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Abstract

A Kkinetic study based on spectrophotometric and titrimetric techniques has been carried out for the formation of
Rubazoic acid type derivative from 4-amino-1(4-sulphophenyl) 3-methyl-2-pyrazolin-5-one (4-amino SPMP). Physico-
chemical factors like effect of Time, pH, aeration and temperature on the formation of Rubazoic acid derivative have
been studied in detail. The oxidizing and diazotizing property of nitrous acid has been evaluated for 4-amino-SPMP.
Moreover the diazonium compound of SPMP was isolated and its stability in solid form has also been investigated.
Keywords: Rubazioc acid, Sulphophenyl-methyl pyrazolone (SPMP), Nitrosation, Reduction, Diazotization, Coupling
etc.
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bonding which is near 180°. This H-bonding
interactions make rubazoic acids derivatives as
interesting compounds to probe the nature of the proton
potential energy profile both in the liquid and solid
states. Many of the water-soluble azo dyes are known to

1. INTRODUCTION

Rubazoic acid (l) is chemically (4E)-4-[(5-
hydroxy-3-methyl-1-phenyl-4,5-dihydro-1H-pyrazol-4-
yl)imino]-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-
3-one (l). Rubazoic acid derivatives have been the

subject of extended synthetic study due to their
characteristic property of enolic 1,5-diketones in which
the OH participates in a strong hydrogen bond [1].
Observed O-O distances are in the range 2.42-2.45 A°,
comparable to the shortest values measured in 1,3-
diketones (around 2.4 A°. The special structure
generated by the eight-membered H-chelated ring also
shows a favorable O-H-O angle for strong hydrogen

be degraded by intestinal microorganisms in vitro [2]
and in vivo [3-5] and rubazoic acid formation occured
as intermediate during degradation of dyes. Its
formation was first of all reported by Knorrin 1887. It
was obtained from 4-amino-1-phenyl-3-methyl-2-
pyrazolin-5-one using FeCl; as an oxidizing agent
shown as below.
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Curtius also synthesized Rubazoic acid using
ferric chloride method. Later on Ruthenberg also
reported the formation of Rubazoic acid as a by-product
during the reduction of 4-phenylazo-2-pyrazoline-5-
one. Similarly in 1911 Heiduschka and Rothacker also
reported its formation during the diazotization of 4-
amino-1-phenyl-3-methyl-2-pyrazolin-5-one [6].
Rubazoic acid is valuable compound for the
determination of urea, nitrogen and ammonia content in
sea water [7-9].

This paper describes a simplified method for
synthesis of rubazoic acid from SPMP and effect of pH,
Temperature and time on its formation during the
reduction of nitroso SPMP to amino SPMP and the
diazotization of the respective amine hydrochloride.

2. EXPERIMENTAL
MATERIALS

All the chemicals used were purchased from E.
Merck, Sigma-Aldrich and were utilized without further
purification. The FTIR spectra were recorded on
Agilant Carry 630 FTIR spectrophotometer using
diamond ATR. FTIR spectra were taken in absorbance
mode at frequency range 4000-650cm™. UV-visible
spectra were measured on Datacolor Spectra-flash SF-
550 from 300-700nm.
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METHODS
Synthesis of rubazoic acid involves two steps
which are as follows:

A-Nitosation of
pyrazolone (SPMP)

SPMP (1) (25.4 g, 0.1 mole) was suspended in
H,O (250 ml). Hydrochloric acid (45 ml) was added to
this well stirred suspension. The reaction mixture was
cooled to 0-5 °C in an ice bath. A solution of NaNO,
(6.99, 0.1mol) in H,O (25 ml) previously cooled to 0
°C, was then added over a period of 35 minutes with
stirring. The stirring was continued for an hour
maintaining the same temperature, with positive test for
nitrous acid. Later on the excess of nitrous acid was
destroyed with required amount of sulphamic acid. The
Nitroso (Oxime) was filtered after salting out.

p-Sulphophenyl-3-methyl-5-

B- Reduction and Diazotization

The nitroso was reduced by stirring in 200ml
water containing 85ml HCI and 23g Zinc metal at boil.
The amine Hydrochloride formed was diazotized and
used for subsequent coupling reactions as described in
Result and Discussion.

