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Liquid Crystals. 1. 8-Oxygen Effect on Stabilization of
Hexakis(acyloxy)benzene Mesophase
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A new family of liquid crystalline (discotic) hexaesters, hexakis[(n-oxaoctanoyl)oxy]benzene (4-0", 2 < n <
7), hexakis[(3-thiaoctanoyl)oxy]benzene (4-S%), or hexakis[(2-methoxyoctanoyl)oxy]benzene (5), was prepared
from hexahydroxybenzene (3) and the corresponding acyl chlorides. Satisfactory yields (14-87%) were obtained
only when a gentle stream of Ar(P,0;~MnO treated) was introduced into the neat reaction mixture, optionally
by applying a vacuum (100-200 mmHg) or by adding a base and/or hydrocarbon in order to suppress any undesired
side reactions. Among the heteroatoms investigated, oxygen atom was the most effective to depress the melting
point (Te_y) from 79.8 °C for parent 4 to 16-68 °C for 4-0™" (3 < n < 7), strongly indicating that incorporation
of an oxygen atom into the side chain enhanced the mesophase stability of 4 relative to the crystal phase. Moreover,
the mesophasic temperature ranges (AT = Ty; — Tc-ym) for 4:0% and 4-07 were 26° and 9°, wider than AT =
3.6° for the parent hydrocarbon compound (4). Thus an oxygen atom suitably introduced in the side chain expanded
mesophase temperature range considerably. However, no clear mesophase was observed for 4-0% or 5 but only
a glass transition was observed at -75 °C or -145 °C, respectively, indicating that the introduction of an O atom
at an inappropriate position such as carbonate oxygen (4-0%) or 8-oxygen atom in the branched OMe (5) only

breaks up the molecular order of mesophasic 4.

The relationship between structure and mesomorphic
properties of a liquid crystal is important for the eluci-
dation of molecular factors that determine mesomorphic
supramolecular assembly.? For this purpose, heteroatoms
have been repeatedly investigated as the constituent ele-
ment other than C atom in liquid crystalline molecules.?*
The oxygen effect is noteworthy, because the aryl-O-R
structure unit is seen in many liquid crystals and this
oxygen stabilizes nematic phases, for example, in (=
NCGI'I“"p'O]R/)23a (R = CaH7 to C10H21) or p-
ROC6H4CGH4'p-CN (R = CsH7 to CsH”).Sb HOWeVer,
destruction of the mesophase is also reported for the O
atom located in a middle position of the tail in aryl
(CH,),OR or aryl-O-CH,-0-R;* suggesting the need of
further studies on the structure-mesophase stability re-
lationship.

As to discotic liquid crystals, very limited examples of
heteroatom effect are described,’ e.g., for an O or S atom
located in the core positions of truxene (1) and 2,2",6,6-
tetrakis(p-alkylphenyl)pyran-4-ylidene (2).%* The clearing
point was depressed by the structural change from the C
atom to the heteroatom (O, S).

2 X=0,S8

1 X=CHy,0,8S

Now we report a new family of liquid crystalline com-
pounds, hexakis[(oxaalkanoyl)oxy]benzenes, among which
hexakis[(3-oxaoctanoyl)oxy]benzene, 4-0% (Scheme I) is of
special interest in exhibiting the mesophase over a very
large temperature range of 26°, from 68 °C (T¢_y) to 94
°C (T'mp). It contrasts to the rather narrow temperature
range of 3.6°, from 79.8 °C to 83.4 °C, for the corre-
sponding octanoate 4 bearing no O atom, the first member
of the family.

*Deceased March 22, 1987.

0022-3263/87/1952-2502801.50,/0

Scheme I
<
o 0,
OH R o YR
0 H OH ro o
R—cZ 4 oo Tmn © o
\CI HO OH 80-120, g o_«R
OH under Ar R Q
=0
3 R
2 3 4 5 6 7
4 R= = CHyCHaCHoCHoCHaCHoCHy
n 2
4.0 n=2 —0-CgHy3
3 —cHy—o>Cghy
4 ~CoHa—C~CaHg
s
5 -CGHG—O_C3HT
7 ~CgHyg—~O~CHg
n 3
4.5 :n=3 —CHp—S—CgH1¢
5 ; ~CH=CgHiz
OCH,
6 : ~CHg—0-CgHy
7 : ~CHg~0—C7Hy5

