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Synthesis of an artificial nucleoside with a 2-aminophenol as a nucleobase

for alternative base pairing through metal coordination

Motoyuki Tasaka
Department of Functional Molecular Science
School of Mathematical and Physical Science

The Graduate University for Advanced Studies

Hydrogen-bonding plays important roles in the DNA base pair identification.
Chemical modification of the Watson-Crick base pairing mode will lead to new
functional molecular architecture in the fields of biosciences and material sciences. In
recent years, a large number of unnatural DNA nucleosides have been synthesized, and
most of them are modified with hydrogen bonding patterns for natural base pairing. An
alternative approach I have used in this study is the more fundamental conversion of a
DNA base itself into a metal-chelating nucleobase. In this artificial DNA, hydrogen-

bonded base pairing is replaced by

Chart 1

metal-induced base pairing thereby

creating a novel hybridization motif in
double-stranded DNA.  This study
reports the syntheses of a metal-

chelating artificial  f-C-nucleoside

possessing a 2-aminophenol moiety as

the nucleobase, and its incorporation
into oligonucleotides (Chart 1). These HO— 5

1
artificial nucleosides are directed 2:

toward controlling the net charges of




metal-assisted base pairs.  These
. . Scheme 1
nucleosides 1 and 2 were designed Bn = benzyi
: Bro TolO TFA = trifluoroacetyl
50 as to form 2:1 complexes with a H O ~OMe To! = toluoyl
N.
' . ' TFA +
divalent metal ion with a charge of 3 oTel 4
i B
+2 and 0, respectively. "o TolO
The Friedel-Crafts coupling
TFA
reaction of a 2-aminophenol Talo7 o + O'O
derivative 3 with a 2-deoxyribose [}anomer a-anomer
Y OTol  7.9% 1.2% o
derivative 4 afforded the desired3-C- Bn o
anomer 5 with high selectivity (5-5 : NHz NH,
Q-6 =7.9% : 1.2%). The artificial HO7 o HO= o
nucleoside 2 was finally obtained by 1 2
OH OH
3 steps deprotection reactions
(Scheme 1). The configuration of the f-anomer 5 at
C1’ position was determined by X-ray analysis and 'H (a) [M+H]" [M+Na]®
NOE differentiation experiments.
M = Pd(2-H),
Scheme 2 ‘ ‘ ( I
” )
M= Pd 2" zn2*. G 2* cis and frans isoners H
The 2:1 complexation between the nucleoside 2 [ 1 1
teter el —Hll s,
and a Pd*, Zn*, or Cd* ion was confirmed by 'H 240 560 580 60/0
n/z

NMR and electrospray ionization time-of-flight (ESI-

TOF) mass spectroscopies.

in the case of the Pd* complex was determined to be

The ralio of cis (0 trans

Figure 1, ESI-TOF Mass Spectrum in the
Positive Mode for the 1:2 Pd complex
wilh 2 (m/z 530-600); (a) the Theoretical
Isotopic Distribution for [M + H]* and

[M + Na]* and (b} the Experimental Isolopic
Distribution, where M = Pd(2-H),.

approximately 1:1 in aqueous solution (Scheme 2,

Figure 1).



The resulting artificial

nucleoside 1 was introduced ~ Scheme 3 DT o8n od=0 B
CBn o NHTFA o
into DNA oligomers with the ”O‘Er@mm — X(Bn) = ik
7 &)

NC\/‘O‘F“‘N(,‘ P 8 I

phosphoroamidite solid
[ . TTTTTTTTTTXTTTTTTTTTT : AAMAAMAAMAXAARRAARANA (X1)
Synthe“(' melhOd tO obtam —  TXTTTTTTTTITTTITTTTXT : AXAAADAAARAAAARARAAKXA (X2)
TTTTTTTTTXXXTTTTTTTTT : AAAAAAAAAXXXAARAAARAA (XI)
lhl’ee kindS Of Oligomel‘s x1 . (X = 2-Aminophenol-type {Bn) nucleoside)

X2, and X3 (Scheme 3). A

double-stranded 21 mer oligonucleotide dT,, *dA,,, as the standard sequence, was modified
by introducing 1 at the central position (X1), the second positions from both terminals (X2),
and the central three positions (X3). The effects of metal ions on the thermal stability of
these DNA oligomers have been investigated using melting temperature experiments.

In this study, the synthesis of a 2-aminophenol-type artificial nucleoside 1 has been
established, and the 2:1 complexation between the nucleoside and a Pd*, Zn*, or Cd* ion
has been evidenced by 'H NMR and ESI-TOF mass spectroscopies. These complexes
provide an alternative metal-assisted base pairing motif in addition to natural-type Watson-
Crick base pairing. Moreover, this artificial nucleoside was introduced into
oligonucleotides, and the effects of metal ions have been clarified on double-strand

formation.
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HB2L-TI)T72/)—-NEHE
MREEE L TEALLZATBC
XU LA REERL (Chart 1),
INEAFAYIIZLAFRICH
AL, ALXOLAT R, 2
T, 2fio&B1A> L2 1 1
EAEERRLEEEI, £URE
EMNEBHEEICENTFN +2 1,
0 fiiz/asLDIakE L7,
2-72X/)7x/—)FEEHK 3
E2-FAFLUR—AFEHE 4
& @ Friedel-Crafts J1 v /1) >
TRICED., BRI TH S 8-
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SEBRE DRI IR ETTILS 2 &1L D
ANLRXZ LA R 2 2#7- (Scheme 1),
-7/<-5 OC1" oHHmEL. X
MAERMATE'H NMRICEBNOE %
AN BIVEEICE DL,

AR LA R 20F, Pd*. Zn%.
Ca* &2 18K EBIRT B &%

'"H NMRIUERFESI-TOFYTAA
N7 MNMBICL OB L2, pd iAo
iﬁA\ KPP T cis & trans D1 -

REMTHdENNshizxns
(SchcmeZ Figure 1),

ANEXZVF RV 27427407
A PEMEREEZNODTDNAAY
Tv—~NEBAL., dT,, dA,, DOHRiz—D
BALE X1, @hE5ZFHIC—DF D)
AU X2, Fi-dhiiz
=DHALE X3 215
D% (Scheme 3). =
NSODNAFAY I
—iZHTHREA A4 >
DI R Z R ERL E
IR W sMhiLi,

() [M+H]"  [M+Na)*

Scheme 2

et

Scheme 3

M =Pd@-H);

A

Dmrmkr@ 0-_'%=° OBn
NHTFA o
NH,
Mmm X(Bn) =At7/@
7

NC\/\U P\NU Prl;

Schcme 1

Bn = benzyl
TFA = trifluoroacetyl
H O _~OMe TOI = toluoyl
“TFA +
3 OTol 4
Bn
™o TolO
TFA
TolO oIO
anomer - anomer ,-
OTot  7.9% 1.2% Bn

H
NH
HO— o
2
OH

O
M —COH
N

cfs and trans isomers

M= sz*an*Cdz*

(h) TTTTTTTTTTATTTTTTITTT : AMAMAAAAAAKABAAAANARA (X1)

540 560 580 600
mz D2
Figure 1. 2-Pd2+ (2 : 1)
. B FATE—Richd
LZESI-TOFTARARY
By miz 530-600. (a) M+H*
B UK M4+Nat ¢ B2 8 (0 [R) T 4k 43 i
(b) B[ Bk 5k

= TXTTTTTTTI'TTTTTTTTTXT:
TTTTTTTTTREXTTTTTTTTT : AAAAARAAAXXXAAAAAARAA (X3}
(X=272/7x /=08 B 2V LFLE)

PLlb, AWK T, 2-F3 /72— )VBIAT
Rﬁbi/bw L ZERESL L, Pd¥, Zn*, Cd* &
HARTEIR 2 B 5 inic
%?ﬁﬂﬁ%%ﬂ:&b%%ﬁLblﬁﬁﬁﬁw@iﬁgﬂéfﬂ
TDHDTHD, IHIC, ALV AL KA
FVIX 2 LFF RICBAL.
IR A OB AW S

(X2)

L7z, 8o DOk

TARBIERICBT S
L7z,
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RENESICIV HSBAMBEMKT 2 ATDNA QAR & BbE1L

(20 NS 21 it BEOMESR]

20 I A RIB I RR L R TH o . MEFORAIL 1900 4
DRETUY—=R, VA, FzWRv7END 3 AORBREFEICLZALF
NVOBRBIFENOBRRICECED, TV 27U 9y 7ODNAZES AR
BEORRIL 1953 £ THof (1. D BFLRIVICBITEDNAKEBEOR
R, TOBRDGTFEMFEORERRBICOEMND (21, 20 HLHBEIZIZ, &
MRREY VLD ZOSETHN AL SITR ST [3-5]. S SIT4MEs,
E%@%#\Iﬁmatﬁﬁb\iﬁé%*T&%%ﬂ#«t%@bto%m
RERDL 20 HEBREOEDL M7 ALEBEERFOBEREANEEEDE,
21 HCICIEDPBYICH L TET TR, ENOELRFL RV TERFEE
N, TORE, RROEFT. LEERRERBENCRETTEHLAEZY. &
GEFOMAENSRHEL DT A EW~ZD, BAEADKEICE - =EIER O
KODPRBOHEZEMELZZDE, EABAIE S F—F—A— REBEALL
LTS THAS EHEEINTVS (6]

[ LA E OB R ]
EENKBI2HEOBRP S 2B THTEBRETINEIL. 20 25
FULORICEFEICREL TE/2. EREICOE 3 $BERICH 5. 2 OFE
BT, 7/ A5 =) (tnm=10"cm=10A), HBNIFNEDBASLZ
TIWTHEL., BETS, KAr—o4EBEOECL2S0EAN RS
HODHI L downwards & NAT— )OI FESRICET IR OHIH %
JEVF B2 & upwards 1Kk o T HARRICHEIET BEEBIL building block %8
., H5ITHFMETD "bouom up” 7SO —FHBREINT NS, EWFIE



WCZ2OERELDODACHBE ERER

¥ (Figure 1.1) EWOHEEE. -/ #% MR (£&)

B THENET / BEME~DIEE ’/
Eﬁ¥\\

ME7 TOo-FEc, BOEEATN P

TETHED. HE<DILH L MR ﬁ?‘g*\\

RFB
WMEINTNVWDS [7-10] . ZHS5DH

Hi2, FARERERMLTWE s Feurell PHEOMLT REERE)
D. EEYEEBRT D8RS TH
BREDLIITHEA EMBENIIDONTOTARFHAEEZ DB O TIERL,
E@HT, XTLATR TR BE. RIECKEOX D, FADRGN
B OEAM building block LMEERZWAL IS OHFIIMELFMIC S
THY, BLOFETES FLPAINIIESLINGS. LFEREEMTE
BT AREDEROBMNT T, BL4ITEMESDT building block ZfEG S/~
DIEZRICEMLZO LT, 2FBEOEZDOH L\ building block % A0 H
TIEMNTES, FHiZ. EERHEERZERSFICEATS I EITERE T TOB
BELICH T 2EERRIFHO DTHLI LE—RIIZITANSN TS,

[DNADOHE]
EHERNICBWTDNA, RNA, O NNVHEREQEKRESFIX. BEIZH
WINEIATLERBEL. EHEBEHFLTNS, DNA (FFFI YR
HiEe : deoxyribonucleic acid) (3. HEBEEEZFTEHT7FAF L UR—-ATH2 X
LA RN, UCEBPIZAFTIEEICLOBEL, NANZEKEE 2. S48
WCBKEESEAGL, KPTEEZO_ESTABEEZKR. #IFL TWa4E
hEFFTHD (Figure 1.2), E/-. b b, B9, Wty BABREMCIESE
T, IR EOSTOEYHOMBEEPICBLTEELEMERETICET 2F%)
EEoTWSD, EMIBUTIBRLEERBR> T THH S (11, XA IR
BZDORBEYA TOANTOFEFEEERERE. YU 70 NY
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Figure 1.2 DN A Of#iE

JaY RTHB, DNARKBIFBEYIPERITIFI (D) £ b2 (O,
T UEERTTZ (A) EFT7Z (G) THB. TNSD4AXFORES
DEFNZFDHEDNDNADH DR FHEHRTH D, T OILZ—7 IRHRRT I,
£TOMBE 7Ot A ZHET 201y NI BICERS NS, BIEHSI3HE
MTH DY, ZDOHMHNEZDNADSDWIIRNAHMOEEN R T O A
FEBMICHEMTH B, T Y - Uy ZBEEICB W TIIHEMEEICET S
ZODOERBWRIN—IVIRSHS [1,12] :

Ob=)V 1) KEMHEHME (A & GIE. ENETN T & C EXZBRT %)
Ob—=)V 2) B Xt (RERT) INSBREVID 2 EMNEDLSD)

DNA AR OEES TR F—IF. KA TOBKOEEBIEED -n A5 v
FOUMNESEL, 2E0REMEIT FEROBEEMERDOIN—IVIZE DL, XD
NAlIZ. F&=2_—FEo5HALNCDH, EEZO_HEHSBA, —EHSEA [13].



