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Dear Readers,

I am delighted to introduce a new year of SYNFORM 
with an absolutely first-class January issue, packed full 
of great science, published in top-notch journals. If a 
good beginning bodes well, it is safe to say that we 
have a very exciting year ahead. The critical duty of 
kicking off this season is on the shoulders of Y.  Nagata 
(Japan) who is the protagonist – and past Thieme 
Chem istry Journals Awardee – of our Young Career 
Focus interview, which zooms in on robot-assisted 
synthesis and stereochemical properties of polymers 
in solution. The first Literature Coverage article covers 
a recent ground-breaking publication in Science by the 
group of R. Sarpong (USA) on a photo-mediated ring 
contraction of saturated heterocycles, such as piperi - 
d ines, cyclic ethers and thioethers, which allows for the 
skeletal editing of complex cyclic organic molecules. 
The next Literature Coverage article covers another 
recent Science paper, authored by the group of W. Han 
(P. R. of China), on a conceptually new approach to the 
notoriously challenging selective oxidation of phenols, 
which has been achieved via iron-catalysed non-direct-
ed arene C–H hydroxylation, enabled by L-cystine- 
derived ligands inspired by cytochrome P450 enzymes. 
The fourth and final article of this pyrotechnic issue 
covers a new approach – developed through a collab-
oration involving the groups of M. Bradley (UK) and   
J. Geng (P. R. of China), and published in Nat. Chem. – 
for activating prodrugs using radiotherapy, and spe-
cifically X-rays, which holds great promise for future 
clinical applications. 

Happy New Year and enjoy your reading!
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INTERVIEW

SYNFORM  What is the focus of your current research 
activity?

Prof. Y. Nagata My current interest is focused on organic 
synthesis using robots. So far, robotic synthesis has been used 
for high-throughput screening; however, it is still difficult to 
cover all combinations of substrates and reaction conditions. 
We are now working on theoretical chemistry and chemin
formatics to be applied to robotic synthesis. I believe that this 
approach will make organic chemistry smarter and more suc
cessful.

SYNFORM  When did you get interested in synthesis?

Prof. Y. Nagata I became interested in chemical synthesis – 
and chemistry in general – when I was at elementary school. I 
read some books to carry out quite simple experiments, such 
as beautiful color changes in an extract of a flower by adding 
vinegar or soapy water. I felt at first it was a sort of magic, and 
then I became interested in the detailed mechanism of color 
change reactions. That was the starting point for my interest 
in organic synthesis.

SYNFORM  What do you think about the modern role and 
prospects of organic synthesis?

Prof. Y. Nagata In recent years, the role of organic syn
thesis has been growing in importance in various fields. In 
parti cular, I consider that organic chemistry should make a 
greater contribution to environmental preservation. To date, 
organic chemistry has produced various artificial chemicals, 
which sometimes cause environmental pollution. There fore, 
organic chemists have a responsibility to solve this kind of 
problem. For example, the development of biodegradable 
plastics, carbon dioxide fixation, and energy-efficient chemi

Young Career Focus: Professor Yuuya Nagata  
(Hokkaido University, Sapporo, Japan)

Background and Purpose. SYNFORM regularly meets young up-and-coming researchers who are  
performing exceptionally well in the arena of organic chemistry and related fields of research, in order  
to introduce them to the readership. This Young Career Focus presents Professor Yuuya Nagata  
(Hokkaido University, Sapporo, Japan).

Biographical Sketch

Yuuya Nagata was born in 1980 
in Kagawa, Japan. He received his 
B.Sc. and Ph.D. degrees from  Kyoto 
University (Japan) in 2003 and 
2008, respectively, under the su-
pervision of Prof. Yoshiki Chujo. In 
April of 2008, he worked at Kyoto 
University as a postdoctoral fellow 
in the group of Prof. Yoshiki Chujo 
for a month. In May of 2008, he 
joined the group of Prof. Michinori 
Suginome at Kyoto University as an 

assistant professor. In December of 2019, he joined the Insti-
tute for Chemical Reaction Design and Discovery (ICReDD) at 
Hokkaido University (Sapporo, Japan) as a specially appointed 
associate professor. His research interests are in organic syn-
thesis, polymer science, theoretical chemistry, and automa-
ted synthesis using robots.

