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Development of Color Resists Containing Novel

Dyes for Liquid Crystal Displays

Sumitomo Chemical Co., Ltd.
IT-Related Chemicals Research Laboratory
Masato INOUE
Toru AsHiDA

In recent years, the use of liquid crystal displays (LCD) has shown a great expansion into devices such as
Smartphones and tablet PCs in addition to TVs and computer monitors. However, LCDs have issues such as low
aperture ratio as a consequence of their high-definition and insufficient battery capacity. Improving the brightness
of the color filter is expected to become one of the solutions for these issues. We have launched the DyBright®
series of color photoresists which contains novel dyes, and which can contribute to improving the brightness of
color filters. This report introduces the development of these novel dyes for color photoresists.
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1N Properties of conventional pigments and dyes for color resists

Physical properties of colorants

Properties of resist film

Colorants Form at Unit Size of Interfacial area/ Heat Light Solvent
use unit molecule in unit resistance fastness resistance
pigments insoluble particle around 50nm small good good good
dyes soluble molecule <10 nm large poor poor poor
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PG structure of Rhodamine B
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LELIEER] Properties of pigment resist and DyBright® (Each durability test result shows AEab* that is color change

before and after tests)

resists Brightness Heat reistance Light fastness So-lveyt rf-zsistance
(230°C, 2hrs) (Xe lamp, 48hrs) (dipping in NMP)
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Refining Technology and Low Temperature Sumitomo Chemical Co., Ltd.

Properties for High Purity Aluminium Basic Chemicals Research Laboratory
Hiroaki HosHIKAWA
Ichiro TANAKA

Tomohiro MEGUMI

High purity aluminium is widely used in electronics applications such as electrolytic capacitor foils, hard disk
substrates, wiring materials in semiconductors utilizing its controllability of oxide layer and its absence of impurities
or inclusions. It is also used as an electrical and thermal conductor for superconducting magnets at low temperatures.
Here the recent progress in refining technologies for high purity aluminium and its physical properties and appli-

cations at low temperatures are shown.
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[ ] | | |
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PEEEM  Schematic diagram of three-layer electro-
lytic refining process
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resistivity measurements. ¥
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ment and composition analysis in purified
aluminium through zone refining process®

RRRMIFE DGR % Fig. 612§ wASIEIR§ A b
HTailiffIZ 1[5 > TSi. Fe. CuZFED AR A8 Uik
i LTS 72012, mASTE I T ORRRIZFZM O
21,000k D B 25 o 72 IR EERIES & B < AP
THEMED EEORRRYP G SN, MR N7z Z &2
%, TIFD—BOICRIZIAMRBILATE %45 Topiil <[]
7o TREIY 572012, KRE L TEMB AN iR
g K<HEH &N, 50,0000 EOEVRRRY S 5Nz F
7=. FRBZRO4I3 VA RIS O B B % ZR-01,-020 - 5)
EL2bDTHD, BEEEZ/NE <, D% D FgHE
MzR<§5 I THEGIR2 X 5 IZH L7,

LE+05 1
9.E+04
8.E+04
7.E+04 |
6.E+04
5.E+04
4.E+04
3.E+04
2.E+04 \
1.E+04 |
0.E+00

Residual resistivity ratio, RRR

\
o e]

0 200 400 600 800 1000
Distance, x/mm

B Measured residual resistivity ratio for
zone-refined aluminium. Zone speed was 60
mm/h for ZR-01 and ZR-02, and 30 mm/h
for ZR-04.9

FMMGT & KO SENIITS 720D I 21— g
VIZOWTE, BEIED o TnsE, B2 6H15
NTCOBEBEEFT LD EN— 2L U, BEE R E COVAR
MDY & SR OB A, VARIROBIIE - TE

{FRAEE 2013

EFLE 7 IV =) LAORERE N SRR M

DEHIENT B 0BRSS, 22T HRERIZIEA
MRS & RIS 2 O T, AiiR{LE O
5 %> 2 DNER T DOURIE WAL A & D K 5 IZ5Hli 4 % 2208
HEL LD,

RIS TIIAIIRIE 2 &k A B EARGET
o F ARG T ORI SRR T &
MDA, —EEE UTHRA % L 0E L CHIMIL L 72
EFINEBAT S, GDMSIZ & B RHHIK 75 575 Hifs 5
EDRIIZ K D AR RE DR %KD, TR LD
WSRO Y I 2V —3 3 VAT 577,

Fig. 71CTid K USUZBY 3 2 AN 7 73 AT R & o
Iab—¥a VORRERT, WHEATS &, S
B & DK E IR OB G HIA~FEE) L
1& /NS OTERIZIEIRE THINEB 207282 X 2
L=y g VTEHEEIATED, £/ 32— 3
VEEHHEA K~ LT3, HEMglionTi
T AHRERS Y I 20— 3 VAR KD & Al
INEL 5T LE 57200, ZHIEMgDASEA E\ 72
DI KRR P O B2 SF U TR L 28 D L
fEshsd, LErs, Ay Iav—3 3 VidMgais
KEL DOILHOKEHEI % 5HEi§5 Z LW TE, /32
Be EOFEBFMNEHONREMGEETZ 5728, AR
BY—NLEELIEND,

0.10 ZR-01-Ti . .
» Simulation
A GDMS
= 008
g
(=N
S
5 0.06
=
«
b=
5 004 f
Q
=]
=]
&)
=002 f
0.00 ‘ ‘ ‘ ‘
0 200 400 600 800 1000
Distance, x/mm
0o ZR-01-Si
) + Simulation
181 A GDMS
B 16t
8 14l 0.10
- 0.08
g 12+t .
S 0.06 <
S 1.0t 0.04
=] \ :
5 s | 0.02 :
g 0.00 A :
S 06¢ 0 500 1000 :
w04t
0.2 |
0.0 v ——— ——— : ‘
0 200 400 60 800 1000

Distance, x/mm

Composition profile and analysis results
for Ti and Si®

13



ERLE 7 IV I 2 LORERE SRR

RIS DOVT

T2 TEMIEIZT 5 720 DIEMIZ DN THI L 72,
—H. EREICT S Z & TET ARSI O B
B0, BHFICEALT 2GR TOER - BAO(RE
FETd 5, MUZ O LIS, EER BYRER)
BRU. FRCH@EESI Ol S5 X5 K (30
KLU FI3IGIR & e 0HE R %) Cldiied € ey
PR, KRTORYREM L L TUAL STV
TR (ENIEEE) LRIk, ARG A R ER
MELUTHEMTH %, AL TRIGHICEE S h
255850, WEHHhTOMHENEETH S, &
7o I 7 B L BB RO 4 XDENKE L
%5570, ZOBHROMFELEETH S, LIFIS Y4t
DEHE 7L I =7 L %5l U 7245 R 2 i, (KR
Y% R,

1. BEFMOREKEN

T = LAOEEEE, KR & BIROWRE K
TRELZ(L L., FRCEHME TIE10,0006500 iz g%
LT 25805 %, WANRER TOEBE, »500
I ZOWETH BEXIP AR L TN AT 7280
1213, BRIKMOBER A IEL PRS2 Z EHNHEET
b3, FPTBEBIIPERIZIE. 7+ v APICHE
(LW AR) . RIEEGEL. RURFG. BRRRE (BEAT) |
HURkE (RSaokiAt . B KRG F23d 0, KRNI
KBWHR DI HNTHEZ N~V T 44—V
(Matthiessen) DEAE LTHMIE N TV 5B, —HARIC
7k )V EANMYITCROE BN K E N,

Tx/vEiF BTIREOZINF R T ThHb, 7
L3 = AFEERD BT A & SR % £ THd
U, “FEREOR D TEMREI L T34, Z0R 11l
XN TIREIR 7 + 2 v LT B, B AHHIS
NTWBTILI =Y AOWE & EBXEOE T ILK
(Fig.8) 726H5 k51, FRMETIE 7 + 7 V'8
SO LHN A B TH D, Lzhi>TTILI=y
LAUE DG 5T, BRIEPIOZLIZ LA N 0,
RICARBIEE T+ 7 v OFSBEEITNEL 5D, B
SAEHIANE L %, WAANY 7 ZREDL2KD KD
BIGRTIE 7 + 7 VOREAMEATE L L5140, K
PR P ELIEPIOEEK & & 50T, Mgsm L
THIEEBXILIAVNE L 55, KRG BRMG. %
THiFREL 7 E MO BRI OB T X 254, MER
WA g % AKX COBIIRSID U T35 Z & 238H
fRcx 5,

FREIE, AHICERIZ & > TERIEIANORED
BibZl, B4 IHERTH S Z &, ks
KGO ENEHCE AL LRI EHENE, TILIZ
Y AHE D TE K & 5 LKA 6 DFhAET

14

107 |
RRR: 1 2.74x10-80m
108 -
I e
_ 99.9%
E 77K Liq.N2
9 10-10 [Fm==m=mmmfmmm - _A—",
= 99.99%
2 RRR; 10
;Q 101 Fzzmmo=-f------ -7
g3 99.999%
- RRR: 10000 .
L v == /1 20K Liq.H2
99.9999%
7 a0.999991
’ resistivity factor due
| to phonon
/ 1 1 J
49K 10 100 1000
Liq. He

Temperature (K)

PBEEEN Schematic diagram of aluminium purity
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.m Measured specific resistivity for high
purity aluminium and copper using 0.5
mm thickness sheet annealed at 773 K

%, 2T, MtkoE#iE 7L I = AN E VT
FEEI T SR UNE 2 ik A 7z, TR IS EPETTHE 2ol
JE2N7, 4N, 5N, 6N, mim@fEsIc k- TIFR L 7=
6N7. ¥ X OMLEMEN-Culz D\, JE X 0.5 mmDHR
A& L, E22h CREREVLEE A i L7z, 7 L T4.2
K22 5 EilIZH T 2 BXIPIAHE L2258, ElT
DOEIETIL I =7 LM IC K 22 DHIT N TH - 72
DIZx U, (KR TOBEB SIS UE T L I =7 2 4E
12k D KIEIZZ L L7z (Fig. 9). % 725N-CudD 8 XK
Pid, EETEEMET LI =Y A L0Vl E TR L
7ed, AR TIZANLL EOESHE 7L I = 4 KD &
AR 72,
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RiRiplaiy

Top View {—

Specimen

EFLE 7 IV =) LAORERE N SRR M

©

Quartz holder \

Mounting case  Superconducting Magnet

IEEELN Diagrams of quartz holders with samples for measuring transverse magnetoresistance (a) and longitudi-
nal magnetoresistance (b), along with geometry of quartz holders, sample mounting case made of GFRP,

and superconducting magnet (c).12

1IN Chemical compositions of 5N, 6N, and 6N8-Al (wt-ppm)

Si Fe Cu Mg Zn Ti Ga Total 1*1  Total 2*2
5N-Al 2.3 0.60 11 0.48 0.22 0.060 0.006 4.0 <48
6N-Al 0.34 0.089 0.14 0.10 0.002 0.027 0.001 0.57 <0.71
6N8-Al 0.003 <0.001 0.016 <0.001 <0.001 0.031 <0.001 <0.020 <0.060

*1: sum of Si, Fe, and Cu,
*2: sum of Si, Fe, Cu, Mg, Mn, Zn, Ti, and Ga.

2. BB TOEERM

IR O SRFE M TEAL 2 BLR % i AT
AR ETES, ] 2 1L E R FHMRIRGE Tld—#%120.5~3
T 27, ZFATHANMRTIX X SIZEWES AW S5
BE, KB EHIREIGIZ X 5 SRR H 5D
T, WHEPTCOYMENER TH 5, WAIPTRIRIT.
Cud k9 #2fMD4)E L. Na, AlD K 5 EEdiidE
THABRELZ ZEDPHEN TS, TILIZT A
BY 9 % gk <K HT D MIE 138 F: . Lutes. Stevenson.
Hartwig 512 & » TG ST 39105 SEF T3
B AFHTREIC 72 o 72l 7L 3 = 20289 5 3l
ETF— 23 Falidnisn, 220U toT7LI=
7 L% O 72 5O OFHIIZ DWW T3 519,

W33 UCIREL, “FAT D25 108 SR % 54l
T 5791, 2MOFH YR B 2% L 72 (Fig. 10).
Table IR TAMYIR G 26 T2 RMET LI =T 4
O RERLL . AR EICHEE LT 5 MR
FT BT KICTEM 252 L. Ry R4 7
5 AWML 75 2 F » - (GFRP) #R)L & — 1 Z[H5
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0.57 2 7% 5157 2 7 DM OTE SIS AgRER 2 7R
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5 K OBN-Cu. 6N-CuTOHRIE % A b8 TRT A,
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(RERE SUAEPT) RS & . Sl o Rk, UK HT e
ReftbtTable 218, BXHIEPRIROZESH 7
LI= L, HITCHRASNIE MRS E R TS -
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ERLE 7 IV I 2 LORERE SRR

—o—5NAH - 6N-AH —e— 6N8AH —a— 5N-Cu-l
o BNAE2 -x - 6N-AR2 - GNSAI2 --a - 5N-Cu-2
<o BNABS -x-- 6N-AF3 - 6NSAL3

LE09

Resistivity at 4.2 K (Qm)

M agnetic flux density (T)

IEEEEN Transverse magnetoresistance at 4.2 K of
0.5-mm-diameter-specimens. Dashed lines
show the results obtained using the delta
mode method, while solid lines show the
results obtained from the use of a DC cur-
rent source. The literature data are also
plotted for comparison as 5N-Cu (ref.) and
6N-Cu (ref.).12

LI RRR of high purity aluminium and copper

at0Tand 15 T1?
purity diameter transverse longitudinal
(mm) 0T 15T 0T 15T
5N-Al 0.5 4100 1300 3700 2500
1.0 3800 1000 5800 3000
6N-Al 0.5 6400 2200 7600 7000
1.0 7300 2300 11000 7800
6N8-Al 0.5 6600 2500 8100 9400
1.0 8600 3600 11000 9000
5N-Cu 0.5 1100 36 1100 240

F. BV TESIRISWIT NSRS Wb
3 ADHKIEPRIR R W SNz, ZOBIRIE, (Z5E
TR LD AR L, RN COE AL
DN NI E LTHNHTAZENTE S, D
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1,000 b &5 JERIS @ ORERHE 2R U 72,

3. EERFMOEMY 1 XKE (1 X9HR)
(KRS ORI, ST HY UM, Bkt #d4
&&‘%kfﬁéoWK@MEm07hilﬁé®i
S IZRRR73500LL T DR 24Kk 5 55, TEIRIC K A58
FRENDOHELEZE T HLEITFEAEM, LiL,
HEEAENDLE, RRRYEUT ##8 2 2 R TlE. JIKD
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5N-Cu (ref.)
——— 6N-Cu (ref.)

HHEPMHTE 2L 50, WREIRAER S 5\ i3
U7 BIF EAREREME T T 5,

ZOBLIIH A R ETT N, SIEOE KT
KHDO—DTdh 5 EEHGELEBERL, v V7 THBH
FHEE 1A R T S 19 3 2 BRI IR L% 2 &
THEU %, JEMMERGEL & MERGELO e I3 &
THEEDZN, TILIZTLDY i#%ﬁﬁﬂt&%
ZEDREBIIREN TN B9,

T ZTH A X & Mg OBtk & B ICEHI 4 2
7T - 72 FEERIC OV TR S, YL D4AN, 5N,
6N, ¥ KU AR L & 0 1RSI L 726N8-AlD 5 |
fifi % DPEORIM #EBLL . Kifi & BB L 725, L
FERET22DHNPEEEL 72, ZhE DO
RRRYPIE % 17, BRI LTT ey L7 (Fig.

12), FICHETEEMEZIZE S S TOMEE AR EL,
ﬁ4xw%®%@ﬁﬁ%u§hfwé L7h>T, &
Wi 1E ERRRYE L 75 5 L [RIRIZH A I RO BN
9 <, N»aﬁﬁi%ﬁﬁém%ﬁﬁ%+ﬁ 1%
0GR s 2HERE LR E Lk
Wz 5,

25000

6N8 (RRR;~54000)

20000

15000 | *
6N (RRR,~22000)

10000 -
5N (RRR;~6000)

5000 F "4*_,_,——0———'——‘

4N (RRR;~390)

L
0 0.5 1 1.5 2 2.5 3

Residual resistivity ratio, RRR

Diameter (mm)

IEPEEN Measured RRR values using high purity
aluminium wire specimens annealed at
773K

FHME U TEEERE O TOH 4 X8RI
W, [ARRIZRRRJIEZ & 0 &l L 72, RRR{EH%/J\
#E U WEURHZ DWW TR, BIERI IS X 172 Fuchs-
Sondheimerz\16) DS TEE L 7=, ZORRIZH
WL A B MEFEBIZ OV, DA T DI ERS
Rad &1, Bl EOTE. HEEIZRRROX K %= 7
Ty BT ETRHIiTCES, ZOLSIZLTIir-»7%-
G 45 SR % Table 312789, ANDIRMOGA. 4 X
RO EINNE N80, A4 2R 2 mE L LT
v, ZAUTH L. SNELEOEHE 7L 3 =7 2406
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Size effect for high purity aluminium
sheet. RRR,, shows measured RRR values
using 0.5 or 1 mm thickness sheets, and
denotation x shows calculated values
using different measurement results.

purity RRR,, RRR, RRR, c.ritical
/0.5 mm /1 mm thickness
4N-Al 383* 386* 389 0.02 mm
5N-Al 5000 5300 6000 0.32 mm
6N-Al 12000 15000 22000 1.3 mm
6N8-Al 26000* 36000* 54000 2.8 mm

TRIBROEEEEET 201 H 5, RRRAIEMED
N2 I TORRRIE (RRR,) DO8H|F TIK 5% & &
DHRJE % critical thickness& L C/R L 724, Z OffiE
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ERL, B, BTOVPEEE, 5LOETOVY
HHTRICK > ThE 5, BETOTFHAMRITEOEE
RIS, B2 2EAEERIC LK D R, 74
v ORI 3 ICD s KiREE (Bl 2134 K) T
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Wiedemann-FranzB| 23235, Zh& DIEREARR
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0. Wiedemann-FranzHI| 23807 L7 < &%, PLED
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Thb,
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1
1.8x10T*+1.1/RRR/T

1
6.2x107°T**+0.53/RRR/T

x(Al) = for aluminium (2)

for copper (3)

»(Cu) =

i b, WEEERRE (7L I=Y4TE12K)
LI b, #9830 KLU T OWREH#iPH T T %,

WA, Tomaru 5 12 & O Y 1E6N-AID{ZEERE Y TIE
2, REUIZODWTHGE S ER20IZDONTBRRS,
£0.5mm x w 2.5mm x L150mm® FE A O 70k 2 T
Longitudinal Heat Flow Method!(Z & 1) 2z & % &
L7 (Fig. 13). PUI3773 KIZTIHER], 773 Kiz
TR ERD 720 DIl AT 5728 DTH S0, D
DV TINOE(RERIZE S —F L., BRER) 5 I
HUZZRRRIZZ12110,000. 11,000D1ETd - 72, Al
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EROFERE L B~ L TW5, BREROY -2
IFHI6KICH D, ¥ — 2 1H40,000 W/m/K& S Hiksd T
EWVERE SN TS,

— RRR12500 (Calculation)

e Sample4 (Annealed in Sumitomo, 773K, 3h)
— Fitting Curve for Sample4 (Below 30K)

m  Sample3 (Annealed in KEK, 773K, 1h)

— Fitting Curve for Sample3

)
T

Thermal Conductivity
x (W/m/K)

103 Il I I | Il I | Il
1 2 3 4567 10 2 3 4567 100 2

T®

IEEEEN Measured results for the thermal conduc-
tivity of 6N aluminium annealed at 773 K20
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Kenji NAKANE

Recently, the demand for large storage batteries for electricity supply has been increasing remarkably. We
have been developing a sodium ion secondary battery which has large storage capacity and which can work at

ambient temperature without using rare elements.

