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Solubility of 5-Nitro- and 3-Nitrosalicylic Acids in an Acetic Acid/Nitric Acid

Mixture
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To better understand the batch production of 5-nitrosalicylic acid by means of the nitration of salicylic acid
through the mixture nitric acid/acetic acid, the solubility of the two main mononitro derivatives of salicylic acid

is investigated. For this purpose, the behavior of the

two mononitro compounds in the ternary system organic/

acetic acid/nitric acid is separately studied at different temperatures (288 to 303) K and nitric acid concentrations
[(O to 2) motL~1 for 5-nitrosalicylic acid, (0 to 1) meL~1 for 3-nitrosalicylic acid]. The solubility of these
compounds increases with a rise in temperature, whereas only the solubility of 5-nitrosalicylic acid is dependent
upon the nitric acid concentration. The mutual effect of each organic acid on the solubility of the other is also
investigated. The observed dependencies are explained through simple thermodynamic relationships.

Introduction

5-Nitrosalicylic acid is the basic intermediate in the synthesis
of mesalazine starting from salicylic acidvlesalazine is one

of the most important active species used in the pharmaceuticaL[

field for the treatment of various pathologies such as ulcerative
colitis and Crohn’s diseagé.In a recent study,a novel method
was proposed to obtain 5-nitrosalicylic acid using the system
HNO3/CH3;COOH for the nitration of salicylic acid. One of the

most interesting features of this nitrating system is that the target

product (5-nitrosalicylic acid) and its side product (3-nitrosali-
cylic acid) separate from the reacting solution by precipitation
using particular operating conditions, thus simplifying the
subsequent separation and purification sfepswever, there

still exist some concerns related to the safety aspects of this

nitrating system. In particular, although the authors provided
in previous papef$ a thermokinetic characterization of the
reacting system that may be used to prevent the occurrence o
runaway phenomena, at least in principle, the possibility of
detonation of the mixture HN§AcOH cannot be ruled out even

if properly initiated and confine®lTo refine the available kinetic
modet* with the view of a possible industrial application, an
experimental work devoted to collect information on the
solubility of the two mononitro derivatives in the ternary system
organic/nitric acid/ acetic acid was carried out.

Therefore, the dependence of the solubility of both 5-nitro-
and 3-nitrosalicylic acid with respect to temperature and nitric
acid concentration was investigated. Some efforts were also
undertaken to assess the influence of the presence of on
compound on the solubility of the other.

Experimental Section

All the experiments were performed under isothermal condi-
tions using a jacketed, magnetically stirred, glass reactor
(volume: 2.01072 L). The temperature was kept constant by
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using a Julabo F32 refrigerated/heating circulator (cooling
fluid: water). The runs were performed by preparing the mixture
of acetic acid and nitric acid directly in the reactor, and after a
period of rest at the desired temperature to stabilize the mixture,
he solid sample was fed in batch mode. The resulting system
was kept under stirring for 6 h, then the stirrer was turned off,
and the mixture was left to settle for 2 h. Samples of the liquid
phase were withdrawn from the reactor by using a pipet
equipped with an appropriate filter. The concentrations of the
involved species were measured by means of an HPLC analysis
using the Hewlett-Packard model 1100 II, equipped with an
UV —VIS detector and a “Phenomenex Synergt $olar RP/
80°” column. For the mobile phase, a mixture formed by 80 %
v/v of a buffer solution (CHOH 5 % v/v, POy 0.4 % Vv,

H,0 94.6 % v/v) and 20 % v/v of acetonitrile was used. The
signals were acquired at (240, 280, and 350) nm; the column
emperature was kept at 298 K; and the flow rate set af 10
L-min~L. For all the experiments, analytical grade reagents were
used (HSOy 98 % v/v by Fluka and the others by Sigma
Aldrich).

Results and Discussions

The solubility of each nitroderivative in acetic acid/nitric acid
media was investigated at five different values of the natiq,/
Nsubstrate FOr @ fixed nitric acid concentration, the runs were
performed at four different temperatures chosen in the range of
(288 to 303) K, according to the procedure described in the

€Experimenta| Section. The operating conditions adopted in the

runs performed on 5-nitro- and 3-nitrosalicylic acid are reported
in Tables 1 and 2, respectively. Since the material balance is
within the experimental error and no further peaks were detected
in the chromatogram, it can be stated that even at the highest
temperatures adopted for these experiments the substrates
analyzed are stable species.

In Figure 1, the logarithm of the solubility of 5-nitrosalicylic
acid, 5NS (as molar fractiorgys = Neng(Ninos + Nacon +
Neng) IS reported against the reciprocal of absolute tempera-
ture for different values of the ratiBs = mol of nitric acid/
mol of 5NS.

