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3) Y. Kato, et al, “Toward in—-situ observation of Li—ion distribution in Li-ion

batteries” , TNT Conference Japan2014, 1.28-31, 2014
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DHIBLE)FXRIHF—F (Grah) L 75V F 7 Z—F (GraD) O Ry ET
BELTLY LY /) — Lz RaXx X)) —LIZAEBMTHL YLy ) —/Le Rr¥ v
T—BERG L LT, 2168 IOEECHMEESR & OEA RO SRS 2 XTI
FVFEFL~LTRE L, TNHICHESW THRER I OMIAZ 7R B ) & L CTHF
FeaAT oIz, T DML Z K R FERT O gE = & O LFEINFZE S L THED 5 =
&, MHREO—JEOREEH LT,

AEFE T, LYYy ) — AR OB THDH LY Ly ) —ib e Rafxvd ) —L
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[1] Y. Arimoto, et., al., Phys. Rev. A 86, 023843 (2012).

(2] http://j-parc. jp/jhf-np/pac_1001/pdf/KEK_J-PARC-PAC2009-11. pdf
[3] Y. Arimoto, et., al., Prog. Theor. Exp. Phys. (2012) 02B007.
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Rebunching Ultracold Neutrons by Magnetic Deceleration for the Neutron EDM
Experiment at J-PARC, S. Imajo, Y. Iwashita, et.al, IPAC2013, Shanghai, China,
p. 1187-9, (2013).
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HAMEEE T A RILEY ORISR & BB OMH
A% B - BRI AT
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SNTWD, Fox DWFET NV—T"TIILRI, FT7Z L, By, XU LU En;
WRIRACKFFEIZ P U AF AT U NIEREIZ R AF ALY L F =LA E AT 5
EITRY, #OERENE LRI L8 L AL |, AFETIE, A FE EOE
BAILIN « BRI KT TR DWW TRRET L, BB 2 I3 2 TR0 &7
HZEREME LA

(v TH OF

RIRPRISI __SRIRR?
TR NALEL Y 25 BLXOYT  RIRRS O SiR'R2R3 S O =
K% (VU LrmF=)) 'L “ “
69 1%, Lo mREl, VT AL O O
N . R'R2RSS SiR'R2R3 = N
;"f\}'ﬂ—f;< rswawvass 7 /iﬁk @}iﬁ;\ @ELE I I RTR2R3Si Z N SiR'R2R3
S R Reroa - Moo 6 : RTR2R3Si = Me,S
. A1 3 - R'R2R3Si = PhMe,Si : i = MesSi
St & VT Ak L 72 (Scheme 1), 4;R1R§R§s:=Ph2M§s: 7:R1R§R§Si=Ph|\3/|923i
o . 5 R'R2R%Si = Ph-Si 8 - R'R2R3Si = Ph,MeSi
L) AR LT 229 ORI e 9 | RIR2R3S| = PhoSi

*E lljé Llﬂ =z ~ 7 }\ i % (E[J E L/ 7,,: & : % . Scheme 1. Tetrasilylpyrenes and tetrakis(silylethynyl)pyrenes.

12T 2-9 OMRIRINERIZEREMICS 7 b L, T ARIEAREITHE R L 7= (Figure
1,Table 1), ¥ A FZ LD T7 2= VIEOEMNZL VT L, RIEREY 7 FOEAWTIKRE -
oo £ 19D 10° M V7 X Z RO EN AT NV 22K fafn et T CHl
ELTCE 2 A, 29 OEJEMEIT 1IZHANTE L REWT L0355 - T2 (Figure 2),
FEMR L72 10° M > 7 g IR &2 O CE e BT IR(@) FE LT & 2 A, 1
(D, =032 T 2 (D, =0.56),3 (D,=0.63),4 (P, =0.70), 5 (P, = 0.62) Dz N & IR
FREL, 69 (D=0TT~D)TILESBIZKREREAR LI, Y7 v A X L L
THIFIRE CT1-9 OH AT V& HIE L7 fER. 6 (A, = 559 nm), 7 (A, = 554 nm), 8
(A =557 nm) > B ITPAE 7o = F O~ —FOEPBIHI S N7 DITx L. 2-5 B LTV 2B
TX U —FHMITBR SN0 o7z, ZhUX, NERWIA BEREEZATHHEE.
FHMEDO T F L~ =D PNAREFIC LV IEIN D Z 2R LTS,
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Figure 1. UV-Vis absorption spectra of 1-9 (1 x 10 M in aerated CH,Cl,). Figure 2. Fluorescence spectra of 1-9 (1 x 107> M in aerated CH,Cl,).



Table 1. Physical properties of compounds 1-9.

Absorption? Fluorescence Calculation? )
Compound A, Aem’ b Aem® HOMO LUMO energy gap charge on 2968 i NMR®
(um) loge (memomen @f (eXemen Covit ev) (V)  SiRIRRS O PPM)
pyrene (1) 337  4.69 370 0.32f 472 -5.459 -1.532 3.928 - -
2 376 4.78 386 0.568 nd" -5.326 —1.709 3.617 0.422 6.6
3 380  4.85 389 0.63 ndh -5.370 -1.760 3.610 0.463 —6.6
4 384 486 392 0.70 nd" -5.407 —-1.808 3.599 0.475 -9.3
5 380 4.83 395 0.62 nd® 25372 —1.779 3.594 0.476 -13.5
6 437 5.00 442 0.99! 559 -5.244 2366 2.878 0.527 -17.4
7 440  5.05 446  0.9~1 554 -5.393  -2.459 2.934 0.549 -21.1
8 442 5.03 448 0.91 557 -5.360 —2.439 2.921 0.550 -25.1
9 445 512 452 0.77 nd" -5.351 2434 2917 0.560 -28.5

a) 1 x 10 M in aerated CH,Cl,. b) Fluorescence quantum yield, degassed by freeze-pump-thaw method, 1 x 105 M in cyclohexane. ¢) 1 x 102 M
in aerated CH,Cl,. d) Calculated by B3LYP/3-21G. ¢) 100 MHz, in CDCl;. ) Data from Berlman, I. B. Handbook of Fluorescence Spectra of
Aromatic Molecules, 2nd ed., Academic Press, New York and London, 1971, p 383. g) Data from Maeda, H. et al. Res. Chem. Intermed. 2009, 35,
939. h) Not detected. i) Data from Maeda, H. et al. Chem. Eur. J. 2006, 12, 824.

B3LYP/3-21G |2 X BRI E4T - T 2-5 D7 A HERERIT RV NLDKFHE & DR
FFEDRE LT TWND Z &N no o FrT b S Tk B 72 U o (eclipsed) T Si-C1-C10-H
O mAD12°E 720 . A U (staggered)(Z b~ T 16 kJ/mol RZE Ch -1z, £z,
A FBEREB L O=TF =/LEOEAIZ LY HOMO-LUMO [#] D= R /L ¥ — 223 &
% Z & Doy hro 7o (Figure 3), ©F = /A LFE RS E LTHE, L2 O LUMO O
THNFX—=DNTFNY | BEFHINIEGERICETH L7 A ZDOEHEAIZL D, HOMO DT %
NN LR ST, 229 O A FERELGSIRRR)TIEFRELEEA L L TEEWMEZ L D,
ZDIEEBM DOEEILT = = VIO 2 51251 THE R L7z, ¥Si NMR Dby 7
MEIX4 T Me,Si 12T Emd Al
B, FomES Y7 FOESWE |
7 ZVIEEDBHE 2 DT> THR
L7z, UEDRER, rA4F L7 =1
FOBNHE 2 5 & o(C-Si)—m*FH A AEH
WZXR0 g NIRRT 5 R
WX A BRER SN IERNHDL T
HDOEHETE LT,

Figure 3. Calculated HOMO and LUMO of pyrene and its derivatives.

(1) (a) Maeda, H.; Maeda, T.; Mizuno, K. Molecules 2012, 17, 5108. (b) Yamaji, M.; Maeda, H.; Nanai,
Y.; Mizuno, K. Chem. Phys. Lett. 2012, 536, 72. (c¢) Yamaji, M.; Maeda, H.; Minamida, K.; Maeda, T ;
Asai, K.; Konishi, G.; Mizuno, K. Res. Chem. Intermed. 2013, 39, 321.

(2) () HIZ 5, gk H, EWE -, TARBA, &6 AR Mme (201349 A
13-15 H, #¥EBEK5), P3C-32. (b) Maeda, H.; Suzuki, T.; Shoji, T.; Segi, M. The 14th International
Symposium Organized by Institute for Chemicl Research, Kyoto University (ICRIS’14) “The Science
and Technology of Smart Materials” (March 10-12, 2014), poster presentation.
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7TtV /) UVBREREEETEHX T NS TFRINE - ARRE
D BA %%

RN - I 8K T2

T OHNISIE, PSR TERFR THBWEIERECETT 572012, RIASJEHT
XL D—DThH D, TDODRFT VHANEL Ip~T aJf 17 Va0
BRI IR B SN TE, 2O, VUVREFHLT PV BEEET, =iid 5
WIETFARD U AEE DY T D I DA L REaFL S ~O &R BT 5
U V—RFBIEETERBIERHE SN TS, 7272 LY VRT EXBI2iE, ZUTHEA
FNTEBRENRT VT 40— 0T 27 VO NVORISHFNTD 720, LrbHESNT
WAHHITIL, 7 AT VABIREEZ BB TE Wiy, — 5TV Vr—RFBEZHTDHHA
FIEMALE O, SWAREMEZ R38R0, B LVER SRS AR~
BN & LTHRIHTE 20820, £ORREROYF, EFbivbili, 75
NEEET D) CEEFEAROME - & LU RIERICET 2% 2T C& e, 22T
ZI T, ZOFHEREGEEMET DT U INVRICORIEEIT T,

FThEDIIC, B F T F Y VEREACE ;’igltt; l ir(i:s%rlr;;éizs;c;n of the reactivities of phosphoric acid derivatives
i@%@ﬁﬁvﬁV/H%¢1®wf%w - o
AF L @) ~DF s ZE, AXe R @:P\x )\Ph 'I'Socl)uene CZ \/Lph

BugSnH (3)

K@3)& AIBN fFEF. Moo cfiore  F “

F—T A1), U B 1a oF Y o ) OO
B 1b O da ~DRHINFUE DZhE I (o - o
< (Entries 1 and 2), 69 B§[i1# T HAYARR OO

51X 50% L FChHhoT=, — . LU Entry X E L2  time(h 5 Yield (%)
VA 1e L DBRUSIEEWEIERTET a0 w 6 saa 15

. 2b S 1b 69 Sba 40¢

[/\ X{l‘m‘a‘é’ft/ﬁ\*@ 5Ca %LIR%_{ 76%‘65‘2_ 30 Se 1c 21 Sca 76¢
- = - 4 SePh O 2a 3 Saa 47

1o, 1272 L}iFST”IJéTéXXEH%%@ﬂ:A 5 S 2b 3 5ba 38
6 Se 2¢ 3 Sca 78

WL DREENRNEECTH o7z, 2T, Vv o _ o )
@ Reaction conditions: BuSnH (1.5 equ1v'), AIBN (0.125 equiv) at 80 °C for 'ih
JFF 142 PhSe A AIIAATEALA 2 705 i roducts wert contaminted it mil amountafcompounts
e L N contained a Bu3Sn group. ¢ Yields were determined by 3'P NMR of crude
DT VHNVDFELSIMBAT 7o, WTIL misues.
b PG RIERBR RN S 7zs, U R BAY O, S, Se i K 5 AR DR O]
(HMEEW 1 LRERT, 2¢ OIS AMERM Z R EWAIRTE X, Lovb &Vl
THET5Z b TE,
WK x R BWIE AT T HT VA o ~D 2¢ DNINSEIT-T2(T—7 )V 2), BT
BT A ORISR E R LA, BT ARRT LY ThbT 7 ) VB
TFILASOMINS T T D AERITIHR 24% T LOMFLH Z E N TE o7,

_11_



Table 2 Addition of phosphorodiselenoic acid ester 2¢ to alkenes?

O\S.fa BusSnH, AIBN [AIBN] 03
( P + Alkene > ( P _
(0] SePh Toluene, 80 °C,1 - 3 h I_ 3h Jn (0] R ( -
4 O = (6]
2c 5
98
Alkene Product Yield (%) ¢ Alkene Product Yield (%)b: ¢ Alkene Product Yield (%)b: ¢
Se Se Se
O (e} || OEt O
< 78 <
%ph <O/P\ Ph  (50:50) Z > Ph <o ~"Ph " Aor <O’P\/\W0Et *
4a Sca 4b Scb 4c See (6]
51
P pp Se (56:44)
O. || 4e O | \/k/ s
Z0Bu ( P 55 ( -P )V T™S ( TMSy357)
o~ OBu > ph (0] Ph %
4d 5cd e Sce (50:50) af
oS¢ oS¢ oS¢
(\/I (O,P (386162) (o,P 62¢ @ (O,P 58d
: 54:46 24 :68:3:5
BRI T W00 i
dg Scg O 4h Sch 4 P Sei

@ Reaction conditions: BuzSnH (1.5 equiv), AIBN (0.125 equiv) at 80 °C for 3 h (n = 0). ®Isolated yields. ¢ Ratios of diastereomers determined by 3'P NMR spectra of
crude mixtures are shown in parentheses. ¢ AIBN (0.125 equiv) was further added after 1 hour (n = 2).

KEST VA, WEST VA v BRIRT A7 DT DRSS [FFRE O R THIT LT
HDOD, IsDIT AT UABRIRMEI I > T2, 72 & 213 4i ~OFHINTIX B AR Y
S5ci oD T AT LAY —IBREME L TEHEZT,

Table 3 Radical addition of 3,3'-substituted phosphoroselenoic acid esters 2 with alkenes?

Cr,
0]

Se BugSnH, AIBN [ ABN] o] S.?
Ph P + Alkene > R { P Ph {
SePh 4 Toluene, 80 °C, 1 h [ 3h J2 R' o}
: s o
Ph
Alkene Product Yield (%)b< Alkene Product Yield (%)?< Alkene Product Yield (%)?<
Se Se
O Il
03 ,, sdb R =Ph ol R=Ph { >
R{ °P Rt P R=Ph
R { @218 /@ {O jij @96) @ o \(j 57
o (16:84)
4h Ph™ Ph “ sdz 0
sdi

@ Reaction conditions: Bu3SnH (1.5 equiv), AIBN (0.125 equiv) at 80 °C for 7 h. AIBN (0.125 equiv) was further added after 1 and 4 hours. bTsolated yields. ¢ Ratios of
diastereomers determined by 3'P NMR spectra of crude mixtures are shown in parentheses.

ZITEFTTFNIED 33N T = = VIR Z AR R D T P DNV OE AT > T2(T —
TV 3), FORER, BIRT NV L A~OINBOGIE, ISR ME T T 52 & 7L<,

T AT UABIRMELKEICIH E LT, 728 20X 4 ~DOHINTIE, oY T AT L
F~—HUEE 57%, 4:96 DI TH 2 7=,

1) Murai, T.; Maekawa, Y.; Maruyama, T. Chem. Commun. 2013, 49, 9576.
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HNaF o EBBEEEOEB VRS e T 5
FHRERBRILEYWD AR

TARE A - BRKITHI

[F )

T LURT AN EDH A R AIERRIE L SR O W & A Do
==/ RTHFTHY | FEOIITHLFOEEM LA E - TERICHIER T b S
Lo T& i, HAFINET, T2 =0 LFFOBEIRFIHT 5 K& 708
FIVEICHE R L, SRS L 257 ViR L RBIRT & O Bl E OB EE & ik
S ANRE VNS —BBECTxIST DN ) IR = VRSB TE DL
T AGRIE A (P AFAT VL =0 5) = R ((eAD)E, B=S, Se, Te) % B
LT, AR TIE, o T-EiEERRFE-I Vo ZEEADEWY T ) 7 4L
PERFIFHL, L/ TATE FEEZRLIC, WBICmRTEEE AT 540 8
L DB MEES 2R TS bR DN TARIC LY | FRAERRILEY. Fick L
JHERE L X7 LAY REELAMZR E OBBEMIL A OB R E BT LT,

0 w1 _CO0-0 Y, .,
)J\ + (MeoAl),Se —————» [R)J\H] = - - or e
Se 'R R

R H Lewis Acid
R = alkyl, aryl Conditions Neutral Conditions
N\ OR' OR'
7 X Se ¢ | Selenosugar
"""" > | Derivatives
R
PERESCX 7 LA v ROBRNIER 2o ~T HO OH HO Base
> 2 I S = X X
0 IO X T B EREE (A1) sV A
. . - o - o OHOH
BEMEZ RS 2 LIRS, S TloE#, OR oA
X =S ; thiosugar X = 8§ ; 4'-thionucleoside

ReE. U o 7p EOREED 2 < AL S HU T X =NH; azasugar X = CHy ; 4'-carbonucleoside
B TR RISV SR B L B e X oe dssienonueleoste
ABREOREES D DIF L A EHEFINR, B2 TH, 2 MICKBRIELZOER L7+
L/ X7 LAY MEOGEICE LT, #BIPHRE S TO LIS R0, Wi
G A R EEHCH W, ENo OB etV ) 7 =F v 2 W B 1R 5 2 B
BRTH D,

[S5k - KiR - 52

5 Bt L/ HEREEWE Y —7 v & L. LR TG BT 217 > 72,
YL TATE RET R bR T H DT L ORICAIIIE & | #52 < ST RIS
INRIEARI L 5 BBHEAE 2 RS 5. BN EEAHO UL Frk o
KV EBRFRERERA A EA L Jeth T 2 (IR B~ D EHRILEAAAT 5 4y 1240 % Gl L7z,
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RGN SN § NN W ®
f— p— p— > ~ 4+ p—
R OH R : OAc [HJ\J
OAc OAc OAc Se¢ 'R

Sel
l)ee?RIc;?iL\J/geqzr Se-Pummerer [Dihydroxylation] (Ring Contraction) (Cycloaddition} Retro Diels-Alder
Glycosylation

L IRUZXTATFE RET U NIty LD U2 BALAIE 1 OB 7250
Diels-Alder S LV, TR THAINZBL VRO XT VT RE trans-1-7 &
FEI-1,3-7 2 2 & OBRICAINEGS I E K ONAARSRINAIZET L, Ph &
AcO FEDSPERET 2 BRALATINMA 3 &2 v AR TH X 7o, BlEkE., FAEBMD cis3
ZRVESAET . WilR S D \UNE A X 7 — )L OETRIRE TR 5 & STARE A 72 BR A
INKSENEIT L, 5 BBRD 2,5-k Rutkl ) 7= U EK 4,5 2 5IURTEH 2T,
Z OBEHME/ NSOSIT LA FIOR T R CH#EIT T2 b0 e EZx o b, 9, BESME
T AcO DB NVHR = NVEEEN T 1 b AL SIEERE 7 1 & L CLBET D BRIZ, Se 10
B G I L VBT Lt v ) =0 A4 F R E KT S, 2O FF
YRR D AN TR E T 5 2 LT B/ LT 5 BERIEEM A
5% %, £7-. minor AP D trans—3 7 HIINARBLEN R H%0e LT- 5 BE(bE
MIDAERRT 5 Z EDRER I, T OBEM/INUSBSARRE R TH D Z L B 522
Tpo7=,

O //_\\2—OAC Se | Se
—» —_—
Toluene h)LH 110°C,4h Ph "ROH, reflux, 2h

OAc
1 ~ Cis3,91% 4:R= Ac 97%
(cis : trans =92 : 8) 5:R = Me, 75%?

a) addition of 1.2 equiv. p-TsOH

Ph Ph
® 2N RO.__Ph
H OH ROH HA,
cis-3 = aco-H N — C) ‘\/ N —_— —= XV —@» = 4or5
— HsC —~ / -AcOH H ERRSIN -HY Se
H Se \_/ Se S% /
Episelenonium lon
Intermediate

4,5 OEN_EEESN A2 N LA A I 7 LA TBRIL LR E. trans—6,7 &BH
Zh x 72, WRIZ, L,2-UA—1OT7 b= N{E#E (8,9) Ok, MKFEERZ HW
Se—Pummerer B\ 1Z K5 Se JEFD a fi~D AcO FEDBIRHY 7238 A 25 7-703 . F DAL
ASBIRPEIZIZE A E RSN o725, Ac0 EDEAIZLY 5 Bt L/ BEHLUA
10, 11 OARUTHEII LTz, 61T, BEEBERLEEZ W, 10,11 2LIERRAEL ) X7
LAY RFEERO GRS LT,

OAc
sé os0, ~OH 'V'eo OMe 8¢ o mCPBA, Ac,0 € o><
o e Ph TN T T ey "o
OR OR
Ac 6 : R =Ac, 58% (cis : trans =7 : 93) 8: R =Ac, 86% 10:R=Ac,67% (dr=1:1)
5:R=Me 7 :R=Me, 69% (cis: trans =13 : 87) 9: R = Me, 93% 11 :R=Me, 53% (dr=1:1)

Selenonucleoside
Derivatives Nucleobase
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_Ra T ZAHA b BiNiO; ZRXR—R & LI-ADBIZEZ FOMEI O B3
FRRE . B OIER - R LERHSAE T 3 v 2 ABFSERT

H

IO ERE AL U7 Gl E RO -8R 2 E DA FEBS Tk, BUIRIC X H(0E T
WHRBEMTH 5D, BUIR, ZORBEEZMFRT 57D EEEFABITON TN H0, i
ENDHERART IR —NRERMBEL 72> TWD, F 2 TIEOBIEIED A 2 Wi
T 5702, BER ERFUIEBERIGET 2 AOBWEZ R TWENEH ZHE£D TV
5o BAITEEDOMIE T, a7 A4 b BiNiO; ZX— R & L7220 EREEE % R~
FEH AW U721, BE T BiNIO; (17 1 C B T0sBi* 0sNi* 05 & U 9 5 B e i 5ok g
Z L& BH[2], mE T Tl Bi OFEM AL RT 5 & [FIRFIZ Bi & Ni O] CEMBE)NE
20, BENPTO; WO EECIREEICZE (LT B3], T OB, Ni OEE KIS, K&
IRRFEIE NI S D, BiO—f8% 3MiLAE 5720 La TEH# L, (Bi/La) 'Ni*'0s
OB Z L BT 5 & IREFEOBRBEFHEBENE Z 54,5, EAT—V%
FAW =B8R RO E TlE, FEBRIT BigosLagosNiOs 23 B S EIFHERE 2 £ 320 K 2>
5 380 K DI FEFIFH T-82 pprmv/K & W 5 TERMBLD 3 15 6 DE KRR B OBFZ RSB <
Nb, ZOX) BRHEBHRICHRT 2A0BEHSZIL, MkIcisTFa—=r
JTEDLEMFFEIND, £ I TAMNGETIL, LallShd T % ) A RA 4 (Nd, Eu, Dy)
TEBLIZREAHK L. AOBIEBSG OMAUKANEZ FEMIZ T2,

ES IWIRES

AEHEEHZ I, HBOMARIZ 48 L 2 A 1 T Biy0s, Lay0s, Nd,O3, Euy03, Dy,03, Ni
MARZIRA L, HERICEE) Lo, Z8FRE S E 72k % 750°C TR L 7= b O & {f
M LT, oz sUEHZBR LA 2N 2 45 7' VIZE N, 6GPa,1000°C DE:4C 30 4y
MBS 5 2 LI K0 BRORE 24572, BiiulnNiOs (Un:Z7 % /7 A F) DAL
T x=0.05,0.075, 0.10 Dk} 2 G Ak U 7oo KPS ZE AT B ) HAFFE 28 00 RINT-2000
HIRIRA 7> a V2R L, o7 B OBmER X REP 7 — U iREZEZRIE L
Too BRI RZ —2% ) — UL MENTT 2 Z LI XD, BABEHEES K
TRFEZEA LA R L 72,

KRR L OB

X 1R TREIC, Bk X BREIFESR L Y Bi % La, Nd, Eu, Dy TE# L7242 C ok
2B\, B BEHEER A O KIRAH O =REBHEE D © & IRE O R T i g~ D%
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bl Lic, EmI"Z—r DU — by MENT ZIT o T2fE R, X2 0@y | HH
5RO E I % DT T EEAARTE DOIRFEEZAL TR O IUHE & el L 7o, BV RIR S A
F1LICEL DD, La, Nd TEH L 7ZREHIBERENH Z DI ONADBWED Kk E &
DN L 7257273 Bu, Dy CiE#t L7253 8HI x = 0.10 £ TEREOEEIREZREF LT,
BZER OBIARIRIE B X ORBMERIRE 2 R 1 1T LD 5D,

VI EDOIFIFER R LY, a7 24 b BiNiO; Z2X— & & L= R DOAOBIEEHSIX
AL Fa—=V T RETHDLZ L EH LI LT,

SRR A
AWFFEDO R EIE, K. Oka et al., Appl. Phys. Lett. 103, 061909 (2013) & L CTHR S 7=,

[1] M. Azuma, et al., Nat. Commun. 2 (2011) 347. [2] S. Ishiwata et al, J. Mater. Chem., 12 (2002) 3733.
[3] M. Azuma et al., J. Am. Chem. Soc., 129 (2007) 14433. [4] S. Ishiwata et al., Phys. Rev. B, 72 (2005) 045104.
[5] K. Oka et al., Phys. Rev. B 88, 014112 (2013).

1 Bii-xLnNiOs (Ln = La, Nd, Eu,
Dy) D# A XRD /% — > DR EZEL

2 Bii-xLnNiOs (Ln = La, Nd, Eu,
Dy) D HATF - AR OIREZA b

# 1 Bi1-xLnNiOs (Ln = La, Nd, Eu,
Dy) D EFZEGREL
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FHRFF—RV~—LBHH 77—V U FBEENOEBRIND
ISV T a SRR ERL

Z WbE - RBRORTPE R 2T AT

HEESLEEHN  FROXBEEMOIEIERE T, v 2 R E S D I8 R
BIRHWHENTWD, Zhizxt LT, kR KM & LT, AHa i gl 4 1%
PERECHIT U 7o AR IR G M A LR SN TS, LG TT S X & AF
I N TENE, 7 VXU TNV ISR E) O AR C KRS B & R T
ZEMAEEL D, FTo, BUROEERE G R TR EE 72 KI5 FE i o fh R E P K
HFECOFMNAREL D 2 b fbAZR A= E L CORMBRHIRF S
TWb, b, AEMEE AW RGEMIT, A EEW A KR DM 4 SOk
LT, Ok SRR FRETH D Z LD, fERDO IR KB OMERE

EBET DA LD TN D,

AR KSR OTEVERE 2 A8 5T 2 72 OI2id p RS R E & n AR EE R R
D FVBUBERAIRTHDH, BURTIEIIND 2 FBEOMEIZ RS S CEMOHE %
RN TR RAICIBR S DB G ST ~T oS ORANE A ThiTWn
%o AHSEIERUR G R O U 7 p BEERR L E LT, ZRETERY B-~F v
NTFFT7xr) (PIHT) BDHAWVWLNTE, UL, &I T PIHT IO D H7-7
p BB OB AL ENTEBY . Z0ENL FHEICT 7 ¥ —a=y FEEA
L7 R F——727%87%— (D-A) BAR)~—0NEFEHINLTWD, Ziux, 7787
H—=vy h®EANTHOMO-LUMO T X /L ¥ —F v v 70Nk 725 Z LIZER LT,
TN OEMBEIRIUC L2 BHEERRINAFHREE 725 2 &, BE UL HOMO L1
O FICER L CHAUEELEOR ERIFFTCE 52 L, EOMRE T, KEBELEBBHED
[ ERFIRBICAR D720 Th D, ZDO LI RBERD T, AMZE TIIRE R FIFERT
DOREEA LA ICREIR TS Lo n B8R (77 — L UFFER) L ofat
2k, BB KEEMEREZRAL - EABE LTS, 0 BESICHIT
T, BT 7272 —E e &t D-ABR Y ~— %55t - BA%s L. MO %
Tolz, 612, 2D D-ARRY ~—DOKGEMMEL & L TORMEZHONET 5T
D, HERO n BEEEME A SR T2 ER L, £ ORMEFM 21T - 72,

EERAE A TIIFHRA BRI LTHH T 78 7% —E Chy Chy &. R T —H
fre LTy Fx=/ vr—Lailihbdbi i EAK DTS-Ch, DTS-Chy, DTS-T-C,

DTS-T-Cpy DBAFEZITo72 (X 1) .
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H13Ce . CeH13

032(0 o

S
Ch
H13Cs_CeH13
(@] (0]
A L)
S
HgC4 C4Hg

Chy DTS-Cp, DTS-T-Cy,

| AR TR LR T —DILFEE

REBERLEER . R ~—DAHKIE Chy Cry 2=y hOYTBERE VT ) a—)L
DERARZ = )AKE D Stille 71> 7Y » TRISTIT 272, —HOR Y ~—IZB W THF
MOEENPRENZ LITER L TlE ORIESRGETEF» FREZ AL L2 LT
X o to, T ZTALEFFEATR MBFFE R O & VT, 140 FE O EiRSE CllE &
Tl olz, ZOREE. 538 GPC WED S B 531813 DTS-Cy: 8.3, DTS-Chy: 6.3,
DTS-T-Cy: 11.7, DTS-T-Chy: 7.9 kg/mol & HARS Bz, R Y ~— 0w & EAS
HEERTE 2> B | A BRI G FE A

LLTORERFEH ST, £2TC, ¢ 8 - /‘“
TRBDOEY v — LA 0 BT < 4 PCE = 5.17% /

- \ E Jeo = 10.1 mA/cm?
Z7— VL VHED PCsBM, PC; BM %l >0 ] vS:C= 08V
HEDETHEFORBELRANE2ITR> £ 4 - FF = 0.64 /

2o ZOEFE, DTS-T-Cy/PC1BM D % . ////
BEDECHNT, SIT%OEVEEE 3 ol
o3 (PCE) »fFoine (M2) . Z -2 0 02 04 06 08 10
ORERE LI, A, AR voltage 1V

TEIETRA%E L 72 n BUEERAT R &AL E 2 ARARTEHFELEZKR) T —DOKEB
bE 7R ERA~LRBHZT> T BilHE
TETHD,

R #F;E : J. Huang, Y. Ie, M. Karakawa, Y. Aso, J. Mater. Chem. A 1 (2013) 15000-15009.
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VINEHHREMNE LCBERMLSRAT 4 CEFHT S
T AR Bk i 45 oD B 3

ik BN « O T3 KPR B Tt 9o At

i A=1E0)

Sl Y > & sp? IREN ﬁA%%mbfwéfx777w&/i P=C /31" F ¥ D
RV LUMO ¥ERZIZ B3R T 288\ A S /RME AT, ZhuiddE v o s 34 3 AL
RAT 4 AR OGNV TH D . $HARNLF & L THWD EFLE&Ro/LA
BEMENEED Z ERMBNTVWS YV, 20 P=C _HEADRE LICY ULV EEZEAT
HE, VI NVENEFREEMEERILE U TERT 2720, 0B O LUMO ML IC
R L, K0 LA At 2R3 i EE R BT 5 & B2 bbb, Ll 2
FTICVINEBEANLIZARRAT 7 TV VHERIIEONERESNTND HOD,
Z O/ TF R KO EEIZ BT 2 ITR SN T D, F7o, RAT 7TV v
HEdE (C BE 9~ 2 MR LR E ML 238 A L2 A OREZRLIC OV T S, R G
BUTIEF D720,

AWFFETIZ, RAT 7 T NVT VB ORFBIRT B D VEREZE AN LTZFER L]
AT 2FB > ERAN 2B ORI Z BRY & LT, BN B OERK & O iERE
ERat Lz, £, “/U/l/%’ﬁ'@‘éﬁbf 7o BIFFEENLIZERAT 7 TV U
HKICOGMET A2 & LTz, £72, BIZEEHPOLER E T EB GBI E L,
ZDOMBTEEZ I DT 52 2 E LTz,

FEER 75

DEE O Mes* (=2,4,6- ) -t-7F )7 ==)b) HEREROZENLIEE LTHY
TP=C —HEHFEALEY FAT7TAFx) 1 ZEK LI, 2O 11T AXVY T
LEERLUTCTEMRLIEEAATZ 7 =T =402 UL M) 75— K TRE LT sp
R#EFIZV U NVIEB L O Mes*x A E A LT 2 A Lz, L&YW 2 OREEREATRE H )
b, TORMAE 3 LT D Z LTk o> TP=C &I K ST U VIR Z T L=, &
(2. 1 OERNALFIZOWTHARB RN A 2155~ <, HAesik 3 [ZFE L, £
BHGMZ 1,6~ A VOBRILARMALKGEZ R F~v—7 L LTI L, F7-485k 3
DOHEEICRET 2T 21T o7, ZhaEiE 2. 3 ZHWTEEERDO G A, 8k /LR
=B EZHWTRE Lie, —F, 2 G e LT, 7vFEERKFLIZEALE
RAT 7 TN e SRR G L. DFPEIZ DWW TG L T2,
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ELIEES

ML L2 AF— L2 Lo TAMLE L ICIYSED -7 F AV FILES YLK
77— hEDRIGIZEY, ST ERRT T ATy 2 AREEE LT, FU AT
U IR 2a IZ DWW T XSRS SIS AT 21TV SR b7 2 i LTV 5 (Scheme 1)
Y, 2a O DFT #H &2 7722 A, LIMO (25 7- 581 (Figure 1) O R /¥ —(%
Mes*P=CH, DZ 41 & bR THEIKLS 72> TND T E DR E 4L, & U VN P=C /31
BRICHDEOICEFEBEZ 52 TN 2 ERH LN E RS T,

_ guLi_ |Mes R,SiOTf Mesy  ,fBu
Mes*—C=P — > o=P—Bul == o=p
1 Li RsSi
2a: RsSi = TMS
sCheme 1 2b R3S| = TBS Figure 1

C=R

WIC 22 2V THALASEA 32 ICHE L, BAEE  Mesy  Bu /KL/W

MAIRNRAETE A VI 4 OBYERVEDIZTE g7
BINCGHEITT 5 2 L AR L. ShETICRIHLTNS - ccome,

RAT 7 T oAb L RIERBEOME 2R 3a 4

ZEERH L, 20— T, 3a lTEIR T TPV LRIOREITEMET DERF D
NMR |2 & o TBUHI S L7z 7280, BIfE, Z O BYEARREEIC DUV T X BB EARITIZ K Dt
kB TND, S HIZ2a IZOWTERE ORI T 2 ML 255 7212, AV R
=)Lk Fex(CO)g & DRIGEMFILIZE Z A, NRIZBW TS 7L OBl &
FUy BRASOBENL L X TV D Z L WIRIB STz, ) OREERAT 2 BIEED TE D |
E 5T 2 BERITEUL L7 SER O ABLIEEIC DN TAZMRFTT 5 TETH 5,

—J. spP IRFE LRI T v EEXBALERAT 7 T AT AAZOWTHEHTHZ &L L,
N7 aETdnaxrZ 2 HNTS ZNARERAICER L7- (Scheme?2) ¥, 5 DR
FhRIKBITE XWX I-HEK 6 ICOWT DFT 3B 24T o728 2 A, 7 v HEHRETOET
KN P=C 73 A BLE EFHEAEH LT 572912, MeskP=CH, & 2% & LUMO (Figure 2)
DOENN EH L TWAEZ EnbhroTz,

CBr3F

nBuLi (2 equiv)  Mes\  F  qypui  Mesy  F
Mes*PCl, ' P=C ——— » P=C
THF/EL,0 (2:1) \g, 2)MeOH \
~130°C 5 6

Scheme 2

SCiR

1) F. Ozawa, M. Yoshifuji, Dalton Trans. 2006, 4987.

2) H. Sugiyama, S. Ito, M. Yoshifuji, Angew. Chem. Int. Ed. 2003, 42, 3802.
3) S. Ito, T. T. T. Ngo, K. Mikami, Chem. Asian J. 2013, 8, 1976.

4) S. Tto, T. Nakagawa, K. Mikami, Chem. Commun. 2013, 49, 9221.

Figure 2
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FEIRFAER - SARTAR R EBEEE T2 7R

1. TEELHB

SENLDRGA F U MIRFFETH DI NN=T A F0E, IRFEFOLICZ RV —7E
MDORNZED p HUEZATDHZ ENDEVILA ARG TE D, TEFLUND
t RV RE5&HWeF = v F4 13 im@&%&w AT AL %
EHILE L CEALTHRESE D Z LIIREETH D, ARFFETIL, = OREBYLFFE
%wﬁimm%éﬁé:&f@£EML\%@w%XM&LTﬁE%%NKO%@%
B, IR ABIEEE LTHOWOND ZkT 2 v omE—KBHEEGTEEEB IOV T L
XN —T BT D RE —BEMEAIEMERICEI LIz T, LIFIZHET %,

2. FEBRHIE

ARERIT, VH bEBETIE CHBLEERE LT T AT CFHAT.
W72l a7 77 =y 7280 To70, FRCERICALZERILEMITHO VT, R
TG APEEBRAG L E DT\ — T Ry 7 22 W T o 70, EWEIEIET IR
DIEAREBEZEH L, LEIZS U THAZ L THW, Bk ox v 77 2 ) B—
Va E, BRSNTFHNT — 2 nR ST K OHRG X B IERAT DR RIZES
AT o7, JLFEIHTEB L OE &I AE R AL AR FERT OB 2 W T T o 72,

3. HHRLEBE

WWELHFF =T =V D T4 > OEEMEKE LT, 7ee7 8 F L UEM 7 7 A4 —1
%%wko1&%UI%»??y@?&mu%&yﬁﬁ%ﬁﬁfﬁﬁbt 1 R[4
HREDAZEEL, REEZHMEMIEICEIVERLIZE A, ZHTORE —KZEE
DY S 72 2 DIULER 26% TH Oz, F7o, FUIEED 3 IR 49%“(“$%ﬁéﬂ
2o F72, 'H NMR A7 MKV RIGZEEBII LT EZ A, RINIIFIZEEN TH
D, 2BLN3 OEBNEIZZNEINS0%THDZ ENRDroTc, NPrREt Z#HW\W5 2
& T2 OFRRIRD RS A VERC L, Bifbdh X SSEMTIc L0 BEE2 o L,
Scheme 1

+

HC=CH HC CH HC—CH
/ , AN
F \J rt,1h xj F\\\'J
h\/ CH,Cl, % h\/ % \5 < A
1 e H?/ 3
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WEHEF = T =V h T4 v OAREAMA L LT, 7 VoM kv ZEs i
TF 2 NHTF BN TAF—4 HZHNT T NI —T )V DRE—BEEEY
WricpFh Liz, 4 7% =KV WERIZ tert-7 F NV FNVZ—FT VEMZ T, ZO
W % 60°C C 3 R EE LT, SUSTEIRD R -5 L, FRIED "THNMR A3
7 MERELIEE A, 5 DERPHER SN, 3 DAEK BRI, Ziudk
HICEICEENDIKEDKISICL Db D EEZBND, fREELT: tert-7 TN HITE
TV ULAF L LTHIREINTWDL Z e E R, IREMEZTE =1
UNEEIR & LTet% ., BB{bH & L C[CpaFe](PFe) & WM L | ﬁ%&i@fé{”ﬁ%ﬁ 92 & T,
[(n*-CsHsMe)sFes(HCCH)(p3-CH)(u3-COEY)|(PFe), 23X 40% T H vz,
METEHIR S T IV IV AL T ¢ ROFRHE — IREHEA OEMALIZ DWW T, Scheme 2
E RIS TR LT,
Scheme 2

HC— CH
e é;}/// Fe 60°c,3h

G o e
. Q
\j e | +
2 (PFg) + \F //\//e (PFg) { l\/:\l (PFg)
N ﬁa/ d o T

3

ST I, UTAFNAE—TAEBLRUTIAFIVANT o ROTEH LI, KHE
INTF 2N HFFAATENLT D2 L THIAT 2 LEMETE, T b OERRRITIUER
I SN2 F = A D F A BE A AR RS Z L A2RBRT 55D ENWZ 5,
4. RS
f
C(sp®)-N(sp) Bond Cleavage of Isocyanides at a Cationic [CCH] Subunit in a Bisdisphenoidal
Eight-Atom Tetrairon-Tetracarbon Cluster Wataru Taniwaki and Masaaki Okazaki, Chem. Lett.
2013, 42, 807-809.

PPN
F=

Carbon-oxygen bond activation of dialkyl ether by a cationic [CCH] subunit on the tetrairon
core, Masakazu Nishiya and Masaaki Okazaki, 4th Asian Conference on Coordination

Chemistry (ACCC4), November 4-7, 2013, Jeju, Korea.
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STERFERIC L AT T — L BRI G DO REST
JKE  EEE - IRERFRFRE  BLSERSEE

ER:D)

BV w7 ABITL— 7 =2 ) —vD 2,6 (fiNAF LU FEZN LT 5 DERIRICE
Mol T ThbdH, WIRRBHEDOIKEFIL, BV v 7 A[B]T L—r% O8N RR
Vo7 ABIT L—rR Cu e AT EZHLMNMIL TS, £, ERXAH T v
JABIT L= —ob 0T R IX AN v ABI T L—r1 7T — LU
MNEZObOF A7 5—L o 3aldl 1 DBRERICE > T RTOBS 7
T—L VR ~—%2FKTDHZEEHLEMNI LTS, ARFZETIE, BT L O
RIRIET, ZoBES TR ~—HEICHRT2WMEEZH 6N T 52 L2 BRIIZ, #
TCRIREE DWW AT Z— 10 3b 2GR LTz, £V EREORIKZ g 5
LT, WRTT, LVEAEOEWRY v —Z2ERT DL EEZLNDTD, WIERY
PEIZOWTEEMIZ2 GO0 EHff s D, 72, N ~v—DO—&ke#H % koo
(ZHEBET 2 HIOT, DIETRDOKRA Ry 2 A LTz, A MY Doy E R Y
~— DRI 2 D BB BRI D,

X H =N
G )
Q.:g H C 2% 25

3a

Ci2H250, OCq2Has
OCyzHzs

N o o o AN
\&VOO:P:QOQQQ

Figure 1. Molecular structure of host molecules 1 and 2, and guest molecules 3a and 3b.
EBRF %

LERFFEE T DILFFEITO LT, X BEELIC X - T, BEERREOYE S
TR A TN 5 HIELZMSLL TV D, —F MFERREDIKIFIL, 1Y » 7 A[5] 7 L —
VRBERE T T — VUKD AN G MIE LN L TV D e EEICRE
ZITW R B Z T o 72,

ERFERLEBE

HBDIZ, WRT TOREREREZRRD T2 DIZE AT SAVRIER LY NMR A
NI MVEZIT 72, 1 BEO 2 1FEGEBEEALIHRT 2380274, £,
—WRENZ T T — L NI T e T A= LTHBEN TN D), 1 B 0N2 23 3b 20l
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THZET, ®HIEPHENTDHEEZXOND.1BLV2DHEWKIZ3b i F LT &,
FEOMNNBU Sz, £72, BV v 7 X577 L— 3B L TR Y, T OME
ZNMR DX A DA —)ViEETHDLZ b, —OOZEEATF L 71 kO NMR
VP MET e— RS, LL, 1 BIR20RIC3b #Mx5E, bt
Tu—RIZENLTWEA Y v 7 Z[5]7 L— VS DBEEA F L7 a h L in o2y
MLz, ZDZ XL, AU I RABTL—r N7 T — LU RaETSH I & TRNED
TRVF—FEEEN K E 720, BRI DIEE S NMR O X A AR —/)L L0 HiIEL 2o
Tl ThidEEZOND, LEOKRENO1BIOR2D ALY v 7 X[B]T L—V
EALIZ3b D7 T — L UM ERE L, SERRERT DI ENbh ol

WIS, WIEFTOZhbLDEE 3 b)
RORE &5 7202 DOSY Hl
EDILBRE Z RS o7, HE
K BRDILHRE & i+ 5 2
T, BEEK 10 mmol L ofE 1 &
3b DRGNS L2 & 3b DG Figure 2. The AFM images of cast-films of (a) a 1:1 mixture
X100 5 FRIENES L TWSHZ L ofland 3band (b) a 2:3 mixture of 2 and 3b prepared from
Y e S 7LCO their toluene solution on mica.

S I, Bk COBSY R ~—DIREZ 5 7o DIZIR A X #RIEHT (WAXD)
B L ORI EEE (AFM) HIEE2B 272 -7, WAXD HIEDKE, 1, 2, 3b i
WTFN LM TR A VHEBEEL CWD I ERNbhotz, £72, 1 &£ 3b DIREY
BXO2 L 3b DIRAWIT, 2, 3b HEMOLGA L RRDMEICE—7 NHENLTEY,
1, 2, 3b BEIMOEEL Y — v OHMAE LAbEE RS TWNWDEZ ERboTe,
o T, 1BLV2083b L3 F L YL TRELILZ & THIRMEED AV HEZR L
TWDZ EDbnotlz, £z, M EICT1 & 3b DIREEKRB L2 & 3b DIRETEIK
VR LTI D AFM IEZ AT o 72, Z DOFER, 1 & 3b DIREMITHE S TR ~—
PN BCA U 72 ARy BRI T A LNz, 2 ORRRIZ ) 5 nm MR CIEA TER Y,
T DT NNFNARKOES LW —KE "7, Thbb, WEO ETRY v—0DFE
PH—AR—ARDESN LT R CTH D Z Lotz 2 & 3b DIRAWIIZEDOELEH
T OB STz, ZDOZEALDORE ST 16nm THY, 2 & 3b B3R5 3
TS 2 REREEOBER L JW—8ZRT, 6-7TC, 2 & 3b 13D LT kT
IZIERD b o MBEEETERT 22 LR bhroTe,

IO ORERIE, FEHAREEITL o TSN EHN T 7 — L R v — DK
MITEIZ O W TEERICRET L= CoplTh b, 77— LR ~—OSHOREN:
D FCOEERMALRLLD LWL TS,

ARG

Size- and Orientation-Selective Encapsulation of C70 by Cycloparaphenylenes, T. Iwamoto, Y. Watanabe, H. Takaya, T.
Haino, N. Yasuda, S. Yamago, Chem. Eur. J. 19, 14061-14068 (2013).
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RIS b, R, O FOBGENERL7e E OB E YL BROEBEAIC L IHICHRE T
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NI T z= L AT R i REREZEANT L2 LT, BOEHL L EBIT~T RILHE
DINFNZ L - T, EBABEMEORNEZ 2 S 2 /RIS OV TRRET T 2, £/,
MBI O EZEE O ML, T iEE L & BICHEIRREBED L 7 #EEOHIE S HETH 5,
AT AR EREE ALY BAET IR IE, o — cHHAEEHZEZBRT 50
WCHN R HETHD, vr7uRTg oo iinT u nREREZEAT L2 LTk
DT EENZ = be—L L, ARERE UTHlEET S X O BG4 W]
HEE L720N,

EBRHE

IR IEE CTH DACFEFIEFTOILF 1L, 7 vRT 7 2= L OFNRERIET
ML TWD, DFRIEAFEAT O AR « Botld, ~T aE#Y 7 aRT 7 2 =L DR
B XOERERYT 5, El 2 bl - ILT-DW DI, GPC #E I L A Kk &
O X RREEEC K DS 21T o 7=,

KB R

T T a o — ILDERK

TS — VAR, A — Vil K ODBEEME O fTEKRY, SR TR T
ra (2, T-HNNT =) D 9=-AF UK (A4NCZ) LT = =LK (4CPCZ) DERLE 5E

T UL, £, 2,7-7 0NN — )LEEERO nBuLi (2B U FH{be . Fhick:<

WAL R Y ATFALARED N T UV ARAZ ML > T2, 7-ER (RY XAFILAZ =)L) H)L
N —)ViEBR G LTz, TG OFKA XA 2 8D Pt(nbd)Cl, ZfEH S
TH& _EBiHEa25, o 8K LA XMbamE 1,2-v7nnx 2 o R
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1To70, TD%, BFEZHAWTETCHIMBES S 21T > T2k R, 40MCZ % 4 BFEIER 10%,
ACPCZ % 10% CHH7-,

SnMe, Pt(nbd)CI (L)Pt PYL,)
O Pt(nbd)Cl, O
a or 1e
N_R (2-0 eq-) N R 3 3b(1eq) Br, (4 eq-)
THF/Toluene 1,2-dichloroethane >
Toluene
° h
O 50°C, 12 h 50 °C, 40 O Toluene |
nMe, t(nbd)cl
3a R=CH, 4a R=CH, (HP‘ PL)
3b R=Ph 4b R=Ph
4CMCZ (7a R=CHy)
o oo’ Lo dppfl-s4g|eq ) ( SbR=Ph, L=nbd 10 % (4 steps from 3a)
63 R=CH, L=dppf rt., 24 h 6b R=Ph, L=dppf 4CPCZ (7b R=Ph

10 % (4 steps from 3b)
1. 7 h7vrm Q- —=) OI-AFNAEBLVT = =/ UKD EK

BE

BAE, 7 b7y 7nua (2,7T-0AV—)L) O X ST 2 mat L T\ b
SFEITOr — a fHEERANBREINII, BN T o UAX 2 ERLL | p B8R L
LCORREMEZ > TV E T2,

AR

(1) E. Kayahara, T. Iwamoto, T. Suzuki, S. Yamago, Selective Synthesis of [6]-,
[8]-, and [10]Cycloparaphenylenes. Chem. Lett. 42, 621-623 (2013).

(2) E. Kayahara, T. Iwamoto, H. Takaya, T. Suzuki, M. Fujitsuka, T. Majima, N.
Yasuda, N. Matsuyama, S. Seki, S. Yamago, Synthesis and Physical Properties of
a Ball-Like Three-Dimensional = —Conjugated Molecule. Nature Commun. 4, 2694

(2013).
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IVIR¥YEE T ) EEIIBITAIRAE UV EFAFTI 7 AOWE
VEHEW « BURK PRI A SO b ge

[(wF7eis s & HiN]

TLY ha=g AQRMMEICTH D) a IR A B 2 EE LWOEERE & (i
DHRBNHED B DHH T, oL A B U BERE D[RRI 2 2R TREZR . FHRIGIC & 5 =
EUEAN s REARALND L9 TW0 D, BFRIERIL. T E TIVEFEK
(Si. Ge) BXUOZED T/ MEEIRIZE T D FHECENEIC L 2 2 B TEAIZDOWTHRZE
D TE72[1], PR Tid. Jem 2 v o 4S8 & )8 8K h o 5 F O i # 8
BEITBITT AR, AV URBAERSND, —FH, AV VR LIZEFRAR—L
&S AT 2 WHRRE CIXMmES B S D, AP TIX. ZOMREE AV AR -
B Z WD Z & T, VIEEERPIZBIT 8 LWL - AV UHRROBRREB 272 -
7=[Fig. 1(@)], #ric, 7T/ HEROE A X 28 T EHIECE M UADRZE U T
VT BB CIEAR ATRE 72 A & HE A AR R GIE 22 EF LW T T e —FICED MATE,
[ 528 J51%]

MFHEIC LD A EA - R OFIRFET, =RV F—F v v 77 CBETHEEICK
795, TZTH/BEREHNDZ LT, TR =Xy v FORE - HLEMALE
AICE =3 =025 HHT 2 & & bic, AR 2L X —%2 R0 E 2
T EBRMNS A= X LOHEE B LT, Léﬁﬁwﬂiﬁ (a)

A2 % B 72 PR ERICHIE O SR IT ., (L7 G”mwgﬁmfﬁw
AW CREBFHEREERZ, SBROWH IO L & TH iy polarized

&) 7‘ optlcal excitation
AEHZIE, Ge R E SiGe (R ER A 22 AIZHEE L c+ o I I
72 Ge ZWETH a4 A 7= [Fig. 1)l Mg oo
FEERCdh D Ge 12, Fig.1(b) D & 5 7230 RHi%  Degree of Ciculary Polarization : DCP =
AL, MMEFHOREKZ R LFX —REN L Rk =
[1/2,1/2,172D1 Bl 5 [Fig. 1(b)],  RURR1- 7728 70 e 538
%’7 Ko TEFAR—AFEIT ST R S D0,
RUZAER S NTZEFIZTT I D ROR—L & HERE
(%%%Té:kmMiT\%%—%%WEW%Kio
TLAICHELENS, ZCOLAEDEFITI7+ /D8 .
L=, FMEEHZBLC CL A2 5/ 9 5% DA optical orientation and (b) band
AR BT S A 8 X YD L TR B, e oferystalfine G

[zr+ +I¢rf

(b)
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Figure 2(a) %, H/M&EAY 16nm O &1 H 7wkt 2 4
[V R THIE L7-BE O PRI AT ML Th
%o 1400nm I iTEZEm (IR HeROBREE I
23, 1600nm LA NI IX 0 (L &) OFEAHROFELH
Rz 5, EHEROFIETIX, 1100nm O FhE LW & Tl
AR ERRIEFELITG LTIV < HND
[Fig.2(a) Fl, —H. XVEHEERMEZOLEMETIX, £ o T
WD EVHRSBND - ERbhoi, Mk 0N gt
(DCP)[ Fig. 1@ izEHR XL, Fig2b) Do X Hiz, &
HEERE LY BEEEMTITAOMFELEL, —,
R EACIXEOMFEAEL KT LRG0 o7,

Fo, K0ECETFHAIEEEHWSZ T MR
JEHE D TEA R NI 5 BE S R 23 RAEHI I A R
IZTND 2 Enbrote, MREEIL, Ny F¥x _
FOKE S LA VHEREEROKE SICEET S o a—
i)) - O);fj:% i E%Eﬁ L &)XJJ% CE %% E/ﬁg Excitation Wavelength (nm)
@17‘}1/5%_5?;( v 7 ﬁxtmj( L. AF /@IJE*HE{’FH% Figure 2. (a) Circularly-polarized

photoluminescence under excitation at

L D=V —HPER LoD E#E X Hivd,  1000-nm  (upper) and  1100-nm
(lower). (b) DCP values of direct gap

—J7, MEEE RN 2)EE N X KE]OMM  recombination under excitation at
WEIZEE TS & E 1100nm o4 T3 different excitation wavelengths.
IRIEOMRECE 2R3 b OO BRI TR O K 9 B2 = 1L 2 — (K7
TR ool
[=%%]

PRIZBIT DA EA - L, =XAFX—F v v 7 EOEFREE & bkt
IX»%~;Wﬁbfﬁ-ﬁ@xt/ﬁﬁ%iﬁﬁ%é Lo To, —J5, [
g (L) OBFICEL TR, BEH#mNAODO 7 4/ VEELEZMTEL TER IS ILD A T
:fbkﬁﬁ@é\ﬁwat/ﬁﬁﬁl®ﬂ%é#%ZEﬂéo%;Fﬁ®wa
F—F ¥ v 7LD BIET R F—ONENE TIXZ ORBERT 5 Z LTI,
%ﬁ@@%ﬁ%f%ﬂéhfh%%%%?@@(%%E-%%)"Tézﬁyﬁ@
BFEROAREMEIZOWT b A%, MataitEn 5, £72, RHESHREICL DAY
XA T AT EbED . MR Ek - BESE DL TETH D,

[Z&3CHk]

[1]Y. Yasutake, S. Hayashi, H. Yaguchi, and S. Fukatsu, Appl. Phys. Lett. 102, 242104 (2013).
[R5 ]
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FEEERAERTH L VY a ik, T/ ERET 5 2 & TR H LEhE
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T HELIEFLIERIREE (EHL) X A F 7 A&HIEEEHGESND, To-), M
WML OE D bIEFICHIREWRRTH S, LrL, ZnEToE A, vart )
HIRZRCB T D —v VR EEN T2 2 Li2iE, EOT7A—F Lk LTy, iF5E
Fix, B0V ar ) ) MRGEZERAETHY . TORELZEN LIZIGHT A
AW EHEEST 7201, T/ WIRBICB T2 VT XA F I 7 AP K X 7B
RO TE o, TNET, @f#dz, HREB#EE & bIOERIMEOIRIR B L5 R E
ZHWT, EHL O EEfER L, ZORZEME A T 7 A% TE 7=, KW T
I, YV ar ) WRBICB T 53—V ROAE, FBNEREHEBOFRK 72D % v U
T IRREDFEE , EHL OFFZE b7z E1Z-20 T F7o 1 B e ) Skl 2 &2 VTR~ T2
ERFE

K1 (@QBAMFETHN T T AEETH D, JEA 190 nm DTV 2 U ERICEEE 190
nm DZEXFL%E 50 um MU 2070 FAMAICESI L T Y, ZE5fL% 3 >#Hld7- L3 Al
J RGP II/ER L Th D, ERILOKE TEH % 320nm 25 350nm £ T 1 nm [H[FE
THEDN < A S 723k &2 A — EARIC/ER L T, HRE— NOEEE2 > ) =20 EHL
RFHE TR E— I T2 LI T RLTH D, X1 )M EHERZ R L
TEY ., BhEEIE 405nm OEFERER/ E a a8k L A L —Y—Z2 H\ T, CW D43k
W E & R R oy Y E O 7 24T - 72, 22 FREIL 5 um AR TH D . 7/ LIRRS
e T F b=y ZRERTET Oy 0 5 CHIERRETH D, ETRERT TAF A

(a) )

7e4%:100 nm

X 1. (a) %> 7LD SEM 4 & Wrim ks ot
AKX, 7 b=y 7o Foct 2 LiRES
DR ENTWD. (b) HIER O,
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2y MefiT 52 & T mRMNROME R BOE B RRFMELHETE 51Tl T
Hb, EHITERIA NI =T AT EH D EI2X Y, FEfE & EEk D%
—HETHETEDL LI, TOTLRIZED ., T/ HRGBOFRNT AT I 7 A %KW
R F—TCTEEEE L 2o 7,
EBRRER
1 (@I LI IEED 5 b, T RGN H 28 E 7+ b=y Z KD B D
W B ORI DRI AR MV AR UTe, 7/ RE D & 2 31880 b 13, FRE—
NIZERT L vy —7 TR\t — 27 LB EEFIELREZER E 95 71— N3
v — I PR SNT, —J. 74 =y ZEROAOT—X TlX, 7 a— K3 e—
JEINBIE T, 7 IR E ST — 40 b T u— R NEFEZZLFI< 2 & T,
HIRE— FE— 7 ORFRIZLTE T i T & 7o, £ ORE R B 2 Fa 50l 23 8L S 4.
HIRE— FOFEFHFMN 1.2 ns EIEFITHENZ B3 G0hole, —F, 7r— R7p3te—
7 DFFfnlE 3.2 ns Th 7o, FATHIFETIE, BEOIEE L DEFHREE>TLED
e, HIRE— FORNFMEFFET D EDBRETH 7228, ARl @Bk E 2 b
U—2 3 AZ7ZRHWTZRIEIZ L0 FEFamai EMICKRD D Z LI Lc, T, &L
SNTHFENFEMPR—EVIRICE D DR ONERFET 72012, BN T2 L
TR Y = IR S ORI AL 2 ~Tz, 22 Th 7 — R e—7 DHh
PR S, T DIIEHFAIT 10 ns ThHho7, THOHORERRLY . 7+ b= 7l
IZB T DA EMG L — M EFFWABEEG L — FE2RET D22 N TE, HRE— FFE
T, N—EARICLDERHEREG L — FOWRE, AP TH 65L&V H KRESITHIE
LTWDZEERETE T, $lo, 7r— FRBENE—7 DAY MIVORFRIZED D,
FHHOEPE 72D F v U TREBIZ, B ELT T XA~226 EHL IZZEL TWHL A, EHN
FNFMOTDIT VT Y a Ak snsd EHL &3R5 FME o2 & n3mno
7=
ER5)
U s HRGICB T 23— AROER L WA S L — PO L LTHID
TEEBN L, Ziud, WEERREERO R EMEREBOMZEIZB N T, Hcik
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AW =R I = A
EDL B W
TETW DD
Nz ERIZED
(IR Sl N R
‘covered’ X RepeatMasker @ #ffHifH Ik IZ & EN7=H A T, ‘covering’ (&
RepeatMasker OFHTEIELEIRICKT L I NX— L 7=EIE %/~ 79, ‘same ends’ X, fEikD
(2 0, Avi, Wivm) N —E L7228 &£ T, £7-. ‘RepeatMasker all’ [TEEKIIN TS
TRTOMMY IR L NZ — HWT=354A . ‘RepeatMasker Alu’ X Alu BlA| DI/ H —
& L THWEEA Tod 5, ESFLO0-KG. C 12 & 0 fili S 7= sl T~ CREA O v ik L
BN LD SN D HEICH D . BEENO Alu BlH| O sEI DI N-40 %2 1 N— LT
WA Z ENDI D, RepeatMasker 1X/XF —0 DR A Z1TH Y —I)L Tl BEEI
TWNWHNFZ = OB EHERl S o B2 T 5 Y — A THLHZ L 2B ET 5
&L T ORERIL ESFLOO-KG. C 23/3% — Ul & 5. 2 FI2 /32 — it & ©f7 5 e
LT, B& 400 BREE CTOBIEMEV ELESNZH L TIIAITHL Z L 2R LR
EER D,
(AR R E]
A. Nakamura, I. Takigawa, H. Tosaka, M. Kudo and H. Mamitsuka: Mining Approximate
Patterns with Frequent Locally Optimal Occurrences, submitted to Discrete Applied

Mathematics.

_40_



2013-21

BRI v b T — 2 OFFHT & il
Al T w b FURKF B R R

WrZEE Y

B HERy hU—27 Rty b —7 . ZURIEHEERR Y NU— 27
EOEEAR Y NT—7 DELITT X Axy U —7 LIFRRY | DA ONEE
Hl (R7—n7 1 —) Lo g %%OkﬁiéMTV o ZAUHOHFTHRER v
N — 7 I XTEEMEE Y AL FROG O 2 IS yEl S, 21T 2 0 2 FBEOTE SIS
DHAFET D, Thbb, ZE7 I TMELZFOEWIRERH L5, £o. A%
ARy NT—7 | BH—F I Exy NU— 8 ST TG R RO, Zh
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T, I 7HEm L <Moo/ S (ninimum dominating set, MDS) @
BEakh 7T 7GR Ry U —ZCIET 5 KO ICEE Lz, Wiz, x>
N —27 OWAIOTERERZ X, V& T D0, XOFRPLHERHTERZBIN L, YOTES %
ETHETL2 LW MBERELZER LT, £LT, ZNUHDEFRD S & T MDS % 4
TERE LCERRTIUE, FTEALDH DU ZMNICHIE CE D EWHIIREDH E T, ¥
BT OHEHARTZHETE S, 7720135, IMDS ZHETEA & L CRTBRBET L
DHETRy NT—7 B[l L 725 2 & ZBERAIITR LTz,

ZORERICHESE  THR OB SAADBREFANNED Ry NU—7  FT7221T5,
A =T ) —HEE RO Ry NU—7IZBT D MDS DY A XD Mﬁ%ﬁo
oo BT, ZOfEREI LV Ea—F I alb—ra il VEERT D EEBIC
B =Ry NI =772 EDOT—ZIZONWTHT — X _R— i 2475 7=,
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HERIENT OFE R, A7 — 7V =Xy FU—Z BT HR&E Ry 2 2 L R&Ew
BAIZ MDS A AR Y OTESE OB OA—F—L 72D 0, 2 LD /INSWGAITRRIE
==L D/NEL DT ERHALE, 618, EZEOZLS DXy NT—7 28N
HZWREH y NATORBELZRY AL X ) IR REIE L, o a—2 Y
Ra b=y a VRITORER, b EEMEMIC BT AN A MEGR T D 2 E R TE T,
Facebook Forum, ¥EA|4EH)xR > U —7  EEEHIEIR Y hU—27 72 10 fHEEO FEER
DRy NT =7 ZHNT MDS YA REfEHT LTZ L 2 A, Z< O%E, MDS (Z2E0%
10% & WO /NS H A XL EEOFR Yy U —27IZB8WThH, HlRAD 720 TE AL
ZHEIT 5222k (FROREDO L & T) M7 T I7EEERFOX Y N =T &
REHIECEDZ EBbhroTz,

S DFRE

AFFEWFZRICED, ZNETIZEAPETWTZBEFEOR Y RT—27 O MDS 125-5<
B 2552 7 T IEE R ROy MUV ICIRIET A Z LTS LT,
IO, By "AT7ORBOHGE IOV I 2 b— 3 VIR DT &V D #Hiiz
RERERDZENTE I, 72720, R TIIRB Ry NU—27 D X 5 I ZFED
THSEMMRZRAIZEND 57 7 71233 TE T RNWED, 0L 7ry hT—7
(2% % MDS DFEMT-CHIH FIE DB NS Z OB L 72> TWnD, o, BHTEL
TWEEWER R EE2 BB L= % v N U — 7 ORI O W TR ZE DS 00 1 e
Ligmoloich, RUFVABROFREL 7> T b,

FEF L

[1] J. C. Nacher and T. Akutsu, Structural controllability of unidirectional
bipartite networks, Scientific Reports, 3, 1647, 2013.