In this paper, we introduce the trends in the development of the anode and cathode materials for sodium ion
secondary batteries. Moreover we report on the electrical and safety properties of the sodium ion secondary

batteries which contain our anode and cathode materials.
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1B Comparison with lithium and sodium?®

lithium sodium
ratio of reserves 1 1,000
cost (for carbonate) $5,000/t $150/t
atomic weight 6.9 g/mol 23 g/mol
ionic volume 1.84 A 444 A3
theoretical capacity 3,829 mAh/g 1,165 mAh/g
normal electrode potential vs. SHE -3.045V -2.714V
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Advanced Visual Inspection Technology with
2-Dimensional Motion Images for Film-shaped

Products

Sumitomo Chemical Co., Ltd.
Industrial Technology & Research Laboratory
Osamu HIrROSE
Maya Ozak1

This paper presents an advanced technology for visual inspection of film products. Usually, line sensor is used
to inspect defects in web-shape products such as long films. However, one-dimensional image data captured via
line sensors always includes restrictive optical information about defects. Therefore, inspection performance is

limited. With the advantage of using area sensors, two-dimensional images containing more optical information

can be obtained. The authors have established a novel imaging procedure which is based on two-dimensional

motion images. The experimental results show that the new image processing framework enhances the appearance

of defects. The authors also achieved an in-line web inspection system for film manufacturing lines.
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(c) LCI image
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(a) Traditional method (b) LCI image
(Bright-field image via line sensor)

IEEEEN  An example of LCI image observed film
surface with complex shape
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Theoretical Calculations in Reaction Mechanism Sumitomo Chemical Co., Ltd.

Studies

Organic Synthesis Research Laboratory
Akio TANAKA
Kensuke MAEKAWA
Kimichi Suzuki

In recent decades, quantum chemistry calculations have been used for various chemical fields such as reaction

pathway analysis and spectroscopic assignments due to the theoretical developments, especially accuracy
improvement of functionals in density functional theory (DFT), and high-speed parallel computers. However, the
functionals in DFT should be appropriately employed for a target system or phenomenon because its reproducibility
depends on the functionals used. Therefore comparison among obtained results with available experimental data
or high-level computations is necessary to avoid misleading. In this review, we report the DFT-based mechanistic

studies and spectroscopic analyses on reaction intermediates of catalytic reactions.
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Bl 2 IXUVRXPS TIIFRFED N M5 Z &Ik - T
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HAPLEORE T2 E A BLENR T 5 Z LIS
. LRI G & 72, fllE & RSP O T IREA AL
5L TREDERSCHAMEZ 2LFEBRTH 5.
SHASIE A 5] ZH 5 S RE D ks AP RE D FEBLIZ
EMEEOAYEOE 72N IS K> TEREE IR
& (FUE) % & Dk~ RIRILIKGER 2 © VIR &+
rhlEZOND, EETEL AL Z S 5720
BRSSO 20kl KOS BT L 75 >
Tk, ZOBTIREZFES 5 DI BlGRI I &
BIEHTIIARN TR TH % .

2. EREIEFE

VLA, PHrFEERD 2 X2 b L Ol R il B I 2 Fo
1T B IR, G R SO A BRER TR O 4 %
WEFIARMLTWS, ZOMNEICIZ, G0
HE O LI KO FRERORIENE T O N5,
Table 1! \ﬂﬁJ%7U77ATﬁﬁT%é£&@
AR T ARE TS, JERERN \d‘ﬂﬁhfﬁd&

3 ¥ FEOFMERGL. 80F E Tl i%iéﬁ
TH BN EEDRTHIUL. MFE< 7O E B
ERINTAIENTE S, ZTOHTEHMEmGHROE &
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1R List of major theoretical calculation methods

Method Scaling .factor Content
for Basis set

HF N+ The simplest ab-initio method

DFT N The DFT reproduces a high level ab-initio MO with reasonable computational costs, but depends on the accuracy of
functional.

MP2 N The MP2 is the simplest method to take account of dynamical electron correlation and describe the weak
interaction energy such as van der waals.

CASSCF N> The CASSCEF is the one of the multi-configurational method and used for the analyzing the reaction pathway.

MRMP?2 I The MRMP2 is quantitatively multi-reference method to take account to statical and dynamical electron
correlations.

CCSD I The CCSD utilizes the exponential cluster operator to efficient take account an electron correlation with single and
double excitations.

CISD NGB The CISD is a popular multi-configurational method including electron correlation and its procedure is very simple.

CCSD(T) N7 The CCSD (1), added perturbative triple excitation term to CCSD, is current gold standard of ab-initio MO method.

*) N refers to the number of basis functions. For example, the computational cost of HF method is proportional to the fourth power of the N.

IZKE S EW L 72— D113 90 LIRS Sudic RIE L 72
Z LB B EEE  (Density Functional Theory, DFT)
ISk B & ZANBKE N, BTEEONMEIZ X > TL
BYIDOETIREEARIT 2DFTEIE. 2 OPBIE DR
JEITATT 200, ARG T 2 TR R OISR
W F B DR LB AR B IZE > Tnb, DFT
HEORFETRESHIE, THARY PLOJE R E LfF
IZ ISR A WS TWB ZETh b, A
IREEERAL 538 D PR & M7= ARBRIN 250568 % PRI Ll
B B OREEHESHE 5 A DGR S Ak < kv,
DFTHOFHAMD D X LR T a s 5 4 THA &
PEAE S S Z &1k, PRISEHERZTS Z
EMRAHEE L5 TV D,

TR, A A FI N2 o 7Y v 2 ROBODFT
FHELDYRCEK & T B AR SCE 20004 DAR SIS S A2 T
W3 (Fig. 1), 7z, $ERMLEMEZTOD S 72 ) 7
b= 2 2R L T 2 4iiREOrganometallics D 20074

Number of papers
!
|

20 B B

) i[j]r{lJ‘r ! Il
()'—r—r—r—r-ﬁm4jﬁgJJJJrDr . )

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Year

BEEEN Number of papers involving DFT studies
on organometallic-catalyzed coupling
reactions

44

VZPRR & 723D T25% M EEGR A TR A LD - 7=
ML TH-T2EOWMERDH SV, ZOXSIZHERGIRIC
& 2 il RO O IRAT I B R AT b C 5 208,
PHERGT R TR 72 RISHRE D 2 M % 2B 7 — & 120
SWTHZER SN T 2@ IR s Tn 3,

DFTH: & W ABITIEER L Uk 6 Rk
b5, DFTILOETIRAE 2R BT 2 PBAEUC LG FORS
JE %58 B 20 DIkA SAfilE 37 X —%) A5
NTED. ZOMIESTEIZ L DML B PLEI B RS &
T35, @Y NBEEE BRI L THO S UL IERE
BEtFESE LNV IRERH D, R ETHLA
YAt 2 OB W6 U] 2 LB $ & SHR P R 2 38 R 5
BWhd b,

AREFTIE, AERIGORTEE R (HER) O
SERAESOIZBRE LT\ 5, DFTRMRE O 4 D)L
BOKEE DB DWW TR, SEARAMIE D RS HE~
DG & R BIARRRE % 206 ISHE 3 2 77D 0
RIS 5. FaFEan 7 ROBH AR O §i RS % A& 4
B7DIHHTE 20 FERRENTH D, T
TIHHEDEN Stopped Flow UV A2 MILVHIE % et
L7z, HIE$ RMCHEE LTS HRIAOUVZ XS b
Lz PEERET R CHERL U, PARE D AR IS 28 L 2 v
FIRERD Z X7 b oL &L 72355 % 5§ 5,

PEmaTH & T

PR Al DB B HE TId. o irBR & i g L <
(= EFiji]in) ! nmnfﬁrb\ﬁﬂiéhé BHART P&
sz n%£ <, FHlAE, IR, Raman, UV, ESR,
NMRZX%Z MVEZPHADFE 7 1 5 5 4 CHREEHERIZ
BT E 5, N APEOERS T OIRE 2 X b
JAZHI10% AN DR TR A LT 5 Z & A5
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NTN52, 207280, FERTHEONIZZAXRY L&)
B4 5 ECH TR E R T05, HEMFEDESR
Dgfl (g7 VN LEiiEaER ATy %
TN ET %72  MEEHONMROLFY 7 - 2V
By TN VTR IR T X — 2 TR IS
i, BIHIREOL AREE ISR 2 HME 55,
LA LAEDRS, R v—fiEkE TiEZ O EEED
BT HMZ PSS EE SN 22 P L KD
SHMIC R DA H 59, 2070, DFTRIFRIZLD
FERT — 4 %Y AR— M5B8 Rz 6hbd, Rtk
FZTIE, B3LYPL ~NJLCDZVPRTZVPRIE R A % <
Huoh, FERfEs K< HERT 2 EHE S T3,
FAE Y TR VAN AW A= b a
R 7Y L OIS E BUZ B ¥ BHandHLYP
T6-31+G (3df, 3pd) FEIEBIEL 2 Fl W THABI R % B &
FHuL, FERiEE A RT ZEPME SN T B9,

— . EREEIEHAD & 5 AR 5 R A PEE
L4 2EFETEEAZRIZE T 5. NMRO{LFY 7 b
RLESROH GRS A K 7 B (0 3T 1 P 4 A FH
2ZLIINEETH BN,

PIER N 75 2 X2 b ILOTEME, LA D
312 & > CDFTVE TR B < BHR T & 2 PR Eh 2
KA OEEICRMRD 5 0ERH D, T TR,
GEILAMOUVZ XY b IL ORI IZ DWW T,
DFTWEDPLBIEIC K 2 HERAH O FBIE D45 % Mealk U
AEREMHITT 5,

Gritzel 5 235] L 725MfHO @K ~13) (Fig. 2) 12D
W& B CHESE L 72655 % Table 21234,
FRERI 75 F-7E T H B ZINDO R IR & T8 2o S BR Y i

RICHEBET B T 2 ERETREORE

IREEDRRLETH HCIS (— T I AdE A FAE )
HTCIE. 1eVIRE., W KEHE X 7z, ZINDO. CISEL
N OEIHEFEIZTD-DFT (Time-dependent DFT) FI5
IZXDUVANRY P ZHER L 72, TD-DFTEHE T3
BARUC K > T e D FERAEIC R4 2 TR 2 5 Z
bbb, KMPOFE TR, BLYPH OHFAHIE
DEFNTOROPBIEOMFIZIEIEFE CiE 478 L7,
Zh 6 ORI BIE#EAIE (Long range-corrected,
LC) L7zffid, —RiE T 2L ¥ — M CEipRm)
NV T b UL o7z, —E DR THFARIHDZF
5.% & ¥ 7zhybrid functional ®B3LYP (HF#4320%) i

CN
Ri Rs  ~
N7 vkCozH
\
Rz
R1 R2 R3
th O 0O
A p-m}f o;(y Same as R1 [\ S
pheny. . S \ / \ R
g7
B p-methoxy
phenyl O‘@
C Phenyl Same as R1 N g\

. /\
9,9-dimethyl S 2
-9H-fluorenyl Same as Ri : ST

E Phenyl Same as R1 p-Phenylene

BN Dye structures, Ato E

1P The calculated excitation energies in eV for lowest excited state of A, B, C, D, and E using various

functionals
Method Dye MAE®
A B C D E %)
ZINDO 2.93 413 3.39 3.20 4.24 11.7
CIS 2.87 3.87 3.03 3.03 3.96 8.7
MPWB1K*a 2.50 3.46 2.70 2.60 3.40 3.6
CAM-B3LYP*2 2.64 3.48 2.97 2.78 3.45 44
BLYP*P 2.08 2.44 1.60 2.22 2.45 11.8
BPBE*P 2.08 2.43 1.61 2.24 2.46 11.7
BPW91*b) 2.08 2.43 1.61 2.24 2.45 11.7
LC-BLYP*» 2.78 3.44 2.90 2.93 3.56 5.5
LC-BPW91*b) 2.80 3.45 2.92 2.96 3.57 5.7
L-BPBE*» 2.80 3.45 2.92 2.96 3.57 5.8
B3LYP*D 1.79 2.85 2.01 2.64 2.82 7.8
BHandHLYP*» 2.41 3.30 2.54 2.53 3.32 34
(Experimental) 2.25 3.18 2.81 2.84 3.21 -

*a) Calculated by Gritzel group with 6-31G* basis set in vacuum!®.

xb) Our results calculated with 6-31G** basis set in vacuum.
xc) The percentage of the mean absolute errors.
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E/NEEG 9 % A3, BHandHLYP (HFA%50%) (3%90.3
eVLINDBRZE TR S h e,

DO K RIZHR T B OEi: 7 v »
T A THBOrrEFETH 5 (Fig. 3) . WHINR & il
HLIRRE 2 SLECIRRE 2 © OFPEISE THLD 5 (Linear
Response : LR) HiEW B L EFTIREZ L ICHO T
J&IZH% > (State Specific : SS) Ji:10. 1D ARG L7z &
ZA, LRETA TR EDTFHEICTNTEHZHPIZIAN
K pouF—fl (RIEERM) ~>7 4 2nzERL.,
SSE FILTIEE T AR BE I 5 VA BEDE T IREEDH%
IR B & N7z 72 O RRZE NG T 2 fHI 23580 5
N7z, WINDOYA & hybrid functional® BHandHLYP
AHEERE & R—3 4R L 7=,

2
aa
i |
’,
2
J' -
d.“
$oés
; ‘ ‘ .’ ‘
- <
‘,f“? .‘.a.
0, HOMO

BEEEN Frontier orbitals of A estimated by
BHandHLYP/6-31G**

HERETHR & RIC

1. IXRWVX—FATII L

PHERGT R TR AR MM O SO % f#iT 3% & . Fig.
AR T & IS RILA Y S B ORI LB FEINRE
ERTERYNZENET S XN FE— A 7275 L5
MM b, Fig. 4TIE3 DDA »rNTED ., ZD1h%E
Wz 570 T 3 ILF — AG1, AGe, AGs % WEPEL
I F — LIRS,

EPE(L = L X — B 0 R R AR 2 R
DETHEEINTED ., ZOMWEIKT 2T & TR
JoPED RN E BEIIZHERR T X D, Mt RO Bl i
2 S = 3L — AG* & JGH R i Bkida (1) OB
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Transition State 2

Energy Transition State 1
A—M-B

Reactant
A—M+B

Time
A—M—B
Intermediate 1 M
7/ \
A—B

Intermediate 2

Product
A—B+M

AG1, AGz, AG3: Activation Energy

Reaction energy diagram

BIZH B, AGHPNIWNEERKIBHEEIZAZL (KB
MNHML) B, KEWFEERIDEENE L (DA
L) BB EEFKRLTWS,

AG*
k= % e “RT (1)

KO DEpIZAIN Y~ VR (1.38x102 J/K) . hid T’
T VR (6.62x1034]s) . TIXiE (K). AG*IEiGHE
LA 3 LE— (J/mol) . RIZFMAEE (8.31]/molK)
ERLTNES,

HzI1E, NvavA v yofhElk (Fig. 5 Al
FEBRRILOSA S » 7)) VI RIGHFIH X T\ 5
N ZDXS YA X (FHEE) OIEIZONTL,
DFTEHR 2 HOWIUTET LT 5 T & 7 < RIS

Cl
HO,, s OH
\ g i NHM
N o e
0 o H Me
NH:z
HN Me
HO2C
Vancomycin
HO
o Y "Bu

BnO
OMe
MeO OMe

Key intermediate

PEEME Vancomycin and key intermediate
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NHBoc

MeO2C L
gl

B

\

/9()':

MeO~ /E

NHBoc
Me02C L H OMe
|
Prl/()\
OMeO™
H O.,

NHBoc 5.58 24.80
MeO2C L (-8.35) (7.54)
|
P(LI
OMe
OMe
HO L =PPhs
k|§ OMe
Ou,
) Na2COz, H20
OMe

OMe / | _I_o______

MeO:C L 3.74
Pa-OH  (4.26)
<20 | h-0H
\

MeO OMe

RIGH R IC 5 () SRR EORE

NHBoc

Me02C L
\
5Pd-OH
=0 i p—OH
Meo/@[‘)
OMe

"""" T' TS2

GS1

NHBoc

o)
0

HO OMe

MeO
BocHN Y ~CO2Me

BN Energy diagram of transmetalation step in keal/mol

WA AIEECTH %, Fig. 612I13BINL T-IZPPhs HIW 72 84
KEIGED + 5 Y ARZNMMED AT 9 TOIZFXILF -
AT 55 L%R LTSI, BIEGREFRIC X0 ERIL AT
A2 527D D EFEIRAEMEE % #% T TCHI LR OO i
WANEEPNT, ZOWEME(LGibbs T 1)L F — 53124.8
kecal/molTH 5 Z &N ph > 7z, LT 2L F =
2O & DKL & B EN A KD EMEOE OB T
ThdILERKT 5, FHREOH A ZOHES T %
Py REEARBEC & 0 AT 2 55ATIEL AARICEU
THEEIZ K B RIBTEDZE TR0 KB IEE O f 8 % Bt
LR T & 5728, AEEEEHC PR ST RUISR WIS BTk
THIENTED,

2. EHRERICK 3 RICHEBEROBRK

77 AANTHEE TV 5B RIS G RO Hh T
EEIIC A PR S RN TRBLE ¥ 5 2 &3 “BlERT
TIZ” AHBETH B WK & BlGn T 5 CEAT 4 %
72oicid, BT EE LN S REKE D
T R ARG Z T 2 720 O ROLERIRE % F2eE
2PRE L, AR TS R L L TR b h e iidE s
KO A F — il THME D 2 41 & HEITRREN 2
VBB 5,
BUROHEERET T 7 0 2 7 A TG T RIAIE D A IR
W ZIR GO EIR & 5 WIEFSIRERE 12 L2
72EDHEL T ENHRT, RIBRERDORE T 1)L
F—OERVERBINERE 2 ABIHYIC DT 5 2 &3
K, TR 7EH 1 & > THIE S 7410k
BIZIRAT LT B 2o R OIEFEIRIERIE 2 DD T
W BT ARG ORI A s AU PR AT RIS &K
FOGHENTIIARETH %o & A D 5 TORISHED
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ik d K OEBRIRE 2 FIERFT R Tl T, kBT X
U — IR ORRE % 7 O SIS OFERE & L CHLD
.

