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O método cldssico de hidrélise para a quantificagdo de grupamentos aminoacilicos e peptidicos
ligados a resinas em HCI 12 N : acido propidnico foi reavaliada, estudando-se a influéncia da
natureza da resina € do grupamento ligado 3 mesma. A estabilidade frente & hidrélise 4cida foi
dependente do amino acido C-terminal e a ordem de estabilidade 4cida foi Phe > Val > Gly. Por
outro lado, os dipeptideos Ala-Gly, Ala-Val e Ala-Phe apresentaram maiores velocidades de
hidrélise da resina, se comparadas com a dos correspondentes grupos aminoacilicos. Dentre as
resinas testadas, a ordem de estabilidade foi: benzidrilamino-resina > p-metilbenzidrilamino-resina
=4-(oximetil)-fenilacetamidometil-resina > copolimero de estireno clorometilado, contendo 1% de
divinilbenzeno. Importante para a metodologia de sintese de peptideos, os resultados demonstraram
que tempos de hidrolise mais longos do que os propostos ha anos na literatura (1 ha 130 °C e 15
min a 160 °C para os peptideos ligados ao copolimero de estireno clorometilado, contendo 1% de
divinilbenzeno), sdo necessarios para uma clivagem quantitativa de alguns grupos ligados a resina.
A ampla faixa de tempos de hidrolise observada variou de menos de 1 h até cerca de 100 h.

The classic hydrolysis procedure for quantification of resin-bound aminoacyl and peptidyl
groups with 12 N HCI: propionic acid was reevaluated by studying the influence of the nature of
the resin and the resin-bound group. Their stability during acid hydrolysis was dependent on the
C-terminal amino acid, and the order of acid stability was Phe > Val > Gly. Otherwise, the dipeptides
Ala-Gly, Ala-Val, and Ala-Phe displayed enhanced rates of hydrolysis of the resin if compared with
their parent aminoacyl groups. Amongthe resins assayed, the order of acid stability was: benzhy-
drylamine-resin > p-methylbenzhydrylamine-resin =4-(oxymethyl)-phenylacetamidomethyl-
resin > chloromethyl-copolymer of styrene-1%-divinylbenzene. Important for peptide synthesis
method, the findings demonstrate that longer hydrolysis times than previously recommended in the
literature (1 h at 130 °C and 15 min at 160 °C for peptides attached to the chloromethyl-copolymer
of styrene-1%-divinylbenzene) are necessary for the quantitative acid-catalyzed cleavage of some
resin-bound groups. The observed broad range of hydrolysis time varied from less than 1 h to about
100 h.

Keywords: peptide hydrolysis, resin, acid hydrolysis, amino acid analysis, acyl-resin
hydrolysis, solid phase peptide synthesis

Introduction through acid hydrolysis of the composite resin, followed by

In solid phase peptide synthesis method'™*, the resin- amino acid analysis. However, since the inception of the
bound amino acid or peptide content is usually determined propionic acid-12 N HCl solution (1:1, v/v) as the standard
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hydrolysis protocol” , no additional systematic studies
have been carried out on the applicability of this procedure
to other resins introduced later in the peptide synthesis
technique. Moreover, the exact role of other factors in this
cleavage reaction, such as the nature and the loading of the
aminoacyl or peptidyl groups bound to the resin matrix, has
not yet been thorougly investigated.

The goal of the present report is to investigate the
influence of these factors and to propose an appropriate
hydrolysis procedure for each class of resin-bound group.
Among the resins studied, this paper will focus on those
employed in the Boc-o. amino group protecting the synthe-
sis strategy'?, i.e., the classic chloromethyl-copolymer of
styrene 1% divinylbenzene (CMSD) and the 4-
(oxymethyl)-phenylacetamidomethyl-resin (PAMR)® em-
ployed for the synthesis of C-terminal free o-carboxyl
peptides, and the benzhydrylamine-resin (BHAR)® and the
p-methylbenzhydrylamine-resin (MBHAR)'® used alter-
natively for assembling a-carboxamide sequences. To
avoid the risk of acid degradation which could hamper the
present quantitative time-course hydrolysis study, the acid-
stable amino acids Gly, Val and Phe were chosen as the
resin-bound residues. The corresponding resin-bound
alanyl sequences (Ala-Gly, Ala-Val, and Ala-Phe) were
selected not only as models of peptide resins, but also to
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evaluate the influence of the ai-amino group acylation of
the C-terminal residue on their rate of acid cleavage from
the resin.

