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Which Metals?

* No Main Group, Only Transition or Group 11
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Why Do We Care?

Transmetalation

e If process is catalytic in both metals, two catalytic circles should exist, connected by a
transmetalation step

e Little is understood about transmetalation to this point, so difficult to predict

Through this transmetalation step new complexes can be obtained that were
previously impossible

Taps into unique qualities and strengths of each metal, leading to unique
reactivity and transformations
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- Well-Known Example

Most well-known example is Sonogashira coupling
o Uses catalytic palladium (TM) and copper (Group 1)
e Two distinct catalytic cycles linked by transmetalation step

Pd/Cu

RX+ H———R base R —R
R———R
PdL, RX
R.E. N O.A.
; :
R'——— IIDd—L R—IIDd-X
L L
Transmetalation S
Cu—R'
? S R
isomerization |
L—Pd—L
|‘| NR"sHX
CuX
R'

NR"3 + H——R'



Group Exchange

Types of organometallic exchange:
e Halogen for carbon group
e (Carbon for carbon
e [somerization with transmetalation

e Thermal decomposition with transmetalation

Ligand exchange is essential in most organic reactions that utilize transition
metal complexes



~ Halogen for Carbon ge:

—

Yamamoto, T., Organometallics, 1997, 16, 5354.

Alkynyl Transfer

* When reductive elimination does not occur, a stable organo-transition metal

complex can be isolated
e Good method for preparation of rigid-rod o-bonded alkynyl polymers
e Often transmetalation from copper to another metal due to ease of formation

( # 3 Cul v l'_ |
Ar'—Pt—| + Ar-Pd—=-Ph——= Ar'—Pt—=Ph+ Ar-Pd-|
R L L L |
M———R + M %\w L
M Ar'—Pt—I
L
= Cu] = Cu(PR3), '
M = Cu (Cu] (PRg), | iCu— o
M' = Pd, Pt :
a | 3
L | Ar-Pd-1
R Ar'—Pt— Ph ' 1 ll_
o N\ L [Cu) \
M =R s -
M/\ L
M L | Ar-Pd— Ph
Ar-Pd-i L L
=
b) \ L

Ar'—Pt—
L



Ligand Disproportionation

 Hydrides can also participate

N
Br /Br B /H
d— Pd—
PhHC ¢ H PhHC < Br
CHPf “SCHPf

CH,Pf .
O .

Pd .

/
Br>/<
+ PdBr, + Pd(0)

Espinet, P., Organometallics, 1997, 16, 4030. Yamamoto, T., J. Organomet. Chem., 1992, 428, 223.
Grushin, V.V, J. Am. Chem. Soc., 2009, 131, 918.



~ Halogen for Carbon Group Exchange: Gold
and Silver Transmetalation

Gold and silver complexes have been shown to transmetalate to other metal

centers
[AuR(PPh3)]
j: ; th (NBuy)[AgRy]
— —
Cl /BN Cl IR
Cl PPh; R PPhs L Cl
[AUCI(PPh,)] 1/2 Pd )/< NBu4)
AgCl
[AuR(PPh3)]
@ @ R= CGC|2F3; XAL = C6H4(CH2NM62)
0c—e, 0C—Fe.
o : AuX(PPh = -
[AuX(PPh3)] (NBU)IAGR,]

1/2 (NBuy) /R
[AUR(PPh)]

= =

X-Ru, X-
[AuX(PPh3)]

R= CgHs5, C5CloF3
U

“PPh

Xm g
;U\;U

"PPh,
Blum, S.A., Organometallics, 2011, 30, 1776.

R = 4-(OMe)C4Hy, 4-(CF3)C,4Ha, vinyl, Me Hashmi, A.S.K., Organometallics, 2011, 30, 3457.
Weibel, ].M., Chem. Rev., 2008,108, 3149.



/Hﬁn for Carbon Group Exchange: Gold
and Silver Transmetalation

Aryl-gold(I) complexes can be transmetalated to a variety of metals to give

NCN pincer complexes
NMe,
Q@_C.
e

cl
r\|uv|e2—[ 1
Au—Cl NMe
| [MCloL] | ci
toluene Ti—OiPr
e [AuCls(tht)] : Rl
M= Ni, Pd, Pt
toluene
[TiCl5(OiPr)]

NMe2

Me,N THF, -78 C
Me,N /© [ PR NMe
2" >Co g 1/2 [CoCpls] | 2
H  _  toluene Au—PPh, FeCls Fe/CI
N H,0, KPFg toluene | ol
Me, NMe,
MezN

Espinet, P.,, Chem. Eur. J. 2012, 18, 1864.
Van Koten, G., Organometallics, 2011, 30, 2819.



