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2,5-Diaryl-1,3,2-dioxaborinane derivatives having various terminal groups were synthesized and found to

form mesomorphic phases in a wide temperature range.

They provide a new series of liquid-crystalline

compounds containing a boron atom in the principal structure.

The majority of liquid-crystalline molecules consist
of carbon, oxgen, nitrogen, and hydrogen atoms.
Though a few examples containing heteroatoms are
known,? liquid crystalline materials containing metal
atoms are of special interest since they are expected to
have unique properties based on the incorporation of
metals having special electric and magnetic prop-
erties.

In general, organometallic compounds are ther-
mally and chemically unstable, however, 1,3,2-
dioxaborinane derivatives are fairly stable and we
recently reported a preliminaly result that the com-
pounds having 2,5-disubstituted 1,3,2-dioxaborinane
structure 1 form stable nematic and/or smectic meso-
phases.? They are the first examples of thermotropic
liquid-crystalline molecules with a boron atom in the
principal structure. Boron atoms have vacant p-
orbitals and are electron-deficient, hence conjugation
between the p-orbital and aromatic m-electron system
may be expected for 2-aryl-1,3,2-dioxaborinane deriva-
tives. This conjugation may give a double bond
character to the bond between boron atom and aro-
matic ring, resulting in a rigid core structure favorable
to liquid-crystalline materials.

In this paper we report in detail on the synthesis
and properities of liquid-crystalline compounds 2
which are constructed by three rings containing the
dioxaborinane ring as the principal structure. And
we wish to discuss especially the influence of terminal
groups on mesomorphic properties, as well as the
comparison with other liquid-crystalline materials
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having the analogous structure.

Results and Discussion

A simple approach to the synthesis of compound 2
has been developed according to Scheme 1. The syn-
thetic intermediate 4 was prepared by the palladium-
(0)-catalyzed cross-coupling reaction of ethyl cyano-
malonate with aryl halides 3.3 The aryl halides were
prepared by the halogenation of arenes according to a
literature method.¥ Although a small amount of the
ortho-substituted isomer was formed as a by-product,
a mixture of the isomers was used for the coupling
reaction, since the ortho-isomer has a less reactivity
and recrystallization gave pure diols 5.

Boronic acids 6a—c were obtained by the reaction of
Grignard reagents with trimethoxyborane in tetra-
hydrofuran at temperatures below —60°C. Boronic
acid 6a was converted to 6d by oxidation with potas-
sium permanganate in an alkaline solution.? p-
Cyanophenyl derivative 6e was prepared according to
Scheme 2. The intermediate 8 was transformed into
9 by a literature method.®

Finally, condensation between 5 and 6 was carried
out in a toluene solution and we obtained dioxabori-
nane derivatives 2 in nearly quantitative yields. Pur-
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ification of 2 was achieved by column chromatog-
raphy and recrystallization. The structures of com-
pound 2 are consistent with analytical data including
mass, IR, and NMR spectra. The present method for
the preparation of 2 has a great advantage because
their various derivatives are prepared easily by the
simple condensation of selected pairs of 5 and 6. A
number of 2,5-disubstituted 1,3,2-dioxaborinanes thus
synthesized are listed in Table 1. The table shows
that the dioxaborinane derivatives form mesophases
with a variety of terminal groups, indicating that the
dioxaborinane ring provides a suitable core structure
for the formation of liquid crystals.

The terminal groups can promote the formation
of mesophases in the following order, -CN>-OMe,
-CI>-Me>-COOMe. The order is almost same as
the tendency for organic liquid-crystalline materials
shown by Gray et al.” Especially, the cyano gruop is
a good terminal group for the formation of meso-
phases. It is known that cyano groups lead mole-
cules to a dimer structure favorable to the formation of
liquid crystals.

