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Background

Relativistic Effects

m = mg/[1-(v/c)?]"?

0.128 745
Cu -
1356 337 M
¢ d
0.1445 731
Ag
1234 285
0.1385 866 | 0.1442 890 | 0.151 1007
Pt Au Hg

2042 469

1337 343

234 59

79 Au
Gold
5d106s
Au 1s electron as an example
<v> 79
—_—= ——=(.58 =
c 137 m = 1.23 mg
2
_ n MsR)
M= oapg—— ‘ = 0.81
T 0 mg Fs(NR)

Contraction and stabilization of 6s
and 6p orbitals

Expansion and instability of 5d and
4f orbitals



Background

The Yellow Luster

Atomic Radius

Au<Ag
Aurophlicity
2.8-3.5 A

Schmidbaur, H. Gold Bull. 1990, 23, 1.
Schmidbaur, H. Gold Bull. 2000, 33, 3.
Blinder, S. M. et al. J. Chem. Educ. 2011, 88, 71.
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Background

Nano Au as Catalysts

Au/Fe,0s, O
co e )

Au/C, HCI H H
H———H >
H Cl

| ¥z

Graham J. Hutchings

Haruta, M. et al. J. Catal. 1989, 115, 301.
Hutchings, G. J. et al. J. Catal. 1985, 96, 292. 7



Background

Au as T Lewis Acid Allidz Au dy,
o) 4 \ ’TE|| : :
%ET 237 kJ/mol /(g‘} 56 kJ/mol
RU QR RUOR
TT 'Y
o donor interaction 7 acceptor interaction

Simplified cationic gold catalytic cycle

):—\\x
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| R'-==—R?
R' H f
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R'  AuL /
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Toste, F. D. et al. Proc. Natl. Acad. Sci. U. S. A. 2008, 105, 2779. 1]



Background

Au'-Catalyzed intramolecular hydroamination

_NHR2 NR?
O PhsPAUCI/AgOTf (10 mol%) o)
>
| DCE, 80 °C |

R’ R?
1=
22 i ?’;les 50-95% yield
Proposed mechanism N%z Y\ o NHR?
+
I

Shi, M. et al. Org. Biomol. Chem. 2012, 10, 3763.



Background

The Nobel Prize in chemistry 2010 for Pd-catalyzed cross couplings

R-R | external conditions
R1—R2 Pd° L-Au
R'—X :
E/R-X
Challenges L-Au"-R X L-Aull=X

R'—pPd'—R? R'—Pd'—X |

10
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Oxidants-Assisted Coupling Reactions-I3*

Au'and I1°*-mediated coupling reactions of arenes

R2

HAuCI, (2 mol%)
+  PhI(OAC), > O Q
H HOAc, 55-95 °C
R1 R'] R2

R'=H, Me, OMe, CI; R? = H, Me, Bu, F, Cl, Br, I, NO,, COOMe

Tse, M. K. et al. Chem. Commun. 2008, 386.

H
HAUCI,4 (2 mol %)
+ +  PhI(OAc), o
H HOAc, 55-95 °C
X
H>X=Cl Br, |

Tse, M. K. et al. J. Organomet. Chem. 2009, 694, 524.



Oxidants-Assisted Coupling Reactions-I3*

Au'and I3*-mediated coupling reactions of arenes and alkynes

/&e\ PhsPAUCI (5 mol%), Phl(OAc), (1.5 equiv.) /(Og% ‘
+ H—=—2 >
MeO OMe DCE, 90°C, 12h MeO OMe
entry substrate yield %

1 Z = CO,Et 75

2 Z=CO,Bu 60

3 Z = COPh 72

4 Z = CO(3,5-dimethoxy-phenyl) 68

5 Z = CO(p-CF;C¢H,) 70

6 Z = COBu 31

7 Z = CO(C,H,,) 66

8 Z = (CH;)C=CH, 48

9 Z = Ph 25

Nevado, C. et al. J. Am. Chem. Soc. 2010, 132, 1512.