ZD & IR AR &R TR & N7 e RO
T, IELWE I aEERT — 4 & ka5 2
ERRETH B,

YA PR ST RO MRHTAS SR 2 3BT I MG § 5 FikiC
DT T %,

3. EREEICLIRICHEBOZ LM

PREREH L2 5 30 72 JROSARE O 2 41 % MRk § 5 B
12, B O MEEE RSB E DO FOSE  (BUSIE,
BIE) ICBT 37T — 2 BMHET 2O TH IR, B
R /6N AWML L —ff & B A N B
HESETHR ENS, Lr LIHBEEZH#ERS =001
BIEFEERT — A BB NGER. Wt oL ¥ —fd
& BB & WA I, FIERETE TR
W X T 5 RIS IR Z B 2 F ks e A1 T
b5,

SIS % A9 5 bC. BRI BOGH R A %
BT 2 Z L I3IEEICKYUITH B 0ES Tlda\ 0, §
RO I 5 HA PR 3 L Bl 2 A XA et A 0 PR AT O
BREINSEZ TN THD ., EEROBRIEKEREH
T BRI RS IZ BT, 4 C O RIARRE % 70 #r
MICEE TS Z EIETARETH 5, TOH TR
BC & ZATREME O E ORI AR IE, WL 3L F —
il A & & O IRIBHSE O 2 7 v TEHT OB R T
HD, DF MBS A4 2 LARO KM s 5tk
B RS OMT A RIS R 2 0 e Il 5 2 & T
HEEC&E B, THUIPHER TS KOS B RE 2 AT 3
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57:0IC3E TEHEAMRTH 5, HamstEL» oH
W72 SRR 23 M BRI C 2 bR 248 5 2 &

NRWGEIZE, TORMEZRES T2 0ERHLLE
A5,
RIS E&EDORE

1. RICHhEEOSRBIFE

SEUR MM SO ORI 2 H i & U TR ik %
LSRN RS 3 7= I3 OEE A E T 5
FTRT 22, HIEREEIE TE 5 008E %8I 5
DERDH 5, KIBHEE T 572012, KO)»5K
IGHREE P2 ZENENTHEZ D h b, —H.
FEIRER CHIE T % 2 AR & oy i ik % Table 31271
9, NMRTOHREAENEENTH D, Bl cEzh
R ARSI RERE TE 5, 7272 L. &M
DEEARR. IREMEONIGEITIIRER S F D E< 0
7o DME A K HEZ 22 B,

UVANRY MUTHF AR CREEDRIEICHWS Z

LixbFED L < ROD, SERHSR ORI 2 (dih
EETHRO) 2. AEY (RISEE R4,
RIS L1358 2% R %8 LB ehih & A H%
MO DB DIGEN S, F L THGmRI I
FOREERLHHINE 72D, EHOUVZRY FLh
CHERRI R TG ARIE SN Z LNl TE 5,
NMRHIE T i3 K 2 SORH AR OHFEIZIZUVZ X o
FMLBHETH B,

FRERGH L CHEE S N AR IE LW Z & 2R3 5
7281, PRERGHRCHEN & B s T e R A &

ifEL 22 brfhil e LT ML TRIEL T A AAY Y
v 7 a S AL O R FFEa ROBH A Cu (D)- A7 L X v
AR AUV AR P IVHIE THEERNE U 72 F51 2 RS
T8 %0 M FRISHEEIERIED Cu(D) 2 H 5 $iHA
filiiCd % 728, Stopped Flow UV Z X% bUHIE %52
fiL 7=,

2. RE>yO7ONALREHE

KEME sy v a Sy HLE VBT AT, R
RIS CEHERAMTH D, Uit TIEE L 20 4
FRBEA (Fig. 7) ORRERLK->T0S, ¥ 7
7S VERERRIE2DODAFIRFEEA L, AFHD 5=
PR L. B ) 2 R84 2 BRI E DS
WIEIZd-F T v A, d-v ZEOMEICERE XN T\ 5
728, ShERW) A AR A AL DB AR 57z,
WATIEF T BT ) FLTAY I VAN & LT
F 7= il 2 R UL dEE s K ONERIE 2 135
Z&T, A EE LD S AR A A & B TN 2
BT T 2 DOPAFE AT 7229,

/r (6]

SRS

bioallethrin tetramethrin

Synthetic pyrethroids with chrysanthemate
moiety

11 List of major analytical methods for observation of reaction intermediates

Method

Content

Flow NMR Flow NMR techniques are superior for determination of chemical structures without paramagnetic substances.

The measurement needs a certain level of concentration, and the time is on the second time scale. Example of

application: chlorination of thioamide derivatives!?, the synthesis of imidazole rings??, and the metallocene-catalyzed

polymerization of alkene?D.

Stopped Flow UV

Stopped flow UV techniques are wide-range application of intermediate observation in homogeneous reactions,

however the spectrum is simple with little structure information. The measurement time is on the millisecond time

scale. Example of application: synthesis reaction of Cu complexes with active oxygens??, oxidation reactions with Iron

binuclear complexes??, and Diels-Alder reactions of tetradines??.

Stopped Flow ESR

Stopped flow ESR (Electron Spin Resonance) is technique only for observation of paramagnetic chemicals.

The sensitivity of chemical concentration is better than NMR. Example of application: ligand exchange reactions of

Cu complexes?, degradation of active oxygen species?®), and Fenton reaction??.

React IR React IR (Infrared spectroscopy) technique is one of the most popular ones, however the spectrum is sometimes too

complicate to assign the intermediates.

Direct ESI-MS

Direct ESI-MS (Electrospray Ionization Mass Spectrometry) needs ionization of reaction intermediates, and the

measurement of time-dependent change is difficult. The measuring objects are sometimes affected by ionizations.

Pulse Laser The low-molecular-weight intermediates are observed with ultrashort laser pulse and gas phase-molecular beam on

the femtosecond time scale, which is equal to 10-15 of a second time scale.
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PIERRTRIC K 2 RIBEIT T, & 27 a7 ar S AMURIG
. ETOY T VBT FILORE S Cu(D)IEN L.
@N2AWBEEE L 28236 2 7 g = F L3 Cu(l) & s L
TCu(D)-HINRVEEER AR L, @Cu(D)- WAV REA
BAL T4 VERIETAZETYyraraSyFigE
JEHC L2235 Cu(1) 2 BIR EAMEEEL . @Cu (D) A FHE
THHAINTHEZENRE SN TS (Fig. 8) 2,
Z U CRIBEE B Cu(D)- A LRV k& F L T 4
VHABILRIGT B AT v T, AEHFLSER I NS
BEREICHY T 5,

Cu(ID)

l PhNHNH2

N2

Cu(I)-carbene

BEEEE  Reaction mechanism of asymmetric
cyclopropagation using Salicylaldimine-
Copper catalyst

EAFEVERME LT, v LA VB ZFLS B 0NIE
TILBEY TFLHBREN TS, BIRIBO KO
iE. Ca(D-FARVEERBRF LV T 4 v ERIBT 5 KB
AURERRE T, AL 74 v ORDODIZY T VBB FIL
ECu(D-ANRVEHMATHITTHIRIBTH S, ZLT
voua 7S ALRIGEBRZ, Cu(l) DAL FHAET S
(Fig. 9) . ¥ - BIKILOfEY 4 2 LD TCu(I)-71)L
NV REA L U TREBIHIL R T WS TH 5
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O
Nz Q)’LO/\

RIGH R IC 5 () SRR EORE

(By-product)

N2

Cu(I)-carbene

PPN side reaction mechanism of

cyclopropagation

Z DR Sl X N B,

Cu(D)- IRV EERIZIEFICARETH D, Rk
BT & O 2358 2 a0, MEORFy 7T
a8 U ALTHW S 15 B TCu(l)- 71 L VR 48
Bl -G T A0, £ 2 TARMEER THEEEIC
Cu(@)-A XY GER DR L Ty 5 O HStoped-flow
UV 27 b LHIE THRER OB % R A 72,

3. EFHEREHEECUI)-HILAN D SEEOE R

B, TS AL TRFE L 2L F L 7L Y 3 VN T
ZHWT, Cu(I)IThlighi L7z kiz o 7 kR = F L5
B U Cu(D)- ANV R A % & 2 DUVARY
N L ORI & B L 72, Stopped-flow UVZ X% b
VHIE. Cusbiho ML VL O 7 VBT F L
D PV Y EEEEE N2 THESE LA S8 72IRRBIC DT
DZEALEE L 7=,

UVHIE 23254 012, TD-DFTEHE T4 S i
KRBLUBEE LT YR U7 VBT FIL, U7 Vi
BIFLO2ERTHLIV LA VBV ZFILELD T
TIUEEY T F IO A RS ML EHEE L 72, HEEIC
BRLCIE, WABETH B MLV ORREEE L -3
AFEL 7. FHEFITNBIEICB3PWIL, LB
12CulZm6-31G* & D 7136-31G* & FV T, I 8ERD
RAEZE LS LT Y TOTD-DFTAHE % F2hi L 7=
(Fig. 10) .

Cu(I) & Cu(D)- A7 LV §HIRIZ500 nm ik & &
W A HER X =48, Cu(D)$E(A TI1X500 nm s} VT2
INA R ONHESIRE SR & 75 5 72, Cu(l) 2 Cu(I)IZETL L 7=
BIZAMEY 4 2 LM 5728, Cu(l) & Cu(D)-H X
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Cu(D /

Cu(I)

Cu(I)-carbene

380 480 580 380

Wavelength [nm]

480

Wavelength [nm]

580 380 480 580

Wavelength [nm]

m Calculated UV spectra of Cu(II), Cu(I), and Cu(I)-carbene complexes

Cu@m | '
W

90

480
Wavelength [nm]

380

IEEEEN UV spectral shift of Cu(Il) reduced into
Cu(I) complex by phenylhydrazine

VR T B Z L3 a < RIS REROCu(l)- A X
VSRR AVERL U 7235812 A500 nm ST IR AL
EhpZenyans,

Stopped Flow UVZ X% F L TCu(l)-H X v §fhkrh
MR D 2 X7 bILVEIE 2 FfEL 72, 63 13Cu(l)
D2RIRDEAE 7 2 =L F 5V YV TRICT ABEOUV
2R PVELEBGREERE E R L 228 2 AL KR
DENVETH D Z & &MER L (Fig.11), Cu(D$
AIZ12500 nm s VT IZIRINAY B 0 SR ITHRIZI1ZZ DI A
kT B2 AR U2, KIS, Cu(D) ik & o 7 U HERE
IFNERIBEEZEZ A, KIDEE & BRI
H 7210500 nm TINS5 2 X7 b ILD
R LA BT 5 Z A TE 7~ (Fig. 12). 500 nm
FHEDWIPUIBER TR 2 S HER X 72Cu(D)-H XV
SEARICHR L, 2O ARV EHRIZY 7 U RER T F L
ERIBLY LA VIRV T FIALR T VB Y T F LA
B LA S Cu(D) A A S h, $XTOY 7 VR
VIFANHE NS Z LT, Cu(D)-H XV EEHAD
WAL L 722 AR LTV,

ARLGE I SRS A 2 UV Z X2 P L TR
PRI R CZ OME AR T A LN TEDL Z L AR

50

A

Cu(I)-carbeneﬂ k\\\
ﬂ. | | k

480
Wavelength [nm]

IEEEEE UV spectral shift of Cu(I) reacting with
diazoacetate to appearance of
Cu(I)-carbene complex

L7BIThH . UVARY MLOHRIRIEERE R TH
5 Z L EMERIICLDHEIETE 72,

IS
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SAR Study, Synthesis, and Biological Activity of

Lurasidone Hydrochloride :

A New Drug for Treating Schizophrenia

Dainippon Sumitomo Pharma Co., Ltd.
Chemistry Research Laboratories
Megumi MARUYAMA
Pharmacology Research Laboratories
Tomoko Horisawa

Lurasidone hydrochloride received approval by the FDA in 2010 for the treatment of schizophrenia. Lurasidone
is a full antagonist at dopamine D2 and serotonin 5-HT2aA receptors, properties shared by most second-generation
antipsychotics. Lurasidone also has high affinity for serotonin 5-HT7 and is a partial agonist at 5-HT1A receptors;
it is believed that these properties could be potentially related to effects on cognition and mood .

Of particular note is that lurasidone has minimal affinities for receptors that might induce adverse events. The
low affinity for alpha-1 noradrenergic receptors predicts a lower risk for orthostatic hypotension. Moreover the
minimal affinity for 5-HT2c receptors and histamine Hi1 receptors predicts lower liability for weight gain as well.
The lack of affinity for cholinergic M1 receptors predicts a low propensity for anticholinergic side effects. Our at-
tempts to reduce adverse events had enabled us to obtain lurasidone with better tolerability and efficacy?. Here,
we report the synthesis, structure and activity relationships and pharmacological profiles of lurasidone.

L BHIC

FRA I X — AT ORI % 12 FERE§ 2 K el
BO—D2Th5, FEFBHEOFEICL D L. AL
PRERBEBUIT95 TINIZDIE S, ABt a4 2 HEERE
Buz18.7 AN, MokiBEERIZ6.6 TATH S (20084)3),
e R FAE DN AR R EN T —JKIZEL T D,
PREIZ K B2 - BREN 2 BROBEEN S L 78 -
TW3,

A LIVED T AIERE LT, OBFERER (HLF,
K, ZRa L), @QBMER (AR, st
K, AESVEOICT 2 &) . @rBABSRER T (R RCE
ﬁ%\¥ﬁﬁﬁﬁ%&8)#ﬁ6h\79-$%&&
DRFEREEZWRET S Z RT3 (Fig. 1),

A JCHE DB BRI, OFMRE, @ v v
VEROREMRE, @) T - 3 VR

*1 Blffld : a—FKLr—b-a3a=r—va Vil
*2 BUTIE A5 WEHEMESD

{FRAEE 2013

T T LEOHZHRERERH D 5T IEYR
EREEOHLE LS5 T0S, LALENS, WES
'%Fxﬁ—fAﬁ%%éhf%Bf WEAF DGR

F S RIEEGIRA R E N 5720 BER O
#6@%%¢M%é%% G kb5 EMES 20,

* Low efficacy by
existing therapy

Negative Symptom \. critical determinant

flat affect, apathy of QOL for patient

* existing therapy can

deletion of sociality
work well relatively Depression, Anxiety
* remission rate15%
« refractory patient 30% v

Cognitive
Impairment

attention and memory deficit
performance deficit

Positive Symptom
delution, hallucination

BEEEM Main symptoms of schizophrenia

53



FRMEKRPEREREILZY N ERIEOMR —BEEEAER - FFRRAREEFE—

BEREICXDEEMDR

1. B—HK (FB) HBEERE

19504ERIC B W T 7 a7 a~ ¥ v H A S e R
FZORAEREZWHE L 22N E 5T &k, Btk
JEIRDUGEMERNIZIE K783 v Do BARRSPiE ] A e 3
ThHBHZEMHAL 7z, ZDO%, % < OD2ZERES
PR %A 9 21058 5 — TR e & LT
BEhTx7-,

(O AN ORI SR L RAVEFI - PV B Sh O e () 71
FERICIZRINT 5 600, BIERISE L TIELE A
ERRPEBD s, &6, EHPKovEoT
b BRI BN TDZ BERE BN 5 Z &1
K0, $EERSNRROEHFEE OS—F =L TH
VOT,VARAVTRE) EEHEICERTAZ L
. FPEEKIZE T 2 DR ERETUER AT 235
Ta g o FUES E, BEELRWERAEIRIC )T
BEE S hTx 7,

2. E-HAK GEER) HiEHRE

Mgt a b= -2A(5-HT2a) KON 2OH A
FRE DMK #8G% L, @5 ARG rip i &
BHEARIIRREIR 2800 5 L ORI A X hd-9, De
ZEAFEDUERNCIN A T 5-HTaaZ AR FE PR &
Fom PR ESROBFR SR, 55 R
YU emSRIE, BRPEEIROBGEICIN A T, $EARIMRE
K| 7 a5 F v IMESORWEH 28R X, BE
XN TOBIHEERO TR E > TS, LA LA
5. AR E U CRaMEIR R iR I RE R O FE R
T+ T RIS, F2AREIIPRERTEAE U 2 2 DR
MEBIZEZTLONRH AL, FirzaMEEE T TH
3, F7-, HEHEOPIZIZL 24 I VHIZAEK, T RL
TV Y uZER. AZH) T EFLT) VMR
2 IS 258 ) B EH &2 f 20 D03 0,
INSDOZEEREN LI-RIER S E &> T,

ZO &) RIRIFEE RIZBWT, k424 ORfE%E
EDXSIZrik L, HllA RFEGEREEL LT 7
VR ARG U 2 DUT ISR G A B = JERR IR
T = A R LD EMNEREEBITT 5.

