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One-pot tandem processes: Synlett, 2010, 602
(including TOP: Acct. Chem. Res., 2005, 38, 851)
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Org. Lett., 2007, 9, 5397
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Elimination / Aromatisation

Neunhöffer-Boger Inverse Electron Demand
Route From 1,2,4-Triazines to Substituted Pyridines

How Can We Efficiently Prepare Polysubstituted Pyridines?
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Steve Raw

Elimination / Aromatisation

Neunhöffer-Boger Inverse Electron Demand
Route From 1,2,4-Triazines to Substituted Pyridines

How Can We Efficiently Prepare Polysubstituted Pyridines?



Steve Raw

Tethered Imine-Enamine (TIE) Methodology for Polysubstituted Pyridine Synthesis
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Steve Raw, Peter Geyelin
Nicola Catozzi, Pierre Wasnaire
Mike Edwards

TIE Methodology for Polysubstituted Pyridine Synthesis
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NFur Py MeHN NH2

2

NFur Py

Fur
O

PhMe, mol sieves,
�, 5 h

Fur

n = 1, 88%
n = 2, 82%

NPh Py n = 1, 74%
n = 2, 79%
n = 3, 100%
n = 4, 77%n

n n

J. Org. Chem. 2005, 70, 10086
Synlett 2007, 2217
J. Org. Chem. 2009, 74, 8343
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Isolation
Komiyama et al., J. Antibiot. 1995, 48, 1086
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Can We Exploit the Unexpected Stability of the Dihydropyridines?

7,11-Diaza-tetracyclotridecene

?? IMDA

Steve Raw

Triple Diels-Alder Cascades for Polycycle Synthesis
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N
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95%

Py

Four new carbon-carbon bonds
Five new stereogenic centres
Two new rings
ONE-POT

Inverse electron-demand D-A
Retro-D-A
IMDA



Steve Raw, Will Bromley

Triple Diels-Alder Cascades for Polycycle Synthesis: Scope
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Nallyl

R1

R1 = Ph, R2 = H, R3 = 2-Py, 95%

R1 = 2-Fur, R2 = 2-Fur, R3 = 2-Py, 88%

R1 = Ph, R2 = H, R3 = CO2Et, 89%

R1 = H, R2 = H, R3 = CO2Et, 84%

R3

R2

1. Variation of triazine

N
Nallyl

Ph

n = 1, 100%

n = 2, 89%

n = 3, 86%

CO2Et

2. Variation of ketone

n

3. Variation of dienophile

N
NMe

Ph

CO2Et

MeO

88%

J. Am. Chem. Soc. 2004, 126, 12260
Tetrahedron 2007, 63, 6004
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Triple Diels-Alder Cascades for Polycycle Synthesis: Daphnezomines
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see Heathcock, J. Org. Chem. 2002, 66, 450
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Steve Raw and Will Bromley

Triple Diels-Alder Cascades for Polycycle Synthesis: Daphnezomines
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54% over 2 steps
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Will Bromley

Triple Diels-Alder Cascades for Polycycle Synthesis: Daphnezomine Analogues
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Triple Diels-Alder Cascades for Polycycle Synthesis: Current Studies

Daphnezomine M

CO2HH

1. Develop an asymmetric version of the triple Diels-Alder cascade

2. Complete synthesis of 11-Aza-daphnezomine M

3. Utilise triple Diels-Alder cascade (with a carbon linker) to prepare Daphnezomine M itself
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C. M. Ireland et al. J. Nat. Prod. 2004, 67, 1396-1399;

C. M. Ireland et al. Mycologia 2005, 97, 444-453.

Dictyosphaeric acid A: Potential Approaches

Dictyosphaeric acid A

Dictyosphaeric acid A inhibits methicillin-sensitive
Staph. aureus, methicillin-resistant
Staph. aureus, and vancomycin-resistant
Enterococcus faecium

Stille cross-coupling

Dihydroxylation

Organometallic
cross-coupling or
aldol reaction

Metathesis
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Me

Macrolactonisation
Introduce
late in
synthesis

Polyene from MnO2
TOP:

Acc. Chem. Res.
2005, 38, 851

Dictyosphaeric acid A: Retrosynthetic Analysis
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Intramolecular Michael Addition (IMA): R. D. Little and M. R. Masjedizadeh, Organic Reactions, 1995, 47, 315-552
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Dictyosphaeric acid A: Retrosynthetic Analysis II
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DTIMA

DTIMA = Doubly Tethered Intramolecular
Michael Addition

Model studies: Chris Barfoot and Alan Burns, Org. Lett. 2008, 10, 353
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Dictyosphaeric acid A: Recent Studies 1

Alan Burns
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5 mol%
NBSPd(PPh3)2

