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A microwave

How do microwaves cause rapid heating?

= = electric field 
= = magnetic field
= = wavelength (12.2 cm for 2450 MHz) wavelength (12.2 cm for 2450 MHz) 
= = speed of light (300,000 km/s)
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How do microwaves cause rapid heating?
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t = 0 ns

The microwave electric field interacts with the dipole of the water molecule

The dipole is aligned with the field at t = 0 ns 
but then the field rapidly oscillates

ε
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How do microwaves cause rapid heating?

The dipole moment rotates in an attempt to 
follow the field
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How do microwaves cause rapid heating?

The dipole rotates in the opposite direction an 
attempt to follow the field
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Dielectric Heating Mechanism

Mingos, D. M. P. et al. Chem. Soc. Rev. 1991, 20, 1; Chem. Soc. Rev. 1998, 27, 213

DIPOLE ROTATION
• Polar molecules rotate to 

attempt to align dipole with the 
rapidly oscillating electric field

IONIC CONDUCTION
• Ions move to attempt to align 

with the rapidly oscillating 
electric field

Energy is lost in the form of heat through molecular friction and dielectric loss
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Dielectric Heating Mechanism

Inverted temperature gradients in 
microwave versus oil-bath heating:
Microwave irradiation raises the 
temperature of the whole volume 
simultaneously (bulk heating) whereas 
the oil-heated tube heats in contact 
with the vessel wall first.

For review see: Kappe, C. O. Angew. Chem. Int. Ed. 2004, 43, 6250.

Schanche, J.-S. Mol. Diversity 2003, 7, 293.
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Direct transfer of energy by dielectric heating

Sealed vessel heating

Rapid energy transfer: ns timeframe

Instant on/off energy control: 0.1 ms control

Relatively large energy transfer: 1.25 kcal/s

Selective coupling with irradiation

Reproducible procedures that are readily automated

Advantages of microwave heating
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Automated Library Synthesis

What are microwaves good for?

Kappe, C. O. et al. J. Comb. Chem. 2007, 9, 415.

Microwave dielectric heating in 
synthetic organic chemistry 

Kappe, C. O. Chem. Soc Rev. 
2008, 37, 1127-1139.
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Automated Library Synthesis

Shortening Reaction Times

What are microwaves good for?

Bagley, M. C. et al. Synlett 2007, 704-708.

1)

2)

Walla, P.; Kappe, C. O. Chem. Commun. 2004, 564.

10 mL Flow Cell
CEM Discover®

Flow rate 1.5 ml/min
(84%)

with M.C. Lubinu, R. Wood, C. Mason, J. Org. Chem. 2005, 70, 7003-7006.  
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What are microwaves good for?

Uniqsis FlowSyn
0.5 ml/min, 10 min (65%)

CEM Discover®

10 min (68%)

Other technology is available for carrying out reactions above the solvent bp:

Outcome 
comparable
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Automated Library Synthesis

Shortening Reaction Times

Optimizing Reaction Conditions

What are microwaves good for?

For account of the Bohlmann-Rahtz reaction, see: Bagley, M. C. et al.Synlett 2007, 2459–2482.
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Automated Library Synthesis

Shortening Reaction Times

Optimizing Reaction Conditions 

Screening Reaction Scope

What are microwaves good for?



School of Chemistry

15

Automated Library Synthesis

Shortening Reaction Times

Screening and Optimizing Reaction Conditions

Improving Yields (minimizing wall effects, rapid heating and cooling)

Altering Product Distributions and Reaction Selectivity

What are microwaves good for?

Kappe, C. O. 
Chem. Soc Rev. 2008, 37, 1127-1139.
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Automated Library Synthesis

Shortening Reaction Times

Screening and Optimizing Reaction Conditions

Improving Yields (minimizing wall effects, rapid heating and cooling)

Altering Product Distributions and Reaction Selectivity

Which Reactions in Heteroaromatic Chemistry?
Synthesis: cyclocondensation reactions

Synthesis: multicomponent reactions

SNAr reactions

Cross-coupling reactions

Functional group interconversion

Thermodynamic control

What are microwaves good for?
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Can we scale up reactions readily from mg to kg to tonnes?

Can we monitor microwave-assisted reactions?

Do we have robust methods for all useful transformations?

Can we combine microwave heating with other technologies?

What reactions are only possible with microwave heating?

Are there any specific or non-thermal microwave effects?

What are the outstanding issues?
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What can progeroid syndromes tell us about human ageing?

Ageing:

The universal, progressive, and intrinsic 
accumulation of deleterious changes.

