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5o Generalities R’ R R R H H
R? R* R? R H H
o Allenes classified as polyenes allene cumulene propandiene

o Propandiene : the simplest allene

o Compounds with an allene type structure but more than 3C are called cumullene
o More reactive than alkene

o The bond angle formed by the 3 Cis 180° => linear geometry

o 2o bondsand 2wt bonds 5 8t 5
R1 : > R3
r2 8 B R

sp? sp sp?

C2

o 3 C,axes and 2 symmetric planes Sq
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o @Generalities

o Changing the substitutes can alter the reactivity => can react as both Nu-and/or E*

R EWG EDG Met
6_

| | Sl
o Chiral if Rt = R? and R3 = R%.
1 3 3 1

o Rotation barrier 46 kcal.mol? R, $R R%_ R
o  Could be separable under usual conditions R2 ' 4 R“l_ :<R2
o Determination of the configuration

1 1

OH OH

HO Cl 3 HO CHs 4 3

...... — Ci CH (‘ c—= HaC ol
4 C Y 3 _\
HaC "CH, \ H,C Cl
CH3 S
2

(R)-4-chloropenta-2 3-dien-2-ol R gHs (S)-4-chloropenta-2,3-dien-2-ol
Clockwise = (R) Anti-Clockwise = (S)
- 4 , 6‘ '2 oo
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s History

Possible
existence of
two
enantiomeric
forms

1875:
Van’t Hoff

La chimie
dans
I'espace,
1875, p.29
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so History HO,C
CO,H

initial proposal (1887)
"glutinic acid"

Possible i
existence of First )
i) synthesis
enantiomeric ofan
S allene
1875: 1887 :
Van’'t Hoff Burton &
La chimie Pechmann
dans Chem. Ber.,
I'espace, 1887, 145
1875, p.29
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so History HO,C

CO,H

initial proposal (1887)

Possible i
existence of First Isolation &
two synthesis . acterization
enantiomeric ofan of first natural
forms allene allene
1875: 1887 : 1924 :

Van't Hoff Burton & Staudinger & Ruzika
Pechmann  Helv. Chim. Acta, 1924,

La chimie
dans Chem. Ber., 1r7
I'espace, 1887, 145 O
1875, p.29 HO —.—
pyrethrolone

i Me

O,
“'.'b
]
(98
O

L
€
[

"glutinic acid"

iSm 2
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so History HO,C—=
CO,H
initial proposal (1887)
"glutinic acid"
Possible i
existence of First ) Isolation & Experimental
two synthesis caracterization confirmation of

enantiomeric of an of first natural Van't Hoff

forms allene allene prediction

1875 : 1887 : 1924 : 1935:

Maitland & Mills
Nature, 1935,

Van't Hoff Burton & Staudinger & Ruzika
Pechmann  Helv. Chim. Acta, 1924,

La chimie
dans Chem. Ber., 177 135,994
I'espace, 1887, 145 0 M J. Chem. Soc.,
1875, p.29 HO e 1936, 987
pyrethrolone a-naphtyl ;’h
Me

Ph o-naphtyl

(S)-(+)
1,3-di(a-naphtyl)1,3-diphenylallene

5

(98
O

Institut des
Sciences Moléculaires
de Marseille

UMR 7313

e



: Introduction | : | : | :

s History HO,C—=
CO,H
initial proposal (1887)
"glutinic acid"
Possible First Resolution of
existence of IS ) Isolation & Experimental the racemic
two synthesis caracterization confirmation of allenic
enantiomeric of an of first natural Van't Hoff carboxylic
forms allene allene prediction acid
1875: 1887 : 1924 : 1935: 1935 : Kohler,
Van't Hoff Burton & Staudinger & Ruzika Maitland & Mills Walker &
Lachimie  Pechmann  Hely. Chim. Acta, 1924, Nature, 1935, Tishler
dans Chem. Ber., 177 135,994 JACS, 1935,
I'espace, 1887, 145 0 M J. Chem. Soc., 57,1743
1875, p.29 HO — 1936, 987
a-naphtyl Ph
throl a-naphtyl Ph =\
y pyrefhroione = PH CO,CH,COOH
e
Ph o-naphtyl (S)
(S)-(+)
1,3-di(a-naphtyl)1,3-diphenylallene
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s> History HO,C— ——>  HO,CHC="=CHCO,H
CO,H
initial proposal (1887) revised structure (1954)
"glutinic acid"
Possible First Resolution of
existence of IS ) Isolation & Experimental the racemic Confirmation of the
two synthesis caracterization confirmation of allenic glutinic acid
enantiomeric of an of first natural Van't Hoff carboxylic structure
forms allene allene prediction acid
1875 : 1887 1924 : 1935: 1935: Kohler, 1954 : Jones
Van't Hoff Burton & Staudinger & Ruzika Maitland & Mills Walker &
Lachimie  Fechmann e, Chim. Acta, 1924, Nature, 1935, Tishler J-l gféiméggg’
dans Chem. Ber., 177 135,994 JACS, 1935, ’
I'espace, 1887, 145 0 Me J. Chem. Soc., 57,1743
1875, p.29 HO —— 1936, 987
a-naphtyl Ph
rethrolone ~ @-Naphtyl Ph :\
- Py 3 PH CO,CH,COOH
Ph o-naphtyl (S)

