CHAPTER II
EXPERIMENTAL SECTION

2.1 General Procedure

§W//

The weight of all subs chemie

electrical balance. Evapera . '1 -

analytical scale). A .-  an article size 4.6 x 50 mm was

used for both analytlca} purposes. Peak momtonng and data processing were

performed on EfWﬁ WLC were collected
manually whwﬁw@sgs’g 11 real-tlme ﬂm matogram monitoring. The
combin fﬁ er 5' ﬁ Heto Vacuum
Centnﬁa ﬁﬁlﬁﬁ mﬁj ﬁ:tj rﬂﬁjﬁ electrothermal
melting point apparatus model 9100. 'H and “C spectra were recorded on Varian
Mercury-400 plus operating at 400 MHz by Dr. Tirayut Vilaivan and Miss Woraluk
Mansawat. MALDI-TOF mass spectra of all cis-D-ssACPC PNAs were obtained on a
Microflex MALDI-TOF mass spectrometry (Bruker Daltonics) using doubly
recrystallized a-cyano-4-hydroxy cinnamic acid (CCA) as matrix. 0.1 %
Trifluoroacetic acid in acetonitrile:water (1:2) was used as the diluents for preparation
of MALDI-TOF samples.
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2.1.2 Materials

All chemicals were purchased from Fluka, Merck or Aldrich Chemical Co.,
Ltd., and were used as received without further purification. Commercial grade
solvents were distilled before use for column chromatography. Solvents for reactions

and crystallization were reagent grade and used without purification. Acetonitrile for

Th-cut™ gium metal and benzophenone

< 0.01%) for solid phase
and dried with activated 3A
i (TentaGel S RAM Fmoc
resin) and trifluoroacetigfaci aine * m Blukay, The protected amino acids

(Fmoc-L-Lys(Boc)-OPfp), ',_ or ' Gall .,\» em Novabiochem Co., Ltd.

under reflux. Anhydro
peptide coupling reacii

molecular sieves. The,

€ and anhydrous sodium acetate

vas obtained from TIG with high
|
d from ultrapure water system with

according to the standard ‘meghod. [48] Nitrogen g
purity up to 99.5 %. Milli

Millipak® 40 filter unit 0. Qligonucleotides were purchased

from Bioservice f'.a—“r""-‘ Gl DUISHUE  aiid 1 eu T:i' Development Agency
(Thailand). N-tert-but '

(21), -benzoylthym e

ine diphenylmethyl ester

N"-benzoyladenme -benzoylcytosme and N-fert-

e Iﬁgﬂmwm& r‘;i‘gmifi;iff;f""
AMIANITN NN INAE
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2.2 Synthesis of PNA monomers

2.2.1 Synthesis of intermediate

cis-4-Hydroxy-D-proline (13) [61]

(14)

A stirred mixtuze®ot 544, \, -D-proling, (14) (6.55g, 50 mol), and
| 6'h.under the nitrogen. Then the
mixture was allowed tg JO R PR M a5 removed under reduced
pressure to give dark’ ‘ of 2 M hydrochloric acid
and was then refluxed vas removed again by rotary
evaporation to give dark d in absolute methanol. Then
at 30 °C for 8 h. The solvent was

stirred with absolute ethanol. The

propylene oxide was slow

removed by rotary evaporati

precipitate was colictted by suction filtration and rScrystallized from ethanol

containing a little Wi
61 %).

N.,m.B.,myﬂb‘inEl fl&l.ﬁm JVENT

145 colorless needle (4.01 g,

BRI YA,
HN tert-BuOH/H,0 o=(
A
(14) (15)

To a stirred mixture of cis-4-hydroxy-D-proline (14) (4.01 g, 30.5 mmol) in
4% sodium hydroxide (50 mL) was added the solution of di-ferz-butyl dicarbonate
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(8.06 g, 37 mmol) in fert-butanol (15 mL) dropwise to avoid a sudden increase of
temperature. While the resulting emulsion became homogeneous, vigorous evolution
of carbon dioxide was observed. The solution was allowed to stir at 30 °C for 8 h. The
solvent was removed by rotary evaporation and the residue was dissolved in 10 mL of
water and acidified to pH 2 with 10% hydrochloric acid. The acidified solution was
extracted with ethyl acetate (3 x 20 mL). The combined organic extract was dried
over magnesium sulfate and evaporated under reduced pressure to give clear thick oil.
W the product (15) as white solid (5.12 g,

Scratching the oil with ice-cold hex

70 %).

Diphenyldiazometha

\\-
(16)

In a 1000 mL round boftie ’ ‘ ‘\ aluminium foil to protect from

light, benzophenone hydrazgne
N .

mmol) and anhydrous sodium fﬂ--u; (9.94 0.0 mmol) were suspended in 150 mL

0 mmel), mercuric oxide (15.16 g, 70.0

diethyl ether with stirring assium. hydroxide in ethanol was
added until the solut 3W!’t""‘"‘""’"""’"‘\ as s stirred in the dark for 6 h.
me 2 ere filtered off and washed

with diethyl ether. Die yl ether was removed by rotary evaporation from the purple

o1 mmr‘i‘w B e
e B BARNAIANNA MEARNEL, e

HO Ok ® o )\o OH
Ph,C=N=N, EtOAc Ph
N N

o= o=

O @)

A A

(15) 17)

The used mercuric o
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The solution of N-fert-Butoxycarbonyl-cis-4-hydroxy-D-proline (15) (12.05 g,
52.1 mmol) in ethyl acetate (30 mL) was slowly added freshly prepared
diphenyldiazomethane (16) until the solution was permanently purple in color. The
reaction was allowed to stir in the dark for 8 h. When the solution became colorless, a
further portion of freshly prepared diphenyldiazomethane (16) was added and the
stirring was continued until the reaction was completed as indicated by TLC analysis.
The solvent was evaporated by rotary evaporation to obtain the crude product as a

pink sticky oil which solidified afte seratghing with hexane. The white precipitate

ed with hexane and dried under
0g, 82 %).

o=(
O

(17) (18)

-
o
L

In a dried 1064nL round bottom | A
1]
butoxycarbonyl-cis-4- “ droxy-D-proline  diphenylmethy

a magnetic bar, N-fert-

¥

ester (17) (298 g, 7.5

mmol), formic acid (0.35 uds 8.7 mmol afid’ triphenylphosphine (2.35 g, 9.0 mmol)
were d1ssolveﬂ u %QIM m ﬂ Mﬁ m an ice bath. The
mixture was stuﬂd under nitrogen balloon and DIAD (1.6 pL, 9. mmol) was added
dropwiadwg}aﬂ@ ﬂe?ﬁlﬂn}da%ﬁ@tw B fc-)] a‘ &}w solvent was
evaporatéd and the residue was chromatographed on silica gel using

hexane:ethylacetate (3:1) as eluent to give the compound (18) as a colorless oil which

was used directly for the next step.
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N-tert-Butoxycarbonyl-frans-4-hydroxy-D-proline diphenylmethyl ester (19) [41]

Ph Ph
PO P . L~ oH
Ph o/%,\\ \<H Ph O’K@.\\
N NH3, MeOH N
A A
(18) W (19)
The trans-4-formate_é 18) wa/@ in methanol and concentrated
aqueous ammonia (1 mL) Was-added. 7 e i, the aminolysis was completed as
indicated by TLC analysig#hcs0ive ' "~~. rotary evaporation to obtain

compound (19) which wagricd givea colorless solid (2.30 g), 78 %

from (17)
N-tert-Butoxycarbonyl - eftzoy Dir ) )-proline diphenylmethyl
ester (20) [41] &
o O
[ A
Ph
(@] N
i OIS o
Ph \ Y N
o=

7<> -~ PPhj, DIAD, THF » 7<
<ﬂHH?ﬂHﬂ§WBWﬂ§<m

VD RRLv ey 6 FtAL
butoxyca -4-hydroxy-D-proline  diphenylmethyl ester ( (0.79 g, 2.0

mmol), triphenylphosphine (0.63 g, 2.4 mmol), and Na-benzoylthymme (042 g, 2.0
mmol) were dissolved in dry THF (15 mL) and cooled down to 0 °C in an ice bath.
The solution was stirred under nitrogen balloon and DIAD (0.49 uL, 2.4 mmol) was
. added dropwise during 15 min. The mixture was stirred at 30 °C for 8 h. The solvent
was evaporated under reduce pressure to complete dryness. The residue was

recrystallized from ethanol to afford compound (20) as a white fluffy solid (0.79 g,
63%).
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N-tert-Butoxycarbony-cis—4-(N“-benzoyladenin-9—yl)-D-proline diphenylmethyl
ester (22) [41]

. 0
HNy\© . HN\)K©
Ph o N Ay Ph o ¢ ]L/L/N
. O/KO.\\OTS <H IN ) . )\OKQ/N 7
o= o:(N
i A
(21) (22)

In a dried 100 7 t=by utoxycarbonyl-trans-4-tosyl-D-
proline diphenylmeth r 50 g.9097 m and N'-benzoyladenine (2.87 g,
imethylformamide (20 mL) and

‘was added. The mixture was

12.0 mmol) was di
anhydrous potassium

heated to 80 °C with stirri as completed as indicated by

TLC analysis, the solvent fvas ﬁ;&&..,- otafy evaporation. The residue was
diluted with dichloromethane (26~ mL acted with water (3 x 30 mL) for

removing the resid al) ) ganic layer was concentrated

ixéne:ethyl acetate (1:3) on
¢ solid (@5g, 30%).

