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Fluorine-containing benzothiazolyl bisazo dyes Ð their
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Per¯ uoroalkyl-substituted benzothiazolyl bisazo dyes showed higher solubility and greater
bathochromicity than the corresponding alkyl derivatives. These dyes showed good dichroism
(order parameter S>0 7́5).

1. Introduction 2. Results and discussion

2.1. SynthesisDichroic dyes used in guest-host liquid crystal displays
are required to have good dichroism and solubility in The synthesis of 6-substituted benzothiazolyl bisazo

dyes 4a± f and 5c is shown in scheme 1. 6-Substitutedliquid crystal materials. Although benzothiazolyl bisazo
dyes are very important among the bathochromic positive 2-aminobenzothiazoles 2 were prepared in moderate

yields by the reaction of anilines 1 with potassiumdichroic azo dyes, their solubility is low. The series of
phenyl bisazo dyes substituted with a per¯ uoroalkyl thiocyanate in the presence of bromine. The diazotization-

coupling reaction of 2 with sodium anilinomethane-group have been reported to show higher solubility
than the alkyl derivatives [1]; the dichroism of these sulphonate followed by hydrolysis produced 4-(6-sub-

stituted 2-benzothiazolylazo) anilines 3 in low to moderatederivatives is also high. Therefore, the synthesis of
¯ uorine-containing benzothiazolyl bisazo dyes and their yields. A second diazotization-coupling reaction of 3 with

N ,N -diethylanilines a� orded 4a± f and 5c in moderateapplication to guest-host liquid crystal displays have
been examined, with results described in this report. yields.

Scheme 1.

*Author for correspondence.

0267± 8292/98 $12´00 Ñ 1998 Taylor & Francis Ltd.
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236 M. Matsui et al.

Scheme 2 indicates the synthesis of 4-[6-(per¯ uoro- a penta¯ uorophenyl moiety to the other terminal end
increased the solubility.butyl)-2-benzothiazolylazo]penta¯ uoroazobenzene (6c).

4-[6-(Per¯ uorobutyl )-2-benzothiazolylazo]aniline (3c)
reacted with penta¯ uoronitrosobenzene to give 6c in 2.4. Dichroism
14% yield. The reaction of 6c with diethylamine was No remarkable di� erence in dichroism among the
complex, yielding several unidenti® ed products in low benzothiazolyl bisazo dyes 4, 5, and phenyl bisazo dye
yields. Compound 3c did not react with 4-nitroso- 7a was observed. The dichroism of azo dyes could be
2,3,5,6-tetra¯ uoro-N ,N -diethylaniline due to the low examined by calculating both the deviation angle h
electrophilicity of the nitroso derivative to 3c. between the direction of the transition moment and that

of the long axis, and the ratio l/d, where l and d represent
2.2. Absorption band the length of the long axis and diameter of the circum-

The properties of the azo dyes are summarized in the scribed cylinders of the molecule, respectively [3]. The
table. The benzothiazolyl bisazo derivatives 4 were more h values and l/d ratios in the most stable conformation
bathochromic than the phenyl bisazo derivative 7a. The of the azo dyes were calculated using MOPAC93 with
bathochromicity of 4 was in the order of the substituent: the MNDO-PM3 method as described previously [1].
C4H9 , H<C4F9CH2CH2S<C4F9S, C4F9 , which was The h values of the benzothiazolyl bisazo dyes 4 and 5c
consistent with that of the electron-withdrawing nature were small (<10 4́ ß ). The l/d ratios of these dyes in the
(sp : CH3= Õ 0 1́7, CH3S=0 0́0, CF3S=0 5́0, CF3=0 5́4) range of 3 0́7± 3 4́4. These values are similar to those of
of the substituents [2]. Azo dyes are intramolecular the phenyl bisazo dye 7a. These calculations could
charge-transfer chromophores; the stronger the electron- demonstrate a dichroism of the benzothiazolyl bisazo
withdrawing nature of the substituent at the benzo- dyes 4 and 5c similar to that of phenyl bisazo dyes.
thiazolyl moiety, the more bathochromic the derivative.
A stronger push± pull derivative 5c was more batho-

3. Conclusionschromic than 4c. The compound 6c was extremely hypso-
The solubility of bathochromic benzothiazolyl bisazochromic due to the electron-withdrawing nature of the

dyes was improved by the introduction of a per¯ uoro-penta¯ uorophenyl moiety (sm : F=0 3́4, sp : F=0 0́6).
alkyl group at the 6-position in the benzothiazolyl
moiety. The order parameter S of the benzothiazolyl2.3. Solubility
bisazo dyes, except for 6c, were higher than 0 7́5, beingThe benzothiazolyl bisazo dye 4a was less soluble
the practically required value.than the corresponding phenyl bisazo derivative 7a.

