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Trends and Views in the Development of
Technologies for Chlorine Production from
Hydrogen Chloride

Sumitomo Chemical Co., Ltd.

Basic Chemicals Research Laboratory
Hiroyuki ANpo
Youhei UcHipA
Kohei SEx1
Carlos Knapp

Process & Production Technology Center
Norihito OMoTO

Masahiro KiNosHITA

Sumitomo Chemical Co., Ltd. has developed a catalytic process that is highly recognized and applied worldwide
as a technology for recycling the hydrogen chloride generated as by-product in isocyanate plants into chlorine. In
this article we outline the trends and views in the development of various technologies for chlorine production
from hydrogen chloride, and present the recent advances in catalyst technology for the Sumitomo Chemical process.
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dation reaction as a function of reaction
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BT Relative activities of the HCI oxidation
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20 R‘,.l__o

'\ RuRul

Fourier transform k3x (k) /nm
>
[

-3
I

0 0.2 0.4 0.6
Distance/nm

BTN Fourier transforms of the EXAFS spectra of
(a) RuO2 standard and (b) RuOz/rutile-
TiOz2 catalyst!?

FE-STEM ¥ & U'EXAFSf@#ffr OfER 2 5. RuOz/)Lv
F )L TiO2fifii 13 Fig. 10 D38 ) L F L TiO20D — %Ki
T % #90.3X0.9nm DA f 1238 - T % & flda
fFFonsd, Z2003nmiRuOAEEFODL=y b EIL
12O XY L, & 5125 213, TiO2tb & mifs &
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IEEETN  Ball model of RuO2/rutile TiOz catalyst
surface?

RuO2AHIFE D BER A 5 RuO2Af il 7-131FIE 90 % FEEE D
TiO2K A EH > T\ 5 LHfEES NS,

(2) T ZEfhs

A T3S & U T MRS & i e B A
Ped KO, FFan & 3Ehdfii 2 T b, E BT &R
FTERKIZ, RuOz& L F L TiO2DF BEy I & 5
RuO2DE AL AT 6 h b, 72, EuEEttix
RuO2& TiO2& OFWHAAEH D728 & & 2 T 5,
%8 Ru & TiO200 & D HFAEH O WS DIdH 4 T
»H 3, RuOz& TiO2& OMHAAEIZE§ 2 #5198
H0. ZOWHEIZLNE, RuO2H Iz, RuO2&
TiO2D AW & U 22354 . P 2 BRBER O SN
JEZ 3 % RuB o OEUS 1/4012 M1 2 5T b,
Bk &5 s G, B tEom EismA .
Il 78 IR B heovie L 00 T3 il & U U HCL & L0212 &
2 WAL RS T C 5 RISEE hRINIZ R ET 5 729,
BWEMREENELR X W 5, £ 2T TERMBOR
FIZM Y, oA AR5 Z Lk - T
D B RS & BR MPIAEIC R L. F1L5M5E 0 %
ZENTE -,

2. 70+ 20OHE

FERACHEORIE EE N - RAG@AMEORFIZ X
DEBLZ=T 230 P REERKIGE Th S, ZHUZK
D, BIEERELD & ENE O Clo SR TR IS
ZENTREE 72, Fig. 11172 ¥ 20—l &R d,

(1) Bfte TR

HCI & 3% % %248 X E IR OB H S U RuO2/)v
FILTiO2 il 1= & % XAMHRIE T Ce KA G 515,
fi I o A A & D ER A IS VE FH 3 % 72 9D 12 IS a1 3 L
DY — T EIL & — v T LGRS % Hil#E T
5L TRLTVS, &Y —VvOYy 2 LANZHTS
(Heat Transfer Salt) #5588 L K Ib#E R FET 52 & T
HEEOMIGEEIZHHETE 5, B Sz 8uds#4n
WARA 5 —=TAF—LLLTHINL T at 2ANTH
IR 5,

Oxidation HCI Absorption Drying Cl2 Purification
Purge
Cl2
Recycle oxygen Q ’-)
l H2S04(Conc.) |

IEFEEN  An example of HCI oxidation process flow!?

(2) HCIRIL T7%

JIS H A & 2 UA RIS HCHUE KIS RN X ¢ T4
BARE &SI E U TEIE, 5 it 5, BIE» S
BoN 5 Clb LU 02%& LW &5 H 2 XKD
TRIC®ESGN S,

BIED 615 6 N BRI AT TR O BRI A3 bk
PG T & % 72D il sk 5 OfEUC K 23 v &4 I8
B BSCEIEERE LTSS 32N TE B,
BFORFHCL & 72 D O CeO X & &8 72 Wi aid, ik
L 723685 & HIHE T CHCL % i X ¥, KIS 44
INTBHZEBWETH S, & HIZCLONEE T
TeEE. OB A ARSI L H2 T T
HMLUTEEL2LKETERE, GHEE T a2 2R
ZETHBHCIOIZIEAEA Ce LTHINT 5 Z &
LHEETH B 1),

(3) wZMETRE

HCIU TR TS & 72K 07 & & 0 97 2 AIWEIEIE AN
RS S R & il X 2 5 Z LTzl S h b, BBIE
ALY ESE YR S C SR AR

(4) JEFRRGELTRE

TR TRETI 515 Clz, 02, 4 F — MR & BTH
Hig 7 2SR, S Z L TChERILT 5, T 61
BAT 9 B AWM & IR L9 % 2 & TEMEZ D Cl2d
oM %, O ZLKEHHH A DIF & A LIRS TR
NYHA I, iR A F = PR EOER L
STWIZREFEN S -V IR 5,

3. mEEMREEL Ot XDEEE

Fig. 1212789 1000t/yDFZAET 7 » b @ L. B
% U 72 RuOz/ )b F L TiOfilill 5 K O° 7' v & 2 k0
PERE A FERR L 72,
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IEFEEE  HCl oxidation demonstration pilot plant12)

Fig. 131278 & 5 12 24E R O F2al i fin T HClfin b %
WEHIEE 5 85% &MEfid % Z L nTx, BWEMEO
My B e - A, R ENE S R Z & AT
% 7=, Fig. 14 12 24ERf#FH U 7= filii o> FESTEM Z 2 &~
T A MEAERT, Y &Y VI kD TiOA k&
IZFE M L 72 RuO2AE M DJEA BB L T3 Z &4
otz TORUOD Y v &Y Vv 7 XD J3E & B
RLTWB EHEE X N5 H, filiEFaZ Rl L < H i
EEKTE Sz, EHICZDFEALT TV b r G607
Cleld Table 1 DM D HEFER L D EEMETH > 72,

AR E 713 FERE % T 2002412 EINALE 4 — F1 —
T4y 25 UEREE 10 t/yREEO 7 5 > 9

Feed (HC1,02)
100
g . Equilibrium conversion
> & Np-==g-"7-- s #7770
e A
> Ly % 801 Target 85%
o
g 70 -
> HTS
g (Return)
50 . !
HTS -» 0 5000 10000 15000
Operating time (h)

\l—/_, Product

(Cl2,H20,HC1,02)

m HCIl conversion as a function of time in
operation in the demonstration reactor 2

15nm

LY Y

IEPEIN FE-STEM image of the used catalyst after
two years operation!?
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LIS Comparison of the quality of chlorine
obtained by Sumitomo HCI oxidation and
by electrolysis of sodium chloride!?

Component H Cf:)gg;ﬁgg @ Electrolysis (%)
Clz 99.90 99.1
02 0.08 0.6
N2 0.01 0.2
H2 N.D. 0.1

BELKEHTH 5, ENAOEIEANT 1 Y 2
WBLTW3B,

4. PR BET
(1) BRIy 7 b
—EENCHEESROY v 2 Y AIFRD3DD I —
ANBHBHEEZEZENTWS, 1) s 1AL HEEk |k
EvA V=Y a v L, BRMAETSEr -2, 2) i
24k EE B L, oSS AR X h 3
=2, 3) MEETT ORI A ZEFE L. TR O
TR EN B 7 — 2 Th 5 19-18, KR 0 RuO2
& TiOAIHTR D@ D MHAAEH 2 58 < . @SR E M
EHELTOWBRAEZELTC, Y VAV VY ITDAH=X
L0 FAtl) £72132) O2RICMTH % EHEE L 72,
Z Z°C. Fig. 1508 ) HHIAR f1 12 RuO2D K 1% & [
HEORZZORTAEBMTS2Z&I1I2LD ., RuO20 ¥
VANV ENRITE 3D TIIEWNEE L T2,

IEEEEN  Conceptual model of the preventing RuOz
of sintering on the RuOz/TiOz2 catalyst sur-
face

(2) WRMEEDRHFE

e ) ek 2 BT E =k o &
W 2WEHNZN D2 d 5. 0213 Hiko L v &
V) V7 &R B 5 & LT pAOsIZ La203, CeOz27x
EFTRMT % /51920 ZrO2AZY & R{RIN§ % LAt
DLNAZTORENRETOENS, —JF, EOEL
MDY v 2 v &PEY 55 LT, Zr, HE,
Ti DA & RuCls & DIRA ARG 2RISR T
55152, Pd/ALOsR filli iz CeOz, MgO 7 £ % RN
L.PAdY v 42 ) v 7 &Bilbd 2 ik B ERnd 5,
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HC1 O AL KIS TS B D @SN AT ZABAFET 5 72
B, RILFHR T ORI RENE. Bl REN & B &
LTy v a)vrray sy rile#ed 5080
H5. MAT. F /A —=F—=DRuQ2D> v &) V7%
Rl 220ici3yrya)vrr7ay v 7HE >
I F =X =TT SR B B,

Ty F v UWRMAIORR, WIS 4 #Et
AAT o 28R, TiO2E W2 F / F — & — D Si0s,
RuOz23s 0 X M7=t 23 o > & ) ¥ 7 PN EaR)
RAERTZ ENbA 572, Fig. 1613 (a) TiO2£ 1
(b) RuO2/SiOz/TiO2fi i, () (b) (= ¥-## % Smin M
WU 2BROSEMG 2/ d, @IZRndD, TiOz&m
TN 515 TH 2 DIZxE Ly (b) T TiO2& M i M
AR ENG, (b)DHEFIZE T4 % 5 BREH 5
ERuO2ETLE N, F /A — 2 —D&ERuE Hoh
R MY E ORI HBLL 72,

INS DR S B)DBIZH S 2 M T
SiOz& W5, Z DRI RuO2AFELEL TV 3 &t
ETE Fig. 1502 v ¥ 7 T T L IZIE[E S O fili
ThdHrEHEL TS,

D

BEEEEE  SEM images of catalyst surface 12
(a) TiOz2 surface
(b) RuO2/Si02/TiO2 surface
(¢) RuO2/Si02/TiO2 surface after
irradiation of electrons for 5 minutes

(3) OB fiiit o> BhE2 i P RTAT

Fig. 17 I [al—22 [ | [A—dn{bz2%F T THCl &
FEO2H 2 DS % 4T - 72BED SiO20m M dp D & e LI
51 % RuO2A iy 118 DRRIEZAL &R § . AR
BT EH  RuO23 8 FEi I K 2B RETH 2
728 .EXAFS D 7 — ) AW AR b L& @K U CHG
i R A B U 22, OBHTE SIOR IO A B2 H 6
F 1A% O RuO2Af i 778 2 7R L T2 %, SiO2 & iR
L 725% (RuO2/Si02/Ti02) T3 IGHAAE 100085 % T
IZRuOAE S FENRE L., F / F — & —OfbEE 1%
AW T B 2 L ATERL 7.

KGR DEA . RuO2& A U A — & —DSi02 T
va) v SPIESIR PR I N R EEE TS L v

10
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Operating time (h)

RuO:z2 crystallite size as a function of time in
operation under HCl oxidation reaction!?
RuO2/TiO2 (O; a,b-axes, A; c-axis),
RuO2/Si02/TiO2 (®; a,b-axes, W; c-axis).

vay v e LTRSS TREOY A L —
Va URFEITESTWB EHEEI NS,

FFE L 222 B AAEIZ . RuO2D > v 2 ) v & %4k
L. @O A HEF© % 5 72, Rud i & % Mk
THIENTE, F/2. BEBEFFAOMIEOZ B

LIS K0BFIIOEOAE L U TR
LT3,

R

AL I S - B ar it & SO &y
7u v 212 &0 26 EEGGERR T & 5 22 Tl <,
BWHERECBOWTEERTHS, ZORHBE L TIE
(1) B2 D RFRFa O & v o 2 b % (KK
TE3Z &, (2 HERRISHOFEHIZE D 1828z
BREHNZ &L Q) IRIFERORIGHERER 2 UL L &
IETCeiMfdbhsd Z &, (4) B AEMILEIC
WARTEGD1ITHDZ L. (65) KIB#EAE 2 F — 412 T
N 35 EETINE—THDBH I L, (6) Kbds
WBLOHETAIRERN IV N P THDEKRIT b
BENZ L, (1) EWEDOCLRROoh3Z L5 END
Fonhs,

Table 2121 Kk b*F ik & 1 & 76 f# 5 C & % Bayer-
DeNora 29 O JF HAY % Holi L 7=, Bayer-DeNora it
WFETTEMmOBRHIC X D EkoEMELD &)
&% 30% FUSHIKR L T 5, 2T 88 RN
IIEREAENH D SLHIGRMC & K 5 BAREAR O F
MEIZ N TCheBEETESLEELIOND, 020
JIHBEEMAZ 2 Z & TCOMEH EAD 72 bR
WAL RO A 5 & B Tl 0 IEFITHEF 12
PVEREE AL WA B,
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1578 Comparison of unit consumption between
Sumitomo HCI oxidation method and
Bayer-DeNora electrolysis method!?

Unit consumption Sumitomo Bayer-DeNora
(Units/T-Chlorine) HCIl oxidation electrolysis
HCI (Ton) 1.05 1.03
02 (Nm?) 163 159
Power (kwh) 165 1100
bV

AT TIE. HCIRB L SR X P I 51 % RuO2/ L F )L
TiO2Z B § 2 WiZEfl A < D2l EhTn b, Cri-
han 512Kk % &, HCREILIE F TIERuO2D 7Y v ¥
O CUZE X Jfab - 72IRR8 (RuOxCly) 23%5E THEMEAL
SNTIRETH S EHEEL T B2, Lopezblizkh
RSP EFEE  (DFT: Density Functional Theory)
EFERT — 2 65, Ru0200 CHED ., Cl\DHEA
BXUODHWENRA Y VDAT v T THbEL
TW520), %72, Zweidinger 5 1. In situ ¢ 2 i X %
[T 5307 % Fl . HCHRIEZRF X T T RuO2/TiO2%
I 2 fAAT U 72659, SR HCL T T O RuO20 @ b2
REVE L BBILFHK T TOEe LYy 2 ) v
%873 RuO2/TiO2D & W EBE D EEK T b 5 & flam )
%20,

AL EHCIRR L. BIZEHCID ) H4 2 )L
ZARRICST 2134 0 2, BIE. EMEMEARIC T
LAEWH - BT A F — i & U TEBRBEEAM & K0
TewEFHi T Tnd, F72. TRhETIA LV R
L7275 b EICREEIL Ch D, fillits 7ot 2
OfEMEMES &V, 5. M, 7a v 2085575y
v a7y T XD HERRBEALE iR & LT RS
FUZEBIL TITE 20w e EZ T3,

51 ATk

1) S. Motupally, D. T. Mah, E. J. Freire, and J. W. Weid-
ner, Electrochem. Soc. Interface, 7 (3), 32 (1998).

2) Uhde# # 127, Chlorine and hydrogen from hy-
drochloric acid by electrolysis (1990).

3) Bayer News release, September (2009).

FRIEZ 2010-I

BIEAZLPSBEFERET HRMARDM EZTDRE

4) E. I Du Pont de Nemours and Company, US patent
5411641 (1995).

5) A. G. Oblad, Ind.Eng.Chem., 61 (7), 23 (1969).

6) H. Deacon, GB patent 1403 (1868).

7) Shell Oil Company, US patent 3210158 (1965).

8) i RO, WH WG, vaH BA, AlEE, 33 (1), 15
(1991).

9) M. Mortensen, R. G. Minet, T. T. Tsotsis, and S. W.
Benson, Chemical Eng. Sci. 54, 2131 (1999).

10) 7k v ], B MCE, HIL 555, 2 AKES, $H
P, T iR, A& EEZ, BIES &, 3L
2004-1,1 (2004).

11) Shell International Research Maatschappij, GB
patent 1046313 (1966).

12) K. Seki, Catal. Surv. Asia, 14, 168 (2010).

13) S. J. Tauster et al., J. Am. Chem. Soc., 100, 170
(1978).

14) Johnson Matthey, US Patent 3945948 (1976).

15) {EAAL A (), HAREF4182608 (2008).

16) E. Ruckenstein and B. Pulvermacher, J. Catal., 29,
224 (1973).

17) P.C. Flynn and S. E. Wanke, J. Catal., 34,390 (1974).

18) C. H. Bartholomew, Appl. Catal. A: General, 212, 17
(2001).

19) M. Ozawa and M. Kimura, /. Mater. Sci. Lett.,9 (3),
291 (1990).

20) FH OMEGE, i I, b %, IEER EER,
31 (2), 116 (1989).

21) W.H. Rhodes, J. Am.Cer.Soc., 64 (1), 19 (1981).

22) HOLWLEE (1), A Y- 7-116516 (1995).

23) M. Schmal, A. L. Guimaraes, and L. C. Dieguez,
222nd ACS National Meeting, Chicago, IL, United
States, August 26-30, (2001).

24) J. Moorhouse, “Modern chlor-alkali technology, 8”,
Royal Soc. Chem., Cambridge (2001), p.49.

25) D. Crihan, M. Knapp, S. Zweidinger, E. Lundgren, C.
J. Weststrate, J. N. Andersen, A. P. Seitsonen, and H.
Over, Angew. Chem. Int. Ed., 47, 2131 (2008).

26) N. Lopez, J. Gomez-Segura, R. P. Marin and J. Pérez-
Ramirez, J. Catal., 255, 29 (2008).

27) S. Zweidinger, ].P. Hofmann, O. Balmes, E. Lundgren
and H. Over, J. Catal., 272, 169 (2010).

11



BEARHPSBERERET IRMARBME ZORE

12

RE 8%
Hiroyuki ANDO
At A 2
FEREAL A hn TS
EREAIR S

WE EE
Youhei UcHIDA
AL A2
FEREAL P RIS i
L=

B8 M
Kohei SEKT
R RS+
HEE b ST
TSR

PROFILE

JFv7 AHIOR
Carlos Knapp
AR A 24
FEREAL 2P 5 i
FEREE it (k)
(B = AR LT

KX B
Norihito Omoto
fER AR 2L
gt v 2 —
=

AF EE

Masahiro KINOSHITA

RS
ApER v 4 —
ERERE=]

EFRIEZE 2010-1



KEREBRF7OT7ILRD >

(7 27 VU5—IL°) OFEHEEFRERE o R R

AL (BK) == e SN E

KR — Wk
(=1
LI

ARSI
"R MR

A PRS2 —
[T S

BRI T
mogE HEgd:

Discovery and Development of Profluthrin
(Fairytale®), a New Active Ingredient of Moth

Proofer

Sumitomo Chemical Co., Ltd.
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Environmental Health Science Laboratory

Hiroshi Katon

Profluthrin (Fairytale®), a newly discovered insecticide from Sumitomo Chemical Co., Ltd., provides high effi-

cacy against fabric pests and also has relatively high vapor pressure and low mammalian toxicity, which means

Profluthrin has various superior properties as an active ingredient of moth proofers. In addition, it has excellent

activity against sanitary pests like flies, mosquitoes and cockroaches. Profluthrin was launched in 2004 in Japan,
and several companies have adopted it for their household insecticide products. In this report we will introduce

the outline of the new synthetic pyrethroid Profluthrin.

L BHIC

SHO K ISHBMEOPHIC T 2RARH 6N 5
Do RIE. MRk, FB. BEAETES K
B AZT 2 REVOEFIWRELELDTH > 72,
FORFEELTCIHRTLEV S EZFENIHSEA TN
72500, ZOMBIEFEHLOTREEINZEDTH
3, LA S, 72 FOLERIC AN LR
R, HBFOGRNI K > TYE & 72kl 2 o
U V&) BRIl S . MO RS2 B

* Bl : KB T3
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THMENERIITDNER, Y aw sy, 57
ALY, 8TV rauaRYEYEOS LA MAK
BB RAIOGERIR Y & U TER B 2> Tu
3 Z R E NIz, FRE M) E. 2T K
BHABG AN IR TERSER TR 2 R 5 = 0 X

YR Y (R=85=2) U®) AR, B L. 1983
FIZEH LT3, Zh o DLk B 0 &1z
0. BE., LB O REWOREEF I LIEN R TH
NI LT3,

Tax, MEDOTE 77 FHFEFbFICERE
FrL7z0Ens, wbwd “L 2 I hILLER” o
EouBEEDITIBASNL ., K0 EMERE R HAl -
P A D HRI 7% & A 7= 5. SRR A & LT
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KEABRFNT7OTIVE YL (T2 T7UT—I®) DOFHA LR

ERMEEF O L LIS, AvERRPAEERIZS
BENRERTHHE L 204 ML 7T a7 b
VY (727 V5 =00 (Fig.1) ZRH L=, AFT
. Fu gLy (Z2T7 )T LAY ORWORE
M SRERAIORHE, OB R AR AR
IR A0y, FERTEER. MBI R, BB
L OREMIZOWTRATT 5,

]

BGEEEM  structure of Profluthrin (Fairytale®)

FEADTELE

1909FEDEASIZX B vunt sy aryrEs (i
. BRiAg) oftr o oo 2 7 L—KRY
LMY Y—DHEEORE S S 1001808 L 22D, K
REL MY I, FHRICH L CEWRREE 2R
—J. WHASHICH L C3EHEETH D, 512, &
DO MEGEEMED & 5 728, < 5 5 IELD 3
B EOHWK & LTI TERZ, LaL,
KR L b Y ViZRRBUC T 2 REEN Tk
Bz, EREHSEIERENRICIE S Tnhiz,
F/o BEMEERE T 57202 OB EIIREEC
EHAEhduv—7F, ZOEMESOME (Fig. 2)
RN BT H 5720, DA RKIZ K 2 366G
LWHETH S, ThEOMEEMRT 5720, KR
YL M) YOEELIRL, KD AEHaRRA AR
BT B ERLL EICiE S Titbh, X EXE
BRHEE & S 2 HRILEY (BRELY 204 F) 28
BELSBPEINTE /A, ZOME. BUE. S
Za A4 Fid, BYOHETDH % KB O Ak
SPREMBRRAIZIZICYD., LN THED
nTn3,

R X =Me X =C0O2Me
CH =CHz2 :Pyrethrin1 : Pyrethrin I
\ Me :CinerinI  : Cinerin II
Et :Jasmolin I : Jasmolin IT

C|)
0]
OJ/III%)\X

BEE¥ structures of six insecticidal constituents
of natural pyrethrins
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{ERAL (R 3. BERICHID TRIL 28R E L
Z2a4 FTHHTLAY Y (EFIU® OTENE
B E 1953 ICHEL L, ZDH%E. d-T P T A MY
V(A FEFIVIFALTY) 4T Y (KF
IVIFALTY, F5L Yy (ETOC®), 7x/ b
VY (ZA32Z2D) V8, A3 F7a by (FF71L9),
APTILLEYY (ZIF2V2R®) KE. ML DEK
YL zuq FEEM, AL TE R, 2hsDfkd
Prd, MARETREHBEAIE LA HHE .,
EWEZER AL D REERDET B Z EICEHBIL TV
%5

