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Overview

Fivemembered ring transformation
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Novyori‘s transition metal catalyzed opening of strained cyclopropanes

Ni(CN)y,
PhH, 50 °C CO,Et CO,Et
CO,Et
EtO,C__ CO,Et
= CO,Et
68 % yield .
7:1 exo : endo 25 % yield

Bingers approach
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n
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100 °C1h :
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29.10.12 P. Binger, M. Doyle, R. Benn, Chem. Ber. 1983, 115, 1; P. Binger, P. Wedemann, Tetrahedron Lett. 1985, 26, 1045. 3
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[3+2] Cycloaddition

Bingers proposed mechanism for Ni(COD), catalyzed [3+2]

A ey
(\x Y X Y !

Y

Binger mechanism for Pd catalyzed [3+2]
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29.10.12 P. Binger, M. Doyle, R. Benn, Chem. Ber. 1983, 115, 1; P. Binger, P. Wedemann, Tetrahedron Lett. 1985, 26, 1045.
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[3+2] Cycloaddition

Intramolecular [3+2] cycloaddition

a) Pdydbag, (i-PrO)sP,
PhMe, 110 °C
b) DIBAL, -78 °C, PhMe

w

—OH

a) (PPhy),PdCl, PhMe, [ -
130 °C
b) DIBAL, -78 °C, PhMe
98 % yield

>

—$0

29.10.12 S. Yamago, E. Nakamura, J. Am. Chem. Commun. 1988, 1112; S. Yamago, E. Nakamura, Tetrahedron 1989, 45, 3081; W. B. Motherwell, 5
M. Shipman Tetrahedron Lett. 1991, 32, 1103; H. Corlay, R. T. Lewis, W. B. Motherwell, M. Shipman, Tetrahedron 1995, 51, 3303.
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Pt catalyzed [3+2] cycloaddition
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H. Kusama, M. Ebisawa, H. Funami, N. lwasawa J. Am. Chem. Soc. 2009, 131, 16352
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12+2+1] Cycloaddition

Pauson-Khand reaction

COIC,H, 1/1

—»

Coy(CO)g, 70 °C
61 %

First catalytic Pauson Khand reaction

M902C//,,. / CO (1 atm)
MeO,C — —_— MeOC,,, 0

5 mol% Co,(CO)y  Me02C
DME, 60 °C
83 %

[2+2+1] CA for synthesis of y-butryolactones

OMe MeO : ——TMS TMS
CO/C,H, 1/1 '+ TsN CO (10 atm)
—_— 1 T N —
o . —_—> Ts
5mol% RusCOk; O o ] 2 mol% Ru3(CO)s, o
(o] 15 mol% P(o-PhMe); : A\ PhMe, 150 °C o
PhMe, 150 °C, 94 % o ! o

29.10.12 Khand, G. Knox, P. Pauson, W. Watt, J. Chem. Soc. 1971,36; B. Pagenkopf, T. Livinghouse, J. Am. Chem. Soc. 1996, 118, 2285;
N. Chatani, T. Morimoto, S. Muri, , J. Am. Chem. Soc. 1998, 120, 5335; N. Chatani, M. Tobisu S. Muri, J. Am. Chem. Soc. 1999, 121, 7180.
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12+2+1] Cycloaddition

Enantioselective catalytic Pauson Khand

Ph
/——Ph
o CO (2 atm.) N 85 % yield
—_—m
20 mol% A 0 96 % ee
A\ PhMe, 90 °C H
— M Me

MeO,C, — "¢ coatm) MeO.C 90 % yield

< > 270, 72 % ee

MeO,C 20 mol% A MeO,C o
Me PhMe, 90 °C L

Iridium catalyzed enantioselective Pauson Khand

CO (1 atm.) > o 32 % yield
Ph———Me 5 mol% Ir(COD)Cl, 93 % ee
- 10 mol% (S)-tolBINAP

PhMe, 110 °C Ph

Me
Ph
/ — Ph CO (1 atm.)

0 5 mol% Ir(COD)Cl, o 75 % yield
\_\ 10 mol% (S)-toIBINAP H 91 % ee
\ PhMe, 110 °C

29.10.12 F. Hicks, S. Buchwald, J. Am. Chem. Soc. 1996, 118, 11688.
T. Shibata, K. Takagi, J. Am. Chem. Soc. 2000, 122, 9852.
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Cycloaddition between methylenepropane and dimethylmuconate

CO,Me
| [(--Pr)3P14Pd
| + T/> MeO,C CO,Me
M902C °
A P )@ Jg J
e _—
P4 Pd

Me02C—\\_//—C02Me

Cycloaddition between TMM and dimethylmuconate

MeO,C.__~__~
ZINNZco,Me
[(--PrO)s]4Pd,
+ THF, 89 % +
kbt g MeO,C CO,Me
AcO ™S

/=~ CO,Me
Me02C

1.1 : 1.0 regioselectivity
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[4+3] Cycloaddition

