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ABSTRACT

3-Fluorothalidomide, a nonracemizable isosteric analogue of thalidomide, was successfully prepared by perchloryl fluoride fluorination of a
3-phthalimidopiperidin-2-one derivative followed by RuO2 oxidation. In the preliminary biological evaluation of (R)- and (S)-enantiomers, it was
shown that the (S)-isomer was found to be more active than both the (R)-isomer and the racemic thalidomide in lipopolysaccharide-induced
TNF-r production enhancement produced from human peripheral blood lymphocytes cultivated in vitro.

Thalidomide (1) was first marketed in several countries as a
clinically effective sedative hypnotic in 1956. Unexpected
potent teratogenic side effects, leading to birth defects such
as limb reduction, produced one of the most notorious
medical disasters of modern medical history. Thalidomide
was withdrawn from the market in 1962.1 However, the
strong teratogenicity notwithstanding, the unique and broad
physiological effects of thalidomide2 have prompted recent
reevaluation of its medical applications.3 Thus, thalidomide
was recently approved in the USA for the treatment of a
painful inflammation associated with leprosy.4

Thalidomide is marketed as a racemic mixture. Although
it has been suggested that the sedative hypnotic effect is
associated with the (R)-isomer of1 and that the teratogenic
effects are associated with the (S)-isomer,5 recent reports
show that the strongly acidic hydrogen atom at the asym-
metric center of thalidomide rapidly epimerizes under

physiological conditions,6 rendering bioassay of enantiomers
difficult. In strategies designed to develop drugs that might
have the beneficial effects of thalidomide without the
teratogenic side effects, synthesis of novel nonracemizable
analogues of thalidomide has attracted much attention. In
one approach, 3-methylthalidomide (2) was prepared.7

Examination of the biological activity of optically active2
by Knabe8 and Hashimoto9 revealed clear differences be-
tween the enantiomers. For example, while only (S)-2 inhibits
tumor necrosis factor-R(TNF-R) production in the 12-O-
tetradecanoylphorbol 13 acetate/human leukemia HL-60
assay system, (R)-2 is more active than (S)-2in the okadaic
acid/HL-60 assay system.9 Although the methyl group of2
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effectively blocks racemization as a matter of course, the
methyl group also introduces substantial steric alterations into
the molecule, alterations that could be expected to signifi-
cantly modulate biological activity. Indeed, the sedative effect
of 2 is weaker than that of1, and the TNF-Rproduction-
inhibiting activity of 2 is much stronger than that of1. As a
result of our research designed to produce an analogue of
thalidomide that is resistant to reacemization and is also a
close structural mimic, we describe in this paper the design
and synthesis of 3-fluorothalidomide (3), an isosteric ana-
logue of thalidomide (Figure 1).10

The use of fluorine substitution in our approach has many
precedents. Because the flourine atom is the smallest atom
other than hydrogen, flourine is the best possible atom to
substite for hydrogen in designing isosteric analogues.11 High
electronegativity and a strong C-F bond are added factors
that have made the introduction of fluorine into biologically
active compounds a very effective approach for developing
new drugs.12 In our example, the resistance of the enanti-
omers of 3-fluorothalidomide (3) to racemization and the
close structural similarity to thalidomide itself render3 an
excellent candidate in the search for safe thalidomide-based
drugs in which the sedative effects of1 can be clearly
separated from teratogenicity.

Attempted direct fluorination of thalidomide (1) or N-
phthalylglutamic anhydride under various conditions did not
give the corresponding fluorinated product. However, the
preparation of3 was finally carried out efficiently as
follows: N-tert-butoxycarobonyl-3-phthalimidopiperidin-2-
one (5), prepared from the readily available 3-phthalimidyl-
piperidin-2-one (4)13 by treatment with Boc2O in acetonitrile,
was deprotonated with 1.2 equiv of LiHMDS in THF at-40
°C (Scheme 1). Introduction of an excess of diluted per-
chloryl fluoride14 gave fluorinated compound6 in 71% yield.
The Boc group of6 was then removed by TFA treatment at
room temperature to furnish7. Finally, oxidation15 of 7 was

performed using a catalytic amount of RuO2 in the presence
of excess sodium metaperiodate in a two-phase system16 to
give target compound3 in 90% yield from6.

Optical resolution of racemic3 by HPLC using Daicel
Chiralcel AD (25 mm× 300 mm), eluting with ethanol,
afforded as the first eluted isomer (tR ) 40 min), (R)-3with
[R] 27

D ) +257 ° (c 1.11, DMF), mp 237s241°C, and as
the second eluted isomer (tR ) 70 min) (S)-3with [R] 27

D )
-263 ° (c 1.18, DMF), mp 237-240 °C. Each enantiomer
was obtained with an optical purity of more than 99% ee.

The absolute stereochemistry of3 was determined unam-
biguously by single-crystal X-ray crystallography17 of the
corresponding ester (S)-8 (Scheme 2). This was prepared

from the second eluted isomer of3 by treatment withtert-
butyl bromoacetate followed by removal oftert-butyl group
and subsequent DCC-mediated coupling with 1,6-dibromo-
2-naphthol.

In summary, we have synthesized the configurationally
stable enantiomers of 3-fluorothalidomide (3), an isosteric

Figure 1.

Scheme 1

Scheme 2
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analogue of thalidomide. Although a variety of nonracem-
izable or difficultly racemizable analogues of thalidomide
have been prepared,7-9 our compound3 is the closest
structural mimic to thalidomide yet reported. In initial
biological evaluation, (S)-3appears to be more active than
both (R)-3and (()-1 in lipopolysaccharide (LPS) induced
TNF-R production enhancement produced from human
peripheral blood lymphocytes cultivated in vitro (Figure
2).18-20 Teratogenicity of (R)-3 and (S)-3has not been

measured yet because sufficient enantiomerically pure3 has
not yet been accumulated to permit animal experiments.
However, we hope 3-fluorothalidomide (3) will be a key

compound both to elucidate the mechanism for the terato-
genicity of1 and to determine if pure enantiomers can lead
to safe thalidomide-based drugs. A large scale asymmetric
synthesis of optically pure3 for animal experiments is now
in progress. Finally, we note that the strategy for fluorine
substitution of hydrogen at an asymmetric center of biologi-
cally active compounds represents a novel and general
approach for designing nonracemizable analogues of the
parent molecules.
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Figure 2. Suppressive effect of thalidomide analogues on LPS-
induced TNF-Rproduction human PBL in vitro. Levels of TNF-R
in the condition medium prepared were measured by a commercially
available ELISA kit (see Supporting Information). Results (indi-
vidual data and mean and its standard derivation data) are expressed
as relative to the control (T/C%). The amounts of TNF-R from
control: A, 793.5 pg/mL; N, 751.1 pg/mL; T, 449.4 pg/mL; S,
867.4 pg/mL; DEX, dexamethasone.
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