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A — Introduction : Cyclopropanation methods
B — Highlights from the total synthesis literature

1 — Cedrone (1973 Corey)

2 — Grandisol (1975 Trost)

3 — 11-Deoxyprostaglandine E2 (1975 Corey)
4 — Strychnofoline (2002 Carreira)

5 — Oestrone (2004 Pattenden)

6 — (+)-B-Araneosene (2005 Corey)

7 — Meloscine (2011 Curran)

8 — (+)-Lyconadin A (2011 Fukuyama)

9 — (-)-Gelsemoxonine (2011 Fukuyama)
10 — Steviol (2013 Baran)

11 — (-)-6-epi-Ophiobolin N (2016 Maimone)
12 — Piperarborenine B (2016 Fox)

C — Conclusion : Strategies involving cyclopropanes
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Simmons-Smith cyclopropanation

Diazo-derived carbenoids

Introduction : Cyclopropanation Methods

Free carbenes
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Cycloisomerisation
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Kulinkovich cyclopropanation

Nucleophilic displacement

C. Ebner & E. M. Carreira, Chem. Rev., 2017, 11651-11679
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1 - Synthesis of rac-Cedrone
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=PrL 2 - Synthesis of rac-Grandisol
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B. Trost et al. JOC 1975 2013-2013
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first use of vinylcyclopropane rearrangement in total synthesis
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(=)-11-Deoxyprostaglandin E,

extensively used in total synthesis (Corey, Trost, Paquette...)

SCHEME 34

m LSPN = Zhu Group Corey et al., JOC 1975 2265-2266



=PrL

4 - Synthesis of Strychnofoline

Mgl, acts as a
bifunctional catalyst:

O}Nudeophiic
activation
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Activatio
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Lewis acd
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(—)-Horsfiline
Helv. Chim. Acta 2000 1175-1181

spirotryprostatin B
ACIE, 2003, 694-696

Review :

HO

Strychnofoline (1)
JACS 2002 14826-14827

Carreira et al., Eur. JOC 2003 2209-2219
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Pattenden et al., TL 2004 4027-4030
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Retrosynthetic analysis

Me Me
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m LSPN - Zhu Group E. J. Corey et al., JACS 2005 13813-13815
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1, MsCl, Et;N, 0 °C, 1 h,
1:1 pentane-benzene
x"“oH 2. Lil, THF, 0 °C, 30 min
-
= O Me 3 O LDA THF,-90°C
X 15 min; then RI,
Me——g" "‘mMe Me o
e -78°C,8 h
o kt-s (64%, 3 steps)
5 g ~-u
MesAl, toluene, =
3
CH,Cly, 4°C, 72 h =
(90%)
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6 - Synthesis of (+)-B-Araneosene

NaOMe, MeOH
50 °C, 30 min
(96%)
7 8
1:1 Ac,0-DMSO
23°C, 24 h J (99%)
HO f
. EtMgBr, CITi(OF-Pr)s, X <" “OMe
Me OMTM - Me OMTM
0 Me THF,0°t0 23°C, 48 h == 0O Me
Me UXME (60%) Me QXMe
Me Me
10 9

12

Chelate
intermediate
enables high

enantiospecificity

E. J. Corey et al., JACS 2005 13813-13815
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0 Me Me
x X x
, Sml,, THF, 67 °C,
e 2 . OH 1. Swern [O] - OH
Z Z° 2 h slow addition “oH 2. LAH, THF, 67 °C, 5 min OH
12 (78%) 13a (trans) (74%, 2 steps; 94% brsm) 13b (cis)

MsCl, Et;N, 1 h
CH,Cl,, 30 °C; | (98%)
then4°C,72h

Bridged-pinnacol
rearrangement
product (from 13a)

1. MOMCI, i-Pr;NEt, TBAI,
THF, 67 °C,6 h

2-bromopropene, t-Bulli,
Et,0, -78 °C;

2. Li, NH;, THF,-60°C, 3 h then 14, —10 °C, 30 min

(92%, 2 steps) (82% at 85% conv.)

