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4. The hybridization between N-PNA and DNA was studied by AFM and
electrochemical methods. The photoisomerization of azobenzene in N-PNA/DNA
double helix could regulate the transport of electron. The effect of hybridization
between N-PNA and DNA can also be observed from AFM imaging. These
results indicate that the position of azobenzene in N-PNA does not influence the

hybridization but the trans-cis isomerization of azobenzene unit can influence

hybridization.

Key words: peptide nucleic acid; synthesis; azobenzene; electrochemistry; trans-cis

isomerization; AFM
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Abstract

During the latest decade a number of different nucleic acid analogs have been
synthesized. An example of this is peptide nucleic acid (PNA), a DNA mimic with a
noncyclic peptide-like backbone, which was first synthesized by Nielsen et al.in 1991.
Because PNA displays very good hybridization properties, it have been widely used
in many areas of chemistry, biology, and medicine including drug discovery, genetic
diagnostics, molocular recognition and biochip. During the latest decade research,
novel applications of this versatile PNA are still emerging. However, up to date, the
price of PNA monomer is still very expensive which has inhibited its wi‘despread
application. In this thesis, the synthetic methods of the PNA monomers were
discussed. The PNA monomers modified by electroactive and photoactive groups
were synthesized. The ferrocene labeled PNA oligomers and PNA containing
azobenzene unit were synthesized and their hybridization with DNA were studied.

The main contents of this thesis are listed in the following:

1. PNA monomers were synthesized, then PNA oligomers were successfully
prepared by solid phase synthesis. The electrochemical detection of hybridization

was completed by using ferrocene labeled PNA as signaling probes.

2. In order to regulate the hybridization between PNA and DNA through the outside
stimulation, PNA monomers containing azo group were synthesized first. The
new PNA monomers showed reversible photoisomerization with UV and visible
light irradiation, and the fluorescence of phenylazonaphthalene PNA monomers

might make them especially useful as structural probes.

3. The azo PNA monomers were incorporated into PNA oligomers by a typical ‘Boc
method. The azobenzene of N-PNA single strand and N-PNA/DNA double strand
showed reversible photoisomerization with UV and visible light irradiation. The
hybridization of N-PNA with complementary DNA resulted in a considerable

decrease of the photoisomerization rate constant of the azobenzene.
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Figurel-1 The central dogma of biology
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Figure1-2 The structure of DNA double helix

a) Norrnal cell b} Antisonse inhibitian ¢} Anfigene inhiikon
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B 13 FEE (Q)EREFRE, DNA i % E mRNA, RFHEIERD I (0)R XLHH,
& M T Watson-Crick Z5845E 5 mRNA b, XFEHIMHE T mRNA BEREIG (ot
HEME, EERERERRIRES DNA HIHEFER, XM RIEE = RiErTE

ERE AN, [25])

Figure 1-3 Schematic illustration of (a) Normal gene expression. DNA is transcribed into mRNA
followed by translation to give multiple copies of the protein gene product; (b) Antisense inhibition.
An antisense oligonucleofide binds specifically to mRNA via Watson-Crick hydrogen bonding
whereby it inhibits translation of mRNA into protein; (c) Antigene inhibition. Transcription is
inhibited by the binding of an antigene oligonucleotide to DNA. The binding may be mediated
through triplex formation or strand displacement.
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%, Ko pERFANRS —MRE. HINERT PNA B4K, AMTE
SR ERAREREANSEANGIER, BT EENREATEERE, HLE
FEAE— AN RN BANREEI GRS BB BRI S — PR IEA iR, Hhdn—
MRS, H— AR, B RE RN, i — R RERLER,
B—AEBEHRBEERT. F 2-1 Rk 2-2 4551512 T7E PNA &+ 2% H 201
%ﬁﬁ%ﬁ%%@ﬁ%ﬁﬁﬁ%@&ﬁ%%%ﬁo$%ﬁ%ﬁ%ﬁﬁ%%%&,%
JE BN BREAINRE R 2L, BI5GB AR S
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% 2-1 PNA # &SR 2B (R 50 SR 4
Table 2-1 The protective groups, protective reagent and deprotection of PNA amido
TRy 5 R o BR 24 525 30K
Ac ZEE, R 10%TFMSA [10]
An Anisoyl chloride WE K [11,12]
Boc (Boc),0, BocN;3 50%TFA [13, 14] .
i-Bu i-Bu-Cl WREIK “[11]
Cbz Cbz-Cl, Cbz-ONSu, Rapoport 7 TFMSA [15, 16]
Dpc Dpc-Cl TFA [10]
Fmoc Fmoc- ONSu 20%IKIE [15]
Mmt Mmt-Cl 30%TFA [17, 18] |
% 2-2 PNA 8 FI BB RS2 B SRR B F Bk 4
Table 2-2 The protective groups, protective reagent and deprotection of carboxyl
R FRR A A RPN
Me NaOH [1, 14, 19]
Et NaOH [14]
t-Bu HCl [15]
2.2 Z YR IREIE

| PNAZ M EEEN-Q-E R H R, R T AR 28
AT E R R, B R SR EERY . BT R REAN SR
R4 R RO ARTOARR, FLERNERESERELZECY, BL, ¥ANG
BOTEEES AU T =2, |
2.2.1 fEARN

KHABOTEN T BRI 5, e, Al BEmR G, R
5B B P RRSEBULAN R . R ER 2  REE 2N B, 5
BRI R B . 8 R R 2 E B . Boc, Fmoc, Mmt %,
BEMEES: Me, Bt t-Bu%. FEIILARIEENSREL. €23 55T
T FE P IR S0 46 1 L S 5% SOk
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a. UZZRABRBAERFPHTH—AELE B CBREETEY R,

o]
\ H
A~ NH2 1 PG NH 2 PG N \)]\
HoN = N2 e NN OR
K 2-2 BIRAREZ]
Figure 2-2 Synthetic route 1 of backbone

b. WUZZMA BRI S KR ZBREHEATEY RN, H5RYE R

o)
0
. H
A N2 3 H\/“\ 4 PG N\)J\
HoN —_>H2N/\/N~ OR NH/\/ OR

Bl 2-3 ERREHERL2
Figure 2-3 Synthetic route 2 of backbone

c. UEEZENREEGRTEE, AEEEREHENER, Be5xNIREAM
YR '

o)
P LN 6 PO N 7 pg H\)l\
H

Bl 2-4 BIEERBRLS
Figure 2-4 Synthetic route 3 of backbone

* 23 ARERMEN 1
Table 2-3 The reagent 1 of synthetic backbone
Be | PG| R R R Z7 30k
a Boc | tBu | 1. (Boc),O, NEt;, DCM. 2. CICH,COOtBu, NEt;,DCM [13]

b Boc | Me | 3. CICH,COOH, MeOH/HCI. 4. (Boc),0, dioxane/H,0- [21]

b Fmoc | tBu 3. BrCH,COOtBu, DCM. 4.Fmoc-ONSu, DIEA [15]
b Mmt | Et 3. CICH,COOH, EtOH/HCI. 4 Mmt-CI,NEt;, DCM [17]
c Boc Et 5. (Boc),0, DCM. 6. Raney-Ni, H,,10%NH3/EtOH. [20]

7. BrCH,COOEt, KF/Celite, CH;CN

Jkl:%'éE%éﬂ%f‘a’ﬁ$, FE G5, FRBRIEMNES, B, EXBFERTHNE
R a Bl b &L, BT a SRBEANES—&%, FRE—Y, BR#La
Wt e O B E A R R . RATA S H TR LMK DCM ., BIN¥EH (BockO 1
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DCM % i [npocpo/n 2-e=1/10], RIELATE, B BRPNL I, BRIRL

%7 Bes S 2R 2B R AR B EIFEY . AZRLEARZBZEHXHE: ROR

2. R RS, R SRS, WEAE, R, SIRERBEX, mE

2R 7B R NG VEG, TRk RMEEHIRZM LN, [ERILFE, MxE

Ho

2.2.2 JERBRIE R S B o |
BT AL T, B SRR BT K R R R B B R e BT

BRI RS R S 2R, M2 5RPEAMREE, RN EGRBEEREMHE

B, FERLGLITILE:

o WA RIHARESEPEREIBRN, RE, ARHEARES R NEEL
AT B FR) R 8o

—>  Boc A\
—-
OH BocHN

OH

4 H
—_— N COOR
BocHN” % N ACOOR BocHN” " "
2-5 ‘BG4
Figure 2-5 Synthetic 4 route of backbone
W7 BAR FUE TBoc R4, BiZrEMMERM AT EREME
MEERPNAR R, 245 H T BLETTIE RN 541 .

*® 2-4 BRCEREIAG 2
Table. 2-4 The reagent 2 of synthetic backbone

PG R R BRI IS AT Ref.

Boc Me 1. (Boc),0, NaOH, H,0. 2. KIO4, H,0. [19]
' 3. H,NCH,COOMe-HCl, NaAc. 3. H,, Pd/C

Boc Et : 1. (Boc),0, NaOH, H,0. 2. K104, H,0. [19]

3. H,NCH,COOEt-HCl, NaAc. 3. H,, Pd/C

Boc Et 1. (Boc),0, NaOH, H,0. 2. NalO4, H,0. (14]
3. H,NCH,COOMe-HCl, NaAc. 3. NaBH;CN, MeOH
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EEAA-EE-1, 2-W BN RS R R LG, Bl T iEr

B R,

CHj
OH 1

N—OCH
BocHN/W]/ — > P2 /\/O
o BocHN —> BocHN
)

__.3__> BocHN/VN\/COOR —4—-> BocHN/\/H\/COOR-
1.HN(OCH,)CH;, TEA, TBTU/TEA; 2. LiAlH,, 10% Citric acid; 3. H;NCH,COOMe-HCI, 4. NaBH;CN, MeOH.
B 2-6 BLEE LS
Figure 2-5 Synthetic route 5 of backbone
b. IR N R B E BB HAT AN S 2 SRR LR R N . HlInT

R,

1. Hy/Pd/C, H,0; 2. MeOH/HCI; 3 Mmt-Cl, DMF, NEt; ;4. Fmoc-(ONSu), dioxane/H;0; 3. MeOH/HCl.
2-T BRE KBRS
Figure 2-7 Synthetic route 6 of backbone

NH,
OEt o BocHN” "

>~ Eo = 2

OH O

Y

o N COOEt
N COOEt —_— /\/ \/
BocHN” " X BochN

1. NalQ, DCM/H,0. 2.3AMS,DCM. 3.10% Pd/C, H,, DCM
Bl 2-8 BIRERUKRLLT
Figure 2-8 Synthetic route 7 of backbone
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2. 2. 3 Mitsunobu % V.

R 20 5 R TRE 00 PR 57 6 0 1 it A7 Metsunobu S
EEE,

OCH,4
2
/ g M

BocHN —_—>

1.TPP, DEAD, THF; 2. PhSH, K,CO;, CH;CN
2-9 BIHENIRLS
Figure 2-9 Synthetic route 8 of backbone

2.2.4 LRI

il R
O
H
(BOC)ZO BI'CH2C02C2H5 N
NH, 2, NH, > N \/u\
NH
HzN/\/ BOCNH/\/ or CICH,CO,C,Hs Boe 2 - OCH
1

FREEAL AT AR IR LB

HY 240 ml Z, Z BT 500 ml Z& BT, SRS, INIEH 98.5 g (Boc),0
=& i 225ml, AT EAS DT 3 he BEEERML20h 5, BIA 450 ml 7K,
SERIZIBRE, 40, BUENUE, AKAM&H 225 ml ZRFREER 2K, SiFEHH,
AN AR 300 mi Ve, TOKBRERMITIREIEUE, WA HAERRIL
&9 1, 1 %T 400 ml DCM &1, A 62 ml =ZJ&M 0.25 g AL, Whn 48.2 ml
YA 7,08 7,880 225 ml — P LRIB SR . 35°C BB R AL 50 h, B 250 ml 7K FF
BIZUBEEE. B REHE, TRBIBRMTEREITIE, BUEZEHERERE AR
=0, RIS E (ERA: 2B, Re=0396) 155358 2 Ml A
44.5 g 5, 72 40%. FT-IR: Vnu ¢ 3351 (BRfZD, 3230 (&5 Ven : 2977, 2933,
29215 Vemo: 1738 (HE) , 1712 (Boc); Smx : 15175 & ura: 1392, 1365; T %
M-S SRR EN: 1250, 1192; Veo: 11725 8 arss : 863; FAB-MS: [M+H] = 247.0,
[M-(CHy);C+H]" = 190.0, [M-(CHs;COJ" = 172.9, [M-(CH;):C-EtO]" = 12838,
[M-(CH3);C-Et+H] = 115.8; "HNMR(CDCL): §: 5.038 (s, 1H), 4.141 (g, 2H), 3.358 (s,
2H), 3.168 (d, 2H), 2.705 (t, 2H), 1.690 (s, 1H), 1.401 (s, 9H), 1.237 (t, 3H).
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BREWRFAR LR LBE

EHRBESBE AR R ZEHEASHEE, ARZAHRERNTERLRLES,
45 C[E% 50 he RKRR 8 BTG TELIR 48R 2 B8 {K . 72 38%.
B PR

0

H
- 0
NH, BrCH,CO,CHs /\/N\/“\ (BockO_ J[\
N > N 0CHs g BocNH/\/ OC,Hs

H,N

HOKYERIZBRE T, F 6.0 mlIR ZBR ZBES 40 ml Z S GevR & ORI i) 30 ml
Z [ 200 ml S R ETRER T, WMETARRIAR DT 6 he BEIKKE, Bl
M. BEWEH 50 ml AKPEY 3 K, B 50 ml —EHRHRERUKM. SHHTMHE,
TR TR i v, EiZE A 300 ml Z& LT, BEEE T 3.5 ml iERE
(8 4.4 ml —Z0), FIEE 9.4 g (Boc)0 130 ml & HF L, 0T R
F 5 he MI5ESE, AEERFER AT 12 he % 50 ml 1 mol/L E:¥EY 5K, 50 ml
EhKPESR. EVERTKRBRM TGS, EXSPETHHE~Y, BRI
B (BB ZBRZES, Re=0.396) B E O 449, F 35%. RIEGER
A k.

2.3 RAEWER RN 2Btk
DNA A 4 FRRAZIREE R ARmEne . famEne . Eed. SIEn, BRT
PR e AN S T IRANE R . WRAHAT RIS 86 it FHE RN AR T
ERRM, FEMHTREETRY . BERERREHIBUREY, 4
EEASNE LY g IVAE EoE: R

2.3.1 R

EREBNEERP P ELEASHRFECEML T, HAGHER, WTUE
T RIS, B REEARUL £ 2-5 5 THEAERRT B E AR
H. BTHR2-5 FIBMERRPEZS, SREFRS—HOBLEAE, Hlnics
Dipmoc, Voc 25577 I 7E— S BRIE 0L N AE A . M EER RS A E Sz
RFA%] PNA M&MT %, ZRIAEGFREENRPE —EHERIER, Uk%E
FRE Gk E AR A BTE RS T E AR IR BB RAR, AL KR AFHNAE D E
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f

Hg AR L ) TR R L SR A B Cbz, Mimt, tBuBz, An, iBu, Ac, Bhoc % JL#H. &
T, NN ZHRE Coz 5HEEEMRIE Boc KITHEHEHES, H X2 Bhoc
58 mE R RHE Fmoe MIEASHE, FAXHEHEETRREHEBME TR
1. KPR RGBS, Boc (B KIIRH R AR T L5 M FUEH PNA 3
Bk, HREEMA RS LRE. Fmoc LG THRRIAFIM A, BRTHNE, &
FEHEAT DNA 4B BAFELEREAEP % B R RAR T R ERREER
T Boc il Cbz $#5H1, -
# 2-5 % AR EY R R R R R &

Table 2-5 The protective groups, protective reagent and deprotection of amido

Eyit) ZFR RPRFA FBR 4
Cbz Cbz-Cl TFMSA, Na/NH;3(#)
Bhoc Bhoc-N; 1.7M HCl
Fmoc Fmoc-ONSu 50%kNE/DCM
Boc (Boc),0, Boc-N3 50%TFA/DCM
Bpoc Bpoc-OPh, Bpoc-N3 TFA, 0.1M HCI/CHCI3,HBr
Mz Mz-Cl, Mz-N3, Mz-ONp HBr/AOAc, TFA, HCl/A WL
tBuBz tBuBz-Cl WEIK
An Anisoyl chloride/Py {2&’5\‘ K
[ Ac Ac,0, Ac-Cl 1.2M HC1,85%Hf,
R EL HCOOH/A¢,O . HCI/H,0, HCI/ROH
Tfa — 5 BR AT 1M URAE
Pht - SR R ET ' fijk/ 2. 1%
Tos Tos-Cl Na/NH;(#)
Mmt Mmt-Cl ’ 80% AcH, 3% =R L&
P E:
Kt iBu iBu-Cl - TFA
Trt Trt-Cl HCIl, AcOH, Pd/C
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Boc A SN RFIBAIR A ZE ) BocNs, & MB&ME 2-10, JFX2
M EZEWEHI(Boc),0.

a
(CH3);COH — (H3C)sC /u\ —_—

o)

(HsC)5C /”\ ——  Hoe. I

N,H5 o N3
a. /2B (-70C) b. 85% K& c. NaNO,/AcOH-H,0
] 2-10 BocN; 6 i 2%
Figure 2-10 Synthetic route of BocN;
Cbz N F) S NIRFZ Cbz-Cle BAILH 2R R 5B/ AMERE, Wt
O, FEEHIE SRS Cbz-Cl, ARG EILE 2-11 A, HTRSREMNR, BIEKR
AHE, BAVRAT BEASERR—ZE8T SARAHF Cbz-Cl (K 2-11 B). &
JS ) Cbz-Cl IR 281 Cbz-Cl 58K &N LS BRI -

0 0
PhCH-0H
A CClL |, HSO (KM ——> — - JL
A 0 cl
cl c1

0 O

+ OH 0 Cl
ClC CCl;

] 2-11 Boc-Cl {14 i 2k
Figure 2-11 Synthetic route of Boc-Cl

2.3.2 BREEHRI A LBiL

X—/NEER T WA RRBEM RS ZFk, BARERERERY HEH R
FRMRES, EREETE PNA FRPHHAD. 2001 PNA BHRE “6+3”
SN, TAEEB RS B S MG K, BT AT LB R R A
LMK IR . TSRS K.
1. Mafigmene (T) 2Btk

- BfRmEE R A SANEE, BUATRERY, GBI E R, &Rk LA 2-12.
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’

NEFTUBBREAGHLBE, 4SRN CREFELRI, RESUER
FIRE, B—4REENERZBREN. BT RMERRANAR, thE AR
W, +®2-6 FIE T BLREHITTI,

' C
| 0
Q

. HN
HN | Q 7]\ |
)\ o) N
0 N a HN o
H \ )\ |
o) N
CO,R
B 2-12 & RSN 21K
Figure 2-12 Synthesis of thyminyl acetic acid.

