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APPENDIX A: "H and C NMR Spectra, MALDI-TOF mass spectra HPLC
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Figure 49 3C NMR spectrum of tert-Butyl N-[2-(N'-9-fluorenylmethoxycarbonyl)
aminoethyl] glyeinate hydrochioride (40) (DMSO-dp)
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Figure 51 3C NMR spectrum of thymine-1-yl-methyl acetate (43) (CDCl)
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Figure 62 'H NMR spectrum of 3,6-dicyanocarbazole-9-yl-acetic acid (51)
(DMSO-dy)

A AN R R RN N R R RN s LR R RN AR R RS RA RS AR RRERS RARANREERS RERRN AR
190 180 170 160 150 140 130 120 11C 100 90 8C 70 60 50 40 30 20 10
ppm (1)

Figure 63 3C NMR spectrum of 3,6-dicyanocarbazole-9-yl-acetic acid (51)
(DMSO-dy)
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Figure 64 '"H NMR spectrum of 3,6-dinitrocarbazole-9-yl-ethyl acetate (52)
(DMSO-dy)
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Figure 65 BC NMR spectrum of 3,6-dinitrocarbazole-9-yl-ethyl acetaic (52)
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Figure 66 'H NMR spectrum of 3,6-dinitrocarbazole-9-yl-acetic acid (53)
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Figure 67 3C NMR spectrum of 3,6-dinitrocarbazole-9-yl-acetic acid (53)
(DMSO-dg)
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Figure 68 '"H NMR spectrum of fert-Butyl N-[2-(N'-9 fluorenylmethoxycarbonyi)
aminoethyl]-VN-[(thymine-1-yl)acetyl]glycinate (54a) (CDCl;)
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Figure 69 *C NMR spectrum of fert-Butyl N-[2-(N'-9 fluorenylmethoxycarbonyl)
aminoethyl]-V-[(thymine-1-yl)acetyl|glycinate (54a) (CDCl3)



102

s 00l il
ML#JLJ»«MM_MJLAL

‘ Y ey Yowey ey gy
N N=aBW o 0 =0 -OO000 - -0 -
8 8539 2 & S8 NEREES L35 38
rl’ i | 17'1"'_17l'71 I LS S S ‘ LI B B | I LI B B | I LI B T_T‘T_ﬁ"r ”I‘I_l_l'_ﬁ\'”1 T & B [’T' TrT
90 80 70 6.0 50 40 3C 20 1c

pom (11)
Figure 70 '"H NMR spectrum of fert-Butyl N-|2-(N'-9 fluorenylmethoxycarbonyl)
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Figure 71 *C NMR spectrum of fert-Butyl N-[2-(N'-9 fluorenylmethoxycarbonyl)
aminoethyl]-/N- [(carbazole-9-yl)acetyl|glycinate (54b) (CDCls)
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Figure 72 '"H NMR spectrum of fert-Butyl N-[2-(N"-9 fluorenylmethoxycarbonyl)
aminoethyl]-N- [(3,6-dicyanocarbazole-9-yl)acetyl]glycinate (54¢)

(CDCl;)
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Figure 73 B3C NMR spectrum of fert-Butyl N-[2-(N"-9 fluorenylmethoxycarbonyl)
aminoethyl]-N- [(3,6-dicyanocarbazole-9-yl)acetyl|glycinate (S4¢)

(CDCl3)
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Figure 74 '"H NMR spectrum of fert-Butyl N-|2-(N’-9 fluorenylmethoxycarbonyl)

aminoethyl]-N-[(3,6-dinitrocarbazole-9-yl)acetyl]glycinate (54d)
(DMSO-dy)
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Figure 75 BC NMR spectrum of fert-Butyl N-|2-(N’-9 fluorenylmethoxycarbonyl)

