Fill B A BE A RRAL AT JE 2
Synthetic Organic Chemistry Laboratory

TAEMFER fhl s R
SODEOKA, Mikiko (D.Phar.)

F—kBUTUR:

L. HRAEE S ZRAIR L, HIRAE SR EO S FHE O/ & 2 ofilE %2 B i
2. FHPRFERIE > AR L. FIRIED 3 AW R A T = A NTHE D

3. BMIMEEE AT DEMIEES T 2RI ERT DD D FiEimE -T2

F—U— I
RPN BRI, MIRSE, EMIENESY ¥, BERBLEAL, 20 B Y UBRLRER, & 25 HR Y LR
B, HUT VAR, R, AR, RRDEEK

R EL

MR TlX, AARILFE ML LT, 1)AMEEME ZDRB L ART 2808 LW ISR A
FROBIFE. 2) B LWAEMEEEZ L LAEMORIEL, 3) AR LIALEY A W= AW LRI GE 21T > TV
%o WFERIGIL, EREBAMELZ W ARE IS OBTE B | HIFNIEER A HIE L 9 58 LWMES 11E
EMORIEL, 72 5 NCENE WAL FROMIE £ T EMRIAWFEFICE L5, FriC, MlaosEhEs: S
DDHH U NRTEY VLRSI VB EEERICE H L, ORI EAR OG- AEITH & &b,
TNEHOCTENBROEERNTOBMEARALNCT LI EAHBELTWD, £2, MBICEAE LIZH LW
TERB 2 & SMasEhlE 5 2 7 —7 & LTHY, RAEOMAEIE (R7 B— R) O A I =X LD
ZIToTWb, EHIZ, BEIEETHA N 7 U 4y FOMEEMHZD S L7 0 — 74510/ 4175 T
Lo FOM, m=— T R EWENE A S ORI DAL H B A TV,

1. B sEHI A OBRAFE & /EMFFEAMsE (EE. #hR)

HIRZE (7R F— 2037 m—3 ) 1, /ol & W A Tt b BEARAENA R FO—2ThHh
0. BEICHE S D L RIRFICZE O RE IR 2 IR BORIN & 725, A TIE, KA LG T MRt %
HET 2AY GRASERIEED) 2B L. 2z HOTH 1 L-UL TOMBLIT T S OMIH %2 B9,

INFETIZHURETIE, WAN—BEN L TEITEINDT A F— A HET, bR L RI2&-
THEINDHR T B — 2 ZAROMIASEZ I3 % = =— 7 721853 7t &% 1IM (Indolylmaleimide) 7% {K %
RWELTWD, Fo, FEEICIEZ OIMFEER TSI e/ 1k 7 0 — > 2RO MIE L 37553 21LEW
& LONT (NecroTrigger) {LEMDBRRIZH I L TWVD, 17 o — AT, REMHER (T LY g~
—I. N F Y ) REMAMEER (MFEZE, DEZE) ZIX U L LA RIERA~ORB BRI S
TWDHDD, WEEZOFERITH SN »> TWRY, £ 2T, AFZE TIXIMBER S L ONTILES D
TERMEFFREAZB L C, TOAN= AL E0 T LYV THAT 2 L2 BME LTS, I E TIZIMP
WK LONTILEWOREER & 7o — 7L 21TV, 2 bEWR I hay R TICESEERTH 2 &
ZHSNIL, S har RYTICHFET DA X V7 BORIEICHEI L TWD, AEFIZINLESS
X7 B DOREREFRNT 2 HE D 2 & LT IMFFERI KL ONTILEW ORE A EALIRE %2 B L7,

F 7o, BEEE XD B 2 iFgE x4 & L Cy-linolenic acid (GLA) (2 X V) #5338 X 10 2 8 A ISR A 70 i i 52
DFRNT % Bith U7z, GLAIZIER MR E KIF S 10, BRI 27589 5 2 & s
ENTWD, LLans, TOERBERFIIALNE RS> TR, T2 T, A IIGLAFE IR Z R
AR L, EAIRISERIRICHIE 2 5F8 T 50 T2 i L. TOEREFZHLNCT 52 L2 HIET,

ARFZEIZ I\ T, MRSEHIER OB RTECHRE S 2 R B EHLNST 5 2 L IXMERAEF O E
WCHEEZRMETHD, LOLENLEFEOX 73 FIi3tx 2BEANH Y, b NERRETLH D,
= 2 CHIBNRTERE B 2 v 7 B & RINCTIR D 1= O DAL kim OB b BT,

(1) IMBFEROFREEEALFE (B, LA, B8 ; iR, R (NMRANA 77 A @ BT —2) )

WEAEEEIMABER DRSS & VX7 BICB L ¢, KIGHE CREGERIT D Z LTI Lz, & 2 CAREE XM
FHERPFEST DM ERET A2 L RV B LTI NT 74 =7 4 —F XY T EIT- T,

