PEPTI DE NUCLEI C ACl D MONOVERS AND CLI GOVERS FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to a peptide nucleic acid, in particular a
pepti de mwolz2eiom2zs2bd nononer as well as a correspondi ngPpesiG2as/onesed ei c

aci d nol ecul e. BACKGROUND COF THE | NVENTI ON [ 0002] Peptide nucleic acid
(PNA), first reported by Nielsen et al. in 1991, is a synthetic DNA/ RNA
mmc in which the ribose-phosphodi estel backbone is typically replaced by
an N (2-am noethyl)glycinyl (aeg) am de |inkage and the nucl eobases are

i nked to the a- MERTIPEI\NICEEIC RaCIHHMENOMERSAND@LIGOMERSar bonyl

noi ety at approximately the sanme distance as in natural DNA/RNA (see Figure

| A; or Nielsen, P.E, et al. piRtiprO%rAEINVERPIONL497). This nol ecul ar
design allows PNA to recognize and hybridi ze conpl ementary DNA/ RNA t hr ough
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made up of achiral, am no acid-like nmononers, it can be easily prepared

with well-established peptide synthesis protocols w thout problens of
enantioneric inpurity. BBAGKGROUNROF THRINYENTIOMNperties, PNA has the
potential to becone a | eading agent for antigene and anti sense
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approach.” Wien attached to PNA, thesé peptides have been found effective to
del i ver natyeal PRMAGEN dsentigurg VAngr dbelsen, iPE.y gt dlouridnge (19310 258u84%9. This
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chai n bearyl dighl@ iPOBiol SHRe IR JE madealp éBadhival, aifino acid-like monomers, it can be
easily prepared with well-established peptide synthesis protocols without problems of

enantiomeric impurity. Because of these remarkable properties, PNA has the potential to

become a leading agent for antigene and antisense applications.

20 [0003] However, like many large oligomeric compounds of similar nature, PNA has poor
cell membrane permeability which has severely limited its use in biomedical research
(Koppelhus, U., & Nielsen, P. E., Advanced Drug Delivery Reviews (2003) 55, 267).
Considerable efforts have been devoted to improving PNA cellular uptake during the past
decade. Using cell-permeable peptides as PNA-delivery vectors has been a popular approach.

25  When attached to PNA, these peptides have been found effective to deliver the PNA cargo into
living cells in various in vitro studies. Alternatively, a more appealing strategy is to design
new PNA molecules with built-in cell permeability through incorporating the membrane
translocation features of cell-permeable peptides onto the PNA backbone. Many studies have
been published describing backbone-modified PNA analogues for this and other purposes.

30  Among these, introducing an amino-acid side chain bearing a positive charge, such as that of
lysine, ornithine or arginine at the a- or y- position of the aeg backbone (Fig. 1B and Fig. 1C),
results in improvement in water solubility and cellular uptake. Notably, PNA with either an L-
Arg or D-Arg side chain at the aeg o-carbon, i.e., D-Argy-PNA and L-Argy-PNA, have been
reported to have good cell permeability (Zhou, P., et al., J. Am. Chem. Soc. (2003) 125, 6878;



| ysine, ornithine or arginine at the a- or g- position of the aeg backbone
(Fig. 1B and Fig. 1C), results in inprovenent in water solubility and

cel | ul ar wptalogn273g6t abl y, PNA with either an LArg or D RCcg/Sseis/oodsasn at
the aeg ocarbon, i.e., D Arga-PNA and L-Arga-PNA, have been reported to
have good cell perneability (Zhou, P., et al., J. Am Chem Soc. (2003)
125, 6878; Dragul escu-Andrasi, A, et al2, Chem Comm (2005) 244). So far,
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peptide nucleic acid nononer. The peptide nucleic acid nononer includes a
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According to a seconc& aspect,. the i nve_,)nt i on provides a Logess of formng a

in -COOR3, -COSR3, -CONHR3 and -CONR3R#4 as well as R4 in -CONR3R# are independently

selected from the group consisting of H, and an aliphatic, alicyclic, aromatic, arylaliphatic, and

20  arylalicyclic group that includes O to about 3 heteroatoms selected from the group N, O, S, Se

and Si. X in -COX is a halogen atom. The terminal amino group is substituted by an aliphatic

moiety with a main chain of at least two carbon atoms. This main chain further has optionally

0 to about 2 heteroatoms selected from the group N, O, S, Se and Si. This main chain of the

aliphatic moiety at the terminal amino group further has a polar head group Z. In particular

25 embodiments this group Z is capable of carrying a charge in aqueous solution.

[0006] According to a second aspect, the invention provides a process of forming a

peptide nucleic acid monomer. The process includes providing a first bifunctional compound.

The first bifunctional compound is an aliphatic compound with a main chain of at least two
carbon atoms. This main chain further has optionally O to about 2 heteroatoms selected from

30 the group N, O, S, Se and Si. Each end of this main chain has a polar head group. The polar
head group on one end is an amino group. The polar head group on the other end is a group Z.

The process also includes providing a second bifunctional compound. The second bifunctional

compound is also an aliphatic compound. The process includes reacting the amino group of the
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conjunction wth non-l1mting exanples and the acconpanyi ng draw ngs.
[ 0009] Bagaupeanheadigsonnt Zcal |y i ndicates the structures of
N- (2-am noet hyl ) gl yci nyl (aeg) PNA and other PNAs. A: aegPNA, B

Ca-substituted PNA C HRIFSUBESCRIPIIORNOF FHEDRUMGINGS! ed

[0008] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying

20  drawings.

[0009] Figure 1 schematically indicates the structures of N-(2-aminoethyl)glycinyl (aeg)
PNA and other PNAs. A: aegPNA; B: C%-substituted PNA; C: CY-substituted PNA; D: NY-
substituted PNA.

[0010] Figure 2 depicts the overall strategy for the synthesis of the AP-PNA and GP-
25  PNA monomers. Examples of suitable nucleobase-containing compounds are depicted that can

be reacted with intermediate compound 1 (see Fig. 6 for further examples).

[0011] Figure 3 depicts the synthesis of acyl protected carboxymethyl nucleobases: (a)
Benzoyl chloride/pyridine; (b) Ethyl bromoacetate, NaH/DMF; (c) NaOH, H;O; (d) Isobutyryl
chloride, DIEA/DMF; (e) Ethyl bromoacetate, NapCO3/DMF.

30 [0012] Figure 4 depicts the synthesis of AP-PNA monomers: (a) (Boc);0, DCM, 0 °C;
(b) Glycidol, THF, 45 °C; (¢) Fmoc-OSu, ACN; (d)NalO4, THF/H7O; (e) H-Gly-OMe,
NaCNBH3, THF/MeOH; (f) BCH,COOH, HATU, DIEA, DMF; (g) (i) NaOH; (ii) KHSO4. B



PNA. [0010] Figure 2 depicts the overall strategy for the synthesis of the
AP- PNA and GPPNA nononers. Exanpl es of suitabl e nucl eobase-containing
conmpoundsweaneiloxdepi2ét ed t hat can be reacted with internedcase2esopasand 1
(see Fig. 6 for further exanples). [0011] Figure 3 depicts the synthesis of
acyl protected carboxynethyl nucl eobases: (a) Benzoyl chloride/pyridine;
(b) Ethyl brom)acetate NaH DMF; (c) NatH, H20, (d) Isobutyryl chI oride,

oynt hos T ORI aN ey Yot ff\j%@gggn%de%med%] AR AT
THES Ve IO TR SHawpube srheoREe 2 ‘R‘é@qu&’()itﬂ“tﬂ&i@@l‘oaw@‘eﬁ

t hym nep@y; f\#} - BRZ1] TRAOPIOM; uAth@fﬁgn(cqm@qi&m&@ H&TU, NMM, DMF (d)
uam ne. [0013] Figure 5 shows the synt héBl s of a aegP

N2- i soBut

monomer 9 E/taglr M. Byrohothyenng; &, enzgyjlcytosing NGB enzgyAadepimgy Gal
Dilute eobases, HATU, NMM DMF; (d) 95% TFA, DCM B =T,
thym5 neﬁggunﬁlzl)gg%ig%yl cytosine; A, N6-Benzoyl adenine; G N2 -

i soButyryl g@?hﬂgl t{gg%léepdgtk %{tﬁerGexCE@}ae%t futab @%gﬁ?&ﬁﬂ@ fhat gﬂf S%' b

conpounds t e used to I ntrod t enuc se i n or rma
PNA nonareduee ter miqh@bas: irherden toefoinnom PN gnon6iver 2ecotding ito 18- yllv)aqnmpml c

35, e e Rk A 35 A0, . o 2.

9-car boﬂﬁwflmywaﬁmm NE/933M07-6829 &ih H(9-farlgpx yhidthylhypoxanthine, CAS

2-am no- |, 6-di hydro-6-thi oxo- 9H purine-9-acetic acid, CAS-No 156006-84-7;
Fi gl 6EN°2 %%%Srﬁé? Elgi E?dr%mﬁmﬁx]o6‘§ Bt-p oz géleﬁqrwea‘?cmﬂcmg NGASBNE76-

77-5; Fi896008E84-3; Flrgd Bhydraanﬁommyalﬂ Q8R0- BHt,&urHescy i&ﬁb‘hmﬁ%’(}ﬁ)@ﬂb YRGS C

acid, CAS-No 84768- 4- am no- a- net hyl - 2- oxo- |

ryrimi dW}éadfégi 6Fadl, ‘&I-dlfmis) ethﬁ2479181-24131080 1@}@-p35}m1dmeacetlc acid, CAS-No
3, 4- d| | 9-
7107 e B eGE e et B R T  ARAIRER Ceig CRs Mo pITRE

am no gﬂMpanl 6Hi: §,4- &Aydﬂél-@}meﬁs',‘l -2H- (jyoxﬁ{DQHF) ]gpmrﬁlﬂlrmacdﬁlgxdeﬁ@ASrTﬁy 196819-

pr ot gct by..a s f onal ure 7 de icts th
P helim TEraiy R deuie f et PR AR o R FAua SHTpFosrL iR, GoRR N i
mol ecul 63, BigedB| RighoD, FigA6E or FI. 6Gf inay ®d prdtedte®by e@lgtdbla)ﬁunéthﬁlaaglb)ab. chain

bound to the am no portion of the am de groups in the aliphatic backbone of
t he PNA [0015] Figure 7 depicts the thermal stabilities (Tm/°C) of PNA/DNA and PNA/RNA

duplexes. The PNA molecules used in Fig. 7A to 7D differed in the length of the alkyl chain
bound to the amino portion of the amide groups in the aliphatic backbone of the PNA

20  molecule, as indicated on top of each table. In Fig. 7E selected AP- and GP-PNA molecules
(with a 6-, 5-, 4-, 3- or 2-C spacer) were used.

[0016] Figure 8 depicts circular dichroism (CD) spectra of the duplexes between aegPNA,
AP-PNA (A) or GP-PNA (B) and the anti-parallel DNA at the concentration of 6 uM. Fig. 8A:
1: aegPNA/DNA; 2: AP-PNA 6-5/DNA; 3: AP-PNA 6-4/DNA; 4: AP-PNA 6-3/DNA; 5: AP-
25 PNA 6-2/DNA; 6: AP-PNA 6-1/DNA; Fig. 8B: 1: aegPNA/DNA; 2: GP-PNA 6-5/DNA; 3:
GP-PNA 6-4/DNA; 4: GP-PNA 6-3/DNA; 5: GP-PNA 6-2/DNA; 6: GP-PNA 6-1/DNA.
[0017] Figure 9 depicts fluorescent confocal microscopy images of the uptake of
fluorescein (FAM)-labelled aegPNA (Fig. 9A), AP-PNA (Fig. 9B), GP-PNA (Fig. 9C) and
TAT domain (Fig. 9D) incubated for 24 h with Hela cells at a concentration of 0.5uM. Overlay
30 of DIC and fluorescent images.

[0018] Figure 10 is a table depicting the expected and observed masses for examples of

AP-PNA and GP-PNA oligomers formed.



nmol ecul e, as indicated on top of each table. In Fig. 7E selected AP- and
GP-PNA nol ecules (with a 6-, 5-, 4-, 3- or 2-C spacer) were used. [0016]

Fi gure 8 wepnmie7a2br cul ar di chroi sm (CD) spectra of theprdusicesmssoises ween
aegPNA, AP-PNA (A) or GP-PNA (B) and the anti-parallel DNA at the
concentration of 6 MM Fig. 8A: 1: aegPNA/DNA; 2 : AP-PNA 6-5/DNA; 3:

AP- PNA 6-4/ DNA; 4: AP-PNA 6-3/DNA; 5. APPNA 6-2/DNA; 6 : AP-PNA 6-1/ DNA;
Fig. 8B: 1: aegPNA/DNA: 2: GP-PNA 6-5/DNA: 3: GP-PNA 6-4/DNA; 4 : GP-PNA
6-3/DNA; 5: GP-PNA 6-DEBMLED DEéﬂRﬂmIQI\WBmHE[WTHP@ure 9 depicts
fluorescent confocal mcroscopy imges of the uptake of fluorescein

(FAM - | abel I[Qﬁ:l%é‘@l@mﬁeseﬂi igver@ian, pereBNMc(vlél @nc@dﬁ)a,l PEA mAoihEr and eﬁx@)fﬁeinnt TAT
domai n (Fi &1 QQ) at eg-nfx B](()] 24 h w % ﬁi cells at ahconcent ration. of
0.5mM  OYBTFYGP 8FeSB| 1 f“‘e‘§‘8‘é‘?ﬂ‘er GE4NIS MERPBIET p7 GUPUNTE FTPOYRLLS o
depi ct i IRNA k®lexRaah bd faiitd OR PNA Aidlddhle s€smidddic soid mvlcaleGh whithRibaRkBone
GP- PNA ol i gomers formed, DETAI LED DESCRI PTI ON OF THE | NVENTI 0019] The
presént 1 MRSRIBRPRIGIAtBEIsIngn RRAASPRSRAAF oA GO BB SN Agen ety das ardhatgeent
synt het 'Iﬁuf}ﬁpﬁfcﬁﬁoﬁ@ i @68bdsh toS fdrNRamPRANRA- or YSNAY Nebéx%e'l@@gquﬁ)& i§Bapable of
oligoneric or pol meri ¢ PNA nol ecul e can be fornmed. A PNA nolecule is a
nucl ei c hé{bndlsma @it eompleptentagy w@%a@k%h@omlmqséweib@qutamlétm@dwt ashan
a phospho I P r ne,
" cont 1k P 1s of BRFE T Wit A T EO AR sbetiPl o iR VA TSRS
hybri di mengalahackmt hybmpkzmmnwah yargedmsaldis taatds iis furghermoys emteaffateyl i teei c

atr 4% uoierind peiagf sBade siouc armuigis” The By of BERDIHINA wnd rNa

hybri di Zﬁfggt@ s ddchRlidgy ﬁ&bngwcﬂllm the iridétsy d)iSDN!AFchBNKD)"rERNF]Attg mg&cmedéth he
I nterstrand _negative charge ectrostatic repul sions. The binding PNA to
DNA and qrzr&Mf Sybuds,thug s gPWg? yeit %tsb%aéiﬂlpfeﬁaﬁfml%orb?m Hop slatigly highpna

or RNA tignfavurd b mry@ﬁglﬁ&\iﬁémguﬁﬁmybmdﬁmhms i BerRe V€S yepaﬁ@«télﬁcﬂggm

formation even at a reflativel enperature, and a very high bindin
af fi ni t ypackkoag alse peavieyts atlﬂ‘éAé)Mﬂ fresn bindieg et nreteins|that sremabrhaya er BEmétyal so

Preyent 3,80 ?Hﬁﬁ?h%ﬁ&ﬁ ?nehg%‘f? %Jb‘?dstaomgjo %ﬁﬁ@of‘d&ﬂ%g@&ﬁ@ﬁhéﬁ{ct%‘ée an

af fini ty yani ons nce use o avoi nmaj or source of

non- speci fi ¢020] §ha ernCHuclel OR2P noldiGle G5 Ted Wstif rfeRACb In bRl Rid ASanyyS ed
herein refers to any nucleic acid in any
possible configuration, such as single stranded, double stranded or a combination thereof.

Nucleic acids include for instance DNA molecules, RNA molecules, analogues of the DNA or
RNA generated using nucleotide analogues or using nucleic acid chemistry, locked nucleic
20  acid molecules (LNA), PNA molecules (supra) and tecto-RNA molecules (e.g. Liu, B., et al.,
J. Am. Chem. Soc. (2004) 126, 4076-4077). An LNA molecule has a modified RNA backbone
with a methylene bridge between C4' and O2', which locks the furanose ring in a N-type
configuration, providing the respective molecule with a higher duplex stability and nuclease
resistance. Unlike a PNA molecule an LNA molecule has a charged backbone. DNA or RNA
25 may be of genomic or synthetic origin and may be single or double stranded. Such nucleic acid
can be e.g. mRNA, cRNA, synthetic RNA, genomic DNA, cDNA synthetic DNA, a copolymer
of DNA and RNA, oligonucleotides, etc. A respective nucleic acid may furthermore contain

non-natural nucleotide analogues and/or be linked to an affinity tag or a label.

[0021] Many nucleotide analogues are known and can be present and/or used (see

30 below) in the molecules and methods of the invention. A nucleotide analogue is a nucleotide
containing a modification at for instance the base, sugar, or phosphate moieties. As an
illustrative example, a substitution of 2’-OH residues of siRNA with 2°F, 2°0O-Me or 2’H
residues is known to improve the in vivo stability of the respective RNA. Modifications at the

base moiety include natural and synthetic modifications of A, C, G, and T/U, different purine
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anal ogue with a pseudopeptlde backbone in which the hosphodi est er backbone
pr esent 7iispbatyguaniug. ok mrgker of faphercuutable HwstEativiej quclephpses that BRyralso be
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via a S{rﬁﬁoﬁbﬁlﬁnin&%‘%{@n&%&il, 5-iodouracil, thiouracil, 5-(propargyl alcohol)uracil, iso-

20  cytosine, pseudoisocytosine, 5-(ferrocenylpropargylcarboxamide)uracil, N6-alkyladenine, N7-

xanthine, 3-nitropyrrole, 6-thioguanine, phenoxazine, 2-aminopurine or 2,6-diaminopurine.

[0023] In a PNA molecule according to the invention, including in a respective PNA

monomer, typically the nucleobase of each monomeric unit is bonded to the backbone via a

side chain, or a portion of a side chain of the backbone. Thus in some embodiments the

25 nucleobase is bonded to the end of the respective side chain, whereas in other embodiments the
nucleobase is bonded to another position along the length of the side chain. This portion of the

side chain, or in some embodiments this side chain, is in a PNA molecule according to the
invention in typical embodiments of a length of two carbon atoms. In some embodiments the

side chain is bonded to the main chain of the PNA monomer, or respectively to the backbone

30 of the PNA molecule, via a heteroatom of the main chain/backbone. The side chain may for
example be bonded to the main chain via an amide bond. Thus, the main chain may include a
nitrogen heteroatom. This nitrogen atom may by bonded to a carbonyl group of the side chain

via a amide bond.

[0024] A heteroatom is any atom that differs from carbon. Examples include, but are not



met hyl carbonyl linker. In a PNA nol ecule according to the invention any
desired nucl eobase, including purine and pyri m di ne bases, nmay be used.
Exanpl es wb 2810/22f2be puri ne and pyri m di ne bases i ncl udeCTisGomreonot
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5, 6-di hydrouracil, hypoxanthi ne, xanthine, ribothym ne, 7-nethylguanine or
7-isobutyl guani ne. A nunber of further Buitable illustrative nucl eobases
that may al so be ternmed "nodi fi ed" nucl eobases have recenth& been revi ewed
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may further be achiral if no further substituents are present at the carbon atoms of the mains
20  chain of the monomer(s). The amide bonds in a PNA molecule provide a high biological
stability. Furthermore, the non-natural character of PNA — chemically it markedly differs from
both DNA/RNA and proteins — renders a PNA molecule highly resistant to protease and

nuclease attacks.

[(0028] A PNA monomer according to the present invention has an aliphatic main chain

25  with a functional group at each of its ends. The term "aliphatic" means, unless otherwise stated, a
straight or branched hydrocarbon chain, which may be saturated or mono- or poly-unsaturated

and include heteroatoms (see above). An unsaturated aliphatic group contains one or more
double and/or triple bonds (alkenyl or alkinyl moieties). The branches of the hydrocarbon
chain may include linear chains as well as non-aromatic cyclic elements. The hydrocarbon

30 chain, which may, unless otherwise stated, be of any length, and contain any number of
branches. Typically, the hydrocarbon (main) chain includes 1 to about 4, 1 to about 5, 1 to
about 6, 1 to about 7, 1 to about 8, 2 to about 4, 2 to about 5, 2 to about 6, 3 to about 4, 3 to
about 5, 3 to about 6, 1 to about 10 or 2 to about 10 carbon atoms. Examples of alkenyl radicals

are straight-chain or branched hydrocarbon radicals which contain one or more double bonds.



for instance define the backbone of a PNA nol ecul e according to the
I nvention, as well as the main chain of a correspondi ng PNA nononer. As
further ewplzaimed2bel ow, in the nol ecul es of the inventipom/SGhesamno group
of the main chain depicted in these figures is bonded to an additi onal
substituent, as exenplified in Fig. ID._[0026] An oligoneric PNA nol ecul e
i s understood to be a mol ecul e that has8about 6 to about 15 nononelic
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about 4, 1 to about 5, 1 to about 6, 1 to about 1 to about 8, 2 to about
4. D5t onisiogen atom viaag agkéebosl. 3 to about 4, 3 to about 5, 3 to about 6, 1

Lo about 10, Bhorhe ARely 0y cPERn o o, DX co. ol Shkenyl reficale are
doubl e hgrasks stilddeshkbrwiadli £ abh-nGnARd yclf®Ridéty @ROUydtoarBdh ARKtY), twgidh Y
carbon atons and one or nore,
may be saturated or mono- or poly-unsaturated. The cyclic hydrocarbon moiety may also
include fused cyclic ring systems such as decalin and may also be substituted with non-aromatic
20  cyclic as well as chain elements. The main chain of the cyclic hydrocarbon moiety may, unless
otherwise stated, be of any length and contain any number of non-aromatic cyclic and chain
elements. Typically, the hydrocarbon (main) chain includes 3, 4, 5, 6, 7 or 8§ main chain atoms
in one cycle. Examples of such moieties include, but are not limited to, cyclopentyl, cyclo-
hexyl, cycloheptyl, or cyclooctyl. Both the cyclic hydrocarbon moiety and, if present, any
25  cyclic and chain substituents may furthermore contain heteroatoms, as for instance N, O, S, Se
or Si, or a carbon atom may be replaced by these heteroatoms. The term “alicyclic” also
includes cycloalkenyl moieties that are unsaturated cyclic hydrocarbons, which generally
contain about three to about eight ring carbon atoms, for example five or six ring carbon

atoms. Cycloalkenyl radicals typically have a double bond in the respective ring system.