3. RESULTS AND DISCUSSION
3.1 Effect of temperature on the synthesis of
Rubazoic Acid:

Synthesis of rubazoic acid from SPMP was
carried out according to the scheme sketched below in
scheme 1.

CHj3

=N
HiC  N=

|
N
M OH \©\
N” O SOzH
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—_—
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Scheme 1, Synthesis of (Z)-4-(4-((5-hydroxy-3-methyl-1-(4-sulfophenyl)-1,5-dihydro-4 H-pyrazol-4-ylidene)amino)-
3-methyl-5-0x0-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonic acid (Rubazoic acid Derivative) from SPMP

1(4-sulphophenyl) 3-methyl-2-pyrazolin-5-one
(SPMP) was nitrosated at 0-5°C using NaNO, and HCI.
The nitroso compound was filtered to remove some
terry material. The clarified nitroso derivative, that
usually exists in an oxime form (as indicated by its
FTIR), was salted out by common salt and dried after

filtration. Reduction of Nitrso/Oxime of SPMP was
carried in two ways. Low temperature reduction of
Oxime was carried out at 0-5°C using Zinc and NH,CI.
The process resulted into the formation of Rubazoic
acid of SPMP and its amine as well [10, 11]. High
temperature reduction of oxime of SPMP was carried at
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100-105°C using Zinc and HCI. A mixture of water and
HCI (3:1) was heated to boiling. The oxime of SPMP
and zinc metal were added in small portions at boil. The
reduction was completed as the solution became
colorless. A small amount of additional zinc was added

and the resultant amine hydrochloride was quenched to
-7 °C. The excessive un-reacted zinc was removed by
filtration. The comparative results of the both processes
for the formation of SPMP amine hydrochloride and
Rubazoic acid are presented in Table-1.

Table 1: Reduction of Niroso/Oxime of SPMP

Process | Oxime (g) | Zn used (g) | NH4CI (g) | Temp,° C | HCI (ml) | Aime %age | Rubazoic acid%age
B-1 28.3 7.8 8 3-5 45 85-86 24-25
B-2 28.3 23 0 100-105 85 97-98 2-3

Note: Amine content was determined by Ist Coupling value and Rubazoic acid by Post coupling value.

Table-2: %age of Rubazoic acid formation during diazotization

Sr. No. | Nitrite SPMP | Coupler | Coupling | Coupling %age of | %age of | Diazotization | Rubazoic
addition amine | (moles) | pH Temp(® C) | Coupler, | Coupler, % age acid %
time (moles) Coupled | Uncoupled age
(mint.)