XC, REMBHAO—DDOHFT) —L LT,
KHEHRF A D 5, &Y ZHOHRIZHEREL T, ]k
HEBLE OB E 2 Bk 2 BT 2 BT 2 28, 1k,
ZThoDERKRTE LTI, Ya v/ vaEDRR
B, F7RLY, NFVsmuRYE YL,
JEFICETELREMEAEMAHONTE R, Th
5 D EABEACE Y 23 LFHH B A DG R oy & L
THWSNBBHIZ., 2V ZANOK » FHZEE L7
BH» M6 AT A LF— (BX, #kl) %
Mz 32 enl, 2y ARKIZHENED % LB X ¢
LRENRBENETH D,

—J, MEOYL 204 Fid4 H, 344, A
AVX TV Ly EORBORENDFK & 25 5
(R IS U TR AR > T 6D
D, % DOAEBEFK < LR B R AN L T8 FE
R it 2 R & e, 7 Z2C, AFRALEE B Tz
BB LYY 204 F ORESEEROIE % 1T
WV, ZORER R & RREERIC T 5 E0
WEEFER A= XY ) v (R=8= 2
) v®) (Fig.3) #WML7Z, =V xXY Y VI,

PR F TAaR L. BORHER & FE RO

12 BB ERI R 2 b 5 .
- ER OB AN AR TRIFITER WS E TR %
T 5,

- PER DB HA & FFH A3 AT e

AR AR,

EVSRIENH 720, HEROPIRFDHET
Ehho M EH I TS,

— 5 AERALE () i3 xt U TR 2 BRI
ERTHBELY 204 FMEAEA L 7L b)Y v (=
IXVZ®) (Fig.3) Z#FMT2BET, /LA HBT
27 EMEN B LA O S H RS T
TERZREEE2FE T2 2 2R L T
52, Az, JLHBI 2T ILOEWERME L Pk
WIEICHEE U, ZoEWRE A2 LR Al & LT
LMl A2 I Lz, ZOHEE. a7 by v
(72707 —L®) . LRHPTRA ORI &
LCER-WEEE>Z 2R L 72,
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Empenthrin
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Metofluthrin

BGEEEN structures of Empenthrin (Vaporthrin®)
and Metofluthrin (SumiOne®)

7u70 L) viE, Fig MORT LB, LK
AR L2356-T FF TILFAT-4-AFILXRY VLT
AT EDRIGIZ KD BET 5 T e n TR S, Bk
iz, oar e X=asry) L7iLa—
b DIEERIE, 7)vh Y (X=0H) &71a—L
EDOBARIS. #LEVEBBTZFIL X=0R) &7
=N DI AT INIRRINE ERFTFS5NS,

F
0 "
) |//, OH
X- " Pz +
F
F

X = halogen, OH, OR

F O
F )',,/ W
(0} " _
B
F
F

Profluthrin

PG  synthetic route to Profluthrin

N6 ORIS T & O rh A A BE 1 & )L <
AL, REEWIC T a7 M) v a5 LERNEE S
L i L7z,

®Ah

1. KEERICHT 2ERDD

KBORECOFK & 5 2 REMNZLERTH
eaxaHRDA H (Tinea translucens). 2 A 7
(Tineola bisselliella) B &NV 4T LV FOE X
NI F TV LY (Attagenus unicolor) (2 DWT, Z D
FERER 2 B R ) & R R T

FRIEZ 2010-I

KEABEF7O7ILMI 2 (727U T—I®) OFBHERHR

(1) ZORFEHUC R 2 FOERh R

Fa 7N )y OFRREFERITN T 2 BOEEMEE
G CEN, EZ-T YRy MY v e 7=,
TaIN )OI FHRITKT B1E. EZ-©
VRY M) VORMMETH D, A HYHIZH L T
EZ-x XY M) vOSELEORIITH 572, & A
HVF TV LVHRICHL TR, EZ- XY Y v
DGO ST ER L. Ta 70 b)) VIZSFERRIE
HOYHITH L TEHWESEEE AT 5 Z &by
% (Table1).

1ELIEHE  Efficacy of Profluthrin against fabric pests
by topical application method
(LDso [pg/larval)

Profluthrin EZ-Empenthrin

Tineola bisselliella 0.055 0.23
Tinea translucens 0.061 0.34
Attagenus unicolor 0.23 1.8

(2) ZORFEHUT R B ZEHGH R

Fa 7N b)) y OFRERUT K $ 5 AR &
N5720, WILED I v 7 %& Hv 7222 1 Bk
(Fig. 5) #47\), EZ-T Xy b)Y v LKL 72,

a7 b)) T A A KA AU
UCEZ-Z VXY b)) YORAMGEOR IR L, X
HVF TV LVHRIFL TR, EZ- TRV Y v
D8ELI EDOE W IE/RL (Table2), a7 )L+
Y S EKRFEROLGHICH L TEWAEBGI R 2 H T
LZLEBHENE L ST,

test sample

test insects

wool muslin

plastic cup (ca.1L)

BEEEE Vapor action test method

1578 Efficacy of Profluthrin against fabric pests
by vapor action test method
(LDso [pg/cupl)

Profluthrin EZ-Empenthrin

Tineola bisselliella 2.6 11
Tinea translucens 6.3 25
Attagenus unicolor 11 93
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2. KPERICHT 2ERADN

a7 b)Y E KR HPIRA O R & LT
MM 258, T OBANI T T LR & 28
Ao e REFHR 4 v 2B ETHH SN S, £Z T,
FHIS i & R U 7 SO 1R & 1T - 72,

(1) %5 - 512 M LISk T ML R 3

PR % A U 7= 20850 (RIBOLE) 123kAl % Bk &
MM A RRE L. I E IR 2 &2 a4 AN
NI AP RAEFET S Z L2k KEF -5
XML COMHEMEE LRI % 17 - 72
(Fig. 6) .

a7 b ) Vid20mg (10mgHLFR oD AT LA 21
WE) OMFEIZ BT a4 HINCR LT, REREH
1y A2 56, Atk TRWPIRSIR ORI
IR I K O RBEENR) ER L7z, ZORE
13565 (50mg ALPE O EARELAI 2R E) D EZ-T v
NRY M)V EIFER%ETHD, STV rsuRRY Y
v80g (4gx 7L v b2MHAD ., 10EFE) 12 KEIC
B8R TH 72 (Fig. 7).

carton case (ca.50L)

A A

°
6

test insects

test sample —|

BEEME  Drawer test method against fabric pests

M Profluthrin 0.02g
[ EZ-Empenthrin 0.1g
W p-Dichlorobenzene 80g

—
o
=]

|

1 2 3 6

% Inhibition of egg hatching and
% mortality of newly hatched larvae
1<)

After treatment (months)

Practical efficacy of Profluthrin against
common clothes moth (Tineola bisselliella)
in a drawer test

(2) FRE v 212 % B MRALPHE DR

ke v 2 CofHEREL, fims v 2% 0
THRBEROOLEDTH S 4 HITx$ 2FEHMNN
7l % 47 > 7= (Fig. 8) -

16

T 70 b)) ViZ01gDABERIZI T A HYP
W2 U CiRBRBIG 1 A2 6 6 HE: % T100% DFfj
FrE (RILPHS R R O L i st i #) 2R L 72,
TN ROEZ- VXY M) v ERSOBR R
Thote —f. /37 V7 aaxXy ¥ T 120gLFE
TEREBBIED 5 6 ARIZ W T AR 2R &
k-7 (Fig.9).

wardrobe (ca.500L)

test insects

test sample

.m Wardrobe test method

M Profluthrin 0.1g
[ EZ-Empenthrin 0.5g
| p-Dichlorobenzene 120g

—_
1=
S

|

1 3 6

% Inhibition of egg hatching and
% mortality of newly hatched larvae

After treatment (months)

BEEEEN  Practical efficacy of Profluthrin against
common clothes moth (Tineola bisselliella)
in a wardrobe test

(3) ZORFEHUZ 9 2 PEINIIEIR R

KEORBONE, A H, IA4H, XA VF T
LY EFEROREATRK LT v AR EIZRAL,
KRENCINEPEAD T, WAL L 225 s il & U Tkt
ERND DI S, 2O, fERIEHHRD L
S AU B B R. KFHICEAD T bR
72N DAL & S 23R & BB R ATl uE & L
T&/, L2L, FHRIZKZKHEOHELP<IZIE.
B A RPN DT 0, B B VTR EESN & B
BWI L HEETHIEELOENS, 22T, 7o
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7L b)Y ORI B EEIIHIRN R & 28m® (65
D K& XIZHY) OFRBREIZ B TR 700L 7 O i
& v A &V CEHI L 72 (Fig. 10) o

R E GRS WK E R EGDA - 22l 5% &
VAICERE L. JEACEA A BE L 72 6 O & UBLIX
PEMCHLA A B8 L e 3 O & ALK & U CiRBRE
PWICRRE T % L AIFIC, ekl (o) 2 3ABEN
ISHU. A IR A BRI A B L -, %
DGR, a7 b ik, EZ-Z VXY Y VD
1/5O3ETH 5 100mgLEZ I\ T I A HRLHR, 4
HRCHU R U T oI R 2R L 722 (Fig. 11) .

%
A
test insects O
¢ [ @
L ¢ ®
& a N ® .
2.3m ¢ e o 4 s e e
9
& - @ . & °
® & &
., o .
4 LI Y ® R =
v L & treated wardrobe

/
untreated wardrobe 4m

IEPETN Large chamber test method for inhibitory
activity of oviposition

M Profluthrin 100mg

[ EZ-Empenthrin 500mg
100 -

% Inhibition of oviposition
S

.
Tineola bisselliella Tinea translucens

BEEEEN  Practical efficacy of Profluthrin against
fabric pests in a large chamber test

7u7)v b Y OPESIIHEIDR I, ek DO LR
PidiAl e 3R 25 TH 2, 512, ZOMRM
BAIOFREE B S RB L TS RUBTEHE NS,

3. HEEH, PMRE&RICHT 507

Taznu ) ik, KBEFEROLL ST, #iEH
(AN, H, TFTYAEE) RARER
(Faunxz, Yvauvauntike) ZbEmnshh
#HT 5,

FRIEZ 2010-I
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(1) #EFEHICT 2 BOERR

Fa 7 ) v ORFEOEAE R T 5 B
P& AR IS TR, EZ-T v XY b ) vk g
L7z,

Ta I b) XTI AT (Culex pipiens pallens)
g, F A4 A (Culex pipiens molestus) K, ¥
KU b 2V v (Aedes albopictus) JEHIZK L T
BOBOGERAR L, EZ-T VXY b ) ST B4
R MIEH910-2005ChH 572, —H. 4 AT
(Musca domestica) AR 5 BOEIEEIZ. EZ-T v
RY M) VEFIEFEBETHD., Fy N1 TFTY
(Blattella germanica) WHIZx L T, EZ-T XYV
P VIZRRELBIIRTH 572 (Table 3).

1R Efficacy of Profluthrin against sanitary
pests by topical application method (LDso
[ng/female adult])

Profluthrin EZ-Empenthrin

Culex pipiens pallens 0.014 0.16
Culex pipiens molestus 0.0036 0.065
Aedes albopictus 0.0063 0.078
Musca domestica 0.18 0.24
Blattella germanica 6.1 9.3

(2) HURAHGLANC X 2 KO #1223

Fa 7))L b)Y OEREREA O RFED 71260 5
Sy 2 B VIR E03AMIE S T A F v VN =12 TH
HL. EZ- TV xXV ) v gL (Fig. 12), /w2
£ vk, HHE AR S E 2 EMK (0.17mg/cm?)
EF v vN—= ORI &R LIS, fHElHR
(R H) & F v VoS =PI H U, T I R A 1
Iy & v LTS HBABNIL T, FROMEH
My xY YT 5ETORM (KTs) %FHlL 7~
(Table 4) .

| paper strip

test insects a v /
AN ® rd
70cm \A

70cm

IEEEEE  Glass chamber test method
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1 Efficacy of Profluthrin against mosquitoes in a glass chamber test (KT50 [min])

Profluthrin EZ-Empenthrin
Amount A.L 25mg 50mg 100mg 25mg 50mg 100mg
Culex pipiens pallens 11.7 10.6 20.1 18.6 144
Culex pipiens molestus 8.1 6.6 14.7 114 10.6
Aedes albopictus 4.4 4.2 9.2 6.4 7.4

Tu 7N ) v OFREEANL T 7 A 9 (Culex
pipiens pallens) KW, F 514 71 (Culex pipiens mo-
lestus) H, BXOY b 2V ¥~ (Aedes albopictus)
B U TN 228 2 IR L. 457 D 103 &
TEZ-XY XY M) VIZES 90 80 VIR ER LTz,

(3) HIRHHGRBRIC f6 17 2 AP 4 2 50 R

Ta 7 b)Y ORREFERIE S 5 ARG R 2
N3 728, NZEHTOFERETG 2 7\, EZ-T v
Ny MY v EHEL 7,

200mLA Y 7y ISR H (R) 2L, Ay
7 LA Ay b CEG, BEEAH A E R ISR AL R
I m Wk SIS L7z 2OH v THEBXFIZLT,
SEANVUBE L 72 7L SO _EIZ 0, Ff i R 1
2y o XY VB A BEL L7 (Fig. 13).

T T NY NEAFF 3 NI (Clogmia albipunc-
tata) KHREL XA 0L 39V 3935 (Drosophila
melanogaster) JKHUIZK U CHCHETEZ-Z VXY b
VD o 8 VR E/R LTz (Table 5),

i

aluminum
plate

IEEEEN  Vapor action test method against nuisance
pests

LIRS Efficacy of Profluthrin against nuisance
pests by vapor action test method (KT5so0
[min])

Profluthrin EZ-Empenthrin

Clogmia albipunctata

64.2 124.3
(2mg/m?)
Drosophila melanogaster

47.5 105.4
(10mg/m?)
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1. MELENME

Tua 7 ) v oYL % Table 612/
T, T TN IR~ R EE T iR
(Fig.14) Th 5., FLALDERIEMICAIETH S
AL ARICK L CIEEEAE TH B, Kilid 14.1 mPa-s
(20°C) THH., BB ESEL NLTH D EHE L
Hbhb, ZEXEIZ103mPa (25°C) THH., ZHhiFy

1NN Physicochemical property of Profluthrin

Molecular Formula C17H18F102

Molecular Weight 330.32

Appearance Pale yellow to light yellow clear liquid
Odor Slightly characteristic odor

Density 1.19g/mL (17.5°C)

Vapor Pressure 10.3mPa (25°C)

Viscosity 14.1mPa - s (20°C)

Flashing Point 158°C (Cleveland open method)
Distribution Coefficient logP =5.9

Solubility Water : 0.16mg/L (20°C)

Soluble in following solvents
Acetonitrile, Dimethyl sulfoxide,
Methanol, Ethanol, Acetone, Hexane,
Isopropyl myristate,

Kerosene (n-Paraffin)

Hemlis  Aspect of Profluthrin

EFRIEZE 2010-1



Empenthrin

Profluthrin
Transfluthrin
Metofluthrin
Allethrin

Prallethrin

uuuUI

10 15 20 25
[mPa]

IEEEIN  Vapor pressures of some pyrethroids
(Vapor pressures were measured by the

method of Donovan?.)

[3;

LZ2uaA4 Fe L TIEEICEL ., Hikey 24 Fe
LTCET Yy RY MY VIR EDTH S (Fig. 15) .

2. REM

Fa 7 b iE, 40°C, MR 75% DS&MF T,
PTESIIE 2 — bR OSSR U R eT6r HBRTEL 724
R FbARE & B L TR S EOZENIZRD 5 h
FTRECTH 57z, KFEOPHEAPIZIHOTERE
ThH?5 (Table7) #. TAF MM THB7-87T
=L BFET 2 5A1213. &BFIC&k->TidT 2
TGP Z BRSO, A4 7 — )L,
I A=, FublLys)a— LBk T L
I — )L TORD NI BRI LETH B,

Ta 7)) Vil KOO KE T T
LRETHS (Table8) 78, TATNULLAMTH 5

1A Stability in various organic solvents

Residual ratio on initial content (%)

Isopar® M 100.0
Exxsol® D80 100.0
Ethanol 100.0
Isopropanol 99.7
Chloroform 98.7

Stability of Profluthrin in water (2% (w/w)
of Profluthrin solution in acetonitrile/
buffered water (3:2) was applied. Storage
condition: 25°C for 1 month.)

pH Residual ratio on initial content (%)
9.6 100.0
6.9 100.0
2.2 100.0

FRIEZ 2010-I
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728, FFIZ & > TR ENK X 2 HEMES &
D, ZTORDFNZZTELDBETH B,

FX /) VIV TEHCTRRENEFHEL 72, 7
T 7)Y VIFEZ-T XY b)Y IR TREMED
HMELTkD, Bk @aiioZt (HHHE)
REEDORELRD NG 57 (Table9),

Photostability (50mg of Profluthrin/
EZ-Empenthrin dry film was applied. Dry
film was exposed to xenon arc light for
168 hours. Average illumination intensity
was approximately 6000 1x/h.)

Recovery ratio (%)

Profluthrin 91.9
EZ-Empenthrin 82.2

3. KEMEANOZEE

Ta 7 b Y ORI ORENE 2 5l 4 %
7e®Is, RFOAN (MUE), SF, REde 7
T 7))L ) v OEFERER & FEhE L 7z,

(1) At~ 2EpE

A (EYeE) O-—FIc T T b v ESERE
REHE, TNE40°C, HAME80% DEREL T IZ6 7
AMRE L, EHoZaE+HHEHEL 2, %
DOFER, BHOEHIZ T 24 CITRD 5N ir -
7z (Table 10),

1L EN ] Changing in color of various fabrics

Fabric material Change in color

Wool Not Detected
Silk Not Detected
Nylon Not Detected
Polyester Not Detected
Rayon Not Detected
Acrylic fiber Not Detected
Acetate fiber Not Detected

(2) SEANDEEM
WARICEERA®D DT, Ta gL b)) v EGR
¥ /vy b ELEOERKTEAY., IThaBEHARSHC
HAL. 40°CT10H R Lz%. FEL. &)@k
OZEGEBPHEL 72, ZOMR, SO EERH
NI 2ZECEOREIRD 65Nisr -7 (Table 11,
Fig. 16) .

19



KEABRFNT7OTIVE YL (T2 T7UT—I®) DOFHA LR

1L ENAN  Changing in color against to metals

Metal Change in color
Brass Not Detected
Iron Not Detected
Lead Not Detected
Copper Not Detected
Aluminum Not Detected
Nickel Not Detected
Chrome Not Detected
Cobalt Not Detected
Zinc Not Detected
Tin Not Detected
Initial After storage under 40°C
for 10 days

GBI Change in color against brass

(3) UYBN OB
YD — Sz e L M) VA EERGE X,
TN %E40°C, MR 80% DB FiZ 6 H MR
L7et, GHEOEGEEZHHAEL 2, ZOMR.
BEOYRIIRH L CEBLEEDHBIRD L
o7z (Table12),

1IN PH  Change in color against dyestuffs

Change in
color

Base fabric

Sumifix®, Sumifix® Supra, Sumifix® HF
series dyestuffs; total 52 dyestuffs

Sumilight® series dyestuffs; total 32
dyestuffs

Cotton  Not Detected

Cotton  Not Detected

Suminol® series dyestuffs; total 36

dyestuffs Wool  Not Detected

DEDORER» S, a7 b)) vid, K%K
OPRICHEHTZ 2 LEL 6N 5,

Rt - T - B

1. K3

UCHEER L 7270 7L M) Y EHWT T v MBI
LARNENRE 2 Xz, MEEZ v MICUCESRL 727 0
LY v % 1mg/kg (KHE) ¥ K U60mg/kg (&
FE) WERROES L2, (KAETETe 7L 1Y)
IFTHEE 2 6 R 2 IZIBIR & e (REEIIBINE 66.4~
72.5%) . IMUET UC RIS I3 4% 5 6~ SHEMEI 12 12 I iR
IEL, DFBEESRIK T L, a7 ) vidx
2 F UK R, BAb, 2 v 2 a v igfas s oRE
RIb%E2 (Fig.17), 5% 2HH £ TICHR5ED
KRGy (96% LA E) RSP X 7z, T EEPRMRR
FEIZRTdH > 72, UCIREIZIHLE I K OTHILENE
MaEB< SE B XU TIIFRTE > & 3 mL<.
TN THE S KOOI TE2 - 72, 25 16885 #%

Formation of methylsulfoxide ‘

’ Formation of mercapturate ‘

4 ’ Glutathione conjugation ‘

A

’ Hydrolysis “- ’ Epoxidation ‘

’ Glutathione conjugation ‘

’ Glutathione conjugation

4 F F

(O
[otuion | < ,

\ 4 F

" ;
Glucuronidation /

Cleavage

v

\_/' v
N
|

S
~ ¥

’ Formation of mercapturate ‘

’ Taurine conjugation

’ Glucuronidation ‘

’ Cyclization ‘

Bl Metabolic reaction of Profluthrin in rats
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DOIRPRAERIIMERES » b & BITRGED03% LT
ThHU., MR DL EZ N, BIHE
TIIHLE 22 & OIR O EIRIHRIE S 7z, SHET
A E B K O MCIRIE HERS 5 & OV ARl 2K
HEERTH O, (KH R & RROREI D 5
. BULAY O AOYEMR ST TRIML 72,

2. —hyEEIE

TaIgL b)) vO—EMARE T v . L
ETy b, AXEHOTERL 2. —MBERRCITE)
IZ2B W T, 200mg/kg D T » b HEREORS TIL, 2
AT, IREK. SiE R KO R KICOITUENRD 5
N A CHETIIEMERIRE OB E 580 65 iz,
AEPRERICR U, ARER R, RiEANO BT
»oNd. BEIRICST 2/EH. B8 - FSPE-.
ERMEOFEELRDO N Ar o7z, TOKH I
FRAAPRE RIS 2 2 & L CAREIR D FE B D A
NRH LN, T v L OFFIRAR, B/ WREHER S LT
MR, ELEY P ORNEE, 4 X OIERZR
IZRITTHBIIRD b hish -7, BlEEh=1EH
MKHETERD 6 NT, 72, BELZERIZN
FThE 24EFLANICIHE R L 72,

==
=

3.
(1) =k

Wi O BIEEIE, RORS5TIE 7 v b OHNEEE
125 W CERE & % 2000 mg/kg & ERID ., 4 X TiH
A% & OV H R E S & & 12 1000 mg/kg %
Al 72, BRERSTIZT Y b OIS Tl &
£ 122000 mg/kg % LAl 572, WABEFETIET v bD

1R RN Acute toxicity of Profluthrin

KEABEF7O7ILMI 2 (727U T—I®) OFBHERHR

MELE & £ 1990 mg/m3Td > 7= (Table13), FZdEIR
ELT, 7y PCIRRE. BIACPERE, . Tk
BAT. BDSB A, A X CldmEm:, R, MR
g, ARETOWAD . KFSITEOTEIK AR
H 5Nz,