30  Cycloalkenyl radicals may in turn be substituted.

[0030] As already indicated above, both the terms "aliphatic" and "alicyclic", as used
herein, are meant to include both substituted and unsubstituted forms of the respective moiety.
Substituents may be any functional group such as -COOH (carboxy), -OH (hydroxy), -SH
(thiol-), a dithiane-, -SeH (seleno-), -CHO (aldehyde), -CO- (carbonyl), -OSO- (sulfonyl),



for instance two, double bonds, such as about two to about ten carbon
atons, and one doubl e bond. Al kynyl radicals normally contain about two to
about twewORonearhbiza at ons and one or nore, for exanpl e tPaw/SGeodspbe2bonds,
such as two to ten carbon atons, and one triple bond. Exanples of al kynyl
radicals are straight-chain or branched hydrocarbon radi cals which contain
one or nore tri pI e bonds. Exanpl es of # kyl groups are nethyl, ethyl,
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Syst €m monomer according to the invention is an amino group. This terminal amino group is generally

one of a secondary and a tertiary amino group. One substituent that the amino group is

20 carrying is an aliphatic moiety. This aliphatic moiety may be straight or branched and

optionally include O to about 3 heteroatoms, such as 0 to about 2 heteroatoms, including one

heteroatom. The main chain of the aliphatic moiety has at least two carbon atoms. The main

chain may for instance have a length of about 2 to about 12 carbon atoms, such as 2 to about

10 carbon atoms, about 2 to about 8 carbon atoms, about 2 to about 7 carbon atoms, about 2 to

25  about 6 carbon atoms, about 2 to about 5 carbon atoms, about 2 to about 4 carbon atoms, about

3 to about 10 carbon atoms, about 3 to about 8 carbon atoms, about 3 to about 7 carbon atoms,

about 3 to about 6 carbon atoms, about 3 to about 5 carbon atoms, about 4 to about 10 carbon

atoms, about 4 to about 8 carbon atoms or about 4 to about 6 carbon atoms, e.g. 2, 3,4, 5, 6 or

7 carbon atoms.

30 [0033] The main chain of the aliphatic moiety that is bonded to the nitrogen of the amino
group of aliphatic main chain of the PNA monomer further has a polar head group Z. The
group Z may be any polar group such as a hydroxyl group (-OH), a thio group (-SH), a seleno

o) 0]

group (-SeH), a phosphonate group ( _';Ip_OH ), a sulfonate group (_g_OH), an ester group or
1 [1]
Op o)



Cycl oal kenyl radicals may in turn be substituted. [0030] As already

i ndi cat ed above, both the terns "aliphatic" and "alicyclic", as used

herei n, awe 2mant3z60 i ncl ude both substituted and unsub®Ciriseeed/ohases of
the respective noiety. Substituents may be any functional group such as
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(oxo0), sulfate (-OSG3H), -NH2 no (nitro NSe a hal 409en
such” as 20 gMids, SYP; e-JE'CIOf( the & rﬂ)mfbr’kqf“(m? L%rtﬁoglgnmmwﬁ&re RinandRioare an

am do-, jRfep érﬁieg@% seldfte@ &P oneaofddxﬁilﬂ)hatlé‘ eﬁié?a‘fb aréfaticS Qﬁﬁﬁffﬁlaﬁc aand aryl-
t hi ocyano- ro-, a nitroso-, asulfonyl- g. a trifluorongthyl

sul fo ByFi licychic roupcthaioriudes 0 to ahgub Atisteronateras o8 ¢Q§¢Wﬁ0m the group N, O, S, Se and
T LS RAESL AN Sl EAIPIR, SHLGYorh thpr 3  o

nonofrer atdhhydecmnm@atb@xyhgroupr In sarthe ambodingmouthisgrbup he ig eapnblead)f CHropipg A may

i ncl ude pne or nore nches. A res ?tlve branﬁ nﬁﬁ’r be ltE)onded ack hg t he
Ll phat FEATES T AHGS R GBy Sioie™: 6 HORNYe 481 RO ERrER AT SREB 2 dEA FE o
cyclic erdmply.bel bpabRi &f thﬂyxﬂg af cﬁdﬂ@e 7 lafheviub GolRioRtvhdef cbhditiRPWheR the

nucl ei ¢ acid nononer, i s devoid groug}i1 t hat have a charge. under

physi ol Bgptidgnuelsiipgid onomer & atd?ﬂﬁ pubstsntially Hatle foraa periagetfifinae.tipavhich the
physi ol gaittRInueie dcRNIBMASmirtaf ubfs Qﬁes‘?reg hdmicAIdr BRIChéhithide dtl'an, inEI0g

f
the pH val ue (see al so bel ow) Acc%0 dingly, in an agueous so utiron wt n%
pH Y&l ue dgifectaqrommjbmd@goremlon When th NAggoromaringlineluged irt mPNNmﬁleculhethe

al i phat | I n

subst anfl & Iy u c arggﬁ. I%XB g'fi?% C%aF 98 @h “qlc)? qu?éé’ﬁl e Oélfiﬁrr% SfWhSrrﬁthe
cor r es ppéemtideqruniziconad mmbmeefscut eedsambafanaally galde faubpdrandt ofairhg, in ek Bhed
backbone (see 0032] One, of e f.unctjonal roups. at. t.he ends
or P B SR TR G i S odsee P e e Tearichl ot bidarem S i TiaR int Bing o
i 'S an agidsec@sda bihbing retidh@k. ARYUHAIAHOHPTHeSero@NEady be &ipabeiofdarrying
secondary and a tertiary_am no }gr oup. One substiruent that the am no group

i s Barr §ichyes & agpeaps fmmlblw tr9ngerfmr§ apyt pntarabeutldi, ugh #ped Pl gange fEomg ht
or branghsd seng, Mt qpak IpH faRgt Yen Qb PP bbcti RESCHORA HBFY 6%'fcabmﬁ% Gnto

about 2 heteroatoms, including one heteroatom The main chain o
al i phat $<vnmn@991mmn§ the greustZ 1sweapebleheincaryomgs a chaegenini aquediss splation tlmder

| nst ancghyl;é?o\{ﬁ%l@al c%ﬂgxttlgnalbe %?8%'[%o%dft%ngpl%g}egéflgféﬁﬁg ?lg;hzt;lgggal e?nyg'glgxﬁg £260r 0

about 190 -carbon atons Boout 7
car bon afstaee imbaeall o2 ih@a host organism. In particular physiological conditions refer to a pH

20  value that approximates a pH value of about 7. Three illustrative examples of a respective

polar head group Z are an amino group, a guanidine group and an imidazole group.

[0034] In this regard, the term “guanidine group” refers to a moiety of one of the

WILN N—R'’ T NH
R4~ \f ”’[’“\ \f

/ NH NH

N
R15/ \R16 — XNH

N
25 H

following formulas:

R14 to R17 in the first of the forgoing formulas may, independently selected, be H, a silyl-group,

an aliphatic, alicyclic, aromatic, arylaliphatic, or arylalicyclic group.

[0035] The terms "aromatic" and “aryl” mean, unless otherwise stated, a planar cyclic

hydrocarbon moiety of conjugated double bonds, which may be a single ring or include multiple



about 6 carbon atons, about 2 to about 5 carbon atons, about 2 to about 4
carbon atons, about 3 to about 10 carbon atons, about 3 to about 8 carbon
atons, abwotoB/wee2about 7 carbon atons, about 3 to aboutrC®/SGacds®no3as ons,
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bi od:@uentlnaﬁhenﬁa,qhyrmlmyh lpgfmtyil{lgumohigﬂ e(mphthnqmnomw rqd1mgalm&ptndolyl Yaen t he
| ecul e bl e, of

PNA monongr i $ | ed i he rau b cap

car 1y ngRn JpisBoe i s setinE. QRN oRKehEr PEURAPIN i zihErs (RET Yol e
nucl ei ¢ nggih@l- M laie@lhylL meycﬁédb‘é&@ﬂialeﬂw)y dfdzabth@l-f &fac mﬁﬂbéadl efs, 1,1 me,
I n which the pept| e.nuclelc acid nmol ecul e can undergo a desired chem cal
or bi ocAdithezpeneentdivn, azoaiayhidiidgoanethearazeningl-. azasinyd sgaundeenylonthia g.

a hybri di ﬂﬁffnlu 1- 188 cPEBHRIcfa-TRY6 0§ 2RRRIH Pforﬁ%ﬁ%tﬂﬁc&gﬁmﬁﬁ&ﬁm' n aqueous
solution Irn a plyl rangé from about’ 5 to abou%' such as pH range from

abous 5.5 t@O3EPBY tHdierd "BiY1AliphatcTik aiPadORYdréeabbdromaeytin Whivh dne@inadieut 6
to abouglro?natlg Irn01etles are substituted with one or more aliphatic groups. Thus the term "arylaliphatic"
also includes hydrocarbon moieties, in which two or more aryl groups are connected via one or
more aliphatic chain or chains of any length, for instance a methylene group. Typically, the
hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in each ring of the aromatic
20  moiety. Examples of arylaliphatic moieties include, but are not limited, to 1-ethyl-naphthalene,
1,1'-methylenebis-benzene, 9-isopropylanthracene, 1,2,3-trimethyl-benzene, 4-phenyl-2-buten-
1-0l, 7-chloro-3-(1-methylethyl)-quinoline, 3-heptyl-furan, 6-[2-(2,5-diethylphenyl)ethyl]-4-
ethyl-quinazoline or, 7,8-dibutyl-5,6-diethyl-isoquinoline.
[0037] Similar to the terms "aliphatic" and "alicyclic" (supra), the terms "aromatic",
25  “aryl” and "arylaliphatic" as used herein are meant to include both substituted and unsubstituted

forms of the respective moiety. Substituents may be or include any functional group, as

exemplified above.

[0038] As noted above, in some embodiments the terminal amino group of the PNA

monomer is a tertiary amino group. Accordingly, in such embodiments a further substituents in

30 addition to the alkyl chain of at least two carbon atoms is bonded to the amino group.
Generally this further substituent is of a nature that allows its removal from the amino group
under conditions where the remaining PNA monomer remains at least substantially intact.
Upon removal of this substituent a protecting group shielding a functional group present in the

PNA monomer may for instance be removed while the residual PNA monomer remains



sone enbodi nents the group Z is capable of carrying a charge in aqueous

sol ution under physiological condition, i.e. under conditions that resenble
t he physiwbagiooal32envi ronnment, for instance in a cell oPCI$SGa0IS®LE324
organism In particul ar physiological conditions refer to a pH val ue that
approximates a pH value of about 7. Three illustrative exanples of a
respective polar head group Z are an aniZno group, a guanidine group and an
i mdazole group. [0034] In this regard, .the term "guanidine group" refers
to a noiwFhanged-ofecasdinglye this additions! substiyenisis Baigallly ampming profecting Soupf

the for %éaﬁglés%ﬁ%éﬁébﬁ%otekﬁ%&gpe‘?rg%léld’ea 6 et linfiRd'b, é‘cér"obﬁﬁbfeggrg\gg a @n

aliphatic, alicyclic, aromati C, I phatic, or arylalicyclic gro

[ 0035] Thethylaryingrovar (sweht ascphtalogll-"cartetrachlosephtalayll)e g aotthmrda groupit atrdthora

pl anar Lic. hydrocar bon i ety of conjugat.e ub onds i.ch be a
R e T R T B e
exanpl Figr(fup, ﬁ tﬁﬂuﬂroﬁmﬂggrbhmgstritgﬂhgﬁn@rm arylb rggtdpg: a 3kglenylobshes gﬁiubyiri] di-yl .
Typical ly, the rocar bon (main) chain jnc es 5, 6, 7 or 8 mai hai n
atons i rﬂﬁlawgcwtéf@.up&%ﬁ OTErETeR AR AGPIUT BTG PRI EToRp o A L-IPhEt e
to, cyl %?Hﬁ&hﬁl@h@gﬂup;Eﬁﬁﬁﬂﬂbs oNaRBiHAAMaB Youp include, but are not limited to, a meth-
[ 10] annulenyl - (I, 3,5, 7, 9- cycl odecapent aenyl - [ 12] annul enyl -,

[ 8] annuIOéMWbQHYﬂJ'he@aleﬁ}%%%bimymmtm@ﬂé‘}afg% ) L i tgamierpicarhenylch ey aideben-

1, 2-be r f Lety. | | .. Jhe
i . chasaRoguanr, Sieheby by BEARRICRLE anily BB, el BeninN o %)
be 0 adlpoteaghbt¢themaabonylai @ ar(yrimethilerlylgdthdrgcaborylens 2,25% tridhioroethoxyvae N,
O and S anpl. e ch het er oar i C eities (which kno o the
er son LRI 884 fr-PhisttipRom e PR e B Hse SPpH a0 SR phoxy-

t hi opheryibonylnagiik hehzhydhdpkydaftiouRrbups afd kkahpled poe Ry mondy Nisdd Nythino
pyrrolyl -, quinolinyl, napht hoquj nol i nyl -, _qui noxal i nyl -, indol vyl -,
benzi nd®FSIFCng SPERSB|the synthesisAf] cyrwentlase%}rﬁlﬁmm?le%&%%#y?-g; ShpkgSloRe 5 Ayl - |

azepi Nyl créhi BRIV Biot@BhEMNEPOBYS T, 890800 nyl -, azeci nyl -

(azacycl odecapent aenyl -), diazecinyl-, azacycl ododeca-1, 3,5,7, 9,

| - hezaene- 5[@3d] The .fusaivhiangtoup ati thaathétyénd oD HezazMatiBhain hadtbNYIPNA
azaundecinyl -, thia- [ 1 Ijannul enyl- ) )

oxacycl| SIHOHEE deeording tg the invenfian 43 ﬁyﬁmctmnal( g’i"’&?égﬁt‘ﬁroo{c‘é‘ﬁytl’e- FoNverted Lo a
[0036] ByrbbRelid Bfotp. ®hit! @biphald fermed the &dhnirfal RYSOR2HRYhIP b8 carbdkyifai Ch

one or nore aronatic noieties are substituted with one or nore aliphatic

gr oups. 2Ips -CAOH, dtself Bheygranp phaay dor mseacy Hed belSORPRDr Se@XbdHORBT eCles,

chai n o DRE e TR R B R R AR
t he20 -CONR3R# may be H, or an aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group
that includes 0 to about 3 heteroatoms, i.e. atoms that differ from carbon. Examples of suitable
heteroatoms include, but are not limited to, N, O, S, Se and Si. Likewise, and in -CONR3R#
R4, are independently selected from the group consisting of H, and an aliphatic, alicyclic,

aromatic, arylaliphatic, and arylalicyclic group comprising O to about 3 heteroatoms selected
25  from the group N, O, S, Se and Si. X in -COX is a halogen atom such as F, Cl, Bror I.

[0040] In some embodiments the peptide nucleic acid monomer according to the

invention is of the general structural formula (Id):



hydr ocarbon (main) chain includes 5, 6, 7 or 8 main chain atons in each
ring of the aromatic noiety. Exanples of arylaliphatic noieties include,
but are mw0D 2biom2t2d, to 1-ethyl-naphthal ene, |,1"' - et hylPpemsiczersherszene,
9-isopropy|anthracene 1,2,3-trinethyl -benzene, 4-phenyl-2-butenl- ol,
7-chloro-3-(I- nethylethyl) qui nol i ne, 3-heptyl-furan,

6-[2-(2, 5- dlethylphenyl)ethyl] 4- ethyl3qU|nazoIine or,

7 8- dlbutyl 5, 6-di | -i soquij nol i ﬁ [0037] .Sim | ar to the
"al i phat i c" [00AdI Iny l%fﬁm@a 8(@@5@? atf%wg&rthét may §fgiear or bramghed Khgs a
"aryl al ipphathdfn ofa 1&@?& R Shdut 276 aBEAND daPodrfhie SsulR kLD f9HPRdut 98 dband

unsubstituted forns the respective noiety. Substituents may be or
i ncl ude 18wprobamtarns fedm gboulp} toagbouk 8 rppttiohiatemasboet 4 [OE3BY] 8Asrhent eimsve,

in some a%m%dt' 65 I:i} 0111 g{ogﬁsnﬂl mx{]gna% ﬁfl{ﬁe%fh fxz;}ﬁ: I%D%%a@nﬁtt Jally%nc%des

tertiary amno group i'n such emod
subs$it oeataboutrz b:r:lehomoms smhtalsucN zﬂ ,I8/ISecindi Si. Difie aalipHaaabhdgeV\Q aay fmnnmms is

bonded to t e _ani.no this f er s uent is of a
nature {FhHde 5ppgugepgg9$§ &?gﬂhﬁ?ﬂgeéﬂP g uﬁﬁd@@ condi ti ons where
t he remai ni ng PNA nononer renmains at | east substantlally intact. Upon
renmoval of this substit mz%mm@ﬂmmﬁg«wp shiel ding a functional group
present in the PNA nonofrer nay foqﬁlnstance be renoved whil e the residual
PNA nonomer remai nsunchanged. Accordingly, this additional substituent is
typically an am no protecting group. Exanples of a suitable protecting
group i ncl upé42jolnt t}mrabonetfohhmﬁat(ﬁi) RDijs asﬂglr-@anp,tz&l glighapc, ﬂidyeltict)ydranytlic

gro (su hta or tetrachl oro alo an _ace nldo

01 0r8 Al B Byl o R SO SRR RS is §Pert S EbB AT B Reripe”)
an o-ni y@phmydb%ué ffemnodantpl&yrz lﬁmkrpoidru@a@gﬁﬁpy{vhwn%@ infsdnid éxﬁi;ocﬂxh@ma, an
aIIyI group, .a 9-phenyl fluorenyl group, a dithiasuccinyl group,

triazi nARGARED &r%ﬁﬁfmyawg ALCBRIZE (1B RAYIOUR SOIPHER.H S ARG 50 aaramldo group, a
N-di phepyhpg) I?At‘gﬁ@n @5teH Prou @H?dr@§yl‘§roxg GAhRATBGS agsrefHAQ ﬂ.@ng fos Hhat@r e

not limted hoxycar bonyl hoxycar bonyl - onyl -
a benzygmupcaslﬂﬁmte- grogpnd guashiding pt ax yowabdegroup, R1 bna}zlwar ylsdxlygauﬂaonyl

an 74 LY hRNE SRR 15 R hac BHLE UG RORYbS o, TyvichbiiP LRMLIB GRduEr Bonyi -,

oxycar rc oxycar nyI- and a

2 (4-trtdﬁnmﬂgmnphyhmhﬂnmﬂghéénhﬂh&@hhnwycarbonyl group
9- Fl uor enyl net hoxycar bonyl - and benzhydryl oxycarbonyl groups are exanpl es

of commoni yl004Hdinathe sboye Hrendd (g) theowaphon atomhéo whirhtbsiR! a3 thomuelsobasaal
PNA ol gt%%o%ﬁec( Sffinks §- chﬁjgﬁg&%r’ if %1’ 1s Efltlff&ent’ from H. The bond between this carbon

atom and R! may have any configuration, such that any enantiomer of the PNA monomer as
20  well as any stereoisomer or a mixture of such stereoisomers of a PNA molecule may be

selected.