[2] J.C. Nacher and T. Akutsu, Analysis on critical nodes in controlling complex
networks using dominating sets, Proc. 2013 Int. Conf. Signal-Image Technology

& Internet-Based Systems (SITIS 2013)), 649-654, 2013.
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JEMBEERR Y NI =7 BT HUDBEBFEHRCF ST ED A A AR O EH
EHEINCIER LI 5EEBRT 5, Z o0 B3EARERKT D 2 Lick v ikiE:
HHT LD LD T, FEREEOTRTFIENFETE CEUTMIEAICE T 5% % 28
B DR T RE ORI ARSL O Z L RN TE 5,

BREAE

INETORFEMRICB T DMLY . 2HOZ "I bR 5 EEEO TR
OWNWTIIEEL K DR B D H DDV EED X X7 EN S IR DB AR TNV
BUR CIE I S TN Z EHI LT, £ 2 CTHEEENL, 20 Z X7
Bro R HBEERE X X EMREFERAR Y N =2 2 EOFR» G THIT D &0 D
IV A CTE -, ZDTDICH RV EMEERAR Yy NU—27 DL DOELE S
CICEHE SN SFHEORBELER L, £/o. /I HEHDO RAAL HAITESL
QDO MELTER LT, SHIT, ZUNTEHED RAAL RIS h—F IV
B GEPMEORREE L 2 5880 Z2HlER LI, LT, 2D ORMES T —=
NWEAEZ Y R— F 7 2 —v v (BTETFEO—D) LlAGDETE - TH
FRAFE L, REEOILFEIFRIC L PRVEZ TER ST,

IO, REEIL 3D H T BN S 58 A E TR 5 HRNOBRE b RA T,
ZD7HIT, bl EFELORBE S — VB ERAWD E LB, FiICTHE
BBEIC 0T TIT 9 IEZBR%E Lz, — BB O FllT bk SO FEE N5 035,
CEBBER TIRE—OZ N EDBEROBEAIRICEEND LA TELETRET 5T
I, HAEERORRER D2 LRI FE (" EMHAEERAAY T —=2712800)
ZDWHED L R BICxT D BB H O IR E AT TIHEITS, S BT B
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BeHOFHNCB W TUIZNE CHWTCE YR — b_Y X—< v U DISMNT b B~
B —< ORI bR,

¥, TRIFEOFEMER GO A IR 2 e EE & LRIFEE DA TI1T 5 DI
AEE T 572, LA FEFT AP AW G AT ZEsE I DA 57 IR B 2k K OV i
AP AEDIMF IR OZ K72 1D b LI L ED T,

(SRS

FFRAREE 23 CYC2008 ° WI-PHI 72 EDF — X X—ZAN L - BB L 77 — % % ]
W, B L7 FEOFERERIC L 25 21T 7o, ZORER, 2D & R E
MO HEAEETRNCIB N TL 7 HOFHEET X TEHWL5GA I S @ T E
MIFHIL, o, TNUBBEFETEL D bEWTHNEE L e > T D 2 EAVH LTz,
3D 2 L RTENGRHEERTHNCEBNTIX T EREOTHIL Y H 2 BREo Tl %
TOFBEVEVBERSE LI, o, 2BEEOTFRICBWTEEERY ¥ —<
FOHEYR—I_TF =< OV EFREDEWRERGLNE Z EH LT,
IHIT, ZORBEFTFDOT X LT 3 — IS FIELD bEWTHIRE L 7o
TUN=,

L% DOBE

AIFEZBB L COORENE L 5 F TITHEB - 728, HES T
Col D EMREITIZLICE . 2MHDE L I ENS R HEAETH, IO,
SEDL LT EN LR DEERTHOZNZTIUTONT, il Lov O THKEE %
FOFELZRAB LML E LTHRREE DD LN TER,

SBOMEE LTABLU EOZ o RIENSRDEBEERO TR T NS, 272
L. BEEOEAEERT —2 D307l 7ebicd, ZHETO X ) IS < FRER
ACEACTERVWATRENE L H D, £, 4, 5. 6 EEBICTEERRETD
DTIEZRL, lE G ZVTHBIIZTE & PRIZIT ) FIEEZRE T 2LERH D,
NEERETIEd 52, REFEFETH LN Z b L ICHTREIReT A 77 %
B0 ANDZ IV HRAREENEONDL DO EHIFFLTWD,

Fe 3K 3L

[1] P. Ruan, M. Hayashida, 0. Maruyama and T. Akutsu, Prediction of heterodimeric
protein complexes from weighted protein—protein interaction networks using novel
features and kernel functions, PLoS ONE, 8, e65265, 2013.

[2] P. Ruan, M. Hayashida, O. Maruyama and T. Akutsu, Prediction of heterotrimeric
protein complexes by two—phase learning using neighboring Kkernels, BMC

Bioinformatics, 15, Suppl 2, S6, 2014.
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Je B LT, e A E RIS ) LAY T DR FFETH 5 BMC Genomics (ZHg# %
ZENTEZDT, 25 FEIXZOFIEREMRIAT /L, 227 SRR T ~< B #hfif
Hro AT AOBFE LIRS, OV AT DEHWTZAZ T ) MMigiTE B E LTz,

Bk b, A BOBRETHIS AT A0 FBMLICIERE 3 SOERD DD, 1.7 —4
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DHFRERLED 2 D~y B R E =2 D 5yH0 G AL ITED BT, 3. 57/ A
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OIVIZELS % 3. KEGGHEREE Y 2 — L ~v o7 ZORERELLIZ4. FEV 22— /L DT
RREFHRETHETOWRE BEMLLIZ(X 1), Tz, EEDF ) L AZF ) DOFERO s
T ) I ARF )Nl KEGG CT /T —3ar SNT=7 ) AR O it & R or 454 52 A
TLBHFE LI, ZOVAT MIMEFMIEFT DT ) LRy M —NTA A=V LT 12 AR
51 H 2 B 4R L7273 (http://www.genome. jp/tools/maple/), BLIK DO FHH & JFER I CEis 1
B39 1,800 D H. influenzae DET /BRI Z 3 N T 54 2.5 KEfH] T, 10 TARDAZT )
LELFE AT DR 6 H [ TRERDRRIND, T CTUEIOWFIEE ISR AT 2515 H
LT LRI HAT S5 TWAR A% FIHE DR LR GRS AN B LGS, #1Y
CPU DM E DXR B NEL 72> T D, Flo, RV AT LWL T ) LT —2R0F
Va— VO FEFE I EITOFEICLCODN, EHICEL A EEL BE LT D03
WD, T 2—/VOEFNTEE FEENLE 272D A% IO 8L BENE T2
FLLIpD, TR ZOVAT L& AT AR T DAL T ) MRHT AT T2 L 2 A RIE
T 100m ETOHEREY HIZITZE TR T T /L CoA RiZE e TCA VA7 /VEIZLD CO,
ERBDMFAET DI LN 3o TEIZ, S RITEICFEM T2 D 5 T E Th D,

RS

(FHEE. ABDY)

1. H. Takami, (2014) New Method for comparative functional genomics and metagenomics
using KEGG MODULES. Encyclopedia of Metagenomics (Nelson K. ed.) Springer, Tokyo
Dordrecht, Heidelberg, London, New York, in press

FERR)

1. BREAN ER25F 11 B) 7 /20BRA5T7 —X% 7 DIFIELMERE. B ARM/ED A e

DR VRV LA BRI EBRT)
2. BREA. SHI AL, FHE, OO, ER, FEFRNRE, EsE, BRIk

ek, FadEsiE (ERE 25 5 11 B) WEEHEREY) 1295 375 Candidate division JS 117

TERRET B =y AR SES BIRERY)

3. BHB.AOLR, @AAEL, e, fnast A, BREAN (Fr25 £ 11 A) KEGG
FRBETE Y = — V% W M PEHERE O B S AT SRR BER A . B AU ERe 4

= (BIRE KR
4, BREAN. 0L, FHS. sTRERE. B3E (FR2SE 12 B) 7/ LART ) NI
TR RE R T L U VIS AT A, H AL T s ()

5. H. Takami, T. Taniguchi, S. Moriya, T. Kuwahara, M. Kanehisa, S. Goto (2013) Evaluation

of potential functionome harbored in genome and metagenome. FEBS Journal 280, 541

(FEBS 2013, St. Petersburg, abstract)
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bt MBERIZIZZ RS EERMED N A LTS, ITFEICRY b M) S EE DNA &
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A7 T4 v OWEGEE BIET,
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RS AR IS % 168 R oD SCHR D> B MBREMICHIHE 32 = & ¢, 279 OREEUG, 176 DAL
EW. 110 OFUGHRRIEE Y 2 — /L &2 FHITHM L, KEGC 7 —# X— 272 COREfF DT —
B R— A NZERE S VTV D ROSRRIEIE R A N 2., 2690 DIRHIG, 2597 DILEW). 327
DIGE Y 22—V Z /M L 72 enteroPATHWAY & —Z RX—ZAZHEHE L=, S BT, Zh
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KB ELET —FX—ZXONR, SEFICHENMEICL DR NHEEY
(compounds) . F#EZE (reactions) ., M ONERE L 7= SO0 E (modules) ZHHH L 7=,

EnteroPathway
KEGG Total
Gene known | Gene unknown
Reactions 39 240 2411 2690
Modules 21 39 217 327
Compounds 176 2421 2597
EE

ARELEOLFEMIEICL D, ARE L72T =2 X=ZAFARE MBI T TR ASA T T A
DWEFAAT O T L ZZEM LTz, BUET — 2 XN— RN H OB HEL 7> TEY |
ST web V=L E LTT —F X—=ADYLEEIT I TETH D,
KT =B RX=RFAZT ) LT =2 L LTS, BRFETARSA TS A
T)AT =Ry B 522X SEETCISER LIRS RE O R
BB ZHEH L TH&E T2,

R

b MERNMEZRERE T —2 =2 1 8[EENME TR Fx
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HNRY — VR, PVK PIZBWTEF U ~—2 AT 2 08 Mb5nTERY .,
BxixtoeT UMb L ThHARY R Ty URRE CHHZ L, Fim, Ay
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SOFESRL, Scheme 2 (/R L725:MT M, K

23K 1200, M, 3% 1800 DAY I~ —2p + +
WERRT D EnNbhrolc, LILERNG, OFENETREICE EEoHB s L
T, 1) FELO BEEROEMEMNMENZ & 2) EET 5 _EHEAIZH L TOANY —
IWENEDSIRFEEZE R RKRE VN, O ZONBEX N, ThHoDH b, 1) OBERKZUE
T D7D, A DAY —)VEED NNOEWEE 2 = F )V D A~F VT LT 3
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VIR CEX | 1 EV%D AIBN {F1E F. 60°CT 20 FEMEAT S Z L2k D,
M, 7349 22000, M,, 239 50000 DR Y ~—3p AT H I LM TE T, KRIZ, AN
YR T7 7 ORBEIZ L DTN — VL E O T 5T 7 VAT I RFEK 6
DT HNEEEIT T2, 6 DERMEK % Scheme 3 (Z/x Liz, WY —/)LERD N
NDT VRN IEDNRZF~5 7~ 6a(R=Et)& 6b (R=Hex)D 2 F¥HAZ AR L7,

% O A

p o

Y

Qe | G o
+- t O

F 1O Entryl, 2 205, NALOT VX VEENEL 720 | IWREN ER-9 5 L3812 Mn
MRELIRD T ED o7, Entry3 6, BAsEHIZ VR- 110 725 AIBN (24 % Tl
725 TR Y ~—b9 2 &0 Mn 239 7600, Mw 75 12100 D LV &5y FEOR Y
=GO, WIZ, PVK, 3p, Tb DA A b RT oy VERIE LR R, Zh
FH5.72 eV, 574 eV, 5.58eV THoH=Z b, Tb O R —PENRK HMWZ &E23b
Nol-, 5%, BoNERY ~—DFR—LBEELZHETHTETH D,

1. 6a & 6b DT HINEES

Entry  HEfF  HEERE O PHAH BRAANRE R M, M, MM,  EEE
1 6a 10% VR-110 1% 48 h 1600 2000 1.23 64%
2 6b 40% VR-110 1% I5h 3200 4700 1.45 79%
3 6b 40% AIBN 1% 18h 7600 12100 1.59 39%

PLE. AFEEOLFRFZZICEID . IARY— L —T 7 YU LT I REFEZORY v —
RIZB LT, AERRAMANEEZ &L,

(R - k]
(17 Rfh, S, i, Afedk, A B, M, T0E. 285 24 BUAREA R LR, 2P122
[2] S, e, KA AL ML bR Se2lnlE oy FEtim . 1Pa0l3
[3] K. Tani, H. Kato, K. Hori, K. Kubono, H. Takemura, K. Sakakibara, Y. Tsujii, ISNA-15, PSB-128
[4] S, Rbb, JE, 0 MR B3R, o4l A AL AR FRFER, 1PC-077
[5] ARth, S, JE, A& MEL IR, B4Rl A AL R RFHER, 1PC-078
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sulfonate (SSNa), 7 U —Bi#A#], Cu(DBr, Cu(ID)Brs, 2,2 -bipyridine @ 1/3 v/v% * ¥

J—IVIKDOWEE % Ar ZHA T, 80 FET 3 EERIMEA L=, EE®%R 7V —AR U ~—0 M,

Myl My % GPCHIEIZLVIRE LT, My, 777 &, BIXORBEENS VT 7 MEEIX

#J 0.22 chains/mm? (£ HAHE=30%) RSN, BER)~v—T7T7ThHDH I & ol

L7,

2. BRI KE EE PSSNa 7' 7 v &5 L7- SiP(500mg) = 7 VIR MIE (FBS) 50ml
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5wt% D SDS KIEKIZ L 0 [EUL L, Wit « ~ U 7o A% LC-MSMS HIE #1T - 7=,

3. MfREEE . ~ 7 A L929 (3.0x104{E/cm2) & CNF (0. 2wt%) % _HHA > F 2X—

2 NTHE#E LT,

FER LB

X 2 12 LC-MSMS Of 2 Rmd, BESN-Z o237 13BEICIS U T T Ol E L, -
JE PSSNa 7' 7 VU REIZHKAE LT X 87 BT 29 TH Y . RO SiP Fii (124 {#)
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IZHERTIEF DN EvbmoTz, BRIENZ L2, MlaEEEEORE X R 707 7
FUNT 7 F U A & N 7 EILEIE PSSNa 7' 7 Rl Tl S o7
N, SN 29MED 5B 14 HD X 237 [T RMEE SIP TlIitH Shig oz, v U =
YHEMIZ T T 7 R UIZIRIE PSSNa 77 VRl Tldy U o B Fm & AR 3 28
THZEEMHERLTEY ., WELX VT OREMEN AR O I B % 5 %
TWAHBEMER S S, BIE, RN ~—FE2E x ., FElHER & WE X 7 OIS
WCTHRRTL TV 5D,

2. LC-MSMS IZ X 2W&EZ 7Dtk & & 37 OFE

WA HEHER AT nm v —
2F 7745~ (CNF) &l

2 HEERE R L7z, L,

3 1T & 9 (MM B 1

oz, 22T, WA ARIIE

& FRIEOMHER: OB pm) 47

+ % CNF % il Tt 517 -

fo& 2O BRMOMIAE RO 3 st 2 1o CNF 0'S EMSEL il
Sng (E3h ) . o

R DI L ORIV O

BhG25 2L AT 5, —F,

PSSNa 75 3 # {5 L1 S A5 EHIHELC e < 5 2 BREME OO R & S AV L, T
CNF & PSSNa 75 L EEICHAT 5 5 > /37 (RECE T2 ITRRIE) ARAD 101 & 52
b b, ZTSIFATRPIC X Y CNF#mIZPSSNa%z 277 7 L (M, =11900, PDI=1.3) .
1929 & DI 2 A7, BUE, B R L ORHEM OB S IE 2 RE T ThH v | FRITo
WTIAH, FRETRET S TETHE,

2 2B TN

[1] C. Yoshikawa et al., Sci. Technol. Adv. Mate., 12(1), 015003-1 (2011).
[2] /R, E)NTa6 KRR 2011-102759.
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BEEREAEZRHWEXF U F ) 77ANRN—R)w—TFvDEKEBED
LT T —FIc X A3REEEZE TR 7 b~T UV 7T LOREZ

BHEMAT - BEURSE TRF7R

(5]

WHFIERE TII D =R B OB L O /7 a s Bif#ElE 10nm OFF o F ) 774 3— (F
F 2 NF) ZHEET 282 L TWE D, ZOX%F o NFITEN WM & ShE7 AR
b, Lo T, ZNETRIHATH =X F o NS %EE4 AR TSNS & Wi
LTW5. HIBEIERIZBWTXF 2 NF ORBEEMPAN2FETHA H. KmITHEENE
BREILAZEAT DI EICL > CTHMOMRELZ 5T LNTE 5.

FH BT D HiEE L TURFBEI T U LVES (ATRP) BNETF L. $742bb, B
BEEREGNTA FE T INBBAIE LTHWA Y BV ZEESTHY, ATRP 12X
NEONLRY ~—T T URRIZ 7 77 MIBHO G+ ORBESESE, BEICS U THAY 2
HREZRBTH LN TE S, FH@BEOT VHNVES LITERLRY, HEEBEOE LS
DI Z VIZ WD TR DONR Y = —R G5 5.

= ZCABFZETIL, ATRP ¥4 L7-2FiiexF 0 NF SR ORFEZ Bl E L. 7T
T hTAHE=E v —L LT, REIC U THAMD B BUKME~ & 24 2 IR IS E M
BT THDHNAY 7T nrT 7Y L7 I K (NIPAAm) %R L7,

[ 528 5 1%]

(1) ¥F 2 NF ¥— b ~0D ATRP BHIAHIDEA

Scheme 1.\ZFHEIHEZRT. T HIROXTF BRI KISIK Z2 I 2 g9 25 2 & T
2wt% ¥ F o NF BEiR 2 A8l L7-. 2 a o — MRICIER L= b DIZ, THF, DMAP, TEA,
2-bromoisobutyryl bromide % )l 2. 24 FFfE, 20 TG S B RAEHIZE AN L7-¥F > NF v —
)& 157 2.

Q) RFBEhT INVES
HBonlcr—r)ZHW, NIPAAm CETFBEIZ U NVEGZITo7. i LT
CuBr, Bz & LT 1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA), SRSH AR %
WA HIE G 5 7200 7 U —BiAAK] & LT ethyl 2-bromoisobutyrate, A#EZ DMF/H,0 %
A= 3 Bon/=777 MEFF 2 NF — FQICHOWT, F Db, i,
AR, Brfpztd), RSB MEIZ OV CEME L 7.

Br Br ?ﬁ ° ?ﬁ °
QL x Br Br
. [¢] O o o
OH OH 1 /o /o ii o o
L 1 T . P
[ |

1 2
Scheme 1. Preparation of polyNIPAAm chitin nanofiber sheet. 3

Reagents and conditions: (i) THF, triethylamine, 2-bromoisobutyryl bromide, r.t., 24 h; (ii)
NIPAAm, CuBr, HMTETA, ethyl 2-bromoisobutyrate, DMF/H>0, 60 °C, 48-96 h.
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[ bt & B 5]
(1) ¥F > NF ¥— b~ ATRP ALK DEA
Bonl-y—ro7aETA Y TFYVALEOBREIINKIGCREOEEZE 25241k
0.2~0.6 £ THIFITXZ7-. XRD O#EHE L0, EABBFIOBELENEL 2 HIENFF
DOFERIHI 2 FE S ME T Lz, 3725, NF ORENDNEBICKSNEIT L& X6
5. Xo7T, £F2 NF OFHEZEMT H7-0120%, FHAERCENMET LRV, Btk
FIOEHLEIN 02 D — k% ATRP IZHEH T2 DA 4FF L.
Q) RFBEhT7INVES
JRABE T CONVERIZBWT, TatA YT F IV NVEOBEBRE, -G 22
e ioTEAr%ﬁﬁféé;kﬂﬁﬁéﬂt.FHRXA?F”&@NMMmKE
kTDHT IR, AFLUHE AFLEOE—7 NBn, EEOEITHAHER TE - (Fig 1.).
F 72 DSC OFER X W NIPAAm O EAE MRV (DP=2) v— MIBWTH 34°C fHir CIRE
FIEARS 2 MR C& 72 (Fig. 2.). ZAUT ATRP IZ X > CHF > NF OREICEEEICT T 7 b
ST NIPAAM 3R Y ~—D XD IZIRDE S 2D B2 6D, F7z, NIPAAm {H|EHD
HEIZHE-S T, BVMRIEER M L L7, 24X, polyNIPAAm RT E/LT 7 A TH D=
XF U NF ~OBMRENME T T 5720 EFZEL2 TS
Rz e A EO T — MIHAKEIRKEZNZE T LERA ZHE Lz, mAKICx LT
v NEEABKMEICR Y, — 5 CIRAKICK U CEBkEE2 R LT, 72, EEE 60 DY
VIAZEBWTH KB X ONEKIZHT 23— FOEKRIZZENZI 225%B L 67% T
Holz. T72bH, NIPAAm OEAIZ LY £F 2 NF ¥ — MIUREREMEEZ 55
ZENTE.

C=0
N-H
-CH- 0.7
3 J'CHs o
=
'E 50.65
a C=Oester ?
= 2
< =
\ ;
g = 06
T T ey T 1 1
0.55 T i
3600 2600 1600 600 30 35 40
Wavenumbers (cm™) Temperature (°C)
Fig. 1. FT-IR spectra of 1-3. DP of 3 is Fig. 2. DSC analysis of 3 with
60. DPnipaam of 2.
[%% 3R]

1) S. Ifuku, M. Yoshioka et al., Biomacromolecules, 2009, 10, 1584-1588.
2) Anna Carlmark et al., Malmstrém, Biomacromolecules, 2003, 4, 1740-1745.
3) S. Ifuku et al., International Journal of Biological Macromolecules, 2013, 52, 14-19.
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Wl ZIRTEEILR » BT R B2 AR L T 0BT OAIR
A (W LR B AR ERD

HH
T, ~T a2 EHICERES TORKEMIEICERNEE Y | MR
EDOHFHBEEEEM B~ DISHAB AR S N TS, ZhETICHRESN T INnD
D EFRETTFORFEO—RIBEITEHFEETH D, ZHICx L, LAY ——
A NUPEE B RICRE I N D R R i S AT 50 FREDY. £ D2/
IRFFERMEDN R TR R MBI IV ER 2 OIRO TE TV D, TTIC flix DAL —
R= 2 NI FREESNTNDEN, ZTORYEFA~ATrLEEGERNATT T 2=
NRUBY e ANFHT Ao ARBUEEFKRETDHHLOTHD, ~TrtHRE I
BFRNIZE ATER S — /3= NUYER ¢ 87 R0 T OHRE LA KA 72 R S 2 12FE
WDl otz, BEEE TICEELIX., INETICERBEDOEL - = ElikH%
AB—N—=A NUERE n BT RGTTHINFH T VAR E U & 2O o JERFHER
Za el SR T E Sy FRE A R CHID TR T 5 2 L ITkTh 3 5 LI E o
FrEZ B O E Lie, RIEEIL, ~T e EFRELTT A7 22 RDEANL =R
BINCEEIC n IEE LA F o LR B U R OAF T F R (BEFm=)L) No¥
VHEEEREAR L. FONRTH - ERILTFRIRHEEZB OGN TH Z L TIHHER
DOISEEMM B ~DIGHZ D ST L2 A E L THgER T o 72,

F9. BUBET ATV (Bpin) Z& WAmICEA L7z — Bpin &Y 2-F==1)7
TtF L (1) OBRIE=EBLISICE DN Bpin [Efi~FHTFo= 1 _XEB 2) DA
R 38 278572, S Bpin BT T U LR U DGR FRR, Iz L < H
W55 Cox(CO)g firli it
TITHEMERIEEMZ 5
At BxeomEL =1
72 RhCl3/i-Pr,NEt fift i 1
ZHWD Z & TE L

< X Bpin [E i~ F o
Scheme 1. RhCl,/i-Pr,NEt-Catalyzed Cyclotrimerization of 1

catalyst (8 mol %)
base (30 mol %)

toluene, 120 °C, 24 h

T RUCBURES
NI 2 13 A DI VLT UV — DR —ElB v 7V 72X 0 RET D m fRiE~
XY 7YV NRBUFFERI ~EAHLTE T2 (Scheme 2), Z L5 DOFERDNFH -

BRALTFHFEZREAE L. =01 BETIIH D b ODEKE N EZRTZ ENmhoT,



T2, p— MU INAFA O RAFNT 2 =LA E A LTI OV IS S S T
IZPI L TEY | ZORBEBENNFT T YA OFRIKEITREERD
BETCOFF7 = VEPFE LR Z AW BRI OMEZ LD, Lvb 2 ZofE
AOE o THMERO Ry TiEEE LD ERHLNE o T, AR, 2K
JUHUEERE n B R TR E OREE SR Th 5 ~7T 0 BHFERIZ K > TEEYMEZZE L <
AL SE LR DD Z L E2TR R L TWVD,

Ar—1 (7 equiv)
. Pd[P(t-Bu)z], (10 mol %)
Cs,CO3 (12 equiv)

DME
90 °C, 22 h

43% 96% 1% 75% 96%
0
o Ko - O
OEt
67% 94% 62% 91%

Scheme 2. Synthesis of t-Extended Hexathienylbenzenes

FIFEZICHT 2 28T ARICRYT, Soilnikikl
e ¥F 2 (BEF2=)b) NUBUFFERO G S A
D9 2% LI, 2 ORI - BRI B 2 kG
L7z, ZOFER, UV RN - FL RS n LR OHLRIC
LIV REEY 7 M5 L TUORE B IR L TEY ., =«
KR DRI DRI T,

e

SRERERIEEZ AT EAF Y F AR P U R OAFY XX (EFT=)L) N
P UB RO G RIEZ ML L, £ Oft ibiiiE & PR EARRE LI 8 L
Teo —EOFTHMEE DY O O ZRTTHIZBE Ol 2 B D& L 2 & I3 7Y
ICEREWEEZDOND, ABIkARAT e FEREZEEKET DAL — =2 N
DFEEHRL, TOMEEZWOLNE T DL L BITHRHMEI~EIEH LT & 720,
R
(1) Mitsudo, K.; Kamimoto, N.; Murakami, H.; Mandai, H.; Wakamiya, A.; Murata, Y.; Suga, S.
Org. Biomol. Chem. 2012, 10, 9562-9569.

(2) Mitsudo, K.; Harada, J.; Tanaka, Y.; Mandai, H.; Nishioka, C.; Tanaka, H.; Wakamiya, A.;
Murata, Y.; Suga, S. J. Org. Chem. 2013, 78, 2763-2768.
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YERRY T 7V v =" ADVERERH
Ak B - BT - BOERME R - KB E R R

1, 5
T7Ua=" A(ApA) IXFEF IR o e B O Important gor cytotoxicity
(ICso 0.01 nM, HeLa 83 cell) EHUIESHEME (P388 1 o, *ﬁo
MIFET /L~ ADIEAEE 545%. 0.08 mg/kg/day) % 7
BT HMEE~72Y R ThH5 (Yamada, K. et al. Nat.
Prod. Rep. 2009, 26, 27.) , £7= ApA IZHIE f 2 ™
INIETHDH F-TIF a8/ ~—DT 7F
L1 OEAEREERLTSH (X 1), LHL ApA 75>1’*H51ﬂ’7
A R TIRE L, MO T 7 F o AR R BRI
Z4 5101 1,000 524 EKW, ZD728 ApA DFR ) 2
IRPUESE ML T 7 F o E DA BEAER O I ClEan
TET, BARDMERAAD =X LOFEENE Z 5T S
720 1994 4FIT ApA DG ARSIV TLOK, fid
TEMEARBARFZE ST 7 F L OB AIRD X Bk ik iE
NI 72 E DT O TE T, ZRHDOH LY ApA 132
DOAIEHHES (C24-C34 (L) TT 7 F L EAEET D3, #l
fadEtkiZii~rn77h FOBEBIENEE CTHHD

Actin-binding site

34

X 1.

LRI oTz, BURTRNZ &S, 77 F 2 EDBEAIRIC T7In=r A OWIERLOT 7 F
BWTHIIREMEICEER TN ATF L) T LOBARD X ks SR

BN ZZEH L TS, it Coibd~ruZ /b b

DOEBILEFA AAER T 25 O DMFETHETRENTE L, T TANE TR
ApA ZVHURELTZ 7 a—T %3G B L. ENHZ2 HWTE o5 ?%I—JEL\
FAAEHZ T 22 TIERBE PO EZ B LT,

2, AR RS D ApA KEH 22 77 D il

ApA VU RELTEAF o7 u—T7 %5 L, HeLa S3 Ml Ofh K OAER 2737
AR I=E2A, T F 2 LUISMTHT-12 Arp2,3 (actin related proteins 2,3)% FL.HL7-
(Angew. Chem. Int. Ed. 2011, 50, 9871), LUyt A F 7 un—7 1 V= AAE
FRITIZ LD Arp2,3 IZZD%ADRE o .
fixXnsH, 7r—>7 1 Lit ﬁ‘l’i/\é’ OH gjj‘;;omo j\©\gn H/\/\o/\/°\L
LR WZERNDonoTz, > T NN H))L
Arp2,3 X7 7 F &N LRI Ny
ApA CHEAEHTHEBZ LN

g{)?)lzil‘n; Chem. Soc. 2012, 134, X 2. SHFME AT Fr—T 1

NHH

éwﬁ

3, AR P COREGRALIZ LD ApA BEHY 2 L R E D REHL

SSIZHM R4 IR S DR R A G L7228, B ORE X L 78 DR RUZIZE S 720 -
720 ZOJRKE L THERYZ L R 7B PSR E T, I SH 9 2 TEMEL T\ A fE
PNE 2 BT, £ THREMMEE A TF o7 a—7 1 23R 5L, AN TR
BRAITHZET, Tu—T7 L /A L2 I E ORI AR T RSN 2 %



ML TE DU BIIRIC R THIILIZ LA, 77 F U SN m— T 1 LA &
LIS 7ot o VB2 HT LTI LT, BESRIHALE MS T, B L UM A/ 7y MEIZE
D, ZDH NI E e TF a—T N ERELTE (). Am. Chem. Soc. 2013, 135, 18089),

4, T 2 — 7V TR AR AT

Fa—7VORFRE A W2 in vitro FH AAE RN 21T o 70, BLIRTRWZ &I, S8R
T0—7 VIITIF > DFE F COHF a—T VWG REEEIER LI, [>T ApA 137
I7F D LN EEERORETT 2—TVAHNERTHEB 260D, FTa—TVANTEAETD
LTI B R O— 2> THAMNEZ BT 5, £ C in vitro T=— 7V EATEMERERIC
KT HCAY D BE R RIZLZA, ApA (3T 7 F v HEF TCOLTF 2—T N OEAEI
L7z, SHITF VA HPLC SHTICEY, Fa—T Vo Dalp-~T Ll A~—LT7F &
ApA M 1:1:1 CTEBEEKREERTDHILEEFEH TE/-(J Am. Chem. Soc. 2013, 135,
18089),

5, Az

VT ApA & HeLa S3 MR 5-U | s atot gy oM e J8 B AE AT 12 Lo T — XA 7R
W NELEECTHOE L T ITATF U LEAFZ L LTz, ApA 13 0.1 nM SV EE TR
PEIR DL 728 M IR R E 25| XU, MlaEZ G2/M ¢ kS8 7-, &
HIZ 1 nM TIE 10 nM DB > 7 FATF LB L FIER IS INE OFSREZ SERITIRE L, 7R M—
VAEHE LT, — HFTT T B RIZIIINOLORE CREITALNhoTz, (E-T
ApA X F-T I F L LSV DT ) ~—T 7 F L 11 BAREREIRR L., /INES A7 A%
=T LT R RAREL, BHE M EEAEER AR T B 2605,

6, fne

AR CTIEHB T 4T 7 a—T7 %2 T ApA OFHUMEN L RIE THHF 22—
TV DRIEBIZRIILTZ, 51T ApA NT I7F o —F 2—T VRO 37 & MFH B AEH
(protein—protein interaction, PPI) Z/E 7 HL | BEE 2 AEWIE A I EL T HZ BT,
ApA DOFE/INE T HVEH SO AR I3 D EEFEINHIE M2 R IR X, WSk D%/
BIHER L AR THIRV Y, Z2UT PPI RIS O BE/ER SEZA L, fEE LA RS+
DREIPREETAC LR E L DHE AT IV AR EL GBS L7200 TIIRNWNEE 2 TS,
BNy F—T 7 F A B IRINTF 22— T VATHEBEEA 5L ) PPL X2 ETHIN 2L,
ApA DYER AN =X MIHHENB N EE 2 BN, FEMREHRERT LT 700
Fa—T Vo DEAFTIVRT, FNFENELDNIEES L B2 I0HIS T D, —EB
X7 7 F o eF a—T VO T B L KX T REES " 7EHHESILTEY, ApA—
T IF A RIEZ DI RARE 5 T 2L THhDHIELE X BID,

ApA DI FEWERY L = oA R ETE R L TEMEEZ BT L EWEL T, %
INHIF FK506 23281755, FK506 1% FKBP S A KETER L, BLy ==2— U AEMS
% (Schreiber, S. L. et al. Nature 1989. 341. 758.), — 5 C. FK506 Dt EFAZIA THH T/~
AL %, FKBP 5LV mTOR & =SeE A RE AL, FK506 1T B2 D AT = X LT E i
TG MECHUE G ME A 75§ (Schreiber, S. L. et al. Nature 1994. 369. 756.), it~ CT 7F
RSB T2 BMOFITH, ApA LT BRLERDAN = AL TH —OEKRSFITERT58
DOIFET HEWFEEIND, 5% ApA D ETHT 7 F ANER T HIL B W E Ty —v
ELTEHAT LT, AW FHINEE /2517272 PPL DOF W0 AN = X LT H3 2 L1
ERY AN
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WREMESR T/ KL T & AV e BB B EER A DA AR
FIFFETR - BIRER R PR A T

(WF5E A ] SeEEdgAlofId s LT, #iettelE )/ hit% in vivo THAUL
TONEEA A= TEIROMNLZ HRY & Uz, JEHEEE (PAS) OJHBRLZHS
ARG F O ERESTIERE 2 G LT S E EERIL, BRICA~E S m e ARG
& Lz g o 3 Yonmifit. (OfiFaE < 200 um, #REE > 2 cm) ASHREEL 725
THE Y MERE GO HICEII L TWD DS, DARAEIEEER R EORZKIZITE > T
BOTERERE LTEIRERY, 77200, BNARAEIEEIRFRZEH O EEEY
HIDOBAFR D EHE T D, ATV R EEL 72 & OBLEN B&T /) kit % H]
MUTEZAO®mANEHAMEICER LTWD, £ 2 TARMZE T FERT O 5578 Zix%
IZ KV KEEICERE - AR ENTA&E T BT OFIRORIR & il L TR EEYE B0
IR 2K, DAMRIZ X DeRT /i1 OB THILT 2 5y 7ot 52
FEDZALZTER T2 2 & T, BNz vl 2 M EEEBOFET L B L T
S

ASAEREE, (D FEA DR ERFR D& T ) R /KSR & RIS LTS 2YE BllE &
(2) R 2 2L ST R ORI ~D Y JA M RE O R 2 F1 0 IS RET L
7o

[EBRITIEIARMIE TR R ATZE T/ UL A L —P —Z il eI, P (VDF-TrFE) [
7 AV LET U YMBE L, EXROEIHATNT T AT 7 A /3 EFFICELE L7
Vo 7 RoOEER Y 2 v OEEBIE S 2E Lz, WEHB IR E & S
WA TAL S ETOEBE S L Lz, (D& LT, b= —MEFIE TOHIEA
~7 MVRGE, EBMERIS TeT Rk IR 2 Rl L7z, (2) TIE AB49 #ilig (&
I e BL B R R AE) 2 vy, (D) & ERRICHDE AN MVIE, & B E5E
(CINAT, JeBamEisles, KUY, o italin g 926 L7,

[EZBAER] () &T 2 R /KEER & RG2S LT JIERS R CIEARDIE Cgt L7 hL
£& 10-50 nm OFAPH TITRIFED K E WD EBE FR AR RDmro T, BRIZKk -
THEBEFRAEDRIENRH Y, I DITHH IV ZEOBENNIEE S Y EEYE Bl
FEEAC DR R 7r o7z, BE LTZFERGEMFTIE R v RRERICHASTEZmED 23K
TBE B ENE L, L= —REC L2 EENR AN ot £, L—F—
FERICE R L 7ee ) /Wi OEENBIE SR, L—F — O iECRUH /L 2
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L.

B, & RTFOK, RERN T, REICI> TERLIHEMAALLNT,

(2) A549 HARIZHL D JA F 724 T/ Ki 1% RFGUT U 7o ERE 5 CIREL Y A A 3B
il TR & < e v, RmEMICE D O THAREM AR WIE EHIERY AR &K
XL Ipolz, BRG] 6 REMBOR Y -L-V VU RES T R (WF AW o=
VERES T SR (T =F M) ORI O 7% TEM(Transmission electron
microscopy) B T/RL7Z (K1) o WFNH YU Y Y —AIZRIELTWDR, IFF4 4%
G IR DFENT =AM 2R L0 L2 HMRICIVIAENLTEY, -4

UMEAT R ITHIIEN TOBL TWAD R, T4 et 2R FIidEEE LT\ b,
MR R RER TlX, AWFIE CTRRE LT BB CTa T /R DY IAZIT K 2 ARl
BORI IR NN oTz, Thbb, FEBREERIGHINENEIC L 22720 &l
SV (W

1pm 200 nm 1pm 200 nm

M1 AR IAENRT@T SR ORRT, 72, WY -L- U DR T kiAo (I
FAUME) A, 7 URREST kA (7 =4 M)

[Z22] EBE SITRIUEA T L= = B S, BUiME R 0 F2K
BRSNS, TRbb—fRENICERE SIREIT L — P — i L WOLE TR E %,
THUCHK LT/ KA 2 R RIS LTEAWIFETIE T 7 X8 U5 RIC & 200585
TSR SN, SHICMENeT SR 2Ty R A b= R TR AT A,
0 IAD BRI HL BER OB DRI AEMAFFIEIC &> TRZR DR E, JeEEE A

DREFHEFNZE T 27 — 2 BEHR T,
WAL 51 &k &, BrmiaC/ v 2 o CRRENME &R T/ i O e
A& LTI L a2 iR LT <,

[ R ]
M. Ishihara, et al., “The effect of surface charge of plasmonic gold nanoparticles on photoacoustic
signal”, SPIE Photonics West Biomedical Optics, BiOS 2014, San Francisco, California, USA, (2014).
M. Ishihara, et al, “Photoacoustic signal enhancement by localized surface plasmon of gold
nanoparticles”, Proceedings of the International Conference Nanomaterials: Applications and Properties.
2(4), p.0ANABM12-1-04NABM12-3 (2013).
M. Ishihara, et al., “Characterization of photoacoustic signal of plasmonic gold nanoparticles”,

CLEO-PR & OECC/PS 2013, Kyoto, Japan (2013).
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HHBOOMBBIF Y o — 0%
BRI - BURCHBLR R

VAR, HMEOMIE M~ 7"F K (cell-penetrating peptide, CPP) % 7= 3o E B
TR E DM ~DFEEEDBRIE SN Tc, R FAIERT O RI%, RERIEE
WARTF R Th D HIV-1 H3E Tat X7'F oA Y T70F = 0 O G O k0
THx DM Z 2 T& 7, CPP LD ar Vo — a2l kv, Ml
DARNWIE DDA NIZIEZE SN D Z EDR SN TETWNDH A, CPP Z HW - fif
NIEEEIT, — RIS IR 22 <L EoMICBWTHERIRBICROND L& 2 B
T& 7z, —HTIE, RAOBEMISERIRNICED 2R ETH 2 LIk, Ehom Lo
HIe 6T HEOIRBIC X 5 EIEH OMGIoTaRE OB E xS ind 729, CPP %
W3R DO EFEICB DT, B~ DOEEN R EmO DL ENEETH D, AKDIT
%ﬁ\%ﬁ%&%éth@?»%:/@8gm<ﬁ>ﬂ\ﬁw@%ﬁﬁé%mﬁ;k%
RWEZLIZ &id, Zo8lANLIEFITERE, —J, EREEOKTTF2—7V &~
A BLES plinabulin (1) & Z OFHFHEIL KPU-300 (2)%Bi% L CH Y . $FIC plinabulin |E
KIENZ Tt 2B L C o MR CH Y | 18 & WIS ~DEEEIC L
. TOIGOERLM ENHIFFSND, —H, CPP Darsva— a2k,
RTINSO OB RIT—RITE E D3, CPP L OFEAIZL Y, FEMOHENK T2
BAbLTHEND, o T, MIENICE 72141 %%kmw&%o&<)/ﬁ NGBS
L. ¥ CPP 7 LlFHfE T 2 8%Fr 2 TE UL, CPP & VW ok o AHFFHN AN D Z &
WHIFRES LD,

AT Tl 18 & plinabulin & D =22 Y 27— N ORI ~DEEE AIRE & 3 D 8HLH
ORI TF R U — %% THZ L2 BN E L, BIR G RIc S 72> TiE, (1)
¥ 112779 K 91T plinabulin D7 hENT VU &2 T 7 F MR T 0 KT v F 25 2 5
12 (2) WLV LRNCBZ SNBSS EZRH LT VX =0 X7 F K (3) & Dfiis
DANT 4 RIEAkE (FRRE 2013-209166) OOFRIZ L VTS Z L &FtHEILZ, (2) DV X
VT 4 REESITHIFEN OE TTHERRICBW TR GICHE SN 2t mbonTky, (1)
DEBEMAG D IS Z L THIlAN TORhER 72 plmabulin DB TE 5,

ZDOEREE OZ YUY EERFET 572012, 8 DDV ICEFEDO LEOT VX =00 8 &
K R8 (X1 Tl(Arg)s & it#) & plinabulin 2> ¥ 27— FR)D AR EIT > T, #@b
B, 7V v SEFHLT, 727 F 5RO plinabulin (ZA /L7 4 RZE AL, ZFIZHTD
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DYANT 4 REHREEZHWAZ LICEY, VoA y NTHERNICEROa L V=25 — b
BVEHFDHI ENTET,

O e}

cl_0 NS/\/S-BZI(4-OMe)
MY AN N CUSO4H,0 /=N HN" NF
] AN L L N Sodium ascorbate AN L N
. ) Cs,CO3 H,0/4-BuOH/DMF
Plinabulin (1) o R o
DMF, microwave w DMF, microwave W
O\ﬂ/\/\\ OMN/\/S-BZI(LOMe)
= ,
o (0] N=N
i 2
/=N HN = /=N HN Z
HN =N AN A NH
Solid-supported oligoarginine [¢) [¢]
labeling reagent W . _
o) Plinabulin (1)
TN
(6] N=N S o o
ls K\N HN™ N | X | B
Ac-(A H\/\/\)Ol\ NH ~ I Z NH Z Z
o-(Arg)s N 2 T
H (6]
KPU-300 (2)
Plinabulin-(Arg)g conjugate (3) Anti cancer compounds

1. Plinabulin-(Arg)sa>>as— FDFAHR

—hTE, (1) o7m FZ7 v 755, Kk LG TBIEAY plinabulin (2R Y | HUmiG
ERMETLILEBMERT DI LN TS, 4%, 8 ZHWTHEROGKZT S & & biZ,
BRI 2R & 2 W TEIA) FEBRIZ & 0 ARG O A FIVEZ fERR L 72 uy,

7| STk

[1] Nakase, I., Konishi, Y., Ueda, M., Saji, H., Futaki S. J. Control. Release, 159, 181-188 (2012)

[2] Yamazaki, Y., Sumikura, M., Hidaka, K., Yasui, H., Kiso, Y., Yakushiji, F., Hayashi, Y. Bioorg. Med.
Chem., 18, 3169-3174 (2010)

[3] Yamazaki, Y., Tanaka, K., Nicholson, B., Deyanat-Yazdi, G., Potts, B., Yoshida, T., Oda, A., Kitagawa,

T., Orikasa, S., Kiso, Y., Yasui, H., Akamatsu, M., Chinen, T., Usui, T., Shinozaki, Y., Yakushiji, F.,
Miller, B. R., Neuteboom, S., Palladino, M., Kanoh, K., Lloyd, G. K., Hayashi, Y. J. Med. Chem., 55,
1056-1071 (2012)

[4] JP 2013-209166, Hayashi, Y., Kajiyama, A., Taguchi, A., Fukumoto, K.
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2013-32

TR FY— 2B EHXTTF FORE 3%
INELERCER  BOERIERLCA R BB 4 )

TR, K5y 1T RNAGIRNA), 7 7 ¥ ~—7p 8% & Te e R 3K 5 O TG IR B 38 H3
DOHNTNDER, RERMELZ2->TWVHDEFINLOHEN~DREZETH D, D
B, MRROABHBREBIEH TH L= R A F—=U ZARIZED . 26 OEEKSL M
FAPIZE D IAENT=H% D, =2 Y — A OHMIE~OBITIERE ST 5 2 LR

[CEHEEIZR > TL D HIENICBIT LTIz R —AONEO pH METF$ 25 2 k%ﬂ
LT, ffasko R rEsRE CIIRG EME 2 I3, pH 28 S RREIC R D &G EME
L, = NV —AEZGET LS00 [pH Bt NV — A%mﬁf%FJ%ﬂ
ROMREFOED TR INETICHEARBEINTE D, £ORRIT 70 TEHAR
Molz —F, AT =—F 1« A by 7R AKRED Ulo Langel #0% & 1%, Pepfect6
(M@&@ﬁhé&f%F%§W%$¢L1w63AEJﬁbi*@&f%meﬂk
7 R —ABHHREICE H L. PF6 ORI~ siRNA EEE~DAH RO
BiTo7=, bbb, K1IRT L 912, (1)PF6 DWW T KBHIZ X 0 BN 7= i
PERHER I TWND A7 X T X = (RS L siRNA ODBEEEREER I 2%, (2)
1,2-dioleoyl-sn-glycero-
3-phosphoethanolamine
(DOPE) & cholesteryl
hemisuccinate
(CHEMS) (9:2)7 5 72
HERE YR Y — A(T
J Ki+  NPYNICHEA
REEAL. Q)X BIZ
SUV Kifi%x PF6 & L
<1 R8 TEEMAATV,

WV 72T —YiE

HREBMIC BT S

N7 =T —BIEME

O ) 2 F8 A L e 1. PF6 B8R / M F DA : #= & Z (L R8/PF6-NP (£ PF6 & siRNA @
N S 1 4 5 0 SEAT % BERZAETHEBYRY—LNP) ZRETEMLI-LDERT,

To72 4,
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F 9 PF6 & siRNA DB SRIERICE L Tk
L7zl 2 A, XTF ROIEER/siRNA D&
A=2—3. 5 DU TEA 100 nm F2E DS
KRR SND Z EnghoTz, BT, /b
EHONLRNCBR LB 22 AT 7T
R—siRNA HEEZ NG 2 NP 2308 L K
DT F REMiEIT-T2E 2 A, E 250 nm

FREDOES NP a6 D 2 ENgnoiz,

2. PF6 {&&h NP @ RNA 45514

B—ZEBMNERE LT E A, RENDIEIZH

BLIZNP DL DRI
776

W, MIGIEZAREH , il
SUV % 3 WEALERRL I & A 55
ICEXHLZ . OHIZ 21 A ¥ o
N— N LEEBOEEEZRE L & Z
5. PF6 L siRNA Z#@&9 5 SUV
(PF6-NP)Z [ % PF6 TEfid 24
& (PF6/PF6-NP) 3 e & Zh A2 L &
7 x 7 — BB ORI IE TE
HZenghrolo (K2), &bIZE
FLOFEEHWT v—& I Tt
Z UL L7 siRNA OFIfEN~DE A
ATV, 2 OMBIN A & s LTz &
Z A, PF6/PF6-NP DigATx. 4
{RIZ siRNA D 7L @lg Sz
DIZKF L, R8/RY-NP DA LTI

3. PF6{E8h NP 2 & % E S8R RNA DHMIfEREA L BE

(2 T IVMBIEE S L, PF6/PF6-NP 78 RNA FUERFEBLOY T 2 Ml E I3 Rai
AT D 2 EINTEDOIEMEDE SITORN-T-Z AR SN 4, RO EEME I
* L TCABBRETT 2R EH D00, LLEDOFERIZ . PF6 B LWX A T DT K Y —
AT F R e U TEARNEFZ A TWD I 2R THDOTH D,

51 FH STk

1. 1. Nakase et al., Acc. Chem. Res. 2012, 45, 1132-1139.

2. K. Kogure et al., Adv. Drug. Deliv. Rev. 2008, 60, 559-571.

3. S. E. Andaloussi, et al., Nucleic Acids Res. 2011, 39, 3972-3987.
4. A. Mitsueda et al., Biopolymers. 2013, 100, 698—704.
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2013-33

A BEO0FRABVRONELS L VFEERMBIEICHT S
RIGEEEBOFS

ER « KRBCRZFERZZBEEL 2T TR

1. #8 ‘O TREROEHEVOREIL, moF#HE LB 2072 DI LIREYIZ
BETDH MR —AERICH D, 20 haAr U— R EZEIROWE E L TRIETLE
BT VTIE, EENIIR - T2 HOEEEERE (BE#HOA X reptation HHE) & BIKOEE)
irE (U7 A%, Constraint Release) DEiAlZ Ko T, FBEFEFE & $EF1E— R0 D3R
ESND, I, EHESHCR TIE, SHOEMED DR & S & 72> TRAG W 2 AR
95 LB 2 DEEENE (full Dynamic Tube Dilation) O3S L, B4l ¢ IZEBITF 5
BEORAES ¢ @) &HBSLREEEMEE w) 2

O = (@0}, d=13 EIRIELD ()

EVOBREATET EEBEZONTE L, B, EHERIE TR A BXm74 6> -
RV A YT L (PD) ITOWT, RimHfED 2 KM 2FERMT — & O
@'(1) ZEBRMIKRD, () &= wt) 7—% LB LMo s, EEFESECR TIE,
(1) DRI THZENRAHENATHAS Y, LavL, X () 1T ¢ & uit) OEMRET
ZIETHHDT, EEOREMPERITHRE LTZEIZIh > 72 reptation ([ZX > TiEZ - T
WDDNE I MZHONTIE, —UIEREZ 520, AT, 7 vy RHORmER T
n—7EOEMICER L, ZoOREERR L,

2. EREEE HTE M=110GFOE Pl ~ U 7 APIZHFE M =217~1797
DOEH PI 7 —7% 10 £721% 20 vol% 7L FL7ERICH LT, 40°C (2 CikEfEm
HIE &R 21T o7, 1%, ROT—F &R+ 2 & THE7 LY RPo
n—7 OEKMAIESE G," EHEERK ¢, AR LZHRERT Y, Rl — FESIE
M, £+, My=2.177,
43 T G,"E g
DA JEBIL (w) A7
MIEFITRLS —HLT
Wb, Zo—8ix, 7
o — 7 BT 6T S
fiR Ji 23 SE AT S d
TWA(Fu—7 kv
WICRWe MY 72D B1 7Ly Ko7 a—7ORENES G, " (Favy b) &
HEENT, 70— 7 OEH) HEHK g, (FEH) O

40°C
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EVEHICERY) ZEERT, Mi=99 5T, G," & g," O o KIFHHEIT/NE 2220

B, v~ 7 REEHN T 0 — T ORI EE 52RO TND, SHIC, M =179 5T

X, G, & e, D o RFMEICHKARENBN, ~ b 2 ZAEBD T 0 —F OFERICK

ELHFELTWD Z L bnd, — KIS, v M) 7 ZEBOZEN KR T 554, G,"I1E

g, R VESHEMT D Z LR STV AN Y, B 1 OF — 21T 2 Offana 3R 5,
20%, B 1 OF—#hbRDT v —T OFER

FRsfE] o) (/300 a), KEEPERERIRAE 7)) (/3% b)

ZHOGBCRT O T v — T ERmERE <), 79 THgb

L, 7ua—78 1 K&z OEAEWNE MM, (2% L

Tilix# 7 e v b LR Z27T (O), miko X 51z,

HYHCR T (1) BRZT 228, ¢ = 79 (i fn

) (2B DB a() 1F, WAEM/E IR DRI K

D, t=0 TOERE a0) ITHATHR70% K& 7o T

W5 (a(t8) = 1.7 a(0)) Z EBHMBNTND Y, Rk

E o ICHBIT 20T, b LHESHCR T TR

ik L7 2R o 7= reptation ML Z > TV A D THIUL,

AR ARl S e 7 L KRB o o8 g,

HAHCRT O 1) 12T, {a(719) /a(0)) =5 15721

B b3 chsd, L, K2 07—%% o))

<2 ThHZEErRT, E-T, HAOBRTOESIL,

SEEICIEHRE L2129 » T reptation L TV DR Tl

WZ LD S AL D, BRI X SIS, TR LA (1) B2 Ly FhoT -7 0FRE

IRNLT D &) FEBRFEIT, FE LRV, SR RIIBE ] & R B AR A .

reptation D[ A E— RO RO RKEBAGE— R DR v TNVT 5 EAE

THIE, ENENOE— FORVERRH] Ty, 7or ZHWT, 7L R L HESECRT O

B — 7 OfEFMRFFLD 1,,/1,, = 1+ Tep/ter ERIND, K2 FORIRT Tep, T 7 —

B EHE ST AR e A R T, SRER ORI (O) IXEHREME L 0 IXH 0T KE VY,

T 7205, reptation DIRIEEAE— NIE, FEFMOESRE— N EOLR2EFE—RNE

Ay TN LTINS ZEREmIND, ZO/mwmN 5, HOBRT O BT AN L

T2 EIZi > T reptation LTV 223, Z O B RE X E RS MIZ B RIIRE O T

HWTWD W) g s S s, E2RE T O 6 13X (1) P52 &

AORAET D, ETo, BEAMEFRHIEIE, HoRRE OB o 2T /1) = )21

= {ap/a(0)}’ LFEEIND, 1R T—EDDa, ZHEL, ZOEHE LIZHEREX 2105

MCORT, TFITERMBE B L, FROSFIIGOZLENRE SN D,

Xk 1)Watanabe, H. Polym. J. 2009, 41, 929. 2) Y. Matsumiya, K. Kumazawa, M. Nagao, O. Urakawa, and H.
Watanabe. Macromolecules 2013, 46, 6067.
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2013-34

FlE—%—F X7 EDOHBEREIZBIT 5 /KOKRE

A i - BRI SRR B A A E AR A SE R

FI&—4—% 78 %, ATP (75 /> 3 UVER) OERRENMKNEAF 5 E
HRAERME TH D, TORRELRET DR/NEMNTH LY 7T 2=y FTI 2 HEE
ENBRHERRZTHY, ZHETIZ, REMEEESS B I 2 —va il
Lo T, W& L OB 2 EMMTONTE 7R, KeEbLEDZHBHTZ RLF—
MO E B R IXREE RIS B 5, FEATHIE TIR, BT GRS, HamIcE L
AL T P T2 2R X =GO N I N TVDEN, IBEFICBIT 52 7 ED
O T TRIETF TR WMo 7o fillT e, ARILFEFZETIL, KR O E &I 2
ITHTEDIT, BTFENIFY R 2 b— a3 v E T RUX —FoRER R & A b,
Fi % VX7 BIZBT 5 ATP UG EREEZELDO T » 7 ) » 7RI T RO R%EZ . |
= R F—D L~ T 5,

FI #2378 (F) X, WS oo+ 7Ta=y MBS, ATP MAKSHED
fRIEPE A D g7 = b (466 F%H, 7121 i) OAIZER L, AHTZ R LF—
FRAT 24T > 7o ATP IR AR 2B W T Y7 = v ME 3 DDk 7 vt X (ATP
faer. DKM, ARADREE) (2o MEA b2 R ZFERmbh T, AT
X, ATP fEABRRICIER Lc, 200 OMEL(LIZF N, DXV 7 a2=y hOEE
KNTE Z 2B TH L0, p7 = MK TOMNTIIEGIRO B A PRI 5 B
(CEARTRIRIR, B—AT v T LD,

ATP 54T (BE) & ATP 23 1 /0 1-f5& L7 (BTP-ATP) i (X, F, OfksuA%iE (PDB
code: 2]DI) Z HW2 - b EFOH5FE 17 I 2ab—ra 80 30ns DAF >
Tvav b HELE, TRENOBY 7 = F &K (TIP3P) ~, KOEJE
M1 glem® 725 X HICANT, BT =y FD ATP fi BRI, g7 2=y b
DOREEZEAL (open 75 closed) &, BTP ~D ATP fi& D 2 DOBBENEGEN D, D
2 OOWMFREESEEL ., ENENITONT, KFNRZMTT 5412, ATP BARK TN
BTP KD A HE Lz, ABFETH D ATP IZIZ~ 7 2L U LA AN 1 EFREE L
TW5b, BE + ATP L BTP + ATP #0672 = FOfE&EZE L, BTP + ATP &
BTP-ATP %726 ATP 5G9 =R/ — IS A b LTz,

BE, BTP-ATP, KT} ATP RAEMKF T H03H, FEid b T FIZBIT HREHI 2 HE
Watror 7Y o7 Lc, KR TITo 3 _XRTOSFENFEY I a2 b—a 0%, of
TERFH OB LTy r— 71 /5 A MARBLE CfTo 72, 2=y hEL DV A X
I3 240x150x150 A°, KOMEEKIE 179820 TH D, 2ROV A Xk, FI60 FH TR L7
%o 531718515, CHARMM22/CMAP (%7 ==+ F3 L UVK), CHARMM27 (ATP)
AWz, 7 7V NVT, IR X 300 K, Lennard-Jones #H A I3 switching range
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23 10-12 A @ switching function TEIAL L | #f#EFH A.1F I particle mech Ewald 75 CTE1H
L72. 5ns DY bE, S0ns DY I a2l —rarmnblns ZEIA Ty ay by
HEHL, ZNENDORITENT 50 HOMEEZHE L, 50 ns ¥ I 2 b—3 3 U
B D, fdtEdE S OVY " RFEAIL, 2-3 A THho7-, BTP BEiAOME&EIL, 50 &
D BTP-ATP &7 ATP H DA% T BROVTHE L7, ATP ZHUY U 7=t%, BTP
e & [EE L72IRRE T, KDOBRDO i b %E 1 ns {To 72,

K FEO T XX —fax BHT 57010, G R F— L EHEfA B L
X—Inh, XX TEDOTNEH LRI — KRB O 5y 1= 3V — O UL % fRHT
L7ce BRIRTFETAVZHOWESEAETH, BETRVX— 3R GITHAETE 203, B
A BT XX —0F R, (ERIETIE, FEERARETH D, £ T, LA
NP IS L [RIAFZEE D3B3 L e = p VX —FoRIRIR R 2 W - B =R L ¥ —5H R &
1772,

60 HRAMBRLHBY T 2=y hOKBRIZBNTH, 5 FEIIFYI2b—
Va vk T VX —ROREIREE & A S DEFEICL T, RETFETAE AW
RIEFME A VX —O/EANARETH D Z 0Ny o 7z, S EHizEiT % BE,
BTP, K UBTP-ATP RIZHE W T, ST 3L X — L RERN B = 1L X — WA B 6%
WAL LTV, & pY 7 =y MIBIT 5, s 2L F—OZ{biE 34 400 keal/mol
IR, EOEZERTITE I D ZRWRE D L, B & ORERIRIC L > TH
IR EN TV, Fo, BET X — ERERH B =RV —OMERRIZ. K
WRDOFFEFEDE YL TT D TH D,

BE + ATP & BTP + ATP RO T R)LF =SNG Y7 = h OREEZEITHE S K
FIOEIZH S Uiz, IWEEREH A= XL X —DBbnNA LR D ENS, KT 7
2= @ opentE1EN G closed i 1E~ DAL A ARMET 2 BRENA D& EINR B D Z &2
bhole, —FHT, MEZRXLX—IIRLEIRDLENDN-T, HET KL —L
EIFIE BT 2L —OFEOZ(IE, ETHY . ATP BNFEA L TWZRUVIRIET, BE
6 BTP ~OZEALITARBIINCE Z H7eWnWZ &R, phr7 o=y NEEKOMD ¥ =
L— 3 BT 555D © X OfFNT TlL, BE WIEDPTP #51E L 0 ZEI /D L /RIg
ENTEBY, KEREFELRY, T72bb, ATP OFBRMELTEL, ATP 2 Wz A
N5 HEERD ZLIFENE NS ZEEALMNI L,

WIZ, BTP + ATP & BTP-ATP 2 DT )L X —ULE N5 ATP fEAITLE D Ko & E %
AT U7 IR B B 2L F— O 2 kIEA) 220 keal/mol & 720 | JKi% ATP f& DFH
ERNF L LTEI ER D)o T, HET RV X —D LI, £ 230 keal/mol D EAL &
KU, ZOREAADORKIBZIEBY 7 2= F & ATP OROFEEZRAF =2 HH T
2o DO, FEHZXINF—NEAEL DRI BRLZENMT, KMORLENLTD L0
Lo L7 BTP + ATP /75 BTP-ATP Z~DZALIZE S . = L X — &R
= %L X — O FME D ZE LI 20 keal/mol FLE D ZZEIL L 725,
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2013-35

7 vV VIEE R X OYsHHER D By FIE DS ARAT
FEILIE S - R RRRER T

[E]

NA FREHE, & DK E - T DS AERLER 1 M U THAEERT 2 2 80D,
MELO V7 e L0 b, Kl - REZEMST L2 L OAFNEETH L. Rz,
FETEERI DG RRIZ L - THIFENT 5 Z &%, MEtOZEEICIN X TEKR~D L 2%
FMOLERTHEETH L. MHEMHE AT mIEMER & U TERNZ2{LEM T,
LV DT T FARFE A BUKER &3 D W LS T T OB > 7o PRIz KD
HEH &4, super surfactant &EFEEND. {LEME L TOEWEEMIZINZ, MEWE:
MEEAME & WD STITRILAKRFE LY IR 0ITEBENTEY, 72, 7y FEOEHEAIZL
D, APEHEMEOIEHESWEHIECTE 22 2 by, 7o R LIEER
FNY VIREO RO E E MEE SN T D 2 ERNMEREMICH S, £ T
eBliX, "= Fa T VX NEHEORLR LIV AF BT Fu s %ﬁki@)/
5 Dimyristoylphosphatidylcholine (DMPC) D7 )1 7451kt (K1) % RHAIIZ
Tl ER L, A~7WﬁDTW#W%#7/ﬁm%%&kiOJ/F“@ﬁﬁ@%L
e 7/ AN SRR B - T N

(=8 T71E]

S U RFUEET Fa 74y FnH(13-n) (F(CF,), (CH,),,,COOH, n=2,4,6,8) DAK

X, XR=T N FaTAXNTAFTEA RO - REFTIVH ) —)L~DF 2 H AN
IS HRE DA REE VT T o 72, DMPC 71 75y 7 diFnH (14-n) -PC (n=2, 4, 6, 8)
X, BIROHFETER L7 vFELI U AF %, Glycerol phosphatidylcholine
(2 DCC-DMAP = A7 /LI HE DL Z LIZL > THEMK LTz, DIPC 7 F r 75+ bir5lE
B TROREERBENEX, o) VIEEAZI Y Q AR L7-aE (B
FE 100 mM) {ZxF LT, SEIKO DSC6100 MW TAT-o7z. FIEEEIE 1 K/min & L7z,
7w FI U RF URRES %ﬁ@%@ﬁfﬁ*mAHM%iKWhmwmmmﬁ§JW
minitrough ZHWTHIE L7z, 61T, By iz ek b LB #ETH LEY, Nicolet
M%mmo%%mff%ﬁ%wWXmﬁkw%MmL By PR OB ) 2 G~ 72

[X]. DMPC (/&) B X ONDMPC 7 F m 745+ diF4H10-PC (f5) OfbfAEdE
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[ 8 R - Z%]

T vFENI U AF UM, 7 vFEL DIPC ORERICEIT DINRIZZFNZFNR 50%,
25-40%CTd > 7=. H,"F NMR F L O MALDI-TOF MS A~XZ7 kb, B2 Tofl
B OMEITHIZmNT ARSI,

7 FAk DMPC BRI O R 2 A BVEIIE 21T o 7oA 3, diF2H12-PC TlIREAE —
25 6.9 CIZBI S h, 24 CITHT V- IKEHERRS 2 -9 DMPC 1T AT, B IR T8 A
57z diF4H10-PC @ 5.4 CLIZIER L TH o7z, EZ AN, Rf HEN F4 L EW
diF6H8-PC [T T, WA — 27 23 18.1 CIc K& EH L, ELICRFHEEF8IC
X9 L 65.0 CICETHIWICER L. ZhbnZ &as, Rf 88K F6 LLF T,
DMPC {ZEbf L C, IEE D /Ry X T OENNDKEL D0, F8iZ/b L 7 v
Fa 7 VEEMOMEMERNEL 722 72D XV B RBEEEZIERT 5 EE 2 b
5.

