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Microbial oxidation of terfenadine and ebastine into
fexofenadine and carebastine
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Abstract—The oxidation of tert-butyl-phenyl group of title compounds by some microorganisms was studied. We have optimized
the conditions of culture to increase the formation of acid metabolites and to avoid the formation of side products. We showed that
an oxidative activity is induced by soybean peptones in Streptomyces platensis. The biologically active compounds, fexofenadine and
carebastine, are produced in good yield (86–95%) by Absidia corymbifera.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Terfenadine 1 and Ebastine 2, two antihistaminic drugs,
are oxidized into their pharmacologically active métabo-
lites, fexofenadine 5 and carebastine 6, respectively.1

Cardiovascular side effects have been reported on pa-
tients treated with terfenadine (or ebastine) together
with either antibacterial or antifungal drugs.2,3 How-
ever, such adverse effects, linked to a modification in
the metabolism of the antihistaminic drug, can be
avoided if fexofenadine or carebastine is used as a drug.4

Unfortunately, synthesis of these carboxylic derivatives
is laborious5 and products are obtained in low yields
in comparison with those obtained for the synthesis of
terfenadine and ebastine.

Since microorganisms are able to transform drugs and
chemicals into metabolites identical to those observed
in mammals,6–8 the microbial oxidation of the terfena-
dine and ebastine tert-butyl groups has been investi-
gated as an alternative method for the preparation of
fexofenadine and carebastine. Namely, the fungi Cun-
ninghamella echinulata var elegans (C. blakesleeana)
was reported to carry out the oxidation of ebastine into
carebastine.9,10 Furthermore, processes involving the
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bacteria Streptomyces platensis,11 Streptomyces riso-
mus12 or the fungi C. blakesleeana13 and Absidia cor-
ymbifera11 have been patented for the synthesis of
fexofenadine from terfenadine. Finally, the hydroxy-
lation of terfenadine into hydroxyterfenadine 3 by
C. blakesleeana14 and Mortierella isabellina15 was also
reported.

Moreover, partial phosphorylation of terfenadine on
the secondary alcohol and of hydroxyterfenadine on
the primary alcohol has been observed with several
microorganisms.13,11 However the phosphorylation of
hydroxyterfenadine is known to be reversible and pH
dependent, namely, formation of 7 occurs at pH7–8
and hydrolysis at pH4.11
7  R = CH2OP(O)(OH)2

6  R = COOH5  R = COOH

3  R = CH2OH 4  R = CH2OH

2  R = CH3 8 91  R = CH3

OHOH5 6 6 5
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None of the previously reported bioconversions was effi-
cient enough to produce fexofenadine or carebastine
with high yields either because transformations were
incomplete or because side product formation occurred.

We report herein the comparison of several microorgan-
isms for their ability to oxidize the tert-butyl group of
both terfenadine and ebastine together with an optimi-
zation study of the culture conditions necessary to ob-
tain fexofenadine and carebastine in high yields.
2. Results and discussion

It is known that the ability of microorganisms to trans-
form organic compounds is dependent on the culture
medium composition.16,17 Particularly soybeans pep-
tones are known to induce oxidative activity in Streptom-
yces griseus.18 Therefore, upon screening, two strains of
bacteria and three strains of filamentous fungi (Table 1)
were selected and cultivated in a culture medium supple-
mented (YMS) or not (YM)19 with soybean peptones to
study their ability to transform terfenadine and ebastine
into fexofenadine and carebastine, respectively. The
kinetic study20 indicates the fast disappearance of sub-
strate from the incubation medium by cell adsorption
because of the hydrophobic properties of chemicals.
After a few hours of incubation, products were slowly
brought out and appeared in the medium.

The results shown in Table 1 report the products
observed in crude extracts after 96h of incubation.21

The biotransformation of terfenadine by C. blakesleeana
grown in culture medium without soybean peptones
(medium YM) yield to alcohol 3 as described by Schmitz
et al.14 whereas the cells cultured in YMS medium yield
to fexofenadine 5 as described by Meives.13 Similar re-
sults were obtained for the biotransformation of ebas-
tine 210 but the hydroxylation of this ketone derivative
into product 4 was more efficient than the hydroxylation
of terfenadine. Anyway in all cases, products were ob-
tained in low yields (<20–25%).
Table 1. Oxidation of t-butyl-phenyl group of terfenadine and ebastine by s

Microorganisms Culture medium

Cunninghamella blakesleeana ATCC 8688a YM

YMS

Cunninghamella echinulata ATCC 9245 YM

YMS

Streptomyces risomus NRRL 2234 YM

YMS

Streptomyces platensis NRRL 2364 YM

YMS

Absidia corymbifera LCP 63 1800 YM

YMS

� No product formed.

+ Product observed (<20%).

++ Alcohol and acid present (20–50%).

+++ Main or unique product observed (>75%).
a Contaminated with 15% of 9.
Furthermore, under the same growth conditions, terfen-
adine 1 and ebastine 2 were oxidized in very small
amounts by C. echinulata and S. risomus.

