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Inspiration

Hemilabile ligand-supported Ru complexes (My master’s work at Iwasawa lab)

hemilabile Ligand Ly

RuLyH(OAc)

Ru—N decoordination & coorination complexes with Ly are synthesized

H H H-Bpin | Bpin Bpin
or hv “pre-activation” or
Ru-catalyzed C,,.—H borylation 12 examples

N,N-dimethylamino group: flexible substituent in hemilabile ligand

PhoP” ™ PPh2

(\F’Ph2 L
'
- v\ THF, rt, 16 h
Cl PPh, NMe, (70%)




Background

Why “DalPhos”?

A EUROPEAN 2 IJZF;%%OA )
e mo C 2
& C[Br 2.4 mol% DiPPF ©:PR2 @‘prrz
L o Fe
L= & NaOfBu NMe
, 9 NMe 2 @-PPQ
Ea /7 : toluene 95 °C
L1:R=1Bu; 71% DIPPF
L2: R =1-Ad; 74%

Chem. Eur. J. 2010, 16, 1983
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13" Example Using DalPhos

Same catalytic reactivity with bidentate & monodentate Lligands

C2,,., - o <] i <
PPh, PCYz PRz tBu, P
PP PR
0
R= @ (1-AdYP~ A~

bidentate bisphosphines this work monodentate phosphines and carbenes

Pd-catalysed cross-coupling

R\\ Cl R\\ WE2
| P R,NH | g PR,
or  [Pd]/[L] @
or % RNH, — >~ O NMe,
Bor- or e _
[ Fo (e wmm,

>90 examples (E =R/MH)

4 Chem. Eur. J. 2010, 16, 1983.




DaLPhos-Au sl -V8 Hydroamination of alkyne

Ligand screening

5 mol% [Au(SMe,)CI] O 80
/ + O/ \NH 6 mol% ligand " N
Ph —/ 1,4-dioxane, 110 °C, 1 h Ph)\ o
ph 2 807
Ligand 2
L5 : R = o-piperidy! £
: L6 : R = o-morpholino g
PR, L1:R=Ph - P1-Ad) P s
L2:R=Cy | L7 : R = 0-CH,NMes o 40 -
L3: R=tBu &% L8 : R = 0-2,5-dimethylpyrrolino +
NMes 14:R=1-Ad R L9 :R=H 5
L10 : R = p-morpholino E
Ar g
PR12 l\i iPl‘ g 20 &
L11:R'=tBu; R®=H [>: A= 3 0
O O L12: R' = tBu; R? = NMe, N _
L13: R'=1-Ad; R?=H Ar Py
R? L14 -

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L14
Substituents at phosphino group

1-Ad substituent gives best performance

Substituents at aniline ring

o-substituent all performed well (o-morpholino is the best)

5 J. Am. Chem. Soc. 2010, 132, 18026.




HAUC|4 * Hzo

1. 2,2'-thioethanol, H,O

Dal.Phos-Au sl -V8 Hydroamination of alkyne

Synthesis of L6-Au complex

2. L6, EtOH

[(L6)AuCI] (1)

Same catalytic reactivity with bidentate & monodentate Lligands

5.0 mol % [(L6)AuCl] (1)
R1

RA-RE AT
N

krm
+

2 R3 5.0 mol % AgB(CsF5)4
Z N e e !
r toluene, 110 °C, 16 R R2” RS

4 2 5 6

®

® ® ;
N N
N

SO,

5b; 88% (>20:1)P

L

N
MeO

5d; 75% (18:1)° 5e: 83% (4:1)°

m
5a; 86% 41

O

5c; 86% (3:1)°

6f, 80% (>20:1)°¢

5h; 88% (>20:1)°

z OTBS LN OTBS

5i; 79% (3:1) 5§; 76% (5:1)°

J. Am. Chem. Soc. 2010, 132, 18026.




Dal.Phos-Au sl -V8 Hydroamination of alkyne

Stochiometric reaction of 1 with AgB(C«F5), & 2a or 3-hexyne

A

P—Au—Cl P—AU—N
N
=0 |\ ©B(CeFs)4
1
3-hexyne >< 2a
-2a - 3-hexyne
AgB(CsFs)4 @ ®
3-hexyne P—Au—|f| —