B i

Y NBRARE 3) REOERBEERELIEBHONTVD, LR
2T. DNADDTFREREZEELL XN TER, R ITLZZEICED, 0
B EME2ERETIH UL S 5 TE 28 ENEYNE 5,

(R E A Z BT 2 5 F DI EFEAIAN OIS ]
BEHEEEBT 50 TFERY

DILFFER O RV DO —# & o~
LT, FESIE, AR Hacm,l,j?
BRUEDFHMN, DNA—ZT " -
ARSI TES 2 &ERL HN N_j" X w
7= (Figure 1.3) [14)e TOWHKT DNA
MFEINLFTFUIZEBEIT Figure 1.3 RESHMRLE GG IAV YT
Fid. HHERZKEEENNS— > BEATTHHT7FUI LRI
ERHATAIEICEST. GG =

ATy FERRMICEHTS. Hol3ET, 200V 7 e RMICERT
ZEAMT. J7 2 MK REENRY -2 2435 UFU T EY &
H—THELEBEZRE, ORLE. ZOFT7FU Y BEHFHET. G-
G IARYFEFTBEDNAZTY I -l & kL TRIMICRFE
ez L%, BBERICIORL, S5, FI7FUCCEEBR 27 B
Hxt, 652 HEMODNAY > TNVAHD G-G I ATy FEFRMIATTSZ
&, ZBESTEY S H-ICKDEEMLEZRAI YT XE B (surface
plasmon resonance : SPR) ¥ > H—&MWTHENMI L, b R LADIFIER
T INABE, /L7020 FOFLREEEL T, EBOR
FEA N Z X LDORHIZE S92 SNPs (Single Nucleotide Polymorphisms, — 4
ZR) WAED ST EMBITOoNTNSED [15], BESILIOHMFEIZEN T,
ATL73-F% SNPs BRHIZIGH TZ 2 neEME R L 7=,




B1E T

[ATEEL AL DB 3E)

BB AT BT D KRFEZEE. DNABEMNBERICHB TS, SEINMES
WHENWTHERBHZHSTWS, TRV -7 v 7 RIZ{LFETEML.
HEMZEPT I LATENT. DNAR®RNAMICERI NS YIREITRE
FITIAL. BARICKOBMRINAEDFTOT 5 2 D/ EHRVEMHEROBIMR
2T, EMRKOABNRI L bOo—)o, BHEBFOSBICBITASY
UMD FORBEA LR TE 2 K EQ iR D 5,

EE, Z<DERARDNARXT LA RMRGRINTHS [16), TNOOH
T, RAROZODHEEIMZEISIZH I —DHLWEERZMAL S &35 A
%% Benner. Schultz, Kool 5ZHOIC. BAKITADR TV,

(1) Benner & DKFEMEGIT L2 ATHEEENIERE
1990 £ELARRIC. Benner

a b)
SIFIERRBKFRE S /Y Q*K}‘
i HoH " N==\
5 — 2w P LISEE A, L™ w OSSN
s U] o X ) N._-NH
PTIJEUYY k) - H)\N/ WY
K II'I N N _N. i =

FHLRLL (X)) EE %$K}\ I?*w“
A, BLUk-AFNA M T o

FIITANIAT 2 (n) ﬂ/
HEMICHET 2 ®E 21T H)\

7257z (Figure 1.4) [17-

19], NS DOEEMT Figure 1.4 a)Benner SABRELE, JEXKRE

13, KR E - ki KEREG/NG — & LI AL ER
BRY — S HEIL o T by ¥ b -YT L KREEN

. LML, INSOMBIZBNTIE, BEERMEEKOHES#E LWL, DNAR
DAS—HIZEBWMDAS, ERVFBTHD., REOBESANH >,




F1E

H
E

(2) Kool 5 DKFEREZN I VWIEEXOMTE

TV ET)9TIZEEDNADKH
ERELK. DNABEBIZBW T,
EXHEOMBHRKEESELBERAYR
THLHEBUENTELN, RIED Kool
SORRICESTIDORBMIIEINDD
H5,

Kool 5. KT, RBREEDF 3
SRV FIUKERUHL SR ETS Y
VER VU FEE F BT, &
U 7= (Figure 1.5) [20-23]. “#15%D
NAFVIT—ICHBAL., KERKEDOH
EADNAZFBHOERE M ERICKIET
FBIDVWTRHLEER, T8k
AW BEOWARICH LT, KFEHEN
Y USSETI W ZRLU I,

EHIZ, DNARYAS—FEHL
ZDNABRIZBWTIE, S~
O “MENLEEE” ZZMRDNAGRK
DEBSIZBNTEETHY., ThY
=V w I KRERED, T S
EEVIDURED, BHRTHER
IR B IR ISR E Tld s &
DRERZERLE (24], 513 Figure
16 IRTXDIZ, BV XLt
RE&, gHBERZB LWL

\d
[t
i
\l
>
\H
I
\J‘
3

Figure 1.5 LB : 7 7. F 3 2 2N
FB : 7F = F N

TTF=r ) FM

| M

abasic nucleoside

Figure 1.6 LB : 757> .F3 E#x
TER:EL & BREREEEZL LWL TAEY

DR—AMERDEE



A = A

R S722 MM, KROT Y -2 vy HEH EFERLKESTHS
TERHEL. VLRI LAFREU SEERLTDNABMRISE 7 -
FET B, BBEEOTVHTFIHLT, EL X LAF RAMRE, 155
MICEASNE, £, ChEOMEZERLT, DNABEO—BNAET
BB, MEEEHRN L RBELE S~ T AT B SR L. Ch
S ORRE, ATHEAKAOKESRMEOLEICSD 55T EER LA
BT, ATHB OB LB bDTH S,

(3) Schultz & DIEKFERE S BYBLRE A X
Schultz i, T Y =2 1) w7k
FEhE S BUKIEH B ICB E R A

IKERCRERE AN 2R L /-
(Figure 1.7) [25, 26].

2 QOIFKREERBEREREN, KRH
HEXICILEL HH WX nEFID, £
EBREICHEEN EHRT 5 2B 50
WU [25b, 25¢, 25d]). S HIZDNARY
AT—BERW-BEEMNBAIZBNT,
RAGBREE TR T 2 HE TR0 AE
NBZEZRWHLE, TNSDIEKE
L ARBEOHT, .74 > k), Fgurel? Shulz SR LE
(TAD) &4V HIVRZAFUN UCS) TRREE I
MOEREINDEEIMCERBL, 7A1 & ICS OFEHBAETH S, Yooy
~ (PP) & CI-AFILAVAIARAFUIL (MICS) ZENENHRI. &KL
7o PP XM LT MICS, 7. MICS IZML T PP NENEFNREMNIC, D
NARIAS—HIZXOHEMTEBA I NS Z E2E L. BIZ, PP—MICS &




B1E Pt

HHWRARD AT, G-C |EICILHT 28, DNAZEPEELTLTDI &
HEER LT,

(REEER DA R
DNANDORRBEDOBANDNAOKELICBI2AARFETHI &
M—IRENCZITAN SN TNS([27], TNE T AELEB QB (272, 27b).
BALETE 2B B QB [27c, 27d, 27e]. WHFE~AORMEIBE L 2B8
BB ZZIVF)IXZLAF R (27, 27g]. DNANA T ¥ ¥~ 3
yéﬂﬁbt%&ﬁﬁ%DNA@%[ﬂm,DNAA47Uﬁ4€—y3>%
FIH U780 8 R R N A YW (274, 27j, 27k, 271, 27m, 27n]. DNAZBELT
TINF—BE 270). BFEEI AT L [27p,27q,27r] BREMPEHEINTN S,
it.iwmmBmTﬁﬁftymﬁgﬁu%mwﬁbf5é(m&m

(EHDT To—F]
DNANDOREAF 2 DHEAIT
HLUTHRADH WY TO-Fid,
DNAHEZFNEHE2LBFL —
MKERIE A, EEMNICENT S
Z&THS (Figure 1.8) [31-37],

R

0p-0
I

INSDAIDNATI, A% A,

SRS LV BERENS Ho 1 Ry = OH, Ay = N,

BEMICBEERASNTEY, % 2: P =0, Ry = OH
OH 3: Ry=NH,, Ry =NH,

NIZE->T, ZHMDNAKBIT
LN T F A~ 5>
BRAZAOHL TS, Zo7 S
O—FIZBNTIE, AV IXILAF RAOLBBAOEADEHIZ, DNA
WETNESNEBEMICF L — M2 SOBREEAL AN TS, 45

Figure 1.8 FHESHERL/L. &EEUY
HEEMLEATII VAR




HEIL, FL—FEZDHD
HEF—Ik 8 5 -7 2
PUT7 I 3 EREEEL
LTHTBHBAT p-C-
X VAT ROERIZDWN
THRATEAICHEL .

COAIDNAZMHNDZ pigure19 4&EEA#ES%FIALEZALDNAOKH
k0. DNAOHDIZ (@) HTER () BRMEZR © ZESEA

EHRNICEEA A > ZAN

720 (Figure 1.9(a)). BRBEBA 4> 2 EROEF TUERSNDATREEND
%, B OBICREOELICE EMEEDOELZEZMNAL TDNADE
KEBEZHBE L. TOSREERASIANGHT S Z EICHBEERNFLNS (Figure
1.9b)). &BEMEEZFIALEL=ZE5

HFADHRBHF L N—DDHFMTHAD ?Q]
(Figure 1.9(c)) . KRR DB ED HN
Hoogsteen ZI/KFEHES DIEICHEHETE o----H—NH)’kN_{' T
BEEA A OREEENL, KRR ,W"—“"'"L ",
Cq

HEoVAZBRIESZLEDAETHD

(Figure 1.10). HFL W& A TDT7 > F Figure 1.10 &REMZESCIDV=ZESTA
Do AU TR LAF K OB PRI RALAG Wl b
TE3, ZOX5R7 7O0—Fid. RROZDDHEHEN, AT & GC DI,
w=, BEHOEENELTOBREHT IV T 7 Xy OGRS, 5B AR -
TEEAHEL THERDZBEDHF LD NAKED 2 WIIHEENTED Z &2
HmaEnNs, EBREMBESICX> TZESHAEZERTSDNADOHREHIZTDN
Tid, YHEBIC K BREELK [34]. HiAIT/R> T Schultz 5 & Weizman 573
UTO#HEET-> TN,

10



H1E J¥-5

() Schultz 52k %, &EA A2 LmEEx
Schultz 5 & = EE {7 T D
pyridine-2,6-dicarboxylate (Dipic) &
BERLLF O pyridine (Py) 573
HEAMEDNALY) I —I2H
AL, Cu* ZETFTDNAD XK
MBESNRELLINB I LERL ¢ Diplc Py

7= (Figure 1.11) [38]. Cu®* MFFH

L7y & =243, Dipic & Py %

ENETNPRICETSH2HDDN

AFX)IR—3, Cu” #EAETFT CREAEORENIJET T2, cu HHET
THREELZAHEHBRTDIEE UV AT MV ERWEMRERICE 05
L7z, o Cu* OREVHMT 220N T, ZABEOLESENMNTS 2 &
DRUIZ. CODNAZHEBEDOLEIIL. Ce™. Mn*, Fe*. Co™. Ni*. Zn¥,
Pd*, Pt FIEFTRERINAM o/, £/, EPR AXY ML D Cu A
“OOBENMFRICHFIEL, HEMEEBRLTWHWSZEHRUE,

Figure 1.11 &E~0O#4ERIZLS
Dipic & Py & EEDIEHE R

(2) Weizman il K 58BMF Z2 MU ATHEEN
Weizman 5id. BB Z.
(Figure 1.12) [39a, 39b], T DX
JLALREDNAF) I—IT

7
AL TRBEREFIL, Cu o L
T TDNA KRR
N5 L &R, FhAAKRD OH

TIFAREICIDU VBT
FINREEET L B35 & L. Figure 1.12  Weizman 5255, FL— hBEELT
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NDVNWEEZKFBRMCLOREET L &CLD, AZXVLFR 1 %
.
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244 AIXZULAL RGBS

BIEE (23 ALXZ LA ROGH) THok 22732 /7 /—IVEAL

RO LA EDT /- OAREEIL. XBREERAETE 'H NMR 2B
% NOE ZANRY P FERICE->TRELE, TNHOHRITDNT, KE
[2-4-1. ATXZ LA RO X BEERMAN & 12-4-2. ATXZ LA TR
OIEEMELE ) BV THHT 3,

2-4-1 AIRI LAY ROXIGE AR

BEEREELT 2272/ 72/ —)VRBC-X 7 LA R 1159 55k
8% Scheme 2.2 IZ;RT [14].
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WHREIC Mg S 72 (Figure 2.7). F /-,
227272/ —ND 4 fLTTFF
DAR—Z2EHELTNE I EBHSMN
Elro7z, T OXBERBENSES
N 'H-2acH & I''H-2'8H K
MTLS_HEARZETRER 367 &
158.9° TH -7z, 'HNMR JEiZHiL
T, X7 LA RICH L TRERIZH
BIN/- Karplus HEIBGE [18) 218
HEBE. 1y 7)Y R EnE . NV

N 59Hz & 96 Hz THD., D o

L3 RIDEBRBSEEPICHITSZ U R

—AOROVAHRE LRI B pyr  Flre2? p7 V0T DX SiciiiE
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AL TS,
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YTEBICE > THRERIN-.

