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At what became one of the most famous speeches in his
career, in 1962, U.S. President John F. Kennedy issued a

challenge to his nation to do what would be considered near
impossible in the 20th century: land humans on the surface of
the moon and return them safely to earth, by the end of the
1960s. Such a monumental undertaking required wholly new
fields and technologies to be developed. Indeed, the success of
the Apollo 11 mission hinged on extensive collaboration with
over 20,000 industrial firms and universities. Academic-
industrial consortia like the one that allowed for the
exploration of the lunar surface are among the best
mechanisms for tackling large scientific challenges, including
those facing the chemical community in the 21st century.1

These partnerships evolve in a number of ways, from
government funded centers and networks that draw in
industrial partners, such as the U.S. National Science
Foundation (NSF) Science and Technology Centers, the
National Science Foundation of China, and the European
Commission’s Marie Skłodowska-Curie Actions Innovative
Training Network (MSCA-ITN), to industrial initiatives that
onboard relevant academic laboratories, such as the American
Chemical Society Green Chemistry Institute. Universities also
offer Ph.D. programs that integrate academic-industrial
training, as showcased by the University of Oxford’s Synthesis
for Biology and Medicine Centre for Doctoral Training (SBM
CDT). Additionally, initiatives such as the Princeton Catalysis
Initiative (PCI) exemplify how universities can promote
collaborations among faculty members across various research
fields and partner industries. Although traditional collabo-
rations involving one-to-one academic group-company rela-
tionships still have significant impacts on the corresponding
fields, larger consortia leverage the full capabilities of their
constitutive institutions to address interdisciplinary challenges.
Further, they tend to be longer term, allowing for better

continuity and fewer legal roadblocks, which ultimately
translate to ease of data transfer.

This mode of knowledge transfer removes the artificial
divide that can exist between academic and industrial scientists.
The more applied mindset of the industrial partner can shape
the approach of the academic collaborator in a type of
symbiosis that ultimately results in transformative science.
While this is true in any collaboration, the “crowdsourcing” of
ideas unique to consortia allows for greater diversity of thought
and perspectives, akin to a modern version of the Greek agora.
Particularly within the pharmaceutical industry, academic-
industry consortia can offer solutions to synthetic bottlenecks,
directly impacting the accessibility of key targets for drug
discovery and development (Figure 2).2 This proactive

approach can be facilitated by consortia focusing on the
development of specific chemical transformations, such as the
Catalysis Innovation Consortium (CIC); technology-oriented
groups including the Flow Science & Technology Consortium
(FlowST) and the MSCA-ITN PhotoReAct; as well as
computer-assisted synthesis initiatives, exemplified by the
NSF Center for Computer Assisted Synthesis (C-CAS).

Globally, academic-industrial consortia are flourishing, with
notable initiatives spearheaded by the National Science
Foundation of China playing a key role in optimizing chemical
manufacturing processes. Embraced by esteemed partnering
institutions such as the Shanghai Institute of Organic
Chemistry, Southern University of Science and Technology,
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Figure 1.
Figure 2. Divergent academia/industry knowledge transfer accelerates
research in drug discovery and development.
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Shanghai Jiao Tong University, and Sichuan University, as well
as companies like CE Pharm, Chiral Quest, and Wanhua
Chemical Group, this collaborative model is instrumental in
advancing large-scale contract production of both brand-name
and generic pharmaceuticals while fostering innovation in the
synthesis of complex molecules.3

Beyond chemistry, these generally more extensively funded
consortia provide ample opportunity for career growth. Some
sponsor internships, doctoral, or postdoctoral positions,
allowing young scientists still in training an opportunity to
experience the industrial world. Others host seminar series,
some open to the public, allowing early- and later-career
investigators alike to showcase their science to a broader
audience. Likewise, these events allow students to directly
interface with potential future employers, providing an easier
path to the industrial workforce, while industrial partners gain
by discovering talent earlier in their careers. Overall, these
consortia are excellent platforms for networking and
identifying academic and industrial collaborators.

