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Nucleosides and nucleotides are one of the most important elements for cells by the fact that they are components of
DNAs and RNAs. In addition, they play important roles in most fundamental cellular metabolic pathways such as
energy donors, second messengers, and cofactors for various enzymes. Therefore, there exists a rich source in drug dis-
covery targeting nucleosides and nucleotides. In order to utilize nucleosides and nucleic acids on the drug development,
it is very important to develop reactions and methods, by which the highly coordinating and labile nucleoside intermedi-
ates can be used. With these in mind, we have been working on synthetic nucleoside and nucleic acid chemistry. First,
branched sugar nucleoside derivatives, which are potential antitumor agents, have been synthesized utilizing samarium
diiodide (SmI,) mediated Reformatsky reaction or aldol reaction. 3’-f-Carbamoylmethylcytidine (CAMC) was found
to exhibit potent cytotoxicity against various human tumor cell lines. Synthetic methodology of the caprazamycins,
which are promising antibacterial nucleoside natural products, was also developed by the strategy including S-selective
ribosylation without using a neighboring group participation. Our synthetic route provided a range of key analogues
with partial structures to define the pharmacophore. Simplification of the caprazamycins was further pursued to develop
diketopiperazine analogs. Medicinal chemistry of oligodeoxynucleotides has been conducted. Thus, novel triazole-
linked dumbbell oligodeoxynucleotides and modular bent oligodeoxynucleotides were synthesized. They exhibit excel-
lent binding affinity to NF-xB or HMGB1 A-box protein, which are important therapeutic targets. Therefore, the results
obtained conclusively demonstrated these oligodeoxynucleotides could be proposed as powerful decoy molecules.

Key words——caprazamycin; decoy strategy; antitumor; samarium diiodide; drug-resistant bacteria; ologodeox-
ynucleotide
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Bk, Hlz/sBeEoMnEowEnnELEIN
%, ZOHNWFENERERILF 2R E UL E
fithsd. ST, XVVFT RFELBEREART D
BITE, X7 AT RENRERE LU LA %
frohikd&, BRI OEREZBMBEL 0B
WHHE ZHEE ST DHED2DMNH D0, YURATH
DHWNBIEEGRIEEETEA S, LM LXT L F T
REEM&ETHERERICIE, W< OLDERT X
EEENFET 2. FIATEERFRRTDH DK%
WHNEEICZEN TS LD, FOEWEALIREN
SHEATEHENRESN, £z, BEEBAERK
IETOBOEEIERDT7IVTE R, 7 N KD,
BHRINRMIEITBNT, REETHD I ENHET S
nas HDNOLNIXV VAT R, XVLVFFR, &
ez @i & U CRIBER 2 R 5B 205 DR
BEDTEIRMNE—DIEEEZTHD, AHEEHILS
EEBELT, 1 AHEESEREX LA RO
GRARTE, 2. FHERAEFEZGT 2 EX 7 LA
T RRRBR DAL, 3. FiBl7sMEE - e
AIBD5ANTAFVIXTLATF ROGHKREZTDOHEIC
B9 5% E CNETRERHL Tk, ARFHTIEZ
DRIEIZ DN TIEIZ IR RS,

1. £EFEEIEREX V7L AL FOEK

1-1. 3-p-BRAEVARX 7 LA REDERK

PiAKITH % AraC 0oF LA a2 ¥, Hi HIV
HTHD AZT, DAT ITRESINDEDIT, HEER
HEFANTIE E U TUASEKRFEHENTWS., N
5DEMIX 7 LA RIX, KEEDFRE - Kir/z b
UIEANT O FIT K 2 B S O LR 2 5 Ia b A&
fizZT7bDThHb. DNONOHKETIE, HE
IC B EIENEA SN EREX 7 LA RO
AEVEMICHEKZRS, TOaKREIToTE
o W ZO\MBT 2RI LA RTH D 1-
(2-deoxy-2-methylene-B-D-erythro-pentofuranosyl)
cytosine?220 (DMDC, Fig. 1, 1), 2-C-cyano-2-deoxy-
1-B-D-arabino-pentofuranosylcytosine?’32 (CNDAC,
2), 3KEFEX L AT RTH S 1-(3-C-ethynyl-g-
D-ribo-pentofuranosyl) -cytosine333” (ECyd, 3) 7
in vitro, in vivo & ® 2D T BREF/R GBI %
HIAHZEE2RWHLTHED, 2 &33BT EIHE
BRABNTONTNDS, ZOXKSITHREX Y L
2 RSAEHEEEMEE L TCORREEZEL TWS
7, RFEHSEEEEHEBEERIEEAER/GENT

NH, NH, NH,
I SN Y (//éN
HO— o N/QO HO— o N’&O HO— o N"Qo
CN x
HO HO HO OH
DMDC (1) CNDAC (2) ECyd (3)
ICsq (M) for L1210
0.46 2.10 0.059

Fig. 1. Structures of Branched-chain Nucleosides Exhibiting
Antitumor Activity
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T3 b7 LAY RITHT B3R ERES O A
KiemEZb6N5., ULHLAKGTHE, —RICa
NS OREBENMELEL, a-BHERMNE SN
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1=y bEBAE, 71N Reformatsky R EE L K
JnEATD T ET 3B ANERMITRF-IRFEME G ETE
L, fFonizo 7 b AROBRRIZE S 3-8
FEURX T LAY REOGKZEE L7z (Scheme
2). TN Reformatsky U b D EETH 3 5-7
OF7EFIN-3-ThoUT > 9% RIZEDT T
WIS 3L DON DI AF 2 AF) (BOM) f#
RO IL, TUDCEREREER L TENEN 4,
STHRETHELZ., 9, 9 %2 THF #, =HEIZH
NWT2YHEED0I VYU TATUELZEZ A,
Z 27 b K 10b VIR 71% T 5 17z (Table 1,
entry 1), [FRJih%E —78°C Tiro7z& A 10b DL
KT 85% £ T EL /= (entry 2). 72, @M O
PRERNWEEETHERFLZDN, 10bi32<BE5N
T, BILARTHD S-7FIVE (16) 25220
BTHo. ZOXdICaofby~U LD
X, MO TARERY-T NI LA RERXED
FHCERERXDOEMOFEDH TV ZT NI &
MorIND, X7 LA REEEA DR KNI ERT
HBZEERWHLE DNONOHAIZERED, KK
JNE, IR U T LAERX T LAY REEICHEA
LI TORITH .47 RIZ3MICEET O~ >
ZFEDOHE 9a 2% L TH % 7N Reformatsky % 7
inERat U7z, LAWY 9a ® THF FikIC —78°C 1T
BOWT2YHEOII YU TLZMINLZETA
T 82K 10a & EHI216 DYRIAEL 7= (entry 3).

FQN 4:R' = CONH,, R? = OH
5:R'=CN, R2=0H
HO= o N/&o 6: R' = CONH,, R2 = NH,
7:R'=CN, R2 = NH,
R1

Fig. 2. Structures of Target 3’-8-Branched Ribonucleosides
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(@) OH reaction

B = nucleobase

2B, AU~ U AD THF IEWKIZ 9a 27 F
T5ZETI6 DRIEZIA D ZENTE, I
IV 3 ML 2 RiET D ER<BRTED I EMN
oz (entry 4). T2 kAR 10a 13 37-B-70 Kbk
URX T LAY REOFRABRGHRPEETHD, 7
CEZTICL BB E TBS HOBEICLD 11 2
TYBHINEAINAFINTY D (4) ~NEH|L
e, E7z, 11 O 5 fKEgM % TBS (& L 2821
ﬁ»N%{»%%y?/%uﬁ@L,%ﬁéuin
YBTIAFIVTY T (5) B, THITH
WD b ANDOEHBITWY, 3-B-TIVNE
AIWAFINFT> (CAMC, 6) &3 -B->7 /) A
FINTFT2 (1) &2k

BRRLIZ 4D 3 -B-oREYRX T LA RE
DO~ AHIME L1210 fifd & b b S0REDY A #H Sk
KB #HRIIZ K9 2 in vitro R EHEHI %) 5B % e st
Liz&Z A, CAMC (6) I F DO AMRIZH L
THFEIHNE 2R 2 &0 o 7= (Table 2).
I 512 CAMC i3, &Mt hETEAS A SR 3t
LT, HiEmEtEz2 "Lz, — X7 L+
RARBHETANT, MICIRDAENZOBIZ, X
LAY RFF—EZEILOHET DY CHBLEEEIC
L HRBIEMEAL 'LV ) 2T, REED
EERETS, LMo T, X7 LAY RiFER

Table 1. Intramolecular Reformatsky-type Reaction of 9
Promoted by SmlI,

Entry  Substrate Tforg? : Products (yield, %)
1 9 temr;’e‘;‘;ure 10b (71%)
2 9 —78 10b (85%)
39 9a —78 10a(65%), 16(18%)
4 9a —78 10a(85%), 16 (trace)

a) A solution of SmI, in THF was added to a solution of 9a in THF.
b) A solution of 9a in THF was added to a solution of Sml, in THF.

)jo:z oTBS SHO

Scheme 1.
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o) o) o)
Br, O
ﬂ NR \ /< 4///<NR (///( NR
a b
HO— o N/&O 8 0 o N/&O LN o N/&O
o)
o ©OTBS o OTBS o/~ on OTBS
8a:R=H 9a:R=H 10a:R=H
8b: R = BOM 9b: R = BOM c 10b: R = BOM
o) o) / 0
d
HO— o N, _9 HO— o N, TBSO— o N/&O
H,NOC H,NOC R
HO  OH HO  OTBS HO  OTBS
4 1 12: R = CONH,
13:R=CN
f l g
NH, NH, / o
<//\<N Y A///(NH
g
HO— N/QO «— TBSO— N/&O HO— o N/QO
R R NC
HO  OH HO  OTBS HO  OH
6 : R = CONH, (CAMC) 14 : R = CONH, 5
7:R=CN 15:R=CN
o)
(///(NH
ACO—XOJN/&O
o OTBS
16
Scheme 29,

a) Reagents and conditions: (a) BrCH,COBr, CH,Cl,-78°C (70%); (b) see table 1; (c) NH;/MeOH, —70°C (98%); (d) TBSCI, imidazole, DMF, room tem-

perature (99%); (e) TsCl, pyridine, reflux (81%); (f) TPSCI, DMAP, Et;N,

for 4, 99% for 5, 79% for 6, 99% for 7).

