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Abstract: Decomposition of the resin linkers during TFA cleavage of the peptides in the Fmoc strategy leads to alkylation of
sensitive amino acids. The C-terminal amide alkylation, reported for the first time, is shown to be a major problem in peptide
amides synthesized on the Rink amide resin. This side reaction occurs as a result of the Rink amide linker decomposition
under TFA treatment of the peptide resin. The use of 1,3-dimethoxybenzene in a cleavage cocktail prevents almost quantitatively
formation of C-terminal N-alkylated peptide amides. Oxidized by-product in the tested Cys- and Met-containing peptides were
not observed, even if thiols were not used in the cleavage mixture. Copyright © 2005 European Peptide Society and John Wiley

& Sons, Ltd.
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INTRODUCTION

Side reactions during the deprotection step of peptides
from the resin in the Fmoc-based method with
trifluoroacetic acid (TFA) are common and well-
documented phenomena. The resulting carbocations
alkylate the most sensitive amino acids such as Trp,
Tyr, and Cys [1-6]. Acidolytic oxidation of Met and
incomplete deprotection of Cys have also been reported
[7-10]. A particular case of side reactions during TFA
cleavage of peptides from the resin is represented by
alkylation of the sensitive amino acids by carbocations
resulting from decomposition of the resin linker.
Alkylation of the indole nucleus of Trp-containing
peptides during the TFA cleavage procedure as a result
of Wang resin linker decomposition has been reported
[11,12]. Martinez and coworkers have investigated
this side reaction in details aiming at suppressing
alkylation of Trp [12]. It was shown that this sequence-
independent side reaction (except at the C-terminal
position) occurs whatever the scavenger used.
Exploitation of the properties of the individ-
ual scavengers, namely, triisopropylsilane (TIS), 1,2-
ethanedithiol (EDT), thioanisole, etc. resulted in a vari-
ety of multiple scavenger cleavage mixtures that have
been proposed and used in practice [1,13]. Reagent
K (82.5% TFA: 5% phenol: 5% H,O: 5% thioanisole:
2.5% EDT) [14], Reagent R (90% TFA: 5% thioanisole:
3% EDT: 2% anisole) [15], Reagent M (67% TFA: 2%
2-mercaptoethanol: 1% anisole: 30% dichloromethane)
[16], Reagent B (88% TFA: 5% phenol: 5% HyO: 2% TIS)
[17], Reagent L (88% TFA: 2% TIS: 5% dithiothreitol:
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5% H>0) [18], and Reagent H (81% TFA: 5% phenol: 5%
thioanisole: 2.5% EDT: 3% HyO: 2% dimethylsulfide:
1.5% ammonium iodide) [19] are some of the cleav-
age mixtures used in order to minimize the occurrence
of side reactions. In the case of sequences that do
not contain sensitive amino acids, the cleavage mix-
ture consisting of 95% TFA: 2.5% H,O: 2.5% TIS is
commonly used.

In our laboratory, using the Rink amide resin for
the synthesis of various peptide amides with the Fmoc
strategy, we observed, independently of the peptide
sequence, the formation of a by-product exhibiting an
increase in molecular weight of 106 a.m.u. as compared
to the target molecule. The percentage of this by-
product varied up to 35%. This finding prompted us to
investigate its origin and the possibility of minimizing
its formation.

In this work, we report on the identification of
the C-terminal N-alkylated amide by-product and the
use of 1,3-dimethoxybenzene (DMB) as a component
of the scavenger cocktail consisting of 92.5% TFA:
2.5% TIS: 5% DMB (Reagent I) suitable for preventing
its formation. It is demonstrated that formation of
the C-terminal N-alkylated amide by-product result
exclusively from decomposition of the Rink amide
resin linker. Reagent I suppresses almost completely
alkylation of the C-terminal amide group by preventing
the linker decomposition during peptide cleavage from
the resin. Numerous model peptides or peptides
synthesized for other purposes were studied under
various cleavage conditions. The optimal mixture of
scavengers was tested in the presence of various side-
chain protecting groups in order to estimate the limits
of its application.
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MATERIALS AND METHODS

