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Self-Assembly of Artificial DNA induced by Metal Coordination

Akihiko Hatano

Department of Functional Molecular Science, School of Mathematical and Physical Science

The Graduate University for Advanced Studies

The self-assembly of noncovalently linked molecular clusters of unique building
blocks has currently received considerable attention. In particular, “template-
directed” approaches are becoming common and have been accepted promising for
the construction of the ideally predesigned assembly. One of the most appealing
paradigms of self-assembly in biological system is sequence-specific association
between two complementary nucleic acid strands, and such processes play essential
roles in most genetic events. DNA oligonucleotides have been intensively used as
templates for reaction control on the template such as self-replication of the guest
DNA components.

“Termpl Artificial DNA
™ Snﬂ Bt (monomer) ”
T ‘ “ Complementary

Hydrogen Bonding

n-n Stacking

" Metal Coordination

Chart 1. Our research concept.

As an approach to novel metal-assembled systems directed to a single-stranded
DNA as the template (Chart 1), we have synthesized “chelator-type” nucleic acids
mimics 1 - 4 (Scheme 1). Two metal binding sites and one nucleobase moiety
were introduced into compound 1 - 4 so that they can undergo strand formation by
intermolecular metal coordination thereby possibly interacting with a natural DNA
strand through Watson-Crick base pairing.

I'\{ NHBoc

Ty,
Base N NH
SR Boc —_— H 2
HD‘Q 5 HO oc = —\_\0
N  NHBoc H
/ N NH,
—/
NH, o] NH, 0
oy by 1
N \ H,N ':.3 III (0] \ 0

1: Adenine (A) 2:Guanine (G) 3:Cytosine (C) 4 : Thymine (T)

Scheme 1.



Compound 1 was synthesized from 3,5-
dimethylphenol, according to Scheme 1.
The phenolic intermediate serves as a
common intermediate for the introduction of
each nucleobase at the phenolic position.
Here we present the experimental data with
respect to an adenine mimic 1. The
adenine mimic 1 reacted with Zn"(NO,), in
water to form Zn" complex 2. The
molecular structure of the Zn" complex was
characterized by single-crystal  X-ray
crystallography. Each ethylenediamine  Zn" complex 2.
moiety binds to Zn" to form a trans-N,-
plane, and two water molecules at the axial 00—y
positions complete the octahedral structure
(Figure 1). Adenine analogues 1 are
intermolecularly linked together by Zn"
ions that provide the driving force for u% Q2af
polymerization by imposing an octahedral 4
coordination geometry at each site.
Although the Zn'"-Zn" distance of 7.718 A !
is rather longer than the average distance aisf
between adjacent phosphodiester groups in
the same chain of B-DNA (ca. 6 A),
molecular modeling studies indicated that
this complex is structurally flexible
enough for complementary binding to a 1 : 1 mixture of Zn" complex 2.
single-stranded natural DNA.

We then examined interactions of the Zn"-assembled adenine polymer with oligo
(dT),, using UV absorption changes. Figure 2 shows the temperature-dependency
of the absorption at 260 nm for a 1 : 1 mixture of Zn" complex and (dT),, ([Zn"
complex] = [(dT),,] = 15 uM/base, 1 mM Mops buffer at pH 7.0} when the solution
temperature was elevated from 0 "C to 80 "C. An absorption break was observed
at 39 °C, and almost the same curve was obtained even when the temperature was
changed downwardly. This behavior is common in the naturally occurring nucleic
acids.

The Zn" complex thus preferably associates with a natural DNA oligomer
probably through electrostatic and hydrogen bonding interactions accompanied by
hydrophobic effects. Such artificially-designed nucleic acid components that can
undergo metal-assisted assembly in a reversible fashion would provide novel
molecular array systems directed to information-bearing DNA or RNA for
applications not only to metallo-antisenses for gene regulation but also to molecular
memory devices or molecular wires.

Figure 1. The crystal structure of

azst
a.26}

3105 % %0 %0 0 0 & 7 o
Temperature (°C)
Figure 2. Temperature-dependency of a
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2-2 LEHEEEENU—AE DNA 2B ITIAIRKEE/ X —DTHA
v

7 7L — b O—A5 DNA OB EEFIH L TAZKEMIZESY, %RLd % AT DNA
DFEHRITHICHIY, LTOMIZOWTHEL,

1 BERIESBL A AT 5

2 EREMEE —ofb, S FRITEIRET %

3 FiktiEz o

4 BHIPEHTDHAH

AIBEE/ <7—
NH,

& R EETY AR AR AL
Q e

— A ) (JGD].
. mﬁgm\‘
\ o ~ " ‘ NHa S—NH-
2 N‘tf s
NA 7y EZ&SH -DNA ‘%I>d*

B2-3 AIBEBOTYA >

DEDEICEE LD 2-4 IIR-T &9 2fb & x ixEt L. CPK E7 )L, Insight Il
AV Ea—F—FFY Y TEAT, SR LA ZOEHHOLME AR EREL L
X OMBIEEATM OKERE AT, 7 TR % 20 &) PIZonTRE 1T -
s

L& (a) 1 1,3-diamino-5-hydroxypropane & &% A L 72 {LAM T, SHIEBER (&
IV Thb, b) &, ALAM—LEFEFHEE LT, EBEERHMLLL TTOE
Ly T Iy a#lnAbte®wTh b, (©) ~ (e) DLW, IR EVER, M) T
VUBERMAYT B I L THBIIERM L o OB E =) AICECE L 72 R

13




- o - ATI#BOTH A
Base\L NH
2
© H NH;
NH ) -_\k—<£
b
COOH ( ) NH,
HoN HoN
Base Base O{
NH» ‘\_\ NHz
O 0
@ 7 .
(c) NH, H\/N 2
NH2 NH2
H
HeN i\(
Base HN{ (@] 0. ,Base
_\—\ N= NH; NH2
HN—{ N
N—< HoN 0
NH \[
@ M e
NH,
COOH
Base_\_\ NH NH2 Base N{-|_-
d {{ ®
NH NH2 NH
\—COOH

H2-4 BBIEEUE_DOSEHMERBUEFIODAILREOTY 1

8D, () IZXKRODNA DREICEDIEVHOTH D, UR—ZABKIZ. 3,5 1270
VLo TILEREBALEYATTHD. ILBW )13, ZDO0&EHEFE REMMNTT
NTEEBEAF CEHIBELEVWEDIC 722V ERZBLICHE, ROV IFL Y

TIEBALEIATTHD, (h)id(Q) EREOFREZRS, #IBRILIZT Y
14




- Job ¢ ATHRBDTH A

FROWE, UL ESBA AL OBERERBIFL OV % TIHERESE
EHBT D EEOA (K 2-2), BEKEKRERE., AT yF L INGBRNIZEH Z &I
LD —&3 DNA CHEBRER TS ZEARFEN, 2 FET Y 2 FICE D THH
BRI 5RNWI EAHBTEZDIL. (LEH(9), () TH-T.

RIZEEERR L EZOEBRIZOWT., {EEW(Q), (h) TE A= (% 2-1). RAD
DNA EDHEERZEZS L E, BRIFFCEELRFTHY Y. HIATKAD
DNA R+ ZH$BROBE . BVREBRETIE) BT 4 D HORRICLD “EHH
BAREIND, TEENWEBETII) VEY =4 B LOREEZIHT L0RN H
N_EHFLELT A0, HAENRTELL DNADEGKE > TLEN, KEXR
BENAEL->TLED (FIBR—> AR, F/-PNAIXEERTHD., MLUEHNTIEXA
DODNA ZHxHOBELDEOAEERE T, IREICKD ZAEL —AHICHEHT 2P )
ERTIEMASNTOLS Y, HRENMMT SI2DONT, T, BIFETTS %, Cook
Sid, FHMOUCEPIAFNMEE2T7I/IFIN 74 A7 45— MIAELE
DNA F#EkZ2EML . PHEBERTR7I /7&ENTOR T 22 EE2RALT. 72
F DR IRE DNA SHHERRAT 2 EEZOHENBIRERI L2 (Z2-1)". DNA &
DESEIIERER 2D, T MIILRLUE, TEEREOHRIIIZLEALR SN -
7=o UL BATDNATHS (WiZ, ZHEOEB1IA 2 L8EEAR LR EEBMWIZO0
Kb EEZON, TFLIVTICRATDNADHEIR. + 2O EHFEZRE DO
T, RARODNA & 11 EERERRLAZEZFEIIZ Y MHE0D + 1L DENTHE
IND, LMo TI hOE—8NIIARRREETH L _EHER-HENHEEER
WEOHBTAZENHFETE S,

15




B_oE ATHRBROTY A

£ 2-1 XX DONA & AT DNAOEEEEDLE

B KIRD DNA & ATHiE

| DNA
[ o
T HNW
H
| N )\N NH COO
A C '\ ~/
0 N™ "0 pNA, ref 3 5 o
HZN/\/N\)J\N/ NH\ /O
H 2+
X—=M=—X
4% |n
| o 71 8 AT DNA
P=0
+H3N——/_é 2/\‘(
NH
o)
e
|
FPR/IFINKRZIT—hH
B DNA, ref 7
| NH, l
N/ N
W D
N~ N NH NH,
+2 \_\‘O
NH\ /NHZ
X—eM—22x

| A
IFLTTF7ERATDNA

n

AIDNAIZDWTIZ, 2 BOEEAS 4 LEERLI-EEOBFARERT.

16




FHE AIBMOTY A

2-3 BREDEA A EBEHEMUDSBR A ER & EAFCRRE

THA L LEMOERBERETMTHS, Y2, TFLIITIVEREA
FLEOBBRERERETHE, 22 DBIIRD I EMSbMo. FAES) S
EEBOML EEOEATERIL. logK=9%THo, TFLIT7 I ETEHOML
BEIZlog K=11"ThH s, /. RITILA AL ERVTIE, BLTIFL VT
ICOENEBREEBAA L EREBBEERRTHE NI I ENTFRTEL.

KT, REBA A AL TOBKS T, OKD T EBELED L THREEE &
LTHBE (£2-3)7 BmMTIA23x107, 1A 5x10° v 132 3x10
CEHRWKRBEESRTAN HEAACONIT VLA TR, EFICBLKIREE
ERTZEMNDMo. BRTFRBREVPEIS ZEIC&-> T, #UTH D54
DNA OBES S H#IC/ D, BAOEMIIRESBETH5MMNTRZRE TS
DEFRTE, T, REBMELEERL, BUTRBEEIEREETHS. &
WAL EW|AA L EROTHEERRT A EICLT,

®e2 VLU IFLOTIEBEEBA L

DEERER
2R AL EEE (log K, 25 °C)
R4 gV IFLUUTIY
Zn®" (FE$) 9.06 10.97
Cu® (88) 14,97 20.82
Ni* (= v o) 10.50 13.82
CE (W RIIA) 7.60 10.21
Pb** ($8) 7.70 8.45
Pt (A%) : 36.50
Pd* (/X5 U L) 27.50 18.40

17




h® ATBREOTY A

%23 BELSEAAORBEKIKOTREE

SEAA SAREE ()

Zn® (E$) 3x10

Cu™ (&) 5% 10°

N (= o) 1x 10"

Cd” (h K2 A) 3% 10°

Pd (135 29 L) slow
2-4 HRLER

FHATIE. 2 FRTHERET, P FRITHERT S ZLICEDEHZRMRL - —
KR T—HB0idA ) T —BO AT DNA ZERIL . K0 DNA #H SHHE {ER]
THALDNAE )/ ¥— (g, (h) OFHA > &2TFo7, BEEETMNEL TERAD
DNADTYF = - FI2 TV by 2FHLTHMORKEEGER. X
Gy F o TORNBBEHRIZL T, @BBERASMLE LT, T F L2272 T
CEBALUTHTHITHERT LB FET I Lz, B4 ELTHEH, -
FLUZPTI o, T ERBERDPE L, B FROMREIEDE D, w14, #
A4 &FELTHW ERETDI&ICLE,

LLF, B=EIeE % (h), BEFRMEEY (9) K20 T—4AHHE DNA LOMHELE
FIZDW TR, BRETIIERFL KUATDNA OE/MICDWTHHMIZEE L 72,
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E=¥ J1) B A T DNA

F£=F

—A$HDNA LT VL a2 eRBETARRALE L
ALBBEDE ./ 7 —OHEBE{ERFH

1 Akihiko Hatano, Hiromasa Morishita, Kentaro Tanaka, and Mitsuhiko Shionoya

" Metal- Assisted Formation of Artificial Nucleic Acids

Nucleic Acids Symp. Ser.. 39, 171-172, 1998.
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E=H )3 B ATI DNA

3-1 @&

—ZA 3 DNA O BRI S HBMICEEMZRE R L. @REFRICID EHEK
RT2ES5BATDNA &L T, BoETHRN KD ITKEEEN S LTF I U HE,
SRR LT Ay MEFD LD RIEEY (h) ZREER Lz, T
CRIFLIVTIDIHANSESEBA AL EoBME Y BV DD, EHDKE
HWEBREAY vF 7, EHERRT 2 &REMEEO=ZDOMEERNHFNIC @
&, —FHHY DNA EHFRRHEEMERT S EZMRFL.

3-2 BRRUEE
3-2-1 UV REHR
7 3 2B AT DNA (F3 ) & —7 8 DNA poly
:2\\:%':0 —COOH dA LD EHEBROHEERE, BIMRRA XY |k

\—\ .Q:NH WHEIBIC EDFEMET A I & L. —RANICEERIEE
MAY v F 2 TT5ERNENBDLT L EVBHON
COOH iz, BEAENS1ICRLE. £9. BEERSL
T, KRO—FH DNA TH 5 poly dA DA EFELZEZ A, PFZ2ICHKT S
258 nm {3E 12 KIRIT (g,6, = 15400)° ZHF DAY MBE SNz, KiZ, AL DNA
(FI)OBEFEL THEEZS, FIUEHBEITHERT S 274 nm A0 I8 AR
(6,50 = 13000)% ZHDARY MUDES N, EEEBAA L EHFMT D2 ELIC,
poly dA X AT DNA ZEASLTHELEEZ A, 262 nm (R ICHRNEBRE HDARY
MBS, ZHRIESHBOREZAWTEREE Lz poly dA ET) 2 VRIAT
DNA(FI)DBREDARY NWERIUICIRD ZENHMRBTER, Lo TEEBE M4
DMEELZW &, HEERLRW I Edtbh o, £72. AT DNA & KESEA

21



g=F U BAT DNA

* o ENATREBRERIN, AXY MWZEE3aho 7.

KiZpolydA & 7S CBRATDNA(FI) ZRELERIC, @B EZRNL
fro BER, I TLH L TR LBEBRMLUALM, REHREES LN
7o BB - THIEL 7203, U REaZREBEINT. A5 vF D IMERL TH
IRVRIEEtE A @ AN o T,

3-2-2 ZEHEMORE

KIZ, T TL—hERDDNA EZ—KRBEAS ZHRHIITLI LITED, LDk
BB RTRA L, AALDNA ZF I UHEERHSTLSOT, poly dA-poly dT
EDZHBERETD ZENTEL EEZ SN, 8 DNA TdH % poly dA-poly dT
APHNREL D SHAMEE R L TVWADT, STAZERET ZLENLRS, BENIC
TESHALIIESEL TZESHAMEERMR TSI EMHGTE S, #FBRELTIE
oA AF L ERW, #EREK 32T RLT

poly dT : poly dA = 1:1 OFFARREERMARIT. BMRIRE 44.1°C 2Lz, KIT, BHE
Bkl L TpolydT:polydA=1:1 EEBRICT > H ATV EMATHRETH/mETA,
RARE N 40.2 °C OfARIRE A S 5 /z, poly dT :poly dA: AT DNA + ¥ > 7
=111 OB EERIE. MAEEE 398°C Z#RL. ALDNARHFRELRWEE
FIEFERILTHo/me YA EFY L OEEER L Iog K TH 3 ThdH., XEktE s
ML D, BBEBE T U DO N7 ISR T5 Z engmEaznTnd 7,
F-EBBEELA L. DNA OZE S HABBERLEILT 2DRE/FD I ENHRE
ENTVAEY, o TIIH AT M7 FZoONT AR L T, DNA O3 IkH#E
EATEAL TRBRELZETL TOH SR RB SN/,
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£=E

H1 BT DNA

45

0.60
] poly dA + AT#& + Zn™
| poly dA + AT#8 + Ni**
0.50 poly dA + AT#E + Mn*
0.40 } poly dA + AL #& + Mg*
_ ANTERE (F2)
w
2 030}
0.20 _.\ ;. DNA (poly dA)
F o\ ;
010 \_/ |
0.00 -
' 1 1 1
250 300 350 400
Wavelength (nm)
®3-1 REEENSRIITIV VE2EEHETEAREMGIE L
AT DNA (FX ) & poly dA @ UV IRIRZ1L
10 mM Pipes, 10 mM NaCl, pH 6.5,
DNA = poly dA = [DNA] = [F = & A T DNA] = 20 gM/base
[Metal] = [Zn**] = [Ni**] = [Mn**] = [Mg**] = 2.0 mM
0.15
0.10
g
a
<
0.05
0.00 e ; '
35 375 40 42.5
Temperature (‘C)
B32 ZAEHDNAELSTUVBATDNADT A ()

AFICKSHHBEER
10 mM Pipes, 10 mM NaCl, pH 6.5, [poly dA] = [poly dT]=[F 2 B AT DNA] =
20 gM/base, [Metal] = [Mn**] = 2.0 mM, 1 °C/min.

——=e—— Poly dA-Poly dT

——e—— Poly dA-Poly dT + F= > & A T. DNA + Mn?

23
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E=F 1) BAT DNA

3-3 BRLEE

TV BRI & L= AT DNA & —%% DNA & OHEERE, UV IR
ARG MUz EDRF L, UL, HEHOZY v+ > ZICHkT 2RBHERE<
RS/, £/ AT DNA & & DNA (polydA-poly dT) & D= FEEHEMRE < >/
SAFCHERETTRILEE DA, EL VEREEOR T AR~ THIZAT
DNAMTEFEEL VRS SRBROBET, ¥ H A A N7 T 2O NTALICEML
T DNA DS ALRE/LL TWhH AN ZRL 7.

