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The synthesis and characterization of a number of 3{ N-{3'-
wminopropyljcarboxamidof -4-arylazop yrazolone dyes is
described. Under Thermosol dyeing conditions, a certain
wmount of covalent bonding occurs between the dves and
volyester fibre via transamidation.

Introduction

There is a vast amount of literature on reactive dyes whose
reactivity is based on reaction with such functional groups as
_OH or —NH,. These reactions are usually acylations,
alkylations or some form of Michael addition. With the
notable exception of nitrenes as the reactive species [L], very
few other reactive systems are available.

Based on the relative ease of reaction of aqueous ammonia
and aliphatic amines with polyester fibre, a number of model
dyes containing omega-aminoalkyl groups were prepared and
characterized. The dyes were based on arylazopyrazolone.

It was anticipated that the basic reaction with the
polyester fibre would be one of transamidation which, when
considering the steric chemistry, is probably the case and
occurs mainly at an end group ester moiety, e.g.

N
Dye----NH,* HOCHZCH20COC — polymer

O
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| [
Dye - - - - NHC @-c — polymer + HOCH,CH,OH

The model dyes were prepared according to the following
sequence:

(a) Synthesis of 1-phenyl-3-carbethoxy-5-pyrazolone D
[2-5].

(b) Diazotization of various substituted anilines under
controlled conditions [6,7].

{c) Coupling of the pyrazolone (I) with the corresponding
diazotized anilines under mild controlled conditions.

(d) Re-esterification of the
1 -phenyl-3carboxy-4-arylazo-5-pyrazolone  to  the
methyl ester, in the event of hydrolysis of the ester
group during coupling.

(¢) Aminolysis of the arylazopyrazolone ester (methyl or

- ethyl) with 13-propanediamine. (Reaction with

polyfunctional amines, e.g. diethylene triamine,
yielded intractable products.)

This is outlined in Scheme 1.
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I,V: R'=H;R?=Cl;R=CH,CH;
UL, VI: R'=Cl;R?=NO,; R=CH,CH;
IV,VIl: R'=H:;R?=CHs; R=CH,

Note: The above structural formulae represent the dominant
lactam—hydrazone tautomer of the arvlazo-pyrazolone
system [8].

Experimental

Melting points were taken on a ““Thermopan” Microscope with
the Kofler Micro Hot Stage. IR spectra were recorded on a
Perkin—FElmer 257 Grating Infrared spectrophotometer using
KBr pellets. Electronic spectra were run on a Perkin-Elmer-
450 spectrophotometer ¢double beam). Soluticns of the
corresponding dyes in DMF (analytical grade, Merck), having a
concentration of 0.02 g/, were measured in special optical
glass cells with a light path of 10 mm. NMR. spectra were
recorded at normal operating temp (25 °C) on a Varian
HA—-100 D for approximately 15% solutions in CDCl,
(Diaprep Inc., Aldrich Chemicals) or (CD3), SO (Diaprep Inc.,
Aldrich Chemicals). TMS was used as internal standard.

For testing the H/D exchangeability of certain protons,
D, 0 (Merck, Inc.) was added. The mass spectra were taken on
an Atlas CH=4 mass spectrometer (The Weizmann Institute of
Science, Rehovot, Israel) or on a Varian Mat31l mass
spectrometer (Hebrew University, Jerusalem) using the direct
inlet method. The electron energy was 70 eV. For t.l.c., in the
case of I and of other dyes containing ester groups, chromato-
plates coated with silica gel (SG.F Riedel-De Haén, 0.25 mm)
were used with a solvent mixture of benzene—n-hexane—
dioxan (7:2:1). For derivatives with carboxyl or amide group
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in the side chain, cellulose chromateplates (CE, F, Riedel-De
Haén, AG 0.25 mm) were used with n-butanol—ethanol—water
(4:0.5:5). Sometimes the solvent mixture
trichloromethane—methanol (3:1) was used. The elemental
analyses were performed by the microanalytical laboratory of
the Hebrew University, Jerusalem.