(2) WEMs ZoErE

HaEs K MR RO MR (Table 14). 7
0 7L b ) U daRR I K ORISR L TR A K
ETZErME Loz,

YL 24 Fid—fmic s R EH LIRSS
JEREZER T Z MO TEHEDY, a7 by
YT, ErzuA FOERICERTSEDEE L
ENDHARERNDHERT v P BLUA X TRDS
N7z, 7 v b TIEROESIC XD IRE. AR T
IR R K ORI E AR 5 h, 4 X TR
PR R R RN S, KRR
(. B8 . KRR e S IcdEm e idx <.
JEROMIE M & ) 5 iz,

JFB X4 5 203 5 v MW TUFIRE R O8]
ML R PERFIIIE A & U TR &7z, PR
PRREDORR T, (LR OEHI%IZA S 55
R RGO BB ZRED & N B kS Y & & <
BIL Tz, 72, REEBRORER., a7 by v
FF L UCHRIC AT 2 IR L D Ef e h b
Zen 5, P TORBHIBE U TAEKROBEIB KL &
LTREEROFENEC - DEEZ N, B
120 7 vt Ol CIEITFIlaZE Rt (TRIERD) 234
S, MREMEREICBOTRILV 2T T — )L,
) VIREOBEARD 6Tl ), IR &

Species Administration route Dose Approximate lethal dose
Rat Oral 1000, 1500, 2000 mg/kg Male & Female: >2000 mg/kg
Rat Dermal 2000 mg/kg Male & Female: >2000 mg/kg
Rat Inhalation 509, 1020, 1990 mg/m3 Male & Female: 1990 mg/m3
Dog Oral 250, 500, 1000 mg/kg Male & Female: >1000 mg/kg

1IN EY  Subacute and chronic toxicity of Profluthrin

Species Administration route and duration Dose NOAEL

Rat Oral (in diet), 1 month 200, 1000, 5000 ppm Male: 1000ppm (78.0 mg/kg/day)
Female: 1000ppm (83.9 mg/kg/day)

Rat Inhalation, 4 weeks 48.5,94.0, 150, 308 mg/m3 Male: 94.0 mg/m3 (16.9 mg/kg/day)
Female: 150 mg/m?3 (27.0 mg/kg/day)

Dog Oral (capsule), 13 weeks 10, 50, 250, 500 mg/kg/day Male & Female: 50 mg/kg/day

Rat Oral (in diet), 6 months 200, 1000, 5000 ppm Male: 200ppm (10.5 mg/kg/day)

Female: 200ppm (12.8 mg/kg/day)

FRIEZ 2010-I
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KHEABRFNTOTIVNY Y (TT7UT—I®) DOFBAERRE

FTHRZERME RS, 2, MEREFRE
IZBWTHRER., 7L7 3 VOEELENRD S,
I 3513 5 EERBIANORBE RIE X W, ki,
W OZL & IRERIZ X B RIEME RS 65 h iz,

(3) A - RN

ARERAEFIEIZOWT, Iy Mk b 2hiER
FOERE TOMRRBENDEE, 59 P BLV
Y FISH T BN - IRRREANDOKE, Ty Mlk
g BT K OV B O R & & OIS BRI O B
BEIZ DWW THRET L 22853, AR s KOs L
T 6 B3R b s /- 72 (Table 15)

(4) FRER&AEE
EILEy b EHO R EREMREE (Maximization
) #FEMELIMER. BETH -7

(5) FZRg - HEGf
7B X ORI T & ORI 2 fil gz T
VNSRRI A 5 72,

(6) E{=REME

A X IF T AWEB KOKGE & V7279284
FRER, F x4 = — 24 24 —IidRE A o
7z in vitro JEREE AR, T o MEiEMiaE v
NGB A FhE L 726 R . WIheBEETH - 7=
(Table 16) .

(7) famEtk
I A I PG T 96T R AR & I L 7=,
Z DFER, 96D LCsofii 1% 2.9 ug/LTh - 7z,

bV

AL () 1. BRI )E > 20k ALl Lk
DRdHEL 204 FEREH - L, 2hbid
WAk DOREE - PiygsEEE, BREEORBIZAEL
HEALTE 7=, SO EL 204 Mg, B4
YIORELR. By i pibR do & UMD 725 28 36 2% [ o fife
ROz, MARPTELS TE S BWifEE k-5
TW3,

1L EN BN Developmental and reproductive toxicity of Profluthrin

Study Species Administratio.n route and Dose NOAEL (mg/ke/day)
duration (mg/kg/day)
Effects on fertility and early Rat Oral (gavage) 10, 25, 75 Parental Systemic NOAEL
embryonic development to Male: 2 weeks before mating to Male & Female: 25
implantation termination (sacrifice) Reproductive NOAEL
Female: 2 weeks before Male & Female: 75
mating to day 6 of gestation Developmental Male & Female: 75
Effects on embryo-fetal Rat Oral (gavage) 10, 20, 50 Maternal Systemic NOAEL: 20
development Days 6-17 of gestation Reproductive NOAEL: 50
Developmental 50
Rabbit Oral (gavage) 30, 100, 300 Maternal Systemic NOAEL: 100
Days 6-18 of gestation Reproductive NOAEL: 300
Developmental 300
Effects on pre- and postnatal Rat Oral (gavage) 10, 20, 50 Maternal Systemic NOAEL: 20
development, including Day 6 of gestation to day 20 of Reproductive NOAEL: 50
maternal function lactation Developmental 50
Mutagenicity of Profluthrin
Study Study design Results
Reverse mutation (Ames test) S. typhimurium: TA100, TA98, TA1535 and TA1537 Negative
E. coli: WP2uvrA
-S9 mix: 156 — 5000 pg/plate
+59 mix: 156 — 5000 pg/plate
In vitro chromosomal aberration Chinese hamster lung cells (CHL/IU) Negative
-S9 mix: 30 - 75 pg/mL
+S9 mix: 85 - 145 pg/mL
Micronucleus Rat (9-week old) Negative

380, 750, 1500 mg/kg (single oral administration)
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Fa 7)) iE, 20044E DRI, X F X &

AR HRANCERH S h T b, ERIEFE M) T
i, ZhEcicffzlicomRA e diz, 7urzn
b v ORRE A & ARG B A T & D R AD
&5 75 5 H@BRRIC T IIE & L T E 72,

51 A 3Lk

1) Y. Fujitani, Arch. Exp. Pathol. Pharmakol., 61, 47

2)

(1909).

(a) K. Ujihara, T. Mori, T. Iwasaki, M. Sugano, Y.
Shono and N. Matsuo, Biosci. Biotechnol. Biochem.,
68, 170 (2004). (b) fAfE A, RJE —ik, E¥
T, AR R, B RS, L AL, AR,
k&1t 2005-10, 4 (2005).
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3)
4)

5)

S. E. Donovan, J. Chromatogr. A, 749, 123 (1996).

D. M. Soderlund, J. M. Clark, L. P. Sheets, L. S.
Mullin, V. J. Piccirillo, D. Sargent, J. T. Stevens and
M. L. Weiner, Toxicology, 171, 3 (2002).

(@ J. R. Glaister, “Principles of toxicological pathol-
ogy”, Taylor & Francis (1986), p.81. (b) C. Gopinath,
D. E. Prentice and D. J. Lewis, “Atlas of experimental
toxicological pathology”, MTP Press Limited (1987),
p.43. (c) P. Greaves, “Histopathology of preclinical
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Offering High Performance and
High Functionality of TPE for
Airbag Cover Applications

Sumitomo Chemical Co., Ltd.
Petrochemicals Research Laboratory
Kousuke OHTANI

Tatsuo Sassa

Airbag devices installed to protect passengers in cars are veiled with a part that is called an “airbag cover” made
of TPE. The impact performance at low temperature and durability to maintain performance after many years, are
important requirements for TPE used for airbag covers. Recently in line with an increase in the types of vehicles
being equipped with airbags and in installation locations, the demand characteristics required from TPE for airbag
cover applications have changed due to differences in the construction and shape of airbags. In this paper, we
present the approaches on offering high performance and high functionality of TPE for airbag cover applications
with examples of the airbag devices for drivers and for passengers.
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Door trim skin

Center pillar skin

Front pillar skin Assist grip

Armrest

Weather stripping

Seatbelt buckle

Trunk room sheet

Mud guard

Instrument panel skin

Airbag cover
(Driver/Passenger/
Side/Curtain)

Bonnet cushion
Cable jacket

Number plate
housing

: J'.”T

Side molding
Fuel tank band

Reclining cover

|k}:
Air dam skirt

Air duct hose

Wire coating

Console box skin
Kicking plate

BT Applications of Olefinic TPEs for automo-
bile

For passenger

For driver

BN Installation position of airbags

BGEEEN Product’s examples of airbag devices
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30 40 50 60 70 80 90

T T T T T T T 1
Shore A Hardness 40 55 70 95

T T T T 1
Shore D Hardness 700 800 900 1000

Flexural Modulus(MPa)
Vulcanized rubber

Soft PVC Commodi(tgpthlglrir)noplastics
Vulcanized-type TPE
Non vulcanized-type TPE

BTN stiffness property of Olefinic TPE
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Tear line

Steering wheel Airbag cover

BGEEE  Example of configuration of tear line
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%, Fig. 7. Fig. 8127 /%y 2 73— [ TPE D} #4
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Heat resistance at 110°C
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Example of heat resistance of TPE

Tear line
= 0.5mm

Normal Part
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agnification of cross-section at tear line portion

Designing side

Tear line

Cross-section of airbag cover
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Light resistance UV weather meter
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BEEEEE  Example of light resistance of TPE

1ELRIENE] Example of VOC property of TPE

Condition 40°Cx2hrs Quant.ltat}ve.
Analysis Limit
Sample area mm? 8000 (Q.AL)
h
Formaldehyde Less than 50
QAL
Less th:
Acetaldehyde ss than 50
QAL
= Toluene 12 10
(5}
: h
2 Xylene ng/m? Less than 10
E‘) QAL
Ethyl benzene Less than 10
QAL
Styrene Not detected 10
p-Dichlorobenzene Not detected 10
Tetradecan Not detected 10
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1L [578  Impact properties at low temperature of

TPEs
TPE-1 TPE-2
1z0d(-50°C, notched) Break Non Break
HRIT (-50°C, 5m/sec) Brittle Ductile
Average diameter of m 104 0.67

rubber particle

2
4 Ih‘/’!“ :/ 7
—— nU
5 1 -—6
l
/%% \ H.
= |
MAX Speed: 10m/sec
3
1: Specimen 5: Accelerometer
2: Holder 6: Cooling Chamber
3: Impacting probe 7: Screw

4: Load Cell

IEFEIN Outline drawing of High Rate Impact
Tester
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PN OFE, RIFAERERMERE L H T 5,
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W, B TRICTREE Sh 25t e LT,
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Appearance defect on tear line

IEEEEN  Glossy phenomenon on tear line
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Melting resin Designing surface

/ /
Flow direction E> J /l/ <+— Cavity

Unsteady resin flow

at extended thickness
and 7
Viscosity increase of

melting resin

l"’ \\
/P\‘ /
Defective transcription ;7\ }

Tear line

IEPEEN Estimated outbreak mechanism of glossy

tear line
Tear Line Grain surface
Non-grain surface \
X /¢
4 4
4 4
fom o - 4
4 4
L 4
/
Gate

m Overall image of quasi-airbag cover

Tear line thickness ¢ 77777777777777

=0.55mm Normal Thickness

=3mm

BEEEIEE Magnification of tear line portion

Tear Line

Magnification

Observation of flow front by short-shot
| Fig. 15 |
molding
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Temperature at flow front
=230.4[C]

Scale (100mm)

Calculation condition: Resin temperature = 220°C,
Mold temperature = 40°C, Injection time = 3sec.

IEEETN Calculation result by flow analysis
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PP : EPDM =40: 60 (wt%)

1.2

N\

1.15

Die swell ratio of TPE (-)

Appearance of molded part = Poor

1.1 I I I |
0 5 10 15 20

Mw/Mn of PP in TPE

<Measurement condition>
Temperature = 200°C, Shear rate = 365 sec™!

slfe Effect of die swell ratio on inhibiting glossy
tear line

Piston —

Die Swell Ratio = D/D0
Temperature-

Controlled Barrel
b

L — Sample
Heater — | P

DO
l | Capillary
<>}

Device for the
Measurement of
B<--- <=8  DieSwell Ratio
>
_— D

Laser Radiation

IEEEEN Outline of capillary rheometer

Extruded Sample

PP / EPDM / C'3-C’2 elastomer
36/ 54 / 10  (wt%)

380 -
Appearance of molded part = Good

340

300 |

<+«— Non-C’3-C’2 elastomer
Appearance of molded part = Fair
PP : EPDM = 40 : 60 (wt%)
260 Il Il I
0 5 10 15
C2cnt.(wt%) in C'3-C’2 elastomer

IEEEEN  Effect of addition of C'3-C’2 elastomer on
inhibiting glossy tear line

Crystallization time (sec. at 130°C)
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Instrument panel substrate

\ Rivet joint

Airbag cover (TPE)

Vibration welding

Magnification

v /4
L vV

Airbag cover (TPE) with ribs on the surface
attached to the instrument panel substrate

BTN Cross-section shape of passenger side in
instrument panel
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PP/ EPR = 50 / 50 (wt%)
ATm =2°C

500

400 -

300

200

Welding Strength (N)

100

0 0.4 0.8 1.2
Welding depth (mm)

ATm = (Melting temperature of PP substrate)
— (Melting temperature of PP in TPE)

Detachment direction
for evaluating welding strength

1T

3mm

PP substrate

.m Effect of melting temperature on welding
strength to PP substrate
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Development of Control Performance Diagnosis Sumitomo Chemical Co., Ltd.

System and its Industrial Applications Process & Production Technology Center

Hidekazu KuGEmoTo

The control performance diagnosis system, PID Monitor, and the PID tuning tool, PID Tune, have been devel-
oped. These systems are useful in improving the control and maintaining high productivity of plants. PID Monitor
observes the performance of all controllers in the plant, and it picks out the loops which have problems. The diag-
nosis report is displayed as a Web page on the intranet. The operator and the staff can efficiently improve the control
by supervising it. PID Tune is used to tune extracted loops. It is able to do the tuning safely without process changes,
as it does not need specific plant tests. This paper introduces the technical background of these systems and some

applications in a real plant.
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33 —7, 72— T DHE A Fig. 10128 F, 72—
=Ko T AREICRIEERE 2 B L2 &
Bbrb,

% 72, [\ U ORI 2 B < -k TR
IZOWT, HIfEZN Y 27 45> TRRL -7 %
i L, PIDF 2 — = v 7 ¢&Elb L 7= BAAH % Fig.
1R T, N RIRWEET 228 TE, T
BERKROLREMZD AN 5 72,

Good LOr plant A (only tuned loops) 33 loops

0.8

06+ = After tuning
m Before tuning

Control performance index

04
02t
Bad 0.0
Control loop
&
Good = 10T Plant B (only tuned loops) 72 loops
g 08}
=
g 06t .
£ YO0 m After tuning
£ (4| M Before tuning
5 02f
ma%aommmmmwmm .....
o Control loop

m Comparison of control performances in
plants A and B¥

0.478 — 0.654 0.168 — 0.441

Control

performance index
0.025 = 0.239 ’M‘
3 Product

@/0.982 - 0313

iAW b
v VMY i o e
0.435 — 0.789

0.530 — 0.681

0.040 — 0.525

0.059 = 0.267

BEEEEN  Improved control performance in
distillation process!¥

LIV TREAN DR AL —T 0 DOh
BIXh, ZThsDL —FI2O0TIEINLTORM
EFERL7, NEBIZERLR D 578 DI, Wl - B
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SV, PV (%)

NN N NN
URITN

S N

®
o o SN

Before — SV%

— PV%
— MV%

Time (h)

After installing positioner
— SV%
— PV%
— MV%

Time (h)

IEEEEE  Improvement of control performance by
installing valve positioner!¥

iz, RYYaFRREIRTWENr 572N
LTIZDNTIE, WAL THRY Y 2 F&RE L7z, Fig.
12130 TR Y ¥ 3 F &8 L CRlgEaE A L 7=
fHlTd 5,

BHUIC

2> 2 5 4 (PID Monitor), PIDF 2 — =V

27" — )b (PID Tune) DFAMHIEREFET T v bAD
BHEFIZOWTHEALE, TheD Y 2T 413,
BAE, 77 v b ERoOREEEASGEL T T v Ok
PEVE & HEF T B EHA L L TtER A2 D T3,
ZOHT, BGES 7 Y - OFIEESGEE» D Tl
MR T 7 v F ORI REN AKX S LTty
—LTHBTEEMHR L, £, FR. L%, A
WLETS v b 2T T, AWM TS Y T8
FEEMD LN TE 2, S%IE. W 58 L
X% &, EAREEONRE AL 20,

FHZH S 2T LOBEERTZ > hADER

HE

RIEO B2 Wi OBk, H ARl E 7 v
YAV AT ATFHUSEAEZ T —2 ¥ 3 v 7'NO.25
(R PRt OHFIHCRICEE DWW TE D, %D
PID ## kL. IAEBRFELE ORFERRTH 5. KA2D
B BXUIREKRFOIA BRICHEEZEZLE T,

51 A3k
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2) el BRI i L b MU 7 2 K55 [4
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3) Va3, R & i, 44(2), 135 (2005).
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52 (8), 270 (2008).
5 A TA FHHI, (LAt 2005-1I, 41 (2005).
6) T. J. Harris, Canadian Journal of Chemical Engi-
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LC-NMR : i DESE

AL (kR) AHEE AT
/ADJ\ 7j( l;% ﬁ]
M A & =

Recent Progress in LC-NMR

Sumitomo Chemical Co., Ltd.
Organic Synthesis Research Laboratory
Takashi TokuNAGA

Masahiko OkAMOTO

LC-NMR has been noted as a practical method for mixture analysis in recent years. Technical backgrounds of

high performance LC-NMR are discussed from the point of view of NMR, chromatography and related technolo-

gies. Constituent profiling and LC-2D NMR are introduced as practical applications. Further hyphenated techniques
such as LC-NMR/MS and chiral LC-CD-NMR are also described.

OIS

AV NTFTTEART I AA—LA—FF Y TL
TORLAMFHEE. N4 7 32 —F v FHEFlF (Hy-
phenated technique) &IFHZHY, JRAYIO 53k L [6]1F
BT D AR PR ENENA A =Ty by
MrFde UOREEH Sh b, hTdEdikiks
u~v b~ 77 (HPLC) &. KIS e (NMR)

A O N D720, 1978FEDIRYIOHE LK, K
RO AMYREH;Y . KRB A ) v — 5 &
KRR G5 % & DM IRE DO 7 B iigIA < #H & h
TEREDD, —Jf, A—H =18 BMERBANDE
HEWSBlE» SRS &, ZThE TS HERIRMER T
FERER A EIEN AT, LCMSAHENIZWHH X
TWBDIZHR LT, KELBERER S T2,

L2 L. 20006F-USA - T Z ORI K Z < s
L. BfE iz a~ b5 7 4 — o E&g b,

ZlAADEZLCNMR (Fig.1) 761, Gz
HPLC
Pump Detector
............ I:I
el
Solvent ;
(Deuterated)

PBEEEM  Schematic view of conventional LC-NMR system
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LC-NMR system

Flow-cell
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At~ 7 %y MR ERE 70 — 7k & O NMREE
MWD S REAHEG & . N E R 2 53 3 B i
WL ZZEHBE Y 7 by 7 s E OREI O Bk
I2& > T, LCNMRIGZEEH &m0 nw$hics
WTEFEHRDOE ML A>T 5,
AFETiE, FHL NILIZEL 2RO EMERELC
NMR (Fig. 2) OVERERA O BRI % R4 5 & &
Bz, RESREELZZLDETE T AV IHN
DORFFEBAFEN DT FFNZ DT L 720, F 72,
WA LCNMRIZ Z DO HE 2 & S I8 T 5 8
At Es L. LCNMRAHOE LT, #HED 2
ARy ML ERBCIRSET S Z L Rl &> TE 7,
BT, RS HEOREDEFENIZ DWW T T
5,

. SPE (Solid phase
extraction) unit

Storage loop

Photo at National Institute of Biomedical I

.m High performance LC-NMR system
(800 MHz LC-SPE-NMR/MS equipped
with cryogenic probe)

=4HELC-NMR

1. EMEELC-NMROEFRH T

LC-NMROEEBIZOWTIZ, ZhETEHE L4 L
5N TE7-, NMRAEMHEE LEGAEIZROhE
RS, (DD ThNISHEL &
WRT2/HTHAI, £ T, BEMEH &0
HRUZDWT S, FAIZERik S TV A ITEN N,
LCNMROIEEHTHO T L4 7 AN —F, —DODH

FRIEZ 2010-I

LC-NMR : RiEDHESH

T EBMIC k> TER SN 2D TIE R, F&
AR OBAERIZ L > Th a7, £
F IO DOEEEEMIZONT, v~ s
7 4 — & NMREBEOWMEA 5 ATV & 720,

(1) za< b5 7 1~ b
LCNMR T, 7ua~ 7357 4 —I2&k3508»
WEREIZG A 2B EEETIMEND S, LC
NMR O &Ml 7 7 — &)L (Flow-cell. Fig. 1£:H)
EREIER. Z D552 HPLC C 3Bt X M7=k oy A3
AENTNMRAIEA TS, Ikd EOKE N
N30, L 72Ky DOEEN 70 — 2 )LITEA
Sh7zk&Th5» (Fig.3(A) Y, HPLC# 7 A ThH
L 2RO — o2 BRIZ, 7a—kLERE GE.
30 uL ~120 pLFRRE) Kb g KE =8, FEEIIIK
OBy U HEIEDORNR L 6 0, PLHANZEN
FA6mmDI VRV Y 3 F I T LTEEHSR
% ¥t 1 mL/min Ti&, 120 pL» 7 2 — L LK
LZE—=2IREHTNEHTH D, ¥— 2 IEI 400
TEH., 7U—HIZ60%FEE L AEA IR AN &
127% %9 (Fig. 3(B)). 2D, WhilE—2 &%
BAL LT, EMIZ T 0 — R ILISEATE 305005
JEREEHIEDRA v bk D,

@] geLc Drain
——— -,
Flow-cell
(120 L)
+«—pse¢ » 100%
(120 L)
® | gpLC Drain

i

40 sec

<« 8sec—» 60%
(120puL)

BGEEEN Peak width and sample concentration in a
flow-cell

tI3Ivuh T L EMEINDNELN2 mm kD
S L% W5 TikIE, LCNMRICHE L 72 ¥ — 27 B
BThb, kI3Ivuah L. FENLTUNY
Vat AT ADYSHEETH D, BN R AL
HEZHICHBIL TP 45 Z L2 6. LCNMRIC
RS OMBHER A AT HZ LN TES, £33
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LC-NMR :

