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ABSTRACT

A new synthetic strategy for industrially importamep-shade disperse azo dyes was
presented in this study. The key procedure is épgne stable solid diazonium salts of
weakly basic amines in the absence of concentrat#fdiric acid. Diazotization by
tert-butyl nitrite in ethyl acetate was allowed to pFed in the presence of equivalent
1,5-naphthalenedisulfonic acid as stabilizer ozdraum salts and donor of hydrogen ion
for the reaction. The separated solid diazoniuns €adhibited good thermal stability. The
corresponding disperse azo dyes were subsequgntlyesized through the azo-coupling
of the prepared solid diazonium salts with a raofjaromatic tertiary amines. The azo
dyes were produced in short reaction time, excelNeelds, mild reaction conditions,

simple experimental procedure and low energy copsiom
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1. Introduction

Azo dyes are compounds containing electron-dongfi)gand electron-accepting (A)
functional groups through an azeconjugated linker [1] and the @—A system has
various electronic structures which can bring d fahge of colors [2, 3]. Hence, as
industrially important chromophores, azo dyes amely used in dying of natural and
synthetic fibers [4, 5], and many high technologyds, such as electronic devices, linear
and nonlinear optics, reprography, sensors [6-&]ddte, approximately 3,000 different
azo dyes are used industrially which is the impdriguarantee for meeting people’s

demand for color [9, 10].

Diazonium salts are precursors of the synthesiazof dyes [11] and they are also
widely used in organic synthesis such as Sandmmegation [12], Balz—Schiemann
reaction [13], carbon—carbon coupling reaction [14hd modification of polymeric
materials and nanomaterials [15-17]. However, stiidonium salts are very dangerous
and have the tendency to explode because of tegirpoor thermal stability [18]. Thus,
the diazotization of amines with sodium nitriteusually carried out in the presence of
excess hydrochloric or sulfuric acid solution ahd bbtained diazonium salt solution is
directly poured into the coupling system to synibeszo dyes resulting in large amounts

of waste water containing strong liquid acid. Cdesing the above constraints, strong
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solid acids as replacements for liquid acid catalyj&0, 19], nitrite ionic liquid or
nitrite-functionalized graphene quantum dots a®atife nitrosonium sources [9, 20]
were reported to synthesize the corresponding g&s ith excellent yields. Although each
of these methods has specific merits, the substete simple aromatic amines or their
derivatives, such as aniline, aminobenzenesulfacid and nitroaniline. Clean synthesis
of azo dyes based on weakly basic amines is ggiltat challenge because they are very

difficult to be diazotized due to their extremelgak alkalinity.

Weakly basic amines with two or three strong eteeiwvithdrawing groups are the
main raw materials on the preparation of dark dspeazo dyes with excellent color
fastnesses [21]. However, their diazotization fieastusing sodium nitrite are difficult to
be carried out in hydrochloric or sulfuric acid wan because of their low reaction
activity and solubility. In industrial productiothe diazotization of weakly basic amines
is always conducted in more than 10 times the mglentity of concentrated sulfuric
acid [22, 23] and has to use nitrosyl sulfuric aesl nitrosating agent which has
remarkable diazotization ability. Subsequently, tbencentrated acid solution of
diazonium salt is poured into the coupling systBme to the strong dilution heat effect
of concentrated sulfuric acid, large amounts ofweee used to maintain low temperature
of the system to avoid the decomposition of thealigum salt. Meanwhile, it is difficult
to handle the high acid content waste water.

Herein, we present a practical preparation metHodigperse azo dyes based on the
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novel stable solid diazonium salts of weakly basiines. After the reactions of weakly
basic amines withert-butyl nitrite carried out in organic solution witht any sulfuric

acid in the presence of equivalent 1,5-naphthaiso#dnic acid, the stable solid
diazonium salts were obtained by simple filtratimetause of their very low solubility in
organic solvent. The related disperse azo dyes sgrhesized through the well-known
azo-coupling reaction with aniline derivatives inod yields. Compared with traditional
methods, coupling process can be conducted at teawperature, thus providing high
reaction efficiency, excellent yields, mild reacticonditions, simple experimental

procedure, and low energy consumption.

