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Diagnosis: Innovation Insufficiency –  
Treatment: Combination Therapy
Since the beginning of the 21st century, pharma M&A activity has explo-

ded. In addition to mergers and acquisitions, outsourcing of research and 

manufacturing has become common place. Whether or not this will 

translate into a more viable industry, however, has yet to be determined. 

Many of the mergers and acquisitions 
were predicated on increased effici-
ency in the discovery and develop-
ment of new drugs and therapies as 
the lack of new products is a major 
threat to many pharmaceuticals com-
panies.

The industry has focused on closing 
the innovation gap for more than two 
decades. No one solution can bridge 
the R&D productivity gap. The future of 
pharma innovation demands a holistic 
approach that addresses every R&D di-
mension — strategy, organization, fun-
ding, technology and expertise.

Expert Insights

For this first edition of CHEManager In-
ternational Pharma & Biotech we asked 
R&D experts of chemical & pharmaceu-
tical companies to share their opinions 
on success factors and challenges in re-
search and the role of IT tools and hu-
man ingenuity. More than twenty opini-
on leaders ranging from CEOs to heads 
of research and process development 
have responded to our questions. Their 
statements deliver first-hand insight into 
innovation strategies and provide an out-
look on the future of pharma research.

The Art of the Alliance

One trend that crystallizes from the 
expert statements is related to the in-
creasing role of research collaborations. 
Just two decades ago, many scientists 
worked isolated in their “silos.” Coope-
ration with companies and institutions 
was more the exception than the rule. 
This has changed completely. Alliances 
between big pharma and academia, 
hospitals and biotech s are common 
practice today. Dr. Magid Abou-Ghar-
bia, author of our feature article, is a 
living example of a scientist who has 
been an accelerator of collaboration in 
pharma research.

Dr. Michael Reubold and Dr. Ralf Kempf

Editors, CHEManager
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Bridging the Innovation Gap
Pharmaceutical Research in a Changing Environment

During the last two decades the pharmaceutical industry was forced 

to undertake significant structural changes to address mounting chal-

lenges from strict regulatory policies, lower productivity, patent expi-

ration of major products, innovation gap and fierce price competition 

from generics. Mergers and acquisitions, layoffs, and outsourcing of 

research became common place in an industry that had previously 

been nearly immune to these activities. During the 2000-2010 time pe-

riod, over 1,345 merger and acquisition (M&A) deals valued at over 

$690 billion were consummated globally.

Over 300,000 pharmaceutical jobs 
were eliminated as a result of these 
activities, and this substantial de crease 
in internal resources forced the phar-
maceutical industry to explore several 
strategies for improving efficiency and 
effectiveness of R&D. Many compa-
nies began to increase their emphasis 
on “externally driven” R&D activities. 
Nowadays, pharmaceutical companies 
are changing their business model and 
abandoning their staunchly held positi-
on that all R&D efforts should be done 
internally.

Contract Research

Contact Research Organizations 
(CROs) and contract manufacturing 
organizations (CMOs) have become 

an integral part of the pharmaceuti-
cal industry and flourished. They pro-
vide quality API and drug candidates 
addressing and improving pharma 
productivity. But at the same time a 
new player entered the drug discove-
ry and development landscape: the 
academic drug discovery center. The 
pharmaceutical industry has recog-
nized the potential of the combination 
of cutting-edge academic research and 
entrepreneurially minded academic 
scientists (especially those with previ-
ous industrial careers) and has expan-
ded its effort to engage academic drug 
discovery centers. In some cases, these 
interactions are in the form of tradi-
tional sponsored research programs, 
but other forms of collaborations have 
been established.

Pipeline Enrichment

To ensure good return on investment 
(ROI) and minimize generic competition, 
pharmaceutical R&D strategies aimed 
at focusing resources to discover more 
biologic drug candidates. Big Pharma 
have expanded their biopharmaceuti-
cal efforts and a significant number of 
new drugs approved in the last 5 years 
have been therapeutic proteins and an-
tibodies. Many of these biotherapeutics 
represent “personalized medicine” ap-
proaches and hold promise for specifi-
cally targeting diseases which will be 
particularly susceptible.

Personalized Medicine

Since the essential completion of the 
Human Genome Project in the mid-
2000s, the pursuit of personalized 

Dr. Magid Abou-Gharbia, 
Moulder Center for Drug 
Discovery
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medicine has grown. The role that 
a patient’s genetic makeup plays in 
the efficacy (pharmacogenomics) and 
safe ty (pharmacogenetics) experi-
enced by that particular patient has 
become a focus of pharmaceutical 
companies and regulatory agencies 
alike. Giving the rise in cost of health 
care, personalized medicine will revo-
lutionize health care, it will lead to ef-
fective diagnostic tools which will give 
early prediction for diseases and lead 
effective preventive and therapeutic 
intervention.

Commitment To Innovation

Despite all of today’s challenges, phar-
maceutical companies continue with 
their commitment to innovation and 
embark on a range of initiatives and 
projects to address unmet medical 
needs or identify superior innovative 
drugs in place of ones with weaknes-
ses, risks or less than desirable efficacy. 
Some initiatives such as multidimen-
sional optimization and translational 
research are helping to increase the 
success rate both at the preclinical and 
clinical stages.

Skilled researchers in Pharma and 
academic institutions are engaged in 
multidimensional lead optimization by 
embarking on simultaneous optimi-
zation of both activity and properties 
exploring SAR (structure-activity rela-
tionship) and SPR (structure-properties 
relationship). Both are guided by a set 
of in-vitro assays and utilize several 
sophisticated enabling technologies 
which include antibody display techno-
logy, high-throughput screening (HTS) 
technology, drug design technology, 
pharmacokinetic (PK) technology, and 
information technology (IT).