Oxidants-Assisted Coupling Reactions-I3*

Au'and I3*-mediated coupling reactions of arenes and alkynes

OMe OMe Z

Ph3PAUCI (5 mol%), PhI(OAc), (1.5 equiv.) Z
+ H——=—z - >
MeO OMe DCE, 90 °C, 12 h MeO OM

PhI(OAc), PhI(OAc)C HOAc

\ A \/‘

L—Au—Cl L—Au—OAc

A PhI(OAc)CI ~

MeO OMe

OMe
I JfZL "
z MeO OMe v ¥
OMe O~|—
Cl Cl - C=I—Ph
Lol i S / Lo . :0\/A e
o)

% OAc = u\L

Nevado, C. et al. Angew. Chem. Int. Ed. 2017, 56, 1021.



Oxidants-Assisted Coupling Reactions-I3*

Au'/Ag' bimetallic and I3*-mediated coupling reactions of arenes

@ . 1 PhsPAUCI (5 mol%), AgOPv (35 mol%) NZ
N—N + > Ny Cefs
oh PBX (1.5 equiv.), 1,4-dioxane, 110 °C on
F

Initial Search for Conditions

F
F F F AuPPh3
©j\> + I:( + DPIB (1.5 equiv.)
N F F F F
Piv F

Additives, 1, 4-Dioxane, 80 °C

1a 2a Au-2b (10 mol%)

Additives 3a(X=F)% | 3b(X=H) %

Stoichio-metric

reaction of Au-2b None 9 None
AgOPiv (20 mol%)
K,CO, (2 equiv.) None None
Catalytic turnover:> AgOPiv (20 mol%) 5 16

Larrosa, I. et al. J. Am. Chem. Soc. 2015, 137, 15636.



Oxidants-Assisted Coupling Reactions-I3*

Proposed mechanism

reductive
elimination

ACO\Aum
’
C6F5 BN
g\ll\l Au"-catalyzed
IV N~ ~pp, C-H activation

C-H activation

Xie, J.; Li, S.; Zhu, C. et al. 3. Am. Chem. Soc. 2019, 141, 3187.

Ag'=CqgFs

|
detected by '°F NMR

Ag'-catalyzed

C-H activation H=CeFs

Ag'

N

N—N

4 \

AU/
CeFs ||

/ detected by 'F NMR
oxidation



Oxidants-Assisted Coupling Reactions-I3*

Au'and I¥*-mediated arylation of ArSiMe,

y .
SiMe; Ph3;PAuUOTs, Phl(OAc),, CSA X
+ EWG >
MeO

CHCI3/MeOH (50:1), rt. MeO

O EWG

X =Cl, Br, I, OMs, COo,Me... CSA = camphorsulfonic acid

Mild reaction conditions; High FG tolerance; High selectivity; High yield

Lloyd-Jones, G. C. et al. Science 2012, 337, 1644.

thtAuBr; (1 mol%), Phl(OAc),, CSA .
AL - OO
CHCI3/MeOH (50:1), rt.

tht = tetrahydrothiophene

5 to 9-membered ring

Lloyd-Jones, G. C. et al. J. Am. Chem. Soc. 2017, 139, 245. 17



Oxidants-Assisted Coupling Reactions-I3*

Proposed mechanism R | R
AuX > AuXs - X—A;u
= | I X
OMe m SiMes
Br MeOH
X—=Au=Ar Me;SiOMe
d
X=Au—Ar
Br )|(
OMe Y,
vill
CSA
L+ TOSO,R OMe HX
X=Au—Ar
X- Au—Ar Br L
~—— X-Au—Ar
'7 OSO,R
v
vii

Lloyd-Jones, G. C. et al. J. Am. Chem. Soc. 2014, 136, 254.