Carbon for Carbon Exchange?

* Carbon-for-carbon exchange may be taking place more often than observed

Bk
/R‘\""L
2 ‘Pd\
L A 1
H R R' 'R? R2 Fﬁ
tht— Pd -R' + tht- Pd -R? = -~ 2 tht—F:d-R?
tht tht " tht
R' R' L
N 7. N\
/Pd\ Pd o
R’ R ¥ R2 RZ :
tht- Pd tht+ tht— Pd tht = = 2 tht-Pd-tht
R’ R? R

R! = C4CloFs : R2 = CeFs

Espinet, P., Organometallics, 1997, 16, 5730.



~ Carbon for Carbon Exchange

* Without Pd(o), no olefin insertion occurs to M-H bond

[Pd(PPh3)4]

2 PPh;

[Pd( PPh3 2]

)—Mon CO), \(
f —MoCp(CO);

Ph3P Pd-MoCp(CO)s Ph3P Pd MoCp(CO),
PPh, PPh,

v

;
R

Komiya, S., Organometallics, 2006, 25, 311.



Isomerization Involving Transmetalation

* Cross showed isomerization of Pt
ethynyl complexes via Hg catalysis

Ph Ph
I f

L-Pt—=—Ph + HgCl, Loptch wiiph—
L L
L= PMePh

|

Ph Ph
I |\|
_— L—Fl’t—L + Ph——

HgCl

* Espinet showed isomerization of
aryl Pd complexes via Au catalysis

L
\
Au
,L P.d-ﬁ} R?-Au-L, ) PI dj?
Ri=-===L L, k4 Ri1--=-=R
L t
1
Au
L=l R =) ko | ke
Pd_:
Riz---t R?
L\
Au
Le===sL R1-Au-L, k3 L- I';h
' .Pd\l —— e Pd
Ri---1R2 L, kq Ri---R2

Cross, R.J., Inorg. Chim. Acta, 1985, 97, L35.
Espinet, P., Organometallics, 1998, 17, 3677.



" Thermal Decomposition of Gold
Complexes

* Decomposition of Au alkynyl complexes to produce nanoparticles

e

RNC-Au—R
g

2 RNC-Au——R > + CNR'
A =—r
M \ Au(mirror)
Au---Au——R e
R'NC L L
Y
FERNG === R R
- : I =
RNC. R
n
> R'NC-Au—Au—H + CNR' e R,NC/\CNR'
R AR~
/
R S

Espinet, P, Inorg. Chem., 2011, 50, 8654.
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C-H Activation: Direct Arylation

Direct arylation is an economic and green approach that allows for
minimization of byproducts

X R1\\
R1 |
|\ A | A =
f e 35
R, =
¢ HX \\|
R

You reported direct arylation of heteroarenes with aryl boronic acids

B(OH), Ry Ry
% 5 mol % Pd(OACc), =Y
)ZQ\/N + ReL ) 10mol % Cucl Z N
R, e = 1 eq Cu(OAc),
R, 1 eq KF, NMP X
80 C,30h |//
Y=C,N;Z=0,S,NR;s R,

You, J. Chem. Eur. J., 2010, 16, 11836.



~C-H Activation: Optimized Direct
Arylation

Huang reported direct arylation of heteroarenes with aryl halides

Ar

H
z)%N 0.25 mol % [PACl,(PBus),] z)%N
_ i 1 mol % Cu(Xantphos)I
2.5 eq Cs,CO;4
\|/ Toluene, 100 C, 18 h \|/
R
Z=0,S, NMe 48-99 % yield
piivag

Huang, J., JACS, 2010, 132, 3674.



