A New Stereocontrolled Synthetic Route to
(=)-Echinosporin from D-Glucose via Padwa
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(=)-Echinosporin

= |[n 1981 Sato and co-workers isolated (-)-echinosporin, from

Streptomyces echinosporus and discovered in the microbial screening 0 o
of a mexican soil sample. HO,,,? O!¥LNH2
70
= Exhibited weak antibacterial activities MIC 100 ug/mL against with HH_ _
Proteus vulgaris, Salmonella typhosa, Shigella sonnei, and higher {-rEchinasporin

than 200 pg/mL against Escherichia coli and Bacillus subtilis.

= Exhibited antitumor activity against systems such as leukemia P388,
P388/VCR and fibrosarcoma Meth 1. Marginal activity against
melanoma B16 and sarcoma 180.

= |t is a highly oxygenated tricyclic structure initially deduced by
chemical derivatization and by NMR analysis and confirmed by X-ray (Ref. 2
analysis.” The absolute configuration was defined later by Amos B.

Smith and co-workers.2

L Hirayama, N.; lada, T.; Shirahata, K.; Ohashi, Y.; Sasada, Y. Bull. Chem. Soc. Jpn 1983, 56, 287.
2Smith, A. B., lll; Sulikowski, G. A.; Fujimoto, K. J. Am. Chem. Soc. 1989, 111, 8039.
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First Total Synthesis of (=)-Echinosporin

= |n 1989, Amos B. Smith and co-workers reported the first total synthesis and absolute

configuration of (-)-echinosporin.

= Retrosynthesis:
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= [2+2]-Photocycloaddition of cyclopentenone to dihydrofuran
= Functionalization at C-8: Pd-catalyzed carbomethoxylation of the derived enol triflate
= Stereocontrolled deconjugative a-hydroxylation

Smith, A. B., lll; Sulikowski, G. A.; Fujimoto, K. J. Am. Chem. Soc. 1989, 111, 8039
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First Total Synthesis of (=)-Echinosporin

1) LDA, THF, -78 °C MeO,C

Q H )
| o H
%j (& HH 074 2) TH,NPh, -78 °C, 72% "R 074
+ || M0 pentane o
o5 ntan o 3) 5 mol% Pd(OAC),, PPhs, / 0

EtsN, CO, MeOH/DMF, 83% H O 4

1) KN(TMS),
THF, HPMA,
78 °C

2)

(Prepared in
9 steps)

COQMe
Pd(DBA);- CHCI; HO.J H H ony Acidic Resin

(AllylO),CO, MeCN 50% ag. CHgCN
80 °C, 50-55% OH (60-70%)

S04 pyr 1) Ag. HCI
DMSO, CH,Cl; 2) BugP, DEAD
460/0 TH F, 28'31 0/0

20:1, a:p (-)-Echinosporin

Smith, A. B., IlI; Sulikowski, G. A.; Fujimoto, K. J. Am. Chem. Soc. 1989, 111, 8039
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Weinreb’s Approach to (-)-Echinosporin

OMe Conditions
—

'Bases LDA, LiITMP, KH, KOtBu '
 Electrophiles: MoOPh, D,O, Mel, TMSCI'

_____________________________________

- Alternative Attempt:

MeO,C ., O MeO-C
E HO”I
2) MsCl, EtgN, 71%

Kinsella, M. A.; Kalish, V. J.; Weinreb, S. M. J. Org. Chem. 1990, 55, 105.
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Title Paper

= |nterested in using Padwa Allenylsulfone [3+2]-Anionic Cycloadditive Elimination
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- Intermolecular Michael
I Cyclization Addition I
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Based on: Chem. Eur. J. 2010, 16, 5443.

