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Possible routes to the synthesis of eucalrobusone D




Possible routes to the synthesis of eucalrobusone D

Cyclodecane

» Pd-catalysed allylation (Baran, germacranes)

» Pinacol coupling (Nicolaou, taxol)

* Ring closing metathesis (Takao, clavilactone D)
* Anionic oxy-Cope (Still, germacranes)

1. Angew. Chem. Int. Ed. 2012, 51, 11491; 2. Nature 1994, 367, 634;
3. Chem. Eur. J. 2017, 10.1002/chem.201700483; 4. J. Am. Chem. Soc. 1977, 99, 4186.



Possible routes to the synthesis of eucalrobusone D

Cyclodecane

» Pd-catalysed allylation (Baran, germacranes)

» Pinacol coupling (Nicolaou, taxol)

* Ring closing metathesis (Takao, clavilactone D)
* Anionic oxy-Cope (Still, germacranes)

Benzopyran
+ [4+2]-Cycloaddition (Cramer, psiguadial A, C, and D)
* Intramolecular phenol ether synthesis (Ohmori and Suzuki, rotenone)

1. Chem. Eur. J. 2014, 20, 10654; 2. Angew. Chem. Int. Ed. 2017, 56,182.



Possible routes to the synthesis of eucalrobusone D

Gem dimethyl cyclopropyl
» Alkene cyclopropanation (Morken, pumilaside aglycon)
* Prepare from terpenoid (Baran, ingenol)

Cyclodecane

» Pd-catalysed allylation (Baran, germacranes)

» Pinacol coupling (Nicolaou, taxol)

* Ring closing metathesis (Takao, clavilactone D)
* Anionic oxy-Cope (Still, germacranes)

Benzopyran
+ [4+2]-Cycloaddition (Cramer, psiguadial A, C, and D)
* Intramolecular phenol ether synthesis (Ohmori and Suzuki, rotenone)

1.J. Am. Chem. Soc. 2013, 135, 2501; 2. Science 2013, 341, 878.
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Retrosynthesis
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Retrosynthesis
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Forward synthesis

Synthesis of phenol intermediate:

HO._O
HO OH

OH

£225 / 100g

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714

Forward synthesis

Synthesis of phenol intermediate:

HO__O MeO_ _O MeO.__O MeO.__O MeO._O
HO OH 1) Me,SO, MeO OH POCI3;, DMF MeO OH Tf,0, pyridine, 0 °C  MeO OTf 1) NaBH,, THF MeO oTf
2) BCl T5o _0 95% 2O 2)PBry, E,0,0°C Br
OH 82% OMe OMe OMe OMe
ref 1 ref 1,2 65%
£225/100g ref 1
ref 3

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714

Forward synthesis

Synthesis of phenol intermediate:

HO o MeO o MeO o) MeO (@] MeO (0]
HO OH 1) Me,S0, MeO OH POCI3;, DMF MeO OH Tf,0, pyridine, 0 °C  MeO oTf 1) NaBH,, THF MeO OTf
2) BCl ; 55, _0 95% 2O 2)PBr,, EL,0, 0°C Br
OH 82% OMe OMe OMe OMe
ref 1 ref 7, 2 65%
£225/100g ref 1
ref 3

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714

Forward synthesis

Synthesis of phenol intermediate:

HO.__O MeO.__O MeO.__O MeO.__O MeO._O
HO oH 1) Me,SO, MeO o4  POCL,DMF  MeO OoH  THO, pyridine, 0°C  MeO oTf 1)NaBH,, THF  MeO oTf
2) BCl3 . _0 95% O 2)PBr,, EL,0, 0°C Br
OH 82% OMe OMe OMe OMe
ref 1 ref 1, 2 65%
£225 /100g ref 1
ref 3

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714

Forward synthesis

Synthesis of phenol intermediate:

HO o MeO o MeO o) MeO (@] MeO O
HO OH 1) Me,S0, MeO OH POCI;, DMF MeO OH Tf,0, pyridine, 0 °C  MeO OTf 1) NaBH,, THF MeO oTf
2) BCl . _0 95% Z9  2)PBry, E,0,0°C Br
OH 82% OMe OMe OMe OMe
ref 1 ref 1, 2 65%
£225/100g ref 1
ref 3