B-7 ) —REEIIBNT, 27a- 70k U,
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DIHITHEYY (Scheme 2.3), I'-TO k2 & 20
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Scheme 2.3
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AR BIVRBBEORMBBIE N/ (Table2.1), £/, -7k & -7

Ok EDRIZHHEMNRR SN,

Table 2.1 CDCI, PiZHBITDH. HEBEX LT F 7 D
B-7 /v —REHKIZHT BT RS NOE AR MIVF—4

Irradiation at:

HI' H2'a H2’B H3¥ H4&  HS

NOE observed:

H1", 10 0 0 2.0 4.1

H2a 4.2 0 0 0

H2'B 0 3.0 0 2.0

H3’ 0 0 8.0 32 0

H4' 2.5 0 0 3.8 0

H5 5.1 0 29 0 0

7Ie—RBitk 7T O U-7ORD Tolo— Oe J values in CDCl3

KRN, BEALEERIRD I'H-2'H, 64Hz
doublet of doublets  (J = 10.5, 5.0 Hz) Aol p%  UH-2Hg 107H
ELTHEHNSE, T 1’2 hy ) TolO

JEBROERIL. HHET5E8C-X7 1
Ty RiDWTHREEN LAY T
TEROBEE—BY S (Figure 2.8)
[18c, 19, 20, 21],
INSOBREAFEEX L AR

J values in CDCl3
1'H - 2'Ha 8.0Hz
1'H - 2’Hﬁ 6.0 Hz

OTol O

oK

Figure2.8 .71 RO7/v—8#E
-2y 7Y T EEONR (18]

70 BT T—BYAETHED T EERREITRL TS,
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2-3 REEODEB

General Information. Unless otherwise noted, all reactions were carried out in
oven dried glassware under an argon atmosphere with commercial dehydrated solvents
(Wako). 1-O-Methyl-3,5-0-ditoluoyl-2-deoxy-D-ribofuranose was prepared according
to previously reported procedures [22]. 2-Aminophenol and trifluoroacetic anhydride
were obtained from TCI. i-Pr,EtN was dried over KOH. Dowex 50W x 8
(pyridinium) was prepared from its H form. AR the other reagents were purchased
from Wako and were used without further purification. Column chromatography was
performed using Wakogel C-300 silica gel (Wako). NH-DMI1020SG silica gel was
obtained from Fuji Silysia Chemical LTD. 'H and *C NMR spectra were recorded on
a JEOL Lambda 500, a JEOL Alpha 500 or a Bruker DRX500 spectrometer (500 MH:z
for 'H; 125.77 MHz for ™C). The spectra are referenced to tetramethylsilane or 3-
(trimethylsilyl)propionic-2,2,3,3-d,-acid sodium salt. Chemical shifts (0) are reported
in ppm; multiplicities are indicated by: s (singlet), d (doublet), dd (doublet of doubiets),
ddd (doublet of doublets of doublets), q (quartet), m (multiplet), and br (broad).
Coupling constants, J, are reported in Hz. Electron ionization mass specira were
obtained with a Shimadzu QP1000EX spectrometer (low resolution, 70 eV), and fast
atom bombardment mass spectroscopies were carried out at the Research Center for
Molecular Materials, the Institute for Molecular Science. Elemental analyses were
performed on a Yanaco CHN CORDER MTS5 at the Elemental Analysis Laboratory,
Department of Chemistry, Graduate School of Science, the University of Tokyo.
Electrospray ionization time-of-flight (ESI-TOF) mass spectra were recorded on a
Micromass LCT or a PE SCIEX API-300 spectrosmeler. Melting poinls were

determined with a Yanaco MP-500D instrument.

2-Trifluoroacetamidephenol (5). To a solution of 2-aminophenol (25.3 g, 232
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mmol) and dry pyridine (20.0 mL, 247 mmol) in CH,Cl, (500 mL) was added a solution
of trifluoroacetic anhydride (32 mL, 232 mmol) in CH,Cl; (130 mL) over 35 min at 0
°C. The reaction mixture was stirred for 140 min at 0 °C.  After the solvent was
evaporated, the residue was dissolved in a 1% HCI aqueous solution (360 mL), which
was extracted with AcOEt three times. The combined organic layer was washed with
brine. The aqueous layer was further extracted with two portions of AcOEt. The
combined organic phase was dried over anhydrous MgSO,, followed by concentration.
The crude solid was recrystallized from toluene to give 47.1 g (99%) of 5 as colorless
thin plates, which were sublimed at 80 °C. 'H NMR (DMSO-d,): 4 6.83 (ddd, 1H, J,
=7.6Hz,J,,=76Hz J,,=1.4Hz, H-4),6.94 (dd, 1H, J;,=8.1 Hz , J,,= 1.2 Hz, H-
6), 7.14 (ddd, 1H, J;,=8.1 Hz, J,; =7.5 Hz, J,5 = 1.6 Hz, H-5), 7.32 (dd, IH, J,,=7.8
Hz, J;5 = 1.5 Hz, H-3), 9.97 (br, 1H, D,0O exchangeable), 10.42 (br, 1H, D,0
exchangeable). "“C NMR (DMSO-d,): 8 116.0(q, Jcr = 288 H.z,' CF,), 116.0, 118.9,
122.1, 126.3, 127.9, 151.2, 154.9 (q, J°c.x= 36.2 Hz, CO). LRMS (70 eV, EI) m/z
(relative intensity, proposed ion): 205 (71.4, M"), 136 (100.0, M*-CF,), 108 (50.4, M*-
CF,CO).

0O-Benzyl-2-trifluoroacetamidephenol (6). To a solution of 2-
trifluoroacetamidephenol 5 (47.7 g, 233 mmol) and {-Pr,EtN (60 mL, 350 mmol) in dry
1,2-dichloroethane (470 mL) was added benzyl chloride (40 mL, 348 mmol) at room
temperature. The reaction mixture was stirred for 30 min at 55 °C, and then heated at
reflux for 15.5 h. After cooling to room temperature, i-Pr,EtN (60 mL) and benzyl
chloride (40 mL) were added to the solution.  After refluxing for 4 h, the solution was
poured into a 2% HCI aqueous solution (1.23 L). The organic layer was separated, and
then the aqueous layer was extracted with CH,Cl,. The combined organic layer was
washed with brine, and then the aqueous layer separated was further extracted with two
portions of CH,Cl,. The combined organic extracts were dried over anhydrous MgSO,

and the solvent was concentrated. The residue was purified by silica gel column
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chromatography (9¢ x 24 cm) with AcOEt-n-hexane (3 : 97), followed by
recrystallization to afford 38.8 g (56%) of 6 as colorless needles, mp 76.0-76.5 °C. 'H
NMR (CDCl,): 8 5.17 (s, 2H), 7.01 (dd, 1H, J;, = 8.3 Hz, J,, = 1.5 Hz, H-6), 7.03 (ddd,
IH, J,,=7.8Hz,J,s=78Hz, J,=1.5Hz, H-4), 7.15 (ddd, IH, J,s =79 Hz, J;, =79
Hz, J;5=1.7 Hz, H-5), 7.36-7.43 (m, 5H), 8.32 (dd, IH, J,,=8.3 Hz, J,, = 1.8 Hz, H-
3), 8.64 (br, 1H, D,0 exchangeable). "‘C NMR (CDCIL): 8 71.3, 112.2, 115.7 (q, e =
288 Hz, CF,), 120.3, 121.7, 125.5, 126.0, 127.3, 128.5, 128.9, 135.8, 147.5, 154.3 (q,
Sy =372Hz, CO). LRMS (70 eV, EI} m/z (relative intensity, proposed ion): 295
(100.0, M"), 204 (9.7, M*- CH,C H,), 135 (48.4, M- CH,CH, - CF;). Anal. Calcd for
C;H;;FNO,: G 61.02; H,4.10; N, 474, Found: C, 61.01; H,4.18; N, 4.77.
0-Benzyl-2-trifluoroacetamide-4-(1,2-dideoxy-3,5-di-O-totuoyl--D-
ribofuranos-1-yl)-phenol (7), 0-Benzyl-2-trifluoroacetamide-4-(1,2-dideoxy-3,5-di-
O-toluoyl-a-D-ribofuranos-1-yl)-phenol (8). To a solution of 1-O-methyl-3,5-di-O-
toluoyl-2-deoxy-D-ribofuranose (15.0 g, 39.0 mmol) and O-benzyl-2-
trifluoroacetamidephenol 6 (11.5 g, 38.9 mmol} in dry CH,CI, (45 mL) was added a
solution of SnCl, (9.0 mL, 77.0 mmol}) in dry CH,Cl, (97 mL) over 14 min at 0 °C, and
the mixture was stirred for 23 min at 0 °C.  The reaction mixture was quenched by
addition of saturated NaHCO, aqueous solution (300 mL) and the resulting precipitates
were removed through a thin pad of Celite. The organic filtrate was washed with brine,
dried over anhydrous MgSQO,, and then concentrated. The residue was
chromatographed (9.0¢ x 30 cm) on silica gel with AcOEt-n-hexane (2 : 8). The
resulting solid was recrystallized from MeOH to give 1.99 g (7.9%) of 7 as colorless
solid. The resulting solid was recrystallized from CH,CN to give 0.29 g (1.2%) of 8 as
colorless solid.  3-anomer 7: mp 127.5-128.0 °C. 'H NMR (CDCl,): § 2.21 {ddd, 1H,
Jyy»=13.8 Hz, J,.» = 11.0 Hz, J,; = 6.3 Hz, H-2'), 2.40 (s, 3H, CH;), 2.44 (s, 3H, CH,),
2.53 (dd, 1H, J3p» = 13.9 Hz, J,.5- = 5.1 Hz, J,-» = 0.6 Hz, H-2"), 4.51 (ddd, 1H, J, 5 =
4.0Hz, J; s =4.0Hz, J,, =20 Hz, H-4'), 4.63 (dd, 1H, J;.. = 11.8§ Hz, J,x = 3.8 Hz,
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H-5", 4.66 (dd, 1H, Jq . = 12.0 Hz, J, - = 4.0 Hz, H-5"), 5.15 (s, 2H, OCH,), 5.22 (dd,
IH, J,, = 10.5 Hz, J,,- = 5.0 Hz, H-1"), 5.59 (dd, 1H, J, , = 5.3 Hz, J; , = 1.3 Hz, H-3"),
6.69 (d, 1H, J; = 8.5 Hz, H-6), 7.21 [d, 2H, J,,, = 7.5 Hz, Tol(m)], 7.24-7.29 (m, H-5,
Tol(m), overlapped with residual CHCl,), 7.35-7.43 (m, 5H, -CH;), 7.94 [d, 2H, J, , =
8.5 Hz, Tol(0)], 7.98 [d, 2H, J,, = 8.0 Hz, Tol(0)], 8.36 (d, IH, J;5 = 2.0 Hz, H-3), 8.6l
(br, IH, D,O exchangeable). "*C NMR (CDCl,): §21.7, 21.7,41.6, 65.0,71.4, 77.1,
80.3, 83.0, 112.4, 115.6 (q, J.r = 288 Hz, CF;), 118.4, 123.2, 125.3, 126.9, 127.1, 127.3,
128.6, 128.9, 129.1, 129.2, 129.8, 134.1, 135.7, 143.7, 144.1, 147.1, 154.3(q, Fcr =
37.2 Hz, CF,CO), 166.1, 166.4. FAB mass (positive): m/z, proposed ion: 648, [M+H]".
Anal. Calcd for C;Hy; O,F, N: C, 66.76; H, 4.98; N, 2.16. Found: C, 66.65; H, 5.08;
N, 2.22. «-anomer 8: mp 127.0-128.5°C. 'H NMR (CDCl,): 8 2.28 (ddd, 1H, J, - =
13.7 Hz, J;, = 6.1 Hz, J,., = 4.3 Hz, H-2"), 2.39 (s, 3H), 2.41 (s, 3H), 2.94 (ddd, 1H,
Jyp=137Hz, J, ;- =7.2 Hz, J;- » = 7.2 Hz, H-2"), 4.54 (ddd, H, Js.5. = 1.8 Hz, J, 5 =
4,5 Hz, H-5'), 4.58 (ddd, 1H, J¢. = 11.8 Hz, J, ;- =4.9 Hz, H-5"), 4.70 (br, 1H, H-4),
5.16 (s, 2H, OCH,), 5.31 (dd, 1H, J,.,, =6.9 Hz, J,.,- = 6.9 Hz, H-1"), 5.59 (ddd, 1H, J;-»
=6.5 Hz, J,=3.7Hz, J, . =37 Hz, H-3), 6.98 (d, IH, J;s = 8.5 Hz, H-6), 7.17 [d, 2H,
Jom = 8.1 Hz, Tol(m)}, 7.23-7.24 [m, 3H, Tol(m) and H-5], 7.35-7.42 (m, 5H), 7.79 [d,
2H, J, = 8.1 Hz, Tol(e)], 7.96 [d, 2H, J,,, = 8.1 Hz, Tol(0)], 8.42 (d, tH, /= 1.7 Hz,
H-3), 8.62 (br, 1H, D,0 exchangeable). '"C NMR (CDCl,): 8 21.7 (CH,), 21.7 (CH,),
40.5 (C-2), 64.6 (C-5"), 71.5 (OCH,), 76.4 (C-3"), 80.0 (C-1"), 82.3 (C-4), 112.1 (C-6),
115.7(q, Jor = 28% Hz, CF,), 117.9 (H-3), 123.4 (H-5), 125.6, 126.9, 127.2, 127.3,
128.6, 128.9, 129.0, 129.2, 129.8, 135.8, 136.0, 143.8, 143.9, 146.9, 154.3 (q, Scr =
37.4 Hz, CF,CO), 166.1 (CO), 166.4 (CO). ESI mass (CH,CN, positive): m/z,
proposed ion: 670.2, [M+Na]*. Anal. Calcd for C;H,,F,NO,: - C, 66.76; H, 4.98; N,
2.16. Found: C,66.51;H,5.16; N, 2.14.
O-Benzyl-2-trifluoroacetamide-4-(1,2-dideoxy- 3-D-ribofuranos-1-yl)-phenol
(9). Toa solution of 7 (1.80 g, 2.78 mmol) in dry MeOH (41 mL) was added in one
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portion a solution of 28% NaOMe in MeOH (1.35 mL, 7.00 mmol) at room lemperature.
The reaction mixture was stirred for 3.5 h at room temperature.  After adding Dowex
50W x 8 (pyridinium) (10.5 g), the mixture was further stirred for 5 min.  After
removing Lhe resin, the filtrates were combined, and then concentrated. The crude oil
was purified by silica gel column chromatography (4¢ x 9.2 cm) with MeOH-CH,Cl,