Oxidants-Assisted Coupling Reactions-I3*

Au'and I**-mediated arylation of ArBpin or ArGeEt,

R . _ R O EWG
Bpin  PhsPAUOAC (5 mol%), PhI(OAC), (1.2 equiv.)
EDG + EWG~©/ » EDG O
DCE, 110 °C, 15 h

Nevado, C. et al. Angew. Chem. Int. Ed. 2017, 56, 1021.

R PhsPAUCI (5 mol%) R O EWG
GeEt; PhI(OAc), / CSA (1.5 equiv.)
EDG + EWG > EDG O
1,4-dioxane, 70 °C, 5 h

GeEt; > SiMe; > BR,; R=H > 1> Br > Cl High selectivity

Schoenebeck, F. et al. ACS Catal. 2019, 9, 9231.

F Ph3;PAUCI (5 mol%)
F. H GeEty PBX (1.5 equiv.)
Ag-,0 (0.5 equiv.
+ R@l 920 (0.5 equiv.) -
F F DCE, 80 °C
F 36-48 h

Schoenebeck, F. et al. . Am. Chem. Soc. 2020, 142, 7754. 19



Oxidants-Assisted Coupling Reactions-Selectfluor

Au'- and selectfluor-mediated coupling reactions of propargylic esters

R PhsPAUCI (5 mol%), 0 e :
ArB(OH),, Selectfluor Ar 2 BF,4
ACO)\ > R2 + Cl
A 2 MeCN/H,0 (20:1), 80 °C I - N/_\+,\/N+ .
Ri 7
R' = Me, R? = n-Bu cross-coupling homo-coupling proto-deauration
product (major) product (minor) product (minor) \_Selectfluor_/

Zhang, L. et al. Angew. Chem. Int. Ed. 2009, 48, 3112.

)\ (2-biphenyl)Cy,PAUNTf, (5 mol%), Selectfluor
AcO N >
X MeCN/H,O (500:1), 60 °C

R!'=Me, R2=n-Bu major product minor product

Zhang, L. et al. Bioorg. Med. Chem. Lett. 2009, 19, 3884.



Oxidants-Assisted Coupling Reactions-Selectfluor

Proposed mechanism

HCI O

u\[Au’ Selectfluor
|
|
. ArB(OH),
traditional o Ar
n-activation l oxidation A A
RZH\E N

0O

C
LAUCI U\[H [ .
2
| | R H\E \F |

cross-coupling

1
minor product R product

homo-coupling Au'/Au 0
product transmetalation R? Ar [LAUF]
|
o) R1

Zhang, L. et al. Angew. Chem. Int. Ed. 2009, 48, 3112.




Oxidants-Assisted Coupling Reactions-Selectfluor

DFT calculations in the presence of aryl boronic acids

- i L -1
Me Me o
H H H
e .-"'.‘ ————
@
Me Me Au (“3\\‘ M Au
L/ '_,B-""DH © L/
F\ F---g—OH
OH
TS2 (5.5) 1S3 (~0.0) \

— g
-:.

Faza, O. N.; Lopez, C. S. et al. J. Org. Chem. 2013, 78, 4929. 2



Oxidants-Assisted Coupling Reactions-Selectfluor

Au'- and selectfluor-mediated coupling reactions of terminal alkenes

YH PhsPAUCI (5 mol%), Selectfluor Ar
R +  Ar—B(OH), > Y
AN CH3CN (anhyd.) )
R

n

Y=0O,NTs, n=1,2

Zhang, L. et al. J. Am. Chem. Soc. 2010, 132, 1474.

OH SiMes  PhzPAuCI (5 mol%), Selectfluor
R-E/\ * > [
S CH3CN (anhyd.), 70 °C

SiMe;  PhsPAUCI (5 mol%), Selectfluor R
+ '
RN R20OH, CH;CN (anhyd.), 70 °C OR?

R']

Lloyd-Jones, G. C.; Russel, C. A. et al. Org. Lett. 2010, 12, 4724.



