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Abstract

Perfluoroalkyl azo.dyes were prepared by the reaction of azo compounds with
bis(perfluoroalkanoyl) peroxides The absorption spectra and melting points of the
perfluoroalkyl azo dyes were also examined

Introduction

Much attention has been focused on the synthesis and characteriza-
tion of functional dyes [1]. Bis(perfluoroalkanoyl) peroxides have been
reported to be useful reagents for the introduction of a perfluoroalkyl
group into a molecule under mild conditions [2]. Synthesis of per-
fluoroalkyl dyes is of interest because of their unique properties, i.e. good
photostability, sublimation nature and solubility for organic solvents and
plastics, etc. This paper describes the synthesis and some properties of
perfluoroalkyl azo dyes.

Results and discussion

The reactions of 4-substituted azobenzenes with bis(heptafiuoro-
butyryl) peroxide gave heptafluoropropylazobenzenes 2, 3 and a mixture
of NNO- and ONN-azoxybenzenes 4 (Scheme 1 and Table 1). In the cases
of azobenzenes la—1d, the heptafluoropropylation of azobenzenes to give
2 and 3 competed with the oxidation process to give 4 (runs 1-4). The
higher the oxidation potential of the substrates, the greater the yields of
azoxybenzenes 4. The reactions of amino- and dialkylaminoazobenzenes
le—1g with the peroxide also afforded heptafiuoropropylazobenzenes 2
and 3 (runs 5-7). In these cases, no azoxybenzenes were produced.
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TABLE 1

Reaction of 4-substituted azobenzenes with bis(heptafluorobutyryl) peroxide

Run Comp. R! Eox" Yield® (%) Others
2 3 4

1 a H 1.30 10 0 33 ©

2 b Cl 1.38 3 0 69 d

3 c Me 1.22 10 21 20

4 d MeO 1.19 10 12 26 ¢

5 e NH, 0.56 6 11 0

6 f NMe, 0.46 11 12 0 ¢

7 g NEt, 0.45 21 16 0 G

aIsolated yields.

POxidation potential of 1 (onset potential vs. Ag/Ag”).
“2-Heptafluoropropylazobenzene (2'a) was obtained in 15% yield.
44-Chloro-2"-heptafluoropropylazobenzene (2'b) was obtained in 3% yield.
°2-Heptafluoropropyl-4-methoxyazobenzene (2'd) was obtained in 10% yield.
4.Heptafluoropropyl-N,N-diemethylaniline was obtained in 21% yield.
£4.Heptafluoropropyl-N,N-diethylaniline was obtained in 10% yield.

The reactions of 4,4’-disubstituted azobenzenes with the peroxide gave
heptafluoropropylazobenzenes 3 and a mixture of NNO- and ONN-azoben-
zenes 4 (Scheme 2 and Table 2). In the reactions of 4,4'-disubstituted
azobenzenes 1h-1I, a heptafluoropropyl group was introduced preferen-
tially into the ortho position to the more electron-releasing group (runs
1-5). In the cases of 1j—11, the azoxybenzenes were not formed (runs 3-5).

Perfluoroalkylation of 4-(2-thiazolylazo)-N,N-dimethylaniline (5) is
shown in Scheme 3 and Table 3. The thiazolylazo compound reacted more
smoothly with the peroxides than did 4-dimethylamincazobenzene (1f).
The reaction with bis(triftuoroacetyl) peroxide gave an inseparable mix-
ture of 4-(2'-thiazolylazo-5'-trifluoromethyl)- and 4-(2-thiazolylazo)-2-tri-
fluoromethyl-N,N-dimethylanilines (product distribution =6:4) in 9%



211

C3F7
. NN i (CsF7COz)2
- CH,Cl-Freon 113 R’ N=N‘®'Rz
0°C,8h 3
1
}
+ R’ON:N—@—Rz + Others
4
Scheme 2.
TABLE 2

Reaction of 4,4"-disubstituted azobenzenes with bis(heptafluorobutyryl) peroxide

Run Comp. R’ R? Eox® Yield* (%) Others
3 4

1 h Me Me 1.28 27 16

2 i Me Cl 1.32 29 42

3 j NMe, NO, 0.68 11 0 «

4 k NMe, Cl 0.50 14 0

5 1 NMe, Me 0.44 14 0

a[solated yield.
*Oxidation potential of 1 (onset potential vs. Ag/Ag™).
e4.Heptafluoropropyl-N,N-dimethylaniline was obtained in 17% yield.
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Scheme 3.

