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Abstract

Coupling non-canonical amino acids, particularly
N-methylated residues, remains a major
bottleneck in solid-phase peptide synthesis (SPPS)
due to steric hindrance and sluggish kinetics that

promote deletion-sequences.

The objective of this work is to develop and
validate a fast-flow SPPS (FF-SPPS) protocol, using
Oxyma/DIC activation to reliably incorporate N-
methylated and other challenging residues
typically regarded as “extremely challenging” in
traditional batch methods.

We optimised flow-based coupling parameters
using Oxyma/DIC as activating reagents
(activation time, temperature, equivalents, and
contact time). Performance was benchmarked by
crude LC/MS against standard conditions, those

used to couple natural amino acids.

Standard conditions produced up to 31 % deletion
impurities, consistent with reduced coupling
kinetics for hindered residues. Iterative
optimisation in FF-SPPS drastically reduced and
ultimately suppressed deletions to <2 % in the
crude. The protocol was validated on two

representative—ta rgets:
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1. A GLP-1 analogue (16-mer) containing N-

methyl-phenylalanine

2. A 10-mer containing four N-methylated
glycine residues (including a consecutive
diad).

Both syntheses afforded the desired products with
high crude purity and without extended cycle
times or excessive reagent consumption as might
be typical of batch SPPS.

In conclusion, an Oxyma/DIC-enabled FF-SPPS
workflow provides robust incorporation of non-
canonical residues, reducing deletion sequences
from ~31 % to <2 % and delivering challenging

peptides with high crude quality.

For more details, please contact:

Vapourtec Application Support
application.support@vapourtec.com or call:
+44 (0) 1284 728659
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Background

N-methylated peptides have become valuable in
both medicinal chemistry and chemical biology.
The N-methylated backbone of these peptides can
dramatically improve their overall stability,
pharmacokinetics, conformational behaviour and
can increase in vivo half-life and membrane

permeability [1-3].

Despite these benefits, synthesising peptides that
contain N-methylated residues remains
challenging. In SPPS, the backbone nitrogen of an
N-methylated amino acid is a secondary amine,
inherently more sterically hindered and markedly
less nucleophilic than a primary amine. This
combination slows peptide-bond formation and
often leads to incomplete couplings under

traditional batch conditions.

Early studies on N-methylated-rich sequences
showed that even powerful coupling systems (e.g.,
PyAOP, PyBOP, HOAt additives) frequently failed
to reach full conversion when coupling onto an N-
methylated amine [4]. The methyl substituent
further restricts access of the activated ester to the
resin-bound secondary amine, necessitating
repeated couplings, longer reaction times, or more
reactive uronium/phosphonium activators [5].
More forcing conditions, however, can increase
racemisation, particularly with sensitive residues,

adding another layer of difficulty [6].

These factors underscore the need for optimised
coupling strategies when working with N-
methylated residues. Approaches that have
shown value include direct on-resin alkylation,
microwave-assisted coupling, and selective

methylation protocols, each designed to mitigate

steric hindrance while preserving stereochemical

integrity.

This application note details continuous flow
techniques and conditions for efficiently
incorporating N-methylated residues, addressing
the limitations of traditional batch SPPS and
minimising the need for cumbersome

workarounds.

Setup

A Vapourtec Peptide-Explorer was used for this
work, Figure 1 shows the schematics of the FF-
SPPS platform.

The Peptide-Builder uses the same underlining

technology and will deliver equivalent results.
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Figure 1 - Schematic of the Peptide-Explorer

Three pumps were used, A, Band C. Pump A was
set to pump amino acid solutions selected directly
by a liquid handler. Piperidine and DIC solutions

were pumped from reagent bottles.

Both tubular reactors and the Variable Bed Flow

Reactor (VBFR) were kept at uniform temperature

during the synthesis using the R4 reactor heater

module. System pressure was mMmaintained
throughout the experiments using the Vapourtec
eBPR-GL which provides active back pressure

regulation.
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Results and Discussion

The investigation work was based on short
peptides, that would be the vehicle to evaluate
coupling efficiency of N-methylated amino acids
and other residues following it. Two different N-

methylated amino acids were studied

¢ Fmoc-N-Me-Glycine - the smallest N-
methylated amino acid

¢ Fmoc-N-Me-Phenylalanine - the most
sterically hindered N-methylated amino

acid

These two amino acids were selected to assess the
general coupling efficiency for coupling onto an N-
methylated residue, covering both standard and
sterically hindered cases. To investigate this, a six-

mer peptide was designed:

HaN-L(N-Me-G)FFFF-CONH;
HaN-L(N-Me-F)FFFF-CONH;

The commmon backbone of this hexapeptide is four
phenylalanine coupled in series. The fifth residue
was the N-methylated amino acid followed by a
leucine, phenylalanine or another N-methylated

amino acid.

