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Chemistry is at the basis of everything that governs life on Earth. Every biological
process from protein synthesis to DNA replication is largely dependent on the reactivity
and selectivity of specific molecular interactions. As chemical biologists, our primary
research interests are directed towards finding ways to manipulate chemistry for
biological applications. As such, upon discovery of the unique reactivity of glycine
propargyl esters, our focus was solely on how we could apply it to solve biology-related
questions.

Nucleophilic acyl substitution, one of the most fundamental reactions, occurs when a
nucleophile (typically an amine) attacks an ester to form an amide bond. Normally, amide
bond formation with alkyl esters are limited due to the stability of the ester. The most
common way to increase reactivity is by creating an activated ester with an electron—
withdrawing leaving group. The use of activated esters can be found everywhere from nature

to our chemistry laboratories.

o 0 HaN 7 S HN o
— 3
3 P ~R, b R,JLOfN TR, 5 )I\N/\/Rz reaction is
© Ry™ "OMe Efd reaction 3 - " H base dependent
2 alkyl ester m activated ester mt amide (T base, T yield)
— (e.g. methyl ester) (e.g. N-hydroxysuccinimide)

= (0] H3N (0]

— 3 \/\R

§ R¢HN \)Lo’\\ 2 RHN I AR, reactionis

. =3 mild H base independent

S glycine 75-93% _ (1 base, | yield)

o propargyl ester amide

Even though glycine propargyl esters should be considered stable alkyl esters, thus
nonreactive, our research has found that they easily react selectively with linear
alkylamines in a base independent manner. Surprisingly, no reactivity was found with amino
acids (ex/ glycine, phenylalanine, lysine, serine, and cysteine), peptides (ex/
glutathione), or proteins (ex/ albumin).

Through calculation of the potential energy surfaces (PES) of reaction intermediates
transition states, and products, we have found that a network of hydrogen bonding
interactions between multiple amine substrates with the ester potentially stabilizes the
transition state. In general, calculated rate constants for various ester substrates
largely fall in line with experimental observations with activation barriers found to be

low enough for our observed temperature and time conditions.



As a proof of concept, we applied the new found reactivity of glycine propargyl esters
towards the design and development of a C—terminal glycine—specific peptide conjugation
technique. A series of short, propargylated peptides were shown to react with an azide—
containing linear alkylamine in good yields to produce the desired C—terminal linked
peptides. In terms of side products, no interference was found with peptide residues
containing nucleophilic side chains (ex/ Lys), carboxylic acid side chains (ex/ Asp, Glu),
and an exposed N-terminus amine. To further the biological applicability of this work, the

free azide can then be attached to a relevant biological probe via click chemistry.
NH,

peptide HQN\/A\/N3 N
(0] 3
E)~( ro-@_/( 74 Bioprobe linkage
‘( mlld conditions HNIJ o

(buffer, rt) Q1

bioprobe
(e.g. fluorophore)

With our work, we present 2 unique concepts that we believe will be useful to the
scientific community; not only by potentially spawning different applications based upon
the previously unrecognized glycine propargyl ester reactivity, but also by showing the
potential for direct application of C—terminal glycine peptide/protein bioconjugation for
biological studies. Using similar approaches, we hope to continue developing more
reactions with biological implications in the future to further contribute to better

understanding and manipulation of biological processes
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