To explore these academic-industrial consortia in more
detail, we selected three representative examples to highlight
their growth paths and successful chemistry stories. The
chemistries discussed illustrate how leveraging the combined
power of the two partners can result in significant paradigm
shifts in synthetic methodologies.

CCHF-CIC. Just over a decade ago, the field of C−H
functionalization was transitioning from being an inorganic/
organometallic challenge to becoming a new strategic approach
for organic synthesis. To tackle this emerging challenge, the
NSF Center for Selective C−H Functionalization (CCHF),
eventually consisting of 25 research groups from 15 universities
and multiple industrial partners, was envisioned.4 CCHF’s
mission was to leverage its collaborative potential to develop
technology for selective C−H functionalization that would
help reshape the teaching of chemical synthesis, empowering
end users in materials science, fine chemicals development, and
drug discovery. The collaborative energy of the CCHF was so
strong that, when the CCHF sunset after 13 years, as
mandated by NSF, there was considerable interest in
continuing the broad academic-industrial collaboration, both
from within CCHF and from rising stars beyond the center.
This interest resulted in the organization of the Catalysis
Innovation Consortium (CIC), consisting of 41 research
groups from 28 universities, financially supported by Emory
University and six companies.

Both CCHF and CIC were built on the premise of
embracing open communication and collaborative opportu-
nities between academia and industry, generating highly
synergistic research programs that would not be possible
through individual efforts. CIC currently has one yearly in-
person meeting for the whole consortium and six monthly
virtual meetings�one consortium-wide meeting and five
theme meetings. Companies have shown an enthusiastic
willingness to engage and have supported mutually interesting
research projects either by funding specific projects or with in-
kind contributions and internships. Here, we illustrate the
synergistic value of these industrial connections by showcasing
how one of these companies, AbbVie, has broadly participated.

Seeking ways to enhance its scientific footprint in the
community and advance synthesis, AbbVie recognized the
CCHF model as having great potential in exploration of C−H
functionalization strategies. Together with the Huw Davies
group at Emory, their partnership resulted in an array of

discoveries that could be leveraged as an enabling technology
for drug discovery programs (Figure 3).

The early collaboration focused on a general method for the
synthesis of aryldiazoacetates5 and showed how catalyst-
controlled enantioselective C−H functionalization of cyclo-
butane and silacycloalkanes using rhodium carbene chemistry
could lead to novel chiral scaffolds with the potential for
further diversification (Figure 3A).6 Recognizing the practi-
cality and versatility of the rhodium-catalyzed reactions beyond
what had been previously considered, AbbVie sought to
explore cyclopropanation chemistry catalyzed by this carbene
system as a potential major driver of their cystic fibrosis drug
discovery program. Hence, they progressed from basic research
to a highly focused enabling chemistry collaboration with the
Davies group.

This work led to a highly successful entry to their desired
targets,7 and the method was eventually scaled up with flow
chemistry (Figure 3B), using chiral catalysts developed in the
Davies group (Figure 3C).8 This fruitful collaboration
encouraged AbbVie to initiate collaborations with nine other
CCHF/CIC faculty, which have already resulted in several
publications,9 and the Davies group has expanded its industrial
collaborative research to four other companies.10

Funded by the NSF International Research Exchange for
Students program, the CCHF created the Global Institute for
Carbon-Hydrogen Functionalization (GICHF), featuring key
partners: (1) the Institute for Transformative Bio-Molecules
(ITbM), based at Nagoya University and funded by the World
Premier International Research Center Initiative (WPI-RCI),
applies C−H functionalization to synthesize molecules for
precise control biotic function and production in plants and
novel bioimaging agents; (2) the Center for Catalytic
Hydrocarbon Functionalization (IBS-CCHF), based at Korea
Advanced Institute of Science & Technology (KAIST) and
funded by the Institute for Basic Science (IBS), focuses on
functionalizing petroleum and biomass chemical feedstock and
catalytic defunctionalization of complex biofeedstock; and (3)
the Assembly Controlled Photocatalysis Research Center
(CRC325), based at the University of Regensburg, TU
München, the University of Leipzig, and the LMU München,
focuses on photocatalysis to develop new structures and
reactions.

