New Synthetic Routes to Tamiflu
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Chiral Ligands
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Early Example of Desymmetrization of Aziridines

\\N \\N

R2 “"OH ”OH
4:R'=Ph, R?=H 7: X=Y=Bu
5: R'= R%= Ph 8: X= Adamantyl, Y= Me

6: R', R%= CHy(CH.),CH» 9: X=SiMeg, Y=H
10: X= SiMa(Ph), V= H

R
' RNH  Ns
N catalyst =
@ + TMSN; ——— = b
solvent
2 R = 2,4-dinitrobenzyl 3

Table 1. Asymmetric Ring Opening of N-2,4-Dinitrobenzyl
Cyclopentene Imine (2) Catalyzed by Cr(IlI) Complexes of
Ligands 4—10¢

ligand 4 5 6 7 8 9 10

ee (%) 4 7 24 66 64 69 70
convn (%)¢ 30 50 60 100 100 100 100

@ Reactions were carried out at room temperature in acetone with 5 mol
% of catalyst. ” Enantiomeric excesses were determined by HPLC analysis
of crude reaction mixtures. ¢ Reaction time was 24 h for 4—6 and 3 h for
7-10.
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Table 2. Enantioselective Ring Opening of Meso
N-2,4-Dinitrobenzyl Aziridines Catalyzed by 10-CrNs“

OoN NO, OuN
’jij/ (\O/NOZ
(18,2R)10CrNg

N HN,  Ns
—_— N
A + TMSNg acetone
Rs R3 4A mol. sieves Rs PRg

temp time isolated ee

entry R3 R3 (°C) (h)  yield (%) (%)”
1 -(CH2)4- -30 48 95 94
2 -CH,CH=CHCH;- -30 100 75 88
3 -(CH2)3- -30 72 87 87
4 -CH,;0OCHj,- —15 90 73 90
5 Me Me -30 96 80 83

@ Reactions were carried out with 10 mol % catalyst and 4 A molecular
sieves (ca. 1:1 w/w relative to the aziridine substrate). ®» Enantiomeric
excesses were determined by HPLC analysis of crude reaction mixtures.

E. Jacobsen, Org. Lett. 1999, 1611

5/10/2006



Desymmetrization of meso-Aziridines with TMSN,
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Table 1. Optimization of Reaction Conditions

M(O'Pr); (10 mol %)
2 (20 mol %)

 /

TMSN; (3 equiv)
N-R
additive

3a: R = 4-nitrobenzoyl CH3CH,CN, 1t
3b: R = 3,5-dinitrobenzoyl

H
\‘N\
Q )
N3

4aor4b

entry M substrate additive?  time (h)

yield (%)’  ee (%)°

1 Gd 3a DMP, TFA 20
2 Gd 3a DMP 20
3 Gd 3a none 20
4 Gd 3b none 16
5 Dy 3b none 16
6 Er 3b none 16
7 Yb 3b none 16
8 Sc 3b none 16
9 Y 3b none 1

>99 46
>909 64
>909 66
90 85
93 90
89 89
91 82
90 63
90 92

“ DMP = 2,6-dimethylphenol (1 equiv was used). TFA = trifluoroacetic
acid (5 mol % was used). ? Isolated yield. ¢ Determined by chiral HPLC.
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Desymmetrization of meso-Aziridines with TMSN,

Table 2. Catalytic Enantioselective Desymmetrization of
meso-Aziridines with TMSN3 8 CbzN NR  3h it > 48 >99 o4
NO, Mo
Y(OPr); (x mol %) 9 i ort 1 48 94 95°
j: 02 2(2x mol %) 7. N NR- 3l -
TMSNs (1.5 equiv). » NO, Me
. 0 n-Pr
CH5CH,CN RSN, 4 10 \/[\NR 3j rt. 5 48  >99 87
) - n-Pr
entry substrate temp. catalyst time yield ee
(R=35-(NO;)»-Bz)  (°C) (xmol%) (h) (%) (%) Ph
11 )NR 3k rt 2 48  >99 93
10 ONR 3 0 1 3 97 9 Ph
“Jsolated yield. ”? Determined by chiral HPLC. ¢ Three equivalents of
2 CDNR 3 it 5 36 >99 94 TMSN; was used. ¢ The absolute configuration was determined as shown.
3 NR 3d 40 10 20 94 86
4 40 5 48 93 83
5 ONR 3e rt 2 48 9 919 prﬁh 0
P
6
6 @:\/[\NR ¥ ort 2 48 98 9 o
H
. @) F
]
7 O\/\/I\NR 3g 40 10 18 >99 9 M(O'Pr); +
2 HO F
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The Importance of Tamiflu

There are currently 4 drugs for the treatment of influenza
infections.

NH4Cl NHaCl N 0. _couH H)
HO Y | Ol;@/COgEt
OH
AcHN™ = ACHN™ ™
HN_ _NH, :

NHy+H3PO
Amantadine Rimantadine T\l]/H 27134
Zanamivir Oseltamivir
(Relenza) (Tamiflu)

The neuraminidase inhibitors, Zanamivir (Relenza) and
Oseltamivir (Tamiflu), have little toxicity and do not promote
drug resistance.

If the H5N1 virus becomes readily transmitted through human-
human contact, the treatment of choice would be Tamiflu.

