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The Organic Chemistry Universe is 
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HTS collections focus on a narrow 
frange of cores
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Most common saturated ring systems 
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Synthetic approaches to skeletally-
di ll l ldiverse small molecules

1. Natural product-like molecules of1. Natural product like molecules of 
unprecedented scaffold diversity
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Designed to retain lead-like 
properties after derivatisation
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Inspiration from Alkaloid Natural 
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J. Am. Chem. Soc. 2004, 126, 12260.
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Inspiration from Alkaloid Natural 
P d tProducts
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Substituents can control the scaffold
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Aim
T d l li bl h d l f h di iTo develop reliable methodology for the diversity-
oriented synthesis of ‘natural product-like’ molecules

Important guiding features:
• broadly similar structural features to natural 

products but targeting different regions of 
biologically-relevant chemical space

• high skeletal, stereochemical and substitutional 
diversity

• amenable to parallel synthesis



AimAim

ca. 5 reaction
typestypesSimple

building blocks
Skeletally diverse

products

Angew. Chem. Int. Ed. 2009, 48, 104 (VIP article)

See also following News and Views articles in Nature (Schreiber), Nature g ( ),
Chem. Biol. (Waldmann); Highlights in Angew. Chem. (Spring) and Nature 
Chem; follow-up articles in C&E News and Science (editors’ choice); and 

selection by Biology Faculty of 1000.
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Skeletally diverse natural product-
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Skeletally diverse natural product-
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Skeletally diverse natural product-
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Skeletally diverse natural product-
lik d I i 2like compounds: Iteration 2

NNs
Ns
N

NsN OH OH O

Ns
N

OH Ns
N PhN

OHOH

N

OHOH

Ph

OH

OHOH

O

NsN ONsN O
O

O

NsN

O

OH
NsN

OH

with Stuart Leach, Chris Cordier and Daniel Morton
1. Metathesis

OH OH OH



Classification of product scaffolds
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Determining the likely scope of the 
h i hsynthetic approach
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With Stuart Warriner



The Organic Chemistry Universe is 
“T H ”“Top Heavy”
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Towards more even coverage of 
h i lchemical space
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The Linchpin Strategy
inert B

BB

"Linchpin"
reagent

A A
C

B

A C
B

A C

FG1 STEP 1

activated
Nucleophilic

addition

STEP 3

A FG1

activated

B B

A CSTEP 2

addition

R1 R2

O R3B(OR)2

R1 R2

OR3

R1 LG R1

Nu

R R R1 R2 R

(Rh)  JACS 1998, 120, 5579 (Miyaura) RMgBr (Cu) JOC 2007, 72, 2558 (Feringa)

RNH2 (Ir) ACIE 2004, 43, 4797 (Hartwig); 
ACIE 2008 47 7652 (H l h )ACIE 2008, 47, 7652 (Helmchen)

with Steve Marsden (Leeds), David House, Gordon Weingarten and 
Amanda Campbell (GSK)



Application of the Linchpin Strategy 
in the Synthesis of Heterocyclesin the Synthesis of Heterocycles

N R3

R2
R1

Oxidation

NH2

B(OR)2 [Rh(cod)Cl]2
KOH OH N

N R3

R2
R1

Reduction

R1 R3

O
KOH

R2

R1 R3

O

R2

H2N

N
H

R3

R

R1

N O

R2
R1

in situ
cyclisation N

H
Ocyclisation

Jo Horn, John Li and Rachael Shearer



One-Pot Synthesis of Quinolines
B(OH)B(OH)2

NH2

R1 R3

O Pd/C (10 mol%), air
reflux, 4 h R2

R1
2 eq.

