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Derivatization of Enolic OH of Piroxicam: a Comparative Study on Esters and Sulfonates
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Virios ésteres e sulfonatos derivados da piroxicam foram preparados por acilacdo e sulfonacdo
da hidroxila fendlica da piroxicam. Todos os compostos foram avaliados quanto a estabilidade
quimica e as propriedades de inibicdo da ciclooxigenase. Os dados sugeriram que os ésteres
poderiam ser o ponto de partida para o desenvolvimento de fairmacos em potencial. Os sulfonatos
derivados, preparados pela primeira vez, apresentaram estabilidade. Entre eles, um demonstrou uma
moderada seletividade de inibi¢do da COX-2 sobre a COX-1 e teria menor efeito colateral para o
sistema gastrintestinal que a piroxicam devido ao grupo OH enélico mascarado. Um mecanismo
plausivel para o processo de acilagio e sulfonagio foi proposto, envolvendo a participa¢do da porcéo
da piridina presente na piroxicam. A estrutura molecular de um dos ésteres foi estabelecida, pela
primeira vez, por meio de andlise cristalografica dos dados de raio-X de difracéo de po.

A number of ester and sulfonate derivatives of piroxicam were prepared via acylation/
sulfonation of the enolic OH of piroxicam. All the compounds were evaluated for their chemical
stability and cyclooxygenase inhibiting properties. Data suggested that esters could be useful for
the development of potential prodrugs. The sulfonate derivatives prepared for the first time were
found to be stable. One of them showed a moderately selective COX-2 inhibition over COX-1
and would have lower gastrointestinal side effects than piroxicam due to the masked enolic OH
group. A plausible mechanism for the acylation/sulfonation process has been proposed that involves
participation of the pyridine moiety of piroxicam. Molecular structure of one of the ester was

established for the first time by the crystal structure analysis from X-ray powder data.
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Introduction

Piroxicam (1, 1,2-benzothiazine-3-carboxamide-4-
hydroxy-2-methyl-N-(2-pyridyl)-1,1-dioxide, Figure 1),' a
nonsteroidal anti-inflammatory drug (NSAID) that belongs
to the enol-carboxamide class, was developed prior to
the discovery of cyclooxygenase-2 (COX-2, the second
and inducible isoform of cyclooxygenase responsible
for inflammation) on the basis of its anti-inflammatory
activity and relative safety in animal models. In subsequent
studies it was discovered that it possessed moderate COX-2
selectivity in compared to other COX-2 inhibitors. Several
attempts were made to improve its pharmacological profile
in addition to gastrointestinal side effects. For example,
extensive SAR studies have been carried out in order
to improve its COX-2/COX-1 selectivity profile which
includes substitution at the 6- and 7- positions of the
4-0x0-1,2-benzothiazine-3-carboxamide, alteration of the
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N-methyl substituent, and amide modification.! In another
approach, the enolic OH group thought to be responsible
for its COX-2 selectivity has been exploited as a “handle”
for the preparation of various piroxicam derivatives.>>
These derivatives are inactive against cyclooxygenase but
converted to piroxicam during or after absorption, thus
minimizing the potential for gastrointestinal irritation due
to topical cyclooxygenase inhibition and prostaglandin
depletion by the free drug. Several of these piroxicam
prodrugs® are now marketed including ampiroxicam, an
ether carbonate derivative of piroxicam.>?

As a chemical class piroxicam offered interesting
structural features due to the presence of acidic enolic OH
that prompted medicinal chemists/pharmacologists for
further studies. For example, unlike other acidic NSAIDs that
possess carboxylic acid functional group piroxicam did not
show any effect when tested for prostaglandin-independent
inhibition of calcium transport.” In another study it has been
shown that because of the presence of enolic OH group
piroxicam can adopt different structures depending on the pH
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Figure 1. Piroxicam (1) and its alternative structures under various
conditions.

of the medium.” At neutral pH, under biologically relevant
conditions, the anionic structure predominates (1b, Figure
1).% At the ground state it may exist in various conformations
because of its ability to form inter- and intramolecular
H-bonds. Upon electronic excitation of the closed enol
structure (1) in nonpolar solvents, an intramolecular
protontransfer reaction takes place, transforming it to the
keto-type form (1a, Figure 1).° In protic solvents, a second
species called an open conformer (1¢, Figure 1) is formed.'°
Furthermore, piroxicam caged within cyclodextrins (CD) and
micelles was studied.”!'""® At pH = 4, 1 in CD exists as the
closed conformer 1b.° In reverse micelles containing water,
the anionic species predominates in addition to the presence
of open and closed conformers.'?