N-ten-Butoxyﬁ%Eia-&ﬂ-E}.%lérw-Brﬂxf,}@ne diphenylmethyl

9 mmnm‘ﬂ%ﬁwm T
Lo,

and purified by columin

silica gel to afford the édmpound

ot

o WOTs [®)
" *@ No pn/kok()/“‘)%
Ozc() N

K,CO3, DMF, 80 °C o=
7( o)

(21) (23)
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In a dried 100 mL round bottom flask, N-ert-butoxycarbonyl-tans-4-tosyl-D-
proline diphenylmethyl ester (8) (2.02 g, 3.6 mmol) and N"-benzoylcytosine (093 g,
4.3 mmol) was dissolved in anhydrous N,N'-dimethylformamide (20 mL) and
anhydrous potassium carbonate (1.24 g, 4.3 mmol) was added. The mixture was
heated to 80 °C with stirring for 8 h. After the reaction was completed as indicated by
TLC analysis, the solvent was removed by rotary evaporation. The residue was
diluted with dichloromethane (20 mL) and extracted with water (3 x 30 mL) for

removing the residual N,N'-dimethylfa ide. The organic layer was concentrated

(N-Fluoren-9-ylmetho s-4=(th \ D-proline (25)
4 - O
B2
N N
Boc” Fmoc’

(20)

—=
D-proline diphenylmethyl ester

(25)

(N-tert-butyloXyes

(20) (0.61 g, 1.00 mm was treated with trifluoroacetic’acid containing 10% anisole

(2mL) and le S ‘ﬁ A ver : y a gentle stream of

nitrogen. The f@ﬁﬂt Mﬂwﬁwﬂ:ﬁﬁe er. After drying under

vacuum, it was dissolved in 1:1 H,0:MeCN (hL/mlEoL and*reated with solid
a

NatCONfl PHEY Bl Frhodbbldasb ] 1 i

portions afith stirring. After stirring at 30 °C for 8 h, the solvent was removed by

dded in small

rotary evaporation. The residue was diluted with water (20 mL) and extracted with
diethyl ether (3 x 20 mL). After purging the extracted aqueous layer to remove the
dissolved ether with N, the pH was adjusted to 2 with concentrated HCI in aqueous
phase. The Fmoc-amino acid precipitate was collected by filtration, washed with

water, diethyl ether and dried under vacuum to afford the title compound (25) as
white solid (0.31, 76%).
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'H NMR (400 MHz; CDCls): & 1.76 (s, 3H; T CHs), 2.14 and 2.22 (2xm, 1H; 1xCH,
3' rotamers), 2.60 and2.70 (2xm, 1H; 1xCH, 3' rotamers), 3.47 (m, 1H; 1xCH, 5'
rotamers), 3.86 (m, 1H; 1xCH; 5' rotamers), 4.26 (m, 1H; Fmoc CH), 4.30 (m, 2H;
Fmoc CH3), 4.44 (m, 1H; CH 2’ rotamers), 4.97 and 5.31 (2xm, 1H; CH 4’ rotamers),
7.15 (s, 1H; T H6), 7.31 (m, 2H; Fmoc CH), 7.39 (m, 2H; Fmoc CH), 7.59 (d, 3J(H,H)
= 7.0 Hz, 2H; Fmoc CH), 7.85 (d, 3J(H,H) =7.0Hz, 2H; Fmoc CH), 1130 (s, 1H; T
NH); >C NMR (100 MHz; CDCL3): § 12.6 (T CHs), 33.5 and 34.9 (CH, 3'), 47.1

CH), 127.7 (Fmoc Ar C
144.1 (Fmoc Ar C), 151
(Pro CO); HRMS (F
[0 =-3.85(c=1.

3.3 (T C6H), 141.2 (Fmoc Ar C),
64.2 (T C4), 173.1 and 173.7
462.1666, Found 462.1656,

.
HO proj\(j/
4 N

'] Fmoc

(25) m m (26)

To a sﬂ tﬂ?ﬁ)ﬂl’]ﬂﬂjﬂA (thymin-1-yl)-D-
(@52 0.48 mmol

prolme (25) and pentaﬂuorophenol (1.5 equlv) in

Pt e R oh 1A 4o
stirred at as’c eted 'a ated by TLC

analysis and purified by flash column chromatography eluting with hexane: ethyl

Fmoc

acetate (1:1) on silica gel to obtain the title compound (26) as white solid (0.26 g,
85 %o).

'H NMR (400 MHz; CDCL): & 1.93 (s, 3H; T CH3), 2.33 and 2.39 (2xm, 1H; 1xCH,
3" rotamers), 2.97 (m, 1H; 1xCH, 3' rotamers), 3.60 and 3.75 (2xm, 1H; 1xCH, 5'
rotamers), 3.95 and 4.04 (2xm, 1H; 1xCH, 5' rotamers), 4.23 (m, 1H; Fmoc CH),
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4.52 (m, 2H; Fmoc CHy), 4.68 and 4.76 (2xm, 1H; CH 2’ rotamers), 5.22 and 5.31
(2xm, 1H; CH 4' rotamers), 7.15 (s, 1H; T H6), 7.30 (m, 2H; Fmoc CH), 7.39 (m, 2H;
Fmoc CH), 7.56 (d, *J(H,H) = 7.0 Hz, 2H; Fmoc CH), 7.76 (d, *J(H,H) = 7.0 Hz, 2H;
Fmoc CH), 10.16 (s, 1H; T NH); *C NMR (100 MHz; CDCls): § 12.5 (T CHs), 34.2
and 35.7 (CH; 3"), 47.1 (Fmoc CH), 48.9 and 49.3 (CH 5'), 52.4 and 52.8 (CH 4'),
56.9 and 57.3 (CH 2'), 68.2 and 68.5 (Fmoc CH,), 111.9 and 112.3 (T C5), 120.1
(Fmoc Ar CH), 124.8 (Fmoc Ar CH), 127.1 (Fmoc Ar CH), 127.9 (Fmoc Ar CH),
136.6-142.2 (Pfp C), 135.7 and 1 | , 141.3 (Fmoc Ar C), 143.5 (Fmoc Ar

C), 151.3 (T C2), 154.0 and 154 ' /5; (T C4), 168.1 (Pro CO); HRMS

(FAB") Calcd for CsHy; ound 628.1505, [a]*p = -2.45
(c=3.8g/100 mL, CH:

(27)

Synthesis o "'ﬁ hed in the same way as
described for compou
(N*-benzoyladenin-9- @D
and trifluoroac d by FmocOSu (0.32
g, 0.96 mmol) ﬂ m‘% equiv excess) 1rw ﬂﬁmgémummol) afforded
TR AN TN TN

