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65.2% (aliphatic rings)
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Indole in the AFCA realm

c3
Michael additions

Hydroarylations
Allylic alkylations
Sy2-type substitutions
Additions to carbonyls
Diels-Alder

Catalytie Asymenetric

Indole (C3-position) Friedel Crafts Alkylations

10%3 times more nucleophilic
than benzene

‘~§ Michael additions "
il H \ Additions to carbonyls Wiley-VCH 2009
, ! Diels-Alder
= c

Catalytic enantioselective
functionalization of the N(1)-atom:

unexplored
up to 2008 !!!
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PTC-aza-Michael addition

Pyrazino-indolones Pyrazino-indoles
« antifungal
= (o] % « noncompetitive antihistamine
Xk W4 [H] x R . inhibition of serot : ¢
— o inhibition of serotonergic receptors
Z =N NR % Yy~ N NR « antiobesity agents
)—-—/ « non insulin dependent diabetes
Ry Ry ¥=CHN

C-9 position Benzyl group
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Allylic alcohols
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« alkylation of aldehydes X
Propargylic alcohols
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What about allylic alcohols?

synthetic
availability
x:,\ LY S
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X: Hal, OAc, OCO,R, OP{O){OR); ... sw;";"m
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LA =,
N N -H 01 = i . or o
L _\OH R = rcactivity
o catatyst da-
activation

M.B. ACIE 2011, 50, 994
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Ko T —
L DCE, reflux, 16 h

L_oH (53-90%)

ﬁ]AIY FeCly 5o (10 mol%) I/\\,T/‘- y | X: EWG

% x [ | (NO, CN, CO.R, COH)
e C MeNO,, reflux, 0.5 h =
| (43-91%)
n=12 o " =

No
moisture

Istu | ¥:NSO,R, C(CO,R),
restrictions

|
F ™ ™ PPhsAuOTI (5 mai%) H°"°’;:"g“f,:"“"' A\
A e ™7 { L (m
N CH,Cl 11, 16 h CH,Cl,, 40°C,5h -&Nﬁ“ NTs
) Me
e0:98% | ane-pat Y: 47%, dr: 955

M. Tragni, M.B. Adv.Synth.Catal. 2009, 351, 319 (2521)
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Enantioselective FC-type allylic
alkylation with alcohols

M : ok ronsiion-mcial

/
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CU;-El Late-TM CozEL
Model I-N__) __._:- fr"l_( :a\alysls_ Q_(‘B
reaction (_dd—_a\ b 3 steps . =Hi
N (53% overall)
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PAr2
PArg
_.I"-l:

L1: (R)-DTBM- MeO -biphep
Ar = 3,5-1Buy-4-OMe-Ph

A m A

Et/H/H/Br Et/H/H/CI
2 Et/H/H/Me 68 92 6 tBu/H/H/H 53 92
3 Et/H/H/OMe 61 % 7 Et/H/H/OBn 78 82
4 Et/H/Me/H 91 83 8 Et/H/H/H 78 88

A. Eichholzer, M.B. ACIE 2009, 48, 9533 (VIP article, Synfacts, 2010, 3, 313) ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA




=, F‘Arz
L1-(AuClLL)AgOTE Ry : PAr
(10 mol%) :
toluene
0°C, 24-48 h L1: (R}DTBM -MeO-biphep

Ar = 3,5-1Buy-4-OMe-Ph

g Sl

Me/H/C(CO,Et), Me/H/NTs
2 Me/H/C(CO,tBu), 80 80 7 Me/CI/NTs 93 79
3 Me/H/C(CO,Me), 87 74 8 Me/Me/NTs 75 80
4 Me/OMe/C(CO,Et), 55 83 9 Me/OMe 61 76
5 Me/Me/C(CO,Et), 87 80 10 Allyl/H/NTs 72 78

A. Eichholzer, M.B. ACIE. 2009, 48, 9533 (VIP article, Synfacts, 2010, 3, 313) 4} 4 s MATER STUDIORUM - UNIVERSITA DI BOLOGNA
A. Romaniello, M.B. J.Organomet.Chem. 2011, 696, 338

