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2.1 Regioselective functionalisation of arenes

M. R. Smith
H. _Boc 2 mol% [Ir(COD)OMe], H. _Boc
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4 mol% dtbpy _ H-bond donor
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> direction
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Proposed transition state ( theoretical predictions and
calculations of N—H and O-H bond distances in the TS.)
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2.1 Regioselective functionalisation of arenes

M. R. Smith
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2.1 Regioselective functionalisation of arenes
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2.1 Regioselective functionalisation of arenes

Ir catalyst | |
Substrate N H H

(b) 0] ﬁ CF; O
NMe, R0kt NMe,
OEt
PinB PinB PinB
meta/para ratio
Ligand A 27 16 >30
dtbpy 1.8 15 0.86

Typical Reaction conditions: 1.5 mol% [Ir(COD)OMe],, 3 mol% Ligand A,
1.5 eq. B,Piny, p-Xylene, 25 °C

A selection of substrates, highlighting meta:para selectivity for both
the optimal bifunctional ligand and standard borylation ligand dtbpy

Nat. Chem., 2015, 7, 712.




2.1 Regioselective functionalisation of arenes
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2.1 Regioselective functionalisation of arenes
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2.1 Regioselective functionalisation of arenes
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dodecane as internal standard. In parentheses, isolated yields.
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2.1 Regioselective functionalisation of arenes
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2.1 Regioselective functionalisation of arenes

Template (1.0 equiv.)
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2.1 Regioselective functionalisation of arenes

Linker

y

T . Receptor
: _ (hydrogen-bonding site)

C—H transformation

only at this position gt H <— |on-pair
Ho ¢
H,C C, FG = functional group
C\ C
H |
H
Y/ N\ n _ _
\ N N / n= 1, L1
n=2 L2
MesN-_ OTs 1.5% [I(COD)OMe], ~ MesN__ OTs  Me;N__ OTs
I 3% Ligand R
& 1.5 equiv. B,Pin, R
Solvent, .
T T°C,20h PinB
meta para BPin

JACS, 2016, 738, 12759.




2.1 Regioselective functionalisation of arenes

LigandB

Ir catalyst

—
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BPin
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Cl
PinB PinB PlnB

——  meta/pararatio ——
LigandB >20 8 10
dtbpy 3 0.7 0.4

Typical Reaction conditions: 1.5 mol% [Ir(COD)OMe],, 3 mol% Ligand B,
1.5 - 3.0 eq. B,Piny, THF, 50 °C

(a) Optimal ligand design. (b)Selection of substrates, highlighting
meta:para selectivity for both the anionic ligand B and dtbpy.
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2.1 Regioselective functionalisation of arenes
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Iridium-catalysed borylation (brief summary)

1 mild conditions,
2 compatibility with non-polar reaction solvents
3 lack of requirement for acidic additives

Then: combination with potentially subtle directing
effects such as hydrogen bonds or ion pairs
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2.1 Regioselective functionalisation of arenes
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2.1 Regioselective functionalisation of arenes
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2.2 Regioselective functionalisation of alkynes
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2.2 Regioselective functionalisation of alkynes

R / Complex A P\

Ru—Cl

+CatalystB —~ H
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Spectroscopic evidence for hydrogen-bonded complex A:
1H-NMR: Hydroxyl peak shifts from 2.0 ppm to 5.1 ppm,

ACIE. 2014, 53, 3626.




2.3 Regioselective functionalisation of alkenes
Bernhard Breit
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2.3 Regioselective functionalisation of alkenes
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2.3 Regioselective functionalisation of ketones

The Miller group
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m-CPBA, CH,Cl, 7.9 : 1
Catalyst A, DIC, H,O,, DMAP (er) 1 (70:30) : 3.7 (96:4)

Reversal of regioselectivity observed in Baeyer-Villiger
oxidation of particular cyclic ketones using catalyst A
when compared withmCPBA

ACIE, 2011, 50, 396.
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3.1 Site-selective aliphatic C—H functionalisation

The R. Breslow group
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Structure of manganese porphyrin catalysts
developed for steroid functionalisation

JACS, 1997,719, 4535.




3.1 Site-selective aliphatic C—H functionalisation

The R. Breslow group
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Selective oxidation at C-6 followed by installation of a
further binding group then selective oxidation at C-9.
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3.1 Site-selective aliphatic C—H functionalisation

Robert H. Crabtree group
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/4 o]
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B
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U-turn motif from |

Kemp's triacid
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(b) A D B
0]
0]
Catalyst OH
As above >98% <2%
Minus binding site 76% 24%

Results for oxidation of ibuprofen

Science, 2006, 312, 1941.




3.1 Site-selective aliphatic C—H functionalisation

Robert H. Crabtree group

(a) Ibuprofen Binding site
O---H—
74 0]
/ \ 7 Reaction

8 O—H-- -0 Conditions:

) 0 Tetrabutyl-
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| Oxone

Linker

Acetonitrile, rt
U-turn motif from J

Kemp's triacid

Terpyridine ligand site

(c) CO,H
’HIO/\COZH Catalyst \w\/

OH
Catalyst Outcome
As above Single trans diastereomer
Minus binding site Complex mixture of isomers

Outcome of oxidation of a mixture of cis and trans 4-
methylcyclohexyl acetic acid using the same two catalysts

JACS, 2008, 730, 1628.




3.2 Site-selective alkene functionalisation

S. J. Miller group
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Summary

Linker
y
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: (hydrogen-bonding site)
C—H transformation
only at this position ~ H i <— Hydrogen bond(s)

I

/H Q
H’C C FG = functional group

Catalytic amount of template

1 Highlights using non-covalent interactions to address
regiocontrol and site-selectivity in catalytic reacctions.

2 Most C-H activation reactions operate under mild, neutral
conditions.

Nat. Chem., 2012, 4, 990.
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