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Abstract: Protection of the imidazole ring of the histidine residue is not required for the elongation of
an oligonucieotide chain at the side chain hydroxyi group of an amino acid residue by the phosphite
triester approach. For the assembly of the peptide chain, the 2.4-dinitrophenyl group is the best
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alternative when histidine is placed at the C-terminal position. © 1998 Elsevier Science Ltd. All rights reserved.

Peptide-oligonucleotide conjugates are usually synthesized for use in structural studies or as potential
therapeutic agents. The ability of imidazole rings to complex metal ions and cleave nucleic acid chains makes
histidine-containing conjugates particularly interesting, since they may be designed to behave as artificial
nucleases'™. We wish to report on our results on the synthesis of phosphodiester-linked peptide-oligonucleotide
hybrids (nucleopeptides) with a histidine residue at different positions of the peptide chain, in particular
nucleopeptides Ac-Gly-Ala-Hse(p' dACTAGT)-His-Val-OH and Phac-Hse(p® dG)-His-OH".

Peptide-oligonucleotide hybrids can be obtained using different approaches. The structural integrity of the
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analytical methods may faii to discriminate between hybrid molecuies differing only in the type of peptide-
oligonucleotide covalent linkage. Consequently, linking the two components while all the other functional
groups are protected seems the safest alternative to prepare conjugates of unequivocally defined structure. In the
stepwise solid-phasc methodology developed in our laboratory for the synthesis of nucleopeptides™, the

oligonucleotide is elongated at the free hydroxyl group of a protected peptide-resin. Boc and DMT groups are

The imidazole ring must be protected during the coupling of the histidine residue, since carboxyl activation
AF et Ao T e baatad T ; H ity 9.10 .
of imidazole-unprotected histidine derivatives causes extensive racemization at the a-carbon™". It has also been

reported that the quality of synthetic peptides is higher if the histidine residue rcmains protected throughout their
assembly''. Among the commerciaily avaiiable N°-Boc histidine derivatives, only those with the imidazole ring
protected with 2.4-dinitrophenyl or tosyl groups are compatible with our synthesis scheme. Both protecting
groups were shown to be stable to all the reagents necessary for the assembly of the hybrid molecule, with the
known exception of HOBt which eliminates the tosyl group'’.

Homoserine was chosen as the linking amino acid in the two target nucleopeptides in order to circumvent
problems associated with the lability of phosphodiester linkages between nucleosides and the natural

proteinogenic amino acids'’. Homoserine derivatives are obtained as salts'’ that can only be coupled in the
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presence of a proton donor such as HOBt'". Since in the two target nucleopeptides the histidine residue is
incorporated onto the resin before homoserine, a DCC/HOBt-mediated coupling of the homoserine moiety would
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only leave unaltered a 2,4-dinitrophenyl-protected histidine. We have found that tetrazole is a suitable alternative
to HOBt, since the stability of tosyl-protected histidine derivatives to tetrazole allows this reagent to be used both
in the homoserine coupling and in the oligonucleotide elongation without significant removal of the tosyl group
(25% elimination by a 0.7 M tetrazole solution in anhydrous THF, 24 h). Efficient coupling of the homoserine
residue was consequently carried out under standard conditions substituting tetrazole for HOBt.

The lability of both tosyl and dinitrophenyl protecting groups to the reaction conditions commonly used for

the final deprotection of nucleopeptides was also checked. The tosyl group was shown (TLC) to be
. . . . o s
quantitatively eliminated by a 0.05 M TBAF solution in anhydrous THF in 30 min, and after 17 hat 55°C with a

1:1 conc. aq. ammonia/dioxane treatment.
aliquots of Ac-Gly-Ala-Hse-His(Dnp)-Val-OPAM-resin (PAM=phenylaoeta1mdomethyl) with either 0.05 M
TBAF in anhydrous THF, conc. aq. NH,/dioxane 1:1 at room temperature or at 55 °C, or 2 M Ph-SH in
dimethylformamide'®. After a certain reaction time the peptide-resin bond was cleaved with HF (1 h, 0 °C).
HPLC analysis" of the crudes showed that the Dnp group was quantitatively removed by TBAF in 30 min and,
with the 1:1 conc. aq. ammonia/dioxane solution, either after a 17 h treatment at room temperature or after 6 h at
55 °C. It is also worth noticing that the cleanest peptide crude was obtained when the ammonia solution was
, and the most complex crude when the standard thiophenol deprotection
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assembied on a hydroxyi-functionalized solid matrix™ following essentiaily the same steps. The syn
largest onc (Ac-Gly-AJa—Hse(p' 'dACTAGT)-His-Val-OH) is summarized in Figure 1.

