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12 BRIEF DESCRIPTIONS OF DRAWINGS

13

14 Figure 1 provides HPLC chromatograms before and after purification

15 of Oligo 17 by reverse phase HPLC.

16 Figure 2 provides a MALDI-TOF mass spectrum for a purified batch of
17 Oligo 17.
18 Figure 3 provides graphs of absorbance changes with temperature for

19  Oligo 17 against complementary or mismatch DNA.

20 Figure 4(a) and 4(b) provide confocal microscopy images (at 63x
21 objective) 1, 2, 3 and 24h after Hela cells were treated with Oligo 1 and
22 Qligo 2 at 5uM, respectively. '

23 Figure 5(a) and 5(b) provide confocal microscopy images (at 63x
24  objective) 0.5 and 1h after MCF-7 cells were treated with Oligo 6 and Oligo
25 7 at 2.5pM, respectively.

26 Figure 6(a) and 6(b} provide confocal microscopy pictures (at 40x
27  objective)} 6 or 24h after Hela cells were treated with Oligo 1 and Oligo 6 at

28 1uM, respectively.
29 Figure 7(a) and 7(b) provide confocal microscopy pictures (40x
30 objective) 24h after JAR cells were treated with Qligo 21 and Oligo 28 at
31 2uM, respectively.
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19 BACKGROUND OF THE INVENTION

20

21 Oligonucleotides have been used for diverse biological purposes

22 including antisense inhibition of gene expression, PCR (polymerase chain
23 reaction), diagnostic analysis by gene chips, and so on. Since
24  oligonucleotides interact in a sequence specific manner with nucleic acids
25  such as DNA and RNA, they are quite useful to predictably modulate
26 biological processes involving DNA or RNA within cell.  Unlike small
27 molecule drugs, however, oligonucleotides do not readily penetrate
28 mammalian cell membrane, and therefore hardly affect biological processes
29 within cell unless properly modified or formulated to readily penetrate
30 plasma membrane,
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19  vyielding mRNA (messenger ribonucleic acid), which is then translocated to

20 the cytosolic compartment. In the cytosol, a complex of translational
21 machinery called ribosome binds to mRNA and carries out the protein
22 synthesis as it scans the genetic information encoded along the mRNA.
23 (Biochemistry vol 41, 4503-4510, 2002; Cancer Res. vol 48, 2659-2668, 1988)
24 An oligonucleotide binding to mRNA or pfe—mRNA In a sequence
25 specific manner is called antisense oligonucleotide (AQ). AO may tightly
26 bind to an mRNA and inhibit the protein synthesis by ribosome along the
27 mRNA in the cytosol. AO needs to be present within cell in order to inhibit
28  the synthesis of its target protein. AO may tightly bind to a pre-mRNA in
29 the nucleus and affect the splicing of the pre-mRNA, producing an mRNA of

30  altered sequence and consequently an altered protein.
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14  to degradation by nucleases. (Ann. Rev. Biochem. vol 54, 367-402, 1985)
15 Reflecting the structural similarity of PTO and DNA, they both poorly

16 penetrate cell membrane in most mammalian cell types. For some types of

17  cells abundantly expressing transporter(s) for DNA, however, DNA and PTO
18 show good cell penetration. Systemically administered PTOs are known to
19 readily distribute to the liver and kidney. (Mucleic Acids Res. vol 25, 3290-
20 3296, 1997)

21 In order to facilitate PTO's cell penetration in vitro, lipofection has
22 been popularly practiced.  However, lipofection physically alters cell
23 membrane, causes cytotoxicity, and therefore would not be ideal for long
24 term therapeutic use.
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19 (www medscape. com/vnewartlcle/556073: Acces’sed on Feb 19, 2009) ISIS-
20 113715 is an antisense PTO analog inhibiting the synthesis protein tyrosine
21 phosphatase 1B (PTP1B), and was found to show therapeutic activity in type
22 N diabetes patients. (Curr. Opin. Mol Ther. vol 6, 331-336, 2004)
23 In  phosphoroamidite mbrpholino oligonucleotide (PMO), the
24 backbone phosphate and 2-deoxyribose of DNA are replaced with
25  phosphoamidite and morpholine, respectively. (Appl Microbiol. Biotechnol.
26 vol 71, 575-586, 2006) While the DNA backbone is negatively charged, the
27 PMO backbone is not charged. Thus the binding between PMO and mRNA
28 s free of electrostatic repulsion between the backbones, and tends to be
.29 stronger than that between DNA and mRNA. Since PMO is structurally very
30 different from DNA, PMO wouldn't be recognized by the hepatic

31 transporter(s) recognizing DNA. However, PMO doesn't readily penetrate
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19 of AOs. RNAse H recognizes a duplex of mRNA with DNA, RNA, or PTO,
20 and degrades the duplex portion of mRNA. Thus, the antisense activity of
21  PTO is significantly amplified by RNAse H. In the meantime, RNAse H does
22 not recognize a duplex of mRNA with PMO, PNA, or LNA. In other words,
23 PMO, PNA and LNA must rely purely on the steric blocking of mRNA for
24 their antisense activity. (Biochemistry vol 41, 4501-4510, 2002) '

25 For oligonucleotides with the same binding affinity for mRNA, PTO
26 should therefore show stronger antisense activity than PMO, PNA, and LNA.
27 For steric block AOs such as PMO, PNA, and LNA, strong affinity for mRNA is
28  desired for antisense activity.

29

30 Antisense Activity of PNA: The binding affinity of PNA for mRNA would

31 increase as the length of PNA increases to a certain point. However, the
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21 without increasing the length of PNA. Incorporation of PNA monomers with

22 a point charge would be beneficial in preventing PNA from aggregating.
23

24 Cell Penetration Strategies for PNA: PNAs do not readily penetrate cell

25 membrane and tend to show poor antisense activity unless properly
26 transfected. In early years, the antisense activity of PNA was assessed by
27 microinjection (Science vol 258, 1481-85, 1992) or electroporation
28 (Biochemistry vol 40, 7853-7859, 2001). Microinjection and electroporation
29 are invasive and inappropriate to be applied for therapeutic purposes. In
30 order to improve the cell penetration, various strategies have been
31 developed. (Adv. Drug Delivery Rev. vol 55, 267-280, 2003; Curr. Top. Med.
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16 are polypeptides showing good cell penetration, and have multiple positive

17 charges from arginine or lysine residues. To date many CPPs such as
18 transportan, penetratin, NLS (nuclear localization signal), and Tat have been
19 discovered. CPPs are known to efficiently carry a covalently attached cargo
20 into cell. PNAs with a covalently attached CPP also showed good cell
21  penetration.

22 Although some PNAs with a covalently attached CPP showed
23 antisense ICsos around 100nM (Neuropeptides vol 38, 316-324, 2004),
24 micromolar antisense ICsps are rather prevalent for such PNAs,

25 PNAs with a covalently linked CPP are composed of two portions, the
26 hydrophobic PNA domain and the positively charged CPP domain. Such a
27 PNA tends to aggregate and be trapped in endosomes within cell, and
28 would not be available for the antisense inhibition of protein synthesis. (Curr,
29 Top. Med. Chem. vol 7, 727-737, 2007; Nucleic Acids Res. vol 33, 6837-6849,
30 2005) Furthermore, such a covalently attached CPP hardly increases the
31  binding affinity of PNA for mRNA.



11. PNAs with cytosine replaced with 9-(2-am noet hoxy)phenoxazi ne were
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19 have been termed ‘GPNA’ since they have guanidinium moiety on the
20  backbone. |
21 GPNAs with the backbone of 2-aminoethyl-p-arginine were reported
22 to have stronger affinity for DNA and RNA than the corresponding GPNAs
23 with that of 2-aminoethyl-L-arginine. (Chem. Commun. 244-246, 2005} For
24 a 10-mer GPNA with 5 GPNA monomers with the backbone of 2-aminoethyl-
25 D-arginine there was an increase of 7°C in Ty (melting temperature) against
26 complementary DNA compared to the corresponding unmodified PNA,
27 (Bioorg. Med. Chem. Lett vol 16, 4931-4935, 2006)
28 A 16-mer antisense GPNA against human EGFR-TK was reported to
29  show antitumor activity upon ip (intra peritoneal) administration in athymic
30 nude mice, although the in vitro antisense activity was not documented for
31  the antisense GPNA in the prior art. (WO 2008/061091)
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) Cytosine and Modified Cytosines
10
11 PNAs with cytosine replaced with 9-(2-aminoethoxy)phenoxazine were

12 evaluated for their affinity for complementary DNA or RNA. A single
13 substitution with 9-(2-aminoethoxy)phenoxazine elicited an increase of 10.7
14~ 23.7°C in Tn, although such an increase was markedly dependent on the
15 nucleotide sequence. Nucleobase 9-(2-aminopropoxy)phenoxazine also
16 induced a large increase in Tm. Due to a huge increase in T, PNA
17  monomer with either 9-(2-aminoethoxy)-phenoxazine or  9-(2-
18  aminopropoxy)phenoxazine as a cytosine replacement has been termed ‘G-

19 clamp’. (Org. Left vol 4, 4395-4398, 2002) However, cell penetration data
20 was not reported for PNAs with G-clamp(s).

21 PNAs with cytosine replaced with either 6-{2-(2-aminoethoxy)phenyl}-
22 pyrrolocytosine  or  6-{2,6-di(2-aminoethoxy)phenyl}pyrrolocytosine  were
23 evaluated for their affinity for complementary DNA or RNA. A single
24  substitution with either 6-{2-(2-aminoethoxy)phenyl}pyrrolocytosine or 6-{2,6-
25  di(2-aminoethoxy)-phenyl}pyrrolocytosine increased T, by 3 ~ 11.5°C. (L Am.
26  Chem. Soc. vol 130, 12574-12575, 2008) However, such PNAs were not
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present invention provides a novel class of PNA oligoners 3
represented by Fornula I, or a pharmaceutically acceptable salt
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13 fidelity detection of single nucleotide polymorphism (SNP).  Since PNA
14  binds tightly to DNA and RNA with high sequence specificity, PNA may find
15  various other therapeutic and diagnostic applications involving DNA or RNA.

16  {FASEB vol 14, 1041-1060, 2000)

17

18

19 SUMMARY OF INVENTION

20

21 The present invention provides a novel class of PNA oligomers

22 represented by Formula ), or a pharmaceutically acceptable salt thereof:

23
?1 ?2 Bfe‘i ?ﬂ
Ou Oy O o
S G R
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¥ 5 T s TIs Set n1 Sy T
24
25
26 wherein,

27 n is an integer equal to or larger than 5;
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shows inproved cell penetration 2 and binding to nucleic acid
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acid bearing nolecul e such a in cel
19  properties,

20

21 A PNA oligomer of Formula | shows improved binding affinity for
22 nucleic acid and cell penetration compared to its corresponding ‘unmodified’
23 PNA oligomer. PNA oligomers of this invention are useful to sequence
24 specifically inhibit or modulate cellular and physiclogical functions mediated
25 by nucleic acids or physiologically active molecules having a nucleic acid
26  domain such as ribonucleoproteins. Also PNA oligomers of this invention
27  are useful for diagnostic purposes due to their sequence specific binding
28  capability for nucleic acids.

29

30

31 DESCRIPTION OF INVENTION



4 properly tagged with a chronophore, for exanple, fluorophore. PNA 5
oligoners of this invention may be useful for a variety of diagnostic
or 6 anal ytical purposes other than those detail ed above. 7A PNA
ol i goner of wheotpimsmsnt i nventi on possesses good aqueousCBxmoiopimibist y
conpared to the correspondi ng 'unnodi faed PNA oligoner, and 9 can be
used as dissolved in water, saline, or a buffer solution. A PNA 10
oligoner of Fornula | can be fornulated with a cationic |lipid such as
11 lipofectanmine. A PNA oligoner of this invention may be duplexed
with a 12 conplenentary DNA and the resulting duplex can be
fornmulated with a 13cationic |ipid. 14A PNA oligoner of this
i nventi od may be Ther présah’edmiramtlanvprd\mies ef nbbeloshge dfOPN& idﬁ?bmémg
t
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suspension, transdenmal fornulation, and so on. 18A PNA oli gorrer of
the present invention gan be ad 'ni stered to +19 subj est at
t herapeutical ly effBetivg do® avhi ch wouPsyvagy d dbng on

20i ndi cation, adm \?Ll on %Itjg asi_ng B)PM/Q atl ons of
subj ect, and 21 §ﬂb’n le mer of![fh ént |n forBadan

be adm ng st ered Yosa 2 subj dént 5;/ a vari et gg10fl nroutas iTncl udi ng but
not limged to intravenous 24injection, subcutaneous injection,

i nt raper| toneal injection, nasal inhal ati on, 25oral adm ni st rati on,
transderfral appl ¥ gﬁf‘?"én and so on. 26A PNA ol igomer of Fornula | can

be adni ng stered has ansuﬁgeﬁtequél 18 brigge fad 9n Wi th a
pharmaceutical Iy _acgepta dj uvant i ncluding but not 28limited to

citric atid, hydPach# ori esactd, Tt det ar i briading, Tstiedgpandgaily represent
29pol yeiqyl wmioy Rluteed, YQJHQM&F‘%@ MEI‘?lsubﬁftD?(‘Jo Loy Q4 stitut

bi carbonate,” 30di still ed water, hyal uronic aci |on|c |p| such
as | i poHect 2eA-sebstitytedoay! radimabo0oo/ 113828PCT/ 1CR2009/ 001256 16

loelatify talc, gsgppbiy mbgendanuyhyrg o0 1R, JEhiNdd Ch USRS,

titani um oxi de, i um car boxyne
preser vE i visbstitwded 0opnnosAUbNitUtedi @nyécuxyof subsetqjeés ent nomsebetitored

dependi 08 olty 85, EERERES of Aboltopl frfq BFHAA, SubUIGHLLIA o ONR S

t herei n, an-equiva
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(2, UL TR, P uai R gt ey oflpgegh o Lo, 2 4,

ol i gonel’s enconpzsseptddertti Gpdnids aeutaridey! bydroxg)r substituted or non-
18 substituted alkyloxy, substituted or non-substituted aryloxy, substituted or
19 non-substituted amino, substituted or non-substituted alkyl, or substituted
20 or non-substituted aryl radical;
21 B, Bz .. Bsa and B, are independently selected from natural
22 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
23 unnatural nucleobases; and,
24 at least one of By, By, .., Bny, and B, independently represents an
25 unnatural nuclechase with a substituted or non-substituted amino radical
26 covalently linked to the moiety responsible for its due nucleobase pairing
27  properties.
28



10a pharmaceutically acceptable salt thereof: llwherein, 12n is an

I nteger equal to or larger than 5 but smaller than or equal to 1330;
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For mul & | 1hydriglo Fashmakl and \By, Bf ...1Bl, -andr Bn Wk mdeperﬂenfkga sefectadt fim -

T AT T g R R R e

non- subysti t ut ed aIkyI hydri do, hydroxy, and substituted or non-
S5substituted al ky radlcal and, 6L1, L2 nd L3 are a coval e
i nker represen? %’3 yORIMEN af thiy iRHiios 7%& % W@t%{rﬁma&ﬂmce%

t he noiget )#néﬁ'ﬁﬂéﬁ@'éﬁdecérpéff@étcd):eélﬁséllﬂ%'rrfhﬁ&lcﬂ{soﬁ)?rs&]ﬁ’éice specifically
10  binding to a nucleic acid or a nucleoprotein within cell.
11 A PNA oligomer of Formula | can potently inhibit ribosomal protein
12 synthesis by tightly binding to mRNA. A PNA oligomer of the present
13 invention can tightly bind to a pre-mRNA and alter the splicing of the pre-
14 mRNA to mRNA. Further, a PNA oligomer of the present invention can
15 bind tightly to a microRNA, and inhibit mRNA degradation induced by the
16  microRNA. _
17 A PNA oligomer of Formula [ can predictably bind to the nucleic acid
18 domain of a ribonucleoprotein, for example telomerase, and modulate its
19  physiological function(s). A PNA oligomer of the present invention can bind
20 to a gene and modulate the transcription of the gene. A PNA oligomer of
21 Formula | can bind to a viral gene or its transcript, and inhibit the
22 proliferation of the virus. A PNA oligomer of this invention can affect
23 cellular functions other than those described above by sequence specifically
24 binding to a nucleic acid or a nucleoprotein within mammalian cell. In
25 addition, a PNA oligomer of the present invention can tightly bind to a
26 bacterial mRNA, nucleic acid, or gene, and inhibit bacterial proliferation or
27  alter bacterial biosynthesis profiles.
28 A PNA oligomer of this invention is highly sensitive to a base
29 mismatch in binding to its complementary DNA counterpart, and would be
30 appropriate for detecting single- nucleotide polymorphism (SNP) with high
31 fidelity. PNA oligomers of the present invention bind tightly to their



9 10 11 Formula V 12 wherein, 13QL and Qr, are
substituted or non-substituted nmethylene (-CH2-) 1l1l4radical, and Q,,
I's directl| wdionkadszko the basic am no group; is@, Q .perkafdebditss
are independently sel ected from substijguted or 16non-substituted

met hyl ene, oxygen (-0-), sulfur (-5-), and substituted or
17non-substituted amno radical [-N(H)-, or -N(substituent)-]; and,
18rn is an integer equal to or larger than 2 but smaller than or
equal to 15. 19 20PNA oligoners_of particular_interest conprise PNA
ol i gonmdr s GMplermsntany DNAS gyithy high seaieansei searifigitacandhmay be diseful for

ner oot ARAEpRing? PRASDIAGHEDS il AOTBER %
and Tn 3ar dogatdr bdouclaiti @ald 2eXngndoleare sudiepentdornkse seithiot eell fif om
v 99, SHBBAIY Shbed, e “SAURRELIL Sh i e REA  BE
or non-ssulsligoimere dofahis oinvesti®flrmay Y3l us@l for .a vBriety, oRdladifosticeor
i ndependent |y sel ected frgm natural 30nucl eopases i ncludi ng adeni ne,
t hymi né, @Jnéﬁ’lt'ﬁé, PYPOsET R exrihan thesd 89@ﬁ€5329\ﬁ%at ural nucl eobases;
WO 2009/ 113828PATPKRZOMIREL %&he present invention possesses good aqueous
8 solubility compared to the corresponding ‘'unmodified’ PNA oligomer, and
9 can be used as dissolved in water, saline, or a buffer solution. A PNA
10 oligomer of Formula ! can be formulated with a cationic lipid such as
11 lipofectamine. A PNA oligomer of this invention may be duplexed with a
12 complementary DNA and the resulting duplex can be formulated with a
13 cationic lipid.
14 A PNA oligomer of this invention may be formulated in a variety of
15  dosage forms including but not limited to injectable formulation, nasal spray,
16 tablet, granules, hard capsule, soft capsule, liposomal formulation, oral
17 suspension, transdemal formulation, and so on.
18 A PNA oligomer of the present invention can be administered to a
19 subject at therapeutically effective doses, which would vary depending on
20 indication, administration route, dosing schedule, situations of subject, and
21  soon.
22 A PNA oligomer of the present invention can be administered to a
23 subject by a variety of routes including but not limited to intravenous
24 injection, subcutaneous injection, intraperitoneal injection, nasal inhalation,
25  oral administration, transdermal application, and so on.
26 A PNA oligomer of Formula | can be administered to a subject in
27 combination with a pharmaceutically acceptable adjuvant including but not
28 limited to citric acid, hydrochloric acid, tartaric acid, stearic acid,
29  polyethyleneglycol, polypropyleneglycol, ethanol, sodium bicarbonate,
30 distilled water, hyaluronic acid, cationic lipid such as lipofectamine, starch,



18 lat least two of Bl, B2, ..., Bl, and 13, are independently
selected from 2 unnatural nucl eobases represented by Formula |1,
Formul a | lWwo moofaggsul a 1V, 3Rid R2, R3, R4, R3 and R6 BrBKR2009/001256
i ndependently sel ected from substitutag 4or non-substituted al kyl,
and hydrido radical; 5Q and O, are substituted or non-substituted
met hyl ene radical, and 6 Qnis directly linked to the basic am no
group; 7Q, Q ..., and Qni are independently selected from
substltut ed ot on-supstityted mejihyl ene, and am no

radi call; aﬂﬁiat"!artﬁfél aseRDIcRde?!VERikl PR o ms?/f@/@re"yﬁ% thapym oxider er
than on e%ﬁu%%a%éﬁ;ﬂ&@lf’ OkivaerRes C;ﬂéséw ¢, Gh8's8S4n.coNpri se

PNA ol i goners of 3or 'a pharnaceutical |y acceptabl e salt
thereo lawherAiRNA phgomeraf thatrsgeantdayeitiono depemcémge;m theapreseneait

S % PSSl S S B e

sel ect éd fw1dmdmydqmdal;enamdnmmsbf tau'pbdrmacellﬁnaiiy autpitablet sdd aary base

di cal 0 ts_ hyd Ik bsti f ut.ed .
non- subst (PAvaBS TR ot MR toqsainzaBhytexide - polagstin “hysroudear o

i ndependeriydyodfbRe hed, ﬁfe@tﬁarre@umsﬁt a%iﬂ”'%&h@%ﬁﬁ@ﬁd's&%rﬁld' ng adeni ne,
t hym ne, guani ne, cytosine and uracil, and 24 unnat ural nucl eo bases;

o5at | 8ast three of Bl, B2, ..., Bn-1, and Bn are independently

selectgd 26 fro FDgr!;w ly,
For nul g 11 orp?2$é}lgé;§r ﬁu aoern% @ﬁﬁnﬁ%lﬁﬁﬁ%@g and alr.rgllé or
i ndepdfiderst plyargeaceutleailyfacaﬁp’@@lmsalt theseof90r non- substit uted al kyl,
and hydri do ra%ﬁg]le 30QL and Qm are nethyl ene radical, and Qmis
directTy Iinked {'Me 31 basic anmino group; WO

2009/ 123828PCT/ A GRAA0GAeQgRL 2GGalled dLRrgéBthan 5 budkehaDer ithat er egual to

i ndependent|y selected from net hyl ene, 2 oxygen, and am no radical;
and, 3FPn ¥ an i nteger equal to or larger than 2 but smaller than or
equal 1m0 4 10. S;,'S,, .., So-ts Sn T1, T2, ooy Taet, and Ty, are hydrido radical;

15 X and Y are independently selected from hydrido, substituted or non-

16  substituted alkyl, substituted or non-substituted acyl, substituted or non-
17 substituted sulfonyl, and substituted or non-substituted aryl radical;

18 Z represents hydrido, hydroxy, substituted or nonsubstituted alkyloxy,
19  substituted or non-substituted amino, substituted or non-substituted alkyl,
20  or substituted or non-substituted aryl radical;

21 By, Bz ... Bni, and Bn are independently selected from natural
22 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
23 unnatural nucleobases; and,

24 at least one of By, By ..., By, and B, is independently selected from
25 unnatural nucleobases represented by Formula 1l, Formula lll, or Formula IV:
26
'}’1
/N—R2 N NH, . Q
Y ¢ f\\N i NH
/ NH N N//'\I}‘H :'\!]N N/J\T:«IH
I \/I\L | Lz‘“‘ber‘ ! L:;\,,I“-Rs
N“ O R Rs

27 Formula Il Formula Ili Formula IV



5 6PNA ol i goners of higher interest enconpass PNA oligoners of

7Formula I, or a pharmaceutically acceptable salt thereof: 8wherein,
9n is an iwoeperiiesgeal to or |arger than 10 but smal | erpd1RR2009/000 8842l
to 1020; Si, S2, ..., Sn-1, S, -11, T2y ..., Tn-i, and In are hydrido

radi cal; 12X and Y are independently selected from hydrido, and
substituted or 13non-substituted acyl radical; 14Z represents
hydr oxy, or substituted or non-substituted am no radical; 15B, B2,
.., Bn-1, and Bn is independently selected from natural

16nuc| €obases includi ng adeni ne, thym ne, guani ne, cytosine and
uracil 2 and 17uwhataimal nucl eobases; 18at |east three of Bl, B2,

Bn-i nd Bn ar epd electe 19fr
represgnt ed by Ebr'??uﬁg Rte@ﬁ%gﬁart ffdepgndsp %&F%ﬁf%ﬁf@m ﬁ@‘i %95
and R5a4ar Q)rhmtm-d@bitﬁdte@walkﬁndhﬂfddmh drskyR6ahddepbsterdd Yor non-
22r epr esent ggstl tuted or nhon- substl tut ed am di nyl

[
r adi caP; %éjdhy A PBAe radical, and C," is di rectly
|'nked6t0 the 2 bﬁzs'aﬁ‘tdar& n&egrao%valgﬁgzl @ re reserﬁ%ﬂJ % %‘fa
no radi cal ;

i ndependent |y selected from nethyl ene,
and, 2711ronseeling rx basic asgjoal g:toolpoto rtlae gnoletyhaesp@nbttnde domnbicleobhsn’

or equgl t Jﬁ%} PNA ol i goners of highest interest conprise PNA
ol i gorrers i g EE?TQQ or a pharmaceutically acceptabl e salt

t hereob: WO 2009/ 113828PCT/ K142009/ 001256 20 lwher ei n, 2n is an
i nt eger equal to | afger_._thagn 10 but smaller than or equal to 320;

481, $3.Sn, T1, 2 , and e™hydri BormwalVcal ; 5X and Y are

i ndependent ly sel ect ed from hydrl do and substituted or '
6non- tibstituted acyl radical; 7Z represents hydroxy, or substituted
or nonasubstit uyRdredyri No radi caI 881, B2, ..., Bn-1, and Bo are

i ndependent |y sel ected from adenl ne, 9 thym ne, guani ne, cytosine,
and udBatural ndeclasbddesare substituted or non-substituted methylene (CHZ—}

14  radical, and Qn is directly linked to the basic amino group;

15 Q2, Qs, .., and Qna are independently selected from substituted or
16  non-substituted methylene, oxygen (-O-), sulfur (-S-), and substituted or
17 non-substituted amino radical [-N{H)-, or —~N{substituent)-]; and,

18 mis an integer equal to or larger than 2 but smaller than or equal to 15.

19

20 PNA oligomers of particular interest comprise PNA oligomers of
21 Formula |, or a pharmaceutically acceptable salt thereof:

22 wherein,

23 n is an integer equal to or larger than 8 but smaller than or equal to
24 25;

25 St Sz s Snts Sy T1, T2, <y Toa, @and T, are hydrido radical;

26 X and Y are independently selected from hydrido, substituted or non-
27  substituted alkyl, and substituted or non-substituted acyl radical;

28 Z represents hydroxy, or substituted or non-substituted amino radicai;
29 Bi, Ba ... Bn1, and B, are independently selected from natural

30 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
31  unnatural nucleobases;



10at |east three of 133., B2, ..., 130.1, and Bn are independently
sel ected 11 from unnatural nucl eobases represented by Fornula I1,
Formul a | | {wo Mb9riids26or nul a 1V; 13R1, R3, and RS are hydp¢ﬂﬁR10@§}b@Q§5
and R2, R4, and R6 independently 14repggesents hydrido or am dinyl

radi cal 15QL and Qm are nethylene radical, and Qnis directly |inked
to the 16 basic am no group; 17Qz, Q and Qn_i are independently

sel ected from net hyl ene, and 18oxygen radical; and, mis an integer
equal to or Iarge[ t han but _snmaller than or equal to 208. 23.

22Specilfic PNA 8t legehiwe Qﬁf 15 B2 onPritnBed dstare dngrpassentia selectpshrom of
23For myl a dnnaﬂﬁraﬁn@@l@bﬂ?s‘%%%b%%h?@ae@??m Blaeusﬁ%ﬁn&lﬁgh%{ Formpla IV;
to or bat " snaller

24wherein, 25n is an I nteger equa ar er than
than on equal t Bu &, 23, R27&1andSRs are jndép@nﬂi&nfbyl selettedT from substitated

and Tn ey dri.dg. radi cal; 29Y represents
hydr i do g%rt}gﬁé@%tﬁ@‘%ﬁ%ky'naﬁ@xagwt?fé8 acyl radi cal ; 30Z
represeénts hydrQxyndoQ,saresdubktitueed orF WSMﬁ&ItEHuh@ﬂ\ ieneadiadi &7

WO 2009/ 113828PCT/ 2009/ 6 21,B1, B2, ..., and Bn are
i ndepefideritt ¥ € gé‘i"@é’ é'é‘ ?'chr‘%ﬂﬁ%%m'@ GIRHP ne, guanl ne, cytosine,

and unpat ural nQ?'QQbas%d @ ér@alﬁaeegﬁ@é?wt sé?éate@zfr%m subs@ated 8Pd

Bn are independen sel ecte 4 from nnatu nucl eobases
repr esént é@"b%”?sé'ﬂﬁﬁﬂd“ﬁthwqrtﬁﬁ @xygen, land aming adicalilaad) V; 6R1, R3, and

R5 areghydrido repr

hydri do or am dhnylaqﬁgéeié}ded%dgﬁyépl) seﬁasr{ Q%%]%ﬂ%%%-l F‘E_QHEEF{‘O
-CH2-00(CH2)2-, O -CH2-0-(CH2)3- 9 with the right end is directly
Iinkedléto t he basic am no group; and, LoL2 and L3 are independently

sel ectéd from-(CH2)2-0-(CH2)2-, -(0-12)3- 110-(CH) 2-, .
- (CH2)12- 0- ( CHZ)I&\IA olfg@rﬁér@-of hi I@riﬂ)e?est coﬁ@r@é‘PNA oliGbieps of FokRaIDL, -

- 12(CH2) 7-, -vmth e ht end is directly linked to
the badic %4 Pi rmad:,eggga lyjaccep rgg@led terns and abbrevi ations
for thg PNA ol igpemyis of

15 n is an integer equal to or larger than 10 but smaller than or equal to

16 25;

17 S1, 82 vy Sn1s Soy T, T2 s Toer, and T, are hydrido radical;

18 X and Y are independently selected from hydrido, and substituted or

19 non-substituted acyl radical;

20 Z represents hydroxy, alkyloxy, or substituted or non-substituted
21 amino radical; and,

22 By, Bz .., Bna and B, are independently selected from natural
23 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
24 unnatural nucleobases;

25 at least three of By, By .., Bng, and B, are independently selected
26 from unnatural nucleobases represented by Formula ll, Formula Ill, or
27 Formula IV;

28 Ri, R2, R3 Rs, Rsand Rg are independently selected from substituted
29  or non-substituted alkyl, and hydrido radical;

30 Q1 and Qm are methylene radical, and Qm is directly linked to the
31 basic amino group;



16this invention are illustrated in the table below 17

Term Abbreviation Illustration or definition oligomer oligonucleotide
hydri do si a@ modes09en atom (-H) deuterido single deutp(ﬁmmgg;/mmﬁ
(-D) alkyl linear or branched al kyl radical aryl aromatic group such

as phenyl, pyridyl, furyl, naphthyl, etc nethylene -(CH2)- acyl
"-C(0)-' substituted with hydrido, alkyl, or aryl radical sulfonyl
| -S(0)22 substituted with al kyl, or aryl radical alkyloxy 'RO0-'
where R is substituted or non-substituted al kyl radical oxygen

sul fur 1 ani di nyRaNi@ vp20d9Re13808 ipdsp y/ sejectsd from apetyiane,
(Q N2 eyBef, akd$HiRS réditalfail
3 m is an integer equal to or larger than 2 but smaller than or equal to
4 10
5
6 PNA oligomers of higher interest encompass PNA oligomers of
7 Formula |, or a pharmaceutically acceptable salt thereof:
8 wherein,
9 n is an integer equal to or larger than 10 but smaller than or equal to
10 20;
11 Su Sz o St Sne To, Tas .y Ty, and T, are hydrido radical;
12 X and Y are independently selected from hydrido, and substituted or
13  non-substituted acyl radical;
14 Z represents hydroxy, or substituted or non-substituted amino radical;
15 B, Bz ... Bni and B, is independently selected from natural

16 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
17  unnatural nucleobases;

18 - at least three of By, By, .., Bsa, and B, are independently selected
19 from unnatural nucleobases represented by Formula I, Formula W, or
20 Formula IV;

21 Ri. Rz and Rs are hydrido radical, and Ry R4, and Rg independently
22 represent hydrido, or substituted or non-substituted amidinyl radical;

23 Q: and Qn are methylene radical, and Qn is directly linked to the
24 basic amino group;

25 Qz Qs .. and Qm1 are independently selected from methylene,
26  oxygen, and amino radical; and,

27 m is an integer equal to or larger than 2 but smaller than or equal to
28 10.

