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Infroduction and Definitions

» Domino, Cascade, Sequential and Tandem reactions : 4 different terms for the

same ided

» Definition: A domino reaction is a process involving two or more bond-forming
transformations (usually C-C bonds) which fake place under the same
reaction conditions without adding addifional reagents and caftalysts, and in
which the subsequent reactions result as a consequence of the functionality
formed in the previous step. L. F. Tietze

» The « Tandem » term : connotation of 2

R \H/\/\/ Nj PPh;
0 Staudinger

Tietze, L. F. Chem. Rev. 1996, 96, 115-136.

R1WN:PPh3

O

i
Aza-Wittig



Infroduction and Definitions

Why use Domino Reaction?

» One advantage: Economy

» But a lof of different economy : atom, step, time, labor, resource management

and waste generation --> « Green chemistry » ¢

» Synthesize fused/caged ring and formation of multiple quaternary center

in a single reaction.



Infroduction and Definitions

» First reported « domino » reaction : Robinson’s total synthesis of Tropinone (1917)

Me .
Q N

CHO ©
L @O MeNH, |
ca O o m Tropinone
CHO S) 20,

O O

Robinson, R. J. Chem. Soc. Trans. 1917, 762-7 68.



Infroduction and Definitions

» First reported « domino » reaction : Robinson’s total synthesis of Tropinone (1917)

O
CHO ©
o) MeNH
[ - Cg@o © ;
CHO o H50, rt
O

Robinson, R. J. Chem. Soc. Trans. 1917, 762-7 68.

g . «j

Me
N

AR Tropinone

O



Infroduction and Definitions

» First reported « domino » reaction : Robinson’s total synthesis of Tropinone (1917)

@)
[CHO N 2@6)0 MeNH,
Ca O H,0, rt
CHO ) 2U, I
@)

Robinson, R. J. Chem. Soc. Trans. 1917, 762-7 68.

OH H

G

O

S,
@

\ 0
o
0

Me _ Me.
N N
CO,H
HCI ,
— A Tropinone
HO,C
@) O



Infroduction and Definitions

» First reported « domino » reaction : Robinson’s total synthesis of Tropinone (1917)

@)
[CHO N 2@6)0 MeNH,
Ca O H,0, rt
CHO ) 2U, I
@)

OH

G

H

O

S,
@

\ 0
o
0

Me _
N

HO,C

CO,H

HCI
—_—

A

Me.

N

O

Tropinone

» Johnson's total synthesis of (+/-)-Progesterone by cationic polyolefin cyclization (1971)

Me
Me | —

Me

Robinson, R. J. Chem. Soc. Trans. 1917, 762-7 68.

/Me//

Johnson, W.S. ef al, J. Am. Chem. Soc. 1971, 93, 4332-4334.

Me

(+/-)-Progesterone



Infroduction and Definitions

» First reported « domino » reaction : Robinson’s total synthesis of Tropinone (1917)

@)
[CHO N 2@6)0 MeNH,
Ca O H,0, rt
CHO ) 2U, I
@)

OH H

G

O

S,
@

\ 0
o
0

Me _
N

HO,C

CO,H

HCI
—_—

A

Me.

N

O

Tropinone

» Johnson's total synthesis of (+/-)-Progesterone by cationic polyolefin cyclization (1971)

Robinson, R. J. Chem. Soc. Trans. 1917, 762-7 68.

Johnson, W.S. ef al, J. Am. Chem. Soc. 1971, 93, 4332-4334.

(+/-)-Progesterone



Infroduction and Definitions

» First reported « domino » reaction : Robinson’s total synthesis of Tropinone (1917)

@)
[CHO N 2@6)0 MeNH,
Ca O H,0, rt
CHO ) 2U, I
@)

OH H

G

O

S,
@

\ 0
o
0

M
—

e\
N

Me.
N
CO5H
HCI _
T’ Tropinone
HO,C
O (@)

» Johnson's total synthesis of (+/-)-Progesterone by cationic polyolefin cyclization (1971)

Me
Me H

Me |

HO

Robinson, R. J. Chem. Soc. Trans. 1917, 762-7 68.

Johnson, W.S. ef al, J. Am. Chem. Soc. 1971, 93, 4332-4334.

K,COs3
MeOH/H,0
B

(+/-)-Progesterone

71% yield
17a/17B: 1/5
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|/ Electrophilic Domino Reactions

-1/ Epoxide opening

» Predictible opening selectivity

@ H
L I
> —3
@ R Nu
0O Nu
2 R OH
base
- %R
Nu Nu

Baldwin rules:

Mo -

OH

+
// O > O—\ favored
O O OH

spiro 5-exo-tet

¥ OH
(\l\/o > (j/ disfavored
. O

fused 6-endo-tet




|/ Electrophilic Domino Reactions
-1/ Epoxide opening

» Holton's total synthesis of Hemibrevetoxin B by epoxy-olefin cyclization (2003)

o)
OMOM
Me HO N-Se-Ph
R40 ) o (2.5eq)
0" :"R, >
Me H (CF3),CHOH, 0°C, 80min

OMOM

Hemibrevetoxin B

Zakarian, A. Batch, R. A. Holton, J. Am. Chem. Soc. 2003, 125, 7822-7824.
See also with bromonium: J. Tanuwidjaja, S.-S. Ng, T. F. Jamison, J. Am. Chem. Soc. 2010, 131, 12084-12085.