7 v #EI U AT PR F4H9, FEHT, F8HS #Z N Ei 7 a ak /L ARIRE Li=D b, #li
K EICH L U TR L, K- (n-A) #i#f 2 17E U 72, F8H5 O 73 Bff TR
VWE R REIR 2 R U, & OMITRIRIEZIER O X 9 7B k& 7R L, F8HS ANZ2TE 72 Higy 1K
ZEDDPO X IR AT UL L, TEME-PEaRAIE 248 0 1R U 7o 5 2R, F8HS XM mifE 23
WA Uise T 72, —J7, FAH9 O 1 Ik U EM-PRaRIIE 1, D TamWEBIEZ R L, &
ATHEYRERE & EMERF & R U b L— R &2 222 o7z, 5 R E % ) bR i ED L5-
MBI Z & HHE[E LT, F4H5 O RE Rl EEE 12355 <, 22 0Bk EE L LTl &, »
OIE ARG BK IR O BN B8 & 72 - TRl EICRi Tz o 7o F £, 5 7+ 2N i
U CIETIRERNT 5 I REME 2 7R L 7=,

H iR %2 & B LB ¥ TH LEY, #ROF RA 1 CRENT U 7248 5, FAHO (35 A A% 72
o THEIAT 5 Z & ANEIETE 7=, W12, F8H5 X5V RE ELfAR A/EH 2 Rk L C I
I LT B o=t m a2 R L7z, 26D Z Enb, RE HiL F8 BEM LOE I D
EXVBENZ SN THUKIENE LD Z ENRIB I T,

(A ]

o ARHEEF., EETE. MIEHME, RILES, AR, &&EE, EO)IHE, <—
TvFAa T IIVFRIVEE ORI S DIPC 7 71O R L I OfiEtt. B A4k
FANH 94 BES . AR, 2014 4E3 H 29 A

o  EWJIME, TAREN, FZFRERCE, BILIES, @ABZ, &&=, S—7 148
TV VEH DN R UK ME & OB R BAE ] O ST 3 L ORANEIEIC K D
AR LR 94 MIfEs, AR, 2014423 H 29 A
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2013-36

SNMERBLET 72 IINANT I RRESDFEREOKSFBIORZ VX7
B N & D fiRHT

[z ®IC]
BRE DT W EREAMMEHC E > T, Alkma &% X7 EOMAEAEN %25

F LV THIAND Z L IFEERMA LY 52 5. ZhET, xilAaaby TalkmnT
WKk % & T BOWEEDTHNDIL, GlEmDFOBAKMEE & 7 B O &
WX —EDFHENSH 5 Z EDRbnoTWA[L]. AR TIX, 727 U7 I KRG DL
RHLHIME 22 SRR HIE L, B Aam5r F O —RIEIE DA 57 T~ DK DA LW E
R E D L) B % 5.2 D)% fi~T12[2]. F o —REEE D &5 T O BEIRE I~ DA
252 BB OV T LR L72[3].
[ﬁ%]@%Lkﬁﬂ@%yfw%&jWﬁ@é%Twm1K%#.%Wﬁﬁ%ﬁé%
fE~DKDFWEDOHEIZTLLT DO X I>ICIT o7, SEERBEAMEO R D
poly(N-ethylacrylamide) (PNEAm), poly(N,N-diethylacrylamide) (PNdEAm)% Z i1 7 &
R~y KD LTz, B T VBT % CaFs
HRE L OUK IR 7- (9 MHz) |Zj§ F L,  Table 1. Characterization of polymer samples

LIRS E L2 L CTHIEARIE L. B2 Sample  m% M,/gmol’ M,/M, T./°C
7‘)(' <IN mPIE CaF; AR LR Z R PNE_/:; 47 24%10° 2.6 78

, WIEDZALZEZIRZ I BT 6, & E-m78 78 14x10* 1.6 70
ﬁﬁ‘; >IN EEIRIZ NS T D R & RNt PNAEAm
35 L 0N QOM JIE % AV THLE L. o e e

[F5 5 & #%2] Fig. 1 |2, PNEA(E-m47,
E-m78)IOBZERIE (Dry) BrOgEE [ "\ 7"
KJE FIZHIT D Amide 1 (C=0 fififfg) N> R g
%7k3. Dry ® Amide I fiff5/ > RIZ#EHK
DR THRENTE Y, ZREARRES ot o
RREDF72 2 Amide I HASEEFEAFE L T Fig. 1. Amide I envelope of E-m47 and E-m78 spin-coated
WHZEERLTNS. Dry ICBITF5 films at each water-vapor pressure.
E-m47 & E-m78 D AT K JVTIE K& 723E
WRZWY, REIED EF-& & HIZ E-m78
DI E-m4T KU HARREEA D R
FAIXFREE N K& S pofe. ZDZ N,
SCRBANERT S KL AT OARR e

A*%JC Iz a; &EB ;5_)& ij— - g: ﬁ)muﬁ é j/l/f: . Fig. 2.. C=0 st.retch vibration band of E-m47 and E-m78 after
annealing the films.

IR intensity / a.u

20 hPa
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Fig. 2 1%, 7=— VU > Z'#%IZHIE L 7= PNEA @ Amide [ /32 R OKRKERGFEM 2R LT
5. ZORNPOH LN LT ==Y 7 &4T9 &, KIGEIZE D Amide 1 /3 ROZE
LD T/NE L Ip oz,

Fig. 3 21X PNEA J[EIZxd 5 D0

WE BDORKERFEZ R LTS, s
EDHRREICBN TS, KILE=EIT E- E [ e e ammeni
m78 DM E-md47T LV H %otz 2 "1 m Afer ammeaing Tae

AL, SEARHLHIME DS IR 0D 7K 55 - DUX
ERICOEEZRITLTND Z L &R ,
LTWb. £, 7 AEBRUET N N |
T ==V T HAT o212 DO IS & e

SHI[ == — ]~ Sz 8 Fig. 3. Water sorption of PNEAm films. The line was drown as guides
EREST DL, T=—U X TRNIHAS (e eves.

0.1

W ater sorption / ug / ug-polymer
L]

TE-m78 L E-m47 DEL 5 D0 YL o2

BRNB L, & DI RS X LS, =
BAEMRLNR ot TIUL, T Derimmn.,
=—U v Iz Lo THIBM O AFRE D : F
NEVBES D EEZBND. el

¥FIZ meso L& TlE, 20 F-NKERES N R R
BT L AEDIIED B D> TH s

%7 . E-m78 @jj?ﬁ> Tl 7 D Fig. 4. Water sorption of PNdEAm films. The line was drown as guides

for the eyes.

MRMRE Dol RIS ND . 7R
A2 MVREDFERR, 7=—U U ZIZ L DIEEDRAD D6, PNEA HED K T-UL
ETA ML, HTWNKEREGZ L TWRWT I RETHL LB HND.

Fig. 4 |Z1%, PNAEA #IEIZX%9 % D0 IUEEORKEKFMEZ R L T 5. PNAEA Tl
AV HDEN S DDIE D HIKIE BN LV R ZERITIE, PNEA L FEEROFRZGE L.

[Z&3Cik]
[1]7J. Kim, W. Qian, Z. Y. Al-Saigh, Surface Science 605, 419 (2011).

[ 3m ]
[2] A. Tsuchiizu, T. Hasegawa, and Y. Katsumoto, “Water sorption on a thin film of
stereocontrolled poly(N-ethylacrylamide) and poly(N,N-diethylacrylamide)” MATEC Web of
Conferences 4, 03001(2013).
[3] T. Shimoaka, K. Rikiyama, Y. Katsumoto, and T. Hasegawa, “Infrared spectroscopic study of
stereo-controlled poly(N-isopropylacrylamide) with an extended chain conformation induced by

adsorption on a gold surface” Analytical and Bioanalytical Chemistry 405, 9411-9418(2013)
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SFHRHFLTHARBMLET VY N TV BEEKERAVAS
BZIERTH T 7N ARERKE SO R

B HASE « Al BIREER GG IEH e R

ER:D)

BEIRORG M (DSC) 1LY 2 R ER & g2 & ko X N TAETE,
KBBECORBENAIETH D Z EIEBNMERSH D, SDHITIEH T 7T, BENOLK
PEIZEATTBIRO B LR ARETH D, BHNFRE LOMAEIZBWNT, U 2 R K
BHLE VL DEG NS DN, W ekEz2R G, Rt e x L ¥ —0—i L L TH
P& D, BIE, 10%2L EO@mWEMG R ZFLET AKX, VT = U AERAHENIZ
CAETHAN, 2O DEFEIT RN ENAIAREN NS A Ea~1Bai Th
5. BIEMOBSNGIX, T EEROEPROLNTND, HiEE O BNEENTEXS
ELTETMEMEFTET v Fo T =03, WIEEDBIAS RN LE~FAE TOLERHE
BRFIRETH D, Lt BEABMARBDBRE N L, LT AZVEE LRV, 185 T,
DSC ~DItHAE B 2 o6, FFERITH NI REELEF 2 5,

L LVBURCIIRART v F o7 =2 &2 W2 DSC OERBENFEOHMERNL 1%LL T T,
LbZDIZEAEDN, HlipHEOARSRRL LI SN i 2 G Ak Th
5. o T, T b7 =rotfdEE DSC OMRRICEET 2 FITD 722, & Z TAREF
ZETIL, BB ODMMEAETHEHEORART v 7T =8, BEO, HF#EH L TARK
LT v by 7=V A HWTDSC 1B L. = OMRETHl 21T - 7=,
FEBIOER

1) AFILT v ho T =20 DILFEE R

(OMe),, (OMe),
- €« s
1) methylation >n(o|-|) O| (OH), reduction n(OH)(oH)n
2) demethylation (OM¢) OMe (OMé&) Z OMe
(o)
quercetin methylquercetin methylatedanthocyanidin

AX—A1: AFMET v Mo T =00 OERRRRE

ROV F v B AF AL LT, XX AFIRES, Zvae, RIREMA
FIALSIZ X O PATF AL L, FEx DA TF AL Ve F U (T T, U, UV,
JATFNUER) AR LT, ST, ZIbDAF LT VT U HE, Fx N L
&RETTERMBE, £003, KFEERICE DB TIETHIET D2 AT LT v b T
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SV ANEBRBLT, WS, IEEE L, BEH mg~ g DA T — /L TOHRKEERK
L7,
2) DSC O1ERk & PEREFAM

BEMOHN T ZHM (15 mm X 20 mm X 1.8 mmt) [TREED R 5 4 FEEOMRLTF #
NR—2 h& 4 mm A, BUEK 10 pm & 725 K9 ®AT L, 500 CTRERK L7-t%. M LT
BRI E AT ST, T OHME 0.5 mM OEFRITEE L TRFELZ WA S E7-%. KBE]
BN EAANLT, 3 U FEMIKZIEN LT, it OTENTO-SUNIL V—F 3 X =
L—4%ZHWTAM 1.5 G (100 mW/em?) Z ML, &t - BEREZITo72, S HIT,
GG ERAL SMO-250 Y NAN—F ) T A bV AT LEMANTEFIRUEZIT> 7,

KIREOFETHD, FHET L h T =0y 37 0ay ReEfANnTEALEERLIZE Z A,
BB LOBEHERICL Y BLO@NRRDZ ERbholz, TAT 4=V rBIONTF 2
=V 3TN Ay REFE~FALRDL —FH, v EY U BIN T =V 37 rav R
X, HBOER L, BHERIT 0.3~0.6%FE & WFRLIEN- T2,

B LIz ATF AL VB F UHEIL, EHAPOEAEZ R L, BHRIT 0.1~0.8% TH -
2o AFIMELT T =V UHHIX, REANDEAZE L, BHGRITIZLVEF U I VKW 0.1
~0.3%ETH-o7T-. WTNE 7 F LY i AR WIS ITEHEHZRN 2 720 L 8
BREELS D ERHLMNI R oT-, BETIRAENS Z N6 DLEWIIRRE D%
FSICFIHTE TN ERxbho T,

E 5

B LTALEWIE, FmEEDRE WO, T2 AIC XD ENMET L TWD Z & nHEH
SN, EH12, 26 D4F® HOMO-LUMO (7 2 Y E 0tk L 385 B -
RS, Wi h LUMO 03k T & o OfERAEN LD HIK< . F72 HOMO #E(7 H 1K
W ERB LN Tz, 5%, TNOEBE LI FaXatic L, #h&FEm B2 3n 7=
AN
B R s

1) Kimura, Y., Oyama, K., Kondo, T., Uchida, S., Wakamiya, A., Yoshida, K.: Synthesis of
3-O-Methyllfavones and Anthocyanidins, and their Application for Dye-senstized Solar Cells.
Institute for Chemical Research International Symposium 2014 (Uji, Japan) March 10-12, 2014.

2) KRAAHRE. B —, JTEEgE, NEE, BHEiEE. FHAE, 3-0-AF /b7 7R
HET U MU T =V VDO ERE X OVE BRI EMA~DISH, HALFERE 94 (0]
FEES (4W=E) 3.27-30,2014.
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H A 81T 5 A ATEEMER SR O E WS 3
PO R - TSR

<HM>HEEMFEICE W T A AREIZET 5 A RIEEME4 R Bioactive Trace
Metal :BATM) D43 Mt S0~ & I A7 RE AR RTE PR & R O SR IE W B 2 /ERL 32 2 & 23
T&E T, REFEIIEFEEO SN 25N, BARMEFE ETHER L KK T vy v
D BATM DT ATV, R A X (<2.5um, >2.5um) DORESMERAEL. KX
ERHLZAAE~OBAM DT T v 7 A2 AL 52 L LT,

<EBRGE> KRR T v Y VEH I AT FEBH A% B BL D KH-10-2 IRBFJERLTE
(201046 A 12 H~7 H 22 B) IZCTHABAT U vV RICRE LT —HF 7T —
(foATE T LM AS-9) T PTFE 7 ¢ /L. Z— (ADVANTEC 484 PF040) &~ L. 12
RFRI RS 7 ¢ V& — 2 A LGSR 21T o 72, MRTA MO ORK[EHET D729,
T4 REL I Z =T EINLDOMALT Ty M LTz, WHEEOT 4V Z—IX
¥y — LIZEE LB RE L CTHFIEE IR Blw o 72,

T4 NE— NI E T Iy 7B I A HWTHKR
P14y (Coarse:>2.5um) &8/ Nbi+ 4%y (Fine :

2.5um) \ZHy FUTe, A AU DHTIEH > B

L7 4 VvZ—% b —h—IZB L, fiKkzmzx, &

L RS & 15 2 RI4TVN. 0.45 4 m @ DISMIC 7 1 b

4 — (ADVANTEC #:#) |2 CTAmZEITW, £ 471

~ k7'Z 7 4 — (DIONEX #1:8 1CS-1500) (2 THT> 7=,

BATM (Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb)

DOHTE, Iy NLTe T 4 VvZ—%T 7 n 805

sl AN R R N R SRR S N
bKFERZIMAET L PN TGS L., btk

7 ALK TR R S %, T L ICPMS (B

RAEPTIL TCPMB500) 12 TATo 70, EHREUR &

Fig.1,21Z/R L7,

ERBILOBLE>

FE_EREH O BATM BRI DI FE /r AT




KLATT B VORRY A XL 2.5um%
L LT, RPN 2.5um LD K&K 1
(TR, T ERAREIR T, Lo bR
DHEBEEHESND 1 R+ % < fFFE L,
ZAUZKFL 2.5 um £ O /NS R IR AR
DSIIH 2R & LT &, KA T
LERISIC L DRI L a7 2 WRIF13 %
WEEDLNTWVWD, -2 ORFIZAAER

o g (A % o ¥ AINGAYS . Fe @ ﬁj\jiﬁ*;'ﬁg % % Table 1 Average concentrations of elements and major anion over
the Sea of Japan(J53-J561)

Fig. 2 (TR L7228, PE L7 1 Y LT Fe 1% Concentration (umitog/a Ya39)

KRBT L0 b/ TN S fFFET D 2 & a2 Ceediam T
Wbiof, =T B Ao BN RES & 52 000 »2
FOFHMBRIERREA o, A A Oty Fe 6 o5 s
iz Table 1 |[Z/-R L7223, Al, Cr, Mn, Fe, (1:\1; 2:; ;; ;ij
7n,Cd, Pb FEMFIEVEMIRE A A . WEEEA A4 Zn 6.91 1.18 8.09
AT T B 2 L MbhoT, m on 005 oot
AW OERIEEMIE G BOGIIER e s 2 =

R RRH L7z BATM O H AHE~O RPN
- . . . Table 2 Drv deposition flux of trace metal calculated for fine and
%E %‘f Eﬁ?ﬂz %) > f:o j(/fk %iﬁjx: EE L f: E’Z‘TQE{I% coarse fractions of aerosols over The Japan Sea(JS3-JS61)

Flux I L 9 IcEZ SN TW 5, Flax (mg m” yr )@=39)
Fine(<2.5pm)  Coarse(>2 5um) Total
F=VdCa (Vd:RzMEyEE B, Ca: RETIRE) Al 245 2.9 254
y - . Cr 0.73 0.00 0.73
Vd &iﬁl‘ﬁ&d\*i% (<2 5 u Hl) T@i 0. lcms (DUCG Mn 0.06 0.50 0.56
et al.1991) KK 7 TIZ O2.5um) TiX o o . o
2cm s ' (Yeatman, 2001) & RAESH LT 5, g 3& iﬁ iﬂ
N SHITY - 5 Zn 0.2 0.74 0.96
ARl OBIHFE R 2 & &2 H AW E~D BATM D cd 0.00 000 0.00
WMEIRE mE WA D o 72, fhd %z Table 2 1C Pb 0.00 0.06 0.06
~ LT,
<R >

Kawaguchi, S.et al (2013)Post-drilling changes in fluid discharge pattern,
mineral deposition, and fluid chemistry in the Iheya North hydrothermal field,
Okinawa Trough, Geochemistry Geophisics Geosystems, 14, 4774-4790

WD, AR, BORECE, TR, PrE. T AEE(2013) B ARJELE BRSO
LR o 2. BARGHT LR 62 £, AR E S Y1130

FORE, BREEL ATHZEY, REeT. EBE (2013) HOKIRHTCHiZE S m b
T a Y NV DACEERR G ST, HARGAT LA 62 AR R 2L 5 5 P3108
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WL BRI T 2 AW IR RICBIT 5
ERBA L OMEEHOFHE

B REEE R ER

HH

B-VHr DM THLHTEFALTE M (AA) 1%, ZJERALF & L CBUKMED
¥ L— MEAEZERT D, &BA 40Ot 5F L — b3 s LTH
WHNTWS, TEFATE M FBEEKON, BMICT 2=V ERHET LR AL
T by (BA) PRV A ALK (DBM) &, E#HIEOBUKMERRIC L0 i
R ESEL2ENMLNTWD, —J, afill 7 = = VEZ AT 58RI O
T, S~ OB R PIFE SN DI BEb LT, FAETRLNL T o
Too AWML TIX, FRSEEN L LT, a7 2=V EEBTH 7 2= VT BT
N7 Ry (PhAA) &7 2= A_V ATk > (PhBA) IZEBHL., Zh b 0R
NEF & W T 2B A A O 268 & 5~ 7=,

ARFFED Z I E TORENS, PhAA & PhBA 1L, ofiidD 7 = = )LEED R FIC
VB EERBE S IR S A RB A AT 2 L, i () A A4 Cut IZHT5
SYBEVERE AR M E S AREE AT A Z E AR SN, AEEIX. 2 S ORI
K2 BEVEREM EOBEREZ | FREOFEFEEBIESWTERMICHNL Z L2 B L
L7z, PhAA & PhBA % AA, BA, XU DBM & [b#9 5 Z & T a fLOEHIEDS,
P ZEE), R BEMEREIC KE T 528 % . BN T RERE & & BE DI TEE LT,

EBRGIE

g | A (M2+) 2.0 X105 M., pH #&# 7 (CHsCOONa, MES, MOPS,
TAPS, F7-i1%. CAPS) 0.01 M, NaClO40.1 M & 725 L O IR L2 KiEik 2, AA
ERE 1.0X102M 721X 1.0X10TM &7 v RV AREK E . %R (8 mL)
T, 25°C, 1HEIRE 5 L, M2+ ZEMt L7z, RE HSHOAHKME 6 mL &,
® 0.1 M-HC1 & 30 spfHifie & 5 L, #ifihi L7, fhEdy CGEf) <okiEo pH
ZRE LIt PR ERIC L0 | KM &SRR O SRR E &2 22k
D, FOLNBELE D AR LT,

0 HuEVER R Gaussian AR E (LR Y 7 b U =7 Gaussian 09W % T
B3LYP/6-31G (d, p) # AJEBIE & L7 B BEPLBIEIEIC K U | Bl 1 D& EREIE 2 3R D
7o JERALF ORI T HIFEREIL, BB L 7o ) — VD B-T 0 b UESE &
FICHEE L TRDT,




— A (HL) T& 5 AA. PhAA, KU, PhBA Ok — 27 v kL A
Doy Bl Eh Z G~ IR EEFE S p K. & LT, 8.86 (AA). 8.50 (PhAA),8.72 (PhBA) %,
Sl E# log Pur & LT, 1.41 (AA), 4.09 (PhAA), 4.64 (PhBA) % 4157-,

AA. PhAA, O}, PhBA # % L — FakdE (ZEERALT) & LTHWT, Cuzt Ofif
B AT AAFFER (HL) 2SS MLy 2457 5 2 LIS\, filltE
B TR R D E M Uie, i E  log Kox & LT, -3.29 (AA), -5.15 (PhAA), -6.75
(PhBA) #7157, BN DOFRFRBEEE L mBlEs, kO, i ER)N G, Cuzt DK
MLy OSEARTES B 2 & DT Pure OFETH 5 M ZEEEE log (Purz B 2)
EHEH L, 17.25 (AA), 20.03 (PhAA), 19.97 (PhBA) #1&7=,

BOALJR - TR d (0-O7) % 4y THLEIEFFIC L W R® 310 pm (AA), 304 pm (BA),
298 pm (DBM) (2% L. ofi@E# CTlX, 285 pm (PhAA) & 275 pm (PhBA) #4157,

L

aff e BALD T = = VIO BRI R A I L=, T O EHERE 15
AA OFMER TR L T, EHIEIC X528k E AAICXHT 2 ETR LT, ZOREE
Fig. 1 \Zx 3, BNLTD K, & Pur, T, afii (PhAA, PhBA) & 57 (BA, DBM)
TRETZ2V, LL, Cu2t @ Koy & Pyrz B2 ZBWT, BAEHIZIHER, o fiiE
PCRERBODEONT, 2O NG, Pyrz B2z OREAITER LT Ko 3B L
TEBEZOND, BUKR 7 = = VOB NI L0 RO 5 EES Pure DRI EAFE
SNDIZHEEDL BT, W Pyre B2 DD LTcZ &t $EAERRER B 2 DD DN
DHEMELEEZLND, d(0-0) 1L, PhAA 78 AA D 91.9%. BA 7% 88.7% 2 LT
B BN DSA R A

PhAA PhBA

/),ﬂi‘h O) /f)% /]} j— :/ L:;(j- L/ w(‘ 63: PhAA PhBA PhAA PhBA PhAA PhBA

K PHA K -~ PMAB2

ZOWOB, RO LEE K e 4 —
36 3e 3o iy

T&giEBEzLND, Cuzr ¢ SHESInEEE _— <z [
< 2 £ 2 < 2 n\i\'j
LV b REMRAAERER B 5 83 33

B,

PEEDLEREIT LD R&E K

8 —~ 8 8 8
< 6 e =X <6
*H - - 1} ; 0.3:( 3 | ’_‘ Ka(; ; g ; ’_‘ H
TToLyEIND, ZHIZE o 32 32 < o
= < . < Q
h. Cuzt OAEEREAEN L 3 g3 B &3
71, k A:%‘ R %mé BA DBM BA DBM BA DBM E’ BA DBM
Z A o
Fig. 1 Comparison of the equilibrium constants of the
AA derivatives on the basis of those of AA.
R

1. H. Mukai et al, “Investigation of extraction behaviors of metal ions in a
liquid-liquid extraction system using novel bidentate ligands”, poster
presentation in ICRIS ’14, 2014.
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AEERTOTFEA AT VRF - Avay VR FEROBSE

RS - ERBATRANIEET T ¥ AT LHFSEE Y

LA =y VRO 366 E AR RNIIABEAR T 00 - FREoi e AR 1o
DIRECEHERTEEZRTHAEHO—>THLEEbNTWS, L, Ival
DOIEF A EEHOFEM FHAAER O S | BREHKFENE, SIOJRK ., Jrmdk) IR
TR < RELL7ZZRIBBD b D, AR TR, AEEAR T 53 OBLHIHIENIZ B
oA alr OO EZ Big L, L FERTEREN R & O JLFEE LTAY =
FxT TR OHMEMENER O 21T o7, AV IF2T ) TR EOEHETE
B OfEE T LI UITEEREo S-S SRl ohnsd, 2o, S-S #AllIfE
WUERI O AERIZ L2513 RS O FRINCEHET 5 L 0E2 L H 50, HALEH
DFEABII S TiX/ev, £ 2T ab initio 3 FEUEEIC LD T N7 F7 /) 7k Ufbdh
DM B O 21T 272, FriZ. BIIOJRKREZH 6NN T 5720, #ET). 77
B, WUBR OB EEHOE S5 O AT 1o O TEOREREZHRET 5,

[FHEFIE] 7 FHLETEFEIZIE Gaussian 09 7’1 77 A% Hu, MP2/ce-pVTZ L~)L
THFHBEFEH=RVF— (Boa) ZFHAE L2, BEEBEREGDOEFAE (BSSE) (X
counterpoise /£ CHIIE L7z, BT R/ F— (Fes) 1XE/ ~—OERENOHE L%
i+ ED %A+ (distributed multipole) DAHAEA/EMA E L CEE L [1], BESMIC I D
BINDOHEETHHFHL T RV — (Ena) 1T distributed multipole D1ES &L & 1 D4y

E' C'
F' A F
B'
D" c"

D CIII

Fig. 1. Crystal structure of tetrathienoacene
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R bR L7z (2],
= i 2] Table 1. Interaction energy between tetrathienoacene molecules (in

HF ¥£T§+%éhé*a kcal mol_l)_
AAEH =3 X —

ST SN S el Etotal Ees Eind Eshort Ecorr

(Enr) 13KER D367
) . A-B —-16.56 1.18 —0.34 7.30 —24.70

VAN VAR B ERT L e
. A-C -5.25 —0.37 —0.12 4.02 —8.77

HAEM 72O T BB O
. A-D =371 -0.59 —-0.16 2.09 -5.04

*H E'ﬁzﬂq D ﬁ“ﬁzi‘ (Eshort)
A-E —-1.61 —0.32 —0.10 1.81 =301

X Eshort = Enr — Fes —
A-F —0.95 0.14 —0.05 0.46 —-1.50

Ena & LTEHRE LT,

F72. MP2 {ECHEAE L7z TR AEH =RV X — (Ewpe) & Eur D200 A

TER~OEFHBEADTE (Eewon) ZFIHE LT, EBeor 1 FREODEIITH D,

[(WREEZBLR] T F7F2T7 /T OfBEEEZ XN 1IRT, 7 I7F=T7 /75

T (A) 1 4.0 A LUT O 7 HEEHECRICTR T 14 B4y 7 & B LT 5, il o s Bk

DI DR & OFBAEH CTIHFEMR2 b OITR 1ITRT 5B TH D, HEFEHAIRED

FRONDITFATTHELR > TS B LOMAENTH D, MAMEMTRLF—T -16.6 keal

mol 1 & FHE S, FEFITIRWSI IBEAN TN D, S-S 0N H DS C EOMAEEMILB

IZHERD 72 0 E5<  MAEH =RV ¥ —1X -5.3 keal mol ! LEHE STz, D51

(C.D.E) & DMAEMFEMEIS BTV, HEFEHZRLF—DONRER LITRT, #E,

HESI DG ~DEFEIINE, =75, Eeorr DHISI~DFETHRD TRE <\ 51T DRHE

DR THDZ LN nhD, £z, PJuBMOMAEIEMIT S-S Btz Fi> B & OHA

EHbED, 2R TRIFICFRNL2->TEY, 510 & LTI TWaan, ZhboiiR

X, PUEMOMEEMIC L5517 TiERL, D82 £ T MOMENEMR, Ghitd

BIRGF DRt T O3 FRANCEEZLBZE 2RI L TnD 2 & 2Ry 5,

[Tk

[1] A.J. Stone and M. Alderton, Mol. Phys., 1985, 56, 1047.

[2] A.J. Stone, Mol. Phys., 1985, 56, 1065.

(R AR ]

(1) Seiji Tsuzuki and Naoki Sato, “Origin of Attraction in Chalgogen-Nitrogen Interactions of
1,2,5-Chalcogenadiazole Dimers”, J. Phys. Chem. B, 2013, 117, 6849-6855.

(2) #F ., PrEFB R, VEEER. Tab initio 3 THLEIEIC K24 IF=7 /TR
Doy FEHEEAER OfFAT « S-S Bt X 2 WuERHEAE/ER O T EITOWT), 5 22
[EIRHERS S AR Y T A 201348 11 A 1 B, ARHRE RFPALIR S v o8,

(3) EREEA . VERIER . @ =7 IR T D5 BN © ab initio 53l
BYEIZ & D S, Se, Te DIANMOLE % 94 HALFREFFE, 2014 43 1 28
H (FE). 4B RFRLX v A,
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AU RFBOKEERE 7 v & X DFERA
IE 2 B KRT KRR TR

=

WU PRFBIT I LIR TR & RIRMENN DA ECRTRE T | WO EMAE 2 B2 R U JREIZ DN T
X, AHCRO = 7T oM E LOEFRICAELETH D 3 b EORSAHEE, Frits
ERARIZMENRRIEA LN SN TR LT FHNE Afm&mi%'cﬁﬁnf
ZIVE THA D EEREEICET 2 AEZFIH L EBEORIN LRIC wmﬁﬁm
IRFDfE e S DZEAICAE B U AR AT o 72, Rl AL gepT kR H O —B & LT,
LA, SRR E TR S o @i v o 7 EE AW/ - SATRIRE X BREcELTE
IZ X DREEIT T,

ey

AREHT =T () 26 TRV Wi A 2AHEKOR Y RFEEZH VT,
(PUALO), ZEEIZDOWTIEL, AT (X738 R < IXHIZ & 2 i\ /L F — R
WFERsAs . MERSEMFEATO 7 + o7 7 7 N U —, BLOA IZEHIRE Y v > 7 /L2
DT CERZITo T, MEREY Yy 7BV
(4 1) (3R R IS8 i 0D 78 HEHE s 3 B
FELTEbDOZRH Uiz, FEERITERD AT 7ok~ %
1R d, A THREEIIAAN 7.5 cm, /NN
220.5c m, XD EIL0.15nm TH 5,

G K1 WEYY Y TR ERY ST T

X 2 [ZERRIE S L <134 7 RIRRED S | Flix
OIRFEIRE Y ¥ 7 S TR (2 0700 ) Bl L723Bt o IR A X BREGELE
ZRTT_NTORESRFTHIEHETH D § L LUIT BT 7 ANm—DL 3B S
NTEY, KEHETH L o HIFBHI SN TRV, 25D ik, aBERO-DI121%
N b T EIRMATHD SHEZBEOLIVNENDD LV ) Z EZRELTWND,

INHDZ L EHERT DD, SHIL U TFROBE e AICER L TIEETT-
72o X SICTER@IRREN D 140 °CITIRE Y v o 7 SHE & D, g 9~19 nm-1 OFEEK
%#kbtﬁﬁ)ﬁﬁﬁﬂ7m774w@ﬁﬁﬁﬁ%?ﬁ RIXTENT 7 A0 —Th

ERMEOTa 77 ANTHD, INoDOT a7 7 A )LORFREISEZFK3 I3 M
E~&k7%w77XAD~@&?i74y74/&?%&wo%_?\T4m/&k@
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W AR L < T 4 T 4 L 7B T LT X BT R R R TR S
AVHBLOTENLT 7 RO LEORRZ A 41277, 180 C F COFTTDOLEME
TAVOFEENRBE NI, T ORI ON TR, FEdbRE RN REN G E > TV
LT ENDND, —H, 120°C UL EDIRESAFTIEL, AV FHOGRITHM GBS LT
BRI ENbND, Thbb, AVHEN BESHEEELE] L L CIEIBEVWELRES
IELTND LW DS BT VERY Z &K,

2 VARLREED D 140 °C ICIRE D ¥ 7 SH12 & X O X MEL T 2 7 7 4 L Ol
MSERR. AR TEAT 7 AL T Ak R A
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IVAERT N BAG DTSRGy (.
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FL0
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FE. il DSC JIE, EFIERIE 21T 2 TETH %,
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RYVHB/F ) 77 A3 RY y b ORERLEECBE 3 5758
W IE (BEERY: BRTAEREAER)

<HEE >

o7~ OISR S D Rz m o IR ICES L, fsib T 5. 7«
T =R e ENFET D8 i,%@%ﬁﬁmixw% H L ITfEmE e 2 F o —
mi@,E%%mﬂ%ﬁf&%&ﬁ%%%m@:@,%%mﬁﬁﬁﬁhﬁé:kﬁﬂ%m
TWao.

—05, @ FEECIIIERE R & OB, {LFRIMEAEERIZ LY, Fmi TR 81
DHME S, o FHOEERMENE LRT 352 808, TFED X #R, THEFEGELORE R
LI LT 2od 5. fEEMEIZET HEIEH EV Z< 200D 1, Rzl 55
T O A R ITER L2 FE LBEET L2 Z EIEHATHA . B FEAMEHZB W T
b, 74 7 —Chi v, MmN T, FEOREENHFIET L2 LN THY,
BAEMEITROE S~ N U 7 ZAOREIT T 4 7RIm0 EEL RE<ZIF5b0EE 2
%%LZ). if__ DL T 4 7 —lREEDPEFE LRI DT /A X077 0 7 —%2
T BRI k%&%%k&@,ikﬁﬁm%ﬁéﬁﬁ@%mmz,T/#%f@74?~
il :.Ejéa\%f;éﬁﬁ “CALIADBIND” Z LI K DR L RELT 5.

2O LD REEREKRICHKIT D, QA%@#RmﬁL@%k T AN R OFERIIZ DV
TIE, 7/ arRYy FRHOBRIZEFRICERTH D OO, RHEIPHRREICH - THEH
IR LM IRIEE A E R, AIFZETIE~ M) 2 R, 74 T =L ITENBIEEZA L,
TV —raryRyy heELTHBROYHERREN, RUIREErae—RXF ) 7574 —
ZRWT, RYABOFBEICKIETELE —RF ) 7 7 A SR—{RIGN ROV CTRefl 7e
MET 2 T o 7o, WHECITEVINE, A REBRMEEEIEE, RIMVIEE, X BEELER E o2 mn 7
FEER W, fRkxlpze F32#~/VT%%1E£%§%%TEZZ> Lk, FoarRYy M

B @GO bERALNITHZ 2B E LT,
< FEBr >

AEHE~ R 7 AR Y =— L& L TR U FHEEPLLA) (L 1 7 H-100, M,=176,000 g/mol),
T4 7=t LT —RF ) T 7 A 3—(CeNF)(H L T EFBDRME, FHMHER 15
nm) % V7=, CeNFIRIMEIZ 05 10 wt% Th 5. ikl % 190°C T2 % ﬁmﬂbt%8o
~135°C O#iPH CERME ML AT o 7=, SRS M bENI R EEETHEF(DSC, Perkin
Elmer # DSC-7), 7 — VU ¥R HOLEFHFT-IR, JASCO & FT-IR4200) % H T
Rt L7-. FTIR IE 1L MCT #2882 VS, 2 fRREIE 2 em™, FEFL[EI%L 32 [5]TT - 7=
<fERB LB >

DSC Z M\ T 130°C TG ML 2170y, 554072 DSC #ifR DR E " — 7 REf] O Wi %k
Zt i LI E (Vs & LT, CeNFREIZK LT 12 v b L72(Fig. 1). CeNF1%LL F Tldfs
re VIR ARSI C ki L CE LML TEH Y, CeNF (2L %5 PLLA Off i bAeERh 50 e
WENTZ. — T, 1%L EOEREE CIIEEE 2 BAIZHE U, 10% TIEIEIE 0% & [AER DR
%mﬁﬁmifﬁbewé.:@ib&%%kﬁ%@%ﬁmukNF%E@ﬁ%@,ﬁ%
PS8 D CeNF £ IZ 31T 5 PLLA OZIEEARHERN R, F 7= EREKIZI VT CeNF 23 irHE
952 L2 LD, PLLA 53 ORI RDPBNTWDHED L LTHT A2 ENTE 5.
LR, FT'IR ZH\Wear 74 A —a VT K0, FER7BERFIEORE 2 6
T 5.
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PLLA ® IR A7 MUIZEBWT, 921 ecm 1 IZ A,

515 PLLA @ C-C iz ®E) & C-H A fAikEhCH 0.09 ‘
ST BB Y N R, PLLA fSd T OZ2 & 0.08 |- 4
AT A= arThD 108~V v 7 A& 007 @ 1

BRSNS ZEBRMONTOD(~Y v 7 ZAY Ty @ :
R). —J7 1749 em IR b B AL RIE C=0 i =, ® .

RENZHRL, MUSHEmANY RELTHMESN
TWDN, IVR=)VIEO 51 BFEAAE R IR R
53 FEHORE G T HA~D /Sy F 0 71T L0 iR ¢ | | w |

EEREZRTEOSBERRSATOSCSyxy o
73 R). 135°C CHRAEM L L7ZFED Eid 2 © Coonr V101
DN ROHERBEALZ L LT Fig. 2 |Z7~9°. Fig. 1 Plots of crystallization rate, Vosc, of PLLA
CeNF RIFEM PLLA TlE~U v 7 28y ]\v, 2% against the CeNF concentration.
F TNy RidmG LR & &b
IZHRED ERZRLTEBY, £0
R R ISRV TR, TARDb b g
U w7 ARG E RGN~ DRy
X v ZVE[E— OB A - — L Cife
TH25ZL8a2RLTND,

— T CeNF10%:UEHCIE, i . 1749 o’ f ]
N ROFFZFERIZE LW ZENR R
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EEIT 0% & 0 EREREMElZ Y 7 R Fig.k.Z C(Iia'il%es in) rﬁorn&agzed ar.eat }(l)f hellix (92tlll(;m';? anci
LTCWADIZX LT, Ny 2 packing cm’?) ban Olirlng isothermal crystallization o
<o ]\@J:%%Hi 0% L é@,ﬂ: L PLLA(a) and PLLA/CeNF10%(b).
VB, ZORECR R, AT TOMME
TlEar 7+ A—a VAR & SRR ~D 910" £ (h(gii(g:nd)é
Ry F S TINRIRDIFM A — NV THEATT S Z s10° o -
L &AL TS, Fig. 312 CeNF KT 2 5 70t - ;
ZRENDAY FOLREBOEMOBERTVD Lo g © et ]
Eray kLl ~U w7 20 RO VG sit O (packing band):
OEME L HIC 7T 2, ThbbA) v 7 2 4W% ER
%L%ﬁiC@Wﬁﬁ@ﬁM’iD%ﬁéhé ot b
DIZKEL, /Ny X TR Rt 1% THRK %2 7x 0 2 4 O R URNRE:
U, X0 SEES, GBI 5 & B Coa 04

?73 XnA. ﬂﬂ\ilﬂﬁ{;&b vZ L1z DSC &Y ;ky) S5 Fig. 3 The inx.rers.e half time of heli)} ar.ld packing
T g 1 Ji v e
UM 2 s LT, @i I I 1T Db dnib ol
mm+/774ﬂ~ iévFJ&Xf)Vﬂ@%@ﬁ% EvEHEhs. —FTHR
JEUZ BT D v 7 A0 RORGEAEFHENINZ B 2 28072, CeNF Rk
5%%%&A)/?X%W%Tﬁbfkw,_@go@mﬁﬁéﬂ%ﬂT/774ﬂ~ﬁ
JNPLLA OF5SEICE T DR RARREERFEZ B0 T DO LEEXLTND

VA B OBFERCRIT B R AL TET e FNGEEE & ot H%%ki@%ﬁmio
THRLNEZLDTHY, T/ arR Yy MBS, EHICRESNZERE T ToE
FIRERACDEAF I T ZAZPOTHLNCTHZ N TEI R TIERITEREN.
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VAFU)TNE I VBT VFR—F—3xCT BERy-FALFINVET
ARFFZF—E (GCT) DOEFEIC L 2FHRFERER MLV AREHFEWED
BA %

Ve gttt « L R =50

ARNOEERTBICME CThH D TNV E T DERRICNE RV AT A V2 Mis
TH2MEDOX L RIE, VAT S INEI VBT T AR—H— xCT BILO y-7
NZ I T UARTF L= (GOT) DIEREAPALEFE T2 &, Milld~D T 27 1 G
DEWT S D72, AN VE F A LAULRMET L, BV LA R L A AMFIREE
LD MRROTIIEEA RV RISENSIEHINDZ EICORN L EFZX LD, F
72, xCT OAFEANL, ZLBIEDH LWMERBEF 2 B> T2 P AANZ D722 03 % ATREME DS
W, ZOX D R A~DY AT A AMFE AR L SNV EFF LNV ER T EE D
EWVVO BRI BT xCT DFRFE & 66T DR & 2 WZErIZAT 5 1EH 2 R > E DO BRFE 13
BE|I/ D, T2 T, ABFETIHE, xCT BLOGT ORERIZERL, JL¥TF A4
LAULBE T2 2 EIc ko TAEL MO A b L RISEEFHET 2 HHbA
WMEBRRTDHZEEBIELE,

INETOMET, HEEE B L OMBiFZ 0 ANEE T 2 AR 51X, 66T fLE
Fl & UCHHZE ST LB GGsTop™ CETEIRIZ L 0 FFFIASTE) & & OFFEMRN,
XCT 2T DV AF O IAFIZH L THIHWREEEAFF>Z 2B oMM LT,
ZDHATHIFE DR 2 F 2. GGT B IO xCT [LEAI DML EY = SR L, b
DI ENRORAEEIT > 72, xCT BNIE & LT, AW pl FTELZ 206D F/ELT
FETD SOV AF U ERB#HET LD, ZOAF ROV AF L OTFu 7
BT, £, PIERIZE Y 10 FEEOMEMDEEAMEM & L TREH GRS
Nz (K1), GRS NTALEMD GCT FAFETEMEZ Rz 2 A, {bEW la (2D T )
72 GGT PETEMEDNGRD BTz, WIC, xCT 2 ZE BRI L T 5 ~ o A PERRHE LA
ZHWTIATF I IATEVEIZ KT DB AT~ (K 2), £DfER, Rk Liz ks
MDSH T OOILEMITAE RV AT VI IABEDREN AL, £ O TR L
B2 ITE ST, VAF UMD IAREENERS AEIND Z LR ENT, FOHE
RITIRERFNTHY £ xCT OEHTH L 75 I Uig L RRREDOHES R %
AL e EnD LA 2b 1%, VAT UV AL EZFHAICEET 2LEMTH
D ENHEES N, Fo B 2 v~ FORIEMGEROERIE S LTHEH S,
xCT OFHEHRE L THE BTV A sulfasalazine E{bEW 2b &%, KL< P7-#E T
oL bbol-, —J. it Hras R0 Kras 72 EDFEMN A ras 2 H T 5 IEEAIIC
BIRPNHER T DHIN AAMER & L CRE S erastin 23 . xCT 0 5 v A F B

_85_



DIAHZIAET D 2 &S Sz, HREE B, erastin IT X DV A F IV 1AL TH
EOREM AT & T A erastin X sulfasalazine X U E TIZHE S 7= xCT
PHEM L VRRE T AF U ORY IARERZLET 2 2 L3RSz, £, £0D
PR IE, —EBA R U TWNWD Z AR Sz, Bk, ARBFZEIZ LD . GGT
RxCT ZHET 2B OREE L EDNR & ORFEMEO—ImEAH BN E R o T, 514,
AR OREREHEE 2. 0 DILEMOREKEMHBEZ IR 2L T, &
D ZHIREI7R GOT 36 KON xCT FLERI DB A HIFTE 5 L EZBNLD,
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BRBEEREBLEZR TR 7204 MR (bR 3 EEMEDOIER
EABTEA « BRI

EE:D

AMFFETIE TEMRFIRE L R T BB RBIRWIC T D EEREDORE ] Z A E L
Tz, BAERFIREEIZ., BB RERADIRENRBREO—>THY | EF- AL K&T
DIV AERHZ R TRERBEET 250 EZE2 N TND, DFE D, BAEFMREETIX
HZE YT 571200 TR B TFEMSCHMRBF RIS 2, 202 L IXEMT
WREDNEYS . BEE-CIRTE & 5 > T2 AMBITHR L CHriar ZRIe & 2 " 3l REMEZ RIB L TV 5,
Z 2 CARMSE CII B AT SR I L CREEME LTI 2 2 & 12 L 0 BArESREEIC
BT DB a7 2NN E DB 21T > T,

RIFZE CIXBMIEYREEEZ AT H 0 T A A MR TH S La,,Sr, ,Fe0, (LSFO)
ICEH Lz, 273 BHZBWTIEK 190K (28 THEM AL (3Fe!/* —2Fe* +Fe’)
MFEA L. BALKE T O 11117 1A1C Fe® & Fe™ % 2:1 OFIG CTHAIES U 7= B 51k
AT D Z ENMbTW5, £z 2 OBMIEFNRIED K IZIE LSFO O X
BEICHEFRICHETHLH D Z LD, LSFO OFRHE &Ik 2 Bids ek & OVE &k
ICERZ YT, BEEOOZIT 7,

FERITIE

AEHZIZ SV A b= —HERRIEIZ K - T(001) D L&A 9 % SrTi0, (STO) Kbl iz
T VXXV y VR S ECERE W, BRIEIT 20nm & U7c, SEEEFIZ AR L 7o iR
OB REBEZHRRSE D720, lEEZIZ200°C T Y UMbzl L=, Tt
A UTBEZERBONR AR T 5812, 4 U U2k 222504 2007 C 60 437
==/ LT, BERBLEFEPISEA L, ERL 72 @R ORETEMIZIE 4 il X AR ET
B 2 W, BRIRFLOREERAFEIIIEEMmR L AW T 2 A X > THE LTz,
F I BB O MM % Chynoweth HEIZ K » THIE L7z, FRAMED Y8R L —H —%
Y T VAR U IBENEH LIRS AET DERE R v 7 A Uk L7
M ORH L7,

ES TN E SN O E

LI U 721 645 B 7z 20-01ffr/ N 2 — 2 2oR g, Y ERAGIE R O
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MHEREIEKFETTE IR v LEE L TWD e 2R L, 4 U iRbiE % Ok
2l KA 7T =— L& i U 7= IR CIEL LSFO(002) SCg 28 & 0 AR AR Bliu T
DDOMNGFID, £12 ST0204) KHEE DWW T~ v B b, &6 b ORI I
WTh, EBEEOmNORKE - ERITERDOZNE—FHLTWDHZ LE2HERLE, 202
E X, STO Hp > LSFO VR D B L IX HFAS T EB Db % JIE L, BEFE &N
DI DIFE. S FERDMET LS ZEEZERL TV,
B 21213 20 b OB B & DN EBXIRPIOREK A EZ R, TV Vb L
ToaBE T, 190K (23 THEAMABILITHE O @ @R 2 PR I8l C & 72, £ D
—HTCREHFOT == Lo THFERBEZEA L RN BW T, @RER RS
IETEIR L, EEERE T st L CERAIEIIA T 5 &0 ) MR e RO DS B S vz,
ZIVEIEFE R OE NI L o TEAEIPREOED G SN L E2R"THOTH
Do

B SR RBRITHRAT L CREMESIDZAR S 2 SR & R S 72 el Tk L C
EEBROREERFEZ N Lz & 2 A, BRSO G SR REEHT
2 EREEAEHI I W THEER 2B L7, 2 ORFIRIZIIF: L T BRI 5 EE
PEDORBLEITRARD LD THDLN, BBEXKEST T AN A MR RTH LOERENE
&L TIHFRFICHBRIBEVER TH D, SRIIBIAISNTEBHEORFEZHEET 2812, &
SIZFEM 2 E 2 ERfiS 5 TETH D,

B 10 &Y o b LB L7z B 20 Y o b LB L Tz
LSFO #EEGR#R) & R T7 LSFO #EEGR#R) & R T7
=— /L% L7- LSFO #iEGE =— /L% L7- LSFO #iEGE
BB X B 20-0E1H7 HR) O FE SR O A7
ING—
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HHA 2~y 7 BIE ST DA BT
B EGE - 4 B RS RAE L AR

[BR] &5 T ORI Z O —REEICHR SN D Z L NAmbTnd, BT
b R 2R 20 BRIRE %, B = 2R A R S T 0 TR O A5
WAIEFIZE Z DI W &, Fo, BRRETICHRSBEZ RN L T < & D BEDORIN
T T LMRPHFSA B L, &2 RMELL ETIIBIRSEEAR L 0 SEEMBELS 725
TERHESNTWD, ZOX )RR L S &2, A2 HITBRIRE & FRREHS 1
MTHFE L TBEE LS LRSS T OREARERSE, T OMBIEIZ OV TR
AT D TN D, AMFFE T, BRIREH & BRIREH D 7 F &35 LVVvalBtoFi BT in 2 T,
BORSHE D Dy F RO R D OB - F U< LAE S TRE O REMFRHR 21T -
oo BT, TOEREEEMERIEEZITY 2 & T, BE Lo LEESFOKELA WD
IR A RF LT,

[3EBr] Bi-F U< LA FREHIE T r8RIc L, 17 z=rzF Lo RE
=NVHEERTLOERIRARY AF L (RingPS) Z@mflEICHGKR L, & HIZ T ORISHEER
WARY ZF L AT LTY BV ZHIRARY 2F L2 (LinearPS) Zh v 7 v 7 &%
HZEIZEVEKR L, Bon BoXy 77 2V B— a3 %, el (LS) |
SEC, 72 b NTERR SRR v~ N 7T 7 ¢ — (LOCC) & HWTIT o7z, BIRREHME
HIEIZIEL ARES-G2 (TA Instruments) ZHW\W/=, 22— « L — MO A A R — (EH
228 mm) Z AV, N, EPHE T, HIEIRE 120-200°C, 7B A 5% B MEHE A 55 8k
WEZIToTe, ZRIRE (7,) 1X170°CE L7,

[FER & ZBE] mMiERRPS (I =
57.2k) 1T, I FENH47, [RIFREE,
2 fE DRI PS (M, = 26. 3k, 66. Ok,
116k) ZEEhERE L, —HEDE
7~F U< LAIPS ikl 2 3fEL L7~
LCCC Z3Hr DfE R, WDkl & b
9% L EOBEWAEHLE 267 5
ZEDER STz, Table 1IZZ0 0 ORBID etz 7R3, Figure 1 IZ—# DI
F U< LA PS BBt OB iTEHEME SR (67 ) L EIHBRHEMER (¢7) O~AZ —T—
TR T, WTIORES | CREEERE 2120 TEHUINT A U Cunvien 2 & & LeCC JIlE
WXL VERE L7z, S HIZ Table 2121, B O~ A Z — I —T bR LIZEe T
WE (1) EEEREa S TIA4T A (J) #F LT, Figurel LV, BFE s
SLEIPS D ¢ & ¢7 I HMEEBEEMTEL B HHRPS KV 2B 2R3 2 &R

_89_



~ERR ST, ZoFEET, Bl U< LEEST
R L FETIC S Z2 1 AT 288
DFOEEBEFLL TWD, £ T, BELELL
LBIPS D 5, & J. O EKFMHEEZIIK PS, 7225
T 4 43I 2R PS[5] & bbi#g L7, Figure2 & 31T
X, BRIRPS, BIEFE L LAPS, 447k 2 PS
Figure 1. Master curves of (a) G'and (b) G™for > 7, & 7 % FRERIZ L 51X D WIFERME{OHE 1
a series of tadpole-shaped polystyrene L
samples at T = 170 °C. KDyt E E->T7ey MLEMEEZRLTE,
Figure 2 LV, B72E L LB PS O 0320
PS D 7, - MEHFR EIZRS Z ERER SNz, DFED, BlEE U< LGS FOE
RN B E 0T DO ZEE) (= Retraction) EFALIL TV D Z & MRGERL RIR STz,
—7J7. Figure 3 dB7-E U< LAIPS O L1, BAIPS L B D5 FREIKGFIEZ R L
oo ZhUE, BEFE Lo LAEGES FOMBERIHET DRIEEDT-OHEEEZEZ BN
Ho T2DH, 7 IZB L TERREOTHIIMD T/HEWY (741, = 390 Pars) D%t
L. LIZBELTUIBRREHOFENREY (e = 0.77X107° Pa’) 72D7EEFE 2 b
5o ZO O —ENBE L L ES T OEERRRICE 2 52202 LT,
et cHh 5,

Figure 2. Zero-shear viscosity vs tail (or arm) M, for linear Figure 3. Steady-state recoverable compliance vs tail (or

PSs (#,<) tadpole-shaped PSs (O) and 4-am am) M, for linear PSs (¢,), tadpole-shaped PSs (O)
star-shaped PSs (x) at Trer= 170 °C. and 4-arm star-shaped PSs (X ) at Tt = 170 °C.
HAAFFEDRRITLA T OFf 3L, 72 b NI FR RIS THE LT,
[1] Doi, Y. et al. Macromolecules 46, 1075 (2013)
(2] TIED, AARLVA B P—FR0 40 FiE TR, 56 (2013)
[3] HIED, F6llLAn Y —FfimaimH 2z 54, 186-187 (2013)
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~A 7 RRBEEEPRFE L~ T V TAT YA i3
B EEBA R OB

PEARBEAC « KRR ZEBE T2 5ER)

1. IXC®HIZ

T LR T IpoR B AREROKE R (OPV) 1%, KEEEMOMK = &2 M & &
Iz THA R TIERIHEN I TOR TS, S Z~Tueyy 7 g (BHI) M
OPV IZ. p @&+ & n BNSERTH D 7 T — L UFER (B 21X PCBM) B2 5 T/
A — ARG EEZ pn 5 L& UL TR L, 7' 1 & A OIS 2 CBAT A Bl & 8k oo i 1
TENHEETH D, EEMEIOBIRITIT ) T OGEH&EA R, BV TE 2 O EHZIE T
TAE T ot A (FEME - pniRE T « 7351 AH5E) OFRELDMLETZN, A EHIZE
ZREIML RS - B O . DBELXIEIMEB & ORHETT TR ERIRES AR M
Wi EDZ L OWNES « AMEREIRIZ L » T LT 5, LR - T, &it - AkeT A
A AR 2 WD DTN ERIINAT 9 2T, BHERERIGEM OB ICB W TCIEFICEETH S,

2. TAL AV RFME % BT U 72 Brdibr BB 2
KRBT 72 IZBR L=, KGEH
M AR L U 7o R R i~ 1 7 R E
J£ (Time-resolved microwave conductivity:
TRMC) {5 % EEE O BIBRFE~FIHT 5 Z
EERBIZY, BEL HDET /T H—
Eob Tty e xF7 Y —/ (BBTz)
X, _UBUVBREBTWSIEOTT Y —
JVEETHRINOHEER LI ECH DD,
BEIET 787 F—L LR E T
%, LML, BBTz X7 7 & F % —DHh T
b, Femn S A S FiLE  (HOMO)
NEWT=h, EFH S BBTz 255 K — &
KL, BT 7w S H—LABEDED
ZETEWBELE (Vo) ZFFop M, B 1 a) FiRICEET-ERLEE N FHEEb) &
BroBsARA T (K 1a) ¥, FEDFRIRARD R o
TS L TRENT )V
oAy (TPD) &RV F 77— (BT) 2RO, FTIEER EOBEI NGS5
VHE LAEEASRE A L2 (PBBTz-ran-TPD 3 XU PBBTz-ran-BT . X la), WRIAR K
F13 520 nm F2E (K 1b) TH o727, HOMO 11-5.7 eV E 072 WL 720 . BBTz %59 R
FT—& LTHIH L2 R MEGR T 7, ek, mim 17 4 /L A0 HOMO ORIEIZIX, K
BB - AFHBERES A, B EER A O W ) 272, PCBM & ORA O TRMC 7%
TW, KON IBELEELZ 5225 pn IRELTHET S & )28 T L 9 I
PBBTz-ran-BT ®J5 7% PBBTz-ran-TPD LV 2 fER&E VMG L RWHma b 27, £2 T
KIGEMT SA A EFHME L& 2 A, %FHIXPCE = 0.90%E 72> 7223, B 13t - 3
HH S ORETH A 4 — RSS2 o 72, LU, PBBTz-ran-BT D 53 E W
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TRMC 5 L EWEMFmAE 52 T\ 572H, TPD LY 4 BT @575 BBTz & OflE&HIC
BOTHENTZERENSHIGFTE 5 &l LT,
ZZ T, M la)lcRT R AILESK
PBBTzBT-HD % &% L 7=, HD (I8 5>
Iz 7 /L2 )V EH (n-hexyldecyl) %3 L CU»
%, pn b L7z TRMCE 5137 o~
A AFEAEREID HRE ML, A H#%h
Lom En#FrFcEx 7z (X 2a), TRMC IZ
£ D btk EBRCT N A R EERT 5

E320%F T kL7 (X 2b),

WIZ, D7 v LiEzEz LD ES L
PBBTzBT-OT (n-octyltetradecyl) % & hHk L
72. PBBTzBT-HD & b _TCHEEYY
BT 3 HEMNL, BEREEESS 2
EHINL7=, LovL, BEHRIT 237% L
720 . PBBTzBT-HD LY LK 9 5555

Lipole, B20)D J-y MR E RS &0 B R o 1 g =
BAFERGET S =73/ U Okl B 2 oJTRUO IBRT B ABEAT/ MR
F(FF) BMETF L, EfsmiE () e POE MRS MAREERT.

HLRELHD LTS, S FH—T 3R
MINZ X D EMERE Oy 77y —@ e OFRERILR ENRK EEZE L LTS,
PBBTzBT-OT ® HOMO N0 75T A Z & (-5.7e¢V). TRMC Tldx b @\ s
EaRT e EEZD L Ny 7 7 —@IZHV 2 PEDOT:PSS OEFE % (§9-5.1eV) &
DENRKENTZD, A= v 7 HEE L TR & BN RIK T ORIKA & HEH < vz,
Z 2T AL FEBE DT Mo0s (5.4 V) 5Ny 7 7 —JE, [N 7 7 — 8 % TiOy
ET BTN AEVERLL TRl L7z & 2 A, ZBHEhRIT 3.84%I21f E L7172 Y, & BIZ Tio,
DDV I ZnO, RO 0 IIIREMZ VY, PCBM (24 2 T RIHE ORI A K Z
PC/BM % n RkPEEE L THWD Z & Tl 6.53% (Jie = 12.09 mA cm™, Voo = 0.80 V., FF = 0.67)
FCMESELZLICILE (M 2b) Y ZOEIFHRED L 25 BBTz #6555 &5 1
DOHTHR O EWEBRNIETH 5, BAMEIINE LT K EMZh = & TRMC 188 {58 5 58
ITEWHEBAZ R L TEY, 5 FEEOER, [ OT =2—=27 ZLTT A ZADIED
A DBEFEIZ BT TRMC ITZFEFICH A2 ME TH D Z D305, T, D ETORE
fifi & EEATE DM B COFHBIMN A[RETH D Z & /o AT EEZZ T 20 &y 9 s,
MEREREE « ARROBG CHENREEEZ 5 2 5,

1) A. Saeki, S. Yoshikawa, M. Tsuji, Y. Koizumi, M. Ide, C. Vijayakumar, S. Seki, J. A4m. Chem.
Soc., 134, 19035 (2012).

2) PeArbBAd, &2 X2, 70, (2013) 370.

3) M. Tsuji, A. Saeki, Y. Koizumi, N. Matsuyama, C. Vijayakumar, S. Seki, Adv. Funct. Mater., 24,
28 (2014).

4) A. Saeki, M. Tsuji, S. Yoshikawa, A. Gopal, S. Seki, J. Mater. Chem. A (2014)
DOI:10.1039/C3TA14109H
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2013-47

FEABBRRREABRRILEMIAT I —DOHEEL
ABIEEME ORE

ARBIEC » TRRFRFBEHRFEIEBE
[H&9]

Tx TRARAAEM AR L L, ARREMISTEWE OURF - Al AZ1T > T 5.
EVERMNCITE G & L T BRROGERERRNEZALONDL Z D, ZEH
HIZARIE Z AT IN9 5 A7 4 B KR & G A ERBROMEIE, HrioeiEm W ERFRIC
AREHFSND. AUJETIE, SHREBTRWE LT RAMOFERZEE L L,
AFFAEMBRA LR OBERERRLEM G L RARMFENRT A7 T ) — 2L,
AEWiETE BT DA ORKR 1T > F 2 AL T 5.

[ji /£ ° %%] TRAIL (Death Ligand)'
DR4(TRAIL-R1)
TRAIL (Tumor necrosis factor-Related — °FT4%%2
b (Tumor necrosis fuctorRelaed Y. Ul
Apoptosis-Inducing Ligand) > 7 7 /L (L 53 S
AMIBREIZEE L TWDET AL ES
& . (Death Receptor 5; DRS) k ;:ﬁlﬂ:l:/lfl\ L/ Z)§ A/ Procaspase-8
AR T R h—v R &5 & 23 ¥
ZEMD, TENAEROIENE L THE Nerns. ?