In order to investigate the influence of alkyl chain
length on the formation of mesophases, compounds 2,
(R3=CN or CH3O) bearing a variety of alkyl groups
(R*) were synthesized, and the results are summarized

in Tables 2 and 3. The compounds having a cyano
group at the terminal form a stable nematic phase for
various alkyl chains, while those having a methoxyl
group exhibit only a monotropic nematic phase.
The transition temperatures for the compounds hav-
ing a cyano group are plotted against the alkyl chain
length in Fig. 1. An odd-even effect was observed for
the nematic-to-isotropic (N-I) transition temperatures,

Table 2. Transition Temperatures for 2-(4-Methoxy-
phenyl)-5-(4-alkylphenyl )-1,3,2-dioxaborinanes

neo{Oy & {0

Transition temperatures (°C)*

R
Cryst. N Iso
CHs 147.8 (91.3)”
CH3CHz 144.0
CH3(CHz); 139.6 (91.0)”
CH3(CHbz)s 109.9 (88.3)
CH3(CHa)4 114.1 (99.7)”
CH3s(CHz)s 103.0 (91.4)”
CHs(CHz)s 108.3 (97.3)®
CH;3(CHy), 94.8 (93.3)”

a) N: nematic; Iso: isotropic liquid. b) Monotropic
transition.

Table 3. Transition Temperatures for 2-(4-Cyanophenyl)-

Table 1. Transition Temperatures for 2,5-Disubstituted 5-(4-alkylphenyl)-1,3,2-dioxaborinanes
1,3,2-Dioxaborinanes (2) 0
RS RS Transition temperatures (°C)” NC_@B\O}©_R
Cryst. N Iso R Transition temperatures (°C)”
2a CHs OC4Hy - 126.4 - (124.0)° - I
2 Cl OCsHo . 145.0 - (132.8)” - Cryst. Sa N so
2c  OCH; OC4Hy - 133.9 - 146.6 CHs 151.9 157.2
2d CN OC4Hy - 117.0 - 166.0 CH;3CH: 121.6 136‘01,
2e CO2:CHs OC4Hpy - 156.2 - 158.5 CH3s(CHz)2 117.1 (115.2)¥
2f CHs CeHis - 100.0 - (83.0)” CH3(CHa)s 120.4 128.0
2 Cl CeHis - 124.8 CH3(CHz)s 103.0 132.7
2h  OCHs CsHis - 103.0 - (91.4)” CH3(CHa)s 98.0 122.4
2i CN CeHis - 98.0 - 1224 CHj3(CHz)s 95.0 127.0
2j CO:CHs  CeHis - 140.5 - 130.3 CHj3(CHz)r 87.3 102.0 120.6

a) N: nematic; Iso: isotropic liquid. b) Monotropic
transition.

a) Sa smectic A; N: nematic; Iso: isotropic liquid.
b) Monotropic transition.
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Plot of transition temperatures against the number of

carbon atoms (n) in alkyl chain (R) of the 2-(4-cyanophenyl)-
5-(4-alkylphenyl)-1,3,2-dioxaborinanes.

Table 4. Comparison of Liquid-Crystalline Behavior
for Tricyclic Compounds

Transition temperatures (°C)"

Cryst. N Iso

NLO)-O)O)Cstn - 130 - 239
NLO)<H)<O)Cshy - 8¢ - 154

Nc@-(g}@-csl-nn .10 - 164
NC@-B\?}—@-CSHH 1327 -

a) N: nematic; Iso: isotropic liquid.

103.0

and the longer alkyl groups showed the wider temper-
ature range of mesophases. These facts also agree
with the tendency of liquid-crystalline materials
reported by Gray et al.7® As described later, the
dioxaborinane derivatives show lower N-I transition
temperatures than other liquid-crystalline materials
having analogous three-ring structures.

The dioxaborinane derivatives have a unique struc-
ture containing a metalloid atom, boron, in the prin-
cipal structure, however, they are fairly stable in air
and moisture, and showed similar thermal properties
of organic liquid-crystalline materials.

It is known that the structures of rigid core in
liquid-crystalline materials give strong influence to
their clearing points, that is mesophases-to-isotropic
transition temperatures. For examples, displacement
of the central benzene ring in a terphenyl system by
other six-membered rings such as cyclohexane and
dioxane results in lowering the clearing points.?
The dioxaborinane ring exhibited the same influence
and compound 9 showed the lowest clearing point
among the compounds summarized in Table 4.