'H NMR (400 MHz; CDCl): § 2.68 and 2.73 (2xm, 1H; 1xCH, 3' rotamers), 2.95
and 3.06 (2xm, 1H; 1xCH, 3’ rotamers), 3.95 (m, 1H; 1xCH; 5' rotamers), 4.20-4.26
(m, 2H; Fmoc CH and 1xCH, 5' rotamers), 4.34 (m, 2H; Fmoc CH2 rotamers), 4.60
and 4.86 (2xm, 1H; CH 2' rotamers), 5.29 (m, 1H; CH 4'), 7.32 (2H, m, Fmoc CH),
7.42 (m, 2H; Fmoc CH), 7.54 (m, 2H; Bz CH), 7.68 (m, 3H; Fmoc and Bz CH), 7.88
(d, *J(H,H) = 7.0 Hz, 2H; Fmoc CH), 8.04 (m, 2H; Bz CH), 8.54 (2xs, 1H: A CH),
8.76 (s, 1H; A CH); C NMR (100 MHz; CDCls): 5 34.0 and 35.2 (CH; 3", 47.1

ri-butyloxycarbonyl)-cis-4-
-prolme dlphenylmethyl ester (22) (0.54 g, 0.87 mmol),
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(Fmoc CH), 50.0 and 50.5 (CH 5'), 52.4 and 53.0 (CH 4'), 57.7 and 58.0 (CH 2"), 67.5
and 67.8 (Fmoc CH,), 120.6 (Fmoc Ar CH), 126.2 (A CS), 125.8 (Fmoc Ar CH),
126.2 (Bz CH),127.6 (Bz CH), 128.2 (Fmoc Ar CH), 128.9 (Fmoc Ar CH) 132.9 (Bz
C) 133.6 (Bz CH), 141.1 (A C8H and Fmoc Ar C), 143.7 (Fmoc Ar C), 150.7 (A C4),
151.8 (A C6), 152.9 (A C2H), 154.3 (Fmoc CO), 166.0 (Bz CO), 173.0 and 173.5
(Pro CO); HRMS (FAB") Calcd for C3;Hy60sNs (M-H') 575.2043, Found 575.2041,
[0]*p = -8.52 (c = 1.0 g/100 mL, DMF), mp = 200 °C (dec.).

Fmoc” Fmoc”
(27) (28)
Synthesis of the title Sompo & (28 accomplished in the same way as

L]

described for compound (26) ab Gie = : V-fluoren-9-ylmethoxycarbonyl)-

cis-4-(N4-benzoy1adenin-9- g 0.43 mmol) pentafluorophenol
(1.5 equiv) and ED: r"——-jffw—”—"‘“""*?v‘\‘ (2 mL) afforded (28)

(0.26 g, 81 %), as a whit

e WEANEN ’mmﬂ & e
Y Kbl (1)

m, Fmoc CH), 7.37 (m, 2H; Fmoc CH), 7.46 (m, 2H; Bz CH), 7.56 (m, 3H; Fmoc and
Bz CH), 7.73 (d, 3J(H,H) = 7.0 Hz, 2H; Fmoc CH), 8.00 (m, 2H; Bz CH), 8.23 and
8.31 (2xs, 1H; A CH), 8.76 (s, IH; A CH); ’C NMR (100 MHz; CDCL): & 34.6 and
35.9 (CH 3"), 47.1 (Fmoc CH), 49.8 and 50.2 (CH 5), 52.6 and 53.3 (CH 4"), 56.9
and 57.2 (CH 2'), 68.1 and 68.6 (Fmoc CHy), 120.0 (Fmoc Ar CH), 122.3 (A C5),
124.8 (Fmoc Ar CH), 127.1 (Bz CH), 127.8 (Bz CH), 128.0 (Fmoc Ar CH), 128.8
(Fmoc Ar CH) 133.0 and 133.1 (Bz C/CH), 136.5-142.0 (Pfp C), 141.3 (A C8H and
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Fmoc Ar C), 143.4 (Fmoc Ar C), 149.5 (A C4), 151.7 (A C6), 152.4 (A C2H), 153.9
and 154.4 (Fmoc CO), 165.1 (Bz CO), 167.5 and 167.7 (Pro CO); HRMS (FAB")
Calcd for CsgHyOsNeFs (M-H') 741.1885, Found 741.1898, [a]®p = -18.76
(c=1.0 g/100 mL, CHCl3), mp = 110 °C (dec.).

(N—Fluoren-9-ylmethoxycarbonyl)-cis-4-(N'-benzoylcytosin-l-yl)-D-proline 29)

(e} (@]
cF ) c®
N 1T N
Boc” ' Fmoc

(29)

lished in the same way as

described for compou _Stag e - rt-butyloxycarbonyl)-cis-4-

1H NMR (400 MH2 é;iT‘-‘r‘-_-:-Z—,_'—'E:T'_ =f';"-"-;==‘;"\w 2 3' rotamers), 2.75 and
2.84 (m, 1H; 1xCH; 3 ‘g) nd CH; 5' rotamers), 4.40-
4.60 (m, 2H; Fmoc C 4 78 (m, 1H; CH 2’) 5.26 (m, 1H; CH 4'), 736 (m, 3H; C

CSH and Fmoﬁm lgu a;mh?{m ﬂ ‘Ez CH), 7.66 (m, 3H;
Fmoc Ar CH a ﬁ ﬂ’ 14 (m, 3H; Bz CH and C C6H);
B3¢ (3 ﬁ H), 49.2 and
o gﬁ%ﬁiﬁﬁﬁﬁ"fﬁ AT AL e

CH,), 96. 6 (C C5H), 120.6 (Fmoc Ar CH), 125.7 (Fmoc Ar CH), 128.2 (Bz CH),
128.8 (Bz CH), 125.7 (Fmoc Ar CH), 127.6 (Fmoc Ar CH), 133.1 (Bz C), 133.6 (Bz
CH), 141.1 (Fmoc Ar C), 144.2 (Fmoc Ar C), 147.9 (C C6H), 154.4 (Fmoc CO),
155.4 (C C2), 163.1 (C C4), 167.9 (Bz CO), 173.2 and 173.8 (Pro CO); HRMS
(FAB") Caled for C31Hz06Ns (M-H") 551.1910, Found 551.1938, [o]p = -14.51
(c=1.0 g/100 mL, DMF), mp = 159 °C (dec)
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(N-Fluoren-9-ylmethoxycarbonyl)-cis-4-(N4-benzoylcytosin-1-yl)-D-proline
pentafluorophenyl ester (30)

e} (@

B
" O)KO,CBZ PfpOH, EDC.HCI pfpokQ/C ‘
N N
Friice’ CH,Cl, Fmoc~
29) (30)

Synthesis of the title com accomplished in the same way as
described for compound (26).2 i -fluoren-9-ylmethoxycarbonyl)-
cis-4-(N*-benzoylcytosin-G P=Rioling (29)(0:25.¢ 0.45 mmol), pentafluorophenol

(1.5 equiv) and EDC.H 5" €quiv), in. di hloromiethane (2 mL) afforded (30)

1><’CH2 3’ rotamers), 2.99 and
» Emoc CH and CH, 5' rotamers),
2. 26 (m, 1H; CH 4"), 7.29 (m, 3H;

1H NMR (400 MHz;
3.08 (m, 1H; 1xCH, 3'
4.40-4.60 (m, 2H; Fmoc

C C5H and Fmoc CH), 7.38 (rl2H- Emo| 7.45 (m, 2H; Bz CH), 7.56 (m, 3H:
Fmoc Ar CH and Bz CH), 7,734/ 24 Fir .90 (m, 3H; Bz CH and C C6H);
BC NMR (100 M f-‘f’_:,fT—L:":,;‘.:;.—.::.:;:;i;zz;:.:;s22‘—';,% .1 (Fmoc CH), 49.3 and
49.6 (CH 5", 55.2 afid.5 <H 2'), 67.9 and 68.5 (Fmoc
CH,), 97.1 and 97.3 c" SH), 120.0 (Fmoc Ar CH), 124'8 (Fmoc Ar CH), 127.2 (Bz
CH), 127.8 (Bzﬁ!—ﬁ 7‘96 fﬁ ﬁ , 132.7 (Bz C), 1333
(Bz CH), 136. 3M4 %pr mﬂﬂ g]'fls (?S:mc Ar C), 145.7 and
145.7 (C C6H), 154.2 and 154.4 (Fmoc CO), 1852 (C cgﬁ, 1862 4 (C C4), 166.8

a

Bz C W’ﬂ @\%ﬂ ‘3&&&1 ’JFHEJC oﬂf C37Hz606N,Fs

(M-H") 7‘17.1773, Found 717.1758, [a]*p = -2.13 (c = 0.5 g/100 mL, CHCl,),
mp = 114-115 °C.
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(N-Fluoren-9-ylmethoxycarbonyl)-cis-4-(N2-isobutyrylguanin-9-yl)—D-proline
(31)