Prof. Y. Nagata
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cal transformations will contribute to environmental preser
vation via organic chemistry.

SYNFORM  Could you tell us more about your group’s 
areas of research and your aims?

Prof. Y. Nagata Our group will demonstrate the import
ance of artificial intelligence in chemical reaction design and 
discovery using an automated robotic system designed for or
ganic synthesis, which can quickly validate new chemical re
actions suggested by the artificial intelligence. We also aim to 
build a framework that automatically evaluates unknown re
action products with multiple analytical instruments, which 
are directly connected to the robot, and accumulates the ex
perimental results as a database.

SYNFORM  What is your most important scientific achieve
ment to date and why?

Prof. Y. Nagata Before I moved to my current  position, 
I worked on the control of chirality of helical polymers, 
poly(quinoxaline2,3diyl)s. Although we found that the po
lymer, having chiral side chains, exhibits a helix inversion 
dependent on the solvent (e.g., righthanded helix in tetra

hydrofuran (THF) and lefthanded helix in 1,1,2trichloro
ethane) in 2010, its detailed mechanism had not yet been 
clarified.1,2 In 2018, we got the chance to collaborate with phy
sicists in quantum beam science and the structures of the po
lymer in solution were revealed, allowing us to investigate the 
mechanism of the helix inversion (Figure 1).3 This study firstly 
revealed that a small difference in solvent effect can cause a 
large structural change of the helical main chain. Further
more, I would like to emphasize that neutron beam science, 
which is unfamiliar in synthetic organic chemistry, was very 
powerful and useful in this research project.

REFERENCES

(1) T. Yamada, Y. Nagata, M. Suginome Chem. Commun. 2010, 
46, 4914–4916.
(2) Y. Nagata, T. Yamada, T. Adachi, Y. Akai, T. Yamamoto,  
M. Suginome J. Am. Chem. Soc. 2013, 135, 10104–10113.
(3) Y. Nagata, T. Nishikawa, M. Suginome, S. Sato,  
M. Sugiyama, L. Porcar, A. Martel, R. Inoue, N. Sato J. Am. 
Chem. Soc. 2018, 140, 2722–2726.

A4

Figure 1 The solvent-excluded surfaces of poly(quinoxaline-2,3-diyl) having (R)-2-octyloxymethyl side chains revealed by small-
angle neutron scattering measurements. (a) Right-handed helical structure in THF-d8. (b) Left-handed helical structure in 1,1,2-tri-
chloroethane-d3/THF-d8 (4:1, v/v).

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

http://doi.org/10.1039/C001564d
http://doi.org/10.1039/C001564d
http://doi.org/10.1021/ja403391m
http://doi.org/10.1021/jacs.7b11626
http://doi.org/10.1021/jacs.7b11626


© 2021. Thieme. All rights reserved. Synform 2022/01, A5–A9 • Published online: December 17, 2021 • DOI: 10.1055/s-0040-1720546

