
 

 

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

Synthesis of perfluorobutyl-substituted ester-disazo dyes and their
application to guest-host liquid crystal displays
M. Matsui; S. Okada; M. Kadowaki; M. Yamada

Online publication date: 11 November 2010

To cite this Article Matsui, M. , Okada, S. , Kadowaki, M. and Yamada, M.(2002) 'Synthesis of perfluorobutyl-substituted
ester-disazo dyes and their application to guest-host liquid crystal displays', Liquid Crystals, 29: 5, 707 — 712
To link to this Article: DOI: 10.1080/02678290210129920
URL: http://dx.doi.org/10.1080/02678290210129920

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/10.1080/02678290210129920
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2002, Vol. 29, No. 5, 707± 712

Synthesis of per� uorobutyl-substituted ester-disazo dyes and their
application to guest–host liquid crystal displays

M. MATSUI*

Department of Chemistry, Faculty of Engineering, Gifu University, Yanagido,
Gifu 501-1193 , Japan

S. OKADA

Research Institute for Advanced Science and Technology,
Osaka Prefecture University, Gakuen-Cho 1-2, Sakai, Osaka 599-8570, Japan

M. KADOWAKI and M. YAMADA

Yokohama Research Center, Mitsubishi Chemical Co., Kamoshida 1000, Aoba,
Yokohama 227-8502, Japan

(Received 24 November 2001; accepted 29 December 2001 )

Ester-disazo dyes having per� uorobutyl and diethylamino groups in their molecules have
been prepared. Their absorption maxima were observed in the range l 5 483–529 nm in a
liquid crystal solvent. The solubility in terms of dye structure was in the order: monoester-
disazo > trisazo> diester-disazo. The solubility of the diester-disazo dyes in terms of the
substituents at the terminal end was in the order: C4F9 >C4H9 >H. The introduction of the
4-diethylaminonaphthylene moiety was also eŒective in improving the solubility. The order
parameter of the dye host systems was in order of the dye structures: trisazo >diester-
disazo >monoester-disazo. The order parameter for the diester-disazo dyes was calculated to
be 0.79–0.82, high enough for practical use.

1. Introduction terminal butyl groups in the molecules were calculated
to be 0.66–0.81 [5]. This result indicates that theStudies of dichroic dyes are again attracting much

attention due to the recent development of re� ection- dichroism of polyazo dyes without polar substituents
such as dialkylamino groups are not as high as wouldtype guest–host liquid crystal displays. Azo dyes have

been proposed as positive dichroic dyes for use in the be expected in spite of their slim structures. Therefore,
it is supposed that the introduction of both the polardisplays [1], and the improvement of the solubility and

the dichroism of dyes is a challenging subject in this dialkylamino and per� uoroalkyl groups into the molecule
is essential to impove the solubility and dichroism of� eld. Per� uoroalkyl-substitute d disazo dyes have been

reported to show larger solubilities than the correspond- azo dyes. We report here the synthesis, solubility, and
dichroism of ester-disazo dyes having per� uorobutyl anding alkyl derivatives [2], and per� uoro-p-phenylene

disazo dyes have also been reported to show higher diethylamino groups.
solubility than the corresponding p-phenylene derivatives
[3]. Aroyloxy disazo dyes too have been reported to be 2. Results and discussion
more soluble than trisazo dyes [4]. The slimmer the 2.1. Synthesis
molecular structure of azo dyes, the higher the dichroism The scheme shows the synthesis of disazo dyes 7a–12a
becomes and the lower is the solubility. The order extended with ester linkages. 4-Aroyloxybenzoic acids 2
parameters (S) of per� uoroalkyl-substituted disazo dyes were prepared by the reaction of 4-aroyl chlorides 1
have been reported to be higher than those of the alkyl- with 4-hydroxybenzoi c acid. 4-Hydroxyazobenzene s 3–6
substituted derivatives [2], and the order parameters were synthesized by the diazotization of the arylamines
of tris-, tetrakis-, and pentakis-azo dyes having two followed by coupling with phenol. Monoester-disazo

dyes 7a–10a were obtained by the esteri� cation of
4-hydroxyazobe nzenes 3–6 with 4-per� uorobutylbenzoy l*Author for correspondence;

e-mail: matsui@apchem.gifu-u.ac.jp chloride (1a) in low to moderate yields. Diester-disazo
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708 M. Matsui et al.

