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Efficient Access to Oseltamivir Phosphate (Tamiflu) via the
O-Trimesylate of Shikimic Acid Ethyl Ester**

Martin Karpf* and René Trussardi*

Oseltamivir phosphatel"! (1; Tamiflu), the water-soluble and
orally bioavailable prodrug of the corresponding pharmaco-
logically active acid 2 (Scheme 1) was first introduced to the
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Scheme 1. Structures of compounds 1-3.

market in November 1999 by Gilead Sciences and Hoffmann-
La Roche for the treatment and prevention of seasonal
influenza virus infections, and it was later shown to be active
against the currently spreading avian H5N1 influenza strain,?!
as well as the recently emerging HIN1 swine influenza strain.
A joint synthetic development effort™®* led to the presently
used technical synthesis of 1 from shikimic acid (3). Thanks to
this collaboration with partners worldwide having extensive
experience in safely performing azide chemistry on a bulk
scale, a yearly production capacity of several hundred metric
tons of Tamiflu has been secured; this corresponds to several
hundred million doses available in the case of a pandemic.

In response to the increasing threat of a severe influenza
pandemic caused by a potentially evolving human variant of
the avian HS5N1 influenza strain, several groups have
published new approaches® to 1 from sources other than 3.
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Their claims that routes independent of shikimic acid (3) are
needed are based on unfounded arguments regarding the
availability of 3 as a technical starting compound as well as the
potential risks of azide chemistry on an industrial scale.[!
Although large quantities of 3 were not available from
commercial sources at the outset of this project, also
prompting us to create and evaluate shikimic acid independ-
ent routes,”) it became widely available in multi-hundred-ton
amounts during the course of our work by extraction of star
anis and by a fermentation process using a genetically
engineered E. coli strain.”! In a recent independent publica-
tion”! comparing published syntheses of 1 with regard to
material efficiency performance and environmental impact
factor (E-factor), the currently used technical route for the
commercial production of 1 rated the most proficient. Herein
we describe a new, short, eight-step synthesis of 1 from 3
based on a patent application'" (priority date: September 19,
2007).

With large amounts of shikimic acid (3) on hand and the
constructive experience with partners performing azide
chemistry on a technical scale, we embarked upon effecting
a streamlined transformation of 3 to 1 as depicted in
Scheme 2. The synthesis proceeding via the O-trimesylate 5
of ethyl shikimate (4), which was obtained in high yield from 3
by way of 4" followed by mesylation. Treatment of 5 with
sodium azide at room temperature under non-acidic condi-
tions led to the regio- and stereoselective substitution of the
allylic O-mesylate at position 3 to deliver 6. Subsequent
treatment thereof with triethyl phosphite in toluene at reflux
produced the aziridine intermediate 7, which underwent
regio- and stereoselective ring opening at the allylic position
with 3-pentanol and Lewis acid catalysis® providing crystal-
line 8 in 45% overall yield from 3 without the need for
purification of any intermediates. The configuration of 8 was
confirmed by X-ray crystallography (Figure 1).

Cleavage of the N—P bond in 8 followed by N-acetylation
afforded the mesylate 9, which reacted with sodium azide
under neutral conditions to furnish 10, the last intermediate in
the current commercial route of oseltamivir phosphate (1).7

The potential aromatization that threatened early inter-
mediates of this approach was controlled as follows: Elimi-
nation leading to aromatization during the formation of the
O-trimesylate § was successfully suppressed by inverse
addition, namely by adding the base Et;N at 0-5°C to a
solution of 4 and mesyl chloride in ethyl acetate. Allylic
substitution in 5 without concomitant elimination was possi-
ble in our hands only using azide as the nucleophile. All
attempts to substitute with another, more basic nitrogen
nucleophile (e.g. allylamine, tritylamine) led to aromatiza-
tion. For the transformation of the f-azido mesylates 6 to the
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Scheme 2. Synthesis of oseltamivir phosphate (1) starting from shikimic acid (3) via the O-
trimesylate 5 obtained from ethyl shikimate. MTBE =tert-butyl methyl ether, DMSO = dimethylsulf-

oxide.
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Figure 1. X-ray crystal structure of intermediate 8.

aziridine 7, a new protocol! had to be established employing
triethyl phosphite under water-free conditions!'” since the
known direct methods of aziridine formation from p-azido
mesylates with triaryl and trialkyl phosphines proceeding via
Staudinger iminophosphoranes™'?! followed by hydrolysis
consistently led to decomposition and aromatization. The
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Scheme 3. Proposed mechanism of aziridine formation.
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reaction with triethyl phosphate
under anhydrous conditions is shown
in Scheme 3. The detection of ethyl
5 mesylate as a by-product of the con-
version of 6 to 7 supports the assump-
tion that this novel direct transforma-
tion occurs via the iminophosphite 11
followed by aziridine formation to the
nonisolated mesylate 12 and subse-
quent Arbusov-type cleavage to the
6 phosphoramidite 7.

This new eight-step transforma-
tion starting from abundant shikimic
acid (3), which requires only three
work-ups and purifications, represents
the most direct route so far to Tamiflu
(1). It requires no protecting group
manipulations, chromatographic sep-
arations, or tedious purifications, uses
cheap chemicals, and proceeds with
an overall yield of 20% already at a
technically unoptimized stage and
thus compares favorably with other
published pathways to 1.4
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