Materials and Methods

The tert-butyloxycarbonyl (Boc)-amino acids (Gly,
Val, Phe, and Ala) were purchased from Bachem, Califor-
nia. The aminoacyl-resins were acquired from the follow-
ing companies: MBHAR, Sigma; PAMR, Bachem
California, and CMSD, Bachem California and Calbio-
chem-Novabiochem. BHAR was either synthesized in the
laboratory or purchased from Watanabe or Bachem Cali-
fornia. Unless otherwise stated, the amino acid loading of
resins ranged from about 0.3 to 0.6 mmol/g. Solvents and
reagents were of analytical grade and purchased from
Aldrich or Fluka.

Amino-acyl- or peptidyl-resins were manually synthe-
sized using the solid phase method'?, and the ninhydrin
assay'' was used to check the effectiveness of the coupling
reactions. The Boc-N®-protecting group was removed by
trifluoroacetic acid treatment (30% v/v, in dichlo-
romethane for 30 min) prior to the acid cleavage study.
Hydrolyses of resins were done with propionic acid:12 N
HCI (1:1, v/v at 130 °C or 160 °C) in Pyrex tubes with
plastic teflon-coated screw caps (13 cm x 1 cm), and amino
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Figure 1. The time course of aminoacyl-resin hydrolysis at 130 °C in propionic acid:12 N HCI (1:1, v/v). Resins: (A) CMSD, (B) PAMR,(C) MBHAR,

and (D) BHAR. Amino acids: (C} Gly, (A) Val, and (OJ) Phe.
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acid analyses were performed in a Beckman 6300 amino
acid analyzer system.

Results and Discussion
Hydrolysis of aminoacyl-resins

Figure 1 displays the time course of the hydrolysis of
the four aminoacyl-resins at 130 °C. As expected, regard-
less of the resin, the small polar Gly residue was much more
labile than Val or Phe, in accordance with the well-known
higher acid stability of resin-bound hydrophaobic resi-
dues'?. As previously discussed'?, the higher stability of
Phe compared to the Val residue may be due to the electron
withdrawing effect of its benzene ring at the resin linkage,
resulting in a higher resistance to acidolytic cleavage.

The nature of the polymeric support also affected the
rate of hydrolysis, irrespective of the resin-bound amino
acid. The decreasing order of resin-bound acid stability
was: BHAR > MBHAR = PAMR > CMSD (Fig. I). To the
best of our knowledge, there are no previous reports on such
a comparative study of the hydrolysis of these resins which
are widely employed for peptide synthesis. The lower acid
stability of CMSD as compared to PAMR, and of MBHAR
as compared to BHAR, has already been demonstrated
based upon trifluoroacetic'* and hydrogen fluoride'° treat-
ments, respectively. The findings confirmed the very high
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acid stability of BHAR®!'%!5 and also revealed rather simi-
lar acid stability properties of the PAMR and MBHAR
polymers.

The results suggest that the reaction times recom-
mended in the literature for the hydrolysis procedure, i.e.,
2 h with the CMSD resin®” or 18 h with the MBHAR/
BHAR resins'® at 130 °C, are not adequate to achieve
quantitative removal of resin-linked amino acids. The time
required for the complete cleavage of resin-bound amino
acids varied from a minimum of approximately 15 h with
the most labile Gly-CMSD to a maximum of 100 h with the
very stable Phe-BHAR.

