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Unexpected Facile Synthesis of Tetronic Acid During the Research on Stereospecific
Total Synthesis of (+)-Biotin Starting from D-Erythorbic Acid as Chiral Pool
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The reaction of D-erythronolactone (8) with the methanesulfonyl chloride in the presence of triethylamine afforded, after unexpected |
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A great deal of attention has been focused on (+)-biotin
(vitamin H) because it plays essential roles in many aspects of
human nutrition and animal health'. For example, (+)-biotin
was used as a feed additive in traditional poultry industry and
find uses for clinical treatment of hair loss, brittle nails and in
tonic formulations for children. In addition, recent studies have
revealed the potential applications of (+)-biotin as an anti-
diabetic drug’.

Despite their multiple functions, there are only a few indus-
trially viable synthetic methods reported to date for the formal
synthesis of (+)-biotin (1)**. During the past decades, much
attention has been focused on developing various chiral agent-
catalyzed enantioselective syntheses approach to prepare the
(3aS, 6aR)-lactone (3), which is the crucial chiral building
block of (+)-biotin>'’. However, these asymmetric synthesis
methods suffer either harsh reaction conditions (the cryogenic
temperature, long reaction time) or difficulties with organo-
catalyst preparation. Therefore, as a part of the continuing work
to explore new synthetic approaches to (+)-biotin>'’, we
devised a new synthetic approaches using D-erythorbic acid
(9) and (3aS, 6aR)-lactone (3) as a chiral starting material and
a key chiral building block, respectively, to realize the stereo-
specific total synthsis of (+)-biotin (1).

Optical rotations were obtained on a JASCO P1020 digital
polarimeter. Melting points were measured with a WRS-1B
digital melting point apparatus and are uncorrected. NMR
spectra were measured on Bruker AV 400 in DMSO-d solution
with tetramethylsilane as an internal standard. Chemical

elimination reaction, the tetronic acid is obtained in excellent yield and chemical purity, instead of the dimesylates (7).

reagents were obtained from commercial sources and used as
received.

D-Erythronolactone (8): To a solution of D-erythorbic
acid (17.6 g, 0.1 mol) in 250 mL of deionized water was added
anhydrous sodium carbonate (21.2 g, 0.2 mol) in three portions
at 0 °C, followed by 31 % aqueous hydrogen peroxide (22 mL,
0.225 mmol) in dropwise. Active charcoal was then added to
the resulting mixture, keep stirring at 75 °C for 0.5 h. Filtered
the hot mixture, the combined filtrate are acidified with 6 N
aqueous hydrochloric acid and concentrated the acidic solution.
Treatment of the residue with boiling ethyl acetate, cooled the
combined ethyl acetate solution to 0 °C and filtered. Air drying
the collected solid gave D-erythronolactone (8) (10.7 g,91 %)
as colourless needles, m.p.: 104.3-104.7 °C; [op™:-72.9° (¢ 0.533,
H,0). {Lit"". m.p.: 104-105 °C; [at]n™: -73.2° (¢ 0.533, H,0)}.

Tetronic acid (10): To a solution of 8 (4.4 g, 37.2 mmol)
and triethylamine (12.4 mL, 89.4 mmol) in CH,ClL, (120 mL)
was added dropwise methanesulfonyl chloride (10.2 g, 89.4
mmol) at 0 °C. Then warmed the mixture to 25 °C, keep stirring
at this temperature for 6 h. Ice water (80 mL) was then added
to the reaction mixture, the organic phase was washed succe-
ssively with 10 % HCI (50 mL), saturated NaHCOj3 (50 mL),
brine (50 mL), and dried over Na,SO.. Evaporation of the solvent
under reduced pressure gave compound 10 (3.62 g, 97 %),
which was generally used directly without further purification.
Analytically pure (10) can be obtained by recrystallization
from ethyl acetate. m.p.: 141.3-141.7 °C. [Lit". m.p.: 141 °CJ;
'H NMR (DMSO): 8 4.65 (s, 2H), 4.97 (s, 1H).
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Our planned synthetic strategy is depicted in Scheme-1I,
which is based upon the stereospecific preparation of classical
Roche lactone (3), the direct precursor to key chiral inter-
mediate (3aS, 6aR)-thiolactone (2) of (+)-biotin. The target
molecule (+)-biotin (1) had earlier been readily elaborated from
thiolactone (2)>°. Lactone (3) would then be accessed from
the cyclization of compound 4 in the presence of thiophosgene,
which in turn would be visualized to be produced by a straight-
forward one-pot sequence from the introduction of benzyl
group in compound 5. Chiral diamine intermediate § was
thought to be available from D-erythronolactone (8) with correct
configuration via a series of inversion reactions. D-erythrono-
lactone (8) could be directly available from the commercially
available D-erythorbic acid (9) following a protocol reported
earlier®.
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Scheme-1: Retrosynthetic analysis of (+)-biotin

With these considerations in mind, our stereospecific total
synthsis of (+)-biotin (1) was undertaken starting from readily
accessible D-erythorbic acid (9). Chiral starting material 9 was
subjected to oxidation with hydrogen peroxide at O °C in the
presence of sodium carbonate in deionized water, subsequent
acid-catalyzed cyclization with 6 N aqueous hydrochloric acid
furnish the desired D-erythronolactone (8) in 91 % yield.
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Scheme-II: Synthetlc route to (3aS, 6aR)-lactone (3)

We next set out to prepare the key chiral building block
(3aS, 6aR)-lactone (3) steps from chiral intermediate 8, using
a configuration inversion strategy as outlined in Scheme-II.
In combination with the experiences in the dimesylation of
chiral diols", we attempted the dimesylation reaction of chiral
diol (8) with 2.4 equivalent methanesulfonyl chloride in the

presence of organic base (triethylamine). The reaction proceeded
smoothly under stirring at room temperature for 6 h, and to
our surprise only the elimination product 10 was isolated in
97 % yield, and no expected dimesylates (7) could be detected.
However, the same product tetronic acid (10) was obtained
under a range of other analogous reaction conditions (low
temperature, using other organic base).
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Scheme-III: Unexpected synthesis of tetronic acid (10)

It's noteworthy that the unexpected product tetronic acid
(10) is also the efficient starting material application for the
total synthesis of (+)-biotin (1)**. Therefore, we have developed
anew and robust synthetic approach to the stereospecific total
synthesis of (+)-biotin (1) starting from the known D-erythorbic
acid (9), which exhibited advantage over the existing synthetic
routes to 1 in terms of the readily accessible starting material.
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