HEhTwab (Fig. 1A). L2xL2Aan 5 Ac.ivaﬁanffcaspase.a
TRAIL [iHE2S A o SR & 7
MR 23 AR D AFAE DN & 72 o M

TEY, ZhbD TRAIL ~DFEZ M % 5
 TRAIL it sa ik 2 e 1K 5r b & D
BN EETH D, UM EICTEIRE Fuligo candida XV HEE S 7= B KRY)
Fuligocandin A (1), B 2)® 9 5 2 (%, Fig. 2 (IR T X 518, [EH 72K M BAZER I 137
Pear &9, B HkO TRAIL MHERCA T Al E i/ Y o SRR (adult T cell
leukemia * lymphoma; ATLL #if@) (2%} L C TRAIL M e RIEH 2R3 2 &2 RnW7E L
TV 5. £72 21X TRAIL it &~ H 23 AUMIAE (human gastric adenocarcinoma cells; AGS
) I bIEME AR, UT4E, F& 1X Fuligocandin A (1), B Q) &A R Z K L, W
HFHMEICTINGOFHERE AT 2UBEHMIEGMEL L. )N S OB%E L7z K
JIEEHWTARF ABERREL AT HHFEREZLI=TA 7TV —2BE L. 20
WGl b 7RV TRAIL i 7e iR 1EH % 7= L 7= 5°-1 Fuligocandin B )W ChkdHE =
F P T LEFHER A AR L in vivo EBRIC T~ 7 2{ENEEEZBE L= & =
A, JFigECRHE S BT PiE S D Z EBRB B L e o7z, X 512 TRAIL ittt AGS
HIR & JEER ISR AE L 72 X — R~ 7 2 & > 5°-'%1 Fuligocandin B (3*){APNEIAE % 5~ 7=

Fig 1. TRAIL #%3#% & TRAIL i v iR 1
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7

& A, DA TORAD RT3 FFME TIE 6% TH Y, %< DliFids & i L TR =R
WNE L, DAERRIZ IS T 2 WA PE O]
REMEA WL U7e (Fig. 3). {(RPNENREMFAT

@#%%%H 78 b~ DIERIME & ) L S i
BELDALT Y FLaHE L Q.

B qu EAToTz. TR U BRI U - Fuligo candida Fuligocandin A (1)

N o— & e O & T 5-Br ol Nk, Vomamor, Vel Ko

Fuligocandin B ® 7 \ZIZ3 AL, =F L Fuligocandin B (2)

7Y 3= AR E L RO SR % o

Totz. 1% BN7LEWIc>NT TRAIL A

it SRR IR 277 - 72 & = 5, o e

7 QLS OB ISR D b 0 935

LCus = LA L. 6T L7l i Y o Ko M i M S

XU AF NN AT )VEETIVE/E & L Fig. 2 Fuligocandin A (1), B (2) & TRAIL ifisH: v AR A F
THE B DKM RFT 21T o 72, BUE, JHD

KA AR SRRR A K g B IEW =4 U ST F RE O TR AICERET
5D D-T X =2 _XTFF KA 7 U v K Fuligocandin B D& ZfMET LTl Y, A
~ U AIZBIT D TRAIL PR G-RE DR ARG Rt % .

I
ARSI

PR A AR PN CEE MW B AP EE

Fig.3 A~ U AIZBIT 5 3*OERN M

5'-125] Fuligocandin B (3*)

(R ]
F2FFK (1) M. A. Arai, K. Komatsuzaki, H. Hanaoka, Y. Arano, and M. Ishibashi, "Synthesis and
evaluation of '*I Fuligocandin B derivatives targeting TRAIL resistant cancer cells", 3™ Junior
International Conference on Cutting-Edge Organic Chemistry in Asia; November 22-25, 2013, Chiba,

(The best poster presentation award &2 5) ; (2) sk, /MAR—#, fEMZSE, THR, A6
EC, “TRAIL i 25 ARG 2 g & L 7= "1 23 Fuligocandin B #58A& Ak & IS VEREAR”, 25
39 BN & BRROESR T AR T L (2013) flE; (3) Jidbk, Mol —#, BRI, i
7%, AFBIEC, “TRAIL MFPEAS AMIRL 2 k20 & L 7= "1 #23% Fuligocandin B #% S (A4 Bk & 5 PEET
fili”, FAIKFEE 133 454 (2013) k.
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2013-48
ZOREIAY S5 7 & L DR L e
BF ST - SUBIESLRERESE BRETR AR e R

(E=]
Fex i 1400EREA Y FF 7 2 L O G AR L OBERERIZI D A TV D,
PixF 7% Lo sosfitis EER (77 VER) ICHAAAALRE  Bik4 ) 257 h 7
7/ﬁ%% KRN AR L kT8 Fawret
2=y DT T7HZ L UBRNPERL
oA IS T N7 T O R
ERR LTS, 20D E RO T,
Box TR N R b T 4 —7Y
OAY IFT7 7T DR B A
Ty FRUREE S RICER Y M AT
(Figure 1), AMEE®HLEIKT 7 b
77 v ERRRIZ U ALK FE R L

Ladder-type

Fan-shaped Oligonaphthalene

D ﬁ{$}i§% < T ﬁ 5i E[Zﬁ*%j% 75‘, k oligonaphthofuran oligonaphtofuran
D 2 ERMRIe N, ZIRITE RMEEMTH D
[(#ERE&ERT]

FH—IIFY ST N T T UEGRTHICE LT, @ik b LTEAEY 1
ZEIR L7, (AW 1 137 =5 Scheme 1 (TR TCAK Lz, ZNET
DAY IAFTHVLUNFY DFT 8T T OHZETIE, LAY OIRIEMIENRIE L 725
ZEMBW, SEOTZ RO TIIEEY 1 RO Zr firoKiREEZ . —J71%
TEACKSO R E LT, T IREREE G T ARG E LTRIHLE S B AT,

Scheme 1.

AcO. HO
1) FeCly- 6H20 O
2)Mel, KoCOs OMe m-CPBA _ OMe NaOH _ OMe MSOH -
AICI3 AcCl oMe  ea% 4% OMe quant OMe 57/
73% (3 steps) OO CO
AcO HO

LS 1 25X, Scheme 2 (TR TRREKIC T, MIRODT 7 N7 7 VO A RKEE
Wi, Tbb, 1 OF FOKBEICEHT VX AVEELEAL, 2 ~EHNZ, KN
THARRS 2 Wb 8 ki K0 fbEW 4 ~LmIRTER LT, PROTF
VEROMRIT, 7ua B N Tkt a A Y U AV VTS 5 T T o
ko:®w HEIDLEW) 5 (IR 62%) VSN, —F D a[EatEER A7t &% 6 (L

23%) bFONTo, KEITEY 6 Mk B kiZfr L. 4+4 BofbEW 7 =
W¢ 54% Tz, LB 7 OHRRTO 7 T UBEIEEIITERRE R TIIRII L TE 5T,
SFHEERELTWHERETH D (Scheme 2),
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Scheme 2. n-CgH430,

n-CegH430, n-CgH130. o
@ SO 0y 0
KoCO3 Cu(NO3z)o-3H,0 HO
o]

o +

1 oS OO
HO P

n-CgHq30

2 (46%) 3 (27%)

1-CeH150. 1-CoHiz0 - CGH13O

_Ton g g Cu(N03)2 3H,0
1-CeH130

n-CgH430

5 (64%) 6 (23%) 7

wIAbE 3,4,5,7 ZAVWT, UV-vis A7 FLBINENEART ML, @tE
TULFE A KD 7= (Figures 2 and 3),

Figure 2. UV-vis spectra Figure 3. FL spectra
i 7 3 45,7 compound @
( 3 0.41
20+ > \ 4 053
@ 5 0.69
151 £ 7 066
w 1.0 ¢ =
N
o
0.5 J z

250 300 350 400 350 400 450 500 550
wavelength (nm) wavelength (nm)

Figure 2. Conditions; chloroform, 1.0 x 10° M (3, 4, and 5), 1.0 x 10 M (7), temp = 25°C.

Figure 3. Conditions; chloroform, 1.0 x 10°® M, temp = 25°C, 3 (Aex = 339 nm), 4 (Aex = 340 nm), 5 and 7 (hex
=360 nm),

fba 3 L2D &K 4 ZHIT 5 EWIRANT MLV, @AY MLEBIZE
BEY7 MR LN, —FH, ke 5 & 8K 7 TIEWILARY MLV TIERE
DRI fEE 720 B ART MTBWTIE, EREY 7 MIUFEA EBERINT,
LA DB A KM LT RS & 7r o T, HLEFIERIL 40~T0%RETH Y | HfE
N EWETIRE R LT,

SHOBEHE LT, BIIEGRERTTONEY T 02007 7 U EBRIEELER L, =
O —#EDOLEY OYMHRH 21TV, THVE TIZAEM L TE AL EWHE & D 21T
AV AN
[RR#FE] (1) HAIEFRE 133 5 (M) HQIE¥EER 2013/3/28. (2) # 7 HAH

T ETRYUART T L (BEE) RAX—3FK 2013/12/13.  (3) Nakanishi, K.; Sasamori,
T.; Kuramochi, K.; Tokitoh, N.; Kawabata, T.; Tsubaki, K. J. Org. Chem. accepted.
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2013-49

W32 B MR D S5 iz 3BT A S E A D BF 32
EK DI KERF

[HM]

A XFRXFOMREBHIES N T A a— L7 EOREMIBIT, BIEORS IR0ENLIC
B3 % 28R UKD L I ) Hfifa sk 3 L OSBRI REFE R DAFZExT 5 & L CTHEHIIIZH W
HNTE7e, ZORERE. BEMIEO ML NS — ORI DO 72 & D3k 2 70 B A5 1%
REICESEREBICHBEI SN TWD Z ERHALMNE RS TWND, —F, fHx OBEEHEEEN
EDRRIZH AR L, 2R OH NS & U CTF < o2 BfET 51203, B FEEEHER >~
U= b E Lie, X VR0 AW TR N LETH 5, ARHEFEIIIETIL,
BARFFBLIET D F4% & 72 DB RS REREIE AU B Dk 4 e BB FREO B2 L
DEIITHIET 20N EHLINZT D S LD FWR I 5 bl iEE
L O HETE A IS & fR I35 2 & 23l 5,

Ry BN

Wepk 25 41 0 H X0 HIBRF 0O IREBRF~EE;E S, Pk 24 FEIZ S m A
X F R ORF I L OEREOMAR b N2 — BRI B DGR B O BRI 72
FEAERNT 21T 5 (WFFERERE - BKDA), TORRE S LI1T, 21O K 5Hifd
TEREFE IR DL 2 BB T HEORIZ EDO L5 IZHIEIL TV D DO0E, BRI TIEEZ
WIS 5 GRRIWIGEE - FILES), (FRESNIBPEEE Y v 4 XF T8k, BLOE
o EERKEDOENT A DY EE TN T OKFETEET D 2 &1 L 0 B\ %
D5 (WHEREKRE - BAD A, LENIEE - FLEL), ZOMFRERIBEWNIRIT DR
FATHEE . ENENOMEOERR 2R L. RO F MM L TEmE1T O,

[ 528 )71

Texld, vaA XFXFOREFR L EICHIET 2 CAPRICE (CPOEE 1L, 4O
D7 7 ) —&x+ (TRY, ETC1, ETC2, CPL3) DOEREIZSW T 2 E Tt 210 ¢
X7z, CPC 77V —#Esfit. R3 ¥4 7D MYB#ZER42a—RFLTEY, REPL
FOR T A a— LA B W TR TV D, ZHETOMZEIZED, 77 2
V=& ln - OFREY N, oEEENR RV O (TRY, ETC2) &% 5 Th\wio (CPC,
ETC1, CPL3) ([ZfEEN 5 Z L #H 5 Lz, TRY & ETC2 1%, o> 350 CPC 7 7
V=2 R HIIFRLNROEW CRiglAN ZFf > TEY . 2D OBRSINZ 3T
BHOMIZEE L TWDOTIERWhEDTEDO T, TRY XU ETC2 IR A7 C KinD
W aElRvrWwWiea s A7 27 b (CPCETRYAC 3L CPCHEETC2AC) &, CPC X
ETC1 12, TRY OEW C RimEF—7 &ML= 2 727 F (CPC:CPC:C BLW
CPC:ETC1:C) #/FHL, v mA X F X FITPEEEH LT,
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B2

v aA X ARG RO KRB 2 fifT L7 #5558, CPCuTRY A C FWEEBADIR
BT, BAERS CPCETRY BERBKIZHE X THEFICHEIML TWD I ERon0 .,
CPC:TRYAC Ti&, TRY O ¥ LRV EHRRBEZ > TWWZ L 2R T 57 — X %45
(X1, BEMD 2 X N T 7 N OFREEBEKIZOWT HIEKRENT 2D T b, £,
TRY (N ETC2 # /X7 DR TORNGRN, 2 eFF Ak L7 a T 7 Y — 4
LD THLINE I MEHLNZT 72012, a7 7 Y —AERTHD MG132,
MG115 Z Iz 7= 5541 CPC:TRY:GFP % 7213 CPC:ETC2:GFP W HrHaik &2 & T 5 F5r
LRATND, TNETOEZA, HFEAICKL @AY /7 BOaROMGIITEE SN
TV, BIfE, EOICHRHEEXTZEREZITo TN D,

[Z 4]

F R LRSS ORI Z BHIE L, v aA XF X+ R3 ¥4 7D MYB #5E[K 1
#a— RT%5CPC #1777V —%Hh& LT aED T\ 5,

CPC 7 7 X U —& L R DR IEW D B H Dix, TRY O ETC2 @ C Kimhd
TN AT RE N B D 1072 #E 2, C KMtk DNA =2 2 v 7 hafERL, v aAg
XS AP ~EEEH L=, FORE,. TRY © C K& kR< &, BEBEOBEMMB A S,
TRY # >V EHROMEN RSN, —F., ETCLIZTRY @ C RKiafthL s, )
BRI ERRRRIILE SN2 hoTe, ZTDEE, T VBMINZ L 5% v X7 EOREEN
HETHLOT, 22008BFMICY I —ESEZ AT 5 ERERFL TS, FIRFIZ,
Z NI B DU ENE
Mk oI s
RFHAL L DLk,

GFP Ot R D8l
2T AKX T
=R AP GV Sl
TR LW EE

20
1., WEESHAROIREL
CPC=TRYAC in cpe JEEIRHAADIR BRI, BFARSS cpe,
CPC:TRY WHEEAHRIZ LN TEAEIZEIN L T D

[ 3% SC5F ]

Kusano, H., Tominaga, R., Wada: T., Kato, M., and Aoyama, T. Phosphoinositide
signaling in root hair tip growth. in “Plant Cell Wall Patterning and Cell Shape” (ed.,
Fukuda, H.: Wiley) (in press)
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YA DA =08 LTICERGINF ARRLT OBIREDWFSE

Jong-Myong Kim « BAL W SE T ERBE G IR AL F0F 281 o & —

[H ]

VTEED 7 7 2 DNA AIFZEIC 81T D A O 20l BB IC L 0 . BEAMOYERIC
BT 2 REEFORBURIEZ MR T 5 2 E R AIRBIC > T D, BT VIEY
VEAXFTAFIZENT AR & R4 B S & T2 B s 138 Bl M Sy 72 it
DEALTND, 20X Iz, BBl L ToBRMG FREOEBEIIFEHRICH LS
D DN EDOHIE O FHEREIZE L TIKAR L L TREBIEE OB NER TH Y |
Jefa R AR O BB - FBUHE 2 LG BT L7 llZ 72, ARHRFEEFE T, FE
HEMHENE L THDHA M IA =N XD T FIVRIZED Tt Cia G iR % &) 55
G ARRL (ZHERZY T, ZOYREHR EOEIREZ YL R e L EE  (Chromosome
Immuno—Precipitation: ChIP) [ZXVHHSEMMZTAHZ & T, Y ERILEL 7T
DGR 7 o — LI BURIE O 2y T 2 B 5 N2 T 5,

FED IR OBEFE « SCICIRLS B DA M A =2 1%, HWERSCHESSE OB
BEEZ BT 2 EHRE L LTHATH D, T7o, B RREY 7 T ~DIREREE A
N RIZKRIT AW T S EE X 2T 5, AR T, @M ORE - &
LB L OBREISE O SEICBIT DA N4 =22 7T O&ENZEET 5 40
AR, BIEW ERRBHORRBICSRITHZEbHME LTS,

[ S8R 1%]

TR FALFAFZEETIT 35U T ChIP MEATIZ VY D ARRI-YFP 2 38814 5 I EHiis#L L v
A XF AT 2T HE EBIT, FREZHWTARRL OV A M A =0 7 F VSRR
ORPIHIIEZ 31T D5y TEVEE DFRNT 24T 72 o 1=, BULEAFSEATICR W T, Bl &7z
R 1 A XF X FEHNTHA S A =20 v 7 F AR T 5 ARRLI-YFP O
ChIP fiftirds L OIS FRBEIT 21T o7, TOMRRE S L1T, RERY A MU A
= VB R - & ARRI-YFP # R 7 B OO E/EH ., 8 XN 5 EIG T DR EIE
PEALIRREZFENT L LDNA ~ A 7 a0 7 L —oR R — v — &2 W e e fafk 7 m — N
JV78 ARRL Dy FERRIEI~ & DRT D7 b DHAE & LTz,

[ & B4

ARR1-YFP Z A3 ARRL & [RIFRIC R S5 720 ARR] {5147/ 2 DNA |2 YFP =21 —
RELHF X W mye & VS & D72 W 2R A B AR - ARRIg—YVFPmyc Z L L | #re 4B
BRI EIK arr]-1 \ZBAN LT, TNOIREEI Y v A X T X T OEBOKROF NG|
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arrl-1 OFHAZFMH L. ARRI-YFP @& % o237 B Z NTEME ARRL & R/ % —
THENCHBLT 5 I EE AR 28k LT,

ZOvuAXFAFRE M, Ht YFP FURIZ LD ChIP T 21T > 7o, T ORER,
ARRI-YFP %% ARR1 #ERITEIR T CTH D ARRG BIG - D7 0 — X —HIICHES T H 2 L %
R L7z, £, ZO/MEIFMEMIE~DOY A NI A = ABICL VO END Z &M
HEnE7RoTc, ZHITEY ., ARRL D DNAFEEBYA M A = T FITIET S
ZERDTRENT, £72. ARRI-YFP I Z U E TIZH STV B BRI 7221t 4
A =V REBEBTUINCS, T F Ui, —RIICIEEO @SUWHifglz s LT
KU SN HBETO ERERICOIEST A Z NN RoTc, T L1, ARRL
TR Gk DNA B TP ARLL BICIRFIR TSRS L. 2 < OBAn T OEGHIEIZ 5
LCHEBREL B2 5 &0 ) ARtk R S,

[ BB Al 6 3% ]
Kim J.M.

“Epigenetically regulated acetic acid biosynthesis confers plant drought tolerance”
Institute for Chemmical Research International Symposium 2014,

March 10-12, 2014, Uji, JAPAN
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B RAIREEE 5 F 2 LT Bt bic L 2B IERRORE
(IS e (N 2P N2 e e e =

[B]

TEDOHRE LW EE - o8 oRRICEI Y AN LEaetkdfia (iPS
M) DRSNS, MlBEICAT RENEE SN oH D, Tt TL
T, AP ZEG T2 2 LI X VEBEZRET S TIREE) SRR
BIEE LTI SN TS, LA, {REE BB Sz Miig o KB,
T LA B BEEZIT D, HHVTEETETICRBRFNT R b—v A&
LCHIET D2 ERHLMNIR>TEY, Z0Z L BHIRIERORNEEZ T T 5
KThdEBEZLND, FREAGIT., EEOMEDSBIGEALIHZEIT L CHEET 5
T L SOMEE SIS S (extracellular matrix, ECM) DFRZE & Hi7-72 ECM O
RS, B ATIEFRESBRYIRSND Z & TRl T 5, AL T, £Ex e
SR R0 ECM 2 i HH 37 2 MR M e <o 86 F AR A RS 1R | B B e e & B 7
TEEZLNTND, - T, BARBESEVEELRANSSOIE ST L T, 2nb
ML 2 B 59 DIRBIEN RO TH D Z EBRWE I TWD, £ 2 TARIMFIETIE, 1k
FARTEET EREERERER O BSBRE L oM A 2 RE T DA RS AR AW
adhesamine FFE(RAZFIHT 2 2 & ¢, MIEMMAEEMAZHIETSZ LI2XL0 ., B
JaDAEGFE2 R ETE A0 ERAT-, 62, BEMIBOAEF R E35Z L2k,
RIS OIEMEE B & U7 IR ORI R O s R & 3 ATz,

[ 28R 71E]

I Adhesamine BL T A F =0 — 7V v =T ART XU (RGD) ~X7F K&
adhesamine |Z 2 5 F#&4& L 72 RGD2—adhesamine | EN K FALFATZERT B2 EREHER L
D535 LT\ W, ZOMoREIITHIRORRG 2 -,

FR < 7 ZRRMESEHIIARR NIH3T3 36 KL OV~ &7 2 KEDR ML P9 R kE MAEC % Fu
Teo EIEZIEN, VW7 =T —B2LZEIZHEELT D NIH3T3/Lue BRA ML L7z,

FEBREMW : ICR~ 7 AB L OWERIE db/db~ 7 A, TOIEFREFTH D db/m~ 7
&Rz, BERIL, FTERMER OB ERE B S OKGRE S TITo T,

SRR O BEE . ~ T ARBE B L OEN O EMARERE L, BATD
IRIMER 2 Vil 103 5 2 & TR LN HilE 258 B ki (BMDC) & LTIV =,

M58 N EHIRR A~ O i EE 45 O eFAl : Fli &2 OJEAE D adhesamine, RGD2-adhesamine %
AN L 7= NIH3T3/Luc % 7213 BMDC % HAJE 5238 L 7= MAEC AIARIZERIN L, 24 BRI IS B
U 7o Al & 24 L 7=,
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BUEET N~ T ZA~OMIBBE : BT, BRE L~ D ZAEHIC, Ao T2 H
W E AN EAS 8 mm 0)35fj5(ﬁ35zP§EUﬁi%ffF§§I/fLo Adhesamine & % \MiX
RGD2-adhesamine % ¥$H0 L 7= BMDC % 5X 10°fiil/shot & 725 X 5 IZFHRLL . Ao BT
2 METIZ NS Uz, RIS ANE Y A X &2 5195 Z & TIRE R 271 L 7=,

EXEE|

Adhesamine 535 {4 0D AL IR A5 (263 2 20 A ARALE 0 NIH3T3/Luc #ifid & Ehig LT,
adhesamine F 7213 RGD2-adhesamine Z ¥s1 L 7 NTH3T3/Luc #AifEix, MAEC AHAEIZ &
Ml E 2~ Lz, 2L & RGD2-adhesamine DIF 9 28 X VKV A ClRIZE OfE E23
BHND T LIRS, NIHT3/Lue AIAIZAX 2T BMDC & W 235412 b RIER O fE 5
DELNT,

~ U ARMEEALIZ BN TES L 72 NIH3T3/Luc Ml D 7RI KIF T adhesamine 3518
KD - FNTEST &7z R6D2-adhesamine & SN L 72 NIH3T3/Luc ML, RALE D
NIH3T3/Luc i, F7=1% adhesamine #HI NIH3T3/Luc Ml L 0 b A EICE WEFEE
L7z, F72. NIH3T3/Luc MdD~ 7 XN TOALFRIL, RGD2-adhesamine DS
IETF L TR ieo T,

BMDC ZFIfH L=~ 7 ZAUE DGR : BUDC 25 L7-BE Tl RABERE L Hilg LT,
~ 7 ADANED /NS L 7 AEAN R B2, Adhesamine F 721X RGD2-adhesamine Z ¥s
SNL 7= BMDC #% 5-#% Tl BMDC Mifaf GHE LV b S HICv UV ZADRUER Z /NS Ip oz,
2 WBEIRIRE T /L db/db v 7 A CRBRDIRFT 21T o 7o & T A IEH ~ 7 A & ik L CAl
GBI DO KRIR/2BIENTED HivTz, Z DO~ 7 AZBWTH, RGD2-adhesamine Z i1 L
72 BUDC G2 L0 | &b @mWAIGTEBIRED RGO T,

[E%2

Adhesamine %, MR EIZFIET D~/ T URRER ISR AT 5 2 & TAHER)
IS T AL EM TH D, RGD T T R, A T 7 U iZEWBREE A9 5
T4 TR F o OE/NENTEH Y . RGD2-adhesamine 1% adhesamine O Rl IEHEE5E %) 5
EERT 5 2 & & HIICER SN TH % RGD2-adhesamine FRANFHIE T & 0 &
WHIIREEENBO LN e b, AT URRBRICINZ A T 7 v a2 N d5 2 &

ﬁﬁiﬂ’ﬂ&%ﬁ>fﬁLﬁ”é EWRBENT, v U AEHAWEREHCE W T, &GN

BT DAY adhesamine FBERORINC L VK L2 Z £ 76, adhesamine
a;»%ﬁi I~ U AERANICE T D MIuEE A RE L, BRI AEFREZ A LD
D LEHELE S5 BUDC IFAIETREIEERN R Z2H T2 Z LW S TE Y (adhesamine
FERIC KV AEFWIFRAIER L7 2 & C, AlERES I SN D EE X BN,
BES: =
Takemoto N, et al. Small-Molecule—Induced Clustering of Heparan Sulfate Promotes

Cell Adhesion. J. Am. Chem. Soc., 135: 11032-11039 (2013).
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BE#ENT ) —/ERIGE AV 2272 o R\ T ERIEDBAZE
IR - SRR R TR AR

BHY: Hm D FIEEm DR S L THERET 52 &b, TF, AEL F 10
ﬁ%%%ﬁ@%@&k@t BT NA ANDISHANHGES N, IW%TF&&H%@
EDLNTWND, —KIZ, ZTNHDOEL TV X AMEFERILAEY & A& R G E
FibEmat /) ~—E LTHW, RV AAZ MR ERBT D7 ax by 7 >~
TR E > THERESNTWD, —J, i, CHEAZIEHEL L TEEERL T 5
ﬁﬁﬁ%%ﬁ-%ﬁ%ﬁ®ﬁﬁ#%é%M% IEBWTRKRE RIS L 72> TN D,

Fex i, HRBEMD C-H B2 EZEERAML LT v 7Y VI Rs 2T S ¥ 5
ERER) T U — ALt (Direct arylation) (IZEH LC xR &0+ 2R L < GRkT
L FEOREIZMO A TS, ZORMIETIE, £/ ~v— LR AR OE
AT A LB L LeWnWZ & h | BRGRRIZET 2 23R om EREAM LY
HOHIK, ZefiEm~ORER EORCEMMELZFD, RERABEEEL O TV D

AWFFETIZ, ZOEENT YV —/HAEBOSITIER U, @B 2 a2 n T <

g gz vk S NA TS FSURAANEERETZIARDY T VIR
DIFFEFER & DT T DAt B

AW D/ INESCSE RS & D x + nM‘M _cat H + 2nMX

jj:lj’lb}iifﬁ Z cl: D g%ﬁﬁ‘f Z X=Cl, Br,letc. M =MgBr, ZnBr, B(OH),, SnBuj etc. BESHLENEORIE
EENT Y —ILERE
BT n RS 2 R

. G e i O

£/ v ARIRHOERL
L2 ExHEME LT,

HBREER . MEEETCOWETIE, BrOBFEFHEE/ ~—DEATHFL, 20
HEOBEAEDOILRIZEF O, Lin L, HEEE /<~ —id I CH BE NS EAFE
L., BENT U = LIS TIZZN O NT NS ISR ERD 952 &b, BER
W IR IS OREE G O AN IR R S D, £ 2T, famtk A Z Lk ki (directing
metalation group: DMG) Z#AIAA T HH/GET /) ~—%2FHTHZ LI 0 BFEN
B C-HfEA TR I ISP EITT 5 EMES (site selective polycondensation) |Z
OWTHE L7z, 1-fZ1C DG 2 A L2 v — 8K T, AL b A 2 UbERG %
RH L TCafi COBEENT UV — ISR NR L EITT 5, 2 OIS % BEiffi & 125

CgHq7.  CgHi7 [RuCly(p-cymene)l; H  CgHyz CgHi7 H  CgHyz CgHiz
N H#Z_X-H . on Br Plvallc acid 7\ 0.0 KOH (excess)
KZCO3 m-xylene J“\ T NMP (0005 M) (0.005 M)
N/ N directing NN
U group U Site selective direct arylation

without protecting
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AL Tl d 252 & TR TORIILZINH L., FEANE D & EICHIE Sz o3t
B e tglz, SIHICEAKIZ DG ORBER RS Z1TV, SARREEOFEIZ L 5 38
DIEREOWMEZ MR LT,

Table 1 Results of polycondensation, elemental analysis, and ICP-AES of the polymers

Polymer Bond formation Heating method Mn2 Br (%)> P (ppm)s Pd (ppm)°
H-PEDOTF Direct arylation  Microwave heating 147 000 0 nd¢ 1590
L-PEDOTF Directarylation  Conduction heating 47 500 0.34 ndec 2300
S-PEDOTF  Suzuki coupling Conduction heating 17 100 0.08 470 4390

a Estimated by GPC calibrated on polystyrene standards * Residual amount of Br in the polymers from
elemental analysis © Residual amount of the elements from the ICP-AES measurements ¢ Not detected

—F. n EESF AT A RTRET LB, Y~ — IR 2 A
T EERORMEE 2D Z EAMER SN TS, €2 T, HERIZ~YA 7 R
SMBAEZRIM L ThROG o= bz M o7z, £ ORER, 30 5 & WO ERHI TINETE
VEmaTEORI ~—NHEoNLZ LN

ﬁ)Of:o éEL:\ %1@7@%%@1?@%1/\%@&; CgHq7.__CsgH17
DESTIBBID = & % RIS -0
P bRER L7z (3 1), wIZ. Bohi=RY P

~ — & ARG RS I SEAE L TT A X

etk 2 g L7, ZofEE, A Ul EiE o

RY~—Th, @O TETEMELRRY ~—

TIEEVEEERSEE R LM D, Zh High purity
and molecular weight

bORIRN S EHENT U —/UALBOS DR R

EFTIIENT Z LT, ZOEGIEPAEL

BT NA ABZMOERRENE T 7' R

s - - ~ 3 AR LRy T —%=5

WL EERBERBIRE 25 2 LWL LT, %%;;Hg;é‘%{@ﬁﬂéﬁﬁg

WMERR : TE-MENELT BT, &

Wei Lu, Junpei Kuwabara, and Takaki Kanbara, “Synthesis of BshELm L.

n-Conjugated Polymer Consisting of Pyrrole and Fluorene Units by Ru-Catalyzed Site-Selective Direct

Arylation Polycondensation”, Macromol. Rapid Commun., 34, 1151-1156 (2013).

Seong Jib Choi, Junpei Kuwabara, and Takaki Kanbara, “Microwave-Assisted Polycondensation via Direct

Arylation of 3,4-Ethylenedioxythiophene with 9,9-Dioctyl-2,7-dibromofluorene”, ACS Sustainable Chem.

Eng., 1, 878-883 (2013).

Junpei Kuwabara, Takeshi Yasuda, Seong Jib Choi, Wei Lu, Koutarou Yamazaki, Shigehiro Kagaya, Liyuan

Han, and Takaki Kanbara, “Direct Arylation Polycondensation: A Promising Method for the Synthesis of

Highly Pure, High-Molecular-Weight Conjugated Polymers Needed for Improving the Performance of

Organic Photovoltaics”, Adv. Funct. Mater., DOI: 10.1002/adfm.201302851, (2014).
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FFREHIHREFETIER L2AA 27 —854 Co,MnSn %
PRREMEEM S T AR P U RNVEBEERFITLD
kU RNVEERIEHIZR L RPTRErEICBE 9 25

HIFPHER - 4l B TR

B#Y

ARILFRWFICIL, BWA B U BEEH T 5 Co Bk A AT —H4 % it EimE 2
W BER N R VRS (MTN R 1 O R E M RTRrE & b R VBRI HL(TMR) %)
REOBEBEPFALIZLT, BWTMR L EHT 5 Co AR A AT —H4&8o MT) F 1
DOVEREAN T 52 L2 AL LTS, ZRETCooMnSn LV b~A /U T 1 —
A DN RE ¥ v TPRRENE IS CoFeGe ZHWT MTI F - 21ERL, 2D
TMR Zh % 5-<7-. CoFeGe % 7= MTJ &1 ClE, OKA AT —5E420D MTI]
R LERRICIRE FH& EBICTMRIIRDKREL BT HZ EDBbhoTc. £ TR
L Co AR A AT —540 MTI E1 O TMR 208 TR 515 EVEERFE &,
MgO NV T RBIZHET 284 A7 —H& R EICBIT DMKUREBO R AT~ 7. AR5t
TUX Fe [ANLART D YFe DBMNRERIG & 72D A AT T —03 ik &R L.

EBRAE

Co % 1 Ji¥Jd, Fe Z¥JiFJE, Ge ZfJi1 & AR AIZHIES 2 57 @58 A5 L
% H\ T MgO(00 1) A I AR EE 300°C T CoyFeGe R A (ERL L 7=, SRRARE L
L C Fe BERIRICHEET DB 2 ERL L 72, Fe A A7 7 —3 3635 C MgO & DSt
17 D SR TR D BN G C & 258k LT, MgO L #2795 Co,FeGe & D Y518 D
Fe [l 7D *Fe &, 5%V @ Fe Jil 11213 °Fe 2 W 7= i aEste 2 ER L=, =
NENOREHZ DV TR T Fe TS 5 NERERHATE T- A A0 77—/ ikl
K LM Z=1T - 7.

ERER - BN
Fig. 112, ()@BWNEOWNEE LD 72D OSBRI D CoFeGe HiJE 5 & (b) Fit il & H D
CorFeGe/MgO FEBIRD=RIRIZIIT 5 TTFe A AT T — A7 kL%, Fig. 2 |2 A AN
U T — AR NVINSIRNT 4T 5 12 YFe O NI DA R T, A AN T T —
O3 YERIE DFER DD MgO & O Tl Fe JAFICITB b OIRIER LT <, A
FREFD Co FeGe R DEIRFFME & bLlE L TR E Za NEb S O Fix 72\, Co Jhdk A &
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7 =A@ MW MT) 3# 7 I A = £ Tl O R & 2Rt iE &2 k> T D
ZEND, BHELRERIEEIE R ORI O K X R IR BRI Z R L7 b O Tldde
WZEWTRIBREND.

- (@) ]
o -' 4
=g | ‘ ]
E —— - I | . !.- .II-
210 !
Al

- L . . B, .Il A ‘ N |

0 10 20 30 40

Hypertine field (T)

Fig. 1 Mossbauer spectra of (a) a CosFeGe Fig. 2 Hyperfine distributions of (a) a
single film and (b) a Co2FeGe/MgO layered Co2FeGe single film and (b) a Co2FeGe/MgO

structure at room temperature. layered structure at room temperature.

RS

*

<HEFR

M. A. Tanaka, A. Murata, D. Maezaki, T. Ishii, K. Mibu, R. Hiramatsu, T. Ono, “Local

magnetism and tunnel magnetoresistance of Co,FeGe Heusler alloy films prepared by
atomically controlled alternate deposition”, The IEEE 8th International Symposium on Metallic
Multilayers, Kyoto, Japan, 2013 4~ 5 H 22 H

H)INER, ZOKFE, HREE, Vs, NS, LA TRERKESELZ RO
CoFe04 WA FIWIZ h U FNRIAE 7 g W Z =R+ ORI HAYES
= 2013 FFKFR R, HEHKT, 201349 7 25 H

AR, RS, ATHE, AR, HPHERE, Vinsg, NP, £A% T
F-JE HIE A 7RG L TIER L 72 CogFeGe A A A 7 — G- il 0 FLUHEME & b o RV
AP IR O R H AY B2 2013 FFRKEF R4, @.%j(%, 201349 H 25 H
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7 = U B © R VBIEIR O AL AR O il 5E

FARRL » AbiE K5 T el

B#Y

~ T3 HA b+ (Fe,0) ZHIZULHETIHAERNLT =T A MI7 = VEMEAETHY .,
800K &\ 9 m\WVBERUHARE i & FEOM BT H 5, Fe,0, IX=HIE TR EXILEEZ R L,
100%D A & MR A Ffo/N—T X Z VR R E I STV D, £, CoFe,0,
R NiFe,0, 137 = VMR A TH Y . A REMB N R Y U T2 RTAE ST 4V
Z—MBTHDHZENRENTWNDE, TOLICAERILVT =T 4 MIZEERBER
)« BRI E AR L, FERAY S bu=7 2k LTIffsh g, —J5,

TS AR IRBLR I BIT R E REERIHIR R L m WK E e En RO b D, Zh
SEOMRENEHRD E, BIERESINTWAAEY RNV T =T 4 bEHAWET A XX

WELZWS ONDOERZIZ TWD, BIZIE, AU RVEREZ BEERET 5 & R
JRENRKE ET L, BRI 27 DIIERE RBANME L 72D, $2, W
SIEHN RIIERIHE 2 ST D720, BERO X 9 2 K& iRz R 28115
DIZESTHRY, AFEO BEYL, EEA RV T =T 4 MEERAZERL, 1F
B O RGEIIC L AR EO R dcEE B+ 2 L Th D,

KRERA K

AERNVT =T A M, BT EEDHK 0. 84nm T Mg0 B ~D T X X v LA EICTH
LTCW5b, % Z T Mg0(100), Mg (110) A Z W AR NV T = T4 hOTZEX F %
wﬁﬁ%ﬁokoik;UM)ﬁm’%LfiAurc@ﬁW%%wT&E%ﬁoko
TERL L 7= DI Fe,0,, CoFe,0,, CoCr,0, HEVERL F 72 1LE D L@ T o 5, AL S5
ﬁityﬁ/ﬂﬁxﬁmei%O6%C\itﬁgumbfﬁ%@%ﬁoto%m
BN T A, BHDHVIIIRFE T U V% 4X10"'Pa A L, ﬁﬁ@ﬁ%gb
77, FEEIEN S LT, m X X2 v RRE ORE T % B0 8 7R EI3T (RHEED) |
DfERR L, RmIRE ARMIZC TBIZE LTz, S HIZTEMIZ K AWrmeles 7o 70, £7-,
BRI TR B R B R BT (VSM) 38 L OMEEOE 2 — 20 A CREAl L, BEAHEHTZD
FIL PPMS % Wz,

ERER - ER

RHEED 72 E/n D, 2 THOAEFIENR T E X 2 v )L L TWD Z & MR S, il
e BVLERIZ X D —E O CIERi s tE « R FHEMEOSER R O, £-. ZE1
LC% RHEED B DIFAERIUMEEEZ R T A N =7 "2 =R E6h, BRife=
EX Uy VRENEIZE Sz, )12 Mg0(110) /Fe,0, (60nm) /CoCr,0, (3nm) /Fe (10nm)
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Wi O & 4y ke TEM B E A2 Rd, FTEo
Fe,0, WIEFHIZE N W B X X2 v LEk
FELTWbZ bbb, £, CoCr,0,
CORELFETFEL LV TEHTHY . £

DT F F 2y VR RS 2 b R

Sz, CoCr,0, Bl OWVWTIET v A LAY

FNAEE T I > T D AREMEDR B B,

Fe,0, 3= Ca&BmEMZRT, £ T,

TESF b Fe0, BUTBI L TRESUSE 1911 pey0,/CoCr0/Fe o il i TEM f2
Rt ORI 21TV, B LR & OBIfRCW

AAHBESR & DEFEIZ DUV T~ 7o, HW 7B Fe,0, (100) 5 & Fe,0, 11D ETH 5, X
2 IZEIR TOMRHEPT (MagnetoResistance:MR) iR 2 ~rd, WIEIEEILHIE., SERRE
SR ST E T SN U7z, JE R KA NP B 7 v — 7 Ol ) TiT o 72,
ARBNZIIRE R T TP T 5 A D MR 235 S22, TR EL Tl R & 2o it dn
A ME DB S 1077, Fe,0,(100) 8T 1 T FLE £ TIIBA T THPIOEIR L, il
IS B — 7 fiE &R LTt CHBUBAICEZ U T b, —JF (111) BT RBUE L6
FUZKR U CHFRRED Uiz, £ 72 MR X 5 THIIIRFIZ 1 %58 & e/ h SVWMETH - 72,
BEMERTEIE T, BEMER T OR T — A > b & B ST 0 ORI 72 Bl AR E 5 1
SIRPUA (G VERSIRENAY) DB S 528, (100) B OB HRFTHIFRIZ L 5
A5 ZEE) T Fe,0, (100) DREAL,

WEEEE L WD LIz

ITRZ 70, 20X D ekt

FOLARAFE DM IS LK 9 5

DPFEMMITE 20> T

72N, AR LH ORISR

To DA R IA &

RO TVBHAREMEDR D DD g9 Pey0,(60nm) OREHEH ML, (2)Fes04(100), ())Fes0s(111)
BIEMFE 2D T 5,

BRBE

AMFFED—EBILE 37 [0l H AW PIEi T 2 5aC2CoCr,0, 2 B RV Z& Iz b kv
ERIRPTIZE - OERL) B L OEBRS2 MMM2013 GU-09 “Magnetic properties of epitaxial
Fe,0, with various crystal orientations” THFE L7z,
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1 nm MY EEIREEZFIA LT A7 O BRAIECSHE
LFEAE T YIRS

Bt A - R TERE

QEED)!

HEEEIX, TNE Ty I—Lv o, 7 /) Fa—7, 7T 7= LI38MFEMICELRY, AD
Ao AMEE L0 1 koM A EOER T ) h—Ry (=X F v 7)) h—KRV)
ZRIRR L, BT d 2 8efrh =20 B A4 PR Tl LOGE 00t L0 EREL 72,

AHGETIE, 1 om OMIYEBIE SR> 7o a2 R L, k2 BAIRS S 7o
A7V MEEZAIRL, BRE - =3V FX— 0B ~OIHZ BB TUEEHRS 2
xR BN, AFEITEKR RICER U 1 kocMYEH = F v 75 ) I —R RO
SIS REE 2 T T,

[ 3B 71E]

PUEREHIELEE & 7 — RNV T 2 L CTER > TV A lEEZE (UHV) ZA5EE (B
FEHEZEE 1107 Pa) T, K /L& VT Cop (W : > 99.98%) % 673K THEER S, =
IBOH T ZHAM (22.8 mm x 12.8 mm) 12 100 43 [EHERE S, FEE 1000 nm @ Cgo T
EAERL U721, R UF v 2/ N—NTHK 220 IFfE F#R IR OIEREEJE @ 3.00 kV, =3 v
Ta VEN  1L5mA) AR L1 RIC Ceo RV v —REER LT, ~7 %y h7 44—
Z—% AWT, R ~—f% UHV DEHAEEE (BEEZEE 0 10° Pa) IZAN, 1
WIE Coo R Y ~—EOBFIRIER L OHLIREE (40 mW/em®) TOEPIRZHIE L (e
MOREEE : 125 um), JEJRICIE, KBS R = L—% — (5 )6EFE: OTENTO-SUN I % H
W, HIESETZ L ICH - BRIREEA 10 Bk K L, & OB 2 H1E Lz, ez X
5 HBOREZEIL, £ 0.5 K TH Y, HEOEWEIE (0.2 um) 1 L 2 REE~ D58 3
fcxs,

[ R & B 22
In situ TD 1IRIC Ceo AR U =~ —IRDOBHLOSIE R Z X 1 1TRd, A EIIREE &
IRRETHIE L7 D v — MEFUEDO ez, Sl IHE R To Y — MEFiUEEZ, ThThEk
T MR T L DI, EEOBANIED L, EOHATIZRWTHIRE 42 & o
DT DR RDBTF T, £, ¥— MEFIBMESIZR DI LR - T, RIHIC LD
TIOWAD B RELRD T ENDND, RN 35%ED Uiz,
TERHHZ Ko TIE A LB & LCIREAR Y v~ —R TOEFBEC L 5% v Y
7 (BT LIEA) BECEIDZENEZADOND, ¥— MERIDMEWERTIE, BAELEF Y
UT D) A b— RN ZERETE TBENT 5 72 DS ERES RE WD LT, — MK
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Froom\ ERECIE, A LTS v U 7 2SS O < TSRS A L C IR 5 e E <
7o B T W YA I S,

1. In situ 1 IRIC Ceo 7RV ~ —[EOHLHL D i

JEhEE % % U 7R & M D D BT, KRBRFICL BB KT HHINE
MW7, BETE ICETHERICENTBY, Sy VT Fy—L LTH
<o, K211 Hf R R Lm’ﬁ UHV PUEREHI EZE & CHIE L7 GS B Rt 2o~ d,

EHLOBEWEIRTIY, MRBICLHIBEFHENRKEIEELTCNDLZERbN D, EOH
BT, IR 5%%%&i@%ﬁﬁﬁﬂ¢%(@ét&xk%%% DEBIIIEEAE
[

2 KERBE LT 1R Coo B U ~ — DRI I

%]

Sk, W)~ —RKONSEEDOB RIKFEEZTRDL TETH D,

b
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BEZAMELFESDBRMA~R T -REFEDRAFR

K& - filE ARE&RE - LEXRFERFEREZHEE

ERLBW

MELE. BENEROEENSNESINLANTHD. LWL, EFHNEHRZEET L L. B
ZERLHEALENTHENFRBERT EH/FIND, TOLSBEZENEFHAEE. EEZ(EE
T HEMIGICEAIFBRBRREIBZA D LIIRBMICIITETHD. MEFIEROEZEELL, K
BELGEREEEERERT. RRWERRE4XLKEETHD. AHARIE. EEEZHJRICCOERE
EDZDPEERRBEIC, AIEFEDOEBEZECLEZBIET. EEN R LB EEHRIRDOERMNA
BICADE, BUBEMELREIRLF—LUV >-FHANZREN., RBRETLERMLED, 05
&, WETORFOMENREZ. BVEEDORMSORIBRENEBS &I b, LAL. ThibE
ZOEFHNREIBOHTHBETHY .. TNERILET DITIE. BOTERED L —F—BNBEFRAARE
B, SHIC, M ETAIMICEYHEIEZREICIE. RTERREFIEEN, ThOENLEZES
BEL LY EEKICHEVEZEL G >TL %, LA >T, BOBEFOREEBIEZEEMICE
L., ThoZlfLILTHNOHT. EXOERBDROBRNAGELE D, AMAETIE, BREL—
Y—IBEEEPTERT IEICERIND. BRAXDSOWBLEMEAFESICLIBFARERMLE
BUVARATLERFEL. ThoZREXRINGITE2FEERAET S LEBAMNET 5, RIEMICFHRNZE
BICETIREEB/ILOICK. SOICEREDOL—F—ENRALLE L ENFHEIND, Ti:Sa "—
ADIPN Y SADL—HF =L AT LABMESERNICERFETHS - LEHFRELT. TiSaR—2
DL—HF—BTITIR-RRIL. TOERANO/NNA Oy FERBREUEM TS, CCTHRESILIME:
KEEDAERBLIUBRRRFIOLDNYI TS FOMFIFEDREIEZ. COBRKTRELEREZE
¥ %
Ak

L—HF—nae—Lr bR, A—EHEITHERLIZKED., BEoERKEBOBRIEESE L TE
fAchd, BE—REOL—Y—XEZEXTIHELE. BORMBOERN D EBRBROBRIIAS L—H—
HIBED 2 ICHHFIT D, ChlE, IE—LY MREMS 2 XFEERSEIBROEHEISERT 5,
—A. KR SNREEDN 2 XFARRIET LHE. HOEHEREBICHLIE—L Y FENERICEET
2. TOEHERE~BRENFTEEIND, COBHE. REEENZTOFEZOREICLAHTEI &I
5%, ZC T EBACTIwDOL—Y—XZAREL. BEAICUWDBERL—Y—HZRABELTE L.
IRILF— - BHEORFMS lw+HTw—HEB—uw+ Q2-1) wEWS RIEZEN LT, BREBIZ—AD
RFIEQ-WwEWIITRLF—ZFEITILITED, D2FY, Hohle 2 REOL—TF—%ZREES
FETHELIEITEKY, EETTAIA M) U VICHEGRAREERT S5 & (EERNMELKES) AT
REICE D, COBE, B ERRFEEDREZREE LT H L. RAMGOERMN DHHEOHER
F. Tho L—H—EBEDIRICHHT LI LICLEE, HRMRESNEET HTiSa L—HF— X T
LTI, w&LT800+50nm Z{EA L., uwk LT Ti:Sa ADEIEBAINENSD 1064nm ZHLNS, 2D
5e. MBES LGS (2-u) wDKREIE. 640nm ZHul & LT 580~709 nm &7 %,
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25 FEIF, 24 EEFRICBELLESASH - BN XATLEZRAVWT, UTICHEHRT &5 ITRFE
HOmNREREFXEEEDOL—F—Z2AVTEELT D LEREEULERT1=,

KRR L BR

BEERICHMELTIOEAMBENEREER L=, ZDHER . EAL—Y—(0. ImJ/160fs @ 800nm)
EFEEAL—Y— (10mJ/10ns @ 1064nm) ZRKSHTRE L. RFERDEALKEEDESHFEIEM
BRSO NBER. BE—AFRETRREGAREBEZREE LGS OBRET S EITHYIL T, BRI,
EEXAENETRBRNENEREEZEAT R LIZEY . FHEKRELEVESRFREDEE R LE
RARERADESEZ. 7 - AETSHIEICEHYLIz, ChoDERBT—2ICEDE, ThFETIC
ERT 20> TOWEWER - FEL—F—DERRAVPEVICER L TWHIEEDEFER 3 RS
BRIOREN., BAOBELLVRATLATHRRELGIBENEONT .

HREE

BEEER

AEHE. REWME, AX—E. RBEA=-. FHEH.
EIRILF—=23—2R Vol.32 No.32013/10.11.12

ERNFEZHER :

TEZEFAY -BUEEVERBREIRLT—RIEFHEOH EIRRAMITT-]
AR, ROSE, AX—18. KE5— A, BEEH. EESH. RSE=.
BAYMEFRE 68 MERKE, W2543 H 288
[EZERNERESREFE]

RAEE, AMGBRE. AK—18. K&— A, BEEH. FHSH. REE=.
BAYEFRE 68 MERKE, W2543H 288
TEZERNELRESAEDHEA

AXK—1E. KHEFEH. RAME, X8— A, HHESE. BHEH. REA.
AAYEFRE 68 MERKE, W2543H 288
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Intense THz emission for nonlinear interaction physics

Takeshi Nagashima (Institute of Laser Engineering, Osaka University)

1. Introduction

To explore the potential of future intense THz sources for nonlinear science in solid materials, THz radiation
from plasmas produced by intense femtosecond laser pulses has been studied. Especially gas plasmas are
featured by convenience and replenishment [1]{2]. A number of artificial schemes such as electric field
biasing of the plasma and frequency-mixing methods have been employed to enhance the energy of THz
radiation from gas plasmas. By using a frequency-mixing scheme, THz pulses with energy up to 570 nJ at
frequencies below 5.5 THz has been reported [3]. Furthermore, Rodriguez, et al. [4] have shown that, at laser
energies higher than 4 wJ, stronger THz radiation is generated from argon gas than from air, neon, krypton,
and xenon. Our preliminary study indicates that argon clusters are more suitable for generating strong THz
radiation than gases because of higher absorption [5]. Additionally, the angular distribution of THz emission
from cluster plasma has been measured and reported in [6]. The radially polarized THz radiation with
conical angular distribution in forward and backward directions has been observed, accompanying by
elliptically polarized THz radiation in forward on the laser direction. In this study clusters are irradiated
with intense laser with various pulse durations in the laser propagation direction. We have found that THz
power is enhanced by optimizing laser pulse duration.

2. Experiments

In the experiments, a T° laser system (Ti:sapphire
chirped-pulse amplification system) operating with a
central wavelength of 810 nm and pulse energy of 10 mJ
is used. The laser pulse duration is controlled by
changing the distance between a pair of gratings of the
compressor. The laser pulses are focused by a spherical
lens with a focal length of 200 mm onto argon clusters in
a spot with diameter of 10 pm (Fig.1). Argon clusters are
generated in the center of a vacuum chamber by
injecting argon gas with a backing pressure of 7 MPa.
The chamber diameter and wall thickness are 100 mm
and 5 mm, respectively. To measure angular distribution
of THz emission, the chamber is made of fused silica
glass with refractive index of 1.95 and transparency of
90 % at 0.5 THz. THz emission from argon cluster
plasma is collected and collimated by a polyethylene lens with a focal length of 70 mm and directly
image-relayed on the input window of a liquid helium-cooled InSb bolometer. A polystyrene foam and a thin
black polypropylene filter are installed in front of the

bolometer window, to exclude the laser pulses and

unwanted lights emitted or scattered from the plasma.

To measure the horizontally and vertically polarized

components, a wire grid with an extinction ratio of

~107 at 0.5 THz is used. The angular distribution of

THz waves is measured by rotating the detection

setup about the center of the glass chamber.

3. Results and discussion

In the laser propagation direction (solid angle of

8.7x10™* sr), the emitted THz energy is measured

with various laser pulse durations. Incident laser

pulse duration is varied from 37 fs to 1000 fs by

changing the distance between the compressor  Fig. 2. THz energy for various excitation pulse durations
aratings. TH. power for various laser durations are (% 8 10 s backing presare, 7 MPy) The pl
shown in Figure 2. The plus and minus signs on the  positive and negative chirp, respectively.

horizontal axis show pulse durations with positive

Fig. 1. Schematic diagram of experimental setup for
(a)THz detection with a bolometer.
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and negative chirp, respectively. In this experiment, backing pressure is 7 MPa. By a measurement of
cluster size at 7 MPa, a radius of cluster is estimated to be ~ 10 nm, which corresponds to a number of ~ 10*
atoms from the Hagena parameter. In Figure 2, the power of emitted THz radiation is maximum when the
pulse duration is 180 fs (-180 fs). As pulse duration is shortened to 37 fs, the THz power drastically
decreases to 1/5 of the maximum. The experimental results suggest that the power of THz pulse generating
from cluster plasmas can be enhanced by optimizing laser pulse duration. Furthermore, there seemed to be
little difference between positive and negative chirp. Figure 3 shows absorption fraction of Ar cluster
depends on laser pulse duration. The experimental conditions are same as those for Figure 2. The absorption
fraction is estimated by the energy ratio of the incident laser to the transmitted laser through Ar cluster at the
backing pressure of 7Mpa. The absorption fraction is highest at the pulse duration of ~ 500 fs ( -500 fs). This
consists in previous study by Zweiback et al. [7]. It shows there is an optimal pulse duration to maximize
laser absorption for a given noble-gas cluster size.
The pulse duration is optimized by the resonance
condition of expanded atomic-cluster plasma
(n./n.,=3), where n, is electron density and n is
critical density for 810 nm laser. As long as seeing
the property that the THz radiation at +30° with
respect to the laser propagation direction in the laser
propagation direction has radial polarization, the
mechanism of THz emission can be attributed to
electric quadrupole schemes. In this mechanism, it is
expected that THz intensity is proportional to square
of incident laser intensity. However, the
experimental results do not show such laser intensity
dependence. The THz power is enhanced 5 times Fig. 3. Laser absorption for various pulse durations (laser
when pulse duration is changed from 37 fs to 180 fs.  energy, 10 mJ; backing pressure, 7 MPa). The plus and
We need more studies to investigate the mechanism min.u.s on the ab§cissa§ axis means pulse duration with

. positive and negative chirp, respectively.
of THz generation from cluster plasma.
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JEHIREE RSt & M OBIRITFHEIC K D A KEE OFERRISRNT
SRR ¥« SR ER

[BE9] AR ok & AR & OMEAEIZEES < EAKHEET, ps « THz T
DIy L~ULb ms * kHz B COME L ~L . X 512 ks » mHz 8 TO KB A 4 26
) E T, MEAWRFZERIR O TR T D SRR BEESEN X A I 7 2o
THEIAINTWVD, ZNDHDEBERRIEFAIS A F I 7 A & KIS OWE THR—AVIZE
I USEAT 3 2 I IXINEEDE S o SR EEANIE. 100 41236 KSR VVER 2 #8872 BIET
b, BT R MERERORNT FIE OB I 2 R TRP R I TV D,

AWFTETIE, I iih /5y ot (BDS) Hffr DBAFE IR < #5 > TE 72 ZHFE=E (UK -
{EBfF, B - BR) DNZINENORHE A D> LTz AR E ORI 2170, A
WIS A T2 7 RN KD AMK - FHER D TR 2N £ O VDb o RENBE R D,
WHE E LTRESN D, ARl M, VARY —& 2T EZERRED
R BHERD O B, F MR & £ ORBEREGEEES CE 21T, VAR Y — A
SAROFERD BDS MERTHR & Lz, MlIZIZZNE THON- I FEHRH DA XE
JRAIE (MDCK) Miflaz@A7Z, VARY —AbRKRICH O EEOH D 1,
2-dipalmitoyl-sn-glycero-3- phosphacholine (DPPC)% H V7=,

[52827057£] MDCK Mz 538 L, X1 oAU 2 F v 0l
AR N O VAT A FEMIC PBS /Ny 7 7 — IR L 7= 30k
Zim (5000rpm) UGl Z2ffiA Lz, E72 D &Y — A50k
ELT, WL ONDORETHIAK (MiliQ 7K) I[ZEEL, =7 X
RL—%&" (GHFLES : 40nm) |Z2>) T DPPC SR 2 di#l L7,
FONT-BREROFMER & 1 BRE‘ZORE, BLOa iz
A% 60°C T 30 /3 BVLER L 7 3BHZ DWW CREERRIE 21T o 72,

A AL O F5 & E 121X Impedance Analyzer (IA: HP4294A + 1. AAAEHEH O
HP16092A spring clip fixture, Yokogawa Hewlett Packard, 5K -1t I
&2 W T 21°C, VAR Y —ALTIXIA & Time Domain Reflectometry (TDR: HP54120B +
HP54124A four channel test set, ##ER « BE) (ZE 204 Y v 7e Al 78 & BA ik
Ui [ B EEA A U C 25°C~50°C CTRIE 24T - 7,

ESTIEES | 2 ITHNEREHEE (1day) & H (2day) . B3E TN 60CIZT 30
PRS2 1T > 7o (heat treated) DFEEZHRI X ONEXURE RO JE R EIKFIEEZ RT,
WIRORETH IM-10MHz 3k & 1k-10kHz SIC K& 22N Bll ST, £0
ZBENN DA A DEA T L7 AFFBREMPEC TN D 2 ERbnd,

A% 1. 2 H H OREHIERR 2SR A2 R L7223, @ AR O BRI
2 HEIZKRE o7z, BSUEEUEHT 1M-10MHz WHEFIEFE 2 A LT,
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[Z2R] ZhE oS GURIL)

(2L DB ERERM RS, IM-10MHz
S5 D B I o0 S A5 MR LS R R B
R, 1k-10kHz 38 O8N T BRI

HIMFETH D, BARTIRIT BRI,
JEBH D A —Y OELE , SRR O 1<
WMERL CIKGFTHZ 0D, Z0E
i e e v YA L 2 3 BT 7 BRI SR 235 B
Nz Enbns,

% 2 H B ORECEE KO
BRI K E VO IL, FLm iR MK 2
7 b LIz m AR OFFEESR N R E <
721D T D, FUa o3 WD k9~ %

A F 2 D5DE VIR G IR < IKE 5 91°CI= 51 5 MDCK SIS EED
LTW5D, X 31 LI ER R S SRR L A R O B UK
% & F D% OEALERE O R iR R O
AEFHZEBEBE B Ol MR S BV |2 K 5 T
KERRBEEZZIT, A 42 ORI TD AR
AL LN/ NS o TS Z EnNbod,
FIINKIR S (HREARHE) 1K IR 8 L7288
L D/NZ 72 DPPC Liposome TiX., 3MHz I ®
DPPC [t O iah B .5 D £V, AKRICHH
72 10GHz 3D 73V 7 72k D268 100MHz oo X 3. E)RIERIH & () 30 %
5 T LABFAER LT Bk o oty 60°CTRULIERE O MDCK #lfiaf
B, S BRI B ms OO AESEEE

&+ ZZ)

HlIBRIER Z: & & R LTz,

INHORERNG, MEOKEEEZDR O E 2 HICHLNIT H72DIZI3A
WIS A T2 7 ADOFEMIRBNT A LB TH Y . BDS IO TIE (RS,
STEIFEN Y R 2 b— 3 v BIREFRIEIC L D ERGMTR &) ZAG b T,
2= 7 =Y NTRIEIRS A T X7 ARITII S B OBEBERGHTY — NV &2 D725 9,
[ E Gast., FaERE) ]

1. Yagihara S (2014) Dynamics of water, biomaterials, and skins by means of dielectric

relaxation spectroscopy. In: Dobashi T, Kita R (Ed.) Nano/Micro Science and Technology in
Biorheology, Springer, % .