All these studies indicate that the enolic hydroxy group
plays an important role in the observed physico-chemical
and pharmacological properties displayed by piroxicam.
Therefore derivatization of this group via alkylation or
acylation is expected to change all these properties of
piroxicam. This is exemplified by the development of the
ampiroxicam, an ether carbonate derivative of piroxicam,>*
droxicam,* (Figure 2) piroxicam pivalic ester or cinnoxicam
(piroxicam cinnamate).” These derivatives containing
masked enolic OH group are stable under gastric conditions
and cause lower gastrointestinal irritation. However, they
are sufficiently labile toward hydrolysis to allow release of
1, preferably during or immediately after absorption from
the gastrointestinal track.® While a number of piroxicam
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Figure 2. Prodrugs of piroxicam.

derivatives have been explored for the development of
appropriate prodrugs only limited studies have been
reported on the acyl derivatives and none on sulfonyl
derivatives of piroxicam. Due to our continued interest
in the chemical modifications of existing cycloxygenase
inhibitors we have reported the synthesis of nimesulide and
naproxen derivatives recently.'* Herein we report our more
recent study on derivatization of piroxicam via preparing the
corresponding esters and sulfonates followed by evaluation
of their chemical and pharmacological properties.

Results and Discussion

Thus when piroxicam (1) was treated with acyl chloride
(2) or sulfonyl chloride (3) in the presence of triethylamine
in chloroform corresponding acyl or sulfonyl derivatives
(4 or 5) were isolated in good yields (Scheme 1). A
number of piroxicam derivatives were prepared following
this procedure and the results are summarized in Table
1. Although piroxicam can adopt different structures as
shown in Figure 1, only O-acylated or O-sulfonylated
products were isolated from the reaction mixture. No other
significant side products arising from any or all of these
alternative structures were detected. However, formation
of other regioisomers can not be ruled out completely
because isolation of pure product required recrystallization
in all cases to remove unidentified impurities. In a typical
procedure, to a stirred solution of 1 (2 g, 6.0 mmol) in
chloroform (42 mL) was added benzoyl chloride 2¢
(0.99 g, 7.0 mmol) in Et,N (1.0 mL, 7.0 mmol) drop wise
at 25 °C under anhydrous condition. The resulting mixture
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Scheme 1. Reaction of piroxicam (1) with acyl chloride (2) and sulfonyl chloride (3).
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Table 1. Synthesis of O-acylated and O-sulfonylated derivatives of
piroxicam®
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*All the reactions were carried out using piroxicam (1), Et,N (1.2 equiv)
and halide 2 or 3 (1.2 equiv) in chloroform at 25 °C.
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was stirred at 25 °C for 6h. After usual work up and
purification the corresponding product was isolated in 51%
yield. The acylation/sulfonation of piroxicam proceed via
generation of the anion 1b in situ, which then participates
in the reaction via enolic oxygen of the benzothiazine ring
preferentially over the enolic oxygen of 3-carboximide
moiety perhaps due to the higher resonance stabilizaton
of the former anion (Scheme 2).

It is possible that the pyridine moiety of 1b generates
the actual reactive species from the acyl/arylsulfonyl halide
that then transfer the acyl/arylsulfonyl group to the enolic
oxygen in an intramolecular fashion thereby facilitating the
reaction. Pyridine is known to acylate alcohols, phenols
and amines via the formation of a pyridine-acyl chloride
complex.'” In order to gain experimental evidences on the
role of pyridine moiety the reaction of 1 with 2¢ was carried
out in the absence of triethylamine. However, this study
remained inconclusive due to the isolation of an inseparable
mixture of products.