O O
gy i) TFA/anisole '
meo)KO’ > HO
N i) FmocOSu, NaHCO3(aq)/MeCN N
Boc” Fmoc’
(24) (31)
Synthesis of the title com ) was accomplished in the same way as

described for compound (25) (N-tert-butyloxycarbonyl)-cis-4-
s dif r (24) (0.30 g, 0.49 mmol) and
ollowed by FmocOSu (1.19 g,
MeCN (5 mL/mmol) afforded

(N-isobutylguanin-9-yl)-
trifluoroacetic acid co
0.54 mmol) and NaH
(31) (0.13 g, 49 %) as ;

'H NMR (400 MHz; CD
(m, 2H; CH; 3"), 2.77 (
(m, 2H; CH; 5'), 4.06 (m,

z, 6H; Ibu CH;), 2.40 and 2.50
O(m, 2H; CH; 3'), 3.74 and 3.86
, Fmoc CHs), 4.50 (m, 1H; CH
2"),.4.93 (m, 1H; CH 4"), 7. : C), 7.33 (m, 2H; Fmoc Ar CH),
7.52 (m, 2H; Fmoc Ar CF ), 8.00 and 8.07 (2xs, 1H; G
H8), 10.01 and 10. &-m————-{‘ *C NMR (100 MHz;
CDCl3): 6 19.3 (Ibu C m CH TIbu), 47.0 (Fmoc CH),
50.5 and 51.1 (CH 5", 2 1 and 52.9 (CH 4’) 57.7 and 58.2 (CH 2'), 67.4 and 67.7

(Fmoc CH), 1 ( Wr CH), 127.6 (Fmoc
Ar CH), 128. lﬁ\ﬁﬂ’gﬂﬁmﬂ ﬂan (Fmoc Ar C), 148.2
(G C6). m 5 ulﬁ 3.6 (Pro CO),
180.6 (Qm ﬁ,l ﬁﬂm seJ 2149, Found

557.2149, [a]25D =-65.96 (c = 0.6 g/100 mL, DMF), mp = 184 °C (dec.).
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(N-Fluoren-9-ylmethoxycarbonylamino)—cis-4-(N2-isobutyrylguanin-9-yl)-D-
proline pentafluorophenyl ester (32)

0 (0]
Ib
HOJ\O,G"’” PfpOH, EDC.HCI projk(j/G !
B N
Fmoc/N Gt Fmoc”
(31) (32)
Synthesis of the title compouhc ~was accomplished in the same way

A ) _ Starting  from  (N-fluoren-9-
ylmethoxycarbonyl)-cis-4- yuan -proline (31) (0.09 g, 0.17
mmol), pentafluoropheng :
(2 mL) afforded (32) (0.8

equiv) in dichloromethane

'H NMR (400 MHz; CD@T;) 48 Hz6H; Ibu CH3), 2.80 and 3.12

(m, 2H; CH; 3'), 2.81 (m AT €14 \ "2H; CH, 5'), 4.20 (m, 1H:
Fmoc CH), 4.40 (m, 2H, Fmio I % , 3.15 (m, 1H; CH 4'), 7.23
(m, 2H; Fmoc Ar CH), 733 (@, 2H,Fiio —.‘ (m, 2H; Fmoc Ar CH), 7.68
(m, 2H; Fmoc Ar CH), 8.00 fé“ : 3), 10.01 and 10.25 (2xs, 1H; G

NH), 12.27 (s, 1H; G NH), S NMR (10 BBCL:): 5.18.9 (Ibu CHy), 34.5 and
35.5 (CH, 3), 36.1 {Ciibmita-timea-aiduatatsl), 52.8 and 533 (CH 4),
56.9 and 57.4 (CH 2 '.l (@ : 17 (G C5), 120.0 (Fmoc Ar
CH), 124.9 (Fmoc Ar , 127.1 (Fmoc Ar CH) 127.8 (Fmoc Ar CH), 136.4-142.1

RT3 1) a1 et
-t R EII i Viki ) e

CHCly), mp 140 °C (dec.).
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2.2.3 Synthesis of trans-(1S5,25)-2-aminocyclopentanecarboxylic acid (ACPC)

spacer

Ethyl (15,2S5)-2-[(1'S)-phenylethyl]-aminocyclopentane carboxylate (34) [62]

0 NH
AcOH
CO,Et .

(33)

To a stirred so

L\ carboxylate (33) (3.75 mL,
25.8 mmol) in absol \ §)-(-)-a-methylbenzylamine
(3.82 mL, 30.0 mm

mixture was stirred at

2.0 mmol). The reaction

[‘eénamine was complete (2 h,

monitored by TLC, 3:1 hgkané/BtOAg; , " ‘ - action mixture was heated to

72 °C and sodium cyanob@rofiydride /(3 \- mol) was then added to the
J" <)

reaction mixture in five pOrtighs ou‘ﬁfg od

monitored by TLC. When the réaction Z plete, water (40 mL) was added, and

e disapprarance of enamine was

the ethanol was removed by-rotary & g resulting mixture was extracted

with diethyl ether. B *T-r #1) evaporation. The crude

product was puriﬁe aphy eluting with 10:1

hexane:EtOAc on silica fel to obtam the tltle compound (34) as colorless liquid

. 4og,21%)ﬂuﬂﬂ] ﬂﬂﬂi“ﬂ‘qﬂ‘j
B0 kit
%oa 10‘:;:;0 = @AOB e QAH

reflux 2 hr
(34) 35) 36)

Ethyl = (15,25)-2-[(1'S)-phenylethyl]-aminocyclopentane ~ carboxylate (34)
(1.03 g, 3.95 mmol) was dissolved in methanol (5 mL) and palladium on charcoal

0.10 g) was added with stirring at 30 °C under H,. TLC monitoring indicated
g
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disappearance of compound (34) and formation of ethyl (1S,25)-2-aminocyclopentane
carboxylate (35) were completed. The palladium on charcoal was filtered off with the
aid of celite and washed with methanol. The filtrate was evaporated by rotary
evaporation to obtain compound (35). Next, a mixture of compound (35) and 5% HClI
(20 mL) was refluxed for 2 h. Then the mixture was allowed to cool at 30 °C. The
solvent was removed by rotary evaporation to obtain the title compound (36) as a
white solid (0.39 g, 64% from 34).

(15,25)-2-(N-Fluoren-9-ylme inocyclopentanecarboxylic acid
(37 [62] Y |
J E——

CG? §H3 ’-" ‘-‘“ FmocnNH =
m ﬁw\ O
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(36) 37)
&
% .ﬂ’_.
The (1§,25)-2-ati opentans o ‘ cid hydrochloride (36) (0.39 g,
2.54 mmol) was dissolved t 0 mL) and NaHCO; (3 equiv
excess) was added until the sé f{.. et H = 8). FmocOSu (0.91 g, 2.54

mmol) was slowly added with-&tirr 8 h. The acetone was removed by

rotary evaporation ugder r 10 ﬁi’:’" with water (20 mL)

and extracted with d -,-1 pH was adjusted to 2 with

concentrated HCI in 4 eous phase. The whlte solid precipitate was extracted with

dichlorometha ﬂrﬁ vaporation and dried
in vacuum to @n tle cmﬂm-ﬂwlm (0.56 g 63 %), [0]*p =
+36.40 (¢

W"i’é%‘ﬁ%ﬁu UAIINYAY

(1S, 2S)— -(N-Fluoren-9-ylmethoxycarbonyl)- -aminocyclopentane
pentafluorophenyl ester (38)

FmocNH FmocNH
2 PfpOH, EDC.HCI 5 o
OAOH CHCl, QAOP“P

(37) (38)

Y
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A suspension of (15,25)-2-(N-fluoren-9-ylmethoxycarbonyl)-aminocyclo
pentanecarboxylic acid (37) (0.30 mg, 0.85 mmol) and pentafluorophenol (1.5 equiv)
in dichloromethane (3 mL) was added EDC.HCI (1.5 equiv). The resulted mixture
was stirred at 30 °C for one hour. The reaction was completed as indicated by TLC
analysis and purified by flash column chromatography eluting with hexane: ethyl
acetate (5:1) on silica gel to obtain the title compound (38) as a white solid (0.34 g, 78
%).