2. UK B (2013) AREE DT E I & IS A T 7 AL 55 19 [8] H ARSARHR LS
PEE IR R B S DROSER T % 183 ZERMIER, 2013 4 12 A, T A.
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XTNT I UALEYOEER A EE O3
—JE A - ST E RS ARl

B - AY]

XINT I MEEMIX T NEERFEEKRE L TFEEOH L EELRARILAY TH S,
BEIXEIALFZAR CTAEE SN TV DD, EERRD - AR - ST
FERTIETEINT I MALEWE EFET D72 O DOERABEO B NE LENR TN D
AIFIETIX, FTNAVT IV EART HMEMEEREZRE L, IFEORNWXFI LT I
AR REMSNT T AL AAMET A, DARSNVEET I ) FICE M 2 Kb % il
THTE Rarr—8x2ERMAd%L35, a-7 MNED o -V AR=VIEITERT %
T b e —BlZ o TUISEOBEFNH 2 DT, AFETIT a-HVR=VEELL
ND F1 VIR = VIRITVER 9 B B3R % B ISR T D, Fervidobacterium nodosum 75 &
WEFET D 24-VT7 I XU F BT e Rusr ) —E (2,4-DAPDH) IZ2W T, vy
DHINVARZNVIEIERT 5 2 EDRRINTND DT, KRR O FLE R B ORRFH,
AKBERZ N2 F T AT I VAEROBRFIZED Ty, £DIEN, HLWFTLT
VHEFERMRERET D,

2,4-DAPDH &, —#HOHKMEMEN LD D-A NV =F  RBFOHERERTH Y |
NAD(P)" {&AFHIIC 2¢y7\/«/&/%(mumma)yu@7\/ﬁ%Mm%
fi7 2 AL LT 2-7 2 ) -4-F % VR VRIS D RS AT S (X 1), =
WETIT Clostridium JBMEIZZ DIFENRII, £l AXF ) AZa—RKEnd
2,4-DAPDH O —RIEENH 5 STV A DS, MO 26, B IS PER et
RO, VARG O NS T I o Tz, AEERIT AKP O y (ORI T X /b
BOG S i3~ 2 L HEE S, EHPEUALR L L THEERF T LT /mA%®%$
ARICHLAERTH D EWFF Sz, £ 2T, Fx ORERZMIT-CPEEFHICHE LT
Mtz 2,4-DAPDH % #E58 L. HFEWEGE S E Fervidobacterium nodosum Rt17-Bl
(CARBEFR & N2 & L bIT, Z OfiReE & RS RE 2 T LT,

+ H,0 + NAD(P)* > + NAD(P)H+NH,*

2,4-Diaminopentanoate 2-Amino-4-ketopentanoate

X 1.2,4-DAPDH M4~ 2 KOs

[Fik - FER - B
F. nodosum Rt17-Bl D7/ ARCHIFIZER{LRY 7 D-A v =F AGEHRIZES 5 L T
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HEHESINDIEBInF I TAX—H/RWE LT, 2OV 7 AX—=IZGFEND
Fnod 1646 5 FIX.D-A/V=F D 2,4-DAP ~DEW )G H T 240 =F 7
R LAE R TBETOEBIZHY . FOBEBTFEBDIT NADP) fH & 8
7B\ 7 GXGXXG A2 A L CW\WizZ &7v5, 24-DAPDH #=2— KL T\
AZbDEEZ LN, ABETEIa—=0 7 L, FOBETIEYOMBLEE %30~ 7-
FER. 2,4-DAP KIFHIIC NADP) ZEIILTHMGEMEE L7722 &0nn | KBEE TR
2,4-DAPDH % a— RLTW5H Z ERHLNI -T2, ABERITEEIEE L 85 Clzh
DIMENERER Th o 7o, KEER OBEFCFHEE 2R 2 A, HE 2,4-DAP (2
LRI EEZ ST 2 2 EDRRWE S, 2,4-DAP (2T % K, fE. K EIXZEhZ
L 02mM, 0.9mM Thotz (K 2), iz, ABERIL D-AV=F N2 Lo THARHE
PUHSE (Ki=0.1mM) 2% 5 2 LRSSz, ZnbORERN 5, 2,4-DAPDH (32
bHY 72 D-A N =F AGH O LR T Z ORBRE L HIH T2 Z LRI, &6
(2. KREEROTEMEIZ B Z RF TR LTAER., e 07 I BB AREER O
2,4-DAP 12T DIEMLZHET 22 ERHONERD | £2, ZThHDT X VO L-
K& D-ERAZHEET 5 & DARO G BROCHENRZRT Z LN RN STz, FRITH
WHE RN R 572 D-Trp, D-Phe, D-His, D-Leu OFHEHRAZH /24, W
THULIR-PIAFETHH Z LRI, ENEND K AL, 0.03 mM, 0.2 mM, 0.9 mM,
12mM Thotr, — . KEERIL, 2,5-07 2/ ~F V0 (2,5-DAH) O 6L T 2
JIICHIERT 2 ERFREDILWER TH D Z R LT -7, 2,5-DAH %5
BeLeya, RERFEERAONT, Kn fHIX 2 mM Tho7e (K 2), S HIT,
2,4-DAPDH DIt 7T I /ALEISIZ I T 2 i Re e 2 f A~ 7o/ R B & LT a7 2
L W NVRF VNV E RN 2T X ) 2N H ) 2Tk v Tk
N7 v EROWTEGA, TENENNLTH 2T I RZ2-T I ~F
V2T I N-T 2= VEFUT I UNAER LT, BLEOREE)N S 2,4-DAPDH % fii 4
DT I ACEDERIFIH TE L RN R ST,

100
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ME O BIRMICEET 257 N7 EDORE & BREMENT

i

BH S - TR R

B - AY]

HREREEICAERT 2MEOTIZIX, 8 v~ T, 7ab UL DE
BALEME BFZXREL L TR TLILONRDD, 2o DOMAEMIL, ENENFRE
DEEbEMERE LT D L THRIE 2 Z LS., KistheRIbEMOILES, FEIiK
SIBICEYMOUEIRZ FREICT D720, BRET D DA FREDOBREA D48 ORI
CAEMTHL SN TWD, LaL., lx o@RbE Y~ E It O FEH
IARHATHY, o, ik FEUSORBREREIZ W TER RSB RE 217 5 EY
BT D381 X1IF & A EITTHON TRV OREIRTH D, ARBFE TIL. FFERE T T
ENT-&RAHELZ b OMEME AR E L, £O&RAHIEEOEM LY &M T 5
&bz, BEE LS AMNERMRICET 2MAEMORRE L Biad, FlZ. 0CfHhao
RIRERBEICAER L, 28728 R REELZ © D Shewanella livingstonensis Ac10 33 & UVHT
T\ Al 2 DFFRBREED b BT 2 & BAEME 2 i g s L, ZnboeEi
HREDRNT, fEx OB BILAMOHIN~OIY IABRIZE G35 5 X7 HD53HT,
il = D& BACEM ~DEFEICEAG T 52 XV EORIE &t - BERBfEIT, FrE
&R ORE - BIUZ A AR WAEH ORI 21T 9, SR, S. livingstonensis Ac10 (235
WTC, ZAEREE FCHEAEESND ) VBRI T v 2L 2 X BEORER S
(PhoE) OREREMAT 2 B RAYITAT o 72,

[k - fER - B

S. livingstonensis Acl0 %, 7 TPkt L IX7 v IREEH T 5O ki Tl &
L. ¥ 3 BRI AR DEE W TS VR B LM S X oyl LTz, %
By % “IRTESRKENCHE L, =gk A BT 7 = UERBEO AL T CHEERICAEERN
BT 2% LR EREERE LTz, 7 = U BREMRTFRICEFEE NI T L v Xy
BRED 9B, PhoE X, Escherichia coli X° Pseudomonas JEME 7L E D7 T AFEMEANE
DIMENAFAEST D U VR T v XL DRE R 7 Th - 7=, PhoE [ ZIEEBMAEHATH
T X BRRIET BRI FEIREEEZ TR T 2 EE X TN DHD, @R & D
BT S Tunauy,

PhoE DIB&T-IREERE (AphoE) Z#AERIT 2 L & HIT, AphoE |27 1 E— % —fHIK &
phoE BiaT % &TMMA~T 2 A2 K (pNatPhoE) % A L 7-FiMikk &2 /ERL L 7=, Bk
PR, AphoE, 3 JOMAMitkZE, 7 =V Egk, 7~ NVBROWT I EEFZHRIEE LTH
oA REE I CRE48 L, PhoE OFEENAFTEEICE JITTHEBLMNT Lo, 7~ VERE
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AR TIX AphoE 1T AERK & RIERICAEBR T HDITR LT, 7 = U BREE AR CI3A
BHENELIIETFL, &5IC F" OBTEMET 5 Z LA 72, pNatPhoE
BN LAY, 7 o U BSE AR CIEEICABT Lz, a2V T EF AT R
FF— FEREHTY AphoE OAEBFHEDIKT & 20 MESLREOIK T R 64,
pNatPhoE %3 A L 72 FHAHAK Tl A CIEF ICAEF L=, — 7 RSO bk (1)
Tl PhoE DAMEIZ L DAF EBILREDEITALNRD T, LLEDORERNG | Al
PE =gk, =iz S0 hOREITIZE VT, PhoE NAEFRMICEHEBEREE 2HS 2L &
2. REMEOEBLAYORITITIIBE L LW 2 EVRBR S N7, AR ORLEE)E
%i%wf\ﬁ@%ﬁ%%oﬁﬁ%%k#ALkT%¢@Aﬁﬁmﬂﬂﬁ&/ﬂﬁa

T D PhoE ZAr L TARY 7T XLZEMICIV AT, REEFZEEKE L“C%U)Eﬁé
D ATREMESS, B AR DIETT Jé%iﬁﬁ%b)d)l%# PhoE 4 L CTHEfaAM T
WSIDATREMEDN B 2 BT,

Shewanella oneidensis MR-1 TlX, WE~NY 77 X AMANZAFTET S CymA DEEEIT
HEZHOIENRINTED, CymA % E. coli \ZEANTH L E coli 7NFBAVLHIERIEIT
BEZ b OLDITRD, E coli DFH, SMELE LT 0 F T TANMITDHE, A H
7 MR OGE Z 0 3 LBEITEA M BT 2508, ZORRIT, IMEREFZE
KOPLEFEREZ 72> TWDH T &, BEIW E coli TlX CymA 7B Hlas N I&E 5%
EADEFLERPEN LICEDEDEELZIND, Shewanella JEME T TA
VAT NIRRT S mWEEICREDS R O DB, SAMEICAFEET D MuC X OmcA
2 LT, MR EFZBERA~DOBEFAREN R THDL LERADL T L THHATE
B, 2 EIEBINC, AIYATEE 2 BRI OV TIE PhoE MBS 2V IABL RN H -
T, ENUCE 5 TARY 7T X LAERICIRY IAENT-E /RN CymA TRILIND
AL BE X OND, —J, LD X 512 PhoE M & DK 7 & AR 3 L
s MtrC R° OmcA & 3E[A L CTREE SRR ORITICEG T2 MEHH Y |
I B DORREMEIZOWT, A4, *ﬁaﬁ%bﬂzé%%ﬂ%é EEBEZBNS,
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HH A PN~ D M EL Y A A % il 48 R BE 72
ANLZBEE-V T R RAT LADOREE

P Z © KRB SLR:

<MWFZEH B>

AR N~ DI EFEIZ I T, MRS E 2T U7 D5 A 7 2 8L b b B
BRVEL | ZFDISEMT 2 AR LR E L 2T AOBRITIEE THL EEZOND, Zh
T, WIFRAERE O JiE & LRINFTEE O R EIRZERT AR RERR b RSB
BiL, BEEEMET VX = X7 T ROMBINBATIEF ORI & KW ikE~0I: R
el T 7o, MR~ ﬁ%l%ﬁﬁéHWIMu%&DA7?F%ﬁ)ﬂ7w% Vg
VS TEBEFBRPET VX = T F NI, BRx R ERIEE S T OEEX v U T — & LTHEL
IR FIHENTWS [1], TAX=2XTF ROBITHEFIC %LT& A=/
Y EI LTS HIBEBREERE L Y, U e v 7 a B A b=V ZAOFFENEE BT ﬁ%
D—DThHDHIENRINTNDEN, ZOFFEMRIBRERITHA LI STV, A
X, ZARER E OLFRITRICEBNT, T F 7Y o O—FiThH 5 syndecan-4 (Syn-4) %

LTINS TF R IAAMEFF 2 ST 5 & L HIZ, Synd oDy 7L
ﬁL%W?PHh@%ﬁ_O%T®&J%ﬁO:%u8m4% L7226 OBITIREIC
BA 22 B & Uz, AN~ DI IV IA S Z HIE P RE7/2 N T /AR-U T KU A
TLAOREEICBRT LA EEENET D,

< FBR >
&m4%Lm%I%Tﬁ%%ﬁé@ttk%*@ﬁm%ﬂaaﬁmb%mf o A R
(Alexad88) L7277 /¥ =0 XT7F ROMNBITIZEIT 5 Syn-4 FEOZEIZHO>WT, 3k

FERBEMER & O T IR N R A O TERE M OV FACS %Jﬂwt#ﬁﬂ’ﬂjﬂ%ﬁioﬁmﬁ%ﬁo 7o
R7F ROMPANE Y AR T 59 A VT Syn-4 & PKCa DFHAEIER X, =7
T R RMAR R R BR PR R % VN 7= Syn-4 BUIRIZ K B 52 ER: & . Western blot 1512 &
ﬁmbkoik\ﬁ%%7»?PMM&®%%&%®%@MK%5?5VF%%V%K%
72 Syn-4 (Syn-4AVNZE L T, @fnv L5 T3¢ 8 S 87 HeLa MM 2 v CRBR
W 21T > 70, w27 v YA P—T ZAFFITONTL, ZORIELRDLTHFANT
(70 kDa) DYt (FITC) iR 2 FW 7o AR ER O JAFZ DWW TR L7z,

<HER L B>

Syn-4 ZAMAEIZ RIS 5 2 & T, REMREZEET VX =0 XTF RO—>T
HHA T ZTNAF=RYDMINBITENHEFIZ EATAHAZERHALNE ST, ZOD
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R8 OHIFENFEATIZE T, Syn-4 MR TY 7 A X —{bEFHEIND Z & LBl Iz,
Syn-4 FEFIEBMEICBNT, v/ E /YA b=V ADT—N—THDLTIAIT D
FIENBATEDN, R8 XT7'F NLBLIC X > THEICHEINT 5 Z EBN/RS 4, Synd 2 L7z
R8 XFF RiIckpHr~7at’ ) %A h—2 ZONBHFHFENH S E 2572, R LT F R
Eig LT, MIRNBATHEDRE LBV T R 771X =2 (R4) OHEIX. Syn-4 5&ifiFE
BB W TH, XTF ROBITENEINE T, £72 Synd 07 T XX —({bbIFE ALY
BEINnNhholz, TNHORERLY, TAX= U _XTFF RO~ 7t ) A h— 23
BN, MRENELY AZIZIX, Synd DY TAX—ALREETHDH I EBRBINT,
J5C Syn-4AV FEEMIALTIX, R8 OMIFINBATED ERIXIZE A ER NPT Z &0
b, RRXTF RIZL > TY T AZ—{biFEE I 47 Syn-4 ~® PKCa DFEFD, _TF KD
HIRINIER D IAFIC KR ELS FE L TWD Z RO TR Tz, £72. Syn4 HiiEz -
TR & TN, Western blot S25% CTid, M~ R8 ~X7°F NI L - T, N T PKCa
N Syn-4 [ZHEAT D ENMER S INLTZ, 612, C1 XV C2 RAA v &RKLT- Syn4 %
SRR EL L 72 HIRIC IV T, R X F ROMBNBATICIIREL 527202 b b e
720 Syn-4V RAA IRRTF ROMPINBITICRELS FE5T 5 Z L nmShiz,

WIZ, T O A BT U7e N LRYZRIEYIR Y A LS > 2T L ORI WT, ~
Vw7 ZFHHAERZE#Z R Uiz Syn-d4 O 7 A X —{biFE & AN EL Y A EHICBIT
HRFFEICHAER Y fLA TV D, BEIZ, B4 1% EGF (epidermal growth factor) %% (EGFR)
EETIVEZRIELE Lz, NLZHFIR-U B RURAT LAOREEIZKI L TWb, Z O
I%.EGFR Offifash K A A > 2810 B 2Oy u“UV7X%L%ﬁfémﬁg“2ﬂ
EREAIA TSN T 5K (E3-EGFR) #a%at L, Bin - LA ifaiic sl & g7, =
DZAMITH LT B3 BlA & Fr A a2 AL RaA )V &K ZE T 2 K4 X7 F K [2,3]
ZFMAL, 10A figD U o —%HNT205F0 Ké XFF REEfE LI ALY T RiC
L% HRO ZERMETER LD, ZRREHALORIEIZAZI LTS [4]

AWFIEIZRB N T, [k FIET Syn-4 [ZBIs T LN LAY v 7 ZAFSIZ S L
7= E3-Syn-4 ZAfalEIZ BB S, 2DV T A —{b%&k K4 X7 F NEfEERCHIET 5 2 &
ZikAlo, ERLERERICT 2 b T a2 D 7o i R 0 A B2 B3 2 it &
1T T2 fEF. E3-Syn-4 58HIBHMICIB N T, K4 XTF R @4 5+) RO k-
THEBIZT XA NT VOMBNEY AL EFHRRBD Bz, 5%, B2 D51 O &l
RENZE IRV IAI > AT AOFFHERERNBLETH D0, RFIENH LUWHIRN~DFKY)
U0 SASFINEAT & L CTRET 2 Z R HIFTE 5,

<BB 3>
[1] Nakase, L. et al. (2012) Acc. Chem. Res. 45, 1132—1139. [2] Litowski, J.R., Hodges, R.S. (2002)

J. Biol. Chem. 2717, 37272-37279. [3] Lindhout, D.A. et al. (2004) Biopolymers 75, 367-375. [4]
Nakase, I. et al. (2012) Angew. Chem. Int. Ed. 51, 7464-7467.
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2013-62
BALM T F AL o F v —F —DBR%
BIEEEZ - TN THERE BFRRE T 0T 4 THRT 27—

[E#]

HIE, BORESREEMEHNEL., L7 7T — A2 EMS LT HHRA R~ b w7 ARFEL
LCRBRANCE » TR SN TE Y, TREMARBLENG . A EBRRICHT 5
BRI R &, — ., BT T 213, B L SV T (RN A OREr
SHECH Y . ITETIE, ISR L CRREIBICEN T2 7+ b =2 2B & LTIk
HANEACHRREN TS, UL, BEHRFHEE A ~OJE IR LTk, FBE
CELEALIC B S Bk T A (Li T A, Saint-Gobain) (C3BW\Th ., F DX IEsE
PRIZ T4 TR, B0 EREREEHMAEEN T\ D, AL, BT T =
Z N2 B DRSS B 5 388 & 261 T B R AL 2R SE T O T H AN
WL, BT T A % T T USSR A O A8 KO, ot E B
Zlhrotl,

[%ﬁﬁ%]
WFGEE DS RHOALIHZ B WO TR EmIEL £ 0 /ERL L 72 SnO-ZnO-P,05 (SZP)#H 7
2@%%% LRl A BFZEREFE S ILTRICB W T o 72,

[EERFERRUVER]
DSn*-Ce* & B MA T A D Photoluminescence(PL)F £ TF Radioluminescence(RL)AFE

Fex X, DLRMIC SZP H' T AIZBIT S Sn* .l RL B2 8% L TV 5[], Cefix
Sn*' LAk, FFREBICESEWERDRE ST HRIETLTHD, DX I RTFR
EBRWE A AT LT 0IdEE, B THEORRICIIIN S s 2 BIRinE sl h
F TIZHE D e < B AR IEOBLE D DBLRE, R T AL, BARTOWE[2]
TEWHEE FIFEEZ R LB E L, 22 CeOy, ZAENTIHRIMLTZ, 15607z
xCeSZP (x: WINE)A T AIFBH T 1 | BRI C® THEL S5 Z & 3B &7
272572, PL A7 M TR RV F—fhElz L -

PL (ex. @5.06 eV) PL (ex.@4.64 eV)

T Ce BN, B RAX—RFIEIC LY S 5 enE N l
ELTHEIE SN, —F., RL A7 MLV T, BN -

RL
(X-ray)

X Ce REIKFET —ETH Y, RL HWFRIZBWNT,
A ST FLNEELE L TELTND I EAHRS
i, VT8 DYt 2 W A7 LT
HY ., X RL A7 hViE PL O &= 3R /LX —fif
AL ML (L LT Sn¥ 3 sl LTn A, Fig. 1 Emission spectra of the

- . . 0.05CeSZP glass with different
ARH T ARICBO TR, X BIDEIZE 5T C" b~ iitation eneries.

Normalized intensity (a.u.)

PL (ex.@4.20 eV)

Photon energy / eV
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DT R —HRERFR NN RANE U TN RN I &0 MR S Tz,
@Sn*-RE #£A/MASZAD PL 45T
—J5. < O3 I TF A IIEERIER A AT D720, L TRIEZERBE,
FZT, SnETZFNF— NS — REZZFXALX—T 77 ¥ —L LIHEINR
(SZP-RE)/J 7 A2\ T, PL ¥rMEZFHMM L7=, X 2 (2 Ce, Tb, Dy Z¥RIIL7= SZP 77
Z AD PL A7 hL(4.88 eV )&~ Ce N
75 A TIEPLHIER L OVPL G NIE XL v Sn*
& CeTFL T = LR —ERRSEE A E U TV
LM 5T, —F5. SZP-Dy TIE Dy ' HkD 2 D
I —27(2.16 eV (*Fop — “Hizn), 2.58 eV (‘Fop —
“Hisp) 2SR S 40, Sn*" & ERINT 5 2 & TRIEHBE D
BN L O 2 =7 ML 7 e — RMEn@igE s n
72. F72 SZP-Tb {22\ T Tb HIKDFL IS Dl
B EN St odEncLv Ly K7 b LT,
THRDHORERIT SnT DA HEHA A ~D T R/ Fig 2 PL spectra of SZP-Ln glasses(Ln =

Ce, Tb, Dy) together with that of SZP
F—RBEHEDOFEZR LTV D, glass. The excitation energy is 4.88 eV.

ERliE EE UTHE R RF A IR ORI TH Y | Z ZICHEEZRT 5,

35 3CHR

[1] H.Masai, T. Yanagida, et al., Appl. Phys. Lett., 101, 191906 (2012).
[2] H.Masai, et al., Appl. Phys. Express., 3, 082102 (2010).

[RR#HE]

& EFA & T

1. H.Masai, Y. Hino, T. Yanagida, Y. Fujimoto, K. Fukuda, T. Yoko, J. Appl. Phys., 114, 083502 (2013).

2. H.Masai, Y. Hino, T. Yanagida, Y. Fujimoto, T. Yoko, Bull. Chem. Soc. Jpn.,
http://dx.doi.org/10.1246/bcsj.20130281 (2014).

3. H. Masai, T. Tanimoto, S. Okumura, K. Teramura, S. Matsumoto, T. Yanagida, Y. Tokuda, T. Yoko, J. Mater.
Chem. C., DOI: 10.1039/C3TC32259A (2014).

& ERFRFEE

1. Fluorescence properties and radiation response of Ce’-doped CaO-Al,03-B,0; glasses, Y. Fujimoto, T.
Yanagida, Y. Futami, H. Masai., 2013 JSAP-MRS Joint Symposia, Kyotanabe., Japan, (2013/9/16-20).

2. Study of Rare-Earth Free Sn** Doped Glass Scintillator, T. Yanagida, H. Masai, Y. Fujimoto, M. Koshimizu,
IEEE NSS MIC 2013, Seoul, Korea (2013/10/ 27-11/2).

3. OSL Properties in X-ray irradiated xSnO-(25-x)SrO-75B,05 Glass, T. Ohno, R. Nakagawa, Y. Miyamoto, Y.
takei, K. Hirasawa, H. Masai, T. Yanagida, Y. Fujimoto, T. Kurobori, T. Yamamoto, H. Nanto, The 9th
International Workshop on lonizing Radiation Monitoring, Oarai, Japan, (2013/11/30-12/1).

& ERNESRE
1. o’ BN LEAT LM AT T ADOFIENE, IEFEEAD, BATE:, MRS, AR, (L HRE.
N, EHEV, BERE. 87 I v 7 AMRE 26 BIFET AR T T A 2013/9/4-6 i 2 14
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2013-63

B NMR 2 W2 2 7 A0 HEA~DRE DOFEHA
NPV - iR REERE T4 —

i

i)

EEFEREKEFEICLD, B 7 AR RHEARICEE T Lo, BEE >0 20
EL, FREHE NE~OBBEHEEOEERZTHY, £, (FHOE S LE~DRE
LI CE 22, A LIC OV T, BEED SN TWDH2, FEEMICITXE EHOWEER
RHEE THY, REWRRRPLETH D, 72, BERITKOEERNZ N0,
YU LRI LR W ERIRDOBR G BH L o> T\ 5,

Tk, FESKFACEMSTAT OMEH G 1 O Ll L, R s & ek N R EE
A THDHZ L ERHBLTE, R EOM EO-HICE, BERICEELSND
ST LDWHEA T =R LA T = R ONWTOEERNBULETHHD, BIEDE A
XEEMRBEMICE > TRBY, SROMENRKNATH D, HHE~OLI T LAREFL, ©
VULENVTLDA T URBI LD ESNDD, AFRBUZ L > TRAE LB T A
YA MIEE - TELT, X BREFTIC X 25HMMIEES TlEew, AR TIE, NERWE
(238 FTREZR A NMR &2 VWD Z LIk - T, By Y A0k - RS ~DOWE
BOMIAZITO 2L REANE T L5, BETORI U AGHRIIMBETH D720,
AFURRBOEEL /2 H7E LT, BT T AERIRL, 2T L0 RPHEEMT S A6
ThHZ BN LT,

F70, BT S T ADOERRECFIECOWT LR LIZ0 T, ARE Clddbit
B L COREEIT I,

HH

BUE, B 7 A OBREFIIWERI 2 H EHL I K o> TITOIL TV D 03, P X -
TITHEY) TN &b %< (KESOBASE), i HEOZALPILETH D, F, BEIE
VOB b RERMEL 22> TWD, T TAIZETIE, A8 N v A KEIRICHK
MR 2 IRA S E 7 PeEHRICE B L, BeidhR 7 b ONCBER OSIZBET D Gt 217 -
776
KRG

AR AT NV T AIKF) E g K (Fv A 7 #E8o G-20B 12 & 0 Bk IR L,
0.47 molkg DIEKZR L7, Wil =7V v 7o~ A 7 a7 V342 (1ml
720 2 FEU LD~ A 7 a T ARAERE) TR 2 IR IBA S, #
TR (40kHz, > v — 7RO F R R UT-1204U, #E R IRE)N1- UI-12R3) 1T X
DRI A EBALBE L, PeidAl (SMC) Zai#l L7z, F7-, Hgod7=® SMC % 10 {5(10wt%)
BILO100 ERAR(AWt%) L7=b D, BLOEEKE W,
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JFRFEHICPED 74— T 7 R, B CHRE SN TR Y 7 a v L RO R iAm
BRI & Uz, ARREAR 27K 100ce H112 20 BERIRIE L7z, £7-, #EEEEGOHEIC
%, 6 FFEFoDRIEL Lz, RIEDE, kAl 4 40 FFfH 40CHzIR S, +01TKD D372
pol=bOuEEEHRO T Uiz, 1=, s ORI, WEs %z THhfnL,
W EAT T2, TR E BRI E BEL, ENENORBSHREE % 7V~ = o KRR
Hi#: (EG&G ORTEC £, GMX-18200-S) % HWCHllE L7z,

FERLEBR

Fig. 1 |2V % O A A DOBRER (Peifte/Yeidal) 277, 2k v, 1~100 wt %D SMC
HUZEHE T D72 THEMEE U A0, 2 45~T8 NfeERETEH 2 LR booTa,
F72, 100 f5A R L 72WER (1 wt%) Z AW TEEREVESE 2175 2 LiIcky, v via%
64 UIEERETEZ D Z Ebbhotz, 51, H\IRIZE > T SMC Z#HFfi L CTAER LT
BTG EE v T AR S NS (K 95%) Z & bbhodz (Tablel), Ziud, KO
W EE - T, B EN TS s T AR L2 B2 5 Z N TE D, LLELY,
Vel s Dt 0 LAEER, BER DAL - BAIH TE 2 REMERm W E VR D,

&0

il xiaZ G A X r AT b U U LKERZ WD Z LT, Rifinsot s
U ABRE, SEES, BERIROBBLRATIRETH D 2 2 R Lz, 4%, BT U AEEMT
MOGFLNIZHR EMAGDOET, MR LROMT 2 £ 21T > T <,
FRR B E

Ueda, Y., Tokuda, Y., Goto H., Kobayashi, T., Ono, Y., J. Soc. Remed. Radioact. Contam. Environ.
Vol1. No.3, 2013,

Ueda, Y., Tokuda Y., Goto H., Kobayashi T., and Ono Y., ECS transactions, vol. 58, in press
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2013-64
I =2 —A v g-2/EDM M B E (Z RS D B FEA A

—HE b e ROV — AR SRR - SRR R SE AT

WHIEE R

R a— A DOEFREKEESRE, Wb D g2 X, CERN T 10 ppm 2 F THIE S 4L, £ D
#% BNL T, 0.54 ppm £ THEZHIE SN2, © O FIIIEER )N S0 3FELL L
DFEVPNIELEL LTV 5D, EHERRNTIFIE R C OB RSS2 3 % B 2
WA THDHIZ, ZORXVIE, HTLWVYHEEROGFIEZ RE T S RN H 5, 2,
BEXIART-E— A 2 b (EDD) IZDOWTHEERLRFIRA OV TND, T 2—F 1 g2BK
OVEDM OAEEHIE BT 5 R&D Z LA TIT 9
BAEOFHEIIZI 2 — A4 OMFEBZAMETH Y . £72E

WEZEMZ AT DREGE RSN LETH D, ZOM

A I TREE RER THB T o MtasEgE A A0 . Zh

ORI IAEEEIT O T2 DI E WEE TEE L,

v R— FifE T DODC =1 o N— & & ffi o THJE LIEE

LB D, BRI DMFET D72, fekA

DGR 2 > 7= DCDC =1 L/ X—F CTIIBMEIAR S S0 L,
ERANNECTHL, £ T, BGTTHLBEBT 2T
FOHTHIEDHKSF ¥ — VR 7RO DODC =r3— B Fr =B TR,
B ORI T oT. = RHSICREL Dy oo IR
T oY —ZWHNZE Y B2

THEICHET 20T, 20

BEEIC L0 BRI E D

(18 , DERHD 1

ClLim LTV A A, KB

MOLZEDHOIFRY -5

AN

HMELZ10VIB 2. 5V

~NEET D00 4 BDE

Brlalig (B2 28) 131

0 ARFICEHAZNRN 9 0 % a2z, Bz T 5 & FITHEN LD, [KRERRTH
KINTFRHZ EnD, SWHEFOBEITLEM EORLKROIEFLOMBEIC L 0 R dED
RMIH D, ZOERBIN, Ao F 72 —2E N A ar — QLW
DF a /=BT COA—T1 =P L T2 FEm AR (1. 5V H D) OB EMEGR % 1. 6T

X2 1,/ 4BERTF v — VR T ERNERNEE IR
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B CITo 77, B AEIIZIK E KRR E 2 —0 WRI HilzEa % - (1M
3 HERITTF v —U R TRMN 2.5V IITI 0 %58, 1.5V /T8 9 %Hh, 1.5V
DZERN Y 7 2 N—=Z N8 9 %Hiitk &lp 0T, F v — VR TRITRAIER, Ny

7 a3 N—F RN A —J — Tk L
TWAHIET OFHMEIER TH L FHE2H %
Ll TF v — VR TR BRI GE &
FHTEIZERR R RIAD D, Ny
7 2y N—=AZTITHBEIZ 9 0 %fRED
R EER L TWDN, SLR5E%
TRMBERGEITIIE 72BN LT
05,

LA OIEICONTILEREITH
TED h-line TOXRMEI =24 E—LAh
(R VF—4A4Me V) ONFHZEH
DA AT LTz, K4 TS50 nu
mrad DT I v & 2 AN (XH
REDOFEH) ITIED I 24

Y BUE 16000 HRE < BV b

HENH ST, ZivE EEEN

WD Z &SRR SR
FLE DN LD AL TE 525,
FRERDRIERDEF LN T
WRWZ | FEIZ DWW TA

X3 MR I JHB{=ERA

BRERDLMIEPMETH D, K4 ERiFEI 24— OMAEZEM AR

W, e

“A DC to DC converter R&D for g-2/EDM experiment” ,

Society 2013 fall meeting, Oct 31, 2013
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BB TR RESR T /R T DA L BN

BRI W, (hEE W] ITEERRPR AR

(7] &) k7 &3 RIE 8@ B EEEE 7=k - Thh, BT A X
PRI EIZED, NI OREE TR IMEE R L, TOVA XL 0 HEDBIRICE
ka2 enmbinTnWg, £, A T+ CoRBR T /R Rz - ZElkT5Z &
THEEZBIZX, R0 fiEE a2y br—LT5Z EMARETH D, I b, R#EETH
HERE TITHRBEME B RER A B AT D 2 LI X V&R T/ ki - Rl OBEEIL b RlRE L 72 D,
xixzeR S /R FroBELRICET 2 EZIT> T, FEMER
2,2’-bis(diphenylphosphino)-1,1’- binaphthyl (BINAP) % fRi#X & 35 /X7 P 7 L) ) ki1
(BINAP-Pd NPs) Z#1O THA L. BB Z WS & DZERIZ OV THH
IZL72, LU S, 2O X D@V itEEE A A 95 BINAP-Pd NPs % F U 7= il SO C
HoTh, IbRDRISFHMFTORMITIL SN TWD, FRICKICHE IS5 2 5
HETEH TN OTHY . JIGHEEZH L <HEET 5 2 & TEHREGED B
HEHFTELEB206N5, £ 2 CTHRAITHHBICE & LU CHEER MK FRIZER L,
HEER S R IR R 1T IR R OBEE IR Th 5, BERER &1, B S EORE -
JETEIC & D WE OO —2TH Y | IRIKDOHE T DML [UKRDOHF T 5 &L
BELZOFER D, BRx REOCDISH L 78D, S BIZ, BFAATICR T 2 E 0 1o

DEBGICHE LIS E R B, = T AR O m Bl EAHIGTE 5, F 2
ﬂ%ﬁ iRk Fix, BRSUREE L BT DML OME & X TRWE T TR UKHEETH
D BREEFRFFROBEE L CTHEREZEDTWD, LvL, “BLRBITEREME TH D,
HBEG S BRI IR TR D AN B OVRMRVE 3RO TRV E WD BN D D, & DOFRILIER
L LT, bR FE L OBRMERE SR —T A T ATV ELETHY T RTR#EL
7237 7 5F J RiA- (S)-4,4'-CeF13-BINAP-Pd NPs % Ak % L 7=,

[FER - BE] XTNVEFRAT 4 VT REREERLETHRT VT AT 2RI, X7
WIRAT 4 VT RFETR, NIV T LA A ZBILTHIEICLVAEHK LI, £D—
Bl LT, P/ rXE AREKOFTTIVERAT 4 )T FIFET, X9V A, 40 %
NaBH, TEILTHI EICLD, FTNVKRRT 0 U Ty RIRENRT DU LT 2R & B
L7z B LIERT D0 LT ki Ok T & Bl e 7 BEE (TEM) 2K VW BIE Lz
LA KI2mm & RIS EBTEICENRLTWD Z ERghoTe, ARkLTE
IXNT T NTF R ORERRLEEAND BT, =X —5H X #58 (EDX) %
1Tole 2 A, RE, BBE. Vo BLXORTI VU LOEGH ZME Lz, £72 UV-vis A
7 MAEZAT oI & A, RFRDPIEFIT/NI WD BBOEKE T T XE ILIHIZED
SWIRAZEALER BN oTz, IHIZ, CD A7 MARIETIL, 2y MR 058
HEdv, NT VT NF I RAICBOTET 2RI LR DR WS 72 = > b o 2h 5
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ZlXoZ D EEHETHAZENTE, ZHUICE ORI VDU LT R FREICKE T VT 4 —N
fFHEENTNWDZ EEHLMNIT LT,

B LTz T D0 AT R OARF BRI DWW TR 5 BT, R#E — IRBREAF
IS DIDTH L AFHAR—EH I Ay 7V IRIGICHER Lz, —&IC, $ik—"5
WraAxhy 7V IROSIE, TV —=nARu r@gear AT J— Ve ERFE T, N
T VU LEERFELAEEE UTHW, MBS T TRISHTTONTWD, e, @) /7
T AL —E I WK —E 7 v A v 7Y I RISIZE T A HE ST
LN, RERKIZRY = r ) RUEORY v —Z2 0T, MBS T CTRIGITHh
TW5, BT, SWR—EHIZ v A0y 7Y IRISE AWz, WinFeT ) — b awy
DA T AW HATHOIL TV DR, SRS FNEEDOR ENFHEL <, £ O
BREINTWD, LLERG, LI TN NRT T AT SRR RE8AK—21l
Ja ARy 7Y T RROMEEE UCTHW AR, BER B ukFEF, BRAREETAR
HFA 7V TRISHEIT L, By 7V T HER & @ISR DO @RS D Z N T
=7,

. CGF13
L cA

1 1 1 (S)_4,4'_C6F13-BINAP-Pd NPs
300 400 500 600
Wavelength/nm

Fig. 1 CD spectra of (a) (S)-4,4'-C¢F13-BINAP and (b) (S)-4,4'-C¢F3-BINAP-Pd NPs

ARWFTEZAT O HTZD . FBR - E T ITREN 2 & £ LR LAIEAT - WE
ABULAAITE R AT R AR IR O R EE oA S K O B SE IR <AL A
LEFET,
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e L ) = WEOER & G
T OELAE - LB RS (BISTHOCF IR )

(7] AFA bV 7Y =28 v REWIE Crystal VioletZs E O aRE L L
THADPSHSNT WS, FUT Y=V RFINAF A DOHRDICHED R % 5 HH R
TLECTHESIZ 7DD, 14 BINRETIEEMIGETH D OILRITE W TH ANLE
7 I3MEAETH OB RINTH %, FH16GTCEF =7 MHIZLZETIEH b DD—
OCIEf 2 3RO TH L 2 EBHIS TV S,

— T, BAIZINFETIZ, KREBNLF DA S % 2R AT VLSS
HL. DO~ Y7 = =)L 7))L (PheTe), L7 V)V EIZ 5 DD FIEERELE 2T
2 HE i A = 4 PhiTe.. 8L 7 =4 v fi PhsTelz oW Tif%e2fT->TE 7,
Flho MIARE L SN0 EFHGEERIE L2 FHFEE L 267 2007 b
77V =T IUEEC OB TH ARz T wZN s OWEEZHL I L TE X,

IS DFRDBET, 4-7 2/ 7 2 2V REREE T
WV EIZEALZZ R 7Y —=)v 7= NS, AoV
F—T A vERBELILT, KOAPrOLFHFOZETLHI L
Fona72 U WEEEE o U SAALAADTIE ks AL BT 9E 1
BOTZOMSHMIEZHS ICT 5 2 L3R,

ARHGEHETIE, mANRGETH 2L ) =7 L%

ERHEE L EEOIHZIT) 2 LT 16 LR A = A0 RAERE R WET I L
Hiv & L7z,

[fE5 - F%] FY 7Y — kL /=7 48[(p-RN-CH,),SeCl, R=Me,Et|d %1%,
BT % 7OV ERAR G RIS BEFE L 22 7kiciioo, Pt L v ic 4 SE8oWIET %
7Y=L F 7 LR AFZ2-78 °C TIHI ., 700 H VA TRIMEIET 52 &£ Tf o
7o TORIBIERPTER L ZZEIEETHET F 77—kl roruaiiLAic
X D MVEIES Rt 2 & A, GBI C OISR E 2T E 27O, Bk Lo
TYEZYLEOEE AN I Lok, Bl 72k L 2 =0 A DY & BAl
P~ 7 =& M E T O, I EEOfERE U CHEEL 7.

. R2N/, RZN,'
1) Ari Q. o Q.. er
2) CHCl3 “Se* LiBr .

Se*
SeCl > —_
4 Ar:_é.@_NRz RZN'@© CHC|3 RzN'@@
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BonltL =y LEOKRPTOMEIX, 2L VEFERNT=A VD7 v EFHT
EDROHAERIZZED 5T, Tr =7 A E O TIEHRLE 0@ E KL
FfERThH o, MEEL 7 FY 7Y — )L 1a = A D BPhs, BEs, PFs, OTf #2372 117
NHEOPSROZETEZEICHRL, 2L/ 20 2EHTIEVWTRoN T =4 v OEA&T
LIREOEREDORBTH o7, FRENHBINARY FLTH, 7ru=y A ETIE
600 nm AHEIC VTN WINZE L TE D, [HifE X NERHPHRIEWEHEZTRL T
28I, 2L/ 7 AETIREOL BT B3R 258,

ZOZ e, BLERMTALDL AR L VT ERD LT, AFA VDR
EALDF G- DM LUMO ¥R D ER 72 EFE Z 5N 505, 5% 16 [EIuE4A =7 Lff
D SO ZE 2 BRI SRS 2 08 H B,

KRR ZAT ) I H T o BERALAERT - WEAIEUL AR ARt R LA

PR DORHEE oA, HARERILEICHE - WEOHHZN > THE £ L7, B <R
BMLET
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BHIL, Zhad L ICHAIREBEHONTT S,
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FUKRRTZ 731707 Lo 1, i, Mes' Mes’\p .
RS B IE G R % & I &
DILHTHENTOD, —H. _d-e _Mes' NP
ol A E AR 0 D IE, G B y (l,s* Mels*
RELBATCHEER G LT

5, &bl 12 B HETLE
T =A T VAN, 22OV T | BRI A E TRER A RERRE O W L S i
Bo TITIDOEIBRIEEDELD ST ORERICEDLHIICTHFE L TNDHONHL
INZT D0, TR 1, BXOT =A4 0 T DV 2 O EBRIE 7B ST 4
117,

[EBR L] (7)) AR TIE, MEEMNT 2 B L U7l ORISR I
N EREE - BORRER T — A BRETH D, TODHIIE, WEICHET D55 E
FEEREEDS AREE T 5 Z L 70 <. ERE) o EE EICBE L 2T iE e 5w, 22
KPP TUILZETHLN, 2 1IBIFICHET D, £Z T 2097 ) 73 7a—7
Ry 7 AP TIT o0z, MR LI NT 70 v ERWTH I AR Y © 7 U —ITHE
L, AEIENZEE LT, FIEEPRE L THLIHMERIIBEI L, ZORESHHITH
et bic~=7 > b L, 100K OZEFET AL FicBunhiz,
(BE & AT FE TS E R R 7 — LB LA Lz, Mo Kofita iz, HIE
1320 < 120° £ TIT o 7o, EATIIE T OREIEMT 21T > 721%., d <083 A DT —% %
WCEAMNT 21T\, IR TALE 2R ICRE Lo, WRIZZ 2 CWE U 7R EE & IR
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1 2

-133-



[FEBE G & £22) 1 B L2 OKKI R INFIXZE2H, 0.0213, 0.0235 ThHh-o 7z,
Fig. 1 (2> 7 v 7/ N BHEHIZE 1T % static model map (R T- DR A2 BRI L7
deformation Fourier map) #/~9, C-P#fi&ih LB L —BRZEHKT S C-CHED
SMANZ BB T EEN R B V72, Fig. 2 IZ4&#55 @ bond path (BP), bond critical point
(BCP) #~7, 1, 2 WP h C-C A DIRIFTEMRITITV BP BNERI S 7=, C-BCP-C
DAL 1 TIE 177.1°(@v.), 2 TIX 177.4%@av.) Th o 7=, it B R FEN LS L NL-H
X1, 2 2 FH, 17099, 171.16°TH Y . #EgaH DA C-BCP-C NEMBITH D Z &
NGy InoTe, ZHULREM T OMED N, S LT 2HEDER D NEMIITH
HTZEHRLTWD, LTED> T, O FHEED GNP OELRI LIZL->T, —AER
FERDELDBEFRI SN TND EFEZ LD,

a b
Fig. 1 7 a7 a/ X EH1HE (a: 1, b: 2)D static model map, 5 @R DO MIFEIE 0.05 e A=,

~
S

a b
Fig.2 7 a7 u /R FNO C-C & C=P #EH D BP B L UVBCP (a: 1, b: 2),

(1) H. Miyake, T. Sasamori, N. Tokitoh, Angew. Chem. Int. Ed. 2012, 51, 3458.
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B Y v HEERGEM DAL MVEOEH
RARFLER - 18 0 A HR 2 )

BERBGBEBRIAHTH LY VU ITABIEESCER SR OF Al 1 & LTH
WHIL, AEEREFEO B/ E TR S TTWD, —TF, BERFETEREDY
VIR EEORZEAE BRSO EFNIIEF IV b OfEECHEE I
LN TV 2R, U VT 2B RAGTERICEYM ORI BRI D &
FHIAE TR OFRNIREREN T & RIRIEEA S THLE L~V MELS ROE T/ E
ThHI L, EBIENAY RX vy v 7N ES L EHEEEMEMEI OB E 20155 Z &M
WEINTERY, FEFICHBREFENMEEEZA L TCWDIEamTH D, RUFEHRETITY
VIRT HHDSRAS EFRLEW ORI EGRIEORE &L Z 6 OWE O 2 BHXY
L L7,

ANKRUBIATIVESTERERBEEZF T HRR 710 D& FRE

NU A1 2R CHKMEAGT 5 2 L TNERRLS BT /v 2356 bEW 2
WU TINFA R REZ L ANVR BB EAEH S YT ZA, NI TAFRRAZ A
VR =)L (TIO) #EE2BT2{LEW 3 Tid/e, KEEEZ OV U U A 4 B
RéE LT 84% THRHAL, TIO SEOMBERE W2 E B EMNT o7, bEW 4
DOREEILATE NMR 36 X OV X i S O Le, WIC, ©7 7 2 212
ERABR U NVEER S, 5I&HEIED 7 o bKFRE LS L2 A, HHEHR
HKEAETHEV U UL S BUIEE 5% TH L, Bonce VU LS T A
(FURAFAVUIWVERAT 4 v RERESERZEZA, P NMR TV VEFEETHE
AL AR 72 ARG REI T & D +184.2 ppm (23 7 VBRI S hu, HE R E AL
EATHRAT A=V EBRT 52 LTI LT,

o OH . OTf . —
| | | |
Ph Ph
Ph" 0" Ph  Ph” 07 “Ph Ph” 0" “Ph
1 2 (91%) 4 (84%) 3
o] _
ii f BFs 7
X
L,
Ph™ "0~ "Ph Ph™ "0 "Ph Ph™ “P” “Ph
2 5 (55%) 6 (17%)

Scheme 1. Reagents and conditions: (i) conc. HySOy, rt, 10 min; (i1) T,0, CH,Cl,, rt, 1.5 h;
(ii1) (a) POCls, rt, 1 h, (b) HBF4, rt, 2.5 h, (iv) P(SiMe;);, CH3CN, Cg¢He, 1t, 3 h.
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ERRIZA=VFEEDERK

FLTHNT AT RTEMEWEL LT ¥4 — M Rilis L OEeic Ly 7 v a—
N8 EAE LT, REMG, WY U Y T AR S LAY 9 %137, Homer
Emmons FUSZ1TV, BRIC K D BUR#EZ4T 5 = & TILAM 10 285 Lz, (LAY 10
DT IV R—=NHEE, BIEFE~YA T AIKISETCT A T4 M 2T, Ev YU oA
W12 28R Lz, &BIZ, PUAR(RUAFALYIVARRAT 4 U EGSE, Filile
RAT 4 =13 B AR E L CHBENE 3% T2,

N
ph—P O pp Ph ‘o Ph Ph ‘P\ Ph
CHO - B -
?ﬁ ?ﬁ 2BF,
oo § 8 i Q. 0, 0.0
© i ii iii iv \ Vi
. - - N Z I [ - -
F Z F
E P O O O
7 OH PO(OEt),
CHO
8 (86% 9 (85%)
(86%) 10 (76%) < a
Ph P ~o S
)

|
od FMPh 0 Ph Ph” P Ph
11 (92% 12 (96%) 13 (3%)

Scheme 2. Reagents: (i) (a) dimethylpropanediol, TsOH, toluene, (b) LiAlH4, THF; (ii) (a)
CBry4, PPh;, (b) P(OEt);; (iii) (a) terephthalaldehyde monodiethylacetal, --BuOK, (b) TFA,
CH,Cly; (iv) (a) acetophenone, Ba(OH),*8H,0, toluene, (b) acetophenone, NaNH,, toluene;
(v) HBF4, PhsCOH; (vi) P(SiMe;)s, CH3CN, benzene.

FRER

1. FERCEE L _BRKRRAT 4 =0 OAMERIN, FE L OEXILFARHE
OfEB, %5 0 bR E I G RIWN KR, RIEEE: « NIRRT - K24 - KiE
BEARRS, 2013 457 7, AEJuIH

2. Bt/ BLOEARRAT 4 = OB, RIS - FREN - /NIBR# -

A L - MR =R - RABMERES, %4 0 R MR CHE b itimes, 20134 12 A,

EONTH

ML FER

1. The First Formation of (12)-1-Alkylidene-1H-isobenzofuranium Amides and
1H-Inden-1-ones: Acid-Promoted 5-exo Cyclization and Hydration/Aldol Condensation
Reactions of o-Ethynylbenzophenones, N. Nagahora, T. Wasano, K. Nozaki, T. Ogawa, S.
Nishijima, D. Motomatsu, K. Shioji, K. Okuma, Eur. J. Org. Chem., 2014, 1423—1430.
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WEENBRIZKD L TND V) FARAZ Y ) =)L 12 [TARERFE B R BHE
WEDDTOT =4 L MEHEFRILEHTHLDOTY, 7znv  icRESNLHER
ERBEROEMIFLE L THWONR TS Y 7 X X V=T =40 L OX TR
FHIFIEMEEY TH DL, FrlooraXo 2oy =Fr Li3iren, DU FF
AR ) =)L T =F FEMETH LD T, £O x mOME CEIEKT 5 Z L3 T
X5, LML, ZOL D PSR OEKIX, /a7 =4 DRI
HLEXD, CFORBMI4BELREBKRICELT =4 R ERILEWE VT HER
éhfwﬁﬁoto% TABFE T, PUVFARZ L =D p@®d LT CRALL

PR AR L., TOMAL - BILFEZHRH, PV TFARE RN aX
CIToNVT = AR TE AN R OENL T & U THERET 2008 5 A fiEIH 9
HZERBEWE LT,

<HEREBE>

1. VVIFAT E T T2 VRAE Y ) —)V 1 LR FEREEREK & OIG

FTRINC AL ) —VRIKFE LOBEIEN T 2 = VEOP Y FAREZ ) —1
ERTEER SRR L ORISERF L0, WTINOKIE b EMET, ERPOREIC
ITE ST,

2. ThITTFNANIVTFAREZ L ) —)V 2 EEEERESEMAIEK L OIL

RIZT b T F NP FHRAH ) —)L 2 L[Cp*RuCl]y & O} Cp,TiCly & D i %46
MLIZLEZA WTNOHAL A v — VBT o BAET, TR OILEY 3 K1 4
NENZENGLNT, (LAY 3ITBWT, BEICEVLT =0 LA—)LT =7 AEED
ROy ZORPFIX=BEROEAICHKT DTG L ZBRICIHEREL Lz o
HETHLZ ExHLNI L, £, (bEM 4 DIEEZTRTEZA, ZTRETO
TV T g VBRSO A X Ty u T a R B3RS ZEERNICIHEREL LT o Bl
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3. VINKEHTDHPVTFAARK L )=V 5 DERENT =7 LK L ONIG

AL ) —VEBRIRFE EDOBEIEN T 2 = VIER O F VIEOLAITIT AL > ) —L
BN w BONL L7285 AN S DN o 72D T, WRIZ a kB LOBESIEEY N U AF 0]
NIRICEEWZ -V ) FAAZ ) —L 5 ZHHICAER L. 2 E[Cp*RuCl]y & DX
JGEBRFILIZE 2 A, HEE LTEMDTO NY 7T v b —8ROB & 72 5 EU L
T/ 6 AR BEET S Z LITAREI LT,

Li g
Ph Ph  Ru
ZOS [Cp*RuCl]4 (1/2 eq) Me3S|>5 Ph
Si an Si Et,O/r. t., 30 min sn@ph

i_ MesSi Ru

Li i
Cp*

5 (Si=SiMes)
6 (78%)

ZIT, Bone NIV TIAT o h—8K6 DY A 7V v I RN AN —%HIE
L7icE A, ZOBLEMIT7 = n 2 AT L T-043V &, 7ok L0 RS
TN Enbhotz, VT i T7 et L bRk <, EFHE
WEHRIETH DI ATFNVELZEAT DT HOAFALT ) TExb 720kt k0
LS W2 EnBD . 27y ) — VBN FE 2 O— KA ZZEZ T LE D IZ LS
e GERAL LTI BN TWA Z ERbho Tz,

235 3Lk

(1) (a) M. Saito, R. Haga, M. Yoshioka, K. Ishimura and S. Nagase, Angew. Chem., Int. Ed., 44,
6553-6556 (2005); (b) M. Saito, T. Kuwabara, C. Kambayashi, M. Yoshioka, K. Ishimura and
S. Nagase, Chem. Lett., 39, 700-701 (2010).

(2) M. D. Todd, Y. Dong and J. T. Hupp, Inorg. Chem., 30, 4687-4690 (1991).

ARRFEF

(1) "Unexpected Formation of Ru,Sn, Bicyclic Four-membered Ring Complexes with
Butterfly and Inverse Sandwich Structures", T. Kuwabara, M. Saito, J. D. Guo and S. Nagase,
Inorg. Chem., 52, 3585-3587 (2013).

(2) "Diversity of the Structures in a Distannene Complex and its Reduction to Generate
Six-membered Ti,Sns Ring Complex", T. Kuwabara, J. D. Guo, S. Nagase and M. Saito,
Angew. Chem., Int. Ed., 53, 434-438 (2014).

(3) "Synthesis, Structures and Electronic Property of the First s~ 775: 775—Stannacyclopentadienyl
Dianion Transition-metal Complexes", T. Kuwabara, J. D. Guo, S. Nagase, T. Sasamori, N.

Tokitoh, M. Saito, in preparation.
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%1% NMR (2 X AR BEILESRIEE R AV I~ —505F 0T
B OO FEERBEFEORER

FBRESE - RIRAFSLA K e TR SR

[ErY]

7 nm~E+ nm OFE (PEEREHEE) 13, Mz X A0/ 2130 e
T2 LRI S A AT T2 WD THE/EEY A XM TH D, L L72Rn
S, HERRIESVEM NI B W IR 22 P EERERS E R N EE T H D720 TR
B S OOYYEREIO B HEIMEWZ LB L 2o TE 7o, TTTHEEOIL, [T
HREE A Y2 AT DR AIESROWARE RIS ZikT 5 2 & T, PR
FIERSIE D A S U2 EHGR A Y F = — 0y F OERES K USERE B R Bt O e LT ¢
Ty TWNARETH D LB AT, AHGEMIETIE, 7 AV VBRERA Y I~ —0FI25 R
L. SEGHEERME SR S LA (PEREEEE) & OBZ. NMR Z HW 7z /T
REATIC L VA ST 2,

[ 525k 51E]
D Vom/orFrrrsans 5% Ul (299.999%) LV AF LY 7mnny T
. BREHKT, 1:x OFENE (x=05,3) TRA LT, 30 0%, VAT LYY
YT ORI EN SToDICAR AT ER L, £0%, [FIRE T 2 ReffREF L
B2 A LRI e —T Ry 7 A THRE L=, 7. VUBBIOUAF
Ny rwan T 0% %% THE IZHRR (10 wt%) LIRET 5 Z & T, THF A7 FIcE
WTHaEZERL L 72, NMR F = — 7 (OPTIMA # NES-600, Smm)|Z#EH 2 5K D F +
e L7, MEERENIZ 1 3P NMR JlE R L O PSi NMR Il E 2 W2, 2) U Uig/v 7 =
=nvraarIrR VU (299.999%) LY7o v ruany Ty (297.00%)
. BREFEFK T, 1:3OFNLTIRS Lz, 100°C 12 3 KT THIR L., [FIRE T3
RFR R L2, RIBICHRH L CREVESTZ, VBV ATF LY 7 nn v T Rk LRk
12, 3P NMR HIEF LTV PSi NMR HIEIZ L W 5 oo OME&EZ T L=, bz
DT OEFERILP-S-P O XY ICHEFRET D, 22T, PIXV U, SITAHKY T U ERT,

ST )

TA Y gAY T = OERITIE, BRIEISOGIZ K 5 HFERUEHR L D ERE RS &
M U 7o SR B EBaiE S YA1-312 A Lz, BOSIREER K OHFEIFURHILAR & il #4252
& T, EHBIODERMOIREZ AT 54 I~ —0FDOBIRI R G 2 77,
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Fig. 1IZU VI ATF ALY 7 ra Yy
7 RIZBWTER L 723 UEHT 95
3P 35 LTV ?°Si NMR HIERE B2~ x
= 0.5 FAIZEIT D PSINMR AR LV |
D'FEDEIG 1 94%% 55 Z & A5
Z7p o7, FT2 TPNMR FER LV |
oY QR EEE Vv T
ThHhdHIENS->T=, ¥SiNMR, P
NMR WHIE BN T, ~T 0724 @4
X EEA TR B L S s Figl 3P (left) and ?°Si (right) NMR spectra of
Nt m b L TE2S L. K phosphosilicate oligomers prepared at x = 0.5 and 3.
JSAERIE, SPAA Y I~=— [SPiIS T A Y I~— =82:18 THEKINHIREREITH
%o BRI LT x =3 AR CTIERE L 72388H T, [SPliS A Y <~ —  [SPLS A ) v — =
87 : 13 THEAL SN D Z L W BT/ o7, Fo, THF IHEAFE T, x=0.5 M Tl &
AR L2854 [PSIIP B4 Y 2~ —0y 1% 35~45% CE et NG oz, L b Z &L kv,
SP FE A TR &2 BRI HEAT S, 2o, BRUSOEITICE Y F 'O k24 5 =
LT, Flx DO TREEERRTOESENA ) I~ —FREKAIEETHD EE XD,
DT e 4 ) VA ) A~ =3 FOERITY VBRIV T =Y an v T R TE
ol BTWEINRT7 c= VHKIZKXVEMiSN-Y 7 2= 1Y 7 e T 3G
PERE WD, QD U VR E G ) I~ — R T D Z RIS
Do LDL72ND, Fix OFEBREFMZRETLIZICE 0D LT, PS RERS T LT
DIERE SRR L, BIE T 54 ) A~ —3FDORMITITE LR o7z, T,
Q*FEY YWy 1 DREMENMELS ISIZEE LieWnWedTho B2 6D (U U BOME
fRBEERIT 7 v b OB D L2 pKi=2.15, pK2 =7.1 , pK3=12.4 LR 5), 2z
KL T V7= rmay T ray 7 AICER LERRORISEB 2ol 24,
SITIA ) A~ =03 F ORI LIz, oA ) G~ —%2 VT 1 77
a2y 7 & UTRER L7230 7 EEVEM BHE. TP EREERE 253 (I S T D 72 4
D TEWIIIAK S E BT S, 5%, FEaxOoF ) I~—5 bk b IEMmEM B &
5L EbIT, ME—WEEEEEL Z 2 BT,

[ 3CHKk] 1) H. Niida, M. Takahashi, T. Uchino and T. Yoko, J. Mater. Res., 18, 1081 (2003); 2) H.
Niida, M. Takahashi, T. Uchino and T. Yoko, Phys. Chem. Glasses, 43C, 416 (2001); 3) H. Niida, M.
Takahashi, T. Uchinoband T. Yoko, J. Non-Cryst. Solids, 306, 292 (2002)

[FAC « P RFE] 1) SBHDE "Bt A ) 2~—2FDOikEt LRI, D+ /77 )
0 Y—% 174 ZES 5 44 IS, 2) SHHMERS. TEREVERR. mSEHES . CERE ELLOR A2 AW
T2 A ) VR RA ) I~ — kG, BAY T 2 v 7 AHEFE 25 MIEEY VIR T A
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KEGBEMARY ~— DS & ek
PERRIOC « ALHBE R KoERE T2 e

(B8]

B TOENLT AR T—X, £ Scheme. Synthesis of c-P3HT and s-P3HT
D57 FDOFBLT L5 Rk & T
LTV B bNLD, £D

e, Rk #ERES 5 LT, & PA(PPha)s, CUBr

TOREEMEZHLOMCTLZE | ~ Tolenelpytdine

D CEETH LN, ZOL D C§Jf/ - L.

RIERERETIRBIROBA DL | ey | K ren T e

k4 NaMO o‘\%N3 . _4\% c}(:\;N/\NI/

ARWFFETIL, Z3VFE CThnaE D ¢ Core (1) R e :><: =

VLT EEBESEETEA L, S oS
N P3HT)§/ s-P3HT \%PG}HT

AR EMICHN O TE R
U@B-~FVNF A7 =) (PBHDOERB L OERE S 2 AKT 5, £o. EBSILE
(NMR) iEEfGSED 2 LICk Y, ZOREMEZI LML, T ORI EORME, +
bbb, MBI —EEHEBMI L BT, AFEIIRERLAORME L AT Lm0 1 DR
B %AT > 7 (Scheme),

(BRG]
Bk P3HT (¢-P3HT) DA%

SONT7 T AT 300mL) EEU Y2 (100mL) ZMMZCTT 2T 30
YA L. BAVER (11.9 mg, 82.7 pmol) K Y Pd(PPhs)s (95.6 mg, 82.7 umol) % % .
80 °C |ZINEA L 7=, FRNICT VT & W TS L72 Br-P3HT-Ethynyl (35.0 mg, M,xur =
4,200, 8.27 umol) ® bV R (11.2mL) % 03 mLh' OB TH F L, i MK T,
BETC 24 BEREIR L7z, Z20%, IEET VI T EHWEA D Y FAT AZBT LK
D BRRIEARE L, WA TR £ Lo, % THF ISR SE, KL A% /2 —v
ORI X0 SEAEEKRZ157 (IXE: 30.2 mg, ILEE: 86.3%).,
2JE P3HT (s-P3HT) DA AL

T UFEHGK T, ¥ a b7 %12 Br-P3HT-Ethynyl (60.0 mg, Mok = 5,600, 10.7
pumol) & 1 (1.55 mg, 2.44 ymol), FAL&d (I) (CuBr) (1.05 mg, 7.31 pmol) % AL, #z2/% THF
(6.0 mL) & NNN N’ N"-~XZAF)LPxF L b 7T 2 (PMDETA) (2.53 mg, 14.6
umol) IZIEME S 7=, =|IRT 72 KRR L%, YUV EHWTET7 T v a BT A
(T Z LI R AERIE A RE L A AR v~ 875 7 — (SEC) 2LV EHRL

—141 -



TEHRABEKRZSTZ (INE: 18.6 mg, IHE: 31.0%),

R L EE]
c-P3HT DE Rk

A= R DOREIESRIT 2 A9 & L C MALDI-TOF MS %€ %47 - 725 %, 166 Da [l#ED &' —
7 BBl S 72 (Figure 1), 2 O%fiEiX P3HT OF /) ~—2=v FOHFHEEIC T 5,
X 51T, 2349.42 Da B ENT-E—27 1% -P3HT O 14 EROHGRY THEE  (2349.15
Da) & BW—EA/RLTc, ZOREND, 0 FRBRILSONTERICHET L2 2 & AVRE
STz, WIZ, RY~—OWHEfdT 2 B E U CRERIE 21T - 72855, THF R IcE
7% ¢-P3HT OEAKE (8.8 mL g") 1% Br-P3HT-Ethynyl O EARE (13.4 mL g) XV

BT Lz, ZORERILA
— A FEOEHKRFY

2429.34
2595.42
2761.56

~ — ORI BRI 3 Br-PSHT-Ethyny|

Y — R I A B B T~

BEANEE L —F L=, LE -
DFER LV | e-P3HT OFf S— 5

2349.42

2515.53
2682.49

1
& . . .
166.1 Da 799 Da'

P N ST .
HH 52’ & %)ﬂz’ L7, Figure 1. MALDI-TOF MS analyses of ¢-P3HT and Br-P3HT-Ethynyl.

s-P3HT DAk

ARk LCTHNMR liEZ2TT o728 2 A, Riio—F =
NWIEICHRT D 7 FARNERL, a7 ) [CHkT 5377
ARRDYICBI Sz, £72. 'HNMR 7 5R bz $icor
¥)oyF 8 (Manvr = 23,100) (35T 5 Br-P3HT-Ethynyl @
BOEE &0 DA LB T8 (Macatea. = 23,000) & B
—H &R LT, 51T, SEC EEIToT-MER, RO v —
73RN CH D Br-P3HT-Ethynyl X V) & &2y & ARANT R H &
iz (Figure 2), UL EDOFER KV | s-P3HT OIEE G Z R L
77

(AR E]

Figure 2. SEC traces of star-P3HT
and Br-P3HT-Ethynyl.

2013 42 8 A, 2013 FREAbRE &0 T IR TR F = /bR U 3-~F LT

FT7 2 NOREEGR), BFEFRAY—EZE

2014 4 1 H | ALFR i A0iRE SGH 2014 AR RS TRERF Y G-~F 2 vF

F7 ) OEARK]
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BYFTAZBRY ~—0 AFM T & 582

YRR « KIRK PR PP A SRS S BB i Je e o & —
H )
Bredzty M LIEERICEMS T2 0RO T ) A4 XOkifE%E oI A F &N
WANVT ORI KD REMT, ETOWEMREGL HIEZSVAAL Y=gy
EEMEES, ZoFELINE B FRED L HIT, MBS L BEEAEETIEE
DOWHEEEFFDH Z & NARFTRERM B 2 AR RICE S5 2 6N TE D, EhiT, £
OV AE (BIOEER) 2k, WEBOWEREY T ) LA Y —ORE CHl#ET
L EMARETH D, AFETIZ, ZOSNVAAL Tl g U EEZHNT, FEK
PO E BRI LY A R USRI LV A Sy A A
rARY ~v—(Fig. 1) Z MR LICEMHT 2 WESES) ZExHEME L, Zo@Eg+
X R CERIREEIR 27 2 F A Ry 7L LTV A VAR VAL 1Tk D aEsE 5
ZETHEMNEOND (Fig. 2), ZOFEIL., 1I"FB LW 27O 28 £ 72 13E
BT LB T AU EERIRT 52 LT, HRZHIHT L2 NAETHHZ L ThH
Do LIZBoT, &L, ZNODBEKOFULZTEST L2 LT, NV AL UV x
7 a AEICED ZOBSFESREESZ L R EICEFOHEE A HIE L TR
HEIEHDHIENTEL LW/ EIND,

Fig. 2 Schematic representation for the
formation of the supramolecular

Fig. 1 Chemical structures of the twin polymer chain composed of the twin

bowl- 13 and guest molecule [Ir(tpy)2]3*  bowl - 13 and guest molecule
(tpy =2,2° 6’ ,2” -terpyridine)- 23+ [Tr(tpy)el3+- 23+,
FEERIT1E

T UTFOESRFIAT LR A ZuR ) ~—%227 7774 & (HOPG) %
WICWE STz, TTA ) ANDOF v BT ) —HNIcaan@oFR) ~—nrnn
RV LR (0,23 mg/ml) R AIZELVIEL (350 kPa), T AF ¥ /3—HIZ
INEEHIELHZ LT, ZOI AN (BEEHE m) ZEKRSE, DO T, HT7 A
F oy o N—EEHZEF ¢ X — (2.7 X 107 Pa) OIS 720V A2 2307 % 2000 [H]5H
B X4 (duration time 2 ms, delay time 500 ms)., H T AF ¥ L N—NTHAIET-
SARNE/IVASNLT G 13 em B L TEZET v o /3—N{ZE » b L7z HOPG (0001) 5
EIZREAHT 72 (Fig. 3), ZOH T2 RKEAFITERY H L, ARMBIZE LT 72,

—143—-



Fig. 3 Photo of the equipment for the pulse injection.

