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Recently, NFxB and HMGA proteins attract the interest because of their relation to
carcinogenesis and tumor invasion. The present study aimed at design and synthesis of
DNA-cleaving/crosslinking molecules based on the NFxB and HMGA proteins.

We first synthesized a novel artificial ligand comprising a dimethylaminopyridine and
histidines. This ligand formed ferrous complex to generate oxygen radical, cleaving DNA.
In the present study, we are successful to prepare a new dimethylaminopyridine/histidine
based ligand equipped with a chloroalkyl linker that could bind a SH group of various
proteins in situ. This would enable us to cleave DNA sequences that NFxB and HMGA proteins
recognize.

AR TE B
(&AL 0 M)
[ERES T PRt & &t

200 S4EE 5, 200, 000 1, 560, 000 6, 760, 000
200 9FEE 4, 700, 000 1, 410, 000 6, 110, 000
201 04ERE 4, 700, 000 1, 410, 000 6, 110, 000

R

Gy
woRt 14, 600, 000 4, 380, 000 18, 980, 000

WFFEsy 8« RSk

P o535 F - A H - 357 - AL

X —1TU— R ., NFxB. HMGA Z& F1/E. DNA HKr



1. WHZEBRAR S W DT =

%< O DNAFED X 7 B, Ein R

OFE, 7 v~F L OEIRIEEE KR E L~
OEE/REERISICE S LT\ 5, BERT
NFiB 1%, DNA O 7 1 & — % —fEIK I (EET 5
kB BANZHE S L, SERICEE T 5 F 4~ DE
DG EFAF L. DA, A Xig EDFE

WHEELTWA Z &R bsnTW5D,
FeRFKE HIL NFB & DNA OFEE % HET S
ANTALEW Z BT L TE T,

55K NFxB & DNA OAH AAEH]
F. E. Chen, D.B. Huang, Y.Q. Chen, G.Ghosh Nature 391,
410-413 (22 January 1998)

Fz, FEr A M o T UEER ST
H5 HMGA Z 27378 (HMGAL, HMGA2) IXiis
BRFRa7 7 X —EEbITRERF
NRIBEEEREREKRTDHZ ERMLLTW
DM, RS HMGA2 Z w78 7 B HMEDS AH
@@L&W%ﬁ@ bbbz siaRHLE,
HMGA & /%7 1%, AT 7 v /1B ZH L,
DNA DFENED AT 128 AT RIS ST 5,

Chemistry & Blology

AT 7 7 & DNA OFH B AEH
J.R. Huth, C.A. Bewley, M.S. Nissen, J.N.S. Evans,
R. Reeves, A.M. Gronenborn,G.M. Clore, Nat. Struct.

Biol. 1997 4 , 657-665.

T D DNA RS Z v R T DFSEE % AR T
L. E7-M6EZHIE L, OWTIZZn bR
G4 2R BORFICHE O 5720121, =
AU H D HEAT 5D DNA D HEEH A e B 2R
BT EnAREEZLND,

e FRE DX, DNA 2EE X720 L 9

R LYl 2 L2 EBME L CT LA
A 2 DERGERTE B O W & & PR AL L
T ANTALEW Z&GHEamR LTz, T7hbb, ¥
VoL 2o00 AF VU 2R FRNCEE L,
THRT R A Tl L7 Ab AW HPH B O
7' F NG G T Lot &% HPH-Pep % Ak
L7z,

MeOOC

COOMe
@j t[

0. = 0}
N

H H
MeOOC-: NH HN.] COOMe

«”jj t[”\>
X

HPH-Pep N

VU DU L B RATF Y LS R T
i/%ﬁbkmm@\fvﬁvyyﬁﬁmz
MOEkA A LEERETERR L, 5 FIRRFEE
EITHNCIEMAL T2 Z LR ST, FT-.
U UELE B ATF D BN TF R
f&& L7z HPH-Pep |ZEREERIZ L CHEER 215
AT, ZDOILEWE SR T 5 & iEE
BEOFETHDHA——FF T REHEE
T 51EM AR LT-, HPH-Pep— Cu(Il) ® X ##
AEERE SR A T o 72 & 2 A, HPH-Pep (I E
VOUVER, RXTFRER, A IFY—LE
BIZELVEHIZHNML L TWDAZ ERH LN E
ol