[0044] In embodiments where R! is H, the peptide nucleic acid monomer can also be

represented by the general structural formula (I):

25 [0045] In some embodiments the peptide nucleic acid monomer according to the

invention is of the general structural formula (Ic):



J. Chem Technol. Biotechnol. (2006) 81, 892-899). [0039] The functi onal
group at the other end of the aliphatic nmain chain of a PNA nononer
accor di ngvbaotome7izaventi on is a functional group that i 2COSGeens/ obes24
converted to a carboxylic group. This group, also ternmed the term nal group
A, may thus be a carboxylic group, -COOH, itself. The group A may for
i nstance al so be - COOR3, -COX, -COSR3, 14CN, -CONH 2, -CONHR 3 or - CONR 3R4
R3 in the groups -COOR 3,E-COSR 3, -CONHR 3 and - CONR3R4 may be H, or an
al i phatic, alicyclic, arom}ic, arylaliphatic or arylalicyclic group that
includes Gto about 3 heteroptons, FL . atons that differ from carbon.
Exanpl es of suitable heteroa clude, but are not limted to, NN, O S,
Se and Si. Likewise, and in - R3R4 R4 , are independently selected from
t he group consisting of H andlan aliphatic, alicyclic, aromatic,
aryl ali phati c, aR&\grxLakLE%?th\%ggub conprising o about 3 heteroatons
selected fromthe grNup N, G, S, and Si. Xin -COX is a hal ogen atom
such as F, d, Br or]l . [0040] In sonme enbodi nents the peptide nucleic
aci d nononer accor%i to the invention is of the general structural
formula (1d):[0041] ohi s formul a Qis an aliphatic bridge that may be
| inear or branched. |t has a main chain of a length fromabout 2 to about
12 carbon atons, such as from about 3 to about 10 carbon atons, from about
3 to about 8 carbon atons, about 4 to about 8 carbon atoms, or about 3 to

about 6 car mrw]atno@m; foilihelarfﬁis AnGhRper ﬁximtati@ltaz !opibatll 1:5 lsﬁtld@seauauoptm abalt! y
i ncludes 0 to_about het er gat ons such he allphatlc

bri dge © FRYptRIP 4bﬁ§ft Srbeut A de @heutah aaﬁwd% the}?falt s?uélPP“ész ﬁorahor}m #oubitag
exanpl eal%lf?‘gnaﬁd?lt Bitg abgl;? 8, abdhit 326Ut 7, GbostR{eRe, QbbR04 €] addut hboabave

formula (1d) is a silyl-group, an al’iphatic, alicyclic, aromatic,
arylali ;mdzqut:S ooﬂbqrt;ﬂl tal abeyw,lselclgamg h 3d4nd Gbsd aehl.E R Ziase as definsdabl e
am no-p c{ Je° I oup,
i ch. maeoR o RS EAUBRER B YA gcRIP IRl Fitronter sCock g ROV 10 BROG
sol uti onfoxe:cgfthagemalrstrugnmmmmmﬂasa(mmndglibﬁxup, a carboxyl group, an ester
group, a hydroxyl group, a thio group, a seleno group, a phosphonate group,
a sul fonate group, a guanidige or an inidazole group, Rl may be H a
silyl-group or a nethyl groug. E is the nucl eobase and E may bg an
i ndi vidual ly sel ected nucl eojase. The
0]
R R

R
2 N A 2 N A
R‘\\N//J\\\,/’ N~ R'\\N,/”\\\//’ \\T//
(Ia) I 6 (Ib)

(CH,),, (CH,),, R

Y4 Z

10 In these formulas n, E, Z, R! and R? are as defined above. RS in formula (Ia) and R in

formula (Ib) are independently selected from the group consisting of a silyl-group, an
aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic group that includes O to about 4
heteroatoms selected from the group N, O, S, Se and S. Accordingly, RS and R® may also have
one or more functional groups. It is noted that the carbon atoms, to which the moieties RS and
15 RO are bonded, defines a chiral center. The respective bond may have any configuration, such
that any enantiomer or diastereomer of the PNA monomer as well as any stereoisomer or a
mixture of such stereoisomers of a PNA molecule may be selected. While substituents R5 and
R6 may be selected as desired, no respective substituent is required in order to e.g. improve the

cell permeability of the PNA monomers and PNA molecules according to the invention, e.g.



term nal group A has already been defined above. [0043] In the above
formula (1d) the carbon atom to which the RL and the nucl eobase are
bonded, debiznm2a326hiral center if Rl is different frompHI/SGhersworsd4 bet ween
this carbon atomand RL may have any configuration, such that any ,
enanti onmer of the PNA nononmer as well as any stereoisoner or a m xture of
such stereoi soners of a PNA nol ecul e mal;s be selected. [0044] In enbodi nents
where Rl is H, . the peptide nucleic acid nmononer can al so be represented by
t he gen Rrodding anefar|grewt | a (1): [0045] In sone errbodi ments the peptide

nucl ei ¢ aci accor tot i nvention is fh ener.al

Ctructurar TLREE iSSP is0 ining 4 ARA MeReS bet it ol e SRR Bromen st -
t 0 aboutstatted fivut inyadesitled dtructutad padiot tof the PAUhorbrhi@. 'dibtm;ltfor%xaﬁh?mﬁhe%nhm
about 8, about 2 to apaqut 7, .about 2 to about 6, about to about 9, about

3 to ab&h¥ingnayproprovisied andyp ifs amino, gioyp the side a%mca@wngts’amm ar hepdgown 27,
aboug 4 rﬁa% l?é’ﬁ&ﬁch&i O waPul ik ﬁtﬂzlé?&g@ééttogeth%ﬁh %Ssuﬁaﬂe ll?rnku-%t mbiety: In@om% 8,

9 or are as defined above n sone enbodi nent he peptid

nucl el c embpdmmtﬁdhe syatbesos stamgyfrom thside phaemthap s, usthmﬁnehléNAfm@mngebmmdl

structu d R2
are as #I ned @J’(J)%e%qng ((girj%lozg%{% a)"[']eslgie%gt Oﬁlar %‘} émug A

i ndependemt | gmiseliraerite dhé remtire lahplgitlouxporeqnshastls rtganngathm gly)lup(ﬂ Qupt,he aPNA
aliphatic, alic '

, aroymtijc al i hatlc licyclic t hat
el udesiofst e PhoRieC kS Syt St mebian poaniEhardybolls eiet mey iehften o
S. Agcohdiehfatoms Il daé clhin®yr BafichebaMne @Qch)émB&lxﬁleﬁtJﬂﬁtxhzﬁﬁ%halﬁrdflﬂﬁ)esﬁnzht 'S
noted that the carbon atons, to which the noieties R5 and R6 are bonded,

def i nes PN/ piopamek sfpaped stepwise dpaclimt dema Aeechisgr atihie may chants provied.on,
such t h%JhI&f‘Mxethaﬂlt 'é)%m{heoﬁetg'bgt%he O?Wncﬁgnélh%oewgﬁp%nﬁé c@ﬁvéiﬂ:ehl to a”y

st er eol soner a m xture of SUCh st er eol soner PNA mol ecu
sel ect ed@SprIee(hstaméauonuemuschR’&dahd anemxyl $iep dled nwinedhas islesmpleted aml the

respecty \{-E,tu?a‘}' %?& }{en b9iabE W ehiGika %ﬁﬁcﬂlo’ﬁ% ogp tflar{pcagvbe éonve eﬁd o the

perrreablff MONOIMer s and ecu accor
|nve51t|mmueﬂgrdmpmrow di ng a pol ar group. [0047] The process of formng a
PNA nonomer according to the invention may be started from any desired
structural [#948) dncaflinghe iPN&meDembedimeTisude Hroeesesodnfotreingt & Nviimonomer

includes providing a first bifunctional compound, which defines the aliphatic moiety that
carries the group Z and that may in some embodiments be termed a side chain. Accordingly,
the first bifunctional compound is an aliphatic compound that may include heteroatoms such
20 as N, O, S, Se and Si (see above). The first bifunctional compound may for example be a
bifunctional silaalkane, a bifunctional silaalkene, a bifunctional chalcogeno alkane such as a
thio-, a seleno- or a telluro-alkane, a bifunctional chalcogeno alkene or a bifunctional aza-, or
oxa-alkane. The main chain of this first bifunctional compound has at least two carbon atoms.
Besides the group Z, being a first polar head group, the first bifunctional compound has a
25  second polar head group. The second polar head group is an amino group. The amino group is
generally a primary or a secondary amino group. Where the amino group is a secondary amino
group, it may for instance be bonded to the moiety R? (supra), which may in some
embodiments be a removable amino-protecting group. The two polar head groups are bonded
to the two ends of an alkyl chain of at least two carbon atoms, such as about 2 to about 8,

30 about 2 to about 7 or about 3 to about 7 carbon atoms (see also above).

[0049] In such embodiments of the process of forming the PNA monomer a second
bifunctional compound may be provided. The second bifunctional compound is also an aliphatic
compound. The two functional groups of the second bifunctional compound may for instance

be two headgroups bonded to the two ends of the main chain of the respective aliphatic



chain may be provided and to its am no group the side chain carrying the
pol ar head group Z nmay be attached, as well as the nucl eobase together with
a suit ablwol2orkizngzénoi ety. I n sone enbodi nents t he synt ReTISS2a18a04324 f r om
the side chain that is, in the final PNA nononer, bound to the am no group
of the main chain of the sane and that carries the polar head group Z. In
some enbodiments the entire aliphatic ffiety that is carrying the group Z
in the PNA nononmer will be provided in the formof a reactant. As noted
above, chmpowst &ing afthe twie funssionadt erpwns: i eeneraldly sanablecofzicacting With ShecHpigon;

one suc ! . i L f i . %Aﬁlrga qﬁgr L Snd

st epw sgnﬁlﬁ&gth??{r} gs‘tﬁ‘g‘?‘ég&gﬂﬁgg@ﬁg’éﬁﬁ%ﬁ 1[1 ref}aﬂn%tlldr?l chai E I B% gnv)ll glg%ﬁg?ﬂ
whi ch t lgeoupt dins fngtiontahgrdupt srioatoory erobodmints aifi aonathiregthatupy dahdie esed fhea
converte

to the respective (heter to i s_.included, .ln, asecond t he
i 1 chansmice’ BRRITEREE 4 HiREoT eieP & ont S S sbithE SOGHAPE e o
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Accordin , In so enbodi nents the process o orm ng a PNA nmpnoner,
i ncl udeéqH\){‘H}E @PW@YHEWP{ZBS%% 3 GORTYRMAMAY ShootER! wﬁﬁéﬁ%ﬂnn the figminal
al i phat igfoufOA 8F the PN nfoRbief In s&iRe SBUMNEnRNRe AR chaRYofithe SRORd BIFRRALARNT S
be termed a side chain. Accordingly, the first bifunctional conpound is an

al i phat cempennsios providesk byrpspvidieg chendebifiznctinral somipourd (Jee @sogbowry. Thig Si
(see abqv fi. i f i.ona f or . o

bi  anct ik Pnlf P 2l HEEAGRT o SATTRUP RulfReas afBTRRS Sich tinking
chal@ogendetpl kane such as a thio-, a seleno- or a telluro-al kane, a

bi functi onal chal cogeno al kene or a bifunctional aza-, or oxa-al kane. The
mai n chai n K050hTke f¢oond bifunetinnal eprapownsimgdesrticdhwith ghe paann group of ghd st

t : ' t & e f] l.ar: £
bi funct PoufRal ComBRRD I ooy AL (8P find SANARE R, Sistibiblfibngl oo
group i sompoward ina pginany amitvegraup, iois geaugingly a@enatedlihtp aseponduny ymowo group.

d i N i th i i . d ' , it
may for 1 AOPRAEC BirRdlE e RESHPoiy Rt PP GRTBIAY 4 eedny
embpsli memio Boup, it BRI @R &edingd 8edrtig Mhid Erouphén tyvae RAbadint@&the

groups are bhonded to the two ends_of an_al kyl chain of at |east two carbon
at ons, S§¥FORdaTY apHBRerorptef the fitt bafunglienal compepndiypiy havedbeeahipndedsto labbleut 7

car bon ﬁ%&é&iv&?@u@'&ﬁcﬂ%ﬁlﬁbe J0R48]or! Rudvel RRRLdhaBBlBoR wihendsa%aas Of
formng the P nononmer a second
- bifunctional compound. In such embodiments the respective secondary amino group of the

first bifunctional compound may be converted to another secondary amino group. In some
20  embodiments the amino group of the first bifunctional compound is a primary amino group
and converted into a secondary amino group, and consecutively or simultaneously converted
into a tertiary amino group. As an example, a secondary amino group may be formed, which is

the protected with a suitable protecting group.

[0051] As a result of the reaction between the first and the second bifunctional

25  compound, a peptide nucleic acid monomer precursor molecule may be formed, which may

include a terminal amino group and a terminal group A. The peptide nucleic acid monomer
precursor molecule may for example be of the general structural formula (VI):

R2.
NN — main chain—A

Q

|
Z

In this formula Q, A and Z are as defined above. R2’ may represent R? or a moiety that can be



bi functional conmpound may be provided. The second bifunctional conpound is
al so an aliphatic conpound. The two functional groups of the second

bi functi omal2omarzpszand nmay for instance be two headgr oupeCheseded/oves24 he t wo
ends of the main chain of the respective aliphaticconpound. One of the two
functional groups is generally capable of reacting wwth the am no group of
the first bifunctional conpound. The otlAer functional group may be any
functional group. This functional group is in some enbodi ments of a nature

that it cenyerted tqBRavithent af leass ﬁﬂhﬁéﬁngaléa@ﬁf%lﬁg og dgrogatingthe esidush stragieng agd
convers f &HEJ of
t he PNAlﬁﬂrr{tgl'Hg%|ér to (\Sl\thlh(%%%?t&e nuc 199 8 éé‘%ﬁgso?gﬁ(ge cou‘fﬁ g%ll\?/hlsg&%& |p'i|neg’|
noi ety (Jlsaupmayvert&gc]]h2 aodtﬁ;\any qarabcctmg)grtaipspresmm theimoletide, fsochras amesterf, anhe
t erm nal oup A .0 eb gA nag qffi & s t he mai n .chai.n of
the sec8® rfa&r?éli‘?‘dﬂ"a?i TOMSEEAG % °§r°8ﬁea%°a’ e %P%t%ﬁ“& RgUPHEE ey ic

bi f upct aaaadmxﬁe wﬁydtdxj{lsgeu@L sheRAOHS) nonletb&cfwl fan@ioahlngro|ys ordeed @didties
heteroaton1 to whi ch the nucl eobase can be coupled via a |inking noiety.
[0050] YHdisBednefesls gemaingmshangsdpbisrainschael g aliphatic; melehithabonsey of
the firgle REHAL LA &Q)”E‘Ri-‘ﬂﬁi: th%ﬁpgﬂiuiiﬁﬂtéf W@%e%h&@%ué‘l@lc”&ugrn%ﬂ%nfkfr the
first bifunctional corpound is a Imary amno group, it is accordingly
convert ewcunsomalegélcm@mgnoanilmmcgadg@p 3 heterestbmd isneimssNvPey.Setand Sami no

group of the first bifunctjonal conpound is a secondary am no grou it is
general |y clOAvEl newwme ¢rmbediments ithe REPHAS ABCIgiC A6 MPROTBEIRICAINS di &mge
secgydaggOpﬁkggmgaggﬁwgﬂdyggngm(@hgb|functlonal conpound nmay have been
bonded to a bile protective group, which nay be cl eaved or renoved during
the reaction with the eecond bi functional compound. In such enbodi nents the
respective secondary ng% 58@ fiyst bifunctional conpound nay be
converted to anot her seco J“ % rou I n sone enbodi nents the am no
group of the first blfunctlonal conmpound is a primary am no group and
converted into a seconda(gHgyino group, and consecutively or sinmultaneously
converted into a tertiary jagftho group. As an exanple, a secondary am no
group may be formed, which is the protected with a suitable protecting
group. [0051] As a resultzpf the reaction between the first and the second
bi functi onal compound, a peptide nucleic acid nonomer precursor nolecule
may be {ipihielrmwainG A, Zindi R latike fih€t 48oval ami no group and a term nal
group A The peptide nucleic acid nononer

[0053] During the process of forming a PNA monomer according to the invention the

nucleobase is further bonded to the peptide nucleic acid monomer precursor molecule.
15 Thereby the peptide nucleic acid monomer may be formed. As already explained above, in
some embodiments the main chain of the PNA monomer precursor molecule has a heteroatom
to which, or to the position of which, the nucleobase is being linked. In such embodiments the
heteroatom may for instance be N or Si. A linking moiety may be bonded to the position of the
heteroatom that carries the nucleobase, thereby forming a side chain of the peptide nucleic acid
20 monomer. In some embodiments the portion of the linking moiety that is turned into the
portion of the side chain that connects the nucleobase to the main chain has a length of two
carbon atoms. As already indicated above, the side chain that connects the nucleobase to the
main chain may be connected to the main chain via an amide bond. Accordingly, such an
amide bond may be formed during the process of linking the side chain to a heteroatom of the

25  main chain. The heteroatom is in such embodiments generally a nitrogen atom.

[0054] In embodiments where the main chain of the final PNA monomer is formed
stepwise, an intermediate compound may be formed. In some embodiments such an intermediate
compound is formed upon reacting the amino group of the first bifunctional compound with a

functional group of a second bifunctional compound. This second bifunctional compound is



precursor nol ecule may for exanple be of the general structural formula
(M): 21 RN main chain- AZIn this formula Q A and Z are as defined
above. RWOD amyo2r®pr esent R2 or a noiety that can beconeemrtsedois®odi24 wi t hout
at | east substantially affecting or derogating the residual structure and
functional groups of the peptide nucleic aC|d precursor nol ecule. As an
illustrative exanple, upon converting R8 ' to R2, any protecting group
present in the nol ecule, such as an ester, an am de or an et her

cl eaved 2lse apfaBphatisccommonad Jdedprped wteampdiate| compgups may dnc laiecaareamay an@mac. d,

am ne of gﬁﬁ? r
ot her Jﬁ%?igg%e{r%{n%pﬁlﬁcumf cu e@r eneglg HME %‘%g%‘gag b %%%%lﬁﬁ c ai n’%‘afugt he
al i phat mietpi Birthetrhere, the tamnaitad amire grewmisisabstiartedby an dl,nhaan dlouema withranmamal

opt i onaleFa R R hO bt s 250 uRN P kB0 Rebrodrf ke a1 o

somnes emandl mesih Shiihe e pédse ewo datbonCatab qiarra rp@rmrhead REONS zrthmlnasz ih goiiey be
of the general structuLe formula (Via) ' in chain- A ZIn_ this

f or nul aCfRbogiments hey ofrearmyng e Fiaige | "asweus f%ﬁ@] Ipyueh gmbrdimsnic bes  of
for m ng (@mENPRBRRIIREr0BS Gfo%élﬁtehﬁe&rﬂé comiySmb nRfy defife Y Pbﬁ@&?@lﬁa Heferdatbthher
bonded to the peptide nucleic acid nononer precursor ecul e. Thereby the
pept i deimibelfisp l}i& raonﬂmnrmwhwhbénkmg ety Agrang deoyucloophse i eenngbigde, in

sone enbodi nents %J mai n _chai n_of the PNA nononer precursor nolecule has a
het er oat om EOSS%T% nstoRyl sTpRp FoBRYialse R COVETsd nthanpther wr%ewh%relbsé?ng

I nked. pbitistaRy %@ﬂ%d&% SwiiBe cOeesPoRALS mléTF(ySlti(er ofl tﬁ§ tape&ivethelir®dtonlin A
Ilnklng moi ety fay be bonded to the position of the heteroatomthat carries
t he nuctheding @NA menewyr. flderfingionakgrgup Ehaay befreacted withrifuectional &oup aérd
nmononer f

turned R FEERBTROMLOEE Tk o EBirhadion cchBubd NAIRSaf Mistic cBffpoliks.,

t he mai Asahasult llhaspeptrdeemg:ﬂdnc acEld tmemomer precursor molecule may be formed. Thereby the

terminal functional group G of the intermediate compound may be converted to a heteroatom

15  of the peptide nucleic acid monomer precursor molecule.

[0056] As explained in detail above, in some embodiments the peptide nucleic acid
monomer is defined by the general structural formula (I) (supra). In the process of forming
such a peptide nucleic acid monomer a peptide nucleic acid precursor molecule of the general

structural formula (III) may be employed:

H
2' '
20 | (11
(C|H2)n
Zl

As explained above, R2’ may be identical to R2, or it may for instance be a shielded form of
R2, with R?’ being convertible to R2. Likewise, in the above formula (II) A’ may also be
identical to A or it may be a shielded form of A, with A’ being convertible to A. Also Z’ may
be identical to Z, or it may for instance be a shielded form of Z, with Z’ being convertible to Z. n

25  is an integer as defined above.

[0057] The peptide nucleic acid precursor molecule may be reacted with a compound of
general formula (IV) to form the peptide nucleic acid monomer of general structural formula

(D) (see above).



carbon atons. As already indicated above, the side chain that connects the
nucl eobase to the nain chain may be connected to the main chain via an

am de bomal0 200mrxatsngl y, such an anm de bond rmay be for nedTdGr00s@oe3ne
process of linking the side chain to a heteroatomof the main chain. The
heteroatomis in such enbodi nents generally a nitrogen atom [0054] In
enbodi nents where the main chain of thd%inal PNA mononmer is forned

stepwi se, an internedi ate conpound may be forned. In sonme enbodi ments such
an intermedi ate conpoundgi s forned upon reacting the amno group of the
first bifunctional conpoynd with a functional group of a second

bi functi onal conpound. This secoQgObifunctional conpound isal so an

al i phatic conmpound. Th med i nt eérnedi ate conmpound ‘may i nclude a term nal
am no group and a t &R nal ctional group G These two groups nay be
connected by an aliphatic noiety. Furthernore, the termnal amno group is
substituted by an aligpatic noiety with a main.chain of at .least two _carbon

at oms atl thspaboyeaforputp {IY)ahaney be h@pé?%saIQ)(Pr@R(as P& -CRsR3, ¢ Ner CONEa,

mai n Ch%?%@i&{%r JCRAIR3R¥Gn Qéb@ﬁ?, ot O9R3 "CONMRPAR -AERRA3 ¥ %%&ew, adey
in sone enbodi nents be capable of "carrying a charge 1 n aqueous solution. In
such enbelli asent-€ONRERécthermmaéty fRf ate independerslypsel@atdd Hher amtkphatidi atogclic,
conmpound_may. defj ne. t.he .position .of a heteroatom.i final P r
Co i c e fid gt B ot PP g B AP eS Bhed 1 Bubpitischth o Booky
The funstsemad SigiOmMPCOXBYa RdlSgenhof 0Ny &F, ICI0B 6t D RhAah®e HYRisaMeroupor aby a
position may be introduced, which corresponds to the position of the

r espect Meghyh Eraipol mean hean individugy spegtedramelsabase The functi onal group G may
be reacted with a functional group of a third bifunctional compound. The
third bi f untd0s8hk somssrebedimests hespeptide apelpisacidriegpsuneliccyle of thegeneralt he
pepti de ﬁ#&ﬁ 1 i I Y .Thereby the
ter mi nal uﬁgiﬁﬁﬁgaqg@%@% ESﬁ&ﬁﬁgﬁ?ﬁ%%gﬁ%%?gkgﬁg%%%gﬁﬁhﬂﬁggqg% converted
to a heteroatom of the peptide nucleic acid nmononer precursor nolecule.

[ 0056] As explained in q§tail above, in sone enbodi nents the peptide
nucl ei ¢ acid nononer i KRdefin t bbmeral structural formula (1)
(supra). In the process of Norm ng™uch a peptide nucleic acid nononmer a
pepisde nucleic acid precurﬂor nol ecul e Ofé%ﬁﬁ general structural formula
(I'11) maybe enpl oyed: As exg ai ned above, “ may be identical to R2, or
it may for instance be a shijelded formof R2, with R2 ' being convertible
to R2. Likewi se, in the abo formula (111) A may al so be

The primary amino group of the compound of general formula (VII) may for instance be
reacted with a compound of formula L-CH»>-A’, in which L is a suitable leaving group for a

reaction with an amino group. Thereby the compound of general formula (III) may be obtained.