Reagents

Fmoc amino acid derivatives, 2-(1 H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU), and 1-
hydroxybenzotriazole (HOBt) were purchased from Neosystem
Laboratoire (Strasbourg, France). 4-(2',4'-dimethoxyphenyl-
Fmoc-aminomethyl)-phenoxymethyl-linked polystyrene (Rink
amide) and 4-(hydroxymethyl) phenoxymethyl-linked polysty-
rene (Wang) resins were obtained from GL Biochem (Shanghai,
China). TIS, EDT, N,N-diisopropylethylamine (DIEA), TFA,
DMB, and piperidine were Merck—-Schuchardt (Darmstadt,
Germany) products and used without further purification.
Dichloromethane, N,N-dimethylformamide (DMF), distillated
over ninhydrin and stored under preactivated molecular
sieves 4A, and the gradient degree high-performance liquid
chromatography (HPLC) solvents acetonitrile and methanol
were purchased from Labscan (Dublin, Ireland).

Peptide Synthesis

The peptides shown in Table 1 were synthesized manually
using the standard Fmoc-based strategy. Amino acids were
introduced protected as Fmoc-Lys(Boc)-OH, Fmoc-Ser(tBu)-
OH, Fmoc-Asn(Trt)-OH, Fmoc-Cys(Trt)-OH, Fmoc-Asp(OtBu)-
OH, Fmoc-Glu(OtBu)-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Arg(Pbf)-
OH, and Fmoc-Trp(Boc)-OH. Fmoc deprotection steps were
carried out with 20% piperidine in DMF (v/v) for 15 min. Cou-
pling reactions of Fmoc amino acids were performed in DMF
using a molar ratio of amino acid/HBTU/HOBt/DIEA/resin
(83:3:3:6:1). Reactions were monitored with the color Kaiser
test.

The typical cleavage protocol included the following: aliquots
of the dry peptide resin were placed into a rotating reaction
vessel and the tested cleavage mixture was added in a ratio
of 20 ml/g peptide resin. After 3-h stirring, the resin was
filtered and washed with TFA. The combined filtrates were
concentrated under reduced pressure. Hexane was added and
the resulted solution was reconcentrated. This procedure was
performed twice. The peptide was precipitated with cold diethyl
ether, filtered, dissolved in 2N acetic acid, and lyophilized.

HPLC Analysis

The analytical HPLC chromatograms were run on a Waters
Millenium (Milford, CT) apparatus with a photodiode array

Table 1 ESI-MS and HPLC data of the studied model peptides

detector 996. The spectra were acquired at 214 and 280 nm.
A reverse-phase Discovery C18 column and a flow rate of
1 ml/min were used. Gradient elution was performed with
the following solvents: A, Ho0/0.1% TFA and B, CH3CN/0.1%
TFA either from 100 to 60% A for 40 min (elution system I)
or from 95 to 50% A for 40 min (elution system II), from 80
to 50% A for 30 min (elution system III), from 90 to 50% A
for 40 min (elution system IV), depending on the lipophilicity
of the peptide. The crude peptides were purified by semi-
preparative HPLC on a Waters PrepLC 4000 system associated
with a reversed-phase Discovery C18 column (25 cm x 10 mm)
running at a flow rate of 4.7 ml/min. The purity of the final
products was checked by analytical HPLC.

Electrospray Mass Spectroscopy (ESI-MS)

Electrospray mass spectra were obtained on a Micro-
mass (Manchester, England) Platform II quadrupole mass
spectrometer. Samples were dissolved in the mixture
H20/CH3CN/HCOOH (49:49:2) and injected into the ESI
source at a flow rate of 5 ul/min. The source temperature was
adjusted at 60°C, while the cone voltage was set to 60 V.

NMR Spectroscopy

The 1H NMR spectra were recorded on a Bruker AMX-400
spectrometer at 300 K. The NMR samples were prepared by
dissolving the solid material in DMSO-dg at a concentration of
5 mm.