Table 2. Growth Inhibitory Effects
Nucleosides against L1210 and KB cells

of 3’-B-Branched

ICso (um)
L1210 KB
4 >100 >100
5 >100 >100
6 (CAMC) 0.33 5.61
7 74 >100
14 43 >100

a) 1Cso(um) was given as a concentration of 50% inhibiton of cell
growth.

room temperature, then NH,OH (76 % for 14, 99% for 15); (g) NH,F, MeOH (99%

MRHHEIAIE U THRET 2355, T DIRMIEX Y
LAy RFF—Hizks ) D BFIRICRE <IKFE
TBHIEWXRSD., LrLans, CAMC OflfasE
FEMENEMEY, SEEOVWTNOREX 7 LA+ R
OFEMZ Lo THEPBL B0l EMSE, TDIE
BRI LAY RFEF—FiIck 2 U EkiT
BEET, ko7 LA REREETA & 32
SBEEBLEMAEFZEET 2 ENRBINE. ST
IZ TBS 2 H T 2LEW 14 1255507 S Mg
TEMEEEDNASND T &%, TOREZHT
%, ZOXD RS AEROPIEEEEX 7 LA R
FEMRIIIEFICB L, HLVWAEREY 7o—F
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ERVFEBHEEZ TS W

122, 1-0-DKEX 7 LA REOER AW
FWET, bNbOUII VYU T AICKSETT
WYV E=IVRISZEHFE L. TbE a7 x
ZIVFFT 1T EI YR U TAICKD ZE
FIRILTH I ET, HIVNZF DL EFIEH<
BHBEC X DY LAT ) S5 — 18 Z2AERIE
%, ZOL) I—hEREHIELTTY IR TI—&
BEHINKRZILEME DT T IV R—=)V 21T
SHDTHS (Scheme 3). AN, EFZSEM
TRIGWERT T2 &, T/ 5—MEERD o7
TZIIVTFFT N B RENDRENEETH D Z
&, LB K OSIARRERRANC 7 )L R =)V BT T S
HTEERMET D, ARINIEKD -7 XL
FRED SIS ITHEBNWREE R 5-7 LT & Rfkz
G T Ty =T 5T ENMEEICRD, XL
# KRR KW herbicidine B (Fig. 3, 20) OHD
24 RS9 % tunicamycins (Fig. 4, 21) @ O 7 fiE
T® % tunicaminyluracil @ %2 )& RSS2 % ZE R
L EFESOURORKRHD Z22RINLN). &
T, YYUILL ) I—hraXU7 LA RER U
PAZAER S B TTY IV K=Kt ZETT 21X, 1057
X7 LAY RENAGRTE23TTH S
(Scheme 4). 7 T 2 I)VIEHER 3 LN ELAED 17-7
TRV b D UREEK 22 %,
THF i, —78°C T2 ¥ &0 I LY~ U T AT
HLTYYUILL ) I—haRESELEOBEE
NZXT7IIVTFe REWE LU =EZAT IV R—)L ki
K24 & 26 NINHE % THRLNZ. LirL, 1ML
BT BRER I E< Aonsho /. KIg,
BOM 2.2 H T 258K 23 ZHNWTRKIGS /- &
A, BHHET S I'-afk25 (716%), TDIT AT
LAY —THh2 I'-f1£27 (10%) THEHN, o
R EE I N (Table 3, entry 1). Z OEHRM
37T REBZZGEICH, FRUMERNASN
7= (entries 2, 3, 5). XMWWIZ, VFILIL /) F—

0
ROﬁ)JVSPh Sml,
R

17 PhS~

18

k28 (Fig.5) ®2-0->UNTT>7t®5—)L29
ROV B2 7 )V R—=)V i3 2 < #iT 8,
IEEM 30 21D ET DN DD RY %25 2
. TOZEMNSD, X7 LAY REETICHT 2
RIMZBNWT, IS U T ADRD TERT
HBZENTMD Y

PDED XSz, HEnDiRfMmasHCi#frds3
AT U T L w N KR DR ZE A ICTE A
B5ZLET, BlHEAEELTOXZ LA RTILT
ER -7 b ARORATEZILRETE 2.

2. FRERABFZRIDIMEX 7L AL REX
RKRMDE MR

Fleming ICL A XZ2 U > ORALIEL < D4

NH,
N
MeO,C </N | \/)N
e
Zorz Q N
075
OR'
OH OH
Herbicidins (20)

A:R' = Me, R2 = CO(CH,OH)C=CHMe
B:R'=Me, R2=H
C:R'=H,R2=H

Fig. 3. Structure of Herbicidins

Tunicamycins (21)

I: R=(CHy);CH(CH3), V:

: R = (CH,)oCH(CHj3),
ll: R=(CHy)gCH(CH3), VI

R = (CH;)1,CH(CHj3),

m: R=(CH;)1,CH; vil: R=(CH5);oCH(CH3),
lv: R=CyzHzs viil: R =(CH)1,CH3
Fig. 4. Structure of Tunicamycins

Scheme 3.
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[Z(NR
1) Smly, THF

0
I

— 0
Sli
O

0. N7y 2) RCHO (3 equiv)
SePh T~ v/

hei

I~ "NR

N4

&O o v//\sto oOH )’);0 0 "0
22:R=H 24:R=H 26:R=H
23: R =BOM 25: R = BOM 27: R=BOM

Scheme 4.
Table 3. Sml,-Promoted Aldol Reaction between 23 and Aldehydes

Entry Electrophile Temp. (°C) Products (yield, %) o/B

1 phCHO —78 25(76%) 27(10%) 7.6:1

2 MeCHO —78 25(29%) B only

3 i-PrCHO —78 25(48%) B only

4 t-BuCHO —78—rt — —

5 (CHO),, —78—0 25(57%) 27(12%) 4.8 :1

4( 0 0. - o
(S|)' .‘\S_Z/NZZ/NBOM

WIEMNHAEL, ZNSIEMEIC K 2 BYEN S A4
EROTE. LLEBRS, Zhe0hiEmEz
F 2 SRRV 1SRRI B O HBLAYRE W,
BROERICBTDHIZREGMETE> TWD, 55
EEICONEOEBEHE TH, XAF U Vit
7 RUERE (MRSA) /N> a1 > itk Ek
W (VRE) ICX2BENEENKERBEE RS> T
Wo, 7z, R 3 KEGED 1 DTH 21T,
HFRANOOK 1/3 MR L THYD, FRECERT
200 5 AL BT BB, ZofEbEidicbng, B
TFOENE S BMRN TEEFERE O 1) 258
EREEE->THED, WHO R HEE T RE M
BHELTHEEZEL TWVS. ® ZOLD RN TH
52 &, ELBHEINTWRICHED ST, Hfl#k
KA BT B HEAIBREIL O & ZAITHANTER L
THY, HFEHORBIVEIREE, FrICH B ERE
FEETHEMBHROBIIEL < Vv, Z EHiHE

o
el Sa'sne

O
@
NBOM
O\ O N~
~M

!
YSLOH 4
A,

BERICBE L Tld, 1965 FIiCfFEINZY 77 2 E
T ERERFI, BRERICE TEREL 2R P
HIZE<BVONHIRTH . BYYEITH T DA%
DEZRIEI L THRIAHRETHO, o
IR SR THHEA OB OLEMITREL, »
DRk S N UT TR 5 72,

2-1. MEFIRAROFHA-BER : MraY & Z0DHE
FH  RXTFRTU D ATHALEE D EHE R S
THO, MMM D I Z D B A TR S
DEPDRAS, MBNREEICKDEEZHNT
W5, N-7E2FINTINaATIENTEFIVAT
SNRUVIRTF R 1,4--70) a3 REEBITED
HEL, XTFRETHEET 22 & THEIRDEL
IS HIREBE S HESE S 5. MIFAN TH LS 1172 UDP-
N-T7EFIVLT IR RTF RIS HIE PR
#Fho>20h—FY 1 (MraY) Oflfi NIz L D,
MBEN O 8 (DT h T L)LY U ) I
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fWToh, DoFATL =)V CE; N-7
TFINVLATINRIIRTFR (VERT) Z4ER
9% (Fig. 6). UE R 13X 5 ICHIEBESE MurG
XSO TRTF R U A VHIRAETHZ2UE RIIC
EHEIN5S, VE RTIZMBEENACEEINZD
B, N7V AT —ERRNT ARTFH —
PEHEICKVEGINTHRAL EXRTFRTZU A&
%%, MraY l3RTF R7 U T > DAEGKRICHATS
BETHD, XTFRTUNEGRITHRD DEEH
OHTIHFEFHAIFEOH -2 ENE L THEEEI N
TWABEEFED 1 DTh 5.5 BITEERIK TIA < FlH
INTVWDTYaAXRTFRFE ON>axv1> >, 7
AATITZ2) R B-T 75 LRIIEYEDEN X
DHAEEMBEBIIBVNTLERICMNET 2720
MraY FHEAIIE, MRSA % VRE & 5 o 7= Ak
B 2 3 OB IS0 U CIR < BRI EF O RIEIZ D7s
M5 ENHIFEIN5.

1985 I HEBEF 5 1T K o THHER A Streptomyces
griseoporeus DIGFRIEMN S HEEI N /U R R A

SRS (LPM, Fig. 7, 31) 13 MraY Zi& /71
FHE L (ICsp=0.03 ug/ml for MraY of E. coli), H
T®H LPM-B {Z in vitro {E PRI B W THIEEE 2

HO
o 9/ 9

HO: - 10-P=0-P-0— o N—(

l\tz 4 o O O

mpi\JVNTAN ‘Ti;Io

UDP-MurNAc-pentapeptide

CO.H

FZC®ETLHERICHEEEZRT (MIC=1.6
ug/ml, for Mycobacterium. phlei IFO 3158). 7=,
I AEM IR DR 513, 2003 412 AR B
Streptomyces sp. D—FEN S X7 L AT RRKARY)
T IYA T 8 (CPZs, 32) Z4pHEELTZ. 707
CPZ B3 LA MMtk 2 & O R E  (Mycobacteri-
um tuberculosis) & IEFEEMEPIEEE (Mycobacteri-
um. avium-intracellulare complex; MAC) 2%t L T
BRI PIEEE (MIC=3.13-12.5ug/ml) %7~
U, PiIBEEOHRERE U TN OHE X
R MVEFDEYTH S, 51T, ANk
BERETIVICBWTHEKRENRIGENR 2R
L, filasEEEORIER bR N> T2,
TR EEE 2 /I SO ame LT
HEHEINTWS., ZO¥FMEE, FERR3 D0
AFHLEETZTERYYEIN >, FEEMEEH
TIIVESE, -7 UR—ZAFLTUY P UNE
HMIZHELZbDTHS.