N
'\ OB(CeF
2 5 (CeFs)a

L6 is acting as a monodentate phosphine ligand

No hemilabile feature was observed

7 J. Am. Chem. Soc. 2010, 132, 18026.




0xidative AGGIAGHEBGR YO Background

Why OA to Au(l) is difficult?
Standard Electrode Potentials and Temperature Coefficients at rt (298.15 K)

Acid solutions (pH = 0.000) E° (V)

Pd?*/Pd (c) 0.915
Pt2*/Pt (c) 1.18
Audt/Aut 1.41 High redox potential

J. Phys. Chem. Ref. Data 1989, 18, 1.

Intramolecular OA to cationic Au(l) complex (stoichiometric)

. © e
—P—Au-—--Cl-GaCl;  Si-Si bonds™?  ~

Low coordinate

/ gold(l) complexes
N & e
[ )>*AU---- F-SbFStrained C-C bonds"’i
N
\
Seur
P\\@ e Strained C-C and Csp?~I bonds'®""
Au--—-NTf,

Chelating (P,P) ligand
P bent gold(l) complexes
3 /o =BH




0xidative e[ [RAHR GRS Linear-Prefered Au(l)

Au(l) complex: preference in linear structure %"Z_Au_’;"z Q g
\\ Q)

If L is bidentate... A
Binuclear structures: pth 4
AK"""""““”‘"?U O ghz Au—ghz O
L—Au—R /iy X X

75 77 _

S s\/s _
Linear structure of Au(l) complex /’\
S R

N o

Ph,P l|>Ph2
SAY b
A s A | O « \ / “y
80 T . X . a
X X 70
Introduction of hemilabile DalPhos ligand 78 Chem. Soc. Rev. 2011, 41, 370.
[b This work
C Q\ Csp?~| and Csp®>-Br bonds
P—Au- -F—SbF —Au X Hemilabile (P,N) ligand
X= I Br AN
| Y
Z
Gold-catalyzed
l C—C cross-coupling
with aryl halides Nat. Commun. 2017, 8, 565.




0xidative AGLIAGHEGR SO Reactivity

Oxidative addition to DalPhos-Au(l) complex

e
AgSbF
Ad 6. Adl I®
“P—Au-Cl ——— ,P—Au—X
e CD,ClL, RT ~ Ad Ar
With Ar-X bond | | | ' '
OMe NO, F
<1 min <1 min <1 min <1 min <1 min <1h
99% 99% 99% 99% 99% 99%
1h 35h 72h 12h 12 h
99% 99% 96% 60% 75% 93%
e
With strained C—C bond Q\ 7 @ |, SbFe
N
N XN AgSbFg ®|
P—Au—Cl + | —————®  pg—P—Au
” CD,Cl, /
Ad N
-80 °C to RT |

10 1 2 h, 99% Z Nat. Commun. 2017, 8, 565.




0xidative AGLIAGHEGR SO Reactivity

©
DFT study on OA to DalPhos-Au(l) @ Me, SbF,
™ N
5 Ad‘P'A% a KRG
E SAu.,© A
T F-SbF R~
£ , NMe, Ad Ad @
m g
32 - | TS,
3 Tsexchange : 8.2 & ‘
O st s -3.0 =67 *,
: (-17.7) .
-6.8 pi
g, O 89 % -89
Cre s
Au” SbFs “\_
’P\ NM62 -'I e
Ad" Ad Au” \© Me, SbF,
R @ N
1/SbF % ©: No |
7
IP\ o
|-adduct Ad Ad & //
- b4 _ 3 . 3 3 2
Au(lll)-mediated C,,—C,, coupling (Stoichiometric) Moo
a OMe
Me-Dalphos)AuCl 1 |/ : MeO
( (1 eF;uiv.)) " ol Meo (1equiv)
O- e L Ko
AgSHFs(1equiv) AL g AgSbFs (1 equiv)
SbFg CH,Cl,, 12 h, 25°C MeO  go%

MeO
b

(1 equiv.) MeO

+ (Me-Dalphos)AuCl 1

11 (1 equiv.)