B FEAF



EEiSNTZT 2V BEEZEEOIICIVRET S 2 L 2ilkalz, ERRBHCY 78 & IMBEROM
HAFHONMREZ W S BAtE LT, ZORER, fEEEAE L TRIRBHED BV R AL U ERY 2T 2 &
W L7,

(2) IMFERE X OILFEER OSSR (FK, o, B K8)

IMAEAE B L OILFHEAICE L Tl 8L — F ORGSR 21T 72, ZhETITHRF STy
o leA v R— VR OEF - R B E OB ANZ G Lz, TO/ME, LV IEHEOSWHERZ G
DTk LT,

(3) NTIbEMOFEGHARE (i (W) | K&, B8 B CGRRSEN) )

WEAEJE [R]7E L 72 NecroTrigger (NT) {LEMDREE 2 /X7 EIZBI L T, KIGE CTOREL - KA A7,
ZORER, NTILEME OFEGHEEZ R ) Z LRI VRV BE{DHENTE T, SHICEET T T
—BEHWERESRST XV BERKEERT 52 LT, NMLAEWRHKET B 205D T X/ ik
HEARETL 2 LI L,

(4) IMFBERB XONTILEM DO I F 2> N U T ~O/ERfEET GFN. £ () | #65)

IMBEARB LONTLAEMIEI b2 RUTICRELTERTLZZ G, 2 hary R TIMLENDR
BEHEZTWHIENEZLNZ, £ZTC, HEEI Fav FY 72 A0V TIMBEEER X ONTEA O 1EH
EENT LTz, ZOREE., S har RUTHEETERIND X AV EEIROSEREBIZHELZ KT L TWD
ZEDBH NIRRT,

(5) y-linolenic acid (GLA) #HEMAD AR L OVEMERFM (e () . HAD

WEAE B GLADS T8 T 2 3 A BRI A 20 ASE D BT VR AR T 5 Z LN T - T, AMEEIIGLAG E
Rz B L, BEEEREEZAND Z L 25 E L, 77 % FUBORBEREZ2 b & ICGLADRHIFEY & H#E
EL, BRICAKT D Z &Il Liz, 5% & LNTALEM OB EEEZR~2 TETH D,
(6) EMIEHEALEMORES S X7 B L ORE G FEE AT 728 FEoMR (L E, &, B,
Akindele, [Ligk, ¥E5)

B FALBMOREE Z v N7 BB L O A AR E 713k 5 2 L 2 BIg L, Hilc e Hiksa OB
e LTz, TORER, TAX L 2E50RS TLEWE T 2 TiEE L Uiz, SBICH V30 E, Ehi
RTTF RORFRIZICHT 5 Z &2 MmEt L T s,

(7) EVTEMAC B OFHIA A —2 7 HARNOBRFE (1L ; ME, 228, Palonpon, B, H (FRKXT) )

FEDALFEAEEDN RO T ~ VikELE b SIS ALBYOMBENRIEEZ RS A A — 7 v T HAN OB% & 51
LTz, 7~ VM O TR IMLEMDO L ST~ UHELE TS, A Lo MEIR GRAEN O ARy 23
T~ VLA R S 7R ORI TRV T v CHEL A FR O R AR A PR Lo, OSSR, MR TR RTRE 72 R
WT U HEL A R TERESEE R Z kT L,

2. RN IE B ZEEER DT Z HIHT 2 K0 T LE ORI (EF. #hiE)

Z R B U, NS REE G D b EERFERREM OIS E L THLR TV D,
AN, B DX R E Y UERAEHIEIR B FE L, EICH NI E Y VbR (TaT A %
F—8) EWY VLR (e T A VR AT 7 X —8) BRI EHS TS, ZNETELOEY
RN R ENTE 20D, U U bty b U — 7 B OBEMMED -0, Z R0 EY RALHIEIK +-
DOFEAR7LHEBEMEITIZ 1T > T\, ARAFZETIL, BEfFOFLER 72 SII3 o 7oz 7o ine A L. ik
WH 78 Vb ZRIET 2 “TREREHY 7 %, RIMSOERS % el fiizlc “Alf” 352 &
HEHAL UTCHIEZIER L CWD, ZTHOABS TOX 7B L UL, filaL -~ TOEME, fiaZ 3
7GSRI & RIREICHED . U RGBS & X7 B OBEREMRINIC BB T 57210 Tle < . A T OREE & FRE
EOMBERBBEHOMNCIL TV 22 AME LTV,

(1) DSPRHEAIREFHEMROIEMER L& B L& (WH. Thuaud, K. L=E)