However, the introduction of a per¯ uoroalkyl group in
the benzothiazolyl moiety improved the solubility. The 4. Experimental

4.1. Characterizationsolubility of the 6-substituted derivatives 4 was in the
order of the substituent: H, C4F9S, C4F9CH2CH2S< Melting points were measured with a Yanagimoto

MP-S2 micro melting point apparatus. NMR spectraC4H9<C4F9 , C6F13 . For the 6-C4F9 derivatives, the
solubility was in the order of another terminal moiety: were recorded on a Jeol a-400 spectrometer. Mass spectra

were required on a Shimadzu QP-1000 spectrometer.4-(diethylamino)phenyl 4c <4-(diethylamino)-2-methyl-
phenyl 5c <penta¯ uorophenyl 6c. Thus, the introduction UV spectra were measured with a Shimadzu 160-A

spectrometer.of a per¯ uoroalkyl group at the benzothiazolyl ring and

Scheme 2.
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237Fluorine-cont aining benzothiazolyl dyes

Table 1. Properties of bisazo dyes.

ZLI-1565 ZLI-4792
Solubilityb

lmax
a

/mg(100 ml) Õ
1

lmax lmax
S SCompound Ar1 Ar2

/nm e
a (mmol dm Õ

3 ) /nm /nm h/ ß l/d

4a 507 20500 2 (0 0́5) 560 0 7́6 553 0 7́7 0 9́ 3 0́7

4b 506 24000 9 (0 1́9) 557 0 7́8 552 0 7́7 3 4́ 3 4́4

4c 530 34000 20 (0 3́2) 583 0 7́7 578 0 7́7 2 8́ 3 3́7

4d 530 24100 28 (0 3́9) 583 0 7́7 578 0 7́7 10 4́ 3 2́9

4e 526 16500 5 (0 0́8) 582 0 7́7 566 0 7́9 6 7́ 3 3́1

4f 531 36200 5 (0 0́8) 583 0 7́7 579 0 7́9 6 2́ 3 3́6

5c 545 38700 127 (1 9́7) 602 0 7́6 597 0 7́5 2 2́ 3 3́7

6c 382 28500 170 (2 6́1) 394 0 6́6 394 0 6́9 1 9́ 3 1́6

7a
c 454 55700 17 (0 4́8) 492 0 6́8 491 0 7́1 2 3́ 2 8́5

a In hexane.
b In hexane at 25 ß C.
cSee reference [1].

4.2. Materials for 15 h. When the reaction was complete, the resulting
precipitate was ® ltered and washed with water. The4-Butylaniline (1b), benzothiazole (2a), N ,N -diethyl-

aniline and 3-methyl-N ,N -diethylaniline were purchased ® ltrate was neutralized with ammonium hydroxide. The
resulting compound 2 precipitate was ® ltered, dried,from Tokyo Kasei Co., Ltd. 4-(Per¯ uorobutyl )aniline (1c)

[1], 4-(per¯ uorohexyl)aniline (1d ) [1], 4-(1H,1H ,2H,2H- and puri® ed by column chromatography. Physical and
spectral data are given below.per¯ uorohexyl)aniline (1e) [1], 4-(per¯ uorobutylthio)-

aniline (1f ) [1], and penta¯ uoronitrosobenzene [4] were
prepared as described in the literature.

