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Synthesis and Characterisation of some 1,4,8,11 ,I 5,18,22,25-0cta(alkoxymethyl)- 
phthalocyanines; a New Series of Discotic Liquid Crystals 

Andrew N. Cammidge,a Michael J. Cook,*,a Kenneth J. Harrisonb and, in part, 
Neil B. McKeowna 
a School of Chemical Sciences, University of East Anglia, Norwich NR4 7TJ, UK 

Defence Research Agency, Electronics Division, RSRE, St Andrews Rd, Malvern WR 14 3PS, UK 

A series of 3,6-bis(alkoxymethyl)phthalonitriles, prepared via Diels-Alder reactions of 2,5- bis(alkoxy- 
methy1)furans with fumaronitrile, have been converted into the corresponding phthalocyanines. Zn( 1 1 )  
and Cu( 1 1 )  derivatives of 1,4,8,11 ,I 5,18,22,25-octa( heptyloxymethyl)phthalocyanine were also 
prepared. Examples of the macrocycles were characterised using H N M R spectrometry and optical 
spectroscopy. Those bearing straight chains aggregate in solutions of chloroform and toluene. The 
octa(butoxymethy1)phthalocyanine and its longer chain homologues exhibit a discotic liquid crystalline 
phase. Compounds containing branched sidechains are liquid crystals at room temperature. 

Phthalocyanines, well known as commercial pigments, possess 
interesting conductivity and optoelectronic properties which 
further enhance their importance.' The discovery that certain 
derivatives exhibit liquid crystalline behaviour, in particular the 
formation of the so-called columnar discotic mesophases,' adds 
a new dimension to their potential applications in devices. The 
first of such phthalocyanines were described by Simon and co- 
workers and by Hanack's group4 and were octasubstituted at 
the peripheral (2,3,9,10,16,17,23,24) positions with long chained 
alkoxymethyl substituents, series 1. Subsequently, mesophase 
behaviour has been reported for other metal-free and metallated 
phthalocyanines peripherally substituted with long chained 
alkyl 5 .6  and alkoxy  group^,^,'-'^ series 2 and 3. 

x x  

1 X = CH20Alky1, M = H,H or metal 
2 X = Alkyl, M = H,H or metal 
3 X = OAlkyl, M = H.H or metal 

X Q X  

4 X = Alkyl, M = H,H or metal 
5 X = OAlkyl, M = H,H or metal 

Research in our own laboratories has been concerned with 
parallel series of phthalocyanines in which eight substituents are 
located at the non-periphera1(1,4,8,11,15,18,22,25) sites.' 1 * 1  To 
date we have observed a contrast in the behaviour exhibited by 
the octaalkyl4 and octaalkoxy 5 series. Examples of the former, 
which include a compound with chains as short as pentyl,13 
exhibit one, two or three distinct liquid crystal phases 
depending upon chain length and the central ion.14 However, 
the alkoxy phthalocyanines melt directly into the isotropic 
liquid state." To develop the comparison with the peripherally 
substituted compounds, we have now turned our  attention to 
the octaalkoxymethyl analogues 6 and the two metallated 
derivatives 7 and 8. In the present paper, we describe their 
preparation, characterisation, and a preliminary examination of 
their melting behaviour. 

ROC H i - -  H20R 

ROCH2 CH,OR 

-M-N@ 

ROCH '8 CH20R 

ROCH2 CH,OR 

6 M=H,H 7 M = Zn, R = C7H15 
a; R = C3H7 
b; R = C ~ H Q  
C ;  R = C5Hl1 
d; R = C6H13 

8 M = CU, R = C7H75 

e; R = C7H15 
f; R = C8H17 
g; R = CgH19 
h; R = C10H21 
i; R = 2-octyl 
j; R = 2-ethylhexyl 

Results and Discussion 
Preparation of Compounds.-In our previous work, we 

prepared the octasubstituted phthalocyanines by base catalysed 
cyclisation of the corresponding 3,6-disubstituted phthalonit- 
riles.11-12 In the light of this experience, we commenced the 
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Table 1 Preparation and characterisation of some 2,5-bis(alkoxymethyl)furans 10 

Found (requires)' 
B.p., C 

Compound' Yield ( O 0 )  (p ,mmHg) Formula C H ci('H)' 

1 Oa 

I Ob 

1 0c 

I Od 

10e 

1 Of 

1% 

IOh 

1 0i 

I Oj 

36 

64 

49 

78 

57 

8 I ,25*  

47 

73 

44 

45 

150 ( 3 )  

168 (2.5) 

230 (0.4) 

185 ( I )  