H
=
S
3
S

20 h T LTINS S FH0.2 mL/min &
L7, 120l 70— v LSS T 5 ¥ — 21|
FAMRRIE ETIAND, ¥—2DaEE 7 a—+ )L
IZAND ZENAREE 55, L2L, £33 270h T
AT, ARV Y aFIHTLED Y TILELN
HEINXL, YRV Y 3 F LD 5 L0OREREZ
DFEFEATE L F—/3 —1— FIZ k- o B B
L. HRF L 228 b RS s e Wia i d %,
ZZTCHBEICIARDON, FLETHR S SO
ANEE Sy & RN bR E . BN DA %E S
FLIZBAL, F—nN—u— EWIBZLTHSB,
BIALEE 3k & L Cid. LC-NMR#EIERTIZ, ZrHCHPLC
R SPE (Solid phase extraction : [SEAHfi /) 7 & %
W, HKS 24 7 54 » CHRESLL T, LCNMR
BHET B EAEENHVWENE A, BUETIE, Zh
LhAVIA VTHEIETEIENRTERE L STV,
v 74 VSPEIE. WEE S DiE ke LT,

1: Organizer

2: HPD LC-SPE-NMR Dispenser
3: ACE LC-SPE-NMR Interface
4: Dilution pump

SPE cartridge
(Spark Hyspher Resin GP10, 96 cartridges, volume 30 uL)

SPE unit (96 catridges x 2)
Photo at National Insti; of Biomedical Innovation

B Spark PROSPEKT - 2™ SPE system

42

LCNMR CHEHFEIAS HOWO R TWBETETH S,
Spark #t D SPE ¥ 2 7 4 (Fig. 4) 1&. LC-NMR & [d]
—DA VA =T =A% L THIBEIEET, SPE
H—P) oy DICIBEL-Y — 0 ARG X, BEY
2 CHEMERIZ, Bt pLODREOBEE I &5 2
ET, BIREOHME % 70— LIZEAT S Z
ENTED, HROR % R550— 1) v VICH
ML THNT2ZLEMEETH D, %ikd KT
0774 )Y IDOES E-FHoE OMEBREV,
XV IAVHTLANT Y IPEELCNMRTH
WHNBE—ZRIETH S, KFETIE, T U R
VY a AT LK B %R P T Th T AT
—Hw L, ThidtvIIvahssTHESEL
T. NMRIZEAT S, ZOFLEORMEIFRIEEL.
INETRIE A & KEETH - 2R SO ~WIT
NMR#ll%E (DQF-COSY. HMBC) #3 38K & Ty
%9 (%), BIFETIE, #5344 —H—Kth& D,
IRV aF AT LER—-OREAIOLI IS
O LANRAFARETHD., IRV aFLh T
LESEES A — VB L WD, HidiAe s by
2 LSRR 25 S et & 2 BB L0V RIT ]
BWHLRLTWTFETH S, 72, XV I34 00T 4
MY L LT, U T 4 TOrHEL 72y
NI 9T HATLATEML, IV aF LA T
L THEERRICLCNMRISE AT 5 L3 M6 T
%9,
FIALEIZSPER ¥ I 3270 h F 24 HW=HAIC
. Gl AR EARRICAEBOFEH & DR THEA, &5
ICEVAREHR D Y 7 F s & B i /NS &
5NBDT, EEEENEN M ET 58 2 v b
Thb

(2) NMR % E A 0D & e b He hi

Wz, NMREEFE M OHEHLIZ DT R TV E 7210,
WAEO EPEBELC-NMR O F B 3 i ¢k & < EHik
L7=DiF, @G~y P eBRETe -7 Th
%, NMR D & ES 13 55 50 5 D 3/23% 12 bl L .
SRR A R E E R I3 & B 10,

ZD7=%. LCNMRIZHWT S, B o i
FUD ) 2 AR & U TR ISR S b T & 72
(Fig. 5) » BIfEDREHLHE 12800 MHZID L, FIZ3E L T
B0, 19784 10D 60 MHz D3EE IR T, 50158
OREEE EAK 6N 2 EIZk D,

2, Tu—-THlORER LS ShTd A s A0
HELHMTH 5, T4 MISEEEMRE DT
4% Z T, NMR Y 27 L ORI R4 4 5 Bk
MEEKRT 22 944V 2=y s Fu—T DL
5 EKRE 7 0 — 7 & Foiud, MEFEE ORI
FHRPHEOENS, B~y e T4 K
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PG Magnetic field strength in NMR and
LC-NMR

Vzzyr7u—-7E, BHEOEERLCNMROE
BUZ, RpEaWEREiE > T 5,

I 74XV 2=y T a— T & A 72800 MHz D
LCNMRTiZ, EDORED/ST+ -~V 2R ELH
B5DTHAH5H, T TIE, EEDOH Y 7L &L
7ZHEDOMER AR L7 (Fig.6), &H0.1% Gk
ARIZH 1pg) OWMEKTOHNMR 2 X2 L %&H
39 2 OICBEARFREBIL. PE(ED 500 MHz D%

500 MHz
19428 scans, 20 h

TR - uwﬁJh«mewwr. ‘ |
9

8 7 6

! | A |
| v |
L lﬁl._“ i s i ‘_\J e X LY iy ) ,)f"JL )

4 3 2\t 1 pprr

Bruker AVANCE™ ]I (800 MHz)
512 scans, 30 min

b - b ) / 'm:w])J-J.L—--

9 U 5 4 3 2 1 ppm

m IH NMR spectrum of a 0.1% component
with an 800 MHz LC-NMR equipped with
cryogenic probe.
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LC-NMR :

bl
=
)
3
Sk

BT, 208 EA L =012k LT, 800 MHz
DRWETIEZDIT 2307 EE L. BEm LIckD K
g 2 KR D FERE AN T X 72, T DRE T H AL,
B% v ~IL DRy OE L T 2 FERERIE 175 DA
THO . MR L < HET 254 T
& EW A RINIZ & TORSY % — KIS/l gE ¢
bHbd. F. EEGIZES TY 7 L D5y fERE S
ML, K0#MAR AR P L ESZ (M TE.
B SR TH 5.

(3) VB E

sav b5 7 4 —RNMREBE DS &6 A T,
IS H el o 4x & LC-NMR O AT REME % K % < A
17z, LCNMROHIEIZIZ, 70 by D Y 7 F AR
HWEAWFEST -0, BEHE L TAKRERTF2 5
BWUELREZ, FrorsunrFLrryersavik
EEHWBIEHRIZHHEE— F2RESNLTED,
AT RSB DA TH > 72, ZDH. I
FMBEDENODS 7 7 4 & W5 WHE — P23 %D
HPLC 5 #i CIAL ¥ &9 5 &, LCNMRIZE WS
K92k BEHTHEIEK, 7=t
YILR A Z ) = VKD Y 7 F I K B UFEN I E
E D, 1990R AT £ TOWE Tk, B
DY ZFINEDEED DL FHFRLAWN D
R L\ MEA DL S Iz,

SEIRFJIES L 2 & PFG (Pulsed Field Gradient) %
HMAGHE7 WET 1313, BEROBIEY — 2 2 Mk
TEX5Z L, B5LCNMRTEBFEAELS WO B
HHEETH D, TOFHEOELICK - T, @t
ODSH 7 £&HWIGETE., WY 7P L ORE
DA WVHEAREEE & D . LCNMRIZ & D AN
BANEE I 72, VAIEY 277 L B EEEHE X R O
VOFPLEEELEVWEAETE, BEXRERBEY T
LEBHELEWEA, $4F7 392V Y VORET
WBER O Y 7 F VB S iz, EIERNHE
EREIE O T & BRE LM TH %,

T2, WINEEBE ALY T, BOSPER /7 5
L b Ty ¥y T, HBAREEDGEGOIEE A AN
FHOWIUZRIEED > 7 F L a /N E < L, BN ERh
REILIIEHDDEIENTES,

(4) 2 HIE gl O A
ZZEFTHRTEZEERE RO AERIC
Ko T —HT B 72 0 OPE RN A 1 JEE <
RAWHORE S E —FICllET S22 e v v 4
A4 EGBENIZE 72, —H T, ZOKS B4
Z =Ty MR, R AEY VT RS S
7O DNEND TRBAUREL D, TORIZDN
TEHnTE E 720,
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LC-NMR : REDES
ZIRFO—F IS, =T X L — VLI

ih%zﬂJi%—-Mxﬁﬁwahéo ZOFHEIF. AT
Loavw N5 T 4 =Tl ek e - HY Y
TN —FIZmEL, IEFICIL—T 6 T70—+1 )L
AERELTHETSEHATHS (Fig.1), za~ b
777 4 —DHNEILDTICHEENTE BT LR,
i U 2z Bk A RN A B 7280, BEJHIE & O
MAGDERESGTH D, L/WERMARLS &>
TR DBELZ T VO T, BEIC L3 MEK
FOSHIZEE L TW5B, HIROBEBHE Y 7 b
vz 7 IR, BT NE T A M A
ET UL, WEIEABI TN 720, FEREERH 2
KIEIZHEfHTZ 5,

2. =MEELC-NMRD:E B
1) Mk7ezr49 05
BHELCNMROBZIZE D, REWIPIZETH
BENTORBIZONT, BAREMEZWS I
FTHMETOT 7 AN VIR FEAL NI E T E
7zo THEALELESCEER, BREMBIICHTA
. AR O FER) 7 A 22 © L AR K #
B =X ARG EER L EARFE T, ME o
Y ZORRICHMARRA SO LBtk xh 3,

G415y # —MmOHPLC /it ¢y v 7 — 7
2R, A EICA DY CREERER & K s 3%
ﬁL\MNMRwﬁﬁmﬁ%¥MLtOL®@%%%

TIZEL AR, 79~ b5 7 4 =12k 550
amﬁ%# REEADE TIRERFEE TH D, Y 208F
TR DHNMR 2 X2 FLAHFE L (Fig. 7).
RoNF AT PILEMRITL T, SH O

B5ZENTE,

INZETOI%Y L DORHAMPIOREE T, — 5
FTORCGAM & ¥ r A2 THE L, ZD#%NMR
HWEAETSZETHIIL T2, 2ol kS I2E
PERE LC-NMR % F WO AU K 20 B3 LA ATRE T b % o

(2) LC-2D NMR (LC-NMR!Z & % — %k JU NMR#HI5E)
IR RALAIZ X, ~T B LA MBL A
REDTa b VyEBVENL, LG, AV VRO
BB TOEMEAEE 0, Zh b DILEM DT
1203, THASCAHHB A Bl § %2 “WROCNMR (HSQC.
HMBC%) 2X2 FAAHMHTH B, HSQC A2 b
iE, Ta b v-Ta s Y EESA T SR EREOM
B (Ycn) . HMBC A-X% b, SHIZEREIZH 5
RFZL OB FJeu K U3Jcn) #8UHT 2 FHETH D,
BoNZRZDY Y 7 MEREFEANERIZ, Wb

PIFic, F#FH S WEMEELCNMR A2 W T - 7% WicExbDTHHTH 2., FICHMBCIE., ~7 a5
HIEIZOWTHITT 5. 0.1% L ~NILDARFANY % TEPFATOTEHBEPEMI X NS 7280, S0 HER
s 2 a2 5 5B |
ST G7 | loopl: 1.38% i I k PR
| 90 85 80 75 70 65 6.0
loop2: 145% oy oy Ly
9.0 85 80 75 70 | 65 6.0
wd loop3: 0.94% wi A J ) .
1 9.0 85 80 75 70 65 6.0
| . ()
T 1 foopl 100p4 : 0.85% N 1 LAk J J ] PPM
~ 1! 90 85 80 75 70 65 6.0
(=} 1 . )
13 loop5 : _.0'284’._ EPU T A . __PPM
- S— — 2 1] 90 80 75 70 65 6.0
1¢ loopZ | o0p6 : 82. 08% i bk A | ] 1 PPM
S7L 9.0 80 75 7.0 6.5 6.0
( loop7: 143% ) G oo .
9.0 85 80 75 7.0 65 6.0
1 loop8: 0.6_8% .1 Lk A ] l | . PPM
1\ 90 85 80 75 70 65 | 6.0
L6 || loop9: 156% - |y
I S— -7 o1l 90 8.5 8.0 7.5 7.0 6.5 6.0
: U1 loopro:0ssw 4 AL A
,,,,,,, loon8 || 9.0 85 80 75 70 65 6.0
""" oopto| | loopl1:047% 4 a aow i w bese
To6pIT] | 9 85 | 50 75 7.0 6.5 6.0
. 0
""""""""""" fooprz]| loopl2:0.11% e o o I e
9.0 85 80 75 7.0 65 6.0
1oop13 : 0.61% ) | L y
,,,,,,,,,,,,,, ot || ] ) ol
*********** it || Toopl4 : 0.63% L e s LI |-
77777777777777 P 0o 8 8.0 7.5 ‘ 1.0 6.0
' oot 1_90p_15 : 1'536 A I B e Y| J 1 PRM
= 9.0 85 80 75 70 65 6.0

iy Constituent profiling by 'H LC-NMR (aromatic region)
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+TAOKREHEDLEIDIZHVWENS, LrL, Thb
OMNE FEEH NMRUE &K 0 S KRETH 57280,
ZhE CLCNMR TR Tid A h 5 72,

FHE 6 OMET T, EYERELC-NMR & SPE O fHl A
BAbEIZE ST, EEOY Y TP ORA %A+ — 4 —
(GRBHE AHIZ L300 pg F2%) D5y D HMBC A X
27 MLSHlETE 72 (Fig. 8). AMat Tz, SPEN
D YRAEMRIBUZ 38T & - 72 h%. SPE T D % # 0 &
TR, EI3IvuhTLrEMAEDLESLI LT,
B —45—. 512N T DM OHMBC A X
7 PLOHIGEREE B A 5N 5,

AR, SPEZ%EHlAaA DY S FikIcd 5T, BCH
WA 5 5 HSQC X HMBC 75 £ O & a7
WihRb g, Rohdk5i12k->TE72 (Tablel),
Stk RRROWEIRML T DL ELZLENS,

PPM
! I

7.5 5.0 2.5 0.0

PPM
0

50

100

150

B HMBC spectrum with LC-SPE-NMR
(800 MHz, cryogenic probe)

1ELIENS HMBC and HSQC experiments by LC-NMR

LC-NMR : RiEDHESH

LC-NMR & Z D D& HERDE S HATOIRIR

EMERELC-NMR & ¥ C. LC-NMRIZZ D flad
W& X 5ICHlAS bE AN 2 ST T 50
FEHLEEA TS, ThEDOTFEIEX. NMR &35
55RO A EMARDE S Z & T, LCNMR
TR OREEREES L. ZHm 24k
WA A2 TBEIC 58D TH B, 22T, 774
VI IHNDSTRICER . MSEZfASbY 7=
LCNMR/MS &, H2Em LA X4 5 Z & A
B & 5 )L LC-CD-NMRIZ 55 b CTHFT L 720,

1. LC-NMR/MS

NMR & MS 23 A HlE T & AU, 1E2E A E DA
LEMOREE % —FRINICRET DI EDTHETH 5,
ZD7=%, LCNMR/MS DE 513 R < . 19904
%121 Plizer tE DAL 7L — 712 & » THIES 23 7
IhTna¥W, LaL., #IOLCNMR/MSIE. LC
DFPWICAT Y v 4 —%{EL T, NMRZXZ L
LY ZAARY ML EREBICEET 2N ThD, &
ARECHEBEABIHE LTz 0, Bt ra b
Y EAT AW TIIARRE T 2 HARIFE 1 T E i
ENGTA XY BRBHIEh, v 22X N LD
WM HEETH 5 L0 3 H 5 72,

%z D . Exarchou & - TSPE % #l A3A A 72 LC-
SPE-NMR/MS (Fig.9) 2 h s Z & TcZ o
k2D, ZOFHEEHGWDS &, BARE
B3 SPE 72> 5 NMRNDFE I D AIZHEH & .
NMR Z X7 L& RIEHICEKZERO L VEEDO~
ZART MABREEND,

Frequency Cryogenic

Sample SPE Other techniques Experiment Reference
(MHz) probe
Plant extract Major component 500 NOESY, HSQC, HMBC a)
Plant extract Major component 600 v/ v HMQC, HMBC b)
Plant exudate Major component 500 v COSY, TOCSY, HSQC, HMBC  ¢)
Plant extract Major component 600 v COSY, HSQC, HMBC d)
Plant extract Major component 400 v COSY, TOCSY, HMBC e)
Synthetic peptides Major component 600 Capillary LC-NMR COSY, HSQC, HMBC f)
Model mixture Minor component 500 Semi-preparative LC-SPE-NMR TOCSY, HMBC 2)
Drug degradation products ~ Minor component 600 v Column trapping COSY, HMBC h)

a) E. Garo, J. Wolfender, K. Hostettrnann, W. Hiller, S. Antus and S. Mavi, Helv. Chim. Acta, 81, 754 (1998).

b) V. Exarchou, M. Godejohann, T. A. van Beek, 1. P. Gerothanassis and J. Vervoort, Anal. Chem., 75, 62838 (2003).

¢) G. Karagianis, A. Viljoen and P. G. Waterman, Phytochem. Anal., 14, 275 (2003).
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(Deuterated)
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= : Non-deuterated solvent

=P : Deuterated solvent

BEEEN  Schematic representation of the LC-UV-SPE-NMR/MS

DY AFLEMWSZ LIZX 5T, LC-NMRHL
MTRESMEOEE RIS SN2 558D %<
7y, NMRssilent Zs/N 1 7 v H 7 & & & i 12
BT 5MAME. v Z AT bLh b H GRS
BonB M TH D, Grar  Abam. Gh
07 VRO E A R & R RS
A—UDORETHEILENTEXS, $7/-, DK
UiE &2 H 3 5L E NMR TP 2 Z & 13K
THBN, T REWRD 5 OHE X ES TH
%5, ZOLSIZ, NMREMSOMAADLEIRZZ p
S5DONA T3 =Ty FEMOFRE K> T & D
W B,

2. %3 JULC-CD-NMR'™
wi%IZ, FHE S WBMFAEL 2% 7 )L LC-CD-NMR IS
DWTHA LV, ZOFETIE, LCNMR & CD

(Circular Dichroism. M —@&M:) #ti#s4HiE423 2
EIZ&oT, Fo<HLWEERRSE OGNS,
HEWEE LA, GHURBTRIC H % Bk (D
T, 2 FvFr~v—) PRI EWEEEETS L
RARWENTH 2HANHOENT WS 720, RIS
IO LREMER B OB 6. RO 5 i
GIEFICEHEE O SO E & k> T 5, AR,
ZhoDaHEE LU HOWERTO B DI,
WVE s RRERA A T L 2% T L h T A % T E
9% 7 LLC (EH) HThs. 7 NLCIETIE,
AR RO R E G RAEMTEZOX 5
WTEBEWHIREADH S 5T, FEHESFOFE L
Y — 2 ORIEIZHED < iSO mod{b B BT b
D, ZhHIZZREFNERBEETIHENEL D 572,
F 7 )LLC-CD-NMR (Fig. 10) &, FEUES, % FVg°
V2 FAE AR O AN 7 [R] IRE L AT C & 5 Y 7

Pump UV detector
.......... ]
e
Solvent Chiral column
"""" Conventional LCNMR  ~~t—2
CD detector
]
Chiral LC-CD-NMR system

IEEEDN  Schematic view of chiral LC-CD-NMR system
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VAT ALTH D, AFHETIE, FRRERONEN A,
WHW B JHEER AR REIA R & U THERICE
N2 KRR A M E CD Z X2 L & NMR A
R MADEREL. Zh 6 DR EEFIET %
ZEEFHELTNWS,
ZIhBE. ATFHETE Y YILTY 5= ViBEAD
JEAK % 23 Mr U 22 F2BE OB CHEA L 72\, Fig. 11(A) T
RL7z& 9, WEO UV CIEKE 5§ 5 &,
TSy &SRO THRDO ¥ — 2 Rl s h, &
DE—= M Th B0, TNEThOYE — 2 PRH—K 75
@é@f%é@#&ﬁ@ib#%tnozwtb%%
OMEFRIZIE, T F Vv FF~v—, VT AFLEAT =R
%%&é&bf@&MEﬁewﬁwﬁi%ﬁﬁﬁ%
MNdH5b, T L TF 7L LC-CD-NMR TI3HEED
Uvzu~ b7 I L4 EEIEIC, CDZa~v b7 4RO
NMRx&ab»%mﬁﬁéoQBhtCDauvb
7'7 4 (Fig. 11(B)) #5613, MEAFIZH NI
C@ﬁéhétwoﬁﬁ%ﬂﬁbf\ft~7®

AUV
Peak 1 I 2 Main Component
l LA 78
0 5 15 20 25 30 35 min
B)CD
Peak 1(+) | 9(+)®l 4(+) | | Main Component (+)
Qﬂ L
i 1t \ N 70@®
T 506 80 500
(CO)ONMR
Peak 8 Enantiomer
Lo AR\, Peak 7 [ e O - Opposite CD sign
L Main component o' . — Same NMR spectrum
'v---" “wa Peak 6 il Wh\-m -
= Peak 5 ey ~—~=~»- --—-—_-—M-u--- N A -
Wd“»u Peak 4 ‘WT"M"""‘"M
i W Peak 3 7 st RIS e ot
Peak 2 =
_f”L._ Peak 1 A
85 84 83 82 81 80 79 78 77 76 75 74 73 7.2 ppm

IEFEEN Chiral LC-CD-NMR analysis of
pyridylalanine derivative

1L P Comparison of Rs Values between Chiral Columns

LC-NMR

)‘é‘d[ﬂ
=
)
3
Sk

FISH LT SORERDOE — 25, 6, 8DV T hrs
IS VFAT—ThHbLRDIADDE, EHIZ, HE—
2120 C, [ARHZES L TH W2 HNMR 2 X2 b
b (Fig. 11(C)) #HfERE L. EH & 2 X7 bILos
B—=YB—HTHEDERET S, ZOKIIZLTH
ENEWA S CD A X [ L5 ﬁﬁmeMRx
N7 PADBHELWED, FHTHIUIYE -7 611
VFAT—THBHE—BNIKFETE S, AFHT
. NMR Z X2 bL&JCIZ, SHEBIERIC RS
MEATHEY T AT LAY —LEDIF VFF~—,
FIZIEAMPNIC OO TR FRRICHE 2 RE L TS Z
EHWATRETH B, UVANXZ PJLENMRZAXRY LD
AT, TF Y FH+ 7 —[EEDHFHEPATERT—DD
Y=o L ThHiEhs L5487 —2T, T+ VFF
Y—ERETHIEETELND, 20K 8575 —2A
TECDZ v 73 4TI, FEOREOHE,S
IFvFFAv—FHTEIEDTRETH 5.