RESULTS AND DISCUSSION

In various crude peptide amides, synthesized on
the Rink amide resin by the Fmoc strategy and
independently of their sequence, we observed, during
HPLC purification, the presence of a second fraction
corresponding to a percentage of up to 35%. This by-
product exhibited an absorbance at 280 nm in the
UV detector despite the fact that aromatic residues
were not present in the peptide sequence (Figure 1A

Peptide® Expected Found Retention time HPLC elution
MW MW (min) systemb

H-Gly-Ala-NHsy 145.1 145.1 1.9 I
H-Ser-Trp-Arg-NHg 446.5 446.6 6.1 1
Ac-Cys- Ser-Trp-Arg-NHy 591.6 591.6 12.6 I
Ac-Val-Ser-Glu-Ala-Arg-Val-Leu-Glu-Asp-Arg-Pro-Leu-Ser-Asp-Lys-NHy 1754.9 1755.3 10 I
H-Asn-Asn-Pro-Leu-Tyr-Lys-Glu-Ala-NHy 947.0 947.3 5.7 v
H-Met-Asn-Asn-Pro-Leu-Tyr-Lys-Glu-Ala-NHa 1077.1 1077.7 11.5 v

2The peptide amides were synthesized on the Rink amide resin.
b See Materials and Methods (HPLC analysis).
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Figure 1 HPLC profiles at 214 nm (A) and 280 nm (B) of the
crude H-Gly-Ala-NHy synthesized on the Rink amide resin
and cleaved with 95% TFA, 2.5% TIS, 2.5% H2O. The numbers
denote the desired peptide (1) and the C-terminal alkylated
amide by-product (2).
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and B, and Table 2). The ESI mass spectra revealed
the presence of a molecular ion with an increased
molecular weight of 106 a.m.u. compared to that of the
desired peptide. Although a similar phenomenon was
previously observed only in Trp-containing peptides
synthesized on the Wang resin (Figure 2A), the fact
that, in the case of the Rink amide resin, the presence
of an aromatic residue was not a prerequisite indicates
a different nature and mechanism of formation of this
by-product. It is worth mentioning here that the by-
product with an increased molecular weight of 106
a.m.u. compared to that of the desired peptide could
not result from a reaction between the peptide and the
carbocations formed from side-chain deprotection. On
the basis of these data and the fact that similar by-
products were not observed when the Rink amide AM
resin was used, we decided to define the origin of the
obtained by-product focusing our attention on the resin
linker. As is shown in Figure 2B, a C-terminal alkylated
amide resulting from an inappropriate decomposition
of the linker at positions 2 and 3 could explain the
experimental results. This hypothesis was confirmed
by recording the 1H NMR spectrum of the by-product
obtained during the synthesis of H-Gly-Ala-NH,. The
1H NMR spectrum clearly demonstrates the presence
of the p-hydroxybenzyl group covalently attached on
the C-terminal amide nitrogen (Figure 3). All the

Table 2 Yields of the crude peptides synthesized on the Rink amide resin by the Fmoc strategy and cleaved with various cleavage

mixtures

Entry Peptide Cleavage Peptide Peptide + Other by-
number mixture? (%) 106 (%)  products

(time) (%)