As detailed in the Material and Methods section, the
aminoacyl- or peptidyl-containing resins used in the pre-
sent report were also different regarding their loading de-
gree or their commercial source. To determine whether the
degree of resin loading affected the hydrolysis results, the
hydrolysis data of three Phe-BHAR batches containing
0.44, 0.91, and 1.54 mmol/g of Phe were compared. The
two latter samples were obtained from highly amino group-
loaded BHAR batches synthesized according to a forceful
synthetic protocol'®. No significant differences in the acid
stability properties of the three resins were detected (data
not shown). A possible influence of the source of resins on
their hydrolysis behavior was also ruled out, since the two
commercial Phe-BHAR batches (purchased from Bachem
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Figure 2. The time course of dipeptidyl-resin hydrolysis at 130 °C in propionic acid: 12 N HCI (1:1, v/v). Resins: (A) CMSD, (B) PAMR, (C) MBHAR,
and (D) BHAR. Peptides: (O) Ala-Gly, (A) Ala-Val, and ({J) Ala-Phe.
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California and Watanabe) showed similar hydrolysis kinet-
ics when compared to the above-described samples of
laboratory-synthesized BHAR. Also, no difference was
observed between the Val-CMSD batches from different
companies (Bachem California and Calbiochem-Novabio-
chem, data not shown).

Alternative procedures using temperatures higher than
130 °C have been previously introduced’ to accelerate the
hydrolysis reaction. Table 1 presents the time-course data
of the hydrolysis of Gly-, Val-, and Phe-resins obtained at
160 °C. As expected, hydrolyses faster than those at 130 °C
were observed, but the reaction time necessary to quantita-
tively cleave the aminoacyl groups ranged from about 4 h
(Gly-CMSD) to about 30 h (Phe-BHAR), longer than that
recommended in the literature for 160 °C’.

The hydrolysis of dipeptidyl-resins

The mechanism of the acid hydrolysis of an aminoacyl
group bound to the resin matrix irrespective of the nature
of the linkage (ester or amide in the case of CMSD/ PAMR
or MBHAR / BHAR resins, respectively) is possibly influ-
enced by the free or acylated form of its a-amino group.
Thus, to compare with the Gly-, Val-, and Phe-resins, the
corresponding dipeptidyl Ala-Gly-, Ala-Val- and Ala-Phe-
containing resins were synthesized and studied as to their
stability in acid hydrolysis. To avoid the influence of other
factors, the same N-terminal acylation group (alanine) was
deliberately employed in this comparative study.

Figure 2 shows the results of the hydrolysis experiments
with peptidyl-resins at 130 °C. Faster hydrolyses were
observed with the peptidyl-resins when compared with the
parent aminoacyl-resins (Fig. 1). For instance, the hydroly-
sis time necessary for the total cleavage of the Gly residue
from the resin decreased from about 15 h for Gly-CMSD
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(Fig. 1A) to about 10 h for Ala-Gly-CMSD (Fig. 2A). In
the case of Phe-containing resins, the same trend was
observed and ranged from about 100 h (Phe-BHAR, Fig.
1D) to 70 h (Ala-Phe-BHAR, Fig. 2D). These findings
indicate that the acylation of the a-amino group of the
resin-bound amino acid facilitates its hydrolytic removal
from the resin.

Conceming the influence of the type of amino acid or
resin, the decreasing order of acid stability for peptidyl-res-
ins paralleled that observed for aminoacyl-resins, being:
Ala-Phe > Ala-Val > Ala-Gly and BHAR > MBHAR =
PAMR > CMSD.

As expected, under a more severe condition (160 °C),
the minimum and maximum hydrolysis times necessary to
achieve complete peptidyl cleavage varied from less than
1 hto about 25 h for the labile Ala-Gly-CMSD and the more
stable Ala-Phe-BHAR, respectively (Table 2).

Moreover, the present time-course study also allowed
the evaluation of the hydrolysis time necessary for the
complete cleavage of the peptide bond between the alanyl
residue and Gly, Val, or Phe residues bound to the resin.
The results indicate that hydrolysis times of about 2 h (at
130 °C) and about 45 min (at 160 °C) are sufficient for the
quantitative cleavage of these peptide bonds. As these
hydrolysis times are shorter than those necessary for quan-
titatively cleaving any resin-bound C-terminal amino acids
under the same conditions (see Figs. 1 and 2 and Tables 1
and 2), the Ala/Gly, Ala/Val, and Ala/Phe molar ratios
found in amino acid analyses of dipeptidyl-resin hydro-
lyzates are usually higher than 1.