BEEEREDT VA >
—RAREZFFZAEAQAY S DEFE—

1. BIET YA R
MRTED YL, o b = -1AG-HT) fEEMEbT
AgIER v F2¥a v (1) (Fig. 2) OWFZERFAEEE T
T, BEAMESEHRET -2 20805 L. 272Nt
O b= VAR Bd B IREE R A SR L LT 0.,
Foida v F2aveyoBERNS-HTaFEMEICE H
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tandospirone
Anxiolytic, 5-HT1A agonist

.m Structure of tandospirone

U PIANZAE ] % DF R Df A I3 O i esE 4 Al
FTEZLEER LS, 22T, BRSNS
OREET & 5 D2ds & OS-HTeAZ AR i % 1 5-
TAHIELEHEICEY, 2y F28u v AldnE Lz
A HIZE T L7,

La &2 aERE OMBAEIIZ. 737 OO
(7= - 43I FE) BLUODTE (VY H—E)
REDRAWAWEIZED 725 Shb eHEllEh b,
Frld, Y20 OfEEA I RE - )Y —
-7V = D3 DI (Fig. 2) . &AL DR
2 KSOMARDLEIZ L 5T, &/8— b OWmMEFRE
NOAU G ERRGEE L 72,

2. 7 —ILEOBEEHR

FTT7 ) - LEBORGEL R E R A T, T DORRO—
i & Table 11283, P OWEMEMIE. MR 2
10nM TOXZERNORE ) 77 v FOREE IR 580
ERTH D, WFEPKZVIEEAYDOZERNDE
BUESRNZ L ERL T3,

D25 K O5-HTAM Z BARNOREAFAMEE 2 H L
WAy P2 Y (D) ISRL, 7)) =L ER RS 25
IZK > TREATUERREZLSEHL TR I ENRTE
Nb, FFICTBRMET) - UEETH IV A IFT
V) ILHE (12) 6 KON OFFRA (10, 11) A2 3A U 72
12Dz K OB-HTAM Z RN E OIS AT E AR LT
BO. S EO T BEE A 2 RN O B AR I 45
HTHDIENIDPNADERE L 57299,

INSDOFRAEREZ, LT Y FYoRlIt#k. (bd
W2k X% v AT Y DRk E DS ET L
ERGEL 72, (a2 Dz BERIE, EXT Y VED
NEFIZBT 244V F v —=VRRT v FNEHEED
Aspll4 L HEREATE L. I 24 I FEOnILE=
NFEMNThra12 & KRAG A #TER LT3 &l X 7
(Fig.3), H¥METH B2y F 2oy L{LaM2n
WEETLEIET S &, {LAWI20 T ) —ILE8A R
oy b OJIR ERRITEDS SN BIZR, 2V F Y
Oy OBGAIREA R v FERHTETELT, 7 —
IUEROMEEZ RGN W T BT ) — LS op X
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1NN Effect of aryl groups HH
HH )y N~ N
0 L_N_N
T\j
N~
No. structure binding inhibition (%) No. structure binding inhibition (%)
D2 5-HT2a D2 5-HT2a
tandospirone /N } .
N N— 0 0 F
1 — NZ 7 N T 58 81
OH Q\ 0

_compound 12

D receptor] N

Extracellular ’ S / A
b § 54 > 5 i )
1.’ 3 by & L _‘ B '-"
Thr4{2 / ﬂ’ - S A i

L - L% »

Membrane ) ‘ % 4i
| \Sfl uzﬁwh

A4
& I VPK_=3¢
- ¥
Intracellul_ar | K \ L )
B ; n |' ’ ‘ i )'. :
c ‘S q P : . i -

" f J

PEEEN Binding model of compound 12 to the D2
receptor

A OS2 D2 IR DS A IS
35 (Fig. 4).

7 ) =L OREEZ I K D D2ds K US5-HTeAZ AR
MW EN LA A EBEIUS L2228, Thb D

WHTH 122 L eh
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N-NH
10 N >—<\:t: 92 86
N-O
11 NC:>*—<Tj:1\ 97 90
F

12 N N 95 85

SEMVE M, Uik, REMEFEL T, DDA I I
B v —OBMETIE, RV XA VFTI YL
AL U Cipsifb 2 e 7=,

3. 1 3IFHMOBELH

Dais K O5-HTAZ B ARAS AT A 515§ 5 729121

T = LRI é%nifﬁ‘%o)i—%)\bi%‘ﬁ“@d@ 5E09
ARG 21720, AT RS OSEYBIRE 4+ & [8
FT2E. TV AN ORELIC K > THTFE D
V3 METE A0 METd 20BN D 72, I T, 4
VAR VICHET B N s B4 I FRESSTEMER
BUZIBWTHEATH 20 OHAEH5 5 XL, Dels KT
S5-HTAZERBANE ST 2 4 I PO 5% ML L
t:(Tauez)

I FERISH U Tl A4 ORBEZL IR ARG L8 2 A,

7= - TAFILERMDY, JAHAREIZB O TD:

B K USHTAZ BRI ERAMENREF SN D &0 5 &
Erfgons,

M2 RO FETE R B IE I L R =L DO KER
AT ABETH D E DD, BFLEA I FBED
AHRTITHEEN (18,19) TNz, LaLk
Do, WO 7201213 d 5 TRE O ) X8 X HUH
TH5 (14—12,13—18) Z L AHEMI X, £ F2E

ICHET 2 7 LRI Vi (Bv o a221]N
74 ) D2k K USHT AR B ARAE A BURIE: 0 512
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surface of D2 pocket

/H
H
(0]
H g N N/\
\
compound 12 N-.g

tandospirone

B Binding model of compound 12 and Tandospirone to the D2 receptors

1L Effect of imide groups

binding inhibition (%)

No. structure
D2 5-HT2a
(0]
13 A 15 64
H
[6]
14 N— 54 55
(0]
H
15 Oj)\% 25 64
H

16 CQN- 36 61
0]
0

17 CQW 39 59
0

WaRLTWBZLaRTHREL ST, TNEDH
g, (LA eo 4 I FEART v b E T 5255
AL TS (Fig. 4).

PFHEIC L 2EHDORKXIE

1. B > H—~DEHHR
T =i E A I FEIC BT ARSELIZ LD, D2
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N-g
No structure binding inhibition (%)
Dz 5-HT2a
(6]
18 O)LN/ 7 o
H
HO
19 %’ 81 80
H
H O
20 57 a1
H o
H O
21 m‘ 55 64
H O
HO

12 @;iwf 95 85
H O

B L UG- HTAZ E A A1 ME & 53 2 MEREE ORI
AR L2234 id, RBEOMERG & L ThTRER
RO KRELFGT ) VI —EHOEHRIE
F L7, ZOMED—E%Table 312787,

DV —=EBIZ R NT, REHR Y v T E SR
AEREILEZEZ A, TFL U8 (12) AR E0EsES
BHEAR U2, 720 AL 74 VEEALLAEY
T, Y21k (24) &+ 52 24k (25) THH S 2 23D
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1R Effect of linker groups (1)

binding inhibition (%)

No. structure
D2 5-HT2a
22 NN 11 61
12 NN 95 85
P N

23 N N 48 77
24 N >—""N 21 27
25 NN 80 75

ENBOOENTZ, ZFLT, TFLY) Y H =T L AF
LFEAEA UK, 2 OBARMELIZ & - Tl
RELEHTS L0 AR BTSN/ (26,27, 28,29)
FHMEICE OIS I BT, v Y T BB
ARG K O IREOEE R A SN D Z &3 IR
REL . NSO T BB TDes KO
5-HTASZ HARAE GBI C b B EME T Y 7 4 X —
g VHMHET B RS R X 7,

2. Q12EEEEHIMEOTER

WEAF OPURE AR SE D % < 138 0k MK I D
BERZA L T30, ZhudaZBARED T ER I
KT 2LEZLENTODE, FEEI, arZBEERADEN
WEABAMEEA T 2FHRIEL <. AW s
WA BEREEBAEE A L Tz (Table 4),
D2R°5-HTAZZ RIS A BN 2 3 2 LA Widon
ZERANOE S EAEABAE L HHAHbE TS —
AL L, FEAFEAHLL T B Z A HEE S h 5,

LIS Major existing drugs and compound 12
affinities (Ki; nM)

risperidone  haloperidol aripiprazole compound 12

D2 4.9 2.0 0.9 0.2
5-HTea 0.2 53 8.7 0.3
a1 5.0 12 25 1.6

3. U2H—hRADIREA
D&, BEH 2RI < a2 B HAE SR

{FRAEE 2013

/ﬁf\
N\
\
N—
H . . o ope o
No. structure binding inhibition (%)
D2 5-HTea
26 N %0 o

28 N 67 70

29 N N 47 49

foo

27 N/\(V N 93 81
e
Y

HOTRMENLEIN TOELR S S, D2, SHTaZERAN
DOFEBFINE 2 -5 U 72 £ £ Car2 B Rss A BRIE %2
el X 5 Z LIIEARHEOBUNE A 5 RS TIEn L
ENTE -,

)V H—EOZEHIZ X > TTable 3D & 5 AR 414
A&, wU A VA — OB X 5> TD2X5-
HTAZ BRANORES B A AL 203 Y 7 +
A= g VIZHIETE UL, arszERIZ AN TD2R5-
HTeaZ BRI 28 A AfRicim ETcx 5, D
FDFENORAEVFEITE 57245 LE % 7=,

FWMICE L T ORI EE LT, AT TFL
)V —OhIUCEEAIA L. T etkoay
TH A=V g va[ET KA T, ¥ 2B &
VL7 v 2BD12-v 7 anFH o)L, vy oraxy
AYDAN, YraTr YDA N, vraTasy Y
AN E, FlikDOERWEEZEA L, D2k K U5-HT2a%
BAHRIE 3§ % a2 BRI OBl % Mk L
7z (Table 5), Z¥. RHOWHMAE (Ki) (32 B AR
VY RIS AEERTH D, e hXnEe
WA AR LTS,

Table 5IZ7R L7z &k D12, U Vo —HhAOBED
AL, BRMEE A XL BB T ICars A REME
KT AR AR L2 ((bA130-33) . Z DFE. Dz
R5HTAZARBAELES < R ST TH D, W2%E
OB A ECTE WA S, k., RIZIER
LTWAWR, 2V FAYT VERK AL ko
FEXNTEZINE DA, 5-HT1aZ AR
eSS < REFL T 5,

AT ZEBEOVAREMEICBI L TR, b7 v 2k
DJ5 73Dz, 5-HToaAZ I 6 & Z 26568 1 % fddi
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IR Effect of linker groups (2)

binding affinity Ki (nM)

No. structure
D2 5-HT2a a1
12 NN a3 0.32 1.60
H H
1, o
30 N %} N 528 139 129
H H
= RSN
31 NW' No179 036 129
H H
N G RS
32 ﬁ N 0.80 1.52 5.69

33 N w\N 068 048 133

BdHotz, XHIZ, BATIERMENKEL 551065
T ZERBEAEMCIR S 2 A A 6 h, v o
FHVUANEEAL LA (35) IZDeZ BABAIE &
DOFRENRNIEAE L 572, DDNT, FT X Ik
(35) D NZNORZFE AR E AL T Z DR %
NR7=& T A, RRIE (37) D5 »S,Stk (36) & iz L T
D2, K US-HTAZE RIS T 2 BAEA 2 hZhb &
Z20f5. RUB X ZS0f5EmNZ &G o7, Vv
H —EBNDBIREE DA 5 KON R BEPERORE T 5 £
IV T A= g VOMIEFHIEIZL D, D, 5-HTA%

Dz receptor | N . lurasidone
VAW -1\ / \

Extracellular ‘\‘ N

Intracellular \ ;'?f ‘ ':I- ) 'ni ‘
- ;& -l . &5
," ™ &
C Li :..- “x T4 ,""T".T
L ¢V

B Binding model of lurasidone to D2 receptor
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binding affinity Ki (nM)

No structure
D2 5-HT2A ai
H H
34 N7 @ SN 0.87 2.16 36.2
H H
N 0.51 1.02 414
racemic
HH
1, B
36(5,5 N *tf N 799 231 343
H H

RPN TN 0.32 0.47 479
lurasidone

RS BANEOR R LK 2 2 ) — = 7R T100f5 LA
FOarERBANE L O EEK L, T LT
VRUBRMEINZOTH 5,

Favs v Ry ofiltith, LIy Ry BXOEAMI2
DORERET AL, ) v —EBAOBEARN R A
MFEEL 7 (Fig.5)9. 4 I FEET7 U —Eon» X
WRBEIZ L BHEA Ry v P OLBGIFRIZMA T, Vv
H—=EANDY raNFH DA REEDZEAIZ L 5T,
MRy NEZ X SIZL 52D ERBEL TS
ZENRTENS,

lurasidone hydrochloride N~s" L Hal
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CO2H L1AIH4 OH MsCl, NEt3 OMs
O/ T omrE CHCI: Of
‘COz2H “—OH “—OMs
H 0
N N L :
N~ Na2C0s3 O/\N+ N—Q H o K2CO3
i/ N/ ~S
MeCN N toluene
MsO~
H H
' . H
O
HCl H H
—_—
0
| |
lurasidone (37) N~g lurasidone hydrochloride N~g .HCl

SR Synthetic scheme of lurasidone (example)

A Z LIS, ZoEEbikiEED 2 5 2
7 x 2 b &0 A D HEARIEREIE R HoR R
FEF & DEAFSE & IO U CIRREIZHTN Z & b h 5 722,
51T, Thoo) vr—fBfi BREA) 1. FUL<L
BIFER S5 4 — 2 & LTHIG M B HIR M1z &k & F1F
H (D2, 5-HTeAZAME) & OTEHEIC @ WHE 58 R AN
FZEMN, BOBRIETHE LB >TND,

4, BREE

ZZIZ, LT Y P VDR F — L O—fil % BIigE T
/~Y (Scheme ),

WEEED (RR) -V 7 aA~FHv12-YF LR Vg
EREILLTOA—ILEL, A4V 2T r =Lz
TRV VL= INEEWT S, ZHULRYITAL I F
T =L ERT DY EER & THRBIRT H 5 IUARE
FHAF L. DO EHMSIIMETan s B4 I FEME
HEE3LL72 8y @7 »MEohs, TLUT, g
HALICk LT v R UIERBIE A2 )L — L OBITH 5,

3DODT XY bR I, AEREEKED
LAz E b T, BRZF— 2B LORIBEFD
REIZ K0 BAEIEIER ISRh RN 2 T LB E O
AL T 5,

oo R OEEZRHE

1. SEREERSS

@y, vs v FUgERRE N Loy kv
L0 13D AR & 5-HTeAS AR I [RIFRRE O i il
BHAEEH U, SHT1aRZ B RN OFEABUHIE % F
Lz E . a2 BRI 2 55Q BRI 2 K% L 721

{FRAEE 2013

BYTH B, TDHRDOMFEN L ZERNDOREETEED
BETORER, L5 v FVIESHTRER, 7 KL I
Yo BERIC G mOREA BRI A A L. 5 H2eRE
EADFES ML L, ¥ 24 I VHIZBEKRR L A
BV YMIZERITR L TEE A EBAME 2R BN
EWEFR X N7z (Table 6) s & 512, in vitro COREHRE
FEHMiIZ BT, L5 Y R ESHTASARICH LTk
o fEE#E (Emax=33%) To 0. S-HTAERISK
LCEEHERTHE PS> TWVBY,

1LY Receptor binding profile of lurasidone

Receptor Preparation Kivalue (nM)
Dopamine D2 Rat Striatum 1.68 + 0.09
5-HTia Rat Hippocampus 6.75 +0.97
5-HT2a Rat Cortex 2.03 +0.46
5-HT2c Pig Choroid Plexus 415 + 81
5-HT7 Human Recombinant 0.495 + 0.09
a1 Rat Cortex 479+78
aza Human Recombinant 40.7 7.7
azc Human Recombinant 10.8 + 0.64
Histamine Hi1 Guinea Pig whole brain >10002
Muscarine M1 Human Recombinant >10002

Quoted from the reference 2 MEDCHEM NEWS Vol. 20, No.1,
page 23).

