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Abstract: Resolution of rac-flurbiprofen, 2-fluoro-0t-methyi-[1,1'-biphenyl]-4-scetic acid (1), by biocatalytic 
methodologies has been studied. Enzymatic hydrolysis of rac-flurbiprofen methyl ester (2) in aqueous-organic medium 
gave poor results. Transesterification of the same ester mediated by immobilized lipase from Candida antarctica 

(Novozym ® 435) in organic solvent proceeded with good enantiomeric excess but the isolation of the product required 
chromatographic separation and therefore was unsuitable for large scale preparation. Direct esterification of 1 with 
methanol in aeetonitrile promoted by Novozym ® 435 proved to be the best method since it gave, via a twofold kinetic 
resolution, S-flurbiprofen with excellent enantiomeric excess. The R-flurbiprofen methyl ester formed in the reaction 
can be converted into the starting rac-flurbiprofen by alkaline hydrolysis or, alternatively, into R-flurbiprofen by 
hydrolysis with acid. 

INTRODUCTION 

The difference in the pharmacological properties of the enantiomers of a chiral drug is by no means a new 
notion. However, racemic compounds have been and are stiU frequently marketed for medical applications, 
assuming that the unwanted isomer (the distomer) is only a "stereochemical ballast", devoid of any biological 
activity, accompanying the isomer in which the biological activity resides (the eutomer). Not so .long ago the 
thalidomide incident dramatically drew attention to the consequences of chirality on pharmacological activity and 
the need to use enantiomerically pure chiral compounds for pharmaceutical purposes. Therefore, the demand for 
single-isomer chiral drugs is now growing rapidly and methods for their production are being actively 
investigated. Members of the 2-aryl propanoic acid (APA) class of pharmaceuticals (the "profen" family) are non 
steroidal anti-inflammatory drugs (NSAIDs) that, by inhibiting the cyclooxygenase system, are able to reduce 
inflammation and pain. They are also effective as analgesics and antipyretics and are marketed and consumed as 
racemic mixtures, apart from (+)-(S)-naproxen and (+)-(S)-flunoxaprofen. The anti-inflammatory activity of 
members of this class is mainly due to the (S)-enantiomers, their (R)-isomers lacking significant cyclooxygenase 
inhibiting effect. On the other hand, it has been shown that R-flurbiprofen blocks nociception in rats, indicating a 
different mechanism of analgesia and suggesting the use of this enantiomer, and possibly of other R-aryl- 
propanoic acids, as analgesics. 1 Within the profen family, flurbiprofen deserves particular attention, since the 
gastrointestinal toxicity of the (S)-enantiomer is greatly enhanced by the presence of (R)-enantiomer. 2 Moreover, 
while another member of the same family, (R)-ibuprofen, undergoes chiml inversion in the rat and man, 
flurbiprofen is reported to be less prone to enantiomeric conversion in vivo. 3a.b 

1773 



1774 R. MORRONE et al. 

In this work, the resolution of rac-flurbipmfen, 2-fluom-t~-methyl-[1,1'-biphenyl]-4-acetic acid (1), by 
enzyme-catalyzed reactions (hydrolysis of esters, transesterification, direct esterification) is examined. 

R E S U L T S  A N D  DISCUSSION 
sl 

Since enzymatic hydrolysis of esters of an arylpmpanonic acid, rac-naproxen, has been used successfully 
for its resolution, 4a'c we considered first the possibility of applying this methodology to rac-flurbiprofen methyl 
ester (+)-2. Among the tried enzymatic preparations (lipase from Candida cylindracea, immobilized lipases from 
C. antarctica and Mucor miehei, lipase from Pseudomonas cepacia, porcine pancreatic lipase), only C. 
antarctica lipase (Novozym ® 435) was found to catalyse the reaction with satisfying rate, but the enantiomeric 
excess of the isolated (R)-flurbiprofen was poor (ca. 30 % ee). 

As the enzyme-catalyzed hydrolysis of (+)-2 was disappointing for the resolution, we turned next to the 
lipase catalyzed transesterification of this same ester with n-butanol, according to the following scheme. 