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714

Forward synthesis

Synthesis of phenol intermediate:

HO.___O MeO.__O
HO OH 1) Me,SO,4 MeO OH
2) BCly
OH 82% OMe
£225/100g ref 1

Synthesis of oxy-Cope precursor:

(0]
Me

Me

(S)-carvone
£107/kg

MeO.__O MeO. 0
MeO OH Tf,0, pyridine, 0 °C  MeO oTf
_0 95% -0
oM
OMe ref 1, 2 ©

1) NaBH,, THF
2) PBrs, Et2O, 0°C
65%

ref 3

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)

MeO

MeO

reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-Carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation: J.

Am. Chem. Soc., 1970, 92, 6273-6281.

O

OMe

OTf

Br


http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
http://pubs.acs.org/doi/pdf/10.1021/ja00724a028

Forward synthesis

Synthesis of phenol intermediate:

HO o) MeO o MeO o) MeO (@] MeO (@]
HO OH 1) Me,SO, MeO OH POCIs, DMF MeO OH  TfO, pyridine, 0°C  MeO oTf 1) NaBH,, THF MeO OTf
2) BCl3 . _0 95% 29 2)PBry, E,0,0°C Br
OH 82% OMe OMe OMe OMe
ref 1 ref 1, 2 65%
£225/100g ref 1
ref 3

Synthesis of oxy-Cope precursor:

Me

Me
le) Zn, KOH i) HCI
Me © Me ) o
MeCOH, H,O i) KOH
Me Me Me
84% 70%

(S)-carvone
£107/kg ref 4 ref 5

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-Carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation: J.
Am. Chem. Soc., 1970, 92, 6273-6281.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
http://pubs.acs.org/doi/pdf/10.1021/ja00724a028

Forward synthesis

Synthesis of phenol intermediate:

HO o MeO o MeO 0 MeO (@] MeO O
HO OH 1) Me,S0, MeO OH POCI;, DMF MeO OH Tf,0, pyridine, 0 °C  MeO OTf 1) NaBH,, THF MeO OTf
2) BCl3 . _0 95% 29 2)PBry, E,0,0°C Br
OH 82% OMe OMe OMe OMe
ref 1 ref 1, 2 65%
£225/100g ref 1
ref 3

Synthesis of oxy-Cope precursor:

Me

| Me
Zn, KOH i) HCI
© Me o Me ) o
MeCOH, H,O ii) KOH
Me Me Me’
84% 70%

(S)-carvone
£107/kg ref 4 ref 5

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-Carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation: J.
Am. Chem. Soc., 1970, 92, 6273-6281.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
http://pubs.acs.org/doi/pdf/10.1021/ja00724a028

Forward synthesis

Synthesis of phenol intermediate:

HO.__O MeO._O MeO.__O
HO OH 1) Me,S0, MeO OH POCI;, DMF MeO OH
2) BClg 0
75%
OH 82% OMe OMe
ref 1
£225/100g ref 1
Synthesis of oxy-Cope precursor:
M
eMe
o Zn, KOH i) HCI
Me © Me ) o
MeOH, H,0 ii) KOH
Me Me Me
84% 70%
(S)-carvone
£107/kg ref 4 ref 5

MeO__O
Tf,0, pyridine, 0°C  MeO OTf
95% 0
OMe
ref 1,2
Me
i) LDA, TMEDA Me
MeCHO (@)
ii) Martin sulfurane X
92% || me
ref 6

MeO
1) NaBH,, THF MeO
2)PBr,, £4,0,0°C
65%
ref 3

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-Carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation:

Synlett, 2001, 9, 1452-1454; 6) Two-step vinylation: J. Am. Chem. Soc., 2005, 127, 14200-14201.

o

OMe

OTf

Br


http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-2001-16804.pdf
http://pubs.acs.org/doi/pdf/10.1021/ja055301t

Forward synthesis

Synthesis of phenol intermediate:

HO (o) MeO (o) MeO O MeO (@] MeO O
HO OH 1) Me,SO, MeO POCI;, DMF MeO OH  Tf0, pyridine, 0°C MeO oTf 1) NaBH,, THF  MeO OTf
2) BCl . _0 95% 29 2)PBry, E,0,0°C Br
OH 82% M M OMe M
OMe ref 1 OMe ref 1,2 65% OMe
£225/100g ref 1
ref 3
Synthesis of oxy-Cope precursor:
Me Me
Me i) LDA, TMEDA Me
o) Me Zn, KOH 0 i) HCI [e) MeCHO (6]
MeOH, H,O ii) KOH ii) Martin sulfurane
Me Me Me I\‘ Me
84% 70% 92%
(S)-carvone
£107/kg ref 4 ref 5 ref 6
M Me
e -
Me 0 ~L| Me
Cyclopropane \/ Aldehyde adds to opposite
blocks top face : face to cyclopropane
LiO Me Me ycloprop
Me H

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-Carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation:
2001, 9, 1452-1454; 6) Two-step vinylation: J. Am. Chem. Soc., 2005, 127, 14200-14201.

Synlett,



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-2001-16804.pdf
http://pubs.acs.org/doi/pdf/10.1021/ja055301t

Forward synthesis

Synthesis of phenol intermediate:

HO O MeO (0] MeO O MeO O MeO O
HO OH 1) Me,SO, MeO OH POCI;, DMF MeO OH Tf,0, pyridine, 0°C  MeO OTf 1) NaBH,, THF MeO OTf
2)BCly 250, _O 95% 29 2)PBry, E,0,0°C Br
OH 82% oM oM OMe oM
’ © ref 1 © ref 1,2 65% e
£225/100g ref 1
ref 3

Synthesis of oxy-Cope precursor:

Me Me MeM
2 Kon Me i) LDA, TMEDA Me PN OH e

(0) n, i) HCI MeCHO (@) Z N

Me © Me ) O TR - YN 4o - =~

MeCOH, H,0 ii) KOH ii) Martin sulfurane K THF AN

Me Me Me i Me Me
84% 70% 92% 99%, single diastereomer
(S)-carvone

£107/kg ref 4 ref 5 ref 6 ref 7

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation:
Synlett, 2001, 9, 1452-1454; 6) Two-step vinylation: J. Am. Chem. Soc., 2005, 127, 14200-14201; 7) vinyl lithium addition: Tetrahedron, 2016, 72, 6634-6639.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-2001-16804.pdf
http://pubs.acs.org/doi/pdf/10.1021/ja055301t
http://ac.els-cdn.com/S0040402004000316/1-s2.0-S0040402004000316-main.pdf?_tid=b9e6daae-fa98-11e6-8c7e-00000aacb35e&acdnat=1487944634_8597071151aa0fb984d8c5ce1ee1ac02

Forward synthesis

Synthesis of phenol intermediate:

HO._ _O MeO._ _O MeO.__O
HO OH 1) Me,SO4 MeO OH POCI;, DMF MeO OH
2) BCl, _0
75%
OH 82% OMe OMe
ref 1
£225/100g ref 1

Synthesis of oxy-Cope precursor:

Me

Me
o] Zn, KOH i) HCI
Me © Me ) ©
MeOH, H,0 ii) KOH
Me Me’ Me
84% 70%

(S)-carvone
£107/kg ref 4 ref 5

ii) Martin sulfurane

92%

MeO.___O
Tf,0, pyridine, 0 °C  MeO OTf 1) NaBH,, THF
95% 2O 2)PBry, EL,0, 0°C
OMe
ref 1,2 65%
ref 3
MeM
i) LDA, TMEDA e
MeCHO o A
W THF
| Me .
99%, single diastereomer
ref 6 ref 7

Cyclopropane
blocks top face

Vinyl lithium attacks from
opposite face to cyclopropane

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation:
Synlett, 2001, 9, 1452-1454; 6) Two-step vinylation: J. Am. Chem. Soc., 2005, 127, 14200-14201; 7) vinyl lithium addition: Tetrahedron, 2016, 72, 6634-6639.