TABLE 3
Synthesis of perfluoroalkyl thiazolyl azo dyes

Run Comp. R, Yield® (%)
1 - CF, gb

2 6 C,F, 27

3 6 C,F,, 31

aIsolated yield.
PAn inseparable mixture of 5-trifluoromethyl and 2-trifluoromethyl derivatives was ob-
tained in the ratio 6:4, which was determined on the basis of '"H NMR spectroscopy.
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yield (run 1). The reactions with bis(heptafluorobutyryl)- and bis(penta-
decafluorooctanoyl) peroxides gave exclusively 4-(5-perfluoroalkyl-2-
thiazolylazo)-V,N-dimethylanilines 6 and 6 (runs 2, 3).

Absorption spectra and melting points of selected perfluoroalkyl azo
dyes are summarized in Table 4. The absorption spectra of 2f, 2g, 6 and 6’
showed bathochromic shifts (ca. 20-30 nm) compared with the corre-
sponding unperfluoroalkylated ones (runs 1-4, 10-12). This result sup-
ports an intramolecular charge-transfer chromophore system of azo dyes
[3]. No remarkable differences in 4, were observed between 1m and 2f,
indicating that a hepafluoropropyl group showed electron-withdrawing
ability similar to a trifluoromethyl group (runs 2, 9). On the other hand,
those of 3-heptafluoropropyl-4-dimethylamino azo dyes 3j and 31 showed
hypochromic shifts (ca. 60-90 nm) compared with the 3-unsubstituted azo
dyes 1j and 11, suggesting twisting of the dimethylamino moiety from the
plane of the aromatic residue due to the steric effect of the per-
fluoroalkyl group at the 3-position (runs 5-8). Although the introduction
of perfluoroalkyl groups into dye molecules was expected to lower
their melting points, those of perfluoroalkyl azo dyes were not always
low compared with the corresponding unperfluoroalkylated ones. For
example, those of 2f, 6 and 6 were higher than 1f and 5, respectively
(runs 1, 2, 10-12), while that of 2g was lower than 1g (runs 3, 4). The
melting points of all 3-heptafluoropropylazobenzenes 3j and 31 were
lower than the corresponding unperfluoroalkylated azobenzenes 1j and
11, respectively (runs 5-8).

TABLE 4

Absorption spectra and thermal analysis of azo dyes

Run Comp. R! R® fmax ! NM? (log £) m.p.

0

1 1f NMe, H 404 (4.37) 119
2 2f NMe, C,F, 425 (4.48) 127
3 1g NEt, H 414 (4.44) 100
4 2g NEt, C,F. 434 (4.50) 83
5 1j NMe, NO, 470 (4.42) 234
6 3j NMe, NO, 377" (4.58) 63
7 11 NMe, Me 402 (4.48) 173
8 31 NMe, Me 340 (4.62) oil
9 1m NMe, CF, 425 (4.45) 172
10 5 - 483 (4.45) 174

11 6 - 514 (4.59) 184¢

12 6’ 515 (4.54) 2104

*Measured in MeOH.

*Shoulder.

‘Phase transformation was observed at 89.2 and 115.3 C.
“Phase transformation was observed at 146.0 °C.
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Experimental

Instruments

Melting points were measured with Yanagimoto micro-melting point
and Seiko DSC-210 apparatus and are uncorrected. '"H NMR spectra were
obtained with a JEOL JUM GX-270 (270 MHz) spectrometer in deutero-
chloroform and chemical shifts were given as 0 ppm relative to tetra-
methylsilane (TMS) as an internal standard. "F NMR spectra were
obtained with a Hitachi R-20B (56.45 MHz) instrument in deuterochloro-
form and chemical shifts were given as § ppm relative to trifluoroacetic
acid as an external standard. Mass and UV spectra were measured with
Shimadzu QP-1000 and Jasco UVIDEC-410 spectrometers, respectively.
Oxidation potentials were measured using a Nikkou Keisoku potential
sweeper NIP-2 and a TOHO Technical Research potentiostat 2000.