SBIEMIC &2 ERPR,. MEOELHER. X5 v ¥ 7058, BHOHHHFE
()12 81 T AT DNA & poly dA A SHZHEEHT 5 2 £ Nant, Baam
SEBRHEEEREERIN Ao, FU L L E0BOEERES AT 2R 7% &
AL, EHEBEICHRE LRI A BBE DNA EOMAEH 2RETHRETHS
EBHNz, BUETIEL O SBEHRENROIFL L U7 I OAT M TERE
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E=E ) B AT DNA

3-5 BEXW
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SEME TFo U RIFL 75 Binidke (dT),, OHEFR

FME

IFVLOOT7IESBREASUELET T VEA
IO &EiEE & —28H DNA EOHEER

1 Akihiko Hatano, Kentaro Tanaka, Motoo Shiro, and Mitsuhiko Shionoya

" Self-Assembly of Chelator-Type Nucleic Acid Mimics into a Single-Stranded

Zn" Coordination Polymer

Chem. Lett., 822-823, 2000.

2 Akihiko Hatano, Kentaro Tanaka, Motoo Shiro, and Mitsuhiko Shionoya

" Syntheses of Chelator-Type Nucleic Acid Mimics: Metal-Assisted Assembly of
Guanine Mimics onto an Oligocytosine "

in preparation.
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EHE FTFoBMIFLI7 3B E (dT),, DHEERA

4-1 BE

KADDNAL, AR, BRI, ZRAuE, AHORK (BE. Ha% B+ 0F
7, BHGIE) L 0B OEABEERS I EBHISNTNS (K4-1)7, i, B
7+ 0% TH%5 PNA (peptide nucleic acid) Id. KD DNA TIFR SN2\ P RS
LDV, BHA—SZOV v FEEET 54, ARIDNA T246A, PR PNA-PNA
ANFHY—HEBETSBATHD, BHZVOHEENEL<AR S, ZOZELRAL
DNA & RKROHD EDORUTHEERMIIZEENDH > TH, RKAROD DNA O#RIRREEC
IDWEESNDIRMND S EERL TS,

AETIE., EZETRILU/BEEEERMN & - DOEEHEERITML (ZF LT 3
D) EFOLEEY (WL DNA) 2R W T, —A#HEN DNA EOHEMERAZRMLEZ. X
T, BBAAEOBERERN L. SMEEHEEBI A 2N LT THRITEEH
BRLTEHEERRL. DNA ERIU XD ICEBEBEORIMEREHFED ZEWHFEIN
%, SREEFRISEMFRBRKEICEDBNENICIE> EBRELREE. Thbb—%K
S8R DNA 123 L THISR2ECF 2 TR T 5 Z £l ah 3,

AT DNA HERARO—ABEDNA EAREMERTSH Z&ITk D, BIRARY MLVIZ BT
HHEEMENYETE S, DR EEMIBRFNTLIEICLD. ZAROHKGREREE
T RMEIREM A, Jobplot BIZL A 2EHROHEMRBR EERDLIENTE, RARD
DNA O HE BT 52 &1TE S, £, BABEROEHEL T, Hofal
(CD) A7 ML, 'HNMR X BRSBTS E N HE LD, FETEAELD
DHFHFiEE AV TA T DNA O#i, KUK RO DNA & O BEERIC DWW TEHM
IZERE L 72,
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SEME TTIoBIFL I OTIEREEL (dT)70 DEEHFR

B 4-1 XKIRD DNA A& U S5 HHRIEERILFEIE. a) A-DNA", b) B-DNAY,
c) Z-DNA®. +8BEd(3 DNA &8 SRR, THRRILFHPSRE, ref3 &
lJ Eﬁb
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EME FPFEZUBRIFLLIUT7 I EMMEE (dT),, OHEEER

#F4-1 DNA OB iEEDHR
A B B ® zZ B

SHADEER £ B £ & E &

SHA—BEDEYF 246 A 332 A 456 A
HHA—EED
X5 LAF K 10.7 10.0 12
BEEOEF 19° 1° 9o
Juyay RgE&EY . . syn (Pu
DORSBEES ) anti anti a%ti ((Py;

W37 XL AT RTEIHAOICINGCA, YD XA R
THZ 8 O1-CI'NI-C2, antildx=180°£90° synidx=0°%90°
PO "TULRZLFTR Py R "EUVIDX T LA R 28T 2,

4-2 7FZUE AL DNA O&E#EEB DR T
4-2-1 FESEA A EBOVEALIBETE/ v —OSBESR L XBERBERT

BRLETFZCBATEESS TETHERL D 27 ED M EHR T 50ic, B
DEBHEOHEREEITY., TOXBEEBERINZT 2.

9, BaoeEE EH, M, —vr), Bf. NSTPTUL AR ITVADOB
MERE. Sy, KR, WHEE. HEES). BEREEZRAL., BREREE X
D=2 LiEl S, BEEMPEOSNTHOE. B TOZDORMETTH -7/ (&
4-2),

Fz4-2 ROV UICKYBONERBREFDERENS

HaEs 2BE ERtEE ans e b f i &
A HEgdg:  H,O/EtOH BEXEREFNUT L EiR AV ON
B FHER TR S H,O HL =i AN N

ADREIL. UToLo R FETER, T /- TEEEHE T T8 ATE
Bt/ ~v—%211 OFETESL. BEFEE S NI T AZ—YENMATABIKLEEE .
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ENE FFZURIFLL DT IRl L (dT),, DHEEHER

EUHBILBREKIIERL. Iy /- IVEKEBECE DT X LEER. 5
DY A 13 0.1x0.06x0.03mm THH, FRTHEEPLOSWMOET LI Tv %L
TLESI D, XREABERT TRLAGEIS TR TEAhH/, BPLTET
BT IMRELS RS, -50°C THIEZTT 72, AL, 1AL 7
FLURE )1 OfRLEEAL, BEERIY-HEEZLTHD, ZD0X
FLPT IR FRITERA A A ARTEREML, 51— TFO7 T —
A R EERAL, BEAEANEMNEEEEZERL Thiz, BB D OERIL
+1THO., 74 & UTGHERE A O ABRMBMNMIEFEEL TV, £ 7T
ZRIBEAGR Y v — O FEHICH L TRIA R Z W= TH - /= (4 4-2,4-3), LrL,
FREGEEILT Sy VICEAHRE (RME) BRKESRD., [EHTHEEIFET>IEET
ElzhoTz,
£/ BOREICHET AR ER 44,5, £4-3 ~4-51TRT, @wEBPLIKE. ZH0T
WHHRTLZDOIFLIOPTIVRRI O ARTERML., TSI TFvIMLIZZD
DK FHEAL L TARMATER MG ZHE L Tz, Wi - mHMEREIT 7.718 A
T, RAODNA OBEET 2 ) VETHOERYETAXORWI EMNbMo . £,
WEER) v—BEE LD, 7T ABER ) v —EHICH U TKEITH AR A A L
TWwiz, Zhid, ROy F T ICELHPDEEALND, BWRPTIIEHRETE
LREEVERGFEET S0, HRA TRESNEEIRFAAMICT T A ENm < HiE
ELHIEFAETHZEEZ NS, RADOEREIPMEPH TiX 2+ &2 0. X
TZF 2 ELGREBIZIZDOMEN A BN EHEL .
¥z, ZOfREEETEZTESR (0.5 mmHg, 6h) L TiuE iz 7o/ 5. BEMKD
2 3 TDANKRY . FERAKD10 pTREASTVWERLI EBDh o7,
Anal. Caled for C,H,N,,0,Zn: C, 37.60; H, 5.52; N, 24.11.
Found: C, 37.48; H, 5.65; N, 23.87.

LAFDDNA EOHEEROERTIE, BREEEMACHFEELANVK D, £HEHF

DiEEZERHW,
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= FFEZURIFULYUT I VEREEE (AT OBEFER

4-2 EFEREIETTURAIBEE YA UCLEEDERMEE (A)
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%ﬁ FFr=ovBIFL P72 P E A g (dT)m DHEEEHR

£/ T—LUER LE#EAORREE (/v F+ IR, A)

\l
e

B 4-3 EfEEER$RETT=
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BmmE FEZVRIFLY YT I VEREKE (dT)0 OREER

ORTEP View One Dimentional Polymeric Structure

CmHslelolgzan. W . 819 .10,
Space Group = /71 (#2)

Crystal Dimention 020 X 0.15 X 0.08 mm,

H H

a(Ad) =11915(1), Hng_\NH /o-..}zi*—o/
5A) =15183 (1), \/| =~ / \ \H
c(A) =113573(7), HN  NH,
aC) =94207 (5), /
BC) =96928 (5),
yC) =71382(3)

V(A3) =19316 (3),

Temperature (C) =-500, N/;SZ_N

"
&= 0063, R+" = 0.087 ot N/) Chemical Structure

“R=Z|F - |FVZIF |
":R, = (E,(F,| - |F /Z,F,D"

4-4 WEBHERET T BE/v—LVERLSEEDEREES B)
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EmE TTFZ RIFULO7 I VmRHEEL (dT) OHEEER

HhNHQ & &
2 NOg’ He ¥

H/O—r.zn <+—Q0

X 4-5 HBERETT_VBRE/ I—LVERLAESEORESEE NXvF7E. B)
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FEME FTr=BIFLOT7 I BGEEE d), DEEER

# 4-3 Crystallographic Data for Zn" Complex (B)

Empirical Formula C,,H;N,,0,,Zn
Formula Weight 819.10
Crystal Color, Habit colorless, prismatic

0.20 x 0.15 x 0.08

Crystal Dimention, mm

Lattice Type Primitive
Space Group Pl (#2)
a(A) 11.915(1)
b (A) 15.182(1)
c(A) 11.3573(7)
a(®) 94.207(5)
B© 96.928(5)
14! 71.382(3)
z 2

Dcalcd (g/em’) 1.408
Temperature (°C) -50.0

i (Mo Kot} cm™) -17.20
F(000) 868.00
R* 0.063
R 0.087

R =Z|F,|- [FVZIF|

"Rw=(Z, (F,|- [F)/Z,F,

24141
]
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FEME TTFooRIFLOT I ER#EE ), OBREER

# 4-4 Selected Bond Lengths for Zn" Complex (B).

Selected Bonds Lengths (A)
Zn(1)-0(2) 2.20(5)
Zn(1)-N(6) 2.22(7)
Zn(1)-N(7) 2.08(3)
N(7)-C(17) 1.47(6)
C(17)-C(16) 1.52(4)
C(16)-N(6) 1.47(8)
Zn(2)-0(3) 2.23(5)
Zn(2)-N(9) 2.10(6)
Zn(2)-N(8) 2.19(8)
N9)-C(20) 1.48(7)
C(19)-C(20) 1.50(4)
C(19)-N(8) 1.46(7)

36



HEME T BIFL U7 3 BMEES (dT),, OEEER

# 4-5 Selected Bond Angles for Zn" Compiex (B).

Selected Bond Angles Angles (deg)
C(3)-C(15)-(N6) 112.83(9)
C(15)-N(6)-Zn(1) 121.26(7)
C(16)-N(6)-Zn(1) 111.03(0)
N(6)-C(16)-C(17) 110.18(3)
C(16)-C(17)-N(7) 108.71(9)
O(2)-Zn(1)-N(7) 91.83(0)
N(6)-Zn(1)-N(7) 82.81(3)
Zn{1)-N(7)-C(17) 108.31(4)
N(6-YZN(1)-O(2) 88.40(2)
C(15)-N(6)-C(16) 111.03(0)
C(5)-C(18)-N(8) 114.81(2)
C(18)-N(8)-Zn(2) 115.23(4)
C(18)-N(8)-C(19) 114.48(4)
Zn(2)-N(8-)C(19) 105.17(3)
N(8)-C(19)-C(20) 110.31(0)
C(19)-C(20)-N9) 109.94(1)
C(20)-N(9-)Zn(2) 107.00(5)
N(8)-Zn(2)-N(9) 82.77(9)
N(8)-Zn(2)-O(3) 93.60(5)
N(9)-Zn(2)-O(3) 89.45(2)
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15.437 A

{%\
Vg 5 , -C{H%

f_z' ﬁﬁi%ﬁk (B)

ZnN03
H,0 diffusion

Jit"
N> NH NH2
NH NH2
Zn(AcO)3
NaClOg4
H,O/EtOH

10715A

HERSHE (A)

B4-6 7Tr— REREELYERLICHEEDERMBES
BinfER L 7 7= > FIEERE
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FEw FFoUBIFL U7 I BREEE dT),, OREER

4-2-2 'HNMR [C K B BRP TOEN LM

421 TR A B ARNT, BEHTHIRL T3 2 &% 'HNMR 2 & D B2
L7=.

HEABODDOBRKOS7TmM ZHBL. NWEEREHEELLTTSP ZHWTHIEZTT-
Fro HEADHRER 4712, HEBOKREER 48R, £ 77 2RA
IHEE/ Vv—8 ZHELLIEXINN ST MEER 46 ITRLT,

e AT, 2FicY—0870-RZ2 7L TWT, ZF L P72 8. X
CUMIOTO N CERS S 7 R LTV A I bR o . JHUL. BATRHEE
MIERITHENW T & (FEREKRDTTiEk, =100 BXUEHT A4 2 EHBEBRT DI LI
ENEBTFEEMETLAZEEZRLTVS, BROBENMK DL, #EEOR) T —
EBRERLZLBFAON, B TEPMMNES DTSR DDH S,

& B BRI, IXRTOE -V DBBNERELEo7, £, TFLIPTIVH
MTHZBb, BEURI DI c DT IANT T SDBHET 5T &Ik D EREICS
T L (FA46). Tiabb, TFLOVT7IVEBMOBTFEEMETL TWEIEEX
0. BT (D,0) THHEEEZBKRL THE I EMRREN/Z, £, BREBAICHLT
FoUBM DL TG, BERICEE LT MRS oI E&D, B4
M7 Fo 2 EAIZERA L T AR EVWEES T 2RR L/,

*4-6 SERICHSTINNLT MOEEL

A5 A EZrIHANT - (ppm)
b1 b2 c
G A -0.236 -0.247 -0.116
f&dh B -0.188 -0.231 -0.090

TFooBMATERES O5yI AN 7RERECED, &
BAODTIANT 7 MEESIWEEERLE, Y1 AR
BBEIC 7 RLTWAZ EE2E%T 5,
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oy FF=vBIFL 7 EBHER

4 NH, h
a )
NH N
2 II*‘NI " v N/H Y
NLfl \>h b a f \ ikl
Y C—NH NH e o b
\_s_ f 2 d g
e 3 o) g NH NH,
NH NH2 2+
0—.'
J o,
N\ 0 Y,
b
] . b2l|b1

ppm 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

K 4-7 BFERERRE T T BIE/ K YUER LA R A) @ 'HNMR
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Sy FEURIFULYUT SV EREE

d
NH NH, N
N W
b
c b2 |b1

ppm 8.0 7.0 6.0 5.0 4.0 .0 2.0 1.0

B 4-8 WEERETT_VBE/T—KXVERL/EE (&8 B) @ 'HNMR
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EUE FFoVBIFV DT I ERBE&E T, OHEER

4-3 TESREAMK (B) &—2§H DNA (dT), &L DHEEAD#E
4-3-1 UV REDRLEBHRODR

BIETRL =H§5AE (B) A1, —& DNA 2RBL T ABERERT N EINE
B2, BEEROBABRRAR MV ECOBEKERZRANTZ, XARD
DNA 086, BREFIEZESEANRBETTZ20—FRTHFELTWLSH, KR
RBEKBHEEAYvF O TOBBRICED _ESTAREEHEL . BEREEHKD
WX DOREAN, RBFICHNBE LB TTD (MEBHE) ZLToNTNRS Y,

LAYV BR(ERAESR) ZHNT, —FHEHDNA THS dT),, &7 T
RUGH S $E 14 (BH S 8E46 B) OEE % 30 pM/base I L T, 4 O RE D Pipes, Mops,
Hepes &t o, UV BN A X7 kL (220 nm ~ 350 nm) Z#lE L 7=, —A R
DNA T& % (dT),, Z BIRL /-8 A3, (dT),, poly dT TR DERZIT 2/ ET A,
(dT)so TIXRAIRAVNS < T, MBRREMGZRA &I ARIETORBE—EITR
SRWIENDM o7z, El-opoly dT i3, HTFERAMVBEET S/-DEREZEAT-.

