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Spontaneous, co-translational peptide macrocycliza-

tion using p-cyanoacetylene-phenylalanine
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Peptide macrocycles (PMCs) are increasingly popular

for the development of inhibitors of protein-protein in-

teractions (PPIs). Large libraries of PMCs are accessi-

ble using display technologies like mRNA display and

phage display. These technologies require macrocy-

clization chemistries to be compatible with biological

milieu, severely limiting the types of technologies avail-

able for cyclization. Here, we introduce the novel non-

canonical amino acid (ncAA) p-cyanoacetylene-L-Phe

(pCAF), which facilitates spontaneous, co-translational

cyclization through Michael addition with cysteine un-

der physiological conditions. This new, robust chem-

istry creates stable macrocycles of a wide variety of ring

sizes including bicyclic structures.

Protein-protein interactions are implicated in numerous

diseases, but many of these are considered undruggable

targets by small molecules due to their large and fea-

tureless surfaces. Peptides have emerged as a promis-

ing solution for the development of PPI inhibitors1 due

to their chemical composition, which can resemble the

protein surface itself2,3 , and their larger size. Addition-

ally, the capability to create diverse peptide libraries us-

ing mRNA Display4–6 (1013 molecules) or phage display

(109molecules)7,8 affords a reliable way to find a potential

hits for a given target. Peptides suffer some disadvantages

as therapeutic candidates. They can be unstable due to

protease digestion9 and often don’t permeate the cellular

membrane to reach their target10,11 . Peptide macrocycles

(PMCs) offer a potential solution to these issues12–15 , as

cyclization can confer inaccessibility to a protease’s active

site16,17 , or improve the cellular permeability11,13,18.
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Many strategies for peptide cyclization have been de-

scribed13–15,19,20; however, the majority of these require

conditions (e.g. high temperatures21 , usage of organic

solvents22 , heavy metal catalysis23 , etc.) that are incom-

patible with display techniques. Moreover, the majority

of strategies for cyclization of displayed peptide libraries

are applied post-translationally, adding to the complexity

of the process. In contrast, reactions that lead to sponta-

neous co-translational cyclization of displayed peptide li-

braries represent a powerful, efficient and simple alterna-

tive, but few such chemistries have been described8,24–26.

Here we describe a new technology for the in-vitro trans-

lation of stable PMC using the novel non-canonical amino

acid (ncAA) p-cyanoacetylene-phenylalanine (pCAF) cap-

italizing on the known reactivity of aryl cyanoacetylenes

(also known as aryl propiolonitriles) with thiols27. The

spontaneous macrocycles formed will be ideal for the cy-

clization of peptide libraries for use in mRNA display and

other display technologies.

We reasoned that the pCAF amino acid containing the

cyanoacetylene functional group would spontaneously re-

act intramolecularly with a cysteine in the peptide giv-

ing the cycle shown (Figure 1A). The E. coli phenylala-

nine aminoacyl-tRNA synthetase (PheRS) mutant A294G28

is known to tolerate a number of 4-substituted Phe

analogs29, and we surmised that it would be able to charge

pCAF on to tRNAPhe, enabling the incorporation of this ana-

log into peptides via translation.

4-cyanoacetylene-Phenylalanine (pCAF) was synthe-

sized in 3 steps from Boc-4-iodophenylalanine, 1, (Fig-

ure 1B). The first step involved a Sonogashira coupling

with propargyl alcohol, giving compound 2. The alco-

hol was converted to the nitrile through an oxidation-

imination-aldimine oxidation sequence30 , giving 3. Pro-

tecting group removal led to the expected pCAF with high

yields. Next, we evaluated the ability of PheRS A294G

to charge pCAF. We performed a MALDI charging assay31
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Fig. 4 A peptide with two cysteines and two pCAF residues

leads to double-cyclization. (A) mRNA sequence encoding

two cysteines and two pCAF molecules. The two possible

doubly-cyclized peptide topologies are shown. (B) MALDI-MS

spectrum of the in vitro translated peptide product (calc:

2838.18, obsd: 2837.57). #Monocyclized peptide with BME

added through Michael addition with one pCAF (calc: 2916.19,

obsd: 2916.52). *Monocyclized peptide with two BME additions

one through Michael addition with pCAF and one as a disulfide

with cysteine (calc: 2992.18, obsd: 2992.41). The yield

(duplicate trials) was 8.2 ± 1.0 pmols in a 100 µL reaction.

ciency than stop-codon suppression, and this has allowed

the spontaneous formation of a doubly-cyclized peptide

product. The strategy could potentially be implemented

with phage display through breaking the degeneracy of

the Phe codon box35 to allow simultaneous encoding of

both pCAF and Phe. Moreover, the Michael adduct formed

with our cycle could potentially be elaborated to do further

transformations. Such studies are underway.
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