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European Medicinal Chemistry Education: The
Transformational Accomplishments and Challenges

Gloria Cristalli,’® Péter Matyus,™ Peter Mohr, Giuseppe Ronsisvalle,” Noel J. de Souza,*"

and Anna Tsantili-Kakoulidou!”

Medicinal chemistry education and train-
ing was the subject of a half-day round
table discussion, initiated by D. Kikelj
and P. Matyus, and organised by the
latter, which took place on the occasion
of the 5" Austrian-German-Hungarian-
Italian-Polish-Slovenian Joint Meeting
on Medicinal Chemistry, organised by
the Slovenian pharmaceutical society
under the auspices of the European Fed-
eration for Medicinal Chemistry (EFMC),
at Portoroz, Slovenia (June 17-21, 2007).
The participants were Péter Matyus'™
(Chairman and Semmelweis University,
Budapest, Hungary), Anna Tsantili-Kakou-
lidou™ (University of Athens, Greece),
Gloria Cristalli® (University of Camerino,
ltaly), Giuseppe Ronsisvalle™ (University
of Catania, Italy), Noel de Souza™ (Uni-
versity Institute of Chemical Technology,
Mumbai, India) and Peter Mohr® (F. Hoff-
mann-La Roche, Basel, Switzerland), as
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well as those participants in the audi-
ence who made a significant contribu-
tion to complete the round table discus-
sion. This discussion has followed in
quick succession its two similar prede-
cessors, the first at a satellite meeting of
the 15™ Camerino-Noordwijkerhout con-
ference in Noordwijkerhout, The Nether-
lands on May 20, 2005, and the second
at a session on the occasion of the
EFMC-sponsored XIX" international sym-
posium on medicinal chemistry (August
30, 2006) at Istanbul, Turkey. Moreover, it
is the first round table discussion organ-
ised by the Education and Training Com-
mittee (ETC) of EFMC since its formal es-
tablishment.

These multisequential thrusts to grap-
ple with the fundamentals of medicinal
chemistry education and training in
Europe come at a time when the Bolo-
gna process, addressing European higher
education and research in response to
challenges in a globalised world, is gath-
ering momentum to vault itself as it ap-
proaches the 10™ anniversary of com-
pleting its first set of harmonised Euro-
pean supremacy-centred objectives in
2010."%

Fuelled by several national discussions
on the future of medicinal chemistry
teaching and training in Europe,” by the
EUA creativity project 2006-2007,"% by
doctoral programme discussions in
Europe,"" and by deliberations on chal-
lenges facing EU research and universi-
ties at the Hampton Court summit
2005,"? this 2006-installed EFMC ETC-
sponsored round table in Slovenia fo-
cused on going beyond increased dia-
metrical teaching and training to ex-
panding circumferential career develop-
ment, through presentations on:

® the educational infrastructure under
reconstruction
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e the evolving transdisciplinary nature
of medicinal chemistry

e the role of summer schools!
and industry-sponsored symposia'

® university-industry relationships and
globalisation networks™® &

e the need for a new definition of me-
dicinal chemistry.”

3,6,13-15]

All of these themes have essentially
been eruditely addressed in the seminal
policy overview published following the
Noordwijkerhout meeting in 2005 and
entitled “Medicinal Chemistry Education:
What Is Needed and Where Is It
Going?""'® In the abstract of this publica-
tion, it is summarised that “organic
chemistry remains at the heart of the
discipline, but structure-property rela-
tionships are now an increasingly impor-
tant component”, that “the linkage be-
tween chemistry and biology is more im-
portant with the rise of chemical biol-
ogy”, that “relationships between indus-
try and the university have become
more important in recent years”, and
that the “strong dominance of the West-
ern world in science for the past two
centuries is likely to be diminished in the
next several decades.”