4.3.1. 2-Amino-6-butylbenzothiaz ole 2b

Yield 61%; m.p. 112± 114ß C. 1H NMR (400 MHz,4.3. Synthesis of 2-aminobenzothiazoles 2

To a 96% acetic acid solution (9 ml ) of an aniline 1 CDCl3 ) d=0 9́3 (t, J =7 5́ Hz, 3H), 1 3́6 (sextet,
J =7 5́ Hz, 2H), 1 6́1 (quintet, J =7 5́ Hz, 2H), 2 6́5(5 mmol ) and potassium thiocyanate (1 9́5 g, 20 mmol )

was added an acetic acid solution (4 ml) of bromine (t, J =7 5́ Hz, 2H), 5 0́9 (br s, 2H), 7 1́3 (dd, J =8 2́ and
1 5́ Hz, 1H), 7 4́0 (d, J =1 5́ Hz, 1H), 7 4́6 (d, J =8 2́ Hz,(0 8́ g, 5 mmol) below 35 ß C and the mixture stirred
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238 M. Matsui et al.

1H). EI MS (70 eV ) m /z (relative intensity, %) 206 [M]+ 4.4.1. 4-(2-Benzothiazolylazo)aniline 3a

Yield 22%; m.p. 259± 260ß C. 1H NMR (400 MHz,(29), 163 (100), 162 (99).
CDCl3 ) d=4 3́9 (br s, 2H), 6 7́5 (d, J =8 8́ Hz, 2H),
7 4́2 (t, J =7 7́ Hz, 1H), 7 4́9 (t, J =7 7́ Hz, 1H), 7 8́6

4.3.2. 2-Amino-6-(per¯ uorobutyl)benzothiazole 2c (d, J =7 7́ Hz, 1H), 7 9́6 (d, J =8 8́ Hz, 2H), 8 1́1
Yield 77%; m.p. 124± 126ß C. 1H NMR (400 MHz, (d, J =7 7́ Hz, 1H). EI MS (70 eV ) m /z (relative

CDCl3 ) d=6 1́1 (br s, 2H), 7 5́1 (dd, J =8 4́ and 1 3́ Hz, intensity, %) 254 [M]+ (8 ), 226 (48), 92 (100).
1H), 7 5́7 (d, J =8 4́ Hz, 1H), 7 8́0 (d, J =1 3́ Hz, 1H).
EI MS (70 eV) m /z (relative intensity, %) 368 [M]+

4.4.2. 4-(6-Butyl-2-benzothiazolyl azo)aniline 3b(37), 199 (100).
Yield 55%; m.p. 154± 156ß C. 1H NMR (400 MHz,

CDCl3 ) d=0 9́5 (t, J=7 5́ Hz, 3H), 1 4́0 (sextet, J =7 5́ Hz,
2H), 1 6́8 (quintet, J =7 5́ Hz, 2H), 2 7́5 (t, J =7 5́ Hz,4.3.3. 2-Amino-6-(per¯ uorohexyl)benzothiazole 2d

Yield 60%; m.p. 167± 168ß C. 1H NMR (400 MHz, 2H), 4 3́6 (br s, 2H), 6 7́4 (d, J =9 0́ Hz, 2H), 7 3́1
(dd, J =8 4́ and 1 5́ Hz, 1H), 7 6́5 (d, J =1 5́ Hz, 1H),CDCl3 ) d=5 5́2 (br s, 2H), 7 5́1 (d, J =8 5́ Hz, 1H), 7 6́2

(d, J =8 5́ Hz, 1H), 7 8́2 (s, 1H). EI MS (70 eV ) m /z 7 9́4 (d, J =9 0́ Hz, 2H), 8 0́0 (d, J =8 4́ Hz, 1H). EI MS
(70 eV) m /z (relative intensity, %) 310 [M]+ (13), 239(relative intensity, %) 468 [M]+ (9 ), 199 (57), 172 (15),

142 (100), 69 (31). (56), 92 (100).