e
Xl


http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-2001-16804.pdf
http://pubs.acs.org/doi/pdf/10.1021/ja055301t
http://www.sciencedirect.com/science/article/pii/S0040402016308730
http://ac.els-cdn.com/S0040402004000316/1-s2.0-S0040402004000316-main.pdf?_tid=b9e6daae-fa98-11e6-8c7e-00000aacb35e&acdnat=1487944634_8597071151aa0fb984d8c5ce1ee1ac02

Forward synthesis

HO -0 MeO.__O
HO COH 6 steps, 54% overall yield MeO oTf
_______________________________________________ Br
OH OMe
£225/100g
Me
. Me
OI@)L 4 steps, 54% overall yield iﬁ
Me =
Me A
Me
(S)-carvone
£107/kg

v Robust literature precedent for both fragments
v' Stereoselective synthesis, controlled by readily available (S)-carvone
v" Amenable to large scale syntheses

1) Synthesis of phenol intermediate: J. Org. Chem. 2006, 71, 8151-8158; 2) synthesis of triflate ortho to aldehyde: Bioorg. Med. Chem. Lett. 2011, 21, 488-491; 3)
reduction/bromination: J. Org. Chem. 2014, 79, 1529-1541; 4) selective reduction of (R)-carvone: Tetrahedron: Asymmetry 2000, 11, 4093-4103; 5) Cyclopropane formation:
Synlett, 2001, 9, 1452-1454; 6) Two-step vinylation: J. Am. Chem. Soc., 2005, 127, 14200-14201; 7) vinyl lithium addition: Tetrahedron, 2016, 72, 6634-6639.



http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://www.sciencedirect.com/science/article/pii/S0960894X10015714
http://ac.els-cdn.com/S0957416600003876/1-s2.0-S0957416600003876-main.pdf?_tid=2fa5a00e-fa8f-11e6-b26f-00000aacb362&acdnat=1487940536_3ab607acda176e38035a6a9baddaa08d
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-2001-16804.pdf
http://pubs.acs.org/doi/pdf/10.1021/ja055301t
http://www.sciencedirect.com/science/article/pii/S0040402016308730
http://ac.els-cdn.com/S0040402004000316/1-s2.0-S0040402004000316-main.pdf?_tid=b9e6daae-fa98-11e6-8c7e-00000aacb35e&acdnat=1487944634_8597071151aa0fb984d8c5ce1ee1ac02

Forward synthesis — anionic oxy-Cope

1) Oxy-Cope: J. Org. Chem. 1982, 47, 1632-1641

MeMe I\/IeMe
OH @)
NN KH
X THF
Me reflux, 15 min
84 - 95% Me
ref 1


http://pubs.acs.org/doi/pdf/10.1021/jo0613378

Forward synthesis — anionic oxy-Cope

Me MeMe
Me

OH KH 0
/ _______________ >
N THF

Me reflux, 15 min "

84 - 95% ©
ref 1
PM3 Calculations: Anionic Oxy-Cope Stereoselectivity:
¥ o
- ;i II THF
reflux, 15 min
AE¢ = 21.7 kcal/mol 84% See Ref.

-

AE;s =31.6 kcal/mol

1) Oxy-Cope: J. Org. Chem. 1982, 47, 1632-1641



http://pubs.acs.org/doi/pdf/10.1021/jo0613378

Forward synthesis - alkylation

Me M
Me eMe MeO o)
i) LDA, THF, -78 °C LiO NaH, Mel
DLDA THF, -787C . MeO ort | ... . Mo _AJ o< " ar, Mel
i) R-Br Br THE
0to55°C, 18 h
Me 80% Me OMe
63%, >20:1 dr
ref 1

ref 2

1) Regio/diastereoselectivity of alkylation: (a) Tetrahedron, 1998, 54, 2669-2682; (b) J. Org. Chem. 1999, 64, 7412-7418; precedent for selectivity over ester: J. Org. Chem.
2003, 68, 5909-5916



http://www.sciencedirect.com/science/article/pii/S0040402098830032
http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://pubs.acs.org/doi/suppl/10.1021/jo0343174