At this Slovenia meeting, there has
been reaffirmation of virtually all of the
fundamental concepts that were spelled
out at Noordwijkerhout and at Istanbul.
It has also become clear that, at many
levels, European medicinal chemistry
education has undergone good overall
progress in the intervening two years
since the publication. In conveying
below the progress, this report aims to
avoid repetition of the previously pub-
lished fundamentals, to take the previ-
ous publication as required prior read-
ing, and rather to serve as complementa-
ry to the previous publication."
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Current EFMC initiatives include:

® generation of a compendium on ex-
isting undergraduate and postgradu-
ate level training courses within
Europe to enable analysis of structure
and profile of education and teaching

e creating a network of Ph.D. schools in
medicinal chemistry in Europe to fa-
cilitate database formation, mobility
of faculty/students, joint teaching
courses, and answering the question
of a European diploma

e conducting sessions on a regular
basis in selected EFMC-sponsored
symposia

@ making connections to other organi-
sations for example, EUFEPS, IUPAC
(Chairman Matyus, Hungary)™

At the university and higher education
institution (HEI) levels, progress is
made on:

e introduction of an uniform three-
cycle degree (Bachelor, Master, Doc-
torate) system at several national and
institutional levels, for example, the
ETH M.Sc. in medicinal chemistry pro-
gramme

@ increasing the number of structured
doctoral  programmes  including
labour market-oriented and study-ori-
ented multidisciplinary curricula in
syllabi for employability enhancement
and career development inside and
outside academia (the professional
doctorate vis-a-vis the industrial doc-
torate)

@ a focus on creativity as an essential
factor to respond to demands of the
current knowledge society, and to be
a major force in shaping social and
economic development

@ understanding their role as the “intel-
lectual commons” to strike a balance
in fulfilling “their fundamental mis-
sion of a gift economy”, while encom-
passing a “commodity economy” (cf.
David Triggle”)

e interuniversity international agree-
ments including the award of a joint
doctorate

e industry-university collaboration. For
instance, for the “Roche symposium
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for leading scientists of the next
decade™ twenty outstanding young
talents, most of them in the last year
of their Ph.D. thesis work are invited
to attend the Symposium.

Today’s students, whether graduate or
doctorate, opting to become medicinal
chemists:

e® can originate from the different un-
dergraduate streams of pharmacy,
pharmaceutical sciences, or chemistry

@ are apprised of the unique role they
play in the multidisciplinary process
of drug discovery and development,
requiring R&D project management
to create newer chemistry-oriented
and  biotech-oriented intellectual
property

e are taught to develop equal fluency
in the fundamental skills and lan-
guage of both medicinal chemistry
and biology required of drug discov-
erers cum developers

@ have the opportunity to move away
from teacher-driven provision to-
wards student-centred higher educa-
tion and to shape it through more
active engagement in the Bologna
process activities"®

e are offered participation at different
summer schools and interdisciplinary
courses,’®"*"¥  constructed around
lectures and practical workshops,
with invitations to present posters
and oral communications illustrating
their research studies.

The need for a new definition of me-
dicinal chemistry™

This theme was raised by different
speakers and was the subject of keen
discussion by the audience at the round
table. Is a new definition of medicinal
chemistry needed or is it that the name
“medicinal chemistry” has to be changed
and newly defined. Is there really a need
for a name change? A rose by any other
name smells as sweet, it is said. Different
recent publications"®?? and forums, for
instance at the above-mentioned meet-
ings at Noordwijkerhout and Istanbul,
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have already been engaged with “work-
ing” definitions, whether official or pro-
posed. The publication “Medicinal
Chemistry Education: What Is Needed
and Where Is It Going?""® commences
with the International Union of Pure and
Applied Chemistry’'s 1998 definition,
goes on to astutely analyse the complex
multidisciplinary issues involved, and
concludes that “...medicinal chemistry is
all about drug discovery..., and...facili-
tates establishment of educational struc-
tures that provide the opportunity for a
medicinal chemist to move increasingly
in the direction of becoming a successful
drug discoverer or of making substantive
contributions to the process.” At the Is-
tanbul and Slovenia forums, proposed
definitions ranged from being artistically
concise such as that of Timmers: “the ar-
chitecture and construction of drug
properties in molecules”® to those
more consolidated ones on the “new
face” of a modern medicinal chemist as
a drug designer/discoverer by Cristalli,””
Tsantili-Kakoulidou,” and de Souza.”’ In
relation to this point, Ronsisvalle™ ex-
pressed the view of “the time being
mature for a degree in drug discovery:
One main course with several different
specialisations and a multidisciplinary
training..."”.

