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Abstract

A new polymer-supported TBTU (P-TBTU) has been prepared from polystyrene-bound 1-hydroxybenzotriazole
(P-HOBT) and used efficiently as a solid-supported reagent for peptide-coupling reactions, and is even effective
with wet solvents. The P-HOBT can be recovered by simple filtration and reused for the preparation of new P-
TBTU. © 2000 Elsevier Science Ltd. All rights reserved.
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The development of new polymer-supported reagents for organic synthesis is receiving increasing
attention nowadays both for easy recycling (‘green’ chemistry) and for the simplification of conventional
workup procedures.1 For the creation of the amide bond in peptide-forming reactions, polymeric carbodi-
imide12 (P-EDC) and 1-hydroxybenzotriazole (P-HOBT), supported on normal cross-linked polystyrene
beads23 or on macroporous polystyrene3,4 have been used as activating agents in the presence of
PyBrOP (bromotrispyrrolidinophosphonium hexafluorophosphate) or DCC (dicyclohexylcarbodiimide),
respectively. P-HOBT35 has also been used in peptide synthesis6,7 with DCC as the coupling agent,
initially yielding polymeric active esters which are finally coupled with the corresponding amino acid
ester.

In peptide-coupling chemistry, tetramethylurea-derived aminium salts4 from 1-hydroxybenzotriazole
(HOBT) such as HBTU and TBTU,8 or from 1-hydroxy-7-azabenzotriazole (HOAt) such as HATU,9 are
well-established reagents due to their efficiency and the low degree of undesirable racemization compared
to the use of classical carbodiimide-coupling methods. In this context, and in connection with our project
on the development of new reagents for peptide coupling and amide formation,10 our aim was to design
a polymer-bound HOBT-tetramethylurea-derived salt of the type4 (X=CH) as a suitable reagent for
the direct formation of the amide bond in peptides. This solid-supported reagent would allow the easy
recovery of the immobilized HOBT by filtration once the reaction was finished.
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P-HOBT 3 was prepared from polystyrene–2% divinylbenzene copolymer resin (200–400 mesh,
Fluka) according to the reported method.6 The activity of the prepared P-HOBT was determined to be
0.25 mmol g�1 based on the synthesis of theN-isopropylacetamide.5a This polymer-supported HOBT
3 reacted with 4 equiv. of the chlorouronium tetrafluoroborate5 in the presence of pyridine as the base
for 24 h at room temperature in acetonitrile as the solvent (Scheme 1). The uronium salt5 was obtained
from tetramethylurea by reaction with oxalyl chloride in the presence of a catalytic amount of DMF,
followed by anion exchange with sodium tetrafluoroborate (Scheme 1).10 Due to its lower cost, the
tetrafluoroborate counter-anion was chosen instead of the hexafluorophosphate, which is also frequently
used in peptide-coupling reagents.

Scheme 1.

The reaction progress between P-HOBT and5 was followed by IR spectroscopy, and considered
complete after the total disappearance of the broad O–H stretching band at 3450 cm�1. The resulting
polymer6 was filtered and washed thoroughly and successively with methanol, acetonitrile and ether,
and dried at 60°C in vacuo (0.1 torr). The obtained resin showed a new strong IR band at 1670 cm�1

which could be assigned to an aminium C_N,11 and its elemental analysis showed an increase of ca.
10% in nitrogen content, relative to the starting P-HOBT. As this new solid-supported reagent can be
seen as a polymer-supported TBTU, it was given the acronym P-TBTU, following the common uronium
nomenclature. The aminium representation for6, instead of the isomeric uronium, has been arbitrarily
depicted according to the reported aminium crystalline structure for HBTU.12

The P-TBTU thus prepared was used as a solid-supported peptide-coupling reagent. Differently,N-
protected amino acids reacted with amino acid ester hydrochlorides in the presence of P-TBTU and
an organic base for 24 h (TLC) at rt yielding the corresponding dipeptides (Table 1), which were pure
according to their1H NMR spectra after workup. Various solvents were used (Table 1, entries 1–3)
and acetonitrile was finally chosen. Moreover, pyridine and triethylamine were tested as bases (Table 1,
entries 3 and 4), the first one affording higher yields.

The isolated yields of the peptides obtained were good (Table 1, entries 1–7) and almost no difference
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Table 1
Peptides prepared using P-TBTU as coupling reagenta

was observed when protecting groups such as Boc or Cbz were employed (Table 1, compare entries 6
and 7). However, when sterically hindered amino acid derivatives, such as those from 2-aminoisobutyric
acid (Aib), were employed in the coupling reaction, the isolated yields were only ca. 10% after 1 day
at rt. In these cases (Table 1, entries 8 and 9), heating the reaction to 50°C was necessary to increase
the final yield. The same increase in the reaction temperature was used when coupling anN-methylated
residue, although even under these conditions the isolated yield was very low (Table 1, entry 10). In
order to compare all these results with those obtained when using TBTU, some coupling reactions were
performed using this reagent under similar reaction conditions (see Table 1, entries 3, 7 and 8). The
reaction times were longer when using P-TBTU rather than TBTU, as expected, when coupled with
polymer-supported reagents. Moreover, the isolated yields when using P-TBTU were slightly lower than
with TBTU.

The extent of possible racemizations produced using P-TBTU as a peptide-coupling reagent was
checked by measuring the epimerization degree on the tripeptide generated by coupling CbzGlyPheOH
and ValOMe (Anteunis’ test).13 No epimerization was detected in the final peptide by1H NMR (500
MHz) analysis, irrespective of whether the reaction was performed at rt or 50°C (Table 1, entry 12),
the spectrum showing just one diastereomer. Moreover, only 15% of the racemizedD-isomer of the
dipeptide generated by couplingL-BzLeuOH and GlyOEt (Young’s test) was obtained, as measured by
comparison of its optical rotation value with that obtained from the literature (Table 1, entry 11).14 This
level of racemization, especially in Young’s test, is lower than those achieved using TBTU as coupling
agent.15 Even compared with HATU, P-TBTU gave similar low epimerization in Anteunis’ test and also
a lower amount of racemization in Young’s test.15

The hydrolytic stability of this new coupling reagent is remarkable. Thus, when the coupling re-
action between BocGlyOH and PheOEt was performed using MeCN/water (5%) as solvent, 75% of
BocGly/PheOEt was isolated which is not a very different yield than when using technical grade (99%)
MeCN (Table 1, entry 3). However, when TBTU was used under the same reaction conditions (MeCN
and 5% water), only 20% yield of the corresponding dipeptide was obtained.
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After each of the performed coupling reactions, the solid-supported P-HOBT was recovered by simple
filtration, showing identical IR spectra to that originally used. Using this recovered P-HOBT, new P-
TBTU was prepared and was employed in coupling reactions, showing a decrease in the isolated yield of
the final peptide of just ca. 5%.

We concluded that P-TBTU is a promising new solid-supported peptide-coupling reagent with high
hydrolytic stability which allows for the recovery of the P-HOBT and affords results comparable to
TBTU. Studies on the influence of the use of other polymers for supporting TBTU, and the preparation
of other solid-supported aminium/uronium salts for peptide-coupling reactions are now underway.16
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