Oxidants-Assisted Coupling Reactions-Selectfluor

Au'- and selectfluor-mediated coupling reactions of unactivated arenes

B 0O
4 X
HN_© (4-CF3CgH4)sPAUNTT, (5 mol%), Selectfluor N” “N—Bn
4 - D=z
H THF, H,0, 60 °C R
D H

In
I
—
>
C
- Z
=
)
T
J\/\ S
N =]
O z

\ ©\ ,lOL @Ni /4 HNTF,

N~ “N=Bn N=Bn
5 H—.e'—,_/
H_sr\;l Selectfluor Ds Ny
D Au-_H
< \ N, \
Zhang, L. et al. Angew. Chem. Int. Ed. 2011, 50, 4450. L Lo

v HNTf,
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Photo-Assisted Coupling Reactions

Dual gold/photoredox mediated coupling reactions of terminal alkenes
XH Ph3PAUNTf, (10 mol%)

+ —
L/\ ¢ PhNBF, _[Ru(bipy)llPFel, (5 mol%) O\\
i MeOH, 23 W CFL, rt., 4-6 h
N (2 equiv.) evn, » Ly Ph

. “Transmetalation First” XH

+
reduction Ph3P-Au_'I L/§

eliminatio
|
%E}\\ \ordination
+
O "’ [Xi\
N

Au S
7 T>Ph s
Ph;P AU

\" /

PhsP

[Ru”] |

hv
SET L
cyclization
X

X
Ru'l* 1l
[Ru] [Ru™] Q\\ radical " Au'
AU addition \
2

PhN, - v Ph-
Ph-

Yu, H. Z. et al. ACS Catal. 2016, 6, 798.



Photo-Assisted Coupling Reactions

Dual gold/photoredox mediated coupling reactions of terminal alkenes
XH Y - Ph3PAUNTF, (10 mol%) «
L/\ +  PhNJBF, _[Rubipy):IPFely (5 mol%) Q\\
R (2 equiv_) MeOH, 23 W CFL, I’t., 4-6 h Ph

[l. “Oxidation First”

reduction +

elimination Ph3P-Au—'I
X | Ph-
radical
. addition
+
X 7 Ph o
Aull
AU phsp”  Ph
Ph;P Ph "
v [Ru"]
hv
cyclization
Cj\_l o4 SET
1%
A?m 2+ [Ru'"] [Ru']
s u\ph 1
PhsP AU +
\Y dinati 7" Ph
coordination  Ph,P -N,  PhN,
1 Ph-

XH

Yu, H. Z. et al. ACS Catal. 2016, 6, 798. K/\



Photo-Assisted Coupling Reactions

Dual gold/photoredox mediated C(sp?)—C(sp?) coupling reactions

QH + - PhaPAUNT, (5 mol%) O
o 4 NBFe  RubipynllPFel @5 mols)
R R 20 W fluorescent bulb, H,O ( 60 equiv.) R
4

MeCN, rt., 16 h

peave B ToalNe rullS e g

MeO
5a, 83% 5b, 73% 5¢, 92% 5d, 70% 5e, 77%
: _Ph : ,Ph : ,Ph : ,Ph /@,Ph
MeO,C | OsN CF3
5f, 55% 59, 61% 5h, 34% 5i, 47% 5j, 34%
ISR GRS & o
Ar Ar NO, Ar Ar Ar

5k, 82% 51, 72% 5m, 39% 5n, 77% 50, 52%

Lee, A. L. et al. Chem. Commun. 2016, 52, 10163. 28



Photo-Assisted Coupling Reactions

Proposed mechanism

1 PhsPAUNTf,
Ar'B(OH), P  Ar'—Au—PPh,
transmetallation
(H,O assisted) '

F,BN,—Ar? Ru(bpy)s(PFe)2
visible light

Ar? *
|
] X reduction elimination [ Ar1—Au—PPh3]
Arl—Ars <

» Water is involved in aiding the transmetallation step (Ar'B(OH), — 1)
» Water affects the homogeneity of the reaction mixture, and therefore

the ability of light to efficiently penetrate the mixture to promote
photoredox coupling

Lee, A. L. et al. Chem. Commun. 2016, 52, 10163.