(5 : 95), followed by recrystallization from toluene to afford 1.05 g (92%) of 9 as
colorless solid, mp 126.5 °C. 'H NMR (DMSO-4,): & 1.76 (ddd, 1H, Jyo- = 12.6 Hz,
Ji2=10.6 Hz, J, 2, = 5.7 Hz, H-2'), 2.04 (ddd, IH, J;.,-=12.5Hz, J-,- =54 Hz, J-1 =
0.6 Hz, H-2"), 3.42 (ddd, |H, Jys- = 11.3 Hz, J, 5 =5.7 Hz, J¢.5oy = 5.7 Hz, H-5), 3.48
(ddd, 1H, Js5- = 11.4 Hz, J, 5- = 5.4 Hz, J5 5.0y = 5.4 Hz, H-5"), 3.76 (ddd, 1H, J,5=5.2
Hz, J,s- = 5.2 Hz, J;, = 2.0 Hz, H-4"), 4.17-4.18 (m, 1H, H-3"), 474 (dd, IH, J5 o4 =
5.6, Js-5.0n = 5.6 Hz, 5'-OH, D,0 exchangeable), 4.95 (dd, 1H, J,., = 10.4 Hz, J,.,- = 5.3
Hz, H-1"), 5.04 (d, 1H, J; 3.o4 = 3.9 Hz, 3'-OH, D,0 exchangeable), 5.15 (s, 2H, OCH,),
7.12(d, IH, J5¢ = 8.6 Hz, H-6), 7.28 (dd, IH, Jss = 8.6 Hz, J,5 = 2.0 Hz, H-5), 7.32 [d,
1H, J,

o,p

=7.3Hz, Ph(p)], 7.35(d, IH, J;5=2.0 Hz, H-3),7.37 [d, 2H, J,, = 7.5 Hz, J,,
=7.5 Hz, Phim)], 7.44 [d, 2H, J

m,p

= 7.4 Hz, Ph(p)], 10.74 (br, IH, D,0 exchangeable).
*C NMR (DMSO-d,): § 43.4 (C-2"), 62.4 (C-5"), 69.7 (OCH,), 72.3 (C-3"), 78.4 (C-1,
87.7 (C-4'), 113.2 (H-6), 116.0 (q, J. = 289 Hz, CF,), 123.4, 124.6, 126.2, 126.9, 127.6,
128.2, 135.0, 136.9, 151.6, 155.0 (g, J°cs = 35.2 Hz, CO) .
ESI mass (MeOH, positive): m/z, proposed ion: 434.1, [M+Na]*. Anal. Calcd for
CoHyyF3NOs:  C, 58.39; H, 4.90; N, 3.40. Found: C, 58.65; H, 5.16; N, 3.49.
O-Benzyl-2-amino-4-(1,2-dideoxy-3-D-ribofuranos-1-yl)-phenol (10). A
solution of 9 (399 mg, 0.970 mmol) in 40% (w/v) MeNH,-MeOH (2.0 mL, 0.80 g, 25.8
mmol) was stirred for 9 h at room temperature. The solvent was evaporated in vacuo
to give pale yellow powder, which was then chromatographed on silica gel (17¢ x 16
cm) with MeOH-CH2C12 (8 : 92) to afford 306 mg (100%) of 10 as colorless solid, mp
121.5-123.5°C. 'H NMR (DMSO-d,): § 1.72 (ddd, 1H, J,,- = 12.6 Hz, J,, = 10.6 Hz,
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Jy3 =56 Hz, H-2"); 1.95 (ddd, H, J;,. = 12.9 Hz, J,,- = 5.4 Hz, J,., = 1.4 Hz, H-2"),
3.46 (ddd, H, Js. = 11.5Hz, J,5- = 5.3 Hz, J- .o = 5.3 Hz, H-5"), 3.71 (ddd, |H, J =
6.0 Hz, J, - = 5.0 Hz, J = 2.0 Hz, H-4"), 4.13 (m, IH, H-3"), 4.68 (br, 3H, -NH, and 5'-
OH), 4.80 (dd, IIH, J,2 =10.5Hz, J,,» =5.5Hz, H-1, 4.97 (d, IH, J;.y.04 = 2.5 Hz, 3
OH), 5.07 (s, 2H, OCH,), 6.46 (dd, IH, J;;=8.0 Hz, J;; = 2.0 Hz, H-5), 6.65 (d, 1H,
Jys=2.2Hz, H-3),6.78 (d, IH, J;,=8.5 Hz, H-6), 7.31 [, IH, J,,,=7.3Hz, J,,=2.0
Hz, Ph(p)], 7.36-7.39 [m, 2H, Ph(m)}, 7.47 [d, 2H, J, . = 7.0 Hz, Ph(0)]. "*C NMR
(DMSO-d,): 6 43.2 (C-2"), 62.6 (C-5"), 69.4 (OCH2), 72.4 (C-3", 79.1 (C-1"), 87.4 (C-
4'), 111.8 (H-6), 112.0 (H-3), 113.9 (H-5), 127.3 {Ph(m)], 127.5 [Ph(p}], 128.3 [Ph(0}],
135.1, 137.5, 144.5. ESI mass (MeOH, positive): m/z, proposed ion: 338.1, [M+Na]".

2-Amino-4-(1,2-dideoxy--D-ribofuranos-1-yl}-phenol (1). To a solution of
10 (284 mg, .90 mmol) in dry MeOH (50 mL) was added a suspension of 10% Pd-C
(55.0 mg, 51.7 umol, 5.7% eq.) in dry MeOH (42 mL). The mixture was stirred for 43
min at room temperature under a hydrogen atmosphere. The Pd-C was filtered off and
washed with dry MeOH, then dry CH,CN repeatedly. The filtrate was evaporated in
vacuo to give yellow syrup, which was then chromatographed on NH-DM1020S8G silica
gel (309 x 11.5 cm) with MeOH-CH,Cl, (1 : 9) to give 115 mg (57%) of 1 as yellow
powder. 'H NMR (D,0): § 2.09 (ddd, tH, J,,. = 13.7 Hz, J,., = 10.8 Hz, J,;, = 5.9 Hz,
H-2Y, 2.20 (ddd, IH, J;;- = 13.6 Hz, J.,- = 5.4 Hz, J,, = 1.4 Hz, H-2"), 3.69 (dd, 1H,
Jos-=12.1 Hz, J;.5 = 5.8 Hz, H-5'), 3.73 (dd, IH, Jss. = 12.1 Hz, J, 5- = 4.8 Hz, H-5"),
3.99 (ddd, 1H, J,5 = 5.2 Hz, J;5- = 5.2 Hz, / = 2.3 Hz, H-4"), 4.39-4.40 (m, 1H), 5.05
(dd, 1H, J;., = 10.7 Hz, J;.,- = 5.5 Hz, H-1"), 6.80 (dd, 1H, J,;, = 8.2 Hz, J,; = 2.0 Hz, H-
3),6.85(d, IH, /s = 8.1 Hz, H-6), 6.91 (d, 1H, J,5, = 2.0 Hz, H-3), mp 119.5-121.0 °C.
ESI mass (MeOH, positive): m/z, proposed ion: 226.2, [M+H]".
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X-ray Structure Analysis. The single crystal of compound 7 was obtained from
EtOH. The crystallographic data are summarized in Table 2.2. The structural
determination was made on a Rigaku RAXIS-RAPID Imaging Plate diffractometer with
graphite monochromated Cu-Ka radiation at -130.0 £ 1 °C (0 a maximum 26 value of
136.5°.  All calculations were performed using the teXsan [23] crystallographic
software package of Molecular Structure Corporation. The structure was solved by
direct methods (SIR97) [24] and expanded using Fourier techniques (DIRDIF94) [25].

The non-hydrogen atoms were refined anisotropically.

Table 2.2 Crystallographic Data for 7.

Empirical formula
Forumula weight
Crystal dimensions
Crystal system
Space group

Unit cell dimensions

Volume
Z

U (CuKo)
D,
Min. and max. transmission
20max

R,R.S

No. of Reflections Measured

CyH,,NO,F,
647.65

0.30 X 0.30 x 0.10 mm
orthorhombic

P2,2,2, (#19)
a=16.562(1) A
b=16.933(1) A
c=11.205(1) A
V=314224) A}

4

8.99 cm™

1.369 g/cm’

0.72 and 0.91

136.5°

0.037, 0.043

Total: 35198

Unique: 3205 (R,, = 0.050)
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No. Observations (/ > 2.00 (1)) 2628

No. Variables 425
Goodness of Fit Indicator 1.03
Maximum peak in Final Diff. Map  0.21 e/A’
Minimum peak in Final Diff. Map ~ -0.18 e/A®

“ Relevant expressions are as follows, where F, and F, represent respectively the
observed and calculated structure factor amplitudes. Function minimized was w(|F,|
-|FJ)’, whete w = 1/6(F,). R=ZX||F|-|FJZ|F). R,=[EW(F,|- |F/EwF)"
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Table 2.3 Atomic Coordinates and Equivalent Isotropic Temperature Factors.

atom X y z " B(eq)
F(1) -0.5752(1) -0.2372(2) 0.3103(2) 4.87(6)
F(2) -0.5380(2) -0.3566(2) 0.3283(3) 7.14(8)
F(3) -0.4709(1) -0.2640(2) 0.4119(2) 5.11(6)
o) -0.3469(1) -0.2779(1) -0.2432(2) 2.46(4)
0(2) -0.4965(1) -0.2886(2) 0.1044(2) 3.18(5)
03) -0.2584(1) -0.1812(1) 0.2849(2) 2.92(5)
04) -0.2334(1) -0.3770(1) -0.4149(2) 2.59(5)
O(5) -0.3143(2) -0.4332(2) -0.5518(2) 3.79(6)
0(6) -0.4363(1) -0.4118(1) -0.1769(2) 2.80(5)
o -0.5601(1) -0.4635(1) -0.2019(2) 3.35(5)
N(D) -0.3852(2) -0.2557(2) 0.2158(2) 2.52(6)
C -0.2672(2) -0.2893(2) -0.1921(3) 2.38(6)
C(2) -0.2515(2) -0.3774(2) -0.2047(3) 2.54(6)
C(3) -0.2922(2) -0.3971(2) -0.3229(3) 2.48(6)
C(4) -0.3640(2) -0.3404(2) -0.3266(3) 2.45(6)
C(5) -0.2655(2) -0.2568(2) -0.0669(3) 2.24(6)
C(6) -0.3299(2) -0.2695(2) 0.0107(3) 2.37(6)
C(7) -0.3242(2) -0.2441(2) 0.1286(2) 2.26(6)
C(8) -0.2544(2) -0.2056(2) 0.1681(3) 2.45(6)
C(9) -0.1906(2) -0.1943(2) 0.0906(3) 2.90(7)
C(10) -0.1965(2) -0.2193(2) -0.0272(3) 2.83(7)
C(l)  -0.4629(2) -0.2766(2) 0.1971(3) 2.50(6)
C(12) -0.5117(2) -0.2847(2) 0.3133(3) 3.18(7)
C(13) -0.1842(2) -0.1572(2) 0.3421(3) 2.84(7)
C(14) -0.2040(2) -0.1128(2) 0.4532(3) 2.41(6)
C(15) -0.2469(2) -0.1468(2) 0.5476(3) 3.16(7)
C(16) -0.2641(2) -0.1041(3) 0.6490(3) 3.68(8)
c(17) -0.2394(2) -0.0270(2) 0.6577(3) 3.74(8)
C(18) -0.1970(2) 0.0080(2) 0.5656(4) 3.80(8)
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C(19)
C(20)
C21)
C(22)
C(23)
C(24)
C(25)
C(26)
C27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)

-0.1797(2)
-0.2516(2)
-0.1853(2)
-0.1095(2)
-0.0479(2)
-0.0612(2)
-0.1377(2)
-0.1995(2)
0.0067(2)

-0.4436(2)
-0.5021(2)
0.4957(2)
-0.5608(2)
-0.5573(2)
-0.4893(2)
-0.4242(2)
-0.4265(2)
-0.4859(2)

-0.0347(2)
-0.4008(2)
-0.3835(2)
-0.3599(2)
-0.3476(2)
-0.3595(2)
-0.3817(2)
-0.3935(2)
-0.3489(3)
-0.3787(2)
-0.4521(2)
-0.4778(2)
-0.5173(2)
-0.5429(2)
-0.5299(2)
-0.4903(2)
-0.4650(2)
-0.5560(2)

0.4637(3)
-0.5269(3)
-0.6111(3)
-0.5731(3)
-0.6551(3)
-0.7767(3)
-0.8140(3)
-0.7339(3)
-0.8640(3)
-0.2953(3)
-0.1391(3)
-0.0128(3)
0.0375(3)
0.1544(3)
0.2250(3)
0.1727(3)
0.0554(3)
0.3520(3)

2.78(7)

2.67(7)

2.34(6)
2.52(7)
2.55(6)
2.75(7)
3.11(7)
2.74(7)
3.91(9)
2.83(7)
2.47(7)
2.44(6)
2.79(7)
3.02(7)
2.93(7)
2.60(7)
2.52(6)
3.59(8)
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Table 2.4 Bond Lengths (A) of 7.

atom  alom ~ distance alom  atom distance
F(1) C(12) - 1.324(4) c)  C(o) 1.390(5)
F(2) C(12) - 1.304(4) Cn  C2) 1.539(4)
F(3) C(12) 1.341(4) C(13)  C(14) 1.491(4)
oy < 1.452(4) C(14) C(15) 1.398(5)
oy  C4) 1.440(4) C(14) C(19) 1.387(5)
o2y <y 1.196(4) C(15) C(06) 1.377(5)
O3y  C(@8) 1.374(4) c(le) C(7) 1.372(6)
O3y C(13) 1.444(4) C(17)  C(18) 1.381(5)
o) C(3) 1.458(4) C(18) C(19) 1.381(5)
o4y CQ0) 1.351(4) C(20) C21) 1.476(5)
o5y  C0) 1.207(4) C(21)  C(22) 1.385(5)
o6y  C(28) 1.446(4) c2n  C(20) 1.406(4)
o)y  C29) 1.353(4) C(22) C(23) 1.388(4)
o7y  C(29) 1.208(4) C(23) C(24) 1.396(4)
N(l)y (7 1.420(4) C(24) C(25) 1.386(5)
N(y  C(1) 1.350(4) C(24) <27 1.501(5)
iy  C2) 1.521(4) C(25) (C(26) 1.376(5)
C(h  C5) 1.507(4) C(29) C30) [.484(4)
C2)y C3) 1.523(4) C(30) C@31 [.388(5)
C3) C4) 1.528(4) C(30) C(35 1.393(4)
C4)  C(28) 1.510(5) Ca1) C(32) 1.381(5)
Ci5) C(6) 1.392(4) C(32) (C(33) 1.393(5)
C(i5) COy 1.381(5) C(33) C3B4 1.398(5)
ce) CM 1.392(4) C(33) C(36) 1.491(5)
c7  C(8) 1.399(4) C(34) C(39) 1.383(4)
C(R) C(9) 1.381(5)

