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Abstract

Infrared spectroscopy has been used to characterize the polymorphic purity as well as to study the thermal conversion of three of the
more common fenamates between their different crystalline forms via measuring changes in the NH stretch region that occur between 3300
and 3350 wavenumbers. Shifts in band frequency for mefenamic acid result from differences in internal hydrogen bonding between the NH

group and either the carbonyl or hydroxyl groups of the acid moiety. Due to out-of-plane rotations about the egDisgl bbnd additional

polymorphic states have been suggested for flufenamic and tolfenamic acids. Rates of conversion are given for flufenamic, mefenamic, and

tolfenamic acids at temperatures between 85 and Célepending on the polymorphic transition for a particular analyte. Subsequently, these

rates are used to calculate the activation energy for the observed polymorphic transition. Values of 71.6, 49.0, and 50.8 kcal/mol are obtained

respectively for (1) the polymorph | to Il transition of mefenamic acid, (2) the polymorph I to Il transition of tolfenamic acid, and (3) the
polymorph Il to | transition of flufenamic acid.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction been suggested that solubility is a key factor in determining
bioavailability.

Fenamates are animportant group of pharmaceuticalcom-  Crystallographic measurements of the fenamates and their
pounds with anti-inflammatory and analgesic—antipyretic ac- metal complexes have shown that they share a common and
tivity that areN-arylated derivatives of anthranilic acid. Their invariant structural featur23—30] The carboxyl! group, the
mode of interaction is as potent prostaglandin synthetase in-ring containing it, and the bridging amino group are all copla-
hibitors [1-5]. Since their introduction many manuscripts nar resulting from resonance interactions and internal hydro-
have appeared that discuss various structural and physicaben bonding between the NH and the carboxyl group on ring
properties of fenamatg6—12]as well as numerous individ- 1. Thisisillustrated ifrig. 1where the positional substituents
ual analytical methods for quantifying thgi-4,13-22] on ring 2 are given imable 1for three of the more common

A common physical property of the fenamates is their gen- fenamates. In the case of mefenamic acid, its two reported
eral lack of solubility in water and other common organic sol- polymorphic states are illustrated by conformationsaand b in
vents which is influenced by their polymorphic fof112]. Fig. L Whereas in other cases, additional polymorphic states
As such, a typical dosage of the fenamates may require sev-have been suggested as the result of out-of-plane rotational
eral liters of fluid[6]. For example, the solubility of mefe-  differences between the central NH group and ring 2 contain-
namic acid is only about 40 and 8@/ml at 25 and 37C, ing the different substituents (i.e., rotations about theCN
respectively, in water at pH 7[11]. Because of this, it has  bond)[9].

Mefenamic acid has been reported to have only two crys-
talline modifications: a white form, polymorph I, and a green
* Corresponding author. Tel.: +1 937 775 2691; fax: +1 937 775 3122.  form, polymorph 11[6,9,31-34] However, flufenamic acid
E-mail addressroger.gilpin@wright.edu (R.K. Gilpin). has suggested to have as many as seven possible forms
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alyte. Subsequently, the resulting kinetic data were used to
calculate the activation energy for the individual polymorphic
transitions.

2. Experimental

Fig. 1. Conformational changes in fenamates between different polymorphs
that also include possible out-of-plane rotational differences at the central
N—Ciing2 bond.

2.1. Chemical and reagents

The HPLC grade methanol and the IR grade potassium

B _ bromide for preparing the infrared pellets were from Fisher

gle’f? iglllbg;:;i::)isseéggli;ﬁr?: cl)lig(ijngld a:gz s;actt)il\(/eelu nb Scientific (Pittsburgh, PA). The ACS grade 95% ethanol was
yp P y ypurchased from McCormick Distilling Co., Inc. (Weston,

recrystalllzatlon from either xylene or methar]. Inter- MO). The flufenamic, mefenamic, and tolfenamic acid sam-
mediate between these polymorphic extremes are the other

fenamates. In the case of tolfenamic acid, it has two thermally ples were obtained from Sigma (St. Louis, MO).
stable forms and a third possible form that is only stable at
lower temperatureglO].