2. Experimental

2.1. General information

2,6-Dichloro-4-nitroaniline,  2-chloro-4-nitroanip ~ 2,6-dibromo-4-nitroaniline,
2-amino-5-nitrobenzonitrile, 2,4-dinitroaniline, Ntdiethylaniline, tert-butyl nitrite and
1,5-naphthalenedisulfonic acid tetrahydrate werechpased from Sinopharm Chemical
Reagent Co., Ltd. 1,5-naphthalenedisulfonic adidlegdrate was dried at 130 °C under
high vacuum (2.7 kPa) for 3 h. 3-(N-Ethylanilina)pronitrile,
3,3-(phenylimino)dipropionitrile  and  N-[3-(diettayhino)phenyllacetamide  were
purchased from Jiangsu Jihua Chemical Co., Ltd. $bkents were commercial

analytical grade and used as received.



The diazotization was monitored by thin-layerchrtmgsaphy on precoated silica gel
glass based plates purchased from Branch of Qingda@ng Chemical Co., Ltd and the
yields of the diazonium salts were obtained byatidm with the standard solution of
N,N-diethylaniline at 0 °C-5 °C. The purity of dy@as determined by external standard
method through an Agilent 1260 Infinity HPLC equigmh The diazonium salts and the
dyes were all characterized by spectroscopic dataspecified conditions. Tandem mass
spectrometry (MS/MS) was recorded on a Themo S&eniSQ Quantum Ultra
equipment with suitable collision energies. MS $gzeand HRMS spectra were recorded
on a Themo Scientific LTQ Orbitrap XL mass specteten FT-IR spectra were recorded
as Nujol mulls or KBr disks using a Thermo Scieatilicolet 6700 FT-IR spectrometer.
'H NMR spectra and®C NMR spectra were recorded on a Bruker Avanc&0D MHz
spectrometer usingAS0O, or DMSO-g as the deuterated solvents. The absorbtion spectra
were recorded on an Agilent HP 8453 UV-Vis spediaipmeter. Elemental analysis was
performed on an Element Vario EL Ill Analyzer. Timal decomposition temperature of
the diazonium salts were obtained by thermogravimanalysis (TGA) conducted on a
NETZSCH TG 209 C TGA instrument at 5 °C/min fromkaemt temperature to 200 °C

under air atmosphere.

2.2. Typical synthesis of stable solid diazonium salt of 2,4-dinitroaniline

2,4-Dinitroaniline (10 mmol) and 1,5-naphthalenatfenic acid (10 mmol) were

dissolved in 100 mL ethyl acetate at 50 °C and rtheture was stirred for 10 min.
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Tert-butyl nitrite (15 mmol) was added by dropping be tmixture for about 2 min at
25 °C. The reaction solution was further stirred 0 min with the temperature
maintained at 25 °C. A salmon pink solid was ol#diby suction filtration and air drying.

The yield was 99.0%.

2.3. Characterization of the stable diazonium salts

2-Chloro-4-nitrobenzene diazonium salt (Table J); R45/MS (10 eV), m/z: calcd for
diazonium cation, 183.99; found, 184.68.NMR (D;SQs) & (ppm): 9.22 (2.00H, d] =
8.7 Hz), 9.14-9.06 (3.72H, m), 8.94 (1.86H, dd; 9.1, 2.2 Hz), 8.85-8.76 (2.00H, m),
8.25 (2.00H, dd) = 8.7, 7.5 Hz). FT-IR (Nujol mull, ci): 3100, 3071, 2311, 2280,
1569, 1528, 1499, 1461, 1377, 1358, 1298, 12374,11698, 1040. Anal. Calcd: C,

40.35; H, 1.88; N, 12.41%. Found: C, 39.63; H, 118012.54%.

2,6-Dibromo-4-nitrobenzene diazonium salt (Tableld); MS/MS (10 eV), m/z: calcd
for diazonium cation, 307.85; found, 307.83.NMR (D,SQO,) & (ppm): 9.22 (2.00H, d]
= 8.8 Hz), 9.15 (1.82H, s), 8.79 (2.00H, dck 7.4, 10 Hz), 8.23 (2.00H, dd= 8.8, 7.5
Hz). FT-IR (Nujol mull, cn'): 3084, 2288, 1561, 1539, 1499, 1460, 1377, 13292,
1231, 1199, 1176, 1152, 1076, 1043. Anal. Calcd82229; H, 1.52; N, 7.06%. Found: C,

32.34; H, 1.44; N, 7.22%.