FR-900493 (Fig. 8, 33) 13 1989 FICHEINIE M T
FMIT X o TARMIE (Bacillus cereus) 715 Hiffif &
NFIEWRE A X7 8L (MIC=6.25 ug/ml for S.
aureus, MIC=12.5 ug/ml for E. coli) Z#R9 X7 L

% —
-0-B_0 = =
OI‘ 7 3
undecaprenol monophosphate

phospho-MurNAc-pentapeptide translocase
(MraY, translocase |)

Fig. 6. Formation of Lipid I Catalyzed by MraY (Translocase I)
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,MQC)
RONp/NH

0 0 . S
HOzC/Y\W HO,C™ "Ny
0 Me

HO OH
liposidomycins (LPMs, 31) R
A = = g
B Wf
C \/\/\/\/\/\Hf
HO NH,
-
HO O
Me N
N O
A N
U M o N
OMe
caprazamycins (CPZs, 32) R
B Wg
C \/\/\/\/\/\r‘,r

Fig. 7. Structures of Nucleoside Antibiotics Possessing the
6’-N-Alkyl-5"-O-aminoribosyl-C-glycyluridine

FTPRRARBYITHD. 4 L7112 H
(MRY, 34) 13 2002 417 KE D Wyeth #17 & > T
HEESNZRKAMTH O, 172 MraY FHETE M
(IC59=0.027 ug/ml for MraY of E. coli) T
R ERE G~ ™ 2 2 Wz in vivo i& PR Bk T
NFBEENRER LU, £z invivo BBRIZBWT
HEFORERARZHEINTE ST, FHEPIEHKIH
FEOY—RELTHFEEINTNS. O

2-2. BEHEEBEEZAGEL FBERML YR
ERIEDRERENTZ /- ILDEARK ﬂ”)ihﬂ”)h
WEHRX 7 LA 2 RRRRY O EME, WNT
OAEFIEHICHKZ RS, £OARIEEE %bfl:
LR BB 217> Z &2 L /=, Figures 7 and 8 i
U7 EBR R DO AR IS <HE SN TN
LM, TOEEMICEFELZDHDIERWN, 799 22

HO OH

FR-900493 (33)

B-substituted-L-Leu HO 5
L-Val L-epi-Cpm R HO (O 0
H oo D H H "\
HO,C._ _N s “~_N_ 0 NH
O HO,C , w0
HO OH
muraymycins (MRYs, 34) R
Cl)H
HN N 0.
A4 Y MY
NH, o
O
B5 )\(\/):Y \rr;f
o
c2 HO__ <
D2 H\;f‘

Fig. 8. Structures of FR-900493 and Muraymycins

T, DNOIUIKAY 31-33 O Mra Y JHEEHF
W AT I 37 2 FLlih & 3 2 B kit & B
B L 7= (Scheme 5). F7, i X fhs MG mHT
RO 2YARBEDRE SN/ TF —)L (40)

BERETTD 72, %697

2,3-0-17aeyF o) Py 41 O 5K
#: % o-iodoxybenzoic acid (IBX) kL TH 5N
57 )Tk RMEZE Wittig KIRICED A MF T AF
UFAbL, DI )VEEE 3 12 BOM K T
LTIlka 2 2508 L 7. RiZRI12xL T,
[DHQD],AQN % U # > K &9 5% Sharpless 512 &
57/ bOFIIUE®ZEITD &, 86: 14 DL
THED SS,6'SEEZAT 2LEW B NEHLL T
557z (Scheme 6).

RIALEW 43 D SRKBEENDT 2/ UR—R
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O

H,N OH / N
2 6 ~ HO OH

s o N—( 36
HO,C O —
B-selective
HO OH ribosylation
35

predicted pharmacophore of
Mra Y inhibitory nucleoside antibiotics

HO
N O ¢ NH
%ﬂiiﬂ +HUAYiv%
HERE NHMe
& 38

NH
HO &

e} 0O
OH

e}

HO OH
peptide bond formation

Scheme 5.

o}

Meo,C . oH ¢ Neom

X o N
CbzHN ° «o

o_0

>

43

Scheme 69.

a-c
—_—

0]
MeO,C / NBOM
>
42

S

a) Reagents and conditions: (a) I1BX, MeCN, 80°C; (b) Ph;P=CHCO,Me, CH,Cl,, —30°C; (¢) BOMCI, Na,COs, BuyNI, CH,Cl,-H,0, room temperature
(70%, 3 steps); (d) CbzNH,, K,0s0,(0OH),, (DHQD),AQN, NaOH, #-BuOCl, n-PrOH-H,0, 5°C-room temperature (52% for 43, 9% for 44).

DB AZWMF LU (Scheme 7). 7 U a3 )ULKIE
KD -7V REMET S0, 7V
ROBEEESZ2AN200 K THD. Lirli
M5, LPM HEOMERENRITHNT, HENH
RO T7EN H, p~7aFhIVE
HNEZBIp-HEER T ENMETNTNS
DIz, TUNRKICK DM EEES ERIAL = B
UR—ZADEAIZ, 7 IVEDPIREDERICHEE
AU DAlREE N mE W, Lo T, RS2 M

WIS RETTRET, 7D BB R I
ZITORENECKE., bhbnd 7y sy — I ir#EL
UR—ZAFGEAERD o HICHEET DIREHEZNS
& < AU B EHEIRAITRERI DG L -1 R
REHZBHEFRUE ETHMEGARELT, 1V
TOVYF U RELS-T P RURIIVTILAY
R 452 z HH WU R IME B EREF L. £7,
43 % BF; - EL,O @R E MY 7))L 40
AY VAV LA F 2 &S R NEMALALEE
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N 45a:R=H
3\QNF 45b° R = Me
R

R
conditions g O 0 O r © o 9o
o
4 MS4A, CHCl2  cbzhn BQ ¢ Nsom cozN o ¢ Neom
S + ;
o N o N
MeO,C 0 MeO,C 0
0_0 0_0
48 > av >
Scheme 7.

Table 4. Ribosylation Reactions of 5”-C-Glycyluridine 43
Entry Donor Activator (eq.) Temp. (°C) Yield (%) Ratio (46/47)
1 45a BF; - OEt, (1.5) 0 72 2.8/1
2 45a BF; + OEt, (1.2) —30 78 2.7/1
3 45a TMSOT(S (1.0) 0 trace —
4 45a AgOTf (1.5)/Cp,HfCl, (1.5) —40 quant. 1.2/1
5 45a AgOTf (1.5)/SnCl, (1.5) 0 60 2.0/1
6 45a AgClO, (1.5)/SnCl, (1.5) 0 40 2.6/1
7 45b BF; - OEt, (1.5) 0 80 24.0/1

Liz&Z A, B-URY RIK46 DMESL THSNZ
7, TONARERMEIIHNI 1 EHETEEZHDT
1375/ > 7= (Table 4, entries 1-6). {1 Dt 54K &
LT, Mg 220 KFT KK hyrzoo7t ks
1357 — MEZERWEY R IR BB L7203,

BERMEIELFEDENRNO/. T T, 2,311
KEEIZESITNEEWVWIRCFUF O EERT
% R — 2Bt 54K 45b D V) R 2 OUAE O 2 Rt
L/=. §7/2bb, 45b % BF, - Et,0 ZiEELH &
LTRSS BT A, VMGERME, REMICH
EU, B/alttb24/1 THE B-UKRT R d6b 2155 Z
EMMTE/ (entry 7). RITHEMGAKD 5 AL D&
HEORENTAREIRIEICEZ 2HEZHANDL D
2, FNENTERFS, ROVINAFOKREA R
FORHEBALLERF T O RERL 5K 48,

49 K50 Z HHWTL-A LA Z FEAKR ST DU R
PIL s &= 1T > 7= (Scheme 8, Table 5). 5 fir®
BEEZY O RENSXDDIINEHDZNIZANFT
FICEHL TH BIiBIRMEIT B/a=96/4 EED ST,

SALEWE O & I IET T ENIRRIRIE I 2%
BZIBWZ ENsrnofz (entries 1-3). —F, 7
T hFIEEZEALZGER, YIaFIREITHX

THTNC BEREDE TOBR I N (entry 4,
B/a=91/9). 5L, SMDOTEMFIHENS DR
BEEAGENEHE, BREIRENMETLEEZ SN2,
VIRV IUERISIZBNTEL B A FY R =Z
LA F WK, 1REBRTFET T ) — A FH
R FHOEEN _EEEGEZ T TS, 34
R FH BEENC NS/ E a2 FRY—54 & o
HENZ A5 72 By O 2R~ — 55 & O IRAEIC &
5EFZ56N5 (Fig. 9). & Z TIXREREDH
B EEMICERT 2201, BENEEK
1001100 (DFT ) 1T X B RELEIE 2TV,
FERI AN LA F RO ENEN OO >
RY—ICBITEREEHERVE2EFIRIFT—%
B Uz TO/E, ELEWEITE I8 —
55 TCTHD, 3 EO2HRY— 5412 ~T 10 kcal/mol
UERETHD ZENRBEI N, 77 /) —AihE
RKaEfEft GRS T2 C-7 ) 2P IMERIGIZHBT 2
SEAREIRPEFRBICEI L T, Woerpel S 7 AZEH M
ZROIDICHML TS (Fig. 10).19 75 ) —
ZHEERNSECDFFY NN T LA F
i, 3MRFBHRTFZEZHERETDE d2KRY—&
E O 2R — EDVEEIREITH 57, VKETR)
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HO™ CO,Me
51 NHCbz
BF3-OEt, -L__CO,Me
, MS4A~ R—\ o L\r/ N N
CHzClz w NHCbz b"'o“‘ CO,Me
S Y5 5 NHCbz
\\V>*<V// 450:R=N; ~ <~ S
48: R = OMe
49: R = OBn 52 53
50: R=0OAc
Scheme 8.
Table 5. Effect of a Substituent at the 5-Position on the RO ¥ RO
Stereoselectivity + . s )
4/ O\1 inside attack 3 o
Entry  Donor R Yield (%) Ratio (52/53) 3 H oedar ) 1‘\
1 45b N, 95 97/3 RQ o 56 Nug
u
2 48 OMe 99 96/4 E; conformer
3 49 OBn 94 96/4
4 50 OAc 9% 91/9 ‘l stereoelectronic effect
Nu~ ¥
RO ﬂ inside attack <\0R
+ m
RO o minor
“
2 57 |3