MEAE & TIZ RAMIRK-682% Hufl & LT, e 2 LI @t & o Lo gl imife e~ a7 1
VIRATZ 74 —E (DSP) BN FEAIREFEMR LI L, £< OFEMARE AL TE7-, RERITAKL
T-HEAROH T, DSPO—FEVHRZ SR AL L. NIH3T3#IM CTERK, INKOML Y “Eb 28+ 5 =
EHLRWELTWS, AFEIIREIRO & 67 HFEEMER EEtttEsx By & LT, FamastLiz, M
Ja L ~LToiEMA _EICiE, RERWAETHRET LTV Z B OBUKEEREICE SR 5 0ENH -7,
T T, RUBVREBOLT VXNV EZ G T HREFENRZ 4 Gk L, REI2IZVGHCT 2 VHRBHE A2 A H

Wk 22 4FEE



Tz LIk LT,
(2) REFEERZ T 0 —T & LIeAR AT 7 & —BMENBITEDORYR (LB, W)

TTAUKRAT 7 X —BI3E L OBEELAEBREAH > TWDE N, 451 L-UL TOTEMEFIEESC EE DR
FAEREIZ OV T OMINI 2R S TR, YIFRETIX, BRx 2EBEM N ISR IT 2/MNO R A7 7
H—PIENEE=X ) T2 BB L. MBI LA R T 7 ¥ —VHEATHHIREFEREZ T o —7
L LTARRT 7 4 — Bl A MR T 28 - 2 FEOBRR Z G L T\ b,

ZHE TIZCA2SHR A 7 7 & —8 L WHFEG Z AT 5 A T EAIRE20% A2 L Tnd, ST
DT NF UFHEKREME S —T L LTHWT, MIBNTORR T 7 ¥ —BIEikEBR 2 mat L,

(3) BESIEIC XL HCA25AfIEY 7 = v b & ZDPLEAIREFEMR & DESEMOFETE (BE., HR)

Cdc25A (2% A R PHER] RE20 1%, JEMHEF LD AT A VAL AR EZER L T0D EE X
LENTWD, L., ZOMHMARIHLEZE S £ TITIEE > TWRY, &2 THEEIL, MEEENEEH 7 1
—7/%3F RE142 Z# % L7z, RE142-Cdc25A filfftth 7 == F (Cdc25Acat) #HERDEERHELMZ T
VE—RERAEL REIL $EEXTF Rt S72%. U o —8 0 (L FRgIWic X - TR~ F R
ZUSH L7z, MS fEHTIC X 0 IS B4 1C cleaved RE142 (cRE142) #EAXTFF RONEGEND Z L 2R Lz,
E 512 LC-MS/MS fEHTIZ L V. cRE142 1E Cde25Acat DIEMEHLITEE D Cys384 ITHEA LTS Z & 23k <
IR T,

(4) b 37U X —UNEUIDHEREMEIT % O & L7-CF- A, CHF-#f5R . CH-E MY v 7 U A3 R
GM3DA AT Ok, T, FEEE; =4, o (EHaAit) )

7 U AT RGM3IX, EGFREFHAEIEA LY Vb 7 F 2l 5 2 &, fliasE 2 A6l L
TWAZ ENABNT WD, BERICREET S b7 U X —ENEU3IL, GM3D 7 /LR Z 38R Nk
NETH == 2T VX —ETH D, NEUIL, 23 AME TR EE LiEIE-CIRIERE D TTHE, MLt
OIFNZ Z > T, DADEMRELZBE L TWD Z EnME SN TnD, LL, o7 U4 R ENEU3
DORERE & OFBRIFRIZIA 0272 > T Zevy, Fe A IINEUSO B R RIEIZE B L, kI 4
VIV FRT I a kST a—7 L LTRE L, 2L E T, Ireland-Claisendiz/ir Z 5 H U 7= 7
JVBRC-27" ) a1 RIEAHESEIEAZBIR L, CR- 7 uy NiERZATHH L 7 U A4S RGMAT 7B L O
GM37 T 7 OAZER L T\ D, S4EEEKR L7ZGM3T 1 7 OiEMakBR 2 f 2 it Uiz, Z OfE %,
GM3Dt 7 X NEOIEE EANEU3MLEE M L ERRICEEL 5 X TS Z RSz, =2 CRE
EDORLDYT I FERE-OGM37 1 7 24/ L, NEU3EGM3 & OMREEIREZ L0 Esilicmad 5 Z Lic
LU7c, MRS E CIlIOiENL L72GM3 G LD UGE LG LoD, CR-EfE, 36 X O CH-H#AERIGM3 D5 il %
DTS, Fiz, CHF-E#HFETRIGM3 DGR M B/ CHF-# ER > 7 U VT 7 b — AERO ] BAE IR D
BB LT,

(5) PEERICHRT DRER RSN KSR L7 CRudifE 2= = » b &Rk (L)1)