29

30 PNA oligomers of highest interest comprise PNA oligomers of

31 Formula |, or a pharmaceutically acceptable salt thereof:



N oracil (U O NH adenine (A) NH2 N1 , guanine (G 0O HN A H2NN
N .4- 1 2 3GENERAL SYNTHETI C PROCEDURES 4 5For characterization of

mol ecul es 0‘}059/%3&2 vention NVR spectra were 6 recorde%@@m}dﬁw

Mer cury 300MHz ruker Avance 400MHz, 28" Varian 7 | nova
spectrometer. Either a Bruker DaltonicS U traflex MALDI - TOF or an
Agilent LCMS lon Trap System was enployed for 9 determ nation of

nol ecul ar wei ght PNA oligoners were anal yzed and purified by
Cmreverse phase HPLC either on a Hewl ett Packard 1050 HPLC 11 or a
Shi mazu LG 6AD whRE®in,Unl ess noted ot herwi se, silica gel was used for
12chr onpt ogr aphi c_separation of. snmall ecul.es prepar in this

i nvent iggn. glsﬁ/ePt'? HBRB eggglrtgpgrﬁ@égfngaﬂﬁ.@glplgtggp@ggr%%anP@@ﬁqanﬂ al
nucl eoBaseQjeri vati ves used for the synthesis of PNA 16 nononers of

this invention were prepared_according to_one of the nethods 17
(Methods A, B, am@zC)s grle)@h:dﬁdTbethlo@” To Areydidersiealcat i on(s)

ook 130 S GBS R AR sGUATBEr
6 non-substituted acyl radical;
7 Z represents hydroxy, or substituted or non-substituted amino radical;
8 By, B2, .., Bpa, and B, are independently selected from adenine,
9 thymine, guanine, cytosine, and unnatural nucleobases;
10 at least three of By, By, .., Bny, and B, are independently selected
11 from unnatural nucleobases represented by Formula Il, Formula lll, or
12 Formula IV; . :
13 Ri, Rs, and Rs are hydrido radical, and R; R4, and Rg independently
14 represents hydrido or amidinyl radical;
15 Q1 and Qm are methylene radical, and Qn is directly linked to the
16  basic amino group;
17 Q2 Q3 .., and Qm1 are independently selected from methylene, and
18  oxygen radical; and,

19 m is an integer equal to or larger than 2 but smaller than or equal to
20 8.

21

22 Specific PNA oligomers of strong interest comprise PNA oligomers of

23 Formula |, or a pharmaceutically acceptable salt thereof:

24 wherein,

25 n is an integer equal to or larger than 8 but smaller than or equal to
26 20;

27 S1, 52, .. Sn-1r Sy T, T2, ..y Ty, @nd Ty, are hydrido radical;

28 X is hydrido radical;

29 Y represents hydrido, or substituted or non-substituted acyl radical;

30 Z represents hydroxy, or substituted or non-substituted amino radical;



2Met hod A: 6-al kyl -pyrol | ocyt osi ne derivatives were synthesized as
properly 3protected according to Scheme 1 or with mnor variation(s)
t her eof . : | kyl - pyrol | ocyt osi ne derivatives we =
synthesizgugﬁﬁéﬁgégﬁers 5cont ai ni ng a _nucl eobase repres%ﬁ?ggﬁﬁy&ﬂkm
Formula Il as a cytosine equival ent. BFi r st conpound a was
deprotonated with NaH and then al kylated 7 with ethyl bronpacetate to
obt ai n conpound b. Conpound b was 8 subjected to a pall adi um catal yzed
coupling with a term nal acetylene 9 derivative, which was in situ
annul atied to prpguBl, ¢, BGOraHdB,t ard hisdedendehdly addlé@ed (MR eRRhiRS
Nucleotideﬁ Be Nuclejc Acids vol 22, 1029-1 3%#62003) 11 12Schene 1
13 Ph G NHNYNInG gusinepRytesiae. R0 \UnnaturaiNeicieoqasesiPh3) 4, DVF Le OFt
2) ethyl bromoacgf {Rt three VS8, .. 18,1644 R i@dﬁﬂd@ﬁﬂ?%ﬁd&@
derivatives were synthesized as properly 17/protected according to
Schene 42 dromi thnaiuialr nualeichasesn represéntedoby Bohultag 1l, Formula i, or

2,6-di%ntiﬁRHn£@@.derivatives were used to synthesize PNA nononers
19 containing a nucl eobase represented by Forrmula Il1 as an adeni ne

equi valeent 20Fi RgtR2-alnal Badenihpdridasradiealctand R4, tRy, andi Reirtzpehdbhih

tenmper gt urrgpresent hydrido or amidinyl radical;

8 Ly represents —(CHj)>-O-(CHj)z-, -CHz-O-(CH3)2-, or -CHy-O-(CHa)s-
9  with the right end is directly linked to the basic amino group; and,
10 L; and L3 are independently selected from —(CHz)2-O-(CH3)z-, =(CH;)z~

11 O-(CH2)2-, ~(CH)2-O-(CHa)s-, -(CH2)-, -(CH2)3-, ~(CH2)a-, -(CH2)s-, -(CH2)6-, -
12 (CHy)7-, and -(CHy)s- with the right end is directly linked to the basic amino
13 group.

14

15 The above used terms and abbreviations for the PNA oligomers of
16 this invention are illustrated in the table below.

17
Term/Abbreviation Illustration or definition
oligomer oligonucleotide
hydrido single hydrogen atom (-H)
deuterido single deuterium atom (-D)
alkyl linear or branched alkyl radical
aryl aromatic group such as phenyl, pyridyl, furyl, naphthyl, etc
methylene -(CH2)-
acyl ~C(0)-' substituted with hydrido, alkyl, or aryl radical
sulfonyl "-$(0),-" substituted with alkyl, or aryl radical
alkyloxy ‘R-O-" where R is substituted or non-substituted alkyl radical
oxygen -0
sulfur -5-!
L NH; )
amidinyl N




21 to obtain conmpound d, which was then reacted with Boc20 to give 22
conpound e. Conpound e was deprotonated with NaH, and al kylated with
WO 2009/ 11@%@ 009/ 001256 24 1 et hyl bronoacet ate ' -

conmpound f. @ggééé%tic am no group gf 2 conpound f vvalgs&éfrag%og%@el%fs

with either Cbz or Boc group to yield conpound 39. 4 5Schene 2 6 NH2
NH2 X "' NH2-L2- NH2NBoc20 N , H2N-1-2-NAN N N Boc-NA-2--wk- N N /rod
HNHHH HH X = CIl or Br 7 8 (Boc or Cbz). NH2-"NH 1) NaHNN, Cbz or Boo

Pr ot ect i gaN-Bee—N—+L2H-N-N-N-BeorN-L2" N- =N 2)_
Br CH2CORHt HLCO2Et nH LCO2Et  9Met hod C. N-al kyl’at ed guani ne
derivatives weogineYOt hegi zed as properly 10[ pMot ect ed according to
Schene 3 jor wwth mnor yariations thereof. NCLFO
g
thymine (T) ﬁ’tlo
O"‘:""
. NH
uracil (U) Iﬁ:’go
N
adenine (A) g
N~ N
- %
. HN SN
guanine (G) HZN)*‘N | ‘I;fz
1
2
3 GENERAL SYNTHETIC PROCEDURES
4
5 For characterization of molecules of this invention NMR spectra were
6 recorded on a Varian Mercury 300MHz, Bruker Avance 400MHz, or Varian
7 Inova 500MHz NMR spectrometer. Either a Bruker Daltonics Ultraflex
8 MALDI-TOF or an Agilent LC/MS ITon Trap System was employed for
9 determination of molecular weight. PNA oligomers were analyzed and
10  purified by Cig-reverse phase HPLC either on a Hewlett Packard 1050 HPLC
11 or a Shimazu LC-6AD HPLC. Unless noted otherwise, silica gel was used for
12 chromatographic separation of small molecuies prepared in this invention.
13 Melting point is reported as uncorrected.
14
15 Unnatural nucleobase derivatives used for the synthesis of PNA
16 monomers of this invention were prepared according to one of the methods
17  (Methods A, B, and C) provided below or with minor modification(s) thereof,
18  unless detailed otherwise in actual synthetic examples.



11 guani ne derivatives were used to synthesize PNA nononers
containing a 12 nucl eobase represented by Fornula IV as a guani ne
equi val ent gne 3 15 0 117 Boc-N-L3*-NA'N N 2) B

LCO2Et 17 1 |rst haI ohypoxant hi ne S reacted with a d%ﬂ%@y_{
hi gh 19 tenperature to obtain conmpound h, which was then reacted with
Boc20 to WO 2009/ 113828PCT/ KR2009/ 001256 25 1 gi ve conpound i .
Conmpound i was deprotonated with NaH, and al kylated 2 with

et hyl bronpacetate to obtain conpound j. 3 4Two types of PNA nonomers
wer e syint hesi zed according to either 5 Method D or Method E to

repare P me i.goner.s r.e repared by
banagere, MetodATnESa IR ey Fheing, BRBvetives o uPetised of bRt
MONOMeRs qirotecm@d ecmrdﬁ‘s@mclkm@mbrr withedinodvaBat{dn(s)Bihereof. Such 6-

Alternatlv noners of .t pe chene 5 were ed in- 9
house flor ac W&ﬁwﬁoﬁé{ SIN&, faeBAli %E%r‘éseacé%r%wﬁ@esﬂi’@t rEPReeiD

descri lBed domtdiRRigPs hQEIe@bbsé)fep\f‘éstthéH BYFofRRiI4 NCR!A e%%et&ff@a%nt
(USP 116, 133, 444)g 12 13 Met hod D nononers wth a
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15
16 Method B: 2,6-diaminopurine derivatives were synthesized as properly
17  protected according to Scheme 2 or with minor variation(s) thereof Such
18  2,6-diamino-purine derivatives were used to synthesize PNA monomers
19 containing a nucleobase represented by Formula Ill as an adenine equivalent.
20 First 2-haloadenine was reacted with a diamine at high temperature
21 to obtain compound d, which was then reacted with Boc;O to give
22 compound e. Compound e was deprotonated with NaH, and alkylated with



WO 2009/ 113828PCTACR2009/ 001256 26 1 2First ester k was subjected to
al kal i ne hydrolysis to afford acid I, 3 whi chwast hencoupl edw t het hyl

4 benzot hi @gplsidmisergul f onyl am nol et hyli-glycinate to Obﬁ@.lifﬁgéb@m d
m 5 Conpound mwas mildly hydrolyzed,yith LiOH to give acid n, I ch
was 6 cyclized by an EDCI coupling reaction to obtain nodified PNA
mononmer o. 7 The chem cal structure for PNA nononmer o was assuned as
in Schene 4 8 throughout this invention, given that such assigned PNA
nononers have 9successfully yielded PNA oligonmers in the literature.
(Org. Let tethylbtorapacrate- tal ®b3an3corpposnd 1 TheMetomwaticEamino group of

Alternativ S Wih,a. ifie I ase ne 13
or epar & soctoeh¥ PRS LRI actt Win ST G BYE R 35 0154 Epihayins
14 properlgy protected for the PNA ol igomer synthesis nethod provided
in the 15 prior art. (USP 6,133,444) In Scheme 5, conpound k may
corresﬁond to 16 conpound c of Schene 1, conpound g of Schene 2, or
conpoungd j of 17 Schene 3, however gchéme®t be necessarily limted to
one of those ester 18 compounds. 19 20Schene 5 21 1) ag THF, Li OH
Lro O Fnoc. NOH Fnoc = (9H-fluoren-9-yl)nmet hoxycarbonyl 22 23 2) H+ 1)
1) 24First gdd I was coupled witWRethyl N-[2-{N- (9H fl uorwen- 9-

2 NHy-Lo-NH, =~ N Boe,O

N N7 N
NZ N i > >
L
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X7 NN H H : H H H
d e
X=ClorBr
Boc or Cbz
NH, ( ~nu
N= N\ Cbz or Boc Protection N= N\
1) NaH Lo LY plnndiby Lo LD
— Boc—ﬁ’ 2NN N Boc-ﬁ’ 2NN
2) BrCH,CO4Et H L co,et H Lokt
7 ! g

9 Method C: N-alkylated guanine derivatives were synthesized as properly
10 protected according to Scheme 3 or with minor variations thereof. Such
11 guanine derivatives were used to synthesize PNA monomers containing a

12 nucleobase represented by Formula IV as a guanine equivalent.

13
14 Scheme 3
15 '
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H R H H H
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o)
N
HN
1) NaH )k/][\) ;
2) BrCH,COE Boc—ﬁ’LS\NAN o
16 ROz H LCOZE'(
17
18 First 2-halohypoxanthine was reacted with a diamine at high

19 temperature to obtain compound h, which was then reacted with Boc,O to



25 ypam no}et hyll-glycinate to obtain conpound p by an EDCI coupling
WO 2009/ 113828PCT/ KR2009/ 001256 27 1 reaction. Then conpound p was
mldly hyd th LiOH to obtain PNA 2 nononer q ki ed
nucl eobasews 4T %ol | owi ng exanpl es ,gont ai n det ai | ed\l\i()jescr|O'[(~)it9|9d(%%1§s6
of the 5preparation methods for conpounds of this invention. The
detail ed 6descriptions of these exanples are presented for
illustrative purposes only 7and should not be interpreted as a
restriction to the present invention. 8Most of these detailed
descrigti cgi'sse fcampamngdhi. n Gomepeuwup é wasndepretarated véthe Natp | anidy alkplated

above des e NERAL HETL.C PROCEDURES which 10 forma part of
the i n&ent“}f”l .EHQV ro%qﬁcgatggpookgaws@dmﬁur{%ﬁb follow ng llexanples are
defined in the followi ng table. 12 Category Denotation 1H NVR Proton

nucl ear magnet i resonan e I/g r|%resenti ng NVR dat a, WI dely accept ed
abbr evi‘at i ons @ BResi ok PNA| MeReMeLs e sYREIesizedqascgrdigautn efthex

for trispl Qftetrdd @ dﬂumetf%d EntBOPr télmtAeton mér@roprpeﬁﬂulallfom
coupl i ng constant, for deu ated chl orof orm

hexade®t erczifgemetwe@)ereamewe@nby mnvggse,sbmct(wmmgame@es eaaemg.

dat I
Gt o, BOPRh X FERSRAE PR RS, 1R Sgi LRI oquer o
flight8 E$[ﬂf31m e%ltm“nammiy BNA onoaanesnof tWiefgof fahemel 5We\reiugd§rﬂ in-

(mtl) for eak, n_peak . Sql vent

W ol y %oc e84 D ARES ButhiNe bt BaS iophi s eIt to T Bie Tethor
for tefor ahjededbatt aR, thE badr Nt hyt adieh Chikdr GRadifMtidres) thereof (USP
di met hyl f ormam de, EtOH for ethanol, MeOH for nethanol, DMSO for

di et Is@*m, EA for ethyl acetate and so on. Reagents

Popul apl y accepted abbreviations were used for reagents as foll ows:
NaH for sodium hydride, HO for hydrochloric acid, EDClI for 1-ethyl-

( 3- di Bt hmwfm&-cmerﬁt wih hg dmodifiedr hdeleOlamTweme ptrepared

2%%8%2%?8@@?@% e, 2 tom ! YT Gty RS 8 39?005%%0

for QISI;fI oteetecgfqutherﬁi}mmt omérmyy\thes]lc?stmeﬂmd dbmn@ﬂ?htthe&t@hmra-
WO 2009/ 113828P 009 28 nyl), Bts-Cl for

 beco dot HPEG oLl Vol Sog Pt oz  2IB L agherss 14, GbpbRouPic kacray
TEA fay trcbﬁrfeb;y&m@rfbn@omﬁbﬁﬁdf@roﬂVSH@bméOPrMbéﬁﬁW NBfNSchdphD,f OF

lithium hydrOX| de for - am noet hyl ) gl yci ne, Fm)c Aeg- OH for
N- [ 2- (LBOHCPMRAUsEL erﬁet3h PRERN NQ ﬂmeﬁyrllygwﬁe@téo one of
Froc- Agg- @Bsd ?gte,rrg&lg%, ¢ [ 2- (Fnoc-am no) et hyl Fgl yci nat e,
Frnoc- Aeg- O Bu N— [ 2-
20
21 ' Scheme 4
22
ote ~ N s
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K 1
s B
1)aq THF, LIOH \oj\ EDCI, DMF '\Nfo
2) H+ BtS\N/'\/N OH o
; G
4 Bts

NOQ '
Bts = @[ \>—(ls5_§ B = Protected Nucleobase

23



(Froc-am no) et hyl ] -gl yci nate, Fnoc- Aeg-OSu for N-succinyl N[ 2-
(Froc-am no) -et hyl ]-gl yci nate, HBTU for

0- (benzot r {;378 )-1,1,3,3- tetranet hyl urani um

hexaf | uorophos%%%%éeé% PCC for 1, 3-di cygLohexyl carbodi i nilc)jCeT,/Kla{%lO glg%zsgn.
W dely accepted abbreviations were used for term nol ogi es as foll ows:
np for nelting point, C for degree in Celcius, h for hour, mn for

QO hers mnute, g for gram ng for mlligram kg for kilogram | for
liter, mM for mililiter, Mfor nole/l, conpd for conpound, aq for
aqueoud, RT for roomtenperature, and so on. 1 2Exanple 1:

Preparati on of 3-{(t-butoxycarhonyl)am na}-.1-propanol (1).3,4 5,6To
T of 25 o no- st iRk WRLASELA D Fhkipe PhaRENEls, id ol add
was added viioh- W sevagver $an n 40:olpled BocwRhdi ssekiwgd i n NLEON-(3-
THF. After, the r.eactiQn 'xgur,e wafmit'rred for 24h,.the THF was
renoved 9 W@Fh'e@fi'@a oralssiipelethio YEWate i A9 RpPtpyeFompsund m.
extracted vAhBoghdTh s rﬂﬂwn@dmyféu QRtH €0 ane" %ﬁggsatéi@%e\ﬂhig’gt\nas

0.5Maq citric acid and wth di'stifled 11 water, 3 hen dri over
anhydr 6éus ayglieds by ans BPEhceuplingg reastiam tozokstairt madified PNA treoramer p,

compd 1 ao ChftlicL skUALR ¥ PRAC RIS Hons SEEHRed b WSHiprag R

s, 1H) 8 3.tBfoughouit thissirrention2gjven3tiz® (ugh dssigrfed) PNA rddfiomarsOhaer

s, 1H), 151.66 2 s, 9H) .. LEX le 2: Preparati of
ot hyl | P sbsressiy ehisd PR stimert o e sl o gt Vol 8, 5381
2009/ 153823 ToeH009/ 001256 29 1To a stirred solution of 8.3g of

N- benzoyl- 5-i odocyt osi ne dissolved in 2 60nl DMF, was added at 0OC
1.06g 8f 55% NaH in nmineral oil, and the 3 solution was stirred at Rl
for 2R, Af iyl ; ; ; t

i xt g, | e £ AR B, OO AR el it oliedt hJgebBRe Wil
whi ch 1#as freparede dctyrdingndoalbchdmend ool witht mimere variationist therof uase.

6 The .res i res) S, di I i l,e rj al was
il otg® Brpboy pistettin K PRE SReRICoMARIe i PRICRIIGLE 1
amonilem ghricer arde (USP & 1330144 e in Sugeie 55 coagruasiduk salf edreespand to
conceq%ratc%(rjnl:l)onun\aa%ugf S-crll;'eeme 1, compound g of Scheme 2, or compound j of
17 Scheme 3, however, may not be necessarily limited to one of those ester

18 compounds.

19
20 Scheme 5
21
o)
H B
Fmoc., N
B 1)agTHF,LioH B o ﬁ/\’ \)LOM" I\foo p
" Frmoc.. /\/N\/U\
Ort  2H OH EDCI, HOBT, DMF N OMe
|
B
1) aq THF, LiOH o)
—_—e e Fmoc = (9H-fluoren-9-yl)methoxycarbonyl
2)H Fmoc..N/\/N\/lkOH
H
22 q
23
24 First acid | was coupled with ethyl N-[2-{N-(9H-fluoren-9-

25 yDamino}ethyl]-glycinate to obtain compound p by an EDCI coupling



9 resulting residue was purified by colum chromatography (1:1
hexane/ EA) to yield 6.5g of conmpd 2 (conpd b in Scheme 1) as a yell ow
solid. nmp 154- ii 5C. 1H NWMR (400MHz; CDC13) 813.31 (br s, 1H), 8.37

(d, J = 72 WR2002p01382827. 69 (s, 1H), 7.55 (t, J = 7.4 HzpctiRrzo06/06056
(t, J =7.6 Hz, 2H), 4.49 (s, 2H), 4.2% 13(q, J = 7.2 Hz, 2H), 1.32
(t, I =72 Hz, 3H). 14 15Exanple 3:Preparation of

3-{3-(t-but oxycarbonyl am no) propyl oxy}-1- 16propyne (-3). 17 18 19
20To 6.5g of 55% NaH in mineral oil dispersed in 150m THF at 0C 212
was added | seqover 15 mn 259 of. co ,__gnd. the m xtyre was 2
stirre fo?era?ﬁ%ﬁ\f{@?n E?W@Hnar%ﬁ’%6@|dq%g§&ﬁ°i§@e?8’@¢}3ﬂ-9@éﬁ@ ‘_@iPLﬁN%n)
was 23azidethotioopervg settox enodifleil uclebBagegact i on mixture was stirred at
RT for 320h. 24 The reaction was quenched by slowy adding 250ml wat er
and THF was 25 renoved under reduced pressure. Then the resulting aqh
m xture was 26 gxbr elieding t BxAnoet i idnt | RS ¢ t
250nl water. The 27 or anl?gc Iaye@ Wagéaﬁf@dcc%\ser aﬁﬁ%%rﬁgagn%agﬁeé%m :
sul fat & alf@PRER} s | matEsisulferat eormpeurids! tofr élois ofriventibe. r eShe t deigiled

filtrat : t i o_and 29 subjected to colum

clhr omatéggr aphC;F/'Bﬂéﬁg faﬁ%ﬁ%/%ﬂ%ﬁ & Brga%d; roéluét@atb"@nﬁblr%)%% oply
yel | ow7 i candd.shbHldNMRL( 86 OinkdpretBWVERAR) reBbrictdn to the= 5;5es%nt Weention,
2009/ 13838 PCtI P'I];I %‘«’2009/ 01558 30. 1Hz, fll;) ,..4.09 (d, = 2.4 Hz, 2H),
3. 43- 3. 392'9815 S ! %?9§e?ad|’:? Jdesqgipgopy fabyvithiy the scppenigpd serye tas,
9H). 3 ¥ Rsamildy khePabpdd aldsefb&f GENERAL SYNTHETIC PROCEDURES vyhugll_
4-{2-(¢t- bL+t oxycar bonyl am no) et hoxy}-I-DUtyne (4) ?G%r‘é‘%m 8To
3.8g of 4-1PPMa3i Lt RbXYE- YvE0tgRe Jh%s@bbf@wat!ﬂnﬂdeHF,thevefOéo_gnng
added 1§. 293ng-npqé§ g@ayﬁidg&pﬁpmen@ﬂ?@ﬁ‘gﬁgémr wat er, and the reaction

m xture 10 was stirred for 8h, ol  owed by reroval of the
sol ver#2 under 11 reduced pressure. Then the resulting residue was

di ssol ved 'tgtégpg. ‘EA and 12 extracted tyce W Th TOmM IMaq HCI— A

sodi um c3 s—added+to

Proton nuclear magnetic resonance. In presenting NMR data, widely

accepted abbreviations were used as follows: s for singlet, d for

'H NMR | doublet, t for triplet, q for quartet, m for multipiet, br for broad, J for

coupling constant, CDCl; for deuterated chloroform, DMSOgs for hexa-
deuterated DMSO, and so on.

Mass spectroscopy. In presenting MS data, popularly accepted

abbreviations were used as follows: MALDI-TOF for matrix assisted
MS laser desorption ionization time of flight, ESI for electrospray
ionization, MW for molecular weight, (m+1) for MH* ion peak, (m+23)
for MNa* ion peak, etc.

Widely accepted abbreviations were used for solvents as follows: THF
for tetrahydrofuran, MC for methylene chloride, DMF for

Solvents . ,
dimethylformamide, EtOH for ethanol, MeOH for methanol, DMSO for
dimethylsulfoxide, EA for ethyl acetate, and so on.
Popularly accepted abbreviations were used for reagents as foliows:
NaH for sodium hydride, HCI for hydrochloric acid, EDCI for 1-ethyi-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride, HOBT for 1-
Reagents N

hydroxy-benzotriazole, Boc for t-butyloxycarbonyl, Boc,O for Boc
anhydride or di-t-butyl-dicarbonate, Cbz for benzyloxycarbonyl, Fmoc

for (9H-fluoren-9-yl)-methoxycarbonyl, Bts for (benzo[d]thiazole-2-




13 the ag layer to adjust pHto 9 -
15ml THF 14 was added to the sol ution,
stirred fo&ojzg@mksgsAfter THF was rem)ved in vacuo,
solution was extracted with 16EA. The
0.5Maq citric acid, and dried over 1%

10. 5.96g of Boc20 dissolved in
and the reaction m xture was

%Mﬁ%ﬁ#&)/ 256
grgani c layer was was Jhﬁga
anhydr ous magnesi um sul f ate.

The organic | ayer was concentrated and 18 purified by col um
chromat ography (9:1 Hexane/EA) to afford 3.4g of 19 conpd 4 as a

yel | ow oid— (400MHz:—CDCL3) 5495 (s —1Hy3.58 (+_J = 206
Hz, 2H), [3.53 (t, $qur3fl)oBus|ZCI forHpenz- @nh(amlem—eulfozylneto@dr TEAfor 2. 00
(t, J = 4.8 21Hz, par ati on of
3-{2-(t-Qut oxycarton ‘foaréﬁ”?ciléﬁ gaﬁoﬁdﬁfwg&t@?yne f0r§£IQ26 Boc 27
2820g of [2-{(t-but|ck rlamineo fD;tL hmrs)xw@.a‘tqge@rah@-
29purified by si mlaa{ha/ tlf1 h mengn&&lﬂ @mﬂzﬁlw fé@wmﬁ Exanpl e
3 to 30 gfford 23. 7ngl © )ngyg D gzwm . Nk/g 400Mz;
DVB0d6) % 316.81 (|t Ethwcaf@om}awo-sth%”@'m"%fm0214589 %M&fomﬁﬂykﬁ\'
3.08;/ (1 %238; C% g(:; Olg?'%cdira% yedhyl)-§ Igcn%ﬁ Fmd&heg-OtBu for t-butyl N-[2-
a

3-[N {3 (1 - but oxy qAPBEgTHIReBY boBEIEF. NPt Acds 050 Tor Nl -2
but oxy- cgr bonyBam|ferhedapirepette/|](fycirhtd ¢8TO f6r DIberzosidzok-bgl)€, 334 on
of N[ 3-(jt - but oxyd i - - )am ne
di ssol ved in 83nl %qﬁ%hﬁ%ﬁ@"&é?@“ﬁéﬁ%aa@uﬁéﬁ%% diYg020g of
Boc20 at |RT. The r|destiiaobodiolide,iaod saas. stirred for 1.5h, and 10
concentrated 1n vy q.) .
The LLEA ayer waq ek gqCertEE doinblocitl e Brod Yor (IS s Yol
brine, dried over |1% faihyeltingipoinhghder dﬁgr%inf@l@is bdnltbtmrrmtref@runder
reduced preg 3g R drhire fhoDip ﬁﬁu%em‘ k¥ REPRF ke, i £
Hexane/ EA) tgﬂg?veqmﬁéﬁi? #ﬁ) g ' el Qdﬂﬁ?? iﬂﬂ%NR 406%@2;
CDCI 3) 815.26 (br |dnilliptesiy fommvwl(%rm%d fay. CQFPPOU'EL@@QJW pgjfeods, Ry
3.98 (br|s, 1H), 3.réém(tempdraturd.dhdd.oH), 3.13 (m 2H), 2.21 (t

1

2  Example 1: Preparation of 3-{(t-butoxycarbonyl)amino}-1-propanol (1).

3

4 HO. _~._-NHBoc

5

6 To 14g of 3-amino-1-propanol dissolved in 150m! THF and 150ml

7 water, was added drop-wise over 30min 40.7g of BocyO dissolved in 100ml

8 THF After the reaction mixture was stirred for 24h, the THF was removed

9 under reduced pressure. The resuiting aq layer was extracted with 200ml EA,

10 and the organic layer was washed with 0.5M aq citric acid and with distilled

11  water, and then dried over anhydrous magnesium sulfate. Magnesium

12 sulfate was filtered off, and the resuiting filtrate was concentrated in vacuo to

13 give 25g of compd 1 as a colorless liquid. H NMR (400MHz; CDCl;): 5 4.84

14 (brs, 1H), 3.66 (t, / = 5.6 Hz, 2H), 3.28 (q. / = 6.0 Hz, 2H), 3.05 (br s, 1H),

1S 1.66 (m, 2H), 145 (s, 9H).

