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The thermal properties of a homologous series of 3-cyano-7-(4'-(4"-alkoxy- 
benzoy1oxy)benzoyloxy) mumarins have been examined. All homologues (the ethoxy to 
nonyloxy homologues) form high stability of the nematic phase. The heptyloxy homo- 
logue shows a reentrant behavior of the type, C-N-S,-N-I. 

INTRODUCTION 

Since discovery of a phase transition of the type N-SA-N-I under 
a high pressure,'V2 it has been known that some mesogenic com- 
pounds give rise to somewhat interesting polymesomorphic behaviors, 
i.e., reentrant behaviors of the types such as C-N-SA-N-I,3-5 
C-SA-N-SA-N-I,6.7 and C-N-S,-S,-N-I.* 

Usually, the compounds exhibiting these behaviors have plural 
aromatic rings, a polar terminal group such as a cyano, and a long 
alkyl chain, preferably alkoxy as a terminal group at the other side. 
Suitable linkages forming conjugation along the entire molecule are 
also necessary for the enhancement of the p~larizability.~." 

We have prepared new homologous series of mesogens, 3-cyano-7- 
(4'-(4"-alkoxybenmyloxy)benzoyloxy) coumarins. The composition of 
the molecules is quite analogous to the reentrant mesogens. 
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300 S. TAKENAKA, H. NAKAI AND S. KUSABAYASHI 

CN 

n = 2 - 9  . O - i  0 

We will report the preparation and the thermal properties of the 
homologous series. 

EXPERIMENTALS 

Method 

Transition temperatures were determined using a Nikon Model POH 
polarizing microscope fitted with a Mettler FP 52 heating stage and 
FP 5 control unit. Transition enthalpies were measured with a Daini- 
Seikosha SSC 560 differential scanning calorimeter. Indium (99.94%) 
was used as a calibration standard with a heating rate of 5 OC/min. 

Preparation 

3-Cyano-7-hydroxycoumarid1-To a solution of 2,4-dihydroxybenz- 
aldehyde (5 g, 0.036 mole) and malononitrile (2.4 g, 0.036 mole) in 
absolute ethanol (30 ml) was added piperidine (2 drops) with stirring, 
heat being evolved. A pale yellow solid separated from the orange-red 
solution. The reaction mixture was poured onto water (ca. 250 ml) 
with stirring, and then concentrated hydrochloric acid (100 ml) was 
added. The resulting solution was heated for 30 minutes at 60 O C with 
stirring. After cooling, the solid precipitated was collected by filtration 
and recrystallized from ethanol, yielding 3-cyano-7-hydroxycoumarin 
as orange needles (2.8 g, 42%), mp. > 270OC. 
3-Cyano-7-(4’-(4”-nonyloxybenzoyloxy)benzoyloxy)coumarin-A 

solution of 4-(4’-nonyloxybenzoyloxy)benzoyl chloride (1.57 g, 0.0039 
mole) which was obtained by the method of Young et d.’* and 
3-cyano-7-hydroxycoumarin (0.73 g, 0.0039 mole) in a mixed solvent 
of pyridine (20 ml) and benzene (80 ml) was refluxed for 6 hrs. After 
cooling, the reaction mixture was poured onto ice-cold dilute hydro- 
chloric acid, and the product was extracted with chloroform. The 
chloroform layer was washed with water and dried over sodium 
sulfate. After removing the solvent, the residue was purified by 
column chromatography on silica gel using chloroform as an elution 
solvent, and then recrystallized from benzene, giving 3-cyano-7-(4‘- 
(4”-nonyloxybenzoyloxy)benzoyloxy)-coumarin as white needles (0.8 
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REENTRANT NEMATIC PHASE 301 

g, 37%). The identity of the ester was checked by an infrared absorp- 
tion spectroscopy; vcN = 2230, vcoo = 1730 cm-’. The purity of the 
ester was checked by elementary analysis, as shown below. 

Other homologues were prepared similarly. 

ELEMENTARY ANALYSIS DATA 

n 

Calculated (W) Found (W) 
C H N  C H N  

~ 

2 
3 
4 
5 
6 
I 
8 
9 

C26H17N07 

C27H19N07 
C28H21N07 
C29H 23 N07 
c30 25 
C3,H27N07 
C32H29N07 

C33H31N07 

68.57 3.16 3.08 68.56 3.64 2.99 
69.08 4.08 2.98 69.33 4.17 3.01 
69.56 4.38 2.90 69.51 4.19 2.85 
70.01 4.66 2.82 10.02 4.61 3.05 
70.44 4.93 2.14 10.65 4.91 2.65 
70.84 5.18 2.61 10.14 5.08 2.51 
11.22 5.42 2.60 11.29 5.39 2.42 
11.60 5.64 2.53 11.41 5.61 2.18 

4-Pentylphenyl 4’-(4”-octylbenzoyloxy)benzoate was prepared by the 
method of J. C. Dubois et ~ 1 . ’ ~  The transition temperatures were 
C-80.3-SA-117.2-N-163.1-I ( O C). 4’-(4”-Octyloxybenzoyloxy)-benzyli- 
deneamino-4-benzonitrile was prepared by the method of D. Demus 
el The transition temperatures were C-106.4-N-142.1-SA-201 .3-N- 
257.5-1 ( O C). 