2,6-Dichloro-4-nitrobenzene diazonium salt (Tabje&): MS/MS (5 eV), m/z: calcd

for diazonium cation, 217.95; found, 218.38.NMR (D,SOy) & (ppm): 9.21 (2.00H, d,
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J = 8.8 Hz), 8.98 (2.72H, s), 8.80 (2.00H,J5 7.5 Hz), 8.23 (2.00H, 1] = 8.2 Hz).
FT-IR (Nujol mull, cnit): 3087, 2285, 1551, 1460, 1415, 1377, 1345, 12988, 1244,
1220, 1201, 1167, 1110, 1034, 1019. Anal. Calc730; H, 1.61; N, 9.77%. Found: C,

36.33; H, 1.82; N, 9.11%.

2-Cyano-4-nitrobenzene diazonium salt (Table 1; B#/MS (8 eV), m/z: calcd for
diazonium cation, 175.03; found, 175.28.NMR (D-SOs) & (ppm): 9.65 (1.59H, d] =
1.8 Hz), 9.48-9.41 (3.18H, m), 9.23 (2.00HJd&; 8.8 Hz), 8.81 (2.00H, d, = 7.5 Hz),
8.25 (2.00H, tJ = 8.2 Hz), 4.88 (1.58H, g} = 7.1 Hz), 1.80 (1.05H, dl = 14.2 Hz).
FT-IR (Nujol mull, cm"): 3473, 3099, 2309, 2245, 1613, 1549, 1498, 14807, 1356,
1315, 1236, 1189, 1157, 1101, 1040. Anal. Calcd4Z77; H, 2.23; N, 15.36%. Found:

C, 43.04; H, 2.76; N, 14.79%.

2,4-Dinitrobenzene diazonium salt (Table 1, 2e):/MS (10 eV), m/z: calcd for
diazonium cation, 195.01; found, 195.681. NMR (D,SQ) & (ppm): 9.78 (1.85H, g] =
2.0 Hz), 9.43 (3.70H, qd,= 8.8, 5.0 Hz), 9.23 (2.00H, dd= 8.8, 2.9 Hz), 8.82 (2.00H,
dd,J = 7.7, 2.9 Hz), 8.26 (2.00H, td,= 8.3, 3.0 Hz). FT-IR (Nujol mull, ci): 3099,
3076, 3043, 2312, 2287, 1612, 1591, 1546, 14982,14877, 1348, 1331, 1246, 1227,
1215, 1201, 1163, 1142, 1111, 1090, 1036. AnalcCaC, 39.11; H, 1.81; N, 16.00%.

Found: C, 39.07; H, 1.82; N, 15.83%.

2.4. Typical procedure for coupling



N,N-Diethylaniline (10 mmol) was dissolved in 80 miater with 1.2 mL 37%
hydrochloric acid and then the salmon pink diazonisalt of 2,4-dinitroaniline was
quickly added within 2 min at 0 °C-5 °C followed bgljusting the pH to 4-5 with 2 M
NaOH solution. The reaction endpoint was confirmogaolor reaction using H-acid. The
precipitated dye was filtered, washed with wated dried at 80 °C to afford the crude

product. The crude yield was 95.0% and the dedrearity was 97.0%.

2.5. Spectroscopic data of disperse azo dyes

Compound 4a: GH17CIN4O,: MS, m/z: calcd for [M+H], 333.11; found, 333.10.
HRMS, m/z: calcd for [M+H], 333.1113; found, 333.1118H NMR (DMSO-d) &
(ppm): 8.44 (1H, qJ = 2.5 Hz), 8.25 (1H, dgJ = 9.0, 2.5 Hz), 7.90-7.83 (2H, m),
7.83-7.76 (1H, m), 6.89 (2H, dt= 9.0, 2.8 Hz), 3.52 (4H, d,= 7.2 Hz), 1.18 (6H, 1
= 6.9 Hz).**C NMR (126 MHz, DMSO-¢) 5 (ppm): 152.49, 151.88, 146.59, 143.12,
132.11, 126.92, 125.67, 123.33, 117.95, 111.583841.2.50. FT-IR (KBr, ci): 3099,
2972, 2903, 1599, 1579, 1513, 1449, 1407, 13559,18207, 1137, 1121, 1074, 1045,

1007, 887, 831, 819. UM {axin acetone): 513 nm.