TTFZ AT DNA £/ - DENEHERKIT 55, = 9500 cm™' M. 7 F = > BT
BSEK (B) 13T ey = 12000 e M B 7z, 1BEE# 80 °C 1 5 —FfIMIT T 40°C 12
EFZH. 20,10,0°C I2B1T 5 HBEKZEROWTAE L ZBRNARY ML EK 49,10,
11 % 4-7, 4-8, 49 1T L7z, | |

dT),, &7 7= B E %A (B) 12, 0.1 mM ~ 10 mM D IBE & D Pipes & i+
THEERAL (R4-9, %4-7). REDRVBEINZ, BEZETLTW &L 10°C
HL<IZ0°C DEFLBHE L, UV ZARZ MLTH 290 ~ 350 nm 11 12 BELAS 4
U3 &EMbhorz, Pipes 100 mM Tid, MEHRIIBHEINT, BEZETLTH
260 nm @ UV IR Z R ML OBEHRIIER TEX b o1,

Mops Bk % Al /- & E T3 (K 4-10, % 4-8). 0.1 ~ 100 mM DB EEE THREL)
By ahz, LhL., BEEETIEEORER TS 290 ~ 350 nm ffiEiC# ELA
FULZEMRbMLTZ,
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FOE
Pipes 0.1 mM
0.8 L ELAL LA B B BARLEM B I
0.6 80 °C ]
[ 40 °C
20°C
Foal 10°C
[ne]
L L
02F
o
S TP BN BN S T I
220 240 260 280 300 320 340
Wavelength (nm)
PlpeSIOmM
0.8] L L T L LML BLELELEN B

80 °C 1
40 °C .
30°C )
20°C
10 °C

1 1 [P B

220 240 260 280 300 320 340
Wavelength (nm)

Ty

NIFL 73 EfREks dT), DHEER

AL

LI B S s S B

40°C ]
30°C ]
10°C |

Pipes 1.0 mM

S04 .
@ 4
<
0.2 -
0
-Illllllllllnlllllljll
220 240 260 280 300 320 340
Wavelength (nm)
Pipes 100 mM
O8[ " r~ T
[ 80 °C
40 °C
20 °C
10 °C

| TR R | 1

P O B A

220 240 260 280 300 320 %40
Wavelength (nm)

4-9 Pipes BEBRERW L EORBUR
[(dT),] = [Zn" complex] = 30 pM/base

&+ 4-7 Pipes REREZAWNZEEZD
BREICHITAARAE

) Temperature (°C)
Pipes M) 5710 20 40 80
0.1 O O O O X
1.0 X X X X
10 X X X X
100 O X X X X

(O precipitated

X not precipitated
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SEME FTFovBIFLIUT7IvBhle dT), OHEAR

Mops 0.1 mM Mo s 1.0 mM
0.8 'l"'I"l.?l"'l"'l'T'i'_ 0.8 pr—rr— p"'l"‘l'f'l'_
0.6} 80 °C { 06 80 °C -
| 0 1 B
[ 20°C 1 & " ° ]
g 04r 10 °C 1 4 04 10 °C ]
o 0°C ] < 0°C !
< o2f 02}
ok of
h|||| ||||111111|1||ll Y ] P | [NV BT A B S U
220 240 260 280 300 320 340 220 240 260 280 300 320 340
Wavelength (nm) Wavelength (nm)
Mops 10 mM Mops 100 mM
0.8 L """l""l"’T" 0.8 TrrrrrJjrre0r YT rr o r o
0.6 .
80 °C .
g 40 °C 1
o 0.4 30 °C 7
@ j
=4 4

PR RRTYOT O NOTI SO W It VIS BV AU BT ErGl ST UE DR |

11 1 |
220 240 260 280 300 320 340 220 240 260 280 300 q;?.0 ”540
Wavelength (nm) Wavelength (nm)

B 4-10 Mops BERER WL EDRBHR
[(dT)5o] = (Zn" complex] = 30 uM/base

#& 4-8 Mops BEBRERIVEEEZD
BREICET BT REL

Temperature (°C)
0 10 20 40 80

Mops (mM)

0.1 O O O b4 X
1.0 o O O 0O x
10 O x
100 O X X X X

(O precipitated X not precipitated
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EHE FREZVMIFL U7 HilEk s dT),, OREHER

Hepes 10 mM Hepes 20 mM
0'4lllIIIIIIIITITT]TY]‘III!I‘ ()‘4 T rrrrrrrrrrrrrrrrrrpr
80°C 80°C |
40°C ] 0.3 40 °C
20°C 20 °C
w°Cc 1 ¢ 10 °C
1 ¢ 02
48]
1 <
- 0.1
0
Illlllllllllllllll'l'llll lllilllllllilllllllllllll-
220 240 260 280 300 320 340 220 240 260 280 300 320 340

Wavelength (nm)

Hepes 50 mM

LB DL A I

4
1 "IN I UD U U U TR T I A U O A S S i Y

220 240 260 280 300 320 340
Wavelength (nm)

4-11 Hepes BREBER W LEDRBUHR
[(dT);] = [Zn" complex] = 30 pM/base

;X 4-9 Hepes BEAEZRAWLED

BoEICE TS5 A RAEL
Temperature (°C)
Hepes (M) 0102040 %0
10 O X X X X
20 O X X X
50 O X X X X

x precipitated () not precipitated
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ENE FFoUBIFL U7 I EHRilEE (), OEEER

F7-. Hepes BEFHKZB\ /- & &1 (K 4-11, £ 4-9). 10,20,50 mM DR E TR E
MEITERINAA. 10°C A TFTEREBRRETL /-,

4-3-2 UV REMRE DNA REDOHR

LROZHOBEERE AW EEITE. BEES THE., MEAE U, o T,
(dT),, &7 T BB SEEE B) OREE ¥ 3IIHO L TERRE LTS Z L2 AT,
dT),, &7 F= > BIEH A (B) DBE % 15 pM/base . #%E # | Pipes 10 mM, Mops
1.0 mM, Hepes 50 MM TEBRZITo /. ERE 412, £4-9 TE£EDTREL T

Pipes BEEIE T3 0°C It A EMELMNE U, /- Hepes R ZRA W EE WL
#HELIIB R AN R - B EE I N /2. Mops BREE TITEEL. MMEBREBHICEE
SN hol. /-, Mops BERTIIKADIRLERIN/-720, RBROERTHE
Mops &R E=FHT A &I L7,

Ty ROBERESHEGRBT A EOBERERIT. Pipes log K=6.93 (H"), Hepes
log K =5.01 (H), Mes log K= 0.7 (Mn*) TH 2 Z &bino 7z, Mes & Mops Ol
IFIEEITRSETVS D, BEEELRESEDLREVLHOLEDN 5. Mops EEK
i3, EBA AL EFEASHERLENODELEZ SN, BIERCEEERIIIRNE
FHETE/, FHUIR L T Pipes. Hepes (1.0 mM) i3, €814 L OESER log K
=5~ 7 LHEN&E <. BEEZHRT ATEESRI REI N, £ (dT), . Zn'
complex A (15 pM/base) £ VN GBETH /20, AEIIEEERIILIEBDEEZ
sz,

46



EEE TEZURIFULLUT I ERMGE (A1), DRERR
Pipes 10 mM Mops 1.0 mM

0.4 L L NLEL L BLELELE BUSLELES NLELELES BLE LU 30 i B LI B USRI SLNLELES BLELELA B

0.3 80°C 1 80°C -
40 °C ] 40 °C ]

go2r 10 °C ] ° g

@t 0°C ] 0°C

o [

0.1 F
0O I )
0.1 :j..l...l...|...11..|...|1: Y L I R PN WA IR R
220 240 260 280 300 320 340 220 240 260 280 300 320 340
Wavelength (nm} Wavelength (nm)
Hepes 50 mM
0.4 I'Y‘[ III'IIF'F!IIII'ITYTT-1
0° ) .
30 °C H4-12 ZEEEHEEZR\NCLEZD
20°C REDB AR, BIOLR
[(dT}y0] = [Znlt complex] = 15 pM/base
2ol 1 1 llllll]lllllll:

-0.1
220 240

260 280 300 320 340
Wavelength {(nm}

410 BFREEERANCELEED
BRECSITHERBALEL

Temperature (°C)

Buffer mM) =710 20 40 80
Pipes (10) x O O O ©
Mops(1l) O O O O O
Hepes(50) O O O O O

(O precipitated X not precipitated
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EME FFZULRIFL U7 3 EWiEEE D), OREER

4-3-3 MMEERRLIEREEODR

KIRD DNA Fl#RIC. HBEICHRTHHNARY MVITRE RPBREI N0,
BNELCOBEKREE. TRhOERMEREERET >/,

AERIZ. —FBHET DNA TH5 (dT),, % 15 pM/base. 7 5= >Rk fis5 (& (B)
(LA#% Zn" complex & % F) % 15 yM/base IZFHE L. & i & L T Mops 1.0 mM (pH
7.0) ZHWTIT >/, 260 nm OEAXEZBHL. FRECBVWTENEEN—EIIRD
FT. TRLLERANTEEICET A I LARBELRNSAIEZET> /2. #RER
4-13 iZ;R L 72

(dT),, - Zn" complex ORAFIREER TIZ. KD DNA O AR E S & RO &R
EERBIEMNTER, ORI, EEIZHBT S (1), - Zn" complex # &&N TOH
HEMBOAY v F IR ERE L. MBIEEIL39°C &0, RiEEFRTIH
AL, BB ERBLUHERBENRERCICE > THENIZEISZ ENbh 2
A

030 IIIIIFIIII]IIIIIIIIIIIII ll]llllll LILBLIL

o
=
Illlllll[!lll]lll]illlll

Illlllllllllllllllillllll

0.16 YN NEETE IR TR I NTETE IR ETREE FWEY
’ 20 40 60 80

Temperature (°C)

B4-13 (dT)7o &7 F= > RIgR§RSEM (B) D 111 REYOMAE DOBEKFH.
Mops buffer (1.0 mM, pH 7.0), {(dT)70] = [(Zni1 complex)] = 15 pM/base,
at 260 nm, upward = @, downward = Q.
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SEN¥E FFoUBIFLOT I HiREGE (dT),, DEEHRR

KSRD DNA Tid, HBREANNZNEE Y VB OT 24 PO KFENE T T DNA D
—EOHAKEBENREENLT S, EALDNATIE—212y FOBHVBIED ZHTHS
Fob, —&E DNA ORERE—DOHMT L LNTES., LML, 11 OEGEER
RUEEZOEBMIED—E/RD. KROD DNA IR BB ZRITOTRENNH D,
2T, NaCl ZAW HBEORER S L/ (M 4-14). RARO DNA TI3. o
NZESHAMEOREHICREREEL2RIET V" cemohTns, —DikU >
M7 A EORRE. HI5—DIIDNA OBEERDEZDOKD FOFEEIL LIL2HDT
H5, BE DNA TIX, A F—FN—TIIKDTFHEE UEEME 2KEEES TER
L. SHIEONICHH_BHOKG FH—BEDKD FTELKEHEGERRLBER
FEAIZFE LT3 (K 4-15 (b))

DNA ORIBHIC KCI Z2HRMLU THBEZBEML T &, KM LBIRKD THH
Z 578, DNA DBKERDZ & BHALNTNS (K 4-15 (a))'?. £/ NaCl n&D
HmE oML, HBMNENWEBEOER TR VB L ATINERLOBRHOREE
9%, DNA O ESHABEOERITIE 100 MM BED NaCl BHETH S,

FKSRD DNA & A T.DNA OHBE DR ERMND /2, NaCl 100 mM D FMIZ L 5
HMBEFRTHE. BREEE 414 1TRL7=. ALDNA O NaCl WEAL ZWERTH,
RIROD DNA O & F SIFFEICRP-RERFENR SN, NaCl 100 mM OBFEIL. HE
FRIZNEL, BEEICLIBERRXEFCIERIN AL >z, THhITHL
(dT),, & (dA),, R VA XKMR DO DNA OFRTid. NaCl 21 0mM D3RS, RIERRE €6
ATRZES T A ERETTEERRIIERINAS S /24, NaCl BE 2 100 mM iZ
T5-MAREE S °COMBERLIEMNTERL. RARDDNA &L ALODNADRE
e d % &, NaCl DRV ESHETHH I ENbho/. ATODNA OFTIL, #ik
MEOBEEFOLDAOEREZIF DI DNA SESHEZERL 5 545 NaCl ZiHm
THZ LWLV HENHEEANEEINTALELTHEEZ SN,

49




$ME FFoVBIFL P72 EREEE (dT) DEEER

()_32_ll!llllllllrllllllIlllTlllilIIII!III'III_
0s0F @ .
0.26 - —)

8 - . ]
O (.24 S
< : e ™
0.22 | T,=59°C .
0.20 F -
0.18 F NaCl 100 mM o

( '16 _I i 1 I L1 1 1 J L 1.1 i | T | I | 2 I T | I L1 11 l i1 I L1 1 I-

MO0 20 30 40 50 60 70 80
Temperature (°C)
0.32 | []__I_I LI l UL L I LI I rmini l L L) I LI ! rTomid
mM ]
—— NaCl 100

Illllllil.ll

Abszg
o
N

0.20

lIllIIIIIIIlIIIll]lll]lll'lll

0.18

I{]IIIIIIIIIIII

NaCl 0 mM

l]IIIIIllllilltlII[III][J__II!IIIIlllllli

0 10 20 30 40 50 60 70 80
Temperature (°C)

B 4-14 KD DNA & AT DNA Q@ RERRICRIFZTIEEEDR

Mops buffer (1.0 mM, pH 7.0),
(a): [(dT),o] = [(dA)4] = 15 puM/base,

(b): [(dT)] = [(Zn" Complex)] = 15 uM/base.

0.16
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AUl o FFEZURMIFLL YT I BRBKE (AT OREHR

1.30
KCI DENRE 0.01

1.20—

B4R I (260 nm)

65 70 75 80 85 20 95 100 105
&K (°C)

4-15 DNA OMBRELICEITEKSTFOUNR
(a): DNA (DREEMEBED KCI A 7 Bk 0
(b): B B! DNA #ffik?)
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SEME FFoVRIFL U7 Bl E N, OHEEER

4-3-4 Job plot ;kIC K D EEGAAER O

KD DNA Tid, FERUI—THHFERIEY I D2 ERERY T A2
DRERXTEETHEZESRABEBEERRT 22 MM oSN TwD *™, £
H-DNA %> TATAbox DNA &, KRICH=ZFH DNANEFETHI EMNHEINTNS
YO EY Fo U REHHA (B) & (dT),, DRICBWTBHBZESBAMEEWRT D THE
HARH 5D, BEHZ21ICLEZEEOMBEREMBREFANTHZ, RRDDNA T
W, 7T R EF 2 VB O Watson-Crick EENME . 5 —DDOFI 2 E7TFZ
212 &% Hoogsteen IGEMIZ L 2 =ZEHE A KT 5 (B4 4-16),

FERER 416 (@) 123 L7, (dT),: 7 7= S REEHEEE B) =21 TRBL/AZDDOT
i, 11 DEE ERIKICEBEFHOEREERAMNERIN. FiREECEREETH
WHEMREDH SN, 0 ETORNEOELRIT, (dT),,: 7 7= B & (B) 2 2:1
BEHORDHENKEL BT MMz, £I T, KARODO DNA LFERIC=ZHE%
L TW AR I NDO T, HERERILZH XS5~ < Job plot 21T 7%,

Job plot 13, HAMMBL THOMEADHMRILERDDERGETHS ¥, Rich 5O
% Tid. poly A, poly U DREMEBBEASEHOBRMIL D BT EZIEERVWELE,
{58 %E T Job plot i3, poly Aipoly U= 1:1 EAHLDOKE > & BIBRNAEOR DK E
WA, BBEGET Tid poly Aipoly U= 1:2 ?ﬁ‘%‘ﬂ:@ EEDLDEDRNEOHIMNKE
MolZems, ZHEBEOHEMRERE L, —F#HEHER DNA THS dT),, &7 T
=R gl (B) OB G AR 2R T B0, (dT),, &7 F = REHEHE (B)
DLBE Z—FITHRS (30 pM/base). EEHZE4LLEtE, 0°CIXBTLWAEE
70y blL7. BOREWUVEREHRNBEINLESH TR, BELALWT),, &7
RUGHSHSHE B) OMEAMHMEMERL TWH I EERMT 5, #REK 4-16 (b) I

i
fi
\J

Al
-
E‘I
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£9

0.3 T e

L o(a)
I ] 03 | ]
s I 1 ¢ F :
& 021 =4 @ = —
< T 1< ]
1 02 F .
O']4IIIIlllllklIIIIIlIIIIAI‘IIIIIIIIIlIIII“ 0.1 IS VAR VSN SR VYUY VRTINS (S SRS GRNP N (M SR TR (Y }I:

0 10 20 30 40 50 60 70 80 0 20 40 60 80 100

Temperature ( C) Ratio of (dT);, (%)

4-16 RMLBEEERERE 0 °C IZH(F5 Job plotting
%T 1.0 mM Mops pH 7.0, 260 nm, [Total base] = 30 yM/base
N

o) (a): T:A = 1:1, T:A =211 D& & DORMAFERE IR
NN T-A ([T] =[A] = 15 uM/base),
wHY e 2T-A([T] = 20 uM/base, [A] = 10 uM/base),

| N/J \0 (b): Job plotting, 0 °C

Watson-Crick

(k-4

—£L

LLANELTRAT

B/ EBO %(1P) 2 YREEE L



EME FFZLRITIFL 73 Bl S (OT),, DHEHER

(dT),: 7T = BIESEA B) 1 21 O L ENBRDBEAE ORPNKEN 2. T
b, & Job plot 13, (dT),,: 75 = > BEMEHE (B) 21211 DL THLEEHNSTEN
TWHI EERMLA, KBROZEH DNA OIS, =ZF#HENMS —FH, —FHHML—
EEADBEERT _EBOMBREMREZRT ZEBE0A, AL DNA OR T,
—BBEOHBRICA 7, BL. KADDNA LRIL LD R =“FHMERELIZHEG, =&
S TAHE, ZAHN S —FEHANOBBICNERIRINF—DEMNNINWIEERL
TWwb, PTTFoREREEB) 02y FHFZ0DOEMIILED MTHD., —HEH
DNA i3V BRI 7 A > ThEH., 12y bHE0OBRIAO—flL L5,
LEAto T, (dT),: 77 = BIESEHE (B) 48 201 THOHRERRL L&, BLDE
BEETBHT I LICR5, BENRIRENONMEERATRESZEAL T D AEETE
BRI NIz,

5%, BTEMBICI D —AHBUDNA &7 F BB AOBESEOBRRET
H. FREICED. EBA A EVVEFNREOLD BEFIESF. HERIRTLEATH
ZOnMbns, o, F7 2 REHEEEAE U T—F#EER DNA TH S (dC),
CORBBREERICIED. MAREOEVI SESEBENTHITES LHFEIN5.

AANLDNA OFRTHRETREZ L, BRERICPBVWTIEEOEN—FEITRS,
TROEEGVHICETLIOIEEICERMZETS (B-5KH]) 2 &THS, Zhid,
FE8 DS BEE LB O BT FACHUR G & — A H R DNA & O A XA A RIRFIZ
ToTWEMSTHDEEZON, £, BERBEHLAO®EMAEAOR) v — (1)
Iv—) EMEL. ThooHR LIt L TRIENICKERBEEZFKT 5 £ T
BRMEEITDZENRMEIN., FEETIIETSETORMIIL, B4 ORMF
KEOEE, SBEASVIOREE. BUORIREIKEFETSLEA SN,
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HEE FTFovBIFL U7 HfRikeE (dT),, OEEHR

4-3-5 BKRTOAL I/ 700> NMRAE °™ -

FILRST ZEEOA I/ TO R (T3,GI) i, A% / < :HWﬁ ‘
HAERNT 5 CRERAREZIT 5720, HNMR Tl N =N
T HCRRMICKE< ERES T N5, EEO-11ppmic M
END5IN60LFFNMN, 12-14ppm I KELS T RT3, L. RmATIIK
REBNOLNTND D, BEMOER - ENERICHEEID, 7 MUhE
T FNOBRBEAREL 2D, O I/ 70 %2 HNMR THIET 5& %, B
AP TIERBREEEZ T O b O REKBILEINTS VI NAEERT S, LENR-TD0-
HORTOBIENEHNTHS, L, KEKHEET HKEEHBEITIE 1000 -
10000 fEDENH D7, HEICKEBECBRNWRDITKE—IZHETLILENH S,

Bruker DRX 500 IZIXEHIHE/NT A—F —MWHAAETN TN T, zgpr, p11 [FKD
TFINEENERE (E—-ORKEE) TRHL THEMEIELIHETH S, ZHUTHLT
watergate p3919gs (. KA FEEBOZFRDEN., TR06 7 T EE. HEEED
ExT4NI—ELTNMR T FILVERBITOHETSH S (/I AEBREE).