Experimental

Measurements of transition temperatures and observa-

tions of mesophases were made using Olympus BH-2 polar-
ising microscope in conjunction with Metler FP52 heating
stage and FP5 control unit. !HNMR spectra were mea-
sured for solutions in CDCls with tetramethylsilane as inter-
nal standard using a Bruker WM-360 spectrometer. IR
spectra were recorded with a Hitachi 295 infrared spectro-
photometer, and mass spectra were taken on a JEOL JMS06
instrument.

Diethyl 4-Butylphenylmalonate.¥ To a suspension of
potassium t-butoxide (6.73 g, 60 mmol) in 1,2-di-
methoxyethane (50 ml), ethyl cyanoacetate (3.97 g, 35 mmol)
was added at room temperature with stirring.  After 10 min
4-butylphenyl iodide (3, R=C4Hy, X=I, 7.80 g, 30 mmol)
and a catalytic amount of dichlorobis(triphenylphosphine)-
palladium (600 mg, 0.85 mmol) were added, and then the
mixture was heated at 70 °C for 8 h under nitrogen. After
cooling the reaction mixture, 1 M hydrochloric acid was
added and the product was extracted with ether. The
extract was washed with water and dried over sodium sul-
fate. After evaporation of ether the residue was purified by
chromatography on silica gel using hexane/dichloro-
methane as eluent. The viscous, oily product was distilled
using a Kugelrohr bulb-to-bulb distillation apparatus to
give ethyl 4-butylphenylcyanoacetate (as a colorless oil;
yield 4.13 g (56%); IR (neat) 2240 (CN), and 1760 cm™!
(C=0). The product obtained here was contaminated by a
small amount of impurity, but the next procedure for sapon-
ification of the cyano group was carried out without further
purification of the product. A mixture of the crude cya-
noacetate (4.00 g), ethanol (15 ml), concd hydrochloric acid
(18.6 ml), calcium chloride (20.1 g), and benzene (6 ml) was
stirring at room temperature for 3 h, then heated at 55 °C for
2 h, and finally under reflux for 5 h. After cooling to room
temperature, water was added and the product was extracted
with benzene. The extract was dried over sodium sulfate,
and after concentration the crude product was purified by
chromatography on silica gel using dichloromethane as an
eluent. The resultant oily product was distilled using a
Kugelrohr bulb-to-bulb distillation apparatus, affording
diethly 4-butylphenylmalonate as a colorless oil; yield 3.32 g
(70%); IR (neat) 1765 and 1750 cm-! (C=0); HNMR
6=0.90—2.10 (13H, m, alkyl), 2.50 (2H, t, J=8 Hz,
CH:C¢Ha), 4.20 (4H, q, J=7 Hz, CH20), 457 (1H, s, CH),
and 7.27 (m, 4H, Ar).
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2-(4-Butylphenyl)-1,3-propanediol (5, R=CsHs). To a
suspension of lithium aluminum hydride (0.76 g, 20 mmol)
in diethyl ether (60 ml), diethyl 4-butylphenylmalonate (2.92
g, 10 mmol) in diethyl ether (10 ml) was added dropwise
with stirring at 0°C. And then the reaction mixture was
heated to reflux temperature. After 6 h the mixture was
cooled to 0°C again, and ethyl acetate (5 ml), and 5% sodium
hydroxide solution (10 ml) were added successively. After
the reaction at room temperature for 10 h, the inorganic salt
precipitated was separated by filtration, then the organic
layer was separated and the aqueous layer was extracted with
ether. The combined ether solution was dried over sodium
sulfate. After evaporation of ether, the resultant product
was purified by recrystallization from hexane, affording 2-
(4-butylphenyl)-1,3-propanediol as white needles; yield 3.32
g (70%); mp 74.5—76.0°C; IR (Nujol) 3250 cm-! (OH);
IHNMR 6=0.87—1.59 (7H, m, alkyl), 2.57 (2H, t, J=8 Hz,
CH:CgHa), 3.02 (1H, m, CH), 3.86—3.96 (4H, m, OCHz),
and 7.11 (4H, s, Ar).