|/ Electrophilic Domino Reactions
-1/ Epoxide opening

» Holton's total synthesis of Hemibrevetoxin B by epoxy-olefin cyclization (2003)

o)
OMOM OMOM
Me HO ©:;<N-Se—Ph Me HO

R0 ; o (25eq) R0 )
- R2 - - R2

Me (CF3),CHOH, 0°C, 80min | Me .

|

. Ph _

OMOM

Hemibrevetoxin B

Zakarian, A. Batch, R. A. Holton, J. Am. Chem. Soc. 2003, 125, 7822-7824.
See also with bromonium: J. Tanuwidjaja, S.-S. Ng, T. F. Jamison, J. Am. Chem. Soc. 2010, 131, 12084-12085.




|/ Electrophilic Domino Reactions
-1/ Epoxide opening

» Holton's total synthesis of Hemibrevetoxin B by epoxy-olefin cyclization (2003)

@) _
OMOM H,
Me HO N-Se-Ph Me O QMOM
RO _ o (2.5eq) RO
- R i R2
Me (CF3),CHOH, 0°C, 80min Me
SePh

OMOM

Hemibrevetoxin B

Zakarian, A. Batch, R. A. Holton, J. Am. Chem. Soc. 2003, 125, 7822-7824.
See also with bromonium: J. Tanuwidjaja, S.-S. Ng, T. F. Jamison, J. Am. Chem. Soc. 2010, 131, 12084-12085.




|/ Electrophilic Domino Reactions

-1/ Epoxide opening

» Holton's total synthesis of Hemibrevetoxin B by epoxy-olefin cyclization (2003)

MOM
MeHOOO

O
N-Se-Ph

o) (2.5eq)

>
(CF3),CHOH, 0°C, 80min

Hemibrevetoxin B

Zakarian, A. Batch, R. A. Holton, J. Am. Chem. Soc. 2003, 125, 7822-7824.
See also with bromonium: J. Tanuwidjaja, S.-S. Ng, T. F. Jamison, J. Am. Chem. Soc. 2010, 131, 12084-12085.

OMOM

H\
Myo

OMOM

OMOM

SePh

83% yield
single dia




|/ Electrophilic Domino Reactions
-1/ Epoxide opening

Me Me Me

OH OH

Real structure of Glabrescol

» Corey’s total synthesis of the proposed structure of Glabrescol (2000)

O
HO3S (cat.)

> o
toluene, 0°C, 1h

L. Xiong, E. J. Corey, J. Am. Chem. Soc. 2000, 122, 4831-4832.



|/ Electrophilic Domino Reactions
-1/ Epoxide opening

Me Me Me Me
OH OH
’ . Real structure of Glabrescol
» Corey’s total synthesis of the proposed structure of Glabrescol (2000)
Me (‘O//,// O
L ’ HO3S" (cat.)
”_ toluene, 0°C, 1h
pe)
Me Me Me M
OH OH OH
31% yield
Proposed Glabrescol
» 4

L. Xiong, E. J. Corey, J. Am. Chem. Soc. 2000, 122, 4831-4832.



|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium

= Enamine . good nucleophile

= |minium : good electrophile

Ri<-R2 ® ® R, _OR
X R4 —>



|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Corey's total synthesis of (-)-Aspidophytine (1999)

o)
NH, I
0
I MeCN, 23°C, 5min
Ny R , >
== CO,iPr Then TFAA, 0°C, 2h
MeO N \>

Me

OMe

OMe Me
(-)-Aspidophytine

F.He, Y.Bo, J. D. Altom, E. J. Corey, J. Am. Chem. Soc. 1999, 121, 6771-6772.



|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Corey's total synthesis of (-)-Aspidophytine (1999)

NH ) COsiPr Ckgﬂ_ CO,iPr
MeCN, 23°C, 5min OHe L
> AN T™S A\ T™S

COﬂPr Then TFAA, 0°C, 2h
MeO N MeO N/

OMe OMe Me OMe Me

OMe Me
(-)-Aspidophytine

F.He, Y.Bo, J. D. Altom, E. J. Corey, J. Am. Chem. Soc. 1999, 121, 6771-6772.

Y



|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Corey's total synthesis of (-)-Aspidophytine (1999)

NH ) COgiPr @N;O CO,iPr COAPT
o OHC
MeCN, 23°C, 5min . D) Pictet-Spengler
> \ T™S \ T™MS > ™S
@\

COzIPr Then TFAA, 0°C, 2h
MeO N MeO N/

OMe OMe Me OMe Me

OMe Me
(-)-Aspidophytine

F.He, Y.Bo, J. D. Altom, E. J. Corey, J. Am. Chem. Soc. 1999, 121, 6771-6772. »




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Corey's total synthesis of (-)-Aspidophytine (1999)

NH CO,iPr @N’Q CO,iPr
. _ OHC
MeCN, 23°C, 5min ) Pictet-Spengler
> N\ ™S | N T™S >

COzIPr Then TFAA, 0°C, 2h
MeO N MeO N/

OMe 'V'e OMe Me OMe Me

MeO

OMe Me
(-)-Aspidophytine

F.He, Y.Bo, J. D. Altom, E. J. Corey, J. Am. Chem. Soc. 1999, 121, 6771-6772. »



|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium

» Corey's total synthesis of (-)-Aspidophytine (1999)

0
NH,

o}
MeCN, 23°C, 5min
N+ 3 . >
N COLiPr  Then TFAA, 0°C, 2h

MeO N\ \>

OMe Me  Tms

OMe Me

(-)-Aspidophytine

F.He, Y.Bo, J. D. Altom, E. J. Corey, J. Am. Chem. Soc. 1999, 121, 6771-6772.

