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Following preliminary reports that introduced 4-tert-butylbenzhydrylamine resin (BUBHAR) as a novel polymer for use in solid-
phase peptide chemistry (SPPS), some physical-chemical properties of its structure, certainly relevant for its application in this
methodology, were compared with those of the largely used methylbenzhydrylamine resin (MBHAR). In order to rule out
possible MBHAR-related commercial source effects for SPPS, we initially compared MBHAR batches acquired from three
different manufacturers with homemade BUBHARs. The bead solvation properties of these two resins in solvents used in the
tert-butyl (Boc-based) SPPS technique indicated that the mean swelling values of these solid supports (% volume of solvated
bead occupied by the solvent) were 51% and 67% for MBHAR and BUBHAR, respectively. This result strongly suggests a good
potential for the latter polymer in terms of application for application in SPPS. In order to move forward with this approach,
the synthesis of the carboxy-terminal peptide fragment (Gln-Asn-Cys-Pro-(D-Arg)-Gly-amide) of the antidiuretic hormone,
desmopressin ([3-Mpa∗-Tyr-Phe-Gln-Asn-Cys-Pro-(D-Arg)-Gly-amide], ∗1-[3-mercaptopropionic acid]), which our laboratory
is producing routinely in large scale for the Health Secretary of Sao Paulo State. The comparative synthesis was conducted using
these two resins with similar substitution degrees (~0.7mmol/g). In contrast to MBHAR, surprisingly no need for a Gln⟶Asn
recoupling reaction was observed when BUBHAR was used. This result might be due to improved solvation of the desmopressin
C-terminal Asn-Cys-Pro-(D-Arg)-Gly-segment when bound to this latter resin as observed by microscopic swelling degrees of
peptide-resin beads and also by greater mobility detected of peptide chains within the BUBHAR polymer backbone. This finding
was determined by comparative electron paramagnetic resonance (EPR) of both peptide resins attaching the amino acid-type
paramagnetic 2.2.6.6-tetramethylpiperidine-1-oxyl-4-amino-4-carboxylic acid (Toac) spin label early introduced by our group.

1. Introduction

Almost six decades after its inception, Merrifield’s Nobel
Prize solid-phase peptide synthesis (SPPS) method [1–3]
continues to suffer from unresolved problems. Among these,
there occur for instance great difficulties in some coupling
reactions observed during the synthesis of strongly aggregat-
ing sequences. Usually site-dependent steric hindrance at the
reactive N-terminal portion of a peptide segment is respon-
sible for the impairment of coupling reactions. Alternative

experimental approaches for minimizing this problem have
been proposed in the literature [4, 5], most of which have
focused in modifying acylating agents [6, 7] or reaction con-
ditions [8, 9].

Another option relies on the use of alternative resins with
different solvent-dependent structural and bead solvation
characteristics used mainly during the critical coupling reac-
tion [10]. By following this line of investigation, we have
already examined the feasibility of using resins with a very
high degree of substitution (>2mmol/g), obtained from a
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controlled experimental protocol [11, 12]. More recently, alter-
native amine resins for the classical methylbenzhydrylamine
resin (MBHAR) [13], used for the synthesis of α-carboxamide
peptide in tert-butyl- (Boc-) SPPS chemistry, were introduced
[14]. Among these, as an alternative to MBHAR (which con-
tains a methyl group coupled to the phenylmethylamine-
functionalized copoly [styrene-divinilbenzene] structure), a
larger more hydrophobic and electron-donating 4-tert-butyl
group at this position (4-tert-butylbenzhydrylamine resin
[BUBHAR]) was proposed. Still, in this report, other amine
resins based on this same type of polymermatrix but containing
chloro or dichloro groups as alternatives and known to be
strong electron acceptor moieties were also proposed in order
to examine the stability of peptide-resin linkage towards final
acid cleavage step. In the case of BUBHAR, only preliminary
tests were carried out with this solid support in which its feasi-
bility for peptide synthesis was checked, based on the assembly
of an easy-to-make sequence [14].

Thus, in order to better investigate the potential applica-
tion of this alternative resin in the SPPS methodology, we
decided to compare it with MBHAR to obtain α-carboxamide
peptide through the Boc (tert-butyl) synthesis strategy. For
this purpose, we decided initially to discard possible MBHAR
suppliers production effects on its physical-chemical and
structural properties. MBHAR batches (see Materials) were
tested for comparison with those homemade BUBHARs in
terms of swelling capacity of their beads accordingly to previ-
ous protocol [15–17]. In this case, the average volume of resin
beads occupied by the solvent (in percentage) is calculated for
estimating the solvation property of a resin in each solvent.