Newer disciplinary developments are
germane to the discussion and add grist
to the mill of the debate. Increasing suc-
cesses are being totted up by the new
science of synthetic biology, which ena-
bles synthetic biologists to take differ-
ently sourced enzymes and turn out
“things like drugs and precursor mole-
cules for plastics more efficiently than
traditional chemists can”.”? In the news-
letter EFMC MedChemWatch, 2007,2%24
the readers’ attention is drawn to two
items which signify new trends in how
medicinal chemistry is viewed. For exam-
ple, in pain management in clinical set-
tings, the link to medicinal chemistry is
stated to be attenuated through invok-
ing the beneficial consequence of the
up-stream modulatory role of the cogni-
tive factors of perception and emotion
over the ligand-receptor interaction at
the end of the chain® As another ex-
ample, in the strategic research agenda
for the Innovative Medicines Initiative of
the coordinated European Commission
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and European Federation of Pharmaceut-
ical Industries and Associations, which
includes education and training in its
“roadmap” to address key “bottlenecks”
in the biomedical R&D process, what is
emphasised is not medicinal chemistry,
but predictive safety and efficacy, and
knowledge management.”!

Conclusions

Overall, the most important effect of this
roundtable discussion of European me-
dicinal chemistry education is that it pro-
vides newer perspectives from speakers
and a participating audience mainly
from European countries not previously
present at the earlier forums. This report
highlights the accomplishments and the
progress that is being made at different
levels, whether in the accent placed on
shaping education policies, or in the
manner universities and HEls are reor-
ganising syllabi, or in the flexibility with
which the student of medicinal chemis-
try may orient his training for a future in
academia/industry, or in the industry in-
teractions with the teaching/student
community. Such a forum permits the
expression of newer concepts or practi-
ces being put into effect and enables a
choice to be made of best practices.
Future forums of this nature need to
consider that the panel of speakers also
includes graduate student and junior in-
dustry scientist representatives, and that
the session is fitted into, not as is usually
done, at the fag end of a day shortly
before the symposium banquet, but at a
time when a larger audience is more
likely to be attracted.

Whether or not an overarching new
discipline such as drug discovery will
arise to embrace the well-established
subdiscipline of medicinal chemistry
(which includes computational chemis-
try/drug design, synthetic/combinatorial
chemistry, other chemistries, intellectual
property, project management) and the
yet-to-be-coined or -defined subdisci-
pline of “medicinal biology” (which can
be postulated to include cellular thera-
peutics,*?"" genomics, all the new rele-
vant “omics”, synthetic biology, pharma-
cology, ADMET-related disciplines) will
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depend on scholarly rather than polemi-
cal handling of the debate. The theme is
clearly one of the transformational chal-
lenges that will form part of EFMC’s bid
to keep European education and training
exquisitely attractive to students and fac-
ulty, as well as to be competitively su-
preme among the developed nations
and the emerging intellectual property-
oriented globalised countries.” No
matter how this debate unfolds under
the influence of forces that may be New-
tonian, Lamarckian, or Darwinian, Euro-
pean medicinal chemistry education is
headed towards an exciting period.

In his concluding remarks, chairman
Péter Matyus emphasised the impor-
tance of such regular periodic forums, to
continuous adjustment of curricula to
the new challenges, and most impor-
tantly that the principal goal of medici-
nal chemistry (and medicinal chemists)
should always be to get better drugs, to
cure diseases, and/or (at least) to im-
prove the quality of life of patients.
Somehow the last-mentioned and very
important ethical aspect often—if not
always—disappears from all definitions
of medicinal chemistry.

Acknowledgements

The authors gratefully thank John L. Neu-
meyer, Ph.D., MclLean Hospital, Harvard
Medical School, Boston, MA (USA) and Na-
talie F. de Souza, Ph.D., Nature Methods,
NY (USA) for reading the manuscript and
providing helpful suggestions. The authors
are also grateful to Professor Roberto Pel-
licciari, President of EFMC for his support.

[11 P. Métyus, Introduction, 5" JMMC 2007, Por-
toroz, Slovenia.