OH 3 
I 

~~ " CH"oOOOH~ 

Lipase 

n-butanol 

CH3 CH3 H 

COOCH a COOC4H 9 

F + 

(+)-2 (+)-2 (-)-3 

Out of the five lipases listed above, only Novozym ® 435 gave results acceptable in terms of reaction rate 
and optical yields. Hexane, tert-butyl methyl ether, tert-amyl alcohol, tetrahydrofuran, dioxane and acetonitrile 

Table 1. Effect of Organic Solvent on the Transesterification of (+)-2 with n-Butanol 
Catalysed by Novozym ® 435 a 

Solvent logPoc t Time (h) Cony. (%) ee of 3 E b 

Dioxane -0.42 24 34 82 15.9 

Acetonitrile -0.34 6 25 80 11.7 

Tetrahydrofuran 0.49 24 13 70 6.3 

tert-Amyl-alcohol 0.89 12 35 66 6.7 

tert-Butyl methyl ether 1.35 24 31 68 7.0 

Hexane 3.50 48 0 

aSubstrate concentration I0 mg/mL, lipase 100 mg/mL, 45°C, 300 rpm. 

bThe E values were calculated from the degree of conversion and ee of the product according to ref. 5. 

were examined as solvents. This screening (Table 1) disclosed that the enantiomeric ratio E 5 tendentiously raises 
with decreasing hydrophobicity of the solvent expressed as logPoc t, the highest enantioselectivities being 
observed with dioxane and acetonitrile (the values of E were 15.9 and 11.7, respectively). In these two solvents, 
replacement of n-butanol with ethanol, n-propanol or n-hexanol did not improve significantly the optical yields. 
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Although these results were quite encouraging, we considered that a major problem in this procedure is the 
separation of the unreacted ester from the newly-fonr~ one. This requires a cumbersome chromatographic 
separation, that makes the scaling up of the procedure impractical. The use of amino alcohols for 
transesterification appeared a possible way to overcome this difficulty, 6 since in this case the formed R-ester can 
be separated by extraction in acidic media. Unfortunately, all the five alcohols tried [2-(2-hydroxyethyl)-pyridine, 
1-(2-hydroxyethyl)-piperazine, 4-(2-hydroxyethyl)-morpholine, 1-(2-hydroxyethyl)-pyrrolidine, 1-[2-(2-hydroxy- 
ethoxy)ethyl]-piperazine] were completely inactive. 

Finally, we investigated the direct esterification of (+)-1 catalyzed by lipase, according to the following 
scheme. 

c ~  c H~ H 

~ c~c°°" up~ COOH 
Ii, 

n-propanol + 

CHs H ~...~ 
~ ~ F  ~ C~ COO%H7 

(+)-1 (+)-1 (-)-4 

In preliminary experiments, using tert-butyl methyl ether as solvent and n-propanol as the alcohol, 7 
Novozym ® 435 was the only active lipase out of the five screened, which were the same as those used in the 
hydrolysis and transesterification experiments. Variation of the solvent (Table 2) markedly influenced both 
esterification rate and enantioselectivity. Although dioxane gave the highest E value (22.2), in this solvent the 
reaction rate was definitely too slow, inducing us to concentrate the effort on the reaction in acetoniti'ile, less 
enantioselective (E=12.3) but decidedly faster. 

Table 2. Effect of Oorganic Solvent on the Esterification of (+)-1 with n-Propanol Catalysed by 
Novozym ® 435 a 

Solvent logPoc t Time (h) Cony. (%) ee of 4 E b 

Dioxane -0.42 24 5 91 22.2 

Acetonitrile -0.34 24 19 82 12.3 

Tetrahydrofuran 0.49 48 5 n.d. 

tert-Amyl alcohol 0.89 24 4 73 6.6 

tert-Butyl methyl ether t.35 24 7 0 1.0 

Toluene 2.50 24 20 54 3.8 

Cyclohexane 3.20 4 20 52 3.6 

aSubstrate concentration 10 mg/mL, lipase 100 mg/mL lipase, alcohol/acid ratio = 3, 45 °C, 300 rpm. 

bThe E values were calculated from the degree of conversion and ee or the product acceding to ref. 5. 

