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Introduction

Me Me Me

1 R = H, zincophorin
2 R = Me, zincophorin methyl ester

T

T

HO Me Me

Me Me OH
R'=C14-C25

l
l

Isolation:

In 1984,Grafeet al reported the isolation of
griseocholinfrom cultured strains dtreptomyces
griseus Poysetret al.reported the isolation of another
lonophorenamed M144255 from the same strains.
Based on its high affinity for divalent cations, especially
zinc, it was given the trivial name ¢zincophorin

Biological activities:

Possesses in vivo activity against Grpasitive bacteria
and Clostridiuncoelchiiat Ol ppm

Its salts exhibitednticoccidahctivity againsEimeria
tenellaW/CAM

Methyl ester has strong inhibitory properties against
influenza WSN/virus

T

T

Structural Features:

A chal l engi-angstefe@en@dnibedded |
wi t hi n t teteeprd@pniat@ahddthdrans
tetrahydropyraming

13 stereogenicenters (8 contiguoistereocentejs

U. Grafe et al. J.Antibiot, 1984 37, 836.
J. P.Poyseret al. J. Antibiot,, 1984 37, 1501.
U. Grafe,Ger. Pat, 1986 231, 793.



Introduction

OH OH Off

14

Me Me Me

1 R = H, zincophorin

Total Synthesis ofZincophorin and Its Methyl Ester
Danishefsky. J. Am. Chem. So&987 109, 1572
OR J. Am. Chem. Sot988 110, 4368
Cossy Org. Lett.2003 5, 4037
J. Org. Chem2004 69, 4626

Miyashita: Angew. Chem., Int. EQ004 43, 4341
Leighton: J. Am. Chem. So2011, 133 7308

J. Am. Chem. So2017, 139, 4568
Krische: J. Am. Chem. So2015 137, 8900

2 R = Me, zincophorin methyl ester |  Guindon: Tetrahedror2015 71, 709

Danishefsky 1t hetero-DA
C1-C16

and disassembly allenylzinc addition C13-C25

2nd hetero-DA

Claisen rearrangement

CHO ,

Cossy

Ferrier
reaction
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Total synthesis ofincophorinmethyl ester

|. Danishefsky J. Am. Chem. Sot987 109, 1572(the first total synthesig

2nd hetero-DA
>< Me

H H
e
Grignard addition \
Ferrier reaction

1st hetero-DA
and disassembly

Julia C1-C16 +
olefination

CHO OBz O

Me Me Me
Zincophorin methyl ester

Mukaiyama aldol

C17-C25

S. J.Danishefskyet al, J. Am. Chem. Sod 987, 109, 1572.
S. J.Danishefskyet al, J. Am. Chem. Sod 988 110, 4368



Total synthesis ofincophorinmethyl ester

A Synthesis of the GLC16 fragmen{1st hetereDA )

MesSi O BriMg TMS OH 1) NaH, HMPA-THF H  OBOM
3 THF, -78 to 0°C : 2) CICH,0Bn, i-Pr,NH : 0
MH + o » _ @) . : \)
: 3 : L) : 0
° 1-3 1-4
1-1 1-2
o H " OMe
e \\
\\OBOM / \\ Mg
03, -78°C < MgBrz-OEtz TMSO \\1\0\ Re\\o/ H\‘OBOM
Me H—L,,
H
g 9 Me R
5 A ~ 1st hetero-DA - 1-6

S. J.Danishefskyet al, J. Am. Chem. Socd 987, 109, 1572.
S. J.Danishefskyet al, J. Am. Chem. Soc988 110, 4368



Total synthesis ofincophorinmethyl ester

OMe n

Me ‘
/\\
H OBOM MgBr,-OEt, (10 N Mg
OM\( TMSO ‘\\Re‘O' 1 OBOM

Mg

0
: OJ TMSO  Me Me H—‘Hgm/(
VY R

1.5 / \ Me
Me OMe L 1st hetero-DA

Mechanism

OMe Et.N. ZnCl OMe  The two oxygenetaed
= 3N, ANVl = substituents of this highly
o TMSCI or T™MSO reactive diene have consonant
Et;N, TMSOTf regiodirecting capabilities
Danishefsky's diene

. H*
(OMe OMe

«

—_— 3

TMSQ) NG T™™SQ) ©

10



Total synthesis ofincophorinmethyl ester

A Synthesis of the GIC16 fragment

3,4-Dimethoxybenzyl
alcohol, p-TsOH

NaBH4, CeC|3
. e} -
O 7Y - o
B OJ Luche reduction HO™ " 27 \)
s = O
Formation of alkoxyborohydrides: 1-6 1-7
H loss of 5
© n H—H Ce?*
H—I|3—H * nR—OH [BH4_,,(OR)” [BH4_p(OR)p n=0,1; p=n+1
H
RQ Y £5----H—OR AN = ROH H—7—OH
S | >
N © \ i \
OR(H) Ce \
2 R2

R R2




Total synthesis ofincophorinmethyl ester

. OCH2Ar
3,4-Dimethoxybenzyl B
HO

o alcohol, p-TsOH _
: \) Ferrier reaction
- O

(LN
T

Y

Nucleophile R = Type |
3

Lewis acid

1,2-glycal

Ferrier reaction
2,3-Unsaturated

glycosyl compound
R' RZ2= O-acyl; LG = O-acyl, OTs, etc.; Lewis acid: BF53OEty, SnCly, |, H;0%, TMSOTT, FeCl,, etc.; X = OR, SR, NR,, CR;

@
.'O e
R2 B J\ *Nuc

O._ Nuc
RZ/U
—_—

A allyloxycarbenium ion

3
0. OR® HaX XHg O,H HgX ]
2
76 13 H,0 ‘)g OR® _Hor? © 2/3 © ORgX1 H,0
5 3 —_—
67 ¢ 4  -HX
R R Rﬁ R4 RE R4 R6 R4
R5 R5 R5 R5
- ketoaldehyde -

12



Total synthesis ofincophorinmethyl ester

A Synthesis of the GLC16 fragment

1) BH3, NaOH(aq), H,0,
2) Oxalyl chloride, DMSO, ',
DCM, -78°C then NEt;

3) L-Selectride HO

TBDPSO O O OBOM 1) TBAF, DMF

b

LiBH,, THF OH OH OH OBOM

Y

DCM, -78°C then NEt;

2) Oxalyl chloride, DMSO,

1) TBDPSCI, THF

e

O 2) 2,2-dimethoxypropane, CSA
W,

S. J.Danishefskyet al, J. Am. Chem. Socl 988 110, 4368.



Total synthesis ofincophorinmethyl ester

Mechanism

OR

17 X= B OH, a H: R = CHAr 16 Ar = 3, 4 - dimethoxypheny!
18 X= O;R=CHyAr

19 X= aOH, B H;R=CH,Ar

20 X= o OH, B H; R =H (anomeric mixture)

14



Total synthesis ofincophorinmethyl ester

Mechanism

Activation of DMSO with oxalyl chloride:

Oxalyl chloride, DMSO,
DCM, -78°C then NEt;

