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Cationic Phosphine-Gold(l) Catalysis for C-C Forming Reaction with C=C
~ Can relativistic effects rationalize its reactivity? ~

@ Carbometallation is powerful C-C bond formation although stoichiometric metal is needed.
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@ Catalytic variant of this transformation is highly attractive

cat. M Nu E
= =

Nu—E

IZ> Electorophilic late transion-metals (easily forming 1t-complex) might be suitable for Nu addition.

But standard carbon Nu (enolate etc.) is difficult to apply (oxiJred. stable but electrophic metal

is desirable)

problem : oxidative coupling of substrate etc. e

E> Recently some transition metal catalysts (In'"!, Au' " ! pd'! etc) are realized for this carbon Nu addition.

®
Among them, [R3P-Au'] " is one of the most powerful catalysts.

-1995 B.Sc. and M.Sc. / University of Toronto, Canada (Prof. lan W. J. Still)

1995-2000  Ph.D. / Stanford University (Prof. Barry M. Trost)
{- asymmetric alkylation (Pd), cycloisomerization (CpRu*), some total syntheses
- 21 papers (17 JACS !)

2001-2002  Post-Doctoral Fellow / Caltech (Prof. Robert H. Grubbs)
2002-2006  Assistant Professor / University of California, Berkeley

2006- Associate Professor / University of California, Berkeley

F. Dean Toste

IZ> He utilizes relativistic effect to explain unique reactivities of gold.

a, a,
D. J. Gorin and F. D. Toste (Nature 2007, 446, 395-403)
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0. Preface gowll— page 2
> Au Au --- [Xe] 4f145d106s? . cu
—_— ' Ag |
(z=79)  (Au'-[Xe] 471*5d1%s0) Period 6 | Ir Pt Au Hg |
L (r-acceptor) Q. L (c-donator)
Aul L- Au'=X  14e Al L= IH/X L6
(d10) linear, two-coordinate (d8) X - TX

planar, tetra-coordinate

> intrinsically 1T-electrophilic

first recognized in heterogeneous catalyst

suppofied Au _H
54 HEI cl s
then extend homogeneous catalyst (
+ [Au] [A:u + Nu- R
R—=-R R——R —  ~
MNu
46 47 -1
(Na[AUCI], AuClg, AuCl) | o o
: Nu = R /U\)j\ OR
|
I
I

[Au] = cationic phosphine-gold(l):

(His understanding from experiments) @

{

® o
X

[RsP— Au']

G. J. Hutchings (J. Cat. 1985, 96, 292.)

(H-OR, H-NR, H-Ar)

[Aul” e R_H
___(.-‘. "_r

R [AU]  Nu R
48 49

I
|
I
1 (Toste’s initial work on Gold)
|

1. strong Lewis acidity (compared with other Tt-electrophilic late transition-metals)

2. potential to stabilize cationic intermediate

> Relativistic effect (

should be considered when investigating (calculating) the electronic structure of heavy atoms (> 5th-row)

InAu (Z=79), 1. contracted 6s orbitals !

relativistically expected

r
|
I

{i 2. expanded 5d orbitals i

> To simplify Toste's work

(stabilized energically) — LUMO¢ in Au(l)

} explains these characters.

(destabilized energically)

™~ nowmo!t in Aug)

(with alkyne) E®
"alkynophilic acid"

® Tttt TA

Au I — I

—= Nu I

e ' H Nu—E — I

— AN ! o — >—(Au !

! Au” 2 3 !

relativistic 6s contraction
explains Lewis acidity

generation of

ED (hopefully)

further intermediate;

functionalization

relativistic 5d expansion
might stabilize further intermediate

(see section 3)

Nu)_:( direct addition
E of carbon Nu to alkyne
Au@ 4 (see section 2)
| Nu |
! |
. E 5 Au E (functionalization
' ' of carbenoid)
! |
! ! product
: I B
| Nu%_{ ! Au
: ®!
, Au!
L Se M
(Au-carbenoid ?)




1. Theoritical chemistry of Gold
1-1 Relativistic effects

page 3

> quantum mechanics + special relativity

Schrodinger's equation :
(speed of light : ¢ is infinite)l ~—

molecular orbital calculation — structure of electrons

- the average radial v of the 1s electrons

v=Zau N .
In heav m (Z > 4- v h ignificant value relativ
7 atomic number |:> eavy atom ( 50), v has significant value relative to ¢
(c =137 au) @

Dirac’s equation!

(c is finite) |

consideration
of special relativity

The term "relativistic effects" refers to any phenomenon resulting from
the need to consider velocity as significant relative to the speed of light.