The dye syntheses outlined in Scheme 1 were carried out
using the following procedures:

I-Phenyl-3-carbethoxy-5-pyrazolone (1)

210 g {1 mol) of the sodium salt of diethyloxalacetate (Fluka
AG, Switzerland) were suspended in 1500 ml of ethanol and
the suspension was heated to boiling (water bath). 119 ¢ (1.1
mol) of phenylhydrazine were added and, after several
minutes, all the salt dissolved. 100 ml of glacial acetic acid
were then added. The sclution was boiled for 30 min. Upon
cooling to room temperature part of the product crystallized
and was filtered. The mother liguor was concentrated to
one-half of its original volume. 30 ml of water were added and a
second portion of [ crystallized. The precipitates were
collected and washed with one litre of 40% ethanol (300 mi on
the filter, 600 ml by trituration and then 100 ml on the filter).
The crude 1 was crystallized from 4 litres of xylene to give
173 ¢ (75%), m.p. 1845 °C. IR (KBr disc); 1720 (C=0, o
unsaturated ester), 1685 (C=0, lactam), 1620 (C=N),
1520-1600 cm™ (aromatic ring vibrs); mass spectrum:
molecular ion m/e 232 (calculated 232.22).

I-Phenyl-3-carbethoxy-4-{4'-chlorophenylazo )-5-pyrazolone (II)
In a 125ml flask, 3.19 g (0.025 mol) of 4-chioroaniline
(Merck, Inc.) were dissolved (40 °C) in a mixture of 25 ml of
water and 7.5 ml of conc. HCL. The solution was cooled in an
ice—salt bath (-5 °C), assisted by direct addition of crushed
ice, and the hydrochloride of the amine precipitated. A
thermometer was used as the stirrer. Separately, 1.9 g (0.026
mol) of NaNO, (analytical grade) were dissolved in 10 ml of
water and chilled in crushed ice. This solution was added
dropwise and with constant stirring to the cooled suspension
of 4-chloroaniline hydrochloride. The clear solution was
stirred for 5 min and tested for excess of nitrite using moist
starch—potassium iodide paper: one drop was taken on a watch
glass and diluted with a few drops of water. A blue colour was
obtained immediately, showing a positive test. Excess nitrite
was destroyed with sulphamic acid.

5.8g ((0.025 mol) of I were dissolved in 400 ml of
methanol—water (80:20) at 55 °C; the solution was filtered
and cooled in an ice—salt bath assisted by direct addition of
crushed ice. To this, 4.1 g of AcONa, dissolved in 40 ml of
methanol—water (80:20), were added (pH 6.5); with stirring
the solution of 4-chlorophenyldiazonium chloride was added
dropwise using a separating funnel. Then a second solution of
2.05g of AcONa in 15 ml of methanol—water (80:20) was
added (pH near 6.5). After vigorous stirring for 30 min, the
precipitate (II) was filtered, washed carefuily with water, with
small amount of ethanol (40%) and dried under reduced
pressure. Trituration of II with methanol (magnetic stirring)
followed by crystallization from ethanol afforded 7.7 g (83%)
of yellow-orange needles; mass spectrum: molecular ion m/e
370 (calculated 370.78).
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1-Phenyl-3-carbethoxy-4-(2'-chloro-4-nitrophenylazo)-S-
pyrazolone ()

2-chloro4-nitroaniline (8.62 g, 0.05 mol, Merck, Inc.) was
dissolved with heating (80 °C) and magnetic stirring in a
mixture of 30 ml of conc. H,80,; and & ml of water. The
aniline derivative was added in portions (during 20 min). The
solution was cooled first to room temperature, then in an
ice—salt bath (=5°C) and the aniline sulphate derivative
precipitated. Keeping the temperature below 5 °C, a chilled
solution of 3.59 g (0.052 mol) of NaNQ, in 17 ml of water
was added dropwise and slowly. The sulphate dissolved and
the solution was treated in the same way as described for II.
Light was excluded. 11.6 g (0.05 mol) of the coupler I were
used and the coupling procedure was carried out as for IT using
a first portion of 98.4 ¢ (1.2 mol) of AcONa and a second of
8.2¢g (0.1 mol) in 200 ml and 50 ml of methanol—water
(80:20), respectively. The precipitate Il was treated as
reported for Il and yielded 17 g (81.8%) of orange prism-
shaped crystals; mass spectrum: molecular jon m/fe 415
(calculated 415.78).