4 EE Z D=2 DOAIE & (zgpr, p11, watergate p3919gs) #H W T I /7o b
NMROHRIEZfT->7-. £THBMER L T. Dickerson B %] 12 mer (B A8 # K%
5'-GCGCAATTGCGC-3), poly U - poly A, (dT),, - (dA),, D1 = / 71O k> NMR B E %
1To7-. DNAOBEIIBHAEELOREL, 7o—U V%, BKNMRERY -7
IS TRIEZTo 72 2%, HIERHIRPIIRLE,
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SEPQE TFoURIFLPTIERMEE (dT) OHEHFA

R =H or CH;
+H
R OnnH—-N

I Nl A
—< © =N

A-U base pair 1, poly A - poly U
(T = #3 49 °C, 20 uM/bp)

N
A
\

ppm 14.5 14.0 13.5/ 13.0 12.5 12.0 115 11.0 10.5

2, Dickerson
(T, = 66.5 °C, 50 uM/bp)
G-C base pair H

|
~
A-T base pair /C\N"‘“H‘FN G\ N\

0.5424 —a

0.9322

'*0.7604

—
w
o
—t
w
(=]
-k
N
(2]
—h
n
o
—h
-t
tn
—t
-b
(=)
—t
(=)
o

ppm 145 14.0

4-17 Bruker DRX-500 {ICLA DNADAZ /A kb RAGE
500 MHz, D70 : H,O (Mops 10 mM pH 7.0, NaCl 100 mM) = 1 : 10 (total 0.55 ml), TSP at 300 K

1, Dickerson #* ) <7 —

PulProg : watergate p3919gs, pll : -4.00 dB, p1 : 7.80 psec, p16 : 1.0 msec, d16 : 200 usec
pl18 : 8.00 dB, p28 : 31.00 usec, ns 80, DNA = 2.5 mM/bp

2, poly A-polyU
PulProg : pl1, dl : 1.00 sec, pl : 6.00 usec, pll : -4.00 dB, d19 : 0.0768 usec, p0 : 6.00 usec
ns : 800, DNA = 5 mM/bp
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OlulH—N N\

2/ T , }T\\ﬁj
N-H'N A \
N_'< = Ribose C1
Ribose C1 © or Alkyl

~

3, (dT),, - (dA),, ([DNA] = 0.5 mM/bp, NaC} 100 mM, ns = 11747)
(Tm =61.3°C, 80 uM/bp) 300 K

/ A-T base pair

4, (dT),, - Zn" complex (IDNA] = 0.5 mM/bp, Mops 1.0 mM, ns = 14775)
(T,, = 39 °C, 15 uM/bp) 300 K

O Iy AR RS

5. (dT),, - Zn" complex ((DNA] = 0.5 mM/bp, Mops 1.0 mM, ns = 12609)
(T,, = 39 °C, 15 uM/bp) 278 K (5 °C)

ppm 14.5 14.0 13.5 13.0 12,5 12.0 115 11.0 10.5

4-18 Bruker DRX-500 ICL AKX DNA A Y g2 —,
- BLUAIDNADAZS /7O M NMR JIE

500 MHz, D,0 : HyO =1 : 10 (total 0.55 ml), TSP = 0 ppm, PulProg
: watergate p3919gs, pll : -4.00 dB, pl : 7.80 usec, pl6: 1.0 msec,
d16 : 200 usec, pl18 : 8.00 dB, p28 : 31 usec, p0: 31
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1 poly A -poly U (5 mM/bp), Mops 10 mM, pH 7.0 : D,O0=10:1, NaCl 100 mM, 5°C
2 Dickerson #* ') 1< - (5 mM/base)}, [Mops 10 mM, pH 7.0} : [D,0O] = 10:1, NaCl 1.0
M, 5°C (ZHAHBEEEMETLASRMLE. L—-THBEILESRN)
3 (dA), - (dT),, (0.5 mM/bp), Mops 10 mM, pH 7.0 : D,0 = 10:1, NaCl 100 mM, 5 °C
4 (dA),, - (dT),, (0.5 mM/bp), NaCl 100 mM (HE& % L) :D,0=10:1, 5°C
5 (dT),, - Zn" complex (0.5 mM/bp). H,0:D,0=10:1, 5°C

1DpolyU-poly ATid, 5mMEVWIFRETTO-Rr3/7oOb ko
HINEBRTHIENTE- (®E17, /LA TOST 5 4 p11). 2 @ Dickerson B4l
% zgpr, watergate p3919gs THIEL =, WMF LB I/ 7Ok 20 VIV EE#T
HTEMTEREMN, K G-C HRDO L7 HIVIZBRAEZ N h- 7 (K 4-17). KIZ 3,
(dT),, - (dA),, & 0.5 MM THIE L & Z A (VUL AT O 75 L watergate p3919gs).
Mops (D7 O b > 2 7 FIND DA /770 DL T HILREFINESBDE
BTERM-> T, F2T Mops BEMHELIZWVWE 4 THIEAT-H &2 A, 14.0 ppm
HiZAI/7obhrEBbna 70— Rial—o NERTE (K 4-18, K5 4, NaCl
100 mM, watergate p3919gs). £58 5 P AT DNA DR TIZI (K 4-18), 1 2/ 70Ok
ITFNHBETER T, KEBEOZBPEFIIHE S NMRDY A LA =)V T
WEIETERWITRESS. AL DNA O R TIIBHERHEEMERPEELZBEZTRD
KEROVIEBIZTF <> THSERENREIN, FRAFRAVLETHL 8D
N2, £/2. KVERERERAMEERT LI T2 -2 b COROBRRNREETHS
EEZ 5N,
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65

0.8 —I LI LELEL I' I LB ] TTTT [ TTrrr I LI B B | I LR I rTrri 0-43 B ¥ T | R l' T ) L T ‘ L) L) L) T ' L) L L) L) I T L) L) T I L L] T L B
: : : F (b 3
- (@) f'/f 0.42 F (®) -
o ' i 1 - E
0.7 r : ; N 0.41 - Tm=665"C ’
- ' (dA)yo - (dT)70 T, o ¥ ]
N ' ; . 0.40 [ 3
. P T~ ] B - ]
N 1 ] s ]
0.6 ENMR R : ] 2 039 | -
[ : ;" E ; 5
[~ : .l’ ] 0.38 — -
s 1 - _-" ] N N
0.5 Fmpaze=sz . 037 [ .
C ! Poly dA - Poly dT ] : ]
'-l L1 1 l L i Ll l | l Lt 1 1 I L L 1 I LA i 1 I L1 1 i I Lt 1 I- 0 36 [ L L 1 i l 1 L 1 1 I 1 i L L l L L L L l L L L L I i 'l 'l 1 7
10 20 30 40 50 60 70 80 90 730 40 50 60 70 80 90
Temperature (°C) Temperature (°C)
[DNA] = 80 e M/bp [DNA] = 20 uM/b
Mops 10 mM pH 7.0, NaCol 100mM, Mops 10 ml\/}I‘pH -})_0’ NaCl 1.0 M,
Temperature change ; 0.5 °C/min Temperature change ; 0.5 °C/min
Detection = 260 nm Detection = 260 nm
Line DNAemployed Tp,(°C) Line Sequence Tm (°C)
poly dA -poly dT  70.6 Dickerson
GCGCAATTGCGE 66.5
..... (dA)zo - (dT)70 61.9 CGCGTTAACGCG

B 4-19 NMR [CHUV/=DNA Orb#Z;EEE thif

Hhis

L4

LLANLTIRA

~—
-
-~

WY HEEO °(1P) 2 BRIIE



FE FTFoLBRIFLL 272 E8E s dT),, OBREAR

4-3-6 CD AR bJLRE 22

DNA 1IN EEMMETH S0, BERFEXAEHTLH LM AHIR (BERRLEVHATF
{EEMEPEER L -RIHEAREIZESMHE) 279 . (dT),, DFD CD AXY Ml
M, AFAEHETHLATDONAICKD BfbErtd, WEFIMEMERL THL LIS
FHERELTWLIEA5ERT S, CD AT MIBIEDOR R A 4-20 2R L 7=,

(dT),,, 15 uM/base @ CD A X7 kv, 277 nm iTiZIED T v b 2 #E, 250 nm
fHRICROOy bR ER LU, TIITNAFREERLRT 72O BEHREEZINA T 0
<&, ZFHENTZLUHEMOHZ 25 M M5 7.5 M GRAETIZ, HE£ 5263 nm #
#5277 nm DEDT Yy b HROBLHARD SN/, —F. 250 nm ODEADI v k>
MBEIZIRIZ EAERLIZED SN/, 11 OBEEBERTZ20[EHOH S 7.5 M
~ 15 M DERETTIE, BRA2HHEL265nm 2 #5250 nm GAD v b EENK
I DT LI ENbhh o, ERTF O REHEE (Zn" complex) 7% 15 pM EL L7
ELTOHANYT BIVIZERITZNW I ERRh- Tz,

DLED#RELD, 770 MEHRME L (dT),, 13, HEEHL TOTHL LS E
BELTWSZEARINGE, 77 MEHEEN 2.5 uM 5 7.5 pM OB E S Tid.
(dT),, BB HEET SR TH O ZEWOGENEL SN, 7.5uM ~ 15 M O 8
WTIE dT),y: 77 RERBEROGFELS 21 ~ 111 OFEH4THD,. ZEBENr 5=
AEANEBHBEERELTLLTRMA S5, 210 ~ 111 ORETIIS AR, =58,
—REAMBETEL TWH S A[REMAVURE Z N/,
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25000 T T
[Zn" complex]
— O uM
20000 2.5uM
50uM |
—~ 15000 7.5uM ]
g 10uM ]
o 10000
5
o, 2000 F
o)
©
— 0 ¢
i _
- 5000
- 10000}
- 15000
20

Wavelength (nm)

4-20 (dT);o @ CD ARY MVICRIZT (dT),o & Zn' complex D
FRINZNER (1.0 mM Mops pH 7.0, 5 °C , [(dT),,] = 15 uM/base)
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4-4 FTFZUBRBEEAAL T I OB RME L DOBIERT

RO ER T— 48R DNA E ATHEETH S Zn" complex HEMEHA L THS T
ERbho, AIEERL & -EHEERRTEINEI N E, XBESMBITIZL DR
L7

7T BB A R R KITERL, JIOBRICTF I VHE/ Y- LHREERRE X
HKICIREL:, MEEMEICAZLDBEL. 80° CTY=—UJ LTT4NT—
AL, Ty —NEKEHEICEIOEREET >, XBEABEROKRE X 4-21
IR U7z,

ARESITHEMICE > THERL-IEE %, MEE1 A4 o08EL ThWalEERL
TWa I EMbholz, BEEIEROEN DAY T, ME A OBERFIZER S
NTW=, F2, BEEHEESMEIBEWIIKEESTERLS, AFyF 2L TNWSET
BEMMTERENS, TFo-TFoL, PFZ-FI2, FIL-FILO=D08H
BHRVFO, BEOHFTEIIRETH - /=,
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B421 FTF-UBE/R—EFIVBE/IN-L&
MRS L U E U RO X RER
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FE FF= BIFL T IoBRBEE (dT), OBEHER

4-5 HRLEER

WOBTERLET T BATDNA £/ 7— S B0 SR OIS & XG55
BB LB L. P FHNTHERT A2 LB P TROZDOIFL A P7F
IONWMEBMAA NI NI CABTHEERL T, FAFHOMMICIE, E 220
KD FAEAL L N ANEREEE R, BRER ) v—8TH-> . FHE-EH
MOMEREIZ 7718 A TH D, KADDNA 0 VEFEOHEBEL67AICHRTENT
EMHro7- ), PNA IS DNA EHEETMAKBRESER T2 Z LK DHERRT S
TEBHMSNTVDA, FERWITHIIBEL TWD (—1y MEOESHIIB83A)Y, 4%
7 5o RIS (B) 12 PNA £ 0 BHEERIZIZE L= (7.718 A), DNA LHEERT
LU IIRFICH S E TR INA, BRI TR T2 AEEITRY v —o#izdl T
REIZMWTWED, BRP TREHMEFIZEVEARICES Z &3 TH L. BF
EEHEE AT DNAE /v —hofERLERS A) baFEOo_20TFL 273>
EEEA AL EOEERICEDR )T —EBR LT, WA ORMIEHESRY < -
oW A7 T2 AEOmMER EAREAK (B) CR L0, RADDNA LI3E-
FHEERETSZ EATHEEIN:.

—ASHEE R DNA TH 5 (dT),, EATKEE TH B 7 7 2> B (B) DA EH
EREILE. UVIRERED, REKFNIC UV IREALEET S &b, KA
DA DNA ERkk s % R 2 &bho/=, £/ Jobplot, CD AT ML K&
. (dT),, &7 5= > MESGEA (B) @ 2:1 BABARE L TD TaEASTRE & s,
CD AR ML D7 F Z U REEHFHEE (B) ZiRML T << &, FroaH - nEER
TN, BEOENEI>TWAHI EAREEN. 132 /7002 NMRAEIZELD
IKFHOHREHRL XD EHBD, BETLHIENTELRN DT,

PAEDREREO., (dT),, &7 722 BE A 21 $ 203 111 &K OE TH
HEFAL TWabZ EMbho /-, HEHIZLXSEEMBE TAKEESEREKL THE LN
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EHE FFZUBIFLOT7 I ERMEE (dT),, ONEER

SHEBORMEELEFGShTWENL, 14 HOHEEFERICK > TEREZERL TH
R b RRE N0, BTFRMENES THEARKORRAZFRIIRHATTH
%o

4-6 #2818

ABETIE, TFLOPTIE2SBHEMEMNE LT T8 A T DNA O&ESH
RE AR ONA LOMHEERAZRFTT LD OERAGELHERIIDOWTONEZE
it L7,

EBoBTTFYALLE. TFLIPTILESBBEERBMELTRE, 7720 %
BEEESMT L THDEIRT T OBMATEEE /v —&. #FEO-_D0IF L
DUTILEMERHNERRL TERER) v —BEE L L TWA I &b T,
BRI ARMNAEAREE 2L, 7F vy MRKD FRENTHEMLLTVWS Z
EEXBIERBERITL O RL I,

BESHFENRFEEAVWT—EEBYDNA TH S (dT),, &7 T M EOHE
ERZEZRNL 7. BREEERTIIXARODNA “FETRON S L DITMAEREHR
MNE SNz, Job plot T (dT),, & 7 7 O RESMEAEDOES A 21 DEZE D HED
BEMRENK EM o, Tiabb 21 EAKROEREZHL TS, CD ART MLIZ
0. 21 & 1 HEAEMERL TR Z EMbh ol BEBOHEMRKERS K
A3/ 70 NMRICKD BEMAIGGERATIICRES M0, SBREGHDX
B RGN, ETEMERERECLVBESMIL TV LENS S,
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20)
21)
22)
23)
24)

25)

B 7L —#k&d, NMR-2B #fE I— A, BEHEEE 1-1
FTrHEXR ERH~YZa7I TREONMR Y 2 TIVEREY Z27IV) .
WEEFEHE . A Y = 27 ) [Bruker DRX-500 NMR K7V =2 7)) .
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AN, BIMEL E RS, I, 172, 1973,
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5-1 General Information

All solvents and reagents were of reagent-grade quality, and used without further
purification. TLC analysis was carried out on silica gel 60 F,,, 1.05554 (Merck).
Column chromatography was performed using Wakogel C-300 (silica gel, Wako) or
Silica gel 60 (Merck).

'H and "'C NMR spectra were recorded on either a JEOL Lambda 500 (500 MHz for
'H; 125.65 MHz for '*C) or a Bruker DRX-500 (500 MHz for 'H, Watergate)
spectrometer. The spectra were referenced to TMS in chloroform-d; or DMSO-d,, and
to TSP in D,O. Chemical shifts (8) are reported in ppm; multiplicity is indicated by: s
(singlet), d (doublet), t (triplet), q (quintet), m (multiplet), and br (broad). Coupling
constants, J, are reported in Hz. FABMS, EIMS, ESIMS were recorded on a
Shimadzu KRATOS CONCEPT IS, a Shimadzu QP 1000 EX, and a PE SCIEX API-300
spectrometer, respectively. X-ray analyses were performed on a Rigaku RAXIS-IV
Imaging Plate diffractometer with graphite monochromated Mo Ko radiation.  Melting
points were obtained on a Yanaco MP-500D. UYV spectra were measured on a Hitachi
U-3500 spectrometer in a 1 cm quartz cell. CD spectra were measured on a Jasco J-
725 spectropolarimeter in a 1 cm strain-free quartz cell.  Structural model studies were

performed using a CPK molecular model or a Discover Insight IT program and CAChe.
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5-2 Abbreviations

Protective groups

Ac acetyl
Bn benzyl
Boc t-butyloxycarbonyl
Bz benzoyl
CbzorZ benzyloxycarbonyl
Pv pivaroyl
TFA trifluoroacetyl
T™MS trimethylsilyl
Ts p-toluenesulfonyl
Troc 2,2.2-trichloroethoxycarbonyl
Reagents
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DMAP dimethylaminopyridine
DMF N,N-dimethyl formamide
DMSO dimethyl sulfoxide
Hepes 4-(2-hydroxyethyl)piperazine- 1-ethanesuifonic acid
HO— ™\ pK, =7.55 (20 °C)
HU_\—SOa’ Log K=5.01 (H")
Mes 2-morpholinoethanesulfonic acid monohydrate
/N e pK, =6.15(20°C)
\ Log K = 0.7 (Mn™
S04 g ( )
Mops 3-morpholinopropanesulfonic acid

pK, = 7.20 (20 °C)

LN\

3
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Pipes

Taps

TFA
THF
Tns

TSP

RBRAE

piperazine- 1,4-bis(2-ethanesulfonic acid)

Na038—\_ /—'\Nﬂ pK, = 6.82(20°C)
M \soy Logk=693 )

N-[tris(hydroxymethyl)methyl]-3-aminopropanesulfonic acid
OH pK, = 8.40 (20 °C)

H
\I-E\_
SO

HO "

trifluoroacetic acid
tetrahydrofuran

tris(hydroxymethyl)aminomethane

v " pK, = 6.82 (20 °C)
NHz Log K = 7.63 (Cu™)
HO

triisopropylbenzenesulfonyl chloride
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B - -
NH; NH2
N . NZ N PvCl, DMAP, /Pr,EtN
NI = \> 1) MeONa in MeOH; rt— '% | \> HO 2EIN PvO
kn/ NH  2) Br(CHo);Cl N“ N in CH,Clg; rt
in MeOH; 35 C ] \_\—m 98%
67%
Br NH NHBoc
BvO NHx(CH,),NHBoc (Boc)20, PraEtN
v .
.‘PI’zEtN in CH2C|2; rt in CHzclz; ke
3 Br NH NHBoc
45% 4 N/ 78%
N NHBoc N NHBoc
Boc 1M NaOH agq. Boc 1, BuOK
PvO — HO —
Boc in THF; 50 "C Boc in DMF; n
N  NHBoc N NHBoc
5 \_/ 100% [ \__/ 59%
NH2 NH»
N “ N e N
k\N NHBoc 1) HCI in AcOH; rt k\N NH NH,
LL {{ Ay \1
NHBoc 74%
5 5-1 Ifbyf TUESRBERSME L THWV7TF = ABBE/ 7 —-DE8R
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5-3 Syntheses of Artificial DNA monomers.
5-3-1 Adenine type 8.