16

17 Example 2: Preparation of ethyl {{N-benzoyl)-5-iodocytosine-1-yllacetate (2).



161H), 1.73 (m 2H), 1.49 (s, 9H), 1.45 (s, 9H). 17 18Exanple

7: Preparation of 3-[2-(2, 3-bis(benzyl oxycarbonyQOguani di no} -

et hoxy] - 1- ngzg dr¢) 20 NCbz 21 22 23To a stirred sol 'ﬂﬁRigp 9
of conpd 5 ved in 110m. MC, was 34 added 110m Tllél;Ad at @/{i‘o‘fzs%
drop-w se over 2h and the reaction mxture was 25stirred for another
3h. The reaction solutlon was concentrated under 26 reduced pressure
and the resulting residue was dissolved in 40nm MC at 0C, 27 to which

was added 12.3ml TEA and then 8.8g of 1, 3-bis(benzyl oxycarbonyl)- 28
2- (et Ryl t hi o) p&etadﬂirr@hsduﬁﬁf of By peatbenmyd-indoaptosae dissolvestirf or

4h 29 d h d d
Anhydr dus SBTEE s B 0% o deth o LERA BiaH TS iPeh Pk dbr ot
L o col ?g)som&??&/s Cli-ilaaa&?ﬁlr/ M09A%i2%nml3é‘tth§d bh:lrrﬁdgﬁfegﬂém%dcﬁdl
exane artor Oor Co . as. a Ite Ssoll

( 400MHZ mg3@65easth'1 rmzfgt(r@ tth)eaC@orséotLglonlws stirrad-for agothar 2dbryt
35.18 (‘55 Rt whicn Jv?as( follotel: b}? rét%o(/? ofthe sBvaht 2nBér (Sudd) predsidts.

(t, 1H). 4 5Exa Preparation o
2- ((t-But J)l’pcr@sg@ngl r)esuduﬁofyasldl§52>lxmdomylhe insoBthbtg materdl-wasofiltared (cff. .

eact od antes DR s, WohEy b igs ith St B torif BB o
kgogxalspl arixck ovér2aah§['dmds ¥adreesinim csufate, Sinals cangeeitiated on lvacddd NV

a9 585 5 Tpaitingr2sigiud s ot fwﬁkpimyofum%ﬁmipogmhy & Dhefage/sy to 15

16Exarml e y%ldFB agfaddrigpd & (compd b in Scheme 1) s a yellow solid. mp 154-
N[ 2- but pxycar b

onyl ) am noet hox
17[ 2- { 3 bﬁﬁ@ynﬁ)NMRo@é%MﬂD@b)(& 1%51 dl?yéar-‘-b&n§|3'7a@r He= (%3 Hzi @H),
19Boc 130 Flge (@ 18h) 1.55%,SPL yid AR, B, Y (127 L FBDUL VIR had @Yk ey
13 (g, /=72Hz 2H), 132 (t, / = 7.2 Hz, 3H).
14
15 Example 3: Preparation of 3-{3-(t-butoxycarbonylamino)propyloxy}-1-
16  propyne (3). '

17

18 _0._~_NHBoc

19

20 To 6.5g of 55% NaH in mineral oil dispersed in 150ml THF at 0°C,

21  was added dropwise over 15 min 25g of compd 1, and the mixture was
22 stirred for 1h. After 17.5mi propargyl bromide (80% toluene solution) was
23 added drop-wise over 30min, the reaction mixture was stirred at RT for 20h.
24 The reaction was guenched by slowly adding 250ml water and THF was
25 removed under reduced pressure. Then the resulting agq mixture was
26  extracted with 250ml EA, which was washed 3 times with 250ml water. The
27  organic layer was dried over anhydrous magnesium sulfate, and magnesium
28  sulfate was filtered off. The resulting filtrate was concentrated in vacuo and
29  subjected to column chromatography (5:1 Hexane/EA) to afford 22.7g of
30 compd 3 as a yellow liquid. *H NMR (400 MHz; DMSOge) 8 6.78 (t, / = 5.2



22met hanesul fonat e and 5. 32g of

242-{2- (t-but oxycar bonyl ) am no}et hyl - 1- 23oxyl et hyl am ne in 60mnil

acet oni tri{@, 0 M3qsagded drop-w se 3.6g of potassium 24cgk b&oo1236

di ssolved 1n water at OC. The reacti 0, solution was all owe 0
25slowly warmto Rl and stirred for another 24h, and then
concentrated under 26reduced pressure. The resulting residue was

di ssolved in MC and washed 27 with water. The organic | ayer was
concentrated and dissolved in 80nml THE 28 and 80nl water, to which
was added Hg, 441),04.08ddR20 =di2sk blzy 2H),i 3AB03L (MiBHR 2.95h &, r.each 4 dte, 2H), -

m xt ur S irred T,.for 16h, which was foll owed by 30renoval of
THE insvméﬁdilg}ktlggcéi %ﬁ ‘W th EA. The organic | ayer was 31lwashed
in serges with 0.5Maq citric acid, water, and brine. The organic WO
2009/ 113828PCT/ KR2009/ 001256 33 1 | ayer was dried over anh g{qous

sodi unfsulbkamele #onR@paratiary of 4nid-(Slutexysar ymfaplﬁ%homrﬁ bgr @phy
(hexans 4 1:4 EA/ hexane) to obtain 2.45g of 3conpd 9 as a pale yellow
oil. 3+1 N 4000MH2. CDCI3) 5 5.08 (br s, 0.5H), 44.93 (br s, 0.5H),
3.61- 3446 ToH), 334 m 2H), 2.48 (m 2H), 1.99 (t, 1H), 51.48
(s; 9Hy, 1.46 (s, 9H). 6 7Exanple 10: Preparation of ethyl

2-16-{3-(t-but b i -1- . .

Boxy] Bt hyl - o LA AR ve lissober i el THE var)

9 1% 138ded Atd of ephehiphesphiie Bnd Q.70 watsrdard dhe $e4atRh Mmiktd20Nt

DMF, 13 were added in series 580 ?f %lt 4. 2ml T_EA B 73@ of conpd

3, and01. ¥&§ urred fpg Ebpnahigh ﬁvﬁg?fo{%e dcremRval of the srivend: Hpderg

for 24h Arechliied'p sdrel | ghén $Hé ebalmsh ?{}ﬁ@p@@@qés%m@ NSGhI E&CHeed
resu | SSOl ve

pressure. The ting 16 residue wds ) In 250m EtOH an
stirréd atextraftedxiwice with10mhdM tageHdlr 4¢ sadiam grrbooete was rasided tion

vacuo ,gnd | t ogr.aphi c S i 7 & t
(o obiai n 3¢ 3 Ta7Cid St BIRICE S0 73 8B 3tARAD Ascived fn TRy TP
(400Miz; MMSOalfded td 1th30sdlation, ahd) theSreactios, midthre GuagSstdBd{dnforl BPh.
6.19 (s, , O (s, 2H), 4.37 (s,,2 4.14 J = 7. 2H) ,
542 (8 P Thy wabrenpled 5@6%**\%%@'&%@3‘#!0%%5 st Wil
120 (te JEA. 7TRe ldrgarid3)er wds AskadMith dENPapatat ke, @hd dried over
2-[6-13-(t-but oxycarbonyl am ng) pr op1yl -1-
17 ~ anhydrous magnesium sulfate. The organic layer was concentrated and
18 purified by column chromatography (9:1 Hexane/EA) to afford 34g of
19 compd 4 as a yellow oil. *H NMR (400MHz CDCl3) § 4.95 (s, 1H), 358 {t, J =
20 6.8 Hz, 2H), 353 (t, / = 5.0 Hz, 2H), 3.32 (m, 2H), 2.46 (m, 2H), 200 (t, /= 2.8

21 Hz, 1H), 145 (s, 9H).

22

23 Example 5: Preparation of 3-{2-{t-butoxycarbonylamino)ethoxy}-1-propyne
24 (5).

25

26 \\\\/o\/\NHBoc

27

28 20g of 2-{{t-butoxycarbonyl)amino}-1-ethanol was reacted and

29 purified by similarly following the procedure described in Example 3 to
30 afford 23.7g of compd 5 as a pale yellow oil. H NMR (400MHz, DMSOye) &
31 681 (t 1H), 411 (d, / = 24 Hz, 2H), 341 (m, 3H), 3.07 (g, / = 6.0 Hz, 2H),
32 138 (s, 9H).



250xyl met hy1l- 2- oxo- 2H pyrrol o-[ 2, 3-d] pyrim din-3(71-1)-yllacetic acid
(11). 26 BocHN 1.)N-/ CO2H 0 27 28 WD 2009/ 113828PCl UKR2009/ 001256
34 1To 3. 3go2bowasgg 10, were added 15nml THF, 30nl wat epcr/Ridshoddetss 2
760mg LiOH, and the mxture was stirrggd at RT for 20 min. After THF
was 3 renoved under reduced pressure, the resulting aq solution was
washed with 4 diethyl ether. The aq | ayer was acidified to pH 3 with
IMagq HC and 5 extracted with EA The organic layer was dried over
anhydrous sodium 6 sul fate and concentrated in vacuo to yield 2.46g
of conpd 11 as a white 7solid. 1+1 NVR (400MHz; DMS0d6) 5 11.05 (s,
1H) 8.216 Exam b: 6P?ébaﬁt10riLHbf 86IN-23(isbutbilycarBoddafino)BHdpy A N23-
2H) O(%4|—|22,9164(m2|—|) 1.36
(s 9H)3 1@@&)&; anee né')q@mqirrlegée@me Yof et hyl
N[ 2- {(4benzo[d]th| azol e- 2- sul fonyBam no) - 12
et hyn- N-1216- { 35{.t - but oxycar bonyl ani no) propy1- 1- oxy} net hyl - 2- oxo- 2H
13pyrrol o- yrigredi n- 3(7H) -yl l acetyl]glycinate (12). 14 16
17To 4509 %MT ang‘i 3.6g9 of ethyl N-42-{(benzo[d]thiazole-2- 18
sul f ongBam no}et hyl ] gl yci nate di ssolved in 30ml DMF, were added at Rl

19 2.42 f E d.1l f.HOBt. T t t t d
For 8h7 20 Al 1601 RS SRIUIGAS O Nol i HoVBIREPHTENPIRRRY iy (2

resi dug V\’%ﬁo%ﬁyﬂ%gﬁﬁé didkolvadMr, 83HETMR SREDSMITRatbM vass k@ﬂe@adolshﬁgb
W th water

| ayer was 22 concentrated under reduced ressure

and pui f 429 8 EQFan'i’CZBTchr%tr@gﬂﬁﬁh;ﬁo{@@%“I%‘/ phoey for
4.69 of, C 0 6)
%S Comiidy § YRR SO o b ORBCUA AT
8. 20- 8114 HArlay2Hwas wv@hetnn stres V@t 8. 5N ragscitricfcid 2861 benéngdriadHover
3\;09%08@/ 1 ﬁé%geﬁ/ Mﬁg}lgb%gtei5c%8ricgﬁtra€ed6|4%deﬁ réLJuc(e@ p?es%mé ancP !
purified by column chromatography (1:1 Hexane/EA) to give 19g of compd 6
14  as a yellow oil. H NMR (400MHz; CDClz) § 5.26 {br s, 0.6H), 4.74 (br s, 0.4H),
15 4.07 {br s, 1H), 3.98 (br s, 1H), 340 (t, / = 64 Hz, 2H), 3.13 (m, 2H), 2.21 (t,

16  1H), 1.73 (m, 2H), 149 (s, 9H), 1.45 (s, SH).

17

18 Example 7:  Preparation of 3-[2-{2,3-bis(benzyloxycarbonyl)guanidino}-
19  ethoxy]-1-propyne (7)

20
NCbz
R
\\/O\/\NJLNHCbz
21 H
22
23 To a stirred solution of 10.9g of compd 5 dissolved in 110ml MC, was

24  added 110ml TFA at 0°C drop-wise over 2h, and the reaction mixture was
25 stirred for another 3h. The reaction solution was concentrated under
26 reduced pressure and the resulting residue was dissolved in 40ml MC at 0°C,
27 to which was added 12.3ml TEA and then 8.8g of 1,3-bis(benzyloxycarbonyl)-
28  2-(methylthio)pseudourea at RT. The reaction solution was stirred for 4h
29 and washed twice with water. The organic layer was dried over anhydrous

30 magnesium sulfate, concentrated in vacuo, and subjected to column



1(m 2.5H), 3.67 (m 1.1H), 3.49-3.44 (m 4H), 3.26 (m 0.9H), 3.01
(m 2H), 1.66 2(m 2H), 1.38 (s, 9H), 1.24 (t, ./ = 7.0 Hz, 1.2H),
1.17 (t, J =7.0 Hz, 1.8H. 3 4Exanple 13: Preparation of

N-[ 2- { ( benzmj shod/izessol e- 2- sul fonyl ) am no} et hyl ] - PCT/KR2009/001256
5N-[ 2-[6-{3-(t-butoxycarbonyl am no) pr agpyl - 1- oxy} net hyl - 2- oxo- 2H pyrro
|l o- 6[2,3-di-pyrimdin-3(7H)-yl]acetyllglycine (13). 7 NHBoc O-rd NH
NOOBts, 8 9 104.5g of conpd 12 and 670ng of Li ON were dispersed in
20nl THF 11 and 20nl water, and stirred at RT for 20m n. THF was
removed in vacuo, l1l2and the resulting aqg solution was washed with

di et hyl! etHypmatagraggy (Bytehexegeldy taciftardi %8 ©f coms! Viasha wWhitegsalial |
and extya bt T r Ik I rous
sodi um suﬂ'_g?h e%égogg#gé%g?‘je%%ﬁ%' ezé%f \eﬁlg@cg&bi@ %Prllgs%%drlz}égoﬁ%f}oﬁ)d
4.4g oB conpdl (1 2Hs5.42 dardH)y 4/1Bdu; 21d), 37 -3.H6NNVR 41D 2082 H) DVS0d6) 8
11.32 ¢hr s, 1H), 8.36 (m 1H), 8.28 (m 1.6H), 8.22 (s, 170.4H),
7.73 (m 2H), 6.78 (m 1H), 6.20 (s, 1H), 4.94 (s, 1.2H), 4.84 (s,
0. 8H), 518%xathnls, 80. SPPepatatdh (&, 22!('5-bu‘ébx?@arb&nyl}arﬂi‘ﬁb%—lélgzéroﬁdﬂfh I-1-
1.2H), 4.07 fr?BZI—% 3. (m 190.8H), 3.43 (m 2H), 2.99 (m ZY-I),
1.63 (f M- R)-Propae 6. 20 21Exanpl e 14: Preparation of
1-{(bedzo[ d] t hi azol e- 2-sul fonyl)}-2-o0x0-4-[6-{3- 22 (t- butoxyca
rbonyl a m no) propyl-1 _oxy}nethyl-2-oxo-2 H pyrrolo [2, 3-
23cl ] pyri Q<37 <yl ] acetyl ] pi perazine (14). 24 WO
2009/ 113828PCT/ K112009/ 001256 36 1 24.4g of conpd 13 and 1.49g of
EDCI in 50m DWF e Lr af RT 3 for 16h. After the reaction
m xt ulé was conce\r(ﬁF’%toggEP{VE%C{IBYdVP%(W%W‘ﬁVH@arha'?“égq Wererargled and
di ssol.yed in.5 MZ. .. The sol utjon was washed in series 5 with 1M
aq HCIlYanJ’L\WgFgF,Eyc%%'@HY r%ﬁ@ﬂ’”?gn ScReCedHer desrignst iR i Bangess to
col um2 chraéferd AQrIPbY chdmpet ®rg)a JaloMdbRi MHLNAIR PoMARRIDAKERS) & 6ljzown
13 (d, 1H), 4.11 (d, 2H), 3.60 (m, 1H), 3.37-3.33 (m, 2H), 3.26-3.23 (m, 1H), 1.38
14 (s, 9H), 1.05 (d, 3H).
15
16 Example 9: Preparation of N-[2-{2-(t-butoxycarbonyl)aminoethoxy}ethyi]-N-

17 [2-{(3-butynyl)-1-oxylethyl}-N-(t-butoxycarbonyl)amine (9).

18

19 Boc

20

21 To a stired solution of 5g of 2-{(3-butynyi)-1-oxy}ethyl

22 methanesulfonate and 5329 of 2-[2-{2-(t-butoxycarbonyl)amino}ethyl-1-
23 oxylethylamine in 60ml acetonitrile, was added drop-wise 3.6g of potassium
24  carbonate dissolved in water at 0°C. The reaction solution was allowed to
25  slowly warm to RT and stirred for another 24h, and then concentrated under
26 reduced pressure. The resulting residue was dissolved in MC and washed
27 with water. The organic layer was concentrated and dissolved in 80ml THF
28 and 80ml water, to which was added 8.4g of Boc,O dissolved in 50ml THF.
29 The reaction mixture was stirred at RT for 16h, which was followed by
30 removal of THF in vacuo and extraction with EA. The organic layer was

31 washed in series with 0.5M aq citric acid, water, and brine. The organic



7 foamsolid. 1H NVR (400MHz; DVBSOd6) 5 11.25 (br s, 1H), 8.36 (m
1H), 88.29 (m 1H), 825 (s, 0.611), 8.19 (0.411), 7.72 (m 2H), 6.78

(t, | = 5. WO09/1BH28 96.18 (s, 1H), 4.92 (s, 1.2H), 4. 8PCITER2O%8M25,
4.51 (s, 0.8H), 4.37 (s, 2H), 4.29 (s33101.211), 4.23 (m 1.211),
4.06 (m 2H), 3.87 (m 0.8H), 3.41 (t, | =6.4 Hz, 2H), 112.98 (q, |

= 6.8 Hz, 211), 1.62 (m 2H), 1.36 (s, 9H). MS/ESI (m+23/MNa) = 12
682. 2 (observed), MN— 659. 8 (C28H33N708S2). 13 14Starting from

tyl 20"
were’ propdfie] WEF B cter oRhyPBSIsRATH, STERE ERlcRlBtAE SndChtisc &
Exanpl @ 10:oltﬁpacthmm?;lim@rmmeb I I(héb&fndat-h 1ar EAﬂf&kdﬁe)l&o ob@a[ﬂr%deg of

ded 17 t e oW, a I ca
Reca © o SPrERd ot aarale YRLoW AL i SNt RGBT H i s S iy
Conpd Gt ar49319bﬂv§t@5Hw3 61-3pP (hah 2, %fmstrﬁabH};az@e Im mom (9 J)H)C
' 1H NWVR (400 DMVb0d6) 8 11.12 (s, 6.79
5.4 Hz?> 1+1)43§ @H),(%461H)9H)4 68 (s, 2H), 4.14 (q, J = 7 2 Hz, 2H)
3.65 (, J = 6.6, 211), 3.39 (t, J = 6.2 Hz, 2H), 3.08 (m 211), 2.78
(t, .1 =6.6 Hz, 2H), 1.37 (s, 9H), 1.20 (t, .1 = 7.2 Hz, 3H). Pale
green foarBxauiplel.10: V\Bramﬂat’ drl 3g26&AgT 2R a8/babd 3a6 righyldimimoRmokin-1- )

9 ---. 3 oxy}lm I\{ﬁw( ﬁl ' pyrr ?5’[9)3 g]pyrlml n(f(’]HjH_Q]éce%at?’e (10).

BocHN
\g cozEt
HN
’ VJJ
11 ‘
12 To a stirred solution of 6.5g of compd 2 dissolved in 120mi DMF,

13 were added in series 580mg of Cul, 4.2ml TEA, 9.74g of compd 3, and 1.76¢
14  of Pd(PPhs)s. Then the reaction mixture was stirred for 24h at 50°C with
15 light shielded, and concentrated under reduced pressure. The resulting
16 residue was dissolved in 250m| EtOH and stirred at reflux for 18h. Then the
17 solution was concentrated in vacuo and subjected to chromatographic
18  separation (95:5 EA/EtOH) to obtain 23g of compd 10 as a dark red
19 foam/solid. 1H NMR (400MHz; DMSOqe) 6 11.30 (br s, 1H), 8.37 (s, 1H), 6.78
20 (m, 1H), 6.19 (5, 1H), 4.70 (s, 2H), 437 (s, 2H), 414 (q, / = 7.2 Hz, 2H), 342 (t,
21 /=64 Hz, 2H), 298 (m, 2H), 1.63 (m, 2H), 1.36 (s, 9H), 1.20 (t, / = 7.2 Hz,
22 3H).

23

24 Example 11: Preparation of 2-[6-{3-(t-butoxycarbonylamino)propyl-1-
25 oxylmethyl-2-oxo-2H-pyrrolo-[2,3-d]pyrimidin-3(7H)-yl]acetic acid (11).

26
BocHN

. 7‘:“64

28

__poH



(s, 1H, 6.87 (t, J =5.2 Hz, 1H), 6.21 (s, 1H), 4.70 (s, 2H), 4.41
(s, 2H), 4.15 (q, J 7.2 Hz, 2H), 3.43 (m 2H), 3.12 (m 2H), 1.38
(s, 9H, 1“@120@2!113&28- 7.2 Hz, 3H).Pale yellow foam sol i BCT/KR2689/001256
NHBoc,, r BocNxs 'I-1 NVR (400MHz; Dwv3@d6) 8 11.20 (br s, 0.6H), 8.86
(br s, 0.4H), 8.57 (s, 0.2H), 8.35 (s, 0.8H), 6.83-6.76 (m 1H), 6.00
(s, 0.8H), 5.76 (s, 0.2H), 475(5 0.3H), 70(5 1.7H), 4.55 (s,
03H),430(s,17|—|) 4.14 (q, :72Hz H, 3.18 (m 2H)

2 502,35 (0 200 35055 Lot Je0uliPE a6 B gk 22eh g i

(400MVHz, DNESDHGg 8.iQH, aifd (the Iihiturklwads sfifred ) RT o520 (Ain. Lhfter SHE whS .
1H), 7.44- 5.22 (s, 5.03 (s

4.70 (S Zﬂﬁ“ovﬁgﬂn %fkpeéliﬁedz @rqszuzqq%Qmsulwgsaqzsowqwaawash@dzmtfqt

?'f) 3§al(4§ Qﬂl@tﬂj}l Séihérd ﬁ]% qu@g aad?ealfo;-éﬁ“\@ ‘Aﬁ‘&fw afg?@'ng%-ﬂ
4.41 (nﬁ ’ zerx;racraadwqu EAZH) he3 Oﬁgiar(lm iaym) was. QYGCB ®ér (anhydrgys s?dtum
b own So1 14 etsh b ot épieieer® i vaqudt dapietegheq o pinBa Ehss. S ok
g 11. }131(2 ssolldH)Z H SN2 (;l@ﬁMHjﬂ)DMGOEa &(11.05L k), ,1H§,1 896((, 145)6.79. (£2§81H)$
2H)78 (& % ?453% é"H?H)rldeéé (3 ﬁmﬂé %)( 2@73% J Bré)aﬁﬁég?”)d

1 2Stamti mge4(mnzﬂqyr1033 @cYHpsi ne derivatives 15, 16, 17, and 20,
nodi fi.gd "3 cytosi ne PNA nononers 21 - 24 were prepared by simlarly

followng the 4 procedures described in Exanples 11 - 14. Spectral
and phiisi dxemgde d2f oPreparation of ethyl N-[2-{(benzo[d]thiazole-2-sulfonyl)amino}-

12 ethyl]-N-[2-[6-{3-(t-butoxycarbonylamino)propyl-1-oxylmethyl-2-oxo-2H-
13 pyrrolo-{2,3-d]pyrimidin-3(7H)-yllacetyl]lglycinate (12).
14

NHBac

15
16

17 To 4.0g of compd 11 and 3.6g of ethyl N-[2-{(benzo[d]thiazole-2-
18  sulfonyl)aminolethyllglycinate dissolved in 30ml DMF, were added at RT
19 2429 of EDCI and 1.70g of HOBt. The reaction mixture was stirred for 8h.
20  After the solvent was removed in vacuo, the resulting residue was dissolved
~ 21 in MC, and washed with 1M aq HCl and then with water. The MC layer was
22 concentrated under reduced pressure and purified by column
23 chromatography (95:5 MC/MeOH) to obtain 4.6g of compd 12 as a yellow
24 foam/solid. 'H NMR (400MHz, DMSOgs) & 11.09 (br s, 1H), 8.74 (s, 0.6H),
25 858 (s, 04H), 8.27 (m, 1H), 8.20-8.14 (m, 2H), 7.66 (m, 2H), 6.56 (br s, 1H),
26 616 {m, 1H), 491 (5, 1.2H), 4.73 (s, 0.8H), 4.38 (s, 2.6H), 4.17 (m, 0.9H), 4.07



5 conpds 21 - 24 are provided in the table below. 6 WO

2009/ 113828PCT/ KR2009/ 001256 38 1 Exanples 21 - 24: Analytical data

for cytosi W PpgLIE8oners 21 - 24. 2 4 Conpd Start i nBCIVER200D/00123%6

Spectral . & Physical Data 21 15 BocHN B50 [..", 1-- 1FI NWR (400MHz;

Dvs0d6) 5 11.06 (s, 1H), 8.36 (m 1H), 8.28 (m 1H), 8.14 (s, 0.6H),

8.08 (2, 0.4119, 772(m2H) 678(t 1H), 598(s 1H), 4.91 (s,
4.80 (s, 0.8H), 4.51 (s, H, 4.29 (s, H, 4.24 (m

55 D G Bt o o0l 2 e

(m+1) 2 661&1 ZFOODS&r(SIEQH),1WV(F./659(BH(ZC2§H$3H\W)&5Z)= Boay 1fgpgnt sol i d.
22 16 BocHN') 9 1H NWR (400Miz; DMVBQds) 5 11.31 (s, 1H), '8.36 (m

1H), 8330-8.27 (m 1.6H), 8.22 (s, 0.4H), 7.73 (m 2H), 6.87 (t, J =

5.6 Hzy 1 .
o oe, Hikanfbled 3¢ g)PreHa}atscﬂw of 1\6»‘{2 {S]%e%'z'%[dﬁn %@Ie@ sgﬁ) ﬁy@ﬂ@ ?ﬂhfale)’
3.87 (f ONd24(6-(3:( bumxycmbpnylsnnaompﬂ@ oxylngghyls?- oseﬂZerrEﬁﬂ—

m+1 46 o S2). Red foanfsolid. 23 17
(NHBo)c 8 ﬂssﬂﬁ@?"% @%&gﬁ?@hﬁ%&dé) 8 11.16 (br s, 1H),
8.36 (h lH) 8.28 (m 1H), 8.21 (s, 0.6H), 8.15 (s, 0.4H), 7.73 (m
2H), 6.77 (br S,J;Wé"% 00 (br s, 1H), 4.92 (s, 1.21-1), 4.82 (s,
0.8H), 4.52 (8~0.9H), 4.30 (s, 3.1H), 4.25 (m 1.2H), 4.07 (m 2H),
3.87 (m 0.8 3.19 (m 2H), 2.89 (m 2H), 1.59 (m 2H), L41-1.36
(m 18H): MS/EY (mr23/ Ma+) = 781.3 (observed), MN= 758.9

( C33H42N80952)|i /F&ad f oant sol i d.

N™ 7O
o]

. Bts\ﬁ/\/NvC%H
9

10 4.5g of compd 12 and 670mg of LiOH were dispersed in 20ml THF
11 and 20ml water, and stirred at RT for 20min. THF was removed in vacuo,
12 and the resulting ag solution was washed with diethy! ether. The aq layer
13 was acidified to pH 3 with 1M aq HCI, and extracted with EA. The EA layer
14  was dried over anhydrous sodium sulfate and concentrated under reduced
15 pressure to afford 44g of compd 13 as a dark yellow solid. H NMR
16 {400MHz; DMSOgs) & 11.32 (br s, 1H), 8.36 (m, 1H), 8.28 (m, 1.6H), 8.22 (s,
17 04H), 7.73 (m, 2H), 678 (m, 1H), 6.20 (s, 1H), 4.94 (s, 1.2H), 4.84 (s, 0.8H),
18 4.52 (s, 0.8H), 4.37 (s, 2H), 4.30 (s, 1.2H), 4.26 (m, 1.2H), 4.07 (m, 2H), 3.87 (m,
19 0.8H), 3.43 (m, 2H), 2.99 (m, 2H), 1.63 (m, 2H), 1.37 (s, 9H).

20

21 Example 14: Preparation of 1-{(benzo[d]thiazole-2-sulfonyl)}-2-oxc-4-[6-{3-
22 (t-butoxycarbonylamino)propyl-1-oxy}methyl-2-oxo-2H-pyrrolo[2,3-

23 d]pyrimidin-3(7H) -yllacetyl]piperazine (14).

24

BocHN °

) k:bjﬁ



WD 2009/ 113828PCT/ KR2009/ 001256 39 24 20 BocHN.,1 0.) LI rNBoc L9 art
"I-1 NMR (500MHz; DMBSOd6) 8 11.10 (m1H), 8.35 (in, 1H), 8.28 (m
1H), 8.14 WD 20096B828 8.08 (s, 0.4H), 7.72 (in, 2H), 6. 7BCURR2MMPOI1256
5.97-5.96 (s, 1H), 4.90 (s, 1.2H), 4.88 (s, 0.8H), 4.51 (s, 0.8H),
4.29 (s, 1.2H), 4.25 (t, 1.2H), 4.08-4.04 (m 2H), 3.86 (t, 0.8H),
3.66 (m 2H), 3.47 (m 2H), 3.41 (in, 2H), 3.32-3.30 (m 4H), 3.27
(m 2H), 3.04 (m 2H), 2.77 (m 2H), 1.37 (s, 9H), 1.35 (s,

914) . M5/ ESI (m+23/ MNal = 869. 3 (observed) MA = 847.0

(CB?HSO\I802252) Yel | ow soI id 1 | e 25: Preparation of
2 {3 (t*- but oxyc3141909613%@?5‘03%ﬁﬁéﬂf‘}gﬂwgﬁgDCQé{UéﬁM@MEWereéﬁtlmqg NHEBbCc

"NAN Nor36f. 7Aftas éﬁé gﬁh%&ﬂ%%%cﬁﬁcﬁﬁ?ﬂa‘f&glﬁ Ua&ﬁmthe resulting

1 3 di am nopr opane an nmonomnmet hoxyet hanol was stifre
ref | ux 4f orregigie \warl disselvedaiot 5aml 6. xtTLhIeeMEasoludmoemas auaskied N \sedem.

Th | 0,100mML THFE 100
The Sl W b achaRatlyaRe: tadsirate 1R OE Ol r it Bl &
reacti @n rdolimnechwamatdgrapby (atetBie)f oy obkainansg bf ddmpd tIIEaQragamvm

vas. oxt'r adDBRV R e ' R GAMER %rﬁééqégaarm@ﬁ Byer. k' 66 Ve

wi th 085MgEo gint llH9 @95 ds,anevigtTy rdmpe 77206 Dhed. m/&rjanbmn?%)ﬁ

magnesi um sul fate. The organic ayer was concentrated under reduced
16 predsurklé e H’dy)bﬂéi:&@d 124) cmsanfm B§HaphbL (8ePB8HAt4.3A (¢ 12H)04.29 (s,
MeOH t VP4 g (R th t :
Thi's compadad {8uas di2der sy of 205EaP (BhRFATE T & SR

sl ow }1145@19&@1 Lu' at é& Hz] 219, idﬁdl {omn 244) ﬂdﬁa(ste—D’heMSEﬁt('rrmﬂ%MNﬁ*D en
was Stir Q%23 (A&, Ml 2558 (CagHzN05S2).
13
14 Starting from acetylene derivatives 4 ~ 9, pyrollocytosine derivatives
15 15 ~ 20 were prepared by similarly following the procedure described in
16 Example 10. Spectral and physical data for compds 15 ~ 20 are provided in
17  the table below.

