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ABSTRACT

A fluorinated OPA monomer containing the base thymine ((Z)-t-F-OPA) was synthesized in 12 steps, featuring a highly selective allylic over
homoallylic Mitsunobu substitution for the introduction of the nucleobase. F-OPA modified PNA decamers were prepared by the MMTr/acyl
protection strategy. The thermal stability of duplexes of PNA decamers containing (Z)-t-F-OPA units with antiparallel complementary DNA was
measured. We found a strong dependence of stability from the sequential position of the (Z)-t-F-OPA units, ranging from ATy, of +2.4 to —-8.1
°C/modification relative to unmodified PNA.

The peptide nucleic acid (PNA) is a DNA analogue entirely PNA/RNA and PNA/PNA complexes, whereas both rota-
based on an achiral polyamide backbdneNA readily meric forms coexist in the free monomer. Furthermore, in
undergoes sequence-specific Watson—Crick base-pairingthe crystal structures of a 50% N-methylated PNA hexdmer
with complementary DNA and RNAThe relatively high and of a hexameric PNA containing the 1,8-naphthyridin-
binding affinity of PNA toward natural oligonucleotides is 2(1H)-one basé the same situation was encountered, reveal-
attributed to the lack of electrostatic repulsion between the ing that structural alterations in the base and in the inter-
uncharged PNA backbone and the negatively charged-sugar residue amide bond have no influence on the orientation of
phosphate backbone of DNA and RNA. the linker-carbonyl unit.

An interesting structural feature of PNA is the central  To structurally constrain the base-linker unit in PNA and
amide linker, connecting the nucleobases with the amide to explore its electrostatic contribution to complementary
backbone (Figure 1). The carbonyl oxygen of these units DNA binding, we recently designed and investigated the
uniformly points toward the carboxy termini in PNA/DN&, olefinic peptide nucleic acids (OPA), built from units &f
and 3191 (Figure 1).
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s the base thymine, its incorporation into PNA via the MMTt/

acyl protecting group strategy, and first pairing experiments

Base Base with complementary antiparallel DNA.
o) 0 0 o We started the synthesis of the tetrasubstituted olefin with
HO)J\/N\/\NH HOJ\/N\/\NH the commercially available 3-hydroxy glutargieand fol-
2 2

lowed a Wittig strategy for the introduction of the vinylic

P';'A fluorine. Desymmetrization of the double bond was con-
trolled via lactone formation (Scheme 1).
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Figure 1. Two rotameric forms of the PNA monomers (top) and E e £
chemical structures of theej- and (Z2)-OPA monomers (center) | OFt - l 0]
and of the F-OPA monomer (bottom). MMTtO OMMTr RO
9 10

So far, we have investigated fully modified OPA-0ligo-  aReagents and conditions: (a) LIAIHTHF, rt, 4 h; (b)
amides containing the bases adenine and thymine. We foundvMTrCI, DMAP, pyridine, rt, 8 h; (c) IBX, DMF, rt, 3 h; (d)
that (E)-OPA forms preferentially parallel duplexes with n-BuLi, (EtORP(O)CHFCQEt, THF,—78°C, 1.5 h, ther8, THF,
DNA of markedly lower affinity compared to unmodified ~78°C =t 5 h; (€) BCh, CHCl, 1t, 2 h.

PNA. Furthermore, oligothymine-OPA was unable to form
triplexes with DNA. Thus, it became clear that the amide
function in the base-linker unit in PNA significantly deter- ~ Reduction of5 with LiAIH 4 yielded triol 6 (65%), which
mines affinity and strand orientation in PNA/DNA duplexes. was then bis-MMTr protected (82%). Oxidation of alcohol
We reasoned that the differences in the recognition properties? under mild conditions afforded keto®(79%) which was
of OPA are mainly related not to conformational differences subsequently converted to thefluoroester9 by means of
relative to PNA but rather to changes in the H-bonding a Wittig-Wadsworth-Emmon$ reaction in 67% yield.
capacity, electrostatic properties, or solvation. p-Elimination of the MMTrO moieties as a side reaction