\ﬁ p OMe AGSOF(equv) /=
- \ 7

(1 equiv.) CH,Cl,,12 h, 25 °C

MeQO

OMe

MeO 90%

Nat. Commun. 2017, 8, 565.




MeO

Ar-X +

(1 equiv.) MeO

OMe

(1 equiv.)

(Me-Dalphos)AuCl (5 mol%)

.

Y o

AgSbFg (1 equiv.), K;PO, (1 equiv.)

DCB/MeOH (50:1)

75°C,2h

0xidative AGLIAGHEGR SO Reactivity

Au(lll)-mediated C,,—C,, coupling (CATALYTIC)

MeO

Ar OMe

MeO

=

91% (75%)

: I
93% (77%)

OMe

=

12 70%P

84% (70%)

94% (78%)

OMe

99% (82%)

F—< >—|
95% (65%)
e

69%?0

84% (74%)

Nat. Commun. 2017, 8, 565.




1,2-Diaryl.ation WALEREEN Background

Migratory insertion approach to 1,2-diarylation of alkene (known)

via

',’AI'[Y] Ar—Y' P Ar_[M]_Aro —--qi-r-ef:f--’ ',"AF_AF'
LN (Ref. [2]) '\ /\ coupling ;@l
Y =B, Sn, Zn ‘ side product
Ar'=—X [1 ,2'migrat0ry] diarwation» ',' -~ Ar
(Ref. [3]) insertion 2 Ar
-= Ar[X] l desired product
AN
i -~ Ar Ar : .=~ Ar
Ar=Y'/ Ar'—H ’ )\/ [l\lll] 3-hyd rlde~> . /&
(Refs. [4-6]) k. elimination ts
X =1, Br, OTf, Ny -
RO M = Pd/Ni/Cu PO
side product

13

Angew. Chem. Int. Ed. 2020, 59, 11808.




1,2-Diarylation AL ELER Reaction

Stoichiometric 1,2-diarylation of alkene

— - @ O
f® Ar—1 (2 equiv) /@1 ) 1a (2 equiv)

P—Au—Cl > | p= AU | SbFq -
oy AGSHFs (1 equiv) | AgSbF, (1 equiv)
( eQUW) CDZC|2 i Ar il CD2C|2 3a’ 63% Ar
-78°Ctort A 60 °C

NMe, é
- @ E Ar
P P(Ad), E

Catalytic 1,2-diarylation of alkene

O F
@ (Me-DalPhos)AuC! (5 moi%)

Q. T~

AN ANANF X
o | (Me-DalPhos)AuC! (5 mol%) R &

1 4
il AGSbF (1.05 equiv) . AgSbFs (1.05 equiv)
P ' KsPO, (0.5 equiv), DCE O\ i KiPO, (0. equiv). OCE
1 70°C,2-4 h e : OMe

Wide substrate scope of alkene and aryl halide.

EDG-, EWG-substituted arene ring, heteroarene ring, natural product derived ring etc.

14 Angew. Chem. Int. Ed. 2020, 59, 11808.




|-EEREHLLIWAUENEEN Mechanistic Study (1)

a) Control experiments: O~~~ | =
: Sehadlict
+ SN S ! X - 1a OMe
conditions conditions 3a Ar
a)orb) : a) or b)

. 10 Me
conditions: catalytic

a) (Me-DalPhos)AuCl (5 mol%)J AgSbFg (5 mol%) KzPO, (0.5 equiv), DCE, 70 °C, 4 h

b) AgSbFg (1 equiv), K3PO, (0.5 equiv), DCE, 70 °C, 4 h

b) NMR studies- Effect of 1a on oxidative addition of Me-DalPhosAuCl with 2a:

via ®
5 UL, a Q\l/ o
N N SbF,
f® AgSbFg /Ql © Ad.. AgsoFs g T Do
P— Au—Cl + = > P=—Au—I| SbFG /P—Au—C| _— ;P_;?«U—X
—78°Ctort o i cD,CL RT  Ad A
A ESI-HRMS ' [ ' ' '
I after 30 min ©
D——— 58 ppm
X i sl i OMe NO, F
| after 1 h <1 min <1 min <1 min <1 min <1 min <1h
99% 99% 99% 99% 99% 99%
: - s o In the absence of 1a, the OA of Ar—X (2a) to
: Au(l) is instantaneopgt. Commun. 2017, 8, 565.
| L
| after 4 h