1-Phenyl-3-[ N'( 3'-aminopropyljcarboxamido] -4-{4' -chloro-
phenylazo - S-pyrazolone (V)

1T (1.85g, 0.005 mol) was added in small portions to a
previously cooled (ice-water bath} solution of 3.36 ml (2.97 g,
0.04 mol) of 1,3-propanediamine (Merck, Inc.) in 100 ml of
ethanol. The ester (II} dissolved and the temperature of the
red solution was raised gradually to 20 °C. After 15 min
crystalline material appeared and after an additional 45 min
the bulk yellow-orange precipitate (V) was filtered, washed
carefully with water, triturated with saturated aqueous
NaHCOj;, washed again with water and dried over P, 05 under
reduced pressure. Final trituration with CHCl; gave 1.95¢
(97.5%) yellow-orange plates {m.p. 222--3 °C). V is soluble in
5% HCI; mass spectrum: molecular ion m/e 398 (calculated
398.84).

1-Phenyl-3-[ N'(3"-aminopropyljcarboxamido] -4-{2'-chloro-4-
nitrophenylazo }-5-pyrazolone (VI)

1T (2.08 g, 0.005 mol) was added slowly in small portions (15
min) to a previously cooled (5°C) solution of 3.35 ml
(2965g, 0.04 mol) of 1,3-propanediamine in 350 ml of
ethanol. The dye III dissolved completely when warmed to
20 °C. After 2.5 h the precipitate obtained was collected and
purified as described for dye V. 1.82g (86%) of dark
red-brown plate-like crystals were obtained (m.p. 231-2 °C);
mass spectrum: molecular ion m/e 443 (calculated 443.84).

1-Phenyl-3-{ N'(3"-aminopropyl)carboxamido ] -4-(4'-methyl-
phenylazo )-5-pyrazolone ( VII)

IV (1.34g, 0.004 mol) was added in small portions to a
previously cooled (ice-water bath) solution of 2.68 m]
(2.37g, 0.032 mol) of 1,3-propanediamine in 200 mi of
methanol. A brown-red solution was obtained and, after 30
min, a fine crystalline material appeared. The temperature was
raised to 20°C. After stirring for 3 h, the precipitate VII was
filtered, triturated (2 h) with water, washed and purified as
described for V. 1.4 g (93%) of yellowish-orange plate-like
crystals were obtained (m.p. 201-4 °C); mass spectrum:
molecular ion m/e 378 (calculated 378.42).



TABLE ]

Compound Yield(®)  Crystalline Mp. Tlc.(e) Formula(®)
(%) appearance °C) (R¢)
| 75 white prisms 1845 0.95(@) C,5H;,N,0;
(lit. 182—4) [12]

1 83 yellow-orange 1745 0.94(d)  CyaH,; sCINGO;
needles

Il 81.8 orange prisms 1946 0.88(d)  C;gH, 4CIN;O;

Iv(a) 96 light orange 168 0.90(dr  C;3H;sN4O3
needles

\% 97 yellow-orange 222-3 large spot  C;9H; gCINgO;
plates 0.76(¢)

VI 86 brown-dark red 231-2 large spot  CyoH,aCIN; Oy
long plates 0.58(e)

VI 93 yellow-orange 2014 targe spot C20Hz2N603
plates 0.75(e}

(a) Prepared by the esterification of the free carboxylic acid (m.p.
233 ° () arising from hydrolysis concomitant with the coupling