0 - © .
¢ Cl O)
I — | | BN g o g
H3G, O O SR (El ——» CI—s® + G + CO
| HeC~&" 0 H,e ®007 C ) <
@/S—O 3 -‘Sl 3 \A CHg (I)I
H3C CH, O chIorosu:Ionium
- - sa
Activation of the alcohol: )
CH H
CH cl 3 2 HiC. ©_CH
QN o HyC @ C 3Cg-CHa
— A_, S—CHs _ v~ ar . S
Cl \CH3 HO—< ('3 ‘ HCI ? \JH\/\‘NEta Cl) 8
chlorosulfonium H ® 0 \I/
salt 2 R?
c.® R R? :
_CH>» alkoxysulfonium
S)@ o ylide
: I S.__H
Formation of the product: o —— >  HiC ﬁ + R1J\R2
2
R2 R Ketone or Aldehyde

15



Total synthesis ofincophorinmethyl ester

A Synthesis of the @16 fragmen{2nd hetero-DA )

Acetic anhydride,
NEt;, DMAP, DCM

QBOM N"siMe; ]

} ZnBr, CHiNO, 0727 7 O
0 77% = = = o\>
dr=3.5:1

Ferrier reaction 1-19

S. J.Danishefskyet al, J. Am. Chem. Sod98§ 110, 4368.



Total synthesis ofincophorinmethyl ester

A Synthesis of the G 16 fragment

CH,N,, DCM

—_—

HO

1) H,, Pd/C
2) BzCl, pyridine, DMAP

3) p-TsOH, acetone MeO CHO

S. J.Danishefskyet al, J. Am. Chem. Sod98§ 110, 4368.



Total synthesis ofincophorinmethyl ester

Mechanism

Jones oxidation (1946):

CrO; or Cr,0,% o) CrO; or Cr,0,% j\ OH CrO; or Cry0,%
R'" “OH e . R1J\H A ~ |R'" “OH - /J\H_,_ acl
H,0O [ acetone H.O [acetone | ~ arboxylic H;0 / acetone
17 alcohol aldehyde acid 2° alcohol
R' = alkyl, aryl, alkenyl R = alkyl, aryl
OH, 5
W \
erot - Cr-OH
AN 8 i o\ OH HO' 0
ROOH —9 N &~ »
R O O-H® rds R H
0 H,O OH oxl.

A

R™ 'H

gem-diol

)\ O
R "OH RJLO

H

Ketone

18



Total synthesis ofincophorinmethyl ester

A Synthesis of the CIT25 fragment

O o 1) LDA, THF, -78°C on 1) Oxalyl chloride, DMSO, o
)J\ then Mel DCM, -78°C then NEt;
O N > >~ EtO =
~ 2) LiAlH,, Et,0, 0°C 2) Ph3PC(CH3)CO,Et
PR Me
1-26 1-27
1-25
Ph OTMS B Ph Me 7

MezN

Y‘\O o o NMe,

1) DIBAL-H, DCM, -78°C O : H ClL | Ci
-~ > - n--’Ti’\\
2) Oxalyl chloride, DMSO, H)J\m TiCl,, DCM, and LAH RAN
Mukaiyama aldol O

DCM, -78Xthen NEt3
1-28 —

1) p-TsCl, pyridine, DMAP, 60°C

OH OH :
2) TBSOTf, NEts, CH,Cl,, 0°C PhO,S  OTBS

N .
- 3) KSPh, DMF, 45°C N
129 dr= 81 4) PhSeSePh/H,0,, DCM-Et,0, 0°C T a0

S. J.Danishefskyet al J. Am. Chem. Sod 988 110, 4368.



Total synthesis ofincophorinmethyl ester

Ph;PC(CH3

)CO,Et

e

Mechanism

1-31 1-27
RZ ¥ fj_\} R2 ¥
Kast @O Ksiower H 8 R3 Keiow RC@‘:’ Krast
— @ — —_— —
P(R! H>- R? 1
R e HOS PR,
1
PR")s
R? -(R)P=0 | H R -(R")3P=0 s
Kast “—0O I Kiast
1 R H L/"l|
R? (E)-Alkene R2 3
trans oxaphosphetane minor

Wittig reaction

O

cis oxaphosphetane

20



Total synthesis ofincophorinmethyl ester

A Coupling of two fragments and synthesiZafcophorin

PhO,S

OTBS

" OH OH o 1) 1.0 N HCl in MeOH-THF

Me

1) n-Buli,

MgBr,

2) 6% Na/Hg
CHO

1-24

2) 2.0 N LiOH in MeOH-THF
then 1 N HCI

MeO

(+)-zincophorin

CH,N,, Et,0

: - : (+)-zincophorin methy! ester

35steps LLS

S. J.Danishefskyet al J. Am. Chem. Sod 988 110, 4368.

21



Total synthesis ofincophorinmethyl ester

PhO,S  OTBS >< )
2 . o 0" "0 OBz n-BuLi, THF, -78°C, MgBr,
_ | - -
: MeO T (0)=s Y I : CHO 6% Na/Hg
1-30 1-24 ) )
Mechani
Classical Julia-Lyth lefination: R°e® 2 O
assical Julia-Lythgoe olefination o RET OM o FE:’R o
o o LAY A 4
Ph. ”"'ﬁ"'R1 MBase Ph.. S RZJJ\RE Ph RdiLx Ph I R Na(Hg)
2N —_— St R SR ——= " gaR
0" o 0 o
alkylphenyl c-metalated (-alkoxy [-acyloxy
sulfone alkylphenylsulfone sulfone sulfone
R' = H, alkyl, aryl; R?, R? = H, alkyl, aryl, alkenyl; R* = alkyl, aryl; X = Cl, Br, OCOR
R? 2
H_ | 0. Co NaHg) Rz 4 R R2 Me
H I
Y _MeOH -Na(Hg) N a Hg OH
Ph‘\ ~ R | Ph\ SET Ph 1 ;I —_—
% R @ e z,qu R fS"'I R " R! H R!
2 MNaOMe O O O ONE NEDZSPh {E}_Mkene
vinyl sulfone \rlnyl radicals vinyl anion
R2
H O RZ =] o
B _Sml;  RY, H,“ Smlz R? ) 4
Ph\s/\\t g Hrg_" HioA b ooy —OCOR
QCOR? 4 1
O OCOR R [:OCOR4 E}-Alkene
2° alkyl radicals 2° alkyl anion E)Akene }




Total synthesis ofincophorinmethyl ester

PhO,S OTBS . o) o><o 0Bz n-BuLi, THF, -78°C, MgBr,
= : : B
: MeO T (0] IEI B : Y CHO 6% Na/Hg
1-30 124