Scheme.

dyes 11 and 12a were synthesized by the reaction of in improving the solubility. Actually, the solubility of
diester-disazo dye 12a having both the per� uorobutyl4-hydroxyazobenzenes 3 and 4 with 4-aroyloxybenzoi c

acids 2 in the presence of dicyclohexylcarbodiimide and 4-diethylaminonaphthylen e moieties in the molecule
was found to be 0.19, much more soluble than 11a(DCC) in low to moderate yields.
and 11b.

The S values for the order parameter were in order of2.2. Physical properties
The physical properties of azo dyes 7a–12a are shown the dye structures: trisazo (13a: 0.82 ) > diester-disazo

(11a, 11b, 11c, and 12a: 0.78–0.82) > monoester-disazoin the table. Those of tris-azo dye 13a are shown for
reference. The absorption maxima (lmax ) of 7a–12a were (7a–10a: 0.73–0.79). Trisazo dye 13a showed the highest

order parameter probably because of the � xed trans-observed in the range 453–502 nm in hexane. The lmax
of 7a–12a in the liquid crystal solvents shown were con� guration of the molecule, whereas the ester linkages

in dyes 7–12 may rotate in the liquid crystal and giveobserved in the range 483–536 nm; the values show
bathochromic shifts compared with those using hexane lower order parameters than 13a. The S values of

11a, 11b, and 11c were in the range 0.79–0.82. Thus,due to the higher polarity of the liquid crystal solvents.
Thus, the colour of dyes 7a–12a was orange to red in no remarkable eŒect of a per� uorobutyl group on the

dichroism was observed in the diester-disazo dyes 11.the liquid crystal solvents.
The solubility of diester-disazo dyes in hexane could The S values of monoester-naphthylen e derivatives 8a,

9a, and 10a were rather low compared with that for thebe improved by introducing a per� uorobutyl group.
The solubility was in order of the terminal substituents: corresponding phenylene derivative 7a. The dichroism

of diester-naphthylene derivative 12a was similar to thatC4F9 (11a: 0.03 mmol dm Õ 3 ) > C4H9 (11b: <0.01 ) > H
(11c: insoluble). The solubility in order of the dye of the diester-phenylene derivative 11a.

The relationship between the S values and the l/dstructures was: monoester-disazo (7a: 0.41 ) > trisazo
(13a: 0.08 ) > diester-disazo (11a: 0.03). The solubilities ratios, where l and d represent the lengths of the molecular

long axes and the diameters of the circumscribed cylindersof dyes 7a, 8a, 9a, and 10a in hexane were 0.41, 0.66,
0.47, and 0.72 mmol dm Õ 3, respectively. These results of revolution of the molecules, respectively, is shown in

the � gure. It is clear that the slimmer the molecule, theindicate that the introduction of the naphthylene moiety
adjacent to the diethylamino group is also eŒective higher is the dichroism. To obtain dichroic azo dyes
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phenylazo}benzoate (7a) [4], were prepared as described
in the previous papers indicated.

4.3. Synthesis of 4-aroyloxybenzoi c acids 2a and 2b
To a THF solution (20 ml ) of the benzoyl chloride 1

(11.4 mmol) were added 4-hydroxybenzoic acid (1.4 g,
10.4 mmol ) and triethylamine (1.2 g, 11.4 mmol ). The
mixture was stirred for 1 h at room temperature. After
reaction was complete, the resulting white precipitate
was � ltered oŒ and recrystallized from chloroform–
hexane. In the case of 2b, the precipitate was used
without further puri� cation. The physical and spectral
data for 2a are shown below.

