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An efficient epimerization of biotin sulfone derivatives
to 2-epi-biotin analogs
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Abstract—Reduction of biotin sulfone derivatives leads to 2-epi-biotin analogs. The stereochemistry of the side chain at C2 can be
simply deduced from the diagnostic chemical shift pattern of the benzylic protons, rather than through the conventional analysis of
the coupling constants using the empirical Karplus equation.
� 2007 Elsevier Ltd. All rights reserved.
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Biotin (1), also known as a vitamin H, is a water-soluble
biocatalyst, which participates in the reversible fixation
of carbon dioxide in the biosynthesis of organic mole-
cules.1 Its early discovery from egg yolk followed by iso-
lation from beef liver and milk concentrates initiated a
considerable effort toward the understanding of its
important biological roles in human nutrition and ani-
mal health.2 Moreover, the application of the biotin–
(strept)avidin system has provided a useful tool for iden-
tification and purification of the protein complement of
cells in the genomic and post-genomic era.3 Since there
are only a few naturally occurring proteins that bind
to biotin, the cross-contamination during the protein
purification using biotinylation is quite rare. One of
the difficulties in protein purification using biotinylation
is due to the fact that biotin has the strongest non-cova-
lent interaction known in nature with avidin (Kd =
10�15 M). This extremely high affinity of biotin for avi-
din raised some concern upon the recovery of protein–
receptor covalent complexes. Several approaches have
been tested to facilitate the release of biotinylated tar-
gets from (strept)avidin complexes, however use of bio-
tin derivatives that possess decreased affinity for
(strept)avidin has not been extensively exploited due to
the lack of a general synthetic approach to biotin ana-
logs.4 To facilitate the recovery of the biotinylated target
from (strept)avidin complexes, we have focused on two
variables in biotin analog structures; (1) the oxidation
state of the sulfur,5 and (2) the stereochemistry of the
valeryl chain. Herein, we report our preliminary findings
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regarding an efficient epimerization of the valeryl side
chain of biotin derivatives through reduction of biotin
sulfone derivatives.6
Commercially available (+)-biotin (1) was oxidized to
biotin sulfone (2) in excellent yield using H2O2 in acetic
acid7 or in the presence of a large excess of Oxone� in
methanol and water.8 The resulting biotin sulfone (2)
was first globally protected as the benzyl derivative 3.
The benzyl ester moiety in 3 was then reduced using
lithium trimethoxy aluminum hydride6a and the subse-
quent reduction of sulfone alcohol 4 using lithium alu-
minum hydride gave alcohol 5 in modest yield.
Alternatively, sulfone ester 3 was reduced directly to
thiacyclopentane alcohol 5 in excellent yield.6 To the
best of our knowledge, there is no precedence for the
epimerization of substituted thiacyclopentane dioxides
by reduction protocols.9 Thus, we initially assigned the
stereochemistry of the C2 substituent of 5 based on anal-
ogous biotin derivatives.10 The coupling constant
between H2 and H3 in the 1H NMR spectrum of 5 was
5.7 Hz, which was in agreement with similar structures of
biotin derivatives reported by Bates and Rosenblum.11

However, there was some discrepancy in the chemical
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Scheme 1. Synthesis of 5 from biotin sulfone 2.
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shifts of H2, H5exo, and H5endo of 5 when compared to
the N,N-benzyl protected biotin derivatives 911a and
1111b (see Supplementary data) (Scheme 1).

In order to confirm the structure of 5, an alternative syn-
thetic sequence was pursued. Global protection of (+)-
biotin (1) and the subsequent reduction of the ester moi-
ety in 6 provided alcohol 7. To our surprise, the NMR
spectrum of the resulting biotin alcohol 7 did not match
with that of 5. The coupling constant between H2 and
H3 in 7 was 5.6 Hz, however the chemical shifts of H2,
H5exo, and H5endo in 7 were strikingly similar to those
of the known biotin derivatives 911a and 1111b with the
correct C2 stereochemistry. We hypothesized that an
epimerization was occurring during the reduction of sul-
fone 4. This was confirmed by oxidation of sulfide alco-
hol 7 using Oxone�, which delivered the identical
sulfone alcohol 4. Finally reduction of biotin sulfone
alcohol 4 using LiAlH4 in diethyl ether once again gave
alcohol 5 (Scheme 2).

