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Isolation, Background

R=H Zincophorin
R =Me Zincophorin methyl ester

Streptomyces griseus

e Isolated in 1984 from cultures of strains of Streptomyces griseus

e Zincophorin and its calcium salt: in vitro antibiotic activities against Gram-positive bacteria
Ammonium and sodium salts: anticoccidal activity

¢ Zincophorin methyl ester: antiviral activity with reduced host cell toxicity compared to the free acid
¢ First total synthesis completed in 1987 by Danishefsky (36 steps),
two additional by Cossy (28 steps) and Miyashita (37 steps)

Grafe, U.; Schade, W.; Roth, M.; Radics, L.; Incze, M.; Ujszaszy, K. J. Antibiot. 1984, 37, 836
Brooks, H. A.; Gardner, D.; Poyser, J. P.; King, T. J. J. Antibiot. 1984, 37, 1501
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First Total Synthesis of Zincophorin Methyl Ester (Danishefsky)
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J. Org. Chem. 1986, 51, 5032 ﬂ
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J. Am. Chem. Soc., 1987, 109, 1572
J. Am. Chem. Soc., 1988, 110, 4368

Ki Bum Hong @ Wipf Group Page 3 of 13

5/30/2011



Cossy’s Total Synthesis of Zincophorin Methyl Ester

Me

Me Me Me (Me Me

Me OBz

Me

OMe

Org. Lett. 2003, 5, 4037
28 steps

OMe
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Miyashita’s Total Synthesis of Zincophorin

Me

Me

TIPSO/\l/\OH

Me

Angew. Chem. Int. Ed. 2004, 43, 4341
37 steps

ﬂ Methylation of epoxide ﬂ

OMe

Me

BnO

Me
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Leighton’s Methodology Developments

e Intramolecular Silylformylation of Alkenes and Alkynes

1 mol% Rh(acac)(CO),

1000 psi CO

J. Am. Chem. Soc. 1997, 119, 12416

3 mol% Rh(acac)(CO),

1000 psi CO, PhH, 60 °C
H,O,, NaHCO3;, MeOH

OH OH OH

R1| na
R> - N

J. Am. Chem. Soc. 2000, 122, 8587

3 mol% Rh(acac)(CO),

1000 psi CO, PhH, 60 °C
"Bu,NF, THF, Ac,0

Angew. Chem. Int. Ed. 2001, 40, 2915

OAc OAc
A .
R1 ", \
R, R;
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Leighton’s Methodology Developments

¢ Aldehyde Crotylation

p-BrC6H4

OH

e Intramolecular Silylformylation - Crotylsilylation

Me/\? (Me

Si 1 mol% Rh(acac)(CO),

O’N\S./\/\ Me 0

|

and N + BnO\)J\ > Bno\)\/\
‘N Cl H 0°C,20h A

>
G 1000 psi CO, PhH, 60 °C
Pr H,O,, KF, THF, MeOH, 40 °C

Me
83%; 99% ee

Org. Lett. 2004, 6, 4375

60%, 13:1dr
Org. Lett. 2008, 10, 5593
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Silylformylation-Crotylsilylation/Tamao Oxidation-Tautomerization

Me Me
X
(o) @]
"'/

-

o o

O
Me* Oxone, Na,EDTA

Me KOH, nBU4NHSO4

BnOM Me

K2003-ACOH Buffer
CH,(OMe),, CH4CN, -10 °C

MeA\z (Me
/Si\
H H

5 mol% NaH

Me’\i f\Me
/Si\
0) H Me

hexanes, reflux

BnO\/\/'\l/ <

Me 97%

1000 psi CO, PhH, 60 °C

H,0,, KF, THF
MeOH, 40 °C, 1 h

‘ 1 mol% Rh(acac)(CO), BnO

@)

BnO_~_ <L Ve

87%, 90% ee

Me——
nBuLi, AIMe; | TBME, -78 °C
BF;eOEt; 43%

<

OH Me

BnO\/\/l\/

Me

Me Me Me
67%, >15:1dr
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tBuOH, THF, H,0 | THF, H,0,0°C

e}
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Synthesis of the C(11), C(7), and C(6) Stereocenters
OH O OH TBSOTf TBSO O  OH
BRO : 2,6—Iut|d|ne) BnO :
g N DCM g N
Me Me Me -78°C Me Me Me
78%
DIBAL-H
Zgoo | THF
o 96%
0
)]\ Né\NJ\N«N TBSO  OH OH
TBSO 07 O = |/ a0 L
: : <
BnO N PhCH; 3 h
3 reflux Me Me Me
Me Me Me
2 mol% OsO, 95%
NMO, citric acid | NalO4, NaHCO;
0

)OI\
TBSO O 0 KFB” NP e TBSO O
BnO 2 nBuNI BnO .
\ﬁS)\l/\'/\'/U\H > \Hg)\(\l/\(l\_/\
Me Me Me H,O Me Me Me Me
86% over 2 steps
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Completion of the C(1)-C(16) Fragments
0
)l\ 1 mol% Rh(acac)(CO),
TBSO 07 YO OH 6 mol% PPh, CO/H,
BIO : : THF, 50 °C
Me Me Me Me DMAP, DCM, -20 °C
94%
o S
N,

'Pr,NEt

DMAP, MeOH
99%

5% Pd/C
Ha, THF  99%

DCM, -78 °C

<
TiCly, SnCly

91%

DIAD, PPhs, THF

OMe
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Synthesis of the C(17)-C(25) Fragments

oH CHO
o) 1.0 equiv (S,S)-Cat, H Y XS
Me\)]\ 3.5 mol% Sc(OT), Me\/\l/\ Me

H  DCM,23°C,2h be 5 mol% (x 2)
97%, 93% ee Hoveyda-Grubbs Il

P BrCeH4 CHCl3, reflux

O;‘ s.’\)\ (S,S)-Cat,: R{=Me, Ry=H TsCl, EtsN
N C| (S,S)-Caty: Ry=H, R,=Me Me;NeHCI, DCM !
p BrCGH4
OTs OH 1.1 equiv (S,S)-Cat, oH 9
Me : N N 10 mol% Sc(OTf); Me ' N y
DCM, 0 °C, 3 h
Me Me Me ° Me Me
81%, 19:1 dr 79%
PMBBr, Et;N, KHMDS| add LiBEt;H
THF, -78 to 0 °C 60 °C
86%
OPMB 2 mol% OsO, PMBO O
H 4 equiv NalO4 H
Me\/\l/Y\l/\ 2,6-lutidine Me X H
Me Me Me Dixane, H,O Me Me Me
87%
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Completion of the Synthesis

PMBO O
Me .
AN H +
Me Me Me

OMe

KHMDS | DME, -60 °C to -20 °C
69%, 14:1 E:Z

OMe

1.DDQ, 10:1 DCM:pH 7 Buffer
2. NaOMe, THF, MeOH 3. HF, H,0, CH;CN, DCM

60% (overall, 3 steps)

Me
OH OH OH

Me
OMe

Me Me Me Me Me Me Me

Ki Bum Hong @ Wipf Group Page 12 of 13 5/30/2011



Conclusions

R=H Zincophorin
R =Me Zincophorin methyl ester

e The synthesis of zincophorin methyl ester : a longest linear sequence of 22 steps
from commercially available 4-hexen-1-ol in 4.2% overall yield

e C(1)-C(16) fragment : five of 10 stereocenter was accessed in just four steps
no protection group, nonstrategic redox reactions, chiral auxiliaries

e C(6)-C(23) fragment : five steps and 46% overall yield
rely on two applications of the Sc(OTf)s-catalyzed crotylation
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