4.3.1. 4-[4-(Per� uorobutyl)benzoyloxy]benzoi c acid 2a
Yield 30%; m.p. 208–209 ß C; 1H NMR (400 MHz,

CDCl3 ) d 5 7.73 (d, J 5 8.3 Hz, 2H), 7.80 (d, J 5 8.3 Hz,
2H), 8.24 (d, J 5 8.3 Hz, 2H), 8.30 (d, J 5 8.3 Hz, 2H);Figure 1. Relationship between order parameter (S) and l/d
EI MS (70 eV) m/z (rel. intensity, %) 460 [M+ ] (3),ratio.
443 (1), 323 (100), 295 (7), 137 (8).

4.4. Synthesis of 4-hydroxyazo compounds 4–6showing a dichroism higher than 0.85, the l/d value is
required to be larger than c. 6.0, that is for hexakisazo To an acetone solution (10 ml) of the 4-arylamine

(2.5 mmol, 0.53 g) was added conc. hydrochloric aciddyes. Some new ideas may be required to obtain slim,
polar, and soluble polyazo dyes. (7.5 mmol, 0.64 ml) and the mixture cooled to 0ß C. An

aqueous solution (20 ml ) of sodium nitrite (2.5 mmol,
0.16 g) was added at 0 ß C and the whole stirred for 2 h.3. Conclusions

We have synthesized novel disazo dyes containing The mixture was then added to an acetone solution
(20 ml) of N,N-diethylaniline (2.5 mmol, 0.17 mg) andthe ester moiety. Their UV-Vis absorption bands were

observed in the range of l 483–529 nm using liquid stirring continued overnight at 0ß C with adjustment of
the pH to 5.0 using aqueous sodium hydrogen carbonate.crystal solvents. The solubility was in order of the dye

structures: monoester-disazo > trisazo > diester-disazo. After the reaction was complete, the mixture was poured
into water. The resulting precipitate was � ltered oŒ,However, the solubilities of diester-disazo dyes were

improved by introducing per� uorobutyl and terminal washed with water, dried, and puri� ed by column
chromatography (SiO2 , CH2Cl2 ). The physical andnaphthylene moieties in the molecule. The order para-

meters of the diester-disazo dyes were 0.79–0.82, high spectral data for 4–6 are shown below.
enough to be of practical use.

4.4.1. 4-{4-[4-(Diethylamino)naphthylazo]phenylaz o}-
phenol 44. Experimental

4.1. Characterization Yield 15%; m.p. 129.5–131.0 ß C; 1H NMR (400 MHz,
CDCl3 ) d 5 1.14 (t, J 5 7.1 Hz, 6H), 3.36 (q, J 5 7.1 Hz,Melting points were measured using a Yanagimoto

MP-S2 micro-melting-point apparatus. NMR spectra 4H), 5.25 (br s, 1H), 6.98 (d, J 5 9.1 Hz, 2H), 7.18
(d, J 5 8.3 Hz, 1H), 7.57 (t, J 5 7.9 Hz, 1H), 7.65were recorded using a Jeol a-400 spectrometer and mass

spectra with a Shimadzu QP-1000 spectrometer. UV-Vis (t, J 5 7.9 Hz, 1H), 7.92 (d, J 5 8.3 Hz, 1H), 7.94 (d, J 5
9.1 Hz, 2H), 8.05 (d, J 5 8.3 Hz, 2H), 8.14 (d, J 5 8.3 Hz,absorption spectra were measured with a Shimadzu

UV-160A spectrometer. 2H), 8.29 (d, J 5 7.9 Hz, 1H), 9.03 (d, J 5 7.9 Hz, 1H);
EI MS (70 eV) m/z (rel. intensity, %) 423 [M+ ] (100),
408 (33), 198 (38), 93 (38).4.2. Materials

4-Hydroxybenzoic acid, 4-butylbenzoyl chloride (1b),
and benzoyl chloride (1c) were purchased from the Tokyo 4.4.2. 4-{4-[4-(Diethylamino)phenylazo]naphthylaz o}-

phenol 5Kasei Co., Ltd. 4-(Per� uorobutyl)benzoyl chloride (1a)
[4], 4-(benzoyloxy)benzoic acid (2c) [6], 4-{4-[4-(diethyl - Yield 12%; m.p. 204–205 ß C; 1H NMR (400 MHz,