Distances are in angstroms. Estimated standard deviations in the least significant figure

are given in parentheses.
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Table 2.5 Bond Angles (°) of 7.

alom atom  atomn angle atom  atom  atom angle

(1) o(1) - C4) 109.7(2) C(5) 10y C(9) 120.3(3)
C(8) O3) C3) 117.8(3) 02y C(1y N 128.6(3)
C3) o4y C20)0 116.0(3) 0(2) C(1y C(12) 118.3(3)
C28) O C29 114.6(3) Nl  C(1y  Ci2)y  113.1(3)
C() N(Iy  C(11) 127.4(3) F(1) C(i2) F(2) 107.7(3)
o)y  C() C(2) 104.4(3) F(1) C(12) F(3) 105.3(3)
o)y 1)y C5) 109.6(2) F(1) C(12y C(1) 110.003)
C(2) C(ly G5 116.2(3) F(2) C(12y F@3) 107.8(3)
C() C2)y C(3) 102.7(3) F(2) C(12) C(1y  111.6(3)
o4) C3) CQ2) 105.6(2) F(3) C(12) C1  114.1(3)
04 C3) CW 110.8(2) 03 C13) C14)  109.03)
C2y C@3) C(4) 103.4(2) C(13) CQ4) C(5) 122.4(3)
omn  C4) C(3) 106.9(2) C(13) Ca4) C(19) 119.2(3)
Oo(ly C) C(28) 109.7(2) C(15) C(4) C(19) 118.4(3)
C(3) C4) C(28) 113.8(3) C(14) C(15) C(l6) 120.93)
C(1) C(5) C(6) 120.8(3) C(15) C(16) C(17) 119.8(3)
C( C(5) C(10)y 118.9(3) C(16) C(17) C(18) 120.4(3)
C(6) C(5) C(10y  120.2(3) C(17) C@8) C(19)y 119.93)
C(5) Coy C(7) 119.6(3) C(14) C(19) C(18) 120.6(3)
Ny <7 C(6) 124.2(3) Oo4) CR0y 05) 122.7(3)
N(1)y &7y C(@8) 115.8(3) o)y CQRoy C@2h  111.73)
C(6) C(7y  C(8) 120.0(3) Oy CROy C(21) 125.6(3)
O3 CB <M 113.7(3) C(20) C(21) C22) 122.3(3)
o3 <8 <M 126.5(3) C(20) C21) C26) 118.5(3)
C(7) C(8) C(9) 119.8(3) C(22) C21) C(26) 119.1(3)
C(8) C(9) C(10) 120.1(3) C2ly C(22) C(23) 120.5(3)
C(22) C(23) C(24) 120.5(3) o) C(29) C3o)y  112.93)
C(23) C(24) C(25) 118.5(3) o7 C(29) C@30) 124.403)
C(23) C(24) C@27) 120.03) C(29) C@E0) C@ElL  118.2(3)
C(25) C24) C27y 121.4(3) C(29) C@30) C@35 122.4(3)
C(24) C(25 C@26) 121.5(3) C(31) C@30) C(35) 119.4(3)
C(21) C26) C(25) 11938(3) C30) C@aL  C(32) 120.2(3)
o)  C(28) C(4) 107.8(2) C(31) C(32) C@33) 121.6(3)
o) C(29) O 122.6(3) C(32) C@33) C(34) 117.4(3)
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C(32) C(33) C@36) 121.703)
C(34) C(33) C(36) 120.903)
C(33) CG34). C(35  121.7(3)
C(30) C(35) C(34) 119.7(3)

Angles are in degrees. Estimated standard deviations in the least significant figure are

given in parentheses.

NOE difference Measurements. NOE difference spectra of 24 mM solution of

7 in CDCI, were performed on a JEOL Lambda 500 spectrometer,
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FETIRAREEOND 01T, SRR Ik > THENEBRT 2 A
LRILASRELT 273/ 72/ —VEHTS BCRTLAT R 1 25
ik ekl 7z,
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/7 /)bl U LI O-AFNEEBEA LT AF )R — A BB
D SnCly ZMW=T V) —=FN-0 I 7YRISCED. &R 79% THHD BC-
APVFAR T &2, B 12% T o-C-27 LA R 8 Moz, 3561
VAL INE, RO TAATTEFILE ROV E. ORRERINC LD,
2273/ 72/ =)V BC-AUVFR 1 2GR L, 22737/ =)
BAIR LA R 1 OREBBBEICTY —FN-2 57 IYREEMNNS T
EMTELDT, RNA hE2BHTD 0- 7L P FIVRRIZLFLR 3
IR, K0EWAT 9 T TEMMESR S EMNTE, |
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3-1 ®BE

KAODNADOKEREEEF ZHMOBERRNICBEMZA S Z LI, BB
7T 7Ry NOIBED AR 5T, SHAEBIIR->TENT 4 2770y s
DEFIZEHET D &Itk > T, FILWDNAOKECHIEEANTES Z &R
ans,

DNASBFIET bV -2 1w 7 BKRHE EBBREERMORASY vF 2 JIT
L0, CESHABEEALTWVWS, —A#ERICBVWTIE, 7722 &F2
V. BT EV MY UBBEEROMBIKEESICI VB VNEREZ D
ERBNTONTNS, F. SEEHEEZEATHILICED. DNAHL
WHREZ (T 53 BDIIZEREAICTT DN TS [1]

AL TIZ. DNABKALBA AL 2HATHI EXMNTIHLLWT T
O—F &L T, 2BEERIMEZEENICKEBEEE L TEATHILITXD,
KEEESORDVICLBEHEERICEVERENZEFERT S ATDNADRIKZH
BELTWS, EERICEVEEBA A EDNAFICEATSE I LICL>TAE
A FDNADOH L NEREE. MENFREIND I EM/FTE S,

WEMERO RS E T T+—A &
L TSR ZE WA FIRIE. Efoa
FO—)V DA TIIARL . BAIHEEE FIC
LB E O AEER 23 > hao—)b
MEElRZ & Th5. DNAZEHEPT
AR, mMEEsE, \EERRED
SEIEZHEAL [2, 3,4, DNADH.LIZ
SWELND LD, DTEREM  pigures1 ammisesfmLE
B LED (Figure 3.1(a)). €B1A 2D AIDNA®KEH
B LIREEZZEZ D ZEICEDDNALKK (a) 2 FER (b) FAHELHR
DHEELEFELTZHAREEND 2
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(Figure 3.1 (b))e TDOEXSRDNAMBOKELE(L 4ih. BERELS) 11,

EALFRL RIS DT £ /R D AIRENES, MO FREDH N7 building block &

BN BB, SEETEL oH NH,

TORBAAIZED, DNAK OM NH,

- R b E o > ko "070 HO= o

—)E BT LIRS, OH OH

HWEFE TG, e 2 3
AFIA—NE JIZLyUTIUE

it LTREF L — 6L (Fh

ENHTFA=I, o- Tz L

TI2) EAETD 2 fiHOSES

L—hX2VLFR 2 & 3 %25

Figure 3.2 ES ARz & 0 BB %
BT HALRT L4V R

H, H,
SN 540 HO N\Pd/N
/ \O OH SN OH

Figure3.3 R5 142, 20N TIIL14 &
210 HAERRT DAL LA VR

KL (Figure 3.2) [5,6,7] » XZLALR 2 & 3 0HRILA4> (8 HBHW
BRSO LAF 2 (5] &, TRENLER 21 8k 12 & 13 2HKT 2
ZEZEROLH LU/ (Figure 3.3),

2272/ 7x /=3BBSR A LRI T A EAREINTY
S il (D AA2 [2,10-14], Y2H () A4 (2,13, 14]. Zw4 )b (D
A (3,9-11, 13-15), 27NV bk (D) A A2 [3,9-11, 13, 14). T (1) + 4
o [4910,16, 17 NT UL (D A A (15 ARIA Q) 14> (9,13,
17}, BTN 2:10 SHEEWR L. & () 142 (2, 4] BAFTHL ()
AF 44 30 SRR T S, Fh & D AF>b 227371/
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—WEMEMRNTS (13, 14]. Z2 7272 (0) (18] &id 110 $itkzE. L7
ZoA D AF 2 [19] EHHEEERT 5, 2-7 3/ 72/ —VEDEBHIE
ML L THEWIWEFOH D (18, 19]. TNHOTEMS, 2273/
T2/ —=NVRIZZ LA RERAWEALDNAORIE M A 2 & DG #EIC
BUER SN D,

FETIE, F2ETER LA 273 /72 /=B BC-X 7 LA RD,
BRAF L BEEMER LRI L, 3-2-1 BETRENSDULAIA L ED
BEEMZ, 322 BETHERNAAEHDRITAAMFT L EOHEERIZDN
TR L, TNSOREIZ. FUITDNARIZEA SN & ERAIEEN O
Wiz PRI LT, AHRERESABTHAD,
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3.2 BIESEBA A ERAWIIERNTKREFOFE
3:2-1 NSPOAAF U ERBWDEENTAR

OH X 2
HO HO Pd —OH
o KoPdCl /OD 0
1(_7’@%2 ) AL o
NaHCO, : Hy H;

Figure 34 BEEELLT 273/7x/-\24HT5
PC-RoLALED, NITULENMTHDNAEEM

AETE, 27X/ 7/ —VEaBBERELLTETEZXILAT R 1 &
PA* & DRBEERICDOWTHE TS (Figure 3.4).

7. XZ7VLATR A E KPAC, EDBERE, HTIEBO NaHCO, OfF
{f£F. D,0-CD,0D (4:1) D 'HNMR ARZ MUz X DRI L= (Figure 3.5),
G T FNE, 1 OHADBEE. 1 & KPdO, D 21 BEYOERE ETH

6 . .
5 R (a) 3.H
Pl oH
R N
3 B, B, TR

KzPdCiy {cis)

—_— +

Scheme 3.1

3-H (cis)

. Ha
0\ /N R (b) 5-H (trans + cls)
/Pd\ -~
R N
Hzs °

3-H (trans) 6-H (¢/8) 6-H (trans)
(trans) l d
R = deoxyribose ﬂ‘

T T T T T T | i 1

BLUIRER, Pd* & DHBRIZK 51 72 70 68 66 ppm

FUTMAORERBEADVBZIN  puure 35 kpdcy, EFETFEGETE B
72o 3-H & 5-H ITIRBENS 21 5. 27L42 K 1 @ 500 MHz 'H NMR AR

v hOIHFIIL, BEEICEREM 7 M1 =20 mM, [Pd"] = (2) 0 mM. (b)1.0
ST L. BOHREIT PEBEEDM mM. [NaHCO;} = 2.0 mM, D,0-CD,0OD (4:1) ',
IZHFILTARELS o7, —F.

27°C
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6-H ICWIRIND 2ty b T FNE. NI TAFRGHETIZBITD XY
VAR 1 QLT FIVE 0B EHBEBAIZENS, PAOBEN 1 oBEDIZ
EAEEFTELI EZITHHRIZR T U2 (Figure 3.5 (b)), THEND Y
TN COSY WEICKDBBL 7z, FENMMTH S pdskicH L Tid

VAL T ADIZD ORERMADNTEIE LB, b T2 AMEKICBN T, pe
KHELL 207/ L—rRBEOHMTRID NI VAR EZEL. 6-H
DT FINORBIEL T, SRR 6.62ppm)D | Ly hDLFF %,

KOFWETEEEZGTD I CAMBIRBL. P AKRBLIO NS > 2k
CRIRSND 6-H ST FIVOBMELLIE, MABNRS SO LDERE DL
THIEXEVERL, A KMBREo7 (Figure 3.5 (b))» 7.11 ppm 125,
581% 3-H 70 b A3 6-H (trans) EFABEDEILER LI EMD 3H (trans)
CWHE LTz —, COSY AT MVIZX D, 5-H (trans, cisy BLX 3-H (cis) 12
7.02-7.09 ppm DT O— R 7 FINIEFNB T DM 57, 3-H (trans) 12
MU 3-H (cis) WEBBICHNEZZELD I Z2ED 3 fd b T2 A kOFHIz
IEXBFHENEWEEZ NS,
SARD 2T I IHEM ST
DYE L~DBEFH-ENAENT
JFLEDRT O AMTHE I EM ‘

(a) [M+H]*  [M+Na]*

M = Pd(1-H),

i

5. FIUAKIHA 3 LOBTEH A
Ehm<olkrEX N5,

b2 AREAKROEIEGIE 111 T
Hol:

1 & pdED 2.1 SR AT 530 540 550 | 560 570 560 590 " 600
nyz
'H NMR & 2B OBRICINE T,
S e, —p . Figure3.6 1 &@ 1:2Pd"SafkizMT 5,
DITATE-REBED. AV yos st |iBds ESLTOF © 2
..._-)l/[lj 0)%’1{$® ESI‘“TOF -—\721/\0 AN "‘)l/ (”h’2530'600):(ﬂ) [M+H]‘

& [M+Na)' ICHT % BEBAIE A 1.
7 PVIE, Figure 3.6 157 L D12, () EREOFGEKIN. M =Pd1-H),.
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1 & P OEIGITH LU THMAGME S Z /2. +1 HEENREA A M
[Pd(1-H), + HI" ICXET D, m/z 555.09 IZHLZEH D F ) (Figure 3.6 (b))
TEGR R A AT (Figure 3.6 (a)) & HEL<—HL /=,

IS DRI, KBEPIZBNWT 1 & PO 211 SENLETHL I &
ZrRL. “REBEREA BZELT 2272 /72 /&S BC-A7 LA VR
15 B4 2R LEHLWDNAKRREMELSAD T E2FHL T,
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3-2-2 BT ARIVLAF U ERVSERMER

Scheme 3.2 HO

o_ H
Ho OH HO N \\NM
0 O Njw‘o OH

NH, ————

H 1 HO M=2Zn': 14

AETHE, 2273/ 72 /= )VEBBELELTHETZIZ LA R 1 &,
Zn*, CA*LDSBEARIZDONTHET S (Scheme 3.2).