'H NMR (400 MHz; CDCl;): CH), 1.87 (m, 2H; ring CH), 2.10
(m, 1H; ring CH), 2.23 (mr % , CHCO), 4.26 (1, *JHH) = 6.8
Hz, 1H; Fmoc CH), 4.38 (s = = 6.8 Hz, 2H; Fmoc CH)),
4.98 (d *J(HH) = 5.6 & / . " -r Ar CH), 7.42 (m, 2H; Fmoc
Ar CH), 7.62 (d, *J(H. 1 HZ oH } 80 (d *J(H,H) = 7.2 Hz, 2H;
Fmoc Ar CH); >C NME / "‘ D A ig CH;), 28.9 (ring CHy), 32.8
(ring CH), 47.2 (CHCO)ff49f% i) HNH), 66.6 (Fmoc CHy), 120.0
(Fmoc Ar CH), 125.0 o) "“'? - \ CH), 127.7 (Fmoc Ar CH),
136.0-141.2 (Pfp C), 1413 mm*" - CRd1d3 8 Frioc Ar C), 155.7 (Fmoc CO),
170.8 (Pro CO); Anal Calcd. fo -‘ ._u. OF 6 62.67;, H, 3.90; N, 2.71 %, Found C,

62.93; H, 3.86; N, 2.75 %, [af¥’s- -«-'-;-:1:5 =410,/100 mL, CHCL).

v*‘

2.3 Oligomerizan 0 m

- P""”T‘T UU"J"VI BT TR Y e v s
All t1de ntheses werﬁ:i'ijl ﬁlﬁ aﬁmg gjatlde synthesis

columnq ﬁ ﬁ A new glass

Pasteur plpette was plugged with a small amount of glass powder and sintered on a
small flame. The length of the sintered glass should be about 3-5 mm. The resin was
weighed accurately into the pipette and the pipette was equipped with a rubber teat.
The resin in the pipette should be swollen in the required solvent al least 1 h before
use. For each reactions, the reagent was directly sucked in, ejected out or hold on by
manual control for the specified period of time. Occasional agitation may be

performed using this device under manual control. All washing could be done by
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filling the solvent via the top of the pipette. The excess solvent was ejected out by

squeezing the rubber teat as shown in Figure 2.1.

i
resmﬁ;‘
j€<—

(a) (b)
Figure 2.1 A diagram ;;!_-_;Ea 1 echnique for solid phase peptide
synthesis, ling, deprc eaving process; (b) washing

processs 4. ) ‘
) {
2.3.2  Solid phase peptidesynthesis of Tsq(¥

AUYINENITHYING

Synthesnsqlof this PNA Ts (@2c) was ca ed out on 1.9 jumol scale. The

QR 4R B8 111N

i Removing Fmoc protecting group form the resin

A reaction pipette prepared as described above was loaded with containing
TentaGel S RAM Fmoc resin (4.2 mg, 1.0 pmol). The resin was treated 20%
piperidine in DMF (piperidine 50 pL and DMF 200 uL) in a 1.5 mL eppendorf tube at
30 °C for 15 min occasional agitation. After the specified period of time, the reagent

was squeezed off and the reaction column was washed exhaustively with DMF.
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ii  Anchoring with the first amino acid (Lys) residue

Fmoc-L-Lys(Boc)-OPfp (6.3 mg, 10 pmol) and HOAt (2.0 mg, 10 pmol) were
dissolved in anhydrous DMF (30 uL) in a 1.5 mL eppendorf tube. Then DIEA 3.4
uL, 20 pmol) was added in this mixture. The prepared resin was soaked in this
solution with occasional agitation at 30 °C for 1 h. After the specified period of time,

the reagent was squeezed off and the reaction column was washed exhaustively with

DMEF. ’

After the cou/ the re \v‘ reated with 20% piperidine

in DMF (piperidine 5

) in'g eppendorf tube at 30 °C for
Spe “\- period of time, the reagent was
squeezed off and the reagfiog'c ﬁaf- . * \x 2 stlvely with DMF. The used
deprotecting reagent can b to.dete snethe coupling efficiency by diluting with
an appropriate volume o olnd the he UV-absorbance of dibenzofulvene-
piperidine adduct at 264 nm* i irst UV-absorbance of the adduct,
agsumed to be 100%. Such
g :‘ erms of determining how

the solid phase reactlt;m v ol @

order to give acceptable ‘yleld of the pentamer PNA (1

released from preloaded F
determination of coppliig-etficiene:
be >95 % for each step in
) from the synthesis. If the

overall efﬁc:eﬁ)m ﬁ)pﬁ%%?ﬂﬁﬁfﬂﬁ ?st be stopped to save

W @»ammmzi:n NYNa Y

The free amino group, generated from the deprotection step (iii) above, was
further coupled with pyrrolidine T monomer. Fmoc-D-Pro-(cis-4-T)-OPfp (26) (2.5
mg, 4.0 pmol), HOAt (0.5 mg, 4.0 umol) and DIEA (1.4 L, 8 umol) were dissolved
in 30 uL anhydrous DMF. The reaction pipette was treated with this solution at 30 °C
for 30 min with occasional agitation. After the specified period of time, the reagent

was squeezed off and the reaction column was washed exhaustively with DMF.
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v Coulping with SS-ACPC spacer monomer

In the same way as described for iv, ssACPC-spacer monomer (38) (2.0 mg, 4
umol) was coupled next to pyrrolidinyl T monomer. This constituted one unit of
cis-D-ssACPC PNA. Alternate couplings of the pyrrolidinyl monomer and ssACPC
spacer were performed in the subsequent steps until the complete sequence was

obtained.

vi End capping

After anchoring gieen ngst ¢ free ar = esidue was capped with 10%
lauroyl chloride/DIEA ide 5 pL, DIEA 5 pL and
DMF 40 pL) ina 1.5 4 ation of deletion sequences.
olution at 30 °C for 10 min.

After the specified perig I e seagent was squeezed off and the reaction

, coupling and capping) were carried
|

out with the same method -7 Tesin d peptide had been extended up to
pentamer. Pah
vl.,
vii  Acetylation at A (12¢)

The s ﬁ f i ing peptide chain was
extended up tﬂ uﬂ T Ej:mra eme—fn amer PNA (12¢) was
treated thh 10% Ac ﬁf )ﬁ ﬁ uL and DMF
40 uL) 1 ﬁjﬁ ﬁ‘ ilﬁct 0 ﬁﬂh nally agitated

with this solution at 30 °C for 15 min. After the specified period of time, the reagent

was squeezed off and the reaction column was washed exhaustively with DMF.
viii Method for cleavage the pentamer PNA (12¢) from the resin

The resin bound PNA pentamer was released from the resin by treatment with

trifluoroacetic acid (0.5 mL) at 30 °C for 2 h with occasional agitation. During the
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time, the resin becomes red. After the specified period of time, the trifluoroacetic acid
was removed by a nitrogen stream (fume hood).The cleavage was repeated again with
another 0.5 mL of fresh TFA to ensure a complete cleavage of the peptide from the
resin. The sticky residue was treated with diethyl ether to precipitate the crude PNA.
The suspension was the centrifuged and decanted. The crude peptide was
centrifugally washed with diethyl ether 3 times. Finally the crude peptide was air
dried at 30 °C and stored dried at

-20 °C until used. ' l :

ix Purification a ca on ___d

The crude pept1 epared for ] -‘2 analysis by dissolving a mixture in

200 pL deionized watei g solut; “We \\ ugh a nylon membrane filter
' \\ | by reverse phase HPLC,

monitoring by UV-absorhdncg' ‘ ‘a / e c \ 0 W h a gradient system of 0.01%
TFA in acetonitrile/wa ] \ e t system;
solvent A = 0.01% trifluofoagetic adid iri aéetenitri \

First A:B (10:90) for 5 min ,:.g_e;Lr_J;. \ ; 0, A:B (90:10) over a period of 25
min then hold on foxg a-..::.:a:-;:.:;.:.'.::;::r.._r:.:r:.::::::.: 0y
After purifica : b £y appeared at 7/ = 18.8 min.

The major product was-Collected and confirmed by MAEDI-TOF mass spectrometry.