Compound 4b: GH16BroN,O2: MS, m/z: caled for [M+H], 456.97; found, 457.01.
HRMS, m/z: calcd for [M+H], 456.9692; found, 456.9697H NMR (DMSO-d) &
(ppm): 8.56 (2H, s), 7.84-7.78 (2H, m), 6.90-624d,(m), 3.51 (4H, ¢J = 7.1 Hz), 1.17

(6H, t,J = 7.0 Hz).3*C NMR (126 MHz, DMSO-g) § (ppm): 155.23, 151.85, 145.67,



141.65, 127.78, 126.22, 115.16, 111.19, 44.32, 41F4-IR (KBr, cni’): 3084, 2971,
1601, 1521, 1394, 1355, 1336, 1273, 1253, 11913,11131, 1072, 1051, 1007, 888, 819.

UV (Amaxin acetone): 441 nm.

Compound 4c: GH16CIbN4O2: MS, m/z: caled for [M+H], 367.07; found, 367.08.
HRMS, m/z: calcd for [M+H], 367.0723; found, 367.0724H NMR (DMSO-d) &
(ppm): 8.43 (2H, s), 7.84—-7.78 (2H, m), 6.90-6.83,(m), 3.51 (4H, ¢) = 7.0 Hz), 1.17
(6H, t,J = 7.0 Hz)."*C NMR (126 MHz, DMSO-g¢) & (ppm):153.12, 151.93, 145.21,
142.09, 126.77, 126.28, 124.46, 111.20, 44.33,3LF4-IR (KBr, cn"): 3089, 2974,
1603, 1521, 1396, 1355, 1340, 1274, 1253, 11928,11%27, 1061, 1008, 887, 821. UV

(Amaxin acetone): 443 nm.

Compound 4d: GH17/NsO,: MS, m/z: caled for [M+H], 324.15; found, 324.13.
HRMS, m/z: calcd for [M+H], 324.1455; found, 324.1457H NMR (DMSO-&) &
(ppm): 8.83 (1H, s), 8.52 (1H, dd= 9.1, 2.6 Hz), 7.95 (1H, d,= 9.1 Hz), 7.89 (2H, d,
J = 8.9 Hz), 7.01-6.90 (2H, m), 3.56 (4H,X5= 7.0 Hz), 1.19 (6H, tJ = 7.1 Hz).**C
NMR (126 MHz, DMSO-@) & (ppm): 157.22, 152.71, 145.79, 142.96, 129.50,928
127.54, 117.43, 115.62, 111.96, 110.29, 44.58,31FF-IR (KBr, cm): 3077, 2975,
2931, 2229, 1597, 1577, 1516, 1414, 1355, 1324]1,12749, 1171, 1136, 1117, 1071,

1007, 907, 838, 823. UM axin acetone): 536 nm.

Compound 4e: GH1/NsO4: MS, m/z: calcd for [M+H], 344.14; found, 344.14.



HRMS, m/z: calcd for [M+H], 344.1353; found, 344.1354H NMR (DMSO-&) &
(ppm): 8.89-8.83 (1H, m), 8.50 (1H, ddb= 9.2, 6.5, 2.6 Hz), 7.95-7.87 (1H, m), 7.77
(2H, ddd,J = 9.6, 5.0, 2.1 Hz), 6.90 (2H, td,= 7.1, 5.4, 2.1 Hz), 3.58-3.49 (4H, m),
1.21-1.14 (6H, m)*C NMR (126 MHz, DMSO-g) & (ppm): 152.48, 148.07, 145.99,
145.39, 143.00, 127.55, 127.37, 119.80, 119.1877144.52, 12.48. FT-IR (KBr, chx
3100, 2976, 2931, 1592, 1516, 1411, 1353, 132811106, 1134, 1113, 1066, 911, 831,

822. UV (umnaxin acetone): 529 nm.

Compound 4f: GH1sBroNsO.: MS, m/z: calcd for [M+H], 481.96; found, 482.12.
HRMS, m/z: calcd for [M+H], 481.9645; found, 481.9649H NMR (DMSO-d&) &
(ppm): 8.82-8.33 (2H, m), 7.88-7.79 (2H, m), 7.0946(2H, m), 3.80 (2H, tJ = 6.8
Hz), 3.57 (2H, gJ = 7.0 Hz), 2.85 (2H, t] = 6.8 Hz), 1.18 (3H, t] = 7.0 Hz).:*C NMR
(126 MHz, DMSO-g) & (ppm): 155.12, 151.51, 145.82, 142.35, 127.77,925119.15,
115.01, 111.80, 45.41, 44.66, 15.72, 12.04. FTKRr( cm'): 3100, 3066, 2970, 2933,
2248, 1600, 1522, 1399, 1342, 1280, 1245, 1142710054, 881, 825. UVifax in

acetone): 421 nm.