Photo-Assisted Coupling Reactions

Monometallic light-assisted C(sp?)—C(sp?) coupling reE%nvc(:;tions

O Reactivity trend

+ -
| GeEt; NBF4 _PhsPAUCI (10 mol%) ivi
1
R + EWG@ Blue LED R ArGeEt; > ArSiMe;, ArBpin
MeCN, rt., 2 h

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII8I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
/‘/‘\ ’ Cl I
8a, 66% 8b, 61% 8c, 86% 8d, 90% 8e, 81%
J L
Meg,S/‘/‘MesSI Me3Si Me;Si Me;Si
80% 89, 73% 8h, 80% 8i, 66% 8j, 67%
) : ¢
/‘/‘ F
oinB pinB pinB Me;Si Me;Si
8k, 61% 8l, 63% 8m, 80% 8n, 62% 80, 80%

Schoenebeck, F. et al. Angew. Chem. Int. Ed. 2020, 59, 15543. 30



Photo-Assisted Coupling Reactions

Proposed mechanism

Electron-poor ArN2+

+
ArN2
Ar=Ar XAUIL
I
Blue LED N2

Ar LX,Au'"-Ar

NaulxL 2 "

/
Ar

m
ArGeEt;

Schoenebeck, F. et al. Angew. Chem. Int. Ed. 2020, 59, 15543.

Electron-rich ArN2+

[PC*
Ar=Ar
| ) hv +
XAu'L Ar ArN,
|
ng ht [PCn+1 ]
Ar
>Au”'XL |
Ar LXAu"-Ar
1\,
pc
[PC"]* [ ]
LX,Au"-Ar
I
ArGeEts
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Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-catalyzed coupling reactions of terminal alkenes

4 N\
°h e + Q_B(OH)Q catalys! > s thﬁ)f\ﬁhz
Ph 1.5 equiv Selectfluor PH ,?\u '?‘U

\ MeCN, 12 h, rt. b Br  Br

\_[dppm(AuBr),] /

Catalyst (mol%) Yield [%]
Ph;PAuX (5), X =Cl, Br, |, OTf (5) <47
[dppm(AuBr),] (3) 81
COQMG
H Ts
S_N Ph /s
N
H
92 % 82 % 83 %

Toste, F. D. et al. Angew. Chem. Int. Ed. 2010, 49, 5519.



Dinuclear Gold-Catalyzed Coupling Reactions

Proposed mechanism

Ar thp/\Tth
|
'i“ul AU Selectfluor
concerted bimolecular Br I_I%r
elimination I
" oxidation
thp/\Tth
I
Br—Au'—Au''—F,
L | -
r \
WD JB(OH), Ph,p”” “PPh,
HN l, -
Ar Br—AiJ —Au'—F
B W B B | ]
key transition state
anti-aminoauration
F>h2FI>/\FI>F>h2 NH
Br—AiJ”—Au”—F L/=/
ArB(OH), Br p“
HN

34
Toste, F. D. et al. J. Am. Chem. Soc. 2011, 133, 14293.



Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-complexes

Cl —\ —\ —\
N N \ _CI N Ph
Phy,P Ph PhyP Ph Au PhyP PPh ~N_ N ~N N~——N_ N~
“l “l PhoP” P, I 1 2| Mes Y ~ Mes Y Y Mes
Alu CI—Alu—CI Alu Ph; Au  Au Alu Alu Alu
Cl Cl é| Ccl cl Cl Cl Cl
9 10 11 13 14

Summary of Electrochemistry Data

Complex E,, for Au(l) (V) E,.q for Au(lll) (V)
9 1.48 /
10 / -0.69
11 1.48 -0.53
12 1.34 /
13 1.96 /
14 1.64 /

Toste, F. D. et al. J. Am. Chem. Soc. 2011, 133, 14293.