> one basic consequense of special relativity

m = mo/,[1— (v/¢)*]

mass increases towards infinity as a body's v approaches c

m: corrected mass
mg: non-relativistic (rest) mass

> effects

Effect 1: The Relativistic Contraction

Bohr radius: = dregh’/mZe?

ﬁl
mc’

a0

(supported by caclulation)
Box 1 Figure 1| Calculated relativistic contraction of the &s orbital. The

|
! relativistic and non-relativistic to orhital radii were determined
: CU(4S) Ag(5s) AU(GS) i yap  compuiatonally'™, Notably, Pt Aw and Hy are markedly influcncoed,
. [au] 32 3.4 3 | P. Pyykko et al. (Acc. Chem. Res. 1979, 276.)
I R Lt 2 ! 5
P.S. BAGUS (Chem. Phys. Lett. 1975, 408.) & assp o dog
2 ,._,“qub
"
- contraction of the 1s and £ % | A g
. T [=] why Au so contracte
1 o
all s and p orbitals. ] s nacp"%ao around Z ~80 2
o . o
iyt R
- . . . E Pt Hg !
Stabilization of orbital energies o B
[3] ) 3] M 100
Practically, contraction is only significant I
for elements in which the 4f and 5d orbitals are filled
T T T T T 1*&]
- electrons are closer to the nucleus; -
have greater ionization energies. e ,
A \,
(supported by caclulation) —s ] ‘,;’.‘:'____H;
a5k ¢ J o
" 025 L:f. o \
. . T 3 Ag X S e Hg
10 | 11 | 12 ) o
e " i HF (non relativistic)
+ - A non relativistic,
L '_“I 25Cu SOI_Z“ Fa sl —————DHF (relativistic)
4 2.-3:? f"'.}?}., == = ps (non lanthanide),
7706 | 0304 -
_ e L W ia 1 .
46 Pd <7 Ag|4s Cd| 4 5 e 4 5 [0
5 109.42 | 107.8682| 112411
LA S T Box 1 Figure Z | Caloulated lonization potentials for the Group 11 and
L _3;’.‘?...!. L R Growup 12 transition metals. Three different methaods ane companed:
72 Pt |70 Au|eo Hg Dirac-Hartree-Fock (DM F) {relativistic), Hartree-Fock (HF} (non
]L-';-{.pl-' |196.95654| 200 59 relativistic ), amd |v“.'||..||:-|'1ll-\.'r|1u| (ps (w i -F,.ml for felecirons). The
6 s ',“;E%E’ g difference between the HE and ps caloulations sesults from sccounting for
- N . ",' : - the lanthanide contractions the difference between DHF and HF results
RS R el from accounting for relativistic effects, The experimental ionization

(experimental values)

pdentials cosdy match those gven by DHE. [Reprinted from rel. 9, with
permisaion from Eluevier.)



Effect 2: The Relativistic Self-Consistent Expansion page 4

The d and f orbitals are not contracted. (higher angular momentum, seldom descend to nucleus)

better shielded by contracted s and p orbitals
see a weaker nuclear attraction

U

Expansion of d and f orbitals I:> Destabilization of orbital energies

Instead, {

Effect 3: The Spin-Orbit splitting

relativistic ) I
effects 6s orbitals contracted— stabilizing
Ay ofects o
5d orbitals expanded — destabilizing (and spliting)

> these effects are reflected in MO calculation

oz . . P. Pyykko et al. (Acc. Chem. Res. 1979, 276.)
Ag Au
' T ! Figure 1| Comparison of AuH and AgH bond energies. Calculated
. (Hartree—Fock)} molecular orbital energies for AgH and AuH are shown with
B (R} and without (NR) consideration of relativistic effects®. In the non-

relativistic calculation, the two molecules had similar bond energies. In the
] relativistic calculation, the 6s contraction resulted in a far stronger Aul
; ’ g-bond. (Reprinted from ref. 4, with permission from the American

E [n.ii)

s ! s 5l Chemical Society.)

1-2 Other theoretical aspects

> aurophilicity
the tendency for Au—Au interactions to be stabilizing on the order of hydrogen bonds

(might be important for neutral complex (LAgX etc..))

©
> [Me,Au']
not particularly nucleophilic relative to the corresponding Cu' (and Ag') complexes.
E. Nakamura et al. (J. Am. Chem. Soc. 2005, 127, 1446.)

