
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

The effect of molecular broadening on liquid crystal behaviour in oligoaryl
mesogens
Andrew N. Cammidge; Matthieu Fugier; Amy S. H. King

Online publication date: 06 August 2010

To cite this Article Cammidge, Andrew N. , Fugier, Matthieu and King, Amy S. H.(1999) 'The effect of molecular
broadening on liquid crystal behaviour in oligoaryl mesogens', Liquid Crystals, 26: 12, 1771 — 1776
To link to this Article: DOI: 10.1080/026782999203391
URL: http://dx.doi.org/10.1080/026782999203391

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

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

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.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782999203391
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 1999, Vol. 26, No. 12, 1771± 1776

The e� ect of molecular broadening on liquid crystal behaviour in
oligoaryl mesogens

ANDREW N. CAMMIDGE*, MATTHIEU FUGIER and AMY S. H. KING

School of Chemical Sciences, University of East Anglia, Norwich NR4 7TJ, UK

(Received 20 March 1999; in � nal form 30 June 1999; accepted 8 July 1999 )

The synthesis and phase behaviour of a series of broadened oligoaryls, in which replacement
of one or two of the phenyl groups of bi- and ter-phenyl mesogens has been made by
1,4-substituted naphthalene, is reported. The novel materials, which are not mesogenic, can
be compared with the liquid crystalline 2,6-substituted isomers.

1. Introduction acetonitrile [1] gave 4-bromo-1-hexyloxynapthalene .
Palladium-catalysed Suzuki coupling [2] of the bromideSubstituted bi- and ter-phenyls are in many ways

archetypal calamitic mesogens. They have been widely with 4-hexyloxyphenylboroni c acid 3 yielded phenyl-
napthalene derivative 2 (scheme 1). 1-Bromo-4-hexyl -studied and exploited in electro-optic display applications .

These compounds present a roughly cylindrical pro� le oxynaphthalene was converted to the corresponding
Grignard reagent (by treatment with magnesium) andwhich � ts in well with the supramolecular organization

of uniaxial liquid crystal phases. This paper describes a reacted with trimethyl borate to give, after aqueous
work-up, 4-hexyloxynaphth-1-ylboroni c acid 4. Suzuki� rst series of experiments aimed at further elucidating the

e� ects of molecular broadening on mesophase behaviour coupling of 4 with 4-iodobenzontril e gave cyanobiaryl 5
(scheme 1).in oligoaryl mesogens. Such broadened, polyaromatic

materials could be highly birefringent and o� er the Alkyl derivatives were similarly prepared (scheme 2).
1-Hexylnaphthalene was synthesized by nickel-catalysedpotential of giving or inducing biaxial mesophases with

application in fast switching devices. Our study has cross-coupling [3] of 1-bromonaphthalen e with n-hexyl-
magnesium bromide. Bromination to give 6 was e� ectedinvolved synthesizing analogues of the oligoaryl meso-

gens in which replacement of one or two of the benzene with either molecular bromine in dichloromethane or,
more conveniently, using NBS in acetonitrile [4].rings is made by naphthalene units. The � nal compounds

thus present a non-cylindrical molecular pro� le but Palladium-catalysed Suzuki coupling with 4-hexyloxy-
phenylboronic acid yielded biaryl 7. Naphthylboronicretain a degree of � exibility. In many ways the materials

represent a contrast (intermediate) to both calamitic and acid 8 was prepared from 6 via the Grignard reagent
in a procedure analogous to that described for 4.discotic mesogens.
Subsequent Suzuki coupling with 4-iodobenzonitr ile gave
cyanobiaryl 9. Hydrolysis of 9 was achieved with NaOH
by boiling in aqueous ethanol to give the carboxylic
acid 10. Symmetrical terphenyl derivative 11 was syn-
thesized by direct Suzuki coupling of naphthylboronic
acid 8 with 1,4-diiodobenzene.

3. Results and discussion
The mesophase behaviour of the novel oligoaryl

derivatives is compared with reported data for related
2. Synthesis systems in the table.

The novel oligoaryls were all synthesized following A number of features emerge. Alkylalkoxybiaryl 7, in
broadly similar strategies. 1-Naphthol was alkylated which one phenyl ring is replaced with 1,4-substituted
with n-hexyl bromide. Bromination using NBS in naphthalene, shows a low melting point of 29 ß C which

probably re� ects the di� culty in packing experienced
by the broadened molecule. Binary mixture studies with*Author for correspondence; e-mail: a.cammidge@uea.ac.uk
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1772 A. N. Cammidge et al.