Attachment of the histidine residue to the solid support is the key step in the synthesis of Phac-Hse(p” dG)-
His-OH. This reaction can be carried out, with a minimum risk of racemization, by carbodiimide activation in the
presence of HOBt'". Since the tosyl group would be removed under these conditions, the 2,4-dinitrophenyl
group was chosen for the protection of the C-terminal histidine residue. After histidine incorporation, unreacted

hydroxyl groups were acetylated, the Boc group was removed and Phac-Hse(DMT)-O" HNEt," was coupled in

U

the presence of diisopropylcarbodiimide and HOBt. The 2’-deoxyguanosine derivative (iPr,N(CNEO)P-5’-O-
Dmf 7> 13 : ; - : .
dG"™-3"-0-DMT)" was incorporated after the acid treatment that removed the side chain homoserine protecting

group. Crude nucleopeptide Phac-Hse(p® dG)-His-OH was obtained after elimination of the 3’-DMT group,
imidazole and phosphate deprotection with a 30 min TBAF treatment and nuclcobase deproiection with a 1:1
conc. aq. ammonia/dioxane mixture at room temperature (6 h). The product was purified by reversed-phase
MPLC'®'® and its identity was confirmed by mass spectrometry”

In order to elucidate whether imidazole protection is necessary or not during oligonucleotide elongation, in
the synthesis of nucleopeptide Ac-Gly-Ala-Hse(p*dACTAGT)-His-Val-OH (Figure 1) we prepared three
partially protected peptides, Ac—Gly—Alaste—His(X)—Val-NPE—Leu—resin, in which X=Dnp, Tos, or H,
respectively. Instead of HOBL, tetrazole was used as the proton donor in the carbodiimide-mediated coupling of

stated. An aliquot o
oligonucieotide chain was assembled on the three peptide-resins using 5’-DM
derivatives (T, dA®, dC® and dG™"), and the 5’-terminal DMT group was removed.

The three nucleopeptide-resins were treated with TBAF (30 min) and conc.aq. ammonia/dioxane 1:1 at 55
°C (overnight) to give crude Ac-Gly-Ala-Hse(p*dACTAGT)-His-Val-OH*. The product was purified by
reversed-phase MPLC'®", and characterized from amino acid and nucleoside composition and mass
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spectrometric analysis®’. The comparison of the HPLC traces of crude nucleopeptides obtained from the three
peptide-resins shows that the product obtained from Ac-Gly-Ala-Hse-His-Val-resin is the purest (Figure 1), so
we conclude that protection of the imidazole ring is not required for the oligonucleotide elongation
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A X=Tos X=Dnp X=H

Figure 1. Synthesis of Ac-Gly-Ala-Hse(p®dACTAGT)-His-Val-OH and C-18 HPLC traces of crude
nucleopeptides obtained from the three peptide-resins.

In summary, to minimize the risk of racemization during histidine coupling, the dinitrophenyl protecting
group is the best option for the stepwise solid-phase preparation of peptide-oligonucleotide conjugates with a C-
terminal histidine. When the histidine residue is placed at other positions of the peptide sequence, the imidazole
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ring can be kept protected throughout the nucleopeptide assembly, using either the tosyl or the more stable 2,4-

dinitrophenyl group, but the best alternative seems to be to assemble the peptide using a tosyl-protected histidine

derivative and to remove the imidazole protecting group prior to oligonucleotide elongation.
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. HF Treatment of Ac-Gly-Ala-Hse-His(Dnp)-Val-OPAM-resin afforded a sample of Ac-Gly-Ala-Hse-
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His(Dnn)-Val-OH. The sample of Ac-Glv-Ala-Hse-His-Val-OH was obtained after HF acid
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Gly-Ala-Hse-His(Tos)-Val-OPAM-resin.
Fmoc-leucine was first anchored to an amino-functionalized solid support (p«methylbcnzhydrylamme resm)
to yield an amino acid-resin with a substitution degree suitable for the oligonucieotide elongation, and
unreacted amino groups were acetylated. A piperidine treatment eliminated the Fmoc group, and (‘nnnhn;! of
3-nitro-4-(2- hydroxyethy])benzmc acid afforded the resin onto which the nucleopeptldes were assembled.
Grandas, A.; Jorba, X.; Giralt, E.; Pedroso, E. Int. J. Peptide Protein Res. 1989, 33, 386-390.

C-18 MPLC punhcatlon condmons solvent A, 005 M H‘lethy]dIIHIIOl'IUIm acetate; solvent B,
acetonitrile/H,0 1:1. Phac-Hse(p’ dG)-His-OH: gradient from 5 to 20% of B; Ac-Gly-Ala-
Hse(p” dACTAGT)- His-Val-OH: gradlent from 5 to 25% of B.

A coloured orgamc 1mpur1ty with the typical Dnp UV absorption may be found in the nucleopeptide crude,
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Electrospray-MS (negative mode): m/z 702.3, [M-HT, calculated mass for C,;H;,N,O,,P: 703.61.

In the case of nucleopeptide-resin with X=Tos, previous removal of the tosyl group by reaction with HOBt
afforded a slightly cleaner crude.
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Hse 0.14, Gly 149, Ala 1.13, Val 091, His 0.95;

nucleoside composition after digestion with snake venom phosphod;a;t,er‘:«,l‘s‘; anddalkah;e ;ﬁés,pl;z;;se\;- dC
0.94, dG 1.06, T 1.99, dA 0.92. Electrospray-MS (negative mode): m/z 493.5 [M-4H]*, 792.2 [M-3H},
1188.1 [M-2H]”; experimental mass: 2378.6310.70; calculated mass for CgH,(,,2N,,0,, P 2378.76.

In addition. we r'qrru:d out a comnlete nucleoside incornoration cvcle on either Rnr-VnI-rf-mn or Boc-His-
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Val-resin, and the same amount of DMT", virtually nil, was found in both cases (approx. 1%, probably due
to some nucleoside adsorption on the polystyrene solid support).