[0059] In some embodiments the compound of general formula (VII) may be a

15  compound of general formula (VIla):

[0060] In some embodiments the peptide nucleic acid precursor molecule of the general

structural formula (III) may be obtained from a compound of general formula (VIII):



identical to Aor it may be a shielded formof A wth A being convertible
to A Also Z' may be identical to Z, or it may for instance be a shiel ded
form of Avownton2Zi2ébei ng convertible to Z. n is an i ntegemn/saom@bizaned
above. [0057] The peptide nucleic acid precursor nolecule nmay be reacted

wi th a conpound of general formula (1V) to formthe peptide nucleic acid
monomer of general structural fornula 20) (see above).ln the above fornul a
(V) Y may be -COOH, -COOR 3, - 7 -COSR3, -CN, -CONH2 , -CONHR3 or
-CONR3R4 . In -COOR3, -COSR3, CON and - CONR3R4 the nmoiety R3 , as well
as in -CONR3R4 the noiety R4 , arelindependently selected H or an
aliphatic, alicyclig' aromatic, a aryl%éicyclic group, which may include
G o about 3hetero§om Ngs M S e and Si. Xin -COX is a hal ogen
atom e.g. F, d, Br orN | RL may be H, a silyl-group or a nethyl group. E
may be an individually gel ected nucl eobase kQ@ﬁ ] I'n sonme enbodi nents the
peptide nucleic acid pr@ursor nolecule of tthé general structural formula
(') may be obtai ned fqon1a conmpound of general fornmula (M1): (M) IZ
The primary am no groupgpf t he conpound of general formula (VII) may for

i nstance be reacted witi a conpound of fornmula L-CH2-A", in which L is a
suitable leaving group for a reaction with an am no group. Thereby the

conmpound of . i.ned.. 0 .

crbodi ment s\ @RLF Bl AU e H8jery &7 AT SlirsbBglectiDe BRRE e gpn
gener al cémovenidndy (b¥irempved GofDihelmolscute (eplabdiertritexaimpiespe?’j Ag Zlusti e geaci d
pr ecur sor | ecyle of the genperal structural formula (l11) e obt ai ned
froma 8% H%@Wdﬂtﬁs’weg%hgm gwngeatS( tbmcmnppwef{s 91[ gwr%lhfilognvbmﬂg Ay 19 § the
i &Y BimpPBndst gendtl forBLR (WIQ4ECt i ve group that can conveniently be
removed fromthe nolecule (see above for exanples). R2 ' , A, Z and n are

as defined above. In sone enbodggﬁnts t he conmpound of general formula
(VI1'1) may be a conpound of genefal formula (Villa): (Villa) [0062] In sone
enbodi ments the peptide nucleic pcid precursor nolecule of the general

structural formuL2'(111) y be ppbtai negt froman intermedi ate conpound of
general formula VYF\N///QE\V//’ N

l (VIIa)
(CH,),

Zl

[0062] In some embodiments the peptide nucleic acid precursor molecule of the general

structural formula (III) may be obtained from an intermediate compound of general formula (V):

2l

| V
( )

|
Zl

10 [0063] In this formula (V) R?’, Z’ and n are as defined above. The moiety G may be one
of a formyl group, a halogenomethylene group, an acetal, a thioacetal and a selenoacetal. In
some embodiments the compound of general formula (V) may be a compound of general

formula (Va):



[0063] In this formula (V) R2 " , Z° and n are as defined above. The noiety
G may be one of a fornmyl group, a hal ogenonet hyl ene group, an acetal, a

t hi oacet avoant/@7xrel enoacetal . hi sonme enbodi nents the eocmscaosd/oodfs2gener al
formula (V) may be a conpound of general forrmula (Va):By reacting the

i nt ernedi ate conmpound of general fornula (V) with glycine or an ester of
glycine a nucleic acid precursor nolecle of the general structural fornula
(') may be obtained. [0064] A PNA nol ecul e according to the invention has
an aliphatic backbone tghdt is er physiol ogi cal conditions at |east
substantial ly uncharged. Thqq | i pagg@ ¢ backbone includes am de groups,

whi ch typically connect the jmononelic subunits of the PNA nol ecule. An

am no portion of these am dg bonds may be included in one nononelic subunit
wher eas the carbonyl porti (@ ¥ be incl udednig) another nmonomelic subunit.
Generally the one or nore aql e -groups of the allphatlc backbone of the PNA
nol ecul e are connected by alliphatic noieties. These aliphatic noieties are
accordingly typically inclu@d in the backbone of the PNA nol ecul e. These
al i phatic noieties may include 0 - 3 heteroatons such as N, O S, Se and

of one &5 1 [ FE S o AREAI AcuB b R0} M LR BB ot" o
at | easfiglyome aaristeic abﬂnpnecﬂ'ﬂsbls na:llds@ple ohahen gbraesalastnehanl ft&ﬁﬂhlzg (BD)pmZy behi ch

may in SB Eﬁrrbodlmsnts be capabl e of carrying a charge, e.g. a positive
charge &8 tain gatlve charge in aqgueous solution hi sone enbodi nents the

Dol o6, 'oad MIRHP 477, SRRARLEa AR I NSRS A5 WMAFRDRLRAAY AR i

conditions rou I NS nce pe an am no
group, anderaphybislegigalo uond)flortsn at eadnzobsamgiatiy puncﬂ‘lﬁfgéﬂ] TAe Piliphant erackisone

according.to the inventi be obtain bIe process .th i ncl.udes
Feact | ndiclidss grds BB WG DRisally Epice! e B QB L e N hlee
al so i nnugfinbpoRtieA bE tHeSe hRledoRk ﬂ&ly%nemh&pui SnOMoRoHieic SubsMRBMdreas
General ly any standard method, as well known to those skilled in the art

may, intenearbepiaoreen srayraneided in @gothay mesomsHE Gyt Aigpesallypthgone or
oy ”a‘iﬁd?@ afideSEBR5s Of tht AGpRRICHAGKETRY RHRPPR] HalebdIE drPtnntdedBy AHpIRART €d

mnne
moieties. These aliphatic moieties are accordingly typically included in the backbone of the

PNA molecule. These aliphatic moieties may include O - 3 heteroatoms such as N, O, S, Se

and Si.

[0065] In a PNA molecule according to the invention the amino portion of one or more
15 of the amide groups is substituted by an alkyl side chain of at least two carbon atoms. This
alkyl chain has a polar head group Z, which may in some embodiments be capable of carrying
a charge, e.g. a positive charge or a negative charge in aqueous solution. In some embodiments
the polar head group Z is capable of carrying a charge under physiological conditions (supra).
The polar head group Z may for instance be an amino group, a guanidine group or an
20  imidazole group.

[0066] A PNA molecule according to the invention may be obtainable by a process that
includes reacting a plurality of peptide nucleic acid monomers. Such a process may also
include immobilizing the growing PNA molecule on a solid support. Generally any standard
method, as well known to those skilled in the art may, in the formation of PNA molecules may

25  be employed. Any step or combination of steps of the method may also be carried out in an

automated manner. -

[0067]) A PNA molecule according to the invention may have monomeric units that can

be represented by the general structural formula (II):



[0067] A PNA nol ecul e according to the invention may have nononelic units
that can be represented by the general structural fornmula (Il):1n general
formul a (WOD)201Q/2832an al i phatic bridge that has a nmai n clrairsGaéosacéengt h
fromabout 2 to about 12 carbon atons. Additionally it may optionally
include O to about 2 heteroatons such as N, O S, Se and Si. Eis an

i ndi vidual |y sel ected nucl eobase. Z is23n individually sel ected polar head
group, which may in some enbodi nents be capable of carrying a charge in
aqueous solution. [0068] In Eone enbodi ments the conmpound of general
formula (V) may be a conmpound of general formula (Ha): In general fornula
(Ha) nis an individually selected énteger from2 to about 9, such as about
2 to about 8, aboutf 2 to abou out 2 o about 6, about 3 to about 9,
about 3 to about 8, about 3 to apout 7,0abput 3 to about 6, about 4 to
about 7 or about 4|jto about 6, sphch as B.g| 2, 3, 4, 5, 6, 7 or 8. [0069]
As an illustrative exagpbe\gozth | ec according to the invention may

i nclude a substructhTﬁ t hat n be resepted as follows:In the above
exenpl ary substructjure noieties El1 to E3 ale indllyidually sel ected

nucl eobases. Z1 to quare i ndi vidual ly sel pcted pol ar head groups. These
pol ar head groups waylbe capabl e of carryiphg a charge in aqueous sol ution.
Rl 1 to R13 are individually selected noiefies that may be H, a silyl-group
or a met hyl group._[O@?O] PNA nol ecul es arp usually poorly soluble in
aqueous solutions. Those skilled in the art will therefore appreciate that

th i : : |y . ts i hal
e Bt CHERRrf ok ) s AR BB cRe ATl nkoif SR F afd RUBCERL b2,
conpar edo tbbout dr2veanbom a@imsPRAditainaliy litesay [opGaddllyPiNslude | Ceubtesit drletdcoatamst 0

b bl e of i di, zi ng to_both co. t d targets, |

e dene BN XD R s SRR e DR D MGl
accos di pgedted poiar Mk pedupwhedh f)d @it dhbudinents 6B eafablelél GrrngQ chffdelifS t O

t he PNA nol ecul es of the invention. In contrast to DNA, PNA can bind in
eit her PayeRPs euen.antiparal l el fashion. However, the antiparallel binding

[ lightly,f d .h | | el d hi t.h |
a1 1y, BB S od PR B BBk 2orB aFiny BF Fpoune
i nvent i gPgéiyal Bemiig£dlid)n

E
(0]
R’ 0O
SN N N \/U\
| (Ila)
(CH2)n
Z

10  In general formula (IIa) n is an individually selected integer from 2 to about 9, such as about 2
to about 8, about 2 to about 7, about 2 to about 6, about 3 to about 9, about 3 to about 8, about
3 to about 7, about 3 to about 6, about 4 to about 7 or about 4 to about 6, such as e.g. 2, 3, 4, 5,
6, 7 or 8.

[0069] As an illustrative example a PNA molecule according to the invention may

15  include a substructure that can be represented as follows:



various applications. They may for instance serve as a nolecular tool in
nol ecul ar bi ol ogy and bi ot echnol ogy or they may be used for therapeutic

pur poses,wa0mai2i32as i n t he devel opnment of gene-t ar get e#CarSGgens/0bys24
inhibiting gene transcription, i.e. typically antisense applications. They
may further be enployed to inhibit the elongation of nucleic acid priners,
in particular DNA primers, by a respec23ve polynerase in a variety of
applications. As anot her exanple, the& may be enployedEBor di agnostic
purposes or in theglevel opnent of biBSensors. Further,STthey may be enpl oyed
as adapters to link peptides, pharmageutical conpounds|or nolecul ar tracers
to plasmd vect 0073 I'n ordgp tt i nventd1g readily
under st ood an®R pragtic 7 partg cular enmbodi nent$?wi || now

be described by way of the | I owi ng no .
Mat eri al 0074] I vent pl_use r a
Pyri di ne, wgceﬁgimﬁfféTﬂg/an roué“ﬁ;gétf?ﬁr wo days,
distilled and stored over nol egul ar sieves prior|{to usage. NaH was washed
with dry hexfpne and dried in vpcuo prior to use. anine was purified by
di ssolving it™SN\h 0.5 M NaOH, an ubsequently adjus}ing the pH of the
solution to pH {0 using IM HC ; The white precipitafe formed was coll ected,
dried and groungd to a fine powderlprior to usage. ot her chem cal s
supplied by Al drisk! Merck and LadCaster were used wi thhout further
purification. [0075] Flash chromat ography was carried fjout using commerci al
silica colums (Redisep) on a Conbi Fl ash system and uak preparative
col um chr omat ogr aphy was carried out using silica gel 6 Z%Lancaster,
0.040-0. 063 mMm) . Analytical HPLC mas,perﬁo;g;d on_a. DI ONEX system equi pped
with a Inphe pbove ey fubyrichire maietissd' W greandigidually sedectph nadeehspesnm
(AgET eng1 1tz 8L TBhall PETbctB SRR Aldd /Gl PR HofA Lol i) 1R Rl DZY
systemwith a C 8 sem=-preparative column. The "anal yte re eluted using
a gr adi efncarryiing archarge invequenisweohttion. B3} ve k3 aravindividually| Jetagtedamoistiee thatat er
contai ni.n %% T n was 90% ACN in distilled deionized
matg$ égﬁgg?%ﬁ%gd%Fgﬁw??g%?%#ﬁgE%%@iIe phase flow rate was 1 niL/mn for
anal ytical (5012 Nathéiidled 8E us@illy RIo?RAoRIbY f ddibbas’ SRRRAS! ViRds¥ ski@ed if he
separation tenperature was 23 C

the art will therefore appreciate that the presence of the polar head group Z generally results in

p=

a substantial improvement of solubility of a PNA molecule according to the invention when

compared to conventional PNA molecules.

10 [0071] PNA molecules are known to be capable of hybridizing to both complementary
DNA and RNA targets in a sequence-specific manner to form a PNA/DNA and a PNA/RNA
duplex structure according to the Watson-Crick hydrogen binding scheme. This also applies to
the PNA molecules of the invention. In contrast to DNA, PNA can bind in either parallel or
antiparallel fashion. However, the antiparallel binding is slightly favoured over the parallel one

15 and has a higher thermal stability.

[0072] As PNA in general, PNA molecules according to the invention may be used in
various applications. They may for instance serve as a molecular tool in molecular biology and
biotechnology or they may be used for therapeutic purposes, as well as in the development of
gene-targeted drugs, by inhibiting gene transcription, i.e. typically antisense applications. They

20  may further be employed to inhibit the elongation of nucleic acid primers, in particular DNA
primers, by a respective polymerase in a variety of applications. As another example, they may
be employed for diagnostic purposes or in the development of biosensors. Further, they may be
employed as adapters to link peptides, pharmaceutical compounds or molecular tracers to

plasmid vectors.



[0076] The 1H and 13C NMR spectra were recorded on a Bruker DRX-400 (400
MHz) NWVR spectrophotoneter. ESI/APCI mass spectra were recorded using a
bench-t opwoanimagzé mass spectronet er (FI NNl GAN LCQ Deca PEP/Skidd(s/oeepas pped
wi th standard ESI/APClI sources. MALD - TOF mass spectra of PNA oligoners
were recorded on a 4800 MALDI TOF/ TOF Anal yzer operating in M reflector
positive ion node and using -cyno-4- hyfiroxycinnamic acid as the matrix.
[0077] Thernmal denaturation studies (Tm) were run on a Cary 300 Bio

UV- Vi si bl e [§88H: Ingpden thatthe invemign may boreadidy annssteerhanspyt igmpsicae abieel. | o

The ol i ggg@g [ f r‘,izép aﬂ%q a,
10 mM sodi um p%ﬁﬁﬁ%%g{séﬂgag%ﬂm R,bg'p 7&?2){flé We%@demn!tn?lg%r?gg% &
PNA, AP-PNA and GP-PNA ol igoners were 2 mM each. The sanples were fi rst
heated to 90 C for 5 min, followedByspidel |y cooling toroomtenperature
prior to neasurenent. UV-absorption was nonitored at 260 nmfrom85 to 15 C
at the rate of 0.5 C per m nut epde09:08IndaEeHoagcent rati ons of PNAs were
guantified by neasuring the absor?{)ance n(l l@ of the PNA solution at 260
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pat s were kept 1n ution containing 100
Nad , 1ﬁBedM1§mdtﬁmhphpl$rpﬂimmen and 0.1 n1\/| EDTA, pH 7.0. The sanples were
heated at 90 C for 5 min, followed by gradually cooling to roomtenperature
prior tor e[Oﬁ?-’diEigslﬂihrelpe@graph}’ was 080ikd Cut wsingcammmaienciah pidite columms OR ediesph
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phase column (Agilent, 4.6x150 mm). Semi-preparative HPLC was carried out on a
SHIMADZU system with a C18 semi-preparative column. The analytes were eluted using a
gradient mixture of two solvents: Solvent A was distilled deionized water containing 0.045%
TFA and solvent B was 90% ACN in distilled deionized water containing 0.04% TFA. The

20  mobile phase flow rate was 1 mL/min for analytical and 2.5 mL/min for semi-preparative

HPLC respectively, and the separation temperature was 23 °C.

[0076] The 'H and *C NMR spectra were recorded on a Bruker DRX-400 (400 MHz)

NMR spectrophotometer. ESI/APCI mass spectra were recorded using a bench-top ion trap

mass spectrometer (FINNIGAN LCQ Deca XP MAX) equipped with standard ESI/APCI

25  sources. MALDI-TOF mass spectra of PNA oligomers were recorded on a 4800 MALDI
TOF/TOF Analyzer operating in MS reflector positive ion mode and using o-cyno-4-

hydroxycinnamic acid as the matrix.

[0077]) Thermal denaturation studies (Tm) were run on a Cary 300 Bio UV-Visible
spectrophotometer. DNA oligos were purchased from SIGMA PROLIGO. The oligomers were

30 hybridized in a buffer solution containing 100 mM NaCl, 10 mM sodium phosphate and 0.1
mM EDTA, pH 7.0. The concentrations of DNA, PNA, AP-PNA and GP-PNA oligomers were

2 uM each. The samples were first heated to 90 °C for 5 min, followed by gradually cooling to



I n an at nosphere of 5% CO2 in Hycl one DVMEM H gh G ucose nedi um wi t hout
antibiotics and were plated at 100,000 cells per well on 6-well Lab-Tek
chanber edvoavsvgbass slides in DVEM nedi um and cul t ur ed PClsGdaog®odsed or e
transfection. Aigoner solutions were prepared by diluting a 200 nM st ock
solution at 1xPBS buffer to 0.5 mMMwith warned (37 C) nedium The cell
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usi ng 1fdMotdeh byH@u@ﬂdﬁéédlidg%@o&ﬁ&mrm& PP & Rbedit/CDidpkétaini.on, washed

wth 5 nm. water and dried in vacuo to afford 3 as a ite solid (1.16 g,

9295 ESI - Npog0]|ZCulfide [tk HrarisfebioNNR 1d1Q CcelbizvitDZoresoclh Uabetedl h9gPNA. A8- (d,
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protocols (Janowski, B.A., et al., Nature Protocols (2006) 1, 436; Shiraishi, T., &. Nielsen,
P.E., Nature Protocols (2006) 1, 633). Hela cells were grown in 75-cm” culture flasks at 37 °C
in an atmosphere of 5% CO; in Hyclone DMEM/High Glucose medium without antibiotics
20  and were plated at 100,000 cells per well on 6-well Lab-Tek chambered coverglass slides in
DMEM medium and cultured two days before transfection. Oligomer solutions were prepared
by diluting a 200 uM stock solution at 1 xPBS buffer to 0.5 uM with warmed (37 °C) medium.
The cell medium was discarded and cells were washed with 1XPBS buffer followed by
incubation with the above prepared oligomers at a concentration of 0.5 uM for 24 h at 37 °C in
25  an atmosphere of 5% CO,. The medium was removed and cells were washed with 1 x PBS
buffer (2 mL x 3) and fixed with 37 % paraformaldehyde. The cells were imaged with
Olympus IX51 fitted with Cool SNAPH? camera and analyzed using Metamorph software

(Molecular Devices).

Monomer synthesis

30 [0081] N4-Benzoylcytosine (6). Benzoyl chloride (2.3 mL, 20 mmol) was added
dropwise over 30 min to a stirred suspension of cytosine (1.1 g, 10 mmol) in dry pyridine, and
stirring was continued at room temperature for a further 4 h at room temperature. The reaction

was quenched by adding a small amount of methanol. The solid was filtered, washed with



Hz), 7.19 (d, IH J = 7.2 Hz), 4.31 (s, 2H). [0084] N6-Benzoyl adeni ne (8).
Benzoyl chloride (1.3 nm., 11 mmol) was added dropwi se over 30 mn to a
stirred swepermizeszéof adenine (1.35 g, 10 mmol) in dry pgmisdzens/ooesnd
stirring was continued at 100 OC for a further 3 h, and the reaction

m xture was allowed to stand overni ght at roomterrperature The reaction
was quenched with methanol and the sol ¥énts were renoved under reduced
pressure. The residue was triturated in hot |sopropanol and dried in vacuo
to gi ve E8OHsngd Wﬂtﬂévgcmt@igwyule%g thbs d@Sl(e@i@wdu%(? rrlz 240 [I\/H—I] +:
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stirring was continued at 100 °C for a further 3 h, and the reaction mixture was allowed to

stand overnight at room temperature. The reaction was quenched with methanol and the

20  solvents were removed under reduced pressure. The residue was triturated in hot isopropanol
and dried in vacuo to give 8 as a white solid: yield 2.15 g (90%); MS (+ESI): m/z 240 [M+H]";
"H NMR (400 MHz, d-DMSO): 611.50 (s, 1H), 8.74 (s, 1H), 8.52 (s, 1H), 8.11 (d, 2H, J="7.2
Hz), 7.66 (t, 1H, J= 7.2 Hz), 7.58 (t, 2H, J= 7.2 Hz).