COLiPr

T™MS

MeO

N

A\
ND
OMe Me

CO,iPr

TMS

Pictet-Spengler

MeO




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Corey's total synthesis of (-)-Aspidophytine (1999)

NH, NH CO,iPr NS CO,iPr
o] . , OHC \
\ MeCN, 23°C, 5min e ) Pictet-Spengler
> _ > N T™S N T™S >
Ty CO,iPr  Then TFAA, 0°C, 2h D)
MeO N \i> MeO N MeO N/
OMe Me  Tms OMe Me OMe Me ] |

COziPr
NaBH;CN
- -
MeO N
OMe Me MeO MeO

OMe Me
(-)-Aspidophytine

66% yield —~ il

F.He, Y.Bo, J. D. Altom, E. J. Corey, J. Am. Chem. Soc. 1999, 121, 6771-6772. »



|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R
Ol A 1) MeNH,
—_—
o7 2) AcOH, A
R
R\_
Me : H
Me ~ HN-

Dihydro-proto-daphniphylline
C. H. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.
C. H. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R R
O 1)MeNH, | o I
—_—» e
0% 2) AcOH, A Me\N N
|
R H R
RS
Me : H
Me H[\IJ\

Dihydro-proto-daphniphylline

. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.

C.H
C. H. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.

s,




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R
R R P
NG 1) MeNH; 5\\ X 1,4-addition N <o »
—O> w) [E— . Me”
2) AcOH, A ~
o7 ) Me ’}‘)\ B R
R H R B Me_NH2 B
RS
Me : M
Me ~ HN.

Dihydro-proto-daphniphylline

. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.

C.H
C. H. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.

s,




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium
» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R B R ]
H
A R O‘l enamine H
0 s 1)MeNH, | 00 I 1 4-addition N formation = .
_— ‘> — Me~ X /N\
2)AcOH, A | Me > R Me
/ ~
'e) N)\ _ /'\16!)_12 R
R H R B Me_NH2 | B Me |
RS
Me : M
Me ~ HN.

Dihydro-proto-daphniphylline

. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.

C.H
C. H. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.

s,




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium

» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R R
PN 1)MeNH, | 00 L
)
2) AcOH, A .
0% ) Me N_)\
|
R H R
RS
Me . H
Me  HN.

Dihydro-proto-daphniphylline

C.H
C.H

1,4-addition
—>

Me”~

R
ox LM

N

NS

) SR

Me—NH,

enamine

formation
—_—

. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.
. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium

» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R i R
H
i R O‘l enamine H R
Ox X HMeNH, | 0d 1,4-addition N formation - p
—_— ‘> » Me” NS —_— /N\7 — ®
2)AcOH, A | Me ) R Me NI
’ ~ -
R H R Me—NH, i Me/ i R
hetero- l
Diels-Alder
R\_ _
Me - H R\_
: Me H
Me  HN. - =
Me N
Me™ @
Dihydro-proto-daphniphylline -
C. H. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.
C. H. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.




|/ Electrophilic Domino Reactions

-2/ Enamine-Iminium

C.H
C.H

» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

N 1) MeNH,
—_—
o7 2) AcOH, A
R
Me
Me

Dihydro-proto-daphniphylline

1,4-addition
—>

R
ox LM

N

NS

) R

Me—NH,

Me”~

enamine

formation
_—

. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.
. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.

Me ®

Me

1Z

aza-Prins
-

hetero-
Diels-Alder

:




|/ Electrophilic Domino Reactions e

-2/ Enamine-Iminium
» Heathcock's total synthesis of dinydro-proto-daphniphylline (1992)

R r R 7
H
i R O‘l enamine H R
H
Ox "N 1) MeNH; | 0 L 1,4-addition N formation ~ _
—_— ‘> » Me”™ NS —_— /N\F) —> ®
2) AcOH, A | Me ) R Me NI
’ ~ -
o) NS P (/'\%"2 R Me
R H R Me_NH2 B Me ] R
hetero- l
Diels-Alder
R _ _ _
\ _ _
Me i H R\: H R\: H R
| hydrolysis | Me : 1,5-hydride shift | Me@ : aza-Prins | Me, ~~ M
Me HN- B — | - - =
Me  N. Me& N Me <
z°, V) Me” @
65% yield - _ B H | B
Dihydro-proto-daphniphylline
C. H. Heathcock, M. M. Hansen, R. B. Ruggeri, J. C. Kath, J. Org. Chem. 1992, 57, 2544-2553.
C. H. Heathcock, S. Piettre, R. B. Ruggeri, J. A. Ragan, J. C. Kath, J. Org. Chem. 1992, 57, 2554-2566.
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I/ Nucleophilic Domino Reactions