Mechanism

N-.
SN P BTO,S
BTO,S To-M d so, 0-BT
_/l"\_,.ﬂR? O':'S :O’ —Fk1 Ri
R : pe— R H R - = R
ol H Re e D1
A1 B4 c1
N |
| I 9 : = Ry BTO:S
. . so, | Ry” R
Ka! kg CF R, | ————= o . m)\_ﬂ 2
1 : 1 ' ~oletnn
| . © ! / 18-
' : ! ¥ E1
¥ : ' it}
Metallated : : 80, + S"f:
sulfone X ! 2 N
(M= Li, Na, K} ! '
+ . !
I/RE : So, N
i : 2 RN N BTO.S
1 1 E— 1 hY
. F2 F{1/'1@ : R, , Fh/‘\,‘,ﬁz
E 2z Z-alefin TB"D

o



Total synthesis ofincophorinmethyl ester

ll. Cossy Org. Lett.2003 5, 4037

A Retrosynthetic Analysis

" OH OH fOH

Aldol condensation

25

RO =79 13
:H H: H " H 16 =
R=H Zincophorin
R = Me 21
Alkyne reduction  [3,3]- sigmatropic
rearrangement
. l OPG |
+ 13 = 19 Y7 25]
1 ] |
2-3
C1-C12 Subunit C13-C25 Subunit
0 " OH 0
OH
3 7
Meo»]:HOléi:g %1819 p— EtO)J\_/
) ) = OPG o
2-4 PG = TBS = BuMe,Si 2-5 (S)-Ethyl lactate

J.Cossyet al Org.Lett.2003 5, 4037.



Total synthesis ofincophorinmethyl ester

A Synthesis of the GC12 Subunit oZincophorin

-
-

‘\\\\ O \‘\\\ O H -
MeO™ T A > MeO 110 9 H -~

: 100% : ™
:H A C: ° :H o H Pd(OAc),, PPhs, Et,Zn
THF,-30 °C

A\

2-4 2-6

1. OsO4, NMO, acetone-H,O

3 7 ~ 1. H, Pd/BaSQ,, quinoleine, toluene 2. NalQOy4, THF-H,0

H 2. TBSOTf, 2,6-lutidine, CH,Cl,, -78 °C
2.8 81%

3. Et,Culi, Et,0,-78 °C

68% overall yield

DMP, pyr, CH,Cl,

C1-C12 Subunit

J.Cossyet al Org.Lett.2003 5, 4037. 25



Total synthesis ofincophorinmethyl ester

‘\\\\ e} " o
R Je 3 e o onc oL A
MeO‘];HOi_Q 100% MeO1:HO ~" 9 H
2

24

Mechanism

DMP R-CHO DMP RR'C=0 RR'C=0
A) R-CH;-OH —— B) RRCH-OH —— C)RR'C=N-OH ﬂ,
Aldehyde Ketone ) Carbonyl
17 alcohol 2" alcohol oxime

: R OAc R OAc
;ﬂACO\-@ o >—OH AES\J o R C] . 0
- e O - ® - AcO Sl )_L
U /.-_[ ;D —_— ] O -ﬂH f{: H,‘j '—m [ ) [ ,D +- R R’
o \ \
0 0 0 compound
DMP diacetoxyalkoxy iodinane

periodinane



Total synthesis ofincophorinmethyl ester

Mechanism

Rﬁ%

ON
S
7/

\\

,Os VIII
o

O‘.

w o

VI)||

oOs
o\

Me .

1. OsO4, NMO, acetone-H,0O

2. NalO,, THF-H,0

0L

N

4

N +

\\/O

0./0
N7 ®
7N Na
L o070 .. QOH
R._OH R._O—I—0°®
. . 1
1 Trrey e
R OH R OH
0
0 0 RO 0 o
0
A )J\ \S, !oH Na
R"H R H /0

27



Total synthesis ofincophorinmethyl ester

A Synthesis of the C1825 Subunit ofZincophorin

AN

o) OMs OH R OMOM

(R)-2-7 W/ 1. MOMCI,i-PryNEt, CH,Cl, - \)\/
H)J\/ o AN 1-3 o~

: Pd(OAc),, PPh, EtpZn E 2. n-BuLi, THF, -78 °C A
OTBS THF.-30 °C OTBS  then R-Br, HMPA-78 °C - RT = OTB
213 . 2-5 2-1§
75% R= (CH2)3OBn

86% overall yield

R OH /—\ R OH
1TBAR THE  \\e 1. BrMg , MgBryeOEt, 10g N
719 719
2. DMP, pyr, CH,Cl, : 00 2. diketene, cat. DMAP, THF :RO®
92% overall yield 215 82% overall yield 2.16

R' = CO-CH,COMe

2
neutral Al,03,60 °C OMOM R.16 OMOM
1

3
e o\\'/zs\|( ﬂ» A 1-8 20 22 25
T2 0 -CO, : 5
O
217

72%

218

J.Cossyet al Org.Lett.2003 5, 4037.



Total synthesis ofincophorinmethyl ester

L

OMs

j\/ (R)-2-7 [ OH
51BsS Pd(OAc),, PPhs, Et,Zn : SRS
. 213 THF,-30 °C 5
Mechanism
OMs ) Me
. R“CHO - R
'Me >
H1./ H Pd(PPhs),, Et.Zn, H"ﬂ
0
I (ee >95%) THF, 0 "C-rt Il ( ee 85- >95%
R' = AcOCH,, H (50-85%) (anti:syn = 70:30-95:5)
2

I PA(PPhs),

R! y

M OPd}:'aﬂ;HE
SUT9~ppp,
. PPhz

R? = CgH13, c-CgH11, i-Pr, (E)-BUuCH=CH

T R2CHO

Et,Z wM
CYAY >:.=;‘He

J. Marshall, N. Adams]. Org. Cheni999 64, 5201.

29



Total synthesis ofincophorinmethyl ester

2

OMs
(0]

OH
(R)-2-7
H)k(»?)/ 3o
- OTBS Pd(OAc),, PPhs, Et,Zn B OTBS
Mechanism :» i

75%

-

Me

Pd(ﬂ} R «Me \
H\I([\/GDPS —
OMs Me Me

=|===..., Me Me
EtoZn :

MsO-Zn . N
ime O 7 : ODF ()7 Z
. = H =

PA(OAC)-PPhs (5%) R

O=—=wH H =
ES( R OH anti,syn
Et,Zn, THF, -20 °C . ) _ ACOCH
(R)-1a R = AcOCH, - gQDCHEa{?z% /\ Me F-A ODPS g cOCH,
k (R)-1IbR=H R = H (70%) 1

ODPS

/
e | Pd(0) \F ..~~Me

Me Me
Et,Zn MsO-Zn : —— /\l/\/DDPS
OMs H\n/\/GDPS Me Me (R)-7 O— =
B o L L)
28 -
= H

:h._l "‘HI/H R OH i
/\(\/ODP DPSD anﬂ,anﬂ'
= Pd(OAc)*PPhg (5%) g~ OH AF-A Me ﬁ E = ﬁcﬂGHz
Et.Zn, THF, -20 °C =
(R)-1a R = AcOCH, 10 R = AcOCH, (81%
(R)-1b R =H

11 R = H (75%)°

Figure 2. Possible cyclic transition states for allenylzinc
“ A trace of a diastereomeric product was formed

additions to aldehydes (.5)-7 and (F)-7.