85% over 2 steps
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Enzymatic: Roberts et al.,
Tet.: Asymm., 2006, 17, 355
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T3P, PhMe, rt, 18 h

95%

Hoveyda-Grubbs II

(10 mol%)

93% (Z only)

T3P: Archimica (Angew. Chemie 1980, 19, 133)
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Dictyosphaeric acid A: Recent Studies 2

Alan Burns and Graeme McAllister
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Dictyosphaeric acid A: Recent Studies 2
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i. cat. K2Os2(OH)4
NMO, citric acid
rt, 18 h, 90%

ii. Me2C(OMe)2
CSA, PhMe

80 °C, 88%

piperidine
(0.5 eq.)
Bu4NHSO4
(0.1 eq.)
65% + 23% rsm
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Dictyosphaeric acid A: Recent Studies 3

Alan Burns
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MeCN, rt
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Still need to:

1. Invert alcohol configuration and
complete Dictyosphaeric acid A?

2. Complete Dictyosphaeric acid B

3. Apply to Colletofragarones
[�]D = +117 (c 0.12, MeOH)

Lit. = +126 (c 0.21, MeOH)
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Still need to:

1. Complete Dictyosphaeric acid B

2. Apply to Colletofragarones
Dictyosphaeric Acid A

Angew. Chemie, 2010, 49, 5574
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Telescoped Intramolecular Michael / Olefination (TIMO) Sequence
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�-Methylene�
�-lactone

Acylation IMA

exchange

For a review of �-methylene lactones (structures, biology, synthesis) see:
Kitson, Millemaggi and Taylor, Angew. Chem. Int. Ed. 2009, 48, 9426
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ii. (HCHO)n

-78 ºC to 0 ºC
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(+)-Paeonilactone B
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9-Oxo-tournefolide

Two step* = 42%

One-pot = 77%

Mike Edwards, Russ Kitson, Martin Kenworthy, Mark Scott Angew. Chem. Int. Ed. 2008, 47, 1935
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0.95 eq. t-BuOK
then (HCHO)n

-78 ºC to 0 ºC
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C4H9O
Ratiferolide

H

Telescoped Intramolecular Michael / Olefination (TIMO) Sequence

*isolation of
phosphonate

O

OH O

O

O

Russ Kitson
(With John Wood, Colorado) Org. Lett. 2009, 11, 5338

Telescoped Acylation / Intramolecular Michael / Phosphorane Olefination Sequence:
Bestmann Reagent

One pot annelation, base-free

O

O

Ph3P

O
i. Ph3P C C O ii. HCHO

Schobert Org. Synth. 2005, 82, 140

or Aldrich 688185-1G

Ph3P C C OPh3P=CHCO2Me
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TIMO variant)
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(1,6-addition)
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Alexis Perry and Alessia Millemaggi

Extension to Oxindole Synthesis:
Telescoped Enolate Arylation / HWE Sequence
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Me

Cl I

i. 1% Pd(OAc)2
t-BuOK, MW

ii. RCHO

E.g. PhCHO, 87%

N
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Me
Me

MeO

Soulieotine from
Souliea vaginata.
Anti-inflammatory
analgesic
used in TCM

N
H

O

MeO
HO

MeO

From roots of
Isatis indigotica and
a constituent of
"Bai-Lan-Gen",
commonly used
in TCM

EJOC 2009, 2947

88%

Alexis Perry

Potential C-H Activation Route for Oxindole Synthesis
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H CO2Et

O

Me

N
Me

O
CO2Et

MeH 100 mol% Pd(II), 5%

10 mol% Pd(II) p-BQ, 0%

10 mol% Pd(II), Cu(OAc)2, 40%



Alexis Perry

Potential C-H Activation Route for Oxindole Synthesis
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O N
Me

O
CO2Et

t-BuOK, DMF

Me Me

1.0 eq. Cu(OAc)2.H2O
110 °C, 1 h
98%
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H CO2Et

O

Me

N
Me
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CO2Et

Me
Pd not required
Note use of hydrated Cu(II)
Can use "lab" DMF
Inert atmos. not needed

Scope / Mechanism?
Ar-H / C-H coupling

H

Jia, Y.-X.; Kündig, P.

Angew. Chem. Int. Ed. 2009, 48, 1636.

Alexis Perry

C-H Activation Route for Oxindole Synthesis: Scope
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ii. Cu(II)

R = Me, 98%
R = Bn, 86%
R = allyl, 76%

Chem. Commun., 2009, 3249

N
Me

O
CO2Et N

Me

O
CO2Et

t-BuOK
Cu(II)

Supports radical mechanism:
homolytic aromatic substitution

Alexis Perry, David Pugh, Johannes Klein

C-H Activation Route for Oxindole Synthesis: Recent Results
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pyridine synthesis
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