18
19 Examples 15 ~ 20: Analytical data for pyrollocytosine derivatives 15 ~ 20.
20
N—/< _ cost
HN
21 &S
22
Compd Starting X Spectral & Physical Data
Material
IH NMR (400MHz, DMSOqe) & 11.12 (s, 1H), 8.27
BocHN (s, 1H), 6.79 (t, / = 54 Hz, 1H), 6.00 (s, 1H), 4.68
15 4 Oj (s, 2H), 4.14 (g, / = 7.2 Hz, 2H), 3.65 {t, / = 6.6,
|}‘: 2H), 3.39 (t, / = 6.2 Hz, 2H), 3.08 (m, 2H), 2.78 (t,
J =66 Hz, 2H), 1.37 (s, 9H), 1.20 (t, / = 7.2 Hz,
3H). Pale green foam/solid.




20 then concentrated in vacuo. The resulting residue was di ssolved in
50mL 21MeOH and the insoluble material was filtered off. Then the
filtrate wa® 20081138289/ 113828PCT/ KR2009/ 001256 40 1 concREE/KE2062001256
afford 3.16g of conpd 25 as a white séFid. 1H NVR 2(400MHz; DMS0d6) 5
12.11 (br s, 1H), 7.63 (s, 1H), 6.78 (t, 1H), 6.55 (s, 2H), 36.07 (t,
1H, 3.20 (g, 2H), 2.96 (g, 2H), 1.60 (m 2H), 1.37 (s, 9H). 4
5Starting from 2-chl oroadeni ne and a proper diamne, 2,6- 6

di am nopyrine defivativds 2630 were pg_EREJRe@P%FﬁJ H@%@rﬁé% {1%5 @\/\4@9839

the 7 prdcedure gdescribdgd in Exarrpl e Sica
for 8 conpounds p6 30 arle pPsH SIH@. £8P (e /bebawiz, IHL G Hxinpted.70

26 - 30: |An tical atafor26d|a napu Iaqad lves
12 BocHN- L2aif)/3 10 %om:d St ar t9'hg D%’ o, &%S% %5 A “‘Z&S;Phiz@"rz 1197343
Data 26 H2N) H2N - (CH2)3- 1H I\‘WR“(4000VH2H G\Bo&%)ﬂ@ 11%8 fzo9l(l)bﬂ2é (t, ;!|=|)72

3.08 (q, 2H—1B6 (s, —49H)—Pate ym 'DUII

NVR (500NHz; DMVSDd6) 8 12.07 (br s, 1’#) NMR G‘@OWZ @MSOd«eS?lsl%Os berS36H)
6.50 (s, |2H), 6.P2 (s, IH), 3.18 (q,|2d (bi2s,98.445.8.2H]s, 02883536, 08H),
13H) . Yelll owi sh green sqli dNHE® 6.83-6.76 (m, 1H), 6.00 (s, 0.8H), 5.76 (s, 0.2H),
17 6 475 (s, 0.3H), 470 (s, 1.7H), 4.55 (s, 0.3H), 4.30
B°°N;,,g (s, 1L.7H), 4.14 (g, / = 7.2 Hz, 2H), 3.18 (m, 2H),
2.90-2.88 (m, 2H), 158 (m, 2H), 1.40-1.36 (m,
18H), 1.20 {t, 3H). Brown foam/solid.

IH NMR (400MHz DMSOg) & 11.57 (s, 1H),
CbZNYNHCbZ 11.33 (s, 1H), 8.50 (m, 1H), 8.37 (s, 1H), 7.44-7.31
18 7 HN._~q {m, 10H), 6.22 (s, 1H), 5.22 (s, 2H), 5.03 (s, 2H),
470 (s, 2H), 4.44 (s, 2H), 4.24 (q, 2H), 3.57-3.53
(m, 4H), 1.21 (t, 3H). Pale brown solid.

'H NMR (500MHz; DMSOygg) § 11.32 (s, 1H), 8.38
BOCHNJ.-“‘ (s, 1H), 671 (d, 1H), 6.20 (s, 1H), 4.70 (s, 2H),

19 8 o 441 (m, 2H), 414 (q, 2H), 3.65 (m, 1H), 3.37-3.34
nton (m, 1H), 3.26-3.22 (m, 1H), 1.37 (s, 9H), 1.20 (,
3H), 1.02 {d, 3H). Pale brown solid.
B°°”Nj H NMR (500MHz; DMSOq) & 11.13 (s, 1H), 8.25
0 (s, 1H), 6.73 (s, 1H), 5.99 (s, 1H), 4.68 (s, 2H), 4.12
20 9 HNBOC (q. 2H), 3.67 (t, 2H), 3.48~3.27 (m, 10H), 3.04 (q,
[ 2H), 2.78 (¢, 2H), 1.38 (s, 9H), 1.36 (s, 1H), 1.19 (t,
L 3H). Brown solid.

Starting from pyrollocytosine derivatives 15, 16, 17, and 20, modified
cytosine PNA monomers 21 ~ 24 were prepared by similarly following the

procedures described in Examples 11 ~ 14, Spectral and physical data for

compds 21 ~ 24 are provided in the table below.

D v kW NN



NH2 | H2N , 11-1 NWR (400MHz; DWVS0d6) 8 12.14 (br s, 1H), 7.65 (s,
1H), 6.77 (t, 1H, 6.55 (s, 2H), 6.01 (s, 1H), 3.17 (m 2H), 2.89 (q,
2H), 1.48 W@20094913828. 41-1.36 (m 11H), 1.26 (m 2H). PaPerxabkdoowno12se
solid. 29 Nt NH2 -(CF- 1H NWR (500MH&8DMS0d6) 5 12.11 (br s, 1H)
7.64 (s, 1H), 6.78 (t, J = 5.6 Hz, 1H), 6.56 (s, 2H), 6.04 (t, J =
5.5 Hz, 1H), 3.17 (td, .1 =6.3, 6.3 Hz, 2H), 2.88 (td, J =6.7, 6.7
Hz, 2H), 1.49-1.47 (m 2H), 1.36-1.31 (m WO

2009/ 1138 094001 OWI sh
gr een ;1ol %@M ZKI\P"QX'C""I dts ?‘ol_rDCytgg ﬁ?qﬁ!\ﬁﬁ ?‘S’ d6) 5
12.15 (=, 1H), 7.64 (s, 1FD 6.84 (t, 1H), 6.56 (s, 2H), 6. 05 (t,

1H), 3.48 (t, 2H), 3.39-3.84 (m 4H), 3.07 (q, 2H), 1.37 (s, 9H
Yellow foam 1 2 1: Preparation of

2-[2-12-(t-buto

an no- 1H-

2- chl oBohy
di sperged in 33m nononethoxyethanol

pyr HH=

Bi30) - 2- met hyl | et hyl k 3

I
arggﬁ ' -2-
-ong_i\mHN BocHN N N 5Me 6 711g of
hi ne and 4.96nl 1, 2-di am nopropane 8 (racem c) were

and sti rred f or 24h 9 at 130C.

Nney yr oG 10

The sol v
di ssol ved
of 11 Bod2

Tt wWeas

S5mpact

ClTuvVv cu
| Starting
D M&R6kiAl N

d

T vatuuoy
97 wat
64 HF.

0 .
et he—restH- A1) estdue—was—31-0

er, to MI%%@EF‘U&@@\%EB ded 22. 8¢

RT for 6
precipitas

— IZ2—ang

te was

21

I:/-\Wab
col | ect g

15

d

added—to

The react! Birred at
'i sotut estit
H NMR (400MHz, DMSOds) § 11. 06 (s 1H), 8.36 (m,
1H), 8.28 (m, 1H}, 8.14 (s, 0.6H), 8.08 (2, 0.4H), 7.72
(m, 2H), 6.78 (t, 1H), 5.98 (s, 1H), 4.91 (s, 1.2H), 4.80
(s, 0.8H), 4.51 (s, 0.8H), 4.29 (s, 1.2H), 4.24 (m, 1.2H),
4.06 (m, 2H), 3.86 (m, 0.8H), 3.64 (t, / = 6.4 Hz, 2H),
3.38 (t, / = 6.0 Hz, 2H), 3.07 (m, 2H), 2.78 (m, 2H),
137 (s, 9H). MS/ESI (m+1) = 660.2 (observed),
MW = 659.8 (CasHi3N7O3S2).  Brown foam/solid.

22

16

1H NMR (400MHz DMSOg) & 11.31 (s, 1H), 8.36 (m,
1H}, 8.30-8.27 (m, 1.6H), 8.22 (s, 0.4H), 7.73 (m, 2H),
6.87 (t, J = 5.6 Hz, 1H), 6.20 (m, 1H), 4.94 (s, 1.2H),
4.83 (s, 0.8H), 452 (s, 0.7H), 4.41 (s, 2.1H), 4.30 (s,
11 H), 425 (m, 1.2H), 4.06 (m, 2H), 3.87 (m, 0.8H),
342 (t, 2H), 3.12 (m, 2H), 1.38 {5, 9H). MS/ESI
(m+1) 646.2 (observed), MW 645.7
(Ca7H31N70sS5).  Red foamy/solid.

23

17

NHBoc

BOGN;{I

'H NMR (400MHz; DMSOy) 8 11.16 (br s, 1H), 8.36
(m, 1H), 8.28 (m, 1H), 8.21 (s, 0.6H), 8.15 (s, 0.4H),
7.73 (m, 2H), 6.77 (br s, 1H), 6.00 (br s, 1H), 4.92 (s,
1.2H), 4.82 (s, 0.8H), 4.52 (s, 0.9H), 4.30 (s, 3.1H),
4.25 (m, 1.2H), 4.07 (m, 2H), 3.87 (m, 0.8H), 3.19 (m,
2H), 2.89 (m, 2H), 159 (m, 2H), 1.41-1.36 (m, 18H);
MS/ESI {m+23/MNa*) = 781.3 (observed), MW =

758.9 (C33H4:Ns0gS;:).  Red foam/solid.




13 by filtration to obtain conpd 31 as a grey solid.
1H),
6.27 Q2099413828 67 15(m 1H),
16 17Exanpl e 339 Preparation of ethyl

DMVS0d6) 1
1H),

(s, 9H),

45 12.42 (s,
1.02 (d, 3H).

10. 44 (|

"El NWR (500MHz;
x s, 1H), 7.61 (s, 1H), 6.76 (d,
3.32 (m 1H), 3.14 (PET/EKR}009/0013%
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i 2 & Qszl - 6058 !1 84 5.%“%14) 4 8%5(t , 3.66

n(nbf2 .{nﬁﬁ?l_(bm ZH), 34£ (m, 2||_-P) 3.32- 330 (m,

4H); 3.27 (m, 2H) 304 (m, 2H), 2.77 (m, 2H), 1.37 (s

6oty diSkY G 2k b 5003

|3|5r @d
Yellow

12h | ater the

and

subj ected to col um chromat ography (5% MeOH i n M) to 17 yi eld 5. 4q9

T S 5 SR R A b b
5 18 (s, h82hne @594 (s, 2H), 4.16 (q, 2H), 3.25 (q, 2H), 2.95 (q,
2H), 1,60 (m 2H), 1.36 (s, 209H), 1.21 (t, 3H).
NH
NHBoc N: | N\>
6
7 6.8g of 2-chloroadenine dissolved in 68ml 1,3-diaminopropane and
8  68ml monomethoxyethanol was stirred at reflux for 24h, and the reaction
9  mixture was concentrated in vacuo. The resulting residue was dissolved in
10 100ml THF and 100m| water, to which was slowly added 60g of Boc,O
11 dissolved in 70ml THF. The reaction mixture was stirred at RT for 6h, and
12 then the organic solvent was removed under reduced pressure. The
13 resulting aq layer was extracted twice with 100ml EA. The organic layer was
14 washed with 0.5M aq citric acid and with brine, and dried over anhydrous
15 magnesium sulfate. The organic layer was concentrated under reduced
16  pressure and subjected to chromatographic separation {1:10 MeOH/MC) to
17 obtain 4.07g of a compd protected with two Boc groups. This compound -
18  was dissolved in 100ml MeOH, to which was added slowly 45ml saturated aq
19  sodium carbonate. The reaction solution was stirred at 50°C for 1h, and
20 then concentrated in vacuo. The resulting residue was dissolved in 50ml
21 MeOH and the insoluble material was filtered off. Then the filtrate was



21 22Exanpl e 34: Preparation of ethyl
N-12-{2- (benzo[ d] t hi azol e) sul f onyl | am no-

23et hyl ] -
) - 24propyl }am no- 9H- purin-9-yl | acet yl4ogl yci nate (34).

NWOR20081138%8nzy| oxycar bonyl ) ani no- 2- { 3- (t - but oxyCEKR2YH@ERINO

25 NHCbz NHBoc

N NAN 26 27 WO 2009/ 113828PCT/ KR2009/ 001256 43 15.4g of conpd 33 and

950ny of LiOH were dissolved in 40nl THF 2 and 40nl water,
| h. THF was renoved in vacuo,

PR Sglh stiac ol (mbl P a6, i, AT oLt MR

stirred at RT for

aq sol yti o198

extracted w

and
and 3 the resulting

5 sul f & e (d400MH OMSOZ) 51200 €br gemeesta)r(seq?rgr 6.78TRE1HESBI6S i(QDH),
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1. 38g of HOBt.
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col um chr onat o
pale 17 yq:trboaddrea:desdribdﬂVRn( 436

The reaction m xture was stirred for
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to which were added at RT 1.95g of EDCI

and 8
20h, concentrated
d_ by

B0 dpechrall GankB ﬁhps:ch)dat& 9dr

(br s 138 8.18 (m 1H), 7.80
(s, Ié}}“ #—Bafeipéﬁ’kaelﬂfﬂﬁf\-éa%’%%gp@w? 32 (m 5H), 6.77
(m 2H)9 518(s 2H) 510(s 12H) 4.89 (s, 150.8H), 4.45 (s,
0. 8H), 0.8H, 407 (m 4H), 3.68 (m 1.2H), 3.47
16(m 1. 2ixamples) 2 Aﬂalﬁlcebdetﬁ f@f 2ﬁ)dlam"mpl{rme defivatives 2§ m
2H), %336 3ps, 179H), 1. 31 1.12 (m 3H). 18 19Exanpl e 35: Preparation

of 1-(benzo[d]thiazol e-2-sul fonyl)-2-o0x0-4-[[6- 20
(benz k- oxycar bonyfi am no- 2-{ 3- (t - but oxycar bonyl ani no) pr opyl am no} - 9H

- 2lpurin-9-yli-acet yijpi perazine (35). 22 NHCbz NHBoc NANLN o 23Bts
N7 N
BocHN—L, /k\ | \>
N” N7 N
13 H H
14
Starting '
Compd .. L2 Spectral & Physical Data
Diamine
HN 14 NMR (400MHz; DMSOgs) & 12.20 (br s, 1H), 7.66
26 y N:l —(CHy),— | (s, 1H), 6.84 (t, 1H), 6.62 (s, 2H), 6.10 (t, 1H), 3.25 (q,
? 2H), 3.08 (g, 2H), 1.36 (s, 9H). Pale yellow solid.
NH, 'H NMR (500MHz; DMSOgq) & 12.07 (br s, 1H), 7.63
7 ——(CHy)— (s, 1H), 6.75 (s, 1H), 6.50 (s, 2H), 6.02 (s, 1H), 3.18
(g, 2H), 291 (g, 2H), 1.48-1.36 (m, 13H). Yellowish
NH green solid. )
NH, 'H NMR (400MHz; DMSQg) 8 12.14 (br s, 1H), 7.65
28 5 — (CHas— {s, 1H), 6.77 {t, 1H), 6.55 (s, 2H), 6.01 (s, 1H), 3.17
HoN (m, 2H), 2.89 (g, 2H), 148 (m, 2H), 1.41-1.36 (m,
11H), 1.26 (m, 2H). Pale yellow solid.
NH
: 'H NMR (500MHz; DMSOq) & 12.11 (br s, 1H), 7.64
29 —(CHy— (s, 1H), 6.78 (t, / = 5.6 Hz, 1H), 6.56 (5, 2H), 6.04 (t, /

NH;

= 5.5 Hz, 1H), 3.17 {td, / = 6.3, 6.3 Hz, 2H), 2.88 (td,
/=67, 67 Hz, 2H), 1.49-1.47 (m, 2H), 1.36-1.31 (m,




24 252.7g of conpd 34 and 340ng of Li OH were dispersed in 15nl THF 26
and 20nl water, and stirred for 30 mn at RT. THF was renoved under

27 reducedwormsgusgs Then the resulting aq | ayer was acpdirkrade/ooa2isH
3 with W 2009/ 113828PCT/ KR2009/ 0012%6 44 1 1M aq HCI, and extracted
with EA. The EA | ayer was dried over anhydrous 2 sodium sul fate and

concentrated in vacuo to obtain 2.48g of a crude 3 product The crude
product and 716ng of EDCI dissolved in 70nl DMF 4 were stirred at RT

for 20h. [The sol Yent was |[renoved uhder ; and tn
[ OSUl i notost dub-was. di ssol ved il MEVahaD wealelh Shl-¢ Aelayish drzengsplid, g

o OV S

then with water.|The gni c layer %ammtﬁﬂemawaohmmaﬁcﬁs AH b4 (s,

ified o | t h t iy | f 8
5 s a i 30 T OAm NIR ( 400NHE oy, LAGERRRS) 116 6@l 06 (Lus08m
91H), 8.26 (m 1—1)%N7. 1{(s,.s0 6H) 21), 339¢334 (m.4AH), 3.07 (Zq22l(lml32K$,,9H)-
7.45-731 {(m 5H)| 105778 |(m H) by difl angH), 5-12 (s, 1.2H),5.01

A = o N QLN
(S, 08'“'), =5.79J S, U, o1 4 L\J '-r.Ll 11(m L -rl |} -r. U\J (m T 988

(m 0.8H), 3.26 (m 2H), 2.95 (m 2H), 1.61 (m 12 2H), 136(su9H);

boo 1 2 Teprnid 83: ZpABaBRIoe 2 I BRSOy Bk mednethy ™

m)dl fied lniadelpauriPNe(Si)oe3d).36 - 40 were prepared by similarly
following the 17 procedures described in Exanples 32 - 35. Spectral
and ph)?si cal data for 18 conpds 36 - 40 are provided in the table
bel ow. 19 20 Exanplef 36 - 40: Anal ytical data for adeni ne PNA

nononers 36 - 40. §3 Conmpd Starting Material L2 Spectral 81
Physi cal %Emé\
5

6

7 11g of 2-chlorohypoxanthine and 4.96ml 1,2-diaminopropane
8 (racemic) were dispersed in 33ml monomethoxyethanol, and stirred for 24h
9 at 130°C. The solvent was removed in vacuo, and the resulting residue was
10  dissolved in 97ml THF and 97ml water, to which was slowly added 22.8g of
11 BocyO dissolved in 64ml THE. The reaction mixture was stirred at RT for 6h,
12 and EA was added to the solution. The resulting precipitate was collected
13 by filtration to obtain compd 31 as a grey solid. *H NMR (SOOMHi; DMSOge)
14 61242 (s, 1H), 1044 (br s, 1H), 7.61 (s, 1H), 6.76 (d, 1H), 6.27 (m, 1H), 3.67
15 (m, 1H), 332 (m, 1H), 3.14 (m, 1H), 1.36 (s, 9H), 1.02 (d, 3H).

16

17 Example 32: Preparation of ethyl 2-[6-amino-2-{3-(t-butoxycarbonylamino)-
18  propyllamino-9H-purin-9-yllacetate (32).

19
NH,
NHBoo N7 N,
20 H LCOZEt
21
22 To a stirred solution of 3.16g of compd 25 dissolved in 100ml DMF,

23 was added 480mg of 55% NaH in mineral oil. The reaction solution was



26 1H NVR (400MHz; DMs0d6) 8 10.17 (s, 1H), 8.36

(rn,1H),8.26(m 1H), 7.82(s,0.6H),7.78(s, W)

2009/ 11382 HEMYLREIS00/ 001256 45 0.4H), 7.72 (m 2H) PCTKRZMN7/0@256
(m 5H), 6.79 (2H), 5.18 (s, 2H), 5.122(s, 1.2H), 5.01 (s, 0.8H),
4.55 (s, 0.8H), 4.29-4.25 (m 2.4H), 4.09 (m 2H), 3.87 (m 0.8H),
3.29 (m 2H), 311(m 2H), 1.33 (d, 9H). MS/ES!' (m+l) = 765.2
(observed), = 764.8 (C33H361% 00852). White foam 1H NWVR

(00 ey %P%*Ofs%@ atte? i Yl 18y added, Togmnasnyt Bomadicetityy (Jn °°
2H), 2 5.1aer( Sthcéa1 Z?Sct@n lﬂw(t&re waH)conberittatéd, erlg) vaio, ‘én55 p(lﬁf e§7b3|2_|)7
2 56 1 gl shiqmstostpen (Ba0IHQUIER o a2 9% atsthamipapuine.

793. 3 (0bsiaN®s B2 AN pale yellow solid. H NMR (400MHz; DMSOge) & 7.67 (s, 1H),
6.80 (t, 1H), 6.71 (s, 2H), 6.28 (t, 1H), 4.85 (s, 2H), 4.15 (q, 2H), 320 (g, 2H),

L%,

6 294 (q, 2H), 1.57 (m, ZH), 1.37 (s, 9H), 1.21 (t, 3H).
7
8 [Example 33: Preparation of ethyl 2-[6-(benzyloxycarbonyl)amino-2-{3-(t-
9  butoxy-carbonylamino)propyllamino-9H-purin-9-yljacetate (33).
10

NHCbz

= N

NHBoc N\ | \>
NN

11 CO,Et
12
13 To a stirred solution of 4.68g of compd 32 dissolved in 100ml DMF,

14 was added at RT 132g of N-(benzyloxycarbonyl)-N'-methyl-imidazolium
15 triflate. 12h later the reaction mixture was concentrated under reduced
16  pressure, and subjected to column chromatography (5% MeOH in MC) to
17  yield 54g of compd 33 as a white solid. H NMR (400MHz, DMSOge) &
18  10.19 (s, 1H), 7.92 (s, 1H), 7.45-7.33 (m, 5H), 6.88 (t, 1H), 6.77 (t, 1H), 5.18 (s,
19 2H), 4.94 (s, 2H), 416 (g, 2H), 3.25 (q, 2H), 2.95 (g, 2H), 1.60 (m, 2H), 1.36 (s,
20 9H), 1.21 (¢, 3H).

21

22 Example 34: Preparation of ethyl N-[2-{2-(benzo[d]thiazole)sulfonyl}amino-
23 ethyl]-N-[2-[6-(benzyloxycarbonyl)amino-2-{3-(t-butoxycarbonylamino)-

24 propyllamino-9H-purin-9-yljacetyllglycinate (34).

25
NHCbz

NHBoc N& NN
Y

26 H
27



792. 9( C35H40Ni . 308S2) . Yel | owi shred f oant sol i d. 1H NWMR (400MHz;
DMS0d6) 5 10.09 (s, 1H), 8.35 (m1lH, 8.26 (m1H, 7.80 (s, 0.6H),
7.76 (s, WaRMMI3F874-7.72(m 2.0H),7.46-7.31(m 5H), POT/RR2@B9/6RQ 5
2H), 5.18(s,2H),5.12 (s,1.2H), 38 28 -(4€H2)5- 5.01 (s, 0.8H), 4.56 (s,
0.8H), 4.30-4.27 (m 2.4H), 4.09 (m 2H), 3.88 (m 0.8H), 3.25 (m
2H), 2.89 (m 2H), 1.49 (m 2H), 1.36 (m 11H), 1.25 (m

1 54g of compd 33 and 950mg of LiOH were dissolved in 40ml THF
2 and 40ml water, and stirred at RT for 1h. THF was removed in vacuo, and
3 the resulting aq solution was acidified to pH 3 with 1M aq HCl, and then
4 extracted with EA. The organic layer was dried over anhydrous sodium
5 sulfate and concentrated under reduced pressure. The resulting residue and
6 292 of ethyl 2-N-[2-{(benzo[d]thiazole-2-sulfonyl)amino}ethyl]glycinate
7 were dissolved in 240ml DMF, to which were added at RT 1.95g of EDCI and
8 1.38g of HOBt. The reaction mixture was stirred for 20h, concentrated
9 under reduced pressure, and dissolved in MC, The MC solution was washed
10 with 1M aq HCl, concentrated in vacuo, and then purified by column
11 chromatography (5% MeCH/MC) to obtain 2.7g of compd 34 as a pale
12 yellow foam. H NMR (400MHz, DMSOgg) & 10.18 (m, 1H), 897 (br s, 0.6H),
13 8.80 (br s, 0.4H), 8.28 (d, 1H), 8.18 (m, 1H), 7.80 (s, 0.6H), 7.76 (s, 0.4H), 7.66
14 (m, 2H), 746-7.32 (m, 5H), 6.77 (m, 2H), 5.18 (s, 2H), 5.10 (s, 1.2H), 4.89 (s,
15 0.8H), 445 (s, 0.8H), 4.17 (g, 0.8H), 4.07-4.00 (m, 2.4H), 3.68 (m, 1.2H), 347
16 (m, 1.2H), 3.41 (m, O.9H), 3.22 (m, 2.7H), 2.94 (m, 2H), 1.59 (m, 2H), 1.36 (s,
17 9H), 1.31-1.12 (m, 3H).
i3
19 Example 35: Preparation of 1-(benzo[d]thiazole-2-sulfonyl)-2-oxo-4-[[6-
20 (benzyl-oxycarbonylamino-2-{3-(t-butoxycarbonylamino)propylaminc}-9H-
21 purin-9-yl}-acetyljpiperazine (35).
22
NHCbz
NHBoc N: ] N\>
N"N bl"\{o
N
N
23 Bts
24
25 2.7g of compd 34 and 340mg of LiOH were dispersed in 15ml THF

26 and 20ml water, and stirred for 30 min at RT. THF was removed under
27 reduced pressure. Then the resulting aq layer was acidified to pH 3 with



2H): MS/ES! (m+1) = 807.3 (observed), MW=  806.9
( C36H42N100852) . Yel | ow f oant sol i d. 1H NVR (500MHz; DMBOd6) 5 10.11
(d, J = 3.WO2009443828H), 8.37-8.34 (m 1H), 8.28-8.24 (NPCWKR?2009/001Z5680
(s, 0.6H), 7.76 (s, 0.4 Hz), 7.75-7.704(m 2H), 7.75-7.31 (m 5H),
6.82-6.74 (m 2H), 5.18 (s, 2H), 39 29 -(CH2)7- 5.12 (s, 1.2H), 5.01
(s, 0.8H), 4.58 (s, 08H) 4.29  (m 1.2H), 4.27 (q, J = 4.9 Hz,
1H), 4.06-4.03 (m H, 3.88 (t, ) = 5.2 Hz, 1H), 3.26-3.20 (m

20, 42 B gq %ﬁ:! Shd eFQrac 1d5v%|th E%\S (I'We tZA_qéyer wa% &nec?over anhydrous
sodium sulfate and concentrated in vacuo to obtain 248g of a crude
product. The crude product and 716mg of EDCI dissolved in 70ml DMF

were stirred at RT for 20h. The solvent was removed under reduced

aq HCl and then with water. The organic layer was concentrated in vacuo
and purified by column chromatography (acetone) to obtain 1.4g of compd
35 as a white foam. 1H NMR (400MHz, DMSOge) & 10.16 (s, 1H), 8.35 (m,
1H), 8.26 (m, 1H), 7.81 (s, 0.6H), 7.77 (s, 0.4H), 7.72 (m, 2H), 7.45-7.31 {m, 5H),
10 6.78 (m, 2H), 518 (s, 2H), 5.12 (s, 1.2H), 5.01 (s, 0.8H), 4.55 (s, 0.8H), 4.29-4.27
11 (m, 24H), 409 (m, 2H), 3.88 (m, 0.8H), 3.26 (m, 2H), 2.95 (m, 2H), 1.61 (m,
12 2H), 136 (s, 9H), MS/ESI (m+1l) = 779.2 (observed) MW = 7789
13 {C34H3sN100sSy).
14

2

3

4

5 pressure, and the resulting residue was dissolved in MC and washed with 1M
6

7

8

9

15 Starting from 2,6-diaminopurine derivatives 26 ~ 30, modified
16 adenine PNA monomers 36 ~ 40 were prepared by similarly following the
17  procedures described in Examples 32 ~ 35. Spectral and physical data for

18 compds 36 ~ 40 are provided in the table below.
19
20 Examples 36 ~ 40: Analytical data for adenine PNA monomers 36 ~ 40.

21
NHCbz
BocHN—L, I N\>
* 2\N)‘\\N N
H H¢0
O\
N" o
22 Bts
23
Starting .
Compd . " L2 Spectral & Physical Data
Material
14 NMR (400MHz; DMSOg) & 10.17 (s, 1H), 8.36
36 26 | —(CHy),—
{m, 1H), 8.26 (m, 1H), 7.82 (s, 0.6H), 7.78 (s,




(m 11H),

1.28-1.15 (m 6H). M/ ES!

835.0 (C381- 146N 003S2).

Reddi sh yeMOi0F0as8sol i d.
8.
7.46-7.31 (m 5H9, 6.81-6.74 40 30
5.02 (s,
3.88 (m 0.8H),

10. 14 (s,
7.73 (m
2H), 5.13

2. 4H),

1H),
2H),
(s,

1. 2H),
4.09 (m 2H),

35

(m+l) 834. 8 (observed),

WD 2009/ 113828PCT/ 1CR2009/ 001256 46

)",
m 1H),

0.8

8. 26(masH), 7. 82(s, 0. 6H), 7. 78(s,

/Th mp, 1H NVR (400MHzPCINBOMS)01556
0. 4H),

(m 2H), 5.18 (s,
4.55 (s, 0.8H), 4.30-4.26 (m

3.50 (m 2H),

H),

MV =

3.43-3.38 (m 4H),

3.07 (m
808.9 (C3
of et hyl

nmet hyl } et
BocHNNN N

OH), L3
5HA3NL0

2-[2-] 2

hyl | am

b ('S,
D952) . P3
{2-(t-D
N0- 6- 0X0O

9H) ;

V5 ES!
l e yel | ow
ut oxycarb
-6, 9-di hy

DRIVR(E, AH),-522 (s, 1.2H), 5.01 (s, 0.8H), 4.55 (s,
06 8L BoBY 3 - YA 25 88 %ezrﬁ)‘l%)w (fh,
0.8H), 3.29 (m, 2H), 3.11 (m, 2H), 1.33 (d, 9H).
MS/ESI {m+1) = 765.2 (observed), MW = 764.8
(C33H3sN100gS;).  White foam.