RESULTS AND DISCUSSION 

The transition temperatures for the homologous series are sum- 
marized in Table I. 

TABLE I 

Transition temperatures ( O C) 

Carbon number C N s.4 N I 

2 . 210.8 - - ’ 300 . 
3 . 209.8 - - . 300 ‘ 

4 . 189.8 - - ’ 300 . 
5 . 162.8 - - . 300 . 
6 . 154.1 - - ’ 300 . 
7 . 145.9 . 141.6 . 221.4 . 295 . 
8 . 146.6 - . 241.1 . 300 . 
9 . 150.3 - . 255.1 . 300 . 

The nematic-isotropic transition temperatures are the virtual val- 
ues. All values were taken on heating. 
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302 REENTRANT NEMATIC PHASE 

The homologous series form high stability of the nematic phase where 
the molecules tend to align homeotropically when placed between two 
glass plates. The nematic-isotropic transition temperatures are as- 
sumed to be more than 300 O C, though these tend to decompose above 
250 C. For example, the virtual transition temperature for the 
heptyloxy homologue was estimated to be 295 O C  from extrapolation 
of the binary phase diagram for the system of the homologue 
and 4-pentylphenyl 4’-(4’’-octylbenzoyloxy)-benzoate, as shown in 
Figure la. 

The smectic phase commences from the heptyloxy homologue. To 
identify the smectic phase, the binary phase diagrams were examined. 
In Figure l a  the smectic phase for the heptyloxy homologue is not 
miscible with the smectic A phase for 4pentylphenyl 4’-(4”-oc- 
tylbenzoy1oxy)benzoate. However, the smectic A phase for 4-(4”-oc- 
tyloxybenzoyloxy)benzylideneamino-4-benzonitrile is miscible with the 
smectic phase for the heptyloxy homologue as well as the nematic 

250’i- 

200‘ 

/ 

N 

Y :@ 100 

FIGURE 1 Isobaric phase diagrams of (a) the heptyloxy homologue (on right) and 
4-pentylphenyl 4’-(4”-oc1ylbenzoyloxy)-benzoate (on left), and (b) 4’-(4”-octyloxy- 
benzoyloxy)-benzylideneamino-4-benzonitrile (on left). 
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S. TAKENAKA, H. NAKAI AND S. KUSABAYASHI 303 

phases. These facts indicate that the smectic phase for the heptyloxy 
homologue is assigned to a smectic A modification. As mentioned by 
several authors, there have been known two types of molecular organi- 
zation for the smectic A phase i.e., the monolayer and bilayer.14 
Probably the smectic phase for the former has the monolayer organi- 
zation, and the latter the bilayer, since the latter has a cyano group as 
a polar terminal gr~up. ’~ . ’~  It has been known that the smectic A 
phase with the monolayer alignment is usually miscible with the 
bilayer one, but sometimes immis~ible.”*’~ Presumably these are 
the cases. In addition to the usual nematic and smectic A phases, the 
heptyloxy homologue enantiotropically forms a nematic phase just 

30C 
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FIGURE 2 Plot of transition temperatures against n. 
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304 S .  TAKENAKA, H. NAKAI AND S. KUSABAYASHI 

below the smectic A, giving rise to a reentrant behavior. This is 
confirmed by an examination of the binary phase diagram shown in 
Figure lb. The nematic-smectic A and smectic A-nematic transitions 
were impossible to detect by the DSC thermogram, the transition 
enthalpies being quite small, presumably less than 50 J mole-’. Al- 
though the octyloxy and nonyloxy homologues form high stability of 
the nematic and smectic A phases, these do not show the reentrant 
behavior. The plot of the transition temperatures against the carbon 
numbers in the alkoxy chain is shown in Figure 2. 

Structural point of view, the coumarin core seems to unfavor the 
enhancement of the mesophase stability compared with a phenyl or a 
naphthyl group, for mumarin has a large molecular breadth. However, 
the carbonyl group forming an angle of 60 O with respect to the longer 
molecular axis would strengthen the lateral interactions due to the 
dipole-dipole interaction, enhancing the stability of the smectic A 
phase. In fact, some homologous series having coumarin as well as the 
present series have been known to exhibit high stability of smectic 
phases.” On the other hand, the terminal alkoxy and cyano groups 
enhance the mutual conjugation along the entire molecule, increasing 
the polarizability anisotropy, a general requisite for stability of 
mesophase. The formation of the bilayer alignment of molecules in the 
smectic A phase due to the strong interactions of the terminal cyano 
group is responsible for the appearance of the reentrant behavior. 
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