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Eucalrobusone D - Strategy

Eucalrobusone D

= Minimise protecting groups and oxidations/reductions
= Exploit pericyclic reactions to generate molecular complexity
= Early stage induction of enantioselectivity

= Concise synthesis




Eucalrobusone D — Key Challenges

Eucalrobusone D

= cis-Fused ring junction
= Macrocycle formation

= Stereoselective cyclopropanation




Eucalrobusone D - Retrosynthesis

FGI: Vinyl ketone
formation

Eucalrobusone D
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Eucalrobusone D - Retrosynthesis
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Eucalrobusone D - Retrosynthesis

MeO
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Eucalrobusone D - Retrosynthesis
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Eucalrobusone D - Retrosynthesis
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Eucalrobusone D - Retrosynthesis
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Eucalrobusone D - Retrosynthesis
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Eucalrobusone D - Retrosynthesis

[2+2]-Cycloaddition
CO,Et
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Eucalrobusone D - Retrosynthesis
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Eucalrobusone D - Retrosynthesis

[2+2]-Cycloaddition
\) COzEt +
y =

Ethyl Propiolate
CAS: 623-47-2
OMe £ 4.16/g (Acros)

MeO

FGI: Directed Silyl Enol
Ether Formation

Regioselective
Wacker Oxidation

< MeO

OMe
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Eucalrobusone D - Retrosynthesis

[2+2]-Cycloaddition
\) COzEt +
y =

Ethyl Propiolate
CAS: 623-47-2
OMe £ 4.16/g (Acros)

MeO

FGI: Directed Silyl Enol
Ether Formation

Regioselective
Wacker Oxidation

< MeO

Reduction

OMe
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Eucalrobusone D - Retrosynthesis

Stereoselective MeO Br
Diels-Alder N
MeO Reaction + Z
\) Me
7 OMe O OAc

OMe
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Eucalrobusone D - Retrosynthesis

Stereoselective MeO Br
Diels-Alder
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Eucalrobusone D - Retrosynthesis

Stereoselective
Diels-Alder
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Eucalrobusone D - Retrosynthesis

Stereoselective
Diels-Alder
Reaction y/

OMe O

/

MeO

OMe
FGI:
. Enol Formation
-Methyl
o-Methylenation Acetylation
Friedel Crafts MeO
Acylatlon

\n/\ MeMo

1-Bromo-3,5- Propionyl Crotonaldehyde
dimethoxybenzene chloride

CAS: 20469-65-2 CAS: 79-03-8 CAS: 4170-30-3

£ 1.78/g (Acros) £ 0.07/g (Acros) £ 1.78/g (Alfa)
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Diels-Alder

Propionyl
MeO Br Chloride (1.0eq) MeO Br
AICI; (0.8 eq)

y Et
CH,Cl,, -5 °C, 2 h
OMe 73% OMe O

Friedel-Crafts
Acylation

Tetrahedron Lett., 2015, 56, 4383. 22



Diels-Alder

Propionyl

MeO Br Chloride (1.0 eq) MeO Br (HCHO), (4.0eq) meO Br

AICl; (0.8 eq) i~ProNH:TFA (1:1, 1.0 eq)
- Et > "
CH,Cl,, -5 °C, 2 h THF, 67 °C, 8 h ©
OMe 73% OMe O 83% OMe O

Friedel-Crafts a-Methylenation Dienophile

Acylation

Chem. Commun., 2010, 46, 1715. 23



Diels-Alder

Propionyl

MeO Br Chloride (1.0 eq) MeO Br (HCHO), (4.0eq) meo Br

AICl; (0.8 eq) i~ProNH:TFA (1:1, 1.0 eq)
- Et S M
CH,Cl,, -5 °C, 2 h THF, 67 °C, 8 h ©
OMe 73% OMe O 83% OMe O

Friedel-Crafts a-Methylenation Dienophile

Acylation

Ac,0 (5.1 eq)
EtsN (2.1 eq)
DMAP (20 mol%)

NS
MeMo - //_\—OAc
neat, rt, 24 h
80%

Diene

Synthesis, 2014, 46, 2524. 24



Diels-Alder

?C ( cCatalyst A: )
MeO Br
N A (10 mol%)
+ 2
Me PhMe, 4 A MS O, Cl
OMe O OAc rt, 18 h, 81% o~ ci
98:2 (endo:exo)
90:10 er
Catalytic Enantioselective \S /