Scheme 1. Synthesis of alkoxy-
naphthyl biaryls.

Scheme 2. Synthesis of alkyl-
naphthyl bi- and ter-aryls.

K15 (see the � gure) indicate a virtual TN-I of Õ 45 ß C for in� uences the preferred conformation of the molecules.
In both the crystalline solid and solution†, compound 27 whereas the parent biphenyl is liquid crystalline up

to 68 ß C. Cyanobiaryls 9 and 5 show relatively high adopts a (preferred) conformation in which the naph-
thalene and benzene rings are approximately orthogonal.melting points. The virtual clearing point of 5 (Õ 5 ß C) is

again substantially lower than the nematic clearing In the � uid state the entropy of such systems is also
severely a� ected because of restricted rotation aroundtemperature for the related biphenyl 12 (TN-I 76.5 ß C)

[7]. The most informative comparison is between iso- the aryl–aryl bond (the energy barrier is approximately
1.6 kcal mol Õ 1 in 2-phenylnaphthalen e [13] comparedmeric cyanobiaryls based on 1,4- and 2,6-substitution of

the naphthalene. 1,4-Substitution , as in 5, leads to a with 12.4 kcal molÕ 1 in 1-phenylnaphthalen e [14]).
compound with a (virtual) clearing temperature sub-
stantially below the clearing point of the liquid crystal-
line 2,6-substituted isomer, demonstrating clearly the
detrimental e� ect of molecular broadening on mesophase
stability. As such, the results support earlier studies on
naphthalenes [11] and lateral substitution in bi- and
ter-phenyl mesogens [12]. A number of factors contri-
bute to the reduction in mesophase stability in these
broadened systems. In addition to disrupting the general †Determined by X-ray crystallography (twist angle = 57.9 ß )

and NMR respectively.rod-like molecular pro� le, the 1,4-substitution pattern
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1773Broadened oligoaryl mesogens

Table. Phase behaviour of broadened and cylindrical oligoaryls. Transition temperatures in ß C.

Cr29I Cr9Sm68I [5]

Cr99I

Cr96I

Cr95I

Cr219I

Cr13´5N28I [7]

Cr58 N76 5́ I [7]

Cr165Sm244 N 264I [10]

Cr193Sm218I [6]

Cr59N116I [8]

Cr100N148I [9]

4. Conclusions 1,4-naphthyl group. As such, the compounds are iso-
meric with known 2,6-naphthalenes . These latter com-We have synthesized a series of oligoaryl derivatives

in which one or two benzene units of the archetypal pounds (and the oligophenyls) are essentially cylindrical
and give liquid crystal phases. The new materialster- and bi-phenyl mesogens have been replaced by a

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1774 A. N. Cammidge et al.

Figure. Determination of virtual
TN-I values for 5 and 7.

discussed in this paper present a broadened molecular (3H, m), 6.7 (1H, m), 4.0 (2H, t, J = 6 Hz, OCH2 ), 1.4–0.9
(11H, m). EIMS m/z: 228 (M+, 15%), 144 (100%),pro� le and our studies indicate that this modi� cation

disfavours mesophase formation (as is the case for simple 116 (12%).
lateral substituents and di� erent substitution patterns in
simpler naphthalenes) resulting in direct transition from 5.2. 1-Bromo-4-hexyloxynaphthalen e (1)
crystal to isotropic liquid. To a solution of 1-hexyloxynaphthalen e (10 g,

43.8 mmol ) in acetonitrile (150 ml) was added N-bromo-
succinimide (8.58 g, 48.2 mmol ). The mixture was stirred5. Experimental