: Full conversion to A (OA of 2a to Au)requires

long time in the presence of 1a

15 I . Angew. Chem. Int. Ed. 2020, 59, 11808.




-EOIETRERA T N R CELEN Mechanistic Study (2)

16

c) Deuterium Iabeling studies:

O
HA
“H J =10.38 Hz
standard i ;
L 1a D conditons 2D Ar 2 fa%
H
d) Kinetic Isotope Effect (KIE) studies:
H/D H/D
D/H NP D/H O
D/H H/D standard conditions O/
H/D competition reaction: ky/kp ~ 1 0] H/D "
llel reaction: ky/kp ~ 1.1 r
1a/1a-Ds pareliel tesction: o 3a/3a-D,
e) Tandem mass spectrometry studies:
®
N e
o standard - S SbFg
conditions P—Alu
Ar
ESI-MS/MS C O
cald m/z = 872.3865
l found m/z = 872.3883
® ® ®
- o Ml
p/AU SbFe + P/AU SbFe ar /AU SbFG
a b H)O ¢ CHiCN
cald m/z = 618.2558 cald m/z = 636.2664 cald m/z = 659.2824
found m/z = 618.2579 found m/z = 636.2697 found m/z = 659.2848

Structure of 3a-D:
anti addition of Ar group.

Supporting a S¢Ar reaction for the

carboauration of alkene
S
1a

I
|
OMe

[¢)

3a Ar

Mass-spectroscopically
detectable intermediate C

Angew. Chem. Int. Ed. 2020, 59, 11808.



1,2-Diarylation of Alkene

Proposed mechanism

- Ar[H]
Ar—X

2

oxidative
addition

e Ar
P—Au-—CI Ar
AgY, base

cross-couplmg A

zr-actlvatlon

mode mode

/

reductlve
ellmmatlon

P, 1 s
/Qm AgY 1 I base I
u—X P—Alu-"y ' P—Au
Yo A T
A - ; B A e E C : p 58l
: E y ¥

ligand-enabled no direct Ar-Ar' : no B-hydride

oxidative addition ! coupling elimination
' :

e

selective z-activation
over C-H functionalization

17

nucleophilic attack onto
activated z-system

Angew. Chem. Int. Ed. 2020, 59, 11808.



Au(lll)-Mediated Aryl—F Coupling REE[43¢[gelV]sle

F
. . . ||F+|| M1—R'
General procedure for oxidative coupling at el ———— | =il M R=—R'
. Selectfluor, \R —[M]-F
Au with F* R = alkyl, NFSI
aryl, alkynyl R' = alkynyl, aryl

Difficulty on characterisation & isolation of Au(lll)

d
IPr—Au—F
XeF, PhB(OH),
Isolated Au(lll) fluoride complexes IPr—Au—R ﬂ _2® R=Me @“Me
R = alkyl
undergoing C—-C cross-coupling L F— Au IPr
Oxidation IPr— Au—F 5 Toste, 2010
2 F
R1
7 ArB(OH),
Halide exchange N Au R - N_Alu_R Ar=R
CI/Br R = Alk, Ar Nevado, 2016
NMe2 NMe2
. | AgF | [MI-R
Halide exchange 4 p Au—I ——  AdP— Au— ~ Ar—R
[M] = H, Si
Nevado, 2021 R = alkynyl, CN

18 J. Am. Chem. Soc. 2024, 146, 11352.




Au(lll)-Mediated Aryl—F Coupling REE[43¢[gelV]sle

Reason for the less study on oxidative fluorination of Au(l)

||F+|| /F [M]_Rl
L—-Au-R —— | L—Au® R=—R'
Selectfluor, \ —-[M]-F
R = alkyl, NFSI R
aryl, alkynyl R' = alkynyl, aryl

Coordinatively unsaturated

Coordinative saturation? (CNC pincer Ligand)