Table 1 shows the results from assembling 6
different hexapeptides. For all peptides standard
coupling conditions were used. In all cases, the
only deletion observed was the final amino acid;
coupling the N-methylated amino acid onto the
phenylalanine goes to full conversion for both N-
methylated phenylalanine and N-methylated
glycine. Table 1 provides a useful indication of the

relative difficulty for the final coupling.
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6-mer peptide Coupling Deletion (%)
Additive
LFFFFF Oxyma 2%
L(N-Me-F)FFFF Oxyma 32 %
L(N-Me-F)FFFF HOBt 75 %
L(N-Me-G)FFFF Oxyma 2%
F(N-Me-F)FFFF Oxyma 19 %
(N-Me-F)(N-Me-F)FFFF Oxyma 60 %

Table 1: Target peptide and impurity % resulting from N-
methylated amino acid coupling step using standard
coupling conditions.

When coupling all natural amino acids (first row)
using Oxyma as the coupling additive, the deletion
was observed at <2 %. Swapping the 5%
phenylalanine for an N-methylated phenylalanine
(row 2) increased the deletion to 32 %, exchanging
coupling additives, Oxyma for HOBt (row 3) further
increased the deletion to 75%. This can be
explained as the amino ester formed with HOBt is
bigger than with Oxyma. HOBt was not explored

further.

When Leucine was coupled onto N-methylated
glycine, only a 2 % deletion was observed (row 4).
In  contrast, coupling onto N-methylated
phenylalanine resulted in @ much greater deletion
of 32% (row 2). This clearly shows, although both
are secondary amines, the alpha side chain
sterically hindered for phenylalanine requires
improved conditions to reach full coupling
efficiency. The most difficult coupling condition
was found to be N-methylated phenylalanine

coupled onto N-methylated phenylalanine (row 6).

Using the most difficult conditions (row 6), the
coupling conditions we optimised to reduce the

deletion to <3 %. The results are shown in Table 2:
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6-mer peptide Coupling Deletion (%)
additive

L(N-Me-F)FFFF Oxyma <2%

F(N-Me-F)FFFF Oxyma <2%

(N-Me-F)(N-Me-F)FFFF Oxyma <3%

Table 2 - Target peptide and impurity % resulting from n-
methyl amino acid coupling step using optimised coupling
conditions.

Using the optimised conditions, two challenging
sequences were synthesised using N-methylated
amino acids, a 16-mer and a 10-mer peptide. In
both cases purple represents the coupling where
optimised conditions were applied.

The first peptide was a 16-residue fragment of
Glucagon-like peptide 1 (GLP-1), classified as
difficult as it aggregates on residue 8. In this case
a phenylalanine was substituted by a N-
methylated phenylalanine:

NH2-LEGQAAKE(N-Me-F)IAWLVKG-CONH2

The optimised conditions allowed Vapourtec to
achieve near-identical purities of the standard 16-

mer and its methylated version (Table 3).

Peptide Crude Purity (%)

16-mer (natural AA) 90.5 %

16-mer with N-Me-F 89.5%

Table 3 - N-methylated 16-mer case study information

The second sequence was a 10-mer peptide
containing 4 N-methylated glycine in the
sequence, including two in consecutive positions:
H.N-AP(N-Me-G)ST(N-Me-G)Y(N-Me-G) (N-Me-
G)G-CONH>
This peptide was synthesised directly by applying
the optimised protocol at the purple labelled
residue, the HPLC for the 10-mer peptide, showed
a single peak with crude peptide purity of 86.7 %,

as Figure 2 shows.
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Figure 2 - HPLC trace of the crude N-methylated 10-mer
peptide and the incorporation of 4 N-methylated glycine, of

which two were sequential.

This synthesis was completed in under 4 hours
even with four N-methylated conditions

implemented.

Conclusion

Several peptide sequences that are difficult, or
effectively inaccessible, by intensified traditional
batch SPPS, can be reliably prepared using
continuous flow methods. We developed an
optimised protocol for incorporating non-
canonical N-methylated residues. Under standard
conditions, the summed total of deletion products
reached 31 %; after optimisation this was <3 % in

the crude material.

Protocol robustness was demonstrated on

additional test cases, including

(i) 16-mer N-methylated peptide
delivering crude purity comparable to
its non-methylated analogue

(ii) 10-mer containing four N-methylated
residues (two in consecutive positions)
synthesised in ~ 4 hours, versus almost

a day by batch SPPS.

The latter was achieved on Vapourtec's VBFR

using the Peptide-Explorer, and without any
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special reagents, giving 87 % crude purity and 88
% crude yield.

