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Aliphatic C-H Activation

* One the greatest challenges in complex-molecules synthesis
* Inherently reactive C-H bond (Benzylic position and etc.)

* Directing group not present in desired target.
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Si-H Directing Group

* Hydrosilane as a directing group.
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1. Boebel, T. A. & Hartwig, J. F. J. Am. Chem. Soc. 130, 7534—7535 (2008).
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Si-H Directing Group

* Recent example:

[Ir(COD)OMe],, Me phen

SiMe,H Bopiny, 80°C SiMe,H
=
©;/\R X=CHy, O, NR %R

H Bpin

1. Cho, S. H.; Hartwig, J.F., J. Am. Chem. Soc., 2013, 135, 8157-8160
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Intramolecular C-H Silylation

* Platinum as catalyst:

SiMe,H TpMePt(Me),(H)
©N ) S

200°C, 48h Me,
70%
TpMezPt(Me),(H)
HSi N) i BUZSi/\:,
3 200°C, 72h
80-88%

1. Tsukada, N.; Hartwig, J. F. J. Am. Chem. Soc. 2005, 127, 5022-5023.
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Intramolecular C-H Silylation

* Iridium catalyzed ortho-silylation

Ro Ry [Ir(COD)OMe],/phen Ty
©/< SiEt,H norbornene, 80°C 1
. % [I Lb
O
Si
Ets norbornene
61-86%
Ro Pd(OAc),, dcpe, -
S 2 M aq. NaOH 2R
o = OH
Si dioxane, 65 °C
Et2 Ar
Arl, ArBr or ArCl Norbormene H2
absorbant
R2R, KHCO3, H,0,, Rog,
(j\)< THF/MeOH. rt.
& o OH
= &S
Et, OH

1. Simmons, E. M.; Hartwig, J. F. J. Am. Chem. Soc. 2010, 132, 17092-17095.
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Aliphatic C-H Silylation

* 1,3-diol formation sequence

Et\ Et Et
OH O‘SI
EtzSIHz [|r]
RZWH (r] 4\% I
:
* Ligand screening
Et‘sft [Ir(COD)OMel, 0.5 mol%/ligand 1.2 mol%

O 'H norbornene (1.2 equiv.)
)\/\/}\/ 80°C

Ligand, L Conversion Yield

Ge yield a phen 77% 68%
b dtbpy 83% 76%

c 4,7-Clyphen 13% <2%

d 4,7-(HO),phen 33% 19%

e 4,7-Phophen 82% 72%

f 4,7-Mesphen 949%, 85%

g 4,7-(MeO),phen 949%, 87%

Z 3,4,7 8-Meyphen 100% 99%,
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Aliphatic C-H Silylation

+ Examples in complex molecules synthesis

Ir-catalyzed silylation ~ 3steps
KHCOs Hy05 OAc g4,
0 then AcI:ZO, Et:N = 0
(+)-camphor CEIYRE st (+)-Ketopinic acid
1 kg/$50 1 9/$40
MeO,C, = MeO,C, s

Ir-catalyzed silylation
KHCOg, H202

total yield 51%

methyl glycyrrhetinate
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Aliphatic C-H Silylation

+ Application in sugar synthesis
Et,SiH,, OMe [Ir(cod)OMe], (2 mol%)  Et

OMe (Ir(cod)OMel, y 3,4,7,8-Me4Phen, /Sli
HO :Z ;OZ (0.5 mol%) N Et ‘60 j;oz norbornene Et mz
@) / @) 0

1 )<o THF, RT Et )<o 2 THF, 120 °C )<o 3

Y

OH OMe Et,SiHs,
0 a b 0 OMe [Ir(cod)OMe], (0.5 mol%)
OH 2P o) "
OH orc 0~ H THF, RT, 16 h
OH , RT,
OH 9 10 OMe
[Ir(cod)OMe], (2mol%)
OMe 3,4,7,8-Me,Phen, OMe
OMe OMe
H/w o) norbornene _ rxgé 5
w oJﬁ/ Et-Si_| O
Et—Si-O THF, 120 °C, 28 h Et/ O
Et/ 11 OMe 12 OMe
OMe OMe
30% H,0,, KHCO; %oge A0, DMAP K%Oge
THF /MeOH 1:1, OH [ O—H/ CH,Cl, / EtsN 4:1 OACOACOJH/
50 OC, 13 h 13 OMe RT, 15 h 14 OMe

67%
(four steps, one pot)
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Silylation of Secondary Alkyl C-H

* Ligand screening

2 R2
\ 7 R2
O,SLH [Ir(OMe)(COD)], (2 mol %) o—éi _R2
Ligand (4.8 mol %)
Me /\/'\/\Me ™ Me Me
R nbe, THF, 120 °C R
1200C higher than 800C 2 3
entry R1 R2 ligand conv (%) yield (%)
1 n-Pr Et L1 83 76
2 n-Pr Et L2 62 55
3 n-Pr Et L3 88 82
2 n-Pr Et L4 100 94
5 H Et L4 92 <10
6 n-Pr Me L4 100 89
7 n-Pr i-Pr L4 12 <10
fBu Bu R R® R3=CI,R4=H, L2
M L1 R4MR4 R3=R*=H,L3
=N N= = N= R3=R%=Me, L4
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