240 (0.1 ) 

- 

>250 (0.1) 

> 250 (0.1) 

190 (2) 

I30 (0.1 ) 

- 

70.4 
(70.0) 
71.2 

(71.6) 
73.05 

(72.9) 
74.4 

(74.0) 
- 

75.9 
(75.7) 
76.5 

(76.4) 
74.65 

(74.95) 
74.55 

(74.95) 

- 

10.2 
(10.1) 
10.3 

(10.5) 
11.0 

( 10.9) 
11.6 

( 1  1.2) 
- 

11.3 
( I  1.65) 
11.45 

(11.8) 
11.6 

( I  1.4) 
11.7 

( 1  1.4) 

0.92 (t. 6 H), 1.5 (m, 4 H), 3.40 ( t ,  4 H), 4.39 (s, 4 H), 6.20 (s, 
2 H )  
0.90 ( t ,  6 H), 1.5 (m. 8 H), 3.44 (t .  4 H), 4.36 (s, 4 H), 6.19 
(5.2 H )  
0.88 (t, 6 H), 1.3 (m, 12 H),  3.40 (t ,  4 H), 4.34 (s, 4 H),  6.19 
(s. 2 H )  
0.88 ( t ,  6 H), 1.32 (m, 16 H), 3.40 (t, 4 H). 4.40 (s. 4 H ) ,  6.21 
(s, 2 H )  
0.88 ( t ,  6 H), 1.3 (m, 20 H), 3.42 ( t ,  4 H), 4.38 (s, 4 H), 6.21 
(s, 2 H )  
0.90 ( t -  6 HI, 1.3 (m, 24 H). 3.40 (1. 4 H), 4.38 (s, 4 H),  6.15 
(s, 2 HI 
0.88 (t, 6 H), 1.3 (m, 28 HI, 3.40 (t, 4 H), 4.39 (s, 4 H), 6.20 
(s, 2 H )  
0.88 (t ,  6 H), 1.35 (m, 32 H), 3.44 (t ,  4 H), 4.39 (s, 4 H), 6.20 
(s, 2 H )  
0.88 ( t ,  6 H), 1.05 (d, 6 H), 1.30 (m, 20 H), 3.20 (m, 2 H), 4.38 
(s, 4 HI. 6.22 (s, 2 H )  
0.90 ( t ,  12 H), 1.3 (m,  18 H), 3.42 (br d, 4 H), 4.40 (s, 4 H), 
6.25 (s 2 H )  

~~~~~ ~ ~ 

a Compounds 10a and 1Of were not obtained analytically pure and were used in the next step without further purification. 
2,5-bis(chloromethyl)furan except 1Of which was prepared by a two step alkylation of furan, see text. ' 60 MHz; CDCI,. 
monoalkylation, 25",, for the second alkylation. Product used in the next step without prior distillation. 

Prepared from 
See h: 81°,0 for 

present study seeking a convenient route to the 3,6-bis(alkoxy- 
methy1)phthalonitriles 9. However, our initial approach to 
obtain these by a Williamson's ether synthesis on 3,6- 
bis(bromomethy1)phthalonitrile faltered when we were unable 
to generate the latter cleanly from 3,6-dimethylphthalonitrile. 
Accordingly, we adapted our earlier route for preparing 3,6- 
dialkylphthalonitriles which exploited the Diels-Alder reaction 
of the appropriate 2,5-disubstituted furan with fumaronitrile.' 
This adaption is depicted in Scheme 1 .  

ROfH, 

I 
I 10 ROCH, 

1" 
ROfH, 

ROCH, 

9 

Scheme 1 Rcwgnits utid c~otzrlilion.~: i ,  BuLiiROCH2Br; ii. S0CI2; i i i ,  
RO-: iv, fumaronitrile: v, LiN(SiMe,),, THF, -78 C ;  vi, Zn acetate or 
Cu acetate 

The preparation of 2,5-bis(alkoxymethyl)furans 10 was 
achieved in two ways. The first, which was prompted by the 
commercial availability of bromomethyl octyl ether, involved 
functionalisation of furan. This was achieved by deprotonating 
the furan ring and quenching the anion with bromomethyl octyl 
ether. Direct disubstitution proved difficult and a two-step 
procedure to give first the 2- and then 2,5-bis(octyloxymethyl)- 
furan was preferred. Even so, the second substitution proceeded 
in only 25;):) yield. This result, and the requirement to prepare 
the higher and lower homologues of bromomethyl octyl ether to 
obtain further furan derivatives, led to the evaluation of 
alternative procedures involving Williamson's ether synthesis 
on 2,5-bis(hydroxymethyl)furan and 2,5-bis(chloromethyl)- 

furan. Of these, the route using the latter precursor proved more 
convenient,I6 Scheme 1 .  Yields after distillation are given in 
Table 1. 

Conversion of the furans into the corresponding phthalo- 
nitriles, Scheme 1 ,  was undertaken without isolation of the 
intermediate Diels-Alder adduct. The reversibility of the Diels- 
Alder reaction of the furans with fumaronitrile presented a 
dilemma. Adduct formation is encouraged at low temperature 
but the time required to reach the equilibrium ratio of adduct 