BFohic ARM BN G, B 1R Y ~—23, HOPG(0001) i 12 2 IRoTMI7ZR KA TERL L,
HDOWRAL o THND Z 00D (Fig. 4, £lo, MELEES 728, HEik
KX LTCR—O/mZ & - T
RAA U HTER LTS, BT
AN LT nm [EIRROD A - T A 7 HER
MEDHIBITBZE SN TND, &5
(2 HOPG (0001) F[H D AT v S v
VIZBW TR AR E Z
L, BRI TRLIEL S 22X
T T Ty IR o T RAAL N
RS TWD Z RN gnd, 20
e BN LONE—= T
U7c & m BT, a1 A %R
Ve —%/NVAAL V=T va
BIZEOVWESIELZ LT, &E
(ZBE A & AL S HIAE S 7o B O
e AIREE 725 2 E I &
B ABIT SV AAL V2T
PECE VT ER EOZD XD
R AZ R v —DOHED
IRECRIFPERAL RIS £ D1 supramolecular chains arise as bright lines
EZALORHI & ARM BLZRIZ £ 0 AT (indicated by black lines) in the 2D domain
DTETD S, (bundle).

b edge

graphite step edge

Fig. 4 AFM image of the supramolecular chains
composed of the twin bowl - 13 and guest
molecule [Ir(tpy)2]3*- 23+ at the step edges (black
arrowheads) of HOPG surface obtained by
applying the 2000 pulses. The extended
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2013-73

Si FHDONY 7 AT IVDF ) BFHICFEFEE
EARYEE « BIRAERAHE TR

B SBET AT AL 2 ST X, —EOmfliEA 0K D 72\ VG
IMTEMROBFRERRD 5N TWND, ~U 7 ABEHNIZ O L 9 22 B8R Tk &
LCAHNREIRBTH D08, [FFFHCIREIC L > TER SN T LA ES B A
D7y =Y T AN LTHDRHATED Z DRI, ST HFHOANY 7 AT L
DIEHK « BENZEE), ~U v A& BE K E O EIERSZ ORIEZEICHEE N EE - T
WD, FxlXINET, FZ-Si WEHZ DWW T, ~U U AL F U BEEREIT, HBIE
DTG FE MR L RIS~ U ¥ A 2 QBRI DU Tl BB L 23 0 IY A
HEONTEEZHWTHNTE 2, LhrL, ANTAFONY U ADHIEFIRIRIE, £
DIRFERLF 72 EIZONWTITIT & A ETR DN =FIREN, £ 2T, KR ClIEEE
DF 2 EBEFHPEIZLY , AT AHFOANY 7 LAOFHEIREBIZOWTOHMREZHED Z
EEHIET D,

EBFEE - RUEHI. DY Ao FZ(011)Si BT, T A 70k (E& Smm, JEX
0.2mm) \ZHFEW D v F—TUIW L7k, 71> 7V 7T, AL FEEZIT-72, &
TPEMEEN T, ZOREHI 5keV O~V U AL F RS L, BEHREIZ3 00 —
6 7 3K, MURGREIZ, 1 X107 ions/m*s . MUfEIZ, 5. 5 X10%°-1X10*"ions/m’
Thot-, FBEBFELREZ (IO STEM-EELS 3 (JEOL9980-TKP-1) |2 LV & = *
X — LS HOREEIT>7-, EELS D= R /LX—NREEIZ 0. 5eVRETH D,
FERLELZR:. ~U UL LS b Y T AOBWIBEEIEEZ TR D 72D,
VU AR By HT 2 DT T ADREE 1T 572, K 11X, 4 7 3K T1X10%"He'/m’
DR 21T 572, 6K/min O—FERHE THIE LTZ L EDANY U LT AORLHEE &
REDORERERLIZKTHD, Zhnrb 6
00—1200K ZNTFT~Y TLDK
H23®H 0 e — 27 Ok~ 6 320
TE—INER ST b D EHETE 5,
N0V T =713, FNERS LT
FRU R B2 & OBWBELIZ L2 b D &
ZHiv, KieFEZFRIET HLERNDH D,

/§7\\}I/VGO)/\U ?A@ﬁégﬁﬁﬁﬁg% 0200 74(IJO ' 6(|)0 ' 8(IJO ' 10|00 ' 12|00 ' 14|00
THRAHT7-8126 73K T5 X10%2°He " /m? Temperature (K)

DY 21T - 7= Si 7D STEM-EELS | & X 1

124

10

Desorption rate (10"’He*m™%s™")
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50nm

Specimen [ STEMDF ]

2 3

o7, X 21%, @O TEM I TH 5, BHES5-2 Onm BREDO AT LNZHK
Aohd, REWATALTEZ Yy NEFFOb0 bR 65, X 31%, STEM-EELS
BB TR SN T VO E A EBELM BRE RS (HAADF) B Th 5, wEHE
138 5nm, NTALDOERIT2 Onm THDH, ZONTAOFLEN B 57 EELS
AT v Si O~ MY v 7 A6 672 EELS A7 ML a2 BER T 4 1R
T, 1 6eVAHTEeE 3 2eVAHTIZSI MBLDE—Z RNE LN, NI LFLERNS D
AR RV TIE 2 2eV AT He T bEEIC K 5 & b 58K — 7 23R,
HILh, £, 1 2eVAHEIZIE, R 7 AUz L 5 & Bbhd =L ¥ —1
KB RO6ND, Si FIZHR SN AT AH D He B SN 7-DIE, #HTOHIE &
Bbhs,

ST M1 OFRRESISSETHREIZHEM L, NTANEDNT U LOIHKIRE
PIETHZEICED . ~Y T ADOEERCIERICOWT OB - MmN G on5 2 &
NHEIGECX B, £, He 227 "L D AT )L A RIRIEMEE I & BN Hi - 5,

o 3+
=
=
=
8 2]
Pan
B
-
L 1
=
0 T T T T 1
0 10 20 30 40
Energy (eV)
4
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2013-74
Y7 T U— MECLZERT Y v T DOIER
WA E] « BURERRR S T

[H®] G A ZoWEIE, R0, 2SIV OIRREE B HWEE A R~T 2 &)
5. BUE, AR TOIL TS, T/ EMOPTHLER - B8R/ U1 v—
(IR THAT OHER D ZE LWET-T 31 AT BWN T WA ABLEREOTE T H
Do TNHOF ULV —ERYEL LTIX, ETRRY V2777 10—, SPMiEZe E D&
RIEBOEERENAZET S R4 7t ANN ONiE ST 528, FHIRTIE
Bt mmA—F—ORIVBRATHL, —FH, V2w hFrvRZEHVA Y —5GH
BIZOWNTIIEEZ K HE SN TWD 23, I@AE nm & KD S O RS - 72 6 DA
Lo doiin, FaldAo (111) m2NRIRNANZ K E L7208 2 nm O ERR Au -/ T4 ¥ —
DOVERIZRRBI LT T/ VA Y —DROF X Lo T T CisHa7
AREITIZEE - R & SR TH 5, I < il
P ITRET I F7 X FFEA (CL18A; A X)) O TG N
RESHAICHWD & KEN3mELFOPdF /U v 733 mP{J n
BRI TE 52 LR LI, S50, RIHCEST gl e
ZPd T/ aANVbEKRTHZ ERbroTe, /U7
OEREL U QXEBRIR T VA Y —0ililaz2 BT 5 HiEb B2 bnbn, BHIEMIC
FEEAERARETH D, £/o, TNFETICRKSEm DT/ U o 7 0oHETLEL 20
ZENH, FIIUAY—ORBFOIBRLEREIIL, /U U TPEEGHKTE DR
FEZRER - LS DL ENEETH D, £ TAMETIE, @BOHTH R
BHEMENE VAL TR TH D Pd T/ U v 7 OREE - AR ORI B X O O filit
REIZ DWW TRRRT L T2,

[EBRFEIPAd T/ U v 7 OFERIT, C18AA KIBIRIZHE TH 5 KoPdCly 2 IAfR &
Witk VEO MU ENZ, EEAlE LT NaBHLa 2L 1 HERE L TiTo 72,
Z OIS YE DT, /ER L 7= 30EHAWE % p-Nitrophenol & NaBHy /KIEE DIRE 7K
WIRHIZEII L TiT o 72,

[t R4 L OB %2] C18AA D4y FAEABIKRIZKIET C18AA D |
REE, ML OR[EsE, AEEEORER JOHI T Y
UL U U LAOYRE (BREONE) 728 OB A,
Pd >/ Vv o7 R OoREFMEEZTATZE A,
[KoPdCly]=7.5pumol, [C18AA] / [KyPdCld=2, [NaBH.l /
[KoPdCld=10 3 LN F b= DRMNEA 7 pL DE{ETF T,
FEO TEM BT E57Pd T/ Vo 7 OEAKROIERIC KT Lz, S5HIi1Z, b
T DIRMENZ - TEHRIRT R0 IBeIR T/ U A v —7p EOMERPERIT X
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BRHEOMERERD IHED 3T BN TEZ, Mz oz it sE7
C18AA [IKEEIKT CHFHIRDMIE 273 FEAKREZITERT 5 Z &8 TEM B0 5o
Mmole, BT, T2V 7 OAERBEEZ G 27201, B HBERO ST CARE
o> TEM 8% %

1To72L2 A, T

DX IR T Y

AN 3 RTINS

MU =% oAl &

Iz %L, CI8AA

O FlzET/3T

YAV Ny RV VAs SV/AYEE)

L., ZRAME:

meELCrH/s Vs

INAERRT D 2 & AV

BHL7=, F7-@50fiE

TEM #%2 (BREROZE) 1o, 77 U Z7OEITHICIE 0.227 nm FEO 7 U
VU EZBORANBR ST, 0.227 nm X Pd OQIDEE —HTDZ 0D,
C18AA A1 EUA OFESE. B 2 1E£(100) EH<C(110) I EIRAICHE T 5 Z L1
EoTTH /I VLV IMETDHZ ERbhol,

BonicTF /U 7 OMBRRLERZFN L& 2 A, mWTNEENE, EWE,
FaE - M EZ A L, EFICRE LT /SR Tchsr b ymol-, £2T Pd
F U 7% Mz p-Nitrophenol O/KFECISITHRET 2% filfiaE 2 F ~ 7o A5 R, &
HREN T 2 V7 X0 b REWNT 2RI, 4F0&EEEZ R Lz, Pd @ (111)
i & 0 (100) i O 7 SRS EN G WEEEE X H & ZomIEEIZT 2 U 7 A11)
FNZEE L, Vo 7REDZL N Q100HE TH b7 L Bbhsd,, S6I2, ik
TRUGTH DRGSR DB OABLEMEY 4 MR 2 EnHE SN TWD, Liziio
T ARBED Pd F /U > 7B S 7o 2 ORGSR R b @ Al S P ORBLZ % 5 L
TWAHHEDEZZHILA,

U boXoic, BHEIRICE S TEM BESHRICE Y T/ U 7O X
OVE G OB 2 R 35 Z L3 T&E T,

[l SR iy o ]

(1) Thermal sensitive viscosity transition of elongated micelles induced by breaking intermolecular
hydrogen bonding of amide groups. Clara Morita, Yoshiro Imura, Tetsuya Ogawa, Hiroki Kurata
and Takeshi Kawai, Langmuir, Vol. 29, No. 18, 5450-5456 (2013).

Q) E#H7T I F7 VB E RO T HEEREHFMICHWZPd T U v 7 OER
%3 CSIAbE 7 = A K 2013, PNV TF - ke - WART (BEHHRAY —EZH)
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(R 72 A MfF3EE] OFRE
IR — B - IAZSIRAVE A i A2 ge e v & —

HH

ASE[FIFARZE TR & Bkl U TR & R e b4 O b s & 0 f 1K 78 2 i B
T OEBEEFEEL D TE o, SFIIRFITREFEESE o TWnD [Xa 72 A K
WEWE | &I X A RTEEMNT I B L, AR - I OMFEE N — IR
TI=U—rvav7ZBELT,

B

N7 AHA MEGEIEL, BERBRESL, MREEECmIRBRE 2 &I I HBRGE
Mtk E R TEAE L L THMBNTWD, ZORMEIEN L, FERCRIEA, B e
7R IR VB, BRREMEMELE L CIRIAS RSN T 7z, T< i, AT
B ATIENT T AT A NSRBI KGR E L T RERIERZED TN D,
ZZT, AENE TN 724 MEEWE) 2T 2xF—U— Nz, EREk, A
B RO W 2> 5 EY LA TV D IFIE D HAE & Fof OERZ B9 5 HI TR RS %
BifEd 22 i LT, E7MH - AHEAUC L 0 ER S BE W OE T-IRBE 2 R
THFEE LT X BN ET 6NN, ZNETI T TELXB T A A
N R DR R AR T2 2 E b EMET 5, G AE B L3 5 40F
TEN—RIZEZT D LI KV LWIEFESEEND Z & B HIFF L T2014 41 H
29 FUZHERRFFHEF ¥ /S 2 A e CB215/217 =T TAMI RS 2 5 L 72,

N

AT TRROT a 7T DMt > TThi, 10Oz, BIINERIY a7z
HA MEEICONWTDOAS v huZ s arNEoT-, Xu7AhA MEEITEBERE
TEHE(TM) L FEFR(0)) 572 % TMOg & W) IR = v M ZIEARHFNLE LTEBY, 0
AN OBNR Y FIZL kA G20 1525 2 & ZOHES TM OMi% % filfH
THZ LK, FERICEERMEEZEV T ZENTE D EaRmS iz, KRITK
BHFREIZ LD . X HEREICE Y, a7 204 NREBZEEND TM L
TIZOWTER S EAE 22 FIEIC I D IRETE D Z LR SN, X o iEof s
PR DI TH -T2, RIEABE T, HEMBER O W T2 Al n T A A
N KBS B A BHZ DWW T ORI DR ICOWCEEN B > T2, FR KIS E Ak &
LT a7 24 MULEMREHTHEY . GRSt i@t T 5 2 &1 & 0 ZHs)
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FER 0% A2 DI L 2R BN LT,

ETMRERORF 2R D~ BERERRBIIRY, "aT72UA FLn)—>0
F—U— ROBLTHEDEZME LN, a7 2B A FORES ZE LIRS
ol

surI 55 1H29H

13:00-13:05 Lo (B #Hi—)

13:05-13:45 B thi— ORES R RS imiae k)
(a7 295 A MEERECA O FERE & W E B3

13:45-14:30 A4 1-—BH (SPring-8)
(X BT T 20 A SRk )

14:30-15:15 B ESR OUEBR LS ERT S AL T)

(a7 29 A N REREEM O FER TR~ FT B EHI K D &3 5 ¥k~ |
15:15-16:00
[TV —F 4 A hvia ]
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BHT7OTEBOEFILAC A NODDOE IR —T v av S
EE B - JUN KPS E RIS T

[HiM]

KRB L, KT UTENOSEOMEE LdEE L, MERTYB L LA e O—48
DHF FMFEE LR F B AEDHFEIER D & & 72 HIEMHAL-CE 2 B & Uiz, EERRH
ZAEET DIEENC K T O, KLV —7 v a v L, &P EICH B 25RO
T TOMIERE L EmRE LB U T, RO MLFENFIEDO AR & 70 2 A0 - HEE A RO
L5 T 560 THY | 4% DS bR 5EERILA~T LT ofimaHm D,
L2 T, BANDL b E L OB FNEE - RFEFRAEOSMPLE L, (LFHIEFTO
MDD & & bIT, FRERIR Y 2D ARG DSIMNZ B+ 5 ZRIEE 217
Aoy

[WF7Ete = DRSSP - HEE]

FDOU—77 >3 v 7%, Kyung Hyun Ahn §&[E Y 7V KZEFR 2 FITEERE L LT,
[F KD Ayoung Lee i LHF9E B 2 H0 & LB FEITREOEREIZ LV | wE Y
7 )L K% Hoam Faculty House (Z°C, 201442 H 6 H-2 H 7 HIZBE S L7z,

[#F7EsE2 o BfEE S ]

ZOU—7 v a y TORMEREIL. EWEERICKET U7 EICE T 2WER B LT
LA m O — B0 R A 5 R RO EEEAS R - g A TR, RO
EEEEX D Z ETh D, Fo, WIEREEMOLG AL, &7 L —T O
HEFZEEDOTFEI 2 S HICRB SEL-00 NRHROB 2R+ 2 L ich D,

[ 7E4E 25 DikfE ]

ZOU—rvay X, B1EO Y T (2006 F2 ) 2RIV, 62 BT REE
(2007 £ 1 H). % 3 [BlX E#EQ2008 4 1 H). % 4 [5]1% Nakhon Ratchasima (2009 4 1
H). %5 EEZEIL2010 4 1 H), 3 6 FNXILIE (2011 4 1 H), % 7 BENZAER (2012
2 H), E8ENIF—4 v b (20134 1-2 A) IC RSN TE -,

(Bt D]

ZOU—7vay TRREOBREIZES, BRASBL TSMEMRLOLRZIKRT S
FRNZDIZ, ZNETOI—T v a vy 7 TREHEMEEENEICR CEGIED X9
2. HERREPRAZ—RBREL 12 TITR->TC&E L, ARlOUV—27 29 v 7 TIE,
RAL —=REIAT LT BRE (RFFE) 2EN S HMODBEOY a2 — L8
YT a w2 a T AS T, FWIERFRINICWNIC ) ELE L

—153 -



DD ONTZREE T S T2 ARIEEEDR, NEN BB DRI LT TUW T,
FERIFEUL 67 1F & B X 0 AL 72,

EHIZARIOFAEE L TREDF—L T L —NE SN, ZXFE-BENE
L7 —~vAEWE L TEMObIZiND & &bl ZORREZEIFRTE LD THEK
T5H5HDOT, UERWMICEE BT, FEOEHE - 3T - LB T — 3 VEEDM
FIZBBWCENSEETH -T2, 722 ORERIL. BHFRHFIEE 7= B SRR [F SR
AT E > THRWRER & o7 &L b %,

[BF7EFE R DINE]

Complex fluid, Fluid dynamics, Nanocomposits and polymer melt, Biorheology, Industrial
application @ 5 & v I 3 T KB L TiT7e b,

BT MEZIICLDETHY T b~ —D L F P —0 R VI al— g .
FehR, £ LTI LWANE T EEOBRFEIZ B 2098, (b5 g 22 BLs s & o i dhiil i -
& W o TR R ~—T L R T my JIHEEGR F/a R Yy b
KL A0 BOGR7e E OBHEZR RO MG OfiftT & LA v U — 237k Ik o Bk
DI H %< . WERIFRRIENY ZRETWS, S HICHD LA P —E R0
INA T R=ZRE BB - BRI B2 E2 X — 7 M ULIEAPRBERICEE 95
WHEEZR. S DICHBERIZET MR ELHY ., TNETOY =T v a v 7T
NERNEN—BEEIRN > TE T,

(]

ASEIOSMEIL 112 4 Th o7, EROPTEMEEEIIEE N 12 (3F 65 4). H
RN T (BNE 324). FEN2(SMNE 134), 240 2(BME 24) Tholz, &
KEFLEHEBAENER, SHIC—HOU—7 v a v el Uz AR R0 E
IR L DHRELH Y | B2 KER], H D WIXEBIORRCANFER IIRECTH 5,
W77, 7T HEORANEIMERCSH S L )& b5,

ZMEH, ERFEIFUTOAL THoT,

Natthida Rakkapao %« F[E Prince of Songkla K% G#hli
Youngdon Kwon  #[E SungKyunKwan K75 #4%

Kwang Soo Cho  #&[E Kyungpook K% #EHIZ

Wei Yu HE RELEKRT HiR

Kang Sun H[E L@ KRY  FHf

Jiasong He H'[E HEFFEACAIZERT 2%

B fh—  RHES Tk R B

B IEE KRERY #d%

AR BWE LB RY HEHR
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— Program schedule -

The 9" International Workshop for East Asian Young Rheologists (IWEAYR-9)

2/6(THU.) 2/7(FRL.)
09:00~09:30 Registration
09:30~10:00 Introduction 09:30~10:00 Industrial application 2
10:00~10:30 Complex fluids 1 10:00~10:30 Complex fluids 3
10:30~11:00 Fluid dynamics 1 10:30~11:00 Fluid dynamics 2
Break time Break time
11:30~12:00 Nanocomposites and Polymer melt 1 11:30~12:00 Nanocomposites and Polymer melt 2
12:00~12:30 Complex fluids 2 12:00~12:35 Complex fluids 4
Lunch Lunch
14:00~14:30 Bio rheology 14:00~16:00 TEAM CONTEST
14:30~15:00 Industrial application 1 16:00~16:30 Break time
15:00~ TEAM PLAY 16:30~17:00 Awards ceremony

17:30~ Dinner

2/6(THU.)

10:00~10:30 Complex fluids 1

1

Effects of blended amorphous rice flour on rheological properties of rice dough
Seigo Marukami (Yamagata University, Japan)

2

Viscoelastic Properties of Ring Polystyrenes with High Purity
Yuya Doi ( Nagoya University, Japan)

3

Rheological interpretation of the metal-ligand complexes in aqueous and non-aqueous solvents
Hashmi Saud (Chonbuk National University, Korea)

Xanthan gum coated carbonyl iron microsphere based magnetorheological fluid and its polishing application
Seung Hyuk Kwon (Inha University, Korea)

Viscoelastic Behavior of Cubic Phase
Naoto Oba (Osaka University, Japan)

Rheological behavior of polymers filled with nanoparticles
Jun Wang (Shanghai Jiao Tong University, China)

10:30~11:00 Fluid dynamics 1

1

Fast drying dynamics of bimodal particulate suspensions using MS-DWS: Effect of drying temperature
Gwi Jeong Oh (Korea University, Korea)

2 Dynamics of highly elastic fluids in 4:1 micro-contraction flow
Daewoong Lee (Seoul National University, Korea)
3 Numerical simulation of 3D 4:1 contraction flow of weakly aggregating particulate suspensions
Sungup Choi (Seoul National University, Korea)
4 Multiscale simulation of Melt-spinning process: Relation between macroscopic flow and microscopic deformation
Kazuhiro Takase (Kyoto University, Japan)
5 Effect of particle addition on the filament breakup of Newtonian fluids
Joo Yong Moon (Seoul National University, Korea)
6 Particle tracking microrheology of drying process

Hye Kyung Lee (Seoul National University, Korea)

11:30~12:00 Nanocomposites and Polymer melt 1

1

Dynamics of Linear/Cyclic Poly(ethylene oxide) Blended Melts: A Monte Carlo Simulation
Jittima Chaodamrongsakul (Vongchavalitkul University, Thailand)

2 Supra Molecular Interaction Induced Controlled Diffusion Mechanism of Hybrid Hydrogel Systems of Zwitterions and CNT
Francis O. Obiweluozor (Chonbuk National University, Korea)
3 Fabrication of Graphene Oxide Composites and Their Electro-responsive Characteristics
Wen Ling Zhang (Inha University, Korea)
4 Dynamics of polybutene/organoclay suspensions under combined shear flow and electric field
Hyun Geun Ock (Seoul National University, Korea)
5 Effects of surface grafting on rheological properties of GO/PNIPAM composites
Amin GhavamiNejad (Chonbuk National University, Korea)
6 Single Diamond in Equilibrium State Formed in Diblock Copolymer Solution

Itsuki Saito (Nagoya Institute of Technology, Japan)
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12:00~12:30 Complex fluid 2

1

Dynamic Viscoelastic and Birefringence Behavior of Polymerized lonic Liquids (PILs)
Atsushi Matsumoto (Osaka University, Japan)

2 Chain Properties and Hindered Moisture Diffusion in Polymer Hydrogel Based on Obstruction-Scaling Model
Yoona Yang (KIST, Korea)
3 Nonlinear rheological behavior of PVA/Silica suspension with Cu-Nanowire under the Large Amplitude Oscillatory shear
(LAOS) flow
Seunghak Lee (Pusan National University, Korea)
4 A rigid experimental method for estimating plateau modulus
Kazuki Kumazaw (Kyoto University, Japan)
5 Domain Spacing Control by Two Immiscible Selective Solvents
Remi Miyamachi (Nagoya Institute of Technology, Japan)
6 Viscoelasticity of Aqueous Glycosaminoglycan Solutions

Ding Kang (Shanghai Jiao Tong University, China)

14:00~14:30 Bio rheology

1

Modeling of cell rheology
Takeshi Konishi (Kyoto University, Japan)

2 Dynamics of DNA hydrogel
Yohji Kawasaki (Kyoto University, Japan)

3 Viscoelasticity of Silk Fibroin Fiber Reinforced Poly (e-caprolactone) Biocomposite and Its Application as Bone Repair Material
Shenggqgian Qian (Shanghai Jiao Tong University, China)

4 Novel Method for Producing Amorphous Cellulose and Rheology of Polypropylene/Amorphous Cellulose Composite
Ryoichiro Shimura (Yamagata University, Japan)

5 Analysis of Viscoelastic Behavior of Lecithin Reverse Wormlike Micellar System with Reo-Optical Measurements
Momoko Furuta (Osaka University, Japan)

6 The Rheological Properties of Heat-Induced Globular Protein Gel of Bovine Serum Albumin

Yuna Oh (Pusan National University, Korea)

14:30~15:00 Industrial application 1

1

Effect of ink viscosity on the cone jet formation in EHD printing
Milim Yu (Seoul National University, Korea)

2 Screen Printing Performance and Rheological Properties of Solar Cell Pastes: A Review
Hyunjong Lee (Seoul National University, Korea)

3 Aqueous Synthesis of Doped Quantum Dots and Its Bio-Imaging Application
Bingxia Zhao (Shanghai Jiao Tong University, China)

4 Effect of viscosity ratio in dual-layer slot coating
Ho Suk Ji (Korea University, Korea)

5 Mechanism of Latex Migration in Battery Slurries during Drying Process
Sanghyuk Lim (Seoul National University, Korea)

6 Analysis of viscoplastic flow in slot coating
Jaeki Lee (Sungkyunkwan University, Korea)

2/7(FRI.)

9:30~10:00 Industrial application 2

1

Simple Method of Evaluating Polymer Melt Density with Experiment using the Melt Indexer
Seok-Jun Kang (HannamUniversity, Korea)

2 Computational study on flow dynamics in stripe slot coating
Won-Gi Ahn (Korea University, Korea)
3 Deposition of ZnO nanoparticles in electrohydrodynamic jet printing
Kibyeok Son (Seoul National University, Korea)
4 Brownian dynamics simulation of colloidal fouling on the patterned membrane surface
Seon Yeop Jung ( Seoul National University, Korea)
5 Study on helical instability in film blowing process
llyoung Kwon (Korea University, Korea)
6 Effect of Screw Geometry on theGeometrical Correction factor for the screw type rheometer

Bo-Kyung Kim (Hannam University, Korea)

10:00~10:30 Complex fluids 3

1

Antimicrobial Activity and Properties of Edible Chitosan Based Films Incorporated with Difference Types of Essential Oils
Extracted from Thai
Natthida Rakkapao (Prince of Songkla University, Thailand)

2 Rheological behavior of coating liquids composed of binary colloidal particles
Jooyoung Lee (Seoul National University, Korea)
3 Rheology of non-Brownian particle suspensions: A Lattice Boltzmann study

Young Ki Lee (Seoul National University, Korea)
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Effect of particles size on viscosity of nanofluids containing ZnO nanoparticles suspended in poly(vinyl alcohol) aqueous
solution
Tongsai Jamnongkan (Yamagata University, Japan)

5 Simulation of hard sphere suspensions under oscillatory shear flow using potential free-method
Chan Hyung Park (Seoul National University, Korea)
6 Synthesis of protoporphyrin loaded upconverting nanoparticles for photodynamic therapy

Dexin Chen (Shanghai Jiao Tong University, China)

10:30~11:00 Fluid dynamics 2

1

Structural change of colloidal gels under oscillatory shear flow
Jun Dong Park (Seoul National University, Korea)

2 Self-consistent particle simulation with time-dependent momentum balance equation
Jae Hyun Yoo (Seoul National University, Korea)
3 Dynamics of Liquid Droplet using Smoothed Particle Hydrodynamics
Masafumi Kitagawa ( Kyoto University, Japan)
4 One dimensional model of viscoplastic flow inside coating die manifold
Sungwan Yoon (Sungkyunkwan University, Korea)
5 The Effect of Film Thickness on the Depth-wise Chain Orientation of Rigid Shaped Polyimide
Byoung Wook Jo (Seoul National University, Korea)
6 Effect of the viscoelasticity of PEO solutions on vortex dynamics and pressure drop

Youngseok Kim (Seoul National University, Korea)

11:30~12:00 Nanocomposites and Polymer melt 2

1

Enhanced Electrical Conductivity of Polystyrene Nanocomposites by the Inclusion of Silver Nanowires
Hyo Yeol Na (The University of Suwon, Korea)

2 Effects of filler type and concentration on viscoelastic behavior of PP/PS blends
Reza Salehiyan (Pusan National University, Korea)
3 Rheology of SIS Triblock Copolymer Systems: Effect of Tg of S domains
Ryoma Egami (Kyoto University, Japan)
4 Effect of Organoclay as a Compatibilizer on the Dynamics of Polypropylene / lonomer blends
Doohyun Kim (Seoul National University, Korea)
5 Comparative Study of Carbon-Based Nandfillers on Electrical and Rheological Properties of Polystyrene Nanocomposites via
Latex Technology
Hyo Yeol Yeom (The University of Suwon, Korea)
6 Probe Rheology in Miscible Blends: Dynamics of Probe Pl in PVE Matrix

Zhi-Chao Yan (Chinese Academy of Sciences, China)

12:00~12:35 Complex fluids 4

1

Viscoelastic Properties of Tadpole-shaped Polystyrenes with High Purity
Yuya Doi  ( Nagoya University, Japan)

2 Control of Orientation of Cylindrical Microdomains via Directional Coalescence of Non-equilibrium Spherical Microdomains of
SEBS Triblock Copolymer
Shogo Tomita (Kyoto Institute of Technology, Japan)

3 Thermal and Rheological Properties of Poly(vinyl alcohol-co-vinyl acetate) with Different Sequence Distribution
Shun Tasaka (Osaka University, Japan)

4 Electrolytic non-Newtonian Fluids in a Curved Microchannel with Charged Wall
Kyu Yoon (Korea University, Korea)

5 Dynamics of Guest Molecules in Syndiotactic Polystyrene Co-crystals : Effect of Molecular Size
Hideo Kobayashi ( Osaka University, Japan)

6 Determination of Dynamic Moduli from Creep Compliance
Min Kyung Kim (Kyungpook National University, Korea)

7 Dielectric Segmental Relaxation of Flexible Polymers

Omi Kaiga (Osaka University, Japan)

TEAM CONTEST

14:00~14:30 Team 1, Team2, Team3
14:30~15:00 Team 4, Team5, Team®6
15:00~15:30 Team?7, Team8, Team9
15:30~16:00 Team 10, Team 11, Team 12
16:00~16:30 break

16:30~17:00 Award Ceremony
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13th Annual International Workshop on Bioinformatics and Systems Biology (IBSB 2013)
o B fe
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IBSB 2013

13" Annual International Workshop on
and

r -

July 31 — August 2, 2013, Uji Obaku Plaza, Uji Campus, Kyoto University

The 13th Annual International Workshop on Bioinformatics and Systems
Biology is part of a collaboration involving several leading research institutes
in the world: Bioinformatics Program, Boston University in US, Research
Training Group "Computational Systems Biology" in Germany, Human
Genome Center, The University of Tokyo in Japan, and International
Research and Training Program on Bioinformatics and Systems Biology,
Bioinformatics Center, Kyoto University. This student-focused event has been
held since 2001 to provide graduate students and junior researchers with
opportunities to present and discuss their research objectives, approaches and
results in the emerging field of genomics, systems biology and bioinformatics.




2013 International Workshop on
Machine Learning and Applications to Biology (MLAB)
DBAfE
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MLAB

Sapporo
2013

Register NOW. It's open to all for no charge.

All researchers and students who are interested

in the talks below are welcome.

August 5 - 6, 2013
Creative Research Institution, Hokkaido University

http://www.cris.hokudai.ac.jp/takigawa/mlab2013/

— 16 inspiring talks —

Samuel Kaski

(Aalto University, Finland)

Learning from Multi-Modal Data: Integration, Fusion, and Data
Translation

Masashi Sugiyama

(Tokyo Institute of Technology, Japan)

Change Detection in Multi-Dimensional Time Series: From
Distributional Change to Structural Change

Motoki Shiga

(Toyohashi University of Technology, Japan)
Non-negative Matrix Factorization with Auxiliary Information

Canh Hao Nguyen
(Kyoto University, Japan)
Discriminative Graph Embedding for Label Propagation

Koji Tsuda
(AIST, Japan)
Mining Combinatorial Regulations

lan Johnston
(Boston University, USA)
Spatially Weighting Genes in Variable Selection for GWAS

David duVerle

(AIST, Japan)

A Regularisation Path-Following Approach for Discovering
Interactions in High-Dimensional Survival Data

Ichigaku Takigawa

(Hokkaido University, Japan)

Identifying Paired Substructures Significantly Shared among
Interacting Structure Pairs

Ziv Bar-dJoseph
(Carnegie Mellon University, USA)
Algorithm in Nature

Jean-Philippe Vert

(Mines ParisTech, France)

Fast Lasso-based Isoform Prediction from RNA-Seq Data as a
Flow Problem

Martin Frith

(AIST, Japan)

Adapting Classic Alignment Techniques to Modern High-
Throughput DNA

Yayoi Natsume
(JST PRESTO, Japan)
Detection of Time-Differences in Histone Modification

Shin-ichi Minato
(Hokkaido University/JST ERATO, Japan)

Recent Research Activities on BDD/ZDD-Based Discrete Structure

Manipulation

Satoshi Morinaga

(NEC, Japan)

Factorized Asymptotic Bayesian Inference for Sequential/
Hierarchical Latent Variable Models

Toby Dylan Hocking
(Tokyo Institute of Technology, Japan)
Learning to Compare Graph Layouts

Masayuki Karasuyama
(Kyoto University, Japan)
Latent Factor based Subnetwork Feature Selection

mHAY (LS Er  Organizers: Ichigaku Takigawa (Hokkaido University)
Hiroshi Mamitsuka (Kyoto University)

Creative Research Institution Insitute for Chemical Research

tiBEXE BRI

Kyoto University
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HUPO Initiative Assembly in Kyoto (Uji)
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= Program ¥ Backis Index

2:00 Opening and Messages from HUPO/HPP (<13 mun presentation and discussion)
Chair: Naowvuli Taniguehi (tentative)
» HUPO, Pierre Lasrain (France)
» HEE, Gilbert 3 Cmenn (U3A)
» C-HEPP, William Hancocls (UJ3A)
» B/D-HPP, Jennifer Van Exk (UBA)
w EBpC, Lyvdie Lane (Switzerland)
¢ MEpC, Brono Domon (Luxembours)
» ABpC, Jochen Schwenlk (Ewaden)

10:30-10:45 Coffee Break

10:45 Pre-existing Initiatives Session (=13 min presentation and discussion)
Chairz: Pierre Legrain & Tadashi Yamamoto (tentative)
» HEEE, Mark Balcer (Auvstralia)
e HATL Jochen Schwenk (Ewaden)
» PEL Henming Hermjaleob (UKD
» HLEP, Pumin Zhang (USA)
» HEPP, Young Mok Park (Korza) and Lea T. Grinberg (Bra=il)
# HGPL, Hizashi Narimatsv (Japan)
» HCVL, Paipat Ping (U3A)
» HEUPP, Yutaka YVeoshida (Japan)
w iMOP, Emelke Bendixen (Denmark)

13:00-14:00 Lunch
Introduction of Institute for Chemical Research: Hiroshi Mamitsulka (tentative)

14:00 New B/D-HPP Initiatives Sessiom 1 (<13 min presentation and dscussion)
Chairs: (il Omenn & Bill Hancocl: (tentative)
» Eveome, Richard Semba (TTEA)
¢ MNetworl, Amos Bairoch (Switzerland)
» Epigenstics, Edvta Marcon (Canada)
# Cancer, Hid Zhang (USA)
» Chromosome 1, Ping Xu (China)
¢ Chromosome 2, Lydie Lane (3witzerland)
¢ Chromesome 5, Pater Horvatovich (Netherlands)

15:30-15:45 Coffee Break

15:45 New B/D-HPP Initiatives Sessiom 2 (<13 min presentation and déiscussion)
# Chromesome 6, Christopher M Orverall (Canada)
» Chromosome 7, WMark Beclker (Auvstralia)
¢ Chromosome 14, French consortivm (Franes)
# Chromosome 18, Alexander Archalcowv (Bussia)
# Chromosome X, Tadashi Yamamoto (JTapan)
» Chromosome Y, Ghasem Hosseini Salalodeh (Tran)

17:00 Closing
Zenior Scientific Advisory Board (38AB), Catherine E Costello (UT8A)
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REBARFLEHAERR EES VRO L2014 (ICRIS'14)
[RT— b2 T TILOFRZFEEHEA]
"The Science and Technology of Smart Materials "
#RifE (FRL 2643 A 10~12H)

1. BiMERKR
OHAFE: k264374100 (H) —12H 0K
@&t . FERKFFIEX vy 32 BHIFEL T TP
@Ff :  FHECR TR FERT
@I FERFT VX —HT2HFZEAT, R KA BRI
FH KA FEET SRR - eI
OWNE - FRRUGER 1, FEFRGER 4 4. ARER 17T, AARAX —3E LI
©®zn : 381 4 (FTN 207 4)
DBRfERE « AR Rt . AL PR Hamit sy /L mAFI A - LRI 2

2. B=E
LR E RS S AR Y w7 L (Institute
for Chemical Research International
Symposium, ICRIS) (&, 4#F5EFT DFINL 70
JEAE (1996 4F) ZHERITERES I, LI,
b5 DRk < 72 ST 8 B 2 2 — 7 b
(R N D EIBR i & L THEME S
T &2, AR, FHFOEE OEFRAZ et
LB BRI D O DB T RFDORFHE
BIZX D3 mERT, iz, = /bF—HT
SFWEIERT. EAFENIIERT. LT SE T AR ER]
A - EFEAFFERLE DI T, 3 HMIZH T 0 FEIRFEFIRF v /3R - BOIEL I TP CTHM
iz, TA<~—hr<=7 U7/ IZBIL T, Bio-inspired Systems, Green Innovation, Advanced
Analysis and Design ® = 2% FH FE > 7 AL LTHEIF T, / —VULFEEZEE OSARTEI
EDRFHIGEE S b By 7 2 ZEET 2 4 FO I ENS 05 O 17 OMFFERICIN A T,
91 DR A Z —=REKPITONIZ, TN 207 423D T, #8381 L OBIMEEH T, bz X
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BRFPLBEBIZOBE R H Y | 5% DOH R 5 WISk T DAL F R ~DO I bk~ b7z,
FWDEOLEMI N, REE I 2 =7  DEETHEES VR LAOT —~ T ETET
TP L TS, —F, KRV T LML FEREE B LT WOEW, MBS Ly BF7EAS
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WMotz LD G, FREZKIEC LR ZEOSINEZFZZ LiE, ZOHBE~DOELOmS
CBHERF R D EEME L MEIIR L b DR L oTc, KU VRV T LA EINNTENTZER D—>
(2, ZAVE TREERERT AN 3G [RIR A - SRR ILE & LT T - T & T2 3ERIFE D EZEN 2T Hiv b,
—RFEER L L TIIAR AT =L 2L L, FTEEEOILFEIESEE b JE R 2 X - 7o RER, 50 14
HED OHIALRH Y | BLRE ZUTHUR O FFHERER BHRIEU B8O 5 L FERF BRI E = & b
IR LD DRERBED B &R,

CRERE I HE - B LR S A B G AR Jaraik %)
3. 7AYS A
Monday 10t: March 2014

12:00 Registration

13:00 Opening Remarks Naoki Sato, ICR

Session Chair: Shiroh Futaki, ICR

13:10 Key-note lecture 1 Andrew Woolley, University of Toronto
Azobenzene Photoswitches for Biomolecules

13:50 Invited 1 Hiroshi Yabu, Tohoku University
Nano-structured Composite Particles Prepared by Self-Organization and
Biomimetic Molecular Technology

14:20 Invited 2 Akifumi Sugiyama, RISH, Kyoto University
Plant Specialized Metabolites in the Rhizosphere and Their Roles in Sustainable
Agriculture

14:50 Coffee Break

ICR PR Session (Invited lectures and poster short talks from ICR, Kyoto University)
Session Chair: Hiroshi Watanabe, ICR

15:10 Invited 3 Masatoshi Tosaka

Kinetics of Crystallization and Stress Relaxation in Strained Natural Rubber
Network

15:35 Invited 4 Masaki Hashida

Nano-ablation of Metals and Self-organization of Periodic Grating Structures by
Femtosecond Laser Pulses

16:00 Invited 5 Atsushi Wakamiya

Molecular Design for Organic Electronics Materials: Fine Tuning of the Electronic
Structure

16:25 Poster Short Talks

1 Tomohiro Ago 6  Yumi Matsumiya

2  Tatsuya Fukushima 7  Koji Nishida

3  Ryohei Ishige 8 Masanori Sakamoto
4 Katsuhiro Isozaki 9 Takafumi Shimoaka
5 Hirokazu Masai 10 Masayuki Wakioka

16:55 An Overview of Joint Usage/Research Center (JURC), ICR Hiroshi Watanabe

17:00 | Poster Session (Wine party)

-170-




Tuesday 11tk March 2014

Session Chair’ Fumiyuki Ozawa, ICR

09:00 Key-note lecture 2 Munetaka Akita, Tokyo Institute of Technology
Photoredox Catalysis: An Easy and Green Access to Radical Chemistry
09:40 Invited 6 Stephan Irle, Nagoya University
Molecular Dynamics in Computational Materials Sciences: From the Study of
Nanostructure Formation to the Design of Fluorescent Dye Molecules
10:10 Invited 7 Zhang-Jie Shi, Peking University
Direct Transformation of Unreactive Chemical Bonds
10:40 Coffee Break
Session Chair: Hironori Kaji, ICR
11:00 Key-note lecture 3 Michel Cloitre, ESPCI Paris Tech
Microscopic Design of Glassy Materials using Soft Colloids
11:40 Invited 8 Wai-Yeung Wong, Hong Kong Baptist University
Metallated and Metal-Free Molecular Dyes for Light/Electrical Energy Conversion
12:10 Group Photo Session
12:20 Lunch
Session Chair: Masaharu Nakamura, ICR
13:20 Special lecture
Akira Suzuki, 2010 Nobel Prize Laureate in Chemistry, Hokkaido University
Reactions of Organoboranes: An Easy Way for Carbon-Carbon Bonding
14:10 Short Break
Session Chair: Tatsuo Kurihara, ICR
14:20 Invited 9 Ming-Jung Wu, National Sun Yat-sen University
Transition Metal-Catalyzed Cyclization Reactions of Enediynes to Carbazoles,
Dibenzothiophenes and Dibenzopyranones
14:50 Invited 10 Evelyne van Ruymbeke, Université Catholique de Louvain
Dynamics of Metallo - Supramolecular Entangled Polymer Melts
15:20 Invited 11 Shoji Takeuchi, The University of Tokyo
Artificial lipid Bilayers for Biosensing Applications
15:50 Coffee Break
Session Chair: Takeo Kawabata, ICR
16:10 Invited 12 Takamasa Sakai, The University of Tokyo
Correlation between Physical Properties and Structure of Polymer Gels with
Controlled Network Structure
16:40 Invited 13 Insung S. Choi, KAIST
Artificial Spores: Cytoprotective Nanoencapsulation of Individual Living Cells
17:10 Invited 14 Jun-ichiro Yamaguchi, Nagoya University
New Cross-coupling Reactions through Nickel Catalysis
18:00 Banquet
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Session Chair: Shigeru Yamago, ICR

09:00 Key-note lecture 4 Yasuhiro Uozumi, Institute for Molecular Science

Amphiphilic Polymeric Reaction Environment: Reaction Driving Based on the
“Umbrella Effect”

09:40 Invited 15 Antoine Debuigne, University of Liege

Precision Design, Solution Behavior and Application of Stimuli-responsive
N-vinylamides Containing Copolymers

10:10 Invited 16 Shun Nakano, IAE, Kyoto University

Construction of Tailor-made Receptors and Sensors from RNA-peptide Complex

10:40 Coffee Break

Session Chair: Motonari Uesugi, ICR

11:00 Invited 17 Dal-Hee Min, Seoul National University
Graphene-based Nanobiosensors for Nucleic Acid (DNA/RNA) Detection

11:30 Invited 18 Kazushi Kinbara, Tohoku University
Development of PEG-Based Amphiphilic Molecules for Biological and Biomimetic
Applications

12:00 Closing Remarks Yoshinobu Tsujii, ICR

12:10 Close of Symposium

13:30~14:30 Open Lab (Futaki, Nakamura, Ozawa, Tsujii, Uesugi, Watanabe Labs)

EETE (RS 2 H0I0)
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Opening Remarks,

Prof Sato Assoc Prof Ohno Prof Watanabe
Prof Andrew Woodlley Poster Session
Prof Akira Suzuki Closing Remarks, Prof Tsujii
Banquet Mayor of Uji Excutive Director
“ Tadashi Yamamoto Nobuyoshi Esaki
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Program
April. 19,
2013
9:30-10:00 Opening
10:00-10:20 A Dominating Set Approach to Controllability of Scale-free Networks Tatsuya Akutsu
10:20-10:50 Drug dlscover){ and t'he nged for new post-llgathn qownstream J.B. Brown
network analysis algorithms incorporating contextualization
11:00-11:30 Nested canalyzing SAT-formulae and their satisfaction Avraham Melkman
(20 minutes Break)
11:20-11:40 Learning from Interpretation Transition and its Applications to Katsumi Inoue, Tony Ribeiro, Chiaki Sakama
Boolean Networks and Cellular Automata
-40.19- Learning from Interpretation Transition Using an Efficient G . L
11:40-12:00 OBDD-Like Structure Tony Ribeiro, Katsumi Inoue, Chiaki Sakama
(90 minutes Break)
. . . i . Morgan Magnin, Maxime Folschette, Katsumi
13:30-14:00 g;i;?gg rsl?o ﬁg}qu;a;orﬁsggrljamfy Networks: From Discrete Inoue, Loic Pauleve, Olivier Roux, Olivier Roux,
9 Gilles Bernot, Jean-Paul Comet, Adrien Richard
14:00-14:20 Compytmg 'the Rooted Triplet Distance between Galled Trees by Jesper Jansson
Counting Triangles
14:20-14:40 Probability theory on the monoid of strings and its application to Hitoshi Koyano
molecular ecology
(20 minutes Break)
. . Predicting protein-RNA residue-base contacts using . .
15:00-15:20 two-dimensional conditional random field with the lasso Morihiro Hayashida
. . i . . . . Adrien Rougny, Christine Froidevaux, Katsumi
15:20-15:40 Translating the Systems Biology Graphical Notation to Logic Inoue, Yoshitaka Yamamoto
15:40-16:00 On t'he complexity of the maximum common subgraph problem for Takeyuki Tamura
partial k-trees of bounded degree
(20 minutes Break)
16:20-16:40 CTL and ASP for Model-Checking of Biological Boolean Networks Alexandre Rocca, Morgan Magnin, Katsumi Inoue
16:40-17:00 Asynchronously Updated Elementary Cellular Automata with Earl Bellinger, Hei Chan, Katsumi Inoue
Random Perturbations
17:00-17:20 A Study for Multi-Objective Distributed Constraint Optimization Tenda Okimoto and Katsumi Inoue
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ABSTRACT: was electrostatically condensed by PF6, and the PF6/

T T R e e G s g siRNA complexes were coated with lipid membranes. The
surface of the nanoparticles encapsulating the PF6/siRNA
core (PF6-NP) was modified with PF6 for endosomal
escape (PF6/PF6-NP). The RNAi effect of PF6/PF6-NP
was compared with those of stearylated cell-penetrating
peptide octaarginine (R8)-modified PF6-NP, R8-modi-
fied nanoparticles encapsulating the R8/siRNA core
(R8-NP) and PF6-modified R8-NP. Nanoparticles

encapsulating the PF6 polyplex, especially PF/PF-NP,

release from nanoparticles is required to improve the
functionality of nonviral delivery systems, because decon-
densation of nucleotide/polycation complexes is consid-
ered as a key step for cytoplasmic delivery of nucleotides.
Previously, PepFect6 (PF6) comprised chloroquine analog
moieties and a stearylated cell-penetrating peptide to
facilitate endosomal escape and cellular uptake, respec-
tively, was developed as a device for efficient siRNA deliv-

e T P T 2 TR showed a significant knockdown effect on luciferase activ-

T R O e N e e Tl ity of B16-F1 cells stably expressing luciferase. siRNA was

T e R e T widely distributed within the cytoplasm after transfection

of the nanoparticles encapsulating the PF6 polyplex,

Additional Supporting Information may be found in the online version of this while siRNA encapsulated in the Rg_presentjng nanopar-
article.

Correspondence to: Kentaro Kogure, PhD, Department of Biophysical Chemistry, ticles was localized within the nuclei. Thus, the siRNA
Kyoto Pharmaceutical University, 5 Nakauchi-cho, Misasagi, Yamashina-ku, . . . .

Kyoto, 607-8414, Japan; e-mail: kogure@mb.kyoto-phu.acjp distribution was dependent on the manner of peptide-

Contract grant sponsor: Swedish Research Council, the Swedish Foundation for

Strategic Research and VINNOVA modification. In conclusion, we have successfully

Contract grand number: MDB09-0015 developed PF6/PF6-NP exhibiting a potent RNAi effect
Contract grant sponsor: Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan; Japan Science, Technology Agency (JST) and VINNOVA; Collab- resulting from high cellular uptake, efficient endosomal

orative Research; Program of Institute for Chemical Research; Kyoto University

©2013 Wiley Periodicals, Inc. escape and decondensation of the polyplexes based on the
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multifunctional cell penetrating peptide PF6. PF6 is

therefore a useful pluripotential device for siRNA deliv-
ery. © 2013 Wiley Periodicals, Inc. Biopolymers (Pept Sci)
100: 698-704, 2013.

Keywords:  cell-penetrating peptide; siRNA delivery;

decondensation

This article was originally published online as an accepted
preprint. The “Published Online” date corresponds to the
preprint version. You can request a copy of the preprint by email-
ing the Biopolymers editorial office at biopolymers@wiley.com

INTRODUCTION
n the process of siRNA delivery into the cytoplasm by
non-viral polyplexes and lipoplexes, there are several key
steps regulating the activity of the siRNA. In particular,
the functionality of siRNA is affected by cellular uptake,
endosomal escape and nucleotide release from com-
plexes (Figure 1).

To improve the delivery efficiency of siRNA, various devices
have been developed.' A variety of devices for cellular uptake,
such as the transferrin ligand®’ and cell-penetrating pep-
tides,*” have been reported. In particular, the modification of a
nanoparticle surface with the cell-penetrating peptide octaargi-
nine is known to increase cellular uptake by inducing the cellu-
lar entry mechanism macropinocytosis.”® With regard to
endosomal escape, the pH-sensitive fusogenic peptide GALA
was applied to enhance escape from the endosome via

FIGURE 1 Schematic image of each step for siRNA delivery into
the cytoplasm using a non-viral delivery system. Nanoparticles have
to overcome several steps for delivery of siRNA into the cytoplasm.
Nanoparticles bind to the surface of cells, enter into the cells via
endocytosis, and escape from the endosome. This is followed by
polyplex decondensation to allow for siRNA release and exhibition
of the RNAI effect.

Biopolymers (Peptide Science)

PF6-Modified Nanoparticles for siRNA Delivery 699

membrane fusion.”'® Various histidine-rich peptides have also
been reported to function as devices for endosomal disruption
via the proton sponge effect." As the decondensation process is
difficult to control, only a few devices that consider deconden-
sation have previously been reported. For example, a biocleav-
able polyrotaxane having a necklace-like structure and
consisting of many cationic alpha-cyclodextrins and a disulfide-
introduced poly(ethylene glycol) was developed as a supramo-
lecular dissociative condenser, and the polyplexes comprised of
polyrotaxane/plasmid DNA were easily decondensed under
reductive conditions.'' ™"

However, use of as few components as possible would be
better for the preparation of nanoparticles, because the packag-
ing of various kinds of devices into one nanoparticle is trouble-
some and difficult for practical applications. Therefore, a novel
device exhibiting pluripotency for cellular entry, endosomal
escape and decondensation, is required for the development of
an efficient siRNA delivery system.

Previously, PepFect6 (PF6) consisting of chloroquine ana-
logue (QN) moieties, a stearyl moiety and a positively charged
cell-penetrating peptide has been developed as a device for the
efficient delivery of siRNA as shown in Figure 2."*'> Three QN
moieties play a role in endosomal escape via the proton sponge
effect, while the positively charged cell-penetrating peptide

FIGURE 2 Chemical structure of PepFect6 (PF6). PF6 consists of
a cell-penetrating peptide, a stearyl moiety and three chloroquine
analog moieties. QN in the structure indicates the chloroquine ana-
log moiety.
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enhances cellular entry."* Moreover, since the QN moieties are
bulky structures (Figure 2), we expected that the condensed
state of the polyplex comprised of PF6 with siRNA should be
looser than that of the polyplex condensed with general linear
polycations, such as poly-L-lysine and linear polyethyleneimine.
Based on the expected loose structure of the PF6 polyplex,
decondensation of the PF6 polyplex should occur easily. Thus,
we considered that PF6 would prove to be a useful device for
the facilitation of the polyplex decondensation process. There-
fore, PF6 should function as a pluripotential device for cellular
uptake, endosomal escape, and decondensation.

In the present study, we attempted construction of the PF6
polyplex encapsulating siRNA with plasmid DNA for forma-
tion of stable nanoparticles (PF6-NP), in addition to coating
the polyplex with lipids to avoid decondensation before cellu-
lar entry. The surface of the lipid-coated nanoparticle was sub-
sequently modified with PF6 (Figure 3), i.e., the nanoparticles
contain PF6 on the surface to allow for cellular entry and
endosomal escape, as well as in the core polyplex particles to

allow for the facilitation of decondensation after endosomal
escape. The RNAI effect of the PF6-modified lipid nanopar-
ticles (NP) encapsulating the PF6 polyplex (PF6/PF6-NP) was
compared with those of three other nanoparticles shown in
Figure 3, namely the cell penetrating peptide stearylated
octaarginine (R8)-modified NP encapsulating the PF6 polyplex
(R8/PF6-NP), R8-modified NP encapsulating the polyplex
condensed with R8 (R8/R8-NP) and PF6-modified NP encap-
sulating the R8 polyplex (RF/RF-NP), on luciferase stably
expressing cells. In addition, the intracellular distribution of
those particles was also evaluated. Based on the results
obtained from these experiments, the pluripotential ability of
PF6 was discussed.

MATERIALS AND METHODS

Materials and Cell Line
The 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) was
purchased from AVANTI Polar Lipids (Alabaster, AL). Cholesteryl

FIGURE 3 Schematic flow of the construction of various nanoparticles. siRNA and plasmid DNA
were electrostatically condensed with PF6 or stearyl-octaarginine (R8) for the preparation of posi-
tively charged core particles. Next, the positively charged core particles were coated with negatively
charged lipid membranes via the fusion of small unilamellar vesicles. After lipid-coating, the surfa-
ces of the thus-obtained nanoparticles were modified with either PF6 or R8. Finally, four types of
nanoparticles were obtained, namely PF6/PF6-NP, PF6/R8-NP, R8/PF6-NP, and R8/R8-NP.
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hemisuccinate (5-Cholesten-3f-ol 3-hemisuccinate; CHEMS) was
obtained from Sigma-Aldrich (St. Louis, MO). Lipofectamine 2000
was obtained from Invitrogen (Carlsbad, CA). B16-F1 cells, a mouse
melanoma cell line, were obtained from DS Pharma Biomedical
(Osaka, Japan). Anti-luciferase siRNA (21-mer, 5-GCGCUGCUGG
UGCCAACCCTT-3, 5-GGGUUGGCACCAGCAGCGCTT-3') was
synthesized by KURABO (Osaka, Japan) and Invitrogen (Carlsbad,
CA), respectively. Plasmid DNA encoding green fluorescent protein
(GFP) was prepared using an Endfree Plasmid Mega Kit (Qiagen
GmbH, Hilden, Germany). PF6 and stearyl-octaarginine (R8) were
synthesized by us as described in previous reports.®**

Preparation of Nanoparticles Encapsulating siRNA
siRNA-encapsulated nanoparticles were prepared in accordance with
previous reports.'® Anti-luciferase siRNA with or without plasmid
DNA (weight ratio 1:2) were condensed with either PF6 or stearyl-R8
at a nitrogen:phosphate (N/P) ratio of 3.0. Small unilamellar vesicles
(SUV) consisting of DOPE and CHEMS (9:2) were prepared, and 72
ul of a 0.55 mM SUV suspension was added to 36 ul of the condensed
siRNA/plasmid DNA suspension (1.2 ug nucleotide/ml). The mixture
was incubated for 10 min at room temperature to induce lipid-
coating due to fusion of SUV on the surface of the polyplex particles.
After the lipid-coating, the PF6 or R8 solution (final concentration
was 5 mol% of lipid) was added to the nanoparticle suspension and
incubated for 30 min at room temperature to allow for modification
of the surface of nanoparticles. The final lipid concentration of the
nanoparticles was 0.37 mM. The particle size and surface potential of
the nanovesicles dispersed in PBS (—) were measured by dynamic light
scattering and laser Doppler electrophoresis, respectively, with a Zeta-
sizer Nano (Malvern).

Observation of Nanoparticles by Atomic-Force

Microscopy

Atomic-force micrographs were obtained using a Nanoscope™
IIIa atomic force microscope operating in tapping mode (Digital
Instruments, Santa Barbara, CA). A 20-uL droplet of the nanoparticle
suspension was deposited onto freshly cleaved mica and subsequently
air dried for 30 min. Atomic force micrographs were collected by laser
scanning the sample under tapping mode in air.

Measurement of Luciferase Activity and Protein

Content of the Cells After Transfection

B16-F1 cells stably expressing luciferase (B16-F1-luc) were prepared
according to the general protocol of neomycin selection. B16-F1-luc
cells were seeded at a density of 1 X 10* cells/well in 24 wells. After
incubation for 24 h, the cells were treated with either siRNA-
encapsulated nanoparticles or Lipofectamine 2000 (0.27 ug siRNA/
well), which was prepared according to the instruction manual, in
serum-free DMEM (500 uL/well) for 3 h, followed by the addition of
DMEM containing 10% FBS (1 mL/well), and additional incubation
for 21 h. To examine the luciferase activity, the transfected cells were
lysed with Reporter Lysis Buffer (Promega) according to the manufac-
turer’s instructions. The cell lysates were reacted with the luciferase
substrate (Promega), and relative light units (RLU) were measured
using a luminometer (Luminescenser-PSN, ATTO). The total protein
concentration was determined using a BCA Protein Assay Kit
(Thermo scientific). Luciferase activity is reported as RLU/mg
protein.
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Observation of Intracellular Distribution of siRNA
After Transfection of Nanoparticles

B16-F1 cells were cultured on 0.002% poly-1-lysine (PLL)-coated glass
bottom dishes at a density of 1 X 10> cells/dish for 24 h in DMEM
containing 10% fetal bovine serum (FBS). After washing with PBS
(—), cells were treated with nanoparticles encapsulating rhodamine-
labeled siRNA for 3 h in serum-free DMEM. A series of images were
obtained using a confocal laser scanning microscope (CLSM)
(LSM510META, Carl Zeiss, Jena, Germany) equipped with an oil-
immersion objective lens (Plan-Apochromat 63/NA1.4).

Statistical Analysis
Statistical significance was determined using one-way ANOVA. A
P value < 0.05 was considered to be significant.

RESULTS AND DISCUSSION

Construction of Nanoparticles Encapsulating the
PF6/siRNA Polyplex
First, construction of the PF6 polyplex with siRNA was exam-
ined. To determine the optimum nitrogen/phosphate (N/P)
ratio of PF6/siRNA, siRNA of varying amounts was mixed
with PF6 for condensation to form the positively charged PF6
polyplex, which is suitable for lipid-coating. The diameters of
the PF6/siRNA polyplex (N/P ratios 2.0-3.5) were around 100
nm, as measured by dynamic light scattering, while a very big
structure (over 500 nm) was observed using AFM (Supporting
Information Figure 1). It was suggested that the condensation
state was very loose due to the presence of the bulky QN moi-
eties of PF6 (Figure 2). However, the zeta-potential, which
indicates the surface charge of the particle, could not be meas-
ured precisely by the laser Doppler method. It is likely that the
polyplex might be decondensed by electrophoresis because of
its loose structure. To obtain information about the surface
charge, the PF6/siRNA polyplex was subjected to a hemaggluti-
nation assay. At an N/P ratio of 3.0, blood erythrocytes were
agglutinated by the addition of the PF6/siRNA polyplex (data
not shown), indicating that the surface of the polyplex was
positively charged. Although we attempted lipid-coating of the
PF6/siRNA polyplex via addition of negatively charged SUVs,
coating was not successful. It is likely that the SUVs disrupt the
PF6/siRNA polyplex structure via electrostatic interactions.
Previously, Huang’s group reported that stable polyplexes of
siRNA could be prepared via interfusion of bovine thymus
DNA." Thus, in this study, we attempted to prepare a more
stable PF6 polyplex encapsulating siRNA via interfusion of
plasmid DNA. The optimum weight ratio of the siRNA/plas-
mid DNA was 1:2. As a result, the diameter and zeta-potential
of the polyplex were ca. 110 nm and 4 mV, respectively (Table
I). Next, lipid-coating of the polyplex was carried out. The
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Table I Average Diameters and Zeta-Potentials of the Nanoparticles Constructed in this Study

Nanoparticles Diameter *= SD (nm) Zeta-Potential = SD (mV) Poly-Dispersity Index
PF6 polyplex 113.6 = 18.4 35%8.0 0.477 = 0.217
R8 polyplex 162.4 * 100.8 43 *£5.6 0.321 * 0.053
R8/R8—NP 244.1 * 81.5 16.9 = 23.0 0.684 * 0.283
PF6/R8—NP 328.8 = 193.3 14.0 = 19.7 0.461 * 0.183
R8/PF6—NP 259.9 * 88.5 17.1 = 18.5 0.268 £ 0.095
PF6/PF6—NP 258.9 * 126.7 15.4 = 16.6 0.253 * 0.094

The polyplexes were prepared by condensation of siRNA and plasmid DNA with PF6 or R8. The diameters and zeta-potentials of the nanoparticles were
measured by dynamic light scattering and the laser Doppler method. Data shown are the means with SD from multiple measurements (1 > 4).

thus-obtained nanoparticles were modified with PF6, and the
diameter and zeta-potential were ~250 nm and 15 mV, respec-
tively. The spherical structure of the PF6-modified nanopar-
ticles encapsulating the PF6/siRNA-plasmidDNA polyplex
(PF6/PF6-NP) was confirmed by AFM (Figure 4). From these
results, we concluded that preparation of the nanoparticles
encapsulating the PF6 polyplex was successful. Similarly, the
cell penetrating peptide stearylated octaarginine (R8)-modified
NP encapsulating PF6 polyplex (R8/PF6-NP), R8-modified NP
encapsulating polyplex condensed with R8 (R8/R8-NP) and
PF6-modified NP encapsulating R8 polyplex (RF/RF-NP) were
also prepared. The diameters and zeta-potentials were ~250—
300 nm and 15 mV, respectively (Table I).