CDCl3 ) d 5 1.27 (t, J 5 6.8 Hz, 6H), 3.50 (q, J 5 6.8 Hz,amino)phenylazo]phenylazo}phenol (3 ) [4] and 4-per-
� uorobutylphenyl 4-{4-[4-(diethylamino)phenylazo]- 4H), 5.20 (br s, 1H), 6.78 (d, J 5 8.8 Hz, 2H), 7.00
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711Per� uorobutyl-disazo ester dyes

(d, J 5 8.3 Hz, 2H), 7.68–7.70 (m, 2H), 7.87 (t, J 5 8.3 Hz, 4.5.3. 4-[4-(4-Diethylamino-1-naphthylaz o)-
1-naphthylazo]pheny l 4-per� uorobutyl -1H), 7.90 (t, J 5 8.3 Hz, 1H), 8.01–8.04 (m, 4H),

8.99–9.02 (m, 2H); EI MS (70 eV) m/z (rel. intensity, %) benzoate 10a
Yield 21%; m.p. 169.0–170.0 ß C; 1H NMR (400 MHz,423 [M+ ] (100), 148 (68), 93 (59).

CDCl3 ) d 5 1.17 (t, J 5 7.2 Hz, 6H), 3.40 (q, J 5 7.2 Hz,
4H), 7.18 (d, J 5 8.0 Hz, 1H), 7.47 (d, J 5 8.7 Hz, 2H),4.4.3. 4-{4-[4-(Diethylamino)naphthylazo]naphthyla zo}-

phenol 6 7.59 (t, J 5 7.5 Hz, 1H), 7.68 (t, J 5 7.5 Hz, 1H), 7.76–7.78
(m, 2H), 7.80 (d, J 5 8.7 Hz, 2H), 8.02 (d, J 5 8.6 Hz,Yield 7%; m.p. 177.0–178.0 ß C; 1H NMR (400 MHz,

CDCl3 ) d 5 1.14 (t, J 5 7.0 Hz, 6H), 3.39 (q, J 5 7.0 Hz, 1H), 8.08 (d, J 5 8.6 Hz, 1H), 8.11 (d, J 5 8.0 Hz, 1H),
8.21 (d, J 5 8.7 Hz, 2H), 8.30 (d, J 5 7.5 Hz, 1H), 8.404H), 5.28 (br s, 1H), 6.99 (d, J 5 8.8 Hz, 2H), 7.23

(d, J 5 8.1 Hz, 1H), 7.56–7.60 (m, 1H), 7.66–7.68 (m, 1H), (d, J 5 8.7 Hz, 2H), 9.04–9.07 (m, 1H), 9.13–9.15 (m, 2H);
EI MS (70 eV) m/z (rel. intensity, %) 795 [M+ ] (37),7.73–7.77 (m, 2H), 7.95 (d, J 5 8.3 Hz, 1H), 8.01

(d, J 5 8.8 Hz, 2H), 8.09 (d, J 5 8.3 Hz, 1H), 8.19 (d, J 5 472 (16), 352 (4), 323 (100), 226 (2), 198 (46). Elemental
analysis: calc. for C41 H30 F9N5O2 C 61.89, H 3.80,8.1 Hz, 1H), 8.29–8.31 (m, 1H), 9.02–9.04 (m, 1H),

9.12–9.15 (m, 2H); EI MS (70 eV) m/z (rel. intensity, %) N 8.80; found C 62.54, H 3.46, N 8.86%.
473 [M+ ] (31), 247 (13), 198 (25), 121 (27), 93 (100).

4.6. Synthesis of diester disazo dyes 11 and 12a
To a dichloromethane solution (5 ml) of the 4-hydroxy-4.5. Synthesis of monoester disazo dyes 8a–10a