Ag0 (4 eq.)
KBr (10 eq.)
[H3CNC]PFg.Cl > 2 (CNC)Ag'
CH,Cl, RT i
(tht)AuCl
Bu Bu KN[Si(CH3)sl,
THF 5 [
F—+N\/\N+——/
-
DIPps, T _Dipp 3 (CNC)AU"  BF,” BF,”~ 5 [(CNC)Au"FIBF,
\ \ 25% THF 37 %
I
{C>—w—O
N N
Dipp Dipp
3 (M =Au)

ORTEP of 5

19 Chem. Eur. J. 2020, 26, 6993.




Au(lll)-Mediated Aryl—F Coupling

Employment of hemilabile DalPhos ligand
Aryl complexes decomposing within 1 hour in solution at rt

Adzp AU@ d2P—Au—@CF3 AdzP AUOOMG AdzP—AUO

1a: 62% 1b: 71% 1c: 65% 1d: 91%

Aryl complexes persisting for 1 day in solution at rt

\ X )
N FN(SO2)Ph), N N(SO,Ph); : o
(1.1 eq.) |@ \ \N/ F \/ O
AdoP—AU—R ——» Ad,P—Au—R | ® | ® |®
Toluene, 5°C £ AdP—Au Ad,P—Au AdP—Au
F F F
F

Hemilabile ligand-assisted saturated coordination %
1e: 95% 1f: 78% 19: 76%
Q\\'}'/ d
®
Successful isolation of F-Au(lll)-R complexes, AdzP_A“ Adzp A“ Ad?P_A;‘@
R = aryl aIkyI 1h: 45%° 1i: 81% 1j: 71%
V4

Alkyl / alkynyl complexes

\ V.7 \ /
i N ® "
) ® _
Ad2P—A|u—<] AdP—Au-CFg AdzP—Aiu—_—Q
F F F
1k: 78%° 11: 74%P 1m: 71%°

20 J. Am. Chem. Soc. 2024, 146, 11352.




Au(lll)-Mediated Aryl—F Coupling RalzEIS\13Y%

Transmetalation of Au(lll)-F with electrophiles

TMS—=

(5eq.)
© )=
\ , . N(SOzPh); | cDsCN, 80°C,8h
',"@ 53%
Ad,P—Au —
F TMSCN CN
1e (5 9. \
CDsCN, 1t, 25 h N
Ad,P—Au—CN
2
- 80%
\N/ g NESOPh) TMSCN CN N
| ® (5eq.) F F 5 N
Ad,P—Au
F DCM, rt, overnight Au
T 71%

99%

Reductive elimination of Au(lll)-F

N(Sozph)z 120°C, 3 h
0-DCB
AdP— Au
ambient Ilght

or dark
15%

21 J. Am. Chem. Soc. 2024, 146, 11352.




Au(lll)-Mediated Aryl—F Coupling RalzEIS\13Y%

DFT study on RE of Au(lll)-F

.
[ .
N ~
2.383 -0 @ y
2358 | 2114@-@
Ad ..P L ’ . . l,/
N ’
aAd@ 9’ & 3
‘ NS
F
o
—
| /
N
| ®
AdzP—Au
F
1e

Photo-induced RE of Au(lll)—F

N(SOzPh)ze
\ 7 R hv

Ad,P— Au

MeCN, rt,2h

254nm: 45%
312nm: 37%
365nm: 37%

Blue LEDs: 0%

22

F

(W
& N
4 ) “(\2.738 .
. ® N 227],,..
R (™ u~-:‘_~
\\‘ .
| 2286 00 ..
2 Ad <
\\\ ' ‘
Ad B
\\\ .
-21.7
©
SbFg
hv \N/
MeCN, rt, 2 h |®
— Ad,P—Au—F
254nm: 52% F F
312nm: 63%
365nm: 71%
Blue LEDs: 0%
1f-trans

J. Am. Chem. Soc. 2024, 146, 11352.




 conctsion |

Hemilabile feature

The nature of Au(l) complexes that favour a linear structure limits ligand
modulation. Hemilabile DalPhos Lligand maintains the Llinear mono-
coordination, while coordinates to Au(lll) centre for further donation.

] >|<
P—AU—R | >

L—Au'—R (N \\J

> Various developments of challenging reaction

> Deeper understanding on reaction mechanism (isolable intermediate)

THANK YOU FOR YOUR PATIENCE
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