Two pathways for the cycloaddition

1 3
MeO,C
NN NcoMe 4 AcO\)I\/TMS
2

[(-PrO);]4Pd,
THF, 89 %

attack at C-3 attack at C-2

CO,Me

CO,Me

_s‘ CO,Me MeO,C CO,Me

1.1 : 1.0 regioselectivity
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Pt and Au catalyzed [4+3] CA

Formation of the [4+3] and [4+2] product

R R
/\R R 7\ R
; 1 PtCl, (2-10 mol%) R, R .. J
' /\ ="
\ PhMe, 110 °C J R 5% LAUCI 2
el \ ,\Il 62 - 98 % — R2 - 1 5% AgSbFg A
7R, : E—
RN e ROR
\_,/ R 2 o |
[1,2]-H shift ' N
R
2
_ a B
© ptcl, : -
)\<R [4+3]-Cycloaddition Ligand RatioA:B
F TR ——
. ' P(OPh) 0:100
-~ Zr [} 3
\\_//\R2 .
PPh, 33:67
) ) P(t-Bu),(0-biPh) 96 : 4
29.10.12 Fernandez, J. L. Mascrefias, Org. Biomol. Chem. 2012, 10, 699 11

D. Benitez, E. Tkatchouk, A. Z. Gonzalez, W. A. Goddard Ill, F. D. Toste, Org. Lett. 2009, 11, 4798.
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[5+2] Cycloaddition

— Rs [RhCI(PPhs)s] Re
3/3.
=z AgOTf MeO.C
MeO,C Ry EE— #U2N
N PhMe, 110 °C MeO,C
RZ R2
R R
/
R/\ [5+2] R
ML, —_—
N R’
Rl
ML,
R
R
- ML
n —
R

metallacyclopentene metallacyclooctadiene
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[5+2] Cycloaddition

o > >

OH 3) DMP, NaHCO3 CH,Cl,
4) MeCCMgBr, THF,
75 % over 2 steps

Me OoTBS , OTBS
Me // 1) n-BuLi, CeCl, Me // HO
8 steps " 1-ethynylcyclopropane ot 2) LiAIH4, NaOMe, THF, Me — Me
> \ 0°C,91% = reflux, 69 % .
—_—
L | \
OH —<|

(S)-(-)-Limonene

o 6) [Rh(CO),CI], o [ Me ]
5) DMP, NaHCO; Me — Me 1.2-dichlorethane, Me d 0
CH,Cl,, 93 % — 80 °C, 3.5h 90 % — —Me oxidative
- wn > o ‘> Addition
N\ w RAL, —_—> o Ny—Me
OH \_q \ RhL
OH ! n
B ] e
Me
Cyclopropane .
Ring Cleavage El?glijr?:t\i/Sn «Me OH
—>
—>
CHO

(+)-Allocyathin B,

29.10.12 P. A. Wender, F. C. Bi, M. A. Brodney, F. Gosselin, Org. Lett. 2001, 3, 2105 13
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R \\

R \\

endo-adduct

exo-adduct

29.10.12

C. Zhang, X-H. Hu, Y-H. Wang, T. Zheng, J. Xu, X-P. Hu, J. Am. Chem. Soc. 2012, 134, 9585
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[3+3] Cycloaddition

@ —
FN
\ Ph
@ E @
<L iPryNEt  ProNHEt
Le @ >4A
CuL OAc
Ph” S/
OAc < Ph [
\ @
PN CuL iPr,NHEt
iPr,NEt*HOAC
H @
CuL
R
L
iProNEt H
@ @
iPr,NHEt /\@ SN
Ph \k
NS N CuL
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29.10.12 C. Zhang, X-H. Hu, Y-H. Wang, T. Zheng, J. Xu, X-P. Hu, J. Am. Chem. Soc. 2012, 134, 9585 15
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NEt,
OAc

7

NEt, j’\

o OEt

Cu(OACc)5*H50 (5 mol%)
RcspA (55 mOl%)

iProNEt (1.2 eq.)
MeOH, r.t., 12 h

iProNEt (1.2 eq.)
EtOH, 0°C, 12 h

>
Cu(OAC),*H,0 (5 mol%)
RcSp A (5.5 mol%)

endo, 50 % yield 98 % ee,
endo/exo > 98/2

Cu(OAC),*H,0 (5 mol%)
RcSp A (5.5 mol%)

no base additive
EtOH, 40 °C, 60 h

endo, 48 % yield 98 % ee,
endo/exo > 98/2

R= Yield(%) endo/exo
Ph 86 >98/2
Me 58 >98/2
H 74 -
e

/ \
Z—N N-Z
PPh,

Fe

(RcSp)-A
Chiral Ligand

NEt, j\
0~ “OEt
Ph)\
X
29.10.12

C. Zhang, X-H. Hu, Y-H. Wang, T. Zheng, J. Xu, X-P. Hu, J. Am. Chem. Soc. 2012, 134, 9585
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[5+2+1] Cycloaddition