OB 724 i LRIy Bp k7 A O

37

27

—(CHy)4—

'H NMR (400MHz; DMSOgs) & 10.10 (5, 1H), 8.36
(m, 1H), 8.26 (m, 1H), 7.80 (s, 0.6H), 7.76-7.71
(m, 2.4H), 7.46-7.31 (m, 5H), 6.81-6.73 (m, 2H),
518 (s, 2H), 5.12 (s, 1.2H), 5.01 (s, 0.8H), 4.55 (s,
0.8H), 4.30-4.25 (m, 2.4H), 4.09 (m, 2H), 3.88 (m,
0.8H), 3.26 (m, 2H), 290 (m, 2H), 1.50-1.36 (m,
13H); MS/ESI (m+1) = 793.3 (observed), MW =
7929  (CasHaoN1o0sS)).
foam/solid.

Yellowish red

38

28

—(CHy)s—

'H NMR (400MHz; DMSQg) 8 10.09 (s, 1H), 8.35
(m, 1H), 8.26 (m, 1H), 7.80 (s, 0.6H), 7.76 (s,
04H), 7.74-7.72 (m, 2.0H), 7.46-7.31 (m, 5H),
6.79-6.72 (m, 2H), 5.18 (s, 2H), 5.12 (s, 1.2H),
5.01 (s, 0.8H), 4.56 (s, 0.8H), 4.30-4.27 (m, 2.4H),
4.09 (m, 2H), 3.88 (m, 0.8H), 3.25 (m, 2H), 2.89
(m, 2H), 149 (m, 2H), 1.36 (m, 11H), 1.25 (m,
2H); MS/ESI (m+1) = B807.3 (observed), MW =
806.9 (C36H42N100sS2).  Yellow foam/solid.

AN

39

29

~—(CHy);—

IH NMR (500MHz; DMSOg) & 10.11 (d, / = 3.1
Hz, 1H), 8.37-8.34 (m, 1H), 8.28-8.24 (m, 1H),
7.80 (s, 0.6H), 7.76 (s, 0.4 H2), 7.75-7.70 (m, 2H),
7.75-7.31 (m, 5H), 6.82-6.74 (m, 2H), 5.18 (s, 2H),
5.12 (s, 1.2H), 5.01 (s, 0.8H), 4.58 (s, 0.8H), 4.29
(m, 1L.2H), 4.27 (g, / = 49 Hz, 1H), 4.06-4.03 (m,
2H), 3.88 (t, / = 5.2 Hz, 1H), 3.26-3.20 (m, 2H),
2.88-2.85 (m, 2H), 1.51-1.45 (m, 2H), 1.39-1.32
(m, 11H), 1.28-1.15 (m, 6H). MS/ESI (m+1) =

8348 (observed), MW = 8350 (C33H45N100352).




crOve 50 6 7To a stirred solution of 4.69g of conpd 31 in 47nl DWVF,
was added 8 790ng of 55% NaH in mneral oil and the reaction solution
was stirreWOr9p2/oBse2ZR. After 1.85ml et hyl bronpacet at e WaST/KRzh/01256
added, the reaction 10 solution was sw#srred for another 2h. The
reaction m xture was concentrated 11 in vacuo and purified by colum
chr omat ogr aphy (5:95 MeOH MC) to obtain 12 5.04g of conpd 41 as a
pal e yellow solid. 1H NVMR (500MHz; DMS0d6) 5 1310.55 (s, 1H), 7.67
s, 1H), [6. 74 (df IH), g. 40 (m 1If) 28, 417 . 2H);
(143.6|5_|)(rn, m),( ?98)(m, ‘IH),( 3_1b ¢drﬂ'ShMQ{'éWL§@/P£d 9|-nkq1 21)(t,

SH% él. O% (d, 3H. A 15I 14 EX;;lrrplhe 412-1 NBI‘R.B{]@!&I’JHHIZODMGD%)S 1014 (s, 1H), 8.35| -
2-{2-(t-Qut oxycar onyl afi no) et hoxjy} et .ne 17(4 8

19BOCHN -|-. . "=~ -l a------ B SR (b e (P R T Y
2To 146g of [ 2-{R- (t-butjoxyca rbop@htdyri7iid)(et BB y}48-NP1 i(meEHRIBS136.74
sul fonat ¢ was di gsol ved |i n 5Q0ni , f { ixd
4 The redction m xture Jas SQT rre%gﬂ;’g@f@?ﬁgoéi§§hg.2{—@§g&u@?(%H),
concent r gt ed%unper 3@ educed pressit-B: (STASH), es30-4.2a¢me 34HY LA, 2H),
di ssol ved in 1,200nl 6 vat eg_and egggg tggH 3@@, A 2,_'5h§4gdgﬁn't,ﬁ Ay

In

was dried over anhhydroug 7 sodium su te and concentrate vacuo

The resuliting reki due wgs 8 di ssol 3/%(‘11 reH), D . OHMS/EY (MHile Iv @83
added 164g of trj phenyl ghosphi ne. bgap@dljemw |_0@0379>(Tﬁp1g0|\m5§.tipaq@
at RT for| 2h, afkter whigh was addF nl 10 wat er e reaction

m xture Mas_stirred at RT for 18h %HGW Pftentrated to 11 500nml undel
reduced pressure. Then the resulting precipitate was filtered 12 off.
The f||trate s further concentrated under reduced pressure to

rgm)ve 213 Ergmpleyndlinwashregatation vf efimd 2q2rRyRr (tdndossatkonyemiee)-2o
86 | 3 4. 96
obt ai ,”3 %ﬂet%f}ggtfhy?m 620n>$3$-6@ thgUlgng ﬁrﬁﬁ?ﬂ%@% {4% , )

(br s 53. 48
1. 48- 1446 (m 11H). 16 17Exmapl e43: Preparationof242-{2-(t-butoxyca

rbo nyla m no)- eth@xy}ethyl]am no-1H purin-6(9H)-one (43). 19 HN
HNr/I[l\'\)
BOCHN\g/\N/Ii"N N
H KrrOMe

D

D
—

o

Me
o]

To a stirred solution of 4.69g of compd 31 in 47ml DMF, was added

790mg of 55% NaH in mineral oil and the reaction solution was stirred for

Ww 0 ~

2h.  After 1.85ml ethyl bromoacetate was slowly added, the reaction
10 solution was stirred for another 2h. The reaction mixture was concentrated
11 in vacuo and purified by column chromatography (5:95 MeOH/MC) to obtain
12 5,049 of compd 41 as a pale yellow solid. *H NMR (500MHz; DMSOgye) &
13 10.55 (s, 1H), 7.67 (s, 1H), 6.74 (d, 1H), 640 (m, 1H), 4.87 (s, 2H), 4.17 (q, 2H),
14 3.65 (m, 1H), 3.28 (m, 1H), 3.16 (m, 1H), 1.36 (s, 9H), 1.21 (t, 3H), 1.01 (d, 3H).
15

16 Example 42: Preparation of 2-{2-(t-butoxycarbonylamino)ethoxy}ethylamine
17 (42).

18

19 BocHN Oy,



BocHN N 20 21 226.3g of conpd 42 and 2.0g of 2-bronpohypoxanthi ne were
di spersed 23 in 55mL nononet hoxyet hanol and 17.5nml water. The
reacti on nmVRAWBIIHEE 24 stirred at reflux for 16h, and PCRKEAOY@M2S6
was renoved under reduced 25 pressure.47Then the concentrate was
stirred in 20nl MC and 10nl water for 2630 mm and the resulting
precipitate was collected by filtration to obtain 27 2.1g of conpd 43
as a pale yellow solid. 1+1 NMR (500MHz; DMS0d6) 5 2812.43 (br s,

1H), 1Q.45 (br s, 1H), 7.89 (s, 0.2H), 7.61 (s, 0.8H), 6.77 (m 1H),
WD 20097 113828PCT/ KR2009/ 001256 48 16.34 (s, 0.8H), 6.12 (s, 0.2H),
3,52 (& 24 3761 (46q 4Hbf 0B (rcbuidKlcarBorartimo)dfibycihyhretasid ©
44: Preparation of 242-P-(t- buto car bonyl am no) pr opyl ox

5et hyl | ani4fonaig w@ﬂchsssﬁ &éﬁs l% st 1349 @ Lodium azide.

92- {3- (it - PrHOYYARBROMM A W%)sp!;lﬂ-f’é(& Ogty?@ﬂd%aggﬂeaﬁ&dt %ure 'HYH% 10

xant hi ne were reacted by siml y follow ng roce scr
in 11 Bxarfideradduceqdipessucenpdoededulting eeswhaet wasodhssblvéd—th\RZOOml

500 5

680 (P Mperangyerictted GabpE®  TRgarganls Yy ag gidh overgnthogt)
(t, 4Hy, mmrﬁqsulw afd 6dor{dentratdd ih3vadul( s, THé‘D res&ﬁm@6 r@(@w|\9aﬂ5
Pr epar t| ycar bon | am no),pr.qp

17pur | %olv(gzﬁielrk Z%);)Om?f 1§96“P‘m N3 added 16% 1mtr|p§i1enylphosph|ne

9 The reaction mixture was stirred at RT for 2h, after which was added 200ml
16 water. The reaction mixture was stirred at RT for 18h and concentrated to
11 500ml under reduced pressure. Then the resulting precipitate was filtered
12 off. The filtrate was further concentrated under reduced pressure to remove
13 THF, and washed with MC. The aq layer was concentrated to obtain 86.2g
14 of compd 42 as a liquid. H NMR (400MHz, CDCl3) § 4.96 (br s, 1H), 3.54-
15 348 (m, 4H), 3.34 (g, 2H), 2.88 (t, 2H), 1.48-1.46 (m, 11H).

16
17 Exmaple 43: Preparation of  2-[2-{2-(t-butoxycarbonylamino)-
18  ethoxylethyllamino-1H-purin-6(9H)-one (43).
19
o)
‘>
BocHN/\"o\'/\N)\
20 H
21
22 6.3g of compd 42 and 2.0g of 2-bromohypoxanthine were dispersed

23 in 55ml monomethoxyethanol and 17.5ml water. The reaction mixture was
24 stirred at reflux for 16h, and the solvent was removed under reduced
25  pressure. Then the concentrate was stirred in 20ml MC and 10ml water for
26 30 min, and the resulting precipitate was collected by filtration to obtain
27 21g of compd 43 as a pale yellow solid. 'H NMR (500MHz; DMSOys) &
28 1243 (br s, 1H), 1045 (br s, 1H), 7.89 (s, 0.2H), 7.61 (s, 0.8H), 6.77 (m, 1H),



20 21A m xture of 109 of chl orohypoxant hine and 19.6nml 1, 3- 22

di am nopr opane di spersed in 40m nononet hoxyet hanol was stirred at 23
130C for 13 20¥HEE82Bhe sol vent was renoved under reduceBCPpK8s®an@E 25Nd
24 the resulting residue was dissol ved8in 150m THF and 150mL wat er,
to which 25 was added slowy 19.2g of Boc20 dissolved in 100m. THE
The m xture was 26 stirred at RI for 6h. After EA was added, the
resulting precipitate was 27 collected by filtration to obtal n 6.31g

20 1 17 et docREED ARG 28 iz o' s A gy VA 18
(s, 1H32 6913)1 2(s, 1H),°3.23 (q, 2H), 2.98 (m 2H), 1.62 (m 2H),

1.38 (s3 3 4Cuanine derivatives 46 - 47 were prepared using a
proper “di am ne 5by simlarly followi ng the procedure described in

Exanpl e 45 et ual ampge §)tl'[y,§| I
provi ded ITa%l e eIFgav';/ 5% 2-‘{1211[%§f g%t Ana?@mlggjlz)rgﬁgﬁgxyf}or
guani né@ degthyldlramip-16- pumﬁ(%)m@ CCH2L-N 10 11 Conpd Di ani ne

used nSpectral & Physical Data 46 Ethylene diamne 2 1E1 NWR
(500M—Iz DMS0d6) 5 12.43 (ky s, 1H), 10.61 (br, 1H), 7.62 (s, 1H),

6.93 (t, 1H, 6.32 (s, 1H,] 3. 29 (g, 2H),3.10 (q, 2H), 1.37 (s, 9H.
G ey solid. 47 Pentyl eneﬂ"ge

BocHN\/\/O\/\N \N N
7 H H
8
9 2-{3-(t-butoxycarbonylamino)propyloxylethylamine and 2-bromohypo-

10 xanthine were reacted by similarly following the procedure described in
11  Example 43 to yield compound 44 as a white solid. H NMR (S00MHz;
12 DMSOg) & 12.43 (br s, 1H), 1045 (br s 1H), 7.61 (m, 1H), 6.80 (t, 1H), 6.30 (s,
13 0.7H), 6.08 (s, 0.3H), 349 (t, 2H), 3.41 (t, 4H), 2.99 (g, 2H), 1.61 (m, 2H), 1.37
14 (s, 9H).

15

16  Example 45: Preparation of 2-{3-(t-butoxycarbonylamino)propyllamino-1H-
17  purin-6(9H)-one (45).

18
o
HN N\
BocHN/\/\N)\ N
19 H
20
21 A mixture of 10g of chlorohypoxanthine and 19.6ml 1,3-

22 diaminopropane dispersed in 40ml monomethoxyethanol was stirred at
23 130°C for 10h. Then the solvent was removed under reduced pressure and
24 the resulting residue was dissolved in 150ml THF and 150ml water, to which
25 was added slowly 19.2g of Boc,O dissolved in 100ml THF. The mixture was
26 stirred at RT for 6h. After EA was added, the resulting precipitate was
27 collected by filtration to obtain 6.31g of compd 45 as a dark green solid.



5 11-1 NWMR (500MHz; DwMs0d6) 8 12.44 (s, 1H), 10.35 (s, 1H), 7.60 (s,
1H), 6.80 (m 1H), 6.29 (in, 1H, 3.21 (m 2H), 2.90 (m 2H), 1.49
(m 2H), 1wWe009/338286m 11H), 1.27-1.23 (m 2H). Pal e br oR¢T/ER200210012552
13Conpds 43 - 46 were transformed int@gconpds 48 - 51 by simlarly 14
foll owi ng the procedure described in Exanple 32. Spectral and

physi cal 15 data for conpounds 48 - 51 are provided in the table

beI ow 16 17Exanples 48 - 51: Analytical data for guani ne derivatives

5 5%, 210 QARSI ORS00 O, 3 A, o

(500MHz; DNBOH6B.28 (&) 261, Z%érhWH)ﬂ@g(rﬁSZH)lm)%l_b@ gq.(m 1H), 6.15
(t, 1H, 4.87 (s, 2H), . 3741 (m 4H), 3.10
(m 2H)3, 1.37 (s, 9H), 120(t 3H).White foam solid. 49 44 1H NWR
500 DVB0d6

Em 2/"'24 2 ey (gfﬁnlﬁ@ @Jm)(ag s”iﬂi 4‘/631&3 p(éﬁgrgﬁb%grig?b# ﬁi_@mlrg'e 99
(q, 2|-|)5 tbysginilarly £ lowmggvhe( proc@ﬂyre destibed, m@m&leMSOWSpeaimﬂsmd d.

o 01 (¥, AR e 0P et SreBictivgcdip i rably Bk, (05

3.08 (q, 2H), 1.36 (s, 9H), 1.21 (t, 3H).Dark red solid. 5146

"\--/Th 1H NMVR, (4 a6 10, 44

6.77 (gi %&M@m— %/Bqﬁt'%}’!ﬁe %l%”g”wel@ef‘@t“’%ﬂﬁ '3%1 (q, 2H),
2.89 (@ 2H), 1.48 (m 2H), 1.41-1.36 (m 11H), 1.28-1.19 (m 5H).
Dark grey solid. o

VR

BocHN—(CH,),—N~ "N~ N

10 H H
11
Diamine
Compd n Spectral & Physical Data
used ‘

'H NMR (S00MHz; DMSOgs) & 1243 (br s, 1H), 10.61

Ethylene
46 diamine 2 (br, 1H), 7.62 (s, 1H), 6.93 (t, 1H), 6.32 (s, 1H), 3.29 (q,
2H),3.10 (q, 2H), 1.37 (s, 9H). Grey solid.
H NMR (S00MHz; DMSOye) & 12.44 (s, 1H), 10.35 (s,
a7 Pen'tylene . 1H), 7.60 (s, 1H), 6.80 (m, 1H), 6.29 (m, 1H), 3.21 (m,
diamine 2H), 2.90 {m, 2H), 1.49 {m, 2H), 1.39-1.35 {m, 11H),
' 1.27-1.23 (m, 2H). Pale brown solid.
12
13 Compds 43 ~ 46 were transformed into compds 48 ~ 51 by similarly

14  following the procedure described in Example 32. Spectral and physical
15 data for compounds 48 ~ 51 are provided in the table below.
16

17 Examples 48 ~ 51: Analytical data for guanine derivatives 48 ~ 51.

o
N
HN
BocHN—Ls_ ;EEN\)
N °N

H
19 kCOzEt

18



2 3Starting fromguani ne derivatives 48, 49 and 51, nodified guanine
4 PNA nononers 52 - 54 were prepared by simlarly follow ng the
5procedur eV RIYHBEHEd i n Exanpl es 34 - 35. Spectral andPEIKER@aN0IAS a
for 6 conpds 52 - 54 are provided in tde table below. 7 8 Exanples 52
- 54: Analytical data for guanine PNA nononmers 52 - 54. 9 WD

2009/ 113828PCT/ KR2009/ 001256 51 2 Compd Starting Material 1.3
Spectral & Physical Data 52 48 ycj0--\ ")1.1. 1H NWVR (400MHz; DMS0d6)
5 10.61 (m 1H), 8.36 (m 1H), 8.25 (m 1H), 7.76-7.65 (m 3H), 6.78
(t, 1H% 6.54 (m 1H, 5.07 (s, 1.2H), 4.96 (s, 0.8H), 4.54 (s,
0.8H), 4.B0 (s, 47725 m [-ZHy, 407 (1 2H),—3-

;SEREthg,

3.49 (m Pcé - 3 2. 09 ( . NS/ ES
(m+1) D e WonMarterial 'Qg‘)?é 3(@7H?3N6§%52§q%aﬁ%??®ata

foam sol i[d. 53 49 + - Th¢-1 T s,
12?1),508{ 36 (m IH), 8. 35 (I‘ElH l% 5?%%'}”%%%%@2@%*%%5,
?'800(5 ,H) 44829 55 3?2.25 h ,4 G51K3% 6.78 (@HLH), 8.194t, (LB), 4B7qE{)2H)4. 55
S, . S, . , .

0.8H), 3.46-3.39[(m 6H|, #.97 ( fﬂgﬁg 2_,,!@1,)1[ (%29%3(4%&%" éo% 55}_.)
M5/ ESI (mrl) = 6B9.8 (observed), MV 45, 86D, 1Q0((C281).-- mneoxtgssasowa | ow]
foam solild. 54 51 PL/Thi/2, LH N % {%%@f 51 Sg% 10 g
1H), 8.37-8.32 1H), {8. .

7.H?38-7.54 (m 1(wm 6H)76 @gblfé (rorr}H)mW cm (587115221)0,
4.92 (s, [0.849, A4 544 (s O. 428 (ﬁ 2H)1 t, ﬂH)Z%z{onlmlci Hp.99 9,9
4.08-4.071 (m 2H), 3.87 .8H, 3.1 2 é#

(m 2H), |1.40-1.B0 (m 1. 24 '("m (Z]H)(m W)Eét (ﬁﬁ+2 4, 6%)
(observed), MN=| 673.8 {CZ8H35N6PYERW foRegsdiigan sol i d. V\D

2009/ 113928PCT7 KRZ0097 UPI256 52 W
246-am ng- 2-{ 2- (| - but oxycar bonyl } ll'fﬁwngM % 0.64 (s, 1H), 7.68

NJ

0 . /“W (s, 1H), 6.91 (t, 1H), 647 (s, 1H), 4.88 (s, 2H), 4.16
o (. 2H), 3.28 (q, 2H), 3.08 (g, 2H), 1.36 (s, 9H),
121 (t, 3H). Dark red solid.
IH NMR (400MHz; DMSOgg) 5 1044 (br s, 1H),
% | 7.66 (s, 1H), 6.77 (m, 1H), 6.41 (m, 1H), 4.86 (s,
51 46 5 2H), 4.16 (g, 2H), 3.21 (q, 2H), 2.89 (g, 2H), 1.48
;3:'

(m, 2H), 1.41-1.36 (m, 11H), 1.28-1.19 (m, 5H).
Dark grey solid.

Starting from guanine derivatives 48, 49 and 51, modified guanine
PNA monomers 52 ~ 54 were prepared by similarly following the
procedures described in Examples 34 ~ 35. Spectral and physical data for

compds 52 ~ 54 are provided in the table below.

Examples 52 ~ 54: Analytical data for guanine PNA monomers 52 ~ 54,

W oo N i A w N



3am no) et hyl }-am no-9H purin-9-yl]acetate (55). 4 NH2 Nt
BocHN.,.."..-"NAN | yOEt 50 6 7Conpd 55 was prepared from conpd 26 by
simlarly M 308% 11588t he 8 procedure for Exanpl e 32. Pal BCT/BRR@ON01256
solid. 1H NVR (400MHz; DMBS0d6) 5 97.7G1(s, 1H1, 6.84 (t 1H), 6.79 (s,
2H), 6.30 (t, 1H), 4.87 (s, 2H), 4.16 (g, 2H), 3.25 (q, 2H), 3.08 (q,
2H), 1.37 (s, 9H), 1.22 (t, 3H). 11 12Exanpl e 56: Preparation of ethyl
2-[ 6-am no-2-[ 2-{2, 3- bi s(benzyl oxy-

13car bonyl ) guani di noet hyl ] am no- 9H purin-9-yl Jacetate (56). 14 NH N,
CbzHN 15 NCbZLCO2R NL7To 442g of conpd 55 dissolved in 22m MC
was sl owl yBaakhteth 220l IL8>TFA at 0C, and the solution was stirred for
2.5h. The reactiof sol utl on was 19 concentrated under reduced
pressure, to which was adged 100mL di et hyl 20ether. The resulting
precipitate was collectedNpy filtration to obtain 5.79g of 21 a pale
brown solid internedi at dfi:)roduct 3.99 of the internediate was 22
dissolved in 39nmL MC, to iz¢h was added slowy 6.9mM TEA at 0C. The
23 soldtion was stirred fR¥ 15mn at R, to which was added 2.48g of
1, 3- 24bi s(benzyl oxycarbonyl) - 2- (net hyl t hi 0) pseudourea. Then the
reaction [ Xture 2 ' 24

stTTredrfor—another—24,—and—wastred—wth—6-—HFM

P25 WdS
aq HCl . T AAtBg | ayer wag dried o us nesi um
sul fate aﬁ'@%’ﬁ:uﬁtéﬁﬂed uﬁ'aer D7 reduceﬁ%fggg%?g&flgalﬁe d 4.58¢g
T

r
conpd 56 as a pal e yelTpw sol i dj, IH WO 2009/ 113828PCT/ KR206S/ 0012
53 1NVR ([500MHz| DNMBOdE) 8 11.59%5‘,“"”1%0,{3%25@“{ Oush §106% (g9 1H)y .44
7.39-7.29 2(m }OH), 6.(75 (s, 2Hm, B)p8.265(m, 1H), 7761665 $m, 3H), .6. 18 @;
(s, 2H), 14.86 (5, 2H), 14.13 3(q) ;@M o4 3500f S074) 120 286 (o.gfh) 254

1.19 (t, [3H). 4
52 48 Eo (s, 0.8H), 4.30 (s, 1.2H), 4.25 (m, 1.2H), 4.07 (m, 2H),
+ \/| 3.88 (m, 0.8H), 3.49 (m, 24H), 3.40 (m, 3.6H), 3.09
(m, 2H), 1.36 (s, 9H); MS/ESI (m+1) = 676.1
(observed), MW = 675.8 (CyH33Ng0gS;). Dark
brown foam/solid.
4 NMR (400MHz, DMSOgs) 6 10.69 (s, 1H), 8.36
(m, 1H), 825 (m, 1H), 7.73 (m, 2H), 7.64-7.60 (m,
1H), 6.80 (t, 1H), 6.65 (br s, 1H), 5.05 (s, 1.2H), 4.94
j (s, 0.8H), 454 (s, 0.8H), 429 (s, 1.2H), 424 (m,
53 49 o
H 1.2H), 407 (m, 2H), 3.87 (m, 0.8H), 3.46~3.39 (m,
- 6H), 2.97 (m, 2H), 1.60 (m, 2H), 1.36 (s, 9H); MS/ESI
(m+l) = 6898 (observed) MW = 6898
(CaaH3sNg0sS;).  Yellow foam/solid.
'H NMR (400MHz; DMSOqs) & 10.42-10.40 (m, 1H),
8.37-8.32 (m, 1H), 8.28-8.25 (m, 1H), 7.73-7.70 {(m,
2H), 7.58-7.54 (m, 1H), 6.76 (t, 1H), 6.39-6.38 (m,
1H), 5.03 (s, 1.2H), 4.92 (s, 0.8H), 4.54 (s, 0.8H), 4.29
54 51 (s, 1.2H), 4.25 (m, 1.2H), 4.08-4.07 (m, 2H), 3.87 (m,
pLd 0.8H), 3.18 (m, 2H), 2.89 (m, 2H), 147 (m, 2H),
140-130 (m, 11H), 1.24 (m, 2H). MS/ESI
(m+23/MNa*} = 696.2 (observed), MW = 6738
(CogH3sNg(;S;).  Red foam/solid.

g O

N

o




4 S5Exanpl e 57: Preparation of ethyl

2-[ 6- (benzyl oxycar bonyl am no) - 2-[ 2-{ 2, 3-

6bi s- (benzWM@39YHBEENY| ) guani di no} et hyl ] am no- 9H pur i n- PeykRamevabss
(57). 7 NHCbz N CbzHNN. NNJ NCbz 8 9 132. 549 of conpd 56 and 8.22g of
N- (benzyl oxycarbonyl)-N -nmethyl - 11 imdazoliumtriflate were

di ssolved in 90nl DMF, and stirred for 29h at RT. 12 The sol vent was
renoved under reduced pressure, and the resulting residue 13 was
purifiegd by colum chromatography (1:3 hexane/EA) to afford 3.06g of
conpd 57 as a white foanmisolid. 1H NVR (500MHz; DWVS0d6) 8 11.60 (s,

%5&)“2101 me DY), 8PrepafdtionlH)f &h9b 26- ;hgigo(zg{zlgrkgu%zygagb?éﬁw,
4215 {'Q"’“"%%f'y'}?"éﬁ"(%' W‘&Y’ﬂé‘:e‘ﬁt‘{%m 1.19 (t. 3H). 18 19

Exarrpl & 58: Preparation of ethyl 2-[6-am no-2- (4 (t-but oxycar bonyl -
20am no) but y1}-am nonggt purin-9-yliacetate (58). 21 NH2 N, 22LCC2Et
23 24Conpd 58 was pr ar d fromconpd 27 as a reddi sh yellow 25
foarﬂ sol i gﬁ?ﬁx siml ol l owi ng the procedure described in Exanple

1H 26NWR™ 0d6) 8 7.67 (s, 1H), 6.79 (t, 1H), 6.69 (s,
2H) 6 30 (m 1HH V\D Q@E113828PCT/ | CR2009/ 001256 54 14.85 (s,

15 (g, 2H), 322-3.47 (m 2H), 2.93-2.89 (m 2H), 1.45 (m 2H),

21 40- 15. 36 (m 11H), 1.21°(t, 3H). 3 4Exanple 59: Preparation of
et hyl 2-16-(benzyl oxycarbonyl ani no) - 2-[ 4-{2, 3-

Sbi s- (henzyl OXYG%Q'%ENEP\%@%@B&% ! d AP 'B"ypi'lﬁllgrly f%ﬂo&vﬁ{gatthe

(59). 6 NHCbz N
8  procedure for Example 32. Pale yellow solid. H NMR (400MHz; DMSOqs) &
9 770 (s,llH), 6.84 (t, 1H), 6.79 (s, 2H), 6.30 (t, 1H), 4.87 (s, 2H), 4.16 (g, 2H),
10 3.25(q, 2H), 3.08 (q, 2H), 1.37 (s, 9H), 1.22 (t, 3H).
11
12 Example 56: Preparation of ethyl 2-[6-amino-2-[2-{2,3-bis(benzyloxy-
13 carbonyl)guanidino}ethyllamino-9H-purin-9-yllacetate (56).

14
NH;,
o
ChbzHN N\/\ Ny
15 NCbz COzEt
16
17 To 4429 of compd 55 dissolved in 22ml MC, was slowly added 22ml

18 TFA at 0°C, and the solution was stirred for 2.5h. The reaction solution was
19  concentrated under reduced pressure, to which was added 100ml diethyl
20 ether. The resulting precipitate was collected by filtration to obtain 5.79g of
21 a pale brown solid intermediate product. 3.9g of the intermediate was
22 dissolved in 39ml MC, to which was added slowly 69ml TEA at 0°C. The
23 solution was stirred for 15min at RT, to which was added 248g of 1,3-
24 bis(benzyloxycarbonyl)-2-(methylthic)pseudourea. Then the reaction mixture
25 was stirred for another 24h, and washed with 0.5M aq HCl. The organic
26  layer was dried over anhydrous magnesium sulfate and concentrated under
27 reduced pressure to yield 4.58g of compd 56 as a pale yellow solid. H



7CbzNLCO2Et 8 Conpd 59 was prepared fromconpd 58 as a pale yellow
foam solid loby simlarly follow ng the procedures described in
Exanpl es 5@0208%7113828-1 11NVR (500MHz; DMVS0d6) 8 11.49 (BCT/EKR}009/002362
(s, 1H), 8.28 (t, 1H), 7.91 (s, 121H),537.45-7.31 (m 5H), 6.95 (t,
1H), 5.17 (s, 2H), 4.93 (s, 2H), 4.16 (q, 2H), 3.28 13(m 4H), 1.51
(m 4H), 1.46 (s, 9H), 1.38 (s, 9H), 1.21 (t, 3H). 14 15Exanple 60:
Preparation of ethyl 2-[6-am no-2-{5-(t-butoxycarbonyl am no) -

oo h b OMI G DM 800 B It a8 ot 76 Badibn 94r72%
éxlf oalrd%glz (ol WH)s 65| (ar Bg),feﬂa cw\nh%; 5.bB égrmg,«;a.?gqs,ﬁbspmgaﬁ?g, i(2|tqu), 41'1F;'

a . ; ) y . y y
6. egp(g?’, K %ﬁiﬁid“@é@ﬁ%@% ?Eé “29}!)- 4.15 (q, 2H), 3.18 (q,
01 G0k 28 aetaml o 61 praparaton of ethyi | o (M 2
2- L 6-{ - M%@Ewﬁpm&ﬂgﬂ [%Iﬁjél?enzylixyc%bonylaminO)-Z-[2-{2.3—
20001 1S a A B AR R NG AR NN RGP M RS SMEce8R (380 cory

, 2 3To 6.98g of conpd ?%Cdi ssolved in 100m THF, were added 7.95g of
4 Boc20 and 186ngy of 4- ,N—di nmet hyl am no) pyri di ne, and the sol ution
was 5 stirred fog 10m m? n the solution was mxed with 4.62nml TEA,
stirred foebzigN 1L7; heated to 50C, and then stirred for

anot her 24h at (the 7H enperigture. The reaction sol ution was
concentérated i n vacuo, and t%&EB resulting residue was dissolved in
170m. BA and washed in series with 0.5M 9 aq HCl and water. The

ST L2 1S SELRE g o S el
to obtldi n iidgzoliam triflate wedreodissabead F0190chl OMFNMRI stirred for 29h at RT.
12 The solvent was removed under reduced pressure, and the resulting residue
13 was purified by column chromatography (1:3 hexane/EA) to afford 3.06g of
14 compd 57 as a white foam/solid. H NMR (500MHz, DMSOge) 8 11.60 (s,
15 1H), 10.25 (s, 1H), 8.57 (t, 1H), 7.95 (s, 1H), 7.45-7.29 (m, 15H), 7.14 (t, 1H),
16 5.18 (s, 2H), 5.14 (s, 2H), 5.02 (s, 2H), 4.95 (s, 2H), 4.15 (q. 2H), 3.54 (g, 2H),
17 342 (g, 2H), 1.19 (t, 3H).
18
19 Example 58: Preparation of ethyl 2-[6-amino-2-{4-(t-butoxycarbonyl-
20 amino)butyl}-amino-9H-purin-9-yllacetate (58).