WEAEE &£ T2, BEx ZesRIZA] (C,N, O, F, SSRIEZAI) Dgem-T 7 VA1 A F L a9 2 Bk k)
TAOSNICNIRELSEITTHZ L EZ RN LTS, REF, H T 7 X — ViR % REAI L 4 5HS\2°
I ETTHZ 2 R L, R ER OCF,-EiER2HEE K 2 HEICER T 2 R LT,

(6) FHA YRV 7T ) FEROPKCalLEMME OfT (AT, #EH)

FusA X F—FC (PKC) 1%, MlaNS VT IGiEL -+ 2 EER ) U bEEETH D, EEEE
TIZ, PKCaDCl KA A A L CPKCTEM b Z A ET 27T U va—A7Fn s A VX7
7 /v (IB) #Ek (IB-6A. IB-15A) DOBAFIZHKII L TV 5, A4 I3 E IS EF BIRFZE 0 B3 AL O [F)
EERIRM L, 5 bRV PKCEEME 2 FFOIB-15A% T 7 L— F & LT, FHEKRDOERK & F OTEMEEN %
L7z, PKCEFAEATZ Z LN TFHEREINDI T M7 2 R0 OB BIL AR~ i L72fE R, EfIL K
VNI CIBFHEMROBLEIEMEN T 5 Z L nNbor o7z, S LA OREICHER 7 aa 72 F LK

(IB-21A) . PKCoaDEERIEMEALET L Z 2 RH L7,
(7) 74V V HOEERMIE (FRHE, 4)

7 4 WU CFRITAR A K05 BB S 7o ME7213,14-seco-16,24-cycloergostane’ 5 % & A 3 D BELE D
AT uA RS TH 5, PUEEENER ONF-kBY A7 — ROMLEEMEZ YD & 54 O BLRE O AEYTEE
ZHLTEY, Fexld7 0V VHHORMY 7l & AYTEIEOBE Z T <X SR RICE T LT 5,
AAEREIX, U 2Ry FEGHERESEEUS A TESL L, HiT-ICEBR T 7 b v 2 A 50 2R ODEFGHER DA kI
h Lz,

B FEAF



3. R b A FALEESR L ER Chaetocin® &A% & HETE MMM (BB, #hfF)

E A RO AFNVAGITEEFORBUIR B L TEY | BN e X b 2 FALEERRERITMR O
LTI RN T 2720 OF M2 A AT e —T7 L L THIRF ST %, i, Chaetomium minutum
JE DB D b HEE S 1072 KRR TH 5 ChaetocinZd, U ¥ U R R b o XA FALEERZ # LET 5 FngsE X
7=, Fex %, Chaetocin®DEk 2 72ihiE ik & Ak L CE OREEEEMBEZH LTI L2 EEL LTaE
FAFZEIZ IR O LA MRS E TIZT X ) IR ER 2 R R & T2 28V — &L Lo, REEIZED
BRE R FETER 2 B R DGR ATV BETEMFEREZ B 62T 5 & L bICEN b DML ERe I
L TCHRF 1T 7,

(1) ChaetocindFEROMEIERE CAe, B ; MO, Rk, FH (F U T RERIFIET—2L) )

chaetocin® & A k> A FIALEERHE A D = XL EZH LI T D412, 2L — &t LT, FERRA
Dent-chatocinds X UVt 85 B RE H: K 8 chaetocinZEfx R IZ M X, chaetocin®F 925 —EiAfEELS LT
T RGO UEEICER LB ERERE DT, ) Y RERZRMIET — 2 & O-FEFIEIC LD
PR L ETEERBR 21TV, chaetocin DR s B REFE D HEMEIZ OWTH L MNZ LT,

(2) ChaetocindZ B DMASLFE ERE (BB, JEN. [EIE)

BRI & o TH B A7z ChaetocinZ2 © N Z OFFEARO & b HMJFMlE HL60 (Z%F3 2 MifusEaEERE 4 7
Nz, FORER, KA TIL7e < FIERARA Dent-chaetocin® 723, [RWRE TH ANR—F 8 ITIKIFELZT
A=V AEFET D L0 DD THBENBISZ LS L, 2RO MIETHEED 2 1 = X A0,
b A k2 A TF AR L EIG M & MR TEZ 2B L 72 b B OREI S RIS Db D EEZ B b,

4. AEEEAL B DRI G R E 8 IR L7 FrRAMER S OB FIFZE (S, #kE)

fE RS I, BB - B =RV X-BOLFEE A FBLT 5 72O OBEN e FIETH D, Y= T,
B IE RS & F e kk & e B TR AL S DN 72 B AR 2 B R U @B SEIR 2 B U 7 Frll il i i )i
DORFICIRY A TVWS, BERICIE, Yoo v a VA RIBELEREFIROE ORI E LT, 7
o hBEREB IO R BB OMBERGE KO« 208 CORBRNRER SN G 7 v BRI D
FORAIEICEET 252 T > TV D,