Forward synthesis - alkylation

Me Me
Me Me MeO. _O MeO__O MeMe
O, i _78° LiO OTf
DLDATHF 787C MeO ot | ... _ Meo o< o Nar Vet
ii) R-Br Br O THE
H 0to55°C, 18 h
Me 80% Me OMe OMe

Me
63%, >20:1 dr

ref 2
Models for stereo/regioselectivity:

\/E:ij/ Vs Example: a-alkylation of enolates (ref. 1b)
o ph_ O e
NaH, Mel K
Hr Y, /nn- ,,/<
o THF, reflux PH

63%, >20:1 a:b

Cyclopropane
methylene ¢

1) Regio/diastereoselectivity of alkylation: (a) Tetrahedron, 1998, 54, 2669-2682; (b) J. Org. Chem. 1999, 64, 7412-7418; precedent for selectivity over ester: J. Org. Chem.
2003, 68, 5909-5916



http://www.sciencedirect.com/science/article/pii/S0040402098830032
http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://pubs.acs.org/doi/suppl/10.1021/jo0343174

Forward synthesis

DIBAL, PhMe

1) DIBAL ketone reduction: a) Angew. Chem. Int. Ed. 2011, 50, 6814—6818; b) Angew. Chem. Int. Ed. 2014, 53, 10970-10974; c) Ketone reduction controlled by cyclopropyl
group:Tetrahedron, 2006, 62, 3266-3283.



http://onlinelibrary.wiley.com/doi/10.1002/anie.201101842/epdf
http://onlinelibrary.wiley.com/doi/10.1002/anie.201406815/epdf
http://ac.els-cdn.com/S0040402006001347/1-s2.0-S0040402006001347-main.pdf?_tid=9a02db2a-0353-11e7-b09e-00000aab0f6b&acdnat=1488904506_b6c9539583d8f8585732ba63cd220245

Forward synthesis

One face of the ketone is blocked by the cyclodecene
(Simplified benzyl group shown for clarity)

1) DIBAL ketone reduction: a) Angew. Chem. Int. Ed. 2011, 50, 6814—6818; b) Angew. Chem. Int. Ed. 2014, 53, 10970-10974; c) Ketone reduction controlled by cyclopropyl
group:Tetrahedron, 2006, 62, 3266-3283.
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http://onlinelibrary.wiley.com/doi/10.1002/anie.201406815/epdf
http://ac.els-cdn.com/S0040402006001347/1-s2.0-S0040402006001347-main.pdf?_tid=9a02db2a-0353-11e7-b09e-00000aab0f6b&acdnat=1488904506_b6c9539583d8f8585732ba63cd220245

Forward synthesis

DIBAL, PhMe

1) DIBAL ketone reduction: a) Angew. Chem. Int. Ed. 2011, 50, 6814—-6818; b) Angew. Chem. Int. Ed. 2014, 53, 10970-10974; c) Ketone reduction controlled by cyclopropyl
group:Tetrahedron, 2006, 62, 3266—3283. 2) DIBAL ester reduction: J. Org. Chem. 1988, 53, 3673—3680; 3) Oxidation: Org. Lett. 2004, 6, 3909-3912.



http://onlinelibrary.wiley.com/doi/10.1002/anie.201101842/epdf
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http://ac.els-cdn.com/S0040402006001347/1-s2.0-S0040402006001347-main.pdf?_tid=9a02db2a-0353-11e7-b09e-00000aab0f6b&acdnat=1488904506_b6c9539583d8f8585732ba63cd220245
http://pubs.acs.org/doi/pdf/10.1021/jo00251a005
http://pubs.acs.org/doi/pdf/10.1021/ol048462v

Forward synthesis

DIBAL, PhMe

1) DIBAL ketone reduction: a) Angew. Chem. Int. Ed. 2011, 50, 6814—-6818; b) Angew. Chem. Int. Ed. 2014, 53, 10970-10974; c) Ketone reduction controlled by cyclopropyl
group:Tetrahedron, 2006, 62, 3266—3283. 2) DIBAL ester reduction: J. Org. Chem. 1988, 53, 3673—3680; 3) Oxidation: Org. Lett. 2004, 6, 3909-3912.