Computational Tools

Modern industrial research facilities de-
pend on IT tools to drive productivity, 
maintain records, interpret data, and to 
facilitate the coordination of functional 
teams and work groups. Drug discovery 
scientists are supported by a wide ran-
ge of innovative IT systems. Computa-
tional tools are now an integral part of 

drug discovery. The success of any drug 
discovery project depends to a large 
extent on the quality of leads that are 
taken forward into the discovery phase. 
As a result, in the early stages of a pro-
ject the goal is to cast as wide of a net 
as possible or use as “wide of a funnel” 
as possible to try to identify novel leads 
for target. Any technology that can aid 
in this process can have a significant 
impact on the project.

The Cheminformatics platform, for 
example, provides a database of chemi-
cal structures and associated biological 
data that can be searched, sorted, and 
analyzed to facilitate the discovery of 

potential new drug candidates. Analy-
sis of thousands, if not millions, of data 
points provided by biological screening 
using high throughput systems is made 
possible through the seamless integra-
tion provided by the Cheminformatics 
IT system.

Medicinal chemists’ discovery 
output could benefit from a recently 
launched cheminformatics algorithm, 
ChemPlanner. Based on what it has 
learned about organic chemistry from 
literature the web-based tool predicts 
the shortest, fastest, cheapest route to 
the target, even through predicted but 

never-before-reported reactions. Chem-
Planner, aimed at boosting creativity 
and productivity of chemists by redu-
cing literature re searching, cuts down 
on planning time so that chemists can 
synthesize more molecules and com-
plete more projects in less time.

Other enabling tools such as Mo-
lecular Modeling and Simulation soft-
ware provide an excellent platform 
for visualizing, in silico docking and 
understanding protein structure and 
function. This IT platform allows re-

searchers to perform industry standard 
molecular simulations to facilitate 
their research.

Industry standard programs for the 
analysis of pharmacokinetics, pharma-
codynamics, and clinical trial data are 
also available, providing with access 
the tools necessary to understand how 
potential new therapeutics behave in 
an in-vivo setting.

Concluding Remarks

Despite the tremendous challenges 
the pharmaceutical industry are facing 
they are continuing with their commit-
ment to innovation and the discovery 
of innovative drugs to address unmet 
medical needs for treatment of various 
diseases. Indeed medicinal chemists are 
facing a challenge of their own. Trying 
to survive in a changing environment 
where Pharma are focusing on biolo-
gics drug candidates, this will require 
chemists to adapt to a new environ-
ment and develop approaches to join 
in these efforts of linking biologics to 
small molecules through identifying in-
novative linker technologies for antibo-
dy drug conjugates (ADC) and develo-
ping bioavailable peptides therapeutics 
for many diseases. 

Pharma will continue partnering 
with CROs and CMOs to provide quality 
APIs and drug candidates and improve 
pharma efficiencies and productivity as 
well as partnering with academic ins-
titutions to have access to innovative 
early stage drug candidates to address 
the innovation gap. Many academic 
drug discovery centers are well-suited 
for doing the early work around target 
discovery and target validation and 
basic research. Pharma-Academia part-
nerships are expected to continue to 
grow during the next decade.

Magid Abou-Gharbia, Ph.D., Asso-
ciate Dean for Research, Laura H. Car-
nell Professor, Director Moulder Center 
for Drug Discovery, Temple University 
School of Pharmacy,  Philadelphia, PA, 
USA

aboumag@temple.edu

http://moulder.temple.edu

“Personalized medicine will 
revolutionize health care.”

“Computational tools are  
now an integral part of drug 

discovery.”
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The Winning Formula
Chemists Who Can Collaborate Will Thrive in Pharmaceutical Research, Experts Predict

Despite tremendous challenges facing the pharmaceutical industry, it 

continues with its commitment to innovation and the discovery of no-

vel drugs to address unmet medical needs. Indeed, medicinal chemists 

face a challenge of their own. Trying to survive in a changing environ-

ment where pharma is focusing on biologics drug candidates will re-

quire chemists to adapt. CHEManager International asked R&D ex-

perts of chemical and pharmaceutical companies to elaborate on their 

research strategy and share their opinion with our readers. In detail, 

we interviewed professionals ranging from CEOs to heads of R&D and 

process development about:

➊  the crucial success factors in chemi-
cal and pharmaceutical research,

➋  the role of information technology 
tools in developing reaction routes 
and processes, and

➌  challenges and changes affecting the 
work of R&D chemists in the future.

Read their insightful answers here 
through page 14.

“We place great value on providing enough room 
for free and creative thinking.”

➊  What we need is a multifunctional 
team of experts in medicine, science 
and economy! It is crucial to harmo-
nize the different skills and expertise. 
I am convinced that a team can work 
most efficiently in a cross-functional 
way — a good collaboration of all 
team members with their special 
skills is the key to success. 

➌  Furthermore we place great value on 
providing enough room for free and 
creative thinking. Researchers have 
to deal with different challenges, which require the abil-
ity to look at problems from different perspectives. In 
order to provide an efficient working atmosphere there 
must be room for creative approaches.

“Once you have set up a diverse team of …  
experts, you need to facilitate an environment of 
active exchange.”

➊  Fostering a broad, deep-diving and continuously growing 
chemical expertise in diverse and motivated teams is 
critically important both in medicinal chemistry and pro-
cess chemistry. Here, you need the right mixture of open-
minded senior experts, so-called thoroughbred chemists, 
with many years of industry experience under their belts, 
as well as young chemists, freshly educated and highly 

motivated, who bring in state-of-the-
art scientific knowledge and modern 
ways of working. Offering appropri-
ate career opportunities for chemists 
within chemical functions also is a cru-
cial factor for success. Once you have 
set up a diverse team of highly skilled 
experts, you need to facilitate an envi-
ronment of active exchange: internally, 
between the team members, as well 
as in close collaboration with exter-
nal stakeholders — be it academic or 
industrial. And within the teams, you 
need to be able to professionally challenge each other to 
come up with the best solution — as a team.

