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Previous C-H Borylations

Cp'Re(CO); (5%) Bpin R= alkyl
R—CHj ~ R '
Bopin,, CO, hv,
rt
Cp'Rh(n*-CgMeg) (5%) Bpin R= alkyl
R-CHs - R~

Bopin,, 150°C

Cp'Rh(n*CeMeg)
Ar—H > Ar—Bpin R= aryl
or [IrCI,COD)]s,

Bopin,
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Previous C-H Borylations

(n8-CgMeg)Ir(Bpin); (4%)

X Me 4phen (4%), Bpiny, X R= alkyl, OBz, OPiv
O ) R
(v 1200C (b epin
n=0,12
X =0, CH,
Y= CH2, O, NPiv
R (n°-CeMeg)Ir(Bpin)s (4%) R R= Br, ester, ketone
2,9-Me,phen (4% "N alkd] |
b ,9-Mezphen (4%) . b CN, alkyl, pinacole
B,pin,, THF, 90°C Bpin®
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Previous C-H Borylations

[Rh(OMe)(COD)], (0.5%) Bpin

silica-TRIP (0.5%), B,pin, DG\,\E:>
hexanes, 60°C ( n

[I((OMe)(COD)], (0.1%) N |
silica-SMAP (0.1%), B,pin, @\KBE'”
>~ N7 R
TMBE, 25 or 60°C
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Silyl Directing Groups
] Tipy  PA(OA0)2(10%) @l/iPr

|
N7 Si PhI(OR), AGOAC N~ Si R= Ac, Piv
™ RO
DCE, 80-100°C

1. [Ru(p-cymene)Cl,], (1%)
Et28iH2, PhMe, r.t.

via

2. [Ir(COD)CI)], (0.25%),
dtbpy (0.5%),HBpin (5%) Bpin [Ir]—SiMe,
Bopiny, THF, 80°C

3. 3M NaOAc

/_\
N\ //
I=z_ _
Y
=
Z -

=

[I(COD)CI]l, (0.25%),
dtbpy(0.5%),HBpin (5%)

X | X
©/ ~SiMe,H Baping - @[ ~SiMe,H
THF, 80°C Bpin X=CHz, 0, Nle
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Redirection?

R

X ?
©: SiMe, > [Ir]
[Ir] Si

M92
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Ligand Screening

H [Ir(COD)OMe), (0.5%) Bpin

Ligand (1%), Bopin
THF, 80°C .
Z > siMeH 2 siMe H

Ligand Conv (%) Yield (%)
L1 90 83
L2 80 61
L3 90 85
L4 94 89
L5 100 97 (93)
L5* 15 9

*HBpin as boron reagent

R R
o o R= t-Bu, L1 R=R'=H, L3
N\ 7N R=H, L2 R=H, R'= Me, L4
N N R= R'= Me, L5

J. Am. Chem. Soc., 135, 8157
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Scope of the Transformation

H [I(COD)OMe), (0.5%) Bpin
2 Me 4phen (1%), Bopin
N R aphen (1%), Bopin, N R2
R\ THF, 80°C R'Y
Z > siMe,H ‘ A SiMe,H
R! R2 Yield (%) R! R2 Yield (%)
H H 73 >( 63
e
Me 80 A
Et 70 o-Me Et 81
Ph 71 0-CF,4 73
cyclopropyl 85 o-Cl 68
OMe 95 (85) o-F 70
MOM 77 p-OMe 60
OBn 70 p-OTBS 66
?L{\ro 74 p-Cl 64
9

Bpin SiMe H

0 Bpin
% W 50% yield N\_/ P 58% yield
0 SiMe,H S

J. Am. Chem. Soc., 135, 8157
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Further Transformations of the
Product

Bpin Bpin
R TI\IfIIS(C))I, K 1. [Ru(p-cymene)Cl], (0.5%) R
« -PrOH, 0°C _
H MeCN. rt. Boin 2. AgF, NIS, THF, r.t. |
R= Et, 97% I R — | R= Et, 67%
R= OMe, 94% o
Spin TMSCI K SiMeH NaOH/H,0,, THF, 0-250C R
R ‘ DQO, >
MeCN, r.t. OH
D R= Et, 95%
R= Et, 98% R= OMe, 81%
Bpin .
Bpin Pdy(dba)g (5%), A
Et BrCH,CI, n-BulLi ©/vEt PPhj (40%), Ags0 Et
THF, -78-25°C K,COj, Arl, THF, 80°C
67% Ar= 4-OMe-CgHs, 70%

Ar= 3-OMe-CgHs, 81%

J. Am. Chem. Soc., 135, 8157
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Proposed Mechanism

R.
. N, ““\\SiMez
HBpin N=Ir*~Bpin
R Bpin
SiMezH
N... | .Bpin N... ..Bpin C .11 sive,
N-r”“Bpin err‘Bpin N"{‘Bpin
Bpin Bpin Bpin
R@ %\ QYB"J
Bpln S|Me2H N'l.,lr“‘\\\SiMeg R
Bopin, N=—" —H
: Bpin

J. Am. Chem. Soc., 135, 8157
J. Am. Chem. Soc., 127, 14263
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Summary and Future Direction

* A benzylic borylation via a hyrdosilyl directed
C-H activation was developed

* Modest functional group tolerance

* Development of an asymmetric variant
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