The nature of the alcohol (methanol, ethanol, n-propanol, n-butanol, n-hexanol) in the reaction in 
acetonitrile had a weak influence on conversion rate and enantioselectivity and the same holds true for the 
alcohol to acid ratio in the range from 1:1 to 3:1. As expected for a reversible reaction, 8 the ee value of the 
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Figure 1. Enantiospecific esterification of (+)-1. The 

curves depict the variation of the ee's of (-)-4 and 

unreacted (+)-1 as a function of the percentage 

conversion. 

unreact~l substrate did not increase by extending 
the conversion beyond 50%, while the ee of the 
ester underwent a gradual decay (Figure 1). 
Therefore, in a gram scale esterification with 
methanol 9 quenched at a degree of conversion 
near 45% the optically enriched S-flurbiprofen (ee 
65%) was separated from R-flurbiprofen methyl 
ester by extraction in basic medium followed by 
acidification. When this material was submitted 
to a second lipase promoted resolution, 
S-flurbiprofen with high ee (>95%, total yield 
36% based on the starting racemic acid) was 
obtained. 

If only the S-enantiomer is needed, the 
enriched R-methyl ester obtained as by-product 
can be very easily converted into rac-flurbiprofen 
by treatment at room temperature with a solution 
of NaOH in aqueous ethanol. This treatment 
causes hydrolysis with concurrent racemization 
and the racemic acid, recovered by filtration after 
acidification of the solution, can be applied again 

in the lipase-mediated resolution without any further purification. If, on the contrary, the R-enantiomer is also 
needed, the enriched R-methyl ester can be subjected to acid hydrolysis to give R-flurbiprofen with satisfying ee. 

In summary, from the data reported it is apparent that esterification of rac-flurbiprofen in organic 
medium catalyzed by lipase from C. antarctica is very convenient and, since it does not require any 
chromatographic separation, readily amenable to large-scale preparation. 

MATERIALS AND METHODS 

General 
1H-nmr spectra were recorded in CDC13 solution on a AC 250 Bruker instrument at 250 MHz. Europium 

(III) tris[3-(heptafluoropropyl)hydroxymethylene]-(+)-camphorate [Eu(hfc)3 ] was used as chiral shift reagent for 
enantiomeric excess determination. Optical rotations were measured on a DIP 135 Jasco instrument. TLC was 
performed on Silica gel plates (Merck 60 F254 ). Hplc analyses were performed on a reverse phase C18 colun'm 
eluting with MeOH/citrate buffer pH 4 (7:3). Solvents (analytical grade) were used without further purification. 
rac-Flurbiprofen (+)-1 was purchased from Aldrich. Lipase from Candida cylindracea was from Sigma. 
Immobilised lipases from Candida antarctica (Novozym ® 435) and Mucor miehei (Lipozyme ® IM) are 
registered marks from Novo Nordisk. Lipase from Pseudomonas cepacia was obtained from Amano 
International Co. rac-Flurbiprofen methyl ester (+)-2 was obtained in 95% yield by a conventional esterification 
procedure of (+)-1 (K2CO 3 and MeI in acetone) 

Determination of  the Enantiomeric Excesses of  OpticaUy Active Compounds. 
1H NMR spectroscopy of enantiomericaUy enriched esters (Me, Et, n-Pr, n-Bu, n-hexyl) in the presence of 

the chiral shift reagent Eu(hfc)3 gives rise for the two diastereoisomers to signals for the methyl group attached 
at the stereogenic centre sufficiently different in their chemical shift values to allow calculation of the integration 
areas. The enantiomeric excess of the free acid 1 was measured after conversion into 2 [solid K2CO 3 was added 
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to a solution of enantiomericaUy enriched I (usually 5 mg) and MeI (4 ~tL) in ca. 0.5 ml of acetone; the mixture 
was shaken for 2 h at rt, then the solid was fdtered and the filtrate taken to dryness]. 

Enzymatic Hydrolysis of(+_)-2 
A solution of (+)-2 (50 mg) in 10 mL of a 2:1 vol/vol mixture of 0.1 M phosphate buffer (pH 7.5) and 

dioxane was shaken (300 rpm) at 40 °C with 180 mg of Novozym ® 435. After 2 h (conversion ca. 46%) the 
reaction was stopped by fdtering off the enzyme. The filtrate was acidified with 6N HC1 and extracted with 
tert-butyl methyl ether. Evaporation of the organic solvent gave a residue which was partitioned between sat. 
aqueous NaHCO 3 and hexane. (R)-(-)-I was recovered from the aqueous layer by acidification with 6N HC1 and 
extraction with tert-butyl methyl ether (20 mg, 43% yield, 32% ee). Assignment of its absolute configuration 
was based on comparison of its optical rotation with literature data. l0 The organic phase contained enriched 
(S)-(+)-2 (25 mg, 50% yield, 27% ee). 