Dinuclear Gold-Catalyzed Coupling Reactions

a) Homocoupling by dinuclear gold with aurophilic interaction

/X\
Ph,P” " “PPh, PhZP’X‘Pth
AI AI PhICl,, CD,Cl, .~ 1 koo = 1.6*10% s, -23 °c>
u u S Cl—Au—Au—Cl
I -196 ~ -78 °C I kos = 4.6*10% s, -52 °C
Ar Ar Ar Ar
15a X = NMe 15b X = NMe
16a X = CH, 16b X = CH,
Ph,P” " PPh
% /ir kps = f, -23°C PNP(AuCI); (X = NMe)
Au  Au~ or
. - *41N-4 -1 o
/LrC| Ar kog =3.9*10% s71,-52 °C dppm(AuCl), (X = CHy)
Ar-Ar
15¢ X = NMe
16¢c X = CH2

b) Homocoupling by dinuclear gold without aurophilic interaction

PhoP”~""pp, _PhiCl, CDCly PhoP” "NPpPh, k=t

- |
Alu Alu -196 ~-78 °C Alu Cl—Au—Cl
Ar Ar Cl Ar
17 no Au(ll)-Au(ll) bond

PhoP” " PPh, k=3.0"10%s"-52°
A Phe K=3010°5752°C ypnauc),
AU Cl—Au=Cl Ar-Ar
Cl Ar

Toste, F. D. et al. Nat. Chem. 2014, 6, 159.




Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-catalyzed coupling of Ar—B(OH), and allyl bromides

R’ ]
A (5 mol%) R
R©\ " BrWRZ > R%Rz
B(OH) Cs,CO3, MeCN, 65 °C

18 19 20
Y Y comparision of model reaction (product 20a
_NJ -N
Ph,P” ~PPh, Ph,P j/
A A 66% yield (A as catalyst)
| | VS
cl Cl Cl 16% yield (B as catalyst)
A B
©\/\ ” <O:©\/\
X m m o X
20a, 66% 20b, 72% 20c, 66% 20d, 86%
@)
|CCSRERCE S S YR W@LO
20e, 76% 20f, 57% 20g, 68% 20h, 58%

Toste, F. D. et al. Angew. Chem. Int. Ed. 2014, 53, 6211.



Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-catalyzed coupling of Ar—B(OH), and allyl bromides

R’ ]
A (5 mol%) R
R©\ " BrWRZ > R%Rz
B(OH) Cs,CO3, MeCN, 65 °C

2
18 19 20
)1 X
U R? Ph,P™ “PPh,
Alu Alu ArB(OH),
Cl ClI

reductive elimination
|

transmetallation

B Y 7#

~N<
Ph2II3 lfth catalytic cycle
Br=Au---Au

I I

Ar Ar_>=\ 2 T

R" R PhoP” "“PPh;

| 1l . Alu Alu

key transition state Ar Ar

oxidation additon R
Toste, F. D. et al. Angew. Chem. Int. Ed. 2014, 53, 6211. Br\)%/R2



Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-catalyzed coupling of aliphatic and aromatic alkynes

dppm(AuBr), (2.5 mol%), Phen (10 mol% -
R——H + H—Ar ppm )2 °) ( OL R———Ar
PhI(OAc), (2.0 equiv.) /4 \
21 22 CH3CN/1,4-Dioxane (3:1), 50 °C 23 =N N=—
Phen
HO — HQO — HQ
=0 - —
— OMe ———— CN —————
7/ W, / <\:/>_ / NS
23a, 85% 23b, 93% 23¢, 77%

CO,H — — —
</——\/F — = F TIPS——=—=— /—F
0, HO—/ \ / 0,

23d, 75% 239, 69% 23f! 90%

oH =
©::NN"' == ) AcO HF-; - <\:/>_F

239, 63%

23h, 63%
39

Shi, X. D. etal. J. Am. Chem. Soc. 2014, 136, 13174.