Values are means + SEM of three or more separate experiments.
a]Cs0 value

2. mEMRER

BEAFOIBFRSEOYIEHRIER L. D22k Pife R
ESHTAZAEREEDIEIC L D Biich b L EZa26h
T30, 22T, LIY FYODZEEEHIEH &
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1A Antipsychotic actions of lurasidone and other antipsychotics

EDso (mg/kg, 95% Confidence limits)

MAP-induced APO-induced climbing TRY-induced clonic p-CAMP-induced
Drugs hyperactivity in rats behavior in mice seizure in rats hyperthermia in mice
Lurasidone 2.3 (0.89-6.1) 4.1 (2.0-8.4) 5.6 (3.4-9.3) 3.0 (1.5-5.8)
Risperidone 1.8 (0.86-3.6) 0.14 (0.047-0.40) 0.16 (0.044-0.62) 0.098 (0.039-0.25)
Olanzapine 3.3(1.5-7.3) 1.1 (0.35-3.2) 1.4 (0.59-3.3) 0.62 (0.31-1.2)
Clozapine 65 (29-140) 5.1 (2.6-10) 5.0 (2.7-9.5)
Haloperidol 0.88 (0.42-1.8) 0.44 (0.20-1.0) 14 (6.8-27) >30

Quoted from the reference 1.

MAP: methamphetamine, APO: apomorphine, TRY: tryptamine, p-CAMP: para-chloroamphetamine
EDso values and 95% confidence limits in parenthesis were obtained 1 hr after drug administration.

S-HTeAZ BAFENIEHIZOWT T v b B LU~ 2 %
O TRl & 17y, BEAF O PR RIR 38 & Tl L 7=
(Table 7). D2 BARFEHUERIE A 4 v 7 = 4 I VERFE
HETE LS KO T RELE XGEHK 2 74 IV T8 OH
FHERNC K DRI L. L5 ¥ F v OWIFIEH DOEDsofiE
132Nt h2.3 mg/kg, p.o. L U4.1mg/kg, p.o.TH -
720 VT ¥ F Y ODRZERITT 2 FEPUEH O IT
B ARRPUERIEDO Y 2R F U ReAr S UV L
FIEFRIFE T, zudrer ko &<, B—HAPE
RN T XY F= LI D3 -7z, 51T, T
FDX & T 2 83 VEERETTUEIC T3 S EIEH
IZBWT, L7 ¥ F o5, 2,4, 8K % TDEDso
iz zh7h2.3,0.87, 1.6,5.0 mg/kg, p.o. TH O, LI
¥ F v OERNESIER DL Fipe35 2 L pMifEad S /=D,
F72. SHDARZFEEREEPERIZ M) 74 I VEER Y
WhAk XSS raouryy 7243y (p-CAMP)
AR AT S HIHERNIC K DB L, LT v
K > OMIHIEF OEDsofid & 7 112 415.6 mg/kg, p.o. ¥
K UB.0mg/kg, po. TH o7z, LT ¥ FVD5HTA%
BRI T 2 HEPEROME I 7 v vy L IXIEFRRE
T, nhaX) F=L XD Em<, YAXRY Pt
TV E DI 5T,
IN6DRRNS, LT Y F Y ADZEEIEYIEH
ESHTAZABREYIER 2 L. B & [ARRIC TR
MRTERZ2 A2 Z LR Ehiz,

3. [EREEEREEA

AL 5 DREIRIZIZ5-HTIAZ AR R 5-HTr 32 B A A
BIG-L TR Z ENREINTHARID 1D, LY Y
35-HTASZ BRI R U CE o fEESE & L T, 5-HT 2
RTINS E LTl 25, PIANRIEN - B
IOEHAR TS Z LnliffEhiz, 22T Ak
fERIZOWT S v F &FWTVogelfla v 7 1) 7 b iR
ER M A TE BRI K D EHI L7z, Vogella v 7)
2 VRBRTCIE. LT Y F V1303 - 30 me/keDH EIZH
W, ARBTG5 v 2 BERML, 2 DR/
BRI EIZ10 mg/kgTH 72 (Fig. 6A) . tLESMALT

60

**
*%

No. of shocks received (3 min)

0 0.3 1 3 10 30
Lurasidone (mg/kg, p.o.)

Social interaction (seconds)

0 0.1 0.3 1 3 6

Lurasidone (mg/kg, p.o.)

A) Effect on the number of shocks in Vogel’s test. Each column
shows mean + SEM of 11 to 22 rats.

B) Effect on social interaction in Lister hooded rats. Each column
represents mean +SEM of 10 pairs of rats.

*P<0.05; **P<0.01: significantly different from vehicle group
(Dunnett’s test).
Quoted from the reference 1.

BT Anxiolytic-like activities of lurasidone in the
Vogel conflict test (A) and social interaction

test (B).

BB TIE, LT Y F i3l 5L 3mg/kglzd T
VIR G L O U TR ELAT ) 247 5 We & A I HY
L7 (Fig. 6B).

72, PO OFBAE L LT, BEREEH S v LA
FEEBTUHEIZ 3 B I ER A2 5l L7z, L5 2 F v
3mg/kg Z2HEME G ¢35 L2k, ZOMEBTE
FAERECHR Nz (Fig. 7).
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#itH *kk

average number of line cross
(number / 5 min)

50
0

Vehicle Lurasidone Vehicle Lurasidone

Sham-ope rat OB rat

Repeated treatment of lurasidone (3 mg/kg/day p.o., 2 weeks)
significantly reduced olfactory bulbectomy(OB)-induced
hyperactivity, but did not affect the activity in sham-operated rats.
Each column represents mean+SEM of 10 to 14 rats.

##P<().001: significantly different from vehicle treatment in
sham-operated rat (Student’s t test).

***P<(.001: significantly different from vehicle treatment in
olfactory bulbectomy rat (Student’s t test).
Quoted from the reference 1.

Effect of lurasidone on olfactory
bulbectomy (OB)-induced hyperactivity.

INSOFEP S VT ¥ F PR REH % %
9 2 HEMIZIZBWTHAR - §i5 DRIEN 2 H§
5 Z LRk Ehiz,

4., REFBICHT HER

NMDAZ A& HD 7 = V44 2 1) Y v (PCP)
R4 IV BRARREREIR AT 52 25,
VEFE-NMDASZ BARORERENS T 238 & JHAE O Fe A 12 B
LT3 TR AEVWNEZELZSNTNEY, ZDOIR
Bl S L12, NMDAZ B KREPIHE TH 2 MK-801%
PCPIC & ) ARAMERED 1 DT h B icllpd A s L 7=
Ty MIHTEILT Y F Y OERERELRERE £
L7 (Table 8).

=2 @) i 0] B K IS R BR 12 550 T, MK-801 (0.05
mg/kg, s.c.) 12X D5 ZHZ I hzalEFE It
LT, LTy F YRS AUSE R 2R L7219, [T
T & W CSHTAZ HE RSP B X O5-HT32 51k
FEHSENSEEH AR L7226, LT Y F Yol
FAERNZ 2N 6 OZEERMBEG LT gt rn+E x

1L Effects of lurasidone on rat cognition model

SEN7=W), [HRRIZ, B ZARIKKERERER R BURHR K S
RERZBNWTE, LTV FVIZMKS0LIZ Lg%z
I h7zielE s ShadE I o U TEEEEH 2R L 7219,

* 7=, FrarikaRERE I BT, PCP (2mg/ke,
i.p. twice/day, 7 days) 12 & D #E¥ S Wzl
ISHLTENLT Y FURSERER- AR L2218, X5
12, 2 OWEERIZS-HTIAZ BRI HEHR L 5-HTEH)
ikl =2 s, LT FYOREEH
1Z5-HTaZ A RAE B 36 & OS5-HTAS BL g 23 B 5-
LTWBZEIWRIEINZID 19,
PEDksic, L7y FYi3ikoses vices
W IONMDASZ AR PISIC & % Rilé e b 2 8e8 4
5T EWRENTNS,

5. SEMASHRER - PRIMFIER

BWEHEHIiE LT, v FBKUv o 2 & HWTH
ROVEEREIR J5 K O PAKBINRIAE FH 2 GFAl L T2 D, 8
HAEIEIRE LT 79 PERIWTH 2 L7y —FRAE
FH % 54 L 72655, L5 > F 2131000 mg/kg, p.o. £ T
T ER S 5720, F72, PHIHIER & LTAF
VLY X — LB SRR AR E L Aot AR (o
EEHNEEZOW TRl L 72 24, LT Y F YD
EDsofiti 12 Z 724 > 1000 mg/kg, p.o.. > 1000 mg/kg,
p.0.% K U250 mg/kg, p.o. TH - 72D, WHIETINIZE
W, LT Y F Y OHERSRREIR O AR I KO
FEFIRIE R X580 - 72,

IS

4 v R 2¥8 Y OMERFIC TE b 72 R HH
WD UL IRIAOEER) & @4 et 2 -6 b
KIVERIRIRL 5 ¥ F v ERBEOAIELRID L 72,

& L DOEBEHET SHARMER (5-HTafFB)E)
ERELENS, O7 ) — I OREEZRIZ X > TD:
ESHARFROIEVUEH A #7215 C& 222 &,
@V VI —EANDOBREA L5 ShR A ST &
DAV Tr A= g vEGRL, BHER YT 2 =420
el (2R, Hi ik, M ak) &3l L 7
Z &3, HRENEERHRE A R U 7= B3RS O B D5 &

Task Model Lurasidone MED Reference
. . Normal Not impaired 14
Passive avoidance
Acute MK-801 3 mg/kg, p.o.
Morris water maze Acute MK-801 1 mg/kg, p.o. 16
Radial f 1 kg, p.o. 16
adial arm maze (re er?nce memory) Acute MK-801 . mg/kg, p.o
(working memory) improvement tendency
Novel object recognition Subchronic PCP 0.1 mg/kg, i.p. 17,18

{FRAEE 2013
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LCHEICET 28D EHAAL TV,

Ty R RIS ARGEBRIC I T 8 BAF RS R
A5 R, 20104E10 H IOKE & MRS (FDA)
2 6 R RERRE 2R3 % HRFE KGR & HUS L. 20114F
2HE D KRETORGEE A4 — LT3 (R4
[LATUDA®]) 20,

EGEOERIH 213 7 AL EOFEM A2 L 22012
WU, 107 HE WS BFIDZ Y — FRBABRZZ Eh
5%, LI ¥ N UVIEREOBN AN & REMNE
FHEXN=Z DI04 5, ks, AKENICE
WTEHIET = —XMP»ETHTHD., ~HLEFLAK
FIAARFIREDH LNERTFEO O EDITbH 5 T
ERMFEL TS, ZLT, LT Y R Y TH - MR
RARERA, X 5 R B HEMERBEOME L L &
JH > TR F 0,
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Development of AIMIX® Combination Tablets Dainippon Sumitomo Pharma Co., Ltd.
LD&HD, a Novel Fixed-Dose Combination Pharmacology Research Laboratories
Medicine of Irbesartan and Amlodipine Besilate Masaya MoRri

Hiroshi KaTto

AIMIX® combination tablets LD&HD is a novel fixed-dose combination medicine of irbesartan, an angiotensin
receptor blocker (ARB), and amlodipine besilate, a calcium channel blocker (CCB). This product was launched
for the treatment of hypertension in Japan on Dec 19, 2012. In this review, we firstly outline the trends in antihy-
pertensive drugs in the past decades and the current situation for combination tablets. We secondly review the de-
velopment concept, pharmacological effects, and results of clinical trials of AIMIX® combination tablets LD&HD.

ECHIC v (Fig. 1). AIIZFHWT2012E12H19F I ki h

T3, ARTIE. BRIEAIOZE, KA A OBUR %

SR, B O BRI MR R & © O 515 fEEiL. 74 I ACAESEORMBET T
BREVREOERE - Th . ofERE & ks 5 SEPRAEF M ORRIR R A /T3 5.

EZDHMBENRENZ EAHENATNEDY, HAR

MEFEO [FEIERRTA F54 22009 (2&5 L,

HAE N 3513 5 B U O B B 94000 5 Az DIE A
D. 2D BERU LV LB HREZ T Tnknk
ez XT3, KIIC I B S IMERE RIS,
19504- R D M4 JEARSE DB I LI Z & Tlohk 4 7 ff:
MR DGR KGR X TV B, — RIS hSEEL)
FOBEIMTECIE, HMAITCOMT SRR CH 5 & X
hTkh., LHRDBHHEN TS, L2rL, AFETO
e ML F8 3% D VA B R R I H50% 12/ F > Tk
D9, ZFORADILHNIZARIED F b o AHLH 20 58
DR TH %L XN TNB0, ZD7, WEHETIEEIS
IR OBEE A HIICHA A S LhichThb,

TA I ACEAEIE. T VAT vV Y IREK
FEPi% (ARB) ThBALxHLxy (BT, IRB)
EANT T LEEHIH (CCB) ThB7Luvy
(LIF. AML) # &3 % i G AE A $E T d Amlodipine besilate

Chemical structures of irbesartan (A), amlodipine besilate (B).

s BUTIE : AUSEBH 0T BETEM Chemical structures
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EERIDOZEE

AIBIZ 351F B SR G HEE O E L, 19544F-DIfl
BHLHRIE . KRR AP IR DB IS K D b &
%o T D, 1950 IS A4 794 FRFIRE,
1960412 7 ) & A RFFEFIIREE, v — TRIREE, B
ZERWER SR, 1970F-RIZCCB (BE—1H{X) . 19804F
RIZaZHERENEE, 70 U4 F v L v A RESEHE
3£ (ACED 285U 7=, F—ROCCBIEEHHii
IERI AV 20 > 7253, AR FFRRE IR ] 3 LI R VB 1
fROCCBAEAE T, 19904F-AUHIT- 1A F Rt Ike i A3 I
IZEVWHE ZRDCCBTH B T7Luv Yy, X512
1990412 LICARBAYVE S L 72, T OFRIZKIS0HE-
IRk 4 R AE RS ORI B Y LT 5, BUEARFS
DEMEIRFROS B E LRI T 52 5
ZII5MHTH D (Table 1), B GRS L
IITEEMEH & 2 20508, ADHEE B IE LEl) 5 kT
HMBIREN D,

1L EN A First-line drugs for hypertension in Japan

Class Common name
ACEIs captopril, enalapril, imidapril, etc.
ARBs losartan, candesartan, valsartan,telmisartan,

olmesartan, irbesartan, etc.
Beta-blockers carvedilol, propranolol, atenolol, etc.
CCBs amlodipine, nifedipine, benidipine, cilnidipine, etc.

Diuretics hydrochlorothiazide, frosemide, indapamide, etc.

ACEL: angiotensin converting enzyme inhibitor;
ARB: angiotensin receptor blocker;
CCB: calcium channel blocker

L& OB

BB A K54 22009TIE, APHED W T
FEREIAUE (140—159/90—99mmHg) DA 13RO
Bl2o, @Y A0 1 EE-3 T ESIME (160—179/
100—109mmHg) DA M RO HAl & 72130 &
OO FHBEED SIRIEE MG T2 Z L BHEE EhTnh B9,
BEHIOMAAS HEE LTIE, ACEIRARBOL = V-7 ¥
Uk T vy vHR (RAS) BHESE &R RHE % 7212CCB.
CCBL AR, CCBE&BMEWHEAHELE X T 59,
INHMAGDLEDOHFTE, KHBERRBRIZ BV
Nz - EIRGEIEH 2 & T 2 RASHIHISED ~9
L Staessen JAL D A &7 F 1) ¥ 2102 TiwzEh o
PRI R AR Z V0 E XN T BCCBOMARDHEIZ.
IR O REOBE» S i G A G DETH B
LEZ N5, EENZHEIOKFEHRRER 2 B\ T,
RASHII# T & 5 ACEID-X Y ¥ F 7))L & CCBOAML
ONFFREIE. pUEITEE & A4 7 4 K RFIRIEDNE
& iR U, IRIRR S ORESRA Fiss WL
WaeGURWEREFZIIND X, OIftE 4 XV b
D—KFHZEIRYE S 5 Z LRI h T s,
AKIIZFB T, ACEIRRARBORASHIHIHE & CCBOHf
FIALG ORI A2 B L CTvd, ZORRBIRI T, A
FTI220064F- > 5 ARB & FIIRIEDEIA ALY, 2010974
513ARB & CCBORLAHlAF7e S hTv% (Table 2).
BUA AT, HAIR O & LT, ikdEa v 7
FA TV ADOKNIERE ESIRF X TE 72, FEEE £
27 F )Y 2B TERAANZHAIR O LD &
BREIIEEI Y 54T VAR ERT B Z e mEh
TW51),

11 Combination tablets for hypertension in Japan

Class Launch Brand name Fixed-dose combination
ARB+HCTZ December 2006 PREMINENT tablets losartan 50mg + HCTZ 12.5mg
March 2009 Co-DIO combination tablets MD&EX valsartan 80mg + HCTZ 6.25mg
valsartan 80mg + HCTZ 12.5mg
March 2009 ECARD combination tablets LD&HD candesartan 4mg + HCTZ 6.25mg
candesartan 8mg + HCTZ 6.25mg
June 2009 Micombi combination tablets AP&BP telmisartan 40mg + HCTZ 12.5mg
telmisartan 80mg + HCTZ 12.5mg
ARB+CCB April 2010 EXFORGE combination tablets valsartan 80mg + amlodipine 5mg
April 2010 REZALTAS combination tablets LD&HD olmesartan 10mg + azelnidipine 8mg
olmesartan 20mg + azelnidipine 16mg
June 2010 UNISIA combination tablets LD&HD candesartan 8mg + amlodipine 2.5mg
candesartan 8mg + amlodipine 5mg
October 2010 Micamlo combination tablets AP&BP telmisartan 40mg + amlodipine 5mg
telmisartan 80mg + amlodipine 5mg
December 2012 AIMIX combination tablets LD&HD irbesartan 100mg + amlodipine 5mg

irbesartan 100mg + amlodipine 10mg

ARB: angiotensin receptor blocker; HCTZ: hydrochlorothiazide; CCB: calcium channel blocker
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7437 A4 EEIZ. ARBT & AIRB 100 mg&
CCBT & 5AML 5 mg (LD$¢). % 7zIRB 100 mg&
AML 10 mg (HD$E) % &A@ he G % lid &
$eTh 5,