to starting materials is excessive (m. 8-10 weeks at -8 C). 
Attempts to enhance the rate at which the equilibrium 
mixture was formed by sonication. the addition of silica gel 
and the presence of a Lewis acid were unsuccessful." 
Furthermore, the use of excess of fumaronitrile to drive the 
equilibrium towards adduct formation caused problems 
because the base required in the subsequent aromatisation 
step reacts with it. 

The procedure which was eventually established to obtain the 
desired phthalonitriles involved reaction of the substituted 
furan and fumaronitrile at room temperature or at &5 C, 
typically in a minimum quantity ofdry THF. The reactions were 
monitored by NMR spectroscpy of aliquots over periods up to 
eight weeks during which times the conversions to adduct were 
15 55",,, Table 2. Conversions of the adducts to phthalonitriles 
were performed by adding lithium bis(trimethylsily1)amide to 
the mixtures at -78 C. The phthalonitriles proved difficult to 
purify and in most cases were used as isolated for conversion 
into the corresponding phthalocyanine. 

The solubility of the straight chain phthalocyanines was 
surprisingly low in comparison with the octaalkyl and 
octalkoxy analogues of series 4 and 5. However. with the 
exception of 6a and 6b there was sufficient solubility in warm 
toluene, acetone or T H F  to effect satisfactory recrystallisation. 
The branched-chain derivatives 6i and 6j are much more soluble 
and could be purified by column chromatography over silica 
gel. These materials are formed as mixtures of diastereoisomers 
by virtue of the eight chiral centres in each molecule but 
separation was not attempted. The zinc and copper derivatives 
of octa(heptyloxymethy1)phthalocyanine. i.c., compounds 7 and 
8, were prepared by standard metal insertion reactions. Table 3 
summarises the phthalocyanines prepared. 
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Table 2 
fumaronitrile. 4ee Scheme I 

The conversion of 2,5-bis(alkoxymethyl)furans 10 into the corresponding 3,6-bis(alkoxymethyl)phthalonitriles 9 1 IN the cycloadduct with 

0 Time Conversion' 0 B.p. (or m.p ) 
Furan Solvent (temp., T C )  ( ' I , , )  Product Yield' C(p mmHg) h,,d 

I Oa 

l o b  

1 oc 

1 Od 

1 Oe 

1 Of 

1% 

I Oh 

1 Oi 

1 Oj 

CHCI, 

T H F  

T H F  

T H F  

T H  F 

Me,CO 

T H F  

T H F  

CH,C12 

T H F  

3 h (reflux) 
+ 18 h ( r t ) "  
5 weeks (0-5) 

2 weeks (r t )  

1 week (0 5 )  

3 weeks (r t )  

1 week (@ 5 )  

4 weeks (r t )  

3 weeks (r t )  

4 weeks (0  5 )  

4 weeks (r t )  

30 

45 

30 

35 

28 

40 

30 

20 

55  

15 

9a 

9b 

9c 

9d 

9e 

9f 

9g 

9h 

9i 

9j 

12 

8 

12 

10 

13 

23 

10 

4 

19 

5 

210 (0.7) 

250 (0.4) 

> 250 (0.3) 

oil f 

oil" 

(23) 

oil " 

(37) 

> 250 (0.1)'' 

oil '' 

0.92 ( t ,  6 H), 1.52 (m, 4 H),  3.52 ( t ,  4 H), 4.97 
(s, 4 H), 7.82 ( s ,  2 H )  
0.90(t,6H),1.2 1.7(m,8H),3.44(t ,4H),4.96 
( s ,  4 H), 7.84 ( s ,  2 H )  
0.88 ( t ,  6 H), 1 .1  1.6 (m, 12 H). 3.55 (t.  4 H), 
4.61 ( s ,  4 H), 7.80 ( s ,  2 H )  
0.88 (t,  6 ) I ) ,  1.3 (m, 16 H), 3.58 ( t ,  4 H), 4.68 
(s, 4 H), 7.83 (s, 2 H )  
0.88 (t ,  6 H), 1.3 (m. 20 H). 3.58 ( t ,  4 H), 4.65 
( s ,  4 H), 7.84 ( s ,  2 H )  
0.90 (t ,  6 H), 1.4 (m, 24 H), 3.58 ( t ,  4 H), 4.64 
(s, 4 H), 7.82 ( s ,  2 H )  
0.88 ( t ,  6 H), 1.3 (m, 28 H),  3.56 (1, 4 H), 4.68 
(s, 4 H), 7.82 (s. 2 H )  
0.88 ( t ,  6 H). 1.4 (m, 32 H), 3.57 ( t ,  4 H), 4.68 
(s, 4 H), 7.84 (s, 2 H )  
0.88 (t,  6 H), 1.05 (d, 6 H), 1.3 (m, 20 H), 3.6 
(m, 2 H). 4.62 (s, 4 H),  7.80 ( s ,  2 H )  
0.90(t,12H),1.3(m,18H).3.4(brd,4H),4.64 
(s. 4 H),  7.78 (s, 2 H )  

" rt = room temperature. 
