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Abstract: Boc/Z-protected PNA oligomers were synthesised on solid phase. The use of the allylic HYCRON
resin allowed for the application of both Boc- and Fmoc-protecting groups. Highest yields were obtained when
the monomeric building block was synthesised on solid phase rather than loaded as preformed unit. The selective
attachment of fluorescent labels at the C-terminal (3’) end demonstrated for the first time that further
manipulations on protected PNA fragments are feasible. © 1999 Published by Elsevier Science Ltd. All rights reserved.

Peptide nucleic acid (PNA) is a DNA analogue, in which the entire sugar-phosphate backbone is replaced by a
pseudopeptide backbone.' In spite of this substantial alteration of the backbone, PNA binds with remarkably high
affinity and specificity to complementary DNA and RNA sequences. Moreover, PNA exhibits an increased sta-
bility against chemical and enzymatical degradation reactions. These properties make PNA an interesting tool for
gene targeting applications and inspire considerable research efforts on the development of ever new classes of
oligoamide-based antisense compounds. However, the synthesis of PNA and PNA conjugates is still not as
efficient as DNA synthesis. As part of our research on new assays for DNA diagnostics, we were in need of C-
terminally labelled PNA conjugates. Labelling of PNA is routinely carried out at the N-terminal amino group
(5').2 Although 3-labelled oligonucleotides are used in gene diagnostics’, the corresponding postsynthetic
tagging of the C-terminus of PNA has not been described. Routine protocols of solid phase synthesis afford
unprotected PNA. In presence of the exocyclic amino groups of the nucleobases, selective reactions on the C-
terminal carboxyl group are difficult to achieve.’ In this comunication it is demonstrated for the first time, that
protected PNA-oligomers allow for the selective attachment of reporter groups to the C-terminal carboxyl group
(3’ in DNA), thus making a variety of PNA-conjugates accessible.’

The linker-group between the polymeric support and the growing chain of the biooligomer plays a decisive
role in the solid phase synthesis of protected oligomers. An excellent choice would be a linker of the allyl-type
such as the HYCRON linker (Scheme 1).° This linker group provides orthogonal stability in combination with the
commonly used protecting groups. Recently, a strategy was published, in which Boc/Z-protected PNA
monomers were synthesised on the solid phase.” However, the disulfide linker used did not provide a sufficient
stability for the synthesis of a full lenght oligomer. Herein, both the on-resin synthesis of a PNA-monomer and
the subsequent extension to a protected oligomer is reported.

For the loading of the HYCRON resin 1°® with the starting PNA-building block, the acetyl group was
saponified before esterification of the liberated allylic alcohol (Scheme 1). The subsequent solid phase synthesis
was performed according to the Boc/Z-strategy. ® The Pd(0)-catalysed cleavage of the allylic ester liberated the
protected PNA conjugate 2, which was obtained in 36% overall yield after chromatographic purification.
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Analogous esterification with Boc-protected glycine and subsequent solid phase synthesis yielded the protected
PNA conjugate 3 in 35% overall yield. The overall yields obtained are based on the original loading of polymeric
support 1 with acetyl groups, as determined by NMR quantification of the acetyl groups of the in-situ hydrolysed

resin.
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Scheme 1: a) IN NaOH/dioxane (1:3); b) Boc-X-OH, DIC, DMAP, ¢) i TFA/m-cresol (95:5); i Boc-B“-COOH, HBTU, DIPEA,
Pyr; iii Ac,OfPyr; iiii repeat i-iii); d) [Pd(PPh;),], morpholine, DMSO, DMF (DIC= N,N’-diisopropylcarbodiimide, DIPEA= ethyi-
diisopropylamine, HBTU= O-(benzotriazole-1-y1)-N,N,N ', N'-tetramethy luronium-hexafluorophosphate, PS= polystyrene).

The esterification of the polymerbound alcohol appeared to be inappropriate to achieve quantitative loading
levels and hence resulted in low overall yields. Higher loading can be obtained by acylating the polymerbound
amines with preformed conjugates of the starting monomer and the HYCRON anchor. The synthesis of a
HYCRON-conjugate such as the cytosine-HYCRON-conjugate 6a was performed by reacting cytosine monomer
4a with the allylic bromide § followed by the reductive removal of the phenacyl ester (Scheme 2). Analogous
treatment of Boc-protected glycine 4b yielded the Boc-Gly-HYCRON derivative 6b.
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Scheme 2: a) sat. NaHCO,, Bu,NBr, CH,Cl,; b) Zn, AcOH.