J. Marshall, N. Adams]. Org. Cheni999 64, 5201. 30



Total synthesis ofincophorinmethyl ester

16% 18

neutral Al,03,60 °C

2

B

RO ~
216

R'= CO-CH,COMe

Mechanism

RZ
s
0(\/
R
0

acyclic allyl ester

3
R

cyclic allyl ester

72%

-

OMOM
1

N3
o/ ]
"1z 0
O.
H

R OMOM

Claisenlreland rearrangement

LDA/THF/-78 °C

then add TMSCI

LDA/THF/-78 °C

then add TMSCI

H OTMS

— boatlike TS

2
I&/ /]
I/
0
I

3,3 X 22
[3,3] A 1:8 20
-CO, = 0
2-18
R! 2

1.
HOOC™ "R

anti
v,6 -unsaturated acid

R’
[33] - HOOC\/O: p
R2

31



Total synthesis ofincophorinmethyl ester

A Synthesis of the C1825 Subunit ofZincophorin

OMOM
20 22
o)
2-18
R = (CH,);0Bn

25

2-20

1. DIBAL-H, Et,0, -78 °C R.6
-~ \\

2. MsCl, i-Pr,NEt, CH,Cl,, 0 °C
3. LiAlH,4, THF, reflux
86% overall yield

1. TBSOTT, 2,6-lutidine, CH,ClI,, -78 °C

2. Li, lig. NH3, THF-{-BuOH, -78 °C
3. DMP, pyr, CH,ClI,
64% overall yield

J.Cossyet al Org.Lett.2003 5, 4037.

OMOM
18

- o5 1.p-TsOH, MeOH
20

= 2. LiAIH,, THF, reflux
52% overall yield

219
0] OoTBS
H™3 =Y =
2-3 C13-C25




Total synthesis ofincophorinmethyl ester

OTBS

OTBS

Li, lig. NHs3, THF-'BUOH,-78 °C
BnO™13 Z- = > HO™3 = : =

2-20

Mechanism

Birch reduction

R
R \_EWG
=|= M, NHs(l) = {f g
" ROH HOH X
M =Li, Na X=0,NR
" N o L) THOR
INHs0) e (0] —
® o 2% NHs(1) = Ie\l
M™ +e R ROH R R
H H H H H H
i\@\f‘ | \l = | \I
Xt H—OR
R R R
i e u_ H H

2-21

If R=EDG then
the product is:

: EDG

If R=EWG then
the product is:

EWG

33



Total synthesis ofincophorinmethyl ester

TiCly, i-ProNEt, CH,Cl,,-78 °C, [ ]
(Z)-enolate
0] OH
H s = ~19 " 25
©2-3

Zincophorin ~ <—
Methyl Ester MeO” 1™

Mechanism

25

disfavored favored

34



Total synthesis ofincophorinmethyl ester

Mechanism

Double StereodifferentiatingOptions: Three Centers

O OH OP
B P

PO O 0 oF PO
iPr)%' H)%iPr — iPrJ\M
1 Me Me o Me Me Me Me

Double Stereodifferentiating  Enolate Aldehyde

Cases o a 8
A Fully matched reaction (+) (+)  (+)
B Partiaily matched reaction (+) + (=)
C Partially matched reaction (+) = ()
D Fully mismatched reaction (+) (-) (=)

D. Evans, et al. Am. Chem. Sd®95 117, 9073074

35



Total synthesis ofincophorinmethyl ester

Diastereoselectivéldol Reactions between Chiral Aldehydes and Ackmmalates

© OFMB O OH OPMB
O Siee T iPr 7 Nier B
3 H.lﬂ OB(Chx)s 5 Ms l:h
e\ Felkin : anti-Falkin 93 :7° (84%)
O OPMB Me O OH OPMB
H : Pr - iPr Y iPr  (4)
Me 6 Me Me

Felkin : anti-Felkin 74 : 26° (82%)

o opPmB O OH OPMB
H? N Sipr - iPr : )
Me o~ 1o 7 Me Me
anti-Felkin : Felkin 77 : 23° (78%)
IFr/I%’M.
o oPMB O OH OPMB
HT N ipr iPr - iPr ()
Me 8 Me Me

anti-Felkin : Felkin 56 : 449 (84%)

2 Double Stereodifferentiating Syn Aldol Reactions between Chiral Reaction Partners

Fully matched
as0 oG Partially matched
iPr XM

Me . ,

Partially matched

Fully mismatched

O oPMB

H’Lk/\ip.-

h:hll

Me ent-4

Case A
—

™880 O OH OPMB

iPr - 1Pr
15 Me Me Me

TBSO o) OH OPMB

:

Pr
16 Me Me Me

TBSO O OH OFMB

iPr

iPr
17 Me  Me Me

TBSO o} OH OPMB

Pr

!

iPr
18 Me Me

iPr

;

D. Evans, et al. Am. Chem. Sd995 117, 90732074

89 : 11 (B6%)

87 : 13 (81%)

92: 8 (85%)
TBSO 0 CH OPMB
iPr iPr

Me 37:35:28°(79%) Me WMo Me 19
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Total synthesis ofincophorinmethyl ester

[Il. Cossy J. Org. Chem2004 69,4626

A Retrosynthetic Analysis

Zincophorin
W
" OH OH OH OP

B 22 25
MeO1;H0|i|: ;11:2W
= = = = 16 =
> ¥
syn 341

H Aldol condensation

+  H713 NN
16 Z
3-3
C1-C12 subunit C13-C25 subunit

{ P = appropriate protecting group J

J.Cossyet al J. Org. Chem2004 69,4626.



Total synthesis ofincophorinmethyl ester

A Retrosynthetic Analysis of the @112 Subunit

Intramolecular
oxymercuration

Chain extension

MeO™ 1™ 0 =™ 11 Y12
H:> =

3-2
C1-C12 subunit

\
\ 6 W

o] Aldol TG _ . 6.
)sz Lo~ condensation iL/\k/g\ Chain extension HO/I/SJ\
“ : b ——
X1 5 HOH Q 9P /—— H 0 I oP 72\\\‘ op

3--5 ~ Hg®’ 3.6 a7
Hydroboration 6 Nucleophic Q o
N, mewesng 78 o pproprte pototng arus
é\\\, OP 2
3-8 3.9

J.Cossyet al J. Org. Chem2004 69,4626.



Total synthesis ofincophorinmethyl ester

A Synthesis of the aldehy®e12

kj\o/\/

N
2 3410

MsCl, Et;N, DMAP
CH,Cl, 0°C

Rh,((5R)-MEPY),, o a. MeLi, THF, 0 °C OH
CH,Cl,, reflux U then TBDPSCI, imidazole, DMF
T > N OR

ER b. MeLi, THF, 0 °C ™
3.9 then aq NaOH, toluene 3-11a R=TBS
BnNEt;Cl, BnBr 3-11b R=Bn
[\ Goae
0" N H
]
AP /th/
Rhy((6R)-MEPY),
H
BH3eTHF, THF R 6
\I\:/\ then NaOH, H,0, HO/I/\ o T °
L —— 73
o OR R OR A7 OR
3-8a, 3-8b 3-7a, 3-7b 3-12a, 3-12b

J.Cossyet al J. Org. Chem2004 69,4626.