distilled. The material was used in the next step without further purification. 

Not isolated, conversion estimated by NMR. ' With respect to starting furan. 60 MHz; CDCI,. " Oil could not be 
Purified by low temperature recrystallisation. Oil at room temperature. 

Table 3 Preparation and characterisation of some 1,4,8,1 I ,  15.18,22.25-octa(alkoxymethyl)phthalocyanines 6 , 7  and 8 

Q-band (toluene) 
o o  Found (requires) 

Yield Conc. lo-' 
Compd. Purification" ( O o )  M.p. C' Formula C H N m o l d m 3  i,,,( log E )  nm 

6a 

6b 

6c 

6d 

6e 

6f 

6g 

6h 

6i 

6i 

7 

8 

28 

26 

34 

13 

28 

15 

10 

14 

27 

7 

87 

72d 

> 300 

185 (K-D) 

123(K D)  

85 (K-D) 

79 (K-D) 

67 ( K - D )  

75 (K-D) 

64 (K-D) 

< rt 

< rt 
I08 (D-I) 

236 (D-I) 
67 (K-D) 

80 (K-D) 

C64H82N808 

C72H98N808 

C80H 1 14N808 

'8sH I 30NB08 

C96H 146N808 

C104H162N808  

Cll2Hl78N8O8 

c l  .?OH I 94N808 

C104H 162N808 

C104H 162N808 

C96H144N808Zn 

C 9 ~ H  144N808CU 

70.1 
(70.4) 
71.6 

(71.85) 
72.7 

(73.0) 
73.7 

(74.0) 
74.8 

(74.9) 
75.6 

(75.6) 
76.1 

(76.2) 
76.6 

(76.8) 
75.1 

(75.6) 
75.2 

(75.6) 
71.6 

(71.9) 
71.7 

(72.0) 

7.5 
(7.6) 
8.2 

(8.2) 
8.6 

(8.7) 
9.1 

(9.2) 
9.5 

(9.6) 
10.0 
(9.9) 
10.4 

(10.2) 
10.5 

( 10.4) 
9.8 

(9.9) 
9.9 

(9.9) 
9.2 

(9.05) 
9.0 

(9.1 1 

10.2 
(10.3) 

9.3 
(9.3) 
8.2 

(8.5) 
7.85 

(7.85) 
7.2 

(7.3) 
6.8 

(6.8) 
6. I 

(6.35) 
6.0 

(6.0) 
7.2 

(6.8) 
6.9 

(6.8) 
6.8 

(7.0) 
6.9 

(7.0) 

c 

2.54 

2.95 

0.95 

3.17 

2.97 

1.71 

2.54 

5.53 

4.45 

0.57 

0.235 

7 12,679.646.6 I8 

713 (4.33). 680 (4.34). 
647 (4.04). 619 (3.90) 
714 (4.39). 681 (4.39), 647 
(4.19), 619 (3.90) 
713 (4.65). 681 (4.66), 648 
(4.421, 621 (4.30) 
714 (4.27). 681 (4.34), 649 
(4.18), 622 (4.00) 
714 (4.61). 681 (4.66), 648 
(4.44), 620 (4.27) 
712 (4.42). 680 (4.41), 646 
(4.19). 620 (4.08) 
714 (4.58). 682 (4.57), 649 
(4.36), 618 (4.24) 
713 (4.23). 682 (4.20), 651 
(3.84), 618 (3.70) 
713 (4.07). 681 (4.06), 649 
(3.80), 618 (3.67) 
693 (5.12). 660 (4.65), 627 
(4.63) 
694 (5.31). 655 (4.86), 628 
(4.83) 

" Procedure for purification: U, washed with water and toluene; V, recrystallisation from toluene; W, recrystallisation from THF;  X. recrystallisation 
from dichloromethane; Y, recrystallisation fron THF-acetone; Z, chromatographic separation (silica gel, ethyl acetate as eluent. ' M.p. or transition 
temperature for change from the crystal state to a discotic mesophase (K-D) or from the mesophase to the isotropic liquid (D-I). Material shows low 
solubility. qualitative spectrum run. Yield for conversion from the metal free derivative 6e. 

Clizirzic.trr.i.scifion qf' 1,4,8,1 I ,  1 5 , 1 8 , 2 2 , 2 5 - 0 c t c r ( a l k o . ~ ~ ~ ~ i ~ t l i ~ ~ l ) -  
plitliCilo(:l.trninrs.~Each derivative gave a satisfactory elemental 
analysis, Table 3. Signals within the 60 MHz NMR spectra of 
the branched chain derivatives 6i and 6j in CDCI, were 
consistent with their structures. The signals are broadened, 
which can be attributed to the presence of stereoisomers. 
Difficulties were experienced in obtaining the 'H NMR spectra 
of the straight chain analogues. Thus the 60 MHz spectrum of 

the octaheptyloxymethyl derivative 6e as a solution in CDCI,, 
at the limit of solubility, showed no discernible signals. Unusual 
effects similar to these, though less extreme, have been observed 
in the NMR spectra of cofacial dimeric phthalocyanines and 
of compounds related to series 1; l 8  they can be attributed to 
molecular aggregation. Further experiments on 6e demonstrated 
that this compound is indeed highly aggregated in solution. The 
