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The novel fenoprofenamides — synthesis and spectroscopic

characterisation
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Fenoprofen (a-methyl-3-phenoxybenzeneacetic acid) is a non-steroidal anti-inflam-
matory drug (NSAID) which is used in the management of mild to moderate pain, fever
and inflammation associated with musculoskeletal and joint disorders such as osteoar-
thritis, heumatoid arthritis and ankylosing spondylitis (1). The most usual side effects
of the chronic use of fenoprofen and other NSAIDs are gastrointestinal disturbances. In
addition, since fenoprofen has a rather short plasma half-life (23 h), repeated doses must
be given to maintain the therapeutic effect (2). Prodrugs are an approach that can lead to
reduced adverse effects as well as to prolonged pharmacological activity. Prodrugs are
also used to increase water solubility or lipophilicity, to improve site-specificity and pa-
tient acceptance or to decrease toxicity (3). In order to modify fenoprofen pharmacoki-
netics and bioavailability, a number of derivatives such as aliphatic and aromatic esters
and amides (4-6), fatty acyl and alkyl derivatives (7), esters with cyclodextrins (8), com-
pounds with an anti-inflammatory and an anti-oxidant moiety covalently linked by am-
ide or ester bonds (9) and polymer-drug conjugates (10-14) have been synthesised and/
or tested for their analgesic/anti-inflammatory activity and gastrointestinal toxicity.

The present paper reports the synthesis and spectroscopic characterisation of a se-
ries of fenoprofenamides, as potential fenoprofen prodrugs.

* Correspondence, e-mail: branka.zorc@nana.pharma.hr

107



M. Zovko et al.: The novel fenoprofenamides — synthesis and spectroscapic characterisation, Acta Pharm. 51 (2001) 107-115.

EXPERIMENTAL

Apparatus and chemicals

Melting points were determined on a Boétius Microheating Stage (Franz Kistner
Nachf. KG, Germany) and remained uncorrected. IR spectra were recorded on a FT-IR
Perkin Elmer Paragon 500 spectrometer (Perkin Elmer, UK). 1H and 13C NMR spectra
were recorded on a Varian Gemini 300 spectrometer (Varian, USA), operating at 300 and
755 MHz for the 'H and 13C nuclei, respectively. Samples were measured in DMSO-dg
solutions at 20 °C in 5-mm NMR tubes. Chemical shifts () in ppm are referred to TMS.
Coupling constants (J) in Hz, are observed through three bonds. For TLC, silica gel pla-
tes Kieselgel 60 Fps4 (Merck, Germany) and the following solvent mixtures were used:
hexane/ethyl acetate (2:1, 1:1 and 1:3), hexane/acetone (3:1), dichloromethane/metha-
nol (9:1), ethyl acetate/methanol (1:1), dioxane/water (9:1) and butanol/acetic acid/wa-
ter (8:1:1). Spots were visualised by short-wave UV light and iodine vapour. Preparative
TLC was performed on Merck silica gel plates, 2 mm thick, with hexane/ethyl acetate
(1:1) as a mobile phase. Column chromatography was performed on silica gel (Kemika,
Croatia), 0.063-0.200 mm, with hexane/ethyl acetate (1:3), ethyl acetate/methanol (1:1)
or dichloromethane/methanol mixture (9.5:0.5) as eluent. Fenoprofen was kindly obtai-
ned from the Faculty of Pharmacy, University of Potchefstroom, South Africa. Amino acids
were purchased from Kemika. The amines were distilled and dried prior to use. All sol-
vents were of analytical grade purity and dried.

Chemistry

Synthesis of N-1-benzotriazole carboxylic acid chloride (1). = Compound 1 was synthe-
sised according to the procedure published previously (15).

Synthesis of fenoprofen benzotriazolide (2). = Compound 2 was synthesised from feno-
profen and N-1-benzotriazole carboxylic acid chloride (1) according to the procedure pu-
blished previously (13).