3,5-Dimethylphenylpivaroate (2). To a solution of 3.5-

dimethylphenol 1 (25.0 g, 0.21 mol) and DMAP (5.0 g, 0.041 mol),

PVO triethylamine (22.3 g, 0.22 mol) in CH,Cl, (40 mL) was added a

solution of pivaroyl chloride (26.5 g, 0.22 mol) in CH,Cl, (60 mL)

dropwise over 1 h with a nitrogen inlet in an ice-water bath. The

reaction mixture was stirred for 1 h at room temperature, and then poured into 600 mL

CH,Cl,, washed with water (300 mL x 3), and dried over anhydrous MgSQO,. After

filtration, the solvent was evaporated. Purification of the residue by column

chromatography on silica gel with n-hexane-ethylether (1:1) gave pure 3.5-

bis(bromomethyl)phenyl pivaroate (2) as a colorless syrup (42.5 g, 98%): 'H NMR

(CDCL): & 1.34 (9H, s), 2.30 (6H, s), 6.67 (2H, s), 6.84 (1H, s); ""C NMR (CDCl,): &

177.3, 151.0, 139.2, 127.3. 119.1, 39.0, 27.2, 21.2; EIMS m/e 206 (M"): HRMS calcd
for C,,H,;0, 206.1307, found 206.1315.

Br Compound 3. NBS (78.3 g, 0.44 mol) and benzoy! peroxide

(0.10 g) were added in 10 equal portions apart during 6 h to a

Pv refluxing solution of 3,5-dimethylphenyl pivaroate (42.2 g, 0.20

mol) in CCl, (412 mL). The reaction mixture was further heated

Br at reflux for 16 h and then resulting precipitate was removed by

filtration. The residual oil obtained after evaporation was chromatographed on silica

gel (Silica gel 60, Merck) with n-hexane-toluene (3.5:1) and then recrystallized from n-

hexane to afford 3 as pale yellow needles (42.2 g, 58%). mp 44.0-45.0 °C; 'H NMR

(CDCl,): 8 1.36 (9H, s), 4.45 (4H, s), 7.06 (2H, s), 7.27 (IH, s); "'C NMR (CDCl,): &

176.8, 151.4, 139.7, 126.7, 122.2, 39.2, 32.0, 27.1; EIMS m/e 364 (M"); HRMS calcd
for C,;H,(Br,0, 363.9498, found 363.9511.

N/H_\NHBOC Compound 4. To a solution of N-(2-aminoethyl)carbonic

on_Cé: acid  fr-butyl ester” (176 g, 110 mmol) and
diisopropylethylamine (1.42 g, 11.0 mmol) dissolved in

\H_/NHBW CH,CIl, (5 mL) was added dropwise a solution of 3 (2.0 g, 5.49

mmol) in CH,Cl, (10 mL) over 1.5 h at room temperature.

After 0.5 h, the reaction mixture was poured into CH,Cl, (150 mL), washed with water
(120 mL x 2), dried over anhydrous MgSQO,, and evaporated. The crude product was
chromatographed with CHC1;-MeOH (20:1) to obtain 4 as pale yellow foam (1.79 g,
45%). 'H NMR (CDCl,): & 1.35 (9H, s), 1.48 (18H, s), 1.57 (2H, br), 2.75 (4H, br),
3.23 (4H, br), 3.71 (4H, s), 4.96 (2H, br), 6.92 (2H, s), 7.13 (1H, s); "C NMR (CDCl,):
8 177.2, 156.2, 151.4, 141.9, 129.0, 128.2, 125.3, 125.0, 119.8, 79.2, 53.1, 48.7, 40.2,
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39.1, 28.4, 27.2; FABMS m/e 523 (M+H)"; HRMS calcd for C,,H,,;N,O, 523.3496,
found 523.3482.

Compound 5. To a solution of 4 (2.88 g, 5.51 mmol) and

NBOG NHBoc diisopropylethylamine (1.56 g, 12.1 mmol) in CH,Cl, (40

Pv mL) was added dropwise a solution of di-r-butylbicarbonate

poc NHBoo (2.65 g, 12.1 mmol) over 15 min. The reaction mixture was

'\—/ stirred for 3 h at room temperature and then washed with

water (100 mL x 3), dried over anhydrous MgSO,, and

evaporated. The crude product was chromatographed with n-hexane-AcOEt (2:1) to

obtain 5 as pale yellow foam (3.11 g, 78%). 'H NMR (CDCl,): & 1.35 (9H, s), 1.43

(36H, s), 3.26 (8H, br), 4.41 (4H, br), 4.83 (1H, br), 5.02 (1H, br), 6.82 (2H, br), 6.94

(1H, br); “C NMR (CDCl,): 6 177.0, 156.1, 155.9, 151.6, 140.3, 123.4, 119.9, 119.2,

80.4, 79.1, 50.6, 50.0, 46.0, 39.1, 39.1, 28.4, 27.1; FABMS m/e 724 (M+H)"; HRMS
caled for C,,H(;,N,0O,, 723.4544, found 723.4540.

N\/-_\NHBoc Compound 6. To a solution of 5 (1.94 g, 2.69 mmol)

Boc dissolved in THF (20 mL) was added an aqueous 1.0 M

Boc NaOH solution (20 mL). The reaction mixture was heated

N'L/NHBoc at 60 °C for 6 h. Then the pH of the solution was adjusted

to 7 with Dowex S50W-X8 (Muromachi Chem.) in the

pyridinium form and stirred for 10 min. The resin was removed by filteration and the

filtrate was concentrated on a rotary evaporator. The crude material purified by

column chromatography using n-hexane-AcOEt (2:1) afforded 6 as pale yellow foam

(1.72 g, 100%). 'H NMR (CDCl,): 8 1.43 (36H, s), 3.32 (8H, br), 4.44 (4H, br), 5.01

(1H, br), 5.16 (1H, br), 6.55 (1H, s), 6.60 (2H, s); ’C NMR (CDCl,): 8 157.4, 156.6,

156.3, 140.1, 139.8, 113.5, 113.2, 80.4, 79.3, 50.8, 50.1, 45.8, 39.2, 28.4, 27.2; FABMS
mie 637 (M-H); HRMS caled for C,,H ;N,O, 637.3813, found 637.3800.

NH, 9-(3-Chloropropyl)adenine (1)”. To a suspension of
> adenine (2.5 g, 15.8 mmol) in MeOH (13 mL) was added
L | 5\3 portionwise MeONa (0.940 g, 17.4 mmol). The reaction

N mixture was stirred for 5 min at room temperature, to which
¢ bromopropyl chloride (2.74 g, 23.7 mmol) was added dropwise

over 0.5 h at room temperature.  After stirring for additional 15
h, the mixture was poured into iced water (150 mL) and the resulting colorless
precipitate was filtered off and the filtrate was evaporated to remove MeOH. The
water layer was extracted with CH,Cl, (100 mL X 3), and the combined organic phase
was dried over anhydrous MgSO, and evaporated. The crude product was
recrystallized from MeOH to afford 1 as colorless plates (2.23 g, 67%). mp 180.0-
181.0 °C (dec); 'H NMR (DMSO-d,): 8 2.27 (2H, q, J = 6.6 Hz), 3.65 (2H, t, J = 6.3
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Hz), 4.29 (2H, t, J = 7.0 Hz), 7.23 (2H, s), 8.15 (1H, s), 8.16 (1H, s); *C NMR (DMSO-
dy). 8 156.0, 152.4, 149.5, 140.8, 118.8, 42.3, 40.6, 32.0; EIMS m/e 211 (M)*; Anal.
Calcd for CgH,(CIN,: C, 45.40; H, 4.76; N, 33.09. Found: C, 45.46; H, 4.67; N, 32.81.

Compound 7. To a solution of 6 (1.63 g, 2.55

H; mmol) and potassium ¢-butoxide (0.35 g, 3.07 mmol)

& | '\5 —\ dissolved in DMF (50 mL) was added compound 9-

H é Naoc NHBoc  (3-chloropropyl)adenine (0.48 g, 2.55 mmol) in one

portion. The reaction mixture was heated at 50 °C

@HB«: for 10 days and then the solvent was concentrated on

a rotary evaporator. The residue was dissolved into

80 mL CH,C], and then washed with water twice, dried over anhydrous MgSQO,, and the

solvent was removed on a rotary evaporator. The crude material was purified by

silica-gel column chromatography with CHC],-MeOH (25:1) to afford 7 as pale yellow

foam (1.08 g, 59%). 'H NMR (CDCl,): § 1.43 (36H, s), 2.36 (2H, q, J = 6.2 Hz),

3.22 (8H, br), 3.93 (2H, t, J = 5.6 Hz), 4.38 (4H, s), 4.42 (2H, s, J = 6.7 Hz), 4.94 (1H,

br), 5.61 (1H, br), 6.61 (2H, s), 6.69 (1H, s), 7.73 (1H, s), 8.33 (1H, s); FABMS m/e 815
(M+H)"; HRMS calcd for C,;H,N,O, 814.4827, found 814.4867.

Compound 8 - 4 HCl. Compound 7 (1.01 g, 1.24

mmol) was placed in a flask, to which 1.0 M HCI in

’S:"\ — AcOH (40 mL) was added. The solution was stirred in

S \_\_ NH  NH:  an ice-water bath for 1 h.  The solvent was removed in

0—< E 4HCl  vyacuo and the resulting colorless solid was

NI N, recrystallized from H,0/2-propanol to afford 8 - 4 HCl

as colorless needles (0.569 g, 82%). mp 249.0-

250.5 °C; '"H NMR (D,0): 8 8.38 (1H, s), 8.36 (2H, s), 7.20 (1H, s), 7.05 (2H, s), 4.57

(2H, 1, J = 6.6 Hz), 4.34 (4H, 5, / = 5.6), 4.20 (2H, s), 3.51 (1H, tt, J = 6.4, 6.8 Hz), 2.44
(2H, q, J = 5.9 Hz); ESIMS m/e 414 (M)*, m/2e 207 (M)".

Compound 8 The HCI salts of 8 (150 mg, 0.268

H, mmol) were passed through ion exchange column
"5}:"\) . chromatography (IRA-400, Organo Co. Japan) to
NN NH NH:  obtain the acid-free 8 which was recrystallization
\_\—o—Q: from MeCN to afford 8 as colorless prisms (110 mg,

NH 99%). mp 109.5-110.5 °C; 'H NMR (D,0): § 2.13

(2H, q, J = 5.4 Hz), 2.61 (4H, t, J = 6.7 Hz), 2.83

(ZH,t, J = 6.6 Hz), 3.48 (4H, 5), 3.93 (2H, t, /= 5.0

Hz), 4.18 (2H, t, J = 5.9 Hz), 6.13 (2H, s), 6.61 (1H, s), 7.65 (1H, s), 7.91 (1H, 5); "'C

NMR (D,0): 8 158.9, 156.5, 153.1, 150.3, 143.9, 141.2, 122.3, 119.7, 114.4, 67.4, 53.1,
47.4,43.4,40.0, 29.4; ESIMS m/e 414 (M)*, m/2¢ 207 (M)"; Anal. Calcd for C,oH,, N, O:
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C, 58.09; H, 7.56; N, 30.48. Found: C, 57.72; H, 7.34; N, 30.07.

= Synthesis of Zn" complex (crystal B). To a
HaNg *—NN_\—\ solution of 8 (22.8 mg, 55.1 umol) dissolved in distilled
ind water (100 pL) was added 0.5 M Zn(NO,), aqueous

\
. NH NH2 - - . .
2NOs solution (110 pL). The reaction mixture was filtered
”p__,fzi;_c{' and the filtrate was slowly evaporated to obtain Zn"
H H

complex as colorless prisms (26.4 mg, 75%). 'H
NMR (D,0): § 1.91 (2H, br), 2.77 (4H, br), 2.96 (2H, br), 3.67 (4H, s), 3.99 (2H, br),
4.34 (2H, br), 6.37 (2H, s), 6.79 (1H, s), 7.88 (1H, s), 8.06 (1H, s); Anal. Calcd for
C,)HoN,,0,Zn: C, 37.60; H, 5.52; N, 24.11. Found: C, 37.48; H, 5.65; N, 23.87.
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5-3-2  Thymine type 11.

— Compound 9. To a solution of 6 (2.03 g, 3.17

Ts N NHBoc mmol) and potassium r-butoxide (0.426 g, 3.80

OMO_C{ Boc mmol) dissolved in DMF (6 mL) was added 1,3-di(p-

Boc toluensulfonyloxy)propane (3.66 g, 5.73 mmol) in

N__JWHBoe one portion for 25 min at room temperature. After

1.5 h the solvent was removed in vacuo. The

residue was dissolved into 150 mL CH,Cl, and then washed with water (120 mL X 2),

dried over anhydrous MgSQ,, and the solvent was removed on a rotary evaporator.

The crude material was purified by silica-gel column chromatography with n-hexane-

AcOEt (3:1) to afford 9 as pale yellow foam (2.06 g, 76%). 'H NMR (CDCl,): & 7.77

(2H, d, J = 7.7 Hz), 7.30 (1H, d, J = 7.3 Hz), 6.65 (1H, br), 6.58 (2H, s), 5.00 (1H, br),

4.74 (1H, br), 4.37 (4H, br), 4.23 (2H, t, / = 6.1 Hz), 3.94 (2H, br), 3.24 (8H, br), 2.4]
(3H, s), 2.10 (2H, br), 1.43 (36H, s); FABMS m/e 851 (M)".

Compound 10. To a solution of thymine

_ — (0.355 g, 2.66 mmol), 18-crown-6 (0.767 g, 2.90
% Nooe " 2¢ mmol) and potassium -butoxide (0.325 g, 0.290
H o °—< E mmol) in dissolved in MeOH (5 mlL) was added
HBoc dropwise a solution of 9 (2.06 g, 2.42 mmol) in
MeOH (10 mL) over 5 min with an argon inlet at
room temperature. The reaction mixture was stirred at 50 °C for 23 h. After
evapotation of the solvent, the residue was pored into 150 mL. CH,Cl,, and the solution
was washed with water (100 mL x 2), dried over anhydrous MgSQO,, and concentrated.
The crude material was purified by silica-gel column chromatography with n-hexane-
AcOEt (1:3) to afford 10 as pale yellow foam (1.19 g, 61%): '"H NMR (CDCl,): & 8.67
(1H, br), 7.02 (1H, s), 6.68 (2H, s), 6.63 (1H, s), 5.04 (1H, br), 4.82 (1H, br), 4.39 (4H,
br), 3.99 (2H, t, J = 5.5 Hz), 3.91 (2H, 1, J = 6.7), 3.25 (8H, br), 2.15 (2H, br), 1.87 (3H,
s), 1.43 (36H, s); "C NMR (CDCl,): § 164.0, 159.0, 156.2, 155.9, 150.8, 140.9, 140.5,
140.2, 112.7, 112.2, 110.6, 80.3, 79.4, 63.7, 50.8, 50.2, 46.1, 39.1, 29.7, 284, 12.3,
FABMS m/e 806 (M+H)*; HRMS calcd for C,gHyNgO,, 805.4711, found 805.4748.

Compound 11. Compound 10 (0.756 g, 0.939

_ —\ mmol) was placed in a flask, to which 1.0 M HCl in
o=€:\}—\ﬂ NH NH; AcOH (20 mL) was added. The solution was
H ‘o D-‘C{ ancio,  stirred in an ice-water bath for 15 min. The
N NH, solvent was evaporated in vacuo.  The residue

was then dissolved into 1.0 M NaClO, aqueous

solution (7.51 mL), was recrystallized from H,O/iPrOH to afford 11 as colorless

needles. 'H NMR (D,0): § 7.39 (1H, s), 7.08 (1H, s), 7.01 (2H, s), 4.22 (4H, s), 4.11

78




LY RBHE

(2H, t, J = 5.5 Hz), 3.88 (2H, t, J = 6.3 Hz), 3.35 (8H, m), 2.11 (2H. q, J = 5.9 Hz); "“C
NMR (D,O): 3 167.0, 158.9, 152.3, 143.5, 132.8, 123.5, 117.1, 110.6. 66.2, 51.1, 46.6.
43.9,35.4,26.9, 11.1; ESIMS m/e 405 (MY, m/2e 202 (M)*.
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5-3-3 Guanine type 17.

9-(3-Chloropropyl)-6-chloropurine (12). To a

' suspension of 9-chloropurine (3.4 g, 0.02 mol) in DMF (32

NZ | ’{> mL) was added portionwise potassium t-butoxide (2.5 g,

H 2N/]%N N 0.022 mol). The reaction mixture was stirred for 5 min at

\—\_ room temperature, 1-bromo-3-chloropropane (6.3 g, 0.04

€l mol) was added dropwise over 0.5 h at room temperature.

After stirring for 12 h further, the mixture was poured into iced water (200 mL) and the

water layer was extracted with AcOEt (80 mL x 5), and the combined organic phase

was dried over anhydrous MgSQO,, and evaporated. The crude material was purified by

silica-gel column chromatography with n-hexane-AcOEt (1:2) to afford crude 12 as

white powder. The product was recrystallized from 2-propanol to afford 12 as

colorless needles (2.5 g, 50%)*. m.p. 153.0-153.5 °C; 'H NMR (DMSO-d,): & 8.13

(1H, s), 6.91 (2H, ), 4.17 (2H, t, J = 7.0 Hz), 3.65 (2H. 1,/ = 6.4 Hz), 2.27 (2H, q, / =

6.7 Hz);, "'C NMR (DMSO-d,): & 160.2, 154.6, 149.8, 143.6, 124.0, 42.7, 41.9, 31.9;

EIMS m/e 246 (M)*; Anal. Caled for C;H,CL,N;: C, 39.04; H, 3.69: N, 28.46. Found: C,
38.81; H, 3.62; N, 28.18.