p-Tolylboronic Acid (6a). To a solution of trimethoxy-
borane (20.4 g, 194 mmol) in dry tetrahydrofuran (100 ml),
p-tolylmagnesium bromide, prepared from p-bromotoluene
(22.4 g, 131 mmol) and magnesium (3.41g, 140 mmol), was
added dropwise at —=70°C. After the Grignard reagent had
been added, the reaction mixture was stirred below —60°C
for one hour, and then hydrolyzed with 10% sulfuric acid (70
ml). The inorganic salt formed was filtered off and the
tetrahydrofuran layer was separated and then the aqueous
layer was extracted with ether. The combined organic
layer was washed with water and dried over sodium sulfate.
Consentration of the solution gave white crystals, which was
washed with hexane and water, affording pure p-
tolylboronic acid; yield 15.0 g (86%); mp 245—247°C; IR
(Nujol) 3480, 3400 (OH), and 1365 cm~! (BO).

Similarly, p-chloro- (6b) and p-methoxyphenylboronic
acid (6¢c) were prepared by starting from p-chloro and p-
methoxyphenyl bromide, respectively.

4-Carboxyphenylboronic Acid (6d).5 p-Tolylboronic
acid (6.8 g, 50 mmol) was dissolved in 40 ml of water
containing sodium hydroxide (4 g), and then 290 ml of water
was added to the solution. Into the agitated mixture a
solution of potassium permanganate (16.6 g, 105 mmol) in
water (500 ml) was added in the following way. The per-
manganate solution was devided into eight volumes, and
each volume was added in turn every one hour. After all
portions of the permanganate solution had been added, the
mixture was stirred overnight. Excess of permanganate
was destroyed by addition of ethanol (20 ml) at 50 °C, and
the manganese dioxide was filtered off. The filtrate was
concentrated to about 200 ml below 40 °C, and then acidified
carefully with hydrochloricacid. The crystal separated was
collected, washed with water, and recrystallized from water;
yield 4.82 g (58%); mp 232—234°C; IR (Nujol) 3500—2500
(OH), 1700 (C=0), and 1355 cm~! (BO).

2-(4-Carboxyphenyl)-1,3,2-dioxaborinane (7). 4-Carboxy-
phenylboronic acid (4.82 g, 29 mmol) was reacted with 1,3-
propanediol (2.23 g, 29 mmol) in toluene (100 ml) under
reflux for 2 h. During the reaction the water formed was
removed azeotropically using a Dean-Stark apparatus.
When the reaction was completed, the mixture was cooled to
room temperature and the crystals separated were collected
by filtration; yield 5.78 g (92%); mp 211—213 °C; IR (Nujol)
3400—2500 (OH), 1695 (C=0), and 1315 cm~! (BO).
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2-(4-Carbamoylphenyl)-1,3,2-dioxaborinane  (8). 2-(4-
Carboxyphenyl)-1,3,2-dioxaborinane (5.56 g, 24.9 mmol)
was reacted with thionyl chloride (12 ml) in the presence of
N,N-dimethylformamide under reflux for 2 h. Removal of
excess thionyl chloride under a reduced pressure afforded the
acid chloride, which was used for the next reaction, ammo-
nolysis, without further purification. To a 28% of aqueous
ammonia (65 ml), a solution of the acid chloride in tetrahy-
drofuran (130 ml) was added dropwise at 0°C, and then
stirred at room temperature for 30 min. The solvent and
aqueous ammonia were removed by evaporation, and
toluene (100 ml) was added to the residue in order to remove
water azeotropically. After completion of dehydration,
toluene was distilled away, and the resultant residue was
extracted with acetone. Concentration of acetone solution
gave 2-(4-carbamoylphenyl)-1,3,2-dioxaborinane as pale yel-
low crystals; yield 2.87 g (52%); mp 204—206 °C; IR (Nujol)
3550, 3100 (NH), 1685 (C=0), 1625, and 1615 cm~! (NH).

4-Cyanophenylboronic Acid (6¢).8) To a solution of tri-
phenylphosphine (7.32 g, 27.9 mmol) in carbon tetrachlo-
ride (30 ml), 2-(4-carbamoylphenyl)-1,3,2-dioxaborinane (8,
2.87 g, 13.9 mmol) dissolved in tetrahydrofuran (30 ml) was
added, and then the mixture was warmed to 50 °C for 20 h.
Insoluble solids precipitated were separated, and the filtrate
was concentrated. The residue was extracted with warm
hexane, and removal of hexane give crude nitrile (9), 2.05 g
(78%); IR (Nujol) 2220 (CN), and 1310 cm~-! (BO).