➌  Increased complexity is a significant challenge that R&D 
chemists face today. This is especially true for phar-
maceutical R&D and applies to all areas, be it in the 
identification of innovative drug candidates, dealing 
with longer-sequenced, more complex synthesis rou-
tes or specific regulatory requirements. The diversity of 
new technologies, e.g., combinations of small molecules 
— pure chemistry — and biologics such as in antibody-
drug-conjugates, adds to the increased complexity. Here, 
dedicated high-end expertise and resources are required 
and need to be established, often with the help of exter-
nal sources. Coping with the further enhanced necessity 
to collaborate, both internally as well as across the sci-
entific landscape, is another challenge for R&D chemists 
today. In my eyes, however, this is also an opportunity: 
close collaboration and interaction will ensure the future 
need and success of scientific excellence in chemistry.

StatementS

Dr. Alexander Bieder-
mann, Vice President 
Medical, AstraZeneca 
Germany

Dr. Timo Flessner, 
Head of Chemical 
Development, Phar-
maceutical Division, 
Bayer
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“Chemists have always been communicative  
people, and building on this strength we shall 
continue to fulfill our task.”

➌  I believe that communicating effec-
tively in an increasingly complex en-
vironment will remain a key challen-
ge for chemists in industrial R&D. Let 
me give you some examples from our 
work at Merck, illustrating this point.

  Example 1: Recently, we generated a 
clinical candidate destined to modu-
late the immune system in order to 
fight cancer. The synthesis was per-
formed in a 17-step linear sequence 
on a kilogram scale. Managing such 
an endeavor under time pressure 
was not only a matter of all hands 
on deck. The complex logistics required teamwork across 
three continents, involving sites in the US, China, Italy 
and our headquarter site in Darmstadt, Germany. Suffice 
it to say that effective communication was indispensable 
for delivery of the material in time.

  Example 2: In recent years, the industry has established 
an increasing number of pre-competitive consortia — 
e. g., the IMI lead factory. They exemplify novel ways of 
working jointly across companies in difficult areas. Mem-
bers of such consortia will be at an advantage as they 
benefit from information shared among participants. 
Again, effective communication, in this case even beyond 
corporate boundaries, is an important prerequisite for 
success.

  Example 3: The advent of therapeutic proteins as an in-
jectable treatment modality has been seen by many che-
mists as a competitive challenge for small molecules. The 
unparalleled specificity of antibodies has inspired Merck 
to bring chemists in close proximity to protein engineers 
by organizing them under the same roof, which we call 
Discovery Technologies. The new structure enables sci-
entists to learn from each other and share best practice 
through communication across departments.

  Chemistry is often called “the central science,” because 
of its ability to connect different scientific disciplines. 
Chemists have always been communicative people, and 
building on this strength we shall continue to fulfill our 
task in the future.

“The crucial factor … will be people —  
well-educated and with the right empathy and 
motivation for research.”

➊  The crucial factor in chemical research will be people — 
 well-educated and with the right empathy and motiva-

tion for research. Those people have 
to be brought together independently 
of their organizations — academia, 
industry or biotech. And this requires 
new and innovative ideas of collabo-
ration, which have already started to 
be implemented.

➋  The role of software tools to predict 
and develop reaction routes and pro-
cesses for given target molecules de-
pends on the research area: a lot of 
processes already can be predicted 
quite accurately by in silico approaches — e. g., absorp-
tion. Other areas like metabolism will require much more 
effort to achieve a similar level.

➌  R&D chemists will have to be extremely flexible in the 
future: at least industry preferences for specific modali-
ties — like small molecules, peptides, proteins, oligonuc-
leotides — will probably change much more rapidly than 
in the past.

“We envision … new collaborations to  
intervene and prevent diseases before  
symptoms even appear.”

➊  Collaboration plays a central role in 
our business today. The one sentence 
we use most often to describe oursel-
ves is: we collaborate with the world 
for the health of everyone in it. We’ve 
forged hundreds of partnerships with 
academic institutions, advocacy orga-
nizations and companies of all sizes.

  Through our four Johnson & Johnson 
innovation centers, we’ve created 
new and open innovation models. To 
find the best science and technology around the world, 
we’re collaborating with entrepreneurs and scientists 
through 700 deals as part of our efforts to solve the gre-
atest health-care needs of our time.

  We are also collaborating in the largest public-private 
partnership in life sciences worldwide, the EU’s Innova-
tive Medicines Initiative. In addition, our company was a 
founding member of TransCelerate BioPharma, a nonpro-
fit organization with a mission to collaborate across the 
biopharmaceutical industry to identify and implement 
solutions to drive the efficient, effective and high-quality 
delivery of new medicines.

  Recently we greatly increased our efforts to actively en-
gage patients and seek their input at every stage, from 
development through commercialization. And, as appro-
priate, we’re working much more closely with regulato-
ry authorities to get new medicines to patients in need. 

StatementS

Klaus Urbahns, Head 
of Global Disco-
very Technologies, 
Pharma ceutical R&D, 
Merck

Prof. Dr. Jochen 
Maas, Head R&D 
FF, Sanofi-Aventis 
Deutschland

Stef L.E. Heylen, 
COO, Janssen R&D
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For example, by collaborating with regulatory authorities 
we were able to greatly accelerate our development of 
Imbruvica because we and regulatory authorities recog-
nized how urgent the need was for patients.

  We are also able to accelerate our development of new 
medicines through close collaboration of Janssen colle-
agues and external business partners around the world, 
enabling us to develop new medicines 24 hours a day.

➌  We expect collaboration will play an even more impor-
tant role for Janssen in the future. For example, with ad-
vances in science and technology, we envision a future 
where we will be able to forge new collaborations to 
intervene and prevent diseases before symptoms even 
appear.

“Dissemination of data-rich tools across  
academia and industry will be the ultimate  
education of future R&D chemists.”