Reagents

Bis(perfluoroalkanoyl) peroxides were synthesized as described in
the literature [2j]. Azobenzene (1a), 4-aminoazobenzene (1le), 4-dimethyl-
aminoazobenzene (1f), and azoxybenzene (4a) were purchased from Tokyo
Kasei Kogyo Co. The other azo and azoxy compounds were prepared as
described in the literature [4-12].

Synthesis of perfluoroalkyl azo dyes

As a general procedure, to a dichloromethane solution (40 ml) of
an azo compound (2 mmol) was added bis(perfluoroalkanoyl) peroxide
(2 mmol)-Freon 113 solution. The mixture was stirred for 8 h at 0 °C. After
the reaction, the solution was washed with brine (40 ml), 10% aqueous
sodium hydrogen carbonate (40 ml) and brine (40 ml). The organic layer
was dried over sodium sulfate. After evaporation of the solvent, the
products were separated by column chromatography (SiO,, hexane—ben-
zene = 3/1 (1la—1f), toluene-hexane = 1/1 or dichloromethane (1g-1m, 5)).
Azoxybenzenes were identified by comparing their spectral data with
those of authentic samples. Physical and spectra data of perfluoroalkyl
azo dyes are shown below.

4-Heptafluoropropylazobenzene (2a)

Melting point 95.0-97.0 °C; 'H NMR (CDCl;): 6 7.53-7.56 (m, 3H), 7.75
(d, J = 8.2 Hz, 2H), 7.94-7.98 (m, 2H), 8.02 (d, J = 8.2 Hz, 2H); EIMS (70 eV)
m/z (rel. intensity) 350 (M*, 37), 245 (17), 145 (15), 105 (33), 77 (100);
Elemental analysis: found: C, 51.23; H, 2.53; N, 8.29%. Calcd. for
C,sH,F,N,: C, 51.44; H, 2.59; N, 8.00%.

2-Heptafluoropropylazobenzene (2'a)

Melting point oil; "H NMR (CDCly): 6 7.52-7.71 (m, 5H), 7.76-7.80 (m,
2H), 7.92-7.96 (m, 2H); EIMS (70 eV) m/z (rel. intensity) 350 (M, 11), 145
(23), 105 (15), 77 (100); HRMS m /z 350.0631. Calcd. for C;;H,F;N,: 350.0654.
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4-Chloro-4'-heptafluoropropylazobenzene (2b)

Melting point 88.5-91.0 °C; '"H NMR (CDCL,): ¢ 7.562 (d, J = 8.9 Hz,
2H), 7.57-7.82 (m, 4H), 7.88 (d, J = 8.9 Hz, 2H); EIMS (70 eV) m/z (rel.
intensity) 384 (M*, 19), 245 (24), 111 (100), 77 (5); Elemental analysis;
found: C, 46.67; H, 2.08; N, 7.35%. Caled. for C,;H,CIF,;N,: C, 46.84; H,
2.10; N, 7.28%.

4-Chloro-2'-heptafluoropropylazobenzene (2'b)

Melting point oil; '"H NMR (CDCl,): 6 7.51 (d, J = 8.9 Hz, 2H), 7.57-
7.82 (m, 4H), 7.88 (d, J = 8.9 Hz, 2H); EIMS (70 eV) m/z (rel. intensity) 384
(M~*, 7) 111 (100), 77 (3); HRMS m/z 384.0297. Calcd. for C,;H,CIF,N,:
384.0264.

4-Heptafluoropropyl-4'-methylazobenzene (2¢)

Melting point 91.0-92.0 °C; 'H NMR (CDCl,): 6 2.46 (s, 3H), 7.34 (d,
J =8.2 Hz, 2H), 7.62 (d, J = 8.6 Hz, 2H), 7.87 (d, J =8.2 Hz, 2H), 8.00 (d,
J = 8.6 Hz, 2H); EIMS (70 eV) m/z (rel. intensity) 364 (M™, 18), 245 (10), 91
(100), 77 (4); Elemental analysis: found: C, 52.46; H, 3.00; N, 7.76%. Calcd.
for C,;H,,F.N,: C, 52.76; H, 3.04; N, 7.69%.