Rhodium catalyzed [5+2+1] cycloaddition

CO5Me (o)
/\ 2 CO (1 atm.), [Rh(CO),Cl], (5 mol%), o COzMe CO,Me
®) o— | | 1,2-dichlorethane, 60 °C; the HsO* COMe o
—> 2 CO,M
a_\\ 2iie CO,Me
CO,Me OH CO,Me lo)
32 % yield 13 % yield 18 % yield
(\OMe
o CO,Me
C02M9
L o) |

-.“

— 5

29.10.12 P. A. Wender, G. G. Gamber, R. D. Hubbard, L. Zhang, J. Am. Chem. Soc. 2002, 124, 2876. 17
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[5+2+1] Cycloaddition

Tandem Rh(l)-Catalyzed [5+2+1] cycloaddition/Aldol in the total synthesis of Hirsutene

9 0]
(F3CH200)2P1)L y
o TBSOTY, Et;N
Wt > w > \\“‘
CHO KOBU!, 18-C-6 AN 100 % N OTBS
87 %
H OH
0.2 atm CO + 0.8 atm N, A
CHaly, EtyZn [Rh(CO),Cl],, dioxane, 2 Me%ﬁ EPO cl
- 5 - 80°C,48h >
86 % Ny~ “otBs > 92 %
then HCI/H,0O, r.t. 1 h
62 % o

CO,Me n-BuzSnH (4 eq.),
AIBN, 100 °C
—»
68 %

hirsutene

29.10.12 L. Jiao, C. Yuan, Z-X. Yu, J. Am. Chem. Soc. 2008, 130, 4421. 18
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[4+4] Cycloaddition

Cyclodimerization reactions

7 \ Ni cat. X
s T S

Substituents Yield %
x—? N\ Codiaane x X,Y=0SiMe, (18d) 90
7 g Ov X, Y = CO,Me (24 h) 70
X =H, Y = CO,Me 30

>_< Fe-dad cat.

%

dad = diazadiene

H. W. B. Reed, J. Chem. Soc. 1954, 1931; K. Ziegler, E. Holzkamp, H. Breil, H. Martin, Angew. Chem. 1955, 67, 426, 541, 543. 19

29.10.12
P. Brun, A. Tenaglia, B. Waegell, Tetrahedron Lett. 1983, 24, 385. H. tom Dieck, J. Dietrich, Chem. Ber. 1984, 117, 694.
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[4+4] Cycloaddition Daris . Schwarze

Mechanism for the cyclodimerization

_ /= £ A

|
|
)

29.10.12 .



[4+4] Cycloaddition
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Total Synthesis of (+)-Aseriscanolide

Ao ~A

Z>CHo

e
57 % OH
Me3Sn
9) Red-Al, HO, HO
Me3SnCl, 83 % / \
—»
N\ 7
12) Red-Al,
CuBr, 74 %
—»

2) isobutyric
anhydride, 99 %

3)LDA, -78 °C
to 0 °C, 69 % CO-H
N
10) BuLi,
SnMe; €02 56 %
—_—
N\ /

4) LAH, 93 %
5) Swern, 88 %
6) Lié//
_——

HO _/

7) Swern, 89 %
8) LAH, Darvon
97 %, 98 % ee

\ 7

11) Ni(COD),, PPhs

13) BHg*THF,
PCC, 48 %
—_—

(+)-astericanolide

29.10.12 P. Wender, N. C. lhle, C. R. D. Correa, J. Am. Chem. Soc. 1988, 110, 5904 21
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Asymmetric [4+4] Cycloaddition

Cl,
Fe
\ / é \_I
VA VS
butadiene*Mg*,THF (7 %)
-17 °C, 14 d, 89 %, 61%ee
—<:b ROH, H* PhH, BF5*OEt,
40 to 60 % 20 %

RO \ /

R=Ac, CHO, Me, Et

e /
\ . Ni(ll), EtAICI, Hex,
—<i> Acz0, BF7OEL 55°C, 121 %o %
\ -50 t0 20 °C

8h,40 %

]
:Ilu.

29.10.12
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Thank you for your attention

29.10.12
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