(1) &7 v FAEMOFHAEIEORR (FK, Lectard, 7L 1)

7 o FEAWIEIRGZITI LD & T HEk 2 RHEREME S TOMRER & LTEETH Y | N5 L
OFIRNEE ZHED TN D, Fx OWFIEE TITHRAEER 7 » BSOS OBRICE D A TBY . ZNET
A F AN = o I VEERSORT D0 KSR AL L 95 Z & T, xR F T v BACSOL OB R L
T, AL, B LIZ12-7 N AT AO 7 v FALKIEOHAEEZRT XL, 207 v H#ZelbEW o
FHEERTL TV D, £, 7 vy BEIGO M A% RICAFERILIS OB T2 2 LR TE 72,

—J7. BEESTEKICT v REBATHFEL LT, TFE N 7t a A F ERIGRER SNTW5,
L LZOFERIIREOLNTEY . L0 —BREOE WSO NE EN TV D, REEIZEMIEEYE
WLIELIEEEND A v = VERKICEBR L, T Y 74 a XA F LS 2B Lz, T Ok, it
Tl 45 2 L TA v R—AGREROEEN N 7vF 1 A F ALKS L E RN AT 54 R
H L7,

(2) EBEBEMELE OIS EREE LIS (B4, Lectard, Piinner)

BxlXINETIZ, BT MR T VT LGRS IR - RS U CHIRMICEREET 22 62 R L, &
OMWEEZFIH LT fE 2 ORF-IRFAEEHERSISE BT L TE, AEEE S BICIET 5700, Friz 7z
L L THB L=y L2 LERBETHXFTINDT I AL G L. FNETIEFE AL REA L LT
AL TWRNoT212-7 FZ AT VD= A b7 o O B ATINS & B3 T 2 F T L
7o ARSI, 7V 32— VIR TR D TREWNARIEIE CTHEIT T 5, S I 2 OFTRAR R RIS %
JRE LTHG, ORI NH I VRS RIRT 2= A RMFPAOARFAR bEN LIZ, &5, SFEEX. A
Fb IR LB INBOGHE T2, Vo ARy N TR DRE A ERICSE DX 0T ARSOBF BT > 725 R,
AR IR 72 Michael-Michael-Henry SOt % B9~ 5 SN T& 72,

Key Sentence :

Wk 22 4FEE



—

Create novel bioactive compounds to control intracellular signal transductions.

2. Clarify the molecular mechanism of apoptosis and necrosis by using novel cell death control
molecules.

3. Develop new and efficient methodologies for the synthesis of complex molecules having important

biological activities.

Key Word :

intracellular signal transduction, cell death, bioactive molecule, enzyme inhibitor, protein kinase,
protein phosphatase, ganglioside, asymmetric catalysis, organometallic chemistry, total synthesis of
natural product

Outline

Our laboratory focuses on the following researches based on synthetic organic chemistry: 1)
development of new reactions and methodologies for the efficient synthesis of bioactive molecules, 2)
design and synthesis of molecules having unique biological activity, 3) biological researches using these
unique molecules as biological probes. Our research interests encompass from transition
metal-catalyzed enantioselective reactions to design and synthesis of intracellular signal transduction
modulators and their application to the cell biology research. Design and synthesis of selective
inhibitors of protein kinases and phosphatases, which are involved in the signal transduction of cell
proliferation, aiming at clarification of the functions of their target enzymes are of particular interest.
Clarification of unknown molecular mechanism of cell death (necrosis) by using our original cell death
control molecules is also currently underway. We are also working on the synthesis of ganglioside
analogs and several other natural products having interesting biological activities.

1. Development and Mechanistic Study of Novel Cell Death Control Molecules (Dodo, Sodeoka)

Cell death is one of the most important events for multicellular organisms to live in healthy
conditions and should be strictly regulated. Abnormal acceleration or suppression of cell death causes
various diseases. In this study, we develop cell death control molecules, by which we try to clarify the
molecular mechanism of cell death related to diseases.

We have already found that indolylmaleimide (IM) derivatives are selective inhibitors for necrotic cell
death induced by oxidative stress. Moreover, we developed NecroTrigger (NT) derivatives as a novel
inducer of necrosis in the previous fiscal year. Necrosis was found to play an important role in
pathological cell death, for example, in neurodegenerative disorders and ischemia-reperfusion injury.
But the molecular basis of necrosis remains to be elucidated. Therefore, using IM derivatives and NT
derivatives as a biological tool, we intended to clarify the molecular mechanism of necrosis.