(98
O

(S)-(+)
1,3-di(a-naphtyl)1,3-diphenylallene

5

Institut des
Sciences Moléculaires
de Marseille

VS

e i S I g

==



: Introduction | : | : | :

s> History HO,C— ——>  HO,CHC="=CHCO,H
CO,H
initial proposal (1887) revised structure (1954)
"glutinic acid"
First example of
Possible First Resolution of transition-metal-
existence of IS ) Isolation & Experimental the racemic Confirmation of the catalyzed
two synthesis caracterization confirmation of allenic glutinic acid asymmetric
enantiomeric OI]IC an of first natural Van't Hoff carboxylic structure synthesis of axially

forms allene allene prediction acid chiral allene

1875 : 1887 : 1924 : 1935: 1935 : Kohler, 1954 : Jones 1989 : Elsevier
Van't Hoff Burton & Staudinger & Ruzika Maitland & Mills Walker &
.2 chimie Pechmann  Helv. Chim. Acta, 1924, Nature, 1935, Tishler J-l gféiméggg’ J. Oggsc’g?%'?‘;t ffgm

dans Chem. Ber., 177 135,994 JACS, 1935, ’ P20
I'espace, 1887, 145 0 Me J. Chem. Soc., 57,1743
1875, p.29 HO —— 1936, 987

a-naphtyl \\Ph
rethrolone ~ @-Naphtyl Ph :\
- Py 3 PH CO,CH,COOH
Ph o-naphtyl (S)

(S)-(+)
1,3-di(a-naphtyl)1,3-diphenylallene

5
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so Introduction
o Generalities
o History

s Chiral allenes synthesis
o From achiral starting material
o From chiral starting material
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Introduction Chiral allenes ﬁi ﬁi

synthesis

s Synthesis of chiral allenes

o Starting from achiral compounds
e First example of transition-metal-catalyzed asymmetric synthesis of axially chiral allene

1) BuLi

tBU\_ 2) MX X tBU\_ Ph mx=wmgcl, zncl, cucl
='== "3)Phl, PdL* > —':\H PdL* = Pd{(R,R)-diop},, PdCL,{(R,R)-diop}, PdIPh{(R,R)-diop}, PdCl,{nmdpp},

Elsevier, J. Organomet. Chem., 1989, 378, 115
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Introduction Chiral allenes ﬁ ﬁ

synthesis

s Synthesis of chiral allenes

o Starting from achiral compounds
e First example of transition-metal-catalyzed asymmetric synthesis of axially chiral allene

1) BuLi

tBU\_ 2) MX X tBU\_ Ph mx=wmgcl, zncl, cucl
='== "3)Phl, PdL* > —':\H PdL* = Pd{(R,R)-diop},, PdCL,{(R,R)-diop}, PdIPh{(R,R)-diop}, PdCl,{nmdpp},

Elsevier, J. Organomet. Chem., 1989, 378, 115

e Deprotonation of prochiral secondary alkynyl carbamates

H H . H Li (PrOi)sTi

/\ Al [CITI(OiPr);] o
-)-sparteine S O3 >

= OCb (-)-spar » /\OCb —_— /\OCb

= 2) recrystalization Z =

Me;Si Me;Si Me3s/ \\/\
R,CHO MeCO,H
D. Hoppe, Org. Lett., 2001, 3, 1221
Me;Si OCb
70-86% : s MeSi,  9¢b 86%
93 - up to 95% ee R \H -\ 88% ee
R4 = Me, iPr, Ph Ty H H
OH
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Introduction Chiral allenes ﬁ ﬁ

synthesis

s Synthesis of chiral allenes

o Starting from achiral compounds

e Sylilation of achiral enyne
Bulky group

: Bulky grou H
X HSICl; ¥y p”e__ . Asymmetric synthesis of
Crucial for high [PACI(n-C3H5)],/L* Vi homopropargylic alcohols
enantioselectivity Cl3Si Me

) L* = (S)-(R)-PPFOMe, (S)-(R)-bisPPFOMe
Bulky groups : 37-94 % yield (SHR) SHR)
tBu, 2,4,6-Me;CgH,, SiMe,Bu-t 27-90 % ee T. Hayashi, JACS, 2001, 123, 12915
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Introduction Chiral allenes ﬁ ﬁ

synthesis

s Synthesis of chiral allenes

o Starting from achiral compounds

e Sylilation of achiral enyne
Bulky group

: Bulky grou H
X HSICl; ¥y p”e__ . Asymmetric synthesis of
Crutial for high [PACI(n-C3H5)],/L* Vi homopropargylic alcohols
enantioselectivity Cl3Si Me

) L* = (S)-(R)-PPFOMe, (S)-(R)-bisPPFOMe
Bulky groups : 37-94 % yield (SHR) SHR)
tBu, 2,4,6-Me5CgH,, SiMe,Bu-t 27-90 % ee T. Hayashi, JACS, 2001, 123, 12915

* Double hydrosylilation of diynes

[Ig/lr?(zpz)sé'l'; tBu SiMe,Ph et
CcO
tBu———=——1tBu 2 :< + 7 M. Michalik, Tet. Lett., 1999, 40, 6567
(-)-PPM PhMe,Si tBu _
Et;N SiMe,Ph
27%, 22% ee
unknown configuration 56%
_HaSPhy e g SiHPh, C. Fischer, J. Organomet. Chem., 2000, 603, 116
o NiCl5[(R),(R)-diop]
Me3Si————=—SiMe3 > .

