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A new enantioselective synthesis of the anti-influenza agent
(—)-oseltamivir free base (7.1% overall yield; 98% ee) and
(—)-methyl 3-epi-shikimate (16% overall yield; 98% ee) has
been described from readily available raw materials. Sharp-
less asymmetric epoxidation and diastereoselective Barbier
allylation of an aldehyde are the key reactions employed in
the incorporation of chirality, while the cyclohexene car-
boxylic ester core was constructed through a ring closing
metathesis reaction.

Introduction

Oseltamivir phosphate (Tamiflu, 1) is an orally effective neura-
minidase inhibitor,' widely used for the treatment and prevention
of human influenza (HIN1) and avian influenza (H5N1) infec-
tions.” The anti-influenza drug 1 was initially discovered by
Gilead Sciences and subsequently licensed to Roche for pro-
duction. The commercial manufacturing process of Tamiflu
employs (—)-shikimic acid,® a natural product isolated from the
Chinese star anise plant, as the raw material. However, the
supply of (—)-shikimic acid of consistent purity is problematic
due to seasonal and geographical constraints. As a consequence,
several methods for its synthesis have been documented in the
literature.> Among the strategies reported, the one from Haya-
shi’s group (9 steps, 57% yield) turns out to be the best so far.®
However, some of the existing routes are less attractive due to
certain drawbacks such as use of expensive starting materials,
chiral building blocks and low yields. In order to meet the
increasing demand for Tamiflu 1 worldwide, its alternative syn-
thesis from readily available and less expensive starting materials
is mandatory.

In continuation of our interest in the asymmetric synthesis of
bioactive molecules,” we report, in this communication, an
efficient synthesis of (—)-oseltamivir free base and (—)-methyl 3-
epi-shikimate 2, a unnatural methyl ester of shikimic acid, from
readily available starting materials by employing Sharpless
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1 Electronic supplementary information (ESI) available: Experimental
details and spectral data of all the new compounds. See DOI: 10.1039/
c20b25635¢

asymmetric epoxidation (AE), diastereoselective Barbier allyla-
tion and ring closing metathesis (RCM) as the key reactions.

Based on retrosynthetic analysis, we visualized that epoxide 3
can be considered as the key precursor in the synthesis of
Tamiflu 1 and (—)-methyl 3-epi-shikimate 2 (Fig. 1).

Results and discussion

Initially, epoxy aldehyde (—)-7° was prepared in 64.5% yield
from commercially available cis-2-butene-1,4-diol 4 in three
steps: (i) monosilylation of diol 4 (TBSCI, imid., 73%), (ii) AE
of allylic alcohol 5 [Ti(OiPr), (—)-DET, anhydrous TBHP,
93%], (iii) oxidation of epoxy alcohol (+)-6 (TEMPO, BAIB,

95%) (Scheme 1). Wittig olefination of (—)-7 with
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Fig. 1 Oseltamivir phosphate (1), methyl 3-epi-shikimate (2) and their

precursor 3.
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Scheme 1 Initial efforts in the synthesis of 1.
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Ph;P=CHCO,Et gave o,B-unsaturated epoxy ester 8 in 92%
yield. Regioselective ring opening of 8 at the allylic position,
with azide ion in the presence of NH4CI, was accomplished in
85% yield to give azido alcohol 9. Staudinger reaction (PhsP,
toluene) followed by N-acetylation (Ac,O, DMAP, Et;N)
afforded protected aziridine 10 in 81% yield. Regioselective ring
opening of 10 with 3-pentanol in presence of 1.5 equivalent of
BF;-OEt, proceeded smoothly to furnish o,B-unsaturated epoxy
ester 11 as the exclusive product in 75% yield. On desilylation
with TBAF, 11 unexpectedly gave the furan derivative 12,° a
Michael adduct, as the major product (65%) along with the
desired alcohol 13 in minor amounts (17% yield). Since the
yield of 13 was miserably low, an alternative route to 1 was
undertaken as shown in Scheme 2.

In the second approach, antipode epoxy alcohol (—)-6 was
readily prepared in 96% ee'® in two steps as described above: (i)
monosilylation, (ii)) AE using (+)-DET as chiral source
(Scheme 2). Oxidation of (—)-6 (TEMPO, BAIB) gave the alde-
hyde (+)-7, which was subjected to Barbier allylation with ethyl
2-(bromomethyl)acrylate to afford the homoallylic alcohol 14 in
64% yield (dr = 4 : 1). The syn-stereochemistry in 14 was estab-
lished unambiguously from 2D NMR studies.''