Most studies of the polymorphs of the fenamates have

employed either X-ray or differential scanning calorimetric (Qﬁélggg?:rifd gf:sgsgzr;t)sn\:\;edr;(E)a;\tlseﬁioiljtrggo?uﬁgm?g
methods to characterize the different crystallographic states. Y, y 9

. . R spectrometer, equipped with a globar source, KBr beam
However, in a few cases infrared spectroscopy has been used, _ . L
. : o . splitter and a MCT detector. Samples of mefenamic acid were
butin most instances only as a qualitative tool to characterize

the differences in the spectral features. Although in one studyground with IR grade potassium bromide at weight ratios

of mefenamic acid it was noted that the NH stretching band :\)/]:/eléiot’\/v%relsiasridn)?tzerr?r?]o}gélr 'VTIE?] d%alset(STﬁg:jmz]gunga_be'
in the infrared shifted from 3313 cm for polymorph | (i.e., P

the initially crystallized form) to 3347 crit for polymorph i Tech, Madison, WI). Spectra were an average of either 64 or

: . ) . o ; ; 256 scans and were collected in the vacuum mode. Interfer-
(i.e., produced via heating) little additional information was i

. . : . . ograms were collected at a 5.0 cm aperture, 1.00 cm/s mir-
provided in terms of discussing these spectral differences as

ror speed, 0.5 cmt resolution, and transformed using box-
they relate to structural changfy. Infrared spectroscopy car appodization. Band shape analysis was carried out usin
also has been used to study the Fe(lll) compld283% and PP ' P Y 9

; . [ . . the Bomem-Grams software package whichincludes baseline
the sodium and calcium comple ] of mefenamic acid. correction, spectral smoothing, and curve fitting algorithms
In the latter instance, it was noted that the NH bands did 'SP 9, 9alg :

not change, which is inconsistent with the spectra that ap- The thermal conversion studies of mefenamic acid from

pear in the manuscript. Moreover, these drugs are not Stableoo_lymorph | to Il were carried out at 150, 155, and 160

and products of its decomposition can enhance undesirableusIng the following procedure. Samples of mefenamic acid

effects[41]. However, in formulations, cyclodextrins can be (300 mg) were weighed into small glass bottles, the openings

. " " . of the bottles covered loosely with aluminum foil, and then
used toincrease both the stability and solubility of mefenamic : )
) . . placed into a constant temperature oven (i.e., a GC oven).
acid[42] and tolfenamic acif43].

Based on the observations discussed above, an infraredThey were maintained at elevated temperatures for varying

study was carried out to examine the feasibility of usin periods up to 3 days. During this time, bottles were removed
y y 9 from the oven at specified times, cooled to room temperature,

changes in the |_nfrared band frequency gnd shape to GIUCI_andthe mefenamic acid blended with KBr as described above.
date structural differences between the different polymorphs " : ) .
In addition, the thermal conversion of tolfenamic acid from

of three of the more common fenamates, flufenamic, mefe- olvmorph 1 to 11 and flufenamic acid from oolvmoroh 11l to
namic, and tolfenamic acids. The rates of thermal conversionP2YMOrPN | ' . polymorp
. . ) | were studied respectively at 90, 95, and 200and 85, 90,
for flufenamic from polymorph Il to I, mefenamic acid from ; L
and 95°C using a similar procedure.

Fodl)ll n\:v%rrpehslujgielg Z??eﬁgi?:tr:;gsaggvcfg; gg'gﬂgj@go' Quantitation of the individual heated samples involved a

depending on the polymorphic transition and particular an- standard addition approach that was carried out as follows.
Pure polymorph Il of mefenamic acid was prepared by heat-
ing the original as received mefenamic acid for 48 h at’X60

2.2. Infrared equipment and procedures

;ab'_‘f_ 1 | substtutions for the different f . and then verifying the identity and purity of the product that
oslitional substitutions for the airrerent renamates . .