4.4.3. 4-[6-(Per¯ uorobutyl)-2-benzothiazolylazo]anili ne4.3.4. 2-Amino-6-(1H,1H,2H,2H-per ¯ uorohexylthio)-
3cbenzothiazol e 2e

Yield 18%; m.p. 174± 175ß C. 1H NMR (400 MHz,Yield 57%; m.p. 144± 146ß C. 1H NMR (400 MHz,
CDCl3 ) d=4 5́5 (br s, 2H), 6 7́6 (d, J =9 0́ Hz, 2H), 7 6́7CDCl3 ) d=2 3́6 ( tt, J =16 8́ and 8 3́ Hz, 2H), 3 0́7
(dd, J =8 5́ and 1 5́ Hz, 1H), 7 9́8 (d, J =9 0́ Hz, 2H),(tt, J =8 3́ and 2 7́ Hz, 2H), 5 3́3 (br s, 2H), 7 3́8
8 1́0 (d, J =1 5́ Hz, 1H), 8 1́9 (d, J =8 5́ Hz, 1H). EI MS(dd, J =8 4́ and 1 8́ Hz, 1H), 7 5́0 (d, J =8 4́ Hz, 1H),
(70 eV) m /z (relative intensity, %) 472 [M]+ (8 ), 1207 6́8 (d, J =1 8́ Hz, 1H). EI MS (70 eV) m /z (relative
(21), 92 (100).intensity, %) 428 [M]+ (100), 181 (63).

4.4.4. 4-[6-(Per¯ uorohexyl)-2-benzothiazolylazo]anili ne
4.3.5. 2-Amino-6-(per¯ uorobutylthio)ben zothiazole 2f 3d

Yield 72%; m.p. 170± 172ß C. 1H NMR (400 MHz, Yield 7%; m.p. 191± 192ß C. 1H NMR (400 MHz,
CDCl3 ) d=4 7́7 (br s, 2H), 7 5́3 (d, J =8 3́ Hz, 1H), 7 5́7 CDCl3 ) d=4 5́1 (br s, 2H), 6 7́6 (d, J =8 8́ Hz, 2H), 7 6́7
(dd, J =8 3́ and 1 7́ Hz, 1H), 7 8́8 (d, J =1 7́ Hz, 1H). (d, J =8 4́ Hz, 1H), 7 9́8 (d, J =8 8́ Hz, 2H), 8 1́1 (s, 1H),
EI MS (70 eV) m /z (relative intensity, %) 400 [M]+ 8 1́9 (d, J =8 4́ Hz, 1H). EI MS (70 eV) m /z (relative
(33), 181 (100). intensity, %) 572 [M]+ (7 ), 120 (21), 92 (100).

4.4.5. 4-[6-(1H,1H,2H,2 H-Per¯ uorohexylthio)- 2-4.4. Synthesis of 4-(2-benzothiazolylazo)anilines 3
benzothiazolyl azo]aniline 3eSodium nitrite (0 6́9 g, 10 mmol) was dissolved in conc.

Yield 23%; m.p. 133± 135ß C. 1H NMR (400 MHz,sulphuric acid (4 8́ ml ) at 70 ß C. To an acetic acid/
CDCl3 ) d=2 4́4 (tt, J =16 6́ and 8 3́ Hz, 2H), 3 2́0propionic acid (25 ml/5 ml) solution of 2-aminobenzo-
(tt, J =8 3́ and 2 7́ Hz, 2H), 4 5́4 (br s, 2H), 6 7́4thiazole 2 (10 mmol) was added the nitrosyl sulphuric
(d, J =8 9́ Hz, 2H), 7 4́6 (dd, J =8 5́ and 1 8́ Hz, 1H),acid at 0 ß C and the mixture was stirred for 2 h. When
7 8́3 (d, J =1 8́ Hz, 1H), 7 9́3 (d, J =8 9́ Hz, 2H),the reaction was complete, the mixture was added to an
8 0́2 (d, J =8 5́ Hz, 1H). EI MS (70 eV) m /z (relativeacetic acid/propionic acid/ethanol (12 5́ ml : 2 5́ ml : 30 ml)
intensity, %) 532 [M]+ (100), 120 (45), 92 (90).solution of sodium anilinomethanesulphonate (2 1́ g,

10 mmol) and sodium acetate (12 g) at 0 ß C. After 1 h
stirring a saturated sodium chloride solution (250 ml) 4.4.6. 4-[6-(Per¯ uorobutylthio)-2-b enzothiazolylaz o]-

aniline 3fwas then added to the mixture. The resulting precipitate
was ® ltered o� and dissolved in a 5% aqueous sodium Yield 35%; m.p. 166± 168ß C. 1H NMR (400 MHz,