RNAI effect of the Nanoparticles

To evaluate the functionality of PF6/PF6-NP, we compared the
RNAI effect of the PF6/PF6-NP encapsulating anti-luciferase
siRNA on luciferase activity of BI16F1 cells stably expressing

FIGURE 4 AFM image of PF6/PF6-NP. A suspension of PF6/PF6-
NP was deposited onto a mica surface, and air-dried for AFM obser-
vation. The white bar shown in the AFM image indicates 1 ym.

luciferase to those of R8/R8-NP, R8/PF6-NP, and PF6/R8-NP.
As the luciferase activity of the B16F1 cells stably expressing
luciferase was very high, the commercially available transfec-
tion reagent Lipofectamine 2000 (LFN2K) reduced luciferase
activity by only 35% (Figure 5a) in this experiment. Likewise,

FIGURE 5 Effect of various nanoparticles on the luciferase activ-
ity of B16-F1 cells stably expressing luciferase and protein content.
Nanoparticles encapsulating anti-luciferase siRNA were transfected
to B16-F1 cells expressing luciferase. After 48 h, (a) luciferase activ-
ity and (b) protein content of the cells were measured. Luciferase
activity and protein content are represented as relative percentage
values averaged from the data obtained by three different experi-
ments. Lipofectamine 2000 (LFN2K) was used as a positive control
of RNAi effect.
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FIGURE 6
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Intracellular distribution of siRNA after transfection of nanoparticles. Nanoparticles

encapsulating rhodamine-labeled siRNA were transfected to B16-F1 cells. After 3 h, the cells were
washed with PBS, and then observed using a confocal laser scanning microscope. DIC: differential
interference contrast. The white bar shown in the images indicates 20 pum.

PF6/R8-NP showed a 40% inhibition of luciferase activity,
while R8/R8-NP, which has been previously reported to exhibit
a potent RNAi effect, did not inhibit luciferase activity under
these experimental conditions. As reported recently, the RNAi
activity of R8/R8-NP was improved by introducing the pH-
sensitive fusogenic peptide GALA to improve endosomal
escape.'® Therefore, it was suggested that endosomal escape
was the cause of the low RNAI efficiencies of R8/R8-NP, which
have no device allowing for endosomal escape on the surface
of the nanoparticles in this study. Thus, the higher RNAi effect

Biopolymers (Peptide Science)

of PF6/R8-NP compared to R8/R8-NP is due to surface modi-
fication with PF6 possessing endosomal escape capabilities. On
the other hand, nanoparticles encapsulating the PF6 polyplex,
especially PF6/PF6-NP, showed a potent knockdown effect on
luciferase activity, i.e., the RNAI effects of R8/PF6-NP and PF6/
PF6-NP were 80 and 95%, respectively (Figure 5a). Therefore,
it is suggested that the combination of PF6-modification on
the surface of the nanoparticle and the PF6 polyplex is the best
formulation for high functionality to deliver siRNA into the
cytoplasm. Under these experimental conditions, R8/PF6-NP

- 188 -



704 Mitsueda et al.

exhibited cytotoxic effects, which were evaluated using the cel-
lular protein content. PF6/PF6-NP had a tendency to be cyto-
toxic. However, the decrease in protein content was not
statistically significant.

Intracellular Distribution of siRNA After
Transfection of Nanoparticles

To elucidate the reason for the differing RNAI effects depend-
ing on the manner of peptide-modification, the intracellular
distribution of siRNA labeled with rhodamine after transfec-
tion of the nanoparticles was observed by confocal laser scan-
ning microscopy. As shown in Figure 6, all four types of
nanoparticles were efficiently internalized into the cells, indi-
cating that the cell-penetrating peptide presenting on the sur-
face of the nanoparticles should contribute to cellular uptake.
In the case of R8/R8-NP-treated cells, siRNA localized within
the nuclei (Figure 6). Similarly, siRNA localized within the
nuclei of the cells transfected with R8/PF6-NP. Based on these
results, it is suggested that R8-modification of the surface of
the nanoparticle is suitable for the efficient delivery of cargo
into the nucleus. Thus, R8-modified nanoparticles might be
useful for gene delivery. On the other hand, siRNA was distrib-
uted within the cytoplasm of the cells treated with PF6/R8-NP.
Similarly, in the case of PF6/PF6-NP, siRNA was observed not
only in the nuclei, but also in the cytoplasm. PF6-modification
on the surface of the nanoparticle is suggested to be useful for
delivery into the cytoplasm, since endosomal escape of the
nanoparticles should be enhanced via the proton sponge effect
due to the QN moiety of PF6. Therefore, it is suggested that
the delivery destination could be controlled by the manner of
peptide-modification on the surface of nanoparticles.

However, the RNAI effect of PF6/PF6-NP was very potent
compared to PF6/R8-NP, while the cytoplasmic distributions
of siRNA were similar in both nanoparticles. Likewise, R8/PF6-
NP, which localized within the nuclei, similar to R8/R8-NP,
showed a higher knockdown effect than R8/R8-NP. Based on
these results, it is suggested that the PF6 polyplex core is
responsible for the potent RNAi effect, regardless of surface
modification having an influence on intracellular trafficking of
nanoparticles. This high functionality of nanoparticles encap-
sulating the PF6 polyplex is likely due to the higher release effi-
cacy of siRNA from the PF6 polyplex compared to the R8
polyplex. As previously reported, stearylated octaarginine (R8)
can form a stable polyplex due to tight condensation.'® On the
other hand, PF6 makes a loose polyplex as a result of the bulky
QN moieties, as mentioned above. Therefore, it is suggested
that the more potent RNAi effect of PF6/PF6-NP is due to the
high cellular uptake by the cell-penetrating peptide, QN

moiety-dependent efficient endosomal escape and facilitation
of polyplex decondensation.

In conclusion, we have successfully developed a novel nano-
particle via dual modification of the particle surface with a
cell-penetrating peptide PF6 and a core polyplex for cellular
uptake, endosomal escape and decondensation of the siRNA
complex. Therefore, PF6 is useful as a pluripotential device for
siRNA delivery.
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Abstract Poly(N-isopropylacrylamide) (PNiPAM) com-
pounds with various diad tacticities were prepared, and the
molecular interaction properties in a thin film deposited on a
gold surface were analyzed using infrared spectroscopy. The
intramolecular and intermolecular interactions were found to
depend on the tacticity, and only atactic (diad ratio 46 %)
PNiPAM exhibits poor molecular interaction even in the
bulk sample. On the other hand, the same series of com-
pounds dissolved in an acetone solution were spread on a
gold surface to form a thin film. In the dissolution process,
the polymer molecules are relaxed via solvation, and they are
bound to the gold surface by a molecular interaction to form
a submonolayer thin film. In the thin film, the molecular
interaction with the gold surface via the N-H group was
monitored in the infrared spectra only for a nearly isotactic
(m=90) PNiPAM by an apparent shift of the N—H stretching
vibration band. This shift was confirmed by changing the
degree of hydrophilicity of the gold surface: a larger shift is
found on a gold surface with stronger hydrophilicity. As a
result, the conformation of a nearly isotactic molecule is
found to be extended by the interaction with the gold surface,
which works to immobilize the molecule.
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Introduction

Extension of a macromolecule is one of the useful ap-
proaches to understand the intrinsic chemical properties.
When a polymeric compound is in bulk, the molecule cannot
prevent intermolecular and intramolecular interactions from
forming a higher-order structure represented by a helix and a
sheet. To understand the role of the compound in biodevices,
the higher-order structure and the assembly structure should
both be revealed.

To understand the chemical mechanism of the structural
transition of a macromolecule, on the other hand, the molecular
conformation and orientation of each chemical group should
be revealed, which can be done by extending the molecule.
The simplest means for molecular extension is dissolving the
compound in a solvent. In the dissolving process, the associ-
ated, folded, or entangled molecules come apart, and they are
further relaxed by solvation. In solution, however, the analysis
of the molecular conformation and orientation is difficult be-
cause of the quick molecular mobility.

To overcome this issue, a technique for immobilizing the
relaxed molecules on a solid surface is useful. The adsorbed
molecules on the surface are ready for analysis using spec-
troscopy. Since the amount of adsorbed molecules is more or
less than the monolayer level, a high-sensitivity spectroscopic
technique is necessary. For this purpose, a gold surface is
appropriate. When an adsorbate is on a gold surface, and the
sample is irradiated with infrared (IR) radiation, highly sensi-
tive IR reflection—absorption (RA) spectra can be easily ob-
tained [1]. Since the surface hydrophilicity of gold can be
controlled [1], the chemical adsorption of a polymeric material
on gold can also be changed, through which the immobiliza-
tion of the extended molecule is possible.

The correlation between the chemical structure and the
macroscopic functions of a polymeric compound is often
discussed in terms of the hierarchical structure [2]. For the
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characterization of a synthetic polymer, much attention is
focused on the higher-order structures using a physical param-
eter such as the gyration radius in solution, since it is believed
that the higher-order structure is directly correlated with the
macroscopic functions. On the other hand, the characteriza-
tion of the primary structure of a synthetic polymer also
attracts attention, and is especially important for the develop-
ment of a biomimetic material using a synthetic polymer
having a tuned primary structure.

For a vinyl polymer that is extensively used as a function-
alized material, characterization of the primary structure is
difficult because of the configuration of the side chains [3].
When the polymer chain has a structure containing a repeated
unit (Fig. 1), each unit has two degrees of freedom for the side
chain direction. The “structural order” determined by the
molecular configurations of the primarily repeated units is
called “tacticity” or “stereoregularity” [2]. To evaluate the
configuration of the polymer chain, the concept of the diad
tacticity is introduced [4, 5]. When the backbone has an all-
trans conformation, and the adjacent repeating units are ori-
ented in the same direction to the polymer backbone, then the
configuration is called a meso diad. When the diad consists of
units oriented in opposite directions, the configuration is
called a racemo diad. The numbers of meso diads and racemo
diads in a molecule, 7,0, and 7,4.emo, Which can be evaluat-
ed by using NMR spectra, are conveniently used to define a
useful parameter, diad tacticity, D:

p=— M 100 (1)

nracemo + nmeso

In this study, we focus on poly(N-isopropylacrylamide)
(PNiPAM) [6], which is one of the most popular stimuli-
responsive polymers and consists of the unit structure
presented in Fig. 1, and investigate the relationship between
the chemical structure and the conformation for both bulk and
adsorbed molecules on a gold surface. PNiPAM is often used
as a raw material for building a drug delivery system because

Fig. 1 Chemical unit structure of
poly(N-isopropylacrylamide)
(PNiPAM) n

.
HNT X0
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the polymer can store and release small molecules in response
to an external thermal condition [7]. Since the side chain of
PNiPAM has an amide group, which induces a relatively
strong interaction between the side chains, the diad tacticity
is known to significantly influence the thermoresponsiveness
of PNiPAM in both aqueous and organic solutions [8—10].
Since the change of the macroscopic property is correlated
with the conformational change of the polymer chains induced
by the variation of tacticity, the thermoresponsiveness should
be discussed by considering not only the solvation of side
chains, but also the intramolecular interactions depending
on the tacticity. In fact, the solvation of a dimer model
compound of PNiPAM was found to be strongly correlated
with the intramolecular interactions as a function of the
stereoregularity [11].

When the polymer molecules form a thin film on a surface,
the interaction between the polymer molecule and the surface
will play another important role to determine the film structure
and properties, and the arrangement of the side chain should
correlate with the surface interaction [12]. In fact, cast films of
PNiPAM were found to exhibit the solvation imprint effect
after evaporation of the solvent, which supported the study of
solvation in solution.

In this study, tacticity-controlled PNiPAM compounds (m-
46, m72, m-82, and m-90) were synthesized with a diad ratio
ranging from 46 to 90 %, and a solid bulk sample of PNiPAM
and a thin film deposited on a gold surface are analyzed and
compared. The hydrophilic property of the gold surface was
also controlled, and was efficiently used to determine the in-
trinsic molecular interaction properties of PNiPAM depending
on the tacticity. In a thin film of a high-m PNiPAM deposited on
gold, a specific conformational change immobilizing the mol-
ecule was found by IR spectroscopy.

Experimental

PNiPAM compounds with various diad ratios ranging from 46
to 90 % were synthesized using established techniques.
PNiPAM samples were prepared by a stereospecific living
radical polymerization using a reversible addition—fragmenta-
tion chain transfer agent and a Lewis acid [13]. 1-Phenylethyl
phenyldithioacetate was used as the reversible addition—frag-
mentation chain transfer agent, and was synthesized according
to the literature [14]. N-Isopropylacrylamide (NiPAM) and «,
«-azobisisobutyronitrile, the monomer and initiator, respec-
tively, were recrystallized from a benzene/hexane solution.
The polymer solution was subjected to dialysis to yield the
final product as a flufty white solid, from which impurities
were removed. The number-average molecular weight (M)
and the polydispersity (M /M) of the samples were deter-
mined by size-exclusion chromatography using an Intelligent
high-performance liquid chromatography system (JASCO,
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Tokyo, Japan) equipped with a Shodex (Tokyo, Japan) SB-807
HQ guard column, two linear poly(hydroxymethacrylate)
bead columns (Shodex SB-802.5 HQ and SB-806 M), and a
JASCO RI-2031 differential refractive-index detector. The
eluent was N, N-dimethylformamide (10 mM LiBr) at 60 °C
with a flow rate of 0.35 mL min '. The size-exclusion chro-
matogram was calibrated by using standard polystyrene sam-
ples. "H NMR spectra were recorded with a JEOL (Tokyo,
Japan) INM-LAMBDA spectrometer (500 MHz). The diad
ratio was determined by measuring the methylene proton peak
areas using dimethyl-d 4 sulfoxide at 145 °C [13]. The param-
eters for the sample preparation are summarized in Table 1.
The number in the sample ID corresponds to D defined by
Eq. L.

Acetone was chosen as the solvent for dissolving the
compounds, since it was used in a previous thin-film study
[12]. Guaranteed reagent acetone was purchased from Wako
Pure Chemical Industries (Osaka, Japan), and was used with-
out further purification. The dissolution property was depen-
dent on the tacticity, and m-90 was the most difficult to
dissolve. After some trials, a concentration of 0.2 wt% was
chosen for all the solutions, and with this m-90 could be easily
dissolved in acetone.

The water was obtained from a Millipore (Molsheim,
France) Elix UV-3 pure-water generator and a Yamato (Tokyo,
Japan) Autopure WT100U water purifier, which produces
water comparable to Milli-Q water. The water exhibited an
electric resistivity higher than 18.2 M) cm and a surface
tension of 72.5 mN m ™' (25 °C), which guaranteed that the
water was contamination-free.

Gold-evaporated glass slides were purchased from Geomatec
(Yokohama, Japan), and consisted of a gold layer with a
thickness of 300 nm, a chromium stabilization layer of
50 nm, and a glass substrate. The gold-evaporated glass was
cleaned in a conventional manner: successive sonication in
pure water, ethanol, acetone, and dichloroethane for about
1 min each. All solvents were guaranteed reagents. This

Table 1 Characterization of stereo-controlled poly(/V-isopropylacrylamide)
compounds

Sample ID D M, (g mol ™) My/M, Y(OTh); (M)
m-46* 46 3.6 x 10* 1.20 -

m-72° 7 25 % 10* 1.40 0.040

m-82% 82 3.4 x10* 1.28 0.075

m-90° 90 3.1 x 10* 1.44 0.20

N-Isopropylacrylamide (2.23 M), «,x-azobisisobutyronitrile (0.8 mM),
and 1-phenylethyl phenyldithioacetate (8.94 mM) in a methanol/toluene
(1:1 by volume) mixture

“ Polymerization at 60 °C
® Polymerization under UV irradiation at room temperature

¢ Metal trifluoromethanesulfonate

substrate surface cleaned by the sonication is named “hydro-
phobic” [15] in this article.

The hydrophobic gold substrate was further cleaned
using a BioForce Nanosciences (Ames, 1A, USA) UV/
ozone Procleaner™ Plus ozone cleaner to have an ideally
hydrophilic surface [15]. The UV irradiation time was
about 10 min under ambient air conditions. This surface
of the substrate is named “hydrophilic” throughout this
article. The surface properties of the two different surfaces
were checked by placing a water droplet on the surface. The
water spread quickly over the hydrophilic gold surface,
whereas it stayed as a hemisphere on the hydrophobic
surface. The cleanness of both surfaces was confirmed by
measurements of IR spectra.

All the IR spectra were measured by a Thermo Fisher
Scientific (Madison, WI, USA) Nicolet 6700 Fourier trans-
form IR spectrometer. The inside of the spectrometer was air-
purged by continuously flowing dry air generated by an Air-
Tech (Yokohama, Japan) AT-35H dried-air generator; the air
was passed through a molecular-sieve tower after the genera-
tor. A liquid-nitrogen-cooled Hg—Cd-Te detector with a mod-
ulation frequency of 60 kHz was used.

IR RA measurements [16—18] of a thin film deposited on a
gold surface were performed on a Harrick (Pleasantville, NY,
USA) VRI-NIC variable-angle reflection accessory. The p-
polarized IR ray for the RA measurements was obtained by
using a Harrick PWG-U1R wire-grid polarizer. The angle of
incidence was 75° from the surface normal. The number of
accumulations was 2,000. The RA measurements were repeat-
ed three times to confirm the reproducibility: three thin films
were prepared for each compound, and were all subjected to
the RA measurements. Since the band positions were precise-
ly reproduced for each sample, only representative spectra are
plotted in Figs. 4, 7 and 8.

IR attenuated total reflection (ATR) [17] spectra of the bulk
samples were measured using a Spectra-Tech Foundation
Performer single-reflection ATR accessory provided by Ther-
mo Fischer Scientific equipped with an ATR prism made of
germanium. The number of accumulations was 2,000. The
measured spectra were transformed into the absorptance,
a=4rk/\ (where k and )\ are the imaginary parts of the
complex refractive index and the wavelength, respectively),
which was obtained by the Kramers—Kronig relations [19].
After this treatment, the @ spectra become to comparable to
the spectra of a bulk sample measured by the conventional
transmission technique; otherwise, the raw ATR spectra often
have peaks distorted by the influence of the real part of the
complex refractive index, which induces an inappropriate
reading of the peak position [17].

The bulk samples for the IR ATR measurements were
dried, in advance, in a drying oven above 60 °C for more than
3 days. The adsorbed excess water on the surface of the solid
was thus removed. Therefore, the water absorption band in the

@ Springer

-192-



9414

T. Shimoaka et al.

ATR spectra is from the molecular water strongly preserved in
the sample.

For preparation of the thin film, a compound was dissolved
in acetone, and a gold-evaporated glass slide (substrate) was
dipped in the solution. The substrate was withdrawn from the
solution to the air at a constant speed of 5 mm min', and a
thin film of molecular adsorbates was formed on the gold
surface by the interaction between the gold surface and the
solvated compound.

Atomic force microscopy (AFM) images were acquired
with a Seiko Instruments (Chiba, Japan) NanoNavi IIs probe
station equipped with a probing microscope unit (Nanocute),
and the probe unit was put on an antivibration stage. The
dynamic (tapping) mode was used for the AFM scanning.
The cantilever was made of a crystalline silicon tip, and its

force constant was 20 N m™ .

Results and discussion
Analysis of bulk compounds with different degrees of tacticity

Figure 2 presents IR spectra of bulk samples of m-46, m-78,
m-82, and m-90. Irrespective of the tacticity, most of the bands
stay at the same positions, except for the bands related to the
amide modes. For example, the CH3 asymmetric stretching,
the CH, antisymmetric stretching, and the CH; symmetric
stretching vibration bands keep their positions at 2,973, 2,
934, and 2,876 cm ™", respectively, irrespective of the tacticity
(Fig. 2a) [20, 21]. The hydrogen-bonding free N—H group [12]
also appears at a fixed position of 3,437 cm™'. On the other
hand, the “hydrogen-bonded” N-H stretching vibration
[V(NH)] mode exhibits interesting behavior. It stays at 3,
292 cm! for a high degree of tacticity (m-78, m-82, and m-
90), whereas it is shifted to a higher wavenumber of 3,
303 cm ' when D decreases to m-46. Since this band is known
to appear at a low wavenumber when the N-H group is
hydrogen-bonded [12, 21], the higher shift suggests that the

N-H group in m-46 has imperfect hydrogen bonding. To
confirm the band shift, the amide group region should also
be investigated.

For this purpose, in the amide band region (1,450-1,
750 cm™ ' in Fig. 2b), the amide IT band at approximately 1,
540 cm ' is useful. This mode comprises the N-H angular
deformation [§(NH)] and C-N stretching vibrations, and
S(NH) plays a major role [21], which is expected to confirm
the discussion of the v(NH) mode. In fact, as expected, only
m-46 yields the band at 1,539 cm !, whereas the other com-
pounds yield the band at a common position of 1,543 cm . In
this manner, the bulk sample of m-46 has proved to have a
different character at the N-H group.

Since the counterpart of the hydrogen bonding of the N-H
group is the C=0 group, the amide [ band [10, 11] can be used
as a double check. The amide I band, which mainly reflects
the C=0 stretching vibration mode, has a strong peak at 1,
645 cm™!' for all the compounds. On closer inspection, how-
ever, the right side of the band is apparently shifted only for m-
46, which suggests that a component involved in the band
decreases in intensity. To make the component more visible,
the second-derivative spectra are presented in Fig. 3. As
expected, a band component at 1,628 cm ™' is missing only
for m-46. The origin of the band at 1,628 cm ! has already
been established, and the band works as a good marker of a
cooperative hydrogen bonding that is often found in a helix
structure [10, 11]. The high-tacticity compounds (m-78, m-82,
and m-90) should involve a helix structure, and in fact the
band component is apparently recognized. On the other hand,
m-46 lacks the component, which indicates that m-46 has a
negligible amount of the helix even in the bulk sample. Since
m-46 is generally expected to exhibit an atactic character, the
intermolecular and intramolecular interactions may be weaker
than in an isotactic (D =100) or a syndiotactic (D=0) com-
pound. The disappearance of the band at 1,628 cm ' readily
supports this expectation even in a bulk sample.

Also of interest is the broad shoulder band at about 3,
500 cm " in Fig. 2a, which corresponds to the O—H stretching

(a)

..3303
- (m-46)

- 3292
(m-78,82,90)
2973
2934

Absorption Index

s —=
(b) 3 8 ¢ |—mus
b S E —m-78
0% —m-82
3 T —m-90

~E F

3700 3500 3300 3100 2900 2700

-1
Wavenumber /cm

1700 1600 1500 1400

Wavenumber / cm™

Fig. 2 Absorption («) spectra of solid samples of m-46, m-78, m-82, and m-90. The spectra were obtained by converting infrared attenuated total

reflection spectra using the Kramers—Kronig relations
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Fig. 3 The second-derivative spectra of the spectra in Fig. 2

vibration band of water involved in the dried polymer (see
“Experimental”). This suggests that molecular water is kept
by a strong interaction with the amide groups.

In this manner, at the moment, only m-46 is an exceptional
compound in terms of the intermolecular or intramolecular
interaction, and the other compounds exhibit no apparent
difference. This may be because the high molecular density
in a solid induces hydrogen bonding among amide groups.
What would happen if the molecular density were made much
lower? In the next section, the intrinsic molecular interaction
properties are discussed.

Molecular interaction with a hydrophobic and hydrophilic
gold surface

Dip-coated films of the stereo-regulated PNiPAM compounds
were subjected to IR RA spectroscopy. The results for a
normally prepared gold surface cleaned by solvent sonication
are described first. As stated in “Experimental,” this surface is
called “hydrophobic” through this article.

On the hydrophobic gold surface

Figure 4 presents IR RA spectra of the dip-coated film pre-
pared on the hydrophobic gold surface. The v(NH) mode

appears in the range from 3,313 to 3,316 cm ' for m-82, m-
78, and m-46, whereas it is largely shifted to 3,303 cm™' for
m-90. In the discussion of bulk samples, m-46 is an exception,
but in the case of “thin films” of PNiPAM on gold, m-90 is the
exception. When we refer to Fig. 2a, the strongly hydrogen
bonded N—H group yields the v(NH) band at 3,292 cm . If
the polymer molecules in the acetone solution still involve a
helix structure, which is transferred onto the gold surface, the
hydrogen bonding should be kept on the surface and the band
positions would be the same as those for the solid samples.
The different band positions, therefore, indicate that the poly-
mer is disentangled through the solvation in acetone, and the
relaxed polymer molecules are attached to the gold surface.
The intermolecular interaction in the solution would be neg-
ligible. This explains the higher wavenumber position (3,303—
3,316 cm ') in the thin film than in solid (3,292-3,303 cm ).

This discussion is true for the amide I band in Fig. 4b. For
m-82, m-78, and m-46, the band is located at approximately 1,
660 cm ', which is significantly higher than in solid
(1,645 cm ). The amide I band is known to appear at a higher
wavenumber when the hydrogen bonding is weak. The dis-
cussion of the v(NH) band is thus readily supported by that of
the amide I band, which concludes that the PNiPAM com-
pounds have no helix structure in the dip-coated film.

On the other hand, the band shift found only for m-90 is
interesting. Since m-90 is also considered to be relaxed in
dilute acetone solution (0.2 wt%), the shift may arise from the
interaction with the gold substrate. In other words, only m-90
has a specifically strong interaction with the gold surface (3,
303 cm ). One of the important properties of m-90 should be
attributed to the isotactic-like structure.

From previous work [11] on the NiPAM dimer, even for the
meso configuration the frans—gauche (TG) conformation
needs to be considered. For example, pentane (CsH;,) has
several conformers owing to the rotation about the second and
third C—C bonds, and the all-trans conformer (trans—trans,
TT) is stabler than the other conformers (TG and gauche—
gauche). For the meso-type NiPAM dimer, the TG conformer
in the main chain is stabler than the TT conformer because of

Reflection-Absorbance

(b) 8 _ ——m-46
£ 0 s ——m-78
&5 8 > ——m-82
8 —= £ —m-90
= Y
5
- 1541(m-46)
_.-1543(m-78)
H © 1542(m-82)
s o]
N
= £
| | Ié | | | | | | hd | 1 | |
3500 3300 3100 2900 2700 1700 1600 1500 1400
Wavenumber / cm™ Wavenumber / cm™

Fig. 4 Infrared reflection—absorbance (RA) spectra of dip-coated films of m-46, m-78, m-82 and m-90 on a hydrophobic gold surface
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Fig. 5 Conformational change of PNiPAM. T frans, G gauche

the steric hindrance and the intramolecular C=0O¢+sH-N hy-
drogen bond [11]. In other words, a helical structure of
PNiPAM with a high D is related to the sequence of the TG
conformation (TGTGTG...). If the side chains of PNiPAM
with a isotactic configuration are stabilized by a strong inter-
action between the amide groups and the gold surface, how-
ever, the main chain of the isotactic parts is expected to prefer

the all-trans (TTTTTT) conformation, so the ordered amide
groups preferably interact with the gold surface. In this man-
ner, m-90 should change its conformation from TGTGTGee*
to TTTTTTeee as illustrated in Fig. 5.

The reader may consider, however, that the m-90-specific
band shift could arise from an imperfect relaxation in acetone
because the helix structure of m-90 is tight in the solid. This
doubt was resolved by an additional study on the hydrophilic
gold surface, which will be discussed in the next section.

Further interesting behavior is found for the O—H stretching
vibration band at 3,489 ¢cm™!. This water-related band is found
in the bulk samples as discussed for Fig. 2. In the RA spectra of
dip-coated films, however, the band appears apparently only for
m-90, whereas it is largely depressed for the other compounds.
The disappearance of the water band (m-82, m-72, m-46)
indicates that the PNiPAM molecules associated with water
are relaxed in acetone and release the water. Although m-90 is
also considered to be relaxed in dilute acetone solution, the
isotactic structure has an important effect on the gold surface:
the side chains are closely aligned nearly parallel to each other.
In this situation, the amide groups work as anchors to receive
water molecules from the ambient air, which explains the O—-H
band. Therefore, m-90 is once again confirmed to exhibit an
isotactic-like character in a thin film as expected.

The surface selection rule of RA spectroscopy [17, 18] does
not work here. In general, the gold surface is treated as very
flat, for which the boundary condition of the electromagnetic
field yields the surface selection rule. When the surface was
analyzed in detail using AFM, however, the surface was found
to consist of particle aggregates as shown in Fig. 6. The
average diameter of a particle is about 50 nm, which is com-
parable to the length of a PNiPAM molecule. Although the

Fig. 6 Atomic force microscopy images of a a bare gold surface and b a gold surface on which m-90 molecules are attached
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Fig. 7 Infrared RA spectra of dip-coated films of m-46, m-78, m-82, and m-90 on a hydrophilic gold surface

molecular adsorption is clearly recognized in the IR spectra, it
is not visible in the AFM images. Therefore, there is no film on
the substrate, but instead submonolayer adsorption occurs on
“each” gold particle. With this situation, the boundary condi-
tion cannot be applied to the flat surface. The IR RA spectra
thus resemble the spectra of unoriented molecules. The bottom
line is that the adsorbed polymer chains cannot be recognized
as being oriented molecules in the IR RA spectra.

On the hydrophilic gold surface

A similar study was performed on the hydrophilic gold sur-
face. A similar trend is seen in Fig. 7. For example, the water
band at 3,489 cm™' is apparent only for m-90, whereas it is
depressed for the other compounds with lower tacticity.

The most interesting result is obtained for the v(NH) band
of m-90 at 3,294 cm '; whereas the other compounds yield the
mode at 3,313 cm™ ', which is the same as for the hydrophobic
gold surface. For a better comparison, in Fig. § this result is
overlaid on the previous result for the hydrophobic gold
surface. The surface effect is significant on the v(NH) band.
If the imperfect relaxation of m-90 in acetone solution is the
major reason that the band position shifts, the band position is
determined in solution, and is independent of the surface
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8 ) S hydrophobic
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©
2
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7]
-]
<
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2
k7]
2
@
o«
] ] ] ] ] ] ]
3400 3300 3200 3100 3000

Wavenumber / cm™

Fig. 8 Comparison of the infrared RA spectra of thin films of m-90
deposited on hydrophobic and hydrophilic gold surfaces

property. The two RA spectra in Fig. 8 apparently indicate
that the adsorbed thin film of m-90 largely depends on the
surface hydrophilicity.

When the amide band region is investigated by referring to
Figs. 4 and 7, the relative band intensity of the amide I band to
the amide II band is almost identical to that for the hydropho-
bic and hydrophilic surfaces, which means that the molecular
orientations in the adsorbed films are the same. In other words,
the band intensity simply indicates the number of molecules
on the gold surfaces when considering the surface selection
rule. To analyze the number of adsorbed molecules, the amide
A band [21] (overtone of the amide II band) is chosen, since
this band is isolated. The amide A bands of the two samples at
3,072 em ' in Fig. 8 have almost the same intensity, which
indicates that the numbers of molecules adsorbed on the two
different gold surfaces are nearly the same. This further means
that the band shift simply arises from the difference of the
interactive forces between the molecule and the gold surface.
The hydrogen atom of the N-H group is positively charged
because of the electronegativity, whereas the oxygen atom of
the C=0 group is negatively charged. Therefore, the N-H
group will preferably interact with the electron-enriched gold
surface, in particular for the hydrophilic (electron-rich) sur-
face. This model readily explains the band shift.

Conclusion

This study has revealed that stereo-controlled compounds of
PNiPAM exhibit different characters in bulk and thin-film
samples: the atactic-like polymer m-46 has exceptionally
weak intramolecular and intermolecular interactions in bulk,
whereas the isotactic-like compound m-90 exhibits an excep-
tionally strong interaction with the gold surface via the N—H
group. In a bulk sample, the molecules interact greatly through
both intramolecular and intermolecular interactions. Regard-
less, only the atactic-like polymer exhibits weak interaction,
which was experimentally proved by the disappearance of the
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band component related to the cooperative hydrogen bonding
involved in the amide I band.

On the other hand, thin films of the compounds were
fabricated by the dip-coating technique, and revealed that the
molecular interaction and orientation in the dip-coated film are
both influenced largely by the surface property of the substrate.
The influence was revealed by using two different gold sur-
faces, and the band shifts were systematically understood.
Although the degree of tacticity of m-78 and m-82 is greater
than that of m-46, the isotactic-like character is not recognized
through the analysis using IR RA spectroscopy. In this manner,
for an experiment on an isotactic polymer of PNiPAM, m-90 or
a compound with a higher diad ratio is necessary.
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Curved m-conjugated molecules with closed and three-dimensional (3D) structures, such as
fullerenes and carbon nanotubes, have been the subject of intensive research due to their
potential applications in molecular electronics. However, basic molecular skeletons of 3D
molecules are limited because of the lack of a rational and selective synthetic method by
organic synthesis. Here we report the synthesis of a 3D n-conjugated molecule based on the
platinum-mediated assembly of four molecules of a stannylated trisubstituted benzene
derivative forming a hexanuclear platinum complex with an octahedral shape, from which
reductive elimination of platinum gave the target molecule. As many supramolecular
transition metal-ligand complexes with 3D cages and polyhedral structures have been
synthesized by self-assembly of ligands and metals, the current assembly/reductive
elimination strategy could provide a variety of new 3D m-conjugated molecules with
different structures and topologies, which are challenging to obtain using conventional
synthetic methods.
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(CNTs)?, curved n-conjugated molecules with closed and

three-dimensional (3D) structures have been the subject
of intensive research. This is not only for their structural beauty
but also their many potential applications in molecular
electronics>*. For example, Cqo and Cy, derivatives have been
used as charge transport materials in organic photovoltaics>®,
and CNTs have demonstrated promise as nanowires or active
components in electronic devices such as the field-effect
transistor’. However, despite these developments, basic
molecular skeletons of 3D molecules are limited. This is due to
the lack of a rational synthetic method, with fullerenes and CNTs
being prepared by physical methods such as laser vaporization or
arc discharge of carbon and combustion of aromatic
hydrocarbons. A solitary exception is the rational synthesis of
Ceo by Scott et al.8, which was based on a flash vacuum pyrolysis

Q fter the discovery of fullerenes' and carbon nanotubes
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technique. However, the application of this strategy to other 3D
molecules has been hampered owing to the low generality, long
synthetic steps, harsh reaction conditions and poor overall yields.
Therefore, development of a general, bottom-up synthetic route
to 3D m-conjugated molecules by organic synthesis is not only a
significant challenge but also a pivotal contribution to materials
science.

Recently, two-dimensional (2D) hoop-shaped m-conjugated
molecules, in particular cycloparaphenylenes (CPPs), the simplest
structural unit of armchair CNTs, have captured significant
interest’, and three groups including our own have developed
new synthetic methods for producing them!®-7. OQur method
relies on the formation of a square-shaped tetranuclear aryl
platinum complex by the transmetallation of arylmetal species
and a platinum dihalide (Fig. 1a)!218-20  The process of the
complex formation can be regarded as a covalent bonding

N

O
@

—

[N+7]CPP

Reductive
elimination I

N

Figure 1| Cycloparaphenylene and supramolecular transition metal-ligand complexes. (a) Synthetic route of cycloparaphenylenes (CPPs). (b) Self-
assembly of metal-ligand interaction forming square metal complex. (¢) Octahedral metal complex. M, metal; L, ligand.
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version of the self-assembly of structurally related coordination
complexes of palladium and platinum macrocycles with, for
example 4,4'-bipyridyl, in supramolecular chemistry (Fig. 1b)?!=23,
Once the covalently bonded complex has been formed, reductive
elimination of platinum affords the CPPs.

As many supramolecular transition metal-ligand complexes
with 3D cages and polyhedral structures have been previously
reported”*~%, it was envisioned that these complexes would be
suitable precursors for 3D molecules. For example, Fujita®*
reported that trispyridyl ligand 1 and palladium(II) selectively
and quantitatively formed octahedral, hexapalladium cage 2
by self-assembly involving a ligand-metal interaction. If a
structurally related cage consisting solely of covalent bonds
was to form, such a molecule would be a possible precursor of
a 3D m-conjugated molecule.

Here we report the synthesis of a 3D, spherical m-conjugated
molecule, in which spz—carbons of 1,3,5-trisubstituted and 1,4-
disubstituted benzenes are covalently bonded forming a ball-like
molecule. The synthesis involves the assembly of four molecules
of tristannylated 1,3,5-benzene derivative and six platinum(II)
species through 12-fold stannane-platinum transmetallation
forming a hexanuclear platinum complex with octahedral shape,
from which 6-fold reductive elimination of platinum gave the
target molecule. The structure of the molecule is unambiguously
determined by the single-crystal X-ray analysis. In addition, the
optical and electrochemical properties and charge mobility of the
molecule are reported.

Results

Synthesis of 3D molecule 3. The synthesis of 3D molecule 3
starting from commercially available tribromide 4a is summar-
ized in Fig. 2. Transmetallation of the bromide in 4a by BuLi,
followed by the addition of trimethylstannyl chloride, gave 4b,
which was treated with 3 equiv. of Pt(cod)Cl, (cod=1,5-
cyclooctadiene) in 1,2-dichloroethane at 50 °C for 20 h, affording
trisplatinated 4c in 75% yield (two steps). Subsequently, 4c was
treated with an equimolar amount of 4b in 1,2-dichloroethane
(I mM) at 50 °C for 30 h. The white precipitate that was formed
was collected by filtration and washed with 1,2-dichloroethane
and toluene to afford 5d in 81% yield. The structure of 5d was
characterized by 'H and '3C NMR spectroscopies. The formation
of 5d is most likely to involve reversible C-Pt bond formation!$,

4a X =Br .
4b X = SnMe, ) I
4¢ X = Pt(cod)CI< !

but the detail studies were hampered due to the low solubility of
5d. Treatment of 5d with bis(diphenylphosphino)ferrocene (dppf,
6 equiv.) gave 5e. After removal of cod and unreacted dppf,
treatment of the reaction mixture with XeF, (6 equiv.) in toluene
at 90 °C for 20 h gave 3 (refs 20,28), which was isolated by silica
gel chromatography in 21% yield as a pale yellow solid. Using
triphenylphosphine (6 equiv.) instead of XeF, also gave 3, but in
19% yield. The use of bromine, however, which was employed in
the synthesis of CPPs!>!8, did not give the desired cyclic product
at all. 3 was found to be soluble in many common solvents,
including toluene, THF, CHCl; and CH,Cl.

The use of Pt complex was essential to obtain the octahedral
complex. The use of Pd complex such as Pd(dppf)Cl, instead of
the Pt complex resulted in a complex mixture because bis-aryl Pd
complexes readily undergo reductive elimination and do not have
sufficient lifetime to form the octahedral complex.

The reductive elimination process was monitored by the 1°F
and 3P NMR spectroscopy (Supplementary Figs S1 and S2).
When XeF, (6 equiv.) was added to 5e in toluene-dg, the reaction
mixture immediately turned orange. The °F NMR spectrum of
the solution showed a singlet peak at — 271.3 parts per million
(p.p.m.), suggesting the formation of single species. In the 3'P
NMR spectrum, the singlet Feak of 5e at 20.3p.p.m. with a
characteristic 1°°Pt satellite ({Jpp = 1,784.3 Hz) completely dis-
aPpeared and a new singlet peak at — 2.9 p.p.m. with the satellite
(*Jpep = 1,018.0 Hz) appeared. The large upfield shift and smaller
pep coupling constant of the product as compared with 5e
suggested the formation of the corresponding (bis-aryl)Pt(IV)F,
complex by the oxidation of 5e by XeF, (refs 28-30).

After heating at 90 °C for 3h, the °F NMR analysis indicated
the complete disappearance of the signal at —271.3 p.p.m. and
the appearance of a new singlet peak at —233.1p.p.m.
corresponding to Pt(dppf)F, together with several peaks from
—290 to — 236 p.p.m. The spectrum became simpler after 9h of
heating, and only the signal of Pt(dppf)F, was observed after 18 h.
The same trend was observed in the *'P NMR spectrum. The
signal at —2.9p.p.m. almost disappeared after 3h with the
formation of several new signals, and only a signal corresponding
to Pt(dppf)F, was observed at 9.5p.p.m. with the satellite
(Ypep=3,542.3Hz) after 18h of heating. These observations
suggest that the reductive elimination from the initially formed
(bis-aryl)Pt(IV)F, to 3 did not proceed at the same time but
rather in a stepwise manner.

5d L = cod Siv
5e L = dppf

Figure 2 | Synthesis of 3. Reagents and conditions: (i) (1) BuLi (4.5 equiv.), THF, —78°C, Th. (2) MesSnCl (4.5 equiv.), — 78 °C to room temperature, 6 h,
91%. (ii) Pt(cod)Cl, (3.0 equiv.), 1,2-dichloroethane, 50 °C, 20 h, 82%. (iii) 4b (1.0 equiv.), 1,2-dichloroethane, 50 °C, 30 h, 81%. (iv) dppf (6.0 equiv.),
CH,Cly, rt, 19h, 86%. (v) XeF, (6.0 equiv.), toluene, 90 °C, 20 h, 21%, or PPhs (6.0 equiv.), toluene, 90 °C, 20 h, 19%. cod, 1,5-cyclooctadiene;

dppf, bis(diphenylphosphino)ferrocene.

NATURE COMMUNICATIONS | 4:2694 | DOI: 10.1038/ncomms3694 | www.nature.com/naturecommunications 3

© 2013 Macmillan Publishers Limited. All rights reserved.

—200-



ARTICLE

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms3694

Characterization of 3. The product was first characterized in
solution by NMR spectroscopy (Supplementary Figs S3 and S4).
In the 'H NMR spectrum in CDCl; at 25 °C, 3 showed one singlet
and two doublets in the aromatic region (7.41, 7.54 and
7.59 p.p.m.), which is consistent with the highly symmetrical
structure of 3. This was also confirmed by the '*C NMR spec-
trum, which showed six signals (125.5, 127.4, 128.3, 138.6, 139.5
and 141.9p.p.m.). In the MALDI-TOF mass spectrum, a mole-
cular ion peak was observed at m/z =1,212.4612, with an isotopic
distribution pattern identical to the theoretical pattern
(Supplementary Fig. S5). The Raman spectrum of 3 in THF at
room temperature shows a similar spectral pattern to that of
CPPs®!, but with approximately double the number of peaks
present (Supplementary Fig. S6). In addition to the peak derived
from the paraphenylene unit, 3 showed the characteristic bands at
1,586, 1,329 and 1,231 cm ~ ! due to intra-ring C-C stretch, inter-
ring C-C stretch and in-plane C-H bend, respectively, derived
from the 1,3,5-trisubstituted benzene unit.

D, (0.0 kJ mol™) S, (5.3 kJ mol™) C, (16.0 kJ mol™)

C, (16.2 kJ mol™) C, (21.8 kJ mol™) T(26.0 kJ mol™")

Figure 3 | Calculated structural isomers of 3. All molecular geometries
were obtained by geometry optimization with DFT calculation at the B3LYP/
6-31G* level. The energy values (kJmol —") beneath each isomer are the
relative energy with respect to the lowest-lying isomer calculated at the
corresponding level of DFT calculation. Blue represents carbon atoms.
Hydrogen atoms are omitted for clarity.

a b
ce’
cr
c1 @
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3D-structural information for 3 was first obtained by the
density functional theory (DFT) calculations at the B3LYP/6-
31G* level of theory. Six energy-minimized isomers with D,, S,,
Cy, Gy C; and T symmetries were calculated (Fig. 3), among
which the D, symmetric isomer was the most thermodynamically
stable, followed by the S, symmetric isomer by 5.3kJ mol ~ 1. The
other isomers were found to be very high in energy
(>16.0kJ mol ~ ') compared with the D, isomer, suggesting that
the contributions of these isomers to the ground state structure
were negligible. As all isomers are rotational isomers with respect
to the biphenyl units, the conversion among the isomers should
occur spontaneously within the time frame of the NMR
measurement. Indeed, the isomerization could not be frozen,
even at low temperature, which was evident from the observation
that the '"H NMR signals of 3 did not split, even at — 80 °C.

The strain energy of the D, isomer was calculated to be
501kJmol ~! wusing a hypothetical homodesmotic reaction
(Supplementary Fig. S7). The strain energy of 3 is higher
than that of [6]CPP (407 kJ mol ~ 1), which is the smallest CPP
that has been sznthesized to date?®32, and even [5]CPP
(491 kJ mol ~ 11833 In contrast, precursor 5 does not exhibit
significant strain because the bond angle of cis-substituted
platinum would be close to its ideal angle of 90°, although
detailed structural analysis has so far proved unsuccessful. These
results strongly suggest that the use of reductive elimination is an
excellent strategy for synthesizing highly strained molecules.

X-ray crystallographic analysis of 3. The structure of 3 was
unambiguously determined by X-ray crystallographic analysis
performed on a single crystal of 3 that was grown by vapor dif-
fusion of n-hexane into a solution of 3 in CHCl; (Supplementary
Data 1). The crystal belongs to the tetragonal crystal system with
a space group of P42;c. As shown in the ORTEP drawing in
Fig. 4a, 3 clearly exhibited a ball-shaped structure, with the inner
void space occupied by highly disordered n-hexane molecules.
The structure of 3 was found not to be a highly symmetrical
circular shape but an elliptic form, the breadth of which was
shown to be elongated along the ¢ axis (15.28(3) A) rather than
the a- and b axes (12.54(9) A), as estimated from the distance
between the diagonal ipso carbon atoms. The conformation of 3
in the crystal did not have D, symmetry, which was calculated to
be the most stable conformer, but instead possessed a pseudo S,
symmetry, which was induced by the elongation of the ¢ axis, as

Figure 4 | Crystal structure of 3. (a) ORTEP drawing of 3, showing the atom-numbering scheme. Asterisks indicate atoms generated by the symmetry
operation. Thermal ellipsoids are shown at 50% probability. Hydrogen atoms and solvent atoms are omitted for clarity. Crystal data; tetragonal, P42;c
(#114): a=16.0885(6) A, b=16.0885(6) A, c=18.6558(8) A, V=4828.9(3) A 3, Z=2, R,;y=0.0665, wR,=0.1682, GOF =1.068. (b) Crystal packing
of 3. View down b axis. (¢) Space filling model in extended area. Carbon atoms are shown as blue or purple and layer structure (one layer in

blue and another layers in purple) are presented in the figure. For clarity, hydrogen atoms and solvent molecules are omitted.

4 NATURE COMMUNICATIONS | 4:2694 | DOI: 10.1038/ncomms3694 | www.nature.com/naturecommunications

© 2013 Macmillan Publishers Limited. All rights reserved.

—-201—-



NATURE COMMUNICATIONS | DOI: 10.1038/ncomms3694

ARTICLE

mentioned above. The bond lengths and bond angles of the
crystal of 3 were in good agreement with those of the calculated S,
structure, but the dihedral angle with respect to the two benzene
units was slightly different. This apparent contradiction between
the gas phase and crystalline structures is likely to be due to the
effects of crystal packing forces and/or inclusion of solvent
molecules.

Selected structural parameters of 3 obtained from the X-ray
analysis and the theoretical calculations are summarized in
Supplementary Table S1. The bond lengths of the Ci,s—Cipso
bonds, namely C1-C1*, C4-C7, C9-C13, C11-C14 and C17-C20
were in the range of 1.46(4)-1.49(0) A, the values of which are
typical Cipso—Cipso bond lengths observed between two phenyl
groups. The C-C bonds of the benzene rings were in the range of
1.37(7)-1.39(6) A, and no significant bond alternation was
observed. These results indicate that, despite extremely high
strain of 3, the benzenoid form was preserved in all of the
benzene rings. This observation is in sharp contrast to the
hexagons of fullerenes and small CPPs, where the benzenoid
character is reduced owing to the presence of strain. The ipso
carbon atoms were slightly pyramidalized, as indicated by the
sum of three bond angles around them being <360° (357.4(2)-
358.9(2)°). The bend angles as defined by the angle consisting
of three ipso carbon atoms>3, namely C1*-C1-C4, C1-C4-C7,
C4-C7-C10, C12-C9-C13, (C8-Cl11-C14, C11-C14-C17,
C14-C17-C20, C17-C20-C13* and C20-C13*-C9* were
155.4(5)°, 158.1(1)°, 161.7(7)°, 161.7(7), 164.6(2)°, 161.3(1)°,
163.1(3)°, 163.4(7)° and 160.4(0)°, respectively. These
observations suggest that the strain is more localized at the ipso
carbons of the paraphenylene unit.

The molecular arrangement of 3 in the crystal was found to be
a body-centered quasi-cubic structure (a=b#c), where each
molecule of 3 in the unit cell center had eight nearest upside-
down neighbors on the vertices of the unit cell, as shown in
Fig. 4b and c. Interestingly, there is no m-m stacking contact of
benzene units between adjacent molecules of 3. Instead, weak off-
set C-H/m interactions were observed between the central
molecule and the vertex molecules, in which the C-H bonds
lay perpendicular to the C atom of benzene, rather than pointing
towards the center of the benzene rings (Supplementary Fig.
$8)34. The observed C-H...n bond distances (3.5-3.6 A) were
slightly longer than the sum of the van der Waals radius of sp? C
(3.40A). This type of C-H...m interaction is observed in
crystalline pentacene and is responsible for the large charge
mobility in pentacene-based organic transistors®”. Therefore, 3
might also serve as a new charge transport material in molecular
electronics. Indeed, the flash-photolysis time-resolved microwave
conductivity measurements>® on the solid film of 3 with 7,7,8,8-
tetracyanoquinodimethane gives a clear signature of photo-
induced charge separation and the subsequent delocalization of
positive charges on 3, revealing its moderate hole mobility of
3.0 x 10" 3cm?V ~ s~ ! (Supplementary Fig. $9).

Physical properties of 3. The ultraviolet-vis spectrum of 3 in
chloroform at room temperature shows an absorption maximum
at 317 nm, with an absorption coefficient £ =29,000 M ~ lem—!
(Supplementary Fig. S10). The time-dependent DFT calculations
for the D, and S, isomers indicated that this absorption mainly
consisted of four transitions for the D, isomer and three transi-
tions for the S4 isomer, but that the HOMO — LUMO transition
was symmetry-forbidden for both isomers (Supplementary Table
S2). In the fluorescence spectra, a blue fluorescence was observed
with Ae =426 nm in THF. The Stokes shift was significantly
high, probably due to large structural relaxation from the Franck-
Condon state’”. The fluorescence quantum yield (®p) was

determined to be 0.44, using 9,10-dicyanoanthracene as a
standard. The fluorescence decay of 3 followed first-order
kinetics with a lifetime (7) =2.1ns, as measured by the single-
photon counting method. The radiation decay rate constant (k,)
was determined to be 2.1 x 108s ! from the equation k, = Pg/1.

The electrochemical properties of 3 were studied using
differential pulse voltammetry (DPV) in a 0.1 M solution of
BuyNPF, in 1,1,2,2-tetrachloroethane as a supporting electrolyte
(Supplementary Fig. S11). A single oxidation peak was observed,
with an oxidation potential of +1.06V versus ferrocene/
ferrocenium couple (Fc/Fct); however, no reduction was
observed under the given solvent window.

Discussion

A ball-like 3D m-conjugated molecule 3 was successfully
synthesized and characterized. The key steps of the synthesis
are the platinum-mediated assembly of m-units by transmetalla-
tion and subsequent reductive elimination of the platinum. The
assembly process by which the hexanuclear platinum complex 5
was formed mimics the self-assembly of metal and ligands that
form structurally related cage-like coordination complexes
(Fig. 1c). Furthermore, despite the high strain of 3, reductive
elimination of platinum from 5 proceeded with reasonable yield.
As many metal-organic frameworks with 3D structures are
already known and can easily be prepared, the assembly/reductive
elimination strategy described here would provide a variety of
new 3D m-conjugated molecules with different structures and
topologies, which are challenging to obtain using conventional
synthetic methods. In view of the diverse range of possible
functions of m-conjugated molecules, the current method has the
potential to open up a new era of 3D m-conjugated molecules.
Interestingly, as the structure of 3 is topologically identical to a
Reuleaux triangle, the extension of this synthetic strategy should
make it possible to synthesize molecules with Klein’s quartic
curve structure>®, a 3D version of a Mdbius strip39.

While this work was ongoing, Matsui et al.*? reported on the
synthesis of a m-conjugated 3D molecule that possessed a simpler
bicyclic structure than 3, which is tricyclic, using a modification
of the strategy they developed for CPP synthesis. However, the
synthesis required long reaction steps and the final product was
only obtained in a low overall yield. Furthermore, it is likely that
extension of the method to the synthesis of a structurally diverse
array of 3D molecules would be challenging.

Methods

General. All reaction conditions dealing with air- and moisture-sensitive
compounds were carried out in a dry reaction vessel under a nitrogen atmosphere.
'H (400 MHz) and '*C NMR (100 MHz) spectra were measured for a CDCl; or
(CDCl,), solution of a sample and are reported in p.p.m. (8) from internal
tetramethylsilane or residual solvent peak. '°F NMR spectra were measured at
376 MHz and are reported in & from external CgFg (-162.9 p.p.m.), which was
separately calibrated from CCIsF (0.0 p.p.m.). 3'P NMR spectra were measured at
162 MHz and are reported from external 85% H;PO, aqueous solution. Infra-red
spectrum (absorption) was reported in cm ~ 1. Electrospray ionization time-of-
flight mass spectrum (ESI-TOF MS) was recorded under the positive mode with
samples dissolved in a CH,Cl,/isopropanol solution. Matrix-assisted laser-deso-
rption ionization time-of-flight mass spectrum (MALDI-TOF MS) was obtained on
a spectrometer under the positive reflection mode with 20kV acceleration
voltage. Samples were prepared by mixing a 1:1 ratio of sample (1 mgml ~!) and
dithranol (1 mgml~ 1y solutions in THF. Ultraviolet-vis and fluorescence spectra
were measured in CHCl; and THF at room temperature, respectively. DPV was
performed with a Pt electrode of a sample solution (1 mM) in 0.1 M BuyNPFg
solution of 1,1,2,2-tetrachloroethane at room temperature under a nitrogen
atmosphere. The scan rate with 20mV's ~ ! was employed. After the measurement,
ferrocene was added to the mixture and the potential was calibrated with

respect to the Fc/Fc .

Materials. Unless otherwise noted, commercially available materials were used
without purification. Dichloromethane was distilled successively from P,O5 and
K,COj3 and stored over molecular sieves. Toluene was distilled from CaH, and
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stored over molecular sieves. Pt(cod)Cl, (ref. 41), dppf (ref. 42), 1,3,5-tris(p-
bromophenyl)benzene 4a (ref. 43) are commercially available and were easily
synthesized as reported. 'H NMR and '*C NMR spectra are provided for all new
compounds (see Supplementary Figs S12-S17).

Synthesis of 4b. To a solution of 4a (5.43 g, 10 mmol) in THF (75 ml) BuLi

(32 ml, 1.41 M in hexane, 45 mmol) was slowly added by using a syringe at -78 °C.
After stirring for 1h at this temperature, a solution of trimethylstannyl chloride
(8.96 g, 45mmol) in THF (10 ml) was slowly added through a cannula at — 78 °C
and the resulting mixture was slowly warmed to room temperature over 3 h. After
stirring for 3h at this temperature, the reaction mixture was quenched with
saturated aqueous NH,CI solution and was extracted with ethyl acetate. The
combined organic layer was washed with brine, dried over MgSO,, filtered and
concentrated under reduced pressure to give a crude mixture. The residue was
purified by passing neutral alumina with hexane as an eluent to give the title
compound (7.22 g, 91%) as a white solid. 'H NMR (CDCls, 400 MHz) 0.34 (s, 27H,
Jsn-n = 54.0 Hz, SnMe;), 7.62 (d, J=7.6 Hz, 6H, -ArH), 7.66 (d, J]=7.2Hz, 6H, -
ArH), 7.77 (s, 3H, -ArH); 13C NMR (CDCls, 100 MHz) -9.50 (Js,_c = 341.5 Hz),
125.18, 126.92, 136.35, 141.04, 141.50, 142.36; HRMS (FAB) m/z: calcd for
Cs3HoSn; (M) T, 798.0352; found 798.0285; IR (KBr) 798, 990, 1,265 1,420, 1,465,
1,571, 2,900, 3,002; mp 191.0-193.5°C.

Synthesis of 4c. Pt(cod)Cl, (2.24 g, 6.0 mmol) and 4b (1.59 g, 2.0 mmol) were
dissolved in 1,2-dichloroethane (1,200 ml) and the mixture was heated at 50 °C for
20h under a nitrogen atmosphere. The solvent was removed under reduced
pressure and the residue was washed with toluene to give a crude mixture. The
residue was purified by passing over a short neutral alumina plug with CH,Cl, as
an eluent to give the title compound (2.16 g, 82%) as a white solid. 'H NMR
(CDCls, 400 MHz) 2.15-2.84 (m, 24H, cod), 4.65 (s, Jp_c = 68.5 Hz, 6H, cod), 5.81
(s, 6H, cod), 7.27-7.36 (m, 3H, -ArH), 7.36-7.49 (m, 6H, -ArH), 7.61-7.76 (m, 6H,
—ArH); 13C NMR (CDCl;, 100 MHz) 27.91, 32.13, 87.44 (Jop, = 201.3), 115.70,
124.30, 124.66, 127.11, 127.23, 128.71, 134.21, 137.28, 141.39, 141.84, 142.21,
143.43; HRMS (ESI-TOF) m/z: caled for CygHssCLN, Pty (M-NH,) +, 1,337.2320;
found 1,337.2402; IR (KBr) 772, 890, 986, 1,215, 1,460, 1,536, 2,221, 2,765, 2,980.

Synthesis of 5d. The solution of 4b (0.40 g, 0.5 mmol) and 4c (0.66 g, 0.5 mmol) in
1,2-dichloroethane (1,500 ml) was heated at 50 °C for 30 h under a nitrogen
atmosphere, forming a white precipitate. The solvent was removed under reduced
pressure and the residue was washed with 1,2-dichloroethane/toluene (1/1) to give
the title compound (0.61 g, 81%) as a white solid. 'H NMR (C,D,Cl,, 400 MHz)
2.17-2.65 (brs, 48H, cod), 4.84-5.27 (brs, 24H, cod), 7.18-7.23 (m, 24H, ~ArH),
7.24-7.32 (m, 36H, -ArH); 13C NMR (C,D,Cl,, 100 MHz) 30.48, 104.03, 126.83,
128.82, 130.05, 134.37, 135.55, 156.22; IR (KBr) 789, 988, 1,020, 1,088, 1,465, 1,568,
2,360, 2,868, 2,996.

Synthesis of 3. A suspension of 5d (0.30 g, 0.1 mmol) and dppf (0.33 g, 0.6 mmol)
in CH,Cl, (300 ml) was stirred at room temperature for 19 h under a nitrogen
atmosphere. The solvent was removed under reduced pressure and the residue was
washed with ethyl acetate to give 5e (0.49 g, 86%) as an orange solid. The sus-
pension of 5e (0.49 g, 0.086 mmol) and XeF, (87.4 mg, 0.52 mmol) in toluene

(86 ml) was heated at 90 °C for 20 h under a nitrogen atmosphere. The resulting
suspension was filtered and the filtrate was concentrated under reduced pressure to
give a crude mixture. The residue was purified by silica gel chromatography
(hexane/CH,Cl, =4/1 to 1/1) to give 3 (21.9mg, 21%) as a pale yellow solid.

'H NMR (CDCls, 400 MHz) 7.41 (d, 24H, = 8.0 Hz, ~ArH), 7.54 (s, 12H, -ArH),
7.59 (d, 24H, J=8.0 Hz, -ArH); '*C NMR (CDCl;, 100 MHz) 125.45, 127.36,
128.26, 138.55, 139.52, 141.89; HRMS (MALDI-TOF) m/z: calcd for CogHgo [M] T :
1,212.4612; found 1,212.4690.

Alternative synthesis of 3. A suspension of 5d (30.3 mg, 10 pmol) and dppf
(33.3 g, 60 umol) in CH,Cl, (30 ml) was stirred at room temperature for 19 h under
a nitrogen atmosphere. The solvent was removed under reduced pressure and the
residue was washed with ethyl acetate to give 5e (48.0 mg, 84%) as an orange
solid. The suspension of 5e (48.0 mg, 8.4 umol) and PPh; (26.4 mg, 101 umol) in
toluene (8.4ml) was heated at 90 °C for 20 h under a nitrogen atmosphere. The
resulting suspension was filtered off and the filtrate was concentrated under
reduced pressure to give a crude mixture. The residue was purified by silica gel
chromatography (hexane/CH,Cl, =4/1 to 1/1) to give 3 (1.9mg, 19%) as a pale
yellow solid.

NMR monitoring of the reductive elimination of 5e. To a solution of 5e (6.4 mg,
1.12 pmol) in toluene-dg (0.5 ml) in a NMR tube XeF, (67 pl, 0.1 M in toluene-dg,
6.72 umol) was added at room temperature. The '°F and >'P NMR analyses
showed the quantitative conversion from 5e (*'P NMR; 20.3 p.p.m., pp =
1,784.3 Hz) to the Pt(IV) difluoride complex (°F NMR; — 271.3 p.p.m., >'P NMR;
—29p.p.m, Jpp = 1,018.0 Hz). The NMR tube was sealed and was heated at

90 °C. The progress of the reaction was monitored by °F and 3!P NMR

spectrometry after 3, 9 and 18 h. The disappearance of 5e and the formation of
several species were observed at 3 and 9h and the reaction eventually gave
Pt(dppHF, (\°F NMR; 233.1 p.p.m., 3'P NMR; 9.5 p.p.m., Jpp = 3542.3 Hz) as an
exclusive product.

Computational study. DFT calculations were carried out by using the Gaussian 09
program package**. The DFT method with the B3LYP hybrid functional*>*® and
the 6-31G(d) basis set*’ was employed. Geometry optimizations were performed
under the constraint of D,, S4, Cy, C,, C5 or T symmetries. Normal coordinate
analysis at the same level of theory was performed, and the number of imaginary
frequencies was 0 for all structures. See Supplementary Figs S18 and S19 and
Supplementary Tables S3 and S4.

X-ray crystallography. Single-crystal X-ray diffraction experiments were carried
out with a large cylindrical imaging plate camera*® at SPring-8 beam line BL02B1
(Hyogo, Japan). Crystal data are summarized in Supplementary Table S5. The
structures were solved by the direct methods with SIR2004 (ref. 49) and refined by
the full-matrix least-squares techniques against F2 (SHELXL-97)°°. The intensities
were corrected for Lorentz and polarization effects. The non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were placed using AFIX instructions.

All calculations were performed by using Crystal Structure 4.0 or Yadokari-XG 2011.

Charge carrier mobility in 3. Charge carrier mobility in 3 was measured by the
flash-photolysis time-resolved microwave (FP-TRMC) technique36’51. 3 (5mg, 2.5
wt%) and 7,7,8,8-tetracyanoquinodimethane (5 mg, 2.5 wt%) were added to 200 mg
of toluene solution including 5 wt% of poly(methyl methacrylate). The mixture was
heated at 80 °C, casted onto a quartz substrate and dried at room temperature. The
nanosecond laser pulses from an Nd: YAG laser (third harmonic generation, THG
(355nm) from Spectra Physics, INDI-HG, FWHM 4 ns) was used as excitation
source. The excitation density was 4.6 x 10'® photons cm ~ 2. The resonant
frequency and the microwave power were set at ~9.1 GHz and 3 mW, respectively.
The TRMC signal from a diode was recorded on a digital oscilloscope (Tektronix,
TDS 3032B). The transient photoconductivity (Ac) of the samples is related to
the reflected microwave power (AP,/P,) and sum of the mobilities of charge
carriers via:

1 AP,

<Ao> =—
77 T AP,

(1)

<As>=edNY pu ()

where A, e, @, N and ) _p are the sensitivity factor, elementary charge of electron,
photo carrier generation yield (quantum efficiency), the number of absorbed
photons per unit volume, and sum of mobilities for negative and positive carriers,
respectively. The value of @ was determined by transient absorption spectroscopy
measurement. Details of the experimental setup are described elsewhere’.