¥ 7 L LC-CD-NMR % & Vi, & 7 L LC A
AEEZTYE, b E o520 7T, &2
ZERGETF Vv FF V- ZOMOARFPOEMN
ME%%ﬁﬁé_k#fééoitzwiﬁ%ﬁm
T, FINLCEMDORELLRIFEMIZITZ 5,
flE LT, SEMEDF I T L THRIKE L, %
NENTF VF A~ —DFEINMEERE LT, FK
HEIFVFAY—OEE AR L7 (Table 2),
HWIROER, 77 6CONHERRE L, mEk N
FTLTHDERPITHIETE 72, RIERICFEEMHE. 5
T LURER A E DGR ENARETL L, oy i %
L LRtz 32 ZENARETHD . —5%
fFZ 2T RTOREME CRERES DB T H 5%
Fh&D &, KiEARREOEK TE 72,

LC-NMRDOIBEESHEDEL

ZZFEFTHBNTERZISIZ, BAEDLCNMRIZ,
EiSE~ 73y PRERE T u—-T s av b
75 7 4 — O EREEE . B Bl B Ehl
TV T N EEDOHMAGEDLEIZX 5T, B

Major component Enantiomer
Retention time (min) Peak width (min) Retention time (min) Peak width (min) Rs

Chiral column A 11.56 0.84 12.83 1.46 1.10
Chiral column B 25.98 0.87 28.34 7.87 0.54
Chiral column C 28,50 1.69 32.88 2.82

- Column

- Solvent

— Flow rate Best separation with

- Column temperature etc.
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HOWTIIZENTYE, +aFEHMEEAASET
WKL 72, BAETIE. 2o oA MARA 7
LCNMR% A —# =2 5ATHZ EHNUEETH D,
LHMTHHAI N T D&M ah 3,
FEEOWEIZH VTR, 2R E TRE ORI
SOFEBTE >k Te T 740 V7R, LC-
2D NMRMIEASEHMG L L EkD, /7. LC-
NMR/MS % % 5 )L LC-CD-NMR %« £ . LC-NMR % h
DELINA T3 —T v FEINOE L2 BRIZKD,
SHURS B E D WM+ v I 4 iz EX 550
BEAERIEOND LI 572, SHORBIEIC
KoTid. "4 72T v FEGMORIEIHIZE 2 5
nTn ks 2@ OmMNE %5 CHEAET 5 F
BEWOERBE ZHIELS EVnhi Lk, £7-, Ik
HETIEA Y FIA Y TT VT L K5 % LCNMRIZH
AEDELREDR, 70— NMR % O CTEYRE
& NMR 2 EEER T2 &0 BilAa20 8 A6, 50
ZHICE EE S OIS, Sk - b, AERE
DERLOTREN S SR 5., /2. miEe
LCNMRD EWARaE IR, BRE S T4 VIS0 8
7 EDAEARE Iy T OWMMMGEDMMTIZ MWL TH D,
Ko FORE L@y T \OuEHIEKE M TE 5,
L, MK Te 7 740 v TR, SEELEH
ey 7 b 2Tk 5T N AL —T y b
MMEBL 7208, SH%IGMTAHEEE K720, 2
NI MUTF =4 XR=ZOH & FE, e L
CEHEBEN T O 25 AR RGNS, &
PEBELC-NMR % e KPRG9 % 7201213, HllE Eo
J N D ER R REIE [h) L i oD 1 A EE e D fikigi A
RAIKRTHAS, Fiz, va~v o574 —&Mll»
507 7a—FRETETHEEMREAHL T 2ET
Thb, YTERBLTE v o574 -3
i &2 BXfl LT, LCNMRODM:RE A& e KRRIZH[ 2 L,
MFZERARICTEH L Tnh&E 2neE 2 T3,

e
KWK EFNT 212h 720, PR 2R
B HEBEE S O AT BOA N R SEIEA 2T AR

— A, Bl e THRE A R 512 T
W=7 W, 22 5,
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Contribution of Chromatography and

Hyphenated Technology to Production Process

Development for Pharma Chemicals

Sumitomo Chemical Co., Ltd.
Fine Chemicals Research Laboratory
Masafumi UEpa
Yoshimi Fuinn

Tomokazu NAKAMURA

“Chromatography” is an indispensable technique for treating small organic molecules, and “Hyphenated
Technology”, which means a combination of two different techniques (in this case, chromatography and mass
spectrometry, etc.), is a powerful tool for quick on-line identification of trace amount impurities in processes.
During production process development for active pharmaceutical ingredients (APIs) and reactive intermediates,
these techniques are mainly utilized for confirmation of synthesized target molecules, by-products and impurities,
and also for their identification. This paper describes the contribution of these techniques to process study acceler-
ation and product quality improvement, while showing some examples.

L BHIC

LR AL B B IREE LR E Y 1 XIS
BT, A7 00X ZAFED 2 ¥ — F &8 REI
O 2EIASIEBFL T 20 OEELERTH
5, L2LAR6, JYuk 2B E2NIELLDODDOR
I B SVE 2 ER T 2 DIXES TR <, FRCE
S (active pharmaceutical ingredients: APIs) (2
BOWTREBBENEOREICHAT 5720, 7
o v 2B EE M AR N ER Eh B,

AW EFRE L, RBEEINI2EXRTH S,
ZOHTEBEIZHEME  (genotoxic impurities: GTIs)
AR T S R A RIS eetE 2 b D . APIs
DL T a2 2RI B W TZORIAERRAR LI
TR TA0ERH BV, ZD0. FAFEED
Bk Wi, 79 ¥ 2 MRS 5 AWM % i
FIKHRI L, THEEAL2ICLT, BEICET
THERR IR % 7 0 £ ZEEHIHR D A Z L WEET
BB, ZOMEETHEIZHED B 72 0 1AW D o
$eili. REEMRATELR 23 5 Rl R 2 0,

& 35 A EIESEAL 75 B d 0 B AR o
Miffiiohbidrae~v 2574 —-Thbs, Thb

50

DB KI5 MK~ etk O/ HEIK 5 L& T
HBH-0, TELTHikru~ 2774 — (Liquid
Chromatography: LC) W6 h b, LCIZHB W TiE
I E R L TWbEdikikra~ b5 7 4 — (High
Performance Liquid Chromatography: HPLC) (214,
TS ERA 2 2~ 5 7 4 — (Ultra High
Performance Liquid Chromatography: UHPLC) 7335
L. i O FEE, ik & 5 & 28 ISR L
T3,

sav b T T 4 =3 E SIS O BLERGELT
ELTEHAHTH S, HHETguDOMBI 2 0HETE %
7oy varua~v 574 —, HPLCHY 7 4 FiH
Al %y EH 7 A L2l a~ b 257 4 =12
K0, HHREYEHEENTERETH 5, X 5ITHETA
IR EBEEE G L LRI 28Rk o< o
77 4 — Tk, HERRAROEOCILEEIC XD, EE
DANDIBHIZIA T, A 7 212K 5 mgEdD
AVE DO EE TS I RE L T2 > TN B,

—Ji. REERHTOHL & e B E I LC IS & T
(Mass Spectrometry: MS) % flAAbHH72LC-MS &
g s dtns2%E  (Nuclear Magnetic Resonance: NMR)
TdH 5. LCMSIF19904F IR IZ fil ¥ & M7= KR &UEA
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#+ 4t (Atomospheric Pressure Ionization: API) (2
KO, LCEDEANEGI I 5722 L TRIBL 2%
BTH5, BIETRERE., moMeE. X077
AV M F VRSN &0 SR S SRR
BB MG DOHEE SRR L 2 ) . fE AR AT A
AREFEE L K-> TWb, T2, ARG EIC
ESTRHDT A4 T LTS NMRIZDNWT EHEED
I KD E TOWE. N2 THE & 5 > 7258,
[FAIEFIZLC & 54 L 72 LCNMR O YERE & TREENI 1 _E 28
0. RER T NOMEBABEE L 5> TE 7=,
THEOR L A H A RS L Zh S ORI, B
LT A 73 —7 v F¥fli (Hyphenated Technology)
ENEEh B, Bk U 72 LC & M A A B b 7=
N T3 =T o FERIC B W TIE, @i seit
LT EZETF TE 20, RFOLCHETiZ2 232
ETCESICRET v 7, BE LA RAENS Z &p
5, W, LCHI2 6 D7 Ta—FNRATH 5,
ARG TR ENE 7 o v 2B RIZB T 5
Fiorva~v 7574 —FiliEIRH U 7250 EE
NOHD A, N4 T 32 —F v Pl s a~< 2
77 4 —fll» 6 DWHEDT T a—F LFRANDIBH
IZDOWTHHITT %,

LCAthEBR{ENDEY) # &4

1. UHPLCOEH

(1) UHPLC &13.?

UHPLC (& —f%&M1C [R5 4 2N TE
MmO HEE KT 5 LCHN ] DR T T
WAHHFETH 508, FEEITIEPME &2 BT 0, LC
TATZ B WO IR DR TRV & WIF E oy HEpe
P 1 o R N 11| = Y el AV £ b PV Vs o = /A B
RICHILTEL 270, kTR 7 4 %O
DITIREH LD L EMIEOREN ML &5, 2004
. A ) > TWAL S EH B O R T 1.7pum A E
71 7 L& ORI 100MPa D LC3E & % ¥ 3% L
TR E B oz, MOKE A== RO H T L X —
=N FICRBHELE» 722 H D, —HEH
WHOREL PHEERLCORLFE L 5722 L]
Hotz, ~EERETCHL LR hDRE £ —
B — S EmEREEA ELGY. ZoE» 6. LI
13 Ultra High Pressure Liquid Chromatography® & fi
E LTIl Tz [UHPLC) 2 —fk#F e LT
Houohas k515 -72&5Tdh 5,

BT BIZONTIE S HR T L7~19um D # T 4
DERTH > 725, K DK TR O & 57 i %
EBR UL & RTrREoum#O 7 7 4 & RRMIED
BWiEE % Fdid s 4 — 7 —»BEN -, RICENR
KFOLCYEE A —H —Tdh 5Sthix. HE#EOK T
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£2.2nm 71 I & & it 35MPa o UHPLC % % [
ML, ZOBRMEROCTENKFI T LA - —15
Kt 2um#d D h 7 AR iz, R4 2
MOHFIFRZY T 2um Ay 7 A, HBEEY T 3um I T 4
EXBlE N, RIEITEEOSMNEEE G~ L, BH
M OHPLC (2 YRV Y 3 FLLC) STl
HEMBICANTER, SoHE%E5HE->T\d, fllls
LEZEE/ VAN T L, Ta—X a7 efth
% _HEMEO A 7 LAY K2 7um) F. K
JETE®E, BOMEEKTE D77 LEHKEI A,
WERIRICEDE BRI A TE 2, £72. &
i ELCREIZ DWW T T T RNV v 3 FILLC
AR L. /ERDOS5um A T 4 G HHTE SO A
FHIZAE->TETNS,

2) 7ot ZRFEANDIEH

PRI B0E 770 ZFATEIZ 5 TR A B
HELAF-ThHD., TEANMOFEE LTLCIERS
FHhFETH D5, WdD LB, EEGTIs A H
INTHD., T a¥ AhORMYEPILHEEE % 1Y
LCWB 2, liHE., 245 OO E IZ S
2 SRR E CIRAL . I YRV Y 3 FLLCEHET
IS ORI & RIReRR I 3 2 I3 R T & 50
NETHb, TOWH, ¥—2IEOIKIZ & ZEIED
KFEO© S 720 LOREO AL 63, 7 — 2 HUFIC
RE A3 2020 0 L FRIC APIs B 7' 1 & 212 50 THTIL
MNIEDH 5 GMP (Good Manufacturing Practice: [ 35 &
0 EEGERUE) MERLO AT, e b AR ERTAICH
KEhd v 27 @A (System Suitability Test:
SST) 2 TRMMAETSZ LIS, ZhoDH
2 & FEIRER T E oy e A& K T & 2 il oA
370 ZARFED B S EGE T 0 2 2 ORI
IZRELHGTHZ LMnWFEIN 5,

Fk 4 12 20065 & D Ak&AYIZ UHPLC A LZ RIS T D
TERINEE & BRET 2 FAA U 72. BRETNE 2 LT ICEE T,

O HREOBEE & HIR

PREAL 2 Bl 7 0 & 2125\ C, LCIZRRICRAYE
258, WEEIZIASHOE R TV HETiTd
57-%. UHPLCE AZ T v RV ¥ 3 FLLCE&MH L
ORGFEZBETHLLENR DS, T, AN
WY 73umAh T L E L=y PEL, 2OKTET
BUF4 23E L O B4 ZRE LT, SARE L SHE
H1O UHPLC R & # BN L 72, AREIZa vV v g
FOLCHEEIZH LT, WlBEAL= v Dl % 14
U, iRBHEAMEE» S 7 T L L TORIET 1 v #E.,
77TV IFY—FH, BTOEEREHZOEILE
HENSLSLZEDT, ThZhoa=y b 255K
FTHIELTAURYy Y g LLCEEE LTEMHAHT
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BEXLDTHS (Fig.1), 7272 L. AUHPLCRED
I 1% 35MPa CT & 1), UHPLC&#E & U CIEififIE
MEND, HHTRES 7 5 212 HIRS S H 5 2 &
NP Ehiz,

L2LAEMNS, Fig. 21278 & 512, — % 2w
SEEHTHE 7 b= YL SKRIZEWNT, Il
IRENTWBELEY T3um A 7 4 TORE A T LT
IE30MPall FCTH . £ DN T LHRHEETH
% Z L DMifERE & Mz,

@ # 7 LMl

BT AESE 2 S WY 7 3um 1 5 4D % < Al
FVBETH 5 Z ENERTE 720, 5lEHiEH S
LDFHERRIZ D W THFE T - 72, FAEIZEH ODS

BT UHPLC system (Prominence UFLC®)
(A) mixer (100uL volume)

20 - (B) SUS tube (0.1 x600mm)

(C) semi micro cell (2.5uL volume)

< 20 F
% —a— Column A (1.9um, 50mm) —0— Column L  (2.5pm, 50mm)
:a; 15+ —=— Column B (2um, 50mm) —4— Column H3 (3pum, 50mm)
Z ~®— Column C (2pm, 50mm) Column D2 (2pm, 75mm)
& —— Column D (2pm, 50mm) ~o— Column H2 (2pum, 75mm)
& 10y —&— Column E (2pm, 50mm) —>— Column 12 (2.2um, 75mm)
—o— Column F (2pm, 50mm) —=— Column M (2.7um, 75mm)
5T —%— Column G (2pm, 50mm)
—¢— Column H (2pm, 50mm)
0 : —#— Column T (2.2um, 50mm) Mobile phase : Acetonitrile/Water
0 20 40 60 80 100 —+— Column J (2.5um, 50mm) Temperature : 40°C
Acetonitrile concentration (%) —#— Column K (2.51m, 50mm) Linear velocity : 2.12mm/sec

BEEEE  Pressure of various UHPLC columns

1 EN I Evaluation of various ODS columns for UHPLC

Column Particle size Length Efficiency vs Pressure*D Hydrophobicity Pyridine
(um) (mm) Efficiency(N)  Pressure(MPa) N/MPa a*? Tailing factor *3

Column A 1.9 50 5,446 22.6 241 1.437 2.591
Column B 2(1.8) 50 7,858 19.3 407 1.495 1.840
Column C 2(2.2) 50 6,216 13.9 447 1.508 1.887
Column D 2(2.2) 50 6,168 15.0 411 1.472 1.955
Column E 2 50 6,707 21.3 315 1.469 2.090
Column F 2 50 6,654 22.1 301 1.416 no data
Column G 2(2.2) 50 5,940 13.8 430 1.480 1.227
Column H 2 50 6,510 15.0 434 1.464 1.345
Column H2 2 75 11,300 20.2 559 1.465 no data
Column I 2.2 50 6,243 15.9 393 1.507 2.053
Column I2 2.2 75 9,637 21.7 444 no data no data
Column J 2.5 50 6,121 12.6 486 1.480 2.259
Column L 2.5 50 6,153 16.2 380 1.488 >2
ColumnM 2.7 75 10,853 17.1 635 1.506 1.960

*1) Mobile phase: Water/Acetonitrile=50/50 Temperature: 40°C Linear velocity: 2.12mm/sec Sample: Biphenyl
*2) Mobile phase: Water/Acetonitrile=40/60 Temperature: 40°C Linear velocity: 2.12mm/sec Sample: Uracil(to), Toluene, Ethyl benzene
*3) Mobile phase: Water/Methanol=70/30 Temperature: 40°C Linear velocity: 1.06mm/sec Sample: Pyridine, Phenol
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BT LFHIIZ I & 2 PRERE . BOKMEMH AR
R LAEMORF L €= 2R, D3FHIZDNWT
Fhi L 72, FEH % Table 11289, 5582 & 5HHER T
OESEESETE, F2 7 20MEDOEENY
&, IRV 3 FULLCEHEZED N T LER
NARETH D Z Ehbh -7,

(3) HRADHLD HlA

7t 2RO UHPLC O &2 % 720, %
FUEWFZEAT A T TRE M o 53 M ik R e % 1X1 0 72
WF — < %50 . UHPLC TO M DK & it A
720 HEES TR AN O 53 B4 H g L. 1557
W& U7zo BB U 720 Wi IR BRE D 1/3~1/8F4 %
2T ERS A& JEfE 4 5 2 & AT E 72, Fig. 31—l %
N ARBITIEEEAE LS 2 &k < HEH %
60min 7 5 8min 1295 Z ENTE -, ThHD
MREREZA, IRTMAROCRET TV PIZT
UHPLC O A FEIZ DWW THH & 70, BEEEAAND

(A) Conventional LC
100

0 i { L | i A
0 10 2 30 40
Conditions
Column : ODS(6.0 x 150mm, 5pm)
Mobile phase : [A] 0.1% TFA in water [B] Acetonitrile
Gradient : 50%B (0-20min)
50-90%B (20-50min)
Temperature :40°C
Flow rate : 1.0mL/min
Detection : UV at 254nm

Analytical time : 60min

(B)UHPLC
100 :
75 — ‘
50 I
] | i
] f: I |
4 i | i ]
0 \f \‘H\H““\ “;“ T
0 1 2 3 4 5 6
Conditions
Column : ODS(3.0 x 50mm, 2.2pm)
Mobile phase : [A] 0.1% TFA in water [B] Acetonitrile
Gradient : 45%B (0-2min)
45-90%B (2-6min)
Temperature :40°C
Flow rate : 1.0mL/min
Detection : UV at 254nm

Analytical time : 8min

BGEEEN  Reduction of analytical time by UHPLC

FRIEZ 2010-I

BEPTET 72, FTIFHBRARL 20285 T
BAEYD L. EEOT o v ABRIFRICEHE LT
L5570, MEIZELDF— 2 EMETE S L
RIFFFETH > 7=,

UHPLC 78 —¥BIZ UL 2 A T & 2 WIBA I,
UHPLC T Mk %S & s fr0, 2 05
$TB53a YNV g FILLC TOHNGM & PGRGT L
OB T2 2 ENARETH B, Z ORI E
U CHRIAI O —TH 5 Z LN E LW,
N T LA =T —Zik D E - THEA TR F RO K %
NI LEWATED, POWEX—H—F T LR
) ==V HO3=y b &S 55 E, UHPLC
W22 SRR O BRI > T D . Sk
BAREECIASHRHEN TV AEKTH S, TrL
2009412 DD H F 4 2 2 ) — = v A RE A UHPLC
Wil ZEA L, UHPLC Heffi DR & W4T L Tt 7«
ATl 2 B L T 5,

2. AN aFILLCTOEZEE
(1) BT SLC/ST A —4

WA, S5um A T AN 50mm R E O h 5
2 C ORI 73 M A3 Fast LC &0 5 SRR CRl Iz 5 5
T ENH B, Ui, RAeBStHoaryNvy 3 -
LCEBTRLUTALI LN D B M, DL T5T
ETCHRMHICITA B D TIdEL 572, LA Lah
540, UHPLC DEAMET ##D T < 5 BT, 57
BEIC KX BT 585 A — 225N E B H5R
Lhotz, VRV Y 3 FILLCTORBRY., S
SR TCIEMEIZ 2 & B b 5 7285 X — & TR,
KR E O Cld s BA2 5258510k %,
FCOER BT 20U TO/ST A —-2Th 5,

@® dwella®E (dwell volume)

75 VLY MR R (gradient delay volume) &
LIFEN S, ¥ AT L TOBEMH I F > v 7 RlhM
WHoAT Ly TOBMOER, KT~y o
FIVLYFNIFY—FTORE, Y79V b3IF
Y- IFHV -2V VA AP
B=KOA VD20 R =nENTF7LFETOREDR
HEE ST,

@ 519 L04EE (extra-column volume)

VAT LDA YV 2y g VIiED RO E
BT, 719 ANOZERERE (void volume) % BR\N7z
WEE, NI LHBREEN T LBRBEIITT SN,
HIEEA Y20 a VREREA VD 204 =75
N7 LANETOREDORR. BEITH 7 4100
SR EE TORE R LOBENE TORE
EiEa I
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Fig. 4I12LCY 2T ALK T b dwell BE N U A T 4
NEBEOFEMERYT, £72, Sttoavxy 3L
LC¥ & e ' UHPLCEE 12 DWW T, dwell &R KA
7 LN ERICBARD b 55 OfAk. 75 % Table 2
2L 7z,

®B) ‘ ®)
Pump A
@ A column detector —p

Pump B
|
@) |
PG Dwell volume (A) and extra-column
volume (B)

1= Constituents of dwell volume and
extra-column volume

LC system
Conventional system UHPLC system
Type A Type B
mixer volume (mL) 2.6(1.7,0.5) 2.6(1.7,0.5) 0.1
sample loop (uL) 50 100 100

Tube (injector-column) 0.3x600mm 0.25x600mm 0.1x600mm
Tube (column-UV cell) 0.25mm ID 0.25mm ID 0.13mm ID
UV cell volume (uL) 8(5) 12(2.5) 2.5

dwell volume () 3~5(at mlxer. volume 2.6, 1.7mL) 04
0.6~1.0(at mixer volume 0.5mL)

dwellZERIZ 275V TV + (BEIHEE AR O
MAEGIEZRZIL, AL IFY-—FRERES TV
IV NI =THhoDEREGEREIT, 25D
HElznwFhe vy b EE (BEHBROWR
MXZ 7oLy FER) O10%KiEE LS5 Tn
39, Sttoa v Ry v g FILLCHETD I F4 —
PEAEA T3 2.6mL. dwell K& IZ4mL 2 X 5729,
JORER. NRE OGS ORI IENEE T H B . K
DEFIZKS IFH —FEOHIWM (0.5mL). XiF
UHPLC FHHO/NEE I 49— (F=0.1mL) OfffHIC
L0, WEIRAETIS, 7T BRIZIONTIE,
N T LARITE R TIPS o s, BURRRIA I
ARERE IR THER NI RE» 50 &0 H 5
T TiE. 10puLEANT & AULNEED 21mm DL T D 7
TLTHERROMBIIMHTE B, 2. 7 L%
BEIZOWTEMREBOLILEEN T T L NERE
HOMN10% &8 A 5 LA MREIC 2 % 219, BFW
122 1mm,. B X 50mmbl O A 5 4 E2{HHT S
= A TIESHAERE L (FES, 12pL) T2 HFD

54

MEIZIEE LAWK D Th b, ik PHEE L2 FEE)H
WL T IR O A. BEAMRD A 7 L3
R G B OIE N T — 7 IO FK L & 5,
WP REFEOLHZTEARE Y - FE (s X
= B O1L%HNICASZETE -2
ZENHIT 2 Z LN TH 59, BHHIB5 TR
W H 7 L0EETHREOREAKZI D, ¥— 2K
DYEENHIETZ 5 (Fig. 5) .