Compound 4g: GH1sCILNsO,: MS, m/z: caled for [M+H], 392.07; found, 392.20.
HRMS, m/z: calcd for [M+H], 392.0676; found, 392.0677H NMR (DMSO-d) &
(ppm): 8.42 (2H, s), 7.83 (2H, d= 9.0 Hz), 6.97 (2H, d] = 9.1 Hz), 3.81 (2H, 1 = 6.8
Hz), 3.58 (2H, gJ = 7.0 Hz), 2.85 (2H, ] = 6.7 Hz), 1.18 (3H, t] = 7.0 Hz).:*C NMR

(126 MHz, DMSO-g) & (ppm): 152.99, 151.59, 145.40, 142.76, 126.66,4P5124.46,
10



119.12, 111.80, 45.41, 44.67, 15.70, 12.03. FTKRr{ cm™): 3059, 2980, 2252, 1604,
1572, 1529, 1519, 1394, 1336, 1311, 1280, 11484,11378, 1065, 884, 822. UW{ax

in acetone): 423 nm.

Compound 4h: GH1eNeO2: MS, m/z: calcd for [M+H], 349.14; found, 349.25.
HRMS, m/z: calcd for [M+H], 349.1408; found, 349.1412H NMR (DMSO-d) &
(ppm): 8.84 (1H, dJ = 2.6 Hz), 8.54 (1H, dd] = 9.1, 2.6 Hz), 7.96 (1H, d,= 9.1 Hz),
7.90 (2H, dJ = 8.9 Hz), 7.04 (2H, d] = 9.3 Hz), 3.84 (2H, 1) = 6.8 Hz), 3.61 (2H] =
7.1 Hz), 2.87 (2H, t) = 6.7 Hz), 1.24-1.15 (m, 3H)°C NMR (126 MHz, DMSO-g) 5
(ppm): 156.82, 152.29, 146.18, 143.47, 129.41,928127.09, 119.01, 117.54, 115.44,
112.32, 110.76, 45.48, 44.86, 15.74, 12.12. FTKRr( cm™): 3080, 2919, 2248, 2231,
1600, 1595, 1577, 1525, 1518, 1411, 1340, 13259,18900, 1173, 1133, 1121, 910, 842,

825. UV Qunaxin acetone): 511 nm.

Compound 4i: GgH1sCINgO2: MS, m/z: calcd for [M+H], 383.10; found, 383.15.
HRMS, m/z: calcd for [M+H], 383.1018; found, 383.102iH NMR (DMSO-d) &
(ppm): 8.45 (1H, ddd] = 7.4, 4.6, 2.4 Hz), 8.26 (1H, ddt= 8.9, 6.0, 2.2 Hz), 7.88 (2H,
ddd,J = 9.4, 4.5, 2.3 Hz), 7.81-7.73 (1H, m), 7.09 (8K, = 9.4, 2.2 Hz), 3.89 (4H, §,
= 7.0 Hz), 2.86 (4H, tJ = 6.9 Hz).)*C NMR (126 MHz, DMSO-g) & (ppm): 152.11,
150.78, 147.27, 144.25, 132.64, 126.29, 125.73,372318.99, 118.24, 112.55, 45.68,
15.40. FT-IR (KBr, crit): 2958, 2250, 1600, 1514, 1404, 1362, 1339, 13181, 1121,

1046, 888, 832. UVigax in acetone): 459 nm.
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Compound 4j: @H14CloNgO2: MS, m/z: calcd for [M+H], 417.06; found, 417.06.
HRMS, m/z: calcd for [M+Nd] 339.0448; found, 439.0447H NMR (DMSO-&) &
(ppm): 8.43 (2H, ddj = 6.4, 1.9 Hz), 7.85 (2H, d,= 9.2 Hz), 7.09 (2H, d] = 9.2 Hz),
3.89 (4H, t,J = 6.8 Hz), 2.86 (4H, t) = 6.8 Hz).*C NMR (126 MHz, DMSO-g) §
(ppm): 152.88, 150.97, 145.59, 143.38, 126.55, 185124.49, 119.00, 112.38, 45.66,
15.36. FT-IR (KBr, crit): 3079, 2918, 2247, 1603, 1568, 1518, 1406, 13345, 1249,

1208, 1147, 1062, 1026, 900, 831. W4 in acetone): 405 nm.