> Me,RAU"L (R = Me or allyl, L = PMe3)
reductive elimination is relatively disfavoured as well.

|:> Au' and Au'' complexes do not readily cycle between oxidation states.
(of course exception exists)

( + from experiments)
|:> tolerate both oxygen and acidic protons,

@ With its unique properties strongly influenced by relativistic effects,
theoretical chemists have much attention to gold.

review P. Pyykko (Angew. Chem. Int. Ed. 2004, 43, 4412.)



2. Nu addition toward C=C page 5

A. S. K. Hashmi (Angew. Chem. Int. Ed. 2005, 44, 6990-6993)

. . A. S. K. Hashmi and G. J. Hutchings (Angew. Chem. Int. Ed. 2006, 45, 7896-7936)
quite a lot ! TEVIEW 1 A s. K. Hashmi (Chem. Rev. 2007, 107, 3180-3211)

D. J. Gorin and F. D. Toste (Nature 2007, 446, 395-403)

+ [Au] [A:u] + Nu- R [Ad] +H* R _H
R—-R R—R —  ~ \ -
Nu R ~ [Au] Nu R
46 a7 48 49
2-1 Heteroatom Nu
- I . ) Rl—=—p
> initially Au™ halide (intermolecular) .
A R R =akgland
(intramolecular) 2 pral 3 Ma AL 2 e, MaALCL
%\-‘mahalqd?'it/ \ methand y (anhydrous)
R Ri R fhux, 1-10h refux, 190 h
ol ) SmoreNsicy | Nan o2 o "
b g — 7 # | Y
" Calall y . r r & A +* R - R
R Meca, 70 Y, at au?\,ﬁr‘ ﬂg M:%‘\.,R? r..:.;;xm
3 6-exo-dig 186 17 (84855 31 o) 13 14
" ) E3804% LB
@ Pd" unsatisfactory results @ internal --- regio mixture, terminal --- Markovnikov

@ K[Au(CN),] is inactive
@ Na[AuCl,] quickly reduced to metalic Au (TON >50)

Utimoto. K. et al. (J. Org. Chem. 1991, 96, 292.)

Utimoto. K. et al. (Heterocycle. 1987, 96, 292.)

> cationic phosphineAu!

Cationic Gold@ Complexes: J. H. Teles et al. (Angew. Chem. Int. Ed. 1998, 37, 1415)

Highly Efficient Catalysts for the Addition

ol Alcohols to Adkynes™? in situ generation of [L-Au'T*
PhsPAuMe (X mol%) < terminal alkyne >
Me—=——H + MeOH MeSO3zH (10X mol%) MeO_ OMe less steric hinderance for Au
(continuous streaming) (leq) 20-50 °C (Markovnikov)

— TON up to 50000! (0.00002 mol%), TOF up to 5400 h'* (cf Hg" quickly reduced to metalic Hg (TON ~100))

[L-Au|]+—> the initial TOFs [h™}] : Ph3As (430) < EtgP (550) < Ph3P (610) < (4-F-CgHy)3P (640) < (MeO)3P (1200) < (PhO)3P (1500)
electron-poor ligands lead to an increase in activity, but the stability decreases.

[Ph3PAu'X] — the initial TOFs [h™]: I (2) < CI" (7) < NO™® ~ CF3COO" ~ CH3S02 (700)
progresses from soft to hard anions

PhyPAube

] MeSOH  MeD OMa OMe )
T< + MeOH "0 N N < internal alkyne >
solvent-lee il - ) less steric hinderance for MeOH
4 20-50°C 42 (major) 43 (minar)
@ Ab initio calculation H'c“'én CH, @ experimental data
CH.OH m,lh-—-!!u—[ PhyPauMe
MeS0yH I:J:Ma
12 Ph———Fh + MaOH .
CH ) t sobentree P el
. . A, -
cis-auration 46 20-50°C a7
(initial Z-E = 8:1,

['-1"‘—-!-.!'] M&.P—h'—||| Hr’f. £H, final Z.E = 2:1)
17 18 MaP—Ay o e e
H 20 intuitively trans-aurationj acceptable

H
CH—=——H
[T+

Ba e bOEH,
g, P— o
OCH, W 1,3 hydrogen migration;
bond rotation
M 10a 2
Scheme 3, Proposed mechanisem for the sddition of methanol 10 propyec catalveed by 1he theoretlca||y:_Cl§-_a_lil[a_.t_l g_n-;

trime thyvlphosphane godd (i) cation.



2-2 Theoretical chemistry of cationic phosphineGold(l)

> [RgPAU'T" + PH3
far more covalent

in reaction

2nd PHzis =

1

2)

robust

PH3

Au(l)* is a large, diffuse cation sharing positive charge
with the phosphine ligand,

page 6

one might expect orbital rather than charge interactions

in binding a second ligand.