Results and Discussion

The present hexaester family, 40" (2 < n < 7), 483, and
5, were prepared from hexahydroxybenzene (3) and the
corresponding acyl chloride (Scheme I). In preparations
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Table 1. Phase-Transition Temperatures (in degrees)

compd R Tem Ty ref
4 CH,, 79.8 834 a
4'02 OCGHIS llquid (25 °C), Tg = -75 b
40° CH,0C:Hy, 68 94 b
40¢ C,H,0CH, 30 32 b
4‘05 C3H6003H7 43 44 b
407 C.H,,OCH, 16 2% b
4-8° CH,SCH;; 66 67 b
5 CH(OCH)CHCq¢- liquid (25 °C), T, = -145 b

Hyy

6 CH,OC;H; 110 1115 b
7 CH,0C,H,; 74 94 b

sReference 2f. ?Present results, purity was over 99% based on
HPLC analysis.

of 40" (n = 2, 3, 4, 7) and 4-S3, satisfactory yields were
obtained (14-87%, 110~120 °C, 7-12 h, no solvent used)
only when a gently Ar stream (optionally evacuated at
100~200 mmHg) was applied to remove HCI generated very
effectively from the reaction mixture. Under the reaction
conditions of 100-120 °C, 5-10 h, and no Ar bubbling,
which was appropriate for the preparation of 4, yields of
4.0" were unsatisfactorily poor, ca. 0-9% and were not
improved appreciably by the use of base (pyridine, an-
hydrous K,COj; etc.).

Even under the conditions of Ar stream, the treatment
of 3 with 5-oxaoctanoyl chloride at 120 °C for 2 h did not
give the hexaester 4.0%. The transformation of acyl
chloride to Cl (CH,);CO,C;H; took place readily,® probably
via a favored cyclic transition state like 8 in a polar me-
dium. Therefore, a nonpolar solvent, decalin, was used in
this particular case to retard the chloro ester formation,
affording 4-0° successfully in 23% yield.

o]

@oi'ipr @
e

For the preparation of 5, decalin and pyridine were used
to improve the yield (15%). Without these addenda, the
yield was poor (less than 3%) because of a facile elimi-
nation reaction of 2-methoxyoctanoy! chloride, since an
olefinic byproduct was obtained judging from the vo—¢ of
1640 cm™ and the NMR absorptions centered at ca. § 5.7
observed for the reaction mixture.

Structure determinations of the desired products were
made by IR (see Experimental Section) and 'H NMR.
Purities of the product esters were confirmed by HPLC
analyses (see footnote in Table I). In DSC thermal
analyses,’ consecutive scanning (heating—cooling cycle) was
carried out on each sample to certify good reproducibility.
Figure 1a,b depict the DSC traces of hexakis[(3-oxaocta-
noyl)oxy]benzene (4:0°), as a typical example. As is ap-
parent in Figure 1a,b, three-phase transitions at 48 °C, 68
°C, and 94 °C were observed on the first heating (Figure
1a). The lowest temperature transition at 48 °C was ir-
reversible, strongly suggesting the solid-solid transition
and/or the supercooling of the mesophase.® Two new
transitions at 47 °C and 57 °C that appeared on the second
heating (Figure 1b) were reproducible in the following
scannings.

(6) A similar transformation is reported for C;H;0(CH,);COCI to re-
arrange to Cl(CH,);CO,C,H; in SOCly; Blicke, F. F.; Wright, W. B.;
Zienty, M. F. J. Am. Chem. Soc. 1941, 63, 2488.

(7) McAdie, H. G. Thermal Analysis; Schwenker, R. F., Jr.; Garn, P.
D., Ed.; Academic Press: London, 1969, Vol. I.

(8) Sorai, M.; T'suji, K.; Suga, H.; Seki, S. Mol. Cryst. Lig. Cryst. 1980,
80, 33.
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Figure 1. DSC traces for 4-0™ (a) first heating/cooling of 4.0%;
(b) second heating/cooling of 403, (c) 4-0%; (d) 4-05; (e) 4-O; (f)
4.0% Heating rate: 3°/min (a, b), 1°/min (c, d), 2°/min (e),
5° /min (f).