aminoethyl]-N-[(3,6-dinitrocarbazole-9-yl)acetyljglycinate (54d)
(DMSO-dy)
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Figure 76 HPL.C chromatogram of (a) crude and (b) purified NH,-TT-COONH,
(56a)
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Figure 77 MALDI-TOF mass spectrum of purified NH,-TT-COONH; (56a)
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Figure 79 MALDI-TOF mass spectrum of purified NH,-TTTT-COONH; (56b)
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Figure 81 MALDI-TOF mass spectrum of purified NH,-TTTTTT-COONH, (56¢)
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Figure 83 MALDI-TOF mass spectrum of purified NH,-CBZ TTTTT-COONH,
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Figure 85 MALDI-TOF mass spectrum of purified NH,-DCCBZ TTTTT-COONE,
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Figure 87 MALDI-TOF mass spectrum of purified NH,-DNCBZ TTTTT-COONH,
(561) |
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APPENDIX B : Synthesis of NH,-aegPNA-thymine-COOH and study of reactivity
| of 2-vinyl-4,4-dimethyl-5-oxazolone (VDM)

Synthesis of methyl 2-(2-(tert-butoxycarbonylamino)ethylamino)acetate (62) [89]

# J\J\’ 0

Br U\ -
~
6
HzN/\/NHZ (60) ol + /\/NHZ (42) + )J\N/\/ o
F = H
CH,Cly /0 °C / rt CH,Cl, /0 °C / nt
(36) (76 %) (61) (40 %) (62)

9

Scheme 35 Synthesis of methyl 2-(2-(fert-butoxyecarbonylamino)
ethylamino)acetate (62)

To a solution of ethylenediamine (36) (9.60 mlL, 159.1 mmol) in anhydrous
CH,Cly ( 30 mL) cooled in an ice bath, was added dropwise over period of 5 h. to a
solution of di-fert-butyldicarbonate (60) ( 4.43 g, 20.29 mmol) in anhydrous CH,CI,
(20 mL). After stirring overnight, the reaction mixture was washed with water (5 x 120
mL), dried over anhydrous Na,SO,, concentrated, and dried in vacuo to give crude
product of tert-butyl 2-aminoethylcarbamate (61) as an oil. Without further purification,
61 (1.8 g, 11.23 mmol) was dissolved in anhydrous CH,Cl, (30 mlL), and
diisopropylethylamine (DIEA) (1.95 mL, 11.79 mmol) was added. Then, a solution of
methyl broacetate (42) (1.06 g, 11.79 mmol) was added dropwise over 1 h. The resulting
solution was stirred at room temperature approximately 18 h. and washed with brine
(5 x 30 mL). The organic layer was dried over anhydrous Na,SOy, filtered and and dried
in vacuo to produce of 62 as a white solid in 40 % yield for two steps.

'H NMR 400 MHz (CDCl5) 6 4.87 (br, 1H, NH), 3.74 (s, 3H, CH3), 3.60 (s, 2H.
CHy), 3.20 (t, 2H, CHa, J= 6.3 Hz), 2.89 (t, 2H, CH,, J=6.2 Hz), 1.85 (br, 1H, NH) 1.35
(s, 9H, C(CHj3)3)



Synthesis of Boc-aegPNA-thymine-methyl ester monomer (63) [89]

O
| NH
\N/‘K\O
H(OH
(@]
o 0o (44)
H (
T{ e b 4T ’>O)L
H HATU / 2.6-Lutidine H
DIEA / DMF
(62) (63)
(74%)

Scheme 36 Synthesis of Boc-aegPNA-thymine-methyl ester monomer (63)

To a solution of 62 (0.50 g, 2.30 mmol) in anhydrous DMF (5 mL), was addcd
DIEA (0.59 mlL, 4.6 mmol), thymine-1-ylacetic acid (44) (0.51 g, 2.76 mmol), HA'1
( 1.67 g, 4.42 mmol), and 2,6-lutidine ( 0.95 mL, 8.28 mmol). The reaction mixture was
stirred for 8 h. at room temperature and then concentrated in vacuo. The residue was
brought up in CHyCl, and washed with saturated NaHCOj; (5 x 30 mL) and brine (5 x 15
mL.). The organic layer was dried over anhydrous Na,SO4 and concentrated in vacuo. The
crude product was purified by column chromatography (19:1 CH,Cl,/MeOH). The desired
product (63) was obtained as a white solid in 74 % yield: R;= 0.45 (9:1 CH>Cly/MeOH)