➌  Both the chemical and pharmaceuti-
cal industries are rapidly changing in 
that they both have a need to adapt 
in order to stay ahead of require-
ments and competition. I believe it is 
widely accepted that the traditional 
way of running and optimizing re-
actions as a chemist — e. g., simple 
round-bottom flasks with subsequent 
TLC, later HPLC, analysis — is not 
the future for any R&D chemist in a 
chemical or pharmaceutical research 
lab. Instead we now discuss the “lab 
of the future” — but what exactly does it mean? Besides 
the use of sophisticated automation including online mo-
nitoring of reactions using probes, which will all become 
standard for any R&D lab, it means managing big data.

  Integration of all of the available data remains the big-
gest challenge across the industry and academia. The lab 
of the future is generally seen as the way to secure susta-
inability by learning to navigate a large volume of data. 
The dissemination of data-rich tools across academia 
and industry will be the ultimate education of future R&D 
chemists. New skills will be necessary to manage this da-
ta-rich environment, which will in turn require intelligent 
collaboration across departments starting at the univer-
sity level. The benefits are obvious, i. e., the acceleration 
of drug development in the scale-up phase for a supply 
of clinical phase material. Carefully controlled reactions 
using analytical probes will provide detailed process 
understanding — important information for faster and 
more efficient scale-up. Additional topics such as C-H 
functionalization, that have been historically considered 
the holy grail of chemistry via functional group conver-

sion, might be solved in the future by a more sophistica-
ted approach. Key elements are the use of experimental 
design, the parameterization of organic chemistry and 
the development of sophisticated models that can relate 
back to a certain reaction mechanism, which may then 
be used for prediction of effects such as site selectivity.

“The war of talent is on.”

➊  Some success factors did not change, 
and may remain: quality, up-scaling, 
and safe and stable processes. How-
ever, this is only one part of the 
equation: in a globalized world, in-
tercultural competencies become 
more relevant. For R&D, project ma-
nagement, a stable supply chain, 
efficient communication — internal 
and external, and management of all 
regulatory aspects are musts. In addi-
tion, the borders between chemistry, biotech and biology 
weaken, not only at high-end molecules but also in the 
production of feedstock. Interdisciplinary understanding 
will become more relevant as it was some decades ago.

➋  When design of experiments was introduced, it worked 
in some cases, in most cases it did not. Today, compute-
rized support of R&D is standard. However, the prediction 
of reactions remains difficult as long as we are not able 
to model reactions in total. At the end, every software 
works by algorithm, and the output can be only as good 
as the algorithms are. Algorithms are getting better, as 
AlphaGo showed, amazingly winning Go games. The day 
software will be able to successfully offer recipes for lab 
experiments may change our understanding of intellectu-
al property (IP) and proof of evidence.

➌  The war of talent is on: first, Europe has to be attracti-
ve for skilled people. Intercultural challenges will come 
and have to be solved. Second, we will see that work will 
partly continue to move away from Europe, so the chal-
lenge of managing international cooperation, already in 
R&D status, will increase. Third, interdisciplinary coope-
ration will become more relevant. The ability to under-
stand others and communicate between disciplines may 
become even more relevant than it is today.

“Fostering a culture that encourages the sharing 
of information … is a fundamental requirement.”

➊  For a contract manufacturing organization in the com-
petitive environment of the pharma and biotech indus-
try, research and development is extremely important to 
further enhance customer satisfaction and service quali-
ty. Constantly increasing demands on performance com-

StatementS

Dr. Michael Quirm-
bach, Vice President, 
Global Sales & Mar-
keting, CordenPhar-
ma International

Dr. Lukas von Hippel, 
EO, Pharma Waldhof
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bined with growing sustainability re-
quirements, such as those relating to 
occupational safety as well as waste 
management, are chief concerns of 
our markets. There is a continuous 
trend toward the development of mo-
lecules with higher complexity, and at 
the same time, the patent landscape 
is more and more crowded. Further-
more, requirements from customers 
and authorities with regard to docu-
mentation in general and data integ-
rity in particular are changing the way people work.

➌  In order to meet the increasing demands of the markets, 
a company needs the right combination of creative, in-
novative, but at the same time structured and accurately 
working scientists on board, and to put a focus on the 
management of knowledge as a key factor to success. 
Efforts on knowledge management at Bachem focus 
on organizational objectives, such as continuous im-
provement, competitive advantage, innovation, and the 
sharing of lessons learned. Knowledge management in-
cludes expert systems, post-action reviews, cross-project 
learning, knowledge sharing, best-practice transfer, and 
collaborative software technologies — e.g., chemistry 
and technology forums including blogs. Fostering a cul-
ture that encourages the sharing of information, based 
on the concept that knowledge is not irrevocable and 
should be shared and updated to remain relevant, is a 
fundamental requirement for successful and future-ori-
ented research and development.

“In the end those will be successful who can com-
bine the right tools with the intuition and experi-
ence of a chemist.”

➊  Efficiency and effectiveness are the 
key factors for success in chemical re-
search. Success-oriented chemical re-
search is directly linked with chemical 
production. Lab chemists have to un-
derstand not only what is technically 
possible but also economically feasi-
ble. It saves time and money if the 
design of experiments is focused on 
those reactions and conditions that 
could be scaled up easily, safely and 
— if possible — without an invest-
ment. It also has to be noticed that a production process 
not only depends on the reaction route but also on es-
sential factors like workup conditions, purification, safety, 
supply chain, waste management, etc. A lab chemist has 
to consider these points early in development. Therefore, 

a strong technical background and an understanding of 
the cost of production are required. In some cases it will 
be more important to be very fast with acceptable costs, 
in other cases it might be more important to optimize 
the costs within an acceptable time range. Especially for 
contract manufacturing projects this needs to be clarified 
with the customer at the beginning of a project.