Dinuclear Gold-Catalyzed Coupling Reactions

Discrimination effect

F_Q%H F—@%Au—PPh3 22-AuPPh;

PhsPAUOAC (1.0 equiv)

21-AuPPh; : 22-AuPPhj = 3:1
CD3CN, rt. 5 min

HO
100 ¢ s —
Meﬁi_H 7o conv. Meﬁi_ Au—PPh3 21-AuPPh4
Me

HQ OH
CH3CN _— —
g W— P S Y. |

,\e/| 60 °C, 10 min — Me
Conditions Yield [%] Hetero/homo
standard conditions 83 12:1
A: AuCl; (1 equiv.) 0 n.a.
B: AuCl; (1 equiv.), Phen (1 equiv.) <5 n.a.
C: AuCl; (1 equiv.), NaOAc (3 equiv.) 12 2:1
D: AuCl; (1 equiv.), NaOAc (3 equiv.), Phen (1 equiv.) 65 4:1

Shi, X. D. etal. J. Am. Chem. Soc. 2014, 136, 13174.



Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-catalyzed coupling of aliphatic and aromatic alkynes

dppm(AuBr), (2.5 mol%), Phen (10 moI%L

R——H + H— R———Ar
PhI(OAc), (2.0 equiv.) / \
21 22 CH3CN/1,4-Dioxane (3:1), 50 °C 23 =N N=
Phen
thP/\F|>Ph2
:i‘\u' R———H
X
reductive
elimination
F’thI’ F|>F>h2
X=Au'—Ayl——rR
* thF;/\Pth
IV A Au Aul———R
Phl(OAc),
——Ar thp PPh, oxidation
I
x—AL ,i«u“ ——R
X

Shi, X. D. etal. J. Am. Chem. Soc. 2014, 136, 13174. M



Dinuclear Gold-Catalyzed Coupling Reactions

Dinuclear gold-catalyzed coupling of arylsilanes and arylboronates
= [PNP(AUCI),] (5 mol% Y

)
| AgOTs (20 mol%) > Ph.P” N PPH
o SiMes PhI(OAC), (1.3 equiv) O R 1 C
+ R Au Au
TCE, 120 °C, 2 h I I
B(neop)
26

04 Cl Cl
25 PNP(AuCI),
| Br OTf
@ @ ® " C
O O O :@ O OH
OMe OMe OMe OMe OMe
26a, 70% 26b, 73% 26¢, 61% 26d, 65% 26e, 50%
OTf OTf Br
® ® ® Ol Y
O F o O
¢ ¢ ¢ ¢
oY) COOH O v
Me -Bneop
26f, 67% 269, 50% 26h, 58% 26i, 47%
42

Xie, J. et al. Chem 2019, 5, 2718.



Dinuclear Gold-Catalyzed Coupling Reactions

Stoichiometric reaction for gold catalyst PNP(AuCl), monitored by 3'P NMR

i|:>r .
|

IN\

Ph,P” “PPh, ~—— 75ppm
|

Cl—Au Au—Cl

'Pr Pr
U |
PhoP” " PPh N«
2 e AgOTs (2 equiv.) Ph2'|° PPhy ~—— 68 ppm
Cl—Au Au—ClI TCE, rt., 30 min TSO—Au Au—OTs

Pr
|
’N\
th||° PPh, PIDA »  no oxidation ]\
Ci—Au Au—cl TCE rt, 30 min | —~€—— 75ppm
:Pr :Pr .
Ph,P" " “PPh, AgOTs (2equiv.) Ph,P”N~PPh, HRMS.: [M+Na]
Cl—Au Au—ClI ) ey

