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CLEAVAGE OF PEPTIDE TO SPARROW-RESIN BOND BY CATALYTIC TRANSFER HYDROGENOLYSIS
WITH 1,4-CYCLOHEXADIENE
Roberto COLOMBO '
Department of Pharmacology, University of
Milan, I-20129 Milan, Italy

Cleavage of benzyl ester-type linkage to the Sparrow modified polystyrene
support was attempted with the aid of catalytic transfer hydrogenation using
1,4-cyclohexadiene and palladium black, and satisfactory yields were obtained.
This will provide an alternatively efficient and mild method for the final de

blocking step during improved solid phase peptide synthesis.

Several recent publications2 described the use of catalytic transfer hydrogena
tion for the removal of benzyl-type protecting groups used during both conventional
and solid phase peptide synthesis. Moreover, Schlatter et aZ.,3 Jones4 and Khan &
Sivanandaiah5 reported that classic H2 catalytic hydrogenation3’4 and catalytic
transfer hydrogenolysis5 can cleave a peptide bound through an ester link to the
conventional Merrifield cross-linked polystyrene resin, although in non-quantitati
ve yields. However, Erickson and Merrifield referred, in a review,6 to unsuccess
ful attempts to hydrogenolyze the resin benzyl ester bond using a variety of cata
lysts. The use of hydrogenolysis as a cleavage method for the removal of protected
amino acids and peptides from the 3-nitro-4-bromomethylbenzoyl polyethylene glycol
support used in liquid-phase peptide synthesis, was also reported.

Prompted by these results and with a view to search for an alternative method
in opposition to the strongly acidic conditions for the final cleavage during solid
phase peptide synthesis (HF or HBr-CF3COOH), I tried to use8hydrogenolysis for the
cleavage of an ester link to the modified resin of Sparrow, namely p-oxymethyl
phenylacetamido-11-hendecanamido~-11-hendecanamido-methyl polystyrene resin, 1%

cross-linked with divinyl benzene:

-O—CH2 CHZCONH (CH2) 1 0CONH (CH2) 1 OCONHCHZ @

This very promising solid support has an increased acid stability, which avoids
the generation of hydroxymethyl groups due to the gradual acidolytic loss of pepti
de chains during the synthesis, and a spacer group between the point of attachment
of the first amino acid residue and the polymer matrix, which allows the removal
of the growing peptide chain from the vicinity of the polystyrene backbone.

At first, classic H2 catalytic hydrogenation was applied to Boc-valine resin
ester, but this gave no satisfactory yields of Boc-valine even if high temperatures
were employed for a long reaction time: a recovery of Boc-valine (51% yield) was
obtained after 22 hr (16 atm, 65°C) in the presence of palladium black, generated

Zn situ from palladium (II) acetate. Furthermore, the danger of thermal decomposi
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tion at elevated temperatures discouraged these attempts.

Afterwards, in view of the recent report of Felix et aZ.Zd, it was considered
the use of catalytic transfer hydrogenation. VYields were evaluated and optimized
with respect to hydrogen donor, solvent, concentration, catalyst, and reaction
temperature. 1,4-Cyclohexadiene was found to be, together with <n situ generated
palladium black, the most effective donor, and can be used to carry out hydrogena
tions at reasonable temperatures (30-40°C) in dimethylformamide or glacial acetic
acid. The results are shown in the Table.

In a typical experimental procedure, Merrifield resin (1% cross-linked, 0.75
meq of Cl per g, Bio-Rad) was converted to the modified resin of Sparrow as descri
bed by this author,8 and Boc-amino acids were esterified to the resin as their
cesium salts according to the method of Gisin.9 The substituted resin was dried
in vacuo over P2 57 and substitution estimated by weight gain and by the method
of Gisin.10 To a suspension of the substrate-resin (1.0 mmol) in dimethylformamide
(15 ml), palladium (II) acetate (2.2 g) was added and the mixture stirred in a vi
bro-mixing reaction vessel.2d After 4 hr at room temperature (the mixture was
allowed to equilibrate and the catalyst to diffuse and to penetrate the resin
beads) the suspension was then maintained at 35-40°C (bath temperature) under
nitrogen, and 1,4-cyclohexadiene (2 ml) added. The reaction proceeded for about
3 hr, the cooled mixture was quantitatively filtered (celite) and repeatedly washed
with a suitable solvent (dimethylformamide, acetic acid, ethanol may be used,
depending on the solubility of the product). This first filtrate was evaporated
under reduced pressure, and the product content was determined. The resin was
suspended again in dimethylformamide and thrice submitted to the previously descri
bed treatment. The second, third and fourth filtrates were evaporated independen
tly, and the product contents were determined. In situ generated palladium black
was found to be the most effective catalyst; other palladium catalysts may be useful
(5-10% palladium-charcoal, 5-10% palladium—BaSO4), but require longer reaction
times and often afford lower yields.

The three protected peptide resins used in the present study (Boc-Phe-Gln-0-
Resin, Boc-Tyr (Bzl)-Gly-Gly-Phe-Val-OResin, and Boc-Tyr (Bzl)-Lys(Z)-Lys(Z)-Gly-
Glu(OBzl) -OResin) were prepared by stepwise synthesis from the carboxyl-terminal
amino acid resin, employing preformed symmetrical anhydrides11 of the suitably
protected amino acids. Deprotection of the a-amino protected intermediates on the
resin was accomplished with 50% trifluoroacetic acid in methylene chloride, with
neutralization on the resulting salt by 10% triethylamine in methylene chloride to
give the free amino group. Completeness of coupling was monitored by the ninhydrin
color test procedure of Kaiser et aZ..12 All the amino acids were of the L config
uration.

As from the Table, three times catalytic hydrogenations are usually enough to
obtain the product in satisfactory yields; the fourth hydrogenation produced only
a marginal increase in the yield of reactions.

Although literature reports13'2b’2d on inibition of catalytic transfer hydroge
nation by sulfur-containing amino acids are conflicting, it was possible to cleave

Boc-methionine from the solid support; nevertheless lower yields were obtained
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comparison with other amino acids and peptides.
The present results thus provide an efficient and convenient method for the

final cleavage of peptide to Sparrow resin bond during solid phase peptide synthe
sis, which requires neither an acid-labile peptide to resin linkage (e.g., p-alko
xybenzyl alcohol resin14) nor the use of photo-labile anchorages (e.g., o-nitro

benzyl alcohol modified supports) to enable improved synthesis to be accomplished
under mild reaction conditions. Further work to maximize the yields and to apply

this method to the synthesis of natural peptides is underway.
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