HPH OFEFIEMEALREIX, BV VUV R ED
APLIZVATFAT I ) REEANT D LI
KD KIBIZEERT D Z ERHALNT o T,
%#%&%«@ mIBHEEYY VR ED

B GENMEE L2 s EZBND,

NMe,

X
\tC[OO Me

MeOOC

@j

2. WO HEM

HPH AL E# @ Fe (1) S54RI DNA BIHTRE 2 7~
L7228, WEMEISERLIZIT 100 u M FREE D B
B L L, DNA HIWHZ T B FEE 4 s



LR LN T,
% Z CAWIZE T, HPH {LE412 DNA #EE
HAL A BEANT L2 OMEEM Y v — %5

7R 7AbEW 1 DA ERE LT,

L& 113V v h—KigD 7 vu kLT SH
%%ﬁO(%éwiﬁﬂbk)mA%é&y
SRUE L in situ (2 CERE L. DNA SIrEE
P“ftt”é ERHEELEZHND,

wm

NMe,
\

MeOOC
&7 jj

3. WHEDTTIE

(AW 11Z, 325D 757 AL MIHEIY
HENTED, T7bb, BV VUEML,
b RF DAL, I L OMRIC DNA fE A & oo
BAERESEL e AF - v —EAL
Thd, KETIIINSE I ODT T T A
N ENENERK L, W TCIASRERET 5 2
WL, fbEm1LEERTHIEE LT,

NMe,

meooc 2 NH, oHC

H(OEt), H2N /\Hm
N
¢ ]/T | >
N

Ts

FERR:

(1) v U DERL
TBREELNDSXICHE LS U Z A
% 2 % HAREE T 2 Ak E W TeEaE
12DEEIT> o ALEM 2 ZIAR 7 v v ik,
AFNZRAT LT B LIk vibEw3 %
7=, ALEW 3 ZMKDEL T I VR R
4 L L, #HEPH 120CTYVAFAT IV ER
IS EW b 27, (LEWME T R
FIEEITONAFLZAT LG L L, T
Z NaBH, fFfE T CEILT HZ &IZLV, £/
7L 3 — )UK 7 75:4?710 &M T o7 a—
NETIVTE RIZEELLTILE®m S8 & L, 5l
EHETCFAT XY= BT
AL AFNLVZRATILY &L BT, TATIAE

U L0 AT Do F A= 2T UK 10 235
Ao F F NaBH,
ICCETTLTT A3 —/L 11 & L, 2% MnO,

bl (LB 9, 10 ZiRk

T L L TCT AT R12 24157,

a

| 1) PCls CHCly | 1M aq.NaOH | N

Z)M 1eOH P

Hooc N MeCOC N coowe HOO N 'COOH
50% aq.NMeg ‘ soc ‘ N _ NaBHs ‘
MeOH P CHzC(\sM leOH oH
Hooc™ N “cooH CooMe MeOOC
NMie;

MeQOC N
5 61% 6
NMe; NMez

\ CH(OEs, p-TSOH - H:O X N
v | | ]
N E1OH P P

MeOOC N~ "CH(OE!): EtCOC N CH(QE1);
8

_ NaBH,
CHACI-MeOF v.:\ M OH g
e CH(OE()

TOERRIEICE AT AT E R 12 OB
KX 2% EBNHLD TR STZDT, Ak
BREOEBRNEIT T2, 4~V AF LTI/ B
Uy 13 TR I VA E AT A S R A R
R 2 B LTz,

b8 13 12 THF 1, BF, « OEt, 212 T 1
RERIE ML . -78°C T t-BulLi, DMF Zinx T
BT AZ L TTATE N 14 2187, {bE
W14 7 X2 —n1 15 128N =% (LAWY 14
R EROFIETT VT e K 12 21572,
Z DOBRRIEDBFEINERIL 24% Th o 72, T
oM L IR O A2 RISz,

NMe;
BF; « Et,0
| N u (THF CH(OEY; p-TSOH * H0 dist THF
— 12
_J then +-BuLiDMF T Emon then ¢-BuLi/DMF
N N
6
13

©

10
87% 13%

N \cH(oEo

‘CH(OEY
78% 48% (OEDz 5%

15

(2) BERFUUENLOARK

N *-Benzyloxycarbonyl-L-histidine (16)
BEAFIVEATIV AT ~EEHL, HIZA 2
K=V Ts ([T THRE LT LB 18 1572,
{bEWI8 D o -7 X /7 FITHE A S 417z Cbz
DOIREZITV, /LB 19 2157,