=] =]

L ) ba )
| !
OO ) Ol O
! !
-0 O OD
@A) B)

B Mechanism of peak broadening at solvent
front
(A) Strong solvent (Methanol)
(B) Weak solvent (Water) (+): analyte

(2) #17 LDER

AiaL/ S 7 X — 2 DFE LD, I Fast LC THrd
N EL LD STZRRBLCY AT AIZH 5722
ERHEE I Nz, Zhid, BRET dwell FER S T
LN EEENESLSTHE, 5 Th F D GTHE»S
SENEDSTh T LBHEHTELENWSIZETHD.,
BT LEIROWEPEEINAN S Z 812k b, BifEZ
TIZEH T LA —H—lF, IRV 3 FILLCHY
T LE LR TFEIMICMA Spm 7 7 4 &2 IFIT TN
TORIZHiZ T35, Sttoavy Ny v a3 FILLC
WEOBRETII3um A 7 2 OWEELR LT L E 40
GlEME T BN LA S, BEERK A E T
FTHUL3um H 7 A TOHMrEE LA TR A6 S &
L& NG, WEE AW A 5 5 UHPLC O
EREZMS oL LT, B, Wi L THRET %217
TWBLZATh5b,

3. BERRGE/OYNIZFT714—

HEERWA s 9~ 25 7 1 — (Supercritical Fluid
Chromatography: SFC) (3 A IREED CO2% * 4 v
OB LCHALZ27a~x 257 4 =T
H 5, BERCODMIEIEANFY VIZH W=, |
HHLC OREE L L TORMAN IR Th % 5. Ktk
MEL BRI AR ZE W & 6 —RIZEm D T°F
BALEM O PR O EE, Sl rike LT
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HoushTnwd, 72720, KK TIX10005 8 23 B E)
LTW3 DD, HAREWNTIIARREED G H 2R
LEOBBIRNR L 25 0 FrEE T~ HEEs 2
Pix 728, BAEKA D H 20510 72 2 IRE
THHDIBIEEIFKE LI ETH D,

APIs (2B U T, e B IR S5 B i3 8t o0 S50 4%
OB, EEAMBEIZD 5., KA IT10EFTIZ G4
A BB A ZERT TREFE < =M. iR R A LC

FINNTLAD) =2V Y AT L%EFIZHNT
LT & 2208, ARSI OREE T OFE, &2
7)) ==V 7 EHINCSFCEEDEA %K > 72, &
A U 7= SFC 3B DR % Fig. 6 128,

PEEME & L Cid, BH O LCRERBIIM A T,
WHERE 2 F5D CO2R v 7, BB & 2 15
HERrEEhs, 6fE TOEMRFILN T L%
WH L., HFURZEALTETH S, KA¥ 2T 4

D CO2 delivery pump
@ Safety valve
(3 Modifier delivery pump

@ SFC/LC line selector valve
(® Autosampler

(® Column selector valve

(@ Column oven
Diode array detector
@ Circular dichroism detector

Automatic back pressure regulator

@ 6-way valve
BEENEN  SFC system
200000 1A 200000 IB
z O
£ 100000 £ 100000
= = 1
g g
K= i
0 0
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
Retention time (min) Retention time (min)
Ic 1500009 aAqH
s 2100000
E 100000 = 1
= = ]
& Z 50000 4
& & ]
k= = 1
0 0
00 20 40 60 80 100 120 140 00 20 40 60 80 100 120 140
Retention time (min) Retention time (min)
150000 3 OJ-H Column : 4.6x250mm, 5pm
S ] Temperature  :40°C
= . 000005 Mobile phase  : [A]CO2 2.0mL/min
,;‘ 1 [B]IPA 0.1mL/min-10min-1.0mL/min (5min)
é ] Back pressure :20MPa HO ,0 o
E 500004 Detection : UV at 254nm &I \S/
Injection volume : 5pL(0.5mg/mL)
0+ Sample : Bicalutamide 5
00 20 40 60 80 100 120 140 NC F

Retention time (min)

Chiral column screening with SFC

FRIEZ 2010-I
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TRIHZAZ ) ==V 7Y 257 L TR 120 2 5 T
WY A ZUBKIBEBCH T §5%, AoV —=V7
HBOA YRy Y 3 FIVLCEMFANDLEN, el 235]
EIMEARWETTESLIICLCHEELMML TE
D G 2 AT BB R S T RE & 2 o 72 FEBE O
% Fig. 7128 L7z, ABITIESMH 7 £1I2D0WTH
HEATER L., IAVICH 5 & CRIFAVEENRD 5T
W5,

F 72, HEERCODEWLEEEFIFH L T, o
W75 &% 7208 OB HE A TH 5,
WHEOLC TR Y I HUH A 5 28308 E 5 5 mg ke
OB & T 7 5 4 TEMEET X HER O
BHE & FE BRI CO &b L TliEXI N B 7=
WES & %55, SFCTDR ST 77 Ul % Fig. 81Z/8 L
7o A YNV Y 3 FIULLCEM TIEHEME Tmg TOMK
oy BRI EE T B B A, SFC At TIXSE R T D 4y
BEER N TV 5,

400()00% LC h 1l h
] | M b
b v I

300000~ \

200000 ‘

Intensity (uV)

100000 \

] |
S e

B s s s s s s B B A LN B e |
0.0 2.0 4.0 6.0 80 10.0 12.0 14.0
Retention time (min)

Column : IA(4.6x250mm, 3pm)
Temperature :40°C

Mobile phase : n-Hexane/IPA = 67/33(v/v)
Flow rate : 1.0mL/min

Detection : UV at 254nm

Column pressure : 7.2MPa

4 SFC
400000 \ “
E
= i
|
2 200000-
7] ‘ |
= 4
L .
= g ‘ ‘ 4min
K=
| l \ /
04— \
LN e e B e e B B A
0.0 20 40 60 80 100 120 140
Retention time (min)
Column : IA(4.6x250mm, 3pm)

Temperature :40°C

Mobile phase  : COz2/Methanol = 67/33(v/v)
Flow rate : 3.0mL/min

Detection : UV at 254nm

Back pressure  : 15MPa

Column pressure : 23.7MPa (4P = 8.7MPa)

* Bicalutamide 7mg injected

BEEXE  Preparative SFC separation
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AR

1. B RORN

PR ELE 7 o & 2 OME TIRY 6 h 5 R
M ORGEN L. 2RI HED 5 L TOHEE X
EHMD—DThH 5, LCTRD 5 NIz AWM D Fif
W AT A 5t B TIEIZ DWW T Fig. 9128 L 7=, ATIE
27y TTHRIN TS, $—2F v 7T TIRE
ELTLCMSIZk B4 Y T4 Vil a1,
ZOBRBETREHEEIZ/ZE D DT EWIGEIEE 2
7w 7 & U THARNYOWMERRER A7), NMRT
REMH 2 T & S 5. HEPERICOWTIEZ T 7 v
varuv 774 -, gvuav 774 —%
FIHL., ¥lompHiora~<w v 257 4 =TV A 2L
OYHLY 2T 4 % Tl O Mk HUS 2 WRg & L
T3, BISTIZE— 27 v OB IRIEZ 5 5
DEBILIA. 25 v T3 2 D% 1~258M % H 212
LT3, GRS 27 v 7 TOMM %
L FET S ZENEETDH S,

‘ Impurity observed by LC ‘

Nonvolatile
salt included in
eluent ?

yes Arrange LC method

or
Online pretreatment

LC/MS
LC/MS/MS
HR-MS

4

Structure
elucidated ?

| Isolation : Flash Chromatography Preparative LC |

A 4

H NMR

BGEEEEM Typical approach for structure elucidation
of trace level impurities observed during
synthesis process development

2. N T7x—T v NEil

(1) LCMS
BEECIFEBREHE- L7 bu 2T L— A% UL

#: (ElectroSpray lIonization: ESI) & OVK5UEALZ4 4

#+ VAt (Atomospheric Pressure Chemical Ionization:

APCI) # x4 v & L7z, MS/MSHIE N EE% 4

¥ b7y TRIOLCMS % 26%i L TANY O &7

EFRIEZE 2010-1
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Mrizd =55, MS/MSHlE I ZFED Y — 7127k
HLCTZALF =%, 7087 {4V ERE
EHTH IMEEFANSE TETH 5, ESL. APCLIZ
VT M RAFXUEETHD. FIhTA A v E—2
ERET S0, WEOHESTFRT -2 %2145 Z
EVTED, 7220, TXRTOWEPA A LT3
RTIE A< FRCEBEWE CIEA F L snZ
ERLV, o, BHREMEYEIIREORE . %
FAHE B RR B ICERFICHER S T L & 5 20 lE
TEEW, 2, A A VYR TITA VML LY
BPDONPERZBZEEDHD., HIZHEKNEAR &
BAbETHERNEZT>DERD D, X512, &5
fREEDIEE & O 72 R MS HlE Tk T ORR A &
WETHIENTES, KUEIZOWTIEDBE LR L
R R0 S O R € a1 e S AN = RS R |
EMTAZE AT O RE 28 A T 5,

LCMS CTOMIEIZH 72 > T E 3. DO LC S
D LC-MS O i FH v 75 AN REIZ 72 5 . LC-MS Tl
W ANERVEIE 2 & A S REIHER ST E S,
Z OFFII R 2 O ORI KRG %
VER DB, —MIZLCHMTHWSENS ) VY BRT
) VRS XER, BEREOZOT VE= Y LS T
RN EZITEEMRA 5N 5, FRIIZEEABEHETICS
HENERTESZLE DD, oL EMEICAS DI
A A VxEAEEE O 72 0 R F O 56 T, HAICHiR
PEDA X v RERIBICE A 5 720 TIIRERAC %
ZENZn, AP EHIERMED D21 %<,
NU 7Lk afiEfg (TFA) TORBBEREHAEN S
WA, HE S8 - R - I NENET S

(A) Original condition

mAU 100 RIS 08
90 1
80
70
60
50
40
30
20
10

0
4+

0 min

(B) Arranged condition
mAU 28
{

60
50
40
30
20

10 5

0
27

RS e s S s B s B B e B By
13 14 15 16 17 18 19 20 21 22 23 24 min

G  Arranging LC condition to apply for LC-MS

FRIEZ 2010-I

B, BYIO Y — 7 (& & EEICHEE$ 2 BER H
%, F7z. TFAIZA & VALPIHIER 22 & ) MS O HlE
A TFTTF2ZERMMENTED, HEEADBETDH
%, Fig. 1012 LCRADLEHE B AR L 7=,
REFMHETIIES LTEHMMAERL STLE S
Bt v 74 v CRUERME L LC TR EERICMS
Wiz 2 2T LB TH 5, St Co-Sense® for
Microanalysis & LC2R 4|24 > T —TF b T v
THTLEFEATEINERIN TSR ETH
D, “RMLCEEIIZusssHOIA v ETS
ZLTAEHEEORENRE g Tnd, —&Ml
LCTHlichzHWME G 7 I v a v ey T
NIL— T2 L, WEIZ K TSR ISR L &
BE LTy T HhTLITHEALTHNY A —HARS§
5, R LZZHNME 7 5 Y bEH T RMILC
AL, A =IOV TMSHIESITS. &
27 LK %EFig. 11IZR L7z, KEETEF-LEBZD
E Ty T T ANDORKFT, R RMLC OFH)
RNz A X VR ER G Eh 258, RS KT
REFTE LN ENE 0, ZORE. KICTFAZ A
TEL ERFTEXBLAEN D 5 HHEF Tk < HERR
DT H 5, Fig. 1212 TFATRIN T O 75k Ll %
RLU 72, W, EEDH 7 LEROESEIZLD b
T TN T LOBNENEATETED., %3
HOWEDSIEDS > T DT ERIFL TV 5,
LC-MS DR XA/ N W E E FRT 5, £/
WK & 720 OB E N EET 5720, ¥ v —
ThE—VIFERENRRLS KD, TDDH, 71T A4
BEOMNE —FTIHFN D A T 212 F L, BEH

Conditions

Mobile phase : [A] 5mM Sodium dodecyl sulfate (pH3.0)
[B] Acetonitrile

Gradient : 40%B (0-25min)

Temperature : 30°C

Flow rate : 1.0mL/min

Detection : UV at 254nm

Conditions

Mobile phase : [A] 0.1% TFA in water
[B] Acetonitrile

Gradient : 15-40%B (0-30min)

Temperature : 30°C

Flow rate : 1.0mL/min

Detection : UV at 254nm
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2nd column
—>» MS

DGU-12AM Mixer
— N I
8 = ’_Ll"
LC-10ADvp
Q
] ECV-11AL LC-10ADvp Mixer
= HAN
(5 |>ﬁ
LC10ADvp @
m (M)
0 _I_ 1, SPD-10ADvp
LC-10ADvp n @
ﬁ DGU-14A f:< \
o o100 |V
@® SIL10ADvp v
| Lo — - Ll | |
1st column CTO-10ADvD  Trap column

i

® Sample loop

IEEEEN  Online sample pretreatment system (Co-Sense® for Microanalysis)

mAU 300

Ch1(254 Onm)e1 |

(A) 1D Analytical conditions

GV

250 4

|
200 | |
] Targeted [ |
impurity

a0

150 4
100

50

50 min

Ch(254 Dnm+1 {

Targeted

_1 - 2 - .‘ ‘. — - ‘ - e :
10 min

DISP-PAESIOTONI7.02)01 #253:262 RT: 48345 AV:S S8 17 396421, 591631 WL
+ ¢ ESI Ful ms [ 50.00-1000.00]
298.09

1200000
1000000
% 800000
T 600000
1)
S 400000 |
209.08
200000 O
0. 195,18 0006 35612 42523 uc‘u
0 =TT T T R T R
100 150 200 250 300 350 400 450 500
min

Column : ODS(6.0x150mm, 5pm)

Mobile phase  : [A] 5mM 1-Heptanesulfonic acid and 20mM
Potassium dihydrogen phosphate in water
pH3.0 adjusted by phosphoric acid

[B] Acetonitrile

Gradient : 20%B (0-5min)

20-35%B (5-35min)
35%B (35-50min)

Flow rate : 1.0mL/min

Temperature  :35°C

Detection : UV at 254nm

Injection volume : 10ul.

Online trapping conditions

Column
Mobile phase

Total flow rate
Dilution factor
Trapping time

: ODS(2.0x5.0mm, 5pum)
: [C] 0.1%TFA in water *For fractionated sample

delivery
[D] 0.1%TFA in water *For online dilution

: 1.0mL/min ([C]0.1mL/min, [D]0.9mL/min)
: 10fold
: 6min

(B) 2D Analytical conditions

BEEEEN  L.C-MS analysis utilizing Co-Sense® for Microanalysis

Z W RS LBl U TR < 975 Z & TRE T RN TR
THD. X 5IZIXUHPLC & O#Ffiiz & ) — G OR&E
7 v THHFF T 5, Fig. 1312 UHPLC % FHw 724l %
N U7z REITIE /20508 A= IS LT MSH

58

Column : ODS(2.1x150mm, 5pm)
Mobile phase  : [A] 0.1% TFA in water
[B] Acetonitrile

Gradient : 20-90%B (0-20min)
Flow rate :0.2mL/min
Temperature  :35°C
Detection : UV at 254nm

MLI6MEFEEIZ ER L T2, MSEEIXEMTH D

EREEEANOHEFIIAEG TIE R WD, 2D &S

s LCMIA» 5

%,

DEFET7 v 7O7 T —FIFEETH
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RT: 200 - 20.00
598 NL:

(A) 120000000 5 1.2568

110000000 3
100000000 3
90000000 3
8000000
7000000 3 h
6000000 3 ; l
5000000 3 o8
4000000 260 sl .

1 15.35 1550 19.48
3000000 MW%
T T

2 46 8 10 12 1 16 18 20

Intensity

433 |I

Time (min)

TIC F: 4+ c APCI
corona Full ms |
100.00-1000.00]
MSs

030723-0103

4500000

b '%000000 E

Inten51

090723-0103 #548-565 RT. 8656893 AV: 18 SB: 190 6.59-766 ,9.73-11.63 NL: 487E6
F: + ¢ APCI corona Full ms [ 100.00-1000.00]

249.08

4000000 5
3500000 3

2500000 3
2000000 3
1500000 3
1000000

500000 4
0 3 ‘355? 172.10 20?00 26503 33419 J 391,95 41873 43999 48314
I B B i e e e T L e T

100 1 r)() Z()() 250 ’()0 %r 4()() () )()O

Jb‘_'!DG

m/z

RT: 0.60-7.00

1.51 ML: 1.95E8
(B) : TICF: +c APCI
180000000 corona Full ms [
1 100.00-1000,00]
160000000 3 R0
~ 0108_09081111275.
140000000 5
2 120000000 1
|22] |
$ 100000000 7 |
= . I
= 8000000 |
6000000 7 I
Joss || 28
4000000 3~ {1 #
Jloes I \304315 322 45 568 506 677
nJ LIS AT A0 em st o

1 2 3 4 5 6 7

Time (min)

050811-0108_090811112755 #131-137 RT: 213-223 AV 7 SB: 23 1.80-1.84,240-261 NL: B17E6

Inten51ty

F: + ¢ APCI corona Full ms [ 100.00-1000.00)
8000000

24912

7000000
6000000

5000000
4000000 3
3000000 3
2000000 3
1000000 3

44521 4‘,355

0 ] i — T
100 150 200 250 "00 350 400 4)0 )00

m/z

13886 55.64
| ?217 20?05 )ﬂ! m 332.-_5 3840
T L e e

BEEEEN  Comparison of MS sensitivity between conventional LC and UHPLC
(A) Convetional LC Column: ODS (4.6x150mm, 5p1m)

Injection volume: 10pL
Column: ODS (3.0x75mm, 2.2pm)

(B) UHPLC
Injection volume: 5uL

Mobile phase : 10mM Ammonium Acetate in water/Acetonitrile=30/70(v/v) Flow rate: 1.0mL/min

(2) LC-NMR

LC-MS & A CHBIK 7 LAY O RS AT oA
WhaEE e LT, LCNMRA ® % . tfbum&b
EE D . NMREEE IIBUE T & JEH 12 Sl 7 3
%5;&#6\NMMM£@$m@&%&bfﬁm
LCwafilidd £ 023, NMREME DY A
A2 & Bbh s, WE. NMREMTOM
FAEE A28, LCNMRIZFRICANA 7% —F v
FETTH O 25 5 LC-MS & 1328 7 - TR Y 70 ]
A 0 285 T, FA DA, LC-MSHM TId#EE
FE T 5 IRl BT 20 D HEEE Y EE Ly — 2 LR P
WSO RS S, FEREMELNE < HLEE L T R T & .
SRS HEE K, ) IZOBEH L T\15,

ﬁfﬂmbfnémmMRiz*”ﬁﬁA@
W DY 257 L TH 59, Fig. 141 %“0)7
O —[X &R, ISR 800MHz O & i NMR %&
%“(“LC—NMR?: U CHIH T & 2 WIS I HIR 2 & 5

. HHENTORHMBUHETH 5, AREETIEH

227 ML (—IC. —Wot) ROBC 2 b LR
WEcxs, MEcsEzRAEs T LLAWT

FRIEZ 2010-I

|  HPLCunit |
| Column |
| Flow splitter |
20 l | 1
| UV detector |
Peak sampling unit
(BPSU)
v
| NMR spectrometer | | Mass spectrometer |

GRS Flow Diagram of LC-NMR/MS system

MGEL 72L& 2 A, LCADHiREAR S L T—ILH
A2 P LT lpg. “KIEH A2 LT 20~50pg.
BCZARZ P T100pg E2E TH D M= TOMUE R
WHETH - 72, Fig. 1512 EEOHIER %R L 72,
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TH-NMR

moy =

| | }(CI] sCN)
L

13C-NMR

T T T T T, T T T T T
200 150 c 100 50

BEFEEE NMR spectrum by LC-NMR

100

Mobile phase : 0.1% TFA-d in D20/Acetonitrile-ds =55/45(v/v)

Injection volume : 100pL(2mg/mL)

LC-NMR O & I Fi2id, B2 HF 5 60uL D
NMR 7 & — ¥ L2 2SR 2 2 < AR TH®D % 5
NEETHD, ZZTHLLCHILED T T —FiT
=2 %20l yy =TT nIRE S, 54
ZEMST 5, MR TEN T L2605, B
fl%#< T 2%DO TR TEREDE LIZWEETH 5,

T = AT AT S ECoREMR & Ui, sORHS
B3 E MO HY 7L N8 EsEdsko v 7
EHBET S -OKIREOLAICRRCHRI LIz W
ERBHITFEND, £, A DLMBBEN ORI O
HCTLCNMRIZSE— 2 7 v FICiH T % Uit
fRFTIZZN R 2 R T 2 WETH %28, @@ 2 12H
AL U THERT 2O L WS BIER D B, /D
RCLAli 5 ERBOBIG 3 7-h3 2 A Th 5,

BHUIC

AL EE T o v AR OBBIC BT 5. &
OV 7 TT 4 —eNnA T =Ty N2 FWT
DR LZIRIZOWTHN Lz, a7 57 4 —
AR L 2 5HiffiTd b . KD LA
YOI BRAIVEIEE . 5 T L ZBHED ER % i 7=
TOIZA s BB FET S, —H T BalFo
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R, ZTOFMEZ+ 732§ 720 ORIGE. BERAR
ETBEENDH 5., ERE 7 OBIEBS TIE GMP
BB, —BRELAMGEEEZETE T 52 &
L8, SHriERRBOKERTO RO A% 53457
ikl & & 72 L R PR EZEHETH S, TD
BRCTREBERRE G T T 4 =20
TOMRACEGEE, ISH2RRO 5 Tnb,

NA T 2—T v FEN OB LAY~
FHIZEWTE, LCMSIZE LU TIEEBEMIZIZITIT
ALz DLELZONS, HEA - —OBLITT
WA ARHEGEIZY 7 LTHR D, RELEREE
Tt ZFAROBIG T (Wi &2 OB
Wik b, #Ara~v o574 —IEREIWE &%
#EL 72 GC-MSIE, BEICHEIZC TR ARSIz 2L~
12dh 50, LCMSTIRLCH = &0 724 4 bk 2
7 VIR OB, AEERABETH D, REHDUE
IZIFLCORIGRNEE CTH 5, LCNMRIZEI L Tl
NMRFER D X 6 75 B AT R A —H —I12AH & T
ARKZVD, LCHITRLI—-HF - 507 Fu—F
BEBETH S, TORIKTNA 712 —7 v FEFliICk
37w r5 7 4 —OEEHIZX SICH LTS
tDEEbNIS,
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FL D) —ZeDFIN—F 2 N EHH

RHRERBEE (B) KBRS A W
[ A 8 SIPE

T ®HIC

IN=F VY VRITHIEVE P33 AR A
VL. ZTOXENTH 2EARTRISI UV AK
T RETHZLICEDRIET A TH S, 2D
RO K28 I ISEEEREOFIE A 5 TV B 720,
IS—F V) VRRTTIIARYE. S, MEE) . TR
Eno EBRES BT 5, HEEO#RITE LI
IS A bh, ETE R, B L AR
DRENTNESDBEIZ L S5 E, BE X ADQuality
of Life (QOL) 3#& L<LIKT 45,

AP U T3 th o iR Z MR & R T, M
B0 % < QRS ODIBFEHE IR B E TRRD, i X
NTED, IFEAERFNI VX ZDEHEZNY
LHEHTHD, ZOHTE., LR KV (L-3,4-dihy-
droxyphenylalanine, L-DOPA) & KD K33 VHj
HYIETH . FRICHERTIRGTT 2 HHHELT
J RN (LDOPABLKEERFR) 124D F/83
VIR E AR EFBET 5D, LA P23 1968412
BRR SR M S TLRD, BUEICRE S FTied A
BhPoSi—F vV VR TH D, AERICHT 53
YLD ORLER T 5T b,