1 H NMR spectra were measured at 60 MHz on a at room temperature for 16 h and then the acetonitrile
was removed in vacuo. An aqueous solution of sodiumJEOL JNM-PMX 60, at 270 MHz on a JEOL EX 270

and at 300 MHz on a Varian Gemini 2000. Routine hydrogen carbonate was added and the mixture was
shaken with dichloromethane. The product was pre-mass spectra (EI) were performed on a Kratos MS 25

mass spectrometer. Melting points/transition temper- cipitated by addition of ethanol to the organic extract,
� ltered o� and recrystallized from ethanol to give 1atures were obtained using an Olympus BH-2 polarizing

microscope in conjunction with a Linkam TMS 92 as white crystals (11.1 g, 82%), m.p. 41 ß C. 1 H NMR
dH (60 MHz, CDCl3 ) 8.4–7.5 (5H, m), 6.6 (1H, d,thermal analyser with a Linkam THM 600 cell. Purity

of products (> 99%) was con� rmed by elemental analysis J = 9.6 Hz), 4.1 (2H, t, J = 7.2 Hz, 1.5–0.9 (11H, m).
EIMS m/z: 308 (M+, 8 1Br, 27%), 306 (M+, 7 9Br, 28%),and/or high-� eld NMR spectroscopy.
224 (98%), 222 (100%), 115 (24%).

5.1. 1-Hexyloxynaphthalene
1-Naphthol (50 g, 347 mmol), 1-bromohexane (68.7 g, 5.3. 1-Hexyloxy-4-(4-hexyloxypheny l)naphthalene 2

A solution of 1-bromo-4-hexyloxynaphthalen e (2 g,416 mmol) and potassium carbonate (57.5 g, 416 mmol)
were stirred in ethanol (250 ml) heated under re� ux for 6.5 mmol) in dimethoxyethane (DME) (40 ml) was

degassed with nitrogen. Palladium chloride (0.02 g,5 h. The ethanol was removed in vacue and water added.
The organic material was extracted with dichloromethan e 0.1 mmol) and triphenyl phosphine (0.06 g, 0.2 mmol )

were added and the solution degassed for a further 10 min.and the solvent was removed in vacuo. The residue
was distilled (190 ß C/15 mm Hg) to give 1-hexyloxy- Aqueous sodium carbonate solution (30 ml) and a solution

of 4-hexyloxyphenylboroni c acid (2.15 g, 9.75 mmol) innaphthalene as a pale yellow oil (58.2 g, 74%). 1 H NMR
dH (60 MHz, CDCl3 ): 8.2 (1H, m), 7.7 (1H, m), 7.4 DME (10 ml) were added and the mixture heated under
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1775Broadened oligoaryl mesogens

re� ux for 24 h under nitrogen. After cooling, the product 5.6. 1-Hexylnaphthalene
The Grignard reagent was prepared from 1-bromo-was extracted with dichloromethane, the solvents were

hexane (36.7 g, 223 mmol) and magnesium turnings (6 g,evaporated and the residue was puri� ed by column
247 mmol ) in ether (200 ml). This was added over 30 minchromatography (silica gel, dichloromethane/petroleum
to a stirred solution of 1-bromonaphthalen e (36.86 g,ether 50 : 50) and recrystallization from dichloromethane/
178 mmol ) and (1,2-bis(diphenylphosphino )ethane)-ethanol to give 2 as colourless crystals (0.8 g, 30%),
nickel(II) chloride (100 mg) in dry ether (200 ml) at 0 ß C.m.p. 44 ß C. 1 H NMR dH (270 MHz, CDCl3 ) 8.38 (1H, m),
The reaction mixture was stirred under argon at re� ux7.88 (1H, m), 7.48–7.34 (4H, m), 7.26 (1H, d, J = 8 Hz),
for 24 h. The mixture was cooled, quenched with water,6.98 (2H, m), 6.80 (1H, d, J = 8 Hz), 4.12 (2H, t,
separated and shaken with ether. The ether was removedJ = 6.5 Hz), 3.99 (2H, t, J = 6.6 Hz), 1.90 (2H, m), 1.80
in vacuo and the residue distilled under reduced pressure(2H, m), 1.6–1.25 (12H, m), 0.92 (6H, m). Found C 83.11,
to give 1-hexylnaphthalene as a pale yellow oil (34.75 g,H 9.06; C2 8 H3 6 O2 requires C 83.12, H 8.97%.
92%), b.p. 165 ß C/15 mm Hg. 1 H NMR dH (60 MHz,
CDCl3 ) 8.2–7.3 (7H, m), 3.1 (2H, t, J = 8 Hz), 1.9–0.9