Total synthesis ofincophorinmethyl ester
Mechanism

(0]
| O/\/
N, 3-10

Rhy((5R)-MEPY),

E
o\x@ R!

[
\“ E H
A
o) R 0
28



Total synthesis ofincophorinmethyl ester

A Synthesis of theyclopropanemethanat16

H

6 (EtO),P(0)CH,COOEH,

7:

3-12a, 3-12b

DIBAL, toluene,-78 °C

(3-6a: 97%, 3-6b: 90%)

. 6 \
NaH, THF EtOzC\/\K/\ H,, cat. PtO,, EtOAC /Q\GK\/\
g OR ' 3.13a: 78%, 3-13b: 56% 73 oR (3-14a: 98%, 3-14b: 95%) EtO O7§\\\‘ OR

=

3-13a, 3-13b 3-14a, 3-14b
)
c-Hex,BCl, EtNMe,
6. Et,0, 0 °C 6. \)H
SO oR aldehyde,-78 to -23 °C i OBz
av - B 7 OHAW OR
3-6a, 3-6b (R)-3-15 OBz - (R)-3-15

3-16a, 3-16b (dr > 94:6)

[a.R=TBS;b.R=Bn ]

J.Cossyet al J. Org. Chem2004 69,4626. 41



Total synthesis ofincophorinmethyl ester

Mechanism s

. 47,9.48,11
Mechanism:

(@]
2 0
RO! -;P\’)LOR.
OR 2
H

phosphonate ester

T
/IM\

RO,,. [ \/j\
/é’ OR'
¥

o @
Base M

—_—
- H-Base

kami addition
(fast)

—_—

H™ "R
TS (anti)
kanti
(faster)
@0
Keis MO
(slower) wOR
OR' - O—%‘P‘OR
R3 CO5R

\'IOR

cis

oxaphosphetane

(EtO),P(O)CH,COOEH,
6
NaH, THF EtO2C Al
OR ' 3.13a: 78%, 3-13b: 56% 7:
o, (o} BN OR
3-13a, 3-13b
HWE olefination
LN oa
RO P __ -— RO|;P OR'H RO" P OR
RO e@M
phosphonate carbanion R, R' = alkyl
%/ \0 o I(syrn addition
RO -P\% + RQJ\H (fast)
4 OR'
RO
phosphonate carbanion aldehyde
7 T
RO ‘P & RO P @&
ro”, © rRo” ©
@0 K
3 MO trans
R R O0~pOR  (siow)
| — 24 YOR ==
, CO.R' K RDS
COzR 2 RS TCOR'
(£)-Alkene (E)-Alkene trans
minor major oxaphosphetane

42



Total synthesis ofincophorinmethyl ester

c-Hex,BClI, EtNMe,
Et,0, 0 °C 6.
aldehyde,-78 to -23 °C

(:)Bz z
3-16a, 3-16b (dr > 94:6)

-3-15
3-6a,3-6b (R)

[a.R:TBS;b.R:Bn ]

Mechanism

Rl
R
0 _ d
c-Hex,BCl, EtNMe, QB(c-Hex) Hﬁj\ ZouBL,

- g \_)ﬁ Me S = O/

OBz OBz

(R)-3-15 i H ] i

disfavored

(R)-3-15

favored

43



Total synthesis ofincophorinmethyl ester

A Synthesis of the GC9 Subunit oZincophorin

0 1. TBDPSCI, imidazole
L2 2. LiBH,, THF, -20°C- rt
i I H O lil T OH
OH - z 3. NalO4, MeOH/H,0
3-18
NaC|02, NaH2PO4 6 o
6. 2-methylbut-2- o} )
o ) 9 r?-eBUEIDHL/lHZ(;ane | 9 Me3SiCH=N,, MeOH/CgHg
H : OTBS HO™ ™" k~07 ™" "OTBS s
E- I 90% : : A
i i 3-20
3-19
6\\\\ o o o
Q R 1. HFePyr, THF ,90% 6
: MeO ; O = 97H
MeO™ RS0 TOTBS 2. DMP, Pyr, CH,Cl,,100% PH PR
) - 3-4
21 C1-C9 subunit

J.Cossyet al J. Org. Chem2004 69,4626.



Total synthesis ofincophorinmethyl ester

1. Hg(OCOCFa3),, then KBr/H,0 o)
2. n-BuzSnH, AIBN, toluene 2
> : p Oz OH

1. Hg(OCOCFs),, then KBr/H,0 0
2. n-BuzSnH, AIBN, toluene L2
> ~ Y O’z OH

Hg(OCOCF3), ‘ n-BusSnH

then KBr/H,O AIBN, toluene

45



Total synthesis ofincophorinmethyl ester

= H H

Mechanism

Mechanism: '%®

© &
ClO, + H,PO,
@ _H
e H e
D T {
+ —_—
R H +SC|}, R H
aldehyde \\6)

chlorous acid

6
W
9
H : =N OTBS
03

NaC'Oz, NaH2PO4
2-methylbut-2-ene

t-BuOH/H20

90%

HO

Pinnick oxidation

2CIO; + CI" + OH’

6
PO
9
; - OTBS
(0] g -

i H

side reaction

3-20

scavenging

2 ClO,"

—_—

+3
2-methyl-2-
butene

H /O\(?I +
hypochlorous
acid

H,C CHs;

HsC Cl

O

PN

R OH

Carboxylic
acid

46



Total synthesis ofincophorinmethyl ester

A Synthesis of the compourdd25
/ Pd(OAC)z, PPh3 O 8 5 O
= 72 EtyZn, THF, -30 °C , 200M
H = 2 ’ ’ /,,_ n S + MeO - o : 5 ’
H™ = H H
OMs : :
(R)-3-22 (P)-3-23 34
mismatched manifold C1-C9 subunit
24/25/26 = 80/12/8
anti
0 " OH/
=
MeO™ A0 0 G + MeO
324
anti-Felkin
* syn 1

matched manifold

= 25 single diasteeomer
dr > 96:4 65%

MeO - R
= H OH z =
=326 - T
Felkin
N Pd(OAC),, PPhs o) 0
- =z EtyZn, THF, -30 °C H ZnOM .
L _ OV 4 Meo” Y oo
OMs - :HoH
(5)-3-22 (M)-3-23 3-4
C1-C9 subunit

J.Cossyet al J. Org. Chem2004 69,4626.



