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Abstract: A stereoselective synthesis of (—)-galantinic acid
is disclosed. The key steps include hydrolytic kinetic resolu-
tion of a racemic epoxide and regio- and stereoselective
heterofunctionalization of an olefin, using a pendant sulfinyl
group as the nucleophile. The participation of the sulfinyl
group was unambiguously proven by conducting the reaction
in the presence of H,80.

(—)-Galantinic acid (1), a nonproteinogenic amino acid,
is a constituent of the peptide antibiotic galantin I, which
was isolated from the culture broth of Bacillus pulvifa-
ciens.! Galantinic acid was isolated from galantin I by
chemical degradation and was originally assigned the
structure 2. The structure of galantin I and galantinic
acid were revised by Ohfune and co-workers, who also
reported the first synthesis of galantinic acid.?*® Galan-
tinic acid has attracted the attention of synthetic chem-
ists due to its interesting biological activity and unique
structure. The syntheses of galantinic acid reported to
date? employ chiral pool starting materials (L-serine and
p-ribonolactone); the 1,2-asymmetric induction in the
vicinal amino alcohol formation and/or 1,3-asymmetric
induction in the diol formation, however, needs to be
improved. In connection with our interest in the use of
the sulfinyl moiety as an intramolecular nucleophile,® we
envisaged (Scheme 1, retrosynthetic analysis) the syn-
thesis of galantinic acid from -hydroxy-o,e-unsaturated
sulfoxide (5). Galantinic acid can be elaborated from
epoxide 3 by a one-carbon homologation by cyanide ion
opening followed by hydrolysis. The epoxide can be
elaborated from sulfoxide 4, the synthesis of which can
be traced to olefin 5. Sulfoxide 5 can be readily elaborated
from epoxide 6.

Herein we report the details of our investigation that
culminated in a stereoselective synthesis of a protected
derivative of galantinic acid. Hydrolytic kinetic resolu-
tion* of the racemic epoxide 6° with (S,S)-salen Co(lll)-
OAc catalyst afforded optically pure epoxide 8% in 42.5%
yield along with diol 7 (49%) which were readily sepa-
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rated.” Triethylamine-promoted opening of epoxide 8 by
thiophenol afforded the homopropargyl alcohol 9. Depro-
tection of the p-methoxybenzyl group with DDQ?® and
subsequent reduction of the resulting propargyl alcohol
10 with LiAIH,® afforded trans allyl alcohol 11, which
was protected as its silyl ether 12. Oxidation of sulfide
12 with NalO,° yielded an equimolar, inseparable
mixture of sulfoxides 5 (Scheme 2).

Treatment of the epimeric mixture of sulfoxides 5 with
N-bromosuccinimide (NBS) in the presence of water in
toluene as the solvent afforded bromohydrin 13 as an
inseparable mixture of epimeric sulfoxides. Oxidation of
13 with m-CPBA yielded sulfone 14, which revealed a
single set of signals in its 'H NMR spectrum, proving
unambiguously the isomeric nature of 13 as an outcome
of the sulfur chirality. The structure of bromohydrin 13
was proven by transforming 14 into acetonide 17 employ-
ing a straightforward sequence of reactions (Scheme 3).
Thus di-deprotection of the silyl ether followed by selec-
tive monoprotection of the primary hydroxy group of triol
15 as its tert-butyldiphenylsilyl (TBDPS) ether and
reaction of resulting diol 16 with 2,2-dimethoxypropane
(2,2-DMP) in the presence of catalytic amounts of cam-
phor-10-sulfonic acid (CSA) afforded acetonide 17. The
13C spectrum of 17 revealed signals for the methyl group
at 0 19.5, 29.3 and for the quaternary carbon at 6 99.3,
indicating a 1,3-syn disposition of the hydroxy groups.'?
The anti disposition of the bromine and hydroxy groups
is expected from an overall trans addition of the electro-
phile and nucleophile across the face of the double bond.*?

The formation of 13 from 5 can be rationalized by
bromonium ion attack on the olefin followed by intramo-
lecular nucleophilic attack by the sulfinyl group in a 6-exo
fashion to yield the sulfoxonium salt and finally hydroly-
sis®® (Figure 1). The observed stereoselectivity can be
explained by the difference in the energies of diastereo-
meric intermediates | and 111 (11 not being preferred for
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DDQ, CH,Cly/H,0 (19:1), rt, 80%; (d) LiAlH4, THF, 60 °C, 78%; (e) TBDPS-CI, Imd., CH,Cl, rt, 96%; (f) NalO4, THF, MeOH, H,0, rt, 85%.
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a Reaction conditions: (a) NBS, toluene, H;0, rt, 75%; (b) m-CPBA, CH.Cly, rt, 90%; (c) n-BusNF, AcOH, THF, rt, 70%; (d) TBDPS-CI,

Imd., CH.Cly, rt, 90%; (e) 2,2-DMP, CSA, rt, 90%.