400 MHz spectrum of a dilute solution of 6e in deuteriotoluene 
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S S 

10 9 8 7 6 5 4 3 2 1 0  -1 

a,, 

Fig. 1 rnol dm ' solution of 6e in 
[2H,]toluene: (N ) ,  at 25 "C; and (h) ,  at 90 "C. S Denotes peaks arising 
from impurities in the solvent or residual protons in the deuteriated 
solvent. 

'H N M R  spectra of a 5.44 x 

(5.44 x rnol dm-3) at 25 "C is shown in Fig. 1. At this 
dilution, signals from impurities in the solvent and residual 
solvent protons are apparent but, despite this, the signals from 
protons of the solute molecules are clearly identifiable. 
However, the aromatic protons at 6 8.3, and the benzylic 
protons at 6 5.4 give particularly broadened signals. The 
spectrum was re-run at 50, 70 and 90 "C (see Fig. 1). As the 
temperature is raised, there is increased resolution for all the 
signals. At  70 "C, the splitting pattern for all the protons in the 
aliphatic chains has become resolved and there is a marked 
downfield shift of the aromatic and benzylic protons to 6 8.6 and 
6.05, respectively. At 90 "C, there is a further sharpening of the 
signals which now resonate at 6 8.7 and 6.25, Fig. l(b). Finally, 
the spectrum of a 5.44 x lo-' mol dmP3 solution of 6e was 
obtained at 70 "C. This shows the signals at 6 8.8 and 6.4. The 
shielding of the benzylic and aromatic protons under conditions 
leading to enhanced aggregation is consistent with a co-facial 
association of molecules wherein the protons experience the 
shielding zone arising from the ring current of the nearest 
neighbow( s). 

Visible-region absorption spectra provided further evidence 
for aggregation. Phthalocyanines in the monomeric state 
exhibit characteristic intense visible-region absorption (Q- 
band). Metallated derivatives give a single absorption from two 
degenerate transitions, but the degeneracy is lifted in the lower 
symmetry metal-free derivatives and a two-component Q-band 
is observed. Low-intensity bands, vibronic in origin, are also 

observed to shorter wavelength of the Q-band. However, 
aggregation of the solute molecules significantly affects the 
intensity/band-shape of the peaks; the sharp Q-band absorption 
of the monomer species diminishing while a new broad-band 
absorption becomes apparent.' The visible region spectrum of 
6e as a 5.44 x mol dmP3 solution in toluene (the same 
concentration used to obtain the NMR spectrum shown in Fig. 
I )  is depicted in Fig. 2, line (a). I t  confirms that the solute is 
highly aggregated at this level of concentration. Spectra were 
also recorded of solutions diluted to 5.44 x lo-* rnol dm-3, Fig. 
2 lines (bk(e) .  At the lowest concentration, the spectrum 
resembles that expected for the monomeric species. The 
spectrum was also recorded of 1,4,8,11,15,18,22,25-octanonyl- 
phthalocyanine 4 (X = C9HI9, M = H,H) a compound having 
the same number of backbone atoms in the substituent chains as 
6e. This is much less aggregated; the spectrum of a 5.44 x 
rnol dmP3 solution is shown in Fig. 2 as line ( f )  and its 
bandshape is comparable to the spectrum of 6e obtained at 
5.44 x lo-' rnol dm-3. 

Other members of series 6, and the metallated analogues 7 
and 8, are also associated in the solution phase and their visible 
region spectra were routinely recorded at concentrations lower 
than 3 x lop6 rnol dm-3. Under these conditions, the Q-band 
absorption at A,,,,, was higher than the broad-band absorption 
to shorter wavelength, Table 3. 

The split Q-band absorption of the metal-free compounds 
appears at cu. 680 and 713 nm, some 15 nm to the blue of the 
octaalkylphthalocyanines of series 4. The copper and zinc 