The next necessary step for this type of study involved a
direct comparison between both resins with respect to
overcoming a known difficult peptide synthesis step during
the chain elongation of a peptide sequence. The selected
hexapeptide Gln-Asn-Cys-Pro-(D-Arg)-Gly carboxy-terminal
fragment of the antidiuretic hormone, desmopressin®
(3-Mpa∗-Tyr-Phe-Gln-Asn-Cys-Pro-(D-Arg)-Gly-amide),
∗1-(3-mercaptoprionic acid) in which the Gln⟶Asn
acylation step occurs only with a need for a recoupling reac-
tion whenMBHAR is used. Hence, the focus was now directed
to this specific acylation in which solvation details of the Asn-
Cys-Pro-(D-Arg)-Gly segment coupled to both resins were
investigated in terms of their bead swelling capacities and also
of degrees of peptide chain mobility spread throughout the
polymer backbone of both resins when solvated in different
solvent systems applicable for the SPPS method.

2. Experimental

2.1. Materials. Solvents and reagents were purchased from
Bachem, Advanced ChemTech, Novabiochem, Sigma-
Aldrich, or Fluka. Batches of MBHAR (0.49, 0.70, and
1.10mmol/g) were acquired from Bachem, Advanced Chem-
Tech, and Sigma-Aldrich Co.

2.2. Methods

2.2.1. Peptide Synthesis. Peptide synthesis was carried out
manually in a 0.4mmol scale accordingly to the classical

Boc-chemistry protocol [1, 2]. The Boc-protecting group
was removed with 30% trifluoroacetic acid (TFA) in dichloro-
methane (DCM), and the amino group neutralization step
was performed with 10% triethylamine (TEA) in DCM.
Coupling reactions were carried out in a 1 : 1 DCM:N, N-
dimethylformamide (DMF) mixture using 2.5 excess of
Boc-amino acid/2-(1H-benzotriazol-1-yl) 1,1,3,3-tetramethy-
luronium tetrafluoroborate (TBTU)/diisopropylethylamine
(DIEA) (1 : 1 : 2). All coupling reactions were qualitatively
monitored using the ninhydrin test, and a recoupling reac-
tion was needed at the Gln⟶Asn acylation step only when
MBHAR was as the solid support. The final peptide cleavage
procedure was carried out in the trifluoromethanesulfonic
acid (TFMSA)/TFA solution as previously described [18].

2.2.2. Synthesis of BUBHAR. The general synthesis protocol
of this type of polystyrene-divinylbenzene-based amino
copolymer, initially described [13, 19] and further modified
by us [11] in order to better control the degree of substitution
of amino groups in the resin, was used for preparing the three
batches of BUBHAR. Basically, the amino group content of
the resin was controlled at the Friedel-Crafts acylation step
[11] followed by the Leuckart reduction reaction, which
ensured the complete conversion of carbonyl groups gener-
ated in the previous step. The general procedure for the BUB-
HAR synthesis is outlined using 4-tert-butylbenzoyl as the
acylation agent in the Friedel-Crafts reaction. A general syn-
thesis protocol for the synthesis of MBHAR and BUBHAR is
shown in Scheme 1, below.

Copolymer

Friedel-Crafts acylation

Leuckart reduction HCO2NH4 : H2CO2

Acid hydrolysis HCl : Propionic acid

X = CH3 (MBHAR)
X = C4H9 (BUBHAR)

O

O

C X

X

X

H
C

H
C

NH

NH3
+Cl–

CHO

X/AlCl3C
OCrafts acylati

ckart reducti

Acid hydroly

Scheme 1: Synthesis scheme of MBHAR and BUBHAR.
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2.2.3. Amino Acid Analysis. All peptide-resins were hydro-
lyzed in a mixture of 12mol L-1 HCl/propionic acid at
130°C with appropriate reaction times in Pyrex tubes with
Teflon-coated plastic screw caps (13 × 1 cm). The amino acid
analyses were performed in a Biochrom 20 plus amino acid
analyzer (Pharmacia LKB Biochrom Ltd., Cambridge,
England) in order to determine the amount of each amino
acid of the sequence and therefore the peptide content the
resin. The analyses were done in duplicate.

