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Introduction

Ruthenium(II) thiolate complexes of type [(DmpS)
RuCI(PR3)] (1a: R = i-Pr; 1b: R = p-FCeH4), introduced by
Ohki, Tatsumi, and Oestreich, serve as air-stable precursors
for cationic ruthenium(Il) thiolate complexes 2 (Scheme
1, top). These (formally) 16-valence-electron complexes
are highly active bifunctional catalysts for the cooperative
activation of H-H,[!.2] Si—HI3-12] as well as B-H[!3] bonds. For
catalytic applications, the air-sensitive catalysts 2 can either be
preformed or generated in situ by treatment of the corresponding
ruthenium(II) chloride complex 1 with NaBArF, (ArF =
3,5-bis(trifluoromethyl)phenyl). The tethered coordination
mode of the bulky 2,6-dimesitylphenyl thiolate (DmpS) ligand
is crucial, stabilizing the coordinatively unsaturated ruthenium
atom in 2 and also preventing formation of binuclear sulfur-

bridged complexes. The polar Ru—S bond of these complexes
combines Lewis acidity at the metal center and Lewis basicity
at the adjacent sulfur atom. This structural motif allows for
reversible heterolytic splitting of E-H bonds (E = H, Si, and B)
across the polar Ru—S bond, generating a metal hydride and a
sulfur-stabilized E* cation (Scheme 1, bottom).3! After transfer
of the electrophile to a Lewis-basic substrate, the resulting
neutral ruthenium(II) hydride can either act as a hydride donor
(reductant) or as a proton acceptor (Brensted base), thereby
releasing dihydrogen. On the basis of this approach, complexes
2 emerged as broadly applicable catalysts for chemoselective
reductions (hydrogenation and transfer hydrogenation,[!.2]
as well as hydrosilylation!!0.11]) dehydrogenative couplings
(Si—C(sp?),14-61 Si—0,l71 Si-—N, 891 and B—C(sp?)[13]), as well as
hydrodefluorination reactions.[12]

1a: RgP = PrsP [C3327]
1b: RgP = (4-FCgH,)P [C3328]
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Scheme 1. Preparation of catalytically active ruthenium(II) thiolate complexes for cooperative E-H bond activation (E = H, Si, and B)
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2a: RgP = iPrgP
2b: RQP = (4'FC6H4)3P
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Scope

1 - Hydrogenation and transfer hydrogenation of imines:[2]

*BArF,~
R3 (5 bar) EtsP r R ,R3
N~ (8.0 mol %) N
J\ + or /IV ’
R1” “R2 H H toluene or benzene R HR
0°CorRT
aldimines, ketimines, MeO OMe or
acridine, quinaldine
H H
(1.3 equiv)
2 - Regioselective electrophilic C—H silylation of indoles:4]
+BArf,~
H ,[Rﬁ SiMe,Ph
2 = EtsP SAr Y 2
R T 3 R [
/ \ (1.0 mol %) / \
N\ i + MeyPhSi-H N\ ]
R R
N neat N
PG RT-90 °C PG
PG = Me, Et, Bn, iPr3Si (1.0 equiv) —H-HT C3:C2 > 99:1
R', R2 = alkyl, aryl, F, Cl, Br

3 — Regioselective electrophilic C—H silylation of pyridines:I5]

/\—| +BArf,~

-[Ru]
R! IPI’;;P SAr R! )
\\ H (4.0 mol %) \\ SiMeyPh
[ + MesPhSi—H E
= neat Pz
N 80 °C N
R = alkyl, aryl (10 equiv) —H-HT

4 - Preparation of dibenzosiloles by intramolecular electrophilic C—H silylation:1®]

/\—| +BArf,~

R1
> R Q
2 Rep~ [ 1-sr XK
P R = p-FCeHy —
H H (1.0-3.0 mol %) i Me
S'\’\‘Al\éle toluene Me
140 °C (microwave)
—-H-HT
R2 R2

R' = Me, Cl, CF3, OSiR3, NR»
R2=H, Cl
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5 - Direct formation of silyl enol ethers!7 and N-silylated enamines'8! by dehydrogenative coupling of enolizable ketones and

ketimines with hydrosilanes:

Me,R3Si
o) N Ay o)
H Rul-gar
R1 RsP R1 X
2 R =EtorPr >
R (0.5 or 1.0 mol %) R
or + Me,yR3Si-H or
PG n-hexane or benzene Me,R3Si. PG
N~ RT N~
R H —H-HT R1J\
R? R2
R'=alkyl, aryl  R®=Ph or Et
R? = H, alkyl (1.0 equiv)
6 - Dehydrogenative silylation of the N-H bond of indoles, pyrroles, carbazoles, and anilines:°]
*BArf,”
- [RC]_\\_| 1 = BERStY
EtsP SAr RN T
(1.0 mol %) N
+ MeoPhSi-H 7
neat or n-hexane '}‘
RT-90 °C SiMe,Ph
indoles, pyrroles, (1.0 equiv) —H-HT
carbazoles, anilines
R! = Me, CI, Br, CFg
7 - Regioselective hydrosilylation of pyridines and benzannulated congeners:[10]
H
N \jw e — R
S e N3N
2SN *BArf,~ BN
- - ,[Rﬁ L
pyridines, quinolines EtsP SAr SiMe,Ph
(1.0 mol %)
or + MeyPhSi-H or
neat R
(1.0 equiv) RT SRR
R1 H ::
XYY
| N
X ~SiMe,Ph
R? H
isoquinolines, phenanthridine
R' = H, alkyl, aryl, F, Cl, Br, CF 3
R? = H, Me
8 - Chemoselective hydrosilylation of carbon dioxide:11]
+ BAFF47
3 (1.0 mol %) OSiEts OSiEt,
CO, +  EtMe,Si-H H . H
toluene H OSiEts H H
5 bar
(18 % in Ar) 80°C, 4d 96:4 (85% yield)
150 °C, 16 d 3:97 (40% yield)
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9 - Hydrodefluorination of CF;-substitued anilines:[12]

/\_| + BArF,~

Rsp’[Ru]‘SAr

R= p-FCeH4
(10 mol %)
NaOMe (5.0 mol %)

_~_CFs
o/ | + MePh,Si-H
R (4.4 equiv)

F?qus

n-hexane
20-100 °C

— MePh,Si-F

10 - Regioselective electrophilic C—H borylation of nitrogen-containing heterocycles:[13]

R2 = alkyl, NMe,, Br

+ F -
N
RsP” ~SAr )
Rz\/ H R = p-FCgH4 Rz\/ Bpin
N A\ ) (1.0 mol %) N / \
Rt pinB-H R
N neat N
Me 80°C Me
R'=H, Me (1.5 equiv) ~H-HT C3:C2 > 99:1
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TCI Related Products
C3327 [(DMpSRY)RUCI(P-(i-Pr)3)] 100mg
C3328 [(DmpSR')RuCI(P-(4-Fluorophenyl)s)] 100mg