Synthesis of amides 3a-j. - Method A: The appropriate amine (0.0135 mol) was added
dropwise to a solution of 2 (1.55 g, 0.0045 mol) in toluene (10 mL). The reaction mixture
was stirred for 0.5 h at room temperature. After 10 min, precipitation of benzotriazole-
_amine salt occurred. The precipitation was completed by addition of petroleum ether
(10 mL). The salt was filtered off and the mother liquor was extracted 2 times with HCI
(c = 0.2 mol L-1), once with water, 3 times with saturated NaHCOj5 solution and again 2
times with water. All aqueous solutions were cold. The organic layer was dried (Na;50y),
filtered and evaporated under reduced pressure to give the corresponding amide 3. Pro-
ducts 3f and 3g were analytically pure, while 3a was additionally purified by column
chromatography (mobile phase: dichloromethane/methanol 9.5:0.5) and 3h by recrystal-
lisation (acetone). 3b was obtained in a similar way, but the reaction proceeded more
slowly (2 days). No precipitation occurred during the reaction and benzotriazole and the
excess of amine were removed by extraction as described above.

Method B: A solution of 2 (0.52 g, 0.0015 mol) in acetonitrile (3 mL) was added
dropwise to a cold mixture of hydroxylamine (0.0045 mol) in acetonitrile (3 mL). The re-
action mixture was stirred for 30-45 min at 10 °C and evaporated under reduced pres-



M. Zovko et al.: The novel fenoprofenamides - synthesis and spectroscopic characterisation, Acta Pharm. 51 (2001) 107-115.

sure. Purification of 3¢ and 3d: the residue was dissolved in dichloromethane (10 mL)
and extracted as in method A. The analytically pure sample 3d was obtained by prepa-
rative TLC (mobile phase: hexane/ethyl acetate 1:1). Purification of 3e: column chroma-
tography with hexane/ethyl acetate 1:3 mobile phase (elution of benzotriazole and amine)
and ethyl acetate/methanol 1:1 mixture (elution of the product).

Method C: A solution of 2 (1.03 g, 0.003 mol) in acetone (7 mL) was added dropwise
to a solution of amino acid (0.003 mol) and TEA (1.21 g, 0.012 mol) in water (2 mL) and
acetone (1 mL). The reaction mixture was stirred for 30 min at room temperature. Ace-
tone was evaporated under reduced pressure. The aqueous solution was acidified to pH
1 {diluted HCI) and extracted 3 times with ethyl acetate. The organic layer was washed
with water until neutral, dried (Na,SQy) and evaporated under reduced pressure. The
analytically pure sample 3i was obtained by recrystallisation from cyclohexane/ethyl
acetate 1:3 mixture and 3j by column chromatography (mobile phase: dichloromethane/
methanol 9.5:0.5).

Detailed reaction conditions and analytical data of 3 are given in Tables I-IIL.

RESULTS AND DISCUSSION

In our previous paper, a new and convenient method of fenoprofen ester prepara-
tion via benzotriazolide was reported (13). The same method was successfully used in
the syntheses of various gemfibrozil esters and amides (16). In this paper, an analogous
method is applied to fenoprofenamides. In the first step, carboxylic group of fenoprofen
reacted with N-1-benzotriazolecarboxylic acid chloride (1). After decarboxylation, the
formed unstable mixed anhydride gave fenoprofen benzotriazolide (2). The benzotria-
zole activated fenoprofen readily reacted with various amino compounds (primary ami-
nes, secondary amines, hydroxylamines and amino acids) giving the corresponding am-
ides 3 (Scheme 1).

Clh CH;

_EH—coon . @:N\‘N &Heco-N °N
- % 00
00 i 5

Fen 1 cod
CH,
~CH—CONRR’

W o S
. 0
-BtH
3a-j
Fen - fenoprofen

TEA — triethylamine
BtH - benzotriazole

Scheme 1

109



M. Zovko et al.: The novel fenoprofenamides - synthesis and spectroscopic characterisation, Acta Pharm. 51 (2001) 167-115.