Michael acceptor

= Enone : good electrophile

» [Enol . good nucleophile with competition between C- and O- attack

10



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

» |ey’'s total synthesis of Tetronasin (1998)

KHMDS (1.1eq)

>
Toluene, 0°C, 30min

G.-J. Boons, D. S. Brown, J. A. Clase, I. C. Lennon, S. V. Ley, Tetrahedron Lett. 1994, 35, 319 — 322.
G.-J. Boons, I. C. Lennon, S. V. Ley, E. S. E. Owen, J. Staunton, D. J.Wadsworth, Tefrahedron Lett. 1994, 35, 323 — 326.
S. V. Ley, D.S. Brown, J. A. Clase, A. J. Fairbanks, I. C. Lennon, H. M. |. Osborn, E. S. E. Stokes (née Owen), D. J. Wadsworth, J. Chem. Soc. Perkin Trans. 1 1998, 2259 — 2276.

11
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I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

» |ey’'s total synthesis of Tetronasin (1998)

Me
O -

—
o W

—

oons, D.
oons, |.
S.

KHMDS (1.1eq)

>
Toluene, 0°C, 30min

S. Brown, J. A. Clase, I. C. Lennon, S. V. Ley, Tefrahedron Lett. 1994, 35, 319 — 322.
,I.C.Lennon, S. V. Ley, E. S. E. Owen, J. Staunton, D. J.Wadsworth, Tetfrahedron Lett. 1994, 35, 323 — 326.
Ley, D. S. Brown, J. A. Clase, A. J. Fairbanks, I. C. Lennon, H. M. |. Osborn, E. S. E. Stokes (née Owen), D. J. Wadsworth, J. Chem. Soc. Perkin Trans. 1 1998, 2259 — 2276.

11
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I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

» |ey’'s total synthesis of Tetronasin (1998)

Me
O -

—
o

—

oons, D.
oons, |.
S.

KHMDS (1.1eq)

>
Toluene, 0°C, 30min

S. Brown, J. A. Clase, I. C. Lennon, S. V. Ley, Tefrahedron Lett. 1994, 35, 319 — 322.
,I.C.Lennon, S. V. Ley, E. S. E. Owen, J. Staunton, D. J.Wadsworth, Tetfrahedron Lett. 1994, 35, 323 — 326.
Ley, D. S. Brown, J. A. Clase, A. J. Fairbanks, I. C. Lennon, H. M. |. Osborn, E. S. E. Stokes (née Owen), D. J. Wadsworth, J. Chem. Soc. Perkin Trans. 1 1998, 2259 — 2276.

67%-86% yield

11



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

N
[ﬁj (0.1eq)
>

CHCI3 25°C, 24h

@]
Me
HO FNNF M

(+)-Harziphilone

e

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.

12



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

M eO@ [ﬂj

N
®

HOS

‘N
[fj (0.1eq) HO
' ol

CHCly, 25°C, 24h I

(+)-Harziphilone

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

9 w@ :
Me
HO AN
[NJ ©1e0 | ho
—
CHCls, 25°C, 24h <||
O\) = = Me B
0

(+)-Harziphilone

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.




I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

OD ) O)[Nﬂj | B ﬂ ]

Me

[NJ 0.1eq)

CHCl; 25°C, 24h

T proton transfert

(+)-Harziphilone

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.

Me Aj
> o
HO= 0 0 ['\b
| = N Me’
HO Me HO= o}
HO XOR

12



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

W I o)[NﬂJ 1T -

Me

E (o

o) [%\7

[N\7<o tea)

CHCl; 25°C, 24h

Me

O
@)

HO
HO

HO

O

Me
m/\/\
HO NN

70% yield

(+)-Harziphilone

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.

Me

4

¢T proton transfert

A

Me
HO= Lo
A
HO R

12



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

_ A‘ _
o@ N\7 B ]
I\_/Ie‘) ® Aj
A“ HOme N o [N@J
[N/ (01eq)  |HO e
> —
CHCly, 25°C, 24h d | HO 5
O‘G) NS Me B R h

¢T proton transfert

Me Q A\l
Z ©) '
HO= 0 O)["b
PO Me |~ J2

HO Me < HO = 0

70% yield X
(+)-Harziphilone HO R

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.



I/ Nucleophilic Domino Reactions

-1/ Michael acceptor

®» Sorensen’s total synthesis of (+)-Harziphilone (2004)

N
[ﬁj (0.1eq)
>

CHCI3 25°C, 24h

HO
HO

Meo‘)
RN

o

@

0
Me
HO NN e ~——

70% yield
(+)-Harziphilone

6 ﬁ-electocyclizatio:\ { (0]

Me
~y
HO X

L. M. Stark, K. Pekari, E. J. Sorensen, Proc. Natl. Acad. Sci. USA 2004, 101, 12064-12066.




I/ Nucleophilic Domino Reactions

SoleH
RAS.
RES.

