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% Zincophorin (one of the naturally occurring polyoxygenated ionophore) was
isolated from a strain of Streptomyces griseus.

% These ionophores exhibit anti-infectious properties and have capacities to form
lipophilic complexes with various cations, usually alkaline or alkaline-earth ones,
which affect proton—cation exchange processes across biological membranes.

% Zincophorin and its calcium salt exhibited broad in vitro antibiotic activities against
Gram-positive bacteria as well as Clostridium welchii.

% The ammonium and sodium salts of zincophorin showed significant anticoccidal
activity against Eimeria tenella in chicken embryos.

% The methyl ester of zincophorin was reported to possess antiviral activity with
reduced host cell toxicity compared to the free acid.

% Zincophorin has elicited considerable synthetic interest since 1987 and several
total synthesis papers towards it have been published.
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Reported Total Syntheses of Zincophorin Methyl Es

Synthesis Construction Strategic | Non-Strategic Protecting Group Functional Group Total Steps
Steps Redox Redox Manipulations Interconversions (LLS)

Danishefsky (1987) 12 61 (35)

Cossy (2003) 13 3 18 10 12 56 (30)

Miyashita (2004) 21 1 13 12 5 53 (38)
Leighton (2011) 10 1 3 8 11 33 (21)

Guindon (2015) 12 2 21 18 17 70 (49)
Krische (2015) 10 0 3 3 9 25 (13)

. Danishefsky, J. Am. Chem. Soc. 1987, 109, 1572; J. Am. Chem. Soc. 1988, 110, 436¢
. Cossy, Org. Lett. 2003, 5, 4037; J. Org. Chem. 2004, 69, 4626

. Miyashita, Angew. Chem. Int. Ed. 2004, 43, 4341

. Leighton, J. Am. Chem. Soc. 2011, 133, 7308.

. Guindon, Tetrahedron 2015, 71, 709

. Krische J. Am. Chem. Soc. 2015, 137, 137-8903
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Retrosynthesis

Me,56

I\:/Ie Me Me

I\:lle Me Me

Zincophorin Methyl Ester Fragment A Fragment B (R= Et3Si)
13 Steps (LLS), 25 Total Steps 8 Steps (LLS) 10 Steps (LLS)
- e OH O
Fragment A Me
1 C-C Bond Formed via ::> 197 23 Me :> t_Buo)Q:Z/OH
Hydrogenative Coupling Me Me Me
C18-C19 5 3
5 steps (LLS)
e Y
Fragment B HO O O | Me HO OH
3 C-C Bond Formed via :D = 5 ™~ :> M
Hydrogenative Coupling Me Me I\jfle Me
C3-C4, C6-C7, C9-C10 o 1b

5 steps (LLS)
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Preparation of Starting Materials

O

O
NH, (5 equiv.)
t—BuO/U\/O\ﬂ/ - O/U\:/OH

cyclohexane,
90 °C, reflux, 18h 3

62%, >99% ee
Angew. Chem. Int. Ed. 2008, 47, 5451 —5455

- O

DMAP (0.54 equiv.)
EtsN (2.15 equiv.)

/\(OH Ac,0 (1.6 equiv.) _ /\(OAC
CH,Cly,

O°Ctort,4 h 83% S1
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Preparation of Starting Materials Cont...

Nal (2 equiv.
\/\/Br (2 & ) > \/\/|
acetone, reflux, 45 min.
59% S2

Org. Lett. 2008, 10, 2781

NaBH4 (2 equiv.)

)\/‘i 12 (2 equiv.) )\A
OH g OH

THF, 0 °C to rt
NH, then reflux, 24 h NH,

D-Valine D-Valinol
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Preparation of Starting Materials Cont...

)\/\ S=C=S (2.6 equiv.) )\/\ S
OH KOH (2.7 equiv.) S )k

- . z — HN S
NH; EtOH, reflux, 72 h HN s )—/
_ iPr
D-Valinol

86% S3, 2 steps

n-BuLi (1.1 equiv.) Organic Synthesis, 2009, 86, 70

O O

S
\)km (1.3 equiv.) \)LN)kS
] iPr)_/

76% S4

THF,0°Ctort,2h
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Synthesis of Fragment A

0 2,6-lutidine (1.5 equiv.) o ~MgCl (1.25 equiv.)
Tf,0 (1.4 equiv.) .
\:)kOt_Bu _ \_)LOFBU ZnCl (0.1 equiv.)
OH CH,Clp, 0°C, 1h OTf THF, -10 °C, 5 h
3 88% S5
0 (COCI), (2 equiv.)
M LiAIH4 (1.2 equiv.) DMSO (4 equiv.)
" 0t-Bu =" 0oH -
= Et,0,0°Ctort, 2 h : CH,Cl,, -78 °C, 45 min.
86% S6 96% 4
PPh,

NG (1.2 equiv.)

Et;N (4 equiv.) Q Q
3 . (@)
> MH > AN O/\

CH,Cl,, -78 °C, 30 min. : CH,Cl,, reflux 48 h :

72% (2 steps) S7
J. Am. Chem. Soc. 2015, 137, 137-8903



Synthesis of Fragment A Cont...