1 H-Gly-Ala-NHjy 1(2 h) 51 36 13

2 II(2 h) 100 - -

3 H-Ser-Trp-Arg-NHy I1(3 h) 58 26 16

4 I (3 h) 90 - 10

5 IV (3 h) 92 - 08

6 V(3 h) 68 - 32

7 II(3 h) 63 - 37

8 Ac-Cys-Ser-Trp-Arg-NHo VI (3 h) 61 27 12

9 III (3 h) 78 - 22

10 Ac-Val-Ser-Glu-Ala-Arg-Val-Leu-Glu-Asp-Arg-Pro-Leu-Ser-Asp-Lys-NHa I (4 h) 46 16 38

11 III (4 h) 69 - 31

12 II1(4 h) 57 - 43

13 H-Asn-Asn-Pro-Leu-Tyr-Lys-Glu-Ala-NHy 1(3 h) 73 21 06

14 VII (3 h) 67 25 08

15 VIII (3 h) 59 12 29

16 II(3 h) 87 - 13

17 III (3 h) 93 - 07

18 H-Met-Asn-Asn-Pro-Leu-Tyr-Lys-Glu-Ala-NHa II(3 h) 100 - -

2 Composition of the cleavage mixtures: 95% TFA, 2.5% TIS, 2.5% HsO (I), 95% TFA, 5% DMB (II), 92.5% TFA, 5% DMB, 2.5%
TIS (III, Reagent 1), 92.5% TFA, 7.5% DMB (IV), 92.5% TFA, 5% DMB, 2.5% H20 (V), 94% TFA, 2.5% EDT, 2.5% H20, 1% TIS (VI),
95% TFA, 5% TIS, 2.5% HaO (VII), 90% TFA, and 1.5% TIS, 8.5% H2O (VIII).

b The yields were estimated from the peak areas of the analytical HPLC chromatograms. The contribution of the p-hydroxybenzyl

chromophore at 214 nm was not estimated in the given values.
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Figure 2 Linker structure of the Wang (A) and the Rink
amide (B) resins. Dashed lines show the possible cleavage
positions.
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Figure 3 400 MHz 1H NMR spectrum of H-Gly-Ala-NHCHg
PhOH C-terminal N-alkylated amide by-product in DMSO-dg
at 300 K.

resonances are well resolved. The C-terminal amide
proton appears as a triplet at 8.47 ppm, the hydroxyl
proton as a singlet at 9.36 ppm, the N-terminal Gly
ammonium group (-*NHjz) as a broad resonance at
7.77 ppm [20], the Ala amide proton as a doublet
at 8.60 ppm, the o- and m-aromatic protons as two
separate doublets at 7.07 and 6.74 ppm, and the —~-CHy—
benzyl group as a singlet at 3.55 ppm, respectively. 1H
NMR spectra for other C-terminal N-alkylated peptides
also confirmed the presence of the p-hydroxybenzyl
group covalently attached on the C-terminal amide
nitrogen. Since the percentage of this by-product
was in some cases very high, we investigated the
cleavage conditions that could minimize its formation.
In this investigation, we have tried to avoid the use of
thiols due to their malodorous properties. The possible
cleavage positions shown in Figure 2B prompted us
to use DMB as a component of the cleavage mixture.

Copyright © 2005 European Peptide Society and John Wiley & Sons, Ltd.

DMB represents the parent molecule of the resulting
carbocation if the linker decomposition occurs at
position 2. This scavenger has a boiling point of
85-87°C and therefore can be easily removed from
the cleavage mixture under reduced pressure.

To define the optimal composition of the cleavage
mixture, we varied the percentage of DMB from 2.5 to
10% while keeping unchanged at 2.5% the percentage
of TIS. The cleavage mixtures consisting of 95% TFA:
5% DMB (v/v) and 92.5% TFA: 7.5% DMB (v/V)
were also tested. As is shown in Figures 4 and 5,
and in Table 2, the cleavage mixture 92.5% TFA:
2.5% TIS: 5% DMB suppresses almost quantitatively
the formation of C-terminal alkylated amide peptides.
Although very good results can be obtained with the
cleavage mixture 92.5% TFA: 7.5% DMB (v/v) (Table 2,
entry 5), it is not recommended for Cys-containing
peptides. If the Cys residue is present in the peptide
sequence, then the presence of TIS in the cleavage
mixture (Reagent I) is required, since, otherwise, the
incomplete deprotection of the sulfydryl group becomes
a major problem [9,21]. Incomplete deprotection of the
-Asn(Trt)- residue was also observed (<5%), but only
in the case when it occupies the N-terminal position
in the sequence (Table 2, entry 17). This well-known
problem [22] seems to be independent of the cleavage
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Figure 4 ESI-MS spectrum (A) and HPLC profile (B) of the
crude Ac-Cys-Ser-Trp-Arg-NHy synthesized on the Rink amide
resin and cleaved with 94% TFA, 2.5% EDT, 2.5% HsO, 1% TIS.
The numbers denote the desired peptide (1) and the C-terminal
alkylated amide by-product (2).
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Figure 5 ESI-MS spectrum (A) and HPLC profile (B) of the
crude Ac-Cys-Ser-Trp-Arg-NHs synthesized on the Rink amide
resin and cleaved with 92.5% TFA, 5% DMB, 2.5% TIS (Reagent
I). The formation of the C-terminal alkylated amide by-product
is almost completely suppressed.

mixture used. It is worth mentioning here that, using
Reagent I for the cleavage of the peptides from the
Rink amide resin, we have not observed oxidation of
Met residues or formation of disulfide bridges in Cys-
containing peptides.