H

CbzHN_J COOH CbzHN_J_COOMe CbzHN_J_COOMe
oce __TsCl, Na,COs _ N

\> “MeoH \> "50% aq. 1 4dioxane | \>

N

Ts

18

H
H,N_J_COOMe
Hy, 10% Pd/C, HCOONH, N
2 - g
MeOH [ \>
N
Ts

34% 19

(3) vBAFVL-U B —ENLDERKL

b AF D UHEL 20 & U v —E 24 A A
a3H, bW 25 2157, {LEW 25 O a-
T2 HEIEAENT= Coz BEDOPRAEFE AT,
E AF V- A — DA 26 A5,



H

H
CbzHN COOH CbzHN Cl
“DCHA HN/\H’CI ”/\(")g
2
|N\> 4+ “Hol \'s  TETU.HOBL DMAR N
N
Ts

2 CH,Cly [ N\>

20 35% 25 s

HoN cl
N 5
H,, 10% PdIC HN
paladbiind
MeOH | >

33% 26 s

4) AbEm 1 DERK

EU DB 12 £ ATF U UEWE 19 BB
TEHT 2 MERSIC L VA S, RT3
LB 2T #1537, /L&MW 2T DA I XV —
LD Ts FEaBiff# L TLA—>28 & L., &
WT, P F AT E— I EREELT VT
b K29 #%57=,

NMe,

NMe, N

H
H,N.J.COOMe |
N F
| + N NaBH(OA), " N7 CH(OEY),
Z —_— H
oHe” N cH(oEY, [ > comome MO AH
12 quant <N
| 27
N
Ts

N
19 Ts

NMe, NMe;
N I N
| zZ 7
ACOH N “CH(CEt); g4Maq HCI N© cHo
04Maq R

H H
MeOOC_= NH MeOOC._ = _NH

=
H0 MeGH
85% N N
N N

HNT, EXAF V-V U —EL B A
S 572, NaBH(0Ae), 2 V=8 iy 7T 2
AR E AT > 72, 29 % 26 & NaBH(0Ac) , 1%
{E T, CICH,CH,CI H, ==l C 24 KI5
LT 30 B, BRI, A IX YLD
Ts 5% AcOH &K (1:1) DIREGVEBEH, 50°C T
4 WIS 5 2 & TILAW 1 21572,

0
H |
HoN cl P
ﬂ/\% NaBH(OAc), H N 0 i
2+ N NBHOAL  heooc 2k HN cl
B CICH,CH,CI N/\(V)g
N 1% N N
2 s o ¢ ] [

N 30 N
H Ts
NMe,

N
»
AcOH H N H
— =
h,0 Meo;j/NH HNﬁ /\(\920\
N
47% a B
< N
H H

1

o

zT=Z

AEEH RSN Z LIk D EEER
NFkB <ot 7 v < F LK+ HMGA 72 & D&
HE DOF8#%T 5 DNA Z8Ilr 3 5 7= O JLffE %
SEHZENTET,

5. ERRERLE
(RFFEAREEE . WFSE 003 M ONHLEERFZE 12
AR

CMERsRm ) (B 13 1)

(D Naoki Yamakawa, Shintaro Suemasu,
Masaaki Matoyama, Ayumi Kimoto, Miho
Takeda, Ken—ichiro Tanaka, Tomoaki
Ishihara, Takashi Katsu, Yoshinari
Okamoto, Masami Otsuka, Tohru Mizushima.
Properties and synthesis of
2-{2-Fluoro (or
Bromo) —4-[ (2-oxocyclopentyl)
methyl]phenyl}propanoic acid:

Non-steroidal Anti—-inflammatory Drugs
with Low Membrane Permeabilizing and
Gastric Lesion—producing Activities. J.
Med. Chem., 53(21), 7879-7882, 2010. #&
A

@Kenji Matsuno, Yoshiaki Masuda, Yutaka
Uehara, Hiroshi Sato, Ayumu Muroya,
Osamu Takahashi, Takane Yokotagawa,
Toshio Furuya, Tadashi Okawara, Masami
Otsuka, Naohisa Ogo, Tadashi Ashizawa,
Chie Oshita, Sachiko Tai, Hidee Ishii,
Yasuto Akiyama, Akira Asai.
Identification of a New Series of STAT3
Inhibitors by Virtual Screening. ACS Med.
Chem. Lett., 1(8), 371-375, 2010. # &t
A