'H NMR 400 MHz (CDCl3) & 8.51 (br, 1H, NH), 6.97/6.83 (rotamer s, 1H, Ar)
5.63/5.38 (rotamer br, 1H, NH), 4.53/4.38 (rotamer s 2H, CHy), 4.21/4.10 (rotamer s, 211,
CHz), 3.76 (s, 3H, CH3), 3.49 (t, 2H, CH, J-6.4 Hz), 1.86/1.85 (rotamer s, 3H, CI1.).
1.64/1.46 (rotamer s, 9H, C(CHj)3)



Synthesis of Boc-aegPNA-thymine-COOH (64)

\
\r\f 0 N/&O
o) o)
0 0 o 0
1) 4M NaO¥ Kf
O/U\N /\\/N\/u\O/ — . ,O)]\N/\/N\)J\OH
H 2) 2M HCl H
(63) (64)

Scheme 37 Synthesis of Boc-aegPNA-thymine-COOH (64)
‘

A suspension of 63 in 4 M NaOH was stirred for 45 min at room temperature. 1 he
reaction mixture was cooled to 0°C and pH was adjusted to 2 with 2 N HCIL. The aquecou:
solution was extracted with ethyl acetate (3 x 30 mL). The organic layer was dricd over
anhydrous Na,SOy and concentrated in vacuo. The desired product (64) was obtained as a
white solid in 79 % yield.

'H NMR 400 MHz (CDCl;) & 8.87 (br, 1H, NH), 6.97/6.83 (rotamer s, 1H, Ar),
5.62/5.38 (rotamer br, IH, NH), 4.54/4.38 (rotamer s 2H, CH5), 4.20/4.10 (rotamer s, 211
CHz), 3.49 (1, 2H, CH,, J-=6.3 Hz), 1.83/1.84 (rotamer s, 3H, CH3), 1.63/1.48 (rotamer
OH, C(CHjy))

Synthesis of NH,-aegPNA-thymine-COOH (65)

O O
\lj\ NH i NH
N N o

(o)

o) Kféo 0 (6]
CH,Cl, / TFA ;

f—{»oJL NN \/U\OH - > H3N PN \/U\OH

H

(64) (65)

Scheme 38 Synthesis of NH;-aegPNA-thymine-COOH (65)
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A portion of desired Boc-aegPNA methyl ester monomer (64) (200 mg) was
treated with a 2:1 (V/V) mixture of TFA:CH,Cl, (2 mL). The reaction mixture was stirred
at the room temperature for 3 h. and was co-evaporated with toluene. The resulting crude
product was dried in vacuo to remove TFA. The crude oil was washed with diethyl ether
and dried in vacuo. The desired product (65) was obtained as a white-yellow solid in 74 %
yield.

'H NMR 400 MHz (CDCl3) & 8.85 (br, 1H, NH), 6.96/6.84 (rotamer s, 1H, Ar),
4.53/4.37 (rotamer s 2H, CH,), 4.23/4.12 (rotamer s, 2H, CH,), 3.50 (t, 2H, CH,, J-6.2
Hz), 3.13(s, 2H, CH»), 1.75 (s, 3H, CHj3)

‘
Reactivity of amine and hydroxyl groups of aegPNA with VDM

To a solution of 65, VDM in anhydrous DMF (5 mlL) was added. The reaction
mixture was stirred at room temperature for 8 h. Then, the reaction mixture was
concentrated in vacuo to give 66 as mastic solid and reaction were followed up by

'H-NMR 400 Hz as shown in figure 90.

0
\EU\NH
N o
; B S
— 2 N N
Z g
Mo WY e
K }N DMF / DIEA (66)
°0 0 /1t o
H«N/\/N\/ILOH
2 <t | NH
(65) (28) = i L
N"SO
06 o
HN/\/N\)LO&N\H/\
o)
(67)

Scheme 39 Reactivity of amine and hydroxyl groups
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Figure 90 'H-NMR spectrum of (a) NH;-aeg-thymine-COOH (65),
(b) Product of reaction (66) (CDCI;)

Optimization of VDM with hydroxyl groups of Boc-aegPNA-T-COOH

To a solution of 64 and VDM (29) (Table 8) in anhydrous DMF (5 mL)was added.
The reaction mixture was stirred at room temperature for 8 h. Then, the reaction mixture
was concentrated in vacuo to give crude product as white solid and was followed up by