[0085] NG-Benzoyl-9-eth0xycarbonylmethyladenine (9). Compound 8 (2.39 g, 10

25  mmol) was dissolved in dry DMF (100 mL), cooled to 0 °C, sodium hydride (0.48 g, 20 mmol)
was added, and the mixture stirred at room temperature for 30 min. Ethyl bromoacetate (1.22

mL, 11 mmol) was added dropwise for 1 h. Stirring was continued for 2 h at room temperature

and the reaction was quenched with methanol (2 mL). The solvents were evaporated under
reduced pressure. The residue was subjected to column chromatography (DCM/MeOH;

30  9.5/0.5) to obtain 9 as a white solid: yield 1.3 g (40%); MS(+ESI): m/z 326 [M+H]"; '"H NMR
(400 MHz, CDCls): 69.02 (s, 1H), 8.83 (s, 1H), 8.11 (s, 1H), 8.05 (d, 2H, J = 7.2 Hz), 7.62 (t,

1H, J=7.2 Hz), 7.54 (t,2H, J= 7.2 Hz), 5.06 (s, 2H), 4.31 (q, 2H, J=7.2 Hz), 1.38 (t, 3H, J =

7.2 Hz); °C NMR (400 MHz, CDCl;): 6=166.76, 164.53, 152.96, 152,50, 149.83, 143.22,



dropwi se to a stirred suspension of guanine (3.02 g, 20 nmol) and TEA (1.45
m., 10.4 nmol) in anhydrous pyridine (40 nL). The m xture was stirred for 3
h at 100 WwG.20i@7326act i on was quenched usi ng net hanol, @od/schesmodsgd was
filtered, washed with nethanol and dried in vacuo to give 10: yield 2.67 g
(60%; MsS (+ESI): mz 222 [ MtH +. [0088] :

N2-i soButyryl - 9- et hoxycar bonyl net hyl gudhi ne (11). Compound 10 (2.21 g, 10
mmol) and Na CCB (2.12 20 mol ) were suspended in dry DMF, and the

m xt ur 61%§8,M2@d12&)8%02@@5mﬂﬁ 02581 4533,A0% 1 h the heating was
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i n thi swh$ eeqled tor @ °CNind|egy b[pmoa@ptaw (1,22ym&; 41 mmol) was added dropwise for 1 h.

The stirring was continued for an additional 2 h. The reaction mixture was filtered and the
20  solid was washed with DCM. The filtrate was concentrated under reduced pressure. The

residue was subjected to column chromatography ((DCM/MeOH; 9.5/0.5) to obtain 11 as a

white solid: yield 0.77 g (25%); MS(+ESI): m/z 308 [M+H]"; '"H NMR (400 MHz, CDCl):

611.99 (s, 1H), 8.50(s, 1H), 7.71(s, 1H), 4.80 (s, 2H), 4.26 (q, 2H, J = 6.8 Hz), 2.70 (septet,

1H, J = 6.8 Hz), 1.31 (t, 3H, J = 6.8 Hz), 1.28 (d, 6H, J = 6.8 Hz); >’C NMR (400 MHz,
25 CDCI5): 6 178.3,166.9, 155.4, 148.5, 147.6, 139.2, 120.8, 62.3, 44.5, 36.5, 18.9, 14.1.

[0089] N2-isoButyryl-9-carboxymethylguanine (5). Compound 11 (3.07 g, 10 mmol)
and NaOH (0.8 g, 20 mmol) were dissolved in water (20 mL). The mixture was stirred at room
temperature for 2 h. The pH was adjusted to 3 using 1 M HCI, to obtain a white precipitate.
The solution was filtered off, and the precipitate was washed with a small amount of cold

30  water and dried in vacuo to give § as a white solid: yield 2.65 g (95%); MS(+ESI): m/z 280
[M+H]"; 'H NMR (400 MHz, d-DMSO): §13.32 (s, 1H), 12.06 (s, 1H), 11.64 (s, 1H), 7.93 (s,
1H), 4.88 (s, 2H), 2.74 (septet, 1H, J= 6.8 Hz), 1.10 (d, 6H, J = 6.8 Hz); '>’C NMR (400 MHz,
CDCl5): 6 180.63, 169.52, 155.29, 149.47, 148.52, 140.78, 120.17, 44.88, 39.38,19.33.



Chem 1997, 62, 4 11). [0091] |-[i V-Fnoc-7V-(6-

- Boc- hexyl )] am nopr opane-2, 3-diol (14). Gycidol (4.85 nm, 73 mmol) in THF
was addedwoaotome7®el uti on of 12 (14.3 g, 66 nmol) in THPCESGRIESHR03AE room
tenperature. The reaction was stirred at roomtenperature for 2 days. THF
was renoved under reduced pressure and the solid precipitate 13 was
filtered and washed with The filt2&tion was concentrated and used to

t he next step w thout a%dpurlflcatlon FnocOSu (16.8 g, 0.05 nol) was
added por t i [0899]s¥-1-Boexrl Sodigniinehexane KE2).1 Bi-far-Day bicaboate i 2.3 gp€G56ane)) 3
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hydrochl ori de whi ch was neutralized to pH 7 by

Ve OH
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solution portion w se at owed by tion o cetic acl (279
mL, 4. 8presson. )Thelrtcsul\mswss iextraded by IXJMc(dlﬁ@ nelt) /rldfm(t@]mér)a"tfhn ergahiz@hasd ni)

Foducedh BsTRENTR, b aRfindho iRaR AMiris B ¥AY miiBe SUMAR OB Ghn
phase vuaﬁomm@ﬁ@hw the pboduce wan dbduineddis(aVWhltcS @cshcum Byl 28%%. 'HANMR (CBOM)i ng
the 7.68 (d, 2 H), 7.48 (d, 2 H), 7.32 (t, 2 H), 7.23 (t, 2 H), 4.51 (d, 2 H), 4.14 (t, 1 H), 3.64-2.87
20 (m, 14 H), 1.37 (s, 9H); C NMR (CDCl): 172.3, 158.5, 143.9, 141.4, 127.7, 127.1, 124.6,
120.0, 70.8, 67.1, 63.4, 49.9, 48.8, 47.4,40.5, 29.9, 28.4, 28.1, 26.3, 25 4.

[0092] Methyl N-{2-[N-Fmoc-N-(6-N-Boc-aminohexyl)]aminoethyl}glycinate (16).

Compound 13 (2.5 g, 4.87 mmol) was dissolved in THF/ H,O (10 mL, 5/1) followed by the
addition of sodium periodate (1.15 g, 5.36 mmol) in one portion. The mixture was sonicated in

25  normal ultra sonic for 15 min and stirred for another 30 min at room temperature. The solid
was then removed by filtration, and the filtrate was concentrated and extracted by DCM / H,O.

The organic phase was washed with brine, dried over sodium sulfate, and concentrated under
reduced pressure. It was then dissolved in THF (4 mL) and added portion wise to the solution

of glycine methyl ester hydrochloride (611 mg, 5.36 mmol) in MeOH which was neutralized to

30 pH 7 by Et;N (678 uL) at room temperature. It was stirred at room temperature for 1 hour.
Sodium cyanoborohydride (918 mg, 14.61 mmol) was added to the above solution portion

wise at 0 °C, followed by the addition of acetic acid (279 uL, 4.87 mmol). It was stirred for 6
hours at room temperature. H;O (10 mL) was added to quench the reaction. The organic

solvent was removed under reduced pressure, the residue was extracted by EtOAc / H,0, and



solvent, the product was purified by flash chromat ography as pal e yell ow
sticky oil in 1.32 g (49% ; M5 (MtH+) : 554.53; 1 NWMR (CDCl 3) : 7.67 (d,
2 H, 7.4800d10/@273p, 7.31 (t, 2 H, 7.23 (t, 2H), 4.45 @dy/sekos/odosrd (t,
IH), 3.69 (s, 3H, 3.16 (m 2 H, 2.98 (m 4 H), 1.36 (s, 9 H, 1.35-1.13
(m 12H); 13C NMR (CDO 3) : 172.7, 166.8, 156.0, 143.8, 141.4, 127.7,
127.1, 124.7, 120.0, 79.1, 67.4, 53.1,298.4, 47.9, 47.3, 44.5, 40.4, 29.1,
28.4, 28.3, 26.4. Ceneral procedure for the synthesis of the AP-PNA nononer
(ester therorganiq phase7wns washed with piwoand deed swer sedium syHase. )Afigrsremioning) thed i n

che aaditt et 8F RECHARA O TR Db gl e GRIBH By B i

sti rred(49%)y pbif (MHHE): $54158; T NMRg(EDCIEhe. 67eeb12| 5] 7n48<(d,n?eHWaB3I ttea I-|bpur ed

was 1 V{03 LB 5l abur B B BB Gl Sl 250570 (P PhCF ab gt

estey pi gducm@xs 1@Hohi3ca\nem (icbCcEPA93L7, 16618, 1569, 143 94041 4LH2NWR117(3DC112437)
7.68 (d 691(5 1H),

4. 54- 4 hm% 4 61, 5&11/38 ﬂ,?7’%%3 4%5710(‘292%&)4 2g36216 #s,’ . 3.40- 2.89
(m8H) 1.82 (t, 3H) 1.38 (s, 9 H, 1.42-1.00 (m 8 H); I\/B(M+Na+):
743. 57. 095] 17A o 3 . s, 1
H, 7.94 cer p{gbcedu/rgg yr%hn%_sds ot{)lﬁ/R éﬁ’%én%omeli(%gpr 0%11(7?, ’l;é'_ﬁA,(
4.61-4.52 (m 4 H, 4.13 (t 1H, 3.43ds, 3 H, 3.40-2.98 (m 10 H), 1.35
(s, 9H, 1.92-1.00 (m 8 H); M (MrH+) : 833.38. [0096] 17C vyield: 90%

| H NMR ( CDG0893] 6 8854 dng,21 Hamol). &s(dissolvdd) in DME- 3. 19L)( nthe ldarbdxymethyl

SSAOCE AL Ntk e e

(9'[2% 21H) étg@q TR rf_ﬁc?loﬁ sz{sdstm%dﬂ% roon 5«'|§:1|)n16§atuﬂe b'o(emléht‘la“hé (}eacﬁlohi)(mlxﬁlrér_')
' m

3. 67- 2. Was thep pguﬁ}i mtp apid pgter ¢4QgmL) to éqnqay@lkemreqmtwn E%? pmml)atwn 985, 12.

Ce ! hesi 8T,

Toc olERE A AR 15 FHE ARFGARC | BT e pTHE IR IR pRRA GO R

m xt ur esadfd. THF (3 nl)

15 [0094] 17T: yield: 94%; 'H NMR (CDCL): 7.68 (d, 2 H), 7.48 (d, 2 H), 7.32 (t, 2 H),
7.24 (t, 2 H), 6.91 (s, 1 H), 4.54-4.44 (m, 4 H), 4.13 (¢, 1 H), 3.71 (s, 2 H), 3.64 (s, 3 H), 3.40-
2.89 (m, 8 H), 1.82 (t, 3 H), 1.38 (s, 9 H), 1.42-1.00 (m, 8 H); MS (M+Na"): 743.57.

[0095] 17A: vield: 92%; 'H NMR (CDCls): 8.64 (s, 1 H), 8.07 (s, 1 H), 7.94 (d, 2 H),
7.66 (d, 2 H), 7.47 (d, 2 H), 7.43-7.19 (m, 7 H), 4.61-4.52 (m, 4 H), 4.13 (t, 1 H), 3.73 (s, 3 H),
20 3.40-2.98 (m, 10 H), 1.35 (s, 9 H), 1.91-1.00 (m, 8 H); MS (M+H"): 833.38.

[0096] 17C: yield: 90%; 1H NMR (CDCI3): 7.80 (d, 2 H), 7.64 (d, 2 H), 7.62-7.19 (m,
10 H), 4.73-4.07 (m, 6 H), 3.61 (s, 3 H), 3.57 (s, 2 H), 3.53-2.67 (m, 8 H), 1.31 (s, 9 H), 1.71-
0.95 (m, 8 H); MS (M+Na"): 831.56.

[0097] 17G: yield: 92%; 'H NMR (CDCls): 7.67 (d, 2 H), 7.55 (s, 1 H), 7.49 (d, 2 H),
25 7.37(t, 2 H),7.28 (t, 2 H), 4.48-3.94 (m, 5 H), 3.71 (s, 2 H), 3.67 (s, 3 H), 3.67-2.71 (m, 9 H),
1.35 (s, 9 H), 1.31-1.13 (m, 14 H); MS (M+H"): 815.12.

General procedure for the synthesis of the AP-PNA monomer (acid form) 18T, 18C, 18A,
18G

[0098] The monomer methyl ester (1 mmol) were dissolved in a mixture of THF (3 mL)
30 and H,O (1 mL) at 0 °C. NaOH (2 M, 2 mmol) was added dropwise and stirred at that

temperature for 20 min. After the reaction was complete, the mixture was adjusted to pH 5 by



and H2O ( 1 nL) at 0 C NaCH (2 M 2 mmol) was added dropw se and stirred
at that tenperature for 20 mn. After the reaction was conplete, the

m xt ure waie 2any2zi2ed to pH 5 bythe carefully addition ofcpsiGassionms2hydr ogen
sulfate solution ( 1 M. THF was renoved under reduced pressure, the

resi due was extracted by ethyl acetate (30 nL 3). The conbi ned organic
phase was dried over sodium sul fate and0concentrated under reduced
pressure. The i)roduct was obtained after freeze-drying as white or pale

yel | ow fhewearefully atshioon oBpotassium dydogen sulfatewputiand 8. THY ves removed wyder 7. 49

(6o b5y ‘{ ﬁrfgst‘ﬂ[ﬁ Zth?rﬁsi‘a'i“tz%va teﬁ)t’%°t§g 3y ‘(tﬁ}i ééef%té P 04314?96 C‘%Hh)“gd yA
(M H+) orgaﬁ@ﬁnhﬁ& wlab Hpied oizBrAsockumI shi fate8&rd ddﬂcéihﬁtédlﬂﬁeS)reducﬁd prestwe. Thel) ,
8 ,0 4 4Q‘ro ugf Vﬁ_asph.?al%e%ﬁer gl_%if. ({r l}ﬁhléé)rfglezyeg?w(p&w , ]7_ gg (78 199( m 7

1 o 80 (Hgs}tﬁ(ﬁ)r 2\/1'\/59 5@ A?&(Wﬁz?qﬁ&»%"éi %éﬁ rﬁ&’dlgi %H?@/%Etgzg%'?(m

6 H), 37 63 (3. H§3 6191, (5315¥) @s18-L04m, 8}13)3326@799((& ﬂ)H),,197 &L3(8), 137y, 9
1.71-0.95 ( MR (CDQ 0)5 MS (Mr H+) @ 795.14. [0102] 18G
yi el d: ]EI)L%3[QIQISNI()R ?é:ljd\@)( +1ﬂ ¥707.9%9 (m 9 H, 4. 48 3.98 (m 5 H)
3.88-2.94 ( 8&) % H1)R|182 80 (m Hg)

801.18. [018 0]f1 tbg?ldNS% (WW @%yl%ﬁﬁoiﬁhﬁ n@ﬂ}mﬁé&(ﬁy?ﬁ),

gl yCI( nay g4 f(w oy H) CMS’ é& deH 1P36-706t (i, ﬁH?@@&atht(ﬁl (67H§ 367 (s32 ]H)m§‘3|8)2 bR dr y

dropw se to a sol tion of yl €nedi am ne’ (30
ol 0) a&rn(SId:)dvﬁr(S,PB)hl 9ﬁ'ﬁegor(éB§IH),h’QS€MktHjbe81\ﬂ82§ stl rred at 0 C for 3 h
at roomtenperature for 18 h. The reaction mxture was diluted with DCM (20

m), washedﬂmwsﬁ lwﬂd@ﬁmnﬂ N{Vﬂé(@%h) 1 8%(do B 66i(é 23} J.640T- 1D (1, 16,
rver ! MCRAER G pR SRR MO 5 18Pk, B8, RATRL99, SeS

et hyl en@di8ali) r‘neCNMRgGD@h)TIMaS Gvigdhi)c795aer was dri ed and renoved to get

7.55 g (85% as yellow oil. The yell ow oil was dissolved in DCM (25 nL) and
6 L) [62]addyielfio 84%; s HsDIMR i (6D Glgs 7aid2 89 dmo9wHp e 48-3 SBufn,on Hf

TEA (
i %58%??42(?82& Hoh uds il duigat 48 81 HEME R HEhall i ur'e for a
0T 12 BT T R o e R 1
chloride (19) -Butyl bromoacetate (7.5 ml, 31 mmol) in dry DCM (10 mL) was added
dropwise to a solution of ethylenediamine (30 mL, 450 mmol) at 0 °C over 1.5 h. The resulting
mixture was stirred at 0 °C for 3 h at room temperature for 18 h. The reaction mixture was
20  diluted with DCM (20 mL), washed with brine (20 mL) [caution: the product is also soluble in
water] which was re-extracted with DCM (3 x 20 mL). The combined organic layer was washed
with brine (20 mL). TLC (colored by nihydrin ) shows ethylenediamine was gone. The organic
layer was dried and removed to get 7.55 g (85%) as yellow oil. The yellow oil was dissolved
in DCM (25 mL) and TEA (6 mL) was added. To this solution was added dropwise a solution
25  of Fmoc-Cl (11.2 g) in DCM (50 mL) at 0 °C over a period of 2 h. After addition, the reaction
was allowed to stir at room temperature for a further 12 h. The resulting solution was washed
with I M HCI (2 x 50 mL) and brine (50 mL). The organic layer was dried and removed to get
light yellow oil. Cooling (- 20 °C) ovemight resulted in a precipitate which was collected by
filtration and washed with DCM until the solid was colourless. The filtrate was concentrated
30 and cooled to get more solid. The entire combined solid was dried under vacuum to give 1 as a
white solid in 5.53 g, yield 45%. MS(+ESI): m/z 396.92 [M+H]"; '"H NMR (400 MHz, DMSO):
69.20 (s, 2H), 7.94 (d, 2H, J= 7.2 Hz), 7.73 (d, 2H, J= 7.2 Hz), 7.57 (t, 1H, J = 5.2 Hz), 7.46
(t,2H,J=17.2 Hz), 7.37 (t, 2H, J = 7.2 Hz), 4.38 (d, 2H, J = 6.4 Hz), 4.27(t, 1H, J = 6.4 Hz),



light yellow oil. Cooling (- 20 C) overnight resulted in a precipitate

whi ch was col lected by filtration and washed with DCM until the solid was
col our | esw0 20tm2f32kt rat e was concentrated and cool ed t opgetsGaais@®osadi d. The
entire conbined solid was dried under vacuumto give 1 as a white solid in
5.53 g, yield 45% MS(+ESI): mz 396.92 [ MtH +; 1H NWVR (400 MHz, DWMSO) :
69.20 (s, 2H), 7.94 (d, 2H, J = 7.2 HB) 7.73 (d, 2H, J = 7. 2 Hz) 757 (t,
IH,J:5.2H2),7.46gt 2H, J = 7.2 Hz), 7.37 (t, 2H J = 4. 38
(d, 2H, 391«s62H),H237 (4 2H7 ¢t 61Hy), 3.03 (6. A+ ¥, 8 Hg). E@ NMR)(4OQ MHZ(DM&(H J =

Vaa. 57, Bl 515638, 1) ftey, PRSNGSR pEIEs T 415

46. 89, 3489, 37.1R88MI. Ceneral procedure for the synthesis of the aegPNA
nmononer (ester form 19T, 19C, 19A, 19G [0104] Base-acetic acid ( 1 eq) was

di ssol ved .in U eq)..and NW ( 5e dd yel | ow
green ni XPERER \pagceémergA igl a*gm@ie%s the fegtiA m(@@%aéﬁ?&r% 19T 13€q54

addegl in one portion and continued to®gr at 0 C for 30 mn The reactlon
was allowed to stir at roomtenperature for 22 h. The progression of the

reaction waf10®NBhser£etidYicidRl @ nuasbhbsoMed iAf dr@DMIBNHATU (013 &f) dndeNMM
starting naterial, the reaction m xture was concentrated .in_vaccuo and the

r esi duel3f8a) vas pode The vRllomerespmeiiurgaes sEreat QiEror \p prip. Campand G o

adj ust €1h@xyp\|ﬁ|ast Qddedin orRPbriéd Bd Corkintied® Hid at TBE 1BF 9BRA. 1l“ﬁé”f'éaci‘i@é wagi ed
and renoved to get a yellow oil which was subject to flash colum

chr omat aldpvegshty stiDanooNetemperagirs far, 22 h. Theeregressionpfdh¢ martiaredasmonitarpd by

For i 2BFE, R PSRIAS, e ShpufyRhORR, Sufbe IRCAIIIT\ARAATRLGET W

0 C forcdfdemtrated Theadvun tand ehevessiduenwasndibded wvithtDEM, thldlﬂwias wiashesl with rng to

roomte The of t .reacti noni t.ored b and
S v, TR (R LG ieRish Bt HE8 st nd B Bk B r ne gt iee 9 JEF | ne
resi dueaﬂm&n&ﬁv@artatg@dawenbw (XM, wangibjdae torBashr cdl@ie Ichisaté @aphit [PChMEd
W th 3_X30 Mi t he conbi ned DCM | ay er was washed with water (2 X50
n ) and Hhg %5/9.5 ﬂ@%efwaﬁé@lﬁé‘?ﬁiis\ﬁe‘l‘d}lte -organi ¢ sol vent was renoved
and the residue was dried under vacuumto give the acid as a white solid.

[0106] 20T: MS(+ESI) 506.89 [ MtH +, 529.10 [ M+Na] +; 1H NI\/RT( 400 MHz,_ DWVSO):
General procedure for the synthesis of the acgPNA monomer (acid form) 20T, 20C, 20A, 20G

[0105] The ester was treated with 5 mL 95% TFA at 0 °C for 30 min. The mixture was
continued to stir for 12 h while warming to room temperature. The progression of the reaction
was monitored by HPLC and ESI-MS. After consumption of the starting material, TFA was
removed and the residue was separated with DCM/H,0, and the water layer was re-extracted

20  with DCM (3 x 30 ml), the combined DCM layer was washed with water (2 X 50 ml) and brine
(1 x 50 ml), respectively. The organic solvent was removed and the residue was dried under

vacuum to give the acid as a white solid.