  For efficiency it is important to have a broad range of 
technologies available in the lab as well as in the pilot 
and in the production facilities. The decision for a reac-
tion route has to be based on a series of factors and not 
only on chemistry. For technologies that are not available 
in-house, collaborations need to be established as early 
as possible. It is essential for smooth scale-up that re-
search chemists, engineers and plant managers coope-
rate closely. For contract manufacturing it is important to 
offer some unique technologies or to have the ability for 
the handling of crucial raw materials or to have some 
special raw materials in-house.

➌  For the future, chemical research will increasingly be im-
pacted by IT tools, both in design and evaluation of ex-
periments. If applied properly, this will certainly enhance 
the efficiency of lab work. I can think about automated 
lab reactors, software tools or fast analytical methods. 
Due to the acceleration of product life cycles, mini-plant 
and continuous reaction technology have to play a big-
ger role in scale-up of new processes. However, in the 
end those will be successful who can combine the right 
tools with the intuition and experience of a chemist.

“The most crucial success factor … is that we do 
not only talk about innovation but live innovation.”

➊  The most crucial success factor — 
and this holds true not only for 
pharma but also for other industries 
— is that we do not only talk about 
innovation but live innovation. This 
means that all units of a company 
strive for innovation, not just the R&D 
department, and all consider it as an 
indispensable factor for the future of 
the company. It also means that the 
required resources are provided and 
people are empowered to make de-
cisions. I am pretty sure that we will 
see in the future much more interaction — interaction 
within a company as well as between independent com-
panies whether they are customers, competitors, service 
providers,  contract research organizations (CROs) etc. It 
is great to have our own specialists, but it is impossible 
to have them in all fields. A high degree of networking 
between the various specialists will not only solve cur-

StatementS

Dr. Karl Kolter, Vice 
President Global Re-
search & Formulation 
Nutrition & Health, 
BASF

Dr. Ralph O. Schoen-
leber, VP Research 
and Development, 
Bachem

Dr. Jürgen Sans, Head 
of Innovation Ma-
nagement, Alzchem
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rent problems, but it also offers more opportunities in 
open innovation. This does not mean that open innovati-
on is restricted to specialists only.

➌  On the other hand complexity is also becoming an is-
sue since R&D tasks are getting more and more complex, 
and in case a company has its own complex structures 
it generates so many interfaces and obstacles that pro-
jects where a lot of units are involved are delayed. Thus 
companies having explicit organizations and clearly as-
signed responsibilities are quicker in their internal work 
and therefore have more resources and capabilities for 
all kinds of interaction with other parties.

  Currently, everybody talks about autonomous driving and 
derived from this the question pops up: Are autonomous 
developments achievable? Probably not in the near fu-
ture, but at least digitalization will strongly support R&D 
work.

“Confidence to try something reasonable in the 
lab, even if it … does not work, may provide clues 
on how to succeed.”

➊  The important skills for individuals 
within a successful research program 
are possession of a broad knowledge 
of chemistry, creativity in problem 
solving and a willingness to get peer 
advice. These factors, along with ex-
perience in hands-on research, allow 
chemists to develop and progress.

  Not every problem has a straightfor-
ward solution, and not every reaction 
is described in the literature. Having 
the confidence to try something rea-
sonable in the lab, even if it ultimately does not work, 
may provide clues on how to succeed. Chemists are not 
always trying to solve new problems, just similar prob-
lems in a different context; so being current on the lite-
rature and sharing thoughts with colleagues will help to 
learn about other people’s experiences.

➋  Predictive software can provide a complementary tool 
to literature review and collaborative brainstorming for 
identifying possible reaction routes. Selecting a route for 
manufacturing via software may not analyze a number of 
key points critical to successful and economical process 
development:

  Firstly, software tends to focus on bond making/breaking, 
and may not capture the costs or difficulties associated 
with workup, purification, isolation or waste. Additio-
nally, one has to assess the scalability of software pro-
posed routes in the context of the project, and also the 
available manufacturing facility in which the chemistry 
will be undertaken, which is often a significant driver for 

route selection. It is also important that safety evaluation 
is undertaken when predicting and developing a route, so 
the use of any modeling software within a wider cross-
functional team, where ideas and literature research can 
be discussed and brainstormed in an open environment, 
is ideal to successfully transition and optimize a project 
from development through to manufacturing.

➌  Batch and semi-batch processing is still used in chemical 
manufacturing, which makes classical process develop-
ment skills, tools and knowledge as important as ever 
to master. Emerging technologies are being more widely 
implemented, but it is important to know when and how 
these new strategies should be integrated into a manu-
facturing plan to ensure they are utilized efficiently.

  Beyond process development for manufacturing, the re-
quirements of laboratory investigations to support regu-
latory filings are becoming increasingly rigorous. At the 
same time, newer quality, impurity, safety and environ-
mental policies result in a more restrictive space in which 
to operate.

  A greater number of cross-discipline science degree pro-
grams are available in academia, which may be taking 
time away from developing broader chemistry funda-
mentals, and there are limited opportunities for chemi-
cal process development training ahead of entering the 
job market. The number of mergers, acquisitions and the 
closing of research departments promote a perception of 
uncertainty in the job market, which may be turning po-
tential scientists toward other career pursuits. In the long 
term, a negative impact on the available trained work-
force for the chemical industry may result.

“It will be … important to better integrate and 
adopt regulatory and environmental require-
ments into R&D.”

➊  It will become increasingly important 
to better integrate and adopt regula-
tory and environmental requirements 
into R&D organizations, and more 
specifically, get the development che-
mists to consider these factors at an 
early stage. Automation will also be-
come ever more valuable to improve 
process understanding and “seeing 
the process window,” as will the ad-
option of “enhanced development 
in combination with the traditional way of developing 
processes,” as outlined in ICH Q11. This also includes the 
use of risk assessments/quantitative risk assessments 
from an early development stage. High-tech analytical in-
strumentation and integrated, computerized systems to 
support data evaluations, as well as storage and tracking 
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of data, will be extremely valuable going forward. Inter-
nal and external collaboration in specialist areas is also 
very important, but takes time to establish and a key is 
open collaboration with external partners, who may have 
specialist knowledge and expertise beyond that which is 
available internally.