formed by infrared spectroscopy (i.e., the absence of any
Compound R Ro Rs Ra Rs traces of an NH stretch band at 3311-3312¢rand only
Mefenamic acid cH CHs H H H a band at 3346-3347 crh). Additional details about this
Tolfenamic acid CH cl H H H process are presented in the SecBoiBubsequently, vary-
Flufenamic acid H Ckr H H H

ing amounts of pure polymorph Il and mefenamic acid, as
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it was received from Sigma (i.e., about 90% polymorph 1),
were weighed out and blended together with KBr as described
above to produce pellets with accurately known standard ad-
dition compositions. Polymorph | of tolfenamic acid was pre-
pared by rapidly cooling a boiling 95% ethanol solution of it
to 0°C using an ice bath and allowing the compound to re-
crystallize[40]. Subsequently, the identity and purity of the
product that formed was verified by infrared spectroscopy

(i.e., the absence of any traces of an NH stretch band at

3340-3341 cm! and only aband at 3324-3325 th). Poly-
morph Ill of flufenamic acid was obtained by recrystallization
using methanol as the solvent then verifying the identity and
purity of the product that formed by infrared spectroscopy

(i.e., the absence of any traces of an NH stretch band at

3321-3322 cm’ and only a band at 3315-3316 ti) [37].

The standard addition experiments for tolfenamic acid and
flufenamic acid were carried out using similar procedures to
those for mefenamic acid as described above.

In curve fitting the individual bands within a data set, an
iterative process was employed that involved initially allow-
ing the instrument’s software to pick both the frequency and
width of the individual spectral components. Subsequently,

the average values for the frequency and width were calcu—&he different crystal forms of the fenamates is the NH stretch-

lated and these values held constant and new fits calculate

across all data within an individual temperature. In most cases.

ther? values of the spectral fits were 0.997 or better and in
all cases they were at least 0.993.

3. Results and discussion

Shown inFig. 2 are representative spectra for samples
of flufenamic (a), mefenamic (b), tolfenamic (c), acids as
they were received from the supplier. Except for the pres-
ence of a small amount of polymorph II (i.e., about 10%),
the spectrum for mefenamic acid is consistent with that pre-
viously published for the polymorphic | foriie]. Likewise,
the spectrum for flufenamic acid is consistent with that re-

Absorbance

2500 3000
Wavenumbers, cm”

2000 3500 4000

Fig. 2. Infrared spectrum of (a) flufenamic, (b) mefenamic, and (c) tolfe-
namic acids as received from the supplier.
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Fig. 3. Infrared spectra of the NH stretch region of mefenamic acid. Sam-
ples: (A) as received from the supplier and (B) after heating at ©6@r
24h. Bands: (a) polymorph | at 3311-3312<chand (b) polymorph Il at
3346-3347cm?.

ported for polymorph [38]. In the case of tolfenamic acid,
previously reported infrared information could not be found.
An important spectral feature that can be used to distinguish

ing band that occurs between 3300 and 3350trThis is
illustrated inFigs. 3-5by the series of partial spectra over
this region for mefenamic, tolfenamic, and flufenamic acids
as they are thermally converted from one polymorphic form
to another polymorphic form.

As shown inFig. 3 mefenamic acid is converted from
polymorph | to Il when it is heated at temperatures near
160°C. The band at about 3311-3312charises from the
amino group internally hydrogen bonding with the carbonyl
group and the band at 3346—-3347¢his from the NH stretch
in the polymorphic Il form shown irFig. 1 Similarly, as
shown inFig. 4, tolfenamic acid is converted from polymorph

(A)

(B)

