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Cyano substituted triphenylene-based discotic mesogens
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Centre for Self-Organising Molecular Systems, University of Leeds, LS2 9JT, UK

and A. N. CAMMIDGE
School of Chemical Sciences, University of East Anglia, Norwich NR4 7TJ, UK

(Received 25 September 1998; accepted 29 October 1998 )

Cyano groups have been introduced into alkoxytriphenylene-based mesogens by bromination
followed by treatment with copper(I) cyanide. The introduction of cyano substitutents
enhances the mesophases ranges.

1. Introduction 2. Results and discussion

In principle the cyanation could have been achievedSome of the most important calamitic liquid crystal
materials used in optoelectronic devices are cyano directly using cyanogen bromide [6], but we have used

an indirect method in which a bromine is ® rst introducedcompounds. The cyano group introduces a permanent
dipole into the molecule allowing the nematic phase and then displaced using copper(I) cyanide [7]. The

synthesis of the monocyano derivative is shown into be switched. It also allows a number of functional
group interchange reactions to be exploited, opening up scheme 1 and that of a dicyano derivative in scheme 2.

It should be noted that the synthesis of 2-bromo-further variations in the molecular structure. This paper
describes the synthesis of cyano substituted discotic 3,6,7,10,11-pentahexyloxytriphenylene shown in scheme 1,

involving the molybdenum pentachloride [8] mediatedliquid crystal materials. Previous studies had shown
that the introduction of a-nitro [1], a-halogeno [2, 3], coupling reaction, is considerably more e� cient than

that previously published [9].and a-alkoxy [4] substitutents into 2,3,6,7,10,11-hexa-
hexyloxytriphenylene (HAT6) [5] distorts the ring from 2-Bromo-3,6,7,10,11-pentahexyloxytriphenylene and

2-cyano-3,6,7,10,11-pentahexyloxytriphenylene both formits normal planar geometry but, at the same time, the
mesophase range is enhanced (see the table). We now columnar liquid crystal phases as detailed in the table.

Compared with the symmetrical HAT6, the mesophaseshow that the introduction of a- and b-cyano groups
also enhances the mesophase range. has been greatly stabilized and its range enhanced. Low

Table. Phase behaviour of the principle compounds discussed.

Phase transition

Compound Temperature ß C (enthlapy/J gÕ
1 ) Reference

2,3,6,7,10,11-Hexahexyloxytriphenylene Cr 67 Col 100 I [5]
1-Nitro-2,3,6,7,10,11-hexahexyloxytriphenylene <r.t. Col 136 I [1]
1-Fluoro-2,3,6,7,10,11-hexahexyloxytriphenylene Cr 39 Col 116 I [2]
1-Chloro-2,3,6,7,10,11-hexahexyloxytriphenylene Cr 37 Col 98 I [2]
1-Bromo-2,3,6,7,10,11-hexahexyloxytriphenylene Cr 37 Col 83 I [2]
2-Bromo-3,6,7,10,11-pentahexyloxytriphenylene Cr 54 (44) Col 142 (8) I

I 144 (Õ 8) Col<r.t. H this paper

2-Cyano-3,6,7,10,11-pentahexyloxytriphenylene Cr1 75 (9) Cr2 93 (38) Col 214 (13) I
I 214 (Õ 12) Col< r.t. H this paper

1,8-Dicyano-2,3,6,710,11-hexahexyloxytriphenylene <r.t. Col 236.9 (14) I
I 236.1 (Õ 14) Col<r.t. H this paper
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496 N. Boden et al.

Scheme 1. Synthesis of 2-cyano-3,6,7,10,11-pentahexyloxytriphenylene.

Scheme 2. Synthesis of 1,8-dicyano-2,3,6,7,10,11-hexahexyloxytriphenylene. The 1-cyano derivative could not be isolated in a
completely pure state.

angle X-ray diVraction measurements at 82 and 150ß C one diVraction peak corresponding to 18.7AÊ , which is
close to that of HAT6 [10].showed two diVraction peaks (corresponding to 25.5 and

18.5 AÊ ) for the Cr2 phase of the cyano discogen at 82ß C Whereas the structure of the mono-cyano derivative
follows unambiguously from the method of synthesis,and only one diVraction peak (corresponding to 18.1AÊ )

at 150ß C in the hexagonal columnar phase. This is close spectroscopic and analytical data, the dicyano com-
pound was obtained from a mixture of the mono- andto the value found for pentahexloxytriphenylene.