L LAEDRE, VAR SERMBRIY 2 & 8%
IR L7220 AEH IR 2 R (27 v
7k 7R L0 d 5aMEROME, Hizy
2F 2V 7 (EYMEORPEEES) LU - ZM A
EOREMR TOMBEERIPEEL TS X951
53, fEFRE LTV AR RSl AR Ik Ak &
D, S—F V) VIRGERD T ¥ b o — )L 43 K 2k
REICE D, 2D XD LR P SREGED M ERER
DWFEZPAFETE sk ez §. Bikos -
FUUVIRIBEDT v Ay P =Xk 5 T 5,

FLY =70 (V=4I F) &, LRFSKRTZD
fhOHEF AR L TE +aa R nEohir 7
IS—F VY URBEIAICBWT Y, HE L HEBR
NECEER & R Tx 238 & LT, AFT20091H
ICRRAEMMG LREEHBLZEATHD, 7V
Ay b=—XEMSHLIEELIEL L TFIhTH

5, KFETIZ, FLY) —Tello0WTHsi—F v v
RAEF 2 R X -8, BRIRIC R O 2 A0k - &
A e OSEBRE FH O R B OBEENZ DWW TS L 720,

IOtEITSVDMIN—F Y ViRIEADHER

R A AP EPNE RS 22 SRR SRR TR R
BT TAPARITHY, L) —TekE U<
V=% 3 F (1,2-benzisoxazole-3-methanesulfonamide)
BRI E T HEATH B, 198943 HICAFB TR
s s &, BIAE, AT KRR, i hTn
b, AITHTB2HANICHT I TALASEL LT
DEZEIL. 1H 200~600mg T 3,

20004 1SR, S A3, 2 S—F vy VIREH IS
HRLZTVhARELRETS2HNTI Y ¥ 7
VORI L2E 2 A, TORAREONKE LI
IS=F VI URHERR Y 27 VS - A TBROFE
HABEE 2RO 7z, #8613, ZoRNEE B, ##1T
Wos—F vy UREHICHT 22025700 (V=
B3 F & LC50~200mgl H 1001 313 20n] 1238 5 ¢ 5-)
DOANMEIZET 2R E EFLET > 72, Z DR,
IS—F V) VIRATHE R (unified Parkinson’s dis-
ease rating scale, UPDRS) O 71 (P s—F >~
JRHED ATV AV IkEE) UPDRS PartT2 27 (H
HAENEEIE) K O'UPDRS Part T GE#IAES1) DFEMH
TR, TEIC A 7 W OO A 25 KA A FRD 72 Y,

U U—TeDERRAERICH T DERMERUZEE
MH, SESICX3/5—F VY VIREBEZIZNT S
TSI VODMRIKREA EMEOMREZIT. V=%
IFOPS—F vy VRS L U C ORI % Bt
L7,

LA FSEEEAITHRA T35 8—=F 2 ) VK
BHEERNRE LRSS IHE/ S IR T, 79
R (FEHL@, PR, K& SEDECTHIIE S
AEEARVE D), 25, 50%0°100mg o 1 H 1[A] 12
BEHIZKBKRADIS—F V) VIRIZKT 3 EER
ORAEMIZDONTHRE U 72, AR BEHE H
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% UPDRS Part I & &t 2 2 725 (L&, BIREHGEH %
I 7 WAL RS L 3E L 72 AAI 25 % UV 50mg $4 5
FEDO UPDRS Part Il &3t 2 2 7 2L &iZ. 75 KR
ICHAREEIZIRAD LSGEEL 7248, 100mgBECIRAR T
W ode, —0 A 7 R R 350 % O 100mg
BEBTHERBIIRD LEE L7 (Table1), 2D X
T, 2D D F % A HE H THMMED R S iz
A, VR FASEEMFOESOWBH T 271 v
7 FTHBERBEL COWARBERTIZIATHhD
e - RIS 2 R R R e 2 RS A
57z,

Z 2T, LR P EEEBOE OGS - EIR%
B &, AAI25 % 0 50mg O FEBHE JT S ERD R & MG
3728, AHxhEO EEEFHG S H 4 UPDRS Part &6t
27 bE LR E L, BIHRABRZFERL 72, &

. AR UPDRS Part A2 2 7 28 108 2 Lo
AT S —F vy vIRBEE A RIZEBL 72, D
FEH, AHI25mg 5 #ED UPDRS Part MA&#F X 2 7
ZARIZT I LR LARICHD L2 &5,
KA OETHE NI ECE N RBBRAE T E 72, 2, KH
25mg P 5 RFCUE. RIWREEMIE H & 3 L 72 4 7 I
UPDRS Part 1 2 27 (H#&AEWHEE) %77 ¥ Rif
IZHUERICHA 2 8RR 4580 72 (Table 2),
PR IAEE TUAH /28 TIORH GRS & O 48 T AHARBR & & 1SV ©
HHL TWBH S —F v VIREOBEH 2 g s L
72720, WBEEO/S—F V) VIRIBEEO L O
FHABIE3FNTH 5720 ZDXIITELL DIS—F Y
YV VIRIEIRE TR EZ T T 3I28 b o §5)
PR RBEHEXAITH L TEARANIRNR %2 R4
52 EDIRENTZ,

1ELIENE Primary and secondary efficacy outcomes in the clinical trial of patients with advanced Parkinson’s
disease, treated with different three doses of Trerief ® (Phase IIb/III)

Placebo Trerief ® treatment group
Measure Groups 25 50 100(mg)
Change in UPDRS Part III total
Least square mean -2.0 -6.3 -5.8 -4.6
Standard error 0.8 0.8 0.8 0.8
P value* - <0.001 0.003 0.066
Number of patients 81 76 82 81
Change in daily off-time (h)
Mean -0.200 -0.216 -1.299 -1.628
Standard deviation 1.999 2.664 2.513 2.838
P value* - 0.997 0.014 0.013
Number of patients 61 58 68 52

* by Dunnett’s test (vs. placebo group)

148 Primary and secondary efficacy outcomes in the clinical trial of patients with advanced Parkinson’s
disease, treated with different two doses of Trerief ® (Phase III)

Placebo Trerief ® treatment group

Measure Groups 25 50(mg)
Change in UPDRS Part III total

Least square mean -2.0 -5.9 -5.5

Standard error 0.9 0.9 0.9

P value* - 0.029 0.073

Number of patients 63 61 60
Change in UPDRS Part II (Off) total

Least square mean -0.8 -2.6 -14

Standard error 0.5 0.5 0.5

P value* - 0.039 0.609

Number of patients 46 43 44

* by Dunnett’s test (vs. placebo group)
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REMIZEL TE, S—=F vy ViRBEERIREL
7o ABRIRERER I J6 0F 2 AAI% 551 (55 25~200mg)
61344131844 (51.9%) IZHIWEH ORI %D, 2D F
3D GRYLE) 1F, BRE (10.4%) . B (8.6%)
D (6.2%) . KIET (5.2%) KUOLIH (5.2%) ThH -
720 KEID KRR T H 5 25mg 50 BilfE I R B
1335.9% (14240 514) TH 0. 7F v RK¥E5OFIE
FHRBIHE 34.8% (178471 6244) L IZIFEFEE TH - 72,
IS=F VY UIRARICEWTIRIIN, VAFAY TR
EDO RSV MORIWERAMEE 552, Zhb Ol
TEHI R BIER I 25mg M VT 5 . KRG T 2 hFhi)
BR8N LT%. U AF IV T 286K V3A%TH D,
25mg DEIEFHRBFRIL 7 T & R 50 I IEFERE
Th-7z,

PLEO#RKEOCEMESRBAER»S. bLY —
T olZ LU T ORNEE - ZhR K O - R CRRE A B
L7,

WIRE - AR S—F v U (L R SEE BN
o S —F v VIREAHHL T
TR S e - 12 85A)

- HI&R AR L R FoSEABA & DR 5.
WL, RAICY = I FELT, 1H
18] 25mg 159 5,

MU U—TeDEIR{ERA LD

LY —TeDHMKTTH D =4I N, Mxr
DET NP THTORAEHER L. £ OMERE
FiEaicHorizehTtnadndon, F 1Y
YARUOTRANS T L4 KV F v 2ILEBTRO N
SSER A —EBB 54 5 L T3, —J5. [Hl
FeDAE T %A ¥ 2 KGRI T A AP S —
F Y VIR OB ILEIR O KGR A& BT U 7= i3
NeEGOESETMIZELS, V=¥ I RO Si—F v
V VIER BT A2 AER ERRORFIZ L 2 &

BEZONEN ST, X5, K TOREDH T
Adr AR (200~600mg) &P/ S—F v v VAR
(25mg) IZIEfREEN RO Bz 20, Pis—F vy
YIRERNCIE, R &3 B e B AR T OB
5nvEIhi,

V=B I FIZE, FYIY, km b=V REERST
IVOFEER#ERTH LT 7T I VIE{LEEER
(MAO) (263 2550 HEFHAH 2 Z &7 » MIF
FREAEA & 223 B T & 22 & ST 29, MAO
IZIXA. B2ODOH 744 THRHD., bt EebHRREME
T, S—F VY UIRICBWTEEL & B4 R 3
IVRBHC B W THRES T L LTHS T 5 Z L0065
nTn3, FEEE. MAOBODOIEMWRHESKTH 2 +
V¥ VE VAR RSO 2 i3 2 ffihAl e LTH
WHNTW3, £ ¥ v EfEko MAO-BREIZ &
5 R8I VGHER, V= I FItB A/ S —-F YUY
RO EBEE JISGEE I35 LT 3 TReE 2
Aoz, ITFD &S ket 232 L 72,

7 v b RO ILERRIRIBEREA T O MAO W12 k4
LARIMOPHEMEM 2 MAO-A, B&Y 7 44 THIZK
FLZZMR. WThofa 8 MAO-A X D MAO-BIC
1055 BHERY ) % 58D . MAO-BIZx$d % ICsofi
38+ pumol/LTdh -7z (Table 8), Ffiz, F/83 v
BB E LT, YUBREREIEARZ R E L2
A D ICsof# 12 10ymol/LTH 0 . BIKTD b L ) —
7 @25mg $E 12 15 D e 2 7€ wARRE M AL - N
RISV 2R L Tz,

RNTin vivolZFB T, V=% 3 FHRMAO-B %
U TG s 3 VNS E % RIZ T e %
BB -0, MERMFEM. Rk P REHC B
WTMAOBA EE A RE A2 RI-FT I L THIGNS
ELEY bEHWAZEE L, ELEY MIAIE
10~100mg/kg R O#% 5 L7z 2 A, FEE. v b
DYt & 0 BEE AR MR N3 I YR AR

LR In vitro inhibitory effects of zonisamide for monoamine oxidase (MAQO) activities in the crude membrane
fractions of mitochondoria and synaptosome, prepared from the striata of rats and monkeys.

Spices of striata used for the

50% Inhibitory concentrations (ICso) for striatal MAO activities (umol/L)

preparation of crude membrane

Substrates for enzyme reactions

fraction ["*ClSerotonin [14C]-Phenylethylamine [C]Dopamine
(MAO-A) (MAO-B) (MAO-A & MAO-B)

Rat 250 27 85

Monkey 520 58 10

Values represent means of ICso obtained from different three experiments.
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DIETHARLN, FIVERD LELRRD SN
(Table4), X512, MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) 1= & ) Frll P 12 BB R SRR RS
IVHRRAEWELE N4 - —F VI Y
WETILEHO, VAR PR TICASE (125K0T
25mg/kg) % HWEIFEG L -BRICid, R K83 v
TUHE % Mg 2 478 (FEBRIEANS v\ o Bl 1T )
Fifoe e M O I & 72 & UM 8 0] 47 B %5 oD B e )
BRW 5N (Fig. 1b), TN 56 DRERIE., A%
MAO-BFHE % 7t U CHEE B RE JISGEMF H & 4§ 5 ]
e AT T80 CTH 72,

—Ji. 7y PEHWENEICKD, v=H I P
MAO-BFHEEH & i —MA2E T 2/EHET 2635
L ZRBT 3 HIRENRIR AR O N TS, Ty
MEREARIZ B W TIE, MAO-AD F 83 UEHC T3
HEHEERZLTCWS, EHET v MITARIEI0~
100mg/kg % MR G- LT, HF9E, FREMHLRE
PRSI VREEREOIK T IIRMTHD, 4 F
NIVERD LR EED ), -7 (Tabled), Tib
B, KIEIZK 5 MAO-BIHED 7 v MREKF ST Y
REHZIZIZEAETF G L BN LR E iz, 7z,
A UK AR A MAO-AFEARZ < A2 L

1L In vivo effects of zonisamide on striatal dopamine turnover in rats and guinea pigs.

Zonisamide Tissue contents (pmol/mg wet weight tissue) Ratio ® of dopamine
Doses Dopamine DOPAC® HVA© turnover
(mg/kg) Rat Guinea pig Rat Guinea pig Rat Guinea pig Rat Guinea pig
Vehicle 70+4 56+7 5.2+0.4 8.2+1.3 3.9+0.3 10.1+1.6 0.13+0.01 0.33+0.03
10 7610 55+4 5.2+0.7 6.4+0.6** 4.10.7 8.3+£0.8* 0.12+0.01 0.27+0.02**
(109) (98) (100) (78) (108) (82) (93) (82)
30 72+5 56+6 4.2+0.5* 5.5£0.7** 3.6:1.1 7.4+1.1%* 0.11+0.01** 0.23+0.02**
(103) (100) (81) 67) 92) (73) (85) (70)
100 736 66+6* 3.7£0.3** 5.0£0.5** 3.1£0.4** 7.8+£0.9** 0.09+£0.01** 0.20+£0.01**
(104) (118) (71) (61) 79) 77) (69) (61)

a) Molar ratio of (DOPAC+HVA)/Dopamine. b) 3,4-Dihydroxyphenylacetic acid.
¢) Homovanillic acid. Values represent means + SD (n=8). *P<0.05, **P<0.01 vs. respective vehicle-treated group by Dunnett’s test. Values in

parentheses represent percents of respective control values.

a) 6-OHDA-treated hemiparkinsonian rats

: Vehicle

250 - = 2000 120
K= == : 10 mg/kg R
g 200 - == : 30 mg/kg v 1500 4 [ —
= == 100 mg/kg g L8 -E
5 1504 = g
o £ 1000 60 o
=100 2 S
g T 50 s
_ 500 A
g 504 £ L20 ©
< — —
S 0 £ o 0o g
= 10 20 30 40 50 60 70 80 90 100 110 120 g g
£ 3 =
g b) MPTP-treated hemiparkinsonian monkeys b= . g
= o 500 120 ¢
£ 120 . 5 3
= 1 : Vehicle 2 0 100
S 1004 === : 12.5 mg/kg g 400 o
= = : 25 mg/kg g 80 3
s 801 = 300 =
— +— =
5] N 1) 60 =S
o 60 4 = a
g 200
é 40 4 40
20 - 100 20
0 0 0

0 15

30 45 60 90

75

105 120 135

Time after levodopa administration (min)

150

B  Effects of zonisamide on levodopa-induced contralateral rotations in 6-OHDA-treated hemiparkinsonian rats
and in MPTP-treated hemiparkinsonian monkeys. Values represent means + SD (a) or SEM (b) (n=7 or 8).
** P<().01 vs. respective vehicle-treated group by Dunnett’s test.
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bh o7z, WINENTEIZ X D IER T v M $REAH
Rasbigh FoS VL RLERIE L 22tV T .
FRRORERNE SNz, &2 AD. 6KEEIL F/83 v
(6-OHDA) = & 0 FrFVE#RSRMA F28 3 v ifeR 2
EIERRITHIE L 725 —=F VY VIRET LT » MIT,
LA RS AH10~100me/kg # L 722 A, L
A FSBATO P8I VLR E LT, HEERAF
FI SRR K8 Y LR B35 2 & 030
ZICR N7 (Fig.2), KETAHYIZINT, L
A R2E RS 3 VT HED < R s s T8y (JE
BB T AN O R T 8)) 2 EET 5, AHE10~
100mg/kg % WA CTHIOE S U C & [Mfisfrd) 2 &k L
Bholzd, VAR FSEGHT S & MERfTE) O R
BRIOIEERZD S, F/33 Y Lo LIS
TATHLNLDOKIG R TE 72 (Fig. 1a), A€
FILTIE, BN 2 MAO-BRHLED BN TH 5
ZEMNPEIZHENTWSE 720, ZThs —HOEHIT
MAO LIS D FK[65E D LWERIBFIZ L 5 8 O L i
HWEhrz, kb, AREZZIEHEE/ 73V, TEFIL
ay v, SNEIVEE. y-T I BEBOZERKT
FNED LTV AKR— 2 —ITWT BREREI R S
T AENRZINSDHTAET LT, RIS F/33
YL ERAER VR FOMER O - ERER%E
ML TWBEEFELENE» 572,

150

100

- -e-: Vehicle

257 <o-:10 mg/kg
- :30 mg/kg
<

20 : 100 mg/kg

Vehicle 10 30 100

Total dialyzed dopamine (pg/4h)

Zonisamide (mg/kg)
154
Levodopa

10- (10 mg/kg, i.p.)

Zonisamide
or vehicle

Dialyzed dopamine (pg/20 min)

-160 -120 -60 0 60 120 180 240

Time after levodopa administration (min)

B Effect of zonisamide on the levodopa-
induced elevation of extracellular dopa-
mine levels in the striatum of 6-OHDA-
treated hemiparkinsonian rats. Values
represent means + SD (n=8). **P<0.01 vs.
vehicle-treated group by Dunnett’s test.

IO XS, KEIZ S—F VY VRO IRER
(VB PSS VAR TS L 22 IRRE) Ik T LR
NPAFHEER YL 8 SN WAINIZR POV Rl R~ o it
T2k, VRO HS—F vy VIREROR
BEOY 7)Y - A 7BRROREE G L AR
IMERDOIER R A2 RT EEZ bh, fEHET L
LT, R332 VIZERMEO W MAO-B FHEEH %
U7z B8 3 AGEHPIHIER & . B RUCIE R E
DTz A=A L% U7z Fo8 3 VI IEEER
OMEBEG L TR ARENEZ 6Nz, Thb2
DORL S AEMETIE. BIRICE TS, LA RS
GEBMB OISO E Y 2TV VT - A TBRE
REHLTOW2EBEHTOAMHREONEIZEHEE L
TWAHEEEEE L 6N 5,

Eh)IZ

IN=F VI VURIRE AT A F T4 VT, VAR
I ZAMD S = 2 v VRIRERSE % 3R A O Fr 0
BIZHEDLETENMELET2ZERENTED,
fi%e DK A LIER I THE Z L0, %<
DIS—=F ) VAR CIHREZZIT T 5128 b
STIRAT N AREBHEIIRNLTE PL Y — TR
EREET 2 2 L EHIKNERPRENEE L S,
IS=F VY VRIEEICHEIALIRRICRIET 5 729
Eln G ORRBENE . SHROERLIZHENEEE
BHEMT 5L PEEINS, HEARD/ S—F VY V)H
VRIEHE N LY — Teh S —F VY VIRIBEROH 72 5 E
FIIC A D ERT 2 Z & 255 %,

5| A3k

1) A. Lopez, A. Muiioz, M.J. Guerra and J.L. Laban-
deira-Garcia, Neuroscience, 103, 639 (2001).

2) M.D. Yahr, R.C. Duvoisin, M.M. Hoehn, M.]. Schear
and R.E. Barrett, Trans. Am. Neurol. Assoc. 93, 56
(1968).

3) J.A.Obeso, M.C. Rodriguez-Oroz, P. Chana, G. Lera,
M. Rodriguez and C.W. Olanow, Neurology, 55, S13
(2000).

4) M. Murata, E. Horiuchi and I. Kanazawa, Neuro-
science Res. 41,397 (2001).

5) LE. Leppik, Seizure, 13, S5 (2004).

6) M. Okada, S. Kaneko, T. Hirano, K. Mizuno, T.
Kondo, K. Otani and Y. Fukushima, Epilepsy Res., 22,
193 (1995).
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PETRBNZ T 1F B 877 1 RS A D Ef
— 7 3 A A — D 2 T EB DGR R —

EC®IC
PR (BT, PED) &, Xz v
Yoo — g Wikginsgdk (DUF. CT) 0fi ki Mg ik
(BIF. MRD) 75 & OIEZRERRZ A TIdMi T & i
HEMZ L 2R T 2 WG IETh 5, HF. 7T
FFvrNa—-zx (BF) (LUF. [®FIFDG) 12k % PET
WMESE K L. Z OEIRNAE AL I N5 &
Ik 572, [BFIFDGIZ, 2L — 2 {REHE % e
L 7z S IE W3S 5 N 5 W FCHEIE SR T 0 |
T4 OIEFETRIBE - IRPBD 6N TWB, LaL,
TN 3 — ZAEEE & W U 22 RS W 2 I FRSE
RIED B D FIROERRET I K 22 RO ER
OB SN TE 2,

P/ —RROBIE
Ffilacid L a — 22T T oz L

F-RHLEMELT 5, ZohT, HL 25D

A=y PELTHEHENTEZDIE, 73/ BRH

ThHb, FEEWEHNE LTI /B L —3—Dff

72131960 F-fR 2 5 Bkt S, PN MRS TR

L= KRBT 3 7 BIZ O THE T bz, £

T, BiRE Z<EIRTHAZINTOEDIE, 254

=V ERFEIL (BT, 1C) TEE&L 7z[UCl A F4+ =

VTCH B, [UClIAFA4 = v OEERAFEE. HxEE

OFIAZBWTD ., I P55 %6 P 0 6] 52 2 Je OY e i J5¢

OIS 7 L SEVE D@ D 2 EIZl W ORI S h

TWa, L 2L, [MCIAFA=VIZIRLTD3>0

D B,

(1) KERRI7 I T d 5 7= 1E 5 SRl ) ¢ 5
{LREULAER A52 0. 2R U 72 M o 3 iR R4
BN & B ) 4 XHPETOWE KT X ¥ 5,

(2) UCOMPFNEIRHI 2053 N2 & h 6,
YA rubayERAT SRR oS KD
HHICIRE S N5,

(3) PRI USRS & U TRAR X LT,

HAXDT7 4092 Z (KK WFEFRAFHEESS
miJil BH

it (1) oA RIRT 5720, 7 /B LTl
PIZELD A DA, MR TG 2 3210 o IERIR
7 I BBIZOWTOWNEDSThI. 1970412, B
WG 2 AT 2IERRMT I BOWEPHEAT, %
OHFT, ABBROBIRT I /B LT, UCTHEERL 72
1t.&-% 1-Aminocyclobutane[!!C]carboxylic acid (VA .
[MICJACBC : Fig. 1 (left)) AR &h, WEEHE xR
& U ZERIRITZE ClEs Wi~ O A A VRIE S /29,0,
KEZEY) —KRZEDIIE I — T IE[LCIACBC DPEREIC
HHU., kit Q) o2 WRT 2720, ICLDE R
W 11057 ORI A G5 5 7 v 18 (BUF.
18F) TACBC # 5k U 72 (LA O A k& BT L.
1999412 trans-1-Amino-3-[18F]fluorocyclobutanecarbo-
xylic acid (BLF. anti-['SFIFACBC) 1220\ Cam 3R
H L7720, anti-['SFIFACBC @ f#1& X % Fig. 1 (right)
(07