➌  Chemists need to be more aware of all regulations and 
requirements for a process to be both efficient and sus-
tainable into the future. It is important not to view re-
gulations as being painful but as a natural variable that 
must be taken into consideration, as very often they are 
nothing more than common sense.

“A solid background of standard process  
chemistry … is nowadays not enough.”

➌  Challenges derive from increasing 
use of flow chemistry as an alterna-
tive production method with respect 
to the standard one based on batch. 
This technique, now well-studied and 
adopted also at the industrial level 
usually coupled with design of ex-
periment and an online monitoring 
system, is too far away to be fully 
understood.

  Chemical complexity of new mole-
cules is increasing; quite often they 
are not solid, and their purification 
cannot be done anymore by crystallizations — once con-
sidered an art — but by using different types of chroma-
tographic purifications.

  Another fascinating challenge derives from the possibili-
ty to increase the bioavailability of compounds that are 
otherwise poorly water soluble, modifying their particle 
size by using engineering systems of particle-size reduc-
tion alternative to the standard one. An interesting way 
to obtain this effect is by using supercritical fluid, such as 
carbon dioxide.

  The manufacturing of highly potent active pharmaceuti-
cal ingredients — HPAPIs — whose market is the fastest 
growing segment in the pharmaceutical industry, and 
more specifically of antibody drug conjugates — ADCs 
— surely an emerging class of compounds attracting a 
lot of interest and investments from chemical companies, 
represent great challenges for R&D chemists. The hand-
ling of molecules having an occupational exposure limit 
at or below 10 micrograms per cubic meter of air, their 
conjugation with monoclonal antibodies — mAb, the ne-
cessity to perform these reactions and purifications un-
der glove boxes are all challenges and changes for R&D 
chemists.

  Finally, HPAPIs, ADCs, industrial chromatographic puri-
fications and particle-size engineering are just some of 
the challenges Cerbios is facing with its R&D department 
and chemists. This trend is surely true now and I am sure 
will be much truer in the future. For R&D chemists the-
se challenges mean that a solid background of standard 
process chemistry, knowledge of good manufacturing 
practice, HSE, program management, etc., acquired over 
years of experience and absolutely necessary are nowa-
days not enough.

“Speed and innovation will be gained from emb-
racing collaboration across different areas of the 
business.”

➊  Having access to a broad range of 
specialist technologies is becoming 
increasingly important as researchers 
develop larger and more complex 
molecules. For example, being able 
to use different technologies, such 
as chemocatalysis and biocatalysis, is 
particularly valuable for solving com-
plex chemistry problems. Another cru-
cial factor is collaboration. Our custo-
mers face complicated problems and 
we often find a better solution can be provided through 
collaboration between our different departments. Colla-
boration is a core principle throughout Johnson Matthey. 
For example, we have a technology center in Sonning 
Common in Reading, UK, with capabilities in materials 
characterization, and this provides an additional resour-
ce for our Fine Chemicals Division when dealing with un-
usual solid form characterization problems.

➋  Having more long-term information management for 
emerging technologies will certainly change the way that 
we think and work. We use tools today such as statistical 
design of experiments — DOE — to optimize reactions, 
and certain technologies, such as continuous proces-
sing, that rely heavily on software control for maximal 
effectiveness. In biocatalysis, our enzyme evolution and 
optimization capabilities would not be possible without 
computational tools to design and predict new enzymes. 
Software tools are vital for much of what we do today 
and they will play an even bigger role in the future.

➌  The biggest challenge affecting the work of R&D che-
mists relates to the industry’s ongoing need to develop 
more molecules, more quickly,  resulting in shorter time-
lines and greater pressure for R&D teams. The traditio-
nal blockbuster drug model no longer works for many 
molecules, so pharmaceutical companies are looking for 
different ways to deliver benefits to patients while also 
delivering profits. R&D scientists will have to be very 
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flexible as well as nimble. Furthermore, today’s complex 
problems do not often fit into a single department, so 
great advantages for speed and innovation will be gai-
ned from embracing collaboration across different areas 
of the business.

“The future is the coveted ability to harness data-
bases that extend the individual knowledge base 
to the collective.”

➌  It is not news that chemists are facing 
significant challenges in their labs to-
day. The current economic pressure 
on research has made downsizing 
and materials conservation a new 
constant. But there is reason to be 
hopeful. Chemists have been publi-
shing breakthrough methods at an 
unprecedented rate, enabling inno-
vative methods to be shared widely 
in order to conserve time and to le-
verage the expertise of the scientific 
community. Openly sharing revolutionary approaches has 
already led to the widespread adoption of high-through-
put experimentation — HTE. This rapid, parallel method 
can be miniaturized and scaled for quick identification 
of the most promising methods while sparing precious 
substrates and allowing valuable research time to be de-
voted to strategic goals. But this is an incremental step 
forward. The future is the coveted ability to harness data-
bases that extend the individual knowledge base to the 
collective. On the horizon, the promise of smart chemical 
tools is coming into focus. Proven successful, they will 
change the way we do chemistry. They will enable many 
chemists to uncover new approaches to solve their most 
difficult problems.

  At Merck’s life science business, with our celebrated 
Aldrich tradition of “chemists helping chemists,” we are 
proud to enable chemists to generate faster, more re-
producible results. We are proud to support chemists on 
their unique discovery journey. We strongly believe the 
best days of chemistry are yet to come.

“Speed and flexibility are of utmost importance 
when considering the supply of drug substance to 
clinical development.”

➊  For a process development chemist in the pharmaceu-
tical industry, speed and flexibility are of utmost impor-
tance when considering the supply of drug substance to 
clinical development. This not only requires experienced 
chemists but also the ability to combine chemistry and 
chemical engineering for manufacturing and scale-up.