2.2.4. Analytical RP-HPLC. Reverse phase-high-performance
liquid chromatography (RP-HPLC) analyzes were carried
out using a TFA/acetonitrile gradient on a Waters Associates
HPLC system consisting of two 510 HPLC pumps, an auto-
mated gradient controller, a Rheodyne manual injector, a
486 UV detector, and a 746 data module. The selected col-
umn was a Vydac C18 column (0:46 x 15 cm, 5μm particle
size, 300Å pore size), and detection was done at λ = 210 nm
using the solvent systems A: 0.1% TFA/H2O and B: 60% ace-
tonitrile/0.1% TFA/H2O. A gradient of 5%–95% B at a flow
rate of 1.5mL/min for 30min was used. The analyses were
done in duplicate.

2.2.5. Liquid Chromatography-Electrospray Mass Spectrometry
(LC/ESI-MS). The liquid chromatography/electrospray
ionization-mass spectrometry (LC/ESI-MS) experiments were
performed on a system consisting of a Waters Alliance model
2690 separations module and model 996 photodiode array
detector (Waters, Eschborn, Germany) controlled with a
Compaq AP200 workstation coupled to a Micromass model
ZMD mass detector (Micromass, Altrincham, UK). The sam-
ples were automatically injected into a Waters narrow bore
Nova-Pak column C18 (2:1 × 150mm, 60Å pore size, and
3.5μm particle size). The elution was carried out with solvents
A (0.1% TFA/H2O) and B (60% acetonitrile/0.1% TFA/H2O)
at a flow rate of 0.4mL/min using a linear gradient from 5%
to 95% B for 30min. The condition used for mass spectrome-
try measurements was positive electrospray ionization (ESI).
The analyses were done in duplicate.

2.2.6. Resin Bead Swelling Study. Before the use in peptide
synthesis or microscopic measurement of bead sizes, resin
or peptide-resin batches were sized by sifting through metal

sieves to lower the standard deviation of resin diameters to
approximately 4%. Swelling studies of these narrowly sized
populations of beads have previously been conducted [15,
17]. In short, 150-200 dry and swollen beads of each resin,
allowed to solvate overnight, were spread over a microscope
slide and the diameters of beads measured directly with an
Olympus model SZ11 microscope coupled with Image-Pro
Plus version 3.0.01.00 software. Since the size distributions
in a sample of beads are log-normal rather than normal, the
more accurate geometric mean values and geometric stan-
dard deviations were used in order to estimate the central
value and the distribution of the particle diameters [20].
The measurements were carried out in duplicate. The resins
and peptide-resins were measured with their amino groups
in the deprotonated form, obtained by three 5min washes
in TEA/DCM/DMF (1 : 4.5 : 4.5, v/v/v), followed by five
2min washes in DCM/DMF (1 : 1, v/v) and five 2min
washes in DCM. Resins were dried in vacuum using an
Abderhalden-type apparatus with MeOH reflux.

2.2.7. EPR Studies. Electron paramagnetic resonance (EPR)
measurements were carried out at 9.5GHz on a Bruker ER
200SRC spectrometer at room temperature (22 ± 2°C) in flat
quartz cells. Fmoc-Toac-labeled peptidyl-resins were pre-
swollen overnight in the study solvent before the spectra
were run, as previously introduced by us [21, 22]. The
magnetic field was modulated with amplitudes less than
one-fifth of the line widths, and the microwave power
was 5mW in order to prevent saturation effects. The anal-
yses were done in duplicate.

3. Results and Discussion

3.1. Comparative Swelling Studies of Resins. By also consider-
ing the solvent polarity values accordingly to the amphoteric
and dimensionless scale proposed previously by us [17], sol-
vent systems with (AN+DN) parameter values ranging from
about 20 to 70 were selected for the comparative swelling
evaluation of MBHAR and BUBHAR batches of rather
equivalent substitution degrees (from about 0.3 to
1.1mmol/g). Table 1 displays the swelling degrees of resin
beads measured in DCM, DMF, 50% DCM/DMF, 20%
dimethylsulfoxide (DMSO)/N-methylpyrrolidinone (NMP),

Table 1: Bead swellinga values of methylbenzhydrylamine resin (MBHAR) and 4-tert-butyl-benzhydrylamine resin (BUBHAR) batches in
different solvent systems.