21
NH,
NZ N
BocHN\/\/\N/IQsN] N>
H

22 ,\002Et
23
24 Compd 58 was prepared from compd 27 as a reddish yellow

25 foam/solid by similarly following the procedure described in Example 32. H
26 NMR (500MHz; DMSQys) 8 7.67 (s, 1H), 6.79 (t, 1H), 6.69 (s, 2H), 6.30 (m, 1H),



12(500MHz; DwvVs0d6) 8 8.05 (s, 1H), 7.23 (t, 1H), 6.77 (t, 1H), 5.00
(s, 2H), 4.19 13(q, 2H), 3.25 (g, 2H), 2.91 (g, 2H), 1.53 (m 21-1),
1.40-1. 39 PQ200%1§8281 28 (m 142H), 1.22 (t, 3H). 15 16RGEKRI089/001256
62: Preparation of ethyl 2-[2-[2-{2,3-B#s-(benzyl oxycarbonyl) -

17guani di no} et hyaam no- 6- oxo- 6, 9-di hydro- 1H purin-2-yliacetate (62).
18 NHCbz N 19CbzNLCO2Et 20 21Conpd SO was converted to conpd 62 as a
white solid by simlarly 22 follow ng the procedure described in

Exanpl g 57 1112 3 DYE : C v 1.h0 voH)
5 50 (0 100 b (S W2 S 2B 2t 23ai0 e W 2L iy
5.13 (3 2140;1.36 02, L&H), 21 (14386 (s, 2H), 4.12 (g, 2H), 3.50 (m
252H), 3.46 (m 2H), 1.18 (t, 3H. 26 WO

2009/ 11T3828PCT/ 1CR2009/ 001256 56 1Exanpl e 63: Preparati on of

2-[ 6'(WHZM%G$9@OWE aiatioh- 8f kthy] 2-F5-hénzyloxycarbonylamino)-2-[4-{2,3-
2( benzyl O)I%gi[) ozg)( u ﬁi dj no%_let,hm am%\o,- 9H—§u¥i n- 9-;ynla] ace)ti é :Etci d
(63). P NHESAPRIH oRyHguanidmpluty/iamiso-2Enpdins9-vilaselste &9)i n
7.1nl EHF and 7.1ml water, was 7 added 340ng of LiOH at 0C, and the
solution was stirred at RIH'éb r 40mn. 8 The reaction solution was
acidified to pH 5-6 with IN aq HCl at 0C and 9 the resulting solid
was col lected b fiItragsg N yield 2.33g of conpd 63 as a 10 white
solid. 1H KRR\ Hoemez™x gg 5 11.59 (s, 1H), 10.21 (s, 1H), 8.57
(t, iiyH), 7¢88 (s, 1Hf, 7.45=%@8 (m 15H), 7.12 (t, 1H), 5.17 (s,
2H), 5413 (s, 2H), 125.02 (s, 2H), 4.83 (s, 2H), 3.53 (g, 2H), 3.42
(g, 2H). 13 14Exanple 64: Preparation of t-butyl
N-[ 2-{ @H- f | uor Enripdy pBetdsoprepardabfrght compd 58 as a pale yellow foam/solid
Foa Y Y shidy! filobiid SREYrOELGTeR dec AR Wh Biahipibd 5§ 2 87, A
(122)8” any | IMR U0 ML} BIMRO st 1uP . aw) 1092Yk! 2RBtabs ¢ yig)nata (s,

" 12 1H), 745-7.31 (m, SH), 6.95 (t, 1H), 5.17 (s, 2H), 4.93 (s, 2H), 4.16 (g, 2H), 3.28

13" (m, 4H), 1.51 (m, 4H), 1.46 (s, 9H), 1.38 (s, 9H), 1.21 (t, 3H).

14

15  Example 60: Preparation of ethyl 2-[6-amino-2-{5-(t-butoxycarbonylamino)-
16  pentyllamino-9H-purin-9-yllacetate (60).

17
NH,
N? N
>
BoéHN’\/\/\NA‘N NL
18 H CO,Et
19
20 Compd 60 was prepared from compd 28 as a reddish yellow

21 foam/solid by similarly following the procedure described in Example 32. H
22 NMR (500MHz; DMSOge) & 7.67 (s, 1H), 6.78 (t, 1H), 6.69 (s, 2H), 6.28 (m, 1H),
23 4.85 (s, 2H), 4.15 (q, 2H), 3.18 (g, 2H), 2.89 (g, 2H), 1.47 (m, 2H), 1.40-1.34 (m,

24 11H), 1.25 (m, 2H), 1.21 (t, 3H).
25

26 Example 61: Preparation of ethyl 2-[6-{di-(t-butoxycarbonyl)}amino-2-[5-{(t-
27 butoxycarbonyl)amino}pentyl]lamino-9H-purin-9-yl]acetate (61).
28



17 N N O CbzN 18FnmocHN Nj ok 19 20To 1.6g of conpd 63 dissolved in
30nml DMF, were added at 0C 21 660ng of EDCI and 910ng of

Froc- Aeg- OMBLR009THES2Beact i on sol ution was 22 stirred forPOHKB2008901236(
t hen concentrated under reduced pressuSe. The 23 resulting residue
was di ssolved in 50nl MC and washed with 0.5M aq HCl, 24 and the
organi c |l ayer was dried over anhydrous sodium sulfate. Then the 25
organi c | ayer was concentrated and subjected to chronmat ographic
separation 26 (65:1 MJ Me@iHpe) 0 obtain 500nmg of conpd 64 as a white
solid. 1H NWR 27(500MHz; ®d6) 5 11.59 (s, 0.4H), 11.58 (s, 0.6H),
1021 (s, 1H), 8.55 (m 20D9/ 113828PCT/ KR2009/ 001256 57 11H),
7.47-7.28 BawrHN2OH 7 86 rNLlH) 5.17-4.89 (m 8H), 4.34-4.28 (m
2.8H), 124.20 (m 1H), 3.95 (s,7CD.BH), 3.52 (m 3.4H), 3.43 (m 2.2H),
3.34 (g 1.7H), 3.12 3(m 0.7H), 1.43 (s, 3H), 1.34 (s, 6H). 4
5Exanpl e 65: Preparation of

N-[ 2- {(39H-fl uor &a-&9§wrod tdooxyd $0bdissdhaed m100mI THF, were added 7.95g of

R

NHCbz N Chfirhdd) forN@ram. o TAERTRENOIUtIEAGHad tnitdd w:ﬂﬁ@rananTm@ﬂﬁe§4or
di ssol ved n 3. gﬁrgwgc was slow y added 123.6nml TFA at OC.
reacti én heated; &g 20 nchthen sxirreshn dot l@é‘ﬁﬁ%’S@ﬂh o dbey|

et her was @ﬂ%latuwe ‘Tﬁéur'etal:'é"&n %ﬁmdﬂ WaksecdRentld qﬂ%@b E@éd the

filtration to yiel onpd 65 as a white so N

( 400VHS; 1®M0§e)e5|dyg s dgsolyegl in MOW Ffoand washid i8.sg6ies syithl BIGM

8.54 ( ( 62 (

5. 26- 45996%H§I-§¥d 4%9?}'4.?% (%Pgiﬁ) @"’1’%wf?o%r'%és),oz’fﬁ)?r{@déé‘g%g'“%
7H), 31013 suliptel ronddBtiasid, ( emd) subjdd@a. to IdhromiasegrapHic, sbpratidA1a:D
(C53H5ﬂNllnoe]R%?|e/MC =2 MC() to obtain compd 61 as a yellow foam/solid. 'H NMR
12 (500MHz; DMSOge) & 8.05 (s, 1H), 7.23 (t, 1H), 6.77 {t, 1H), 5.00 (s, 2H), 4.19
13 (g, 2H), 3.25 (q, 2H), 291 (g, 2H), 1.53 (m, 2H), 1.40-1.39 (m, 29H), 1.28 (m,

14 2H), 1.22 (t, 3H).
15

16 Example 62: Preparation of ethyl 2-[2-[2-{2,3-bis-(benzyloxycarbonyl)-
17 guanidino}ethyllamino-6-oxo-6,3-dihydro-1H-purin-2-yllacetate (62).

18
NHCbz

NZ NN
CbzHN H\/\NANI N\>

19 ChzN H “co,et

20

21 Compd 50 was converted to compd 62 as a white solid by similarly

22 following the procedure described in Example 57. *H NMR (500MHz
23 DMSOge) 8 11.59 (s, 1H), 10.68 (s, 1H), 8.50 (t, 1H), 7.68 (s, 1H), 7.42-7.29 (m,
24 10H), 6.58 (m, 1H), 5.13 (s, 2H), 5.02 (s, 2H), 4.86 (s, 2H), 4.12 (q, 2H), 3.50 (m,
25  2H), 3.46 (m, 2H), 1.18 (t, 3H).

26



19 20 Exanple 66: Preparation of

N-[2-{(9H f | uor en- 9- Amret hoxycar bonyl am no) -

21et hyl ) | - N 220983§2Benzyl oxycar bonyl am no) - 2-[ 4- ( 2, 3- bi B¢HBER20pY/ONYIBar
bonyl) - 22guani di no) - but yl ] am no- 9H pw6i n- 9-yl}acetyl ] gl yci ne (66).
23 NHCbz N CbzHN NNAN- NCbz WD 2009/ 113828PCT/ KR2009/ 001256 58
1Conmpd 59 was converted to conpd 66 as a white foanm'solid by 2
simlarly follow ng the procedures described in Exanples 6365. 1+1

(m 1yt eoma B8, Prepighon’ OF 216 bbimylaneabhyatiie)- 7 l3aA gl
(m 2H)? 7béﬂz>(lcbxyciﬁl)ony?) éEmdﬁ)}é@nyﬂﬁﬂnuﬂﬁDH-@rﬂQ%macéﬁ& ac@l (53)(5
2H), 5.07 (s, 1.2H), 8 s, 0.8H), 4.35-4.18 6(m 3H)

1H), 3.52 (m 1H), 335§gém6l—l) 3.12 (m 1H), 149(m74H)
1.44 (d, 9H), 1.37 (d, 9 M5/ ESI (m+l) = 978.4 (observed), MN=
8978. 1 (C49F159N;h1011)4\'| g~ & Exanpl e 67: P; eparation of

N- [ 2- { (9H £hztilr eN- Oy, xycar bonyl anmi no} -

11[et hi/I(A- N-[ 2- [\g42- { 2 3- %I s{benzyl oiycar bonyl ) guani di no} et hoxy] et hyl
- 2- oxo- 122H pyrrol of 2, 3- d] py¥d Cﬁ?/dl n-3(7H) -yl ] acetyljglycine (67). 13
NCbz A°NHCbz NH 0o 14 FrmcHN ---- %rOH 15 16Conpd 18 was converted
to conpd 67 as ToPARy wéldoavp cscsm distoved i i7irhBTHY il VQW\Ir\ﬂafePewa%

- DVS
e GRS o T i i o R

1H), 7 889'T?'re817eaﬁﬂbn ?s'd)utlo7n Mﬂac@ﬁﬁémtoz'ﬁm 5«76 4\?fh71ﬁ|6 &HCIlgﬁ?"C and
6. 36-6. 33 m 201H) (s, 03-5.01 3
0.7H), %. 4 e4eqjtqunsot5d Y\Hﬁ cailegmdzby fi }t;atlpns.uel) ylel:el 533@ of xofmpd 6Bi)as a

MBS/ ES!y4( mﬂﬂlte scﬁ%g ZH(IQW(SWBHAHZ, WN/ISOdB% ﬁ%{s%ﬂ%ﬂ\gf}sl,)ll-a? 8.57 (t,
11 1H), 793 (s, 1H), 745-7.28 (m, 15H), 7.12 (f, 1H), 5.17 (s, 2H), 5.13 (s, 2H),
12 5.02 (s, 2H), 4.83 (s, 2H), 3.53 (g, 2H), 342 (g, 2H).
13
14 Example 64: Preparation of t-butyl N-[2-{(9H-fluoren-9-yl)methoxycarbonyl-
15 amino}ethyl)]-N-[2-{6-(benzyloxycarbonylamino)-2-[2-{2,3-bis-(benzyloxy-
16  carbonyl)-guanidino}ethyl]lamino-9H-purin-9-yllacetyllglycinate (64).

17
NHCbz
N - N

H “
CbzHN N\/\ )Q‘-N I N

b
CbhzN I\f

18 Fmor.:HN/\\/N\/lL )<
19
20 To 1.6g of compd 63 dissoived in 30ml DMF, were added at 0°C

21 660mg of EDCI and 910mg of Fmoc-Aeg-OtBu. The reaction solution was
22 stirred for 2h at RT and then concentrated under reduced pressure. The
23 .resu[ting residue was dissolved in 50ml MC and washed with 0.5M aq HCI,
24 and the organic layer was dried over anhydrous sodium sulfate. Then the
25 organic layer was concentrated and subjected to chromatographic separation
26 (65:1 MC/MeOH) to obtain 500mg of compd 64 as a white solid. H NMR
27 (500MHz; DMSOge) 8 11.59 (s, 0.4H), 11.58 (s, 0.6H), 10.21 (s, 1H), 8.55 (m,



24Exanpl e 68: Preparation of

N-[2-{(9H fl uoren-9-yl ) nmet hoxycar bonyl am no} -

25et hyl A- NW22D29/113828- bi s- (be nzyl oxycarbonyl)gu a n i d pCTIEREDIYI1}S
m no- 6- 0xo-6, 9- 26di hydro- 1H puri n-2-s¢l Jacetyl |l glycine (68). WO
2009/ 113828PCT/ KR2009/ 001256 59 1 HN CbzHN CbzN 2 3 4Conpd 62 was
converted to conpd 68 as a white foamsolid by 5 follow ng the
procedures descri bed in Exanples 63 - 65. 1H NVR (500MHz; 6DIVISOd6) 8

: : 1
721, & 64 74}04%%720}%9&)%, 15, saaefiim. £18) 430428 @ 24
i8S “E? e R R i g sk e
(C46H4£§|\110é5"1 Q)%m ilff"%’lzv%ﬁhﬂkﬁ @9% Hpy epar ation of
2-[6-{2 (t-butoxycarbonyl ami no) et hoxy} met hyl -

1220 ks 2t i1 €5: [ Preosthfi ot (LD- I oV BCR IR AribGlam ity 14

15 16Conpoun dr ol yze ound as a
17sol i & byEthBﬂrNa[Ql-{)ﬁ &b@nzsdwgrhmquanmowufze{m&»bcs(bmlouyc&banyd}-e 11.

1y 6 '8 Qe Taple g SRR S Phadldbang 69) 467 s iy 3 a5

(t, 2HBg, 3. 11 (g, 2H), 1.37 (s, 9H). 20 21 Exanple 70: Preparation of
met hyl N12-{(9H-f| uor enafewl ) met hoxycar bonyl - 22
am no} et hyl ) PN—{2 (6-{ t ybut oxycar bonyl am no) et hoxy} net hyl - 2- oxo- 2H

- 23pyrrol g = d] yrim |‘)1 3(7H) yl Jacetyl }glycinate (70). 24 WO
2009/ 113828P

9 FmocHN/\/N\)LOH
i0
11 To 460mg of compd 64 dissolved in 3.6ml MC, was slowly added

12 3.6ml TFA at 0°C. The reaction solution was stirred at RT for 3.5h, and then
13 50ml diethyl ether was added. The resulting precipitate was collected by
14 filtration to yield 430mg of compd 65 as a white solid. 'H NMR (400MHz;
15 DMSOgg) 8 11.57 (s, 1H), 10.77 (br s, 1H), 8.66 (s, 1H), 854 (s, 1H), 7.87 (m,
16 2H), 7.63 (m, 2H), 7.50-7.28 (m, 21H), 5.26-4.96 (m, 8H), 4.34-4.18 (m, 4H),
17 403 (s, 1H), 3.52-3.36 (m, 7H), 3.13 (m, 1H). MS/ESI (m+1) = 10194

18  (observed), MW = 1018.0 (Cs3Hs1N11011).
19

20 Example 66: Preparation of N-[2-{{9H-fluoren-9-yl)methoxycarbonylamino}-
21 ethyl)]-N-[2—{6—(benzy|oxycarbonylamino)~2-[4—{2,3-bis(benzyloxycarbony[)-
22 guanidino}-butyllamino-9H-purin-9-yl}acetyl]glycine (66).

23
NHCbz

CbzHN ﬁ\/\/\w ,k \>

H
NCbz
Lo,

24 FmocHN™~N OH
25



1 FrmocHN 2 33.6g of conpd 69, 3.6g of Fnoc-Aeg-Ove, 2.5g of EDC
1.73g of 4 HOBt, and 2.24nl D EA were dissolved in 70nl DV, and
stirred at WRRIHIIIV8]1. 5h. The reaction sol vent was r enoREUKRIIELH01256
reduced pressure, and the 6 resultingb5Besi due was di ssol ved in 100nl
MC and washed in series with 1IM7 aq HCl, distilled water, and brine.
The organic | ayer was dried over 8 anhydrous sodium sul fate,
concentrated in vacuo, and purified by colum 9 chromatography (100:2

(S00Nreh Dvsodel ol 3, Wes ARl B cBmifl oBpe %, WIRHE Ramapud iy
7.89- 7.87 {imjlayHYollowing-the6troceaiurdbdesdribilt ih Brartples B3 ~ &.8ZH(NMR

o iy 130 bt DAY T2 A% kores Tiba 1450 (s, 1038210,1% el 8285
(s, 0.a&H ,(ni}-l@g, 138 (a,21), 7305171 t(m, 1!—%?.68-174@6 ﬁ; 3HPO7 Aaryt, 3-8 H) 45-
15 16Example 7

37 - Preparati on’ of

3.13-3.10 1, . 9H).
N[ 2- (59#-?%@?%-@?9 r&%ts AH)«E‘)GH ForyD.amdh s -1.2H), 4.89 (s, 0.8H), 4.35-4.18

et hyl) Je- N-ey2-418- - o} | akn t l\mgt.hy} - 21 - yrr
ol oF 18 2 GF A0 st SYUR b N, 33r LR (e N 3 g AR AR
2009/ 1738 Z8HCTHARLD 0N AlLZBdd 6 BHL TS D f (o) d 7 087 &4 alobestived b rin & 1
2 acetqQnitgy cet ter, was slowy added at OC 28.5nl 2.5N aq
Li OH. g Thggglrlgé\(g‘?’is%m%\?ﬁti on was stirred for 1Ornin and neutralized
with 28% aq 4 citric acid. After the solution pH was adjusted to 8

with st ureh I@Qﬂg fﬁ%ﬁégmsi@:\ " hqa%%-flﬁé@mg%)ﬁégﬁxﬁwafﬂ%@

to the solU ion s stirre en't he

sol ut idn iyl HdN d2t[bdd-23-pis(tenzyhakydar2awagacidine)ethaoytnetg-2 dxor-ed
for 90mi i pi | d b
(11 rat ot 5Yolol23- GBI LRI Gt 0 o' o7 con ooiid. 1H

NVR (380MHz; DMSOd6) 8 12.02 (br, 1H), 8.51- 108.49 (m 1H),
7.89-7.88 (d, 2H), 7.Nt827.50 (m 2H), 7.49 (t, 1H), 7.42-7.28 (m
114H), 6.87 (t, 1H), 8 36,(s, 0.7H), 6.33 (s, 0.3H), 5.02 (s, 1.2H),
4.84 (0.8H), 4.043< W24 42°(m 2.4H), 4.34 4.19 (m 3.2H), 4.01 (s,
1.4H), 3.48 (t{ 1.2H), 3A4-3.41 (rn, 132.1H), 3.37-3.29 (m 2H),
3.12-3.10 (m W), 1.37 (s, 9H); MS/ES! (m+rl) = 14 689.3
(observed), g8 7 (C35H40N1609) . 15

N/KO
14 FmocHn >N OH
15
16 Compd 18 was converted to compd 67 as a pale yellow solid by

17 similarly following the procedures described in Examples 63 ~ 65. 'H NMR
18 (500MHz; DMSQge) 8 11.99 (br s, 1H), 11.57 (br, 1H), 8.56 (m, 1H), 848-8.45
19 (m, 1H), 7.89-7.87 (m, 2H), 7.70-7.65 (m, 2H), 7.49-7.26 (m, 15H), 6.36-6.33 (m,
20 1H), 5.20 (s, 2H), 5.03-5.01 (m, 3.3H), 4.83 (s, 0.7H), 4.49-4.17 (m, 5.7H), 4.01
21 {m, 1.3H), 3.57-3.11 (m, 8H); MS/ESI (m+1) = 899.7 (observed), MW = 8989
22 (C47Ha6NgO;1).

23

24 Example 68: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
25  ethyl)]-N-{2-[2-{2,3-bis-(benzyloxycarbonyl)guanidino}ethyl]lamino-6-oxo-6,9-
26  dihydro-1H-purin-2-yl]acetyliglycine (68).



16Exanpl e 72: Preparation of

N-[2-{(9Hf | uor en- 9- yOnet hoxycar bonyl am no} -

17et hyl )] - NKX209/53828t - but oxyca rbonyl)a m no} pentyl | aP@I/KR2009/001256
no- 6- oxo-6,9-d hyd ro-1 H - 18pu rin-29yllacetyllg lycine (72). 19 0
BocHN WL9-1 | O 20FnocHNr'-" NOH 21 22Conpd 51 was converted to
compd 72 as a white foanfsolid by 23 simlarly follow ng the
procedures described in Exanples 6971. 1H NVR 24(500VHz; DWMS0d6) 5
13.01 (jpr, 1H), 10.52-i0A6 (m 1H), 7.88 (d, 2H), 7.65 (d, 252H),
7.54 (s, 0.5H), 7.50 (s,.0.5H), 7.48 (m 1H), 7.40 (t, 2H), 7.31 (m
2H), 6.81 26(t, 0.5H), 6772 (t, 0.5H), 6.52-6.48 (m 1H), 4.98 (s,
1H), 4.77 (s, 1|—%, 4. 38 (-Ne71H), 4.23-4.21 (m 2H), 4.05 (m 1H),
3.96 (s, 1eezHN%.f< g .35 (m 2H), WO

2009/ 113828PCT/IK11200%/ 001256 f2 13. 21 (m 2H), 3.14 (g, 1H), 2.88
(m 2H), 146%F% 2H), 1.39-T m 11H), 1.23 2 (m 2H); MS/ ES!
(mtl) = 7174 (observ[gr‘g%i’ MY AN ﬁ (C36H44N808) 3 4 Exanple 73:
Prepar&ti on of NI12-{{( ¥\ uor en- 9-'yQOret hoxycar bonyl am no) -

Set hyl Y] - N-[ 2-[ 6- { bi s(t - but oxycar bonyl ) am no}- 2- (5- (t - but oxycar bonyl a

0 ) B et il i 16 o s CANER
corrpdd753 dollowingi the proaadisres idestybed irs Exarhples $3f-0650w i dNMRE500MHz;

[ i 69 VR 0 , 8
12071 bor 280G ST GrANTIOR8 R, (0 it W 3k, T9TR e
(5 140 6000 4 31420 (me g Bk . G2 B s a3 U o P e
(m 2, $hs 445l Tty ivglab st d I Tadanme i

1. 38- 1935 NASJESE (1) L. 8953 (SBservad) LR BSA{E/Fgéﬁ!HAPW’Eé)m).: 916. 5
(obsekéed), MV = 916.0 (C46FI EN9011)- 17 18 Preparation of PNA

A i gorfers: PNA nononmers o, which were synthesized 19 according to
Schend14, Exemples &t Poepraatioe nef, 24662 {(vbipgragonglateind)ethoxylmethyl-

12 2-ox0-2H-pyrrolo-[2,3-d]pyrimidin-3(7H)-yllacetic acid (69).
13

0o O
NHBoc N_‘q _}—OH
-
14 0O SN

15

16 Compound 16 was hydrolyzed to compound 69 as a pale brown
17  solid by similarly following the procedure described in Example 11. H NMR
18 (500MHz; DMSQgs) 8 13.03 (br s, 1H), 11.31 (s, 1H), 8.37 (s, 1H), 6.85 (t, 1H),

19 6.19 (s, 1H), 4.63 (s, 2H), 4.40 (s, 2H), 342 (t, 2H), 3.11 (q, 2H), 1.37 (s, 9H).
20

21 Example 70: Preparation of methyl N-[2-{{9H-fluoren-9-yl)methoxycarbonyl-
22 aminojethyl)]-N-{2-[6-{2-(t-butoxycarbonylamino)ethoxy}methyl-2-oxo-2H-
23 pyrrolo-[2,3-d]pyrimidin-3(7H)-yllacetyl}glycinate (70).

24



20 Daejon, South Korea) to prepare PNA oligomers of Formula |I by
Panagene 21 according to the nmethod described in the literature or

W t h m nor WZR20psdB§2Bcat i on(s) thereof (Org. Left vol 9,PCRBRIBXAE?256
2006) PNA oligomers 23 were recei ved f6lom Panagene as characterized
by MALDI - TOF and anal yzed 24 by Cl18-reverse phase HPLC. PNA ol i goners
recei ved from Panagene were 25used wi t hout further purification.
26PNA nmononers g of Schene 5 were used to synthesize PNA 27 ol igoners
of Formula | aceprdihgBew the nethod disclosed in the prior art or 28
with mnor nodification(s) thereof. (USP 6, 133,444) Those PNA
oligomers WO 280Q/113828PCT/ KR2009/ 001256 63 1 were purified by

Ci s-reverse pha%e\HPLC (aq acetonitrile with 0.1% TFA) and 2
characteri zed by| DI -TOF. Figure 1 provides HPLC chronatograns
3before and afte 4 fication of Aiqo 17 by reverse phase HPLC
Figure 2 4 prowd %NALDI-TCF mass spectrumfor a purified batch of
ON 17. 5Fi gures 1 are provided for illustrative purposes only
and shaqul d Jol dNeted as a restriction to this invention.
7PNA ol gomers synt heS| zed for this invention are provided in Table 1
8al ong dith their nolecul ar wei ght data by MALDI -TOF. O the

abbrevigt i ons 99 of o E@ﬂ B9l 3 Q-F Fr%ocqﬁ((}%cgl\ﬁ@ffggt& KpePd 74 & %f

nucl eobase adenl 10t nlne t oS respectiv

Modi i ed rfd@Béoam:L‘ésZ"iG(ﬂnﬁPB‘\ m@m:(dwsngf)ed m(mnn) OMIF) 3nd A@mg)i ataRd fot m

These: A b ot 2eackBR vt BR9 rdeyai, oo, 2BhCed mreishediondgé

and shaul cremltlngereg:tmerwaseﬂfsdolﬁfed anr Bl MOhQﬁd tveashéthia stérri%g%th 1M
invention. 1 6T PNA ol i rrers this i.nvention and, nass
spect r dl i"%lhe é@f‘?d; "E??FFyaB‘élq BRte ?I]{;e orggnigaay k- yas drieg ver Fa
mL(1) |8( 1)an 6&3);0&69{ %Qﬁéte“é@hé&%}at EGrnl—VéaJ}i F)
digo 2 Fa I?EE 1) L(1)-T6C TAG. TAG- TG 1ys- él $ilfifled 17 EBtutn

9 chromatography (100:2 MC/MeOH) to afford 259 of compd 70 as a yellow

10 foam/solid. *H NMR (500MHz; DMSOgye) & 11.30 (s, 1H), 8.24 (s, 0.65H), 8.21

11 (s, 0.35H), 7.89-7.87 (m, 2H), 7.71-7.67 (m, 2H), 7.48-7.25 (m, 5H), 6.87 (t, 1H),

12 617 (s, 0.7H), 6.15 (s, 0.3H), 4.93 (s, 1.3H), 4.74 (s, 0.7H), 440-4.39 (m, 2.7H),

13 4.35-421 (m, 3H), 4.08 (s, 1.3H), 3.73 (s, 0.8H), 3.62 (s, 2.2H), 351 (t, 1.4H),

14 343-3.30 (m, 3.6H), 3.13-3.10 (m, 3H), 1.37 (s, 9H).
15

16 Example 71:. Preparation of N-[2-{(9H-fluoren-9-ylmethoxycarbonylamino}-
17 ethyl)]—N—{Z-[6-{2-(t-butoxycarbonylamino)ethoxy}methyl—2-oxo-2H-pyrrolo—
18  [2,3-d]pyrimidin-3(7H)-yl]acetyllglycine (71).

19 '

ofNHBoc

/NH
| N

N

2
N
20 FmocHN/\/ OH
21



3745.6 3745.5 Aigo 3 TGC(103)-TAC TAC(103)-TG Lys-N-12 3319.4
3318.5 Aigo 4 TGCTAC(103)-TAC TG Lys-N H2 3208.3 3208.3 digo 5
TGC- TAC- TABOTZ809/148828 H2 3097.2 3097.8 Adigo 6 Fa PCT/KR2009/001256
mL(1)L(1)-TC(103) T- CC(103) C- AGC(103) -61GTG C(103) GC- C( 103) AT-Lys-N H2
6140.1 6141.8 0 lig o 7 Fa mL(1)L(1)-TCT-CCC AGC- GIG - CGC- CAT- Lys-N
H2 5584.4 5583.1 Aigo 8 TGC(202)-TAC TAC(202)-TG Lys-N H2 3319.4
3318.9 Aigo 9 GC(202) A-C(202) AT-TTG C(202) CT-N H2 3553.7 3552.7

ai 90 %10 GC(102)cA C(%%Z) Ang MS%ON MisSowaa © Rt }Sr% | g%llf'

TTG CCT- Lys
2 acetonitrile/acetone/water, was slowly added at 0°C 28.5ml 2.5N aq LiCH.