S. platensis cells produced in the medium YM were able
to transform terfenadine 1 into hydroxyterfenadine 3.
Under the conditions herein described (culture in
250mL flask and incubation in the culture medium)
compound 3 was the main product observed, and a side
product was observed and identified by LC–MS and
NMR as the hydroxyketone 922 (10–15%).

The formation of 9 could either result from the oxida-
tion of the secondary alcohol group of terfenadine to
produce ketone 8 followed by the hydroxylation, or
from the oxidation of the secondary alcohol group of
hydroxyterfenadine 3. The same oxidation of the sec-
ondary alcohol was observed in human23 and in dog24

metabolism of terfenadine. Therefore, the microbial bio-
transformations could be considered as a complemen-
tary tool in the study of drug metabolism with a
particular interest in preparative scale, especially for
the preparation of hydroxyketone 9 of which the chem-
ical synthesis from fexofenadine requires laborious pro-
tection/deprotection reactions.

Ebastine was also hydroxylated into hydroxy derivative
5 but in lower amounts than 2.

In the case of S. platensis cells obtained in the medium
containing soybean-peptone oxidized terfenadine and
ebastine, and mixtures of hydroxy and acid derivatives
were obtained.

The fungi A. corymbifera cultured in YM medium were
able to oxidize terfenadine, ebastine and mixtures of cor-
responding alcohol and acid were obtained. In the
experiments conducted with cells obtained in YMS med-
ium, fexofenadine and carebastine were obtained as the
sole product after 96h of incubation of terfenadine and
ebastine, respectively.

Whereas no formation of acid 5 and 6 was detected
when S. platensis was cultured in YM medium, various
ome microorganisms
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amounts of them were observed when S. platensis were
grown in YMS medium. This suggests that oxidation
of hydroxy compound 3 and 4 was catalyzed by a soy-
bean-peptone-inducible enzyme. Oxidation of alcohols
into carboxylic acids takes place in two steps via the for-
mation of aldehydes, and are in general catalyzed by
alcohol deshydrogenase and aldehyde oxidoreductase.25

However some examples described the cytochrome
P450-dependent conversion of alcohols and aldehydes
into carboxylic acid.26 In mammalian metabolism, some
cytochromes P450 are involved or supposed to be in-
volved in the formation of fexofenadine and carebastine,
namely, CYP 3A4,27 4F12 and 2J2.28 As the induction
of cytochrome P450 by soybean peptones has been re-
ported in a Streptomyces strain,18 it could be suggested
that the inducible enzyme involved in the oxidation of
hydroxyterfenadine is a cytochrome P450.

Yeasts expressing human P450 have been previously
used to prepare drug metabolites. For example, an effi-
cient method has been obtained for the preparation of
4 0-hydroxydiclofenac from oxidation of diclofenac with
yeast expressing cytochrome P450 2C9.29 Likewise, ter-
fenadine was incubated with yeast expressing cyto-
chrome P450 3A4. Interestingly microsomes expressing
CYP 3A4 were able to oxidize terfenadine but no bio-
transformation was observed upon incubation with their
parent recombinant cells. This discrepancy is likely to be
related to the incapacity of substrate to penetrate in in-
tact yeast cells and thus points out a possible limitation
in the use of yeast expressing human P450 to prepare
large quantities of metabolites.

The best results were obtained with A. corymbifera cul-
tured in YMS, where the complete transformations of
terfenadine and ebastine were achieved. Since, culture
and incubation were performed without phosphate
added, no formation of phosphorylated compounds
was observed. The preparative experiments carried out
in 1L of YMS culture medium on ebastine30 (180mg)
and on terfenadine31 (200mg) led to 164mg of carebas-
tine (86% yield) and to 193mg of fexofenadine (93%
yield).
3. Conclusion

It was shown that soybean-peptones induce an oxidizing
activity involved in the biotransformation of terfenadine
into fexofenadine in S. platensis. Study is in progress to
verify that the enzyme is a monooxygenase. Based on
the reaction conditions, a bioconversion process was
developed for the production of fexofenadine and carebas-
tine by oxidation of terfenadine and ebastine by A. cor-
ymbifera. Using this methodology, synthesis of some
hydroxylated intermediate analogues is in progress in or-
der to studymammalian andmicrobial cytochromes P450.
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CH3OH 9:1 containing 1% of acetic acid afforded
carebastine (164mg, 86% yield). Mp 173–175�C.
31. A. corymbifera LCP 62–1800 was cultivated at 30 �C in 2L
fermentor containing 1L culture medium (YMS) control-
led by Prelude system (Biolafitte-Moritz/Pierre Guerin).
The pH set-point of 6.5 was maintained by addition of
1N. After 48h, terfenadine was added (200mg) in DMF
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extracted with a mixture of ethyl acetate/diethyl oxyde/
methanol 45/45/10. The residue was purified by flash
chromatography: elution with CH2Cl2/CH3OH 9:1 con-
taining 1% of acetic acid afforded fexofenadine (195mg,
92% yield). Mp 193–195�C.
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