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2-Benzyloxytropones, which have a saturated oxymethylene (—CH,O—) linking unit, show a monotropic smectic A phase while
the corresponding alkoxybenzyl alkoxyphenyl ethers have poor mesogenic properties. The tropone carbonyl group acting as a

dipolar lateral substituent enhances the smectic thermal stability.

A typical liquid crystal structure generally consists of a rigid
core part and two terminal chains. The core usually has
aromatic rings connected either directly or through a linking
unit. It has been recognized that flexible, saturated linking
units such as —CH,0—, —CH,CH, — and —OCH,CH,0—
are less favorable for the appearance of a mesophase! since
these linking units do not preserve the linearity of the mol-
ecules. In this paper, we describe the synthesis and meso-
morphic properties of 2-benzyloxytropone derivatives, which
showed the monotropic smectic A (S,) phase when the alkoxy
groups were lengthened.

The 'H NMR spectra of 5-alkoxy-2-(4-alkoxybenzyloxy)tro-
pones 1 showed no broadened signals at room temperature,
eliminating the occurrence of [ 1,9] sigmatropy as observed in
2-acyloxytropone derivatives.>® The phase transition tempera-
tures were determined by differential scanning calorimetry
(DSC) and the thermal behavior of the microscopic texture
was observed using a polarizing microscope equipped with a
hot stage. The results are summarized in Table 1.

All mesogenic compounds 1 showed a monotropic S, phase.
This contrasts with that of corresponding benzenoid com-
pounds with a flexible, saturated linking unit, which are known
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to be nonmesogenic or mesogenic with low thermal persist-
ence.! The benzene derivative 4b exhibited no mesophase, but
compound 4a showed a mosaic texture and homeotropic
structure. The X-ray diffraction pattern of 4a at 76 °C showed
two sharp reflections at 36.7 and 2.83 A, which suggested the
exhibition of a smectic B (Sg) phase.

Table 2 summarizes the comparison with transition tempera-
tures between 1 and the corresponding benzoyloxy series 5.3
Compound 5 with a —COO— linking unit had a lower
melting point and a higher clearing point than 1. This parallels
the behavior of the benzenoid compounds as shown in
Table 3.71° Although the formation of liquid crystals from 1
is less likely than from 5, 1 is more favorable than benzenoids 4.

Table 4 summarizes the transition temperatures of 1 when
the alkyl length of the tropone ring was changed and that of
the benzyloxy group was fixed. The length of the alkyl group
of the tropone ring affected the clearing point more than the
melting point whereas the alkyl chain length on the benzyloxy
group did not affect the clearing point so much. On the other
hand, when the alkyl length of the benzyloxy group was
changed, the melting point changed more than the clearing
point, as shown in Table 1. Further, compounds 1-Cl and
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Table 1 Transition temperatures (T/°C) and, in parentheses, enthalpy changes (AH/kJ mol~!) of 1

m n K Sa 1 m n K Sa 1

a 4 12 90 (50.4) 58 m 11 1 68

b 6 6 88 n 11 6 91

c 6 7 85 (45.6) 64 (8.5) o 11 7 86 (45.7) . 79

d 6 8 83 (40.0) 65 (15.9) p 11 8 86 (45.7) . 80 (17.2)

e 6 10 84 (46.8) 67 (8.8) q 11 10 71 (51.0) . 62

f 6 12 86 (47.5) 70 (9.0) r 11 12 81 (53.2) . 77 (13.7)

g 8 4 94 s 12 1 70

h 8 6 87 (38.8) 70 t 12 4 91

i 8 7 88 (47.6) 74 (9.2) u 12 6 71

j 8 8 82 (42.7) 74 (9.1) v 12 7 89 (48.5) . 77

k 8 10 80 (46.3) 75 (11.9) w 12 8 83 (35.7) . 80

1 8 12 81 (50.1) 75 (11.9) X 12 10 87 (48.9) . 81 (12.9)
y 12 12 83 (44.7) 80 (14.2)

Table 2 Comparison of transition temperatures (T/°C) between 1 and 5
1 5

(m, n) K Sa 1 K Sc Sa N 1

(6, 12) . 86 . 70 (- 54) 58 . 66

(8, 12) . 81 . 75 67 . 76

(11, 12) . 81 . 77 51 . 85

(12, 4) 91 (- 63) 64 . 70

(12, 12)¢ . 83 . 80 64 . 90

“Recrystallization temperature was 55 °C. *The value in parentheses is the monotropic transition temperature.