Finally, the protective group of boronic acid was taken off
as follows. A mixture of (9) (2.05 g, 10.9 mmol) and potas-
sium carbonate (3.75 g) in water and methanol (10 ml) was
stirred at room temperature for 10 h. Insoluble solids were
filtered off, and methanol was removed in vacuo. The
aqueous alkali solution was cooled and acidified carefully
with hydrochloricacid. The crystal separated was collected
by filtration and washed with water; yield 1.26 g (78%);
mp>300°C; IR (Nujol) 3550, 3440 (OH), 2220 (CN), and
1345 cm~1 (BO).

2,5-Diaryl-1,3,2-dioxaborinanes (2). General Procedure.
A mixture of 4-substituted phenylboronic acid (6, 0.5
mmol), 2-(4-substituted phenyl)-1,3-propanediol (5, 0.5
mmol), and toluene (25 ml) was stirred under reflux for 2 h.
During the reaction the water formed removed azeotropi-
cally using a Dean-Stark apparatus. When the reaction
was completed, toluene was distilled away, and the resultant
residue was purified by chromatography on silica gel using
dichloromethane as an eluent. Recrystallization from hex-
ane gave the corresponding products (2).

2-(4-Methylphenyl)-5-(4-butoxyphenyl)-1,3,2-dioxabor-
inane (2a). Found: C, 74.08; H, 7.80% Calcd for
C20H26BOs: C, 73.86; H, 8.06%; IR (Nuyjol) 1315 cm~! (BO);
THNMR 6=0.97 (3H, t, J=8 Hz, CH:CHas), 1.45—1.52 (2H,
m, CH:CHs), 1.75 (2H, m, OCH:CH2), 2.36 (3H, s,
CHsCeHa), 3.25 (IH, m, CH), 3.95 (2H, t, J=6 Hz,
OCH:CHy), 4.14 (2H, dd, J=11 and 11 Hz, OCH2CH, ax),
4.24 (2H, dd, J=5 and 11 Hz, OCH:CH, eq), 6.88 (2H, d, J=9
Hz, Ar), 7.12 (2H, d, J=9 Hz, Ar), 7.17 (2H, d, J=8 Hz, Ar),
and 7.70 (2H, d, J=8 Hz, Ar).