Electrophilic Au(l)-activation of alkenes:
new opportunities in asymmetric catalysis
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&OH &OH s 1. 2-5h
O o S
N ) " X -4 2

P
L1:PPhy  Ph,P” PPh,  ppp PP PPh,

@ electrophilic center L2: dppm L3: dppe L4: dppf
O : nucleophilic center
-“
OH
NTs L1 10 95 83:17
2-vinyl-morpholine L2 5 92 95:5
L3 5 89 95:5
No moisture L4 25 92 >98:2
restrictions
L4 0.8 70 98:2 |
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Enantioselective synthesis
of vinyl-morpholines

o]
[L1(Au,Cl)] <0 O

Ts AgNTF, R Ts PAr,

R
RiN OH (2.5 mol%) Rj:NJ\/ (0 PAry
Ry, e gﬂ
; OH = toluene:CH,Cl; (5:1) R‘R 0 = o}
-10°C,4h ! L1: (R)-DTBM-segphos
Ar = 3,5-1Buy-4-OMe-Ph

Ts Ts
® )
o o

Y: 94%, ee: 89%

'
Ts
N
N: oj""//
Y: 91%, ee: 98% Y: 55%, ee: 74% Y: 58%, ee: 80%
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(Synfacts, 2011, 3, 297).
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Coordination mode insights

L{AuCl,WAGOTF codszEl
(10 mol%)
toluene
i, 16 h )
yield: 75-85%
=0%

L: DTEM-OMe-BIPHEP

s Ph‘P
{ :2 Ng :} Al bR |)\
':] e A OMe
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a-Allylic alkylation of aldehydes

o catalysis o
stereoinduction
yA g, oAUl 5

still open task!!

Intramolecular approaches:

What about allylic alcohols ??

«  MacMillan organocatalysis (sylanes-2011)
«  Saicic Pd-catalysis (phosphates-2009)

Intermolecular approaches:

«  List organo-metalcatalysis (amines-2007)
« Palomo organocatalysis (bromides-2011)
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a-Allylic Alkylation of Enolizable Aldehydes
with Primary Alcohols?

o]
EtO\T/\/ NH; s
OEt four steps N
(Y: 51% overall) Ts
Org.Cat Y (%) Dr (trans:cis) Ee (%)
In(OTf),, Bi(OTf),

Pyrrolidine (20%) M (10%) Cu(OTf),, FeCl,

Pyrrolidine [Au] 75 11:1 - Pd(PPh;),, Zn(OTf),
Imidaz./PhCO,H [Au] 93 10:1 90 biphepPt(0Tf),

reaction conditions: THF,,,, rt, 4 h
o, M :
Organo- Gold- }/ IB“"‘p AuACN
catalysis catalysis N = o= o

- Bu
Bn ()=
H (10 mal) @
Imidazal.
(20 mol%) ShFg

M. Chiarucci, M.B. Chem.Sci. 2012, 3, 2859-2863 ALMA MATER STUDIORUM IVERSITA DI BOLOGNA




Scope of the reaction

o [Au] (10 mol%) o]
o - MacMillan's 1 (20 mol%) H’k —_—
. f‘ i PhCOH (20 mol%) i

"x

- i
THF 0. 11, 16-24 h N»)

entry X/n Yield (%) Dr Ee (%)
trans:cis
1 C(CO,Me),/1 78 2.3:1 84 (84)
2 C(CO,tBu),/1 90 2.6:1 91 (85)
o B] C(CO,Bn),/1 78 22:1 89 (88)
= 4 C(CO,E),/1 71 2.3:1 96 (85)
5 NSO,Mes/1 53 5.1:1 94 (88)
6 NCO,Me/1 53] 9:1 98 (98)
0
H_< P 7 NCbz/1 83 16:1 97 (85)
2N, —
A T — 8 NTs/2 33 20:1 98 (-)
NTs