Why are we bothered about ageing?

The physiological effectiveness of an 
organism is compromised, ultimately leading 
to death.

What causes it?
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BIOLOGY OF WS
• SB203580 and BIRB 796 make WS 

cells behave like normal cells
• Other kinase targets, in particular JNK, 

may complicate signaling events
• MK2 inhibitors fail to prevent premature 

senescence and induce it at high conc.

Is there a link between stress and ageing?

7th Oct 07 3rd May 08
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What can progeroid syndromes tell us about human ageing?

Ageing:

The universal, progressive, and intrinsic 
accumulation of deleterious changes.

Why are we bothered about ageing?

The physiological effectiveness of an 
organism is compromised, ultimately leading 
to death.

What causes it?

How can we understand it? 

Manipulate it!

Model species vs. human genetic diseases

Universal vs. species-specific
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Discovery of Werner Syndrome

Dissertation, Kiel University, 1904

Charles W. Otto Werner

German physician

(1879–1936)



Courtesy of Makoto Goto, Toin University of Yokohama
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Clinical symptoms: atrophic/sclerotic skin

Courtesy of Atsushi Hatamochi MD, Dokkyo University School of Medicine
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Clinical symptoms: ulceration, calcification and sarcomas
Courtesy of Atsushi Hatamochi MD, Dokkyo University School of Medicine

Ulceration Sarcomas

Calcification



Kipling et al. (2004) Science 305: 1426-31

Senescence as an 
Ageing 

Mechanism

Replicative
senescence 
hypothesis 
of ageing

Dysdifferentiation
hypothesis of ageing

How could senescent cells 
produce ageing bodies?

Do senescent cells exist in bodies?
e.g. Li et al. (1997) Invest. 
Ophthalmol. Vis. Sci. 38: 100-7, 
Herbig et al (2006) Science 311
(5765): 1257

Can senescent cells exert 
degenerative effects? 
(Funk et al. (2000) Exp. Cell Res.
258:270-8, Minamino, T. et al. (2003) 
Circulation 108: 2264-2269)
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Accelerated Ageing in Progeroid Syndromes

Cell loss

Cells divide to 
replace

Senescent cells 
build up

This leads to 
aged tissue
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• WRN encodes protein WRNp
• WRNp is homologous to the 

RecQ helicase of E. coli
• WRNp contains both a 

helicase and nuclease unit
• WS is caused by assorted 

mutations in WRN

WRNp plays a vital role in 
cellular processes by 
interacting with DNA

exonuclease
domain

helicase
domain

1432 AA

NLS

WS is caused by WRN mutations...
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...which cause loss of function

WRNp

DNA Repair
Replication

Genome Stability

Apoptosis

Recombination Transcription

• WRNp is one of five helicases in the 
human genome

• Helicases open up the double 
strand of DNA

• Of this family, only WRNp
couples a helicase and an 
exonuclease function

• Nucleases degrade one or both of 
the DNA strands

• WRN-exo belongs to a family of 
nucleases involved in 
maintaining genomic integrity

exonuclease
domain

helicase
domain

NLS
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WRNp helps to 
bind, unwind and 
process disrupted 
forks in DNA 
replication to 
prevent their 
collapse

Lack of WRNp
results in DNA 
replication stalling 
and causes 
problems with 
DNA repair

...as mutant peptides are truncated

Courtesy of Yasuhiro Furuichi, GeneCare Research Institute

NLS



School of Chemistry

31

Linking the Genetic Basis and Phenotype

• WS cells in culture have:
Shortened replicative lifespan (15-20 PD)

Slow growth rate, elongated cell cycle, senescent morphology of aged 
normal fibroblasts

• Premature ageing is consistent with accelerated replicative
senescence that is independent of telomere erosion

What links stalled replication with accelerated ageing?

Davis, T.; Wyllie, F. S.; Rokicki, M. J.; Bagley, M. C.; 
Kipling, D. Ann. N. Y. Acad. Sci. 2007, 1100, 455 

Young Senescent



School of Chemistry

32

Stress Induced Growth Arrest

WS cells

Environmental stress causes premature senescence by signal transduction
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p21Waf1

Short 
telomeres 

p38α MAPK

MKK3/6

DNA replication stress

Stress Load

Oncogenic
activation

Environmental stress

DSB

p53

Cell cycle arrest

MK2/3

HSP27      pHSP27

F-actin stress fibres

Growth Arrest Pathways

INHIBITOR

BIRB 796
P38α: IC50 = 63 nM
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Disconnective Scheme for BIRB 796