Solvent (AN+DN)b
Swelling values of resins (%)

Batches of MBHAR (mmol/g) Batches of BUBHAR (mmol/g)

0.49 0.70 1.20
Average
values

0.35 0.75 1.10
Average
values

DCM 21.4 70 54 64 63 68 72 81 74

DMF 42.6 46 48 46 47 76 75 72 74

50% DCM/DMF 32.0 62 51 51 55 72 71 82 75

20%
DMSO/NMP

42.3 62 58 63 61 58 70 82 70

MeOH 71.3 29 29 24 27 41 56 31 43

Average values 51 Average values 67
abð½swollen volume − dry volume�/swollen volumeÞ x 100; polarity values of solvent according to ref. [17].
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and methanol (MeOH). The results displayed in this table
initially indicate that regardless of MBHARs’ manufacturers’
and amine group content values, BUBHAR’s beads solvated
better than those of MBHAR. Measured mean swelling
values in this solvent system were 67% and 51% for BUBHAR
and MBHAR, respectively, thus indicating better solvation
properties for the tert-butyl instead of methyl group-
attaching resin at position 4 of the phenylmethylamine moi-
ety of the structure of both polymers.

3.2. Comparative Synthesis Study of a Model Peptide Segment
in Both Resins. The next step of the present study compared
the efficiencies of the two resins in problems specifically
related to the peptide synthesis methodology. In order to
develop this second topic, as early explained, we decided to
choose a difficult-to-couple amino acid reaction observed
during the synthesis of the C-terminal hexapeptide Gln-
Asn-Cys-Pro-(D-Arg)-Gly sequence of the antidiuretic des-
mopressin. In this peptide segment, we observed that irre-
spective of the source of MBHAR batch, its degree of
substitution or acylation protocol used the Gln⟶Asn cou-
pling reaction always needs to undergo the recoupling process.
Thus, this critical coupling step in the desmopressin hormone
was selected to more thoroughly evaluate the physical-
chemical details of solvated BUBHAR andMBHAR solid sup-
ports attaching Asn-Cys-Pro-(D-Arg)-Gly sequence.

Batches of commercial MBHAR (0.7mmol/g—Advanced
ChemTech) and the homemade BUBHAR (0.75mmol/g)
were chosen as solid supports for synthesizing the Gln-
Asn-Cys-Pro-(D-Arg)-Gly segment in 0.4mmol synthesis
scale. No synthesis problems were observed until the Asn res-
idue incorporation, using standard coupling protocol which
comprised the use of 2.5 molar excess of acylating compo-
nents (amino acid and N,N`-diisopropylcarbodiimide
(DIC)/4-hidroxybenzotriazole [HOBt]) in 50% DCM/DMF
for 2 h at room temperature.

3.2.1. Solvation Studies of Asn-Cys-Pro-(D-Arg)-Gly-Resins

(1) Microscopic Measurement of Peptide-Resin Batches. The
comparative swelling values (percentage of peptide-resin
bead occupied by solvent) measured for the Asn-Cys-
Pro-(D-Arg)-Gly-resin beads in DCM, DMF, 50%DCM/DMF,
NMP, and DMSO were determined and are shown in
Figure 1.

By using this approach, we detected a better solvation
degree for the peptide-BUBHAR than for peptide-MBHAR
support for all of the examined solvents. Moreover, the yield
from both resins at this peptide sequence position, the swell-
ing degree of peptide-resin beads in the routinely used 50%
DCM :DMF solution for the acylation step was much greater
for peptide-BUBHAR (83%) than for the peptide-MBHAR
(46%), which is a relevant finding for the interpretation of
the coupling reaction. Noteworthy and in accordance with
these resin swelling data, there was no need for a Gln⟶Asn
recoupling reaction in BUBHAR as systematically occurred
with MBHAR. This result strongly supports the importance
of the resin solvation property as previously demonstrated

in critical acylation reactions within beads in other peptide-
resins [23–25].

(2) EPR Experiments with Spin-Labeled Peptide-Resins. In
order to complement the above-described peptide-resin sol-
vation, the degree of motion and steric hindrance neighbor-
ing of the peptide chains spread throughout the resin beads
were now estimated by EPR experiments. Small portion of
the N-terminal groups of peptide chains in both resins were
labeled with the amino acid-type spin probe Toac (2,2,6,6-
tetramethylpiperidine-N-oxyl-4-amino-4-carboxylic acid)
introduced by us for peptide and polymer labeling [26–28]
as previously described for evaluating, for instance, the solva-
tion properties of model peptide-polymers [21–25].

