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INTERVIEW

SYNFORM  What is the focus of your current research 
activity?

Dr. J. Zhao  The research interest of my group focuses on 
scientific problems at the interface between chemistry and 
biology. In particular, we focus on the development of novel 
synthetic methodologies for chemical synthesis and modifica-
tion of peptides, proteins and complex polycyclic compounds 
with important biological activities.

SYNFORM  When did you get interested in synthesis?

Dr. J. Zhao  I became interested in synthesis when I started 
to study organic chemistry as a sophomore. I was fascinated 
by the magic ability of organic synthesis to offer new com-
pounds and new reactions just by tuning the reaction con-
ditions or employing different catalysts. I am always curious 
about any unexpected experimental result because it provides 
opportunities for discovering new reactions. 

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

Dr. J. Zhao  As far as I am concerned, organic synthesis 
is a science not only in itself but also an important tool for 
other science fields. It plays a central role in drug disco very, 
mate rials science, polymer science, chemical biology and 
other  science fields related to chemistry because it can offer 
various compounds with special properties as well as novel 
 methods to solve the problems of chemical biology and ma-
terials  science.
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Famulok and Professor Armido Studer, respectively, he 
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teins.
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SYNFORM  Could you tell us more about your group’s 
areas of research and your aims?

Dr. J. Zhao  Projects in my group are designed to expose 
the students to the frontiers of modern organic synthesis and 
chemical biology, in particular the chemical synthesis and 
precise modification of peptides and proteins. Although most 
of the peptides and proteins could be prepared by employing 
recombinant expression technology, chemical synthesis offers 
advantages of introducing non-natural amino acids and other 
post-translational modifications in a flexible way. As a conse-
quence, a broad range of synthetic methods have been devel-
oped for amide bond formation, the fundamental chemistry of 
peptide and protein synthesis, over the last century. Despite 
this, ‘amide formation avoiding poor atom economy reagents’ 
is still one of the top challenges for organic chemistry.1 The 
situation is more serious for solid-phase peptide synthesis 
(SPPS) because its heterogeneous reaction conditions always 
require a large excess of coupling reagents, additives and 
 N-protected amino acids to guarantee a satisfactory coupling 
yield. Peptide chemical synthesis has witnessed a renais-
sance since the beginning of the 21st century because of the 
discovery of therapeutic peptides and potent peptide natural 
products. However, the chemical synthesis of large peptides 
and proteins, which relies on SPPS and peptide segment con-
densation still remains as a formidable challenge. There are 
several ligation strategies including native chemical ligation,2 
serine/threonine ligation,3 α-ketoacid-hydroxyamine ligation4 
and enzyme-catalyzed ligation5 that have been developed to 
join two peptide segments via a native peptide bond to offer 
large peptides. However, each method has its own intrinsic 
limitations. Thus, novel orthogonal reactions to join two un-
protected peptide segments via a native peptide bond are still 
highly in demand. We focus on novel amide bond formation 

strategies as well as ligation strategies by taking advantage of 
the new methods, new reagents and new reactions developed 
by organic chemists. My dream is to develop a kind of catalyst 
that can act like enzymes to facilitate the peptide bond for-
mation by employing unprotected amino acids as the building 
blocks.

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

Dr. J. Zhao  My most important scientific achievement to 
date is that we disclosed that ynamide can be used as a kind 
of novel coupling reagent.6 The notorious racemization issue 
 associated with the activation of carboxylic acids containing 
 an α-chiral center can be avoided completely by employing 
 ynamide coupling reagent. Thus, the ynamide coupling re-
agents not only work well for simple amides but also can be 
used for peptide bond formation. Ynamide-mediated amide 
bond formation involves two-step reactions, the hydroacyl-
oxylation of ynamide to offer an active ester and the subse-
quent aminolysis of such active ester. We also accomplished 
the ynamide-mediated thiopeptide synthesis by taking ad-
vantage of the selective hydrothioacyloxylation of ynamide 
with monothioamino acids to furnish α-thioacyloxyenamides 
as the major product, which proved to be effective thioacyl-
ating reagents to offer thioamides in quantitative yield upon 
treatment with the second amino ester.7 Similar to the for-
mation of canonical peptide bond, no racemization was 
observed in either the formation or the aminolysis of the 
α-thioacyloxyenamides. The modular nature of this racemi-
zation/epimerization-free strategy enables us to site-specifi-
cally incorporate a thioamide bond to a peptide backbone in 
both solution and solid phase. In addition, ynamide coupling 
reagents proved to be effective for peptide segment conden-
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Figure 1 Ynamide-mediated peptide and thiopeptide synthesis
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sation and peptide cyclization, intermolecular esterification 
and macrolactonization. These results demonstrated that the 
 ynamide coupling reagent is a promising general coupling re-
agent for both amide and ester bond formation. It is foresee-
able that the ynamide coupling reagent will find broad appli-
cations in both academia and industry. To prepare ynamide 
coupling reagents at a reasonable cost, we developed novel 
synthetic strategies with commercially available cheap chem-
icals as the starting materials.8 These methods paved the way 
to use ynamide coupling reagents as competitive powerful 
coupling reagents.
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