The GICHF aimed to foster collaborative research between
faculty and students across centers, with extensive industrial

Figure 3. (A) Research between AbbVie and the Davies group.5−8

(B) Progression to project-focused research on enabling chemistry to
access cystic fibrosis drug candidates. (C) C4-symmetric chiral
catalyst, driver of illustrated chemistry.
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engagement in pharmaceutical, agrochemical, and material
sciences. Collaboration opportunities were bolstered through
international student exchange programs and workshops, like
the one at KAIST, South Korea, which attracted around 110
participants from the U.S., South Korea, Japan, and Germany
(Figure 4).

SBM CDT. Over an eight-year period, the Department of
Chemistry at the University of Oxford has trained more than
140 Ph.D. students in the Centre for Doctoral Training in
Synthesis for Biology & Medicine (SBM CDT) program,
funded jointly by the UK Engineering and Physical Science
Research Council (EPSRC), industry partners, and the
University of Oxford. Led by Martin Smith and Darren
Dixon, students entering this four-year graduate program
benefit from academic and industrial cosupervision throughout
their training. More than 40 academic supervisors and 12
industry partners have been involved in CDT, which to date
has resulted in some 250 publications, the majority with CDT
students as first author. Students in the program are given an
extensive choice over their Ph.D. group and project, under-
taking two laboratory rotations before selecting the group for
their full Ph.D. research.

One example of a particularly productive academia-industry
partnership that emerged from SBM CDT is that of Oxford’s
Ed Anderson and Pfizer’s James Mousseau and Antonia Stepan
in the field of small-ring bioisostere synthesis, specifically
bicyclo[1.1.1]pentanes (BCPs).11 At the time of this under-
taking, there was a limited synthetic profile for assembling a
diverse array of BCPs, and the goal of this collaboration was to
provide practical inroads to diversification�and perhaps to
inspire others to do the same!

Expanding on Pfizer’s work on a BCP analogue of the γ-
secretase inhibitor avagacestat,11 a series of collaborative
projects were launched to better understand the chemistry of
this strained scaffold (Figure 5). Work between Anderson and
Pfizer, led mainly on Pfizer’s end by Mousseau, began with the
development of atom-transfer radical additions of alkyl12 and
aryl halides to [1.1.1]propellane, such as 1,13 delivering C,Hal-
functionalized BCPs, such as 2, which undergo rapid iron-
catalyzed cross-coupling with (hetero)aryl Grignard reagents
to afford C,C-disubstituted BCPs, such as 3. Later work led to
the first catalytic asymmetric bicyclopentylation of aldehydes
4,14 and the addition of N- and S-centered radicals to 1,15

giving heteroatom-substituted BCPs 5 and 6, respectively. The
latter chemistry was conducted on multi-100 g scale by
collaborators at Enamine.

These efforts did indeed inspire others, resulting in a new
industrial-academic partnership (via the SMB CDT) for the
Anderson group with computational chemist Fernanda Duarte

at Oxford and Russell Smith at Janssen Pharmaceuticals, now
known as Johnson & Johnson Innovative Medicine, to explore
theoretical aspects of the reactivity of [1.1.1]propellane, and in
particular to explain its ability to react with anions, radicals,
and cations.16 This collaboration was maintained following
Smith’s move to AbbVie, where the research focus shifted to
meta-substituted arene isosteres�bicyclo[3.1.1]heptanes 7
prepared from [3.1.1]propellane 8.17

MSCA-ITN. Among MSCA’s programs, the Photo4Future
ITN operating 2015−2018 and created to tackle challenges
associated with photochemistry, led to a partnership between
Jesuś Alcaźar at the then-named Janssen Pharmaceuticals and
Timothy Noel̈ then at Eindhoven University of Technology
and now at the University of Amsterdam. Within this
consortium, the team developed synthetic methods such as
photocatalytic trifluoromethylation chemistry18 as well as novel
organic photocatalysts.19 Furthermore, they pioneered the field
of light-induced cross-coupling reactions20 with the photo-
Kumada cross-coupling being developed during that collabo-
ration (Figure 6A). Seeking mechanistic insights for the
Kumada coupling, they extended the collaboration with the
Zysman-Colman group at the University of St. Andrews.