http://onlinelibrary.wiley.com/doi/10.1002/anie.201101842/epdf
http://onlinelibrary.wiley.com/doi/10.1002/anie.201406815/epdf
http://ac.els-cdn.com/S0040402006001347/1-s2.0-S0040402006001347-main.pdf?_tid=9a02db2a-0353-11e7-b09e-00000aab0f6b&acdnat=1488904506_b6c9539583d8f8585732ba63cd220245
http://pubs.acs.org/doi/pdf/10.1021/jo00251a005
http://pubs.acs.org/doi/pdf/10.1021/ol048462v

Forward synthesis

10 mol% Pd(OAc),
12 mol% BINAP

DIBAL, PhMe
91% K,CO3, PhMe, 90 °C
ref 1 91%
ref 4

1) DIBAL ketone reduction: a) Angew. Chem. Int. Ed. 2011, 50, 6814—-6818; b) Angew. Chem. Int. Ed. 2014, 53, 10970-10974; c) Ketone reduction controlled by cyclopropyl
group:Tetrahedron, 2006, 62, 3266—3283. 2) DIBAL ester reduction: J. Org. Chem. 1988, 53, 3673—-3680; 3) Oxidation: Org. Lett. 2004, 6, 3909-3912. 4) Cross-coupling:
Tetrahedron 2003, 59, 6889-6897



http://onlinelibrary.wiley.com/doi/10.1002/anie.201101842/epdf
http://onlinelibrary.wiley.com/doi/10.1002/anie.201406815/epdf
http://ac.els-cdn.com/S0040402006001347/1-s2.0-S0040402006001347-main.pdf?_tid=9a02db2a-0353-11e7-b09e-00000aab0f6b&acdnat=1488904506_b6c9539583d8f8585732ba63cd220245
http://pubs.acs.org/doi/pdf/10.1021/jo00251a005
http://pubs.acs.org/doi/pdf/10.1021/ol048462v
http://ac.els-cdn.com/S0040402003008615/1-s2.0-S0040402003008615-main.pdf?_tid=4246be6a-0295-11e7-a265-00000aab0f02&acdnat=1488822754_52fbeeee221b31fd5f9f7b4d626319b8

Forward synthesis — end-game

1) MCPBA, CH,Cl,, 0 °C

AICl3, CH,Cly, RT 2) p-TsOH
80% 3) DMP, CH,Cl,
ref 1, 2

65% over 3 steps

ref 3, 4

1) Methyl deprotection with AICI;: J. Org. Chem. 2005, 70, 4585-4590; 2) Friedel Crafts in presence of phenol and aldehyde:_Eur. J. Org. Chem, 1999, 5, 1011-1031,;



http://pubs.acs.org/doi/pdf/10.1021/jo050414g
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0690(199905)1999:5<1011::AID-EJOC1011>3.0.CO;2-H/epdf

Forward synthesis — end-game

1) mCPBA, CH,Cl,, 0 °C
2) p-TsOH

3) DMP, CH,Cl,

65% over 3 steps

ref 3, 4

eucalrobusone D

15 longest linear steps
12% overall yield

1) Methyl deprotection with AICI;: J. Org. Chem. 2005, 70, 4585-4590; 2) Friedel Crafts in presence of phenol and aldehyde:_Eur. J. Org. Chem, 1999, 5, 1011-1031; 3) End-
game: Org. Lett. 2014, 16, 4300-4303; 4) Use of pTsOH in epoxide ring-opening: Tetrahedron, 2015, 71, 2035-2045.



http://pubs.acs.org/doi/pdf/10.1021/jo050414g
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0690(199905)1999:5<1011::AID-EJOC1011>3.0.CO;2-H/epdf
http://pubs.acs.org/doi/suppl/10.1021/ol5020152
http://ac.els-cdn.com/S0040402014017657/1-s2.0-S0040402014017657-main.pdf?_tid=62222d82-fd0e-11e6-8398-00000aab0f6c&acdnat=1488215070_41ff04d68b9cf4392e271d55ae60019d