Ph,HSi SiMes

11%, 11% ee
unknown configuration
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Introduction Chiral allenes ﬁ ﬁ

synthesis

s Synthesis of chiral allenes

o Starting from achiral compounds
* Pd-catalyzed Sn,’ substitution of 2-bromo-1,3-dienes

Pd(dba), / (R)-binap

R H
R/\/\ ¢ NuH (10 mol %) _ — T. Hayashi, Angew. Chem. Int. Ed., 2000, 39, 1042
CsOtBu
29 68-89%
R = phenyl, nCgH47, Nu = \O)lj/l(o/ 34-91% (ée
tBu, ferrocenyl o0 o
~o’No~
NHAc

* Pd-catalyzed Sn,” substitution of 2-bromo-1,3,5-trienes

Pd(dba), / (R)-segphos

R H
RW +  NuH (10 mol %) _ %, T. Takashashi, Org. Lett., 20086, 8, 5409
NaOtBu 4 _
Br H
_ Nu
R = tBu, Cy, n03H17 25-66%
67-81% ee
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Introduction Chiral allenes ﬁ ﬁ

synthesis

s Synthesis of chiral allenes

o Starting from achiral compounds
* Pd-catalyzed Sn,’ substitution of 2-bromo-1,3-dienes

| .--Nu H
RM Pd/(R)-L* Ra, 4 4"\/Nu
e — H i Br —_ R, _*
Br [Pd]* ‘/
+ other isomers H

* Pd-catalyzed Sn,” substitution of 2-bromo-1,3,5-trienes

Pd/(R)-L* M\ e N H
[RWJ e — R//,,,‘/' /E\ Br R,,/I/-M Nu
Br H [Pd]* 7
H

+ other isomers
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Introduction Chiral allenes ﬁ ﬁ

synthesis

s Synthesis of chiral allenes

o Starting from chiral compounds
* Cu-catalyzed Sn,’ reaction with Grignard reagents

o) H
' _ Cu'(cat) _ HOZCY§_ RS R"=H, Me, Bn S.G. Nelson, JACS., 2000, 122, 10470
. ’) R3-MgBr 1 %l\ R2 = CH,OBn, SiMes
R AN R R? R® = Me, iPr, Ph
2
93% ee R 83-94 %
83-93 % ee

* 1,5-Sn,” substitution of chiral enyne acetates with organocuprates

OAc
[“\ \/‘\'
é % nBu : M. Purpuma, Angew. Chem. Int. Ed., 2000, 39, 4355
nBu Me,-CulLi \l%
Me
98% ee 95% ee
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Introduction Chiral allenes T— T—

synthesis

. g R' O
s> Reactivities - R Ho § R

r2 R R? R?  Nu R2 , Nu
%..‘\\Rtl T NuH T NuH
R! = R'B(OH),
\ R'B(OH), o Q3R OMDO ACOIR?
R1 . N —> Qumr R4
. \R3 \(/ R4 R1
Additions of i A R R?
Lol _0 . /g R4 R2 allene oxide spirodioxide
arylboronic acids R" Ty OMDO o (could be isolated !)
R3 Epoxidations
R! R3 - .
Nt Sn,’ with an a-functional group
R? R RL
R2 \’) (a) N
[ UH Nu
Allenylmetal reagents R R H Sn,: %V R
with carbonyls == PR @ ! o /
X )

FG

RZ\(
Diols =
(X = Borane) R'CHO (
Propargy!l \ e
(X=2Zn, Sn, Si) elr
Institut des
"i e P “ ! Sciences Mcoléculaires

ﬂ rr} ¥ r R de Marseille
- ~ W / ACIE, 2012, 51, 3074 12 [4+2]
W e @ W& J Cycloadditions

UMR 7313
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Introduction Chiral allenes ﬁi ﬁi

synthesis

so Reactivities

R3
1 S R1 R3
R:@ Au >:__$
2 (3) -
RETx 7T X=0,N,8 R?2 —(\)EXH
n=1,2

R’ R3
R2 R4
12

ACIE, 2012, 51, 3074
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

so Introduction
o Generalities
o History

s Chiral allenes synthesis
o From achiral starting material
o From chiral starting material

s Cyclization of allenes
o Heterocycle formation
o DFT calculations
o Epimerization

A 13




W Chiral allenes Cyclization of ﬁ—

synthesis allenes

s Gold chloride catalyzed cyclization

Why ?
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W Chiral allenes Cyclization of ﬁi

synthesis allenes

s Gold chloride catalyzed cyclization

Why ?
R1 R3 \\\\Rs
Nt "Au" Rﬂ
> 7, )
R? _(\?;XH X=O,1N2,S RZ7Ny 71
n=1,

”
;I
.
O

L
¢
'
¢
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Gold chloride catalyzed cyclization