Absorbance

3275 3300 3325 3350 3375 3275 3300 3325 3350 3375
Wavenumbers, cm™

Fig. 4. Infrared spectra of the NH stretch region of tolfenamic acid. Sam-
ples: (A) polymorph | obtained by low temperature recrystallization from
95 % ethanol (B) as received from the supplier. Bands: (a) unidentified trace
component at 3310 cnt, (b) polymorph | at 3324-3325 cm, and (c) poly-
morph Il at 3340-3341 crii.
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(B) © acid and smallest for flufenamic acid. In the first instance the
NH band shifts from 3311-3312 to 3346—3347¢nand its
band width;, changes from about 29-30 wavenumbers to
16-17 wavenumbers. These large spectral differences are re-
flective of large conformation differences when the NH group
is hydrogen bonding with either the carbonyl group or the OH
group in the polymorph | and Il forms. Both of these spec-
tral changes are consistent with crystallographic dag&
and quantum mechanical considerations of the structure of
mefenamic acid and related fenamic compou®dls
32|75 33:25 33|75 32I'a'5 33:25 3375 32}5 3325 3375 The Changes in the Central band frequency and wﬁﬂiﬂne
Wavenumbers, cm™ significantly smaller for both tolfenamic acid and flufenamic
acid compared to mefenamic acid. In both cases the polymor-
FAig- 5(-J||rr1rf1r0arre: ﬁriztt? :; ;hs Ng:rtrzi:n_rz?_ig: ?:J:;Jfrr],?n;:c acild-(;’n\mfflei phic transitions being studied for these compounds are due
| Izatl ethanol, arter H H
ﬁe)afi)ngysamré)_le A at 85C for ZS h, aynd (C) as received from the supplier. LO Ogt-?rfr;planf rotat|ofnal dflfferer;.ces ?t thhe centraﬂNngg dt
Bands: (a) unidentified trace component at 3295nth) polymorph Il at ond. 1hese types of con Orma ana changes compared to
3315-3316 cm?, and (c) polymorph I at 33213322 cth those observed for mefenamic acid have a smaller effect on
the internal hydrogen bonding interactions that influence the
I'to Il by heating it at temperatures near 1@ The bandsfor ~ NH stretch.
the two polymorphs are at 3324-3325 and 3340-3341¢m In order to study the rate of conversion between different
respectively. The third relatively small spectral component polymorph forms, changes in the NH stretch region were
appearing at 3310 cnt remained constant under the condi- monitored as a function of time at temperatures of 150, 155,
tions used to study the thermal conversion of polymorph | and 160 C for mefenamic acid. Two additional temperatures,
to Il and within experimental error, it did not appear to af- 140and 180C, also were studied; however results from these
fect the quality of the curve fitting results for the 3324-3325 measurements are not included because of extremely slow
and 3340-3341 crt bands. In the case of flufenamic acid, conversion kinetics in the case of the lower temperature and
as many as seven possible polymorphs have been suggestednalyte degradation at the higher temperature. In the latter
however, the current study examined only two of these, the case, the mechanisms and kinetics of thermal degradation of
conversion of polymorph Il to polymorph I, which occurs at  mefenamic acid at elevated temperatures is being reported
85-95°C. The NH bands for forms Il and | are at 3315-3316 in a separate study. In the 150D temperature range,
and 3321-3322 crit, respectively. As in the case of flufe- mefenamic acid was found to be thermally stable (i.e., no
namic acid, there also was an unidentified trace componentmeasurable degradation) using a HPLC stability indicating
at 3295 cnt!, which within experimental error did not af- assay over the time period needed to monitor the polymorphic
fect the quality of the curve fitting results for the 3315-3316 changes. Similar thermal conversion studies also were carried
and 3321-3322 cit bands. Nevertheless, the origin of this out at 90, 95, and 10T for tolfenamic acid, and at 85, 90,
band as well as the 3310 crhin tolfenamic acid is interest-  and 95°C for flufenamic acid.
ing and may be due to additional polymorphs, crystal defects, Because the molar absorptivity of the NH stretches are dif-
or trace impurities. Of these possible reasons, the presence oferent between the polymorphic forms and only one of them
additional polymorphic forms seems to be the most plausi- could be obtained in pure form for each of the three com-
ble explanation based on HPLC analysis of the purity of the pounds, a standard addition method was used to correct for
compounds and reported minimum-energy conformational these differences. Shown Fig. 6is a plot of the area% of
calculations that support the possibility of other polymorphs polymorph Il compared with the total area of the two bands
[9]. plotted against the percentage of polymorph Il added to the
There are two important spectral features that are shownas received mefenamic acid sample. In carrying out the stan-
in Figs. 3-5 (1) shifts in the central band frequency and (2) dard addition calibration experiment, multiple measurements
changes in band widil» when the fenamates are heated. were made at the individual data points and their average val-
These changes are summarizedrable 2 The frequency  ues used to construct the calibration plot. As in the case of
shifts and band widti» changes were largest for mefenamic the thermal measurements, tifevalues for the statistical

(A)