Table 3 Comparison of the transition temperatures (7/°C) of ethers and esters

CrHami O‘Q_\
O‘@‘OCnHZnH

(0}
CM2W10‘©—<
0“@'00"“21»1

(m, n)

(1,5) K 93 (N 38) I K 67N 72.5 I¢

(5, 6) K 89T K 57.5N 84.5 I

(12, 8) K 91 (Sg 76) I K 70 (S 57.5) Sc 86 S, 90.5 I¢

“Ref. 7. *Ref. 9. This work. “Ref. 8. °Ref. 10.

1-CN with a chlorine atom and a cyano group were not
mesogenic although the corresponding troponoid 5-CN
showed monotropic smectic A phases.®

From the contrasting results of the troponoid and the
benzenoid derivatives, mesophases can presumably be stabil-
ized by the tropone carbonyl group, whose permanent dipole
moment increases the attractive dispersion force between mol-
ecules.!!"12 The carbonyl group of tropones plays a crucial role
as a polar lateral substituent in the formation of the mesophase.

Experimental

Elemental analyses were performed at Kyushu University. The
NMR spectra were measured using GSX 270H spectrometers
in CDCl;, unless otherwise specified, and the chemical shifts
are expressed in ¢ units, with J values in Hz. Mass spectra
were measured with a JEOL 01SG-2 spectrometer. The IR
spectra were taken as KBr disks for crystalline compounds
using a JASCO IR-A 102 spectrometer. The UV spectra were

Table 4 Effect on the transition temperatures (T°C) and, in parentheses, enthalpy changes (AH/kJ mol ') of 1 when the alkyl chain length (m)
was changed

m n K Sa 1 m n K Sa I
b 6 6 88 e 6 10 . 84 (46.8) . 67 (8.8)
h 8 6 87 (38.8) . 70 k 8 10 . 80 (46.3) . 75 (11.9)
n 1 6 91 q 1 10 . 71 (51.0) . 62
u 12 6 71 X 12 10 . 87 (48.9) . 81 (12.9)
c 6 7 85 (45.6) 64 (8.5) f 6 12 . 86 (47.5) . 70 (9.0)
i 8 7 88 (47.6) . 74 (9.2) 1 8 12 . 81 (50.1) . 75 (11.9)
o 11 7 86 (45.7) . 79 r 11 12 . 81(53.2) . 77 (13.7)
v 12 7 89 (48.5) . 77 y 12 12 . 83 (44.7) 80 (14.2)
d 6 8 83 (40.0) 65 (15.9)
j 8 8 82 (42.7) 74 (9.1)
p 11 8 86 (45.7) 80 (17.2)
w 12 8 83 (35.7) 80
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measured using Hitachi U-3200 and U-3410 spectrophotomet-
ers. The stationary phase for column chromatography was
Wakogel C-300 and the elution solvents were mixtures of
hexane and ethyl acetate.t

Preparation of 1

When the sodium salts of 5-alkoxytropolones 2,> prepared
with NaH in hexamethylphosphoric triamide (HMPT) at room
temp., were reacted with 4-alkoxybenzyl chloride 3 overnight
at 50°C, compounds 1 were obtained in 42-65% yields after
SiO, chromatography.

la: mp 90°C; 6y 0.88 (3H, t, J 6.6), 0.96 (3H, t, J 7.3),
1.26-1.53 (20H, m), 1.69-1.82 (4H, m), 3.84 (2H, t, J 6.6), 3.93
(2H, t, J 6.6), 5.13 (2H, s), 6.21 (1H, dd, J 11.0, 2.6), 6.80 (1H,
d, J 11.0), 6.87 (2H, d, J 8.8), 7.05 (1H, dd, J 13.2, 2.6), 7.20
(1H, d, J 13.2), and 7.32 (2H, d, J 8.8). 6. 13.8, 14.1, 19.2, 22.7,
26.1,29.3,29.4 (2C), 29.6 (4C), 31.0, 31.9, 68.1, 68.2, 70.9, 107.9,
114.6 (2C), 118.3, 128.1, 129.0 (2C), 132.9, 138.0, 158.7, 159.0,
159.5, and 179.9. v/cm ™! 2925, 2850, 1560, 1510, 1450 and
1250. m/z (%): 468 (M ™, 7), 276 (21), 275 (100), and 107 (14).
Calc. for C30H4,04: C, 76.88; H, 9.46%. Found: C, 76.88;
H, 9.51%.

1b: mp 88°C; Calc. for C,H3,0,4: C, 75.69; H, 8.80%.
Found: C, 75.82; H, 8.75%.

1c: mp 85 °C; Calc. for C,;H3304: C, 76.02; H, 8.98%. Found:
C, 76.30; H, 9.03%.

1d: mp 83°C; Calc. for Cy,gH,,O4: C, 76.32; H, 9.15%.
Found: C, 76.49; H, 9.24%.

le: mp 84 °C; Calc. for C30H4,0,: C, 76.88; H, 9.46%.
Found: C, 77.08; H, 9.44%.