Why ?
3
R1 R
S llAull R1 p—
> % ())
2
_\)—XH X=0,N,S RETN 7T
n=1,2
OMe
( ) HO, O N OMe
OH N H
HO
H,N N 0o
S 0SO5 )
= ’///
N "’////MV\ : OH )
H Salacinol S ]
\ J Pseudodistomin HO HO Pederin
HO MeO oH Ho,  OH
N CgH19 N N Me
Me H MeO Me
Preussin Anisomycin Codonopsinine
Institut des
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UMR 7313
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

so Gold chloride catalyzed cyclization of B-hydroxyallenes
o Gockel B. and Krause N., Org, Lett., 2006, 8, 4485

nBu
nBu__Z > "on  Aul)or Au(lll) (5 mol%)  Me A
\( additive (5 mol%) 0
Me solvent, rt
yield
entry Au salt additive solvent  time (%)
1 AuCls toluene 6d 58 > No tr 5
AuClg= 3-hydroxy- toluene 1d 62 s 0 trace of 5-exo
o isomer detected
propionitrile
3  AuCl CH:Cl; 5d 50
4  AuCl AgBF, CH:Cl; 3d 60
5 AuCl AgBFy toluene 3d 62

4 Institut des
Sciences Moléculaires

ﬂ ® r : de Marseille
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

so Gold chloride catalyzed cyclization of B-hydroxyallenes
o Gockel B. and Krause N., Org, Lett., 2006, 8, 4485

nBu

nBu 'NOH Au(l) or Au(lll) (5 mol%)  Me X
\( additive (5 mol%) g @
Me solvent, rt
yield
entry Au salt additive solvent  time (%)
1 AuCls toluene 6d 58
2  AuCly 3-hydroxy- toluene 1d 62
propionitrile
3  AuCl CH:Cl; 5d 50
4  AuCl AgBF, CH:Cl; 3d 60
5 AuCl ApgBF, toluene  3d 62)
6 AuCl pvridine CHsCl: 45h
7 AuCl 2 2" bipyridine  CH2Cls __5d BE-]
8 AgBF, toluene 5d
9  Au(OAc) toluene 14d —
10 PhsPAu(Cl toluene 14d -

4 Institut des
Sciences Moléculaires

ﬂ ¥ r " rr) de Marseille
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

so Gold chloride catalyzed cyclization of B-hydroxyallenes
o Gockel B. and Krause N., Org, Lett., 2006, 8, 4485

nBu

nBu 'NOH Au(l) or Au(lll) (5 mol%)  Me X
\( additive (5 mol%) > @
Me solvent, rt
yield
entry Au salt additive solvent  time (%0)

11 Ph;PAu(Cl AgShFg toluene 25 min 54
12  PhsPAuCl AgBF, toluene 1h 60 Works better in non-
13  PhyPAuCl AgPBF, CH:Cls 15h 60 coordinating solvent
14  PhyPAuCl AgBF, THF 3d 46
15  PhyPAuCl AgBF, Et,0  4d 56 -> decrease lewis
16  PhyPAuCI AgBF, MeCN 27d 62 acidity of the gold
17 PhsPAuCl AgBF, toluene* 1.25h 66 catalyst
18  Ph;PAuCle AgBF toluene 6.5h 61

Sciences Moléculaires

Institut des

“
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W Chiral allenes Cyclization of ﬁ

synthesis

allenes

so Gold chloride catalyzed cyclization of B-hydroxyallenes

o Gockel B. and Krause N., O

rg, Lett., 2006, 8, 4485

recatalyst (5 mol%) R2

H s

R1/ /'/ : R P
4
R2 HO R
R4

rt

R4

Cond. A : Ph3;AuCl/AgBF, in toluene
Cond. B : AuCl/pyridine in CH,Cl,

Extention of the scope to the sterically more hindered hydroxyallenes

Cond. A : 10d, 36%
k (67% conv of smy

( Me//

nBu

Me Me

KCond. A :24h, 32%

Me Me

Cond. B : 6d, 46%

Cond. A : 24h, didn't work
k (SM 70:30 dr)

Cond. B : 13d, 84%
(SM and product 70:30 E’DJ

17
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< : < Chiral allenes ( Cyclization of (
Introduction e

synthesis

so Gold chloride catalyzed cyclization of B-hydroxyallenes
Gockel B. and Krause N., Org, Lett., 2006, 8, 4485
R1

o
1 _~_Z4R® Precatalyst (5 mol%) RZmz” X
R o, / - Y " o H
‘/ R4 (o] R3

2
R HO R4 R4 R4

I

Proposed mechanism

" ||I

A,
\\\’i‘
5 ©
S
y //
® 2
”EA) d
>
c
:l_
e
’E,>\\
A 5
Y w

AulL H
H R1 n/’/,/ = B R3
N\ //,,'/
R3 \_/ ‘2/ R*
R HO \.
c B
Institut des

r Sciences Moléculaires
' m de Marseille
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W Chiral allenes Cyclization of ﬁ—

synthesis allenes

s @Gold(lll) chloride catalyzed cyclization of a-hydroxyallenes
o Hoffmann-Rdder A. and Krause N., Org, Lett., 2001, 3, 2537