N
R1 R3

R2
N R3[Rh(cod)Cl]2 (3 mol%)

KOH (2 eq.)
toluene, r.t., 24 h

R1 R3

R2

NH2
Strong acidic conditions

oxidising agentg g

R3
Complementary regioselectivity

N R1

R2 Complementary regioselectivity 
to classical Skroup−Döbner−

von Miller synthesis
ca 12 examples with aryl and aliphatic R1-R3

Jo Horn

ca. 12 examples with aryl and aliphatic R -R
Pinacol boronic esters, prepared from 2-bromoanilines, are also 

substrates.  This allows substitution of the benzenoid ring



One-Pot Synthesis of Quinolines

B(OR)2
Na[BH(OAc)3]

toluene, r.t.
R1

cat. [Rh(cod)Cl]2
KOH

toluene, r.t., 24 h
R1

R2 R2R4
R4 R4

NH2

R1 R3

O N
H

R3
N R3

R2
boronic acid 

or esteror ester

C H C H

Cl

N
H

C5H11

F3C N
H

Ph

C5H11

N

ca 12 examples with aryl and aliphatic R1-R3
81%, d.r. > 95:5

H

73%, d.r. 89:11

3 H

76%, d.r. 95:5

N
H

S

Jo Horn and John Li

ca. 12 examples with aryl and aliphatic R -R

Up to >99% ee possible with 2-NHBoc boronic esters (cat. DuanPhos)



Cu-catalysed asymmetric alkylation

R Br

R1MgBr
1 mol% CuBr.SMe2 R1

R Br
1.1 mol% (S,R)-Taniaphos

DCM, −78 °C, 4-12 h
R

OO

61%, SN2'/SN2 92:8 97%, SN2'/SN2 > 95:5, ee 91%

Boc N

61%, SN2 /SN2 92:8 , N N ,

O
Ts

86%, SN2'/SN2 > 95:5, ee 90%24%, SN2'/SN2 = 75:25

Paolo Tosatti

The reaction is possible with many different substituents



The approach may be used iteratively

NHR1R1NH2R R OCO2Me
R

2 mol% [Ir(dbcot)Cl]2
4 mol% ligand dias: ca 90:10

MeO2CO OCO2Me

2

ee 92-96%

R

NHR1

4 mol% ligand dias: ca 90:10

THF
R

3 mol% Grubbs 2nd gen. 
67-71%, E/Z 10:1

R OCO2Me

prepared by Cu-
catalysed substitution R = BnOCH2 and alkyl; R1 = aryl, hetaryl and Bn

Virtually no match/mismatch effects are observed The Ir-catalysedVirtually no match/mismatch effects are observed.  The Ir catalysed 
substitution proceeds under catalyst control

Paolo Tosatti



The Ir-catalysed substitution may be 
extended to polar aminesextended to polar amines

2 mol% [Ir(dbcot)Cl]2
4 mol% ligand

4 mol% nBuNH R1

HN+
R2

R2NH2R1 OCO2Me
4 mol% nBuNH2,

DMSO, 55 °C
R1

OH
NH

NH
DMSO

Ph N
H

OH Ph N
H

NH2

O
Ph N

H
N

66% 97% ee85% 93% ee 83% 69% ee 66%, 97% ee85%, 93% ee 83%, 69% ee

N COOMe

OH

N COOMe

OH

S SN
H

COOMe N
H

COOMeMOMO MOMO
H H

84%, d.r. 88:12
Matched

74%, d.r. 69:31
Mismatched

H

74%, d.r. 92.8
Matched

H

74%, d.r. 90:10
Mismatched

High levels of catalyst control are observed

Paolo Tosatti



The Ir-catalysed substitution may be 
extended to polar aminesextended to polar amines

2 mol% [Ir(dbcot)Cl]2
4 mol% ligand

4 mol% nBuNH R1

HN+
R2

R2NH2R1 OCO2Me
4 mol% nBuNH2,

DMSO, 55 °C
R1

24

to
m

s

20

22

24

he
av

y 
at

14

16

18

10

12

-1 0 1 2 3

Paolo Tosatti
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Ir-enabled synthesis of lead-like cores

R'

N
P

R

Paolo Tosatti



Ir-enabled synthesis of lead-like cores

BocHN OCO2Me

BocHN

MOMO

OCO2Me

MOMO OCO2Me

Paolo Tosatti



Ir-enabled synthesis of lead-like cores
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