A. Moscona, N. Eng. J. Med., 2005, 353
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First Route to Tamiflu

CO,Et

Jory

=\

O\

1

NaN3, NH,Cl, DMF

HO, COH 1, EtOH, SOCI,
/ 2. 3-pentanone, TsOH COzEt  TMSOTT, RO, CO,Et KHCO3,
HO™ 3. MsCl, EtsN X BhHa*MesS (‘j’ aq. EtOH
A\t —_————— , "
OH (80%) o' (63-75%) RO (96%)
a OMs OMs
(-)-Shikimic acid 9
10a; R = 3-pentyl, R"=H
10b; R = H, R' = 3-pentyl
10cc R=R'=H
NaNs, NH,CI, }—O,, CO,Et i»O,, COLEL }“0/,,_ CO,Et
_aq EtOH O _ MesP
(860/0 O\\ 970/0) HN (440/0)
1 8a 18b 19
1. Ra-Ni, Ho,
Q. CO,Et EtOH
’ 2. 85% HaPO,
»  2-H3PO,
RNH” ™ (71-75%)
N
6:R=H
20: A = Ac 4 020

J. Rohloff, J. Org. Chem. 1998, 4545
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Second Route to Tamiflu

MgBr,-OEt, (0.2 equiv.) 1) Pd/C, EtOH
O, ~COEt  tBuOMe/MeCN o7 7 Y H,NCH,CH,0H AN
Q/ 55°C, 16 h O, CO,Et reflux, 3 h 0, CO,Et
= > »
— \\ \ \\
0 2) (NH,),S0, / H,0 HO' ; 2) H,S0, / H,0 HO ]:;l/
97% HN o~ 279% NH,
15 16
1)} PhCHO, t-BuOMe, - H,O
2) MsCl, NEt,, filtration 809,
3) Z~N2 y120c 151 °
4) HCI / H,0
1) 10% Pd/C, EtOH
/\()(\ CO.Et HZNCH2CH2OH /\I/\ Aczo, ACOH /Y\
D/ 2 reflux, 3 h 0, CO,Et MsOH 0, CO,Et
- -
ACHN D/ Q/
’ |§|H . 2) H3P04y EtOH AcHN S t-BuOMe, 15 h H.N Y
2 H3PO4 Hf\.' 20 °C 2 HN
70% ~ R ~R
18 83% 17

M. Karpf, J. Org. Chem., 2001, 2044
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Third Route to Tamiflu

COOEt COOEt COOEt
t-BuNH, MsCl
MgCl, ELN
0" -~ toluene o y NHtBU toluene 0
"0 H NtBu
OH
CH, CH, CH, CH, CH, CH,
3 4 5
COOEt COOEt
PhSO,H Ac,0
(allyl),NH NaOAc
—_— e K —_— ] ..,
(0] N(allyl), o" “Neally),
NHtBu N\——Ac
CH, CH, CH, CH, tBu
6 HCI 7
EtOH I—____. 8
COOEt NDMBA COOEt
Pd(OAc), PPh,
TFA then H,PO,
—_—— —
o “N(allyl), EtoH o~ “’NH,HPO,
'/L‘ NHAC ')\‘ NHAC
CH, CH, CH, CH,

P. Harrington, Org. Pro. Res. Dev. 2004, 86
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5/10/2006



Shibasaki Route to Tamiflu

NO,
& 1. BocoO, DMAP, CH3CN H 1. PhP, CHaCN %
@ NO, 2.4 M NaOH @\ “Boc 2. Boc,0, EtsN, CHsCN @ “Boc
N3O 98% (2 steps) N3 90% (2 steps) H’BOC
1. 10 mol% NI(COD)Q,
10 mol% COD,
o 3 eq TMSCN, THF OH |, 1. DEAD, PhgP, THF, 87%
1. SeO,, DMP, Dioxane N. 2.NBS, , Et3N, THF .N. 2. 3-pentanol, BF3*OEt,,
2. DMP, DCM “"“Boc 3. LiAIH(OBu)s, THF “Boc 539%
.Boc .Boc
68% (2 steps) H 60% (3 steps) NC H
o)
“ 0 1. Aco0, DMAP, py, 84% o
~N-goc 1.TFA,DCM NH 2. 4.2 M HCI-EtOH, 53% N_
Boo 2 BoczO, EtsN 2 3. 85% HaPO,, EtOH, 50% T TAc
NC N’
H 63% (2 steps) NC N EtO,C NH,
H
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Corey Route to Tamiflu

H Ph
C,__‘-‘Ph
®N, .0 e
4 B TN
= I H  o-tol
~ T CO.CH.CF _ 2 o ", ~OCH,CFq
vt 10 mol % neat “/
23°C,30h (o}
'0,
97% 3,>97% ee
1. TMSOTf, Et;N I
pentane (Boc),0, Et;N
ey NH, > h .
i 2. Ip, ELO/THF, 2 h et DMAP, CH,Cl,
0 84% T Xp 4 h, 99%
4 5
Br,
DBU, THF @ NBS, cat. AIBN
—» ﬁ
reflux, 12 h i f CCly, reflux : g
96% 3 N— =
o BocN _%O 2 h, 95% BocN—%o
7 8
NHAc
5 mol % SnBr, Br.,,,
OEt NBA, MeCN
BocHN - OEt
o -40°C,4h BocHN®
75% o
9 10
o\
AcN cat cu+2 AcHN ?
. (o]
3-pentanol H3PO,
—
\ OEt - OEt
BocHN' 0°C,12h BocHN® EtOH
o 61%
(not optimized)
11 12
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Conclusion

 The key step in the Shibasaki synthesis are a catalytic
enantioselective desymmetrization of a meso-aziridine.

* The key steps in the Corey route are a enantioselective Diels-
Alder, iodo-lactamization and bromoacetamidation.

« Both routes offer a new way to access Tamiflu that does not
require the use of shikimic acid or quinic acid.

« “Although our route is already very efficient, it's conceivable that
when you put new developments together, you'll have an even
better and cheaper process. | think the Tamiflu supply problem
is solved” E.J. Corey C&E News May 5", 2006

Though the possibility does exist that each route could be
modified, currently due to scalability issues with reagents,
neither route offers a viable alternative to process route.
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