X7 LA LR A ODMSO-dIEHKIZ, 2 YBD diisopropylethylamine, 3 &
0.5 HED Zn(NO,),6H,0 3L CINO,),-4H,0 A, 'HNMR ZARZ% k
WEME L (Figure3.7). X7 LA K 1 OADEEE (Figure 3.7 (a) Zn®
bHNCHE MR IBE DI &
BEREEORB V)V ek @

L. Zn*OBEICR T O—-R J
TINBRE I/ (Figure 3.7 (b)), s ]
SO, RMTTRodEnNg 0 9 8 7 6 5 a4 3 2 10
S ERBEEZRLTWS, Znr ©

DBESEINLTHIZFEALEDRL

HEmIhh -k, —F. cd . ‘J_'Jﬂihﬂllkl
DB Yo idige © 8 &8 7 6 5 3 35 5 106
LEBEINZN o7 (Figure 3.7 ()

©)e

Figure 3.8 {ZId. TN 5 DEHK | i_*_u M_J A_[
O, RYF 4 TE—Rickidps © 5 5 7 & E 1 5 5 78
ESI-TOF ¥ XA Z XY P IVEIE D Figure.7 () C-XZ7 L3 F 1, )1 &
_ I Zn(NOy),*6H,0, ()1 & Cd(NO,),"4H,0,
AR ZRLTe miz SI30L 0 500 My NMR 2R 1)), DMSOd, .
(14 + H']* (Figure 3.8 (b)) & my/z  {1]=10mM. [M(NO,),] = (a) 0, (b), (c) S mM,

563.10 [15 + H']* (Figure 3.8 (d)ic ~ UFoENI=20mM.
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BB TN ORALES TR,

SRR & k<~ U7
(ENEN Figure 3.8 (@), (©)o I
ok AbE N 1 EZn*H B
W Cd* 1 # > &ED 21 8k
MEBHSNIHE S R T,

#iK 14 & 15 12D T3,
4 BT E RS (SIEHLATA
MA) #3013 6 B IE/\FE A
B AMETRA) THBE
MEZOSNDN, HEMBEWY
'H NMR AR ML ORI
NORHMT S LT TERD
7z,

bl

512 514 516 518 520  gRa 560 562 564 566

Figure3.8 1254 JE—RIZHBITH, ik
14 & 15 @ ESITOF Y AZARY R [19]:
(a,¢) MEIRHIFEIALAESITR, (b, d) [M+H] &L T®
ERAFEMAEDE, GEEM (14+H)P =513.12 &
[15+H]* = 563.10) .
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3-3 REBOL

General Information. DMSO-d, and D,0 were purchased from EURISO-TOP.
Zn(NO;),*6H,0, Cd(NO,),*4H,0 and NaHCO, were purchased from Wako. K,PdCl;
was prepared according to previously reported procedures [20]. 'H NMR spectra were
recorded on a Bruker DRX500 spectrometer (500 MHz). The spectra are referenced to
3-(trimethylsilyl)propionic-2,2,3,3-d,-acid sodium salt or trimethylsilane. Electrospray
ionization time-of-flight (ESI-TOF) mass spectra were recorded on a Micromass LCT

spectrometer.
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34 F&¥

ARETI, Pd™, Zn*, CA*M AL OBREING 2-73I /T2 /=)
BMAIRIZ LA LB A OBEMBRIC D W TR T 7,

D,0-CD,0D (4:1) WA HBNWT, 2-73 /72 /= IVBIATLXZ LA R
1L KPACL, N5, 2272/ 72 /)= VRATIOLAL REPFAALD 2:1
MV END T LM, ESITOF YA ZARY MLlE B L, H-NMR Il
CXOWENE o, £, FRMEAT 21) THD PaEAICK LTI,
YAE LT UADZODREREENFIELE DN, M T AKRE S AEDH
B L1 THBIEM HNMR JIEICL DS M ER o, PEAAICL S
2273/ 72/ = NVBATRZ VAR 1 oEIZ. KERDNAIZESN S
BMEMEH LRI, F—FH L TRREND 2 LR S N5 (Figure 3.4),
FUIRTLFAF FICHEAINI EE D PAED b5 2 AKE > ZUKD LI,
DNAZU I —DZEBTEROBOE LR IR THKE < BT 2 L 740
LTWha,

DMSO-d, IRICHENT, 2273/ 72 /=) BRATIZ L 42K 1 &,
Zn(NO,),;6H,0 & % Wd CA(NOy),4H,0 M5, 2273/ 71/ —=NBATLRY
LAY RE n*H 200 Cd* 124> D 2:1 SEKAURR I N D T &A% ESITOF
NAART MIRIRBICE DS M ElroTz, LALRAS, SEIOREN S
SARDRME ZRETH I LI TERN 5 72,
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4-1 WS

BBIEANTEHEERORCEEZE> TS, BEES T3, LFEMN
ZITD LK T, BETRERMEZ EDEMENGAOHL ST, HL L
T 7Ry bEAWTHERBROHEZER TSI LICED., HiL WigGEMES
T BWFETFERD DS (1,

[DNADE#EERK] (2, 3,4, 5]

WEMCERY NV BEEEIEZICE. BRNETIY O VHEEI—R
THDNABRKETHS. DNAZAFT IR 2MEOHiENH S, —Did
BEREMICERT S HIE [6) THD., 3 —DIAMFMIERTEHETH S,
DNADL¥ER T, BETEHTHRODNABBSRETHAD L —s T
ADDNAZBRIZH{LEMNTESD, BEOLSBIRRICES L TITIELL
FOESLBREMNRH -/, DNAIWL, HE, B, U EE2—2-9 FELT,
BZROIy M= DR b DROT, A2y b1y bERA E
DIRVTWIFIEEWDTTHBH (Figure 4.1). 1960 fﬂﬂ:%wﬂiuﬂ:f\

R 2 . B2
: -9
RHEO— o ﬁﬁgoﬁ
o]
o + (R R
o0 T3 0-P=0 (o
OH  HO— &Wﬁ§T"J
_ O A O{R M

Figure 4.1 1960 FfRIZ B3 DNA & ki%
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THEOOEENSHD, 10 12w FODNAZEZDIZHMENTR> THHE
FEHORFRNNNEIEFBHTH o,

(1) REHICBITAH0E - #. VB BECENESEZBLNEL. B
HEM T ERESE, D, 22y MEERICHBEICA T S REEEZHERET
LHBERH T,

(2) hHw U275 100% ETRETLRWEDEIEYNEL B,

(3) EEREEIZETRV. KIZZThIMEITS,

(4) —AF v 7ZEZHNYEXBL 2TERS RN,

LU, 1980 ERIZARZ L NS OMBER— DT OBRINBIERALBITL
TWholk,

(1) BEEICHBIAREE  GHEEIC DI RVRT LAV TEZH YIRS
EVBEINL (7]

(2) WU TBEEAE 100% DB TETT HRBENAFEI N,
(3) BRETFOABHNRN, XVBKNZEERACEADS IEKXEST,
EWARICBERTBEIZEDIC L,

(4) BERMBEEBIRICEET S ZEICE 2T, BEERELRHETETT
SRERIEZRITA S L DI .

RETHDNAHHARENHRE N, L&A EEOFFIRL<ITH, A,
G.C.T EVWINFEIANTTEBARCHTHEROEODNAZHEI
ED Z EMTES, (Schemed.l) [8,9].
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o
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) o
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—In - —In
Fyro S
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aq. NH, O=-p 0] o Base
o _k_j oL
BRRERO !
RE S ] L

- B R
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REDTA# A 7407 351 MEIZBWTIE, XKRBROXIZ L FF RTARLST
H, KBEE2ZODFETEeWTHINIE. —FH% DMTr ETRHRHEL. bS5—
FHETIFNAMRIZERTNEDNAWCRATEZZ ENTES, Lo THEHR
WBTBALIZ LAY RIZBATHEDNAFIT—KBATHILMNTE
ZL. DNAZ{LFEMIZEM LU TDNACKEZS Y2 HEELTKRERH
Th,

[DNADHE & MEER] [10]

DNAREMNBRZRRL. 260 nm MEICBARNEREZRT 5. o, =
FEHDNABREN LR TS EARGEENYIBI SN —FHITHR (BfH) L.
TEIT2EHU_EAHICRSEER Ex. 72—V >Y) 2b-oTws, —&
BMORETIE UV BT, —D—DDXI LI F ROBRNDOEFIT—ET S
M, ZEAFRETIIEHIODBNAVNEIL RS, ZOMRERBYMELND,
BEHEOREICONTIIUTOLSICEAZ I LN TES., RERIIR
BIO2BBERMO o A v FR VLD XNF—DOREMITKOAED
2. n BFREIFERLEZHREHL TS, BRANICUEBTFREL S, ETFICFE
T2 o FEXEETSE. RIBFRELPHEERAL THBHELED. TR
F-Z2EOERBERARTE, REVNEI <o eBAIN, BRNTESLX
V¥ —DRMBO. BHXEINERD., REMRMBRINS.,
—FHRBE —FHRBICBIIBRAEORNEZFIHTSHIEICE->T. D
NADZHKEBBEOLEEEFHMT 2 I &N TES, DNABKOREZ 1 &2
iz 1 BEEOEAETLERIE, 260 nm OWRIPEE%BH T2 & _A&#EH
S5—KENOEBMICEOIBAEO LENRONDS, COLEFONIHROZ
EEDNAOMMAI (Melting Curve) EVESR., ZFEE—FHODNADR
MELBZ2BEDZEEDNADOMK (=T, : Melting temperature) &K, T,
PEVWEBDNARBMIIEETH S, T5LAEEERNSDNAOKRENE O
BEELUTHBREBRNVASHAVWLNS,
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AHRIZBNTD, ALXI LA RZ2BALEZDNARIHTEEEM T >
DHRERND LT, BEERIFEREICHFATH .

[DNADH#E] Table 41 DNAOEKMEE (13
DNAIER. AR BE 4.

. SHADBES E¥ H# £
HiEAREES TR B LB 0 . . 2
—EoEAMEE  RIVITEROK

‘ Sun1RED 246A 3324 45.6 A
&%, ZHILER B M’#gl s
=) 1 z
Bl (B form) & W XZLFFFRoX 10.7 100 1
HEN RS 19 1 9°
V5T
ONTVBRTS . cwamno - i syn (Pu)
. FAE ) R . : C3' endo (Pu)
Yy FiZ 10 HEN RO Lb C¥endo C2endo O, . ®y)
BEs. HEXN

SHTHAEICIZFIERET. IhHROSEABICH > THRAER X DRE
% & % (Table 4.1, Figure 4.2) [10, 11, 12]. L2 L. DN A ¥k 2 HHxHEE 85% X
DHENEZRFIZEDE A B (Aform) IZED S, £, RY [dTG)d(CA)] &
EDLII, TV -PUIDXHEDOENEH-7ZDNAZEEHN, BER
EBABETED, GEESEAORUNZEESRHMAOBSBET ENICHE
MNBE Z B (Z form) EMTEIEEZE_EORARICRES (4. COKDIK
DNAW, =0T 2%, BE. HRE SE+0OHEE. ARAKLZE
ONBORRICKEL TRLOBREBEE2 LD ENALNTNVWS, HEEXT
2, EDEIRY -V I AEBDDNAF Y IV —IMAROBREE TH B
OPRXBEBERITIZE > THEIRINTHY, BEENRIEMEESEZTWS
[15].

Poly(dAypoly(dT) i3 B BBETH 2 Z EMBFICHSNTRO [12, 16].
BBV THMEETRHZDNAFTY I —IZBNTH, E¥O B BH@EET
HHZEEBRLT, dT,dA, 2R E—TJ T ALz, LT, ADRXY
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Figure4.2 DNAODORFENLZERIEREE : ) ARDNA [12].
() BREDNA [12]. (c) Z ®DNA [14]. LHFRIIDNAZENS A
M. FTHEZEENSHEZR, Ref7 LDk,
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LAY REFORAPIC—DEALEI—I IR X1), WS _HBBIZ—D
TOBALEY—PIT A (Y2), EEFRICIZDHEALZ—T I A (X3)
EDNAHBESRMICE > TARLEZ, 22T, dRICHALEZY—I T
2% X BIZEALEY—2 I A%E Y ELTRBILE. dTydA, > —7 T
CARBAFERBEREE LTI dA,. dT, ZENENECHMHEIS TR
SHADOHEEDORBENENIE, VY722 (G) THWTI N7 fLEALAER
SHEERATHIENFGOSNTNSEDOT G 2RI L, £ NMR 2 &
THHT2HE. RENEMTHD I EREND D,

BETE., 74X 7407 3IFA MNETERLE 2273 /72 /=B

LAF REGOAVIX I LAF RERAWT. &84 2> Cu*. Pd”. Ni*', P**
BETOZRETR. BEEBRICDWTRHLEDOTHRET 2.