Total synthesis ofincophorinmethyl ester

o Pd(OAc)s,, o} R )
- = PPh3, EtZZn A
", - 5 H/'_.:/ZHOMS _|_ MeO : H O |i| - 9 H
OMs = z
(5)-3-22 (M)-3-23 3-4

C1-C9 subunit Felkin

Mechanism

Marshall propargylation

ethane '
ethylene I
R! OZnOMs «OMs ) : - .
N \ . EbZniscommomlyutilized in
R? - traditional Marshallpropargylation
Me I
I
o ! | |
U ) Et, )=-=\ - While,Inlcan also be employed in
R ; Marshallpropargylation
R |
}:-:\“Me Et,Zn I
Zn H 1 .
R
\OMs )=‘=<M |
EtZnOMs . H EtZnOMs I
Et .
J. A. Marshall. et. all. Org. Chem2006 71, 4840
J. A. Marshall. et. all. Org. Chem199§ 63, 3812 48



Total synthesis ofincophorinmethyl ester

A Synthesis of the GC12 Subunit oZincophorin

O 6 OH
=
M N
°0 = H OH = ° z
3-25

H,, Pd/BaSO, 0 &Y OH
quinoline,toluene \ 10 TBSOT(, 2,6-lutidine
MeO :H 0] |i| -9 - >
o z = = CH,Cl,, -78 °C
93% 3-27

1. OsO4, NMO, acetone-H,0O
2. NalOy, THF-H,0

1. Et,Culi, Et,0, -78 °C
2. DMP, Pyr, DCM

3-2

subunit C1-C12 )

J.Cossyet al J. Org. Chem2004 69,4626. 49



Total synthesis ofincophorinmethyl ester

A Coupling of two fragments and synthesiZafcophorin

™ OTBS OTiXn

MeO” 1 o
U IRTARD
ol OH
=
H3 Ch 2 add 3-3, -78 °C, 70%
33
/ '

Janine Cossy, et al. Org.Lett. 2003, 22,4037-4040

25

1. NaBH,, MeOH, 0 °C
66%

2. HFePyr, THF

) LiOH, water/MeOH/THF (1/1/2)
Zincophorin -

25

MeO™ 1
50 °C H

30steps LLS

J.Cossyet al J. Org. Chem2004 69,4626.



Summary

Me
OH OH OH

14

I\:/Ie Me Me

1 R = H, zincophorin
2 R = Me, zincophorin methyl ester

2nd hetero-DA .
Claisen rearrangement

X we cHo —
CHO OBz

Grignard addition

. Ferrier
Danishefsky 1st hetero-DA reaction . .
C1-C16 and disassembly allenylzinc addition C13-C25

Cossy
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and its methyl ester

Me

Me Me Me

1 R =H, zincophorin
2 R = Me, zincophorin methyl ester
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ReviewFeatures oZincophorin

Me
OH OH OH N

| = I
14 \/\/\/ -JI\OR
| | IH Hl
M

Me HMe Me e

|V
M
YNF 23 ¢
Me Me Me
OH
Me Me 1 R =H, zincophorin
R'=C14-C25 2 R = Me, zincophorin methyl ester

Isolation:
1 Seperatedrom strains ofStreptomycegyriseus
1 In 1984 Grafeet al. andPoyseret al.reported the Structural Features:

_Isolation. 1 Achallenging y b/ manti steredpentad
Biological activities: embedded within thd ¢ b /tetrapropionate,
q ngh afflnlty for divalent CationSit was given the and thetrans_tetrahydropyran ring

name ofzincophorin T 13stereogeniccenters (8 contiguous
1 Against Granpositive bacteria and Clostridium stereocenter}

coelchii
1 Its salts exhibiteénticoccidiabctivity against

EimeriatenellaW/CAM

Methyl ester has strong inhibitory properties against . grafe et al. JAntibiot, 1984 37, 836.

influenza WSN/virus J. PPoyseret al. J.Antibiot., 1984 37, 1501.
U. GrafeGer. Pat 1986 231, 793.



Review Danishefsky
|.  Danishefsky J. Am. Chem. Sd987, 109, 1572(the first total synthesig

Me 2nd hetero-DA
OH OH OH

OoMe Julia

H
Me

16Me  Me Me olefination :
OH — H
e \ Me
Me \
: Ferrier reaction Mukaiyama aldol
Me Me Me 1st hetero-DA
and disassembly C1-C16 C17-C25

zincophorin methyl ester

Key reactiomw 1st heteroDA

OMe
Me
Q (;)BOM MgBr,-OEt, —A s Mg
: o 10 0
HJ\/\/\( TMSO  Me ™s0” .../ Hopom
2 o me H 12
7 N\ H R
1-5 Me OMe Me 1-6
| 1st hetero-DA _

. H*
COMe (-6Me

COOMe H.O* COOMe
L o O
TMSO o
D u TMSO)



ReviewCossy

lI. Cossy Org. Lett2003 5, 4037
[Il. Cossy J. Org. Chen2004, 69,4626

Aldol condensation

O
~ OH OH VQH OH
: 22 25
- =
2N 11 .§$13 19 N7
H H 16

RO Y
R=H Zincophorin
R = Me 21
Alkyne reduction [3,3]- sigmatropic
rearrangement
0 + OPG ¥
* k/‘
13 A" F 197 25)
16 : I |
2-3

C13-C25 Subunit

(o]
OH
Selbo o E‘°J\;/
: OH

i ore
2.5
J.Cossyet al. Org.Lett.2003 5, 4037.

2-4 PG =TBS =tBuMe,Si (S)-Ethyl lactate

J.Cossyet al. J. Org. Chen2004, 69,4626.



ReviewCossy
Retrosynthetic Analysis of the €112 Subunit

Chain extension .
1112 7

Intramolecular

oxymercuration
AN

)

7

3-2
C1-C12 subunit

6 ‘\\
Aldol O Chain extension HO Bt
condensation 3 7 9 N 9
AN \ ) 7
> H” Yo i oP ’ : oP

= W\
B ER

3-6 3-7

Hydroboration 6 Nucleophic ) o
ring-opengin
> X/g\ opers g:) 74 ( P = appropriate protecting group )

J.Cossyet al J. Org. Chem2004 69,4626.



R

Review

lI. Cossy Org. Lett2003 5, 4037
[Il. Cossy J. Org. Chen2004, 69,4626

>

Claisen rearrangement

Z "9

Cossy
C13-C25
16 OMOM
Xus @ 22 25
e I‘ o
2-18



Me Me Me

1 R =H, zincophorin
2 R = Me, zincophorin methyl ester

2nd hetero-DA

1st hetero-DA
and disassembly

Sn2' methylation of epoxide

Me
BR, OTBSOTBSOTBS

methylation of epoxide asymmetric crotylation

Miyashita
C1-C15

Ferrier reaction

Danishefsky
C1-C16

OTES

CM reaction
anti-Crotylatiof¢14-C25

Total Synthesis oZincophorinand Its Methyl Ester
Danishefsky J. Am. Chem. Sd©87, 109, 1572
J. Am. Chem. Sd988 110, 4368
Cossy Org. Lett2003 5, 4037
J. Org. Chen2004 69, 4626
Miyashita: Angew. Chem., Int. EA004 43, 4341
Leighton: J. Am. Chem. Sd011, 133 7308
J. Am. Chem. S&017, 139, 4568
Krische:J. Am. Chem. SA&015 137, 8900
Guindon Tetrahedror2015 71, 709

Claisen rearrangement

allenylzinc addition C13-C25
alkynylation .
stereospecific of epoxide Q Hydroformylation

substitution

OMe

Krische silylformylation/crotylsilylation/

2AT Tamao oxidation/tautomerization
Leighton C1-C16

SO

61



Total Synthesis ddincophorinMiyashita

Retrosynthetic Analysis
I\VV. Miyashita: Angew. Chem., Int. EB004, 43, 4341

CH; CH; CH,

4-1
+
H3C
TBSO TESQ TESO

Suzuki coupling \|

/7

Me Me Me
zincophorin R.B H
CH; CH; CHj3 CH;
4-2

CH; 4-6
S|Me2Ph
stereospecific OBn
stereospecific Sy2' allylation
thylation LeW|s
methy acid
\CH3
I /\pk
Tlpso/\_)\/Y COEt ¢ TIPSO