Endo-selective Diels-Alder

Tetrahedron: Asymmetry, 1991, 2, 643. 25



Diels-Alder
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Tetrahedron: Asymmetry, 1991, 2, 643. 26



Diels-Alder

?C ( cCatalyst A: )
MeO Br
N A (10 mol%)
+ 2
Me PhMe, 4 A MS
OMe O OAc rt, 18 h, 81% o]
98:2 (endo:exo)
90:10 er

Catalytic Enantioselective \S J

Endo-selective Diels-Alder

(" Enantioselective Diels-Alder: Proposed Transition State A

OAc OAc

(Literature Precedenp

OAc O (')
z H Ar
H H
Mikami and Nakai 1991 m Endo approach of diene
0, . .
81%, 95(')?1(5';?0'6)(0) m (R)-Binol Ti catalyst governs n-facial selectivity

" Two defined stereogenic centres formed

Tetrahedron: Asymmetry, 1991, 2, 643. 27



Anionic Oxy-Cope Precursor

Et;SiH (3.1 eq)

>

CF3C02H, 0°Cto rt, 24 h
93%

Ketone Reduction

Org. Lett., 2013, 15, 6086. 28



Anionic Oxy-Cope Precursor

Et;SiH (3.1 eq)

>

CF3C02H, 0°Cto rt, 24 h
93%

Ketone Reduction

OMe
Pd(Quinox)ClI, (10 mol%)

Regioselective AgSbFg (12.5 mol%)
Wacker aq. TBHP (12 eq)
Oxidation CH,Cl,, rt, 24 h
68%

MeO

OMe

J. Org. Chem., 2013, 78, 1682; Org. Lett., 2014, 16, 1610. 29



Anionic Oxy-Cope Precursor

Et;SiH (3.1 eq)

>

CF3C02H, 0°Cto rt, 24 h
93%

Ketone Reduction

OMe
Pd(Quinox)CI, (10 mol%)

Regioselective AgSbFg (12.5 mol%)
Wacker aq. TBHP (12 eq)
r - ~ Oxidation CH,Cl,, rt, 24 h
Literature Precedent 0
68%
Pd(Quinox)Cl, (10 mol%)
AgSDbFg (12.5 mol%)
. aq. TBHP (12 eq)
RTN"oAc P R OAc MeO
CH.Cl,, rt, 24 h
R=C7Hq5 68%
Sigman, 2013
L J y OMe

J. Org. Chem., 2013, 78, 1682; Org. Lett., 2014, 16, 1610. 30



Anionic Oxy-Cope Precursor

TBSCI (2.5 eq)

LDA (2.2 eq)
MeO

-
THF, -78 °C, 15 min
73%
OMe Directed Silyl Enol Ether
Formation

J. Am. Chem. Soc., 1990, 112, 6965. 31



Anionic Oxy-Cope Precursor

TBSCI (2.5 eq)

LDA (2.2 eq)
MeO

-
THF, -78 °C, 15 min
73%
OMe Directed Silyl Enol Ether
Formation

Literature Precedent )

0 OTMS

TMSCI (2.5 eq) m Tuning the conditions can give either
LDA (2.2 eq) enolate

m Trapping with TMSCI at -78 °C gave
predominantly the proximal product

>
MeO THF, -78 °C, 15 min  MeO

tBu 73% tBu

Martin, 1990

J. Am. Chem. Soc., 1990, 112, 6965. 32



Anionic Oxy-Cope Precursor

CO,Et
OTBS // 2
TiCl, (1.0 eq)

-
CH,Cl,, =70 °C, 35 min MeO
70%, >95:5 dr

Regio- and Diastereoselective
[2+2]-Cycloaddition

J. Org. Chem., 1979, 44, 248. 33



Anionic Oxy-Cope Precursor

CO,Et
OTBS // 2
TiCl, (1.0 eq)

-
CH,Cly, =70 °C, 35 min  MeO
70%, >95:5 dr

Regio- and Diastereoselective
[2+2]-Cycloaddition

( Literature Precedent h
CO,Et
Me Me // Me Me
TiCl, (1.0 eq) OTBS
OTBS - CO,Et
CH,Cl,, -70 °C, 35 min me
Me 80%, >95:5 dr H

Clark and Untch, 1979

\_ _J

J. Org. Chem., 1979, 44, 248. 34



Anionic Oxy-Cope Precursor

CO,Et
OTBS // 2
TiCl, (1.0 eq)