Compound 4k: @H1BroNsOs: MS, m/z: calcd for [M+H], 513.99; found, 513.99.
HRMS, m/z: calcd for [M+H], 513.9907; found, 513.9913H NMR (DMSO-d) &
(ppm): 10.23 (1H, s), 8.54 (2H, s), 7.93 (1HJ& 3.0 Hz), 7.72 (1H, d] = 9.4 Hz), 6.67
(1H, dd,J = 9.5, 2.8 Hz), 3.51 (4H, d,= 7.1 Hz), 2.15 (3H, s), 1.20 (6H,J= 7.0 Hz).
¥C NMR (126 MHz, DMSO-g) & (ppm): 169.25, 153.78, 153.28, 145.15, 139.97,
130.28, 128.06, 123.12, 116.07, 107.94, 100.0764£25.06, 12.51. FT-IR (KBr, chy:
3091, 2981, 2930, 1690, 1622, 1616, 1529, 15134,12336, 1291, 1184, 1167, 1125,

1074, 1055, 1005, 890, 873, 858. U4 in acetone): 491 nm.

Compound 4l: @H1sCloNsO3: MS, m/z: calcd for [M+H], 424.09; found, 424.23.
HRMS, m/z: calcd for [M+H], 424.0938; found, 424.0956H NMR (DMSO-d) &
(ppm): 10.30 (1H, s), 8.41 (2H, d= 1.0 Hz), 7.91 (1H, d] = 2.7 Hz), 7.71 (1H, d] =
9.5 Hz), 6.67 (1H, dd] = 9.4, 2.7 Hz), 3.51 (4H, d,= 7.1 Hz), 2.14 (3H, s), 1.20 (6H, t,

J = 7.0 Hz).*C NMR (126 MHz, DMSO-g) § (ppm): 169.26, 153.34, 151.91, 144.66,
12



139.95, 130.92, 127.42, 124.66, 123.25, 108.00,180@4.78, 24.94, 12.51. FT-IR (KBr,
cm'): 3353, 3103, 2980, 2935, 2901, 1704, 1607, 15531, 1495, 1419, 1350, 1330,

1256, 1172, 1111, 1064, 1005, 901, 886, 855. LM«(n acetone): 496 nm.

Compound 4m: GH,NgOs: MS, m/z: calcd for [M+H], 401.16; found, 401.22.
HRMS, m/z: calcd for [M+H], 401.1568; found, 401.1573H NMR (DMSO-d) &
(ppm): 10.69 (1H, s), 8.83 (1H, d= 2.5 Hz), 8.47 (1H, ddl = 9.1, 2.5 Hz), 8.18 (1H, d,
J=09.1Hz), 7.95 (1H, d] = 2.7 Hz), 7.75-7.63 (1H, m), 6.73 (1H, ddk 9.5, 2.8 Hz),
3.53 (4H, qJ = 7.1 Hz), 2.21 (3H, s), 1.20 (6H,,= 7.0 Hz).**C NMR (126 MHz,
DMSO-d) 6 (ppm): 169.70, 153.93, 148.27, 145.13, 144.54,3R2127.39, 123.76,
119.95, 119.40, 109.02, 100.47, 9.48, 45.02, 24.3%8. FT-IR (KBr, crif): 3448, 3095,
2975, 2935, 1693, 1624, 1593, 1567, 1520, 14889,14323, 1279, 1254, 1193, 1172,

1137, 1117, 1078, 897, 858, 845, 831. WM, in acetone): 546 nm.