The reaction solution was stirred for 10min and neutralized with 20% aq
citric acid. After the solution pH was adjusted to 8 with saturated aq
sodium bicarbonate, 516mg of Fmoc-OSu was added to the solution and the
solution was stirred for 2h at RT. Then the solution was acidified to pH 3
with 20% aq citric acid and stirred for 90min at 0°C. The resulting
precipitate was collected by filtration to give 4.0g of compd 71 as a
yellowish green solid. 'H NMR (500MHz; DMSOqe) & 12.02 (br, 1H), 8.51-
10 849 (m, 1H), 7.89-7.88 (d, 2H), 7.70-7.50 (m, 2H), 7.49 (t, 1H), 7.42-7.28 (m,
11 4H), 6.87 (t, 1H), 6.36 (s, 0.7H), 6.33 (s, 0.3H), 5.02 (s, 1.2H), 4.84 (0.8H), 4.43-
12 442 (m, 24H), 434-419 (m, 3.2H), 401 (s, 1.4H), 348 (, 1.2H), 3.44-3.41 (m,
13 2.1H), 3.37-3.29 {(m, 2H), 3.12-3.10 (m, 2.7H), 1.37 (s, 9H); MS/ESI (m+1) =
14  689.3 (observed), MW = 688.7 (C35HsNgOq).

15

16  Example 72: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
17 ethyD)}-N-{2-[5-{(t-butoxycarbonyl)amino}pentyllamino-6-oxo-6,9-dihydro-1H-
18  purin-2-ylJacetyllglycine (72).

W W ~ O W b W

19
o
HN N
A\JI !
BocHN™ """ N Sy N
H 0
Lf (o)

20 chn:HN/\’N OH
21
22 Compd 51 was converted to compd 72 as a white foam/solid by

23 similarly following the procedures described in Examples 69 ~ 71. 1H NMR
24 (500MHz; DMSOgs) & 13.01 (br, 1H), 10.52-10.46 (m, 1H), 7.88 (d, 2H), 7.65 (d,
25 2H), 7.54 (s, 0.5H), 7.50 (s, 0.5H), 7.48 (m, 1H), 7.40 (t, 2H), 7.31 (m, 2H), 6.81
26 {t, O.5H), 6.72 (t, 0.5H), 6.52-6.48 (m, 1H), 4.98 (s, 1H), 4.77 (s, 1H), 4.33 (d,
27 1H), 4.23-421 (m, 2H), 405 (m, 1H), 3.96 (s, 1H), 3.50 (m, 1H), 3.35 (m, 2H),




Oigo 12 CA(3)T-A(3)GT-A(3) TA-A(3) GT-N H2 3580.8 3580.9 Oigo 13
CA(4) T- A(4) GT- A(4) TA-A(4) GT-N H2 3636.9 :3634.9 WO

2009/ 11382BRCIIHRBI/ 001256 64 O igo 14 | PCT/KR2009/001256
CA(5) T- A(5) GT- A(5) TA-A(5) GT-N H2 3693.€ 3691.5 O igo 15

CA(7) T- A(7) GT- A(7) TA- A(7) GT-N H2 3805.0 3803.4 Oigo 16

CAT- AGT- ATA- AGT- Lys- N H2  3420.3 3418.3 Qigo 17

CA(5) T- A(5) GT- A(5) TA- A(5) GT- Lys-N H2 3820.9 3819.8 Oigo 18

AL MR G0 G 0 st P R 12

TQ(5) G Z( 102,) 24 (V62 (Fe+ 1Y 5)717 4_§c,sbseNre|d2 NB2S. BLES A336844N3Op)

3
4 Example 73: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
5 ethyl)]—N—[2-[6-{bis(t~butoxycarbonyl)amino}—2—{5-(t-butoxycarbonylamiho)—
6  pentyllamino-9H-purin-9-yllacetyl]glycine (73).
7
N(Boc)z
‘)
BocHNWN/I\N
H o

IY o
8 FmocHN/\/N OH
9
10 Compd 61 was converted to compd 73 as a white foam/solid by

11 similarly following the procedures described in Examples 69 ~ 71. 'H NMR
12 (500MHz; DMSQgg) 8 12.71 (br s, 1H), 7.90-7.87 (m, 3H), 7.67 (m, 2H), 7.44~
13 739 (m, 3H), 731 (m, 2H), 7.07 (m, 1H), 6.69 (m, 1H), 511 (s, 1.2H), 4.93 (s,
14 0.8H), 437-4.21 (m, 3.8H), 4.01 (s, 1.2H), 3.52 (m, 1H), 3.36 (m, 2H), 3.23 (m,
15 2H), 3.13 (m, 1H), 2.88 (m, 2H), 1.49 (m, 2H), 1.38-1.35 (m, 27H), 1.27-1.25 (m,
16 4H);, MS/ESI (m+1) = 916.5 (observed), MW = 916.0 (CssHe1NgO11).

17

18  Preparation of PNA Oligomers: PNA monomers o, which were synthesized

19 according to Scheme 4, were sent to Panagene, Inc (www.panagene.com,
20 Daejon, South Korea) to prepare PNA oligomers of Formula I by Panagene
21 according to the method described in the literature or with minor
22 modification(s} thereof. (Org. Lett vol 9, 3291-3293, 2006) PNA oligomers
23 were received from Panagene as characterized by MALDI-TOF and analyzed
24 by Cyg-reverse phase HPLC. PNA oligomers received from Panagene were
25 used without further purification.

26 PNA monomers q of Scheme 5 were used to synthesize PNA
27 oligomers of Formula | according to the method disclosed in the prior art or
28 with minor modification(s) thereof. (USP 6,133,444) Those PNA oligomers



Oigo 21 FamL(2)-TQ 5)G C(102) AA- C(102) TG A(5) T- Lys-N H2 3997.0
3996.1 Aigo 22 Fam L(2)-TT-C(102) AT- A(5) GT- A(5) TA- AG(5) T- Lys- NH2
4806.9 4806. 7 A igo 23 :
Fam L(2) L( Y2 %‘E?’i%ﬁ%%— GA(5) A- C(102) TT- A(5) T- Lys- NH2 408FTXRI0BRZIBS6
O igo 24 Fam L(2)- CA(5) T- A(49) GT- A(4g) BA(5) - AGT- Lys- N H2 4348.5
4347.4 Aigo 25 TT-C(102g) AT- A(5) GT- A(5) TA- AG(5) T-Lys- NI - 12 4377.4
4375.6 Oigo 26 GO(1N3)A-C(1N 3) AT-TTG C(1N 3)CT- Nl1-12 3550.8 3550.9
A igo 27 CAT- AGT- ATA- AGT-N H2 3292.3 3292.5 digo 28 Fa
m L( 2) -TCovefhpiified by EySrelefdd ptitd 1HPIR0&E: Seetirile with 0.1% TFA) and
2005 1136 280CTT Kego 0o E s Ee IR L %@ﬁfleéyﬁuc%ogase RiYFA)
2 characterized by MALDI-TOF. Figure 1 provides HPLC chromatograms

before and after purification of Oligo 17 by reverse phase HPLC. Figure 2
provides a MALDI-TOF mass spectrum for a purified batch of Oligo 17,
Figures 1 and 2 are provided for illustrative purposes only and should not be
interpreted as a restriction to this invention.

PNA oligomers synthesized for this invention are provided in Table 1
along with their molecular weight data by MALDI-TOE. Of the abbreviations

used in Table 1, A, T, G, and C refer to unmodified nucleobase adenine,

W W ~N O 1 N~ W

10 thymine, guanine, and cytosine, respectively. Modified nucleobases C(mXn),
11 C¢(mXng), A(mXn),A(m,), A(my), and G{m) are as defined below Table 1 along
12 with Lys, Fam, {(1), and L(2). These PNA oligomers are presented for
13 illustrative purposes only and should not be interpreted as a restriction to
14  the present invention.

15

16 Table 1. PNA oligomers of this invention and mass spectral data thereof.?

Entry Sequence (N = () MW | (m+1)b
) Fam-L(1)L(1)-TGC(103)-TAC(103)-TAC(103)-
Oligo 1 : 4079.0 | 40783
TG-Lys-NH;
Oligo 2 Fam-L(1)L(1)-TGC-TAC-TAC-TG-Lys-NH; 37456 | 37455
Oligo 3 TGC(103)-TAC-TAC(103)-TG-Lys-NH; 33194 | 33185
Oligo 4 - TGC-TAC(103)-TAC-TG-Lys-NH, 3208.3 | 3208.3
Oligo 5 TGC-TAC-TAC-TG-Lys-NH; 3097.2 { 30978
. Fam-L(1)L(1)-TC(103)T-CC(103)C-AGC(103)-
Oligo 6 6140.1 | 6141.8

GTG-C(LO3)GC-C(103)AT-Lys-NH
Oligo 7 | Fam-L{(L)L(1)-TCT-CCC-AGC-GTG-CGC-CAT-Lys-NH; | 55844 | 5583.1

Oligo 8 TGC(202)-TAC-TAC(202)-TG-Lys-NH, 33194 | 33189
Oligo 9 GC(202)A-C(202)AT-TTG-C(202)CT-NH 3553.7 | 35527
Oligo 10 GC{1O2)A-C(102)AT-TTG-C(102)CT-NH; 35116 | 35111
Oligo 11 GCA-CAT-TTG-CCT-Lys-NH, 33483 | 33458
Qligo 12 CARB)T-AB)GT-AR)TA-A(3)GT-NH, 3580.8 | 35809

Oligo 13 CAMT-AMG)GT-AB)TA-A(B)GT-NH; 36369 | 36349



X - (CH2) - NH2X - (CHAn (C H2) m( CH2) miNH2
NNH2NNH NH2 NI
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measuring Tm val ues as follows. 54gM PNA ol i goner and 4gM DNA were
m xed in aq buffer (pH 7.16, 6 10nmM sodi um phosphat e,
and i ncubat ed at 90C for a few 7 m nut es and slowy cool ed down to

100mM Nacl ),
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sequences | &ligphd [7m srra% A %QlilAsﬂaga?Sralst ; @?Tq& er 48059 3abi8062.
In Figure|3, there is a
‘ _ Fam-L(2)L(2)-TC(102)A-GA(5)A-C(1O2)TT-A(5)T-Lys-
Oligo 23 (@-1elaz) GIA-C(l02) G)T-Lys 4084.2 | 40838
NH:
Oligo 24 Fam-L(2)-CA(S)T-A{d,)GT-A{4g) TA(5)-AGT-Lys-NH, 43485 | 43474
Oligo 25 TT-C(102-)AT-A(5)GT-A(5)TA-AG(5)T-Lys-NH, 43774 | 43756
Oligo 26 GC(IN3)A-C(IN3)AT-TTG-C(IN3)CT-NH, 3550.8 | 3550.9
Oligo 27 CAT-AGT-ATA-AGT-NH, 32923 | 32925
Oligo 28 Fam-L(2)-TGG-CAA-CTG-AT-Lys-NH; 36175 | 3616.3

i
2
3

b. Observed ion peak for MH* unless noted otherwise.

a. The employed abbreviations for monomers are defined as below.



8 transition tenperature in each curve, which was read out as the
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restriction to this invention. 13 14 Table 2. T", val ues between PNA
and conpl enentary or m snmatch DNA. Entry DNA Sequence (5 -) 3') T.,
C Remark Aigo 5 CAG TAG TAG CA 55 unnodified PNA oligoner digo 3
"65 C(103) x 2 digo 4 61 103) x 1 digo 8 68 C(202) x 2 digo 10
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3  Binding Affinity for DNA: PNA oligomers of this invention were evaluated
4  for their binding affinity for DNA by measuring Tn values as follows.

5 4uM PNA oligomer and 4uM DNA were mixed in aqg buffer (pH 7.16,
6 10mM sodium phosphate, 100mM NaCl), and incubated at 90°C for a few
7 minutes and slowly cooled down to RT. Then the solution was transferred
8 into a 4ml quartz cuvette and the cuvette was tightly sealed. The cuvette
9 was mounted on an Agilent 8453 UV/Visible spectrophotometer and
10 absorbance changes at 260nm were recorded with increasing the
11  temperature of the cuvette by either 0.5 or 1.0°C per minute. From the
12  absorbance vs temperature curve, the temperature showing the largest
13  increase rate in absorbance was read out as the melting temperature T,



digo 13 64 A(4) x 4 digo 14 69 A(5) x 4 digo 15 71 A(7) x 4
digo 18 66 A(202) x 4 Adigo 27 55 unnodified PNA oligonmer Aigo 16
ACT- TAT- ACGI- nnmodi fi ed PNA ol igoner digo 17 ACT; ﬁh—ﬁ ~

72 conpl e%rﬁ’?g‘rﬁ&ﬁ?"/i%r- TAC- ACT- ATG 61 mismatch (T -) O pethkRdwlidlse
ACT- TAA- ACT- ATG 59 mismatch if --> A) ""ACT- TAG ACT- ATG _ 58

1 between PNA and DNA. DNAs for T, measurement were purchased either
2 from Bioneer, Inc. (www.bioneer.com, Daejon, South .Korea) or from Ahram
3  Biosystems (www.ahrambio.com, Seoul, South Korea), and used without
4  further purification.
5 Figure 3 provides graphs of absorbance changes with temperature for
6 Oligo 17 against complementary or mismatch DNA. For sequences of the
7 mismatch DNAs against Oligo 17, refer to Table 2. In Figure 3, there is a
8 transition temperature in each curve, which was read out as the Ty, value for
9 the curve.
10 Tm values are provided in Table 2 for PNA oligomers of this invention.
11 These Tw values are presented for illustrative purposes only and should not
12 be interpreted as a restriction to this invention.
13
14 Table 2. T, values between PNA and complementary or mismatch DNA.
Entry DNA Sequence (5 > 3') Tm, °C Remark
Oligo 5 55 unmodified PNA oligomer
Oligo 3 " 65 C(103) x 2
Oligo 4 CAGTAGTAG-CA 61 C(103) x 1
Oligo 8 68 C(202) x 2
Oligo 10 > 85 C(102) x 3
Oligo 11 AGG-CAA-TTG-TGC 59 | unmodified PNA oligomer
Oligo 12 60 A(3)x 4
Oligo 13 64 A4) x 4
Oligo 14 69 A(5) x 4
— ACT-TAT-ACT-ATG
Ohgo 15 71 A7) x4
Oligo 18 66 ARRO2) x 4
Oligo 27 55 unmodified PNA oligomer
Oligo 16 ACT-TAT-ACT-ATG 56 unmodified PNA oligomer
ACT-TAT-ACT-ATG 72 complementary
. ACT-TAC-ACT-ATG 6l mismatch (T 2 C)
Oligo 17 = :
ACT-TAA-ACT-ATG 59 mismatch (T > A)
ACT-TAG-ACT-ATG 58 mismatch (T =2 G)
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Whidl FhOGiERA° LfosReS EHGHPMEREmBR SHaWed P edxcbBaifty' SE2c,
while the corresponding ‘unmodified’ Oligo 11 showed a T, of 58°C. Other
medified cytosine monomers such as 'C(10O3) or ‘C(202)" also significantly
increased PNA oligomer's affinity for complementary DNA, as exempilified
with Oligo 3 and Oligo 8.

‘Modified’ adenine nucleobases of this invention also significantly

increased PNA oligomer's affinity for complementary DNA. For example,
Oligo 15 having four ‘'modified’ adenine A(7) monomers showed a T, of
71°C, which is significantly higher than the Tm of 55°C observed with
‘unmodified’ Oligo 27. Other ‘modified’ adenine monomers such as A{4),
and A(5) also markedly increased affinity for complementary DNA.

‘Modified” PNA monomers of this invention were found to be quite
sensitive to base mismatch. For example, decreases of 11 ~ 14°C in T,
were observed with single base mismatches for an A(5) monomer in Oligo
17. Single base mismatches for a C(102) monomer in Oligo 20 resulted in

decreases of 19 ~ 22°C in Tp.

Cell Penetration: In order to evaluate the cell penetration ability of PNA

oligomers of this invention, cancer cells of human origin were treated with
PNA oligomers covalently tagged with fluorescein. The applied method is
provided in brief as follows.

To each cover glass (autoclaved) placed in each well of a 24-well
plate, were seeded 20,000 ~ 100,000 cells depending on the growth rate of

dsed’ Pk
to



19 17. Single base m smatches for a C(102) nmononer in Aiqo 20
resulted in 20 decreases of 19 - 22Cin Tm 21 22 Cell Penetration:
In order t the cell penetration ability of P ol i .S
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and 2 af treated with diqo 1 and 18diqo 2 at
5gM ?lle}sper{éit%h bg(a‘tﬁloh( uptﬁg Wil e fluorescence intensity is

19cl ea1r3 and becﬁnmscellnqaeneurawmmﬂafgem im Fﬁlgwee 4(a) 8 fareiopexvidze dor

i nten fl 20faint in F| re‘ﬁ%ﬁ_@l tl that ai qoé' .
penet r § H5diE 'V'Eé?qr9°§‘?sgﬂ i B8AtI %eteﬁ'n%&. FEsEFton Yo
2. 22I1r3 Fltgngﬁefa(n@)n@mmoa( b), are provi ded confocal m croscopy inmages
(at 23 63x objective) and | h after l\/CF?ceIIs were treated with

Qigo % and 24dn fgure ﬁfa)?@gﬂﬁb)t aeppavided confpralndifrosgesy. imegeseat
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Figure 5(a Fuorescence Intensity fs ai nt lgure 5
i ndi cddin ? @ bpb, gepreddivelyt dythate-FBSYel While Ticgesdencarintepsitasds er

than '1‘énm&(tjé o 5l bEAM8s fntense over 24h in Figure 4(a), fluorescence intensity is
20  faint in Figure 4(b), indicating that Oligo 1 penetrates Hela cells significantly

21 faster than 'unmodified’ Oligo 2.

22 In Figure 5(a) and 5(b), are provided confocal microscopy images (at
23 63x objective} 0.5 and 1h after MCF-7 cells were treated with Oligo 6 and
24 Oligo 7 at 2.5uM, respectively (without FBS). While fluorescence intensity is
25 clear and becomes intense over 1h in Figure 5(a), fluorescence intensity is
26 faint in Figure 5(b), indicating that Oligo 6 penetrates MCF-7 cells
27 significantly faster than ‘unmodified’ Oligo 7.

28 In Figure 6(a) and 6(b), are provided confocal microscopy pictures (at
29  40x objective) 6 or 24h after Hela cells were treated with Oligo 1 and Oligo
30 6 at 1uM, respectively (with 1% FBS). While fluorescence intensity is faint

31  even at 24h in Figure 6(a), fluorescence intensity is clear and becomes



28I n Figure 6(a) and 6(b), are provided confocal m croscopy pictures
(at 29 40x objective) 6 or 24h after HelLa cells were treated with

digo 1 a j 06 at 1gM respectively (with 1%FB§%T( '
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fluorescence intensity is clear and b&onmes WO

2009/ 113828PCT/ KR2009/ 001256 69 1 intense over 24h in Figure 6(b),
suggesting that Aigo 6 penetrate HeLa Cells 2significantly faster
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than 14 ungriddifddl’ Gllgods.28. 15In Figure 7(e) and 7(f), are provided
conf ocal rricroscogy pi ctures §at 16 40x objective) 12h after HelLa
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o brv: didTEo e antry B 0. SRt  Puarekedtiao et i U A,
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23FBS) .. G,venoynfat .the c uar fluorescence in Figure 7(g) is
si gni ficantnposhified Eﬂﬂé’i-t han that in Figure 7(e), Qigo 21 appears
to pengtrate OVRf Figthe ZR8)MPY(f], 388 plelided RidrBoeaf riit@scoSf Pictard @t )

provi de confocal m’croscopy inmages (40x 27 objective) 24h after La,

A549, %nd Arobiertive)idheafierebleletcolls: werel treated with Qliap 21ransh Bigiovas y
i e s T
30peneisr atinoFigure 7, tthareed pel dignifiddnt fluorescence intensity in Figure 7(f),
19 suggesting that Oligo 21 penetrate Hela cells significantly faster than
20 ‘unmodified’ Oligo 28.
21 In Figure 7(g), are provided confocal microscopy pictures (at 40x
22 objective} 24h after Hela cells were treated with Oligo 21 at 2pM (without
23 FBS). Given that the celluar fluorescence in Figure 7(g) is significantly
24  stronger than that in Figure 7(e), Oligo 21 appears to penetrate over 24h
25 rather than 12h.
26 Figure 8(a), 8(b) and 8(c) provide confocal microscopy images (40x
27  objective) 24h after Hela, A549, and JAR cells were treated with 2uM Oligo
28 22, respectively (without FBS). All the images are associated with
29 fluorescence within cell, indicating that Oligo 22 possesses good cell
30 penetration in the tested cells. '
31



WO 2009/ 113828PCT/ KR2009/ 001256 70 1 Antisense Exanple: diqo 9 and
A iqo 12 possess the sane base 2 sequences as 11-12 and T5-12,

respectiv , ' were reported to inhibit 3 the ribo

synt hesi Se%#) W%&P% the literature. (%Iucl ei ¢ Acids Resf%oggi?m?ﬁ
4893- 4902, 2004) Adiqgo 9 and Aiqgo 12 were evaluated for their
ability to 5inhibit the ribosomal synthesis of mdn2 in JAR cells as
follows. The 6 follow ng anti sense exanple is presented for

illustrative purposes only and 7 should not be intérpreted as a
restricti ofntisensee Exapsplet i Qligat Bornd8 AR el spdsAERC that shog Hase

HTB- 14 i M -164Q-.9 nedi | ted with 10% FB
Tnd 106 bersaciePte B TS nel T2 sBFetat R i Chpre “tenried &t L
seeded 3'Ci_r1ttb1eerémiiswmllsynghes_isléh‘f~ m@llrﬂﬁl m ﬁteelitbgatgf@tl(ghﬂfem/lkms R, \L&I%Z,
Sarut i (PRl FaA & Mo shand Ciidactz exe vabisied dor Hababiyto
Then the cahloit WBE erib8§SHRAL 8¢ntRksid3 76F 3REM2%4ICTRR Yelld 54y f > CPhe S
gfevm th 15801.ti PA

in each well were washed with cold PBS and treated
buf f er &orfedPying antisenset exaseple nkipresanted doc kitustiativarpurphsespbalyearid

vas 1 noubaliadifhof bRt Bl ALE S REMHiYN 18" tnd Bhdnt [ GBA: Nt of

each 1 crape Imtoa mcro (e was
i ncubat8ed in i céAR8cdisr (ADIC ncataibge éntHTE-144)d veérel@roWAgin TRAEMI-1640

quant i 11 odTEORmb o BpEarSes OB IA ARG BN bE rSRET ALt B
el ectrephoiiReiss, G990 CLIPURTE! Relaeliod dhth QUR w5l 120R)Chiatde

gel in a mnigel apparatus, separate transterre 0 a
menbr dide (@M&gingMlinli pbrthg . sahiee medioay, yard tR:aged | witllyaru stiqubpiof 28h

t bl ot ti SC- 965 ta. Cruz. Bi hnol ., 24Fi 9
br ovi dis vatutesf shRdk Ao ot tdo’ o Uind £4.5F 8 Fesighaked epneehitstion
or | Ol OThes the &b viasre 10N 8031C as@BREEOIEBE 1%hi h the 26

ol i gomers at 5gM or 10gM each, and blrank (no, oligoner treatnment). In
27Fi gdfe 9, trehbenshRls I gack welb were washegd owitly cald RESt pedtresated writh

aigo 8 nckiBAi haniikh cantd s inhihi i vt hes;
of | i3 i TR cel T Soc ARG TR B1eSR BRI (PORGTand e ke
2009/ 11638 28RECTICKRaEEbAb 430G shd7agitated Gllowlysfag 15min. The content of each

17 well was scraped out into a microtube. The microtube was incubated in ice

18 for 10min and centrifuged at 10,000g. The resulting supernatant was
19 collected and subjected to protein quantification by Bradford assay and
20  western blot analysis. For electrophoresis, 20ng of protein was loaded onto
21  each lane of the gel in a minigel apparatus, separated and transferred onto a
22 PVDF membrane (0.45p, Millipore). The primary mdm2 antibody used for
23 western blotting was SC-965 (Santa Cruz Biotechnology).

24 Figure 9 provides western blotting results for JAR cells treated with
25 5uM or 10uM Oligo 9, 5uM or 10uM Qligo 10, cotreatment with the
26 oligomers at 5uM or 10uM each, and blank {no oligomer treatment). In
27  Figure 9, treatment with Qligo 9 or Oligo 10, or cotreatment with Oligo 9

28 and Qligo 10 significantly inhibited ribosomal synthesis of mdm2 in JAR cells
29 both at 5uM and 10uM.

30

31



41. A peptide nucleic acid derivative of Fornula | or a
pharmaceutically acceptable salt thereof: 6 8 , 9wherein, nis an
i nteger equal to or larger than 5; 11Sh Sz, Sn, T1, T2, ..., Tri-1,
and Tn i ndependently represent 12hydrido, deuterido, substituted or
non- subst i t WiOd0%Al1s828 , or substituted or 13non-substi t RCIGKRENOPI001256
radi cal ; 14X and Y independently represent hydrido, deuterido,

hydr oxy, 15 substituted or non-substituted al kyl oxy, substituted or
non-substituted 16 aryl oxy, substituted or non-substituted am no,
substituted or non-substituted 17 al kyl, substituted or
non-subsfituted acyl, substituted or non-substituted 18 sul fonyl, or
substituted or non-substituted aryl radical; 19Z represents hydrido,
deut eri do, hydroxy, substituted or QCUAIMS® substituted al kyl oxy,
substituted or non-substituted aryl oxy, substituted or 21
non-substituted amino, substituted or non-substituted al kyl , or

substitufed 22 og nonasu ﬂdeutmm@éybc.aacaeﬁ%nveZ?tﬁl Fcﬁ%uﬁa 'P apd 3Bn

are i ndeSpendent |y selected from natural 24 nucl eobases | ncl uding
adeni ne,® t WRATAaCeiraly ﬁéceFﬁwléﬁlﬁéh%fﬁ@f ur acil, and 25 unnatural
nucl eobases; and, 26at |east one of Bi, B2, BO- 1 and B, ,

i ndependent |y representsgan 27 uspatural nucla,(,)base vm';th a

substituted or non-subgt tut ed o radi c g coo tly linked to
the noi ety respongible o it _tljg_l__e__ql?a e al rj :}g O9properties.
WO 2009/ 113828PCT/ I E‘S é]% pt eyniel eiFermada b
deri vatiye accordi ﬁ(g g0 @ al il & A 3phar3cheut| cdal | ¥ accept abl e
salt thereof: 4wherein, 5n is an integer equal to or larger than 5
but smald er than or equal to 630; 7Si, 52,S1-1, Sn, T, L. ? 1.11-1,
and Tn, are hydriwpedeas)i cal; 8X and Y are independently selected from

hydri do, substituted or non-
10 n is an integer equal to or larger than 5;

1 St Sz e Snts Sw Ty, T2 .., Tna, and T, independently represent
12 hydrido, deuterido, substituted or non-substituted alkyl, or substituted or
13 non-substituted aryl radical;

14 X and Y independently represent hydrido, deuterido, hydroxy,
15 substituted or non-substituted alkyloxy, substituted or non-substituted
16  aryloxy, substituted or non-substituted amino, substituted or non-substituted
17  alkyl, substituted or non-substituted acyl, substituted or non-substituted
18 sulfonyl, or substituted or non-substituted aryl radical;

19 Z represents hydrido, deuterido, hydroxy, substituted or non-
20 substituted alkyloxy, substituted or non-substituted aryloxy, substituted or
21 non-substituted amino, substituted or non-substituted alkyl, or substituted
22 or non-substituted aryl radical; '

23 Bi, Bz ... Ba1, and B, are independently selected from natural
24 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
25  unnatural nucleobases; and,

26 at least one of By B .., Bny, and B, independently represents an
27 unnatural nucleobase with a substituted or non-substituted amino radical
28  covalently linked to the moiety responsible for its due nucleobase pairing

23  properties.