The optimised conditions translate across
Vapourtec FF-SPPS platforms with comparable
crude quality.

The application note also outlines a practical
development pathway for diagnosing and
improving difficult couplings, highlighting the
technological advantages of the VBFR approach,
controlled packed-bed hydrodynamics, uniform
heating, and in-line monitoring, for accelerating

synthesis while reducing sequence deletions.

Acknowledgements

Vapourtec would like to thank Insamo Inc. for
challenging Vapourtec on the synthesis of the 10-
mer N-methylated peptide and specially Dr Paul

Levine for the fruitful discussions

References

1. Helbik-Maciejewska A, Gitlin-Domagalska
A, Glavas M, et al. Time-Reduced N-
Methylation: Exploring a Faster Synthesis
Technique.

2. Li VY, Li W, Xu Z. Improvement on
Permeability of Cyclic
Peptide/Peptidomimetic: Backbone N-
Methylation as A Useful Tool. Mar Drugs.
2021;19(6).

3. Chatterjee J, Gilon C, Hoffman A, Kessler H.
N-Methylation of Peptides: A New
Perspective in Medicinal Chemistry. Acc
Chem Res. 2008;41(10):1331-1342.

4., Roodbeen R, Jensen KJ. Synthesis of N-
methylated peptides: on-resin methylation
and microwave-assisted couplings.
Methods Mol Biol. 2013;1047:141-9.

5. Teixidd M, Albericio F, Giralt E. Solid-phase

synthesis and characterization of N-
methyl-rich peptides. J Pept Res. 2005
Feb:65(2)153-66.

6. Biron E, Chatterjee J, Kessler H. Optimized
selective N-methylation of peptides on
solid support. J Pept Sci. 2006 Mar;12(3):213-
9.

Supplementary Information

Chemicals and methods

All chemicals were purchased frorm commercial
suppliers.

Fluorochem: Fluorenylmethyloxycarbonyl (Fmoc)
Amino acids, N,N-Di-isopropylcarbodiimide (DIC),
1- Hydroxybenzotriazole hydrate (HOBt), Fmoc-N-
Me-Gly-OH). Achemblock: Fmoc-N-Me-Phe-OH.
Rathburn: N,N Dimethylformamide (DMF), ACROS
Organics, >99 %, Piperidine Reagent Plus 99 %,
Dichloromethane (DCM), Methanol (MeOH),
Trifluoroacetic acid (TFA) Reagent plus 99 %. Rapp
Polymer: Tentagel S RA resin (0.24 mmol/g),

System Parameters

Reagent preparation: A solution of 20 %

piperidine (v/v) in DMF was used for deprotection.

0.3 M stock Fmoc-amino acid solutions with 0.45M
of Oxyma in DMF were prepared. A 25 % (v/v) stock
solution of DIC in DMF was prepared separately

and pumped through from the bottle.

Resin: Tentagel S RAM resin with a loading of 0.23

mmol/g

System solvent: Standard DMF
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Standard protoco/

Deprotection step
e Temperature: 80 °C
e Contact time: 30 seconds

e 60 eqg of Piperidine solution

Coupling step
e Temperature: 80 °C
e Activation time: 1 minute

e Contacttime: 1.2 minutes

Long contact time Protocol

Deprotection step
e Temperature: 80 °C
e Contact time: 30 seconds

e 60 eqg of Piperidine solution

Coupling step
e Temperature: 90 °C
e Activation time: 4.0 minute

e Contact time: 4.8 minutes

Final Cleavage and Analysis

After the synthesis, the peptidyl-resin was washed
with 50 ml of DCM in the VBFR. The resin was then
cleaved in flow and following Vapourtec
application note 72. Following addition of diethyl
ether (20 ml) the peptides were obtained as white
precipitates. For short hexapeptide, the TFA was

simply evaporated on a V-10 evaporator.

Crude samples were then dissolved in acetonitrile:

H20 (11 v/v) and analysed by HPLC. {Agilent 1220;

Eclipse XDB-C18 5 um column (4.6 mm x 150 mm,
flow rate = 2 ml/min) heated at 40 °C}. The
following solvent were used: Solvent A, Water
containing 0.1 % TFA; Solvent B, acetonitrile
containing 0.1 % TFA. The column was eluted using
a linear gradient from 5 % - 60 % solvent B over 20

min.

——Standard conditions 31 % deletion

—Optimised conditions 0.75 % deletion
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Figure S1 - HPLC traces of crude peptides L(N-Me-F)FFFF with
both standard and optimised conditions

—— N-methylated - Standard conditions 69%
—— N-methylated - Optimised conditions 89.5%
— —16-mer original sequence - 90.5%
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Figure S2 - HPLC traces of crude peptides plotted of the 16-
mer study
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