The following amides were synthesised: propyl (3a), N.N-diethyl (3b), 2-hydroxy-
ethyl (3¢), 3-hydroxypropyl (3d), N,N-di(2-hydroxyethyl) (3e), cyclohexyl (3f), benzyl (3g),
2-phenylethyl (3h) glycine fenoprofenamide (3i) and B-alanine fenoprofenamide (3j).

Amidation reactions proceeded in mild conditions, at room or even lower tempera-
ture. In syntheses of 3a-h, a three-fold excess of amine was used (Methods A and B). In
reactions with lipophilic amines, dry toluene was used as a solvent, which enabled pre-
cipitation of the by-product benzotriazole-amine salt (Method A). Quantitative precipi-
tation occurred after addition of petroleum ether into the concentrated reaction mixture.
In reactions with hydrophilic bifunctional amines (2-hydroxyethyl amine, 3-hydroxy-
propyl amine and diethanol amine), acetonitrile was chosen as solvent. To prevent reac-
tion of 2 with hydroxyl group, reactions were performed at a lower temperature (10 °C),
adding the benzotriazolide solution to the excess of hydroxylamine. Amino group, as a
stronger nucleophile, reacted first and no ester formation occurred. Reactions of benzo-
triazolide 2 with glycine or p-alanine proceeded in acetone/water mixture, with benzo-
triazolide/amino acid ratio 1:1, in the presence of triethylamine (TEA) (Method C, syn-
thesis of 3i and 3j). The reactions with all primary amines and with diethanol amine
were practically instant, while the reaction with diethylamine took much longer. In con-
trast, 2 did not react at all with dicyclohexyl and diphenyl amines (two weeks at room
temperature, 9 h at 70 °C).

Spectral assignment and CHN analysis of all synthesised compounds confirmed
their structures. IR spectrum of 3 showed the following absorption maxima: OH at 3371~
3400, NH at 3290-3345, COOH carbonyl at 1720 and 1737, and amide carbonyl at 1623~
1651 (amide 1) and 15811591 cm=1 (amide II). Reaction conditions, yields, physical, IR
spectroscopic and CHN data of compounds 3a-j are given in Table 1. TH NMR chemical
shifts (8 in ppm), coupling constants (J in Hz) and assignments are given in Table II,
while 13C NMR chemical shifts and assignments in Table I1I. 13C NMR spectra were as-
signed on the basis of substituent effects and comparison with literature data for related
compounds. Fenoprofenbenzylamide (3g) was previously synthesised (6) but the litera-
ture report gives no spectroscopic characterisation. Therefore, its spectroscopic data are
reported here, together with the data for the new compounds.

Preliminary hydrolysis studies showed that fenoprofen could be released from the
prepared amides, but detailed kinetic studies and evaluation of potential pharmaceuti-
cal use still remain to be done.

Acknowledgements. — Financial support of the Ministry of Science and Technology of
the Republic of Croatia is highly appreciated (Grant number: 006243).
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S AZETAK

Novi amidi fenoprofena ~ sinteza i spektroskopska karakterizacija

MARIJANA ZOVKO, BRANKA ZORC, MILENA JADRIJEVIC-MLADAR TAKAC i DAVOR ZORC

U radu je opisana sinteza novih amida fenoprofena (3a-j). Amidna veza je ostvarena
aminolizom benzotriazolida fenoprofena (2) s primarnim i sekundarnim aminima, hidro-
ksilaminom i amino kiselinama. Strukture sintetiziranih spojeva u potpunosti su karak-
terizirane IR, 1H i 13C NMR spektroskopijom i elementarnom analizom. Sintetizirani
spojevi su potencijalni prolijekovi nesteroidnog protuupalnog lijeka fenoprofena.

Kljucne rijeci: fenoprofen, amid fenoprofena, sinteza, benzotriazol, prolijek
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