To assemble the protected PNA-conjugates 3 and 7 on a solid support, the HYCRON-conjugates 6 were
coupled to aminomethyl-polystyrene (Scheme 3). The subsequent solid phase synthesis was performed as
described. The liberation of the protected oligomers was accomplished by the Pd(0)-catalysed allyl transfer to
morpholine. After the chromatographic purification the protected PNA-conjugate 3 and 7 were obtained in 60%
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and 67% overall yield, respectively. This yield is based on the initial load of the resin with reactive amino groups
and therefore illustrates the efficiency of this strategy.
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Scheme 3: a) aminomethyl polystyrene, HBTU, DIPEA, HOBt, DMF; b) Ac,0, Pyr; ¢) Boc/Z-PNA-solid phase synthesis; d)
[Pd(PPh,),], morpholine, DMSO, DMF.

The strategy outlined above gives rise to high overall yields but for the PNA-synthesis of a general
applicability a set of at least four PNA-monomer-HYCRON conjugates would be required. More convenient is
the use of a common precursor, which would allow for the loading of all nucleobases. Starting from Boc/Fmoc-
protected aminoethylglycine®, the HYCRON-linked precursor 8 was synthesised according to the method shown
in Scheme 2 and attached to the resin (Scheme 4). Treatment with DMF/morpholine liberated the secondary amino
group, which subsequently was subjected to a coupling reaction with the carboxymethylguanine 10. In addition,
the supported guanosine 11 formed was utilised to assemble the oligomer 12 according to the Boc/Z-strategy.
For the final cleavage, the resin was treated with the Pd(0)-catalyst and morpholine. The chromatographic
purification furnished the protected oligomer 12 in 71% overall yield based on the initial loading of 9 with Fmoc-
groups. In the corresponding solution synthesis of the Boc/Z-protected guanosine'®  70-80% yields was
achieved, which illustrates the efficiency of both the on-resin-synthesis of the monomeric PNA-building block
and the subsequent solid phase synthesis. It has to emphasised, that by simply changing the positions of the Boc-
and the Fmoc-group of 8 the synthesis of Fmoc/Bhoc-protected monomers'' would be feasible.
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Scheme 4: a) HBTU, DIPEA, HOBt, DMF; b) Ac,0, Pyr; ¢) DMF/morpholine; d) HATU, DIPEA, DMF; e) Boc/Z-PNA-solid
phase synthesis; f) {Pd(PPh,),}, morpholine, DMSO, DMF (HATU= = O-(1-oxy-7-azabenzotriazole-1-y)}-NN.N'.N "-tetramethyl-
uronium hexafluorophosphate).
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The palladium-(0)-catalysed cleavage reaction furnishes protected oligomers suitable for further selective
manipulations on the C-terminal ends. To demonstrate, that protected PNA-oligomers can serve as acyl donor in
peptide couplings, we activated conjugate 7 with EDC in presence of 1-hydroxy-7-azabenzotriazole and coupled
it to fluoresceinyl- or dansylethylenediamine'’ (Scheme 5). The subsequent removal of the protecting groups
furnished the C-terminally labelled PNA-conjugates such as the dansyl conjugate 17'*. The purity and identity of

conjugates 15-17 and the previous PNA-oligomers were confirmed by RP-HPLC and FAB-MS or MALDI-TOF
analysis.
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Scheme 5: a) EDC, HOAt, DMF, CHZCIZ; b) m-cresol, MeSMe, TFA, TEMSA (1:1:10:1) (HOAt = 1-hydroxy-7-azabenzotriazole).

The use of the highly orthogonal HYCRON-linker allowed for the solid phase synthesis of protected peptide
nucleic acids (PNA). The highest overall yields were obtained by the on-resin synthesis of the first PNA-
monomer. Protected PNA-oligomers such as 7 are suitable for further functionalisation of the C-terminal
carboxyl group as demonstrated by the synthesis of the C-terminally dansyl-labelled oligomer 17.

This work was supported by the Fonds der Chemischen Industrie. O.S. is grateful for a gift of chemicals from
Boehringer Mannheim GmbH.
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