Literature CoverageSynform

Skeletal editing, the precise manipulation of a molecule’s core 
scaffold, especially at the single atom level, is an emerging 
concept of importance in organic chemistry.1 Recent reports 
in this area have included nitrogen deletion,2 single-atom in-
sertion,3 and ring contractions.4 Through a collaboration in-
volving researchers at the University of California-Berkeley in 
Prof. Richmond Sarpong’s laboratory and at the research labs of 
Merck & Co., Inc., Kenilworth, NJ, USA – known as MSD outside 
of the US and Canada – a light-mediated ring contraction of 
saturated six-membered heterocycles to five-membered rings 
that relocates the heteroatom from an endocyclic to exocyclic 
position has been achieved. This academia/industry partner-
ship started as part of the “Disruptive Chemistry” initiative 
at MSD – an effort focused on developing enabling chemical 
reactions of importance for industrial applications, including 
novel scaffold changes to precisely edit molecules. “Disruptive 
Chemistry is an initiative within MSD where we took action 
in addressing unmet synthetic needs through academic part-
nerships. The collaboration between MSD and Berkeley was 
one key pillar of that strategy, and together with Richmond’s 
lab, we were able to make major inroads in the area of bicyc-
lic amine synthesis and molecular editing,” said Dr. Charles 
Yeung. As part of this collaboration, the Sarpong group (gra-
duate students Justin Jurczyk and Sojung Kim) and scientists 
at MSD (Dr. Charles Yeung, Dr. Michaelyn Lux, Dr. Colin Lam, 
and Dr. Donovon Adpressa) worked productively on several 
projects, including the synthesis of bicyclic amines5,6 and pi-
peridine peripheral functionalization.7 Building on insights 
from their Pd-catalyzed piperidine functionalization research, 
they reasoned that α-benzoylated piperidine scaffolds could 
undergo further diversification using the photoactive benzoyl 
group. Indeed, initial reactions on these acylated frameworks 
(see I, Scheme 1B) were anticipated to yield Norrish–Yang 
type azetidinol products (e.g., III). However, upon irradiation, 
cis-cyclopentyl amine II, whose initial structure was elucid-
ated by Dr. Adpressa, was observed as the major product. “We 
recognized the importance of this transformation, as – in the 
context of piperidines – this single-step reaction transforms 
the core structure of the saturated aza-cycle in an unconven-
tional manner, affording a cyclopentyl amine in the process,” 
said Professor Sarpong. He continued: “It also represented a 
form of skeletal editing, much like the earlier accounts from 
Seebach and Suárez (Scheme 1A),8,9 on using ring-opening and 
subsequent ring-closure to effect the relocation of a hetero-

atom to the periphery of a ring (Scheme 1B). The optimization 
and extension of the transformation to other aliphatic hetero-
cyclic structural motifs were therefore pursued.”  

Justin Jurczyk and Dr. Lux undertook an extensive screen-
ing of solvent, wavelength, and concentration to optimize the 
transformation. In addition, they examined different protect-
ing groups on the piperidine substrates and observed that 
sulfonyl groups (e.g. IV, Scheme 1C) worked well, whereas 
other common groups on nitrogen resulted in lower yields 
and diminished reactivity under the optimized conditions. 
Dr. Lux explained: “To overcome this issue, we employed the 
high-throughput experimentation (HTE) capabilities at MSD 
to identify an additive that improved the yield of the ring-
contraction products for non-sulfonamide substrates (e.g., V). 
3-Cyanoumbelliferone was identified as a suitable additive 
that led to improved efficiency in the conversion of several 
non-sulfonyl piperidines.” 

Next, the team embarked on expanding the reaction be-
yond piperidine frameworks and explored a diverse set of al-
ternative photoactive ketone auxiliaries. “Overall, the optim-
ized reaction conditions were found to be general for a broad 
range of substrates, including cyclic ethers (e.g. VI) and thio-
ethers, and benzannulated aliphatic cyclic heterocycles (VII),” 
explained Dr. Yeung. He continued: “Additionally, in the ex-
ploration of ketone auxiliaries, it was observed that a range 
of aromatic ketones worked well in this capacity. To expand 
the scope beyond aromatic ketones, Justin Jurczyk and Dr. Lux 
examined aliphatic ketones (e.g. VIII), which required UV light 
rather than 400 nm light sources and extended the scope to 
alkenyl and alkynyl ketones – ultimately showing that non-
aryl ketones were effective auxiliaries albeit less efficient.” 
More complex, biologically relevant, molecules were then 
examined. Several scaffolds, including a peptide residue (IX) 
and a mefloquine derivative (X) also participated in this trans-
formation. “Given the complexity of the products that were 
obtained, comprehensive structural elucidation, performed by 
Dr. Adpressa, was conducted,” added Dr. Yeung.