IRBIZ 7 T ¥ 2 DSanofitk ARIHL L 72JEXTF F D
ARBT & %, IRBOFEEAEANIZ, M P HIC SIS
{FAET 2 AT AR 2 SRR I UL 98] 72 S
TFRTHBT Y IHT vy VIS K B MAENETEH
EPIHIT A Z & TRBI SN S, SHIZIRBIE. HIFRE
IZHEETAATIRBEAD T VO T V¥ VT OFEE %
W3z n26, TV LERALEYTHSBT
LR 270y O lEIHIT 5. IRBOTEI I
b THI10~15HE T . 1H 1RO CTREEAEH A
4IRS 50 F - AHRR OB BB IZ T
TR EEDENT EREYIM AR B I &
5. BAESOHELL ETHIRE N T\W5b, X HIZIRBIEA
JIBEGIR 3 ER © & BIDNT9RIRMA2 B2 3510 C, B
PRIFERIE DHERE T Pl B OFIE PR 278 L TR D,
RN RO NE] T 2 MBI %A DF 3 5 S I RE CTOERE
OIS B HUF LT 5, AF TS L RE O 3 his T
200844 H 127K 58 & . 1H1MH50~100 mg (I K200
mg) RGO - RIS THEAEh TS,

AMLIZK[E O Pfizertt 28I L 7258 =D Y v ¥
o) YV RCCBTH 5., CCBIRIMAG EEAHODLIY )L
U A F v 3OVBHEAE IS & B I R L
DERRIEAEH 2R, MIFRE T H % 58— DCCB
R A IRARTE NS & O IE2 A a S & L 7228
AR R DG EZEC B Z WG XN Tl DY,
BEARAA U % & ICRASHIRIE L S h 7 v o4 7 v v
VI OFEEDTUET S, ZHUTH U CAMLI A Rk
TERDRIR T D 57280, 2w B % 1T L 728k
FZDIZSWEHEAB LT AD, 72, AMLOJY
FWRII e P TR35~38R I TTH O, TH 1 DRI
& 0 24 %58 U 72 B IEAE F B OSSR DIE RN R % R
T, Yoz ens, AMLIZEN/CCBE LT, @il
FERE Je O OME 5805 & LC100 » [ ETRR X T
W3, &5IZCAMELOTOXCAPARES! VA 13 U &
4% % < OERRERIZ W OOIMAHRBO T Ic A
ThdZENWEIN TS, AFHTIZ19934F 12 @Il
FERE R O OE OBIG CAZE S . BUE IS IESE
1213 1H1M2.5~5 mg (IR K10 mg) . BROJEICIZ1IHL
A5 mgfE 1 5-O I - RIS Tl TS,

TA I ZCEA L. ERETOR L 5ARBE
CCBOMAEHETH 5 Z 25, AKX O LA
DRIZBWTEHN AR HETH L EE L OND,
Thbb. ARIPERIC 50 TR 2 B 2 1
ENh3, 72, REMHIZB W TZCCBOENRLRENE
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A7 AVEEE (AIAYILE/TLOYEC RS OMEERE

FIZHEOAR TCOMMBEDOR A TIHET 5 72 DI T B
KA DR BIA . ARBOEHIRIEERIERIZ X D 2 Ik
ENWPTEEELENS, XHIIT A I 7 AEEE
RADFRE LT, 74 37 2% 4 $EHDIZAML 10
mgE & & LENME—~DARBOBIAHITH . ARMEF
JE DB AAKIE U DD ) BRI 2§ 2 & A3
FEhs,

S IR

1. IRBOEIE(EH

vt ROT y t OREINR- A OMMTIEIEA &2 v,
L7y OF T vy v T OZERNOFES IS T SIRB
D50% PHEFWRE  (ICsofi) % AT1ZZ AT EIRW 20 3
fMEEngays s (LUF, LOS) & Higkas L7z,
IRB 2 FLOSDICsofEi id. Z 2k |k T0.79 nmol/L
K 112.23 nmol/L. 7 v I T1.58 nmol/LK&% 1}13.98
nmol/LT&H -7, IRBiZt P RU'F 9 bDT VUL T
vV I EBEARICH L. LOS& b 5@ 2 AW M 27
U7z, &£727 v MITHINEEEAIZ BT SIRBOT v 24
7Y v IRFRISET 2 HFEMEE. LOSOK10H%
58 J1Cd . Scatchard plot i 5 6 Z OFEHikRIL5E
AHTHBZ R Enz, 5127y MRIEKRED
HNRIEFE A (2 351 Cdithiothreitol MU 12 &k D AT132 %
HRERTE U7 EERDAT 2 AR IZ 1 AIRB £ LOSD
ICsofiiid, W10 umol/LU ETH -7z, Thood
KR 6. IRBIZLOS & 0 &) 2B IRAAT1 2 A A F
VIR TH B Z e mEns,

Y FRERKIIREZ YT oA Ty vTICk B
ke SIS A3 B IRB M O'LOSOAEH 2 M L 72 & Z
4. IRBK& USLOSDICsofiti 13 7 712 #14.05 nmol /LK% O°
26.4nmol/LTH 7219, 7274 T Vv VI DR
JEARATF I SO =03 2 FEPUfER 2 & 5 U 72IRB
DpA2ifii38.64 (slope 1.29) Tdh 1. FAKIL & ]
N5 insurmountable ZFEHIEAMAZ R L7z, —J7.
LOSDpAAiii137.96 (slope 1.12) TH 1. AP
A AR L 72,

BHETY T 7L % FOIRBO FEFEAEH % #at L 7=,
TAHAFYMZTO R I FEFREL, F M) 7 A6EE
T (EV=VIERIMEET L) Z/EEL, IRB0.3~
3 mg/kg H. 0 £ 5 O ML K& VDA R4 5 1k
A A#Ef L7z, IRB 0.3~3 mg/kgf¥ 5%, FHMUL %
FEIRIEIZE T X820, DEUC 3 Es 521 &
257219, 2 AFREORASOEME A TUHE L Ty 2 ik
A Gy R I F AR FEGE 7 » & (SHRSP) (ZIRB
3~100 mg/kg & HAIFE 15 L7z & T A, FHEMRAEN
IZUGEIAIMEAMIC T L. 2 OFERIZ30~100 mg/kglZ
BT A L 7220, —77, BT 4+ aLF
azyuy/f&l (DOCA/salt) EiET v+ (KL=
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VEFIL) IZIRB 30 mg/kg & HiRFR 5 U C & ML
OIS BIIRRD b s 5 722D, Zh b6 DfE
RiZ. IRBOBETEEHLT v o7 vy v T2 EEED
RIS L TWB Z &R LT3,
BMEEARIES » & (SHR) 122 LT M oY
AHUE U IohE 4 25 U 7288000 - SIiUE S » b
B AIRBOF I A EHAME Sh T 52,
IRB 15 mg/kg % 32BMR %535 &, IRbp7IL7 3
v OMEFT PN & A, BRI EREMla 2 ) o b
DFEEEMKEATH 537 v OREBEOK F A58
IR E N7z, ZheDfER2 6. IRBOYUEHIRIE
FIZE, 279 v oORBINIEZHES 2D v b EEBED
EFEBFESLTWREELLNDS,

2. AMLOZEIE(ER

BEIIRIEA Z v, AMLE O 1HRDCCBT &
5=7xY¥y (LIF. NIF) OCafsbifeH % #atL
722, BAMAFYECaT v AT % R FH O F i
& U TA IR BREIIRIEA 050 mmol /L KCILH 12
X9 B1Csofli % . ZEMRIEIMECaF v 1 LT3 § 5
WifEFH ORI LS L TA X KREIRIEA D /)L T ¥
27 ) Y UHEIS 3§ B ICsoffi & 2 Db 2 R L
720 AMLIZBERMRAFMECaT v 1 LIS K LKIS50fi R
IZEH L. AMLOENARAECaTF v F LIS § 558
PPEZ. NIF& ORI E 0 5 720 724 X g
HRFEA % F 8150 mmol/L KCITUHE & HAMLO 1k
ERefL72& 2 A, AMLIZ10°9~10"7 mol/LO §i[H T
RTINS R 2R Uz, 2 ORISR ISR
BIL. SR ORABIGISET S £ TISR40~120%) %
L7z, —J7. NIF&109~10"7 mol/LOFEPH THRE ik
TERNZ AR 278 L 7248, 2 OFERNEER A 12 7B
L. SIREORARIIZNTINE305UNTH - 7=,
& 5IZAMLZE 7212ZNIF 107 mol/L% T J v ik
FIRIEAIZE I L. 50 mmol/L KCIZ & % YR H %
Mgt L7z& 2 A, NIFOHHIEF 358 FH IR E AN I
IERARITE L 7228, AMLO P A ow F 2 #4212
AL o7z, BEARGEEROKCU K 2 PUEAE I,

NIF CiE2I B2 I IRIE eI B L 7225, AMLTI34
IFFEI 212 35\ T K950 % DI ER 2580 5 iz,

noOFERIZ, AMLANIF & D & ENAKAFECaT v +
TR B8R E <L 2 OIERIFBLR O D
TEFVHISIINIFIZ bR R TH D . AMLOSEER{EH A
i cdh 5 Z L 2RIEBL T3,

AMLO BEEAERIZ DWW KR E 7L % FONIF
& HeihEt L7229, SHRIZAML 3~10 mg/kg % #5114
592 &, HEERGENZIMTEOK FARD 5hiz, k&
FEAERIE, #e54~6lEf%ICIRA LA D, 10 mg/kgT
3% 524212 B TR BRIEAERH A e L T2z,
—7J5. NIF 3~10 mg/kg % #1159 % &, HmEKAT

66

Systric blood presuure (mmHg)

H) 2 IME DK T 2580 5 =08, Z OfER 5 1R
BISIRAR LD, P58 22138 5T Il (a5
L7z, IME%30 mmHg{K F X225 H&E (EDsoff) (.
AMLE ONIFC % 2 h 2.3 02.7 mg/kg T b - 7=
MAEL = Vs EmOE &I 7 v FIEOIC i L
= VEEEAMEWDOCA/saltE ILE T » M2 W T,
AMLM ONNIF #1135 5- L 72 & 2 DED3ofiiid, AMLT
FNEN24K V22 mg/kg. NIFCZhZEN24K V2.1
mg/kgThH -7z, TNEDFRN2 S, AMLOREAEH
XSO RN B D 6 $in vivolZ 5 W TNIF & IRIT
[ESE D& FIES 575, NIFE iR U TR D F
e LR 2R Z &S sk 5 72,

3. IRBEAMLGFABFDOZEIE/ER

AML. IRBRU'Zh 6 ONFHIC & 2 BEIEAEH % #at
45 Z&EHMZ, SHRICIH1E, 7HBREO#RSG L.
USge B L % SRR SRR R AR & ffERE L 7229, TSR
E A (05% # FL v w — ZEEHK) #F. AMLS
mg/kghf. IRB 20 mg/kghf & O'AML 5 mg/kg + IRB
20 mg/kgNf FHFEDETATE & U7z, WA MUTE & OV 0A
BeoWE ik, JEEn A A B E R A O, R
it Fail-cuff ¥:12C, #%51HH. 3HHKU7HHO%
Lol (OWEM]) . £ 5-5e50E M U242 FEhm L. %
57H H O 5-1% 5K H QYU Z DWW THEHR
Mric &k 2 B EZEME &2 i L 72,

PEGRHE. AMLEE, IRBHE X OMFFHAEO BE5-1H H #%
L O PG E. ST k2 > 72 (Table
3). H57HHOPG RN 35T BUARE DI
WML & beig U, AMLEE. IRBEE R OOFHEFIZ. W
N AR APEERAIMTEOM T A2/R L, & SIZHF AT

250 1
bb
200 [ aa
b T
150 aa aa
100
50 [
0 : - -
Vehicle Amlodipine 5mg/kg Irbesartan 20mg/kg Amlodipine 5mg/kg

+ Vehicle + Vehicle + Vehicle + Irbesartan 20mg/kg

Systolic blood puressure was measured at 5 hours after last
administration. Each value shows the mean + S.E. of 8 rats.
2aP<().01: significantly different from the Vehicle + Vehicle
group (Dunnett’s test). PP<0.05, P*P<0.01: significantly different
from the Amlodipine 5mg/kg + Irbesartan 20mg/kg group
(Dunnett’s test). Adapted from REF. 25.

BN Effects of amlodipine besilate, irbesartan,
and their combination on systolic blood
pressure at 5 hours after last administration
in spontaneously hypertensive rats
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1R Effects of amlodipine besilate, irbesartan, and their combination on systolic blood pressure in spontaneously
hypertensive rats

Group Vehicle + Vehicle Aml 5 + Vehicle Vehicle + Irb 20 Aml 5 +Irb 20
Dose (mg/kg) 0 5 20 5+20
Number of animals 8 8 8 8
,,,,,,,,,,,,,,,,,, Pre 192s38 194830 192:38  19:25
lday Ohr 192 + 3.7 199+ 29 193 +3.5 200 £ 4.2
Shr 193+ 1.6 142 +5.1 167 + 6.3 129+ 55
,,,,,,,,,,,,,,,,, 2 197#35  191s23 17447 176261
3day Ohr 200 + 2.8 196 £ 5.1 170 £ 4.3 174 + 4.6
5hr 193 £3.3 136 +5.3 156 + 5.3 120 + 6.1
,,,,,,,,,,,,,,,,, 2dhe 19537 186220 17038 17139
7day Ohr 198 +3.2 197 £ 5.0 182 +3.7 175+ 34
Shr 196 + 3.3 132+3.4aab 161 + 6.1 aa bb 115+ 3.5 aa
24hr 200 + 2.7 192 +5.5 173 +6.1 168 + 7.1

Each value shows the mean (mmHg) + S.E. 22P<(.01: significantly different from the Vehicle + Vehicle group (Dunnett’s test).
bP<0.05, "PP<0.01: significantly different from the Aml 5 + Irb 20 group (Dunnett’s test). Aml: amlodipine besilate; Irb: irbesartan

1SS Effects of amlodipine besilate, irbesartan, and their combination on heart rate in spontaneously hypertensive

rats
Group Vehicle + Vehicle Aml 5 + Vehicle Vehicle + Irb 20 Aml 5 + Irb 20

Dose (mg/kg) 0 5 20 5+20
Number of animals 8 8 8 8
,,,,,,,,,,,,,,,,,, Pe  345+108 35105 3%s92  3lsll7
1day Ohr 345+ 89 354+ 7.6 362+ 14.7 350+ 59

Shr 361+11.3 426 +17.7 379+ 139 413+ 14.7
,,,,,,,,,,,,,,,,, be 36+ 91 36290 3127 3lei2l
3day Ohr 337+11.2 348 +12.1 344 +12.1 351 +£11.9

Shr 362 +15.9 435+ 15.2 349+ 13.3 425+ 83
,,,,,,,,,,,,,,,,, 2he 37+ 81 3%0s105 360133 356113
7day Ohr 345+ 9.2 342 +10.9 362 +14.3 327+ 78

5hr 347 £11.3 414 +15.0 (0.0114) 357 +17.9 (0.9337) 394 + 15.3 (0.0928)

24hr 334+ 84 335+ 838 334 +13.6 330 +10.3

Each value shows the mean (mmHg) + S.E. Values in parentheses show p-value (Dunnett’s test). Aml: amlodipine besilate; Irb: irbesartan

AMLAE, IRBREFISN UA R &P DK T 2R L7z 7z TaHR Ko UNARAR L (2 D) HTARE D 3R B0 i 1= 22 b i

(Fig. 2) . Z DI, BEAREE HB L, AMLEE X OMfH

F DTN HAIR G XD AERICKE» o7z TalER

BB OO B 21 &R U 7z28, HfFHEE
Sz k aWidiid o s >7- (Tabled), Thb
D#ERA 65, IRBEAMLOOFHIX, OB DRE

K< A LD SRR AT 2 Z LAVRE Eh 5,

R PR S BR B AR

IRB 100 mg X {ZAML 5 mgH 4% 5- TREIER KA+
oy 7 AREVE S I AE R 35 % 3¢ 5 IZIRB & AML% 83 [
DEFG- U 7z BROBRIR DR A MGt § 2 7212, #IH5E
2MHEER & LCIRBAR—Z & L7=ikx (LA, T#RBR) .
AML%~N— 2 & U7zikBk (DUF. AsRBR) & 92hi L
7220, kO FEEHMEE E X, b T 7 BN
MEDR—Z T4 25 k&G £ TOZ ke L

{FRAEE 2013

TIZAML 10 mg 2B 01 U 728 T, AMLIERE 58 &t
L#920 mmHgDOYGHEIAMEDE F 2588 72, — 4, A
B CIZIRBOHI R DE WD 5§, IRBIEGHETIE
IETAIBR I JEIRB X 54 & ik U 5~10 mmHg D Y i
MEDOS T %#B7z, RIEHOBHEIG I, WTho
FRBRIC 5T & B OFFIRE & WA G CIZIZRFEE T
H otz LLEOREBKA S 5. IRBEAMLO B
F. BHAITHRA o0 e ARREME S I R 1 L
KA Z RS REEIRAHE N, T OREMIIHKH
Al 5-OFPNTDH % &5 Z 5hiz,

foi < B 5B 13, IRB 100 mg. AML5mg Xid
AML 10 mgHL A5 5- TR RA 45 2 ARREVE S i
JERBE AR, 74 32 294 8ELD (IRB/AMLE
L 100 mg/5mg) M UHD (IRB/AML& L 100 mg/
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10 mg) %52 MM G- L 7z BROREIK#h S & Mgt L 7220,
22 ==V (SCHI., 5~8HM) KOVAE (52
ER) D2o DM A FE L. SCHID LS 23 7847 K&
HE &G 72 L 72 BRSO ARG IICFEAT U 72 iR
i 6 8%, SCHIIZIRB 100 mg X ZAML 5 mg % 1%
5 EN7- B E 1S LDSE A 5- L. SCHIICAML 10 mg
PG XN I ISHDSE A e 5 U7z, TRFR IR
QLI BN R K O 2 A2 HE L. LD§EXITHD
FENDZETH A A[REL U7z, SCHIRGHRANZDH 5§
B LI 52 % 40 & 3R A MK N2/ L, %
5.5238t% % T RAF & MU A #EFE U 72 BITER O R 8LE]
H1316.9% ThH > 720 EABIERITRRMERIE. FE)
PEdF N, IFHERE R & WP & IRBHLA L AMLEL A
THIGNTWAEDTH Y, Fri-RIfEHIZRD 6k
Motz PLEX D, IRB 100 mg. AML 5 mgX{3AML
10 mg AP 5-CRETAIRA o B H IS L, 74 3
2 AR 588 LD R OHD O B A 5-C RAT A B ER R A
SUEMIZH 7 DR X, FLeMITk & ARk
Mozl b, MBLE§EOH MR S T,