We are also focusing on the tumor-selective cell death induced by vy-linolenic acid (GLA). GLA was
reported to kill tumor cells without affecting normal cells, but the molecular mechanism of action was
not clarified. We planned to synthesize GLA derivatives systematically and to find a tumor-selective
cell death inducer. By using this inducer, we intend to clarify the molecular mechanisms of
GLA-induced cell death.

To clarify binding proteins and cellular localization of cell death control molecules is the most
important point in these studies, but we have various difficulties in it by using popular methods. We
also planned to develop new chemical methods for the more efficient identification of the binding
proteins.

1) Identification of IM-binding site (Kamisuki, Yamaguchi, Asanuma; Tochio, Kigawa (NMR Pipeline
Methodology Research Team))

In the previous fiscal year, we succeeded in the expression and purification of IM-binding proteins by
using E. coli. To identify IM-binding site of these proteins, we planned photoaffinity-labeling
experiments using purified proteins and mass spectrometric analysis. Moreover, we started NMR
analysis of purified proteins. As a result, we identified a domain containing a possible IM-binding site.
2) Development of novel IM and IL derivatives (Hayamizu, Yamaguchi, Teng, Ohkura)

To improve the cell death inhibitory activity, we developed new synthetic route of IM and IL
derivatives and studied the structure-activity relationship of these compounds. As a result, we obtained
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more potent derivatives.
3) Identification of NT-binding site (Sato, Kamisuki, Asanuma; Hashimoto (IMCB, University of
Tokyo))

To identify the binding site of NT compounds, we carried out the expression and purification of
NT-binding proteins by using £. coli. After the confirmation of NT-binding activity of purified proteins,
we tried to identify the NT-binding site by limited proteolysis and mass spectrometric analysis. As a
result, we identified a single amino acid residue which was thought to react with NT compounds.

4) Mechanistic study using isolated mitochondria (Iuchi, Sato, Kamisuki)

Both IM and NT derivatives were found to act on mitochondria directly. Therefore, we planned to
investigate the effects of IM and NT derivatives in isolated mitochondria. As a result, these compounds
were found to affect protein complexes formed in mitochondrial membranes.

5) Synthesis and evaluation of GLA-related compounds (Sato, Tamura)

In the previous fiscal year, we established a new assay system for GLA. This year, we planned to
conduct structure-activity relationship study of GLA derivatives. Based on the metabolites of
arachidonic acid, we designed hypothetical GLA metabolites and synthesized them. We plan to examine
the cell death inducing activities of these molecules.

6) Development of novel chemical method for the identification of binding proteins and binding sites of
bioactive compounds (Egami, Kamisuki, Asanuma, Akindele, Yamakoshi, Hamashima)

We explored the chemical methods for the purification or labeling of binding proteins of small
molecules. As a result, we established a new method for the purification of alkyne-containing molecules.
We plan to apply this method for the purification of protein and peptide modified by the
alkyne-containing small molecule.

7) Development of novel imaging method for determination of cellular localization of bioactive
compounds (Yamakoshi; Okada, Ando, Palonpon, Fujita, Kawata (Osaka University))

We planned to develop a novel Raman imaging method for determination of cellular localization of
bioactive compounds. By using a Raman microscope, we explored the functional groups having Raman
scattering in silent region, in which endogenous molecules showed no Raman peaks. As a result, we
successfully detected some functional groups in live cells.

2. Synthesis of small molecule modulators of enzymes controlling intracellular signal transduction
(Hirai, Sodeoka)

Protein phosphorylations are well recognized as one of the most important post-translational
modification for regulating the intracellular signal transduction. Many kinds of molecules are involved
in protein phosphorylations, and protein kinases and protein phosphatases act as central key enzymes
for tuning the phosphorylation signals. Although many efforts by means of molecular biology and
biochemistry have been made for analyzing the function of protein phosphorylation, a lot of room for
further research into the clarification of the precise roles of the molecules regulating the protein
phosphorylation still remains due to the complicated network systems in protein phosphorylations. In
this study, we are focusing on the development of novel types of lipid-like molecules having unique
functions based on natural products and bio-molecules. Moreover, biological activities of all new
compounds at both protein and cell levels are tested. Analysis of their binding proteins is also
conducted. In these ways, we aim for not only contributing to clarification of the function of the proteins
involved in protein phosphorylations, but also understanding the relationship between the structure of
molecules and their functions.