Early in the collaboration, in parallel with the experimen-
tal work, the team also leveraged the computational chem-
istry capabilities at MSD to accelerate reaction development 
through an in-depth investigation of reaction mechanism and 
stereoselectivity. “One of the most interesting results from 
the calculations was that the transition state energies for the 
intra molecular Mannich step correlated with the cis/trans 

A5

Photomediated Ring Contraction of Saturated Heterocycles

Science 2021, 373, 1004–1012
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ratios observed experimentally (∆∆G‡ on the order of 1 kcal/
mol),” remarked Professor Sarpong. He continued: “The ener-
gy differences could be rationalized by a shorter and stronger 
hydrogen bond as well as a more staggered arrangement of 
substituents about the forming C–C bond in the cis-product-
yielding transition state (Scheme 2A).” The more pronounced 
photoreactivity of the starting material compared to the pro-
duct was also supported by experimentally measured and 
DFT calculated absorption profiles (n→π* transition) (Scheme 
2B). “Here, selective irradiation of the starting material could 
be achieved because of the hypsochromic shift of absorbance 
for the product relative to the starting material, as well as a 
 decrease in molar absorptivity for the product,” said Dr. Lam, 
who added: “This collaboration is a very nice illustration of 
how DFT calculations can impact organic reaction develop-
ment in an industrial setting. They are not only important 
academically, but also increasingly often applied, in real-time 
collaboration with chemists, to support a wide range of inves-
tigations in both drug discovery and pharmaceutical develop-
ment, including route planning, drug/catalyst design, mecha-
nistic studies, structural elucidation, and other areas.” 

Given the insights into the observed diastereoselectivity of 
the ring contraction (stemming from a highly organized tran-
sition state from an achiral imine-enol intermediate), Justin 
Jurczyk, Sojung Kim, and Dr. Lux investigated an enantiose-
lective variant of the ring contraction reaction. BINOL-derived 
chiral phosphoric acids were identified as effective catalysts 
that led to the formation of ring contraction products in up to 
90% ee (conversion of XI into XII, Scheme 2C).

Reflecting on the collaboration, Professor Sarpong said: 
“This is an exciting example of an academic–industry collabor-
ation that highlighted a key need for diversifying  chemical 
space, especially of saturated heterocycles. The current work 
came about as the result of a productive and sustained col-
laboration between the groups at Berkeley and at MSD over 
several years. The groundwork was set with our earlier work,7 
which then evolved to a broader interest in the Norrish–Yang 
reaction. The work in the Science paper is a combination of a 
deep command of what had been reported in the literature 
and serendipity. Careful experimentation, computational 
analysis, and structural elucidation led to the identification of 
the optimal conditions that we report. There is still a lot to 

A6

Scheme 1 Highlights of the Science paper
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be done in this area.” He concluded: “We are optimistic about 
the application of this method not only to diversification of 
the core structures of pharmaceutically and agrochemically 
re levant compounds, but also to complex molecule synthesis 
and the preparation of light-responsive materials.”
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Scheme 2 Computational insight and development of an asymmetric contraction variant
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Phenols are among the most important precursors for the ma
nufacture of pharmaceuticals, dyes, and functional polymers. 
The group of Professor Wei Han at Nanjing Normal Universi
ty (P. R. of China) has been investigating novel, more effi cient 
and greener methods to produce functionalized phenols from 
 readily available starting materials. Professor Han said: “Ben
zene C–H hydroxylation is generally regarded as the most 
straightforward and direct of all approaches to phenol. How
ever, direct and selective conversion of benzene into phenol 
with molecular oxygen as oxidant is referred to as one of the 
‘ten challenges for catalysis’ because the C–H bond dissocia
tion energy (BDE) of benzene is high (ca. 470 kJ/mol), thus 
phenol is far more reactive toward oxidation than benzene 
itself, producing overoxygenated byproducts. Moreover, 
substituted benzenes usually lead to an inseparable mixture 
of constitutional isomers and – among them – alkylarenes 
preferentially undergo oxidation of the sp3 C–H bonds in the 
aromatic sidechains (which have lower BDE, ca. 375 kJ/mol) 
rather than oxidizing the sp2 C–H bonds in the aromatic ring.”