phthalocyanines in the present work show the Q-band 
absorption at cu. 694 nm. 

Thrrmotropic Behauiow-The melting behaviour of the 
phthalocyanines was investigated by microscopy, with and 
without cross polarisers, and by differential scanning 
calorimetry (DSC). Investigation of the octapropyloxymethyl 
derivative 6a by microscopy indicated that it remained 
crystalline up to 250 "C, at which temperature decomposition 
began. The absence of a phase transition was confirmed by the 
DSC trace which showed no peaks up to 300 "C. However, all 
but 6e of the other straight chain analogues gave a single peak in 
their DSC thermograms on heating to 300 "C. Inspection by 
polarised microscopy showed that this corresponded to tran- 
sition from the crystal to a discotic mesophase. Compound 
6e showed a total of three closely spaced peaks in the 
DSC thermogram in the region 65-79 "C. Microscopy showed 
that the highest temperature peak corresponded to transition 
into a mesophase. In all cases, decomposition of the 
phthalocyanines occurred between 250 and 290 "C without 
formation of an isotropic liquid phase; separate samples heated 
below the decomposition temperatures showed reversible 
transition from the mesophase into the crystalline state but this 
was accompanied by supercooling. Transition temperatures 
reported in Table 3 for these compounds correspond to the 
crystal-to-mesophase transition observed by microscopy on the 
second heating cycle. 

The behaviour of the branched chain derivatives 6i and 6j 
is markedly different. Both compounds are viscous liquid 
crystals at room temperature and show a single peak in their 
DSC thermograms which was shown by polarised microscopy 
to correspond to a reversible transition into the isotropic 
liquid. The contrasting behaviour of the straight chain and 
branch chained derivatives is presumably a function of both 
the branching and a depression of transition temperatures 
through the presence of diastereoisomers in these derivatives. 

The optical textures of liquid crystals observed under the 
polarising microscope, which normally provide evidence for the 
type of molecular ordering, are best observed by cooling from 
the isotropic liquid. Under these conditions, the branched chain 
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T I I I 

500 700 800 900 
d n m  

Fig. 2 ( ( J ) .  The visible region spectrum of 6e in toluene at a 
concentration of 5.44 x mol dm-3; (b),  as above but at 5.44 x lo-’ 
mol dm 3; ( c ) ,  as above but at 5.44 x lo-‘ rnol dm-3; (d),  as above but at 
5.44 x lo-’ mol dm-3; (e) ,  as above but at 5.44 x rnol dm-3; (.f), 
the visible region spectrum of 4 ( X  = C,H,,, M = H,H in toluene at a 
concentration o f  5.44 x rnol dm-3). Spectra have been offset and 
normalised to a common absorption scale. 

compounds 6i and 6j show a fan-like texture. This is 
characteristic of hexagonal symmetry of the columnar 
arrangement with the columns themselves containing some 
disorder in terms of differential spacing between neighbouring 
molecules; ’ columnar disordered hexagonal mesophases are 
exhibited by a number of discotic liquid crystals including 
members of series 4.l3.I4 The textures exhibited by the straight 
chain derivatives are less distinct because they are only observed 
forming from the crystal state rather than the isotropic liquid. 
However, a preliminary X-ray diffraction analysis of the 
mesophases of 6e and 6g has revealed that they are also of 
hexagonal symmetry.20 A full account of mesophase behaviour 
and characterisation will be given in a future publication. 

In conclusion, 1,4,8,11 , I  5,18,22,25-octa(alkoxymethyl)- 