Table II. Transition Enthalpies and Entropies of New
Mesogens 400" and 5-7

melting point

clearing point

compd AH, keal/mol AS, eu AH, keal/mol AS, eu
4¢ 10.7 30 4.5 13
4.0% b
4.0 03 0.9 1.0 2.7
4.04 1.9 6.3 2.5 8.2
4.08 1.0 3.2 1.9 6.0
4.07 1.6 5.5 0.4 1.3
4.8% 4.4 13 4.5 13
5 b
6 3.0 7.8 2.4 6.2
7 0.6 1.8 0.7 2.0

sReference 2f. ®Glass transition.

The higher temperature transitions, Tc_y = 68 °C and
Ty = 94 °C, were reproducible. In the 68-94 °C tem-
perature range, 4-0° showed a turbid viscous mesophasic
state, where a birefringent texture was also observed by
polarizing microscopy. The texture of 4-0°® under the
microscope was assigned as broken-fan based on a com-
parison with the textures reported for the parent discot-
ics.?2 These observations strongly support 4-0° as a me-
somorphic compound in the 68-94 °C temperature range.
More important, however, is the fact that Ty_; of 94 °C
for 4-0° is higher than Ty; of 83.4 °C for the parent hy-
drocarbon ester, 4, since this means that the 3.0 atom has
stabilized the mesophase relative to the isotropic phase to
a considerable extent. Below 68 °C (T¢_y) 4-0°% was solid,
and the transitions seen at 47 °C and 57 °C are most
probably the solid—solid transitions.?

Other oxa homologs 40" (n = 4, 5, 7) also showed liquid
crystalline phases and their DSC traces are shown in
Figure 1. The textures of 4.0%, 4.0%, and 4-07 under the
polarizing microscope were broken-fan,? fan-and-flower
like particle,?® and fan,?® respectively. The observed
crystal-mesophase transition temperature (melting point,
Tc-m) and mesophase—~isotropic phase transition temper-
ature (clearing point, Ty are summarized in Table I
The transition enthalpy and transition entropy are given
in Table II. As is apparent in Table I, Ty and Ty are
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highly dependent on the location of the O atom in the
present seven-membered chains. To.y was lowered
markedly from 79.8 °C for parent 4 to —145 to +68 °C for
the present heteroatom-containing compounds (see Table
I). Moreover, oxy compounds 4:0° and 4-07, respectively,
showed the mesophase temperature ranges 26° and 9°,
considerably wider than 3.6° for the parent hydrocarbon
compound 4. These observations strongly suggest that the
oxygen atom suitably introduced in the alkyl tail enhanced
the thermal stability of the mesophase relative to the
crystal phase.®

Further evidences for the mesomorphic properties of
4.0 were obtained from the X-ray diffraction pattern of
the birefringent viscous mesophase. For example, a main
characteristic seen for 4-0* was a very broad diffraction
with a maximum of intensity corresponding to d = A\/(2
sin 8) = 4.4 A. Such a diffuse diffraction is probably due
to the disordered interdisk distance, revealing the struc-
tural similarity to hexakis[p-(n-dodecyloxy)benzoyl]-
cyclam® and 2,3,6,7,10,11-hexakis[(3-oxaalkanoyl)oxy]-
triphenylene,'? both of which show similar diffuse dif-
fractions centered at d = 4.5 A due to the disorder of their
interdisk distances. Rather sharp diffractions were also
observed at d = 21.8, 12.9, and 11.0 & for 4.0%. These were
reasonably assigned to d,g, di19, dago SPacings, the evalu-
ated lattice constant, @ = 25 A, being very close to the
molecular diameter.?2. These observations are consistent
with a hexagonal columnar organization.

Hexakis[(3-thiaoctanoyl)oxy]benzene (4-S%), a sulfur
analogue of 4.03, exhibited T'o_y of 66 °C, indicating that
the 8 S atom effectively stabilized the mesophase com-
pared with the crystal phase. However, its Ty of 67 °C
was lower than that of 402 by 27° (Table I). The intro-
duction of an O atom as a MeO pendent substituent on
the side arm to give hexakis[(2-methoxyoctanoyl)oxy]-
benzene (5) was carried out via Scheme I. The MeO de-
rivative 5 exhibited no clear mesophase (Table I).