Figure 2 shows the EPR spectra of both peptide-resins in
the solvent system (50% DCM: DMF) used for the coupling
step of peptide synthesis in the present study, and Table 2
displays the EPR central peak line widths (W0) values (in
Gauss) that are known to be sensitive to the level of molecu-
lar mobility of labeled sites within resin network [16, 22].

As a rule [16, 25], there is an inverse correlation between
theW0 value and the rate of labeled molecular motion. Com-
paratively smaller W0 values were obtained for peptide-
BUBHAR than for peptide-MBHAR in all solvent systems,
which were in close agreement with the swelling data of both
peptide-resins.

Lastly, the analytical HPLC profiles of the crude Gln-
Asn-Cys-Pro-(D-Arg)-Gly-peptide fragment assembled in
both resins are shown in Figure 3. Rather similar profiles
are observed but an interesting finding consisted of the pres-
ence of small contaminants near 13.26min in the crude pep-
tide cleaved only from MBHAR and after the Gln recoupling
reaction in this resin (Figure 3(a)). To complement these
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Figure 1: Swelling degree values (in percentage) of Asn-Cys-
Pro-(D-Arg)-Gly fragment bound to methylbenzhydrylamine
resin (MBHAR) (a) and to 4-tert-Butyl-benzhydrylamine resin
(BUBHAR) (b) in different solvents.
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results, Figure 4 displays the LC/ESI-MS spectra of crude
peptides cleaved from MBHAR and BUBHAR (4a and 4b,
respectively), revealing the expected molecular weight of
the Gln-Asn-Cys-Pro-(D-Arg)-Gly sequence (673.80Da),
whereas Figure 4(c) displays the LC/ESI-MS spectrum of
the above mentioned small contaminant that appeared near
13.5min in the crude peptide synthesized in MBHAR. In this
case, the molecular weight found was 544.36Da, which corre-
sponds to the entire peptide sequence but lacking the Gln res-
idue even after a double coupling of this residue.

4. Conclusions

The present report suggests that BUBHAR can be considered
an efficient solid support for use in Boc-synthetic chemistry,
and that it would be an alternative to the standard MBHAR.
The better synthesis yields resulting from the use of BUB-
HAR seems to be due to the improved solvation characteris-

tics of its peptide-bearing polymeric matrix as demonstrated
by experiments carried out not only with microscopic swell-
ing measurements of peptide-resin beads but also to the
greater peptide chain mobility that occurs exactly at the
Gln-acylation step in this alternative solid support as verified
with EPR experiments. In fact, these results seemed to be in
close agreement with previous observations [14] in which
much easier handling (swelling and washing of beads),
regardless of the step of the SPPS synthetic cycle, was
observed using BUBHAR than MBHAR. In order to deeper
evaluate this comparative investigation between both resins,
synthesis of the same peptide fragment is currently in prog-
ress, but using resin batches with a lower (~0.2mmol/g)
and higher (2.0–3.0mmol/g) degree of amine group contents.
Although designed to be used for the Boc-chemistry
approach, the novel BUBHAR polymer might also be tested
in the 9-fluorenylmethyloxycarbonyl- (Fmoc-) chemistry
method [3, 29] after previous coupling of appropriate spacer

(a)

10 G

(b)

Figure 2: Electron paramagnetic resonance (EPR) spectra of Toac-labeled Asn-Cys-Pro-(D-Arg)-Gly segment bound to MBHAR (a) and to
BUBHAR (b) in 50% DCM/DMF.

Table 2: EPRW0 values determined in different organic solvents for Asn-Cys-Pro-(D-Arg)-Gly peptide segment coupled to MBHAR and to
BUBHAR and labeled with Toac spin label.

Resins
W0 (Gauss)

DCM DMF DCM/DMF DMSO NMP

MBHAR 3.7 2.3 3.4 2.8 2.3

BUBHAR 2.4 2.1 2.1 2.5 2.1

6.00 8.00 10.00 12.00
Minutes
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0.00

AU

12.403

(a)

6.00

0.15

0.10

0.05

0.00
8.00 10.00 12.00

Minutes

AU

14.00 16.00 18.00 20.00

12.614

(b)

Figure 3: High-performance liquid chromatography (HPLC) profiles of crude Gln-Asn-Cys-Pro-(D-Arg)-Gly peptide amide synthesized in
MBHAR (a) and in BUBHAR (b).
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groups (linkers) necessary for peptide segment assembly. In
this way, similarly to what was observed with other types of
resins early proposed for use in SPPS [30, 31], BUBHAR
can be considered in the future, one more potentially usable
for the SPPS methodology.
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