26 £ BB BRETE Z IR
Table 2-6 The reagent for the synthesis of thyminyl acetic acid

R ARG 2% A e E P
Me a.BrCH,COOMe,K,CO3,DMF;b.NaOH,H,0 [

H c. BrCH,COOH,KOH,H,0 [25]

Et a. BrCH,COOE1,K,CO3,DMF;b.NaOH,H,0 BAIERE
Et a. CICH,COOE,K,CO3,DMF;b.NaOH,H,0 A

AR LW S IE AR, 1B BrCH,COOEt, CICH,COOEt # k& ik
T AL B AR e, PR ARIRE] 65%.

. fmEnE (C) BRI K LBk

fmEnE SOV, FULTERY, PERIRMAE. ERERRARERITIA
A AR S A R R TR IR AN, BB R BB, Ba RE
B2, AL ILE 2-13.



F-E PNARGEERK 35

", | HN/PG HN/PG HN/PG
N)jl» N)j b N/ﬁ c N |
N Jo = A )= L
S iie ke dia

' COzR ~CO,H

& 2-13 A BuEmERE LBRATAEY

Figure 2-13 Synthesis of cytosyl acetic acid derivatives.
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Table 2-7 The reagent for the synthesis of cytosyl acetie acid derivatives

PG R a b c Ref.
Cbz Me Cbz-Cl/Py BrCH,COOMe, K,CO:s, NaOH, H,O [1]
DMF
Cbz tBu Cbz-Cl, BrCH,COOtBu, K,CO3, HCl/dioxane, [15]
DMAP, Py Cs,CO3, DMF DMF
Mmt Me | Mmt-Cl, Py, BrCH,COOMe, NaOH, [18]
NEM NaH,DMF H,O/dioxane
tBuBz | Me tBuBz-Cl BrCH,COOMe, NaOH, [11]
Py NaH,DMF H,0/dioxane
An Me Anisoyl BrCH,COOMe, NaOH, [12]
chloride/Py NaH,DMF H,O/dioxane
Cbz Et Cbz-ONSu BrCH,COOE, NaOH, H,O | F&{15£%:
DMF K,CO;,DMF . Hhizf

AT P SRR 27 TSR A . A
AP A HOT R RIS, BRI, S SRR R,
BRSO, EBARKIERY, BHRATZRA T ChzONSu ES AR Mk
EE S TR, RAORP4 HCl, T ELBE i FI ) £ 107 4 B0k Py, Bt
DME #£25 T 5%, JFH3RE T s, 5 TREE, HNaEE RIS,
AR IR BT B B T, R BT B 65°C P AsiA B B 86%, HX
HRIRIE A Cbz-Cl =5 30%. ’

BEJ5 Cbz £ 1 mEme $EAT fe 2k ZBkdk, FATH I R BrCH,COOEt U T
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/

SCERIRIE ) BrCH,COOMe, AbEEJTIHEUS A T SCBR BRI i, 7= F 4 el 3T
WIEH 40%38 = F] 50%.
1. BREErS (A) MR R ZBiE

RS (A) IR R LB SCIR R IRE B A 2, S B LI 2-14. 3R 2-8

BoR T 7830 R A BT B B A

k)\/[ >— '\)\/[ y— k)\/[ y—— :\/E

COOEt COOEt | COOH

a. BrCH,COOEt, NaH, DMF. b. N-(benzyloxycarbonyl)-N’-ethylimidazolium tetrafluoroborate, DMF,
DCM. c. NaOH(ag).”®

A

PG
NH, N~
t e */c b Y
s |\\ > s | N>
COOR I\COOH
B 2-14 & RER ZRATEY)
Figure 2-14 Synthesis of adenyl acetic acid derivatives.
2+ 2-8 A FARIEN ZERAT D R
Table 2-8 The reagent for the synthesis of adenyl acetic acid derivatives
PG R a b c Ref.
Cbz tBu NaH, Cbz-Cl, BrCH,COOtBu, K,CO;, | TFA, DCM, [15]
DMF Cs,CO3, DMF Et:SiH
Mmt Me Mmt-Cl, Py, NEM | BrCH,COOMe, NaH, NaOH, [18]
DMF H,O/dioxane
An Me Anisoyl chloride BrCH,COOMe, NaH, NaOH, [11]
Py DMF H,O/dioxane
Cbz Et NaH, Cbz-Cl, BrCH,COOEt, K,COs, NaOH, AT
DMF Cs,CO;3;, DMF MeOH/H,0 g Al
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Pish A B Bgholm, MBS B I — 4B HEE, (BE/ERYHIER
Cbz-Im'EtBF, fE S ARF, AT Cbz-Im'EtBF, tb&ER, HEEIMAMER, LR
B, BRI R Coz-ClLAE A, (B RSP, BTN NaH %
TR 7,5 7. B8 & R B p R DA e 2R Z IR e, B
BEIR B R, BRI A B T IS Z e 286, BE 2R Cbz-Cl {R4PI
A\ NaH 3£k, BARVER IR, FHRAAASE, R T KRS
REEH. FHRATRE B B, 36 EIE SO 5 B R s £
BICH;COOEt, AT &I, MITXEE T —MaHTE.
IV. SRS 2B

o T SRR B R, FEUER A ML S, e
A E R A BB, B EARERF. BERSHER FERHE
(B4, BT AR B AT DL R R S S LT, LA 2
T LA R SR B, TR 6- 5L NS KR A R, TR
Bisk BRI, [ 215 B4R T S0 BSIREIE A REL, £ 29 BRTX

Hik A BT P PR B S B %
A cl Cl O/A\Ph
HN N a HN N b HN N
Ly — Ly — >
HZNAN N HZN)%N "L HZNJ\N | N>
CO,H I\COZH
B Cl Cl
HN N a HN N b HN
> — > —— >
HzN)\\N N : HZNJ%N N HZN)%N N

g 3 R

HN N d N
IR o JEES &
H

HN” °N cbz—N~ N~ N
Cbz I\\ I\
\ CO,H
C o cl 0
cl HN
A\
HN 3\ L
HN)\/l[ \>_a> S b PN | N>__°_> HN)%N NS
N HNT SN HN™ N 0
HNT °N 2 O Mmt/ Mmt )
OMe OH
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F cl cl

NS \>—» )\)\/E\>—’ \>—* x)j[

COztBU COzH COzH
[l 2-15 & BLSIER ZERATEY)
Figure 2-15 Synthesis of guanyl acetic acid derivatives.

& 2-9 HRSVEY ZRRATEDIHAF

Table 2-9 The reagent for the synthesis of guanyl acetic acid derivatives

PR 2K KA F S A Ref.
A a. BrCH,COOH; b. PhCH,0Na, DMF. []
B a. BrCH,CH=CH,, K,CO3, DMF; b. IM HCI, reflux; c. T [15]

Cbz-imidazole,[18]crown-6, KH, THF; d. 1.03, DCM, MeOH; 2. Me;S; 3.
v NaClO,, NaH,PO,, H,O, THF, tBuOH, 2-methyl-2-butene.
C a. BrCH,COOMe, NaH/DMF; b. Mmt-Cl, pyridine, NEt;; c. [18]

10%NaOH(aq), reflux
D a. Isobutyryl chloride, NEts;/ DMF; b. BrCH,COOMe, NaH/DMF; c. [11]
NaOH, H,O/dioxane. |
a. BrCH,COOMe, DMF, DIEA; b. NaOH/ MeOH/ dioxane/ H,O. [13]

F a. BrCH,COOH, K,CO3;, DMF; b. BrCH,COOtBu, K,CO3, Cs,CO3, DMF; [11]
c. TFA, DCM, Et;SiH; d. Na, PhCH,0H, DMF, THF.

T 2-15 A BREAAXT 22, ALABURIERSE, RAHE, RLBRIHELR &
AR ERR T k4t tk. 2-REE-6-FURNECATIRAM 9 fresbit, HERNESE
—/NERAY T PrRR R, TESBERE, SEEMNNEMR NS 2.
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#

2.3.4 LK
2.3.4.1 R4 Cbz-Cl KI5
J 3 2 DL P 2-11

100 ml ZEFEEF A 1.85 ml obhE, VK, BIZIBERET, oHUIMABTAR E 4
KR, FBESEWEEE, 0CTFRM 3 K, WMEREHRKGSM HCL &EFKR
Bl 100 ml, 2980 24 = R BIKER, iJn)\j‘mJ(ﬁE%*]ﬂ 2% 140 3¢ Cbz-Cl,
PeB 85%, EEMNIKRIRTE - |
2.3.4.2 ffRmEnE LBiE

0 O ?
BrCH,COOEt or HN
HN | CICH,coOEt ~ HN ‘ 1. NaOH,H20 \
O)\N K,CO3,DMF o)\N 2.HOL o7 N
H
CO,Et CO,H

FREX EVITBE ok AR B B BRI RE (T 50.0 g H0/KBRIRH 54.8 ¢ BT 121
DMF 1, MIARZ B ZH88 37.5 ml (REZRZED . BRI T, kM 24hJ5 (B
[E1), id38, MEZE DMF. #ARYH A 375 ml /K, vKiE T WK ERRIAT pH=2,
PR/, VBT IE IS 200 ml PKKBRRTTE 3 1K MPTHEF A 400 ml /K
#1200 ml 2 mol/L EE4L4h, NHE 10 min J5, A1, REHEET, FRIERRIAY
pH 18 1-2, id3&, T, B AAREE=Y 47.5 50, 7% 65%. FT-IR: Vg : 3405,
Vou : 3178 (44 Ve : 3026 Veus: 2962, Voo 1739(R %) 1706, 1681 (Z¥¥F) ,
ZIREHE, 1663, 1631, Sci:1419(as) , Scuzi1356, Ven : 1259, Veo @ 1203,
vyou: 9275 ESI-MS: [M-H] = 183.01, [M-H-C;H,0,] = 125.01; '"H NMR (DMSO-d6): &:
13.098 (s, 1H), 11.346 (s, 1H), 7.485 (s, 1H), 4.354 (5, 2H), 1.739 (d, 3H).

2.3.4.3 BEMEREFIRY R LB

Cbz
HN

)j Cbz-ONSu N/ BrCH2COOE 1NaOH | ,
)\ K2CO,,DMF )\ 2. HCl

COzEt CO,H
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C% & e
FREUKMELE 10 291 mmol), YT 350 ml T4 DMF, 10 43 8h/E A K H A 3KkH

BETE T 4 25 ¢(100 mmol), 65°C AT, WUEZERRYAF], K 150 ml, A 4M HCL
iH pH=1, g, K¥E2 W, BEOHEGEE, MAZE 300 ml R 15 26,
T, ZE%EK, ZERERIR, BAGEE 19.03 g % 85.57% . FT-IR: Ve -
2964 Veo: 1745,1693, Vo = 1203; ESI-MS:[M+H]"=246.25; A G T — BUTARIK A,
FAE NMR. -
C*CH,COOH & fi:

10 g CZ A1 4.8 g To7K KoCOy BIFAE 150 ml T4 DMFE. 1, RIZIBEHET, M
A46ml BZBMZEE, ASEPT, RNIH. BEWHILE, BERT, KEY
FiIA 80 ml ZKF 3 ml 2M HCL, vk FHidE 0.5 /e, 338, K¥E (2x30 mD 73
CZCH,COOEt; ESI-MS: [M]"=331.05. C*CH,COOEt B¥#7E 80 ml K+, JIA 2M
NaOH 9 30 ml, $3E 1 /hBF, JREWAENE 0C, TEBRERNEY), WHOCT,
FBREY pH=1-2 o4, TUEFTEUIRE, AKik, FEEELSR, CBULE, TRSE
R 6.1 BT, F=5E 45% ,ESI-MS: [M]'=301.96: Vo :3453, Ve-o: 1758,1708; 'HNMR
(DMSO-d6): 5: 13.062 (s, 1H), 10.852 (s, 1H), 8.03 (d, 1H), 7.353 (m, SH), 7.02 (d, 2H),
5.180 (s, 2H), 4.513 (s, 2H).
2.3.4.4 RuE (A HIRT K OBE
ACH,COOEt & ik

NH,

BrCH,COOEt N7 | N\>
k NaH, DMF k\
N N
‘\COOEt

25 ¢ A ¥5F 375 ml DMF 1, #RJ5 8.46 g NaH #rtiIAMAH, HERSRS T,
PrbE RN 2 NEE, 3 /NBEPIEAN 41.25 ml IR Z R 2B, ERHHERNER, T,
YUY =R, THRAGFH) 254 30, 7% 62%. FT-IR: Veu : 3297, 3112, Ve
2023 Veoo: 1754, Ve ¢ 1220; 'H NMR(DMSO-d6): §: 8.11 (d, 2H), 7.275 (s, 2H),

5.052 (d, 2H), 4.15 (q, 2H), 1.199 (t, 3H).
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Cbz bz bz
NH; HN HN HN
N
N\ ozCl 7 | N\> BrCH,COOEt ;\L/ N NaOH NZ | N\>
k N NaH, DMF k N KzCO3, Cs,CO3 \N N MeOH/HZO k\N N
H H DMF

COOEt COOH
A” A
NaH (6.07 g, 152 mmol, 60/5 dispersion in oil) HIAZF|¥KA ¥ 150 ml DMF
RIZIBERETT, A#EIA 5 g BRER (37 mmol), BVFYIHBIZIHEHE 3 min, 2RI
11.6 ml ff] Cbz-Cl, ¥tk 4 /MG, EIA 300 ml KK, B IMHCLE pH=7, i
I8, TIIEKYE, BJE FEN AP RIRSWES &, KT, R H =) 2.61
B, PEEE 20%. FT-IR: Vi : 3374, Vecn : 2965, Vc—o: 1745, 2% E%E: 1581;
ESI-MS: [M+H]'=270.14; '"H NMR(DMSO0-d6): 8: 12.256 (s, 1H), 11.065 (s, 1H),
8.585 (s, 1H), 8.433 (s, 1H), 7.389 (m, 5H). 5.281 (s, 2H). |
A”CH,COOH K& R
5.0 g AZ, 2.6 g K,CO3 1 0.6 g Cs,CO3 Bi% T 40 ml T4 DMF H, HitkE H
23ml WZMZEE, WHRN 1R, BEVHPIRELET, ZEYEE350ml ZRZ
g, JK¥E (100ml), #h/K¥E (100 mD, FOKBREROITIE, BEHRT, ZRLEEAA
Bﬁﬁ%%%ﬁA%mamm,MﬂﬁﬂvamHMNdm,&M1¢NE,M
A 40ml K, ERRNER, TEBEEAREY, 0CTHERIA pH=2, LI, Kk,
P,0s LA TFIREFY 122 g, 7% 20%. FT-IR: Vce—o: 1760, 1724; ESI-MS:
[M-H]=326.07, [M-H-CO,]=281.98; 'H NMR(DMSO-d6): &: 10.701 (s, 1H), 8.608 (s,
1H), 8.418 (s, 1H), 7.388 (m, 5H), 5.208 (s, 2H), 5.061 (s, 2H).

2.3.4.5 BERKLRPS 2B

0" > Ph

Cl Ci
N BrCH,CO,H/K,CO N N
HN RO L0s  uN PhCH,0ONa
Aﬁ? WO e, Y
HoN N~ . H H,N N N

COZH k

CO,
H
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f

Cl-G-CH,COOH -5 it

5.02 g 6-5( -4 A 12.91 g K,CO5 BIZLE 50 ml DMF ', 4.70 g BrCH,COOH /il
AHS, BAGRET, BRI RN —R, I 150 ml 7K, &98, WHHERE pH=2,
oy, P,0s FIRE~H 349 7, PF 52%. ESI-MS: [M-H|=226.01,
[M-H-CO,]=182.08.
Bn-G-CH2COOH & i

2.0 g HIIAZ] 20 ml ZEFEEF, HAE 130 CRMPIMT, ARG, TF
# 4.05 g C1-G-CH2COOH ¥K¥4 ] DMF 85 ml JIAZLrh, =T, WBBHEe: N
7%, 100 ml 1M NaOH BN E] R MEE -, BEEWINER)E, FIR OB
Yedk (2x200ml), 7KARFE 4M I HCI ¥ pH=3, VIEH 2R LB, HHAHA
EokyE, TR, BWUERT, HEYRZEELS S, 15273 g 775K 46.32%. ESI-MS:
[M-H]'=298.11, [M-H-CO,J=254.17; "H NMR(DMSO-d6): &: 13.215 (s, 1H), 7.822 (s,
1H), 7.355 (m, 5H), 6.512 (s, 2H), 5.487 (s, 2H), 4.808 (s, 2H).