2-Heptafluoropropyl-4'-methoxyazobenzene (2d)

Melting point 79.0-83.0 °C; '"H NMR (CDCl,): 4 3.91 (s, 3H), 7.03 (d,
J =9.0Hz, 2H), 7.72 (d, J = 9.0 Hz, 2H), 7.96 (d, J =9.0 Hz, 2H), 7.97 (d,
J =9.0 Hz, 2H); EIMS (70 eV) m/z (rel. intensity) 380 (M™*, 26), 245 (6),
107( 100), 77 (55); Elemental analysis: found: C, 50.41; H, 2.88; N, 7.35%.
Caled. for C,(H,, F,N,0: C, 50.54; H, 2.92; N, 7.37%.

2-Heptafluoropropyl-4'-methoxyazobenzene (2'd)

Melting point oil; 'H NMR (CDCl,): ¢ 3.90 (s,3H), 7.03 (d,J =
8.9 Hz, 2H), 7.49-7.78 (m, 4H), 7.93 (d, J = 8.9 Hz, 2H); EIMS (70 eV) m/z
(rel. intensity) 380 (M, 22), 245 (1), 107 (100), 77 (58); HRMS m/z 380.0731.
Caled. for C,4H,, F.N,0: 380.0759.

4-Amino-4'-heptafluoropropylazobenzene (2e)

Melting point 94.0-96.0 °C; 'H NMR (CDCL,): é 4.17 (s, 2H), 6.74 (d,
J =9.2Hz, 2H), 7.69 (d, J =8.6 Hz, 2H), 7.84 (d, J =9.2 Hz, 2H), 7.93 (d,
J = 8.6 Hz, 2H); EIMS (70 eV) m/z (rel. intensity) 365 (M™* 21), 120 (27), 92
(100), 65 (41); HRMS m/z 365.0765. Calced. for C,;H,,F,N,: 365.0763.

4-Dimethylamino-4’-hepafluoropropylazobenzene (2f)

'"H NMR (CDCl,): é 3.12 (s, 6H), 6.77 (d, JJ =9.2 Hz, 2H), 7.68 (d,
J =8.4 Hz, 2H), 7.91 (d, J = 9.2 Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H); **F NMR
(CDCl,, ext. CF,COOH): § —1.3 (t, J =9 Hz, 3F), —32.8 (q, J =9 Hz, 2F),
—47.8 (s, 2F); EIMS (70 eV) m/z (rel. intensity) 393 (M-, 33), 145 (25), 120
(100), 105 (32), 77 (60), 69 (44); Elemental analysis: found: C, 52.11; H, 3.71;
N, 10.55%. Calcd. for C,.H,,F,N,: C, 51.89; H, 3.59; N, 10.69%.
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4-Diethylamino-4'-heptafluoropropylazobenzene (2g)

"H NMR (CDCl,): 6 1.24 (t, J =6.7 Hz, 6H), 3.47 (q, J =6.7 Hz, 4H),
6.73 (d, J =9.2 Hz, 2H), 7.67 (d, J = 8.6 Hz, 2H), 7.88 (d, J = 9.2 Hz, 2H),
7.91 (d, J = 8.6 Hz, 2H), EIMS (70 eV) m/z (rel. intensity) 421 (M™, 46), 406
(42), 148 (100), 105 (30), 91 (31), 77 (33); Elemental analysis: found: C,
54.32; H, 4.28; N, 9.89%. Calcd. for C,H ,F,N,: C, 54.14; H, 4.31; N, 9.98%.

3-Heptafluoropropyl-4-methylazobenzene (3¢)

Melting point oil; "H NMR (CDCl,): 6 2.50 (s, 3H), 7.33 (d, J = 8.2 Hz,
1H), 7.44-7.54 (m, 3H), 7.55 (s, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.89-7.96 (m,
2H); EIMS (70 eV) m/z (rel. intensity) 364 (M™*, 10), 259 (3), 77 (100);
HRMS m/z 364.0791. Caled. for C,;H,, F;N,: 364.0810.