CDCl3 ) d=4 5́0 (br s, 2H), 6 7́5 (d, J =8 9́ Hz, 2H), 7 7́3hydroxide (30 ml ) solution which was then heated
at re¯ ux for 5 h. The compound 3 product was (dd, J =8 5́ and 1 9́ Hz, 1H), 7 9́7 (d, J =8 9́ Hz, 2H),

8 1́1 (d, J =8 5́ Hz, 1H), 8 1́7 (d, J =1 9́ Hz, 1H). EI MSextracted with dichloromethane and puri® ed by column
chromatography. Physical and spectral data are given (70 eV) m /z (relative intensity, %) 504 [M]+ (35),

120 (57), 92 (100).below.
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239Fluorine-cont aining benzothiazolyl dyes

4.5. Synthesis of 4-[4-(2-benzothiazolylazo)- 4.5.4. 4-{4-[6-(Per¯ uorohexyl)-2-benzothiazolylazo]-
phenylazo}-N,N -diethylanilin e 4dphenylazo]-N,N -diethylanilin es 4 and 5c

Sodium nitrite (0 1́4 g, 2 mmol) was dissolved in conc. Yield 45%; m.p. 201± 202ß C. 1H NMR (400 MHz,
CDCl3 ) d=1 2́7 (t, J =7 1́ Hz, 6H), 3 5́0 (q, J =7 1́ Hz,sulphuric acid (1 ml ) at 70 ß C. To an acetic acid/propionic

acid (15 ml : 3 ml ) solution of 4-(2-benzothiazolylazo)- 4H), 6 7́5 (d, J =9 3́ Hz, 2H), 7 7́4 (dd, J =8 5́ and
0 7́ Hz, 1H), 7 9́2 (d, J =9 3́ Hz, 2H), 8 0́2 (d, J =8 8́ Hz,aniline 3 (2 mmol ) was added the nitrosyl sulphuric acid

at 0 ß C and the mixture stirred for 2 h. When the reaction 2H), 8 1́7 (d, J =0 7́ Hz, 1H), 8 2́2 (d, J =8 8́ Hz, 2H),
8 2́9 (d, J =8 5́ Hz, 1H). 19F NMR (CDCl3 , ext.was complete, the mixture was added to an acetic

acid/propionic acid/ethanol (5 ml : 1 ml : 30 ml ) solution CF3COOH) d Õ 3 6́7 (3F), Õ 32 6́7 (2F), Õ 44 3́1 (4F),
Õ 45 6́9 (2F), Õ 49 0́2 (2F). EI MS (70 eV) m /zof an N ,N -diethylaniline (2 mmol) and sodium acetate

(2 4́ g) at 0 ß C, with stirring for 1 h. The pH value of (relative intensity, %) 732 [M]+ (20), 717 (11), 210 (33),
148 (100), 133 (37). Elemental analysis calc. forthe solution was adjusted to 10 0́ with dilute aqueous

sodium hydroxide. The compound 4 product was C29H21 F13 N6S: C 47 5́5, H 2 8́9, N 11 4́7; found C 47 4́9,
H 2 9́3, N 11 6́9%.extracted with dichloromethane and puri® ed by column

chromatography. Physical and spectral data are given
below. 4.5.5. 4-{4-[6-(1H,1H,2H,2H-Per¯ uorohexylthio)-

2-benzothiazolylazo]phenylaz o}-
N,N-diethylani line 4e4.5.1. 4-[4-(2-Benzothiazolylazo)ph enylazo]-

N,N-diethylani line 4a Yield 45%; m.p. 209± 210ß C. 1H NMR (400 MHz,
CDCl3 ) d=1 2́6 (t, J =7 1́ Hz, 6H), 2 4́7 (tt, J =17 1́Yield 63%; m.p. 239± 240ß C. 1H NMR (400 MHz,

CDCl3 ) d=1 2́6 (t, J =7 0́ Hz, 6H), 3 4́9 (q, J =7 0́ Hz, and 8 3́ Hz, 2H), 3 2́4 (tt, J =8 3́ and 2 8́ Hz, 2H), 3 4́9
(q, J =7 1́ Hz, 4H), 6 7́5 (d, J =9 2́ Hz, 2H), 7 5́04H), 6 7́5 (d, J =8 9́ Hz, 2H), 7 4́9 (t, J =7 9́ Hz, 1H),