(®Kensaku Anraku, Ryota Fukuda, Nobutoki
Takamune, Shogo Misumi, Yoshinari
Okamoto, Masami Otsuka, Mikako Fujita.
Highly Sensitive Analysis of the
Interaction between HIV-1 Gag and
Phosphoinositide Derivatives Based on
Surface Plasmon Resonance. Biochemistry,
49 (25), 5109-5116, 2010. #aeA

®Naoki Yamakawa, Shintaro Suemasu, Ayumi
Kimoto, Yasuhiro Arai, Tomoaki Ishihara,
Kazumi Yokomizo, Yoshinari Okamoto,
Masami Otsuka, Ken—ichiro Tanaka, Tohru
Mizushima. Low Direct Cytotoxicity of
Loxoprofen on Gastric Mucosal Cells.
Biol. Pharm. Bull., 33(3), 398-403, 2010.
i

® Qingjun Wei, Koichi Harada, Keiko
Minamoto, Chang—-Nian Wei, Yoshinari
Okamoto, Masami Otsuka, Atsushi Ueda.

Evaluation of allergenicity of
constituents of myoga using the murine
local lymph node assay (LLNA). Int. J.
Immunopathology and Pharmacology, 23
(2), 463-470, 2010. HHA

® Mikako Fujita, Masami Otsuka, Masako
Nomaguchi, Akio Adachi. Multifaceted
activity of HIV Vpr/Vpx proteins: the



current view of their virological Antiviral activities against herpes
functions. Reviews in Medical Virology, simplex virus type 1 by HPH derivatives
20, 68-76, 2010. &HIHAH and their structure—activity

(M Tsutomu Ishihara, Miho Takeda, Haruka relationships. Bioorg. Med. Chem. Lett.,
Sakamoto, Ayumi Kimoto, Chisa Kobayashi, 18 (1), 371-374, 2008. &HHA
Naoko Takasaki, Kanae Yuki, Ken—ichiro
Tanaka, Mitsuko Takenaga, Rie Igarashi,

Taishi Maeda, Naoki Yamakawa, Yoshinari (R E] GF124)

Okamoto, Masami Otsuka, Tatsuhiro (D Takashi Masuda, Kensaku Anraku, Kaori
Ishida, Hiroshi Kiwada, Yutaka Sato, Yoshinari Okamoto, Masami Otsuka
Mizushima, Tohru Mizushima. Accerelated [ Systematic synthesis of all
blood clearance phenomenon upon regioisomers of inositol phosphates. |
repeated injection of PEG-modified PACIFICHEM 2010 (2010. 12.19. Convention
PLA-nanoparticles. Pharmaceutical Center, Honolulu)

Research, 26 (10) 2270-2279, 2009. #F QAR AR, AR, KREHD
oA CHTEL DNA G153+ D& RfF e 55 27 18]

(® Miho Takeda, Taishi Maeda, Tsutomu HARIRZ S TN ZE RS (2010, 12, 12. &
Ishihara, Haruka Sakamoto, Kanae Yuki, W R FR T R
Naoko Takasaki, Fumihiro Nishimura, Q@ZHMENE, EHEAK, BHERKF. KEH
Takeshi Yamashita, Ken—ichiro Tanaka, E. Pr55Gag Z A%y & L7=H0 HIV-1 HKEAF
Mitsuko Takenaga, Rie Igarashi, Megumu DTz O IERERINFGE] 5 29 RIAT 4 )
Higaki, Naoki Yamakawa, Yoshinari WA M) =R Y T A (2010, 11,18,
Okamoto, Hisao Ogawa, Masami Otsuka, WHERT VY BRED)

Yutaka Mizushima, Tohru Mizushima. @ m S, EEE, LB . AR
Synthesis of Prostaglandin E1 Phosphate . KREBHE [/ v b=V UERFEICE
Derivatives and Their Encapsulation in B ANLE BAERO RS RIE DB
Biodegradable Nanoparticles. AARIZSH 130 454 (2010. 3. 29. HRAER
Pharmaceutical Research, 26 (7), 7 U= )
1792-1800, 2009. A A @ TN, AR, AR A, K
©® Shin Ando, Yoshinari Okamoto, Kazuo . TEPRESE, ARMETE, AH . KRE
Umezawa, Masami Otsuka. Synthesis of the HE THHEm%OMEEICES T 5
indole core structure of conophylline. PI3K-Akt BB AT E L7241 /2 b
J. Heterocyclic Chem., 45, 1803-1808, —IVFBEROE R HARIKFASEE 130 £
2008. A (2010. 3. 29. HEREST Y —F [d(l)