420\

4 (o
) 11.1 kcal/mol O\J\/

E; conformer 55

1

e

3E conformer 54

4
3
2 1
5
4 1
3

Fig. 9. Optimized Geometries (B3LYP/6-31G**) of the E;
Conformers of the Oxocarbenium Ions 2,3-O-3-Pentylidene-
S-methyl-D-ribofuranose

BRIZKD, a2 HAY—DE0DZRINF—WITE
ERAARY—ELTHELTWS., ZOE d>
R =1 U CREATINEORIE, X TOE#IED
Pl B 7Y staggered T 2 kM %E 52 5 K 51T 3 4%
R Tl (inside attack) 705 EICHETT 5. ¥
il D outside attack 2T LU 7= F{ & id, EHHEMN
eclipsed BLJEE 1356 DD % - D BBIREIIA L
ELIND, TORE, EPWEL TT alk56 %
BIRMICEZ 5. INHEEBEETDE, 3-XFU

3E conformer

Fig. 10. Schematic Representation of the Streoselectivity of
the Nucleophilic Attack to Oxocarbenium Ions of C-3-
Alkoxyfuranosides

T RERE L GRZE WD U R IR, EU
H5FF)NINNZTLAF HEED E; 32K
Y —7M3E 32K —XKD 10 kcal/mol LA L& E AL
INTVE2HO0D, afiICHFEET 2 3-X2FUF
S HEDNIAREEIZ XV inside attack 23 HIH X N B
=8, WA SN outside attack ASHETT L T,
BERMEFRBI L2 EEZ DI EMNTES (Fig. 11).
BEREEBE G 20 E LisWn BB R
LRI EHFET DI ENTE/ZDT, KIZCPZH
DRHEMHBETHLP TN D OMEEITS 2
(Scheme 9). £, BUKRT K 46b % 1)L K
61 ~Li#E X 3-(diethoxyphosphoryloxy)-1,2,3-ben-
zotriazin-4 (3H ) -one (DEPBT) !4 2 H W\ T p—t U
> b.ﬂ*”bt? CHEER 62 EKHES L TTE
BY 63 =15/, ELITKRmAL T« ElET VT
| F’\&%?ﬁbffﬁﬂﬁﬁﬁﬁﬂzﬁf%ém/*\% 64 ~3H
Wz, 27T 64 DEMUETTICE D Chz £ D lifRiE
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, o
R' o R'O. R
4 /nS/de attack| 4 5708

outside attack o, M
/\l\ 3 N
minor o) major o]
O Nu O\.l\/ H O\:]\/
58 59
E; conformer

Fig. 11. Schematic Representation of the f-Streoselectivity of the Nucleophilic Attack to Oxocarbenium Ions of 3-Pentylidene Pro-
tected Ribofuranoside

/o) NHBoc
o) o} O o) o) 0o
cziN 0 ¢ NBOM
- I o M d
R'O,C —> R=
o_ 0 TBSO
4 TBDPSO
46b: R =Ny, R'= M alf 63: R = CH,
60: R = NHBoc, R'-Me: 64: R
61: R=NHBoc, R'=H <1°¢
g;h
0 NHBoc o NHBoc

65: R = H, R' = TBDPS -
66: R = Me, R' = TBDPS <— |

67:R=Me, R = H 1]

— :NHMe

TBSO
TBDPSO

62

(+)-Caprazol (40)

Scheme 99.

a) Reagents and conditions: (a) Ph;P, H,0, benzene-THF, 50°C; (b) (Boc),0 (95%, 2 steps); (¢) Ba(OH),, THF-H,0, room temperature (50%) (d) 62,
DEPBT, NaHCO;, THF, 0°C-room temperature (81%); (¢) OsO4, NMO, -BuOH, acetone-H,0, room temperature; (f) NalO,, acetone-H,O, room temperature
(61%, 2 steps); (g) H,, Pd black, i-PrOH, room temperature; (h) NaBH (OAc);, AcOH, AcOEt, room temperature (34% for 65, 24% for 66); (i) (CH,0),,

o, . 1
) ° )
NaBH (OAc);, AcOH, AcOEt, room temperature (65%); (j) NH4F, MeOH, room temperature (60%); (k) Dess-Martin periodinane, CH,Cl,, room temperature;
(1) NaClO, NaH,PO,, -BuOH-H,0 (56%, 2 steps); (m) HF-H,0 (50%).
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ki<, Btk s>y THEBRE T 2 > OET
2RO & AT. LAY 64 2IKFESH
SFETAY =), NSPULEEMEEEL TR
EEsE, DTEN CRISEBETEEZHOD,
T V)V 5,6-0L D HEE A ME T INL
BEVMNBRINETESNDEDATH> -, KRIGEZEFE
MK LizE A, Py 7HEBMRICK DRI E
T THHDEITLH 5,6 HEHEE A DEITITHAN
TEWZ ENGho e, £ T, Cbz HORREICH
SKIRICE RU RETLEHWS Z & &L fiag
et Liz& 25, BB OEMETICX2
Coz EDRrEZE1Y 70N =)L T, T
NaBH (OAc) ll¥d 2 &, HHET O T7EIN )/
KRGS MR ND I EN ST ROAT YT
WOT7EN ) D ED2HT I ODOAFIALTH S
7, BBRERW Z S ITAZHTERIZ A F )V ETT L
AEEY 66 SNz, TaB, AFIELDRFERE
12, BOM EODREDBICEUZHRINVALTIVTE R
ThaEEZLNS. BIEHE, PEIN 1K 66
@ TBDPS Rz EINWIZFREAL DB, H—HoKig
HE2TIVREANBIEL TEEY 68 21572, &%
27 VALKEB TR TORERLZRET L &

C (+)-caprazol (40) DD EERRZE ZER L 7z, %697
BRI, TEREZIIUD ET 5 &HEEERT — 0N
EROZEN &L ™

2-3. FR-900493 O£ &  FR-900493 (33)
12, FHEEIZHSMNER STV HOD, MK -
M REL B IS RIRETH o /2. T T, bhibh
1%, 33H40 LFEHONKEEEZAT S ETHEL
T, RARYWOHEREDE K Z1T> 7~ (Scheme
10). £/ 60 DIRERLZBMYICAIL T, 1k
B 69 2157z, 69 DHE AT XD Troc X % fk
ELTHESND 7 IR T0ITHL T, BBEMICE
T 7 IV F AL RS 270 6 -N,N-2 7 )L F LK 12
7. RBITEK80% NY TV A OFEEE TN
TOREEZRE L. o NGO i E
UM T — Y I3ERE eI —HK Lz
ZIZhNH AT FR-900493 (33) DI D44 B % iE
Y 5 EEDHIT, TDOIREN—EHD MraY [H
ERXRYEFEL IR, 2R, 3R, 4'S, 5'S, 68, 178,
2’R, 3R, R THBDIEEZHLMI L. 19 KE
RS 2 R 97 4AUE X 5125 J1 72 MraY FHETE M
695 MRY HOGKOARETH D EEATND,
2. NTTHYA L FEORE - FEMAREHRE

(+)-FR-900493 (33)

Scheme 109,

a) Reagents and conditions: (a) Ba(OH),+ 8H,0, aq. THF; (b) tBuOC (NH) CCl;, BF;:Et,0, CH,Cl,, (46%, 2 steps); (c) H,, Pd/C, MeOH; (d) TrocCl,
Et;N, CH,CL, (79%, 2 steps); (¢) H,, Pd(OH),/C, TCA, MeOH (92%); (f) activated Zn powder, NH,Cl, MeOH (95%); (g) BocHNCH,CH,CHO, NaBH
(OAc¢) 3, AcOH, CH,Cl,, (80%); (h) (CH,0)n, NaBH (OAc);, AcOH, AcOEt (70%); (i) aq. 80% TFA (quant.).
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AEREBOE B E L ThHT 9N A1 2 > ORE
TEMEAHBEIRF S RO T 7 —< A7 + 7 DIFRZITD T
EE U7, £9 CPZEMNH T 5 E M N5 1 184
W&z MM IVABE TEE A 20V M1V
AT 5 =) (85) mEHL, NERHERMISE D Btk
Bz P78 VBREBEEO)VI ML
BABEZEZSNDN, HAKO B-IiEEE O & KR
BRI S D, DT7YIN URIEREIICITO 2 & E

:>_/NHMe

TBDPSO  CO,Bu
77

0o o)
</ NH CbzHN O </ NH

LU, #iRD (+)-117 5 —)L O 2H Rk % F
LT85 #=5&R L7~ (Scheme 11).

85 L ZDFT A AF )UK 84 DHIHIEM %, MIC
(FRNFEBEHERE) 2RD5ZEITKDFHL 7=
(Table 6). ZDfER, 85 L 84TV InNdH T I A
PRI 0 U CRE R ICHIRTE R Z RS 2 &)
ofz. ZOWEME, K OEMSIERMEE TS
KARY CPZD LRI%HETH >, BHIRENZ &IT,

0 R

@]

(0]

o. N

)

L

74:R =N R'= Me of
75: R = NHBoc, R' = Me:l ’
76:R=NHBoc, R =H < 9

0 NHBoc
o] o] O
kil cbziN O ¢ WH
~  Me o. N

78: R = TBDPS i
79:R=H -~ ;
80: R = COCy5Hzs <—

Scheme 119,

a) Reagents and conditions: (a) IBX, MeCN 80°C; (b) Ph;P=CHCO,Me, CH,Cl,, —30°C (90%, 2 steps); (¢) CbzNH,, K,0s0,(0OH),, (DHQD),AQN,
NaOH, ¢-BuOCl, n-PrOH-H,0, 5°C-room temperature (96%); (d) 45b, BF; + OEt,, MS4A, CH,Cl,, —30°C (71%); (e) Ph;P, H,0, benzene-THF, 50°C; (f)
(Boc),0 (90%, 2 steps); (g) Ba(OH),, THF-H,0, room temperature (73%); (h) 77, DEPBT, NaHCO,, THF, 0°C-room temperature (66%); (i) TBAF, THF
(78%) ; (j) palmitic acid, EDCI, DMAP, CH,Cl,; (k) OsO4, NMO, -BuOH, acetone-H,0, room temperature; (1) NalO,, acetone-H,0, room temperature (83%,
3 steps) ; (m) H,, Pd black, i-PrOH, room temperature ; (n) NaBH (OAc);, AcOH, AcOEt, room temperature (96%, 2 steps); (o) (CH,0),, NaBH (OAc),