Decarboxylative Cross-Coupling

Goossen showed Pd/ Cu or Ag Benzoic acids can be used directly,
catalyzed cross-coupling reaction but need stoichiometric amounts of
from carboxylic acid salts Ag
CO,H O
o e Pd/M cat = s R R O
RGO T R solvent, heat R 005 R R R R
M = Ag, Cu +
CO, 5 10% Pd(OAc), O A O B
Ak 20% tBUXPHOS OMe
R—[M] '-2Pd\X OMe ~Ag,CO, DMSO OMe R
5 min, MW, 200 C 3 C :+ co,
R'—X A:B:C
O—[M] 3:1:5 &
o= [PdLy]
R
R'—R
- R
MIX L,Pd’
KX R
R-CO,K Ri \\R3
N | DMF/DMSO, 110 C
o P
S HO,C 20% [Pd(MeCN),Cl,]
: )rtBu R Ag,CO3
Goossen, L.J., Science, 2006, 313, 662. 4 2

Crabtree, R.H., Chem. Commun., 2008, 6312.
Larrosa, I., Org. Lett., 2009, 11, 5506.



What is the “Copper Effect”?

Reports have shown that Cu(I) salts can increase the rates of Pd catalyzed
cross-couplings

Ph—X

O.A.

R.E.

isomerization

AS

L

Deng, J.Z., Org. Lett., 20009, 11, 345.



Gold and Palladium Synergy: Carboauration
Reactions of Alkynes and Cross Coupling

Blum formed syn-alkenyl gold Sarandeses showed Pd-catalyzed
complexes that were stable to H20 coupling of gold furanones with
and O2 phenyl iodides
PhaPAL" X —  AuPPh,
MeO,C—==—CO,Me -
gZ’MF”%%at MeO,C  CO,Me

Pd”L2 AuPPhS

R
Ph3PAu COzMe PhsPAu—R
F’d” PACloLy] —= [PdCL,]
PhsPAU—X [PClLal LPe kol
PhsPAu—X transmetalation L> = dppf
[Aul(PPhs)]

dn Pd”L2

=——CO,Me

Blum, S.A., Organometallics, 2009, 28, 1275.
Sarandeses, L.A., Chem. Eur. J., 2010, 16, 9905.
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Dissimilar TM Couples: Cr/Ni-Catalyzed
Vinylation of Aldehydes

Nozaki originally thought only involved stoichiometric amounts of CrCl2

Ri Excess CrCl
RS R Ra
X OH

Fiirstner/Shi made the reaction catalytic in Ni and Cr by adding Mn

R,

:870
R1

R4
=< Ni—X
X :( n
Y\ R cr CISiMe;
1

Ni© O/Cr”l

R4
Crl“ I /<
, Cr
Ak =( R,~CHO
Mn© ol R,

Nozaki, H., JACS, 1977, 99, 3179.
Kishi, Y., JACS, 1986, 108, 5644.

M Furstner, A., Chem. Rev., 1999, 99, 991.

,SiMe3
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Conclusions

Bimetallic systems are growing in popularity due to their unique reactivity, but
the field is still relatively young

Pd(II)/Au(I) catalysis, especially, is being used more and more

In the future, making more processes catalytic and more simple starting
material synthesis will increase utility

More mechanistic studies need to be done to allow predictions of reactivity
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Question 1:

Pd(PPhs),4] cat.
P A) - [Pd(PPhg),] R
Ag,CO; cat.
‘=== +RZX o
CO,H K2COj3 CH5ZCN R"Z}O
70°C,7h
° B) T zpocusmn
°>-%jv e
/FN/
2
[ C) OAc :
5 mol % (2-biphenyl)Cy,PAuUNTf,
% 2 eq Selectfluor, 60 C, 25 min

MeCN: H,0 = 500: 1
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Question 2:

[Cp"RhClz]z Ph3PAU COzMe

5 mol % I
Ph3PAu—© OO = B w10
CD,Cl,
13 23°C, 10 min 14
89% "H NMR yield
Proposed Mechanism:
PhsPAu—Ph PPhs;AuCl
PhsPAu.__CO;Me ﬁMe 3 3Au
|
Cl step i/
H 15

step il

3@* e
PPhzAuCI
H

MeO,C

916

13



Question 3:

AuPPh,

1 eq PdCIy(PPh3),
2 eq AgOTf

5eq TEA
dg-THF, 25 C

84% yield
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~ Dissimilar TM Couples

Chen and Ma showed Fe/Pd catalyzed synthesis of -allylic substituted
butenolides

| % FeCl 2
R, Rs R, 5 mol % FeClj

):.:< % :Q; 5 mol % PdCl, oy
R, CO,Et gr DCM,40C R2

RE 000