Table 2 summarizes the results obtained for various
cleavage mixtures applied to peptides synthesized
on the Rink amide resin. From these data, it is
concluded that Reagent I is a suitable cleavage mixture,
which prevents formation of C-terminal alkylated
amides.

The above findings prompted us to apply Reagent
I as the cleavage mixture of Trp-containing peptides
synthesized on the Wang resin (data not shown).
When the Trp residue was incorporated in the peptide
sequence as Boc protected in the side chain, the
alkylation by the linker decomposition was prevented
or occurred at very low percentages either using
Reagent I or other known cleavage mixtures [12].
However, as observed for other cleavage mixtures,
Reagent I cannot suppress the formation of Trp side-
chain alkylated by-products when Trp is used in the
side-chain unprotected form. This finding provides
indirect evidence regarding the different mechanism
of alkylation of the Trp side chain and the C-
terminal amide group by Wang and Rink amide

Copyright © 2005 European Peptide Society and John Wiley & Sons, Ltd.
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linkers’ decomposition respectively. In the former case,
decomposition of the Wang linker results in the
formation of the carbocation (Figure 2A), which next
reacts with the indole ring of the Trp side chain, while,
in the latter case, cleavage of the Rink amide linker at
position 2 favors the cleavage of the peptide from the
resin at position 3 (Figure 2B) without formation of the
intermediate carbocation. Therefore, on the basis of the
above-mentioned data, we can hypothesize that DMB
does not act as a strong scavenger of the produced
carbocations, but it contributes by preventing the
inappropriate decomposition of the Rink amide linker
at position 2.

CONCLUSION

In this work, we have demonstrated that decomposition
of the Rink amide resin linker during the TFA cleavage
step leads to the formation of C-terminal N-alkylated
amide by-products. This sequence-independent side
reaction can be suppressed by using as cleavage
mixture Reagent I. DMB was estimated to contribute to
this result by preventing the formation of carbocations
that originated from the inappropriate Rink amide
linker decomposition. The use of thiols was not required
in the cleavage mixture of the Cys- and Met-containing
peptides since no oxidation reactions were observed in
the tested peptides.

REFERENCES

1. Fields GB, Noble RL. Solid phase peptide synthesis utilizing 9-
fluorenylmethoxycarbonyl amino acids. Int. J. Pept. Protein Res.
1990; 35: 161-214.

2. Lundt B, Johansen NL, Volund A, Markussen J. Removal of t-butyl
and t-butoxycarbonyl protecting groups with trifluoroacetic acid.
Mechanisms, byproduct formation and evaluation of scavengers.
Int. J. Pept. Protein Res. 1978; 12: 258-268.

3. Lundt BF, Johansen NL, Markussen J. Formation and synthesis of
3’-t-butyltyrosine. Int. J. Pept. Protein Res. 1979; 14: 344-346.

4. Wunsch E, Jaeger E, Kisfaludy L, Low M. Side reactions in peptide
synthesis: ter-butylation of tryptophan. Angew. Chem., Int. Ed.
Engl. 1977; 16: 317-318.

5. Sieber P. Modification of tryptophan residues during acidolysis
of 4-methoxy-2,3,6-trimethylbenzene sulfonyl groups. Effects of
scavengers. Tetrahedron Lett. 1987; 28: 1637-1640.

6. Fields CG, Fields GB. Minimization of tryptophan alkylation fol-
lowing 9-fluorenylmethoxycarbonyl solid-phase peptide synthesis.
Tetrahedron Lett. 1993; 34: 6661-6664.