6s orbital of [R3PAu']*can further accept electrons (contracted 6s)
keep strong Lewis acidity

Table 3. NBO Populabon Anabves for [MIPH L] (M = Cu, Ag

Aup

cupd i P ] ris) rip)
AuPH:" (64 025 ggon 0438 0oy
0,83 0.07 oods 0207 000!

AnPH-- D6 027 o 825 (0 Tos! o001l
0.58 0.ie 0558 0.5ie 0.003

AulPHy)" 0.47 0l D858 0.627 0030
0.5 0.4 e o0/ 0423 a.0l0

AulPHy)" 0.50 016 9854 0584 0051
064 .11 o503 o417 0024

AgPH,* 086 0a7 2973 0.136 0003
AgiPHR* 061 ol1s 9923 0 449 0006
Ag(PH)" 063 012 9.938 0405 0014
Ag(PHy 1" 060 012 2939 0417 0025
CuPHy* 0835 007 94971 0168 0007
CuPH) b 061 LLS 9936 0 444 0009
ColPHK" 0.60 013 9940 0430 0,020
Cu(PH1 " 0.56 015 2931 0456 0033

* Noarelativistic values are et i imbes Chaspes ¢ and metal orbaeal

poelatons n

> Stability of [RgPAu'l* + L

1) with several ligand

2) alkyne vs alkene
Experimentally, reactivity of Nu is

stability

[kd/mol]:

soft"

Table 4. NBO Population Amabyas for [MCHPH)L] (M = Cu, Ag

Any
cuapd M) ] ] r{d) m(s) rip)
ClLAnPH. 040 gin = &4 8763 :_!L-'J 204
050 08 -0.73 0840 00 4042
ClAg(PH. 040 031012 D63 97686 lo77d 043
039 el =074 285 030! @029
ClAn(FH:n 051 021 -082 9845 038 0059
fod  Ola 054 0884 0300 004
ClAgPH, 060 017 -0.73 9892 047 0041
ClAg({PH:» 064 0703 0.78 84921 0.379 0.023
ClAg(PHy» oel 0lé 0E3 9932 03N 0039
CICuFH; 061 018 -0.74 9805 0421 0050
ClCuPHy: 063 0OI7 08) 9931 0376 0040
ClCuPH:y 060 019 -082 9929 03198 0031

* Momrelmonstic values are set m imlacs. Chasges ¢ and metnl orbeial

populatons o

AuCl }
[X,AuM

+ PH3

not investigated

P. Schwerdtfeger et al. (Inorg. Chem. 2003, 42, 1334.)

J. H. Teles et al. (Angew. Chem. Int. Ed. 1998, 37, 1415)

CH,Cl, (+63) < H,0 (+44) < acetylene (+38) < MeOH ~ 1,4-dioxane (+24)

< propyne (+18) < THF (+2) < 2-butyne (0) < Me,S (-18 ) < PhzP (- 114)

rF—mm e ————————————

tcarbophilic rather than oxophilici

substituted alkynes are better ligands than MeOH or dioxane

-

W. Koch et al. (J. Phys. Chem. 1996, 100, 12253)
V. M. Rayon et al. (J. Phys. Chem. A 2004, 108, 3134)

but theoretical stability is inverse

E(Aut-alkyne) < E(Au*-alkene)

E> alkynes LUMOs intrinsically lower than alkenes (~0.5eV)

That is important for Nu addition.

> Backdonation from [RzPAU'l*

1) to alkyne /alkene (by calculation)

Backbonding to antibinding orbital (of alkene / alkyne) is poor (smaller than Cu)

(~10 kcal/mol)

render alkyne / alkene more electron deficient

2) to carbene (their explanation, not by calculation ?)
Backbonding to antibinding orbital also might be poor
but backbonding (from Au' 5d) to lower-energy (than antibonding) non-bonding p-orbitals

(of carbene) might be suitable

relativistically expanding
(destabilizing)