¢l 7-(3-Chloropropyl)-6-chloropurine (13) (92 mg,
/——/7 1.9%); m.p. 178 °C dec; 'H NMR, (DMSO-d,) 8 8.36

|

N~ '\5 (1H, s), 6.62 (2H, s), 4.43 (2H, t, / = 7.0 Hz), 3.66 (2H, t,

A | J J=6.3 Hz),2.26 (2H, q, J = 6.6 Hz), ''C NMR (DMSO-

H.N" N dy): 8 164.7, 160.4, 149.9, 142.6, 115.3, 44.3,42.5, 33.7.
Compound 14. To a solution of 6 (150 mg,

- Nmm‘m 0.24 mmol) and potassium -butoxide (28 mg,

e N_\ﬁ Boc 0.25 mmol) dissolved in DMF (2 mL) was added
"\(N Poc compound 12 (61 mg, 0.25 mmol) in one portion.
NH, N__ NHBe¢  The reaction mixture was heated at 60 °C for 3

days and then the solvent was concentrated on a
rotary evaporator. The residue was dissolved in 80 mL CH,Cl, and then washed with
water twice, dried over anhydrous MgSO,, and the solvent was removed on a rotary
evaporator. The crude material was purified by silica-gel column chromatography
with CHCl,-MeOH (25:1) to afford 14 as pale yellow foam (1.48 g, 71%). 'H NMR
(CDCL,): & 7.75 (1H, s), 6.67 (2H, s), 6.60 (1H, s), 5.31 (2H, s), 5.07 (1H, s), 4.85 (1H,
s), 4.40 (4H, br), 4.32 (2H, t, J = 6.5 Hz), 3.93 (2H, t, / = 5.6 Hz), 3.26 (8H, br), 2.31
(2H, br), 1.43 (36H, s).
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Compound 15. To a solution of 14 (0.99 g,

NN N/_\N,.,Boc 1.16 mmol) dissolved in MeOH (5 mL) was
"'o\\\)\{_\_\ Boc added dropwise a solution of 28% sodium
e poc methoxide in MeOH (2.4 mL, 11.8 mmol) over

NH,

N 10 min with an argon inlet at room temperature.

The reaction mixture was stirred at room
temperature for 0.5 h, and then added to 120 mL CH,Cl,, washed with brine (120 mL
x 3), dried over anhydrous MgSQO, and concentrated. The product 15 was obtained
as colorless syrup (0.584 g, 87%) and used without further purification: '‘H NMR
(CDCl,): & 7.56 (1H, s), 6.67 (2H, s), 6.61 (1H, s), 5.03 (1H, ), 4.88 (2H, s), 4.79 (1H,
s), 4.39 (4H, br), 4.29 (2H. t, J = 6.5 Hz), 4.08 (3H, s), 3.91 (2H. t, J = 5.6 Hz), 3.25
(8H, br), 2.30 (2H, s), 1.43 (36H, s).

Compound 16. To a solution of 15 (0.854 g,
"j\ ,(_\NHB“ 1.01 mmol} dissolved in MeOH (8 mL) was added
Qﬁ)\\/N_\_\ Boc dropwise a solution of 4.0 M NaOH aqueous
“"\fN D_C{ Boc solution{8 mkL, final concentration 2 M) over |
Nt N min with an argon inlet at 70 "C. The reaction
mixture was stirred at 70 °C for 1 week, and then
poured into 120 mL CH,Cl,, washed with H,O (120 mL x 3, pH 7), and dried over
anhydrous MgSO,. After evaporation, the crude material was purified by silica-gel
column chromatography with CHCIl,-MeOH (25:1) to afford 16 as pale yellow foam
(0.461 g, 55%): 'H NMR (CDCl,): 6 11.8 (1H, br), 7.58 (1H, s), 6.61 (3H, m), 5.82 (2H,
br), 5.11 (1H, br), 4.87 (1H, br), 4.39 (4H, br), 4.23 (2H, t, J = 6.2 Hz), 3.94 (2H,t, /=
5.3 Hz), 3.23 (8H, br), 2.27 (2H, br), 1.42 (36H, s); "C NMR (CDCl,): 8 159.2, 159.0,
156.2, 153.6, 152.0, 140.3, 138.0, 117.3, 80.3, 79.2, 64.4, 50.9, 50.3, 46.2, 40.6, 39.3,
29.6, 28.5.

Compound 17. 16 (0.461 g, 0.56 mmol)

Nf'\N—H N{-I—\NHz was placed in a flask, to which 1.0 M HCI in

° N AcOH (10 mL) was added. The solution was

, N stirred for 30 min at room temperature. The

N reaction mixture was poured into diethyl ether (10

mb) and the resulting colorless precipitate was

collected. The resulting colorless solid was recrystallized from H,O/EtOH to afford 17

as colorless needles (0.126 g, 37%). 'H NMR (D,0): 8 7.71 (1H, s), 6.97 (1H, s), 6.67

(2H, s), 4.18 (2H, t, J = 5.8 Hz), 4.14 (4H, s5), 4.08 (2H, t, J = 5.9 Hz), 3.35 (8H, br),

2.19 (2H, q, J = 5.2 Hz); "C NMR (D,0): & 158.7, 158.6, 153.5, 151.9, 140.6, 132.8,

123.3, 116.6, 115.8, 66.6, 51.1, 44.0, 42.1, 35.6, 28.0; Anal. Calcd for C,,H;,CIsN,O,: C,
39.26; H, 5.93; N, 20.60. Found: C, 39.04; H, 5.91; N, 20.40.

HN-z 5 HCl
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5-34 Cytosine type 20.

Compound 18. To a suspension of cytosine (5.00 g, 0.045

NH; mol) in EtOH (200 mL) was added sodium hydroxyde (2.52 g, 0.063

HN mol). The reaction mixture was stirred until the mixture became

)\ | homogeneous. After 1 h the mixture was concentrated and the
O” 'N

reduced pressure to afford as a white powder (4.60 g 77%). To a
suspension of this powder in DMF was added 1-bromo-3-
chloropropane (7.10 g, 0.045 mol) in one portion. The reaction
mixture was stirred at 40 °C for 10.5 h and then the solvent was
concentrated in vacuo. The residue was poured into iced water (200 mL) and the
resulting colorless precipitate was filtered off and the filtrate was evaporated in vacuo.
The water layer was extracted with AcOEt (100 mL x 10), and was dried over
anhydrous MgSO, and evaporated. The crude product was recrystallized from MeOH
to afford 18 as colorless plates. 'H NMR (DMSO-d,): § 7.54 (1H, d, J = 7.2 Hz), 7.04
(1H, s), 6.95 (1 H, s), 5.64 (1H,d, J=7.1 Hz), 3.73 (2H, t, /= 6.9 Hz), 3.61 (2H,t,J =
6.5 Hz), 2.03 (2H, q, J = 6.7 Hz); "C NMR (DMSO0-d,): § 166.4, 156.2, 146.4, 93.7,
47.0, 43.0, 31.9; Anal. Calcd for C.H,,CIN,O: C, 44.81; H, 5.37; N, 22.40; Cl], 18.90.
Found: C, 44.70; H, 5.22; N, 22.23; C], 18.78.

KL precipitate appeared was collected. This material was dried under

Cl

Compound 19. To a solution of 6 (150 mg,

H,N—<=\ N/_\NHBOC 0.24 mmol) and potassium z-butoxide (28 mg,
N—{:_\ﬂ Boc 0.25 mmol) dissolved in DMF (2 mL) was
Boc added compound 18 (61 mg, 0.25 mmol) in one

U”B“ portion. The reaction mixture was heated at

60 °C for 3 days and then the solvent was

concentrated on a rotary evaporator. The residue was dissolved into 80 mL CH,Cl,

and then washed with water twice, dried over anhydrous MgSQ,, and the solvent was

removed on a rotary evaporator. The crude material was purified by silica-gel column

chromatography with CHCI;-MeOH (25:1) to afford 19 as pale yellow foam (55.1 mg,

30%). 'H NMR (CDCl,): 6 7.20(1H, d, J = 6.9 Hz), 6.65 (3H, br), 5.69 (1H,d, /= 6.6

Hz), 5.13 (1H, s), 4.88 (1H, s), 4.38 (4H, br), 3.94 (4H, br), 3.22 (8H, br), 2.20 (2H, br),

1.42 (36H, br); ’C NMR (CDCl,): 8 166.2, 159.1, 156.6, 156.0, 146.2, 140.3, 118.9,
112.4,93.9,80.3,79.2,64.5,51.0,47.7,46.2, 39.2, 28.6.

= /T C d 20. To a soluti f 19 (55.1
H, N—<_\N—\_\ NN, ompoun 0 a solu 1.0n 0 (
N—< mg, 0.068 mmol) was placed in a flask, to

0 4HCl which 1.0 M HCI] in AcOH (1 mL) was added.
NH  NH, The reaction mixture was stirred in an ice-water
bath for 15 min. The reaction mixture was
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added to diethyl ether (5 mL) and the resulting colorless precipitate was collected and
the filtrate was evaporated in vacuo to afford 20 as white precipitate. (23.1 g, 78%).
'H NMR (D,0): 8 7.75 (1H, d, J = 6.7 Hz), 7.09 (lH, s), 7.05 (2H, ), 6.03 (IH, d, J =
6.7 Hz),4.21 (4H, s), 4.07 (2H, t, J=5.6 Hz), 395 2H, t, J = 6.7 Hz), 3.38 (4H, t, J =
6.9 Hz), 3.31 (4H.t,J = 6.9 Hz), 2.11 (2H, q, J = 6.2 Hz).
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5-3-5 Synthesis of 32.

Compound 21. To a solution of ethyleneglycol mono-z-

butylther (11.8 g, 0.1 mol) and triethylamine (14.2 mL, 0.1

+Q mol) was dissolved in CH,Cl, (100 mL)} was added dropwise a

solution of p-toluenesulfonyl chloride (19.1 g, 0.1 mol} in

OTs CH,Cl, (50 mL) over 25 min in an ice-water bath. After

stirring for 5 h further, the reaction mixture was poured into CH,Cl, (150 mL), washed

with water (120 mL x 3), dried over anhydrous MgSO,, and concentrated to obtain 21

as pale yellow oil (27.4 g, 97%). 'H NMR (CDCl,): & 1.12 (9H, s), 2.44 (3H, s), 3.54

(2H,t, J =53 Hz), 4.11 2H,t,J =53 Hz),7.33 (2H,d, J=8.0 Hz), 7.80 (2H, d, J =

8.5 Hz); "C NMR (CDCl,): & 144.5, 133.3, 129.6, 128.0, 73.3, 69.9, 59.5, 53.3, 27.2,
21.4.

COOEt Compound 22. A solution of 5-hydroxyisophthalic acid

(18.3 g, 0.1 mol) and H,S0, (1.5 g) in EtOH (250 mL) was

heated at reflux using a Soxhlet system for 12 h. The reaction

COOEt Mixture was poured into iced water and the resulting white

precipitate was filtered off and the filtrate was evaporated in

vacuo. The crude product was recrystallized from toluene to afford 22 as colorless

prisms (23.3 g, 98%). mp 105.5-106.5 °C; 'H NMR (CDCl,): § 8.25 2H, t, J = 1.4

Hz), 7.79 2H, d, J = 1.5 Hz), 6.11 (1H, s), 4.41 (4H,q, J=7.2 Hz), 1.41 (6H,t,J=7.1

Hz); *C NMR (CDCl,): 8 166.3, 156.6, 132.1, 122.7, 121.1, 61.7, 14.3; EIMS m/e 238

(M*"); Anal. Caled for C,,H,,O4: C, 60.50; H, 5.92; N, 0.00. Found: C, 60.35; H, 5.85; N,
0.00.

HO

OEt (29.0 g, 0.12 mol) and tBuOK (14.6 g, 0.13 mol) dissclved in

DMF (200 ml) was added dropwise a solution of tosylate 21

ot (29.9 g, 0.11 mol) in CH,Cl, (100 mL) over 45 min in an-ice

0o water bath. The reaction mixture was stirred for 5 h and

then poured into CH,Cl, (150 mL), washed with water (200

mL X 3), dried over anhydrous MgSO,, and evaporated. The crude product was

chromatographed with n-hexane-diethyl ether (5:1) to obtain 23 as pale yellow oil (34.5

g,93%). 'HNMR (CDCL,): 6 8.27 (1H, s), 7.78 (2H, 5), 4.39 (4H, q, / = 7.2 Hz), 4.17

(2H, t, J = 5.3 Hz), 3.74 (2H, t, J = 5.3 Hz), 1.40 (6H, t, J = 7.2 Hz), 1.24 (9H, 5); "'C

NMR (CDCL,): & 165.7, 159.1, 132.0, 122.9, 120.0, 73.7, 68.7, 61.3, 31.5, 27.4, 22.6,
14.3.

+ Compound 23. To a solution of diester compound 22
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Compound 24. Sodiumborohydride (66.3 g, 1.75 mol)

+(\_\ was carefully added a solution of 23 (24.7 g, 87.6 mmol)

in THF (100 mL) and ethanol (200 mL) was added. The

oH reaction mixture was stirred at 60 °C for 4 days and then

poured into 4 N HCI aqueous solution (100 mL) and H.O

(350 mL). Then resulting precipitate was removed by filtration and the residual oil

was extracted with CH,CL,-THF (3:1, 400 ml. x 3), dried over anhydrous MgSQO,, and

evaporated. The crude product was chromatographed with n-hexane-AcOEt (1:2) to

obtain 24 as a colorless oil (15.5 g, 70%). 'H NMR (CDCl,): 8 6.79 (1H, s), 6.72 (2H,

s), 4.50 (4H, s), 3.98 (2H, t, J = 5.4 Hz), 3.67 (2H, t, J = 5.3 H2), 1.23 (9H, s); Anal.
Caled for C,,H,,0,: C. 66.12; H, 8.72; N, 0.00. Found: C, 66.10; H, 8.67; N, 0.00.

+ g,  Compound 25. To a solution of 24 (7.90 g, 31.1 mmol)

Q\—\ and pyridine (6.3 mL, 77.8 mmol) in benzene (150 mL) was

O_C{ added dropwise a solution of thionyl bromide (14.2 g, 68.4

Br mmol) in benzene (150 mL) over 10 min in a water bath.

The reaction mixture was stirred for 5 h at room temperature,

and then poured into EtOH (20 mL) for quenching the reaction. The reaction mixture

was washed with water (250 mL x 5), dried over anhydrous MgSQ,, and evaporated.

The crude product was chromatographed with n-hexane-diethyl ether (4:1) to obtain 25

as a colorless oil. The residual oil was recrystallized from n-hexane to afford 25 as

colorless prisms (8.0 g, 68%). mp 52.5-54.0 °C; '"H NMR (CDCl,): 8 6.98 (1H, s), 6.89

(2H, s), 4.42(4H, s), 4.09 (2H, t, J = 5.4 Hz), 3.71 (2H, t, J = 5.4), 1.23 (9H, s), EIMS

m/e 380 M*; Anal. Caled for C,H,,Br,0,: C, 44.24; H, 5.30; N, 0.00; Br, 42.04. Found:
C, 44.05; H, 5.13; N, 0.00; Br, 42.24,

—co08n Compound 26. To a solution of benzyloxyglycine

+‘\_\ {NH tosylate (6.4 g, 40 mmol) and diisopropylethylamine

(0.570 g, 4.4 mmol) dissolved in CH,Cl, (30 mL) was
W added dropwise a solution of 25 (0.753 g, 2.0 mmol) in
€O98"  CH,CI, (30 mL) over 14 h at room temperature.  After 3
h, the reaction mixture was poured into CH,Cl, (80 mL), washed with brine (80 mL x 3),
dried over anhydrous MgSO,, and evaporated. The crude product was
chromatographed with n-hexane-diethyl ether-triethylamine (1:2:0.017) to obtain 26 as
a colorless 0il (0.914 g, 83%). 'H NMR (CDCl,): & 7.35 (10H, m), 6.83 (IH, s), 6.79
(2H, s), 5.17 (4H, 5), 4.05 (2H, t, J = 5.4 Hz), 3.74 (4H, 5), 3.69 (2H, t, J = 5.4 Hz), 3.44
(4H, s), 1.23 (s, 9H); ""'C NMR (CDCl,): § 167.6, 145.6, 137.8, 135.3, 129.6, 128.4,
128.3, 128.2, 125.6, 126.8, 66.9, 20.8; FABMS m/e 549 (M+H)".
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Compound 27. To a solution of 26 (2.43 g, 4.4 mmol)

+o\_\ N\/_COOBH and diisopropylethylamine (1.42 g, 11 mmol) dissolved in

*C({ Troe CH,Cl, (52 mL) was added dropwise a solution of 2,2 2-

Troc trichloroethyl carbonylchloride (2.07 g, 9.75 mmol) in

"cooen CH,CI, (50 mL) over 15 min at room temperature. After

2 h, the reaction mixture was poured into CH.Cl, (50 mL}, washed with brine (150 mL

X 3), dried over anhydrous MgSO,, and evaporated. The crude product was

chromatographed with CHCI,-MeOH (25:1) to obtain 27 as a colorless oil (4.3 g, 99%).

'H NMR (CDCl,): & 7.34 (10H, m), 6.81 (1H, s), 6.78 (2H, ), 5.15 (4H, 5), 4.04 (2H, t,

J =5.5Hz), 3.74 (4H, s), 3.68 (2H, t, J = 5.4 Hz), 3.42 (4H, s), 1.22 (5, 9H); "C NMR

(CDCLy): & 167.6, 145.6, 137.8, 135.3, 129.6, 128.4, 128.3, 128.2, 125.6, 126.8, 66.9,
20.8; FABMS m/e 549 (M+H)".

Compound 28. To a solution of 27 (4.0 g, 4.45 mmol} in

HQ N/T_cooan CH,Cl, (40 mL) was added dropwise trifluoroacetic acid
O_Cé: roe (160 mL) at room temperature. After 1.5 h, the solution
jTroc was evaporated, and then was poured into THF (75 mL) and

'\—COOBn

H,O (75 mL). The solution was stirred for 2 days at room
temperature.  The reaction mixture was poured into CH,Cl, (150 mL). The aqueous
phase was extracted with CH,Cl, (150 mL) 3 times, dried over anhydrous MgSO,, and
evaporated. The crude product was chromatographed with n-hexane-AcOEt (1:1) to
obtain 28 as a colorless oil (3.33 g, 89%). 'H NMR (CDCl,): & 7.34 (10H, m), 6.77
(2H, br), 6.74 (1H, s), 5.16 (2H, s), 5.14 (2H, s), 4.83 (2H, s), 4.74 (2H, s), 4.58 (2H. s),
4.57 (2H, s), 4.02 (2H, d, J = 3.7 Hz), 3.97 (2H, d, J = 3.2 Hz), 3.95 (2H, br).