R /e ) ied e

2,.3.3 Sohﬁhase peptldfe] s%tiisj ij ﬁ "I ’J V] E] ’] a EJ

S}%thes:s of Ty (12f) was accomplished in the same way as described for Ts
(12¢) above. After cleavage from resin and purification by reverse phase HPLC, the
chromatogram of appeared at g = 27.24 min. MALDI-TOF mass spectrum showed
M-H' b5 = 1848.306; M-H" (5104 = 1848.480.
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2.3.4 Solid phase peptide synthesis of T;AT4 (12g), T4GT4 (12h), TsCT4 (12i)

Synthesis of T4AT, (12g), T4GT4 (12h), T4CT4 (12i) were accomplished in the
same way as described for Ts (12¢) above. Starting from TentaGel S RAM Fmoc
resin (8.4 mg, 2 pumol) and monomers, Fmoc-T-Pfp (26) (5.1 mg, 2 umol), Fmoc-
ACPC-Pfp (38) (4.2 mg, 2 pmol), Fmoc-T-Pfp (26) (5.1 mg, 2 umol), Fmoc-ACPC-
Pfp (38) (4.2 mg, 2 pmol), Fmoc-T-Pfp (26) (5.1 mg, 2 pmol), Fmoc-ACPC-Pfp (38)
(4.2 mg, 2 pmol), Fmoc-T-Pfp (26) (5 2 umol), Fmoc-ACPC-Pfp (38) (4.2 mg,

2 umol) were used in each ectively until a T4 sequence was

obtained. The resin was spii

(28) (2.0mg, 0.7 umol

! rther coupled with Fmoc-A-Pfp
—

mol) and Fmoc-G-Pfp (32)

(2.0 mg, 0.7 umol) in oupling was continued with

monomer Fmoc ACPC .0.7 pmol), alternately until

the peptide had been e ~ oc removed and acetylation

was perform as usual. I i ' -ba '  \ - leavage T4AT,s (12g), T4GT,
p 12559 \ )\ g
(12h) and T4CT, (12i)ffo .&‘Q%‘f b, ~ prote ing groups (Bz for A and C,

Ibu for G) must be removed trg nent 8fihe resin with aqueous ammonia/dioxane

Fo

1:1 at 55 °C for 6 h. daibnis < g

After puriﬂca_ltion b .es:f%, peak SE4AT, (12g), T4GT; (12h) and T,CT,

(12i) appeared at fri=2 48 and 3 especiively. . MALDI-TOF mass
—_— = Wl

1, M-H caea = 3186.483

spectrum showed
3202.478 and 3162.472 espectlvely

235 Sold pﬂum 3’1&1 NINLIAS
Q W*%@ﬁf‘ﬂ@w u%%g‘aw&d‘qaa &:le same way as

described'for Ts (12¢) above. Starting from TentaGel S RAM Fmoc resin (4.2 mg, 1

umol) and monomer, Fmoc-ABZ-pr (28) (3.0 mg, 1 umol) and Fmoc-ACPC-Pfp (38)
(2.1 mg, 1 pmol) was alternated in coupling step until the peptide had been extended
up to pentamer. The resin was split to two pipettes. The first pipette was further
coupling until the peptide had been extended up to nonamer. The second pipette was
already the pentamer. Before cleavage both As (12d) and A, (12k) from resin, the

nucleobase protecting group was removed as described above.
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In case of purification, the HPLC peak of As (12d) and A, (12k) appeared at
fr = 21.63 and 22.28 min. MALDI-TOF mass spectrum showed M-H" s = 1893.414,
and 3258.678; M'H caica = 1893.938, and 3258.577 respectively.

2.3.6 Solid phase peptide synthesis of A;TAs (12§), AsGA4 (121) and A,CA,
(12m)

The synthesis of A4TA4
accomplished in the same y
TentaGel S RAM Fmoc resi
mg, 2 umol), Fmoc-ACP

GAs (121) and A4CA; (12m) were
,ﬁ r Ts (12c) above. Starting from
onomer Fmoc-A-Pfp (28) (6.0
as alternated in coupling step
until the peptide had beg s.gesin was split to three pipette
Mg0.7 pmol), Fmoc-C-Pfp (30)
0.7 umol) in each column

nomer Fmoc-A-Pfp (28) (2.0

and then further coupleg
(2.0 mg, 0.7 pmol) ang
separately. Then the Coup
mg, 0.7 pmol), Fmoc gD ‘ :,.-_' m -,H\ ol) was alternately until the
peptide had been extende@ amer Kinal Bmoc removal and acetylation was
perform as usual. S : '

After punﬁcatlon b _W the f AsTAs (12j), A4sGA4 (121) and
A4CA4 (12m) appeasediat fx = 2235 2222 2 ----———-'.;,u n respectively. MALDI-
swed M-H' o5 = 3249.66 .*\‘ 3234.840; M-H  cqjeq =

TOF mass spectrum $Hoy

3249.565, 3274.572 a ?l 234.566 respectively.

o7 son U NENSTHYAN T, rercancnn

(120), Ta'lACGACTA (12p)éind TCACCACTA (12q) o

AWIANNIUNNINE QL

THe synthesis of TCACTACTA (12n), TCACAACTA (120), TCACGACTA
(12p) and TCACCACTA (12q) were accomplished in the same way as described for
Ts (12¢) above. Starting from TentaGel S RAM Fmoc resin (8.4 mg, 2 umol) and
monomer, Fmoc-A-Pfp (28) (6.0 mg, 2 umol), Fmoc-ACPC-Pfp (38) (4.2 mg,
2umol), Fmoc-T-Pfp (26) (5.1 mg, 2 pmol), Fmoc-ACPC-Pfp (38) (4.2 mg, 2 umol),
Fmoc-C-Pfp (30) (6.0 mg, 2 umol), Fmoc-ACPC-Pfp (38) (4.2 mg, 2 pmol), Fmoc-A-
Pfp (28) (5.1 mg, 2 pmol), Fmoc-ACPC-Pfp (38) (4.2 mg, 2 umol) were used in each

coupling cycle respectively. The resin was split to four and then further coupled with
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Fmoc-T-Pfp (26) (1.3 mg, 0.5 pmol), Fmoc-A-Pfp (28) (1.5 mg, 0.5 pmol), Fmoc-C-
Pfp (30) (1.5 mg, 0.5 umol) and Fmoc-G-Pfp (32) (1.5 mg, 0.5 pmol) in each column
separately. Then the coupling was continued with monomer Fmoc-C-Pfp (26) (1.5
mg, 0.5 pmol), Fmoc-ACPC-Pfp (38) (1.1 mg, 0.5 pmol), Fmoc-A-Pfp (28) (1.5 mg,
0.5 umol), Fmoc-ACPC-Pfp (38) (1.1 mg, 0.5 umol), Fmoc-C-Pfp (30) (1.5 mg, 0.5
pmol), Fmoc-ACPC-Pfp (38) (1.1 mg, 0.5 umol), Fmoc-T-Pfp (26) (1.5 mg, 0.5
pmol) and Fmoc-ACPC-Pfp (38) (1.1 mg, 0.5 pmol) were used in each coupling cycle

respectively until the peptide had beg ended up to nonamer in column separately.