Synthetic needs:
• Convergent
• High purity
• Rapid
• Efficient
• MICROWAVE

BIRB 796
N-pyrazole urea

5-Aminopyrazole 4-Aminonaphth-1-ol
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BIRB 796

Synthesis of BIRB 796 Building Block

Bagley, M. C.; Davis, T.; Dix, M. C.; Widdowson, C. S.; Kipling, D. Org. Biomol. Chem. 2006, 4, 4158.
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Synthesis of BIRB 796

Bagley, M. C.; Davis, T.; Dix, M. C.; 
Widdowson, C. S.; Kipling, D. 
Org. Biomol. Chem. 2006, 4, 4158.
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Biological Studies: BIRB 796

FINDINGS
Immuno-detection of pp38 and pHSP27 
demonstrates that both SB203580 and 
BIRB 796 inhibit signal transduction 
through p38α in WS cells
Both inhibitors rescue the growth rate 
of WS cells on daily treatment, 
restoring replicative life span

HYPOTHESIS
We propose the mode of action is by 
inhibition of p38α signal transduction
BUT the inhibition of other kinases may 
contribute to activity

TEST
Inhibitors with different selectivity profile

Bagley, M. C.; Davis, T.; Dix, M. C.; Widdowson, C. S.; Kipling, D. Org. Biomol. Chem. 2006, 4, 4158.
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BIRB 796: Key Interactions with P38α

In phase III 
clinical trials

Formation of the allosteric
binding site requires 
conformational change of the 
activation loop, DFG-out 
(Asp168-Phe169-Gly170)
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Growth arrest

p21Waf1

p38α MAPK

MKK3/6

DNA replication stress

Stress Load

p53

MK2/3

HSP27      pHSP27

F-actin stress

BIRB 796
SB203580

Growth arrest

JNK

MKK4/7

Selectivity of P38α Kinase Inhibitors
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Growth arrest

p21Waf1

p38α MAPK

MKK3/6

DNA replication stress

Stress Load

p53

MK2/3

HSP27      pHSP27

F-actin stressGrowth arrest

JNK

MKK4/7

Confirming the Role of P38α Signalling

VX-745

VX-745: p38α IC50 10 nM

X
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Vertex’s P38α Inhibitor VX-745

BINDING AND CLINICAL DATA
1000-fold selectivity over closely-related kinases including JNK1-3
Novel binding mode to the ATP site via H-bond to Met 109
Produced significantly higher ACR20 response rates vs. placebo (43% vs. 8%) 
in 12 week human trial of rheumatoid arthritis patients
Drug was suspended following adverse neurological effects in dogs

Bagley, M. C.; Davis, T.; Dix, M. C.; Rokicki, M.; Kipling, D. Bioorg. Med. Chem. Lett. 2007, 17, 5107.
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Synthesis of VX-745

With microwave heating:
• Yields similar but reaction times reduced and purification simplified

Bagley, M. C.; Davis, T.; Dix, M. C.; Rokicki, M.; Kipling, D. Bioorg. Med. Chem. Lett. 2007, 17, 5107.

Microwave mediated C-S bond formation: Wu, Y.-J.; He, H. Synlett 2003, 1789. 
Reviews: Cu catalyzed C-S bond formation: Kunz, K.; Scholz, U.; Ganzer, D. Synlett 2003, 2428. 

Pd catalyzed C-S bond formation: Prim, D. et al. Tetrahedron 2002, 58, 2041.
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Evaluating VX-745 in WS cells

KEY
Lane 1: WS cells
Lane 2: WS cells + anisomycin
Lane 3: WS cells + anisomycin

+ 1.0 µM VX-745
Lane 4: WS cells + anisomycin

+ 2.5 µM SB203580
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Growth arrest

p21Waf1

p38α MAPK

MKK3/6

DNA replication stress

Stress Load

p53

MK2/3

HSP27      pHSP27

F-actin stressGrowth arrest

JNK

MKK4/7

Confirming the Role of P38α Signalling

X

RO3201195:
IC50 = 700 nM

RO3201195
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Roche’s P38α Inhibitor RO3201195

BINDING AND CLINICAL DATA
High selectivity in 105 kinase panel showing (only PDGFRβ and GAK). 
Binds in ATP pocket (to both p38 and pp38) with unique H-bond to Thr 106
Significantly inhibited IL-1β production in 28 day placebo controlled human trial