,—C00Bn Compound 29. To a solution of 28 (2.0 g, 2.37 mmol) N-

T“{_\ g A diisopropylethylamine (0.737 g, 5.7 mmol), and DMAP

(0.347 g, 2.84 mmol) dissolved in CH,Cl, (45 mlL) was

added dropwise a solution of p-toluenesulfonyl chloride

(1.08 g, 5.86 mmol) in CH,Cl, (45 mL) over 1 h at room

temperature.  After 14 h, the reaction mixture was poured into CH,Cl, (150 mL),

washed with brine (150 mL x 2), dried over anhydrous MgSO,, and evaporated. The

crude product was chromatographed with n-hexane-diethyl ether (3:1) to obtain 28 as a

colorless oil (2.17 g, 92%). 'H NMR (CDCl,): & 7.8t (2H, d, J = 7.8 Hz), 7.33 (12H,

m), 6.74 (1H, s), 6.76 (1H, s), 6.67 (2H, 5), 5.14 (2H, s), 5.13 (2H. s), 4.82 (2H, 5), 4.74

(2H, s), 4.56 (2H, s). 4.55 (2H, s}, 4.32 (2H, t, J = 4.5 Hz), 4.09 (2H, br), 4.00 (2H, s),
3.96 (2H, s), 2.45 (3H, s).

Jroc

COOBn
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{ Compound 30. To a suspension of thymine (0.339 g, 2.69

“'H_\ K mmol) and tBuOK (0.311 g, 2.78 mmol) in CH,Cl, (20 mL)

D—C{ - was added dropwise a solution of 29 (0.893 g, 0.895 mmol) in

'(_Cooan DMF (24 mL) over 10 min at room temperature. After 16 h,

the reaction mixture was poured into CHCI, (200 mL}), washed

with brine (200 mL x 2), dried over anhydrous MgSQO,, and evaporated. The crude

product was chromatographed with n-hexane-AcOEt (2:1) to obtain 30 as a colorless o1l

(0.326 g, 38%). 'H NMR (CDCl,): & 8.27 (1H, s), 7.33 (10H, m), 7.12 (1H, s), 6.77

{1H.s), 6.73 (ZH, br), 5.16 (2H. s), 5.14 (2H, s), 4.84 (2H, s}, 4.75 (2H, 5), 4.57 (2H, 5),
4.55 (2H, s), 4.05 (8H, br). 1.61 (3H, s); FABMS m/e 951 (M+H)".

Compound 31. To a mixture of 30 (9.4 g, 0.099 mmol)

HH dissolved in THF (2.5 mL) and 1.0 M KH,PO, (0.5 mL) was

}—'\_\ NH poured activated Zn dust*” (0.553 g, 8.9 mmol) at room

"‘C{ temperature. After 10 h, the reaction mixture was added into

M coosn CHCI (20 mL), and was washed with H,O (20 mL X 2), dried

over anhydrous MgSO,, and evaporated to obtain 31 as a

colorless oil (2.2 mg, 27%). 'H NMR (CDCl,): & 8.40 (1H, s), 7.26 (10H, m), 7.08

(1H, d, J = 1.2 Hz), 6.79 (1H, s), 6.70 (2H, s), 5.09 (2H, s) , 4.11 (2H, t, J = 4.8 Hz),

3.99 (2H, t, J = 4.8 Hz), 3.66 (4H, s), 3.37 (4H, s), 1.853 (2H, s): FABMS m/e 604
(M+H)".

/—COOBn

Compound 32. To a solation of 31 (2.2 mg, 0.0033
Hﬁ‘\f ,<° mmol) was dissolved in THF (20 pL) and 1.0 M K,CO, (10
&N nH on plL) was added at room temperature”. After 10 h, the
reaction mixture was evaporaied and the crude product was
wn on chromatographed with CHCL;-MeOH (4:1) to obtain 32 as
L{Z colorless oil (1.1 mg, 50%). 'H NMR (CDCl,):  7.43 (1H,
s), 7.04 (1H, s), 7.03 (2H, s), 4.29 (2H, t, J = 49 Hz), 4.14
(4H, s), 4.06 (2H, t, J = 4.9 Hz) , 3.57 (4H, s), 1.73 (3H, s); ESIMS m/e 421.2 (M+H)".
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5-4 AIERERIRE

5-4-1 DNA SRICL DAY T DNA DERL

DNA DiFTHHF ) ITAF L XU LA FRE, kLD TIFAv—T0—7
ELTHWS R, % Tl PCR (polymerase chain reaction) 0 754 <— 7 > F
A (RA 7+ 0FF T — bk DNA) 72 &, FORBEENH T3S,

DNA SHEEIL, X7 L AFR$E 3 -5 OAMICHREI 2200 EBEBNIC
BNRL. TEOHERIEZETAL VIRV LA F REEHARTLIEBTHS .

YT A= O PE Biosystems 394 DNA Synthesizer i3 LELOFR A 7407 I ¥4 Mg
CEDMRMISEHFALTRE Y, ZOREN—-FER5-6 ITRL 72, GREOBRES
iklZ. PE Biosystems 394 DNA Synthesizer #{EHBHE 2 &% (2 L /-, A FEZL PE
Biosystems #ilEMmZHA L7z, /-, XEMETERL 7~ DNA OB EINEIZIL5-3 T

7=,

5-4-2 #UJDNA OREEBHER

DNA SRBICE > TEMEEN TV DDRHBERIRETITH O, TOROHREL
BRIAMETY. 72EZ7LBIZED CPGE—XLD YD/ aN/=41) T DNAIZ
3. SBEOREBEMNDONLTWS, PEBiosystem OBE., 7F 2 (A) & R 2 (C) i
EXANE Bz). YT (G) 1A Y TF U (B) BAONTNS, UTFIZBE
HEOPCASL(BEHANTL) ZRVWESHEBMOEREELZLHL -, EEHITE
UF)bon ORETSE - ARFL R)FIL (OMT BE DT EFDIRETITS.,
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MilliGen/Bi h i o \ i
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OPC h 5 LY (K 5-7)

(@) 55 °C /AR THILRME

(b) HHAZLOBBEEZRNWTH I LZEEWK

(C) NILETERZNUNTESEL

(d) 2M RUIFILT>EZILT 25—k pH 7.0 TERi{L.

(e) FUVIXVLAF RBEREMAS

) 15MF7ET7KEROmML) ZH S LIET

(@ 3% bUTINAOEREKIER (20 mL) #1079

(h) 20mL O F > HKERT

(i) 5MLD20% 7L rZhUILT, HELZA)IXD L4F REEH
() UV ZBHEBTARY BIL260 nm ORAELONESINBAERD S
(k) HPLCIZXKODBROBELEF vy

() HPLC @A) IR 7 Lo F REHIIEIN L, REHE

52 BRFAVIXILAFROBEE
R AEEEFVIX R2EA)IX

Bk BT LFF R 7 LFF R
Iy /)i A O O
FIABA T L X O O
WK A1 T I () F)L on) X X O
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I9/—IVixRi%

40 base LALTI3 (j) DBIETT7 > BZTKZEHR T2, DNA OV VEHT OXHF
AT OEZTALIIRD, L, ZDNAZHWTHEEDOHEERRBE ZERT S
BE, TR NHEREZA TS0 T EHET NS H LS. Ko T A
HWFF22FDNIDLAFIZEZD D, LY/ —IVikBiEZ OPC 15 LR ITKE
Tt o 72 (B9 5-8),

(0) 100 % EtOH, 70 % EtOH/H,0, 3M AcONa/H,O (pH7.0) &k % AR,

(m) 100 % EtOH, 70 % EtOH/H,O &K % (p) TR L /=4 EtOH IZ AN THHA
(n) RFEEESEL 7~ DNA % 100 L OEE K TL S 1B

(0} 3MACONa B’ %Z 150 pl IIZ L<EF

(p) 750 pL D% 100 % EtOH ZINA Tk < @#

(q) BL5EE 15000 rpm, 20 min, 4 °C

(n EEZERE

(s) 70 % % EtOH Z A AU\, =458 15000 rpm, 5 min, 4 °C

() BRiGELE

Yield (umo!)

P

0 2 4 6 8 10
Fraction No.
B15-9 OPCASLBREFODIS VI a HORE
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5-4-3 #UJ I DNA DRBEERTE

AEKS0OmMLIZERA) IX VLA F FE 2BEIMNTTHEHELZ, EEBK25mL T
FRL (1/10), FFED 260 nm OFBICHAFKT Z|AE % 20 °C THIEL /z. poly
dA DEIVEHAER e, 1E. 15400 TH B ", T 2N h-R—)LORAI L DB % KD,
BHENZ 100 pM/base DIERICHABIL /=,

E-ALDONA B/ 7v—., 77 RIS HSHE (B) 1. (ERICIERERE, REBKIZEARE
LT 100 pM/base DIBFTREME L 7=, 20°C TRAEAZAEL. TIEEHREEEHL
7o

FANIZH LAF RBHEK. 77 RESEE (B) lZ£H £ 100 yM/base DH D
BA Sy VERE L TUTOERICAN:,

#£53 77 BATIDNA & poly dA O TILIRFFRE

DNA. AT DNA €260 (CM'M7)
poly dA 15400
AT DNA 9500
7 5= R AR (B) 12000

5-4-4 AIBEE/ T—C¢LERATVICLHERRLERLERR
BRLETTFZOBATEESE D FRITHERL THn5 JEEHET L2010, BiK
FTOXEE % 'HNMR T, HiSHRs XRERRERINIC L DR L. £TIIREEE
ERATZ.
7T R AT HE (22.8 mg, 55.1 pmol) ZRER L THRE/K (100 yL) iCBERLE, &
DOIEERIZ05 M HEEBRMKBRE 1O ULFTEML TR <HEBL T I NI —2BL -
AN EKEPH < DEARERETHIEIZLD. BAT XLEEEBE (26.4 mg, 75%),

'HNMR #EiL, A#RZEEEL 2 O2EKIERL TT- 7
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5-4-5 UV IRARS MLAIRE

UV REBHR

UV LA X 7 Vi, Hitachi U-3500 Z HWTHIEZfT> 7. AF+ 2 EKiL 350
nm ~ 220 nm T, 260 nm O EBREBEORBIREZ RNz, S E 1 em GHREIIZ
3mL DL 7 7 Lo AR EBIEERE ANRE Lz, B [(dT), =7 7= > Bk
§81K] = 15 uM/base. Mops #E &% 1.0 mM, pH 7.0 Tf7- 7. 15°C ELF O#id. )l
REWBHRAZAEREDITDH I ERLIDERPOKBIDOHEBEZR W, HEIL80°C
M5 40°C, 20°C, 10°C, 0°CIZELL T UV BINA Y ML EHIEL .,

WREHRIT, L TOBBEERMTOAY vF L INCET LR FORELERL TN
b, A vFHFEBES10 IRLAELD I, FERIZDOE 1 FEANVERETEL- &
E,EBESFRBEI DAL EELEZOIRINF—HREHRIL. ROLDIIEZS
N5, nBETFEAFEFREZHOLTHD, BENICEEBFRNEL S, I —D00 n EHHN
HBICHEETSE, TORNEBTFRILIZEVIZCHEER L TRBFAITBHTRIZORT
Lo IXANF—2HORIEE BT &, RBANEBoLEEZLN, BRNTES T
FNF—BOHEMORAEORR, TLhbLRENRMVBRINS,
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FEBEBNAYyF LI EES O ATHFELEEE
AY9F

nBFE

AFwF o ORETIE, HLBEET
OFFONELEEE, FNEITBHET
IO LETFOaBFAKRED., b0
P—WMRAEID I 7N E—REhNnK
W<,

A oF o RETIE. ETF0OES.
EBIRW I, SUoVLCHEETSE
ZELDIXNF—MIEELL TS,

n ¥ (260 nm THILD DT xRIF—iRE

/’
Big = T3 ¥ —

A IRNF—RBAEN-®H, 260

- N nm
.- AZIFTRE  pnmmmknBuiing <ab UV
) ERINTE HRIBDT 5,
.y 7 260nm  “gurhe, DNAMCELRAEE
Y- BU. 2592/ ERRLIES
260 nm OWKENMPTHDIIZD

IHTHD,

[45-10 UV RXBHRHMESHHRE
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RUSRBREERRIRAE

R 2 LAIEEE L T UV RROKRZELOREZT> 2. IWZERTZAN, M
FEROKZAK. (dT),, 100 pM/base . 77 = > B T (B) 100 uM i, Mops
(50 mM, pH 7.0 > SR IBEIL 1 mM) ZINL THIE 2175 72, AR E [(dT),) =
[7 7= > RisEgh§i ik (B)] = 15 uM/base. Mops @K 1.0 MM, pH 7.0 TiT o7, &R
YRR Mops BEIR SRS L 7= R BIKZ HEBOBEIZHAEL TAEL 72 (Mops &1
#1.0mM, pH 7.0 ). FARREHREZNED. [UENEUTERRT —F RGNS
RAHZERHH-0, FHENICHRIZITD. BREEDL. For—7—ICRAREREZ A
N 7YERSEDD. Y1V T I LR T T HERERST 5L THRIAETS .
HETREDOEIZE B DWNERA THIZET D ETH S, 30-60 THEE—EIC
WS L EMRELE.

MRBEEZRET 2L EE, BREVSITDIEELZENIC, By a8ty
FLUERZDEFy vy TEROMITHET2OREELE LY, &l (70°CLLE<S W)
OREHBEZRET 5 L&, BIVCHERER ERETAN, EEHICEBORWIRE Z
fEo /. 70°CLAEIZ/E 2 E/KOERENE D, ERNFLET D &2 NTNORMAH
RO BRI —IT2 5,

MONTRMIMEE— KDL, COMSTHROBRREZAMFRRESERL .

Job plot™™

RITRT &I, (dT),, & 7 7=~ RIHEFEAE, Mops SHED X b v 7 @ilie . 4
DREHLTHABL (FRIEEEIZ 30 yM/base & L7:), 80°C—0°C FTifET W<
DL S TRRIRIEHEET 1T 7, 0°C OBFD 260 nm DML ES 70y F L7 (&R

5'4)0
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F5-4 Jobplot RETRHWEBROARERE
Ratio (%) Concentration {(uM) Volume (mL)
Entry dn,, Zn" complex dn,, Zn" complex (dT)y, Zn" complex Mops H.C
1 0 100 0 30 0 0.500 0.06 2.040
2 20 80 6 24 0.180 0.720 0.06 2.040
3 30 70 9 21 0.27 0.630 0.06 2.040
4 40 60 12 18 0.360 0.540 0.06 2.040
5 50 50 15 15 0.450 0.450 0.06 2.040
6 60 40 18 12 0.540 0.360 0.06 2.004
7 66.7 333 20 10 0.600 0.300 0.06 2.040
8 70 30 21 9 0.630 0.270 0.06 2.040
9 80 20 24 6 0.720 0.180 0.06 2.040
10 100 0 30 0 0.900 0 0.06 2.040

Stock solution; [(dT),,] = [Zn" complex] =100 uM/base, Mops = 50 mM, pH 7.0.
P

#£55 CDRETHW=BROARLEA v VBR

Concentration (uM) Volume (mL)

Entry  (dT), Zn"complex Ratio (dD),,  Zn" complex Mops H,O
1 15 0 0.45 0.000 0.06 2.490
2 15 2.5 0.45 0.075 0.06 2.415
3 15 5.0 0.45 0.150 0.06 2.340
4 15 1.5 2:1 0.45 0.225 0.06 2.265
5 15 10.0 0.45 0.300 0.06 2.190
6 15 12.5 0.45 0.375 0.06 2.115
7 15 15.0 1:1 0.45 0.450 0.06 2.040
8 15 20.0 0.45 0.600 0.06 1.890
9 15 30.0 0.45 0.900 0.06 1.590

Stock solution; [(dT), ] = [Zn" complex] = 100 pM/base, Mops = 50 mM, pH 7.0
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5-4-6 CD AR FILAIE ©™

CD A7 M LO@EIZEE, HES IR J-725 Spectropolarimeter 12 & ) fTo72, &
L5 L®, Mops #&E i 1.0mM, pH 7.0 Z AWy, (dT),, DilE % 15 pM/base 17— 7% (2
L, 77= BIHEMRORKIREL 0,25,5.0,7.5, 10,125,115, 30 yM (2% % L 9 12
HHRELHTRA L7 (K 55), 90°C ~EMETO oL ) T=—1) > ¥ L7 (2 days)o-

ERNrLE5°C T TR PO —F—T—EBMTTERTIHTHEERIT -7

5-4-7 BKPTOA I/ 70 bRIE (HNMR)®®

% JIVRE

(@T),, & Zn" complex 7% 0.5 mM/bp D12 2 £ 9 IZIHRT 2, 37, DNA A
BT (dT),, A &ML, 54-3 TRUZFEICH VR L 724 > 7L % 0.5 mL DR KIS
B2, Foo—IZ#@ARL T 260 nm O % il L 72 (0.025 mL O (dT),, ik (2
2475 M OFEBAZMATHRELTHE Lz, L L, WAREI 1D EZR L
B, KEWE+TOIHAERL THTWGE L72) Ay=0.3365 THo7:D T, LD
B EETE T S & (e=8700), 38.7 pM/base TH - 72,

Zn" complex (3, ST HEEL 720 D% IEHEIC 1.278 mg FEE L. 1 mL O ZEHKIZH
Lo @ L CHRE L 2 (2 mM Zn" complex i)

(dT),, & Zn"complex DEE % 0.5 mMbp |2% 5 &) Ty Xy Fa-—TICE Lo
720 (dT),, % 12.9 pL, Zn" complex % 0.25 mL, #%27K0.637 mL A THESRE Lo
W T80°C~ FBRMEITHMATTT=— 7L, TSP L HAKO1OMLEZMAT

05mL % NMR F2—7 2B LEBOBAEL Y,

Bruker DRX-500 IC & 5Bl &% =%

Bruker DRX-500 O¥E 1M =i O EME 711 75 Ll zgpr & p11, watergatep3919 @
ZOONNATaT I ANRIETE, MEORTEOENE . BEHIELLFICHEBEICK
ER

103



FhE ATERE/ S—OTHS - &R

zgpr (FAHEAFNIE) 1. MEE— v E2fImXE, BV O T OESREL FREE 3
FHETHD. 12120, KEMBU TS -NH, -OH D E— UM< a0, HAD
5. pt (EERERE) . SILARIERALEBEREEEETH D, KE—-V 2k
BTWRARYT MM EKE— 7 DEFEHET S (Binomonal 7%). 2gpr 12 5 &7k
HUDRIZENE T, BERETIIHATLEIRAREV O ZBRTH I &
MARETH S, IEL, AR M EERDONHERIET S Z&NTET, BHE—V D
#HEADOHAEGOESZ &R 5, FLELVWEMEBES NV, NIVAT I b
= TdH 5 p3919gs IAIEIHE L (watergate 1£) 13, KE— U ZRiEE TICARY ML
S5HET D20, MAHNKDOLEETHID,

LUF, ZHE OV ATO Y LOREMLREHEEIL 72,

a) zgpr pI9 60 dB
d1 2 sec
b) pi1 pl 7.8
p0 31
c) p3919 plt -4
p1 7.8
3118 8 db
p28 31
p0 50 psec
di1g 50 psec
GRDPROG 2sin.r
p16 1 msec
cnst21: cnst 22 20:20
d16 200 psec
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5-4-8 AEEERZRNVY Y TIVREDRE

FIUEBBEERMICES, D07 ) D ESBEERIMNELTETALEY
Z'HNMR 2 W THEERE L. BHERELUTHALISY /—)LEBKNS 6.84 pM 75
W xR L7 (EtOH 10 yL, D,0 0.49 mL DA (0.343 mM) & = 512 1/50 ICIEMEICF
RUKE) (EEWMR AT AT 5 ZX0IZ4 6.84 uM EtOH/D,0 5% % [EHEIZ 0.5 mL
ANTHNMR ZRIEL/. 7OR AL ERRT S EICL> THRESREL.