phthalocyanines clearly constitute a novel series of thermotropic 
liquid crystals and as such their behaviour resembles, at least in 
kind, that exhibited by series 4 rather than that of series 5. 
Indeed, the results demonstrate unambiguously that among the 
octasubstituted phthalocyanines represented by structures 14 

the behaviour of series 5 is anomalous. Results from a separate 
study may shed some light on this point. Recently we attempted 
to perform a single-crystal X-ray diffraction analysis of 5 
(X = OC7H15, M = H,H). The crystals proved to be brittle 
and gave only a weak diffraction pattern.21 These results 
suggest that the supposed crystals have an almost glass-like 
structure with only short-range molecular order. We suppose 
that this lack of ordering in the crystal is most unlikely to be 
conducive to the formation of a columnar liquid crystal phase 
when the material is heated. 

Experimental 
Equipment and Measurements.-Bulb-to-bulb distillation 

was performed using a Kugelrohr apparatus. Routine H NMR 
spectra were measured at 60 MHz using a JEOL JNM- 
PMX60SI spectrometer. Spectra measured at 400 MHz were 
recorded on a JEOL JNM GX-400 spectrometer. Visible 
spectra were recorded on either a Pye-Unicam PU8800, Hitachi 
U-2000 or a Cary 17D spectrophotometer. Measurement of 
transition temperatures for the changes from crystal to 
mesophase and mesophase to isotropic liquid (Table 3) were 
obtained by optical microscopy following dsc using a Mettler 
TA3000 thermal analyser with a Mettler DSC 30 cell. Optical 
microscopy was undertaken using a Vickers polarising micro- 
scope in conjunction with a Mettler FP82 hot-stage and 
carried out under a nitrogen atmosphere. 

2-Oct~~lo.~~~nzetlz~~lfuran.-Following the general procedure 
described in ref. 15, furan (20.5 g, 0.3 mol) was added dropwise 
to a stirred solution of butyllithium (0.3 mol, 200 cm3 of a 1.6 
rnol dm-3 solution in hexane) and dry THF (100 cm3) under a 
nitrogen atmosphere at - 15 ‘C. The mixture was stirred for 16 
h at room temperature. Bromomethyl octyl ether (66.9 g, 0.3 
mol) was added dropwise, and the mixture stirred for a further 
24 h at room temperature. The brown reaction mixture was 
worked up according to ref. I5 to afford 2-oc . t~ . lo . \ - ) ’ rne th~~~~n 
(51 g, 8l”/,), as a pale yellow oil which was used in the next step 
without further purification; 6,(60 MHz; CDCI,) 0.9 (t, 3 H), 1.3 
(m, 12H),3.42(t,2H),4.41 (s,2H),6.23(m,2H)and7.32(d, 1 H). 

2,5-Bis(oct~~lo.~~~nzer~zyl)firr.an.-Followin~ ref. 15,2-octyloxy- 
methylfuran (42 g, 0.2 mol) was deprotonated using butyl- 
lithium (0.2 mol, 135 cm3 of a 1.6 rnol dm-3 solution in hexane) 
in  dry THF (100 cm3) and the anion quenched with bromo- 
methyl octyl ether (44.6 h, 0.2 mol). The usual work-up l 5  

afforded 2,5-bis(oc~r,~lo.\-?~i?~et/z~~I).fur~in ( 17.6 g, 254:) as an oil 
which was used in the next step without further purification; 
&(60 MHz; CDCI,) 0.90 (t, 6 H), 1.3 (br m, 24 H), 3.40 (t, 4 H), 
4.38 (s, 4 H) and 6.15 (s, 2 H). 

2,5 - Bis( cilkj~lo.\-?wie tlzj.1)- fu rcins . f i.onz Fur *an - 2,5 -dij?ldime t / I -  
anol, Table !.-In a typical procedure, thionyl chloride (80 
g, 0.6 mol) was added to a solution of furan-2,5-diyl- 
dimethanol (20 g, 0.15 mol) in ethyl acetate at 0 ’C over 30 
min, and the mixture stirred for a further 30 min. The resulting 
black solution was poured carefully onto solid sodium 
hydrogen carbonate (100 g). When all efferkescence had 
subsided, the solid was filtered and the solvent removed under 
reduced pressure to give a viscous black oil. The crude product 
was extracted with petroleum ether (3 x 100 cm3) and the 