1f: mp 86 °C; Calc. for C;,H,30,: C, 77.38; H, 9.74%. Found:
C, 77.34; H, 9.54%.

1g: mp 94°C; Calc. for C,H3c0,4: C, 75.70; H, 8.80%.
Found: C, 76.00; H, 8.81%.

1h: mp 87°C; Calc. for Cy,gH,0O4: C, 76.32; H, 9.15%.
Found: C, 76.15; H, 9.08%.

1i: mp 88 °C; Calc. for C,,H,,04: C, 76.60; H, 9.30%. Found:
C, 76.51; H, 9.21%.

1j: mp 82 °C; Calc. for C30H,,04: C, 76.88; H, 9.46%. Found:
C, 77.00; H, 9.40%.

1k: mp 80°C; Calc. for C;,H, 50, C, 77.37; H, 9.74%.
Found: C, 77.22; H, 9.60%.

1I: mp 81 °C; Calc. for C3,H;,0,: C, 77.82; H, 9.99%. Found:
C, 77.87; H, 10.04%.

Im: mp 68°C; Calc. for C,cH360,4: C, 75.69; H, 8.79%.
Found: C, 76.05; H, 8.75%.

In: mp 91°C; Calc. for C;;H,cO4: C, 77.13; H, 9.61%.
Found: C, 77.28; H, 9.54%.

lo: mp 86°C; Calc. for C;,H,0,: C, 77.38; H, 9.74%.
Found: C, 77.42; H, 9.59%.

1p: mp 86°C; Calc. for C33Hs5004: C, 77.60; H, 9.87%.
Found: C, 77.67; H, 9.57%.

1q: mp 71°C; Calc. for C;5Hs,0,4: C, 78.02; H, 10.10%.
Found: C, 77.70; H, 10.11%.

1Ir: mp 81°C; Calc. for C5;Hs50,4: C, 78.40; H, 10.31%.

+ Further data are available as supplementary material (SUP 57321;
12 pp.) deposited with the British Library. Details are available from
the editorial office.

Found: C, 78.88; H, 10.18%.

1s: mp 70 °C; Calc. for C,,H330,: C, 76.02; H, 8.98%. Found:
C, 75.94; H, 8.80%.

1t: mp 91 °C; Calc. for C30H,440,: C, 76.88; H, 9.46%. Found:
C, 76.67; H, 9.45%.

lu: mp 71°C; Calc. for C;,H,O0,: C, 77.38; H, 9.74%.
Found: C, 77.23; H, 9.53%.

1v: mp 89 °C; Calc. for C33H5,04: C, 77.60; H, 9.87%. Found:
C, 77.54; H, 9.72%.

1w: mp 83°C; Calc. for C3,H;,04: C, 77.82; H, 9.99%.
Found: C, 78.06; H, 9.87%.

I1x: mp 87°C; Calc. for C34Hs60,: C, 78.21; H, 10.21%.
Found: C, 78.39; H, 10.14%.

1y: mp 72°C; Calc. for C33HgOy4: C, 78.57; H, 10.41%.
Found: C, 78.75; H, 10.21%.

1-Cl: mp 73°C; Cale. for C33H500,Cl: C, 74.17; H, 9.66%.
Found: C, 73.80; H, 9.49%.

1-CN: mp 102°C; Calc. for C,,H;3503N: C, 76.92; H, 8.37,
N, 3.32%. Found: C, 77.12; H, 8.42; N, 3.54%.

Preparation of 4

Similarly compounds 4 were prepared from 4-alkoxyphenols
and 4-alkoxybenzyl chlorides. 4a: mp 91 °C; dy 0.86-0.90 (6H,
m), 1.26-1.46 (28H, m), 1,70-1.82 (4H, m), 3.89 (2H, t, J 6.6),
395 (2H, t, J 6.6), 492 (2H, s), 6.81 (2H, d, J 9.5), 6.86 (2H,
d, J 9.5), 6.89 (2H, d, J 8.8), and 7.32 (2H, d, J 8.8). ¢ 14.1,
22.7 (2C), 26.1 (2C), 29.3 (2C), 29.4 (2C), 29.6 (4C), 29.7 (2C),
31.8, 31.9, 68.1, 68.6, 70.6, 114.6 (2C), 115.4 (2C), 115.8 (2C),
129.1, 129.2 (2C), 152.9, 153.5, and 159.0. v/cm ! 2925, 2850,
1510, 1235 and 1020. Calc. for C33H5,05: C, 79.79; H, 10.55%.
Found: C, 79.73; H, 10.30%.

4b: mp 97°C; Calc. for C;,Hg,O5: C, 80.38; H, 10.94%.
Found: C, 80.21; H, 10.76%.
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