[0106] 20T: MS(+ESI) 506.89 [M+H]", 529.10 [M+Na]*; '"H NMR (400 MHz, DMSO):

811.23 (s, 1H), 7.81 (d, 2H, J = 7.2 Hz), 7.61 (d, 2H, J = 7.2 Hz), 7.34 (m, 3H), 7.25 (m, 2H),

25  7.24 (s, 1H), 4.57 (s, 1.2H), 4.40 (s, 0.8 H), 4.25 (d, 2H, J = 6.4 Hz), 4.13(t, 1H, J = 6.4 Hz),

2.66-3.27 (m, 4H), 1.66 (s, 3H). °C NMR (400 MHz, DMSO): =171.24, 170.88, 168.08,

167.68, 164.86, 156.79, 156.54, 151.45, 144.33, 142.58, 141.20, 128.09, 127.54, 125.60,
120.59, 108.53, 65.96, 49.47, 48.14, 47.19, 12.37.

[0107] 20C: MS(+ESI) 595.99 [M+H]"; '"H NMR (400 MHz, DMSO): $11.26 (s, 1H),

30 7.37-8.08 (m, 17H), 4.93 (s, 1.2H), 4.75 (s, 0.8 H), 4.35-4.41 (m, 3H), 4.07 (s, 2H), 2.72-3.10
(m, 4H). >C NMR (400 MHz, DMSO): 6=171.23, 170.89, 167.51, 167.12, 163.75, 156.83,

156.54, 151.65, 144.36, 141.21, 133.66, 133.16, 128.90, 128.08, 127.54, 125.61, 120.59,



d11.23 (s, IH), 7.81 (d, 2H, J = 7.2 Hz), 7.61 (d, 2H, J = 7.2 Hz), 7.34
(m 3H), 7.25 (m 2H), 7.24 (s, |H), 4.57 (s, 1.2H), 4.40 (s, 0.8 H), 4.25
(d, 2H, Jwe 261022y, 4.13(t, IH J = 6.4 Hz), 2.66-3. 27 PCHSGL#8/0003266 (s,
3H). 13C NVMR (400 MHz, DVSO): 6=171.24, 170.88, 168.08, 167.68, 164. 86,
156. 79, 156.54, 151.45, 144.33, 142.58, 141.20, 128.09, 127.54, 125.60,

120. 59 108 53, 65.96, 49.47, 48.14, 43219, 12.37. [0107] 20C. MS(+ESI)
595. L H + 1H NMR (400 MHz, DMBO): 11.26 (s, |H), 7.37-8.08 (m 17H),
4.93 (s 6.19,29)98, 4028, 1&200‘7837%1718 35-4.41 (m 3H), 4.07 (s, 2H), 2.72-3.10
(m 4H). 13C NMR (400 MHz, DMSO): 5=171,23, 170.89, 167.51, 167,12, 163.75,
156. 83, 156[0308] 2054: WIS(+ESD 6@@181[2;/!.“1]13 'H 28VIB5(409 3HzDMSW®): 9 1.26 48, T,

2on el SE8 P R P 88 e S L R T D 2P

7.37-8. (8, 4H). '1¢ryMRA(@B Yz, DMSP): &175.28s 17073 ]-6)7 384.186-90, 5_6 Q&]l

167 %6, 13680 6640’2 160 A1 1335, 92 01 2098 T2 B0 38 Fostg ﬂ%ﬂo "

132. 98, 64.88, D664, 41888087 43,27.%8244.185. 57, 120.60, 65.98, 49.64, 48. 18 47. 42,
47.20, 44.76. [0109] 20G MS(+ESI) 602.15 [ M+H +; 1U NMR (400 MHz, DMBO):

dl 1.98 (s, [0h69] 20G: BB(€ESI) G03.15)[M-AH] 49H (SMRO4B6IMHZ, DMSOB31( 198 (3,0H)),

4.04(s 1.2H), s, 0.8 4.16-4.29 ( 94 3.42
(st §6@0<%H>61m493<s:0é%%7821@ B (o228 S O b g 6 39
171. 26, (111791{253.941257 2@9 2163 92 (ml 3 )8{1,031@5@34' ¥ B3y, P& 4dnae (40 UHS,
128. 07, 127 , 125.5 125.50, 120.5 , 48.30, 47.38, 47 20, 44.55,
35. 1, DYIH: 6618@69519}7152,mt1ﬂ@§551@e4€9r1é6 9Br brfetlurlE5 Bos, 1MB-FINAGHBR g3,
assenbl S I 0 e resin
s ng PR hdat oy AR DR B A B e 0t IS TE g
Fnmoc- R nk am de PEGA resin was svvollen wth 3 n1_ DIVF/DCM(5/1) for 2 h. The
Froc group was deprotected by 20@ligoperisgmthesis n DVF and shaking the
reaction vessel for 5 mn (repeated twice). Resin was washed with DVF, DCM
and was nonitored w t bererabproceduse for AHRePNondigomef assgpiingr APPNA) wer e
activated using the follow ng two nethods. Method A: nononer (2 eq), PyBOP
Eioeq))and [oh £} XA effigoreel NPérBodssBmblEaN@iera (RinRQamiddATREGR &6gin aasinl EA
€q

Fmoc/agyl/Boc or Fmoc/Bhoc/Boc protecting group strategy. 50 mg Fmoc-Rink amide PEGA
resin was swollen with 3 mL DMF/DCM (5/1) for 2 h. The Fmoc group was deprotected by
20% piperidine in DMF and shaking the reaction vessel for 5 min (repeated twice). Resin was
washed with DMF, DCM and was monitored with Kaiser test. The monomer (aegPNA or AP-
PNA) were activated using the following two methods. Method A: monomer (2 eq), PyBOP (2
20  eq) and DIEA (10 eq) and method B: monomer (2 eq), HATU (2 eq) and DIEA (10 eq) for 5
min at room temperature. When the coupling of the incoming monomer was onto a primary
amine, ie., to an aegPNA monomer, method A was used. Otherwise, when the incoing
monomer was coupled to a secondary amine, i.e., to an AP-PNA monomer, method B was
used. The activated mixture was added directly to the Fmoc-deprotected resin and the mixture
25  was shaked for 4 or 5 h at room temperature, followed by washing DMF/DCM and check by
ninhydrin test. The Fmoc deprotection and monomer coupling cycle was repeated until the full
the sequence was assembled. After the final Fmoc deprotection, the terminal amine was
capped by adding 5% acetic anhydride in DMF and the misture shaked for 15 min. The resin
was washed thoroughly with DMF/DCM and dried under vacuo. Cleavage from the resin was
30 carried out by adding 2 mL 95% TFA (2.5% TIS, 2.5% H;0) to the dry resin and the resin
suspension was shaked for 1 h at room temperature. The cleavage cocktail was filtered and the

resin was washed with TFA (1 mL x 2). The combined filtrate was precipitated by adding 15



mn at roomtenperature. \Wien the coupling of the incom ng nonomer was onto
a primary amne, i.e., to an aegPNA nononer, nethod A was used. O herw se,
when t he wocoiomg73enoner was coupled to a secondary am RET/SIG2e08/004324 an

AP- PNA nononer, method B was used. The activated m xture was added directly
to the Fnoc-deprotected resin and the m xture was shaked for 4 or 5 h at
roomtenperature, followed by washi ng B¥/ DCM and check by ni nhydrin test.
The Fnoc deprotecti on and nononer coupling cycle was repeated until the

ful | thelseq]dahietbylnethera septnibiged. toget dhe crderwhity sohidp dhe cprdsr white selid was

tor 7 _ by add; il ! \ j _
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dri ed ustceegyy dleudriedCselad ape therodissdieed 2?2 minds %6 ammah soltitityy andidicubated ni
95% TFA (2. 5% T1 S,,2-2% H2O) .to the dry .resin, and the resi.n nsi

Shaked PUTIBTGE “Codhe i Sobfitn Hal obFE g BR et FRiole S5 FRESP B s
t he § esinHy@sndpafified i tsBmigréparatiyerfevofdd-phabb IRI@HOR @M A is}ithésifdWatng the

precipitated by adding 15nL cold diethyl ether, centrifuged to get the
crude whmeeBigr/Bac profecting, upsfratesionq amimesa Featent waynerded sndihe cmde pna

synt hes)gatctUsHeP %hd TR AFRH/A3E %ﬁé_&gg%e/%ﬁ @i?éétl@%ulgfe%[? t§ IHALE %ﬁgwﬁg@' Thed

solid s then dissolved in~2 o ammoni a”soluti on and i ncubat e
over ni génpeated 42odCt Wesedeienteshbr MAILIAL TAF waass dpeetbseany- tThe predugt twasgthen

resi due ..redi ssol ved in H n Lfied hy ] [ad |
over scoBRUEEHI RIS b VAT 3P Wl e QR EFRRERREREL W pnns

gr oup soliginegy aresamamarizad én Figedd.nent was needed and the crude product after
the TFA cl eavage procedure was directly subjected to HPLC purification. The

expect ed prqduct. was detected by MALD -T S spectrosc . .The product
was then Mgfﬂﬁrﬁl prasedurefor sppv t%iapé%-Mﬁg% %@i’fﬁﬁxﬁl@% erved

masses for all the AP-PNA oligonmers are summarized in Fig. 10. General
procedur e fl@l1YcFheepure mgied rAPAPNPNAigsinigyamd rN,NG-bes Bee-rigtlnlthpurear (10 @0 10EF  The
pure drjied AP-PNA ol i goner_ and ' ~PhsBoc- S-neth | Qur 1 er

am no g?’gﬁlﬁ)gr\c/)\}é‘?l\jéw ies(ggﬁ‘ée l|nn5(}'a§la)l En?% ?ﬁrl\ %Bﬁ%é‘ﬁ%fleén‘g%ﬁ e@g}?&lge %ﬂ 68 per

t ri et hyimiongodp) vedy qdded aonheelqr solpfiomaonadsepicitae tiae ochewhich WastthoTEASo e

prepj Ci e c ut which was the TEA/ A TFA_salt. Then the mixture was | et
5t 2 obBA iR e deqixiurpmes T stand pecraighty) 425 B ST MR craph e by Y gRbTigon
r esi dueanipghe Was heddud Whs RexRaew(tB fekdne 30)ull*03 HaFR¥BoRXeR%ESs N,N’-bisBoc-S-
N, N - bi sBoc- Snet hyl t hi ourea. The resulting m xture was then treated with 95
% TFA amethybihiopeapdhe repulling mixture was then treated with 95 % TFA at room temperature
for 1 h, which was then diluted with H,O and subjected to purification by semipreparative
reverse-phase HPLC. The expected product was dected by MALDI-TOF mass spectroscopy.
20 The HPLC fractions were lyophilized to afford a white powder. The expected and observed

masses for all the GP-PNA oligomers are also summarized in Fig. 10.

[0112] The present inventors investigated a new type of PNA in which a peptoid side

chain bearing a functional headgroup is introduced at the y-nitrogen of the aegPNA backbone.

The schematic structure is shown in Figure 1D. This modification does not generate a chiral

25  centre, and the headgroup can be an amine or guanidine or other functional groups. The
inventors’ design was based on the same rationale that polycationic groups, the guanidino
groups in particular, play a critical role in facilitating the cellular uptake of many cell-permeable
polymeric compounds (Nagahara, H., et al., Nat Med (1998) 4, 1449; Wender, P. A., etal., Proc

Natl Acad Sci U S A (2000) 97, 13003) and that introducing positive charges can also increase

30  water solubility Nielsen, (P. E., et al., Angewandte Chemie International Edition in English
(1996) 35, 1939). So far, there has been only one reported study on y-nitrogen-modified PNA
(Haaima, G., et al., New Journal Of Chemistry (1999) 23, 833), in which the Nielsen group

have found that y-nitrogen methylated PNA are still able to bind to the complementary



for 1 h, which was then diluted with H20 and subjected to purification by
sem preparative reverse-phase HPLC. The expected product was dected by
MALDI - TORWoasB/epaeet r oscopy. The HPLC fracti ons were | yephisiGemsaotsas af f or d
a white powder. The expected and observed masses for all the GP-PNA
oligoners are also sunmarized in Fig. 10. [0112] The present inventors

i nvestigated a new type of PNA in whicBda peptoid side chain bearing a
functional headgroup is introduced at the g-nitrogen of the aegPNA
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I nvent ors 'have deési gned, synthesized and eval uated two new types of PNA
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PNA anapgsnéionPeninits il ﬂle,se(ﬁmﬁc@[ I gomers contai ning the 6-atom spacer
AP- PNA or GP-PNA nononers bind to antiparallel conplenentary DNA with a

conpar abl e [DDE3]rSntisdsihifl AR-PNAO (X FalNHOF muniorels fca Be dog@iAnanthetsiathesis of
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20 protected base-acetic acids were synthesized by the method previously described in the literature
(Fig. 3; Will, D. W., et al., Tetrahedron (1995) 51, 12069; Timar, Z., et al., J. Chem. Soc., Perkin

Trans. 1 (2000) 19; Finn, P. J., Nucleic Acids Res (1996) 24, 3357). Thymine-1-acetic aicd 2

was obtained commercially. 1-Carboxymethyl-N*-benzoyl cytosine 3 was prepared by reacting

cytosine with benzoyl chloride to give N*-benzoyl cytosine 6 which was subsequently alkylated

25  with ethyl bromoacetate to give 7, followed by saponificative hydrolysis with acequous NaOH.

[0114] N6-Benzoyl-9-carboxymethyladenine 4 was formed by reacting adenine with
benzoyl chloride to give N®-benzoyl adenine 8 which was alkylated with ethyl bromoacetate to
form two isomers, the N’-isomer and N°-isomer 9 in a 1-to-2 ratio. The two isomers were
identified by 2D NMR HMBC experiment. The regiochemical assignment of Bc signals in

30  substituted purines is known from INEPT experiments (Osterman, R. M., et al., Tetrahedron
Letters (1992) 33, 4867; Hudson, R.H.E., et al., Synlett (2005) 1442). The N’- and N’-isomers
can be distinguished by the cross-peaks arising from the coupling of methylene protons of the
CH,COOEt fragment with C4 and C5 carbons. For the N°-isomer, the methylene protons
(singlet at 8= 5.07 ppm) are coupled to both C4 and C8 carbons but not to C5, while the



I nportantly, a dodecanmer PNA with six guanidi no-peptoid nodifications is
shown to have good cell perneability. The present inventors denonstrate the
synt hesi swoltwaz2di2zgat i on, CD anal ysis and cel | perneabi IPCT8Gaé0sRbIS24

ol i gomers containing one or nore such AP-PNA or GPPNA nononer units in the
sequences. [0113] Synthesis of AP-PNA (X = NH2) nononers can be divi ded
into the synthesis of the peptoid backBéne 1 and the nucl eobase-acetic
acids 2-5, as shown in Fig. 2. The acyl protected base-acetic acids were
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C5, while theanal ogous methyl ene protons of the N7-1somer (singlet at d=

5.50 ppm s{uaws] TR PAdti@l LSedChy aNdIse® Pl foRlthé Qyhkthesid BE N@Sdth@0mbEorh&eMer
9, purified by colum chronmatography, was subjected to saponification
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simlar way. Telso tectlng group S|nt at the
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| denti flw%g sel%ctet? tN N%CH'I\)/BCI:(bone 2° amino group from which the oligomer elongates. Thus,
20 (Boc),O was reacted with an excess amount of 1,2-diaminohexane to form tert-butyl (6-
aminohexyl)carbamate or 6-(--Boc-amino)hexyl amine 12. Compound 12 was then reacted
with glycidol to produce 13 which, after Fmoc protection of the backbone amine, was
oxidatively cleaved with NalO,4 to produce 15. Compound 15 was subsequently reacted with
glycine methyl ester hydrochloride at neutral pH to yield the corresponding imine, which was
25  reduced in situ with NaBH;CN to give the desired AP-PNA backbone, N'-(6-aminohexyl)aeg
16. Coupling the acyl-protected nucleobase-acetic acids 2-5 individually with the backbone 16
in the presence of HATU and NMM gave 17 which, after alkaline hydrolysis, yielded the four

corresponding AP-PNA monomers 18.

[0116] For the synthesis of GP-PNA, the guanidino group can be introduced to the AP-

30 PNA peptoid side-chain at the monomer stage or at the oligomer stage. If introduced at the
monomer stage, special and expensive guanidine protecting groups, such as Pmc or Pbf, are
needed. If introduced at the oligomer stage, one can convert the amine-deprotected polyamine
AP-PNA to polyguanidine GP-PNA in good yields by treatment with excess amount of a

guanylation reagent, such as N,N’-bisBoc-S-methylthiourea. In the present examples the latter



experinment, was subject to saponification conditions to give

N2-i sobut yryl - 9- car boxynet hyl guani ne 5. The acyl protecting groups coul d be
renoved aWoenioal2ripeneri zati on by treatnent w th 35% anmpomsGeens/od@32£. These
have been shown conpatible with both Fnoc and Boc chem stry, therefore are
quite useful for the synthesis of PNA oligoners. [0115] The met hod used by
Ni el sen et al. for the synthesis of N-®@thyl nonomers (Haaima, G, et al.,
New Journal O Chemistry (1999) 23, 83‘];:39 was adapted to the synthesis of
AP- PNA isrovsedsi-e. gheefpbahguyaniglinatiogmectherb to syihgsizg the GBPNAY- t he preparati on
of the AP-PNA nononers with a 6-C _spacer |inking the am no headgroup to the
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neutral pHto yield the corresponding imne, which was reduced in situ with
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as a protecting group for the nucleobase, there was then no need for the ammonia treatment
step. Crude AP-PNAs were purified by reversed-phase HPLC and characterized by MALDI-
TOF mass spectrometry. The GP-PNA oligomers were obtained by treatment of the
20  corresponding pure AP-PNA oligomers with excess N,N’-bisBoc-S-methylthiourea in the
presence of DIEA in DMF, followed by Boc removal by TFA treatment and HPLC

purification. The purified GP-PNAs were characterized by MALDI-TOF mass spectrometry.

Duplex formation and stability

[0119] Decamer aegPNA, AP-PNA, GP-PNA oligomers of mixed pyrimidine-purine

25  sequences were used for studies of duplex formation with complementary anti-parallel DNA,
parallel DNA and one single-base mismatched DNA as well as with complementary anti-
parallel RNA and one single-base mismatched RNA. Five series of AP-PNA and GP-PNA
oligomers with a peptoid spacer of 2, 3, 4, 5 or 6 carbons were synthesized in which one, two,

three, four or five modified monomers were included and spaced alternately or separately with

30 the aegPNA monomer. Fig. 7 shows the thermal stability (Tm, °C) of examples of the duplexes
formed between these PNAs and DNA or RNA. From these data, one can see that, on the

average, the series with a longer peptoid spacer (6, 5 or 4 carbon atoms) exhibit better binding



to published procedures (Thonson, S. A, et al., Tetrahedron (1995) 51,
6179). The aegPNA nononers were easily obtained by coupling the

appropri avelzgiopreizect ed nucel eobase-aetic acids 2-5 w t RCISG2asiogaer S
synthesis [0118] The AP-PNA oligoners were synthesized using Rinkan de PEGA
resin according to standard solid-phase Fnoc peptide synthesis protocols.
The coupling reagent is either PyBOP/ N®¥¥ for coupli ng onto an aegPNA

resi due or HATU NWM for coupling onto an AP-PNA residue in NWP. After
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alternately or se arately w th the aegPNA nononer. Fig. 7 shows thé thernal
st abi | | T ¢fTanAREN Ao 6-le watlpangispandllel kemplgpieatess DNk dnpllebéwameem shghilyeloPrins

and DNAIh% tlBlt\l'(A)‘f A%EWAt&?,S\QhQ%Qhe qprleof:&r-'ac%l‘ﬁPltJRaé-Q/ﬁﬁAt\bfs almost the same as
that of AP-PNA 6-2/DNA. Thus, the positive charge on the peptoid side chain does not seem to

play a critical role in determining the thermal stability of the PNA/DNA duplex. This
interpretation is also consistent with an independent study on the y-Lys-PNAs (Englund, E.A.,

20 & Appella, D.H., Angewandte Chemie International Edition in English (2007) 46, 1414). This
suggests that other factors, such as hydrogen bonding and intrastrand steric interaction, might

also affect the thermal stability of such PNA/DNA duplexes. For AP- and GP-PNAs, the
length of the peptoid side chain seems to be very critical. Having a short peptoid side chain is
detrimental to the binding affinity of these PNA analogs. One can see that the destabilization

25  effect of N-aminoethylation or N-guanidinoethylation on PNA-DNA duplex stability is more
pronounced than that of N-methylation, as a very large drop in thermal stability was observed

for the AP-PNA and GP-PNA series with this shortest 2-C spacer (Fig. 7D). Taking AP-
PNA2-1, for example, a single modification on the thymine at residue 6 reduced its binding
affinity to complementary DNA by more than 8 °C in thermal stability compared to aeg PNA.

30 However, when an aminopropionyl group or -alanyl was introduced onto the peptiod amine
of AP-PNA 2-1, which extended the side chain by 3 atoms (Fig. 7D, last entry), the resultant
BAla-AP-PNA2-1 exhibited a binding affinity to the antiparallel DNA that is 5 °C higher in
thermal stability than that of AP-PNA 2-1, illustrating again the beneficial effect of a longer

spacer. Despite the negative impact of a short peptoid spacer on binding affinity, it is worth



average, the series with a | onger peptoid spacer (6, 5 or 4 carbon atons)
exhi bit better bindingaffinity toward conpl enentary DNA or RNA than do the
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20  shows that introducing the peptoid side chains into aegPNA does not compromise the binding
selectivity and AP-PNA and GP-PNA have the ability to discriminate between closely related

sequences.

[0121] Interestingly, AP-PNA and GP-PNA seem to form a more stable duplex with

antisense RNA than with antisense DNA. From Fig. 7E, the melting temperatures of the

25 PNA/RNA duplexes are generally higher than those of the corresponding PNA/DNA duplexes.
Notably, for most of the duplexes formed from the 6-C or 5-C AP-PNAs and GP-PNAs, the
stability is actually slightly higher than that of the aegPNA/RNA duplex. All the peptoid PNAs

also display sequence-selective binding to RNA, as seen from the significantly lower Tm

values of the duplexes formed with a single-base mismatched RNA.