>
CH,CI,, =70 °C, 35 min MeO
70%, >95:5 dr
Regio- and Diastereoselective
[2+2]-Cycloaddition

[2+2]-Cyc|oaddition: Proposed Model

Br Me
Me
TBSO OAc
TBSO

AIkyne approach
from least hindered face
of the silyl enol ether

J. Org. Chem., 1979, 44, 248. 35



Anionic Oxy-Cope Precursor

Ethylene atm.
B (10 mol%)

-
C6H6! rt, 12 h MeO
quant.
Ring Opening

Metathesis
OMe

( Catalyst B: )

FI’(CY)3
cl
rd
PH &\
P(Cy)s

First Generation
Grubb's Catalyst

J. Org. Chem., 2008, 73, 3754. 36



Anionic Oxy-Cope

KH (1.1 eq)
18-crown-6 (1.1 eq)

-

THF, rt, 20 h MeO
90%, >95:5 dr

Anionic Oxy-Cope

MeO

OMe

( )
® Anionic Oxy-Cope vs Oxy-Cope: rate

enhancement 101°-10"" with lower T CO,Et

m Substrate control
\_ J

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 37



Anionic Oxy-Cope

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 38



Anionic Oxy-Cope

KH
18-crown-6
+ 1,3-diaxial strain
OAc @0
H
CO,Et
Ar I§
Me )

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 39



Anionic Oxy-Cope

KH
18-crown-6

iOAc 9
H
CO,Et

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 40



Anionic Oxy-Cope

KH
18-crown-6
+ 1,3-diaxial strain
iOAc S
H
CO,Et
Ar I§
Me )
OAc OH
H
~—CO,Et
Ar
Me

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 41



Anionic Oxy-Cope

KH KH
18-crown-6 18-crown-6
+ 1,3-diaxial strain
iOAc S
H
— — CO,Et
Ar IQ
Me )

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 42



Anionic Oxy-Cope

KH KH
18-crown-6 18-crown-6
+ 1,3-diaxial strain
iOAc %
H
— — CO,Et
Ar |§
Me ’

oy -
OAc _H

Me —1.00
hol
EtO,C

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 43



Anionic Oxy-Cope

Ar

Me

KH
18-crown-6

KH
18-crown-6

CO,Et

Ar

+ 1,3-diaxial strain
iOAc %
H
CO,Et

..

Me

Bull. Chem. Soc. Jpn., 1980, 53, 2958; J. Am. Chem. Soc., 1975, 97, 4765. 44



Simmons-Smith Cyclopropanation

K,COj3; (excess)
CO,Et

MeOH,rt,1h  MeO
quant.

CO,Et

Deprotection

J. Am. Chem. Soc., 1972, 94, 8613. 45



Simmons-Smith Cyclopropanation

Me Me

Iszez (40 GQ)
Et,Zn (4.0 eq)

CO,Et
CH,Cl,, -10 °C to rt, 16 h MeO
64%, >95:5 dr
Allylic Alcohol-Directed
Simmons-Smith Cyclopropanation OMe

CO,Et

J. Am. Chem. Soc., 1993, 115, 1593; Synlett, 2002, 1, 176. 46



Simmons-Smith Cyclopropanation

I2CM€2 (40 GQ)
Et,Zn (4.0 eq)

CO,Et
CH,Cl,, ~10°C tort, 16 h MeQ
64%, >95:5 dr
Allylic Alcohol-Directed
OMe Simmons-Smith Cyclopropanation OMe

CO,Et

( Allylic Alcohol-Directed )
Simmons-Smith Cyclopropanation:
Proposed Transition State

m Facial selectivity through Zn-O coordination
and steric hindrance:
cyclopropane cis to hydroxyl group

Wy,

J. Am. Chem. Soc., 1993, 115, 1593; Synlett, 2002, 1, 176. 47



Simmons-Smith Cyclopropanation

Iszez (40 eq>
Et,Zn (4.0 eq)

CO,Et
CH,Cl,, -10 °C to rt, 16 h MeQ
64%, >95:5 dr

Allylic Alcohol-Directed

CO,Et

OMe Simmons-Smith Cyclopropanation OMe
( Allylic Alcohol-Directed N ( Literature Precedent )
Simmons-Smith Cyclopropanation:
Proposed Transition State
HO HO
-] Et,Zn (2.0 eq)
M:\a"e)'fz’zrg\/l CICH,l (4.0 eq)
7 N-A >
2 1 N Ar
EtO,C L0 OH CICH,CH,CI
7 *Me 0°C,16h
o 4 91%, >95:5 dr
m Facial selectivity through Zn-O coordination
and steric hindrance:
cyclopropane cis to hydroxyl group ) L Oppolzer, 1993 )