After purification by HP. 3 l , CACTACTA (12n), TCACAACTA
(120), TCACGACTA (1 T ) appeared at fx = 19.27, 18.03,
1791, and 17.14 min respeecis \LDI-TOFuimass spectrum showed M-H' s =

3159.468, 3167.392,
3184.515 and 3144.50

cd = 3159.508, 3168.520,

2.3.8 Solid phase pepti

The synthesis of ‘ ) . _. 2r) accomplished in the same way as
described for Ts (12d) abo : ,a‘ 1'S RAM Fmoc resin (4.2 mg, 1
umol) and monomer, Fmoc-T-Pf (2 38l umol), Fmoc-ACPC-Pfp (38) (2.1
c:ACPC-Pfp (38) (2.1 mg,
1pmol), Fmoc-A-Pf] fp (38) (2.1 mg, 1 umol),
Fmoc-C-Pfp (30) (2.9 i ACPC-Pfp (3 (2.1 mg, 1 umol), Fmoc-T-
Pfp (26) (2.5 mg, 1 pmoly, Emoc-A ol), Fmoc-A-Pfp (28)
(3.0 mg, 1 umﬁ Mﬁ %33 %Jﬁgﬂﬁ -G-Pfp (32) (2.9 mg,
1 pmol), Fmoc— PC-Pfp (38) (2.1ang, 1 pmol), Emoc-A-Pfp (28)/(3.0 mg, 1 umol),
F moc-@FW’ﬂ)]@\q f}nﬁ mmw M ’]Q%&J(r]i &&J umol), Fmoc-
ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-G-Pfp (32) (2.9 mg, 1 umol), Fmoc-ACPC-
Pfp (38) (2.1 mg, 1 umol) were used in each coupling cycle respectively

After purification by HPLC, the peak of GTAGATCACT (12r) appeared at

fg = 19.71 min. MALDI-TOF mass spectrum showed M-H"obs = 3555.940; M-H" 010 =
3556.669.

mg, 1 pmol), Fmog-
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2.3.9 Solid phase peptide synthesis of AGTGATCTAC (12s)

The synthesis of AGTGATCTAC (12s) was accomplished in the same way as
described for Ts (12d) above. Starting from TentaGel S RAM Fmoc resin (42 mg, 1
pmol) and monomer, Fmoc-C-Pfp (30) (2.9 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1
mg, 1 umol), Fmoc-A-Pfp (28) (3.0 mg, 1 umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1
pmol), Fmoc-T-Pfp (26) (2.5 mg, 1 umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 umol),
Fmoc-C-Pfp (30) (2.9 mg, 1 umol), F PC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-T-
Pfp (26) (2.5 mg, 1 pmol), FmoeAC
(3.0 mg, 1 pmol), Fmoc-A
1 pmol), Fmoc-ACPC-Pfp
Fmoc-ACPC-Pfp (38)
ACPC-Pfp (38) (2.1 m

ol), Fmoc-G-Pfp (32) (2.9 mg,
——

' 1oe: T-Pfp (26) (2.5 mg, 1 umol),

p(32) (2.9 mg, 1 pumol), Fmoc-

.0 ng, 1 umol), Fmoc-ACPC-

Pfp (38) (2.1 mg, 1 umol : ng cycle respectively.
After purification ‘Q’ :§. --\ of AGTGATCTAC (12s)
appeared at 7z = 22.34 rffn. OF s specthum’showed M-H' g, = 3556.003;
o Bt IR

M-H catea = 3556.669.

2.3.10 Solid phase peptide synihesis of JATCEAGTGA (121)

."—ﬁ—> ‘
The synthesis*of C o .

complished in the same way as

I
described for Ts (12d) !f» ove. Starting from TentaGel S ‘! AM Fmoc resin (4.2 mg, 1

umol) and monomer, Fme'oa. 28) (3.0%dg, , Emoc-ACPC-Pfp (38) (2.1
mg, 1 umol), Pﬂ)%—%&ﬁﬂﬁlﬁﬂﬂ,ﬂ\ﬁﬂﬁ?fp (38) (2.1 mg, 1
pmol), Fmoc-T-ﬂp (26) (2.5 mg, 1 gmol), FmoczACPC-Pfp (38)(2.1 mg, 1 umol),
Fmoc-(@fo)](a )&ﬂ @m&cwﬁwﬂﬂ a,ajpmol), Fmoc-
A-Pfp (28) (3.0 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-T-Pfp
(26) (2.5 mg, 1 umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-C-Pfp (30) (2.9
mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-T-Pfp (26) (2.5 mg, 1
umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 umol), Fmoc-A-Pfp (28) (3.0 mg, 1 pumol),
Fmoc-ACPC-Pfp (38) (2.1 mg, 1 umol), Fmoc-C-Pfp (30) (2.9 mg, 1 pmol), Fmoc-
ACPC-Pfp (38) (2.1 mg, 1 umol) were used in each coupling cycle respectively.
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After purification by HPLC, the HPLC peak of CATCTAGTGA (12t) appeared at 7g
= 19.04 min. MALDI-TOF mass spectrum showed M-H s 3556.463; M-H careq =
3565.669.

2.3.11 Solid phase peptide synthesis of GACATGACAT (12u)

The synthesis of GACATGACAT (12u) was accomplished in the same way as
described for Ts (12d) above. Starti I ‘TentaGel S RAM Fmoc resin (4.2 mg, 1

pmol) and monomer, Fmoc-T umol), Fmoc-ACPC-Pfp (38) (2.1
oc-ACPC-Pfp (38) (2.1 mg, 1
C-Pfp (38) (2.1 mg, 1 umol),

(38) (2.1 mg, 1 umol), Fmoc-

mg, 1 umol), Fmoc-A-P
pumol), Fmoc-C-Pfp (28
Fmoc-A-Pfp (28) (3.0 mg
G-Pfp (32) (29 mg, 1, ‘ \ |
(26) (2.5 mg, 1 pmol), EfbcA @b P (38) (211 g umol), Fmoc-A-Pfp (28) (3.0
mg, 1 umol), Fmoc-ACP@-P . ') t‘ g i 100), moc-C-Pfp (30) (2.9 mg, 1
umol), Fmoc-ACPC-PHf (36) @1 Dl ""‘»“ \c"A-Pfp (28) (3.0 mg, 1 pmol),
Fmoc-ACPC-Pfp (38) ( b 1 }ﬁdﬂn (p'(32) (2.9 mg, 1 umol), Fmoc-
ACPC-Pfp (38) (2.1 mg, 1 #fmol)ivere used ch'eoupling cycle respectively.

After purification b ‘ t he ] IPEC peak of GACATGACAT (12u)
appeared at 1 = 17 83 min. MALDIL-TOF mass spectrilt gs) howed M-H 5, 3565. 172
MH caios = 3565.6800 0.

/ :
T TS ‘?ﬁﬁ )

The synt%lesw of TATGTACTAT (12v) was, accomplishedain the same way as
descrlba m@)@f\}e‘j mg%wqt’a w gl\’/l]l;ax%}sm (42 mg, 1
umol) arfd monomer, Fmoc-T T-Pfp (26) (2.5 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1
mg, 1 pmol), Fmoc-A-pr (28) (3.0 mg, 1 umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1
pmol), Fmoc-T-Pfp (26) (2.5 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 umol),
Fmoc-C-Pfp (30) (2.9 mg, 1 umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-A-
Pfp (28) (3.0 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 umol), Fmoc-T-Pfp (26)
(2.5 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-G-Pfp (32) (2.9 mg,
1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-T-Pfp (26) (2.5 mg, 1 umol),
Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-A-Pfp (28) (3.0 mg, 1 pmol), Fmoc-



45

ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-T-Pfp (26) (2.5 mg, 1 umol), Fmoc-ACPC-
Pfp (38) (2.1 mg, 1 umol) were added in each coupling cycle respectively. Before
cleavage TATGTACTAT (12v) from resin, It must be deprotected nucleobase
protecting group (Bz, Ibu) treatment of the resin with aqueous ammonia/dioxane 11
at 55 °C for 6 h. In case of purification, the HPLC peak of TATGTACTAT (12v)
appeared at 7g = 27.37 min.

After purification by HPLC, the HPLC peak of TATGTACTAT (12v)
appeared at 7r = 27.37 min. MALDI-
M-H catea = 3546.662. '

}ass spectrum showed M-H' s 3546.949:

_d
———

The synthesis of r plished in the same way as
described for Ts (12d) : ] ment was skipped. Starting
from TentaGel S ! : d nonomer, Fmoc-C-Pfp (30)
(2.9 mg, 1 pmol), Fmo i (38) Fmoc-G-Pfp (32) (2.9 mg,
1 umol), Fmoc-ACPC-Pfg(3 (2_.1‘%@;‘ 1 noe-C-Pfp (30) (2.9 mg, 1 umol)

Pip (38) (2.1 mg, 1 ihol)l Fmoc-C-Pfp (30) (2.9 me Mudhol), Frnoc- ACPC-pr (38)
(2.1 mg, 1 umol), F > A-Pfp (28) 3.0 mg, 1 o
1pumol), Fmoc-T-Pfp (m) (2.5 mg, "u Pfp (38) (2.1 mg, 1 pmol),
Fmoc-G-Pfp (32 (2 9 mg mol), Fmoc-AGPC-Pfp (38) rﬁ , 1 umol), Fmoc-T-