5.4. 4-Hexyloxynaphth-1-ylboroni c acid 4 (11H, m).
Magnesium turnings (0.58 g, 24 mmol) and a crystal of

iodine were stirred in dry ether under nitrogen. 1-Bromo- 5.7. 1-Bromo-4-hexylnaphthalene 6
4-hexyloxynaphthalen e (7 g, 22 mmol) was added at such N-Bromosuccinimide (32.11 g, 180 mmol ) was added
a rate as to maintain gentle boiling. Re� ux conditions to a solution of 1-hexylnaphthalene (34.75 g, 164 mmol )
were maintained for a further 2 h before cooling the in acetonitrile (450 ml). The mixture was stirred at room
solution to room temperature and adding trimethyl temperature for 24 h (dark) causing separation of a dense
borate (2.47 g, 24 mmol). The mixture was stirred for oil. Water was added and the mixture shaken (3 times)
24 h, quenched with dilute hydrochloric acid and shaken with dichloromethane . The organic solvents were removed
with ether. The combined ether extracts were dried in vacuo and the residue was distilled under reduced
(MgSO4 ) and the solvent was removed in vacuo. The pressure to give 1-bromo-4-hexylnaphthalen e as a yellow
residue was washed with cold dichloromethane to leave oil (39.38 g, 83%), b.p. 200 ß C/15 mm Hg. 1 H NMR dH

crude 4 (2.6 g, 48%). 1 H NMR dH (60 MHz, CD3 OD) (60 MHz, CDCl3 ). 8.4 (1H, m), 7.9 (1H, m), 7.7–7.3
8.3 (1H, m), 7.9–7.3 (4H, m), 6.8 (1H, d, J = 8 Hz), 4.8 (3H, m), 6.9 (1H, d, J = 8 Hz), 2.9 (2H, t, J = 7 Hz),
(brs), 4.1 (2H, t, J = 6 Hz), 2.0–0.9 (11H, m). 1.7–0.8 (11H, m).

5.8. 1-Hexyl-4-(4-hexyloxypheny l)naphthalene 7
5.5. 1-(4-Cyanopheny l)-4-hexyloxynaphthalen e 5 A solution of 1-bromo-4-hexylnaphthalen e (0.87 g,

Palladium acetate (97 mg, 0.4 mmol) and triphenyl- 3 mmol) in DME (14 ml) was degassed with nitrogen.
phospine (220 mg, 9 mmol ) were added to a stirred Palladium acetate (0.1 g, 0.45 mmol ) and triphenyl-
solution of 4-iodobenzonitrile (1 g, 4.3 mmol) in DME phosphine (0.237 g, 0.9 mmol) were added and the
(20 ml). The mixture was degassed with nitrogen for solution degassed for a further 10 min. Aqueous sodium
15 min before addition of sodium carbonate solution carbonate solution (0.047 g in 10 ml) and a solution of
(10 ml) and 4-hexyloxynaphth-1-ylboroni c acid (1 g, 4-hexyloxyphenylboroni c acid (1 g, 4.5 mmol) in DME
4.3 mmol ) in DME (10 ml). The mixture was heated (10 ml) were added and the mixture stirred at re� ux under
under re� ux for 3 h under nitrogen, cooled and shaken nitrogen for 9 h. Palladium acetate (0.1 g, 0.45 mmol )
(3 times) with ether. The organic solvents were removed and triphenylphosphine (0.237 g, 0.9 mmol) were added
in vacuo and the residue precipitated from dichloro- and the mixture was heated at re� ux for a further 7 h.
methane/methanol. After � ltering, the crude product was After cooling, the mixture was shaken with dichloro-
puri� ed by column chromatography (silica gel, dichloro- methane, the solvents were evaporated and the residue
methane/petroleum ether 50 : 50) and recrystallization was puri� ed by column chromatography (silica gel,
from ethanol to give 1-(4-cyanophenyl)-4-hexyloxy- petroleum ether then petroleum ether/ethyl acetate 99 : 1)
naphthalene 5 as colourless plates (0.56 g, 39%), and crystallized from aqueous ethanol to give 7 as
m.p 95 ß C. 1 H NMR dH (270 MHz, CDCl3 ) 8.40 (1H, d, colourless crystals (0.45 g, 39%), m.p. 29 ß C. 1H NMR dH