Carbonate 4:0% in which an oxygen atom was incorpo-
rated at the C, position was also prepared. 4-0%is liquid
at room temperature, and no mesophase was found at
lower temperatures down to —80 °C, although a glass
transition appeared at ca. ~75 to ~15 °C upon heating as
the DSC trace shows (Figure 1f).

In order to study the present noticeable 8-oxygen effect
(see 4-0%) in more detail, we have prepared 6 and 7, which
carry similar §-oxygens in the chains of different length,
(3-oxahexanoyl)oxy and (3-oxadecanolyl)oxy, respectively
(Scheme I). An extremely narrow AT = ca. 1.5° for hex-
akis[(3-oxahexanoyl)oxy]benzene (6) was observed, al-
though 7 exhibited only a slightly narrower AT = 20° than
26° for 4-0° (see Table I). These observations strongly
indicate that an appropriate chain length is also important.

In conclusion, the oxygen atoms and the sulfur atom
located in the alkyl tails of 4 stabilized the mesophase
compared with the crystal phase (depressing of the melting
point, Tcy). Among these, the 8-oxygen atom of the
(3-oxaacyl)oxy (9) type was particularly noticeable, since

R—O~CH5C—0—
9

it gave the widest mesophasic temperature ranges (AT) of
1.5-26°. More important was the raising of the clearing

(9) de Jeu, W. H. J. Phys. (Paris) 1977, 38, 1265.

(10) Fatiadi, A. J.; Sager, W. F. Organic Syntheses; Wiley: New York,
1973; Collect. Vol. 5, p 595.

(11) Jampolsky, L. M.; Kaiser, M. B,; Sternbach, L. H.; Goldberg, M.
W. J. Am. Chem. Soc. 1952, 74, 5222.

(12) Tabushi, I.; Yamamura, K.; Okada, Y., to be published.
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point by the 8-oxygen atom as seen for 4.0%, 6, and 7. As
far as the magnitude of AT is concerned, the (3-oxaocta-
noyl)oxy tail (R” = C;H,;) was superior to (3-oxahexano-
yloxy (R’ = C3H;) or (3-oxadecanoyl)oxy (R’ = C;Hy;).
The present oxygen effect, especially the 3-oxygen effect,
may provide a new promising means for the “tail design”
which will be applicable to the preparations of new discotic
liquid crystalline compounds.

Experimental Section

General. 'H NMR spectra were obtained with a JEOL JNM
PMX 60 SI NMR spectrometer. 3C NMR spectra were measured
with a JEOL JNM FX90Q FT NMR spectrometer. IR spectra
were recorded on a Hitachi Model 260-50 spectrophotometer. A
Nippon Kogaku POH microscope was used for the polarizing
microscopy.

X-ray diffraction data were collected on a Rigaku X-ray dif-
fractometer RAD-ITA by Nihon Kogyo Company. Sample purity
was determined by HPLC on a Waters SiO, radial pak column
(8 mm X 100 mm) by using a Shimadzu SPD-6AV UV-vis
spectrophotometric detector. Microanalyses were performed at
the Microanalytical Center of Kyoto University.

Materials. Hexahydroxybenzene (3) was prepared according
to the reported procedure.'® Manganese oxide, MnO, was freshly
prepared by pyrolysis of manganese oxalate at 350 °C, 1072 Torr
as reported.! Dry pyridine was obtained by refluxing first on
KOH and then on BaO, followed by distillation under Ar.
Commercially available decalin was dried over Na and distilled.