steric reasons in comparison to Il1) resulting from
sulfoxide 5a. The intermediate | is expected to be favored
for steric reasons and the 1,3-anti product is expected to
be formed. However, the reaction practically proceeds
exclusively via intermediate 111 to yield the 1,3-syn
product (13a). This is most likely due to a stereoelectronic
effect probably arising due to the OTBDPS group being
perpendicular'* to the plane of the double bond complexed
to the bromonium ion. Likewise the sulfoxide 5b would
react via intermediate 1V to yield bromohydrin 13b.
The nucleophilic attack by the sulfinyl moiety was
undoubtedly proven by conducting the reaction of sul-
foxide (5) with NBS in the presence of H,®O to afford
bromohydrin 18. The acetyl derivative 19 revealed a M+
+ 23 signal at 879. Reduction of the sulfoxide afforded
sulfide 20, the mass spectrum of which revealed a M* +

(14) For 1,3-syn asymmetric induction by a OTIPS group in the
iodolactonization reaction see: Bedford, S. B.; Fenton, G.; Knight, D.
W.; Shaw, D. E. J. Chem. Soc., Perkin Trans. 1 1996, 1505.

23 signal at 861 proving that the 80 label was incorpo-
rated on the sulfur oxygen (Scheme 4). The participation
of the sulfinyl moiety is also proven by the fact that the
epimeric sulfoxides react at different rates, one of them
reacting within an hour with the other requiring ca. 16
h to react completely. It is therefore very clear that the
homoallyl substituent alone influences the asymmetric
induction and the sulfoxide configuration has no influ-
ence on the stereochemical outcome. It is also apparent
that the asymmetric induction due to the OTBDPS group
is greater than that from the OH or the OTBDMS (tert-
butyldimethylsilyloxy) group, since the reaction of sub-
strates, wherein the secondary hydroxy group in 5 is left
unprotected or both the hydroxy groups are protected as
the TBDMS ether, with NBS proceeds with inferior
stereocontrol.

Bromohydrin 13 was elaborated to galantinic acid as
depicted in Scheme 5. Selective deprotection of the
primary silyl ether in 13 and treatment of the resulting
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a Reaction conditions: (a) CSA, CHxCl,/MeOH (1:1), rt, 78%; (b) 2.2-DMP, acetone, CSA, rt, 90%; (c) NaN3, DMSO, 80 °C, 75%; (d) (i)
(CF3CO)20, EtsN, CHCly, rt, (ii) ag NaHCO3, NaBH4, 0 °C, 70%; (e) Ac20, EtsN, DMAP, CHClI,, 0 °C, 80%; (f) n-BusNF, AcOH, THF, rt,
70%; (g) pivaloyl-Cl, EtsN, DMAP, CHxCl;, 0 °C; (h) Ms-Cl, EtsN, CHxCl,, 0 °C; (i) 0.2 N NaOH, MeOH, 0 °C to rt, 65% overall yield for
3 steps; (j) NaCN, Ti(O'Pr)4, n-BusNI, DMSO, 70 °C, 80%; (k) 3 N NaOH, 30% H;0,, 70 °C, 1 h, 90 °C, 1 h, 70%; (I) H2, Pd/C, MeOH, 80%.

diol 21 with 2,2-DMP in the presence of catalytic amounts
of CSA afforded acetonide 22. The *H NMR spectrum
of 22 revealed a signal for the proton attached to the
carbon bearing bromine atom at 6 4.10 with a coupling
constant equal to 9.0 Hz, proving the anti disposition of
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the bromine and hydroxy group in 13. The reaction of
sulfoxide 5 with NBS thus proceeds regio- and stereo-
specifically.

Displacement of the bromide by an azide yielded
acetonide 23, which was subjected to Pummerer rear-



rangement'® and reduction of the resulting aldehyde in
the same pot to yield alcohol 24, which was characterized
as its acetate derivative 25. The next stage in the reaction
sequence called for the inversion of the hydroxy group
protected as its silyl ether, which was achieved by a four-
step sequence as detailed below. Thus deprotection of 24
afforded diol 26, which was subjected to selective protec-
tion to yield the pivalate ester 27. The crude product'®
was subjected to mesylation to yield 28. Hydrolysis of the
pivalate ester led to concomitant displacement of the
mesyl group to afford epoxide 29 with an inversion of
configuration. The epoxide was opened with sodium
cyanide, using Sharpless protocol*” to yield the S-hydroxy
cyano compound 30. Hydrolysis of the cyano group by
treatment with aq alkaline hydrogen peroxide® yielded
the s-hydroxy acid 31. Reduction of the azido moiety in
31 with 5% Pd/C under an atmosphere of hydrogen
afforded the protected galantinic acid derivative 32.
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In summary, we have disclosed a highly stereoselective
route to a protected galantinic acid derivative in 12 steps
(5.6% overall yield) from sulfoxide 5. The key steps
include a hydrolytic kinetic resolution of a racemic
epoxide and heterofunctionalization of an olefin by a
pendant sulfinyl group as the nucleophile with efficient
1,3-asymmetric induction. The methodology described
herein would prove useful in the synthesis of a wide
variety of target molecules possessing a 1,3-syn/anti diol
functionality.
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