  Modern laboratory tools are desig-
ned to support this challenge with 
parallel experimentation and fast 
— preferably online — analytical 
methods. Seamless collaborations 
— internally and externally — with 
plant engineering, quality organiza-
tions and health-safety-environment 
departments are also essential.

➋  Databases for literature, chemical 
reactions, retro syntheses and proper-
ties of chemicals are well-established 
in the industry. However, for the design of synthetic rou-
tes, we strongly believe that a brainstorming exercise 
of chemists and process engineers remains critical to 
quickly consider scalability and specific plant features 
and supply chains.

  The usage of design of experiment — DOE — software is 
vital to simplify and accelerate modern process develop-
ment, and create more knowledge about critical process 
parameters.

➌  With approximately 40% of newly developed APIs being 
classified as complex molecules, manufacturing is no 
longer a straightforward task. While timelines are expec-
ted to be even shorter, APIs now have a larger number 
of stereo centers, more labile functional groups, longer 
synthetic pathways and also require unusual reaction 
conditions.

  As a result, conventional pharmaceutical manufacturing 
equipment may not always cope with this growing syn-
thetic complexity. The task of the chemist goes beyond 
traditional chemistry and a synthetic route, and an inno-
vative plant concept needs to be co-developed. Only this 
approach will allow a service provider to deliver high-qua-
lity material and a sustainable production concept, which 
allows for prolonged patent protection by the client.

“Speed, technology and knowledge of complex 
chemistry are becoming more important as com-
petitive differentiators.”

➋  It is essential to already identify cost drivers in the bid-
ding process and to envision optimized processes wit-
hout having developed them in the lab yet. Our process 
development concept is based on three main pillars. We 
use design of experiments — DOE — to optimize reac-
tion conditions. Second, our automated mini-plant equip-
ment resembles the plant-scale equipment as closely as 
possible to shorten development time. Third, we operate 
a well-equipped process technology lab to closely mo-
nitor reaction kinetics and to investigate process safety 
conditions.
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  Quality by Design — QbD — and 
process analytical technology — PAT 
— play an important role in our com-
pliance system. At-line and online 
analytics, in particular, are becoming 
more and more popular, and classical 
in-process controls are being repla-
ced by PAT. We believe the combina-
tion of online/at-line analytics with 
release procedures is a future trend. 
QbD, a well-established methodolo-
gy in the pharmaceuticals industry, is 
gaining importance in other industries as well.

  In addition to established programs, we are carefully ob-
serving which new software developments are available 
to the industry. For example, we tested ChemPlanner and 
found it to be helpful when the objective is to generate 
new synthesis ideas. However, that is only a sideline of 
our activity because Saltigo, whose essential activity is 
process development, generally has to use manufactu-
ring processes — technical packages — specified by its 
customers.

➌  We see that the types of compounds being developed are 
becoming more complex and the total number getting to 
market is diminishing; therefore speed, technology and 
knowledge of complex chemistry are becoming more im-
portant as competitive differentiators.

  Our team’s know-how makes a major contribution to mi-
nimizing scale-up risk, for example. An inherent problem 
in scaling up a project from the lab oratory scale to pro-
duction is physical in nature. While a mixing process on 
the laboratory scale frequently takes only a few seconds, 
the length of time it takes in the reactor is significantly 
longer and cannot simply be extrapolated to the larger 
production quantity. The same goes for the effects on 
process safety. Therefore, we are using a modeling tool 
for optimizing and predicting the performance of batch 
process unit operations and a process modeling software  
for distillation modeling — not least to ensure safe ope-
ration.

“It’s always highly skilled and committed indivi-
duals who at the end make the difference.”

➊  Many different factors make an R&D organization suc-
cessful. Within the contract development and manufactu-
ring organization (CDMO) arena, I think of an organiza-
tion having broad experience in developing and scaling 
up chemical and formulation processes, applying state-
of-the-art analytical tools to better understand reactions, 
and also being capable to collect and interpret relevant 
scientific data to predict the outcome of reactions at sca-
le is important. In addition, a culture of strong collabora-

tion and open communication, both 
internally and externally with clients 
and suppliers is essential. Beyond 
these factors, many more still influ-
ence successes.

  For me personally, the foundational 
success factor for an R&D organiza-
tion is and will remain individuals 
who have a deep understanding of 
science, who rigorously apply scien-
tific and engineering principles, and 
individuals who display a high drive 
to move things forward.

  Yes, of course, we need several of the latest tools and 
instruments, yes we need strong collaboration and team-
work, and we need efficient business processes. However, 
I do not know of any successful pharmaceutical product 
that was invented, developed and commercialized by a 
business process or a specific top notch tool: It’s always 
highly skilled and committed individuals who at the end 
make the difference. Individuals who make the difference 
are those who see the outlier in scientific data that is 
hidden to others; individuals who challenge assumptions 
and conclusions based on opinions rather than data; in-
dividuals who do not always swim with the flow; indivi-
duals who take ownership for a project and push things 
forward despite the many obstacles along the way; and 
those individuals who believe in a successful outcome. In 
my opinion, individuals others want to be around.

“A collaboration ultimately helps us to make the 
best use of the core competencies of each of our 
partners.”

➊  The most important skills in a suc-
cessful research group are to know 
precisely your core competencies — 
what we do and where we do best — 
as well as to know what we cannot 
do and where we can get access to 
these missing competencies. At Umi-
core we know our expertise lies in 
metal coordination chemistry, in ex-
cellence in handling highly sensitive 
or toxic materials, and in chemical 
process development and scale-up 
under regulated environments — 
GMP, ISO, etc. And we know we can rely on a number of 
close partners bringing related applications and techno-
logy expertise.