Hexakis[(3-oxaoctanoyl)oxylbenzene (4-03). A mixture of
0.5 g (2.9 mmol) of 3 and 5.8 g (35 mmol) of 3-oxaoctanoyl chloride
was heated at 110 °C under an atmosphere of dry, deoxygenated
Ar. Thus, MnO-P,0;-treated Ar was introduced into the reaction
mixture through a glass capillary at 100 mmHg by applying
vacuum during the reaction to remove HCI generated. After 12
h, the excess acyl chloride was removed by a distillation in vacuo
(0.2 mmHg) to give a viscous oil, which was subjected to column
chromatography on silica gel (Merck 60, 70-230 mesh, 2 cm X
30 cm) using cyclohexane (200 mL) and then benzene (600 mL)
as eluent. Benzene fractions containing 4-O° were collected (total
eluents, 100 mL) and the solvent was evaporated to dryness to
give 1.3 g of drude 4.0%. Further purification by successive re-
crystallizations was carried out from EtOH-H,0 (10:1, v/v),
n-hexane-EtOH (10:1, v/v), and EtOH, giving 1.1 g (0.1 mmol,
38%) of pure 4-0° (99% on HPLC analysis). 4.0% *C NMR
(CDCly) § 14.0, 22.6, 28.1, 29.0, 67.5, 72.6, 133.8, 165.4; IR vy,
(KBr) 1800 (vc—o), 1110 (vcp) cm™. Anal. Caled for Cy;sH75044:
C, 61.13; H, 8.34. Found: C, 61.06; H, 8.51.

Hexakis[(4-oxaoctanoyl)oxy]benzene (4-0%). 4.0* was
prepared from 0.5 g (2.9 mmol) of 3 and 5.8 g (35 mmol) of
4-oxaoctanoyl chloride in a manner similar to that described for
4-03, except that the successive recrystallizations were carried out
from EtOH-H,0 (10:1, v/v) and then twice from EtOH. 4.0¢ (1.6
g, 87%); IR vy, (neat) 1780 (vo—o), 1110 (vcp) cm™. Anal. Caled
for C,gH,40:4: C, 61.13; H, 8.34. Found: C, 61.13; H, 8.50.

Hexakis[(7-oxaoctanoyl)oxy]benzene (4-07). A 0.3-g (1.74
mmol) of 3 was treated with 3.5 g (21 mmol) of 7-oxaoctanoyl
chloride at 110 °C for 7 h under Ar as described above. After
the workup as described above, recrystallizations were carried out
three times from EtOH at -50 °C (EtOH-dry ice). 4-07, which
has a low melting point, was collected in each recrystallization
by using a Buchner funnel chilled at 10 °C. 4-07 (0.23 g, 14%):
IR v, (neat) 1788 (vc—g), 1096 (vco) cm™. Anal. Caled for
CHq50.4 C, 61.13; H, 8.34. Found: C, 60.85; H, 8.57.

Hexakis[(5-oxaoctanoyl)oxy]benzene (4-0°%). The hexa-
esterification reaction of 0.15 g (0.86 mmol) of 3 with 1.7 g (10
mmol) of 5-o0xaoctanoyl chloride was successfully carried out at
120 °C, 12 h, only when a solvent (decalin, 5 mL) was added as
described in the text. After prepurification by a column chro-
matography on SiQ,, successive recrystallizations were carried
out from MeOH-H,0 (1:1, v/v), MeOH-EtOH-H,0 (1:1:1, v/v),
and then MeOH-H,0 (10:1, v/v), affording 0.19 g (0.20 mmol,
23%) of 4-0%: IR v, (neat) 1770 (vc—p), 1080 (voo) cm™ . Anal.
Caled for CgHq5044: C, 61.13; H, 8.34. Found: C, 61.23; H, 8.43.

Hexakis[(2-oxaoctanoyl)oxy]benzene (4-0%). 3 (0.3 g, 1.74
mmol) and 2-oxaoctanoyl chloride (3.5 g, 21 mmol) were heated



J. Org. Chem. 1987, 52, 25052509 ‘ 2505

at 120 °C, 8 h. Purification was carried out by successive SiO,
column chromatographies—the first chromatography by eluting
with cyclohexane, benzene, AcOEt, and then EtOH, successively,
and the second chromatography by eluting with cyclohexane,
benzene, and then AcOEt, successively—affording 0.35 g (0.38
mmol, 22%) of pure 4:0% IR vy, (neat) 1780 (vo—o), 1210 (vco)
cm™. Anal. Caled for C,gH740,4: C, 61.13; H, 8.34. Found: C,
61.42; H, 8.52. '

Hexakis[(2-methoxyoctanoyl)oxy]benzene (5). 3 (0.15 g,
0.86 mmol) and 2-methoxyoctanoyl chloride (2.0 g, 10 mmol) in
the presence of dry pyridine (0.5 g, 6.3 mmol) and a solvent
(decalin, 5 mL) were heated at 80-105 °C, 24 h. After a chro-
matographic purification through a Si0; column, HPLC analysis
indicated that the crude 5 still contained four minor impurities,
which were not easily eliminated by attempts of recrystallizations.
Therefore, the final purification was performed by a preparative
HPLC (SiO; column, CH,Cl,~CH;CN = 100:3.5 (v/v), affording
pure 5 (15%): IR v, (neat) 1790 (vc—o) 1092 (vgo) cm™L. Anal
Caled for CggH 105016 C, 64.84; H, 9.25. Found: C, 64.96; H, 9.26.