1 1 (Atonce) | 0.1 0.1 8.5-9.5 5-15 zero 100 zero 100

2 3 (Twice) 0.1 0.1 8.5-9.5 5-15 2 98 2 98

3 5 (Thrice) | 0.1 0.1 8.5-9.5 5-15 2.5 97.5 2.5 97.5

4 15 0.1 0.1 8.5-9.5 5-15 4.5 95.5 4.5 95.5

5 30 0.1 0.1 8.5-9.5 5-15 10.6 89.4 10.6 89.4

6 45 0.1 0.1 8.5-9.5 5-15 14.3 86.7 14.3 86.7

7 60 0.1 0.1 8.5-9.5 5-15 21.8 78.2 21.8 78.2

8 75 0.1 0.1 8.5-9.5 5-15 30.7 69.3 30.7 69.3

9 90 0.1 0.1 8.5-9.5 5-15 39.3 60.7 39.3 60.7

10 105 0.1 0.1 8.5-9.5 5-15 46.4 53.6 46.4 53.6

11 120 0.1 0.1 8.5-9.5 5-15 53.8 46.2 53.8 46.2

12 135 0.1 0.1 8.5-9.5 5-15 60.1 39.9 60.1 39.9

13 150 0.1 0.1 8.5-9.5 5-15 67.6 324 67.6 324

14 165 0.1 0.1 8.5-9.5 5-15 81.8 18.2 81.8 18.2

15 180 0.1 0.1 8.5-9.5 5-15 90.9 9.1 90.9 9.1

16 195 0.1 0.1 8.5-9.5 5-15 94.8 5.2 94.8 5.2

17 210 0.1 0.1 8.5-9.5 5-15 97.5 2.5 97.5 2.5

18 225 0.1 0.1 8.5-9.5 5-15 98.3 1.7 98.3 1.7

19 240 0.1 0.1 8.5-9.5 5-15 98 2 98 2

20 255 0.1 0.1 8.5-9.5 5-15 98 2 98 2

3.2 Effect of time on diazotization during synthesis
of rubazoic acid:

The amine hydrochloride of SPMP was
diazotized using an aqueous solution of NaNO, ( 6.9g
dissolved in 250ml of solution) and HCI at -5 to -
2°C.The nitrous acid formed in situ can diazotize as
well as Oxidize the amine hydrochloride to rubazoic
acid. Both of the reactions proceeded competitively.
The amount of diazonium formation was quantified by
the coupling reaction of B-naphthol. The excess of [3-
naphthol amount (uncoupled p-naphthol) was
determined by its post coupling with a standard p-nitro

aniline diazonium chloride solution. H-acid was used as
an external indicator in this back titration. The
comparative formation of diazonium compound of
SPMP and rubazoic acid is given in Table-2. This also
shows the rate of nitrite addition, amount of
diazotization and the % age of Rubazoic acid formation.

The figure below is the graphic presentation of
the data given in Table-2, showing the comparative
oxidizing and diazotizing effect of nitrous acid on
SPMP amine hydrochloride.
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Figure 1, Graphical representation of comparative oxidizing and diazotizing effect of nitrous acid on

SPMP amine hydrochloride

The diazonium compound of SPMP formed in
step-C was coupled with B-naphthol dissolved in 250 ml
water containing 4.5 g NaOH. The solution of coupler
was jacketed by ice and coupling was conducted at 5-
15° C. A 25% solution of Na,CO; was used as an acid
binding agent. Coupling was completed in 8-10 hours at
pH 8.5-9.5.This coupling value gave us the %age
amount of the Diazonium compound of SPMP formed
in step-C.

For the determination of uncoupled B-naphthol
in step-D, post coupling was done with a standard
solution of p-nitroaniline diazonium chloride at 3-5° C
and 8.0-8.5 pH. The diazonium solution was added
from a burette. H-acid was used as an external
Indicator. This post coupling value gave us the %age of
Oxidation of amine of SPMP (%age of Rubazoic acid
formation).

For the synthesis of rubazoic acid of SPMP,
the reduction of oxime was conducted as described in
step B-1. After the reduction, pH of the amine solution
was raised to 5.5 by 10% NaOH. Then aeration was
done to oxidize the amine content to form Rubazoic
acid.

3.3 Spectral and kinetic Study for formation of
Rubazoic acid from SPMP amine

For this purpose amine hydro chloride of
Oxime of SPMP was prepared according to method B-
2. To 100ml of this solution Na,COs;was added to
precipitate Zinc from this solution as ZnCO; that was
filtered immediately. After the filtration of zinc, 10ml
of this solution was diluted up to 500 ml with the
requisite phosphate buffer. Now the solution contained
amine concentration equivalent to 2.0mMolar.