'H-NMR 400 Hz as shown in figure 91.
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Table 8 Mol eq. between Boc-aegPNA-thymine-COOH and VDM

mol eq. ratio

Boc-aegPNA-T-COOH VDM
1 1
1 s
1 4
1 6
(o] o]
1 | NH | NH
N/&O ,&

DMF / rt o K(oo # u

-l ) -+~~OJ\N/\/N\)J\O No

O Kfo 0 —

M N TN
+-07 N OH + o)
| <

= N —

(64) (28) (68)

Scheme 40 Optimization of VDM with hydroxyl groups
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APPENDIX C : Extinction coefficient of carbazole derivative acetic acid and

coupling efficiency of each monomer

Determination of extinction coefficient of carbazole derivatives

Stock solutions of aegPNA oligomers in water were quantitated by measuring the
absorbance at 260 nm using the following values for the extinction coefficients of
individual residues for PNA, A=13,700, C=6,600, G=11,700, and T=8,600 l.mol"'cm™".
The extinction coefficients for carbazole derivative were obtained from the experiment as

described.

A stock solution approximately ~10 mM of carbazole derivatives in 100 mL of
100 mM N;HCO; was prepared. Next, the stock solutions were diluted with 100 mM
NaHCOj; to give three different concentrations (for example: 0.01 mM, 0.02 mM, and
0.03 mM). Then, each diluted solution was heated at 55 °C for at least 1 minute. The
absorbance of the solution was then measured at 260 nm. The average of the threc
absorbance measurement was used to calculate the extinction coefficients using Beer’s

law (eq : 4):
A =¢€bc 4

Where: A = absorbance
¢ = extinction coefficient (I.mol™”.cm™)
b = path length of the cell (cm)

¢ = concentration of the solution (mol.I"")

Extinction coefficient was determined from three concentrations. The three
extinction coefficients were averaged, and this averaged value was used in the

quantitation of PNA oligomer concentrations.



Table 9 Extinction coefficient of carbazole derivative

Compounds Extinction coefficient (.mol'.cm ')
carbazole acetic acid (42) 18,239 v
3.6- dicyanocarbazole acetic acid (48) 20,283
3.6- dinitrocarbazole acetic acid (50) 18,533

The coupling efficiency of each monomer

To, check the effectiveness of each coupling step, the solution consis!
dibenzofulvene and 20 % piperidine in anhydrous DMF was measured with UV -vis
spectrometry at 290 nm. The first absorbance of the solution from the first load:
Fmoc-aegPNA-resin, was assumed to be 100%. The efficiency should be up to 9
cach step in order to give acceptable yield.

The aegPNA oligomer was synthesized according to protocol using MBHA-resin

(10 mg, 1.0 umol). The coupling efficiency of each monomer was shown in the table C'|

Table 10 The coupling efficiency of each monomer

Code  Cycle Monomers A9 Coupling efﬁcw;«
T, |
1 Fmoc-aegPNA-T-COOH 0.813 100.00
2 Fmoc-aegPNA-T-COOH 0.775 95.39

Average 97.69




Table 10 (cont.)

Code Cycle Monomers Azg9 Coupling efficiency (%)
f !

1 Fmoc-aegPNA-T-COOH 0.801 100.00

4 Fmoc-aegPNA-T-COOH 0.784 97.88

3 Fmoc-aegPNA-T-COOH 0.772 98.51

4 Fmoc-aegPNA-T-COOH 0.756 97.89
Average 98.57

Te I

Ik Fmoc-aegPNA-T-COOH 0.816 100.00

2 Fmoc-aegPNA-T-COOH 0.786 96.37

3 Fmoc-aegPNA-T-COOH 0.753 95.80

4 Fmoc-aegPNA-T-COOH 0.724 96.15

5 Fmoc-aegPNA-T-COOH 0.689 935.17

6 Fmoc-aegPNA-T-COOH 0.648 93.96
Average 96.24 -

TC, 7

1 Fmoc-aegPNA-T-COOH 0.890 100.00

2 Fmoc-aegPNA-T-COOH 0.873 98.05

3 Fmoc-aegPNA-T-COOH 0.850 97.40

4 Fmoc-aegPNA-T-COOH 0.828 97.37

S Fmoc-aegPNA-T-COOH 0.797 96.22

6 Fmoc-aegPNA-C-COOH 0.763 95.73
Average 97.46




Table 10 (cont.)

