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Tamiflu®
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* 1996: Developed by Gilead and Hoffman-La Roche

* Treats and prevents influenza A and influenza B
* Cells infected after enzymatic hydrolysis of terminal sialic acid from glycoconjugates

Ho §H CO,H Tamiflu mimics
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Sialic acids
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Previous Syntheses of Tamiflu®
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J. Org. Chem., 1998, 63 Vol. 63, 4545-4550
Angew. Chem., Int. Ed. 2007, 46, 5734
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Proposed Functionalization
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R =H, acyl, or aryl
X, Y=H and leaving group
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Xu’s Previous work on stereoselective diamination

Diamination by benziodoxole activation:

0O
Fe(ll) cat. R! R2
R' R? o tridentate ligand N3,
3 \ R
R OH

RT N3
dr up to >20:1

1) PPhs, H,0
2) TsOH

1.2 eq 3.6-4.0 eq

R', R?, R3=H, alkyl, aryl

Diamination by peroxyester activation:

Fe(ll) cat.
bidentate ligand 1
R' R? )O]\ PPrOH (1.2geq) g R 2 reos, O
>_—J ‘B /O\O Ph TMSN;, > ) Ts
u R3 3
R3 RT N

1.2-1.4eq 2.4-2.5eq dr up to >20:1

R', R?, R3=H, alkyl, aryl

Angew. Chem. Int. Ed. 2016, 55, 534 —-538
ACS Catal. 2018, 8, 4473-4482

Leila Terrab @ Wipf Group Page 5 of 14

@ R’ R2

HsN,, ©
° 3H (TsO),

R NHj
®

@ R1 R2

H3N, ©
’ 3H (TsO),

R NHj
®

o)
8/12/2018



Proposed Functionalization
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R =H, acyl, or aryl
X, Y= H and leaving group

6
Leila Terrab @ Wipf Group Page 6 of 14 8/12/2018



Diels Alder Synthesis of C

TBS
= +

2 Br

21a

OAc

= + 23
=

21b

NO» QTBS 0TBS
a) NaOAc 3H»0 A NO2 wNO>
r
COsEt  GH,Cl, 22 °C
23 dr1.5:1 243 COEt CO-Et
49% yield 329% yield
OAc b) kinetic OH OAc

a) NaOAC3H0 = (NO, FESG'L:‘““,“ NO» 2 N0
CHoCly, 22 °C Q 227C + O\
dr > 20:1 > CO»Et “CO,Et

(-)-26 (+)-25 CO2EL
72% yield
after a single 48% yield 44% yield
recrystalization 99% ee 98% ee

Kinetic Resolution using Amano Lipase from Pseudomonas fluorescens
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Azidation of (+)-25

Fe! catalyst/ligand

QAC
~ N02 standard condition COH
@\ Do+ TMSN — > (+)25 +
c 02E " no olefin

diazidation product |

fully
(+)-25 a recoverd 75% yield
Fe!l catalyst/igand
25 @] TMSN standard condition 25 20
+)- + +)-
) fBu,-O\OJ\ Ph+ 3 no olefin ) N
diazidation product fully 95%
20 recoverd recoverd
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Mechanistic studies of azidation

b) Fe!l catalystligand CO-H
CH»C b
10a ) HCh D + TMeN, T2 3L
22 °C, 24 h X “Compleis
\ complete |

fully OH d ition of
recovered 19a ecomposition of 19a 78% yield

19a is stable towards TMSN3 without an iron catalyst

R R
TMSN; TMSN; OTMS - e
- R: AR
19a =— lp - N3 Fe(X)hLn Rﬂ),\I/
19b N, ﬁn«:r!J —— N
. 3 Fe(Xklp =1
[;I:GDETM:: - Fe(Xkhln | olefin aJ\ng Kdiazidation ‘
| kdEGDI'I'IDDE-iﬁOF‘I R* *
Fe(X)2NsLnN3

First C-N;bond forming step is reversible
Second C-N;bond forming step is rate-limiting

Solution: increase [25] and decrease [19c]. Slow addition of 19¢
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Stereoselectivity of azide addition

N3 CO-Et azido-radical QAC azido-radical CO-Et
OZNW addition 4 ~NO2  a4dition OQNW
CO.Et
AcO 59, (+)-25 ACO g5 N3
C4 azide addition: dr >20:1 (3 azide addition: dr =7.4:1

More reactive

dr not improved by iron catalysts used
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Stereoselectivity through Substrate Control

Et a) Fe(OAc); (5 mol %) |
L1 (5 mol %) N3 COpEt N3 COE

)
X .,-L\.\NOZ )
Q . 40 —TMSN:(50equiv) _ ON . ON N

COEL slow addition
2 22°C,c=08M RO 31a N3 RO 31p

30 - ]
dr-2.2:1 57% R:3-pentyl 28%
%}TMSNOZ N3 CO,Et N3 COsEI
} + 19a 2 > 02N + ON N:
CO-Et dr:-1.7:1
32 ? RO 33a N3 RO 33b
55% R:TMS 32%
oH \O, N3 CO,Et N3 COE!
¢ . 108 b)  ON . O:N
CO-Et dr >20:1
(+)}26 ° HO 34 N3 RO 33a N3
70% 6%
R: TMS
“Fe(OAc), (5 mol %), L1 (5 mol %), 19a (2 equiv),
N CH,CI,/MeCN (101), 0.8 M, 22 °C, TMSN;, (5 equiv) added
o | P gradually within 8 h.bFEE‘:);ﬂkL‘)l(ﬁ mol %), L1 (5 mol %), 19a
] N |_ (1.5 equiv), CH,Cl,/MeCN (10211), 0.8 M, 22 °C, TMSN; (3.6
M N 4 N " equiv) added gradually within 8 h. The reactions were subse-
Me Me quently quenched with saturated NaHCO, solution.
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Proposed Stereochemical Model

Fe(Nz)(X)sln
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40bNO,
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Me Me
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Synthesis of Tamiflu from the deamination intermediate

1) MsOH (3.0 equiv) OH PhsP (2.3 equiv) @® QH

N3 COEt  EtOH,c=06M N 3 H,0 (10 equiv) e HN
] 3 =}
05N 55°C.7h -~ \O\ THF, 22°C, 8 h} (TsO)s @:O\
2) LiOH-H,0 (4.5 equw}N o co.Et then TsOH (2.5 equiv) HiN CO;Et

AcO 27a N3 EiOH, ¢c=0.1M 28 z 3-2TsOH

07°C,30min - 529 yield over two steps 85% yield

o NH Et Et
CI)I\OCHQ, PPN )\

OH Cl,c” Y07 Et
: MeO,CHN
NaHCIO; MeO,CHN MSOH
3 > | | >
H,0 MeO,CHN™ CO,Et CH,Cl, MeO,CHN™ CO,Et
22 °C 22 °C 79%
2h 22 h
Et Et
1. TMSCI, Nal, CH3CN )\
40 °C,12h H,PO,
AcHN > AcHN
2. Boc,O, CH2CI2, 0 °C, 1.5 h E;g!—g 01.2 l;]/l
then Ac,0, Et3N, DMAP, 22°C,2h  BocHN" CO,Et 85% N COLEt
72% HaPO,
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Conclusion

Et
RHN™ CO-Et
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drup o =20:1
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