R3 R3
H
! )\;R‘* AUC (5-10 mol%) RL(—&H
m, 2" > “, S
.. 2 4

R2

”
;I
.
O

L
¢
'
¢

Institut des
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Gold(lll) chloride catalyzed cyclization of a-hydroxyallenes

o Hoffmann-Rdder A. and Krause N., Org, Lett., 2001, 3, 2537

R3 R3
o %\?’R‘t AuCl; (5-10 mol%) RL}(—&H
’f CH,Cl, R2% ~R4
=2 HO 0
entry  hydroxyallene R! R? R® R* electrophile dihydrofuran (yield)
1 la -Bu Me H COzEt Amberlyst 15 2a (quant)
2 la -Bu Me H COzEt AuCl; 2a (74%)
i

Institut des
Sciences Moléculaires
19 i ' m de Marseille

UMR 7313
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s @Gold(lll) chloride catalyzed cyclization of a-hydroxyallenes
o Hoffmann-Rdder A. and Krause N., Org, Lett., 2001, 3, 2537

R3 R3
R /'y’\?’R‘t AuCl; (5-10 mol%=) Rl’;diH
;fz/ HO CHoCl RZ™Ng TR
entry  hydroxyallene R! R? R® R* electrophile dihydrofuran (yield)
1 la t-Bu Me H COsEt Amberlyst 15 2a (quant)
(2 la +-Bu Me H  CO:Et AuCls 2a (74%) )
3 1b -Bu Me Me COzEt AuCls 2b (94%)
4 Ic +-Bu n-Bu H CO-Et AuCls 2c (quant)
5 1d +Bu H Me CO,Me AuCl, 2d (78%)
6 le +-Bu Me H CH:OH AuCly 2e (24%)
\7 1f -Bu H Me CH:;OTBS AuCls 2f (95%)

‘i Institut des
Sciences Moléculaires
ﬂ ¥ ¥ ¥ r c r r) de Marseille
S - "') = 19 "‘/ '
) < (o UMR 7313
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Wn— Chiral allenes Cyclization of ﬁ_

synthesis

allenes

s Gold(lll) chloride catalyzed cyclization of a-hydroxyallenes

o Hoffmann-Rdder A. and Krause N., Org, Lett., 2001, 3, 2537

]
RY,

Py
T w

R3

R*  AuCls (5-10 mol%) RﬂH
CH,Cl, R2% ~R4

(0]

entry  hydroxyallene R? R® R* electrophile dihydrofuran (yield)
1 la -Bu Me H COzEt Amberlyst 15 2a (quant)
2 la -Bu Me H COzEt AuCls 2a (74%)
3 1b -Bu Me Me  COzEt AuCls 2b (94%)
4 Ic +-Bu n-Bu H CO-Et AuCls 2c (quant)
5 1d +Bu H Me CO,Me AuCl, 2d (78%)
6 le -Bu Me H CH:0H AuCls 2e (24%)
7 1f -Bu H Me CHzOTBS AuCls 2f (95%)
8 1f +Bu H Me  CH:0TBS AgNO3 2f (mixture)
amphidinolide X 1
R R? " JACS, 2004, 126, 15970 _ _
R . s, R*  AgNO; CaCOz M key fragment of MIth.JI’e of sta rtl_ng
"/ aq. acetone ~R¢ natural products material and desired
R2 HO \ leiodolide B product after 24h

19
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s @Gold(lll) chloride catalyzed cyclization of a-hydroxyallenes
o Hoffmann-Rdder A. and Krause N., Org, Lett., 2001, 3, 2537

R3

R3
H
]I, - }\;w AuCl (5-10 mol%) RﬂH
gz/ HO ChaC RE™ N TR
entry  hydroxyallene R! R? R® R* electrophile dihydrofuran (yield)
1 la -Bu Me H COzEt Amberlyst 15 2a (quant)
2 la -Bu Me H COzEt AuCla 2a (74%)
3 1b -Bu Me Me  COzEt AuClz 2b (94%)
4 Ic +-Bu n-Bu H CO-Et AuCls 2c (quant)
5 1d +Bu H Me CO,Me AuCl, 2d (78%)
6 le -Bu Me H CH20H AuCls 2e (24%)
7 1f -Bu H Me CH:OTBS AuClz 2f (95%)
8 1f +Bu H Me  CH:0TBS AgNO3 2f (mixture)
9 g H Me Me CH:OTBS AuCl3 2g (T7%)
10 1h H n-Hex Me  CH;OTBS  AuClj 2h (65%)
11 1i -Bu Me Me CH:0Me AuCls 2i (90%)
12 1j H;C=CH(CHz)z Me Me CHzOMe  AuCls 2j (86%)
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Cyclization of a-thioallenes to 2,5-dihydrothiophenes
o Morita N. and Krause N., Angew. Chem. Int. Ed., 2006, 45, 1897

