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Background. Thieme Chemistry and the Editors of SYNTHESIS and SYNLETT present the ‘SYNTHESIS/SYNLETT Best  
Paper Awards’. These annual awards honor the authors of the best original research papers in each of the journals,  
considering their immediate impact on the field of chemical synthesis. 
Dr. Philip Kraft from the Givaudan Innovation Center Kemptthal, Switzerland, Professor Sereina Riniker from ETH Zurich, 
Switzerland and Professor Quanrui Wang from Fudan University, P. R. of China, are the recipients of the SYNLETT Best  
Paper Award 2020 for their article ‘A New Family of Rigid Dienone Musks Challenges the Perceptive Range of the Human  
Olfactory  Receptor OR5AN1’ (Figure 1). Benjamin List, Editor-in-Chief of SYNLETT, stated: “This paper describes the design 
and  discovery of new musk odorants. These targets are accessed using equally elegant and practical chemical synthesis 
 methods. Moreover, the paper also contains a careful QM/MM study to investigate binding of the designer scents to a 
 human musk receptor. Overall, this is truly beautiful work encompassing scent design and evaluation, an impressive  
synthetic approach, and a thorough computational study.”
SYNFORM spoke with Philip Kraft, Sereina Riniker and Quanrui Wang.

Philip Kraft is a Research Fellow at the Givaudan Innovation 
Center Kemptthal (Switzerland). He studied chemistry at Kiel 
University, and obtained his Ph.D. with Werner Tochtermann 
working on macrocyclic musk odorants in collaboration with 
H&R. In 1996, he joined Givaudan fragrance research and was 
promoted to the ranks of chief chemist (2001), group leader 
(2008) and research fellow (2015) with a focus on rational odor-
ant design. He has authored 97 publications including 3 books, 

38 patents, invented or co-invented seven commercially suc-
cessful perfumery materials and reads Fragrance Chemistry 
at the University of Bern (Switzerland) and the ETH Zurich 
 (Switzerland).

Sereina Riniker is currently Associate Professor of Comput-
ational Chemistry at ETH Zurich (Switzerland). She studied 
chemistry at ETH Zurich and obtained her Ph.D. with Wilfred 
van Gunsteren in 2012 working on molecular dynamics simula-
tions. After a postdoctoral stay at Novartis Institutes for BioMe-
dical Research, she returned to ETH Zurich as Assistant Profes-
sor in 2014 and was promoted to Associate Professor in 2020. 
The mission of her laboratory is to develop new methodology 
for molecular computer simulations and cheminformatics, and 
its application to gain insights into challenging (bio)chemical 
questions.

Quanrui Wang is currently Professor of Organic Chemistry at 
Fudan University (Shanghai, P. R. of China). Following his diplo-
ma in chemistry from Henan University (P. R. of China) in 1983, 
he pursued his Master’s degree at Northwest University (Xi’an, 
P. R. of China) in 1986. He then studied organic chemistry at the 
Universität Konstanz in Germany and obtained his Ph.D. with 
J. C. Jochims in 1994 working on heterocumulene chemistry. 
After a two-year postdoctoral study at Peking University, he 
joined Fudan University to begin his independent career. The 
mission of his group is to develop new synthetic methodol ogies 
and application of rearrangement reactions, with a special  focus 
on biomolecular significant molecules and odorants. He has 
 authored 120 publications and two college textbooks. 
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SYNFORM  Could you highlight the value of your award-
winning paper with respect to the state-of-the-art, as well as 
the potential or actual applications?

Dr. Philip Kraft  The core mission of fragrance research to
day is to provide sustainable, renewable and biodegrad able 
ingredients. This requires innovative chemical solutions. A 
great opportunity in addressing these challenges is that we 
now have available for the first time receptor assays to gener
ate activity data beyond odor thresholds. This opens up an 
exciting new era of rational design of odorants. Due to their 
commercial importance, musks have been amongst the first 
families to get investigated, and a PNAS paper by the groups 
of Block, Matsunami, O’Hagan, Batista and Zhuang had postul
ated the OR5AN1 receptor to be responsible for the percep
tion of musks. Studying the perceptive range of a new family 
of rigid musks, we found however that the OR5AN1 receptor 
is only responsible for animalic aspects not primarily  musky. 
These rigid compounds should now be of help to find the 
 genuine musk receptor, which will then enable the rational 
design of potent, environmentally benign new musk odorants 
from sustainable resources. 

Prof. Sereina Riniker  This collaboration was an excellent 
opportunity to assess the stateoftheart computational ap
proaches for odor receptor modeling in a prospective real

world setting. The insights we gained provide now a direction 
for future developments.

Prof. Quanrui Wang  The ancient Chinese book “the 
Shennong Ben Cao Jing” had recorded the musk’s efficacy of 
“awaken ing the mind, promoting blood circulation, relieving 
pain and inducing labor.” Musk has played an irreplaceable 
role in fragrance chemistry since muscone was first isolated 
from natural musk by Heinrich Walbaum in 1906. Our collab
orative research has expanded the family of synthetic musks 
and provided new insights into the molecular mechanisms by 
which this special scent is produced.

SYNFORM  Can you explain the origin, motivations and 
strategy used for conducting the award-winning research?