-2/ Michael acceptor containing nifrogen

®» Dimerization of (+)-Avrainvillamide in (-)-Stephacidin (Myers and Baran, 2005)

MeCN, rt

(-)-Stephacidin B
(+)-Avrainvillamide

Herzon, A. G. Myers, J. Am. Chem. Soc. 2005, 127, 5342-5344.
Baran, C. A. Guerrero, B. D. Hafensteiner, N. B. Ambhaikar, Angew. Chem. 2005, 117, 3960-3963; Angew. Chem. Int. Ed. 2005, 44, 3892-3895.
Baran, B. D.Hafensteiner, N. B. Ambhaikar, C. A. Guerrero, J. D. Gallagher, J. Am. Chem. Soc. 2006, 128, 8678-8693.

13



I/ Nucleophilic Domino Reactions
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I/ Nucleophilic Domino Reactions

-2/ Michael acceptor containing nifrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth o, Ag®
\ O &
N AgClO,
Cl (4.5eq)
 —
A\
- + _ toluene
N HN Br -78°C, 23h
Me !

H. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054.
H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.

(+)-Perophoramidine



I/ Nucleophilic Domino Reactions

-2/ Michael acceptor containing nifrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth o, Ag@ N NPhth  R* h Me
/ 0
\ O =< N N N
N s AgClO, Q
cl (4.5eq) N NN

\ —_— \ — ‘s, O B
—/ + ~ toluene — N7 Br 7 =
N HN Br -78°C, 23h N . N
Me P B Me P | Cl H

(+)-Perophoramidine

H. Wu, F. Xue, X. Xico, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054. » ]4
H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.



I/ Nucleophilic Domino Reactions

I-2/ Michael acceptor containing nitrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

® - - R*

NPhth R* Ag NPhth F\’\* 0 N I\/Ie\

L0 O N PhthN 0/ y N

N (x N AgC|O4 \\\/, N

Cl 4.5e N =/ Cl
( q) - — <
N\ —_— N\ - ° Br | —> —
+ o) — — — Br

= ~ toluene N NEA Br 2 HN =
\ HN Br-78°C, 23h \ N ®N . N~ N
Me B i Me P i Me P Cl H

— — (+)-Perophoramidine

H. Wu, F. Xue, X. Xico, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054. » ]4
H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.



I/ Nucleophilic Domino Reactions

I-2/ Michael acceptor containing nitrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth . Nphth _
(4. 5eq
> \ —
N toluene e _
N Br -78°C, 23h N N Br i
Me p N
_ - e - . .
88% yield (+)-Perophoramidine
H. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054. B

H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.



I/ Nucleophilic Domino Reactions

I-2/ Michael acceptor containing nitrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth o, N NPhth  R* _
‘N O
(4 5eq) S
A\ —
toluene [ —_
Br-78°C, 23h N ND Br i
Me P N
) _ e . .
88% yield (+)-Perophoramidine
NPhth \
AgBF4
DCM
Br _78°C, 2h
H. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054. B

H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.



I/ Nucleophilic Domino Reactions

I-2/ Michael acceptor containing nitrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth N NPhtD  R* _
N
(4.5eq) S
) > AN
=/ T toluene e —
N Br-78°C, 23h N ND Br i
Me Me b | ;
88e% yield (+)-Perophoramidine
* — R* —
NPhth R Ag@ NPhth 4
\\\ O /
AgBF, ~
A\
DCM _ _
N Br
Br .78°C, 2h N'\VI \
e

H. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054.
H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.




I/ Nucleophilic Domino Reactions

I-2/ Michael acceptor containing nitrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth R Ag@ i NPhth R* 7
< s o
\ O R N
(4.5eq) S
—_— \
toluene [®) N .
Br-78°C, 23h N ND :
Me P N
88% yield (+)-Perophoramidine
. ® ~ Rt _
NPhth R Ag NPhth |
\\\ O /
N
Q\ NZ
N ND Br
Me P |

H. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054.
H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.




I/ Nucleophilic Domino Reactions

I-2/ Michael acceptor containing nitrogen

®» Qin’s total synthesis of (+)-Perophoramidine (2010)

NPhth N NPhE R _
N
(4.5eq) S
Y — A\
< T toluene e —
N Br-78°C, 23h N ND Br i
Me Me b ] :
8;% yield (+)-Perophoramidine
* — R* _
NPhth R Ag@ NPhth |
\\\ O /
AgBF, ~
’ A\
DCM /s <7 ;
;
Br _78°C, 2h NI\\/I h 0
e

H. Wu, F. Xue, X. Xiao, Y. Qin, J. Am. Chem. Soc. 2010, 132, 14052-14054.
H. Wu, F. Xue, X. Xiao, Y. Qin, Synlett 2011, 11, 907.

76% yield
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Ill/ Radical Domino Reactions

Radical cyclization

®» Reaqctivity — Baldwin rules

[ ]
5-exo-trig U/ .

S
6-endo-trig O. 2

» Radical precursor

R-X X=halogen
/ S

R = R—S)J\OEt

N\

R-Y—-Ph Y=S, Se

15



ll/ Radical Domino Reactions
-1/ Alkyl radical cyclization

» Curran’s total synthesis of (+/-)-Hirsutene (1985)

B
' Me\\ nBusSnH (1.2eq)
Me AIBN (cat.)