30 CD spectroscopy

[0122] CD spectroscopy was used to examine whether the introduction of amino- or
guanidinoalkyl groups on the y-nitrogen backbone causes any changes on the structure of
PNA/DNA duplexes. The results of the GP-PNA/DNA and AP-PNA/DNA duplexes from the



affinity to conplenentary DNA by nore than 8 Cin thernmal stability
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the AP- [ /.

conpl ement ry ant| pam%f? W*%ﬁ ﬁtﬂggP@SE‘%&r}%ﬁ%@%&%ﬁO %20

ol i gonuohe&hedeswlm piesdnds] @ E]‘gNSIANAndiLSBI eleari yshowvalthattadbttesd duplex -sBBcthr3C
(Haai ma,,. e 1999 nd t hesg. al s ' LN, a, se nc.e

sel ect | J&P r?ngP S t@%ﬁ‘&igrcg‘%sgﬁ' qﬁ&s téf‘"f ?ﬁ@??"'g@‘%@% db’é’bet"oqgle‘igﬁﬂg M0such
as AP- afajésRoRAdstiond hiitreqh tlteeABfBNAﬂijirl@ PNA/BNA &@16&es AP Rhi Gtk ibens
considering the extrenely ti %{K/ bi ngh&g;f)f unm)dl f i ed PNA and the opti nal

| engt h 6Pncyfednthatsalh dhesg|ARE duplexgs adapé assimilagyright-
A“W""f'ﬂ‘”ﬁ&rﬁie@'ﬂ%ﬁ‘ik%s' et rtH@hhﬂB@x'ﬁeECPNA/%NA rHuEﬁQ' d%ﬁolﬁﬂ- M2)et 3, 1\4199@) 19

I ntroduci ng such short-spacer peptoid nodificati oné can’ nodul ate he
hybri di 26%,i56f; Sforzm §t, st alf, Haxppeaan Jaamaévwm%ﬁb@nlsm@lWPlebZ%tl ng at
physi ol ogi cal tenperature. [0120] Simlar to aegPNA, the AP-PNAs and

paral o1 D SR uaparu s EARL AL AN RS AL ER BRI ET AL e o

dupl exes is rat her significant in nost cases. To determne the selectivity

of HP- PNA ald23PFenshe prggenpeaaaple thaveRPOYA aad sHP PO wridy thehe-G Hpaqcralwas

st abi | f I one
i ol o postto Faltihs BRLEIAS RBlQULRG URsClepBE" @ shtngh iR AR

t he si nghen sbmaleded tchmnpllemhfar)aDm{mwddbcﬁinemmegPlNaﬂa(FloTA@@AIGAT@AmGly-

w in o SRR TRR B etk LA S r M EA TR N R DRI MENERR”

transi t GPrPAi (RIST A%OTEA G ¥ teAfEg TPOBBLNHIE (SBG) HY abdi3) tolidohies tahe Tagl | y
mat ched ant | par allel. DNA. This clearly shows that int rodu0| 2}8 t he peptoid

si db chasnide; (ol gegonaredbeslrotirg é\ﬁgﬁim@g AngeAR-NHh SER) 4Bt NQ:t, werg
AP- PNA anihdsbebNadhaN&ed B9 MRirkdcti atothg'ﬁ%rhﬂh&atﬁle&e&lw §|VQ§@ li¥cubgtedt ed

sequences. }&3121 Interesfingly, AP-PNA and GP-PNA seemto forma nore
st abl e witp|Rgla welishfor 24 h at 37 °C and were fixed by paraformaldehyde after PBS (1x) buffer
washing. Their uptake properties were determined by fluorescence confocal microscopy.
Figure 9 shows the relative uptake efficiency of these oligomers. The aegPNA showed poor
20  cell uptake property, where the fluorescence images in Hela cells were too faint to be detected.
The AP-PNA oligomer had a better cell uptake property than the aegPNA, as the fluorescence
was clearly observed inside the cells, but not all the cells had fluorescence absorbance which
meant that AP-PNA did not enter all the cells. For the GP-PNA oligomer, clear and strong
fluorescence images were detected in almost all cells and it crossed the cell membrane almost
25  as effectively as did the Tat transduction peptide (Fig. 9C and Fig. 9D). To conclude, the

guanidino groups pendant from the backbone amide nitrogen confer cell-permeability to the
modified PNAs.

Conclusions

[0124] The present inventors have demonstrated that PNAs containing peptoid side

30 chains on the y-nitrogen of the aeg backbone exhibit sequence-specific binding to DNA.
Interestingly, AP-PNAs and GP-PNAs with a six-methelene spacer between the headgoup and

the backbone are as good as aegPNA in binding to DNA and those with a shorter spacer display



antisense RNA than wth antisense DNA. FromFig. 7E, the nelting
tenperatures of the PNA/ RNA dupl exes are generally higher than those of the
corr esponaioregioRitAI2BNA dupl exes. Not ably, for nost of thecasokes®sosor ned
fromthe 6-C or 5-C AP-PNAs and GP-PNAs, the stability is actually slightly
hi gher than that of the aegPNA/ RNA duplex. Al the peptoid PNAs al so

di spl ay sequence-sel ective binding to RMA, as seen fromthe significantly

| ower Tm val ues of the duplexes forned with a single-base m snmat ched RNA

CD specdeasasep pirdingaffingp These mewMoHyanalags adand theosameasecordanhstryviyre when
i ntrod i L NO0= i.di | e.q-ni one
causs ShBRal (PONAOas RlesIHAMONREY EXis AAK ip@hokVond ullhloPIRRRRGKROTS
GP- PNA/ ENMAGPRPNARs PoitipNAkehyy by Bleld coblmvilileGA S PNragbres aenddesataechapcasant ed
in Fig..8. .The PNAs. were hybrjdized wi.th_.the conpl enentary antj.-parall el
DA a0 i bl BRks aci sty G i oA e dBes praged dlas i Giogs 0m o
320 aim pRRELARBLHE z&eléé?rﬂﬂ@bﬁgénieﬁtiﬁ'g dew 2A11 P EHBICARRENSE nfdleMIdsdtwhad thehese
a a

dupl ex structures display CD sPectrum that closely resenbles that of the
aegPNA/ bxpridizadiopsaffinity carhbe mgdnlatedep arect Bisrrsawisament 8F gensasngeificfangpiéng for
AP- PNA/ DNA,, 0K oy DNA dupl exes. It can thus be concluded that all these
AP- PNA/ DNA (gnpﬁégl% DNA dupl exes adopt a simlar righthanded helix as
does the ungRekf rediEY SNAANRLEST 4 FRIR lisifdd @cumeNBhYhiS % c,% 65,
566; Sfor za[,ms.]f et laplé{ EL}I‘ opean JoE%ﬁalu fﬂwgrlgszjani chgxgm st rlyS %@9 for
197- 204 yhoultk botumrcasserilyt beitaked aFanatkaovdel gamgPiNhat theRNoumaR-iPRirt ah theTwate
[0123] Fpp .the prese X l.e the GP-PNA and AP-PNA with the 6-C spacer
vvasgoz)hogg{hteggeo){élsmgone %’ﬂge%ere{gllkng&l?ﬂgg' activity, since these display the

Strongest Dlggknoh@s il by HOSRaTRIEKAL ureRRLETRLAL Yoo i PRARREE"

( FI - TAG alfSEhec ok ibamAf o€ Ehamettsy litdHaior{ GE@NItRidS, R)t,sp&RFEN disclosed herein.

Fl - TA6 6gAGEQAT6 CT6g- Q@ y-NH2) (SEQ.I D NG 3) aliggners Tat
bept 1 do PR ey rehaip ey e a0 § ComPhog | g AP oS, SPUESE 8R 4)
were systfuasivelgthnandithct @ingiehtidy. ALdiGbRABL e Rimé BRI Bkressiind WsnpldyedIRrein
oligomers were incubated with Hela cells for 24 h at 37 0C and were fixed

by Par apdenacaetigdias tarmsrofpeseription apdmebpf [dttiory. andibere ispe AKeNtnoiBehe es
vere defgs of GRAl ¥md LHPTRPREG6R GOBIAGRLe The CQSG IR s d%'tﬁé”f@cﬁtgr\?\i gﬂefwn Lh&

rel ative uptake efficiency of these oligoners.” The aegPNA s poor
described or portions. thereof, but it is recognized that various modifications are possible

within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by exemplary embodiments and optional
20  features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.

[0127] The invention has been described broadly and generically herein. Each of the

narrower species and subgeneric groupings falling within the generic disclosure also form part

25  of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0128] Other embodiments are within the following claims. In addition, where features
or aspects of the invention are described in terms of Markush groups, those skilled in the art
30  will recognize that the invention is also thereby described in terms of any individual member

or subgroup of members of the Markush group.



cell uptake property, where the fluorescence inmages in Hela cells were too
faint to be detected. The AP-PNA oligoner had a better cell uptake property
t han t he wegPNA27&26 t he fl uorescence was clearly observedTiSceimd®oehe cell s,
but not all the cells had fluorescence absorbance whi ch neant that AP-PNA
did not enter all the cells. For the GP-PNA oligoner, clear and strong
fluorescence - i mages were detected in alddost all cells and it crossed the
cel | nenbgﬁfe al nost as effectively as did the Tat transduction peptide
(Fig. 9C arfd™®i g. 9D). To conclude, the guanidino groups pendant fromthe
backbone am de nitrogen confer cell-perneability to the nodified PNAs.
Can|USk§ﬁ§i48%%ﬁ i;[he present inventors have denonstrated that PNAs
cont ai ning peptold Side chains on the g-nitrogen of the aeg backbone

exhi bit sequence-specific binding to DNA. Interestingly, AP-PNAs and

GP- PNAs wi t fh X= -hel.. . - one
are no gaod derBas i LR oA Eomp e ERuL 05y e AR theb 2o A X

di spl aydecr eanmdl grionpiA) gheatefrnmial ymindlpeagp andthdfiimmahiogp Aabapg corinectsd by
secggdary strﬂc ur.e when conpl exed to DNA as does the unnodi fied PNA. Mbst

i npot t ant | ya {HRMGTOSr s have shown that GP-PNA is readily taken up by
Hela cells i R- L q&;h? 1 I .
activity co%gljrggld&\?vi 4[:1’ 312% f.:t9'llﬁ&e}se %‘ﬁ%%@ﬂgﬁ‘%g@ %Ao?ﬁlg)? b rfaélg ipt?léiégml%%s on
PNA backbongroap eAc apaptisesof meine chdin nthatnésw freel bf proupsaliiae @ant chmegede under

nmol ecul es of which the @ bridization affinity can be nodul ated to neet the
r equi r ement PIgf1ojesieal cpm %??% targeting for in vivo applications. [0125] The
listing or dj i : i | Yo PHPL ( Nt ~HR tlg 3 .

speci ficati g‘ﬁ%ﬁ‘éﬁ‘f"ﬁ%@“ﬁe@gga@ﬁ y eelﬂﬂtaa ggﬁgsd%g@ggkn%%&édlg@grse%f tcfyét

t hel@ocunenCONHpaGONHREN&C GNRER4,obhertie R, andin iGONBARD RYgaeanddpendently

know edge. 126] The jnvention illustratjvely described herein ma .
SOt o hereta o HR o pensitiie pE iy e AR AURIAG AHEE, FORRG | on

or |imtatigimiph@tic, aReehidlfgtlid/ gdup ebRAPASinB @ 8iaBout 1 HeteroaWimLeehERIdSrorh he
terms "conprising”, "including," containing”, etc. shall be read
expansi vel ythagtoum WNHAuS, S& andtSat gndnX inddPXiiombalpgen atom, and ns and expr essi ons

enpl oyed herei n. have been used as terms.o escription and not of . .

T ot on. Wi e e g edip iomor eSS oat Bhadk R ik ahajn chain

EXPIESSi 0NSofoft 1@ ClviEaiBorPtYmE dHd Yafi&AIS & tot DBefeRititathe Sel édidiMromBe group
N, O, S, Se and Si, the main chain of the aliphatic moiety having a polar head group Z.

2. The peptide nucleic acid monomer of claim 1, wherein the main chain of the aliphatic
moiety connecting the terminal amino group and the terminal group A comprises O - 3

heteroatoms selected from the group N, O, S, Se and Si.

20 3. The peptide nucleic acid monomer of claims 1 or 2, wherein the nucleobase being
connected via a side chain to the main chain of the aliphatic moiety that connects the
terminal amino group and the terminal group A, wherein the portion of the side chain

that connects the nucleobase to said main chain has a length of two carbon atoms.

4. The peptide nucleic acid monomer of claim 3, wherein the side chain that connects the

25 nucleobase to the main chain is connected to the main chain via an amide bond.

5. The peptide nucleic acid monomer of any one of claims 1 - 4, wherein the peptide

nucleic acid monomer is defined by the general structural formula (I):



described or portions thereof, but it is recognized that various
nodi fi cations are possible within the scope of the invention clained. Thus,
it shoul dvbeowndesst ood that although the present inventrcoschasbesen
specifically disclosed by exenplary enbodi mnents and optional features,

nodi fication and variation of the inventions enbodi ed therein herein

di scl osed may be resorted to by those 4Rilled in the art, and that such
nodi ficati ons and vamznléww are considered to be within the scope of this
invention. [0127] The invention has been described broadly and genetically
herein. Each of the narrower species and subgeneric groupings falling
within the generic disclo e gPso formpart of the invention. This
includes the generic descrip¥fon of the invention with a proviso or
negative limtation renoving|any subject matter fromthe genus, regardless
of whet her or é\u“ﬁgneésgggu mat efAal is specifically recited herein
[0128] Ot her enb nts in the followng clains hi addition, where
features or aspectp of the invention are described in terns of Markush
groups, those skilmed in the art will recognize that the invention is also
t her eby describedaLn terms of any individual nenber or subgroup of nenbers

of the Markush gralp.Clains Wiat is clainmed is: 1. A peptide nucleic acid
nmononer conpri sing-a nucl eobase, a term nal am no group and a term na

group A the ter no and the t rni l. gr A .bej onnegt ed
By an al i phbramy o ARGAGs B Eehedhe 4 Bam Py pdetEf e woihas SPRLE
term nal andafsonddtOme, (ﬁiﬁﬂnilhecdr@;srlﬁlrfga(b tcOAbOUP2 AetefiiRinhSetecteddr tiid@otip Nyat
is free ofdﬁroug that are charged under physi ol ogi cal conditions, erein

the Xermin Rl s one of - COOH, COO?B -COX, -COSR3, -CN, -CONH2,

el oot ed 1 onTE Grdepevans PavERrouetn: S ah bR efo e, “BRREHTE .

aromati c, ahydrémba(d gitoup, arcdigllatiplydtiz! grows Ianar}gailinyph@@nmp,l S4ilylgfdup At 3
heteroatons selected fromthe ro N O S, Se and Si, and X in -COXis a

hal ogen at ois anelofiHePOHh -CAORerGOXal CAERAC @Y.oGONE,, sGONHRLt-6ONR Rk
aliphatic r(%e%ﬁll IW nd‘?n r@ﬂ)ﬂR@ﬁa'Rm are independently selected from the group consisting

10 of H, and an aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic group,
comprising O to about 3 heteroatoms selected from the group N, O, S, Se and Si, and X in
-COX is a halogen atom,

E is a nucleobase, and
Z is a polar head group.

15 6. The peptide nucleic acid monomer of claim 5, wherein the main chain of Q has a length

from about 4 to about 8 carbon atoms.

7. The peptide nucleic acid monomer of claim 5, wherein the peptide nucleic acid monomer

is defined by the general structural formula (Ic):

E

RQ\N/\/N\/A
|

(CH,),

y4



of at least two carbon atons and optionally up to 2 heteroatons sel ected
fromthe group N, O S, Se and Si, the main chain of the aliphatic noiety
havi ng a wol2aro/dzexzd group Z. 2. The peptide nucl ei c aci @CESGOMBr00@24 cl ai m
1, wherein the main chain of the aliphatic noiety connecting the term nal
am no group and the termnal group A conprises 0 - 3 heteroatons sel ected
fromthe group NN O S, Se and Si. 3. #he peptide nucleic acid nonomer of
claims 1 or 2, wherein the nucl eobase being connected via a side chain to
t he mai n chavhsra nihen witegshfome2 tabeut13-hat connects the terninal anino
group and the term nal group A, wherein the portion of the side chain that
connects g hﬁh@%@tﬁe Bet8iclicPRbAAE JF ERRAI T Whgeisfn i Cclbadh theanE AN
atons. 4. The ptide nuclelic aclid nononmer of claim3, wherein e side
chain that @dwuhédte abaub8. nucl eobase to the main chain is connected to the
main chain via an am de bond. 5. The peptide nucleic acid nononer of any
one of clagi - r.el ent.i 0| C{ Il i ned by
t he generggl ﬁé‘f}r}e é‘?é?g&‘?&?%}f‘ggﬁ%%ggng mlg%a% %ﬁﬁ%ﬁ@‘%?ﬁ%‘g@ havi ng
a med n chai carlimate geougs dnfethyhargbgrotp Phitalo dbetrachl@rophtaluyt), ai acesamidpigraupal | y

conprising O top about 2. heteroato elected framit roup N,.O .S, .Se and
2 PRt 09 RSP I oD i eI S R 4 BT gy TR, o
alicyclic gageRyl @buRadiBuboastdURourh ityll gbihphat dlry% gfdagpa 9-@;ﬂen§lﬂuoren-

arylalicyclic group, a silyl-group and H A is one of ) , -
_COSR3, - CN/! ereumpilithiasyeqiing eroupositeranangpegranp, auaN-bissmgthyhiopmsikelrae R4

are indepen%g{}lr) L\X(}%?N%Pﬁ& &&;Meggpg)qlpup consisting of H and an
I Ic, afro al

al i phati c, Icyc tic, ary phatic, and arylalicyclic group,
conprising o about 3 heteroatons selected fromthe group N, O S, Se and
Si , 1Gnd1% i hhe woKde sueleisacsigapnemenpf cRimd, whatgsn belsabematerig offe psmethpwy-ar

head group. e ' Ic{ ] i g on f i m. ' e

main chai n SO g RE R LR b1 N R Bl Bisob dDRR AT,
pepti de nuchy, beahydrylmaeamongl-, dlyboxycarbomyie tat-butokpcapeptyl-(8-fhuocdngl-c aci d
TN L e R gl RS A5 B 2 i G et cSlanfh- b "

2-(4-trifluoromethylphenylsulfonyl)ethoxycarbonyl.

15 11. The peptide nucleic acid monomer of any one of claims 1 - 10, wherein the polar head

group Z is capable of carrying a chérge in aqueous solution.

12. The peptide nucleic acid monomer of claim 11, wherein the polar head group Z is

capable of carrying a positive charge in aqueous solution.

13. The peptide nucleic acid monomer of claim 12, wherein the polar head group Z is

20 capable of carrying a positive charge under physiological conditions.

14. The peptide nucleic acid monomer of any one of claims 1 - 13, wherein the polar head
group Z is one of an amino group, an amido group, a carboxyl group, an ester group, a
hydroxyl group, a thio group, a seleno group, a phosphonate group, a sulfonate group, a

guanidine group and an imidazole group.

25 15. The peptide nucleic acid monomer of any one of claims 1-14 wherein the polar head

group Z is an amino group or a guanidine group.

16. The peptide nucleic acid monomer of any one of claims 1 - 15, wherein the nucleobase is

a purine base or a pyrimidine base.



8. The peptide nucleic acid nmononer of claim7, wherein nis selected in
the range from about 4 to about 8. 9. The peptide nucleic acid nononer of
any one obVochaware32b - 8, wherein R2 is one of a carbamareTGaus/00eB24
met hyl aryl group (phtal oyl, tetrachlorophtal oyl), an acetam do group, a
trifluoroacetam do group, an aryl sul fonyl group (p-toluolsulfonyl-), an

o- ni trophenyl sul fenyl group, a trifluordacetyl group , a trityl group , an
allyl group, a 9-phenylfluorenyl group, a dithiasuccinyl group, a

tri azi ndilond mocupof fommiegh p¢pide hytleiciacidmaomgrhernthe graness comapresmg:

uher o1 n§ he' PAViSETE B ST opel AR GRoRrO R L ORAEyRA gampetnd Rl ™

benzyl car bonyliphatib eoapbeidywik BaA chaibf AtQERNEY] QXYEPAERE Yhd o?tionally up to
benzhydryIOﬁ%garbonyl-, oxycar bony| -, tert-bu10$%parbony -,

al |yl T
9-f 1 uor enyl ﬁtsmsa%ﬁmed?/ﬁ%ncleergrm (5iS) §¢ prst Plo R385 @i e main chain
2,2,2-trichl < . )
2 (a1 ol REAE R, dNlar head eroup on one end being an aming proup. the, ;
aci d nononer par kead gooup @f thelodierrgnd being @ gravpef.ei n t he pol ar head group Z is
capabl e of carryi a charge ip.,aquequs solution. 12. The peptjde nucl.eic
P hanomeriepgoing Wl At B o Bk H P Sorah oot B 0% rORG pitipedioge
carrying a pashpdund, heacgmdibifudeialicomsduntiveihg ah3liplitR daifoute nucl ei ¢

acid nononer of claim 12, wherein the polar head group Z is capabl e of
carryi ng a pisiebyferming agpepiidroniclexhgad sropgmenpresdseli mplsee, thapeptiie pept i de

nucjgi ¢ acl dnJE‘Pé]?HSB r2noRibY 89&ﬁrs8if mbledl (())i]néfrisﬂl 'a t%‘@l%ﬁia?ni;l{?%dr?%'a% ahead

group Z is one of an am no ¢group, an am roupg, a carbox up, an
est er group, teemimptigoxy |A, ghetepninal 4rino ggoupuamd the teheabgmnp Wpbeing phmeptednat e

group, a sul fonat.e.gr.oup,. .a guani djn ro and an imd I roup.. 15. The
pept | de- nucl B B 4GHE HhisiS, e be Graiat Bof il BuGarEpn S Hinsbec
heald group gmbﬁétyaﬁ'itﬁmir?ﬁn@hﬂumf@flfﬁst ?Naﬁh@bﬂ etogfscmxaﬁ td aboxikﬂﬁldmﬁpithﬁb
nucl ei ¢ acid nononer of any one claipns 1 - 15, wherein the nucl eobase is
a purine bas¥lgfe WFPW&PPI&& eSq #nd ., thegpainchaip of elingatic PR de
nucjei c aci dpgRARAPLIar hB& ofF ESandonpri sing: - providing a first
bi functional conpound, wherein fhe first bifunctional compound is an

- linking a nucleobase to the peptide nucleic acid monomer precursor molecule, thereby

forming a peptide nucleic acid monomer.