Elisa Farber @ Wipf Group Page 6 of 12 11/15/2012



Title Paper

= First Plan:

OTBS
Qhc 1) EtOH, BF3+ OEt, ;

A0S~ OAc  CeHe, 1t 69% Cﬁoms
O 2) cat. NaOMe, MeOH, - O
t, 99% :
3) TBSCI, imid. DMF, rt, 90% OFEt

OTBS QTBS
- PhO,S :
m-CPBA, BF3 . OEt2 _ OTBS . | OH
-15°C, 15 min 0 PhSO,Na, 10 d, rt O
61% 18-crown-6/THF Observed
0 O 11%
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Retrosynthetic Plan

= Access (—)-Echinosporin through A.B. Smith’s Intermediate:

- oxidation to acid

- esterification, - Hydrazone
HO, CO,Me - elimination - iodoolefination MeO,C OTBS
H - amidation -vinyl iodide reduction ~ HO.,} H

N\\.~CONH, - glycoside hydrolysis -O-desilylation 0

i)
HO

A. B. Smith's Intermediate

- enol dihydroxylation
- Barton McCombie deoxygenation

- Reduction of ketone

H 0 - OH -protection OTBS - OH protection MeO,C OTBS
PhO.S 2 - dihydroxylation H - Enolate acylation H
2 OTBS < o OTBS HO OTBS
i SO X
S HO H : TESO H
EtO ° L3 EtO
Padwa [3+2]-cycloadditive
elimination
O OAc
PhSO,Na | oTBs Ferrier glycosidation  ACO_~ OAc
o) ’ \Cf
OEt
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Synthesis of B-Keto Ester Intermediate

OH
OAc 1) EtOH, BF3- OEt, : Q

AcO - OAc  Cetle, 1t, 69% Cﬁoms (COCI),, DMSO | OTBS
o) 2) cat. NaOMe, MeOH, 0 DCM, Et;N, 96% o)
ft, 99% : :
25 - 562.9 3) TBSCI, imid. DMF, 0 °C-rt, 92%  OF OEt
(Alfa Aesar)
SO,Ph

OTBS 1) L-Selectride, DCM, -78 °C, 82%
2) TBSOTH, 2,6-Lutidine, DCM, 0°C-rt, 91% PNO2S

PhSO,Na, 18-crown-6 F "O25
THF, rt, 49-56%

1) K50s0,4.2H,50, acetone:H,0
NMO, rt, (91%)

2) TESOTH, 2,6-Lutidine, DCM,
- 30 °C, (99%)

MgBr, * Et,0, DIPEA,
DMAP, DCM, rt, 92-95%

TESO H g

Attempts: O

1) LIHMDS/ MeOJ\CN
0

2N )J\O

N

Me
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Completion of the Formal Synthesis of (—)-Echinosporin

MeO.C OTBS

H
© O

TESO H &g

1) BuzSnH, AIBN, PhMe [

110 °C, 79% (2 steps)

2) NoH,, EtsN, EtOH,
80 °C
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HoN

1) K,0s04.2H,0, acetone:H,0O MeO,C H OTBS

OTBS NMO, rt, 80%

2) PPTS, MeOH, 0 °C, 74%

3 S

CI)J\OPh , EtsN, DCM,

MeOZC
HO..,
N=

0

B
HOS

0
OEt

OC-rt,

OTBS
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Completion of the Formal Synthesis of (—)-Echinosporin

MeOC . OTBS

HO.., 1) BU3an, Pd(PPh3)4

OTBS CgHg, 1, 72% (2 steps)

P
Y

S 2) PPTS, EtOH, rt,
H - 65-80%

1) Allyl bromide, K,COg3
DMF, rt, 58% (2 steps)

\J

2) KHMDS, THF, - 78 °C
5 min 68%

M602C
50% aq. HBF,

MeCN, rt, 37% -
(53% BRSM)
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Ag. NaOCI, TEMPO
aq. KBr, TBAI, DCM:H,0O
0 °C-rt

Y o

then, NaH,POy,,
2-methyl-2-butene, -BuOH:H,O

1) PhSiHg, Pd(PPhg),
DCM, rt, 91%

O 2) CanoH, EDC ° HC|
DMAP, DCM, rt, 82%

H

HO"I z
7 OAll -
l_ o 3) NHa, THF, tt, 99%

2) BugP, DEAD,
THF, - 15°C - rt

(-)-Echinosporin

11/15/2012



Conclusion

= A new enantioselective route to (-)-echinosporin has been developed
=  Accessed in 23 steps from Tri-O-acetyl-D-glucal

= The first application of Padwa allenylsulfone [3+2]-cycloadditive elimination
reaction in a natural product total synthesis

= Described a new protocol for C-acylation to prepare B-keto esters.

Elisa Farber @ Wipf Group Page 12 of 12 11/15/2012