BbhUIC

AT OE ML DI H L RERI3HI50 % (57
5 TENY, ZORKOBHIINEED B LA
3RO TH 5 & ShO, BREEOUGE % HICELA
G LR LT N TS, BERLTETA I 2 290
BEEA &Y. ARBE CCBOREIAEEMSH Eii X T
BN, T4 I0 A%AEEHDIE. AMLOB AR TS
210 mg# G ENYION A TH S, 74 I 7 2%
B DY G- R OPFIEO R BIHIA X, PRICHE ShTn
% AML 10 mgD £ 555 TORBIEIE L 0 K
Mozl lnrb, AMLOGEHRE THE I 57EEIZIRB
EDMABEDEIZXD ZORIANMEIRT 2EEFL 60
%, L7245 7T, IRB 100 mg X IZAML 5 mg Hijhf¥
5040y BB 23S & e WS IE R O A s
59, 74 37 ZA%FIA$ELD XIZAML 10 mg CRER)
RHARY % k0 EIESIMTESFH IZHNTE, 74
I ZCKASEHDIZIERE ICHE R AR TH S L HE LS
N 7A I OB BEA S IMRE R DIRIEITR & <
Hiik 45 Z LM xh 3,
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TRV AND L 2 2 F 3 I T 71T —F
— 5 IO REAX LR I I ZDFEEIRT—

FRAb AR AL AWERBER A 22T

EC®IC

* Iy o 2L, ERPOBIET. 4 VS0 E. N
RV 75 & D5y 142k & RN b 3 B 58 %
BWT %, L. DNAZITRETE7 /) I R,
AU BENRETATaTF I oA, R4
BT A8FK0 I 2R EDEHA I v o A A
MAHNT¢ 22024 3 9 7 Z2HEH EhTnh3D,

U RF Iy ATIiE, BHEA I v 7 ZOMEHE
BRI, BTOENE Sy b T =2 82y 2 A
IO, BIat. 2328, KEnED LS
W - EH L CEOMRABBEZRE L T 500, %
DHEGHR A DT L RLDY AT L LTHIET 52
ENNBEE D, 7O I T AE, VAT LI
WA XY —LEFREh, RES - B BREA LS
kR 225789 C FEAOPBRS TR B EH O, L
BOREVETH, 3 F~—7 =R, »50RE
WE ORI 2 1A A FEREE LA TH
%o MR TR REMRHIND 2 a 24 3 v o AR
B (F23s2exaF8a03I22) OEHERATH
%, ARaCid, - MEKITHE 7T I/ T2
VAERELET Y bDI O A Iy o A RIS A
T3 %,

PP/ Tz VDEEANZX L

TY N7 3T 2V ELSRICEIT B A B
hd, Zhid. HEAORE#EER (& 2 v 4P450)
kD72 b7 I 7 2 HAREIINTERT BN-7
YFNpRVIF 43IV (NAPQD I2&580E
EiZbN T3, @, NAPQUIHR SRAE 72155,
BN CaE A G S5 7L 2 F4 VO F A+ — Lt
ERIBL, fadtke ko THHELX N AL S T —
Ligfas ke LTRPICHREE %, L L, ZEE
U LIS O 20 & F5F ¥ 2348 L. NAPQLIZAT
RN D & > 282 BRGE & K565 5 7= O ATl
FHEZ5 (Fig.1)?,

Tl #ER W 87

/ | Acetaminophen | \

Cytochrome P-450 \ NADPH- ‘ NADPH

CHP Cytochrome P-450 NADH
Reductase GSH
| NAPQI |
\ &C&&
A Y
o
Glutathione
Covalent conjugate

binding
\ Hepatotoxicity Non-toxic metabolite j

P Formation and decomposition pathway for
NAPQI.
NAPQI, an electrophile, binds to protein or
nucleic acid under the glutathione deple-
tion. NAPQI, N-acetyl-p-benzoquinone
imine; CHP, cumene hydroperoxide; GSH,
glutathinone.

JORFZw I RICKDHER

T 737 2V %1000 mg/kgDHE TG L2
v O % FTEIZ T ORGRT) 25 78 B14 ) % f
Wl (F7322), 72 I, 14 KOIRBPR
WERMEs o~ 7S T ERSWEC Ao L.
R OLEH &R L7z (2 Xa3IsR), 5730
ZIFHT T, L4 F 4 VEDEREER v ) VSRR
HER O S WMARD 6z, — i, A 4FKu3
o ARMTIE, T EFH Y, TLEI VB VAT
AV, AFF=v, ) VO (FlEh)., 7 s 3
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REMFHEADI/OXF Iy 7 A7 7O—F

=/ I REAFROAI Y ZADHE RN —

VEEOREM (MR IR 235588 5 h iz,
%h%h@ﬁ\jox%ﬁf 5 NI=FER & WA
ZRRE N2y 7 by 2 7 EHWTT — 2 L %
fTo7ze BRMICIE, WA I v s AT -4 %L 4F
* U ERNTHEK S NB AR L7 S22 4 (4
BEISZAY 2 4) BB VNET N F X VB R R
WTHfEEND/ 52 24 (RS2 = 4) kv
Yo L, &7 Fo8 & 2t L7z, EAHISA
Tz AN A FF VBERE NSO 4 & R a
SUAT =R ) IV AT -2 Ay VT LIzE
:6 TINAFF U BHEBE I TP L, ThEdi>
IZEAEPITTHEINTNDE I ENEBERETE LV Yy
7& 52T (Fig.2), Hro@jxe LTk
TINRFF VEROBEEN LR e85 274 0%
TINA I VBOWDRAL N, BEARRIZED S L
AFr vy —+¥ (GSHB) R4 3 Vv
TA VY H—¥ (GCL) 7Z& &MY % &Rl <
htawﬁ%i/%ﬁxm RETNEFF Y EY
¥ (GSHR) O#EMAALNTz, £/20 VY AT4 YV
%ﬁ%ﬁéiﬁnﬁﬁ?éx%ﬁ:ywm9&0%w
BIRICEDAAF AV TTF IV T VAT 25—

VATFA VNS ATA VI i%g%f{U/#M%
THDEN, INEMET 220121 ) VAR
%(ﬁzﬁﬁUhUV@?tFuff~ﬁ(Hgﬁ)%
FAFEYV Y TIPSV AT 25 —F (Psat)) 28
muLzenetEzohl,

—H. TN EF X VRIE RGN S R R X
N572%. RES2 Y 2 A 1ZI3MEE R OIRB O X 2 R
I ATF =R MDY ) 30 2AF -8 vy Y
T LT, TOMR, s s FFyifastk . X

SIZIEHAL Nz 2 L Ty — L EFa s RN L RE
NTNWBZENBRTES, Thbb, VILEZFLV
NIV FF VG REERT DR TH 585D
INAFE VSTV AT 25—+ (GST) HAFhEH
THMLUTE D, 7 aFF+ v iadhkofGEhufE ¢k

KB 204 3 VRO MAE R OIRP TR 6 I
7= (Fig. 3).
Pk X1z, 70243y o A& 2 &1

0. =032 2 4 ETREMIOET) & BIETD
ZH) % RIRCRHES % 2 & A BE L & D mEEAERI
FofEIZAERAERA RN, SRk, 72 b7
372 v ORETH BNAPQUZ L B 7L 4 F4 v

¥ (MAT2A) ®S7F /Y ALFKEVAFA v HEIE U 72T A C O HEEAE B O — i & 57 1
—¥ (SAHH) % & OFROBMARD 5hiz, HE LALTHRS 5 Z k7,
/ MAT2A sannz L | \
«1 sanns < 1
l —_—m e — —_— e
L-methionine S-adenosyl- S-adenosyl- L-homocysteine
L-methionine L-homocysteine l
GSHR GSHB GCLreg z I <—L .l
-serine
«1 «1 GCL cat @
glutathione glutathione gamma- L-cysteine : Phgdh
(oxidized) (reduced) glutamylcysteine : 4'
Psat
: Generic enzyme : Increase 3
<« Y I .1 : \ﬂ'
2 : Generic binding protein l : Decrease L-glutamate
& : Metabolite

\_

J

BN Scheme depicting glutathione biosynthesis

(Modified a pathway map from ThomsonReuters LLC.)
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REUFMADIOXAI VI RATTA—F =5/ IJREXAZROI Y ZOHEHEFT—

/ Gstal «1 \

R :Substrate
GSTA3
« <« :Generic enzyme

GSTAS " @ : Metabolite

GsTp1 <1 1 :Increase

MGST2 ‘I l : Decrease
GSTM1(rat) <1
S s & — & — & — e

glutathione R-S- R-S- R-S- R-S-
(reduced) glutathione alanylglycine alanine mercapturic acid
(conjugated)
ol

\ L-glutamate j

BGEEEN Scheme depicting glutathione conjugate metabolism
(Modified a pathway map from ThomsonReuters LLC.)

BhHIC 5| A3k

IHETH DX I v 7 2ATRIEAIZL o2 1EH 1) S. P. Putri, Y. Nakayama, F. Matsuda, T. Uchikata, S.
MITAL Iy AR K S THSE2IZE D, PR Kobayashi, A. Matsubara and E. Fukusaki, /. Biosci.
IS K v — 7 — DERRLACEMBE DIERK T B %, & Bioeng., 115 (6), 579 (2013).
EVEHEOREE A EOR TR E L HERTE 5 2 D &1 2) D.C. Dahlin, G. T. Miwa, A. Y. H. Lu and S.D. Nelson,
frens, HRBLEMOmIERBUER 2554 254, Proc. Natl. Acad. Sci. USA, 81 (5), 1327 (1984).

DL I v 7 AF — 2D R ENBEEHRIIMES
DEWEHETR»PD EEDEZEELZ N, S5HIT
e DL A VERI SN 2 CRIMBAIZFIH L T P
TH5b,
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TR AR AL BRRE(L AN ZEiT

LI

LSS 2 @R FHIEORH IR U TRk 4 2 BEPRG Al 23
Hwshs, fTEFEY 727 V) ILEERO KAV
WKIARIZ L 728 2| foRkENIZ b AD RO T
EVERIRE 6N 5 Z &, FERiED G < FUB . 2K
PIZERSE 2L, ATAT LOEMZ E2 S 2 DL
BRI E LTIl hTns, RERNAEEDEL
T, ZEBRIR) 7 2 VLBO AL AF L EZILRY
v— (LIF. CVP) RCVPEX—2Z2LLTT 2 VYL
EXA VLT LFLELELSLTEBLEZT 2
JUR - X 2 2 )L T L FILILE SR & 0 5 72 BRI
NH Y, WEOH OIS LEREN 5 7)) — 4w —
vaviddbArA, TOMERAL SALBERERE LTO
& &R T3,

— T @EET A RO T -2 v - gV
DOHIZIZPERDCVPR T 7 VILlE - A 42 ) ILET L
FUMESRTEHHWE TE RS HES kn
BASHBL TS, 80O BREE LToL A
0y —FEOARL ST, FROZEMOH» 5 E KD
AW ARD N TS, 20X B RETTIC. 7
7 )L RBREF & U CTHESRDCVP TR & ke Wi
ORI G H 4B ST\ 5,

AR TIEH 72 ICBR L -2 e uskAloMm % [7
27Xy 7®SERK| & REHHFIICVPORGW % [ 727Xy
ZOMG] 1IZOWTHENT 5,

SHBIEEEE 77Xy 7% SERK

1. B8

W, Vv v T =R U0 & T B IRIRTEE S O BERL
FELTT 2 VLRI g v BIBSREHFIA % < {5
XNTWD, T2 IYLRITwIY g o BIBkEANT AT
WAl & DEAIT K 0 RE AR % A TIRR A O
—METHD., ELT VLRI TILY g v TIRIREH &
LTiE, 72— baRYv=03%¥Fohb, 77
VLRI I Y g YHRIBERANL, =Ly 3 Th b
EVI RIS, DR EDRAVES THD 2 —

HoE - K 5

A FTav ZIZFHTEETH 5 L0 FIRLH 5 —
HT, OXFIZHMEORNDLH 5, QWIIR SN TE
BOWHEED & O FHNCHH T 2 BERH 2 721F
PG ARIDORMA DI TH 5, OEMENDT 2 ) LT
FILE) V- WEEGETIHENDH D, OFFHBRE
&> TRV Y 3 YHARREIZE S, QRS
20~30%FEE TH DIFERF ST 2 AN B L0
ITAYy PEFLTWS,

INEDOWERP I I N7 2 Xy 2®SERK (%
DG Y 2 VL - X & 2 Y ILET L FILIE AR,
LIFSERK) 12D\ TihR 3,

2. 7UORwvI® SERKDIFHE

SERKIZLLRT L D HI STV BBGREFL, 72 VL -
AL VNBT VRN ELRERTHD L1 6, BHKE
&R T SO RIBREAIAN T IZRGH L 2 TS T
0. K2/ UpH A& SR YE ST L C 1T L A LR
ERBIL VA, LT Y Y LDk D GBS TR
s % &SRR L OPFELUEIC X O k4 %, BR
BOFRMEIZ X ORI, S5 — A E 75 5 W-150C
EW-300CO2ff i b % (Table 1), SERKIZF A
RTHOBRERIE,. T~vILY 3 Y OSEED DA
WEEDRFARL TS,

LELIERE Viscosity of AQUPEC® SERK

AQUPEC® SERK W-150C W-300C
1% aqueous solution 100 200
Viscosity 1% aqueous solution
2,000 12,000
[mPa-s] +1% NaCl
20rpm, pH6) 1% luti
(20rpm, pH6) b aqueous solution 12,000 6,000
+ 3% NaCl

3. Vv I—~DIHH
SERKEFERDEENRG X N=T 7 VILEE - X 2 27 ) L
TLFLLBELARB LI LY 3 VDT 2 )L — |
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HRT U ) IVERR BB DR R

SERK W-150C
(viscosity: 15,000mPa-s)

BEEEN  Features of Pearl-Shampoo

ARV =AML TS LY vy S —AFEL -
(pH5.3) o SERK W-150CE I L 7278 =Ly v v 7' —
T, 2S= VBRI D HBERDOT 7 VLR - X &2
VLT LFLREAEREID EENTEHD, L EAD
MNELL, 72V —FaRY v —LRTHEAIN
-7z (Fig. 1),

% 72SERKW-300Ck LU 77V L —baRYv—%
FEHLTRM L2 ) 7Y v 7 — (pH6.5) Tid. A
RS PEARIDRIZ & 6 §°'SERK W-300CD 5 A3, Fav ks
WERLZ, EoTC ZhETTZYL—baRYv—
PMEEF T & 7 o TR PR O FH 1t 23 2 iAo
Bl BV TSERKIC & > TR TRE T % (Fig. 2) .

100000
SERK W-300C

10000 %

/

ACRYLATES COPOLYMER —-

—
N7
-
-

1000

Viscosity [mPas]

100 -~

10

7 9 11 13 15 17
Amount of Surfuctant (active ingredient) [%]

BT Viscosity vs Amount of Surfactant (Clear
Shampoo)

BXhFNEICVP 7Ny 7®-MG
1. Bx

o) =24, Vo VEORERHE, KDER-E S
D&, X5 5RBREOANEA KD, Tl DORGE A%
EhTnapb9,

Acrylic Acid Methyl Methacrylate Copolymer
(viscosity: 7,200mPa-s)

Acrylate Copolymer
(viscosity: 16,000mPa-s)

7oy 7OMG GEERIAR ) 72 ULRT F ) Y L)
3L A O T 2 ) LR EA B OISIZ LD .
TAORTEE - IR KGBE - AR 75 & 2 % L Ol
FEARDTOBRARR LT, &0 &5 & 508
WA B % BB R A & BRYE L 72,

2. 7IORyIO-MG 4§t

77Xy 2O MGIFEIKIROB AR TH D, kD
HIN AR — L AFIEROTH TS AR Z &, 7Lk
TORIK, vAu Y —Fitka#Ei % (Table 2),

1P Features of AQUPEC®-MG

AQUPEC®-MG Carbomer
Form Spherical Particle Fine Powder
Particle Si
articie size 5~30(controllable) <10
[pm]
Bulk Density 055 0.17
[g/mL] ’
Appearance
SEMx1,000
Vi ity (0.5%aq.
iscosity (0-5%ad.) 25,000 45,000
[mPa-s]
pH(0.5%aq.) 6.0 3.0
e Easy incorporation ¢ Low flowability
into gel with smooth
Features and light texture

e Flexibility in formulation
e Easy to handle
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HRT V) IVERRIEHE DRI 5

3. JU—L, I DA

TRy 7OMGERKDOCVPEMH L T, Ry
) =LA EREY 2 VAL 72,

LA a Y —iHIllIZTA-A » 2 YL 2 v b skl
L X — 4 — AR-2000ex % FH T, & H ok Ol %
I, KSR OB AL R A 2> & B B Z
XEDBRAV FERD, ZZEBRIBTERIREEL L
THHMiL 7= (Fig.3). 72Xy Z7OMGAHL =2
) — 2RV s E,. AILEY— AL BN
KORRID T ERREAEZFDZ L6, B TEH
5 &Ll AR,

® Cream (AQUPEC®-MG)
M Cream (Carbomer)
100 . O Gel (AQUPEC®-MG)

[] Gel (Carbomer) Carbomer
semmnee 3
> K
= G
= 10 S
= Sticky & & b |
g & "
5 N
f Light «———— Heavy ~~..D___.-
o I L e
n Smooth (\? O .O .’/)
AQUPEC®-MG
0.1 . . !
0.1 1 10 100

Shear Stress [Pa]

Rheometer: AR 2000ex(TA instrument)
Geometry: 60mm 4° Aluminum cone
Steady Rate Sweep 10~4to 101 1/s
Measurement temperature: 25°C

BTN Rheological evaluation for Cream and Gel

Ehi)IZ

ARETHIT L7227 2 Xy ZOSERKIZ, 24kl
ELTCOAELTY., Ea I LAlE LT, fhoHRsH]
LHIAEDETZY) —LRua—3 3 V05728
EHLZ=D, LTI E LfilfEs g O¥ ) —kr L
fLFE L THMLZD T2 ZERTE S,

TRy 7OMGIE, DOV ATy — &l 5 2
ENARETH D, FHZZ ) -4, VLB EDOHET
. BhX 5 XK, BOlEERGINGTES
BKAITH 5,

INsHLWT 7 ) LRERFIOMIZ, 72 ) L
SRR K PERSHIG 2 ALBES IS L 2% (72 7
F—7®10SH-NFC| RFikd 2 1ERe & 745 =~
g VEERAIORR S [ 70Xy 2CL] BEH LK
Rim & WA I L T,

INSOH LOEEN L < OfLREmER E UTHEH
SN, Bz Ui SN S Z L AW 5,

5| A3k

1) fEL (), F¥HH2009-190986 (2009).