  This leads us to the necessary mindset for success: col-
laborate. Because a collaboration ultimately helps us to 
make the best use of the core competencies of each of 
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our partners. Cooperating with customers keeps us fo-
cused on understanding them, their strategies and their 
needs — aiming to deliver faster, better and more cost-
efficiently. Collaborations with our technology and deve-
lopment partners bring us out-of-the-box thinking, mis-
sing competencies for further organometallic materials 
development and insights to develop on time the next 
generation of catalysts, high potency APIs, or even elect-
ronic materials.

  Strategically aligning these collaborations and lever-
aging on the tremen dous amount of information and 
knowledge generated, without divulgating any proprie-
tary information, requires efficient tools. Open access to 
a structured market, technology or customer information 
is key, combined with quick access to new technical in-
formation, as well as shared platforms allowing efficient 
exchange between the scientists and the specialists of 
our fields. Because a challenging pharma project may 
benefit from the successful development of an electronic 
material!

➌  The biggest challenge of a chemist today is speed: me-
aning how to develop a product faster albeit at constant 
level of quality, with the same level of process safety for 
a smooth and fast transfer to commercial production — 
all this while surrounded by an unrivalled flow of new or 
even contradictory information.

  Does it mean that the research chemist will need to evol-
ve to be more of an analyst, to become an expert in ac-
curately and quickly defining a problem and developing 
its solution out of the amount of information available? 
Probably — as well as the “too slow” chemical develop-
ment may have to be restricted to fundamental research, 
or to a few strategic development projects.

“The challenges … will require a broad skill set 
and the ability to collaborate within the company 
and around the globe.”

➊  In today’s business climate, it is even 
more critical to make the business 
case when it comes to investing in 
research. Companies must be able 
to quantify a return on investment 
for any new research initiative. Ac-
cordingly, chemical companies are 
seeking research chemists who un-
derstand chemistry and the practical 
reality that it takes to create value in 
the industry. Research budgets sim-
ply don’t allow companies to retain 
specialized experts in every specific discipline needed to 
execute new product development such as reaction kine-
tics, thermal dynamics and polymerization. Today’s che-

mical companies are looking for individuals with broader, 
more flexible skill sets that can be applied to different 
areas of the business and technology platforms as the 
marketplace evolves. Scientists and engineers are also 
needed with the skills to establish and maintain collabo-
rative partnerships and consulting relationships to access 
higher level expertise in needed disciplines.

  Interestingly enough, this trend aligns with a demogra-
phic shift discussed at a recent US Industrial Research In-
stitute forum for chief technology officers. The millennial 
generation has a nimble and impatient mindset when it 
comes to their career paths; companies that can provide 
opportunities for employees to experience different parts 
of the business may be more effective at engaging and 
even retaining young employees.

➌  The nature of our industry today is already creating a 
shift in how companies approach R&D. Compared with 
decades earlier, the focus of R&D has moved from pure 
research discovery toward optimization and application. 
This shift also applies to the regions of the world whe-
re different types of work are conducted. Companies 
are tending to focus their innovation efforts in the West 
and outsourcing more routine work offshore. Again, eco-
nomies are influencing this shift. The challenges our in-
dustry faces — both economic and demographic — will 
require a broad skill set and the ability to collaborate 
within the company and around the globe.

“It is very important to mix young bright resear-
chers … and experienced people …  
to find innovative solutions.”

➊ ➋ ➌ The main goal of chemical and 
process research is to create new pa-
thways: more competitive, cleaner, safer 
for the users and producers, and respec-
ting the environment. To achieve this 
goal, the researchers today are strongly 
supported by extensive access to infor-
mation, simulation tools and automa-
tized parallel reactors.

Our research focuses on the mole-
cule synthesis or mixture preparation. 
For this purpose, our R&D teams are 
trained to develop the best chemical 
routes and processes. One crucial success factor is the 
building of a heterogeneous team combining a state-of-
the-art knowledge of industrial organic chemistry and a 
unique know-how gained over the years. Therefore it is 
very important to mix young bright researchers, trained to 
the latest technologies, and experienced people, familiar 
with the existing assets, in order to emulate creativity and 
to find innovative solutions.
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Designing new pathways also means that one is able to 
test operating parameters out of the standard range: for 
example, by setting high kinetic rate of reaction using short 
residence time in continuous reactors like micro reactor sys-
tems or microwave heated tubular reactors. Purification of 
the product or intermediates is not to be overlooked. No-
wadays, distillation can be well-simulated when the ther-
modynamics of the compounds are known. The major pro-
blem is that for advanced molecules the thermodynamic is 
not available or the molecules are too heavy to be distilled. 
In that case other technologies should be employed. Weyl-

Chem develops a number of new ways to provide answers 
to this challenge. By using continuous liquid-liquid extrac-
tion, prototyped in the lab and in mini-plant, or supercriti-
cal CO2 extractions, where we are able to tune the solvent 
properties by playing with the temperature and pressure, 
we support our customers with innovative options. 

For us the future of R&D is a strong integration of orga-
nic chemistry and chemical engineering adapting reactors 
and purification units for the chemistry and not the che-
mistry to the vessels.

 ▪
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Wiley ChemPlanner™can make creating routes 
faster and easier. Using a combination of novel 
reactions and curated information, ChemPlanner 
delivers computer-aided synthesis design backed 
up by millions of empirical reactions.

Wiley ChemPlanner builds the route for you! Simply plug 
in your target compound and your starting material and 
ChemPlanner delivers a wide variety of diverse and viable 
routes in a matter of minutes. 

Increase Your Productivity: Wiley ChemPlanner reduces 
literature searching drudgery and reduces your planning time 
so you can synthesize more molecules.

Boost Your Creativity: Wiley ChemPlanner’s sophisticated 
cheminformatics algorithms can boost your creativity by 
suggesting routes you might not have considered and 
unlocking ideas for new routes.

User-Friendly Interface: Wiley ChemPlanner is intuitive  
with a streamlined interface so you will be confident that you 
and your team will use ChemPlanner to improve efficiency  
and creativitity. 
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