7 5́5 (t, J =7 9́ Hz, 1H), 7 9́1 (d, J =8 9́ Hz, 2H), 7 9́1 (dd, J =8 5́ and 1 8́ Hz, 1H), 7 8́7 (d, J =1 8́ Hz, 1H),
7 9́1 (d, J =9 2́ Hz, 2H), 8 0́0 (d, J =9 0́ Hz, 2H), 8 1́2(d, J =7 9́ Hz, 1H), 8 0́0 (d, J =8 5́ Hz, 2H), 8 2́0

(d, J =8 5́ Hz, 2H), 8 2́0 (d, J =7 9́ Hz, 1H). EI MS (d, J =8 5́ Hz, 1H), 8 1́9 (d, J =9 0́ Hz, 2H). 19F NMR
(CDCl3 , ext. CF3COOH) d Õ 3 2́3 (3F), Õ 36 5́6 (2F),(70 eV) m /z (relative intensity, %) 414 [M]+ (80),

399 (38), 148 (100). Õ 46 4́2 (2F), Õ 48 2́4 (2F). EI MS (70 eV ) m /z (relative
intensity, %) 692 [M]+ (100), 677 (33), 148 (92).
Elemental analysis calc. for C29H5F9N6S2 : C 50 2́9,4.5.2. 4-[4-(6-Butyl -2-benzothiazolylazo)phenylaz o]-

N,N-diethylani line 4b H 3 6́4, N 12 1́3; found C 50 4́7, H 3 5́8, N 12 1́4%.
Yield 79%; m.p. 209± 210ß C. 1H NMR (400 MHz,

CDCl3 ) d=0 9́6 (t, J =7 5́ Hz, 3H), 1 2́6 (t, J =7 1́ Hz, 4.5.6. 4-{4-[6-(Per¯ uorobutylthio)-2-b enzothiazolylaz o]-
phenylazo}-N,N -diethylanilin e 4f6H), 1 4́1 (sextet, J =7 5́ Hz, 2H), 1 6́9 (quintet,

J =7 5́ Hz, 2H), 2 7́8 (t, J =7 5́ Hz, 2H), 3 4́9 Yield 47%; m.p. 231± 232ß C. 1H NMR (400 MHz,
CDCl3 ) d=1 2́6 (t, J =7 1́ Hz, 6H), 3 5́0 (q, J =7 1́ Hz,(q, J =7 1́ Hz, 4H), 6 7́5 (d, J =9 4́ Hz, 2H), 7 3́6

(dd, J =8 4́ and 1 4́ Hz, 1H), 7 7́0 (d, J =1 4́ Hz, 1H), 4H), 6 7́5 (d, J =9 0́ Hz, 2H), 7 7́9 (dd, J =8 6́ and
1 5́ Hz, 1H), 7 9́2 (d, J =9 0́ Hz, 2H), 8 0́1 (d, J =8 5́ Hz,7 9́1 (d, J =9 4́ Hz, 2H), 7 9́9 (d, J =8 8́ Hz, 2H), 8 0́8

(d, J =8 4́ Hz, 1H), 8 1́8 (d, J =8 8́ Hz, 2H). EI MS 2H), 8 2́1 (d, J =8 5́ Hz, 2H), 8 2́1 (d, J =8 6́ Hz, 1H),
8 2́4 (d, J =1 5́ Hz, 1H). 19F NMR (CDCl3 , ext.(70 eV) m /z (relative intensity, %) 470 [M]+ (8), 455 (14),

148 (100). CF3COOH) d Õ 3 1́4 (3F), Õ 8 9́9 (2F), Õ 42 2́2 (2F),
Õ 47 7́5 (2F). EI MS (70 eV) m /z (relative intensity, %)
664 [M]+ (100), 649 (22), 148 (77). Elemental analysis4.5.3. 4-{4-[6-(Per¯ uorobutyl)-2-benzothiazolylazo]-

phenylazo}-N,N -diethylanilin e 4c calc. for C27 H21F9N6S2 : C 48 7́9, H 3 1́8, N 12 6́5; found
C 48 6́6, H 3 2́1, N 12 6́8%.Yield 51%; m.p. 195± 196ß C. 1H NMR (400 MHz,