(b) After crystallization

{c) The t.l.c. data was obtained from samples prepared for elemental
analysis and exhibited only one spot

Dye Characterization

Table 1 summarizes some of the physical properties of the

compounds prepared as well as the analytical data consistent

with their formulae.
Table 2 contains the pertinent information on the ir.and
visible spectra of the dyes. Exhaustive analyses of the i.r.
spectra of arylazopyrazolones are available [9]. The spectra
are consistent with the following assigned structures:
1. I, T and IV — Band at 1728 (1730) cm™; indicating
an unsaturated ester carbonyl group
[8,9,10].

2. V,VIand VII - (a) Absence of the ester carbonyl
band at 1728 cm™.
(b) Broad band at 1635-1670 cm™ :
indicating an additional amide
carbonyl group superimposed upon the
already present lactam carbonyl group.

Table 3 summarizes the n.m.r. spectra of the dyes. As with
the i.r. spectra, a discussion of the relationship between the
n.n.r. spectra and the structure of arylazopyrazolones is
beyond the scope of this paper and appears elsewhere [8]. For
our purposes, the n.m.r. data (p.p.m. units) is also consistent
with the assigned structures:

1. Dyes I and III exhibit 3 and 2 protons as a triplet at 1.45
p.p.m. and a quadruplet at 4.48 p.p.m., respectively. These
correspond to CH; and CH, of the ethyl ester group. Dye
1V exhibits a 3 proton singlet at 3.97 p.p.m., corres-
ponding to CH; of the ester group.

2. Dyes V,VIand VIl —

{a) Possess none of the above bands.

(b) Show 2 protons as a broad band at 1.85 p.p.m. which

is assigned to the NH, group.

(c) Show 1 proton as a broad band at 5.4-5.6 p.p.m.
corresponding to the side chain amide. This band is in
contrast to the —NH— of the hydrazone-lactam form,
which is common to all the dyes and is found at low
field: 14.2—14.4 p.p.m. [11].

(d) Silica gel plates, solvent system: benzene —n-hexane —dioxan —
T7:2:1

(e) Cellulose plates, solvent system: n-butancl—acetic acid—water -
4:0.5:5

(f) All compounds were analysed for C, H and N, and the results were
within +0.45% of the theoretical values.

TABLE 2
Dye Lr. absorption maxima* Visible absorption maximumf
p(em™) Amax (nm)
(log € in parentheses)

1T 3430(x) 1730(b) 1662(c) 429 (4.46)
1605(e)

[II 34302} 1728(%) 1660(c) 532 (4.59)
1605(e) 1515 13400

IV 3440(a) 1730() 1660(¢) 428 (4.29)
1605(e)

V  1635--1670(d) 1605() 448 (4.48)

VI 1635-1665(d) 1605() 520 (4.64)
1517 1345(D

VII 1635-1665(d) 1603(e) 442 (4.39)

*  KBr pellet

+ in DMF

(a) N—H absorption

(b) o-f unsaturated ester carbonyl (C=0)

(¢) Lactam carbonyl group (C=0)

(d) Broad unsymmetric band: the lactam carbonyl and amide carbonyl
absorptions are superimposed

(&) C=N absorption

(fy C-NO, absorption

Dyeing Evaluations

The dyes were treated as disperse dyes. They were finely
ground in a ball mill. None of the usual dispersing agents were
added since these sulphonated materials interfere with the
anticipated transamidation reaction. To differentiate between
that portion of dye which entered into a transamidation
reaction forming a covalent bond with the substrate (fixed
dye) and the portion which acted as a simple disperse dye
(unfixed dye), extraction with hot chlorobenzene was used. In
standard dyeings of polyester fibre with disperse dyes, the dye is
completely extracted with boiling chlorobenzene in 5—10 min.
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TABLE 3

Dye Proton chemical shifts (p.p.m.)
(in CDCl5)