The relative stereochemistry of substitution in hexa-
hydrothienoimidazolones could be determined by
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Scheme 2. Synthesis of 7 from biotin benzyl ester 6.
application of the empirical generalized Karplus equa-
tion.11 In biotin, the dihedral angle, calculated from
the generalized Karplus equation, between the cis pro-
tons H2–H3 is approximately 45�, while the dihedral
angle from the literature X-ray crystallographic data
is 54�. Furthermore, the 3J2,3, 3J4,5endo, and 3J4,5exo cou-
pling constants revealed that in all cases cis coupling
constants were at least 1.5 Hz larger than the corre-
sponding trans coupling constants. Thus, the trans cou-
pling constants for 8–11 ranged from 1.66 to 4.56 Hz,
while the cis coupling constants ranged from 4.64 to
6.08 Hz with an exception of 3J3,4 (9.12–9.59 Hz). The
preferred conformation of 5 is predicted as a twist-en-
velop with C2 out of the plane formed by C3, C4,
and C5 to minimize eclipsing interactions between the
C2exo substituent, H3, and H4. Therefore, our 3J2,3 cou-
pling constant (5.6 Hz) of 5 initially led to the misinter-
pretation of the stereochemistry of 5. The coupling
constants based upon the empirical Karplus equation
as a sole determinant of structural analysis of the hexa-
hydrothioimidazolone ring thus should be interpreted
with considerable caution where the Cs symmetrical
envelope conformation of 5 is distorted to accommo-
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date the eclipsing interactions between the substituent,
H4, and the side chain.10

In contrast to coupling constant analysis, the NMR
interpretation based upon the chemical shift patterns is
more straightforward in the determination of the stereo-
chemistry of the side chain of the tetrahydrothiophene
ring. As the previous NMR studies of biotin and related
hexahydrothienoimidazolone derivatives showed, the
chemical shifts of H2, H3, H4, H5endo, and H5exo in 8–
11 are relatively insensitive to the substitution at C2.
Although the chemical shift of H2 in 5 comes between
the H5endo and H5exo, this chemical shift pattern has been
ruled out as a signature of the stereochemistry at C2.
The diagnostics of the stereochemistry of the side chain
at C2 comes from, as observed, the analysis of benzylic
protons Ha and Hb (or Ha0 and Hb0 ) due to the inherent
asymmetry of the hexahydrothienoimidazolone and pre-
ferred conformation of the benzyl groups. In com-
pounds 5, 8,11a and 10,11b which have a C2exo

substituent, the difference in chemical shift between Ha

and Ha0 (or Hb and Hb0 ) is small (see Supplementary
data). However, in 7, 9,11a and 1111b the chemical shift
difference between Hb and Hb0 is greater than that
between Ha and Ha0 because the magnetic dissimilarity
between Hb and Hb0 is enhanced by the proximity of
Hb to the C2endo substituent (see also NMR spectra of
6 in Supplementary data). Therefore, the stereochemis-
try at C2 of the hexahydrothienoimidazolone can be
determined through the diagnostic chemical shift pat-
tern of the benzylic protons,12 not through the analysis
of the coupling constant using the empirical Karplus
equation.

A facile epimerization at C2 of the biotin sulfone deriv-
atives upon reduction using LiAlH4 implies a possible
reduction mode of the sulfone moiety. Although the de-
tailed mechanism of the epimerization needs further
investigation,13 a plausible intermediate such as an a-
monoanion or an a,a 0-dianion of the sulfone could be
envisioned.9 The epimerization observed at C2 of the
biotin sulfone derivatives upon reduction is unique to
the sulfone moiety, as the related sulfoxides 12 and 13,
prepared either using m-CPBA or Oxone�, do not lead
to the epimerization at C2 (Scheme 3). A selective oxida-
tion of alcohol moiety in 5 and 7 to carboxylic acid
would furnish N,N-benzyl biotin derivatives,14 which
upon the known debenzylation conditions lead to bio-
tin15 and 2-epi-biotin.

In conclusion, we demonstrated that the reduction of
biotin sulfone derivatives leads to 2-epi-biotin analogs
and the stereochemistry of the side chain at C2 can be
deduced from the diagnostic chemical shift patterns of
the benzylic protons, rather than by analysis of the cou-
pling constants using the empirical Karplus equation.
The binding affinity assay of the prepared sulfone, sulf-
oxides, and 2-epi-biotin derivatives to strept(avidin) is
currently underway in our laboratory and our results
will be reported in due course.
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