Me AuCI Me
R 5-10 mol% —
Ho, - ')ﬁ“‘\\ow : s ,d OR'
I CH,Cl, 20 °C iPr i
, HS ’ S
iPr
1 24-87 %
R" =Me, Bn 95:5 - up to 99:1

-> First example of a gold-catalyzed carbon-sulfur bond formation

s @Gold catalyzed cyclization of a-Aminoallenes to 3-Pyrrolines
o Morita N. and Krause N., Org, Lett., 2004, 6, 4121

H
RS, - )ﬁ;w AuCly (2 mol%) Ri”"f&H
T CH,Cl, rt R2 R
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W Chiral allenes Cyclization of ﬁ—

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689
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: Introduction

synthesis

allenes

( Chiral allenes ( Cyclization of (

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes

o

A AG,g5.15K
(kcal/mol) B e
CAu_ Me 34.2
H - 2 / \
R1 4 + "y /()R /II \\
” / /_\ \
2 /Tsan, N\
/2144 N\
TS1a ;o N
7.82 S \
| A—, K /) \
4 \ / ! \
Me ,// \\‘ /l II’ \\\
H ;o \
%/.%\‘ax\\oRz 1 2 TS1b, // J \
l/ NH2 0_00 1‘46 \\ \\ " /I III \\
R1 \ I’ /I \
\ \ 2a / I}
\
-1.31 /
\ ,I
\ ’
\ /
\ 1
\—
2b  ClAu_ Me
1851 N—
R14 + ’”//ORZ
-> 3 transition states HZ

-> 3 reactional intermediates

Zhu R-X., Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

= ith AuCl

ClAu
TS3a
H 2
ri#l, s 13.08
. H - P + AuCl
“3a _--7" fr—
— \ AUC /6.30
4.73 0 Rl /
LTS3\ L/ Me
// 1.54 \\\\\ = "I//OR /! H4(—; OR?
/, \‘\ H /I R1 N 'llll/
\ 3b /’/ \ l //I
— \ Y P + AuCls
'1 77 \ / e
PRGN A PPY
ClzAu \ \_19 92/.-~ .
_
H 2 J
R14 N '“”/OR \ 4a /
- QAU
H 21.07 * Cle
S 2
AS"II//OR
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W Chiral allenes Cyclization of T—

synthesis

allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes

| AGygg.15K
(kcal/mol)

Zhu R-X., Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

= ith AuCl
- TS2a = with AuCl;
ClAu Me 34.2
— (—
Hy/ 7\, or?2 /' '\
RN~ ™7 / %
H S — ClAu
2 /O TS2D, . , Ts3a
. . 4 13.
TS1a ,l /, 21.44 \\\ \\ R \ iy / /ﬁB
7.82 P Vo H -7 \\ P + AuCl
| A ry \ \ SPtae —
d \\ /'I Il \\ \3—3—’ \‘\ AuCl 116.30
,/ \ / / \ — %/I% /
_ e\ ;o \ 473 L N Y Me
1 /. TS15\ \\ ,/ ! \ /// TS3b \\ \\ 2
LN ro \ <0 154 0\ OR< / H /— 2
0.00 146 \ v Y /) \ - . VY R N s 14 ) /OR
0 \\ ! I’ \\ /, \\\ / R N "
‘\ \ 2a /I / \ s \ H ) H
v 1 Il \\ /,’ \\ /I
\ / \3b \ l ;
‘\ -l /I \\ ) P+ AUC|3
\\ ll '1 77 \\\\ 4b // //—
v ClzAu W _q9.90/ -~  -12.28
— _ \ -t
2b C|3AU Me HA . OR2 \\ 4a /II
-18.51 )= RSN e
o/, ), OR? H -21.07
R'l N /S
H,

G

H 2
R1 NAS"II//OR
de Marseille

;
VS

N

Determining step : with AuCl 35,51 kcal/mol

with AuCl; 39,95 kcal/mol
22
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

ClAu_ ;5 2 Me — With AUCI
H 2
R14Z ‘ SW/OR /‘

A AG,g5.15K
H
(kcal/mol) N
TS2a H I
34.2 clau. H ve
— : FARY
/ \
/ \ H OR2
C IAU’ M e III \\\ R1 4 N ‘yy /
Hinz2:” ™~ OR? Ts3a H
d NH, g \ 13.08
R *  TSla k \ e Me
7.82 / N\ /,/’/ \ P + AuCl H OR2
’ \ /I \\ 3a ,/”/ \\ / R1 wy /S
/’ \‘ /I ‘— \\ II 630 H
// \ ,l 473 \\ ,/
;// \‘\ ,’l \\\ ,'I
0.00 Y / ClAu v Y
\ 7 \ /
\ 1 7
H Me \\ 2a | le]l4 ‘\\ /I
\ /
% PN OR? -1.31 H \
[ NH \
R1 2 - \ /// 4 :
CAU.  Me ) .
_ ‘ I A uﬂ &+ ]
l;" + oy s R? / ©
y ﬁ
Ha N 2107 R! /O
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

m— ith AuCl
A AG,g5.15K
(kcal/mol)
CIAu,\
Hiunzz" :
l'ﬁ/, "NH
R1 Me
P + AuCl H, 2
Jo— R1 ////OR
/6.30 H