Table 3 summarizes the results of this study showing
the approximate reaction times necessary to quantitatively
cleave the resin-bound C-terminal amino acid when alone
or in a peptide sequence at 130 °C and at 160 °C. As

Table 1. The extent of the hydrolysis (%) of aminoacyl-resins in propionic acid: 12 N HCI (1:1, v/v) at 160 °C.

Amino Acyl- Time (h)

Resins 2 3 4 5 10 15 18 20 24 30
Gly-CMSD 76 86 90 97 100 - - ; ; ; ;

Val-CMSD 59 71 80 85 90 97 100 ; - ; ;

Phe-CMSD 50 61 74 80 86 92 99 100 - ; ;

Gly-PAMR 65 79 86 93 97 100 ; - ; ; ;

Val-PAMR 51 60 71 81 89 95 100 ; - - ;

Phe-PAMR 47 55 67 76 84 90 95 100 - . ;

Gly-MBHAR 63 76 84 90 94 100 , - - - .

Val-MBHAR 49 58 70 79 86 93 99 100 - ; ;

Phe-MBHAR 41 54 66 74 81 90 95 100 . ; ;

Gly-BHAR 25 ; - 78 88 93 100 ; ; ; -

Val-BHAR 12 ; . 35 47 53 68 76 89 97 100
Phe-BHAR 10 ; ; 31 40 49 58 69 75 88 99
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Table 2. The extent of the hydrolysis (%) of dipeptidyl-resins in propionic acid:12 N HCI (1:1, v/v) at 160 °C

Peptidyl-Resin Time (h)

0.25 0.5 1 2 3 4 5 8 10 15 18 20 24
Ala-Gly-CMSD 82 100 - - - - - - - - - - -
Ala-Val-CMSD 11 - 30 84 91 99 100 - - - - - -
Ala-Phe-CMSD - - 26 79 86 92 97 100 - - - - -
Ala-Gly-PAMR - 40 67 84 95 100 - - - - - - -
Ala-Val-PAMR - - - 4?2 63 88 94 100 - - - - -
Ala-Phe-PAMR - - - 35 58 79 89 95 100 - - - -
Ala-Gly-MBHAR - - - 81 93 100 - - - - - - -
Ala-Val-MBHAR - - - 39 58 85 93 99 100 - - - -
Ala-Phe-MBHAR - - - 31 53 77 86 91 97 100 - - -
Ala-Gly-BHAR - - - 68 85 93 100 - - - - - -
Ala-Val-BHAR - - - 12 20 36 44 61 82 90 93 95 100
Ala-Phe-BHAR - - - 11 19 34 41 48 - 56 - 85 99

Table 3. The approximate time (h) necessary for the complete hydrolysis of resin-bound aminoacyl- and dipeptidyl- groups at 130 °C and 160 °C in
propionic acid:12 N HCL (1:1, v/v).

Amino acyl or CMSD PAMR MBHAR BHAR
dipeptidyl-resin

130 °C 160 °C 130 °C 160 °C 130 °C 160 °C 130 °C 160 °C

Time (h)

Gly-R 15 6 20 10 20 10 30 15
Val-R 20 10 25 15 ) 25 15 70 25
Phe-R 40 15 50 18 50 18 100 30
Ala-Gly-R 10 0.5 15 4 15 4 20 5
Ala-Val-R 15 4 20 6 20 7 60 20
Ala-Phe-R 20 7 30 10 30 12 80 25
indicated, this reaction time is strongly dependent on the the microwave approachzo, are currently been underway
nature of the resin and its pendant group and also on the in our laboratory.

hydrolysis temperature. Therefore, it is important to al-
ways be aware of the acid-sensitivity of each class of ~ Acknowledgments
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