£ L L
il - = ] "
ki, w,_ﬂ;'_i:. i IJ
gy N =
i e s >
o [rrpr—

This can stabilize carbenoid intermediate in the Au' catalyzed reaction



2-3 carbon Nu

page 7
> (Nu = p-keto ester)
. Table 2. Gold(l)-Catalyzed Cona-Ene Reaction®
Gaold{lj-Catalyzed Conia-Ene Reaction of fl-Hetoesters with Alkynes
sy i e prachas i (]
Joshua J. Kenredy-Senith, Steven T. Staben, and F. Dean Toste®
Comrer jlar Nw Pavecman m Orpaue Syarie. Deparmsens of Chesmamy Dseerpny of Califoess 1 UEL R 1] 15 man @ L
Berkple, Califsmsia 84750 | o 0 - ]
! - ] ﬂ_;-'_ et (LTSN s 1 ik = T ¥ [*1] iy
1
(J. Am. Chem. Soc. 2004, 126, 4526) 3 N T PR (I I R
i Pebe e CHICH T e - o
Table 1. Efficency of Group X1 Metal Catalysts in the Coma-Ene o s
Reaction ] 2 i TIE h a li ;.,1 ¥ s
a o [+ (] o e
U 5-ex0-dig [T 5 . e, 0 S =5 [t} (1] e i'-'; nE Lt
Ma” “iDhbe — W L 4:‘ e H
LA ) 0 9 :
t Bl - e | )
b 2 T ol i ] v D"'- -"‘i oy .
ey OGN firme: % conv. 10 2* . u T b
1 10 mol %= AgOTE DCE. rt 18h 50 A e ) o e
2 10 mol % AgOTE, 10 mol* PPhy. DCE. it 15h 0 n J aoame L AT o
3 10mol % AuCl,. DCE.RT 30 mum £l g W we
4 10 mol % (FPhyJAuC]l DCE. 60 *C 6h ]
5 10 mol % (PPhy)JAuOTE, DCE, <15 mm >§5 * Reaction Conditions IWI
6 10 mol % [(CvNChAn]FFs, DCE n 14h 0 Lketoester o dichloromethane gyt * 5 mol *» (PPha)AuCl and 5 mol %=
7 1 mod % [PPhAu)O]BF. DCE. 60 °C 1h ] AgOTE
g 1 mol % [PPhyAnyO)BF,, 5% HOTE DCE.n <15 mum =95 termina' a|kyne only

" As yudged by 'H NME. * No staring matenal (1) remaned.

~ #1 [Ad]"  weak Lewis acidity cationic - Au' - mono-phosphine
#2 [RgPAQ'T"  insufficient
@ Auvs Ag --- relativistic contraction of s orbital
(?)[AUT vs Au' --- aurophilicity (?)

e Au'vs Au" --- unknown (for regio , see (Nu = Ar-H))
@ Auvs Pt --- not mentioned (possible?)

#3 [Au'"X5] sufficient Lewis acidity (?) but undesired path
< #4 [RsPAUX] insufficient

#5 [RgPAUT* sufficient Lewis acidity
L #6 [(RNC),Au"l" insufficient

nucleophilic attack on a Au(l)-alkyne complex by enol

[ Me % trans-auration
(PPhz)AUOTS AT Me0LC, Ao
o mechanism A I :5: éﬁ\“;;\'
MeC:C a (31) A

)
T e pef
- et
! ¥ Ne ' MeOsC_ Ac Ay ﬁ
[leFt C-I.Eu/’ o 2

% (PPha QTS E_H:G f D

= "7
mechanism B {I3CIZMB|‘AP’I i32)
- cis-auration
formation of a Au-enolate followed by a cis-carboauration
* i o O
o o LoREx H
M (PPJAUOTY Meo VA ome  (PPmMuOT! MeO-¢~ Yoo )
e H Ohe Me.  1- ! D M {, N’
i L [Au] b4 - y \
S 0 | - 5~/ A
BIR=H.R'=D D | H [ u]
MWB=N =N + (35) (36}

Trans-auration IZ> Now generally accepted.

(mechanism A)

MeO,C___ Me e MeOC Me
5-endo-dig (Angew. Chem. Int. Ed. 2004, 43, 5350) CiH [Au] & internal allyne OK
(1,5-enyne) \—==—R  5-endo-dig R
> usually prepared in situ RsPAU'CI + Ag'X
[R3PAU' X <~ RgPAuMe *+ HX "’T\
= LA CAul -
(X = OTH, SbFg, BFyete) ~ 10 oallh Ol + HX A (L =RsP)



> (Nu = Ar-H) page 8

@ Regioselectivity is inversed between Au(l) and Au (lll) with terminal alkyne,

(only intrinsical regio ?) M. T. Reertz et al. (Eur. J. Org. Chem. 2003, 3485)
Me !
|"‘,}i [Au(my" e, Mo [LAu(I*
(10 eq) /|\{l . (10 eq) Ma
™ ™ ity ! [AWPEICH (1%) e
) o i 8 : m Ma BFyOER; (5%)

N R . o r o — GO + in-nrgj@fﬂb-ll.«-r
_—s e ! = CHNO, 50°C, 14k Ma Mo = -
=% L SE—com A ca

! e (Z/E = 100/0)
Ph3PAuCI/AgBF, ineffective AuCls / 3AgBF, (5 mol%) — 37 (~60%) + 39 (10%)

60°C, 16h (Z/IE = 78/22)
Au(lll) slightly activate carbonyl ?