122

Code Cycle Monomers Azg Coupling efficiency (%)
TCC, 7
1 Fmoc-aegPNA-T-COOH 0.810 100.00
4 Fmoc-aegPNA-T-COOH 0.800 98.77
3 Fmoc-aegPNA-T-COOH 0.783 97.83
4 Fmoc-aegPNA-T-COOH 079 96.89
5 Fmoc-aegPNA-T-COOH 0.740 97.58
J 6 Fmoc-aegPNA-DCC-COOH 0.703 95.00
Average 9768 ||
TNCq
1 Fmoc-aegPNA-T-COOH 0.783 100.00
2 Fmoc-aegPNA-T-COOH 0.771 98.47
3 Fmoc-aegPNA-T-COOH 0.757 98.23
4 Fmoc-aegPNA-T-COOH 0.741 97.89
3 Fmoc-aegPNA-T-COOH 0.708 95.50
6 Fmoc-aegPNA-DNC-COOH 0.586 82.81
Average 95.48 |
Ty
1 Fmoc-aegPNA-T-COOH 0.838 100.00
2 Fmoc-aegPNA-T-COOH 0.820 97.85
3 Fmoc-aegPNA-T-COOH 0.795 96.95
4 Fmoc-aegPNA-T-COOH 0.775 97.40
5 Fmoc-aegPNA-T-COOH 0.744 96.04
6 Fmoc-aegPNA-T-COOH 0.707 94.98
7 Fmoc-aegPNA-T-COOH 0.681 96.42
8 Fmoc-aegPNA-T-COOH 0.651 95.60
Average 96.91




APPENDIX D : Limit of detection (LOD) and Limit of Quantitation (LOQ)

calculation

Limit of detection (LOD) and Limit of Quantitation (LOQ) calculation by Miller
method

Table 11 Absorption, SD and %RSD of thymine aegPNA monomer at 5, 10, 30, 50
and 100 pM

Conc. Abs Average SD %RSD

3 0.0461 0.0457 0.0445 0.0450 0.0447  0.0452  0.0006 1.41
10 0.0830 0.0839 0.0856 0.0843  0.0851 0.0844  0.0010 1.14
30 0.2540 0.2647 0.2528 0.2612 0.2668  0.2599  0.0059 2.28
50 0.4523  0.4407 0.4242 0.4417 0.4390  0.4396  0.0095 2.16
100 0.8547 0.8482 0.8422 0.8582 0.8591  0.8525 0.0068 0.79

0.9000
0.8000 y = 0.0085x ~0.0035
8000 - " - =
R*=0.9997
0.7000
0.6000
» 0.5000
= &
* 0.4000
0.3000
L4
0.2000
0.1000 &
0.0000
0 20 10 €0 80 100 120

Concentration (uM)

Figure 92 Calibration curve of NH;-aeg-thymine-COOH (60) at 10, 30, 50 and
100 uM
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Limit of detection (LOD)

yiop = yst 3sp (5)

Limit of quantitative (LOQ)

Yioo = yst 10sg (6)
when; yiop = Signal generated for LOD
YLoQ = Signal generated for LOQ
t yYB = y-Intercept of equation
SB = Standard deviation of blank
Form
y = 0.0085x + 0.0035 (7
YB =: 0.0035
when; x Concentration of a¢egPNA thymine monomer
y = Absorption of aegPNA thymine monomer
Vi Absorption of aegPNA thymine monomer
by y = 0.0085x + 0.0035
o - > (v i)’
N-2



Table 12 Calculation of detection limit

x (M) y yi Y-¥i (y-yi)’

5 0.0452 0.0460 -0.0008 0.000000()4‘
10 0.0844 0.0885 -0.0041 0.00001697
30 0.2599 0.2585 0.0014 0.00000196
50 0.4396 0.4285 0.0111 0.00012277
100 0.8525 0.8535 -0.0010 0.00000104

2(y-yi) 0.00014
: Z(y-yi) /N-2 0.00005
SB 0.00691
- 0.00350
yLop = yB + 3sp 2.44
yiop = ys + 10sp 8.12
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