© 2007 American Chemical Society

Published on Web 12/14/2006



Journal of Chemical and Engineering Data, Vol. 52, No. 1, 20023

Table 1. Operating Conditions Adopted in the Runs Performed on -3,5

5-Nitrosalicylic Acid?
Rs mensg Vacon/mL 375 1
0 0.5 5 —
1 0.5 5 P B R3=4
2 0.5 5 % 41 @R3=3
3 0.5 5 £ AR3=2
4 0.5 5 425] @R3= A

; . Lo ) XR3=0
aRs, molar rationyno/Nsns, Mens, 5-nitrosalicylic acid masd/acon, acetic
acid volume. 45 i . , i
0,00325 0,0033 0,00335 0,0034 0,00345 0,0035

Table 2. Operating Conditions Adopted in the Runs Performed on

3-Nitrosalicylic Acid? 1T K]

Figure 3. 3-Nitrosalicylic acid solubility dependence upon temperature

Vaconw/mL . .
Rs Mens/g Acort for different values of the rati® = nuno/Nans
0 0.13 3
1 0.13 3 34
2 0.13 3
3 0.13 3 -3,5 - [ )
4 0.13 3 ‘
- -3,6 1 °
aRs, molar rationyno/Nans Mens, 3-nitrosalicylic acid masd/acon, acetic 2
H ] o 4
acid volume. % 371 m3NS=0.05moilL
35 = 38 ®3NS=0.025mollL ’
¢ 3NS=0.07 mol/L ]
391 A3NS=0molL
-3,75
-4 T T T T
E 0,00325 0,0033 0,00335 0,0034 0,00345 0,0035
02 -4 {XR5=0 1T K]
£ HR5=1 . . — . -
_ Figure 4. 5-Nitrosalicylic acid solubility dependence upon temperature
425 _::'2 for different 3-nitrosalicylic acid concentrations and fy =0.
@ R5=4 Table 3. Operating Conditions Adopted in the Runs Performed on
45 . i ' i 5-Nitrosalicylic Acid in the Presence of 3-Nitrosalicylic Acidt
0,00325 0,0033 0,00335 0,0034 0,00345 0,0035 msng/g Vacow/mL Rs Csngmol-L—1
UT K™Y 0.5 5 0 0
Figure 1. 5-Nitrosalicylic acid solubility dependence upon temperature 82 g 8 88;5
for different values of the rati® = npno/Nsns 05 5 0 007
-3,8 0.5 5 4 0
0.5 5 4 0.025
3,9 0.5 5 4 0.05
0.5 5 4 0.07
-4 4

amens, 5-nitrosalicylic acid massyacon, acetic acid volumeRs, molar

T 4.1 1 ratio nuno/Nsns; Cans, 3-nitrosalicylic acid concentration.
4,2 Table 4. Operating Conditions Adopted in the Runs Considered for
the ANOVA Test?
2 meng/g Vacon/mL Rs T/K Cangmol-L~1
-4,4 + T T T T T T 0.5 5 0 288 0
0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0.5 5 0 288 0.025
Xemos 0.5 5 0 288 0.05
. . Lo . - o . 0.5 5 0 288 0.07
Figure 2. 5-Nitrosalicylic acid solubility dependence upon nitric acid
concentration. amgys, 5-nitrosalicylic acid massyacon, acetic acid volumeRs, molar

. . . . ratio nuno/Nsns, T, temperatureCans, 3-nitrosalicylic acid concentration.
The diagrams reported in Figure 1 show that, when nitric

acid concentration is kept constant, the logarithm of the
solubility has a linear dependence on the reciprocal of the to be negligibly affected by a change in nitric acid concentration
absolute temperature; in particular the logarithm of the solubility (Figure 3). The effect of 3-nitrosalicylic acid on the solubility
of 5-nitrosalicylic acid decreases with a rise in the reciprocal of 5-nitrosalicylic acid was also studied. For this purpose, two
of temperature. Moreover, the lines that interpolate experimental different values of the molar rati® were chosen at fixed
data for different nitric acid concentrations have the same slope,amounts of acetic acid and 5-nitrosalycilic acid. For two values
and their interceptsi) have a linear dependence upon nitric of Rs, four experiments were carried out. For each experiment
acid molar fractionxuno, @s shown in Figure 2 in which  a different quantity of 3-nitrosalicylic acid was added to the
negativei is plotted againskunos,. mixture (see Table 3).