@ Ar-[Au] might be unlikely instead of electrophilic activation of alkyne

i (2eq) |
- I p— I
[AuCls], 2,6-lutidine ! R Ph—=—H R !
| F |
(i} Ar cl il i ! = ) Me !
AH — . \Au/ \Au/ 'R” m_‘_._,; :ml,.ﬂ A (i} Y= pn !
ca” e A : N THE :
L I -
! e 50°C,5h R 809495 !
unstable ' !
: 1R=H R =M 1MWR=H 11 R=Ma :

| M Y. Fuchita et al. (J. Chem. Soc., Dalton. Trans. 2001, 2330)
> Au'vs Au™ (Nu =-C=0)
I species” and "z-philic Au' species”

(or AuCl; + THF)

@ They said "oxophilic Au

Br , H,
j.‘. W 2% AUCH; PhCH; e "'-':::_h 2 FiyPAut], PhiH; '
x__:ll.-' et T —— it . - Br ""'-u-' -0l
[Au(lIn] o e [LAU(DIX 2 o
1,2 hydride shift
s H via gold carbenoid

I:'F‘;r\ R ) Br "‘ei'fl - Tl u.,_-.--l\

'L \l - "*i__ N ...xt\ . _,._ﬁf/ et
AL -;\J'“"n ol k] ,/»' T oot o’ g

1 V. Gevorgyan et al. (J. Am. Chem. Soc. 2005, 127, 10500)

(my opinion) I:> Basically both Au(l) and Au(lll) are r-philic
But Au(lll) is slightly more oxophilic than Au (1)

= Nu—E DoNeL i E@ Nu This section
2 A2 >:(Au > >:< (Nu=N, O, C, E=H)
4

u 3 E
alot! How to generatei same (Nu=S, E=allyl, silyl etc.)
. position _~Nu Y. Yamamoto et al.

— (Angew. Int. 2006, 45, 4473.)

|
|
I
I
|
|
i
_Nu :
R, =E do/ W—— U e g (OL. 2007,9,408L1)
R1 (Ri=8) (endofexo g Au 17 several | 9
/ I | electrophiles!
|
|
|
|
I
I
|
|
|
|

I
I
I
:
| , |
tvinyl-Au o ® _E
L 4 I
|
|
|
I
I

Rz —Nu ®_R | R (Nu =0, E = benzyl, iminium)
k/__ T~ Z—Nu L@ N same  R—y, L. Zhang
== (R, =E) : position N— < (JACS 2005, 127, 16804)
7 Au@ (endo/exo) — ™ Fk/\:< U F.D. Toste et al.
Au ! intramolecular carboalkoxylation
10 ! 11 Au 12 (JACS. 2006, 128, 12062)
P
different position
Nu
; S
Next section )’—‘( ------- > %‘( O ------- > new reaction ?
N Au E Au E Au
(Toste's plan) 3 5 6
relativistically expanding 5d orbitals of Au
might stabilize cationic intermediate by backdonation




3. Reaction after Nu addition (via carbenoid) page 9

different position

T at

E5Au

3-1 Generation of cationic intermediates

™ _{"‘H
| o ary
@ AU=NHC complexes are known I.:_ﬂ'“ e I.c ™ can catalyze cyclopropanation of styrene with ethyldiazoacetate
.‘_"- -.) ha
-~ 4)-{“ 1/ A S. P. Nolan et al.
- -, (Angew. Chem. Int. Ed. 2005, 44, 5284)

]

@ vinyl Au species was proposed to have significant Au carbene character on the basis of NMR, X-ray, and calculations

=
®

MeO._ . AuPPhy MeO.___ AuPPh, MeO._, AuPPh; H. G. Raubenheimer et al.
—CICO) L-CrCO)y =— L-CrCO)s (Organometallics 2002, 21, 3173)

E > Cr(CO
(E > Cr(CO)s) |:> cationic intermediate [5 <— 6] might exists

different position

EQ /w E £ £ 1,2- E
Nu —Nu Nu Nu _|H-migration \Nm
endo ©) =
g 17

13 @ 14 Au 15 Au 16 AL Au®

@ initial work of Toste
7 : z < same intermediates (14-16) was proposed with Au'
Catalaytic Isomerization of 1,5-Enynes to Bicyclo[3.1.0]hexenes ; ( ) prop
Nieto-Oberhuber, C. et al.