Although transitionmetalcatalyzed chelationassisted 
C–H hydroxylation of arenes has been reported previously, 
leading to an improvement of both selectivity and reactivity 

of this kind of approach to phenols, the strategy often requires 
preinstalled directing groups, which makes only orthohy
droxylation attainable. “Nondirected arene C–H hydroxyla
tion can reach sites that are currently inaccessible by a direct
ed approach; however, besides the issues mentioned above, 
an excess of arene is frequently required to ensure sufficient 
reac tivity,” explained Professor Han. He continued: “To  obviate 
the need for directing groups and excess arene, an alternative 
strategy to access phenols would be the use of a preformed 
stable intermediate via aromatic C–H borylation, silylation, 
thianthrenation, or oxygenation, followed by additional steps 
to give the phenols (Scheme 1).” 

Professor Han noted that cytochrome P450 enzymes are 
capable of hydroxylation of strong aryl C–H bonds in the ab
sence of directing groups with high selectivity, and have an 
active site that consists of an iron porphyrin cofactor. “Cyto
chrome P450bioinspired enzymatic catalysis relies on the 
design and synthesis of porphyrin and porphyrinoid ligands 
(Scheme 2). However, these bioinspired methods for nondi
rected arene C–H hydroxylation are often severely hampered 
by low activities, poor selectivities, narrow scope of arenes, 
and/or high substrate loadings,” remarked Professor Han, who 

A10

Iron-Catalyzed Arene C–H Hydroxylation

Science 2021, 374, 77–81

Scheme 1 State-of-the-art arene C–H hydroxylation
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added: “In cytochrome P450 enzymes, the proximal ligand is 
the thiolate moiety of a residual cysteine, which coordinates to 
the haem iron center, which in turn is believed to control the 
oxidative activity of the enzymes and to facilitate C–H oxida
tion.1 Unfortunately, the use of this property to design ligands 
for catalysis has been so far overlooked, probably due to the 
affinity of the sulfur atom for transition metals, which leads 
to a strong coordination and eventually to catalyst poisoning.”

Professor Han continued: “Inspired by the proximal thiol
ate moiety of a residual cysteine ligand in cytochrome P450 en
zymes, we designed an unprecedented ironcatalysed nondi
rected arene C–H hydroxylation enabled by Lcystinede rived 
ligands, which features excellent selectivities  (Scheme 3). This 
transformation is defined by its broad substrate scope, excel
lent selectivity, good yields, and cost-efficient and environ-
mentally friendly properties. Furthermore, it show cases com
patibility with oxidationsensitive functional groups such 
as alcohols, polyphenols, aldehydes, and even boronic acids. 
Notably, this method is well suited for the synthesis of poly
phenols through multiple C–H hydroxylations of arenes, and 
the latestage functionalization of natural products and drug 
molecules.” Professor Han concluded: “We anticipate that this 
novel method will find wide-ranging synthetic applications, 

including drug metabolite synthesis, and will also enable the 
achievement of important insights into biological pathways.” 

REFERENCES

(1) P. R. O. Montellano Cytochrome P450: Structure, Mechan
ism, and Biochemistry; Springer: Boston, 2005.

A11

Scheme 2 Strategies for bioinspired cytochrome P450 catalysis
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A12

Scheme 3 Selected substrate scope
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Chemotherapy is extensively used in oncology, being highly 
efficient for cancer treatment. However, many commercially 
applied chemotherapeutic drugs have less-than-ideal selec-
tivity for cancer cells and often do not spare normal healthy 
tissues/organs, thus giving rise to systemic toxicity effects 
in patients. The use of prodrugs is known to be an effective 
strategy to reduce these side effects and enhance selectivity. 
Prodrugs are typically chemotherapy drugs that have been 
chemically modified, such that they release the pharmacolo-
gically active agent upon chemical modification in vivo. Thus, 
when the prodrugs reach the tumor area, stimulus-triggered 
de-caging of the ‘modification’ takes place and releases the ac-
tive drug, thus achieving precise tumor treatment.