2.4 2 PNA BARIE R

Z i PNA BiEME R EE R ZHTE, EEE LLEIFN, 755 REARE BT
R TS AT IR AREUR BRI R R, 55— IR AR 2
P BB AR EE

2. 4.1 BREU BRI R R

PNASE— R BHRE R, EUR{E R TFAS T I HiBoclE IR HE, TRAI SRR
i CbzaliBz, TICbzEBz AT LA SRR VR A HF B TEMS A B BR ™ 2810 33 B AR HG A 7
P 2% DL E2-16.

a. B-CH2COOH (B=T, C®*, A%, GB") DCC/HOObt or PyBrop/DIEA, or TBTU/NMM; b. LiOH/THF/H,0 or
" NaOH/MeOH/H,O or NaOH/dioxane /H,O

K 2-16 Boc HARRIE L.

Figure 2-16 Synthesis of Boc monomers
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XA LLBIE ST LA PNA BERE, FLERERRE BaREmAR
3, ZEREHR, REEGRATEERREE. aRTEREHREZLRS
Boc {R4F IR 25 H EIRES B SMREC, (BB AR A& B BT 48 it 71
DCC/HOObt & PyBrop Bt TBTU. BATELKEAN T HEHF LA PNA M F%ﬁ&ﬁii
A%, BRI X R B

BE%E PNA BFZLHIEN, PNA 7ZENAFHEEE —SARZMG A, AR
WM TERRS] (RAEGSHA TR BRMRLA), WREE, B LA B
J1E%, SR PNA/DNA & 4 HI LT ARIX L i, [Rlitk PNA/DNA & & Rk
FAETAEENE L. AN Boc EERRMAIENERFER (TFA, HF,
TFMSA), S{tfiT# T4 M PNA/DNA & , RSN IE, BIXH
AR FIE A DNA RN . BB A U AR PR S R B i) PR 97 B AT 7 258 0
BRKRPRE. B 2-17 53R TEERRE K DL N AR PNA BARR S RT
BBk, K 2-10 BoR T &R AVERTH KA.

A B
. ° b °
————— —_—
MmN S N N.  _CO.R N_ _CO.H
2
MmN S N Mt S N

N coMeab cd 0

MthN/\/ ~ MmitH /\/N\/COZMe - N COzH
MmtHN

. mt MmN SN2

C B B B
H a (0] b O C 0
BocHN” N COR ™ - —_—
BocHN NSO AN COR MmN N~ C0Z - Y

H a 0 b (0] c
gt~ N COABU —> — —

N._COR N H
BocHN TR NN, MmN~ N~ COH

& 2-17 Boc-F1 Mmt-PNA BAEK& %

Figure 2-17 Synthesis of Boc- and Mmt-PNA monomers
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# 2-10 A% PNA SRR 1
Table 2-10 The reagent 1 for the synthesis of PNA monomers

% | RY IR G B AR Ref.
A Me a. B-CH,COOH (B=T, tBuBz-C, An-C, An-A, iBu-G), [

TOTU, NEM/DMF; b. NaOH, H,0O/dioxane.

A Et a. B-CH,COOpfp (B=T, U), Et;N, acetonitrile ; b. 1. NaOH, [29]
H20/dioxane, 2. nBuyNHSO,.

B a. CICH,COC]I, NEt; , THF; b. DMF, THF; c. thymine, [12]
K,CO; , DMF; d. NaOH, H,O/dioxane.

C Me/BusN* a. T-CH,COOH; b. 1. 6%HCI/AcOH, 2. Mmt-Cl, NEts, [30]
DCM ; ¢. BuyNOH, dioxane

C Et/Py" a. B-CH,COOH (B=T, Bz-C, Bz-A); b. .TFA2.Mmt-Cl, | [31]
Py. c. 1.2 M NaOH, MeOH, 2. Dowex py" '

a. B-CH2COOH (B=T, An-C, An-A, iBu-G, Ac-O6-Dpc-G),
D TOTU, NEM/DMF or propylphosphonic anhydride, EtOAc, [13]
NEts ; b. 95% TFA, ¢. Mmt-Cl, NEt; , DMF.

i1 FBoc-PNA B A AN 5E & PNA/DNA & A& B BT UAE. Uhlmann214
T I 4 4 T 48 A B Mmt-PNA S 4, T LU =S 2 £ Mmt,  TIREASMR
SRR, XREEDNAS B h L O PR B . AR, AT 2 H
WL A3 W] LA Mmt-PNAFHFEZR T o X E5Mmt-PNA FL R EEACHT 2 F A BT TOTU
(BT 7.8 5 Mmt-Aeg-OEtE 2B EE, 0k T & 57 {E, FilkiRo L B|E2-154C,D
LR N b

2. 4.2 BRI R AR R 2

BAR Boc AU EM A, ERIE —LLFBRME, BRK R BB RT
W HBEER &, X SR EE A T#L DNA 48, T Fmoc 77 KA ZFENK
E/DMF (ISR A&E TG, FETUEERT 83684 EHit Fmoc fr
PR PNA SRS 2 N . B 2-18 SR Fmoc-PNA HKME R, K 2-11 &
RT A BEMERRH. Fmoc T LA FHBNE, FULIIAEF SMR AR E AT LU R
BB Cbz, BT DUEISMIEEAT Mmt 5% Bhoc. #J& Fmoc &5 Cbz 44, #T
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Cbz BRI RS, B E ST S KA A L& i PNA FERAE, H{RWAT LT
T4/ PNA Bk, Fmoc 5 Bhoc & ERBRGFHIZAE A, FEN Bhoe ¥4 PNA

O B HORIE, T ELZE 0.2 mol/l i) NMP FRRAE 38, i BLETidy 25 %
1.

H a .
N COR — —» _—
FmocHN™ "~ & COR
FmocHN/\/ N2

& 2-18 Fmoc-PNA BARHE K
Figure 2-18 Synthesis of Fmoc-PNA monomers

# 2-11 & PNA BARRIRF) 2.
Table 2-11 The reagent 2 for the synthesis of PNA monomers.

R 4 B AR Ref.
tBu a. B-CH,COOH (B=T, CBzC, Cbz-A, Cbz-G), EDC, DMF or BOP, HOBt, [15]
DMF; b. HCl/dioxane or TFA, DCM, Et;SiH.
Me a. B-CH,COOH (B=T, Mmt-C, Mmt-A, Mmt-G), TOTU or [18]
PyBOP/DMF/NEt;s; b. NaOH, H O/dioxane.
B-CH,COOH (B=T, Bhoc-C, Bhoc -A, Bhoc -G), FKi&Z|& 7% [3, 5]
2.4.3 L%

B4E-& 7 (HOOBt) &R

&R PNA MR 2 ZBATEY B R RNEES RN, ITREFE,
—frE s AR, WS BT A2 HOOBt, & 2-19 REA KT ERN.

©ﬁkOCH3 o

NaOH

NH,OH-HCI ——> NH,0H NH, @(:NHOH HCI/NaN02 d‘\%\l_oH
N?

] 2-19 HOOBt & &
Figure 2-19 Synthesis of HOOBt
B 32 g SEAANAT 200 ml K, AHMEBER, BT oA SREZEIE
27.7 g, W0 25.8 ml 2-E K HRFAERS 20 ml FEORAW. ERTRN 3R, W
FEFEAEZE UL BRI (T2 65 ml B0« W HIUBHIVE, YTV A ik
Ve, TREAOGREEI 253 g BHHFAAARERK (1) BT 40m KERT, H
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500 ml ZKFERE . ZEESIR 0-5 CHERET, Ml EANMRAVA W (11 g WHHERAAYE T 350 ml
Kb, BEM. BRTERE FREHHERMN 45 mine ¥OTUE, BTURGEAE
/& HOOBt 3t 15.2 go FT-IR: Vo : 3440, Voc.y : 3035, ¥ am: 1674, Ve—o: 1637,
BAEIRH: 1272, S-cis 1068, y—c.z 777, 684(FE AR PYAEL); FAB-MS: [M]'=162.9;
'H NMR(DMSO-d6): &: 12.923 (s, 1H), 8.271 (m, 1H), 8.192 (m, 1H), 8.072 (m, 1H),
7.910 (m, 1H). -

i iR g B -5 RU(BTH)

HY 2.556 ¢ TCH,COOH % T 24 ml DMF &, BT K&+, A 2.487 g HOOBt,
F 48 ml DCM % fRE2E 3.34 g, MMAZ|_EiR DMF %39+, I 3.408 g DCC K
BN, SREEIRARE 3 MY, i3UE, VIR DCM PEE (3x15 mD, &3
A HUAE, A 20 ml DCM, F 4% NaHCO; 7K H¥EE: (3x30 ml), 4%H] NaHSO4
KBV (2x30 mD), FAEMAEKPES (1330 mD, HHUARSELEERETUE,
FHETKRBA TR, WMEREER. BEEYET 20 ml DCM F, JKKE FIIA
50 ml FHEE, BiRek N, BUTHE, BHUUIEET 1SmIDCM F, JKE T EIIA
50 ml A VHEE, BiEE /e, BAAYIE BTOEt. FT-IR: Vi @ 3448 Vcy : 3170,
Veeo: 1734, 1697; FAB-MS: [M+H]=413.4,

BTOEt Y& T 35 ml THF *F, HIA 1 mol/L f¥] LiOH 30 ml, Z¥& T A 45 min,
[y, AW 50 ml DOM Ve, AAEZEVKVA R 4 M HCL ¥ pH=2 5, FIZM
ZWEEEEL (9x20 ml), BN AKBRBRMTEE, WEATEM, [EK2.75 ¢
REEE 52.3%. m.p. 121-123°C; FIIR: Vi ¢ 3367 5 Voun @ 3165 (4G, Ve :
2081, Vewo: 1736(8%L), 1687 (ZEFR), 8w = 1390, 1365, BT HMIERYR
#: 1250, 1195, Ven : 1283; ESI-MS:[M-H]=383.4; FAB-MS: [M]'=384.1,
[M-Boc+H]'=284.1, [M-Boc-OH]'=266.1, [TCH,CO]'=166.9, [TCH,]'=139.0; 'H
NMR(DMSO-d6): §=12.76 (s, 1H), 11.298/11.279 (2xs, 1H), 7.295/7.257 (2xs, 1H),
63939/6.754 (2xt, 1H), 4.628/4.455 (2xs, 2H), 4.180/3.955 (2xs, 2H), 3.369/3.286 (2xm,
2H+H,0), 3.155/3.104 (m, 2H), 1.976 (s, 3H), 1365 (s, 9H). '°C NMR(DMSO-d6):
172.733 F1 172.641, 170.108 %1 169.673, 166.987, 158.419, 152.978, 143.616, 110.935,
80.574 F1 80.231, 50.885, 49.878, 49.641, 48.359, 39.386 #139.703, 28.742 Al 28.696,
12.252.
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P e B A FR) A R (BCZH)

FRECEEE 6 g, HOOBt 4.32 g, C*H 8 g & T 120 ml DMF 1, A 120ml DCM,
UKIATE 0 CJF> A 6 g DCC, TKIRHIEE 4 NET, SEBERE 1 /NG, WUEZEFHON
BN 350 ml =4 g, U8, BEMUHI/KYEG: (3x80 ml), NaHCO; ¥ #bEE: (120 ml,
0.1M), F/K¥E (120 mD), FHAHATKRBMTE, ZTEHEAGERE, H 120 ml
HRE &4 5, 18 AR & BCPOEt. m.p. 198-201°C; FT-IR: Vng : 3353, Veu : 2927, |
Veeo: 1747, 1698; ESI-MS:[M+H]"=532.13; 'H NMR(DMSO'-d6):-8=10.795 (s, 1H),
7.899 (d, 1H), 7.397 (m, 5H), 7.01 (d, 1H), 6.943/6.744 (2xt, 1H), 5.178 (s, 2H),
4.808/4.622 (2xs, 2H), 4.325/4.308 (2xs, 2H), 3.421/3.327 (2xm, 2H+H,0), 3.186/3.009
(2xm, 2H), 1.335 (s, 9H), 1.216 (q, 2H), 1.038 (t, 3H).

BC?OEt ¥%F 120 ml THF #, fIA 1M LiOH 60 ml #i# 20 min, ¥ #1%]0 C,
Fl IM HCI 8 pH=2, HIITIE, T8, Ve T 80 ml DCM, 0 CTHIFET, A 80 ml
A, SEAEESY. FT-IR: Vyn : 3251, Ven @ 2977, Veo: 1754, 1735,
1693; ESI-MS:[M-H]=502.04; 'H NMR(DMSO-d6): §=10.80 (s, 1H), 7.888 (t, 1H),
7.396 (m, 5H), 7.017 (t, 1H), 6.947/6.764 (2xt, 1H), 5.178 (s, 2H), 4.803/4.616 (2xs, 2H),
4.178/4.366 (2xs, 2H), 3.401/3.301 (2xm, 2H+H,0), 1.363 (s, 9H).

JIRREnd B 4K A FU(BAH)

FREVE 22 2.0 g, HOOBt 1.46 g, A”H 2.92 ¢ B¥% T 15 ml DMF #*, HIA 15 ml
DCM, WKBRZE 0 ‘CJ5, A 2.01 g DCC, KBHERE 2.5 /e, REEERBIH3 b
i, T3, DMF (15ml) ¥E¥, DCM (15mD) ¥E¥k, &HFBEHAE, BRAHAETH
71100 ml DCM, & X Bl NaHCO; ¥ (3x100 m1), KHSO,¥E%k (2x100 mD), #HK
¥E (1x100 ml), BHEATKBRRM TR, ZTERAMRE, BT 50 ml L8,
INVEESR, AR 10 min, 3§, /K 30 ml, FRAHFE, UKFEBCEER, S,
TR BT BAOEt. FT-IR: Vyy : 3414, Vey @ 2933, Veo: 1751, 1708,
1672; ESI-MS:[M]'=556.29; 'H NMR(CDCls): 5=8.710/8.701 (2xs, 1H), 8.059/8.008
(2xs, 1H), 7.363 (m, 5H), 5.562 (t, 1H), 5.265 (s, 2H), 5.111/4.951 (2xs, 1H), 4.248/4.167
(2xq, 2H), 4.027 (s, 1H), 3.610/3.526 (2xm, 2H), 3.373/3.22 (2xm, 2H+H,0), 2.141 (s,
9H), 1.229 (t, 3H).
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#

1.48¢ AC”OEt %F 13 ml THF ', ¥kK¥#, MIA IMLiOH 8 ml $EH 20 min, A
25ml 7K, FI DCM ¥ (2x20ml), /K¥SBUH IMHCL i pH=2, HIVLE, i,
DCM/A Bk ELE &, 338, TREBE Y. m.p. 118-119C; FT-IR: Vg : 3251,
Veu : 2977, Veeo: 1754, 1735, 1693; ESI-MS:[M-H]'=526.14; 'H NMR(DMSO0-d6):
6=12.783 (s, 1H), 10.687/10.675 (2xs, 1H), 8.600/8.590 (2xs, 1H), 8.320/8.310 (2xs,
1H),7.401 (m, SH), 7.058/6.782 (2xt, I1H), 5.355/5.155 (2xs, 2H), 5.221 (s, 2H),
4.331/3.990 (2xs, 2H), 3.517/3.341 (2xt, 2H), 3.261/3.047 (2xt, 2H), 1.385 (s, 9H).
DR AN RS g

FRE GPH 2.15 ¢ A1 TBTU 2.42 g ¥R+ 30 ml DMF 77, IMAREHEIR 1.83 g
(7 10 ml DMF ¥, SZEIAIA 1.1 mi NMM, ZERSEF T, SEds, sEET#
3, B 250 ml CHCly, 7K¥EE (3x50 m), FAHUARA T KBRERT1%, BT,
s 7. 2,88/ I D45 & 0 6 78 BGTOEt(m. p. 169-170 1), 48 BG OEt
B2 10 ml K, UKE0CE, MA IMNaOH 3.2 ml, FMA 18ml L&, #HH: 3
N R £ R, F AMHCL 8% pH=3, I ZIRZBEEE (5%20 mD), T4,
ETEEGY 0813 g, 7°% 22.7%. ;FT-IR: Vou : 3413, Veu : 2977, Veo
1710; ESI-MS:[M-H]'=498.21; "H NMR(DMSO-d6): §=7.697/7.504 (2xd, 1H), 7.392 (m,
5H), 7.020/6.781 (2xt, 1H), 6.452 (s, 2H), ), 5.488 (s, 2H), 5.035/4.870 (2xs, 2H),
4292/3.975 (2xs, 2H), 3.473/3.339 (2xt, 2H+H,0), 3.233/3.100 (2xm, 2H), 1.363/1.353
(2%s, 9H).
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(a) Schematic showing the intramolecular PNA-TO equilibrium where Poc and Pbc denote the probes in open and

backbound conformation, respectively. (b) Chemical structure and sequences of the studied lightup probes.
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Figure 3-2 Light Up-PNA probe
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Figure 3-3 The ferrocene derivatives used to label
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Figure 3-11 UV-vis absorption spectral change of Fc-Azo-COOH in ethanol
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Figure 3-13 The photoisomerization of Fc-AZO-T-OEt
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Figure 3-14 UV-vis absorption spectral change of Fc-AZO-T-OEt in ethanol
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a CV behavior of compound Fc-Azo-T before (black line) and after (red) photoirradiating (366nm). b Anodic and

cathodic peak current obtained for compound Fc-Azo-T before photoirradiating at different scan rates
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Figure 3-16 The electrochemical behavior of Fc-Azo-T-OEt
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3.6.1 3-REE-2-THBHEEE

0 0
= =
@ _HKHS0, @M OFt @%)k OH
M Te 1)NaOH
—————> Fe
e

@ 2)HCI @

20 mIkBR B UK RS A1 2 -5 °C, BERETN3.8 mlZ B £ 5 (0.03 mol) ,
SEETANAO.03 mol 5.58 g = /%%, LS min, MIABREIHAR, [ INAVKIEHIE
R, SduE, KR (5x250mD) , PIAIMEIESELAIEIRE0 ml, FEIF2/NE, iy,
JEVRFH 2 Ee Y pH=2, LIk, BRAEW6.1 g, F“HFT5%. m.p. 179-181°C; FT-IR:
Vou : 3431, Vecn : 3092, Vem: 2927 Ve—o: 1618 Ve—c: 1598 8o.1: 1438 Veoo:
1226; 'H NMR(DMSO-d6): §=11.926 (s, 1H), 6.027 (s, 1H), 4.700 (s, 2H), 4.475 (s, 2H),
4.221 (s, SH), 2.490 (s, 3H).
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3. 6. 2 Fe-Azo-COOHKIE R

ONONH HCI  Fe N02
2 2

o _Ke Sn NH
NaNO — 2
a2 PTC @ HCl Fe

Oxone
H2N—< >—COOH —_— ON COOH
AcOH/DMSO
Fe N COOH

4- TR BRI G B

EUGHRSSEZERZ14 ¢ (0.1mol), HKIIIA30 mIKFIHKEHER30 mi, HN#EH 2ER
RS TEVKAE B S ¢, RIGTINEH 7 AR B/K 20 ml, BiFt M1
h, hibERESMETENTME, SRROERREEEM.