7. McCurdy SN. The investigation of Fmoc-cysteine derivatives in solid
phase peptide synthesis. Pept. Res. 1989; 2: 147-152.

8. PhotakiI, Taylor-Papadimitriou J, Sakarellos C, Mazarakis P,
Zervas L. On cysteine and cystine peptides. V. S-Trityl and S-
diphenylmethylcysteine peptides. J. Chem. Soc., C 1970; 19:
2683-2687.

9. Mehta A, Jaouhari R, Benson TJ, Douglas KT. Improved efficiency
and selectivity in peptide synthesis: use of triethylsilane as
a carbocation scavenger in deprotection of t-butyl esters and
t-butoxycarbonyl protected sites. Tetrahedron Lett. 1992; 33:
5441-5444.

dJ. Peptide Sci. 2006; 12: 227-232



232

10.

11.

12.

13.

14.

15.

16.

Copyright © 2005 European Peptide Society and John Wiley & Sons, Ltd.

STATHOPOULOS, PAPAS AND TSIKARIS

Hofmann K, Haas W, Smithers MJ, Wells RD, WolmanY,
Yanaihara N, Zanetti G. Studies on polypeptides. XXXI. Synthetic
peptides related to the N-terminus of bovine pancreatic
ribonuclease (positions 12-20). J. Am. Chem. Soc. 1965; 87:
620-631.

Atherton E, Cameron LR, Sheppard RC. Peptide synthesis. Part 10.
Use of pentafluorophenyl esters of fluorenylmethoxycarbonylamino
acids in solid phase peptide synthesis. Tetrahedron 1988; 44:
843-857.

Giraud M, Cavelier F, Martinez J. A side-reaction in the SPPS of
Trp-containing peptides. J. Pept. Sci. 1999; 5: 457-461.

Choi H, Aldrich JV. Comparison of methods for the Fmoc solid-
phase synthesis and cleavage of a peptide containing both
tryptophan and arginine. Int. J. Pept. Protein Res. 1993; 42:
58-63.

King DS, Fields CG, Fields GB. A cleavage method which minimizes
side reactions following Fmoc solid phase peptide synthesis. Int. J.
Pept. Protein Res. 1990; 36: 255-266.

Angell YM, Alsina J, Albericio F, Barany G. Practical protocols for
stepwise solid-phase synthesis of cysteine-containing peptides. J.
Pept. Res. 2002; 60: 292-299.

Grandas A, Pedroso E, Giralt E, Granier C, Van Rietschoten J.
Convergent solid phase peptide synthesis IV. Synthesis of the

17.

18.

19.

20.

21.

22.

35-43 and 32-34 protected segments of the toxin II of Androctonus
australis hector. Tetrahedron 1986; 42: 6703-6711.

Solé NA, Barany G. Optimization of solid-phase synthesis of [Ala®]-
dynorphin A. J. Org. Chem. 1992; 57: 5399-5403.

Bonner AG, Udell LM, Creasey WA, Duly SR, Laursen RA. Solid-
phase precipitation and extraction: a new separation process
applied to the isolation of synthetic peptides. J. Pept. Res. 2001;
57: 48-58.

Huang H, Rabenstein DL. A cleavage cocktail for methionine-
containing peptides. J. Pept. Res. 1999; 53: 548-553.

Tsikaris V, Sakarellos-Daitsiotis M, Theophanidis N, Sakarellos C,
Cung MT, Marraud M. Significance of bound residual water in the
DMSO solution structure of stable peptide hydrates. J. Chem. Soc.,
Perkin Trans. 1 1991; 2: 1353-1357.

Pearson DA, Blanchette M, Baker ML, Guindon CA. Trialkylsilanes
as scavengers for the trifluoroacetic acid deblocking of protecting
groups in peptide synthesis. Tetrahedron Lett. 1989; 30:
2739-2742.

Friede M, Denery S, Neimark J, Kieffer S, Gausepohl H, Briand JP.
Incomplete TFA deprotection of N-terminal trityl-asparagine
residue in Fmoc solid-phase peptide chemistry. Pept. Res. 1992; 5:
145-147.

dJ. Peptide Sci. 2006; 12: 227-232