1,8-Dicyano-2,3,6,710,11-hexahexyloxytriphenylene also di-bromides. Determination of the substitution pattern
in the nitrile is not straightforward. The 1H NMRforms a hexagonal columnar phase and its mesogenic

behaviour is detailed in the table. Relative to HAT6, the spectrum showed two hydrogen singlets showing it to
possess a plane of symmetry. Of the three symmetricalclearing temperature is higher and the range of the meso-

phase has been enhanced. Low angle X-ray diVraction structures (scheme 3), the third can be discounted
because of the strong steric clash that this would entailmeasurements at 100 and 200ß C show that there is only
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497Cyano substituted discotic mesogens

Scheme 3. Putative structures and the corresponding 1H NMR chemical shift and NOE assignments required for the dicyano
product (see text).

and the observation of a highly deshielded proton at if structure 1 were correct. They are not and, whereas
the eVect is small, this clearly supports structure 2.8.87d in the 1H NMR spectrum [1± 3].

Structure 2 is favoured on the basis of the chemical Structure 2 was ® nally con® rmed on the basis of
J̀ -resolved’ 1H NMR experiments (270MHz) on bothshifts of the aromatic hydrogens and the a-methylenes

of the side chains (comparing the unsubstituted, mono- mononitrile and dinitrile. The spectrum of the mono-
nitrile (see the ® gure) clearly shows p̀ara ’ couplingscyano and dicyano compounds) but more clearly by NOE

studies. The measured NOE eVects between the aryl and to four of the signals. Under equivalent conditions
J̀ -resolved’ 1H NMR on the dicyanide showed twonext-but-one alkoxy groups would be expected to be equal

Figure. J̀ -resolved’ 1H NMR spectra of the aromatic protons of 1-cyano-2,3,6,7,10,11-hexahexyloxytriphenylene.
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498 N. Boden et al.

singlets. ( p̀ara ’ coupled doublets would have been (30H, m, OCH2 CH2 (CH2 )3 ), 1.94 (10H, m, OCH2 CH2 ),
observed if structure 1 were correct). 4.25 (10H, 2 Ö t, J = 6.4 Hz, OCH2 ), 7.78 (4H, s, ArH),

7.82 (1H, s, ArH), 8.64 (1H, s, ArH ).

3. Conclusion

Cyano groups can be conveniently introduced into 4.3. 1,8-Dicyano-2 ,3,6,7,10,11-hexa hexyloxytriphenylene
triphenylene-based mesogens by bromination and treat- Bromine (2.90 g, 18mmol) in dry dichloromethane
ment of the products with copper cyanide. The intro- (50ml) was added dropwise over 2 h to a vigorously
duction of such substitutents enhances the mesophases stirred solution of 2,3,6,7,10,11-hexahexyloxytriphenyl-
ranges. ene [5] (10 g, 12 mmol) in dry dichloromethane (350ml)

under an atmosphere of nitrogen. After the addition, the
mixture was stirred overnight. Water (50 ml) was added,

4. Experimental
the organic phase separated, dried with magnesium4.1. 2-Bromo-3,6,7,10,11-pentahe xyloxytripheny lene
sulphate, ® ltered and concentrated in vacuo to give theMolybdenum (V) chloride [8] (6.55 g, 24mmol) was
mixture of bromo-substituted 2,3,6,7,10,11-hexahexyloxy-added to a stirred mixture of 3,3 ¾ ,4,4¾ -tetrahexyloxy-
triphenylenes as a yellow oil (7.5 g). This mixture andbiphenyl [11] (4.45 g, 8.0mmol) and 2-bromo-1-hexyl-
copper(I) cyanide (2.0 g, 8 mmol) in dimethylformamideoxybenzene (4.11 g, 16mmol) in dichloromethane (50ml)
(50ml) were heated under re¯ ux for 8 h. After theunder nitrogen at room temperature. After the reaction
reaction was complete, the mixture was cooled to roomwas complete (c. 1