- BLER 9.5 2€0.05 mol) T 100 ml ZEEF, AT NIRE = R ER L 1 g,
PRI R ER A, M, SR TFHIEN 3 h, KEZE, S1E A
KBRS, BERRKESEERE RN %k, REYHAOMBEELS S, 7
%é?% 13.5 g, P2 75%. m.p. 159-160C; FT-IR: Vca: 3428, 3104, 2920, &

BIHEE: 1594, Viop: 1506(as), Vwoz: 1340(s); ESI-MS:[M+H]" = 308.30; 'H
NMR(CDCls): &= 8.12 (d, 2H), 7.53 (d, 2H), 4.723 (s, 2H), 4.455 (s, 2H), 4.036 (s, 5H).

4-FGRFEE R R B

R 4.1g 4-FRBRIEEEAR, AIRELER 50 ml F1 Z 7 80 ml, BN 9 g, 90 C
B3R 7 /NEF, A EEE, DCM ZHL (3x300 ml) , HYUHATRBRM T, &1 DCM,
FAMBFELS L, BRAOGEAk32e, Fo% 88.3%. mp. 157-159C;  FT-IR: Vyy :
3546(as) » Vnu : 3463(s), V—cu : 3041, HZI&3Z). 1610, 1527 ;
ESI-MS:[M+H]*=278.95; 'H NMR(DMSO-d6): §=7.340 (t, 2H), 6.761 (t, 2H), 4.643 (,
2H), 4..258 (t, 2H), 3.978 (s, 5H), 2.072 (s, 2H).



BEE IREARIC P N A BRI S R R 63

ot AR R R & K

HY 9.99 g X5 ELIE F IRVAARAE 112 ml DCM 5, Oxone 89.8 g ¥EA#TE 450 ml 7K
MAZ Lk DCM 7. BREP T EESE—K, S8, KERHK, P0s T, /93
ER=Y) 11 g, P25 99%. m.p. 368-369°C; FT-IR: Vou : 3399, V—cx : 3058, Vco:
1697, yn-o: 1428 (ZZE4K); ESI-MS: [M-H] = 150.11; 'H NMR(DMSO-d6): §=13.544
(s, 1H), 8.24 (d, 2H), 8.03 (d, 2H).

Fc-Azo-COOH & %

Y 1.7 g W PASEZE IR AT 152 ml ACOH/DMSO=1/1 BI¥5I+, A 1.55
g SRR (5.6 mmol) iR RN, TLC #illl (LYRBY 36 h), HFAIMAKITHE
AT, kv, TERIACELE B 1.7g, 725 74%. m.p. 365-3677C; FT-IR:
Voo =1689 cm’, vneny =1421 em™; ESI-MS: [M-H]= 409.11; 'H-NMR (ds-DMSO):
§=13.16 (s, br., 1H), 8.123(d, 2H), 7.959 (d, 2H), 7.874 (d, 2H), 7.764 (d, 2H), 4.942(s,
2H), 4.469 (s, 2H), 4.050 (s, SH).

3. 6. 3 Fe-Azo-T-OFEt 114 &

Lt 800w

—_———

C
BogH” N~ CO2E! NN O,Et

o

Q 0 \\( B=TOI‘CZ
Ny

‘N‘Q)‘\N/\/N\/COZEt

- H

H,N-T-OEt 4 i

T-PNA #4E (12.5 mmol, 5.15 g) WM##4 25 ml DCM #, FMA 6.5 ml
CF,COOH, ZEEMFE2 h, WIEZET DCM, %K CF;COOH i i A B 2k
#KE, Bl LB, U878 A 3.03 g, 752 99%.m.p.110-113°C; ESI-MS:
[M+H]*=313.34; 'H-NMR (de-DMSO): 8=11.354/11.315 (2xs, 1H), 7.885/7.721(2xs,
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3H), 7.375/7.263(2xs, 1H), 4.673/4.498 (2xs, 2H), 4.330/4.083(2xs, 2H), 3.612/3.496
(2xt, 2H), 3.099/2.952 (2xq, 2H), 1.739(2H, d), 1.25-1.01 (5H, m).
Fc-Azo-T-OEtHI & ik

0.205 g Fc-Azo-COOH (0.5 mmol) ¥ f#7ES ml DMF, A E-5C, RF
MA156 ul DIC (1 mmol) 1163 mg DhBtOH (1 mmol), #HiFE15min; FEOCT, #
#7327 mg HoN-T-OFEt (0.6 mmol){j3 ml DMF, MIAZ| LR HH, REMA140 pl
DIEA(0.8 mmol) iR $i#:48 h., 2 TDMF, HFEARMTESO ml DCM, AR
NaHCO;7E#(2x 15 ml), 7K¥EEE (2x15 ml), BHAA NaySO, TR, 1EIE, WL
F, RIS EQEHA: AMBYEOAC = 4:6 FBEEIIARME), BRIREAE
10299 g, =%85%. FT-IR: Vin: 3386, Vew: 29255 ve-0=1740, 1673em™, vy =
1459 em™; ESI-MS: [M+H]" = 705.21; '"H NMR (d6-DMSO) - §=11.334/11.310 (2xs, 1H),
7.762-8.088 (m, 8H), 7.240 (s, 1H), 6.565/6 471 (2xs, 1H), 4.956 (s, 2H), 4.747/4.528 (2xs,

2H), 4.485 (s, 2H), 4.069-4.191 (m, SH), 3.353-3.721 (m, 4H), 2.2091 (s, 2H),1.712 (d,
3H), 0.855-1.383 (m, 5H).

3. 6. 4 LA WO LT

Fe-Azo-COOHMFc-Azo-T-OFt ¥ T Z.EE M BE 43 1) 418.32x10°MA16.65x10°M,
'ETﬂ]E‘J%%Efﬂ)"ﬁ%%ﬁ'ﬁﬂﬁHfTI‘ﬁ]@E'UC.@Eanalytikjena specord SOTESM BT b
AR, BAOGIE B ERLT (160 W) 366 nmAN546 nm ) =i 78 st Fr 3k

/% .
3. 6.5 HALFELR

AL |

SRR BERS 1.0,03 F10.05 um ENERYE, RISTEHRR] piranha #
W(30% H,0,/ 98% HS04 1:3, viv)H B 2min, KEKIMPYE, B Atk AL
HALSEIE I SHRARS, TAEmik (&8 , Wik (L) , SRk
(Ag | AgCl #FIKCD ; MARZE 1 M HoSO  KEF, RFHM-03 2 1.5k CV
H#, 3% 100mV/s, HEEEM CV EHIAIE.
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CV, DPV 2%

Fe-Azo-COOH 1 Fe-Azo-T-OFt ¥ T ZEIRE 4514 1.1x10™* M1 6.65x10° M,

BuNPF MK EE4S I 1.74x10% M F1 1.72x107 M. =HLRS: TIEBRK (&R
), STEMR (4a2) , Sthiik (Ag || AgCl0.1M, AgNO; in CHCND .
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Figure 4-1 The atomic serial number of PNA monomers
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Table 4-1 PNA monomers with R in o"
2R R Ref.

CH;

(CHy)4NH;

B

CH,CH,COOH [23]
O N\
0 /‘?.LL\G . 241
BN

/\/N T
PGHN Valine

Leucine
R

Arginine [25]

Asparagine

Histidine
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Figure 4-2 Synthesis of PNA monomers with R in o"
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Figure 4-3 Synthesis of PNA monomers with R in B

F4-1 a"BHG ZHERIPNA B
Table 4-1 PNA monomers with R in a"

ZERy R Ref.
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_ 0 Ile [26]

R 0 Ser(Bzl)
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PGHN OH [27]

CH,OH
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Figure 4-4 Synthesis of PNA monomers with methyl in y
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Figure 4-5 The PNA monomers with ring structure
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Figure 4-6 Synthesis of PNA monomers starting from pyroglutamic acid
B T RERA ARSI A R & B R G M IPNASE, IR A2 DU ER
RIS R ITE, BlINE4-7ER T HA & RITIX.

NHBoc
e I C[ )L—»C[
NHBoc NHBOC NHBoc
NHBoc )I\_ )k_
.y @ENH J?[n @E
MeOOC 'V'eOOC MeOOC

OR

oGS IS

Bl4-7 & A PRREG I FIPNA B

Figure 4-7 Synthesis of PNA monomers with ring structure
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Figure 4-11 The peculiar PNA monomers 4
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T e R A, AT LU B RS R XU RS S T, BN TE
Hoogsteen @8 (TLIR4-12) IS RIS DAL AR = BB HETT W0, BRSTRIBHA
FIPNAHE R ST = B R M (SR CAR R0 — A B56.7°C)
(41 4%015,2 Cristina Ausin A\ 1 V(0 R B> T, B AT AR S RS TE A 2 1)
S R RGBT R I, Y EEPNATEIRIE A, HPNA/DNASUERE
R R, 4B A BIPNA M B AR MR, TR AL AR R,
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Figure 4-12 The hydrogen bonds of new PNA monomers with DNA
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Figure 4-13 The peculiar PNA monomers 5
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FEDNA FIREE A K 2 RN AW IR BEM 5, e il
TFHAKE S HIAT R . AT e M AEPNAMES . B4-1387RT
B4 B3R 4 B AR 3L A B 28R 9T . Stephen A. Woski &8 T 841712, 24
8 AR FI2PNA SDNAZAAS JG, TmSEL R TmR MR P<1.5°C, FEAE N1
FI2 4L B TTE B B2, Tsao Saitob & Bl T B4A3, TmsLH R TmIE 5% 3
37EPNAR N BT E, L37EPNAE RGN fE B EIRA IR e, mERYE
RrE RS T AR SRS, 4, SHIGHRERI S RIMATEY, MBI
W, AW R IR BAR R e 2R AT i 1l N BUAH SR TR X 2 [6], (B TR

/> BRI R g 71,
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Figure 4-14 The peculiar PNA monomers 6

AT HEPNABEFE N Z N, &M AFHD B EERAS 7T &M
PNAHAEK, BN E4-1451H T #5r DE-& REIH AR, BATH & RAMT &2 2 ETPNA
BARE R, TEBNS FREZEBNEBSBREEGT LM AE. RTERD
R AR, BT T A S A BB RN, BT AR
4R BH TR T B TBUCHEE . Krishna N. Ganesh % A& RCHAEL, Al
PR 96t Fie-E BMEM BN T JE TR G R AR TR A LLIR A SRR . BN B 6-
EIENEIA HPNARS TR, FrCAR BME D 3E0IREr, FIRITSTPNA-DNAZ
A AR AE Y. FIFE, Isao Saito%F A& Bukh & F R BUEHAE # BA FOLHE U 5
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Figure 4-15 PNA containing azobenzene
I A B ROk T Y RN —H & —NME RSP IRE, Makoto
Komiyama % B2 & BH EHIR T ASBEAF AR DNA, FXRIET DNA Z[H
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fZaAe B a8 B EUER DNA 54 DNA 22380, PR KR BEERE
NEIRESBAEERS Z 7], ST, 35S T M A8 A U AS B N ZIAE SRR X 2 [8]
A E R N R, Hih, LSRN WG HARR, BESKAT LA
fIRTT DNA MEERIENE. TR EERBAZARBRREN 2 85, Bk
HERR 1 P AN A VR A SR AR B BUR e (AR v, T AEF E B R S B 7 SR TE
B52Z Tm PEE CXELG RIS ZSH EB/E], KAGHE ML -
BEERATARE T & B E S TR IR k. B BEERIL AN
RN RS F LN B PNA F . Yushin Nakamura 1 Oliver Seitz P /M R H A
AR TR S FHAE PNA IR, TH—miksots+ (LB 4-15) , K
F DNA BEARP K TEREAR, MAIEHEFEZEE PNA J:F@jiﬁiﬁﬂ:ﬁ; H
H AR e,

BARERERCAENRMEK > FNAEPNAY, HIERA AT EEA BT HRA
EAEM BTG BIPNAF . L, AV E B 6 AR EBIRERPNARRE R
TAIH B A7 |
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Figure 4-16 azobenzene PNA monomers
BEERNEYRZ—FBEEEST, TEFERUMERSTITR, BefE
TREMR, MEENNERET AR BERENEWHE BT EEEGTHE:
B/, BEERMRN; £K, ELTHEMEEEERN. HBEFESTHK
B, R EE S T KA T REAFI TSR A 2 )], Bk,
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AT 564 R T BFmEE S T REAR KM ERRAR R (B4-16). BETIRZRIG
W RN, BT EANLSR.
4.5.1.1 BAKR1BIE BURME 5T
ERARIE RS BERETR, RITRARES EHENERRERERL)
H, EEmEmmTE (F4-17). BEIER I mREHHRa L &2
FBLLE B R AR R, K5 FRREAREE LL91% 8 = R G EIE A
RS, Bre2st =S A EA N IERZ LL6S% M7= R 15 B AN EE R, WEHEXT
B FRREES%A R B EBRERR™. BRAWAKEKE K, LEITE
FBL, BRBAIAGERIB LI m, HREMERESS PR ﬁjzﬁﬁ%zl:ﬁﬂ
AR ELER I, RBATE & BUh R A B &L

pusiy
or
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Figure 4-17 Synthesis of azobenzene carboxylic acid
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Figure 4-18 Synthesis of PNA monomer 1
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1B A BB INB S 7E 455 FIDCCHR A Bh 48 & FIHOOM I /E FH T 48515 B B4k
K ZBg, SR8, BRI, 7mET1% (E4-18).

B PR AN SR

 EEETFERATE BT, WRIENS5.66x10°M, TELSME (366 nm) K TIIE
S HNTET LR MO B A AL, BoR7EE 419, HR AWK nmit, H
Bouguer-Lambert5E #3 7] LS V4 ¥ R ¥eans= 25963 M'em™ o BATNE4.78 2l 7]
A& I 323nm At IR 366nm 1) 58 S 6 RS T ISR E B BT IR AIG, I A RANSER
5 43 BI7E302 nmA367 nmAid, X FERYE TREM S KERIT B, BEEE 5
B RRBEET AN TR, BEEHS46 nmPI o] WA (E4-1970ED, &
Hom* PR FE e FO IR A TR, XSV R AT ORISR TIRE A MBS
Syn-m* B T HIBRITE, 818 B R R M Ve B R S R [ ﬁ%ﬁ%Tﬁ oK R AE
SN AT LA B AT 396 AR R = MR A o

30 400 50 600 700 800 30 400 50 600 700 800
Wavelengh/nm Wavelengh/nm

(a) and (b) correspond to azobenzene carboxylic acid by

photoirradiating 366nm and 546nm respectively
El4-19 BESERER ST IWRHBOLE

Figure 4-19 UV-vis absorption spectral change of azobenzene carboxylic acid in ethanol
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HVET LRI AR L, BIRE E4-20. AT LAE HE AR A fim-n BRAT (IR I 7
322 nmAt, % Beer-Lambert/A 2T LL8 Bles,,=22285 Mlem™. BEEEA Kin-n TR
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Wi g BB B R 45 51 (366 nm) YRR I FEAIG, 10 ELELA I SE IR 53 ) 2284
nmH1374 nm, X IF &R ABEEEE NI ERNRE. WE4.78 b LIEH,
SEJE R TT LE (546 nm) FBERIFECR T ¥ ik AR B K B AL B - I

MIRFBE RN RABERE, o POTRUERBEF . B, ARORE
AR B TOAE L AR ET TORAR IR T th ] LUAR R R 5 Mgt AT DS R =24, 518

R FH R

20
a | —aos
15 ——20s
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g ——80s S
Q
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3 —— 1508 2
058 180s <
- 2408
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(a) and (b) correspond to PNA monomer 1 by photoirradiating 366nm and 546nm respectively
4-19 PNA B4 1 1 5240 AT B0 1
Figure 4-19 UV-vis absorption spectral change of PNA monomer 1

4.5.1.2 BR2ME AN T

HhEREBEELR, MR —HRTHENEE RN, BT CIRE
SMNEEKZBN T RIEER, AR HEALIHE, HHeRBRELR
REeg o BEE PRI PARSE, RRRENFKBTHER, REMITER

JEIE ZFRR B AB6% M= R R YR AK LB (E4-20),

HzNOCHzCOOH //N@—CHZCOOH
Oy et aialy S

Kl4-20 AR ZBRIE K

Figure 4-20 Synthesis of azobenzene acetic acid
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Figure 4-21 Synthesis of PNA monomers 2
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() and (b) correspond to azobenzene acetic acid by photoirradiating 366nm and 546nm respectively
K422 BER ZBREES AT WIRBOEE

Figure 4-22 UV-vis absorption spectral change of azobenzene acetic acid
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(a) and (b) correspond to PNA monomer 1 by photoirradiating 366nm and 546nm respectively
€]4-23 PNA S R2 55840 ] WO %
Figure 4-23 UV-vis absorption spectral change of PNA monomer 2
R MR A S R
FUAROVRAE ZL R, WRE H9.32x10°mol/L, FEZANE (366nm) FRHT T I 2
AT GRS AL, BRTEE4-23, €33=18040 M 'em™ AL T KA IE R,
W ER T R ENR FH, BIAETR A 2 A/E275 nmAI379 nm.
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PEETI IR SHaok T U IR, SR 155K B TR R SR R 2
R, R EA RN EAS FRAEMEN. BHRIERERT
S EEAICHAENPNAR S, FIREA T TR ARSI Z R, Bé
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Figure 4-24 Naphthylazobenzene PNA monomers
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Figure 4-25 Synthesis of naphthylazobenzene PNA monomers
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Figure 4-25 The photoisomerization of naphthylazobenzene PNA monomers
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{a) and (b) correspond to PNA monomer 3 by photoirradiating 366nm and 546nm respectively
4-26 PNA SL{R3 18 47T AR IBO LT
Figure 4-26 UV-vis absorption spectral change of PNA monomer 3
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A = 324 1 £SE] A = 380 nm, X T R FAEUAR MK Fﬁ}ﬁﬁﬁﬂﬂ
SerRE, FIRERKIE A RE], XUBIRSGREIR R, gl TR
TR e AR I 5 SRAT B pRA (R A AT OGS B W LB B, AT IR AR3TE
270 nmAbHE —RIWCIE, RTTZEAEARIER AR (B4-27 aFREGH), XA]
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(a) and (b) correspond to PNA monomer 4 by photoirradiating 366nm and 546nm respectively
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Figure 4-27 UV-vis absorption spectral change of PNA monomer 3
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B14-28 25D E I BIEHIIN(A-An)/(ArAL)R B IHE
Figure 4-28 Time course change the value of In(A¢-A.,)/(Ar-A,) when samples were irradiated at 366
nm. These lines were obtained by fitting original data. The slope of line denotes the value of
photqisomerization rate constant. Ay denotes the absorption of 0 second, A denotes the absorption of t

second, A, denotes the absorption of infinitude second.

