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Abstract

Trifluoroacetic acid (TFA) is widely used in peptide science but
can influence conformation, cytotoxicity, and IR spectroscopic
analysis. Quantification of TFA often relies on accurate
weighing of peptide salts. A rapid, non-destructive NMR
method for quantifying TFA in peptides without weighing is
now described using correlation of 'H and °F integrations with
fluorinated alcohols as internal standards in D,0.

TFA in peptide science and medicine

Trifluoroacetic acid (TFA) is central in peptide synthesis,

purification and biological analysis.?
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A per- and polyfluoroalkyl substance (PFAS), TFA is a regulated
environmental toxin,” and in trace amounts, may alter peptide
conformation, cytotoxicity, and pharmacological profile.®
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studies,”  two peptide Bivlirudin

trifluoroacetates are U.S. trifluoroacetate

Food and Drug (Angiomax®) & i )
Administration (FDA) J{ (-
approved: Bivalirudin TFA S Ao o
(Angiomax®) for treating 1\[ Hc..hg.ﬂ.\,f;r e
thrombotic disorders;® 0 LIEI
Corticorelin ~ ovine  TFA vy Lo ) A i
(Acthrel®) for  pituitary— ~ rL Y e Y ”“‘;‘_’L:‘ﬁ;}g’ .
adrenal function evaluation.’ 5

Issues in peptide TFA quantification

Commonly used methods for TFA quantification are often
destructive and require accurate sample weighing: e.g., FT-IR,°

liquid-phase chromatography,'* gas chromatography,* ion

chromatography,!3 and capillary electrophoresis (CE).'*
Benchmarking HFIP and TFE as NMR probes

Dipeptide 1 [HCleH-D-Phe-Lys(Tfa,allyl)-NH,] is wused to

benchmark hexafluoroisopropanol (HFIP) and trifluoroethanol
(TFE) in D,O at temperatures from 298 to 333 K.
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TFA quantification by NMR Correlation

Solution : Peptide to TFA ratios are quantified using nuclear
resonance magnetic (NMR) spectroscopy and correlation of
'H and '°F signal integrations employing internal standards:
hexafluoroisopropanol (HFIP) and trifluoroethanol (TFE).
Without signal overlap, TFA equivalents are calculated from
'H/F integration ratios (Eq. 1, Method A).
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Eq.1: TFA equivalents = I9F peptide

1H peptide

Integration correction strategies

19F signals are readily integrated.
'H quantification is affected by temperature and peak overlap.
Correction methods can overcome signal overlap.
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Studies of temperature and equiv. of standard

Influences of temperature (293-323 K) and internal standard
equivalents on TFA/peptide ratio were studied using the TFA salt
of 101.10 (1, H-rytvela-NH,).
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Higher internal standard equivalents (5 equiv. for HFIP and
14 equiv. for TFE) improved quantification accuracy.
For HFIP, Method A at 323 K provided the highest accuracy,
likely due to the displacement of the H,O peak in D,0.
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Comparable accuracy vs CE method

Benchmarked against the previously reported capillary
electrophoresis (CE) method, NMR correlation spectroscopy
shows comparable accuracy with differences arising from
relative signal-based quantification versus weight-based
absolute quantification.*
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Quantification of peptides with multlple TFAs

Positive charge is abundant in o |
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Conclusions and Perspectives

v Non-destructive NMR correlation quantifies TFA in peptides
effectively.

v HFIP and TFE proved reliable internal standards.

v’ Accuracy is contingent on equivalents of internal standards,
temperature, and integration method.

» Applicable to diverse therapeutic peptides without sample
destruction.

References

1. Maarouf-Mesli, N.; Yongo-Luwawa, C. D.; Boccino, |.; Waldron, K. C.; Lubell, W. D., Method for Quantifying
Trifluoroacetic Acid in Peptides by 1H-19F NMR Spectral Correlation. J. Org. Chem. 2026, ASAP.

2. Amblard, M.; Fehrentz, J.-A.; Martinez, J.; Subra, G., Methods and protocols of modern solid phase peptide
synthesis. Mol. Biotechnol. 2006, 33 (3), 239-254.

3. Merlino, F.; Tomassi, S.; Yousif, A.M.; Messere, A.; Marinelli, L.; Grieco, P.; Novellino, E.; Cosconati, S.; Di Maro,
S. Boosting Fmoc Solid-Phase Peptide Synthesis by Ultrasonication. Org. Lett. 2019, 16, 6378—-6382.

4. Quiniou, C.; Sapieha, P.; Lahaie, I.; Hou, X.; Brault, S.; Beauchamp, M.; Leduc, M.; Rihakova, L.; Joyal, J.-S.;
Nadeau, S., Development of a novel noncompetitive antagonist of IL-1 receptor. J. Immunol. 2008, 180 (10),
6977-6987.