Absorbance

a

1 1

Table 2

Shifts in the frequency and changes in the wigtlof N—H band for the more common polymorph forms of mefenamic, tolfenamic, and flufenamic acids
Compound Polymorphic transition -\H band frequency (crrt) N—H band width, (cm™1)
Mefenamic acid (= 3311-3312- 3346-3347 29-36> 16-17

Tolfenamic acid 1l 3324-3325— 3340-3341 25-26> 13-14

Flufenamic acid 1= 3315-3316- 3321-3322 22-23> 24-25
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0af 0.1168 + 0.003196"x + 5.729E-005**
D.u L 1 1 1 1 1 1 1 L L Glo L L 1 1 L L L 1 i 1 1
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 9 100
% Polymorph Il Added % Polymorph Ill Added

01 i 0.3366 + 0.007396"x - 8.308E-006*x?

Area Polymorph Il/Area Polymorph | & Il

Area Polymorph lll/Area Polymorph | & IlI

Fig. 6. Standard addition calibration curve for the initial as received mefe- Fig. 8. Standard addition calibration curve for the initial as received flufe-
namic acid sample (i.e., polymorph I) with varying amounts of pure poly- namic acid (i.e., polymorph I) with varying amounts of pure polymorph Il|
morph Il added. added.

fits of the infrared bands were in almost all cases better than@nd polymorph Il to polymorph | for flufenamic acid in
0.997. Subsequently, the points showrFig. 6 were fitted Fig. 11 . _

by a second order polynomial which is the solid line with ~ Theslopesfromplotsifigs. 9-1lvere used to determine
an intercept value of about 10% (i.e., the amount of poly- the act|va_t|on energy_for the crystal tQ cry_stal tra_ns_ltlons of
morph Il in the original as received sample of mefenamic mefenamic, tolfenamic, and flufenamic acids. This is shown
acid used to prepare the calibration mixtures). Also, shown

in Fig. 6 are the coefficients for the second order regression 107
fit. The standard addition calibration curves for tolfenamic 0.9

and flufenamic acids are shownkigs. 7 and 8These data = 08
also were fitted using a second order polynomial. The values £ o7
of the individual coefficients appear in each of the individual  § 46|
figures. E.aul
The individual calibration equations were used to correct § »
the area ratio values (i.e., NH stretch band response differ- § |
ences) for the thermal conversion experiments carried out at e
temperatures of 150, 155, and 16D for mefenamic acid, 02
at 90, 95, and 10€C for tolfenamic acid, and at 85, 90, and 01?
95°C for flufenamic acid. The relative rates of thermal con- oo W e g e
version from polymorph I to polymorph Il for mefenamic acid Time, hours

and tolfenamic acid are shown respectivelyigs. 9 and 10

Fig. 9. Thermal conversion of mefenamic acid from polymorph | to poly-
morph Il for temperatures of (a) 15C, (b) 155°C, and (c) 160C.

1.0
0.9
08
0.7
06
05
0.4r

Fraction Polymorph Il

03[

0.2224 + 0.004766"x + 3.217E-005"x* 021

Area Polymorph I/Area Polymorph | & I

T SRR TR T S ST T T S S S S S 0.1
0 10 20 30 40 50 60 70 80 90 100

e A A S S
% Polymorph | Added 0 25 50 75 100 125 150

Time, hours

Fig. 7. Standard addition calibration curve for the initial as received tolfe-
namic acid sample (i.e. polymorph Il) with varying amounts of pure poly- Fig. 10. Thermal conversion of tolfenamic acid from polymorph | to poly-
morph | added. morph Il for temperatures of (a) 9C, (b) 95°C, and (c) 100C.
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the compound when small amounts of sample are thermally
stressed in the DSC pans and has been discussed elsewhere
[31]. To our knowledge, activation energy data for flufenamic
acid and tolfenamic acid have not been reported previously.

4. Conclusion

Fraction Polymorph |

The current work demonstrates that infrared spectroscopy
provides a useful alternative procedure for measuring both
the polymorphic purity and relative rates of conversion of
fenamates between polymorph forms. Additional work is in
progress to apply this infrared approach to other structurally
similar compounds.

1 n I s 1

50
Time, hours

75 100

Fig. 11. Thermal conversion of flufenamic acid from polymorph Ill to poly-
morph | for temperatures of (a) 8&, (b) 90°C, and (c) 95C.
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