from the isotropic liquid at
83.9°C.
Film No. 30: the sample in Film No. 29 was rapidly cooled down to
room temperature to give K, crystals surrounding the K, crystal.
Film No. 32: when the sample in Film No. 30 of room temperature
was put on the hot plate of 83.9°C, only the K, crystals were melting.
Film No. 33: by holding the temperature of the sample at 83.9°C for
1.5 hour, many parallelogram-like crystals of the K, phase were formed
from the isotropic liquid at 83.9°C.
Film No. 36: when the sample in Film No. 33 was heated up to 84.9°C,
the K, crystals were melting.
Thus, the double melting behavior of the K, crystals of 1c¢ could be
observed by polarizing microscope, while DSC measurements did not
give any typical thermograms of the double melting behavior'® even
at a slow heating rate (1°C/min.), because the m.p. of K, (83.4 —83.9°C)
is very close to the m.p. of K, (84.9—85.4°C), and because the iso-
tropic liquid between the m.p.s of K, and K, phases transforms very
slowly to the K, crystals even at the presence of K, crystal seeds. On
the other hand, since the solid-solid phase transition from K, to K,
is relatively fast, each of the DSC mesurements gave a single melting
thermogram corresponding to the melting of K, phase for any heating
rates (1 —80°C/min.). The melting enthalpy change of K; (AH,) only
could be determined (12.9 kcal/mol).

Double meiting behavior of K, phase of 1d.

Since the isotropic liquid between the m.p.s. of K, and K, phases of
1d transforms fast even at the absence of K, crystal seeds, and since
the m.p. of K, (103.5-103.6°C) is comparatively far from the m.p.
of K, (108.1 — 108.2°C), the typical DSC thermograms of double melt-
ing behavior!? of the K, crystal could be obtained for the heating rate
of =210°C/min. as shown in Figure 2. Although the superheating of
K, crystals originates such double melting behavior, at the same time
this makes it difficult to detect the precise temperature of the solid-
solid phase transition from K, to K,. Using a K, crystal (spherulite)
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surrounding K, crystals (plate-like) prepared between two slide glasses
and holding the temperature of this sample for >1 hours at various
temperatures on a heating plate, the solid-solid phase transition from
K, to K, was observed under the polarizing microscope. By such
observations described above, it became apparent that the phase
transition from K, to K, begins at ca. 43°C.

80°C/min

< w r’/ ‘00 .Clmin
Q
T > ﬁ/\ s 20°C/min
4 > '\1 ( 10°C/min
o
a
zZ
w

> ﬁ\ ﬁ 19C/min

60 80 100 120 10
1 1 ] 1

TEMPERATURE(°C)

FIGURE 2 DSC thermograms of K, of 1d for different heating rates.
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Double melting behavior of K, phase of 2c.

When the K, phase (plate-like crystal) was heated up from the room
temperature, the solid-solid transformation from K, to K, phase (par-
allelogram-like crystal) could be observed at ca. 108°C under the
microscope. As shown in Figure 3, peak 1 (108°C) of the DSC ther-
mogram corresponds to the solid-solid phase transition. Peak II (123°C)
shows the melting of K, crystals left over from the solid-solid phase
transition. However, since the resolidification of this melt is very
slow, no exothermic peak could be observed between peak 11 (123°C)
and III (135°C). For <10°C/min. of heating rates, peak III due to the

/\//’m/mln'

o
I 10°C/min.
1
— \]\/-;C/mln.
\ I o
o
Q i
z
w

2.5°C/min,

610 BIO 1q0 1%0 11!0 1?0

TEMPERATURE (°C)

FIGURE 3 DSC thermograms of K, of 2¢ for different heating rates. Peaks denoted
with I, II, and IIT in this figure are explained in the main text.
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melting of K, phase could be detected by the DSC measurements.
Thus, the double melting behavior of the K, phase of 2¢ could be
observed only at slow heating rates.

Double melting behavior of K, phase of 2d

As shown in Figure 4, for all of the heating rates (2.5-80°C/min.)
the double melting behavior of the K, phase of 2d could be observed.

80°C/min

40°C/min

A
7

o
N

—=EXO.

10°C/min

N
I

5°C/min

Sy
4

ENDO=—

25°CImin

. .
TEMPERATURE(°C)

FIGURE 4 DSC thermograms of K, of 2d for different heating rates. Peaks denoted
with I, I, III, and IV in this figure are explained in the main text.
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However, the ratio of peak IV (208°C, due to the melting of K,
phase, parallelogram-like crystal) to peak II (169°C, due to the melt-
ing of K, phase, plate-like crystal) increases the slower the heating
rate. Furthermore, the temperature difference between the exo-
thermic peak III (ca. 185°C, due to resolidification of the isotropic
liquid into the K, crystals) and peak II becomes larger the slower the
heating rate (<10°C/min). The opposite situation was reported'! for
(R)-stearin: the temperature difference between the a—liquid and
liquid—@ transformations was larger for higher heating rates. The
origin of this effect was ascribed to the monotropic relationship'?
between the a- and B-crystals. On the contrary, the K, and K, crystals
of the present complex 2d are in enantiotropic relationship'? because
of the existence of the solid-solid phase transition from K, to K,
corresponding to the peak I(ca. 145°C). Nevertheless, the tempera-
ture interval between peaks II and I1I of this complex becomes larger
for slower heating rates. It appears that superheating of K, crystal at
higher heating rates causes higher apparent m.p. of K, than its in-
herent m.p., so that peak 1I becomes closer to the peak III. We were
able to observe this effect even in the enantiotropic relationship.