Dr. Philip Kraft  This research was inspired by the struc tural 
motifs that became available from combining sigma tropic 
 rearrangements of vinyl propargyl systems with allenylic 
 intramolecular Diels–Alder reactions, which was the topic of 
the PhD thesis of Jie Liu in the group of Professor Wang. We 
thought this tandem sequence should allow the construction 
of rigid systems with a backbone characteristic of the 5th and 
most recent class of musk odorants – that of dienone musks. 
Because of their rigid nature, these should be ideal candidates 
to characterize and challenge the proclaimed musk receptor 
OR5AN1 both by an in vitro assay and a computational model, 
and this led to an exciting collaboration both with our in vitro 

Figure 1  
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molecular screening team and the ETH modeling experts of 
the group of Professor Riniker.

SYNFORM  What is the focus of your current research 
activity, both related to the award paper and in general?

Dr. Philip Kraft  We hope to be able to expedite our in
sight in the musk receptor in the design of novel and attrac tive 
musk structures that will provide characteristic signatures in 
per fumery. Musks are central in defining what the average 
person perceives as a perfume. The essence and purpose of 
a perfume is to enchant and delight. Having served this pur
pose they should discretely disappear, but also their produc
tion should be sustainable and minimize the environmental 
impact. Thus, high potency is desired which could be designed 
by complementarity to the binding pocket of the musk recep
tor. We feel we have taken a critical step and strive to publish a 
followup paper with the genuine musk receptor if we are able 
to find it with the help of this new family of dienone musks. 

Prof. Sereina Riniker  Computer simulations have become 
increasingly important in recent years to complement experi
mental studies by allowing insights at the atomic level into the 
molecular processes involved. The advances in both computer 
power and methodology have contributed to this. Neverthe
less, there are still many challenges remaining, which trigger 
continued improvements of existing approaches and the de
velopment of new methods. Being able to collaborate with 
experimental groups and apply the available tools is essential 
for this process, and is also a highly valuable experience for 
my coworkers.

Prof. Quanrui Wang  Various rearrangement reactions 
have been and remain attractive as synthetic methods. In re
cent years, we have been committed to developing new types 
of rearrangement reactions and the rearrangementinitiated 
tandem reactions to construct complex and useful molecules. 
We aim to demonstrate the vitality and application value of 
these strategies. The theoretical results derived from the stu
dy on the relationship between the molecular structure and 
the musk scent can be regarded as pointing out the direction 
of development for synthetic chemists in this field. The results 
from this cooperation with Givaudan are a successful example.

SYNFORM  What do you think about the modern role, 
major challenges and prospects of organic chemistry?

Dr. Philip Kraft  Organic chemistry will play the central 
role in enabling a sustainable future in harmony with nature 

and using renewable sources is part of being a modern  player 
in chemistry. Fragrance chemistry, in addition, creates joy 
and happiness by offering captivating sensory  experiences. 
 Especially in challenging times like these with the severe 
 travel restrictions by Covid19, perfumes can take you on a 
magic carpet ride and transpose you to faraway places or 
conjure fond memories of the distant past. Organic chemistry 
has fueled perfumery creativity in the past 150 years, and 
will continue to do so, only now more sustainable, in compli
ance with nature and human health, more rationally under
stood and designed, but as innovative as ever. Environmental 
sustain ability is becoming the central guiding principle of or
ganic chemistry, and this constitutes one of the biggest and 
most timely opportunities in a postfossil world. Most import
antly this needs welleducated, creative and inspiring organic 
chemists, those who likely are also readers of SYNLETT.

Prof. Quanrui Wang  I hold exactly the same view as 
 Philip. I think organic chemistry is a flourishing and also “ma
ture” discipline. The theory of organic chemistry still needs 
to be further developed and innovated, and the relationship 
between the structure and properties of organic molecules, 
such as the molecular mechanism of odor perception, and the 
details and rules of important organic reaction mechanisms 
should be further illuminated. Organic chemistry should ac
tively integrate with other disciplines such as information 
science, materials science, life science, environmental  science, 
energy science, space science, and so on, to find research 
 topics and to achieve common prosperity.

SYNFORM  What does this award mean to you/your 
group?

Dr. Philip Kraft  We are greatly humbled and feel  honored 
to receive this precious award which increases the  visibility 
of fragrance chemistry and should encourage academic 
 researchers to engage in this fascinating domain. As two of 
my early research papers were published in SYNLETT (Syn-
lett 1996, 1029–1035 and Synlett 1997, 600–602), I feel in 
addi tion personally attached to this journal with its informa
tive style, its concise format and its immediacy, which I have 
 learned to know and love throughout all my chemistry studies 
and career. I also much enjoyed the fast and critical crowd
review process: A great experience indeed.

Prof. Sereina Riniker  This award highlights the value of 
interdisciplinary research and the complementary nature of 
experimental and theoretical studies. It is a great motivation 
for future work.
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Prof. Quanrui Wang  This award is really a bonus for us, just 
in time for the Chinese New Year of the Ox. We take the great 
pleasure to receive this honor. To some extent, it  reflects the 
importance of collaboration, especially for us with  Givaudan, 
a leading company in the development of fragrances. The syn
thetic work has been mainly performed by my PhD student 
Jie Liu, the first author of this paper. It is because of the joint 
efforts of our coworkers that the research went deeper and 
more systematic. We believe we are off to a good start in the 
study of musk chemistry, and this is an inspiration for other 
related investigations. This award will also inspire us to con
tinue our study. We look forward to presenting new achieve
ments to SYNLETT.