1.45 (3,t,1=7.2 ¢/s) CH; of ester group

4.48 (2,q,J=7.2 ¢/s) CH, of ester group
1 7.38 (7,m) aromatic protons

7.9 (2,m) aromatic protons{a)

13.9 (1, broad) hydrogen bonded NH(b)

1.45 (3,t,J=7.2 ¢/s) CH, of ester group

448 (2,q4,J=7.2 ¢/s) CH, of ester group
I 7.9 (2,m)aromatic protons(a)

14.1 (1,broad)hydrogen bonded NH(»)

2.32 (3,5) aromatic methyl group
3.97 (3,5) methyl ester
IV 7.35(7,m) aromatic protons
7.93 (2,m) aromatic protons(a)
13.9 (1, broad) hydrogen bonded NH(b)

Dye Proton chemical shifts (p.p.m.)
in (CD;),S0

1.85 (2, broad) amine protons.(<).(b)
\Y 5.4 (1, broad) amide proton
14.2 (1, broad) hydrogen bonded NH{(b)

1.9 (2, broad) amine protons,{¢}.(b}
VI 56 (1,broad) amide proton.
14.4 (1, broad) hydrogen bonded NH(b)

1.85 (2, broad) amine protons.(¢).(b)
VII 5.5 (1, broad) amide proton
14.2 (1, broad) hydrogen bonded NH(b)

s = singlet; d = doublet; t = triplet; q = quadruplet; m = multiplet

(a) They are apparenily the two protons at the ortho position to the
pyrazolone ring

(b) Exchange with D,0

(¢) Detected by addition of D, and repeated integration since the
signal is partially masked by others

The fabric used for dyeing was a woven twill weighing 160
g/m? made from heat- and steam-set texturized polyester
filament yarn. The fabric was scoured in the usual manner.

The following dyeing procedures were evaluated:

{a) Exhaustion Dyeing at 125°C

A 10-g sample of the polyester fabric was dyed in a bath
(liquor-to-goods ratio 20:1) containing 2% o.w.f. of dye, a
nonionic dispersing agent and 2% of a biphenyl carrier at
125 °C for 1 h. The rinsed and dried fabric was extracted with
boiling chlorobenzene. The dye was completely stripped in less
than 10 minutes.

{b) Fixation via Thermosol Treatment

With a limited amount of dye available, it was decided to
apply it in the form of a print paste and develop the colour
under high temperature. A typical paste contained:
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Dye 1.0g

Urea 1.0¢g
Dispersing Agent 025
Sodium Alginate 10g
Water 28¢g

Ammonia to pH of 8.0

Using a screen-printing technique, the printing paste was
applied to an area of 15 x 7 cm; the sample was then dried for
10 min at 120 °C, subjected to thermofixation, rinsed with
cold and warm water, and dried. A portion of the sample was
then extracted with boiling chlorobenzene for 1 h and
compared to the unextracted part.

The three model dyes gave very similar results, which were
relatively insensitive to variations in time and temperature of
fixation. An exposure at 200 °C for 2 min was adapted as
standard.

The reflectance spectra of the samples were measured on a
Datacolor 7100 spectrophotometer. At 450 nm the various
dyeings with the three model dyes exhibited reflectance values
ranging from 2.9-4.5%. After extraction, the reflectance
ranged from 8.0-10.7%. Based on the relationship of %
reflectance to K/S values and hence to concentration
K/S=(1-R)*/2R=A.c [13], the portion of fixed dye
ranged from 32 to 49%.

Conclusions
The dyes investigated, under the proper conditions, may
possibly form a covalent bond with polyester fibre vig
transamidation. The yield, however, does not exceed 50%.
These results indicate that other model dyes which:

(a) exhibit a higher affinity for polyester fibre,

(b) possess more than one reactive group per molecule,
should be investigated.

The authors are grateful to Mr A. Wasserman for his
assistance in the dyeing evaluations and thank the National
Council for Research and Development of Israel and the
Machteshim Ltd, Beer—Sheva, Israel, for their support.
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