Time-dependent absorption spectral changes were monitored by Hamamatsu
C7700 streak camera via a Hamamatsu C5094 spectrometer upon direct excitation
of the identical solid-state films used for TRMC measurements using a third
harmonic generation (4= 355nm, 50 m] pulse ~ Iem ™ 2) from the Nd: YAG laser.
To correct a 2D time-wavelength correlation data of the transient absorption, the
streak scope images were averaged over 2,500 images via a high-speed camera
(Hamamatsu C4742-95).
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VMAT?2 identified as a regulator of late-stage
B-cell differentiation

Daisuke Sakano', Nobuaki Shiraki', Kazuhide Kikawa"?, Taiji Yamazoe', Masateru Kataoka',
Kahoko Umeda’, Kimi Araki3, Di Mao#, Shirou Matsumoto?, Naomi Nakagata> Olov Andersson®’,
Didier Stainier®®, Fumio Endo?, Kazuhiko Kume''°, Motonari Uesugi* & Shoen Kume'®*

Cell replacement therapy for diabetes mellitus requires cost-effective generation of high-quality, insulin-producing, pancreatic
BB cells from pluripotent stem cells. Development of this technique has been hampered by a lack of knowledge of the molecular
mechanisms underlying B-cell differentiation. The present study identified reserpine and tetrabenazine (TBZ), both vesicular
monoamine transporter 2 (VMAT2) inhibitors, as promoters of late-stage differentiation of Pdx1-positive pancreatic progenitor
cells into Neurog3 (referred to henceforth as Ngn3)-positive endocrine precursors. VMAT2-controlled monoamines, such
as dopamine, histamine and serotonin, negatively regulated p-cell differentiation. Reserpine or TBZ acted additively with
dibutyryl adenosine 3',5'-cyclic AMP, a cell-permeable cAMP analog, to potentiate differentiation of embryonic stem (ES) cells
into 3 cells that exhibited glucose-stimulated insulin secretion. When ES cell-derived 3 cells were transplanted into AKITA
diabetic mice, the cells reversed hyperglycemia. Our protocol provides a basis for the understanding of 3-cell differentiation

and its application to a cost-effective production of functional 3 cells for cell therapy.

positive (Pdx1+) pancreatic progenitor cells!, which prolifer-

ate and give rise to all three pancreatic lineages: acini, ducts
and endocrine islets>. Endocrine precursors are characterized
by the transient expression of the basic helix-loop-helix tran-
scription factor neurogenin 3 (Ngn3, also known as Neurog3)
Previous studies showed that Ngn3 specifically establishes the
endocrine lineages and that loss of Ngn3 precludes endocrine
cell development*’. Production of islet cells occurs through
the concerted activation of a combination of transcription fac-
tors®. However, the coordination of cell fate decisions remains
poorly understood.

The prevalence of diabetes mellitus in many populations is high,
and development of cell replacement therapy through generation
of B cells from ES cells is a research priority. Recent studies have
shown that mouse or human ES cells can be induced to recapitu-
late embryonic development of the pancreas®. Studies on ES cell
differentiation into endodermal or pancreatic cell lineages have
shown that stimulation with activin, FGF or retinoic acid, in addi-
tion to inhibition of hedgehog signaling by KAAD-cyclopamine,
promotes the differentiation into endoderm or pancreatic fates®”’.
New signal pathways that promote ES cell differentiation into
endodermal® or pancreatic® lineages have been discovered through
large-scale screening of cell-permeable, bioactive small molecules.
However, it is still difficult to derive mature B cells that secrete
insulin in a glucose-dependent manner. A better understanding
is needed of the underlying molecular mechanisms that control
the late stages of B-cell development, in which Pdx1+ pancre-
atic progenitor cells develop into Ngn3+ endocrine progenitor

Pancreatic cells arise from definitive endoderm and Pdxl-

cells and insulin-positive (Ins+) B cells and then further differ-
entiate into mature 3 cells capable of glucose-stimulated insulin
secretion (GSIS).

Here, we identified reserpine and TBZ as potent promoters of
pancreatic progenitor cell differentiation into functional f§ cells.
This study highlights the use of chemical compound libraries for
the identification of new developmental pathways that control
progenitor cell differentiation into mature {3 cells.

RESULTS
Reserpine and TBZ increase Ins+ cells
The present study used large-scale screening of chemical com-
pounds with an ES cell line, SK7, that expresses GFP under the
Pdx1 promoter'®!!. The Pdx1-GFP ES cell line is useful because the
expression of PdxI is biphasic (Fig. 1a), which enabled the detec-
tion of early-stage Pdxl+ pancreatic progenitors and late-stage
Pdx1+ Ins+ B cells . We optimized the culture to promote modest
basal differentiation with high reproducibility, so that the markers
Sox17, Pdx1, Ngn3 and Insl were sequentially expressed (Fig. 1a).
To screen for compounds that potentiate the differentiation of
ES cell-derived Pdx1+ pancreatic progenitor cells into insulin-ex-
pressing cells, we tested a library of 1,120 biologically active com-
poundsarrayed as single compounds in DMSO on cultures, starting
on day 11 after confirming the appearance of PdxI1-GFP+ cells and
conducting the assay on day 17 (Fig. 1a). Candidate compounds
that increased both Insl expression and the number of Ins+ cells
relative to vehicle (1% DMSO) were selected as primary hits. The
coefficient of variation of this screen was 0.36 £ 0.0447 (* s.d.),
which was difficult to minimize further owing to the long assay
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Figure 1| Reserpine identified as a chemical that enhanced ES cell
differentiation into pancreatic B cells. Using a high-throughput screening
system, a chemical library was screened, and reserpine was identified

as a hit chemical. (a) A high-throughput screening system for chemicals
that enhance differentiation into B cells. Transcript expressions of Sox17,
Pdx1, Ngn3 and InsT are expressed as fold change relative to control on

day 7. (b,c) Reserpine (b) and TBZ (c) (chemical structure shown at left)
increased the number of f3 cells relative to the total number of DAPI-
stained cells (black bars) without affecting Pdx1+ cells (light gray bars).

In a-c, data shown are mean £ s.d. (n = 3); significant differences between
treatment and control at *P < 0.05 and **P < 0.01 are shown (two-tailed
paired Student's t-test).

period. To overcome this, we investigated dose dependencies of
the hit chemicals as a secondary screen. Of our hit compounds,
the indole alkaloid antipsychotic and antihypertensive drug reser-
pine demonstrated the strongest effect. Reserpine increased the
proportion of Ins+ cells in a concentration-dependent manner
without altering the Pdx1-GFP+ cell ratio (Fig. 1b). Reserpine is
known to deplete monoamines from secretory vesicles by blocking
uptake into monoamine secretary granules, mediated by VMAT
proteins'?-*, Because human pancreatic 3 cells express the isoform
VMAT?2 (refs. 16-19), we also tested another VMAT?2 inhibitor,
TBZ, which also increased the amount of insulin-expressing cells
in a dose-dependent manner (Fig. 1c). The half-maximal effective
concentration (EC,,) values of reserpine and TBZ were 0.19 uM
and 0.22 uM, respectively. The concentrations that led to 50% cell
death (TD,,) were 1.56 UM reserpine and 5.98 uM TBZ. In a sepa-
rate experiment, we treated cells with 0.63 UM reserpine or 1.25 uM
TBZ (Supplementary Results, Supplementary Fig. 1). We con-
firmed the increases in the percentage of Ins+ cells out of the total
cell numbers versus the untreated cells and in the relative InsI
mRNA levels (by real-time PCR) (Supplementary Fig. 1). These
results suggested that VMAT?2 is the candidate target molecule of
reserpine and TBZ, which has a pivotal role in the differentiation
of ES cells into Ins-expressing cells.

VMAT2 inhibited differentiation into Ins+ cells

To identify the role of VMAT?2 in differentiation of ES cells into
pancreatic B cells, we performed a knockdown of VMAT2. We
established two VMAT2-knockdown SK7 cell lines, VMAT2KD1

142

and VMAT2KD?2, using lentiviral short hairpin RNA (shRNA)
(Fig. 2a). VMAT2KD2 exhibited lower Slci18a2 (henceforth
referred to as Vimat2) expression than VMAT2KD1 (Fig. 2a) and
showed greater increases in the number of f3 cells and level of Ins1
transcription (Fig. 2b). These results indicated that reserpine- or
TBZ-mediated VMAT?2 inhibition led to an enhancement of dif-
ferentiation into Ins+ cells. Therefore, VMAT2-mediated mono-
amine storage functions as a negative regulator of differentiation
into Ins+ cells. Pancreatic islets have an isozyme of the monoamine-
catabolizing enzyme, monoamine oxidase B (MAO;)*. We then
tested the effects of application of pargyline, an MAOj inhibitor
(MAOy), to stabilize the monoamines and increase intracellular
monoamines. Indeed, application of pargyline had an inhibitory
effect on the number of B cells and the level of Insl expres-
sion, and reserpine counteracted the inhibitory effect of MAOy,
(Supplementary Fig. 2). Moreover, the number and expression
level of PdxI1-GFP+ cells was unaffected (Supplementary Fig. 2),
similarly to treatment with reserpine and TBZ (Fig. 1b,c).
Monoamines such as dopamine, histamine and serotonin are
known to be the substrates for VMAT2. We tested the effect of
these monoamines by exogenous application and found that incub-
ation with dopamine, histamine or serotonin from days 11-17
suppressed B-cell differentiation, with EC,, values of 1.25 uM
(dopamine), 0.5 uM (histamine) and 0.92 uM (serotonin) (Fig. 2c—e).
We determined the monoamine contents in the ES cell-derived
cells on day 17 (Fig. 2f-h and Supplementary Fig. 3a,b). The dop-
amine content (approximately 1.3 pg/ig DNA) was approximately
100-fold higher compared to the other monoamines, whereas his-
tamine was undetectable. Inhibition of VMAT?2 with TBZ or reser-
pine and knockdown of Vimat2 with shRNA significantly decreased
(P < 0.005) monoamine contents, whereas treatment with par-
gyline increased it (P < 0.01) (Fig. 2f,h and Supplementary Fig. 3).
The enzyme that synthesizes dopamine, tyrosine hydroxylase
(Th), was expressed in the ES cells during differentiation at a
level comparable to that in the embryonic pancreatic bud. By
contrast, the histamine-synthesizing enzyme histidine decarboxy-
lase (Hdc) and the serotonin-synthesizing enzyme tryptophan
hydroxylase 1 (Tph1) were expressed at approximately 0.066-fold
lower levels compared to those in the embryonic pancreas
(Supplementary Fig. 4a—c). The monoamine receptors dopamine
D2 (Drd2), histamine H1 (Hrh1), histamine H2 (Hrh2) and sero-
tonin 1A (Htrla) were expressed in day 11 and day 13 differenti-
ated cells (Supplementary Fig. 4d-f). Upon addition of chemical
compounds that inhibit the synthesizing enzymes for dopamine
(oi-methyl-tyrosine (0-MT) and L-3,4-dihydroxyphenylalanine
(t-DOPA)), histamine (o-fluoromethylhistidine (a-FMH)) or
serotonin (5-hydroxy tryptophan (5HTP) and carbidopa), we
observed increases in Ins+ cell numbers (Supplementary Fig. 4g-i).
Taken together, VMAT2-controlled monoamine release
exerted inhibitory effects on the differentiation of pancreatic pro-
genitor cells into Ins+ cells. Reserpine and TBZ inhibit the uptake
of monoamines into vesicular stores, which led to depletion of
monoamines and potentiation of Ins+ cell differentiation.

TBZ increased differentiation into Ngn3+ cells

We then examined the effects of TBZ on marker expression in ES
cell-derived cells by real-time PCR. We used TBZ instead of reser-
pine owing to its lower cytotoxicity; the results are expressed as
fold changes compared to control treatments without chemicals
at day 13. Treatment with TBZ resulted in a marked increase of
Ngn3, Nkx6-1 and Insl transcripts on day 15 and day 17 (Fig. 3a).
The real-time PCR results suggested that TBZ increases differen-
tiation of ES cell-derived cells into Ngn3+ endocrine progenitors.
To follow the transient increase of Ngn3+ endocrine precursors in
living cells, we developed an NGP9 ES cell line from a transgenic
mouse line bearing the Ngn3-promoter-driven eGFP transgene?'.
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Figure 2 | VMAT2- and monoamine-dependent suppression of pancreatic 3-cell differentiation. The effects of VMAT2- and monoamine-mediated
inhibition on ES cell differentiation into Ins+ cells were tested, and monoamine cellular contents were determined. (a) Time-dependent expression of
VMAT2 in VMAT2KD1 (dark gray), VMAT2KD?2 (black) and control nonsilencing (NS; light gray) ES cell lines. (b) VMAT2KD1 and VMAT2KD2 ES cell
lines yielded more Ins+ cells and InsT transcripts than control NS ES cells. (c-e) Addition of monoamines, dopamine (¢), histamine (d) or serotonin (e)
suppressed differentiation of ES cells into Ins+ cells in a dose-dependent manner. (f-h) Cellular contents of dopamine (f), histamine (g) or serotonin (h)
when added with VMAT2 inhibitors or MAQyg, treatment with both TBZ and dBu-cAMP. Control, no chemical treatment; MAOg;: 1 UM pargyline; Res:

0.63 UM reserpine; MAOg, + Res: 1M pargyline + 0.63 UM reserpine. For a-h,

, data shown are mean + s.d. (n = 3); significant differences between

treatment and no chemical treatment at *P < 0.05 and **P < 0.01 are shown (two-tailed paired Student’s t-test). In a and b, black bars indicate Ins+ or
Pdx1-GFP+ relative cell numbers, and gray bars indicate InsT or PdxT transcript expression relative to that in cells with no chemical treatment.

We treated the NGP9 cells with TBZ from day 11 to 13 and then
performed the assay on day 13 (Fig. 3b). TBZ increased Ngn3-
GFP+ cell numbers (Fig. 3b). These results indicate that VMAT?2
signaling negatively controls differentiation into Ngn3-GFP+
endocrine precursors. We observed 5-ethynyl-2’-deoxyuridine
(EdU) incorporation in Ngn3- cells but not in Ngn3+ cells, and
TBZ addition did not increase EdU+ Ngn3+ cells, indicating that
the increase in Ngn3+ cells was due to increased differentiation

into Ngn3+ cells but not proliferation of Ngn3+ cells (Fig. 3b and
Supplementary Fig. 5a). The Ngn3+ cells expressed Nkx2.2 and
Nkx6.1 in their nuclei (Supplementary Fig. 5b).

We then examined whether this mechanism existed during
normal embryonic development using an in vitro pancreas bud
culture system. Upon addition of TBZ, we observed increased
differentiation into insulin-, glucagon-, somatostatin- or pan-
creas polypeptide—expressing endocrine cells in the PdxI-GFP+
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8 64 T 6
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Figure 3 | VMAT2 inhibition increased differentiation into Ngn3-GFP+ cells. TBZ increased differentiation into Ngn3-GFP+ cells without increasing
proliferation. (a) Ngn3, Nkx6.1 and InsT expression assayed on differentiation days (d) 13, 15 and 17, with or without (w/0) TBZ, expressed as fold change

relative to control on day 13. Gray bars, no chemical (vehicle) samples; black bars, TBZ-treated samples. For all graphs, (n = 3). (b) A schematic drawing of
the experimental design is shown. ES cell cultures were added with TBZ from day 11 to day 13 and assayed on day 13. Transmission or fluorescence images
(left) and quantitative representations (right) of Ngn3-GFP+ cells without TBZ on day 13 are shown. (¢) Schematic drawing of the experimental design.
Pancreatic rudiments (PB, pancreatic bud) dissected from Pdx7-GFP mice at E12.5 were used for ex vivo culture for 7 d on filter inserts. (d-f) Transmission
(left) and fluorescence (right) micrographs of explants before (d) and after culturing without TBZ (e; control DMSO) or with TBZ (f). (g) Semiquantitative
real-time PCR was used to assay the expression of Gcg, Sst, PPy, Amy2b or Krt19 after 7-d culture. Data shown are mean + s.d. (n = 3), expressed as relative
cell number compared to control. Scale bars, 200 um. *P < 0.05 and **P < 0.01 (two-tailed paired Student's t-test).
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Figure 4 | TBZ and dBu-cAMP e !
additively potentiated
differentiation into B cells. TBZ
acted with dBu-cAMP, additively
increased Ins+ cell number and

synergistically increased Ins1
mRNA. (a) Additive effects of

TBZ and dBu-cAMP on Ins+ cell
number and synergistic effects on
InsTmRNA were examined. The
results are expressed as fold change

Pdx1

relative to control vehicle treatment (DMSO). By contrast, treatment with 8CPT-cAMP, a cAMP
analog that specifically activates Epac2, showed no effects. Data shown are mean+s.d. (n =3),
expressed as relative cell number compared to control (no chemical treatment). On the y axis,
1=0.3% Ins+ cells. (b) Total ES cell cultures were assayed by immunohistochemistry. Ins staining
(yellow) completely overlapped with staining (red) of Pdx1, Nkx6.1 and C-peptide for in vitro
differentiated ES cells treated on days 11-17 with TBZ and dBu-cAMP. Blue shows DAPI staining.
Scale bars, 100 um. Lower panels are enlarged pictures of the boxes in the top panels. *P < 0.05

and **P < 0.01 (two-tailed paired Student's t-test).

pancreatic bud explant culture (Fig. 3c-g). We observed a slight
decrease in Amy2b-expressing exocrine cells but no effects on
Krt19-expressing duct cells. These results therefore suggested that
VMAT2-mediated inhibition of the progress from Pdx1+ pancre-
atic progenitors to Ngn3+ endocrine progenitors exists in both
normal pancreatic endocrine development (Fig. 3c-g) and ES cell
differentiation (Fig. 3b).

The combinatory effects of TBZ and dBu-cAMP addition
Dopamine, histamine and serotonin are considered to function
through binding to their receptors. All dopamine, histamine and
serotonin receptors are G protein-coupled receptors®?. In our
screen, dibutyryl adenosine 3’,5-cAMP (dBu-CAMP), a cell-
permeable cAMP analog, was identified as a compound to pro-
mote B-cell differentiation. We examined the effects of dBu-cAMP
and its synergy with TBZ. TBZ or dBu-cAMP alone increased the
number of Ins+ cells or the amount of InsI transcript, respectively.
Simultaneous addition of TBZ and dBu-cAMP caused an approxi-
mately 300-fold increase in InsI transcript, which is approximately
30-fold or 15-fold the effect of single addition of TBZ or dBu-
cAMP, respectively (Fig. 4a).

In the adult islets, cAMP is known to regulate the potentia-
tion of insulin secretion by a protein kinase A (PKA)-dependent
mechanism and a PKA-independent mechanism that involves the
cAMP-binding protein Epac2 (ref. 23). As dBu-cAMP activates
both pathways?*?, we then tested a cell-permeable analog, 8CPT-
cAMP, that specifically activates Epac2 but not PKA?. Ins+ cell
number or InsI gene expression did not increase with application
of 8CPT-cAMP, and neither showed an additive effect after treat-
ment with 8CPT-cAMP and TBZ. The results suggested that the
potentiation of B-cell differentiation by the dBu-cAMP signaling
pathway is not mediated through activation of Epac2 but possibly
through PKA (Fig. 4a).
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We then analyzed the differentiated ES
cell-derived f3 cells generated by TBZ and dBu-
cAMP treatment by immunocytochemistry.
The Ins+ cells expressed Pdx1l and Nkx6.1,
which are mature 3 cell markers. Almost all
of the Pdx1+ cells were Ins+. Almost all Ins+
staining overlapped with C-peptide+ staining
(Fig. 4b). Ins+ cells expressed Nkx2.2, Nkx6.1
and MafA (Supplementary Fig. 6a). We also
observed Dolichos biflorus agglutinin (DBA)+
pancreatic duct cells but not amylase+ exocrine
cells in the ES cell culture (Supplementary
Fig. 6b). There were no qualitative differences
in the expression of the above markers among
cells treated with both TBZ and dBu-cAMP
or each alone (Supplementary Fig. 6a,b). We
examined whether the Ins+ cells also expressed
other endocrine hormones. Although some
Ins-single-positive cells, which do not express
other endocrine hormones, exist (approxi-
mately 10%) in the culture, over 90% of the
Ins+ cells were polyhormonal cells, in which
glucagon, somatostatin and/or pancreatic
polypeptide were also expressed with insulin
(Supplementary Fig. 6).

As almost all of the Pdx1+ cells derived
from ES cells treated with TBZ or dBu-cAMP
expressed insulin at the late stage (day 17),
which corresponded to the second phase of
Pdx1 expression, where Ins is also coexpressed.
(Fig. 1a), we purified ES cell-derived PdxI-
GFP+ cells by flow cytometry (Fig. 5a,b) to
analyze the B cells with respect to insulin con-
tent, GSIS and mRNA expression (Fig. 5c-e). Pdx1-GFP+ 3 cells
comprised 10.2% of the total cells recovered (Fig. 5b). TBZ alone
increased C-peptide content to 10 ug per mg, which is approx-
imately 60% of that in adult islets (Fig. 5¢). However, TBZ did
not promote differentiation into cells capable of GSIS (Fig. 5d).
Isolated PdxI-GFP+ cells treated with dBu-cAMP alone increased
GSIS to 170 ng per mg protein per h, which is 42% of that in mature
islets (Fig. 5d). However, in contrast to TBZ, dBu-cAMP did not
increase C-peptide content on a per-protein level (Fig. 5d).

The recovery of C-peptide contents from total ES cell-derived
cells treated with TBZ, dBu-cAMP or both compounds is summa-
rized in Supplementary Figure 7a. ES cell-derived f cells with a
C-peptide content equivalent of approximately 100 islets could be
obtained from one 96-well plate. The C-peptide contents increased
by approximately 5.7-fold or 2.7-fold through treatment with TBZ
or dBu-cAMP alone, respectively, and to 8.1-fold through treat-
ment with both compounds (on a per pg DNA basis). This result
is consistent with the above result that TBZ and dBu-cAMP addi-
tively increased Ins+ cell number.

We also examined the time-dependent effects of the chemi-
cals on GSIS. TBZ alone did not alter GSIS, but dBu-cAMP alone
potentiated ES differentiation into Ins+ cells, showing the ability
for GSIS from day 15 (Supplementary Fig. 7b). To further con-
firm that the effect of dBu-cAMP occurs through potentiation
of differentiation into Ins+ cells, we treated ES cells with dBu-
cAMP in different time windows, that is, from day 11 to day 15
or from day 11 to day 17, and then assayed for GSIS on day 17.
Treatment with dBu-cAMP for a longer period (day 11 to day 17)
significantly (P < 0.01) enhanced GSIS compared to those treated
fromday11today 15 (SupplementaryFig.8). Treatment with dBu-
cAMP during the secretion assay significantly (P < 0.01) increased
GSIS. Therefore, dBu-cAMP treatment potentiated differentia-
tion into matured B cells and enhanced GSIS ability. The results

C-pep/

C-pep

C-pep
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Figure 5 | Characterization of the purified ES cell-derived Ins+ and
Pdx-GFP+ cells. TBZ and dBu-cAMP additively potentiated differentiation
and maturation of ES cells into B cells with GSIS ability. (a-e) Differentiated
B cells were purified by flow cytometry. Experimental procedures (a) and
flow cytometry results (b) are shown. Cells were tested for their C-peptide
contents (¢), GSIS (d) and quantitative PCR (qPCR) (e). In b, Pdx1-GFP+
cells (10.2% of total cells) were purified by flow cytometry on the basis

of GFP intensity. Scale bar, 50 um. In ¢ and d, treatment with TBZ alone
increased C-peptide content, and treatment with dBu-cAMP alone evoked
GSIS, as measured by C-peptide contents or secreted C-peptide with
significant differences (two-tailed paired Student's t-test) **P < 0.01.

(e) Quantitative PCR was performed to quantify the expression of AbccS8,
Glut2, Snap25, Mafa and Gck. In c-e, GFP+ cells from differentiated ES cells
were used, to which DMSO (no chemical treatment), TBZ or dBu-cAMP or
both (TBZ + dBu-cAMP) were added. In¢,n=4,andindand e, n = 3.

showing that dBu-cAMP potentiated GSIS suggested that the
enhancement of differentiation may be mediated by insulin. The
effect of insulin was then examined by manipulating the insulin
concentration in medium III (Fig. 1a), which contained 10 uM
insulin in all of the experiments reported so far. Insulin poten-
tiated the differentiation at 16 nM, and its effect declined with
increasing insulin concentrations (Supplementary Fig. 9).
Therefore, TBZ plus dBu-cAMP enhanced insulin secretion at
low levels, which in turn accelerated the expression of InsI and
further drove 3-cell differentiation.

Real-time PCR analyses revealed that dBu-cAMP administra-
tion alone increased the expression of genes implicated in GSIS:
Abcc8, which encodes the regulatory sulfonylurea receptor SUR of
the ATP-sensitive potassium channel, and the glucose transporter—
encoding genes Slc2a2 (also known as Glut2) and Gck (Fig. 5e).
Double treatment with TBZ and dBu-cAMP upregulated expres-
sion of Abcc8 and Gek by ~1 x 10°-fold and upregulated expres-
sion of Glut2 and Snap25, which encodes a component involved in
the regulation of vesicular release, by ~1 x 10'°-fold compared to
expression in the control (Fig. 5e).

Taken together, these results indicated that TBZ treatment
increased insulin content and dBu-cAMP increased GSIS of the ES
cell-derivedcells.SimultaneoustreatmentwithTBZand dBu-cAMP
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enabled the ES cell-derived B cells to produce Ins and secrete Ins
in vitro in a glucose-sensitive manner at levels comparable to that
of adult islets.

The transplanted cells reversed hyperglycemia in mice

To examine their in vivo function, we transplanted ES cell-
derived B cells into AKITA mice with immunodeficiency (Ragl~~
Ins24ki+)27 The AKITA mouse is a model that inherits diabetes in a
dominant manner owing to a missense mutation in Ins2. Consistent
with our previous report®, all male heterogeneous AKITA mice
gradually developed hyperglycemia after they reached 6 weeks of
age (Supplementary Fig. 10a). We harvested 4 x 10° or 1 x 107 ES
cell-derived cells (treated with both TBZ and dBu-cAMP) on day 17
and grafted the cells under the kidney capsule in each experimental
mouse. The experimental mice showed a reversal of hyperglycemia
for more than 6 weeks, with larger grafts showing increasing effects
(Supplementary Fig. 10a), whereas no change in blood glucose was
observed in control untransplanted AKITA mice.

We then transplanted 1 x 107 ES cell-derived cells, which were
treated with no chemical, TBZ or dBu-cAMP alone or with both
TBZ and dBu-cAMP, into the kidney capsule of the AKITA mice.
Mice engrafted with cells that were not treated with growth factors
served as negative controls. Mice transplanted with cells treated with
TBZ plus dBu-cAMP or dBu-cAMP alone partially recovered from
hyperglycemia and showed lowered fasting blood glucose as early
as 2 weeks after engraftment (Fig. 6a). Mice engrafted with cells
treated with both TBZ and dBu-cAMP completely recovered from
glucose intolerance, whereas those engrafted with cells treated with
dBu-cAMP alone did not (Fig. 6a—c). In both cases, the engrafted
mice showed even higher levels of plasma C-peptide compared to
that in the control wild-type BL6 mice (Supplementary Fig. 10b).
The AKITA mice are reported to be insulin resistant”. The above
results might reflect the insulin resistance of the recipient AKITA
mice. In contrast, mice engrafted with cells treated with TBZ
alone responded to glucose administration and increased plasma
C-peptide levels more rapidly compared to those engrafted with
control cells (no chemical treatment) (Supplementary Fig. 10b),
which agreed with their partial reversal of glucose tolerance
(Fig. 6b) and fasting blood glucose (Fig. 6a).

Grafts without noticeable tumor formation were recovered
from the experimental mice and were found to express insulin
(Supplementary Fig. 10c). No insulin-positive cells coexpressed
glucagon, pancreas polypeptide or somatostatin. We confirmed that
the B-cell mass in the recipient AKITA pancreas did not increase
after transplantation, showing an altered allocation of glucagon+
cells at the center of the islets, in contrast to their peripheral local-
ization in the control wild-type mice (Supplementary Fig. 10d).
Taken together, we concluded that the reversal of hyperglycemia
and restoration of glucose tolerance was due to the transplanted
ES cell-derived cells.

These results demonstrate that treatment of both TBZ and
dBu-cAMP potentiated differentiation of ES cells into cells, with a
high level of C-peptide contents and GSIS ability, and transplanta-
tion of these cells reversed hyperglycemia in AKITA diabetic mice.

DISCUSSION

Although the function of VMAT2 in the pancreas is largely
unknown, VMAT?2 is known to take up monoamines such as dop-
amine, histamine and serotonin into secretory granules of neurons
and exert both autocrine and paracrine functions in the nervous
system. VMAT?2 is described to be expressed in human B cells.
However, there has been some controversy in the literature about
its presence in B cells of rodents®. Here, the target cells of the
VMAT?2 inhibitors are differentiating pancreatic progenitor cells.
We revealed a new role of VMAT2 and monoamine-dependent
suppression of differentiation from the pancreatic progenitor cells.
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Figure 6 | Transplanted cells reversed hyperglycemia and glucose tolerance. Transplantation assays showed that the induced B cells normalized fasting
blood glucose levels and glucose tolerance in the AKITA diabetic mice. (a) Top, experimental procedure. In vitro differentiated B cells, treated with TBZ and
dBu-cAMP, were harvested on day 17 and transplanted into hyperglycemic AKITA mice. Bottom, fasting blood glucose levels (mg/dL) of mice transplanted
with ES-derived P cells were measured before and after engraftment. X axis shows weeks after transplantation. (b) AKITA mice were analyzed for IPGTT
before engraftment (left), 2 weeks (middle) or 4 weeks (right) after engraftment, and time courses of blood glucose levels (mg/dL) after challenge with
glucose are shown. X axis shows minutes after glucose challenges. (¢) Area under curve (AUC) of IPGTT curves shown in b. Light color bars, before
engraftment; darker color bars, 2 weeks after engraftment; darkest color bars, 4 weeks after engraftment. In a and b, blue circles represent treatment

with TBZ, green circles represent treatment with dBu-cAMP, purple circles represent treatment with TBZ and dBu-cAMP, broken lines with open circles
represent no chemical treatment at 1 x 107, and black lines with open circles represent cells with no growth factor treatment (negative controls). In a-¢,
the significant differences between treatment and control were *P < 0.05 or **P < 0.01 (two-tailed unpaired Student's t-test) and are indicated above error

bars, which show s.d.

Dopamine, histamine and serotonin are synthesized and stored in
the endocrine pancreas during pregnancy?! and in adult  cells®.
In the adult, there are several lines of evidence supporting that
dopamine and histamine negatively regulate insulin content, glu-
cose tolerance®>-** and GSIS*-¥. In contrast, serotonin is reported
to drive B-cell replication and regulate glucose tolerance in preg-
nant mice. However, the role of monoamines during embryonic
development remains largely unknown.

Among the monoamines, dopamine is produced at a high-
est level in ES cell-derived cells and during embryonic stages.
Consistent with this, dopamine synthesizing enzyme (encoded by
Th), was expressed in the ES-derived cells at a level comparable
to that in the embryonic pancreas. In spite of the differences in
their cellular contents, inhibition of all three synthesizing enzymes
showed similar effects to enhance B-cell differentiation, indicat-
ing that all of these monoamines take part in this process. It was
puzzling that application of these monoamines dose-dependently
suppressed [3 cell differentiation with similar EC,, values, although
their EC,, against their specific receptors are very different’-%. We
hypothesize that this is due to the fact that monoamine is taken up
into the storage vesicles and their subsequent release is required
for their action and that other components co-released from the
vesicle might be required to convey their function®!.

Our results indicated that monoamines controlled by VMAT2
serve as a brake for differentiation of Pdx1+ pancreatic progeni-
tors into Ngn3+ endocrine precursors and subsequently into Ins+
cells. Once this brake is released, the Pdx1+ cells are induced to
differentiate into Ngn3+ cells, which quickly turn into Ins+ cells.
TBZ acted during a short time window to increase Ngn3+ cells,
suggesting that this brake functions transiently. However, whether
there are specific roles for each of the monoamines remains an
open question.

In the adult  cells, GLP1 and GIP are well known to activate
Go-coupled receptors and potentiate GSIS by activating cAMP
signaling and modulating K, channel activity. It is reported that
cAMP signaling induces glucose responsiveness through both
PKA and Epac2 dependent pathway?. PKA is reported to modu-
late VMAT?2 by regulating its trafficking®. It is possible that cAMP
activates B-cell differentiation through modulating VMAT2.
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It remains unknown whether GLP1, GIP or other unknown
ligands function to promote the maturation of 8 cells to initiate
GSIS during embryonic development. This would agree with the
observation that pancreas-specific Go-deficient mice demon-
strated reduced B-cell mass and defects in glucose response®.
Most of the ES cell-derived insulin+ cells were polyhormonal
cells, coexpressing other endocrine hormones. Maturation rapidly
occurred in vivo. They rapidly turned into insulin-single positive
cells after they were grafted under kidney capsules. Intrapenitoneal
glucose trelant test (IPGTT) results revealed that cells doubly
treated with TBZ and dBu-cAMP matured into cells capable
of GSIS and restored glucose tolerance as early as 2 weeks after
engraftment. Cells treated with TBZ alone or with no chemicals
also matured in vivo and became potent for GSIS within 2 weeks. In
mouse pancreatic development, Ins+ glucagon+ cells appear early
in first transition, and they do not contribute to the generation
of mature B cells*. These cells do not express mature endocrine
markers®. By contrast, Ins+ glucagon+ transitional cells exist tran-
siently during the conversion of o cells into B cells*#”. The poly-
hormonal cells observed in the present study expressed mature
endocrine markers. Therefore, the ES cell-derived polyhormonal
cells here might have characteristics close to the transitional cells
that appear during cell fate conversion rather than those that exist
during early mouse embryonic development. Although the exact
mechanism of how ES cells mature under in vivo environment
remains unknown, it is reported that dynamic chromatin remod-
eling occurs in human ES cells after they are engrafted in vivo®.
Previous studies have shown that human ES cell-derived insulin-
expressing cells, which are polyhormonal, differentiate into o cells,
instead of f3 cells, after transplantation®. The discrepancies might
be due to the differences in the underlying mechanism between
the mouse and human ES cells or due to the differences between
the culture protocols. However, it is technically difficult for us to
perform further long-term analyses, such as transplantation or
re-culture of the mouse ES cell-derived Pdx1/GFP+ cells, owing to a
significant (P < 0.01) loss of cell viability after sorting at this late stage
of differentiation. Taken together, although we cannot completely
rule out other possibilities, our results suggested that the transplanted
insulin-expressing cells reversed hyperglycemia in AKITA mice.
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The graft experiments showed that transplanting 4 x 10° or
1 x 107 ES cell-derived cells, with their C-peptide contents
equivalent to 40 or 100 islets, respectively, is enough to reverse
hyperglycemia in AKITA diabetic mice. This is lower than the
previously reported observation that it is necessary to transplant
150-200 islets to reverse hyperglycemia®. Our results suggested
that these ES cell-derived cells rapidly underwent further differ-
entiation in vivo and increased their C-peptide contents or GSIS
ability so that a lower number of ES cell-derived cells was enough
for the reversal of hyperglycemia.

The ES cell-derived cells showed no signs of tumor forma-
tion. This might due to the high differentiation efficiency into the
definitive endoderm. Moreover, the long differentiation period
might also result in a low population of undifferentiated cells
remaining in culture.

In conclusion, results of the present study demonstrated a
previously unknown function of VMAT2 in controlling differ-
entiation into pancreatic endocrine precursors. VMAT2 inhibi-
tion and dBu-cAMP addition synergized and further increased
Insl transcripts and are sufficient to promote differentiation of
ES cells into functional 3 cells capable of reversing hyperglyce-
mia in diabetic mice. Future studies would be required to ana-
lyze the role of VMAT2 during human induced pluripotent
stem cell cell differentiation to apply this protocol for future cell
replacement therapy.

Received 15 December 2012; accepted 15 October 2013;
published online 15 December 2013

METHODS
Methods and any associated references are available in the online
version of the paper.
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ONLINE METHODS

Ethics statement. This animal work is approved by the Institutional Review
Board for Animal Care and Use of Kumamoto University. All animal proce-
dures were conducted according to Kumamoto University guideline.

ES celllines. The SK7 ES cell line'® was established from a transgenic mouse line
bearing the Pdx1-GFP gene. NGP9 ES cells were established by culturing blas-
tocysts obtained from transgenic mice heterozygous for the Ngn3-GFP gene?!.
SK7 and NGP9 cells were maintained on MEF feeder cells in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA) supplemented with
leukemia inhibitory factor (LIF), 10% FBS, nonessential amino acids (NEAA),
L-glutamine (1-Gln), penicillin and streptomycin (PS) and B-mercaptoethanol
(B-ME).

Differentiation of ES cells into pancreatic B cells. For differentiation studies,
ES cells were plated at 5,000 cells per well, in Corning 96-well plates with Ultra-
Web Synthetic Polyamine Surface (no. 3873XX1, Corning Coster, Cambridge,
MS). The cells were cultured for 7 d in Medium I: Dulbecco’s Modified Eagle
Medium (DMEM: Invitrogen, Glasgow, UK) containing 4,500 mg/L glucose
and supplemented with 100 UM nonessential amino acids (NEAA), 2 mM
L-glutamine (L-Gln; Nacalai tesque, Japan), 1 mM sodium pyruvate (Invitrogen),
50 units/mL penicillin, 50 ug/mL streptomycin (PS; Nacalai tesque), 100 LM
B-mercaptoethanol (B-ME; Sigma-Aldrich), ITS (10 pg/mL insulin (Sigma-
Aldrich), 5.5 pg/mL transferrin (Sigma-Aldrich) and 6.7 pg/mL selenium
(Sigma-Aldrich)), 0.25% Albmax (Invitrogen), 10 ng/ml recombinant human
Activin-A (R&D Systems, Minneapolis, MN) and 5 ng/mL recombinant
human bFGF (Peprotech). On days 7-11, the cells were cultured in Medium
II: RPMI 1640 medium (Invitrogen) containing 2,000 mg/L glucose (Sigma,
St. Louis, MO), 1 UM retinoic acid (Sigma-Aldrich), 50 ng/mL human recom-
binant fibroblast growth factor-10 (human recombinant FGF10, Peprotech,
Rocky Hill, NJ), 2% B-27 Supplement (Invitrogen) and 0.25 UM of the Shh
signaling antagonist 3-keto-N-(aminoethyl-aminocaproyl-dihydrocinnamoyl)
cyclopamine (KAAD-cyclopamin, Calbiochem, San Diego, CA). Finally,
on days 11-17, cells were cultured in Medium III: DMEM containing
1,000 mg/L glucose supplemented with NEAA, 1-Gln, PS, B-ME, ITS, 0.25%
Albmax (Invitrogen), 10 nM glucagon-like peptide 1 (GLP-1, Sigma-Aldrich)
and 10 mM nicotinamide (NA, Sigma-Aldrich). The medium was replaced
every 2 d.

Screening of small molecules and quantitative analysis of imaging. Small
molecules from the bioactive, pharmacologically defined Prestwick Chemical
Library were screened for pro-differentiation factors. Compounds were dis-
solved in DMSO (Sigma-Aldrich) and added at 1:100 on day 11, with changes
on days 13 and 15. Cells were assayed by immunostaining with mouse anti-
insulin (Sigma-Aldrich; 12018; 1:1,000) on day 17. Fluorescent images were
quantified by counting pixel numbers representing the number of positive
cells, using a ImageXpress Micro scanning system and MetaXpress cellular
image analysis software (Molecular Devices, Japan). Data were normalized
as fold change relative to DMSO controls. Hit compounds were defined as
causing a twofold or higher increase in insulin-positive f cells. Candidate com-
pounds were tested for dose dependency and reproducibility. The screening
information is summarized in Supplementary Table 1.

Chemicals. Reserpine was purchased from Calbiochem Novabiochem
Novagen, TBZ was purchased from Tocris Bioscience, and dibutyryl-cAMP
(dBu-cAMP) was purchased from BIOMOL International.

Pargyline was purchased from Cayman Chemicals. The compounds were
dissolved in DMSO (final concentration = 1.0%) and added on days 11, 13 and
15. After initial screening, the following concentrations were used: 0.63 UM
reserpine, 1.25 uM TBZ, 0.1 uM dopamine (LKT Labs, Inc.), 0.6 uM
dBu-cAMP, 1.0 uM pargyline, 1.3 uM o-methyltyrosine (o-MT, Sigma-
Aldrich), 0.6 uM r-3,4-dihydroxyphenylalanine (L-DOPA, Toronto Research
Chemicals Inc,), 1.3 uM o.-fluoromethyl- histidine (a-FMH, Toronto Research
Chemicals Inc,), 1.3 uM 5-hydroxy tryptophan (5SHTP, Sigma-Aldrich) and
0.6 UM carbachol (Sigma-Aldrich), unless otherwise specified.

Chemical characterization. To confirm the purity of reserpine, TBZ and dBu-
cAMP, we checked their HPLC, LC-MS (ESI), and '"H-NMR profiles. The results
showed that the reagents we used had high purity (>90%) (Supplementary
Figs. 11-13). HPLC analysis was performed with a Shimadzu LC-2010C

doi:10.1038/nchembio.1410

equipped with reversed-phase HPLC column (GL science, Inertsil ODS-3,
4.6 x 150 mm, flow rate 1.0 mL/min, 0.1% TFA CH,CN/H20, 10-100%). Mass
spectra (ESI) were recorded on a Shimadzu LCMS-2010. 'H-NMR spectra
were collected on a JEOL JNM-ECP (300 MHz).

Immunocytochemistry. For immunocytochemistry, ES cells were fixed with
4% paraformaldehyde and processed after 13 days in culture (Fig. 3 and
Supplementary Fig. 5), 17 d in culture (Figs. 1, 2 and 4 and Supplementary
Fig. 6) or 6 weeks after transplantation (Supplementary Fig. 10). For examina-
tion of target protein expression in single cells, ES cell-derived differentiated
cells were dissociated with 0.25% trypsin (Invitrogen), replated for 30 min and
then fixed and processed for immunocytochemistry. The following antibodies
were used: rabbit anti-MafA (Abcam; ab17976; 1/100,), rabbit anti-C-peptide
(Cell Signaling; 4593, 1/100), guinea pig anti-insulin (Dako; A0564; 1/1,000),
rabbit anti-pancreatic polypeptide (Dako; A619; 1/100), mouse anti-Nkx2.2
(Developmental Studies Hybridoma Bank, University of lowa; 74.5A5; 1/100),
mouse anti-Nkx6.1 (Developmental Studies Hybridoma Bank, University
of Iowa; F64A6B4; 1/100), rabbit anti-GFP (MBL International Corp; 598;
1/1,000), goat anti-Pdx1 (R&D systems; AF2419, 1/100), goat anti-amylase
(Santa Cruz Biotechnology; sc-12821; 1/100), goat anti-somatostatin (Santa
Cruz Biotechnology; sc-7819; 1/100), mouse anti-glucagon (Sigma-Aldrich;
G2654; 1/1,000), biotin-conjugated D. biflorus agglutinin (DBA) lectin (Sigma-
Aldrich; L6533; 1/500) and mouse anti-insulin (Sigma-Aldrich; 12018; 1/1,000)
antibodies were used. Secondary antibodies used were Alexa 488-conjugated
goat anti-mouse IgG (A11029; 1/1,000), Alexa 568-conjugated goat anti-
guinea pig IgG (A11075; 1/1,000), Alexa 568-conjugated goat anti-mouse
IgG (A11031; 1/1,000), Alexa 568-conjugated goat anti-rabbit IgG (A11036;
1/1,000), Alexa 568-conjugated anti-streptabidine antibody (S11223; 1/1,000),
or Alexa 633-conjugated donkey anti-goat IgG (A21082; 1/1,000), Alexa 633
conjugated goat anti-mouse IgG (A21053; 1/1,000), Alexa 633—-conjugated goat
anti-rabbit IgG (A21072; 1/1,000) (all from Invitrogen). Cells were counter-
stained with DAPI (Roche Diagnotics, Basel, Switzerland).

Gene silencing. In the VMAT2-knockdown assays, cells were transfected
with Expression Arrest nonsilencing, control shRNA (Open Biosystems, no.
RHS4080), VMAT2 shRNA (Open Biosystems, no. RMM3981-97058457 and
no. RMM3981-97058458). The lentiviral vectors were constructed as pre-
viously described!. SK7 cells were infected with viral supernatants. After 24 h
of incubation, the virus-containing medium was replaced with fresh ES main-
tenance medium. After 24 h of incubation, infected cells were selected using
1.5 pg/mL puromycin (Sigma-Aldrich). The surviving cells were harvested,
and clones were selected to establish knockdown and control cell lines.

Measurement of intracellular monoamine levels. Cells were treated with chem-
icals before harvest (days 11-17). Cells were lysed with lysis buffer containing
0.1% Triton X-100 (Nakarai Tesque, Japan) in 0.1 M PBS (pH?7.2, Sigma-Aldrich)
with protease inhibitor cocktail. Lysates were assayed for dopamine, histamine,
serotonin, adrenaline or noradrenaline with each monoamine-specific ELISA
kit (Labor Diagnostika Nord GmbH & Co.; KG Nordhorn Germany).

EdU incorporation. Cells were treated with culture medium containing
20 UM 5-ethynyl-2’-deoxyuridine (EdU) for 48 h before harvest (days 17-19),
processed using the Click-iT EdU Alexa Fluor 594 Imaging Kit (Invitrogen)
and stained with DAPI and anti-GFP antibodies, rabbit anti-GFP (no. 598;
1:1,000; MBL International Corp., Woburn, MA) and detected with Alexa 488-
conjugated goat anti-rabbit IgG (Invitrogen; A-11008; 1:1,000).

Pancreas bud in vitro culture. Pancreas buds were dissected from E12.5
embryos of a transgenic mouse line bearing the PdxI- green fluorescent pro-
tein (GFP) gene. The tissue was placed onto 12-well Corning Transwell cell
culture inserts (Corning Coster, Cambridge, MS). The bottom of the inserts
were touched with medium containing M199 with NEAA, 1-Gln, PS, B-ME
and 10% FBS (FBS, Hyclone).

Flow cytometry. Cells were collected and suspended in 1 x HANKS with
1% FBS. A FACS Aria II flow cytometry cell sorter (Becton Dickinson
Immunocytometry Systems, San Jose, CA) was used to purify GFP-positive
cells by sorting them against the fluorescence profiles of differentiating cells
prepared from wild-type mice. Dead cells were identified using propidium
iodide (Sigma-Aldrich).
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Quantitative real-time PCR. RNA was extracted from ES cells, mouse tissue or
transplanted grafts using the RNeasy minikit (Qiagen, Hilden, Germany) and
then treated with DNase I (Qiagen).

Complementary DNA was synthesized from 1 pg of total RNA using
Revertra Ace PCR RT Master Mix (Toyobo).

For real-time PCR analysis, the mRNA expression was quantified with
SyberGreen on an ABI 7500 thermal cycler (Applied Biosystems, Foster City,
CA). The level of expression of each gene was normalized with that of the
B-actin-expressing gene Actb . The PCR conditions were as follows: denatura-
tion at 95 °C for 15 s, annealing and extension at 60 °C for 60 s for up to 40 cycles.
Each measurement was normalized to Actb (mouse) expression for each sam-
ple by subtracting the average Actb (mouse) expression. C, values (threshold
cycle) from the average Each gene C, resulting in C, Target mRNA levels are
expressed as arbitrary units. All of the primers for real-time PCR are listed in
Supplementary Table 2.

Measurement of glucose-stimulated C-peptide secretion and cellu-
lar or plasma C-peptide level by enzyme-linked immunosorbent assay.
Differentiating ES cells were preincubated for 0.5 h in low glucose (5.5 mM)
DMEM with minimal essential medium and 1% FBS. Cells were washed twice
with phosphate-buffered saline then incubated for 2 h in low-glucose (5.5 mM)

NATURE CHEMICAL BIOLOGY

or high-glucose (27.5 mM) DMEM with 1% FBS. The culture medium was col-
lected, and cells were lysed with a lysis buffer of 0.1% Triton X-100 in PBS with
added protease inhibitor cocktail. Insulin secretion into the culture medium
and insulin content of the cell lysates were measured using a mouse C-peptide
ELISA kit (Shibayagi Co. Ltd., Japan).

IPGTT. Mice fasted for 16-18 h were used. Body weights were measured.
Blood glucose levels were measured before (0 min) or at 15 min, 30 min,
60 min, 90 min and 120 min after intraperitoneal administration of 25%
Glucose (Sigma-Aldrich) solution at 2 g per kg body weight. Serum C-peptide
concentrations were measured as described above.

Cell transplantation into AKITA mice. Differentiated cells were dissociated
with 0.25% trypsin, resuspended in DMEM with 10% FBS and injected under
the kidney capsules of AKITA mice (C57BL/6]-Ragl~~Ins2**; male)?” with
a 24G catheter (NIPRO, Japan). The AKITA mice were at least 6 weeks old.
Six weeks after transplantation, the tissue was removed and analyzed for
insulin expression, content and secretion, as described above.

Statistical tests. Data were analyzed by two-tailed t-test. Data are presented as
mean +s.d.
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We have studied the optical response and dynamical behavior of photocarriers in BiFeO; thin films by means
of transient absorption (TA) and photocurrent (PC) measurements. PC and absorption spectroscopy indicate that
BiFeO; thin films have an indirect band gap energy of ~2.4 eV. The TA and PC decay dynamics have fast
(~1 ns) and slow (~100 ns) components that are attributed to the localization of free carriers to shallow trap
states and the recombination of trapped carriers, respectively. The long decay time of the PC is caused by the
thermal activation of trapped carriers into the conduction band. Long-lived trapped photocarriers can be linked
to the ferroelectricity and give rise to unique photoinduced phenomena in BiFeOs;.

DOI: 10.1103/PhysRevB.89.035133

I. INTRODUCTION

Transition-metal oxides have fascinating multifunctional
properties that can be employed for a range of new device
concepts, and the large remnant polarization, high Curie tem-
perature, and strong multiferroic coupling of BiFeOs; makes
this oxide one of the most promising device materials [1-4].
Bulk BiFeOs; crystals take a rhombohedrally distorted per-
ovskite structure at room temperature, and the quasitetragonal
phase in BiFeOs; thin films, which are usually deposited on
SrTiO3 or DyScOs substrates, is stabilized by the compressive
strain induced by the lattice mismatch with the substrate [5].
Extensive studies of the dielectric properties of BiFeOs; and
related heterostructures have been performed [6,7], and it has
been reported that the tetragonal phase of BiFeO3 results in an
enhancement of the spontaneous polarization [8,9].

The unique optical properties of BiFeOs; have also re-
cently come under scrutiny; bulk BiFeO; crystals exhibit
a large photoinduced size expansion along the polarization
direction [10,11], and a nonthermal, ultrafast piezoelectric
response induced by above-band-gap photoexcitation has
also been observed in time-resolved x-ray diffraction mea-
surements [12]. These results imply that the photoexcited
carriers (photocarriers) are strongly linked to the ferroelectric
properties of BiFeOs. In addition, it has been reported that
BiFeOs; thin films on DyScO; display an above-band-gap
photovoltage that is generated along the net polarization
direction [13,14]. Photocarriers would thus appear to be driven
by the ferroelectric depolarization field, which is the origin
of the large photovoltaic effect. It has also been suggested
that the photovoltaic properties of BiFeO3; are completely
different from those of conventional photoconversion systems
based on the built-in field of pn and Schottky junctions.
The unique photoinduced phenomena observed in BiFeO;
may suggest new directions for ferroelectrics science and
assist in the development of innovative ferroelectrics-based
devices, including light-controlled elastic actuators and light-
energy converters. However, the fundamental optical prop-
erties and photocarrier recombination processes of BiFeO3
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that determine the exact optical response are still unclear. A
study of the dynamical behavior of the photocarriers is thus
essential for understanding the unique photoinduced effects in
BiF€O3.

In this work, we report on the relaxation and recombination
dynamics of photocarriers of BiFeOj3 thin films investigated
using a combination of transient absorption (TA) and time-
resolved photocurrent (PC) measurements. The band gap
energy was determined on the basis of the PC excitation
spectrum to be approximately 2.4 eV, and the TA spectrum
has a strong photoabsorption peak at around 2.3 eV, which
we attribute to the optical transition of photoexcited electrons
to the higher conduction band. The TA dynamics show two
exponential decay components under weak photoexcitation,
and we assign the fast component to the localization of free
photocarriers and the slow decay component to the relaxation
of photocarriers in the shallow trap states. These results are
consistent with both the very fast decay of the PC signals,
which mainly reflect the population of free photocarriers,
and the thermal activation of the trapped carriers that gives
rise to a long PC lifetime. Here, we discuss the photocarrier
relaxation and recombination processes and their impact on
the photoinduced phenomena in BiFeOs.

II. SAMPLE AND EXPERIMENTAL SETUP

BiFeOs epitaxial thin films were fabricated by chemical
vapor deposition [15]. Because the structural and ferroelectric
properties of BiFeO; thin films are dependent on the quality
and crystal structure of the substrate, we fabricated thin
films on two different substrates (SrTiO3 and DyScOs). The
film thicknesses were 260 nm and 50 nm for the SrTiOs-
and DyScOs;-substrate samples, respectively. We measured
the TA dynamics using femtosecond white-light pump—probe
spectroscopy; pump and probe pulses with a delay time At
were focused onto the sample surface, and the variation in
the probe-pulse intensity induced by the pump excitation was
detected as a function of Ar. The white-light probe pulses were
generated by focusing a 1.2-eV laser pulse onto a sapphire
plate. The pump energy was fixed at 3.1 eV. A wavelength-
tunable femtosecond laser system based on a Yb:KGW
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(potassium gadolinium tungstate) regenerative amplified laser
with a pulse duration of 300 fs was used as the light source.
Transient absorption measurements in the microsecond region
were also performed using a 2.3-eV continuous wave (cw)
laser as the probe beam. For the PC measurements, two
parallel rectangular Al electrodes were evaporated onto the
sample surface, and femtosecond laser pulses (3.1 eV) were
focused onto the gap between the electrodes [16]. The transient
PC was recorded by an oscilloscope and a current—voltage
converter. The time resolution of the PC measurement was
about 6 ns.

III. RESULTS AND DISCUSSION

The band gap energy of BiFeO; has previously been
reported to lie within a range of 2.4 to 2.8 eV, but optical
absorption in the shallow trap states formed by defects and
impurities smears the optical absorption edge that corresponds
to the band gap energy, which makes it difficult to determine
the exact band gap energy [17-20]. It has also been pointed out
that the optical absorption peak due to a d—d transition appears
in the near band-edge absorption spectrum of BiFeO3 [19,20].
The optical absorption and PC spectra of BiFeOj thin films on
the SrTiO3; (BFO/STO) and DyScO3; (BFO/DSO) substrates
are shown in Fig. 1. The optical absorption spectrum of
BFO/STO shows a significant increase above 2.4 eV, which is
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FIG. 1. (Color online) Optical absorption and PC excitation
spectra of (a) BiFeO;/SrTiO; and (b) BiFeO3/DyScO;. The insets
show Tauc plots of the optical absorption and PC. The dashed lines
are a guide for the eye.
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consistent with reported values of the band gap energy [20,21]
and also has a long tail on the low-energy side. The BFO/DSO,
however, shows no clear absorption edge around 2.4 eV, and
the optical absorption below the band gap energy suggests that
there is a high density of below band gap states introduced
by defects due to the lattice mismatch. The onsets of the PC
spectra (Fig. 1) of BFO/STO and BFO/DSO are approximately
2.3 and 2.4 eV, respectively. As the PC reflects the optical
absorption that contributes to the PC generated by band-to-
band photoexcitation, it is therefore less affected by the optical
absorption of deep defect or impurity states. In other words,
the PC is more sensitive to band-edge optical transitions.
Tauc plots of the PC (insets in Fig. 1) reveal a linear
variation in the PC of both BFO/STO and BFO/DSO, which is
evidence of an indirect transition [22,23]. This assignment is
consistent with our experimental results that show that almost
no photoluminescence is observed from BiFeOs thin films even
at low temperatures (data not shown) because most direct-gap
semiconductors exhibit efficient light emission. The indirect
gap and the band gap energy are also consistent with theoretical
band calculations [21,24]. In an indirect-gap semiconductor,
optical absorption involves wavenumber-conserving phonons,
and we estimate (E, — E ;) tobe 2.4 eV, where E, and E ;, are
the band gap energy and the phonon energy, respectively. As
the phonon energy is typically much smaller than the band gap
energy, we conclude that the band gap energy of the BiFeO3
thin film is approximately 2.4 eV at 300 K.

Note that the large difference in the optical absorption
and PC spectra of BFO/STO and BFO/DSO arises from
the differences in the quality of the substrate rather than
interface strain due to the lattice mismatch. The below-band-
edge optical properties are generally sensitive to defects and
impurities; therefore, we consider the defect (impurity) density
to be strongly dependent on the substrate. However, the band
gap energy, which is dependent on the crystal structure, is
relatively unaffected by the substrate. This result is consistent
with the results of a previous report [25].

Femtosecond TA measurements were performed with an
excitation photon energy (3.1 eV) that was higher than the band
gap energy, and Fig. 2 shows the change in the optical density
(AOD) spectra of BFO/STO and BFO/DSO for different delay
times. In both samples, we observed a photoabsorption peak
at around 2.3 eV. The absence of photobleaching, which
generally appears near the band gap energy of direct-gap
semiconductors under strong photoexcitation conditions, is
consistent with our assignment that BiFeOs is an indirect-gap
semiconductor. The 2.3-eV photoabsorption peak appears just
after photoexcitation, suggesting that photocarriers in the band
state (not localized carriers) are responsible for the absorption
because there are no localized carriers just after the excitation.
We consider that the 2.3-eV peak corresponds to the optical
transition of electrons in the lowest conduction band to higher
energy levels; a higher band composed mainly of the Bi 6p
state has been theoretically predicted [26]. With an increase
in the delay time, the 2.3-eV peak shows a blueshift owing
to the crossover of two TA bands. For BFO/STO, these two
TA bands peak at 2.27 and 2.41 eV [as shown by the dashed
curves in Fig. 2(a)], and we attribute these peaks to optical
transitions from the near band-edge (shallow) state and the
lowest energy conduction band to a higher conduction band,
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FIG. 2. (Color online) TA spectra of (a) BiFeO3/SrTiO; and (b) BiFeO3/DyScO; for different delay times. Dashed curves represent the
two Gaussian functions that compose the 2.3-eV TA band. The inset illustrates the energy levels of BiFeOs;.

respectively, as indicated by the arrows in the inset. The TA
band crossover indicates that photocarriers in the band state
relax to the shallow trap state.

The TA dynamics are shown in Fig. 3 for a probe energy of
2.3 eV (photoabsorption peak energy) and different excitation
densities; the TA intensities were normalized at 200 ps. The
TA decay profiles in the nanosecond time range, obtained from
the cw-probe TA measurements, are shown in the inset. The
TA intensity at 2.3 eV corresponds to the carrier density at
the band state and shallow trap state. Between 0 and 200
ps, the TA decay profiles are dependent on the excitation
density; a very fast decay component appears with an increase
in the excitation density. This excitation-density-dependent
decay component can be associated with Auger recombi-
nation involving three carriers under strong photoexcitation
conditions [27,28].

Under weak photoexcitation fluence, the TA dynamics
consist of fast and slow components. The lifetime of the fast
component is about 1 ns in both samples, as determined by a
single-exponential fitting over the range 0.2-2 ns. However,
the slow component has a nonexponential decay profile. We
obtained average slow lifetimes of 130 ns for BFO/STO and
160 ns for BFO/DSO by fitting a double exponential over
the range 10-800 ns. Additional decay components with a
longer decay time also exist, and these can be attributed to
relaxation in the deeper states. Note that these very slow
decay components are sensitive to the probe energy and focal
position of the laser. We attribute the fast and slow decay
components to the localization of free photocarriers and the
relaxation of photocarriers in the shallow trap, respectively,
as shown schematically in Fig. 4(a); according to our model,
photoexcited electrons rapidly relax into shallow trap states
(~1 ns) and reach thermal equilibrium, which is consistent
with the nanosecond timescale of the TA crossover. These

trapped carriers have a longer lifetime (~130-160 ns), and
thermal activation of carriers in the shallow trap induces
transitions to the conduction band that are reflected by the
slow decay component.

To confirm our photocarrier recombination model described
in Fig. 4(a), we examined the PC decay profiles of BFO/STO
under different bias voltages [Fig. 4(b)]. It should be noted
that we were careful in focusing the excitation laser onto
the gap between the electrodes to avoid illuminating and
heating the electrodes, which would induce a pyroelectric
current independent of the bias voltage. The observed PC was
very weak because of the large gap width needed to reduce
the pyroelectric current. The PC increases linearly with the
bias voltage, meaning that an ohmic contact is formed at
the interface of the BiFeOs sample and electrodes. The PC
decay profiles are almost independent of the bias voltage. Two
decay components can be observed in the PC profiles: a very
fast decay component that decays within ~6 ns (equivalent
to the time resolution of the measurements) and a slow decay
component with an estimated decay time of 200 ns (determined
from a single-exponential fitting). The BFO/DSO sample
showed similar PC decay dynamics, and the decay times were
similar to those estimated from the TA results.

The logarithm of the time-integrated PC intensity as a
function of inverse temperature [Fig. 4(b) inset] reveals a linear
relationship that indicates the existence of a thermally activated
process from the shallow trap state to the conduction band,
which supports the recombination model proposed in Fig. 4(a).
We found that the activation energies (E,) of BFO/STO and
BFO/DSO were 120 and 80 meV, respectively, based on an
Arrhenius plot of the PC intensity; an activation energy of
about 100 meV corresponds to the energy difference between
the band state and shallow trap state, as well as being consistent
with the energy shift of the photoabsorption peak (around
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100 meV) shown in Fig. 2. These results provide further sup-
port for our photocarrier recombination model. Note that the
substrate-dependent activation energy can be attributed to the
below band gap state, which is also dependent on the substrate,
as shown in the PC and absorption spectra (see Fig. 1).

Our results indicate that the free photocarriers are captured
in the shallow trap state within 1 ns. However, at room
temperature, carriers in the shallow trap state have a long
lifetime (130 and 160 ns for BFO/STO and BFO/DSO,
respectively), and thermally activated free carriers have an
effectively longer lifetime. Owing to these long-lived car-
riers, a high carrier density is achieved when the carriers
are continuously photogenerated. This long carrier lifetime
is linked to the ferroelectricity of BiFeOs; photogenerated
electrons and holes will be spatially separated due to the
depolarized field in ferroelectric BiFeOs, which reduces the
photocarrier recombination rates, and more effective charge
separation would be expected at ferroelectric domain walls
because of the large associated electric field. Our research
suggests that extremely long-lived carriers in the trap states
play an important role in the photoinduced phenomena such
as the size expansion and large photovoltage mentioned in
Refs. 10-14. Photocarriers driven by ferroelectricity would
appear to be responsible for the unique photoresponses in
ferroelectric semiconductors.

IV. CONCLUSION

We have studied the near-band-edge optical properties and
dynamical behavior of photocarriers in BiFeOs; thin films on
SrTiO; and DyScOj substrates by means of transient TA
and PC measurements. We did not observe any significant
difference in the optical responses of the two BiFeOj thin films,
and we found that the TA decay profiles have two components.
The fast and slow decay components were attributed to the
relaxation of free photocarriers and the recombination of
photocarriers in the shallow traps, respectively. These results
are consistent with the PC decay dynamics, which are more
sensitive to the mobile carrier population. The fast localization

0 200 400

Time (ns)

FIG. 4. (Color online) (a) Schematic of the photocarrier relaxation and recombination processes in BiFeO;. (b) PC dynamics of
BiFeO;/SrTiO; at different bias voltages (2, 4, 6, 8, and 10 V). The inset shows the time-integrated PC as a function of inverse temperature.
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of free photocarriers is related to the very small PC observed
in the photovoltaic measurements. While free photocarriers
are rapidly trapped within 1 ns, trapped carriers are thermally
activated and have an effectively long lifetime. We believe
that our results provide a deep insight into the photoinduced
phenomena in BiFeOs.
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