0.00
H Me
//,f.%\‘\\\\ORZ
R1
u
ﬂe
‘S l///
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

3

N

C(3)-C(3’) Pz orbital
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

ClAu_ ;5 2 Me — With AUCI
H 2
R14Z ‘ SW/OR /‘

A AG,g5.15K
H
(kcal/mol) N
TS2a H I
34.2 clau. H ve
— : FARY
/ \
/ \ H OR2
C IAU’ M e III \\\ R1 4 N ‘yy /
Hinz2:” ™~ OR? Ts3a H
d NH, g \ 13.08
R *  TSla k \ e Me
7.82 / N\ /,/’/ \ P + AuCl H OR2
’ \ /I \\ 3a ,/”/ \\ / R1 wy /S
/’ \‘ /I ‘— \\ II 630 H
// \ ,l 473 \\ ,/
;// \‘\ ,’l \\\ ,'I
0.00 Y / ClAu v Y
\ 7 \ /
\ 1 7
H Me \\ 2a | le]l4 ‘\\ /I
\ /
% PN OR? -1.31 H \
[ NH \
R1 2 - \ /// 4 :
CAU.  Me ) .
_ ‘ I A uﬂ &+ ]
l;" + oy s R? / ©
y ﬁ
Ha N 2107 R! /O
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

A AGgs,15K ClAU Me
(kcal/mol) 33
|;|‘ H OR?2 = with AuCl
R N S/

Ts2a  H

34.2

In solution and in gas phase the direct 1,3’H migration is

energically unfavorable.
ArG Previous calculations show a efficient parcipating role of
3 MeOH, H,0, in gold catalysis to facilitate the H migration by
m lowering their energy barrier®-2
Another a-aminoallene ?
/ ciau. H e other a-aminoallene
/ H 2
2a; < 12;3&”” _OR
1.31 H
CIAU.  Me
WS, o
R1‘ F\] "’”/OR
Ha

1Xia L., Dudnik D. A. Gevorgyan V., Li Y., JACS, 2008, 130,6940 Inetitut dos

A 2Sordo T. L., Ardura D., Eur JOC, 2008, 3004 2 Sciences Moléculaires
ﬁ‘ T [Tf) ¥ r 27 : "/Sm de Marseille
- o =
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synthesis

W Chiral allenes Cyclization of ﬁ

allenes

o

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes

Zhu R-X., Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

A AG K 35,51 kcal/mol = With any assistance
298115 === -aminoallene assistance
(kcal/mol)
TS2a
34.2
—
SN 6,12 kcal/mol
\
I, \\
/ \ TS3a
/ \ 13.08
TS1a // \\ TS6a o Me
7.82 J \ 3 6.01_---~ v P + AuCl I;I4 — / 2
7 / _ o - p— | A— "y,
N / —- \ ,-776.30 RSN
’ \\ / 473 / \ \ allene P H
7 \ / o / \ \ - ,
1—' d \ ,’I ’/’ \\‘ \\\ L7 /ll
0.00 TS5a Y \ E
\ / 7 i \ ,/’ /
H Me \ 2a i /M\\ )/ \\ \\\ .7 /
- \ g /
%, PN OR? 131, 2 T \
L N, K \ N )
1 “e— -0.11 “ L \ /
R ” Ga I \\\ II
alene 583 8a \ /
-17.67
:ﬁ
[ ¢
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

= ith any assistance

A AG,gs.15K = o-aminoallene assistance
(kcal/mol) s
. - >
. LY
M Me
H anl , R1 N wy S/
1‘» N /,’ 6.30 N
R" H allene ol
\\\ //// Rzo Me JH
" = HMe NH, R’
ga ClAu ORZ 7
"l /
-17.67 H, N g
r, R1 H

L
¥
e
1
r
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W Chiral allenes Cyclization of ﬁ

synthesis allenes

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
o Zhu R-X,, Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

Activation barrier (kcal/mol) for the 1,3’-H migration determining step

- With AuCl With AuCl, With PPh,AuCl | With PPh,AUCl/AgSbF

In gas phase 35,51 39,95 58,60 35,54

In CH,CI, 44,32 49,34 53,70 Not calculated

o-aminoallene

. 6,12 31,75 Not calculated /
assistance

The use of PPh;AuCl for the cyclization is energetically unfavorable
The use of SbF,- as a weak base could assist the H-shift process
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W Chiral allenes Cyclization of ﬁ

synthesis

s Mechanistic studies of the gold catalyzed cyclization of a-Aminoallenes
Zhu R-X., Zhang D-J., Guo J-X., Mu J-L., Duan C-G., Liu C-B., J. Phys. Chem. A., 2010, 14, 4689