1A 24 1 FRATTET B s U SR B WA B, B In[(Ao-Au)/(AcAL)] XS
t B N () VE ) ML IB14-28), BRI THT LA A5 B AR 3 R0 B B B2 T 2 3 03 311 22.0.0095 57!
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F10.0169 s 3ENAR R H SOH BN T AR, RERIFE R B A 3 RS HURLE 7,
BE MR G A
In(Ag-Au)/(ArAn)K t 4.1
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RASW T TEWRE T EENMAG, B ZNAH. RERE R DR
BEUY, WTIEEAIBEE TR, BB THR. FE, PNARGREE AL
BEAEBRSE, HTHENFERRRT —EIeR, I EFOEREAERIAAA
MRS TR AT T . E4-20F1E4-304 7 R T B AR3FI47E G T I
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(a) Fluorescent emission changes of 3 in enthanol upon photoirradiation with a monochromatic light at 366nm and (b)

subsequent irradiation with a monochromatic light at 546nm.
El4-29 BAR3HTILEERLL

Figure 4-29 Fluorescence change of PNA monomer 3

BARIFIAZE B 7290 IR EBUR T, BRI RS B 70 %) 437 nm
#1403 nm. SBASFAETELSME (366 nm) BET, EMIWFEIHERZRUEBIE
IF 5EATHIR AN WO AR AR R, BEE SAMEIRIOEIRE IR, 34K ARE
TS EMEE. R, BERTIRE (546nm), F56MEE N HAE, HT
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R (E4-26F14-27) ERTCAEH, M ZEREBR R X EA400nm 24 K6
WP, TIZR R R IE e b K TE ), BRI B & 6T K R, FotimE
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() Fluorescent emission changes of 4 in enthanol upon photoirradiation with a monochromatic light at 366nm and ©)

subsequent irradiation with a monochromatic light at 546nm.
El4-30 BAR4MFOEEERLL

Figure 4-30 Fluorescence change of PNA monomer 4

4.6 LK
4.6.1 FBREFBAKIKE K
X LA 2R R R

ST 9.99 g (72.8 mmol) BT 112mlDCM H, REMABF R
BB EMEIF] 89.8 ¢ (146 mmol) (17K 450 ml, WWEZEE/ IR FHiHE, F TLC 5¢
IR R SRR (Z0 1K) , I8, SURAAKERE, RERSRPT, A8
T, BEEFY) 10.99 g, 7% 99.8%. m. p. 179-181°C; FT-IR: Vo : 3399, V.cy :
3058, ¥ woumm 2555, Veo: 1697, %%?ﬁfm 1600 ¥ yo:1428 (ZEEHK) ; ESI-MS:
[M-H]=150.11; 'H NMR(DMSO-d6) : &=13.554 (s, 1H), 8.24 (d, 2H), 8.01 (d, 2H).
BEKEFTRIE

ST ASEEZE IR 3.00 g(19.8 mmol)BVF7E 300 ml JKEEERH — H AR & ¥ WK
A vy BB EEIEEER, MBI 1.8 ml(20 mmol), TR&)EHHE
3R, REMAEEK, TSI, FHAKERERRK, T, 8794258 7% 95%.
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FT-IR: Vou : 3434, Veeo: 1679, Vnen: 1428, Ve @ 1290, ycn: 781(Phl.4
B A% ) 5 BSIMS: [M-HI'=225.09 ; 'H NMR (DMSO-d6):8=13.27(s,1H),
8.13(m,2H),7.94(m,5H), 7.61(m,2H).
AR 1 PIE |

{BEEFE 1.13 g (5mmol) B DMF (20 mD) ¥ MA 0.90 g (5.5 mmol)
HOOBt, UK FIIA DCC 1.13 g (5.5 mmol), Hi# 40 min, FHMAEHREG)1.23g (5
mmol) &R 2 /M EBENE, FEKRMISH. BUEZER NN-ZFEFB,
A 50 ml DCM, T3, 25 ml DCM 6%, & AV, RKARREM (10 mlx3) ,
PRSI (10 mDx2)FIEALGI(10 mLx 1) /KIEHVES, ARBRETE, W, REHE
20 mL THF 7, B0 40 ml EE4L8(1 mol/l), HEdE 4 /NEFEAIA 50 ml — Skl
%, KA 4 mol/l MUEERIA pH=2, MEMK, TIE, VUEAKYE, THREBE=Y
1.51g, 7°% 71%. mp.159-161C; FT-IR: Vou : 3322, Ve : 2977, Vco:
1718, Vnen: 1432; ESI-MS: [M-H]=425.22; 'H NMR (DMSO0),5:12.91 (s,1H),
7.92(m,4H), 7.51(m,5H), 6.86 Fl 6.81(t,1H), 4.13 F13.97(s,2H), 3.48 71 3.33(m,2H), 3.19
F1 3.05(m,2H), 1.34(d,9H).

4.6.2 BB B2 AL
WAHEEAR A
5.5 ml H,0, (40 mmol) #1 4.5 ml H,O JIAFIEH 0.9 ml %j% (10 mmol) {3 ml
HEEh, SRIGZE 0°CF, JIA 0.144 g MoOs (1 mmol), FRINASEMWMA/KEEE 1 ml
(1 mmol), VKBHFERR 1 R, ¥l pH WE 3 4, A 15ml K, SI\EEYRE,
K, PKFEYES, POsT4E, 7 7.0 mg 74, P25 65%. FT-IR: Ve : 3060,
REEYRS: 1485 1458, ¥ yo:1428 (ZFRAE); ESI-MS: [M+H]'=108.41.

BEELERE Rl

B 6.3 g WAHEESE (58.8 mmol) ¥T 150 ml VKEKERH, MU 4.53 g WREHZ
% (30 mmol), BN 2K, T¥E, K¥E2K, FIESSY 619, ™
% 86%. FT-IR: Vou : 3444, Vecy : 3043, Veeo: 1697, Vinn: 1425, Ve
1255, you: 919, ycm: 769, 686; MS: [M+H]'=241.24 ; 'HNMR (DMSO-d6)
5: 12.472 (s, 1H), 7.830-7.923 (m, 4H), 7.507-7.643 (m, SH), 3.715 (s,2H).
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R 2 B R

2011g {%‘Eut: 2.1 (8.4 mmol Y& T 60 ml DMF, 2R J5 UK¥# T A 1.646 g HOOBt
(10.1 mmol) F12.081 g DCC (10.1 mmol), ¥E¥EHEH:40 min f5, FIMA2.214 g &5Z2(9
mmol), VKi& 2h G, EEHAERE, BEET, FKRYH DCM BE@x50ml), &
FHIEWE, B 150 ml DCM, #IRFABRERES (200 mIx3) , FRIREM (200 mlx2)
AL (200 mIx1)KIFWPER:, FRMBRETHR, &T, HGELIHE (S0, 10%
methanol/DCM) 5% 3.223 g SAAKI Z. B8, F=% 82%. FT-IR: Vi : 3349, Ve -
2979, Veeo: 1744,1708, I B 44%E): 1504, Vnn: 1446, 8 mrs : 1392, 1365, #
TR B LIRS 1250, 1190, Vo : 1168, you: 757, 689; ESI-MS: [M+H]" = 469.22;
'"H NMR (CDCL) &: 7.871 (t, 4H), 7.344-7.508 (m, SH), 5.449 (t, 1H), 4.183 (m, 2H),
4.063 and 3.992 (s-2, 2H), 3.822 and 3.778 (s-2, 2H), 3.547 and 3.491 (m-2, 2H), 3.282
and 3.240 (t-2, 2H), 1.437 (s, 9H), 1.264 (t, 3H).

2.998 g HAK[Y ZHER T 20 ml THF &1, AU 40 ml EEMH(1 mol/l), Hikk
45 min, ZEH THF, 7KAHH 2 mol/l EERH pH=2, MELR, LI, TIIEAKIE,
P,0s T, B =4 2.453 g, P25 87%. m.p. 95-97°C; FT-IR: Vg : 3328, Vey :
2977, 2931, Vceeo: 1708, FEIREHIESN: 1508,  Vnn: 1453, 8 ura : 1392,
1367, Vo : 1166, yeu: 767, 688; ESI-MS: [M-H] = 439.18; [M-B,0-H] = 421.44;
'"H NMR (DMSO-d6) §: 7.803-7.902 (m, SH), 7.403-7.624 (m, 4H), 6.997 F1 6.780 (t-2,
1H), 4.215 F1 3.969 (s-2, 2H), 3.861 1 3.428 (s-2, 2H), 3.413 1 3.337 (m-2, 2H+H,0),
3.148 F1 3.068 (m-2, 2H), 1.372 (s, 9H)

4.6.3 EA4K 3 KA AR
4-(4-FE-ZEEBROEFRE M

5.48 g W FEZE FHER(40 mmol) BFT 60ml K, E\RBFTHM 1M ME
ALY pH=8, JKIE T, 7 ml #RELIR(37% w/wW)IMAZIFEEF, SRIEZEHTIA 2.90

g WHHFEEAN (42 mmol), ERAE S CHH1h, A 0.12 g KEQ mmo)EHRE £

FORIZTE

5.72 g o ZEE (40 mmol) B¥FTF 60 ml /KH, JIA 6 ml HEFR(37% wiw), Bl
PE o ZRGE, AR EREEERER S, KRMEBR(20% wiw)i T pH=8, #
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YRAE 10°CHEEE 2 h, T8, SEALMNIRIEL(10%, 40 ml), FE¥I&7F T 80 ml HEET
gL/, BEIF=Y) 8.84g, FZ% 76%. FT-IR: Vi :3382, Vca :3054, Vceo:
1693, Vnen: 1417; ESI-MS: [M+H] =292.32.

S HREBERTR |

5.82 g 4-(4-E H-ZEHABE)FE F IR0 mmol) BT 60 mi K, F 2M S&EM
B pH=9, A 1.52 g TREMREH(22 mmol), BEHE 5 min, I 16 ml H LB (37%,
wiw) FI—RpkEiiEE 1 h, 39.6 g IRBEER(50%, , 0.3 mol) bn)&ﬂiﬁ%ﬁ%&i 5 CHi
P 0.5h, SR SRR, TTiEENE, K¥E, THEB 430 ¢ 7=, 7% 78%. FT-IR:
Ver : 2977, Veeor 1729, Vien: 1446; ESIMS: [M-HJ = 275.07. 'H NMR
(DMSO-d6): 5: 8.82-8.91 (m, 1H), 8.30-8.36 (m, 1H), 7.80-8.23 (m, SH), 7.59-7.56 (m,
4H).

AR 3 Bl

232 g 4-ZEHMBAFFR (8.4 mmol) T 60mlDMF , 7£0 CT, A 1.646
¢ HOOBt (10.1 mmol)F1 2.081 g DCC (10.1 mmol), #$E 40 min, FHAA 2214 g &
4809 mmol), PR 2h 5, ERBESRE, WEZET, BREYH DCM FEERE2*50
ml), BEEW P FE A 150 ml DCM, f K FHBRBRE A1 (200 ml1x3), FREZEFF(200 mlx2)
FEALHI(200 mIx 1)K BHLEE, BV TGS iEkkZE, AmmReT 8, &1,
FEEIEES (Si0,, VEMH: Al 28 LBe=4/6, FEEBEMEINMRE), 53] 3.223¢
BRI ZEE (MS: [M+H]" = 505.48), #R/5&¥% T 15 ml THF ', A 10 ml 2 M
NaOH %, ZMPIEE 45 min, 7% THF, /K¥ERBERKE] 0 °C, A2 MHCI {8
pHEE] 2 , 38, YTIEKYE, PyOs THEE 1.84 g, & 46%. FT-IR: Vo.i : 3446, Ve-or
1697, Vnen: 1423; ESI-MS: [M-H] =475.19; 'HNMR (DMSO-d6) &: 8.90 (d, 2H),
8.09-8.24 (m, 4H), 7.68-7.87 (m, 4H), 4.02-4.26 (m, 4H), 3.12-3.2 (m, 2H), 1.35 (s,
9H. ).

4.6.4 HAK 4 S
4-(4-FH-ZEBB)E LR E I

& IR 4-4-FI-BEMBEO)KFR, F°F 70%. FT-IR: Vyp : 3455, Ve=o:
1718; ESI-MS: [M+H]' = 306.53. | |
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4 ZBEMER LR

EHITER 4- (ZEEBER)EFIR, 7= 80%. FT-IR: Voy : 3415, Ve—o: 1702;
ESI-MS: [M]"=290.50; 'H NMR (DMSO-d6): 3: 8.81-8.86 (m, 1H), 8.32-8.42 (m, 1H),
7.62-8.27 (m, SH), 7.34-7.58 (m, 4H), 3.62-3.80 (m, 2H).

Ak 4 AR

A RTERIAAE 3 B B F7F 48%. FT-IR: Vo : 3328, Vc-o: 1706; ESI-MS:
[M-H] = 489.18; 'H NMR (DMSO-d6) 8: 12.70 (s, 1H), 8.85 (d, 1H), 7.97-8.21 (m, 4H),
7.21-7.90 (m, 6H), 6.95 (¢, 1H), 5.5 (d, 2H), 3.58-3.96(m, 4H), 3.13-3.32 (m, 2H), 1.37
(s, 9H). '
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5.1 515

20t 22 604E A Merrifield 83 T k& (solid-phase peptide synthesis, f&j#%
SPPS) M, i T-SPPSHTE 5 AR & B 7 vEAE LU R BOOLRRPE, P (8] B2 e IR A
RETZ2BFTRNESHE. BELH. WESHZMALESE, FaRERAKE
B. HTSPPSHERZNA, &ERERERINHTEMR T XKER RN &
R, MR T A AR AR R, B Merrifieldth 3648 T 19844E B I TR AL
WP T SPPSHERARW B S KR, B2 T B3k & B R HAEHZER
tth, HFSPPSH LMk, FUL7E19914FNielsen P. E. 5 SR IPNARS, & k]
T1o BB AR BT F B 77 VR R SPPS 7 0. LG AT THE & FRPNAZE B ARET, #VEA T
SPPSTiik, fEPNABER KA MR T, AMIZHHKE T &S & HPNAFERIEHISPPS
Mg, AR AN WHSS, @I T AN ZMPNAS R,

5.2 BAJRHE

B A& B WA R A C-N (3'—=5) WASENT. GRS —PRITEE
BB E R LB L, BE BT R ERRINALE, NHRE TR
(coupling cycle). HAT F— AN EMEIE, HAMBEERWIGN AR, K5
HRE-ARERE S, RSN HERAZ DA GHRIMIEE WL RN K
TSGR AR, —RAS SRR ETEESERN, MR D%
BEERPnE P BREERRN, XMERTREESSS, WRNAREENFTE
HiE (XRABEMHIZ): HREEANRASE7SE, BHEAT MER. SH
WA R, EGRMEEET I DL R DIBRE AR (B cleavage) . ZEAE IR
R LA 5-109, |

W& R B EBATA DB BN R PG, FEM %, RENE_EER
e, WHPGYHINRERLZE, BNKSET —MEERE 7 R AB R ErR &
R, FEPG R 4 ERPGy IR SR EAC B — A, tin— AR
s —AN BB, B — RS — R /\4[‘1%2&%%%‘5&*’5%@%
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Figure 5-1 Solid phase syntheis
TR L EERBEATILHE Boc SIS [ HIA M PNA ZERME, Hhik i 3A7
FESER R BT 41
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Table 5-1 The strategy of Solid phase syntheis
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PG B-PGy Solid Coupling caping Cleavage | Ref.
support
HBTU Ni-benzyloxycarbonyl- TFA/
Boc Cbz MBHA DECA N;-methylimidazole TFMSA | [11]
DMF/Py triflate '
HATU acetic anhydride/NMP/ TFA/
Boc Cbz - MBHA DIEA pyridine, piperidine TFMSA | [10]
NMP/Py
Fmoc Cbz MBHA or | Pentafluoro | acetic anhydride/DIEA | HF/anisol | [14]
Rink-resin phyenl in NMP e
Fmoc | Mmt Breipohl PyBOP, TFA or | [15]
linker NEM,DMF NH;
C-Bz; Hydroxydo HATU acetic anhydride in NHs/
Fmoc A-Bgz, decanoic | DIEA DMF DMF EtOH [16]
G-iBu acid-CPG
C-tBuBz, | Aminohexy HATU or acetic
Mmt A-An, Isuccinyl-C PyBOP, anhydride/lutidine/ NH3/H,O | [17]
G-iBu PGor NEM or N-methylimidazole in
Tentagel DIEA,DMF THF
5.3 Boc/Cbz SRH& & F PNA

B M 1991 £E Nielsen P. E. B 56 X8l PNA, B KA PNA ffH Boc L2 LIS,
MW Boc SIS B PNA SN WHATHIRMSE, BEIEHK T BT
EMEHSE, BREAN, B, RNAFEE (B 5-2). A2 AR
Fl Boc %0&4 & PNA £F % Boc HE G PNA FEZ IS, BARERESTT
B, XA T X AEA B —RER BN, HUORR BT R A
i, B:JE Boc & R E R 2R FZ L Fmoc K. RIBLAEBRATSLLE = W R H Boc HES
K4 B PNA BB ARE,



104 il o S TR0 T B Rl B = ML BERT TR =K

B B

o LEGRY, TFA o
o 2. DCM#BE o
\/U\ 3.NMPHE%S
N —_— * N\)l\
BocHN” pl Tr,000, ~ HNT N H

‘ 4. H4K+HATU

5.DIEAREAR; i54K60s
6.%H, BE
7 NMPEES

KQ&

/ 8.3, o8
9.UKIE .