2) Vv I —(#), RH12005-23208 (2005).

3) 6L (B, FHH¥-9-249543 (1997).

4) &M 5, wIKE &, hE K, J Soc. Cosmet.
Chem. Jpn., 39 (4), 282 (2005).
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WEHE, IKEGAORG, BN & OB & ORI 2 el -
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WHREA Z &6, BOlEH SN TOWBLEDN R EZ M L7127 v 74, 4 v RRNE &b, MHENR A E Ok % 5/
BICTHHWZ22< 2N TEET,

BSDRYA TFIU—-XDEKERE

L) TF1151-5  TF1201-7
i kg/cm3 1,200 1,200
AUEAEY 2= |
(MVR) cm3/10min 5 7
300°C, 1.2kg
(EINH S MPa 60 60
BB O E A % 100 100
P A MPa 94 94
iy A MPa 2,300 2,300 1) 7 —H b — b I LED HOEAT
YL E— iR KJ/m? 67 66 Ok~ L — K o)
Iy FAFE
T2 A S c 198 197 2257 M ELA S4By K Y H =Kk bR
1.8MPa T103-0016 ﬁﬁﬁiigﬁﬁgmmmiﬁs%
m&;ﬁ Lot Vo V0 TEL : 03-65553%_7322()El (k%)  FAX :03-6837-9223
*HIGEH 1.5mm 2.0mm

URL : http://www.sspc.com
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PV T IT - ZAOMCIF RN, KR RO AEHLZ Y T3
VilsFHDO~4 2 ah T L FITT, PiERE L TREOEMERD7 2 =
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FIU T ISERUE MEIIEHEL T,

ara7 hE b vay 4 oy 2t BREERARGRM B
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TEL : 0798-38-2328 FAX : 0798-38-2336

URL : http://www.sumika-env-sci.jp/
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[ Analysis of altered gene expression specific to
embryotoxic chemical treatment during embryonic stem cell
differentiation into myocardiac and neural cells.]
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& The Third-Class Prize for Posters of 4th international
Symposium on Pesticide and Environmental Safety,
5th Pan Pacific Conference on Pesticide Science, and
8th International Workshop on Crop Protection
Chemistry and Regulatory Harmonization
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[Bioaccumulation and Metabolism of Pyriproxyfen in
Tadpoles of Xenopus laevis]

WAERICIE Y O A WAEREEIA S 55 8. BIHEIIBERN DS 5
WIFAEBIPIC R 2 58 20, KPR TIE, 770 89 X HZ YR
T 7ude 7 v EBEEL. A X OCEMREEMRET L7z, 20
MR, 72/ F V7 22 VEOKBIL, T—T LB OHAEL TN S D
e far 5k & 2 BEACEHRE IS & 3 2 BHE 2 A - PEMEE & KB (i
%R%530~590) 2 S, G, RiEEHIEAHEFARTHL L%
5277,

FRiLE 2013



Hidekazu KuceEmoTo

€2013%F (5512E) EHAIEHBFHEHFS - FIEHIMPIXSRKITE

R 4 —
BE hrraxmuoa—) AFE FH
EHAEES H +FA

|

[0 M AXRL—2 3> DAaRFHEEDRE]

TIV ARV =V g VIZETBT I —Av =AY bR Iz ANT 72 HL
DHIADBERNIFTHERATNS, 75V Ml 2T 407 5 — 28&GE¥EL L
T, EOFFIREH MG H ORRBRICIEDWZEEMUAD T 4 F 54 VARE &
{HIGNT WS, ZORMED Y VE % PG Rt & MGk § % & i, ZoJie
ICHDNW/ T TV P ARY =Y g VORMRMIEEZIEE L7, ARV -V g vk
WD FERE A RS N & D B ER 2 S R A L BT U 7= Ui M 28 BT X A7z,

Isao Eto

Q0125FE RE&T%¥4 BHE

R 5 — .

R AEnefst 5—) ILBE Ly

¥ &

[BEZHEEDSC # AW -BRE M METF EDRHE]

LB OB ENEZ 2 ) — =V ZEli Tk & L C. J8)E 2 39% DSC
(MDSC) %G L 7223 -l T 4R 4E L 72, MDSCiZ. #EkDeMli T (&
JLDSC. SC-DSC) AEMFAET 2 DIk L, EH AR & R E 0 i s 2
FEMAZ B Z T BV TILOWNFEEEEH) 2 n B fE & AR T E 5
WETETH D, ZOREAEFHL T, SC-DSC T &4 A K 8 7 - — 2 1256
TELBREWNA 2 ) —= v T FHlinalhE L 75 - 7=,

s,
o) ‘
el D

Katsuhiko Iwasakt

{FRAEE 2013

O TH23FERFRARKSRY RAXIRBXHAREDE

HR b BTN a2 ®"E
KHINY 2 TR SH a0 Fn#d
a4 X 3 EREAMR A % B
MEER

[AFOINDRATE FTHLEI]

Z OE IR A 2 RSB Z DFIZR T L 7875 2 Wi & £ 4 5
DT, KA 2T FRULE L] ORI 2 RFEIRRE L 288IC LD, 4
e g =tARE Lz, ZoWE, @ TRHR TR0y Y74 P
LEDMHITH 0. b FMIHEIZFEA T 200AKRN 5 T A VR Th 5. KIFD
W63 Z e TiRERA2MEE N LICHIWEXICT 221 d 5, 4tto
FURIEEEHT, SEER s KOV I 2O TH 572y U T 4 1 BIHEI O A HL il
PR T 5,

87



| sERERN

F hEHRERIC - ABERER

(20124EF1H1H~20134-3H31H)

= 2 F M #
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Synthetic Method of Materials for OLEDs
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Reactive Processing for Development of PP/PLA
Alloy

FEIR 1 (b ST 22T

International Symposium on Polymer Chemistry PC2012
(FE), 20124R6 H2H —6H

Polyethylene naphthalate fiber reinforced polypropy-
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titative Scratch Visibility Resistance Evaluation of
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Efficacy of Pyriproxyfen-Treated Nets in Sterilizing
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Biotypes of Schoenoplectus juncoides [Roxb.] Palla
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Innovative Aluminum Titanate Based - Diesel Partic-
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8th International Colloquium on Heterogeneous Ziegler-
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Mechanistic Study of Chain Branching in Ethylene
Homopolymerization with Phillips-type Catalysts
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8th International Colloquium on Heterogeneous Ziegler-
Natta Catalysts (£1)11), 20124F-3H27H —30H
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Photocatalytic Hydrogen Production on Titanium-
Based Metal-Organic Framework under Visible-
Light Irradiation
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Grid Zone Performance of a Fluidized Bed through
Analysis of Local Solids Holdup Signals
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St (Bt ~ 4 —, *The University of British
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Powder Technology, 219, 37 (2012)

Case Studies of Fire and Leakage Incidents by To-
hoku Earthquake
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Direct Arylation Polycondensation for Synthesis of
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it 1 [MiEr BFsE*1 E. B. Berda*2, G. Rojas*2, K.
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tigated with Microbeam X-ray Scattering
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Dynamic Adhesion Force Model for DEM-CFD Cou-
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Spectroscopic Studies on the Photochemical Decar-
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Thyroid Hormone-disrupting Effects and the Am-
phibian Metamorphosis Assay
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Metabolism of the Insecticide Metofluthrin in Cab-
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2607 (2012)

Developmental Neurotoxicity Guideline Study: Issues
with Methodology, Evaluation and Regulation
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*U.S.Environmental Protection Agency)
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Aerobic Microbial Transformation of Pesticide in
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Toxicogenomics Discrimination of Potential Hepato-
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Soil Column Leaching of Pesticides
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Fate of Pesticide Bound Residues in Aged Soil
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Benzoic Acid in Submerged Rooted Macrophyte, Wa-
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Mode of Action for the Synthetic Pyrethroid Perme-
thrin-Induced Mouse Lung Tumors: Evidence for
Clara Cell Proliferation
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Electron Transfer Flux in Redox Network with Nrf2
Regulation under Hydrogen Peroxide Stress

i A, Jingbo Pi*, Melvin E. Andersen*, Qiang
Zhang® (EWEREFIEIIZEAT, *The Hamner Insti-
tutes for Health Sciences)

The 6th International Congress of Asian Society of Tox-
icology (#3%), 20124-7H20H

Dietary Assessment of Esfenvalerate with Chiral As-
pects in Crop Residues

R E T CEWEBRBIR AL AT)

5th Pan Pacific Conference on Pesticide Science (F1[H),
20124F9H15H —20H

Bioaccumulation and Metabolism of Pyriproxyfen in
Tadpoles of Xenopus Laevis

R AET, BA T, oA BT EWEBREIRAE7ET)
5th Pan Pacific Conference on Pesticide Science (F[H),
201279 H15H —20H

Degradation of Flumioxazin in Illuminated Water-
Sediment Systems

SeH #E], e EE, RREE s, PR UT (CEER
BiFkr2eT)

5th Pan Pacific Conference on Pesticide Science (W1[H),
20124F9H15H —20H

Studies on Metabolism and Disposition of Pesticides
in Mammals by the Combined in vivo/vitro/silico As-
sessment Method

AR A (BRI

5th Pan Pacific Conference on Pesticide Science (W),
20124F9H15H —20H

Circulating miR-9* and miR-384-5p as Potential In-
dicators for Trimethyltin-Induced Neurotoxicity
K7 A, R ER, BH 2D, I B2Z, 6
F*, T KE* CEBREIR AT, * KB
K2)

Society of Toxicology 52nd Annual Meeting CKIH),
201343 H10H —14H

105



| ABRERA

FF 3BT 1 & (7 2 microRNADF At O #&ET
HH EZ CEYBRER AT

280 H AW B 2R 2 ROl s Gnl),
20124F2H2H—3H

WBRNY—Fty NEGCFERBITADNAF v 7
Marmo2 D1ES!

JUEs F* L H Y, B R, siAR il (FEH
AR, AR SE—, AN Y (EWBREERP A, * ok
H A AR () )

HA~—Et v MRS H L OAARIE R LR
T ~v—Fty b/ whoPVvERYY L (FE), 2012
#2H20H —24H

BEMETIEY I RT 1V RCETERENEE

R FRSr (R ERBERIE I ZE i)

H A g2 5537mEk 2 (i), 201293 14H — 16
H

RIS ETFE— D TIVEET v &1 &2hDIC
A - CEIBRISRE A2
15300 HABKER =2 Al 2 (W), 20124F3H29H

R XICHT2a- A IILOBEEHREEICDOW
<

MU L, 25107 fiBe, ey 03¢, R g, I 5B
(R BRI R =R 48 T)

5200 H ARG RELH F 2 HHE S (D), 20124R7H
6H—8H

1tZHEDOEBERBEMFMIcET2770—F

TR Bt (CEWEBRBERI A2 T)

390 H AT E 2GS (F9R), 20124F7H17H —
19H

T/ MEOFBESLV—BAICE T IHTEZEE
(DNEL) EF{fi

WA, B, 0, R A CEYsRER
E20/ )

5390l HA M A2 A2 (B30, 2012427 H17H —
19H

BERIEKFTEZ b L AT ONf2EDELFET Y >
76 LUER

106

JkJiE [, Jingbo Pi*, Melvin E. Andersen*, Qiang
Zhang* (CEWIBREERIFII%ERT, *The Hamner Insti-
tutes for Health Sciences)

F39M AV A2 A2 (E9), 20124R7 H17H —
19H

Local Lymph Node Assay (LLNA) DifEfd&E L TOF
o RNO7 S DM%E

MdE BR, AR B, (A, REE FHC, NI B
(A= BB R AT 28 )

39 HAF A2 e S (B0, 2012427 H17H —
19H

L2 ME ORREE M AR

Tt fem] CEMBREIRIAIFERT)

HALRTEME F I 22 T+ —F 4 (HnD),
20124E7H27H

v ) ZDRFIEZRZ (CH 1T B Cytokeratin 8/18 5 KUV
Cytokeratin 19D #IRFFHT

HiH &%, Tyler J. Peat®, James E. Klaunig* (424
BREERIEZET, * Indiana University)

200 H AR MR B 2R 2 RO A G/,
20131 H31H—2H1H

SDT v MIERREELLBES L CIBERRESE
3 BRIE D15

A JE Bl 250, (i AR, B Bz, M5
WU, A AT, WL, IR B (R BRI
g

29l H AR BEMER B2 R 2 ROl s 2 Gk,
20131 H31H—2H1H

WAINEERAVET o NLL— NOXRETTH
IVIRHICEE Y 2R (ER25FE BEABREESER
H2HER

ARG CEWIBRBIRIEIIZT)

HA RS2 38k 2 (K9, 2013423 H14H —16
H

FRBER 72 EZYILDTy MBI HRH
&I A, AT RN, 8 FEA CEYIBRBERH A5
i)

HA RS A2 538k 2 (KIK), 20134F-3H14H —16
H

FRiLE 2013



| SEBRRBN

TV A XY T OIFREPBPKE T IVIBE S LUK
IRFEDRAE&REFEN

A, AV A, HRAEA (EPBREEREETZERT)
HA RS2 2 382 (KK, 201343 H14H —16
H

T&IT %

BEXRAEDSCE AV - AREMFTFMFEORRE
T O (AEpEddhi 2 > 2 —)

LAETFZR AR T AR LS (Fn), 2012
F11H290 —30H

FERIEZEORLIEFRICE T /2B A

KH ¥ CERERSM 2 2 —)

BIVEAL 2 T2 2 FRk25F2 H %4 Bl 2 (K
%), 20134F2 H25H

REMHIE

F7 714 /N—AE%E AWV -CUIKRER T OB H

KK FHZ, LH S, FH WEZ, WTE H—* (EE
Fefiv v 2 —, * | v —4v o)

Bl $%fhi, 54 (10), 49 (2012)

K7 74 NBIAE® > HIC & B EEREDIREEE R

IRE R, SH BRI, WS th—* (R Y 4 —,
L=y o)

e Hetli, 18 (4), 75(2013)

Sensitivity Analysis of Fitness-for-Service Assessment
Based on Reliability for Cylindrical Pressure Vessels
with Local Metal Loss

W e CERE N £~ 2 —)

ASME 2012 Pressure Vessels & Piping CKIE), 20124
7TH20H

REEFBRETEFRP 2 > 7 DFHILHRE

T ke, GEEP KL HOR R AR BT,
W P2 CEpERG R & v 2 —, MR TR,
FZAARKRE)

A3 HAEAMRA R 25 (#), 20124-3H7H —
9H

{FRAEE 2013

R EBERAERMHOMRETE—LFSEBC s T2F
BHROERARBERAEOEER—

W Bt ALRIN Biigt2, W e CEERGN
Vo= FTHAKRY, *2H TR

L2 T2 BITHES ¥ VR Y o [ £l
T4 —F 4] (FxD), 2012463 H15H —17H

SERE77y0O0-I3Ivafb—58 - BLE
BOI77>0HRry NEEBBHIOBN—

R g, T EHE (R Y 4 —, *HpE-
RA)

LT WITHES ¥ Vv E Y Y & L
T4 —F 4] (Fx0), 2012463 H15H—17H

REAVILTSAHOMOT ZHEBRICHKIEFT
NI NITIT—IDEE

KE Bt CEpERdh Yy 2 —)

B2 PR & BiBE2012 (50), 20124F4 H 25
H—27H

$HELFRPE > 7 IS T 2 EEFOBERIREICS
V7 5 A3

i fpfk, SO IER*, AR BBCL, W P+
(CEpERf & > &2 —, *I TSR, *2HAKRSE)
HAR A 2 20124F R0k ()11), 201242911
H

BWAEHE T IEREDIEHEBIRICRIFTESATEDE
E-=

HH B2 EEdit Y &)

HARE IR 22 M&M2012F R 1% v 7 7L v 2 (5%
%), 201249 H21 H —24H

BWAZEHET2EHRBEOMEMZEE L 4R EMEST
i

A e CERERTE v & —)

H AW 2 M&M2012 R H v 7 7L v 2 (5%
%), 201249 H21 H —24H

EAREMOMEEIMTIC & 5 SIS

P e Rt 4 —)

H AR =2 M&M2012KBE Iy 7 7L v 2 (%
%), 20124F9 H21H —24H

107



| SEBRRBN

24 741> R
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