2. DETERMINING FACTORS OF THE THERMAL BEHAVIORS

Comparing the B-diketone ligands (1a, 1b, lc, and 1d) with each
other, the ligands substituted by octyl or octyloxy groups (1a and 1b)
show the classical mesomorphism and, on the other hand, the ligands
substituted by octylthio and/or octylsulfonyl groups (1c and 1d) show
the double melting behavior. Furthermore, the complexes substituted
by octyl or octyloxy groups (2a and 2b) show discotic mesomorphism.
On the other hand, the present complexes substituted by octylthio
and/or octylsulfonyl groups (2c and 2d) show the double melting
behavior. Therefore, concerning the thermal behavior of these ligands
and their complexes, the following basic questions must be raised:
(1) What is relationship between the double melting behavior and the
mesomorphism?

(ii) Can one obtain always the mesomorphic complex when a mes-
omorphic ligand is used? Can one obtain always the double melting
complex when a double melting ligand is used?

For the first question, we could propose three stages of thermal
behavior for long chain substituted compounds as shown in Table II.
Stage 1: When the high temperature solid phase (K, polymorph) is
highly stable and the low temperature solid phase (K, polymorph) is
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TABLE 11

Three stages of thermal behavior for long chain substituted compounds.

Stability of
Type of solid phase®
melting
Stage behavior K, K, Appearance of phase*
Stage 1 single unstable highly metastable solid phase
melting stable transforms to K, phase
or tends to disappear
Stage 2 double stable stable metastable solid phase
melting comes to appear
Stage 3 mesomorphic  highly unstable unstable K, phase
transition stable becomes a stable
mesophase
“Phase nonmenclature: K, = solid phase of low m.p. (metastable phase), K, =

solid phase of high m.p.

unstable, the metastable phase (K, polymorph) completely trans-
forms to K, phase or tends to disappear, and only single melting
behavior is exhibited.

Stage 2: When both the high temperature solid phase (K, polymorph)
and the low temperature solid phase (K, polymorph) are stable, the
metastable phase (K, polymorph) comes to appear, and double melt-
ing behavior is inclined to occur.

Stage 3: When the high temperature solid phase (K, polymorph) is
unstable and the low temperature solid phase (K, polymorph) is
highly stable, the unstable K, solid polymorph becomes a stable mes-
ophase (liquid crystalline phase), and mesomorphic transition can be
observed. _

Thus, at present we think that the double melting behavior of long
chain substituted compounds is a thermal behavior close to the mes-
omorphism. The driving force of such stability of the solid phases is
now under investigation from the viewpoint of electron-withdrawing
abilities of the long chain substituents. It becomes clear that electron-
withdrawing substituents give the ligands and complexes a tendency
to exhibit such double melting behavior, and that electron-donating
substituents give them a tendency to exhibit the mesomorphism. The
details will be reported elsewhere.

For the second question mentioned above, examples of the thermal
behavior of long chain ligands and their complexes are summarized
in Table III. It is obvious from Table III that one can not always
obtain the mesomorphic complex when a mesomorphic ligand is used,
and that one can not always obtain the double melting complex when
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TABLE III

Relationships between the thermal behavior of ligands and their complexes.

Ligand Complex
Example Thermal Example of Thermal Example of
No. behavior* compound behavior® compound
1 stage 3 1a,1b stage 3 2a,2b
2 stage 2 1c,1d stage 2 2c,2d
3 stage 1 n-OBA® stage 2 (n-OBA), Cu(Il)®
4 stage 3 la stage 2 Ni(II) complex of la°

2Table II in this paper.

*See Ref. 4. n-OBA: 1-(p-n-octylphenyl)butane-1,3-dione, (n-OBA),Cu(II): bis[1-
(p-n-octylphenyl)butane-1,3-dionato]copper(II).

See Ref. 13.

a double melting ligand is used. However, from Table III two chief
determining factors of these thermal behaviors can be extracted.
Comparing example No. 1 with No. 2, the determining factor of the
mesomorphism is thought to be ‘substituent effect.’” On the other
hand, comparing example No. 1 with No. 4,3 the factor is thought
to be ‘effect of central metal.” This is the first time that the deter-
mining factors of mesomorphism and double melting behavior in the
transition metal complexes are pointed out. The two factors seem to
be significant for the molecular design of complexes to have desirable
mesomorphic properties.

CONCLUSION

Two new disk-like complexes, bis[1,3-di(p-n-octylthiophenyl)-pro-
pane-1,3-dionato]copper (II) (2¢) and bis [1-(p-n-octylthiophenyl),3-
(p-n-octylsulfonylphenyl)propane-1,3-dionato]copper (II) (2d), were
synthesized. It was found that each of the complexes synthesized here
exhibits double melting behavior, and that each of their corresponding
B-diketone ligand (1c and 1d) also exhibits double melting behavior.
2c and 2d are the first examples exhibiting double melting behavior
in the disk-like transition metal complexes substituted by long chains,
so far as we know. Comparing these complexes reported here with
the previously reported complexes (2a and 2b) exhibiting discotic
mesomorphism, the double melting behavior of 2¢ and 2d is thought
as a thermal behavior close to the mesomorphism. The chief factors
determining the choice between mesomorphism and double melting
behavior are the substituent effect and the effect of the central metal.
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