To a pyridine solution (5 ml ) of the phenol 4, 5 or 6 azobenzenes 3 or 4 (0.1 mmol ) were added N,N-dicyclo-
hexylcarbodiimide (DCC, 0.11 mmol, 23 mg), the aroyl-(0.51 mmol ) was added aroyl chlorides 1 (1.5 mmol )

and the mixture stirred for 2 h at 100 ß C. After reaction oxybenzoic acids 2 (0.1 mmol), and 4-pyrrolidinopy ridine
(0.01 mmol, 15 mg). The mixture was stirred for 24 hwas complete, the mixture was poured into aqueous

hydrochloric acid. The resulting precipitate was � ltered at room temperature. After the reaction was complete,
the mixture was poured into water. The product wasoŒ, washed with water, and dried. The product was

puri� ed by column chromatography (SiO2 , toluene) and extracted into dichloromethane, puri� ed by column
chromatography (SiO2 , CH2Cl2 ), and recrystallizedrecrystallized from chloroform–hexane.
from chloroform–hexane. The physical and spectral data
for the products are shown below.4.5.1. 4-{4-[4-(Diethylamino)naphthylazo]phenylaz o}-

phenyl 4-per� uorobutylbenzoat e 8a
Yield 25%; m.p. 153.5–154.5 ß C; 1H NMR (400 MHz, 4.6.1. 4-{4-[4-(Diethylamino)phenylazo]phe nylazo}phenyl

4-[4-(per� uorobutyl)benzoyloxy]benzoat e 11aCDCl3 ) d 5 1.14 (t, J 5 7.0 Hz, 6H), 3.37 (q, J 5 7.0 Hz,
4H), 7.18 (d, J 5 8.3 Hz, 1H), 7.43 (d, J 5 8.8 Hz, 2H), Yield 4% m.p. 205.5–206.5ß C; 1H NMR (400 MHz,

CDCl3 ) d 5 1.26 (t, J 5 7.1 Hz, 6H), 3.48 (q, J 5 7.1 Hz,7.57 (t, J 5 8.0 Hz, 1H), 7.66 (t, J 5 8.0 Hz, 1H), 7.80
(d, J 5 8.3 Hz, 2H), 7.94 (d, J 5 8.3 Hz, 1H), 8.08 (d, J 5 4H), 6.75 (d, J 5 9.3 Hz, 2H), 7.41 (d, J 5 8.8 Hz, 2H),

7.43 (d, J 5 8.8 Hz, 2H), 7.80 (d, J 5 8.3 Hz, 2H), 7.908.8 Hz, 2H), 8.12 (d, J 5 9.0 Hz, 2H), 8.17 (d, J 5 9.0 Hz,
2H), 8.29 (d, J 5 8.0 Hz, 1H), 8.38 (d, J 5 8.3 Hz, 2H), (d, J 5 9.3 Hz, 2H), 7.98 (d, J 5 8.8 Hz, 2H), 8.050 (d, J 5

8.8 Hz, 2H), 8.052 (d, J 5 8.8 Hz, 2H), 8.35 (d, J 5 8.8 Hz,9.04 (d, J 5 8.0 Hz, 1H; EI MS (70 eV) m/z (rel.
intensity, %) 745 [M+ ] (11), 422 (23 ), 323 (100), 295 2H), 8.37 (d, J 5 8.3 Hz, 2H); EI MS (70 eV) m/z

(rel. intensity, %) 815 [M+ ] (4), 443 (22), 372 (6), 323(12), 198 (80), 176 (10). Elemental analysis: calc. for
C37 H28 F9N5O2 C 59.60, H 3.78, N 9.39; found C 59.23, (100), 295 (5), 148 (30). Elemental analysis: calc. for

C40 H30 F9N5O2 C 58.90, H 3.71, N 8.59; found C 59.36,H 4.01, N 9.51%.
H 3.98, N 8.89%.

4.5.2. 4-{4-[4-(Diethylami no)phenylazo]-1-na phthylazo}-
phenyl 4-per� uorobutylbenzoat e 9a 4.6.2. 4-{4-[4-(Diethylamino)phenylazo]phe nylazo}phenyl

4-(4-butylbenzoylox y)benzoate 11bYield 36%; m.p. 173.5–175.0 ß C; 1H NMR (400 MHz,
CDCl3 ) d 5 1.28 (t, J 5 7.1 Hz, 6H), 3.51 (q, J 5 7.1 Hz, Yield 3% m.p. 163.5–165.0ß C; 1H NMR (400 MHz,