AcOH, AcOEt, room temperature (65%); (o) aq. TFA (quant.).
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PTEIN 2 ED N-AFIVED KRB, FEZED
BT 2PBEED A AT T 1 22T D HiE s
EREKTIEAED, TOMOME KT DHE
W3 EEEZ o . ViBEEERRMD T 5
LGRS 3R s EOMaEZ /L THD,
Z DM EE D S DB NWHIEE ISR KFI L T
HERDLNS. DLOKRNS, CPZEHOEMS
i A T (R BB RS 3 2 BT 72 )N )L 2 S 1 )L (ISE Tl &= #1
ABDIENUEETHD I EN Mo, £/-
MRSA %> VRE 75 & O FAM R E 125 U T H PR TG

Table 6. Antibacterial Activity of 84 and 85

MIC (ug/ml)

Test organisms

PHERLEZEMS, MraY 21K & L7 CPZ 3
Z 1 — R &I 5 HBPIEA OB TS O 2 4 M 2R
T EMTES 100

RIZ, CPZEOHET A UUT Y, 73X/ UKR—
Z, PT7EIN >, KHEIEITE O &0 G ANEVE
FRITHBENE DN EFARDDIZ, Tns %R
BT I YR —ARMFBEKE, 7D
CRUGEER 8T, PTYIN VEBRAMHAEL -EE
k88 ZZNTNE L (Fig. 12), EHEIEN#E R
WFEBRE BT DT T =)V 40), )NV b
AINHTZ =)V EPFE THIRE L BETE M 2 3546 L 72
(Table 7). ' = D#5H, 175 —)L (40), 86,
KO8T OIEMITERICHEHE L. —FH, PT7EN
J VBRI L 8K 881, PG MEISEES T
DHDDEEZEFHEL TWD I ENGMhorz. Lz

85 84
M. smegmatis ATCC607 6.25 25
§. aureus FDA 209P 1.56 1.56 Table 7. Antibacterial Activity of CPZ Analogs against
S. aureus MS9610 (MDR) 3.13 3.13 Mpycobacterium tuberculosis H37TRv
S. aureus MRSA No. 5 (MRSA) 6.25 6.25
S. aureus MRSA No. 17 (MRSA) 6.25 6.25 T . MICs (ug/ml)
est prganism
S. aureus MS16526 (MRSA) 6.25 6.25 40 85 86 87 88
S. aureus TY04282 (MRSA) 6.25 12.5 .
Mpycobacterium
E. faccalis NCTC 12201 (VRE) 125 125 tuberculosis H37Ry 100 250 >100  >100 6.25
HO NH,
ool OO0
Me Me
HO. N o ¢ O, N OH T
. o N TA O N
HO,C™ "Ny o HO,C™ Ny 0
Me Me
HO OH
86

Fig. 12. Structures of Truncated Analogs of CPZs



1418

Vol. 128 (2008)

NoT, wUYr, Y UR—X, EHIENHEZ
EHERBICHATHD, D78 Fixanso
PR & U R IV U D28 Z%, w73 Kot
BlE TRl E S A REZH> TNWE EEZA LGNS,
DXV, CPZHEOMEHMILzT> LT, 20O
TEN NIRRT H D EERT. £
TOT7EN) SIS NERT D
WAL, JEMIEEMISEE LT, SV bAILEE T
TIVRIAIVEZEH T H58K 95 & 96 Z#Hi/-
IZE%ET L7z (Scheme 12). I 6 DIibEWIZ, &
VIR 89 &t VFEAREHWT, f#EICERK
THIENTERL., INSOPIEEEZFTML 7= &

o

/ O; NHBoc
0]
(0]

cbziN O ¢ NR

A, NV MMIVEZET % 95 NEMEEERITH
LTHREEDOEMEZRT Z ENHM > (Table
8). 18 yE & A] LT R A% 5755 Ml RiE L
MILETH DM, —HOWKZEL T, EMMEE
EHT HHEY CPZ OHMILZITD T EMTE
7z,

3. FiHLEE BEEZATHIAIANIXVL
TFROEREEDHE
INETREZIXI VAT RRXIZ AT REXR
SR & D N TALE W D A Rk 2l U 72 BISRAL 22T
FIZDWTIRRTE 2. ®mETIE, HHEEOKE
NF (FUVIAXTLFAFR) TObOEEEKEL

o) N—< c BnO,Cr+- o N
R20,C o} —_ HN _<o
O
> -
60: R'=BOM, R2=H 91: R = palmitoyl <—| d
89:R'=H R2=H ~Jab 90: R=H 5
' 92: R = 4-phenylbenzoyl <

Scheme 129,

93: R = palmitoyl
94: R = 4-phenylbenzoyl

OH
"o NH,
o)
OO0~ oy &°
o) NH 0 ¢ WH
:ON
HN o}
o)

HO" OH
96

@)

a) Reagents and conditions: (a) H,, Pd(OH,/C), MeOH; (b) CbzCl, NaHCO;; ag. THF (79%, 2 steps); (¢) L-Ser (OBn) -+ HCI1, EDCI, HOBt, DMF; (d)
palmitic acid, EDCI, DMAP, CH,Cl, (89%); (e) 4-phenylbenzoic acid, EDCI, DMAP, CH,Cl,(87%); (f) EDCl, HOBt, CH,Cl,; (g) 80% aq. TFA (3 steps, 70%

for 95, 84% for 96).
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Table 8. Antibacterial Activity of Diketopiperazine Analogs

MIC (ug/ml)

Test organisms

95 96
S. aureus Smith 25 >100
S. aureus MS9610 (MDR) 100 >100
S. aureus MRSA No. 5 (MRSA) 100 >100
Micrococcus Tuteus FDA16 25 >100
Micrococcus ITuteus PCI 1001 50 >100
Bacillus subtilis NRRL B-558 25 >100
Corynebacterium bovis 1810 50 >100

THIETHMAEDLEICTTONTWS., FlAE, &
PRI RTROFHN (EEAIFR) 1I2HNT,
T A$H DNA ZRERE L ZDOHMEEZIET S 2 & T
DNA D # #15> DNA 7 5 mRNA N D #z 5. % 1 i
9257 FT— ik 19 mRNA 2R & L mRNA
EORT DI ETY NI EOFRBZ N % ik
Thd7 >F 2 AiEN% RNAL (RNA F#)
FEWRENH D, N5 OHIEZERGHZfER
L THENICEN SN TWS, X512, DNA
M5 mRNA NOEZERIIE 25 >NV ET
b HEEGERT (TF) 2N ET 257 A%
o, 12714 EEGIUK E RS ND T T ¥ X —EHDH
R HITONTND D YTy —13, &>
INEEIZIUDETDEN ) FITHRNICHEST S
¥iEE /> 7T, SELEX (systematic evolution of Ili-
gands by exponential enrichment) &IEXN 2 A7~
J—Z DT EEZRWTESRENS., INETHEST
EREXI LAY REREFZFVIXILFF RO
LRSS 2 & T, KBRICH /=7skEiE - BEAE
5L, KBREZGBAFICEM TERNWNEE X,
PARICHR RS 2 DOMEICETF L=,

3-1. NF-«xB#EEREZHT D2HE Y > X)L DNA
D& EFRETIE DNA 725 mRNA NDELE
NITbNDEE, EHiODNAICERTZY > 87E
TH5. ZOEERFINESRFRAYIZ DNA EOix
BERTFREAES ATV A2 M) IZHAEL FRIC
I BH I ET, RNARY AS—FITk
% mRNA NDEENEEIL I NS [Fig. 13(a)].
FAAER, ATV AY NEFFOETEEAO A
EDNA 2 “BLD (Fa4q)” LLTmasZ&
TZOHERTFEMIEL, THITXDARD DNA
FDOIATV AL FCEBERFAREGT S I &2

transcription
factor

\/ activation of transcription

A

cis element

@D g S
decoy
transcription T
factor

cis element

Fig. 13. Schematic Representation of Transcription Decoy
Strategy

EITLHETHO, ERELTHY O NIEHDOHB %
W TE % [Fig. 13(b)]. "9 §15 K113 %% <
OFEHE, HWREEZZDOIAIL A MRS NTH
0D, FIA 5 TOlSN %, EHNETIEERTOS
ALL A NMTHIEZES Z & THARIEERTIC
XU TEDHEEED A& BIRMICHIHI T2 Z LT
. LA LT aET T EH AR E WD
72912, AFKDEV DNA ST AR 2 4
Fi9 272D T BRI ZEVEIMR LS, 2 EERN
B /K fREEZR Th DX 7 L7 —YITh T 55
AR W8, RKIEHH DNA 2 fWwiz5 I DNA
1 in vivo TE DEREMN T IR TER W I &
HonTwz, ZNsOMERETRT 572912,
INFETHLAREBDREINTNEN, HRHEIH
WHENDIEY > NIVEID 2 k& Z2 S 55734
DNANS20 TH 5, RIRAKETZHIET, DNAD
Bzt T+ X7 L7 =itk 2 R EE
TE%., LL, ZoOFEEIZIIMEZH WSO
Z NI B RIZ, A=V v TR T K ES
MME LW, (bREMEDRESIN TS, fEE
I - RZERCHERZAL TS, bhibill,
Fig. 14 1R T D1, MU TV —IVERBEKRICEK
25 NV DNA GiEEEZE L L. T/5bb,
2 A% DNA ORIy ¥ R, TFo)VEzE
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a
Ny
@@y
N
hpODN ¥ °Ng tzODN
b
78\
N
4 dsODN 4 tz20DN
Fig. 14. Formation of Triazole Cross-linked Dumbbell-like ODNs (tzODN and tz20DN) by the Cupper Catalyzed Alkyne-azide Cy-

cloaddition

(a) Cross-linking of hairpin ODN (hpODN) at a single site. (b) Cross-linking of double-stranded ODNs (dsODN) at both termini.

AL, DNA L THifiitic ks 7023y 71U >
/77121-125) (cupper-catalyzed azide acetylene coupling,
CuAAC) %f75 Z & T, #HMHY > ~X)VE DNA 2
BoNZIETTHS.