1) Structural evolution of dual-specificity protein phosphatase inhibitors, RE derivatives, for
improvement of their inhibitory activity (Uchida, Thuaud, Oonuma, Tsuchiya)

We have developed novel type of cell-permeable dual-specificity protein phosphatase inhibitors, RE
derivatives, which have a neutral core structure. Various derivatives have been prepared, and among
them, RE12 was found to be a selective inhibitor for VHR and to inhibit dephosphorylation of ERK and
JNK in cells. This year, further improvement of inhibitory activity and physical property of RE12 were
investigated. For the better performance at cellular level, the long hydrophobic alkyl chain of RE12
should be displaced by other hydrophobic functionalities. Some of the synthesized compounds having an
alkyl group substituted by benzene rings were found to show the inhibitory activity for VHR
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comparable to RE12.
2) Development of a new methodology for the comprehensive analysis of protein phosphatases using
RE derivatives as a biological probe (Tsuchiya, Nishizawa)

Protein phosphatases are involved in many important biological events, but the molecular
mechanisms of their substrate recognition and control of their activity have not been fully clarified. Our
final goal is to establish a system for profiling phosphatase activities in cells under various
physiological conditions. For this purpose, we intended to develop a new method for labeling a class of
phosphatases in living cells using phosphatase inhibitors, RE derivatives, originally developed by us.

We have previously succeeded to develop an irreversible Cdc25A inhibitor “RE20”. This year, the
labeling experiment of dual-specificity protein phosphatases in cells was examined by using RE64, the
alkyne derivative of RE20.

3) Identification of binding sites of RE derivative on Cdc25A catalytic domain by mass spectrometry
(Asanuma, Tsuchiya)

RE20, irreversible inhibitor for Cdc25A, was thought to form covalent bond with cystein residue on
catalytic domain of Cdc25A. But we have not confirmed the evidence of it yet. To identify the binding
site of RE20, this time we succeeded in development of an irreversible Cdc25A inhibitor RE142, which
composed of RE20 derivative, a chemically cleavable linker, and biotin tag. The complex of RE142 with
catalytic domain of Cdc25A (Cdc25Acat) was digested by proteases, and among the complex mixture of
enzymatic digests, RE142-bound peptides were specifically trapped on avidin beads. By treatment of
beads with Na2S204, the peptides on avidin beads were eluted. MS analysis of eluted peptide indicated
that targeted RE142-bound (cRE142) peptide existed in the eluent. Further LC-MS/MS analysis
strongly suggested that cRE142 bound to Cys384, which is close to Cys430 of the active site of
Cdc25Acat.

4) Synthesis of novel ganglioside analogues focused on human sialidase NEU3 inhibitor (Kato, Okada,
Nishizawa; Miyagi, Yamaguchi (Miyagi Cancer Center Research Institute))

Ganglioside GM3 is thought to be involved in suppression of cell proliferations through the
interaction with EGFR and inhibition of phosphorylation signals. On the other hand, human sialidase
NEU3 hydrolyzes terminal sialic acids from ganglioside such as GM3. Recently, it was reported that
NEU3 is up-regulated in plasma membrane of various cancers and promotes the cancer malignancy
through facilitation of motility and invasion of tumor cells and suppression of apoptosis. But the precise
molecular mechanism remains unclear. Focusing on the substrate selectivity of NEU3, we designed
“unhydrolyzable” ganglioside analogues as molecular probes for the clarification of the relationship
between metabolism of GM3 by NEU3 and function of NEU3. We have already established a synthetic
methodology for constructing a-selective C-sialosides and have achieved the synthesis of ganglioside
GM4 and GM3 analogues possessing CFz-sialoside linkage. This year, biological activity of CF2-linked
GMS3 was first evaluated. As a result, it was suggested that the length of ceramide chains of GM3
influenced the inhibitory activity and/or inhibition mode for NEUS3. Therefore we next aimed to
synthesize the several CFz-linked GM3 analogues with different length of ceramide chains for further
investigation of the inhibitory activity against NEU3. Simultaneously, optimization of synthetic
methodology for GM3 analogue was also investigated. Moreover, we also examined the stereoselective
synthesis of both diastereomers of CHF-linked sialylgalactose analogues, which would be the
precursors for CHF-linked GM3 analogues.

5) Synthesis of CF2-linked disaccharide unit utilizing the unique Sx2’ reaction arising from sugar
structure (Tsuchikawa)

We have already found that Sx2’ type reaction of various nucleophiles (C, N, O, F, S nucleophiles)
with the compounds having a gem-difluoromethylene group on sugar derivatives. This year, galactal
derivatives were found to be also applicable as a nucleophile for this Sn2’ reaction, indicating that this
unique reaction would be useful for the construction of CFs-linked disaccharide analogues, which is
expected to act as a stable analogue under biological conditions.

6) Studies on molecular mechanism of PKCo inhibition by novel isobenzofuranone derivatives
(Tamura, Sakai)
Protein kinase C (PKC) is a family of kinases that play important roles in intracellular signal
transduction. We have previously developed a novel type of PKCa inhibitors, diacylglycerol analogue
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“isobenzofuranone (IB) derivatives” (IB-6A and IB-15A), which bind to PKCo. C1 domain. This year,
toward an SAR study and identification of binding site, we developed a series of IB-derivatives based on
IB-15A which has the most potent PKCa inhibitory activity. Evaluation of inhibitory activity of newly
synthesized compounds revealed that larger substituent of o-position of amide group weakened their
PKCa inhibitory activity. Fortunately, IB-21A having o-chloroacetyl group was found to retain the
PKCa inhibitory activity, so it was expected that IB-21A would be useful for identification of its binding
site.