FIUEOBEZANOAFINEEZRWTEIE. tEL/-EZ 3, 3.766 pmol $ 5
TEMbhol, BEAEELEE, KB KT265mLIZARL, 100pM 2 kv V8
WL TUTOERIZBWE,

5-4-9 R by IBERDBRE

S & 8 (ZnSO, + 7 H,0, 28.8 mg/5 mL). FilEsR (CuSO, + 5 H,0, 25.0 mg/5 mL).
BB = 4 )L (NiSO, - 7 H,0,28.1 mg/5 mL). Bils< 2/ % 27 & (MgSO,, 12.0 mg/5
mL). H#{L/3IL k (CoCl, - 6 H,0, 47.6 mg/10 mL). #{t~ > 47> (MnCl, - 4 H,0,
39.6 mg/10 mL) @ 20 mM KIER ZHM L 7=. DNA OE 2. poly dA & 69.1
UM/base KIZH =/ L 7=, BE#K I3 Pipes £ # 100 mM, NaCl 100 mM, pH 6.5 %
AbhwrEEELUTHERAL - (3 5-6).

£56 AbvI/BRRAEINERE. NEEE
A by UEREE MEEERE  MERNAR

AT Bl 100 uM/base 20 uM/base 0.868 mL
poly dA 69.1 uM/base 20 pM/base 0.60 mL

Pipes, pH 6.5,
NaCl 0.1 M 100 mM 10 mM 0.30 mL
Metal 20 mM 2.0 mM 0.30 mL
H,O 0932 mL
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5-5 WBREER

IFVOT7IERBBEABMEL-ATERE/ Y-

TTFZo. FIL. 720 PhIUVERDAMEOANT DNA ZE8KT 52 &8
TE. BEREEMSAN. SEETREA, EERO=ZFZHLICEGRL, hyTU T
SHTOWSINRBOGREZET> 2,

F9. EEREIS-CAFIN T/ NS BKRLTE. KEEREE pivaroyl ZTHREL .
N-bromosuccinimide (NBS) W T 3,5-fif) " DO A FIIEE=T oL, ERL
7= 7 O0F4& 3 i N-(2-aminoethyl)carbonic acid +butyl ester % K it X, ®BHEERK
BrEHh Yy TV T L. EAYy TV ORBEEN . ERHTH S
N-(2-amincethyl)carbonic acid tbutyl ester D —#&7 I > DORiEHELD . £RLEZH
TIDREEOAEDRENDTHAEEZ SN, Ay TV TICE>TERLEZ
|7 X% Boc HTHREL . pivaroyl % {1 MNaOH. THF &, 50 °C D44 T THRE
#BLTEEWE 215/, 7/ - IEEFREIETHZILESY 6 3. 2 TOBBIEH
EBATLOOFEETH .

B IEEEIE L T#E A9 B, 9-(chloropropyl)adenine, 9-(chloropropyl)-6-purine
{3. 1-bromo-3-chloropropane & BuOK fFE T THw 71 > & L T chloropropyl % ({k
BM1.,12) 2/, ARBTE-FEEMT. K 11, 'HNMR, X8 SBSEHET &
DAMTIFINRBAKTH DI ENDMN-/(F57,8. K5-11), 7 EAKIIHL
TOMHEAMKIL 27 FOWNBTRDZIENTER, Zhid. 6-chloropurine @ 6 firiz#
ALV 0N BEOETHRNRESENIDIRDIZD. NTHED NIMICTEAZIN
Pk T Y b

1-(chloropropyl)cytosine &3, > h 2T ¥ /— )L NaOH FEF 7 =4 2 &KiC
A#EL, #ZIT t-bromo-3-chloropropane =& A L T&/-.

FI L. SHEke & propyleneditosylate &4« 70 > L T7NFIL b
WE%EH, BIOK FETFTFI Ay 7T, K512 CR7T L3I,
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1-(3-chloropropylithymine (X, 7 A UHRE T TR FRBIELZEILTLES>Z L
Hibhmo7= "9, F/- 9-(bromopropyl)adenine Tb [z, SFARILZAEL 2, T
Fr7avS N EHERO SVWERAZEALEGH TR, SFRRIERIE L Y
RESNTLEIZEADR Y, WRLOMEFEL Tridrro) FETHY T) L 7
#iTH T ElZL7

77 = » ki 6-chloropurine D 6 7D 7 DL % A M+ HIZEBL, MASELT
KERD T T = o RIRH LTzo %D Boc SEORBERIEE, X TOMBFEFIZE
T 1 M HCVACOH Ti7 -7,

F+&5-7 XEE11 &@EEL7NFI6-20A0TY L OIETIR

'H NMR chemical shift

9 {ir 7 L # (ppm) ik 3
H8 8.13 8.36 -0.23 9 A= B
N-CH, 4.7 4.43 -0.26 9 fir e 45
NH, 6.91 6.62 0.29 9 fir (KR

cn

B 5-11  9-(Chloropropyl)-6-chloropurine @ X Bt Rmn
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#+ 5-8 Crystallographic data for 9-(chloropropyl)-6-chloropurine

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimention, mm
Lattice Type

Space Group

a (A)

b (A)

c(A)

4

D...(gfm)
Temperature (°C)

4 (Mo Ko (em™)
F(000)

R

wa

RI

C,H,CL,N;

246.10

colorless, prismatic
0.50 x 0.10 x 0.05
A-centered

Aba (#41)
23.989(2)
23.607(2)
7.2819(4)

16

1.585

-150.0

-6.01

2016.00

0.123

0.133

0.067

‘R=X(F,-F))ZIF]

bRw - [Ew (Fnz_ Fcz)zfzw(Foz)zluz
‘R1=X[F,|- [FWVEIF,), for I>2.00(1)

-/ T

Br

i%ﬁ/ . 55/

B 5-12 ZINFIIT70Z FEBEFEEEOSFARIERIS

108



BLE AIBRBE/ <—DTHA - &k

@ UV EEEREABBULE LIEAIREE/ T —

A/t &3 5-hydroxyisophthalic acid % HiFEEE & L THW, ALK EEISY ) —
NETIZATFNALL T, 7/ —WMkEE L LEM21 2Ry T U T L. LEW
23 DI A5 )LHML % sodium borohydride TEILL TN DN TIN5 A TIZEH

L72. 24 % thionyl bromide I2& ¥ 7O E{E L. $EEREAL Tdh % glycine benzyl

ester # hhw UL, EUE_HBTI O ORE ,—COO0Bn
\ N
2,2,2-trichloromethyloxycarbonyl (Troc) 2 THREL ., X2 \_\ Troc
O
FTOBO 1AMIZEALR thutyl 2 TFAICLDIREREL Troc
N
TPNFNTNI— A FIZE# LT, Tosyl chloride \—co0Bn

KL O KmKEEEZ TsfLL . BuOKFE R, thymine & B 5.13 NMR, FABMS &
RIS B TIAWS0 2872, Tsih 2013, sacha YPELCRBBOME
A&, —HTHBEATH DK 513 DL 3 bamNE L. Bbam~iL, F
SBAKRI0%E Troc HAEUE L7-EREERTHRAREL. benzyl %27 IV 7 UEK
HTHRAELTENETOERY 32 21772,
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5-6 #41E

AETIZ. DNA O HEREFIERE 7> 7L — &L TOHER, BEFIRRMICERT
THERFOTHA 2 BRIZDNWTERR S, ZOXIBaFELTE, 727 —h
DNA SRR K ERSERATA DL OEBEEZEA L, ¥R ICEIIE#T S
SOFHMOFEHRETHH) VEPIZAFINORDDIC, #EHERTNEEAL LS
TEEat L7z,

THEA LU bEWIE (@) ~ () £TO8 AT, @BMERTI L TToEL >
PTI . IFLIVTIN, JUSCOCEEOEAERMLLEY, BRKREEETE
BASETLdbDIE. (B (). (h) TH-o. (@ ICDNWTIRTFTFZ >, FF7 =2,
FIL, PRICRONBEEERTE. N ICEALTRFIhOREHZIEMN
T&E,
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EPae

TOTSLENHFIL. TNEHSMEES L TENOEECRDEEEZRERET 5. #x
TIHRASKEEERIZRVWGFTH, AN 0HSFIK LD ERE, AENEZD
BREEZHOREGRICRL DS S, BRRTE, EREZOLONTOT S LI N

BTOEEDTHESEE > THRE TIEW,

SEER? FTHADNA L, UR—AD 3,5 - VBT ATINEEIZL> THA
HEBNIUR— AR08 . ARV OB L T X 5 MR 72K /8 & AR,
BXUOZAYyF 7L 05 BARBEERL TWS, EEEZORMEFD. Mk
MEEIC > THD., FONVEERFERTHDOFRVTENTVS., TOV 5
LENERTTHADNA G, FONRNVEOHKEEL THEMD TR, TOMMaF
CEREZEIIEMLETL2-OORIFRICHREDADZDBDEEALS,

EHFZTIZ, —2 8 DNA OIEEESERICHK-> TEARMNICERIL TS FL AT A
OWEL BIEL/. DNA QY VB TATIL#EEORDDICT, — D0 &IEEH AL
ERTAHIEICED, B TEITEE# AL TEHEZEML T—KHEHE DNA S BEE
WAL HEHNIKFERE S, BEURAY v F OV ERKT D I LI2X 0D T AEHZE] K
THEDBALDNA DHEEZT> Iz, A TRERERKZ T L TEHERMKL TH
Zcsh, BALFAHIC K DO ERNAEIIRD EEZ SN,

E—ETIR, SHKOBRENY V52 RIZD0WTIRRE,

E_ETIE, —AHST DNA SEFIREMICHEERTIL SRF2TYI 2L
Fro THA L ELTIESBE BRI EZ Z DR, BEEERZEITLLIA0FT
b, FFNTHBRT S LR FFRTHERT DL, DL ECHZRES,
5N CSBEERBMELTIFLIPTYILERDEIDIRDTZERTSI LI
Lice Ele, U EBEBERBUELLTAETLSLOLTY I L.

FEETIE, @BHEEBRBMIIIVICEFTAEANIEE (F3I )& RHER
DNA T& 5% poly dA EDHHEERIZDODWTHRI LA, UVIRIA XY MILED, AR
RN T,

BOETIE. SRLEIFLOPY I CaBREMELTAL, 7T VEREF
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FRE

DAL DNA ORERE & —ASHEER DNA (dT),, EOMEERIZDWTIRR, Wik
WHET T ORAT DNA OfEIZ. XBHERBERAL D FRIO DO FL >
TR UNEHAF AT O ABRTERAL, I T DOKRS TN L 7R E
ANBEEREEIEE L5 2 Etbho . Btk & —AHEB T DNA L OHEEMZ UV I
RARY BIVIZ K 2R EER. Jobplot. BLXIICD ARY MLE DR ET A,
11 BLU21 EEEOHBEMNEEND Z LRI N, £/, 8K 'HNMR 23
ELREMN, A2/ 70 ICHETLS TN OERIIELZTETNHARN,

EHETIE. ALDNA OB L, ~HHDNA LOHEEEREZRRLHOEES
FEMAFREERFEICD VTR, SEEBRIBALICT UL D ERDEIIRAL
DNA # 10 step TE&M L=, 2. IF LV T7IVEBERBIELTETSAT
DNA 3. 3,5-dimethylphenol ZHRBEE & U TEEEZET 7 o / —I)VE Gk EfE
&, RPEGBR T T2 722 b2 FIOOMBEREIXRTESKT S
FHOERIEERTHDL, ZOBHRPERELD 2~4 2AF v TERTAGC, TINRT
DEBEREEZBEALLIFLIOPTICBMATDNA ZART 52 ENTER,

AMETIE. T - BRUZAT DNA B —&5HHE R DNA SHHEERT S Z &
Z UV R, mEREER. Jobplot, CO AT ML EDRL. Jobplot X0
111 & 21 DEEEMEREN, CD ARYT FILED—ZFHY DNA & I1IR2% DNA @
BEESEELEZEMNDM- ., LML, KDERMRIEATH 2 XE/ESESET, 13
J 78O b> NMR #IEIZ L ZKBREEOHERIE. RIEERZTE TN, TEREGRS
MLETHS LEDONS, FLEFEHMBERATIZXID., —FHYUONA DY P EFELET
FUORERMAOEREORINEFMT S, X, VT D HATEEEZRAWT—F
%8 DNA TH 5 (dT),, EOMHEERHERIL. FEIORHREHBETLFHETH 5.
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1 Akihiko Hatano, Hiromasa Morishita, Kentaro Tanaka, and Mitsuhiko Shionoya

I Metal-Assisted Formation of Artificial Nucleic Acids |
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2 Akihiko Hatano, Kentaro Tanaka, Motoo Shiro, and Mitsuhiko Shionoya

I Self-Assembly of Chelator-Type Nucleic Acid Mimics into a Single-Stranded

Zn" Coordination Polymer J , Chem. Lert.. 822-823, 2000,

3 Akihiko Hatano, Kentaro Tanaka, Motoo Shiro, and Mitsuhiko Shionoya, .

I Syntheses of Chelator-Type Nucleic Acid Mimics: Metal-Assisted Assembly of Guanine Mimics

onto an Oligocytosine ] , in preparation.

115



FRE

[FRFEX]

1) WS B GRRERIEERAE 1 4F), BB RBEKIE (00 Bh-TF).
BE OF EETRIHT 5 T %)

(B4 itk hFRIND AT DNAOARHESL]
HALAEE 74 MEFER FELERSE 1998 43 H

2) W RAES (o -REBY T W ALTE GeWPAE dEREE 14,

DB B2 GERTRERREE 2 1), 1B J0F GERTRIHT - EdR)
[ERAESH ST HME2 LT S AL DNA|

OAILEFE S 75 MAEFEES FHERS. RIRT 1998 F9 A

3) RE UDZ ERPAEEREE 2 ), AT e ERRPRRAERE 2 ),
M AR (T, 'S 2 GUEAES T8

[ Metal-Assisted Formation of Artificial Nucleic Acids |

F2sMEEILFED RV A HERE 199849 H

B EG E T ATHES TR, R AR (5T,
W ALTE RFTAMLIE | ). I DI GRREAILLEE 2 )
[ AJ. DNA O A&IK & ##hE1L
529 B ELFREREH O IETESKFRE BERFEEWAKSE 1998 £9 H

5) WREF HHE GEMNARIEAERAE 3 4E), HF fEKER GRARFRHENF),
& E EREEEID. W G dEeER
(Sl & 0 1% M3 5 AL DNA D&

i
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BRE

F 49 MRt Eiimes JLiEEKRE 19949 H

6) WEE BIZ GEMIRELHRIE 3 F). T OES GRS 1 4R,
AF TEGEKRE44F), B /OREE GORRCEBF), HE  0F RURRHEBED),
W i RFER)
[ A DNA 27 7 L— b & L-SESE AR A THEEO SR
BAMERE B OEFES HEAKRFERIEF v > /32 200043 A

7y WEE WE GERTRHEEEREE 3 ). TE RS GRKRAE M5 EEE 1 ),
Heh KB GRAEEBT), W 268 FRFEE®), BT oZ GRRREHIR)
[ & ) EE KT 5 AL DNA DRI E

— A $ DNA I ~® B 5451

H10BISROES T A AKMEERILY Y EY Y4 BITASI EAAT 2000 45 A

8) Mitsuhiko Shionoya, Kentaro Tanaka, Motoyuki Tasaka, Honghua Cao, Akihiko Hatano,

Kazuki Shigemori, Sachiko Arie, Jyun-ya Chiba, and Sadayuki Asaoka
[Molecular Design and Functions of Metal-Assisted DNA and Peptide Architectures ]

X1" International Symposium on Supramolecular Chemistry ACROS Fukuoka, August, 2000

9) WEEF WIZ GRMFREEREE3 F). TE Mk CRRRHEE L &M—F), Hb &

AKHEB CRARReHBY T, 154 A CROREEEEIR). B 65 HFEER)
[ERBSEERICL D FHETER T 5 AT HEREARDO G L DNA & DOHEEH ]

F50 Mg ALFTmE LmEERY 2000FE9H HERFE

10) HF AR GRRKFBIF). & (LIE GRIFRIELIE 3 4), Hik BT ok
KRR 3 4), BBEF B2 GRMF A ERRIE 3 )., T8 JESk CRARBBEH &M —
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). OWOBAE (R, B ONE KRR
(SEENHE T - EHEWRT 5 AL DNA]

5 50 MISELERRBERRY Y RO 4 @RS
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FAX

¥

AFEEATICHD, BICHERITER, T8V 53T LAERAFERERA
FRFEHOES RZEHEIRIL L DRI LET,

T/, AR HEDL T IZHY, WOLMELRT FNL AT A Dy ral %
WioEE L AREAFEKRS Y RIEH O AT IO L) E#H- L ET,
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