“The stimuli used to activate prodrugs can be divided into 
two categories, namely internal stimuli and external  stimuli,” 
said Professor Jin Geng at Shenzhen Institutes of Advanced 
Technology, Chinese Academy of Sciences (P. R. of China), 
whose group has a strong interest in this research area. “In-
ternal stimuli include enzymes over-expressed in cancer, or 
 physiological parameters or aberrations found within the 
tumor microenvironment, such as pH and hypoxia. External 
stimuli often offer precise temporal and spatial control over 
site of action. For example, light, ultrasound, heat, and local 
molecular injections can trigger prodrug activation at the site 
of disease and at the desired time,” he added.

Professor Geng said that since radiotherapy is an effec-
tive treatment strategy for inhibiting tumor growth, it is  often 
used in combination with chemotherapy to treat patients 
suffering from advanced cancers. “Concomitant chemo-radio-
therapy for malignant tumors originates from the concept of 
comprehensive treatment and has become a standard thera-
peutic method to prolong patients’ survival time,” he said, ad-
ding: “Currently used concomitant treatments use sensitizers 
to promote the effect of radiotherapy. However, the use of ra-
diotherapy radiation sources, i.e. X-rays, as a source of stimuli 
to activate prodrugs, has only rarely been investigated.”

In this collaborative work, the groups of Professor Geng and 
that of Professor Mark Bradley at the University of Edinburgh 
(UK) imagined an antitumor drug that could be con verted into 
an X-ray-activatable prodrug with sufficient stabil ity and sig-
nificantly reduced toxicity compared to the naked drug, such 
that systemic toxicity issues can be overcome. Professor Geng 
said: “For patients receiving a dose of such a prodrug, the 
 toxic drug molecules would only be generated at the tumor 
site, when receiving the X-ray treatment. Additionally, with 
the development of therapeutic X-ray techniques, precise ra-
diation with high 3D resolution could be achieved, so that the 
prodrug activation region may be precisely controlled, there-
fore allowing the use of higher doses of prodrugs in patients, 
to further improve the treatment’s efficacy.” 

A14

Switching On Prodrugs Using Radiotherapy 

Nat. Chem. 2021, 13, 805–810

Scheme 1 A coumarin-based quenched fluorophore and pazopanib- and doxorubicin-derived model prodrug molecules were 
 activated by X-ray radiation
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Professor Bradley added: “Here, we have explored the 
possibility of using clinically utilized radiotherapy X-ray 
 sources to activate antitumor prodrugs. In the early stage of 
this project, we conducted a wide-range screening of poten-

tially  activatable organic molecules that may react following 
X-ray radiation. Fortunately, we found that sulfonyl azides and 
 fluoroaryl azides can be converted into the corresponding sul-
fonamides and aromatic amines at clinically relevant doses of 

A15

Scheme 2 (a) The reaction of the doxorubicin-based prodrug and mechanistic pathway for liberation of doxorubicin. The activation 
of the prodrug has been proved on (b) the molecular level, (c) cancer cell lines, and (d) animal models. (e) Biochemical markers CK, 
CK-MB and LDH levels in plasma showed that the prodrug strategy can effectively reduce side effects in mice.
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X-ray radiation with high efficiency. It is reported that X-ray 
radiation of aqueous solutions can generate reactive  species 
such as hydroxy radicals, hydrogen radicals, and hydro-
gen peroxide, but here we propose that the azide reduction 
 mechanism occurs through ‘solvated electrons’.” 

To translate these findings to medical applications, the 
authors introduced a functional group onto antitumor drug 
molecules (and fluorescent reporters) to synthesize a series 
of prodrugs and quenched fluorophores. “We verified their 
 activation efficiency, pharmacological activity and  biosafety 
both in vitro and in vivo,” explained Professor Geng. He con-
tinued: “We found the prodrugs reduce systemic toxicity 
while they were efficiently generated at the tumor site, sig-
nificantly prolonging the survival time of tumor-bearing 
 animals.” Professor Bradley concluded: “We believe this X-ray 
activatable prodrug system could represent an important new 
modality in therapeutic oncology and open up a new era in 
targeted and directed cancer chemoradiotherapy.”

A16
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