All the compounds synthesized were well characterized
by spectral (‘H NMR, IR and Mass) data. This was further
supported by the crystal structure analysis from X-ray
powder data'é of 1,2-benzothiazine-3-carboxamide-4-
O-(4-methoxybenzoyl)-2-methyl-N-(2-pyridyl)-1,1-
dioxide, C,;H ;N.O S (4f)."” There are only few examples
known involving the use of this technique for structure
determination of organic compound. The molecular view
of compound 4f with atom numbering scheme is shown in
Figure 3. The compound consists of a piroxicam skeleton
with a methoxybenzoyl substitution at the 4-position. The
torsion angles O3-C7-C8-C18 -17.9(3)°, O6-C18-C8-C7
29.3(4)° and H(N2)-N2-C18-06 179.3° indicate that the
atom O6 is on the same side of molecule as atom O3 with
respect to the C7-C8-C18-N2 chain, while the N2-H(N2)
group is on the opposite side. The relative orientation of
the anilide H(N2) and O6 atoms with respect to O3 atom
is important in piroxicam related structures because the
atom N2 is involved in hydrogen bonding. The molecular
conformation of 4f is influenced by intramolecular
N2-H(N2)---N1 and C20-H(C20)---O6 interactions.
A further analysis of X-ray powder diffraction data revealed
that a combination of N-H---O, C-H---O, C-H---7 (arene)
hydrogen bonds, and aromatic -1 stacking interactions
stabilized the crystal structure of 4f. Pairs of intermolecular
N-H:--O and C-H:--O hydrogen bonds link the molecules
of 4f into centrosymmetric dimers with the formation of
R*(14) and R *(22) rings which are alternately joined,
so generating infinite one-dimensional polymeric chains
propagating along the [-211] direction. The C-H---1t (arene)
hydrogen bonds interconnect the adjacent polymeric chains
into two-dimensional molecular sheets parallel to the
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Scheme 2. Proposed reaction mechanism for acylation / sulfonation of piroxicam (1).

(102) plane, which are further linked through C-H---O and
C-H---N hydrogen bonds to complete the three dimensional
network in 4f.

Figure 3. Molecular view of 4f with atom numbering scheme.

We have synthesized a number of ester and sulfonate
derivatives of piroxicam with the aim of assessing their
pharmacological properties. Accordingly, we focus on to
gain some preliminary information about their stability
under physiological condition. Thus, stability studies
were carried out using all the compounds synthesized at
different pH. All the compounds were treated with 50 mM
tris buffer (pH 7.4) and percentage of compound remained
after 2 h incubation in buffer was measured.'® Aliphatic
esters (4a-b) were found to be stable whereas aromatic
esters (4c-g) showed certain degree of instability as 10-20%

of these esters were cleaved under the condition studied
depending on the nature of substituents present. At more
alkaline pHe.g. 10 (that is equivalent to the pH of simulated
intestinal fluid) nearly all the esters (4a-g) were found to
be susceptible to hydrolysis. On the other hand all the
esters were stable even after 24 h under acidic pHe.g. 1.1
(equivalent to the pH of simulated gastric fluid). Thus, based
on these observations it is expected that all these esters
would show similar behavior under physiological condition.
Additionally, esters are known to convert back to the active
parent compound in the presence of liver microsomes. Thus,
compounds 4a-g should deliver piroxicam under enzymatic
condition in vivo and therefore would be more suitable
for the selection of a potential prodrug candidate. Unlike
esters both the sulfonate derivatives (5a-b) were found to
be stable across the pH tested and therefore might not serve
as prodrug. Moreover, sulfonates are not usually substrates
of human blood esterases and perhaps nor do they undergo
hepatic hydrolysis.

Having assessed the stability parameters for all the
compounds synthesized we next planned to evaluate
their cyclooxygenase inhibitory activities. Many of these
compounds were tested against cyclooxygenase enzyme
in vitro" and as expected most of the esters showed low or
insignificant inhibitory effects against COX-1 and 2. For
example at the concentration of 100 umol L' compound 4a and
4f showed 38% and 22% inhibition against COX-1 and 16%
and 25% inhibition against COX-2 respectively. However, the
sulfonate derivative Sa showed 2 folds selectivity for COX-2
over COX-1 with the % inhibition noted as 30+2 and 75+4 at
100 pmol L' against COX-1 and COX-2 respectively. Thus, 5a
can be chosen as a moderately selective new COX-2 inhibitor
having masked enolic OH group thereby lower possibility of
gastrointestinal side effects.
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Conclusions

In conclusion, we have reported synthesis of various
ester and sulfonate derivatives of piroxicam via acylation/
sulfonation of its enolic OH. A plausible mechanism for
the acylation/sulfonation process has been proposed that
involves participation of the pyridine moiety of piroxicam.
Molecular structure of one of the ester 4f was established
by the crystal structure analysis from X-ray powder data.
The data suggested that the anilide oxygen atom and the
methoxybenzoyl group lying on the same side of the
molecule. A combination of N-H---O, C-H---O, C-H---t
(arene) hydrogen bonds, and m-7 stacking interactions
stabilized the crystal structure of 4f. All the compounds
synthesized were evaluated for their chemical stability
and cyclooxygenase inhibiting properties. Data indicates
that these esters have potential for the development of
prodrugs. The stable sulfonate derivative Sa that has been
reported for the first time showed a moderately selective
COX-2 inhibition over COX-1. Due to the masked enolic
OH group 5a would have lower gastrointestinal side effects
than piroxicam and therefore has potential to be developed
as a new anti-inflammatory agent.