J = 7.8 Hz), 7.76 (2H, d, J = 8.1 Hz), 7.60 (2H, d, (300 MHz, CDCl3 ) 8.10 (1H, d, J = 8.4 Hz), 8.04 (1H, d,
J = 8.1 Hz), 7.56–7.26 (4H, m), 6.88 (1H, d, J = 8.1 Hz), J = 8.5 Hz), 7.53–7.25 (6H, m), 7.01 (2H, d, J = 6.8 Hz),
4.19 (2H, t, J = 6.3 Hz), 1.91 (2H, m), 1.66–1.29 (6H, m), 4.04 (2H, t, J = 6.6 Hz), 3.10 (2H, t, J = 7 Hz), 1.86–0.90
0.90 (3H, t, J = 6.9 Hz). EIMS m/z: 329 (M+, 40%), 245 (22H, m). EIMS m/z: 388 (M+, 33%), 254 (36%), 233
(100%). Found C 83.58, H 7.02, N 4.31; C2 3 H2 3 NO (11%), 171 (13%), 170 (100%). Found C 84.54, H 9.37;

C2 8 H3 6 O.0.5H2 O requires C 84.59, H 9.38%.requires C 83.85, H 7.04, N 4.25%.
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1776 Broadened oligoaryl mesogens

5.9. 4-Hexylnaphth-1-ylboroni c acid 8 5.12. 1,4-Bis-(4-hexylnaphth-1-y l)benzene 11
A solution of 1,4-di-iodobenzene (0.59 g, 1.77 mmol )1-Bromo-4-hexylnaphthalen e (20 g, 68.7 mmol ) was

in DME (8 ml ) was degassed with nitrogen. Palladiumconverted to the corresponding Grignard reagent by
acetate (0.1 g, 0.45 mmol) and triphenylphosphi ne (0.24 g,reaction with magnesium turnings (1.81 g, 78 mmol ) in
0.9 mmol) were added and the solution was degassed fordry ether (200 ml ). A solution of tri-isopropyl borate
a further 15 min. Aqueous sodium carbonate solution(25.84 g, 137 mmol ) in dry ether (200 ml) was added
(0.047 g in 10 ml) and a solution of 4-hexylnaphth-1 -(room temperature) and the mixture stirred under nitro-
ylboronic acid (1 g, 3.91 mmol) in DME (10 ml ) weregen for 48 h at room temperature and 7 h at re� ux. The
added and the mixture was stirred at re� ux undersolution was cooled and quenched with 10% hydro-
nitrogen for 16 h. DME was removed in vacuo, waterchloric acid. After stirring for 2 h, the mixture was
added and the mixture shaken with dichloromethane.shaken with ether. The combined organic solutions were
The solvent was evaporated and the residue puri� ed byconcentrated and the residue was washed with petroleum
column chromatography (silica gel, dichloromethane/ether to give colourless crystals of 8 which were used in
petroleum ether) and recrystallized from dichloro-subsequent steps without further puri� cation.
methane/petroleum ether to give 11 as colourless crystals
(0.35 g, 39%), m.p 99 ß C. 1 H NMR dH (300 MHz, CDCl3 )

5.10. 1-(4-Cyanopheny l)-4-hexylnaphthalen e 9 8.18–8.08 (4H, m), 7.60 (4H, s), 7.59–7.42 (8H, m), 3.14
A solution of 1-cyano-4-iodob enzene (0.45 g, 1.95 mmol) (4H, t, J = 7.8 Hz), 1.83 (4H, m), 1.5–1.3 (12H, m), 0.93

in DME (15 ml) was degassed with nitrogen. Palladium (6H, t, J = 6.9 Hz). EIMS m/z: 498 (M+, 21%), 422
acetate (0.1 g, 0.45 mmol ) and triphenylphosphine (49%). Found C 90.16, H 8.32; C3 8 H4 2 .0.5H2 O requires
(0.24 g, 0.9 mmol ) were added and the solution degassed C 89.89, H 8.53%.
for a further 15 min. Aqueous sodium carbonate solution
(0.047 g in 10 ml ) and a solution of 4-hexylnaphth-1 - Financial support from GlaxoWellcome (for A.S.H.K.)
ylboronic acid (0.3 g, 1.17 mmol) in DME (10 ml ) were is gratefully acknowledged. FAB-MS and accurate mass
added and the mixture was stirred at re� ux under measurements were obtained from the EPSRC service

centre at Swansea.nitrogen for 6 h. DME was removed in vacuo and the
remaining mixture was treated with dichloromethane.
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