M. Chiarucci, M.B. Chem.Sci. 2012, 3, 2859-2863 ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA

Secondary alcohols
Evidences for Kinetic Resolution

PMR? Y
H‘& Fand H- A= HO.}_iﬁR ‘)-

o] \a_) R
oH : :
H'J& 7 ph i "\??rrana-s k? trans-Z | %
{ " cond ! * | NaBH, % trans W
N ;0 ' 0 e i
Ts e G 4 = | PdOHRM, —y
bk {3 " st
i ) } N
H vs Gis-E l'.l"‘s cis-Z | Ts cis
fviinncies R CHCHEN,
Run Subst. cat Yield (%) Dr trans:cis trans (E:2) cis (E:2) Ee (%)
1 racemic I 57 49:1 57:43 48:52 -30 (-31)
2 racemic I 41 70:30 87 (82)
3 (S)lee=85%] n [ 42 49:1 >99:1 75:25 98 (76) )
4

(R) [ee = 84%] n traces - - - -

M. Chiarucci, M.B. Chem.Sci. 2012, 3, 2859-2863 ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA

Reaction Machinery

stepwise Sy2’ process anti- = ?d"" 20
carboxyauration/anti-B- -

hydroxide elimination is !}‘ "Tsen R
consistent with the H- o

stereochemistry observed.

[ ~.
\
i
LR
(s} ‘\’.H .
NMe < ( !

e 5 (oH[d_

En);)'\ unfavoured *
o H . syn-carboauration ;
"\E e M. A anti

Bn N)"'"rBu I carboauration |

H

anti-fl-efimination
{unf! d for (R))

{favourad for (S))
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Gold Catalyzed Cascade Reactions:
propargylic alcohols

N NTs
[ E"f\ TsN (Ad’ b
N\ T2 =]
H-Nu

ﬁ, \ (Au] 1,2-migration N
H
L Nu-H
Ts
N
[Au]®
N\ "4 \ iminium i = s
W oH N § trappi —
H I i pping " Nu
HH

[Aul* ?

A. Echavarren, et al. Chem.Eur.J. 2007, 13, 1358 ALMA MATER STUDIC = UNIVERSITA DI BOLOGNA

A. Echavarren, et al. Tetrahedron 2009, 65, 9015




Gold-catalyzed synthesis
of tetracyclic-fused indolines

CO,E COzEl -
/—4 (COLEL A E10,C 1By
@73 {5 mol%) . F iy A= Bu~p.. gy ACN
N V CH,Cly, t, 16 h ={, J~o
5-exo-dig HH |SbFg
OH ¥: 4%, dr > 501

G. Cera, M.B., Chem.Commun. 2011, 47, 1358.
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Enantioselective gold-catalyzed
cascade reactions

COLEL ’
2 Sptis oo
[L{AUCH);J/AgBF, EtD;C- o
__(5mal) Pz,
CH,Cl, 1, 16 h ‘) OO
(

ol L: A = xylyl
¥: 89%., dr > 50:1, ee: 86%

RO 1BUO,G M Et0,C,

&02
RO,C™ 1BuO,C" =\, MeD,C" EIO c
x ] )0 [ [ Tl
H'H NH N |-|

¥: 65%, ea: 87% YSD%QQ?S% Y?S%ae81%
Elcu;c ElOzc Meoac Eu:»?c
N "HO \QH "HO N !-I
Y 70%, ee: 75% Y: 50%, ee: T6% Y: 58%, ee: 33% Y: 67%, ee: 84%

G. Cera, M.B., Org.Lett. 2012, 14, 1350
(Synfacts, 2012, 6, 635).
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Enantioselective gold-catalyzed
cascade reactions: furo-indolines

X-ray
[dhonPhosAU(ACNIISEFs
1 NTs (5 mol%) Ts”’\
CHyCl, rt, 160
N > G,
= ’\"U
OH T-endo-dig H H

¥: 52-76%, dr >50:1

G. Cera, M.B., Org.Lett. 2012, 14, 1350
(Synfacts, 2012, 6, 635).

[LtMOTF)‘,]
benzene, 18h
dr > 50:1
HO

¥: sz% ee:8%% Y 67% ee: 82% L [Ar: syl
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One-pot De novo Synthesis
and Functionalization of Indoles