3. Results and discussion

3.1. Preparation and characterization of stable solid diazonium salts

The solid diazonium salts of aromatic amines wemaveniently obtained by simple
filtration after the reactions of weakly basic agsnwithtert-butyl nitrite which were
carried out in organic solution in the presence=gfiivalent 1,5-naphthalenedisulfonic
acid (Scheme 1). The structures of diazonium sat® confirmed by FT-IR and tandem

mass spectrometry according to references [24, 25].
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---Insert Scheme 1---

Optimization of the diazotization conditions waseastigated with different molar
ratios of the aromatic amine, 1,5-naphthalenedsidfacid andert-butyl nitrite and the
optimal ratio was 1:1:1.5. The new diazonium saftg/eakly basic amines were formed
by the diazonium cation and 1,5-naphthalenedisidfamion. Diazonium salts exist in
two forms, i.e., structure A and structure B (Schelh The ratio of each structure form
was further confirmed by manual integration'th NMR (Fig. 1). The corresponding
results are summarized in Table 1. For 2,4-dingr@ene diazonium salt, the integral
ratio in the'H NMR at 8.25 and 9.42 was about 1:1.85, whichcareesponding to the
1,5-naphthalenedisulfonic acid anion and 2,4-dbbémzene diazonium cation (Fig. 1,
2e). Accordingly, the ratio of structures A andsB0i.15:0.85; thus, structure B accounts
for 85% of the whole diazonium salt structures (&ah entry 5). This result can also be

verified by elemental analysis (see Experimentetige).

---Insert Fig. 1---
---Insert Table 1---

Reaction temperatures were stipulated in accordaitbedifferent substrates (Table 2).
Although diazotization proceeded without any comed sulfuric acid or nitrosyl
sulfuric acid, the reaction efficiency was veryhnids a result, the very low basic amine,
2,4-dinitroaniline, could be diazotized completelithin a short time (22 min, Table 2,

14



entry 5). The diazotization times of three subsesdTable 2, entries 3-5) were much less
than that of the traditional methods [28—30]. Mehilgy the yields of the diazonium salts
were excellent (Table 2). The high reaction efficig may be attributed to the formation
of nitrosonium cation*NO) [31] in the presence of 1,5-naphthalenedisitf@cid and

tert-butyl nitrite.

---Insert Table 2---

3.2 Thermal stability of solid diazonium salts

---Insert Fig. 2---

TGA was used to characterize the thermal stalditthe diazonium salts. The initial
thermal decomposition temperatures of 2a, 2b, 8d¢c,ald 2e are 164.4, 175.5, 125.7,
115.9, and 121.9 °C, respectively (Table 2 and BigThus, the prepared diazonium salts
of weakly basic amines are thermostable and castdved at room temperature in dried

state without disintegration.

3.3. Synthesis of disperse azo dyes

The disperse azo dyes were synthesized by thekwelin azo-coupling reaction
between the as-prepared stable diazonium saltthartértiary anilines at 0 °C-5 °C. The
pH of the coupling system was adjusted and maiethat 4—6 by 2 M NaOH solution.

The crude yields and purities of the relevant disp@zo dyes are shown in Table 3.
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---Insert Scheme 2---

---Insert Table 3---

The coupling time of the present method was all msizorter than those reported in
the literatures (a few to dozens of minutes, Taplentries 1, 6, and 9). The reaction
ability of the tertiary anilines is restricted bgncentrated sulfuric acid in traditional
methods. However, large amounts of concentrated were replaced in the present
method by equivalent organic acid in contrast toin@sy during diazotization.
Consequently, the coupling reaction could be cotetbownith short time at low

concentration acid.

---Insert Fig. 3---

Compared with traditional coupling technology, tresent method does not employ
the dilution process of concentrated sulfuric dmdause of the usage of solid diazonium
salts. Thus, the generation of a large amount at fpeoduced from the dilution of
sulfuric acid in the traditional coupling procesasvavoided. Meanwhile, the thermal
analysis results of solid diazonium salts show thair thermal stabilities are sufficient.
Therefore, it is not needed to use a lot of ic&dep the system at low temperature or
even the reaction can be carried out at normal éeatpre without any cooling process.
Compounds 4a, 4c, and 4d were chosen as objestsiaddf and prepared with different

temperatures. The yields of the dyes are showngn3 which indicate no significant

16



reducing of the yield during temperature increaBeese results show that this new
technology is of great significance for the redl@a of energy saving and emission

reduction in the production of disperse azo dyesfan weakly basic amines.

4. Conclusion

A novel strategy for synthesis of industrial diggeazo dyes based on weakly basic
amines is presented. The key advantage of thispnegedure is the formation and simple
separation of stable solid diazonium salts of wedddsic amines. This new procedure
can avoid the strong heat effect coming from thetidin of concentrated sulfuric acid in
the traditional coupling process. Large amountgefwere saved and the generation of
highly concentrated acidic waste water was preverfter these reasons, the efficient,
rapid and economical synthesis of disperse azo dggdoying stable solid diazonium

salts has a very good prospect in the industripliegtion.
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Scheme 1. Preparation of stable diazonium salts in orgaoieest.