71




4 E

42 2-F7=2/)7zx/—=LBIRHVAFRESLAVIRIVATF
ROFHEA LV ETART7AA7 54 FERKICKSER

HE. ABOEX -V I VAZETAHDNAFTIY—3. DNAHH
SEBEAVSIEILD, BRIXESND KD TR, £<O%HE. DN
AHBSHRBICEZ2DNABOERICII 74+ A 7407 241 MEKAWLGR
T3 [8, 17 —FH. RROXZ LAY RUADCE-LEMD T+ AT #
O73IFA MEICEETEZEICKD. DNAV—V I ACEATHIEN
AEETHD (18, BETERLEZ 2272/ 72/ —IVBRIATIRI LA R A
2SSO AT, BAAY, HRIUAMFIRED, BLOREAF
VEOHEERICLOHEEMNEBR TS I ENARETH S0, DNAFUIR
— L= L AR TORE R OEEICRKNS-NS. DNAGHREZHWT
2FI) T/ =NVERI LAY R 1 EDNAY—J T AHICEAT SO,
RIEEBELT. 7AR 7407351 17 28 L7 (Scheme 42). L&

Scheme 4.2°
5 5 5
HO-Y o _ DMTrO—y _ DMTO—
NP0 NHo D NH
| - ! !
i TFA 759 i TFA  92% 17 TFA
NC\/\O’P\N,IP'-

I
iPr
3Reagents and conditions: (i) DMTr-Cl, pyridine, rt, 75%; (ii) 2-cyanoethyl
N,N-diisopropylchlorophosphoramidite, i PryEtN, CH,Cly, 1t, 92%
B9 BEPUILH UAMEIRUFNI AT REANTS - KEE%E DMTr
{LLT 16 28705, 3-0H 274 RT7AO7IFA MLTHIEIZEKD 9
S TEBET 92% DINRT 17 2877, BT LENE, 17 © P NMR &8
FBLIEEZE, ZODOTPTAFLAR—IZHET S 2 20— RNEMEN
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7= (Figure 43), CHRT7 I ¥ A FRMLICBWT B YHEFRAFRFTH O,
UR— AR WHAFEELZOT, BENCZREOYT AT L AT —MERL

flEidBd. FUTILA 148.15.147.88

07t F &L, DNAF b s
) I —EHgIc, BT > owtro—
EZTVRKZKDER IR ; 17
®EN/Z &% MALDL N P aro

TOF YAANRYT RILITE ot iiadsmmmiemboiimtm s
DMRLE. Ko, x> 200 150 100 50 0 opm
NEORRBRISZRBI. Figure 4.3 {t&% 17 ® 202M Hz,

¥, ¥®7 o EZTLR

EZKFEERELTHNL, ERBBHEELUTK-AF /- VEESEE, K.
REEZRWHELARE LN, YYOBRNLEMTH RPN E2ESZ T
EWETERh o7, TITEHI, RNUONEEZELALEYMTH, BNET
LEBAFENLUEEEMZBRT 2 EBAMBETH A I EEL. XD
HODWEDNAFUIT—2HANWT, @BAANDNAF Y I -t kiF
THBEMBERICE > THET 22 &1L, DNAZY IX—&LTRT
FTFLFIDOD 2 BETHS dT,, & TAFITF/ 220 21 BET
HD dA, ZHE VT AEUTERLE (LUIF, ZhooZH§f %
dT,-dA,, EEEIRT 2). dT,ydA, — 7 LA EBRAEESEIT. T, —FH
OEABEIEED B BBETHDI L [12, 16]. T 5IT. dA,. dT, 3%
NENEHCHHES TR, ADOBEOHHTENENI L TH S, SHEIT.
2272/ 72/ —NBATIRI VL REFEOHRRII—DEA L —2 T
A X1y, wWhSZB/HIC-DTDOEALLL—FJIT2X (Y2), FihRiz=
DHEALLI—VIX (X3) EDNABRBERABICL > TAKL (Figure 4.4).
REA T RMBERERNIZ,
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TTTTTTTTTTTTTTTTTTTTT : AAAAAAAAAAAAAAAAAAAAA (dA,-dT,)

TTTTTTTTTTXTTTTTTTTTT : AAAAAAARAAXAARAAAAAAA (X1)
TXTTTTTTTTTTTTTTTTTXT : AXAAAAAAAAAAAAAAAAAXA (Y2)
TTTTTTTTTXXXTTTTTTTTT : AAAAAAAAAXXXAAAAAAARA (X3)

X id2-73/7x/—)% Bn) XZLALR)

Figure4.4 2.73/7x/—)\8 (Bn) ALRZVFLF%E
BALFE=DDY =2 TR

Applied Biosystems B Model 394 DNA/RNA Synthesizer % f\y, BRI
Tick D, 1.0 pM A=)V TERET- % [19). BSNAEZDNAF ) I —
X DMTr EZ2RETTICEMABRG LI OOHL, UCBRELOREREE 2-7
)72/ =NVEXZ LA RO ZNA T EFIRERIT 55 °C ORY
CEZFART 8 BRLETHZ LK DBREL ., BEITYEL S LA
THW, BSALARNTHR DMTr (L2 FD 2 &ickD, BRHOL—J T ADH
EEBLIEMTER,

T, XTie & AXA,, @ MALDITOF Y AANRY bV EZENEN Figure 4.5
& Figure 4.6 ICRT ., RIPT A TAF L E—R, *HF4TA4F TR,
TNORELHRMEEEZRERII S —HLL
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a4 E (@) FHEE = 6400.31
ERIE = 6400.26

[M+H]* M= T,,X(Bn)T:

)

T
6100 6200 6300 6400 6500 6600 6700

©) B/ = 6398.29
ERRE = 6398.53

[M-HT M = T, X(Bn)T;

N

1 1
6100 6200 6300 6400 6500 6600 6700
Mass / Charge

Figure 4.5 ToX(Bn)T10 ® MALDITOF R A ZANRZ k)b
< MU w7 A & LT 3-hydroxypyridine-2-carboxylic acid
ERAVWE @AY TA T4 O RPT 2 TAF 2.

@) FERRIHE =6580.58
EBE = 6580.69

[M+H]*
N

M= A, X(Bn)A,,

T T T T T T T
6300 6400 6500 6600 6700 6800 6904

() EFME = 6578.56
KBl = 6579.13

[M-HF |} m=a Xx(Bn)As

A

63’00 34I00 65I00 GGIUO 67:)0 68l00 69IOO
Mass / Charge
Figure 4.6 A oX(Bn)A1g ® MALDITOF Y A AN )b,
< b1 w2 A & LT 3-hydroxypyridine-2-carboxylic acid
ERAWE @ BRIT A4 T4 O)RIT 4 T1F

75



B4E

4-3 AIFVUIRILAFROZKEERICEITELE
AF DR

4.2 TEHRLE 2273 /772 /—)V Bn) BEXILFFREEALELAU D
DNA, X1. Y2. X3, O=FKBEBRICKITTERBSEA A > (Cu™. Pd*. Ni*',
P DR ZE UV BRIREREICX ORI L, Figure 4.7 IAPREIZBWNT
AW/EDNAZFY IR—DI—J L A%ZRY,

TTTTTTTTTTTTTTTTTTTTT : AAAAAAAAAAAAAAAAAAAAA (dT-dAy)
TTTTTTTTTTXTTTTTTTTTT : AAAAAAAAAAXAAAAAAAAAA  (X1)
TXTTTTTTTTTTTTTTTTTXT : AXAAAAAAAAAAAAAAAAAXA  (Y2)
TTTTTTTTTXXXTTTTTTTTT : AAAAAAAAAXXXAAAAAAAAA  (X3)
(x=2-7X/7=x/—)V (Bn) BXZLAIF)

Figure 4.7 AHATHWEBRI—J IR
X VLAFREZEALREAY IDNA, X1, Y2, X3

0.65

il dT,,-dAy

Y2
X1

0.5 | X3

0.55

Abs. (260 nm)

0.45

0.4 -

0_35 1 1 | 1
0 20 40 60 80 100
Temperature (°C)

Figure 48 273/7x/-)V (Bn) BXJ LA FEBALLAYID
NA &, dT,-dA,, O =FHEARHREHh#R; [oligonucleotide] = 25 uM / base
pair in 10 mM Mops, 0.1 M NaCl (pH 7.0)
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Figure 4.8 ITiX. €BIEFETITBITS Table 4.2 4 #8071 = DNA
dT,-dA,. X1. Y2, X3, Opifgh#z. DRARIRE D L8
Table 4.2 i3, ThZENOHBRITHBIT S T1C ATLC
RUBIRBE DRI D W TR L. WRIEHE  dT,,-dA,; 46.5
BB OBARIMEEAIED 260 im 258 X1 925 -39
KU, BRI—V T2 A dT,-dA, DRl Y2 478 +13
465 "CIZH LT, X1 & X3 ORlAIEE
NFN 40 °C. 88 °C & FL/. AR YFEEFLDNAORKNLZEMIT/N—
Tz bRYFOEEDNALVENWI ENHSNTNSDT, ORI
SB/AT NN EED 227X/ 72/ —)V Bn) BEEICKZHBHRIZII A
RVFTHDIENHEBIND, FRIZAIXI VA RZ2=D8ALL X3
DFM, —DHALE X1 K0 HREMFBREIEN &S, TOHERER <
LT, ZHIIHL., WwmDAHIZZ
DEALKL Y2 ORI 13 °C k (a) H

N—H""Q
Bl7z., FROEAVZIDTHITIE A _,ﬁ
N T
BB, IATYFNDNAZERL 7N d
TF= (A) FI 2 (T)

BT D, WS FRERBRZRDHE H

(b)
RThs, Alaetk& L THE,. 0-N O‘N\""-Oﬁ (Q
SUNTI )Tz ) —VRAEOKE 3 R, :D\
h \N
/

AR EZRN U IEEMNERS. 75
FRIC L DHANRARENELS () J Q
1% (Figure 4.9 (b), (c)). TiE X1, \UOTH“O

X3 KBNTIHERDOIAT Y F & O) '“wD\
LTDNAZAREITHIEED
BEICDNWTIRE S WO MRMNTE  Figured9 =20 0-XZINTI/)7x /)=

. B e NSIEBFRER . () 7T = -F I HEN,
BEBIM?. DNAZEHITBY () knTFerd sl © —AOKRES

Thd, RIS DK A pg (R PPRER
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MOKEREL O DBARALETHBIENA I/ 7O NMR BEREITELD
THSNTWS, Ko THREFRITEDS “AHOMBIIENSETTDEEX
53, RO —AEBEIIPRBALODBRKTH D EEZAS515. &0
T, PREALICHEET HEENE TR FENT HEEAZRRTERNA,
RIFEALICHEET BEEME TIE, KEHAICLDEERZHR L —FENL
FTBHEEZBILEHTES, ZAHOPRIMICBNT, BEENNERS
NBZEREVADOBEEMOBREENIL I NS MR, —FAENMALELLS
NHAREMEDEZ SND. FREIICHERRBBENEFEET 58I FEN
REFEICRHERIT. Kool & DHKKZAREMEZH LA ALKERERC
BPNWTHRSNIZEHETHH S 20, O-RINTX/T7x/—)v (Bn) FEL
WS BEENOFEENERINNLE. FAMEOLUYOBERETHS "&EZT
L7z EEN SRS RN, FILWERENE L TRATE 2 AREE 2
HBEEZD,

W ENEINT DA RICTDONTIL, dTy-dA, Tid 1.4 £ X1 T 14
f, Y2 TiX 14 1%, X3 TIX 13 ETHY. FRAREIBRINEN X,
Ni

0.55 |
Cu

050 T no metal
0.45 - ‘ Pd

0.40

Abs. (260 nm)

0.35 ' ' ' '
20 30 40 50 60

Temperature (°C)

Figure 4.10 wHRiZ—> 2-73/7x/—) Bn) BXI/ LA F&H
AL=AUITDNA X1 iZ, 2 fiOSBA A2 _AHEED 1| YEMNX
7= 35 A ORI ; [DNA duplex] = 1.2 uM in 10 mM Mops, 0.1 M NaCl (pH 7.0)
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Kiz, ANLXZ LA RZEdHR|Z Tabled3d AIDNA X1 O T, iZHT3
Ty
—DHALZAYIDNA X1 ITx 2 &R 4> OHR

T35 2 MDELEL A Pd*. Cu*. Tm/oc ATm/"C
Ni?t, P ENETNOFRITDONTHKR no metal 42.5
= : & Pd 41.5 -1.0
MUL%Z. F 4,10 1Zi%, —A$HY

e H Cu 40.7 -1.8
FOEBAA %2 1 BEMATLES Ni 41.0 -15
DORifAEBRZ, Table 43 1213, T 41.3 -1.2

FNOHBRITH T 5 BAFERE O Lk
IZOWTRLE. @BAAZMABNVNEZD T, & 425 °C THD., BT

FEMABIEIZED, WTNOBED T, IMEFL.

X1 dT,-dAy,
TTTTTTTTTTETTTTTTETTT TTTTTTTTTTTTTTTTTTTTT
AAAADAAARAAXAANARANARAA AAAAAAPAAANAARAARAAAAD
Cuz/eq  Tm/°C ATm/°C Tm/°C ATm/°C
0 42.5 46.5
5 40.3 0.9 47.7 +1.2

T Cu*0eq

=

b Cu* 5 eq
2.8

2

<

30 50 70 30 50 70
Temperature (°C) Temperature (°C)

Figure 4.11 #HRic—> 2-73/7x/—)V (Bn) BXI LI
REZHEALEAUITDNA X1 & dT,-dAy, THENIZ Cu 1 F >
AN 5 URINA A OB, [DNA duplex] = 1.2 uM
in 10 mM Mops, 0.1 M NaCl (pH 7.0)

KRiZ, BRDEEWC T, MEF LA QA 4> ORICEL TEICHEL WRE
Z{772 o7z, Figure 4.11 1213 X1 & dT,-dA, OTNTHIZ C* 1 F &2
B0 5 YBEZMALBREERLE. X1 T Q1 F22MABT &
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2k D 425 °C 5 403 °C A& T, BMETFL., MBHEICATLXZLVF U K2
B2 dT,-dA, Tld 46.5°C 5 477°C A& T, WERLZ. Y2 & X3
T X1 E[FERIC T, BMETF L7 (Figure 4.12).