2-(4-Chlorophenyl)-5-(4-butoxyphenyl)-1,3,2-dioxabor-
inane (2b). Found: C, 66.09; H, 6.53; Cl, 10.10%. Calcd for
Ci19sH23BCl10s: C, 66.02; H, 6.71; Cl, 10.26%; IR (Nujol) 1315
cm~1(BO); 'TH NMR 6=0.97 (3H, t, J=7 Hz, CH3), 1.46—1.52
(2H, m, CH2CH3), 1.76 (2H, m, OCH2CH2), 3.25 (1H, m,
CH), 3.95 (2H, d, J=6 Hz, OCH:CH3), 4.14 (2H, dd, J=11
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and 11 Hz, OCH:CH, ax), 4.25 (2H, dd, J=5 and 11 Hz,
OCH:CH, eq), 6.89 (2H, d, /=9 Hz, Ar), 7.12 (2H, d, J=9 Hz,
Ar), 7.33 (2H, d, J=8 Hz, Ar), and 7.73 (2H, d, J=8 Hz).
2-(4-Methoxyphenyl)-5-(4-butoxyphenyl)-1,3,2-dioxabor-
inane (2c). Found: C, 70.52; H, 7.42%. Calcd for
C20H2sBO4: C, 70.61; H, 7.41%; IR (Nujol) 1315 cm-! (BO);
IHNMR 6=0.93 (3H, t, J=7 Hz, CH2:CH3s), 1.37—1.46 (2H,
m, CH:CH3), 1.78 (2H, m, OCH2CH3), 3.25 (1H, m, CH),
3.83 (3H, s, OCHs), 3.98 (2H, d, J=6 Hz, OCH2:CHb), 4.14
(2H, dd, =11 and 11 Hz, OCH:CH, ax), 4.24 (2H, dd, J=5
and 11 Hz, OCH2CH, eq), 6.87 (2H, d, J=9 Hz, Ar), 6.89 (2H,
d, /=9 Hz, Ar), 7.12 (2H, d, J=9 Hz, Ar), and 7.75 (2H, d,
J=9 Hz); MS, m/z 340 (M*).
2-(4-Cyanophenyl)-5-(4-butoxyphenyl)-1,3,2-dioxabor-
inane (2d). Found: C, 71.92; H, 6.62; N, 3.96%. Calcd for
C20H22BNOs: C, 71.66; H, 6.62; N, 4.18%; IR (Nujol) 2220
cm~! (CN); tHNMR 6=0.93 (3H, t, J=7 Hz, CHs), 1.17—
1.45 (2H, m, CH2:CHs), 1.74—1.80 (2H, m, OCH:CHy), 3.27
(IH, m, CH), 3.94 (2H, d, J=6 Hz, OCH:CHy), 4.17 (2H, dd,
J=11and 11 Hz, OCH:CH, ax), 4.28 (2H, dd, J=5and 11 Hg,
OCH:CH, eq), 6.89 (2H, d, J=9 Hz, Ar), 7.12 (2H, d, J=9 Hz,
Ar), 7.63 (2H, d, J=8 Hz, Ar), and 7.89 (2H, d, J=8 Hz, Ar).
2-(4-Methylphenyl)-5-(4-hexylphenyl)-1,3,2-dioxabor-
inane (2f). Found: C, 78.39; H, 8.67%. Calcd for
C22H20BO2: C, 78.58; H, 8.69%; IR (Nujol) 1310 cm~! (BO);
1HNMR 6=0.88 (3H, t, J=7 Hz, CH2CHs), 1.28—1.36 (6H,
m, alkyl), 1.58—1.62 (2H, m, CH2CH2CsHa), 2.37 (3H, s,
CHsGsHa), 2.59 (2H, t, J=7 Hz, CH2CsH,), 3.28 (1H, m,
CH), 4.18 (2H, dd, /=10 and 10 Hz, OCH:CH, ax), 4.27 (2H,
dd, /=4 and 10 Hz, OCH:CH, eq), 7.13 (2H, d, J=9Hz, Ar),
7.17 (2H, d, J=9 Hz, Ar), 7.18 (2H, d, J=8Hz, Ar), and 7.70
(2H, d, =8 Hz, Ar).
2-(4-Chlorophenyl)-5-(4-hexylphenyl)-1,3,2-dioxabor-
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inane (2g). Found: C, 70.91; H, 7.06; Cl, 9.99%. Calcd for
Table 5. Elemental Analyses for 2-(4-Methoxyphenyl)-5-
(4-alkylphenyl)-1,3,2-dioxaborinanes
R Found (%)  Molecular Calcd (%)
C H formula C H
CH3 7246 6.69 Ci7H1pBOs 72.37 6.79
CH;CH: 7293 691 CisHaBOs3 73.00 7.14
CHj3(CHz): 73.61 7.28 Ci9HsBOs 73.57 7.47
CH3(CHgz)s 74.37 7.49 CoH2BOs 74.09 7.77
CH3(CHgz)s 74.87 8.21 CaaH27:BOs 7456  8.04
CH3(CHz)s 75.26 8.16 CgeH2BOs 75.00 8.29
CH3(CHz)e 75.58 847 CsHBOsz 75.79 8.75
CHj3(CHz)r 75.55 8.74  C4HxsBOs 75.89 8.74