72% 5.5:1 dr. 6

DIBAL (3 equiv.)

CH,Cl,, -78 °C, 1 h

(R)-Ir-SEGPHOS (0.05 equiv.)
K3PO4(05 GQUiV.)

H,0O (5 equiv.)

S1 (2 equiv.)

THF, rt then 60 °C, 48 h
Direct anti-Crotylation

0 Ph, ﬁ

0 L = /

O 2 pPhy | I
o 0

NC
NO,

(R)-Ir-SEGPHOS

Krische's catalyst
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Synthesis of Fragment A Cont...

o~ S2 (8 equiv.)

PN X Hoveyda-Grubbs II (0.15 equiv.) \/\:/\YY\/\/I

CH,Cl,, 40 °C, 24 h

6 71% S8
N N
Et;SiCl (1.5 equiv.) OTES Cl
Imidazole (4 equiv.) h RU—

Y
/
/
O
A
oO—

CH,Cl,, 0 °Ctort, 2 h

98% Fragment A

Hoveyda-Grubbs |l
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Synthesis of Fragment B

(S)-Ir-SEGPHOS (0.025 equiv.)
OH OH K2CO3 (2 equiv.) OH OH

H,0O (4 equiv.
H) +/A(OAC 20 (4 equiv.) ; m/kA\

| THF, 70 °C. 168 h
(1 equiv.) (5 equiv.) 51%. 6:1 dr. 2b

Two-Directional Double anti-Crotylation

O Ph, ﬁ
I "o — I:)\Ir/
N P~ O
l, (3 equiv.) : 4% 2 Ph, S
NaHCO3; (2.5 equiv.)
> NC
MeCN, -20 °C, 1 h NO,
75%, >20:1 dr. 7
5%, >20:1 dr (S)-I-SEGPHOS
Krische's catalyst
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Synthesis of Fragment B Cont...

\ -—
o -

(Z)-but-2-ene-1,4-diyl diacetate b (7 equiv.)
Stewart—Grubbs catalyst (0.085 equiv.)

@)
T
Y

CH2CI2, 40 °C, 24 h
75%, >20:1 dr. 7

81% S9

Py M\

N_ N
Zn (15 equiv.) Ta

_ OH OH RU—
NH4CI (10 equiv.) H ‘ | cl”
o - H3C\(
MeOH, 65 °C, 12 h = O. O
Y CH,
b Stewart—Grubbs catalyst
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Synthesis of Fragment B Cont...

\

o
OH OH i
= 10 equiv.
HO = :
z p-TsOH.H,0 (0.2 equiv.)

CH2C|2, rt, 3h
then MeOH, 10 min

72% (2 steps)

8

Ti(OiPr)4 (1.1 equiv.)
(=)-DIPT (1.3 equiv.) ><
t-BuOOH (4 equiv.)
4 A sieves,
CH,Clp, -20 °C, 5 h 85%, >20:1 dr. S10

.

OH O
(@)
Oy o
(@) OH

(-)-DIPT

A

Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974

J. Am. Chem. Soc. 2015, 137, 137-8903




Synthesis of Fragment B Cont...

MeLi (40 equiv.)
CuCN (20 equiv.)

85%, >20:1 dr. $10

Rh(CO),acac (0.05 equiv.)
Xantphos (0.075 equiv.)
H,/CO (1:1) 800 psi total

(Hydroformulation)

\

THF, 100 °C, 48 h
then p-TsOH (0.15 equiv.)
MeOH, rt, 6 h

Y

THF, -78 °C, 3 h
then 0 °C 12 h

61% (2 steps), 2-3:1 dr. 10
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Synthesis of Fragment B Cont...

B Et;SiCl (10 equiv.) =
Imidazole (15 equiv.),
DMAP (1 equiv.)

DMF, 0 °C, 24 h
10
(COCI), (2.5 equiv.)
DMSO (5 equiv.), EtsN (10 equiv.)
CH,Cl,, -78 °C, 3 h CH,Cl,, -78 °C, 45 min.
81% Fragment B

| )
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Union of Fragment A and Fragment B

~
Me,N (10 equiv.) Q

NMez

81% Fragment B
t-BuLi (2.5 equiv)
+

I r

Et,0, -78 °C, 2 h

81%, 3:1 dr. 11

[R=TESJ

Fragment A

J. Am. Chem. Soc. 2015, 137, 137-8903



Total Synthesis of (+)-

Zincophorin Methyl Ester

81%, 3:1 dr. 11

DMAP (1 equiv.)

Y

MeOH, rt, 24 h

S3 (4 equiv.)
TiCly (4 equiv.)
iProEtN (4 equiv.)
SnCl, (1.2 equiv.)

Y

CH,Cl,, - 40 °C, 4 h
then - 40 °C, 12 h

.

37% Zincophorin Methyl Ester

J

Ve

S
)kS

L,

N

i-Pr

Thiazole (S3)
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