£9 CuAAC % i\ /= DNA S8R5 D 28675 %2
WL T 2729012, EFIVEREL TRIERMN1 DT
HLEEANTECRAVIFEF XL AF R
(Fig. 15, hpODN 1) Z8Hkd 5 & & L7z 446
WA EBRT S 3 K1y h&E LU THEMERES
N N3-T7a)NNVFNFID 2%, YKL=y b
LTI, 7PHREROFIERAELTN3-I—RT
FINFIDUDRAFATY IFA ML=y hEEK
L7 (Scheme 13). 15 %H T, DNA HEH
I KO AV TTFAF XTI LA F R 106 % 55k
U7, BEMEALT, 72 REANOE#EZITWY, H
R ET 54 > N)LE DNA ORIEKE R 5F 1) O X
7 L#FF K hpODN 1 ZF# L /=. KIT CuAAC X
GO REL 2 RET U 2SR, 50 uM D IEEIZH
# 7 hpODN1 & /N 7 7 — (100 mM MOPS
buffer, pH7.0, 1M NaCl) f# Ty =—U > L7=D
5, 500 uM fif B i —tris (benzyltriazolyl ) amine!26)
(TBTA), SmM 7 Z)VE VT N o LA TUH
@“6%#7&3‘%5_7‘;%%%571 tzODN 1 23 1Z1F #
—AERY (92%) ELTHESN, BRI OGHE
7952 EMNHMNo T2 [Flg 16(a), (b)]. AR
EREFEMADREL, X7 LA RERZE S U2
HOREETH S dC, dG, dT, dA DIFENICHE
i Cd % [1,4] -BRALA A T-tz (1,4)-T OE — 27 )3
BRINZZE, EEREOY — 7 mELHE imE
E—H Ll Z20MiEZMR L 2 [Fig. 17

-
-y

TGGATTGCP—3 )

hpODN 1
a cCCTAACGZ-5"
dsODN 1 upper 5'-ZGCTGGGGACTTTCCACGP-3"'
lower 3'-PCGACCCCTGAAAGGTGCZ-5"
dsODN2 upper  5'-ZTGCTGGGGACTTTCCACGTP-3'
lower 3'-PTCGACCCCTGAAAGGTGCTZ-5"'
dsODN3 upper 5'_ZTTGCTGGGGACTTTCCACGTTP-3"
lower  3'-PTTCGACCCCTGAAAGGTGCTTZ-5"'
TT
tzODN 1 T GGATTGCT/?/\'I}I
A CCCTAACGT\_/N,N
N N
tz20DN 1 TGCTGGGGACTTTCCACGT/?/\
¢ TCGACCCCTGAAAGGTGCT K 1
N~
tz20DN 2 ,. ’\TTGCTGGGGACTTTCCACGTT/?/\
¢/ TTCGACCCCTGAAAGGTGCTT
N7
tz20DN 3

TTGCTGGGGACTTTCCACGTTT/-z/\
J&/TTTCGACCCCTGAAAGGTGCTTT\/ N

contODN upper

5 1
lower

3!

-GCTGGGGACTTTCCACG-3"'
-CGACCCCTGAAAGGTGC-5"

Fig. 15. Sequences of the ODNs

P = N-3-Propargylthymidine residue, Z = N-3-Azidoethylthymidine
residue, T=N-3-Substituted thymidine residue. NF-xB recognition regions
are marked with a gray box.

(©].

RIT 2 A8 DNA OHlfiA i TD CuUAAC 1T LK% %
SRV AYTFFAF X7 LA F R t220DN 1
(Fig. 15) OEREMRFLZ. AT A2 MTE
NF-kB #E & H2 5 28R L=, NF-kBl37 L J)LF—
s EOHCREREECHMIEE, X513 AICE
HIzpLah, BEAREENE L TEHZRUT TN
HERFRF Td . 1277830 UG AT K - TR
HOEDHHEZE DR T 5L DNA DY )N
BHEDHEGENTINDZ EBBaINDIT, K
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o] (o) T T e
/ / Jla ‘/hPODM b : t2ODN 1
NH N-R ; “ || il “
DMTrO— o N—( a6 DMTrO— o N—( | ! ‘[ |
§— ° | N : ﬂ
HO o RO o 5 10 15 20 25 mm o 5 10 15 2 25 (mn
cd [ 98 R=CH,CH=CH,, R'=TBS - e
" 99: R = CH,CH,OH, R’ = TBS ; (R I ;
h e [ 100: R = CH,CH,OH, R'= H | ¢ Zi d | woond
| dsODN 1 n | I
I { I

e VA

ZTX
A\ZHO
-
=
(@]

o
\

HO o)
el <
\
106 o\(\)LNM
s

\ P\ oM
GCAATCCCATTTGGATTGC c)0
107 ON
N~

‘ 0
m
hpODN 1 o; controlled pore glass

Scheme 132,

a) Reagents and conditions: (a) allyl bromide, K,CO;, DMF, 91%; (b)
TBSCI, imidazole, DMF, 90% in 2 steps; (c) OsO,, NMO, aq. acetone,
NalO,; (d) NaBH,, MeOH, 71% in 2 steps; (¢) TBAF, THF, 87%; () L,
PPh;, pyridine, toluene, 85%; (g) NCCH,CH,OPCINi-Pr,, i-Pr,NET, CH,
Cl, 82%; (h) propargyl bromide, K,CO3;, DMF, 93%; (i) succinic anhy-
dride, DMAP, Et;N, MeCN, quant.; (j) EDCI, amino-CPG, DMF, 34.2
umol/g; (k) oligonucleotide synthesis; (1) NaN3;, DMF; (m) NH,OH.

SIS AR AT 2 AT DI E THHEZKEL
L 7= R iEl k65 11 DNA T % tz20DN 2, 3
HERIRFICERT S Z &I L7z, dsODN 1-3 24t &
keI L CT&RLL, hpODN 1 % W TRk L 7=

I\ ! |
| { { |
gl B LIRSS " | SO

— T e s —

0 5 10 15 20 25 (min) 0 5 10 15 20 25 (min)

{ t220DN 2
V'

o 5 10 15 20 25 (min)
. _ = _
g ) ﬁ\dsODN:s; " h ,
! ‘ | _ z?0DN3
| | V'
| I |
] t \ ! i
| | { { il
! ‘
{ | i
! | e
s e ———— R e e e s s e
0 5 10 15 20 25 (min) o 5 10 15 20 25 (min)

Fig. 16. Denaturing Reverse-phase HPLC Chromatograms
(UV absorbance vs time) of the Cross-linking Reaction of
hpODN 1, dsODNs 1, 2, and 3

(a) hpODN 1 in the absence of Cu [I] catalysis, (b) after the CUAAC of
hpODN 1, (c) dsODN 1 in the absence of Cu[I] catalysis, (d) after the Cu-

AAC of dsODN 1, (¢) dsODN 2 in the absence of Cu[l] catalysis, (f) after

the CuAAC of dsODN 2, (g) dsODN 3 in the absence of Cul[l] catalysis,

(h) after the CuAAC of dsODN 3. All the reactions were performed with a

50 um ODN in 100 mm MOPS-NaOH (pH 7, 1M NaCl-‘BuOH) in the

presence of 500 um CuSO4-TBTA complex and 5 mm sodium ascorbate for 6

h to afford tzODN 1tz20DN 1, 2, and 3 (indicated as arrows) , respectively.

FUETTENENRINEIT> 2. TO/ME, RIGH]
121 C18 it HPLC F v — h kT2 ADE—7 &
L THiEN 5 dsODN 1-3 13, Mt 1 ADE —
ZIWZINH L, tz20DN 1-3 O W N H1FFE B — 4k
meLTEs Nz [Fig. 16(d), ), (h]. Z Ok
o, MUYV —IVBEEERKIRE, FU 5T
FIXIVAF ROMAKE THEIH#ETT S I
12, Kl TOAMEE S OBEAITEEI NN
EMghotz. CD ARY NVBIEIT K 2 i @
DFER, Akl 724 >~V t220DN 1-3 1, K&
D DNA 8 —RIZHET 5 BREEZEELTWD
ZEBThok.

KITH > X)L B t220DN 1-3 D B2 EED W T
BEtd <, 50%REfRE (T, ZRELRZ. £
DFEE, tz20DN 1-31Z I H 80°C LL LD T, &
2oL, ZHERAETD dsODN 1-3 2 kX T 35-37
CD Ty D ERANHSN, B LE A KIEI
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a TA2(1,8)T — b

5 . dA
Tz(1,4)-T z
dGLE I s
v s N N 1

© Calcd. dC dG T dA:P:T

[

/_J\/M T-2(1,4)-T

Calcd. dC:dG:T:dA:T-tz-T = 5:4:6:4:1
found 4.9:4.2:6.1:3.9:1.0

\M,m

Caled. dC.dG:T:dA. T-z-T = 11:11:8:6:2
found11.2.11. .7. . .7.1.9

A
h Tz(14)-T

Caled. dC:dG:T:dA: T-tz-T = 11:11:10:6:2
found 10.9:10.8:10.3:5.8:1.9

Fig. 17. HPLC Profiles (UV absorbance vs. time) of En-
zymatic Digestio of ODNs and Their Nucleoside Composi-
tions

(a) A mixture of authentic nucleosides, (b) hpODN 1, (¢) tzODN 1,
(d) tz2ODN 1, (e) tz*ODN 2, (f) tz20DN 3.

Table 9. Thermal Stability of the Triazole Cross-linked Dum-
bbell ODNs

T, CC)? AT, (C)»

contODN 55.7

dsODN 1 52.7 —3.0
dsODN 2 50.3 —5.4
dsODN 3 47.0 —8.7
tz20ODN 1 89.8 +34.1
tz20ODN 2 85.2 +29.5
tz20ODN 3 81.7 +26.0

a) Conditions, 3 um each ODN, 1 mwm sodium cacodylate-HCI (pH
7.0), 1 mm NaCl. Avarage of three measurements. b) T, (modified)-T,,
(control) .