Enzymatic Transesterification of(+_).2 
A solution of (+)-2 (20 mg) in the solvent of choice (2 mL, Table 1) was added with Novozym 435 ® (200 

mg) and n-butanol (72 ~tL, 10 equiv.). The suspension was incubated at 45 ° C and shaken at 300 rpm. The 
reaction was monitored by hplc and stopped by filtering off the enzyme at the given value of the conversion. 
The filtrate was evaporated in vacuo and the residue subjected to preparative TLC (tert-butyl methyl 
ether:hexane 1:9) to afford (R)-(-)-3 and unreacted (S)-(+)-2. 

In a larger scale run Novozym 435 ® (2.5 g) was added to a solution of (+)-2 (250 mg,  0.97 mmol) and 
n-butanol (0.9 mL, 9.7 mmol) in of CH3CN (25 mL). The reaction mixture was incubated at 45°C under 
shaking (300 rpm) for 6 h, then the lipase was filtered off and the solvent evaporated. The residue was subjected 
to chromatographic purification using t-butyl methyl ether/hexane (1:9) to afford (R)-(-)-3 (74 rag, 25% yield, 
80% ee). [¢z] D -16.5 (c 0.6, CHC13), and (S)-(+)-2 (80 mg, 70 % yield, 25% ee). 

Enzymatic Esterification of (+)-1 
Preliminary experiments were performed dissolving (+)-1 (20 mg, 0.08 mM) in the solvent of choice 

(2 mL, see Table 2), containing 200 mg of Novozym ® 435 and n-propanol (18 ~tL, 3 equiv.). The suspension 
was incubated at 45 °C and shaken (300 rpm). At the appropriate conversion of the substrate, as determined by 
hplc, the reaction was quenched by filtering off the enzyme and the filtrate taken to dryness under reduced 
pressure. The residue was partitioned between sat. aq. NaHCO 3 and hexane. The organic phase, after drying 
over Na2SO 4 and evaporation, afforded enriched (R)-(-)-4. The aqueous phase was acidified with 6N HC1 and 
extracted with tert-butyl methyl ether to give unreacted (S)-(+)-I. 

Esterification of 1 with different alcohols (methanol, ethanol, n-butanol, n-hexanol) in acetonitrile was 
carried out following an analogous procedure. 

Preparative esterification of (+)-I 
Novozym ® 435 (10 g) was added to a solution of (:1:)-1 (lg) and methanol (0.5 mL) in CH3CN (100 mL). 

The mixture was shaken (300 rpm) at 45 °C for 48 h until conversion reached ca. 50%. After filtering off the 
enzyme, evaporation of the solvent gave a residue which was partitioned between hexane and sat. NaHCO 3. The 
organic layer was taken to dryness to give (R)-(-)-2 (550 mg, 47% yield, ee 76%), [(z] D -39.2 (c 1.5, CHC13) 
while the aqueous phase was acidified and the precipitate collected by filtration to yield (S)-(+)-I (490 mg, 49% 
yield, ee 65%). 

The unreacted (S)-(+)-I (400 mg) was subjected to recycling in the above conditions to give, after 24 h 
incubation, (R)-(-)-2 (118 mg, 25% yield, 40% ee) and (S)-(+)-I (290 mg, 72% yield, ee >95%). [tz] D +41.4 
(c 1, CHCI3). 
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Racemic Flurbiprofen from (R)-(-).2 
A solution of (R)-(-)-2 (0.5 g, ee 76%) in 5 mL of EtOH was added to an aqueous solution of NaOH 

(0.15 g in 2.5 mL of H20) and the mixture was refluxed for 3 h. After cooling, the solution was acidified and the 
racemic flurbiprofen collected by filtration (0.45 g, 96% yield). 

Acid Hydrolysis of (R)-(-)-2 to give (R)-Flurbiprofen. 
A solution of (R)-(-)-2 (ee 76%, 100 mg) in dioxane (5 mL) was added to 5% vol/vol aqueous H2SO 4 

(2.5 mL) and the mixture refluxed for 2 h. After addition of water (5 mL) the reaction mixture was partitioned 
with methyl tert-butyl ether and the organic layer taken to dryness to give (R)-I (92 mg, 98% yield, ee 75 %). 
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