Experimental
General methods

Reactions were monitored by thin layer chromatography
(TLC) on silica gel plates (60 F254), visualizing with
ultraviolet light or iodine spray. Flash chromatography
was performed on silica gel (60-120 mesh) using distilled
petroleum ether and ethyl acetate. '"H NMR spectra
were determined in DMSO-d, solution on 200 MHz
spectrometers. Proton chemical shifts (0) are relative to
tetramethylsilane (TMS, d = 0.00) as internal standard
and expressed in ppm. Spin multiplicities are given as s
(singlet), d (doublet) and m (multiplet) as well as b (broad).
Coupling constants (J) are given in hertz. Infrared spectra
were recorded on a FT- IR spectrometer. Melting points
were determined by using melting point apparatus and are
uncorrected. MS spectra were obtained on a JMS-D 300
spectrometer. Elemental analyses were performed on a
Perkin-Elmer 240C analyzer.

Synthesis of 1,2-benzothiazine-3-carboxamide-4-0-(4-
methoxybenzoyl)-2-methyl-N-(2-pyridyl)-1, I-dioxide (4f)

4-methoxy benzoylchloride (1.2 g, 0.007 mol) in
triethylamine (1.0 mL, 0.007 mol) was added drop wise
to a solution of piroxicam (2 g, 0.006 mol) in chloroform
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(42 mL) at room temperature followed by stirring for
6 h at 30 °C. The reaction mixture was poured into ice
and extracted with chloroform (2 x 25 mL). The organic
layers were collected, washed with 5% NaOH (20 mL)
solution followed by 5% HCI (20 mL) and then with water
(2 X 30 mL), dried over anhydrous Na_ SO, filtered and
concentrated. The residue was purified by recrystallization
from chloroform-EtOAc to afford microcrystalline powder
of 4f.

4-0-Acetyl-1,2-benzothiazine-3-carboxamide-2-methyl-N-
(2-pyridyl)-1,1-dioxide (4a)

IR (KBr, cm™): 3328 (N-H), 1780 (C=0), 1685 (C=0);
'H NMR (400 MHz, CDCl,) 6 2.50 (s, 3H), 3.10 (s, 3 H),
7.10 (m, 1H), 7.50-8.10 (m, 5H), 8.40 (m, 1H), 10.80
(s, 1H); Mass (CI method): 374 (M*, 100%); Elemental
analysis: Calculated for C_H N,O.S, C 54.68, H 4.05, N

1777157 375

11.25%; found C 54.66, H 4.08, N 11.35%.

1,2-Benzothiazine-3-carboxamide-2-methyl-4-O-propio-
nyl-N-(2-pyridyl)-1,1-dioxide (4b)

mp 144 °C; IR (KBr, cm™): 3320 (N-H), 1775 (C=0),
1683 (C=0); 'H NMR (400 MHz, CDCl,) 01.10(t,J =
7.5Hz,3 H),2.6(q,J=7.5Hz,2H), 3.10 (s, 3H), 7.20 (m,
1H), 7.70-8.00 (m, 7H), 10.7 (s, 1H); Mass (CI method):
388.1 (M*, 100%); Elemental analysis: Calculated for
CH.N,O.S, C55.80, H4.42, N 10.85%; found C 55.76,

1777375

H 4.40, N 10.89%.

4-0-Benzoyl-1,2-benzothiazine-3-carboxamide-2-methyl-
N-(2-pyridyl)-1,1-dioxide (4c)

mp 185 °C; IR (KBr, cm™): 3324 (N-H), 1735 (C=0),
1685 (C=0); 'H NMR (400 MHz, CDCL,) 6 3.20 (s, 3H),
7.20-8.40 (m, 13H), 11.0 (s, 1H); Mass (CI method):
436 (M*, 100%); Elemental analysis: Calculated for
C,H.N.,O,S, C 60.68, H 3.93, N 9.65%; found C 60.49,

227717 375

H 3.98, N 9.69%.