solvent removed to afford 2,5-bis(chloromethyl)furan as a pale 
brown oil, which was added immediately to a solution of 
sodium metal (6.5 g, 0.28 mol) in heptanol (300 cm3). The 
mixture was stirred for 18 h and water (150 cm3) added. The 
resulting dark solution was extracted with dichloromethane 
(2 x 100 cm3) and the solvents were removed under reduced 
pressure to give a dark oil. Bulb-bo-bulb distillation at an oven 
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temperature of 240 C under reduced pressure, 0.1 mmHg, 
afforded 2,5-his(h~~ptyloxyni~tliyl),/urun (27.5 g, 57",,,) as a 
colourless oil (Found: C ,  74.4; H, 11.6. C10H3603 requires C,  
74.0; H, 11.2°,)); 6,(60 MHz; CDCI,) 0.88 (t, 6 H), 1.30 (m, 20 
H), 3.42 (t, 4 H), 4.38 (s, 4 H) and 6.21 (s, 2 H). 

3,6- Bis( alk y /ox ynie t / i  y I ) p Ii t / i ( i  Ion it riles, Tu h Ie 2. -I n a t y pica 1 
reaction procedure, 2,5-bis(heptyloxymethyl)furan (27.5 g, 
0.085 mol) and fumaronitrile (7 g, 0.089 mol) were dissolved in 
T H F  (100 cm3) and allowed to stand at room temperature for 3 
weeks. The NMR spectrum of an aliquot indicated 28",, 
conversion to the Diels-Alder adduct. The solution was stirred 
at - 78 C under nitrogen, lithium bis(trimethylsily1)amide (100 
cm3; 1 mol dm-3 in THF,  0.1 mol) was added over 45 min, and 
the mixture stirred for a further 1 h. The black solution was 
poured onto dil. hydrochloric acid (100 cm3) and the aqueous 
mixture extracted with hexane (2 x 150 cm3). The extracts were 
dried, evaporated, and the volatile components separated from 
the residue by bulb-to-bulb distillation under reduced pressure. 
The black residue was extracted with hexane (3 x 40 cm3) and 
the solvent removed to afford 3,6-his(lieptj~lo.\-~~nzetlij~l)- 
plitliulonitri/e (4.1 g, 133,,) as a pale yellow oil: 6,(60 MHz; 
CDCI,) 0.88 (t, 6 H), 1.30 (m, 20 H), 3.58 (t, 4 H), 4.65 (s, 4 H) 
and 7.84 (s, 2 H); v,,,(neat)/cm-' 2233 (CN). 

The product was used in the next step without further 
purification. 

MetalT/>ee Ph tliulocj*an i n c v ,  Table 3. --I n a t y pica 1 ex pe r i - 
ment, 3,6-bis(heptyloxymethyl)phthalonitrile ( 1 g, 2.6 mmol) 
was stirred in refluxing butyl alcohol (20 cm3). A small piece of 
lithium was added and the mixture was refluxed for 2 h, allowed 
to cool and poured onto glacial acetic acid (30 cm3). The 
mixture was stirred for a further 30 min and the solid was 
filtered, washed with ethanol (50 cm3) and recrystallised from 
dichloromethane to afford metuI+ee 1,4,8,11,15, I 8,22,25-oc.tci- 
(hept j~lo.~~methyl)pl~t l ialo~j~unine (0.28 g, 287;) (Found: C,  
74.77; H, 9.54; N, 7.22. C9,H 4 6 N 8 0 8  requires C,  74.86; H, 9.56; 
N, 7.28%); i,,,/nm (log E )  (3.17 x lo-, mol dm-3 in toluene) 
714 (4.27), 681 (4.34), 649 (4.18) and 622 (400); ti,,,(Nujol)/ 
cm-' 3300 (NH), 161 2 and 1577 (C-C, aromatic). 

Metal Pht~iuloc~j~anines, Tuble 3.--In a typical procedure, 
metal-free 1,4,8,1 I ,  15,18,22,25-octa(heptyloxymethyl)phthalo- 
cyanine (50 mg) and zinc acetate (0.5 g) in a mixture of toluene 
(30 cm3) and ethanol ( 5  cm3) were heated under reflux for 12 h. 
The solvent was removed and the residue purified by column 
chromatography (silica gel, T H F  eluent). Recrystallisation from 
T H F  afforded I ,4,8, I I ,  1 5, I8,22,25-octu(hept~~/oo.u?.wtc.thyl)- 
plithuloc.~~aninuto~inc~ (45 mg, 8704) (Found: C, 71.6; H, 9.2; N, 
6.8. C,,H,,,N,O,Zn requires C, 71.9; H, 9.05; N, 7.00,J; 

~ . ~ , ~ , n m  (log E) (5.69 x lo-' mol dm-3 in toluene) 693 (5.12), 
660 (4.65) and 627 (4.63); vrn,x(Nujol)/cm-' 1602 and 1580 
(C-C, aromatic). 
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