Consequently, the intriguing question arose as to what during olefination was observed but could be controlled.
extent the dipole moment of the linker-carbonyl group in  To chemically differentiate between the two alcohol
PNA influences its binding properties. The OPA scaffold is moieties, este® was converted to intermediat® by means

ideally suited to address this question. Since-eFond is of a deprotectiorrlactonization step mediated by BGh
structurally and electrostatically a decent mimic of @ 77% yield!®

bond without hydrogen bonding capaéityand was often LactonelOwas then TBDMS protected (99%) and reduced
used in that respe¢t,we decided to synthesize and inves- 4 §io| 12 (949%) under Luche conditions with NaBiCeCl
tigate the pairing properties of th&)tF-OPA system4 in methanol (Scheme 2§.In our plan, we had hoped to be
(please note that the (Z)-F-OPA system has the sameypie 1o chemically differentiate between the two primary
geometric configuration as thExOPA series). Introduction v qroxyi functions in12, reasoning that the allylic nature
of the fluorine qtom at the V|nyI|c position thus mimicks the ¢ e of the two leads to an advantage in reactivity during
geometry and in part the dipole moment of the carbonyl g nssitution. Indeed, introduction of thé-benzoyl-protected

group in bound PNA. . _ . __thyminé” under Mitsunobu conditions led to a rewarding
Herein, we report on a highly stereoselective synthesis of 754 yielq of13. No isomeric substitution product could be
the novel fluorinated4)-F-OPA building blockl7 containing isolated (Scheme 2).
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synthesis developed earli& A CPG support, carrying a

sequence? (caled)  (found)®  (°C)°

18 Lys-TTTTAATATA-Gly-NH,  2900.9  2900.1 33.2
19 Lys-TTTTAAtFATA-Gly-NH, 2883.9  2883.3 36.7
20 Lys-TTTTAAt?ATA-Gly-NH, 28839  2883.3 28.0
21  Lys-TTTTAAtFATA-Gly-NH, 2901.9  2901.3 35.6
22 Lys-TTTtEAATATA-Gly-NH, 28839  2883.2 30.0

F
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| 0
23 Lys-TTTtFAATATA-Gly-NH, 2901.9 2901.6 27.0
HO s Ns HO Ns 24  Lys-TTtETAATATA-Gly-NH, 2883.9 28832 28.1
25 Lys-TTFTAATATA-Gly-NH, 2901.9 2901.6 25.1
0
\(KNH
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F

Scheme 2 glycine ester unit as thg gnchoring poinF was used asa solid
o oH phasé'! and the N-termini of the oligoamides were equipped
e with lysine units in order to enhance water solubility and
Ajiio _b /\L . ease purification. The oligomers were isolated by reversed-
RO TBDMSO OH phase HPLC using typical procedures for PNA purification.
al:m, R=H 12 The composition of the purified oligomers was confirmed
11, R=TBDMS by ESI*-TOF mass spectrometry as shown in Table 1. The
o) (o]
P
N™ 0 d N R Table 1. Mass Spectrometric anti, Data from UV-Melting
F — — Curves of PNA Sequences Containirig)-{-OPA, (Z)-t-OPA, or
| [ (2)-t-F-OPA Units with Complementary DNA
TBDMSO OH TBDMSO N3
13 14 m/z m/z Tm
o]
I
N hii
I
16

atZ = (2)-t-OPA, € = (E)-t-OPA, and t = (2)-t-F-OPA.P ESI*-MS.
¢ T, data are from UV-melting curves (260 nm) au# duplex concen-
tration in 100 mM NacCl, 10 mM N&dPOy, pH 7.0; with antiparallel DNA
complement d(TATATTAAAA).

o]
HO | NHMMTr coupling yields for the OPA andj-t-F-OPA building blocks
17 were in the range of 90—95%, as measured by the trityl
assay.
aReagents and conditions: (a) TBDMSCI, imidazole, DMF, rt, ~ The oligomers were hybridized with the corresponding
12 h; (b) NaBH, CeCk-7H,0, methanol, GC—rt, 4.5 h; (c)N3- antiparallel DNA complement, and the thermal stability of
benzoyl thymine, PRADIAD, THF, rt, 12 h; (d) LiNs, CBry, PPh, the duplexes was examined by UV-melting curve analysis.