Hexakis[(3-thiaoctanoyl)oxy]benzene (4-S%) was prepared
in a manner similar to that described for 4.0%, 4.8% 64% yield;
IR vy (KBr) 1774 (vomp) 1102 {vcg) cm™.. Anal. Caled for
CsH750..8¢ C, 55.46; H, 7.56; S, 18.51. Found: C, 55.55; H, 7.62;

, 18.37.

Differential Scanning Calorimetry. DSC thermal analyses

were performed with a Seiko DSC calorimeter (I&E Mode DSC-10

or DSC-20 calorimeter combined with a Seiko SSC/580 thermal
controller). For the low temperature DSC measurements, a cooling
accessory, Seiko 56 US-400, was employed with liquid N, as a
coolant. Each sample (0.8-13 mg) was sealed in a Al pan with
a sealer. The heating rate was 1~5° /min. The DSC scanning was
made consecutively (more than twice) on each compound until
good reproducibility of phase-transition temperatures (see also
text) was observed. In the case of 4-0% a crystal-crystal transition
appeared at 48 °C only in the first heating. In the second heating
two new transitions appeared at 47 °C and 57 °C, which were
reproducible and reserved in the consecutive scannings. The
observed good reproducibility of the phase-transition temperatures
(£1.5 °C) suggests that a degradation of compound was not ap-
preciable at all in the presence DSC measurements. The
phase-transition temperatures were not changed when the sample
was sealed in the Al pan under Ar atmosphere.
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Carbon Monosulfide as Reagent in Organic Synthesis. A Mechanism Study
Based on the Frontier Orbital Approach
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The cycloaddition and insertion reactions of CS have been studied by using the frontier orbital approach.
Calculations of the symmetry, HOMO and LUMO energies and the atomic net charge at carbon for CS lead to
a comparison in reaction pattern with singlet CR, (carbenes). For the cycloaddition reaction it is suggested that
the first step is an electrophilic attack of the vacant p orbital of the CS carbon on the 7 bond of the acetylene.
The reactivity of CS toward acetylenes is analyzed by using electrostatic as well as frontier overlap considerations.
For the insertion reactions a similar approach is used. The results obtained are discussed in relation to experiments.

Carbon monosulfide, CS, has been known for more than
a century, and in spite of its unstable nature it has been
the subject of numerous investigations, mainly in the
spectroscopic! and theoretical? fields, but also the reactions
of CS with O and O, have been the subject of much in-
terest.> Recently CS has been introduced as a new reagent
in organic synthesis as a reaction partner in cycloadditions*
as well as « insertions.> The reaction of CS with acetylenic
derivatives, 1, leads to cyclopropenethiones, 2, (eq 1). The

R—C=C—R + C§ —> C=( {1

1 2

reaction 1, however, is mainly restricted to amino- and
diaminoacetylenes whereas aminothioacetylenes (R,NC=
CSR’), bis(ethylthio)acetylene, di-tert-butoxyacetylene,
bis(methylseleno)acetylene, strained acetylenes, anthra-

tPresent address: H. Ludbeck A/S, DK-2500 Valby, Denmark.
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cene, cyclooctatetraene, and azulene did not react with CS
under the standard reaction conditions.45

(1) See, e.g.: (a) Cossart, D.; Horani, M.; Rostas, J. J. Mol. Spectrosc.
1977, 67, 283. (b) Yang, S. C.; Freedman, A.; Kawasaki, M.; Bersohn, R.
J. Chem. Phys. 1980, 72, 4058. (c) Saever, M.; Hudgens, J. W.; De Corpo,
d. d. J. Chem. Phys. 1982, 70, 63. (d) Schofield, K. J. Phys. Chem. Ref.
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