CDCl3 ) d 5 0.96 (t, J 5 7.6 Hz, 3H), 1.26 (t, J 5 7.1 Hz,4H), 6.79 (d, J 5 9.1 Hz, 2H), 7.45 (d, J 5 8.8 Hz, 2H),
7.70–7.73 (m, 2H), 7.80 (d, J 5 8.1 Hz, 2H), 7.88 (d, J 5 6H), 1.39 (sextet, J 5 7.6 Hz, 2H), 1.66 (quintet, J 5

7.6 Hz, 2H), 2.73 (t, J 5 7.6 Hz, 2H), 3.48 (q, J 5 7.1 Hz,7.9 Hz, 1H), 7.98 (d, J 5 7.9 Hz, 1H), 8.04 (d, J 5 9.1 Hz,
2H), 8.18 (d, J 5 8.8 Hz, 2H), 8.39 (d, J 5 8.1 Hz, 2H), 4H), 6.75 (d, J 5 9.3 Hz, 2H), 7.35 (d, J 5 8.3 Hz, 2H),

7.40 (d, J 5 8.8 Hz, 2H), 7.41 (d, J 5 8.8 Hz, 2H), 7.909.01–9.03 (m, 2H); EI MS (70 eV) m/z (rel. intensity, %)
745 [M+ ] (76), 323 (100), 302 (17), 295 (11), 176 (18), (d, J 5 9.3 Hz, 2H), 7.98 (d, J 5 8.8 Hz, 2H), 8.04–8.06

(m, 4H), 8.14 (d, J 5 8.3 H , 2H), 8.32 (d, J 5 8.8 Hz,148 (93). Elemental analysis: calc. for C37 H28 F9N5O2
C 59.60, H 3.78, N 9.39; found C 60.28, H 3.81, N 9.71%. 2H); EI MS (70 eV) m/z (rel. intensity, %) 653 [M+ ]

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



712 Per� uorobutyl-disazo ester dyes

(8), 281 (11), 161 (100), 148 (14). Elemental analysis: by � lling the solution between two glass plates � tted
with transparent electrodes, onto which polyimide hadcalc. for C40H39 N5O4 C 73.49, H 6.01, N 10.71; found

C 73.90, H 5.71, N 10.59%. been applied and rubbed. The absorption of the solution
was measured. The order parameter (S) was calculated
on the basis of the following equation: S 5 (A

d
Õ A) )/4.6.3. 4-{4-[4-(Diethy lamino)phenylazo]phe nylazo}phenyl

4-benzoyloxybenzoate 11c (A
d
1 2A) ), where A

d
and A) represent the absorbance

of light polarized parallel and perpendicular , respectively,Yield 60% m.p. 222.0–222.5ß C; 1H NMR (400 MHz,
CDCl3 ) d 5 1.26 (t, J 5 7.1 Hz, 6H), 3.48 (q, J 5 7.1 Hz, to the direction of alignment of the dye molecules in the

liquid crystal medium.4H), 6.75 (d, J 5 9.3 Hz, 2H), 7.41 (d, J 5 8.8 Hz, 2H),
7.42 (d, J 5 8.8 Hz, 2H), 7.53–7.70 (m, 3H), 7.91 (d, J 5
9.3 Hz, 2H), 7.98 (d, J 5 8.8 Hz, 2H), 8.03–8.04 (m, 4H), 4.9. MO calculation

h values and l/d ratios were calculated as described in8.22–8.24 (m, 2H), 8.33 (d, J 5 8.8 Hz, 2H); EI MS
(70 eV) m/z (rel. intensity, %) 597 [M+ ] (40), 372 (15), our previous papers [2–5].
225 (32), 148 (30), 105 (100). Elemental analysis: calc.
for C36 H31 N5O4 C 72.35, H 5.23, N 11.72; found C The authors are grateful to Tokyo Ohka Foundation

for the Promotion of Science and Technology for � nancial72.76, H 5.62, N 11.37%.
support.

4.6.4. 4-[4-(4-Diethyl amino-1-naphthy lazo)phenylazo]-
phenyl 4-(4-per� uorobutylbenzoyloxy)benzoate 12a References
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