DMF, 0 °C—rt, 12 h; (e) TBAF, THF, rt, 5 h; (f) Dess—Martin

periodinane, ChCly, 1, 2 h: (g) NaCIQ, NaH,PQy, 2-methyl-2- R_epresentatlve melting curves (260 nm) are_repr_oduced in
buteneBUOH, rt, 12 h; (h) PP} pyridine, concentrated Nirt, Figure 2. The correspondirig, data are summarized in Table
3 h; (i) MMTCI, pyridine, rt, 12 h. 1

PNA oligomer21, containing the4)-t-F-OPA unit in a
central position of the sequence, showed a stabilization of

Azidation of13, again by Mitsunobu reactidf provided the duplex (AT, = +2.4 °C) compared to the unmodified

14in excellent yield (92%). ThaB-benzoyl protecting group ~ PNA oligomer18. Introduction of an&)-OPA unit at the

of the nucleobase neatly departed under these conditionssame location in the sequende) also led to a stabilization

TBDMS deprotection to alcohdl5 (75%) was followed by~ (ATm = +3.5 °C), while a ¢)-OPA unit (20) strongly

a two-step oxidation of the hydroxy function. In the first destabilized the duplex, due to the structural mismatch

step,15 was oxidized to the corresponding aldehyde using Imposed by the (Z)-configuration of the double bond.

the Dess—Martin periodinane and was subsequently further A marked sequence dependence that had already been

oxidized with sodium chlorite itBuOH, with 2-methyl-2- ~ 0bserved previousl¥, but to a lesser extent, appeared upon

butene as a Clscavenge® to the acid16 (68% for the |ntrodu0|_ng E)-_t-OPA units in various locations of the strgnd.

two steps). Conversion of the azide to the amine under Indeed,_lnsem_on of arf)-t-OPA H_”'t k_)etween wo aden!ne

Staudinger conditions, followed by MMTr protection, af- PNA units, as inl9, leads to stabilization, whereas position-

forded the monomer building block7 in 35% yield (two ing of a (E)-t-OPA between two thymine PNA units, as in
steps) g °Y ( 24, leads to a significant decrease in the(AT, = —5.1

. . . _ °C). Positioning between an adenine and a thymine PNA
PNA oligoamides containing th&)-t-F-OPA unit and the

. \ ‘ unit, as in22, leads to an intermedialg, (AT, = —3.2°C
corresponding (Z)- or (E)-OPA units for comparison were compared td.8). Substitution by (2)-t-F-OPA, as BL, 23,

synthesized according to the MMTr/acyl solid-phase peptide 5425 essentially follows the same stability pattern as in

(18) Yamamoto, |.; Sekine, M.; Hata, J. Chem. Soc., Perkin Trans. 1 (19) Will, D. W.; Breipohl, G.; Langner, D.; Knolle, J.; Uhlmann, E.
1978,1, 306—310. Tetrahedron1995,51, 12069—12082.
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s In conclusion, we have synthesized a novel, fluorinated
olefinic peptide nucleic acid monomer)tt-F-OPA in 12
steps, the key steps being a lactonization as a stereodiffer-
entiating step in the elaboration of the double bond and a
highly selective Mitsunobu substitution of an allylic over a
homoallylic hydroxy function by the thymine base. Incor-
poration of (Z)-t-F-OPA into PNA was achieved by the
MMTr/acyl strategy. It was found that duplex stability
strongly depends on the position of the modification within
the strand. The reason for this is still unknown, but might
likely be caused by the differential stacking interactions or
solvation properties of the OPA units relative to those of
PNA. Dipole effects of the base-linker unit could be
excluded.

With the synthetic access to F-OPA accomplished, it will
Figure 2. UV-melting curves (260 nm) of duplexes of oligoamides now certalinly be _Of |nteres.t to |nvest|g.a.te the purg F'OPA
21, 23, and25 with the corresponding antiparallel oligodeoxy- System. Differential analysis of the pairing properties with
nucleotide d(TATATTAAAA). Experimental conditions were the PNA and OPA will shed light on dipolar vs solvation or
same as those in Table 1. H-bonding effects of the respective structural elements on
duplex stability and will thus advance our understanding of

fundamental aspects of supramolecular folding and as-
the case of theH)-t-OPA units, but with more pronounced = sembly2°

sequence-stability effects. Here the differenceg,jrelative
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