Pfp (26) (2.5 ), M-&m@w ’]

each coupling c%le respectively. Fmoc-L-Lysine.vas coupled after the last spacer
s S TN )

After purification by HPLC, the HPLC peak of GCTACGTCGC (12w)
appeared at g = 17.81 min. MALDI-TOF mass spectrum showed M-H'ops 3534.654:
M-H' caiea = 3533.653.

umol) were added in

2.3.14 Solid phase peptide synthesis of TGTACGTCACAACTA (12x)

The synthesis of TGTACGTCACAACTA (12x) was accomplished in the
same way as described for Ts (12d) above. Starting from TentaGel S RAM Fmoc
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resin (4.2 mg, 1 pmol) and monomer, Fmoc-A-Pfp (28) (3.0 mg, 1 pumol), Fmoc-
ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-T-Pfp (26) (2.5 mg, 1 pmol), Fmoc-ACPC-
Pfp (38) (2.1 mg, 1 pmol), Fmoc-C-Pfp (30) (2.9 mg, 1 pmol), Fmoc-ACPC-Pfp (38)
(2.1 mg, 1 pmol), Fmoc-A-Pfp (28) (3.0 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg,
1 umol), Fmoc-A-Pfp (28) (3.0 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol),
Fmoc-C-Pip (30) (2.9 mg, 1 umol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 pmol), Fmoc-A-
Pfp (30) (3.0 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2.1 mg, 1 umol), Fmoc-C-Pfp (30)
(2.9 mg, 1 pmol), Fmoc-ACPC-Pfp (38) (2,1 mg, 1 pmol), Fmoc-T-Pfp (26) (2.5 mg,
1 umol), Fmoc-ACPC-Pfp (38) (2.1 g Fmoc-G-Pfp (32) (2.9 mg, 1 pmol),

Fmoc-ACPC-Pfp (38) (2. (30) (2.9 mg, 1 umol), Fmoc-
- - —

ACPC-Pfp (38) (2.1 mg no!) A-Pfp (28 0 mg, 1 umol), Fmoc-ACPC-

Pfp (38) (2.1 mg, 1 p Pfp\(26) (2.5 migigumol), Fmoc-ACPC-Pfp (38)

(2.1 mg, 1 umol), FmogsG-Pif $2)(2:9%mg, 1 uniol); Emoc-ACPC-Pfp (38) (2.1 mg,

1 pmol), Fmoc-T-Pfp (2§ § hd 1 umol), F \ - C-pr (38) (2.1 mg, 1 umol),

ak"of TGTACGTCACAACTA

ss spectrum showed M-Hp,

After purificatié
(12x) appeared at fgr =
5200.304.; M-H' ca1ea = 520

2.4 Biophysical s n. ies

)
241 T, experimenm60]

I exﬂiuﬁ‘ 53’1»%&3@53“ Ejgllﬂ ioo Bio UV-Visible

spectrophotome?gr (Varian Ltd.) equipped with a thermal melt system. The sample for
Tm meQr%r% p&ﬁ@%% %ﬁl}t’% %\&js’} acgligonucleotide
and PNAl solutions together to give final concentration of nucleotides and sodium
phosphate buffer (pH 7.0) and the final volumes were adjusted to 3.0 mL by addition
of deionized water. The samples were transferred to a 10 mm quartz cell with a Teflon
stopper and equilibrated at the starting temperature for 10 min. The Ag, was recorded
in steps heating from 20-90 °C, cooling 90-20 °C and reheating 20-90 °C (block
temperature) with a temperature ramp of 1 °C /min. The temperature recorded was the
actual temperature measured by a built-in temperature probe. Only the result taken

from the last heating cycle was used and was normalized by dividing the absorbance
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at each temperature by the initial absorbance (see Table 2.2). 7, was obtain from
derivative plot after smoothing using KaliedaGraph 3.6 (Synergy Software) and
analysis of the data was performed on a PC compatible computer using Microsoft
Excel XP (Microsoft Corp.) (see Figure 2.2). The independent experiments were

accurate within 0.5 °C.

Table 2.1 Data examples from 7, analysis of GTAGATCACT (12r) with

d ATCTAC) at 20.00-90.00 °C
e —

¢ :
o Temperature (° ’%% mp* (°C) | Normalized Abs
r U

1 20.62 /// '\\\\\\ 5 1.0000

2 40.52 ‘ )\ § 1.0300

3 45.52 1.0442

4 50.52 48.80 1.0663

5 55.4 _ 1.1020

Yo——
6 60.5 1.1516
7 6552 & & 0.1901 63.47 1.1987

eINANS
8 %ﬁaﬁi; 3 odhl o 1.2253

AR TR IAETAE

10 80.52 0.1964 78.14 1.2383
11 85.52 0.1965 83.03 1.2920
12 90.52 0.1964 87.92 1.2385

*The equation for determining the corrected temp was obtained by measuring the actual temp in
the cuvette using a temperature probe and plotting against the set temperature (Tyjoq) from 20-90
°C. The linear equation and relationship were obtained with Y = 0.978X-0.6068 and ° > 0.99.



Normalized A260

Correct temperature and normalized absorbance are defined as follows.

Correct. Temp. = (0.978xT piock) — 0.6068
Normalized Abs. = Absobs/ Absinit
Inentry 1; Tops = 20.62 °C, Absiny = 0.1586
Abseys = 0.1586
Correct. Temp. = (0.978xT4bs) — 0.6068

= (0.978x20.62) — 0.6068
19.56 °C

, bsobs/Abs.mt

86/0 1586

In entry 2; Tops

JI8x40.52) — 0.6068

—_‘Z bSobs/ AbSinit
0.1633/0.1586

1.30

1.25

20 30 40 50 60 70 80
Temperature (°C)

(2)

90

48
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0.0018

0.0016 *

0.0014 - <

0.0012 = %,

0.0010 e -

0.0008 * *

first derivative of A260

0.0006 =

0.0004

0.0002

0.0000

R
AN \

Figure 2.2 (a) Melii : ‘- \\ st derivative curves of

GTAGAT 2 ‘ CTAC). Conditions: 10 mM
sodium phos r7i) io of PNA:DNA = 1:1

The UV titratiof 2MILTON ROY spectronic
3000 array UV speﬂ)photo e at . Tola solution containing the

TGTACGTCACAACTA€(32x) (8.5 uM) @nd 10 mM sodium phosphate buffer

es00 u1) vl ) TV W fdde sock solution of

d(TAGTTGTGA%GTACA) (830.9¢ uM). After, the absorbagge is stabilized
o015 @RV B R RO o
more d(T GTTGTGACGTACA) aliquots were added until a total volume of 120 pL
(corresponds to 1:5 PNA (12x):DNA) had been added. The ratio of the observed Asg
and the calculated Aseo were plotted against the mole ratio of PNA (12x):DNA

nucleotide and the stoichiometry was determined form the inflection point.
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Calcd. ODqg = ODaso(12x) X V(12x) + OD260dNa) X V(DNay

V(12x) + Voona)

0.084 x 2500 + 8.4 x V(DNA) (pL)

2500 + V(pnay (L)

ratio of T:A gona) X ODa26o(12x) X V(12x)

260(DNA) X V(DNA)

CD experime gd on ¢ ) Model J-715 spectropolarimeter
(Pharmaceutical Resea yme Ceht aculty of Pharmaceutical Sciences,
Chulalongkorn Universit » vere ed by mixing calculated amounts

in a 10 mm quartz cell and the

final volumes were adjusted to 2 W ition of deionized water containing an

appropriate amount & 40 to give the appropriate

=
. - "
concentration of each g0 inkhe spectra were measured

at 25 °C from 200 to 3@ nm and averag
10 mM sodium phosphate’buffer pH 7.0 undgp the same condition.

ﬂUEl’JVlEWI‘iWEI’]ﬂ‘i

2.4.4 CD-titration experiment

ammnim NVITJ‘V]EH@ 3

Tq a solution containing the DNA (1.0 pM) and 10 mM sodium phosphate

nes then Subtracted from a spectrum of

buffer pH 7.0 (2.5 mL) was added 5 pL aliquot of a concentrated stock solution of
PNA (concentration = 83 uM). The spectra were measured at 25 °C from 200 to
300 nm and averaged 4 times then subtracted from a spectrum of pure water under the
same conditions. More PNA stocks were added until a total volume of 150 uL

(5 equiv) has been added.
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