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C21H26BCl1Og: C, 70.71; H, 7.35; Cl, 9.94%; IR (Nujol) 1320
cm~! (BO); 'H NMR 6=0.88 (3H, t, J=7 Hz, CH3), 1.30—1.36
(6H, m, alkyl), 1.56—1.62 (2H, m, CH2CH2CsHa), 2.59 (2H,
t, J=8 Hz, CH2CsHy4), 3.28 (1H, m, CH), 4.18 (2H, dd, J=11
and 11 Hz, OCH:CH, ax), 4.27 (2H, dd, J=5 and 11 Hz,
OCH:CH, eq), 7.12 (2H, d, J=9 Hz, Ar), 7.17 (2H, d, J=9 Hz,
Ar), 7.33 (2H, d, J=8 Hz, Ar), and 7.73 (2H, d, J=8 Hz, Ar).
2-(4-Methoxyphenyl)-5-(4-hexylphenyl)-1,3,2-dioxabor-
inane (2h). Found: C, 75.25; H, 8.16%. Calcd for
Ca2H20BOs3: C, 75.00; H, 8.29%; IR (Nujol) 1320 (BO) and
1240 cm-! (Ar-O); 'HNMR 6=0.88 (3H, t, J=7 Hz,
CH:CHs), 1.31—1.36 (6H, m, alkyl), 1.56 (2H, m,
CH:2CH2C¢Hy), 2.58 (2H, t, J=8 Hz, CH2C¢Ha), 3.27 (1H, m,
CH), 3.82 (3H, s, OCHs), 4.16 (2H, dd, J=11 and 11 Hzg,
OCH:CH, ax), 4.26 (2H, dd, J=5 and 11 Hz OCH:CH, eq),
6.89 (2H, d, /=8 Hz, Ar), 7.12 (2H, d, J=8 Hz, Ar), 7.16 (2H,
d, /=8 Hz, Ar), and 7.76 (2H, d, J=8 Hz, Ar); MS, m/z 352
(M*). Elemental analysis for the derivatives of 2h are listed
in Table 5.
2-(4-Cyanophenyl)-5-(4-hexylphenyl)-1,3,2-dioxabor-
inane (2i). Found: C, 76.21; H, 7.59; N, 3.92%. Calcd for
C22H26BNO2: C, 76.09; H, 7.54; N, 4.03%; IR (Nujol) 2220
(CN) and 1310 cm~! (BO); 'HNMR 6=0.88 (3H, t, J=7 Hz,
CHs), 1.31 (6H, m, alkyl), 1.60 (2H, m, CH2CH2CsHj), 2.59
(2H, t, J=8 Hz, CH2C¢Ha4), 3.29 (1H, m, CH), 4.19 (2H, dd,
J=11and 11 Hz, OCH:CH, ax), 4.29 (2H, dd, J=5 and 11 Hz,
OCH:CH, eq), 7.12 (2H, d, J=8 Hz, Ar), 7.18 (2H, d, J=8 Hz,
Ar), 7.62 (2H, d, J=8 Hz, Ar), and 7.88 (2H, d, /=8 Hz, Ar).
Elemental analysis for the derivatives of 2i are listed in
Table 6.
2-[4-(Methoxycarbonyl)phenyl]-5-(4-butoxyphenyl)-1,3,2-
dioxaborinane (2¢). 2-(4-Carboxyphenyl)-5-(4-butoxy-
phenyl)-1,3,2-dioxaborinane (177 mg, 0.50 mmol), prepared
from 4-carboxyphenylboronic acid (6d) and 2-(4-
butoxyphenyl)-1,3-propanediol (5, R=CsHsO), was reacted
with methanol (15 ml) in the presence of sulfuric acid (0.3
ml) under reflux for 6 h. After cooling the reaction mix-
ture, excess methanol was removed off, and the residue was
purified by chromatography on silica gel using dichloro-
methane as an eluent. Recrystallization from hexane gave
pure product (2e); yield 124 mg (67%); Found: C, 68.76; H,
6.71%. Calcd for C2a1H25BOs: C, 68.49; H, 6.84%; IR (Nujol)
1735 (C=0), 1320 (BO), and 1280 cm-! (COC); 'HNMR
6=0.97 (3H, t, J=8 Hz, CH:CHs), 1.46—1.52 (2H, m,
CH:CHs), 1.72—1.80 (2H, m, OCH:CH3y), 3.27 (1H, m, CH),
3.92 (3H, s, CH30CO), 3.95 (2H, t, J=7 Hz, CH:OC¢H,),
4.17 (2H, dd, J=11 and 11 Hz, OCH:CH, ax), 4.27 (2H, dd,
J=5and 11 Hz, OCH:CH, eq), 6.89 (2H, d, J=9 Hz, Ar), 7.13
(2H, d, J=9 Hz, Ar), 7.87 (2H, d, J=8 Hz, Ar), and 8.01 (2H,