10 NMP#ES
F3SO3H
B
0
0
N N
HZN/\/ N/\/ \)5\ N

5-2 PNA [ & %
Figure 5-2 The solid phase synthesis of PNA
5.3.1 HARIEFF

x 52 [AHE REUE
Table 5-2 The solid support

SR W PERE R Ref
EENIE | B (PS) | REEF. BT, BTN (1]
Shoppard U | BREE | RO Bl @MTAKRAENER | (22
Tenta-gel PS-PEG SEF T 2 R P R A, o 23]
Poly-pins Rk EE Tk, BN EEE 24]
e ThE AT PREZRam, BRil, THMEEY | 25
T THRE | BT oA Rk, THEEX [26]

FIAR S A Se st R T A & i, SHMAMLR 5-2. RN AHEN
BRI R RECHIT 1% 2%K - ZmARIREk (BFREER, PS 3K, Ak PNA
6 AR A F PS BRIE MBS, AR D BAE PEPS IR, &7 L&y,
(E& R IBBACRA LT P2,
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5.3.1.1 WAgRIZh Al (Linker)

PS BRERASE I B E A TR, FR eI E B T8 R .
VAL 2 E D BB & B PS Bk b, A 85 T4 PNA. 40 PS M g2t R
FI462 & BT AT AR AN R sh Befb itk (B 5-3)0 AR M X ER MRt A B
5 AR R0 45H F T2 Linker, Linker FIAM2REE £ 1. Linker IR
MET SBFHANRASTEE S, (BRETE PNA AR N AMRFHHNFARRL,
7E Boc ME TR AR 1R MBHA Wi, Memifield ®AEL"S,

Trit# g

Linker
5-3 MR ThEE(L

Figure 5-3 Functionalition of the resin

5.3.2.2 WARKIER & (suBstituting degree, SD)

W ReThEetbs, BATATLAE R PS Bk BA T RNVIERHE], R THAIE
ErX B A Z B /RS (mmol/g) ENEUCE, WEAHE KN+ EER, Fik
AR SR RAER T EEN. R u@%@%&%%&a%%%%%
AFERSEREF—ERXRR, K53, BEALNZRT L. |
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LU S A7

o [ B I 22 AL Y BT S BT

# 53 BHhrga BN RBUERIRR

Table 5-3 The relation between substituting degree and molecular weight of product

AL

Hizba¥WnTE W JiE SD
<700 1.0~1.2mmol/g
800~1000 0.7~0.8mmol/g
>1500 <0.5mmol/g

f E BRI R ALK, TIARIER PNA K> TE— R EH
BRI, M2 PNA AEESMRTESRE, FILISRIMIEHTER RIS ERER
B E, B 0.6 mmol/g FEF] 0.05~0.20 mmol/g. G I Ag B = HIRA =2 AT
uﬁ%ﬁﬁ%,%mﬁiﬁ\iﬁ%ﬁﬁ%\%ﬁﬁﬁﬁ&{%%ﬁ%QEW%\
Fmoc 2184 BINESS% . MEE. BuREAVVEM Fmoc K& BNEE LR 5K
B, (ERMBESIRENK. LGN BUREHATRE SR A R R -

K 5-4 TEMGER

Table 5-4 The results of elemental analysis

0 h 1 h 2 h 4 h
1 2 1 2 1 2 1 2
N/% 0 0 0.81 0.76 1.21 1.24 2.21 2.14
Cl% 88.62 88.81 85.86 86.29 85.70 84.94 83.45 81.42
H/% 7.09 7.89 7.16 7.56 7.84 7.50 8.09 6.64

e & /mmol. g
©o o o o
= phooow »

o
o
L
[ ]

1 2
BY [8]/h

Bl 5-4 R EERE S R I Ta] 224t

Figure 5-4 The change of substituting degree along with time
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BAIFE LB = A R PNA BR AR AR T Merrifield ®fig, BT Merrifield #/l5
BYINGELE, 48— alkE bWMIEE, BATEEEITROVTHE S — A r
BACE, REREXANERER I HERE GG BIEHITH RY R YR . & 54 &7
EOMEER, B 5-4 ZRIRER 54 W EH RN R SRAERRE. BE 5-4 3]
A] LLE 24 R S ISR £ 2 N R B A &R (0.1mmol/g), ARG HER RN HwEE
FHBER N 5 |

75 %) MBHA ISR A 18 Fmoc-Gly-OH A1 MBHA #Hls K5, SJEHE
Fmoc, Fmoc 7E 290 nm 4b FE4MR IS, i85S 45MUIE Fmoc HIESR# € AE,
AR SR T B — 4 Fmoc WK E TAEMZE . TIEMZKEILE 5-9. BT PNA ZEREK
VIR, A TN, RITREEREmE—HER, FFEIRERk
HBMIERAE, KL MALE BocLys(2-Cl-Z) & N ¥ /Nif, AREA A
0.15mmol/g. JERFEAIEIIANIL ER BocLys(2-Cl-Z)Z LWEIR 2 1), BATFTEMA
BACEZ N 0.2 mmol/g BocLys(2-Cl-Z)ib H 784y RN, XA BRETEERN, BAER
%7 02 mmol/g. TATESZFREAEF 2 0.15 mmol/g 11 E, F AFEAHE A IRIEE—
SRR S, BMERFTRANRARETER, BITELFRETR 10 FERH
i, B EVERARE £ 0.2 mmol/g B ARE MR,

1.8

1.6 /

141 -

1.2 pd
1.0- e
0.8
< /
0.6 .
0.4 /
0.2 P

0.0
202

T T T T T T T T
0.00 0.05 0.10 0.15 0.20
C/mmol*L”

& 5-9 Fmoc ¥R E T 1F ik

Figure 5-9 The working curve of the concentration of Fmoc
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5.3.2 A IRRIBE
5.3.2.1 b#fig

MR GRS — AR EE R LRI IR L. 7EAE50R) 2 IR FE & Rk
i, REGHIEEEARKIEEER, £ LS M aEERN, TXEEMHZ
B, 7B BAL R e BRATH 2 R « 24 Merrifield SIS (R HESE AL RAEH40),
B ANEEBI R LSRR, InAU R, ik, IR HERES .
Bkt R NARZN, ERNELSS BRI HEERK = 2R Merrifield # 5
TE 2./ Z. e s8 Z. B R [EI 24-65 /B, KEHEFEMEEEARIEE, F=F 35-50%.
A 17E S0 3 T 2 A A Eh i, (B R AL R MR R B A 7E AR B S v, LI 5-10,
E, RAIEES ANk B S, Bl DIEA (VB =28, A TFHRPUE IR
& WHEMERE, FFRTHRICEIRE. T0EH AR Merrifield # AR KK H
DMF R 2.8 2,88, FMmAIT M. 24 MBHA #figet, FEEEARERE, B
B — AR E R LI R EENREARETEA THE . I THE R —
B 97%BA L, BRIBLES — AN BRERE M I B — B E L R 2 R B 1B K
AR ES,

| or
NEt; + CleC EtsN+\cH:
2

5-10 _I Merrifield # H5 B B8 K2

Figure‘ 5-10 Side reaction of anchoring to Merrifield resin

5.3.2.2 Bk

A& it — Bt Ve, RLUE it B R R4 I B — LR e, —
ki, R R AR I, TR BB ISR R B AR B
CERRMORh R A IR, B R — OIS B & Bk & h R R i R St
R, BRI AEEE F— BRI =AM A AR I R A R R,
7 B PV B SO B AV, SO PR &7t B AR AR B — Bk — e
%), L ERARAFYE YRS . WADSHET KBRS, it T R
R AR WA VI B 36 5-5 BU2S T 76 PNA A Herh 263 (8 B MM IS R

VR R R .
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# 5-5 WAREIKREY (ml/g)
Table 5-5 Swelling coefficient of resin in different solvent

s NMP | Py | EtOH | THF DCM DMF | DMSO | CH3;CN | CH;0H

Merrifield 6.0 70 | 1.7 7.7 8.5 7.2 1.8 1.8 1.7

MBHA 8.6 70| 2.0 7.2 7.6 5.6 2.2 2.8 1.2

Zt NTHI K B S2%, RIAE G L PNA I DCM AR AR BT A1 (11 NMP.
DMF) ZH& b4, i B DCM. DMF. NMP St &F 4 # 8 BRIF RS EE,
ZHEBNE R T BRI,

5.3.3 ity | |
E Boc 2RI — B TFA, T ELIBG BRI R 2 LU, — X 3 min 2%
%é%%Om?E%%Bmﬁi&ﬁT%m%?Aﬁﬁwﬁﬁi%@&ﬁ S
keI, T EMA S FIERR F B, TFA/RRE=95/5. W HEHE LI
BEAL A BRI K0 TPA AR, FERRE, —BAEMA DCM £ TFA WRELE
50-100%#R AT LY, BERREERAE. BAMELREZRGH 50%K TFA, UK 1M
ERIR B TR VA VAR BRI (KB RR Boc. JEBR Boc JETEMUR FHHIA RS, BERA
TEIRI, BeUSMREIRNBRE (WTF0. TFA KEREE — M AR THST

IR PNA R R 450, MBEMERENERER RS TARENTER.

5.3.4 fREL

BB R A IR G & T KR, 2 R MEA T By BRI, A B H &R
T PR R A PR RAERABRER 99.9%, SRR 10 Kkl
95.5%, 2 20 IRASHERES] 80%, 2 30 IRET{LA 51.4%, HkLEHERBG- R 2B
. PR BB R WE RS TEEN, PG AITENAR, FEMNRE, %
WKE%%[IO, 11, 14, 19-21, 28, 29]O -

5.3.4.1 45E 7

BEAE BRI A T RE U S, BIanTERERL. BEIRENEA. ﬁ%&m&
 BREYYE. N-RENBRE (NCA) BREEERE. Kb, &R TEAMHEE BN
MR ERE RS REREIE . 72 PNA RGP H AR HREEE, TR
Gty HXBEEBRSENHEEH.
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a. WR_TERER

BARFEAESROREILTE, SFHEEFAEL B, Bk —LREEL RN
J"E. Bt DCC RNASE. B RH—MEAR, B4 ZNH. KR
AR 5-11 Frzm .

RCOOH+<:>-NCN—<:> Q)OKO |
N~ °N
‘O)\RH

BREAD

R

=0 1
O>:o / O\N/)O\EFO \ o/ (I )

R

DCU
CIsiFsmE)  DCU C L ) :
: , 0
/ HoNR \ /u\N
bcu (R N
DCU
. 0 .
H2NR /R' H2NR
AR RN = CRAA

& 5-11 DCC R ALHE
Figure 5-11 Mechanism of DCC reaction

ME 5-11 FIRMNAEEFRRTLLEH, BREMASE DCC B4 SHIE R+ E A&
1 ehr Bth B—FuEikledsty, HEMRR, TUSREHD HERETHERN,
KR Y. R BRI AT, 1 A5 R 5 FREAS RN
R ARERET 11, JE R A 5 SR A 7 N, A Ul i SRAES & 57 A HOBt
FREAHEFD, TIETUATE N OBt BUEREE, FEEERANEM, B4k
e, SHBOUT, BHEAGEEN I-Fm@ih . BAGTF, dTEE4As
HEEMMAE L, SiEEP R TREENNESA S, B I-XFRRE—~ Y & 1-
IR EE— Y B RS R A A T R ZEHLE . 78 DCC 486 RN EZR A
e R T B N-BEEER (IV), BB E BT ERENE, |
B R R B SR T Rk, B E R A IR . SR A A R
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LopEREE SR RN, FEMAEEHETR—MANNGIE, AR R
BEFE R, 24 BB R AR T LA e - B & 41 6512 N2 &Y,
it HOSu. HONb. HOBt. HOAt. HOOBt %% . &I F 15418 A DCC 1 HOOBt
B & AR PNA ERA, ERBIES SN PNA. BRT DCC B, i&F DIC,
EDC %, BTN Z. DIC BN R85, , EERNEAEMR) DIU £
LEHR TR, M DCC RMNJE A SRR DCU AHHRARMHE. R
EDC RM— KPR - TR A, Sk T L ERHMAEN 2,

b, FEIF=mMgEE A (BOP &)

é O:PR3
Q +
Fe T
e & O 0
R3R o] 0
NN O D
< O—N" °N JPE¢ ;;¢? R R
W % N s
8 & = ‘0O—N" °N g
I T
+ L >~ — RCONHR"
. 8 —+ O—PR;
8 4 R3P+\ 9 +
(&
s O— N A o
Fa 8 N~ SN +8 ~ O—N "N _/
@] @]
RI

& 5-12 BOP X M HLEE
Figure 5-12 Mechanism of BOP reaction

BOP MIHBMESEHRAET EALE. Yok, NEWLEE, MREKT b5
— RSB BRI & RN R, NBAME LE, FEEREins
it DCC. e RBALEME 5-12 Fim.

T BOP 2% M5k EIF- HMPA (N FERBR =B BFSUEH,
PEBAJE LT W2 R BOP MFIEEIMAEH (E 5-6), BANIMIRIIEYE 7 i
¥ItkF BOP.

LEBAIN PNA & Frh, Bk 1R P — Dk ek 15 RIS 1 PNA 4k
KHATH. BT BOP M &FIBRCEAE R, FHEB~ %, Fik7 PNA 448
2T RA, Bl PyBOP. HBTU, HA L AMIHHTFAIL HBTU “FH A5~ % At

B 9T%, RXKAHEHIR B ATE PNA AR R
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# 5-6 BOP &4 &7
Table 5-6 Condensation reagent of BOP

FEARGE M TR R" X"
BOP . ‘< /> PFs
——P—-N
N /3
PyBOP + PF¢
/R* X _"’%”Ol
o HBTU o\ PFs
i —tbd)
N N/
\
N TBTU PF,
C[ / _E{N/ ) “
N N/, |
HBPyU % PFs

c. MEBEFF=mugEhaY (AOP KD

BB E 7R i BOP 45 & FIBUEE M, RUbEA LU IE L T BOP
MR EER, RNVAHLEEAFRR, 18 AOP B Mg L BOP BB 5R. IRE AN
B Z 5T 3R 5-7

3 5-6 AOP WR4i &7
Table 5-6 Condensation reagent of AOP

FARZER 2 R™ X
AOP s ‘<N /> PFs
R* X~ N\ /3
o/ PyAOP N { > PF¢
/ —P—N
SN HATU - '
P sl |
N N N/, PFe
HAPyU
PF¢
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X447 HATU 75 PNA & AR BIS A RN, BAERERE %
AP LR BB m AR . BIE B HATU BB 2R KRR, N
HEh 2, BRETFERMELER, MHE HBTU wAIB2IHERNSR, Hik
HBTU 2 REEHERE. LREHH B R MYEE 776t DPPA. DEPBT. FDPP.
CMPI, TOTU %%, {HIX£EJFR7E PNA SHHEEINH .

5.3.4.2 HAbsgmik R .

BT HEFNREEEEYWI, EEELLAMEE. EEBER N i
VORI & R PR BB R, DRI EA BT A B B & R b ST Y
I 2, & PNA AR B R AMIT2R T W2 W AR R, 2F DMF, NMP/DCM,
DME/Py, NMP/Py EE# I, H DMF/Py, NMP/Py P14 B R B
i, B AT B =2 B T 99%.