For 3-nitrosalicylic acid, a similar linear dependence ofdn For each fixed composition of the system, four runs were
on temperature is observed; also in this case the logarithm ofperformed at different temperatures (288, 293, 298, and 303)
the solubility increases linearly with temperature, but it seems K. In Figure 4, the data gathered in the runs performed with a
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Table 5. Calculations for the ANOVA Tes#

source of degrees of

variation freedom sum of square mean square
between groups r-1)=3 = Yj=1 9 — 1)>=2.2810"* qu/(r —1)=9.37%10°°
within groups g—r)=16 Qo= Y=1 Y (uix — i5)? = 3.92:1073 /(g —r)=2.2510"*
total @—-1=19 g+ q=4.19103

ar, number of groupsg;, size of eachjth group;g, sum ofg;; xjx kth sample ofith group;z, mean of the entire samplg;, mean of thgth group.

value of Rs equal to zero are reported; similar results were

obtained forRs = 4. On the basis of these results, it is assumed

that the solubility of 5-nitrosalicylic acid is not significantly
affected by the presence of 3-nitrosalicylic acid. To verify this
hypothesis, an ANOVA teétas performed on the results of a

Table 6. Best Estimate of the Parameters for 5-Nitrosalicylic Acié
AG?US,SNJJ'Q_:L A B
19898.9+ 6.3 —4.3444 0.0045 3.845t 0.0815

alAG?US,BNS Gibbs free energy of fusionA and B, dimensionless

set of experiments carried out using the initial condition reported parameters in eq 2.

in Table 4.

For each fixed value of 3-nitrosalicylic acid concentration,
the solubility determination of 5NS was repeated five times.
For each value ofC3\g, five values of the solubility of 5NS

were also obtained; that is, four different groups of data were

Table 7. Best Estimate of the Parameters for 3-Nitrosalicylic Acié
AG?US,3N4J.971
26362.8+ 23

In y3ns
—6.719+ 0.0185

collected during all the experiments. These data were analyzed

by calculating the mean values of 5NS solubility within a single
group and over all the groups. The ANOVA test requires the
calculation of the following ratio (see Table 5):

_ Mmean square between groups) o4
°  mean square within groups

and its comparison with a Fisher function valwe= 3.24,
determined for a significance level equal b 5 % from the
Table of F distributio’ with ((r — 1), (g — r)) degrees of
freedom (where is the number of groups arglis the sum of
the sizes of each groug). Since the calculated value of is
lower than 3.24, it is not possible to reject the hypothesis
according to which the mean values of the solubility of all the

aAG?us,SNS Gibbs free energy of fusion; I3y logarithm of the
activity coefficient.

consistent with the data reported in Figures 1 and 3, which can
be described by an equation of the following type:

nx =2+ @)

The comparison of eqs 3 and 4 givBs= —AG?USJ/R andi =

S

Vi
For the dependence ofS on nitric acid concentration
observed in the case of 5-nitrosalicylic acid, the application of

groups a;reﬁeql:atlﬁ therleft?llr_e, thfesp;:gs?rnhce in the squugn of 3NS\NiIson's equatioh to the ternary acetic acid/nitric acid/5NS
oes not affect the solubility 0 - |N€ same procedure was system gives rise to a linear relation:

successfully adopted to demonstrate that the solubility of
3-nitrosalicylic acid does not depend upon either the concentra-

S = .
tion of 5-nitrosalicylic acid or that of nitric acid (Figure 3). In ¥ = A+ BXiic acia

(®)

Correlation when ¢ and Xuiric acia are negligible as compared #cetic acid

Simple thermodynamic considerations may be used to justify This hypothesis is verified for all runs since the experiments
the observed dependence of the solubility upon temperature andvere carried out with a large excess of acetic acid. Equations 3
(for 5-nitrosalicylic acid only) nitric acid concentration. In fact, and 5 were used for the analysis of the data collected for
if the thermodynamic constant for the setitiquid equilibrium 5-nitrosalicylic acid shown in Figure 1 and 2, thus allowing an
is written as the ratio between the activities) ©f the species  estimate of the parameteAGy; 5ys A andB, through a least-
in the liquid and the solid phases: square optimization procedure (Table 6)

To analyze the data found for 3-nitrosalicylic, only eq 3 was
a used. Also in this case, the optimization procedure allowed the

Keai = e @) determination 0fAG{ sysand of Iny3ys (Table 7).
with a,-s°"d 10 Conclusions
The dependence of the solubility of 5-nitrosalicylic and
Kegi = & = 7% ) 3-nitrosalicylic acids, in acetic acid/nitric acid mixtures, with

respect to temperature and nitric acid concentration was assessed

Taking the logarithm of both members of eq 2 and consid- to simplify the 5-nitrosalicylic acid production process. The
ering the dependence of the equilibrium constant upon temper-solubility of 5-nitrosalicylic acid was found to increase with a
ature: rise in temperature and decrease with increasing nitric acid
concentration. In the case of 3-nitrosalicylic acid a similar
dependence of solubility on temperature was observed but the
solubility of this species appears not to be affected by a change
in nitric acid concentration. The mutual effect of each organic

At a fixed nitric acid concentration, if the change pf in acid on the solubility of the other was found to be negligible.
the investigated temperature range is negligible, then eq 3 isThe dependencies found were justified with simple thermody-

_ 0
_ s _ fusj s
N =InKgy — Inyf = —Iny

RT i 3)
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namic considerations, and the parameters involved were as-i mean of the entire sample (dimensionless)

sessed. 7 mean of thgth group (dimensionless)
Uik kth sample ofith group (dimensionless)
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