ELTWSZENpIno Tz (Table 9).

t MfniEH T DNA IZEIZ, 3 KL O ko fiE
THEEETHDI-TFYXV LT —EITL>TH
RINDZENMENTNWS, FI T, tz20DN 1-
3DY-IFIYXILT—ETHBMEHFERARIT
A 77—t (SVPD) IZx9 Bttt Lz, O
ChO—=JVORZRA ) TFFF X7 LAF KM
W 10 3 THRENDFMETITHBNT, tz220DN
1-3 130T N HERERBIAR 8 R 2B L Tha<
ODNs O YW i3 BRI N9, 24 RERIRE%E S

a b
0 2 5 10 30 60 120 240 480 (min) O 2 5 10 30 60 120 240 480 (min)
tn  104%24mn >24h
c d
0 2 5 10 30 60 120 240 480 (min) O 2 5 10 30 60 120 240 480 (min)
bovavtbie Shoandibe
>24h >24h

Fig. 18. Susceptibility to Snake Venom Phosphodiesterase
Degradation of Triazole Cross-linked Dumbbell ODNs
5’-32P-labeled control contODN and tz2ODNs 1-3 were incubated for
different lengths of time, as indicated, with 64 mU snake venom phos-
phodiesterase in 40 mm Tris-HCl buffer (pH 7.5) at 37°C and then submitted
to electrophoretic separation on 20% denatured polyacrylamide gels. (a)
contODN, (b) tz20DN 1, (c) tz2ODN 2, (d) tz2ODN 3.

90% LI EMEFL, 3-TFY XL 7 —HITHT
LEPEDKIBIC LA T ENHLEMERS /-
(Fig. 18).

Rk U7z tz20DN 1-3 235 a1 4> F & U THERE
LNEHND DXL, NF-kB (pS0 RESY 1 <Y —)
LOMERICDNTRHT S EE L. 2P-IN
JV U7z tz20DN 1-3 (2nM) {#{E F, NF-kB OEE
% 75(k. X ¥ T NF-xkB/tz2ODN 1-3 & {KIH Y4 7
BHIN> R EfREEIRAE D tz20DN 1-3 I 3 5 )N >
R D #E|E D2l % electrophoretic mobility shift as-
say (EMSA) iEICXDHIEL, tz20ODN 1-3 O NF-

B 28MEZHML 2. ZORER, Akl
7z tz20DN 1-3 13, KR 2 K4V :I“%“z‘—*r&ﬂ
7 LA F B ERERIC, REKFRIC NF-kB &
GBI EMyMo - (Fig. 19). KRBT uﬁtZZ
ODN 1-3 ® Ky flild, = Z4 12nM, 18nM, 14
oM, 9nM TH D, AHEEFEDOEMIZED Ky
DT, $72bH NF-kB I3 2 MMM L
MAHSNTz, MARmICEBHRMLEZEAL LI LI
L0531 DNA ORENEESINTLEY, 20
72% NF-kB & DNA & O#EGHRIREENHL D # < 72
0, tz20ODN 113 NF-xB X OEMMEN R HIKL
. LU s KA fESOBEAIZKD,
DNA OEEDOHBEEMN LMD, t220DN 2, 3Dk
D12 NF-kB EOFMMENEELZEEZA SN S.
AU R A RN 2T 5 2 & T, NED
DNA2 ASHO M sE L bzh#l L 52 &%
RLTNS,

IEDXSIZ, DNA ETOD CuAACIZEL D b
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T —IVERERKIRERIT 2 Z SICKDHHY X
)L % DNA OB IZGRIEZBRTEL 2. Filly >
NVEIF ) DAFFF X7 LAF RIS, BUOREN,
Y-IFYXIZ LT =Bk Ey >N\ UG ER
LTHD, Fa1 0T OiANHfEEIN 5. 132

3-2. HMGBI1 A-box iR REZ BT HHEAN +
DNA Q&R &5 - HE - BELREOMBO R
AHEREDRBICIE, BERTFREDSY NI ERN
DNA IZHET 252 EICmEHRT . 20D, &
-5 >NV EOMBERZMREYT 5 Z 13D T
HETHS. D -5 >NV EOHMAEERT, #
i DI HBHNTARFI 726 D &, 134130 JE(KF I s
HOBLEY L2 KRBT B ENTES. BHEIZ
DNA OFk72 3 R E 2 R#ERNETH2HDTH

a NF-xB concentration b
—]
0 1 5 10 15 20 50 100 (nM) 0 1 5 10 15 20 50 100 (nM)

Ky(nM) 123 (nM) 18+ 4
c d
] ]
0 1 5 10 15 20 50 100 (nM) 0 1 5 10 15 20 50 100 (nM)
Kgq(nM) 14 £1 Kq(nM) 9£2

Fig. 19. Effects of the Triazole Cross-linked Dumbbell ODNs
on the Interaction with the NF-xB p50 Homodimer and the
Electromobility Shift Assay with NF-xB

40 fmol of 32P-radiolabelled triazole cross-linked dumbbell ODN's were
incubated at 0°C for 30 min in 10 mm HEPES buffer (pH 7.5) in the presence

of the indicated concentration of NF-xB p50 homodimer. (a) contODN, (b)

tz20ODN 1, (c¢) tz*ODN 2, (d) tz*ODN 3. Protein-ODN complexes are

marked with an arrow.

o- " G™,G
%

D, FIZAX2ESEATNEHAD (bent) REZR
L (unwinding) 72 ENEENS. L<HENTK
LHEELT, AT IFHEDNA LR T >
A N7 E D 1 DT H 5 high mobility group Bl
(HMGB1) OMEMERNH 2.1 AT FF >~
(cis-DDP) 32 A, REDA, BEED A ZE
JIMEE L TIAE<HWSNTWS, ZOHUEEEE
1%, AT TF >/ DNA SENOBERES 7 = DA
7 A 2 RRE T 5 2 L IT K D DNA 2323 0
(Fig. 20, GPY,G, Fig.21), Z OGN,

FROBEZHET LI EEA SN TN S, ¥
Box 7% N7 E LTINS 2 DD DNA #EEEF —
7 %FD HMGBL 13, Zo#inflind o s, i
{Z, four-way junction (4WJ; Holliday junction),

TIAXAIRA=N—OANBEBEREEFRL
DNA [ZEA IR AR ICEfIE 2 /95, LirL,

ZD XD IREAN K Ik -5 > N7 O A
TERICEE T 2 F M/t 9Ei, BlykERYRen &t
NT, DFEDRINTVWARN, bhbiud, oL
DISKERTIR 3 KMEEZH 95 DNA OS5, frivdh
MOMEZA T 2HBANLDNA 2G5 2 &

bentangle=61°

Fig. 21 X-Ray Crystal Structure of 1,2-d(GP,G) Cross-
linked DNA and HMGB1 A-box Complex

NH
O—'PQO UMe Un=1
o- 3 uﬂUn 2

b U”Un 3

Fig. 20. Structure of 1,2-d (G™,G) Cross-link and Designed Alkylene Cross-linked Cyclic 2’-Deoxyuridylate Dimers
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T, BLAIIERFRRERE-5 > N7 EOMAER D
HRO—BETHIEZFHEL 2. FEfrhino
AT DNA Z2H5RT L, AT T7F D RIERE
GP,G 2L, BT P OIS Lz XA F
Ly, IFL, Jut L BELE, BRROUD
VIS 2 Bk UM U, UBLU, UPrU (Fig. 20) #4f
NN FEFELTHEL, TN EHAAALE
DNA z ZIICE R L T O#ME Z2Rid 5 2
EELREW
FVIFFF X LA F MEEERICH TR
BRI DI 2BAOT7 IV N T Oy 70

UM U DY IH A b7 0y 7 DEK%E Scheme 14
WRL7z, 722)be L3V ) 2 ik 108
KOPFML L) F—hE2ZFTHAFI-5FRININ
DD VEAEA 109 EDORITO T IV FIALK G & 1T
5706, 2L JF2 RAOELE syniiEEic XD
L&Y 110 21572, EREE M ORTE R % T 1) 1 35
LTIB 2506, 3 fikgEzr7on07 o =
VIR AR U IUE L TERAGETERAE 114 21572,
sytylene-2-sulfonyl) -3-nitro-1,2,4-triazole (MSNT)

ZRWEY YD T ATIVIBRIC K DB UE&1T
SDBIC, HIkIIWY, BHETDTIFA T

1- (me-

s, ZREI DR EN R /D, Ow 7 116 Z1&%7=. ind % UEU, U U 07 3
o) m2o
HN SePh  OHC NBOM BOMN
1 I/& I N
TESO—O” N TBSO NS0 TBSO—O” N A
o & 0 a,b o RO N}
e o)
TESO TBSO TBSO i
108 109
. 110: R' = TES, R2 = H
' 111: R'=R2=Ac
e,fJ
0
0
HN HN
A oA |j§
DMTrO—©O h  TBSO N
0| AcO N/J*o & 0] AcO N0
I A C Lt
HO TBSO
113 AcO 112 AcO
iJ
o}
lo) (e}
i Hi [ NH
HN
1| NH - DMTrO—O0">N L
DMTrO—O” >N L b oJ o N“o
O] AcO o NSO — / 0)
k ) 0—FP=0 Lj
RO
0P Ao g
Q—o’ NOHN*Et, @:
Cl
- 14 o
||: 115:R=H _
116: R = P(OCH,CH,CN)N'Pr,
Scheme 149 .

a) Reagents and conditions: (a) LDA, THF, —60°C; (b) mCPBA, CH,Cl,, 0°C; (¢c) HF, ag. THF, —10°C; (d) Ac,0, Et;N, DMAP, MeCN, room tempera-
ture; () HCO,NH,, Pd/C, EtOH, room temperature; (f) H,, Pd(OH),/C, EtOH, room temperature (26% over 4 steps); (g) TFA, ag. THF, room temperature;
(h) DMTtCl, pyridine, room temperature (83% over 2 steps) ; (i) 2-chlorophenyl dichlorophosphate, 1H,2,4-triazole, Et;N, THF, pyridine, room temperature; (j)
NH;/MeOH, CHCl;, room temperature; (k) MSNT, pyridine, room temperature (36% over 3 steps); (I) 2-cyanoethyl chlorodiisopropylaminophosphoramidite,

DIPEA, CH,Cl, room temperature (68%).
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470y 7 bREMRICUTHEL (HK), Zh
SEAWTEREA Y ITAF XV LAF REEHk
L7,

