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ABSTRACT

A biotin core has been assembled in a short and efficient sequence utilizing a tandem intramolecular Michael reaction/fragmentation/Michael
reaction from vinyl sulfoxide and sulfone alcohols (12 and 13).

(+)-Biotin (1), known as vitamin H, is an essential ingredient
in human metabolic cycles.1 An early discovery of this water-
soluble biocatalyst, participating in the reversible fixation
of carbon dioxide in the biosynthesis of organic molecules,
has attracted considerable interest in the synthetic com-
munity.2 In addition to its important biological roles in human
nutrition and animal health, biotinylation has allowed for
identification and purification of the protein complement of
cells in the genomic and postgenomic era.3 One of the
difficulties of using biotinylation in protein purification is
due to the fact that biotin has the strongest noncovalent
interaction known in nature with avidin (Kd ) 10-15 M).

Several approaches have been tested to facilitate the release
of biotinylated targets from (strept)avidin complexes.4 How-
ever, use of biotin derivatives that possess decreased affinity
for (strept)avidin has not been extensively exploited due to
the lack of a general synthetic approach to biotin analogues.
To facilitate the recovery of the biotinylated target from
(strept)avidin complexes, we have selected two variables in
the biotin analogue structures: (1) the oxidation state of
sulfur (3-6)5 and (2) the stereochemistry of the valeryl chain
(2, 4-6).6 Herein we report our preliminary results on a facile
approach to the biotin core utilizing a one-pot tandem

intramolecular Michael reaction from vinyl sulfoxide and
sulfone alcohols.

Our synthesis began with the Friedel-Crafts acylation of
1-heptyne7 using R-chloroacetyl chloride in the presence
of aluminum chloride to give 1,4-dichlorobut-3-en-2-one
derivative 8.7 Simply mixing solid granules of sodium
hydrosulfide hydrate in neat 1,4-dichlorobut-3-en-2-one
derivatives8 resulted in theexclusiVe formation of thiophen-

(1) Uskokovic, M. R. InEncyclopedia of Chemical Technology, 3rd ed.;
Kirk, R. E., Othemr, D. E., Eds.; Wiley: New York, 1984; Vol. 24, p 41.

Figure 1. Structures of (+)-biotin and biotin analogues.
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3-one9. The resulting product9 was simply filtered through
a plug of Celite to remove the excess solid reagent. It is
worth noting that the preparation of the thiophen-3-one9 is
highly efficient and easily scalable without much complica-
tion.8 The thiophen-3-one9 is next converted to the corre-
sponding sulfoxide10 and sulfone derivative11 by using
m-chloroperbenzoic acid and Oxone, respectively. While
attempted reduction of the thiophen-3-one9 was unsuccessful
under various conditions,9 the reduction of thiophen-3-one
oxide10and dioxide11with sodium borohydride gave clean
reduction products (12and 13) in excellent yield and
selectivity.

The alcohols (12and13) were then converted to bicyclic
urea (4and 6) through a successive treatment of benzyl

isocyanate and potassiumtert-butoxide.10 This tandem in-
tramolecular Michael reaction/fragmentation/Michael reac-
tion allows a facile entry to the requisite core of biotin.11

Moreover, intermediates14,16, and17 in Scheme 2 can be

isolated and the stepwise reactions proceed in excellent yields
(see the Supporting Information). Although the reaction gave
low diastereoselectivity at the C2 for sulfoxide 6 (sulfone
13 gave a 2R-H epimer4 as the sole product),12 the high
chemical yield and the efficient chemical transformation are
noteworthy.

To accessN,N′-dibenzyl-2-epi-biotin2,13 the deoxygen-
ation of the 2,3-trans-sulfoxide6 was performed with use
of phosphorus trichloride in dichloromethane at low tem-
perature.14 Likewise, the 2,3-cis-sulfoxide6a yieldedN,N′-
dibenzyldeoxybiotin1811 after reduction of a mixture of
sulfide18and alkene19. A similar strategy has been applied
to cis-sulfoxide12 to give N,N′-dibenzyldeoxybiotin sul-
foxides (5and 5a) (see the Supporting Information). The
debenzylation of the ureas (2 and18) can be effected by the
Hoffmann-La Roche protocol.15
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Scheme 1. Synthesis of Thiophen-3-one Derivatives

Scheme 2. Synthesis of Biotin Skeleton
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While thetrans-sulfoxide alcohol12 produced a mixture
of diastereomers6 and 6a, a single diastereomer4 was
obtained from the sulfone alcohol13.16 This serendipitous
selectivity allows facile access toN,N′-dibenzyl-2-epi-biotin
sulfone derivative4. To seek out the origin of this selectivity
we isolated two allyl amine diastereomers16 (2,3-cis/2,3-
trans). As expected, a rapid epimerization was observed
during the final Michael addition reaction to bicyclic biotin
sulfone4.17 Subjection of the 2,3-cis-sulfone17 to other mild
conditions such as sodium bicarbonate, sodium hydride in
THF, or a catalytic amount of DBU in THF, while following
reactions at regular intervals, failed to give the other isomeric
species. Attemped epimerization ofN,N′-dibenzyl-2-epi-
deoxybiotin sulfone4 under kinetic protonation also failed
to give the biotin sulfone3.18

In conclusion, we have developed a rapid synthetic
sequence to a biotin skeleton in six steps allowing a facile

approach to biotin derivatives with varied oxidation states
of the sulfur atom. The investigation into the asymmetric
synthesis as well as the binding affinity assay of the prepared
biotin derivatives to strept(avidin) is currently underway in
our laboratory, and our results will be reported in due course.
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(16) Sulfone3 can be obtained through oxidation of biotin derivative
18, see ref 5.

(17) The sulfoxide17does not epimerize under identical conditions, the
stereoselectivity of6 was derived from the sulfoxide16 (2,3-trans:2,3-cis
) 3:2), see the Supporting Information.

(18) Treatment with LDA at-78 °C thentert-butanol quenching led to
decomposion as well as the recovery of the starting material.

Scheme 3. Synthesis of Deoxybiotin Derivatives Scheme 4. Epimerization ofN,N′-Dibenzyldeoxybiotin Sulfone
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