Y2 X3
TXTTTTTTTTTTTTTTTTTXT TTTTTTTTTXXXTTTTTTTTT
AXAAAAAAAAAAAAAAAAAXA AAAAAAAAAXXXAAAAAAAAA
Cu?/eq Tm/°C ATm/°C Tm/°C ATm/°C
0 47.8 37.7
5 46.8 -1.0 36.8 -0.9
0.60
T Cu* 5eq
= Cu»*5e
§ 0.50 [ Cu*0eq :
et Cu*0eq
L2
< 0.40
30 50 70 30 50 70
Temperature (°C) Temperature (°C)

Figure4.12 2-73/7x/-) Bn) BX/ L4 FZEALEZAYIDNA
Y2 & X3 TNENIC QM A2 &2 ZAHYRD 5 YRMAHE ORARHER;
[DNA duplex] = 1.2 uM in 10 mM Mops, 0.1 M NaCl (pH 7.0)

Figure 4.13 1. ALDNA® T, iZ9 3% Cu* A F 2 OHRICDNTELED
2o X1 IZHNAD Cu¥*A 4> DYUBIEMT BI2ONT T, 3ETFLE, =&
M0 Cu A 5 YBMALEZD T, 5, MATWERNWEED T,
ZELFI<&E AT

: 0Oeq 1eq 5Seq

L7z 3 T T, X1 (A 42.5 407  40.3 -2.2
AMMET L. dT,-dA,, Y2 {0 47.8 - 46.8 -1.0
Tk T, AEREL  x3 AL s7.7 : 368  -0.9
I aednn [T 465 - 477 +1.2

INs50O Gt 1

F > OHBITONT Figure 413 ATDNA® T, I % Cu* 1 F > OFR
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Z82%1712-o 7 (Figure 4.14), Cu*1 F > ODDNANOHEEREMLEL T,
D R AL, RARWEIA, ATHEHESMCD 3 DBEZXASND, U VBRI
AN CA UMW EERT S &, 72 DB O KBRS N AGEEED
BEXTDEEZOND, —F. RAREEEM & Cu 1 F HAMEERT S &,
HEH R DK FHE B DT SN_AENARLENT 2 T EN—RITHSNTN
%, TEARRICBVTIE. ATEEBMEOMEERANEZ 505, FHFA
TO—HOERTIE. INS5OBRNFERIEALTVWSEEZSNS,

Thymine Adenine |

Figure 4.14 Cu*A1 4> LDNAMHEREATZLEEASNSD 3 DOHML

RKARDNATH S dT,-dA,, I Cu* 1 F U EMAS & EZEHENLENL
L2 ENS, Cu A A VIZKAREEBI LD BV ERIBALICEERITHEE
HLTWsEEZS5NS (Figure 4.15), £z, ALXZ L F Y REHRIZ—D
MALZAIDNATH®S X1 12 C*M A2 EMABERREMLLIEZ EN
5. ZOBPAITIE Cuf F &) B E OMEEMICK 2 RELITHT BB
DOARREDERNH B EEZ SN, TOERMBANTIHEETM EOHEEMT
HBZEN—DODUEEME L TEASNS, D Pd*. Ni**, P17 2 OFE
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LD AN REE LI ECH U THRBKOERNETH S (Figure
4.10)

dT,-dAs
LJ LJ 7l L.J LJ

HWWWH

X OONOW  TIORO

ﬂl’l[xl[‘lf‘l ﬂﬂl lI_H’T

Cu

Figure 4.15 RKADNA dT,-dA, &. ALDNA X1 9% Cu*1 4>
DOFHEVEH
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4-4 RERODER

General Information, All reactions were carried out in oven dried glasswares
under argon atmosphere with commercial dehydrated solvents (Wako). 4.4’-
Dimethoxytrityl chloride (DMTr-Cl) was purchased from TCI. 2-Cyanoethyl N,N-
diisopropyichlorophosphoramidite was purchased from Aldrich. N,N-Diisopropy-
lethylamine was obtained from Wako, dried over KOH, and distilled at atmospheric
pressure. All other reagents were purchased from Wako and were used without further
purification. Column chromatography was performed using Wakogel C-300 silica gel
(Wako). 'H NMR spectra referenced to TMS were recorded on a Bruker DRX500
(500 MHz) spectrometer. *'P NMR spectrum in CDCl, was recorded on a JEOL alpha
500 (202.35 MHz) spectrometer. The spectrum was referenced to external 10 mM
phosphoric acid in D,0. Chemical shifts (8) are reported in ppm; multiplicities are
indicated by: s (singlet), d (doublet), dd (doublet of doublet), ddd (doublet of doublet of
doublet), m (multiplet), br (broad). Coupling constants, J, are reported in Hz.
Electrospray ionization time-of-flight (ESI-TOF) mass spectra were recorded on a
Micromass LCT spectrometer. MALDI-TOF mass spectra were recorded on

Shimazu/Kratos laser ionization time of flight mass spectrometer AXIMA-CFR.

Synthesis of 0O-benzyl-2-trifluoroacetamide-4-[1,2-dideoxy-5-0-(4,4'-
dimethoxytrityl)-3-D-ribofuranos-1-yl]-phenol (16} [21]. 9 (247 mg, 0.600 mmol)
was coevaporated with pyridine (1 mL) twice. To a solution of 9 in dry pyridine (0.95
mL) was added DMTr-Cl (434 mg, 1.28 mmol) dividing into 2 portions over 30 min at
0 °C, and stirred for 45 min at room temperature. Only when DMTr-Cl was added, the
solution was kept at 0 °C. The solution was poured into AcOEt (60 mL) and washed
with H;O (20 mL). The organic extract was dried over anhydrous MgSO, and the

solvent was concentrated. The residue was purified by silica gel column
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chromatography (4¢ x 9.5 cm) with MeOH-CH,Cl, (1:99) to afford 322 mg (75%) of 16
as colorless solid, mp 61.5-62.5 °C. 'H NMR (CDCL): 81.76 (br, 1H, D,0
exchangeable), 2.02 (ddd, 1H, J, ;= 6.2 Hz, J,., = 10.0 Hz, J,,- = 13.1 Hz, H-2", 2.24
(ddd, 1H, J,.»- = 2.1 Hz, J,-5 = 5.7 Hz, J,,- = 13.1 Hz, H-2"), 3.26 (dd, 1H, J,.5 = 5.9 Hz,
Jss- = 9.8 Hz, H-5", 3.38 (dd, 1H, J, .- = 4.6 Hz, J;;. = 9.7 Hz, H-5"), 3.79 (s, 6H,
OMe), 4.01-4.04 (br, 1H, H-4"), 4.41 (ddd, 1H, J,, =2.9 Hz, J,.;, =5.6 Hz, J,,, = 5.8
Hz, H-3%, 5.13 (dd, 1H, J,,- = 2.8 Hz, J,., = 9.9 Hz, H-1"), 5.15 (s, 2H, CH,), 6.82 (d,
4H, J = 8.8 Hz, MeOCCH=CH or MeOCCH=CH), 6.94 (d, 1H, J;s = 8.4 Hz, H-6),
7.18-7.23 (m, 2H), 7.25-7.28 (m, 6H, including residual CHCL,), 7.33-7.47 (m, 11H),
8.2% (d, H, J3,5 = 1.9 Hz, H-3), 8.59 (br, 1H, D20 exchangeable). 13C NMR
(CDCI3): & 43.5 (C-2", 55.2 (OCH,), 64.5 (C-5", 71.5 (CH,), 74.7 (C-3"), 79.4 (C-1),
86.2 (C-4"), 86.3, 112.2 (C-6), 113.2 (MeOCCH=CH or MeOCCH=CH), 115.67 (q, Jc.r
= 289 Hz, CF,), 118.3 (C-3), 123.5, 125.4, 126.8, 127.3, 127.8, 128.2, 128.6, 128.9,
130.1, 135.5, 135.9, 136.1, 144.9, 147.0, 154.3 (q, J*c; = 36.5 Hz, CO), 158.6 (C=0).
ESI MS (CH,CN, positive): m/z, proposed ion: 736.2, [M+Na]".

Synthesis of  O-benzyl-2-trifluoroacetamide-4-[1,2-dideoxy-5-0-(4,4'-
dimethoxytrityl)-3-D-ribofuranos-1-yl] phenol-3'-0-(2-cyanoethyl-
N,N-diisopropyl)phosphoramidite (17). 16 (257 mg, 0.36 mmol) was coevaporated
with pyridine-CH,Cl, (1:9) (5 ml) twice. To the solution of 16 in dry CH,Cl, (3.3 mL)
was added N,N-diisopropylethylamine (250 pL, 1.46 mmol) and 2-cyanoethyl N,N-
diisopropylchlorophosphoramidite (250 pmol, 1.12 mmol), and stirred for 90 min at
room temperature. After the reaction was quenched with methanol (0.50 mL, 12.3
mmol), the solution was poured into aq. NaHCO, (4.21 mM, 200 mL), and extracted
with Et,O (160 mL). The organic phase was washed with aq. NaBCO; (4.21 mM, 200
mL) and brine (80 mL) twice, dried over anhydrous MgSO, and evaporated. The

residual oil was purified by column chromatography (3¢ x 11.5 cm) with Et,0-n-
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hexane (2:1) (including 5% triethylamine), and coevaporated with toluene to afford 302
mg (92%) of 17 as pale yellow powder, mp 44.5-46.5 °C. 'H NMR (CDCl,): 8 1.08 (d,
3H, CH,CH), 1.15-1.19 (m, 8H, CH,CH), 1.95-2.03 (m, 0.9H, H-2'), 2.30-2.42 (m,
0.7H, H-2"), 2.44-2.47 (m, 0.6H, CH,CN), 2.62 (t, 1.0H, Jo;cn; = 6.5 Hz, CH,CN),
3.23-3.33 (m, 1.9H, H-5" and H-5"), 3.54-3.64 (m, 1.6H, CH,CHCH,), 3.66-3.73 (m,
0.5H, OCH,CH,CN), 3.78 (s, 3H, OMe), 3.79 (s, 3H, OMe), 3.80-3.88 (m, 0.4H,
OCH,CH,CN), 4.21 (br, 0.9H, H-4"), 4.49 (br, 1H, H-3", 5.12 (dd, 1H, J,, = 10.0 Hz,
J2»=5.0Hz, H-1), 5.16 (s, 2H, CH,C,H;), 6.79-6.83 (m, 3.9H, J = 8.5 Hz, / = 9.0 Hz,
MeOCCH=CH and MeOCCH=CH), 6.95-6.97 (m, 1.0H, J;; = 8.5 Hz, J;;, = 8.5 Hz, H-
6), 7.17-7.19 (m, 0.8H), 7.20-7.25 (m, 6.5H, including residual CHCl,), 7.29-7.42 (m,
7.9H), 7.45-7.47 (m, 1.6H), 8.29-8.30 (m, 1.0H, H-3), 8.61 (br, 1H, D,0 exchangeable).
BC NMR (CDCl,): & 20.6, 20.7, 20.8, 20.9, 24.9 (CH,CH), 25.0 (CH,CH), 25.1
(CH,CH), 25.1 (CH,CH), 30.2 (CH,CH), 43.6, 43.6, 43.7, 43.7 (CH,CH, C-2'), 55.7
(OCH,), 58.7 (OCH,CH,CN), 58.9 (OCH,CH,CN), 64.5 (C-5"), 64.6 (C-5"), 71.8
(CH,C¢Hg), 76.2 (C-3"), 76.3 (C-3"), 76.6, 76.7, 80.2 (C-1"), 80.2 (C-1"), 86.2, 86.2, 86.5,
86.6, 112.7 (C-6), 113.6 MeOCCH=CH and MeOCCH=CH), 116.1 (q, J- = 287 Hz,
CF,), 118.0, 118.1, 118.9, 118.9 (C-3), 123.9, 125.7, 125.7, 127.2, 127.2, 127.8, 128.2,
128.7, 128.8, 129.0, 129.4, 130.6, 130.7, 135.8, 136.3, 136.6, 145.4, 147.4, 154.7 (q,
Jr = 36.2 Hz, CO), 158.9 (C=0). *P NMR (CDCl,) : § 148.15, 147.88. ESI MS
(CH,CN, positive): m/z, proposed ion: 936.4, [M+Na]".

Oligohucleotide Syntheses [22, 23], The oligonucleotides were synthesized by
using Applied Biosystems 394 DNA / RNA synthesizer in 1.0 pM scale (trytyl on
mode), according to the User’s Manual [24]. After chain assembly and cleavage from
solid support, the oligomers were deprotected by treatment with concentrated NH, (55°
C, 8 h), and purified with reversed phase column chromatography as standard

procedures [25, 26]. Purity of the obtained oligonucleotides were checked by using
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RP-HPLC (TSK gel ODS-80Ts).

UV Melting Experiments, UV melting experiments were performed on a
Hitachi U-3000 UV/vis Spectrometer. Melting curves ( A = 260 nm) were recorded for
a consecutive heating (10-85 °C) cooling-heating protocol with a linear gradient of
1.0 °C /min. All measurement were conducted in buffer solution (10 mM Mops, 0.1M
NaC! (pH 7.0)). Concentration of oligonucleotides were determined by UV
absorbance at 260 nm (27, 28]. Molar coefficient of O-benzyl-2-aminophenol was
used in substitution for that of the artificial nucleotide without regard for nearest

neighbor effect.
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45 FLo

BETIR., E<HREINTWEDNAHBESHEKICLD, 7+ XA7407 3
Y4 FMEEBICHER 7+ A 7407 251 MRS AGRTENE, REOM
DOEIREFED AT VIXIVLFFRNERTES, LzA->T, BY
U T, EEONBIZABROROSEEGFRBEENEDNAICEATSIE
SAHEIZIR B

EXIIRMT, 227/ 7x /- NVBATX I LA REFVIR I LFF
RIZEATEREA LT, Balans, BEOHFAERKESETLEL
Mofz. ETTRIZ, 7/ — I HEKBEERCOVETHELRE 2273 /7
/=) Bn) BATIXZL AT ROTFAT7FOQT7IFA FEERL. dT,y,-
dA,, DEHFOHEOFRIZ—D, WEIZ=D, PRIZ=ZDHA LR 21 BEDN
AZFUIT—X1, X2, X3 ZENTNER L, FUIXILFAFRICEAS
Nz 2-73/7x/-—)V (Bn) BALXZLFL ROBEFLESRA T
LOMEARRAE. CARBEORNENRERICK VML, 2 0 SR 1
A . Cu**. Pd¥*, Ni*, P** #F V) IDNADEEKIZMA., —HFHDNADH
BRABIINTI2EBA A ORI DVWTRET 2225, WTNOBEE
HHOHTNTRII2NMEBR TR N, T, #ACFTE2MAHE, KR
DNATRBRSERL ZAHENEEALL 22 HRAIZ. ATDNATIIRE
SR TFLHENARLELL L. COFRRELCOERELT, #WAFEA
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