T AL - DNA o2 0 & % FRET
(fluorescence resonance energy transfer) EEIZ LD
HIET LS, FREICET N D FET UM U,
URU, UP U %, iR ENZNEEFHAaE T
H%6FAM, Cy3 #HT 22 AHA VI F
X 27 LA F KR ODN C1-C3 Z &k L /=, 14149 R
F—=FTH26FAM NS T VT ¥ —0FThH
% Cy3 ~® FRET # %/ 5 il 36 4 [ O pE i % 5 HY
L, 2AAYIFAF X7 LAF RZMBERD
NTEBRBLT, FVIATFTHAF XTI LFF RO
NEM 0 AEEZEH L. ZOE, % ODN Cl-
C3 O N0 AEITZN T 94, 86, 84° L H
Han, FFEAICHENINA S TS ZEDRB X
7= (Table 10). I ghiN0 MEIX, YILF
L OBETRICEMBEIL, 7LD BB TFENE
KRBITONT, N0 AEIIES BRH LN
o le. ZORERIZ, RO LB K
D, RFAAIC DNA QNN D AEZFHTTE 5
ZEERLTVS, InsoninoA+) I54
FI XU LFF ROFFIICHBIT BE RS 2
%185 7/-%1Z, ODN C1-C3 QB2 EM % T, il
2R S U C#Effli L 7~. ODN C1-C3 O T, {ix%
NZFN, 46.4, 50.4, 53.4°CTHV, 2> ba—)b
THHFVIXT LAF R EEET 5 &R EN

Table 10. Fluorescence Resonance Energy Transfer (FRET)
Experiments
5"-6FAM-d (TCTCCTTCAXXACTTCCTCT)-3"
3’-d (AGAGGAAGTYYTGAAGGAGA)-Cy3-5

Energy Absolute  Bending
ODN XX YY transfer distance?  angle?
(F.?) (A) @)

T TT AA 0272 65.0 n.d.?
Pt GG cC 0.477 56.9 58
Cl UMeUu AA 0.794 44.7 94
c2 UBU AA 0714 48.1 86
C3 UMU  AA  0.688 49.1 84
C2 UEU  AA  0.436 58.5 52

a) F,=FRET efficiencies. F, were determined by measuring the intensity
of the sensitized emission of the donor (Fy4,) normalized to the fluores-
cence of the donor alone (Fy) and the acceptor alone (F,), b) The dis-
tances were calculated from the energy transfer efficiencies with a Forester
distance R, of 56A, ¢) The engles were calculated by the way a ODN was
deemed to a cylinder molecule, d) not determined.

DOWOANER I N/ (Table 11). T, EOHREADEIX
TIVFL DHEETRICEK<SHBEL, AFL 4ET
ZH 9% ODN C1 3 bRNICALETH> .
BIRD U D)VIE 2 EROHEMHECSNC  A X F RS
EHEITAHAVIXVZLAF R, FUIXTLAF

RO T, BOBLEFIESEIL, ATy FESZ
2DFDBOTIITIOHRD Ty OB NA SN
. THNH5ORERNS, UM U, UE U, UPU D 2
DO T IUIVEHRIZ, TIVFL CBEBICXDER D
DNA & HARTREL ZOMHMEENZE(LL TND
HDD, KEHEDULLIEAY vF 27 HEMERIC
KO MHFHEE & OHEEMEREH#ERIL TnWE I &%
KL TS,

KIZZH 5O HMGBI A-box ¥ > N7 ED#EE
HEICDWTHE L. 2P X)L L7~ ODN C1-C3
L& FEEE O HMGBI A-box % 4°C T 30 431 >
FaxX—KL7ZDOBIZ, EMSAKICED K fiiZ2H
I BZETHY NI REGRRZIMEL 2. T DREE,
ODN C1 & C2iZBHL TIZ, & >NV RERFIC
ZNI-FVIXT LFTF REGIKROB RN
IN, KgfElZZzNZFN 1.90m, 22nM TH O, &
AT ITFREEAVTXT L AF K ODN Pt D#
P (3.1 nM) & k[A[5 % [Fig. 22(a), (b), (c)].

Table 11. Thermal Stability of the Double Standards ODNs
Incorporating Cross-linked 2’-Deoxyuridylate Dimers®
5-d(TCTCCTTCAXXACTTCCTCT)-3"
3’-d(AGAGGAAGTYYTGAAGGAGA)-5

XX YY T, (C)? AT, (°C)
GG cc 59.1 —
GG (ODN Pt) ccC 56.2 —2.99
TT AA 56.4 —
UYeU (ODN C1) AA 46.4 —12.09
uMeu CA 42.2 —14.2
uMeu AC 43.7 —12.7
uMeu ccC 39.7 —16.7
US'U (ODN C2) AA 50.4 —6.09
UEty CA 46.2 —10.2
UEtU AC 46.2 —10.2
uftu cc 41.5 —14.9
UPU (ODN C3) AA 53.4 —3.09
ubu CA 47.5 —8.9
ubu AC 47.2 -9.3
ubu ccC 40.5 —15.9

a) 1 um each ODN, 10 um sodium cacodylate-HCl (ph 7.0), 100 um
NaCl. b) Average of three times measurements. ¢) T, (modified)-T,,
(GG/CC). d) T, (modified)-T,, (TT/AA).
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(a) ODN Pt (b) ODN €1

Ky=31209nM Ky=19+0.4nM

(c) ODN C2

(d) ODN C3
K4=22+03nM Ky=nd.

[HMGB1 A-box] (nM)
]

[HMGB1 A-box] ("M)
———

[HMGB1 A-box] ("M) [HMGB1 A-box] ("M)
] ———

[To} o - 0 (=3 - 0 o - (=3
oS5 gv-w28sS o53-w3se ©5 3wl 8S o53~-we8 e
) wwtle e o A
A v el
b > elaeres we el A ——
WS

Arrow a indicates ODN bound with HMGB1 A-box. Arrow b indicates free ODN. Each dissociation constant was
calculated by three independent experiments, and shown as average * S.E. n.d..: not determined.

Fig. 22.
A-box)
(a) ODN Pt, (b) ODN C1, (¢) ODN C2, and (d) ODN C3.

I 512 HMGB1 A-box & 2P SNV LT AT 5F
DHBEA Y IX T LA T ROESEKF A, ODN
Cl & C2DRMITEDFEU <BEKRAFERICHES
N=ZeENS, PATIFRBEAVIXT VAT

R & Rk 72kt T, ODN C1 & C2 7% HMGBI A-
box IZFEMINTNWB Z bR L. —F, 7O
Yl ETE2KF9 % ODNC3IE, 0.1uMDEE
ETHY NI EBRDOEENELBD 5 NRBND
7= [Fig.22(d)]. ODNCI-C3 I TDOZ DL D7
HMGBI1 A-box #& & HE D& WL, MW7 Rk
BiEDEN, HELEENCEL>TEIEREIINS
DNA O 2EKEEDDNAICLDEDTH D Z EMN
RBEN5, FHE, ODNC1, C2DCD AX%7 h
JL & ODN C3 ® CD ZXR7Z7 MVITIXEH 5 Dz k&
MO HND. S, FFlEEERTABEE IN
%,

OO NN D FFITT T DIV 2 ER
LD, 6280 0DNCLEC2, F7 =
R ERETAHIATIFUOREAVIX I LA T
REBETDH™EAZERLUEZEEKEN, &5
S5DO%, HMGBI1 I3 HEEHIT L D £ Uik cis-syn-
pna7Ey>F I 2 B&EETT DNA & HEGHE
BITDZENMBENTNDY, TORKERET 1.2 um
15 MITEW, 140 HMGBI A-box &3 A7 5 F
DHEAUIX Y LA TF RERERD X MG S
BRI NTWD, VAT IF U RBEINZ2D
O 7 VI L FHAERD, I I HMGBI
A-box @ Phel37 flI§H/3, —H D7 Y Z R &
n-n fEERZ, &5 —H0D7 7 Z M 13 CH-
T MHEERL TWS 49— cis-syn->> 7 1074
DFI 22 B8R, BEBOFEBEENKDN TN
57020, A vFOTRBIIKRESFEALLTHD,

Electromobility Shift Assay (EMSA) of Oligodeoxynucleotide (ODN) with High Mobility Group Protein A-box (HMGBI1

HMGBI1 A-box @ Phel37 {il$5 & @ #H B AEF 239 5
LTWBEEZDZENTED, cissyn-> 707
& F 222 BROMIER, bbb et Ly
IVF L CBEERIRT Y DVEE 2 BAREELIZL TV
2500, WHMOBEBEOG EICHEND 5.
FIZ 3 F—4—12H &S HMGBI A-box 5 A HED
EWE, ZOFEFBEMICEZZAY v F O VHEER
WZEDHDTHD, bNbONORETL - Hi il
MOFVIXVVLAF R, AT ITF4EEAY
TIXI VLA FREISERLTVWDZLEERS. &
M, I EEE L 7~ HMGB1 ZIMEZ T 5
TENHSNTHY, HMGBI 235%E %21 /- #li%
THEBIRY T Z BRI M i, 31 b
A UHORIER T & U THEET 5 Z &M S T
STETWVD, WO REFFETERL L 7 H s avith
710 AN T.DNA 78 HMGB1 ®5 a1 7 F & L THE
AEL, BUMAESF DRIEICKTT D REEF S L TR
HATE2 LI N5.

4. fEFE

AR ZITOBRIC, DU —RERDHTITH
LT, YR - LR EECIEEDM E, #hEo
Hiflifk, #i=/mBREDMNINEDRENBE LTS,
ZHIEBDOLFHEMTHD, HELEZDOZHKE
ICRIZ 72D DBEERILENIEFICEETH S, D
N, EMEEIEEX LA TR, HIEX Y
LAY RERRY, PiHlsHES - BiersH 5 AT
FUIXZLFF ROAHRIFEZELC T, ALY
MEZEITHOTE, NPT THAEIX I LI RPX
JUVFF RS, BHREEEETASX LA TR
RRZEW, @A TThHhAHMHBET, AU —REL
TOFBTEN M IS TEVY, AFFZEATH R 7 38
DI DN D I L2 lifsLsn s, BlIfEZ Wt



No. 10

1427

FEILIZEBALTWS,

HEE ARIRIACHRE KRB SR
BWTELOMFEH I 2HTITONE L. &IGkE
MWTHREZH O L UMRE BEER, FHR B
RICESHILH LU BT Y. KRR DORRIZ
REHOEL, AFETSA, FEEVEL, AH
B, HEEHS A, PHRIEEEEOREL A7
WEN DO TH 2I1ZIENR0 A, AR ZE
UT, E<#flE L EFxd. NMR #E, HEH
B, TR ZfT > THWEAZEES T > 5 —
DERITHELE L BT XY, 7ad, AHFRIIHAS
v Bl 2 5 ARS8 B W NI SRR A B R A 50 B
ﬁ%é%ﬁﬁﬁﬁ MEREERE D T ORI OHiEh

KEOfTTONZHDTT,
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