Osubstituted al kyl, substituted or non-substituted acyl, substituted
or non- 10substituted sul fonyl, and substituted or non-substituted

aryl radic esents hydri do, hydroxy substi t ut eg
nonsubst i tﬁ}!to,eg a{ Eﬂfgoxy, 12substi t ut ed, non-substi t ut ed'lchrﬂumm012:’6

substituted or non-substituted al kyl, f%or substituted or
non-substituted aryl radical; 14Byt 132,0,1, and Bn are independently
sel ected from natural 15nucl eobases incl udi ng adeni ne, thym ne,

guani ne, cytosine and uracil, and l1l6unnatural nucl eobases; and, 17at

| east ohe of Bl1, B2, ..., B1l, and B, is independently selected from

L0 st 0 MBI TRRI S el Seldpb i 'L or
0i 1_, , N Rdphi@mddeRacdly laczOptablensdintidre@fl 22wherein, 23R1, R2, R3t R4,

Rs and are w\;& endently selected from substltut ed 24 or
non- substi t ut ed E?”‘ hydri do, hydroxy, and substituted or non-

25substg tut ed ahkylpxintéqs ézfual 1 larg\éPtRQfQ%/ @9%856

73 114, L2 and L3 are a covalent link represente Ey For mul
connectf ng 3@ basic anlno group to the noiety responsible for

gﬁgl g)nbjgfg gggls?: tat ed '81’ S&ilo?sgﬂbst |T10?Héarﬁé%%§ene (rgqu@h)erglrgdl cal,
and_ Qmd s direcKland Vrd(emd&peridenﬂyxselecmni fronghy!ﬂmlo 508 ttuted or _nonand
1 75 AASBEIRARAL, S5bSHfeh ORI il hBRTRSH 2 bt o
10  substituted sulfonyl and substituted or non-substituted aryl radical;
11 Z represents hydrido, hydroxy, substituted or nonsubstituted alkyloxy,
12 substituted or non-substituted amino, substituted or non-substituted alkyl,
13 or substituted or non-substituted aryl radical;
14 B, Bz ... Bpa, and B, are independently selected from natural
15 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
16  unnatural nucleobases; and,

17 at least one of By, By, ..., Bng, and By is independently selected from
18  unnatural nucleobases represented by Formula I, Formula Iif, or Formula IV:
19
'}’1
N-R; NH;
N
14 N | Y ¢ NH
yH <l‘:l N/J\I>IH N N’)\r;ll-i
| \i 1 L2--.._,_.N,R4 ] La\r?l'RE
N0 Rq Rs
e
20 Formula ll Formula Il Formula IV
21
22 wherein,
23 : R, R2 R3, R4, Rs and Rg are independently selected from substituted

24 or non-substituted alkyl, hydrido, hydroxy, and substituted or non-
25  substituted alkyloxy radical; and,



12non-substituted amno radical [-N(H)-, or -N(substituent)-]; and,
13mis an integer equal to or larger than 2 but smaller than or equal
to 1415. peptide nucleic acid derivative ac i =
Claim 2 o%&g]@%’;ﬁg}ﬁaceuti cally acceptﬁbl e salt thereoff%i\}ﬂ]g?lﬁe(}qﬁﬁ
19n is an integer equal to or larger than 8 but smaller than or equal
to 2025; 21Sl, 52,Sn, T1, T2, ..., Tn-1, and Tn are hydrido radical;
22X and Y are independently selected fromhydrido, substituted or
non- 23substituted al kyl, and substituted or non-substituted acyl
radi call 24Z represendnd hipdaoxya wovatartistinkant eepresemied- bybFormulz v
nd Bn are ind

o0l oo A e lrecting ° ibabidZapinis, bl Yo BB mBle TBendHiENE el Hucleobase

guani ne, cydioageopediedr aci |, and 27unnat ural nucl eobases; 28at | east
two of 131, B2,Bn-i, and Bn are independently selected from 29
unnat ural nucl eobases represented by Fornmula I, Forrmula Il1l, or

Formula I'V; 30 &2, %;-—R%\ESQ#%QQ\ are_independently sel ected
fromsuybpstituted /315?02 on- subs tedFSI kﬁfm'glﬁgphydri do radical; WO
2009/ 133828PCT/ 1CR2009/ 001256 74 1Q and Qmare substituted or

non-substituted nmethylene radical, and 2 Qnis directly linked to the
basi ¢ dmi no growherd@@, B, and Qni are independently sel ected from

substi tut ed or nQnssHbstit ut ed.net hyl ene, o and_am no

radi cal®, and, 5L g'q%n&f"n%'éegéﬁlggiﬁtﬂnquﬂltq{ G'thséﬁégﬁﬂ?ﬂaﬂ‘eﬁhﬂ] e peirdr
than om equdicat, @ndlQy, iy didctlyTlivkeaeRt théchayic biito aedp;deri vative
according to dam2 or a har maceuti cally acce tab]Le salt thereof:

2 9 p
10wher¥in, 11n R2 S i-ma@&_e&meqeﬁsl indspgpdentigeelectegnrem pubstduiad er
than on esH-stbstitdiddl methylen&2 oxygen (S®=)51<1sgﬁgr \;TSL’), LAd subs’tiél}t@dllor

and T,, are hydrido radical; Y are 1 ndependently
sel ectied fraswbuhdituees amine eadical [-tN(Hyd osr-NiSihstiterisdiianegt ed acy!

r adi Cajlbs;st iZt repr &5 RN irlt¥gE08dual 3b k&f"lg?@ér tR4n SURR! dh&idhah or equal to
4

non- su ut ed
14 15,
15
16 3. The peptide nucleic acid derivative according to Claim 2 or a
17 pharmaceutically acceptable salt thereof:
18 wherein, .
19 n is an integer equal to or larger than 8 but smaller than or equal to
20 25;
21 S1, S2/ «y Sn-1y Swy T1s T2, oy Trews and Ty, are hydrido radical;
22 X and Y are independently selected from hydrido, substituted or non-
23 substituted alkyl, and substituted or non-substituted acyl radical;
24 Z represents hydroxy, or substituted or non-substituted amino radical;
25 Bi, B2 ..., Bsa, and Bn are independently selected from natural

26 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
27  unnatural nucleobases;

28 at least two of By, By, .., By, and B, are independently selected from
29 unnatural nucleobases represented by Formula Il, Formula I, or Formuia IV;
30 Ry, R2, R3, Rs, Rs and Rg are independently selected from substituted
31 or non-substituted alkyl, and hydrido radical;



17am no radical; and, 18B1, 82,Bn4, and Bn are independently sel ected
fromnatural 19nucl eobases i ncl udi ng adeni ne, thym ne, guani ne,

cytosi ne apg MhGkdg and 20unnatural nucl eobases; 2lat ﬁ@ﬂ?kzoﬁ%cﬁ%s‘)f
Bi, B2, ..., Bng?iﬁ, and 13,, are indepggdently selected 22 from

unnat ural nucl eobases represented by Fornula Il, Forrmula Ill, or 23
Formula 1V, 24R1, R2, R3, R4, R5 and R6 are independently selected
fromsubstituted 250r non-substituted al kyl, and hydrido radical;
26Q and Qn are nmethylene radical, and Qnis directly linked to the
27 basilc am no @ aunpl QZ8412, suBstivdeduri nar-substideeenche tityllghes eddicdl eand

from mat hyl. ene,,. 29I om%g ﬂ'ind amno.radical; and, 30mis an integer
equal to ormSPEstx ta, e bt PRYNG BV equal to 3110. WO
2009/ 153828PCT/ OGR2Q09/ %HZQQ-17&elinaégeﬁal@nt@eaélé_@t@d nfshesGbARUEd or

derivative according to Claim2 or a 3pharmaceutically acceptable
sal t t Her dn-sulgiidiednmethylene, ryaen agerarai@aradic@ and ar ger than 10

but smaller tha r 5 ar i) 9. = - il
..., In-1, and flbngaarrggﬁ%?ritg%@g%ioééﬁgeéy%% t{ytasrﬁgal%ﬁéﬁggr?égr%laygo
sel ect &d f¥dom hydri do, and substituted or 9non-substituted acyl

radi cal,, 10Z represents hydroxy, or substituted or non-substituted
am no radical; 11B1, B2, ..., Bn_i, and Br, is independently selected

fromnatural 12qucirke Rld notleid addadenvative 4dbohding, t GMIhNME or a
cytosine ari]d uracil, an 13u5pa§i,gt‘r3 Imr;g_cl eobases; 1l4at |east three of
B1, B2° . Phargaceuticglly ageepiaile; ‘E‘@ ntly sel ected 15from unnat ur al
nucl eafpases repgpps@m,ed by Fornmula I'l, Formula Ill, or 16 Fornula IV,
17R1, R3, and R5 are hydrido radical, and R2, R4, and R5

i ndepeddent | y 18iepndaieger rauali l@oor laroertbanilOupeissrasllaidhar wssqualited
am di nllgl radi cal ; 19Q and On, are nethylene radical, and Qmis
directly I'i'hked to the 20 basic amino group; 212, Qand Qni are

i ndepdadent | y skl &gt.edS{y, & TieThyl, dhe, and T, are hydrido radical;

14 X and Y are independently selected from hydrido, and substituted or
15 non-substituted acyl radical;

16 Z represents hydroxy, alkyloxy, or substituted or non-substituted
17 amino radical; and,

18 By, Bz ... Bnai and B, are independently selected from natural
19 nucleobases including adenine, thymine, guanine, cytosine and uracil, and
20  unnatural nucleobases;

21 at least three of By, By .., Bn1, and B, are independently selected
22 from unnatural nucleobases represented by Formula Il, Formula lll, or
23 Formula IV;

24 Ri. Rz, R3, Rs, Rs and Rg are independently selected from substituted
25  or non-substituted alkyl, and hydrido radical;

26 Q1 and Qn are methylene radical, and Qn is directly linked to the
27  basic amino group;

28 Q2 Qs .., and Qm1 are independently selected from methylene,
29  oxygen, and amino radical; and,

30 m is an integer equal to or larger than 2 but smaller than or equal to
31 10.



22 oxygen, and ami no radical; and, 23mis an integer equal to or
larger than 2 but smaller than or equal to 2410. 25 266. The peptide
nucl ei ¢ ac ive according to Caim2 or a 27ph

accept abl e{vg’ﬁqgft %gg%eof 28wher ei n, %E is an integer eqélﬁﬁﬁ#wl&’%

| arger than 10 but smaller than or equal to 30 20; 31Si, 52,Sn-1, Sn,
T1, 12,Tn-1, and Tn are hydrido radical; WO

2009/ 113828PCT/ KR2009/ 001256 76 1X and Y are independently sel ected
from hydrido, and substituted or 2non-substituted acyl radical; 3Z
represents hydroxy, or substituted or non-substituted am no radical;
4B1, 132, 8n_1, gnd e |nde endent |y .sel ected from adenin 5
Chyni nd " guani na. 20t GRS Bl ACty HEIVaIEI BARdBY. WG danbas T 2
three of 8BphdtaceuticallPrickeptaBi &ilt tepedfidependent |y sel ected 7 from
unnat ural nucl eobases represent ed by Formula I'l, Fornula IIl, or 8
Formul & 1 v; 9RIWhREINand R5 are hydrido radical, and R2, R4, "and R6

i ndependently 1 i ;

are methyl ene rad ?EQ"’ﬁ R e%ﬂg‘(*gd@f Bhodt ) it sk ndd 0B
amno d¢roudf); 13Q2, @B, - / and Q,,4 are |ndependently selected from
nmet hyl ene, and 4 OXyg i nt r equal to
or Iarg?gr t han 2V bt s Ié’r ﬁ%{n 'or“leaﬂ‘iHJ taBEh ridg Cﬁgﬁ The

pepti de& nucl ei CxemidiY(h?élwaépe/rﬁiemlyosfewclf@ front dﬂda &id substituted or
13phar naceut i Ca}&& acce Lab e salt thereof: 20wherein, 21n is an

i nt eger’ edtil-St H‘tefjaéicg fadiealn 8 but smaller than or equal 10 2220
2331, 12, ... Preseflts Hgﬁdroéfz or: subst:tTﬂedlor ape- s-ﬁBsﬁ[ etﬁ‘)é?l’l’:h@?admal

radi cal ; 24X is hydrl do radic Y represents h
substi¥lut ed or BonBsubst Bout @@dao?ysl i§ agdependergly rselcacwerﬂr@mhmtmy

or subst i thl KbHkeIMISHRT! LasHife YR’ H5GAE; cytosine and uracil, and

13 unnatural nucleobases;

14 at least three of By, By ..., Bni1, and B, are independently selected
15 from unnatural nucleobases represented by Formula I, Formula IlI, or
16  Formula IV; _

17 Ry, Rs, and Rs are hydrido radical, and Rz Rs, and Rg independently

18  represent hydrido, or substituted or non-substituted amidinyl radical;

19 Q1 and Qn are methylene radical, and Qm is directly linked to the
20  basic amino group;

21 Q2 Qs ..., and Qnu.1 are independently selected from methylene,
22 oxygen, and amino radical; and,

23 m is an integer equal to or larger than 2 but smaller than or equal to
24 10.

25

26 6. The peptide nucleic acid derivative according to Claim 2 or a

27  pharmaceutically acceptable salt thereof:

28 wherein,
29 n is an integer equal to or larger than 10 but smaller than or equal to
30 20

31 S Sz ot Sn1e Sov Tu T2y oy Toa, @and Ty, are hydrido radical;



27B1, B2, ..., Bn-i, and Bn are independently sel ected from adeni ne,
28 thym ne, guanine, cytosine, and unnatural nucl eobases; 29at | east
three of BloB@visszs: 8n-1, and Bn are independently se}@lqkﬁgos%bﬂ%om
unnat ural nucl eobases represented by Egrnula I, Forrmula Il1l, or
Formula 1V; WD 2009/ 113828PCT/ KR20097§01256 77 1R1, R3, and R5 are
hydrido radical, and R2, Ra, and R6 independently 2represent hydrido
or amdinyl radical; 3L1 represents -(CH2)2-0-(CH2)2-,

-CH2-0-(CH2)2--, or -CH2-0-(CH2)3- 4 with the right end is directly

| i nked 1to t he bésArs! ¥raradndepansiendydelester! fm hgdrde, amdispbstitated gr

S?Ica(z:; '{%‘féﬁ%@eﬁcﬁﬂé %H( CI—|2§ :TZ) f ( 833 24,2) 2( CH2) 5-, -(CH2)6-,

7(CH2) 3- and Z(Bbmesents/l hydrb)kyeorlsgb:*.tltemdi 05 ndh¥92|b'stlmtded akeao trm:htzlﬂ;a
basic gnmno 8 g ou 21%08 A p rmaceut i cal ositi o$ {;ont ai nin
t herapéutical |y ffe rlvé"nﬁI nE €ofn GHP@”HSB'E Y Releted gfrems @dgnine,

deri vati VQh%lrﬂ:_n)gLﬁﬂﬁ]eO ¥t@smen§nd%ﬁnatu?al%u&edﬁb%éﬂﬁceut i cally
accept abI e salt thereo or a therapeutic purpose. 13 149. A nethod

to usebthe pept?lateastidhesec ohdiidBeer.i Bati 9d din argy indrpepdenticisalested. -
7 | h 1
or aysalffarh ﬁﬁﬁé‘ﬂcurélo u@!eggg%g??%}ﬁart%}sé&gégﬁﬁgnF&ﬁn&lglglbf%ﬁlﬁgﬁlit<§)r -

use the pFEJHI de nucl ei c aci one
or a sélt mtéa)ﬂv‘for in V|tro nodul ati on of ceIIuI ar protein

\1/\{9_e>|fgr sgll(z)g o3k 3%32%\/\,9 %wc?rgdgfrac'l:tgglmélng M, R4 %n N_Re |nJ\|pendentIy

10 represents hydrido or amidinyl radical;

11 Qi and Qm are methylene radical, and Qn is directly linked to the
12 basic amino group;

13 Q2 Qz, ... and Qm.; are independently selected from methylene, and
14  oxygen radical; and,

15 m is an integer equal to or larger than 2 but smaller than or equal to
16 8.

17

18 7. The peptide nucleic acid derivative according to Claim 2 or a

19 pharmaceutically acceptable salt thereof:

20 wherein,

21 n is an integer equal to or larger than 8 but smaller than.or equal to °
22 20;

23 S1, S20 e Sner See Tw, Tay ooy Tret, @and T, are hydrido radical;

24 X is hydrido radical;

25 Y represents hydrido, or substituted or non-substituted acyl radical;

26 Z represents hydroxy, or substituted or non-substituted amino radical;
27 Bi, B2 ... Bna, and B, are independently selected from adenine,

28  thymine, guanine, cytosine, and unnatural nucleobases;

29 at least three of By, By .., Bny and B, are independently selected
30 from unnatural nucleobases represented by Formula I, Formula I, or
31  Formula IV;



Formula Il1  26R7 is hydrido, N-succinyl, or substituted or
non-substituted al kyl 27radical; 28P1 is selected from hydri do,

t - but oxyca{vla%ygl/]gss(zgl—l-f lluoren-9- WO 2009/ 113828PCT/ KR2DOQ[ PO E06,568

1 yl) et hoxy-carbonyl, substituted or jon-substituted

benzyl oxycar bonyl, and 2substituted or 'non-substituted aryl sul fonyl
radical; 3P2 is selected from hydrido, t-butoxycarbonyl,
(9H-fluoren-9- 4 yl)net hoxy-carbonyl, substituted or non-substituted
benzyl oxycar bonyl , 5substituted al kyl oxycarbonyl, substituted or
non- sublst i t ut edRal Rylandamis éreyHydrido radical, and R, Rs, and Rs independently

61, 3-bis(t: . 1) am dinyl., 1, 3- bi s- (benzyl oxycar bonyl ) am di n
yl 7ra |gaﬁeBPéas(%ﬁyhgﬁflgﬁgs@sz)ﬁWéfgq'eé%'r esent e((:I by >Iéormzl a V. g ?-k
10Q@Qm3L 11 For bl rapkésed@naeCidiO-13D),-And HDHCH, )54 b8t | UM L0-@H,);-

non-substltihtl?ﬁq—gie ftnél ne fadic I%?and 140mis directly linked to the

ani no radi¥ dareesly inkedh 10 the Basic@ming gAY from

substi tsut ed or ﬂiﬁé}g-ht hddHcd sl _an -
substituted or non- 1 Elﬁ%iﬂtut egﬂg%dgﬁ%%@dfrgg?/;g&g{ﬁg Bl(gﬁzz i g@gfrzl)a

i nt eger® edddCHple or(CHakder(CHalan 4CHeb-, st@hder -{Ga-or (@Etpal -(G:%9.15.
20 2112, '%CWW-(@H&WM e/ Irfg:ht 2nd"8 A?r%cﬁymnwéd ?toL{h’e bPazsichrrancl) a

VIl oo
8  group.
9
10 8. A pharmaceutical composition containing a therapeutically
11 effective amount of the peptide nucleic acid derivative of any one of Claims
12 1~ 7 or a pharmaceutically acceptable salt thereof for a therapeutic purpose.
13
14 9. A method to use the peptide nucleic acid derivative of any one of
15 Claims 1 ~ 7 or a salt thereof for a diagnostic purpose.
16
17 10. A method to use the peptide nucleic acid derivative of any one
18 of Claims 1 ~ 7 or a salt thereof for in vitro modulation of cellular protein
19  expression.

20
21 11. A compound of Formula VI
22
HN-P;
L
J NH
B Formula VI
NAO
3
P1-.. /\/N
23 N OFs
24
25 wherein,
26 R7 is hydrido, N-succinyl, or substituted or non-substituted alkyl
27 radical;

28 P, is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-



FI . 23 24 25wherein, 26R8 is hydrido, N-succinyl, or substituted or
non-substituted al kyl 27radical; 28Pi is selected from hydrido,

t - but oxycay Ry rizde@H f | uor en- 9- WO 2009/ 113828PCT/ KR2AOGLRIM SRR 23569
1yl ) nmet hoxy- caréonyl substituted or ngn-substituted

benzyl oxycar bonyl , and 2substituted or non-substituted aryl sul fonyl
radi cal; 3P2 is selected from hydrido, t-butoxycarbonyl,

(9H-fl uoren-9- 4yl) net hoxy-carbonyl, substituted or non-substituted
benzyl oxycar bonyl, 5substituted aIkonxycarbonyI substituted or
non- subst |)t|lm@bow kgtboryhi stibstituted or non- substituted benzyloxycarbonyl, and

oo S g B AR R SaERE Y oy par by ) am df
(9H-f | woren- 9- Byl Joresdextedc afrbeny hydrids) swb@fokydaﬂaﬁhpr €9H -fluoren-9-

non- substltute benzyl oxycar ponyl , , 10radi cal ;, 11P4 |s selected from
hydri d&, ﬁfsﬁ K Bsti'taéﬁctapf din-substijuted zbenzylaxycarbonyl,

represent %bQMtLE@d @%Mca% nyl, slﬁsﬂf Sr@r' on%ﬂ@s%ﬁe@?ll@iegmldmhy

substituted or non-substituted methylene radi cal irec
li nked6to % %@I%hbnt@xm@rbmyl)amg@yl @, andL 3bist (enay loxgapeonidartidiny
sel ecte}d f ggpatl tuted or 20non-substituted nethyl ene, oxygen,

sul fur, tuted or non- 21substituted amino radical; and, 22m
is an |8nt eger ebuiala lirnkeoreprasgeedtbyaPodnblat V:ismal | er than or equal to
2315. %4 2513. A compound of Fornmula VII1: 26 O
Q- Qn

10 }{ 1\02/{/ \]\Qm/1 e Formula V

11

12 wherein,

13 Q1 and Qn are substituted or non-substituted methylene radical, and

14  Qm is directly linked to the amino radical;

15 Q2 Qs .., and Qna are independently selected from substituted or
16 non-substituted methylene, oxygen, sulfur, and substituted or non-
17  substituted amino radical; and,

18 m is an integer equal to or larger than 2 but smaller than or equal to
19 15.

20

21 12. A compound of Formula VII:

22

<’ILA\ o,

P2 Formula VIl

PP&N/\‘/N\)LORB

23 H

24

25 wherein,

26 Rg is hydrido, N-succinyl, or substituted or non-substituted alkyl
27  radical;

28 P1 is selected from hydrido, t-butoxycarbonyl, (3H-fiuoren-9-



NH Chi IL N 3-p2 0 0o Formula VIII 27 28 ORg WO
2009/ 113828PCT1KR20091001256 80 1wherein, 2R9 is hydrido, N succinyl,
or substituted or non-substituted al kyl 3radical; 4Pl is sel ected
from hydri e 20pe/isksexycar bonyl , (9Hfluoren-9- 5 yl)netgggxﬁﬁggg ¥4
substituted or non-substituted benzylo%ycarbonyl and 6substituted or
non-substituted aryl sul fonyl radical; 7P2 is selected from hydri do,

t - but oxycar bonyl, (9Hfluoren-9- 8 yl)nethoxy-carbonyl, substituted
or non-substituted benzyl oxycarbonyl, 9substituted al kyl oxycarbonyl ,
substltuted or non-substituted al kyl, am dinyl,

101, 3- Bi s (¥\Bethexy-cesbey sybstitaiedyor nop- wbetlttﬂeﬂz@énzgwgwrbOWJ pad

mdi n _ resented by Fornula V:
13 mgrﬁ%{ ﬁi%%n'l“ﬁ‘%%%%*ﬁ%@ %yllsll'f%ﬁ e fe17(;1 and Qm are
substi tuted or Ren-sulsstectad edromet hytede, raduﬁﬁ(&car@bdyllfi@wlfﬁioren 9-

naepertent TyEbetEelipBon tbRbiEd o Br-sdngitiisishs BPoafacarbony!,
net hyl ene,subxsigasd $lkylbifcariBolyls srsdtititabedy %nnélfbstiaﬂt%Hbélhﬁlt H@&B& l

g?alnloelrﬁag Ih]gﬁ %g(bggt@%/%\gglb;gﬁgarh&ney o eqt{%l blso(bg;]zyligxycez:rbgnyl)amldmyl

7 radical;
8 Ps; is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-
9  yi)methoxy-carbonyl, and substituted or non-substituted benzyloxycarbonyl,
10 radical;

11 P4 is selected from hydrido, and t-butoxycarbonyl| radical; and,

12 Lz is a linker represented by Formula V:

13

14 )'g Q‘\QZ/{/ -------- \]\Qﬁ Q’“;,{ Formula V

15

16 wherein,

17 Qi and Qn are substituted or non-substituted methylene radical, and

18  Qm is directly linked to the amino radical:

19 Q2 Qs ..., and Qm.1 are independently selected from substituted or
20 non-substituted methylene, oxygen, sulfur, and substituted or non-
21 substituted amino radical; and,

22 m is an integer equal to or larger than 2 but smaller than or equal to
23 15
24
25 13. A compound of Formuia VIil:
26
fL L,
P2 Formula Vit
PﬁN/\/N\/”\ORQ
27 H

28



24 2514. A compound of Formula IX: 26 WO

2009/ 113828PCT/ KR2009/ 001256 81 1wherein, 2R10 is hydroq, substituted
or non-su | kyl oxy, or substltuted 3or non-sub no
radi cal ; Zlﬁgj%ﬂ?[sgﬁzﬁct ed from hydridog,,t-butoxycarbonyl, PEKRIRSANs
(91-1- f1 uor en- 9- yl ) met hoxy- car bonyl, "substituted or non-substituted
benzyl oxycar bonyl, 6substituted aIkonxycarbonyI, substituted or
non-substi tuted al kyl, am di nyl,

71, 3- bi s(t - but ox carbonyl)anldrnyl 1, 3- bi s- (benzyl oxycar bonyl )am di n
yl 8radlical; anghein is a |inker represented by Formula V: 10

11Q2Q g-1 C)rn 12 1 V\,her are ubsti t,uted o
non- substi t ut ed[IE Myfdé 55'[”y (ﬁ'a sfé%rtu ?esdjoci’ §)qu ?i %ylt he
am no Badiradital; 16Qz, Q ..., and Qni are |ndependently sel ect ed from
substituted or._ 17, non-substitute y , oxygen, sul fur, and
substifuted or Fonis 1%elegh trff%eg}‘yﬁlfg’o g)gqcar l, 1@rl'hﬂ51%"eﬁr‘9

i nteges eqhilethdkyOtarbah er b&tﬁnte%r byt oﬁrrﬁr a

21 22 23 ?g y cgorrpaorun 9 SU Formul a :n BS%EU&B BEH?I&QHQ%O%%

26wher &i nsub@rtﬁtﬂdaop(non substltuted arylsulfony! rad:cal
7 P, is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-

& ylmethoxy-carbonyl, substituted or non-substituted benzyloxycarbonyl,
9  substituted alkyloxycarbonyl, substituted or non-substituted alkyl, amidinyl,

10  1,3-bis{t-butoxy-carbonyl)amidinyl, 1,3-bis-(benzyl-oxycarbonyl)amidinyl
11 radical; and,

12 Lz is a linker represented by Formula V:

13

" ' Q1\Q{{/ ________ \]\Qﬁom;{ Formula V

15

16 wherein,

17 Q: and Qm are substituted or non-substituted methylene radical, and

18  Qm is directly linked to the amino radical;

19 Q2 Q3 .., and Qmn1 are independently selected from substituted or
20 non-substituted methylene, oxygen, sulfur, and substituted or non-
21 substituted amino radical; and,

22 m is an integer equal to or larger than 2 but smaller than or equal to
23 15
24
25 14. A compound of Formula IX:
26
HN-P>
L
JNH
| \L Formula IX
N "0
KFO
27 R

28



27R11 is hydroxy, substituted or non-substituted al kyl oxy, or
substituted 28or non-substituted am no radical; 82 P2 is

sel ected f{@mhydsd,do, t-butoxycarbonyl, (9H fluoren-9-perkr2000/001256
yDnet hoxy- carbonyl, substituted or nonzsubstituted benzy(lj oxycar bonyl ,
substituted al kyl oxycarbonyi, substituted or non-substituted al kyl,
am dinyl, 1, 3-bis(t-butoxy-carbonyDam di nyl,

1, 3-bi s-(be. nzyl - oxycar bonyDam di nyl 5radi cal ; P3 is selected
from hydrido, t-butoxycarbonyl, (9H-fluoren-9-yl)nmethoxycarbonyl, and
substitluted or wbargmbstituted benzyl oxycarbonyl radical; P4 is

sel ect from hydri carbonyl radical: and, L2 is

li nker e'z(rjepr esenFJé’d"Sg&dﬁ%yﬁ&f"g%b%%Qﬁﬁ?rniyla':—’éﬁﬁﬁﬁa?wlmePéiSH,bSti@%d
and Qm3ar eorsudrssubsittetbdoamiranralidegt i t ut ed et hyl ene radi cal, and
Q-", is directly Linked tgne_amnp radical; (22,..., and (2, n4 are

i ndeperfdent 1y s e&t eﬁ‘gﬁftﬁa SUBRY | Wrﬁorort'l?fgﬁxw&%ﬁ'fut @d'{'ﬂﬁﬂﬂﬂ'ghe,
oxygen,s sullimethoRPdabiddg!, i tsubud NeR- %&ﬁ&dﬁs‘tﬁhﬁ@da”&%hﬂg&&ﬁbw, or

and; 20mis an integer équal to or larger than 2 but s r tha
equal to Bubsttuted rarbsmylosulstituted - or nonssebstituted alkyl, amidin12

i S hydroxy, _%l,g&'s- {dﬁ;' = titutedalk I L.yt

or non-7sui)15'5'; itut Eéeél a ec%g@c?rgg)%ggﬁfﬁw VO zgﬁﬁﬁ%ﬁﬁ%f@@@a&?ﬁg
83 1 P3i sgatlical addlr onhydri do, t - but oxycar bonyl , (9H-fl uoren-9- 2

yl ) met Qoxy- carb |, sybst it ut edornon-subst it ut edbenzyl oxycarbonyl, 3
subst i ?ut ed al klg}ln%x 'i'ﬁ%&ﬁ@rﬁ?e%ﬁﬂrs}?% 'c:?ﬁ"éﬁltao‘?' non- substituted al kyl,
amdimgl, 4 5

1, 3-bi s(t-butoxy-c¢arbopyl)am di nyl, 1, 3- bi s- (benzyl - oxycar bonyl ) am di n
(R ophiany s

yl raciilcal; and./ ; 1 M Formula V

12
13 wherein,
14 Q: and Qm are substituted or non-substituted methylene radical, and

15 Qmis directly linked to the amino radical;

16 Qz Qs, ..., and Qu are independently selected from substituted or .
17 non-substituted methylene, oxygen, sulfur, and substituted or non-
18  substituted amino radical; and,

19 m is an integer equal to or larger than 2 but smaller than or equal to
20 15,
21
22 15. A compound of Formula X:
23
P3~N,P4
/N =N
<N IN/)\EL‘I'Lz\Pz Formula X
Héo
24 Ry
25
26 wherein,
27 Ri1 is hydroxy, substituted or non-substituted alkyloxy, or substituted

28  or non-substituted amino radical;



L3 is a linker represented by Fornula V. 7 Q QFormula V8 @2Qn1l
9 10 wherein, 11 Q and Qmare substituted or non-substituted

nmet hyl ene r adi cal

and 12 Qmis directly, linked to the am no radical;

13 @, Q anWOGWY113828 i ndependent |y sel ect ed from subst i POTER2E9/001A56
non- substi t ut ednet hyl ene, oxygen, sul f ur, andsubst it ut edornon- 15
substituted amno radical; and, 16 mis an integer equal to or |arger
than 2 but smaller than or equal to 17 15. 18 19 20 21 22 23

10

15

20

25

82

Py s selected from hydrido, #butoxycarbonyl, (9H-fluoren-9-
yDmethoxy-carbonyl, substituted or non-substituted benzyloxycarbonyl,
substituted alkyloxycarbonyl, substituted of non-substituted alkyl, amidiny},
1,3-bis{t-butoxy-carbonyhamidinyl, 1,3-bis-(benzyl-oxycarbonyl}amidinyl
radical;

P3 is selected fr'om hydrido, t-butoxycarbonyl, (9H-fluoren-8-ylymethoxy-

carbonyl, and substituted or non-substituted benzyloxycarbony! radical;

P is selected from hydrido, and t-butoxycarbony! radical; and,
lais a _linkei' represented by Formula V:

}{QT\Q{P -------- *Q;S’ Q’“}.{‘ Formula V

wherein,
Q1 and Qn are substituted or non-substituted methylene radical, and
Qm is difect]y linked to the amino radical;

Oz Qs .., and Qmy aré independently selected from substituted or
non-substituted mefhylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and;

m is an integer equal 6 or larger tham 2 but smaller than or equal to

15.

16, A compound of Formula XI:

2 Formula XI

fo)
o
¢ y A\H'LS‘P
Lo
Riz

wherein,

R,z is hydroxy, substituted or non-substituted alkyloxy, or substituted

or nen-substituted amino radical:
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P, is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-
ylimethoxy-carbonyl, substituted or non-substituted benzyloxycarbonyl,
substituted alkyloxycarbonyl, substituted or non-substituted alkyl, amidinyl,
1,3-bis(t-butoxy-carbonyl}amidinyl, 1,3-bis-(benzyi-oxycarbonyl)amidiny!
radical; and,

L3 is a linker represented by Formula V:

Y P * a
~ 1 m,,
}a,, o Q/1 4 Formula V

wherein,

Q1 and Qn are substituted or non-substituted methylene radical, and
Qm is directly linked to the amino radical;

Q2 Qs, ... and Qn1 are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.