@]
Me Me
G OR2
= K\
H/,l ulll/ H//I/“/. W \OR2
R N Allene A R HoN
M Allene A
AuL,, Aul €
AuL,, Me Ubn, W
H % OR2 H,, ‘/ " SOR?
7N HoN
F H///,, R1 2
N
1
R H l B
Allene A N 3
AuCl
R! s
-  H Me :
ClAu OR? +\ Me
H -||||/ /HN -
I, 2 H /’/\ 2
R N R O\ _ OR
H >, AuCl
Me{ NHs  pe 2 ¢
E \ + T N\—Me
\\\ R HN —/ Allene A
NN Z
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W Chiral allenes Cyclization of ﬁi

synthesis allenes

s Epimerization of allenes & 2,5-dihydrofurans by gold(l) and gold(lll) chloride
Deutsch C., Gockel B., Hoffmann-Rdder A. and Krause N., Synlett, 2007, 11, 1790

o

R R
1 G H AuCl or AuCl3 ’ _~_=4H
R/,,l/'/Y > R//,,/'
‘/ CH,Cl, ' =
HO R HO
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( ( Chiral allenes ( Cyclization of (
Introduction allenes

synthesis

s Epimerization of allenes & 2,5-dihydrofurans by gold(l) and gold(lll) chloride
Deutsch C., Gockel B., Hoffmann-Rdder A. and Krause N., Synlett, 2007, 11, 1790

— R
[ \ <PuCtor AuClg AuCl qr AuCl3 ~CLH
alkyl e "R CH cl ./ /Y # ) /w’
(6] 2v12 2Uly |!|/ HO

o

QP

No epimerization

R

[ AuCl or AuCly ~GeH _AClorAWCl L G
Ph\\\n .,,,,R - "/-/Y by, 2 w
o CH,Cl, CH,Cl
[ W 22 & HO
66:34

H

66:34
Epimerization
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W Chiral allenes Cyclization of ﬁi

synthesis allenes

s Epimerization of allenes & 2,5-dihydrofurans by gold(l) and gold(lll) chloride

o Deutsch C., Gockel B., Hoffmann-Rdder A. and Krause N., Synlett, 2007, 11, 1790

R R
o~ H AuCl or AuCly ’ o~ 4H
‘/ /Y CH,Cl, 23 /Y
: D -
H
WLAUL" wﬂ\uLn
LnAu R LoAu LnAu ]
Ar * /f\rH_h e H ///‘YH
./I? OH /
OH Ar”+7H OH
H B E Ar E

”
;I
.
O

L
¢
'
¢
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< : ( Chiral allenes ( Cyclization of (
Introduction e

s Epimerization of allenes & 2,5-dihydrofurans by gold(l) and gold(lll) chloride

Deutsch C., Gockel B., Hoffmann-Rdder A. and Krause N., Synlett, 2007, 11, 1790
R

o
R
S _H AuCl or AuCl; G 4H
E - H”"'/./\r
:

e
=
‘/ CH20|2
HO
H
WLAUL" wﬂ\uLn
LoAu, R LAu LsAu 2
Ar’» “\ U/ H "!__-— _‘-"'_ H ‘I. O//J‘YH
.,T,i OH /
! OH Ar” O H | OH
B E .

Ar
c
w - AULH
R
T— Auly, O~ iaH  —Aul, —
“““ o, O ‘y,
Ar (9] R AN ~Aul Ar (@] R
D H
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synthesis allenes

so Introduction
o Generalities
o History

s Chiral allenes synthesis
o From achiral starting material
o From chiral starting material

s Cyclization of allenes
o Heterocycle formation
o DFT calculations
o Epimerization

so Conclusion
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( Introduction Chlralallenes Cycllzatlon of ( Conclusion

synthesis allenes

s Conclusion

-> Rapid and easily access to chiral allenes starting from different achiral and chiral
substrates.

-> Cyclization reaction catalyzed by gold is a good way to obtain heterocycles (pyrans,
furans, thiophenes, pyrrolines) with a excellent chirality transfer under mild conditions.

R1 R3 \\\\Rs
g "Au" R! /=
> w0
R? _(\§XH X=0Ns  RETN SN
n=12
-> Thanks to the mechanistic studies we know that for this reaction, a participating allene is

involved.

-> Limitation of the reaction : Due to the possible allene epimerization with gold(l) and/or
gold(lll) the reaction starting from an allene bearing a phenyl group leads to the desired
product with a diminution of the dr.

— R
[ ) AuCl or AuCly ~GH _AWCIOrAWCl L o~ CH —
Ph\\\\‘ -:I//R - /,/'/Y - n,, > “uy
0 CH,CI CH,CI Ph R
2vl2 A/ HO 2v12 0 HO (o)
66:34  66:34
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allenes

o X lJiang, C. Fu, S. Ma, Eur. JOC., 2010, 311
o X lJiang, C. Fu, S. Ma, Eur. JOC., 2010, 687

Et //I”é.yY\COZH |2
cyclohexane

Me

”
;I
e
O

(
€
'
€

25°C

84%
Z/E 97:3, 99% ee

TBAF, DMF

H, Pd/C
EtOAc, rt
92%, 99% ee 86%, 99% ee
(-)-trans-whisky
lactone
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s> Thank you for your attention

) 36