Scheme 2. Azo-coupling of stable diazonium salts with temtianiline derivatives.

Fig. 1. H NMR spectra of the diazonium salts igSD.

Fig. 2. Thermogravimetric curves of five stable solid diam salts.

Fig. 3. Yields of three representative dyes at differentpting temperatures (Yield = Crude yield

X purity).



Tablel
Structures of the stable solid diazonium salts

Structure  Ratio of

Entr Amine Diazonium salt
y number structures Aand B

Cl

1 la on G&(—%H 2a 0.14:0.86
Br
2 1b ozNQﬁzégs—Ar 2b 1.00:0.00
Br
Cl
3 1c OZNQﬁzblsAr 2c 0.64:0.36
Cl
CN
4 1d on GZ(—)&N 2d 0.41:0.59
NO,
5 le o Gmw 2e 0.15:0.85
Table 2
Preparation of stable diazonium salts
Entry Structure Temperature Reaction time (min) Yield Thermal decomposition
number (°C) Found  Reported [Ref ] (%) temperature®C)
1 24 0 60 60[26] 92.8 164.4
2 2b 50 120 120[27] 93.1 175.5
3 2c 22 17 120[28] 98.0 125.7
4 2d 0 60 120[29] 89.7 1189
5 2e 25 22 120[30] 99.0 121.9

#The 2-chloro-4-nitroaniline was added slowly te teaction system afteert-butyl nitrite.
® There was a continuous lower decline of the TGesibefore 115.9 °C.



Table3
Synthesis of azo dyes using stable diazonium salts

. . . Reaction time (min) Crude )
Diazonium Coupling Structure i Purity
salt reagent Product number Found Reported  yield (%)

oun ()
9 [Ref.] (%)?

Entry

1 2a 9 OZNQNNONC 4a 5 120[32] 926 95.9
2 2b 9sd OzNQN:N N 4b 5 - 90.8  97.9
3 2c 9 d OZNQNN{%C 4c 5 - 885  97.7
4 2d 9 d OZN%NN C 4d 5 - 909 888
5 2e 9 OzN{@‘NONC 4e 5 - 950  97.0
6  2b O OZNQ%NN@NCHZCHZCN 41 12 120271 935 967
7 2 O oZN{%NN@NCHZCHZCN 4g 10 - 9.1  96.0

/CHZCHZCN

CN
8 2 O S SN o N L 16 - 947 873

A

CH,CH,CN
CH,CH,CN : _ LFHCHy )
9 2a Wt e O;NQN ) Nmemen 4 40 300[26] 948  96.6

CH,CH,CN

Cl
CH,CH,ON :<< B CHCHCN
10 2c < fN\C HLCHLON ON N=N N 4 19 -- 94.0 90.9
cl



N/i —
11 2b wod Q N Q - 4k 6 - 94.3 91.6
I Br CH;CNH
O Il
(6]
Ve A p
12 2 CH‘CNHQ — o Q o Q - 41 19 - 95.9 91.5
|l

Cl CHieNH
o)

NO,
QNC e} N@N:N Nﬁ
13 2e : Q N 4m 34 -- 95.9 89.3

CH;CNH
I CHyCNH

% The crude yields of disperse azo dyes were catilsased on the initial weakly basic amines.
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R (CH;);CONO, ethyl acetate R
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ACCEPTED MANUSCRIPT

=, =& = Ry hydrochloric acid, H,O Ry
g N,038—Ar + N ) > ®N=N N
R@ e Q X, 0-5°C R }

R,
R3

4a-m

4a-e : Rl = Rz = CH2CH3, R3 =H
4f‘h A Rl = CHchch, R2 & CH2CH3, R3 =H
41,j: R;=R,=CH,CH,CN,R;=H

4k—m E Rl = R2 = CHzCH:;, R3 =, NI“ICOCH3



Highlights

*Diazotization of weakly basic amines occurred I tabsence of concentrated
sulfuric acid.

*Solid diazonium salts with good thermal stabiiitgre obtained.

*There is no dilution process of concentrated acitie coupling reaction.

eLarge amounts of ice are saved and energy consumgdan be reduced.