CH, CH; CH3

4-5

4-4



Total Synthesis dincophorinMiyashita
Synthesis of the CE€25 fragment (&' methylation)

Swern oxidation CBry4, PPh3, pyridine Br
TIPSO” " oH > TIPSO~ N g r_ 3 > TIPSOW

s = Corey-Fuchs Reaction = Br
47 4-8

4-9

[(E)-CH3(CH,),CHICHZrCp,CI

Me,CuLi, then I, ZnBr,, [PACI,(PPh;),], DIBAL-H
- T|PSOW

Gilman reagent = | Negishi cross-coupling
4-10
OH OH . OH OH
Me,CulLi w\/\/ mCPBA .
- A
H z Sn2' H H 7
Me Me Me methylation Me Me Me Me
4-14 4-13 4-12

M. Miyashita,et al. Angew. Chem., Int. EQ004 43, 4341. 63



Total Synthesis dincophorinMiyashita
Synthesis of the Ct&25 fragment (4.3 to 414)

O OH OH

Me,CuLi
—
Ho/\/ﬂ\/j W\‘/\/
S\2' :
i methylation Me Me Me
413 e
S\H Rethylation
Oj& OH OH
Me,CuLi
HOW N | _
413 methylation Me Me Me
4-14
lMeZCuLi T
OH OLi OH OLi

Me Me Cu—Me

/
/ Me
Me




Total Synthesis ddincophorinMiyashita
Synthesis of the Ct€25 fragment (48 to 49)

CBr,4, PPh,, pyridine B
TIPSO N0 R > T'PSOW r

= = Br
4-8 4-9

CoreyFuchs Reaction

Generation of the phosphorous ylide:

@
o ®
BryC— B/ PPhy — = + | —— PhpP= * PhyPBI,
B o2 Br
. r . .
3 Brf\/'pph:* ylide
Reaction of the phosphorous ylide with the aldehyde:
R
{-‘
0
ph3p=< -— Ph3P—<1 — | g f - J(*l - ]
Br Br Phs Br PPhg C.
ylide Br @ / Br” > Br

dibromoolefin

65



Total Synthesis dincophorinMiyashita
Synthesis of the Ct&25 fragment (4@ to 410)

TIPSO/\/\/B" Me,Culi, then |, . TIPSOW
£ Br -

4-10
4-9

Gilman reagent Me,CulLli

Me,Culi, then I,
z Br }

4-10

|

49
TIPSOW C\
z Br

Me Br
Iulll/
— TIPSOW
Me E Br
I/_\ CH CH
. AN /\/\/_/3 3 —_—
Br: H,C—Cu Li —» Cu SN Non
<. e - LiBr \ CuCH ’
CH,

66



Total Synthesis dincophorinMiyashita
Synthesis of the Ct&25 fragment (4.0 to 411)

ZnBr,, [PdCI,(PPh;),], DIBAL-H
TIPSOW nBry, [ 2(PPh;),] o

Negishicrosscoupling

Ni-catalyzed process: Pd-catalyzed process:
L,oNi(X,
2 ? Pd© or pd(" complexes (precatalysts) ‘
2 RZnX
fransmetallation 2 XZnX
(0)
LpNi“”Rp L Pd
R'—X oxidative
duchi W addition
oxidalive R—R UT!:FH:’::?(:B;;)U!I R R
addition
p R
i) RZnX _
R'—R I LaNIT X transmetallation
oxidative . L pdfll}
reductive
Ur:;ﬁgrjn %ﬁm XZnX elimination "
R'—+—X R
R L,Ni(h”
LQNi{"L 2 "-..R
R RZnX
coordination
L Pd("}
XZnX

transmetallation

R'—X

67
L.Kdarti, B.Czakd Strategic Applications of Named Reactions in Organic Synthesis, 2005, Elsevier Academic Press.



Total Synthesis dincophorinMiyashita
Synthesis of the Ct&25 fragment (4.4 to 41)

1) TESOTS, 2,6-lutidine

2) HF-pyridine
OH OH
3) DMP oxidation O  OTES OTES
I CrC|2, CH|3 I 18 22
. = - yZ — > NN\ z
Z H Takai reaction H
Me Me Me Me Me Me Me Me Me
4-14 4-15 41
Takaireaction
I criinx,
, E 2
2 2 R
R~ —= | R —2, |R —
X crimy H R? (E}AI_kene
: 2 i) major
geminal L Criinx, |
dihalide geminal dichromium species B-oxychromium species
[ (0CrX; |
& x
. CrX; A CrX, X H RITX~
H%X —_— H_ex  — )(‘( R ——
X criy H R (E}Nker]yl
haloform 2 Crimx, halide(major

68



Total Synthesis dincophorinMiyashita
Synthesis of the CC15 fragment (&' methylation)

Swern oxidation

(O'CH3CGH40)2P(O)CH2C02Et,

NaH, THF, -78°C

1. Swern oxidation

—_ _OEt
> TIPSO/\:/_\"/

CH;, o

4-16

HWE olefination

1. Hz, Pt02,
2. Ti(OiPr),, 100°C

>

TIPSO” " oH >  TIPs0” N X0
i z HWE olefination
CH, CH3
4-8
4-7
o 2. '‘BuOK,
- — OH m-CPBA /\A/ (iPrO),P(O)CH,CO,Et
DIBALH TPso” Y T TIPSO” OH >
-78°C to 0°C C 2
o CH, CH,
4-17 4-18
0 OH
= Me,Zn—-CuCN = CO,Et
TIPSO/\A/\COZEt > TIPSO” N 2
2 S\2' methylation H
CH3 CH3 CH3
4-6 4-5

69



Total Synthesis
Synthesis of the CC15 fragment (8 to 416 4-18 to 46)

(0-CH;C¢H,0),P(0)CH,CO,Et,

AincophorinMiyashita

. _OEt
> T|Pso/\./_\n/
H, O

NaH, THF, -78°C

Om

TIPso” N X0
CH;
4-8 4-16
" . > RO :P.__=
¥ 170 OR—o o RO P~ or ROUP OR' % OR
RO HJ Base M R()’ OR RO/ o® M RO
bis(trifluoroalkyl) phosphonate carbanion R = trifluoroalkyl
phosphonate ester R’ = alkyl
M ¥ M _M_ +
Ao Kanti addition 0" 0 o Ksyn addition /0
RO, l'l’lj% (slow) RO |‘:I \/l\ . + R3 J—LH (slower) RO; rg’!\/\OR'
RO/ d , OR RDS RO( OR' RO (|:5 B
il phosphonate carbanion aldehyde \(d\ /:t
H™ R3 R¥” "H
TS (anti) TS (syn)
Kanti 9 (I:I) (l:sw)
(fast) RO P @ RO ‘P @& ast]
s 0 4
RO RO
M @e )< K M
0~N"0 Kais IVlcl) \OR R? R3 I\"l(I) OR rans 0™~'0
| (fast) O-p . O5P (fast) ) |
— TSor | = X TOR = o & o
COR CORYL 57 Mcor 0=%. 10R
(2)-Alkene | | (E)-Alkene irans. %R
minor oxaphosphetane
70