B-Araneosene isoedunol
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Me
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OH
o
13a (trans)
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13b (cis)

E. J. Corey et al., JACS 2005 13813-13815



=PFL 7 - Synthesis of Meloscine :
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romide
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6) KOBu

epimeloscine, meloscine

m LSPN = Zhu Group Curran et al., JACS 2011 10376-10378
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'BUCOHN

'BUCOHN
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14 B-CO;Me

15 a-COMe 16 Y= OCH.PhH
17 Y: OHH’ a G116 0-H
18 ¥= 0S0;Tol b C-16 c-H

18 Y= SePhlo-NO,)
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Fukuyama et al., JACS, 2011, 418-419
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HO azetidine formation
introduction of
C3 unit

RHN H
gelsemoxonlne

Curtius
sio aldol rearrangement
O condensation

H
J J Sio Sio
R'O SO e — N‘OMe — N‘OMe
o ?N j: RO~ 4 RO~ 3
(lJM e divinylcyclopropane-cycloheptadiene

rearrangement
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Divinylcyclopropane-cycloheptadiene rearrangement

Related to cope rearrangement

Me NaOH,

MeOH
Br
Me
O @f
e

eucarvone

Baeyer, A. Ber. 1894, 27, 810

Fukuyama et al., JACS 2011 17634-17637
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N\OMe then TBAF/AcOH 2) PIDA —
PivO TEMPO
SiMes O PVO” 17 OHE
0 1) (COClI),, CH,Cl,
JO\!—BU Q N-OMe 2) NaN3, Toluene:H ,0, 0°C N-o Pd(PPha)y O
-< Me ~——
MesN NMes . 3) BzOH, toluene, 80°C
CbzHN
23 H020
H o]
MGQN NHCbz 25
c 9 , 1) BUOOH
(cocly, , N-ome 1) PA(PPhs)s, EtsSiH, NEts Triton B
B —
DMF o
2) EtMgBr, THF -78°C
(Vilsmeier)  OHC IE\IHCt?z 3)) |Bx? DMSO. 50°C 2) TMSI
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Divinylcyclopropane-
cycloheptadiene rearrangement

Toluene 70°C
-

9 - Synthesis of (-)-Gelsemoxonine
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=PrL 10 - SyntheS|s of Steviol
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EPFL

1. ZnElz, CHzlz
105
2.1, PPh,

| 58%
93% ee

OH
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CONMe,

Me™ Me o

farnesol
(104)

(=)-6-epi-ophiobolin N (3)

m LSPN = Zhu Group

Me

Me

102

Me

o)
[ Me ,—CuL | é\
Cul-SMe; Me
| then
Me | cl,ccocl
60%
Me 106 M Mel
[ 8]
1. DIBAL, then 9]
Ac,0, DMAP
3. BEts, 107
(TMS)5SiH ) Me
TBSO Me
22%

Ar_ Ar
Mexo'- SH
Me™ " SH

%
Ar Ar
10

Ragw

7

11 - Synthesis of (-)-6-epi-Ophiobolin N "

- Charette enantioselective cyclopropanation of allylic
alcohols

In a single pot :

- Lithium-Halogen exchange

- Cyclopropane anionic opening

- Transmetallation with Cul-SMe,

- Conjugate addition on cyclopentenone
- Enolate trapping

-Halogenated cyclopropane = synthon for homoallylic
organometal

|>_/

S~ M

T. Maimone et al., Science, 2016, 1078-1082

Enantioselective Simon-Smith : A. Charrette, JACS, 1998, 11943-11952
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OMe
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- Generation of a dicyclopropane (enantioselective)
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- r g .
/ >:\ N - BHT as a sterically hindered proton source to enable good
MgBr )\ diastereoselectivity for the reprotonation step
N2 CO,R B h
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o © )\ 69% vyield

OMe 4:1dr
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Piperarborenine B
= LSPN — Zhu Group J. M. Fox et al. ACIE, 2016, 4983-4987

[Rh] cat. bicyclobutanation : J. M. Fox et al., JACS, 2013, 9283-9286
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Vinylcyclopropane rearrangement
Formal [3+2]

Cedrone 1973 Corey
Deoxyprostaglandine E2 1975 Corey

Pinnacol-type ring expansion

HO o)
R\RA h
LG R

Grandisol 1975 Trost
Araneosene 2005 Corey

Mgl,-cyclopropane opening

.R R
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|
o
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O Mgl

Iz

Strychnofoline 2002 Carreira

23

Lyconadin A 2011 Fukuyama
Piperarborenine B 2016 Fox
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S

R Nu

Nucleophilic opening
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Oestrone 2004 Pattenden
Meloscine 2011 Curran
epi-Ophiobolin N 2016 Maimone

P

Radical or Anionic opening

Gelsemoxonine 2011 Fukuyama

%
/) — O

Divinylcyclopropane-
cycloheptadiene rearrangement