Summary

MeO.___O
MeO OTf ©
Br
OMe d Me
6 steps 5 steps
54% overall yield 50% overall yield

15 longest linear steps
12% overall yield

« Highly convergent synthesis of eucalrobusone D
« Key steps include anionic oxy-Cope rearrangement, alkylation, metal-catalysed cyclisation
- Stereochemistry controlled by cyclopropane, installed from readily available, enantiopure S-carvone
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Retrosynthesis

Yu
C-H activation

Niu/Song
C-H activation

Ohmori/Suzuki
protect diphenol SNAr
>
mask enone
Soltz
Benzyne

reductive
cyclisation Mitsunobu




Ideas for cyclisation

R._O
MeO O\$I=O steps - reductive cyclisation
© ref XX :
OMe '
R._O E
MeO. oTf steps reduction cross-coupling |
____________ > B R R R B R e TP TP
X ref XX '
OMe '
H_O '
MeO steps Yu's C-H bromination i) reduction '
------------ > B . eeeeeeeeeeeaacaaeaa
X ref XX ii) cross-coupling
OMe ref XX '
R._O E
MO A, ... P m Mo A, oL ! redustion  _ Meo A Ho. <] .. Pd-catalysed
X ortho-alkoxylation
OMe ref XX

1) reductive-cyclisation: Tetrahedron, 2015, 71, 8187-8193, Chem. Eur. J. 2010, 16, 7586-7595 ; 2) cross-coupling with aryl triflates: Tetrahedron 2003, 59, 6889-6897; 3) Yu's
46 directed-bromination: J. Am. Chem. Soc. 2017, 139, 888-896; 4) cross-coupling with aryl bromides: J. Am. Chem. Soc. 2000, 122, 12907-12908; 5) Pd-catalysed ortho-
alkoxylation: Org. Lett. 2013, 15, 5842-5845; Chem. Eur. J. 2014, 20, 7507-7513; Angew. Chem. Int. Ed. 2015, 54, 272-275; J. Org. Chem. 2017, 82, 126-134



http://www.sciencedirect.com/science/article/pii/S0040402015012193
http://onlinelibrary.wiley.com/doi/10.1002/chem.201000497/epdf
http://pubs.acs.org/doi/abs/10.1021/jacs.6b11188
http://pubs.acs.org/doi/abs/10.1021/ja005698v
http://pubs.acs.org/doi/pdf/10.1021/ol402904d
http://onlinelibrary.wiley.com/doi/10.1002/chem.201303923/epdf
http://onlinelibrary.wiley.com/doi/10.1002/anie.201409751/epdf
http://pubs.acs.org/doi/abs/10.1021/acs.joc.6b02257

Yu’s directed bromination

47

o\\s/NHz
%
NO, o
10 mol% Pd(OAc),
H,N 10 mol% AgTFA, NBS N
CO,H N \ |

D M] ™
< @\/\O ............................................. » R @\/\O
H Transient DG FG

1%‘ H2N’-\COQH
=y
L Yo - o o
H FG

via Rg E’}:O = Broad substrate scope
HIMI--O - Diverse transformations

Br



Ortho-directed C-H activation

Pd-catalysed ortho-alkoxylation of tosyl benzamides

TsHN__O TsHN__O
10 mol% Pd(OAc),

PhI(OAc),, MeOH
93%

Chem. Eur. J. 2014, 20, 7507-7513

Cu-catalysed ortho-alkoxylation of 8-amino-quinolone derivatives

7
= NS
o N
N 11 mol% (CuOH),CO,4 HN.__O
HN.__O R-OH
FsC o}

FsC pyridine, TMG
AN

72%

Org. Lett. 2013, 15, 5842-5845

48

Co-catalysed ortho-alkoxylation of carboxamides

B o
o/llj Z o"ll Z
- o 20 mol% Co(OAc),.4H,0 -

-OH

HN R-O HN (0]
Ag,0, NaOAc O\K\Me
é 45% Me

Angew. Chem. Int. Ed. 2015, 54, 272-275

Pd-catalysed ortho-alkoxylation of N-benzoyl a-amino acids

OH OH

O)\F
10 mol% Pd(OAc),
-OH

(-
R-O HN O
PhI(OAc),, PhMe 5(0\(

82%

J. Org. Chem. 2017, 82, 126-134



http://onlinelibrary.wiley.com/doi/10.1002/chem.201303923/epdf
http://onlinelibrary.wiley.com/doi/10.1002/anie.201409751/epdf
http://pubs.acs.org/doi/abs/10.1021/acs.joc.6b02257
http://pubs.acs.org/doi/pdf/10.1021/ol402904d