1,2-Benzothiazine-3-carboxamide-4-0-(2-chlorobenzoyl)-
2-methyl-N-(2-pyridyl)-1,1-dioxide (4d)

IR (KBr, cm™): 3325 (N-H), 1732 (C=0), 1680 (C=0);
'HNMR (200 MHz, CDCl,) 6 3.21 (s, 3H), 7.21-7.88 (m,
10H), 8.07-8.11 (m, 2H), 11.0 (s, 1H); Mass (CI method):
470 (M*, 100%); Elemental analysis: Calculated for
C,H, CIN,O,S, C56.23, H 3.43, N 8.94%; found C 56.41,

227716

H 3.38, N 8.90%.
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1,2-Benzothiazine-3-carboxamide-4-O-(2-methylbenzoyl)-
2-methyl-N-(2-pyridyl)- 1, 1-dioxide (4e)

mp 164 °C; IR (KBr, cm™): 3327 (N-H), 1734 (C=0),
1682 (C=0); 'H NMR (400 MHz, CDCL,) 6 2.67 (s, 3H),
3.20 (s, 3H), 7.40 (m, 3H), 7.50 (m, 1H), 7.70 (m, 3H),
8.00 (d, J = 5.2 Hz, 1H), 8.10 (t, J = 5.4 Hz, 1H), 8.40
(m, 2H), 8.70 (d, J = 1.2 Hz, 1H), 11.9 (s, 1H); Mass
(CI method): 450 (M*, 100%); Elemental analysis:
Calculated for C_._H N.O.S, C 61.46, H 4.26, N 9.35%;

2377197 375

found C 61.40, H 4.27, N 9.39%.

1,2-Benzothiazine-3-carboxamide-4-0-(4-
methoxybenzoyl)-2-methyl-N-(2-pyridyl)-1, I -dioxide (4f)

mp 165 °C; IR (KBr, cm™): 3326 (N-H), 1736 (C=0),
1684 (C=0); 'H NMR (400 MHz, CDCL,) 6 3.15 (s, 3H),
3.80 (s, 3H), 7.00 (m, 3H), 7.60-7.70 (m, 4H), 7.90 (m, 1H),
8.10-8.20 (m, 3 H), 8.30 (m, 1H), 9.07 (s, 1H); Mass (CI
method): 466 (M*, 100%); Elemental analysis: Calculated
for C,;H ,N.O,S, C 59.35,H4.11,N 9.03%; found C 59.46,

237719 376

H 4.28, N 8.85%.

1,2-Benzothiazine-3-carboxamide-2-methyl-4-O-(4-
nitrobenzoyl)-N-(2-pyridyl)-1, 1-dioxide (4g)

mp 196 °C; IR (KBr, cm™): 3323 (N-H), 1749 (C=0),
1679 (C=0); 'H NMR (400 MHz, CDCl,) 6 3.10 (s, 3H),
7.10 (m, 1H), 7.60-7.80 (m, 4H), 7.90 (d, J =7.5 Hz, 1H),
8.10 (d, J = 4.3 Hz, 1H), 8.30-8.40 (m, SH), 9.10 (s, 1H);
Mass (CI method): 481 (M*, 100%); Elemental analysis:
Calculated for C_H N O.S, C 55.00, H 3.36, N 11.66%;

2277160 477

found C 55.16, H 3.29, N 11.75%.

1,2-Benzothiazine-3-carboxamide-4-0-(4-
methylbenzenesulfonyl)-2-methyl-N-(2-pyridyl)-1,1-
dioxide (5a)

mp 149 °C; IR (KBr, cm™): 3325 (N-H), 1738 (C=0),
1688 (C=0); 'H NMR (400 MHz, CDCl,) 6 2.30 (s, 3H),
3.00 (s, 3H), 7.20 (m, 3H), 7.60 (d, J = 8.4 Hz, 2H), 7.70
(m, 6H), 8.40 (d, J = 4.3 Hz, 1H), 10.9 (s, 1H); Mass (CI
method): 486 (M*, 100%); Elemental analysis: Calculated
for C,H ,N.OS,, C 54.42, H 3.94, N 8.65%; found C

2277197 37672

54.46, H 3.98, N 8.53%.

4-0-(4-Acetylamino benzenesulfonyl)-1,2-benzothiazine-3-
carboxamide-2-methyl-N-(2-pyridyl)-1, 1-dioxide (5b)

mp 170 °C; 'H NMR (400 MHz, CDCL,) 6 2.10 (s, 3H),
3.0 (s, 3H), 7.10 (m, 1H), 7.20-7.90 (m, 10H), 8.30 (m, 1H),

J. Braz. Chem. Soc.

10.3 (s, 1H), 10.9 (s, 1H); Mass (CI method): 528 (M*,
100%); Elemental analysis: Calculated for C,,H, N,O.S,,

C 52.26, H 3.81, N 10.60%; found C 52.40, H 3.88, N
10.35%.
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