Me

'
benzene, 80°C

T
T

Me H Me
Me

A

H H

(+/-)-Hirsutene

D. P. Curran, M.-H. Chen, Tetrahedron Lett. 1985, 26, 4991-4994.
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ll/ Radical Domino Reactions
-1/ Alkyl radical cyclization

» Curran’s total synthesis of (+/-)-Hirsutene (1985)

B
r Me\\ nBusSnH (1.2eq) Me \\
Me AIBN (cat.) Me
'
Me : benzene, 80°C Me :
H H - H H -

Me H Me
Me

N

H H

(+/-)-Hirsutene

D. P. Curran, M.-H. Chen, Tetrahedron Lett. 1985, 26, 4991-4994.
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Ill/ Radical Domino Reactions

-1/ Alkyl radical cyclization

» Curran’s total synthesis of (+/-)-Hirs

B
j Me\\ nBusSnH (1.2eq)
Me AIBN (cat.) Me
>
Me : benzene, 80°C Me
H H -

D. P. Curran, M.-H. Chen, Tetrahedron Lett. 1985, 26, 4991-4994.

utene (1985)

(\*) vie \ _

Me H Me
Me
N
H H

(+/-)-Hirsutene

5-exo-trig
—
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Ill/ Radical Domino Reactions

-1/ Alkyl radical cyclization

» Curran’s total synthesis of (+/-)-Hirsutene (1985)

B
] vie\  nBusSnH (1.26q) .h*) vo \\
Me AIBN (cat.) Me 5-exo-trig
Me _ o> Me :
: benzene, 80°C :
H H - H H - -

Me H Me nBusSnH Me Ij Me

Me Me
N1 B
H H - H H -
61% yield

(+/-)-Hirsutene

D. P. Curran, M.-H. Chen, Tetrahedron Lett. 1985, 26, 4991-4994.




Ill/ Radical Domino Reactions

-2/ Aryl radical cyclization
» Fokas and Parker’s total synthesis of (-)-Morphine (2006)

SPh
nBus;SnH (1.5eq)
Br Ts AIBN (cat.)
N_ >
MeO O, Me benzene, 130°C, 35h

HO"

(-)-Morphine

Parker, D. Fokas, J. Am. Chem. Soc. 1992, 114, 9688-9689.

K. A.
K. A. Parker, D. Fokas, J. Org. Chem. 2006, 71, 449-455.
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Ill/ Radical Domino Reactions

-2/ Aryl radical cyclization

» Fokas and Parker’s total synthesis of (-)-Morphine (2006)

SPh
nBusSnH (1.5eq)
Br Ts AIBN (cat.)
N_ -
MeO O, Me benzene, 130°C, 35h

HO"

(-)-Morphine

Parker, D. Fokas, J. Am. Chem. Soc. 1992, 114, 9688-9689.

K. A.
K. A. Parker, D. Fokas, J. Org. Chem. 2006, 71, 449-455.

MeO

O,

HO"

SPh

Is

\Me




Ill/ Radical Domino Reactions

-2/ Aryl radical cyclization

» Fokas and Parker’s total synthesis of (-)-Morphine (2006)

SPh
nBus;SnH (1.5eq)
Br Ts AIBN (cat.)
N_ -
MeO O,, Me benzene, 130°C, 35h

HO"

(-)-Morphine

Parker, D. Fokas, J. Am. Chem. Soc. 1992, 114, 9688-9689.

K. A.
K. A. Parker, D. Fokas, J. Org. Chem. 2006, 71, 449-455.

MeO

N

O,

HO"

SPh

q

N

Is

\Me

5-exo-trig
—_—




Ill/ Radical Domino Reactions

-2/ Aryl radical cyclization

» Fokas and Parker’s total synthesis of (-)-Morphine (2006)

SPh
nBusSnH (1.5eq)
Br Ts AIBN (cat.)
N’ -
MeO O, Meé  benzene, 130°C, 35h

HOY

(-)-Morphine

Parker, D. Fokas, J. Am. Chem. Soc. 1992, 114, 9688-9689.

K. A.
K. A. Parker, D. Fokas, J. Org. Chem. 2006, 71, 449-455.

MeO

5

O,

HO"

SPh

q

N

_Is

\Me

5-exo-trig
—_—




Ill/ Radical Domino Reactions

-2/ Aryl radical cyclization
» Fokas and Parker’s total synthesis of (-)-Morphine (2006)

SPh SPh — _
nBuzSnH (1.5eq)
Br Ts AIBN (cat.) * 5-exo-trig
N\ - w N/TS 3
MeO O, Me benzene, 130°C, 35h 100 0, < Me
HO™ HO"

N —Ts

Me
30% yield — —

(-)-Morphine

Parker, D. Fokas, J. Am. Chem. Soc. 1992, 114, 9688-9689.

K. A.
K. A. Parker, D. Fokas, J. Org. Chem. 2006, 71, 449-455.



Ill/ Radical Domino Reactions

II-3/ Nitrogen-centered radical cyclization

» /ard’s total synthesis of 13-Deoxyserratine (2002)

TBSO \Me

nBu3SnH (2eq)

ACCN (cat.)
-

PhCF3 102°C, 35h

13-Deoxyserratine

J. Cassayre, F. Gagosz, S. Z. Zard, Angew. Chem. 2002, 114, 1861-1863; Angew. Chem. Int. Ed. 2002, 41, 1783-1785.
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Ill/ Radical Domino Reactions

-3/ Nitrogen-centered radical cyclization

» /ard’s total synthesis of 13-Deoxyserratine (2002)

nBusSnH (2eq)
ACCN (cat.)