J. Am. Chem. Soc., 1993, 115, 1593; Synlett, 2002, 1, 176. 48



O-Arylation

M M
| Me Cul (20 mol%) | Me

2,2'-bipyridine (20 mol%)
KOt-Bu (3.0 eq) MeO

>

DMF, 120 °C
3.5h,75%

Cu-Catalysed
O-Arylation

CO,Et CO,Et

OMe

J. Am. Chem. Soc., 2016, 138, 9803. 49



O-Arylation

Me Me
Cul (20 mol%)
2,2'-bipyridine (20 mol%)
KOt-Bu (3.0 eq) MeO

>

DMF, 120 °C
3.5h,75%

Cu-Catalysed
O-Arylation

CO,Et CO,Et

Literature Precedent

Cul (20 mol%) Me,,y_H

2,2'-bipyridine (20 mol%)
KOt-Bu (3.0 eq)

HW
Me

y OMe

Br DMF, 120 °C
3.5h,75%

OMe

OMe

Reisman, 2016

J. Am. Chem. Soc., 2016, 138, 9803. 50



Demethylation

Me Me Me Me

MeO BBr3 (2.5 eq) HO
y

CH,Cl,, 78 °C to rt, 24 h
CO,Et quant.

Demethylation

Macromolecules, 2007, 40, 1349. 51



Electrophilic Aromatic Substitution

POCI;5 (1.1 eq)

N-Methylformanilide (2.0 eq) H
>

CICH,CH,CI, 80 °C, 5 h
84%
Vilsmeier-Haack
Formylation

®)

J. Org. Chem., 1995, 60, 2964. 52



Electrophilic Aromatic Substitution

POCI; (1.1 eq)

N-Methylformanilide (2.0 eq)
>

CICH,CH,CI, 80 °C, 5 h
CO,Et 84%

CO,Et

Vilsmeier-Haack
Formylation

Literature Precedent

POCI; (1.1 eq)
HO 0 2P N-Methylformanilide (2.0 eq) HO o0 2°
.

_ CICH,CH,CI, 80 °C, 5 h _
84%
OH OH

Me Baker, 1995 Me

J. Org. Chem., 1995, 60, 2964. 53



Electrophilic Aromatic Substitution

Isovaleryl chloride (1.1 eq)
TiCl, (0.9 eq)

CH,Cl,, 0 °C, 30 min
85%
Friedel-Crafts
Acylation

J. Chem. Soc., Perkin Trans. 1, 1998, 2939. 54



Vinyl Ketone Formation

0~ _H Me  Me
KOH (8.9 eq)
-
Me MeOH:H,0 (1:1)
CO,Et rt, 1 h
O Hydrolysis

Angew. Chem. Int. Ed., 2015, 54, 10875. 55



Vinyl Ketone Formation

0~ _H Me  Me
KOH (8.9 eq)
-
Me MeOH:H,0 (1:1)
CO,Et rt, 1 h
o Hydrolysis

CH,0 (2.0 eq)
Decarboxylation- Piperidine (1.2 eq)

MeOH, 80 °C, 12 h

Methylenation 65% (over 2 steps)

o) H Me Me

Me

Me O OH

Eucalrobusone D

Bioorg. Med. Chem. Lett., 2011, 21, 133. 56



Summary: Eucalrobusone D Synthesis

MeO Br
OMe
NN
MeMo

16 Steps

m Stereoselective Diels-Alder
m [2+2]-Cycloaddition

® Ring Opening Metathesis

m Anionic Oxy-Cope Rearrangement

m Diastereoselective Cyclopropanation

m Minimal protecting group use
m Minimal redox steps

Eucalrobusone D

: )

m 15 linear steps
m Predicted ~ 3.5% yield

m Single enantiomer

G Single diastereomer )

57



58



- . I, (2.5 eq)
o] N/NHz EtsN (3.8 eq) Me

)j\ + H,N—NH, ¢H,0 > )I\ > )<I
Me Me 100 °C, 30 min Et,0, rt Me
L - 19% (2 steps)

(1.0 eq) (2.0 eq)

Chem. Eur. J., 1998, 4, 1799. 59