Table 6. Elemental Analyses for 2-(4-Cyanophenyl)-5-(4-alkylphenyl)-1,3,2-dioxaborinanes

Found (%) Molecular Calcd (%)
R C H N formula C H N
CHs 73.97 5.59 4.78 C17H16BNO2 73.68 5.82 5.05
CH3CH:2 74.36 5.95 4.82 Ci1sH1sBNO2 74.25 6.23 4.81
CHjs(CHa)2 74.68 6.36 4.33 C19H20BNO2 74.78 6.61 4.59
CHs(CHg)s 75.23 7.05 4.09 Cz20H22BNOg 75.25 6.95 4.39
CHs(CHg)s 76.00 6.93 4.31 C21H24BNO2 75.69 7.25 4.20
CHj(CHz)s 76.21 7.59 3.92 C22H26BNO2 76.09 7.54 4.03
CH3(CHz)e 76.40 7.51 3.84 Ca2sH2sBNO2 76.46 7.81 3.88
CHs(CHg)7 76.58 8.17 3.71 C24H30BNO2 76.81 8.06 3.73
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d, J=8 Hz, Ar); MS, m/z 368 (M?).

2-[4-(Methoxycarbonyl)phenyl]-5-(4-hexylphenyl)-1,3,2-
dioxaborinane (2j). Found: C, 73.21; H, 7.71%. Calcd for
C24H20BO4: C, 73.48; H, 7.45%; IR (Nujol) 1735 (C=0), 1320
(BO), and 1275 cm~1 (COC); 'H NMR 6=0.88 (3H, t, J=7 Hz,
CH:CH3), 1.30—1.34 (6H, m, alkyl), 1.58—1.62 (2H, m,
CH2CH2C¢Ha), 2.59 (2H, t, J=8 Hz, CH2C¢Hs,), 3.30 (1H, m,
CH), 3.92 (3H, s, CHs0CO), 4.20 (2H, dd, J=11 and 11 Hz,
OCH:CH, ax), 4.30 (2H, dd, J=5 and 11 Hz, OCH:CH, eq),
7.13 (2H, d, J=9 Hz, Ar), 7.18 (2H, d, J=9 Hg, Ar), 7.88 (2H,
d, J=8 Hz, Ar), and 8.02 (2H, d, J=8 Hz, Ar).

We thank the Material Analysis Center, 1.S.I.R,
Osaka University for spectral measurements and
micro-analyses.

References

1) See, for example, H. Kelker and R. Hatz, “Handbook
of Liquid Crystals,” Verlag Chemie, Weinhein (1980), p.
102; H. Zaschke, A. Isenberg, and H. M. Vorbrodt, “Liquid

2,5-Diaryl-1,3,2-dioxaborinanes

3901

Crystals and Ordered Fluids,” ed. by A. C. Griffin and J. F.
Johnson, Plenum Press, New York (1984), Vol. 4, p. 75.

2) K. Seto, S. Takahashi, and T. Tahara, J. Chem. Soc.,
Chem. Commun., 1985, 122; Mol. Cryst. Liqg. Cryst., Lett., 2,
197 (1985).

3) M. Uno, K. Seto, and S. Takahashi, J. Chem. Soc.,
Chem. Commun., 1984, 932.

4) H. Suzuki, K. Nakamura, and R. Goto, Bull. Chem.
Soc. Jpn., 39, 128 (1966).

5) A. Michaelis and E. Richter, Justus Liebigs Ann.
Chem., 315, 33 (1901).

6) E. Yamato and S. Sasagawa, Tetrahedron Lett., 1970,
4383.

7) G. W. Gray, “The Molecular Physics of Liquid Crystals,”
ed. by G. R. Luckhurst and G. W. Gray, Academic Press
(1979), pp. 1—29, 263—284.

8) R. Dabrowski and E. Zytynski, Mol. Cryst. Liq.
Cryst., 87, 109 (1982).

9) H. Zascheke, A. Isenberg, and H. M. Vorbrodt, “Liquid
Crystals and Ordered Fluids,” ed. by A. C. Griffin and J. F.
Johnson, Plenum Press, New York (1984), Vol. 4, p. 75.