At pH 7.0 or above SPMP amine is
automatically converted into Rubazoic acid and its
strength gradually increases as a function of time. To
measure the strength of Rubazoic acid, the cell was
filled with this solution of amine (2.0mmolar) and the
initial reading was taken as standard. The same solution
remained in the measuring compartment of the
instrument and readings were taken as a function of
time till the strength became maximum or constant.
This procedure was repeated for every ph variant. The
results of Rubazoic acid formation and its strength
measurements with respect to pH and Time are
presented in Table-3.
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Table 3: Spectrophotometric study for the formation of Rubazoic acid and its strength as a function of time from
SPMP amine at different pH values

Time(min) | pH=7.0 | pH=7.5 | pH=8.0 | pH=8.5 | pH=9.0 | pH=9.5 | pH=10.0 | pH=10.5
0 0 0 0 0 0 0 0 0
5 20.54 30.33 73.76 82.04 105 135.1 360.2 400.39
10 48.51 68.63 122.69 | 195.46 | 320.4 386.2 450.65 475.76
15 96.83 138.51 | 230.52 | 250.5 430.15 | 455.63 | 500 490.1
20 118.25 | 193.77 | 340.67 | 448.9 480.26 | 490.52 | 510.23 480.23
25 158.32 | 215.36 | 419.74 | 473.15 | 495.66 | 503.26 | 503.45 456.36
30 198.46 | 340.84 | 44757 | 486.93 | 506.08 | 515.63 | 495.61 430.48
35 240.15 | 366.9 453.32 | 493.97 | 506.9 516.12 | 479.35 419.56
40 281.35 | 398.15 | 457.32 | 500.26 | 510.34 | 518.96 | 468.52 405.55
50 319.1 417.4 457.77 | 508.16 | 511.95 | 519.6 460.13 365.12
60 344.64 | 428.05 | 459.25 | 510.45 | 513035 | 520.24 | 459.2 350.4
70 370.36 | 431.96 | 460.5 512.3 517.96 | 521.86 | 458.56 330.94
80 381.86 | 432.76 | 462.68 | 513.36 | 520.4 522.9 457.96 322.6
100 406.6 435.5 463.59 | 515.34 | 521.23 | 523.1 456.85 300.54
110 410.4 437.66 | 465.33 | 515.96 | 522 524.2 456.32 298.64
120 412.6 438.9 466.1 516.26 | 522.6 524.1 456 295.28
150 413.5 439 466.53 | 516.46 | 522.7 524 455.65 293.61
180 414.11 | 439.5 46.83 516.6 522.76 | 523.86 | 455.23 292.1
210 41546 | 439.52 | 466.89 | 516.76 | 522.78 | 523.46 | 455 291.86
600
500 e
- . r..l:-f"x*_*_ N
% 400 t .I ;'("'g _mma— —8————= = —a—pH=7.5
3 | ,4 ...__'m,...---"' pH=7.0
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Figure 2, Graphical presentation of Rubazoic acid formation

Synthesis of rubazoic acid from 1(4-
sulphophenyl)  3-methyl-2-pyrazolin-5-one  (SPMP),
involves nitrosation of SPMP, reduction of nitroso
derivative and diazotization. During diazotization due
to oxidizing action of nitrous acid rubazoic formation
occurs which has been confirmed by FTIR of
comparision of strating materials, intermediate diazo
and and rubazoic acid formed. Broadness peak at range
3200-3500/cm indicated the hydrogen O-H---O=C
bonding and the peak at 1556/cm showed the presence
of imine functionality formed. Presence of prominent
peak at 1715/cm provided the picture of carbonyl group
in the molecule. Three peaks at 1635, 1585, and

1570/cm are the evidence for the presence of benze
motif in the molecule. Peak at 1220/cm represented the
presence of SOsH group in the rubazoic formed.

4. CONCLUSION

In this work it has been found that rubazoic
acid type derivative of SPMP is formed in water
automatically at pH 7.0 or above. The amine
hydrochloride of SPMP was stable at -7° C .The best
diazotization temperature for this amine has been found
to be -5 to -3° C. At a temperature, above this range,
amine hydrochloride is oxidized by nitrous acid to form
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rubazoic acid. Rubazoic acid of SPMP is formed at a
greater rate at higher pH as well. Deterioration of
rubazoic acid derivative starts above pH 10. The higher
rate of nitrite addition formed greater amount of nitrous
acid that favored the formation of Rubazoic acid, while
a slow addition of nitrite leaded to greater %age of
diazotization.
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