This collaboration sparked the idea in 2021 to create a new
MSCA-ITN, PhotoReAct, as it became clear how the
combination of synthetic method development, fundamental
mechanistic understanding, and adaptation of photocatalysis to
flow required the expertise and insight from both academic and
industry collaborators�something that is embedded within
the ethos of this new consortium. PhotoReAct aims to advance
photocatalytic processes by designing novel photocatalysts,

Figure 4. International C−H Functionalization Workshop organized
by the GCICHF (KAIST, South Korea, 2019).

Figure 5. Collaborative research from the Anderson group on the
synthesis of small-ring bioisosteres.12−17

Figure 6. C(sp2)−C(sp3) photoflow cross-coupling reactions
developed within MSCA-ITNs between Johnson & Johnson
Innovative Medicine and diverse academic groups. (A) Photo-
Kumada coupling, collaboration with the Noel̈ group.20 (B) Light-
induced Negishi coupling, collaboration with the de la Hoz and Dıáz-
Ortiz group.21 (C) XAT chemistry, collaboration with the Leonori
group.24

Organic Letters pubs.acs.org/OrgLett Editorial

https://doi.org/10.1021/acs.orglett.4c00192
Org. Lett. 2024, 26, 2677−2681

2679

https://www.chem.ox.ac.uk/synthesis-for-biology-and-medicine-cdt
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c00192?fig=fig6&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.4c00192?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


innovative methods, and cutting-edge automation and
scalability solutions for immediate industrial implementation
through an interdisciplinary approach bringing together diverse
worldwide academic and industry partners. In total, 26
institutions are involved in this joint venture. PhotoReAct
also provides a framework for training the next generation of
scientists. Currently, 15 Ph.D. students are benefiting from the
consortium funded by a Horizon 2020 (H2020) MSCA-ITN.

An example of industrial implementation within PhotoReAct
is the application of the light-induced Negishi coupling
developed in collaboration with de la Hoz and Dıáz-Ortiz’s
group at the University of Castilla La Mancha (Figure 6B).21

The acceleration of Negishi reactions in the presence of blue
light was a key finding that was used to explore chemical space
not accessible with conventional approaches. As reaction times
are short, this chemistry was also amenable for automation.
Thus, a platform for automated synthesis was developed to
synthesize compound libraries to support discovery programs
at Johnson & Johnson Innovative Medicine.22 This platform
overcomes one of the main synthetic challenges in discovery
chemistry, which is the exploration of C(sp3) chemical space in
a rapid manner.23 The same platform was used for the
synthesis of large libraries applying a halogen atom-transfer
(XAT) reaction in collaboration with the Leonori group at
RWTH Aachen University (Figure 6C).24 The Noel̈ group has
built on this platform by utilizing a closed-loop system that
enables a rapid, unattended optimization of different chemical
transformations to render them amenable for multigram
production.25 Currently, an ongoing collaboration between
the University of Amsterdam and Johnson & Johnson
Innovative Medicine is focusing on merging both automated
and closed-loop optimization in flow.

Closing Remarks. During his speech at Rice University 60
years ago, JFK stated: “The greater our knowledge increases, the
more our ignorance unfolds.” The collective stories presented in
this Editorial and within the Organic Letters Special Issue
“Organic Chemistry Driven by Academic-Industrial Collabo-
rations” capture that same ethos. The synergy of industrial and
academic minds working within consortia toward a common
objective removes barriers on both sides, allowing synthetic
challenges to be addressed at unprecedented speeds. It is
hoped that our sharing of these achievements will inspire
others to either engage with current consortia or pioneer new
ones to carry the field of synthetic chemistry to new heights.
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