R (Y TOR
0=P: IOR R?
> cis

major

oxaphosphetane

OR
L.Kurti, B.Czako Strategic Applications of Named Reactions in Organic Synthesis, 2005, Elsevier Academic Press



Total Synthesis ddincophorinMiyashita
Synthesis of the €C15 fragmen({§;2' methylation and methylation of epoxide)

SiMe,Ph

«CHs  piBALH . PhMe,Si as i
o o o ymmetric
/\/El then Ac,0 /\/ij‘ /\)\/OBn OTIPS R OBnl ¢rotylation
s >
TIPSO Y o o
A TIPSO™ XA 0" "OAc  riciy(0i-Pr) o
3 - : H® Me
419 4-4 -

Ti(0i-Pr),
D-(-)-DIPT, TBHP

'
OH Sharpless Asymmetric Epoxidation

1. TESOTY, 2,6-lutidine
. 2. Swern oxidation,

Me,CuLi 3. (iPr0),P(0)CH,CO,Et, tBuOK
—>

Gilman reagent

HWE olefination




Total Synthesis dincophorinMiyashita
Synthesis of the €C15 fragment (40 to 421)

“\\\ Ti (O i-P I') 4 ““\\
TIPSO ‘ D-()-DIPT, TBHP TIPSO o
A A > :
Y (0 M- OH Sharpless Asymmetric " (O M OH

H A
4-20

Epoxidation

Sharpless Asymmetric Epoxidation

D-(-)-diethyl tartrate (unnatural)

H

rR2. R

O

Enantiopure
epoxy alcohol

-0:
Prochiral or chiral (—J ;
allylic alcohol Rw R2 O~OH
R3{ (=1 equivalent)
R'3 = H, alkyl, aryl
YL Ay [ “—oH Ti(i-OPr),
(5-10 mol%)
activated molecular sieves
s CH>CI,, low temperature

L-(+)-diethyl tartrate (natural)

or

RZ R1

o
R OH

Enantiopure
epoxy alcohol
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Total Synthesis ddincophorinMiyashita
Synthesis of the CC15 fragment (methylation @&xpoxidg

1. Swern Oxidation

W o 2. (EtO),P(O)CH,CO,Et, NaH
TIPSO o OTES 1. DllBA.L-H, TIPSO R OTES 3 S'_BAI):Z (O)CH,CO,
2. Ti(OiPr)4, D-(-)-DIPT 0 . -
0 r o A
7 1T07EY X COE (o) OH

i H H i : Sharpless Asymmetric i H A : HWE olefination
= = H Epoxidation = = =

W S
I TESOTf, TESO = 0% oTES
OH . :
M93A|-D2° OH OH 2,6-lutidine W
_—
A _CO,Et Mo N COEt ——> T o7 O

PHORE PHORE D i H i
4-25 4-26 4-27
1) DIBAL-H
2) mCPBA TESO
—_— !
ERCART T o
4-28 4-29 4-30
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Total Synthesis dincophorinMiyashita
Synthesis of the €C15 fragment (45 to 426)

““\

TESO o'
PPhg, I,
— o0~z
OH imidazole, benzene, i H H i H H
r.t. - : 8 =
4-28 4-29
Pph.' + '-) _— |—PPhJ,-
3 4 5
/=\ ' N
> oH Ny NH 6 € . Wipsalis
) L > > 0PPh,| -
R £ Y N
I=PPhgl = H-Ny NH? R 4
5 (
— H NG NH 7 i
B |
0=ppPh, * > —_ RNT NF 4 L,
9 R ) 10 - NN 6 2 4
-+
-

S.PChavanl.B KhairnarP.N.ChavanTetrahedron Lett2014 55,59055907
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Total Synthesis dincophorinMiyashita
Synthesis of the €C15 fragment (45 to 426)

OH

Me,Al-D,0
o X CO2Et
H H
4-25 4-26
Me;Al-D,O Methylation (Z)epoxy acrylate anti product

(E}epoxy acrylates syn product

Me

Me—AI_—Me

Me3AI-D20

o - , , 4 :
425 : H H l;)

Me—A}I_—Me

D’OiD

76
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Total Synthesis ddincophorinMiyashita
Synthesis of the Ct€25 fragment§2' methylation and methylation of epoxigle

& D D
5% 5 orBs

Z

TBSCI, DMAP 1. Swern oxidation;

>
i H H : H : 2. NaClO,, NaH,POy,,

CH; CH; CH; CH; 2-methyl-2-butene,
then TMSCHN,

4-31

(2
o O O R 6 3
A\l \4 S s

9-BBN, 60°C
—>  Me0” Y o7

4-32
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Total Synthesis dincophorinMiyashita
Coupling of the GXC15 fragment with CI#&25 fragment

5 o & @
o 0'\6 o«('« é\

B

CSZC03, ASPh3

H = H 5 [PdCl,(dppf)] MeO
4-2 C1-C15 '
Suzuki-Miyaura
* Coupling
OTES
I
= : = Me
Me Me Me
4-1 C16-C25
1. TEAF, DMF

2. LiOH, H,O0/MeOH/THF

(+)-Zincophorin




Total Synthesis dincophorinMiyashita
Coupling of the GXC15 fragment with CI#&25 fragment

o D
o

MeO 0”:

)
s &Y
o & s

|
/ ; a Me
Me Me Me
4-1 C16-C25

SuzukiMiyaura Coupling

Cs,CO3, AsPh;
[PdCI(dppf)]
é
Suzuki-Miyaura
Coupling

L,Pd©
1— ?I ,
R R RZ_X
reductive oxidative
elimination addition
L R-B(R) + M'(OR)
organoborane base
% X
Lo-yPdT LoPd
R R2
Cl)R
R'-B(R)
o 7 M*(‘OR)
transmetallation borate metathesis
@
L+ RO—EIE(R)Q
M*(X
OR .0 (X)
LPa(
R2
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Total Synthesis adincophorinLeighton

Retrosynthetic Analysis
V. Leighton: J. Am. Chem. So2011, 133 7308

Hydroformylation CM reaction

OMe
Julia-Kociensky oIefinat'Qn

)

/7

Me Me Me

SOLAr double Crotylation
Zincophorin methyl ester 5.2 C17-C25
5-1C4-C4¢
OH
M
5-5
OBn -
OBn 5-6 5-4
silylformylation/crotylsilylation/ 5-3

Tamao oxidation/tautomerization

J. L. Leightonet al. J. Am. Chem. Sa2011, 133 7308. 80



Total Synthesis aincophorinLeighton

Synthesis of Tetrahydrofuran Fragment

|

67%, > 15:Hr

J. L. Leightonet al. J. Am. Chem. Sd2011, 133 7308.
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