2 h), the solution was carefully poured
temperature, poured into 1M aqueous ammoniainto methanol (50ml) and water (50ml) added. The
(200ml), and organic product extracted with dichloro-organic layer was separated, washed with water (100ml),
methane (2 Ö 100ml). The organic extracts were washeddried with magnesium sulphate, ® ltered, concentrated
with water until colourless, dried with magnesiumin vacuo and puri® ed by column chromatography (on
sulphate and concentrated in vacuo to give the crudesilica eluting with dichloromethane : petroleum ether
product. This was puri® ed by column chromatography1 : 1). Recrystallization from ethanol gave white crystals
(on silica eluting with dichloromethane : petroleum ether(3.30 g, 51%, Cr � Col 54, Col � I 142ß C). Elemental
1 : 1) and recrystallized ® rst from cold hexane, thenanalysis: C 71.25, H 8.9, Br 9.8; C48 H71 BrO5 requires
from acetone at room temperature to give recoveredC 71.36, H 8.85, Br 9.89%. MS: m/z (EI), 808 ([M]+ ,
2,3,6,7,10,11-hexahexyloxytriphenylene and its mono- and100%) and 806 ([M]+ , 91%). 1H NMR: dH (CDCl3 )
di-nitrile derivatives.0.93 (15H, 2 Ö t, J = 6.9 Hz, O(CH2 )5 CH3 ), 1.20± 1.70

For 1,8-dicyano-2,3,6,7,10,11-hexahexyloxytrip henylene(30H, m, OCH2 CH2 (CH2 )3 ), 1.94 (10H, m, OCH2 CH2 ),
(<r.t. Col � I 236.9ß C). Elemental analysis: C 76.2,4.23 (10H, 2 Ö t, J = 6.5Hz, OCH2 ), 7.78 (1H, s, ArH ),
H 9.35, N 3.25; C56 H82 N2 O6 requires C 76.50, H 9.40,7.80 (3H, s, ArH ), 7.85 (1H, s, ArH ), 8.59 (1H, s, ArH).
N 3.19%. MS: m/z (EI), 878 ([M]+ , 100%). 1H NMR:
dH (CDCl3 ) 0.92 (18H, 2 Ö t, J= 6.7 Hz, O(CH2 )5 CH3 ),

4.2. 2-Cyano-3,6,7, 10,11-pentahex yloxytriphenyle ne 1.30± 1.70 (36H, m, OCH2 CH2 (CH2 )3 ), 1.94 (12H, m,
A mixture of 2-bromo-3,6,7,10,11-pentahexyloxy- OCH2 CH2 ), 4.21 (4H, t, J = 6.4 Hz, OCH2 ), 4.31 (8H, t,

triphenylene (3.14 g, 4.0 mmol) and copper(I) cyanide J = 6.6Hz, OCH2 ), 7.92 (2H, s, ArH), 8.90 (2H, s, ArH ).
(0.72 g, 8.0mmol) in dimethylformamide (50 ml) was For 1 -cyano-2,3,6,7,10,1 1-hexahexyloxyt riphenylene
heated under re¯ ux in a nitrogen atmosphere for 8 h. 1H NMR: dH (CDCl3 ) 0.92 (18H, 2 Ö t, J = 6.7 Hz,
After the reaction was complete, the mixture was cooled O(CH2 )5 CH3 ), 1.30± 1.70 (36H, m, OCH2 CH2 (CH2 )3 ),
to room temperature, poured into 1M aqueous ammonia 1.94 (12H, m, OCH2 CH2 ), 4.21 (10H, t, J = 6.4Hz,
(200ml), and organic product extracted with dichloro- OCH2 ), 4.31 (2H, t, J = 6.6Hz, OCH2 ), 7.787 (1H, s,
methane (2 Ö 50 ml). The extracts were washed with ArH ), 7.794 (1H, s, ArH), 7.82 (1H, s, ArH), 8.05 (1H, s,
water until colourless, dried with magnesium sulphate, ArH ), 8.05 (1H, s, ArH). This material was contaminated
® ltered and concentrated in vacuo to obtain the crude with traces of starting material which we were unable
product. This was puri® ed by column chromatography to remove.
(on silica eluting with dichloromethane :petroleum
ether 1 : 1) and recrystallized from ethanol to give white

We thank the Overseas Research Students Awardscrystals (1.76 g, 60%, Cr1 � Cr2 75, Cr2 � Col 93,
Scheme (O.R.S.) and the University of Leeds (TetleyCol � I 214ß C). Elemental analysis: C 78.15, H 9.5,
and Lupton Scheme) for awards to Z.B.L., andN 1.85; C49 H71 NO5 requires C 78.05, H 9.48, N 1.86%.
C. MacDonald for help with the J-resolved NMRMS: m/z (EI), 753 ([M]+ , 100%). 1H NMR: dH (CDCl3 )

0.94 (15H, t, J = 6.9Hz, O(CH2 )5 CH3 ), 1.30± 1.70 experiments.
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