(O Mikako Fujita, Masami Otsuka, Masako OFEHEK T, NILESRTF. BEH—&, @R
Nomaguchi, Akio Adachi. Functional Bk, AE, HERi—B8, EEmEEdk1-,
region mapping of HIV-2 Vpx protein. KEHEE [RANK % = &R {b &5 N TALS
Microbes and Infection, 10 (12-13), FILEMORFE L TN LD v 7T s
1387-1392, 2008. #wih EERIE S AT DEEE ORI H 32 BIHA

@Mikako Fujita, Masami Otsuka, Masami A RES (2009, 12, 11 280 7 ¢
Miyoshi, Boonruang Khamsri, Masako SR, AT
Nomaguchi, Akio Adachi. Vpx is critical DEAERA. ZCREE. RFEHDE THIV-1
for the reversetranscription of human HRlicEEITLHA > b= VIREHE
immunodeficiency virus type 2 genome in L Gag BIEEAE & DA DO EBRIMNT
macrophages. J. Virology, 82 (15), ST MAART ANV AFEESRIFES
7752-6, 2008. HHH (2009. 10. 25. #Hit v ¥ —HT L, HR)

(Kensaku Anraku, Teruhiko Inoue, Kenji @ HpENE, FEHETF. KFEHLE Highly
Sugimoto, Takashi Morii, Yasuo Mori, sensitive analysis for interaction
Yoshinari Okamoto, Masami Otsuka. between human immunodeficiency virus
Design and synthesis of biotinylated type 1 Gag and phosphoinositide
inositol phosphates relevant to the derivatives based on surface plasmon
biotin-avidin techniques. Org. Biomol. resonance| & 10 [FfEART 4 X I F—
Chem., 6, 1822-1830, 2008. #H#HA (2009. 09. 28. 7R T /L HfLAEA, AEAS)

@ Tetsuji Hosono, Kazumi Yokomizo, QRGERE, H ERA . 7OE R, MARRR,
Akiyuki Hamasaki, Yoshinari Okamoto, HBERTHIT. KIEHE TADM 7 7 I Y — A X
Tadashi Okawara, Masami Otsuka, a7 aT 7 — B REABLER O/ RRAFIE)
Ryozaburo Mukai, Keitarou Suzuki. H RSS2 129 4E2 (2009, 3. 26.



E ST RS E B AR mAD)

Ok E S, ZREE, EENB Y AR
. KREHE T2 =1V UEEICEB
V% riE BAEIR O R A RRE OB
H AR 129 4F4s (20009. 3. 26. [E37 3T
FBEPRAE, HUER)

OpEHEIR7, ZHMEE, miEmR, KEH
B THIV-1 BEEEA /v b=V UL
DORESMENT] 6 22 [0 B R A XEa il
2 (2008. 11. 26. KK [EFEASHE© > & —.
KBR)

QIR BR, WMARTER, HBHERK -, KEH
B TRAIZBED B ARG ZER & LD
N A G55 1 DG RAFSE ) 55 12 B A5 1
BRI a2 (2008. 06. 26. “FIffR A
Tox— HR)

(PE &R EEAE)
Ok Gt 2 1)

D44 Fr : APOBEC3 Z&8i ] Al K& UL HIV Al
FEAHE  EHEIR . KEHE., TLEEE
MEFIZE © [ENTRZFIE NREAR K2
THEEE - RFEF
&2 2010-103182
HFEEA B - ERk 22 4-4 A 28 H
EPNs DRI - EN

Q4 vXx YT a7 U HEEKLEOENE
EETHERK

FIAE KB KEHE, AR, L
JIECAS

FEFIZE « [EST KRR NREAR K, MRaUatt
LIT A FT 57—~

FEAE - FFEF

&5 HrlE 2009-43801

HIFEEA B - ERk 21422 A 26 H

EPNs DRI - EN

(£ Dfth)

R e
http://www. pharm. kumamoto—u. ac. jp/Labs/
bunsigouseillP/index. html

6. WFITALAE

(D) WFgefFs

K&  HEE. (OTSUKA MASAMI)
REARREE « REEBEAEMEHEIFIEE - 2%
g8 2% 5 40126008

(2) WFge sz

A< EgEt (OKAMOTO YOSHINARI)
REARRT: « REFEFAMBLFIIEES - BhE
WF7e&% 5« 20194409




