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Abstract

Influenza is a severe respiratory disease whose treatment requires neuraminidase inhibitors. Osel-
tamivir phosphate (Tamiflu), approved in 1999, is one of the most effective oral anti-influenza neu-
raminidase inhibitors. The traditional synthesis of Tamiflu suffers from two major drawbacks: first,
the use of explosive azide compounds, which poses significant safety hazards in industrial-scale syn-
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thesis; second, reliance on shikimic acid as the starting material. As a natural product mainly de-
rived from Chinese star anise, shikimic acid faces challenges in stable supply for industrial produc-
tion. Consequently, over 70 synthetic routes have been developed to date. This article reviews rep-
resentative optimized synthetic approaches that address these limitations, providing insights for
future industrial process optimization toward greener and more efficient production.
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Figure 1. (Left) Oseltamivir phosphate; (Right) (—)-Shikimic acid
B 1. (D)#MEREAME; (h) )-FER

JUAE AR 2 AR TN 55 80 24 il AN K SR8 B B s APt 2 W i R A, IR &
TR Tl A0 ) 7)ol 2 B R At A3 72 E AT R FH ) 32 LR BR AL 7 25 2 — o A2 K IS PR IR e AT 24
HEN ARG 28 T B G /K A 2 Ak v B AR Wi Ve BRI A = R IR 2k, AN R AR 253 E I [3]. FLAE FALHI
SRR S5 A U ) A B T R T A R R Y 1, BEL L 2 R MBS T i 2R TR, 3R T IR R AR A
WIS B 20 R IR Gy . BT R i v 1 o s P IR S, B Atk 5508 & A- WK 1) BT o 22 R g 1. 2
PRI G TE(4]. PRI RT T2 B A T M R S S R I ARG (5] ARG TS CIESE, TR
R A8 NIF LR, IE A T R G 6]. BERR SRR AR 1 o, KA TTE AT e
IR, B8 C-3. C-4. C-5 =AFMdt. H, C-1 AEEBMRIR CEEHE 0T 52 32T 25 102 W k)
&, AL IE N IR C-3 Aridds 3-I A L BRI E: C-4 vl e 3E, C-5 i o a 2,
TR L2 AR R, TRLALLIA O EE v 2 E R R AR R ) (R VR R ) RS R, DT SE BN 1 1
RGESPEINHEI[7]o ZZWT 1995 1 5 ISR 20| 5 IR A 8D, 1996 FF3R1FAH S L RIfRT, 1999
RS [ A 2 B R R AE LT [8]. AAMIBE RN, (—)-FERERR(EE M ILIE DRI B A R
BEA A O ERE, R X 2 A AT ME— 18 Tl Ak & ik 26 . R, (—)-ZFBEIRAE I R E

DOI: 10.12677/jocr.2026.141011 119 H WA


https://doi.org/10.12677/jocr.2026.141011
http://creativecommons.org/licenses/by/4.0/

PUM

J\A SRR AR, LA 5 7 Borfl AR E i AL KRR A 77 R oK, 3K — 1) L 3ESh Tk 5 28 AR5
B0 TE(—)- 2R SR O R & BB 2 S TR IR AW & IR RITIR AW TT . B4, WERR B w) M F5 5 58 & i T
SR HBRLEY), ZRMBER TR AR, A P i i 2 e R 9], Rl
TR EBRSH G B OO IZ IR T . A SCR G 5 1M TR JFURMEC [ B B 2 i %
S R SR B BREORBR R, RECH T B AUCRIEITT R, & s 5 RAEBOR[10], B304 19 iR
T B At = 2t 5 B R OB R T 1) S R e ka9

2. T & RREEE

H 1995 FLk, HAERIEAF . PIRA TSRS RN R T, RFEEE0 T R &R
G RKIBIAIELE = T2 1] L AU 4 1), oA R 2R AN T 1) iy 28 2 407 Tk
HATCA 70 00 R R A RIS & 2 R b k[ 12]. @A ER 54t T2, ¥ RATRREIFK
H— 2 LA()-ZE R IR IR R 12 22 TR 4R, SRR TIA L) 35% [13]. 1XBRER LATE B N IR R,
F NaN3/NH4Cl #HAT XIGE BT IR, 78 C-5 Mgl NEEEH[7] [14], FHaEd SR, B ERE
%,E%E%@®ROBMM{F%3m%kitﬁﬁ%ﬁﬁﬂ,%A&m%%W%Uﬂ b J5 £2 iz 2T
by BRI FERKESERS, B4R EREIEN . &4 STRMHPOL) RS BB B A, H
AR FEWTE 2 FraR[12].

iii) MsCI, Et3N,

HO/,, COZH i) EtOH, SOCI, AcOEt, 20 °C COzE 3- pemanone o COzEt
_ Reflux, 3 h, 97 % 30 min, 82 % >< :><
HO' ii) Me,C(OMe),, TSOH 50-150 mbar, o
OH EtOAc, 150-200 mbar 40°C,5h,98 %
<35°C,4h,95% OMs

9 Q g)

CO,Et NaHCO3 NH,CI

_EtSiH, TiCly, T|C|4 EtOHMH,0 O COEt aqEtOH coza O, cozs
T CHZCL, HO™ 60 °C, 1h ( 75°C. 18 h

-35°C,3.5h :

80 % (2 steps) o 86 %

PhsP
ElgN -H
MsOH CO,Et H’ COzEt COZEt CO,E -Ph;PO
DMSO L g
50°C,1h F’h3
PhypN PhyP” %H Phap’NHz H,
i) NaN3, HzSO,4 R) BusP, H3PO,
0. COzEt pmso,35°C,4n O-. COZEt . ason  On COEt  EoH (-)-oseltamivir
_—— — e > —_— -
ii) A0, BuO EtOH/H,0 50-20 °C phosphate (1)
i) Acz0, K
HN 0-250c AcHN Y 5-20 °C AcHN™ ™ 88-92 % (2 steps)
N3 NH,

Figure 2. Roche’s industrial synthesis routes [12]
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Figure 3. Roche epoxide
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Figure 4. Synthesis of oseltamivir phosphate via a biphasic Pd-catalyzed heck-type cyclization [24]
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