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ABSTRACT

New deprotection conditions for the Dde amine protecting group that are fully orthogonal to Fmoc are described and successfully applied to
the dual synthesis of PNA−peptide conjugates.

Over the past decade, a DNA mimic known as Peptide
Nucleic Acid (PNA) has been developed, which hybridizes
to complementary DNA or RNA sequences with higher
affinity than its oligonucleotide counterpart.1,2 This, together
with its stability and ease of synthesis and manipulation, has
turned PNA into a major tool in the biomolecular and
biotechnology fields.3 PNA is seen as a promising tool for
gene therapy in antisense or antigene applications.4 However,
cellular uptake has been one of the main pitfalls and has
given rise to a number of PNA conjugates in attempts to try
to improve cellular permeability.5

In the context of our research program, a highly flexible
strategy for the synthesis of branched PNA-peptide conju-
gates was required. To use commercially available Fmoc-
protected amino acid monomers carrying acid-labile pro-
tecting groups, PNA monomers with an N-terminal protecting

group completely orthogonal to Fmoc were required. The
use of the palladium-labile allyloxycarbonyl (Aloc) group
gave unsatisfactory results with poor repetitive yields,
severely restricting the length of PNA that could be made.
Our attention was attracted to the 1-(4,4-dimethyl-2,6-
dioxacyclohexylidene)ethyl (Dde) group.6 Dde has been used
as a protecting group for primary amines in solid-phase
chemistry and classically is cleaved under nucleophilic
conditions using 2% v/v hydrazine in DMF.6 Dde is stable
under Fmoc and Boc deprotection conditions; unfortunately,
Fmoc is readily deprotected with 2% v/v hydrazine in DMF,
therefore limiting the potential of a dual Dde/Fmoc protecting
group strategy.

The aim of this study was to develop novel Dde depro-
tection conditions that were completely orthogonal to Fmoc
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and apply these to the synthesis of branched PNA-peptide
conjugates. We reasoned that this should be possible given
the different mechanisms of deprotection for both protecting
groups. While Fmoc is cleaved by basic elimination, Dde is
cleaved by nucleophiles (trans enamination).6,7 A set of new
deprotection conditions and reagents were evaluated using
Fmoc-Lys(Dde)-Rink-PS resin (1) as a simple model com-
pound. Following deprotection, amino groups were coupled
with Fmoc-Gly-OH as an analytical tag. After cleavage from
the resin with TFA/CH2Cl2/TIS (90/5/5), the crude product
was analyzed by RP-HPLC. As expected, the use of
hydrazine led to both Fmoc and Dde deprotection (after 1
min of hydrazine treatment, products2-5 were detected,
Scheme 1). Alternative bivalent nucleophiles with reduced

basicity were investigated. Unfortunately, most of them (1,2-
ethanedithiol, 2-mercaptoethanol, guanidine, 4-hydrazinoben-
zoic acid, diaminomaleonitrile,o-phenylenediamine) did not
deprotect Dde.

Attention was then turned toward screening mixtures of
NH2OH‚HCl along with different bases (N,N-diisopropyl-
ethylamine, pyridine, imidazole) using a range of solvents
(CH2Cl2, N,N-dimethylformamide (DMF),N-methyl-2-pyr-
rolidone (NMP)).

The best results in terms of reactivity and selectivity were
achieved using a mixture of NH2OH‚HCl/imidazole in NMP/
CH2Cl2.8 After 3 h, the Dde group was cleaved cleanly while
the Fmoc group was completely stable, yielding4 as the only
compound with a quantitative yield. The applicability of these
deprotection conditions to other types of resins (PEGA and
TentaGel (TG)) was then explored. The selectivity was
excellent, while the deprotection proved to be markedly faster
on PEGA resin (1 h in NMP/DMF) than on TentaGel (3 h
in NMP/CH2Cl2).

The applicability of these new deprotection conditions to
the synthesis of a branched PNA-peptide conjugate was then

verified. For this purpose, novel PNA monomers7-10with
Dde as an N-terminal protecting group and 4-methoxytrityl
(Mmt) as an acid-labile nucleobase protecting group (for
thymine, no protecting group was needed) were synthesized
in good overall yields starting from the known amine6
(Scheme 2).9,10

The synthesis of the conjugates was carried out on PEGA,
PS, and TG resins on the Rink linker using the new Dde
deprotection conditions and traditional Fmoc chemistry in a
stepwise manner. The new conditions were also compatible
with acid-labile (Mmt) and palladium-labile groups (Aloc).12

Of particular interest was the perfect stability of the PNA
nucleobases toward our deprotection conditions, as hydroxy-
lamine has been used to extensively modify nucleobases in
DNA chemistry.13

Although all the resins gave good results, PEGA displayed
the fastest cleavage kinetics and therefore was particularly
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Scheme 1a

a Reagents: (i) deprotection mixture; (ii) Fmoc-Gly-OH, HOBt/
DIC, DMF; (iii) TFA/CH2Cl2/TIS (90/5/5).

Scheme 2.11 Synthesis of Dde-Protected PNA Monomersa

a Reagents: (i) DdeOH, DIPEA, CH2Cl2/MeOH, 15 h, 71%; (ii)
CMmtCH2COOH, AMmtCH2COOH, or GMmtCH2COOH, PyBrOP,
NEt(iPr)2, DMF, 15 h (7-9); (iii) T-CH2COOH, DCC, HOBt,
NMM, DMF, 15 h (10); (iv) 1 M Cs2CO3 MeOH/H2O 1/1, 90 min,
overall yields from6: 25% (7), 75% (8), 45% (9), 37% (10).bNB
) nucleobases.
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suited for the synthesis of longer sequences of PNA, as
demonstrated by the synthesis of longer conjugates14 and
15 (12-mers). The quality of the method was confirmed by
the high purity of the crude compounds, which were analyzed
by HPLC and MALDI-TOF (Figure 1). Conjugates11-15
were obtained with purities equating to over 99% per
chemical step (Scheme 3). The overall yields of isolated
compounds varied between 50 and 67%.

In conclusion, we have shown that hydroxylamine is the
reagent of choice for mild and orthogonal deprotection of
the Dde group. This was demonstrated by a highly flexible
synthesis of PNA-peptide conjugates. Our new conditions
are milder than hydrazine and compatible with a larger
number of functional groups and solid supports and should
therefore greatly extend the scope of the Dde group to other

fields of organic chemistry. Furthermore we have demon-
strated that Dde can be employed as an N-terminal groupfor
PNA synthesis. To the best of our knowledge, this is also
the first report of the synthesis of PNA on PEGA resin.
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Figure 1. (a) HPLC trace and acetonitrile gradient (0% for 5 min;
from 0 to 25% over 40 min and then to 90% over 1 min, 90% for
4 min. (b) MALDI-TOF MS of crude conjugate15.

Scheme 3.11 PNA Conjugate Synthesisa

a Reagents: (i) NH2OH‚HCl/imidazole;8 (ii) Dde-PNA-OH (5.5
equiv), PyBop (5 equiv), NEM (11 equiv) in DMF (0.1 M), 3 h;
(iii) 20% piperidine in DMF; (iv) Fmoc-aa-OH (5.5 equiv), PyBop
(5 equiv), DIPEA (11 equiv), HOBt (5.5 equiv) in DMF (0.1 M),
3 h; (v) Repeat steps i-iv. (vi) TFA/TIS/CH2Cl2 (90/5/5).
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