Michael R. Luzung, Jordan F. Markham, and F. Dean Tosie® (Angew. Chem. Int. Ed. 2004, 43, 2402)

(J. Am. Chem. Soc. 2004, 126, 10858) (Chem. Eur. J. 2006, 12, 1677.)
Furstner, A. et al.

catalyst P——— (3. Am. Chem. Soc. 2004, 126, 8654)
Ph {CH3CNPACI;, 24h ~ 4%,
_CH Gt PICl;, 24h ~ 4%
T 1o cata Ph- PICIy, AGBE, 24h oy H
= hyst AgBF 4, 24h frace = 1% (PhsP)AUPFg
4 (PPhabAuCl, AgBF,. 5 min.  100% ~< !
{PPhalAuCH, 24h O Ph D_)ilf\ 99% pr X H
complete conversion, AuCly, 3h S0% -
but substantial amount of decomposition.#” - 5% AuCI3 with 15% AgOTf 24
(24) (25)
Table 1. Au(l)}-Catalyzed Synthesis of Bicyclo[3, 1 0]haxenas?
) b e e — Lro = Scheme 1. Mechanistic Proposal for Au{l)-Catalyzed
| Cyclomomenzation
t pairm T P T in s
Er H ?,‘ - _ A
- U g Lo -
o ‘] 7R
i M | Yl Tl 1 1‘-\' in e Fn__-i_- . i H — 3 // 2 P J*—. __:".J-
" (] K // H ™=
3 e 1 ! m 1% [P e, m s pseudoeqatrial / "'-.,
) = \
[ - A, 1
" { X = '
4 e o 1% [P phacbinf T ‘; T s I"n_‘?_-' S Plrara - Ph by __;__‘-._1' Fliar
G e Hodw am o an I e
R
\,:/DL" .. iy rana
5§ | . (1} P rhutnl 1 s it - ﬂ \\ (144.»15) PhH 2%
R L i]
l (16) LAy
3 b \\K""-\-..__\_ -
[N -—
[ ('\ o [11] T [P i .:t/ S T . . L .
- P " e o -Au might lower the barrier to cationic intermediate
- by backbonding.
L n n
e S . expanded 5d
LI g -] 14 (PP e g —\: i) p:;‘:F stereospecific P

¢ Reaction condiions: 0.5 M 1.5-envne i dichloromethane. rt [=T T T TTTTTTTTT oo oo TooooTomoooo----oe
‘With Au(lll), analogous intermediates were proposed. T TTTTTTToTToTo oo oo m oo s e m e m T m T
-Pt(Il) shows similar reactivity(relativistic effect also influense Pt)
cationic Au(l) --- even in the presence of strongly donating ligands, such as phosphines

activation of aIkynes{ . L - -
Pt(Il) --- simple salts or CO complex reactivity tuning, stereoselectivity
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o
___________________________________________________ H be
stereochemical information b Phst |

different position

R
®
Nu=<0 Nuj< Nu/< Nu/<O
/~  5-exo 0 o . ;
==—E — /Z\E/ - —~re ///gE — C-C bond formation

&~ Au J\,\;\ Au 20 ‘,X,m Au®21 }N\

Synthesis of 2-Cyclopentenones by Gold(l)-Catalyzed Rautenstrauch
Rearrangement
Xiaodong Shi. David J. Gorin, and F. Dean Toste”

(J. Am. Chem. Soc. 2005, 127, 5802)

Original - cal. PAClMeCHly

A P
Rautenstrauch rearr.

e
oﬁrn& (3. Org. Chem. 1984, 49, 950)
3

metal carbene intermediate proposed

"a method for generation of metal-carbenoid"

I
! PN : !
| 5% PRPAUCL 5% AgSER, O S— | o
. L ' Toste's case  Chirality transfer
] L CHJON. -20°C. 12 h v ! not Au-carbene (21)
. :
| BB% am B4% (B2% 0.4 |
| L N W J
h —
o Yy ”'\*-_v-- MO e LA e ?Fr e,
S R
ray
|_|.\‘-L
A. R. de Lera (J. Am. Chem. Soc. 2006, 128, 2434) " -I- L - (19)
DFT calculation predicts W
helically chiral intermediate o
L] '

hY i
o - \ Sl T - o
T -.I-Mﬂ " Nazarov like B A A cyclization from cationic vinyl-Au (9 or 11)
%]

s | B | N - e . .
(20)= “apriMe cyclization W .Hu.h.km might predominate
i1 B @
L]
o 1y i' """"""""""""""""""""" \
| ¥ 0 PO . . . . .
Sy el L, e "0 Lcarbenoid or cationic ? [ cationic!
‘Mo L1 " i
™ |2 (q9) on a fast time scale
h (intramolecular reaction)
h - -
. | _Ph =(21)
OhAc Auil A o A Ty . .
Nply | T 1 [ Ohe Tt S toward highly carbenoid character
| |F.|.| L OAc
12 1