3-Heptafluoropropyl-4-methoxyazobenzene (3d)

Melting point oil; '"H NMR (CDCl,): 6 3.93 (s, 3H), 7.17 (d, J = 9.2 Hz,
1H), 7.24 (s, 1H), 7.46-7.55 (m, 3H), 7.88-8.91 (m, 2H), 7.91 (d, J = 9.2 Hz,
1H); EIMS (70 eV) m/z (rel. intensity) 380 (M*, 35), 275 (14), 77 (100);
HRMS m/z 380.0781. Caled. for C,;H,, F,N,O: 380.0760.

4-Amino-3-heptafluoropropylazobenzene (3e)

Melting point 45.0-53.0 °C; 'TH NMR (CDCIl;): ¢ 4.61 (s, 2H), 7.43—-7.56
(m, 4H), 7.85-7.88 (m, 2H), 7.94 (dd, J =8.8 and 2.2 Hz, 1H), 8.01 (d,
J =2.2 Hz, 1H); EIMS (70 eV) m/z (rel. intensity) 365 (M™, 42), 260 (51),
171 (40), 77 (100), 51 (34); HRMS m/z 365.0795. Caled. for C,;H,,F,N,:
365.0763.

4-Dimethylamino-3-heptafluoropropylazobenzene (3f)

Melting point oil; '"H NMR (CDCL,): § 2.73 (s, 6H), 7.47-7.53 (m, 4H),
7.90-7.94 (m, 2H), 8.07 (dd, J =8.6 and 2.4 Hz, 1H), 816 (d, J =2.4 Hz,
1H); EIMS (70 eV) m/z (rel. intensity) 393 (M*, 39), 288 (45), 77 (100);
HRMS m/z 393.1058. Caled. for C,,H,,F,N,: 393.1076.

4-Heptafluoropropyl-N,N-dimethylaniline

Melting point 48.0-49.0 °C (lit [13] 52 “C); 'H NMR (CDCl,): 6 3.01 (s,
6H), 6.71 (d, J =9.2 Hz, 2H), 7.39 (d, J =9.2Hz, 2H); EIMS (70 eV) m/z
(rel. intensity) 289 (M™*, 31), 170 (100), 154 (20).

4-Diethylamino-3-heptafluoropropylazobenzene (3g)

Melting point oil; '"H NMR (CDCl,): 6 1.95 (t, J = 7.1 Hz, 6H), 3.04 {q,
J =171 Hz, 4H), 7.43-7.54 (m, 4H), 7.90-7.94 (m, 2H), 8.05 (dd, J = 8.5 and
2.0 Hz, 1H), 8.19 (d, J = 2.0 Hz, 1H); EIMS (70 eV) m/z (rel. intensity) 421
(M~, 29), 406 (100), 77 (41); HRMS m/z 421.1403. Calcd. for C, H,;F,N,:
421.1388.

4-Heptafluoropropyl-N,N-diethylaniline
Melting point oil; 'H NMR (CDCl,): § 1.23 (t, J = 7.3 Hz, 6H), 3.46 (q,
J =17.3Hz, 4H), 6.65 (d, J =9.2 Hz, 2H), 7.96 (d, J =9.2 Hz, 2H); EIMS
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(70 eV) m/z (rel. intensity) 317 (M*, 28), 302 (100), 274 (37); HRMS m/z
317.1031. Caled. for C,;H,,F,N: 317.1014.

4,4'-Dimethyl-3-heptafluoropropylazobenzene (3h)

Melting point 44.0-45.5 °C; '"H NMR (CDCl,): § 2.44 (s, 3H), 2.49 (s,
3H), 7.31 (d, J =8.5 Hz, 2H), 7.45 (d, J = 8.5 Hz, 1H), 7.54 (s, 1H), 7.72 (d,
J =8.5 Hz, 1H), 7.82 (d, J = 8.5 Hz, 2H); EIMS (70 eV) m/z (rel. intensity)
378 (M*, 65), 259 (10), 91 (100); Elemental analysis: found: C, 53.80; H,
3.41; N, 7.38%. Calcd. for C,,H,,F,N,: C, 53.98; H, 3.46; N, 7.40%.