L. Djakovitch, Adv.Synth.Catal. 2009, 351, 673 Functionalization
S.-L. You, Chem.Soc.Rev. 2009, 38, 2190
G. Bartoli, Chem.Soc.Rev. 2010, 39, 4449
M. Shiri, Chem.Rev. 2012, 112, 3508

G. Fabrizi, Chem.Rev. 2005, 105, 2873
J. Barluenga, Chem.Asian.J. 2009, 4, 1036

The working hypothesis M IM]
,\“ —4
. . upan
Azepino[1,2-a]indoles upon Au datrciration L 5
coordtination 40 "ol 5
p L 4 X
" e B [ e K o M
X (] widaton o,
i A " o e
e

b R
L%
& 4|

| S hyseaminaton
=N, MeO. NH; L_//».N/'H-. »'LR;'..:.,."M !—f\\ Ar
N L) i N A N (0~ o
2 \ { |
T, \

modulators for receptors [Au] catalysis
of the CNS neurotransmitters -

ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA

R




Optimization of the catalytic system

HO_ Ph

110°C,4h

+ +
tolusne N N
NN 2 R 2 R

H (+11a

Entry Yield Yield Yield
2a (%) 3a (%) 4a (%)

In(OTf),

R ~(CHy-COMe

FeCl, = - =
AgOTf = - -
TfOH - - =
PPh,AUNTf, 64 36 -
[(Ph;Au);0]BF, 35 - -
XPhosAuNTf, - 98 -
JhonPhosAuSbF, - 80 -
AuiPrCl/AgOTs 76 33
10 AuiPrCI/AgOTf - = %

© 0 N O U~ W N

G. Cera, M.B. Angew.Chem.Int,Ed, in press
selected as a ‘Hot Paper’
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Scope of the reaction

%

-u:m'k

X MO =05 X F=09: X Br=%

Sf LR

=\:-—:
L

G. Cera, M.B. Angew.Chem.Int,Ed, in press

selected as a ‘Hot Paper’

A Ph=00 & =pCPh =37k

%y

B s = Tl B =550 R Pr=SE

ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA

The reaction machinery

H‘f
[Au
wor [ pad
Aul'= 1Pr)
| I'= [Au(IPr)* aH o
" toearoantination N
mﬁa
ta
AgOTf > traces
TfOH > decomposition
N (I:LG LA or BA-assisted
;,55 [AUT " Prins-type cyclization?
MeOC © 2a
l o [(PhO);PAUOTf] > traces
iPrAuOTf > 96% yield

G. Cera, M.B. Angew.Chem.Int,Ed, in press
selected as a ‘Hot Paper’
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The reaction machinery

IPrAUOTE
(5 mol%)
rt

HO_ Ph

//CD

(o]
,\)L

d31a
Ph
GRat
N cp,

T

IPrAUOTS Sl
0,
(5 mol%) N N\ _H
110°C, 1h =
Me

N
R

o,

D5 (R = nBu), D = 95%

90°C.2h
—_— e

H;O (2 eq.)

IPrawOTH
(5 moth)

- Ha-5 (> 95%)

G. Cera, M.B. Angew.Chem.Int,Ed, in press
selected as a ‘Hot Paper’

D5 (B0%): Hy5 (40 %)

4a (T9%)
IPrAUOTS IPrAUOTE A 2
{5 mol%) (5 mol%) moi%) AR g
“70°Cc T10c 23
(o} 4a (H 95%)
TfOH

(5 mol%)

t,4h
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Tentative mechanistic rational

: A
N R: -(CH,),COMe .\9
3 0 -D,0 [Au(IPr]* = [Au]*
H-4a ™
Ph
)\ ,ph
A
1,3- proton (Au) N [Au]
transfer o0y [ D
oD

G. Cera, M.B. Angew.Chem.Int,Ed, in press

. ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA
selected as a ‘Hot Paper’

Chemical flexibility of tertiary
propargylic alcohols

x\ = T Ar
[Au] o
— ] N \ﬂ%
-2H,0 LA
azepinoindoles

i) Hydroamination
5-endo-dig
i) Alkoxyalkylation

M. Chiarucci, unpublished ALMA MATER STUDIORUM = UNIVERSITA DI BOLOGNA
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