PhCF5 102°C, 35h

13-Deoxyserratine

J. Cassayre, F. Gagosz, S. Z. Zard, Angew. Chem. 2002, 114, 1861-1863; Angew. Chem. Int. Ed. 2002, 41, 1783-1785. » |8



Ill/ Radical Domino Reactions

-3/ Nitrogen-centered radical cyclization

» /ard’s total synthesis of 13-Deoxyserratine (2002)

nBusSnH (2eq)

ACCN (cat.) 5-exo-trig

S— .

-
PhCF3 102°C, 35h

13-Deoxyserratine

J. Cassayre, F. Gagosz, S. Z. Zard, Angew. Chem. 2002, 114, 1861-1863; Angew. Chem. Int. Ed. 2002, 41, 1783-1785. » |8



Ill/ Radical Domino Reactions

-3/ Nitrogen-centered radical cyclization

» /ard’s total synthesis of 13-Deoxyserratine (2002)

nBusSnH (2eq)

ACCN (cat.) 5-exo-trig

—
'

PhCF3 102°C, 35h

i 6-endo-trig

TBSO \Me

13-Deoxyserratine

J. Cassayre, F. Gagosz, S. Z. Zard, Angew. Chem. 2002, 114, 1861-1863; Angew. Chem. Int. Ed. 2002, 41, 1783-1785.



Ill/ Radical Domino Reactions

-3/ Nitrogen-centered radical cyclization

» /ard’s total synthesis of 13-Deoxyserratine (2002)

nBusSnH (2eq)

ACCN (cat.)
'

PhCF5 102°C, 35h

13-Deoxyserratine 52% yield

J. Cassayre, F. Gagosz, S. Z. Zard, Angew. Chem. 2002, 114, 1861-1863; Angew. Chem. Int. Ed. 2002, 41, 1783-1785.

5-exo-trig
—

l 6-endo-trig

TBSO \Me
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IV/ Pericyclic Domino Reactions

» Diels-Alder reaction

EDG EWG 4

1 2
5 mEWG C/ EWG EDG\( mEWG EDG\@\ ﬁ rEDG @/EDG EWG p EDG EWG
+ B —— + —_— + 3 + r
\ \ EWG ~ | ( l \O EDG

» Claisen rearrangement

» Cope rearrangement

X A XX
\| — ﬂ\j X: CHz OH



IV/ Pericyclic Domino Reactions
IV-1/ [4+2] / [3+2] domino process

» Boger's total synthesis of (-)-Vindorosine (2006)

O
N e o
N\ /l\ € (iPr)sbenzene (0.1mM)
N 230°C, 5-6d
N\ =N O
Me \
COzMe Bn

(-)-Vindorosine

G. I. Elliot, J. Velcicky, H. Ishikawa, Y. Li, D. L. Boger, Angew. Chem. 2006, 118, 636-638; Angew. Chem. Int. Ed. 2006, 45, 620-622.
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IV/ Pericyclic Domino Reactions

IV-1/ [4+2] / [3+2] domino process
» Boger's total synthesis of (-)-Vindorosine (2006)

N
Me  (iPr);benzene (0.1mM)
CECKN\\ 230°C, 560
N 0o & >

\ —N
Me M hetero-Diels-Alder

(-)-Vindorosine

G. I. Elliot, J. Velcicky, H. Ishikawa, Y. Li, D. L. Boger, Angew. Chem. 2006, 118, 636-638; Angew. Chem. Int. Ed. 2006, 45, 620-622.
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N
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N @) (- >

\ =N
Me M hetero-Diels-Alder
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IV/ Pericyclic Domino Reactions

IV-1/ [4+2] / [3+2] domino process
» Boger's total synthesis of (-)-Vindorosine (2006)

N
Me (iPr)sbenzene (0.1mM)
A\ /‘é/N\\ 230°C, 5-6d
N O & >

\ —N
Me >/\_/O/ hetero-Diels-Alder

1,3-dipolar

cycloaddition

(-)-Vindorosine 78% yield

G. I. Elliot, J. Velcicky, H. Ishikawa, Y. Li, D. L. Boger, Angew. Chem. 2006, 118, 636-638; Angew. Chem. Int. Ed. 2006, 45, 620-622.

20



IV/ Pericyclic Domino Reactions
IV-2/ [3,3] / [3.3] / ene domino process

» Barriault’s synthesis of Wiedemannic Acid skeleton (2004)

Me /\ microwave
O toluene, 210°C
= g -
. OTBS
@) H
Me OH CO5H
| Me
H Me

H
Wiedemannic Acid

E. L. O. Sauer, L. Barriault, Org. Lett. 2004, 6, 3329-3322.
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IV/ Pericyclic Domino Reactions
IV-2/ [3,3] / [3.3] / ene domino process

» Barriault’s synthesis of Wiedemannic Acid skeleton (2004)

Me /\ microwave Me O/\
O™ toluene, 210°C OTBS
\r\/ > / <
, oxy-Cope reatr. ;
wd H Me OTBS M H Me |
@) H
Ve OH CO,H
| Me
H Me
H

Wiedemannic Acid

E. L. O. Sauer, L. Barriault, Org. Lett. 2004, 6, 3329-3322.
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IV/ Pericyclic Domino Reactions
V-2/ [3,3] / [3.3] / ene domino process

» Barriault’s synthesis of Wiedemannic Acid skeleton (2004)

Me /\\\
SN

microwave
toluene, 210°C
>

OTBS ©oxy-Cope rear.