Goldstein, D. M.; Alfredson, T.; Bertrand, J.; Browner, M. F.; Clifford, K.; Dalrymple, S. A.; Dunn, J.; 
Freire–Moar, J.; Harris, S.; Labadie, S. S.; La Fargue, J.; Lapierre, J. M.; Larrabee, S.; Li, F.; Papp, 
E.; McWeeney, D.; Ramesha, C.; Roberts, R.; Rotstein, D.; San Pablo, B.; Sjogren, E. B.; So, O.–
Y.; Talamas, F. X.; Tao, W.; Trejo, A.; Villasenor, A.; Welch, M.; Welch, T.; Weller, P.; Whiteley, P. 
E.; Young, K.; Zipfel, S. J. Med. Chem. 2006, 49, 1562.
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Synthesis of RO3201195
Microwave heating results in:
• Reaction times significantly reduced for 2 key steps
• Yield of pyrazolyl ketone formation improved dramatically

Bagley, M. C.; Davis, T.; Dix, M. C.; Murziani, P. G. S.; Rokicki, M.; Kipling, D. 
Bioorg. Med. Chem. Lett. 2008, 18, 3745.
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Evaluation of RO321195 in WS cells

KEY
Lane 1: hTERT-imm. WS cells
Lane 2: WS + anisomycin (A)
Lanes 3-5: WS + A + 2.5 (3), 10  

(4) or 25 (5) µM RO3201195
Lane 6: WS + anisomycin

+ 2.5 µM SB203580
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Blocking the p38α Stress Response

SB203580

J. Gerontol. 2005, 60A, 1386.
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Treating age-related diseases:
can we manipulate the main risk factor?

Relevance to normal ageing
There are environmental and clinical 
factors (such as cancer, infection, 
periodontal disease, stress) that can 
activate p38 in normal individuals.

This could link extrinsic lifecourse
factors with a fundamental 
mechanism of ageing

Problems with using p38 inhibitors
P38 is a major cellular signalling ‘hub’
and regulates a very large number of 
downstream pathways. 

Its nodal role perhaps explains 
toxicity/side effect issues
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p21Waf1

p38α MAPK

MKK3/6

DNA replication stress

Stress Load

p53

MK2/3

Production of 
proinflammatory

cytokines
Growth arrest

JNK

MKK4/7
INHIBITOR?

INHIBITOR

Treating age-related disease:
can we manipulate the main risk factor?
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MK2 INHIBITORS IN WS CELLS

>200 nM, cell growth stops
At 10 µM, minimal effect on 
p-HSP27/HSP27 (see A) 
as compared to SB203580 
(see C)
>25 µM, cell death occurs

FAILED IN CELL 
STUDIES

Davis, T.; Bagley, M. C.; Murziani, P.; Rokicki, M.; Widdowson, C. S.; Zayed, J. M.; Bachler, M. A.; Kipling, D. 
Bioorg. Med. Chem. Lett. 2007, 17, 6832–6835.
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Synthesis of Alternative ‘MK2 Inhibitors’

Davis, T.; Bagley, M. C.; Murziani, P.; Rokicki, M.; Widdowson, C. S.; Zayed, J. M.; Bachler, M. A.; Kipling, D. 
Bioorg. Med. Chem. Lett. 2007, 17, 6832–6835.



School of Chemistry

53

MK2 Inhibitors in WS cells

MK2 INHIBITION 
CONFIRMED

• Inhibits at >2.5 µM
• Maximal inhibition 

at >25 µM
• IC50 between 2.5 

and 10 µM
• Doesn’t inhibit the 

phosphorylation of 
MK2, cf SB203580
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Little effect on growth rate at <2.5 µM

Cells senesce at >2.5 µM which is <[IC50]

cells undergo a dramatic morphological change 
at 10 µM

Davis, T.; Bagley, M. C.; Murziani, P.; Rokicki, M.; Widdowson, C. S.; Zayed, J. M.; Bachler, M. A.; Kipling, D. 
Bioorg. Med. Chem. Lett. 2007, 17, 6832–6835.

Treating age-related disease:
can we manipulate the main risk factor?

WS control cells WS cells treated with
25 µM inhibitor
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Summary of the story so far

Can we intervene in accelerated ageing in WS?

Will this lead to a clinical treatment?

Can we intervene in the other
clinical symptoms of this syndrome?

Can we intervene in ageing in you and I?

Yes!

Maybe…..

Maybe…..

No not yet, but we are gathering evidence 
that the senescence of somatic cells may be 
a causal agent of normal ageing

RO3201195

VX-745

BIRB 796



Long term opportunities

Osteoporosis

Atherosclerosis

Dementia

Clinical
trials

Burns
injuries

Cancer

Osteoarthritis

Chronic
wounds

MAPK
inhibitors
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