18F____

11CO:H ----CO2H

NHz2 NH:2

BGEEM [1'CIACBC (left) and

anti-[18F]FACBC (right)

anti-['SFIFACBC O JES Mo~ D £ RHEIT (e E)
% Fig. 21289, anti-['SFIFACBCIEFfIRINIZIE S S h
721, S TERBILTWE 7 I VB 5V AR—
2 =% UCHEPICBUA £ h 5 L STl D D,
HRANIZHGA £ N7z anti-[BFIFACBC I, 7 3 7 AR
BREHE R & VST B AEAREIZIIAS T, TI /B
F Vv AKR— 2 —ICk DM Eh b & PSR
%,
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In blood
o Tumor cell
H f .
Amino acid transporter
1(“]:‘
o 71~ X ----* Amino acid metabolic
COzH ' pathway
e - X---- Protein biosynthetic
« pathway

BN  Presumed mechanism of accumulation of

anti-[18F]FACBC into

anti-[SFIFACBC 1ZIERSRAL 7 2

BOVER AR L 220910,

tumor

JBTHBH, KA
By 3 RREFRIC, 7 3 BRRE R A LR RO
N ERE AR L729-10, F7- 73 aE#Ho
TUHE LT B IES IS LT, anti-[SFIFACBC i3

ZF 72, KIE|® Memorial Sloan-Kettering Cancer Cen-
7k = ERRIC
anti-['SFIFACBC & [IC] * T4 = » % bl U 7z B R
224 2009fF-2 ISR T L. BUE, aiclwiE. FUERD

terid, =&Y —KFEEWMHILT,

SHFE IR 2 6 R & U 7z anti-['SFIFACBC D IR

FEhrhT» 5.

f7e &

BHICHBIT DT I/ BRA X —I YV THE DR FHEFE
HLIX 2003412 = F ) — KD 5 anti-[BF]FACBC
T uldil g AR RT O A g 2 R T 7 I R

A X =2 v TRFEIOFASE & D T & 7z,

3, 1Ty -

K DERRITIE & 64T LT, anti-['SFIFACBC 0 #43%

T O BUEIHR % ffES7. U, anti-['SFIFACBC % A 7%1& 75
&35 PETHRAMESE (LLF. KA & L T2006
- 6 JEERIRARER % B L 72,

¥ 72, 20084F- 1213 GE Healthcarefl: (BN, GEHC
) 1T, BOREOFERiEEAG 3207742 2

LRI E RS U7z, M. GEHCHHIZIREREDELE 12
BE-¢ 2 3ftpE i &2 17, GEHC AR, 244t JERGIR AR
B KO CMC 7 — 4 Zie KERICRIF L. 2 Ofib B & 7e
é#ﬁ%ﬁﬁ?~ﬁ%%i\ﬁ*ﬂfwwﬁhﬁlﬁ

KR & 20 U, BUE. R IREEE 2R e L
%Hmm B A FhErh T dh %,

Wrkid, RIS TARE2A D SARANDE T AR AER
BFEIEL. RV, SEPEIRE K OBIE < B H a1l &
h, EEAAEEREIBRINE,» 572, BUE. 4tk
. 5B TRHEGRRRER O el 2 XD T B,

FECHBVWTHEF SN SRRV AN

[BFIFDG OFRFREE L LT, BN O 2k
WTK[BFIFDG O WRpHEINZ L D W12 F722 &
L — 2 OREFE 2 B TE[BFIFDG D4 BRI 8
FEIZ kD, Bl & OaEEE < &0, NEE O
L ANS T e Ry (oW QR PR S o
[BFIFDG (3. RIEMEANDOERD D D, FEZIZINT
RIS R & JSREHERE & DEERI A REIZ 2 2 550 b 5,

anti-[SFIFACBC OF HIMEIL, BI4EHOTEY) —KET
Fehie  N-FRIRIFZE S CRA S 7z, anti-[BFIFACBC
DBFIFDG I3 B A, ROARAN I S B ERIR
Hy 2  FHPEZ [IBFIFDG & ik L C Table 112 F & 972,

1N Clinical utility of anti-[8F]FACBC in comparison with [18F]FDG

Assumed merits of anti-[\SF]FACBC

- Expected utilities
anti-[18F]JFACBC [BF]FDG
- Contrast to be enhanced between brain tumor and surroundin;
Accumulation in normal brain Low High . g
normal tissues
Early excretion into urine post . . .
. . Low High - Contrast to be enhanced on focus of intrapelvic tumor
administration
Time to imaging post . + Administered radioactivity level to be reduced
e Quick Slow e N
administration - Patients’ waiting/examination times to be shortened
Accumulation in inflammatory Lo High - Useful in differentiating tumor from inflammatory site
w i
site & (false positive cases to be decreased)
- No need to fast before administration
- No need to control administration with a concern for blood
Impact of blood glucose No Yes

glucose
- No need to control administration on diabetic patients
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Table 11Z/R L 72 & 512, BHEDRIZE W Tanti-
Wﬂﬂ&&ﬂ[@ﬁmGib@hfué’&#% !
BOOWEFEDBWNZ I\ TRA DA FVEL I Eh 2 2%,
Wik, [SFIFDG OFEBWHIZ 5\ TIRASHED &
% fHik A & KAIDOBAR # Bt N& Th 2 & HIl L.
HISZ R B O S CORR A BT ST W5, &
B, KANIRARE T 3 B & GRS K O i~ o>
EPIRERA B D Z ORI TOE ORI IKEHE & E
%%,

BIAIBREICBVLWCTHF S NS FFI BRI

BN DWT, WA OEERIFZE TS 5 723215
% Fig. 31289,

Fig. 31%. U ¥/ HilRfER & 5 fi v 12
% anti-['SFIFACBC #%5-#% D PETHI{§ T b 5 . HUiHﬁ
OMANFEAE L 72363 (FE MO = M%) &
B v SHizs EANOEREYE (O RHIOR$ &) 2
MBI S hTn B,

%ﬁﬁﬁﬁu\ﬁﬁmﬁﬂ'ihﬁﬁﬁ%ﬁﬁh
%, B5f8 U QO WA IR IR R0 O SA
2 & OMGGERIIGHR LD Bﬁﬁ Sh, L TWEE
IIIN L — B IR & LTy S b, LaL.,
BITEDREHELMIETH 5 CT XIEMRITIE, U v 86
FEFE DM HERIE 23 0~70% & ARTET/Y T Y F ORI A
KEWW, KHFNZ & 5TV VNElEOBMREE T

Zelzky, EYKARREORBRICH S TR L
A b

TS, ERER IR, AR AR L R AR
MZ & 2 TEREREAFEMEOENE S 0. KAID
HERAAE FHIE A 5% MRETT 2 PETH 5.

%

‘—
l<}:|

'y

BEEEN PET image of a patient with lymph node
metastasis prostate cancer 19
(pelvic coronary section: 73 year-old male,
PSA 72ng/mL, Gleason Score 9)

FRIEZ 2010-I

RERICSVWTEFENSEFDOERAM

Fig. 413, fEUERZWI OB MRI T2 ) 4 —~  (FIfF
JBLERE) OB A IE L < ZIrcE 9, IEEOUIKR
A3 Th > 7BITd 5. FEATASEDFRAFIES; % anti-
['8F]FACBC & O°['8F]FDG CTaFli L 72 & DT & 5 A3,
anti-[BF]IFACBC D7 AR 3 & i 5Hfilikoa > + 7 2 b
DE < . REOLEE & JiPH & PHRICRETE 5, 20
WHE R K U hiz,

TS D TR IC B U T, ) i & Uk &
52 ENTHREBFRT S, WS ARESEIC. K0 IR
BHEFHTHIM T 5 Z & A BT, RIBICH WL,
Wux%ﬁzy%%ntﬁﬁﬁﬁﬁm%ﬁhkbf_
SPBRSN7ZREHER (892065 FT) THEIEEh, ZOH
MM ARE I TS, LirL, [UCIAFA =V % ff
FITE BIEFHEEIIR O 5720, KANZK > T2
DEFHETPETMAELH SIS L5 I2auL,
Y RIEDRIRICHE 5T 5 L EZ 4 5,

——

g\

kj\)\)

@ ©

;|

[*"F]FACBC

BT Assessment of residual tumor cells in
glioblastoma patients by anti-[1SF]FACBC
and [18F]FDG?

(head transverse section: 51 year-old male)

b

20055F- LI, Y1k i3 PET M A FH O 1 128 355 i D 1k
sk, MG A EORHRIcEHE SN D
PETMEDE KIZFHL- L TE 7z, 6o 4ttTik, Lk
WD X ST, TEFY —KREDRIB L, BSGZIERE L

THHDATREME DI SN B ARANZDNT, PefFinic
e < B D PET M FHIRAHEE S M & U TORYE %3
OTED., BIROZMAND X532 HikMAF 5,
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X R 1T — LRV T D FHFE & 51 DJER

AL (BK)

RHARERBEE () SEIREN 72T 8/ A

LAV RHE W T
7 AREESE A — X
APERBIR e Wk 5 AR

EC®IC

ARRAIZ AR IV A TaTFFIZ AL
FkA X v o ZRTO 15385 Cd D | 2000462 573 H
NG 72 BB LR e d 5 0.9, 7 3
I AWBIET. TUTAIVANE VIS BERNR L
FTARDIH LT, A 2Fa 37 ZIEHEEDLSFL
At (BUF. G 265 e LTn5 (Fig.1). #ila
N & 72 1SRN O % M5 IS 5 2 2R
O — A3E. R B BB E M A BT
JBH WD TV B, X 2K I 27 23O+ 3 v o
2L HRTHAMESRZ, 77322 TaT 43I0 2
IZHARTHREE L 2O B D BN b T
5Nb, F7z. Ko HREPEEER N & R
NI IAR DRI R L D THRIEL B L 725y T A3
OPDRTNELEDbhTWEY, ZZEFE. A &24R
O — ARATIZ K BRI N v — 5 — OG22
TETEDI O N A ~v—h—BFEROGHEFEE
LTHIff 2 hTnsd, LarL, 20— 7T, FlAER
BHOTRHR AP, AT EORER, 7 — & it
123 W THEUE & 20 2 5T R ISR ZZHE. ST Zeny,

DNA Genomics
l 20,000-Genes
mRNA Transcriptomics

150,000-Transcripts

] 1

Protein Proteomics
1,000,000-Proteins

] |

Metabolomics

Metabolites 5,000-Compounds

B Metabolomics is the omics approach that
inspects the movement of endogenous
metabolites comprehensively and searches

for a toxicological mechanism or biomarker.

K H AR A SE ) & (AL () 13 2R3 5 R0 R
KiZkFBx 2R 037 206HEHNE LT, 24
A 37 ZOFHF I HLE TH D M, fENIZ T
2 Gl R A& S L 2. Sl Z OB B KU A 4 K
°— AT O —file UTIFRMmE (e F oY V) &
5 L7z v MIAEDRITRERE2 T 5.

X & RO—LERTOBIE
XA Ra— AL, e L TERSEE (MS) %
IH-NMR (g5 dbngik) 2 k 3 Rkt & 2 2 ¢85
N=F — RO 2O DMIEIZ T 5 b,
DIF, A NEfEL 72 % &R0 — L@ o FNE% i
5.
O Lo
@ BURE (MAERPIR) DR 25 HRE
® LC-MSX GC-MS|IZ & 5l
@ 7 — 2 0%
® T 9M (PCA) % EDLERIBITIZL 5T —
AvA =V
® BRI LXCa—F 4 v ay 55
& 2R O R E
¥, RBEHEBUZ BT, BREE. RO
RERHGRE (%) Fi2 X 0 OB A E) 4
B0 EIVETH B,

FrE DT

JFFEwE e LTHIGhTh D, X &R a— A
WIZBET2HER DD L TV v EHHTL N DR
D7=OFliL7, v MZk F5 YV %&120mg/kg &
%113 240 mg/kg THIBIARTHES- U, $65-5% 24l 5
O 48 ORRRE (M4E. JR) ZFRELL 72, #EiEaEAl
DFER. 120 mg/kg ¥ 5-LL LTx o382 BRER S
FA—ANEFL, VT VAT IF—XOWLHHED
57z, WNEHRA R T3 ORINARIE, BEIZE
P, 2770 a =7 v ERE ENRRD 6 hz, mERS-
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1IN Alterations in the parameters of blood biochemistry in rats treated with hydrazine

24 hr 48 hr
Dose (mg/kg) Dose (mg/kg)
0 120 240 0 120 240
AST (mg/dL) 67+10.6 27+5.5** 21+2.9** 78+36.4 60+10.3 41+11.4%
ALT (mg/dL) 25+2.4 18+2.1** 20+6.7 26+2.5 16+2.2#* 18+5.2#*
TP (g/dL) 5.0£0.12 4.9+0.12 4.5+0.23** 5.2+0.25 5.0+£0.22 4.8+0.16"*
TC (mg/dL) 68+8.7 49+9.8** 31+10.3** 70+8.7 65+8.0 43+16.3%
PL (mg/dL) 120+8.3 103+14.4* 77+18.0** 127154 112+13.9 96+21.6%*
TG (mg/dL) 53+23.0 29+11.4* 37+19.4 76+39.7 38+27.8* 23+8 .41

AST: aspartate aminotransferase, ALT: alanine aminotransferase, TP: total protein, TC: total cholesterol, PL: phospholipid, TG: triglyceride
* : significantly different from the control group (24 hr) (p < 0.05), ** : significantly different from the control group (24 hr) (p <0.01)
# : significantly different from the control group (48 hr) (p < 0.05), ## : significantly different from the control group (48 hr) (p <0.01)

1P Treatment-related histopathological findings of the liver in rats treated with hydrazine

Groups 0 mg/kg 120 mg/kg 240 mg/kg

Histopathological findings 249 48 24 48 24 48

Grade 8h 8 8 8 8 8
Fatty degeneration, midzonal

Slight 09 0 3 3 2 2

Mild 0 0 2 0

Moderate 0 0 0 0
Anisonucleosis

Slight 0 0 1 0 5 2
Single cell necrosis

Slight 0 0 2 0 2 2
Increase, Pas-positive granules, centrilobular

Slight 0 0 3 0 3 3

Mild 0 0 0 0 0
No abnomality detected 8 8 2 5 0 0

a) Hours after dosing
b) Number of animals examined
¢) Number of animals bearing the lesion

# 245 D 7 A3 5 < Feb i, 48R #RIZIX MI{E 4 5 fH
MZ/R L. 120 mg/kg #8514 48HF[MTid. 1ZEAERE
A 7% 572 (Table 1% Xk U'Table 2).

X5 RO— L@

A& Ra—L2OHEIZIZ, ZThE THNMRA W
ENBTENEHD S, RAZTHMED H 5 LC-MS
B LU GCMS & FlW 2@ 2B D) filA, MiAERR IR h
DL RO NP % — A I2HIE T 5 5%
3. U 7z, BUE. LC-MS TiE 5001 . GC-MS T34 200
HOBEEMEEZA L TB . Zh b 0N HiE§
52 ENUEETH B, BLFIZ, LCMSIZ & B IfisEh
WUAEWEL72L 2D X 2 K0 — AT OREEE R

¥, HIE L 22 fREM 7 — % & PCA L 72455, #5451
WRF L8O 7 7 250067, 120
mg/kg BEIZ 48T ¥ b a — L FEDOALEIZYE D0
TV ehs, BB EDOZE, SREL T3
LEZZ oz, —J7, 240 mg/kg FfiZ 48 TRl 1E
FIARED B 7=h, 120 mg/kgFHZ EDMIE TId Ak
notz, ZOMRITEIFHEOMERE K28 DT
b -7 (Fig. 2) . k. GCMSIZ K 5 HlE T & [FAEkD
MR/ RNz,

W2, B F IV VEERHZRWT, 7T 20 FIC%
54 aR@MEPFR:-LZA2T IV TV VB, F
Oy y, VIMLY Y, ILTFY, BT I VEIRD
W ETHEBORBMMN Y 5 25 FI2HE5T LD
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D2 Score

® C-24hr
® [-24hr
® H-24hr
A CA48hr
L-48hr
H-48hr

L-48hr

B Principal components analysis (PCA) scores plot of LC-MS spectra of plasma data from rats treated with

hydrazine.

Key: L = low dose (120 mg/kg), H = high dose (240 mg/kg).

ELTRO OGNz ZThofGHOZE#L, e F 7Y
VA ORBEER OG22 v, 7 3 BBIH
R TCAMIE, IRFEMFEONHF B e 51T Ik
DHEERERIhZEDEE L Nz, Z8)L 72 H
L Y/1 SO N AV 1 R N Y s L 1 RN VA
4 K~ — I — RO TREME D RIE X /e,

L4 HBHVZLCMS 5 & U'GC-MS 12 & % HlE s R
. BRICHE SN TWBIHNMRIZK 2D E k< —
LD, il A E AR L2 & @ < h
=2 en 5, WHYEDEWLC-MS® GC-MS % Hv 7=
A B RT— LRSI RIHTE 3450 Th 5 2
ENI otz Fa, A X R T — AR E T
HAZBEH$ 334 AV — ) —BERPHEE A =X 4
DIRNZERAZTFERTH D Z LRI hiz,

BhIC

AARTI Y ZNEINA F~—H —FERRFM 2 A
=X L DREY] & 5 e ALEE O AR AN D B & 7Y
filid 2 P& LTHEREATTICMHE > T\ 5, fho
Iy AFHl (7 I, TuFrF Iz ) LM

AEbEBLZ L&D, HICAEMETERE L THM
TEDHEEZOND, 5% &R DN A UL
LN SHANOERHICEED 5 Iz, /oo %2 &
LT ZERBETH D, A 4R3I 2%H0
5 Z LIk IR RIEDONIFLHHFE DB D
M| ECFHFST 5 Z e h5,
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TC®HIC

200943 HIC B . BRI B K URFEEXES
25T MROE DB 2 RER B I OH A F
FTAVHHRNTAEZI NV, ZThoicks b,
F OB (72137 727U 7)) &id, TEMMH
D7z DIZRERIZEE X723 D2DRICD 12 L LA
F1~100nm DK Z S OWE & ZOEEM L ER SN
THED., WOPNHEEDREEMERE TS LK
»HENTND,

F 7 MRHIAL B RIS < . BT A AR
7 E ORERD TEERAR & 1357 5 LB Rt %
RTZEBHONTEHED, FHE, B, THLF—,
WEHDORAN A TOEMALAHHE I TS,

LA L, —H TIEERISH U TEOIEE 4R 9 TRE
YEHd . ZOEFEMEEIh D, FHIELET
BRI T TR TR, KEOF 2 M4 L) $) 5 ATRErE
A< AEEE OFEBEXR & BB A O P 1k
WHRRIHKEEZ NS,

Z 20, b v 2 — Tl 2 B A LD $;
IS OBRBEHIE %58 U C. b &4l o Fhi
& ERBRBEANOILEP I & 574 2 HLD #loa % b C
Wb, ARETIET 2 MRHEECD 5 1E3E D BREE S B
IZBEY 2T E OB A & BREEHO IR A B L L
T2 IR D T 2 MR O ST DWW TR T 5,

F / HEIOE D IRWVICEE T B {THENIR

JE A 7 7 B R HE SR X 20094E3HIZ [/~ F )
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SLHBNIAFEE S, MR A ECD 5 1 O P
HEeHEIh gy, LaLl, 7/ #R%E0D )
IEEHIATMICHEE TS 2RO —BRE L
T, FEESOEM 4 HIG & U 7-BRBIRHE OS2k A HE D2
ENTW3,

7/ MEELD IRUVMERIZ ORI

BHRSHN 5 H:2 2 W R BIE, EINA O 72 4%
IZBEWTHA LD ADBEB I TS EZATH
0. EFEEAEILREERE (ISO: International Organization
for Standardization) 7 & CTIZIEARNIHIMIZEI T %
BEHIRE  (IS: International Standard) <A SEBREEHIE 12
BEYE 3 5 Hiflifti5 3 (TR: Technical Report) & fEK
ENDODOH B, T TIET 7 MBED P EREGIC
B 5 HE R R EBREE FL O HEE A PR3 2 B
25 Mt OHEST U 7 AR SEBRBOHNE B 12 D W T
T35,

BTG 2 47 5 B, MRAEES T 5 T3EH
F AR & FERAEBREGC R T 2 kA4 i1 2 X %
ZENEELELEDS, [P SHEEEXN TSR U AH]
2k BHlETY ., BREEHICRECT 2IRAMR CADE

FRIEZ 2010-I

75



F PERELY RS O TR SR

ZIERG B Z L ARE S . R FORXANILIKEET H
%o MtbTiE T 2 MR AR ) 1S O BRETHIE &
L . Table 12/ BETHOR 1 OEERE ¥ & 0K
EoaAmatill, TR, THEEEE & v - i T4
AR DEIRANELEIIE S 5 Z EREETH 5.

1ELIEN S Combinatorial measurements of nanoma-
terials in working environment

Item Instrument Application
Particle number ~ SMPS, APS, OPC  10nm ~ 20 pym
concentration and

size distribution

Identification and  ICP-MS, ICP-AES  Metal based nanomaterial

determination ~ HPLC, GC-MS  Carbon based nanomaterial
Carbon-Analyzer

Morphology SEM-EDX, TEM  Identify industrial

observation nanomaterial
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{p el e 20N kD7
®. OPC TEFHHITTHE 7 i/ MR 1%13 0. 1pum~0.3pm ##
JETh b
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RS NEHRIATRE 2 7280, T 7 MR O NI T 358 o R B
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Particle size (nm)

BEEEN Particle size distribution of working
environment measured by SMPS
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<

200nm

(B) Ceo fullerene

m SEM micrograph of (A) TiOz2 and (B) Ceo
fullerene
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7 ﬂ%i"ﬁﬂ) N=15400, T.F.=1.13
® fitlg 7 v Vv (pH 1~100 R 8k A3 Bl 6g)
@ EENLHEALE Y OWAS D3 D TAH 780 i e o
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E=x 2 S oL \ T541-0043 KPR XSHERE 4 T H 6 % 17 5 (HILABIPERYE © oL
'ﬁﬂ% i )oﬁ 7»{3% SEE;' it 1ppm ELT). TEL : 06-6202-1000  FAX : 06-6202-0005
AMILEE120A, K EATH16% URL : http://www.scas.co.jp
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BHAERY 1=K 32— MRHIEE LT, ROV = FERDHIATOE T, WIhD L — F &R i
P WK R 2 E1I2BR TR D B O AL S FHEIAWVDED R FEEBEI WA= 5,
SEmEZL—F : SDEY H SD2201W (MVR 115cm3/10 min)
SEBES L —F  SDAEY H SD2221W (MVR 76 cm3/10 min)
SHHRIEZ 2 L — F BB M PCX-12398 (MVR  15cm3/10 min)
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MEE T, 72, EWIRIINE S AR A T B 2RI TS
LENTOET,
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T103-0026 HUAtHBrhILIX HAKEHIN] 8 % 8 55 s L L 51

TEL : 03-5644-4750 FAX : 03-5644-4821 L = — BHEE T ORGP
URL : http://www.sumitomo-dow.co.jp TM : (A& 7ttt F4 Y TIUIR QR : 25um, ¥ v F : 0.1mm)
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TEL : 0798-38-2328 FAX : 0798-38-2336
URL : http://www.sumika-env-sci.jp/
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