4-Chloro-3'-heptafluoropropyl-4'-methylazobenzene (3i)

Melting point 177.0-178.0 °C; '"H-NMR (CDCl,): 6 2.50 (s, 3H), 7.36 (s,
1H), 7.49 (d, J = 8.6 Hz, 2H), 7.49 (d, J = 8.6 Hz, 1H), 7.85 (d, J = 8.6 Hz,
1H), 7.86 (d, J = 8.6 Hz, 2H); EIMS (70 eV) m/z (rel. intensity) 398 (M+,
56), 259 (15), 111, (100); Elemental analysis: found: C, 48.15; H, 2.41; N,
6.92%. Caled. for C,H,,CIF,N,: C, 48.20; H, 2.52; N, 7.03%.

4-Dimethylamino-3-heptafluoropropyl-4'-nitroazobenzene (3j)

'H NMR (CDCl,): 6 2.76 (s, 6H), 7.52 (d, J = 8.5 Hz, 1H), 8.04 (d,
J =8.9 Hz, 2H), 8.12 (dd, J = 8.5 and 2.2 Hz, 1H), 8.21 (d, J = 2.2 Hz, 1H),
8.39 (d, J = 8.9 Hz, 2H); EIMS (70 eV) m/z (rel. intensity) 438 (M*, 100),
316 (4), 288 (99), 169 (21), 150 (10), 122 (14); HRMS m/z 438.0923. Calcd. for
C;H,;F.N,0,: 438.0926.

4-Chloro-4'-dimethylamino-3'-heptafluoropropylazobenzene (3k)

Melting point oil; '"H NMR (CDCL,): 6 2.74 (s, 6H), 7.32 (d, JJ = 8.2 Hz,
2H), 7.56 (d, J =9.2 Hz, 1H), 7.83 (d, J = 8.2 Hz, 2H), 8.06 (dd, J = 9.2 and
2.4 Hz, 1H), 8.14 (d, J = 2.4 Hz, 1H); EIMS (70 eV) m/z (rel. intensity) 427
(M-, 52), 288 (93), 274 (37), 139 (30), 111 (100); HRMS m/z 427. 0695. Calcd.
for C,;H,;CIF,N,: 427.0686.

4-Dimethylamino-3-heptafluoropropyl-4'-methylazobenzene (31)

'H NMR (CDCL,): ¢ 2.50 (s, 3H), 2.75 (s, 6H), 7.32 (d, J = 8.5 Hz, 2H),
7.52 (d, J =9.0Hz, 1H), 7.83 (d, J =8.5 Hz, 2H), 8.05 (dd, J =9.0 and
2.4 Hz, 1H), 8.13 (d, 4 =9.2 Hz, 1H); EIMS (70 eV) m/z (rel. intensity) 407
(M, 57), 288 (86), 119 (33), 91 (100); HRMS m/z 407.1248. Calcd. for
C,sH,sF.N,: 407.1232.

4-(5"-Heptafluoropropyl-2'-thiazolylazo)-N,N-dimethylaniline (6)

'"H NMR (CDCl,): 4 3.18 (s, 6H), 6.76 (d, J = 9.2 Hz, 2H), 7.95 (d,
J =9.2 Hz, 2H), 8.14 (s, 1H); EIMS (70 eV) m/z (rel. intensity) 400 (M*,
32), 253 (14), 120 (100), 105 (33), 91 (23), 77 (44). Elemental analysis: found:
C, 42.21; H, 2.78; N, 14.13%. Caled. for C,,H,,F,N,S: C, 41.99; H, 2.77; N,
14.00%.
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4-(5'-Pentadecafluoroheptyl-2'-thiazolylazo)-N,N-dimethylaniline (6')
'"H NMR (CDCl,): 6 3.18 (s, 6H), 6.76 (d, J =9.2 Hz, 2H), 7.95 (d,

=9.2 Hz, 2H), 8.14 (s, 1H); EIMS (70 €V) m/z (rel. intensity) 600 (M,

22), 253 (16), 120 (100), 105 (17), 91 (11), 77 (19), 69 (16). Elemental analysis:
found: C, 36.00; H, 2.02; N, 9.56%. Calcd. for C,;H,, F,;N,S: C, 36.00; H,
1.85; N, 9.33%.
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