18. The process of claim 17, wherein the amino group on one end of the first bifunctional

compound is a primary amino group.

20  19. The process of claim 18, wherein upon reacting the amino group of the first bifunctional
compound with a second bifunctional compound the primary amino group of the first

bifunctional compound is converted into a secondary amino group.

20. The process of claim 19, wherein forming a peptide nucleic acid monomer precursor
molecule further comprises protecting the secondary amino group with a suitable

25 protecting group.

21. The process of claim 17 wherein the polar head group Z is one of an amino group, an
amido group, a carboxyl group, an ester group, a hydroxyl group, a thio group, a seleno

group, a phosphonate group, a sulfonate group, a guanidine group and an imidazole

group.

30  22. The process of claim 17 wherein forming a peptide nucleic acid monomer precursor



al i phatic conmpound with a main chain of at |east two carbon atons and
optionally up to 2 heteroatons selected fromthe group NN O S, Se and Si,
each end wbO 2tm2m2sn chai n having a pol ar head group, tireTSekans/ohesad group
on one end being an am no group, the polar head group on the other end
being a group Z, - reacting the am no group of the first bifunctional
conpound with a second bifunctional comdound, the second bifunctional
conpound being an aliphatic conpound, thereby form ng a peptide nucleic

aci d nonomemorcatafustber ¢ashpIises protacHag ﬁ@pﬁlayeil gioup siith aanitablaprueetingmeeetur sor
nol ecul e conprising a termnal amno group and a termnal group A, the

t er m nal,,am roup ) 0 bei t

al 1 phat 12 ol epeetio sy che BELRR [ap Ykl SR EO BREE A byt
al i phati c noirgfig wichdrga inBqueoahslutioaf at | east two carbon atons and 0 to
about 2 heteroatons selected fromthe group N, O S, Se and Si, the nmain
chain of the aliphatic noiety having a polar head .group Z, and - linking a
nucl eobdde tBe PrRcessefiia® T diherein @eipalﬂﬁﬁ?ﬂs{@%?é& eAnale AfSPRYAR S POFHYE e by
fornsng a peplide ed& oldfond mononer. 18. The process of claim 17,
wherein the anino group on one end of the first bifunctional conpound is a
primary am no group. 19. The process of claim 18, wherein upon reacting the
am no gr6upTbé proeessfafragy obe plicleimsolval4 c wimpreimthewnaih chaig of thedliphdticmaoictynal

conpound the pri mar m no f th i.rst. hi funchi dis
converted i ATGCE! %’82

rQup o f al ¢ ou
Hiigal dino g and tsgtiinl erp b o Hipephdf pdge
wher ei n f or adid ghonofRP ptedbrsotiflobicGleaoingritedriDNE hetproatiissselected | fmu e drowg her
conprises protecting the secondary amno group with a suitable protecting
group. 21. Nn@:Br3e&ikShf claim 17 wherein the polar head group Z is one of
an am no group, an am do group, a carboxyl group, an ester group, a

hyd §xyhe9r @HPproRedsrAnY LALBF c1in®el 2155, Aheksh 1R PRSI 1Yifked 1O HR gtide
sul f onat e grou%, a guanidine group and an i mdazol e group. 22. Th rocess
of cl ai m 17nwdieic efid nhenamargrecuproptriodesuleat b ositian pfa hretarpatom, wherein the

precur sor ”DL{%.&%'F%A Ny e i, GRS SRl e REB AN cfaidbPHR atbidtic2
sui tabl e protecting agent.
moiety that connects the terminal amino group and the terminal group A of the peptide

nucleic acid monomer precursor molecule.

15 27. The process of any one of claims 17-26, wherein the nucleobase is linked to the peptide
nucleic acid monomer precursor molecule via a side chain to the main chain of the
aliphatic moiety that connects the terminal amino group and the terminal group A,
wherein the portion of the side chain that connects the nucleobase to said main chain has

a length of two carbon atoms.

20  28. The process of claim 27, wherein the side chain that connects the nucleobase to the main

chain is connected to the main chain via an amide bond.

29. The process of any one of claims 26 - 28, wherein reacting the amino group of the first
bifunctional compound with the second bifunctional compound, thereby forming a
peptide nucleic acid monomer precursor molecule, comprises:

25 - reacting the amino group of the first bifunctional compound with a functional group of
a second bifunctional compound, the second bifunctional compound being an aliphatic
compound, thereby forming an intermediate compound, wherein the intermediate
compound comprises a terminal amino group and a terminal functional group G, the

terminal amino group and the terminal functional group G being connected by an



23. The process of any one of clains 17-22, wherein the polar head group Z
is capable of carrying a charge in aqueous solution. 24. The process of

cl ai m 23, wothwerogizm2zshe pol ar head group Z is capabl e of eamSg2o03/08030Sitive
charge in aqueous solution. 25. The process of any one of clainms 17-24 ,
wherein the main chain of the aliphatic noiety connecting the term nal

am no group and the terminal group A of46t he pepti de nucleic acid nononer
precursor nol ecul e conprises 0 - 3 heteroatons selected fromthe group N,
O S, Se andaliphatip@noiqtiiewherewdhe tepmirghgminecgrodp sl fuither sabstituted by whelkel n t he
nucl eobase i g |.i nked to.1h ept | 6..acid .nmononer, pr.ecur sor ecul e
o pot 1 onrat SERAL P bl A S Sl bR D RPRL niaG ol 2 cpifiné

het er oat om bef awgryiwgPpositiet dhargeia aqaéous eblation,ahdt he al i phatic noiety that
connects the termnal amino group and the terminal group A of the peptide
nucl ei ¢ aci dreactimgbe tgmanal figwtiondl grou 6 .0f 2 infEnmedintecespouid with aone of

T L
al i phati ¢ nobeihy ah BRghaERRESSbENd, fieerétsr ftmidlg tAEhERide haelicaril hbgorhar i nal

group A, wherein the portion of the side chain that connects the nucl eobase
to said mai nPEREEHr makecale) sugh that gie teppinalfupeiongt grup Gxf thahterpediais s of

claim 27, whghfbdlddh€ coivifted R Retbld@tont HRE BLtidete IS RPRBTAGMECpr O sdRl N
%eél &L % 5%#% nd. 29. %ﬁéq%

chain is connec to the main chain via an e bo rocess of
any one of cimiarsle26 - 28, wherein reacting the am no group of the first
bi functi onal conmpound with the second bifunctional conpound, thereby

form ng pepti de nucl ei ¢ acid .mongne ecursor nolecule, ¢ ri ses; -

r ea@i naﬁ‘t hig%ﬂlioﬁﬁss 40HoRt Oftﬂ%“‘lfsir&?’s‘t{%%ﬁ’i?&ﬁ rPSP“‘LFdT’rﬁLF&‘hG‘“m%OE‘“ 15
functional g&mieR b@fth@gg&g@@gugﬁlfapﬂﬁh{uwﬁj; conmpound, the second bifuncti onal
conpound being an"aliphatic conpoynd, thereby form ng an internedi ate
conmpound, wherein the internedi at & conpound conprises a term nal am no
group and a term nal functional grjoup G the term nal am no group and the
term nal functional group G being nnecied by analiphatic noiety, wherein

the termnal am no group is further tituted by an al kyl
2 N A
R \N/\/ 7
|
Q
I
V4

wherein Q is an aliphatic bridge having a main chain of a length from about 2 to about 12
carbon atoms, optionally comprising 0 to about 2 heteroatoms selected from the group N,

15 0O, S, Se and Si,
R2 is one of a removable amino-protecting group, an aliphatic group, an alicyclic group,
an aromatic group, an arylaliphatic group, an arylalicyclic group, a silyl-group and H,
A is one of -COOH, -COOR3, -COX, -COSR3, -CN, -CONH,, -CONHR3, -CONR3R4,
wherein R3, and in -CONR3R4 R4, are independently selected from the group consisting
20 of H, and an aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic group,
comprising 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si, and X in
-COX is a halogen atom,
E is a nucleobase, and
Z is a polar head group,

25 and wherein the process comprises reacting a peptide nucleic acid precursor molecule of



chain of at |east tw carbon atons, the alkyl chain having a pol ar head
group Z capable of carrying a positive charge in aqueous solution, and -
reacti ng wbeotoarm2eal functional group G of the internescase2a3mpaand with
a functional group of a third bifunctional conpound, the third bifunctional
conpound being an aliphatic conpound, thereby form ng the peptide nucleic
aci d nononer precursor nolecule, such #Rat the terminal functional group G
of the internediate conmpound is converted to a heteroatom of the peptide
nucl ei ¢ aci thegomyalestrugiusal fowola fdl)ecul e. 30. The process of any one of
claims 19 - 29, wherein the peptide nucleic acid nononmer is defined by the
general structural formula (1): wherein Qis an aliphatic bridge having a
main chain of a Lemgth fron1abo¢§ 2 to gbout 12 carbon atons, optionally
conprising O to 2box Z/HBbeLpaTohsvsélected fromthe group N, O S, Se and
Si, R2 is one of a reyovabl e am no-protecting group, an aliphatic group, an
alicyclic group, an afomatic group, an arylaliphatic group, an
arylalicyclic group,(a silyl-group and H A is one of -COOH -COOR3, - COX,
-COSR3, -CN, -CONH2, | CONHR3, - CONR3R4, wherein R3, and in - CONR3R4 R4
are independently selgtted fromthe group consisting of H and an
aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic group,

conprising o abqut ,3. heteroato sel ect fromt roup N,, O S, and
Si, and X in WhoRn &3 inigpiya toR 5% lses%ée?fgedn{%m@éﬂgs&he@ﬁu% i §0%V65f§rﬁsr

head group, aggrwaherein the process conprises reacting a peptide nucleic
acid precursor nol ecul e ofthe general structural formula (I11) wherein R2
is iglentical twheRIn@r ik $dentisdlitelAdedisfaoshieldéd f2m oth&y whereir?A” isiconvatiblertdi bl e
to R2, wherein A" is identical to Aor is a shielded formof A wherein A
is convertibl é&@BdA and

wherein Z’ is identical to Z or is a shielded form of Z, wherein Z’ is convertible to Z,

with a compound of general structural formula (IV):

R1)\Y

10 wherein Y is one of -COOH, -COOR3, -COX, -COSR3, -CN, -CONH,, -CONHR3,
-CONR3R4, wherein R3, and in -CONR3R#4 R#4, are independently selected from the
group consisting of H, and an aliphatic, alicyclic, aromatic, arylaliphatic, and
arylalicyclic group, comprising O to about 3 heteroatoms selected from the group N, O,

S, Se and Si, and X in -COX is a halogen atom,

15 thereby forming the peptide nucleic acid monomer of general structural formula (I).

31. The process of claim 30, wherein the main chain of Q has a length from about 4 to about

8 carbon atoms.

32. The process of claims 30 or 31, wherein the peptide nucleic acid monomer is defined by

the general structural formula (Ic):



wherein Z' is identical to Z or is a shielded formof Z, wherein Z is
convertible to Z, with a conpound of general structural fornmula (IV):
wher ei n YWwoomnert - COOH, - COOR3, -COX, -COSR3, -CN, - GON<220080000IR3,
-CONR3R4 , wherein R3, and in -CONR3BR4 R4 , are independently selected from
the group consisting of H and an aliphatic, alicyclic, aromatic,
arylaliphatic, and arylalicyclic group48conpr|5|ng O o about 3 heteroatons
selected fromthe group NN O S ESe and Si, and X in -COX is a hal ogen
atom thereby form ng the peptidé nucleic acid nononer of gener al
structural fornmula (1). 31. The process, of claim30, wherein the main chain
of Q has a length fromabout 4 to 8 carbon atons. 32. The process of
claims 30 or 31, wherein the peptidg nucleic acid nmononer is defined by the
general structural forpula (lc):wherlein nis an integer fromabout 2 to
about 12, and wherein ep SS ri se® reacting a peptide nucleic acid
precursor nol ecul e of théeNgenerat” structural fornmula (llia) with a conpound
of general structural forgula (1V). 33. The process of claim 32, wherein n
is selected in the range roy1about 4 to about 8. 34. The process of any
one of clains 30-33, wheY€i2/nt he pol ar head group Z is capable of carrying
a charge in aqueous solutijon. 35. The process of claim 34, wherein the
pol ar head group Z is capgble of carrying a positive charge in aqueous
solution. 36. The process™of clains 30-35 wherein the peptide nucleic acid
precur sor nwheein ris@n itlweelgfmm'ahbutﬁtp@bomrlét atrnmula (111) is obtained from
an internedjate. cQ ound of general .structu
of a1 or myl “BPEHBERET LGP FFETLs Grts hosle L Breeotsof MRl hgnd o
selenoacetagmwaﬂsumh@ﬂpﬁgﬁﬁﬁﬁggg)claln136 wherein the internedi ate
conpound of general structural fornmula (V) is of general fornula (Va):
wherein n is anzlnteger from &pout 2 to about 12. 38. The process of clains

36 or 37, wheRRTR _foO t cl ei-® acid precursor nol ecul e of
&\N;mfﬁg\/be

(CHy),

Zl

with a compound of general structural formula (IV).
33. The process of claim 32, wherein n is selected in the range from about 4 to about 8.

34. The process of any one of claims 30-33, wherein the polar head group Z is capable of

carrying a charge in aqueous solution.

10 35. The process of claim 34, wherein the polar head group Z is capable of carrying a positive

charge in aqueous solution.

36. The process of claims 30-35, wherein the peptide nucleic acid precursor molecule of the
general structural formula (III) is obtained from an intermediate compound of general
structural formula (V):

2 '

R™ TN

G

|
15 ?
z



the general structural fornmula (111) conprises reacting the internedi ate
conpound of general structural formula (V) with glycine or an ester of

gl yci ne. 80.20fe73260cess of claim 17 wherein further corpmiSs2on3/0pe3at ecti ng
secondary am no group with a suitable protecting group. 40. The process of
claim17 wherein further conprising protecting the polar head group Z with
a suitable protecting group. 41. The pe8cess of claim 39 or 40 wherein the
protecting S ~ar f t risi te. p, a
et hylary! QPSR CokBaP SR Y SO s BAAPRLORE Ao S60ETE oty
trifluoroacgidatdénogeanlp, an aryl sul fonyl group (p-toluolsul fonyl-), an
o-ni trophenyl sul fenyl group, a trifluoroacetyl group, a trityl group , an
allyl group, a 9-phenylfluorenyl group, a dithiasuccinyl group, a

tri azi ndRonEhgpmeess of ielaidni3$( whereimythe imtermadidty tempound @ gemmal sémctural

N- di phenyl ngt hy| ene .group 42.. Th cess of claim4 1 wherein the

car banat e rgm@ﬁgigg‘gﬁgﬁg§V€§FHU§VB&E3ethoxycarbonyl-, benzyl car bonyl -,
benzyl oxycar bonyi -, nitrobenzyl oxycarbonyl -, benzhydryl oxycarbonyl -,
aIIonxycarboﬁ§I>\\ e(fEhQ xycar bonyl -, 9-fl uorenyl net hoxycar bonyl -, 2-
(trimethylsilyl)ethbxycarbohyl-, 2,2,2-trichl oroethoxycarbonyl- and
2-(4-trifiuoronethyl phenyl sul fonyl) ethoxycarbonyl.43. A peptide nucleic
acid nol ecul e havg?g 3n al i phati c backbone that is under physiol ogi cal
cond?tions at |east; @iBstantially uncharged, the aliphatic backbone
conprising am de grljoups, wherein the am no portion of one or nore of the
am de groups is substituted by an aliphatic noiety wwth a nain chain of at

| east two carbon atons and 0 to about 2 heteroatons selected fromthe group
N, O S Se and Si, the main chain of the aliphatic noiety having a pol ar
head group herdth n 58 iR@Ré Bisin AVt t6 aB&td 200l ecul e of clai m 43 wherein the
one or nore am de groups of the aliphatic backbone are connected by

al i phatic noieties, the aliphatic noieties conprising O - 3 heteroatons

sel ect eds.f r vhe priocesd o dlitb 36r 3, wirrdntorbiing the.nufleR: feeppreci@sdriufidlecle a£i d

nol ecul e of clains 43 or 44, wherein the polar head group Z is capable of
carrying a thg gp@qga]i sfqrugag@(fggmg@) (1} icemprises reacting the intermediate compound of

general structural formula (V) with glycine or an ester of glycine.

10 39. The process of claim 17 wherein further comprising protecting secondary amino group

with a suitable protecting group.

40. The process of claim 17 wherein further comprising protecting the polar head group Z with

a suitable protecting group.

41. The process of claim 39 or 40 wherein the protecting agents are selected from the group
15 comprising carbamate group, a methylaryl group (phtaloyl, tetrachlorophtaloyl), an
acetamido group, a trifluoroacetamido group, an arylsulfonyl group (p-toluolsulfonyl-),
an o-nitrophenylsulfenyl group, a trifluoroacetyl group, a trityl group , an allyl group, a
9-phenylfluorenyl group, a dithiasuccinyl group, a triazinanone group, an N-

bis(methylthio)methylene group and an N-diphenylmethylene group

20  42. The process of claim 41 wherein the carbamate is one of methoxycarbonyl-, ethoxycar-
bonyl-, benzylcarbonyl-, benzyloxycarbonyl-, nitrobenzyloxycarbonyl-, benzhydryl-
oxycarbonyl-, allyloxycarbonyl-, tert-butoxycarbonyl-, 9-fluorenylmethoxycarbonyl-, 2-
(trimethylsilyl)ethoxycarbonyl-, 2,2.2-trichloroethoxycarbonyl- and 2-(4-trifluoro-
methylphenylsulfonyl)ethoxycarbonyl.



46. The peptide nucleic acid nol ecule of claima45, wherein the polar head
group Z is capable of carrying a positive charge in aqueous sol ution. 47.
The peptiwe nwai2es2é aci d nol ecul e of any one of cl ai ns 287462008tve0324# n t he
pol ar head group Z is capable of carrying a positive charge under
physi ol ogi cal conditions. 48. The peptide nucleic acid nolecule of any one
of clainms 43-47, wherein the polar headOgroup Z is one of an am no group, a
guani di ne group and an i m dazol e group. 49. The peptide nucleic acid

mol ecul d43of Agreptidnsudéic atidimaledde U8/ ingit aliphabt badkpone hadbsemderqivypiologiaaly

eact 192, Pttt RSBLATR, el LS 06 S RRETRL R, A°S IR ™ "

wherein thegpuggess is a process according to one of clainms 16 - 35. 51.
The peptide nucleic acid nol ecule of any one of clains 43-50, wherein the

pepti de nucl@érein tHedamifiloepsortion hdSon@osrofietd 6f tid hmidef globps fendstafutelt byahur al
formula (lI1);wherein Qis_an aliphatic bridge having a main chain of a

| eng?h frontlihatie moiety wibur main haopl at ekt W RORAl 2t9me Rgr § 49 Afolt 2o
about 2 hﬁﬁ&&%%&ﬁl% %f‘éc?éatﬁ ftﬁ«?g}ohﬁgq,gﬁ,_ ,FSe'\jcmd%dir e maindBdinVf théali aﬁp
cte a Vi pol ar

i ndi vidual ly sele nucl eobase; is anin ually selecte

head group. mbitty Hdhvéngpe pdliadheadugbep Z. aci d nol ecul e of claim 51, wherein the
nmononelic units of the peptide nucleic acid nolecule are of the general
structural formula (Ha): wherein n is an individually selected integer from
about 2440 Ehopeptid2 nudlgic dbikbmpleptliedé claie K3 ivdesain thempleas mae ahids] grdupss7,

wher ei i s indjvyi | lected ip the r. f t. 4 t.o.about 8.
5. The pepirduPhafistiekode e foveciar By boala s @i ingigid”
i ndijyi dual | yorgsHisped @d3 ihbtekdiRomaBdectéd R AROEOLUB N, ©, 3088 and Si.

45. The peptide nucleic acid molecule of claims 43 or 44, wherein the polar head group Z is

capable of carrying a charge in aqueous solution.

46. The peptide nucleic acid molecule of claim 45, wherein the polar head group Z is capable

of carrying a positive charge in aqueous solution.

15 47. The peptide nucleic acid molecule of any one of claims 43 -46, wherein the polar head

group Z is capable of carrying a positive charge under physiological conditions.

48. The peptide nucleic acid molecule of any one of claims 43 -47, wherein the polar head

group Z is one of an amino group, a guanidine group and an imidazole group.

49. The peptide nucleic acid molecule of any one of claims 43 -48, obtainable by a process
20 comprising reacting a plurality of peptide nucleic acid monomers according to any one of

claims 1 - 15.

50. The peptide nucleic acid molecule of claim 49, wherein the process is a process

according to one of claims 16 - 35.

51. The peptide nucleic acid molecule of any one of claims 43-50, wherein the peptide

25 nucleic acid molecule has monomeric units of the general structural formula (II):



10

15

WO 2010/027326 PCT/SG2008/000324

52.

53.

54.

51
E
0
O

|
Q

|

Z

wherein Q is an aliphatic bridge having a main chain of a length from about 2 to about 12
carbon atoms, optionally comprising 0 to about 2 heteroatoms selected from the group N,
0, S, Se and Si,

E is an individually selected nucleobase, and

Z is an individually selected polar head group.

The peptide nucleic acid molecule of claim 51, wherein the monomeric units of the

peptide nucleic acid molecule are of the general structural formula (Ila):

E
O
O
\N/\/N\/“\
|
(Cle)n
Z

wherein n is an individually selected integer from about 2 to about 12.

The peptide nucleic acid molecule of claim 52, wherein n is individually selected in the

range from about 4 to about 8.

The peptide nucleic acid molecule of claim 52, wherein n is individually selected in the

range from about 3 to about 6.