Me

Me /O

o
7 /L

H Me

O

OTBS

H
Me OH CO,H
| Me
H Me

E. L. O. Sauer, L. Barriault, Org. Lett. 2004, 6, 3329-3322.

H

Wiedemannic Acid

—>
Claisen rear.

Me

Me

OTBS




IV/ Pericyclic Domino Reactions
V-2/ [3,3] / [3.3] / ene domino process

» Barriault’s synthesis of Wiedemannic Acid skeleton (2004)

i ] H
Me / N\ microwave Me 06\ Q
QN toluene, 210°C OTBS ) OTBS
oxy-Cope rear. . aisen rear. -
Me H Me OTBS O%7-OP  me H Me i Me H Me
¢ carbonyl-ene
@) H
Me OH CO,H OH H
! L= OTBS
. e
---- |
| H Me ol Me |
Wiedemannic Acid 90% yield - dr=25/1

E. L. O. Sauer, L. Barriault, Org. Lett. 2004, 6, 3329-3322.
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V/Transition Metal Catalyzed Domino Reactions

V-1/ Palladium-Copper catalyst

» Schreiber’s total synthesis of Dynemicin A (1993)

Pd(PPh3)4 (2%)
Cul (20%)
amine base

-
y

toluene, rt, 2h

OMe

Dynemicin A

J. Taunton, J. L. Wood and S. L. Schreiber, J. Am. Chem. Soc. 1993, 115, 10378-10379.

J. A. Porco Jr., F. J. Schoenen, T. J. Stout, J. Clardy and S. L. Schreiber, J. Am. Chem. Soc. 1990, 112, 7410-7411.
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V/Transition Metal Catalyzed Domino Reactions

V-1/ Palladium-Copper catalyst

» Schreiber’s total synthesis of Dynemicin A (1993)

Pd(PPh3)4 (2%)
Cul (20%)
amine base

-
y

toluene, rt, 2h
OMe

Dynemicin A

J. Taunton, J. L. Wood and S. L. Schreiber, J. Am. Chem. Soc. 1993, 115, 10378-10379.

J. A. Porco Jr., F. J. Schoenen, T. J. Stout, J. Clardy and S. L. Schreiber, J. Am. Chem. Soc. 1990, 112, 7410-7411.
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V/Transition Metal Catalyzed Domino Reactions

V-1/ Palladium-Copper catalyst

» Schreiber’s total synthesis of Dynemicin A (1993)

Pd(PPh3)4 (2%)
Cul (20%)
amine base

-
-

toluene, rt, 2h

OMe

25% yield
Dynemicin A single dia

J. Taunton, J. L. Wood and S. L. Schreiber, J. Am. Chem. Soc. 1993, 115, 10378-10379.

J. A. Porco Jr., F. J. Schoenen, T. J. Stout, J. Clardy and S. L. Schreiber, J. Am. Chem. Soc. 1990, 112, 7410-7411.

transannular

O
OMe «— | ,W(v N
AN
Diels-Alder | N\,

0

2



V/Transition Metal Catalyzed Domino Reactions
V-2/ Ruthenium catalyst

®» Hanna's formal synthesis of (+/-)-Guanacastepene A (2004)

COzMe
\ I Grubbs 2nd
Me generation
o
P e (12mol%) .
Me Me CH,Cl,, reflux, 3h
Me~ Me
H
OHC %
)
Me
AcO
Me

Me Me
(+/-)-Guanacastepene A

Boyer, F. D.; Hanna, I.; Ricard, L. Org. Lett. 2004, 6, 1817-1820.



V/Transition Metal Catalyzed Domino Reactions
V-2/ Ruthenium catalyst

®» Hanna's formal synthesis of (+/-)-Guanacastepene A (2004)

COQMG

\ | | Grubbs 2nd
Me generation

(12mol%)
ZMe >

Me Me CH,Cl, reflux, 3h
Me Me

OHC

AcO
Me

Me Me
(+/-)-Guanacastepene A

Boyer, F. D.; Hanna, I.; Ricard, L. Org. Lett. 2004, 6, 1817-1820.



V/Transition Metal Catalyzed Domino Reactions
V-2/ Ruthenium catalyst

®» Hanna's formal synthesis of (+/-)-Guanacastepene A (2004)

[Ru COzMe
>

COzMe

\ I Grubbs 2nd
Me generation
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Conclusion

» Advantages:

» Fconomy

®» |[ncrease of molecular complexity

» Dragwbacks:

» Often take time to find suitable precursors and conditions to obtain the desired domino
reaction (reduce the economy advantage...)

» Often only the thermodynamical product is obtain during a domino process

» Qutlook:

» Very few example of catalyfic enantioselective domino reaction --> Future of dominoe
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Thanks for your attention!