AR SRS, RATHTLUE B R, SREE RN FEE, B
R R R AL R L RS PR AL, SRS BB . R T RS SR R
B — R RS G, R R AR R R LI G R R S0/
), BRIULHLTEHS SR R BB, BN AAVB B AT, SRR T R
AERIR ML . M BOP HF1 AOP IKHIR MAEKE, BASHEE—4FMHM
Wi, BNEARRRTALGE, T PB4 AR H I HOBt, HMELH=
RN, TIUZERE S & (2 DIEA, {HR7EF DIEA K, HEKkER

HEER] 0.05 M, BN KTFIHIKREE SRR BTN, 244 DECA i
BRI EERT LUAE] 0.2 M i ASE VLI . {E2 DECA #ir#&iZ th DIEA 5%, T DIEA
FE4RZ B F RN EZER, 7Ll DIEA (34 i

AR BB AR IR A 30V P (IR T B3 B R BB Bty , (BRI 1A
EEARMN, B A BRI F TSNS, T EBBE A RIEEN R b3t
TERME, FEEMEAS R PNA B, SMEBEREARBAKIMES, B
T i EARYE SERR I A HH— e A5 AL

BAHE L R AR R 10 5T 2 M 244, 9.8 513 &1 HBTU,10 id & ) HOBt,
30 151 DIEA, ¥R 1/1 §) NMP/Py, BRI ELE 0.05M £F
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5.3.5 #HiE

HTEREARTREE TR, T BiIE T —5 0 R NG SR I PNA F T
R A BB s B — IR B B E M, BIEIE . BRI EIE AR LR B A
“Rapoports reagent”. 7L IB AT, —MERI=MRNRETHE HHERGE, O
BB A RN S, ﬁﬂ%ﬁﬁfﬁ@iﬁ%ﬁﬁ%, FEEHMEE, HEAERM
SEAMEEZMEEE. ZBERRBROBILRN, Sotmeda R SR+
FERLE R . 308 3187 B Z BT BT IR A R R ARE , [l
P T Bt 2E AR I R T AR B AR TIZE PNA &R R BL, 5K 110 PNA 4%
R (CEEZIE) ERILWEIRN, ATHEXMESEE, —RERBZE
AIAWREE e o |

5.3.6 PNA f# 5. 4i{bf1 PNA Bl R M
5.3.6.1 fRES

HARFEI & RRIE, BB LT =Y. (88 E EEA R 2.
SR, BEATHES, RMIRNERANERME. FRRTTLEE PNA SRV MM AE L
fRE T k. HF B &R s cm s/ MU R R, BITES —KIRIE PNA B BLA I
HF, {E2HT HF BHREHENE, Fil, FRHA TFMSA % HF. HT#)E
RIARR, FBRAE T ROERYBHRXA, H1a024 A Merifield SR U1 T RIZER
WK iR REE, T MBHA WHEVI T RIIAG RBL. 7R PNA ZaI—RGiti
BRI LR 3L Chz FIMEIREE Y TFMSA 1 TFA ik, F B IMABE TERRH .
241 MBHA #4858 B EL & 1B 2UBT B (K PNA SRR YT, A TEMSA/TFA/[] H
=2/8/1 ¥1) PNA I, FAi15 DUH B4k B SRR R ER 4BaA, (2% T MBHA # /i
HIRBE R MR TNEMEES PNA. i T @SB AR, 5 RIRATTE Merrifield B fiF
AR A TR SER Y, AR5 PR AR T AR B T B R AL PNA ZERMIGE
SEA ST E D). FEREAKZE, B, BEETE, LB, B,
HE T4, #PNA RTFEAE-20C.
5.3.6.2 4ifk

PNA HF=IVETE 0.1% TFA fI7K 1, 485 RP-HPLC 7347140 & . 1 24 LCQ
Advange MAX Y& J5 B Fl 1% L334T , Phenomenex f21%45(C18,300 A, 5 um, 4.6x250mm),



BHEE BEHEGHRP NAFERK : 115

44 R7E Gilson HPLC 24 Ei#4T, Phenomenex fAififE(C18, 300 A, 5 um,
10x250mm). 1§ 7 PR s AH 2512 0.1% TFA 7K BB 0.1% TFA 1 ZISH
KA THMERE; k. 2R 0.6 mi/min; FH15HE 2 3 ml/min. #6544 L5
BERar

5.3.6.3 JRiL

MALDI-TOF Ji % 3E % & T PNA Y 1447, FA 1Sk #d  AXIMA-CFR
TM plus FHEAERTG. EFh 100 mM FFF8 A Z,HE/EF*@;/K 60/32/8), PNA
HEF 1/1 84 . ESI-MS WA EXT PNA 23047, EIM—#B4-7E LCQ Advange MAX
BT SR
5.3. 6.4 PNA A HIBI R P

B
A 0
X
\)LN/\/N\)I\ NN N WO
_I_

S
.

2 NH
® - :
P B qUN\H(CHS)ZKFC’O
. N
SN r{l KFOO (HzC)2N N \/ILN/\IVQ
O+ 0% " v
2 4 .
N N H2N/\/ H/\N-@ + OH
NN
| LN
N N

1. Trans amidations derived from the primary amine; A. Acyl migration of the base acetyl segment; B.
N-terminal detachment of the monomer. 2. N-capping by uroninum salts (HATU).
] 5-12 PNA & B IR R Y
Figure 5-12 Side reaction in PNA synthesis



116 e VAT op BB 2 N Y BT IR B Selg

W

7£ PNA AR K PKa [HEHE 10~11, TIEZERF M o EEH PKa {HE
9~10. PNA F# 2-Z S RT3 LR BB/ A (ALK, AR XA E RS PRI L
FEBF o EEFIMEEK, FHWB S KER KN,

el TR 38 L R RIT BN UM SIS, SRR LB M N-K
AT B RO R A B — R LR RN . BEERT A A1 Al AT LA T R B X
R, BSHERKM. H—A0FAREIRMRZMT N-ASmRAEESR T RBE
R IR, S3 N-ARIR T E K B AIRGAT AED T 2 A BT Ul . (LK
5-13)

75 PNA &R — KB RPE, 4 AR HBTU Bf HATU BARATERE =
FEEE, SRTTEIAMAR R N AL BT TR, SBEEAGEEAT T — 18 IXEEE MK
R SRR E R 3, BT AER R R A PRI AT AR R, DU R B R A
6, BENANESZTREEEN, RITHETENL, WTERE AR NN KLE.
5.4 L%

5.4.1 L

a) MBHA #fi§: 0.51 mmol/g, 100-200 H, 1% DVB

1. FREL 500 mg MBHA ®fig, 7£ 15mIDCM Fi2 1S, ¥ 2 L IKEAHE BE

(LB 5-13), T

2. WK DCM Bk (2x3 min), DIEA/DCM ¥t (5/95, 2x3 min), DMF
el (2x3 mind,

3. FREL 32 mg Boc-Lys(2-Cl-Z)-OH (0.05 mmol),19mg HBTU(0.05 mmol), 6.8 mg
HOBt(0.01 mmol)“féﬂ: 1.5 ml NMP/Py(2/1)E %, A 90 ul DIEA JE4L 1
min, WIAE]EREARG R, BEET RN S he

4. PSR DMF ¥E#(2x1 min), DCM ¥t (4x1 min), DIEA/DCM %% (5/95,

2x3 min), DCM il (4x1 min)

PSR Ac,O/NMP/Py (1/2/2) #HIEEH

W REAK Y DMF %63 (2x1 min), DCM ¥E# (5x1min), 74T

BN =R RS Ak . (0.2 g Bi=EHET 50 ml ZED

F Fmoc J7¥%:#iE MBHA g F-IBURELI % 0.1 mmol.

BHE 51 . M HET S MBHA-(2-C1-Z)-Lys-Boc.

B e R AN
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b) Merrifield #fi§: 0.6mmol/g, 100-200 H, 1% DVB

1.

FREX 500 mg A AEYE 15 ml DCM FFRIEH, T,

2. WK IRHE DCM ¥ (2x3 min), DIEA/DCM ¥ (5/95, 2x3 min), DMF
Yk (23 min). .

3. FRE 770 mg BTH (8 BN2H 880 mg)¥% T 50 ml DMF ', FfOA 250 pl DIEA
HIE N 40 min, IR BRIIAZIEH S 75 CREIGAE AN

4 WHSHYCR DMF %6 (2x1 min), DCM ¥ (4x1 min), DIEA/DCM PE#:(5/95,
2x3 min) ,DCM ¥k (4x1 min),

5. B 0.1 M K NaAc #J DMF % S5 187 .

6.  MARKIKA DMF ¥tk (2x1 min), DCM P (5x1min), FaorHHT

7. MRSV ITEMSE (LB 5-4) FBUREZ 0.1 mmol/g: MARTHARAE. W

Eﬁg Merrifield-T-Boc B{ Merrifield-N-Boc.
5.4.2 BEAMHEERK
& R PNA ZEER4A.

#£ MBHA-(2-C1-Z)-Lys-Boc #fig_- & Bl1) PNA ZERM4AH
1)H,N-Lys-TTTTTT

2) HoN-Lys-TTTTTT-Fc

3)HN-Lys-TTTTTTTTT

4HN-Lys-TTTTTTTTT-Fc

5) H,N-Lys-GCACCCACGTGTCCT

6) HoN-Lys-GCTCAGTTTACT-Fc

ZEMIE Merrifield-T-Boc _b-& /) PNA BERER:
1) bN-INTTTT  2) HoN-TTNTTT

3)H;N-TTINTT  4) HoN-TTTTNT K 513 ZEkER AR
5)E,N-TTTTIN  6) HN-TINTTT-Fe Figure 5-13 Reaction vessel SPPS
7) HoN-TNTNTT

e84 g Merrifield-N-Boc & i) PNA FFR &4 HON-NTTTTT
E: X E Fe $rid 4 FHRE Fe-COOH
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1. B 50 mg PNA(S pmo) Fe7EE F AP I HEE 1, Rk

2. MR YR A DMF $Ei (2x1 min), DCM ¥E% (2x1 min), DMF $E#k (2x1 min),
DCM P (2x1 min)

3. REHE ST SBEMSERK

# 57 Boc/Z PNA & BAEH ML D HK
Figure 5-7 Experimental procedure of the Boc/Z PNA synthesis cycle
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Figure 5-8 The linear gradient of analytical and preparative HPLC
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Figure 5-9 The ESI-MS analysis of H;N-Lys-TTTTTT
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Figure 6-1 UV-vis absorption spectral change of N5-PNA upon photoirradiation with a

monochromatic light at 366nm; (inset) time course change in absorbance at 324nm.
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a. UV-vis absorption spectral change of N5-PNA/DNA double strand upon photoirradiation with a
monochromatic light at 366nm; (inset) time course change in absorbance at 324nm. B. UV-vis
absorption spectral change of N5-PNA/DNA double strand (25uM) upon photoirradiation with a

monochromatic light at 546nm.
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Figure 6-2 UV-vis absorption spectral change of N5-PNA/DNA double strand
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Table 6-1 Photoisomerization rate constant of N-PNA.

N-PNA oligomer * K/st P Kq/st ©
H-TTTINT-NH, (N5) 0.0364 0.0158
H-TTNTTT-NH; (N3) 0.0309 0.0135
H-NTTTTT-NH, (N1) 0.0317 0.0134

2«<H” denotes a free amine end, “NH,” denotes carboxamide end, and “N” denotes azobenzene unit. b
“Ks” denotes photoisomerization rate constant of PNA single strand. ¢ “Ky” denotes
photoisomerization rate constant of PNA/DNA(5’-AAAAAA-3’) double strands.

6 s—N5\ N3
597 s-N1
< -

0 40 80 120 160 200 240
t/s

These lines were obtained by fitting original data. A, denotes the absorption of 0 second, A; denotes

the absorption of t second, A, denotes the absorption of infinitude second.
B16-3 N-PNAHIIn(Ao-Aw)/(ArAL) % 58 HE B (At 1E ]
Figure 6-5 Irradiating time course change the value of In(A¢-Ax)/(Ar-Ax)
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Figure 6-4 Chronopotentiograms for Co(phen)33+ indicator obtained at the PNA-modified carbon
paste electrode following a 5-min hybridization in solutions containing levels of the complementary

DNA target in 0.2 ppm steps.

Bl 6-45t Bor T 1554 fIPNATERR M FEL AR 28 T8I 0 25 5 B A G MU A BV B FLA6T
(8, AR DLR DL SEDNA R B K, Hen N MK B AR EE K. BEJR
2= 1A F PNATR B A A5 BRI T pS3 B R MR, XS AR TR I X B T 5 e



373 PNALDNAMBRTHR : 129

Eiichi Tamiya2s fl [Co(NHa)s)> #F A 15 /RFIBE ST T PNASDNAZ [E 737,
6-5FT7R o

PNA/PNA

POTENTIAL
El6-5 24[Co(NHs)s]* 1EF R FI BT PNA 5 DNAAE B 45 FH 0 Ak S W 57

Figure 6-5 Schematic representation of electrostatic interactions of DNA and PNA molecules with a
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Figure 6-6 Nyquist plots of Au, Au-DNA, Au-DNA-PNA, Au-DNA-PNA-UV, with 5SmM
Fe(CN)63'/4'mixture as redox probe in PB buffer.
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Figure 6-7 Schematic figure of the transfer of electron on the Au surface
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Figure 6-8 The detection of hybridization by electrochemical methods used Fc labelled DNA
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R Fo i B o8 i F I VS TEFR 1T 4 F o FeArnic DNA R SRA I 238 DL K B33 FE - ZE R
k2 (8] PR 2 YRS BIBIC. T, Yulte JUBIt l6-8 a7 Sk TLA I 24
%2 BIEMY; Chunhai Fan/IN R FH 2438 #5928 (LR K MUDNA(E 6-8 b)™;
Robert M/MNEFIFAFc 52 248 f= 42 58 WUE B R IIDNA (E6-8¢) M,
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BARTE S =2 Pk BIFCHRIEPNA, {E AL EFRICHPNARA, BR/DFFICPNA
BAK, WL FARiC FIPNASER MDNAT A% I, {4 Hiroshi Aoki/NH I Fc-PNA
EDNAZZ BT E M ZRIEREE KRR, SEHEESHAF RN SDNAKIZIL (B

6-9) #31,

W

7
5

e N 0

s g
e

A O

o P,
-

A b S o S P
i

K6-9 MidFehrid B’JPNAH’WJ%UH%%M
Figure 6-9 The detection of hybridization by the conformational flexibility change of Fc labelled PNA

L il
Assemble[DNA
~x -
T BT %
Fa *-{o _ ? Ao \f{\- ﬁﬁ,‘ L

™ {”‘"""\Ll

Assemble]MCH

B 6-10 LRIPEREHE

Figure 6-10 Schematic figure of experimental steps
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BATEHAT KK KM Fc-PNA 5 DNA B 24 &2 . B & & HS-DNA
[HS-(CH,CH,);-AAAAAA]E B 1E 4 R LARJE 5Fc-PNA(T6-Fe) #2848, BId =4
fE5RAMART (SRR ME6-1007).

6.3.2.1 MR EDNAR K

Mg 2 T DN ATE 26 5 T2 AR B, Bl AWAE 2 BT EE A S R TDNA
B, S ML 2R T B R DNARIR B2 2 MR, Hoeh il B SV
SEDNA KB N A7 E . B Bk 1 52 B2 F [Ru(NHz)e]* 8 5 Cottrell 25 5K 58
e 81 L EDNARK 7 % FF 28 R 1 [RuNH) " MERFEK; HA
[Ru(NH; )¢ "4 =/ IF Hu i BRI T B 75 42 P A HODNAFEZE SR O AR L5, %
T 45 =/ DNA R 25 4H 2% T # 1 0% 3 — /> [Ru(NE)l™ 18k 78 ¢ 55 B it 52
[Ru(NH; )] 18 K 2 2 T MODNA . 76 BT - 52 v 4 10 FL AT QT LA FE 4 e D £
SO i Cottrell T FLERE - |

Charge/1e-6C
o
Qo

o
N

©
o

B 6-11 %I FDNABHIS HARRI VI PEAS W LR, 10 FE[RuNH3)l™ s 2475 [Ru(NHz)el**
Figure 6-11 CC response curve for the DNA modified Au electrode in without (1) and with (2)
[Ru(NH;3)e]**

_ 20FADCy" |,
B 12 t7"+ Qq + nFAT,
7 6-2
XEBHFnRZESFENERERTRIMETE, FRENEREE (Clequiv) , 4ZH
WIER (cm®) , DEYTHEE (em®s) , Co* ?L%Jiﬁﬁj\?m%ﬁﬁﬁmfﬁ,
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QW E AR (C) , nFATERATRM A FHEMERBMT (O, To
REWMRHENERSTHE. RETJE T LR FF26-3:k AR MDNAK B KL
I'pNa=T o(Z/m)(Ny) 63

XHETpna £EMDNAKETEE (molecules/em®) , mEDNAFFIFIHREEL,
ZREMEF S TR, Na ZFRNESEL
ME6-11 P RATK By lmEREE, KEDNARMIKE1.2x10" mol/em?.

6. 3. 2. 2 PNAWKE 1% &

T EPNA R B 5 55 FA (0 7 R 4 6 G BEVE , R BE e MBI - LR B A=e C 13T E,
RAFANBBE, ehBI R, BRAM em?, CHIE. mol/l, DAHMERKE.
Hffem. 4 EPNAKEE R 2 BB W T RER RN, ([HEAFPNARIKKIH
HREBOLME, A C G THieso2 B4 13.7. 6.6 11.7. 8.6, HAL Ayml/(umolxem),
75— R F AT DAE B8 P A ARV S R B AR SKPNARIH Y R 4. IR Z L
BT EPNAKITE GRS, B FRAH QRHR AL 5] (¥ HE AR P T X AR RO DR B
FHATTAT LA 4 PuglisiFl Tinocodthik H TH EDNAFIRNA MV 6 R E T vEk
¥4, T HPeter E. Nielsen/N2H th i 2 & b 77 v538 F PN AWK T € o
6.3.2.3 MR

3.0

25] b

gf, 2.0
£ 1.51
o
£ 1.0
Q

Current/1e-5A

0.5

-0.1 0.0 0.1 02 03 04 05 06 00 01 02 03 04 05 06
Potential/VvsAg/AgCl Potential/V vs Ag/AgCI

K6-12 24 [Fe(CN)s > Y fa R FIRT 22 HiAk Au (1)FIAu-DNA (2) L f1(a)CV, (b)DPVH: 5
Figure 6-12 (a) CV and (b) baseline-DPV behavior of ferricyanide(3-/4-). The data correspond to
electrode of Au (1), Au-DNA (2).