TsO—Au—Au-OTs  Found: 1304.135Q ~< 41ppm

Pr Pr
PhZP,N\Pth AgOTs (2 equiv.) . thFI"N‘FI’th . ot oo
C—Au Au—ci  IPATCE rt,30min b A —Au—ors M 30min |

r

T il T i T o T = L} b L] L T i T
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Dinuclear Gold-Catalyzed Coupling Reactions

Control experiments with Ph;PAuCI

Conditions
[ TMS » | |+ | Cl
TCE, 110 °C,1h

a. PhsPAUCI (1 equiv), AgOTs (1.2 equiv.) conversion: 0%

b. PhsPAUCI (1 equiv), AgOTs (1.2 equiv.), "BusNOAc (2.6 equiv.) conversion: 0%

c. PhsPAuUCI (1 equiv), AgOTs (1.2 equiv.), PIDA (1.3 equiv.) conversion: 100%

OMe OAc
Conditions
. . .
OMe TCE, 110 °C, 1 h o
O e OMe

a. PhsPAUCI (1 equiv), AgOTs (1.2 equiv.) conversion: 0%
b. Ph3PAuCI (1 equiv), AgOTs (1.2 equiv.), "BuysNOAc (2.6 equiv.) conversion: 7%

c. Ph3PAuUCI (1 equiv), AgOTs (1.2 equiv.), PIDA (1.3 equiv.) conversion: 56%

Xie, J. et al. Chem 2019, 5, 2718.



Dinuclear Gold-Catalyzed Coupling Reactions

Investigation of the consumption of 24a and 25a and the yield of 26a

SiMe3
o
I

24a

Xie, J. et al. Chem 2019, 5, 2718.

[Compound] / %

00

MeO [PNP(AuUCI),] (5 mol%), AgOTs (20 mol%)
1.3 equiv Phl(OAc), TCE, 120 °C
B(neop) MeO
25a
100 §4—=
\\ \.
by \'\\. \ = 248
80 4 \ 5,
\.\ . —A— 26a
60 - LNy
.\\-,__ N m-
T —\—-\\——_
Kﬁ‘““.x% —-—.
40 - e —e
_A
f/
20 + //f/
/ .
A
0 4—b——— T T T T T
0 2 4 6 8 10 12 14 16

Time / min

26a
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Dinuclear Gold-Catalyzed Coupling Reactions

Proposed mechanism b
Ph,P” ‘lIDPhZ
|
/-\Iu Aiu
Cl Cl
lAgOTs %
O\B,O
thP’N‘ITPh2 Phl(OAc), -Bneop
|
Ar'—Ar2 Au Alu
OTs OTs Phl
| path a
pathb : Ar'-Bneop T
: PhyP” PPh,
|
Y Y v AcO—Alu—Alu—OAc
NS N. hd OTs OTs
Ph,P PPh, Ph,P |:I>Ph2 _N. .
| | Ph,P”" ~PPh
TSO—p,  Au or Au u(OTS 2| | 2
1507 | | I | A Au Au ]
Ar?  Ar OTs Ar' | | Ar’=Bneop
Vv Vv OTs Ar'
Vi
TMS-OAc . AcOBneop
ipso-substitution
.~~~ PhI(OAc), Y
V3 N

Pho,P” “PPh,

I |
Ar2-TMS Y Y AcO—Au—Au—0Ts

/N\ /N\
PhzP” " PPh; PheP” " PPhy / Ors A
| |
1SO0—py  Au or Au Au<OTS M
Aco” | | I | ,"OAc  isomerization
OTs Ar' OTs Ar'
v v
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Background

B Summary
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Summary

oxidant (13* or F*) Al
L-Au > L fu(‘“ X

Aryl radicals (diazonium salts)

> Direct functionalization > Dual role of oxidizing
agent and substrate

» High regioselectivity
> +| — +ll — +lll (Gold)

» High FG tolerance
Dinuclear gold catalysis
Aurophilic interaction between

the two gold atoms can reduce
its redox potential

+| — +lI (Gold)
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Thanks!