The hydroxyl group in 14 was then protected (MOMCI,
DIPEA, 90%) and the TBS group in 15 deprotected (TBAF,
THF) to produce 16, which was then subjected to oxidation
(IBX/DMSO) to give the labile aldehyde 17. Several attempts to
perform Wittig olefination (n-BuLi, PPhy; CHI~, THF) of 17 to
produce diene 18 were quite unsuccessful, due to its rapid
decomposition under the strongly basic conditions.

Alternatively, the crude aldehyde 17 was subjected to Sey-
ferth-Gilbert homologation using the Bestman—Ohira reagent'?
in the presence of K,CO; and MeOH, which gave the terminal
alkyne 19 in 82% yield with a completely transesterified methyl
ester in 2 h. To prevent the transesterification process, the
Seyferth—Gilbert homologation was carried out in EtOH;
however no reaction took place even after 6 h.

Next, a systematic study of selective catalytic hydrogenation
[H; (1 atm), Lindlar’s catalyst, additives, solvents] of alkyne 19
to alkene 20 was undertaken and the results are summarized in
Table 1. As can be seen, the ethyl acetate and pyridine
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Scheme 2 Synthesis of dienic epoxy ester 20.

Table 1 Optimization studies for selective catalytic hydrogenation of
alkyne 19: role of additives”

Entry Solvent  Additives Yield of 20 (%)
1 MeOH Quinoline (10 mol%) 26
2 Quinoline (1.2 equiv.) 23
3 Pyridine (1.2 equiv.) 34
4 DMF Quinoline (1.2 equiv.) 22
5 Pyridine (1.2 equiv.) 16
6 1,10-Phenanthroline (1.2 equiv.) 14
7 EtOAc Quinoline (1.2 equiv.) 57
8 Pyridine (1.2 equiv.) 64
9¢ Pyridine—1-octene 95
10 Benzene  Pyridine (1.2 equiv.) 33

“H, (1 atm), Lindlar’s catalyst (5 wt%), dry solvent, 25 °C, 6 h.
? Isolated yield. ¢ py—1-octene—EtOAc (1 : 1 : 10).
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Scheme 3  Synthesis of oseltamivir free base.

combination gave good yields (64%) of diene 20; however
higher selectivity (95%) to 20 could be achieved with a pyri-
dine—1-octene combination. The cyclohexene core 3 was then
constructed smoothly in 90% yield via a RCM strategy using
Grubbs II catalyst under high dilution (Scheme 3). Conversion
of 3 to aziridine 22 was achieved in three steps as before (see
Scheme 1) with an overall yield of 67%: (i) epoxide opening
with azide, (ii) formation of aziridine and (iii) its N-acetylation.

Regioselective ring opening of aziridine 22 with 3-pentanol
followed by simultaneous MOM deprotection and transesterifica-
tion using 2 N HCI in EtOH afforded the key amino alcohol 23,
whose spectral data were in complete agreement with reported
values.**¢ Amino alcohol 23 was then converted to oseltamivir
free base in three steps by following the reported procedures:*
(1) mesylation of alcohol 23, (ii) displacement of mesylate with
azide ion, (iii) reduction of azide with Lindlar’s catalyst.

Several epimers of shikimic acid (e.g. methyl 3-epi-shikimate
2) form the constituents of various natural products of biological
importance and their syntheses have attracted considerable atten-
tion.'** We thus envisioned that, the cyclic epoxide 3 could be
considered as an important precursor for the synthesis of 2.
Thus, 3 was readily converted into the desired triol 2 through a
two step reaction sequence: (i) epoxide opening (H,SOy,
THF-H,0); (ii)) MOM deprotection of 24 (2 N HCI, MeOH)
(Scheme 4). The comparison of spectral data of 2 with the
reported values'>” further establishes the absolute configuration
of cyclic epoxide 3.

This journal is © The Royal Society of Chemistry 2012
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Scheme 4 Synthesis of methyl 3-epi shikimate 2.

Conclusion

In conclusion, we have described a new enantioselective syn-
thesis of the anti-influenza agent (—)-oseltamivir free base (7.1%
overall yield; 98% ee) and (—)-methyl 3-epi-shikimate 2 (16%
overall yield; 98% ee) starting from readily available cis-1,4-
butene diol. Key steps employed are the AE, diastereoselective
Barbier allylation and RCM. This method comprises of opera-
tionally simple yet efficient reactions with the use of inexpensive
and non-toxic reagents, amenable for commercial exploitation.
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