5. Wang, Y.; Liu, M.; Duy, S. V.; Munoz, G.; Sauvé, S.; Liu, J., Fast analysis of short-chain and ultra-short-chain
fluorinated organics in water by on-line extraction coupled to HPLC-HRMS. Sci. Total Environ. 2024, 943,
173682.

6. Gaussier, H.; Morency, H.; Lavoie, M. C.; Subirade, M., Replacement of TFA with HCI in the hydrophobic
purification steps of pediocin PA-1: a structural effect. Appl. Environ. Microbiol. 2002, 68 (10), 4803—4808.

7. Yanamandra, N.; Buzzeo, R. W.; Gabriel, M.; Hazlehurst, L. A.; Mari, Y.; Beaupre, D. M.; Cuevas, J., Tipifarnib-
induced apoptosis in acute myeloid leukemia and multiple myeloma cells depends on Ca2+ influx through
plasma membrane Ca2+ channels. J. Pharmacol. Exp. Ther. 2011, 337 (3), 636—643.

8. Zupandi¢, O.; GrieRinger, J. A.; Lam, H. T.; Bernkop-Schniirch, A., Storage stability of bivalirudin: hydrophilic
versus lipophilic solutions. J. Pharm. Sci. 2017, 106 (5), 1322-1330.

9. Pillay, V.; Hibbins, A. R.; Choonara, Y. E.; Du Toit, L. C.; Kumar, P.; Ndesendo, V. M., Orally administered
therapeutic peptide delivery: enhanced absorption through the small intestine using permeation enhancers.
Int. J. Pept. Res. Ther. 2012, 18 (3), 259-280.

10. Valenti, L. E.; Paci, M. B.; De Pauli, C. P.; Giacomelli, C. E., Infrared study of TFA unpurified synthetic peptides in
aqueous solution: Trifluoroacetic acid removal and band assignment. Anal. Biochem. 2011, 410 (1), 118-123.

11. Streuli, A.; Coxon, C. R.; Steuer, C., Simultaneous quantification of commonly used counter ions in peptides
and active pharmaceutical ingredients by mixed mode chromatography and evaporative light scattering
detection. J. Pharm. Sci. 2021, 110 (8), 2997-3003.

12.Ardino, C.; Sannio, F.; Pasero, C.; Botta, L.; Dreassi, E.; Docquier, J. D.; D'Agostino, I., The impact of counterions
in biological activity: case study of antibacterial alkylguanidino ureas. Mol Divers 2023, 27 (3), 1489-1499.

13.Moore, J. V.; Cross, E. R.; An, Y.; Pentlavalli, S.; Coulter, S. M.; Sun, H.; Laverty, G., Impact of counterion and salt
form on the properties of long-acting injectable peptide hydrogels for drug delivery. Faraday Discuss. 2025,
260, 215-234.

14. Little, M. J.; Aubry, N.; Beaudoin, M.-E.; Goudreau, N.; LaPlante, S. R., Quantifying trifluoroacetic acid as a
counterion in drug discovery by 19F NMR and capillary electrophoresis. J. Pharm. Biomed. Anal. 2007, 43 (4),
1324-1330.

Acknowledgements

We thank Drs. A. Furtos and P. Aguiar of the regional centers of mass
spectrometry and NMR spectroscopy (UdeM) for help with analyses. We
are grateful for financial support from Institut Courtois, NSERC, CIHR,
FRQNT and CGCC. We are grateful for the registration waiver offered by the
EPS. CDYL thanks FRQNT for a doctoral fellowship. F%

v

NSERC EPS
cns NG CIHR Emzds ﬂetrecherche O -
AT
. Canadian Institutes  Instituts de recherche tﬂ':hﬂﬂfﬂglfs
‘ Instltut I *I of Health Research en santé du Canada ﬂ
Courtois Quebec Eaca



http://www.frqnt.gouv.qc.ca/

	Slide 1


  𝑬 𝒒 . 𝟏 :   𝑻 𝑭 𝑨   𝒆 𝒒 𝒖 𝒊 𝒗 𝒂 𝒍 𝒆 𝒏 𝒕 𝒔 =       𝑯   𝒑 𝒓 𝒐 𝒃 𝒆    𝟏    𝑯   𝒑 𝒆 𝒑 𝒕 𝒊 𝒅 𝒆    𝟏 /      𝑭   𝒑 𝒓 𝒐 𝒃 𝒆     𝟏 𝟗    𝑭   𝒑 𝒆 𝒑 𝒕 𝒊 𝒅 𝒆     𝟏 𝟗