CDCl3 ) d=1 2́7 (t, J =7 1́ Hz, 6H), 3 5́0 (q, J =7 1́ Hz,
4H), 6 7́5 (d, J =9 3́ Hz, 2H), 7 7́3 (dd, J =8 7́ and 4.5.7. 3-Methyl-4-{4-[6-(per¯ uorobutyl)-

2-benzothiazolylazo]phenylaz o}-1 5́ Hz, 1H), 7 9́2 (d, J =9 3́ Hz, 2H), 8 0́2 (d, J =9 0́ Hz,
2H), 8 1́7 (d, J =1 5́ Hz, 1H), 8 2́2 (d, J =9 0́ Hz, 2H), N,N-diethylani line 5c

Yield 61%; m.p. 195± 196ß C. 1H NMR (400 MHz,8 3́0 (d, J =8 7́ Hz, 1H). 19F NMR (CDCl3 , ext.
CF3COOH) d Õ 3 1́8 (3F), Õ 32 1́9 (2F), Õ 44 5́3 (2F), CDCl3 ) d=1 2́6 (t, J =7 0́ Hz, 6H), 2 7́4 (s, 3H), 3 4́8

(q, J =7 0́ Hz, 4H), 6 5́6 (s, 1H), 6 5́7 (d, J =8 8́ Hz, 1H),Õ 47 7́5 (2F). EI MS (70 eV ) m /z (relative intensity, %)
632 [M]+ (75), 617 (38), 148 (100). Elemental analysis 7 7́3 (dd, J =8 5́ and 0 5́ Hz, 1H), 7 8́5 (d, J =8 8́ Hz,

1H), 8 0́1 (d, J =8 8́ Hz, 2H), 8 1́7 (d, J =0 5́ Hz, 1H),calc. for C27 H21 F9N6S: C 51 2́7, H 3 3́5, N 13 2́9; found
C 51 2́8, H 3 2́3, N 13 3́7%. 8 2́1 (d, J =8 8́ Hz, 2H), 8 2́9 (d, J =8 5́ Hz, 1H).
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19F NMR (CDCl3 , ext. CF3COOH) d Õ 3 1́5 (3F), 195 (16). Elemental analysis calc. for C23 H7F14 N5S:
C 42 4́1, H 1 0́8, N 10 7́5; found C 42 5́8, H 1 0́0,Õ 32 1́0 (2F), Õ 44 4́9 (2F), Õ 47 6́7 (2F). EI MS (70 eV)
N 11 0́6%.m /z (relative intensity, %) 646 [M]+ (43), 631 (21),

162 (100). Elemental analysis calc. for C28H23 F9N6S:
4.7. Measurement of dichroismC 52 0́1, H 3 5́9, N 13 0́0; found C 52 2́0, H 3 7́3,

Dye (about 1 wt %) was dissolved in liquid crystal.N 13 3́6%.
The cell (thickness about 9 mm) was prepared by ® lling
the solution between two glass plates attached to trans-
parent electrodes, on which polyimide was applied and4.6. Synthesis of 4-[6-(per¯ uorobutyl)-
rubbed. The absorption of the solution was measured.2-benzothiazolylazo]penta¯ uoroazobenzene (6c)
The order parameter (S) was calculated on the basisTo an acetic acid solution (10 ml) of 4-[4-(per¯ uoro-
of the following equation: S = (A

d
Õ A))/(A

d
+ 2A)) ,butyl)phenylazo]aniline (0 4́7 g, 1 mmol) was added an

where A
d

and A) represent, respectively, the absorbanceacetic acid solution (5 ml ) of poly¯ uoronitrosobenzene
of light polarized parallel and perpendicular to the(0 2́ g, 1 mmol) with stirring overnight at 70 ß C. When
direction of alignment of the dye molecule in the liquidthe reaction was complete, the mixture was poured into
crystal medium.water; the resulting precipitate was ® ltered, dried, and

puri® ed by column chromatography (SiO2 , CHCl3 ).
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