7) Synthetic studies of physalins (Morita, Kim)

Physalins are the highly-oxygenated steroidal constituents of Physalis plants possessing a novel
13,14-seco-16,24-cycloergostane skeleton. As they show antitumor activity and inhibitory activities on
NF-«B cascade, we launched a synthetic study of physalins to elucidate the relationship between their
unique structural features and biological activities. This year, we have achieved the synthesis of a
cage-shaped DEFGH-ring moiety of physalins utilizing the key reaction which constructs EGH-ring in
one pot.

3. Total synthesis of histone methyltransferase inhibitor Chaetocin and its structure- activity
relationship studies (Hamashima, Sodeoka)

Chaetocin, which belongs to a family of mycotoxins isolated from Chaetomium minutum, was recently
reported to be a potent inhibitor of lysine-specific histone methyltransferases. Because histone
methylation plays important roles in controlling gene expression patterns, the structure-activity
relationship study of chaetocin is expected to be helpful in developing biological tools for epigenetic
research. We achieved the first total synthesis of chaetocin in early 2010. This year, its derivatives were
synthesized based on the synthetic method and investigated SAR for inhibition of the histone
methyltransferase and for cell death-inducing activities.

1) Synthesis of Chaetocin derivatives (Iwasa, Fujishiro; Higuchi, Ito, Yoshida (Molecular Ligand
Discovery Team))

Based on the synthetic method we developed, entchaetocin and several other analogues were
synthesized. To know the role of the unique dimeric structure and epidithiadiketopiperazine structure
on the inhibition of histone methyltransferases, S-deficient analogs and monomeric analogs were
synthesized. Their inhibitory activities were tested and indicated the importance of the sulfur
functional group.

2) Cell death inhibition by Chaetocin (Teng, Tuchi, Dodo)

Cell death-inducing activity of chaetocin and its analogues was also tested using human leukemia
HL60 cells. Consequently, we found entchaetoin was more potent for apoptosis induction than
naturally occurring chaetocin. This result may be a promising clue for the separation between
inhibitory activity of histone methyltransferase and cell death-inducing activity. Interestingly, the
observed apoptosis was found to be caspase-8-dependent.

4. Development of novel catalytic reactions for the synthesis of bioactive molecules (Hamashima,
Sodeoka)

Reflecting the growing importance of environmentally friendly chemical processes, catalytic reactions
with high atom-economy have attracted much attention in modern organic chemistry. We have been
working on the development of unexplored metal-catalyzed organic reactions, particularly focusing on
atom-economical proton-transfer reactions as well as novel reactions for the synthesis of organofluorine
compounds as useful organic transformations for the synthesis of complex bioactive molecules.

1) Synthetic methodologies to produce optically active fluorinated compounds (Shimizu, Lectard,
Egami)

Organofluorine compounds are important building blocks in the field of medicinal chemistry as well
as material sciences, and the development of efficient fluorination reactions is highly desirable. We
already developed various catalytic asymmetric fluorination reactions by using a novel Ni-based trinary
catalytic system and palladium p-hydroxo complexes. This year, we examined the derivatization of
fluorinated compounds derived from 1,2-ketoester to show the utility of our fluorination reactions.
Based on the fluorination reaction, we also developed an asymmetric chlorination reaction.
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On the other hand, trifluoromethylation recently attracted the attention as useful method for
introducing fluorine atom to organic molecule. Development of new trifluoromethylation reaction
having higher generality is required, because the methodology has been limited. This year, we
examined the trifluoromethylation of indole derivatives, which are often found in bioactive compounds,
and succeeded in developing a direct regioselective trifluoromethylation of indole derivatives catalyzed
by copper acetate.

2) Transition metal-catalyzed C—C bond-forming reactions and their applications (Nakamura, Lectard,

Piinner)

We previously showed that cationic palladium complexes act as an acid-base catalyst, being
applicable to various asymmetric C—C bond forming reactions. In order to expand our concept, we
synthesized chiral Cu and Ni complexes as a mild acid—base catalyst. The use of the Ni complex enabled
the catalytic activation of 1,2-ketoesters as a useful nucleophile, and a novel catalytic conjugate
addition to nitroalkenes was achieved in alcoholic solvent with excellent enantio-and
diastereo-selectivity. This novel reaction was successfully applied to the asymmetric synthesis of
glutamate receptor agonist MFPA. Furthermore, one-pot tandem reaction with second electrophiles
was also examined, and highly stereoselective Michael-Michael-Henry reaction reaction have been
realized.
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