Oxy-Cope Stereochemistry

Boat TS o} o o) 0
(favoured): 7 : =

P —— P ——  —

AE s = 21.7 kcal/mol

Chair TS % % % o]

(disfavoured): — — = .

P55

AE s = 31.6 kcal/mol

Experimental evidence:

OH
\\//A(K” — %
X reflux, 15 min

84%

e~ e
;

3. Org. Chem., 1982, 47, p. 1632 - 16413




Thermodynamic control in

enolate formation

Eppz = -52844.3 kcal/mol

Epps = -52842.7 keal/mol



Alkylation of cyclopropyl cyclic ketones

1) Alkylation of cyclopropyl ketones: Tetrahedron 1998, 64, 2669-2682 2) Methylation diasteroselectivity: J. Org. Chem. 1999, 64, 7412-7418
Table 2. o'~Alkylations of Enolates Derived from 3-Alkylbicyclofm.1.0}alkan-2-ones. Stereocontrolled Synthesis of Tricyclo[m.n.0.0]alkenones J. Org. Chem., Vol 64, No. 20, 1999 7413
] H2 o R1 ) Table 1. Sequential A]kylationsouf Bicyclu[m.].D]alkan—%—oues la—c
Ha,, base R1"-.. . Rz’h. 1. Base RY.\ 1. Base R,
"UCH WCHp  * WCHp 2 A 2 Rx
’ . CHaln (CHan ) CHan
CHams  RRX (CHm-s (CHams e e
lan=0 11-16 17-24
1 n=1
a b ien=2
First_Alkylation Second Alkylation
Ketone | m R! Base RAX Products | Yield, | Diastereomer Ketone | Base Ri-X Product | Yield, % | DR® | Base R-X Product | Yield, % | DRe
% Ratio? ia LDA Mel 11 27 >20:1 | NaH T\Br 17 56 >20:1
e
LDA CH3I 20a 32 >20:1 NaH WTS 18 38 >20:1
7a 3 CH)CeHs | NaH CHjl 20a 63 >20:1 M
1 LDA B 12 58 20:1 NaH Mel 19 70 :
NeH | CeHsCHBr | 21 | 43 na : e > a 201
b [ 130 : :
8a | 4 | CHxCeHs | LDA | CH,=CHCH;Br| 220 | 54 >20:1 i B R R s A
NaH | CH;=CHCHBr | 22a 80 >20:1 NaH T 21 75 >20:1
N
92 4 | CHy=CHCH; | LDA | CgHsCHzBr | 24a24b | 74 11:1 b LDA N 14 9% 41 | Nan Ml 22 88 >20:1
Me
12a 5 CHaCgHs LDA CH;l 25a 44 >20:1 b NaH WTS 15 34 21 NaH Mel 23 93 >20:1
Me
14a 5 CHs LDA | CgHsCHzBr 26a 46 >20:1 1c LDA 5 e 16 61 >20:0 | LDA Mel 24 35 >20:1
@Determined by NMR sp py; limit of detection 20:1. e

# Diastereomer ratio determined by '*C NMR analysis. ? Preparation of this ketone was previously reported (see ref 5).


http://pubs.acs.org/doi/pdf/10.1021/jo0613378
http://pubs.acs.org/doi/pdf/10.1021/jo0613378

Evidence for alkylation in presence of methyl ester

OTBS
CO,Me CO,Me 1) NaBH, CO,Me
MeO OMe MeO OMe 2) (ImCS),0 MeO OMe
Br
MeO,C ZnCl, MeO,C MeO,C
OMe OMe OMe |msco

85 %

1) J. Org. Chem. 2003, 68, 5909-5916
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