Gold{l)-Catalyzed Steresosalective Olefin Cyclopropanation
Magnus J. Johansson, David J. Gorin, Steven T. Staben, and F. Dean Toste” Scheme 1. Meachanistic Hypothesis

(J. Am. Chem. Soc. 2005, 127, 18002) cis faVOl’efjm

___________________________________________________ o Ph s
i i L=l . Ph ke
=T 2% PhyPAUCH, 2% AgSEF, ! ;o opaha
| ;)“Fh + *pn P | M
| 5% % e B ! P La® A L _
| 15 (31% oa) 955 cigtrans, IE5 ZE 0% ow | P i
— !

P
B P"'v":‘&'\-ﬂ:

"carbenoid" ) ) -
might be concerted mechanism

Ph -
was not conserved. k|




—————————— W 5%) RPAUCI, 5% AgSEF, T RmEn 11 . [
TR g A IO, e e i,
1 PivO R i v P g
L
|
: A\ ® : .L1"-i' = f-Bu
| u | OPiv 2 5% [Au]. 5% AgSHE, L L _ome
N 9 8 W AN (mae T e
N A / wy, NO:Me, 25°C, 20 min O~y ke b Y Tt
= T6-04% a.e. Ot
Ar' R
high ee even linear geometry of Au' P'VOX/LR'
S
__________________________________ X Z:B Ar—2= A\u@
" ! \ WA 2 . .
i Anyway... _ _ ! A AR AUSB \|_ bifunctional ?
r carbenoid character might dominates ; \ L L

> to conquar demerit of linear coodination geometry of Au' for ee
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A Powerful Chiral Counterion
Strategy for Asymmetric Transition
Metal Catalysis

Gregery L Mamilisn, s Joo asy, Wirlss Wi 7, Dean Tiis®

(Science

5-exo
LAuCE or L{AWCT), Agx

CHyO,

L = PhsF (& mal ), X = [H-6 (5 mal®)

|

|

|

|
O L e dppm (25 mel), X = (98 (5 meit)

|

|

|

i

. 2007, 317, 496)

B Fi= 24 64-Pr-CeHy |~ (+H*: known as chiral Bronsted acid catalyst)

@ standard chiral phosphine poor ee (<10%ee)
$

. 20
@ only PPh3zAuCl or Ag-6 or 0 'T*D,.H 1 norxn

RO wiald, S0 &
@ dinuclear Au' better

T ekl BET e
@ less polar solvent best

ee depends on the proximity of the counteranion
to the cationic gold center

@ match-mismatch pairing between chiral phosphine
and chiral counteranion observed in other systems.

C . .__.._.1- SR | 25 mof dpprmiAuClly, § maf% A6
st
1
CHMO B0, yuid, 15% e MR
AL TI% yiid, 375 ea ! banzens

B |ttt ettt |
I might extend standard transition metal catalysed process

hydroamination of allene with chiral phosphine gold

) (3. Am. Chem. Soc. 2007, 129, 2452)

6s contraction

<summary > 5d expansion

(with alkyne)

How to generate E®
propalgyl claisen. (JACS 2004, 126, 15978)
ring expansition (JACS 2005, 127, 9708)
etc.
R Nu—E U >:<
- ® I Au
Au 2

sy (LEE 2aEhy (Nature 2007, 446, 395-403)

backdonation for carbenoid

carbon Nu

Conia-Ene (JACS 2004, 126, 4526) (Angew 2004, 43, 5350)
Silyl-enol (Angew 2006, 45, 5991)

carbon E
alkoxycarbolation (JACS 2006, 128, 12062)

acetylenic Schmidt (JACS 2005, 127, 11260)
cyclopropanation (JACS 2005, 127, 18002)

|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
i
How to generate i
I
I
:
|
1,2-shift, cyclization !
I
|
|
|
|
I
I
|
|
|
|

How to proceed different mode | U ® Nu rearrangement etc..
cycloisomerization (JACS 2004, 126, 10858) |—> %—( - M | — product
Rautenstrauch rearr.(JACS 2005, 127, 5802) E@ E 5 AU E Au

6 S
oxidative trap
(JACS 2007, 129, 5838)
______________________________________________________________________________________________________ J
(with allene)
other works about Au 4 (cycloaddition)

(asymmetric variants)