BT Cottrel SER R ATH LA E B E REDNAKE, FMHRATTLLERCVE
352 P9 E B R HIDNAS T2, B6-122 F[Fe(CN)6 > VE+5 R FI7E 4 FAR R 1 LA
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R 4% TDNAK) 4 R R FICVRIDPVE . AR LA CVIEIE 2| AEp AR 3R TH
177 mvE|HEDNAJS K391 my, TiDPV E R M29 pAZ]S pA, XER
[Fe(CN)6 ™4 1 F e, MAIBEDNAJE & R T —EEHE TR, M {Fe(CN)e* ™
HHFERERRAMELUBIARE, ABEK, R/

0.15

=]
Py
o

Current/1e-7A

0.05

Current/1e-7A

0.00
05 04 03 02 01 00 0.1 01 00 01
Potential/VvsAg/AgCl

02 03 04
Potentia/VvsAg/AgCl
]6-13 DNA 5PNAMFc-PNAZAZ ICV(2)FIDPV(b)AT M
Figure 6-13 The CV (a) and baseline-corrected DPV (b) of DNA hybridization with PNA oligomers.
The data correspond to electrode of Au-DNA-PNA-Fc (1), Au-DNA-PNA (2).

&R MASEDNAJE SPNA-Fe(Lys-TTTTTT-Fe)Z%3, EATEILCV, DPV

TEMRHZAEES, B6-130irm. JREBERIEFGHHENECRS T, HEEEN
FET DIEE S NEAIRICY, DPVE EWEZE], FRATATLLE6-1315 % AEp
=170-132=38 mV, TIDPVHiL ZE=0.114V,

S

a

2.

g

o 04

b

o

22

=3

(&)

4

06 04 02 00 _-02 0 40 8 120 160 200
Potential/V vs Ag/AgCl vivs'

Bl 6-14 (2)FEXTDNA/PNA-FcB M i 4 EARCV RIS, FHE M P [m14h4) 515220, 40, 60, 80,

100, 120, 140, 160, 180, 200 mV/s; (b)FFESEHERMIFR

Figure 6-14 (a) Cyclic voltammograms of Au-DNA-PNA-Fc measured in PB buffer with different
scan rates. From inside to outside 20 40 60 80 100 120 140 160 180 and 200mV/s, respectively. (b)
shows the linear relationship between the peak currents and the scan rates.
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Bl6-14 B T HEXTCVEIRI R, B Elad o] LUE 21 i i BE SR K HE
w0, WERLHER T XM INELVESRR, XHULA T PNA-Folk B A [ 7E
K, JF B2 M TR AT A AR R Ak R . XA ST 53R B T PNA-Fe
T He1E A AL EDNA IR M S 8E .

P AL 22 BEL AR U

B SC 3T I EIS R 5 T F [Fe(CN)e] > 1E 45 7 71 Sk F 5T PNA S5 DNA ) 2%
a2, Ei‘ziﬁﬁ%‘éﬂ‘]ﬁﬁmsjﬂiiﬁsﬁ%&&%E%EﬁﬁTPNA-Fc—%DNAO AT
HS-DNA[HS-(CH,CH,)s-TTTAAAVHEE &R, A TETRZREHEMCH, &
J& 5PNA-Fo(TTT-Fe)Z43¢, Bif EST& Ak Bl ik T B FAER M AR5, R
6-3F1€16-15 2 4 M A ZEDNAFIMCH /G i) f AL 2 R LR, FATRT LIS I B
SOG4 5, 2445 DNAFIMCHIE [Fe(CN)] > UM 7 B 4578 A, RetiH190.6 Q
#1N5)858.8 Q, FH HEHHEB R IMARICHER BB EAEE & P LM EE.

-2000

bare gold Au-DNAMCH
C Rx
I
Rs Rs
-1500 ) B‘E—Ef\;}_‘Q n — ﬂ
Ret Herburg Yubog

-1000

-500 4

(I) 5[l)0 10I00 | ’ISIOU 20I00 ) 25I00 ' 3000
2
6-15 Nyquist & LAFe(CN)s " 9457871, 4 AI7EAuFIAu-DNA/MCH 4% L
Figure 6-15 Nyquist plots (Z'versus Z") of ~Au (w), Au-DNA/MCH (o) with SmM Fe(CN)s™"*(1:1)
mixture as redox probe in PB buffer. In all cases the measured data points are shown as symbols with

the calculated fit to the equivalent circuit as solid lines.

- #6-3 My 1
Table 3. The date of impedance at Au and DNA/MCH

Rs Ret W CPE Rx

Au 181.7 | 190.6 | 8.022 | 6.69E-7

Au-DNA/MCH | 155.2 | 858.8 | 664.2 | 4.52E-7 | 41457
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Y 5PNA-FeZeAT JG H TFeIFELE, BATKBRMIBRF, EATHESISE R L
TRIERG6-4FE6-1617,

-1.4x10° 4 Au-DNAMCH =
J Rx . /
. ¢ - Rs i ~
1.2x10 | ; o v
-1.0x10° - _ Ny
-8.0x10°
N 5 ox1of 4 Au-DNA-PNA-Fc
4.0¢10° Rx : ﬁ
2.010° - <&4‘_‘—R&,W~7_o
00 -
I ! ]
4.0x10° 6.0x10°

& 6-16 Nyquist®, 43%|#EAu,F1Au-DNA/MCH H4%
Figure -6-16. Nyquist plots (Z'versus Z") of Au-DNA/MCH (m), Au-DNA-PNA-Fc (0) in PB
buffer. In all cases the measured data points are shown as symbols with the calculated fit to the

equivalent circuit as solid lines.

#6-4 FHHHUIRE 2
Table 6-4 The date of impedance ’at DNA-PNA and DNA-PNA-Fc
Rs Rct W CPE Rx
Au-DNA/MCH 178.9 211980 | 5.49E-7 | 2.24E+7
Au-DNA-PNA-Fc | 208.3 9.94E+8 | 98472 5.62E-7 | 2.71E+9

G RTARES, WA R AT LRSS, For T4 i fRCt
TR

6. 4 PNA 5 DNAZLZZ I AFMAT 5L

FAHP%E B4 (scanning tunneling microscope, STM), &19824EG.Binnig#ll
H.Rohrer i #5 B 7+ 72 5 3 P 1 Sl R0 0 e o % B B — b B R T 4 TR,
STM ARH R R SR T BB A%, W5 T AMIRER S, BNAIBLEAFM,



138 2 VA7 o E R R 22 ALY BT BT Sl

SMM, FFM, SThMMHILERRHGERE BRSEFE (Scanning Probe Microscopes,
SPMs) WP A, W IRHT N 21448 . TIAFMEE b2 BN A TR ERE e
EEREREYS T, HEBETM (tapping-mode)i& s, EX THIRZIVELF LD 5
T3 L B 4 0, AFME I N A TR BIDNAZ ML) BERIBT AL, BIERD
FFHIRPNA. BELZEA N RATE M TMBE RIS T DNAG R, 5PNAZRAL
R A RS, RIE G H &K R R L MIDNATIRAIE S, KA
FIN-PNASDNAMIZAS, 3 BB T BEANUR SR A5

6.4.1 £ FEHDNASPNA-FeZ: A A4k

I 11 HS-DNA[HS-(CHoCH)s-TTTAAAIRIMCHA ¥ E &R H, REH S
PNA-Fo(TTT-Fo)3s, FIARMBTS T &AW B egiAs L. 402 &R R R i)
NUMRERAE RO RS R E, ZEARABAR WA BRI R4 T34, Bl
ETEBE TN, B61787 T S B BIAEEN, BATT LS BEHE A
[FIBY B I TE S AR AL

X 0,200 pm/div
Z 8.000 °/div

pm

pm

#l6-17 TM-AFMARE], MZ B4 53 32 Au, Au-DNA/MCH, Au-DNA-PNA-Fc&Hl
Figure 6-17 TM-AFM phase images at different surfaces. The TM-AFM images from left to right are
Au, Au-DNA/MCH, Au-DNA-PNA-Fc.
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1 T 841138 IDNAFIPNABRAE S F AN B, BRI 2316 B .11
Ak, {EFTLLE BIE AP B RS ML (B6-18)
0. 424

0. 403

0. 40 C ey
2 0. 381 0. 373
2 0. 36- o
z

0. 34-

0.92]0.314

Au Au-DNA/MCH Au-DNA-PNA-Fe¢

Bl 6-18 FEAN IR 7 HRORE R A gt
Figure 6-18 The compare of the Root Mean Square roughness at different surfaces.
MEI6.18 FATHA BHE B 7 HRARKE B AW I, XA SER AR E
6-10 A BRI AL

6. 4. 2 N-PNA 5 DNAZATAFMHF 5%

AFME A & W R 228, SR AT DL B ekl SR DNATER H ) 2258, {H 12,
HTE B SWAPRET REARERE, XHRHETAFMNAC. B2, JREHR
TEDNAKI IR, BB R B8 ) DNAKII 7. RATEL A TN-PNA, FEit
BT T S 4K B AR C FIDNA S5 R T4 36 UN-PNAZLAS , Bl TESR I 7 AT
TR B O B AT Y R DA S AB BRI S S of 2R3 A S o

AbEE T8 RE R VB EGPTS Y, N-PNAsWWEIEER £, MG
N-PNAs#. 53T 2, REIT AN HIRE . —REESESYKRBRARCHIDNAZ
R, H—HRN-PNAsHA T ELET LI G S SFIR BT IS HIDNAZRRS . BT
FIN-PNAs JLIE6-19, SEi 7R E ML 6-20. |
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R 2 AL o E R} B 22 N A T BT 2R

Capture PNA: Targert DNA:
T6: H-TTTTTT-NH, TC (complementary target)
N6: H-TTTTTN-NH, ( n=0) YAAAAAAZ-(CH,)s-S—@
N3: H-TTNTTT-NH, (n 3) TN (non-complementary target)
N2: H-TNTTTT-NH, (n=4) STTTTTTS-(CHp)e-S— @

Chemical structures of N-PNA @

0]
> X b
O N O N
0 O/ 005> 0 Oy
N N~ PN HJJ\/N NH,
n 5-n

B 6-19 SEI6 BT HPNARNIDNA
Figure 1 PNA and DNA sequences used in the experiment. Target DNA with a sequence
complementary (TC) or non-complementary (TN) to the capture PNA was labeled with gold

nanoparticles (15 nm diameter).

Si Si Si |

® GPTS;N -PNA
3% mé e 33 H

Si Si | -
%%E‘Td%%;i&@ ??ﬁ%ﬁ %\ﬁ’
[ s Si si_ | = [ si Si
K 6-20 LB EREE

Figure 6-20 Schematic figure of experimental process

é
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Kl 6-21 435G HIAFMIESRE; (A-D)RE4MITC-DNA S 7 5B £ESI/SIOZR M 1 T6-PNA,
N6-PNA, N3-PNA 1 N2-PNA Z¥%%; (E) il (F) 2> HIRN6-PNA il N2-PNA HIEE MG
TN-DNAZ¥AL

Figure 6-21 AFM images of hybridizations on various surfaces. Height and lateral scale according to
the bars in (F). (A)-(D) are TC-DNA hybridized with different sequences of T6-PNA, N6-PNA,
N3-PNA and N2-PNA assembled on the Si/SiO, surface, respectively. (E) and (F) are N6-PNA and
N2-PNA hybridized with TN-DNA

RS E R MPNAFIN-PNA 5 & 90K BURLAT ic R SEDNA B 28 AT 25 RAE - 7E
E6.21(A-DYH, T LAVEZEHE BT R4 B 2 B KZA2110 particles/um®, 3
HHFDNAZ BIFAMHEHF S, S&PREARMEESHE, HEBHSNSMERT.
i 53 EAMIDNAZRAS JG , 3T 450K % /) T2 particle/pm?, SR BEHARTH 114
BRI A RN TER TR, TORBE R B E AR EATATURGH: N-PNA
A LMEPNAFRHEFIDNAZAS, FF BB BT E I A B&E MW ENTHRAAT.

AL N-PNA 5 DNA RCEE R BRTEE 6-22 . A 6-22(A, C)F K
[TAT LRI, N6-FI N2-PNA 5 MO DNA 24505, 40Uk i3 10 25 B e JE Sk 1
~110 to ~50 particle/um?®. X2 E XN Y N-PNA #2840 E R, R TFEAEEE
AN FHABEE, XESEHFERZWE: (1) FFEHRRBEES
HRESAFIF, XAF TR () FFmEIRRBEEAR RN AR %t
Z 0], XAWARITF R X FAT7 A S B0h 2R 1 & R HUT
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P 6-22 N-PNA {0 Fr 4651 BH85 55 ELAMU TC DNA 055 1 APMJBSIEL:  (A)s (B)s
(C)4> B2 N2-PNA N3-PNA N6-PNA &1 & 12438 TEH K]
Figure 3. AFM imaging of the chip surface. Lateral scale and height according to the bars in (A) and
(B), respectively. TC DNA hybridizated with N-PNA irradiated with UV ligilt; N2-PNA (A), N3-PNA
(B), N6-PNA (C). |

- SR, ZERI YRR S N3-PNA B A1 R 4K B S00 T, 538 2~110
particle/pm?. XERVERK B FEFHAEXEEMERE: (1) 78 N3-PNA TIAKH
15 [ S A T R M LU AE N2 1 N6- PNA K, KB IR B R AR AL A2 B W AR
AR (2) N3-PNA IR B EEN ZAC BIEm /s, B0 E A N3-PNA A GEE 1
B 2 [ %% N-PNA/DNA XUaERRaE M. XA T 1B AR BTG B X AT 2y
THELEMZ .

B2 N-PNAs BRI EITCHIM B I ENE DNA KIZRAL, B LU
P8 PNA 5 DNA Z /8| jIZ538, N-PNAs JEE B A E R A T PNA 5 DNA 238
E TR,

6.5 LW

SR wilF

5-HS-(CH,)¢-DNA-3 )\ BIOASIA A 7%, WMAEAES YOKT, R
PNA F1 PNA-Fc ##¥47E 0.2 M PB ZZ¥H ( pH=7.0), R¥FA% . 1 mM MCH, 0.2 M
PB 2/, 0.5 mM K3Fe(CN)s 7 0.2 M PB 22+, 2.5 mM KsFe(CN)g F1 2.5
mM K4 Fe(CN)s 7E 0.2 M PB 2/, 10 mM TBS ZEMH¥#, 10 mM TBS A
2 50 uM Ru(NH;3)Cls.
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..I.

CHI 660, 442 FHFTIX 12604273A, & E X # KL (DZS-500) , SPM
(Nanoscopy Illa, Digital Instrument)

6.5. 1 HALEESEES

S FARAL TR |

SRR KA 1.0, 0.3 and 0.05 pm FALEERIFTEE T, ARG RERHIpiranha¥’¥ i
1(30% Ho0,/ 98% HyS04 1:3, viv) 2438,  (JEE: piranhadf B e 54K ZHH W
MBRIZUR N, BARS/NORIAE) &S, BARTE] MH,SO, B ACV ik
AL, FHER-0351.5V, $E100 mV/s BB/ MR I,

FREB IR DNAZ 3
HS-(CH2CH2)3-TTTAAAEHS-(CH2CH2)3-AAAAAA (80 pM, 25ul) - THEVE B
TR mEE D, SR, FMEE, BT, BEEAZIL mMEMCH 10 min.

N-PNARZH %6

HHEFEANF20mMEIMUA ZEEE R P A1/, KR ZBE TR Pk . BERK
B AF|50mM PB buffer (pH=7.4), B2 mM EDCHI5 mM NHSH 1/, 50 mM
22 PR 5 4 P« N-PNARAUMAEQ.2M Z.BR 22 1 (pH=4.8), T2 HAR R 1
MBS, TRV

FHEDNAB KM S HIRRE, Wil k52 EAMIPNABPNA-FCEIN-PNA.

CV, DPV, ESIS2 %
CV, DPV, ESISL K #8 R AFPBZE MR 4T, A=K RS, &EHERATIE
%, MAAg | AgCl SR, 412 K% Bk,

6.5.2 AFMSEZ%
&R MAFMSLR

42(99.99%)7F m B TN LTI = 8 b, 5 X R e B i
BlREA L, BUBEIEN T ZEFREENHENERE. A/FHS-(CHCH,):-T3A3H
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%, PNABKPNA-Fc (TTTETTT-Fe¢) Z4%%. &/ NHrBOHAFMAT

FEFr REIAFME K

1) A 7EpiranhaB¥ 1 (30% Ha0,/ 98% H,S04 1:3, viv) E3040%h, ZEEAIKIEI)
ik, BAKT, BAFIGPTSHE #i(ethanol 23.5 water 1.25 DIEA 0.25 GPTS 0.25)9,
ERAETH30°C, 4NE, BARIRRESEAESHH, REKMZEZER=K
BT |

2)& AR TIOREL Y T 2

B H B E SR L 3:1 HCU/HNO#E¥E, =UOKBETHr. 7EILETREEM A A
500 ml HAuCl, (1 mM), RBIZUHERET & dh, BEIAS0 ml FFEERHP (38.8mM) ,
VAL, BRI, BIEME, BB, 045 pmidWEBILIE, S4Y
KRk B 2 15nmAE A, WEGIRIFE A . i BA{A E R R 18 SR A8 S g KRR ) 3 L 24
8.5 nM. '

3) &YKKFHRICDNA:

WK HS-(CH,CH,)3-AAAAAA THINE|— & B & KBRIA R, B2 DNA K
X3 uM, FRINE 24 h /5, A PBEMEAT pH=7, i NaCl HW & TIRE
30.1M, JE 40 h, 14000 rpm 0 25 min, FRZFEITE DNA, ZLEAMRITIEM 0.3
M PBS ¥i# 2 Ik, REHT 0.3MPBS &M,

4) PNA [
HY 25u1 PNA B N-PNA (4 uM)i§7E GPTS BARIIEEF L, J4H 30°C A 3 /AT,
FAVERR, BREIER AR BHTE PNA.
5) AT

a: SHKBURIARIC ADNA 20 pl J#EBIPNASIN-PNAZIZEMHE R £, BREPE
B4 he RAVERER, BRIARIIIHIDNA, '

b: N-PNABHRHTE R Y6 10min)5, S9KBRARIZRIDNA20p] 1% £PNAEL
N-PNAHSERRE A b, BREFEE®RM4 b, ROBEWR, BRERIFIMDNA.

6) i it AFMAS IR 1 TE S5 MAH B AR AL o
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H2N-T-OEt #59-113 RT: 0.54-0.99
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