[2] A. Tsantili-Kakoulidou, Integration of biologi-
cal aspects into Medicinal Chemistry: at
which level and how much it should be, 5"
JMMC 2007, Portoroz, Slovenia.

[3]1 G. Cristalli, The Role of Summer Schools at Eu-
ropean Level, 5% JMMC 2007, Portoroz, Slov-
enia.

[4] G. Ronsisvalle, International Doctorate in Me-
dicinal Chemistry, 5" JMMC 2007, Portoroz,
Slovenia.

[5]1 N.J. de Souza, Drug Discovery & Intellectual
Property Scenario in India: Reorienting the Me-
dicinal Chemistry Syllabi, 5% JMMC 2007, Por-
toroz, Slovenia.

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[6] P. Mohr, Education and Training from an In-
dustrial Perspective, 5" JMMC 2007, Portoroz,
Slovenia.

[7] Bologna Process London Communiqué, To-
wards the European Higher Education Area:
responding to challenges in a globalised
world, 18 May 2007, pp. 1-7.

[8] Eurydice Directorate-General for Education
and Culture, Focus on the Structure of Higher
Education in Europe 2006/07, 2007, pp.1-
350.

[9] P. Matyus, News From EFMC Committees,

EFMC MedChemWatch 2007, 2, 6.

EUA Creativity Project 2006-2007, Creativity

in Higher Education, European University As-

sociation, Brussels, 2007.

[11] A.  Marouani, http://www.eua.be/index.-

php?id =121, 7-9 December, 2006.

Hampton Court Summit 2005, UK Presidency

of the EU 2005 Press Releases, November 4,

2005.

European School of Medicinal Chemistry

2007, Urbino, Campus Sogesta, July 1-6,

2007.

Swiss Course of Medicinal Chemistry, Leysin,

October 1-6, 2006.

Leiden/Amsterdam Center for Drug Re-

search, Noordwijkerhout, The Netherlands,

October 16-19, 2007.

P. Krogsgaard-Larsen, R. Pellicciari, N. J. de S-

ouza, H. Timmerman, D.J. Triggle, C.A.A.

van Boeckel, J. Wasley, Drug Dev. Res. 2006,

66, 1-8.

D. J. Triggle, Teaching Medicinal Chemistry:

When The Times They Are A'Changing, XIX™

ISMC 2006, Istanbul, Turkey.

ESIB The National Unions of Students in

Europe, “Bologna with Student Eyes” Draft Ex-

ecutive Summary, 2007, pp. 1-4.

D. J. Triggle, J. Taylor, Comprehensive Medici-

nal Chemistry Il (Eds.: D. J. Triggle, J. Taylor),

Elsevier, Amsterdam, The Netherlands, 2006,

preface and Ch. 1.

P.W. Erhardt, Pure Appl. Chem. 2002, 74,

703-785.

[21] C. M. Timmers, C. A. A. van Boeckel, Teaching

Medicinal Chemistry from a Pharmaceutical

Industry Perspective, XIX™ ISMC 2006, Istan-

bul, Turkey.

The Correspondent, Gassed Up, The Econo-

mist Print Edition, May 24", 2007.

G. Folkers, The Collegium Helveticum Ziirich,

EFMC MedChemWatch, 2007, 2, 3-4.

F. Sanz, Innovative Medicines Initiative is on

the way to be fully operative by the begin-

ning of 2008, EFMC MedChemWatch 2007,

2,2-3.

P. Lang, K. Yeow, A. Nichols, A. Scheer, Nat.

Rev. Drug Discovery 2006, 5, 343-356.

E. C. Butcher, Nat. Rev. Drug Discovery 2005,

4, 461-467.

K. Sachs, O. Perez, D. Peter, D.A. Lauffen-

berger, G.P. Nolan, Science 2005, 308, 523-

529.

[10

12

[3

[14

15

[16

nz

(8

9

[20

[22

[23

[24

[25

[26

[27

Received: November 7, 2007
Published online on January 7, 2008

563

www.chemmedchem.org


http://dx.doi.org/10.1351/pac200274050703
http://dx.doi.org/10.1351/pac200274050703
http://dx.doi.org/10.1126/science.1105809
http://dx.doi.org/10.1126/science.1105809
www.chemmedchem.org

